1 Lactone derivatives of 17. BETA. - CARBOXY, CARBOTH O AND AM DE
ANDEROSTANE DERI VATI VES _ The present invention relates to novel

anti-inflammatory and anti-allergic conpounds of the androstane
series and to processes for thei aratlon The present

i nvention also relates to pharng : LUl ati ons cont gl pi

t he conpoundsV@XHR4PE t her aBeut i 5 0F Paesi cul ar | w&gﬁ’ﬂs&“

t r eat nent of i nfl ammat oFy<wsas PEENOMdi ti ons.

G ucocorticosteroi ds which have anti-i nfFarem Qry /fjproperties are known and
are widely used for the treatnment of inflamuatory disorders or diseases

such EAONEJERIVATES G117 GETA, ~CKRIRY C CARIDTHIO AN WHIDESANERBSTAXE | 1

general may sufp AT VES rom | sadvant age of causing unwanted
system c eff ect s ovm ng adm ni stration. W04/ 13690.
W094/-14834, W92/ 13873 and W92113872 all discl ose,

gl ucocorticosteroids which are alleged to possess anti
i nfl anmat ory abhe wresent dayantian ielates &MGPWQ‘EMB'% Apg anti-allergic
EP- 200, 692 5 di ggnypsisimtls dfthe androstane serigs andto processes forctheir preparation.

L T G i A i) By
useful anti-i rthexompoungs and twmeyamuhpsaseﬁmﬂreérfn §'?§mﬂtc

activity. of inflammatorpand Sfer§ie EBAIERs.Of the pr esent | nvent i on represent
a safer alternative to t hose known gl ucocorticoids which have

poor side-effect profiles. Thus, according to one aspect of
the i nvent l&n, Glucocariicosteroisisiwhich have apti-inflemmatory pro are kpowa and)

[err] are widely used for the treatment of inflammatory disorders or diseases such
as asthma and rhinitis. However, glucocorticosteroids in general may suffer
from the disadvantage of causing unwanted systemic effects foilowing
administration. WO24/13690, WO84/14834, WO92/13873 and W092/13872

15 all disclose glucocorticosteroids which are alleged to possess anti-
inflammatory activity coupled with reduced systemic potency.

The present invention provides a novel group of compounds which possess -
useful ant-inflammatory activity whilst having litle or no systemic activity. -

20 Thus, the compounds of the present invention represent a safer altemnative to -
those known glucocorticoids which have poor side-effect profiles.

Thus, according to one aspect of the invention, there is provided a compound
of formula (1) '
25

and soivates thereof, in which
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and sol vates thereof, in which A=—dl—tepresent s O Sor N\H R

i ndi vidual l'y represents OC(=0) ( ¢ Tf" BBRFET HRS gepqi Yji dual 'y represents

hydr ogen, methyl (which nay be inLg th&EPLheeberr r [err] configuration)

or nmethylene; or R2 and R3 toget her répresertfess] wherein R6 and R7
are the sanme or different and each represents hydrogen or CJerr] alkyl; R4

and R5 are twe9namses or different and each represents hydr cgavceesoilad ogen;
and represents a single or a double liond.

R, represents O, S or NH;
R; individually represents OC(=0)C,.s alkyl;
, R, individually represents hydrogen, methyl (which may be in either the oorp
5 configuration) or methylene;
or R, and R, together represent

N/
7 N\

10 wherein Rg and R; are the same or different and each represents hydrogen or
Cy5 alkyl;
R, and R; are the same or different and each represents hydrogen or
halogen; and === represents a singie or a double bond.

15  In the above definitions, the term “alkyl® as a group or part of a group means
a straight chain, or, where available, a branched chain alkyl moiety. For
example, it may represent a C,., alkyl function as represented by methyl

- ethyl, n-propyl, i-propyl, n-butyl and t-butyl.

20 The solvates may, for example, be hydrates.

References hereinafter to a compound according to the invention includes
both compounds of formula () and solvates thereof, particularly
pharmaceutically acceptable solvates.

25
It wil be appreciated that the invention includes within its scope all
stereoisomers of the compounds of formula (I) and mixtures thereof.

In particular the compounds of formula (1) contain an asymmetric centre at the
30 point of attachment of the lactone moiety. Thus, the invention includes within

its scope both diasterecisomers at this asymmetric centre and mixtures
thereof.

Diastereoisomers and mixtures thereof at the asymmetric centre formed when
35 R;and R, together represent
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In the above definitions, the term"alkyl" as a group or part of a group
nmeans a straight chain, or, where avail able, a branched chain al kyl

noi ety. For exanple, it may represent a Cferr] al kyl function as
represented by nethyl, ethyl, n-propyl, i-propyl, n-butyl and t-butyl.
The sol vates }n&a faor exanpl e, be hydrates. Ref erences hereinafter to a
conpound acco (ﬁ/"ﬁﬁ‘q‘ﬁ the invention includes both conpounBSTEB@HMYy,| o
(1) and solvates thereof, particularly pharmaceutically acceptable

sol vat es. It will be appreciated that qunl ess otherw se indicated the

I nvention includes within Its scope all stereoisoners of the conpounds of
formula (1) and m xtures thereof. In particular the conpounds of
formula (1) contain an asymetric centre at the poi nt of attachment of
the | actone noiety. Thus, the inventiemadncl Bles wthin its scope both
di astereoi sonmers at this asymetric cent récénd m Xt ures t her eof .

Di astereoi soners and m xtures thereof _at at’hé« asymetrric centre fornmed Wnen
R2 and R3 together represent W& 97/ 24365

PCT/ G396/ 03140 3 [err] and R6

and R7 are di f beg Riland'R, aleSdifférdnt aé alsdincitided Withird fHePstopb of ife predshl!

5 invention.

R, can be bonded to the aipha, beta or gamma carbon atoms of the lactone
group,

10 « B

however, compounds of formula (1) in which R, is bonded to the alpha atom
are generally preferred.

15 A preferred group of compounds of the invention are compounds of formula
() in which R, represents O or S, especially S. '

A further preferred group of compounds of the invention are compounds of
formuia (1) in which R, individually represents OC(=0)C,; alkyl, more

20 preferably OC(=0)C, aliyl, especially OC(=O)ethyl.  Compounds within this
group in which R, is methyl are generally preferred.

Another preferred group of compounds are compounds of formula (1) in which
R, and R, together represent
25

BN

c
/N
— Ry
wherein Rgand R; are the same or different and each represents hydrogen or

C,.¢ alkyl, particularly hydrogen or C; 5 alkyl, especially hydrogen, methyl or n-
30 propyl.



5 invention. R1 can be bonded to the al pha, beta or gamma carbon

atons of the | actone group, [err] 10 however, conpounds of
formula (1) in which RL is bonded to the al pha atom are general ly
preferred. 15 A preferred group of conpounds of the invention are
compounds of fornula (1) in which Rl represents Oor S, especially S,

A further prWQ872&45group of conpounds of the invention arecCTGBEwmmMInGS of
formula (1) in which R2 individually represents OC(=0 (err] al kyl, nore 20
preferably OC(=O (err] al kyl, especially OC(=0 ethyl. Conpounds within
this group in which R3 is nethyl ar€ generally preferred. Anot her
preferred group of conmpounds are conpounds of fornula (I) in which R2

d R3t t ﬁﬁmﬁs&% : i 7 h '
gp di ffe(r)gﬁt r&'ﬁ each re pﬁéﬁg%@’g‘wglrcg e a.gcrl‘ﬁ's?r\rﬂi%” %EE?I s,ﬁﬁgﬂ{i gulsgmey
hydrogen or AR, §AG represents. fyarbgen Jiupine.ar chigh Pa&w- biydrogen

pyl .
WD 97/ 24365 or fiuorine, are preferred. Especially preferred are compounds in which both
PCT/ GB96/ 03 1494 and R; are fiuorine. .

A particularly preferred group of compounds of the present invention are

compounds of formula (1) in which R, is S; R, is OC(=0)C,.¢ alkyl, particularly

OC(=0)C,., alkyl, especially OC(=O)ethyl; R, is methyi; R, and Rs, which can

be the same or different, each represents hydrogen or fluorine, especially
10 fluorine, and == represents a single or a double bond.

A further particularly preferred group of compounds of the invention are
compounds of formula (1) in which R, is S; R; and R, together represent
-—0\5/&
7N\
15 —0 R’

wherein R; and R; are the same or different and each represents hydrogen.or
C,.¢ alkyl, particularly hydrogen or C, 3 alkyl, especially hydrogen, methyl or.n-
propyl; R, and R, which can be the same or different each represents
20 bhydrogen or fluorine, especially fluorine; and = represents a single or a

double bond. The R-isomers of compounds within this group in which Rg and
R; are different are preferred.

it is to be understood that the present invention covers all combinations of
25 particularly and preferred groups referred to hereinabove.

Compounds of formuta (1) include:
17a-Butyryloxy-6a,9a-difluoro-118-hydroxy-16a-methyi-3-oxo-androsta-1,4-
diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;

30 17c-Acetyloxy-6a,9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-androsta-1,4-
diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
9a-Fluoro-118-hydroxy-16p-methyl-3-oxo-17a-propionyloxy-androsta-1,4-
diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester,;
6a,9a-Difluoro-114-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-

35 1.4-diene-17p-carbothioic acid S-(5-oxo-tetrahydro-furan-2-yl) ester;



4 Compounds of fornula (1) in which R4 and R5, which can be the sane
or different, each represents hydrogen, fluorine or chlorine,

particul arly hydrogen or fluorine, are preferred. Especially preferred
are conpounds in which both - R4 and R5 are fluorine. 5 A
particularly g;eferred group of conpounds of the present invention are
conmpounds of RIS (1) inwhich RLis S R is O =0 q er PFTIGPREJ3140
particularly OC(=O derr] alkyl, especially OC(=0O ethhyl; R3 is nethyl;
R4 and R5, which can be the sane or different, each represents hydrogen
or fluorine, especially 10 fluorine, and [err] represents a single or a
doubl e bond. A further particularly preferred group of conpounds of

Ehe ltﬂvent i on  BeBo-DifluofPTTRRHYEISXYR 1 Bd-Migthyl<3-do- 1 7aprupionyloXy-andrdsta-R2 and R3
oget her repre r sanme or

di ?f er ent aP\d gaﬁ"’bgﬁb‘?ﬁ?"ﬁﬂ%‘%“ %XQ'%&&MW}%WaSD%aH icularly
hydr ogen or ] 8e9c-Bf P&Y'ﬂ prapiQswiaxy-androstay, opy| ;" R4
and R5 which cqm.a@néhﬂm fopinc3-9l)lester0 hydrogen or

uorne. esoee Sl Méwa@wﬁ% it <

R7 are di fferer1t4-d|eae~pﬁ'7«$f-wbm0llcacld(2-oxo-t¢tawm yestesd t hat the

present I]pventd m—nmm-ﬂe&mssdpiop%d rfsaid lalbﬁd-hl umasﬁ-pf;.e; erred

Ry T R ﬁi) QL) nelue

0x0- andr ost a- 1,68¢9a-DifiuoraH! &MWS%W&PWGH xy-3-oxo-androst—4-

?7%2 O?OAt Pr? frE-sdrBaniti é&dgs(la 11 oy 16 thyl -3
err]-Ace i rr rr - - 3- 0x

o- andr ost a- 1y4% &L%’,ﬁ% Z%Q?‘YT‘ H’Eﬁ id ﬁgc&oxy&o bSntosts:' "

S-(2-oxo-tet ramd-dmdeu‘r?.paea?bqoty]lc as:de‘v-(z-oxo-tetrahydto-furan-s-yl) amide;

9[ err]-Fl uoro- Jﬁ,ﬂ,]‘ng % Wam&yeg.&o.aﬁ%wkoxy and
rs??tzaoiodft etrarﬂ’%ﬂ%ﬁm&gﬁl i tegah dro- ftglran-?.-yl)ester |

6[err], 9[ erks] - DM,WBU&WWGMWWH—MW1M err]-propion
yl oxy- androst a- l‘:43&! th yd?@ﬂm&ﬁ' téi'c' d _
S (5-oxo-tetr ah%/su ‘? 70:-&-&%“ |d dloxy .So-diftuoro-1 1ﬁ-hydroxy-3-oxo-androsta-1 4- .
diene~17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yi) ester; o
16a,17a-Butylidenedioxy-118-hydroxy-3-oxo-androsta-1,4-diene-17p-
20 carboxylic acid (2-oxo-tetrahydro-furan-3-yl) ester;
16a, 17a-(R-Butylidenedioxy)-6a, Sua-difluoro-11p-hydroxy-3-oxo-androst-
4-ene-17p-carboxylic acid N-(2-oxo-tetrahydro-furan-3-yl) amide;
6a,9a-Difluoro-11p-hydroxy-16a, 17a-isopropylidenedioxy-3-oxo-androsta-
1.4-diene-17p-carboxylic acid N-(2-oxo-tetrahydro-furan-4-yl) amide;
25  16a,17a-{R-Butylidenedioxy)-6u,9a-difluoro-11p-hydroxy-3-oxo-androst-4-
ene-17p-carbothioic acid (5-oxo-tetrahydro-furan-2-yl) ester;
and solvates thereof.

~ Preferred compounds of formula (1) include:

30 6a,9q-Difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-
1,4-diene-17B-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
6a,9a-Difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androst-4-
ene-17B-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
6a,9a-Difluoro-11p-hydroxy-16a, 1 7a-isopropylidenedioxy-3-oxo-androsta-1,4-

35 diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;



WD 97/ 24365 : PCT/ GB96/ 03140

5
6[err],9[err]-Difluoro-11[err]-hydroxy-16[err]-nethyl-3-o0xo-17a-propi onyl ox
y- andr ost a- 1,4-diene-17[err]-carbothioic acid

S- (2-oxo-tetrahydro-furan-4-yl) ester,

6[ err], 9] er WO ®ir¥sasor o- 11[ err] - hydr oxy- 16[ err] - net hyl - 3- OXRECTAGHI&VAI40- pr Opi ONn
yl oxy- andr ost a- 1, 4di ene-17[err] - carboxylic acid

(2- oxo-tetrahydro-furan-3-yl) ester;

6[err],9[err]-Diffuoro-11[err]- hydroxy ﬁ6[err] met hyl - 3- oxo- 17[ err] - propi on
yl oxy- androsta- 1,4-diene-17[err]-carboxylic acid

(2-oxo-tetra BHEP
6[err], 9[err?5% ?ué Fdr oﬁ%@%g?-d gﬁ“l iZ!e !-lsopropy |dened| oxy-3

- 0x0- andr ost gne- ZB-carb ioigiacklS

S- (2- oxo-t et gAg kENates thévaok- v ) ester
6[err],9[err]-Difluoro-11[err]- hydroxy 16[err], 17[ err]-i sopropyl i denedi oxy-

3- oxo- androst4 10 ene- 1;&”] car both| oic acid
S- ( 2- oxo- fet Mawil be - apprees the above compounds of formula (l)

g[ err], 9Ejer r lndih&dsltﬁé%diﬁﬂ\gélfﬂ aﬁd&diasteﬂe%imﬁdrs af it asymmenric cemtré denedi oxy-
0OXO0-anar ost.a- |

3 25 20 05 i of athiten B i Bt ) X o i micures threot.

6[err], 9[ er r it willi futberobe Appreciated, thad:the campounds) of formula @hpraygpeludenedi oxy-
3- ox0- andr 0s Jindiwuual R ard snmaémgdm&arétomlmmeﬁc centre formed

(2- oxo- tetrah dr ester;
16[err], 1?[ er"}/']e"&& ‘fg %y 'ff%mr] hydr oxy- 3- oxo- andr ost a- 1, 4- di ene- 17

[err]- carbot hi oi ¢ acid S-(2-oxo-tetrahydro-furan-3-yl) ester
16[err], 17[ err] - (R-Butylidenedi oxy) - 6f@xr] Ry[err]-difluoro-11f[err]- hydroxy-
3- ox0- andr ost a- 1,4- di ene-17[err] - 6 rbot hioi ¢ acid

S- (2- oxo-tetrahydro-furan-3-yl) este‘r—o/

16[err],17[err]-Butylidenedi oxy-11[err]-hydroxy-3-oxo-androsta-1, 4-di ene-17
[err]- 20 carboxylic acid (2-oxo-tetrahydro-furan-3-yl) ester,

16[err], and R, are different, as well as mixtures thereof.

arost. 18 B“bY' ' éﬁ”ed' oo %ﬁ%&e}rﬁ%@%ﬁéﬁ 4@“‘% @Eﬁsﬁ 3yl
am de; substantially free of the other dlasteremsomer je pure and :
6lerr],9ferr]afd aﬁaueéd)wiﬁin%é]snb éﬁk@ﬁtrdwé&{oﬁr rAn immﬂ oudsnedi'-ox.y-

3- oxo- andr ost

rb
N- ( 2- oxo- tetrgiﬁ '&ﬁ?’ﬁm ‘\3?; %H#‘e”] ¢ Be" Glarhial' flee of the other
16[err], 17] erdfps@hdsmm iecpureiwilk preferably be dsalateq such that lesa thas i‘?%hydr oxy-
3- oxo- andg@st 1@%5[61%] 3padialiyniles€ arind 0.1% of the other

(5-oxo-tetrah ﬁf yr an- ter; ‘and sol vates thereof.
Preferred con% %GQP melss *[#SQ“F i ncl ude: 30
6[err],9[err]-Difluoro-11[err]- hydroxy 16[ err]-methyl - 3-oxo-17[err]-propion

yl oxy- andr ost pounds 6t fSnRAGR-(h Heve dotéritially bhéficial Atidnflammatory or

= (2~ ovo- 1 500 Slge sepica! spmpisegion, demonstated by, 0. o,

6[err], 9[err]
yl oxy- andrzsst for-example, their ability to bind to the glucooortlcold receptor and to illicit a

response via that receptor. Hence, the compounds of formula (1) are useful in
the treatment of inflammatory and/or allergic disorders. Further, compounds
of formula (I) possess the advantage of having little or no systemic activity.
Therefore, the compounds of the invention may represent a safer alternative

30 to those known anti-inflammatory glucocorticoids which have poor side effect
profiles.

Exatf\pies of disease states in which the compounds of the invention have
utility include skin diseases such as eczema, psoriasis, allergic dermatitis
35 neurodermatitis, prurifis and hypersensitivity reactions; inflammatory



ene-17[err]-carbothioic acid S (2-oxo-tetahydro-furan-3-yl) ester;
6[err],9[err]-Difluoro-11[err]-hydroxy-16[err],17[err]-isopropyli denedi oxy-
3- oxo-androsta-1, 4- 35 di en¢i—1 : (o g|c acid

S-(2- oxo-t et r ahydr o- f ur an- 3- ylfj) "@StH{EET HASBEEN || \z\p 97/ 24365

PCT/ GB96/ 03140 — 6

16[ err], 17[ eMP2¥38But y| i denedi oxy)-6[ err] %Ferr] -di fl uoro-PHfGenrg?’?a-lf'uoydroxy-
3- oxo0- andr ost 4- ens-17[err]-carbothioic acid
S-(2-oxo-tetrahydro-furan-3-yl) ester; 7 and solvates thereof. 5 It

wi |l be appreciated that each of the above conmpounds of fornula (1)

I ncl udes the individual R and S di astereoi%%gersp& th@"@nﬂ%ri c _centre
at t he poiconditionsaof thehnese, troat pe lyngst FHpspa Ing LeroRp-

m xtures ther gofuced asthinatit! leabtibrishe thifitis Jfneleigatheyfeven); rasal poiypsunds of
formula (1) may 1nclude .. the |ndiyi I, R | .at the
asynmmetric ceﬁ%ﬂ!"‘? Bg @ pu @ﬂ%&%&%g@ﬂﬁg? re g%'eée)‘;'ﬁﬁ ergrﬁ

wher ei n R6 andnfldinmatoryibowalrconditions sugh as ulserative golitis Q’K&E@g‘ﬂsq aS€hus, the
| ndi vi dual §R 3 anndlinifhjsRé BReBOSPSUL dstheirnsiokl aithrits, (0 be
substantially Tree of the other diastereoisoner ie pure and m xtures

t her eof are included within the scope of the present invention. An
i ndi vi dual R dCorfipounds of dtheeinventionrmay siscthavesuse ipsthe treatmentsOofnti al | y

free of the ot : ' < itigomer ie pure will preferably be isolated
such that | esNEN %%gahg'?cg?erably |l ess than 1% especially |less than

0.1% of the other di ast ereoi soner is present. The conpounds of
formul a (130 hay avilb Gecapprtiatedby dhose skilled:in -the rark thatirefeferge herein to

anti-allergic elifeht extibis 6 brephylakis U Wait!deine? Bamerit /ot esiablished
y

denonstrated by, |
conditions.

As mentioned above, compounds of formula (I) are useful in human or
15 veterinary medicine, in particular as anti-inflammatory and anti-allergic
agents. '

There is thus provided as a further aspect of the invention a compound of - .
formula (1) or a physiologically acceptable solvate thereof for use in human.or

20 veterinary medicine, particutarly in the treatment of patients with inflammatory
and/or allergic conditions.

According to another aspect of the invention, there is provided the use of a

compound of formuia (1) or physiologically acceptable solvate thereof for the
25 manufacture of a medicament for the treatment of patients with inflammatory

and/or allergic conditions.

In a further or alternative aspect, there is provided a method for the treatment
of a human or animal subject with an inflammatory and/or allergic condition,

30 which method comprises administering to said human or animal subject an
effective amount of a compound of formula (1) or physiologically acceptable
solvate thereof.

The compounds according to the invention may be formulated for
35 administration in any convenient way, and the invention therefore also
includes within its scope pharmaceutical compositions comprising a

. This Sheet Has Been Replaced
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25 for exanple,'their ability to bind to the glucocorticoid receptor and

toillicit a response via that receptor. Hence, the conpounds of
formula (1) are useful in . the treatnment of inflammatory and/ or
allergic disorders. Further, conpounds of formula (1) possess the
advantage of having little or no system c activity. Therefore, the

conpounds of WMOHRE243¢§ent i on may represent a safer alternati rer/GBSm3i4 t hose
known anti-inflamrmatory glucocorticoids which have poor side effect
profiles. Exanpl es of disease states in which the conpounds of the
I nventi on have utility include ski$h di seases such as eczenm,
psoriasis, allergic dermatitis 35 neurodermatitis, pruritis and

h itivj tj - i nf .
7P condi t1 ons HHPARE’ dso il ()7 25 Pbidpioiogically, agceptablp, solvate. therent.
al | er gen- i ndtegethess tih Hesirablee Jbt mdmixture withi tone (arnsasei physielogically ) |

nasal pol yps, aédeptibie dikitits ocddridérspul monary di sease, interstitial |ung
di sease, and fibrosis; inflammtory bowel conditions such as ulcerative

colitis and Crohn's disease; and auto-immune di seases such as rheunatoid
arthritis.5 Bshesuntheref is hprovidednai proerss b otheaviweparatiom ofiesucheat nent
of conj uncti vghafthcettical B6impusitions which chinblisémidiy ]heifgrédiehts. t hose skil | ed
in the art that reference herein to treatnent extends to prophylaxis as
wel | as the treatnent of established conditions. As mentioned above,

conpounds of The compognds according ftathe inventicnn may, fonexampie, e formulatéche, in
particul ar asfgnihsl! Niucealablingaad Patehtardl! 96EAIC or RKREHN Administration,
10 especially local administration. ' :

Local administration as used herein, includes administration by insuffiation
and inhalation. Examples of various types of preparation for local
. administration include ointments, lotions, creams, gels, foams, preparations
15 for delivery by transdermal patches, powders, sprays, aerosols, capsules or
cartridges for use in an inhaler or insuffiator or drops (e.g. eye or nose drops),
solutions/suspensions for nebulisation, suppositories, pessaries, retention
enemas and chewable or suckable tablets or-pellets (e.g. for the freatment of -
aphthous ulcers) or liposome or microencapsulation preparations. '
20 '
Ointments, creams and gels, may, for example, be formulated with an
aqueous or oily base with the addition of suitable thickening and/or geliing
agent and/or solvents. Such bases may thus, for example, include water
and/or an oil such as liquid paraffin or a vegetable oil such as arachis oil or
25 castor oil, or a solvent such as polyethylene glycol. Thickening agents and
gelling agents which may be used according to the nature of the base inciude
soft paraffin, aluminium stearate, cetostearyl alcohol, polyethylene giycols,
woolfat, beeswax, carboxypolymethylene and cellulose derivatives, and/or
olyceryl monostearate and/or non-ionic emulsifying agents.
30
Lotions may be formulated with an aqueous or cily base and will in general
also contain one or more emulsifying agents, stabilising agents, dispersing
agents, suspending agents or thickening agents.

35 Powders for external application may be formed with the aid of any suitable
powder base, for example, talc, lactose or starch. Drops may be formulated



There is thus provided as a further aspect of the invention a conpound of
formula (1) or a physiologically acceptable solvate thereof for use in
human or veterinary nmedicine, particularly in the treatnment of patients
wi th inflamuatory and/or allergic conditions. Accordi ng .t o anot her
aspect of the_invention, there is provided the use of a conpound_ of
formula (1) o‘P’oﬁmfgfsol ogi cally acceptable solvate thereof f

manuf acture of a medi canent for the treatnment of patients with inflanmmtory

and/or allergic conditions. The conpegunds according to the invention
may be fornul ated for adm nistration in any conveni ent way, and the
I nvention therefore al so I ncludes within its scope pharnaceuti cal

conposi ti ons caiffpransiagyequs or non-aquequs dAse4alse comprising one or more -

PCT/ GB96/ 0314G4ispersing agents, solubilising agents, suspending agents or predervatives, Compound
of fornmula (1) or physiologically acceptable solvate thereof t oget her,

I f desirable, in adm xture with one or nore physiologically accept abl e

di l uents or caSpraycompoSitionsimaydor exarople biesformulatetias aqueauscsalutions orhe

TPty alsons op N BUUEGY. JGRireom-piceaaen o Ear SN 808 [ 1110

exanpl e, be fJmetared dose '“ﬁal%r'g}f]"ﬁb&'gl ‘!seb*ch&%ﬂi!ag&}m@ &d,prop %'Fte:h%?%/ﬂ,', | ocal

or rectal adm compasitionsrsuitable fersiphakation gan beadither aisuspensian ona solution Local

adm nistratio ' [ LS ' ' sOoN

and inhal ati o%ﬁo& &H@ﬂ’l@?ﬁ@?ﬁvgrﬁw& dggﬁg?mard 3§a,|r|d;? [ %lﬁta? %?H%égﬁdt

adnmi ni st rat i onSYGHAS ABUIPEATREN OEF '89?%‘89‘,'“@ rofiuqracarben RE mixtures

prepar at.i ot thereof, particularly hydrofluor_oalkane's, especially 1,1,1,2-tetraflucroethane,

1.1,1,2,3,3,3-heptafluoro-n-propane or a mixture thereof. The aerosol

composition may opfionally contain additional formulation excipients well.

known in the art such as surfactants e.g. oleic acid or iecithin and cosolvents

e.g. ethanol. ) '

15 S .
Advantageously, the formulations of the invention may be buffered by the.
addition of suitable buffering agents. :

| Capsules and cartridges for use in an inhaler or insuffiator, of for example -
20 gelatine, may be formulated containing a powder mix for inhalation of a
compound of the invention and a suitable powder base such as lactose or -
starch. Each capsule or cartridge may generally contain between 20ug-10mg
of the compound of formula (l). Alternatively, the compound of the invention
may be presented without excipients such as lactose.
25 .
The proportion of the active compound of formula (1) in the local compositions
according to the invention depends on the precise type of formulation to be
prepared but will generally be within the range of from 0.001 to 10% by
weight. Generally, however for most types of preparations advantageously
30 the proportion used will be within the range of from 0.005 to 1% and -
preferably 0.01 to 0.5%. However, in powders for inhalation or insufflation the
proportion used will be within the range of from 0.1 to 5%.

Aerosol formulations are preferably arranged'so that each metered dose or
35 “puff" of aerosol contains 20119-2000ug, preferably about 20ug-500ug of a
compound of formula (I). Administration may be once daily or several times



15 for delivery by transdermal patches, powders, sprays, aerosols,
capsul es or cartridges for use in an inhaler or insufflator or drops
(e.g. eye or nose drops), sol uti ons/ suspensi ons for nebulisation,
suppositories, pessaries, retention enemas and chewabl e or suckabl e
tablets or pellets (eg. for the treatnent of apht hous ul cers) or

| i posome or WQY84¥8apsul ati on preparati ons. 20 O nt MPCTGBGER4NE and
gels, may, for exanple, be formulated with an aqueous or oily base
with the addition of suitable thlckenlnqpand/or gel ling agent and/ or
sol vents. Such bases may thus, for exa , I nclude water and/ or an
oil such as liquid paraffin or a vegetabIe oil such as arachis oil or 25

castor oil, ogafly,J6f &eiriple 2¢ B, 2%r BolnEs, i @ﬁr@kﬁmpluﬁlbﬁt%seﬂeaﬂ?nts and

gel |1 1ng agent ?#T ’E’?W’aﬁ%aﬁfﬁﬂ??&f}ﬁfﬂg{%%? il B VA e B Y
pol yet hyl ene JPmgopteferably, Zﬂﬂm-ﬁaoougaeélama&verelb daily« dpse \and: thel weterathd
cel l ul ose der u\saéldmerea "6} apsules af)6ftidhed™™R h! MAGRF r e MEtoR W | O C

emul sifyin rrul ated wth an aqueous or
oi |y base Pﬁa"Yﬁe&é’HQP WRR“&T@ "kéﬁﬂ‘flﬁ Bone or nore emul sifying
agents, stab|I|s|ng agents, dispersing agents, suspending agents or

t hi ckeni ng ag m%ﬁy Eﬁd?&? fed wi th
the aid of any, U|t a %O\i/\’ge Ehs& S?thﬂxda&a g' ac se or
starch. Drops 98y ¢ m ressmgs may

PCT/ GB96/ 03 14mdvantageously be used. Continuous or prolonged delwery may be achleved an

aqueous oryg rq %@er%l ri sing one or nore di spersi ng
agents, soI ubi I°I's1 ng agents susgengl ng agents or preservatives. Spr ay

conpositions may for exanple be fornulated as aqueous solutions or 5
suspensi ons ormetemabadrhMbnmeacbrhpmmdpraeeordhigstedhehwbmlommb.bs a

hor osol o Icorrr;g(?smlons bet fonmulal % '@%r .“%E*'f’“ﬁéﬁ ¢ ST pARAGRLG el

n can er a.
suspensi on or Formulgtign E&%ﬁbﬂ]ﬂ% 8hxifsor ul a
(1) and a HUI tponders rgvamlﬂé@,rtablets and eepsules whlch typlcally contain conventional

excipients such as binding agents, fillers, lubricants, disintegrants, wetfing
agents, suspending agents, emulsifying agents, preservatives, buffer saits,
flavouring, colouring and/or sweetening agents as appropriate. Dosage unit
* forms are, however. preferred as described. below
20 :

Preferred forms of preparaﬁon for intemal administration are dosage unit
forms i.e. tablets and capsules. Such dosage unit forms contain from 0.1mg
to 20mg preferably from 2.5 to 10mg of the compounds of the invention.

