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ANTIFUNGAL SORDARIDIN DERIVATIVES. 

This invention relates to novel sordarin derivatives having antlfungat activity, to 
·processes for their preparation, to pharmaceutical compositions containing them 
and to 1heir 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 
antibiotiCi 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 Helvetipa 
Chimica Acta (1971), §1, 119-120 the degradation of sordarin to sordaricin. 
Published Japanese Patent Applieation No. JS 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) 

OH HOD OCH, 

where OR as o o CH3 describes sordarin; 

OR as OH describes sordaricin; and 

OR as 9COCH=zCH-CH=eCHCH3 

HOnOCH3 

o · o c~ deScribes zofilnarin. 
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Although sordarin and zofimarin exhibit antifungal activity, both compounds are 
only moderately active and have limited spectra of action when tested against a 
battery of fungal organisms. We now ·desaibe -hereinafter ·a -novel group. of 
fungicidal sordarin derivatives· which exhibit excellent antitUngar activity, and a 

5 broad spectrum of action. · Thus, according to' a· firs~ aspect of the present 

10 

15 

20 

invention, we provide compounds of formula (I) · · ·· 

(I} 

CHO COji· · CH(C~~ . 

wherein Z is a tetrahydro-pyrano group selected from 

(b) 

and pharrnace.utica~ly ace$ptable· salts· and solvates (e.g. . hydrates) or 
metabolically labile derivatives thereof, 
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Wherein R1 represents hydrogen, halogen, hydroxyl, c1 ... alkoxy or acyloxy; 
R2 •and R3 may each independently represent hydrogen, C1-eafkyl or C1.,.alkoxy 
"Oi'.:;Calkyl or ·R2 and R3 may together with the carbon atom to which they are 
1iittached represent C=O, c=s or Cweycfoalkyl; 
Jrfepfesents hydrogen or CH2R7 (where R7 is hydrogen, hydroxyl, C1 ... a1koxy or 
·a group OCOR8 in which R8 is C1...alkyl or aryl); 
R5 and R' may each independently represent hydrogen, C1.ealkyl or C1...alkoxy 
C1.,.alkyl or R5 and R8 may together with the carbon atom to which they are 
attached represent C=O, C=S or Cucycloalkyl; 
n tepresents zero or 1; 
X and Y may each independently represent oltygen, sulphur or CR9R10 (where 
R' and R '0 may each independently represent hydrogen, C1-ealkyl, C1 ... alkoxy or 
c,.,.alkoxyC1...alkyt or R9 and R10 may together with the carbon atom to which 
they are attached represent C=O, C=S, Cucyctoalkyl or C=CHR" where R11 

represents hydrogen or c,.,.alkyl}; or when X or Y is oxygen and n is zero then 
-Y-CR2R3 or -X-CR2R3

- respectively may· also represent -N=CR3
- or 

.:.NR12-CR2R3- (where CR.2 and R3 are C=O and R12 is C1,.alkyl an acyl group · 
COR'3 where R13 is C1 .. alkyl) or when Y is oxygen and n is zero X may be 
·represent the group CR11 (wherein R11 has the meanings defined above) which 

is attached to the pyran ring by a double bond; 

'R'5 represents hydrogen. halogen. azido, c,,.alkyl, hydroxy, C1..alkoxy 

(optionally substituted by 1 or 2 hydroxy or a ketaf thereof or 1 or 2 C1o3 alkoxy 

groups), arylC1.,.alkoxy, Cu alkehylo>(y, a group OCOR11 (where R11 is arylC1 • 
.. alkoxy or a CMo&lkyl group optionally containing one or two double bonds) or 
CH• alkoxycarbonyl C1.,.alkoxy, and R11 represents hydrogen or R15 and R11 may 
. together with the earbon atom to whlCh tfiey are attached represent C=O or 
C=CH2; 
R17 represents C~R19 where R19 is hydrogen, hydro)tyl, C1-1 .. alkoxy or a group 
OCOR20 in which ~ is C1...calkyl); and 

w represents an oxygen or ~IPHur atdlii Bi a CH2 group; 
:'and the dotted line in group (a) indicates the optional presence of an additional 
··tiOnd; 
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. Suitable· phannaceuticaHy . accep~le salts. •a~ th• cc:>mpounds ,Pt: .. formula (I) 
include inorgani~ ba~ salts such .as .alkali meta.I salts .(for example socii_um and 
potassium salts) and ammonium salts and orga,1;1ic ~ase salts.; Suita,~le organic 
base salts ·inctude ·amine saltS. such as trialkyl~mine_ (e.g ... ,riethylamine), 
dialkylamine (e;g. dicyctohexylam~ne)i optionally sup~titUted benzylilrn.ine (e.g. 
phenylbenzylamine or · p~bromobenzylamine), ·.procaine, EJU1anolamine, . . . ' .. . . '· ... . . . 

diet~anolamine, N-methylgluc::e>samine and. tri(hydroxymethyl)methylarnine salts 
and an1ino acid salts (e.g. lysine and arginine salts). 

:r .. ....., 

10 References hereinafter to a eompound of formula· (I) includes that compound-· · ( 
and _its pharmace~ically accepW.ble .s-.lts. , 

Other ~alts which are not· pharritaceutically acceptable may be ~eful- in . the· 
preparation. of compounds of fOrtnula (I) and thes~ form a further asped Ot the 

15 invention. 

Metabolically labile derivatives .. of .compounds. of fc.>rmula (I) are COn1pounds· 
whiCh are converted in the body to comp~unds_of formula (I) Examp~_es of such 

. . . . 

derivatives include conventional metabolically labile esters formed from the free 
20 carboxylic acid in the molecule ... 

It is to be understood that the_ present ~nvent•on encompasses any 1nd1v1clual 
isomers, including optical isomers, of compound.s represented . t>Y formula (I) 

above as well as mixtures thereof. including. wholly or partially racemic mixtures 
25 thereof. 

30 

As used herein, "alkyl• as a group or ~art of ~a C1~~lkoxy group may b~ .-a. straight 
or branched chain. Suitable. examples include methyl, ethyl, n-propyl, i:.propyl, 

n-butyl, s-butyl and t-butyl, n-hexyl and n-o~I .. 

As used herein, the term •aryr as a group or part Ot a group means phenyl or 
heteroaryl each optionally substituted by one or ~ (.a.g. 1,. 2 or ~) atoms or 
groups selected from halogEaf\, hydn>xyl; C,~1k)'.1., -P1..alkoxy or C1-4Blkoxy 
carbonyl. the heter0aryl group may b9 a 5- or 6;1,embered heteroaroijlatic ring 

35 containing one or more heteroatoms selected from nitrogen, ·oxygen and . 

\ 

.... 
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sulphur. Suitable examples of heteroaryl· groups include pyridyl, furyl, thienyl 
and pyrrolyl. 
Ttie'term •halogen• means herein fluorine, chlorine, bromine or iodine. 
When R1 is an acyloxy group it may represent, for example, a group OCOR13 

5 where R13 is as defined above. 

10 

Examples of Cucycloalkyl groups include cyclopentyl and cyclohexyl groups. 
Examples of X groups include oxygen, CR9R10 wherein R9 and R10 are each 

hydrogen, C1-t alkoxy or C1-4alkyl or CR9R10 represent the group C=O or C = 
CHR11 e.g. C =~Hz, orX represents CR11

• 

Examples of suitable Y groups include oxygen or CR8R'0 wherein R9 is ,. 
hydrogen, C1_.alkoxy or C1.,.alkyt and R10 is hydrogen or C1 ... alkyl. 

When R11 is an unsaturated CMo&lkyl group it may particularly represent a 
15 straight or branched chain Cs.aalkyl group containing two double bonds, for 

example .. cH=2CH-CH=ECHCH3; 

When R15 is a C1.a alkoxy group substituted by hydroxy or alkoxy. this may be 

for example 2,3-dihydroxy propoxy and the acetone ketal derived therefrom or a 
20 · 2,3-dimethoxy-propoxy group. 

25 

30 

35 

R19 is preferably a hydrogen atom with R15 sited in the a-configuration. 

R1 may represent, for example, a hydrogen atom or a hydroxyl group. 

R2 may represent, for example, hydrogen or C1_.alkyl (e.g. methyl), and R3 may 
represent, for example, hydrogen, C1...alkyl (e.g. methyl, ethyl or n-propyl) or C1. 
,.alkoxyC1_.alkyl (e.g. methoxyethyl). or CR2R3 may represent C=O, C=S or Cs. 
,cycloalkyl (e.g. cyclopentyl). 

~"' may represent, for exampl~. methyl or C1 ... alkoxymethyt (e.g. methoxymethyl). 

R5 and R6 may each independently represent, for example, hydrogen or c, ... alkyl 

{e.g. methyl). 
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Examples of ring sys~ms rep~sented by 
. . . 

>O
R2 Ra_ 

R 
. . 0' R1o · _ .. • 

' 5 Examples of particular R15 ·groups include. , halogen (e.g. fluorine), azido 
hydroxyl, C1....alkoxy~ benzyloxy, benzyloxycarbonyloxy, C1 ... alkoxycarbonyloxy · 
arid C1 ... alkoxyC1 ... alkoxy (e.g. methoxyethoxy), C1-4 alkoxycarbonyl· - C1. 
,al~oxy, C1 ... alkylcarbonyioxy, 2,3-dihydroxy propoxy, and the· ac;etone· ketal. _'.· 
thereof, 2,3-dimethoxy propoxy, Cu alkenyloxy e~·g. allyloxy or 3-methylallyloxy 

10 or R15 and R11 and the carbon atom to which they are attached represents C=O 
orC=CH2. 

15 

20 

25 

R17 may represent, for example, methyl , or, . c, ... alkoxymethyl (e.g. 
methoxymethyl) or hydroxy methyl. 

R15 preferably represents C1 ... alkoxy, C:s...alkenyloxy, benzyloxy or OCOR' 
(where R' is a- C1....alkyt group),. especially sited in the a-configuration. 

· R17 preferably represents methyl. · 

W preferably represents oxygen~ . 

A particular group of campounds of the invention are compounds of formula (ll 
are those wherein Z is the group •. 

,_ "· ... 
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or 

wherein one of X and Y is oxygen and the other is oxygen or the group CR9R10
• 

Within1hls ·group more particularly R1 is hydroxyl or hydrogen; Xis oxygen, or 
''j 5 CR9R10 wherein R9 is hydrogen, C1.salkoxy, C1~fkyl and R10 is hydrogen or 

CR9R10 represent the group C=O, or C=CHR11
; Y is oxygen or CHRe wherein R"' 

is ff or' C1"..4 alkyl, R2 and R3 each independently represent hydrogen. C1"" alkyl 
e.g. methyl, propyl ·or C1.....Slkoxy alkyl e.g. methoxymethYf or R2 and R3 together 
with the carbon atom to which they are attached represent a cyclopentyl group 

10 : or the··graup C=O or C=S; Rs and R8 are each preferably hydrogen. 

When R1 represents hydroxyl or C1_.afkoxy, the R1 moiety is preferably sited in 
the.'txfal·c:Onfiguration. However, R1 preferably represents a hydrogen atom. 

15 R2 and1
"

3'm8y each particularly represent indiVidually hydrogen or c, ... afkyl. 

20 

R44 preferably represents methyl. 

Rs and R4 are each preferably hydrogen. 

n preferably represents zero. 

Particular ring systems represented by 

R2 R3 
include 

~ . . ' 

~ · "f where R2 and· R3 ire ii deftned previously anct·X and Y are each , . . __, . 

'indep,ndently oxygen. or CRfRt~ (Where R9 arici R1o' are' as defined previously), 
provided that at least one of X and Y is oxygen or the ring. 
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R2 R3 . 

·.CH1_ 
CH Q 
L: 

x .. 
Within the ring systems ~ "'f preferred rings are those wherein 

one of X and Y represents oxygen and the other represents CR9R10 (where R9 

·. and_ R10 each independently· represent hydrogen· or c,...alkyl (e.g~. methyl) or 
5 CR9R10 represent the grou_p .C=O or C=CH2) or X a~d Y b~th repr:es~nt oxygen;-

10 

15 

20 

. R2 and R3 represent hydrogen, 9, ... alkyl or the group CO. f-

lt is to be understood that the pre•~mt invention : covers all combinatiqns of 
particular and preferred groups describeci hereinabo_ve. . . 

. . . 

A further. particular group of· compounds of the_ invention ar49 compounds of. 
formula (I) wherein Z is a group (a) and wherein R1

. is hydrogen R4 is methyl; 

n is zero and R2 and R3 ~re hydrogen or c, ... alkyl, X ~m:t Y are oxygen or Y is 
oxygen and X is the group CHR' wherein,. R' is hydrogen or C1 ... alkyl, C=O, 
C=CH2 or X is CH, Y is oxygen, n is zer0 and R2 anc;I R3 a_re hydrogen. 

A further partic:Ular group of compounds of the i~ve!"'ti~n are compounds of 
formula (I) wherein Z is the group (b). 

Xx: 
.. (bl 

and pharmaceutically acceptable salts and solvates (e.g. hydrates) thereof, . 
wherein w is oXy;en or sulphur •nd R1~ is <as~: defined previously. ·· More 

25 particularly, W is oxygen and R15 is a group sele.cted rn>m C1...alkoxy, benzyloxy 
or OCOR4 (~ere· R4 is· ··a C~...all<yl group.g. ··isopr0py1· or .t-bUtyl), or C. 
4&lkenyloxy, c,...alko>tYcarbOnylalkoxy. 
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.. _ Specific compounds according the present invention include: 

[1R-(1cx, aapt 4P, 4ap, 1p, 1aa, aap)J sa-([1S, 7R, 9RJ-2.a .. 01ox&~methyl-4-
methylene.cis-bicyc10 (3.4.0)-non .. 7-yl-oxy-methyl]-4-formyl-4,4a,5,6, 7, 7a,8,8a­
octahydro-7-methyl-3-(1-rnethylethyl)-1,4-methano-s-indacen&-3a(1 H)-

5 carboxylic acid. 
[1R-(1cx,3ap,4J3,4ap,713, 7 act,8aP)J 8a-((2,6-dideoxy-3,4-0-isopropylidene .. 13-0-
alfopyranosyloxy)methyJ)-4formyJ-4,4a,5,6, 7, 7 a,8,8a-octahydro-7-methyl-3-{1-
methylethyl)-1,4-methano .. s-indacene-3a(1 H)-carboxylic acid; 

(1 R-(1ct;3af3,4p,4ap,7p,7aa,8ap)] Sa-((1SAR.7R,9R] .. 2,8-dioxa-4~9-dimethyl-cis-
10 bicyclo[3.4.0]-non-7-yl-oxy-methyq-4-formyl-4.4a.5,6,7,7a,8,8a-octahydin-7- -

methyl-3--(1-methylethyl)-1,4-methano+indacene-3a(1 H)-earboxylic acid; ,. 

(1 R-(1a,3ap,4p,4aP. 7p, 7 acx,Sap)] Ba-((1S,4S,6R,8R)-2,7-dioxa-4,s.dimethyl-cis­
bicyclo[3.4.0J-non-8-yf-oxy"'.methyl)-4-formyl-4,4a,5,6, 7, 7a,8,8a-octahydro-7-

methyl-3-(1-methyfethyl)-1,4-methano-s-indacene-3a(1 H)-carboxylic acid; 

15 [1 R-(1 a, 3ap, 4P. 4aJJ, 7~. 7aa, Baf.i)] Ba-((2,3-anhydro-8-deoxy-4-0-propyl-P-D-
.. -

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

[1R-(1a, Sap, 4p, 4ap·, 7p, 7aa, Sap)] 8a-((2,3-anhydro-6-deoxy-4-0 ... methyl-P-D­

mannopyranosyloxymethyl)-4-formyl-4,4a,S,6, 7, 7a,8,8a-octahydro·7-methyl-3-
20 (1-methylethyl)-1,4-methano-s-indacene-3a(1 H)-carboxylic acid; 

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

metabolically labile derivatives thereof. 

The compounds of formula (I) are very active fungicides useful in combatting 

25 fungal infections in animals, including humans. For example, they may be used 

in the treatment Of fungal infections caused by organisms such as species of 

Candida (e.g. Candida albicans, Candida alabrata. IToruloQSiS glabrata), 
Candida tropicatfs. Candida paraosilo§ls and CaAdid& psaudotropicatis), 

Crvotococcus neoformans, Pneumocvstis carinii. . A&FpemHlui. _ lR (e.g. 
30 Asoergillus flaws and Asperaitlus fumigatus), Coccidioides (e~g~ Coccidioides 

immitis), Paracoccidioides (e.g. Paracoccidioides brasilienjsl, Histoplasma 

(e.g. Histo01ssma capsulaJum> or Blastornyces (e.g. Blastomyc9s detmatitidis). 
. They may also be used to treat other fungal infections caused by species of 

Candida. Trichophytqn. Microsporum or Eoidermophvton {e.g. TrichoQhvton 
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mentographytes~ Tricbophytoti · i'ubrum. MicroSporum cariis· or· Epidecmochvton .. 
flgccosym), or in mucosal infections causect by C81ldida albicans. · 

Compounds ·of formula .(1) may also be uled to: :tiiat Qther infections caused by 
5 species of filamentous fungi such as Geotricbum (e.g. Geotrichum cl@vatum), 

Trichosporol'1 ·· (e.g~ · Trichosporon .. beigelii>;). Blastoschizomyces:. · (e.g. 
Blastoschizom\lces capitatus), · Spon:rthrix: .·'(e;g: ·; Soorothrix . schenckii), 
Scedosoorium (e.g. Scedosc9rium aoiosPerumJ, . Cladosporium: .. · (e.g. 

· Cladosporium carrionii) and Pityrosporum ovale. 
10 ' 

The ~mpounds of formula '(I) may also be- use~·' to treat. infections caused. by 
protozoa such· as Toxoplasma; · CCVPtosooridium, ", Leishmania, Trioanosoma. . 
Giardia and Tricbomonas. · 

15 The in vitro evaluation 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 g,roWth_ ·after 24 to 48 ·hours of 
incut>Stion at· 37°C. In practice, a series. Of ·agar '.Plata5,·or broth microdilut1on 

20 · panels containing two-fold. dilutions of anti-fungal: agent teited were· in~lated 

25 

30. 

. with a· standard culture-: of- a clinically relevant pathogen. for_ example .• candrda 
albicaris. The agar plates or broth microdulution panels were then examined for 
the presence or absence of growth of the fungus and. the appropriate MIC 
values were noted. 

- MFC values (defined as the lowest anti-fungal concentration that killed at least 
99.9% of the initial- inoculum in liquid medium>. may:'.also :~ determined. by sub­
culturing 0.01 and 0.1 pl· of brothfrom the dn.iQ-free control well, the first well . . 

containing growth and each clear wen on agar plates.·~ :. --

. The in. vjVo evalUation of campo~nds Ot fOrmul! (l)~can ·~ cani~ out at a series 
of dose levels t>Y administration .(e.g~ subcutaneously,. Orally, intraperiton~lly or 
intravenously) ·to: mice' ·or rats- inoculat~ With» a :-strain of Candida albicans. 
Untreated animals 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. 

~}i~· .In view Of their antifungal activity, compounds of formula (I) recommend 

5 .. themselves for the treatment of a variety of fungal infections in human beings 

-1d 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 

, .. ,. infections, candidiasis and chronic mucocandidiasis (e.g. thrush and vaginal 

candidiasis) and skin infections caused by fungi, cutaneous and 

...... 
- i • ~ 

10. ,, 

;'!~· mucocutaneous candidiasis, dermatophytoses including ringworm and tinep 

15 '1·· . : .... ~ 

infections, athletes foot, paronychia, pityriasis versi.color, erythrasma, intertrigo, 

fungal nappy rash, candida vulvitis, candids balanitis and otitis extema. They 

may also be used as prophylactic. agents to prevent systemic and topical fungal 

i~fections. 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 

~" antibiotic treatment may also be desirable tn some disease syndromes or 

20 r· iatrogenic states. 

While it is possible that, for use in therapy. C0"1PCM'dS of tne .nventaon may be 

administered as the raw chemical,. it is preferable to present the actrve 

ingredient as a pharmaceutical formulation. The invention thus further provides 

25 a pharmaceutical formulation comprising compounds of formula (1) and 

physiologically acceptabl~, salts thereof together with one or more 

pharmaceutically acceptable carriers thereof and, optionally. other therapeutic 

.-,1 and/or prophylactic ingredients.- The carrier(s) must be 1acceptable' in the 

sense of being compatible with the other ingredients of the formulation and not 

30 . deleterious ta the recipient thereof • .• 
·'· --

The compositions of the invention include those in a form especially formulated 

for oral, buccal, parenteral, implant, rectalt topical, ophthalmic or genito--urinary 

administration or in a form suitable for administration by inhalation or 

35 insufflation. 

... 

.· .· 
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Tablets · and capsules for oral administration• may contail"I conventional 
excipients such as binding agents, for example, syrup, acacia, gelatin,. sorbitol, 

. tragaeanth, ·mucilage of. Starctt· or polyvinylpyffc)hdone; ··fii.lers, for example, 
· lactose; sugar, microctystalline cellulose,· maiz~starch, calcium phosphate or 
sorbitol; lubricants, for. examplei· magnesiurW:;:stE.arat•. stearic· acid, talc, 

. polyethylene glycol or· siliea; 'disiritegrarits,· tor exampier pOtato stardfor''sodium 
starch glycollate or crosscarmellose sodh.im;· or;·wetting agents such as ··sodium 
lauryl sulphate. The tablets whiCh inClude CheWabt~;,;Clispersible_·or effervescent ·. ·( 
tablets ·may be-coated-accoi'ding·to rnethods'W.,U.'known' in the art. Oral.-liquid 
preparations. may be in the: form; Of, for exampti;·-:.aq~t9ous :or oiiy ·suspt!tnsiona; 
solutions,. emulsions, syrups ·or elixirs, or may bi'pre$ented as a dry product for . 

. constitution' with ·water· of· other ·suitable._ vtlhidlEJ°<i)etore, :use. SuCh ·fiquid 
preparations may contain conventional additives. such as suspending· agents, for 
example, sorbitol·· syrup, methyl cellulose,· .. •' glucose/sugar·. syrup~· ... gelatin/'; 

hydroxyethylcellulose, cai'bo)<ymethyl . cellulose, aluminiurn > stearate gel or 
. hydregenated edible fats; emulsifying . agents; 'for example, ·lecithin, sol'bitan 
mono-oleate or acacia; non;.Squeous vehl~es -(Which ·may include edible oils), 
for example, almond oil, fractionated. coconut. oil~ . oily' esters, propyiene glyCol or 
ethyl alcohol; and preservatives, for example, methyl or··' propyl 2-
hydroxybenzoates or sorbic acid. 

For buccal administration the composition may·· takEF ·the .. form of tablets or 
lozenges formulated· in conventional manner~ 

The composition according to~ ·the .:invention may 1)9:,·fcirmulated for. parenteral 
administration by injection or continuous ilifusio1't~Fori1riutations tor injectiarf may 
be presented in· unit dose form in ·ampoules~;. or. in multi.idose containers with an 
added preservative-. The compositions may'take~stleh;'fOrmS. as suspensions, 

30 solutions, or emulsions in oily or aqueous\~8hides~.:and .. maycontain fOrrnulatory · -
agents such as suspending, stabilising and/or di•persing agents. Alternatively 
the- active ingredient rriay be in powder' form fOr-:··constitution With a suitable 
· vehicle, e.g. sterile; pyrogerHl'ee water, b9fOre uS.;:- · 
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For administration by inhalation the compositions according to the invention are 
fl· ·'COnveniently delivered in the form of . an aerosol spray presentation from 
··,_. pres~ui'ised packs with the use of a suitable propellant, e.g. 

~ · ~."dichft>rodifluoromethane. trichlorofluoromethane, dichlorotetrafluoroethane, 

5 · cart:Jon 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 valve to 

deliver a metered amount. 

:•;· Altematively, for administration by inhalation the compgsltions according to the 

10 ·tnvention may take the fonn Of a dry powder composition, for example a powder 

:::· mix of the compound and a suitable powder base such as ladose 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 example, capsules or 

cartridges of e.g. gelatin, or blister packs from which the powder may be 

15 administered with the aid of an inhaler or insufflator. 

20 

The compositions may take the form of a supposjtory, e.g~ containing a 

conventional suppository base, or a pessary. e.g. containing a conventional 

pessary base. 

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 aqtieOUs or oily base with the addition of suitable thickening 

and/or gelling agents. Ointments for administration to the eye may be 
manufactured in a stelle manner using sterilised components. Pour-ans may, 
for example, be formulated tor veterinary use in oils containing organi.c solvents, 
optionally with formu1atory agents, e.g. stabilising and sotubilising agents. 

30 Pessaries and tampons for vagi~al insertion may be fonnulated using 

conventional techniques and, where appropriate, may .contain an effervescent 

vehicle. Such campositions may also contain other active ingredients suet) as 
corticosteroids, antibiotics or antiparasitics as appropriate. 
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Liquid .. preparationS for •intranasal·. delivery· may: take the form of .SQJutions Of 
suspensions and ··may contain· conventional· excipients. such· as tonicity· adjusting 
agents, for ~mp~e, sodium chloride, dextrose or mannit()I; preservatives, for 
example benzalkonium chloride, . thiomersal, phenylethyl alcohol; and . other 
formulating agents such as suspending, buffering, stabilising, dispersing and or 
flavouring agents. 

Transdermal administration· may be affected by the design of a suitable system 

·t ... 

. ....... ~~ .. ·,' 

which promotes absorption of the aetive compound- through. the skin and wauld · 
typically consist of a base· formulation enclosed· within an adhesive stick-of'I .... · { 
patch comprising backing films, membranes and- release liners: Such system, 

10' 

may include absorption enhancers such as alcohols or work by. promoting 
ionotophoresis. · 

15 The composition according to the invention may also be formulated as a depot . 
preparation. Such· long ading formulations may be administered by 
implantation (for example subcutaneously .. or intramusC1,.1larly) ·or· by 
intramuscular injedion. Thus, for example, acornpound of the invention. may be 

20 

formulated With suitable polymeric or hydrophobic materials (for examplt:t as an 
emulsion in an acceptable oil) or ion exchange resins, or as- sparingly soluble · · 
derivatives; for e:i<ample; as a sparingly soluble salt. 

When the compositions comprise dosage units, each unit will .preferably contain 
0.001 mg to 1 OOOmg, advantageously 0.01 mg to·· 400mg, of active. ingredient 

25 Where a c0mpound of the invention is to be administered orally. The daily 
dosage a• employed· for adult human ·treatment wilt preferably range from 
0.001mg to SOOOmg· of active ingredient; most preferably from 0.01mg to 
2000mg which may' be administered in 1 to 4 daily doses, for example, 
depending ~n.the route _of administration and on the condition of the patient and 

30 the disease to be treated. 

. 35 

The compound may be administered by intravenous infusion using. for. "'8mple, 
up to SOmg/kg/day of. the adive ingredient. ·The :d,uration of treatment ·will be 
dictated by the rate of response rather than by arbitrary numbers of days. 
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Compou~ds of the invention may also be used in combination with other 

therapeutic agents, _and the invention .thus pravidest in a further aspect, a 
combination comprising a compound of the invention together With another 

therapeuticaHy active agent. 

Thus for example the campounds of the invention may be used in combination 

with one or more other antifungal ~gents, such as a polienic derivative e.g. 

(Amphotericin B, Nystatin, a lipid formulation of Amphotericin B) an azole 

derivative e.g. (FJueonazole, lntraconazole, Retoconazole, Miconazole, 

Ciotrimazole, ZD-08070, UK-109496), 5-Ftuorocytosine, a Pneumocandin c;>r 
- . 

Echinocandine derivative such as Cilofungin, L Y-303366, L-733560, and/or one 

or more immunomodulating agents such as an interferon e.g. (IFN""Y), 

interleukine e.g. (IL-1, IL-2, IL-3 and IL-8) and colony stimulating factors, [(G)­

CSF, (M)-CSF and (GM)-CSF] and defe!'sines. Particularly advantageous 

compounds for use with compounds of the invention include lntraconazole, 

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 

20 agent can be administered at the recommended maximum clinieal 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 

25 comprising a c:Ombination 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. 

30 

35 

When a compound of the invention is us&d in c:Ombination with a second 

therapeutic agent against the same coaiaatlon the dose of each compound may 

differ from that when the compound is used arona. Appropriate doses will be 

readily appreciated by those skilled in the art. 
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According.to another aspect of the present invention, We provide a.compound of 
· formula (I) or a physiologically acceptable salt· therec>f or. a pharmaceutical 

composition eomprising ·a compou·nd Of formula· (I). or a . ph~iologically 
acceptable salt thereof as defined above for use'' in therapy~ partieularly for the 

5 treatment of fungal infections in animals (especially humans).· . . . . . ·. . ,-.··~ ~ . . . ~ . 

Aceording ·to another· aspeet of the. present •. i·nvtri~iOii~. WEI. provide the,. uM of a 
. compound· of formula . {I) or a .physiologically·';'.~~Ptable ·salt therttof in . the 

·manufacture of a m~clicament for the treatm~nt ~;fu~gal Infections. in a human. 
1 o or non-human animal patient. · ·· 

r 

According to a further as~ct of the prelent i~v~~i<X,l, we. provide a method Of 
treatment 6t the human··c,r·:.non-tiutnan anima1·:bQ~yi6"eombat fungal diseases, 
which method comprises aclrnhiistering· to said';body an effective amount of a 

15 compound of formula (I) or a physiologically a~ptable.salt.thereOt . 

20 

. It· will be. appreciated by those skilled in the art that references herein to 
treatment extend to prophyiaxis as well as th~ treatment of · established 
conditions or infections. 

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

. Thus, .a general proce5s (A) for the preparation_ of a compound of formula (I) . 

25 wherein Z is the group (a) comprises reacting a campound of formula (U) · · 

XH .. 

C~OXx; 
. (Ill 

.,, ... 

( 
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'·' (in which R1 and R4 are as defined in formula (I) above, R' is a carboxyl 

,;-t 'proteCting:group arid X and Y are as defined in formula (I) above~ except that X 

r. andi&r Y ·cannet represent CR9ft1°) to form the desired cyclic system,· foll~d 
o:, 

5 "by.th8 ·removal 'ot 'the ·cai'boxyl protecting group. 

10 

AcCOtdlng to a first embodiment of process (A), a compound of formula (la) in 

whiCh R1 to R4 are as defined in formuta (I) above, n is zero and X and Y are 

both oxygen may be prepared by treating a dior of formula (Ill) 

OH r 

:x:x1 ~ ~,OH ,,, 

CH 0 0 R4 
2 

(lft) 

(in which R1 and R4 are as defined in formula (I) above and R' is a carboxyt 

protecting group) with a compound (l)2CR2R3 (in which Lis a suitable leaving 

15 group), foHowed by the :removal of the carboxyl protecting group. When R2 and 

R3 both represent hydrogen itie rfng-torming reaCtion may conveniently be 

effeeted by treating a ·c:Ompound. of iOfmuta '<ID) with a dihalomethane (e.g. 

dibromom~thane) in the presenee of a strong b&se, such as an alkali metal 

hydroxide (e.g. sodium hydroxide), preferably under phase transfer conditions, 

20 using for example a tetraalkylammonium salt (e.g. tetrabutylammonium 

bromide), at about ambient temperature. When at least one of R2 and R3 is a 

C1,.alkyl group or a C1..alkoxyC,..alkyl group or CR2R3 is a Cweycloalkyl group 

the ring-forming reaction may conveniently be effected by treating a compound 

of formula (Ill) with a ketal (R0)2CR2R1 (wherein R is a C1..alkyl group, e.g. 
25 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. acetone), a nitrile (e.g. acetonitrile) or a 

halogenated hydrocarbon .. (e~g. dichlor:omethane) ,~t abo1.1t" room. temperature. 
Compounds of formula (la) in. whict.• X._ .. aru:uar· Y repies.nts s~IPh~r may be 
similarly.·prepa119d trOm. intermediates QC>rrespQnding to.ttao.e -~·formula. (lfl) in 

which one or both of the diol hydroxyl .groupsJ~ repl.ced .. bY, thiol.. When CR2R3 

represents C=O or C=$ the ring-ft>nning. readion. m~y ~nveniently be effected 

by reacting a (:Ompound ·. of . form.ul~ . (Ill) wjt~ ,. ~rbonyld:im_idazale or 
thiocarbonyldiimidazole . in a suita~lf! solvent" &µct. ·: 'e1s . a hyQrocarbon (e.g. 

. . ., . . . . ·. .. . . ' . - ., ~ :• '• . . . . . . . . . . . . . 

toluene) or an t:tther (e.g. tetr&tiydrofµr..,) under reflux .•. Alte.mativelyi when 
CR2R3 representS C~S the ring-forming reaction ~ay be effected. by treating a 
compound of formula (Ill) with a tin oxide (e.g. dibutyltin oxide) in a hydrocarbon,. 

solvent (e.g. refl~ing toluene), .~allowed by the addition of a halothionoformate 
(e.g. phenyl chlorothionOformate) in a hydrocarbon solvent .(e.g. toluene) at· 
about room temperature.· 

... ' 

According to a further embodiment of pro~ss (A), a compound of formula (I) in 

which R1 and R4 are as defined: in . _formula (I)· above, one of R2 and R3 

represents C1..alkyl and the other· represents'.· hydrogen. c,,.alkyl or 
c, .. alkoxyC, .. alkyl, (CR5R8)n represerits ... CR~R' wtiere R5 and R' are as defined 
in formula (I) above and X and Y both represent o,(ygen may be prepared by 
treating a d.iol of formula (Ill) with a tin oxide (e g d1buty1t1n oxide) 1n a 
hydrocarbon' solvent (e.g. ·refl~xing tol~ene). · foll~ct •by_ ·addition of an 

allylhalide H~ICR5R~CR2=CHR1•. (YJt:.e~·.R1• ;is _hydr~en, or' c·, .. al_kyl and Hal IS. 

halogen, e.g." bromine>...a~d a flu~.li~e ~~It (e.g.· tetra~UtYlari,rnonium fluoridt;t) in 
a suitable solvent suCh as an eih9-r ·c•.g~' tetra~ydrafUranl;'·and h9ating the 

mixture at a te~perature in _the ra~g~ of abou~ 40° to_ ~o•c·· ic{ give a. compound 

of formula (IV) . 
:-··.· 

.· . .: . 

· .. ·.· 

' .... · 

.. 
·c .... 

. ~ .. 
,'· 
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OH 

(IV) 

which may be converted to the desired compound of formula (la) by cycUsatioQ 

involving an intramolecular electrophilic addition induced by a mercury salt (e.g. 

5 mercuric trifluoroacetate) 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 ~ffe~ at about room 

temperature in the presence of a suitable solvent such as an ether (e.g. 

tetrahydrofuran). 
10 

ln another embodiment of process (A), a compound of formula (la) in which R1 

to R• are as defined in formula (I) above. n is zero and one of X and Y 

represents oxygen and the other is CR9R10 (where one of R' and R10 represents 

C1 .. alkyl and the other represents hydrogen, C1..alkyl or C1.,.alkOxyC1""8lkyl or 

15 · CR'R.10 represents C=CHR11) may be prepared by treating a compound of 

formula (Ill) with a tin oxide (e.g._ dibutyltin oxide) in a hyqrocarbon solvent (e.g. 

refluxing toluene) and optionaUy in the presence of a fluoride salt (e.g. 

tetrabutylammonium fluoride)1 and then either adding thereto an allylhalide 

Ha1CR2R3CR9=CHR14 or an alkynylhalide HalCR2R3C.CR11 (where R11. R14 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 formula (V) 
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x1 
R~,,,,Y1 

CHO~O~R4. 
2 - . 

(V) 

(where x 1
· represents· OH and Y 1 

· represents ·· OCR2R3CR'=CHR14 •r · 
OCR2R3C!ICR11

, or X1 represents OCR2R3CR'i=c·HR14 or OCR2R3CeCR11 and Y1 

5 represents a protected hyijroxy1·· group). The eydisation may be eompleted by· 
first removing the.hYcir0xY.1 ·protecting group, :wtieri present, then activating the 
free hydroxyl· grt,up, for _example by forming:.n:'S4alkyldithioearbonate (e.g. s­
methyldithiacarbonate) and ~hen closing the: ring·;·under radical conditions~ for 
example by treating a solution of the activated intermediate in a hydrocarbon · 

10 solvent (e.g. toluene) under reflux with a hydrogen donor, for example a hydride· 
reducing.· agent (e.g .. a trialkyltin hydride such· as·· tributYltin h.ydride)' in the 
presence of an activating agent (e;g~ azobis(isobUtyrortitrile)], and thereafter 
removing · .. the· · carbOxyl · protecting. group-. The' · formation of· an S-

. alkyldithiocarbonate may, conveniently be· effected by treating a compound .of 
15 formula (V) in·Which one of X1 and Y1 is OH and the other is OCR2R3CR1=CHR 14 

·· , 

or OCR2R3c.CR11 With a sttOng alkali metal basfit: (e.g. sodium hydride), in the 
· presence· of iinidaz0le,' and· in a suitable: Sb'lvint such as an ether (e.g. 
tetrahydrotura.n) ara: redueed temperature (e~g! about 0°C), and then. adding 
carbon disulphide and an alkyl halide (e.g. methyl·. iodide) at about. room 

20 temperature; · · 

In a further embodiment of proeess. A a compound of formula (I) wherein Y is 
oxygen, n is zero, R2 and R3 are hydr:ogen and Xis tf:le group CR1R10 may be 
prepared by reading a compound of formula (V) wherein X1 is hydroxyl. With 

25 triphenylphosphin'!, iodine and imidazole in a suitable solvent such as 
· tetrahydrofuran to yie.ld the desired 4 iodo derivative (Va). The required ring . 
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closure can then be effected under radical conditions such as reaction with a 
':' =· ; :triali(yr 1inhydride in a hydrocarbon solvent together with heating. 

I 
R~.~,,Y' 

CH o,i...O)...R4 

2 

(Va) 

,. 

In a further emboidment of process A compounds of formula (I) wherein Y is 
oxygen, Xis NR12 and the group CR2R3 is C=O may be prepared by reaction of 

iodo compound of formula (Va) with sodium hydride and the isocyanate R12NCO 
in an aprotic solvent such as tetrahydrofuran followed by removal of the 

1 O carboxyl protecting group. 

In a further embodiment of process (A), a compound of formula (1) m wtuch R' 
and R4 are as defined in formula (I) above. R2 and R' each independently 

represent hydrogen, C1..atkyl or C1-48lkoxyC,.Alkyt « CR2R' represents c. 
15 acycloalkyl, n is zero, and one of X and Y represents -NR11

• (where R12 
1s as 

defined in formula (I) above) and the other represents Oxygen may be prepared 
by N-acylation of a compound of formula (VI) 

(VI) 
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. ·. .·: _; ..... '.-·y;_-.-.·: · .. :··... . ·. .· ..... 

(in which one of X11 and Y11 is: OH and.·~!~:.O~~;.,is NH2) .pr a protected 
derivative thereof,· for example using an acyihalide such as an ·acyl. chloride 
under conventional conditions, followed by treating the amide with an aldehyde 
or ketone R2R3C=O or a dialkylacetal R2R3C(0Alkyl)2. in -the presence of a 
suitable acid such as p-toluenesulphonic .. -, ... c;id or pyridinium P.:. 
toluenesulphonate and in a sui~ble solvent •. uch as' ~-~halogenated hydrocarbon 
(e.g. dichloromethane) at about roomtemperatUre;; and thereafter removing any . 
protecting groups present. 

In another embodiment of process. (A).~· a co~B9~~d of formula (la) in which R'r 
and R4 are as defined in formula (I) above, n is zero, -X-CR2R3 or -Y-CR2R3 

represents -N=CR3
- (where R3 is C1..alkyl or. C1...alkoxyc, ... alkyl), and Y or X ·· 

remaining is oxygen may 6e·prepared by treating'·a-compound··oftormula, (VI) 
15 with an imino esterR3C(=NH)OR (where R is.a C128Slkylgroup,·e.g. methyl); 

20 

Another general process B campounds.oftortnuia'(I) Wherein-Z-is the group (a) 
and Y is oxygen, n is zero, R2 nd R3 are hydrogen and X is CH may be prepared 
by reaction of the compound of formula (VII). 

0 :.·;_;•'.:·.::-:· 

:(nx .. ·OCH . 
'• . . • . . •'''~ 3 

. . . . " ·: .· 4: ... 

CHO . 0 .. · R. 2 . . . ' . . .. 

(VII) 

wherein R21 is the group CHO or a pr0teeted .de~iVe thereof, R' is a protected 
carboxyl group·. with a dialkyl .diazomethyl pho~e~9~~e in the presence of a 

25 base· such as potassium tert butoxide_ ~n :an. aproti~ solvent such as an ether 
(e.g. tetrahydrofuran followed by~e removal o!,~e carboxyl protecting group R' 
and if necessary the aldehyde protecting group. ·. · · 

' .. 

·.·,_) 
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"' ; ~-·~rahydropyran derivative (VII) may be prepared by oxidation of the 

corresponding 4-hydroxy derivative by conventional means for example by a 

Swem oxidation. 

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

(VUI) 

(VIII} 

(in which R1s., R1ea and R17
• are as defined for R15

, R16 and R17 in formula (I) 

above or are protected derivatives thereof, R' is hydrogen or a carboxyl 

proteding group, l is a suitable leaving group· such as an alkyt- or 

arylsufphonyloxy group and R22 is hydrogen or OR22 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 
20 offonnula (VIII) with a strong base such as an alkali metal hydride (e.g. sodium 

hydrid8) in a suitable salvent such as dimethytformamide or an ether (e.g. 
tetrahydrofuran), convenienUy at about room temperature. Alternatively, sodium 
in_ ~n alcoholic solvent (e.g. methanol) may be used, especially when OR22 is 

'· 'the same group as defined fOr L. In this instance the base system is added to a 
25 solUtion of a compoant:I of formula (VIII)" in a suitable solvent such as a 

· halogenated hydracarbOn (e.g. dichloromethane} and the reaction is 

conveniently carried out at a temperature of from room temperature to reflux. 
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Another general process (D) for the preparation of a ·eompound of formula (I) in 

which W is sulphur comprises treating a. compound of formula- (IX) 

(IX) 

(in which R15
, R11 and R17 are as defined in formula (I) above) with a sulphur 

donor. Thus, for example, the reaction may conveniently be effected by treating 

a compound of formula (IX) with 5,5-dimethyl-2-thiolo-2-thiox~1,3,2-

dioxaphosphorinane in a solvent such as dimethylformamide, preferably in the 

presence of a suitable base such as a trialkylamine (e.g. triethylamine) at an 

elevated temperature (e.g~ about 8~ to 120~C). 

A compound.-of formula (IX) may conveniently be prepared from a compound of 

15 formula (VIII) in whicn L is a hyd.roxyl group and QR22 represent a suitable 

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

described in process (C), followed, where necessary, by the removal of any 

protecting groups present. 

20 Another general· process (.E). compris• an interconversion reactie>n wherein a 

compound of formula (I) is _prepared from a different c;ompound !>'formula (I~ or 

a protected derivative thereof. 

According to a first embodim•nt of process (E), •· carboxyl protected derivative 
25 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 

R1 is hydrogen by a procedure comprising. (i) forming an S-alkyldithiocarbonate 

. (. . 

r 
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according to the method described previously and (ii) removing this group by 

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

to1uene) 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 

5 thereafter removing the carboxyl protecting group. 

In a further embodiment of process (E), a compound of formula (I) wherein Z is 

a group (a) in which R1 is C1-4alkoxy and/or R4 is C1..-alkoxymethyl may be 

prepared by alkylating a proteded derivative of a compound of formula (I) in 

10 · which R1 is hydroxyl and/or R" is hydroxymethyl and any labile groups (e.g. 

carboxyl and hydroxyl. groups) are protectedt 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 iodide). The readion may be carried 

15 · 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 (I) 1n which R1 ts 

acyloxy and/or R .. is CH20COR1 may be prepared by acylat1ng a proteded 

20 derivative of a compound of formula (I) in which R' 1s hydroxyl and/or R' 1s 

CH20H and any labile groups (e.g. carboxyl and hydroxyl groups) are protected. 

followed by removal of any proteding groups present The acylat1on read1on 

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

with a carboxylic acid in the presence of an activating agent such as 

25 · 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 formula (I) in 

30 which R1 is a hydroxyl group in the equatorial configuration may be prepared 

from a protected derivative of a compound of formula (I) in which R1 is a 

hydroxyl group in the axial configuration and any labile groups (e.g. carboxyl, 

hydroxyl· and CHO groups) are pTotected, followed by removal of any protecting 

groups present. The isomerisation reaction may conveniently be effected by a 

35 two step procedure comprising (i) oxidising the 2•-axial OH to an oxo graup by 
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treatment with a suitable oxidising system [e.g/Chromium oxide in the presence 
of . pyridine .· in a. solvent "such as : a halogenated ·. hydrocarbon (e.g. 
dichloromethane) containing·acetic anhydride]·arid.(ii) reducing the·oxo graup to 
an equatorial OH group using a suitable reduCing agent such as a. borohydride 
(e.g. sodium borohydride){ The reduction mafCbhvenlently be carried out in a 
suitable solvent such as an alcohol (e.g. aqueous methanol) at a temperature in· 
the range of ~bout 0° to 1C°C> 

. · .. 

In another embodiment of process ·(E); a compound Of fOrmula (I) in which R1 is 
a halogen atom may be prt;pared from a protected derivative of a c:Ompound of · 
formula (I) in which R1 is a hydroxyl· groupi followed by ·removal of any protecting 
groups ·present· The displacement .··reaction takes ·p1ac& With'.· inversion . of 
configuration~ Thus,. for example~ an axial· OH group may· conveniently be 
converted to an equatorial iodine atom by the 'addition· of iodine to a solution of 

15 the starting· material in a··suitable solvent such as a:t\ydroearbon·(e.g. toluene)· 
in the presence of triphenyl phosphine and iodinei· and then heating the mixture 
(e.g. under reflux). 

20 

A fluorine atom ·may simi1arly · be introduced_ by treatment· with· a suitable 
fluorinating. agent· such as· diethylaminosulphur trifluoride·. (DAST) ·in a ·suitable .· 
solvent such as. a halogenated~ hydrocarbon. ·ce.g. dicliloromethane) or an 
·aromatic· hydrocarbon (e;g~ toluene) ~t about room· temperature~ · 

In a further embodiment of process E a c:Oinpol..lnd of formula (I) wherein Y is 
25 oxygen, n is zero, R1 and R2 are hydrbgen and: X is CH; · or a protected 

derivative thereof may be c:Onverted into the corresponding. compound whereil") 
x s CH2 by reduction with ~ hyctn:Jgen and a suitable catalyst e~gi palladium on 
charcoal in a suitable solvent tallowed by removal of a carboxyl protecting 
group. 

30 

35 

In. another embOcliment of process: E a _compound· of· formula (I) wherein Y is 
oxygen, n is zero, R2 and R3 are hydrogen· arid X' is the group C=CH2 may be 
converted ·•into the· correSponding c:Ompound -·wherein X. is the group C=O by 
oXidation e.g.· ·using osrniurri tetroxide and· Soctium:periodate. · 

., . 

. -,~--

.· · 
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·-Similarly compounds of formula (I) wherein Y is oxygen, n is zero. R2 and R3 are 
hydrogen and X is the group C=CH2 may be converted into the corresponding 

.. .. ~mpound of formula (I) wherein R2 and R3 and the carbon atom to whictt they 
-·· • are attached represents the group C=O by oxidation e.g~ with chromium trioxide 

5 in pyridine. 

According to a further embodiment of process (E), a carboxyl protected 
". derivative of a compound of formula (I) in which R15 is hydroxyl may be 

converted to a corresponding compound of formula (I) In which R15 is halogea, 
1 O by a standard displacement reaction. and thereafter removing the carboxyl 

protecting group. Thus, for example, the displacement of hydroxyl by a fluorine 
·atom may conveniently be effected with inversion of configuration by adding 
diethylaminosulphur trifluoride (DASn to a solution of the starting material in a 
solvent such as a halogenated hydrocarbon (e.g. dichloromethane). The 

15 reaction may conveniently be effected at about room temperature. 

In a further embodiment of process (E). a compound of fonnuta (I) in which R15 

is C1.ealkoxy or an optionally substituted alkoxy group and/or R17 is C1. 
,.alkoxymethyl may be prepared by·· alkylating a. proteded derivative of a 

20 . . compound of formula (I) in which R15 and/or R17 contains a free hydroxyl 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 

25 ·bromide). 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 
50°C. Where appropriatet an ammonium salt such as a tetraalkylammonium 
halide (e.g. tetrabutylammonium iodide) may also be present. 

30 Alternatively, a straight or branched alkyl group may conveniently be introduced 
irl-two steps, the first step comprising alkenylation using a suitable alkenylhalide 

. .. In the presence of -a 1?9se su~ as a ~ (e.g. cesium carbonate) in a 
solvent such as dimethylfonnamide at about room temperature, and the second 
step comprising a hydrogenation procedure in the presence of a paftadium 

35 catalyst (e.g. 10% palladium on charcoal) at about room temperature. 
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ln.anottier.embodimentofprocess (E), a.compou~d offotinu1a;(I) in which R15 is 
CH20COR2° or ·R1 i$- OCOR11 may· be prepared· ,by ·aeylating a proteded 
derivative of a compound of formula (I) in Which R17

: is:tH20H or·R15 is hydroxyl . 
5 and . any labile . groups (e~g. ~rboXyl and hydroxyl groups)- ;are protected, 

·followed by removal of any protecting groups present. The acylatioh· ·reaction •··· 
may be carried out using conventional methodology, for example by treatment 

····with a· carboxylic acid .::in the presence ot•:an' ·adivating agent ·.such as 

.: . . 

dicyclohexylcarbodiimide and a suitable base· suCh·.as'dimethyl'aminopyridine, or • , 
10 using an acid halide (e.g. arr acid''chloride), optionally' in the presence of a ~ 

suitable base such as ·pyridine· or dimethylaminopyridine~ 
r 

AccOrdilig to a further embOdirrienfof process (E), a compel.Jn~ of formula (I) in 
which CR15R~· represents c=o may be prepared by oxidising. a. protected 

15 · derivative of a compound of formula (ll iri which R15 is a hydroxyl group and any 
labile groups (e.g: carboxyl and hydroxyl groups).· are protected, followed by 
removal of any proteding groups present. The oxidation reaction may 
conveniently be effected . by addition of a· suitable oxidising agent such as · 

20 
dimethylsiJlphoxide in the presence of trifluoroacetic anhydride: The oxidation 
conveniently takes place in the presence of a 5uitabie solvent such ·as a 
halogenated' hydrocarbon (e.g. dichloromethane) at an elevated temperature · 
(e.g. about 4C>° to SC>°C). 

·Compounds of formula (I) whereinCR15R1•·representth9 groupCH=CH~ may be 
25 prepared ··by reaction of the carresponding, compound Of formula (I) or a 

proteded derivative thereof wherein CR15~~· is the ·group c=o. with an alkyl­
triphenyli>hosphonium halide arid an alkyllithium in· al'1 aprotic solvent such as 
e.g. tetrahydrofuran~-

30 Compound~ of formula (I) wherein R15 is an azide group may be prepared trorr. 
the corresponding compound·.· of .. formula·· (I)· or ·a· ·pre>tected ··derivative thereof 
wherein R15 is a hydroxyl group by reaction With a toluene· sulf)honyl halide and 

35 

· then treating ·the·. resl.lltant -toluene· sulphonate derivative· with' an alkali nietal 
azide e.g. lithium azide in an aprotic'solverit e~g~'diChloromethaiie~ 

·.::·_,·, 
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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 (I). 

Thus, a further general process (F) comprises deproteding a proteded 

derivative of a compound of formula (I). Suitable carboxyf proteding groups 

5 and hydroxyl protecting groups for use herein include any conventional 

protecting group, for example as described in uProtedive Groups in Organic 

Chemistry", Ed. J. F. W. McOmie (Plenum Press, 1973) or uProtective Groups in 

Organic Synthesis• by Theodora W. Greene (John Wiley and Sons, 1991). 

Examples of suitable carboxyf proteding groups include arylalkyt groups such 

10 as diphenylmethyl, p-methoxybenzyl and silyl groups (e.g. trimethylsilytethyl or 

t-butyldimethylsilyl). Examples of suitable hydroxyl protecting groups includet 

arylalkyl groups such as p-methoxybenzyl and ester groups such as 

benzyloxycarbonyl. Aldehyde groups may conveniently be protected in the form 

of cyclic ketals. 

15 
The protecting groups may be removed using conventional techniques. Thus, a 

diphenylmethyl group may conveniently be removed using trifluoroacetic acid or 

by hydrogenolysis in the presence of a palladium catalyst (e.g. 10% palladium 

on charcoal). A benzyloxycarbonyl group may conveniently be removed by 

20 hydrogenolysis in the presence of a palladium catalyst (e.g. 10% palladium on 

charcoal). A p-methoxybenzyt group may conveniently be removed using 2,3-

dichtoro-5,6-c:licyano-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 

25 of a suitable acid such as hydrochloric acid. 

30 

Compounds of formula (II) may conveniently be prepared by reacting a 

compound of formula (X) 

(X) 
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_: : ."· 

(where R' is a earboxyl proteCting group) With a botnpou~d Of fotmula (XI) -

XH-- .. ·. 

R~; 
5 

(where R1
, R4

, X and Yara as defined ·in formula (II) above) or a protected { 
derivative thereof, followed, where necessary, · ·t,y ··removal· of any ·protecting~ 
groups prelent The reaction•may convenient1y·be:9tfecte'd~ by heating (X) and,.-

(XI) at a temperature in the range of :abOl..lt 40~<to· 80°C ih -a suitable solvent, 

10 such as a hydrocarbOn (e.g. toluene);- in the- presence of an acid such as 

hydrobromic acid-triphenylphosphine. 

15 

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' conveniently :be> effected by addition of a 

suitable base such as analkOxide(e~g: sodium·methoxide),in a suitable solvent 

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

20 The aforementioned reaction-is particularly suitable fotpreparing·compounds of 

formula (II) in which R"' is other than a methyl· grdup~ When· R"' is methyl it may 

be more convenient to prepare compounds 'of· - ·formula - (II) frOm · 4'­

-demethylsorctarin, a compound of formula (XII) 

.;_. 

·: .. · 
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OH 

•'' Hxx= ~,OH 
c~o o CH, 

(XII) 

Thus, for· example! compounds of formula (Ill) in which R4 represents meth)fl 
may be prepared by protection of the carboxyl group in (XII). using c0nventional 

5 methods, folle>Wed. if appropriate, by converting the 2'-axial hydroxyl group to a 
different R1 group by the interconversion procedures deseribed hereinabove. It 
may be neeessary to protect the 3' and 4' hydroxyl groups when manipulating 
the 2' -8Xfa~ hydroxyl group. Protection may conveniently be effected by the 
fomiat~on Of an isopropylidene group using a procedure described in the first 

10 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). 

1: 

~en the earboxyl group in the compound of formula (XU) is protected with a 
.. . . . . " .. ... ~ . . . .. \' . . 

15 . diphenylmethyl group the protection reaction may conveniently be carried out by 
> ' • ' 

. 20 

. treatlng'a 'solution of the compound of formula (XII). in an alcoholic solvent (e.g . 
. methanol) and/or in a halogenated hydrocarbon (e.g. dichloromethane) with 

diphe,,Ytdiazomethane, convenientiy added as a solution in a halogenated 
hydrocarbon solvent (e.g. dichlorometliane) • 

Compaunds of formula (II) wherein X and Y represenf oxygen or sulphur may 
also be prepared by the decarbonylati9n Of a eorrespondlng protected derivative 
of a compound of formula (I) in which CR2R3 represents q=O and n is zero. The 
decarboriylation may conveniently be effeCteci _. 'by ~ddition of an alkoxy 

25 c:Ompound (e.g. CH,ONa) in a suitable solvent. sueh· as an alcohol (e.g. 

methanol). 



32 

· Compounds of formula (~). may conveniently be prepared from sordaricin using 
conventional carboxyl group protecting means. Thus, for example, when R' in a 

. . . ' . I . 

compound of formula . (X). represents trimethylsilylethyl this group may be. 
introduced by .. treating. sprdaricin with o-(2-(trimethylsilyl)ethyl]-N,N'-

5 diisopropylisourea, conveniently in a suitable solvent such as an ether (e.g. 
tetrahydrofuran) at an elevated temperature (e.g. under reflux). When R' 
represents diphenylmethyl this group may be introduced using the methodology 
described above. 

10 

15 

20 

When . a hydroxyl group in a carboxyl protected derivative of sordarin or a 
compound of formula (XII) is· protected with a p-methoxybenzyl group this group 
may be intr~duced by re~ction _with ·a .tin o~ld~(e.g. dtbutyltin oxjde) in ar 
hydrocarbon solvent (e.g. refluxing toluene), followed by the: addition of a p­
methoxYbenzyl. halide ih.:·:. the pr~sen~ .. of an fluoride·. s~lt . (e.g. 
teb-abutylam"1onium fluo~d~). ·Wtien. J>rotect~d with ~- °be~y1o)(ycarbonyi gr()up, . 
this . group '11ay . be introduied by ·~action. with .. a benzylhaloformat• in . the 
·presence of a. ~uitable · a~i~e ba~e ·such ·as 4-dimethylami~opyridine ·and· in a 
solvent s~ch as a: ha·l~ge~ated · hydrocai'b~n· 'ce.g'. dichloromethane) or 
acetonitrile. 

The formation of a group L in formula (VIII) where l is ah ·alkyl- or 
arylsulphonyloxy group and/or a group R22o where R"o is an alkyl- .or 
arylsulphonyloxy. group m~y be effected by rfi,a~·~ a suitably proteded 
derivati~e Ot so..d~ri~···.-6r a . compound . of formula ·. (XI.I» with an . ~lkyl~ .· or 

2s arylsulphonyl halide i.n th~ ·presen~ ~-a ~~i:table~solvent su~ ~s pyiidin~ _and· 
optionally also Comprising.an amine tias~·(_e.g';' 4-dimethylamin~pyridine) ct in a 
halog~nated hydroearbon solvent (e.g. dichlo~o~ethane) in 'th~· presence Of a 
suitable amine base (e.g. 4-dirriethyia~iri·opyridin~) .. : · ·The_ 'reaction. may 
conveniently be carried out at a~out room temperature. Other groups may be 

30 ·similarly introdu:cedusing eonventio~al pn;c8ciG~. · . .: ·. . . . 
.· .. . . . . 

It will .. be appreaated that .it may be. approprlat~ ~.convert a hydro><yl graup to 
the desired R15 

0

gr~up Prior to ~isation atepi-d.ing ~ proc8s~ (C)~· · Thus, a 
suitably protected denvative Ot 4'-derriethytsorctarin or ·& compound· of ro.rmula 

35 (II) in which R159 is hydroxyl maY be reacted to convert the 4'-hydroxyl group.to 

t • 
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the desired R1 group using· conventional procedures. Thus, for example, 
conversion to a C1_.alkoxy, C1-4alkoxyC1-4Slkoxy or ary1Ct-4alkoxy group may be 
effected by conventional alkylation, for example, according to the various 
methods described hereinabove. Removal of the hydroxyl group to provide a 

5 compound in which R15 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 hydride}, 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. 
1 O methyliodide) at about room temperature and (ii) removing this group by treating 

a solution of the intermediate compound in a hydrocarbon sofvent (e.g. toluene) ,. 
at an elevated temperature (e.g. about SC° to 12D°C) with a hydride reducing 
agent (e.g. a trialkyltin hydride such as tributyltin hydride). optionaHy in the 
presence of an activating agent (e.g. azobis(isobutyronitrile)]. Conversion to a 

15 C2.aalkyl group may conveniently be effected by (i) forming an S­
atkyldithiocarbonate as described previously (ii) replacing this group with an 
alkenyl group by reaction with a trialkylalkenyltin compound under the 
conditions described above for the removal of the S-alkyldithiocarbonate group 
and (iii) reducing the alkeny1 group to an alkyl group by, for example, 

20 hydrogenation in the presence of a suitable palladium catalyst (e.g. 100/o 
palladium on charcoal). 

