-1 - 2247680 PREGNA- 1, 4- DI ENE- 3, 20- DI ONE- 16- 17- ACETAL- 21
ESTERS 5 The present invention has as its object to present
har macol ogi cal | y active conpounds and a process for the obtainnent of said
onpounds and their internedi ates. The i nvention al so descri bes
bhar maceuti cal conpositions contdining the said compounds 10 and
their use in the treatment of inflamuatory conditions. 8o
{he invention is to provide-in addition ed~tain glucocorticoids which have
a conbination of high anti-inflagmatory activity at the application 15
gite and a | ow system c glucocorticoid activity. Since Kendall and
Rei chaten di scovered the_efficacy of cortisone in the treatment of
rheumatoid arthritis (REENAzdr AZBIENEmM3y REO-RIPVE-36T &) ACEIALoT2)s BEERRDeen
multiplied to determ ne the basic structure 20 responsipre ror tne.
gl ucocorticoid effect and, |ikew se, its netabolismand nechani sm of
action. Since that tine there have been nunerous different synthetic
gaterials whi ch inprove on the activity potential of the first product -
| dentifiged. 25 : I ny | C t C ' t I ds
has resulted in their isol'rgﬁ og%[glgaé{r:iti l‘f\géa??.{oénx? g‘%§ g%/sﬁt Eggi g:?ﬁjér(ﬁg il
mani pul ati on of PYRERPtHRBAEMCOJOGHCRd a2 GlciMe axpoaindSi@ngdg R PEPCESS

synthetic anal ogsr i Rnehi cObthghReRRS RAEN 38iQNJUMPARRIL 484 Oepatier 30

efficacy and inggrmehqggggﬁe 'n Thghe idugﬂé¥§%1|9also describes

pharmaceutical compositions containing the said compounds

10 and their wuse in the treatment of inflammatory
conditions. '

The purpose of the invention is to provide in
addition certain glucocorticoids which have a combination
of high anti-inflammatory activity at the application

15 site and a low systemic glucocorticoid activity.

Since Kendall and Reichaten discovered the
efficacy of cortisone in the treatment of rheumatoid
arthritis (which earned them the Nobel prize), efforts
have been multiplied to determine the basic structure

20 responsible for the glucocorticoid effect and, likewise,

its metabolism and mechanism of action. Since that time

there have been numerous different synthetic materials
which improve on the activity potential of the first
product identified.

25 : The clinical efficacy of the corticosteroids
has resulted in their isolation, identification, and
synthesis. The manipulation of their basic structures
has permitted a wide variety of synthetic analogs, in
which there has been an ongoing search for greater

30 efficacy and an increase in the therapeﬁtic
effect/adverse systemic reaction ratio.

The toxicity effects have not been diminished,
and it is important in this regard to point out that the
corticosteroids are products with a clear pharmacologic



_eff‘ect/adverse system c reaction ratio. The toxicity effects have not been
“dimnished, and it is inportant in this regard to point out that the
corticosteroids are products with a clear pharmacol ogic -2- effect, but
wi-th a strong power of accumnulation in various tissues, which nmay pass
uanoticed until the abrupt occurrence of a catastrophe. In all the products
studi ed, the therapeutic 5 effects and the effects on the protein and
car bohydrate netabolism have . appeared .concurrently, giving the

i mpression that the effects sought and the adverse reactions are

medi ated by the sane type of receptors, and that t hese receptors are
I dentical.- for all 10 corticosteroids. Changes in nolecul ar
structure may cause variations in biologRc activity of the corticosteroids,
as a consequence of changes in absorption, protein binding, netabolism
excretion, bioavaila iIit{P and 15 intrinsic activity in the

bi ophase. Theeff@fbdudMbonvilthi R SPcong BAder ff CO?YFBBEXEFSPBS idr the
treat ment of f@ﬁ-MWsd c;ﬁms\iéﬁ £cdwhighl asipnq:atdlalt ugﬁ&tﬁ‘dﬂdﬁhﬁﬂe\md bxfxetz Be
appear ance of_side e ed to the sue o
cortlcoster0|%gr¥8;|%ﬁﬁyﬁfﬁ8ﬁe anEecPFaR&g°PW5Ught t hat

In all the products studied, the therapeutic

5 effects and the effects on the protein and catbohydrate
metabolism have appeared concurrently, giving the
impression. that the effects sought and the adverse

U reactions are mediated by the same type of receptors, and
that these receptors are identical for all
10 corticosteroids. '

Changes in molecular structure may. cause
variations in biologic activity of the corticosteroids,
as a consequence of changes in absorption, protein
binding, metabolism, excretion, biocavailability, and

15 intrinsic activity:in the biophase.

The introduction in the 50's of systemic
corticosteroids for the treatment of asthma constituted
a milestone that was overshadowed by the appearance of
side effects. This fact 1led ¢to the sue of

20 corticosteroids by inhalation, since it was thought that

</ © by reducing the guantity of drug necessary to control the
symptoms, it would in turn be possible to reduce the side

effects. The first corticosteroid preparations deveioped

. in aerosol form were accompanied by varying efficacy and

- 25 systemic side effects. ' | '

The appearance of high-activity derlvatxves
permitted the preparation of topical formulations, with
a high relative activity, combined with a low systemic
action. There are two reasons for this behavior: 1)

30 although the products can be absorbed topically, they are
' rapidly metabolized to less active forms; 2) the. doses
recommended are those which do not produce a systemic



by reducing the quantity of drug necessary to control the synptons, it
woutd in turn be possible to reduce the side effects. The first
corticosteroid preparations devel oped in aerosol formwere acconpani ed by
varying efficacy and 25 system c side effects. The appearance of
‘hi gh-activity derivatives permtted the preparation of topical
formulations, with a high relative activity, conbined with a | ow system c
action. There are two reasons for this behavior: 1) 30 al t hough t he
products can be absorbed topically, they are rapidly nmetabolized to |ess
active forns; 2) the doses recommended are those which do not produce a
system c -3- effect, not suppressing the hypothal anp-pituitary-adrenal
axis within the therapeutic range used:*~The corticosteroi ds used in aerosol
formthat have shown a highly positive effect are: becl onmethasone 5

di propi onat asone . val erate, udesoq:de, quniéoIid? and

r Dol ol ReLeEEs SUEIBUBRRPESHAY bas NP AlARArAL I T4X Y SparaneL: no
| ocal fromadskis systkihctihéf eherapautiondmie used.nvestigation of a series
o St costeroL® 96T i BUEE 1 e grn L Wilod P Bk ERbET,
have shown a highly positive effect are: beclomethasone
5 dipropionate, betamethasone valerate, budesonide,
flunisolide, and triamcinolone acetonide.

This philosophy of attempting to separate the
local from the systemic effects has prompted the ~
investigation of a series of corticosteroid derivatives

10 with a distinct topical action and little or no systemic
effect.