25 The compounds according to the invention may in general may be given by
intemal administration in cases where systemic adreno-cottical therapy is
indicated.

in general terms preparations, for internal administration may contain from
30 0.05 to 10% of the active ingredient dependent upon the type of preparation
involved. The daily dose may vary from 0.img to 60mg, e.g. 5-30mg,

dependent on the condition being treated, and the duration of treatment
desired.

35 Siow release or enteric coated formulations may be advantageous,
particularly for the treatment of inflammatory bowel disorders.



such as a fluorocarbon or hydrogen-containing chl orofl uorocarbon or

m xtures 10 thereof, particularly hydrofl uoroal kanes, especially

1,1,1, 2-tetrafl uoroet hane, 1,1, 1, 2,3, 3,3-heptafl uoro-n-propane or a
m xt ure thereof The aer osol conposition nmay optionally contain
addi ti onal g%égn exci pients wel | known in the art _such as
surfactants eGéﬁ& c acid or lecithin and cosol vents PEP&P*@PHQno|.
15 Advant ageously, the formul ations of the invention nay be buffered
by the addition of suitable bufferipg agents. Capsul es and
cartridges for use in an inhaler or insufflator, of for exanple 20

gel atine, may be fornul ated containing a powder m x for inhalation of a
conmpound of the invention and a suitable powder  base such as | actose or

ZB ?r Chj Efilgh Cnibsbhm ) Gieefding Yo €98 Irventicn® ini@e also ??]

err 0 o e iV e
corrpoung of n?ﬁ@*d%‘ﬁmt"g}?"&‘%% ﬂ%ﬁ?@%@éﬂ#ﬁ ngjé'i' 5’%5%?15 Rquch as
lactose. 25 Pz adrencrpeenton aganistoan ant-histamine of angothalieric. Thedavention) | n
the | ocal OGS provides, in a fakRe dEpaet, taocddiﬂnaﬁbheéﬁmﬂis a0 olﬁlﬂdto?e

\?mr teﬁ: ﬁet Lgpsa#ﬁg“ﬁﬁna atlon toﬂ?%@é}%%&!’&%&e B@fﬁ%‘@?ﬂf?ﬂ ¥ %B&ever
Lor n}[)ﬁt t%/Eesamﬂhqr aparaaeutmaﬂy aabtivet agent, Jox mmptleafeap@gpdwenbl Ontacepmem : 8 \é\ll/||
e wWwthin e Hﬁ}ﬁgn refera 0] %
However, in pov@ers'ﬁrﬁl nha 'ﬁgéﬁagra%ggﬁﬁ atiog t he d proportion used

will be within the range of fromO0.1 to 5% Aerosol fornul ations are
pr ef erabl ylGar r'algednbmahﬁmtefMtGMwnayloemmm berprééénted fareusesml

ggnt SLEZ ?)fO[ ferﬁ.lhg Ob?ré\] %hnl SE rati on nzqﬂﬁv 59@% Sé(;,‘v a tl nmes
V\Dm;7 / 24365 trormulatngn comprising a oomb?nau%% as defined ytogether w

PCT/ GB96/ 03 140pharmaceubcally acceptable diluent or carrier represent a fuither aspeoleof ly, for

exanple 2, 3, vdé;m Les, giving for exanple 1, 2 or 3 doses each

time. The overaPI y dose W|th an aerosol will be within the range

100[ err] g- 15 :
_ The individual compounds of such combinations may be administered either

sequentially or simultaneously in separate or combined pharmaceutical
formulations. Appropriate doses of known therapeutac agents will be readily
appreciated by those skilled in the art.

20
The compounds of formula () and solvates thereof may be prepared by the
methodology described hereinafter, constituting a further aspect of this -
invention.

25 Thus, according to a first process (A), a compound of formula (I) may be
prepared by treating a compound of formula (1)

)




10ng preferably, 200[err]g-2000[err]g. The overall daily dose and the

net er ed dose delivered by capsules and cartridges in an inhaler or
insufflator will 5 generally be double those with aerosol fornulations.
Topi cal preparations nay be adm nistered by one or nore applications per
day to the affected area; over skin areas occl usive dressings may

advant ageousty9nrdséssed. Continuous or prolonged delivery PEy/GRI6R3IHI eved 10

by an adhesive reservoir system For internal admnistration the
conpounds according to the invention for exanpl e, be formul ated
in conventional manner for oral, parentéral or rectal adm ni strati on.

Fornmul ations for oral adm nistration include syrups, elixirs, 15 powders,

granul es, talky ghichaRy P@alPéUk andhi=hareVdll aéfirled mammrsm\wmpmaé

e e i 15O B e”teé'gﬁeé%"sér%&?aﬁtw#% ‘#S“é &%W%@%&? ati ves,

buf fer sal tsatﬂazolebrauniuedaghydridleowMagommuo Bg agents as
appropriate. Dosage unit forms are, however, preferred as descri bed

bel ow. 20 Preferred forms of prepgration for internal adm nistration
are dosage unit forms i.e. tabFtsHand @psul es. Such dosage unit
forms contain fromO. 1ng to 2 eferably from2.5 to 10ng of the

conpounds Sof the invention. 25 THe conpounds according to the invention
may in general may be given by internal adm nistration in cases where

systemn ¢ adr it sals thérabf, il@hizRY | S i ndi cat ed. In general terns
pr epar ati ons, for mtekﬂqn'gg m stration may contain from30 0.05 to 10%
éﬂd@ﬁ

of the acti ve t upon the type of preparation
i nvol ved. The dally dose may vary fromO.1ng to 60ng, e.g. 5-30ny,

gepe“dgnt 167 , AP dunB d?%zﬁihl? (Iﬁﬂhl%i‘em@(‘% riseris! OM iray befadtivaledment -
ag\sliarn?ageous OW c{%qfease 5{ er| %gt m&%})‘?%bﬁ%%? gﬁ abovvel
di sorders. carbodumnde such as 1-(3-d|methylam|no-pmpyl)-3—ethyl-carbodnm:de
hydrochloride in a polar solvent such as dimethylformamide, conveniently at
elevated temperatures e.g. about 100°C, and under an inert atmosphere such
15 as nitrogen or the like, to form an activated derivative of the compound of
formula (1), such as a triazole derivatwe e.g. a benzotriazole derivative of
formula (IV) :

20 :
(in which R, Ry, Ry, Rsand = are as defined hereinbefore).

The activated derivative, which may be isolated if required, is reacted with a
compound of formula (lif} wherein Z represents NH,, SH or OH to form the
25 desired compound of formula (I).
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11 The pharnmaceuti cal conpositions according to the invention nmay
al so be . used in conbination with another therapeutically active agent
for exanple, a [err] adrenoreceptor agonist, an anti-histam ne or an

anti-allergic. The invention 5 thus provides, in a further aspect, a
conbi nati on cHF2EHg a conpound of formula (1) or a pRGEGBINIBA |y

accept abl e sol vate thereof together with anot her therapeutically active
agent for exanple, a [err]-adrenoreceptofs agoni st, an anti-histam ne or
an anti-allergic. 10 The conbination referred to above may conveniently
be presented for use in the formof a pharmaceutical fornulation and

t hus phar maceult 'wdblbe apprehﬂl&djbyatﬁoseskﬂledm‘riheialgthat therdoiupling reactisn chayi ned
above toget her pRRRGG s rier
represent a futrat |n oné”&g ?ﬁt 618 isdla ﬁ&?%?&ﬁhbh 88 vﬁgéal

e 1nyention
conpounds  of SER!HPQ‘B}% 'T'B!l% (t.\fs present; Qgeqre%‘? MPW‘“Q a%tﬁ’aﬁ%t ially
or sinmul taneouAltemaﬁvelysﬂhe atiivated desivative tnay e isolated andithen suﬁsaquedtlyt i ons.

Qggigglr;?te b?éﬁgg Mh{:l I ecfmﬁ wﬁg%t& Wrﬂn_llﬁg corrpouéoz{f?oup forrrul a

(1) and sol vat oemuladle of may be prepared by the nmet hodol ogy descrl bed
herei nafter, constituting a further aspect of this i nventi on.

s 0t Ot kol 3 AEARSTRA e oS B ot g, M‘S% 24365
PCT/ GB96/ 03140
10 Compounds of formula (I) may also be prepared according to the above
process (A) by coupling a compound of formula (1) wherein X represents OH
with a co'mpbund of formula (lll) wherein Z represents SH, OH or NH, via an
intermediate mixed anhydride, for example, a mixed phosphate anhydride
such as a compound of formula (V) as described by Kertesz and Marx in the
15  Journal of Organic Chemistry, 1986, 51, 2315-2328.

Thus, a compound of formula (Il) wherein X represents OH may be activated
with an activating agent, such as diethyichlorophosphate in the presence ofa .
base such as a tertiary amine e.g. triethylamine and in a suitable solvent such
20 as a chlorinated solvent e.g. dichloromethane to form an activated: derivative
of the compound of formula (l) e.g. a diethylphosphate mixed anhydride
derivative of formula (V)

25 :
(in which Ry, Ry, R,, Rgand === are as defined hereinbefore).

The activated derivative, which may be isolated if required, is reacted with a
compound of formula (lll) wherein Z represents SH, OH or NH, to form the
30 desired compound of formula (l).



12 in which R2, R3, R4, R5 and [err] are as defined hereinbefore for

conpounds of formula (1) and X represents OH or an activated derivative
t her eof such as a triazole or a mxed anhydride, with a conpound of
formula (111) [err] 5 and salts thereof, in which Z represents

OH, NH2 or SH. 10 Thus, a conpound of forrmula (I1) wherein X represents
OH may be acworswasss Wi th an activating agent such as a soricEsésisrs. O

1- hydr oxy-benzotri azole and a carbodiim de such as
1- (3-di net hyl am no- propyl ) - 3-et hyl - car bodi i m de hydrochl oride in a
pol ar sol vent such as di et hyl f or mami de, conveni ently at el evat ed

tenperatures e.g. about 100[err]C, and under an inert atnosphere such 15 as
nitrogen or the like, to forman activated derivative of the compound of

formula (I11), such as a triazole derivative e.g. a benzotriazole derivative
of f or mul dt wil\be fappreciated by those skilled in art 3ah_tlmceup!m,reaumnmay R5 and

iy be' | Sol at c Piaee VIBRLENR BORon of the adiVata Heivte IF & corfiiourd of 1 <"

(111) wher e nﬁm%@gtﬁﬁw}f“’@ﬂ%ﬁw&lﬂ‘@?ﬁm&QS%ﬁ@@ﬁYﬂﬁ tE!Grrpound

of formul a5(| )activated derivative may be isolated and then subsequently treated with a
compound of formula (1il) to form the desired compound of formula (l).

Both methods are included within the scope of the present invention.

10 Compounds of formula (I) wherein R, represents O or S may also be
prepared according to a second process (B) in which a compound of formula
(1) in which Ry, R3, Ry, Rs and === are as defined hereinbefore and X
represents OH or SH or their corresponding salts, is treated with a compound

of formula (VI)_ or formula (Vil)
15 o o
. | o (Vi)
in which Q represents a suitable leaving group (such as Cl, Br, OSOA
wherein A is, for example CH,, CF;, p-CHyC¢H,), under standard methods.
20 '

The above general process (B) empioying compounds of formula (V1) can be
used to prepare compounds of formula (1) in which R, is linked to the aipha,
beta, or gamma cad_:on atoms of the lactone group.

25 Compounds of formula (I) wherein R, represents O or S may be prepared
according to the above process (B) by alkylation of a compotund of formula (lI)
wherein X represents OH or SH respectively, with a compound of formula (Vi)
wherein Q represents a suitable leaving group using methods known in the
art, or an adaptation of those methods.

30
Thus, for example, a compound of formula (I) wherein R, represents O may
be prepared by alkylation of a compound of formula (ll) wherein X represents
OH conveniently in the form of an appropriate salt {(such as alkali metal e.g.
sodium or quartemaryammonium salt) with a compound of formula (V1)

35 wherein Q represents a suitable leaving group, preferably chlorine, bromine
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13 It will be appreciated gaythgse LLled in the art that the
coupl i ng reaction may t ake ITH(SBSHE’EﬁHRs?E? thout the isolation of
the activated derivative if a compuggEg or f la (111) is present

erpalli vel y, the activated

during or add BJfl W ng acti VacFoen Altprng

derivative ma?y lated and t hen subsequently 5 treat edPGPEROS3M8 6 und
of formula (I11) to formthe desired conpound of formula (1). Bot h
met hods are included within the scope of jghe present invention. 10
Compounds of fornula (1) may al so be prepared according to the above
process (A) by coupling a conmpound of formula (11) wherein X represents OH

wi th a conpounor mesylatemThe élk?hﬁomteachmmismrebmhm cafried St indlecpresemeyvi a an

;Egﬁrgdgazgmn%ﬁﬁ of déd ‘&X S'gl’l ? H szggﬁ) ?gethe
15 Journal off %PE%% gﬂeen belm

conpound of f oumnca (Sult)ablehpolar moMemspmayancladﬂﬂuehmebdmethmmawde with
ggsgcgh\c/ﬁt :atsgaal?'gdrmx‘ar y am rie egﬁg&b&%ﬁﬁ%@%ﬁw I'n %ﬁ‘é{]gesgr vgnt
such 20 as a chlorinated solvent e.g. dichloronethane t o forman activated
derivative  Similaryheompoundsof formuld(lwhereir R) represents Sicanhe pieparddat e
m xed anhydri dg.qaing 46 tHe'dldvé prodess BBy Aiiyition &f & Lompound of formula (1)
wherein X represents SH with a compound of formula (VI) wherein Q
10 represents a suitable leaving group by adaptation of the methods described
by Phillipps et al, Journal of Medicinal Chemistry, 1994, 37, 3717-3729.
Thus, a compound of formula (I) wherein R, represents S may be prepared
by alkylation of the corresponding compound of formula (Il) wherein X
represents SH conveniently in the form of an appropriate sait (such as alkali
15 metal e.g. sodium or quarternaryammonium salt) with a compound of formula
(V1) wherein Z represents a suitable Ieavmg group as described hereinabove -
for similar alkylation reactions.

Alternatively, compounds of formula (l) wherein R represents O or S may be -
20 prepared according to the above process (B) by alkylation of a compound of

formula (If) wherein X represents OH or SH with a compound of formula (V1)

wherein Q vrepresents OH wunder Mitsunobu conditions using

triphenylphosphine and a dialkkyl azodicarboxylate, or by using Vilsmeier

methodology as described by Barrett and Procopiou in the Joumnal of the
25 Chemical Society, Chemical Communications, 1895, 1403-1404.

A compound of formula (I) wherein R, represents S and is bonded to the beta
carbon atom of the lactone group may also be prepared by reacting the
corresponding compound of formula (Il) wherein X represents SH with a

30 compound of formula (Vil). For example, by Michael addition of the
compound of formula (i) with the compound of formula (V1l) in the presence
of a base such as potassium carbonate and in a suitable solvent such as
dimethylforamide.

35 Compounds of formula (I} may also be prepared from other compounds of
formula () thereof using conventional interconversion procedures such as

I

"



25 (in which R2, R3, R4, R5 and [err] are as defined hereinbefore).
The activated derivative, which my be isolated if required, is reacted

with a conmpound of forrmula (I11) wherein Z represents SH, OH or NH2 to
formthe 30 desired conpound of formula (1). WO 97/ 24365
PCT/ GB96/ 03140 14 It will

be appreci at WO P24IBGose skilled in art that the coupling rPoTIGE&0RY
take place without the isolation of the activated derivative if a conpound

of formula (111) is present during 18" added foll ow ng activation.
Alternatively, the 5 activated derivative may be isolated and then
subsequently treated with a conpound of forrmula (11l) to formthe

desired conpogassRbtdlisatity, 2epimerisation oBWstariiieatisids TRUE an @

rosed ot hin the
scope of the pr o inventiQnee 1 f .for [) wherejn Rl
represents O gﬁsﬁiﬁﬁ%@ E’Bg ofform% &ﬁ?@ﬁg’g@%‘gﬁ’ﬁ ﬁ&%h&g‘g%é‘wﬂ‘a‘ ocess

(B) in which eofformulal)dprocessChroonstitutes a further aspedtiof theRresen inventiolRs and

[err] are as defined hereinbefore and X represents OH or SH or their

corresponding_salts, .is treate ith a c Qun of formula (VI) or

formul a (V#I ) Compoupds of f°"“”'ach)\il\ﬂ’FW9 @h?gp?'BglgeE%nﬂ may eiRrepared |Yavi ng

group (such apatial réductioROpA the coméspondingA1i double doadpcemfpbiind @3,

p- CH3C6H4) ,  UBGientibrdld Mieéthods. NOhus, for example, by hydrogenation of the
corresponding compound of formula (f) or of an intermediate used for the
preparation of a compound of foormula () using a palladium catalyst,

" 10 conveniently in a suitable solvent e.g. ethyl acetate or preferably by using
' tris(triphenylphosphine) rhodium (1) chloride (known as Wilkinson's catalyst),
conveniently in a suitable solvent such as toluene, ethyl acetate or ethanol.

It will be appreciated by those skilled in the art that it may be desirable to use

15 protected derivatives of intermediates used in the preparation of compounds

- of formula (I). Thus, the above processes may require deprotection as an

intermediate or final step {0 yield the desired compound. Thus, according to

another process (D), a compound of formula (I) may be prepared by

subjecting a protected derivative of a compound of formula (1) to reaction to

' 20 remove the protecting group or groups present, constituting a further aspect
| of the presentinvention. .

Protection and deprotection of functional groups may be effected using
conventional means. Thus, hydroxyl groups may be protected using any

25 conventional hydroxyl protecting group, for example, as described in
Protective Groups in Organic Chemistry, Ed. J.F.W. McOmie (Plenum Press,
1973) or Protective Groups in Organic Synthesis by Theodora W. Green
(John Wiley and Sons, 1991).

30 Examples of suitable hydroxyl protecting groups includes groups selected
from alkyl (e.g. t-butyl or methoxymethyl), aralky! (e.g. benzyl, diphenyimethyl
or triphenylmethyl), heterocyclic groups such as tetrahydropyranyl, acyl (e.g.
acetyl or benzoyl) and silyl groups such as trialkylsilyl (e.g. t-
butyldimethyisilyl). The hydroxyl protecting groups may be removed by
35 conventional techniques. Thus, for exampie alkyl, silyl, acyl and heterocyclic
groups may be removed by solvolysis, e.g. by hydrolysis under-acidic or basic



20 The above general process (B) enploying conpounds of fornula (V)
can be used to prepare conpounds of forrmula (1) in which RL is |inked
to the al pha, beta, or gamma carbon atons of the |actone group. 25
Compounds of fornula (1) wherein RL represents O or S may be prepared
according to the above process (B) by al kylation of a conpound of fornula

(11) WhWOSTRAIS r epresents OH or SH respectively, wi t hPEVEBWIAMAd of
formula (V) wherein Q represents a suitable | eaving group using
met hods known in the art, or an adgptation of those nethods. 30

Thus, for exanple, a conpound of formula (1) wherein RL represents O may
be prepared by al kyl ation of a conpound of fornula (Il) wherein X
represents condflidns .0 nestkylngrioyps rsuchead dripheryimethylpmagpbe dimilarly be(such

| kal i t [ ' :
gzrrgouﬁdl o;ref ?Fn"ﬁvgd(t{x fowgligigv\hlwg{aé% re?rgedeﬁrﬁ%g@a&%ﬂlﬁ?a tse')sl' \émaAwhg group,
pref erably chlg@PupSsush asbaazyl may be cle bﬁ?‘Vﬁ@S?ﬂW' RIPRENCE §lon

reaction is prgmb@t}hmagﬁiygpbmtasigmhaiammmf a solvent, suitably a
pol ar’” sol vent, under inert conditions, for exanple, nitrogen or the like,

convenient!|¥y at a tenperature of between about O errlC to 100[err] C

Sui t abl e pol arThelcpmpotindaofi fesnulee GRe{he(VEi (Vo (¥I) randnfVi)dare efthen hy|
acetam de, di r@éﬁ%&gkﬁm b&%podﬁ@bpﬁwfﬁd‘git%ﬁaﬁd By htisddd’ dnalogodisio ar | v,
S

conmpounds of fQr M%?elﬂ |f§'t1?r§3@fi§‘ J%'Hg’&c @%ﬁna%gﬁ&r@ﬁhaﬁ@or di ng

to the above p

wher ei n X repr @8ertg, 69, (Whiand umay be prepared by(the)methods desaibed
represent sg SHér’eﬁJQ' RoVEretniisbunds o Wa.%npm,f%@dmf@gg #%;bbed

'?’Kugn ;I Lgpr;oﬁhﬁ%&f#%?g'eg@%ﬁ%ﬁ% re;npfte;)é’nts S ma§ be prepared by
al kyl ati-on of the correspondi ng conpound of formula (I1) wherein X
For example, the compounds of formula (Il) wherein X represents OH can be
prepared by oxidation of an appropriate 21-hydroxy-20-keto-pregnane of
15 formula (VIlil) - o

(in which R;, R;, R,, Rs and === are as defined hereinbefore) using, for
example, the methodology described by Kertesz and Marx, Joumal of
20 Organic Chemistry, 1986, 51, 2315-2328.

Compounds of formula (Vi) are commercially available, for example,
fluocinolone acetonide, budesonide and triamcinolone acetonide are
available from Sigma-Aldrich, or can be prepared from the commercially
25 available compounds of formula (Vill) by, for example, the transacetalisation
methods described in EP0262108 and by partial reduction of the 1,2 double
bond compounds by the methods described herein.  Altemnatively,
compounds of formula (VIll) can be prepared from commercially available
17a-hydroxyl derivatives of compounds of formula (VIIi), for example,
30 betamethasone, flumethasone prednisoione, beclomethasone, and



represents SH conveniently in the formof an appropriate salt (such as
al kali nmetal e.g. sodiumor quartenmaryamoni um salt) with a conpound of
formula (VI) wherein Z represents a suitable | eaving group as descri bed
her ei nabove for simlar alkylation reactions. Al ternatively, conpounds
of formula (I) wherein Rl represents O or S may be prepared according to

t he above prwOd324368) by al kyl ati on of a conpound of f or pol/eBdsibygapWher ei n
X represents OH or SH with a conmpound of formula (VI) wherein Q

represents OH under M tsunobu condi é ons wusing triphenyl phosphine
and a dial kyt azodi carboxylate, or by using Vilsneier met hodol ogy as
descri bed by Barrett and Procopiou in the Journal of the Chem cal

Society, Chenygaimdthastna wé.raeréSfroﬂa% alAﬂacﬂWestenﬁeamnapm%dw&-forwla

[ actone. o oupYAGRA BEIRASSBI, @w&ﬂeﬂe 33l G ot A TAREBHBN. opouna

of formula (I Lettem,eﬂ%h 448. e[blwebnomp&hda oh formulec (Vill) forth yét adurther (VI 1) .

For exanpl e, é}#sf?\/ ,. Ao, t he conmpound of forrmula (I1) with the
conpound of fornu Iq n the presence of a base such as potassium

carbonate #nd in a suitable sol vent.such as di met hyl f or am de.
Cormpounds of Compounds bf fommulac{ll) ewheeein Dt represénts SH can'tss preperea byitheof
formila (1) ahPicafid ob UHspRioR"B! khelk HEARUAS, o exBAfpl: kini> mithéissl ©
PCT/ GB96/ 0314described by Phillipps et al, Journal of Medicinal Chemistry, 1994, 37, 3717-

transacet al i sgy2®n, epinerisation or esterification. Thus, a process for
prepari ng & conmpound of forrmula (I) by interconversion of another conpound
of for rrulé (1) (process C) constitutes a further aspect of the present

i nvention. 5Compaypds @f fesmula () Q1) and ) age commersially avaiiable fragy be
prepared by Sigmaaldrichl or W?Cﬁé Q8adily preparedr by 2ppiickition dr. adspatineopond
conpound by cone ARG, P8} eEhBRT Sompbls of Rimis ) Vinerlh 246 Eppenat i on
' can be prepared by methods described in G. Fuchs in Ark-Kemi, 1966, 26,
15 111 and 1968, 29, 379; compounds of formula (IIl) wherein Z is B-amino can
be prepared by the methods described in G. J. McGarvey et al. Tetrahedron
Letters, 1983, 24, 2733; the chiral a-OH compounds of formula (lll) can be
prepared by the methods described in Kenne et al. J. Chem. Soc. Perkin
Trans. I, 1988, 1183; and the a-chloro compound of formula (V1) by the
20. methods described in P Four et al, J. Org. Chem. 1981, 48, 4438.

Individual isomers of formula () at the point of attachment of the lactone
moiety may either be prepared from starting materials having the desired
stereochemistry or by epimerisation, resolution fractional crystaliisation or
25 chromatography {e.g. HPLC separation) at an appropriate stage in the
synthesis of the required compounds of formula (1) using conventional means.

Thus, for example, it will be appreciated that synthesis employing a racemic
mixture of compounds of formula (1) or (V1) will afford compounds of formula

30 () as a mixture of diasterecisomers, which may then be separated.
Alternatively, the individual diastereoisomers may be prepared by employing
compounds of formula (l1l) or (V1) in enantiomerically pure form.

Similarly, compounds of formula (1) in which R'z and R, together represent
35



correspondi ng conpound of formula (1) or of an internediate used for the
preparation of a conmpound of fornula (1) using a palladiumcatalyst, 10
conveniently in a suitable solvent e.g. ethyl acetate or preferably by
usi ng tris(triphenyl phosphine) rhodium (1) chloride (known as

W ki nson's cat al % conveniently in a suitable solvent such as

t ol uene, et hywoa?géfag e or ethanol. It will be appreci BEEGBR03{490se
skilled in the art that it nay be desirable to use 15 protected
derivatives of internmediates used in thel®reparation of conpounds of
formula (1). Thus, the above processes may require deprotection as an

I nternmedi ate or flnal step to yield Lheode5|ﬁpd conmpound. Thus, according

to anot her process (D), a conpound of fornmula (1) may be prepared by
subj ecting a protected derivative of a c und of forrmula (I) to reaction
to 20 renove the protecting group or—grupsRpresent, constituting a
further aspect of the present invention. Protection and

deprotection of fupcti on grou be effected convent i onal
nmeans. Thus, hd &ﬁy ’ﬁéﬁé%g“%m YRgstdn &'39 'éé:g diasteregiSemancona
hydr oxyl prot eﬁ.'jrmsg gsynﬂpasnsfmf mdmpbmpoundsjenayubne&emospeclﬁ@mtﬁeldi ve

G oups in ga rsJ - f&a:%ﬁb 43itasis 973) or
Protecti vthf oﬁgsﬁ"ﬂ%‘e anl c ﬁ“w b eoéé e G een omerrgaghn '
W ey and Sonsconmpeund N’B\e 'ém ﬁﬂgzg){ﬂmﬁ? gr oups
i ncl udes gr OUpmaqebecdondemenuy pfeparachbyy&ar(saogausationtqﬂ ther comeespondimgt hy| ) ,

aral kyl (e. z hg@

het ergcygl [ g gggﬁbéguchm}gwé@%(ﬂ opyra \B?htb ' l;‘lgir:rsi:’;se;:t:yl or
benzoyl) and s .
but yl )dll %Et hol strhz:acetéﬁ'aabdwﬁacﬁm mhecpemuoaman rint;an’nedtamtagd dry 35
conventi onal tmhmo;[ &%ﬁ&&nﬁé&ﬂ@l e al kyl, silyl, acyl and

het er ocyclic groups nay be re by sol volysis, e.g. by hydrolysis
under -acidic or basic WD 97/ 24365

PCT/ GB96/ 03140 Solvates (e.g. hydrates) of a compound of formula (I) niay be formethdtiririgons.
Aral kyl groups wsbﬂf-np ap?oéerdup@gf]%g%rf Wé a%gﬁloﬂe@ Arﬁﬁéﬁé QSps Thus, the
15 compounds of formula (I) may be isolated in association with solvent
~ miolecules by crystaliisation from or evaporation of an appropriate solvent to
give the corresponding solvates.

The following Examples illustrate the invention but do not limit the invention in
20 anyway.