Base salts of compounds of formula (I) may be conveniently formed by treating 
a compound of formula (I) with an appropriate salt or base. Thus. for example. 

25 salts may conveniently be prepared by treating a compound of formula (I) with a 
salt or a base selected. from· sodium or potassium hydroxide, hydrogen 
carbonate, carbonate or acetate (e.g. potassium hydroxide, potassium t)ydrogen 
carbonate, sodium hydrogen -carbonate or potassium acetate), ammonium 
acetate, calcium acetate ·and L-lysine as appropriate. The salt may, for 

30 example, be prepar,ct by adding the appropriate salt or base (if necessary as an 
aqueous solution) to a solution. or suspension of the compound of fonnuta (I) in 
a suitable solvent such- as an alcohol (e.g-. methanol) or dioxane at 
temperatures of for example O°C to SO°C and conveniently at about room 

temperature. 
35 
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· Pharmaceutically _aeceptable salts may: also ·be· prepated ~m other·· salts, 
including other pharmaceutically' acceptable salts of the c0mpounds of formula 
(I). using conventional methods . 

. 5 . Metabolically labile ·esters of compounds of formula (1) may· be formed with the 
· carbbXyl ·group present and. these ·may be· prepared by conventional processes. 
Similarly, metabolicaily 'labile estersw may also be formed with any free hydroxyl 

' group present in the' molecule. 

1 o The novel compound of fOrmula (XII)· may eonveniently be prepared according· 
· to the. fermentation pr0cess described hereinafter or by demethylating sordarin,. 
. using a biotransfOrmation proeedure.· · 

The fermentation· .pro(:ess .··comprises cultivating a microorganism capable of · 
15 producing the compound of fcirrriula (XII) and thereafter isolating the compound 

. of formula (XII) frOm the culture; 

Microorganisms capable· of 'producing the. compound ·ot formula ·(XII) will 
conveniently: be mutant strains' of Sordaria araneosa which can readily be 

20 identified by. screening survivors·· of mutagenesis by analysing· a ·test ·.sample . 
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 irf the permanent culture:. collection of the CAB 
lritemationat Myeotogieal: lnstitutei Genetic- Resource Reference Collection, 

25 Bakeham Lane, Egham, Surrey iW2o 9TY, England. The strain was received 
by the Institute on 10 June; 1994 and. was subsequently given the accession 
number IMI 362184 and ciates of acceptance and confirinaticin of viability of 13 
and 21 ·June, 1994 respectively. The lnstitUte.· is. an · lntemational: Depository 
authority recognised under the. Budaf:>est Treaty.· The characteristics thus far 

30 . · ·identified tor IMI 362184.are gwen in Ex8mple74~· · 

The . present invem.ion pro\/ides· in· a .further aspect the microorganism . IMI 
362184 per se and mutants thereat. 

t • 
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Mutants. of the IMI 362184 may arise spontaneously or may be produced by a 

~a,~ety of methods including those outlin~ in Techniques for the Development 

of Microorganisms by H I Adler in •Radiation and Radioisotopes for Industrial 

Microorganisms•, Proceedings of the Symposium, Vienna 1973, p241, 

5 l~temational 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. 

' 10 The. preparation of the compound of formula (XII) by fermentation may b~ 

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

presence of assimilable sources of carbon, nitrogen and mineral salts, ancf 

thereafter isolating the desired product. 

15 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, 0-mannitol, soya bean oil, carboxylic acids, amino 

acids, glycerides, alcohols, alkanes and vegetable oils. Sources of carbon will 

20 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 extracts, ~ttonseed meal, peptones, ground nut meal, 

25 malt extract, molasses, casein, amino acid mixtures, ammonia (gas or solution), 

ammonium salts or nitrates. Urea and other amides may also be used. Sources 

of nitrogen will generally comprise from 0.1. to 10% by weight of the fermentation 

medium. 

30 Nutrient mineral salts Which may be incorporated into the culture medium 

include the generally used salts .capable of yielding sodium, potassium, 

ammonium, iron, magnesium. zinc, nickel, ~bait. manganese, vanadium, 

chromium, calcium, copper, molybdenum, boron, phosphate, sulphate, chloride 

and carbonate ions. 
35 
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Cultivation :CA the organism will generally be. ettibtad at a temperature of from 
2fl to. 400C, preferably from 20 . to 35oc, esp&cially abOut 25°C~ and will . 
desirably take plaee wittl-·aeration and agitation e~g~ by shaking or stirring .. The 
medium may . initiaily be inoculated with a _small quantity. of mycelium and/or 

s spores. The vegetative inoculum obtained ·may· be· .. _ :transterr8d 'to the 
fermentation ~ediUm; or ·to one or more seed •"st.gas Where further growth "takes 
place before transter to· the principal fermentatibn ·medium. · The -fermentation 
will generally be carried oUt in the pH range 3'.5 to 9.5; preferably 4.5 to 7~5. It 

10 
may be necessary to add a base or an acid to the _fermentation medium to keep 
the pH to withiri the desired range~ .. Suitable bases Which may be added ·include 
alkali metal hydroxides· such as aqueous sodium hydroXide or potassium 
hyd..Oxide~ Suitable acids include mineral acids s·uch as hydrochlol'ic, sulphuric 
or phosphoric acid. . .. 

15 The fermentation·may be carried out"fbr a·period··of4-30"days; preferably about 
S-1 s days. A'1 antifoam may be present to control: excessive foaming . a_nd 
added at intervals as required~ Carbon and/or nitrogen sources may also be fed 
into the fenrientation medium;as-required. 

20 The compound of formula (XII) is associated mainly with the cells and. may be . 
brought into solution either by add_ition of ari 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 sofutions · either by centrifugation, canventional 
filtration or membrane filtration. The liquor .may be optionally thereafter treated 

25 with an acid such as sulphuric acid until the-pH is b&low 6 (e.g. about pH 4.5) . 

. The compound of formula.·(Xll) may·:be ·isolatedarid purified by a variety of 

fradionati~n techniques, for example adsorption-elUtion, precipitation, fraetional 
crystallisation, solvent extraction and liquid-liquid partition which may be 

. . . . 

30 combined in variou- ways~ · 

Adsorption onto a solid· support fOlloWed by· elUtion· has ·been found to be 

particularly suitable for isolating and purifying the campound of fOrmula (IX)~ 

l • 



. ' 1'\Vt) ffl14326 PCl/EP9S/04331 

.37 

Suitable solid supports include siliea; a non-functional· maeroreticular adsorption 
~i•' . resln,. fiir.:example crOss-linked styrene divinyl benzene polymer resins. such as 

;CG161 ariCI Amberlite XAD-2, XAD-41 XAD-16 or XAD~1180 resins (Rohm & 

! Hails t1rnff8cl) dr Kasten S112 (Montedison); a substituted styren8-dlvinyl 

5 ,.benzerict'pOIYiner such as Diaion SP2D7 (Mitsubishi}; an anibn exchanger [e.g. 

JRA;.958. or MactOPrep High Q (BioRad)J, 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. C1rlinked silica. 

10 · ·The. eomp()Ond of formula (XII) 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 formula (XII) will, of courset 

depend on the nature of the adsorbent When using a polymer resin such as 

15 XAD-16 water-miscible solvents such as methanol, acetone, isoptopanol or 

acetonitrile in various proportions in water may be particularly suitable. 

20 

25 

30 

35 

The presence of the compound of formula (XU) during the extraction/isolation 

procedures may be monitored by conventional techniques such· as· high 

performance liquid Chromatography (HPLC) or UV spedroscopy or by utilising 

the optical rotation or other property of the compound. 

Where the compound of formula (XII) is obtained in the fonn· 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. 'If desired, the compound may be further purified by 

chromatographic technique& such as countercutrent chromatography using a 

coil extriacter such as a multi-layer coil extraCtet or' high performance liquid 

chr0matography or ·supercritical fluid chrdrtt~raphy on adsorbents such as 
. ~ ' ...;., . ·. ·. . ,· "'· .- '' -~· .. ; ... - . . 

carbon, ilumina, vanadium, polymeric reiiht or smca, with or without bonded 

ph~ses. Suttable &olvents/eluents for ·the cihrom.itographic purification/ 

separation of the compound of formula (Xiij-'Wfit fl Cf)brse depend on the nature 

Of the adsorbent ·When· usi~g a ca bond9d •ca: nifl>tfures of acetonitrile and 

water ·are particularly sUitable. Alternatively, the compound may be further 

purified· by solvent extraction, for example usin'g an appropriate organic solvent 
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such as a ketone (f).g. acetone or methyl dlyl. ketqne), a halogenated 
hydrocarbon, an a1Cot1ol (e.g. methanol), a diol. (e.g~ propan~1,2-diol or butane-
1,3-diol). or an ester (f:t.g .. methyl ace~te .··or. ethyl a~ate) In .a .further 

·. . ... . '''i ... ·. ·: : . ;--· ·. . . : . . . . . .. . ·. 

altemative, solut~ons of coml'ound (XII). may ~e further purified by treatment with 
5 · adsorbents that selectively remove impurities When. added at. appropriate levels . 

(e.g. DEAE~Uulose) or by cry~tallislltion (e.g. from a mixtU~e of ace~onitrile and . 
water) or using a combination of the above pro~dures. . . . . . . . . . : ~ 

10 
The biotransformation of sordtilrin to 4'-demethylsordarin, the eompound of 
formula (XII), may be effected by inCt,Jbating sordarin in .a culture comprising ~ 
suitable organism and sources of carbon and flitrogen,· incluping. those sources 
specified hereinabove, and thereafter isolating the compound of formula ·. (Xllf 
from the culture. 

. ,.: 

15 Microorganisms capable of demettiylating sor~ann at the 4'i>osition may readily 
. be id~ntified by usjng. a small scale test and •naly•ing a test sampl.e obtained 

using stand~rd .·methodology, for example, using·. HPLC. Examples of 
micr()organisms which .. have been identified. as. sordarin demethylators include 
Streptomyces caDre~lus ATCC 31 sS3, StrePiomyces ~vermitifts. "TCC 31272. 

20 Streptomyces armentosus NRRL.3176, Str~Dtomy~s antibicit1C:us_ATCC .3.1771. 

25 

Streotomyces rjmosus ATCC .23955 •. Str~ptomvcls. platensrs 1'TCC 2~778; 
Streptomyces mashuensis ·ATCC 23934,' StrepSOmyCes ·euMhermus ATCC 
14975, Nocardia orientalis /.'TCC 43491 and Cunn1nghamella .ech1nulata var 
elegans ATCC 3611.2. · 

Cultivation of the org~nisrn.V'ill gfinerally t>e: .. eff~d~·at a teinp~rature of from 
20° to 40°C, preferably trem.'2C>° ·to 35°C., esJ,ecia.Uy abolJi 28~C •. and wm 
des,iral;>ly take place with aereiion and. agitation, ~~.g~ 't>y' shaking or stirring. The 
medium may initi~llY .. be in9~1ate.d With .a···m•IJ ·quantity ·of myc81ium and/or 

30 spms. The vegetative· .inqculum. , o~if\ec:I ... m11Y: ·.be .. transferred · to · · the 
fermentation medium or to one or rnor11· s~, .stllgea .Where fui1her grOWih (e.g. 
over about 1-3 (lays) takes P.lace b&tof!. ~sfer t0 the .. prjncipal termentation 
·medium~· .. The principSI ferme~ion ·m&diur:n Viii.I ~lso ~mprise so~alin ..-net the 
fermentation will generallyJ;>e carried out in a pH range of 3.~ to 9.5, preferably 

35 4.5to1.s .. ·It may be neeesesary to add a ba.- or an.acid to the fermentation . . :· . . . 

f, .. 

( 
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medium to keep the pH to within the desired range. Suitable bases which may 

-be Bci~ed include alkali metal hydroxides such as aqueous sodiUm hydroxide or 

-potaliUfu h}'droxid8. Suitable acids include mineral acids such as 

hydrothtoric, sulphuric or phosphoric acid. Fermentation may be carried out 

5 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. 

1 O The separation and isolation of the compound of formula (XII) from th!! 

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.Q. 

to about pH 2.5) this may conveniently be achieved by the addition of an acid 

such as orthophosphoric acid. 

15 
It will be appreciated that biotransformatton 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 

20 could be isofated and used (with appropriate co-enzymes> or the enzymes 

cloned and over-expressed. 

As stated hereinabove, sordarin and sordanan are known compounds, which 

may be obtained using procedures described in the relevant art. Thus, for 

25 example, the preparation of sordarin by the cultivation· of Sordaria araneosa 

NRRL 3196 (also deposited in the ATCC as ATCC 36386) is described in British 

Patent Specification No. 1.1~1027. Specific examples of the preparation of 

sordarin using similar procedure• are reported hereinafter. 

30 Sordaricin may conveniently be prepared under fermentation conditions similar 

to those described for preparing sordarin using Sordaria araneosa NRRL 3196 

or a suitable mutant thereOf, W.lh isbiation of the- desired compound using 
appropriate chromatographic means. One such mutant has been deposited in 

the permanent culture collection of the CAB lntemational Mycological Institute, 

35 Genetic Resource Reference Collection, Bakeham Lane, Egham, Surrey TW20 
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9TY, Engl81'1d. The strain was. received and ·accepted by the . Institute on 11. 
. ' . . . .· . . -~ ·. .- . . . . . . . : .- . .. . ' . . 

Augus~ ·1994 af1d was _subsequently_ given _the accession numbe~ IMI 362947 
and a date of confirmation, of viability of 19 Aug~st, 1994.·_ .. The Institute is an 
lntemational Oeposit()ry alrthority .recognised und~r the Budapest. Tre•ty. The . 

5 . characteristics thus far identified for IMI 362947 are given in Example 75. 
. . . . . . . . 

10 

.·. 

The present invention provides in a further aspect the microorganism IMI 
362947 oer se and mutants therof. 

Processes for obtaini~g mutants of IMI 362947 and_ its genetic material will b9 
similar to .those described he~inabove for the manipulation of IMI 362184; ~ 

Sordaricin may also be prepared from sordarin using a . biotransformation 
. ·;· ... : - . . . . . . .... · -

procedure. The biotransformation may conveniently be· effected by incubating · 

15 sordarin in a culture comprysing .a suitable organism and sources· of carbon and 
nitrogen, including those sources specified hereinabove, and thereafter isolating 
sordaricin from the culture. 

20 

25 

Microorganisms capable .. of converting sordarin . to sordaricin m~y. readily be 
identified by using a small scale test and analysing_ a. test sample obtained using 
standard methodology, for example, using HPLC. We have identified one such 
microorg~nism and · depo•ited it With the National Collec;tions of Industrial and 
Marine Bacteria Limited (NCIMB), 23 St. M•~ar Qrive, Aberdeen AB2 1 RY, 

.· . .-·.. . . •,· ·. . ... . . 

Scotland~- The strain was received by the ,NCIMEJ on 4 August, 1994 and was 

the same day· accept~ for d~pc>sit f9r patent p~_rposes and the viabilitY of the 

microorganism confirmecl .. The microorganis~. _which is a Coryneform species 
having the charaoteristics, given in. Example . 76, has been· assigned the 
accession number NCIMB 40675. · The NCIMB · is an International Depository 

authority recogni .. d under the .Budapest Treaty. 

•.. il 

f 

..... 
... _.' 



.. PCflEP95/04331 

41 

According to another aspect of the present invention we provide the genetic 

material of NCIMB 40675 and mutants thereof that participates in the 

btoconversion of sordarin to sordaricin. 

5 Processes for obtaining mutants of NCIMB 4cie75 and its genetic material will 

be similar to those described hereinabove for the manipulation of IMI 362184. 

Cultiwtion of the NCIMB 40675 will generally be effected at a temperature of 

from 2C° to 40°C, preferably from 20° to 35°C, especially about 28°C, and will 

10 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 before transfer to the principal fermentation 

15 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. Suitable bases which may 

be added include alkali metal hydroxides such as aqueous sodium hydroxide or 

20 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 6 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 

25 required. 

ft 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 

30 fermentation medium or water. It is ~tso feasibti .that the appropriate enzymes 

could be isolated and used or the enzymes Cloned and overexpressed. 

The separation and isolation of sordaricin tram 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 rnay conveniently be achieved by 
the addition of an acid such as orthophosphoric ·acid~ - - - - - -

.·,'. 

It -is to be understood that ttie fermentation arid_ bioeonversion processes 
5 ~ascribed hereinabove for preparing sordaricin_ represent further aspects of the 

present invention. 

10 

The examples hereinafter illustrate ·aspeds of the present invention and are not 
intended to limit the invention iri any way. - -

PREPARATION 1 
Produdion of sordarin r 

A culture of Sordaria araneosa NRRL3196 (ATCC363S6lwas grown on an agar 
15 medium until mature g~ occurred. -6mm dia~eter ... _plugs of the agar 

containing the growth were "transferred to sterile water:·or Braih Heart Infusion -
broth (Oxoid) + 10% glyeerol and stored at ambienftemper~ture -or -140°C 
respedively. A- suspen~ion ~ntaining 2 of these .agar plugs was used to 
inoculate a 250ml Erlenmyer flask containing 50mi of medium-FS. -

20 

25 

30. 

35 

. ·, . . . 

MediymFS 

Peptone(Oxoid L34) 

- -

Malt extract (Oxoid L39) 
Glycerol (Glycerine CP) 
Jun.Ion 11 O (Honeywell & Stein) 
Distilled water 

10 

- 21 · -

40 
1 

The culture was lncub~ed at 25°c· fi:>r s dayS on. a rotary shaker operated 8t 2so 
rpm with -a SOmrn diameter -orbftal motion. Aliquots (2ml) 'Of the developed 
inoculum Yiere used to inaculate further 260 ·n.1:-Ei'lenmyer flasksco~taining 
medium FS (SOml) which_. were incubated as_ desaibed above. 80ml of the 
bulked shake flask deve1C>p8d inoeulum Yl8S usecf tO inoculattt each of tWo 7L 
ferm~nters containing SL of medium FS~ The ferme~tations were cantrolled to a 

... 

( 
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temperature of 25C. The culture was agitated at 400 rpm arid aerated at 2 Lpm. 

After 3 days fermentation, 1 OL of culture was used to inocuiate a 780l 

fermenter containing SOOL of medium SMSSVAR. 

SM55VAR glL 

Glucldex 320 (Roquette Frere) 74 

Peptone (Oxoid L37) 10 
Proflo (Traders Protein) 30 

Beet molasses 15 

M~S04. 7H20(BDH) 5 ,. 
CaC03 (BOH) 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 

Disti11ed water 

20 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 residual 

glucose concentration. Distilled water was fed to maintain a culture volume of 

SOOL. PPG2000 antifoam was added on demand to eoritrol foaming: Whole 

25 broth extracts (in aqueous acetonitrile + 1 % trifluoroacetic acid) were assayed 

for presence of sordarin by re'Yerse 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 0.1 M with respect to sodium hydroxide and 

after storage at ambient temperature overnight was filtered through Dicalite on a 

30 rotary vacuum filter (1% Dical~ie was added to the broth as filter aid). The 

filtrate was adjusted to pH e.:.7 With concentrated slllphuric acid and the solution 

was applied to XAD16 resiri. (1b v0lumes Of filtrate/volume resin). The 

adsorbent was washed With water and acetone:water (1 :3) in both cases to give 

a clear effluent before sord&rin was eluted with acetone:water (3:.1 ; 2 column 

35 volumes collected). Flow rate throughout the process was between 1-2 column 
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volumes/hr. The e~1.1at•. wa• co.ncentrated to _,a; •mall volume (8.5L). The 
concentrate wa~ adjustecf to p~ 3 W,itti phQsptiqrj_~ '.$cid and' stood ovemight at 
ambient temperature to allow preclpitat~~ ~larin to se~k9. Supanatant was 
decanted then centrifuged and the supematanf was discarded. - Centrifuge 

! ·z 

5 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 0.2iVI NH4H2P04 with stirring, 
and the solution was adjusted to pH 4.0 with- pho1;phoric ~cid, to give a final 
volume of 5.0L with appr0ximate -composition----60% aeetonitrile __ - o.1M 

NH4H2P04. The crude sordarin solution (5.0L) from above was subjected to 
10 preparative HPLC in 10 injections (450-550ml each) on a eolumn.(15crn x25crn)_ ( 

of 7mm Kromasil. ca in mobile phase of 50% acetonitrile - 0.1 M NH4H2PQ4, pH 
. . - - - . ' 

4 (SOL acetonitrile ~ade up to 100L with water containing 575g .NH_4H2P04 and -
40ml H3P04), flow-rate 600ml/min, detection by UV ab~~rbance (121 Onm). 

15 The fraction eluting betwe&n 1_ 5.4 and 19.2 min was collected~ Pooled fraCtions 
from the 1 o injections (23L) were diluted with water to_ SOL _and this solution was 
pumped back through the Kromasil column at 28.IJh. -The column was washed 
with water (25L) then eluted with 90% acetonitrile (10L).· iiie eluate was 

20 

25 

30 

35. 

evaporated to a residue of 1300ml which was freeze-dried to yield the title 
compound as a buff. powder _ (10~.6g). , MS ~nd . ~MR analysis of_ the product 
sh~ed equival~nce with ari a~hentic sample of so~arin. -~-

PREPARATION 2 
Productjon ot sordarin cotasslym salt 

Sordaria araneosa NRRL3196 (ATCC36386) .... maintaiiied in Brain Heart 
Infusion broth coxoid) + 10% glycerol~- ~14Crc·~, ~~.~_Cribed in Preparation 1. 
A suspension eontainlng 2 agar plugs Was_u~-to)~q'ct.late a 250ml _-Erlenmyer 
flask cont&ining somi. of m&dium es: --the Qi1ti.arlt , .. , incubated at 25°C for 5 

days on a rotary shalatr.'~P.~i~ at" ~~_.rpm ~th'a 50rnm di~eter orbital 
motion. AliquotS (2m_I) ot'the dev~loped 'i~9¢ulum.~~ used.t() inoculate further 
250 ml Erle~er -flask& ·cantainipg_-rl\edium--fS __ -_(sonll)-.arid incu~ated as 

described above~ 80ml-~ the bulked sh-.ke-flask'd~elop.d inoculum was used 
to . inocui&te. each of-tWC)- 7L -(~nn-~ters· c0ntSinlng 5L- Of ··medium -- FS.. The 
-fermentations were controHEKI · to- &- temperatu~ ·'c)f __ 2s0c~- · ·The · eulture was . . . .. ·. . 
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~agitated at 400 rpm and aerated at 2 Lpm. After 3 days fermentation, 1 OL of 

culture W&s used to inoculate a 780L fermenter containing SOOL of medium SD1. 

·801 alL 
5 

Meritose (Tunnel refineries) 22 
Lactose 20 
G1uctdex 320 (Roquette Frere) 30 
Arkasoy (The British Arkady Co.) 20 

10 CSL 20 

-FeCl3;6H20 0.05 ,. 
NH4H2P04 5 
ZnS04.7H20 {BDH) 0.1 

PPG2000 0.5 
15 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 500L. Whole broth extracts were assayed for 

20 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 

SOL sample of harvest broth was made 0.1 M with respect to sodium hydroxide 
and stored at4°C overnight. Cells were removed by vacuum filtration through a 
bed Of Dlcalite adding an additional 2% Dicalite to the broth as filter aid. The 

25 'filtrate WaS adjusted to approximately pH 6 with concentrated sulphuric acid. 
:-Broth extract was pumped- through a bed of Amberchrom CG161 resin at 

320mf/min (0.64 bed volumes per min). The effluent was monitored by HPLC. 

After 45 min (equivalent to a pumped volume of 14.4L) sordarin began to break 

through and. pumping ~· halted. The adsorbent was washed· with water (2l) 
30 then 25% v/v acetone in wabtr (2L). Sordarin was eluted with 75% v/v acetone 

in'W&ter (1.SL). The 75% v/V acetone elt.iite was evaporated to about 200ml by 

rotary evaporation at WC. 200mi bt.Jtan-1-ol was added and the evaporation 
continued until a viscous off ramained (containing some butan-1-ot). The oily 
residue was extracted with hot methanol (2 x 500ml). Extracts were combined, 

35 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 ·500m1); Acetone extracts were 

combined, filtered and evaporated to a viscous oil.· Propan-2-ol (3SOml) was 
added and the oil dissolved at 45°C to give a clear brown solution. A solution of 
potassium-2-ethylhexanoate (39% w/w solution in propan-2-ol, 54g) was 

weighed into a 500ml 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) a~d the stoppered flask was stored for 3 days at4°C. The off-white 

solid which formed was filtered under vacuum (N~A sinter funnel) and the filter 
cake was washed with propan-2-ol (about 20-30nil). 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 

15 Production of sordarin potassium salt 

500 litres of culture broth was prepared as. irf 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 % Dacalite. was 
20 added to the br,oth as filter aid. The pH of the filtrate wa& ad1u~ted from pH 9 6 

to pH 7.5 with concentrated. sulphuric acid. Filtrate (10L) was, ad1usted to pH 6 

with H3P04 .and applied to a. bed (200ml) of XAD-16 resin paeked 1n water at a 
·flow-rate of 1 ... 1.5 bed v9lumes/h. The resin bed was.washed with water (1 bed 
volume) -then with 25% aqueous~ isopropanol· (2.5 bed. volL.tmes) before: elution 

25 with neat isopropanol. After a fore-run of · 50ml the .isopropanol eluate was 
collected asi 1 OOml fractions. Sordarin-rich fractions 2-6 inclusive were pooled . . . . . 

and evap0rated to half volume. lsopropanol was. added to bring the. volume 

bad< to SOOml. then the evaporation to half volume repeated to rem~e residual . 
water by azeotropic distillation.. After a third. evaporation. to. half ·volume the· 

30 residue was filtered· and. the filter was. washed with isopropanot. To the 
· combined filtrate and washings (400ml) .was·: added ~- solution of potassium 2-

ethyihexanoate. (Bg)· in isopropanol (100ml)~ The, mixture· was seeded with · 
sorclarin potassium, salt _and. stood .. for several days ... at 4°C whilst a slow 

crystallisation took place. Crystals were filtered on a No. ~· sinter, washed with 

. ; 

, ·.L 
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a ltttre· tee-cold isopropanol and dried in vacuo to yietd· the title compound as a 
pate·browrrpowder (4.85g). 

PREPARATION 4 
5 Production of 4'-demethvtsordarin 

(I) IMI 362184 was maintained in Brain Heart Infusion broth (Oxoid) + 10% 
glycerol at -14D°C as described in Preparation 1. A suspension 
containing 2 agar pfugs was used to inocufate a 250mf Erfenmyer flask 

1 O containing 50ml of medium FS. The culture was incubated at 25°C for 5 · 
days on a rotary shaker operated at 250 rpm with a· 50mrri diameterr 
orbital motion. Aliquots (2ml) of the developed inoculum were .used to 
inoculate further 250 ml Er1enmyer flasks containing medium FS (50ml) 
and incubated as described above. 80mf of the· bulked shake flask 

15 developed inoculum was used to inoculate each of two 7L fermenters 
·containing SL of medium FS. The fermentations were controlled to a 
temperature of 25°C. The culture was agitated at 400 rpm· and aerated at 
2 Lpm. After 3 days fermentation, 1 Ol of culture was used to inoculate a 
780l fermenter containing SOOL of medium SM55VAR {as described in 

20 Preparation 1 ). The fermentation was controtled· to a temperature of 
·2s0c. The broth was agitated at 350 rpm and aerated at500 Lpm. 70% 
wlv 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 extrads were 

25 assayed for presence of 4'-demethylsordarin by reverse phase HPLC. 

The culture was harvested after 1 O days when the extract of a broth 
sample indicated a 4'-demethylsordarin titre Of 0.8 g/L. Fermentation 

broth W&s made 0.1 M with respect to sodium t\ydroxide and after 1 hour 
at ambient temperature was filtered through; Dfca1ite on a rotary. vacuum 

30 fitter (1 % Dicaflte was added to the broth ar filter aid). The filtrate was 

adjusted to pH 4.5 with concentrated sulph'Ulic 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 

acetonitrile:watar 1 :4 (6 column volumes) before the· product was eluted 
35 with acetonitrile:water (1:1 ; 2 column volumes). Flow rate throughout 
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. the process : was between 1-2 column· vQILl.me$1hr~ The:· eluate: was 
. C:Oncentrated to drYness with the addition of ~utan-1-ol and the soli~ was 
extracted with methanol (12L) followed by acetone (10L) at 60°C. 
Insoluble material was removed at each stage by filtration through a no 3 

. ·' . 

glass sinter and the extracts concentrat•ctto (fryn•s• ~ J;>efore. The· 
solid was crystallised from aceton_itrile:water (3:7) before being 
recrystalli~.ed from the same solvent and: dri~ to constant weight over 
P205_to give the title comoound (244.0g)i w_i;iCh-by p~on NMR analysis 
showec:t equivalence with an authentic sample·of 4'-demethylsordarin. 

(ii) The fermentation procedure in (i) above·was;Jollowed, .and after the broth, 
was niade. ~l 1 M Ylitli. rtSP'~ to . sQc:tium .. hydroxide. this was .ultrafiltered . . . . 

. through ETNA,1 QA memboane (1 OkDaltori ~~- ·After diafiltration with 
water.th• bulked permeate· was.a clear solution. After adjustment to pH 

15 5.2, using concentrated sulphuric acid, the'·.Permeate was· loaded to a 
column of ~D16 resin at a rate ()f 2 column: volumes_ per hour to give a 
final loading: of 32g.4' ~emeitiylsordarin. pe,nlitre of resin.. The column 
was washed at a rate Of 2 eolumn. volumes P•r hour, ·first with 0.1 % vlv 

20 
phosptioric acid an.d then- with. 20% . v/v acetonitrile/water· (-1·0 column 
volumes of: :eac;h).· ... The column .was eluted with 65% acetonitrile/water at . . ' 

2 column· volumes, p~r hour.,· A Jorerun of.~.75 ~lumn volumes was 
discarded~ 85% of the .. loaded 4'-dem~thylsor~arin was recovered in the 
next 1.6 column ·volumes ·of e(uate~ . The rich. eluate, was. treated by 
stirring for 5 minutes with 2% Vllv of DE52. cellulo~, which .was removed 

25 by filtrati()n ... An- aliquot of oe~·.U.ated:. elu•El was concentrated to 62% 
.of the original volume (<Q".acet~flitrile) using a rota~ evap9oator. The 
concentrated eluate .was held,Alt 4'C for 1-5 tiou.._ to crystallist1 and the 
solids formed colle~Sd by filt ... ti()O_,:thn:>ugh':a glass t;inter. The crystals 
were washed: with fo"'( cake; ~lum1t• of 30'- vfi!_ .acetonifrile/water and 

30 dried at 30°C jn va¢Yo. The.tjtfe:compounct(1.94g).was recovered from 
the concentrat$<1 eluate as a ~le, grey .solid. , · 

PREPABAIION 5 •·. < . .. . .·· . . . . . .. 
. Sqeen for microgrqanisms· eaDable of demelhylatinq sordarin at the 4' oosition · 

35 

... 
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Microorganisms capable of demethylating sordarin at the 4'-position could be 
· identified by growing them at 2a•c (bacteria) or 25°C (fungi) in 1 Oml volumes of 

SB1 (bacteria) or FB1 (fungi) in 50ml conical flasks shaken at 250rpm. After 2 

days, sordarin was added to a final concentration of 0.5mg/ml (from a 200mg/ml 
5 stock solution in 80% ethanol) and the flasks were then incubated for a further 3 

days. A 500µ1 sample of whole culture was mixed in an Eppendorf tube with 
500µ1 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'-

10 demethylsordarin. 4'-demethyl sordarin eluted at 3.35mins with a mobile phase 
of 35% acetonitrile in water, flow rate 2ml/min, using a Spherisorb Cs colum'J. 
(Sµm, 15cm x 4.6mm). By this method, the following microorganisms were 
identified as sordarin demethylators: 

15 

20 

25 

30 

Streptomyces capreolus 
Streptomyces avermitilis 
Streptomyces armentosus 
Streptomyces antibioticus 
Streptomyces rimosus 
Streptomcyes platensis 
Streptomyces mashuensis 
Streptomyces eurythermus 
Nocardia orientaHs 
Cunninghamella echinulata var elegans 

SB1 Medium 

Arkasoy 
Yeast extract 

KH2P04 
Glucose 
Distilled Water 
pH7 

35 FB1 Medium 

25 

5 
5 

20 

ATCC 31963 

ATCC31272 

NRRL3176 

ATCC 31771 
ATCC23955 
ATCC29778 
ATCC23934 
ATCC 14975 
ATCC43491 
ATCC36112 
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Soya oil 

Arkasoy 
Yeast· extract 
K2HP04 
Glucose 
Distilled Water · 

pH5.5 

·.PREPARATION 6 

50 

30· 

10 

5 
5 

20 
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Production of'4'-ctemethylsordarin by biotransfonnation of sordarin 

r 

0.3ml of a spore suspension of Streptomyces capreolus ATCC 31963 (in 15% 

v/v glycerol stored ai -20°C) was inoculated into 30ml SB1 medium in a 250ml 

Erlenmeyer flask to give a seed culture which was incubated at 2a•c and 

15· 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 2a•c, 250rpm. At 

this stage, the culture was aliquoted a~ 1 Oml amount~ into 50ml Erlenmeyer 

flasks which were ·fed with 5mg sordarin (from a 200mg/mt ·stock ·solution in 

ethanol). Incubation was continued for a further 3 days·. 80% v/v a~toriitrile in 

20 water {1.4ml)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 orthophosphoric acid. . The 

solution was passed· through a column containing Ai'nberlite XAD-16 resin (bed 

25 volume 5ml). The adsorbent was washed sequentially_ with water (1 Oml), 10% . 

v/v acetonitrile in water (20ml~ 30% v/v acetonitrile in water (10ml), 50% v/v 

acetonitrile in water (20ml) and 90% v/v acetonitrile in water (10ml). Fractions 

were monitored. by HPLC; . 4t~emethylsorc:larin was located in the 50% v/v 

acetonitrile in water eluate .. The fraction containing 4'-dem.ihylsorc:lari11 was 

30 evaporated to dryness in vac&io at the room temperature .and the residue was 

~issolv9C'.1 in 35% v/v acet~nitrile in water (1 Sml). 4'-demethylsorc:larin was · 

purified by preparative HPLC: 

35 

Column 

Flow rate 

Spherisorb 5 micron Ce 25crn x 2.Scm 

25mUmin 

... 



.. 
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Detection UVat210nm 
Mobile Phase 350ml acetOnitrile made up to 1 OOOml with 0.05M 'ammonium 

dihydrogen phosphate in water. pH adjusted to 2.5 with 

orthophosphoric acid 

5 Injection volume 4.5ml 

10 

15 

20 

25 

30 

35 

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 (~OOml) and adsorbed produ~ 

was eluted with 95% v/v aCetonitrile in water (200ml). The acetonitrile/water 

eluate was evaporated to remove organic solvent, and th~ aqueous solution 

freeze dried to yield 4'-demethylsordarin (1.Smg) as a white powder. 

a (1H,CDC'3); 9.74(s,1H); 6.08(brd,3,1H); .4.70(d,1.S.1H); 4.1S(d,9.5,1H); 

4.08(dd,4.5,3.5, 1 ff); 3.88.(dd,4.5, 1.5, 1 H); 3.75(dq,8.5,6, 1 H); 3.62(d,9.5, 1 H); 

3.68(dd,8.5,3.5, 1 H); 2.65(m, 1 H); . 2.34(m, 1 H); 1.32(d,6.,3H); 1.30(d, 12.5, 1 H); 

1.23(m, 1 H); 1.04(d,7,3H); 0.99(d,7,3H); 0.81(d,7,3H) 

; ·' 

PREPARATION 7 
. t. . - . 

Production of sordaricin 

The procedure acc0rding to Preparation 1 was followed up to and including the 

preparative HPLC stage.. The fraction eluting between 21.4 and 25.0 min was 

coHected. ·Pooled fractions from the 1 O injections (22l) were diluted with an 

equal volume of water and this solution was pumped back through the Kromasil 

·c01umn at 28Uh. The column was washed with water (20L) then eluted with 

90% ·acetOnitrile (4.SL). This eluate was combined with the corresponding 

eluate fiaction (4.5L) from a similar fermentation Which had been processed by 

the same procedure. Combined 90% acetonftrite eluates were concentrated by 

rotary evaporation until produet began to crystaUise (volume about 1.6L). The 

residue was heated on a 60°C water bath with adcfition 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% acetonitril~ and dried in vacuo to give the lW! 
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compound (10.7g). MS and NMR analys;i~ of th~ produd showed equivalence 
· with an authentic sample of sordariciri . ·· . 

PREPARATION 8 
5 . Biotranstorrnation of sordarin to sordaricin 

A 0.2mf sLispen.sion of N-CIMB .ioe15 was. ~sed 'to il'.'Q~late a 250ml-Erlenmyer 
flask 'eontainin9. ~Oml. ~<~utrient broit't· .(OXC>id): .sup.plemented with 0.2% yeast 

< • 

extrad. The cUlture was ineubated at 2a•c for' 29 hours on a rotary shaker ( 
1 o. operated at 25orprri-~ttfa. 50mm orbital mci>lion.. -Aliquots (1 ml) Of the developed· 

inoculum .i&re ·4sed to i~oculate turth~r ·?~om1 Erlenrriyer flasks containing 50nal 
· of double ~ren9th-.nutrient broth (OxoJt;tf~upplerjiente.Ci ~th 0.1% yeast e~d. 

These w~re incubated as above for 2~(h(>ur5.' 62 Qt thes~ flasks were pooled to 
provide ~.65 lifre~ of dev,loped' cu'lture which ~S. addecj to 30 . litres sordarin 

15 _ fermen~tion · f.1tr&te, ·•· pli .adj1.1sted to ts. · prep .. ~d as in· Prep11ration 1. The -
readion,'was 'alni~ out in a 70 ;lit~e._femu,nter,'at 30°C, agitated at 200rpm, 
aeration at O.SWM. The pH, wa~ controlled -.to 7.5 by· addition of 1N. 
hydroChloric acid. After 6 days, approximately 1 Sg of sord11rin was converted to 
sordaricin. _ Biotransforrnation· broth was filtered· through- DiC11lite orr a: vacuum 

20 filter and the bed was washed with water to give 3-1.SL filtrate, 'pHB.2~ This was 
adjusted to pH6.0 \Yith H3P04 anct p&,1mped throygh _ a bed. (25cmx5cm) of 

- Amberchroin CG1a1··:-re~ih-at 290mlirnin. -The ArTiberchrt>m bed was washed 
~th 0.1~ HaPP4 c2~) ~nd 2s% acetonitrile (4i.) th~~t· elLJted with 60% CH3CN 
(2L). - Elu'1• \vas concentrated by: ~ry evaporation until the onset of 

25 crYstailisation; then, the residue ~s he~~~ .on a :ao·c. water bath With ac:lc:litions 
ot_the rninimu.ii aceto~itrite ~e> gi~e a Cl~lir'·sc>iutiQn .. This W&s eooled and chilled 
at 4~C overt,ight Crystals ~~ fllter&d. Washed with ~~.% acetonitrile and dried 

.- in .~c~o t9 giw a bi'c>wrl'p~er~ C°t..J~e'proquct'Ylas ret:ryst.IHisad from 1L of 
acetonitrile:water (40:6o), filtered, \Va.Shed· arid' dried aS. above· to yield -

30 sordaricin ils pale broWri ne9dle~ <ts· 1~)~· _. · 
·.·_. :,_ . 
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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 
5 inoculate a 250ml Erlenmeyer flask containing 50ml 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 a 50mm diameter throw. 
1 ml aliquots of the developed culture were used to inoculate 250ml Erlenmyer 
flasks as described above. The flasks were supplemented with pure sorctarin in 

1 O 80% ethanol to give a final concentration of 1.25mg/ml. The flasks were 
incubated as above for 8 days, then bulked to give 365mts of culture brotl'I 
containing sorcfaricin. Bfoconversion mixture was centrifuged to remove NCIMB 
40675 cells, and supernatant (350ml) decanted. To supernatant was added 
Whatman Partisif P40 ODS-3 (Sml. pre-wetted with acetonitrile) and the pH of 

15 this mixture was adjusted to 4.0 with H3P04. Partisil was filtered off on a 
Buchner funnel and eluted with acetonitrile (1 OOml) 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 acetonitrile added until a dear 
solution was obtained, then heating maintained and water added until the 

20 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 m 
vacuo over P205 to give sordaricin as white needles (92mg) 

PREPARATION 10 
25 Production of sordaricin 

A frozen ampoule of IMI 362947 was used to inocufate SOml 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 50mm diameter orbital action. Aliquots 

30 . (1 ml) of the developed inoculum were used to inoculate four 250ml Erlenmeyer 
flasks containing 50ml shake-flask production medium S~55/A. 
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SMSS/A 

Maltodextrin MD30E (Roquette Frere) 120 
. Beet molas~es 15 ·· 

. 5 Peptone (Oxoid L37) · . 10 
Proflo (Traders Protein) 30 · ·· 

L-Tryptophan (Sigma) ·2· 
ZnS04.7H20 (BDH) 0.04/:· . 

FeS04. 7H20 (Sigma)· 2 
10 CaC03 (BDH) 5. · 

MgS04.7H20(BDH) 5 r 

Made up in distilled \vater and· autoclaved at 121°0.·fOr 120 minutes •. 

. These cultures ·were . incubated·· as described' above .. for 7 . days. The· flask 

15 contents were pooled and a 40ml' portion was treated With 1 N sodium hydroxide 

( 4ml) with occasional agitation at room temperature for 45 minutes. The cells 

were then·. removed· by Centrifugation at. 3000rpm·· for· 20 minutes, the 

supematant was taken and the pH was adjusted to 3 With 1N. hydrochloric acid. 

The solution· was passed through: a Bond Elut column·(1g size; C18) and the 
20 adsorbent was washed wittt water (20ml)then elute~ With 90% v/v · acetonitrile in 

water (15ml).· The eluate· was evaporated to. dr}lness at room· temperature and 
the residue was taken up in 50% v/v acetonitrile in water (9i1il). Sordaricin was 

purified by preparative HPLC: 

25 

30 

Column 

Flow rate 
Mobile phase. 

Detection 

Injection volume· 

Spherisorb 5 micron ODS-2 (25cm x 2~ 1 cm). 
25ml/min 
550ml aeetonitrile made up.1 OOOml with water, with 1 ml 

· · trifluoracetic acid added per litre·ofmobile phase 

·21onm· 

4.5mt. 

Sordaricin eluted after 6.0 minutes under these conditions. · Fractions containing 

sordaricin were pooled, acetonitrile was removed by. rotary evaporation at room· 

temperature, and the aqueo~s solution was freeze dried to yield the ma 
35 compound (8.9mg) as a white poWder. 

.. . 

( 
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INTERMEPIATE 1 
£1 R-<1 a. 3a8.48 .4a8.78.7aa.8aBU 8a-U6-Deoxv-B-D-altropyranosyloxxlmethyll-

4-formyl-4.4a.5.6. 7. 7a.8.8a-octahvdro-7-methyl-3-(1-methylethyl)-1.4;nethano-

5 s-indacene-3aC1 Hl-carboxvlic acid. diphenylmethVI ester 

To a soltition of 4'-demethylsordarin (10g) in methanol (200ml) was added 

dropwise at room temperature a 0.35M solution of diphenyldiazomethane (90ml) 

in methylene chloride. and the mixture was stirred for e hours. The solvent was 

1 O 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 
I 

(12.6g) as a pale yellow foam. 
3 (1H, CDCl3): 9.73 {s, 1H, CHO), 6.98 (s, 1H, CHPh2)1 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-Ctf2, J=9Hz), 

15 4.01 (m, 1H, H-2'), 3.84 (m, 1H, H-3'), 3.75 (m, 1H, H-5'), 3.69 (m, 1H, H-4'), 

2.73 (~ 1H, H-1, J=4.2 Hz). 

INTERMEDIATE 2 
C1R-C1a. 3a8. 48. 4aB. 78. 7a<I. BaBU Sa-[(8-0eoxv-3.4-0-isopropylidene-8-0-

20 altropyranosyloxvlmethyll-4-toanyl-4.4a.5.6. 7. 7a.8.Ba-octahydro-7-methyl-3-(1-

methylethyll-<1Hl-1.4-methano-s-indacene-3a(1 Hl-carboxvlic acid. 

diphenylmethyl ester 

To a solution of Intermediate 1 (650mg) in 1 Sml of dimethoxypropane:acetone 

25 {1 :2) was added p-toluensulphonic acid (1 Omg). The solution was stirred 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 vlas extracted with ethyl acetate (2x50ml), the organic 

30 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 c1:3> to g1ve the mie compound <6oomg) as a white toam. 
& (1H, CDCl3): 9~73 {s, 1H, CAO)~ 7.45-1.24 (m, 10H, 2Ph), 6.98 (s, 1H, 

CHPh2)1 6.06 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.57 (d, 1H, H .. 1', ~=3.0 Hz), 4.30 

35 (dd, 1H, H-31
, J=3.6 and 5;7 Hz), 4.07 (d, 1H, 8aCH21 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, 8aCH2. 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). 

INTERMEDIATE 3 · · ; · ·· 
s r1R.(1 11. 3a6. 48. 4a6. 76;: 1&a, BaB)] ·· ea-U6-Deoi(Y-3 .. 4-0-C2-pentylidene>-B-D­

altropyranosyloxv>methy11-4-formyl-4.4a.5.6,7.Za.a;Sa-octahydro-7-methyl-3-(1-
methylethyll~1.4-meth~no-s-indacene-3aC1 Hl-Carbofyiic acid. diphenylmethyl 
ester 

10 

15 

20 

To a suspension. of lntennediate 1 (500mg) and ~toluensulphonic acid (5mg) in 
di.chloromethane (5ml) wa8 added 2,2-dimethoxy~entane (2ml). The mixture waa 
stirred at room temperature for 2 hours. Potassium carbonate· (150mg) was 
added and the stirring. eontinued tOr 30 minutes: The Solvent was evaporated to 
dryness and the resic:lu~ flash chrdmatographed on silica gel eluting with ethyl 
acetate:hexane (15:85) and (30:70) to give the·title·eompound (474mg). 
a (1H, CDCl3): 9.73 (s, 1H, CHO), 7.45-7.24·.;(m~ 10H, 2Ph); 6.98 (s, 1H, 
C!:fPh2). 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, 8aCH2. J=9;0 Hz). 3.94-3.91 (m. 
1H,·H-2'), 3.B6(dd, 1Hi H-4!, J=6.3 and9~6 HZ). 3.73 (d, 1H. BaCH2. J=9;0 Hz). 
3.45 (dqi 1 H~ H-5, Jd= 9.0 l'.tz. Jq=6.0 Hz), 2.72 (t~ 1H, H-1; J=3 6 Hz): 

INTERMEDIATE 4 
[1R-C1g. 3a8. 48. 4a8. 78. 7aci. SaBU 8a:{C6-0eoxv-3 4-0-<4-methoxv-2-
butvlidenel-8-D~ltropvra~osy_loxylmethyll-4-torinyl~.48.5;6; 7; 7a.8.8a-

25 octahydro-7-methVl-3:(1-methylethyl)-1.4-methan<rs.;;indacen8-3aC1 Hl-
carboxylic acid. diphenylmethyl ester. . 

To a suspensiorfof lntermecliat• 1 (350rng) and ,(Holuensulphonic acid(Smg) in 
dichloromethan* (4ml) was added 2,2,4-trimeth~XybUtane, (1ml)~ The mixture 

30 was stirred St room terriparatUr. fof°1 hour~· POtassiurn;carbOnate (150rng) was 
added and the stirring ·continued far· 30 minutes~· Tfie solvent was evaporated to . 
drynels and th8 l'Et$idoe ·flash. chromatogn1phed d_n silica geJ eluting with ethyl 

acetate:hexane (3:7) and (4:6) to obtain the title compound (290mg) in a 3:1 

epimer ratio. 

., f. 
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& (1H, CDCl3) sigmlts 'Of the major component 9.73 (s. 1H, CHO), 7.45-7.20 (m, 
·10H,-2Ph), '6.98 (s, 1tt CHPh2), 6.06 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4~57 (d, 
1k,~-1', J~.1Hz),4.31(dd,1H, H-3', J=3.9 and 6.0 Hz), 4~05 (d, 1H, 8aCH2. 
Jijg;()'Hz), 3.95-3.90 (m, 1H, H-2'), 3.88 (dd, 1H~ H-4', J=6.0 and 9.3 Hz), 3.73 

5 (ti, l.fli, 8aCH2, J:i9.0 Hz), 3.51 (t. 21-i, 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). 

JNT~MEDIATE ·s 
[1~ic1:tx.·'3a6. 48. 4a8. 76. 7aq. SaBll Ba·US-Deoxy-3.4-0=evclopentylidene-B-0-

10 atiRfuVranosvloxv)H-formyl=4.4a;5.6.7.7a.8.8a..Octahvdto-7·methvf-3-C1-
met@fsthy0-1.4-t'nethano-s-indacene-3aC1 Hl-carboXylic acid. diphenylmethyf ,. . 
ester 

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

the: mixture was stitred at room temperature for 2 hours~ Potassium carbonate 
(1g) was added ·and the stimng ci>ntinued 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). 

1 . 20 3 (_ H, CDCl3): 9.73 (s, 1H, CHO), 7.4S.7.25 (m, 10H, 2Ph), 6.98 (s, 1H, 
CHPh2), 6.06 (dd, 1 H, H-2, J=1.5 and 3.6 Hz), 4.55 (d, 1 H, H-1·, J=1.8 Hz), 4.17 

(dd, 1H, H-3\ J=3.0 and 5.1Hz),4.08 (d, 1H, 8aCH2 • .1=9.0 Hz), 3.95 (dt, 1H, H-
2\ Jd=1.8 Hz, Jt=3.0 Hz)1 3.81 (dd, 1H, H-4', J=5.1and9.3 Hz), 3.76 ( d, 1H, 

BaCH2. J=9.0 Hz), 3.42 (dq, 1H, H-s•, Jd:9.3 Hz, Jq=S.3 Hz), 2.73 (t, 1H, H-1, 
25 J=3.9 Hz). 

30 

35 

INTERMEDJATE 6 
I1 R-(1 g. 3aB. '48 ... aB. 78. 7acx. Saftll 8a..ff6-Peo><V=3.+0-isopropy!idene-2-0-
CmelttylthioJthibrbonyl-B-D-altropyrlnc*loxY)fnP1\ln+formvl-
4.4a.s:s. 7 .7a;e.aa..odahydro-7-methff+f1-rijvW19thvlr1A-methano-s­
indacene-3aC1HfeatbOi'Vfic acid. dipHenifmeth\Ji estar 

Intermediate 2 (100rng} and imidazole (1 mg) were dissolved in dry 

tetrahydrofuran (4ml) undet- nitrogen atmosphere. Sodium hydride (5mg) was 
- - ..,:·' .. 

added and the suspension was stirted at room temperature for 0.5 hours. 



W0'6/i4326 PCI'/E"5/04331 

58 

. . . . 

Carbon disulfi_de· (27µ1). was ;lidded, .tJie stining,,,continue.d for 20 minutes and 
. methyl iodide (18µ1).was.added •. Aft~r 2 _hq~rs-,:th··-,re~ction- -~·:Stop~ by 

addition of 1 N· ammonium chloride (20ml)~. Th~·rnl~u~ was axtracted with ethyl 
. . ., : . .. ·~. . . . . . 

acetate (3x25ml), the organic pJi~~e .. ~s ~s~ed .. with >brine, dried: over 
5 magn•sium sulph~te and the ·solvent eva.porat•c:\ ~o. dryness. The res.idue was . 

purified in a flash chroniat«;>graphy column ~n silica gel eluting with. ethyl 
acetate:hexane (1:9) to give the title compound (110mg).. · 

.. 

a (1H, CDCl3): 9.71 (s, 1H, CHO), 7.44-7.25 (m, 10H, :2Pti), 6.96 (s; 1H, 
CHPh2), 6.Q1 (dd, 1H, H ... 2, J=1.2 and 3.6 Hz),.·6.90(dd,1}f·H•2', J~2:.4.and 5.4 ( 

10 Hz), 4;.85. (d, 1H, H-1', J~~.4 .Hz), 4.53_ (d~, ... H .. :fl~3', J~$'.4 --~~--6.3 J1z), 4.00 .·· 
(dd, 1H, H-4', J~.3 and 8.7 Hz), 3.93 (d,. tfi.,8~CH2, J=9:3.Hz), :t65 (dq, 1H,. 
H-5', Jd=8.7, Jq= 6.3 Hz), 2.68 ct, 1H, H~1. J=3.9.Hz).·2.59 cs. 3H,· cH3s). : 

15 

20 

25 

30 

35 

-INTERMEDIATE 7 
[1R-l1q. 3a8. 48. 4a81 78;- 7aa. 8aBU Ba-(C2.6-Dideoxv~3.4-0:iso.cropylidene-B­
D-allopyranosyloxv>methyll-4-formy!-4.4a.5.6. 1: 7a:a,8~--0cta.hydri>-7~methy!-3-. . . . . . . . ...... , . . . . · .. . 

(1-methylethyll-1A-methano-s-indacene-3a(1 Hl-carboxvlic acid .. diphenv!methyl 

(il 

(ii) 

Intermediate 6 ·(95mg). wa.s dissolved in.-dry toluene (Sm!). under nitrogen 
atmosphere and he21ted-at 1100(:. A solution of tributy!tin_ hydride. (64µ1) . . . . . . 

in dry toluene (5ml) w~s ad~ed. dropwise over.1.5 nours with ~tirriog. The 
heating was continued for another .1.5 hours, m~thanol. (2r:nl) was added . . . . . . . . . . . 

and the. solvent eva~rated to dryness .. Flash. chro~atography of the 
residue on silica gel eluting with ethyl acetate:hexane (1 :9) gave the title 
compound (42mg). 
~ (1H~ CDCl3): 9.73 (s, 1H, CHO), 7.44-7.25 (m, 10H, 2Ph), 6.98_(1H, s, 
CHPh2). 6.05 (dd, 1H_. H~2, _J=1.2_ ~d ~:3 Hz)~ 4.54 ( dd,_ 1H, H~1', J=2.7 
and 9.3 Hz)1. 4.39 (cit, 1H, H-3~,.·Jcr2.7 Hz, Jf=3.~ Hz), 4.04 (d, 1H, 
8aCH2, J=stO Hz),3.ES"i (d,. 1 H~ 8~CH2 •. J=9~0 Hz), 3.65 (d_d, 1 H, H-4', 
J=3.6 and 8.7 Hz)i 3.44.(dq,.1H, H-~·. Jt;t=6.3 Hz,_,Jq=8.7 Hz), 2.75 (t, 1Hi 
J=3.9 Hz)~ 

/- .. 

A solution of tributyltin hydride (5.Sml). in dry toluen~ (1!;0,f.I) was 
degassed with an _argon stream for t:hour and h~ed 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 

5 with hexane and hexane:ethyl acetate (20:1 to 15:1) to afford the title 
comoound (4g). 

10 

INTERMEDIATE 8 
f1R:{1a.. 3a6. 4B. 4a8. 78. 7aq. 8a8l1 8a-U2.6-Dideoxv ... 3.4·0.(+methoxv-2-
butv!idene>-B-D-aHoovranosvloxv>methyll-4-formv1-4,4a.5.6. 7. 7a.8.8a• 
octahydro-7-methyl-3-(1-methylethyll-1.4-methano-s-indacene-3aC1 Hl­
carboxvlic acid. diphenylmethyl ester 

,. 

To a solution of Intermediate 4 (600mg) in dry tetrahydrofuran {10ml) at ooc 
15 and under nitrogen atmosphere were added sodium hydride (30mg) and 

imidazole (Smg). The solution was stirred for 1 O minutes and carbon disulfide 
(147µ1) was added. After 20 minutes methyl iodide (127µ1) was added and the 
stirring continued for 30 minutes. 1 N Ammonium chloride (20ml) was added and 
the mixture extracted with ethyl acetate (3x25ml), the organic phase washed 

20 with brine, dried over magnesium sulphate and the solvent evaporated to 
dryness. The residue was flash Chromatographed on silica get 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 (10ml) was added dropwise over 2 hours at 115°C. The 

25 heating was continued for 2 hours. The solvent was evaporated to dryness and 
the residue purified by fl&sh chromatography on silica gel eluting with ethyl 
acetate:hexane (15:85) to giVe the title compouQd (260mg) in a epimer ratio of 
4:1. 
a (1H, CDCl3): 9.63 (s, 1H~ CHO), 7.44-7.20 ( m, 10H, 2Ph), 6.99 (s, 1H, 

30 CHPh2), 6.06 (dd, 1H, H-2, ~=t2 8"!~ 3.3 Hz)t 4.53 (dd, 1H, H--1', J=2.7 and 8.7 
Hz), 4.42 (dt, 1H, H-3', Jd=3.0 Hz, .lf=4.2 Hz), 4.03 cc;.1H, 8aCH2, J=9.0 Hz), 
3.68 (dd, 1H, H.;..i', J=S.1 and 9.3 Hz), 3.86 (d, 1 H, sac1:12, J=9.0 Hz), 3.52 (t, 

2H, CH20, J=7.2 Hz), 3.40 (Cfq, 1H, H-5', Jcf=9.3 Hz. Jq=6.3 Hz), 3.34 (s, 3H, 
CH30), 2.74 (t, 1H, H-1, J=4.2 Hz). 

35 
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INTERMEDIATE 9 : - _ 
r1 B:f1q. 3a8, 48. 4aB;- 78. 7aav8a8ll 8a:J<6-Qeoxv~3.4-0-thiocarbonyl-B•D-. . .. . . . . . 

altropyranosyloxylmetby1J-+fo[myl-4,4a,5,6.7, 7a;8,Sa:octahydro-7-methyl-3-l1-
methylethyll-1.4-methano-s-indacene-3aC1 H)-carboxylic acid. diphenylmett:tvl 

5 ester 

A mixture of Intermediate 1 {0,500g) and thiocarbonyldiimidazole (0,27_0g) in 
tetrahydrofuran {10ml) was refluxed for6 hours. T~e S()lventwas evaporated iD -

.. 

10 
vacuo te> giV,e a yellow re~idue \\.'tJich was chromatographed on silica gei- flash ( 
column eluting with hexane:ethy! acetate. (3:1) to :give _the title comcounEt 

15 

{0,263g), - -- - - - ' 
B -(1H, CDCl3): 9,71 (s, 1H, CHO), 7.44-:7,26 (ITI~ 10H, 2xPh).;6.97 (s, 1H, 
C02CJ::IPh2). 6.06 (dd, 1H, H-2, J=1,5 and 3,3 Hz),- 4.93 (dd, -1_H, 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)~ 
4.12 {m •. 1H, H-2'), 4.08. {d, 1H, 8aCH2._ JAs=9~3 Hz), 3,74-(d, 1H, 8aCH2.­
JAB=9,3 Hz), 3.64 {m, 1 H, H-5'), 2.69 {m, 1 H, H-t). 

INTERMEDIATE 10 
[1 R-(1q, 3aB. 4B, 4a8. 78; 7aq.-8aBU. Ba•U2;6•Dideoxy.o8-D- __ 

20 allopyranosyloxv>methylJ+formyl-4,4a,5.6,_7.7a s,ea-octahydro-7-methyl~3.(1-
methylethyll-1,4-methano-s•indayene.;.3al 1 Hl-carboxyhc-acid -d1phenytmethyl 
ester . . . . . 
To a solution of Intermediate ·7 (1.Sg) in a_ mixture- of tetrahydrofuran (30ml) _and 
methanol (15ml) was added. dn,>pwise at room tempt;trature a 1N solution of 

25 · hydrochloric acid (1 Sml) with.vigorou_s stinin~. Once the reactic;>n was concluded 
{TLC control), saturated sodium bicarbonate (50ml) and. elhyl acetate (200ml) . ,· . . : . ' 

were added and the mixture. partiti9ried. The organic l~yer was washed with 
water {2x1 OOml) and dried over magnesium sulfate. Elimination of the solvent 
gave a residue which was· flash chromatographed over silica· gel eluting with . . . . . . . 