The goals of this series are decisively
affected by the following factors: )

a) High concentration in biophase (pulmonary or
15 cutaneous superficial receptors)

b) Little topical absorption

c) Little gastrointestinal absorption

d) High sensitivity to hepatic oxidases and other

inhibitory enzymes

20 e) Short half-life

£) Low intrinsic or systemic activity

It has been the purpose of this invention to
approximate as closely as possible that drug in which all
of the preceding factors merge together to produce the

25 ideal topical corticosteroid, in the Xxnowledge that
despite its drawbacks, this therapeutic agent continues
to have a great future ahead of it.

A plan has been devised to find certain
corticosteroid derivatives which combine intense topical

30 pharmacologic activity with no or minimal systemic
effects.



~aff’ected by the followi ng factors: a) Hi gh concentration in biophase

" (pul nonary or 15 cut aneous superficial receptors) b)

Little topical absorption c) Littl e gastrointestinal absorption d) Hi gh
sensitivity to hepatic oxidases and other inhibitory enzymes 20

e}/ Short half-life f) Low intrinsic or systemc activity It has been
the purpose of this invention to approximate as cl osely as possible that
drug in which all of the preceding factors nerge together to produce the 25
i deal topical «corticosteroid, in the know edge that despite its
drawbacks, this therapeutic agent continues to have a great future ahead of
it. A plan has been devised to find certain corticosteroid derivatives

whi ch conbi ne intense topical 30 phar macol ogic activity wth no or
~mnimal systemc effects. -4 - In the synt hesi s of 16, 17-acetal s

o cor L goster de o, meiu” Endl HufERRels, 00be hedel IrLaEAAYS W e e
epi ners t akesopticosteroids: m omgixtareinefchepimensr aksy oitaingd in
preparative FPi&tion with the formation of a new asymmetric center at
C-22. The separation of the two epimers takes place
S through column chromatography (LC) or preparative HPLC
techniques, which makes it difficult to aﬁply
industrially due to the limited quantities of product
that can be treated in each unit process. In the process
presented here, one of the epixﬁers (228)~- (the most
10 active epimer) is obtained through the hydrolysis-
ketalization process from esters formed on the C-16, C-
17, and C-21 hydroxyls, wherein the ester at C-21 does
not undergo hydrolysis. = According to the catalyst
selected it is possible to choose between obtainment of
15 the mixture of epimers (22R,S)~- or the selective
obtainment of the (22S)- epimer. No process of this type
has been described. European Patent Application No. 0
l64 636 offers a process of transketalization from
acetonides by conversion of these acetonides into acetals
20 in the presence of aldehydes and hydrofluoric or
" hydrochloric acid in aqueous medium. Basically,
hydrofluoric acid is used at temperatures generally
ranging between 0 and =-30°C, obtaining epimers of the
acetals formed. No further references which describe
25 selectivity toward one epimer or the other have  been

found. _

The process that is the object of the invention
offers (the possibility of] obtaining the (22S)- epimer
or (22R,S)~- mixtures of acetals from triesters previously
30 selected while maintaining the desired radical at c-21,
with these esters being easy to obtain. The process is
performed at room temperature, using solutions of dry HCl



t echni ques, whi ch makes it difficult to apply industrially due to
the limted quantities of product that can be treated in each unit process.
In the process presented here, one of the epinmers (22S)- (the nost 10
active epinmer) 1is obtained through the hydrolysis- ketalization
. process fromesters formed on the G 16, G 17, and C 21 hydroxyls, wherein
the ester at G 21 does not undergo hydrol ysis. According to the
catal yst selected it is possible to choose between obtai nment of 15
the mxture of epiners (22R S)- or the selective obtainment of the
(22S)- epimer. No process of this type has been described. European Patent
Application No. O 164 636 offers a prcess of transketalization from
acet oni des by conversion of these acefonides into acetals 20 in the
presence of aldehydes and hydrofluoric or hydrochloric agid in
aqueous ' BRhyarous PIRGSALLY sdWAI4 V0T | GpEE i finkRe! S| Bhel HC! 21 TS
general ly rqng|n§ et ween an -ﬁewr , obtaining epr ners of e acetal s
formed. |epimen hds rkandiededYhPrRPATaSAVIee HBLC chranatagxaphy t owar d
one epi nerfstQrtiify A ieh BR¥C(PERNsH QURdxellie process that is the object of
the invention offers (the possibiljty of] obtaining the (22S)-, epiner or
(22R S)- nixtures ofTBRetBFeri¢ohindranees gfcthds|§c radical ect ed
whigl e mai rRirddicddcaf@si spsbifik Cahtalystll mikés digrdcRiiteréhdei ng easy
to obtain._ The éo,roces i.s perforned.at roomte eraguie, usTg so& utions of
dry HCl formation of the (22R)~ eplimer. If t catalyst selecte
is extremely active, mixtures of those isomers are
obtained. This hinderance characteristic is accompanied N~
by an increase in reaction time, but does not cause a
10 deterioration in formation of the final product by
hydrolysis, secondary reactions, etc., under the
conditions according to which the process takes place.
The process does not use highly corrosive or
dangerous reagents, as is the case with hydrogen
15 fluoride, nor extreme temperatures (below zero), features
that are more useful for production at the industrial
level.
The compounds according to the invention are

characterized by the formula:

(D)




. n anhydrous organic sol vents. Obt ai nment of the R epiner is handl ed by
preparative HPLC chromat ography starting with the (22R S)- m xture. The
steric hindrance of the acyl radical 5 i ntroduced and specific

catal yst, mekes difficult the formation of the (22Rl - epiner. |f-the

caval yst selected is extrenely active, nixtures of those isoners are
obt ai ned. This hinderance characteristic i-s acconpani ed by an increase in
reaction time, but does not cause a 10 deterioration in formation of
the final product by hydrolysis, secondary reactions, etc., under

| the conditions according to which the process takes place. The process does
.~ not use highly corrosive or dangerous redgents, as is the case with

. hydrogen 15 fluoride, nor extrene tenperatures (bel ow zero), features
that are-nore useful for production at the industrial |evel. The conpounds
- according to the invention are characterized by the formula: [err] [err]

. represents the followi ng radi gapgeskard] ther th11ewifse ¥auide £ adi cal s and
for the formul a

-Cir-CCh-cty . ca-ct .-fﬂ-cxrcr..<<:::>>.,<C::j>-
I~/ cx, .

\/
{and] R, represents the radicals
- C'o‘ ca . - C'o" ? -C=,
cH,

and for the formula

(11)




—Terr] repr'e_éneﬂnts the radicals: [err] [err] represents the radicals: [err]
[err] [err] Each one of these conpounds can exist in two diasteroisoneric

forms which, according to the general fornulas (I) and (I11), will be
synbol i zed as foll ows In the diasteroisomers (111), (I1V), (V) an¥
(VI), the different configuration corresponds to C-22 (asymretric carbon).
These di asteroi soners are naned as S and R epiners. 5 The

conmpounds of this invention are prepared by hydrol ysis-ketalization--with
a suitable adequate catal yst which will be indicated in the
correspondi ng cases--fromthe conpounds triesterified at G 16, C 17, and
C- 21, whose structure is indicat eq7QeI ow. in which R corresponds to an
acetyl or isobutanoyl radical.