EXAMPLES
General

25 Meiting points were determined on a Kofler block and are uncorrected. 'H-
nmr spectra were recorded at 250 or 400 MHz and the chemical shifts are
expressed in ppm relative to tetramethyisilane. The following abbreviations
are used to describe the mulfiplicities of the sighals: s (singlet), d (doublet), ¢
(triplet), q {quartet), m (multiplet), dd (doublet of doublets), dt (doublet of

30 triplets) and b (broad). MS(TSP+ve) and MS(ES+ve) refer to mass spectra
run in positve mode using thermospray or electrospray techniques
respectively. HRMS (ES+ve) refers to high resolution electrospray mass
specttum run in posifive mode. TLC (thin layer chromatography) was
performed on Merck Kieselgel 80 Fo5, plates and column chromatography

35 was performed on Merck Kieselgel 60 (Art. 7734 or 9385). PLC (preparative



renoved by solvolysis, e.g. by hydrolysis under acidic conditions. Aralkyl
groups such as benzyl nmay be cl eaved by hydrogenolysis in the presence of

a Noble netal catalyst such as pall adi um on-charcoal . The conpounds of
formulae (I1), (1I1), (I1V), (V), (M) and (VII) are either general ly
known compounds or may be prepared by methods anal ogous to t hose

described i nWO¥24365 for preparing the known conpounds of froryaseaedakd ) .
(rrey, (rv)y (M, (V1) and (VI1) or may be prepared by the nethods descri bed
10 herein. Novel conpounds of fornmulas gpl), (IIl), (1V), (V) and (VI) form
yet a further aspect of the present invention. For exanple, the
compounds of formula (Il) wherein X represents OH can be pr epared by

oxi dati on of Immmpmmﬂmmmwmmmm Pfepéﬁ\léu' a

(M) [err] %PFgﬁg?ﬁ%
defi ned here H é pﬁerfonnaﬁ?égp . m cﬁcﬂeog %ﬂseogrr bed by
Kertesz and gqje oM &ﬂr Qaqnyyph ﬁs%@ﬂ Jg1ther328.
fCf)rrpo_undls of éxampléa DMR | )ds aued:oaseran abbbremﬁoﬂ alfdre, arimurwsaﬂww

uoci no ﬂﬁi::g eson 0 c [
avai l abl e from Faréch r an be prepa ‘m&éf riagrehat ?\’g&g Wt‘ﬁ'gl |y
avai |l abl e conﬁéﬂﬂ@ﬂ“’ﬂ el a (VI11) by, for exanple, the
transacetal i sat i on nmet hods descri bed in EP0262108 and by part | al

reducti on of I t escri bed
herein. Alte [évwd?is %W%% féﬁg% ,ﬂ pared
from conmer ci i8ctopeagmupave been prepamed these) isamers, mayy d!Ynds of
formula (4! I&omkﬁﬁoﬂimbmatogeapweémmbbaamass:gﬁéwaetM%eA and B.
predni sol one, o BEGHRANFh W& bt elut®idrom the column,

15

6a,8-Difiuoro-11B-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-
1,4-diene-17p-carboxylic acid (1.36g, 3 mmol) was added to a solution of
Wilkinson's catalyst (150 mg) in ethyl acetate (100 mi) and the resultant
20 solution stirred under an atmosphere of hydrogen until hydrogenation was

complete. The progress of the reaction was followed by HPLC. The solution
was then extracted with saturated aqueous sodium bicarbonate (4x50 mi) and
the combined aqueous layers washed with ethyl acetate (75 ml) before
acidification of the aqueous layer to pH1 with conc. hydrochlioric acid. This

25 was then extracted with ethyl acetate (75 ml) and the extract dried and
evaporated to yield the title compound as a solid (1.14g, 84%): mp. 216-218
°C; MS (TSP+ve) m/z 455 [MH]*; NMR & (DMSO dg) includes 12.50 (1H, bs),
5.80 (1H, s), 5.60 and 5.40 (1H, 2m), 5.13 (1H, m), 3.18 (1H, m), 2.34 (2H, q,
J 8 Hz), 1.48 (3H, s), 1.00 (6H, s and t, J 8 Hz), 0.85 (3H, d, J 9 Hz).

30

35 Triethylamine (378 ul, 2.72 mmol) was added to a suspension of 6«,9a-
difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androst-4-ene-17p-
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dexanet hasone avail able from Si gna-Al drich, by esterification of the
17[err]- hydr oxyl group according to the nmethod described by Gardi et

al, Tetrahedr tters, 1961, 448. Novel conpounds of formula (VIII)
formyet a fu(r)\gﬂg7m3kse aspect of the present invention. 5 PCT/GIGEMdNds of
formula (11) wherein X represents SH can be prepared by the

application or adaptation of known met ho@%, for exanple, using nethods
described by Phillipps et al, Journal of Medicinal Chem stry, 1994, 37,

3717- 3729. ., 10 d | | | d

commercial ly ae%lPP%F@%gﬁi@ egai‘?anﬁégrmj 18?11( BP"‘}% (%X (g%n Pé"?b'ﬁ%’@g;(raed

b%/ ?ppl i lcatl(?)ln(‘l?r mbapnder aitragen. A kclean schlthndwachubtatmmm ;!sl,w-\rpoulr:;dzI

of formul a %chrga&z cribe

in G Fuchs in 'kp - %lég‘gmﬁésg?h&%? ngmﬁd&gomoénds of

formila (111) RAWPR: teSohilion stirpd rature gad pragrass:-of the reationet hods

g%g” ?ﬁd |ﬂ Golléweﬂ/b@d-lﬂl@ %eﬂmpléﬁﬁw?bedamn was diluted witls ethi/Pécetatd4 g
e chir are

by the net hodsac?ew Eb %ﬁ%nne é?l%iy wgh&#‘l‘@mﬁé%&ﬁ@o i), %ﬁlroans.

1, 1988, 1183; Sediumbi P?tfiomhend 0 i) andh bring splytian (30 mi) l)efwﬁm'egzo

|m32|h0d3 dlescrl and evap gieldathe clud@ptpduchasna foaml , THIS wassiitified |

ndi vi dua |so actone

noi ety lr:ny eit ggé;‘gg '{’%ﬂ@’!‘g%ﬁ’ﬁgh% Oé'*%sﬂﬁgaﬁggﬁ I red

st er eochemni!@t r?'%hy 199‘9! %2 to give he titieccompound as (502 Img.sati on

or 25 chromat vaaph\yp(‘lEBQ‘lQﬂm‘CIRW},i?‘«Bl)%aI 1750, aumapmsimsstmb, in the

mans. - © TAMRTOOC IRGHEL RS (TH, LR §§Q4e§)3§¥@h'“?ﬁ§~f’4"”3?'ﬂ§@'

enpl oyi ng a radedd @H, m), 31%)&'@&16( H.28dotiAd §2H5a.10F ). d.51 (3H, sh1.147 ) wi ||
af ford conpoundeoeH, erdfid 1o/ ¥04z)( 0)0838HAd/ W TtHY)E Folindi ©SEEST M, QQWFM whi ch

oy b pr o o8 A Se Gt NOGS iohish €. o087 LOBRK B FROISERARET) TS

enantionerically pure form Simlarly, conpounds of formJIa (1) in

whi ch R2 and merepresent

20 . .
A mixture of Ba,Sa-difiuoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-
androst-4-ene-17p-carbothioic acid S-(N,N-dimethyicarbamic acid anhydride)
(Intermediate 2, 490 mg, 0.905 mmol) in diethylamine (5 ml) was heated
under reflux in a nitrogen atmosphere. The progress of the reaction was

25 followed by TLC analysis and when complete the reaction mixture was
poured into an ice-cooled mixture of 3.5M hydrochloric acid (60 ml) and ethyl
acetate (40 mi). The organic phase was separated, washed with water (30
mi) and extracted with 5% sodium carbonate solution (3x20 mi). The
combined basic extracts were then layered with ethyl acetate (40 mi) and

30 adjusted to pH1 with 6M hydrochloric acid. The organic phase was
separated, dried and evaporated to give the title compound as a solid (180
mg, 45%). mp. 147-151 °C; MS (TSP+ve) m/z 471 [MH]*; NMR 3 (CDCly)
includes 6.13 (1H, s), 5.38 and 5.18 (1H, 2m), 4.40 (1H, m), 3.28 (1H, m),
2.43 (2H, q, J 7 Hz), 1.52 (3H, s), 1.17 (3H, t, J 7 Hz) 1.13 (3H, s), 0.99 (3H,

35 d,J7H).
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[err] wherein R6 and R7 are different, may exist
in the R and S di astereoi soneric forms. Synthesis of

such conpounds may be stereospecific to yield

i ndi vi dual dV¥78436i soners. Thus, for exanple, the R-di aserepweni®y of a
conmpound of forrmula (1) wherein R6 represents H and R7 represents n-propyl
may be conveniently prepared by transacejalisation of the correspondi ng
16[err], 17[err]-isopropylidenedi oxy derivative with butyral dehyde in the

presence of an acid catalyst such as perchloric acid,
as descri bed MMM The 10 transacetal i sation
reaction nmay BPANGSINQRIG AGI0 LRXQ-IQURNNADIHIAN-Jin-) 8!

after |ntroduct|on of the Iacktone group Sol vat es
(e.g. hydrate f r|n

wor k- up procei?rg sh?ﬂn@ngagﬁmfjﬁp @f:g{'% %‘B’?&é‘gj’gﬁé 8%92t he

15 conpoufds remob @and Arigt Blpl, Mhﬂw) in anhyskous dishloremethane vent

rml ecul es by qnsamldtlwaclmé@muegeﬁmes R aﬂﬂe@ﬂi&ﬂ%ﬂdsﬁk&\ﬁo' vent
The fol | owi ng %I‘gyﬂ ﬂ%ﬁh@%@%ﬁ@@ﬁ%ﬁ@sﬁnﬁ%#?l%@rqgﬁ
invention in hand at21 °C for 2.5 ho Further qggnhties of triethylamine (109 ul, 0.78
O T -l s Rl
o spect 9 wangture Sired docy 53 P e S s SR S 1D
and the separated aqueous Iayer was extracted wnth dlchloromethane (20
ml). The combined organic layers were washed with saturated sodium
bicarbonate solution (20 ml) and saturated brine (20 mi) then dried over
anhydrous magnesium sulfate. The solvent was removed under reduced
15 pressure yielding a yeliow residue which was purified by flash column
chromatography on silica gel using ethyl acetate:cyclohexane (3:2) as eluent.
Removal of the solvent from appropriate fractions under reduced pressure
gave the fitle compound as a white crystalline solid (214 mg, 30%): mp 69-72
°C; MS (TSP+ve) m/z 198 (M+NH,)*; IR v, (KBr) 1774, 1363cm’; NMR 5
20 (CDCly) 5.33 (1H, t, J 9 Hz), 4.53 (1H, dt, J 9 and 3.5 Hz), 4.43-4.28 (1H, m),
3.30 (3H, s), 2.88-2.72 (1H, m), 2.66-2.47 (1H, m). (Found: C, 33.53; H, 4.16;
8, 17.35. C5Hg05S.0.05H,0 requires C, 33.17; H, 4.51; S, 17.71%).

25

Methanesulfonyl chloride (1.67 mi, 21.58 mmol) was added to a stirred
solution of (S)-3-hydroxy-2-oxo-tetrahydrofuran (2 g, 19.6 mmol), 4-N,N-
dimethylaminopyridine (240 mg, 1.96 mmol) and diisopropylethylamine (3.76
ml, 21.56 mmol) in dry dichioromethane (20 mi), under nitrogen, at -40°C.

30 The mixture was stirred for 30 minutes and then allowed to warm up to room
temperature, then it was washed with 2M hydrochioric acid solution (50 mi),
dried and evaporated to a solid. The crude product was purified by flash
chromatography on silica gel, eluting with ethyl acetate-cyclohexane (1:1).
Trituration with diethylether and drying in vacuo afforded the title compound

35 as a crystalline white solid (2.23 g, 63%): mp. 70-75 °C; NMR § (CDCl3) 5.33
(1H, t, J 8 Hz), 4.53 (1H, dt, J 9 and 2 Hz), 4.34 (1H, dt, J 10 and 6 Hz), 3.28
(3H, 8), 2.86-2.72 (1H, m), 2.65-2.47 (1H, m).



expressed in ppmrelative to tetranethylsilane. The foll ow ng

abbrevi ati ons are used to describe the
multiplicities of the signals: s (singlet), d (doublet), t

(triplet), g (quartet), m(nultiplet), dd (doublet of doublets), dt
(doubl et of 30 triplets) and b (broad). TSP+ve) and
MS( EStve) r ef BP%8Bfhss spectra run T‘ﬁ‘{’ﬁmlﬂe node
usi ng thernospray or el ectrospray techni ques -
respectively. HRVS (ES+ve) refers to higB3resolution el ectrospray nass
spectrumrun in positive node. TLC (thin |ayer chromatography) was
performed on Merck Kieselgel 60 F254 plates and col unm chr omat ogr aphy
35 was perforned on Merck Kieselgel 60 (Art. 7734 or 9385). PLC

(preparative [uge_mg_dlam_sV\D 97/ 24365
PCT/ GB96/ 0314018g y : .

HPLC ( hi gh per ormance 1 |qU| ‘Chr omat ogr ap ' Was perorme on a Glson

(I\a/sglrr;ﬂa El ectr D%}E)g S stggndmg%t he tatlaaﬁiﬁgﬁ%l?d o(iaga. r_l(Rt.he
(rjnia nﬁte 2|y|u];n 0 ; mapbulybd&ﬁeﬂmy%a.@hedﬂmﬂﬂ#vdﬂxy@domdmt%&ﬂﬁ-

Roymetri ¢ centEe *ww”%?&%%%“é?&t"* E&U@‘Eﬁ"f&ﬁ% L f2d, ol

i soners nay beﬂ%fésﬁﬂ-atédcb?l’ sylutiopwas : obiain %NGEH‘Q'SM‘}“ eparBameya and

aS|SI gned i'mt)l sehfdlide {1.204, & mmol) vmslheﬁtaddedm ofle portioh, thie stlutionstiredom t he
col um. nter

6[err],9[err]- %Fﬁdﬁ)ro ﬁ'iigr"rg]a'}? Brog y 1%f[ er rﬁeach?qug o% I-llgl[‘er r?npr opi on .
yl oxy- andr ost - gompletien dhe Feagt d Under reduced pressu
6[err],9ferr]- Nlm@r@esidd@rwéswm irﬁ[mw]amﬂeykstﬁ miaoaﬁcv[wasﬂedprom on

et to n vor Rupsssstuply it AR, thercsien 630 . dW%s?'ﬁyﬁgﬁL)et ate
(100 m ). ad8 t selutien (3Q mi) amxh brine salutiom (30 mi)
hydrogen. unti| yiakriagedaideo’prodiict as a foam. This was punﬁed by column
chromatography on silica gel, eluting with acetone-dichloromethane (1:9) to
. give the title compound as a foam (840 mg, 52%): MS (ES+ve) m/z 6§42
o (MH)"; NMR 3 (CDCly) includes 6. 15 (1H, s), 5.37 and 5.18 (1H, 2m), 4.86
20 (1H,d, J§5 Hz), 4.78 (1H, {, J 4 Hz), 440 (1H, m), 3.14 and. 3.09 (6H, 23)
-1 52(3H 8), 1.04.(3H, s),096(3H d, J7Hz)

A mixture of 16a,17a-{R-butylidenedioxy)-6a.9a-difiuoro-11p-hydroxy-3-oxo-
androst-4-ene-17p-carbothioic acid S-(N,N-dimethylcarbamic acid anhydride
(Intermediate 6; 830 mg, 1.53 mmol) in diethylamine (8 ml) was heated under
30 reflux in a nitrogen atmosphere. The progress of the reaction was followed
by TLC analysis and when complete the reaction mixture was concentrated
under reduced pressure and the residue was dissolved in ethyl acetate (50
ml) and acidified 2M hydrochloric acid (40 ml). The organic phase was
separated, washed with water (30 ml) and extracted with 5% potassium
35 carbonate solution (5x20 mi). The combined basic extracts were then
layered with ethyl acetate (40 mi) and adjusted to pH1 with 6M hydrochlaric
acid. The organic phase was separated, dried and evaporated to give the



conpl ete. The progress of the reaction was foll owed by HPLC. The sol ution
was then extracted with saturated aqueous sodi um bi carbonate (4x50 m) and
t he conbi ned aqueous | ayers-washed with ethyl acetate (75 m) before
acidification of the aqueous layer to pHL with conc. hydrochloric acid.
This 25 was then extracted with ethyl acetate (75 m and the extract dried
and evapRP ISt o yield the title conmpound as a soli d pckcbdgesift

np. 216-218 [err]C, M5 (TSP+ve) nmlz 455 [MH [err]; NWR [err] (DwVsSO d6)
i ncludes 12.50 (1H, bs), 5.80 (1H, 2@) 5.60 and 5.40 (1H, 2m, 5.13
(1H, m, 3.18 (1H, m, 2.34 (2H, q, 8 Hz), 1.48 (3H, s), 1.00 (6H, s
and t, J 8 Hz), 0.85 (3H, d, J 9 Hz). 30 Internmedi ate 2

6[err], 9[err]mammmmw[mmmyammmgmsqmm&m "7 NMR §- pr opi on

yloxyl - andr osfepforg) incipigs G151 575,96 ahd 551 G 2m), 4.9247T3R, n)'§ap2dded Lo

a suspensi on
di frugro I11[e("“"]- ybﬁ £38.19) pa](3ﬁé)h9495335xb=’f7|[@rr] pr opi onyl oxy- andr ost -
4-ene-17[err] - WO 97/ 24365

PCT/ GB96/ 0814Example

21 car boxylic

acid, (interng (12

. 'l'l|:

di met hyl t hi ocdarpanoy 2
portion, the solution stlrred at roon1tenperature and progress of the

reaction 5 fBowdened anyvdmus:poassummrbonaja(?&mgu eaﬁétmml)maudedtted with
et hyl acejgt eg st,"ééo sBlution N &f WSl Weld % ¥enri ¢ acid

30 m 5% 0 db I 30
M) bef ore. dr BRI aRyRaleE42ke ?%@mﬁﬂcm@)@%w b'r BR0E ot oam
Thi s was puri diyddMBy4 mi). mhemxtate was|sligred unideo nilloggn anidthen csnledda gel ,
eluting.with léechwreﬁstywona&&ne t;h)’bsstﬁﬁi ﬁag)mérvaaau& dndembi ¢! e

\(;E)renr)(r)]un((ng?) a.cr st%gi Pe oI | d é%gﬂa%ﬂ‘l’ﬁ#?e?ﬁ ]‘{gmnnped T% 'rlr Lrﬁ”] C I R
i ncl udes &5 13so§|nﬁon was ﬁamﬂbmdobelwesn(water @295 mipand efiyli acetate (25 mlB 33 (lH
M, 3.08 and Jnd Grddiic pRise was tephratbd, washed Wit waler@x25 hi) Atied Bndd-
: evaporated to a solid. The crude product was purified by flash column
chromatography on silica gel using initially ether and finally ethyl acetate as -
. eluant, isolating the fitle compound isomer A as a crystalline solid (120 mg,
- 20 39.5%): mp. 237-238 °C; MS (TSP+ve) m/z 553 [MH]*; IR vy, (KBr) 1768,
: 1739, 1671, 1633 cm''; NMR & (CDC),) includes 7.17 (1H, d, J 10 Hz), 6.42
(1H, bs), 6.38 (1H, d, J 10 Hz), 5.49 and 5.39 (1H, 2m), 4.50-4.10 (4H, m),
3.31 (1H, m), 2.36 (2H, q, J 7.5 Hz), 1.53 (3H, s), 1.15 (3H, s), 1.13 (3H. , J
7.5 Hz), 0.99 (3H, d, J 6.25 Hz). (Found: C, 60.72; H, 6.39; S, 5.58.
25  CagH24F207S requires C, 60.85; H, 6.30; S, 5.80%) and the tile compound
isomer B as a crystalline solid (116 mg, 38.2%): mp. 220-222 °C; MS
(TSP+ve) m/z 553 [MH]*; IR vpay (KBr) 1769, 1740, 1678, 1633 cm'; NMR 5
(CDCly) includes 7.16 (1H, d, J 10 Hz), 6.43 (1H, bs), 6.38 (1H, d, J 10 Hz),
5.49 and 5.39 (1H, 2m), 4.62-4.32 (3H, m), 4.06 (1H, m), 3.32 (1H, m), 1.53
30 (3H, s), 1.12 (6H, m), 0.98 (3H, d, J 6.25 Hz). (Found: C, 60.96; H, 6.28; S,
5.70. CagH14F,04S requires C, 60.85; H, 6.20; S, 5.80%).
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1.20 (6H, s and t, J 7 Hz), 0.98 (3H, d, J 7 Hz). Found: C, 59.53; H 7.11;
N, 15 2.40; S, 5.69. C27H37F2NO6S requires C, 59.87; H, 6.89; N, 2.59; S
5.92% . Internediate 3
6[err],9[err]-Difluoro-11[err]-hydroxy-16[err]-nethyl-3-o0xo-17[err]-propion
yl oxy- 4- ene- 17l err]-carbothioic acid 20 A m xture of
6[err],9[err]- 0-11[ err] - hydr oxy- 16[ err] - met hyl - 3- ox o PET{GBI$N3I#) opi on
yl oxy- androst-4-ene-17[err]-carbothioic acid S-(N, N-di met hyl carbam c
aci d anhydri de) (I'nternediate 2, 49025g, 0.905 mmol) in diethylam ne
(5 M) was heated under reflux in a nitrogen atnosphere. The progress
of the reaction_was 25 followed by TLC anal ysis and _when conplete the

reaction m xt ur&iphgaylphosphing, (168 | Mg 064 ol wes jaddea (e a solutionof
hydrochl ori ¢ addigopropylakzodicarboxyliitel (0.126 mh (=64 mmdiY ih ttlahydiofuran 4@y phase

: ted, i & : . t L{h 8% sodi
car bonat e sol ut%ﬁ?)%g;%go G YRk diCln. Atter;folmdich, o o 6l skbifad’ 500
| ayered with etSOut a8 9p-diflygro-38-hydroxy 1 baapetyl3;0%8:1 / qipropigmyloxy-

hydr ochl og | & acantirostiad Adipnei17prdanbathiols acid (209emy; <0.43!, maol)egnd (R)-o.-
evaporated to 0 . :
Ta7 150 Ler 1] c MvifobAEnityiddcyit R Rig, o4 rifod iy t@hvdronuailia, i) dras "7

i ncl udes 6.13 (addedspnd sthegspeagiess. ob the Heaction followed by TLG amalysis. (@, ),
.2.43 (2H, q, J Jorhﬁéﬁorxlﬂﬁ?sdl\?éﬂt was refnobéd @At thé residue BBsorBed diréelly oritd, 0. 99
é%'{'} 6386 / géljg s|_i‘Z | gel and purified Wﬂgs? %%El%\ chromatography, eltgi?g-with diethyt

| nt er medi at ¥ 4 ether. The: fitlencompound was isolated as @ white aryptallipersolid (14mg, ester
To a stirring Ssémfi:ﬁﬁ. 236-088 <&; Wﬁ?ﬂw-&mmesmdw%feamehﬁw 180

3.92 5 mol) d triethyl amn 6 ery 4 31 Mol ) in anhydrous
aﬂ bfat“f%ﬁ? 1o _ r?‘@”{ﬁré&rﬁ@f“ e_%' trogen at nosphere was

di chl or onet hane at

added net hanesu#dﬁgﬁnlazf chloride (334 [err]l, 4.31 nmmol). The resulting
m xture was sti 0 Cfor 0.25

'Methanesulfonic acid 2-oxo- tetrahydro-furan-3R-yl ester (Intermediate 4, 93
15 mp, 0.52 mmol) was treated with a solution of B, 9¢-difluro-11B-hydroxy-
~ 16a-methyl-3-oxo-17a-propionyloxy-androsta-1,4-diene-17p-carbothioic acid
~ sodium sait (253 mg, 0.52 mmol) in DMF (3 mi) and the mixture was stimed at -
20 °C under nitrogen for 2.5 h. The progress of the reaction was foliowed by
- TLC analysis. On completion the reaction mixture was diluted with ethyl
20 acetate and poured into water. The organic solution was washed with sodium
bicarbonate, 2 M hydrochioric acid, brine, dried and evaporated to dryness to
give the fitle compound (246 mg, 86%): mp. 237-238 °C; spectroscopic data
were identical to that obtained previously for isomer A of Exampie 1.

25

Triphenyiphosphine (168 mg, 0.64 mmol) was added to a solution of
diisopropylazodicarboxylate (0.126 ml, 0.64 mmol) in tetrahydrofuran (3 mi)
30 stimed at 0 °C under nitrogen. After formation of a yellow precipitate a
solution of 6a,9a-difluoro-118-hydroxy-16c-methyl-3-oxo-17a-propionyloxy-
androsta-1,4-diene-17p-carbothicic acid (200 mg, 0.43 mmol) and (S)-o-
hydroxy-y-butyrolactone (65 mg, 0.64 mmol) in tetrahydrofuran (3 ml) was
added and the progress of the reaction followed by TLC analysis. On
35 completion the solvent was removed and the residue absorbed directly onto



h and at 21 [err]C for 2.5 h. Further quantities of triethylamne (109
[err]l, 0.78 nmol ) and net hanesul fonyl chloride (61 [err]l, 0.78 mmol)
were added and the 10 mixture stirred for 1.5 h. The reaction m xture was
poured into water (20 m) and the separated aqueous | ayer was
extracted wi th dichl oronet hane (20 m ). The conbi ned organic |ayers
wer e washed Wa%724%5 ur at ed sodi um bi carbonate sol uti opcﬁ-mgm;)mand
saturated brine (20 m) then dried over anhydrous magnesi um sul fate.
The solvent was renoved under reduced 1%g pressure yielding a yellow

resi due which was purified by flash col um chr omat ogr aphy on silica
gel using ethyl acetate:cyclohexane (3:2) as eluent. Renoval of the
sol vent from sifigar gelram puﬁﬁed:by(ﬂashwwnnn rchthmadgmphy,Sdumg with djethgl t he

title conpoun ) i

[err] C N (T%ﬁse 1 7198 LV § rI ;?y s‘l‘%glﬁg

1363cn] err] ) 1Bpr R19022 E)anpiytica b ‘i?PPct{oscgplg Wﬂes@m tcdt Jo
and 3.5 Hz), thatobtained :{ré#busl)forlsomeriﬂaﬂEia’}hblesl) 2 88 2 72 (1H, m,
2.66-2.47 [1H m. (Found: C, 33.53; H 4. 16 S,

C5HB(CBS. 0. 5I—EO reﬂw res C, 33.17; H, 4.51; S, 17. 71% I nt er nedi at e
5 25 Met hanes e2aci d 2 0XO- tetrahydro f uran- 3S—y| ester

Met hanesul f onSIHRPHORE] YEEIVOTONY EARY N0 RIQNVI0 : :
sol ution of (&hs 4- N, N-

di et hyl ami no ,ﬁ,ﬁ%gg,mgssﬁg; gg. oguﬁ M@ga (3.76

m., 21.56 I.C t Qa n|t

DU e ag o Ve e o

warmup to r opmpmnyhxy@mdpmtdbmeej?ﬂ-baboﬂﬂohmdvdmmate Q.I\/Bhﬁdngphl oric
o bduct. 3;;"3 o7 @fg';g ﬁ%’“’* (S i eﬁ ; §“'8°°ﬁ“ E??ng

with ethyl 'Bﬂ‘éﬁcar% (ol'nqr%u{y °$?a(? r"é'ta'@r%? thEMN et her

and drying lnauMandftherrdmhréMneutuml reaction whs3éompl eteaasrrmmiakil white

378 ey i%ﬂ;ﬁ% SBiytidy e M%"%%M%J@?% eﬁ%aﬁ%ﬁe 28

(3H, s).: 2.86425 mi).( The orpanic phase vias
PCT/ GB96/-0314@ried and evaporated to a solid. The crude product was puriﬂéd by ﬂash
column chromatography on silica gel using initially ether and finally ethyi
- acetate as eluant, isolating the fitle compound isomer A as a crystalline solid
20 (85 mg, 20%): mp. 244-246 °C; MS (TSP+ve) mv/z 572 [MNH,]"; IR v, (KBr)
' 1773, 1742cm; NMR § (CDCly) includes 6.14 (1H, s), 5. 37 and 5.18 (1H,
2m), 4.52 (1H, m), 4.43-4.28 (2H, m), 4.18 (1H, m), 3.33 (1H, m), 2.75 (1H,
m), 2.40 (2H, g, J 7 H2), 1.52 (3H, s), 1.13 (3H, t, J 7 Hz), 1.12 (3H, s), 1.01
(3H, d, J 7 Hz) (Found: C, 60.33; H, 6.74; S, 5.70, C,5H135F,0,S requires C,
25 60.63; H, 6.54; S, 5.78%) and the titie compound isomer B as a crystalline
solid (80 mg, 20%): mp. 195-197 °C; MS (TSP+ve) m/z 572 [MNH]*; IR vq,
(KBr) 1770, 1747cm?; NMR § (CDCly) includes 6.07 (1H, s), 5.30 and 5.11
(1H, 2m), 4.49 (1H, m), 4.37-4.24 (2H, m) 3.86 (1H, m), 3.36 (1H, m), 2.64
(1H, m), 2.34 (2H, q, J 7 Hz), 1.44 (3H, s), 1.08 (3H, t, J 7 H2), 1.04 (3H, s),
30 0.93 (3H, d, J 7 Hz) (Found: C, 60.34; H, 6.60; S, 5.63. C,3H15F2,04S requires
C, 60.63; H, 6.54; S, 5.78%).
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I ntermedi atw 6 _

16[err],17[err]-(R-Butylidenedi oxy)-6[err],9[err]-difluoro-11[err]-hydroxy-
3- 0x0- andr ost - 4- ene-17[err]-carbothioic acid S (N, Ndi net hyl carbam c

acid anhydride) 5 Triethylamne (550 [err]l, 3.94 nmmol) was added to a

suspensi on pf“'ﬁ"@% 17[err] (R

but yl i denedi ox r],9[err]-difluoro-11[err]-hydroxy- 3- oREVGRMWBIL- 4- ene
-17[err] - carboxyllc acid (1.345 g, 2.96 mmol) in dry dichl oronet hane
(20 m) under nitrogen. A clear sol @fi on was obtai ned and

N, N- di met hyl t hi ocar banmoyl 10 chl oride (1 11 g, 9 mmol ) was then added in
one portion, the solution stirred roomtenperature and progress of

the reaction fBewdeled aphydiouspotagsium Wﬂ'@@ﬁ‘ﬂiﬁé@ 9. O3 mEnehwasaddeditar e was
concentrat ed ugdtirred adlutior ¢fr eFarbutyryloxy-6a9d-difleoroctlichyeiroxys16di-methyked in

S 35T S S @‘E@%&?&‘T@“@@F%‘Yﬁ%@"% zgﬂn'ﬂ*‘gﬁoﬁ@@él iti on
(30 M) befor eDMFy(%@l)a‘r\'Beéﬂmms med under nifrogep and-thep ceelegrindert as a
foam  Thi ss vvaa.gwmb ul, 0. ssmomghew asdedand Hi&ﬁmﬁb

25 5 foam (B40stiEd o rsact °v2§ésé‘” ohe o itored p w&étf  shigior wes "
(CDA 3) i ncl udpartitoresi bemeen)wasrszsmi)iaadmhmmemﬁ)( mig6 Tre ougahic d, J5
Hz), 4.78 (1H, ; hase'wés h@ﬁaraféd“@:aﬁﬁﬁ! Mﬁi’wa'ier](ﬁxzs‘%l)?dﬂadéﬁb*evaﬁémtedto 1.52

(3H sy, 1,04 Lots Mgwﬁ@[wﬁmmﬂ%@qwggﬁmydrOxy_

16[err],17[err
3- ox0- andr 38t - oA Sill‘ca eebenipgrw]thm:m thyl catedate (2:1), Ao rgive dhe lille

16[err],17[err Wﬁgérsb“@[(gorﬂ nﬁl ﬁb’ﬁ?ﬁﬁb 1{d3e145 °dry dr oxy- |
50X i o éﬂﬁa@mﬁ 172,18, ot e ﬁi”‘(é '
m) was heat edNMRIér(CBGIa)nMIhdﬁsZ M (ahhid Whﬁr#ﬂsﬁhbﬁbﬁ%&?bdodﬂ@ss of
Foact s on oyt urEhats 529 ?g é{? Wﬁ“e

resi due wasddi 5&%@&:?@?@) 1, ;) 3%(3 (3h &&&Féz &?

hydrochl oric a6i25 Ha) 0i95. (IHet, o FJa26 HZHh {FaundasC, 608754'1)86.40;9& S\AZhed

ith t (30 { O t
A0S T (32ChfOS 04 MO G Xl g i
acetate (40 m a8%a Grys m&:éﬁflﬁf a§1 The

organi ¢ phase- \(ESP-5va) am/z 156, [MH]T; elR w(mpmmma; 4688,/1630can!; NMR 5
20 (CDCly) includes 7.14 (1H, d, J 10 Hz), 6.43 (1H, s), 6.39 (1H, d, J 10 Hz),
5.49 and 5.30 (1H, 2m), 4.55 (1H, m), 4.39 (2H, m), 4.09 (1H, m), 3.31 (1H,
m), 2.70 (1H, m), 1.53 (3H, s), 1.14 (3H, s), 0.95 (6H,d, J6.25 Hzand t, J
7.25 Hz); HRMS (ES+ve) found 567.2200, [MH]*. C,oH4;F,0;S requires
567.2205.
25

30 Powdered anhydrous potassium carbonate (65 mg, 0.40 mmol) was added to
a stirred solution of 17a-acetyloxy-6a,9a-difluoro-11p-hydroxy-16a-methyl-3-
oxo-androsta-1,4-diene-17p-carbothioic acid (181 mg, 0.40 mmol) in dry DMF
(3 ml). The mixture was stirred under nitrogen and then cooled in ice. a-
bromo-y-butyrolactone (43 i, 0.50 mmol) was then added and the mixture

35 stirred until reaction was compiete as monitored by TLC. The solution was
partitioned between water (25 mi) and ethyl acetate (25 ml). The organic
phase was separated, washed with water (2x25 mi), dried and evaporated to



WD 97/ 24365

PCT/ GB96/ 03140 : 24 title
conpound as a foam (103 ng, 14%: MS (ES-ve) niz 469 [MH[err]; NWVR [err]
(A 3) includes 6.15 (1H, s), 5.38 and 5.18 (1H, 2m), 4.9-4.7 (2H, m,

4. 40 (1 H, 1.52 (3H, s), 1.03 (3H, s), 0.96 (3H, t, J 7 Hz).