30 hexane:ethyl_acetate (5:1) and (2:1) to give the title compguncJ (1.1g) as a white 
foam. _- - _ _ __ 
a (1H, CDCl3): 9.73 (s, 1H, CHO), 7.S-7.2 {m, 10H, ~Ph), 6.99 {s, 1H, CHPh2). 

, 6.05 {dd, 1Hi H•2, J=1,2.,d:3.3 Hz), 4~64{dd,1H, li-1', J=2~1 and 9.6 Hz), 4.-11 
(m, 1H, H-3')1 4,06 (d, 1H, 8aCH21 JAB:;:9.3 Hz), 3.70 (m,2H,. H-5' and 8aCH2). 

35 3.34 {m, 1H1 H-4'), 2.75 (t, 1H,_ H-1, J=3,6 Hz). 



.. WQ.H/14326 PCTIEP95/04331 

61 

INTERMEDIATE 11 
. . ~ ... ' ' 

[18-11"' 3aB. 48. 4a8. 78. 7aq. 8a8)] 8a:[(2.6-Pideoxy-3.4-0-thiocarbonyl-B·D-

allopgD0sVloxv>methylH-formvl-4.4a5.6. 7. 7a.8.8a-octahydro-7-methVl-3:{1-

5 methVlethVD-1.4-methano+indacene-3a(1 Hl-carboxvlic acid diohenylmethyl 

ester 

A suspension of Intermediate 10 (160mg) and dibutyltin oxide (124.Smg) in dry 

toluene (15ml) was heated under reflux for 2 hours in a flask fitted with a Dean-

1 O Stark condenser and then allowed to stand at room temperature under nitrogen 

atmosphere. To the resulting solution was added phenyl-chlorothionoformate 

(69µ1) in dry toluene (Sml). TLC control showed that the reaction was complete 

after 6 hours. The solvent was removed under reduced pressure and the crude 

mixture w•s flash chromatographed ov~r silica gel eluting with hexane:ethyl 

15 acetate (20:1) and (15:1) to give the title compound (150mg) as a colourless oil. 

20 

1 . . 
S ( H. CDCl3). 9.72 (s, 1~. CHO), 7.5-7.2 (m, 10Ht 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, 1 H, H-4', J=6.6 and 9.0 Hz), 4.04 and 3.67 (2d, 2H, 
- ··. 

8aCH2. JAe=9 Hz). 3.62 (m, 1H, H-5'), 2.70 (t, 1H. H-1, J=2.0 Hz). 

INTERMEDIATE 12 

f 1 R-(1a.3aB.46.4aB.78.7aa.8aBll Sa.ff 4-0-Al!yl-2.6-dideoxv-B:.o. 

alloovranosyloxv>methVl1-4-tormvl-4-4a.5.6. 7. 7a.8.8a-octahydr0:7 ~methyl-3-(1-
metbylethvtl-1.4-methano-s-indacene-3af 1 Hl-carboxvlic acid. diphenvtmethvf 

25 ester 

A suspension of Intermediate 10 (400mg) and tributyltin oxide (240mg) 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 nitrogen atmosphere 

30 (approximately 10ml of azeotropic mixture.was removed). Allyl bromide (71µ1) 

and tetrabutylammonium fluoride (1 M solution in ~hYdtofuran, 0.95ml) were 

added consecUtively and the in1xture heated at ~C tor 24 hours. Elimination of 

solvent gave a residue ~ich W&s flash chromatographed over silica gel eluting 

with acetone:hexane (1:20) and (1:15) to give the title comoound (3QOmg) as a 

35 colourless oil. 
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a (1H, CDCl3): 9.72 (s, 1H, CHO), 7.52-7.2 (m~ 10H, 2~h), ~'..9t1 (~. ~' CHPh2). 
6.05 (dd, 1 H, li-2, J=1.5 ari~ 3.6 Hz), 5.89 (m, 1 H, CH=CH2), 5.~.20 (m, 2H, 
cH=CJ:t2),. 4~64 (dd, ·1 H~~ H~t~ ~=2.1 and 9.6.'Az)/4.1,9 .. (m, '1H; H-3'), 4.15-3.95 
(m, .3H, Ctf2qH~CH2+8aCH2),··3.80-3.60:(m, 2H;' H-5'+8aC.H2). 3~06-(dd, 1H, 

· 5 H-4', J:i:3.3 and 9:3 Hz), 2.75 {t,··1H, H-1, J:::3.9 Hz), 2.38 (bd, 1H, OH). 

10 

INTERMEDIATE 13 
J1R~c1a. 3~8~ 48. 4a8. 78. 7aa. 8aBll 8a~rc2;6~D-ide0XV.:4-0-c2-rf1ethy1~2- · 
· cropenyll-8-o~noovranosv1oxvlmethvl1-4-torrnv124.4il.·s.6. 7.7a.8.88-0ciahydro-
7-methyl-3-<1-rnethvlethvn~t.4-methanO-s-inttacen~ac1 H>-carbo><Vnc·acid. 
diphenylm•tbvl ester 

. A suspension of Intermediate. 1 o. (SOOmg) and. tributyltin oxide (300mg) in dry 
toluene (SOml) was heated. to reflux in a fiask fitted With a Dean~tark condenser 

15 and then allowed to stand· at room· temperature under nitrogen atmosphere · 
(approximately. 1 omi of azeotropic• miXture wa~ rerriov~d) .. 3-eromo-2-methyl­
propene (202µ1) ·· and :tetrabutylammonium_'·. fluoride . (1M- solution in 
tetrahydrofutan; 0.90ml) were added cc:>nsecutively and the miXture heated at 
5QOC for 24 hours. Elimination of the solvent gave· a resid~e Which was flash 

20 chromatographed over silica gel eluting with ac_etone:hexane (1-:20) and (1:15) ·. 
to give the title compound (340mg) as a colourless oil. . . . 
a (1H, CDCl3): 9.73 (s, 1H,: c'HO)~ 7.S0-7.20(rn;·1QH, 2Ph), 6.98(S,1H, CHPh2). 
6.05 (dd, ·1H, H-2~ J=1.5 and 3~6- Hz), 4.96 and·4.91 (2m, 2H, =·CH;i), 4.65 (dd, 
1H, ·H.;1', J~1.8 and·9.6 Hz); 4.20 (m; 1H, H-3'); 4.os·and 3.68 (2d,_211, saCH2,. 

25 JAB=9.3 Hz), 4.00 and 3.87 (2d, 2H, OCH2, JAB=12 Hz), 3.75 (m, 1H, H-5'), 
3.06 (dd, 1H, H-4', J=3 ~nd 9.6 Hz), 2.75 {t, 1H; H-1, J=3.6 Hz), 2.37 (bd, 1H, 
OH), 1.7~ (bs,3H, ~C=CH2). -. . 

. INTERMEDiATE 14·: · . . . . 
30 (1 B-(1q. 38§. 48. AaB; 78. 1-~ 8~811 8a;fl1$;7R.9RJ-2.5.~ TrioX&-3·i 7;.climethvl• 

· cis-bicyclo£4.4.0J-dec-9-yl-oxy4itlttjytl+fptrriVl4._4a:5;6;7. 7a.§;8a-oetahydro-7-
methyl-3-l11nethylethvll-1,4-rTlethf1no-s-~ndac8ne-3at1 H>-cli'bo><Ylic acid . 
. dipbenylmethyl ester 

. . 

( 
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To a solution of Intermediate 12 (200mg) in anhydrous tetrahydrofuran (10ml) 

was added, at room temperature under nitrogen atmosphere, solid mercuric 

trifluoroacetate (213mg) in small portions. The reaction mixture was allowed to 

stand at room temperature for 30 minutes and tributyltin hydride (135µ1) was 

5 :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 (3x1 OOml) 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) 

1 O as a 1: 1 mixture of epimers ·at C-3'. 
a (1H, CDCl3) 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 
15 f1R-(1a. 3aB. 46. 4a8. 78. 7aq. BaBU 8a-R1S.7R.9SJ .. 2.5.8-Trioxa-3.3.7-

trimethyl-cis-bicycfof4.4.0J-dec-9-yl-oxv:fllethVIJ.-4-formyl-4.4a;5.6.7.7a.8.8a­

octahydro-7-methyl-3.(1-methvtethvt)-1.4-methano-s-indacene-3a(1 Hl­

carboxvlic acid. diphenylmethyl ester 

20 To a solution of lntermediate-13 (325mg) in anhydrous tetrahydrofuran (10ml) 

was added, at room temperature under nitrogen atmosphere, solid mercuric 

trifluoroacetate (303mg) in small portions. The readion mixture was allowed to 

stand at room temperature for 30 minutes and tributyltin hydride (192µ1) was 

added with vigorous stirring. After 30 minutes ethyl acetate (50ml) was added 

25 and the suspension filtered through celite to give a colourless solution which 

was washed with water (3x1 OOrnl) and dried over magnesium sulfate. 

Elimination of the solvent gave an oil which was flash chromatographed over 

silica gel eluting with acetone:hexane (1:20) and (1:15) to give the title 

compound (21 Omg) as a colourless oil. 

30 6 (1H, CDCl3): 9.73 (~, 1H, CHO), 7.50-7.20 (m, 10H, 2Ph), 6.98 (s, 1H, 

CHPh2), 6.03 (dd, 1H, H-2, J=1.2 Hz, J=3.3 Hz), 4.54 (dd, 1H, H-gt, J=2.1 and 

9.6 Hz), 4.25 (m, 2H, H-7' and H-1'), 4.05 and 3.66 (2d, 2H, 8aCH2, JAS=9 Hz), 
3.41and3.18 (2d, 2H, OCH2, JAS=11.7 Hz), 3.25 (dd, 1H, H-6, J=3.3and10.2 

Hz), 2.75 (t, 1H, H-1, J=3.3 Hz), 1.25and1.16 (2s, 2CH3). 

35 
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.· INTERMEDIATE 16 . 

r1 R-(1a. 318; 46. 486. ]8(7aq.~. 81Bll 8a..f2.S:DjCf9og-4-Q-o..methOxybenzvl-8-
·D-allopvranosvloxvlrtiethvl1:4-formyl-4:4a.5.6.7;7a;S:aa-c:ictabVdf'c>.7;;.m9thyl-3-
C1 ~ethylethvl):1 .4-Jnethant>S-indacene-3aC1 Hlgrboxvlic acid. diphenylmethyl 

5 ester· 

A suspension of lntermed.iate 10 (500tngfand tributyltin oxide (374mg) in dry 
.. toluene ·csoml) was heated to reflux in a flask· fitted"With a Dean Stark condenser 

. ~ 

and then allowed to stand· at room temperature under nitrogen atmosphere ( 
10 (approximately .10ml of azeotropic mixture were ·removed). p-MethoxyberizYI 

· chloride (135µ1) ·and ·tetrabutylammonium: · fluoride ·. (1 M solution in 
tetrahydrofuran, 1 ~5ml) were added consecutively and the miXture heated at 
eooc for 24 hours. Elimination of the solvent gave a residue which was flash 
chromatographed over siliea gel eluting with acetone:hexane·(1:20) and (1:15) 

15 to give the title cofupollnd (300rng) as a· colouriess oil.. . .. . . 
6 (1H, CDCl3):. 9.72(s~1H, CHO), 7.>7.2 (m; 12H; 2Ph·and 2Hortho), 6.97 (s, 

H, CHPh2). 6.88: (m, 2H; 2Hmeta); 6;04. (dd; 1H. H-2;. J=t:5 HZ; J=3.6 Hz), 
4.64 (dd, 1H, H-1', J=2.4 and 9.9 Hz), 4.55 and4.50 (2d, 2H, CH2Ph; JAe=11.2 
Hz), 4'.18 (m, 1 H, H-3'), 4.04: and 3.66 (2d, 2H, 8aCH2. JAe=9 Hz), 3.80 (s, 3H, 

20 CH30), 3.74 (m~1H, H-5'), 3.12 (dd, 1H, H-4'~ J=3.0 and 9;3 Hz). 2.75 (t, 1H, H-
1, J:i:3. 9 Hz). · · 
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INTERMEDIATE 17 

C1R-C1q; 388. 48; 4@8. 7B. 7aq. 8aB)] 8a-Cl3-0-AIM-2.6=dideoxy+Q:o­

mettpybenzyHH)..alfopyranosyl0xylmetbylH·formyf-4Aa,5.6.7. 7a,8,8.@­

·0ctehydro-7=1119thyl-3=E1-methylethyll-1,4-methano-s·indacene-3at1 H): 

5 carboxvlic acid, diphenylmethyl ester 

To a vigorous stirred solution of Intermediate 16 (400mg) in anhydrous 

tetrahydrofuran (10ml) was added under nitrogen atmosphere at ooc sodium 

hydride (48mg) in small portions, After the addition was concluded the mixture 

10 was allowed to stand at room temperature for 1 hour and altyl bromide (191 µI) 

was then added. After 24 hours the reaction was quenched by adding ,. 
ammonium chloride (1N solution in water; 100ml) and the mixture was extracted 

with ethyl acetate (200ml). The organic layer was washed with water (1x100ml), 

dried over mag~esium sulfate and concentrated to dryness. to give an oil which 

15 was flash chromatographed over silica gel eluting with ethyl acetate:hexane 

(1:20) and (1:15) to give the titre compound (400mg) as a colourless oil, 

& (1H, CDCl3): 9.74 (s. 1H, CHO), 7.5-7.2 (m, 12H, 2Ph and 2Hortho). 6.98 (s, 

H, CHPh2), 6.86 (m, 2H, 2Hmeta), 6.04 (dd, 1 H, H2, J=1.2 and 3.3 Hz), 5.95 (m, 

1H, Cti=CH2), 5.28 and 5.15 (2m, 2H, CJ:i=CH2}. 4.60 (m, 2H, H-1' and 

20 CH2Ph), 4.42 (d, 1 H, CH2Ph, JAe=11.4 Hz), 4.13 (m, 2H, C!:f2-CH=), 4.02 and 

3.68 (2d, 2H, 8aCH2. JAe=9.6 Hz), 3,89 (m, 2H, H•5' and H-3'), 3.BO (s, 3H, 

CH30), 3.09 (dd, 1H, H-4', J=3.0 and 9.3 Hz). 2,73 (t, 1H, H-1, J=3.9 Hz). 
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INTERMEDIATE 18 . . .. 
[1 R.(1a. 3a8. 481 ·41as·;,· 78, 7aa .. 8aBll 8a-[{~0-Allyl~2·.s.dideoxy-8-P- . 

allocvranosvtoxvlm'etbylH-formyl-4.4a.5,6.7;7a.8.8a-octahvdro-7-m!thyl-3-(1-

methylethyll-1,+methano-s-indacene-3aC1Hl-carboxvlic acid.· diphenylmethyl 

5 !!111: 

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

· water (20ml) and 2.~ichloro-5.~icyanoquinone .·(0.79gl was added. After 

overnight stirring at room temperature the mixture was. filtered through a Celite 

1 O pad with the aid of more· dichloromethane. The-dichloromethane phase was thet'I 

washed with aqueous sodium bi~rbonateJollowecf by sodium chloride solution; 

then dried over anhydrous sodium sulfate, filtered an_d. concentrated to dryness. 

The residue was chi-omatographed on silica gel. .using dichloromethane: 

·methanol (49:1) as the· eluent to yield the title··compound (1.95g) as a white 

15 foam. . . . .· . . . . . 
a (1H, CDCl3): 9.75_ (s,. 11;1; CHO.),: 7.45•7.24 .(m, 10H~ Ph2.). 6.99. (s, 1H, 

. CfiPh2)1 6.05 (dd, 1H, H-2~ J=1.5 and 3.3 Hz), 5;95 (mi 1H, Ctl=CH2). 5.26 (m, 

2H, CH=CJ::12), 4.53 (dd• 1H, H-1', J=1.8 and ~.6 Hz), 4.19:·and 3.96·(2m, 2H, 

CJ::i2CH=CH2). 4.03 ·and 3.69 (2d, 2H, 8a~H2 •. J=9.3 Hz), 3.80 (q, 1H, H-3', 

20 J=3.3 Hz), 3.60 (dq, 1H, H-5', J=9.6.and 6.3 Hz)~ 3.23 (ddd~ 1H; H-4'~ J= 10.8, 

9.6 and 3.3 Hz), 2.74 (t, tH, H-1, J=3.6.Hz), 2.25 (d, 1H; OH, J=10 8 Hz). 
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INTEBMEQIAIE 19 
:f~B;-48:418. 7Bi· 7-aq.··laBll· 8HC3-Q.AHV4·2~f.dideoxy+O­
·.fm!it}yJvJtolthioeamonyt-8=D-aHopyranosYloWlmethvl14formyl-

4.484 '1:-1&:8.aa-Octahvdro-7-methyl-3-l1-niethylethYll-1·.4-methan0:.,.. 
5 indacene-3aC1 Hl-carboxvlic acid. diphenytrriethYI ester 

To ii 'cooled solution of Intermediate 18 (1.9g) in anhydrous tetrahydrofuran 

(50mJ) uhder nitrogen atmosphere were added sodium hydride in small portions 

(240mg) and a catalytic amount of imldazole. The ice bath was then removed 

1 O and the reaction mixture was allowed to stand at room temperature under 

:itiiflkg for 1 hour. Carbon disulfide (1.5ml) and methyl iodide (1.25ml) weFe 

addec:r'Cdtisecutively. Onee the reaction was completed (TCL control). the crude 

:mi>diire W*s poured into ethyl acetate (500ml) and quenched· with 0.1 N 

aqui6Us'~ammonium chloride (250ml). The organic layer was then washed with 

15 :-brthett.XSOOml) and water (1x500ml), dried over anhydrous sodium sulfate and 

: ~~tfatlid ·to dryness. The oily residue was flash ctiromatographed over 

dfca'4:gel using hexane:dichforomethane {3:5) as the etuent to obtain the trtle 

·:obrtifiUriCt (1~85g) as a white foam. 

·s:·(f'H1clidt3): 9.74 (s, 1H, CHO). 7.45·7.24 (m. 10H Ph2). 6 99 (s: 1H. C!:!Phl). 

20 6.ds {dd, 1·H. H·2. J=1.2 and 3.3 Hz), 5.88 (m. 1H. C!:!=CH2l 5 41 (dd. 1H. H~·. 
J=2.7 and 9.6 Hz). 5.22 (m, 2H, CH=Cf:!2) ... 70 (dd. 1H H-1·. J1:21 and 9 3 

Hz), 4.2~.02 (m. SH. H-5', Cf:t2-CH=CH2. H-3' and 8a.CH2 ( 1 H)), 3. 71 (d. 1 H. 

'sa~H2. 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 .·. ·. .. .· . . .. 

. (al f1R..f111. 3ag. 48 .. 4.8. ZBc~BIJ. eaon f3-f=;[(1a:4S.§R .• BJ~i7-Dioxa-4.6-
dimtthyl-cii-d>jcvClor3.•(0J~non+vI~XV~ethvii~:;c;rmy1;4.4a.s.6.i.1a.8.8a­
oct@hvdro::7-m~thyl-3;<1 ~ethVleihv1>:1.+mett1ai1~s~iodacen~at1H>~ 
cad>ox\l!icacid. dioti•nvlfiletrivr.ester.a~d· ....... -·'.·~. >, .. · ....... ·,.. .. . 

Cb>· r1R-t1a. 3a8. 41t 4aB·.'78.Jaa. ·aaBll. aa:Ct1S.4R.SR.8R1-2.1-oioxa-4.a­

dimethyt-cis-bieyc1or3.4~01~on-a~v1-oxv-methv1H:tormv1-4.4a;5.6.7. 7a.8.8a­

odahydro-7rlnethyl-3..f1-~ethylethyll-1.4-methan~s~indacen.3af1Hl: 
carboxvlic ~cid. diphenylme~hyl ester · · · · · · · · · 

' ' 

A solution of' lntermediate_.19 (1.Sg). in dry:tolue,,e~(250ml) was dega~ed with · 
', ' ' ", ' .· '•, ' ,' .. .. ·.,,. ' .... · ' ·.·. ·. ~ 

an argon stream for. 1 flour &[Ind tlien heated tq .. refl!J)t A catalytic amount of 

azobis(isobulyroni.trile) a~d tributyltin hydride co.'esm1) dis~~ .. l~ed 'in d.ry toluene 

csoml) ~re added trom.e. syringe in &bout. 2 ho~rs whil; heating .~d th• argon 
. • ~ . • . • • .· • • ·: .• . - • • • • • • ' .c-. • : • . • . . . 

15 stream were f1'.'laintained. Once the addition was completed the readion. ~ixture 
was further refluxed for 1· hour a.n·d subsequently cooled, then canc:entrated to 

dryness and flash chromatQgraphed on silica. ·get ~sing ·• heX&ne and then 
.. . ·'. ·. . . . .· . . ,, .· ·.· .. , .•., .. ·· ·: '· . . . 

hexane:ethyl acetate (9:1) as the eluents. Intermediate 20fal (680111g: Rf=0.31 
.. . .:·-:- -.. · .:.·. . . -~. . . . . . . . .. 

in hexan~:ethyl acetate 4: 1) .· w.a~ obtained as •: white ..foam aryd· Intermediate 
20 20Cb) (180mg; Rf= 0.25 .in he~ne:ethyl acetate.4:1) was isolated, as a-white 

solid; 

' ·. 1 '' ' ',' ·: : .· '' ' ' : . ' ', ,' ' ', 
(a) a ( H, CDCl3): 9.73 (s, tH, CHO), 7.45-7.28. (m, 1_0~. Ph2). 6.99 .(_s, 1H, 
CHPh2). 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 

25 Hz), 4. 14-4.05 (m, 3H, 8a-CH2 (1H), H-1' and CH2-3' (1H)), 3.67 (d, 1H, 8a­

CH2, ·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'-CH3, J=6.9 Hz). 

(b) 8 (1H, CDCl3): 9.72 (s, 1H, CHO), 7.45-7.24 (m, 10H, Ph2), 6.99 (s, 1H, 

30 C.tf Ph2), 6.05 (dd,. 1 H, H-2, J=1 .50 and 3.6 Hz), 4.42 (dd, 1 H, H-8', J=2. 1 and 

9.6 Hz), 4.20 (m, 1 H, H-1'), 4:07 and 3.67 (2d, 2H, aa~CH2. J=9.3 Hz), 3.97 (t, · 

1H, CH2-31
, J=B.4 Hz),3.54 (m, 1H, H-6'), 3.46 (dd, 1H, CH2-3', 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-CH3). 

. .. 

f 
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INTERMEDIATE 21 
£1fH1q;3aQ.4Q.4a8. 78.7aq.8a8ll Sa-(<4-0-Allyl-2.6-dideoxv-3-0-

fmetbylthfolthiocarbonyJ-B-D...altooyranosvloxv>methVIJ-4-fomJVl-4-

4a;S;S;7.7a.8;8a-octahydro-7-methyl-3:(1-methylethyll-1.4-methano-s-indacene-

5 --3at1Hl=car-boxvlic acid. diphenylmethyl ester 

To a solution of Intermediate 12 (380mg) in anhydrous tetrahydrofuran (10ml) 

were added, under nitrogen atmosphere at ooc, solid sodium hydride (48mg) in 

small porttons and a catatytic amount of imidazole. Once the addition was 

10 concluded, the cool bath was removed and the reaction was allowed to stand at 

roc>m temperature for 1 hour. Carbon disulfide (300µ1) and methyl iodide (250µJ.) 

were added consecutively.- After 4 hours the mixture was poured into ethyl 

acetate (1 OOml) and quenched with aqueous 1 N ammonium chloride (SOml). 

The organic layer was washed with brine (1x100ml) and water (1x100ml), dried 

15 over magnesium sulfate and concentrated to dryness to give a yellow oil which 

was flasn chromatographed over silica gel eluting with ethyl acetate:hexane 

(1:25) and (1:20) to afford the title compound (350mg) as a white foam. 

S (1H. CDCl3): 9.73 (s, 1H, CHO), 7.50-7.20 (m, 10H, 2Ph), 6.98 (s, H, CHPh2). 

6.24 (m, 1 H, H-3'), 6.05 (dd, 1 H, H-2, J=1.5 and 3.6 Hz), 5.85 (m, 1 H, CH=CH2). 

20 5.30-5.20 (m, 2Ht CH=Ctf2), 4.56 (dd, 1H, H-1 .. J=1.8 and 9.3 Hz), 4.15-3.75 

(m, 4H, CJ::12CH=CH2+8aCH2+H-5'), 3.89 (d; 1H,-8aCH2. 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 Hz), 2.59 (s, 3H, SCH3). 

INTERMEDIATE 22 
25 f1R-(1q. 3a8. 48. 4a8. 78. 7aa. BaBll 8a-U2.S..Oideoxv-3-0-

<methylthiolthiocarbonyf+o=t2-methVl·2:Prooenvll=8-D-· 

allopyranosvloxylmethyll+formvl-4Aa5.6. 7; 7a.8.8a-octahydro-7-methyl-3.( 1-

methylethvll-1.4-methanO:§:indacene-8af 1 Hl:C8J'boxylic acid. diphenytmethyl 

ester 

30 . -

To a cooled-solution Of tntermediltif 13 f700mg) in anhydrous tetrahydrofuran 

(30ml) under nifu,gen atrlJOSpher8 were added. sodium hydride (85mg) in s.mall 

portions and a catalytic amtMit of imidazole. The. ice bath was then removed 

and the reaction mixture was allowed to stand at room temperature under 

35 magnetical -stirring for 1 -hour. carbon disulfide (0.54ml) and methyl iodide 
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{0.45ml) were added consecutively. Once the reaction. was, CQmplet~ _ {TLC 

control), the crude_ mbcture ~s pour~ into e'1y' :~c:ct--te {200'111) and quenched 

with 0.1 N aqueous ammonium <=hlorid• {1'2Qn:al)~_:Th•: organic layer Yl8S then 

. washed with brine (1 x 200ml) and water Ct x :209rral),. c:iried o.ver anhydrous 

5 sodium sulfate and concentrated to dryness. The: oily ,residue thus obtain_ed was 

chromatographed on silica gel using hexane:ethyl acetate {19:1) as the eluent 

to give the title compound {600mg). -- - - -- - --

B (1H, CDCl3): 9.73 {s, 1H, CH0),7.45-7.26 {m~-101;f, Ph2). 6.98 (s;.1H, CJ:iPh2). 

6.24 {m, 1 H, H-3'), 6.05 {dd, 1 H, H•2, J=1.5 and: 3~6 Hz)~ 4.92 and 4.88 {2m, 2H, ( 

10 C=CJi2); 4.55 {dd~ 1H, H-1', J=2 .1and9~6 Hz); 4.03 and.3.69 {2d, 2H, 8a-CH21 

J=9.3 Hz), 3.95 and 3~82 {2d, 2H, Cl::l2•C=CH2. -J=12;3: Hz); 3.86 (m, 1_H, H-5'~ 
3~19 {dd,1H, H-4', J=3 and 9.3 Hz), 2.72-{ti_ 1H, H-1, J=3.9 Hz), 2.58 (s, 3H, 

SCH3), 1.70 (s, 3H, CH3C=CH2). 

15 -INTERMEDIATE 23- - - ___ _ 

- {a) l1R-(1g.3aB.48.4aB.7B.7aa.8aBU 8a:fl1S.4Ri7-R.9RJ-2.8-Dioxa~.9.­
dimethyl-cis-bicyclol3.4;0J-non-7-yl-oxv .. methyll-4-formyl-4-4a.5.6.7. 7a.8.8a­

odahydro-7--methyl-3•(1-methylethyll-1 ;4-methano-s..;indacene-3aC-1 Hl­
carboxylic acid. diphenylrriethyl ester and -- - --

20 {b) (1 R-(1 g. 3a8. 48.- 4aB; · 78. 7aa.. 8a8U Ba-rr~ SAS. 7R. 9Rl-2.8-Dioxa-4. 9-
dimethyl-Cis-bicyclol3.4.0J-non-7-yl-oxy-methyll;4~fomw1-4.4a.5.6. 7, 7a.B.8a­

octahyd~7-methyl-3:(1-methylethy1J-1-,4-methano-s;.indacene-3af 1 Hl­

carboxylic acid. diphenylmethyl ester 

25 METHOD A - _ _ __ . _ 

A solution of Intermediate 2t (1:5g) in dry toluet'• (150rnl)·wa& degassed with 
argon for 90 minutes-· and:_ then<heated · to _reflUx.'-To., thi~-_boning. soluti()n ·were-

added tributyltin· :hydride: (847i.Lll and· azobis(i~9butyronitrile) (33mg)._ Heating 

was contin~ed for an ~dditional period of 30 minute$. Elimination -of solvent 

30 gave a crude mixture which was flash chromatograph!ld twice on silica gel · 

eluting with hexane:ethyl acetate (20:1)Jo ·give. :titlt compound <al (150mg; 

Rf=o.6 in hexane:ethyl acetate4:1) and title comcoynd (bl (260mg; ~0.4 in 

hexane: ethyl acetate 4:1) both as colourless oils. 
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(a) & (1H, CDCl3): 9.75 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.99 (s, 1H, 

CHPh2)~ 6.06 (dd. 1 H, H-2, J=1.5 and 3.6 Hz), 4.46 (dd, 1 H, H-7', J=3 and 7.5 

~). ~.06-3.95 (m, 2H, H-31 and 8aCH2), 3.78-3.60 (m, 2H, H-1' and 8aCH2)1 

3.~8-3.26 (m, 2H, H-9' and H-3'), 2.75 (t, 1H, H-1, J=3.6 Hz), 0.98 (d, 3H, 

5 CJ::b,CH, J=6.9 Hz). 

(b) a (1H, CDCl3): 9.74 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.99 (S, 1H, 

CHPh2), 6.04 (dd, 1H, H-1, J=1.5 and 3.6 Hz), 4.74 (tt 1H, H-7', J=3 Hz), 3.94 

and 3.61 (2d, 2H, 8aCH2. JAs=9.3 Hz), 3.88 and 3.76 (2d, 2H, H-3'), 3.66 (m. 

10 1H, H-9'), 3.43 (t, 1H, H-1'. J=7.8 Hz), 2.72 (t, 1H, H-1, J=3.6 Hz), 2.46 (2m, 2H, 

CJ:lCH20 and H-5'), 0.97 (d, 3H, CJ::bCH, J=6.9 Hz). , 

METHODS 

A solution of Intermediate 98 (685 mg) in a-xylene (15 ml) was degassed with 

15 argon for 60 minutes and then heated to reflux. Tributyltin hydride (379 µI) was 

added and heating continued for 15 minutes. After cooling the mixture was 

partitioned between diethyl ether (150 ml) 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 

20 dryness to give a residue which was flash chromatographed twice on silica gel 

eluting with hexane:ethyl acetate (20:1) to afford title compound (a) (103 mg) 

and title comcound Cb) (235 mg). 

METHODC 
25 A solution of tributyftin hydride (684 µI) in dry toluene (25 ml) was degassed with 

an argon stream for 1 hour at reflux and then a solution of intennediate 98 (61 O 

mg) in dry toluene (30 ml) was added over a period of 2 hours by means of a 

syringe. Heating was continued- for 3.5· hours; Elimination of the solvent under 

reduced pressure gave a crude which was flash chromatographed over silica 

30 gel eluting with hexane and hexane: ethyl acetate (10:1) to (8:1) to afford the title 

compound Ca) (357 mg). 
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INTERMEDIATE 24 
rtR:(1a. 3a8. 48. 4a8. :78. :1aa. aaB>l aa~u1·s·;ZR&9R1;;.2:s-oioX@~.4:.a.frimethyl­
c;s-bicyc1ora.4.of.rlon-7 ;.;yl~c:»w~ethyll•formyl-414~;5.617 .ta;8;aa-Octahvdro-7-
methyl-3:{1-methylethyll•1.4~methano-s-indacen•3aC1Hl-carboxvlic acid.·· 

5 diphenylmethyl ester 

A solution Of Intermediate 22 (580mg) in dry toluene (1 SOml) W&s degassed with 
an argon stream for one hour and then heated to reflux. A .catalytic amount of 

. .. 

. &Zobis(isobutyrortitrile) ··and. tributyltin' hydride (0.27ml) dissolved .in. dry toluene ( 
1 O (20ml) were ·added from a syringe over about 2 hours while·· heating and the 

argon stream were maintained. Once· the addition was compieted, the readioR 
mixture was further refluxed f~r 3 hours and· subsequently cooled, then 
concentrated and chromatographed on silica gel using hexane and then. 
hexane:ethyl acetate (4:1) as eluentt; to give the ·title compound (100mg) as a 

15 · white toam .. 
a (1H, CDCl3):·9.74 (s, 1H CJ:i0),7.45-7.26(m~10H, Ph2li 6~99 (s, 1H; CJ:iPh2). 
6.04 (dd, 1H, H;.;2~ J=1.5:and 3;6. Hz), 4.71 (t~·1H; H-7' j=3.3 Hz), 3~93and 3.61 
(2d, 2H, Sa-CH2·, J=9.3 Hz);· 3.85 (t, ;1 H, H-1.', J=B·.7 Hz), 3.56·(m, 1 H, H-9'),. 3.55 
and 3.43 (2d, 2H, CH2-3', J=B.4 Hz), 2.73 (m; '1H, H•1); 1.08 and 0.99 (2s, SH, 

20 4' ;.CH3)~ 

INTERMf:DIATE 25 
C1R-C1a. 3a8. 48. 4a8. 78. 7aa. 8a8l1 Ba;.((6-Deoxv-B-D-altrooyranosyloxvl 
methylJ+(1.3-dioxolan-2-yll-4,4a.5;6.7. 7a.B.Ba-odahydro-7-methyl-3:<1-

25 .· methylethyll-1.4-methano-s;.;indacene-3aC1 H>-cart>oxvlic acid. diphenylmethvl 

To a stirred· solution. of' Intermediate 1 (2.5g)' in dry acetonitrile (1 OOml) were 
added at room temperature ethylene ·glycol (30ml); trimethylorthoformate (2ml) 

30 and a: catalytic amount of, ~tolCrensulfonic acid~ . The reaction mixture. was 
stirred for 3 hours, then diluted With ethyl acetate (30Qml_l . and W11Shed 
sucessively with 5% aqueous sodium bicarbonate an~ 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 

35 title compound (2.6g). 
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& (1H CDCl3): 7.46-7.24 (m, 10H, Ph2), 6.94 (s, 1H, Ctt.Ph2), 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~ 2~, Sa-C~ _(1 H) and H .. 3'), 3.88-3.69 (m, SH, OC.l::l2Cti20,8a .. cH2(1 H), H-
2', H-4' and H-5'), 2.51 (t, 1H, H-1, J=4.5 Hz), 2.37 (d, 1H, OH, J=2.7 Hz), 2.28 

5 '(d, 1H, OH, J=3.6 Hz), 2.04 (d, 1H, OH, J=S.7 Hz). 

10 

INTERMEDIATE 26 

f1R-(1q. 3a8. 48. 488. 7B. Zaa. SaB)) Ba-U6-Deoxv-3;4-0-iso0ropylidene-B-D­
altroeyranosyloxv> methylJ±<1.3-dioxolan-2-yll-4.4a.5.6. 7 ,7aa8.8a-octahydro-7-
methyl-3-C1-methvlethvtl-1 .4-methano-s-lndacene-3a!1 Hl-carboxvlic agid. 
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 

15 pyridinium p-toJuenesulfonate. After 4 hours at room temperature the mixture 
was treated with saturated aqueous sodium hydrogen carbonate solution (20ml) 
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 

20 eluting with hexane:ethyl acetate (4:1) and appropriate fractions were combined 
and evaporated to give the title compound (205mg) as a white foam. 
a (1H, CDCl3): 7.47-7.2 (m, 10H,2Ph}, 6.93 (s, 1H, Cl:fPh2). 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 8aCH2. JAe=9 Hz). 3.95-
25 3.75 (m, 7H, H-2', H-4', OCJ:12Cli20 and B part of 8aCH2), 3.44 (dq, 1H, H-5'. 

J=6 and 9 Hz), 2.65 (m, 1 H, CHM92), 2.51 (bt, 1 H. H-1. J=3.6 Hz), 2.35 (d, 1 H, 
OH2'), 1.47, 1.36 (2s, SH, 2CH3 isopropylidene ketaf). 
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INTERMEPIATE 27 
11 R-(1 a. 3aB. 48. :4aB. 78, 7a(X, SaBll 8a-U6~DeoXV-3.4-Q..isopr0DVliderie-B-D­
aliopyranosyloxv> methy11"'4-<1 .3-dioxoian-2~yl)-4Aa. 5.6. 7.7a.a:Sa-0Ctahydro-7-
methyl-3.(1-methVlethyll-1.~methano-s-indaeene-3af 1 H>-carboxyllic acid; 

5 diphenvlmethyl ester 

Pyridine (0.67ml) was added to a mixture of chromium oxide (Cr03)(412mg) in 

dichloromethane (25ml) at QOC. After 15 minuttis: aee~ic anhydride (0.4dml) was 

added followed after 10 minutes at the same temperature by a. solution of (' ' 

1 o Intermediate 26 (750mg) in dichloromethane (25ml). The miXt:ure, was stirred tor· 
2 hours, filte.red through a silica gel column with a top layer of magnesium 

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

afford a syrup. This vias dissolved in ·metharfol:water (10:1; 11ml), ·and then 

sodium borohydlide (40mg) was addedat ooc. The mixture was kept at 0°C for 

15 2 hours, acidified to· pH 6-7 with a solUtion of' 1 N hydrochloric acid, and then 

evaporated to· dryness. under reduced pressure. to afford a White solid, Which 
was purified twice by fla•h column chromatography on silica gel eluting 

. successively with hexane:ethyl acetate· (6:1) then (2:1). The fradions which 

contained the desired product were. combined and evaporated· 1n vacuo to yield 

20 the title compound (585mg); " 
S (1H, CDCl3): 1:24-7.46 (m, 10Hi 2Ph), 6.92 (s. 1H. C!:1Ph2); 5 87 (dd;.1H, H-2. 
J= 3.9 and 1.5 Hz), 5.09 (s, .1H, CJ:i-dioxolane). 4 52 (t. 1H. H-31

, J= 4.5 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, 

2CJ::12~ioxolane, H-4', 8aCH2). 3.67 (m, 1H, H-2'), 2.65 (m, 1H, H~14), 2.58 (t, 

25 1H, H-11). 

INTERMEDIATE 28 . 
l1R-(1q. 3a8. 48. 4a8. 78. 7aa. BaBll +Eormyl-4,4a.5.6.7.7a.8.8a-octahVdro­

aa-hydroxymethyl-7 :metbyl-3-<1-methylethyl)-1.4;nethano-s-indacene-3a<,1 H)-

30 . carboxvlic acid. 2:(trimetbylsilyllethyl ester 

A solution of sordaricin (6.6g) and 0-[2-(trimethylsilyl)ethyl]-N,N'­

diisopropylisourea1 (9.3g) in anhydrous tetrahyclrofuran (150ml) was heated 

under reflux for 3 hours. The mixture was then cooled to room temperature, 

35 filtered and concentrated to dryness. The residue was dissolved in ethyl acetate 
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(750mf) and washed successively with 1 N hydrochloric acid, 5% aqueous 
sodium bicarbonate and brine. The organic layer was dried over anhydrous 
sodium sulfate, concentrated in vacuo_ and purified by silica gel flash column 
chromatogn.aphy using (10%) ethyl acetate in hexane as eluent to give the !HI! 

5 compound (6.Bg) as a white foam. 
a (1H, CDCl3): 9.67 (s, 1H, CHO), 6.07 (dd, 1H1 H-2, J=1.5 and 3.6 Hz), 4.27 
(rn, 2H, CH2Ctf20), 3.93 and 3.49 (2m, 2H, 8a-CH2), 2.75 (bs,1H, OH), 2.54 (t, 
1H, H·1), 1.05 (m, 2H, CH~H2Si), 0.07 (s, 9H, (CH3)3Si); a (13c, CDCl3): 
204.9 &HO), 173.6 (kOOTMSE), 148.2 (k-3), 130.6 ~-2), 66.9 (8a-CH20), 

10 64.0 (CH2k.H20), 177.7 (CH~H2Si), 1.6 (CH3)3Si). 
1 L.J. Mathias, Synthesis, (1979), 561. 

INIERMEDIATE 29 
C1R:(1q. 3a81 4B. 4aB. 76. 7aa. 8aBU 8a-U3.4.6-Tri-O-acetyl-2=deoxv-B-D-

15 · aHopyranosvloxv>methyU+formyl-4.4a.5.6.7.7a.8.8a-octahydro-Z:methvl-3=l1-
methVlethv1l-1.4-methano-s-indacene-3aC1 Hl-carboxvUc acid. trimethylsitvlethyl 
ester 

To a solution of Intermediate 28 (63mg) and 3,4,6-tri-O-acetyl D-allal1 (20mg) in 
20 dry toluene (1ml) was added hydrobromic acid-triphenylphosphine (9mg). The 

reaction mixture was heated at eooc for 2 hours and poured into a 1 M 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 

25 purified by silica gel flash column chromatography eluting with hexane:ethyl 
acetate (10:1 ). to give the title compound f16mg> as a white foam. 
a (1 H, COCla): 9. 73 (s, 1 t+, CHO}, 6.03 (dd, 1 H, 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-19, J=2.4 
and 8.7 Hz), 4.23 (m, 4H, H-6', COOmf2CH2 Si), 4.02 (ddd, 1H, H-5', J= 3, 5.4 

30 and 9.6 Hz), 3.9~ .and 3.69 (2d, 2H, SaCH2, J=9.6 Hz), 2.75 (t, 1H, H-1), 2.28 

(m, 1 H, kt:i(CH3)2). 
1. M. o. Wittman, R. L. Halcomb and S. J. Danishefsky, J. Org. Chem. 
(1990), ~ 1979 - 1981 I 
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INTERMEDIATE 30 
r1 B.(1 a, 3aB, 48~ 4a8, 78, 7aq, SaBU 8&=((2..iOeoxy~,+O-isopropylidene-6-0-

methyl-B-[).;allopyranosVlo><VjinethVn+fOrmVl-4,48;5.6;7,7a,8i8a-Octahydro-7-
methyl-3-<1-rriethviethyl)...1-,4;nethanO-s-indaeeneL3af1 H>-carboxvlic acid,2-

5 Ctrimethylsilyllethyl ester 

To a stirred solution o( Intermediate: 29 (275mg)· in absolute methanol (10ml) 
was added 2 or 3 drops_ of 1 M solution of sodium· methoxide in methanol. After 
stirring for 1 ,5 hours the reaction mixture was caneentrated, diluted with toluene 

10 (1 Oml) and concentrated to leave a yellow syrup. This was di.solved· in acetone 
(Sml) and 2,2-dimethoxypropane (60µ1) and- p-tolueniulfonic>acid· monohydratf 
{75rng) were added. The reaction mixture was stirred at room temperature for 1 
hour, neutralized with sodium carbonate, filtered and the filtrate concentrated to 
dryness. The·-oily ·residue was dissolved, in ethyl acetate (20ml), washed with 

15 water and brine,_ dried: and concentrated to give. an oit A solution Of_this oil in 
-__ dry tetrahydrofuran (5ml)' at ooc was: treated with: sodium hydride {10mg) and 

stirred for 30 minutes before methyl iodide (100µ1) was added. The reaction 
mixture was gradually warmed to_ room temperature during 3 hours. The 
reaction .was quenched· -with- methanol' {1mll-;'-and·-- the -mixture-· was then 

20 · c0ncentrated, the residue· purified three. times by. flash column chromatography 
Using' suC:cessively· hexane:ethyl:' acetate:" (10:1), (6:1) ·and· (4:1).- and the 
'appropiate fractions were combined and the solvents evaporated to give the title 

. compound_ (50mg) as a colourless: oib : - . 
a (1 H, CDCl3): S.73 (s, 1 Hi CHO), .. 6.04 (dd; :·1 H, H-2,- J)1.2 and 3.6 Hz), 4.61 

25 . (dd, 1H, H~1·,·J=2.4 and 8~4 Hz), 4;43 (m1.:1Hi.H'-3'), 4.34-4~10 (m,. 2H, CH2-. 
SEM protecting group),- 3.66 and 3.89 (2d; 2H~ a•CHz. J=9.3 Hz), 3.87 (m, 1 H, 
H-4'), 3.48~.64 (m~ 3H, 2H-6t·-anct H-5')} ·3.24 (s, 3H,6'0Me)~:2;73 (t~ 1H, H-1, 

J=3,6 ·Hz), 1 ,34 and 1.35 (2s; ·SH,: methyl groups· of isopropylidene)~ 
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INTERMEDIATE 31 
-.f1B-<1q. 3a8. 48. 4a8. 78. 7g 8a8U 8a:U4-0-<(E)-2-Butenyll-2.6-dideoxy .. 8-D-
-aUopvranosvloxv>methylH-formyl-4.48.5.6. 7.7a.8.8a-octahydro-7-methyl-3-C1-
mettMetbyll-1.4:fnethanO:§:indacen&3at1 Hl-carboxyHo acid. dicheQYlmethvl 

5 ester. 

A suspension of intermediate 10 (1,5 g) and dibutyltin 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 

1 O nitrogen atmosphere (approximately 20 ml of azeotropic mixture were removed). 
Crotyl bromide. (predominantly trans, 0.37 ml), tetrabutylammonium fluoride (3.6 

#' 

ml of 1M solution in tetrahydrofuran) and 4 A moleci.iiar sieves (activated 
powder) were added consecutively and the mixture heated at eooc for 24 hours. 
Molecular sieves were· filtered off. Elimination of the solvent gave a residue 

15 which was flash chromatographed over siti~ gel eluting with hexane:acetone 
(95:5) to give the title compound (1 g) as a white foam. 
8 (1H, CDCl3): 9.73 (s. 1H, CHO)t 7.44-7.23 (m. 10H, 2Ph). 6.98 (s, 1 H, 
CfiPh2), 6.05 (dd, 1H, H-2, J=1.5 and 3.6 Hz). 5.75-5.52 (m. 2H. Cti=Ct!), 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) 

20 and CJ:12CH=CH(2H)), 3.74 (m, 1H, H-51
), 3.67 (d. 1H. 8a..CH2 (1H). J= 9.3 Hz). 

3.05 (dd, 1H, H-4 .. J=3~o and 9.6 Hz), 2.75 (t. 1H. H-1. J=3 6 Hz). 2 40 (d. 1H. 
OH, J=2.1 Hz), 1. 72 (m, 3H, CJ:f3CH=CH) .. 

INTERMEDIATE 32 . 
25 £1R:{1g. 3aB. 46. 4aB, ·781 7aq;· 88{\U $1i<2.~ideoxv-4-0-cropargyl-B-D­

allopyranosyloxvlmethylJ-4-formyt-4.4a.5.§. 7.7a.~.8a-octahydro-7-methyl-3-<1-
methylethyll-1.4-methanO:§:indacene-3af 1 H):garboxy!ic acid. diphenylmethyl 

ester. 

30 A suspension of intermectiate 1 O (2 g) and dibulyltin oxide (1.2 g) in dry toluene 

(150 ·ml) was heated under reflux for 2 hours in a flash fatted with a Dean-Stark 
condenser and then allowed to stand at room temperature under nitrogen 
atmosphere (approximatety 20 ml of azeotroplc mixture were removed). 
Propargyl bromide (0.55 ml of 80 wt % solution in toluene), tetrabutylammonium 

35 fluoride (4.8 ml of 1 M solution in tetrahydrofuran and 4A molecular sieves 
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(activated p()wder) were added consecutively and the mixture heated at eooc 
for 24· hours~· MolecUlar'sfeves \Vere filtered off. Elimination ofthe sofvenfgave a 
residue Which \vas tWiee flash Chramatographed over ·silica< ger eluting with 
heX&ne:ac'etone (96:4) to give the title compound (1 ;25 g) as a White foam. 
8 (1H, CDCl3): 9.73 (s, 1H, CHO)~ 7,44-7.26 (m, 10H, 2Ph), 6.98°·(s, 1H, 
CJiPh2). 6.05 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.65 (dd, 1H, H-1', J=2.1and9.6 
Hz), 4.29 (m, 1 H, l-i-3'), 4.24 and 4~22 (2d, 2H, CJ::12Ci!CH, · J=2.4 ·Hz)~ 4~05 and 
3.ea·(2d~ 2H, 8a-CH2. J~9.3 Hz); 3.15 (m. 1H.~.;.5i), 3.25 (dd; '1H;· H-4". J=3.0 
and 9;3 Hz). 2. 75 (t, 1 H, ·H-1, J=3.9 Hz), 2.46 (t; ··1 H~ CaC.l:fi J=2.4 Hz). 

' INTERMEDIATE 33 ' . . ' 
t1 R•C1 (x. 3i10.·41t 4a'B\ 78. 7aq. ··aaB)] · 8a4f4-0-t3-methyl:..2~utenyll-2;'6-clideoxy­
B-D~ai10pyt8nosvioXVlmethy0-4-forriMi4.4a;5.6.:7;7a;·8.aa4:>ctahvdro-7~ethyl-3-
f1 ;..methylethyll-1.~ethln0-S~indaeen&-3aC1 Hl~i'bo><vlic acid.· dichenylmethVI · 

15 ·ester; 

A suspension Of intermediate 10 (1 g) a~d tributyltin oxide (600 mg). in 150 ml of 
dry toluene was heat9d to reflux for· 2 hours in ·a flask fitted wit_h ·a ·Dean-Stark 
condenser (25 ml of azeotropic mixture was taken off) and then cooled to room 

20 tem·pe~ture.' · 2;..Methyl-4:..brorrio-2-but~~e (276 µI)·.·· and tetrabutytammonium 
fluoride (1M solution in tetrahydrofuran, 2.4 · mlj were then added, .. and the 
mixture heated to 500C for 24 hours:: Elimination of the solvent gave a crude 
which was flash chromatographed (ethyl acetate:hexanes 1:20, 1:15 and 1:10) 
to afford 770 mg of the title corripol,lnd as a foam (69% yield)> 

25 8 (1:H~ CDCl3): 9.73 (&~ 1H, CHO),· 7.S..7.2 (mi 10Hi 2Ph); 6.98 (s, .tH, CHPh2); 
6;05 (dd,-1.H; H2,· J=1.5 arid:3.'3 Hz);.5.33 (m, 1H~- OCH2Cti=), 4.64 (dd, 1H, 
H1•, J=i 1 and 9.6 Hz)°. 4~20 (m, 1H~ H3')i :4~25-3.95 (rni 3H, OCt12C=+8aCH2). 
3.75-3.65 (m, 2H~ H5'+8aCH2). 3.03 (dd, 1H, H4', J=3.3 and 9.6 liz), 2.75 (t, 
1 H, H1, J=3.9 Hz), 2.44 (d, 1 H, OH, J=2.1 Hz). 

30 

• i 

(' 
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INTERMEDIATE 34 . ·-
[18:(1q. 3a8. 4B. 488. 78. 7aq. 8aBU 8a1f+O=lCEl-2-Butenv1l-2,6-dideoxv-3-0-

fm@thyfthiolthiocarbonyl-8-D-allopyranosyloxvlmethyll-4-formvl-

4.4a.5.6.7.7a.8.8a-octahvdro-7-rnethyl-3:{1-rnethylethyll-1.4jnethano-s-

5 indacene-3aC1 Hl-carboxylic acid. diphenylmethyl ester. 

To a cooled solution of intermediate 31 (1 g) in anhydrous tetrahydrofuran (20 

ml) 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 

1 O and the reaction mixture was allowed to stand at room temperature under 

stirring for 1 hour. Carbon disuffide (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 ethyl acetate {400 ml) and quenched with 1 N aqueous 

ammonium chloride (500 ml). The organic layer was then washed successively 

15 with 1 N hydrochloric acid (200 ml), 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 ~ite foam. 
1 . . 

20 B ( H. CDCl3): 9.73 (s, 1H, CHO), 7~45-7.26 (m, 10H, 2Ph). 6.98 (s, 1H, 

Cf:iPh2). 6.23 (dd, 1H. H-3', J=3.0 and 6.3 Hz). 6.05 (dd, 1H, H-2. J=1.5 and 3.3 

Hz). 5.75-5.40 (m, 2H,CH=CJ:D, 4.55 (dd, 1H, H-1', J=1.8 and 9.3 Hz). 4.05-3.80 

(m. 4H, Sa-CH2(1H), CJ:i2CH=CH(2H) and H-5'), 3.75 (d, 1H, 8a-CH2(1H), 

J=9.3 Hz), 3.20 (dd, 1H, H-4', J=3.0 and 9.3 Hz), 2.72 (t, 1H, H-1, J=3.9 Hz), 

25 2.58 (s, 3H, CH3S), 1.68 (m, 3H, CJ::i3CH=CH). 

INTERMEDIATE 35 

£1R:{1q. 3a8-. 48. 4aBs ·. 78. · ~-· Ba8U 8a-U2.6-Dideoxv-3-0-

(methylthiolthiocarbonyf-4-0:oroparavf-,-O:allopyranosyloxvlmethy1H-fonnvl-

30 4.4a.516. 7. 7a.8;8a-octahydro-7--methyf..3=(1-metbylethvtl-1.4-fnethano-s-

. · indacene-31!(1 Hl-carboxylie aqd. ·diphenylmethyl ester. 

To a cooled solution ir1fennediate 32 (1.25 g) in anhydrous tetrahydrofuran (25 

ml) under nitrogen atmosphere were actcled sodium hydride in small_ portions 

35 (0.2 g) and. a catalytic amount of imidazole .. The ice bath was then removed and 
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the reaction mixture was allowed to stand at room temperature· under Stirring for 
1 . hour. c•l'bOn disulfide. -co~ir ml) ~nd rneihyf iodide ;:(o.75 ml) · were added 
conse~ively. orice the reaction was complfiter(tlc .control), the crude. mixture 
was · poured into· ethyl< acetate. (400 ml) ·and'. quenched with. 1 N aqueous 

. ammonium chloride (500 ml). The organic Jayer~was then washed successively 
with 1 N hydrochloric acid (200 ml), 5% aqueous sodium· bicarbonate (200 ml) 
and bri~e (200'1?11). The organic layerwasdriecfqver ~nhydrous sodium· sulfate, 

. filtered and coneentrated; The· residue. was fla$h~ Chromatographed over silica 
·gel eluting· With hexantt":ethyl ·acetate 97;3 and ·s5:5 to give the title compound 
(1.2 g) as a white foam~ 
a (1H, CbCl3): 9.73 (s, _1H, CHO); 7.454,26-(in; 10H;' 2Ph), 6.99 (s, 1~. 
CJ:iPh2), 6.28 (q, 1H, H-3', Ji: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 a,nd 9.3 Hz), 4.19and4~17 (2d, 2H1 CJ:12CaCH, J=2.4.Hz), 
4.03 and ·3.70. (2d, 2H, 8a-CH2. J=9~3 Hz), 3;86·(dq~· 1H; H-5', J=6.3 and 9.3 
Hz);.3.50 (dd, 1H, H-4', J=3.0 and. 9.3 Hz), 2~13·;(t, 1H; H-1, J=3.9 Hz), 2.58 (s, 
3H, CH3S), 2.42 (t, 1 H, CaCJ::D~ 

INTERMEDIATE 36 
r1 R-l1g. 3~8. 48. 4aB. 78.}aa.. 8aBl1 8a-Wf•O~C3-rriethyl;.2;.butenyll~2;6-dideoxv-

20. 3-0-t"methylthio lthiocarbonyl-B•P~allopYfanosyloXVlmethyll-4-formyl• 
· 4.4a.5.6. 7. 7a-.8~8a-octahydto:.7-methyl-3-(1 ~ethyiethyll-1.4-methano-s ... 
indac~ne-3a(1 Hl-carboxvlic acid; diphenylmethyl ester. 

To a solution of intermediate_" 33 (770 mg) in dry tetrahydrofuran (15 ml) was 
.25 added at ooc sodium hydride· (1~5 rng) and·irnidazole (30 mg) under nitrogen. 

The mixture was· stirred for 1 hour at· room temperature, then carbon . disulfide 
(300 µI) and methyl iodide (311 µI) were added consecutively. After stirring for 1 
hour the readion was quenched by adding 0.1N ammonium chloride ($0 ml) and 
it was extracted twice with. ethyl· acetate (2x100 ml), dried., over magnesium . 

30 sulfate and cancentrat8ct to gi~e an C?il Which was flash chromatographed (silica 
gel, ethyl acetate:hexanes 1 :25 and 1 :20) to afford 780 !119· Of; the title compound 

. (90%) as a white foam. 
·a (1H, CDCl3): 9.73 {s, 1H~ CHO)i 7~5-7.2'"{m; tOH, 2Ph), 6.98 (s, 1H, CHPh2), 
6.26: (m, 1H, H3'), 6~06 (dd~ 1H, H2, ,J=1~2 and. 3.3 ·Hz), 5.26 (m, 1H, 

35· OCH2Cti=), 4.54 (dd, 1H, H1', J=1:8 and,· 9.6· Hz), 4.10-3.75· (m. 4H, 

.. 
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8aC~+OCJ::12C=+H5'), 3.69 (d, 1H, BaCH2, J=9.6 Hz), 3.18 (dd, 1H, H4', J=3 

and 9.3 ~z), 2.72 {t, 1H, H1, J=3.9 Hz), 2.58 (s, 3H, SCH3). 

INTERMEDIATES 37 AND 38 

5 atMR::f 1q. 3a8. 4$; 4aB. 78; 7att. 8aB)J 8a=[f1 S. 4R. 7R. 9R)=2.S-Dfoxa-4-ethVI· 

·s-metbyl-cjs .. bicyptof3.4.0.1-non-7-vt..a><V:methyll1-4-formyl-4:4a.5.6.7. 7a.8.8a­

PCMhvdro-7-methvl§11-meth\1etbyll-1.4-mitnano-s-indacene-3af1 H): 

caf'boxvlic acid. diphenylmethvl ester. 

blf1R:(1a. 3ab. 4b. 4ab. 7b. Zaa. 8abll 8a-ll1S. 48. ZR. 9Rl-2.8-Dioxa-4-ethyl-

1 O 9-methvl-cis-bicyclo[3.4.0.J-non-7-yl-oxy-methy1Il-4-formyt-4.4a.5.6. 7.7a.8.8a- -

octahydro-7-methvl-3-C1-methytethvll-1.4-methano-s-indacene-3a(1 Hl- ,. 

· camoxytlc acid; dlphenylmethyl ester. 

·A solution of'iriterrnediate 34 (1.04 g) in dry toluene (50 ml) was degassed with 

15 ·-on ·at0on stream for 1 hour under reflux. Tributyltin hydride (0.55 ml) and a 

·catal)'ttc amount Of azobis(isobutyronitrile) were added: The reaction mixture 

wn:fiirther refluxed fOr 20 minutes and subsequently cooled, concentrated and 

·then1Wiee flash chromatographed on silica gel using hexane and hexane·ethyt 

acetate (94:6) as the etuents. Intermediate 37 (220 mg·. Rf=O 32 1n hexane ethy1 

20 acetate 4:1) was obtained a white foam and intermediate 38 (444 mg. Rf=0.27 1n 

hexane:ethyl acetate 4:1) was isolated as a white sohct 

INTERMEDIATE 37 

'6 (1H, COCl3): 9.75 (s, 1H, CHO), 7.45-7.26 (m, 10H, 2Ph), 6.99 (s, 1H. 

25 Cl:fPh2), 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)1 
4.06 and 3.38 (2dd1 2H, CH2-3'. J=8.4 and 7.5 Hz),4.01 and 3.65 ( 2d, 2H, 

8a·CH2, J=9.0 Hz), 3.71 (dd, 1H, H-1', J=7.5 and 9.0 Hz). 3.34 (m, 1H, H-9'), 

'2.75"(t, 1H, H-1), 0.93 (t, 3H, Ct13CH2, J=7.5 Hi). 