R, represents the radicals: .

-CH;-CHZ-Cﬂz‘Cﬂg ’ -CH 'CH;‘CH; ¢ Y
CH,

R, represents the radicals:

o} 0
/
-({/ -CH; ,-C -c‘:ﬁ -CH,

CH,

‘Each one of these compounds can exist in two diasteroisomeric
forms which, according to the general formulas (I) and (II),
will be symbolized as follows

HO 3 (111)
___ o _H
N¢ (Epimer S)
)/\*/——- 0/ R




_The'internedi ate conpunds of formula (V1) and (Mll)are prepared from
their correspondi ng hydr oxyl at ed derivatives by acyl ation of the
appropriate anhydride in -10 - basic nmedium These derivatives
correspond to those with esterified hydroxyls on the carbons C 16, C 17,
and G- 21. The hydroxyl on carbon 11 is not esterified under the conditions
wher eby acyl ation takes place; only with 5 certain anhydrides are
smal |l quantities on the order of 1% produced, which are treated as
inmpurities and as such are elimnated during purification. |If the quantity
of anhydride present in the reaction is controlled, the ester formed on the
hydroxyl of G 11 is produced in trace-89 anounts. Thus, the nunber
of noles of the correspondi ng anhydri de shoul d not exceed 25 tines the
nunber of noles of corticosteroid, so that acylation does not take place on
the C- 11 hydroxyl or is as restricted af Qeﬁgible as has been indicated
previ ously. The tenperature of the 1p 2 réaction is another inportant
factor, and the |den# condlthn§ forcagyl ation of the C 21, C 16, and

C 17 hydroxyls are te thg 15-[err] range. Above this
temperature, a |arger prgagrngﬁ“Uf—t3%+agsyla?éﬁ_product may K&Vobt ai ned.
20 TheC gaction ftine ~hou6d/ﬂhk exceed four (BgYyLR, angy the
proper time for Q g -

(v)
(Epimer S)

(VI)
(Epimer R)




corticosteroids and anhydrides used is from1.5 to 2 hours. Pyridine,

di oxane,» or DVSO are preferable as 25 sol vents over other possible
products to obtain a greater solubility and, in particular, pyridine is
t he nost appropriate because of its intrinsic basic character. Once
acidified and extracted with organic solvents immscible with water, the =
reaction mxture is concentrated, washed, and recrystallized to obtain

t he correspondi ng conpound, acyl ated og the G- 16, C 17, and C 21 hydroxyls.
Purification by t he washing “?Tand 5 recrystallization nethod
used gives a purity greater than 95% which is useful for application as an
I nt ermedi ate product i? thﬁ process fqr formatjon gf Ehe aczgsl accordi ng
to the procedure that 12 Fhe gippateredsomessivehiidn. (IVIThiVdoapsunds
represented (VIby the dorfetafit(tpnfaguirlaltilon détdedfond¥+¥h, clbbl) and
(V) are obtqined Qti drolggis of éhe esters at C-16 and C-17 with

hydr ochl ori ¢ 2o ar 5361 ¢% onj.; fhess ddds 44K Qb= PRErZ W %s a vehicle for

t he named as S and R epimers.

S The compounds of this invention are prepared by
hydrolysis-ketalization--with a suitable adequate
catalyst which will be indicated in the corresponding
cases--from the compounds triesterified at C-16, C-17,
and C-21, whose structure is indicated below:

~
CH2 -0R
HO Cl'l3 Cc=0
~d | OR
(vIiIi)
F

° CH.O-R

CH Cc=0 "’

HO 3 oR _
\1//ﬁ\\J (VIII)
3 \/\\/ o8 )
|4\1/

in which R corresponds to an acetyl or isobutanoyl radical.

The intermediate comp'unds of formula (VII) and (VIIl)are
prepared fronm their corresponding hydroxylated

derivatives by acylation of the appropriate anhydride in



reaction in anhydrous nediumand with a specific catalyst to direct the
ketalization reaction toward the S epiner or mxture of the R and S epiners

in the presence of the correspondi ng al dehyde. Typi cal ly, the sol vent
contains 10 to 15 wt % HC1. 10 The sol vents generally used
are: di oxane, nethylene chloride, and chloroform all anhydrous. However,

dioxane is the nost widely used for this type of reaction. The sel ection of
the solvent has a bearing on the proportion of epiners in the m xture, as

m | der 15 catal ysts direct the reaction toward the production of a
single epinmer, while nore active catalysts provide a m xture of isoners
that approximates the ratio of 1/1. [q sel ection of the solvent may
slightly alter this proportion. ccording to t he epi ner ratio
20 characteristics that it 1is desired to obtain,- the catalysts

o 1S ooy ke desidund e corsaeponares bhogml ole S
aci d, yi el di ﬁagﬁrr‘d%k%ﬁﬁéy%g‘”% A 9 &RF SAERORS £ /aCrdtinoabh Sel.
40/ 60 wi t houThei $iyidraxiydn.orOncapbeniclilngst heot eastierd fiieidhauident thgsi s,
oract oal tocRhRipiBhE iftedy, RIS Rk ToRirlRS ooty BRI on, &
| ar geF quant ceytefini aphydrides are small quantities on the order of
13 produced, which are treated as impurities and as such
are eliminated during purification. If the gquantity of
anhydride present in the reaction is controlled, the
\~j ester formed on the hydroxyl of C-11 is produced in trace
10 amounts. Thus, the number of moles of the corresponding
anhydride should not exceed 25 times the number of moles
of corticosteroid, so that acylation does not take place
on the C-11 hydroxyl or is as restricted as pgssible, as
has been indicated previously. The temperature of the
15 reaction is another important factor, and the ideal
conditions for acylation of the c-21, c-16, and C-17
hydroxyls are temperatures in the 15-45°C range. Above
this temperature, a larger probortion of tetraacylated
product may be obtained.

20 The reaction time should not exceed four hours,

1 and the proper time for the majority of the

~ corticosteroids and anhydrides used is from 1.5 to 2
hours. _

Pyridine, dioxane, or DMSO are preferable as

25 solvents over other possible products to obtain a greater

solubility and, in particular, pyridine is the most

appropriate because of its intrinsic basic character.
Once acidified and extracted with organic

solvents immiscible with water, the reaction mixture is



i S obtained. In this case, one of the isoners, the S epinmer, would be
obt ai ned, present as the nmjor portion 5 in conparison to the R
epiner. The reaction is carried out on C-16 and C 17 esters by hydrolysis
in the presence of hydrochloric acid, with subsequent reaction of the _
al dehyde in these positions, to formthe corresponding acetal. Therefore,™
10 sel ective hydrolysis takes place, since the ester forned at G 21
is not hydrolyzed under the conditions nentioned, so that the triester
shoul d be chosen in order to keep the radical which is of interest at C 21.
in which R corresponds to an acetyl or isobutyl radical. [err] represents
the following radicals: [err] Simledlly- for the fornmula (MI1) in which
R corresponds to an acetyl or isobutyl radical. [err] represents the
following radicals: [err] [err] The reaction is conducted at room

t enper at ucenckhtiittdd, wasNaded andatreldie KA1l 2edyesf obailn iesder 5

used permts i nper at ur e aboygteheg‘] ¢ Cetlc\f- tse c-17. and
) ’

corrééﬁondﬂﬁa compound, acy
C-21 hydroxyls.
Purification by the washing and
S recrystallization method used gives a purity greater than
95%, which is useful for application as an intermediate
product in the process for Zormation of the acetal
according to the procedure that is the object of the ~

invention.