1, 4- di en- 17[&’9}' bot hi oi ¢ aci d S-(2-oxo-tetrahydro-f ur arecl/GHISNRS € .

Powder ed anhydrous potassi um carbonate (76 ng, 0.55 nmol) was added to 10
a stirred solution of

6[err],9[err]-difluoro-11[err]-hydroxy- 16[err] nmet hyl - 3- oxo- 17[err] -

proplonyloxy androsta-1, 4-di ene-17[err]-carbothioic acid (258 ng, 0.55

mlﬂ) clogl od | acko}thWﬁe(otudé prodiibiewas purified byopreparative thyen deromatograpien gngB

hSRirh Iy

mmol ) was the%nac}g'age?s &ifrﬁﬂ\cﬁf %? g@&h&e@%ﬁﬁ!ﬁﬁd@bégﬁélﬂe

conpl ete as rrm&svmuag:smﬂﬁ%ams M%??Wﬁdﬁg ). 1R 753-2880 Gicen

vvgt 2: aE gg mméMSIQ'I'SPhyé) alx538 fMHPS lRi)\)m,, (KBr) T#68, dﬂgﬁnﬂﬂﬁﬂ;h‘t&a omd;

S gﬁﬁﬁ V(b?t \ a

SO|pI d. The cru oduc %\Agédé)szu?ﬁﬁl e % (Fﬁzg'ﬁjq QH s @ﬁemﬁ?ﬁé}t%ggraphy

on silica gel HA g@ 9jand; 5.28 (({He2md 4. ﬁM‘Ylﬂ-lmhm}? thym). 4:13 6t

el uant, i sol at(mgmy,mm égHQ'n Q[U&@H;ls) mmsﬁﬁ 8 (3H,%),21.00 BH, W7 (120
20 39.59

(KBr) 1768, W(ﬁ%@z ;58 ﬁf?r?’ BW?EW[ é)m{*‘rﬁiﬁ/’[:@re;]7 17

(1H d, J 10 1§883;dH,4.11; S, 582%) and t i d isqmenBi-as a gystallingd 5. 39

Eéﬂ g;ﬁ fﬁlg%lid @74 g, 3*/3 258-260 fc,FMsrorsmsﬁmzsagww gaiﬁg 1 53

0 ot . i e ety S oot 110 25

H, 6.30; S, 5@9@4&(&!—“5).16.39 (e1l1~.cdrpb1mﬂ2) 5.49 and §28 @H 2 éﬁﬁs(ﬂuulne

solid (116 ng,m €870 @ HMn), 3.31 ((Ff?rﬁ)*\zeio

[MH [err]; IR ﬁerr & i), 4: z%%mni)o 48 e okB330CBE 8R! |y Fr ]
(CDA 3) inclu 14 @H)sﬁ @9 ﬁdﬁ%ﬂnﬁ'ﬁﬁr gﬁm o8- 1018 B0 ) 10

Hz) . 4g:gudzﬁzmsq1mozenulresezsm832-l(am S5, D6 (1H, m, 3.32
(1H m, 1.53 30 (3H, s), 1.12 (6H m), 0.98 (3H, d, J 6.25 Hz). (Found:
C, 60.96; H, 28: S, 5.70. C28H34F207S requires C, 60.85; H, 6.20: S,
S eovh - EameeZ, |

. 20 _ .
| Powdered anhydrous potassium carbonate (76 mg, 0.55 mmol) was added to -
a stimed soluion of So-fluoro-11B-hydroxy-168-methyl-3-ox0-17c-
propionyloxy-androsta-1,4-diene-17p-carbothioic acid (352 mg, 0.75 mmol) in
dry DMF (7 ml). The mixture was stirred under nitrogen and then cooled in
25 ice. a-Bromo-y-butyrolactone (78 pi, 0.94 mmol) was then added and the
mixture stirred until reaction was complete as monitored by TLC. The
solution was partitioned between water (25 mi) and ethyl acetate (25 mi).
The organic phase was separated, washed with water (2x25 mi), dried and
evaporated to a solid. The crude product was purified by flash column
30 chromatography on silica gel using initially ether and finally ethyl acetate as
eluant, isolating the fitle compound isomer A as a crystalline solid (124 mg,
30%): MS (TSP+ve) m/z 535 [MH]*; HRMS (ES+ve) found: 535.2169 [MH]*,
CagHaeFO7S requires 535.2164; IR vya, (nUjol) 3443, 1772, 1742, 1716,
1663, 1621, 1605 cm*; NMR 3 (CDCly) includes 7.22 (1H, d, J 10 Hz), 6.36
35 (1H.d, J 10 Hz), 6.14 (1H, bs), 4.49-4.28 (4H, m), 2.80 (1H, m), 2.37 (2H, q, J
7.5 Hz), 1.56 (3H, s), 1.42 (3H, d, J6.25 Hz), 1.14 (3H, t, J 7.5 H2), 1.06 (3H,



6[err],9[err]-Difluoro-11[err]-hydroxy-16[err]-nethyl-3-o0xo-17[err]-propion
yl oxy-androsta- 35 1,4-diene-17[err]-carbothioic acid

S- (2- oxo-tetrahydro-furan-3S-yl) ester Met hod 1 WO

97/ 24365 _ PCT/ GB96/ 03140
25 Tri phege‘lﬁ:%%ghi ne (168 ng, 0.64 mmol) was added to a sol ution of
di i sopropyl azo ylate (0.126 m, 0.84 mmol) in tetrahRATERIHOI4Q 3 nl)
stirred at 0 C under nitrogen. After formation of a yellow precipitate a
sol ution of 29

6[err],9[err]-difluoro-11[err]-hydroxy-16[err]-nethyl-3-o0xo-17[err]-propion
yl oxy- 5 androsta-1, 4-di ene-17-carbothioic acid (200 gg 0.43 mmol ) and
(R -{err]- s). HfFauadkyC| 61.9D; 11,1669 Sc 58% Qzesasfg)ﬁcﬁ Hfb requines C,
]Eeltlrahygrgf urT 331!9? M, )6.61S, 5.91%}afathe it dofhpoiiAg iesifero dshé %ﬂdeo” g

ol I owe an
as§giﬁ§*§f%9mwmiﬁa”§§ TS A
col umm chronma oun
\gasaln :uOl ?t ggl asnsmmerwswsmhlmﬁrémwr anaudesnzf(md Jrnoob g ﬁgg

[ [

previ ougl y for %ﬁ\@f Jgﬁ%&ﬁ@ bs), ESJ‘R@? ﬁ%‘é PIH m)h/éébghg f oni c

aci d 2-oxo-tet Baﬁg/ﬂl'b!ﬂ)uﬁﬁﬁ-(mw 237 @H,(d, &5 )i hHS (3H, ),31.38 (3Hxd, L. 52
gﬂ[ﬂfg'rz]v\g[sen]eag #EQE? J%‘i'-fz). 1.01 (3H, s). (Found: C, 61.51; H, 6.72; S,
16[ err] - et hyl - ‘Jog:mq ﬁ@él'ﬁﬁmsa%%&taghsztscﬁ% 17[ err]-carbot

hi oi ¢ aci d 10 sodiumsalt (253 ng, 0.52 mmol) in DMF (3 m) and the
m xture was st igyass 20 C under nitrogen for 2.5 h. The progress of
t he reaction - L Ol : On _conpl etion the reaction
m xture was di FYEEAARRRE RN S R e BT DRSO TmMema-The
or gani ¢ sol ut i G4-dipnevtySioa jpic axi o rahivde . P 7AS @7l hydr ochl oric
acid, brine, dried and evaporated to dryness to glve the title

0
COPOUN (240 ol s o S B T 88 B s sy ©
Exanpl e 3 a stimed solution of 6a.9a-diﬂuoro-11B-hydroxy-16a—methyl-3—oxo-17a- :
propionyloxy-androsta-1,4-diene-17p-carbothioic acid (258 mg, 0.55 mmol) in -
. dry DMF (5 mi). The mixture was stirred under nitrogen and then coole_d in.
ice. y-Chloro-y-butyrolactone (69 ul, 0.69 mmol). was then added and the -
20 mixture stimed until reaction was complete as monitored by TLC. The
- solution was partitioned between water (25 ml) and ethyl acetate (25 mi).
The organic phase was separated, washed with water (2x25 ml), dried and
evaporated to a solid. The crude product was purified by preparative layer
chromatography on silica gel, eluting with chioroform-cyclohexane-ethanol
25 (20:20:1), to give the title compound isomer A as a crystalline solid {50 mg,
16 %): mp. 152 °C; MS (TSP+ve) m/z 553 [MH}*; IR vy, (KBr) 3459, 1791,
1742, 1704, 1667, 1631 cnv!; NMR 3 (DMSO dj) includes 7.13 (1H, d, J 10
Hz), 6.44 (1H, s), 6.39 (1H, d, J 10 Hz), 6.28 (1H, m), 5.48 and 5.28 (1H,
2my), 441 (1H, m), 3.41 (1H, m), 2.38 (2H, q, J 7 Hz), 1.52 (3H, s), 1.14 (3H, -
30 t,J7H2), 1.14 (3H, s), 1.01 (3H, d, J 7 H2); HRMS (ES+ve) found: 553.6446
[MH]*, CogHasF2075 requires 553.6445, and the fitle compound isomer B as
a crystalline solid (34 mg, 10%): mp. 210-213 °C; MS (TSP+ve) m/z 553
[MHI*; IR vpa, (KBr) 1787, 1743, 1669, 1632 cm™; NMR 5 {CDCly) includes
7.13 (1H, d, J 10 Hz), 6.44 (1H, d, J 10 Hz), 6.38 (1H, s), 6.24 (1H, m) 5.48
35 and 5.28 (1H, 2m), 4.40 (1H, m), 3.32 (1H, m), 2.36 (2H, q, J 7 Hz), 1.52 (3H,

A



6[err],9[err]-Difluoro-11[err]-hydroxy-16[err]-nethyl-3-o0xo-17[err]-propion
yl oxy-androsta- 1,4-diene-17[err]-carbothioic acid

S- (2- oxo-tetrahydro-furan-3R-yl) ester. Tri phenyl phosphi ne (168 ny,
0.64 mml) was added to a sol ution of di i sopropyl azodi car boxyl at e
(0.126 M, 0.64 mol) in tetrahydrofuran (3 m) 30 stirred at 0 C under

ni trogen. AftW@IT243ePati on of a yellow precipitate a S GiciveEvenfile
6[err],9[err]-difluoro-11[err]-hydroxy-16[err]-nethyl-3-o0xo-17[err]-propion
yl oxy- androsta-1, 4-diene-17[err] - bot hioic acid (200 ng, 0.43 mol)
and (S)-[err]- hydr oxy-[err]-butyrolactone (65 ng, 0.64 muol) in
tetrahydrofuran (3 m) was added and the progress of the reaction

foll owed by Tk htéi(3; m), M233H, tahPiKL)] 0.02t(B8H, dpUVEHz), WRMScBS4a8) and t he

resi due absor g&gm(ggfg“y[m 0023H35F2°73 ,eqms%a?éaﬁ%

PCT/ GB96/ 0314 26 silica
gel and purified by flash colum chronmat ography, eluting wth diethyl

et her. The tltﬁﬁm)und was |soI ated as a white crystal line solid (143
ITg, 6#% R H A () e .

i denti cal
Exanpl e 4 1-QIC - 3 2 S(C
6[err],9[err]-Difluoro- 11[ err] hydroxy 16[ err]-met hyI 3-0x0-17[ err] - propion

I d | d
% (5 oxo-t et r HiRstereq aRhpEd Egﬁksﬁﬁr EabBhate g fie. 0.5 e wes added 1 i uin
carbonat e (103 ngtirresi 7selution)| pf 8o, Sedifivored 1B-hydeoxy+4Go-methybB-oxpdifasf
6[err], O er] ﬂbjlbﬂﬁé?—éﬁirﬁéﬁl‘t Sxbnexy7pledibthioid atit X234 iy 0.5 thRbl) lin

pr opi onyI oxy-a e 4 arb t hiolc | nt diate .3, 346
0 73&&% 570 ﬁtsha*e%eﬁrzs St riae? Difbobh Br 88 sBOfr dn,
n| trogen and ice. 2( Fwauow (400 pE £.63 mmql) Mrfbe{l @dded mﬂymelmMe (70
LE;H ! onov\gg co eqma rrg'r‘rim{'as oﬁ 15 T C The by YL, tsfﬂ(%éa ar%l tioned
bet ween wat er R%‘WP? ‘ﬁ%ﬂe@? let, é\')ea"d e&hyl r}ﬁﬁ &# afase was
'separ at ed,lirvasﬂﬁe\uasrsapara!ed (\ﬂastﬁdnmh,water (zmsmmmmmmmma a '
solid. The crugfd %&wl f palatm e 'BRrdihatd raphy
on silica gel. usr rﬁeérsealr'l'g%d ﬁ JIE et e(lﬂ acet 6tﬁ%e)ﬂas _
el uant, isol at9hi %Ige{ V?‘P%eﬁyﬁﬂ é ting %‘p@m@cﬂ% ) o
~ crystailine solid (9 mg, 3%): MS (FAB-We) m/z 553 [MH]*; IR v, (KBr) 3474,
- 1784, 1745, 1667, 1633 cmr'; NMR § (CDCL,) includes 7.13 (1H, d, J 10 Hz),
20 6.45 (1H, s), 6.38 (1H, d, v 10 H2), 5.48 and 5.28 (1H, 2m), 4.80-4.67 (1H,
m), 4.41 (1H, m), 4.35-4.2 (2H, m), 3.29 (1H, m), 3.05 (0.5H, dd, J © and 4
Hz), 2.98 (0.5H, dd, J 9 and 4 H2), 2.59 {(0.5H, t, J 5 Hz), 2.52 (0.5H, t, J 5
Hz), 2.47 (3H, q, J 8 Hz), 1.54 (3H, s), 1.05-1.27 (6H, m), 0.97 and 0.98 (3H,
2d, J 8 Hz); HRMS (ES+ve) found: 553.2083 [MHJ*, CpgHasF,0,S requires
25 553.2072;

30
Powdered anhydrous potassium carbonate (103 mg, 0.75 mmol) was added
to a stired solution of 6o,9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-
propionyloxy-androsta-1,4-diene-17g-carboxylic acid (340 mg, 0.75 mmol) in
dry DMF (7 mi). The mixture was stimed under nitrogen and then cooled in
35 ice. a-Bromo--butyrolactone (78 pl, 0.94 mmol) was then added and the
mixture stirred until reaction was complete as monitored by TLC. The



20 (85 ng, 20%: np. 244- 246 [err]C, M5B (TSP+ve) mz 572 [MNH4][err]; IR

vierr] (KBr) 1773, 1742cnferr]; NMR [err] (CDO 3) includes 6.14 (1H,
s), 5.37 and 5.18 (1H, 2m), 4.52 (1H, m, 4.434.28 (2H, m, 4.18 (1H,
m, 3.33 (1H, m, 2.75 (1H, m, 2.40 (2H, q, J 7 Hz), 1.52 (3H, s),
1.13 (3H, t J 1)9?5)3@51. 12 (3H, s), 1.01 (3H, d, J 7 Hz) (Found: C,
60.33, H, 6. 780%%5 70 28HB6F207S requires C, 25 60. 63; PEF/GRIHIIM0 S
5.78% and the title conpound isonmer B as a crystalline solid (80 ny,

2099 : np. 195-197 [err]C, M (TSP+ve) nmi 21572 [MNH4][err]; IR v[err]

(KBr) 1770, 1747cmjerr]; NWR [err] (CDO 3) includes 6.07 (1H, s), 5.30 and
5.11 (1H, m, 2.34 (2H, CL J 7 Hz), 1.44 (3H, s), 1.08 (3H, t, J 7

Hz), 1.04 (3H,soiytionawas (patifioped; between waten (25rl)rend ethyhacetate (25 mils0: S,

%( 63. | CZEFBGFZﬁYeSofgamd pRase was separatddtl, Waishid wittbwate?.(2%25 fifl) dried and
anpl e

Vi i urj arafive |
17[err]-Butyr ym??"’éf%ﬁ‘? f%ﬂ'g‘r rpedfwm%wsﬁ%mﬁzﬁmm hyl - 3-0

x0- andr ost a- 1, con Fikicar ge nol

S- (2- oxo- 1 ef 1 afppdiget)| ¥ giveth title *Sidound isomer A as &/'ElyStblid $eid (43 :35

PCT/ GB96/ 03140 or. ! 27, wd d
anhydr ous pot a%g@; rﬂ'BaFB%EQ'?e EMS ESWM? [M' a!gd‘év"t(gar) ao ore

stirred sol uti $TBE&f1747, 1669, 1632, 1612 cnr!; NMR & (CDCly) includes 7.27 (1H, d, J
17[ err] - but yry4@xig) .29 ‘iH,%E.QHd i-ﬂi.fd.WfIﬂ-l._Js}.[s‘;BB 1Ry, 570 &hb &85 (1Rt hy

ary e (2m4 392 QR 4 16X 28 (T ZHY @R I ZHAC TR oo e
in ice. 5 10¢er(3H,B8),0h04 [3H,rs), 100 (BHhitad 7 ¢z}, 0.86 (IKhrd, M 7 He); IRMS{ES+weds t hen

added and the gghur Lh¥ € el e : 29411 e nitored
by TLC. The so tﬂ'plabnﬁzzszgs ™ ar tq‘flfqﬁ%n':éga alires) 597.2 ahd %%;ﬁget hyl -

acetate (25 mm&;&@ﬂ-@a am%@gﬁgﬂg}& ehﬂgéaé’g& ter.

(2x25 ), dri (CSRive)ava a7 {MHI";HB vy (KBF)34B21780 4747 LR68 1630 emlias
puri fied by prﬂpmt(i:mé,bz%m &7 PRI, I HER 6. AR1A! &), 6390aH, Bl ypNg Wi Lh
hi f th tat 1) t A

o o7 of o g 55 £ b, o, o, SR, 2
[MA [err]; IR 8[30(1H, (§PR)Y40Y2MH2q, J 744z), 1.9293H,16)29.55/@3#; 5},;1.00 (3H,It\R7[err] -
(O 3) i ncl udgg, b def'(dH'd, s% H2): HRME (ESFref found! 532220 MY (CLgHaSF,04 10

-requires 537.2297. - :

'ZO'EnmnlaJi

Powdered anhydrous potassium carbonate (76 mg, 0.55 mmol) was added to
25 a stired solution of 6a,9c-difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-
propionyloxy-androsta-1,4-diene-17p-carboxylic acid (249 mg, 0.55 mmoi) in
dry DMF (5 mi). The mixture was stirred under nitrogen and then cooled in
ice. y-Chioro-y-butyrolactone (83 ul, 0.69 mmol) was then added and the
mixture sfirred until reaction was complete as monitored by TLC. The
30 solution was partitioned between water (25 ml) and ethyl acetate (25 mi).
The organic phase was separated, washed with water (2x25 ml), dried and
evaporated to a solid. The crude product was purified by preparative layer
chromatography on silica gel, eluting with chloroform-cyclohexane-ethanol
(20:20:1), to give the fitle compound isomet A as a crystalline solid (62 mg,
35 21%): mp. 263-266 °C; MS (TSP+ve) m/z 537 [MH]", HRMS (ES+ve) found:
537.5780 [MH]*, CgH35F,04 requires 537.5779; IR v, (KBr) 3459, 1789,



Hz), 5.49 and 5.29 (1H, 2m), 4.50 (1H, m, 4.39 (2H, m, 4.31 (1H, m, 4.13
15 (1, m, 3.32 (1H mM, 2.75 (1H m, 1.54 (3H, s), 1.16 (3H, s), 1.00
(3H, d, J 6.25 Hz), 0.95 (3H, t, J 7.25 Hz); (Found: C, 60.87; H,
6.40; S, 5.42. C29H36FO7S. 0.4 H2O requires C, 60.70; H, 6.46; S,
5.59%9 and the title compound isonmer B as a crystalline solid (46

mg, 199 : np. 1W9S18BFErr] C, M (TSP+ve) mz 567 [ MH [ epctrcpdsssigper I |
(KBr) 1771, 1743, 1668, 1630 cnferr]; NVMR [err] 20 (CDC 3) includes 7.14
(1H, d, J 10 Hz), 6.43 (1H, s), 6.39 ( d, J 10 Hz), 5.49 and 5. 30
(1H, 2m), 4.55 (1H, ), 4.39 (2H, ™, 499 (1H m, 3.31 (1H, m, 2.70
(1H, m, 1.53 (3H, s), 1.14 (3H, s), 0.95 (6H, d, J 6.25 Hz and t, J

g 6352%% ggirﬁaeEfﬁae@)ww&ﬂ 15RMR 3QDMS ) ftickldes? WITH287 F 10°AY), T es

17[ err] - Acet YA-BX {1 D §-48 (2H, 51 £.38 (.94 19, H2). SAR 804, 528 G1H.12Met hy! - 3- 0
X0- andr ost a- 143!1(1H m), L3S @HL M)eR:37- (EH: qmmﬂz)ptsal(ﬂl-l s) 1. 13@H, t, J7

S- (2-oxo-tetn bg-@ﬂrﬁr%%xbh asj @em‘Pth HE S(r)q)zgﬁ?%obasm um

bonat e (55
g?{e??? eé((at ba'ldrth,ﬂr Jas@t hy! -

0X0- androst a- &ystammewldlﬂbﬂng.]wmmmmaﬁ MS !.EP'HLG) nPz 637 PaEY; i N dry

DV | ed

i ce. [err] rﬂ\kMSb{Eﬁ-lm err BPJW@'M 935 P?faégl ﬁ?ﬁ]) oset hleg
added and t hevma {KBP) o 1€ a-rT . JB6By 1628, (DMSH ) Ingltidasni t or ed
by TLC. The snﬂmmruvmo Hz), 6.5 &fH,! m),w(mtsrres.aamea 4 30 H#))5.48d et hyl

acetate (gp ”%r?dds gmrﬂag'ﬁs .m)pﬁaé%%%).sg\%é@}l.grgﬁg’ﬁéf‘etdsﬂéﬁ‘ wat er

2x25 m
I(DCT/ GB963 03148, 111 (3H t. J7Hz) 1. 10 (3H, 8), 0.95 (3H, d, J 7 Hz). (Found: L3 61.69; H,53 5ol i d.