30 "tlm:RMEDfATE 3fl 
8 (1H, CDC'3): 9.74 {s, 1H, CHO)~ 7.45-7.26 (m, 10H, 2Ph), 6.99 (s, 1H, 

CHPh2)1 6.04 (dd, 1 H, H-2, J=1.2 and 3.6 Hz), 4. 73 (t, 1 H, H-7\ J=3.0 Hz), 3.92 

(m, 2H, 8a-C~(1H) and CH2-3'(1H)), 3.75 (m. 2H, H-9' and H-1'), 3.62 (d, 1H, 

8a-CH21 J=9.3 Hz}, 3.48 (m, 1H, CH2-3' (1H)), 2.71 (t, 1H, H-1, J=3.6 Hz), 2.55 

35 and 2.23 (2m, 3H, H-4', H-5' and 3-CH), 0.96 (m, 3H, C1:i3CH2). . 
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INTERMEDll\JSS 39 ANP-40·_: 
l1R-(1a. 3ab. 4b. 4ab. Zb. 7aa. 8abl18a-rc1SAR.7R.9Rl-2.8-Dioxa-4:(1-
methylethyll-9-methyl-cis-byciclol3.4.0J-no~7·yljcpymethyjU+formyJ. 

5 4.48.5.6. 7. 7a:a.aa~c;tabV4i-o;;;i:~ethyl~(1 ~melhv1ethvh~1.44nethario-f- _ 
indaCen&-38(1 Hl:earbQmic-acidtdiphenylmeihvi: -~tetand- r1 R.(1 a; 3ab.• 4b. 
4ab. 7b. -7aa. 8abll 8a.:[MS34S.7R.9Rl-2.a-oio~d~athy1ethvn~9-methvl-cis­

- byciclor3.4.0I-non-7 -yl~Xymethvm-4-tormyl-4A.;,,6fi.7et@.gS.:Octahvd~7 - _ 
--methyl.;.:}{1-metbylethyll-1 ;~ethano-s-iridacen&-~aC1H)=CllrbOxylic acid. 

1 O __ diphenylmethyl-ester-. __ _ 

15 

20 

25 

30 

r 

A solution of intermediate 36_(780 mg)_in dry toluene.(50.ml) was deg~sed With 
. . . . .. . .. . '• ·····. . ··. .. ~- . . .. ~ ~. .. ·... . .· .... 

argon for 1 hour and then heated to reflux. Tributyltin hydride (367 µI) and a 
catalytic amount of •.a~;.az()isobutyronitrile -(20 mg) __ were. adc;ied_ and the mixture 
was refluxed for 2 he>urs,. :then cooled to room. temperature._ EliA"'lination of 
solvent gave a residlle-. -which vias flash chromatographed -(silica gel, 
-hexane_: ethyl· acetate,:.· 25:1, 20:1, 18: t and -15:.1) to obtain 280 mg of 

_intermediate 39 (41% yield).and 300 mg of intermediate 40 (44% yield) as oils 
_ (Rf: 0.5 and 0.3 in _hexanes:ethyl-aeetate ·v/v 3:1, respectively). -

- INTERMEDIATE 39 ' _. _ 
_ S (1H, CDCl3): 9.75 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.99 (s, 1H, CHPh2). 

6.05 (dd, 1H, H2, J=1.2·and 3.6 Hz), 4.57 (dd, 1H, H7',J=2.l-_an~:.~•7Hz), 4.05-
3.90 (m, 2H, H31+8aCH2).:.3.73(dd,·1H, H1', J=S.1-and 9.3 f-tz), 3.62 (d, 1H, 
8aCH2; J=9 Hz), 3.50-3.45 (m; 2H, H3'+H9'), 2.74 {t, .1H, H1,-J=3.9 Hz). 

INTERMEDIATE 40: -· - , 
& (1H, CDCl3): 9.74 (s, 1H-i·-CHO), 7.S-7.2 (m~. 10H, 2Ph),_6.99 (~, -_1H, CHPh2). 
6.03 (dd, 1H, H2, J=1.5 and 3.3 H~). 4.74 (t, 1H, H7', J=3 Hz), 4.0-3.a: (m, 
8aCH2+H9'+H31

) 1 ~.73 (dd, 1H, _H1', J=3.3 and 4.5 Hz), 3~~3 (d1. 1H, ~aCH2, 
-J=9.6 Hz), 3.52 (dd, 1H, H3', J=B.1 and.10.5 Hz), 2.70 (t, 1H, H1, J=3,9 Hz). 

' .. 

·····" 
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INTERMEDIATE 41 
£1B:f1a. 3aQ. 48. 4a8. 78. 7aa. SaBll 8ail1S. 7R. 9Rl-2.8-Dioxa-4-methylene.9-

m&1hvl-cis-bicyclo£3.4.0.J-non·7-vl-oxv-methvt1-4-fonnyl-4.4a.5.6. 7. 7a.8.8a­

octahvdro-7-methyl-3-C1-methylethyll=1.4-methano-s:indacene-3aC1 Hl-

5 carboxvlic acid. diphenvlmethyl 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 ml) and a 

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

1 O was further refluxed for 1 hour and subsequently cooled, concentrated and then 

twice flash chromatographed on silica gel using hexane and hexane:ethyi 

acetate (94:6) as the eluents. Pure title compound was thus obtained (380 mg) 

and isolated as a white foam. 

6 (1H, CDCl3): 9.75 (s, 1H, CHO), 7.44-7.28 (m, 10H, 2Ph), 6.99 (s, 1H. 

15 Cl:IPh2), 6.05 (dd, 1 H, H-2, J=1.5 and 3.6 Hz), 5.07 and 5.02 (2dd, 2H, CJ::12=C. 

J=2.4 and 4.8 Hz), 4.49-4.31 (m, 3H, H-71 and CH2-3'), 3.95 and 3.66 (2d, 2H. 

8a-CH2. J=9.3 Hz). 3.80 (dd, 1H, H-1', J=7.5 and 9.3 Hz), 3.26 (m, 1H1 H-9'}, 

3.02 (m, 1Ht H-5'), 2.76 (t, 1H, H-1, J=3.9 Hz); a (13c, CDCl3): ·204.4 <.Q.HO), 

171.0 (kOODPM), 148.8 and 148.3 (C-3 and C-4'), 139.5 and 139.4 (2 CIV Ph), 

20 130.7 (C-2), 128.6, 128.5, 128.2, 128.0, 127.7 and 127.0 (2 x 5~H(Ph)), 103.9 

~H2=C), 98.3 (C-7'), 80.4 and 69.5 (C-1• and C-9'), 78.5 (CHPh2). 73.9 and 

70.6 (C8a-~ and C-3'). 

INTERMEDIATE 42 
25 [1R:{1a. 3aB. 46. 4a8. 78. 7aa .. 8a8U 8a-(l1S. ZR. 9R)-2.8-Dioxa-9-metbyl-4-

methylene-3-oxo-cis-bicyclof3.4.0J..flon-Z-vt-oxv-methvlJ±forrnv1-

4.4a.5.6. 7. 7a.8.8a-octahydro-7-methyf-3-f1-methyl-ethyll·1,4-methano-s­

indacene-3aC1 Hl-carboxylic acid. diphenylmethy! ester. 

30 To a stirred solution of chromium (VI) oxide (0.23 g) and dry pyridine (0.37 ml) 

in dry dichloromethane (20 ml) at ooc, intermediate 41 (0. 15 g) in dry 

dichtoromethane (3 ml) 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 ~rd the title compound (65 

35 mg} as a white foam. 
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3 (1H, CDCl3): 9.74 {s, 1H, Cf:lO), 7.44-7.25 (m~ 10H, 2Ph), 6~98.- {s, 1H, 
Cf:iPh2); 6.37 and 5.64 (2d, 2H,. CJ:12i:C)~ 6.04. (dd,. 1 H, H-2, J=1.2 and; 3.3 .Hz), 
4.47 (dd, 1 H, H.;.7'~ J=3.6 and 6.0 Hz), 4.29 {ni, 1 H~ H~1 '), 4.00 and 3.64>(2d, 2H, 
8a-CH2. J=9.3 Hz); 3.40 (m, 1H~ H-S')i 3.30 {m, 1H, H-9'), 2.73 {t, 1H, H-1, 
J:i:::3~9 Hz). 

INTERMEDIATE 43 

l1R-(1q. 3aB. 4B. 4aB, -71'1 ·-taa, SaBU 8a-(l1 S, 71( 9Rl~2,8-Dioxa-9-methyl-4-
oxo-cis-bicyclor3,4,0J..rlon-7-yl-oXy-methyl1-4-form'lli4Aa,5.6,7, 7a.8;8a~ 
· octahydro;..7-inethyl-3-< 1-Methyl~thyll~1.4-methan0-s~ilidacene-3a(1 Hl-
carboxylic acid, diohenylniethyl ester. · ' 

METHOD A 
To an ice celd mixture of lnteimedlate.41 (105 mg) and N~ethylmorpholine N..; 

15 ·oxide (43 mg) in acetone:W&ter (8:1, 9 ml) was- added osmium tetraxide (2.5% wt 
solution in 2~ethyl•2-propanol, 0.075 ml). The ice: bath was removed and the 
mixture ~s- stirred at room- temperature for: ·24 ·hours: The readion was 
quenched with sodium' bisulfite, stirred -for · 1 hour: and the· solvent. was 

20 

25 

evaporated~ The crude residue was diluted: With ethyf acetate (:100 ml). and 
washed successively with water (30 ml), 1 N hydrochloric Seid (30 ·ml). sat aq 
sodium bicarbonate (30 ml) and water (30 ml); then ·cmed and. evaporated. The 
crude product was dissolved in dioxane:water (2~ 1. 6 · ml) and cooled to OOC 
Sodium periodate (0.13 g) was added in small- portions and the mixture was 
stirred for 6 hours from ooc to room temperature. then cont:entrated and the 
c~de product partitioned between\vater (60-ml).and e~yl .acetate (60 ml). The 
organic phase was dried 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) •. 

: .. ;· 

(. 

."1:· 
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METHODS 
To a solution of trifluoroacetic anhydride (0.43 ml) in dry dichloromethane (2.5 
-inf) was added dimethylsuffoxide (0.22 ml) at -eooc under nitrogen with 
v~rous stirring. After 1 o minutes a solution of Intermediate 79 ( 470 mg) in dry 

5 dichloromethane (2.5 ml) was added and the mixture stirred at -eooc for 2 
hours. Triethylamine (1.4 ml) was added dropwise over a period of 1 O minutes 
and the temperature was allowed to reach ~2ooc. 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 ml). 

1 O The combined organic layers were washed with 1 N hydrochloric acid (100 ml); 
saturated sodium bicarbonate (100 ml) and brine- (100 ml), dried ove' 
magnesium sulfate and concentrated to dryness to afford an oil which was 
dissolved in dichtoromethane and treated with triethylamine (1 ml) ovemight. 
The ·solvent was removed and the resulting oil was flash chromatographed 

15 (siflt:a gel, ethyl acetate:hexane 1:25, 1:20 and 1:15) to obtain 400 mg of the 
titte compound (86% yield). 
6 (1H, CDCl3): 9.71 (s, 1H, CJ:iO). 7.44-7.26 (m~ 10H, 2Ph), 6.97 (s, 1H, 
. C.tfPh2). 6.06 (dd, 1H, H-2, J=1.5 and 3.6 Hz), 4.18-4.11 (m, 3H, H-7', H-1' and 
H-3'(1 H), 4:00 and 3.62 (2d, 1 H, 8a-CH2. J=9.3 Hz), 3.91 (d, 1 H, H-3', J=18 

20 Hz),-3.30-(m, 1H, H-9'), 2.85 (bt, 11+. H-5', J=7.8 Hz), 2.75 (t; 1H, H-1, J=3.9 Hz). 

INTERMEDIATE 44 
:r1R:{1a. 3a8. 46. 4aB. 7B. 7aq. 8a8U 8a-{f4-0-CTrans-2-butenvll..S-deoxv-B-D­

.· attnmYtanosvtoxyl methyll+formvf-4.4a.5.&.-7. 7a.8.8a-octahydro-7-methyl-3:{1-
25 methylethyll-1.4-methano-s-indacene-3af 1 Hl-carboxvlic acid. diphenvlmethyl 

ester. 

·-A,- suspension of intermediate 1 (5 g) and dibutyltirr oxide (2.3 g) in dry toluene 
(300.mi)··w.s refluxed for 3 hours in a flask fitted with a Dean-Stark condenser 

30 'under tititrogen and then anOweci to cool to eooc. Molecular sieves (4A. 
poweter), crotyl bromide .(2.4 ml} and a 1 M solution in· tetrahydrofuran of 

··tetriibutylamnionium fluoride -(23 ml) ware added consecutively and the mixture 
'heated'at eooc for 1 hour alid St room temperature for 12 hours. The solvent 
was· evaporated to dryness and the residue chromatographed on a silica gel 
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flash column eluting with hexane to hexane:acetone (9: 1) t() give the -title 
compoyod (3;2 g)as a whitefoam. _ _ _ _ _ _ 

6 (1H,_ CDCl3): 9.73 (s, 1Hi C)iO); 7.45-7.2 (mi .1CJH, __ 2Ph), 6.98 (s, 1H, CHPh2), 
6.05 (dd, 1H, H-2, J=1.5:,and 3.6 Hz)i s.s~s.65._ (rn, 1H, CH:i:CH), 5.65-5.5 (m, 

1H, CH=Cli), 4.63 (d, tH, H-1', J=0.9 HZ), 4.2-~.-8 (mi SH, H-2', H-3'. 8aCHa 
and 0-C.t12..C=C), 3.8-3.65 (m; 2H, H-5', 8aCHb), 3._6 (dd, 1H, H-4', J=3 and 9.3 
Hz), 2;74 ·ct, 1H, H-1, J=3.9Hz)i 1.71(dd,3H, CH37_C=C, J=1.2 and 6.3 Hz). 

. . . ·. ·.. ·. .· 

INTERMEDIATES 45;- 46 AND 47 .. 
_al f1 R.(1g. 3aB. 481 4aB;~7B-; 7a«. 8aBll Sa:f(2.3~Anhydro-4-0-Ctrans-2-butenyl)-_ 

6-deoxv•B-D-manno-pyranosyloxvlmethylH-forrnv1~14a;5.6; 7.7a.8.8a­

octahydro-7-methyl-3.(1-rriettJylethyll-1.4-methano-S:indacene-3aC1 Hl- . . 
carboxvlie acid. diphenytmethyf ester. _ 

' .. 

.• bl (1 R-(1q. 3aB. 48. 4aB: 78. Zaa.- SaBjJ aa-rc1 S.4S;6S.7R.9Rl-2,S.Oioxa-4-

ethyl-6-hydroxv.;.9-methyl-cis:bicyclor3.4.o1-non-7-yl~xv-methyl1-4~formyl-··_ 
4.4a.5.6, 7. 7a.8.8a~ctahydro•7-methyl-3-C1 ~ethylethyll~1.4.;.methano-s-. 

. . . . . . . . . 

indacene-3aC1Hl-carboxylic acid. diphenylmethyl ester. . _. _ 
cU1R.(1a. 3ab;.4b. 4ab,.7b;7aa. 8abll8a-U1S.4B;6S.7R.9Rl~2.8-Dioxa-4-ethyl­
. 6-hydroxv-~ethyl-ciS~bicvc1(,(3.4.0J~non-7-yl~xv-~ethylJ4fom1v1- ·. 

4.4a.5.6. 1. 7a.8.8a~ctahydro-7-m~thyl:3:<1.-methvlethyll-1.4-methano-s-
~ . . 

indacene-3aC1 Hl-carboxvlic acid. diphenylmethyl ester, 

. .. .. ·. 

lntermediate:44,.(1.22~ g),. triphenylphosphine (1~38 g) and i~idazole (0.36 g) 
were refluxetei _in. toluene• (35 · m_l)-with. stirring and- ~en_.treat•d ,_dropwise ·With a 

25 solution of. iodine (0.8~ ,_g) : io .. t~luerie-:::e15 . ml)> during, -2. hours. 

Tetrabutylammonium iodide (O.i g) ~--added and '..efll.ax centiriued frlr 1 hour. 

The reaction mixture was cooled and partitioned between ethyl acetate (100 ml) 

and 1 _N aqueous, h)fdl'C)chloric acid (SO ml) •. Jtle .organic layer_ was washed 

·successively. with 1. N · aqueous bydrochloric. acid, ~er, aqueous sodium 

30 metabisulfite ~1utione water anct brine,- then . dried (Na2S()4), __filtered and 
concentrated- in. vacuo~ The residu• was -flast)_ .cl'lro~atographed on silica gel 

el~ng with hexane:ethyl acetate (7:l) tC? ~in a 2:1 ·inbdure of _2 compo~nds 
with a very. similar ~ i'1 hexane:ethyt acetate (.1.~ g) (Rf=0.4 in h-.ne:ethyl 

acetate .4:1 ). The mixture was ·disSolved in :_dry toluene (25 ml) anc:I '1e Solution 

35 degassed with an argon stream for 1 hour and then heated to reflux. Tributyltin 

.. 

/:··:.· 
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hydride (0.36 ml) was added and reflux continued for 20 mfnUtes. After cooling 
carbon ·tettachloricte (2 ml) was added and the solution stirred at room 
·te~petattire ·for 1 hour. A dilute solution of iodini in ether was then. added until 
a· faint cotoratlorr persisted. The solvent was then removed in vacuo and the 

5 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 Chromatographec:t tWice on sfliea gel eluting with 
dtchfdromethane:ethyl acetate (95:5) and (9: 1) to afford title compound (a) 

10 Intermediate 47 (230 mg, Rf=0.8 dichlotomethane~ethyt acetate 9:1) • title 
cornDound Cbl intennediate 45 (275 mg, Rf=0.5 dichloromethane:ethyl acetate 
9:1) ·and title· carnoound (C) intermediate 46 (200 mgt Rf=0.4 

dichloromethane:ethyl acetate 9:1 ). 

15 INTERMEOJATE 45 

6 (1 H. CDCJ3): 9.72 (s, 1H, CHO), 7.46-7.23 (m, 10H, 2Ph), 8.98 (s, 1 H, 
Cf:!Pfl2). 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, 1 H, Ba-CHa. J=9.3 Hz), 3.90 (dd, 1 H, Ha-3', J=S.9 and 8. 7 Hz), 3.82-3.89 (m, 
3H, H-6', H-1' and H-9'), 3.66 (d, 1H, 8a-CHb, J=9.6 Hz), 3.61 (dd, 1H, Hb-3', 

20 J=6.6 and 8.4 Hz)t 2.69 {t, 1 H, H-1. J=3.9 Hz). 

INTERMEDfATE-48 
S (1H, CDCl3): 9.74 (s, 1H, CHO), 7.45-7.22 (m, 10H, 2Ph)t 6.99 (s, 1H, 

CJ:1Ph2), 6.06 (dd, 1H, H-2, J=1.5 and 3.6 Hz). 4.50 (d, 1H, H-7', J=2.1Hz),4.1-

25 4;02 (m, 2H, 8aCHa and Ha-3'), 3.84 (dd, 1H, H-1', J=7.5 and 8.7 Hz)t 3.76-3.66 

(m, 2H, SaCHb and H..S'), 3~5-3.38 (m, 2H,· H-9~ and Hb-3'), 2.72 (t, 1H, H-1, 
J=3.9 Hz), 0.94 {t, 3H, CH~CJ:b, J=7.5 Hz). 

INTERMEDIATE (1! 
30 8 (1H •. CDCl3}: 9.75 (S, 1H. CHO), 7.4S-t~2(m,10K;'2Ph), 6.99{s, 1H, CJ:iPh2). 

SJ>S (dd, 1H, H~2. J~1.S amt 3.6 Hz), 5.85-5.7 (in. 1'...,,,_.C.ti=CH), 5.65-5.5 (m. 
1H, ciH:CJ::D, 4~ts'f(s, 1A, H-1'), 4.2-4;05 (rlii 2H~· OC~ai.C=C and 8aCHa), 4.05-
3.9 (m, 1H, 10CHb-C=c), 3.78 (d, 1H, SaCHb.· J=9 Hz), 3.3-3.16 (m, 3H, H-31

, H-
4' and·H&·),"S.12 (d, 1H, H-2', J=3.9 Hz), 2.86 (t, 1H, H-1, J=3.9 Hz)~· 

35 



· \Vo Wt4326 · PCl'IEP95/04331 

INTERMEQIATE·48 ·. . . 
r1 B.(1q.; 3a8. 48. 4aB; 781: 7aai aaen · · 8&:fl6:de~kv-4-CHnethyl-8-D- .· . 
altropyranosyloxvlmetbyll+tormyl-4.4a.5,6. 1.za'.8.88o:Qc:t8t,vdfo..7-rnethyl-3:<1-

. . methyl~hvll-1 .4-methane:s~indacene-3a(1 H)-c8rb~xylic acid. dichen.vlr:nethyl 
5 ester 

. . . 

A soluJion of sordarin (1 O.Og)jn :dichlon;>~ethane;;i{15Qrnll wa~ tr~ated. dropwise 
with. a solution q{ .. diphenyl(iiazornethane. in..dich!qr.-ornethane (Q.3!)M, 85rnl). The 
resulting solutionw~s stirred .at .roqm_ temperature; for 24 he>urs .. The solvent .was 

1 O remov~d under.reduced pres15ure -and the ~esi~u~ wa• purified by flaish column · . : . .· . •. ' 

chromatography on silica gel el~in~.with ~e)(~n~_:.t:tt~yl ac;:etate (4:1) and (2:1 ).,. 
The fractions w,re combine~ and evaporated to. yieldJhe title·comDound .(11 .Sg) 
as a white foam. 

.·.-·;: ·'· ... ' 

a.(1H, CDCl3): 10.00 (s, 1H, CHO), 7.63 (m, 10H, 2Ph), 7.2S (s, 1H, CHPh2). 
15 6.30 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.92 (d,· 1H, H-1', J=0.9 Hz), 4.84 (t, 1H, 

20 

. H-3', J=3.3 Hz),4.03 anct 4.35 (2d, 2H, 8aCH2. J= 9 Hz}; 3.BEfCm, .1 H, H"'.2'), 3. 70 . . . . . . 

(dq, 1H; H-5', J=6.3 and 9'.~ .Hz), 3.41 (s, 3H .• 4'-0Me). 3.20 (dd, 1H,H-4', J=3.3 
and 9 Hz), 2. 75 (t, 1 H, H-1 ),, 

INTERMEDIATE 49 
(a) l1R-C1a. 3ap. 4Q. 4aQ. 70. 7aa. SaBU aa;t6-peoxy-4-Q-methyl-23-di-Q­
tosyl;.B-D-altroovrariosyloxvlmethyl1-4~formyl-4 4a 5 6 7 7a. 8 8a-octahydro-7-
methyl-3.(1-Fnethylethyll-1.4-rnethan0:s-indacene-3ac 1 H1-har6~xyhc_ acid, . 
dichenylmethyl ester and. .. ... . . . . .. . .·.. . . .· .. ... . < 

2s · (b) r1 B.( 1 a,. 3a8. 48. 4a8 .. 78. 7aa. ~~en .. · §a-[cs~Deoxy-4~0:niettiyr~2.:.o-.1osy1-
. · n-D-altrocyranosyloxv>methylj-4-forrnyi-4Aa;5.s.7 :za.e.aa-Ociahydro-7-methyl-
3-(1-methylethyll-1 .4-methano-s-indacene-3aC1 Hl-Carboxvlic acid. 

. - . . . . . 
dichenylmetbyl ester· 

, . 

30 Intermediate- 48 (2g) tmd: 4-dimEathyla,rtin~pyridioe (500~g) ~re: :disaol~ in 
dry pyridi.ne· (30ml). :A sol~ora of. tosyl chloridfit .<~mg) i~ ~Ii. pyri.~infi_ (20ml) 
was added dCQpwiS&.. ~ ~~ion mi~re .was stim.td at ~m tem~,rature for 4 
days. The solvent was evaporated iD ·yacYo to: gi~ a yell()\\f:residue, which was 
chr0matographed on silica gel mlumn, eluting with hexane:ethyl acetate (4:1) 

35 and (1:1) to afford title compound• Cal with the higher Bf. as a white foam 

· ... , 
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(1.65g) and title compound Cb) with the lower Rf. also obtained as a white foam 
(1.17g). 

(a) 3 'c1H. CDCl3): 9.71 (s, 1H, CHO). 7.85-7.91 (m, 4H, ortho-Ts), 7.26-7.41 
5 (m, 14H, meta-Ts and 2 Ph), 6.95 (s, 1H, C~CJ:iPh2). 5.87 (dd, 1H, H-2, J=1.2 

and 3.3 Hz), 4.92 (dd, 1 H, H-3', J=3.3 and 4.2 Hz), 4.65 (dd, 1 H, H-2', J=1.2 and 
4.5 Hz), 4.61 (d, 1H, H-1', J=1.2 Hz), 3.50 and 3.94 (2d, 2H, 8aCH2, J=9 Hz), 
3.68 (dq, 1H, H-5', J=S.6 and 9 Hz), 3.16 (dd, 1H, H-4', J=3 and 9Hz), 2.78 (s, 
3H, 4'-0Me), 2.45 and 2.47 (2s, 6H, 2Ts). 

10 
(b) 3 (1H, CDCl3): 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, CJ:1Ph2)1 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, 8aCH2. J= 9Hz), 3.70 (dq, 1H, H-5', J=S.4 and 

15 6.3 Hz), 3.23 (dd, 1H, H-4',J=3.3 and 8.7 Hz), 2.42 (s, 3H, Ts). 

INTERMEDIATE 50 
l1R-(1q. 3aB. 4L\. 4a6. 76. 7aa.. 8a6ll 8a-((2.3-Anhydro-6-deoxv-4-0-methyl-B­
O-mannopvranosyloxvl methyll-4-formyl-4.4a.5.6. 7. 7a.8.8a-octahydro-7-methyl-

20 3-C1-methylethyll-1.4-methano-s-indacene-3a(1 Hl-earboxvfic acid. 

diphenylmethyl ester 

Sodium (0.5g) was added to anhydrous methanol (50ml) With cooling at ooc, 
followed by Intermediate 49 a (670mg) in dry dichloromethane (20ml). The 

25 mixture was stirred for 5 days at room temperature and 4 days at reflux. The 
mixture was filtered off and the sotvent removed. The residue was purified by 
flash chromatography eluting with hexane:ethyl acetate (3:1) to afford the 1i1f! 
comoound (330mg). 
a (1H, CDCl3): 9.75 .(s, 1H, __ CHO), 7.26-7~44_ (m, 10H, 2Ph), 6.99 (s, 1H, 

30 C02CJ:iPh2). 6.08 (dd. 1H, H-2, J=1.5 and 3 l:iZ)" 4.68 (s, 1H, H-1'), 3.78 and 
4 .. 11 (2d, 2H, 8aCH2, J=9 Hz), 3.49 (s, 3H, 4'-0Me), 3.26 (d, 1H, H-2', J=3.9 
Hz), 3.18 (m, 1H, H-5'), 3.12 (d, 1H, H-3', .,:a.a Hz), 3.08 (m, 1H, H-4'), 2.86 (m, 
1H, H-1'). 
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1NIERMEDIA1E 51 
[1R-C1q, 3a8, 48. 488, 78. 7aa, 8a8)] 8a~[(2,3=Anhydro-6-deoxy-4-Q-metbyl-8-

. D-alloQyranosyloxv> methy1J;..i.formyl-4,4a,5,6, 7. 7a,8,8a-octahydro-7-methyl-3-
f1-rilethylettWll-1.4-met~anO-s~indacene-3a(1 Hldrboxylic acid. diobenylnietbyl 

5 ester 

10 

Dry sodium hydride (25,9rng) was suspendfild in dry dimethylfotmarnide (Sml). 
Intermediate 49(b) (470mg) in dry dimethylfOrmamide was added dro~se and 
the mixture stirred for 40 minutes at ro0m terrtperature: ·Ttie readion mixture 
was poured with stirring into i~ld water (20ml) and the resulting solution was 
treated .with 'ethyl acetate ·(3x20ml), .The organic layers· were combined and' 
dried over ar1hydrous magnesi.um sulp_hate, The ~ummy.residue obtained upon 
evaporation Ot solvel'tts was purifi$d' by· flash celumn chromatrography eluting 
with hexane: ethyl acetate.{5:1) to yield the' title· eomcound as a white foam 

15 - (332mg), ' · 

20 

25 

a (1H, CDCl3): 9,73 (s, 1H, CHO), 7,26-7.44 (m, 10H, 2Ph), 6~98 (s, 1H, 
C02CHPh2). 6.08 (dd, 1 H, H-2, J=1.5 and 3 Hz), 4.60 (s, 1 H; H•1')1 3~76 and 
4~03 (2d, 2H, 8aCH2; J=9.3 Hz), a.51 (m; 4H, H-4' and 4'-0Me), 3.33 (m, 3H, H-
2', H-3' and H~'), 2.80 (m,-1H; H-1) .. · 

INTERMEDIATE 52 
(1 R-C1a, 3a8, 48. 4a8. 78. Zaa. 8a8U 8a-(C2.3-Anhydro-6-deoxv-4-0-methyl-B­
D-altropvfanosyloXV>methyll~-fOrrnyl-4:4a.5.6.7. 7a,8.ea-octahydro~7-methyl-3-
<1-methylethyll-1.~ithano+indacen8-3ac1 Hl~rboxylic acid · 

. . 

To a solution· Of Intermediate· 51 (1 OOmg) in ·ethyl acetate· (15ml) was added 
10% palladium on Cbarcaal (100mg) under-nitrogen~ The mixture was ·shaken in 
a Parr _apparatus under 15 psi hydrogen_ for 1 hour at room ·temperature.: The 
catalyst wa• fllte~ .off·~ the solvent evaporated·to dryness; Tlie residue was 

30 purified. by flash. d'.lramatography: on· silica gel, el_uting with hexane: ethyl acetate · 
(3:1) and dichlorometh.,;e:methariol (15:1 j~ The appropiat8' fractions were 
combined and the solvent removed to give the titte•compoynd (70mg) as a foam, 
a (1H, CDCl3): 9~77 (S, 1H, CHO), 6,09 (dd, 1H, H-2, J=1;2 and 3,6 Hz), 4~67 (d, 
1 H, H-1'~ J=0,9 Hz), 3.58 and 4, 17 (2di 2H, 8aCH2, J=9.6 Hz), 3,51 (m; 4H, H-3' 
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and 4'-0Me), 3.38 (m, 1H, H-5'), 3.34 (d, 1H, H-2', J=4.2 Hz), 3.30 (dd, 1H1 H-4', 

J=9and1.5 Hz), 2.65 (t, 1H, H-1, J=3.9 Hz). 

INTERMEDIATE 53 

5 C1R-{1q. 3aB. 48. 4a6. 78. 7aa. 8aBl1 8a-U4-0-Allyl-6-deoxy-8-P· 

altrooVranosvfoxv)methyJJ-4-formvJ-4.4a.5.6.7, 7a.8.8a-oCtahydro-7-methvt-3-(1-

meihy!ethyll-1.4-metbano-s-indacene-3aC1 Hl-carboxvlic acid. diohenytmethvl 

ester 

10 A suspension of Intermediate 1 (2g) and dibutyltin oxide (870mg) in dry toluene 

(25ml) was refluxed for 2 h in a flask fitted with a Dean-Stark. condenser, under 
..... , . . ···- . . ,. 

nitrogen, and then allowed to stand at room temperature. Ally! bromide (0.3ml) 

and a .1'NI ·solution Of tetrabutylammonium fluoride {3.5ml) were added 

conSecutively and the mixture was heated at 40oc for 24 h Ufider nitrogen. The 

15 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 title 

compound (1. 7g) as a white foam. 

& (1H, CDCl3): 9.73 (s, 1H, CHO), 6.98 (s, 1H, CJ:fPh2), 6.05 (dd, 1H, H-2, J=1.5 

and 3.6 Hz), 5.89 (m, 1·H, CJ:i=CH2), 5.25 (m. 2H. CH=C.tb). ~.64 (d, 1 H, H-1', 

20 J=1.5 Hz), 4.15 (t, 1H, H-3\ J=3.3 Hz), 4.09 (m, 3H, C.ti2-CH=CH2 and 8a­

Ctf2)t 3.87 (m, 1H, H-2'), 3.74 (m, 2H, H-5' and 8a-C.tf2), 3.38 (dd, 1H, H-4', 

J=3.3 and 9 Hz), 2.74 (t, 1H, H-1, J=3.9 Hz). 

INTERMEDIATE 54 . 
25 £1 R-(1 q. 3aB. 48. 4a8. 78. 7aa. 8aB}J 8a-U4-0-Benzyl-6-deoxv-B-D­

altropvranosyloxylmethVIH-fomiy!-4.4@.5.6. 7. 7a.8.8a-octahydro-7-methvl-3.(1-

methylethyll-1 .4-methano-s-indaceiie-3ar1 Hl-carboxylic acid. diphenylmethyl 

ester 
.· 

30 A vigorous stirred mixturefof Intermediate 1 (6.0g) and dibutyltin oxide (3.55g) in 

dry toluene (80ml) was refluxed for 3 hours in a flask fitted ~th a Dean-Stark 

condenser under nitrogen atmosphere. The reaction mixture was cooled to ooc 

and then treated with benzyl bromide (1.2ml) and tetrabutylammonium fluoride 

(1 M in tetrahydrofuran. 1 Oml). After heating at 4ooc for 18 hours under 

35 nitrogen, the reaction was concentrated under reduced pressure and the 
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residue purified' by flash chromatography~ eluting_~th hexane:ethyJ acetate (6:1) 
and (4:1). The appropiate fractions ~Rt combin~&'~nd the-solvents evaporated 
to give the title comDOund (3. 73g) as a white foam. _ ___ _ __ 
a (1H, CDCl3): ~.73 {s, 1H. CHO), 7.24-7.44Jm., 15H,- 3Ph), 6.98 (s-,_ 1H, 

5 - -C02CHPh2). 6.05' (dd, 1 H, H.;?,-J=1.5 and3;'6 ~~); 4.65 (d, 1 H, H-1', J=1.2 Hz), 
-4.57 (AB system, 4'0CH2Ph, J=11.1 Hz)~ 4~21'cm;;-1H,' H~3·)-, -3. 76 'and 4;07 (2d, 
2H, 8aCH2. J=9 Hz). 3.8f(m, 1t-I, H~2·): 3.76 (rn~\1:1-t~,::H-5'), 3.49 (dd, 1H, H-4', 
J=3.3 and 9 Hz), 2.74 (t, 1H, H-1, J=3.6 Hz). 

10 iNTERMEDIATE 55 -- " --- --

15 

.. : . . ·. . . . .... -.. ,~ ... . : . . . . . . . . ·.. . : r:· -:r:· . ~ . • 

(1R-(1a.. 3aB.-4B. 4aB;-7B. 7aa. SaBll -8a-rr2-0:Be0zyloxvcai"bonyl-6-cleoxy-4- .. 
- 0-methv1-e~D-81trowrah6sy1o>Cv>~ethv114.;i6rihvlL4J4i.'5.6. 7. 1aJiaa-Oc:tat1idro-

1-mettiv1-3-11-methv1ethv1>-1 :4-methano-s~indace~e-3a11~Hl~rb0Xvlic acid. --
diphenylmethyl ester _ - - - - - - ;. · - · : - - - -

.... · -; 

To a solution of Intermediate 48 (3 mmof)in Ctr)tdiChlortJrneth~l"le (15ml) at OOC 
under nitrogen atmosphere was added -4-dimeihylamil"lopyridine _ (S~3mmol). 
After stirrirag (or 15 minutes~ the mixtu~e wa~ c001~d t~: -2ooc and -a :soll:rti~n of 
benzylchloroformat.- (3.6 mm-ol) ' in -dry --diChlorom_ethane (1 Sml)" YfSS added 

20 dro~ise. After twO hours, the solvent was ev&lporated and -the residue purified 
by flash '*1romatography using· hexane:ettiyl acetate (3: 1) as eluent to give the 

.··. . . . -

title compound (1.2g). 
1 -S ( H, CDCl3): 9.70 (s, 1H, CHO), 7.35 (mi 15H, 3xPh), 6.96 (s, 1H, CHPh2). 

5.99 (dd, 1 H, H-2. J=1.5 and 3.6 Hz), 5~ 18 .CAB s~tem, 2H, OCJ::12Ph;' J:12 Hz). 
25 5.oo (dd, 1H, H.;.2·. J::1.5 and 4.2- Hz); 4.7o-cd, 1H, t-iL1·~-J=1.s Hz)-; 4;13 (m, 1H, 

H-3')~ 4.o1 and 3.66 (d;d, -1 H, 1 H~ aa:.cH2;· J·=g·f.IZ)~ S~75- (m/ 1 H, H.;5')~ 3.40 (s, 
3H, oMe), '3.17' cclcl. 1H, H-4'; J=3.3· ~rid e.4 Hz);: 2.62-:cl. 1H, H-1, J=3.~ Hz), 
2.43 (d, 1H, OH, J=2.4 Hz), 2.21 (m, 1H, C.tl(CH3)2). 

'· .... 

f 
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INTERMEDIATE 56 
f1R-(1q. 3a8. 48. 4aB. 78. 7aq. BaBll Ba-[(4-Q..Atlyl-2-0=l?enzvloxycarbonyl-6-
deoxy:8-Q-altropyranosvJoxv>metbyD-4-formvl-4.4a.5.617. 7a.8.ea..octahydro-7-
methyl-3-l1-methylethyll-1.4-methanO:§=indacene-3a(1 Hl..carboxylic acid~ 

5 diphenylmethyl ester 

To a solution of Intermediate 53 (1.4g) in dry methylene chloride (30ml) at ooc 
' was added dimethylaminopyridine (513rng) and the mixture was stirred for 15 

minutes. Benzyl chloroformate (0.35ml) in dry methylene chloride (15ml) was 
10 then added dropwise for 15 minutes, and the mixture stirred for 4 h. The mixture 

was then diluted with methanol (1ml) and methylene chloride (20mf) ancf 
washed with wate~, -1 N 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 

15 hexane:ethyl acetate (7:1) and (5:1) to give the title compound (1. 1g). 

o (1H, CDCl3): 9.70 (s, 1H, CHO), 6.96 (s, 1H, CJ:iPh2), 5.99 (dd, 1H, H-2, J=1.5 
and 3.6 Hz), 5.88 (m, 1 H, Ctl=CH2). 5.20 (mt 4H, Ph·Cf:b-0, CH2-CH=C1:i2), 
4.99 (dd. 1H, H-2', J=1.5 and 4.2 Hz), 4.70 (d, 1Ht H-1', J=1.5 Hz), 4.12 (m, 1H, 
H-3'), 4.03 (m, 3H, Ctf2-CH=CH2 and H-8a-Cf:12). 3.76 (m, 1H, H-3•), 3.64 (d, 

20 1Ht 8a-Cf:12, 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-(1q. 3a8. 48. 4a8. 78. 7aa. 8attl1 8a:{l+o-Benzyl=2-0-benzvloxvcarbonyl-

25 6-deoxv-B-D-altropyranosyloxvlmethyll-4-formvt-4.4a.5.6. 7.7a.8.8a-octahydro=7-

methvl-3-<1-methylethyD-1 .4-methano·s-indacene-3aC1 Hl-carboxvtic acid. 

diphenylmethyl ester 

To a solution of Intermediate 54 (3.7g) In dry dichloromethane (25ml) at ooc 
30 under nitrogen atmosphere was added 4-dimethylaminopyridine (1.85g). After 

stirtjng for 15 minutes, the mixture was cooled to -200C and a solution of 
benzylchloroformate (0.68ml) in dry dichloromethane (10ml) was added 
dropwise until the produet was detected by tic (hexane:ethyl 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 give the title 

compound (3.6g) as a white foam •. 

. B (1H, CDCl3): 9.70 (s, 1H; ; CHO), 7.26-7.42 (m, 20H, 4Ph), 6.96 (s, 1H, 

C02CJiPh2); 5.99 (dd, 1H, H-2~ J=t.2 and' 3;3 Hz), 5~18 (AB system; 2'-
5 OC02Cl::f2Ph, J= 12.3 Hz)~ 5.00 (dd, 1H, H-2', J=1.5 ~nd4.2 Hz), 4.71 (d, 1H, 

H-1', J=1.5 Hz), 4.56 (AB system, 4-0Cl::f2Ph~ J=11.1 Hz), 4.15 (m, 1H, H-3'), 
3~66 and 4.0o (2d, 2H, BaCH2, J=9 Hz), 3~a1 ·· (dq~ 1 H, · H-5', J=6.6 ·and 9 Hz), 
3.43(dd,1H, H-4', J:3.3 and 9 Hz), 2.60 (t, 1H~ H-1, J=3.6 Hz). 

10 

15 

INTERMEDIATE 58 
£1 R-(1a.. 3aB~ 4Bi 4aB. 78; 7aa. BaBU · 8a-rc2-0-eenzyloxycarbonvl-6-deoxv-4-0-, 

methyl-3-0-tosyl-B;.D-altropY@riOsyloxv>methylJ-4-formyl-4.4a;5.6. 7.7a;8i8a­
octahydro-7~ethVl-3-C1·.;,nethylethvll-1.4-methano.:s-indacene-3at 1 Hl­

carboxylic .acid. diphenylmethyl ·ester 

A solution of Intermediate 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 hou .... the solvent 
was evaporated and the·. residue purified by flash chromatography using 

20 ·· hexane:ethyl acetate (5:1) as eluent to give the title compound (1.8g). 
1 . . . a ( H, CDCl3): 9.7.0 (s, 1H, CHO), 7.84 and 7.32 (d. m. 2H. 17H. Ar), 6,96 (s. 

1H, CtlPh2). 5.94 (dd, 1H, H-2, J=1.5 and 3.6 Hz). 5 17 (AB system. 2H. 
OCJ:i2Ph, J=12 Hz), 5.10.(m, 1H; H-3'), 4.88 (dd, 1H, H-2', J=3 a!1~:5.4·HZ), 
4.68 {d, 1H, H-1', J=2.1 Hz), 3.97 and 3,63 (2d~ 2Hi 8a-CH2~ J=9 Hz), 3J6: (dd, 

25 1 H, H-5', .J=6.3 and 8.1. Hz), 3.18 (dd~ ·.1 H, H-4', J~3 and 8.1 Hz), 3.05, (s, 3H, 

OMe), 2.51 (t; . 1 H, H-1, J~3.6 HZ}i 2.43 <•· 3H, CJ::!aAr), 2.01 (m, 1 H, 

CJ:l(CH3)2). 

'· ... 

( 
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INTERMEDIATE 59 

1R-(1a, 3a6. 48. 4aB. 78. 7aa. BaB>J Ba-£(4-Q-Allyl-2-0-benzvloxvcarbonyl-6-

. degxy-3-0-tosyt-B-D-attropvninosvloxylmethyll-4-formyl-4.4a.5.§. 7. 7a.8.8a­

oct@hycfro:7-methVl+<1-methyfethyll-1 .4-methano-s-indacene-3aC1 Hl-

5 carboxvlic acid. diphenylmethyl ester 

To a solution of Intermediate 56 (1.1 g) and dimethylaminopyridine (300mg) in 

dry methylene chloride (40ml) was added dropwise a solution of tosyf chloride 

(400mg) in dry methylene chloride (20ml) and the readion mixture was stirred 

10 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:ethyJ 

acetate (9:1) and (6:1) to give the title compound (820mg). 

8 (1H, CDCl3): 9.70 (s, 1H, CHO), 6.95 (s; 1H, CfiPh2). 5.94 (dd, 1H, H-2, J=1.5 

and 3.9 Hz), 5.61 (m, 1 H, CJ:l=CH2l. 5.12 (m, 4H, Ph.Ctf2-0, CHz-CH=Ctf2), 

15 4.84 (dd, 1H, H-2', J=3 and 5.1Hz),4;69 (d, 1H, H-1*, J=1.8 Hz), 3.96 and 3.63 

(2d, 2H, 8a-Ctf2, J=9.0 Hz), 3.76 (m, 4H, H-3', H-5', Ctl2-CH=CH2). 3.38 (dd, 

1H, H-4'. J=3 and 8.1 Hz). 2.50 {t, 1H, H-t J=3.9 Hz). 2.42 (s, 3H, Cf:b·Ph). 

INTERMEDIATE 60 

20 f1R-{1g. 3a6. 46. 4a6. 76. 7aa. SaBll Sa-£!4-Q.Benzyl-2·0.benzv!oxycarbonv!::§: 

deoxv-3-0-tosyl-8-D-altropyranosyloxv>methyl}:4-formyt-4 '' 5 6 7 7a 8.8a· 

octahvdro-7-methyl-3-(1-methytetbyll-1 . 4-methan0-•·!!!d•cent·3al 1 Hr 

carboxvlic acid, diphenylmethyl ester 

25 To a solution of Intermediate 57 (3.Sg) and dimethylaminopyridine (1.3g) in dry 

methylene chloride (80ml) was added dropwise a solution of tosyt chloride (2g) 

in dry methylene chloride (50mt) 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:ethyt acetate (9:1) as eluent to give the 

30 title compound (3.14g). 

a (1H, CDCl3): 9.70 (s, 1H, CHO), 6.95 (s, 1H, Cl:lPh2). 5.95 (dd, 1H, H-2, J=1.2 

and 3.3 Hz), 5.16 (m, 3H, Ph-CJ::l2-0, H-2'); 4.93 (dd, 1H, H-31
, J=3 and 4.8 

Hz), 4.71 (d, 1H, H-1'. J=1.8 Hz), 4.25 (AB system, 2H1 O-CH2fh, J=11.5 Hz), 

3.96, 3.63 (2d, 2H, 8a-CJ:12, J=9.0 Hz), 3.83 (m, 1H, H-5'), 3.45 (dd, 1H, H-4\ J= 

35 3 and 8.4 Hz), 2.51 (t, 1H, H-1, J=3.9 Hz), 2.35 (s, 3H, Ctia-Ph). 
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INTERMEDIATE' 61- · -,. . 
C1R-(1a, 388; 48,· 4a8, JB, 7aa>8a8ll 8a-fC6-[)eoW-4-0-methyl-3-0-tosyl:8•D­
altroPVranosyloxV>methyl14fottnYl:4.4a;516:Z.7a;8i8a~CtahVdrcr.7-methvl-3-C1-

5 methylethyll~1 ,4~methano-s-jndacene-3aC1 Hl-Grboxvlic ·acjd, djphenylmethvl 
Ylt 

To a solution of Intermediate· 58 (1 ,9mmol) _in ethyl acetate (60ml)· was added 
10%palladium on charcoal (100mg) under nitrogen~ The mixture was shaken in. ( 

10 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 oi 
diphenyldiazomeihane (20ml)·. _ Aft•r- 2 hours~ the ·solvent was evaporated and 

· the re_sidue purified by flash chromatography using hexane:ethyl acetate (3:1) 
as eluent to give the title compounct(1,3g)~! 

15 a (1H; CDCl3): 9.72 (s, 1H, CHO), 7,85.and 7:32 (d, m, 2H, 12H, Ar), 6,98 (s • 
. 1H, CH~h2). 6.06 (dd; 1H; H-2~ J= 1.2 and 3,3 Hz), 4,84 (dd, 1H1 H~·, J=3 and 
4,2 Hz), 4.64 (d, 1H, H-1\ J:t,5 Hz); 4,06 and 3,75.(2d,· 2H; 8a-CH2. J=9.3 Hz), 
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 Hz), 2,45 (s, 3H, CJ:13Ar), 2,30 (d,-1H, OH, 

20 J=3 Hz), 2.23 (m, ·1H, CJj(CH3)2)~ · 

INTERMEPIATE 62-i 
. . . . . . . . . . . . ' . . 

1R-C1g, 3aB. 46. 4aQ. 78. 7aa,·_ BaBU Ba-«6-Deoxv-4-0-oropyl-3-0-tosyl-B:D-
altrooyranosyloxy> methyl1-4-foanyl:4,4a.5.6.7, 7a,8.8a-octahydro-7-methyl-3-C1-

25 methylethyll-1.4-methano-s.;indacene-3aC1 Hl-carboxvlic acid. diphenylmethyl 
ester. 

To ·a solution of lnterrnediate-59• (800mg) .. in ethyl acetate (200ml},~ added . . . . . 
10% palladium on Charcoal (300mg) under nitrogen. -The .mixture wa~ shaken in 

~O a Parr apparatus uoder 20 psi of hydrogen for 1 hour at room tesnperature •. The 
. . ~lyst was filterect· off and th~ salvent evaporated to dryness~---nie residue was . 
· dissolved in .. methylene-· chlOride'._ (SQml) ... af.1d _a 0.35M .· solut_ion of 
diphenyldiazomethane ·ceml) was· added dropwise~ -The mbcture wa~ stirred at 
room -temperature· for 3 hours~. The- solvent was:·evaporated and the_ residue 

'· . 
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Chromatographed on a silica get flash column eluting with hexane:ethyl acetate 

(8:1) and (3:1) to give the title compound (630mg). 

8 (1H, CDCl3): 9.72 (s, 1H, CHO), 6.98 (s, 1H, CHPh2), 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 Hz), 

5 4.05 (m, 2H, H-3' and H-8a-Cf:t2), 3.73 (m, 2H, H-5' and H-8a-CJ:12)1 3.29 (dd, 

1H, H-4', J=2.7 and 9 Hz), 3.01 (t, 2H, OCf:12CH2CH3
1

, J= 7 Hz), 2.68 (t, 1H, H-

1, J=3.9 Hz), 2.44 (s, 3H, p-Ts). 

INTERMEDIATE 63 

10 f1R-{1<X. 3a6. 48. ·4aB. 78. 7S<X. 8aBU Sa-U+O-Benzyl-6-deoxv-3-0-tosyl-8-D- · 

81tropyranosyloxv>methvll-4-formyl-4.4a.5i6. 7. 7a.8.Sa-octahydro-7=methyl-3.( 1...­

n\ethylethyll-1.4-methano-s-indacene-3a(1 H>.oearboxvlic acid 

To a solution of tntermediate 60 (1.0g) in ethyl acetate (70ml) was added 10% 

15 palladium on charcoal (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 

20 evaporated to give the title compound (530mg). 

25 

a (1 H. CDCl3): 9.70 (s, 1 H, CHO). 7.81 and 7.10-7.30 (2m. 9H, Ts and Ph), 6.08 

(dd, 1H, H-2, J=1.5 and3.3 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, CJ:i2Ph and H-2'), 4.06 and 3.64 (2d, 2H, 

SaCfu, J=9.3 Hz). 3.46 (m, 1H, H-4'), 2.65 (m, 1H. H-1), 2.36 (s, 3H, Ts). 

INTERMEDIATE 64 
[1 B-(1 a. 3a6. 48. 4aB. 78. 7aq. 8a8ll St{{e;HmtJvdro-6-deoxy+O-methvl-B­

D-mannopyranosyloxvl methyl1-4-fonnyl-4.4a.5.8. 7 .7a.8.8a-octahydro-7-methyl-

3-{1-methyletbyll·1.+m@thano+it1dacen9:3af 1-Hl-carboxylic acid; 

30 diohenylmethVt ester 

A Suspension of sodium hydride (3.2 nmol) in dry dimethylfonnamide (6ml). 

·under nitrogen atmosphere, was treated with a solution of lntamediate 61 

(1·:emmdl) in dry dimethylfonnamide (6ml). After 40 minutes, water.ethyl acetate 

35 (1 :1 ; 60ml) was added. The organic phase was evaporated and the residue 
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purified bY :flash Chromatography using hexant1t:ethyl acetat• (4:1) as el.uent to 

give the title compound (960mg),· having the ident_ical proton NMR spectrum as 

the compound of Intermediate 50. 

INTERMEDIATE 65· . . . 
1 R-{1a. 3alt 48. 4aB. 78).7aq. BaBlJ 8a-[C2.3-Anhydro~-cteoxv-4-o;.oropyl .. Q-D..; 

mannooyranosyloxyl methyl1-4-formyl-4.4a.5.6.·7:7a.8.8a·-octahvdra:7-methyl-3-

C1-methytethyll-1.4-methano-s-indacene-3aC1 Hl-carboxylic acid. diphenylmethyl 

ester 
• ~ • . I ." 

To a· suspension Of sodium.hydride (35mg) in: dry dimethylformamide (10ml} 

was added dropwise ·a.:. solution :· of lnterrgedia~~ ·. 62. (600fr'.tp)> in dry 

dimethylformamide (15ml). The mixture was stirred at room temperature under 

nitrogen• for 1 h and was then treated with 1 N ammonium chloridt:t -(~Oml) and 

15 ethyl' acetate (70ml) •. The organic layer was. washed •with water and brine, ·dried.· 

ovet· anhydrous magnesium· sulph_ate and :evaporated to .dryness .. ·The residue 

was chroniatographed on a; silea' gel flash column eluting:with he.xan•:etbyl 

acetate (8:1) and (6:1). to yield the: title compound. (450rrig) a$ a whitE1foam. 

a (1H, CDCl3): 9.75 (S; 1H, CHO); 6.99 (s, 1H~ CHPH2) .. 6.08 (d~. 1H"'. H-2. 

20 J=1 .5 and 4.8 Hz), 4.68 (s, 1 H; H-1'), 4. 11 and 3.J9 (2d, 2H, 8a-CH2 .. J=9.0 Hz), . 

3.68 (m, 1H~ f'.t-5'), 3.45 (m, 1H, H-4'), .. 3.24 and:3.12 (2d~ 2H·. H-2', H-3t. J=3.9 

Hz), 3.19 (t, 2H, OCf:!2CH2CH3, J=7 Hz), 2.86 (t, 1H, H-1, J=3.9 Hz) .. 

INTERMEDIATE 66 ' .. 
25 f1R-C1a. 3aB. 48. 4a8. 78. 7aa. 8a8ll 8a-rc6-Deoxy~O-tosyl-B-D-

. altroDvranosyloxylmethyll-4-forrnyl-4.4a.S,6, 7. 7a.8,8a-odahydro•7-rnethyl•3-C1-

.metbylethyl)=1.+rnethan~s..;indaeene-3a<1Hl-car:t>oxvlic acid_ 

To a suspension of 10~ palladium QO ~rCQal (SQQ~g) in ~I acetate (60ml) 

30 in a hydrogenation bottle under niuagen were added a, soliJti~re. of J~rmediate 
60 (1 .Og) in ethyl ·acetate (30ml) and a mixture of metbanol:1 N hydrochloric acid 

(3: 1; 4ml) .. The bottle was. . shaken in a .. Parr hydrogenation -llP~ra~s at a 
.. pressure 'of 30 psi of hydrogen for 1 e hours. The ."'action .mixtu11t was filtered 

. and the fitti'ate was evaporatc to dryness~ The residue. was purified by flash 

35 column chromatography on silica get, . eluting with dichloromethane : methanol. 

( 
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(20:1 ). · The appropriate fractions were combined and the solvent was 

evaporated to give the title compgund (380mg). 

a (1H, CDCl3): 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', 

5 J=1.2 Hz), 4.05 (d, 1 H, H-8aCH2a. J=9.3 Hz), 3.92 (dd, 1 H, H-2', J=1.2 and 4.5 

Hz), 3.65 (m, 3H, H-5', H-4' and H-8aCH2b), 2.63 (m, 1H, H-1), 2.46 (s, 3H, Ts). 

INTERMEDIATE 67 

(1 R:(1a. 3a8. 48. 4a8. 78. 7aa. 8aBU Sa-((2.3-AnhVdro-6-deoxv-8-0-

1 O mannopyranosytoxvlmethyl1-4-formyt-4.4a.5.6. 7. 7a. 8.8a=octahydro-7-methyl-3-­

<1-metbvtethyll·1 .4-methano-s-indacene-3al1 H>-carboxylic acid. diphenylmethvJ 

ester -
A solution of Example 55 (585mg) in dry dichloromethane (20ml) was treated 

15 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 

acetate (6:1) and (4z1). The appropriate fradions were combined and 

20 evaporated to yield the title comoound (764mg) as a white foam. 

6 (1H, CDCl3): 9.75 (s. 1H, CHO), 7.26-7.44 (m, 10H, 2Ph), 7.00 (s. 1H, 

C02C!:iPt12), 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, 8aCH2. J=9.3 Hz}, 3~63 (dd, 1 H, H-4', J=S. 7 and B. 7 Hz), 3.21 (m, 

1H, H-5'), 3.15 and 3.24 (2d, 2H, H-2' and H-3'. J=3.6 Hz), 2.86 (t. 1H. H·1, 

25 J=3.9 Hz). 

INTERMEDIATE 68 

[1R-(1q. 3a8. 48. 4aB. 78. 7aq; Saft)] 8a:f{2,3-Anhydro-4.6-dideoxv-4-fluoro-B­

D-talooyranosvloxv> meM-4-formyl-4.4a.5.6. 7. 7a.8.8a-octahvc:tro-7-methyl-3-

30 C1-methylethvll-1,4-methano-s-indacene-3a(1 Hl-carboxylic acid. dipherMmethyl 

ester -
A solution of Intermediate 67 (300mg) in dichloromethane (25ml) was treated 

with diethylaminosulfur trifluoride (0.16ml), and the resulting mlxttJre was stirred 

35 · ovemight at room temperature. The mixture was cooled to OOC, quenched by 
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addition of methanol (15ml) and then concentrated under reduced pressure. 
Flash chromatography of the residue ·on ·smca~igef eluting with hexane:ethyl 
acetate (6:1·) and (4~1) afforded the title compound "(160nig). 
3 (1H;. CDCl3): 9.73. (s, 1H, CHO), 7.45 - 7.26 (m, 10H, 2Ph); 6.98 (s, 1H, 

CHPh2);6.09 (dd, 1H, fi.;.2, ~= 1.5 and 3.9 Hz), 5.09 (d, 1H, H-1', J= 1~5 Hz), 

4.75 and 4.58 (2dq, 1H, H-5', J5',F::48.6 Hz J= 5·~6 Hz, J= 3 .. 9 Hz), 4.18 and 

4.11 (2d, 1 H, H-4', J4'F=23.1 Hz, J=3.9 Hz), 3.97 an~ 3.81 (2d, 2H, 8aCH21 

J=9.3 Hz), 3.75 and 3.70 (2m, 2H, H-2~ and H-3'), 2.84 (t, 1H, H-1). 

INTERMeDIA!E89. . 
r1R-(1a .. 3aB. 4e.··4ae: 7B;.7ag. 8aBU ·ea-[C2.3-AnhydrQ..6..cJeoxv-4~0-l2-
methoxyethyll-B-D-riiannooYranosyloxylmethyll+formyl-4.48.5.6. 7. 7a.8.8a­
octahydro-7-methyl,;,3-(1-methylethyll-1 .4-methano-s-indacene-3aC1 Hl-
carboxylic acid. diphenylmethyl ester ' . . 

r 

To a suspension of sodium· hydride (24m~) in ·d,y:.tetrahydrofuran (20ml).at ooc 
under nitrogen was added intermediate 67 (300mg) and the mixture Was stirred 
for . 30 minutes. 2-Bromoethyl . methyl· ether • (300mg) and 1 N 

. tetrabufylammonium iodide (2nil) were- added and the mixture was heated at 
20 4ooc for 2 days. The reaction was· quenched with.1 N ammonium ·chloride. (1 Oml) 

and the mixture diluted with ethyl acetate· (30ml). The organic layer was washed 
with water and brine, dried over anhydrous magnesium sulphate and the solvent 
evaporated to drvness. The residue was chromatographed on a silica. gel flash 
column eluting with hexane:ethyl acetate (5:1) to give the title compound as a 

25 colourless oil. 
3 (1H, CDCl3): 9.75 (s, 1H, CHO), 6.98 (s, 1H, CJ:iPh2). 6.08 (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-Ctf2i J=9.0 Hz) 4.09-
4.00 (m~ 2H; H-4', H-5')1 .. 3.9().3.53 (m, 4H, .oc.1:12q.1:12ocH3), 3,40 cs. 3H, 
CJ:bOCH2CH2)• 3.29 and 3.11". (2d, 2H, H-3', and H-2', J=3.9 and ~.9 Hz), 2.86 

30 (t, 1H, H-1, J=3.7 Hz)~ 

f 
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INTERMEDIATE 70 
C1·Rd'tl,· Saft. 4f3. 4a8. 7B. Zat1. 88Bll · ·88-[f2i3-Anhydt0§-deokv+O-l2~ 

-· metf'M62~nv1l-s-o-rmmnopymno!?toxvlmethylj+formyl• 
~ ~ ~ .• jt· " . - .... • . • • • . ·' .. • • • . . 