where Rl= -CH3, -Cl-l-CH3 and X1=X.,= Hor F

CH3



secondary reactions and the partial deacylation of C21. The reaction tine
fluctuates between 100 and 200 hours, depending on the starting
corticosteroids, the acylating agents, and the al dehydes used, and it is 10
neCesgary to reach an equilibrium between the naxifrum fornmation of the
eptfrer or mixture of epiners and the secondary reactions that occur. Once
the excess acid has been neutralized, the crude [produce] is extracted with
nmet hyl ene chl oride, and 15 t he organi c phase is separated, then
concentrated under vacuum The product is crystallized from ethyl
ether/petroleum ether and is finalt¥2=purified by treatnent in a
chromat ographic colum with LH 20 or LH 60 Sephade[err] as a stationary
phase and a m xture of organic 20 solvents, e.g. heptane/ethanol, or a
m xture of organic solvents and water, in proportion which may range
between 90/10 and 98/ 2 for heptane/ethanol and 70/30 for

. ethanol /water, as a nobile phase. There may al so be subsequent
- purification procedures involving washing -or repréEhﬁit&PN@?Wé%%nsolvents
such as net hanol, ethan Id_acqtg thd Pernul£d hfr) acasaugIvEver (BIX., By
usi ng these on&F R¥ &3¢} i inary or_ter .m xtures such 5 | as
di oxane/ wat er G et h‘é‘n\gf'agégﬁelaﬂgt e‘?l” r?ra?)p‘r?lgtg?fﬁfé ryoéﬁ‘?f'%g?"s of
purification ddre tdexearsieato€-26. an0.CO%7aNei tht Rydedchllvisi ¢ Nadild d@asSol W
achi eved a purjfjcat -

'He solvént which is used as a vehicle for the
5 reaction in anhydrous medium and with a specific catalyst
. to direct the ketalization recaction toward the S epimer
or mixture of the R and S epimers in the
presence of the corresponding aldehyde. Typically, the

solvent contains 10 to 15 wt% HCl..

10 The solvents generally used are: dioxane,
methylene chloride, and chloroform, all anhydrous.
However, dioxane is the most widely used for this type of
reacticn. The selection of the solvent has a bearing on
the proportion of epimers in the wixture, as milder

15 catalysts direct the reaction toward the production of a

v single epimer, while more active catalysts provide a

. ~ mixture of isomers that approximates the ratio of 1/1.
The selection of the solvent may slightly alter this

proportion. Accorxding to the epimer ratio

2¢ characzeristics that it is desired to obtain, the

catalysts'used'are p-toluensulfonic acid, yielding the S
+ epirer as the major product in a yield of 98-99%, and
perchlecric acid in 70% solution in glacial acetic acid,
yieldirg a mixture of both R and S epiners in a ratio of

25 40/60 without distinction. _
Oon conducting the reaction without catalysis,
the reaction times are greatly lengthened, and therefore



process W th ternary m Xt ures of et hyl al cohol / acet one/ wat er .
which, Dby dissolution of the 10 product in organic solvents and
subsequent precipitation by addition of the correspondi ng proportion of

wat er under very specific, very vigorous agitation conditions and very slow
addition time, anong other factors, results in purification froman 85-90%
starting point to 99.99% 15 purity. Purification by colum

chromat ography is not suitable for industrial production. In this type of
operation there are usable fine industrial purification nethods which nmake
t he obtai nnment process for this type 20 of conpound very conpl ete.
Dependi ng on the application site, ggﬁth t he purpose of achieving opti nal
availability of the active ingredieni;?different gal enical formulations
have been prepared for topical adm nistration of the conpounds 25

formul at Poht 18 SekiBERGt ifen ¥ Gftny, oot Snd Heasrion vidar, 886500701
gl ycol andcepdibdomssdiisl pddiisiencr ai hargeli quantdity off dmpuritiest is al so
possi bl e t?s3gbta1néQf50&KetgHQecégé”qbﬂé o?omﬂé”fﬂ n%? Pehkl @1y in a

| i pophilic phase, wt surfactant as [ zer.
Per cut aneo8RiB8Fpodaulshde ARtainad,e REpSent as the -a or portion

S in comparison to the R epimer.
The reaction is carried out on C-16 and C-17
esters by hydrolysis in the presence of hydrochloric
acid, with subsequent reaction of the aldehyde in these s
positions, to form the corresponding acetal. Therefore,
10 selective hydrolysis takes place, since the ester formed
at C-21 is not hydrolyzed under the conditions mentioned,
so that the triester should be chosen in order to keep
the radical which is of interest at C-21.

CH2-OR .
0 - R
0 - R
o -
r

+ Rl -C\ Dioxano HCl >
: H 0104H
F TsOH

CHz-OR




-17- of ointnments, oil-water cream water-oil creamor |otion. The active
principle may be present in the previous pharmaceutical conpositions in
sol ution, in continuous dispersed phase, or as mcronized solids. 5

The aerosol systemis designed in such a way that.each delivered dose
confai ns 10- 1000[ err] (preferably 20-250 [err] of the active steroid. The
nost active steroids are admnistered in the |ower part of the dosage
range. The m cronized steroid nust be in particles 10

substantially smaller thar. 5 [err]. In the pressurized aerosol, the
substance is suspended in a propellant gas m xture with the assistance of a
di spersant, such as sorbitan trioleate, oleic acid, lecithin, or sodium
salt of dioctylsulfosuccinic acid. 15 =l4- The invention will
be further illustrated by the followng non-limtative exanpl es. The

nol ecul ar wei g ﬁhé corres ondln products have been confirned by
mass  spectro tr@lc ngPrresRonds e iap acekyhter (isehutykiradical.

det erm ned wi thy epmdsents tthe flokl dlikg 2Padicalsanal yses were performnmed

under the follow ng conditions: Apparatus: Hew ett - Packard 1084
A Detector: U D (243 nmvx. 430 nn) Col umm: 200 Xx
4.6 mm Stationary phase: Lichrosorb A8 (5 pm 25 Mobi | e
phase: Et hanol: Water (0.5 m/mn) Tenperature: [err]