The crude prc@,ost%mald4pqOh§q(ﬁmrﬂwq-l |6248%) chr omat ogr aphy on
silica. gel eluting with chloroformcycl ohexane: et hanol (10:10:1), to give

t he - title conpound isoner A as a crystalline solid (74 ngy, 34%: :
253-255[ err] (TSP+ve) mz 539 [M—I] [err] I R v[err] (KBr) 1766,
1750, 166f5 1&g8 St iy-168 leetiohrgeas ridrégtht d, J 10 -
Hz), 6.43 (1H,, 4.50
(1H, m), 4.372H |

Powdered anhydrous potassium carbonate (44 mg, 0.32 mmol) was added to
a stirred solution of 6a,9a-difluoro-118-hydroxy-16a,1 7a-isopropylidenedioxy-
20 3-oxo-androsta-1,4-diene-17p-carbothioic acid (130 mg, 0.286 mmol) in dry
DMF (1.4 mi). The mixture was stirred under nitrogen and then cooled in ice.
a-Bromo-y-butyrolactone (30 ul, 0.36 mmol) was then added and the mixture
stirred until reaction was complete as monitored by TLC. The solution was
partitioned between water (25 mi) and ethyl acetate (25 ml). The organic
25 phase was separated, washed with water (2x25 ml), dried and evaporated to
a solid. The crude product was purified by preparative normal phase HPLC
(Dynamax 80A C18, 25 cm x 41 mm id.) eluting with 70-80% ethyl
acetate/heptane at 45 mi/min with detection at 270 nm to give the titie
compound isomer A as a crystalline solid (29 mg, 20%): mp. 308-312 °C; MS
30 (TSP+ve) m/z 539 [MH]"; IR vpe, (KBr) 3310, 1778, 1694, 1668, 1629 cm™;
~ NMR 3 (DMSO dg) includes 7.24 (1H, d, J 10 Hz), 6.30 (1H, d, J 10 Hz), 6.12
(1H, s), 5.73 and 5.52 (1H, 2m), 5.58 (1H, bs), 4.88 (1H, m), 4.47-4.15 (4H,
m), 1.49 (3H, s), 1.37 (3H, s), 1.20 (3H, s), 0.90 (3H, s). (Found: C, 59.77; H,
6.01. CppHaF204S. 0.3 Hy0 requires C, 59.61; H, 6.04%) and the title
35 compound isomer 8 as a crystaliine solid (43 mg, 29%): mp. 275-278 °C; MS
(TSP+ve) m/z 539 [MH]*; IR v, (KBr) 3415, 2928, 1779, 1669, 16833 cm;



(1H, m), 2.74 (1H, m), 2.06 (3H, s), 1.54 (3H, s), 1.18 (3H, s), 1.00 (3H,

d, J7 Hz). (Found: C, 58.81; H, 5.88; S, 5.78. Q7H32F207S. 0.7 H0
requires C, 58.83; H 6.11; S, 5.82% and the title compound isoner B
as a crystalline 10 solid (74 mg, 34%: np. 258-260 [err]C, M5 (TSP+ve)

m Z 539 [M—I][ ‘E]@ gv[err] (KBr) 1772, 1752, 1668, 1630 cnferr]; NWR
[err] (CDd 3) 1 T3 13 (1H, d, J 10 Hz), 6.43 (1H1’CB'§§B95183139 (1H,
d, J 10 Hz), 5.49 and 5.29 (1H, 2m, 4.56 (1H, m, 4.40 (2H, m, 4.10
(1H, m, 3.70 (1H, m, 3.31 (1H, mM, 2.133(3H, s), 1.55 (3H s), 1.15

(3 s) 1.00 (3H d I 7 He). (Found: C 'S8.76; H 577 s 571 15
C27H32F207/S 0.7 H2O re res
9[err] - Fl uoro- NM %MP'&%Q#@MW‘!!@?%?J{ZP (A ﬂyJ 1@*@%&&@(@1{‘] JpTQ)HZbﬁyﬂoxy and

rosta-1, 4- rs?émrsmﬂ lmi)hsemﬁcm;uas (1H, m), 4.48-4.16 4H, m),

(149
S (2 oxort ?%Zsa%éff Bt 058 B, 13,200 o, 0.88 FOMCE] QS s ! 2051 v

9[err].-fluoro- 5:]!{&0@!4@@&4046{2&@&&“Gyﬁ&@.d’k(ﬁ»mbrr]

propi onyl oxy-androsta-1, 4-di ene-17[err] -carbothioic acid (352 ng, 0.75
mml ) in 7 m ). The m xture was stirred under nitrogen and
then cooled in [err]-Brono- [err] butyrol act one (78 [err]I 0.94
nmol ) was t hen Saditel fiuorh-116 Xy-16x] SOPR e 2 androsks

conpl ete as nNORkLRLE

y . e organi ¢ phase was
separated, washed with water (2x25 m), dried and evaporated to a
solid. The 1or udaavmmwanhwmaowtassum daybdnates(@1ang, 0144 Bimolkwas adtiedteaphy on
silica gel usi

I?,SOO/J) * :\/gg( tTg|%+t§e¢yx‘-‘rﬁ§dofg§9u{§t I éo%ﬁ»&gﬁéﬁbﬁ% E:gﬁ %r%e? : l{ant

[1$/|7—|]2[ er1 r7 ]42 . DMEZTS hiil)y Theé tixitrp was stifréd uidérhitrogeneneirthén c?deﬁari jce3443,

r
I ncludes 7.22 (] ' ﬂ)%%elfg §§ @53:%‘ id]i"j qg*ﬁ 1 rgf) Q ﬁi\-inb s),
4.49-4. 28 (141, added angothe mixturp stipred-untip reacion was wmpl!?t%a itoredsby 3,

s), 1.42 (3H ®&LCl ThaSsolitibn uiaslﬂatﬁ&hhed betvheé’n Wawr)(251m@&n6$thyl acetate o
g%?&sg?ggl 40 (25 mi). The organic phase was separated, washed with water (2x25 mi),
_ - dried and evaporated to a solid. The crude product was purified by flash . .
column chromatography on silica ge!, eluting with cyclohexane-ethyl acetate
20 (1:1) to give the title compound isomer A as a crystaliine solid (67 mg, 28%):
mp. 304-307 °C; MS (TSP+ve) m/z 539 [MH]"; IR v, (KBr) 1784, 1897,
1668, 1630 cm!; NMR 8.(CDCly) includes 7.14 (1H, d, J 10 Hz), 6.42 (1H, s),
6.38 (1H, d, J 10 Hz), 6.31 (1H, m), 5.50 and 5.30 (1H, 2m), 5.00 (1H, m),
4.42 (1H4, m), 1.65 (3H, s), 1.49 (3H, s), 1.37 (3H, s), 1.00 (3H, s). (Found: C,
25 50.76; H, 6.13; S, 5.80. Ca7Hg,F;0,5.0.2 H,O requires C, 59.81; H, 6.02; S,
5.91%) and the title compound jsomer B as a crystalline solid (87 mg, 28%):
mp. 270-273 °C; MS (TSP+ve) m/z 539 [MH]*; IR vy, (KBr) 1792, 1700,
1666, 1629 cm'; NMR & (DMSO dg) includes 7.26 (1H, d, J 10 Hz), 8.31 (1H,
d, J 10 Hz), 6.15(2H, m), 5.74 and 5.54 (1H, 2m), 5.58 (1H, s), 4.93 (1H, m),
30 4.20 (1H, m), 1.50 (3H, s), 1.35 (3H, s), 1.14 (3H, s), 0.90 (3H, s). (Found: C,
59.16; H, 6.01; S, 5.54. CxyH3oF,0;5.0.5 H,O requires C, 59.22; H, 6.07; S,
5.86%).




s). (Found: C, 61.90; H 6.69; S, 5.83. C28H35FOrS. 0.45 H20 requires C,
61.97; H 6.67; S, 5.91% and the title conpound isoner B as a crystalline
solid (156 nmg, 37%: Ms (TSP+ve) miz 535 [MH[err]; HRMS (ESt+ve) found:
535. 2165 [MH [err]. C29H38FO/S requires 535.2164; IR v[err] (nujol) 3461,
1771, 5 1743, 1707, 1658, 1614 cnferr]; NWR [err] (CDC 3) includes 7.22
(1H, d, J 10Wwe9724365 6.35 (1H,d, J 10 Hz), 6.13 (1H, bs) pciGBissidd, ),
4.42 (1H, m, 4.34 (1H m, 3.69 (1H, rT) 2.82 (1H, m, 2.37 (2H, q,
J7.5 Hz), 1.55 (3H, s), 1.38 (3H, d, J 3 .25 Hz), 1.15 (3H, t, J 7.5
Hz), 1.01 (3H, s). (Found: C, 61.51; H, 672 S, 5.61. C28H35FO/S. 0. 6
H2O requires C, 61.34; H 6.71; S, 5.85% 10 Exanpl e 8
6[err],9[err]-Difluoro- 11[err] hydr oxy- 16[ err] - mathyl 3- oxo- 17[err] pr opi on

yl oxy- andr ost Irr]seCca
S- (5- oxo-tet aﬁro fauran“éd %ﬂ%eingo‘ﬁ (g @%ﬁr& ﬁfp'rous o? d55| um
carbonat e (76isegropytiden %‘PPrW% Mo

6[err], 9|[err]nﬂhél)wm16rbhwthéndmdhbmhabeﬂwmﬁe(360 Q‘llﬁmdl)

ropi onyl o

o) in %gib?d@ﬁ#%%?ﬁ e {160 3t Cihlch 41 e o h”and
then cooled ito alow foaationeof thedntermediate imixesd, ap ﬂil?toﬁesqlmr{ of 0. 69
nmol ) was theaoeidd\eéaur@r blrieré8ptoy-bilityrotactine’ [ade! By |adﬁlﬁ6ﬁtbpl§odiﬁﬁ1

ot er (25 ) AR f'ﬁﬁﬁs{éﬁmﬁ% SPW"?‘S‘%B%P%@H# wg@ﬂ o

separ at ed, wagythstyrolacione120 mgx Mmolhm BMPRy {4 ml)] was aAanstithey a

iﬁlrlo(rjrat -(I)-g?agL\/m?‘ Bﬁ M it’%ﬁéé nﬁm ﬁ&gﬁfl%‘?}?ﬁd&e t hanol

25 (20: 20: 1) Withethyl ﬁ \ i d

(50 ngy ( ny, )satur;gd isodiunbbichthoniie; salmion X2x50,/ o), water (83 njl)\nl]q ml]atede RSO |

vierr] (KBr) &sol}i@éz ﬁﬂ) 'i*ﬂé‘3 ﬁﬁ:%yer%%eﬁ thle feer 1]
oude mate

(DVBO d6) i nclu lggﬁmm Hﬂz‘ﬁfs r&#%w 33"6&H d, J

10 Hz), 628 (i#?
m, 2.38. (13H, onmmstogmphyjmssmcsm selutmn wm(ethyl mtate-cyolonemp (111)14 (3H
y

s), 1.01.(3H indra: tﬁe témi Wsohd(&%ﬁh%ﬂ R
1“&%%\'9 v, ; 553 

C28H35F207S re w{
Il 3
[CR/IXHSE Zr ri nel SR‘WBGr ngsq.msy m&mmmg;ma)smpmess th{1H.rs), 5.86Anf .24
(CDA'3) incl uqgh, am 5953@43@“.15 ??@t .ﬁ44-fz).(lH4-4134 {3H,0n} 2055 6. 38
S).

(lf_l 28%),6 ? o H g) §1,(3H, 5).5122 Found % [l? 60% §2 (1H

6.25. Co7H34F,0,S 0.4 H,0O requures C, 59. 20 H, 6.40; S, 5 85%) and the
title compound isomer B isolated as a foam (79 mg, 14%): MS (TSP+ve) m/z
541 [MH]*; IR vex (KBr) 3379, 1780, 1691, 1658 cm'’; NMR & (CDCly)
includes 6.17 (1H, s), 5.36 and 5.24 (1H, 2m), 5.02 (1H, d, J § Hz) 4.59 (1H,
25 t, J 4.5 H2), 4.46-4.25 (2H, m), 3.98 (1H, t, J 10 H2z), 1 54 (3H, s), 1.51 (3H,
s), 1.32 (3H, s), 098 (3H, s). (Found: C, 59.32; H 643; S, 5.96.
C27H24F2075.0.3 H,0 requires C, 59.39; H, 6.39; S, 5.87%)

m ~: nmnom na’

30

A mixture of 6a,9a-~difluoro-11g-hydroxy-16a,17a-isopropylidenedioxy-3-
oxo-androsta-1,4-diene-17p-carboxylic acid (100 mg, 0.228 mmol), (S)-a-
35 amino-y-butyrolactone hydrochloride (468 mg, 0.202 mmol), 1-hydroxy-
benzotriazole (31 mg, 0.228 mmol), O-(1H-benzotriazol-1-yl}-N,N,N'N"-
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30 s), 1.16 (3H, m, 1.12 (3H, t, J 7 Hz), 1.02 (3H, d, J 7 Hz); HRMVS
(ES+ve) found 553.6445 [MH [err], C28H35F207S requires 553. 6445.
Exanple 9 5

6[err], 9[ err]i‘)z'))i f%y}cg&o- 11[err]-hydroxy-16[err] met hyl - 3-oxo-17[err] - propi ony
| oxy- andr ost a¥©? , 4-di ene-17[err]-carbot hioi c acid PCT/GB96/03140

S- (2-oxo-tetrahydro-furan-4-yl) ester. Powder ed anhydrous potassi um
carbonate (69 ng, 0.5 mmol) was added t o35 a stirred solution of

6[err],9[err]-difluoro-11[err]-hydroxy-16[err]-nethyl-3-oxo-17[err]- 10
propi onyl oxy-androsta-1, 4-di ene-17[err]-carbothioic acid (234 ng, 0.5 nmol)
in dry Dietrgmethyiurgnium, ctetrafiyaroborates (81 r mgy (hdRt mmelg@ndand t hen
cooled in diis§ropyiethylantiné 10.045ml, 40224 &inidlj in DMIS (5nifil} wadestineden added

dth 1 Xt t ' | | db
TLC. The sol uid-heated s 106 b of SHnbariiend BF niBdEn Bl B BRlene: 1)
acetate (25 niwas tAmplateaas dnanitergth dye Tl sanalysis: atAfter aooling:do vipom wat er
E)ﬁ)r(|2f5| (raﬂd S;S' g?eﬁﬁrlﬂ%rgter C E@nﬂ)oar}@ﬁ*]drdchliﬁtﬂ%ﬁﬁgr 'i;gsa. elérem??\g et hyl
acetate as el mkgéeﬁg‘mgwégﬁﬂ w%ffﬁ’daﬂg mﬁ’ S?te ine solid
(9 ng, 3%: M= m n orgame were wa with water 1784,
% 12 O s g st i, 10, %)
(an " oy’ adaonoshirer o ek e oruoiproet o8 S, s yes puid's 'ory o
J 9 and 4 10 byfiash chlwrin chromatogrdphyon silicaigel, elvling with ethybadatateito J 5 Hz)

2.52 (0.5H, t,yigﬁywﬁf(%@ g;ﬁgy ls7%6): st 1gL4841. 05- 1. 27
6H, m, 0.97 . , J ; d, 553.2083
> 22 P kB0 555 734 T840 G

6[err] ,dQ[ e{r] -BMR &Q&Z?ﬁ%ﬁmﬁudesf;&mxw.lﬁ%ﬂﬂ] F;zbtﬁcsa {1, bsh-8.32 1] - pr opi onl
OXy-androsta- ¢) 6,3 doJ 3P #z), '5.50 bng SPPAN, 24th, 568 {1H, bs), 491 (1H, .
e bk i e o o S o i o
6lerr], 9|[ err] -11.'(212f (3 &), 1 1[04 r(BHys) ofFouddi] ©,r 50.681 11y, 6593)23#. 12Etdr0r]75 =

r n - f "i"eci# ! gocﬂ : v -
Pnopl > yg;q; %"@Fﬁ?‘? tc.a"gd?ri X d{reg(\"/\'/las's '?‘l’)?gg'ﬁlhggrﬂsn)lgtroggg and th?rTD )-

cooled in 35 ice. [err]-Bronp-[err]-butyrolactone (78 [err]l, 0.94 mol)
was -t hen  addedExmspid 6 m xture stirred until reaction was conplete as
noni tored gy Tgfo : ; ane . '

A mixture of 6a,9c-difluoro-11p-hydroxy-16c,17u-isopropylidenedioxy-3-oxo-
androsta-1,4-diene-17p-carboxylic acid (259 mg, 0.581 mmol), (+)-a-amino-y-
25 butyrolactone hydrochloride (108 mg, 0.591 mmol), 1-hydroxy-benzotriazole
(80 mg, 0.591 mmol), 1-(3-dimethylamino-propyl)-3-ethyl-carbodiimide
hydrochioride (113 mg, 0.591 mmol) and diisopropylethylamine (0.11 ml,
0.650 mmol) in dimethylformamide (20 m!) was stirred and heated at 100°C
under an atmosphere of nitrogen until the reaction was complete, as
30 monitered by TLC analysis. After cooling to room temperature ethyl acetate
{20 mi) and hydrochloric acid {(2M, 5 mi) were added. The aqueous layer was
separated and extracted with ethyl acetate (20 ml). The combined organic
layers were washed with water (15 ml) and saturated brine solution (15 mi),
dried over anhydrous MgSO, and concentrated to yield the crude product as
35 agum. This was purified by preparative layer chromatography on silica gel,
eluting with 5:2 ethyl acetate:cyciochexane, to yield the titie compound S-



WD 97/ 24365

PCT/ GB96/ 03140 31 sol ution
was partitioned between water (25 m) and ethyl acetate (25 n). The
organi ¢ phase was separated, washed with water (2x25 nl) dried and
evaporated to a solid. The crude product was purified by preparative |ayer
chr omat ogr apW¥P 9%#36% | i ca gel, eluting with chlorof or m cycl ptweBssesmd hanol 5
(20:20:1), to give the title conpound isonmer A as a crystalline solid (43
ny, 11%: np. 205-206 [err]C M5 (3gSP+ve) miz 537 [MH [err]; IR v[err]
(KBr) 3443, 1786, 1747, 1669, 1632 1612 cnjerr]; NVR [err] (CDO 3)
includes 7.27 (1H, d, J 10 Hz), 629(1H d, J 10 Hz), 6.11 (1H, s),
5.68 (1H m b@ﬂpwés(irbwstauine%ﬁid arh &Btahe?ﬁab&ré afill, thé. i(%H’oom’

3.21 (1H, , ) .
(3H, 5 3 ?@%M&t mg, 19‘?‘8&&?‘ 2295
[MH [err], C3IRESH due)e22 MHI" > wméﬁar t34§4t {19; 1668, 1832wmmlnd i soner

B as a CryStNMRrﬁe(Md)%IMIudﬁs 8182%1H, epmﬁcwa?»uqorﬂ sbﬁg{m d, J TSP+ve)

R [or r] (o0 49 818 KT 63 g%dﬁ”%zﬂr%% 552 (TS8R
J 10 15 Hz) 4ﬂﬂﬂm4m1wm). 2P (18, m) 2.004(3Hys), 1136.8(3ﬁlsi1r17(3u 48- 4. 32

oH, 5 (3H,
g) 1ﬂ)00 (aH )%Q@(ﬁnrh) woun& %{2))-6%1( éﬂssél N wss%chﬂﬁégNog%s 319 Ougd:
537. 2299 [Mﬂ‘fé"fzr :" fequires 537.2297. 20 Exanple 11

6[err],9[err]- Drfluoro 11[err]-hydroxy-16[err]-nethyl 3- oxo- 17[err] pr opi ony

I oxy-andr, xample 1. 4- di ene- 17 err] carboxylic acid .
(2-oxo-tetrahyd _ r ] Pawder _pojf assium
car bonate (7 ,". H S A A ol L ) ] i & - Al ie) .
6[err], 9 er r |dighe -oxo-17[err] -

propronyloxy androsta 1 4 drene 17[err] carboxylrc acrd (249 ny, 0.55 nmol)

d Th th
cool ed in  Powdeted phbydrous phassip coonate [4 g BAZ el el afedl B 6o o )
was t hen ¥ddeaistirrat solution of 6w Badifiuore-11 p-hydrouy16k, lﬂempmpylldmdmxyf)l ete as
moni tored by albko-andrdst 4fiénd-4 réaa' Meb‘ﬂ?eﬂmw H dﬂ?5 m )

and ethy! 2SR Y. Sd mmﬁﬁ 098 s Phaa T3 AP Sh Ty deshec

a-Bromo-*r-butyrolactone (50 ul, 0.58 mmol) was then added and the mixture -
stirred until reaction was complefe as monitored by TLC. The solution was

‘20 partitioned between water (25 ml) and ethyl acetate (25 mi). The organic

: phase was separated, washed with water (2x25 ml) dried and evaporated to a
solid. The crude product was purified by preparative layer chromatography
on silica gel, eluting with chloroform-cyclohexane-ethanol (10:10:1), to give

. the fitle compound isomer A as a crystalline solid (65 mg, 27%): mp. 253-255

25 °C; MS (TSP+ve) m/z 523 [MH]*; IR vy, (KBr) 1785, 1732, 1667, 1631 cm™%;
NMR 3 (DMSO dg) includes 7.20 (1H, d, J 10 Hz), 6.44 (1H, s), 6.39 (1H, d, J
10 Hz), 5.68 (1H, m), 5.49 and 5.30 (1H, 2m), 5.18(1H, m), 4.52 (1H, m),
4.37( 2H, m), 2.71 (1H, m), 1.52 (3H, s), 1.42 (3H, s), 1.21 (3H, s), 1.08 (3H,
8). (Found: C, 61.43; H, 6.07. C,;H3F,05 0.3 H,0 requires C, 61.43; H,

30 6.22%) and the title compound isomer B as a ctystalline solid (53.2 mg, 22%):
mp. 300-304 °C; MS (TSP+ve) m/z 523 [MH]*; IR vpg, (KBr) 1793, 1743,
1666, 1632 cm!; NMR & (DMSO dp) includes 7.10 (1H, d, J 10 Hz), 6.44 (1H,
s), 6.39 (1H, d, J 10 Hz), 5.48 and 5.30 (1H, 2m), 5.38 (1H, m), 5.15 (1H, m),
4.46 (1H, m), 4.39 (2H, m), 2.70 (1H, m), 1.52 (3H, s), 1.42 (3H, s), 1.25 (3H,

35 s), 1.06 (3H, s). (Found: C, 61.76; H, 6.11. C,3H3,F,04 requires C, 62.06; H,
6.17%).



evaporated to a solid. The crude product was purified by preparative |ayer
chromat ography on silica gel, eluting with chlorof ormcycl ohexane- et hanol

(20:20:1), to give the title conpound isonmer A as a crystalline solid (62
ng, 35 21%: np. 263-266 [err]C M (TSP+ve) mz 537 [MH [err]; HRVS

(EStve) foun 537.5780 [MH| [err], C28H35F2C8 requires 537 5779; IR
vierr] (KBr)d‘E'E?g@F"is/ VO 97/ 24365 PCT/GB96/03140
PCT/ GB96/ 03140 32 1733,

1669, 1633 cnferr]; NVMR [err] (DMVSO d6) 37ncludes 7.10 (1H, d, J 10 Hz),
6.69 (1H, m, 6.44 (1H s), 6.38 (1H d, J 10 Hz), 5.48 and 5.28 (1H, 2m,
4.37 (1H, m, 3.33 (1H m, 2.37 (2H, q, J 7 Hz), 1.53 (3H s), 1.13 (3H
t, J 7 Hz), 1.08 (3H, s), 0.93 (3H, d, J 7 Hz). (Found: C, 61.77;, H,
6. 15. 028H34Fw3 H2O requires C, 62.05; H, 6.43% and the title

conpound i so T -METNF anedid | D&, S, ‘._”“W ’ 0% LeRlP. 241-243
[err] C VS (T "Av‘l t #28IA 1' Scid )\ 3 ] ‘ﬁlli l)\ =g LI )S) g 'I l{ "‘ 537. 5788

[ MH [err], C2eaeiiio acidc:(d-oxo-teirany droduranc3-yl) ester err] (KBr) 3480, 1789,
1747, 1668 1628 cnjerr]; NI\/R [err] (DMSO d6) includes .12 (1H, d, J

éozgzlea 28 %H’@gd( '&'43 JslH i ﬁaﬁ?ﬁ‘gez(zjg 2H-l'0’q"H’%‘&’°')5 48“*‘%“5??%

s), 1.11 (3H to a stired |so}uuon oiosqamu-mﬁvlidanediommwydmxy-laquo-a C,

Exla?r§| ele n AaRRe-1FRAHRATER ftic(@Pimg] 08 ANGn oy O (15 . i

6[err], of er r] Tiiure, yas. shmed undet pitrpgen gpd, then coojed, jn "?opr%ﬂﬁmhedl oXy-

3- ox0- andrl®st &utyrolactotie 4181.531!30.20[mmo]) was Ihnrhadded and dhe mlxture stirred

S-(2- tet z t [

ca§ bo(rjl)a(tfe (6421%]Mp gﬁ@ aﬁa? %%g ed so ut | OWSSI o
6[err], 9| err] WFM;@ lgam[%thvl] aqe}?f@r{zjﬁ Mo p e Preanisedi oxy-
20 d3- 0X0- andrphatawhs/bedam Wished Wwithawdtet (2325 i adriéd(skidDevapordled &H J[nr;rol)
in dr Q’aﬁv en
cool e)d/ in |ce rr gb?ocm gér&fp%?d%glé{é on r?@ ;f qﬁgﬁg mol )
was t hen alfdedom?’heﬁ e lfhe2 Xs@y i} | gluting, W CG ete as
moni t ored by Ec@taté?heptanéuaﬂ 45 wilimin with pdetectiororat d270 tiwreandether file?S> n )

ety e il oo 56 o iyebli 851 il > "

1775, 1693, 1653, 1618 cnrl; NMR 5 (DMSO dg) includes 7.30 (1H, d, J 10 :
20 Hz),6.18 (1H, d, J 10 Hz), 5.91 (1H, s), 4.87 (1H, m), 4.65 (2H, m), 4.30 (4H,

: m), 1.38 (3H, s), 0.97 (6H, m). (Found: C, 64.34; H, 7.24; S, 5.39. CogH140,S
0.5 H,O requires C, 64.26; H, 7.19; S, 5.72%) and the {itle compound
diastereomeric mixture B as a crystalline solid (29 mg, 35%) mp. 149-154 °C;
MS (TSP+ve) m/z 539 [MH}*; IR vy, (KBr) 3468, 1775, 1688, 1654, 1617

25 crh;NMR S (OMSO dp) includes 7.30 (1H, d, J 10 Hz), 6.16 (1H, d, J 10 Hz),
5.90 (1H, s), 4.86 (1H, m), 4.68 (2H, m), 4.30 (4H, m), 1.37 (3H, s), 0.90 (6H,
m) (Found: C, 64.43; H, 7.12; 8, 5.78. C,5H3075.0.3 H,0 requires C, 64.42;
H, 7.07; S, 6.14%).

30

To a stirred suspension of 16a.17a—(R-butyiidenedioxy)—6a.9a—diﬂuoro-11[3-
35 hydroxy-3-oxo-androst-4-ene-17p-carboxylic acid (200 mg, 0.44 mmol) in
- dichloromethane (3 ml) was added triethylamine (61 i, 0.44 mmol) followed



a solid. The crude product was purified by preparative normal phase HPLC
(Dynamax 60[err] C18, 25 cmx 41 mmi.d.) eluting with 70-90% et hyl
acetate/ heptane at 45 m/mn with detection at 270 nmto give the title
conpound isoner A as a crystalline solid (29 ng, 20%: np. 308-312 [err]C
M5 30 (TSP+ve) mz 539 [MH[err]; IR v[err] (KBr) 3310, 1778, 1694, 1668,
1629 cnierr] WO9724365NVR [err] (DWMSO d6) includes 7.24 (1H, pémcieshBiZ) .
6.30 (1H, d, J 10 Hz), 6.12 (1H, s), 5.73 and 5.52 (1H, 2m, 5.58
(1H, bs), 4.88 (1H, m, 4.47-4.15 (4H, 3 m, 1.49 (3H, s), 1.37 (3H,
s), 1.20 (3H, s), 0.90 (3H s). (Found:°t, 59.77; H 6. 01.
C27H32F207S. 0.3 H2O requires C, 59.61; H, 6 04% and the t|tIe 35

conpound lSOdel&h?l&hlbrérmb% Ratei (62 11 coul %aﬁ&,[err]c;
1569, 1635 cifPUPatan of tRE ntbrit .a%%gg g@uel A Eiu&o ‘.}%Ere 820d2 ™ s

PCT/ GB96/ 03 1znf a—mereapto-'y-butyrolactone [made by addmon of sodium hydndB(24 mg of NI\/R
[err] (DVSO dépes 6. 11

1H, S %H 164H
e S %sdﬂ@e&s fg'y'o') 5%% s :5)1 wap @Heegnd 18 roqgtish fe@red%v crzound c
5935 K andysis O cHBpiEtEY thedreactirowas siililed with ety acetald, (50.M5% . 5 .
Exanpl e 13 shed ca water (50 m

O LR S vankary, (5o ok 8 o okl ™
S-(2- oxo-tet rﬁwwmmb.nThewryamﬂwwakﬂm&dﬂe&anwcemﬂamgmassr um

bonat 6 eﬂreé
g?rer ;)]nag[eedr r]lthggﬁuggr 0- er r - g er -1'S ﬁ%nedl oxy-
3- ox0- andr ost ghrematography. on| Qﬁiarqﬁ‘éﬁ"ﬂl ‘ﬁﬁ ethRtl ) in

dry. DVF (151)[71 The WW%QMQS alfbamwmrarﬁiratbﬂn ([:)('\)/EI ((a(;
inice. y- %{ég{ t x{ 0% ?y KEHY
) vas then & 8480, 1777 s> MR §dpa‘érarﬁémespg4 T FoL g ?p'(itse

i % handt 91‘51)"22 6185‘11H d JSZIEz)mﬂ)M (ke tU 9&:!)04{406(35 mmaqud washed
\glr odu\évf1 \i/;s( p ?rgg) 3 s?l ggl(gﬁ gj] %ﬁqcﬁﬁrrgtkgz T ap"ﬁ1 on 'si ﬁyggl
el uting vith &P ; 5649 Coghlial 408 0GB EL,0 requires C, 60.92; H, 7.03; S, 5.36%)

and the fitle_compound isomer B isolated as a foam (68 mg, 31%): MS

(T SP+ve) m/z 555 [MH]*; IR Vmax (KBI) 3466, 1771 cml; NMR 5 (CDClg)

20 includes 6.14 (1H, s), 5.36 and 5.18 (1H, 2m), 4.82 (1H, d, J 5 H2), 4.77 (1H,

t, J 4.5 Hz), 4.35 (4H, m), 1.52 (3H, s}, 0.96 (6H, t, s, J 7.5 Hz). - (Found: C,

61.22; H 7.06; S, 5.39. CgHagF207S 0.2 CgH4, requires C, 61.37; H, 6.88;

S, 5.59%).

25

To a suspension of sand (10 g) in heptane (12.5 ml) at room temperature was
30 added 6. 9a-difluoro-11p-hydroxy-16a, 1 7a-isopropylidenedioxy-3-oxo-
androsta-1,4-diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester
{Example 12, 0.5g, 0.93 mmol) with vigorous stirring. To this suspension was
added butanal (0.123 mi, 1.39 mmol) followed by perchloric acid (0.320 ml,
3.71 mmol) and the suspension stirred at room temperature until reaction was
35 complete as evidenced by TLC analysis. The reaction was cooled in ice
before addition of 10% agq. K,CO, solution (8 ml), ensuring the intemal



20 (1:1) to give the title conpound isomer A as a crystalline solid (67

ng, 28%: np. 304-307 [err]C, MS (TSP+ve) miz 539 [MH[err]; IR v[err]
(KBr) 1784, 1697, 1688, 1630 cnjerr]; NMR [err] (CDO 3) includes 7.14
(1H, d, J 10 Hz), 6.42 (1H, s), 6.39 (1H, d, J 10 Hz), 6.31 (1H, m,
5.50 and 5.30_(1H _2m), 5.00 (1H, m, 4.42 (1H, m, 1.65 (3H, s), 1.49
(3H, s), 1.37 / , 1.00 (3H, s). (Found: C, 25 59. 76 BCT45BYG3140
5.80. C27H32F207S.0.2 H2O requires C, 59.81; H, 6.02; S, 5.91% and

the title conpound isoner B as a crystal Bgne solid (67 ng, 289%: np.
270-273 [err]C, M5 (TSP+ve) mz 539 [MH[err]; IR v[err] (KBr) 1792, 1700,
1666, 1629 cnierr]; NVR [err] (DMSO d6) includes 7.26 (1H, d, J 10 Hz),

6.31 (1H, tethpeiata® did)not diseHtome 25 °C.5 The sand was collected byfiltratios s ( 1H,
s), 4.93 (1H, Q\ed“w%(’héﬂtbhe xzojmg%tﬁ 6x20.:m th%'ééﬂ}h'acéiate xag (3H,
P00 regui Lot cnbwi s Lot bﬁ"eéﬁth@a”‘a%e‘@!e%%g"“‘% e, solifion o8 >

6lerr], 95err] - énd mwmmmrmmmmm pmﬁf;;roﬂuctsaqoaoﬂlﬂl dbeedi oxy-
3- oxo0- andr as Piifified 5% shcﬁl htihforRatdg on silica_ge!, eluting
i S kb (521 T T VAL A v 7
Z'El rr]edg[ sus]peig%latéu ash cr%ystalmks&lgi (74 n:lgé{;s%)hmggfsoédm °C; MS (TSPwe)
err err ﬂll-ﬁ'llﬂr{r 4)0334 4, 16 “1629 cnr 3
l'id - 3- - 4- 448
05 P ot &q:amvmmarm (8 Jitp o 'ﬁc ﬁ% oo
[err]l, 1. 16 rrwsmarimslsavﬁu nm)dseor(yﬂcbé)onammpmumosamm 1.11
mmi) - and the i dEe 5t 68 el o), 0 85Q0R! |, Y HOLTPOURE GledPE WSS ate

m xed anhydri de:

[err]-mer capt o5k r%ﬂmﬁeﬂ:ﬁa&%ﬁés [680.86; Hya6i20; h 880%)qandnthe fillenydri de
E70 ]mJbOI 60;%) ebimplusd Rbfied B, also/ds r‘émiyhtdlj linecsclid| (63 iney) 10R6)E enp. Izsmasqat)LO- o
err utyrol ae e
reaction ?‘/ol I ov\%% gﬁ%ﬁgﬁl hwgéé-{#ewg%%ﬂ%%s Il uted
with ethyl Bceeat’ SO de)includas 720 (1H #1410 (2 25 KTH, dyd 1 QIHZQ-SO m),
saturated sodi Gmd)(wabbplﬁa?@aﬁd)ﬁtsﬁl(ﬁﬂ eAYB601(IH, b9 £70(TH, m))4.504.15 -

sat ur at ed

a

(4H, m), 1.47 (3H, s), 0.86 (6H, m). (Found: C, 60.91; H, 6.08; S, 5.62. .
C,gHasF,0,S requires C, 60.86; H, 6.20; S, 5.80%).