4.48;5.8; 7 .7a;asa.octahvdro-7;.,,,ethyl~3~C1-triethVlethY1l-1.4-methano-• 

5 · indacene-3af 1 H>-carboxvlic acid, diphenytmethyl ester 

A mixture ~f Intermediate 67 (0,3 mmol), cesium carbonate (0,3 mmol) and 3-

bromD-2-methyl-propene (0,5 mmol) in dry dimethylformamide (1.5ml) was 

st'irlid 'for three· days at room temperature. After diluting with diethyl ether 

1 O (30mi) the rltiXture was washed with water, The soivent was evaporated and tlie 

. residUe Was ·purified by flash chromatography using hexane:ethyl acetate 

(4:1) as eluent to give the title compound (62mg). 
1 . . ' ·. . . 

3 ( ·H,, CDCl3): 9.75 (s, 1H, CHO), 7.35 {m, 10H, 2XPh), 6,99 (s, 1H, Cf:(Ph2). 

6.08 (dd, ·1'H, H-2, J=1,5 and 3.6 Hz), 5.00 and 4.93 (m,m, 1H, 1H, CH2=C), 

15 4.70 (s, 1H, H·1'), 4. 12 and 3.79 (2d, 2ff, 8a-CH2, 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, C!i(CH3)2). 

INTERMEDIATE 71 
20 C1R41q, -3aB. 48. 488. 78. 7aa. 8a6ll aa .. {(2.3-Anhydro-6...cieoxv-4-0-C1-

methylethyllcarbonyt-B-D-mannopyranosvioxvlmethyll..+-i(,rmyt. 

4.4a.5.6.7. 7a.8,8a-octahydro-7-methyl-3-(1-rnethylethvll-1.4-methano-s­

indaeene-3aC1 Hl:.CSrboxylic acid. dlohenylmethyl ester 

25 To a s0lution of Intermediate 67 (1SOmg) in dty dichloromethane (Sml) were 

adCfed '4-dimetliylaminopyridine (70mg) and isObutYiYf' chloride (60µ1), The 

mixtUre ·was stirred overnight at room temperature and then concentrated to give 

a yellow oil, which was chromatographed on a snfea get flash column using 

hexarie:ethyl acetate (S:1) as eluent to prOvide the title c0mootind (162mg) as a 

30 white foam. 

35 

a (1H, CDCl3): 9.75 (s, 1H, CHO), 7.2S..7.44. (~~ 10H, 2Ph), 6.99 (s, 1H, 

CHPh2), 6.08 (dd, 1H, H-2), 5.75 (s, 1H, H-1•), 4.68 (d~ 1H, H4', J=9 Hz), 4.12 

and 3,80 (2d, 2H, SaC!h, J=9 Hz), 3.43 (dq, 1H, H-5', J=6.6 and 9 Hz), 3.15 (s, 

2H, H-21 and H-3'), 2.86 (m, 1H, H-11), 2.59 (m, 1H, 4'-0COCJ:IM92). 
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INTERMEDIATE 72 

l1R:l1a. 3a8. 481 4a8. 78. 7aa. SaBll 8a,:(C2.3•Anhyclra-6<Jeoxt/40-C2.2-
dimlttw1cr0pioOyll~B_[)-rriaririopy,.&lnosyl~xv>m~ttWli~~fol'rrivl4.·4a.5.Ett.7a.8.8a­
o~ahydro-7-methyl~3-C1-nlethyiethyll-1.i.rnethao~~s-indacene-3ac1 Hl~ 

5 cart>oXvlic acid .. dipheiiylmethyl ester ·. . 

A mixture of Intermediate 67 (0.3 mmol) and, 4-dimethylarriinc,>pyridine (0.6 
mmol) in dry dichlorome,thane (15mi) was trE.ated. Wiih· pival.oyl _chloride (0.45 
mmol). After 2.5 hours, the ~ixture was. \Vashed .wi~ water.' Th' o~ganic phase .. · . : ·.' ,· ... · ;: ; . .•,.•·. . 

1 O was evaporated and the. residue was F>Urified _by fl,ash. column chromat9graphy 
using hexaoe:ethyl acetate (5:1) as eluent to give:·~e title c0mpou~d (190mg). r 1 . . .. . . . .. . . ..... · .. ., . ,.. .. .. ; ' . · .. 
S ( H, CDCl3): 9.76 (s, 1H, CHO), 7.83 (m, 1PH"2xPh), 7 .. 00 (s, 1H, CHPh2). 
6.08 (dd, 1 H1 H-2, J=1.5.and 3.3· Hz), 4~.17.-(s, 1 H, H~1,'), 4.67 .(d; 1 H, H-4', J= 9 

. H~). 4. 13 and .3.81 (d,d, 1 H, 1 H, 8a-CH2. J== 9 .Hz). 3.43 (m, .:1 H, H-S'), 3. 13 (m, . :. . . : ·.. . : 

15 2H, H:2' and H-3'), 2.86 (t, 1H, H-1, J= 3._9 Hz), 2.24 Cm. 1 H, CH(CH3)2). 

INTERMEDIATE 73 
r1R:<1a. 3a'0. 48. 4a8. 78. 7aa. 8a8ll 8a~rc2.3-Anhyd~-<H>enzvloxv­
carbonyl-6-deoxv-8-D-mannopyranosytoxvlmethv11-4-formyl~ 4a · 5 6 7, 7 a 8, 8a-

20 odahydro-7-methyl-3-(1-~ethylethyll~1.4-methan0;s-1ndacene:.3ac 1 H>- · 
carboxVlic acid. diphenylmethyl ~ster 

. ·.-

A soll.ltion of Intermediate 67 (0.3. mmol) aod· 4-dirnethyla~inopyridine 
(O.Smmol) in dry diehloromethane (15ml) .· Wa~: , treated . dr0J)wi~~ with 

25 benzyloxycarbonyl cllloride (0.7. mmol) and. stim,td for .. 3 hours._ Aft~r washing 
with water and brine, the solvent. was. evaiporated and the. re•idue was purified 
by .. flash chrom~tography -using .hem11e:~~hY.1_ acetat~. (5:-1 l ~s ellJent to give 

·,... ., . . · ... ·. ·. . . . . ·' 

the title compound (185mg). , .. ··· . ,. . ... ..· 
B (1 H, CDCl3): 9.75 (s, 1-H. CHO), 7.~,J!'ii, 15H, 3x~h), 6_._99 (s, .1.H,' CHPh2). 

30 · 6.oa (dd, 1H, H-2, J=1.2 and 3-.3 Hz), s.2o (m~ 2H, oc):hPh), 4.!2 cs. ·ni. H-1'), · 
4.57 {d, 1H, H-4', J=S.4 Hz), 4.1.1and3.79 (~d. 2H, 8a~H2,. J:9 Hz), 3.43 (m, 
1H,- H-5'), 3.27 and 3.15 (2d, 2H, H-2' •nd H-3', J=3.6 Hz), 2.85 (t, 1H, H-1, 
J=3.9 Hz), 2.24 {m, 1 H, Cti(CH3)2). 

~: ...... 

f 
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~NTERMEOIAIE 74 

·f1B-f1q. 388. 46. 4a8. 78. 7aq. SaBll Bai'f2.3-Anhvdro§=d90xv+oxo-8-D­
maAnooyranosyloxv> methyll-4-fonnyl-4,4a.5.6. 7. 7a.8,8a-octahvdro-7-methvl-3-
C1-methvlethytl .. 1.4-methano..s-indacene-3a(1 Hl-carboxvlic acid. diphenylmethvl 

5 ester 

A solution of trifluoroacetic anhydride (0. 1 ml) in dry dichloromethane (Sml) at 
-eooc was treated dropwise with dimethylsulfoxide (0.06ml) and a solution of 
Intermediate 67 (0.39 mmol) in dry dichloromethane (Sml). After 60 minutes, 

1 O triethylamine (0.24ml) was added and the mixture was stirred at -2ooc for 2 
hours. The mixture was diluted with dichloromethane (20ml) and washed wit~ 
water. After removal of the solvent, the residue was purified by flash 
chromatography using hexane:ethyl acetate (4:1) as eluent to give the title 
compound (171mg). 

15 8 (1H, CDCl3): 9.76 (s, 1H, CHO), 7.36 (m, 10H, 2xPh), 6.59 (s, 1H, CJ:iPh2), 
6.09 (dd, 1H, H-2, J=1.5 and 3.6 Hz). 4.84 (s, 1H, H-1'), 4.11and3.84 (2d, 2H, 
Ba-CH2 

1
, J=9 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, CJ:l(CH3)2). 

20 INTERMEDIATE 75 

25 

f 1 R-(1q. 3aS, 48. 488. 78. 7aq. 8a6}1 8a-f.2-0-Benzoyl-6:deoxv-4-0-methyl-B-D­
altro0yranosytoxv> methyl1-4-formvl-4.4a.5.6.7. 7 a.8,8a-octahydro-7-methyl-3-l1-
methytethy1)-1.4-methano-s-indacene-3aC1 tD..carboxvlic acid. diphenylmethyl 
ester. 

To a solution of Intermediate 48 (15.88g) and dimethylaminopyridine (8.83 g) in 
dry dichloromethane (200 ml) was added dropwise at -2SOC under nitrogen 
benzoyl chloride (2 ml) in dry dichloromethane (10 ml). After stirring for 45 
minutes the cool bath was removed and 1 N hydrochloric acid (10 ml) was added 

30 carefulfy. The two phases were partioned and the organic layer was diluted with 
dichloromethane (600 ml) and washed with 1 N hydrochloric acid (500 ml) 10% 
sodium bicarbonate (500 mt) and brine (SOO ml). The solvent was removed to 
dryness to give an oil which was flash chromatographed (silica gel, ethyl 
acetate:hexanes v/v 1:20 and 1:7) to obtain 8.75 g of the title compound (48% 

35 yield) as a foam. 
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1 . . . .· .. · ..... 
6 ( H, CDCl3): 9.66 {s, 1H, CHO), 8.15-8.05, 7.60-7.2 (2m, 15H, 3Ph), 6.95 (s, 
1H, CHPh2)i 5.93(bd,1H, H2,··J=2.1_ Hz), 5;35 (dd, 1H, H2', J=1.5 and 4.8 Hz), 
4.82 (d, 1H~ H.1', J=t8-Hz);·4•25 (m, 1H, H3')1 3.99 {d, 1H~ 8aCH2• J=9 Hz), 
3.86 (dq; 1 H, HS', J=6·.3 and S.l Hz),· 3.68. (d, 1H,: 8aCH2 •. J=9 hz), ·3,43 (s, 3H, 
OCH3), 3.22 (dd, 1H, H4', J=3 and 8;1 Hz), 2.62 (t, 1H, H1, J=3.9 Hz); 2.45 (d, 
1 H, OH, J=2.4 Hz), 2.19 (m, 1 H, CH(CH3)2) . 

. INTEBMEQIATE'76 .· 

£1 B.(1 a. 3S8. 48·. 4a8; ·78.· 7aq; SaBlJ 8a-«2~0-Be6zoyl-3.6•dideoxv-4-0-methyl-
1 o 3-oxo-B-D-ailoovranosyloxvlmethyll-4~forrriYl~.4a.5,e. 7.7a;e;8a-octahydro-7- -

methyl-3-(1~rnetbvlethyl):t;4~methano~s-indacene-3aC1 Hl~rboxvlic acid. · r 

djphenylmethVI ester. 

To a solution of trifluoroacetic anhydride (1.29 ml) in dry dichlorornethane (15. 
15 · ml) was added DMso·· (O.se· ml) over a period of 10 minutes at -eooc under· 

nitrogen atmosphere. To· the suspension thus fC>rmed was added a solution of 
. Intermediate 75 (3.45 g) in dry dlchloromethane (30. ml) and the .mixture stirred 
at -eooc fC>r 1· hour. Triethylamine (5.76 ml) was ad~ed dropwise ·and the 
temperature was allowed to reach -200~, then water (6 ml) was added to the 

20 resulting yellow solution and the mixture was stirred at room temperature for 1 
hour. Dichloromethane: (200. mlfand water (200 ml) were added and the two 
phases. partionect; The .. organic .. layer was dried over magnesium sulfate and 
conceritr8ted to ·dryness to:· . give. a crude whictt . was dissolved in 
dichloromethane (10 ml) and treated with triethylamine (2 ml) ovemigh,. 

25 Elimination of the solvent gave a oil which was flash chromatographed (silica 
gel, ethyl acetate:hexane& v/v 1:15· and· 1:10) to afford 2.6 g of the title 
compound (76% yield) as a foam~ .·. 
6 (1H; CDCl3): 9.68(s~·1H~ CH0)1 8.2-8.0, 7.6-7;2 (2m, 15H,3Ph), 6.96 (s, 1H, 
CHPh2), 5.76 (dd~ 1H::H2,· J=1.2 and 3.3 Hz), 5.77 (dd, 1H, H2, J=1.2 and 3.3 

30 · Hz), 5.39 (dd, 1H, HZ, J::f~2· and 8 .. 1Hz),4.53 (d; 1H, H1', J=8.1 Hz), 4.09 (d, 
1H, 8aCH21 J=9 Hz); ·3,75. (d, '1H, 8aCH2~· J=9 _.Hz), 3.7-3.4 {m; SH, 
H4'+0CH3+HS'); 2.63·(t, _1 H~ H1, J=4.2. Hz).:. 

.:r.. • 
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INTfSWEDIAIE 77 
£1 R-ftQ; -8a8. 48. 4a8. 78. 7aq, 8aCUJ Sa-[(213.6-Trideoxv+o-methyl ... 3-oxo-B-P-· 
·aflobminOsVJoxy> methyfl.:+formvt-4.4a.5.6. 7. 7a.8.8a-octahydro-7-methvl-3-(1-
meth\llethvll-1 .4-methano-s-indacene-3a(1 Hl-carboxvlic acid. diphem1methvl 

s ester. 

To a well degassed solution (Ar, 15 minutes) of tributyftin hydride (5.96 ml) in 
dry toluene (120 mf) was added via syringe a solution.of Intermediate 76 (5.7 g) 

·and ata' .. azoisobutyronitrHe (420 mg) in dry toluene {50 ml) at sooc over a 

1 O 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 fluoridEt­
(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 

15 and the· resulting oil was flash chromatographed (silica gel, ethyl 
acetate:hexanes 1:15 and 1:10) to afford 2.22 g of the title compound (61% 

yield) as a foam when dried at vacuum. 
5 (1H, CDCl3): 9.73 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.98 (s. 1H, CHPh2). 
6:04 (dd, 1H, H2, J=1.'5 and 3.6 Hz), 4.45 (dd, 1H. H1". J=2.7 and 8 7 Hz). 4 06 

20 (d, 1H, 8aCH2, J=9Hz), 3.70 (d, 1H, 8aCH2. J=9 Hz). 3.52 (s. 3H. OCH3). 3 5-
3.3 (m, 2H, H4'+HS'), 2.7-2.5 (m, 3H, H1+H2'),·2.24 (m. 1H. CH(CH3)2) 

INTERMEDIATE 78 
t1R-(1a. 3aB. 46. 4aB. 78. 7aq. 8aBl18a-[{18.7R.9Rl-2.8-0ioxa-9:f!lethvl-bicyclo 

25 £3.4.0l-non-4-ene-7.;.yl-oxymethyll-4-focmyl-4,4a.5.6,7. 7 a.8.8a-odahVdro-7-
methyt-3-<1-methylethvJl-1.4-methano-s-indacene-3at1 H>:c:arboxvlic acid. 
diphenytmethVI ester. 

To a vigorous stirred .. solution of Intermediate 77 (260 mg) and diethyl 
30 . diazomethyl phosphonate (110 mg) in dry tetrahydrofuran was added slowly at 

ooc under nitrogen a slurry of potassium telf-butoxide (112 mg) in dry 
tetrahydrofuran (1 ml) (Qas. evolution was- observed immediately). After 1 O 
mintites the.mixture was diluted with dichloromethane (100 ml) and washed with 

1N hydrochloric acid (2x100 ml) saturated sodium bicarbonate (2x100 ml) brine 
35 (2x1 oo ml) and· dried over magnesium sulfate. Remova~ of the solvent gave an 
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oil which was flash chr0matographed (silica gel, ethyl acetate:hexane·v/v 1:15 
.·and 1.:12) to afford 200 mg of'tt:le title compound{77% yield) as.• foam~ 
& (1H, CDCl3): 9.75-(s, 1H, CHO), 7.~7.2 (m, t0.H, 2Ph), 6.99 (s, 1H,· CHPh2)1 

6.05 (dd, 1H, H2, J=1.2.and.~."3 Hz), 5.45 (m,:1H,,_ H4'), 4.65 (m, 2H, H3'), 4.25-
5 4.15(m, 2H, H7'+H1'), 4.07 (d, fH, 8aCH2, J=9 Hz), 3.71 (d, 1H, 8aCH2, J=9 

Hz), 3.19 (dq, 1 H, H9', J=6 and 8.4 Hz), 2. 77 (t, 1 H, H1, J=3.9 Hz). 

INTERMEDIATE•79 . 
[1B-(1q.. 3a8; 48. 4@8. 78, 7aai 8a8ll 8a;=l'(1S.4R;7B·.9B):2;8-Dioxa-4-hvctroxv-9-

1 o. methyl-cis-bicyclo .r3.4.0J-non-7.;.yl-OxYroethyl1-4~ydroacvmethyl-· . 
: 4.4a.5.6. 7. 7a;S.8a-octahydro-7-metbvl-3:f1-ti'lethyl-ethyll-1 .4-methano-s- . , 
.. indaeene-3a(1Hl-<:arboxvlic acid~ diphenylmethyl. ester; 

. .. . . .. . . 

To a solution of lntermediate:7ES(620 mg}. in anhydrous tetrahydrofuran (5 ml) . . . . . . . 

15 was. added $-borabicyclo. [3.3.1 ]nonane-(0.5 M solution. ~n tetrahydr'.Qfuran, .6 ml) 
under nitrogen. The mixture was heated· to 5ooc for 1 ·hour. An additional 
volume of 9-borabicyclo(3.3.1 ]nonane solutio~ was added at sooc over a period 
of· 3 hours· ·to complete the. reaction and. it waas. allowed to, stir at room . .,' . · ... 

temperature for 1 hour. Ethyl alcohol (2 ml) was added carefully (ga~ evo_lution) 
20 and the solution stirred for 1- hour. Then· 3N -sodium hydroxide .. (5 ml) and 

hydrogen ·peroxide (3f?%. v/v; 5 ·ml) were added consecutively ~t. ooc and the 
. mixture stirred at room temperature at ooe and at 1ooc ovemight. The 

resulting solution was cooled to room temperature and concentrateci •to half the 
volume, ttien it was dilute~, with 1 N. hydrochloric. acici (100 ml) and ~xtracted 

25 twice with ethyl . acetate• (2x100, ml). The . organi.c lay~r was washed with 1 N 
hydrochloric· acid (100: ml) sodium bicarbonaijt (2"100'. ~I) and brine. (~00 ml), 
dried over. sodium sulfate and coneentrated to dryness: to give . a syrup which 
was flash ch~matographed _(acetone:hexane 1:10 and 1:5) to obtain 475 mg of 

the title compounct (7 4% yield) as a foam.:,.. . _., . .. . •.. · ·. . 
30 8 (1H1 CDCl3): 7.5-7.2 (m; 10H, 2Ph), .7.04-(s, 1H,, CHPh2)~ 5.90 (dd, .1H, H2, 

J=1.5 and 3.6·HZ), 4.75 (d, 1H, tiOCH2, J=1Q.5 Hz), 4.62 (dd, 1H~ H7', J=2.1· 
~nd 5.1 Hz), 4.27 (m; 1H, H4')14.16 (d,.1H,·aacH2 •. J:;:9 Hz), 4.09 (dd, 1H,_ H3', 
J=6 and 9~6 Hz)1 · 3.91 (t, -1 H; H3', J=6.9 Hz). 3. 7-3.S (m, 3H, 8aCH2tH1 '+H9'), 
3.35 (d, 1Hi HOCH2 •. J=11;5 Hz),.3.22 (dd, 1H, HOCH2, J=11.1 ~ _12 Hz), 

35 2.57 (t, 1 H, H1, J=4.5 Hz), 2.48 (m, 1 H, HS'), 2.30 (m, .1 H,_ CH(CH3)2) •. 

(· 

.. ., 
··.-.:, 
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INTERMEDIATE 80 
[1 R:(fq.0 

,. 3a8. 46.· 4a8. 78. 7aq. .Sa8ll Sa=[C1 S.!R.9Rl-2.§.Dioxa-9-
bicvcJof3.4.0J:non-4-ene-7-vl=oxvmethyJl+ftett-butyl-dimethvlsilvl-oxvmethylJ ... 

5 4.4a.5.6.7; 7a.8.8a-octahvdro-7-methyl-3-C1'""1ethylethyll-1.4-methano-s­
indacene-3a(1 Hl-carboxvlic acid. diphenylmethyl 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 

10 at ooc for 30 minutes and then for 1 hour at room temperature. The mixture was 
quenched carefully by adding water (2 ml) at ooc and partioned between ethyr 
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 dimethylfonnamide (5 ml) and treated at room temperature 

15 under nitrogen with imldaz~~ (204 mg) and tert-butyl-dimethyl-silyl chloride (316 
mg) overnight. The solution was poured into 100 ml of a mixture of 1N 
ammonium chloride and ethyl acetate (v/v 1:1) and stirrect for 1 hour. The 
organic layer was washed with 1N ammonium chloride (100 ml) and brine (100 
ml), dried over magnesium sulfate and concentrated to dryness to give a foam 

20 which was flash chromatographed (silica get, ethyl acetate:hexanes v/v 1:20) to 
afford 215 mg of the title compound (92% overall yield). 
6 (1H, CDCl3): 7.5-7.2 (m, 10H; 2Ph). 6.94 (s, 1H, CHPh2). 5.96 (dd, 1H, H2, 
J=1.2 and 3.6 Hz), 5.54 (m, 1H, H4'), 4.65 (m. 2H, H3'), 4.25-4.15 (m, 3H, 
SiOCH2+H7'+H1'), 4.1 (d, 1H1 8aCH2, J=9.3 Hz), 3.69 (d, 1H, SiOCH2. J=9 

25 Hz), 3.30 (d, 1 H, 8aCH2. J=9.3 Hz), 3.19 (dq, 1 H, H9', J=6 and 9 Hz), 2.68 (dd, 
1H, HS', J=2 and 13.2 Hz). 2.57 (t. 1H, H1, J=4.2}, 2.3 (m, 2H, CH(CH3)rH6'), 

-0.017 and -0.031 (2s, 6H, (CH3)2Si). 
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INTERMEDIATE 81 
C1R:{1a. 3aB. 48. 4aB. 78, Zag. 8a8ll8a-CC1S,4R,7R,9B}-2,8-Dioxa.+bydroxy-9-

methyl-cis-bjgyclor3.4,0J~on.;.7-yl-oXvrn8thvlJ-4-(tfd~butVl-djmethylsHvti. .· 
oxyrilethyl1-4,4a,S.6. 7. 7a;8,8aidCt8hydl'o-7~methyf~C1.:methVlethyl)-1 .. 4-
tnethano-S;;indacene-3aC1 Hl~rboxylie·acid, diphenyltnethyl ester. 

To a solution of. Intermediate 80 (700 mg) in dry tetrahydrofuran (5 ml) was 

added 9-borabieyclo(3,3. 1 ]noriane (0:5M solution· in tetrahydrofuran; 6 ml) .under 

nitrogen. The mixture was heated to. sooc for 1 hour~ An additi~nal volume of 

9-borabicyclo[3:-3, 1 ]nonane solution was added. at. 500C over a period Of 3 
hours to complete the reaCtion, ·then it W$S cooled to room: temperature and 

ethyl alcohol (2 ml) was· added carefully; After t hour 3N sodium _hydroxide (5 

ml) and hydrogen peroxide (35% vN, 5 ml)-- we~ added consecutively at ooc 

and.the mixture stirred at room temperatLtre~for 1 .hour and·•at zooc overnight, 

The; solution was cooled to room temperaturtt: and concentrated:- to half the ·· 

volume; then it vies diluted with 1 N· hydrochloric acid (100 ml) -and extraded 

tWice with ethyl acetate. (2x100 ml). Th~ organic -layer was washed with 1 N 
hydrochloric acid ·(100 ml), saturated sodium bicarbonate- (100 ml) and brine 

·c1oo·m1), dried over· magnesium·sulfate and concentrated to dryness·to'give a 

20 syrup whicn was flash chromatographed. (acetone:hexanes 1:20 and 1:15) to 

afford 550 mg (n% yield) of the title compound as a white foam, 

. & (1H, CDCl3): 7,S-7,2 (m, 10H~- 2Ph), ~,94 (s, 1H1 CHPh2). 5.95 (m,. 1H, H2), 

4.57 (dd, 1H; H7', J= 3· and 5,1· Hz), 4,30-4~15 (m, 2H, H4'+CH20Si), 4.10-3.95 

(m, 2H, H3'+8aCH2), 3,87 (t, 1 H, ·H3\ J=6.9 . Hz), 3~7-3.5" . (m, . 3H, 

25 H1'+8aCH2+H9'), 3.30(d,:1H, CH20Sl, J.=9.3 Hz), 2.53 (t 1H,· Ht,· J=3.9 Hz), 

2.46 (m, 1H, HS'), 2.32 {m, 1H, CH(CH3)2),~ -0;016 and -0.029 (2s~ 6H, 

(CH3)2Si). 

•• 

f 
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INTERMEDIATE 82 
[1R-<1q. 3a8. 48. 4a8. 78. 7aq.. 8a8ll 8a-U1§,4R.7R.9Rl-2.8-Dioxa-4-methoxy­

·9:ff!tlhyl-cis-bicyclof3.4.0J-non-7-yl-oxymethyll-4-formvl-4.4a.5.6. 7. 7a.8.8a­
octahydro-7-methyl-3:{1-methylethyl)-1.4-methano-s-indacene-3aC1 Hl-

5 carboxyHc acid. diphenvtmethyl ester. 

To a solution of Intermediate 81 (537 mg) in anhydrous tetrahydrofuran (5 ml) 
was added sodium hydridre (75 mg) in small portions at ooc under nitrogen. 

After stirring for 10 minutes methyl iodide (37 4 µI) was added and the mixture 
1 O kept at room temperature until completion of the reaction. The mixture was 

quenched by adding water (100 ml) and then it was extracted with ethyl acetatf 
(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 
15 ml) at 400C 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 chlorochromate (215 mg) was added 
and the mixture stirred at room temperature until completion of the read1on The 

20 suspension was poured onto a well stirred mixture of d1chloromethane and 
sodium metabisulfite (10% aqueous solution) The organic layer was washed 
with 1N hydrochloric acid (200 ml) and 1N sodium hydroxide (200 mt). dned 
over magnesium sulfate and concentrated to dryness to grve an oil which was 

flash chromatographed on silica gel (ethyl acetate:hexane 1:15, 1:10 and 1:8) to 
25 obtain 255 mg of the title compound as ~n oil (57% overall yield). 

B (1H, CDCl3): 9.74 (st 1H, CHO). 7.5-7.2 (m, 10H. 2Ph), 6.99 {s, 1H, CHPh2). 
6.04 (dd, 1H, H2, J=1.2 and 3.6 Hz), 4.60 (m, 1H, H7'), 4.10-3.95 (m, 2H, 
H41+8aCH2), 3.90-3.65 (m, 3H, H3'+H1'), 3.~5-3.55 (m, 2H, 8aCH2+H9'), 3.35 

(s, 3H, OCH3}, 2.73 (t, 1H, H1, J=3.6 Hz), 2.54 (m, 1H, H5'}, 22.4 (m. 1H, 

30 CH(CH3)2). 
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INTERMEDIATE 83. 
r1R-<1a. 3p8. 48. 4aB. 10; Za(i aaenaa:rcs.o•oxv-4-0:methyl"=B-O-·. · 
. altro.pyianoSyloxylD1eJ~Yll:+:l1'13:dioxolan•2-yil-4:4';5;6.7. Za.B;8a..Pctahvctro-7-
metbyl:3:<1 ~ethvlethyll-1 ;4~ethano-§.iridacen&-3aC1'Hl-earboxylic.acid .. 

5 diphenylmethyl ester 

' ' 

A solution of Intermediate 48 (9; Zmmol) in dry methanol. (40ml) was treated with 
ethylene glycol (110ml), trimethylorthoformate (3.25ml) and a catalytic amount 
of p-toluenesulfonic acid~· The mixture was heated at 40oc for 3 hours. After 

1 O cooling,· the mixture .was; poured· into ethyl. acetate:aqueous sodium hydrogen 
carbonate (1:1; 500ml) and the water layer: was. thoroughly extracted with ethy~ 

· ·acetate.· The combined organic layers were·. Washed with water and brine, and 
dried.· After removaf'· of the solvent; the residua was. purified· by flash 
chromatography· using · hexane: ethyl acetate· (6: 1) ·· as·. eluent to· give. the title 

15 compound (6.1 g). 
'a (1H, CDCl3): 7.43 and 7.30 (m,rn, 4H, 6H, 2xPh)i 6.94 (s, 1H, CJ:lPh2), 5.83 
(dd, 1H/H-2, J=1~2 ~nd 3.6 Hz), 5~07 (s~· 1H,· 4-CH), 4;63 (d; 1H; H-1', J=1.5 
Hz)~ 4.20 (t, 1 H, H-3', J=3.3 Hz), 4.07 (d; 1 H, 8~Ha~ J=9;3 Hz), 3.84 (m, 6H, 
H-2\ 8a-CHb and OCH2CH20)i 3.71 (m, .1H, H-5'), 3.42 (s, 3H, OCH3), 3.21 

20 (dd; 1H, H-4'~ J=3 and 9 Hz)i 2.63 (m, 1H; CJ:i(CH3)2), 2;54 (t, 1H; H-1, J=3.9 
Hz). 

INTERMEDIATE 84 . . . 
r1·R-e1a. 3ab. 4b14ab. 7b; 7aa. Sabll Sa-(2..Q-Benzoyl-6-deoxy-4-0-methy-B-D-

25 altropyranosyloxv> methyll:+f 1;3~ioxolan•2-ylJH.4a:5;6.7. 7a.8.8a-octahydro-7-
methyl-3-(1-inethvletbyll~1A-methano-S-indacen'=3aC1 Hl-carboxylic acid; 
diphenylmethyl eSter~ .. · 

To a solution of Intermediate .83 (12.12 g) and dimethylaminopyridine (6.3 g) in 
30 dry dichloromethane (155 ml) was added dropwise at -2ooc benzoyl chloride 

(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· o.·1 N hydrochloric acid (500 ml),· saturated sod~um bicarbonate· 
(500 ml) and brine (500 ml). Elimination of the solvent gave a residue which was 

( 
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flash chromatographed (silica gel, ethyl acetate:hexanes v/v 1:4) to obtain 5.89 
g of the title compound (42%) as a white foam . 

. ., . . ' . . ;-

3 ( H, CDCf3): 8.14-8.05, 7.6-7.2 (2m, 15".f, 3Ph), 6.91 (s, 1H, CHPh2), 5.70 
(bd, 1H, H2, J=2.1 Hz), 5.34 (dd, 1H, HZ, J=2.1 and 5.1 Hz), 5.01 (s, 1H, 

5 OCHO), 4.82 ·(d, ·1H, H1', J=1.8 Hz), 4.26 (m, 1H, H3'), 3.98 {d, 1H, 8aCH2, 
J=9.3 Hz), 3.92-3.74 (m, SH, HS'+OCH2CH20), 3.72 (d, 1H, 8aCH2, J=9.3 Hz), 
3.42 (s, 3H, OCH3), 3.23 (dd, 1H, H4', J=3.3 and 8.1 Hz), 2.57 (m, 1H, 
CH(CH3)2), 2.44-2.38 (m, 2H, OH+H1 ). 

10 INTERMEDIATE 85 

15 

C1R={1_a, 3aB. 48. 4a_B. 70. 7aa. SaB)] 8a-«2-0-Benzoyf-3.~ideoxy-4-Q_-meth~l-
3-ox~f,}-D-allopyranosyloxvlmethyll+f1.3-dioxelan-2-yll-4.4a.5.6.7. 7a.8~8a­
octahydro-7 ;nethyl-3-(1-methylethyll-1.4-methano-s-indacene-3a(1 H>­
carboicvlic acid. diphenvtmethyl ester. 

To a solution of trifluoroacetic anhydride (0.45 ml) in dry dichloromethane (5 ml) 

was added DMSO (0.23 ml) over a period of 10 minutes at .;sooc under nitrogen 
atmosphere. To the suspension thus formed was added a solution of 
Intermediate 84 (1.2 g) in dry dichloromethane (5 ml) and the mixtUre stirred at-

20 eooc for 1 hour. Triethylamine (1.24 ml) was added dropwise and the 
temperature was allowed to reach -2ooc. then water (2 mt) 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 

25 concentrated to dryness to give a crude which was dissolved in 
dichloromethane (10 ml) and treated with triethylamine (2 ml) overnight. 
Elimination of the solvent gave a oil which was flash· chromatographed (silica 
gel, ethyl acetate:hexanes v/v 1:15 and 1:10) t6 afford 1.1 g of the title 

compound (92% yield) as a foam when dried at vacuum. 
30 6 (1H, COCl3): 8.2-8.0, 7.6-7.2 (2mt 15H, 3Ph), e.90· (s, 1H, CHPh2). 5.57 (dd, 

1H, H2, J=1.2 and 3.6·Hz), 5.37 (dd, 1H, H2', J=f.S and 8.1 Hz), 5.05 (s, 1H, 
OCHO), 4.52 (d, 1H, H1•, J=8.1 Hz), 4.08 (d, 1H, 8aCH2~ J=S.7 Hz), 3.9-3.7 (m, 
SH, OCHzCH20+8aCH2), 3.6-3.4 (m, SH, H4'+0CHa+H5'), 2.62 (m, 1H, 
CH(CH3)2), 2.43 (t, 1H, H1, J=3.9 Hz). 

35 
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INTEBMEDIATE 86 .. 
r1R-t1a,3a8, 48; 488178. 7aa, 8aB)] 8a-tf2,3,6~TrtdeoXv+o1ntthv1-3-ox0..8-P­
allopyranosyioxv> methyri:4-t1,3~ioxolan:2~yll4,4a,5~6;7, 7a,8.8a:.0dahvdr0-7 .. 
methylAf 1-mEtthvlethyll-1.~ethano-s~indacene-321(1 Hl:.c8tboxvli~ acid, ·· 
diphenylmethvl ester, 

To a well degassed solution (Ar, 15 minutes) of tributyltin hydride (263 µI) in dry 
toluene (10 ml) was added via syringe a solution of Intermediate 85 (250 .mg) 
and a,a'-azoisobt.rtyronitrile (16 mg) in dry toluene (5 ml) at sooc over a perio~ 

10 of 1 hour,. The heating was ~ntjnueduntil completion:-:Of'tti$ ·readi~n~ then it 
w&is cooled tc>. room temperature, Water (5· t)11) an.a· potassium fluorid_e (1 od mgf 
were added and-- the mixture stirred. ov~l11ight~ ... The:_ c:rUd~- obtained after 
elimination Of the solvents V.:Ss stiffed Ylith'dlethyi'~ther f~r 1' hour and the 'solid 

. V/aS removed by filtration. The ethereal SOluti~~ was concentrated .to dryness 
15 and the resulting oil was flash chromatographed (silica gel, ethyl · 

acetate:hexan• 1 :15 ·and 1 :1 O) t() afford 168 mg'.· ()f. the. title compound (80% 

yield) as a foam-when· dried _at vaciaum; ·1 . . ·, : ., . . '· - . ·. . ·' --- .. ' .... . 
6 ( H, CDCl3): 7,6-7,1 (m; 10H, ~Ph), 6.92 (s, 1H, CH"h2)._S:80: (dd, 1H. H2. 
J~0,9 and3,6 Hz)~ 5,08 (s, 1H, OCHO), 4.44 (dd, tH; H1·.·J=2.7·af1d 8.1 Hz). 

20 4,05 (d, .1 H~- f3aCH2. J=9;3. Hz)~· 3·,9-3.7 (m, .SH. OCH2CH20+SaCH2). 3.S0.3 30 
(m, 2H,_ H5'+H4'). 2,>2; 1 (m, -3H. H2'+CH(CH3)2). 2 5o Cl 1H~ H1, J-~. s Hz) 

. : . . 

. INTERMEDIATE 87 . . . ..·. . . . .. . . . 
(1 R-(1 a, 3ab, 4t,; 4ab, ib, Zaa, Sabll ea-ft1 §,7R'.9Bl-2.8-Qioxa~~ethyl~icyclo 

25 · r3.4,ol-non-4;e~~7~vi~mnetby11-4:f'l·,3idixo1anl2:vn~,4a,s.6, f7a,8,a~:: · · 
octahydro-7:.00ethv1-3.c1 ~methyld,ylP1.4-roethan0-1-indacene-3ac1•H1~: -· 
carbox.vlic ·acid,. diphenylmethyl. ester, : . . . . . 

To a vigorous stirred solution~. of .. .-iriterm,diate ae _·_(160. rngf ··an~ . diethyl-
30 .· diazoniethyt-Phosphonate (63.·mg).·in d~;tetrahydrofura~ was added slowly at 

ooc under nitrogen a ·stu,..Y Of. po-.ium tett~utc>Xide· (100 .- m.'3> in dry 

te~hydrofuran (2.3 . ml)_ (gas . evolution· ·-· observe~ immediately) •. After 10 
minutes. the mixture WaS diluted Wfth dichlor0metha,ne (100 ml) and Washed with 
1 N hydrochloric acid (2x100 ml)~ . s~ed sodiurt'l bicarbonate; (2x100 ml), 

35 brine .(2x100 ml) and subsequently dried over magnesium sulfate, Removal of 

·•. ; 
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the solvent gave a oil which was flash chromatographed (silica gelt ethyl 
acetate:tiexane v/v 1: 15 and 1 :12) to afford 11 o mg of the title compound (70% 
yield) as a foam. 
3 (1H, CDCl3): 7.5-7.2 (m, 10H, 2Ph),. 6.94 (s. 1H, CHPh2), 5.83 (dd, 1H, H2, 

5 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, 8aCH2. J=9.3 Hz), 3.90-3.70 (m, 5H, 
OCH2C~0+8aCH2). 3.18 (dq, 1H, H9', J=6 and 8.7 Hz), 2.75-2.50 (m, 3H, 

H6'+CH(CH3)2+H1 ). 

1 O INTERMEDIATE 88 

15 

l1'R:(1q, 3aQ. 48. 4aQ, 78. 7aa. 8aBU Sa.(4-0-AIM-3.6-dideoxv-3-iodo-8-D- ,. 
mannopyranosyfoxv> methyl1-4-formyl-4.4a.5.6.7. 7a.8.8a-octahvc:tro-7-methyl-3-
f 1-methylethyll-1.4-methano-s-indacene-3aC1 Hl-carboxy1ic acid. diphenylmethvt 
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 (95 
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 

20 acetate 4: 1 ). The reaction mixture was cooled and partitioned between ethyl 
acetate (50 ml) and 1 N aqueous hydrochloric acid (30 ml). The organic layer 
was washed successively with 1 N aqueous hydrochloric acid, water, aqueous 
sodium metabisulfite solution, water and brine, then dried (Na2S04), filtered 
and concentrated. The residue was flash chromatographed on silica gel eluting 

25 with hexane: ethyl acetate (9: 1) to give the title compound (70 mg). 
o (1H. COCl3): 9.73 (s, 1H; CHO)i 7.46-7.22 (m, 10H, 2Ph). 6.98 (s, 1H, 
C.f:iPh2). 6.03 (dd, 1 H, H-2, J=1.5 and 3.6 Hz), 6.02-5.9 (m, 1 H, 0-C-CJ:i=C), 
5.35-5.15 (m, 2H, O-C-C=C.tf2), 4.4-4.32 (m, 1H, 0-CHa-C=C), 4.35 (d, 1H, H-
1', J=0.6 Hz), 4.18-3.96 (m, 4H, 0-CHb-C=C, H-2\ H-3', 8aCHa), 3.75 (d, 1H, 

30 Sa-CHb, J=9 Hz), ~.45 (dd, 1H, H-4', J=9and10.2 Hz). 3.~ "{dq, 1H, H-S', J=S.7 
and 8.7 Hz), 2 .. 72 (t, 1H, H-1, J=3.9 Hz). 

' 
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. INTERMEDIATES 89a and 89b 

al C1R-(1a. 3aB. 48. 4a8. 78. Zag; 8aBll 8a-U1SZ4S.6S.ZR:9Rl•2.B-Diop-4.9-

dim@thyl.§-hydroxv-cis-bicycloC3.4.0J-non-7 -yl-oxv-methylJ+formyl-

4.4a.5.6. z.za.8.8a~ctahydfo..Z-rnethyl-3J1 -inethyllthvi>-1.4-methano-s-

indacene-3aC1 Hl;c&rboxvli~ acid, diphenylmethyl ester; · . 

bl C1R-C1a. 3ab. 4b. 4ab. Zb. Zaa; 8ab)J 8a~U1S.4R.6S.ZR.9Rl-2.B-Diop-4.9-
~imethyl-6•hVdroxv-cis-bicVcl0[3.4.0J-non-Z-yl-oxv-methyl1-4-forrnyl-
4.4a.5.6. 7. Za,8.8a-octahydro-7-methyl-3-C1-methylethyll:..1.4~methano-s­

indacene-3aC1 Hl-carboxvlic acid. diphenylmethyl ester. 

A solution of intermediate 88 (80 mg) in dry toluene (2 ml) was degassed wit~ 

an argon stream for 60 minute's· and then heated to reflux. TributYltin·hydride (41 

µI) vlas added and reflux continutitd ·for 15 minutes. The solv•nt was removed in 

vacuo and the residue taken up in diethyl ether (50 rril) and washed .. several 

15 times with a saturated aqueous solution of potassium fluoride until no more­

precipitation of tribLifyltin· fluoride ~as observed~ .. The··organic layer was dried 

and evaPQrated to gh1e a residue which W.s purified by preparative TLC. (silica 

gel, · dichlorometharie:ethyl acetate; 95:5) to afford title cc>mpound Cal 

Intermediate 89a (35-mg, Rt=0.4 dichloromethane:ethyl acetate 9:1) and title 

20 comcound Cb) Intermediate 89b (24 mg; Rf=0.3 dichloromethane:ethyl acetate 

9:1) . 

. INTERMEDIATE 89a . 1 . . . . . . . . . . . . 
a ( H, CDCl3): ·. 9.73 (S, 1H, CHO), Z.46-z.22- (m, 10H, 2Ph), ·6.99 (s. 1H, 

25 . C!:fPh2), 6.05(dd,1H,· H-2·;· J~1.2 and·3~3 Hz)~ -4~53 (d, 1H, H-7\ J=3.3 Hz), 4.02 

(d, 1H, 8aCHa, J=9 Hz), 3.86 (dd, 1H, Ha-3\ J=6.6 and 8~7"Hz), 3.83-3.6 ·cm, 

4H, H-6i, H-1', H-9' and 8a-CHb),3.52 (dd, 1H, Hb-3', J=5.7 and 8.7 Hz), 2.69 {t, 

1 H, H-1, J=3.9 Hz): . 

30 INTERMEDIA!E 89b . 
a. (1H, CDCl3): 9.74 (s, 1H. CHO)i 7.45-7.22 (m, 1.0H, 2Ph)1 6.99- (s, 1H,. 

C!:f Ph2), 6.06 (dd, 1 H, H-2, J=1.2 and 3.6 Hz), 4._48 (d, · 1 H, 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,. 1 H, H-1, 

35 J=3.9 Hz); 

·'· .. 

.. ; . 
. :t:i 
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tNT&RMEQIATE 90 

£18f1q. 388. 48. 4a8. 78. 7aq. 8@Bl1 8a-WS-Deoxv-8-D­

-altropyranosyloxvlmethyll-4-formvl-4.4a.5.6. 7. 7a.8.8a-octahydro-7-methvl-3-(1-

5 methylethyll-1.4-methano-s-indacene-3aC1 Hl-carboxvlic acid. diphenylmethyl 

ester 

To a solution of 4'-clemethylsordarin ( 1 Og) in methanol (20ml) was added 

dropwise at room temperature a solution of diphenyldiazomethane (90ml) in 

1 O 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 titfe compound 

(12.6g) as a pale yeHow foam. 

a (1H, CDCl3): 9.73 (s, 1H, CHO), 6.98 (s, 1H, CJ:t.Ph2), 8.05 (dd, 1H, H-2. J=1.5 

15 and 3.6 Hz), 4.65 (d, 1H, H-1', J=1.5 Hz), 4.09, 3.76 (2d, 2H, 8a-C~. J=9Hz), 

4.01 (m, 1 H, H-2'), 3.84 (m, 1 H, H-3'), 3. 75 (m, 1 H, H-5'), 3.69 (m, 1 H, H-4'), 

2.73 (t. 1H, H-1, J=4.2 Hz). 

JNTERMEDIATE 91 

20 C1R:(1a. 3aB. 48. 4a8. 78. 7aa. 8a6ll 8a-[{6-Deoxy-3.4-0-isopropylidene-6-D­

altroovranosyloxvlmethyll-4-formyl-4;4a.5.6. 7.7a.8.8a-octahydro-7-methyl-3:(1-

methylethyll-C1 Hl-1.4-methano-s-indacene-3a(1 Hl-carboxylic acid. 

diphenylmethyl ester 

25 To a solution of Intermediate 90 . (650mg) in 15ml of 2.2-

dimethoxypropane:acatone (1 :2) was added p-toluensulphonic acid (1 Omg). The 

solution was stirred 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 

30 acetate (SOml) and water (25ml), the_. aqueous phase was extracted with ethyl 

acetate (2x50ml), the organic phase was washed !"th brine, dried over 

magnesium sulphate and evaporated to dryness. The residue was fl~sh 

chromatographed on silica get eluting with ethyl acetate:hexane (1 :3) to give the 

title compound (600mg) as a white foam. 
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1 . a ( H, CDCl3): 9.73 (s, 1H, CHO). 7.45-7.24 (m. 10H, 2Ph), 6.98 (s. 1H, 
CHPh2). 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, 8aCH2• J=9~0 Hz),.3.95-3.93 (m. 
1H,. H-2'),·3.85 (dd, 1H, H-4\.J=S.7 and'9~3 Hz),3.75:(d~ 1H, 8aCH2, J=9;0.Hz ), 
3.44 (dq; 1H; H-5', Jd=9;3 HZ, Jq:S.3 Hz); 2.73 (t, 1H, H:..1, J=~.6 Hz).· 

IN!ERMEDIATE 92 
r1 R-(1g. 3aB; 48. 488. 78. 7aa; aasu .· 8a.[f6-DeoxV~.~o.;;isbbrooylidene-2:..0-
cmethyltbloltbioclrt>oriyl-Q-D-altrocyranosytoxv>metnyl1-4-fomiyl-
4Aa.5.6. 7. 1a;8.8~ctah\idr0-7-rtiethyl-3-<1 ~niethylethyn:..1,4-methano-s• 

. . .. 

indacene-3aC1 Hl;.clrboxylic acid. diphenylmethyl ester· · 
. . . . 

,. 

Intermediate 91 (1.00mg) and imidazole (ting) ·were dissolved; in dry 
tetrahydrofuran (4ml) under:· nitrogen. atmosphere .. · Sodium hydride (Smg) was 

15 added· and the suspension was: stirred at room' temperature for 0:5 hours. 
Carban disulfide (2.71111) was added. the stirring·continued for 20 minutes and 
·methyl iodide (1 Sml) was added. After 2 hours the· readion was stopped by 
addition of 1 N ammonium chloride (20ml). The mixture was extraded with ethyl 
acetate (3x25ml), the organic phase was ·was~ Wtth· brine; dried. over 

20 magnesh"m: sulphate. and. the solvent. evaporate.ct to dryness:. The .residue· was 
purified . in- a: flash' chro.matography, colu~n on s1hca gel· eluting·· with ethyl 
acetate: hexane (1 :9)to give :the. title comDound· (:11 e>mg) 
a (1H, CDCl3): 9.71 (s. 1H, CHO), 7.44-7.25 (m. 10t'.t ~Ph), 6.96· (s, 1H~ 
CHPh2), 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 

25 Hz),4.85 (d,.1H, H-1', J=2.4 Hz), 4.53 (dd, 1H1H-3\ J=5.4and 6.3 Hz), 4.00 
(dd~ 1 H, H-4'~ J=6~3 .and 8.7: Hz), 3.93. (d, 1 H,· 8aCH2: J=9.3 Hz). 3.65 (dq, 1 H, 
H-5', Jd=8.7, Jq= 6.3 Hz), 2.68 (t, 1 Hi H:..t, J=3.9 Hz). 2.59 (s, 3H, CH3S)( 

( 
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IHTEAMEDIATE 93 

C1R=!1a. 3a8. 48. 4a8. 78.·7aa; 8a8ll 8a-U2.6-0ideoxv-3.4-0-isoproovtidene-B­

P=al1o0vranosvfoxv>methvll+formyl-4.4a.5.6. 7. 7a.8.8a-octahVdro-7-methyl-3-

C1-methylethyl)-1.4-methano-s-indacene-3al1 Hl-carboxvlic acid; diphenylmethyl 

5 !!II!: 

Intermediate 92 (95mg) was dissolved in dry toluene (Sml) under nitrogen 

atmosphere and heated at 11 ooc. A solution of tributyltin hydride (64ml) in dry 

toluene (5ml) was added dropwise over 1.5 hours with stirring. The heating was 

1 O continued for another 1.5 hours, methanol (2mt) was added and the sotveht 

·e\iaporated to dryness. Ftash chromatography of the residue on silica gel 

e1uttng with ethyl acetate:hexane (1 :9) gave the title comoound (42mg). 

a ·(1H, CDCl3): 9.73 (s, 1H, CHO), 7.44-7.25 (m; 10Ht 2Ph), 6.98 (1H, s, 

CHPh-2), 6.05 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.54 ( dd, 1H, H-1', J=2.7 and 

15 9;3 Hz), 4.39 (dt, 1H, H-~'. Jd=2.7 Hz, Jt=3.6 Hz)t 4.04 (d, 1H, 8aCH2, J=9.0 

Hz),3.67 (d, 1 H, 8aCH2, J=9.0 Hz), 3.65 (dd, 1 H, H-41
, J=3.6 and 8. 7 Hz), 3.44 

(dq, 1H, H-5\ Jd=6.3 Hz, Jq=8.7 Hz), 2.75 (t, 1H, J=3.9 Hz). 

INTERMEDIATE 94 

20 f1 R:(1tt. 388. 48; 4aB. 70. 7aa.. 8aBl1 8a-[l2.6-Dideoxv-B-D­

altapytartosyloxvlmethyH-4-formyl-4.4a;5.6. 7. 7a.8.8a-octahydro-7-methyl-3-C1-

methVlettwll-1.4-methano-s-indacene-3a(1 Hl-carboxylic acid. diphenvlmethyl 

ester 

25 To a solution of lntermediafe ~ (1.Sg) in a mixture of tetrahydrofuran {30m1) 

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

hydrochloric acid (15mt}with vigorous stining. Once the reaction was concluded 

(TLC control), saturat~ sodium bicarbonate (50ml) and ethyl acetate (200ml) 

were added and the mixture partitioned. The organic layer was washed with 

30 water (2X1 OOmt) and dried over magnesium sulfate. Elimination of the solvent . 

gave a residue 'Which was fllsll chromatographed over silica gel eluting with 

hexane:ethyl acetate (~:1)-W\d(2:1) to give the title compound (1.1g) as a white 

foam. . 

8 (1H, CDCl3): 9.73 (s, 1H, CHO), 7.5-7.2 (m, 10H, 2Ph), 6.99 (s, 1Ht. CHPh2), 

35 6.05 (dd, 1H, H-Z J=1.2 and 3.3 Hz), 4.64 (dd, 1H, H-1', J=2.1and9.6 Hz), 4.11 
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(m, 1H, H-3'), 4.06 (d, 1H, 8aCH2, JAB=9.3 Hz), 3.70 (i11~ 2H, H-5' and 8aCH2)1 

. 3;34 (mi 1 ~' H-4'),· 2. 75 Ct. 1 H, H-1, :J=i3.6 Hz). · 

. INTERMEDIATE 95 ' 
5 C1R-{1a. 3a8. 48. 4aB, 78. 7aa,. 8aBU 8a-[t2;3.6-Trideoxy-3-iodo-B-D.;, ·· 

glucocyranosyloxvlmethyl1-4-formyl4.4a.5.6. 7, 7a;8.8a-octahydro-7-methyl-3-<1-

methylethyll-1 .4-methano-s-iridacene-3aC1 Hl-carboxvlic acid. diphenylmethyl 
ester 

1 O Intermediate 94 (2.0g), triphenylphosphine (3.4g) and imidazole. (186mg) were 

. refluxed in toluene (50ml)' with stirring and then treated with iodine (610mg)r 
added in · small . portions~· .. Refluxing was: continued· for 4 hours~ The reaction 

· · ~ixture was cooled, deeanted into excess aqueous sodium .hydrogen earbonate 
and sodium thiosulfate in a separating funnel. The mixture was shaken until. the 

15 iodine was consumed. The toluene phase was wa~hed with water; dried over: 

magnesium sulfate and cancentrated. The residue was purified by flash column 

chromatography eluting with hexane:ethyl acetate. (15:1) and (5:1) to give the 

title compound (1 .65g), 
6 (1H, CDCl3): 9.73 (s, 1H, CHO), 7.26~7.44 (m, 10H~. 2Ph), .6.98· (s, 1H, 

20 CJ::1Ph2). 6.04 (dd• 1 H, H".'2• J=1 ,2 and 3.:5. Hz);. 4.25 (dd, 1 H, H-.1 ', J=~ .8 and 9.3 
Hz), ·4.08 (m~ 1 H; H-4'),: 3.67' and.4.01 (2d, ~H. 8aCH2. J=9 Hz),·3.40 .cm. 1 H, H-

3'), 3.32(m1H, H-5'), 2.74 (t, 1H, H-1; J=4;2 Hz), 2.32 and 2.53 (2m, 2H, 2H-2'). 

INTERMEDIATE 96 
25 f1R-(1a. 3ab. 4b; 4ab; 7b.7aa. 8abU8a-{C<2;3.~Trjdeoxy-3-ethylamino-3-N.4-

0~rbonyl~B.;,D-allooyranosyl>oxvlrnethyl):4-fOnnvl-4.4a.5.6. 7 .7a.8.8a".' 

octabydro-7~metbyl:.3-(1-methylethyll•4,4-:methano;.s~ndacene-3aC1 H)- · 

carboxylic acid. diphenylmethyl ·ester; . . . . . · · 

30 A solution of intermediate 95< (200 mg) in. dry· tetrahydrofuran. (15.·ml) was 

treated . with sodium hydride (24> mg, .1.0 mmol).. Aft• 1.5 minutes,. ethyl · 

isocyanate (0.04 ~I) was· added~ •and· the·· reaction· mixture wa~ stirred .. at reflux 

for 6 hours. After being quenched with water (3 ·ml), the mixture was extracted 

with ethyl acetate (3x5 ml),. the cambined·: organic '°lutions were treated with 

35. brine (1x5 ml)·and dried oVer magnesium·sulphate •. filtered an~ concent.-ed in 

' I 

( 

;. 
: ... 
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vacuo to a syrup. This was purified by flash column chromatography on silica 
-g8J, "eluting with hexane:ethyl acetate 3:1", to yield pure tiUe compound (75 mg). 
·a •(1H, CDCl3): 9.74 (s, 1H, CJ:iO), 7.44-7.26 (m, 10H~ 2Ph), 6.98 (s, 1H, -
'CHPh2). 6.03 (dd, 1 H, H-2, J=3.3 and 1.2 Hz), 4.60 (dd, 1 H, H-1 ', J=5.1 and 3.9 

5 Hz}, 4.12 (m, 2H, H-3\ H-4'), 4.01 (d, 1H, H-Sa, J=9.3 Hz), 3.64 (d, 1H, H-Sa, 
J=9.3 Hz), 3.61(dq,1H, H-5', J=S.7 and 6.3 Hz), 3.49 (m, 1H, Ctf.2-CH3), 3.13 
(m, 1 H, Cf:12-CH3), 2. 70 (t, 1 H, H-1, J=3.9 Hz), 2.24 (m, 1 H, CH(CH3)2), 1.14 (t, 
3H, Cf:l3, J=7.2 Hz}. 

10 INTE!RMEDIATE 97 

15 

't1F~:{1a. 3aB. 48. 4aB. 78. 7aa. SaBU 8a-U1SAR.6S.7R.9R):2.8-Dioxa-4.9- ~ 
dimethyHHmethvfthlol-thiocarbonyloXV-cJs-bicyclot3.4.0J;.non-7-yt-oxv-rnethyO­
i44onnyt-4.4a.5.817.7a;8.8a..actahydro-7-methyl-3-(1-methylethyll-1.4-methano­
s-ittda~tte-3al1 Hl-carboxylic acid. diphenylmethyf ester. 

Intermediate 89b (250 mg) and imidazole (catalytic amount) were dissolved in 
dry t&trahydrofuran (10 ml) under argon atmosphere. Sodium hydride (45 mg) 
was· added and the suspension stirred at room temperature for 20 minutes. 
Carbon disulfide (140 µI) was added. the stirring continued for 20 minutes and 

20 methyl iodide (150 µI) 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 ml) and water (50 ml)• the organic 
layer washed with water and brine, tlietl dried and evaporated. The residue was 
purified by flash chromatography on silica gef eluting with hexane:ethyl acetate 

25 (10:1) to (8:1) to give the title compound (211 mg). 
a (1H, COCl3): 9.72 (s, 1H, CHO}, 7.46-7.22 (m, 10H, 2Ph). 6.97 (s, 1Ht 

CHPh2). 6.02 (dd, 1 H, H-2, J=1.2 and 3.3 Hz), 5.80 (dd, 1 H, H-61
, 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, 2~, 8aCHa an~ H1•), 3.es;.3.55 (tn, 2H, 8aCHb and H-9'), 3.34 (t, 1 H, 

30 ffb-3•, J=S.4 Hz), 2.73 (t, 1H, H1; J=3.9 Hz), 2.59 (s, 3H, SCH3). · 



W09611432' PCl'JEP95/04331 

120 

INTERMEDIATE 98 . _., 
I1R.(1a. 3a8. 4814a8. 78. Zaq. SaQU 8a:fC4-CCAHy1:3-iodc>:2.3;6-trideoxv-b-o­
glycocyranosyloxyl methyll-4:focmyl-4.4a:5.6. 7,Ja.8,8a'"9ctahvdro-7-methyl-3-
.(1-methylethyll-1.4-methan0:s-indacene-3at1 Hl-carboXy!ic acid. diphenylmethvl 

5 . ester.·· 

10 

15 

20 

A solution of Intermediate 12. (67 ··mg), triph,nylphosphine .. (105 ~g) 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 1 N aqueous .hydrochloric acid (30 
ml). The .organic· 1ayer was washed successively_ With· 1 N aqueous hydl'()chlori; . .. . ....... ' .· .. ·. . .. · . 

acid, water, aqueous sodium metabisulfite solution;. water and brine, then dried, 
. filtered and co~centrated. The· '1tsidu& "s flash Ctiromatographed on silic;a gel. 
eluting with hexane: ethyl acetate (9: 1) to give. the .• title compound (68. mg)~ 1 . ..· . ·. . • ·. · · Cc • 

8 ( H, CDCl3): 9.73 (s, 1H, CHO), 7.45-7.22 (m, 10H, 2Ph), 6.97 (s, 1H,-
CtfPh2), 6.07-5,9 (m, 2H~ H-2 and OC-CJ:l=C), 5.37-5. 14- (m, 2H, O-C-C=CJ:12), 
4.45-4.35 (m, 1H, .. 0-CJ:la-C=C), 4.25-4.1- (m, 2H; H-1' and 0-Cf:ib-C=C), 4. 1-
3.95 (m, 2H, H-31 and Ba-CH~). 3.66 (d. 1 H, 8a~Hb; ~=9 Hz), 3.29 (dq, 1 H, H-
5', 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=3.9Hz) •. 