I njection: 5[err] ethanol sol. at 2 ng/m

' =CHp~CHp~CH - CH, ,fﬂﬂﬂb, -fU°C&rah :<C::>>-,<<:::>b
i, CH,

Similarly for the formula (VIII)
CHZ-OR
- Dioxano HC1
9 C10,H >
TsOH




The words SEPHADEX, LI CHROSORB, ARLACEL, TWEEN, SPAN and CARBOPOL referred
to in the Exanples are registered Trade Marks. SYNTHESI S OF TRI ACYLATED
DERI VATI VES AT C-16. C17. AND C- 21 EXAMPLE | Preparation of pregna

1, 4-di ene- 3, 20-di one, 5

16,17, 21-tris-(2-methyl - 1- oxo-propoxy) -11-hydroxy (11][err],16a) 30 m =
pyridine and 21.6 g isobutyric anhydride (equivalent to 0.13 noles) are
placed in a 500 Ml reactor equipped wth nmechanical agitation; while

agitating 10 vigorously, 10 g S0.026 nol e) pregna-1, 4-di ene- 3, 20-
dione, 11,16,17,21-tetrahydroxy (1t15%6a) are added gradually in

portions at room tenperature. The corticosteroid addition tinme
corresponds to approxi mately 25-30 m n. Once the said corticosteroid

has been %ﬁ whichdRS $Q)r4adks énd 908bl QNP E, osigi s 6butyli saddnbilnued for
a period of tine rangimg¢ﬁ#g§eg 1.5 and 2 hr until esterification of the
hydroxyl s By eepresents d 9 1?!‘8§mﬂﬁﬂ¥§afﬁbn conpl etion of the
reaction, 150 ml of a 10% aqueous sol ution of HClL are added, and agitation

of 20 the reaction mxture .is continued for 30 mn.;
subsequently, the said mxture is treated thr i mes with the 88 ni
met hyl ene chloride in order to extract the tyiest¥r, and gani ¢ phase
i s washed t+CleCtl:AE€H,-CH, , -ClIH-CHz-CH; ' '

/

CH,

The reaction is conducted at room temperature
(10-20°C), provided that the solubility of the triester
S used permits it. Temperatures above 25°C activate
secondary reactions and the partial deacylation of C-21.
The reaction time fluctuates between 100 and
200 hours, depending on the starting corticosteroids, the
acylating agents, and the aldehydes used, and it |is
10 necessary to reach an equilibrium between the maximum
formation of the epimer or mixture of epimers and the
secondary reactions that occur.
Once the excess acid has been neutralized, the
crude [produce) is extracted with methylene chloride, and
15 the organic phase is separated, then concentrated under ~
vacuum, The product is crystallized from ethyl
ether/petroleum ether and is finally purified by
treatnent in a chromatographic column with LH-20 or LK-60
Sephadex®as a stationary phase and a mixture of organic
20 solvents, e.g. heptane/ethanol, or a mixture of organic
solvents and water, in proportion which may range between
90/10 and 98/2 for heptane/ethanol and 70/30 for
ethanol/water, as a mobile phase. There may also be



with 100 m water each tine, dried over anhydrous 25 magnesi um
"sul phate for 12 hours and concentrated under vacuumin a rotary evaporator,
and produces a crude pro duct which is treated with 50 m ethyl ether and
200 m petrol eum ether (fraction 40/60). Agitation of the pre- cipitate

ohfained is continued for 1 hr., and finally 30 t he product is
filtered and recystallized with petroleum ether (40/60)/ethyl ether -19-
4/ 1, obtaining a yield of 13.3 g and a purity of 97.5- 98% TLC

Tol uene/ et hyl acetate 30/40, Rf - 0.61. EXAMPLE Il 5 Preparation

of pregna 1, 4-di ene-3,20 dione- 16,17,21-tris-(2-nmethyl-1,

0XO0- propoxy) -6, 9- difluoro-11-hydroxy (&pgdl[err],16a) 80 m pyridine [and]
19.2 g (0.12 nole) isobutyric anhydride are placed in a 500 ml reactor, and
10 gradually, with the reaction mxture maintained at [err], 10 g '

(0.024 ol e)sulpseguent, pudi £ieaidh- procedur®esd-involving washing or

2 vay that no fereeop L EREEBK VR sapbaRts; pofide pedidhal HiaRe 0 "

di ssol ved. atetame, dioxamesi eithynk acdtatel,utwatrer etee Bys usipg val ent
to approxi mtgldse die at @'¢8all 82°iKCHind9y! 8L COrRiry NFixtures such
5 as dioxane/water or ethanol/acetone/water in appropriate
proportions, purification son the order of 99.5-99.5% are
obtained. Thus in our case, we achieved a purification
process with ternary mixtures of ethyl
alcohol/acetone/water which, by dissolution of the

10 product in organic solvents and subsequent precipitation
by addition of the corresponding proportion of water
under very specific, very vigorous agitation conditions
and very slow addition time, among other factors, results
in purification from an 85-90% starting point to 99.99%

15 purity. _ _

Purification by column chromatography is not
suitable for industrial production. -In this type of
operation there are usable fine industrial purification
methods which make the obtainment process for this type

20 of compound very complete. _

Depending on the-application site, and with the
purpose of achieving optimal availability of the active
ingredient, different galenical formulations have been
prepared for topical administration of the compounds

25 - according to this invention.

' Optimal availability for  percutaneous
formulations is achieved with a system of glycol-based
solvents (propylene glycol and 1,3-butanediol) alcne or
in combination with water. It is also possible to

3o dissolve the steroids completely or partially in a
lipophilic phase, with the aid of a surfactaﬁt as a
solubilizer. Percutaneous compositions come in the form



solution is continued for 3 hr. at [err]. The TLC of the reaction m xture
I ndi cates when all of the corticosteroid has reacted. Once the indicated
time has el apsed, the 20 product is cooled and 80 m of an aqueous
sol ytion of 10% hydrochloric acid ar added after cooling has been achi eved:
The reaction mxture is extracted 4 tines wwth 40 ml chlorof ormeach tine™
the chloroformextract is washed 4 tines with 40m water, and the extract
is dried 25 over [err]. It is then brought to dryness in a rotary
evaporator, and precipitated and recrystallized with ethil ether petroleum
ether (40/60 fraction), obtaining a yrefd of 12.1 g and a purity of 95%
TLC solvent: toluene/ethyl acetate 30/40, Rf = 0.48. -20- EXAMPLE 111
Synt hesis of pregna 1, 4-diene-3, 20-di one, 10 .
16, 17, 21- t 19 -QiaiAeN ey AT ARG GEqamy YALLITRA) FRean:RH 1Attt or
equi pped Wigle a aegRaNI prinagplat abapndeadpiesentf Umethe 1pr@evidud26 nol e)
pregna- 1, 4-di ene- 3, Zg-dione, 11,, 6‘9913{ 21-tet§aF¥drox¥ (1cldnjt6'a are
di ssol ved iphapmagentical \Sompes 15Nt AP 5P 4FABR, 18 'BSy (0. 13
nol e) acet igi spéyseddphase, i arr aduaddrion izedh solas.t hat the addition takes
place within 10 m n. h tkan mxt es not
exceed [err]. Once th@ﬂgcéf(ﬁeg§2ﬁgﬁ%§h§% %gg%ag%gegs slich' d wa
that each delivered dose contains 10-1000 ug (preferably
20-250 ug) of the active steroid. The most active
steroids are administered in the lower part of the dosage
range. The micronized steroid must be in particles
10 substantially smaller thar 5 pum. In the pressurized
aerosol, the substance is suspended in a propellant gas
mixture with the assistance of a dispersant, such as
sorbitan trioleate, oleic acid, lecithin, or sodium salt
of dioctylsulfosuccinic acid.
15 The invention will be further illustrated by
the following non-limitative examples. The molecular
weights of the corresponding products have been confirmed
by mass spectrometry, and the melting points
(uncorrected) determined with a Buchi unit. The HPLC
20 analyses were performed under the following conditions:
Apparatus: Hewlett-Packard 1084 A
Detector: UVD (243 nm vx. 430 nm)
Column: 200 x 4.6 mm
Stationary phase: Lichrosorb® c18 (S5 pm)
25 Mobile phase: Ezhanol: Water (0.5 ml/min)
Temperature: 35*'C
Injection: 5 pl ethanol sol. at 2 mg/ml