20

Powdered anhydrous potassium carbonate (37 mg, 0.264 mmol) was added
25 to a stired solution of 16e,17a-butylidenedioxy-6c, Sa-difluoro-11p-hydroxy-3-
oxo-androsta-1,4-diene-17p-carboxylic acid (100 mg, 0.24 mmol) in dry DMF
(1.3 ml). The mixture was stirred under nitrogen and then cooled in ice. «-
Bromo-y-butyrolactone (25 ul, 0.30 mmol) was then added and the mixture
stirred until reaction was complete as monitored by TLC. The solution was
30 partitioned between water (25 mi) and ethyl acetate (25 ml). The organic
phase was separated, washed with water (225 ml), dried and evaporated to
a solid. The crude product was purified by preparative reversed phase HPLC
(Dynamax 60A C18, 25cm x 41 mm i.d.) eluting with 70-80% MeCN/H,0 at
45 ml/min with detection at 230 nm and the {itle compound diastereomeric
35 mixture A isolated as a crystalline solid (41 mg, 34%): mp. 177-180 °C; MS
(TSP+ve) m/z 501 [MH]"; IR v, (KBF) 3515, 1789, 1738, 1653, 1616 cm™?;



brine solution (50 mM). The organic |ayer was then dried and concentrated

to yield the crude material as a gum This was purified by flash
colum 15 chromatography on silica gel, eluting with ethyl

acet at e-cycl ohexane (1:1). The title conpound isonrerA was isolated as
a crystalli n%vggjﬁld (60 ng, 11%: np. 169-173 [err]C, M5 (TSP+ve) m z
541 [MH [err] rr] (KBr) 3397, 2959, 1780, 1690, HIIGBSMIlas I | ;
NVR [err] (CDI3) includes 6.17 (1H, s), 5.36 and 5.24 (1H, 2m, 5.05

(1H, d, J 5 Hz), 4.49 (1H t, J 4 Hz), %4g44-4.34 (3H, ), 1.55 20 (3H, s),
1.51 (3H, s), 1.29 (3H, s), 1.03 (3H, s). (Found: C, 58.92; H, 6.03; S,
6.25. C27H34F207/S 0.4 H2O requires C, 59.20; H 6.40; S, 5.85% and the
title conmpound¥MR S(BMSO idgkinciudes 3.606(1Hodm@09'lz);§ﬁ 1&4136 d\BIqRSRHS) Nz

(cod iRy 5%‘56‘]‘5'(7“2 I e rféﬂ 1[4”&] )

5 Hz) 4.59 (1Pr 93{3H., 5), 0.85 ( r&)J Hz)s(Foupd: €,66.3% H, ?%inﬁae% 310 He

5032, 1 63113"”5”3““% s mm}a%ffm%)ﬁse
5 Im 31%

g[g?r] S9[2r%r3]7 SO1IMHL % raﬂ;?? 16891738, 71683, 1614 Y MR fenedi oxy

- 3- 0x0- andr 0S{BMSO d mdludesﬁmowa?d end HERBDIPIH, 8, 390Hz), 5.92 (1H, 5),

N-(2- tet

6[ ((arrfxg[ e?r]r%gaéfﬁg!) ﬁﬁ;ﬁ ’.L%'?e &@[é’r 'Ps @aﬁ)bg)%l(a'énedl oxy-
3- - oxo- &nli7 bi). dFQu 6&&@"@536. £6.760H228

nmol ), (Shel erd3%)y> amno-[err]- butyrol actone hydrochl ori de (46 ngy, 0202

aenil:  C,

mrol ), 1-hydroxy- benzotriazole (31 ng, 0.228 nmol),
O (1H benzotriazol -1-yl)-N, N N - WO 97/ 24365

PCT/ GB96/ 0314 Example 22 35

t et ramet hyl ur gk R i , .

di i sopropyl et hyl al was stirred

and heated at =£6% : til the reaction
was conpl dSe, as nonitered by TLC anal yS| S. After cool | ng to room5

tenperature GW)H'nx&?@tdl’t 6, 1P {RIbubyiide M@aﬁm réiy-sﬁ) ver e
added. The aqyggus, dr&éiiene-??@c&%ox%% holf (0.98°6, 296 i, t(:B ¢ ihifo-r-
o butyrolactone hydrobromide (383 mg, 2.16 mmol), 1-hydroxy--
benzotriazole (292 mg, 2.16 mmol), O-(1H-benzotriazol-1-yl)}-N,N,N'N*-
20 tetramethyluronium tetrafluoroborate * (692 mg, 2.16 mmol) and
- diisopropylethylamine (1.13 mi, 6.48 mmol) in DMF (25 mi) was stirred
and heated at 100°C under an atmosphere of nitrogen until the reaction
was complete, as monitored by TLC analysis. After cooling to room
temperature ethyl acetate (100 mi) and 2M hydrochloric acid (100 mi)
25 were added. The organic layer was separated and extracted successively
with water (100 mi), 1M aqueous sodium hydroxide solution (100 mi),
water (100 ml) and saturated brine solution (100 ml). The organic layer
was dried over anhydrous MgSO, and concentrated to yield the crude
product as a gum. This was purified by flash column chromatography on
30 silica gel, eluting with ethyl acetate:cyclohexane (1:1) followed by ethy!
acetate, to yield two fractions. These were further purified by reverse
phase preparative HPLC (Dynamax 60A C18, 25 cm x 41 mm i.d.) eluting
with 47% MeCN/H,O at 45 mi/min with detection at 230 nm, in both
cases. The less polar fraction afforded the fitle compound isomer A as a
35 white solid (30 mg, 3%): mp. 165 °C; MS (TSP+ve) 538 {MH]"; IR vy a0
(KBr) 3468, 3407, 3351, 1778, 1663, 1520 cm™l; NMR & (CDCls) includes




acetate (20 ml). The conbi ned organic | ayers were washed with water (15
m) and saturated brine solution (15 m), dried over anhydrous MgSO4

and concentrated to yield the crude product as a gum This was purified 10
by flash col um chromat ography on silica gel, eluting with ethyl acetate,

to yield | 1| e conpound as a crystalline solid (60 , _57%: np
181- 184 E};JB?@E*%SPwe) 522 [MH [err]; IR v[err] (KBr) §%§'§P9610? ,

1669, 1633 cnferr]; NVR [err] (CDOl3) includes 7.18 (1H, d, J 10 Hz),
6.93 (1H, bs), 6.42 (1H, s), 6.38 (%H, d, J 10 Hz), 5.50 and 5.30
(1H, 2m, 5.08(1H bs) 491(1H 15 m, 451(1H m, 433(2H m, 2.72

(1H, m, 1'79é 5 (3H, s), 2 (3H, s), 1.04 (3H s). -
(Found: C, 60 (?Z(FH é.-GBHZmG:MM'i 8)53862¢|531§:@M92m)04$8mtietﬁures C,

60.71; H 6. 49Hz)\ 4&m%m 4.67 1!-E>taJrnl H2)14.50 (1H, t, J9Hz) 4.37 (2H, m

6[err] g[er{] li)| 5 &T‘f)éﬁ?ﬁ 3&‘, 5;;%& ﬁ] lééﬁfg ]H es%zrﬁpﬁl‘lbdenedl xy-3
- 0X0- andr ost a- r
N- ( 2- pxo- tetraﬁyd‘ﬂ:quMQarreQUmS) 1; H, 688;iN.t 260%)f The more polar
S[ﬁiél’g[eriLd%a- e Fpu ,84 £ ”"”“ﬂ‘ﬁiﬁ"%?l“zg?gke"‘*%'“‘“““é‘“%’é?ﬂ%ﬁﬁy'
aﬁg}ﬁ m&l&‘gﬁﬂ%"—%a%gl |
(1) hglg;(r)Lya?ezgaMthSﬂhd (25 mg, 2%): mpy1551609C; ME(T$P+ve) 538 [MH]*; mmel)
1- (3-di net hyl am yh3sZ mbyisﬁaaﬁquwm R & (COCIfintides’e.0¢ (113 ny,

0.591 I

di nmet h;/rln?oz n: mem'lsﬂ%% éﬁ%ghggjgdzﬂ 41% 'Mﬁ@er an

at nospher e 10f ﬂLMﬁghrl, Jntliz), 4158 (tHat 9 hiz)ah484:24| (BHe m)at.023Hns)i t er ed by
TLC anal ysi s. l-FQO &’Iﬂ% gohﬂ@r@tﬁd'ﬁﬁ%t?’ l@ti‘ﬂ ﬂ%ﬁ%@o,oa (20 )

and hydrochl or| gi Gueole
separ at ed and '58!‘ 'hy%éc%{ag %120 n1) The conbi ned organic

| ayers were washed with water (15 m) and saturated brine solution (15 m),
dried over anhmgﬁsm and concentrated to yield the crude product as
35 a gum _Thi § VWas [ . [ | 2 phy _on silica
gel , Be title

conpound S- 4-diene-17 RrSoxviie 868 xo-tetra an-4 amide :
PCT/.GB96/ 03140 . _ 36

A mixture of 6a,9a-difluoro-11p-hydroxy-16a,17a-isopropylidenedioxy-3- .

oxo-androsta-1,4-diene-17p-carboxylic acid (0.5 g, 1.14 mmol), 4S-amino-
20 y-butyrolactone hydrobromide (207 wmg, 1.14 mmol), 1-hydroxy-

benzotriazole (154 mg, 1.14 mmol), O-(1H-benzotriazol-1-yl)-N.N,N'N"-

- tetramethyluronium - tetrafiuoroborate (365 mg, 1.14 mmol) and
diisopropylethylamine (0.6 ml, 3.44 mmol) in DMF (15 ml) was stirred and
heated at 100°C under an atmosphere of nitrogen until the reaction was

25 complete, as monitored by TLC analysis. After cooling to room
temperature ethyl acetate (100 ml) and 2M hydrochloric acid (100 mi)
were added. The organic layer was separated and extracted successively
with 1M aqueous sodium hydroxide solution (100 ml) and saturated brine
solution (100 mi). The organic layer was dried over anhydrous MgSO, and

30 concentrated to yield the crude product as a gum. This was purified by
reverse phase preparative HPLC (Dynamax 60A C18, 25 cm x41 mm i.d.)
eluting with 40% MeCN/H,O at 45 mlimin with detection at 230 nm
affording the title compound as a white solid (129 mg, 22%): mp. 204-206
°C: MS (TSP+ve) 522 [MH]}*; IR v, (KBr) 3325, 1778, 1667, 1631, 15627

35 cmr’; NMR & (DMSO d) includes 8.44 (1H, d, J 6 Hz), 7.26 (1H, d, J 10
Hz), 6.30 (1H, d, J 10 Hz), 6.11 (1H, s), 5.74 and 5.55 (1H, 2m), 5.46 (1H,



I somer, isoner A as a crystalline solid as obtained above and the title
conpound R-isoner, isomer B, as a crystalline solid (40 ng, 13%. np. 333-
336[err]C, M5 (TSP+ve) 522 [MH [err]; IR v[err] (KBr) 3484, 1775, 1668,
1632 cnjerr]; NVR [err] (DMVMSO d6) includes 8.32 (1H, s), 7.24 (1H, d,
J 10 Hz), 6.30 (1H, d, J 5 10 Hz), 6.10 (1H, s), 5.72 and 5.52 (1H 2m,
5.52 (1H, bsWO ’29?95(1H n, 4.57 (1H, m, 4.34 (1H wrr/chedédidelH M,
2.00 (3H, s), 1.34, (3H, s) 1.17 (3H, s), 0.91 (3H, s). (Found: C,
62.61; H 6.61; N, 2.33% C27H33F2NO7 r&qwres C, 62.18; H, 6.38; N,
2.69%. 10 Exanpe 17
6[err],9[err]-Difluoro-11[err]-hydrooxy-16[err],17[err]-i sopropyl I di oxy-3-0
2«2) gggrgzt 353)4? 95 (1, d, JQIW%?ZL@H ]m)camboem da, 99 é'ndSHz Ssium

car bonat e (63¥ﬁg8d)022® qg‘oﬁ sa'ﬁid%é'l})'t%agg aéfg‘ fi@égg R%i

6[err], 9[ err](3H| S)L ﬁMSHl#kﬂrﬂZ—@ﬂBh@S&ﬁl‘hrﬁ)](Fnﬂ{ldzre.]61 RYo (e, Ke L L dened| oxy-
3- oxoandrost c Y/ ) indry
DVF (4 m) EE?’F ? S st |0]r3rgg| %ﬁé’gr“ﬂ ‘(‘)égieuﬁlragn%drﬂtahzefr)l 'ﬁosolligetg inice.
[err]- Broﬁo §9 tyrol actone (50 [err]l, 0.58 mmol) was then added and
the m xture stirred until reaction was conplete as nonitored by TLC
The sol ution ghas. R agoartitioned between water (25 m) and ethyl acetate
(25 m). The Or¢ vvahed W|th water (2x25 m)
dried and evapevs AR '
preparative |h{sienstZi By yam-fgrsn-41 imide :

chl or of or g cyclohexane ethanol (10 10: 1) to |ve the t|tIe conmpound

A t al 27 253- C, MBS
|(§I_gg$\r/e) ﬁ?za %ryx‘rsj ¥ {b?‘%}”éﬂ] ggﬂ%t‘?@% 's°EFP§’£|,'2d5°I'8§'P,"V‘%§;3‘rP]'cn{ err];
l(;ll\/RJ[err] (W@*@B;@?ﬁﬁ amﬂdl(g ﬂCg,l—ﬂ)MgM),(@:%l?%ﬁo 394(%;

1H m, rogidgy '%V a@“"‘ L 1.21
ESH, 3 1. 0g1641ng, 1.14' maol), (Q-*&Wrbenzr;?ﬂ}r)%zpl-zlyl)-’m M&MWMEWO 3 H20
requires 13 Gitrdfhiorbbordfe (3652aiY), R4l rhmol)tard dnsuwpymﬂylm 06 mi a

S35 W [ or r] 248 iRl By BMIE, €75 %m0, e, st ahdnesiet' {0 My e §f) "
[err] (DVSO i qsnmreﬁs'mo l{fmmeaea@@ova&qomrdema% mnﬂored by TWC 6. 39
2126 ((leJ ﬁ;l &inalysis Aﬁeﬂﬂdolﬁgiiﬁ rodin teﬁiﬁetatﬁré@ﬁ'z atetats, (100 Thi) @htt, 2M) | 1--25_ .
(31 S5 o) av”ﬂaé%ﬁ*a 3oy herd g Do Sganfloydomckdribond . .

C, 62. 06 ctedssucpegsively with 1M aqueous: sodium hydroxide solution (100 mi)
and saturated brine solution (100 ml). The organic layer was dried over
anhydrous MgSO, and concentrated to yield the crude product as a gum.
This was purified by flash column chromatography on silica gel, eluting with
ethyl acetate:cyclohexane (4:1) and was further purified by reverse phase

25 preparative HPLC (Dynamax 60A C18, 25 cm x 41 mm i.d.) eluting with 40%
MeCN/H,O at 45 mi/min with detection at 230 nm affording the ftitle
compound as a white solid (99 mg, 17%): mp. 322 °C; MS (TSP+ve) 522
[MHI*; IR v, (KBr) 3360, 1780, 1768, 1666, 1627, 1534 cm™'; NMR 3
(DMSO dg) includes 8.50 (1H, d, J 7 Hz), 7.26 (1H, d, J 10 Hz), 6.30 (1H, dd,

30 J10and 1 Hz), 6.11 (1H, s), 5.73 and 5.54 (1H, 2m), §.43 (1H, bd, J 1 Hz),
4.95 (1H, d, J 4 Hz), 4.58 (1H, m), 4.43 (1H, dd, J 8 and 8 Hz), 4.37 (1H, bd),
4.03 (1H, dd, J 9 and 4 Hz), 2.83 (1H, dd, J 18 and 9 Hz), 1.50 {3H, s), 1.34
(3H, s), 1.13 (3H, s), 0.88 (3H, s). (Found: C, 61.46; H, 6.48; N, 2.76.
Ca7Ha3FoNO; 0.3 HoO requires C, 61.54; H, 6.43; N, 2.66%).

35
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16[err],17[err]-Butylidenedi oxy-11[err]-hydroxy- 3-oxo-androsta-1, 4-di eneo-1
T[err]- &?6 oic acid S-(2-oxo-tetrahydro-furan-3-yl) ester. 5
Powder ed anhy rog-'z{"gdét assi um carbonate (24 ng, 0.175 mmmol ) REI'GHRI6140

to a stirred sol.ution of

16[err],17[err]-butylidenedi oxy-11[err]-Rydroxy- 3- oxo- andr ost a-
1,4-diene-17[err]-carbothioic acid (69 ng, 0.16 mmol) in dry DMVF (1.5 m).
The m xtupe wa irred under nitrogen and then cooled in ice.
[err]-Brom)-[ebut rol actone (16,5 [err]l, 0.20 nmml) was then

added and the RuagWBUQIO-1TRsAVUIOXY-1Ge, 1 /- 1S0RERRVIGRNARQXY s QXQ-JAQOSIZ- noni t or ed
by TLC The sol A-digne-1ZB-carbothieis acid: S-Hxoxc-tetrahpdne-furan-3S-vh) este and et hy|
acetate (25 nl). The organic phase was separat ed, vvashed w th water
2x25 _m d ted,t lLigd. T
[(’)Ui‘(lfled) by prgﬂﬁ’sn f@ o e%?ﬁ%wmg‘@g(bg g%%ir ‘gﬁoaal‘ieﬁ’c'ﬁ’i X 41
IR o mﬁmmmmmm o
de ec ion a 78-carb ( )
| at ed t d - 132
'(i‘épi‘v% ?iz%w‘fwié Bl The n'wh =i underohitrogn 17, fagen piauted 5.
(1(13ﬁ8 g 3”] Wmsu]fomﬁ)l‘ﬁ{ﬂ 2oxotetrahydrosfurarBR{yl lesten (Inlerﬂﬂbd%ed—lzg,e 6.18
CNESCNE R rFni “’“‘*'f’“"ﬁ"‘“é”;ﬁ"ﬁ"'-fﬁf o
i

conpound dml and ety acetaw(ﬁmml) Bvasheﬂ \mﬂ'yzmaiydrauhlmcl aoxt! $Alationy (5035%)
3458, 1775, EE@@* e g ppors iy ﬁ%j Py *éﬂc? eSr% 30
(1H, d, J 10 HFhroreatography orysiliga m e-cyglohgxane (%
4.68 (2H, ﬂ)S 4olitvedtiy et a abhe)ahe(m?@u_éﬁbfdthemle__@mbﬁgm
3443, 4(';5 30“”"%‘  SbiA%148HEBO%]: Mp> 316314 °8! MSYES+vEY ik 530 [MH]H' 707,
16[ e'r r],17[ er r]N R 'Bh'éﬁ'é'dﬁ)lﬁ)‘ (Weﬁ’q']"tﬂi‘i'qf}mvfﬁ ﬁ‘@)l‘ﬂilsﬂ{@ﬁﬁ](jﬂydr oxy-
3- 0x0- andr ost - 4id, Jetteand [teHz)) 548rdndt 5129 i(tHA2m) 5.01 (1H, d, J 4 Hz), 4.58-4.30
S (2-oxo-tet raQXﬁr ) ¥5378H; 8! 1.44 (3H, s), 1.25 (3H.5), 1.02 (3H, 5). This compound

20 isidentical with momeerfExample 12, ' :

25
Powdered anhydrous potassium carbonate {34 mg, 0.32 mmol) was added to
a stirred solution of 8a,9a-difluoro-118-hydroxy-16a, 17 a-isopropylidenedioxy-
3-oxo-androsta-1,4-diene-17f-carbothioic acid (250 mg, 0.55 mmol) in dry
DMF (10 mi). The mixture was stimed under nitrogen for thirty minutes.

30 Methanesulfonic acid 2-oxo-tetrahydro-furan-3S-yl ester (Intermediate 5, 99
mg, 0.55 mmol) was then added and the mixture stirred for fifteen minutes.
The solution was partitioned between saturated sodium bicarbonate solution
{50 mi) and ethyl acetate (50 ml}, washed with 2M hydrochloric acid solution
(50 mi), dried and evaporated to a solid. The crude product was purified by

35 flash chromatography on silica gel, eluting with ethyl acetate-cyclohexane
(1:1) followed by ethyl acetate-cyclohexane (3:1) to afford the fitle compound
as a white solid (120 mg, 41%): mp. 284-287 °C; MS (ES+ve) m/z 539 [MH]*;



To a stirred suspension of

16[err],17[err]-(R-butylidenedi oxy)-6[err],9[err]-difluoro-11[err]- 35

hydr oxy- 3- oxo- andr ost - 4-ene- 17[ err] -carboxylic acid (200 ng, 0.44 mmol) in
di chl oronet hane (3 m) was added triethylamne (61 [err]l, 0.44 mol)

f ol | owed WD 97/ 24365
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di et hyl chl orophosphate (64 [err]l, 0.44 mmol) and the m xture stirred to

al | ow formati on of the |nterned|at44n|xed anhydride. A solution of the
sodi um sal t of [err]-mercapto-[err]-butyrolactone [rmade by addition of
sodi um hydride (24 ng of 60% oi | dispersion, 0.6 mol) to a solution

of [err]-mer cNMRS(EDC )tiMEINdéH qs 18, dd 2 0 an® 1 H) GGWH $)e B8l 5 m)]

ras 20050 2001 SR, SR i, e T A,

hydrochl oric d@ and 3:Hx),445-4 3vQ2Hem)(3191r(ﬂH t.sh101|'-h).eid53 (3H, 83,0145 1§3H,
bi carbonate sg 5 te hgéa?
solution (50 ri; ?rts‘.l%)' grﬁﬁcq ayjé)r V\ngﬁ‘l ed an oncs%r apeaf to

yield 10 terlal as a gum This was purified by preparative
| ayer chromat ography on silica gel, eluting ethyl acetate-40-60

petrol eum et hmmml 1). The t|tIe corrpound i somer A was isolated as a
foam after triqg A : '

X ’6 l" - e ..| . o: "y v“ “w‘ X .-u. ;\‘ / = S (TSP'I'Ve)
mz 555 [ MH|[ g mwmmm otrahvd80ursh/24) gdfep! 11 NVR [err]
(CDA 3) incl udesa H 485(1H d J5

Hz), 4.74W1H t, J 4 Hz)’ 2. 40 (1H m), 4.54-4.22 (3H m, 1.63 (3H
s), 1.02.(3H, R@udeﬂecﬂﬁnliﬁkbuﬁ potdssiurh ddtbonat&)(mdng,co 2% erfidl) whis added to/. 05; S,
Che 1itTe compnrue sthuorrdf feRTd & ; 5“%"?‘”%3)2% ane
(TSP+ve) m z%ﬁ’ﬁ %H?“ﬁ ?ﬁ&?ﬁ KBF‘ aﬂ r']"gv A [err]
(CDCl 3) 20 i mmmnol)ds dfyt DMF (2-mi)sThe Emmrmwds Btifrsd muer ﬁtr;agem yadigrad: d, J 5
204 5 1 e e s s gy .
requires C, 6feactionwas complete as monitored The,salyfiop was partitioned
16[err], 17[ er rdetwédrBwageér 26nal)i amNéthﬁ[ we&te%zerml) ditid organiclghaserdasydr oxy-
2 05750 7" oy G e [0 ik s it 0 um
e crude product was purified by preparative layer chromatography on SIllca-
20 gel, eluting with diethyl ether to give the title compound as a foam (24 mg,
21%): MS (ES+ve) m/z 555 [MHI*; IR vmayx (KBr) 3484, 1790, 1700, 1665
cm™1; NMR 3 (CDCJ,) includes 6.24 (0.5H, dd, J 8 and 6 Hz), 6.15 and 6.14
(1H, 2s), 5.86 (0.5H, dd J 5 and 1 H2), 6.33 and 5.21 (1H, 2m), 4.84 (0.5H, d,
J 5.5 Hz), 4.80 (0.5H, t, J 4.5 Hz), 4.78 (0.5H, d, J 5.5 Hz), 4.71 (0.5H, t, J4.5
25 Hz), 4.44 and 4.38 (1H, 2m), 1.53 and1.52 (3H, 2s), 1.00-0.92 (6H, m). The
individual diasterecisomers were separated by further preparative layer
chromatography on silica gel, eluting with diethyl ether (x3) to give the title
compound isomer A as a foam (8 mg, 7%): MS (ES+ve) m/z 555 [MH]™: NMR
5 (CDCl,) includes 6.24 (1H, t, J 7 Hz), 6.14 (1H, s), 5.38 and 5.28 (1H, 2m),
30 484 (1H, d, J5H2), 4.71 (1H, t, J 4.5 Hz), 4.38 (1H, m), 1.52 (3H, s), 0.97
{6H, m), and the mIchmp_qund_jsnmg[_B, as a foam (5 mg, 4%): IR v
(KBr) 3448, 1790, 1713, 1681, 1651 cm 1. NMR & (CDCl,) includes 6.15 (1H,
s), 5.87 (1H, dd, 4 4 and 1 Hz), 5.38 and 5.18 (1H, 2m), 4.79 (2H, m), 4.44
(1H, m), 1.53 (3H, s), 0.98 (6H, m). .
35



To a suspension of sand (10 g) in heptane (12.5 ml) at roomtenperature was
30 added '

6[err],9[err]-difluoro-11[err]-hydroxy-16[err],17[err]-isopropylidenedi oxy-

3- oxo- androsta-1, 4-diene-17[err]-carbothioic acid

S-(2-oxo-tetr <Luran-3-yl) ester (Example 12, 0.5 93 mmol )
with vi gorous@%rg?ﬁﬁg. To this suspension was added Bg?’&l‘?&‘f’“-"(@ 123
m, 1.39 nmol) followed by perchloric acid (0.320 nm, 3.71 mmol ) and
t he suspension stirred at roomtenperatugge until reaction was 35 conplete
as evidenced by TLC analysis. The reaction was cooled in ice bef ore
addition of 10% aq. K2CO3 solution (8 m), ensuring the internal

WO 97/ 24365  Pharmacofogical Activity
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tenperature difhVitlo ri se above 25[err] C. The sand was col | ected by
filtration and washed with heptane (4x20 m ), water (6x20 m) then

t hyl . t at ‘Wr t hed
\?vi t% b?icﬁeasgl Eﬁ (‘;:Q\a an rie H%ﬂ @rg)%%aﬁg‘%phe s%y;@; S t he
crude product &i dg"’Z‘P@@"'W'Wa I$ gangef B‘fg tPfcaftirm

chr omat ograshywﬁlamétoq&rmlleigldatttgltym-wvdm th ethyl acetate- cycl ohexane
(3:2). The title conmpound isoner A was i solated as a crystal I i ne soI i d

74 , 159 :
\(/[ er ?? (KBr/% 3@@ 17?%% ? E% er g; :&fﬁogq O d6)
i ncl udes 7.25 ergt a ﬁter Bioghem. 1(3'8()4133‘ v bs),

5.70 and 5.55 Clhﬁra&m ofb . Gldcdcarticdids ) analogies (with the, Huntd- Glddochrtidpidn) |
1.48 (3H, s), Qte%?p , s), 0.86 (3H, t, J 7 Hz). (Found C, 60.72; H,
6.01; S, C28H34F207S reqw res C, 60.86; H, 6.20; S, 5 80°/c) and

the titl d tal) lid 10
. 254 5570 Thope FBRcooficWeresstaly nsfoele " Wlf§ dpletiatiarogortef bdfy )
3376, 1776, 16Q$cre:ted7plam alkalinenjphosphatageR $RAP)| u(:wsthaj@pnwlcbh@es 7.25

1H, d, J 10 5.55
(1179, 310 Holucoberild toandhus Trsholé)the LTR o8 rhide Miimaty Tinadtd =

s), 0.86 (6H, S,( : C, '60.91; H 6.09; S, 5 62. C28H34F207S
requires C, 60.86; H, 6.20;, S, 5.80%. 20 Exanple 21
16[err] 17[ er r Vasouy icopeenttations of standerd (dexamethasopr) on campevnds] ofithe ene- 17

~ 15 invention were incubated with transfected Hela cells for 72 hours. At the end
of the incubation, substrate {p-nitrophenol acetate) for sPAP was added and.
the product measured. by a spectrophotometric method. Increased
absorbance reflected increased sPAP transcription and concentration-
response lines were constructed such that ECg4-values could be estimated.

20 In this test, the isomers of Examples 1, 4, §, 6, 7, 8, 12, 15, 16, 19, 22, 23
and 24 and the compound of Example 8 had ECse~ values of less than
400nM.