INJERMEDIATE.99 
. l1R-C1g. 3aB. 48; 4aB .. 7B. 7aq. 8a8ll8a.(2.3-Anhydro-6-deoxv.B-D-
. mannopyranosyioxylmethyl±{1.3-dioxolan-2-yll-4.4a.5.6.7. 7a.8.8a-odahydrc>: 

25 7-methyl-3-C1-methylethyll-1,4-methan0:s.indacene-3aU Hl.carboxylic acid. 
dichenylmethyl ester. · 

A solution of intermediate 6'"( (3.2.mmol) _in dry ac:etonitrile (40 ml} was treated 
with ethylene· glycol (39 ml}, . trim8thylorth01:0rmane _(1.1 .· ml) and . p-

30 toluenesulfonic ac:id (30 mg) •. After 5 hourst. the. mi~re was thoro~ghly . ' . .. .· ,. ' . 

extraded with ethyl . acetate. After removal of the solvent, the residue was 
purified by flash chromatography using. hexane:ethyl acetate 3:1 as eluent to 
give the title compound (2.08 g). 
3 (1H, CDCl3): 7.43 and 7.29 (m; m, 4H, 6H, 2xPh), 6.95 (s, 1H, CJ:t.Ph2), 5.86 

35 (d, 1H, H-2, J=3.3 Hz), 5.08 (s, 1H, 4-CH)~ 4.69 (i, 1H, H-1'), 4.11 (d, 1H, Ba-

( 



WOH/14326 PCTIEP95/04331 

121 

CHa, J=9.3 Hz), 3.81 (m, SH, 8a-CHb and 0-Cli.2C.t:l2-0), 3.63 (m, 1H, H-51
), 

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 CJ::((CH3)2). 

. . 

5 IN-TERMEplATE 100 

10 

(1 R-<1g1 3a8. 48. 4a8. 78. 7aa.. 8aBU Ba-(2. 3-Anhydro-4-oxo-6-deoxv-B-D­
mannopyranosvloxyl methyl-4-C1.3-dioxolan-2-yll-4.4a.5.6. 7. 7a.8.8a-octahvdro-
7-methyl-3-C1-methylethVl)-1 .4-methano-s-indacene-3aC1 Hl-carboxvlic acid. 
diphenylmethyl ester. 

A solution of trifluoroacetic anhydride (230 µI) in df'Y, dichloromethane (10 ml) al 
-eooc was treated dropwise with dimethylsulfoxide (138 µI) and a solution of 

lntrmediate 99 (0.9 mmol) in dry dichloromethane (10 mJ). After SO minutes, 
triethylamine (554 µI) was added and the mixture was stirred at -2ooc for 2 

15 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: ethyl acetate 4: 1 as eluent to give the title compound (214 mg). 

1 . ,. . 
a ( H, CDCl3): 7.44 and 7.30 (m, m, 4H, 6H, 2xPh), 6.94 (s, 1H, C1;:fPf1:2), 5.87 
(dd, 1H, H-2, J=1.5 and 3.6 Hz), 5.10 (s, 1H, 4-CH), 4.81 (st 1H, H-1'), 4.09 {d, 

20 1 H, 8a-CHa, J=8.7 Hz), 3.88 (m, SH, 8a-CHb and 0Cti2Cti2-0). 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 Ctf(CH3)2). 

INTERMEDIATE 101 
11R-f1 a. 3ab.4b .4ab. 7b.7aa.8abl1 Ba-(2.3-Anhydro-4.6-dideoxv-4-methvlene-8-

25 0-mannopyrano- sytoxvlmethVl-4-(1.3-dioxolan-2-yll-4.4a.5.6.7. 7a.8.8a­
octahydro-7-methVl-3-(1-methVlethyll-1.4-methano-s-indacene-3af1 Hl­
carboxvlic acid. diphenylmethyl ester. 

A solution of methyltriphenytphosphonium bromide (0.3 mmol) in dry 

30 tetrahydrofuran (10 ml) under nitrogen atmosph•re at -7aoc Was treated With n­

Butyllithium 2.44M (O. 15 ml). After 15 minuteS, a solution of lntennedtate 100 
(0.21 mmol) in dry tetra':'Ydrofuran (5 ml) was slowly added and the mixture was 
slowly wanned at room temperature. The mixture was diluted with ethyl acetate 
and washed with ammonium chloride (1 N) and brine. After removal of the 
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solvent,. th •. residue' was. purified by·· flash chromatog~phy 'usinsi hexane: ethyl 
acetat• '4: 1 as eluent to' give the title c:Om"pound: (91 mg)~; 
a (1H, CDCl3):.7.45 and 7.29 (m, m, 4H, 6H, 2>cPh), 6.9~ (s, 1H •. CHPh2)~ s.s7 . 
(m, 1 H, H-2), 5.35 and 5.22 (d, d, 1 H, 1 H, CH2=C, J=2.4 Hz), 5.08 (s, 1 H, 4-

5 CH), 4.68 (s, 1H, f1-1'), 4 .. 10.(m, 2H, 8a-CHa and H-5'), 3.82:(m; SH, 88-CHb 
arid o~CQ2CB20) •. 3.sf:and 3.35 (d, d, 1H, 1H;. H-2' and H-3'; J=3.9 Hz)~ 2.63 

. •. (m, 2H, H-1· and CJi(CH3)2)~ . . .. 

IN!ERMEDIA!E 102 
10 (1 R-(1a. 3a8. 46. 4aB. 78. 7aa. 8aBll 8a-C2.3-Anhydro-6-deoxy-B-D-

. ta1opvrflnosy1oxV>metbVl4h.~io~o1ar1-2-v1i4;4~:s.6.7.1a.a;aa-<>ctahvdro-1- ' 
. methy1-3-i1imethyl~thyll:1.'4-methano+indacel'ie~s&t1 H>~rboxvueacid. · 
' 'diphenylmethyl ester. ' ' ' ' 

15 To soll..tion of l~terrnediatE(1 Oo (1I13 mmoi) in dry tetrahydrofutarf (45 ml), ' 
under :nitrogen atm6sphere at·~7aoc, ·L~seiectride 1N (2 ·mi) Was slowfy added. . 
After· 1 11o~r. the. rriiXture· wllsfdilutecf with ett1y1· 'acetate c1·00· ml); warmed at 
room temperafure.~tld Washed with ammonium dilonde ·(1N), Water· and brine . 

. ·. After remov~I of the solvent, the residue was p~ecfby flaSh chromatography 
20 using he~n.it:ethyl aeeiate 3:1 ~s eluerit to give the title eomS>oLind (431 mg). '1 ' '', '.· ' ' ' ', ' ',, ' ' ., ' ' a ( H, CDCl3): 7.44 a!'ld 7.31 (m. m~ 4H, 6H. 2xPh). 6~95 (S, , H. CJ:IPl'l2). 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, 
1 H, 8a-CHa, J=9.3 Hz), 3.83 (m, SH, 8a-CHb an<$ OCJiiCt120.)t:-3:e2 (m; 1 H1 H-
4~). 3~54 C°dd; 1H1 H-3', J~3.6 and 5.1 Hz); 3.40 (m, 1H, H-5')', 3.24 (d, 1H, H-2', 

25 J=3.9 Hz). 

INTERMEQIATE 103 
r1 R-(1 a. · ... 3ab.4b .4ab. 7b; 7aa.8ab)l . 8@:(2;3;Aphydro-+O-tertbutvlcarbonyl-S­
deoxY-B-D-talOgy;rariosVloxy>rttethVt±<1'~34:1iOxofl~2~yn-4.4a.5.6. 7.7a18.8a-

30 . octatMtr0-7~etby1-3-i1-meitiv1$tfiylf1~+metbano:s-indacene-3al1 H): 
cart>OXvtic acid. dlpheoylinethylelter: ' ,' •' ' ' 

··.. . . •. . 

·A mixtU..e of 1'1terinediate· 1·02· .. (o.2 mmol) 'and 4-dimethytaminopyridine (0.4 
mmol) in dry 'dichloromethan~ (15 inl) was nated With pivaloYI chloride (0.3 

35 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). 

1 . 3 ( H, CDCl3): 7.44 and 7.30 (m, m, 4H, SH, 2xPh), 6.95 (s, 1H, CHPh2). 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), 

5 4.60 {s, 1H, H-1'), 4.12 (d, 1H, 8a-CHa, J=9.6 Hz), 3.83 (m, 5H, 8a-CHb and O­
CJ::f2Cf:f2-0), 3.65 (m, 1H, H-5'), 3.53 (t, 1H, H-31

1 J=4.2 Hz), 3.17 {d, 1H, H-2', 
J=4.2 Hz), 2.63 {m, 2H, H-1 and CJ:l{CH3)2). 

·INTERMEDIATE 104 
10 ·£1R-(1a.. 3a6. 48. 4a8. 7B. 7aa.. SaB)] 8a-C4-0-Allyl-2.3-anhydro-6-deoxv-B-D-. 

tatooyranosyloxv> methyl-4-C1.3-dioxolan-2-yll-4.4a.5,6. 7. 7 a,8.Ba-octahydro-7;. 
methyl-3-(1-methyfethvll-1.4-methano-s-indacene..3a(1 Hl-carboxvlic acid. 
diphenylmethyl ester. 

15 To a solution of Intermediate 102 (0:3 mmol) in dry tetrahydrofuran (10 ml) 
under nitrogen atmosphere, sodium hydride (0.6 mmol) and a catalytic amount 
of tetrabutylammonium iodide were added. After 30 minutes, alfyl bromide (0. 9 
mmol) was added and the mixture was stirred overnight at room temperature. 
Then, was diluted with ethyl acetate (1 O ml) and waShec:t with ammonium 

20 chloride (1 N) and brine. After removal of the solvent. the residue was punf1ed by 

flash chromatography using hexane:ethyl aceiate 4 1 as etuent to gave the title 

compound (163 mg). 
1 . a ( H, CDCl3): 7.44 and 7.29 (m, m, 4H, 6H, 2xPh), 6.95 (s. 1H. CHPh2). 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, 
25 1H, CH2-3"), 5.06 (s, 1H. 4-CH), 4.58 (s, 1H, H-1•), 4.31 (m, 1H, H4'), 4.10 (m. 

2H, H-5' and 8a-CHa), 3.83 (m, SH. 8a-CHb and O-C.!:f2Cl:i2-0), 3.53 (m, 2H, 
CH20), 4.23 (t, 1 H, H-31

• J=4.2 Hz), 3.19 (d, 1 H, H-2', J=4.2 Hz), 2.65 (t, 1 H, H-

1, J=4.2 Hz), 2.61 (m, 1 H, C.tf(CH3)2). 
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INTERMEDIATE 105 . 
l1R-(1a. 3aB. 48. 4a8. 78. Zn 8aBU 8a-C2.3-Anhydro;§:deoxy.i.4-0-tosyl-B-D­
talopvranosyloxv> methyl-4-<1 :3-dioxolan-2-yll-4,4a.5.6.t7a.8;8a-octahydro-7-
methyl-3-C1~methylethyll-1.4-methano-s-indaeene-3ac1 H)-carboxylic acid. 
dichenylmethyl ester. 

. A solution of Intermediate 102 (0.45 mmol) in· dry dic;hloromethane (7 ml) was 

treated with 4-dimethylaminopyridine (1.35 mmol) and tosyl chloride (0.9 mmol) 

and was stirred ovemight at room temperature. After this time, was" washed with 

water and . brine. ·.After . removal of the solvent,'· the residue, was purified by 

· chromatography using hexane: ethyl acetate 3: 1 as. eluent.. Appropriate fractioQs 

were evaporated to give the title compound (271 mg). 
1 • I .. • . . . • • . a ( H. CDCl3). 7.86, 7.42 and 7.29 (m, m. 10H, .Ar), 6.93.(s, 1H, CHPh2). 5.82 

(m, 1H, H-2), 5.06 (s, 1H, 4-CH), 4.68 (t, 1H, H-3', J=4.2 Hz), 4.55 (s, 1H, H-1'), 
4.07 (d, 1H, 8a~CHai J=8.7 Hz),_ 3.81 (m, 5H~.8a.;.CHb and .. O-C.l::f2CJ:12-0), 3.62 

(m, 1H, H-5'), 3.30 (t, 1H; H-2', J=4.2 Hz), 3~15 (d, 1H, H4', J=3.9 Hz), 2.61 (m, 

2H, H~1 and CJ:i(CH3)2); 

INiERMEDIA!E 106. 

f 

.. =·~ 
·:.~ 

·- •. ..:t: 

'.: 

.. ·:·-~; 

20 l1R-(1a. 3a6, 40·. 4a81 78. 7aa. 8a8U8a-(2.~Anhydro-4-azido4.6-dideoxy-B-o~. ,;,. 
. mannocyranosyloxvl methyl-4-(1 .3-dioxolan.;,2-vtH,4a,s.s, z ,1a.8,ea-octahydro- . 

7 ~methyl-3-(1 ~ethylethyll-1 ,4~ethano-s-inda~ene-3a(1 Hl-carbo?fYliC acid. 

diphenylmethyl ester~ 

25 A solution of Intermediate 105 (0.15· mmoi) and lithium azide (0 .. 45 mmol) in dry 
dimethylformaniide· (3 ml) was heated overnight at 1 ~C. The miXture reaction 
was diluted with· ethyl acetate (20 ml) ·and. wash.ad with W&ter and brine. After 
removal of the solvent,· the residue was' purified·by .flash chromatography using 
hexane: ethyl acetate 4: 1 as eluent. Appropriate fractions. were evaporated to 

30 give the title compound (53 mg). 
~ (1H, CDCl3): ·7.46-7.23 (m, 10H, Ph2). 6·.94 (s, 1H, CJ:lPh2). 5.86 (dd, 1H, H.;. 

2, J=1.2 and 3.6 H~). 5.08 (s, 1H, ~H), 4.67 (s, 1H, H-1'), 4.10 (d, 1H, aa­
CHa, J=8. 7 Hz), 3.83 .(m, 4H1 8a-CHb and O-Cf:12CJ:12-0), 3.40 (d, 1 H, H4', 
J=9.3 Hz), 3.31 and 3.15 (d, d, H-2' and H~'. J=3.6 Hz), 3.23 (m, 1 H, H-5'), 2.65 

35 {m, 2H, H-1 and CJ:i(CH3)2). 
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INTERMEDIATE 107 
C1R.(1a. 3a8. 48. 4a6. 78. 7acx. BaBll Sa-[<4-0-AHyl.2.3-anhydro. 6deoxv-B-D­
mannopyranosylloxv methyU-4-fonnvl-4.4a.5.6. 7. 7a.8.8a-octahvcJro-7-methyl-3-

5 C1..fn8blethv1l-1 .4-methano-s-indacene-3aC1 Hl-carboxvlic acid. diphenylmethyl 
ester. 

PROCEDURE A 
To a solution of Intermediate 21 (650 mg) in 50 ml of dry THF at ooc, 90 mg of 

1 O sodium hydride were added. The mixture was stirred under nitrogen at O oc for 
30 minutes. Then. 875 mg of allyt bromide and a catatytic amount oJ 
tetra'butylammonium iodide (50 mg) were added. The reaction was complete 
after · 5 hours stirring at room temperature. The crude was treated with 
ammonium chloride 1 N and ethyl acetate. The organic layer was washed with 

15 water and brine, dried over anhydrous MgS04 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 campound as a white foam 

PROCEDURES 
20 To a solution of Intermediate 53 (3 g) in dry methylene chloride (200 ml). 2.35 g 

of dimethylaminopyridine were added at room temperature. Then a solution of 

3.66 g oftosyl chloride in 100 ml of methylene chloride was added stowly, under 
stirring. The mixture was stirred for three days at room temperature until the 
reaction was complete. The crude was washed with 1 N hydrochloric acid, a 

25 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 day. The crude was treated with 1 N hydrochloric acid 
and washed With water arid tirine. The organic layer was dried over anhydrous 

30 magnesium sulphate and- evap0~; The· residue was purified by flash 
chromatography with n-he1Gane:ethyl acetata 8:1 to giv~ the title compound as a 

white foam (45% overall yield)~ . 
6 (1H, CDCJ3): 9.15 (s, 1H, CHO), 6.99- (s; 1H, Cf1Ph2), 6.08 (dd, 1H, H-12, 
J::i1.2 and 3.3 Hz), 5.90 (m; 1H, Cf:i=CH2), 5.28 (m, 2H, CH=CJ:t2). 4.69 (d, 1H, 

35 H-1, J=1.2 Hz). 4.23 (m~ 1H, H..S-), 4.11(¢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, CJ:f2-
CH=CH2)~ 3.13 (d, 1H, H-3', J=3.9 Hz), 2.86 (t, 1H, H-11, J=3.6 Hz), 

INTERMEQIATE 108 
5 · r1 B.(1a,. 3a8. 48; 4a8. 78. 7aq. 8aBU 8a-[2.3-MhVcJro.&.deoxv+c>..(2.3- . 

10 

15 

dihydroxyDCQcyll-b-D-mannocyranosylloxvmethyil.4-tormyl-4.4a.5.6.7.7a.8.8a-
. . 

octahydro-7-methyl-3-(1-methylethyll-1 .4-methano-s-indacene-3a(1 Hl-
carboxylic acid. djphenylmethyl ester. 

To a solution of intermediate 107 (2 g) in 50 ml of acetone and 5 ml of water at 
ooc, 1 9 of N-oxide of N-mettlylmorpholine was .. added. To this mixture, 0.2 ml 

. . . ' 
of solution of osmium tetroxide (2.5 ~%.in. isoblJl"noll was. ~dded SIC)Wly. The · 
hydroxylation of GM 218045X. was· ~mplete. after stirring. for 3 days: at room 
temperature. The- crude was treateQ. with sodium .. hydrosulfide, filtered over 

. . . . . . . ~ . . . : 

celite and evaporated to dryness~ The residue was, solved. in et~yl acetate and 
. . . 

washed with water and .brin& .. ·The organic layer was dried over .anhydrous 
magnesium sulphate, evaporated to. dryness an~ chrqmatographied. hi silica gel 
column with n-hexane:ethyl acetate, 1:1 and methylene chloride:methanol, 50:1. ··~ 

The title compound (mixture of enantiomers 50:50} was obtained·as a white ·•'} 
20 foam (1.75·g).:. . : . . . . . 'i~ 

6 (1H, CDCl3): 9.75· (~ •... 1H~ CHO), 6.99 (s, 1H,.- CJ::IPh2). 6.0B (dd, "1H, H-12, 
· J=1.5 and 3~6 Hz} •. 4.69 (s, 1.H;.H-.1'); 4.10 (d. 1H, H~1~CI· J=9.3 Hz), 3.90-3.58 

(m, SH, CJ:f20H1 C.tiOH, OCJ:i2-CHOH~ in_ 4'), 3.79 (d, 1H, H-19b~ J=9.3 Hz), 
3.27, 3.13 (d, d~ 1H,.1H, H-2' and H-3', J=3.9 Hz), 3.28-3.22 (m, 2H, H-4'.and H-

25 5'); 2.85 (t, 1H,-H-11, J=3.6 Hz) .. · 
.; .- .. 

INTERMEQIATE 109·.:·· .. : -... . .. _ , , . 
F1 R-<1 a; 3ab.4b .4ab.7b.7aa;8abll 8a-(C2.3-Anhydro.6:deoXy+o-[C2.3;0-
isopropilvdenl-2:3-dihydroxyproovl1-b:D-mannmManqsyll.oxvnlethyll-4-formvl-

30 4.4a.5.6.7. 7a;B;Sa-octahydro:7-melhv*'1 -metbylethyl)-~ .4-methano-s­
indacene-3ac1 Hl-carboxylic acid. djphenylrnetbyl ester .. 

To a solution of intermediate'.108 (350 mg) i~ dry acetone, _(20, ml), 250 IJI of 
2.·2,dimethOxypropane and· a catalytic ame>unt. of p-toluenesulfonic acid (30 mg) 

35 were· added. The mixture was stirred at room tempe_rature for 2 hours under 
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nitrogen. The crude was evaporated to dryness and the residue solved again in 

ethyl acetate (70 mt) and washed with water and brine. The organic 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 tOam (290 mg, 

80% yield). 

6 (1H, CDCf3): 9.74 (s, 1H, CHO), 6.99 (S. 1H, CJ:!Ph2)1 6.08 (d~ 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, CJ:iOH in 4'), 

4.12-4.03 {m, 2H, H-19a and 0Cf:t2 in _4')t 3.82-3.51 (m, 4H, H-19b, 0Cf:l2-

CHOH-C.t:120), 3.29 and 3.12 (d, d, 1H, 1H, H-2' and H-3', J=3.9 Hz)t 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, 3tf, 

(CJ::l3)2-C of isopropilyden). ,. 

EXAMPLE 1 
£1R-(1a. 3a8. 48. 4a8. 78. 7aa. BaB)] Sa-«6-Deoxy-3.4-Q.isopropyHdene-B-D-

15 attroovranosytoxx)methyU+formyl-4.48.5.~. !:.7a.8.8a-octahydro-7-methyl-3-C1-

methVlethyl)-1.4-methano-s-indacene-3al1 H)-carboxvlic acid 

To a suspension of 10% palladium on charcoal (80mg) in ethyl acetate (10ml) 

under nitrogen was added a solution of Intermediate 2 (1BOmg) in ethyl acetate 

20 (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 

dichtoroniethane:methanot (20:1) gave the title compound (128mg). 

S (1H, CDCl3): 9.73 (s. 1H, CHO). 6.08 (~d, 1H,: H-2, J=1.5 and 3.3 Hz), 4.61 (d, 

25 1H, H-1', J=2.1Hz),4.30 (dd. 1H, H-3', J=3.6 and 5.4 Hz), 4.04 (d, 1H, 8aCH2, 

J=9.3 Hz). 3.95 (dd, 1H, H·2', J=2.1and3.6 l-'.f~)._3.85 (dd, 1H, H-4', J=S.4 and 

9.0 Hz), 3.66 (d, 1H, J=9.3 Hz), 3.49 (dq, 1H, H-5', Jd=9.0 Hz, Jq=6.3 Hz), 2.69 

(t, 1H, H-1, J=3.6 Hz); 6 (13c, CDCl3): 204.8 (CHO), 175.4 (C02H), 148.3 (C· 

3), 130.7 (C-2), 109.3 (Cq.isop), (9~.9 (°"1')~ 76.9 (C-4'), 75.8 (C-2'), 74.2 

30 (8aCH2), 71.7 (C-3'), 68.6 (C-5')1 65.6 (C-8a), 58.9 (C-4)~ . 
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EXAMPLE2 .. 

r1R~Cfq.··388. ·4B; 4ae: 1e.>1aa(:8aBll8a..[C~Debxy-S';+O.:isopropylidene-B-D­
a1tror;;vtanosyloxv>mett1vn~rinY1"4.4a,5;6. 7; 1;ts.8a~ctahydro:1-methyl-3-C1- ·. 

roetbylethyl}:1)\-msthanC>os-indaeen•3al1Hl-carboxylic acid; sodiUm :salt · 

·example· 1: (246mg)"was· dissolved in dioxane '(2ml) and- 0.5 M sodium 

bicarbonate: (0:99ml) was added. The· solUtion was· Stirred .for-.15 minutes and 
freezfiiried to Obtain the.title. coYnpound· (256mg)£·:. . 

1 · . . . . . . . . .·.. . .. .- . . . . . . . . . 
5 ( H, CDCl3): 9.88 (S; · 1 H1 CHO), 5,95: ( dd, lH, H-2, J=1 ~5 arid 3.3 Hz), 4.51 

,. . . .. . . .··. ' ·.· .· . .. . . 

(d, 1H, H'."1 , J=1.8 Hz)'i 4.26· (dd, 1 H;_ H-3', J=4.8 and. 6;0 Hz), 4.01 ·(d, 1 H, 

8aCH2, J:9.6 Hz), 3.87-3.80 (m, 2H, H-2' and Hi.4'), 3.74 (d; 1H, 8aCH2. J=9.6 

Hz), 3.50-3.42 (m, 1 H, H-5'), 2~66 (t, 1 H, H-1, J=3.9 Hz). ' 

EXAMPLE 3· : .. . ·· 

r1 R··Ha. 3aB. 4o~ 488; 78; .. 78q.. 8aeu .. aa:r(6-oeoxV~3.4-0-<2~pentylidenel-B-D• 
altropvranosyloXy)rnethylJ-4-;forrnyl-4 .. 4a.5JS~ 7;7a.e;aa~dahydro-7-methyl-3-(1-
methylethyll-1 .+me~hano-s-indacene-3al1Hl-carboxvlic acid 

... 

To a suspension of 10% palladium on charcoal (30mg) in ethyl acetate (10ml) ,, .. 

20 under·nitrogen, was addedasoll.ltiol10flntermediate3 (140mg) in ethyl acetate 

and the mixWre \vas hydrdgenated ·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. dichloromethane:methanol (30: 1) as eluent 

afforded the title· compound(75ri1g} in a eplmer ratio of 26:74 •. :· · . 
. 1 .. ..· .· .· . . . . . . 

25 a ( H, CDCl3): 9.82 (s, 1 H, CHO); 6.08 (dd, 1 H~- H~2; J=t.5. and 3.3 Hz), 4.60 (d, 

· 1H, H-1~. J=1:8 Hz), 4:30·(dd;.1ti._ H.-3\J.=4.2 and 6.0, Hz) •. 3.98 (d, 1H, 8aCH2, 

J=9.3 Hz), 3.94 (dd,: 1H~ ·H-2'~ J=1 ;8 and. 4.2 Hz)1: 3.87 (dd;. 1 H, H-4\ J=6.0 and 

9~3 Hz), 3.65 (dt 1 H~ 8aCH2; J~S.3 Hz)1 3.47 (dq, 1 H, H-5' t Jd=9.3 Hz, Jq=6.3 

Hz), i70 ( t, 1H, H-1, J=3.9~Hz); 8 (13c, CDCl3): 204.5 (CHO), 176.5 (C02H), 

30 148.2 (C-3), 130~6 (C-2)~: 110~8 (Cq· acetal);: 98.a (C-1'), 76.6 (C-4'), 75.6 (C-. 

2'),73.9 (8aCH2)1 71.3 (C-3'), ~8.9 (C-5'), 65.5 (C8a), 58.8 (C-4). 

.· ·.·• 
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EXAMPLE4 
£1 R-(1q. 3aB. 48. 4a8. 78. 7aa. SaBll 8a-{C6-Deoxv-3.4-0-<+methoxv-2-

butylidene)-B-D-altropyranosyloxv>methy0-4-formvl-4.4a.5.6. 7. 7a.8.8a­

octahydro-7-methyl-3-t1-methylethyll-1.4-methano-s-.indacene-3aC1 Hl-

5 . carboxvlic acid 

To a suspension of 10% palladium on charcoal (100mg) in ethyl acetate (15ml) 

was added a solution of lntennediate 4 (260mg) in ethyl acetate (10ml) and the 

mixture was hydrogenated at room temperatur& under 30 psi of hydrogen for 45 

1 O . minutes. The catalyst was filtered off and the solvent evaporated to dryness. 

The residue was flash chroinatographecf on silica gel eluting with 
. . r 

dichloromethane:methanol (30:1) to •Ive the title comoound (172mg). 

6 (1H, CDCl3): 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, 8aCH2, 

15 J=9.3 Hz), 3.94 (dd, 1H, H-2', J=2.4 and 4.2 Hz), 3.88 (dd, 1H, H-4t, J=6.0 and 

9.3 Hz), 3.65 (d, 1H, 8aCH2. 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); 6 (13c, CDCl3): 204.5 (CHO). 176.2 

(C02H), 148.2 (C-3), 130.6 (C-2), 109.8 (C-2"), 98.8 (C-1'), 76.7 {C-4'), 75.7 (C-. 

2'}, 73.8 (8aCH2). 71.2 (C-2'), 68.8 (C~S'); 68.4 (CH20), 65.6 (CSa), 58.9 {C-4), 

20 58.5 {CH30). 

EXAMPLES 
[1R-C1tt. 3aB. 48. 4a8, 78. 7ag.. 8a8l18a-IC6-0eoxv-3,4-0-cyctopentylidene-8-D­

altroPYranosvloxvl methVIJ-4-formyl-4.4a.5.6. 7. 7 a.8.Sa-octahvttro-7-methyl-3.(1-

25 methylethyll-1.4-methano,s-irtdaeen8=3ef 1 Hl-carboxvHc acid 

.. 
To a suspension of 10% palladium on charcoal (50mg) in ethyl acetate (10ml) 

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. 

30 The catalySt was filtereCI off Bi'\~· ttie solvent evaporated to dryness. The residue 

~ flash chromatographed dri tdlica gel elUll)lg wa1h dichloromethane:methanol 

(30:1) to give the titre eommun• (87rftg). 
a· (1Ht CDCl3): 9.71 (s, 1H, CHO)~ 6.07 ( dd, 1H~ H-2, J=1.5 and 3.3 Hz), 4.59 
(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, 

35 8aCH21 J=9.3 Hz), 3.97 ( dd, 1H, H-2', J=2.1 and 3.6 Hz), 3.81 (dd, 1H, H-41
, 
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J=S.4 and 9.0 Hz),_ 3.70 {d, 1H, 8aCH2, j:9.3 .Hz), 3.44 (dq, _1H, ti-5', J~9.0 
Hz, Jq=f$.3Hz),_2.6~ {t,_1_H, H~1. J=~.3 ~). · .... 

EX.WPl-f; § . ... . ,_.,. . . , . . 
£1 R:{1a. 3a6. 46. 4a8. 78. 7aa. 8aBll 8a-rc2.6~Dideoxv~3.4-0-jsocroRylidene-B-

D-alloRyranosyloxv>methyl1-4-fomjyl-4.4a.5.S. 7 ;_1a.8.8a-octahydro-7-methyl•3-
c1-methylethyll•1.4-methano-s-indacene-3aC1 Hl:¢arboxvfic acid . 

To.a solution of Intermediate} (1.2g) in ethyl acetat~ (60ml)was added 10% 
palladium on··charcoal .. (600mg) in portions, under -nitrogen .. 1'he mixture was .. . : .· . . . 
shaken in a Parr. apparatuis. under 40 psi of: hydrogen for 1 hour at room 
temperature. The. cat~lyst :!8s filtered ~ and w~sh$d witn. more ethyl_ acetata 
The solvent wa._ 6'Vaporated to. dryness ·_•nd. _ the residQe was flash 
chromat()graphed on silica ·g11.I eluting With dichloromethane:methanol (25: 1). to 
give the title compound (0.79g), · . . .. . . .. . 
3 (1 H, CDCl3): 9.81: (s,. 1H,, CHO), 6;05 (dd, 1 H~. ~-2. J~1.2 ·and 3.3 Hz), 4.63 
(dd,_ 1.H, H-1 1

1 J=:=2~4 and8.4 Hz), 4.38 (dt, 1H, H-3;, Jd;:3.0 Hz, Jt=5.1 Hz), 4.29 
(d, 1H. 8aCH2. J=9.3 Hz), 3.64 (dd, 1 H. H-4'. J~5.:1 and 9;a Hz),. 4;43 (dq, 1 H. 
H-5\ Jd=9.3 Hz. Jq=E?.O. Hz), 3.40~(d; 1H, BaCH2. J=9.3 Hz). 2.53 (t, 1H, H-1. 
J=3.9 Hz); 3 (13c, CDCl3): 204.7 (CHO). 174.6 (C02H), 148.2 (C~3), 130.6 (C-
2), 108.9 (C(CH3)2). 98.3 (C-1'), 76.6 (C-4'), 73.7 (8aCH2). 72 5 (C-3'), 71 7 (C· 
5'), 67.0 (C8a), 65.2, 59:0 (C-4). 

EXAMPLE 7 .· · .·· . . ~- ; ... 
25 l1R:{1a. 3a8. 48 .. 4aB; 1e:1aai~SB)l8~:f<i;E;-Did~~~-~.1~0-<4-methoxy-2-

butylidenel-B-D-alloPYra~osyloxv>methvl1-4~formyl-4.4a.5.6.7 .7a.8.aa- . 
. octahvdro-7-rnetbVl-3-(1-methyletbyll-1.4-methano-s-indacene-3aC1 Hl­
carboxylic acid · · . . . . . · 

. . . . .. .. . . . 

30 To a suspension of·10% palladium on charcoat(300rng) in eihylace_tate (~Oml) 
was added a solution of Intermediate 8 {246111g)Jn ~yl a~te (1 Oml) and the 
mixture was hydn,genated at rooni tempe~~· ~~~et 45 psi of hydn,gen for 1 
hour. The catalyst. was filtered off and the: solverit evapo~ t() dryn~. The 
residue was purified by.- flash: chromatography .. on silica · gel elUting with 

"'!'·,; 

( 

··.·.~r 

. . ... · .. 
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dichforomethane and dichloromethane:methanol (30:1) to give the title 
ct>mpound (182mg) as a white foam in an epimer ratio of 4:1. 
8 (1 H, CDCl3) signals ·of the major component: 9.81 (s, 1 H, CH0)1 6.06 (dd, 1 H, 
H-2, ·J=1;5 and 3.6 Hz), 4.62 (~d, 1H, H-1', J=2.7 and 8.1 Hz), 4.41 (dt, 1H,H-3', 

5 Jd==S.3 Hz, Jt=2.5 Hz), 4.24 (d, 1H; 8aCH2. J=9.0 Hz), 3.68 (dd, 1H, H-4•, J=5.7 
and 9.0 Hz), 3.50 (t, 2H, CH2, 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),; a (13c, CDCl3): 204;5 (CHO), 175.1 
(C~H), 148.2 (C-3), 130.7 (C-2)1 109.4 (C-2"), 98.3 cc-1•), 78.4 (C-4'), 73.6 
(8aCH2). 71.9 (C-3'), 71.4 (C-5'), 68.6 (CH20), 65~2 (CBa), 58.9 (C-4), 58.6 

10 (CH30). 
,. 

EXAMPLES 
f1R41q. SIB. 48. '488; 78. -7aci. 8a8ll 8a-K2.6-Dide0XV=3.+0-isooroovffdene-B­
D-allopyranosvk!sylmettwfH-f'ormyl-4.4a;5.6. 7.7a.8.8a-octahvdro-7-methyl-3-

15 (1-methylethyll-1.4-methano-s-indacene-3aC1 H>-carboxvlic acid. sodium salt 

Example 6 (376mg) was dissolved in dioxane (3ml) and 0.5 N sodium 
bicarbonate (1.SOml) was added. The resumng solution was stirred for 30 
minutes at room temperature and then· freeze-dried to give the title compound 

20 (392mg). 

25 

30 

8 (1 H, CDCl3): 9.84 (s, 1 H, CHO), 5.94 (dd, 1 H. 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, 1-H, H-3'), 4.02 (d, 1H, 8aCH2. 
J=9.6 Hz), 3.74 (d, 1H, 8aCH2. J=9.6 Hz), 3.57 (dd, 1H, H-4\ J=5.4 and 10.0 
Hz), 3.42 (dq, 1H, H-51

, Jd=6.3 Hz, Jqi::6.3 Hz); 2.56 (t 1H, H-1, J=3.6 Hz). 

EXAMPLES 
£1 R-(1 q. 3a8. 48. 4a8. 78. DD,.-8(!l$B M:ff&.DEJOX\1:3.4-Q:thfonocarbonyl-B-D­
altropyranosyloxv>methytt+tm#t!Hl.lla.5.617/1a.8.8a-octahydro-7-methyl-3-l1-
methyiethyll-1.4"meth~cen&..3af1 Hl:o8tboXyltc acid 

'A 2% solution Of tiiflt.aoYo'acitic aCrd iri didoromethane (20ml) was added to a 
solution of Intermediate 9 tb.220iif lh -dichloromethane (5ml) at ooc. The 
reaction mixture was stirte& at dOc "tar 1 fiour and then washed with water 
(2x20ml) and dried (magnesium sulfate). The solvent was evaporated to give a 
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residue· which was· chr:omatographed on $.iii~- _get column,· eluting with 

dichloromethane:methanol (40:t t() 20:1)..to give the title compound (0.1g). 

a c1H, coc13): 9.68 cs~ 1H,. CHO), 6.0$ {dd, 1H, H-2,. J.=1.s ~nd:a •. 6 ~>. 4.94 

. (dd, 1H, H-3',;J=3.9 and 7.2 Hz), 4.~2 (m~ 2H,· H-.1' ·a.nd H-4'),·4.14· (dd; .1H, H-2', 

J=2.1 and 3.9 Hz), 4.00 (d, 1H, 8aCH2, JAS=9.3 Hz), ·3~72 (d,· tH, 8aCH2, 

JAS=9.3 Hz), 3~68-(m~ 1H, H-:6'), 2.71 (m,-1H, H-1); a (13c,· CDCl3): 204.4 

(CHO)i 190.2 (CS), 176.4 ~C02H),. 148A (C-3), 130.6 (C-2), 98.2 (C-1'), 82.3 

and 80.1 (C-3' and C-4'),:74.5 (8aCH2),71. 7 (G~3a), 69.2 and .66.4 (C•2' and C-

5'); 65.5 {C-Sa), 58.8 {C-4)1 46.0 (.C-1). 

EXAMPLE 10 

r1 R-(1a. 3a8. 48. 4aB. 78. 7aq. BaB)] 8a-rc2.6~Dideoxv-3.4-0-carbonyl~B-D-

. · ·allopyranosyloxvlmethylJ.4 .. fOrmyl-4;4a.5.S. 7. 7a.S18a-odahydn;.7-~ethyl-3-(1;.. 
methylethyll~1,~~thanO..s-indacen&.~a(1_~l~rboU.1ic acid· · · · · · 

r 

To a solution of Intermediate 10 (125mg) in refluxing dry toluene {15ml) was 

· added, under nitrogen . atmosphere, exqts$ ... carbonyldiimidazole . in small 

.. portions. Once the re11ction- . was . completed . {TLC. coritrol), . tt1e · solvent was 

removed • under. .• reduced. pressu~; anct the . crude mixture d!$solved in 

dichloromethane (200ml), washed with 1 N hydrochloric acid (3x1 OOml), brine­

( 1 x100ml) :_and . water O x1 OOml);, then•·. dried, over rn219".'!esi1.1m sulfate and 

.. concentrated. to. · dryn~ss- to give- an. ~ii'. ~ich ~as.. used withe~ ;further 

purifiCation. The oil was dissolved in .ethyl acetate (15ml) and shaken in a Parr 

apparatus under· 20 . psi :of hydrog~n in the presenQI of 1()% -pall•dil..1m on 
25 adivated charcoal {50mg) for 1 · hour at room temperature. Filtration of the 

catalyst and elimination of the solvent gave ~ syrup which was· .. purified by 

preparative. JLC· ·csmca. g _ _.J, rn~tt).~n~.J.:~ichl~ron;tethane 1:15) to giv• the title 

compound (SOmg}. obt~ined trqm th.e~ction at IV. o.s. . .· · ·. · : : . . . 
a (1H, CDCl3): 9.7.0 (s, .11:'1, .C:HO)' 6.Qt (dd~: 1H~.- H-2 •. J=_1.~: anct3~3 Hz), 4.93 

30 {m, 1H, H-3'}, ·4.63 (dd, 1H, H-1', J=:=2.4 arid 7.8.Hz), 4~24 {dd, 1H, H-41
, J=6.6 

35 

· and 9.3 .Hz), 4.05 and 3.57 (2d, 2H• 8aCH2; '.JAB=:9 Hz); 3.63 (m,, 1H, H-5'), 2.66 

(t, 1H, H .. 1. J=3.9 Hz); a (1~c. CDCl3): ~04.6,(kOfi), 176.0 ~~OH). 1.54.0 
(0~0), 148.2 (k~). 130.7 (k-2)i 97.5 (k-1'), 76.6 {k-41

), 74.7 {ki-3'), 69.9 {k-51
), 

31.7 ~2')•. 

( 
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'EXAMPLE 11 
. I1R::f1g. 383. 48. 4a8. 78. 7aa. 8aB}) 8a:ff2.6 .. Qideoxy-3.4-0-thiocarbonyl-B-D­

affet>yranosy!oxylmethVfl+formyl-4.4a;5.6. 7. 7a.8.8a..actahydro--7-methyl-3-(1-

, mett1'trethyll1 .4-methano+indacene-3at1 Hl-carboxvlic acid 

To a solution of Intermediate 11 (130mg) in dry dichloromethane (5ml) was 

added trifluoroacetic acid (250µ1) at ooc. After 2 hours the solution was diluted 

with dichloromethane (50ml), washed with water (2x1 OOml)t dried over 

magnesium sulfate and concentrated to dryness to give an oil which was 

10 'ptlrified by preparative TLC (silica gel, methanol:dichloromethane 1:15) to give 

the titl&comoound (68mg) obtained from the fraction at Rf 0.6. , 

a (1H, CDCl3): 9.70 (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, H-4', J=6.6 

and 9.0 Hz), 4.03 and 3.59 (2d, 2H, BaCH2; JAa=9.3 Hz), 3.64 (m, 1 H, H-5'), 

15 2.67 (t, 1H, H-1, J=S.O Hz); a (13c, CDCl3): 204.5 ~OH), 190.9 (kS), 176.3 

~OOH}, 148.2 (Q-3), 130.7 ~-2), 97.5 m-1), 80.3 (&-4'), 79.6 (C-3'), 69.5 (C­

s•). 31.3 (C-21
). 

EXAMPLE·12 
20 £1R:(1g. 3a8. 48. 4a8. 78. 7aq, 8aBl18a-(C2.6-Dideoxv-3 4-Q..methytene-8-D­

•aRoPYranosyloglmethvtH-formyf-4.4a,5.6.7. 7a 8 8a-oct@hydro-7-methyl-3-< 1-

methylethyll-1 .4-methano-s-indacene-3a(1 Hl-carboxyhe ac•d 

To a solution of Intermediate 10 (450mg) in dibromomethane (10ml) were 

25 added, with vigorous Stirring~ tetrabutylammonium bromide ( 40mg) and 50% 

aqueous sodium hydroxide (1 OOml). After 12 hours, the mixture was quenched 

by adding of 1N hydrochloric acid (100ml) and _extracted with dichJoromethane 

(100ml). The organic layer was washed with 1N hydrochloric acid (1x100ml). 

·dried over ~agnesium ~uma_. and concentrated to dryness to give a white solid 

30 which was used without: fUrther purification. This solid was dissolved in ethyl 

acetate {1 Smt) 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 ffltration of ttie catalyst and elimination of the solvent, the oily 

residue was flash chromatographed over silica gel eluting with acatone:hexane 

35 (1 :10) and (1 :5) to give the title compound (130mg) as an oil. 
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a (1H, CDCl3): 9.80 (s, 1H, CHO), 6'.05 (dd, 1H, H-2, J=1.2 and 3.~ H~), 5.12 

and 4.86 (2~, 2H, OCH20). 4.60 (dd;· 1H;·H-1', J=2~4 and· 8.7 H.z), 4.20 and 

3.44 (2d, 2H, 8aCH2. JAS=9.3Hz), 4.13 (m~.1Hit'.:I~'), 3.67 (dd, 1H, H-4', J=5.1 
and 8.7 Hz), 3.38 (m, 1H~ H~'), 2.58 {t, .. 1H, H~1; .J=3.9 HZ);. 3· (13ci CDCl3): 

5 204.6 (kOH), 174.8 (kOOH), 148.3 Ck~). 130.6 (k-2), 98.1 (k-1'), 94.9 

°(O~H20), 75.4 (k-4'), 73.9 Ck~'), 70.3 (k-5'), 32;3 (k-2')~ 

EXAMPLE 13· "· 

£1 B-<1 a. 3a8. 481 4a8. 781 7aa. 8aBU8a4f2.6~Dideoxv,;.3.~0-methylen8-B-D-

1 o allopYranosyloxv>methyll-4-formyl-4.4&.5;6. 7.7a.S.8a-octahydr0-7-methyl~-(1- -

methylethyll-1.4-methano-s-indaC80&=3aClHl-c8rboxvlic acid. -sodium salt r 

. . .. 

to a solution of Example 12 (200mg). in methanol: (5ml) was added .dropwise a · 

0.106N solUtion otsodium hydroxide· in water: (3.98ml); After 30 minutes the 

15 . solvent was removed under reducecf pressure: and the residue dissolved in 

dioxane (5ml) and lyophilized to' give the.title eompound (209mg). 

a (1 H, CD30D): 9.87 (s, 1 H, CHO), 6.54 (dd, 1 H, H-2, J=1.;5 and 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-3i), 4.03 and 3.73 (2d, 2H, 8aCH2. JA&=9.9 Hz), 3.61 (m, 1H,.H-4');3.35 (m~ 
20 · 1H; H~'), 2.56 (t, .1H, .H•1); 5, (1_3C, CD30D): ·200.2. ~OH);, 1.69.0 ~OOH), 

142.9 (k-2)~ 120.6 <k~2), ·90~3 ·(k-1'), 86.4(0~H20}; 67.5·~-4'), 66.2· ~-3'), 

61.8 (k-5'). 

EXAMPLE 14·: 
25 (a) r1 R-Cj"q: 3a8. 48. 4a8; 78; 7aa• 8a8ll 8a;i(1$;3R, 7R.9R1•2.5.8-Trioxa~. Z­

dimethyl-cis-bicvclol4.4.0J-d~c-~yl.0xY:..methyl14.formyl-4.4a.5.6. 7; Za.8,8a­

octahvdro-Z-methyl4'·1~ethvlethyll-1.4-methano-s-indacene-3a(1 Hl- · 

cai'boxyHc acid and:· .. ·· " · . · · 
(b) ·r1R:{1a. 3a8;>48. 4aB,"78, Zaa. 8a8ll8&:fl1S;3S;ZB.9RJ:2,5,8-Trioxa-3.7- . 

30 dimethyl:qjs=bicyclof4.4.0J-dee-9-vl-oxv-methy1J.+tormy1-4.4a;5;6.7,7a,8.8a- · 

octahydro-7.-methvl-3=l1-metbvletbyll-1 ,4-m&thano-s=indacen~a<1H)- . 
carboxylic acjd ·. · . 
Intermediate 14 (120mg) in ·ethyl··acetate (15inl)-was shaken in a Parr apparatus 

under 20 psi of hYctrogen in the presence of 10% palladium on charcoal .(50mg) 

35 for 1 hour at room ·tempenlture~ Filtration of the catalyst ·and. evaPQration of the 
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solvent under reduced pressure gave a syrup which was flash chromatographed . 
over silica gel using as eluent acetone:hexane (1:10), (1:7) and (1:5) to give. title 
compound <al {35mg; Rf=0.5 in hexane:acetone 4:1) and title comoound !bl 
(40mg; Rf=0.4 in hexane:acetone 4:1) both as colourless oils. 

(a) 8 (1 H, CDCl3): 9.80 (s, 1 H, CHO), 6.04 (dd, 1 H, H-2, J=1.2 and 3.3 Hz), 
4.62 (dd, 1 H, H-9', J=2.1 and 9.9 Hz), 4.20 (m, 2H, 8aCH2+H·7'), 3.97 (m, 1 H. 
H-1'), 3. 73 (m, 1 H, OC1f CH3), 3.40 (m, 2H, 8aCH2+0CH2), 3.27 (d, 1 H, .OCH2, 
JAe=10.8 Hz), 3.18 (dd, 1H, H-e', J=3.3 and 10.2 Hz); 3 (13c, CDCl3): 204.6 

10 «t,OH), 174.6 (kOOH), 148.3 (&-3), 130.6 ~-2), 97.9 ~-9'), 73.5 (O~H2)1 7a2 
m-s'), 72.1 (k-1'), 71.9 (O.QHCH3), 65.4 (k-7'), 31.9 (Q-10'), 22.7 (OCH~H3).,. 

(b) 8 (1H, CDC13): 9~79 (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), 4.26 (m, 1H, H-1'), 4.15 (m, 2H, 

15 8aCH2+H-71
), 3.98 (m, 1H, OC!:ICH3), 3.79 (dd, 1H, OCH2, J=3.1 and 11.4 

Hz), 3.41 (d, 1 Ht 8aCH2~ ·J=9.6 Hz), 3.35 (m, 1 H, OCH2 , J=3.1 and 6.3 Hz), 
3.27 (dd, 1 H, H-6', J=5. 7 and 11. 7 Hz), 2.55 (t, 1 H, H-1 ); 3 (13c. CDCl3): 204.6 
~OH)t 174.6 ~OOH), 148.3 C.C.-3), 130.6 C.C.-2), 99.2 ~-9'), 74.7 (OCHCH3). 

73.6 (O.QH2). 69.3 ~-6), 66.3 ~-1'), 65:4 ~-7'), 31.9 ~-10'), 22.6 (OCH~H3). 
20 

EXAMPLE 15 
f1R-C1q. 3a8. 46. 4a8. 78. 7aa. 8a8ll 8a-Cf1S.7R.9RJ-2.5.8-Trioxa-3.3.7-
trimethyl-cjs-bicyclo£4.4.01-dec-9-yl-oxv-methyl1-4-formyl-4.4a. 5.6, 7. 7 a.8.8a­
octahydro-7-methyl-3-C1-methylethyll-1.4-methano-s-indacene-3aC1 Hl-

25 carboxvlic 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. 

30 Filtration of the catalyst and evaporation of. the solvent gave a residue which 
was flash chromatographed 9ver silica get eluting· with acetone:hexane (1 :10) 
and· (1 :15) to give the title compound (140mg) as a white foam. 
6 (1H, CDCl3): 9.81 (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, 8aCH2. H-7' and H-1'), 3.40 (m, 2Ht 

35 8aCH2 and OCH2), 3.25-3.15 (m, 2H, H-6' and OCH2), 2.52 (t, 1H, H-1), 1.33 
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and 1~ 13 (2s, 2CH3l; 8 (13C~ CDCl3): 204.7 (kOH.); 174.1-(kOOH)i 148.3 (k-3), 

·130~6 (k-2), 98~0 ~..;9'), 73.4 (OkH2); 73.3 (k-6')~ 65.1. ~-1-'), 64.7 ~-7), 31.9 

(k-101
), 21.1 (2kH3). 

5 . EXAMPLE 16 

10 

15 

20 

25 

(1 R={1 a. 3aQ; 48: 4a8. 78.' 7e,. 888)) 88:«1S.4S';e$.8R1-217•Diox•~ukiimethyl-.- . . . . . . 

cii-biCyclor3.4,0J-non-8.;.y1-0xv=IDethyll-4-forniy1-4,4a.5.6.·7; 7a,8.aa-octahydro-7-

methyl-3-C1-inethYlethyn..;1.+methan~s-indacene-3ar 1Hl-Carboxvlic acid 

To a solution of Intermediate 20(a) (680mg) in ethyl aeetate (1 OOml) was added· ( 

10% palladium on charcoal (200nig)' under nitn)g'en~ The mixture was shaken ii' 
a Parr apparatus under 25 psi of hydrogen for 2 hours· at room temperature~ The 

catalptwas filtered off arid the solvent ev~porat8d to dryness. The residue was 

purified by flash chromatography- eluting With diChlororilethane:methanol (49: 1) 

to afford the titl• comcound (450mg)as a White foam~ .. . .. ·. 
8 (1 H, CDCl3): 9.86 (s~ 1 H, CHO), 6.04 (dd, 1 H~ ·H~2~ J=1 .5 and 3.6. Hz), 4,57 

(dd, 1H, H~'. J~2.4·'and 9~3 Hz); 4.40 (d, 1H1.8a-CH2, J=9.6 Hz), 4.08 (m, 2H, 

H-1' and CH2~· (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'-CH3, J=S.6· Hz>:: a c13c; _coc13>: 204.7 

(kHO). 173.8 (COOH). 148,4 (C-3). 130.5 (C-2). ea:s (C-8'), 75.2 (C-1'), 74.3 

(8~-kH2). 73,3 (C-3'), 71,9 (C-6'), 51,2 (C-5'), 36,0 (C-4'), 32,9 (C-9'}, 1_9.4 (4'-

CH3). . 

. . . 
~ .. ·~· 

EXAMPLE 17 
r1R-<1a.. 3a8. 48·, 4aB. 78. 7aa .. 8aBll 8a-rr1S.4S.6R.8RJ-2.7-Dioxa-4,&. 

dimethyl-cjs;.bicyclo [3,4,0J-non-8-yl-oxv-methylJ±formvi-4.4a,5.6.7 .7a.8.8a­

octahydr0-7'-methyl-3-(14nethylethVll-1 .. 44nethano-s-jndacene-3aC1 H>-
carboxylic .:.cicf sodium salt : .' .···. . 

.. J 

30 To a solution of EX&fnPle 16 (450inQ) in methanol (1 OOml) was added dropwise. 

aquedus sodium: hydroxide (0.099 N1 9.5ml)~>The solvent·~ removed under 

. reduced presue' and the residue was di~lvedJn water (80ml) and lyophilized 

to give the titjta comp0Ynd (470mg):.: ·. · · . . . 

. a (1H, co3oo.): 9.86 (s; 1H, CHO),·: 5:94 (dd; .1H, .~2.~ J=1.5 arid 3.6 Hz), 
35 4.43 (dd; 1H, H-8'; J=2.1 and 9.3 Hz)~ 4~13-4.02 (m; 3H, ·aa-CH2·(1H), H-1', 
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. CH2-3' (1H)). 3.74 (d, 1H, 8a-~H2, J=9.9 Hz), 3.~.23 (m, 2H, CHz-3' (1H), 
H~'), 2.56 (t, 1H. H-1. J=3.9 Hz); 2.34 (m, 1H, H-4') 0.99 (d, 3H, 41-CH3, J=6.9 
Hz); a (13c, CD30D): 209.7 Ck.HO), 178.4 (COO-Na+), 152.4 (C-3), 130.1 {C-

2), 100.1 (C-8'), 77.2 (C-1'), 77.0 .<C-3•), 75.3 (8a-CH2), 73.0 (C-61
), 52.8 (C-5'), 

5 37.2 (C-4'). 34.5 (C-9'), 19.6 (41-CH3). 

EXAMPLE 18 
C1R-(1a. 3aB. 48. 4aB. 78, 7aa. 8a8)18a-[[1S.4R.6R,8RJ-2,7-Dioxa.4.6-dimethyf­

cis-bicycto f3.4.0}-nen-8-yl-oxy-methvt1-4-formvl-4.4a,5,8. 7. 7a:S.8a-octahydro-7-

1 o methvl-3-l 1·methvlethyll-1,4-"1ethano-s-indacene-3aC1 H>:.CarboxVHc acig 

. . . ~ 

To a solution of Intermediate 20{b) (180mg) in ethyl acetate· (SOml) was added 

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 

15 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. 
1 . . 

6 ( H, CDCl3). 11.5 (bs. 1 H. COOJ:i),. 9.87 (s. 1 H. C!jO). 6 04 (dd. 1 H. H-2. 

20 J=1.2 and 3.3 Hz), 4.53 (dd, 1 H, H-8', J=2.4 and 9 9 Hz). 4 45 and 3.26 (2d. 

2H. 8a-CH2, J=9.3 Hz),.4.19 (q, 1H, H-1', J=3 3 Hz). 3 96 (t. 1H. CH2·3'. J=8 4 
Hz), 3.58 (m, 1H, H-6'), 3.43 (dd, 1H, CH2·3·. J=10 2 Hz). 2 55 (m. 1H, H-4.), 6 
(13c, CDCl3): 204.8 (CHO), 174.4 (COCH), 14S.3 (C-3), 130 6 {C-2), 97.9 (C-

81), 78.7 (C-1'), 73.3 (C-3'), 72.9 (8a~H2), 88.7 (C-6·). 46. 1 (C-5'), 36.6 (C-4'), 

2s 34.02 cc-9·>. 21.e cs'-CHs>.13.&(4·-eHa>· 

E)(AMPLE19 . 
£1R-{1g.3aB.4B.4aB.78.7ag.8aB>i sa.rr1S.4R.7R.9R'.J-2.S-Dioxa-4.9iodimethvt­
cis-bicyclof3.4.01-non-7-vl-oxv-methylH-formvl-4.4a,5.6. 7. 78,8.Sa-octahydro-7-

30 methyl-3:{1~etbylethyl):1 .. +m@lbano-s-indacene-3al1 Hl-carboxy1ic acid 

To·a solution of Intermediate ~{a) (150mg) in ethyl acetate (15ml) was added 
10% palladium on charcoal (50nig) under nitrogen. The mixture was shaken in a 
Parr apparatus under 20 psi of hydrogen for 1 hour at room temperature. The 

35 catalyst was filtered off and the solvent evaporated to dryness. The re5idue thus 
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.. obtainect Y/&S purified by . flash .·chromatography elt.ating with: acetone:hexane 

(1 :3) to ·affotd. the title conlPound (1 OOmg) as a c:rYstallihe solid.- · 
1· - '.• ·.- .. · .... ···:·· ......... ·· -., .. . . .. . . . ..,... ·.. . •· . . · .. 

a ( H, CDCla): 9~86 (s, 1H~ CH9), 6.05 (dd, 1H;· H-2~-J=1.2 and 3~3. Hz), 4.63 

(dd, 1H, H-7', J=3.3 ·and 6.6 Hz). 4.37 (d, 1H, 8ilCH2• JAS=9;S Hz).· a.98 and 

5 3.67 (2dd, 2H, H-3', J=6.6 and 8.1 Hz), 3.40-3.20 '.(m, · 3H, 8aCH2 • H-9' and H-

1'),2.46 (t, 1H; H-1, J=3.9 Hz), 1.04 (d, 3H, CJ:bCH). 

. . ·-

EXAMPLE 20 .. . . . 

· [1R-l1.a. 3a8 .. 4B.·4aB. 78.78('!. BaBll 8a.:[MS14R;7R.9RJ~2;;8~Dioxa~.&.··: . 

1 o dimettwl~sibiCveiora;:;(o1~7~vi:Ox\l~meth\ti1-4-ft>nrivi-4;4ai;s.6;7,7a\8.aa~: · .. · 
octahydro-;7-methyl-3-(1 ~ethylethyll-1.4-methano-s-indacene-3aC1 Hl­

carboxylic acid. sodium salt ... 

To a solution Of ExamJ)t·e 19 .. (100mg) iii methanol (Sm.I) was added dropwise 

15 sodium· hydroxide. (0.1 oe· N ~olution ·in ·water, 1.88ml). After· 30 ·.minutes the .. 

soll/eiit was- removed under rec:luced pressure.: and: the residue dissolved in 

water (3mO and lyophilized to afford the title· corripOurid (104mg). 

a (1H •. CD30D): 9.S8 (s, 1H, CHO), S.93.(dd;_ 1Hi H·2.-J=1.2 an_d 3.3 Hz), 4.49 

(m, 1 H, H-'?'). 4.02 (m, 2H; H;.3• and· Sa. CH:2>.- 3. 72-Cd. 1 H, 8aCH2; JAe=9.3 Hz), 

20 2.56 (t, 1H, H-1;' J=3.6 Hz); a·- (13c~ co'30D): 209.7 (CHO), 178.4 (kOOH)~ 

1s2.4 cc~3>. 130.1 cc-2>. ·99.9 cC-7'); 82.1 cc~1·>. 76~5 caa~H2>• 12.2 cc-9'), 

37.5 (C-,5'), 1°5.2 (kH3~H) .. 

EXAMPLE21 . .. 