The words SEPHADEX, LICHROSORB, ARLACEL, TWEEN, SPAN and CARBOPOL

referred to in the Examples are registered Trade Marks.



.agitation is continued for 1 hr. (TLC or HPLC on a sanple 20 will
indicate the end of the reaction by the disappearance of the

starting corticosteroid). The reaction tinme should not be extended beyond
the indicated period in order to prevent acylation on the C 11 hydroxyl.
Upgn conpl etion of the reaction, 130 mM of a 25 - = 10% aqueous sol ution

of HCl are added, maintaining the reaction m xture for 30 m n.

W th agitation. Subsequently, three times, 75 m nmethyl ene chloride (each
time) are added to extract the triester forned. The sol ution of the
organic extract is washed 3 tinmes with 30 100 M water (each tine),
and is maintained for 12-14 hr. with an édrous[err] to dry the said
solution. Concentration to dryness of Th& organic extract gives an oi

which is treated with ethyl ether/petrol eumether (40/60 fraction) 1/3.

The precipitate obtalyed i eqcLy. ' r e
chloride/petroleumé% e HESTS 6 ? & . b _

pregna- 1, 4-di ene- 3, 20-di one, 1€:1¢,2¢-17i SANBCE-2Noxy) - 11- hydr oxy
(11[err],16a) of 98- 98.5% purity. -21- EXAMPLE |V Formation of pregna
1, 4-di ene- 3, 20-di one- 16,17,21-tris (acetyloxy)-6,9-difluoro-11-

hydr oxy- (6a, 11[err], 16a) EXAMPLE I

Preparation of pregna 1,4-diene-3,20-dione,
5 16,17,21-tris-(2-methyl-l-oxo-propoxy)
-ll-hydroxy (118, 16aq) '

30 ml pyridine and 21.6 g isobutyric anhydride
(equivalent to 0.13 moles) are placed in a 500 ml reactor
equipped' with mechanical agitationé while agitating
10 vigorously, 10 g (0.026 mole) pregna-l,4-diene=3,20-
dione, il,l6,17,21-tetrahydrox9 (118,16a) are added
gradually in portions at room terperature. The
corticosteroid addition time corresponds to approximately
25-30 min. Once the said corticosteroid has" been
15 dissolved at room temperature, agitation is continued for
a period of time raﬂgi_ng between 1.5 and 2 hr until
esterification of the hydroxyls at C-21, c-16 and C-17 is
complete. Upon completion of the reaction, 150 ml of a
L 10% aqueous solution of HCl are added, and agitation of
20 the reaction mixture is <continued for 30 min.;:
subsequently, the said mixture is treated three times
with the 88 ml methylene chloride in order to extract the
triester, and the organic phase is washed three times
with 100 ml water each tire, dried over anhydrous
25 magnesium sulphate for 12 hours and concentrated under
vacuum in a rotary evaporator, and produces a crude pro
duct which is treated with 50 ml ethyl ether and 200 ml
petroleum ether (fraction 40/60). Agitation of the pre-
cipitate obtained is continued for 1 hr., and finally
30 the product is filtered and recystallized with petroleum
ether (40/60)/ethy1 ether



10 g pregna-1, 4-di ene- 3, 20-di one- 6, 9-di f| uor o- .
11, 16, 17, 21-t et rahydroxy- (6a, 11[err], 16a) (0.024 nole) are dissolved in 110
m pyridine heated to [err] to facilitate 15 di ssolution jn a 500 n
reactor, equipped with nechanical agitation, a thernoneter, and an -
addition funnel; the mxture is cooled, and once the corticosteroid is ~
conpletely dissolved, 19.4 g (0.19 nole) acetic anhydride are slowly added

with vigorous agitation ([err]), 20 - continuing to stir for 3 hr. and
subsequently for 1 hr. nore at [err]. This tine period can be extended
sonewhat. A sanple in TLC or by HPLC will indicate the end of the reaction.
Subsequently, 300 ml aqueous solution of 10% HCl1 are introduced, conti nuing
to stir the mxture for 45 25 mng_ finally, the triester forned is
extracted three tinmes with 80 m nethyl’ene chloride (each tine), and the
organi c extract is kept over [err]. The solution is evaporated to

dryness, “aggyt h@piaind ia“?ﬁéfdtantl%QJ‘M & peER¥ tgpf 85.and_150
m petrol eu% et her 30 < 40/ 60 fraction)gt vtﬁ'tﬁﬁ ag?t atignéggr 1 hr. The
precipitat@aébtained is recrystallized in ethyl ether/petroleum ether 1/4,

obt ai ni ng $1.c8 gTe1Gena/ethyd- ceate 30/40, Rf = 0.61.

, 20-di one- 16, 17, 21-tris-iacetylnxy)-6,9 - diflunro-11-hydroxy-( [err]) with
a purity of 96, 56. The structure and rel evant spectroscopic properties of
t he conpounds whose synthesis is EXMIBIEBEAI n the above exam ples are set

forgh in Table IPreparation of pregna 1,4-diene-3,20 dione-
16,17,21-tris-(2-methyl-1, oxo-propoxy)-6,9-
difluoro-ll-hydroxy (6a,118,16a)
80 ml pyridine (and] 19.2 g (0.12 mole)
isobutyric anhydride are placed in a 500 ml reactor, and
10 gradually, with the reaction mixture maintained at 40°C,
10 g (0.024 mole) pregna-l,4-diene-3,20-~dione, 6,9-
difluoro-11,16,17,21-tetrahydroxy (6a,118,16a) are
introduced in such a way that no further gquantity is
added until the previous portion has dissolved. The
15 fluocinolone dissolution time is equivalent to
approximately 2 hr. Once dissolved, agitation of the
solution is continued for 3 hr. at 40°C. The TLC of the
reaction mixture indicates when all of the corticosteroid
has reacted. Once the indicated time has elapsed, the
20 product is cooled and 80 ml of an agueous solution of 10%
hydrochloric acid ar added after cooling has been
achieved. The reaction mixture is extracted 4 times with
40 ml chloroform each time, the chloroform extract is
washed 4 times with 40ml water, and the extract is dried
25 over MgsO,. It is then brought to dryness in a rotary
evaporator, and precipitated and recrystallized with
ethil ether petroleum ether (40/60 fraction), obtaining
a yield of 12.1 g and a purity of 95%.
TLC solvent: toluene/ethyl acetate 30/40, Rf = 0.48.