Hydrolvsis in Blood

All the isomer/compounds of the Examples were unstable in human plasma

25 indicating that they are expected to possess an advantageous in vivo side
effect profile. Compounds of examples 15, 16, 22 and 23 showed half-lives of
less than 3h whilst all isomers in the remaining examples showed half-lives of
less than 60 min.



carboxylic acid (2-oxo-tetrahydro-furan-3-yl) ester. Powder ed
anhydr ous potassium carbonate (37 ng, 0.264 mmol) was added 25 to a
stirred solution of

16[err],17[err]-butylidenedi oxy-6[err],9[err]-difluoro-11[err]-hydroxy-3-
oxo- andr ost a- 1,4-diene-17[err]- carboxyllc acid (100 ng, 0.24 mol ) in dry
DIVF (1. 3"91?752"35$he m xture was stirred under nitrogen aothcabédifool ed
inice. [err]- Bronmo-[err]-butyrolactone (25 [err]l, 0.30 mol) was
t hen added and the m xture stirredyuntil reaction was conplete as
nmoni tored by TLC. The solution was 30 partitioned between water (25 nl)
and ethyl acetate (25 m). The organic phase was separated, washed
with water (2R38Y% ), dried and evaporated to a solid. The crude
product was purified by preparative reversed phase HPLC (Dynamax 60A
C18, 25cm x 41y Anti-inflammabdryiActivity Inhibition ©f tatidaCbiédérts at 45 M/mn with
detection at 230 nmand the title conpound di astereoneric 35 mxture A
isolated as a crystalline solid (41 ng, 34%: np. 177-180 [err]C, MS
(TSP+ve) i z Deeitestppinpounds am dissalvad iplegetonssng, 40LY egntaibings5% oatdn 1616

cnjerr]; il 2 face of each of th .
o G 03143 18 appliedofeddrbisurface of ea e ears of 60-80g male ra

I\/R err
(DVBO d6) 1 Rt are-iad,§ hotyrs Igtes and,the ears age remmoveg. Standard size @ 5o7 ||
(1H, s), 5 65crm diameter) disassarelpyncied out 88d the-discy weighed. mun m)nghtjof38 (3H,
s), 93the3Ea %@@0@% d dnd7 ffdm - thfs':gﬂl%@ntaﬁg ar30-
C28H36C8. 4 1—| I[es t tl tI e co ound
di ast er eohr i inflam @%mzf"?,tp gﬁg]qnpﬁ@amo%se%cq}&ﬁ rrp
128-133 [err]C M5 (TSP+ve) rrlz 501 [MH [err]; IR v[err] (KBr) 3490,
1789, 1738, 1653, 1614 cnferr]; NWVR [err] (DIVBO d6) includes 7.30 (1H,
d, J 10 Hz), 6.17 (1H, d, J 10 Hz), 5.92 (1H, s), 5.60 (1H, m, 4.77

(3H ™, 4.32 (3HCohpolad8 (3H S), O[REe(3H s). O.8%(fbition t. J 7
Hz). (Found: C, 65.73; H 7.23. C28H3608.0.6 H2O requires C, 65.76; H, 10

7. 339
16] er/?] 17[err]- (”Egﬁpéﬁ dendi oxy) - 6] er??"g9[ err]-difluoro- %[ err]-hydroxy-3
~oxo- andr ost - rr]-carbo acid
N- (2- oxo-tetr aﬁ}‘ﬂm'q ﬁg%‘?"é‘é\ )] ani de ?ébp,gc
| Example 19 lsomerB 100ug 43

Example 16 IsomerB - 10pg 42

(M Slstem&eﬁsm - ACTH suppression in adrenalectomised rats

Male CD rats (90-120g) were adrenalectomised urider Isoflurane anaesthesia

15 and drinking water was supplemented with 0.8% saline. Four days later the
animals receive a single intra-tracheal dose (under lsoflurane anaesthesia) of
compound suspended in saline (containing 0.2%Tween-80, 0.2ml) at 10am.
After 4h animals are sacrificed by administration of Euthetal and blood
samples are taken by intra-cardiac puncture and collected into heparinised

20 tubes. The samples are centrifuged (20 minutes at 1000 RPM at 4 deg C),
the plasma is collected and assayed by Radioimmunoassay (RIA) for
Adrenocorticotrophic hormone (ACTH) using a DPC double antibody RIA kit.
Intact and vehicle control groups were included in each experiment in order to
account for diumal variation in ACTH and effects of vehicle. Results are

25 calculated with respect to the RIA standard curve and expressed as ACTH pg
Imi plasma, allowing percentage reduction in ACTH to be calculated.



A m xture of

16[err],17[err]-(R-butlidenedi oxy)-6[err],9[err]-difluoro-11[err]-hydroxy-3
- 0X0- andr ost-4-ene-17[err]-carboxylic acid (0.98 g, 2.16 nmol),
()-[err]-amno-[err]- butyrol actone hydrobrom de (393 ng, 2.16
mmol ), 1- hydrog benzotriazole (292 ng, 2.16 mol),

O (1H benzot r "EZUP3F3y 1 )N, N, N N - 20 tetramethyl uronium PCT/GBI6N3140

tetrafl uoroborate (692 ng, 2.16 mol) and di i sopropyl et hyl am ne
(1.13 m, 6.48 mol) in DVF (25 m) was gtirred and heated at
100[ err] C under an atnosphere of nitrogen until the reaction was

conplete, as nonitored by TLC anal ysis. After cooling to room
tenperature ethyl acetate (100 m) and 2M hydrochloric acid (100 nl) 25
wer e added. The organic | ayer was separated and extracted successively
with water (100 M)%Qﬂ%@ueous sodi um oxi de SOlM‘%&g@#@tﬂ

water (100 m) and ed -brine sol (100 m )~ ayer
was dried over anhydrous MgSO4 and concentrated to yield the crude
product as a gEmociﬁblme\mtqmws'fied by fiugsh col um chr omato,ggr aphy on 30
silica gel, acet ate: | ohexane (1:1) fgllowed by ethyl
acetate, to vyi EW&BW“P H?%dnes These e further purlflgg by reverse

phase preparative Wnan&x 60A C180088 cm x 41 nmi.d.Q eluting
with 47% MeCN H2O at 45 ml/mn with detection at 230 nm in both

cases. The Iesmpcrbaan iha6ates tha' mitmar ivél@m hbiivity CA83eiafed efpas a 35

white solids (3‘9 defative> [err]C - M5 (TSP+ve) 538 [MH|[err]; IR
vierr] Br 3468 3407, 3351, 1778, 1663, 1520 cnferr]; NWVR [err]
(CbA 3) incl udes WO 97/ 24365

PCT/ GB96/ 03140Pharmaceufical formulations 41 6.72 (1H,
d J 8 Hz), 6.14 (1H, s), 5.38 and 5.18 (1H, 2n), 4.98 (1H, d, J 5 Hz) ,

4.82 (1H, , 467 (1H, t, J 4 4. 50

1.05 EBH, 3 ﬁ?@ﬁo'foms gre mmFEe)ﬁ of itahie figmulaions, cfﬁowovsds N‘% e 7%
C28H37F2NOY0remémtm CTIﬁQtérm “Bictiva aﬁgredientz is0dsed Tieeemmoempréﬂent&
fraction was f | Ehﬁle Ixturk TES

W th et hy t oﬁﬁahane 5 g % f‘\I't’aeox a o#%ﬁ%’? ?@onpound

i sonmer B as é@“{iﬁﬁ (& W, 2%: np. 155-160 [err]C M5 (TSP+ve)
538 [MH [err]; IR v[err] (KBr) 3382, 1779, 1668, 1516 cnferr]; NVR [err]

(Cbd 3) incl ud?s GW, J 6 Hz) 6.13 (1H, s), 5.37 and 5.18
(1H, 2m, f594(1H , -

Active ingredient micronised - 1.6% wiw
Lactose BP 98.4% wiw.

The active ingredient is micronised in a conventional manner to a fine particle

20 size range such as to permit inhalation of substantially all of the medicament
into the lungs upon administration, prior to blending with normal tableting
grade lactose in a high energy mixer. The powder blend is filled into gelatin
capsules on a suitable encapsulating machine. The contents of the
cartridges are administered using a powder inhaler such as ROTAHALER™

25 inhaler. Altematively, the powder blend can be filled into blisters of a blister
pack or sfrip. The contents of the blister pack or sfrip are administered using
a powder inhaler such as DISKHALER™ or DISKUS™ inhaler.
[ROTAHALER, DISKHALER and DISKUS are trade marks of the Glaxo
Welicome group of companies).

30



10 4.54 (1H, t, J 4 Hz), 4.53 (1H t, J 9 Hz), 4.48-4.24 (3H, m), 1.02

(3H, s), 0.94 (3H, t, J. 7 Hz). (Found: C, 60.94; H 7.15; N, 2.21.
C28H37F2NO7 0. 8 H20 requires C, 60.92; H, 7.05; N, 2.54%.
Exanpl e 23

6[err],9[err]-Difluoro-11[err]-hydroxy-16[err],17[err]-isopropylidenedi oxy-
3- ox0- andr osW3724365 1 4-di ene-17[err]-carboxylic acid PCT/GB96/03140

N- ( 2- oxo-t et rahydro-furan-4S-yl) am de A m xture of
6[err],9[err]difluoro-11[err] -hydroxy-]4 [err],17[err]-isopropylidenedi oxy-3
- 0x0-androsta-1, 4-diene-17[err]-carboxylic acid (0.5 g, 1.14 mmol),
4S-am no- 20 [err]-butyrol actone hydrobromde (207 ng, 1.14 mol),
1-hydroxy- 2. hesrestiFopmlglion 154 g, 1.14 mmol),

O (1H benzotriazol-1-yl)-N, NN N - tetramet hyl uroni um

tetrafl uoroborate (365 ng, 1.14 nmmol) and di i sopropyl et hyl am ne (0.6
m, 3.44 mml )min BiEpdnsior! ) Was stirred and heated at 100[err]C
under an at m)sghere o? nitrogen until the reaction was 25 conplete, as
nonitored by TLC analysis. After cooling to room . t enper at ure et hyl
acetate (100 m) and 2M hydrochl oric acid (1dBe/Amyation ,-PerCaNCy The
organi c | ayer was separated and extracted successively w th 1M aqueous
sodi um hydr oxi de s&ctive ipgrediers mierpnised sat ur at ed.88i ne 4@ owut i on (100
m ). The organic | ayer was dried over anhydrous MgSO4 and 30 concentrated
to yield the crude1pr,p@uetrafioroetiame This was p4.ybied by 1188geverse
phase preparative HPLC (Dynanax 60A C18,25 cmx 41 mmi.d.) el uting
with 40% MeCN H2O at 45 mi/min with detection at 230 nm af fording the

1, SRS e it om0 e A o, 1
cnierr]; I\/R"{%!?-:Hg t’fﬂ(@@%’[ - éé@ 1CRy ?’441'3_ F"?%)"@E‘j‘?@.'%MH, d, J
10 Hz) added to the-can under pregsyre hrauph(the, valve arid the canl sbakeh tolH, 2n)
g-C‘T‘? G(Bég/ 031 isperse the Viug./ 2P Jesultant inhaler contains 0.33% wiw actives) 4 08
(1H d, J 2 Mgredignts7 (14 )y, 4.48 (1H dd, J 8 and 8 Hz), 4.17

(i)  Solution
mg/actuation percan
Active ingredient micronised 0.25 40 mg
Ethanol (anhydrous) - 75 129
1,1,1.2-tetrafluoroethane 67.25 10.76 g

10 . .
Active ingredient is dissolved in the ethanol. The resultant ethanolic solution
of active ingredient is metered into an open aluminium can and a metering
valve is then crimped in place. 1,1,1,2-Tetrafluoroethane is then added under
pressure through the valve. The resultant inhaler contains 0.33% w/w active
15 ingredient and 10% wiw ethanol.

3. Cream

i %wlw.
Active ingredient micronised 0.2
Liquid Paraffin 40



(1H, bd), 4.08 (1H, dd, J 9 and 2 Hz), 2.83 (1H, dd, J 17 and 8 Hz), 1.51
(3H, s), 1.34 (3H, s), 1.12 (3H s), 0.88 (3H, s). (Found: C, 61.17: H,

6. 55; N, 3.35. C27H33F2NO7 .0.3 CH3CN .0.4 H2O requires C, 61.27; H,
6.46; 5 N, 3.37%. Exampl e 24

6[err],9lerr] 3} o-11[err]-hydroxy-16[err]-17[err]-isopropyli denedi oxy-
3- 0x0- andr ost 3&54&9{51, 4-di ene-17[err]-carboxylic acid Pcpr)é;ms/oslm

N- ( 2- oxo-tetrahydro-furan-4R-yl) am de 10 A m xture of
6[err],9[err]-difluoro-11[err]-hydroxy-14f err],17[err]-isopropyli dénedi oxy-
3- oxo- androsta-1, 4-diene-17[err]-carboxylic acid (0.5 g, 1.14 mmol),
4R-am no-[err] - but yrol act one hydrobrom de (207 ng, 1.14 mol),

1- hydr oxy- benZeftpstaagyl alcohol (154 ng, 1. 14 &mol ),

(O:%gél—l- benioazi@ag?awb)-é@d\l, N N -ltet Lalrret hy| uzgnifsum 15 tet gaf4|4uor OP;)I‘ ate
ng, 1. ool ) an I sopropyl et hyl am ne : : : mo in

DVF (15 m) W&!W?’Y’Wﬂs@ heat ed at 100C€nder an at nosphere of

ni t rogen unti |IPropyengglycolon was conplete, #% nonitored by TLC

Pydr ochi or i ¢ %ﬁ“’“ﬁ%‘” 1) vere added. The Segani ¢ ayer was sepatated and

20 extracted !’é g}ew’ th 1M aqﬁeous ‘gégl um hydr oxi de sol ution (100

m) and dSGitricradid/ohonohydrateol uti on (100 MO§. The organic | ayer was dried
over anhyisig and concent gat eqgpo yi el d the crude product as a
gum This was purified by flash colum chromat ography on silica gel,

eluting with et hyl aestate:cycl ohexane (4:1) and was further purified

bly reverse Ehz‘ﬁw Micropisedaactivev ingrédignt (By dispersed (A £ 15brtichd of nthe waterm i . d. )
eluting wt %0(% ; HWM@% tFEﬁnﬂ“é# t

afford?ng the 1] "émg . CO ou% as a . |‘98&b§'oﬁ%g€cg&%ni% : ﬁﬁﬁn322 G
MS (TSP+ve) 523icoholand W@W ynsipta aremeiteddpgethen ?'91%5,0 tq 693C andgo,
%6% (%a34di:ngwddeh; toMh® remiaining water(dontiihing the propyite glycd), Wioclacid) 7 EZ)73
and 5.54 (1H @ e ?"X@ﬁfﬁﬂ*ﬁﬁ"" ggﬂs@zg}e g“"l_gh'wf_.Lﬂ%“{@ﬁ"“g,ﬁ%ﬂéﬁ?ﬂéi 58
(1H, m), 4.43 testitani @il phase ig added o the activeingredient suspensionguith stifingy J o
and 4 Hz), 2.8antiebbl dd, J 18 and 9 Hz), 1.50 (3H, s), 1.34 (3H, s),
1.13 (3H, s), 0.88 (3H, s). (Found: C, 61.46; H 6.48; N, 2.76.

C27H33F2NO7_ . 0.3 H2O requires C, 61.54; H, 6.43; N, 2.66% . 35
10 Protection may be sought for any subject maiter described herein. Thus,

protection may be sought for the compounds (including intermediates),
compositions, processes and uses described herein.



WD 97/ 24365 :
PCT/ GB96/ 03140 _ 43 Exampl e
o5 . : _

6[err],9[err]-Difluoro-11[err]-hydrg WHK léEEl"‘&&PE\EN] | sopropy! i denedi oxy-
3- oxo- andr ost a- 1,4-di ene-17[ ery] - 58%- f;EPC_ aci i

S- ( 2- oxo- tetWMsfuran 3S-yl) est anhy d poveBpSi3R@Si UM
carbonate (34 ng, 0.32 nmol) was added to a stirred solution of

6[err],9[err]-difluoro-11[err]-hydroxy-16[err], 17[err]-isoprepyr-denedioxy-
3-oxo0-androsta-1, 4-di ene-17[err]-carbot h%oi c acid (250 ng, 0.55 rrrml) |n

dry DVMF (10 m ). The m xture was st ¥red under nitrog

m nut es. Met hanesul foni ¢ aci d 2-oxo-tetrahydro-furan- 3R—ﬁﬂﬂ
(I'nternedi at e%lo ng, 0.55 nmol) was then added and the

-stirred for t tes. The solution was partitioned betwe

saturated sodi um bi carbonate sol ution (50 m) and et hyl acet ate (50

m ), washed wit.h 2% ¢ompound offormmuke(§yl sol ution (50 m), dried and
evaporated to a solid. The crude product was purified by flash

chromat ography on silica gel, eluting with ethyl acetate-cycl ohexane (1:1)
15 followed by ethyl acetate-cycl ohexane (3:1) to afford the title
conmpound as a white solid (148 ng, 5 'Oqg. 310-314 C, M5 (ES+ve) mz
539 [MH [err]; NVR [err] (CDC 3) includes 14 (1H, dd, J 10 and 1
Hz), 6.44 (1H, s), 6.38 (1H, dd,oJ 10 1 Hz), 5.49 and 5.29 (1H,
2m, 5.01 (1H, d, J 4 Hz), 4.58-4.30 "N _.M4H m, 1.53 (3H, s), 1.44 (3H,
s), 1.25 (3H,s), 1.02 (3H, s). This c und 20 is identical with isoner A

of Exanple 12. Exanpl e

6[err],9[err]-Difluoro-11[err]- Ry, 17ferr] -i sopropyl i denedi oxy-
3- ox0- andr ost a- 1, 4di ene- jot hi oi ¢ aci d

S- (2- oxo-t et rahydr o-furan- 3Ryl ) es.er. 25 Powder ed anhydr ous
potaSS|un1carbonate (34 ng,AQggz\Egpl) was added to a stirred solution
of

6[err],9[err]-difluoro-11[err]- hy roxy-16[err],17[ err]-i sopropyli denedi oxy-
3- ox0- andr ost a- 1,4-diene-17[err]-carbothioic acid (250 ng, 0.55 nmmol) in
dry DMF (10 m ). The nixture was stirred under nitrogen for thirty

mnutes. 30 Nendsdleses tHupedf, mowlilcl’- 0xo-t et rahydro-furan-3S-yl ester-
(I nternedi ate 5 mol) was then added and the m xture
B, wbiesprg L or b

stirred for fi The solution was partitioned between

sat ur at ed sodlﬂmfﬂmmmmgﬁ(ﬁﬁ)cmalkﬂso m) and ethyl acetate (50

m), WatShgdt Wi Rf mamam% paptbsEnts hmddeﬁ ?hemquwuchfma% Eg |rﬂg|‘\}__;her]fcﬂ1|ie aﬁ:rgnd

evaporated to product was purified by as
y@%ﬂﬁéh%"% sty

chr omat ogr aph ting with ethyl acetate-cycl ohexane
(1:1) foll owedo z%ﬂ&?h%ﬁﬁ@@ﬂohexane (3:1) to afford the title

conmpound as a white solid (120 ng, 419%: np. 284-287 C, MS (EStve)
mz 539 [MH [err] ; —0_ /R,
/c\
— 0 R1

wherein Rg and R, are the same or different and each represents hydrogen or

Cy¢ alkyl;

R, and Rg are the same or different and -each represents hydrogen or

halogen; and

represents a single or a double bond.
2. A compound according to claim 1 in which R, represents O or S.

3. A compound according to claim 2 in which R, represents S.

pTL




WD 97/ 24365

PCT/ GB96/ 03140 44 NVR
[err] (CDA3) includes 7.13 (1H, dd, J 10 and 1 Hz), 6.43 (1H, s), 6.38
(1H, dd, J 10 anlez), 5.48 and 5.28 (1 H, 2m, 497(1H d, J4 Hz),
4.60 (1H, dt, 9 and 3 Hz),4.45-4.3 (2H, m, 3.91 (1H 10 Hz),
1.53 (3H, s), W?"Z{%"g% s), 1.27 (3H s), 0.96 (3H, s).P %"@Mound
is identical to isomer B of 5 Exanple 12. 16[err],
17[err]-(R-Butylidenedioxy)-6[err],9[err]-difluoro-11[ err] - hydr oxy- 3- oxo- an
dr ost - 4- ene-17[err]-carbothi oi c acid
(5-oxo-tetrahydro-furan-2-yl)ester. 10 Powder ed anhydrous potassi um
carbonate (29 ngy, 0.21 mmvl) was added to a stirred solution of

16[err],17[err] (R-butylidenedi oxy)-6[err],9[err]-difluoro-11[err]-hydroxy-

3- ox0- andr ost -4- en I 0.21
nmol ) in dry DV i?‘%ﬂ'ﬁ% Hﬁﬁé@%\@ﬁﬁ%&g&h ﬁ:é“ %g%%nggdw

[ err] - chl or o- [te ajphararban atpmefibe lastonesmoigly. 0. 35 mml ) was added and the
mxture stirred until reacti on was corrpl ete as nmonitored by TLC. The

sol ution was rt|t| yi tate (25
m).. The orga °C p#d &%"énd a&?@ﬁﬁ%ﬁ@?%é@h'ﬁ%ﬁap '@i@?ﬁﬁi),
dried and evapepwsentstQCEQGr alkyl. The crude product was purified by
preparative | ayer chromatography on silica 20 gel, eluting with diethyl

th t i he t 2 S+
2 555 [ W [ ] : A EOTPATY SEaRng 18 sams kwnibh R, represehid ocliRic T ™
[err] (CDd 3) alkui.l udes 6.24 (0.5H, dd, J 8 and 6 Hz), 6.15 and 6. 14

(1H, 2s), 5.86 (o 5H, dd J 5 and 1 Hz), 5 33 and 5.21 (1 H, 2rr) 4 84

(0.5H, d. sg&é 5 Hztrzl 78 J5.5
Hz), 4.71 (0.5 S‘ﬂ"‘g"%" ’8'“3%4 Sy ﬁmé’fﬁ""‘% 5§¢’5ﬁ%f“i 52
(3H, 2s), 1. OCDO(%Q)QM m. The i ndi vi dual di ast ereoi soners were
separated by further preparative |ayer chr omat ography on silica gel,

| uti ith djethy] eth t A
os'a foam (8 Y comBSindktbrdif § aBecntiaipe &5 iniich ™, B g ﬂw-'r]s"?ecéo 3)
includes 6.24 (1H, t, J 7 Hz), 6.14 (1H, s), 5.38 and 5.28 (1H, 2n), 30
4.84 (1H, d J95 H%Qcoﬁupzﬁnétlt mg]tcf‘aﬁ%??)dai:ﬂéﬁté 45n MuchJR53nd iﬁ

0. 97 , onpo I somer as a foamy
IR v[err] ogether répresen

—0
\C/R‘
VAN

—0

wherein Rz and R; are the same or different and each represents hydrogen or
01.6 alkyl.

10. A compound according to claim 9 in which Rg and Ry are the same or
different and each represents hydrogen or C, , alkyl.

11. A compound according to ciaim 9 or claim 10 in which Rg and R, are
the same or different and each represents hydrogen, methyl or n-propyi.

12. A compound accordmg to any of clatms 9 to 11 in which R; and R, are
both methyl.

13. A compound according to any of claims 9 to 11 in which Rg and R, are
different and each represents hydrogen or n-propyl.

AL



'(KBr) 3448, 1790, 1713, 1681, 1651 cnferr]; NWR [err] (CDC 3) includes 6.15

( 1H, s), 5.87 (1H, dd, J 4 and 1 Hz), 5.38 and 5.18 (1H, 2m), 4.79
(2H, M), 4.44 (1H, m, 1.53 (3H, s), 0.98 (6H n). 35 WO
97/ 24365 ; e

e t PCT/ GB96/ 03140

45 Phar macol ogi cal Activity l TH%ISHS%FL%&!%S BEENThe phar macol ogi cal

activity wasweeused in a functi ongl_in a9 S PCIRGEISHI 0L €
gl ucocorticoid activity which is generally predictive of anti- 5

inflanmatory or anti-allergic activity in-vivo. The, . j

used was a nodification of the nmethod scribed by T.S ?hll &tﬁapﬂe%hkéﬁ , of
J. of Steroid Biochem Mdlec. Biol. 1992, 41 (3-8), 733-1” ﬂ[l!'l[“ﬂm
"Interaction of G ucocorticoid anal ogues with the Hunman i :
Receptor”™ 10 Thus, Hela cells were stably transfected with a detectable
reporter gene secreted pl.acental alkali Qsphat agse AP) under
the control dfta Aém@“ﬂﬁ%ﬁ?@ﬁ‘@@?@"?éﬁ@@%ﬁ?ﬂﬁd?gﬁh"%‘(a@bé'ﬁ'gﬁ t he
nmouse nmanrar the same or different and sach/dprésents hydrogan, fluosneonehdorineat i ons of

standard (dexanet hasone) or conpounds of the 15 invention were incubated

ith transfected Hela cells for. 72 hours. At.the end . of th
ncubat | on, - 38bst AGORGUIH ACPATINGARIERY 008 A ST 1 1 i Whieh Rl Big

t he product nrpathe sandyr differentandeach epedsents hyelrdgen or fluorine.ased
absorbance reflected increased sPAP transcription and concentration-

response |ines were constructed such that EC50-val ues coul d be esti nmated.
20 In-this t18st, Arormpaskeaceonding-te anyof claims 1 ¢ 1§ in-whigh Rgzand|B; 15 19,
22, 23 both fluorine.

17. A compound according to claim 1 in which R, is 8; R; is OC(=0)C,,
alkyl; R; is methyl; R, and R; are the same or different and each represents
hydrogen or fluorine; and == represents a single or a double bond.

18. A compound according to claim 17 in which R, is OC(=0) ethyl and R,
and R; are each fluorine.

19. A compound according to claim 1 in which R, is S; R; and R; together
represent

wherein R; and R, are the same or different and each represents hydrogen or
C,s alkyl; R, and Rs which can be the same or different each represents
hydrogen or fiuorine, and ™~ represents a single or a double bond.

20. A compound according to claim 16 in which Rg and R; are the same or
different and each represents hydrogen, methyl or n-propyl; and R, and Rs
_are each fluorine.

21.  17a-Butyryloxy-6c,9a-difluoro-11p-hydroxy-16a-methyl-3-oxo-
androsta-1,4-diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
17a-Acetyloxy-6a,9c-difiuoro-118-hydroxy-16a-methyi-3-oxo-androsta-1,4-
diene-17B-carbothioic acid S-{2-oxo-tetrahydro-furan-3-yl) ester;

AL




and 24 and the conpound of Exanple 9 had EC50- val ues of |ess than

400nM Hydrol ysis in Bl ood Al'l the isoner/conpounds of the
Exanpl es were unstable in human plasma 25 indicating that they are
expected to possess an advant ageous in vivo side effect profile.
Compounds of exanples 15, 16, 22 and 23 showed hal f-1lives qf Sss than

3h whil st al W9 #s in the remaining exanpl es showed hal GRS

| ess than 60 m n. 30 : WD 97/ 24365
PCT/ GB96/ 03140 46 In Vivo

(i) Anti-inflammatory Activity - Inhibitspn of rat ear oedema 5 The test
conpounds are dissolved in acetone and 40ul containing 5% croton oil is
applied to the inner surface of each of the ears of 60- 803 mal e rats.

Ani mal s are ku9d-Ehhoﬁo—Mﬂ+hydfoa&-dBBmaihﬂ+ﬁem@a1b-anm rostaxbdar d si ze

(0.5~ cm dl@#ﬁé wei ghed. Mean
wei ght of ear Rﬁﬁo,em seten x

hydracfufanes-
ul d f
i nhi bition of %Faﬂsﬂwﬁsﬁﬁfmar 1%‘? aé&‘ﬂl‘%ﬁ%"zom'gﬁy'&ylt C'Hﬁ%ﬁg'et reat ed
ears are cal cu,sidiehe-17p-carbothioic acid S (Geaxoetrahydro-furan-2-yl) ester;

“nhibition g, g9 Difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-
1,4-diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-4-yl) ester;
6o, 9a-Difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androsta-
1.4-diene-17p-carboxylic acid (2-oxo-tetrahydro-furan-3-yl) ester;
6, Sa-Difluoro-11p-hydroxy-1 6a-methyl-3-0x0-17a-propionyloxy-androsta-
1,4-diene-17p-carboxylic acid (2-oxo-tetrahydro-furan-5-yl} ester;
6a,Sa-Difluoro-118-hydroxy-16a,1 7a-isopropylidenedioxy-3-oxo-androsta-1,4-
diene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-5-yi} ester;
6a.,9c-Difluoro-11p-hydroxy-16a, 17a-isopropylidenedioxy-3-oxo-androst-4-
ene-17p-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
6a,9a-Difluoro-11p-hydroxy-1 6a, 17a-isopropylidenedioxy-3-oxo-androsta-
1.4-diene-17p-carboxylic acid N-(2-oxo-tetrahydro-furan-3-yl) amide;
6a,9a-Difluoro-11p-hydroxy-16a,17a-isopropylidenedioxy-3-oxo-androsta-1.4-
diene-17p-carboxylic acid (2-oxo-tetrahydro-furan-3-yl) ester, :
16a,17a-Butylidenedioxy-118-hydroxy-3-oxo-androsta-1,4-diene-178-
carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
16a, 17a-(R-Butylidenedioxy)-8c, Sa-difluoro-1 18-hydroxy-3-oxo-androsta-1,4-
diene-17p-carbothioic acid S-{2-oxo-tetrahydro-furan-3-yl) ester,
16a,17a-Butylidenedioxy-11p-hydroxy-3-oxo-androsta-1,4-diene-17p-
carboxylic acid (2-oxo-tetrahydro-furan-3-yl) ester;
16, 17a~(R-Butylidenedioxy)-6a,Su-difluoro-11p-hydroxy-3-oxo-androst-
4-ene-17p-carboxylic acid N-(2-oxo-tetrahydro-furan-3-yl) amide;
6a.,9a-Difiucro-11p-hydroxy-16a, 17a-isopropylidenedioxy-3-oxo-androsta-
1,4-diene-17p-carboxylic acid N-(2-oxo-tetrahydro-furan-4-yl) amide;
6a,9a-Difluoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyloxy-androst-4-
ene-17B-carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester; '
16a,17a-(R-Butylidenedioxy)-6a..9a-difluoro-118-hydroxy-3-oxo-androst-4-
ene-17B-carbothioic acid (5-oxo-tetrahydro-furan-2-yl) ester;
and solvates thereof. '

) 0 ARV



Exampl e 2 100fe 42 Exampl e 19
| somer A 100[err] 54 Exarrpl e 19 Isoner B

100[err]g eetHa Bt - 10[err] g
42 (ii) Syst e m] CTH*EﬁI SEEEN
rats MaIeCDrats e abP

i n adrenal ect om sed
Rct oni
anaest hesi a WG 9724868 dr i nki ng wat er was sUp TETI

ed under | sofl urane
ith CPCaHIGROPaM3IIE. Four

days later the animals receive a single intra-tracheal dose (under

| sof | urane anaest hesi a) of conpound suspended in saline (containing
0. 2% Tween-80, 0.2nl) at 10am Aftg{ 4h animals are sacrificed by
adm ni stration of Euthetal and bl ood sanpl es are taken by

i ntra-cardi ac puncture and coIIected i nto heparinised 20 tubes The
sanpl es are ogt I ighlsgpiiueRo-1Y 64 MRANYIENbRS-17er xy- the

plasma is colle d ,and. ass di o noa

Adr enocorticd® ’}‘ﬁ?ﬁe‘?éﬁg rg)é(%éﬁ' 10)G.&8 gga %@%}Yﬁ’é‘" ?%JW%’A Kit.
Intact and vedrddoivatesitheneofgr oups were included in each experinent in order
to account for di ur nal variation in ACTH and effects of vehicle.

oxpr essed as R oapu Diforg B ISR 60y e ipaReopARERSHORES PR, 1 1 on i n
ACTH to be caénd:bﬁhﬁd&diene-ﬂﬂ-carbothm acid 34(2eﬁ(o-tetrahydro-furan-3-yl) ester;

PCT/ GB96/ 0314
Conmpound Qnd solvates “HS“' % Reduction in ACTH Fl uoci nol one
acet oni de llerr]g 49

24. 16a,170-(R-Butylidenedioxy)-6a,9a-difluoro-11p-hydroxy-3-oxo-
androst-4-ene-1 7B~carbothioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
and solvates thereof. ' '

25. A compound of formula () as defined in any of claims 1 to 24 or a
‘physiologically acceptable so!vate thereof for use in veterinary or human
medicine.