25 C1R-t1q. 3aB1 48. 4aB. 78. 7aa. aae»·ea-rr1S.4S.7R.9RJ~2.a-bioxa-4;9-. 

dimethyl-cis-bicycloC3~4.0J-non-7-yl-oxy-methyll-4-formvl-4.4a.5.6. 7. 7a.8.8a­

octahydro-7-methyl-3-l1-rnethylethyll-1.4-methano-s-indacene-31C1Hl--, . 

• < carboxYlic acicJP ·: • • • 
. . 

30 To a solution of lntermediate:23(b)'(26omg) in •thyl acetate (15rnl) was~ added 

10%. palladium on charcoal (SOmg). The mixture was shaken in a Parr 

. a1pparStus under 20 psi Of hyetrogen for 1 hour at room . temperature. The 

catalyst was riit_.d Off and' the solvent evaporated.ta ·dryness. The residue thus 

· . obtained ·was purified by preparative TLC (silica gel, methanol:dichloromethane 

35 1:20)to afford the-title compound (18Smg) as an oil at Rf=0.6. ·· 
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~6'(1Ht CDCf3): 9.85 (s, 11;1. CHO}, 6.04 (dd, 1H, H-2, J=1.5 and 3.6 Hz). 4.88 (t, 

1'H, H-7', 2.7 Hz), 4.27 and 3.28 (2d, 2H, 8aCH2, JAe=9.9 Hz), 3.85 and 3.73 

(2m, 2H, OCH2), 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'+.QHCfi3+H1); 3 (13c, CDCl3): 204.4 ~HO)~ 173.7 ~OOH), 148.2 

5 (C-3), 130.5 (C-2). 98.7 (C-7'), 81.2 (C-1 1
) 1 72.8 (8a.C.H2+0.C.H2), 69.9 (C-9'), 

25.4 (C-6'). 12.4 (kH3CH). 

EXAMPLE22 
C1R:{1q. 3aB. 4B,·4aB. 78, 7aa. 8aBll 8a-(l1S.7R.9RJ-2.8-Dioxa:4.4.9-trimethvl-

10 ¢/§:t)ioyclo£3.4.0J-non-7-vl-oxy-methyll-4-formvf-4.4a.5.6; 7, 7a.8.8a-octahydro-7-

"1methyf-3·C1-methVlethylH1.4-methano-s-indacene-3aC1 Hl~rboxylic acid r 

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 

15 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 

".Cftehloromethane and 15% acetone in hexane as the eluents to afford the title 

'comoound (40mg) as a white foam. 

20 3 (1H, CDCl3): 9.85 (s, 1H, CHO), 6.05 (dd, 1H, H-2, J=1.2 and 3.6 Hz), 4.84 (t, 

1H,·H·7', J=3 Hz), 4.23 and 3.29 (2d, 2H, 8a-CH2. J=9.6 Hz), 3.81(t.1H, H-1', 

J=S.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 (t, 1 H, H~1. J=4.2 Hz). 1.09 and 0.98 (2s, 6H, 4'-CH3); B (13c, 

CDCl3): 204.5 (kHO}, 174.0 ~OOH), 148.2 ~-3), 130.5 (C-2), 98.7 (C-7'). 

25 81.01 (C-1'), 78.8 (C-3'), 72.7 (8a~ff2), 70.2 (C-9'), 41.3 (C-4'}, 40.4 (C~). 

27.3 (4'-CH3), 26.5 (C-6'), 22.8 (4'-CH3). 

EXAMPLE23 
[1R:{1a. 3a8. 48. 4a8. 78. 7aq. 8a8ll 8'4ffl.;Deoxy-3,4-0-isoorooylidene-B-0-

30 : allopvranosytoxvlmethvll+fonnyl-4.4a.5.6.7. 7a.8181!i=octahvdro-7-methyl..3-(1-

. methylethVl):1.4-methano;.s-indaeene-3af1fll.carboxytic 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 

35 Parr apparatus under 15 psi of hydrogen for 1.5 hours at room temperature. 
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· The catalyst was filtered off and to the filU.t' ~s &1dded 1N hydrochloric acid 

· (O~Sml) at ooc. After stirring for 1 . hour,. the: mi~re. was neutralized with 10% 

. sodium hydrogen carbonate •. The solvents· we"',;evapprated to dryness and the 
. . ' ·- -. . . . 

oily residue was·· purified .·by flash column ~ Chromatography eluting with 

5 ·hexane:ethyl acetate (4:1) a.nd dichloromethane:m•th21no1."(20:1).to give the title 

compound (62mg)~ 

a (1 H, CDCl3): 9. 73 (s, 1 H, CHO}, 6.10 (dd, 1 H, 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 4~0? (2d, 2H, 8aCH2, 

J=9.3 Hz}, ,3.78 (dd, tt;I, H-4\ J=9 and 5.1 f:iz), 3;6~.J~d,_1 Hi H-3', J=7.5 and 5.1 

1 O . Hz), 3.50 (m, 1 H, H-5!, J:;:6: and 9 Hz), 2;59 ·(t, 'H, ~;1 .. ~ J=3~9 Hz), 2.32 (m, 1 H; 

CHM92); a (13c, CDCla): 204.6:(CH0)~·176~1 •.. (c02l-I>, 14a.2 CC-3), 130.8 (C-2~ 
110.4 (quatemary C lsopropilidene), 100.9 (C-1'),· 78~34 (C-4'), 75.1 (C-2'), 74.7 

(8aCH2), 72.5 (C-4a), 71.7 (C~'), 69.3 (C-5'), 65.f) (C-8a)_, 58.9 (C-4), 46.3 (C-

1). 

15 

20 

EXAMPLE24-

l1R-(1a.. 3aB.·4B. 4a8. 78. 7aq. 8a8U 8a-[(2-Deoxv-3.4-0-isopropylidene-6-0-

methyl-B-D-allopvranosyloxxlmethyl1-4-formyl-4.4a,5,6. 7. 7a.B.8a-odahydro-7-

methyl-3-C1-methylethyl)-1.4-methano-s-indacene-3a( 1 Hl-carboxvhc acid 

A solution· of Intermediate· . 30 (50mg) . in'. tetrahydrof\p:an (5ml) ·. at room 

temperature. was. treated- with.tetr•butylammon1urn ftuonde.:·(1 .o. M solution 1n 
tetrahydrofuran, 29()µ1). After 24 hours, the read•on m~ure was concentrated to 

dryness-. · and the· resulting· yellow. on · ·~s., .. purified . by flash column· 

25 chromatography eluting with dichl~romethane:methanol: (15:1) to give the title 

compound (18mg). . . , .. · .. 
a (1 H, CDCl3): 9.80 (s, 1 H, CHO), 5.98 (dd, 1 H, H-2, J=1.2 and 3.3 Hz), 4.64 
(dd, 1 H, H-1', J=2.7 and 8.1 Hz), 4.42 (m, 1H, H~'), 3.68 and .4.01. (2d, 2H, 

8aCH21 J=9 Hz), 3.90 (m,: 1 H,_ H-4'); 3AS.-3 .. ~5 (m,. 3H, H-5' and 2H-6'), 3.22 (s, 

30. 3H, 6'-0CH3), 2.60 (m, 1H~ .H•1'), _1~34 and 1.35 (2s, .et:t, methyl groups of 
isoprepilidene);_ & (13c,; C[)Cla): .206a3 _cclio>. 175._7 (C02H), .. 149~7 (C-3), 

129.7 (C-2), _ 108.9 (C-quatema,Y Ot isopropllidene), 98.2 {C-1'), 74.8 (C~a), 
7 4.8 (C-4); 7 4.4 (8aCH2), 72.6 (~'), 71.3 (C-S')i .6~.1 (C-Ba),. 61.1 {C-6'), 58.4 

(C-4), 48.4 (6'-0Me); 46.1 (C~1 ), 32~8 (C .. 2') •. : 

35 

·· .... 
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EXAMPLE25 
· £1R:{1q. 3aB. 48. 4a8. 78. Zaq. 8aBU 8a;J1 S. 4R. 7R. 9RJ-2.B~Qioxa+ethyl-9-

methyJ=q;d;iSVclOt3.4.o)-non.7-vl-Oxy-methvl}+formyl-4.4a.5.6. 7. 7a.8.8a­
odBt!vdro.:7..methyl-3-<1-mettiyl-ethVll-1.4-methano-s-indacene-3aC1 tfl-

-- . . 

5 carboxvlic acid. 

To a solution of intermediate 37 {200 mg) in ethyl acetate (40 ml). 10% 
palladium on charcoal (50 mg) was added under nitrogen. The mixture was 
shaken in a Parr apparatus under 30 psi of hydrogen at room temperature for 2 

10 hours. The catalyst was filtered off and the solvent evaporated to dryness. ~e 
residue thus obtained was flash chromatographed over silica gel using 
dichtoromethane:methanol (98:2) as the eluent to afford the tide compound (1~5 
mg). 

S (1H, CDCl3); 9.86 (s, 1H, CHO), 6.05 (dd, 1H, H-2, J=1.5 and 3.3 Hz), 4.66 
15 (c:td, 1H, H-7', J=3.0 and 6.0 Hz), 4.32 and 3.29 (2d, 2H, 8a-CH2, J=9.6 Hz), 

4.02 (dd, 1H, CH2-3',(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' (1 H)), 2.48 (t, 1 H, H-1, J=3.9 Hz), 0.92 
(t, 3H, Ct13CH2. J=7.5 Hz); 8 (13c. COCl3): 204.5 (CHO), 174.2 (COCH), 148.3 
(C-3), 130.5 (C-2), 98.5 (C-71

), 80.3 (C-1'), 73.0 and 73.0 (Ba-~ and C-3'), 70.9 
20 (C-9'). 

EXAMPLE26 
£1R41q. 3a6. 48. 4a8. 78. 7aa. 8aJ,U18@-U1S. 4R. 1R. 9R1;2.8-Dioxa-4-ethyl-9-
mettM-cjs-bicyclot3.4.0)-non-7-yi-0xy-meitiyiJ-4-formyl-4.4a.5.6.7.7a.8.8a-

25 octahydro-7-methvl-3-(1-methyi-Sifivii-1.4-methano-s-indacene-3a(1 H)­
carboxvlic acid. sodium salt. 

To a solution of Example 25 (88 mg) in methariol _(10 ml), 0.099N aqueous 

sodium hydroxide (1.8 ml)· was added dropwise. The solvent was removed 
30 under reduced pressure and . the reSidue was dissoive~ in water (50 ml) and 

lyophilized to give the title compeuitd (92 ing). 
a (1H, DMSO-cfe): 9.77 (a, 1H;·CHO)• 5.78 (rn. 1·H, H-2}, 4.40 (brdd, 1H, H-7'), 

4 ,. • '. . '". . 

3.92 (m, 1 H, H-3'), 3.87 (d, 1 H, Ba-CH2 (1 H), J=9.6 Hz), 3.50 (m, 2H, 8a-CH2 
(1H) and H-1'), 3.38-3.21 (m, 2H, H-3' and H-9'). 

35 
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· EXAMPLE 27. .. . . 
r1 ffc1a. 38s>4e, 4aB;·1B. :1acii·~aan aa.f{1sr 4SjJR)9BJ~2,a~o10P+tthv1-e­
·methv1-c;s.bicvci·a1a~:·io1~6r1~7Ly1~><V~8thjl1~-fcirrnv1414a'/s·;a,7;7a.s;aa:. 
octahydto-Z-methy1:.3:<1-n1ethvt-eth\lll~1,~ethano-s~inda~h&-3ac1H).. 

5 carboxvlic acid~ 

10 

. 15 

20 

25 

30 

To a solution bf intermediate 38 (420 :mg) hi ethyl acetate (80· nil). 10% 
palladium. on Charcoal (100 mgfwas added under· nitrogen. The mixture was 

.. shaken in a Parr:apparatus urtder 3cf psi Of hydrogen at robrif temperature for 
1.5 hour~ The.catalyst WaS filtered·Off:and: the solvent evaporated:·to dryness, 
The residue thus obtained.Was purified· by flash'.Chromatograpby' on' ·silica gpl 
using dichloromethane:methanol (98:2) as the eluent to give· the title eompound 
(280 mg). 

a (1H, CDCl3): 9.86 (s, ·1H; CHO). 6.05 (dd, 1·H. t-1~2. 'J=l.5 and 3;6-Hz), 4.89 
(m, 1 H, H-T). 4.2~ and 3~29 (2d; 2H. 8a-CH2; J=9.9 Hz), 3.90 (dd;. 1 H, H-3'~ 
J=7.5 and 8.7 Hz); 3.75(ni;1H~ H~1·). 3.64 (tn. 1H, H~9'), 3.43 (t, 1H, H~3', J=B.7 . . . " ' .· . . . . : ..... ·. . ·.. . . 13 
Hz). 2.46 (t~ 1 H, H-1 1 J=3.6 Hz), 0.93', (t~. 3H, C!:13•CH2. J=7.2 Hz); a ( C, 
co.c13): 204.4 ccH0). 173.7 ccooH>. 148.2 (c~>. 130,s cc-2). 98,a:cc-1·>. s1.3 
(C-1'), 72.8 and 70.9 (Ba-k and·C-3'), 69,8 (C~9'); . ·· 

EXAMPLE28 
l1R-C1a, 3a8. 48.· 4a8. 78. 7aq. 8a8ll 8a-rr1s, 4§. 7R. 9RJ-2.a .. 01C>xai-4~thyl-9-
rnethyl-Cis-bieyelof3.4.o1-no~.;7~yl~Xv4-n•thyll~fo'rmyi4;4a.s:s,7.ta·.a.sa- . 
·octahyd~7-m.ethyl-3-< 1~etfiv1:.ethyl)..1 ;4-Methlilno-s-indacene-3a(1 H>:. · 
carboplic aeid.: sodium salt: . . . .. . . . 

To a sol~ion of Example 27 (262 mg) in methanol (20 ml). 0.099N_ aqueous 
·sodium hydroxide. (S.3' ml)5W$s. added drapwise:~ The' solvent. was ·removed 
under reduC:ed pressure and the residue· waS'dissOlvect'in water (100 .ml) and 
lyophiliz8d to give the title compo~d-(272 mg)~ . •i···· ·. 

a, (1 H, DMSO-de): 9. 77 (s, 1 H,· CJ:iO), 5. 79 (dd, 1 H~ ,H-~~ J=1.2 and 3.6 Hz), 4.57 
(m, 1 H. H-7'),. 3.83'and 3.45· (2d, 2H, 8a-CH2. J=9~6 Hz). 3. 76 and 3.33 (2m, 2H. 
CH2~'), 3.'52 (rrl, 2H. H-1' and H-9') •. · 

j 
.< • 

( 
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EXAMPLE29 

f1R-<1o. 3a8. 48. 4aB. ZB. 7aq. 8aBll 8a-£<1S.4R.7R.9Rl-2.8-Qioxa:4-{1-

·mettwlethyll~ethyl-cis-byciclol3.4;0t0on-7-yl-oxymethylU-4-fonnyl .. 
4.48.5.6. 7.7a;·a.8a-octahydro-7-mettiy1-3-c1-methVlethvll-1.4-methan01-

5 indacene-3aC1 Hl-carboxvlic acid. 

To a solution of intermediate 39 (280 mg) in ethyl acetate (15 ml) 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 

1 O 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). 

a·(1H, COCl3): 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, 

15 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, 8aCH2, J=9.3 Hz), 2.43 (t, 1H, H1, J=3.9 Hz). 

EXAMPLE30 
£1R-<1q. 3a8. 48. 4a8. 78. 7aa. 8a8ll 8a-lf1S.4R.7R.9Rl-2.8-Dioxa-4-C1-

20 methylethyl)-9.methyl-cis-bvciclo£3.4.0J-non-7-yl-oxvmethylll-4-formyl-

4.4a.5.6. 7. 7a.8.8a-octahydro-7-methvl-3-( 1-methylethyll-1, 4-methano-s­

indacene-3aC1 Hl-carboxvlic acid. sodium salt. 

To a solution of Example 29 (170 mg) in methanol (15 ml) was added 0.0956N 

25 solution of sodium hydroxide (3.45 ml). After stirring for 1 hour the solvent was-­

removed to dryness to giv& a solid which was dissolved in 3 ml of water and 

fr.eeze dried. 

8 (1H, DMSO-cta): 9.78 (s, 1H, CHO), s~so (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'+8aCH2), 3.54 (dd, 1H, H1 .. 

30' J=8.1 and 9 Hz), 3.47 (d, 1H, 8aCH2. J=9.3 Hz); & (13c, DMSO-cfe): 206.4 

~HO), 174.3 (COO·), 151.3 ~S), 127.6 "2), 97. 1 (C'i'), 80.7 (C1'). 
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EXAMPLE31 

l1R-l1a;. 3a8; 48. 4a8~ "iB; 7aa. 8a8ll · Saqf1S;4S;7R.9R):2.MliOxa-+<1-

methylethyll .. 9-methyl-cis'-bicycloC3.4.0J-non-7 ~v1-0xvmethylll~formyi···. · .· 
4.4a.5.6~ 7. 7a.a;aa-octahydrc>-7-methyl-3-C1 :methylethvll-1;4~methano-§-· 
indacene-3aC1 Hl-carboxvlic acid .. 

To a solution of intermediate 40 {280 mg) in ethyl'. acetate (15 ml)j palladium 

(10%) on charcoal was added (50 mg) under nitrogen. The mixture was shaken 

in·a Parr apparatus (PH2=2o·psi) for 1· hour at r0om temperature .. Filtration of 

· catalyst and· evaporation Of the solvent gave a· residue which was flash 

chromatographed (silica gel, hexanes:acetone v/V 10·:1 and 5:1) to give 190 m.g 
of the title compound as a crystalline solid (89% yield). · 

& (1 H, CDCl3): 9.88 (s, 1 H, CHO),. 6.05 ( dd, 1 H, H2; J=1 .5 and 3.3 Hz), 4. 92 (t, 

1H, H7', j:2.7 Hz, 4.33 (d, 1H; 8aCH2, J=10.2 H.z); 3.94 (t, 1H; H3'; J:S.1. Hz), 

.3.8-3.7 (m, 2H,.H1'+H9'), 3.47 (dd, 1H, H3', J=8.4 and 10.8 Hz}; 3.29 (d, 1H, 

8aCH2; J=10.5 Hz). 

EXAMPLE32 
I1R-(1q. 3aB.' 40. 4aB .. · 78; 7aa. BaB)l 8a.ft1S 4S 78 9Rl·2 8-D1oxa-4-(1-

20 methylethyll-9-methyl-cis-bicyclol3.4. OJ;.non~7 ~vi-owethyl U-4-formyl~ 
4.4a.5.Et7; 7a.8.8a-octahydr0;.7_Jriethyl-3•C1-methvleJhyl)-1 ·4-methanO""s-: 

indacene-3aC1 Hl-carboxvlic acid, sodium· salt.· 

To ·a solution of Example 31 (165 mg) in methanol (15 ml) were added 0.0956N 

25 solution of sodium hydr0xide·:(3~35 ml), 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. . . 
a (1 H, CDCl3): 9~77 (s, 1 H~ CHO), 5. 19· (dd~ 1 H; H2,' J=0.9 . and 3.3 Hz), 4.58 

(bs, 1H, H7'), 3.85-3.72 (m, :2H, H31;f.8E1CH2)~ 3.71~~56 (m• 2H, H9'+H1'), 3.45 

30 (d, 1H, _BaCH2. J=9.9 Hz); 6 (13c,· CDCl3): 206.3 ~HO), 174.3 (COO-}, 151.4 

~3), 127.5 (k2), 96.7 (C7'), 80.8 (C1'). 

' . 

"' • .... ..... 1'1, -~ 

f 
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f!XAMPLE33 

[1R:(1q. 3aB. 48. 4aB. 78. 7aa.. 8aBll 8a-({1S. 7R. 9RJ-2.8-Dtoxa-9..methyl-4-

methylene-cis-bicyclo £3.4.01-non-7-vl-oxy-methyl1-4-fomwl-4.4a.5.6. 7. 7a.8.8a­

optahvdro-7-methvl-3-C1-methvtethvf)-1.4-methano-s-indacene-3aC1 Hl-

5 carbpXYfic·acid . 

. To an ice cooled solution of intermediate 41 (330 mg) in dichloromethane (4 ml) 

was added trifluoroacetic acid (0.2 ml). The mixture was stirred for 20 minutes at 

o0 c and subsequently diluted with dichloromethane (150 ml) and washed three 

1 O times with water (100 ml). The organic fayer was dried over anhydrous sodium 

sti1fate and ·concentrated to dryness to give an oil which was flash ,. 
chromatographed on silica gel using dichloromethane:methanol (98:2) as the 

etuertt. The appropriate fractions were. then collected and RP-18 

chromatographed under medium pressure. (about 10· bars) using a linear 

15 gradient of acetonitrile (60 to 75%) in water to give the title compound. 

6 (1H, CDCl3): 9.87 (s, 1H, CHO}, 6.04 (d, 1H, H-2, J=3.3 Hz), 5.08 and 5.02 

(2m, 2H1 l::f2C=)1 4.50 (dd, 1H, H-7•, J=2.7 and 8.4 Hz), 4.48-4.29 (m, 3H, Cl::f2-3' 

and8a-CH2(1H)), 3.76 (dd, 1H, H-1', J=7.2 and 9.3 Hz), 3.27 (m, 1H, H-9'), 3.02 

(tn, 1H, H-5'), 2.45 (m, 1H, H ... 1); a (13c, CDCl3): 205.1 <.C,HO), 176.0 ~OOH), 

20 14a:a (C-3), 130.4 (C-2), 104~2 ~H2=), 98.2 (C-7'),_BQ.1 (C-1'). 73.4 and 70.6 

(8a.:.~H2 and C-3')l 69.8 (C-9'). 

EXAMPLE 34 

f1R-(1a.. 3a8. 46. 4a8. 78. 7aq. BaBl18a-[£1S. 7R. 9RJ-2.8-Dioxa~ethyl-4-

25 metH@ne-cis-bicycloI3;4.ot-non-7-yl-oxv-methv1H-formvt-4.4a.s,s.7.7a.e.sa-

octahydro-7~ethyl+<·1-Mettw1etbyll-1-.4-methano-s-indacene-3aC1 H)­

cart;;pxyffe·· acid. sodium. salt. 

To a solution of Example 33 (140 mg) in methanol (15 ml), 0.945N aqueous 

30 sodium· f1Ydroxide (3.06 ml) was added dropwise~ The solvent was removed 

u~d'er·teduced pressure and~ residue was dissolved in water (60 ml) and 

ly0pHi1ized to give the title lX>mpound E14t5 mg). 

B (1H, DMSO-d5): 9.76'(s, 1H, Cl:lO); 5.76 (dt 1H, H~. J=3.3 Hz), 5.04 (m, 2H, 

fi2C=), 4.34-4.20 (m, 3K, H-7' and CHa-3'), 3.84 and 3.50 {2d, 2H, 8a-CH2. 
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J=9.9 Hz), 3.62 (dd, 1H. H-1', J=7.5 and 9.3 Hz), 3.15 (m, ~_H, H-9'), 2.89 (m, 

1 H, . H-5')~ .. 

EXAMPLE35 
. .. . 

. (1 R-(1a. 3a8. 48. 4a8. 78. 7aa:. 8a8l18i-U1 S. 7R. 9Rl~2.B-Dioxa-9-methyl-4-

methylene-3-oxo-cis-bicyclof3.4.0J-non-7•yl-oxv-methyll-4-fomJyl- · 
. . 

4.4a.5.6.7. 7a.B;B8-0ctahydrci-7-methyl-3-l1~ethyl-ethyll•1.4-methano-s-
. . . 
indacene-3a( 1 Hl.;.carboxvlic acid. · 

To a solution of intermediate 42 (62 mg) in dry dichloromethane (1, 1 ml) was 

a~cied trifluoroacetic acid (0.05 ml). The mixture was-· stirred at ooc for 2p 
minutes, then diluted with dichlOromethane; (50 . .ml) and washed with water (3x25 

ml). The organic layer was. dried .··aver . anhy~rous . sodium sulfate . and 

concentrated to give an oil which· was. twice flash chromatographed on. silica gel 

using dichloromethane:m9thanol (98:2) as. the eluent. The title compound was 

thus obtained (25 mg) as a. pale yellow foam.·. 

& (1 H, CDCl3): 9.75 (s~ 1 H, CHO), 6.35 and 5.63 (2d, 2H, J::12C=C, J=3.3 Hz), 

6.04 (dd, 1 H; H-2, J=1 ~2 and 3.3; Hz), 4.52 (t; 1 H; H~7'. J=· 4.8 Hz). 4.24 (t, 1 H, 

H-4', J=8. 7 Hz), 4.09 and 3.46 (2d,. 2H,. Ba-CH2. J=9.3 Hz), 3.38 (m, 1 H; H-5'), 

3.30 (rri, 1 H, H-9'), 2.59 (t~ 1 H, H-1 •• J=3.9 Hz); &. (13c, CDCl3): 204.5 (CHO), 

175.3 (COCH), 169.7 (C-3'), 148.2 (C-3), 136.8 (C-4'); 130.6 (C-2), 122.4 

(C=kH2), 97.7 (C-7'), 77.8 (C-1') and 71.2 (C-9'); 

EXAMPLE36 · 

25 · £1 R-(1g. ·. 3alt 46; 488. 78> 7@x~ 8a8U aa:rris; 7R. 9RJ-2.8-Dioxa:9-methyl-4-

methylene-3-<>xck:is~bieycloQ:4:0ffion-7•yl-oxv-ri1ethyll-4-fonnyl- . . . · 

4.4a.5.6.7. 7a.8.8a-octahydto-7-methyl-3-(1-methyl:ethyll-1.4-me1t:1ano-s­

indacene-3at1 Hl.;.carboxvlic acid. sodium salt. 

30 To a solution 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 anci the residue: was dissolved in water (25 ml) and 

lyophilized to give the titl~ cempound (26 mg); : 

& (1 H, DMSO-ds): 9~75 (s, 1 H, CHO). a~ 15 alid 5.~ (2d, 2H, t12C=C, J=3.3 Hz), 

35 . 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·. 

. . 

...... 
. -,..~ ........ ·: 
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J=8.7 Hz), 3.84 and 3.52 (2d, 2H, 8a-CH2, J=9.9 Hz), 3.38 (m, 1H, f:'l-5'), 3.21 

(m. 1 H, H-91
). 

·•. 

EXAMPLE37 

5 . MR:(1sx, 3a8. ·48. 4a8. 76. 7aa. 8a8}J 8a-«1S. 7R. 9Rl-2,8-Dioxa-9-methvl-4-

oxo-ci§..bicycfoC3.4.0J-non-7-yl-oxv-methyll-4-formvH.4a5.6.7. 7a.8.8a­

octahvdro-7-methyl-3-C1-methyJ-ethyll-1.4-methano-s-indacene-3aC1 H)­

carboxvlic acid. 

1 O To a solution of intermediate 43 (45 mg) in ethyl acetate (15 ml) was add~d 

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 

15 hexane:ethyl acetate (65:35) as the eluent to afford the title compound (25 mg). 

a (1 H, CDCl3): 9. 77 (s, 1 H, CHO), 6.05 (dd, 1 H. H-2, J=1.5 and 3.6 Hz), 4.17 

(m, 4H, H-3' {1H), 8a-CH2 (1H), H-7' and H-1'), 3.90 (d, 1H, H-3' (1H), J=17.7 

Hz), 3.42 (d, 1 H, 8a-CH2 (1 H), J=9 Hz), 3.31 (m, 1 H, H-9'), 2.85 (m, 1 H, H-5'), 

2.58 (t, 1H, H-3, J=3.9 Hz); a (13c, CDCl3): 214.4 (C-4), 204.8 (,C.HO), 148.3 

20 (C-3), 130.6 (C-2). 98.9 (C-7'), 78.6 and 70.3 (C-1' and C-9'), 73.6 and 69.1 

(CBa·C and C-3'). 

EXAMPLE38 

f1R..f1a. 3aB. 48, 4aB. 78. 7aa, 8a8ll 8a-JJ1S.4S.6S.7R.9Rl-2.B-Dioxa-4-ethyl§-

25 hVdroxv-9-rnethyl-cis-byciclo£3.4.0J-non--7-yl-oxy-methylJ-4-formyl-

4.4a.5.6. 7. 7a.8.8a-octahydra=7-methyl""3-(1-methylethyl}:1.4-methano-s­

indacene-3a( 1 Hl-carboxvlic acid. 

To a solution of Intermediate 45 (123 mg) in ethyl acet~te (50 ml) 10% 

30 palladium · 0n charcoal· (65 mg) was added under nitrogen and the mixture 

hydrogenated under 15 psi of hydrogen for 1 hour at room temperature. Tf:le 

catalyst was filtered Off and the solvent evaporated to dryness. The residue was 

flash chromatographed on silica gel eluting with dichloromethane:methanol 

( 19: 1) to (18:2) to give the title compound (90 mg). 
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a (1 H, CDCl3): 9~67" (s, 1H, CHO), 6.07 (d, 1 H~: H~2, J=3~3 Hzl1 4.64 (d, 1 H, H~7', 
J=3.6 Hz), 4.02 (d, 1H, SaCHa, J=9.9 Hz), 3.89(dd,1H, Ha~·~·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); a (13c, CDCl3):204.9 (CHO), 176.3· (C02H); 148.9 (C-

5 3), 130.1 (C-2), 99;2. (C-7i),· 80~S:, 70.1 and 65.:s::cc'.:6', C-1' and C•9'), 73~7 and 

10 

71.0 (Sa-kH2 and C-3'); 13.4:(CH2-,H3). · -

EXAMPLE39 

[1R-(1a. 3a8. 48. 4a8. 78. 7aa. 8a8U 8a-[(1S.4R.6S.7R.9RJ-2.8-Dioxa-4-ethyl-6-

hydroxV-~rhetbyl~s-bieyclg[3.4~oJ;.rl()n:.7:yl-oW~methyiH-formYI-- · ·.. · · 

4.4a,!t6. 1. 7a,8.aa~ciahydrb-7-n1etliyt-3-t1-1Tiethv1•thvll•1.·4~rriethane>"S• _ 

.. indacene-3at1 H'i-carboxylic acid. ·. . 
r 

. . 

To a· solUtion of intermediate·46 (102· mg) ·in: ethykaeetate<(25; ml) 10% 

15 palladium on charcoal :cao· mg) waS added '.'.inder· nitrogen' and the mixture 

hydrogenated.under 15 psi· Of hydr0gen fQr 1: hour 8t room~temperature. The 

catalyst was filtered off 'and the solvent evaporated to dryness~. The residue was 

flash chromatographed· on silica gel.· eluting"·· with dichloromethane:methanol 

(25: 1) to give the titie 'compoynd (75 mg) .. 
. 1 . . .· . . . . ·. .. . . . .. 

20 3 ( H, CDCl3): 9.73 (s, 1H, CHO), 6.08 (dd, 1H~ H-2, J=1.2-and 3.6 Hz); 4.53 (d, ... 

1H, H-7', J=1.8 Hz), 4.05 (dd, 1H, Ha-3', J=7.2 and8.4 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, 1 H, Ba-CHb, J=9.3 Hz), 3.54-3.36 (m, 2H, H-9' and Hb-3'), 

2.68 (t, ·1H, H~1. J~i9 Hz),· O.els (t, ·aH, CJ:13-0H2. J=7.5· Hz);. 6 _(13c, CDCl3): 

25 204.7 (CHO)~ '176; 1 (C02H)1 ·148~5 (C-3), 130.5 :(C~2)~ 98.8 (C-T), 79.2, 70.7 

and 69.1 (C-6i, C-1' and C-9'k 73.7 and 12~t (8a•kH2'· and C-3'), 12.7 (CH2-

.Q.H3). .-

•. 
:-..- . 

-:. 

.• ,,;.1 
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EXAMPLE40 

·.f#f<1q.·3aB.48; 488. 78. 7aq. 8a8ll 8fi:(l1S.4R.6S.=7R.9R1-2.8-Dioxa4-ethyl-6-

.' ~+methyl-qiS=bicyclo(3.4.0J-non--7-yl=t>XV-methylJ+formvl-· 
4.4a.6.&.7·.7a;818&-octahvdro-7-methyf-3..f 1-methylethyn-1.+methano-s-

5 indacene-3a(1 Hl-carboxvtic acid. sodium salt. 

To a solution of Example 39 (490 mg) in methanol (50 ml) was added dropwise 

-0:095N aqueous sodium hydroxide solution (10 ml). After ao·m;nutes the solvent 

·W&s removed under reduced pressure and the residue dissolved in water (1 O 

10 . ml) and lyophifized to give the title compound (475 mg). 

15 

8 (1H, (CD3)2SOj: 9.77 (s, 1H, CHO), 5.8 (d, 1H, H-2, Ji:::2.4 Hz), 4.41 (bs, 1H,. -

OH), 4.31(d,1H, H-7'. J=2.1 Hz), 3.94-3.82 (m, 2H, BaCHa·and Ha-3'}, 3.66 (t, 

1 H, H-1 ', J=S. 1 Hz), 3.54-3.34 (rn, 3H, SaCHb, H-6' ana· H-9'), 3.24 (t, 1 H, Hb-3', 

J=e.1 Hz), 2.55 (t, 1H, H-1, J=3.6 Hz}. 

EXAMPLE40 

[1 R-C1a. 3a8. 48. 4aB. 78; 7aq. 8aBU 8a-U1SAR.6S.7R.9RJ:2.8-Dioxa-4-ethyl-6-

hydroxv-9-methyl-cis-bicyclo£3.4.0}-non-7-yl.ol<\l-methyll~~formyf~ 

4.4a.5.6. 7. 7a.8.8a.octahvc:tro-7 -methyl-3-!1-mettwtethyll-1.4-methano-1-

20 indacene-3a(1 Hl-carboxvlic acid. sodium salt. 

To a solution of Example 39 (490 mg) in methanot (50 ml) was added dropwise 

0.09SN aqueous sadium hydroxide solution (10 ml). After 30-minutes the solvent 

was removed under reduced pressure and ttie residue dissolved in water (10 

25 ml) and lyophifized to give the title comoound (475 mg). 

30 

8 (1H, (CDa)2SO): 9.77 (s, 1H, CHO); 5.8(d,·1tf, H-2~ J=2.4 Hz), 4.41 (bs, 1H, -

OH), 4.31 (d, 1H, H-T, J=2.1· Hz), 3.94-3.82 (m, 2H, 8aCHa and Ha-3•), 3.66 (t, 

1H, H-1', J=8.1Hz)~3.s4-3.34(m, 3H, BaCHb, K-6' and H-9'), 3.24 (t, 1H, Hb-31
1 

J=B.1 Hz), 2.55 (t, 1H, H:.1', J=s.e Hz). 
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E)(AMPLE41 
. - . . ·. 

r1B-(1a, 3a8, 48. 488. 78. 71q..SaBl1·8a:f[1S17B,,9RJ-2:.s-Dioxa-9-mettWl.+oxo-
cis-bicyclor3.4.0l-no.1-7 -y1-0X't'mefuy1H-foariv14:.:.ta~5.6.·7. 7a:s.8a-od8t1vdro-7 - . 
·methyl-3-(1-11\ethyle~yl}.1 .·4:rJ1ethan~s-indacen&.3a(1 Hl-ca~oxyiic acid .. 
sodium salt 

To a solution of intE1rmediate 43 (350mg). in, etl"lyl acetate .. (15 ml),. palladium 
(10%) on ctiarcoiil was adde.d (50·mg) under nitre>gttn. ~h~.rnixture wa~ shaken 
in a- Parr •pparatus (PH2=25 psi) for J hour _at room ternp•rature. Filtration of 
catalyst and evaporation of . the solvent gave a residue · which was flash 
chormatographed (silica :gel, dichlorometha~e:~ethanol :v/v .100:1, 70:1 and 

. . . . . . . .. . . . ·. . ,. 
. 50: 1) to obtain 200 mg of a: f9am which was. dissolved in. methanol (1 O ml) and 
treated with- 0,0947 M sodium. hydrc>xic:fe (4~-~ -ml).· ~he solvent was .removed 
under vacuum and the resulting solic:I dissolve~ in water ( 15 ml) and freeze 
dried. 
a (1H, DMSO-d6): 9.76 (s, 1H, CHO), 5,80 (dd, 1H, H2, J=0.9 and:_3·;3Hz), 4.20-

3.95 (m, 4H, H7'+H1'+H3'); 3,89 (d, 1H, 8aCH2, J=9.6 Hz), 3.47 (d, 1H, 8aCH2. 
J=9.6 Hz), 2,92 (m, 1 H, H5'). 

EXAMPLE42 
r1 R-(1a. 3aB. 4B. 4aB. 76. · 7aa. 8aBl]Ba-[c1s4B 7B 9R>-2 B-P1ox~-4-rnethoxv-
9.methyl-cis-bicyclor3.4.0J-non-7-yl-oxymethyl1-4;.formy1~ 4a 5 9 7 7a.8,8a­
octahvdro-7-methyl-3-C1-met~ylethyll-1.4-methano-s-indacene-3a(1 Hl• 
carboxylic. acid. sodium salt. .. 

To a solution of intermediate 82 .(250 mg)..in ethyl acetate (15 ml), palladium 
(10%) on charcoal was added (SQ,rng). under nitrogen~ The Tixt~~ w;as shaken 
in a Parr apparatus (PH2=25 p~i) for 1 ho~r 11t. room temperature, Filtration of 

catalyst and evaporation of the S;Olvt1nt .. gave a .. residue which was flash 
~ . . . . 

chromatographed (silica gel, dichlor:omehane:methanol 100:1, 70:1, 50:1 a.,d-
40:1) to obtain 120 mg of a syrup which was dissolvecl_.in methanol (15 ml) and 
treated with 0.0947 M sodium. hydroxide (2.51 ml). Elimination of the solyent 
gave a semisolid which was dissolved in water (15 ml) and freeze dried. 
6 (1H, DMSO-d6): 9.77 (s, 1H, CHO), 5,80 (dd, 1H, H2,· J=1.2 and 3.3, Hz), 4.47. 
(t, 1 H, H7', J=3.9 Hz), 3,96-3,84 (m, 2H, H3'+8aCH2), 3.80 (m, 1 H, H4'), 3.65-

• _;i, 
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3.40 (m. 4H, H9'+8aCH2+H~'.+H1'), 3.23 (s, 3H, OCH3), 2.46-2.2 (m, 4H, 
H1+H6'+H51+CH(CH3)2); 6 (13c, DMSO-d6): 206.4 CQHO), 174.4 w.oo-). 

151.3 (k.3), 127.6 ~2), 96.9 (k7'), 84.1 (C4'), 56.6 (O~H3). 

s -SAMPLE43 
f1R:f-1q. 3a6· 48. 4a6, 7ft. 7att. 8aBll 8a-[f1S.7R.9Rl-2.8-Dioxa-9-methvl-bicyclo 
C3.4.0J-non-4-ene-7-yl-oxymethytl-4-formyl-4.4a.5,6. 7. 7a.8.8a-octahydro-7-
methyl-3-C1-methylethyl}-1 .4-methano-s-indacene-3a(1 Hl-carboxylic acid. 

10 To a solution of intermediate 87 (120 mg) in dry dichloromethane (20 ml) was 
:-added at OOC under nitrogen atmosphere trifluoroacetic acid (100 µI), After~ 
minutes the mixture was diluted with dichloromethane (100 ml) and-washed with 
water (100 ml) and brine (100 ml), then dried over magnesium sulfate and 
concentrated to give. a crude which was dissolved in a mixture 

15 tetrahydrofuran:methanol (v/v 2:1, 15 ml) and treated with 1N hydrochloric acid 
·(5 ml). After completion of the reaction it was diluted with water (100 ml) and 
·extracted twice with dichloromethane. The organic layer was dried over 
magnesium sulfate to give an oil which was purified by preparatrve TLC (sihca 
get; acetone:hexanes 1 :3) to afford 62 mg of the trtle compound (73'4 yield) as a 

20 white foam. 
~ (1H, COCl3): 9.79 (s, 1H, CHO), 6.06 (dd. 1H. H2. J_•1 2 and 3 3 Hz). 5 56 
-cm, 1H. H4'}. 4.65-4.65 (m, 2H, H3'), 4.3-4.0 (m. 3H. HT•8aCHz•H1'), 3.50 (d, 
1H, 8aCH21 J=9 Hz), 3.18 (dq, 1H~ H9'. J=6.3 and 9 Hz). 2.72 (m. 1H, HS'). 2.62 

(t, 1 H, H1. J=3 Hz); a (13c, CDCl3): 204.6 ~HO). 175.2 ~OOH), 148.3 ~3), 
25 136.3 (CS'), 130.6-(C2)1 119.15 (C4'), 101.5 (CT), 86.5 {C1'}. 

EXAMPLE44 
C1R:(1a. 3aB. 48. 4aB. 78. 7aa. SaBll Ba-[{1S.7R.9R)-2.8-Dioxa-9-methyl-bicvclo 
(3.4,0J-non-4-ene-7-yl-oxymethyll-4-forrnv!-4.4a.5.6. 7. 7a.8.Ba-octahydro-7-

30 . methyl-3-{1-methvtethVll-1.4-methano-s-indacene-3aC1 Hl-carboxvlic acid. 

sodium salt . 

. To a solution of Example 43 (50 mg) in methanol (5 mt) 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 dryriess. The residue:was dlssolved:in water (1 ml ) and 
fre8Ze dried. · · ·· · ·· · 

1 . . . . ·.· . . ·. . ·' ·. .. .. . . 
3 ( H, DMSO-cl8): 9. 78. '(s, ·1 H; CH~). 5~80 (bd,· 1H;. H2~ ·J=3~8 Hz), 5~64'(bs, 1 H, 
H4'), 4.8-4.4 (m, 2H, H3'), 4.1(dd,1H, H7', J=2.7 and 9.3 Hz), 4.05-3.90 (m, 2H, 
H1'+8aCH2). 3.58 (d, 1H, 8aCH2; J=9.8 Hz), 3.()6 (dq, 1H, H9', J=8.3 arid 8.7 ... · 13 . .· . . . . . . . . . . . -~ . . . 
Hz); a ( c, DMSO-d6): 215.9 (Cl:!O)i "183.9. (kOO-),: 180.9 (k3), 148.1 (CS'), 
137.2 (C2), 128.·3 (C4'); 110~9(C7'), 95;7 (C1').-"" :. . 

- ~ ,; .. 

EXAMPLE45 
r1 R-i1·a. ·3a&.· 48. 4a·e .. 7B. :7a«; ·8a8)1 '8a:(d's·~ !Ri9,~fDib>ta~9-methyl;.cis-t>icvclo · 
r3.4.01-r1on~1~v1~xWriethvttft0rmv1-4.4a.5;8.7:'.7af8lea~Ctahvdr0-7 ~rT1ethy1~-c1~ 
methylethyll~1.~ethanl>-s~inaacenS.:3a<1 H>:CSit;ciAic acid., · . . . • .. · . 

• ·:·i 

To a solution of intermediate at (100· mg) •in ethyl" acetate (15 -ml)~ paliadium 
·15 (10%) on Charcoal was added (50 mgj" under iiitrogerri The m"ixture was shaken· . 

in a Parr apparatus (PH2~20 psi) fof1 ·hour<afroom:temperature·; Filtration of 
catalyst· and evaporation 'of the solvel'1t'gave a reiiClue Which was dissolved in a 

·mixture tetrahydroftirari:methanol (v/v 2:1~ 15· ·ml) and· tre·ated· with 1N 
hydrachloric acid cs· ml)~ 'Arter completion: at the reaction•diehl~romethane (100 

20 ml)_and water (.100 ml) were added and the 2 layers partionated~-·The,organic. 
layer W&s dried .over magrtesium · sG1tate' :and· coricenttateet to·.;give arl""oil: which 
was purified by preparative>T£c-(hexanes:atetone yjy'·3:1} to afford 20 mg of 
the title Compound as ·a,transpahlnt oil (30% overan yielct)::' .• . .: 
a (1H, coc13): 9:f1S~(s,· 1H, CHO),··a.o5 (dcf1H, H2,·J=1.5 and 3.8 Hz), 4.07 

25 (dd, 1H, H7', J=3 and 5:4 Hz)~ 4.33'(d/1H~· 8aCH2, J.:g;5:Hz),·3.90.(m; 1H, H3)'. 
3.89 (m, 1 H1 H3'), 3.61 (dd, 1 H, H1'. J=8.1 and 9 Hz}, 3.39 (dq, 1 H, H9'. J=8 and 
9 Hz)", 3.28 (d, 1 H, 8aCH2. J=9.8 Hz), 2.S-2.4:. (m, 2H, H5'+H1 )1 2.,32 (m, 1 H, 
CH(CH3)2); . . 

: ;. -: ~ .. . ....... 
·. ;_ 

. , 

. ·~·.: 

.. ·.· 
;•. 

f 
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E)(AMPLE46 

MR:(1g.. 3a8. 48, 4as. 78. Zaq. saen sa-rc1S.4R.eS.7R.9Rl-2.8-Dioxa-4.9-
dimeitwf..§-hydroxv=e;s:t>icyo1of3;4.0J-non-7 =vf..oXV4'nethvl11-4-formvl-
4.4a.5~6. 7.7a.8;8a-octahydro-7 "4itethyl-3-C1-methyl..ethytl-1 .4-rnethano-s-

5 indacene-3a(1 Hl-carboxvlic acid. 

To ·a solution of Intermediate 89b (90 mg) in ethy1 acetate· {25 ml) 10% 
palladium on charcoal (50 mg) was added u·nder nitrogen and the mixture 
hydtogenated under 40 psi of hydrogen for 45 minutes· at room temperature. 

1 O The catalyst was filtered off and the solvent evaporated to dryness. The residue 
was ., flash chromatographed on silica gel eluting with dichloromethane:ethyl 

• p- r 
acetate (10:1) to give the title compound (80 mg). 
a (1H, ~DCl3): 9.74 (s, 1H, CHO). e.os (def, 1H, H-2. J=1.5 and 3.6 Hz), 4.53 (d, 
1H, H-7'. J=2.1 Hz), 4.09 (d, 1H, 8a-CHa, J=9.6 Hz), 4.02 (dd, 1H, Ha-3', J=7.5 

15 and 8.4 Hz), 3.84 (dd, 1H, H-1', J=7.8 and 9 Hz), 3.74 (dd, 1H, H..S', J=2. 1 and 
5.1 Hz), 3.60 (d, 1 H, Sa-CHb, J=9.3 Hz), 3.42 (dq, 1 H, H-9', J=6 and 9 Hz). 3.34 
(t, 1H, Hb-31

, J=S.7 Hz), 2.66 (t. 1H. H-1, J=3.9 Hz). 

EXAMPLE47 

20 l1R-(1g.. 3aB. 48. 4aB. 76, 7att. 8a6)] 8a-TC1S.4R.6S.7R.9R)-2.8-Dioxa-4.9-

dimethy!-6-hydroxy-cis-bicyclol3.4.0J-non-7-yl-oxv-methyl1-4-formyl-
4.4a.5.6. 7. 7a.8.8a-octahVdro-7-methyt-3-f 1-methVl-ethyll-l .4-methano-t= 
indacene-3aC1Hl-carboxv1ic acid. sodium sa1t. 

25 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 ml) and lyophilized to give the title compound (250 mg). 

6 (1H, (CD3)2SO): 9.77 (s, 1H, CHO), 5.79 (d, 1H, H-2, J=3.6 Hz), 4.29 (d, 1H1 

30 H-7', J=1.8 Hz), 3.94-3.8 (m, 2H, 8~-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=8.4 Hz), 2.54 (t, 

1H, H-1, J=3.8 Hz). 
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EXAMPLE48 
l1R-(1a, 3aB, 48, 4aB, 78,Zaa, BaBU 8a-«(2,3,6-Trideoxy-3-ethylamino4N,4-

o-carbonyl-B-D-allopyranosylloxVlniethyl}4torrnyl~;4a.!t6, 1, 7a,a,aa~ · 

odahydro-7-methy1-ic1 -niethylethyll-1.4-riiethan~~s-inda~n&-3a(1Hl-
s carboxylic acid. . 

10 

15 

20 

25 

To a solution of intermediate .. 96 (180 mg) in_ ethyLa.cetate (15 ml), palladium 

(10%) on charcoal was 21dded (30 mg).under niV.ogen, Ttie mixture was.shaken 

in a. Parr apparatus (PH2=29 psi) for 2·· hours. atro~rn temperatu~. The catalyst 

was filtered and the solvent evaporated to dryness, Th• residue was purjfied by 

flash column-chromatography on silica gel eluting with hexane:ethyl ace.tate 1:1 
. . . . . ~ 

to give pure GM 233039X (70 mg).. . . .. .· . 1 . . . . .· . .• 
a ( Hi COCl3): 9,76 (s •. 1H,·,C1:10), 6.05(dd,1H,H-2, J=3,0•nd1.2 Hz), 4,64 

(dd, 1H, -H-1', J=5.7 an(f 3;3 Hz), 4.11 (m, 2H, H-3', H-41
),. 4,04 (d, 1H, H-8a, 

J=9,3 Hz), 3.62 ((fq, 1 H, H-5', J=B._4 ~nd 6.0 Hz),. 3.51 (d, 1 H, H.aa, J=~.3 Hz), 

3.49 (m,. 1H, CJ::!2-CH3), 3.13 (m, 1H, CJ:b~CH3). 2,62. (t, 1H, H-1, J=3,6 Hz), 
. . . . ~ . 13 . . '· 

2.32 (m, 1H, Cl:f(CH3)2)~ 1,15 (t, :,iH. c1:13, J~7,2 Hz), s ( c. CDC!3) .. 204.4 

~HO), 1_75,7 ~OOH), 157,6 (N-kOO), 148,3 (C-3), 130.5 (C-2), 97.2 (C-1'), 

7 4,2 (C-4'), 73.4 (8a-CH2). 69.4 (C-5'), 51.2 ~-N). 

EXAMPLE49. 
l1R-(1a. 3a8, 48, 4aB~· 78, 7aa, 8a8U 8a-rc2,3-Anhydro-6-deoXV-4-0-mettiyl-B­

D-mannopyranosyloxylmethyll-4-formyl-4;4a.5.6, T,7a,8,8a~dahyd~ 7 -methyl-

3-C1-methylethyl)-1.4~methano-s-indacen..aac1 Hl-cirboXVlic acid . . 

. . . 
To a solution· of Intermediate 50. (140mg). in· ethyl acetate (20ml). was. added 

10% palladium on charcoal (100mg) under nitrog.,n. The mixtu~e Wcl.~ sh~ken in 

a Parr apparatus under .15 psi ~ydroge~: for 1. hour at roo~ temperat~re. The 

catalyst was filtered off and the solvent evaporated_ to dryness. The residue was 

30 purified by flash chromatography on silica gel, el~ing with hEtX&ne:ethyl acetate 

(5:1). and dichloromethane:methar10I (20:1).: Th~ apprc)piate hctions Were 

combined and the solvent removed to give the title c0mpound (85mg) as a foam. 
. . . : 

a (1H, COCl3): 9,76 (s, 1H, CHO), 6,08 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 4.74 (s,. 

1H, H-1'), 3.63.and 4.13 (2d, 2H, 8aCH2, J=9,3 Hz), 3.48 (m, 4H; H-4' and 4'-

35 OMe), 2.26 (d, 1H, H-2', J=3.9 Hz}, 3.19 (m, 1H, H~'), 3.13 (d, 1H, H.;.a', J=3.9 

··-·~1 ..... ,.,.· ....... 
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Hz), 3.06 (d, 1H, H-41
1 J= 8.7 Hz), 2.74 (t, 1H, H-1 1 J=3.6 Hz); 8 (13c, CDCf3): 

204.8 (CHO), 175.6 (C02H), 148.2 (C-3), 130.B: (C-2), 98.0 (C-1'), 76.5 (C-4'), 

. !4:3. (8aCH2), 74.4 (C-3a), 72.5 (C-5'), 65.6 (C-Sa), 59.0 (C-4}, 58.2 (4'-0Me), 

53.6 (C-2'), 50.3 (C-31
) 1 46.4 (C-1 ). 

EXAMPLE50 .. 
£1R.(1a. 3aB. 48. 4a8. 78. 7aa. BaB)] 8a-CC2.3-Anhydro-E>~eoxv-4-0-methyl-B-

D-mannopyranosyloxvlmethyll-4-formvl-4,4a.5.6, 7. 7a.8,8a-octahydro-7-methyl-

3-C1-methvlethvll-1.4-methano-s-indacene-3aC1 Hl-carboxvlic acid. sodium salt 

Example 49 (310mg) was dissolved in methanol (10ml) and an aqueous sodium 
. . ,. 

hydroxide solution (0.0976N, 6.69nil) 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 

15 as white solid. 
8 (1H. CDCl3): 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, 8aCH2 •. J:::9,6 Hz), 3.47 (s, 3H, 4'-0Me), 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, H-4', J=0.6 and 8.7 Hz), 2.66 (t, 1H. H-1. J=3.6 Hz); l5 

20 (13c. CDCl3): 209.6 (CHO),. 178.6 (C02H). 152.4_ (C-3), 130.2 (C-2), 100.1 (C· 

1'), 78.2 (C-4'), 77.9 (8aCH2). 73.8 (C-3a), 73.9 (C-5'). 65.6 (C-8a), 59.2 (C-4), 

58.2 (4'-0Me), 54.6 (C-2'), 51.9 (C-3'), 46.4 (C-1 ). 

EXAMPLE51 
25 [1R-C1q. 3a8. 4B. 4aB. 7B. 7aa. 8a8ll 8a..[c2.3-Epithio-4-0-methyl-2.3.6-

trideoxv-8-D-mannooyranosyloXvlmethv11-4-formvl-4.4a.5,6. 7. 7a.8,8a­

octahydro-7-methvl-3-C 1-ttiethvlethvtl-1.44it~thano-s-indacene-3a(1 Hl­

carboxvlic acid 

30 A mixture of Intermediate 52 (0.67mmol), 5,5-dimethyl~Z-thiolo-2-thioxo-1,3,2-

dioxaphosphorinane 1 (3.37mmof) and triethylamine (4.02 mmol) in dry 

dimethylformamide (Sml) was heated for 48 hours at 1 OOoC • After cooling, the 

mixture was poured into aqueous ether. The organic phase was evaporated and 

the residue purified by flash chromatography using dichloromethane:methanot 

35 {30:1) as eluent to give the title compound (180mg). 
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·1 .· . ·. : . . . . . .· . . ... 
3 ( H, CDCl3): 9.77 (s, 1H, CHO), 6~08 (dd, 1H, H-2, J=1,2 and3.3 Hz), 4.95 (d; 
1H, H-1', J=1~8 Hz), 4:~s·a11ci ·3.65 (d,d,"1H, "1H." 8a-C:H2). J~ 9.3 Hz), 3.33 (d, 
1H, H-41

, J= 8~7 Hz), 3.18 (m, 1H, H-5'),3.14 (m, 2H, H-2' and H-3'), 2.70.(m,.1H, 
H-1),2.30 (m, 1H, CH(CH3)2); 3 (13c, CDCl3):, 204.J:- (CHO), .. 175.6 
(C02H), 148.3 (C-3), 130. 7 (C-2),98.5 (C-1 '), 79.1 (C-4'), 7 4.1 .(8a-CH2). 73.5 (C-
5'), 46~6 (C-1 ),35.6 (C~2'),35~2 (C-3'),27.5 (kH(CH3)2). 

1 R.s~ Edmundson; Tetrahedron, 21. 2379 (1965)~ :: 

EXAMPLE 52 . · .. · . . 
r1 B-l1a. 3aB. 48. 4aB. 76. 1aq. 8aBU 8a-K2.3-Arihydro~-deoxv4b-prQpyl-B- r 

o~annopyranC>sv1oxv>met6\til-4-t~rmy1-4.4a.5.6.7.7a.8.ea-odahydrcr7~methyl-
3:<1-methylethvll-1".4-methanC,..s-i~daCene•3ac1 Hl-CSrboxvUc aCid .·. - . 

. ..· . •.·· 

15 To a solution of Intermediate 65 (400mg) in ethyl acetate (100ml) was ·added· 
10% palladiurn on Charcoai "(2domg) under nitrog~n. The mixture was_ shaken in 

20 

25 

. . ·• -·, . . . . 

a Parr apparatus under 20 psi of_ hydrogen for 1 hour at room temperature. The 
catalyst was filtered. off and th~. solvent evaporated. to dryness. The residue was 
purified on a _silica gel flash column eluting with methylene chloride and 
methylene chloride:methanol (25:1) to obtain the title cc>moound (300mg) as a 

white foam. 
1 . . - ' :· - - . . . .· .. 

S ( H, CDCl3). 9.76 (s, 1H, CHO), 6.08 (dd, 1H, H-2, J-1.5 and 3.6 Hz), 4.72 (s, 
1 H, H-1'}, 4.13 and 3.65 {2d, 2H, 8a-CH2, J=9 Hz), 3.67 (m, tH, H-5'), 3.44 (m, 
1 H, H-41

) 1 3.25 and 3.12 (2d, . 2H, H-2', H-3', J=4.2 Hz); 3.20 · (m, 2H, 
OCt12CH:2CH3)1 2.74 (t, 1H, K~1, J=3.9 Hz); 3 (13c, CDCl3): 204.8 (CHO), 
175.8 (C02H), 130.8 (C;.2); 148.2. (C-3), 98:0 :(C-1'), 74:9· (C-4'), 74.3. (C-8a­

~H2). 72.6 (C-5'), 72.4 (OCf:12CH2CH3 en C-4')~ 65.6 CC-Sa), ~9~0 (C-3), 54.2 
(C-2'), 50.3 (C-3'), 18.6 (C-6'). . 

i 

. -~t ... 
.... '"\, 
. -~ ..... 

·,i" 
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EXAMPLE53 
£1R-<1&. 3a0.·48. 488. 78. 7aa; 8a6ll 8a-{t2.3-Anhydre-6-de0XY:4-0-oropyl-8-
D-ri1anf\oPVtanosyloxy) methytJ+formyl:4.4a.5.8; 7. 7a.8.8a-octahydro-7-methyl-
3-(1 ... methylethy!)-1.4-methano-s-indacen.aat1 Hl-earboxvlic acid. sodium salt 

To a solution of Example 52 (400mg) in dry methanol (30ml) was added 
dropwise 0.0976N sodium hydroxide solution (8. 15ml) at room temperature. The 
mixture was stirrect for 1 hour. The solvent was evaporated to dryness and the 
solid residue dissolved in the minimum volume of water (10-15ml). This solution 

10 was lyophilized to obtain the title compound (417mg) as a white solid. 
~ (1H, COCf3): 9.89 (s, 1H, CHO), 5.97 (dd, 1H, H-2, J=1.5 and 3.6 Hz). 4.70 (J;, 
1H, H-1'), 4.09 and 3.86 (2d, 2H, 8a-CH2; J=9.7Hz), 3.70 (m, 1H1 H-5')1 3.44 (m, 
1 H, H-41, 3.24 and 3.12 (2d, 2H, H-2' and H-3'. J= 4 Hz), 3.20 (m, 2H, 
OCJ:f2CH2CH3), 2.65 (t, 1H, H-1, J=3.9 Hz); a (13c, COCl3): 209.6 (CHO), 

15 178.38 (C02Na), 152.4 (C-3), 130.1 (C-2), 100.1 (C-1')1 77.9 (OkH2CH2CH3 
en C-4'). 76.6 (C41

) 1 73.5 (C-5'), 73.1 (C-8a-~H2)t 66.6 (C-3'), 18.9 (C-6'). 