-22- FORMVATION OF (22R S-) AND (22S)- DERI VATI VES EXAMPLE V Synt hesi s of

“ (22R, S)- pregna 1, 4-di ene-3, 20-di one, 16,17-[[cycl ohexyl net hyl i dyne] bi s
(oxy)) 5 - 11- hydr oxy- 21- ( 2- met hyl - 1- oxo- propoxy)-(11[err], 16a) 55
d anhydrous di oxane are placed in a 500 nml reactor provided with

nechani cal agitation and an addition funnel, and 8 g (0.014 nol e)
pregna-1, 4-di ene- 3,20-dione, 16,17,21-tris-(2-nmethyl-I-oxo-propoxy)-11-
10 hydroxy-(11[err],16a) are dissolved in it; subsequently the m xture
is stirred for 30 mn., and 45 m digxane HClL containing 13% HCl1 gas are
added slowy, and finally, dropw se20r 1 70% perchloric acid in glacial
acetic acid (taking on a reddish color) is kept for 190 hr. wth 15
agitation and then heated to [err] for 12 hr. It is possible to estimte
whet her the reaction is conplete wigkampLel i gppt of the reaction product,

anal yzing a sanple C. und the coridltl S st péj fe: eI ow. Once the
tri g er has di saP ?‘ 4_‘5%; 1_ d%eh(ﬁé nél % )t he
reaction is consideret e er m ?’&I ﬁ ene

chloride, the mixture I8 ar&@fecul weactwo. WUSWFérW}thnaaqee amsigaluti on,
W th vi gorouggleg{;bgt hfg ahax%z%ﬁp%h%‘lﬂ% lfdJ'lj‘et) oﬁé‘dméi'é)obﬂé&hﬁ-m xture

is washed thrée times
decant ed, thks 6?’33ﬁf‘€“5h3§é’d|19"l@ep’f1 16,17, 21-tetrahydroxy (118,16a)

are dissolved in 30 ml pyridine with vigorous agitation.

15 © 13.5 g (0.13 mole) acetic anhydride are introduced in
such a way that the addition takes place within 10 min.

~ and the temperature of the reactilon mixture does not
exceed 20°C. Once the acetic anhydride has been added,
agitation is continued for 1 hr. (TLC or HPLC on a sample

20 will indicate the end of the reaction by the
disappearance of the starting corticosteroid). The
reaction time should not be extended beyond the indicated

period in order to prevent acylation on the C-l11
hydroxyl. Upon completion of the reaction, 130 ml of a

25 10% aqueocus solution of HCl are added, maintaining the
reaction mixture for 30 min. with agitation.
Subsequently, three times, 75 ml methylene chloride (each
time) are added to extract the triester formed. The
solution of the organic extract is washed 3 times with

3o 100 ml water (each time), and is maintainéd for 12-14 hr.

with anhydrous MgSO, to dry the said solution.

Concentration to dryness of the organic extract
gives an oil which is treated with ethyl ether/petroleum
ether (40/60 fraction) 1/3. The precipitate obtained is
recrystallized from methylene chloride/petroleum ether

5 1/4, obtaining 12.5 g pregna-l,4-diene—3,2o-diohe,
16,17,21-tris-(acetyloxy)-1l1-hydroxy . (118,16a) of 98-
98.5% purity. '



over on anhydrous[err] for drying, and is concentrated to dryness on a
rotary evaporator; an oil remains, which upon treatnent with 25 ni

nmet hyl ene chl oride and 150 m petrol eumeither (40/60 fraction) yields 8.52
g crude 30 product which is purified either by recrystallization in

et hyl ether/petrol eumether or by passing through a colum w th Sephadex
LH 20 as the stationary phase and ethanol -free chloroformas the nobile
phase, obtaining 8 -23 - g (22RS)-pregna-1, 4-di ene- 3, 20-di one, 16, 17
cycl ohexyl - net hyl i dyne-bi s(oxy)-11- hydr oxy- 21- ( 2- net hyl - 1- oxo-
propoxy)-(11l[err],16a) in a purity.of.98.5-99% and with an epi ner
proportion of 45/55%to 50/50% 5 The mxture of epiners
is resolved by preparative HPLC, using a 7[err] Lichrosorb RP-18 colum
(250 x |OmMmi.d.) and ethanol/water as the nobile phase, and obtaining the

(22R) - epiner practically pure an@xkh@:ﬁ?&$) epinmer in a purity greater

t han 99% roduct contalnlﬂgﬂthe (22RS)- m xture can
al so be purlflg' the Ut°fhEVPH@a dAPBRRL ogr aphy by a
met hod which is H8sddie q##% G??QﬁY%H%“g @xaﬁgﬁ§1q909WiHE\ﬂ 15
ot ai nent of (22, S)- pregndY9reXY a(8eglb8. §

16, 17-[[cycl ohyxyl - neo hyb'rdyhﬂ)-1t)l4$d(i.@ﬁ>é)-]3,3210-dxone-6,9-dit1uoro-
11,16,17,21-tetrahydroxy-(6a,118,16a) (0.024 mole) are
dissclved in 110 ml pyridine heated to 50°C to facilitate

1s dissclution in a 500 ml reactor, equipped with mechanical
agitation, a thermometer, and an addition funnel; the ~
mixture is cooled, and once the corticosteroid |is
completely dissolved, 19.4 g (0.19 mole) acetic anhydride
are slowly added with vigorous agitation (45°C),

20 continuing to stir for 3 hr. and sutsequently for 1 hr.
more at 45°C. This time period can be extended somewhat.
A sample in TLC or by HPLC will indicate the end of the
reaction. Subsequently, 300 ml agueous solution of 10%
HCl are introduced, continuing to stir the mixture for 45

25 min.; finally, the triester formed is extracted three
times with 80 ml methylene chloride {each time), and the
organic extract is Kkept over MgSo,. The solution is
evaporated to dryness, and the oil obtained is treated
with 50 ml ethyl acetate and 150 ml petroleum ether

30 (40/60 fraction) with agitation for 1 hr.

The precipitate obtained is recrystallized in

ethyl ether/petroleum ether 1/4, obtaining 11.8 g pregna-
1,4-diene-3,20-dione-16,17,21~tris-(acetyloxy)-6,9 -

difluero-ll~hydroxy-( 64 ,11,5 , 16X) with a purity of
96 ) 53"“

The structure and relevant spectroscopic properties of the
compounds whose synthesis is described in the above exam-

ples are set forth in Table I.