26. Use of a compound of formula (1) as defined in any of claims 1t0 24 ora.
physiologically acceptable solvate thereof for the manufacture of a .
medicament for the treatment of inflammatory and/or aliergic conditions.

27. A pharmaceutical composition comprising a compound of formula () as’
defined in any of claims 1 to 24 or a physiologically acceptable solvate thereof
together, if desirable, in admixture with one or more physiologicaily
acceptable diluents or carriers.

28. A pharmaceutical aerosol formulation comprising a compound of
formula (1) as defined in any of claims 1 fo 24 or a physiologically acceptable
solvate thereof, and a fluorocarbon or hydrogen-containing chiorofiuoro
carbon as propellant, optionally in combination with a surfactant and or a
cosolvent. '

29. A combiantion comprising a compound.of formula (1) as defined in any
of claims 1 to 24 or a physiologically acceptable solvate thereof together with
another therapeutically active agent.

I
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Fl uoci nol one acet oni de/_éL_e_LtJ_g——— 84 Exanpl e 2

500[err]g Thi s result il lustrates the mninmal systemc
activity associated w —W@sghhaﬂeslﬁen o = atives.

Phar maceutical fornul ati fQTIF ﬁ%BﬁEé’ xanpl es of suitable
formul ati ons_of co ounémn ' 1 __Thej{term "active

i ngredi ent” WOY&4 represent a conpound of PCREGBISA4R i on
and can be, for exanple, the isoners (or a m xture t her eof ) of
Exanples 1, 12 or 19. 1. I nhal ation Cartridges 15

Active ingredient mcronized 1. 6% wW g5 Lact ose BP

98. 4% wW w. The active ingredient is mcronised in a conventional

manner to a fine particle 20 size range such as to permt inhalation of
substantial ly38l| Af dombimatidncacoording to iclaima 29 ihumdichupsaid another

admi ni st 1 at | Oergpédicallpattivetiiefitis (- LadierdrBtertidtinidtd grade |actose

in a high energy mxer.” The powder bl'end is fil into gelatin
capsul es on a suitabl e encapsul ati ng machi ne. The contents of the
cartridges ar @tadmAetheddar iheitra;haeﬁmﬁ@humahoranimlshbjeet WM:ER[ err]

25 inhaler. %ﬁag@rﬂéﬁwﬁﬁdﬂorélféﬁﬁ%ﬁ&ﬁ ,Jp g‘#ﬁ Q}"l. ters of

a blister or® stri entso

or, °1 rip are
admi ni st er ed G@lﬁ?@}’ humanaob@maa $ an gffe &sa'BP EFgQ"FP?

DI SKUS[ err] i fbminga (I) as defibéd i ety dfrtlaimis <t/ 24-0r arptbyﬁiblsyldsmaameptabb mar ks
of the G axo olvaté’ﬂel‘é‘d?ne group of conpanies]. 30 WO 97/ 24365
PCT/ GB96/ 0314F ‘ 48

32. A process for the preparation of a compound of formula () as defined
in claim 1, which comprises
A)  treating a compound of formula (ll)

o -

in which R,, R;, R, Rs and * ™ are as defined hereinbefore for compounds
of formula (1) and X represents OH or an activated derivative thereof, with a
compound of formuta (li)

0;-.:. o\
/i i am
7

and saits thereof,
in which Z represents OH, NH, or SH

B) for compounds of formula ()) wherein R, represents O or S,
treating a compound of formula (I) in which R,, R;, R, Rsand "™ are as
defined hereinbefore for compounds of formula (}) and X represents OH or

) O O WL



2. Aerosol Formul ation - {+)—Suspensi on
ng/ actuati om per can Act I ve ingredient mcronised 0. 25

40 ny 1, ThigS et hane 74.75 11.96 ¢
The active ingredient i ct I%T “*-n-:‘: gpen al um nium can and a
5 netering valve is t HE. - !“@BEEN Tetrafl uoroethane is

t hen ad 0 M4365he can under pressur et gh te val vecarebséinrac an
shaken to di sperse the drug. The resultanmt—safhal er contains 0.33% ww
active i ngredi ent. (ii) Solution

ng/ actuati on per can Actg ve i ngredient mcronised 0. 25
40 ny Et hanol (‘anhydrous) 7.5 1.2
g 1,1,1, 2-tetraf uoroet hane 67.25 10 76 g 10
Acti ve 'ngre@wahﬂerr ctrfespbndiAg 'sits, Witrea EBfipound F férfitid pp!lic

sol ution % active ingredient is netered into an op n umnlumcan
and a neteri valve is then crinped in place. 1,1,

1, 2-Tetrafl uoroethane is then added under pressure through the val ve.
The resultant |nhal er ce Pnss 0. 33%\N/W ag 815 ingredient and 10% w w
et hanol . : Crearnn;id_/ Vi) %\ W
Active |ngred|ent mcrona Li gbrd Paraffin :

40 :

in which Q represents a suitable leaving group (such as Cl, Br, OSO,A
wherein A is, for example CH,, CF3, p-CHyCgH,);

C) conversion of a compound of formula (I) to a different compound of
formula (I); or

D) deprotecting a protected derivative of a compound of formula (1),

if necessary or desurable followed by (i) solvate formation or (ii) preparatlon of
an individual isomer of a compound of formula ().

33. A compo_und of formula (I) substantially as herein described.

34. A compound comprising a compound of formula (I), the composition
substantially as herein described.

35. A process for the preparation of a compound of formula (1), the prdcess
substantially as herein described.

AL
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49 Cet ost | “al cohol REPLA‘?E%(?J b ET
ost earyl 7al coho T macr ogo

1+ ‘tsopropylnyristate REPLA@@ENT&W fene glycol

10 Benzoic acid 0.2 Sod um phosphat e

0. 05 Gitric acid/ monohydr at e : 29.JAN 1999 Purffied water

to 100 The m cronised active ingré¢dient is dispprked in a portion of

the water contai ning a portionh of [the cetomacrogol [L000. The |iquid

paraffin, cetostearyl al cohol andLi ' e are nelted

together, cooled to 50 to 60C and 5, added to.the remaining water

cont ai_actonet hderig

0 -GARBOXY, acG/?LRBOTHle AND VAMIDE) | and
sodi u@m%m/ma@ammmwem d (buffeting agents). The resul tant oil
phase 1's adde

to the active ingredient suspension with stirring unti |
cool. 10 Protection may be sought for any subject matter described

her ei iheThussent invpntid® cielaies nay nbesis adtiitfidramatdy andpantdpedgiaic! udi ng
i nter

|t er AL R of the SOURLRAAd Q0Rss BRATEPERE0M HSRSBRRLART T e
The present invention also relates to pharmaceutical formulations containing

the compounds and to therapeutic uses thereof, particularly for the treatment
of inflammatary and allergic conditions.

Glucacorticosteroids which have anti-inflammatory properties are known and
are widely used for the treatment of inflammatory disorders or diseases such
as asthma and rhinitis. However, glucocorticosteraids in general may suffer
from the disadvantage of causing unwanted systemic effects following
administration. WQ094/13690, WO34/14834, WO92/13873 and WOS2/13872
all disclose . glucacorticosteraids which are alleged to possess anti-
inflammatory activity coupled with reduced systemic potency.

EP-200.692 discloses anti-inflammatory _open _chain__ ester compounds
corresponding to the factones of the present invention

The present invention provides a novel group of compaounds which possess
useful anti-inflammatory activity whilst having little or no systemic activity.

Thus, the compounds of the present invention represent a safer alternative to
those known glucacarticaids which have paor side-effect profiles.

Thus, according to one aspect of the invention, there is provided a compound
of formula (1)

ol | Ry o

ana solvates thereof, in which

e



CLAIMS 1.
t her eof ,

A corrpdun_d of , formula (1) [err] P’*Bhé\@?&'\ﬁﬁl‘d} SHEET

_ in which RL represents O S or NH R2 individually represent's
oC(=0) Cl err]

be in either the [err] or [err]
toget her represent [err]
and each represents hydrogen or Cerr]

different and each represents hydrogen or

a single or a double bond. 2.
whi ch

whi ch

al kyl ;

R3 individually represents hydsf

- v 4 =) 9 p VA hi ch may
confi gurati on, _ Eﬂ‘@h@ %FEEEQ and R3
wherein R6 and Erethe same qr |different

al kyl ; 423¢§1guﬁ5§gq¢e t e same or
~hal ogep; "an I gpresents
A conpound agcebsgtng—tocrarmil-in

8 Nnks fyS. 3. A conpound @ccording to claim?2 in
B BRI
R; individually represents OC(=0)C, ; alky!;

R, individually represents hydrogen, methyi (which may be in either the o or B
configuration) or methylene; |

or R, and R, together represent

wherein Rg and R, are the same or different and each represents hydrogen or
C,5 alkyt;

R, and Rg are the same or different and each represents hydrogen or
halogen; and == represents a single or a double bond.

In the above definitions, the term “alkyl” as a group or part of a group means
a straight chain, or, where available, a branched chain alkyl moiety. For

example, it may represent a C,, atkyl function as represented by methyi,
ethyl, n-propyl, i-propyt, n-butyt and t-butyl.

The solvates may, for example, be hydrates.

References hereinafter to a compound according to the invention includes
both compounds of formula (1)

and solvates thereof,
pharmaceutically acceptable salvates.

particularty

1t will be appreciated that unless otherwise indicated the invention includes within
its scope all sterecisomers of the compounds of formula (I) and mixtures thereof.

-In particular the compounds of formuia (I) contain an asymmetric centre at the
paint of attachment of the lactone moiety. Thus, the invention includes within
ts scope both diasterecisomers at this asymmetric centre and mixtures
thereof,

Diastereoisomers and mixtures thereof at the asymmetrric centre formed when R,
and R, together represent
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| | REACECOREENTSHEET
51 4, A conpound according to any of cla HA W is
bonded*to the al pha carbon atom of the |actone ilety. 5. A ¢onpound
according to any of clains 1 to 4 in which R2 i

_ dijvi @aJUM 4Q%Pr ¢sgnt s
oC(=O0 derr] alkyl. 6. A conpound according tjo lclaim5 in whilch R2
represents OC(=O (C[err] alkyl. 7. A conpound jaccordi ng to clai

5 or
claim6 in which R2 represents 0OC4=0) ethyl. 8. A conpound accdrding to
any of claims 5to 7 in which R3is nethyl. 9. A conpound according to
any of clainms 1 to 4 in which R2 and R3 together represent [err]
\é\:[hereddnfiﬁor??endf e atozel h!&o%&:jm \Qﬂigsiisbf:ﬁrﬁltasfmﬁb Qmmmrﬁraﬂﬁ S hédrogen or

err. . +10... A conpound accordin oclaim9.in | C and R7 are
the sheBesy apiiiuc SaRRIC ARER, doilidife, BBk ohatRb RavRR Kyl | 11 A
conpocinmbnar cbsttuatve pulthanary Yisease), antarstifial lunghdiska®s, andl fiBfsH: e '
inflammatory bowel conditions such as ulcerative colitis and Crohn's disease;

and auto-immune diseases such as rheumatoid arthrtis.

Compounds of the invention may also have use in the treatment of
canjunctiva and conjunctivitis.

It will be appreciated by those skilled in the art that reference herein to

treatment extends to prophylaxis as well as the treatment of established
conditions. '

As mentioned above, compounds of formula (1) are useful in human or

veterinary medicine, in particular as anti-inflammatory and anti-allergic
~ agents.

There is thus pravided as a further aspect of the invention a compound of
formula (1) or a physiologically acceptable soivate thereof for use in human or

veterinary medicine, particularly in the treatment of patients with inflammatory
and/or allergic conditions.

According 1o another aspect of the invention, there is provided the use of a
compound of formuia (1) or physiologically acceptable solvate thereof for the

manufacture of a medicament for the treatment of patients with inflammatory
and/or allergic conditions.

The compounds according to the invention may be formulated for
administration in any convenient way, and the invention therefore also
' includes within its scope pharmaceutical compositions comprising 2



the same or different and each represents hydrogen

et hykz
12. A conpound according to any of clains 9 tg N\ cﬂﬁé@ﬁMﬁNLr@HEET
both nethyl. 13. A conpound according to any REPIQA@EME '
R6 and R7 are different and each represents hyfrpge R
52 14. A conpound according to any of claj ngs >é{#o 13 in |ch R4 and
R5 are the sanme or different and each represe 'AQNFW%TI offi ne or
chl ori ne. 15. A conpound accordithg to any
R4 and R5 are the sane or different and each epresents hydroge or
fluori ne. conmpound accor di pg of CTa Lh which
R4and ?e%”}?&/%tﬁ ﬁ%ﬁ‘ %@Y‘aﬂm @?Cﬂowsclafﬁg%ra%’ GREed AUt the BresemEe i n whi ch
R1 |dsff6f aRg?Wenﬁrém@)b&@r pblar Sditemnt; dﬁ&etﬁné@tdt}ﬂldltxdﬂ% Fp¢l egé‘f?@ the sane
or di ent.  an rese en_or onne;_.an
repr esgﬁ el & ﬂ'ﬁ @E qb’ B'bﬁggmpe ti’ée of RetyreR dbou 5@cGrt6| ng to
cl ai m 190F@. wSuitabie? plodar@(alvé))\tsetr’msyl irefutieRécetoned d?ﬁwem\&fomghuaé uori ne.
19 AdRERRK A tinG8E dhittethisGlciolat, HRnMbHEeRInd 3¢ aﬁloro and R3 toget her

Similarly, compounds of formuia (1) wherein R, represents S can be prepared

according to the above process (B) by alkylation of a compound of formula (l1)

wherein X represents SH with a compound of formuia (V1) wherein @

represents a suitable leaving group by adaptation of the methods described

by Phillipps et al, Journal of Medicinal Chemistry, 1994, 37, 3717-3729.

Thus, a compound of formula (I) wherein R, represents S may be prepared

by alkylation of the carresponding compound of formula (1) wherein X

represents SH conveniently in the form of an appropriate salt (such as alkali

metal e.g. sodium or quartemaryammonium salt) with a compound of formula

(V1) wherein Z represents a suitable leaving group as described hereinabove
for similar alkylation reactions.

Altemativety, compounds of formuia (I) wherein R, represents O or S may be
prepared according to the above process (B) by alkylation of a compound of

~ formuta (If) wherein X represents OH or SH with a compound of formula (V1)
wherein Q represents OH under Mitsunobu conditions using
triphenyiphosphine and a dialkyl azodicarboxylate, or by using Vilsmeier
methodology as described by Barrett and Procopiou in the Journal of the
‘Chemical Saciety, Chemical Communications, 1995, 1403-1404.

A compound of formula (I) wherein R, represents S and is bonded to the beta
carbon atom of the lactone group may also be prepared by reacting the
corresponding compound of formuia (Il) wherein X represents SH with a
compound of formula (VIl). For example, by Michael addition of the
compound of formula (I1) with the compound of formula (Vil) in the presence

of a base such as potassium carbonate and in a suitable solvent such as
dimethyiforamide.

Compounds of formula (1) may also be prepared from other compounds of formula (1)
thereof conventional interconversion procedures selected from.

-



represent [err] - wher ei n R6.and R? a're t he saneR&PhAGEMENIrﬁHEET

each represents hydr dgen or Clerr] alkyl; R R be the
sane or” different each represents hydr ogen d ﬁ? A ENne]FSHEEEerr]
represents a single or a double bond. 20. JAlconpound accofding to
claim16 in which R6 and R7 are the same or - {diff f goenyN g% eqach
represents hydrogen, nethyl or n-propyl; and R4land R5 are eath
fluorine. 21. A conpound accogglng to cliaim I.—serected f fom
17[err]-Butyryloxy-6[err],9[err]-

di fl uoro-11[err]-hydroxy- 16[ err]-met hyl - 3-oxo- androsta- 1, 4-di ene-17[err]-ca
r bont hi oi a5 S-(2-oxo-tetrahydro-furan-3-yl) ester;
17[err]-Acteyloxy-6[err],9[err]-difluoro-11[err]-hydroxy-

16[ err] - met hyl - 3- oxo- andr ost a- 1, 4-di ene- 17[ err] -carbont hioic acid

S- (2- oxo- tet r aky dompound offémﬁma(g yl) ester; WO 97/ 24365
PCT/ GB96/ 03140 53

9l err]-Fluoro-11[err]-hydroxy-16[err] - net hyI -3-0x0-17[ err] - propi onyl oxy-and
rosta-1,4- diene-17[err]-carbothioic aci d S-(2-oxotetahydro-furan-3-yl)
ester, o

6[err] 9ferr]-Difluoro-11[err]-hydroxy- 1&@” - et hyl - 3- oxo-17[ err] - propion
yl oxy- andr ost a- 1, 4-di ene-17[err]-car bot}xﬁo.l. aci d _

S- (5- oxo-tetrahydro-furan-2-yl) est@K

6[err],9[err]-Difluoro-11[err]- hydrox;clé[err] met hyl - 3- oxo-17[err] - prop| on

yl oxy- androsta- 1,4-diene-17[err]-cay 0t hi oc acid
S- (2- oxo-t et rahydr o- f ur an- 4} R
6[err],9[err]-Difluoro-11[errgd,hydrgxy 16[RTr] n‘ﬁthyl 3- oxo- 17[err] pr opi on
yl oxy-androsta- 1, 4-di eny%ﬁpjlq/eaf—be&yl ic acid

(2- oxo-tetrahydro- furan 3—y|) egter

s 4
OAA/

Ry

and solvates thereof, in which

R, represents O, S or NH;

R, individually represents OC(=0)C, alkyl;

R, individually represents hydrogen, methyl, which may be in either the o or 8
configuration, or methylene;

or R, and R, together represent

wherein Rg and R; are the same or different and each represents hydrogen or
C, ¢ alkyt;
R, and Ry are the same or different and each represents hydrogen or
halogen; and

~ represents a single or a double bond.

2. A compound according to claim 1 in which R, represents O or S.

3. A compound according to claim 2 in which R, represents S.

R O




6[err] 9[err]-Difluoro-11[err]-hydroxy-16[err]-methyl - P%Q’EM%N%&F‘E—ET

yl oxy- androsta- 1, 4-di ene-17[err]-carboxylic acid
(2-bxo-tetrahydro-furan-5-yl) ester;
6[err],9{err]-D'fIuoro-ll[err]-hydroxy-16[err],‘ Evﬁ%ﬂ?&ﬂﬁE@vnedioxy-B
-oxo-androsta-1,4- diene-17[err]-carbothioic ag¢i
S-(2-oxo-tetrahydro-furan-5-yl) ester; 29JU
6[err],9[err]-Difluoro- 11[err¥,hydroxy 16[err], L7 err]-lsop
3- oxo- androst 4- ene-17[err]-Tarbothioic acid
S- (2- oxo-tetrahydro-furan-3-yl) ester;
6[err],9[err]-D‘fIuoro-ll[err]-hydroxy-16[err],17[err]-isoprocv
3-oxo-androsta- 1,4-diene-17[err]-carboxylic acid
Nwo%mmmMMmem%wmmmammmMMRamPme

O il 8 EhPLAL 40 1t L BRI bide, B LAldbal 0P opY! Fdeneoxy-

r%pylldenedloxy-

{f denedi oxy-

I ene-

(2- oxo-terahydro-furan-3-yl) ester;

16 ta-1, 4-di -17
Lohsr ) WBERCALAIETBY R 4o s iR e g gt o 1 o ene
16[3é¢ the sanerar]difereptiagd eaeheapmgmtsau\@mge@péﬂuqmmﬂ uoro-11[err]- hydroxy-

3- oxo-androsta-1, 4- di ene-17[err]-carbothioic acid

S-(2-0xostetra

16[£§r] A é"???‘}/r\'g{rgfé#gﬁﬁe% >3) Rpflerr 1htod1r505€l W 'ccr)‘xgig?\%rRésqoathl 4- di ene- 17[
err uonne carboxylic acid (2-oxo- tetrahydro furan 3-yl) ester,
16[err],17[err]-(R Butylidenedi oxy)-6[err],9[err]-difluoro- 11[err]-hydroxy-
3- oxo- androst- 4-ene-17[err]-carboxylic acid

N(Zﬁoxo;r esdnabyed Qrcf:!df %o Maimani@eavnich R, is S; R, is OC(=0)C,

6[e err]-Difl yoro- err dr ox err] 17£err I SO ropyl i denedi oxy-
n » Ssingthvh a&'dd ‘e %“ﬁ[ é?‘F‘F a%%% Gdnd,gaq ]fepres s

N ( %m@eémtf Aliyrthen andr arm= 4reppkdseid desingle or a double bond.
6[err],9[err]-Difluoro-11[err]-hydroxy-16[err]-mnethyl-3-oxo-17[err]- propr on
yl oxy- andr ost - 4- ene-17[err]-carbothioic acid

S- ( 218x0- Actarsdnyuhdoadasrding3e)didime $T @ which R, is OC(=Q) ethyl and R,

16[ eraFrl! qurgréelfh(dﬁoﬁﬂgyl i denedi oxy)-6[err], 9[ err]-difluoro-11[err]-hydroxy-

- ox0- andr ne-17[ err]-carbot hioi-c acid

(5 oxo-tetrahydro-furan-2-yl) ester; and sol vates thereof.
co ' h¥ i { RIST R9ENd R, tagether

G[er»ﬁg e ogﬁggcg@rﬁ?%gor ]Er';ﬁhmﬂwﬁ&h% fROENd R, tog

[ err
hydr ORPrESSNer r] met hyl - 3- oxo- 17[ err] - propi onyl oxy- andr ost a- 1, 4-di ene- 17[ err
]-carbonthioic acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
A

c
I, \
. o) RT

wherein Rg and R; are the same or different and each represents hydrogen or
C.5 akyl: R, and R, which can be the same or different each represents
hydragen or flucrne, and T represents a single ar a double bond.

20. A comgound according ta claim 16 in which R4 and Ry are the same or
different and each represents hydrogen, methyl or n-propyl;-and R, and Rg °
are each fluarine. |

21. A compou ing to claim | from 17a-Butyryloxy-6a,9a-
difluoro-11p-hydroxy-16a-methyl-3-oxc-androsta-1,4-diene-17B-carbonthioic acid
S-(2-oxo-tetrahydro-furan-3-yl) ester; 17a-Acteyloxy-6a,9x-difluoro-11B-hydroxy-
16a-methyl-3-oxo-androsta-1,4-diene-17B-carbonthioic acid S-(2-oxo-tetrahydro-
furan-3-vl) ester:



23. A conpound according to claiml,

I d f (o = -
6[err],9[err]-Difl uor o- 11[err] > ecte o A Pl ACFMENT SHEET

hyr oxy-16[err], 17[err]-|sopropyl|dened|oxy 3-0
- car bont hi oi c aci d S- (2- oxo-tetrahydro-furan-3

t her eof . 24. A conpound according to claim| 1
16[err],17[err]-(R— Butylidenedioxy)-6[err]

ta-1, 4-diene-17[err]

BLAGRMT T vat es

aC|d S—(2 0XO0- tetrahydro f ur an- 3- yI) ester; apd es thergof. 25. A
compound of formula (1) as definéd in any of [

physi ol ogi cal |y acceptabl e solvate thereof for -
medi ci ne.

T rinarfy or human
26. Use of a corrpound of forrrul a (I) as defined Tn any of

glege eff- for the
manuf ayamuweh methymcbmambré;ﬂbnwb@-bﬁee%@mu-aénenvbada?eéﬁhw@“d/ or
al | er gt SPPHxbitefah dro_fa?an_3§| Lpeceutical conposition conprising a
conmpound of formul a% ned in any of claims 1 to 24 or a
physi ol ogi cal | y accept abI e sol vat e t hereof together, if desirable, in
adm xégre \24 th one or nor e, physi ol ogi cal | y accept abI e diluents or
carri pund \aceording g 1a8elgstad frommboadeddifleempiiki ng a
| corrpo@bedefma 17ﬂd$¢mrpayl(depedpw& pn@@ndroetw Adierieal 7-carbanthidicor a
physi @cisySdataxp-tetrabpdrmbiucan-3-yls estertand suivates thenedf.a f | uor ocar bon or

hydr ogen- cont ai ni ng chl orof | uoro carbon as propellant, optlonally in
conbi nation with a surfactant and or

a cosol vent . A
combi an i 00\ C 88RooBhAY didf

e REHY
cI a| ITEB&.t o a ‘{, oget her
cargonglﬁlmc Ec)lid ~( -og%oftetra

ro-furan-3-y ester and solvates thereof
25.

A compound of farmula () as defined in any of claims 1 to 24 or a

physiolegically acceptab!e solvate thereof for use in veterinary or human
medicine.

26. Use of a compound of formula (1) as defined in any of claims 1 to 24 or a
ph\}sio\ogically acceptable saivate thereof for the manufacture of a
medicament for the treatment of inflammatory and/or allergic conditions.

27. A phamaceutical ccmpo'sitic'n comprising a compound of formula (1) as

defined in any of claims 1 to 24 or a physiologically acceptable solvate thereof

logether, if desirable, in admixture with one or mare physiologically
acceptable diluents or carmiers.

28. A pharmaceutical zerosol formulation comorsing a compound of
farmula (1) as defined in any of claims 1 to 24 or a physiolagically acceptaole

solvate thereof, and a fluorocarbon or hydrogen-cantaining chiarofiuora

cardon as propellant, cptionally in combination with a surfactant and cr a
casaolvent.

23. A combiantion ccmpdeing a compound of formula (1) as defined in any
ot claims 1 to 24 or a physiclagically acceptable solvate thereaf together with
another therapeutically active agent.



55 30. A conbinaticn according to claim 29 RE%A%EMlECIi\ITaSn‘thhE?

t herapeuti-cal I'y active-:agent is a B2-adren : 31. A
process for the preparation of a conpound PLAGHD ISHEFQ‘ defined in
elaiml1, which conprises A) treating a co af(ll) [err]
in which R2, R3, R4, R5 and : [err] are ef?ofﬁﬁ Qﬁf bdfore for
* conpounds of fornmula (1) and X represent Vatled derivative
thereof, with a conpound of formula (111} Yert and salts
t her eof in which Z represe¥ts OH, NH2| or SH:

30. A combinaten accarding ta clam 29 in which said another
therapeutically active agent is a §,-adrenoraceptor agonist.

31. A process for the preparation of a compound of formula (1) as defined in claim
1, which comprises
A) raaung a compound of formuia (1)

COX

| = m

in which R;, Ry, R, Rg and ™™ are as defined hereinbefare far campounds
of farmula (1) and X represents OH ar an activated derivative thereat, with a
compound of formuia (l1l)

and salts thereof,
in wiich Z regresents OH, NH, ar SH;

B)  for compounds of formuia (1) wherein R, represents O or S,
treating a compaund of farmuta (1) in which R,, R, Ry Rg and
defined hereinbefare for campaunds af formuta (1) and X represents OR ar

are as



8) for conpounds of forrmula (I) wherein Rl representsaﬁbMCEMFNL§HEg£T

a conpound of fornmula (II') in which R2, R3, R4, are as

defi ned herei nbefore for conpounds of formul a REPbAﬂE p'P s OH or
56 SH or their corresponding salts, with a co ForRUd (V1) or
formula (M) [err] I n which Qrepresents a sm&%e | eav gr oup
(such as d, Br, OSQ2A wherein Ais for exanpl CH3d5H4); O
conversion .of a conpound of formula (1) to a df f¥e+ent rormou d fof formula

(1) by transacetalisation, epimsgsi sation or esferifi cati on,
deprotecting a protected der| vative of a conpound of—form o
- necessary or desirable each of the above process A, B, Cand D be| ng

f ol | YW B carissosotivay satnrwitt aotoapathd Jofiteehaki (‘W) of i@, pdi vi dual
|son(e/r“)of a conmpound of forrmula (I).

or

Q
Q. o}
N W) °~N

i / v
a A \ =/

n which Q represents a suitable leaving group (such as CI 8, 0SC-A
wherein A is, for example CH,, CF,, p-CH,CgH.);

C)  conversion of a compound of formula (1) to a different compound of formula

(l)huraﬂsacsiauaamn&mmensaimmmsieﬂﬁgatm or

0) deprotecting a protected derivative of a compound of formula (),

if necessary or desirable each of the ' ing followed by

(i) solvate formation or (ii) isolation of an individual isomer of a compound of formula (1).
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