EXAMPLE54 
£1R-t1tt. 386.·48. 4aB. 78, 7a«, 8a6U · 8a-rc2.3-Anhydro-4-0-benzyl-6-deoxv-

20 8-D-mannopyranosyloxvlmethyfl-4-formyf-4;48;5.6; 7. 7a.8.8a-octahydro-7-
methyl-3-C1-methvlethyll-1.4-methano-s-indacene-3a(1 Hl-carboxvlic acid 

To a suspension of sodium hydride (22mg) in dry dimethylformamide (5ml) 
was added dropWise a solution of Intermediate 63 (200mg) in dry 

25 dimethylformamide (7ml) and the mixture was stirred for 1 hour at room 
temperature. The reaction mixture was neutralized with 1 N hydrochloric acid 
and ethyl acetate (30ml) was added. The organic layer was washed with water 

and brine, dried over anhydrous magnesium sulphatet filtered and evaporated 
to drynes~. The ·resid~e was chromatographed on e silica .gel flash column 

30 using methylene chloride:methanol (~0:1) and (35:1) as eluents to give the title 
compound as a white foam (150mg). . 
a (1 H, CDCfs): 9.86 (s, 1 H, CHO), 7.31 (m, 5H, f!lCH20), 6.08· (dd, 1 H, H-2, 
J=1.2 and 3.3 Hz), 4.75 (d, 1H, 0Cf::l2Ph. J= 11.4 Hz), 4.73 {s, 1H, H-1'), 4.56 
(d, 1H, OCl:f2Ph, J:: 11.4 Hz), 4.17 and 3.62 (2d, 2H, 8a-CJ:i2, J=9.0 Hz), 3.32 

35 and 3.14 (2d, 2H, H-3' and H-2', J=3.7 Hz), 3.30 (m. 2H, H-4', H-:5'), 2.71 (t, 1H, 
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H-1 ); a (13c, CDCl3): 204.9 (CHO), 175.8 (COOH), 137.2; 128.14;~_1_28.11 (6C-

Ph); 148~3 (C~). 130.8 (C•2), 98.0 (C-1'); 74.4 ·(C8a .. kH2), .. 74."3 (C~'), 72.6 

(OkH2Ph}, 72.5 (C-5'), 65.5 (C-8a), 54.0 (C.;.2'); 50.3(C~'), 18.6(9-6'). 

5 EXAMPLE55 

10 

15 

20 

25 

C1R-<1a. 3a8. 48. 4a8~7B. 7a«. SaBll · aa-rc2.3-Anhvctro;.S-cleoxv•B~D­

mannopyr&nosyloxvlmethyll-4-formyl-4.4a,5;6; 7. 7a18;8&«tahydro-7-methyl-3-

. (1-fnethylethyll-1.~methano-s-indacene-3a<tHl-carboxvlic acid 

.. : ~ : •. 

To a suspension of dry sodium hydride f75mg) in ·dry dimethylformr1r11ide (5rnl) 

under···nitrogeri was added a solution. of· Intermediate. SP. ·(5()0mg) in di)' 

dimethylformamide (5ml). The reaction mixture was $tirr~ under nitrogen for 3 

-·hours and the .. reaction was then quenched by water .addition and·neutralized to 

pH 6.5-7 with .0.5 M' ·aqueous hydrochloric acid .. The mixture was conc•ntrated 

and the residue partitionated in water.ethyl acetate (1:1;100ml). The. aqueous 

phase was extracted with'ethyl acetate ·(2X20ml), an~ th• organic phases were 

cambined and treated with brine and dried over magnesium -sulphat~. filtered 

and concentrated in vacuo to a syrup. This was purified· ~Y flash column 
. . .. .. . . .. .·... . 

·chromatography on·-silica gel eluting with _ dichloromethane m.ethanol. ( 40: 1) to 

give the title compound (172mg) as a.wh!te foam. · ·- . . _ . _ · 

. a (1 H; 'CDCl3): 9.76 (s, 1 H~ CHO). 6.09: (cid •. 1 H. H .. ~;~~ J:;1 ~- and '3 6 Hz), 4 77 

(s, 1H, H-1'), 3.61 and 4.21 (2d, 2H, 8aCH2. J=9 Hz). 3 60 (d. 1H. H-4', J=8 7 

Hz), 3.21 (dq~ 1 H, H-5\ · J=9 and 6 Hz),.· 3.16 and 3-~2r (2d; 2H. H-2' and H-3' 

J=3.6 Hz), 2.70 (t~ 1H; H•1); a (13c, CDCl3): 205.5 (CHO), 174~6 (C02H), 148.4 . 

(C-3), 130.8 (C-2),· 97.8 (C-1'), 74.1 (8aCH2). 73.9 (C~'), 73.7 (C~a), 67.2 (C-. 

5'), 65.5 cc-ea). 59~0 (C-4), 56.5 cc~2·>~ 50.4 (C-3'). 46.5 cc-1 ) .. 

EXAMPLE sa::· ' - ,_ · ..... _ ·. .. . _ .. - .. 
r1ff<1q. 3a8. 48. 4a8; 781 7aa. 8a8}l8a:fC2.~Anbydro-4.6.:ctideoxy-4-fluoro-8-

30 o~ta1opyn1nosyloxylmetbv1JAformW4.·4a.516,Z. 1•.8;8a..0Ctatiyqrcr7-methyl~ 
<1-methylethvll-1.4-methano-s-indacen~a(1 Hl..carboxy!ic acid 

To a solution of Intermediate 68 (1~0mgl irt ethyl ae».tatE9J30m.I) was added· 

. 10% palladium on charcoal (1 OOrng) under.nitrogen. The m~re was shaken in 

35 a Parr apparatus under 15 -psi Of hydrogen for 1- hour at room temperature~ The 

-~"."' ••,oH -. 

.. < 

f 
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catalyst was filtered off and the solvent evaporated to dryness. The residue was 

chrematographed on a silica gel flash column using hexane:ethyl acetate (4:1) 

and dichloramethane:methanol (20: 1) as eluents· to give the title compound as 

a white foam (82mg). 

5 8 (1H. CDCl3): 9.79 (s, 1H. CHO), 6.08 (dd, 1H1 H-2, J= 1.2 and 3.6 Hz). 5.13 

(s, 1H, H-1'), 4.75 and 4.58 (2dq, 1H, H-5', Js•F=48.3 Hz, J=6.6 Hz, J=3.9 Hz), 

4.18 and 4.11·c2d,1H, H-4', J=3.9 Hz and J4•F=23.1 Hz). 4.07 and 3.61 (2d, 

2H, 8aCH2, J=9.3 HZ), 3.77 (m, 2H, H-2' and H-3'), 2.67 (t, 1H. H-1); a (13c, 

CDCl3): 204.6 (CHO}. 175.3 (C02H), 148.2 (C-3), 130.7 (C-2), 101.7 (C-1•), 

10 90.2 (d, C-4'. Jc4•-F= 157 Hz), 80.3 (d, C-5'. Jcs·-F= 21.4 Hz), 74.3 (C-8aCH2}, 

73.4 (C-3a), 65.4 (Cefla), 58.9 (C-4), 55.9 (C-2'), 55.1 (d, C-3', Jc3•-F=6.3 Hz). 

16.4 (d, C-6', Jcs•-f= 21 Hz). 

EXAMPLE57 

15 C1 R:(1a. 3a8. 48. 4a8. 78. 7aq. SaBll 8a-(C2.3-Anhydro-6-deoxy-4-0-<2-

methoxvethyll-B·D-mannopyranosyloxylmethylJ-4-formyl-4.4a.5.6. 7, 7a.8,8a­

octahVdro-7-methvJ-3-(1-methylethyll-1.+methano+indacene-3af 1 H>­

carboxvlic acid 

20 To a solution of Intermediate 69 (140mg) in ethyl acetate (50ml) was added 

10% paltadium on charcoal (70mg) under nitrogen. The mixture was shaken in a 

Parr apparatus under 20 psi of hydroge~- fQr 1 hour at room temperature. The 

catalyst was filtered off and the solvent evaporated to dryness. The residue was 

purified on a silica get flash column eluting with dichtoromethane and 

25 dichloromethane:methanol (40:1) to give the title compound (74mg) as a white 

foam. 
S (1H, CDCl3): 9.78 (s, 1H, CHOt. 6.08 (dd, 1H, H·2, J=1.2 and 3.3 Hz), 4.74 (s, 

1H, H-1'), 4.23 and 3.60 (2¢·. 2H; 8a-CH2, J=S Hz), 3.86-3.50 (m, 4H, 

OCJ:f2C!:f20CHs), 3.38 (S. SH, Cl:130CH2CH2'J), 3.30 and 3.13 (2d, 2H, H-2' 

30 and H-3', ·J=S.9 ~), 3.2&-3~22-(m; 2H; H..f and H-5'), 2.68 (t, 1H, H-1 1 J=3.7 

Hz); a (13c, CDCt3): 204.8 (CHO)~ 17&.2 (COOH), 148.3 (C-3). 130.8 (C-2), 

97.9 (C-1'), 74.2 (C-8a~Hf)t 72.4 (C-5');-71;7 and 69.9 (O~H~HiQCH3). 54.1 

(C-2'), 50.3 (C-3'), 46.5 (kH30C~CH2). 18.5 (C-6'). 
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EXAMPLE SB 
C1R:.(1a. 3~8. 48. 4a8·. 78.7aa.. Ba8ll·88-K2.3-Anhydro§:deoxy40-<2,;. 
. methylcroQyll-8-0.;.mannopyranosyloXylrtiethyll-+forrnvl-4.4a.·5.6. 7.7a.B.Ba­
odahydro-7-methyl-3-C1-methylethyll-1.4-methano-s-jndacene-3aC1 Hl-

5 carboxvnc· acid 

10 

15 

20 

To a solution of Intermediate 70 (0. 14 mmol) in ethyl acetate (30ml) was. added 
10% palladium on charcoal (50mg) under nitrogen, The miXturewas shaken in a 
Parr· apparatus under 25- psi of hydrogen for 30·'-minutes· at room. temperature. 
The catalyst was filtered ·c;>ff and the solvent evaporated to dryness.- The residue 
was purified bY flash chromatography using dichlorometharie:methanol (40:1) as 

. . ~ 

eluent to give the title comcound _(49mg). 
1 I • • . - . 

& ( H, CDCl3). 9.76 (s, 1H, CHO). 6.09 (dd, 1H, H-2, J-1.2 and 3.3 Hz), 4.73 (s, 
1H, H-1'), 4.12 and 3.65 (2d, 2H, 8a-CH2, J:s.3 Hz), 3.49 (m, 1H, H-5'), 3.22 
(m, 3H, H-2' and CH2-0), 3.13 (m, 2H, H-3' and· H-4'), 2~75 _(t, 1H, H-t, J=3.9 
Hz),. 2.33 (m, 1H,. CJi(CH3)2); &' (13c, CDCl3): 204.8 (CHQ),.17~.o (C02H), 
148.2 (C;;;3), 130.8 (C"'2),. 98;Q· (C-1'),· 77.6 (C"'1"), 75.2 (C-41

), 74.3 _(8a-CH2). 
72.9 (C-3a), 72.6 (C-5'), 65.6 (C-Ba), 59.0 (C-4), 54.1 (C-2'), 50.4 (C-3'), 46.4 
(C-1), 41.7 (C-4a), 41.3 (C-7a) .. 

EXAMPLE59. 

l1R41g. 3a8. 48. 4aB. 76. 7aa. BaBU 8a•U2.3-Anhydro-6-deoxv-4-0-<1-
methylethyllcarbonyl-B-D-mannopyranosyloxvlmethyll+formyl- _ 
4.4a.5.6. 7. 7a.8.8a-odahydro-7-methyl-3.(1-methylethyll-1 .4-methano-s- ·. 

25 indacene-3af1 Hl-carboxylic· acid 

To a solution of lntermediat• 71 (140mg) in ethyl. acetate· (20ml) was: added 
·10% palladium on chareoal (1~0mg) under nitrogen •. The mixtu .... was shaken in 
a Parr apparatus under 20 psi of hydrogen for 1 · hour at room temperature. The 

30 catalyst was filtered off and ·the solvent evaporated to dryness •. The. residue was 
purified by ·flash column chromatography on. silica gel .eluting with h~ne:ethyl · 
acetate (4:1) and dichlorometane:methanol (20:1) to ·afford the title comgoynd 

(103mg) as a white foam~ · _ 
a (1H, CDCl3): 9.74 (s, 1H, CHO), 6.09 (dd, 1H, H-2, J= 1.5 and 3.6 Hz), 4.78 

35 (s, 1H, H-1'), 4.66 (d, 1H, H-4', J=9 Hz), 4.10 and 3.60 (2d, 2H, 8aCH2, J=9 Hz), 

... 

· . .. : 
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3.42{dq, 1H, H-5', J=9 and 3 Hz), 3.15 (s, 2H, H-2' and H-3'), 2.78 (m, 1H, H-1), 

2.58 (m, 1H, 4'-0COCJ:iMe2); 6 (13c, CDCl3): 204.9 (CHO), 176.1, 175.9 

(CD2H and 4'0COR), 148.2 (C-3), 130.9 (C-2), 97.9 (C-1'), 74.5 (C-8aCH2). 

72.6 (C-3a), 71.4 {C-41
), 67.8 (C-5'), 66.0 (C-8a}, 59.0 (C-4), 18.5 and 18.8 

· {2CH3 of 4'-0COCHMe2). 

EXAMPLE60 

C1R:{1a. SaB. 48. 4a8. 76. 7aq. 8a8U 8a-rc2.3-Anhydro-6-deoxv-4-0-<2.2-

dimethylpropionyll-8=D-mannopyranosyloxv)methyll-4-formyl-4,4a.5.6. 7. 7a. 8. 8a­

octahydro-7-methyl-3-C1-methylethyll-1.4-methano-s-indacene-3at1 Hl­
carboxvlic acid ,. 

To a solution of Intermediate 72 (0.21 mmol) in ethyl acetate (60ml) was added 

10% palladium 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 

·etuent to give the title compound (101mg). 

8 (1H; COCl3): 9.75 (s, 1H, CHO), 6.10 (dd, 1H, H-2. J= 1.2 and 3.3 Hz). 4 80 

(s, 1H, H-1'), 4.64 (d, 1H, H-4', J= 9 Hz), 4.11and3.70 (2d. 2H. 8a-CH2. J= 9 3 

Hz), 3.43 (m, 1H, H-5'), 3.13 (m, 2H, H-2' and H-3·). 2 78 (t. 1H. H-1. J= 3.9 Hz). 

2.34 (m, 1H, CH(CH3)2); a (13c, CDCl3). 204 9 (CHO). 177 3 and 176 5 

(2xC02)1 148.2 (C-3), 130.9 (C-2), 98.0 (C-1 '). 7 4.5 (8a-CH2). 72.6 (C-2), 71. 3 

(C-5'),.67.9 (C-4•), 65.7 (C-Sa), 59.0 (C-4), 54.3 (C-2'), 50.1 (C-3'), 46.3 (C-1), 

41.8 ( C-4a), 41.3 (C-S), 38.8 (C-tBu), 32.0 (C-5); 30.9 (C-7), 18.5 (lBu). 

EXAMPLE61 
£1 R-l1q. 388. 48.· 488. 78. 7aa, 8a8ll · 8a.[C2.3-Anhvdf'0-4..Q..benzyloxvcarbonyl­

&deoxv-B-D.;mSnnoeyranosyloxvlmethvll+formyt-4.4a.5.6.7. 7a.8.8a­

octahydto-7-methyt-3-C1-methylethylj-1.4-methano-s-indacene-3aC1 H): 

carbpxylic acid . 

A solution of Intermediate 73 (0.22 mmol) in dichloromethane (10ml) at OoC was 
treated with trifluoroacetic acid (0.1 mt). After two hours, the mixture was washed 

35 with water and the organic phase was evaporated. The residue was purified by 
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flash chromatOgraphy. using dichloromethane:methanol (40: 1) as eluent."to· give 
the tjt!e comboynd (60mg)~· . . . . . · 

1 . . . . . . . 
6 (" H, CDCl3): 9.74 (s, 1H, CHO); 7.37 (m, SH~ Ph), 6.09 (dd,. 1H; H-2,_J=1.5 

and·3.6 Hz)1 5.20 (ni, 2H, CJ:bPh), 4.75 ·. (s, 1H,,H-1'), ··4.55 (d, 1H, H-41
1 J=9 

5 . Hz), 4.08 and 3. 70 (2d, 2H, 8a-CH2. J=9 Hz), 3.47 (m, · 1 Hi H-5'), 3.28 and 3.16 

(d,d, 1H, 1H, H-2i and H-3', J=3.6 Hz), 2.79 (t, 1H, H-1, J=3.9 Hz), 2.33 (m, 1H, 

Cfi(CH3)2); a (13c, CDCl3): 204.8 (CHO), .176.4 (C02H), 15,4.1 (C03),.148.1 

(C-3), 1.34.6 (Cipso), 130.9 (C-2), 128.8, 128~7. ·128.s, .~128;4 .(Pta), 97~8 (C-1'), 

74.5 (8a-CH2), 72.5 (C-3a), 71.6 (C-5'), 71.1 8C-4')• 70.3 <kH2Ph), 65;7 (C-Sa), 

10 58.9 (C-4), 53.9 (C-2'), 50.0 (C-3'), 46.2 (C-1);·41 ~7 (.C-4a), 4t.3. (C~7a)~ 

EXAMPLE62 . 

C1R-l1q. 3aB. 4B; 4aB. 7B:7aq.:8aen 8a.fc2.~AnhVdro-6-deoxv.+oxo.-B=D-
. _mannopyrariosyloxylmetby!H-fonnyl-4.4a.5.6;7; 7a.8;8a-octahydrcr7-methyl-3-

15 (1,,;methylethyl)-1.4-methano-s=indacene-3a(1 Hl-carboXV!ic acid 

20 

25 

30 

To a solution oflntennediate·74 (0.26 mmol)-in·ethyl acetate (30ml) was added 

10% palladium on charcoal (SOmg) under nitrogen. The. mixture was shaken in a 

Parr apparatus under ~5 ·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 chramatography .· using dichloromethane:methanol (40:1) as 
. . . . . 

eluent and appropriate fraCtions were collected and evaporated to give the title 

eomcoynd. (3Bmg)~ . 
S (1H, CDCf3):·9~72 (s, .1H, CHO), 6.12. (dd, 1H, H-2,·J=1.5 and3~6·Hz),4.87 (s, 

1H, H-1'), 4.10-anct_3.76 (2d, 2H, 8aCH2, J=9 Hz), 3.83 (q,; 1H, H-5', J=6~6 Hz),·· 

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, Cl:l(CH3)2); a (13c, CDCl3): 204.9 (CHO), 202.90((?0-4'), .176.2 

(C02H), 148.2 (C-3k130~9 (C•2k96~t cc~.1.~)i76.6 (C-5')~ 74:.7 l8aCH2). 72.1 

(C-3a), 65.7 (C-Sa)~ ss~s. (C-4). 54.2 and. 53.~ (C-2' .and C-3')~ 46.1 (C-1), 41.8 

(C-4a), 41.3 (C-7a). 

......... 

( 
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EXAMPLE63 

f1R-(1a. 3a8. 48 .4a8. 78. 7aa. 8a8ll 8a-(2.3-AnhVdro4.6ordideoxy-4-methylene­

B-D-mannopyrano-syloxv>methyl-4-formyl-4.4a.5.6. 7.Za.8.8a-octahvc:Jro-7-

metbvl-3-<1-methvJethv1l-1.4-methancrs-indacene-3aC1 Hl-carboxylic acid. 

·A solution of intermediate 101 (0. 17 mmof) in dichloromethane (15 ml) at ooc 

was treated with triftuoroacetic acid (0.15 mt). 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 hydrochloric acid (1.5 ml) and stirred at ooc 
1 O for other 2 hours. The solvent was removal of and the residue purified using 

dichloromethane:methanot 20:1 as eluent. Appropriate fractions wef'Jt 

evaporated to give the title compound (24 mg). 

6 (1H, CDCl3): 9.75 {s, 1H, CHO), 6.08 (dd, 1H, H-2, J=1.2 and 3.3 Hz), 5.20 

and 5.10 (s, s, 1 H, 1 H, CH2=C), 4.82 (d, 1 H, H-1, J=2. 1 Hz}, 4.42 (m, 2H, H-5' 

15 and H-3'), 4.19 and 3.56 (d, d, 1H, 1H, 8a-CH2, J=9.6 Hz), 3.65 (m, 1H, H-2'), 

2.63 (t. 1H, H-1, J=3.9 HZ), 2.38 (m, 1H, CJ:!(CH3)2); ~ (13c~ CDCl3): 204.7 

(CHO), 175.0 (C<>2H), 148.5 (C;:3), 145.6 (C-41
), 130.5 {C-2), 112.1 (kH2=C), 

99.5.(C-1'), 74.0 (8a-CH2). 73.0 (C-5'), 72.8 (C-3a), 72.2 and 71.6 (C-2' and C-

3'). 

20 

25 

EXAMPLE64 

f1R-{1a. 3a8. 48. 4aB, 78.7aa, 8aBU 8a-C2.3-Anhydro40-terlbutylcarbonyl-6-

deoxv-B-O-talopy-ranosyloxv>methyl-4-formyl-4.4a.5.6. 7. 7a.8.8a-octahydro-7-

methyl-3=(1-methvlethyll-1.4-methancrs-indacene-3aC1 Hl-carboxytic acid. 

·A mixture of intermediate 103 (0.1 mmol) in water (2 ml) at ooc was treated with 

trifluoroacetic acid (3 ml). After 90 minutes the mixtUre was poured into ethyl 

ether.water 1 :1 (30 mt). The organic phase wa• evaporated and the residue 

purified by chromatography using dichloromethane:methanol 40:1 as eluent to 
30 give the title compound (32 mg). 

&.(.1H, CDCl3): 9.77 (s, 1H, CHO). e.oe (dd, 1H. H~2. J=1.5 and 3.6 Hz), 4.75 

(dd, 1H, H-4', J=s.s·and 4.8 Hz), 4.68 (S, 1H. H-1'); 4.1_7 (d, 1H, 8a-CHa, J=9.3 

Hz). 3.66 (m. 2H, Sa-CHb and H-S·). 3.57 (t. 1H, H-~. J=4.2 Hz), 3.17 (d, 1H, H-

2', J=3.6 Hz), 2.73 (t. 1H, H-1, J=3.9 Hz), 2.33 (m, 1H, CH(CH3)2); 3 (13c, 

35 CDCl3): 204.8 (CHO), 178.5 and 175.7 (2xC0i). 148.3 (C-3), 130.8 (C-2), 97.9 
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(.C-1'), 74.1 (Ba-CH2), 73.0 (C-3a), 71 ~5 (C.;5'), 66.0 (C-4'), 65.6 (C~a),. 59.0 (C-
4), 51.3 (C-2'), 50. 7 (C-3'). 

EXAMPLE65 .. _,, 
-~. . .. ·_. .. ' .. 

5 T1 R-t1a.. 3a8. 48 Aa8. 78. 7aa.. 8a8U 8a-([2.3-Anhydro-4-0-<t(ilns-2-butenyl)-6-
deoxy-B-D-mannopyra-nosyloxylmethyll+fotn!vl~:4a;5.617 .7a;BiBa:<>ctahydro-
7-methyl-3-C1-methylethyll-1 A-methan~s-indacen~a(1Hl-carboxvlic acid. 

10 
A solution of intenne~iate 47 (103 mg) in dry dichioromethane (5 ml) atooc was 
treated with trifluoroacetic acid (100 µI). Aft!r t hour, the mixture was 
partitioned between ethyl acetate (50 ml) and saturated aqueous sodium sulfat9 
solution (50 ml). The organic layer _was washed with saturated aqueous>sodium 
sulfate solution, water and brine, then dried and~.evaporated. The residue. was . . . . . .. . 

chromatographed twice on silica gel eluting. with,.hexane:ethyl .acetate (2:1) to 
15 · (1:1) to give the title comcound (50 mg)., .... 

6 (1 H, CDCl3): 9. 76 (si .1 H, CHO), 6.08 (dd~ 1 H,. H•2, .J=1.5 and 3.6 Hz), 5.82-
5.68 (rn, 1 H, Cf:(=CH), 5.62-5.48 (m" 1 H, CH=CJ:l)i ·4.,72,Js, 1 H, H-1 '), 4.2-4.1 (m; 
2H, 0-CHa~=Cand·Ba-CHa), 4.02-3.92 (m, 1H,·OCH~C=C), 3.63 (d, 1H, Ba­
CHb, J=9.3 Hz), 3.3-3.15 (m, 3H, H-3', H-4' and H-5i), 3.12 (d, 1 H, H-2', J;:3.9 

20 Hz), 2.73 (t, 1H, H-1, J=3.9 Hz), 1.72 (dd, 3H, H3C-C=C, J=1.2 and 6.6 Hz); S 
(13c, CDCl3): 204.8 (CHO), 175.6 (C02H). 148.2 (C-3), 130.8 (C-2), 131.1 and 
126.6 (O-CH2-Q=,C.,.CH3), 97.9 _(C-1'). 74.2 (8a~H2);c71.~ (O-~H2-C=C-CH3), 
73;5 and 72,5 (C-4' and C-5'). 

25 EXAMPLE 66 
l1R-l1a.. 3a8. 48 .4a8j' 78.7aq; 8a8ll 8a-C2.3-Anhydro-§:deoxv-4-0-Crocyl-B-D­
talopvran0syloxyl methyl-4-fonnyl-4;4a.5;6.7;7a.a.ia-oct8bydro-7-methyl-3-t1-
methvlethyll~1.4-methano-s-indacene:3&M Hl-carboxylic acid • 

. . 

30 To a solution of intermediate 104 (150 mg, Q.21 mmol}..~n ·ettianol (50 ml), ethyl · . 
. acetate (10 ml) and 1N hydrochloric. ·acid. (.1 ml),: paUad,um (10%) ~n _charcoal 
was added ·(30 mg) under nitrogen;. The m~ure ~- •hai<•n in a Parr appa~tus 
(PH2=35 psi) for 3,5 hours at room temperature •. The. cabllyst 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 title compound (60 
mg). 
a (1H, CDCl3): 9.83 (s, 1H, CHO), 6.06 (dd, 1H, H-2, J=1.2 and·3.6 Hz), 4.75 (s, 
1H, H-1'), 4.44 and 3.42 (dd, 2H, 8a-CH2; J=9.3 Hz), 4.37 (t, 1H, H-3•, J=2.7 

5 Hz), 4.10 (m, 1H, H-4t), 3.74-3.65 (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); 6 (13c, COCl3): 204.7 (CHO), 174.9 
(C02H), 148.6 (C-3), 130.4 (C-2), 97.9 (C~1'), 78.7 (C-4'), 73.9 (8a-CH2)1 73.3 
(CH20), 69.8 (C-5'), 69.3 (C-31

), 65.3 (C-8a), 59.0 (C-4), 54.6 (C-2'), 47.0 (C-1). 

10 E)(AMPLE 67 
[1 R-C1g. 3a8. 48. 4a6. 78. 7aa. BaBll 8a-C2.3-Anhydro-4-azido-4.6-dideoxv-B-D-

' mannopyranosyloxvl methyl-4-forrnvl-4.4a.5.6. 7. 7a. 8.Sa-octahydro-7-methyl-3-
(1-methvlethvtl-1 .4-methano-s-indacene-3a(1 Hl-carboxvfic acid. 

15 A solution of intermediate 106 (0.06 mmol) in dry dichloromethane (S ml) at 
ooc was treated with trifluoroacetic acid (70 µI). After 2 hours, was washed with 
water and brine. The solvent was evaporated and the residue purified by 
chromatography using dichforomethane:methanot 30·1 as eluent to give the title 
compound (12 mg). 

20 S (1H, CDCl3): 9.73 (s, 1H, CHO), 6.09 (d~ 1H. H-2. J=3 6 Hz). 4·73_ (s. 1H. H-
1'), 4.12 and 3.67 (d, d, 1 H, 1 H, 8a-CH2. J=9 Hz). 3 39 (d 1 H H~'. J=9 Hz). 
3.33 and 3.17 (d, d, 1H, 1H, H-2' and H-3'. J=3 6 Hz). 3 22 (m. 1H. H-5'). 2.76 (t. 
1H, H-1, J=3.6 Hz), 2.34 (m, 1H, C!f(CH3}2); 6 (13c, COCf3). 205'.1 (CHO). 
175.3 (C"2H), 148.4 (C-3), 130.8 (C-2), 97.8 (C-1'), 74.6 (8a-CH2). 72.7 (C-5'), 

25 68.0 (C-3a), 65.7 (C-8a), 59.0 (C-4), 58.7 (C-4'), 54.4 (C-2'), 50.1 (C-3'), 46.3 
(C-1). 

EXAMPLE68 
£1 R-l1q. 3a8. 48. 4a8. 78. 7aq. 8aBll 8a-{l4-Q-AIM.2.3-anhvdro. 6-deoxv-B-D-

30 mannopyranosyDoxy- methy11-4-fonnyl-4.4a.5.6.7. 7a.8.8a-octahydro-7-methyf-3-
C1-methylethyl)-1.4-methano-s-indacene-3aC1 Hl-carboXylic acid. 

A solution of intermediate 107 (250 mg) in a mixture of 10 ml of methylene 
chloride and 0.2 ml of trifluoroacetic acid, was stirred at OOC for 4 hours. The 

35 crude was evaporated to dryness and the residue purified by flash 
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chromatography.with methylene chloride:methanol 50:1, to yield 140 mg of the 

title compound as a white foam. 
1 · .. . . . . . . . . . . 

. a ( H, CDCl3): 9.77 (s; 1H, CHO), 6.08 (dd; 1Hi H-12~ J= 1.2 and 3.3 Hz), 5.90 

(m, 1H, CJf=CH2). 5.28 (m, 2H, CH=CJ:12), 4.75'(s,'1H, H-1')~ 4.28 (m, 1H, H~5'), 

4.21 {d, 1H, H-19a, J=9.6 Hz), 4 .. 05 (m, 1H, H-41
) 1· 4.05 (m, 1H, H-4'), 3~60 (d, 

1H, H-19b, J=9.6 Hz)~ 3.27, 3.14 (d, d~ 1H, 1H, H-2'; H-3', ·J=3.9 Hz)~ 3.25 (m, 

2H, CJ::l2-CH=CH2). 2:68 (t, 1 H, H-11, J=4.2" Hz);' a (13c, CDCl3): 205.07(CHO), 

17 4.6 (C02H)~ · 148.4 (C-13), 133. 7 (kH=CH2k 12~. 7 (C•12), ·118;0 CkH2=CH), 

97.8 (C-1'), 74.17 (C-19), 74.04 (C-4'), 72.5 (C-5'), 71.0 (O-kH2-CH=CH2)1 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-

1n r 

EXAMPLE 69 · · . 

(1 R-(1a. 3aB. 48. 4aB. 78. 7aa. · 8aBU 8a.[C2.3-Anhydra.6-deoxvA-O-tert-

15 butdXyCarbonylmethyl-B~D-mannoPvranosyJ>oxmllthvtJ+tormv1- . · 

4.4a.5;6. 7. 7a.8.8a~eiahyd~7-methyl-3-l1-methyljthyll~1.4-meth~no-s­
indaeene-3a<1 Hl-carboxvlic acid; 

To a solution of Intermediate 21 (200 mg) in 15 ml of dry THF'at OOC/30 mg Of 

20 . sodium "hydride were added. The mixtur& \Yas stirred at·ooc under" nitrogen for 

30 minutes. Then,· 260 µI of tert-butyl-bromoacetate ~re added· and· the mixture 
. . 

was stirred at room temperature. under nitrogen for 3 "da}'s .. · The crude was 

treated with ammonium· chloride 1 N .and ethyl acetate. Th• organic layer was 

washed· with water· and brine and evaporated to: dryness~ The· residue was 

25 hydrogenated following the- standard procedur• and the crude was purified by 

flash chromatographie with methilene chloride:methanol, 50:1 to give 140 mg of 

the title compound as a \_Vhite foam. . 

a· (1H, CDCl3): 9.74 (s, 1H, CHO), 6.08 (dd, 1H,. H-12, J=1.5 and 3.9 Hz)~ 4.74-

(s, 1H, H-1'), 4.2f (dd~ 1H, H-4', JI:: 3~6· and 6 •. 0:HZ), 4.16 (d~ 1H, K;.19a, J=9 

30 Hz), 4.12 (s~ 2H, CJ:12,~02C(CH3)3), 3~63 (d, 1H, H-19b,. J=9. Hz)1 3.36, 3.14· 

(d, d, 1H, 1H; H~2', H~'t J=3~9 Hz), 3.30:(m, 1H. H~')i 2.71(t,1H; H-11, J=3.9 

Hz); B (13C, CDCl3): 205.7 (CHO), 174.9 (C02C(CH3)3), 168.8~02H),148.4 
(ci-13), .130.8 (C-1.2), 97.S"(C-1')~ 82.2 ·(k(CH3)3)~·1s.e (C-4'), 72.4 (C-S'), 68.2 

(OkH~O), 59.0 (C-3), 53.9 (C-2'), 50.3 (~')~ 27.5 (C-14), · 22. 7 (C-20), 21.2 

35 (C-15), 18.6 (C'-6'), 17.4 (C-17). . 

.... 

-~· 
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EXAMPLE70 
F1R-f1q.'88.·48. 4a8. 78. 7aa. 8aB)] Sa..((2,3-Anhydro-6-deoxy+Q-ethyl=B-D­

mannopytanosyf)oxy .. methvl):4.4a5.6. 7. 7a;8,8a-octahydro-7-methyl-3-f 1-

5 methytethyD-1.4-methano-s-indacene-3af 1 Hl-carboxylic acid. 

To a solution of Intermediate 21 (290 mg) in 5 mt of dry dimethylformamide at 

ooc, 25 mg of sodium hydride were added under nitrogen. The mixture was 
stirred for 30 minutes at ooc and then, 1 mmol of ethyl iodide was added. After 

1 O 16 hours stirring at room temperature the reaction was complete. The crude •• 

treated with ammonium chloride 1 N and ethyl acetate. The organic layer was 
. ' 

washed with water and brine, dried over anhydrous magnesium sulphate and 

evaporated to dryness. The residue was hydrogenated following the standard 

procedure and the crude was purified by flash chromatography witti' me~ylene 
15 chtoride:methanot:r 50:1, to give 180 mg of the title compound as a white foam. 

1 . - . . ... 
B ( H, CDCl3). 9.73 (s, 1H, CHO), 6.08 (d, 1H, H-12, J-3.3 H~), 4.73 (S._ 1H, H-

1'), 4.16 (d, 1H, H-19a, J=9.3 Hz), 3.78, 3.54 (m, m, 1H, 1H, O-Cf:12-CH3), 3.63 

·(s, 1H, H·19b, J=9.3 Hz), 3.25, 3.13 (d~ d, 1H, 1H. H-2', H-3'. J=3.9 Hz), 3.19 (m, 

2H;H-4', H-5'), 2.71 (t, 1H, H-11, J=3.3 Hz); a (13c, cocr3): 201.~ .. <CHO), 

20 175:0·(C02H), 148.2 ( C-13}, 130.7 (C-12), 97.9 (C-1'), 74.6 (C-4'), 7~.3 (C-19), 

72.5.(C-5'), 54.3 (C-2'), 50.3 (C-3'), 27.5 (C-14), 22.7 (C-20), 21.2 (C-15), 18.6 

cc-s·>. 11.4 <c-11). 

EXAMPLE7f 

25 £1 R:(1a. 3aB. 48. 4a8. 78. 7aq. 8a8>J 8a-[C2.3-Anhydro.6-deoxy+Q.{2.3-

dihVdijpM?rqpyll-B-D-mannopvrano1ylloxymethylJJ+formyf-4.4a.5.6.7. 7a.8.8a­

octaf'Ndro-7-tnethyf-3-l1-methytethy1l-1.4-methano-s-indacene-3at1 H)­

cartgylic acid. 

30 To a-Solution of Intermediate 108 (700mg) in ethanol (100 ml), palladium (10%) 

on cnarcoat was added (350 mg) under nitrogen. The mixture was shaken in a 

Parr. apparatus (PH2=20 psi) for 1 hour at room temperatµre. The catalyst was 

filterect tand tfie solvent evaporated to dryness. The residue was purified on a 

silica gel column eluting with methylene chloride and methylene 
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chloride:methanol 25:1 to obtain 425 mg of the title compound (mixture of 

isomers 50:50) .as a white powder. . . . .. · . 1 ·. ' ' ' ' .. ' .·' ' .. ' ', · .. '; .·· . •' 
3 ( H, CDCl3): 9.75 (s, 1HtCHO), 6~08 (dd, .. 1H,: H-12, J=1·:2J!U1~t3.f$ ~). 4.73 

(s.-1 H, H;;.1'), 3~98. (di' tH, H~'19a, J;:9.6 Hz)/3i8t (-•d; 1HL· H.;-1-~b' J=9.6 Hz), 

3.81 '."3.68 (m; ·2Hi -0Cf12.;.CHOH in- C-4'), 3 .. 55.-3.31 (in, 3H, · -CJ:f QH-btf20H 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); 3 
13 '·. '' ' : ' '' ,' ' 

( .c, coc13): 207.70 (CHO), 178.2 ·(C02H), 150.49- (C•13); 131.44·; (C-12), 

99~81 (C.;1 '), 77.07'. and· 76.96 (kH~CH20H •in C-.4'), 76;57 (C-19); 73.55 (C-4'), 

72~86. and 72.69 (0-kH2-CHOH in C-4'), 72;24 (C-5'),·55.01. (C•3')1 51.89 (C-

2'), 23.2 (C~20), 21.6 (C-15), •19~4 (C-S'),.17;;9 (C•17) .. 
'.··.·, .. · .. 

r 

'EXAMPLE72 . ·.·· .. _: 

£1 R-(1a. •3a8. 48~ 488,: 78. 7aq. 8aBll .. 8a•U2,3-AnhVdro.6~eoxv::4:0:{2,3-

. dimethoxvorobyll~B~o~annoj;>Ytanosylloxvmethyl1'"4;;.formyl-4;4a,5.6, 7, 7a;·8;8a-. 

15 octahycJro-7-methyi-3-l 1~nitthylethyll~1A:Omethano-s-indacene-3aC 1.H)- . 

cari>oxvlic acid~ · 

20 

To a solution of lnterinediate-108 (350 mg) iri dry THF (20 ml) at ooc, sodium 

hydride (40 mg) was added under nitrogen, and the mixture was stirred for 30 

minutes. theni. methyl iodide:(O.s·mi) _was.ad(j8d:,.8rid the·rea~1on.was-:kept at 
room temperature stirring" over nitrogen 'for .two.days .. The crude was treated With 

1 N ammonium chloride and ethyl _acetate. The organic layer was washed wsth 

water· and brine and evaporated to dryness, The residue was hydrogenated 

following the standard procedure without previous purification to give• the title 

25 compound (mixture ~isomers 50:50) as a ~ite foam (225.r:ng); . . 

a· (1H, CDCl3): 9.75 (s, 1K; CHQ),,6;08 (di 1H,-H-12, J=3.3 Hz), 4.,?3 (d, 1H, H-

1', J=1.5 Hz), 4;18. (d,· 1H~ H-19b, ·J=.9 Hz), 3;62 (d, 11-\,:·H".'19b, J:9 Hz), 3.48 

and 3.47(s, s, 3H, 3H, CH20Me, CHOMe), 3.36-3.20 (m, 4H, H-2';-I~~·~ H-4'. H­

S')~ 2.70 (t, 1H, H-11, J=3.6 Hz); 3 (13c, CDCl3): 205.2 (CHO), 174.7 (C02H), 

30 148.·4 (C-11), 130.7 (C~12), 97.9 (C-1'),· 79.0,(kHOMe:in·C-4'), 75.6 and 75.7 

. (C-4'), 72.4· (C-5'), 71.6 a~ 71.5 (OkH2~CHOMe in ~'), 70.1 and 69.8 (­

kH20Me in ~·)~ 59;2; 57.9 and 57~8 (-CHOMI: and -CH20MA in C-4'), 53.9 

and 50.2 (C-2' and C~'), 22.7 (C,.;20), 21.2(C-15),18.6 (C-6'), 17.4 (C-17) .. 

... , 
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EXAMPLE73 
£1R:{1q. 3aB. 48. 4a8. 70. 7aq. BaBU 8a-rt2.3-Anhydro.8-deoxy-4:Q.J(2.3-Q­
isooroovlidenl-2.3-dihydroxvoropvll-B-D-mannopvranosvllO?MnethylH-forrnyl-
4.48.5.6. 7.7a.8.8a-octahvdro-7-methyl·3-{1-methylethvl)-1.4-methano-s-

5 indacene-SaC1 Hl-carboxy1ic acid. 

To a solution of Intermediate 109 (250 mg) in ethyl acetate (50 ml), 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 

1 O catalyst was filtered and the solvent evaporated to dryness. The residue was 
purified by flash chromatographie with n-hexane:ethyl acetate 1:1 anp 
methylene chloride:methanol 50:1 to give the title compound (mixture of isomers 
50:50) as a white foam (150 mg). 
a (1H, CDCl3): 9.75 (s, 1H, CHO), 6.08 (dd1 1H,- H-12, J=1.5 and 3.6 Hz), 4.71 

15 (d, 1 H, H-1'. J=0.9 Hz), 4.29-4.24 (m, 1 H, CJ:lOH in 4'), 4.15-4.01 (m, 3H, H-19a 
and -OCJ::12). 3.82-3.49 (m, 4H. H-19bi OC.ti2-CHOH-Cf::l20), 3.29 and 3. 13 (d, 
d, 1H, 1H, H-2' and H-3•, J=3.9 Hz), 3.27-3~18 (m, 2H, H-4' and H-5'), 2.74 (t, 

1 H, H-11, J=3.6 Hz}, 1.41 and 1.35 (d, d, 3H, 3H, (Cfu)2C of isopropilyden); o 
(13c,·coc13): 204.8 (CHO), 165.7 (C02H). 148.2 (C-11), 130.8 (C-12), 97.9 (C-

20 1'), 75.7 and 75.6 (~HO-CH20 in·C-4'), 74.4 (C-4'), 72.8 and 72.4 (C-5'), 72.0 
and 71.6 (O~H2-0 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). 

EXAMPLE74 
25 Characteristics of IMI 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 characteristic$· of IMI 362184 are essentially 
30 similar to those described in British Patent Specification No. 1, 162,027 for . 

NRRL 3196, except that IMI 362184 produces 4'-cternethylsordarin as a major 
product under the same conditions used for sordanf'I production by NRRL 3196. 
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EXAMPLE75 

· ·· Characteristics of IMI 362947 

IMI. 362947 is a mutant· of Sor'daria · aran!OM~,{/'!~C: 36386; NRR"- 3196) 

isolated following N-methyl-N'-nitro-N-nitros~m~•nidirie ·. · mumgenesis of 

ascospores of this strain. The characteristics ot IMI 362947 are essentially 

similar to those described in British Patent· Spacifica~Qn No~' 1, 162,027 for 

NRRL 3196, except that IMI 362947 ·does not produee 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. r 

EXAMPLE76 

Characteristics of NCIMB 40§75 , 

NCIMB 40675 is an aerobic, Gram-positive. non-motile· irregular ·.rod that 

produces lemon yellow; translucent. round, .. entire, convex coloni~s . with a 

diameter of between 0.5-1mm· when grown on tryptic soy agar supplemented 

with 2 % (w/v) 'yeast extract for 48 hours at- 28°C. rtl& org·anism grows- well at 

temperatures up to 37°C, but not· at 45°C. Metachromatic granules were not 

. observed and the strain is catalase positive •. oxidase~ negative and does not 

metabolise glucose fermentatively. The strain can utilise .the following sources 

of carbon: a-D-glucosei 0-fructose, p-hydroxyphenyl-acetic acid, 0-mannitot, 

methylpyruvate, lactamide, 0-trehalose and. sucrose. The org21nism .. can only 

25 weakly utilise 0-gluconic acid, pyruvic acid and salicin .. a.s. s.ole· carbon. sources .. 

Colony and microscopic morphology resembles that of coryneform bacteria. The 

genus Corynebacterium was excluded on the, grounds that the peptidoglycan of 

NCIMB· 40675 contains . omithine·,. rather .. than~ ·the, mesa-isomer, . of 2,6-

diaminopimeHc ·acid ·or.-··diaminobutyriC: acid. Also, .. the. organism .. _contains a 

30 complex mixture of branch chain _fatty acids· atypical of Coryneb(Jcterium·· 

species, namely, 12-rnethyltetradecanc>ic, 14-methyl~exadecanoic .and 14-

m~lpentadecanoic acids. The presence of .a:-t>ran~ed-p-hydroxylated ~ 
acids was not determined. On tt:ie basis of these results NCIMB 40675 most 

closely resembles one of the 'following actinobacterial genera: Aureobacterium, 

35 Curtobacterium or Cellulomonas. 

. ' 

f 
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To clarify the taxonomic position of NCIMB 40675, a 1100 base pair partiaf 
sequence of the 16S rRNA gene was compared against 24 other species 
representing a range of actinobacteria and related genera. Results from this 

5 analysis indicate a close relationship between NCIMB 40675 and the genera 
Aureobacterium and Curtobacterium, but not Cellulomonas 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 additi~n to further 

1 O chemotaxonomic and physiological tests. 

Pharmacy Examples 

1. Conventional oral tablet· 
15 Drug substance 100 mg 

Microcrystalline cellulose 160 mg 
Crosscarrnellose sodium 20 mg 
Magnesium stearate 5 mg 

The drug substance is blended with microcrystaUine celtutose, crosscarmellose 
20 sodium and magnesium stearate, then compressed into tablets. 

2. Chewable oral tablet 
Drug substance 100 mg 

Xylitol 865 mg 
25 Peppermint flavour 5 mg 

Aspartame 10 mg 
Polyvinylpyrollidone 15 mg 

Magnesium stearate 5 mg 
The drug substance, xylitol, aspartame and polyvinylpyrollidone are blended 

30 · together and granulated with water, then dried. This granule is mixed with the 

35 

.· 
peppermint flavour and magnesium stearate, then compressed into tablets. 

3. Aqueous Oral Solution 
Drug substance 
Hydroxypropylmethyl cellulose 

100mg 

150mg 
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Sodium propylhydroxybenzoate 
Sodium methylhydf6xybenzoate· 
Orange flavour ' .· 
·sodium saCcharin · · 

Sucrose 

Suitable buffers ·· 
.. Purified water to. ·· .·. 

1 mg 

·2mg_. 
10mg· · 

5mg 
BOO mg·· 

qs 
5mls 

PCl'/EPf5/04331 

Dissolve the: drug subStarice .·and all the excipients .. in moSt of the ·purified: water 
and mix;· Make ·to· volume and. mix. Suitable bUfferi · may· be added· to control. 
the pH in the region of maximum stability. 

4. Non-Aqueous Oral Suspension 

Drug substance . 
Aspartame 

Grapefruit flavour 
Mannitol 

Colloidal silica 
Fractionated coconut oil· · · 

100mg. 
50mg 

25mg 
800mg· 

10mg 

5mls 

r 

Oisperse· the drug sub.nee and mannitol ·in-' ttle bulk of the · fraetlonated 
20 coconut oil by high shearmbcing; Add··the remaining 1ngred1ents and mix. Make· · 

to volume with fractionated coconut oil and mix. 

5. Ointment 

Drug substance 200 mg 
25 White Soft Paraffin 9800 mg 

30 

35 

Melt the white soft paraffin, add the drug· and mix. Continue to mix until the . 
ointment starts to congeal. ' 

Injection· 

Drug subStarte& 
Suitable bUfferS ·· · . ~ ... 

40 ... ·.·· .... ·:· ' mg ' 
qs'.: 

Suitable antioxidants . qs 
Suitable chelating agents qs · 
Water for injections to 2 .mis .. 

( 
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Dissolve the drug substance in most of the water for injections. Suitable 

buffering agents may f:>e added to control the pH to the region of optimum 

stability. Suitable antioxidants and chelating agents may be added to improve 

the stability of the injection. Make to mark with water for injections. Fifi into 

5 ampoules or vials, then sterilise by autoclaving. Alternatively, sterilise by 

filtration and fill aseptically. 

Antifunqal Activity 

10 Compounds of fOrmula (I) have been tested for anti fungal activity in a standar_d 

in vitro screen and the minimum inhibiting coneentratlon (MIC; µg/ml) 

determined for each compound against a variety of clinically relevant 

pathogens. The results obtained with representative compounds of the 

invention are given below. 
15 

The compounds of the invention are essentially non.;toxic at therapeutically 

useful levels. For example the compound of e><ample 8 when administered at a 
dose of 50mg/kg po was adive in protecting male mice infected with C. aibicans 

4711E. The LDso value for the compound of example a·, in male mice is >1000 

20 mg/kg po. 



I 

ti 
m 
Si 
~ 
~ ....... 

ORGANISM 

C. alblcans 1208E 

C. alblcans 2005E 

"C, alblcana 2402E 

C. alblcans 4711 

C. troplcalla 2808E 

C. pauedotroplcalla 2371E 

c. glabrata 2375E 

C; glabrata 2378E 

C.neofonnana2887E 

1 8 · .. ·• .13 

0.500 o.ooa O.Q15 

0.120 0.001· 0.008 

0.500 0.008 0.015 

0.250 0.004 0.015 

1.000 0.120 0.120 

0.080 0.004 Q.008 

31.00 31.00 8.oo· 

31.00 31.00 8.00 

>125 8.00 0.500 

14 

0.030 

0.015 

0.080 

0.030 

18.00 

o.oeo 
8.00 

· 1e.oo 

31.00. 

MICa ),lg/ml 
Example No. 

18 20 34 

0.001 ~.001 0.001 

0.001 ~.001. 0.001 

0.001 ~;®1· .. 0.001 

0.001 $0.001 . 0.001 

0.008 . 0.008 . . 0.150 

<0.001 0.004 <0.001 

a.oo ·0.500. · 1.000 
,·,• 

. 8.00 : o:5oo .· ·1.00Cf ·· 

1.00 .. ·.··0.250'· . <0.250 

...... 

~ 

I 
·37 .•. 43 51 62 64 59 88 

o.oeo 0.001 0.120 0.004 ~.001 0;015 0.080 

0.001 · 0.001 0.030 0.001 .· ·.~.001 ~;001 0.080 

Q:oe0· 
·. 

0.001 0.120 0.008. ~.001 . o.ooa 0.002 

0.030 0.001 0.120 0.004 ~.001 0.002·• 0.030 -...... 
~ 

0.500 0.500 0.500 0.030 ~.001 0.015 0.250 

0.080 . -co.001 0.008 0.001 . ~~01 ·0;015 · 0.015 
... 

18.o··· 4.oo:··· .4.00• 18.00 8.00 .'. 8.00: 31.00 
('~:· .. · .•.. ··=····. ....... . .. : _;.. . .\,~• . ~-.. . : 

:~.oo .·4.~·· 18.00 a:oo a.ooi ·,:1·a.Q·: 31.00 
,·,. 

<0.250 2.00 . >tas 1.00 2.00. 1.00 1.00 

I ... 
"' 

.... - •' 
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CLAIMS 

(1) A compound of fonnufa 

0) 

5 

r 

wherein Z is a tetrahydro-pyrano group selected from 

10 

. . 

1iiiU 
15 

. (bl 
.· 

and pharmaceutically acceptable · .lab ,: •nd · solvates - (e.g. hydrates) or 
20 metabolically labile derivatives thereOr; 

wherein R1 represents hydr0gen, halogen, hydroxyl, C1...alkoxy or acyloxy; 
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R2 and R3 may eaChjndependently represent hydrogen, C1..Slkyl or C1...alkoxy 
C1...alkyl or R2 and R3 may together With the c:arbon atom to which they are 
attached represent c.~O. C=S or Cweycloalkyl; - -
R4 rep~ents hydrog~n or CH2R7 (where R7 .is hYctrogen, hydroxyl~ c, ... alkoxy or 

5 a group OCOR1 in ~~ch R1
. is C1...alkyl or aryl); 

R5 and R' may each:independently represent hydrogen, C1 .. alkyl or C1.,.alkoxy 
c, ... aikyl or R5 and R8 may together with the -c&rbon . atom to which they are . . ·.~ . . . 

attached represent C:=o, C=S _or CHcycloalkyl; 

.. -

n represents zero or:~'; f 
10 X and Y may each i~dependentty represent oxygen, sulphur or CR1R10 (where 

R9 and R10 may each'.:independently represent hydrogen, C1..alkyl, c, ... alkoxy 01 
c,.,.alkoxyC,.,.alkyl o(R' and R10 may together with the carbon atom to which 
they are attached represent:c:o •. C=S; C~ioatk)'l·-or C=CHR11 wtiere R11 

. represents hydroge~. or C1...alkyl); or when X or Y is oxygen and n is zero then 
15 -Y-CR2R3 or -X-CR2R3

- resPectively may also represent -N=CR3
- or 

-NR12-CR2R3-(where CR2 ~nd.R3 are C=O and R12 is c, ... alkyl an acyl group 
COR13 where R13 is.:C,..81kyl) or when Yi~_ .oxygen and n is zero X may be 

represent the group CR11 which is attached to the pyran ring by a double bond; 

20 R15 represents hydrogen,· halogen, azido, C1..alkyl, hydroxy, C1..alkoxy 
(optionally substituted by 1 or 2 hydroxy or a ketal thereof or 1 or 2 C1-3 alkoxy 
groups), arylC1...alkoxy, CM alkenyloxy, a group OCOR11 (where R11 is arylC,. 

· .. alkoxy or• c,.1oalkYI group optionally containing one or two double bonds) or 
c, .. alkoltyc:arbonyl 9,~alkoxy, and R1

.
1 represents hydrogen or_R15 and R11 may 

25 together with the earbon atom to which they are attached represent C=O or 
C=CH2;. 
R17 represents CH2R19 where R19 is hydrogen, hydroxyl, C;.,,.alkoxy or a group _ 
OCOR20 in which R20 is C;.,.alkyl); and 

30 W represents an oxygqn or sulphur atom or a <;:H2 group; · 

35 

and the dotted line ih 'group (a)-indicStes the optional presence of an additional 

bond;-

(2) A compound as claimed in Claim 1 wherein Z is the group. 

.__. - ·•.:... 
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or 

wherein· one of X or Y is oxygen and the other is oxygen or the group CR9R10
• 

5 (3) A c:Ompound as claimed in Claims 1 or 2 wh-rein n is zero. 

(4) ·A compound as claimed in any of Claims 1 to 3 wherein X and· Y are botA 

c)xygen·and R2 and R3 independently represent hydrogen or C1 ... alkyl. 

10 (5) ·A~eompound as claimed in any of Claims 1to3 wherein one of X or Y is 

oxygen and the other is the group CR9R10
: 

(6) A compound as claimed in claim 5 wherein R9 represents hydrogen or 

C1_..alkyl and R10 represents hydrogen or the group CR9R10 represents the group 

15 CO, or C=CHR11
• 

(7) A compound as claimed in claim 5 or e wherein X is oxygen. 

(8) A compound as claimed in· any of claims 1 to 7 wherein R1 is hydrogen or 

20 hydroxyl and R4 is methyl. 

(9) A compound as claimed in claim·1 wherein· 

~Ru ililil~f 
. ,lO~CI\ 

25 
wherein W is oxygen. 
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(10) [1R;.c1a, 3ap, 4p, 4aJ3, 7)3, 7aa, Sap)] 8a-[[1S, 7R, 9R]-2,8-Dioxa-9-methyl-
4-methylene-dS-bicyclo[3.4.0]-non-7-yl-oxy-methyl]-4-forinyl-4,4a,5,6, 7, 7a,8,8a­
octahydro-7-methyl-3-(1-methylethyl)-1,~methano-S-indacene-3a(1 H)­
carboxylic a9id; and pharmaceutically acceptable salts thereof. 

. . 

(11 j [1 R-(1a,3ap,4p,4af3,7f3, 7acx,8ap)] 8a-[(2,6-<iideoxy-3;4-0-isop~opylidene-
P-D-allopynanosylojcy)rn•thy.l]-4-formyl-4,4a,5,~i7·;7a.e,aa-odahydl"Ol-7-metliyl-~ 
(1-methylethyl)-1 .~ethano-s-indacene-3a(1 H)-carboxylic acid; 

.. 
l 

[1 R;.c1cx,3ap,4J3,4aJ3,7J3;7aa,8ap)] Sa-[[1S,4R,7R,9R]~2,8-die>xa-4,9-climethyl-cis- f 
bicyclo[3.4.0]-non-7-yl:<>xy-methyl)-4-formyl-4,4a,5;6, 7, 7a,8,8a-odahydro-7-
methyl-3;.c1 •methylethyl)•1,4-methano-s~indacen~a(1 H)-carboxylic .. acid; .. · . , 
[1 R-(1a..3aJ3,4J3_,4ap~·7p,7~~aap)] .. Sa-01S,4S.6R.~RJ-2,7-dioxa-4,6-dimetliyl~is­
bicyclo[3.4.0]-non-8-yl-oxy-rnethyl]-4-formyl-4,4a,5,6, 7, 7 a,8,8a-octahydro-7-
methyl-3-(1-methylethyl)-1,4methano-s-indacen9-3a(1 H)-carboxylic.·acid; 
[1R;.c1a, 3ap, 4J3, 4ap, 7)3, 7aa, 8aJ3))8a-((2,3-.nnydro-6-deoxy-4-0i>.r,opyl-P~D­
mannopyranosyloxy)methyl]-4-formyl-4,4a,5,6, 7 ,7a,8,8a-octahydro-7-meth)'l-3-
(1-methylethyl)-1,4-methan~s-indacen.Sa(1 H)~rboxylic,•cid; . 
[1R;.c1cx,.3aJi, 4p; 4aPi 7J3; 7acx, ·8a)3)] 8a-[(2.3-anhydro-6-deoxy-4-Q-methyi-P-O­
mannopyranosyloxyme~yl]-4-formyl-4,4a,5,6, 7, 7a,8;8a-octahydro-7 ~ethyl-3-

20 ( 1-methylethyl)-1,4-methano-s-indacene-3a(1 H)-carboxyl1c acid. 

and· pharmaceutically Jcceptable· salts thereof. 

25 

(12) A process.. for: th& preparation. of compgunds of formula (I) which 

comprises: 

(a) reacting a compound ofJormula (II) .. 

\ 1bi11i1i~1ijif 
. . . :· ··, 

:: ... , .;~:-:\ ':: ·:::;/: 
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XH 

RVvYH 

CH o,.lO.J..R4 

2 

(II) 

(in which R1 and R4 are as defined in formula (I) above, RP is a carboxYI 

protecting group and X and Y are as defined in formula (I) above, except that " 

5 and/or Y cannot represent CR9R1°) to form the desired cyclic system, followed 

by the removal of the carboxyt protecting group. 

(b) For the preparation of compounds of formula (1) wherein Z is the group 

(a) and Y is oxygen, n is zero, R2 nd R3 are hydrogen and Xis CH by reading 

10 · the compound of formula (VII). 

(V11) 

wherein R21 is the group CHO or a protected derivative thereof, R' is a 

1 s. · ··protected carboxyt group with a dialkYI diazomethyt phosphonate. 

(c) for the preparation of a compound of formula (I) in which Z is the group (b) 

am:f W' ~ oxygen which comprises cyclising a compound of f'Ormula (VIII) 

.· 
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(VIII) 

-
(in which R1

•, R1
._ and R17•are as defined forR15~ R11 and R17 in formula (I) 

. . . . . . , 
above or· are ·protected derivatives· thereof~· R' is hydrogen· or a carboxyl 

s · protecting group, ·. L · is a suitable· leaving· : group. such as · an alkyl~ · or 
arylsulphonyloxy group and R:ZZ is hydrogen or'' OR~ is "the same group as 
defined for L), followed, where necessary, by the removal of any protecting 
groups present. 

10 (d) For the preparation of a compound of formula (I) iii· which Wis sulphur 
comprises treating a compound of formula {IX) 

{IX) 

15 (in which R15~ R11 :and. R17 are. as· defined in .formula (I) above) with a sulphur .. 

donor.; . 

. followed· where necessary or desired by one or more of the fOllowing steps. 

..... - -
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(i) removal of any protecting group; 
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(ii) conversion of one compound of formula (I) or a protected derivative 
thereof into another compound formula (I); 

Oii) 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 the ,. 
manufacture of a medicament for the treatment of antifungal infections. 

(15) A pharmaceutical composition comprising a compound as defined in any 
15 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 ~s defined in any 

20 of claims 1to11. 
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