_hydr oxy-21- (2- et hyl - | - oxo- propoxy) - (11, 16a) 55 m anhydrous di oxane are
placed in a 500 mMl reactor and 8g (0.014 nol e) pregna-1, 4-di ene- 3, 20-di one,
2C 16,17, 21-tris-(2-methyl -1 -oxo-propoxy)-(11l[err],1l6a)- and 4.3 g
(9.038 nol e) cycl ohexane car bal dehyde are di ssol ved, next adding 1 g

p-¢0l uenesul fonic acid and 50 ni di oxane- HCl (containing 13% HCl1 gas),
which is introduced slowy over a period of 30 min. Agitation is continued
for 200 25 hr., and the-end of the reaction nay be estinmated by

anal yzing the m xture of HPLC under t condi tions indicated bel ow Once
the acetal is formed, 200 M [err] ar®added to the reaction mxture and
treated with 500 Ml 5%err] in aqueous solution to elimnate the 3C

acidity. Following this elimnation, the product is washed three tines
with 80 m water; the solutlon S drled over [err] and brought to dryness
in arotary -2;, p ' RIVAGGVEE W th 25 ni

[err] and 50 m petroleun1ether ' . e solird collected, 5.3
g, is purified by the method desc ow. 5 ' 5.2 g of
crude are di ss¢nthdsis 0 (22RG et Imregnark), S eneck20adione, 500 ni
flask provided w thlejyorplieyckoheryltakthglidyhenbdsd (aryaddi tion funnel.
80 8 water arelﬂHMdequkai«ﬂznmnthyhml*oxo1prapuxy) (118,16a)

55 ml anhydrous dioxane are placed in a 500 ml
reactor provided with mechanical agitation and an
addition funnel, and 8 g (0.014 mole) pregna-l,4-diene-

. 3,20-dione, 16,17,21-tris-(2-methyl-1-oxo-propoxy)-11-

10 hydroxy-(118,16a) are dissolved in it; subsequently the

mixture is stirred for 30 min., and 45 ml dioxane HCl

containing 13% HCl gas are added slowly, and finally,

dropwise, 1 ml 70% perchloric acid in glacial acetic acid

(taking on a reddish color) is kept for 190 hr. with

15 agitation and then heated to 40°C for 12 hr. It is

possible to estimate whether the reaction is complete

with an aliquot of the reaction product, analyzing a
sample'by HPLC under the conditions stipulated below.

Once the triester has disappeared from the

20 reaction mixture, the reaction is considered to be
_ - terminated; adding 200 ml methylene chloride, the mixture
N\ is treated with 500 ml 5% K,CO; in aqueous solution, with
vigorous agitation in a separatory funnel, and the

organic mixture is washed three times with 80 ml water

25 (each time). Once decanted, the organic phase is kept
over on anhydrous Mgso, for drying, and is concentrated

to dryness on a rotary evaporator; an oil remains, which

upon treatment with 25 ml methylene chloride and 150 ml
petroleum either (40/60 fraction) yields 8.52 g crude

30 : product which is purified either by recrystallization in
ethyl -ether/petroleum-’éther or by passing through a

column with Sephadex LH-20 ‘as the stationary phase and
ethanol-free chloroform as the mobile phase, obtaining 8



agitation, so that the addition process is conpleted 10 within 6 hrs.
Once all the water has been added, the precipitate formed is stirred for 2
hrs., filtered and washed with water, and the product dried in a 40 oven,

obtaining 4.5 g (22S)- pregna-1, 4-di ene, 3, 20-di one, 16,1
cycl ohexyl met hyl i dyn-bi s(oxy11- hydroxy-21-(2- 15

-t

met hyl -1 - oxo- propoxy)-(11,16a) in a purity greater than 99% This nethod is

extended, with small variations, to purification of the renmaining
conpounds, and is not limted to the exanples indicated. It is also

possi bl e 20 to enploy colum purification using Sephadex LH 20 as the

stationary phase and ethanol-free c orof orm as the nobile phase.

Wthin

this purification there is a first ver3y pure fraction of the S epinmer and a
second fractlon in which the ratio of Rand S isoners fall in the 25

ange of 24 93¥n, SISBELGHELY, o EXPVREE Vob-BALHY, i, ﬁ%}@&ﬁhxgqt pregna

1, 4-di ene- % acet I~oxy hydr entyl I d
s(oxy) - (11'1%”‘]!’11’6%7"3 bis (oxy)-1) “hya BO¥Y, o16A TBRERY ] 21 ox0")

pregna-1, SFZQ-MI Q8a) in a purg of 98.5-99% and with an

16, 17, 21- trljcsméacet ) 11-
60 m anhytR dPS H“ ° o

meshani cal agltatlon',‘rhan nixture of epimers is resolved by
preparative HPLC, using a 7um Lichrosorb RP-18 column
(250 x 10mm i.d.) and ethanol/water as the mobile phase,
and obtaining the (22R)- epimer practically pure and the
(22S)- epimer in a purity greater than 99%.

10 The product containing the (22R,S)- mixture can
also be purified without having to use column
chromatography by a method which is described in the
following example.

EXAMPLE VI

15 Obtainment of (22,S)- pregna 1l,4-diene-3,20~-dione
16,17-[[cyclohyxyl-methylidyne) bis (oxy))-1ll-
hydroxy-21-(2-methyl~l-oxo-propoxy)-(118,16a)

55 ml anhydrous dioxane are placed in a 500 ml
reactor and 8g (0.014 mole) pregna-1,4-diene-3,20-dione,

2C 16,17,21-tris-(Z-methyl-l-oxo-propoxy)’:_ﬁlﬁ,160)- and 4.3
g (0.038 mole) cyclohexane carbaldehyde are dissolved,
next adding 1 g p-toluenesulfonic acid and 50 ml dioxane-
HCl (containing 13% HCl gas), which is introduced slowly
over a period of 30 min. Agitation is continued for 200

2% hr., and the-end of the reaction may be estimated by
analyzing the mixture of HPLC under the conditions
indicated below. Once the acetal is formed, 200 ml
CL,CH, are added to the reaction mixture and treated with
500 ml 5% K,CO; in aqueous solution to eliminate the

3c acidity. Following this elimination, the product is
washed three times with 80 ml water; the solution is
dried over MgsO, and brought to dryness in a rotary

6a) are dissolved in
ng)s ‘ovided with a thernoneter,

> 1 hydre,



~addi tion funnel and waterbath; subsequently, 4 g (0.046 nole) val eral dehyde
are added and, slowy, dropw se, with vigorous agitation, 60 nl dioxane HCl
(containing 13% HC1L 5 gas).. Once addition of the dioxane is conplete,
1-m 70% perchloric acid in glacial acetic acid is introduced, heating the
prﬁduct to [err] for 200 hrs. '~ Running a sanple through TLC or HPLC wil |

I ndi cate whet her the reaction i's conplete by the appearance of two peaks of
10 the epimers and the di sappearance of the triester of the reaction.
Upon conpl etion of ketalization, 175 m chloroform are added, vigorously
agitating the mxture in a separatory funnel with 510 m aqueous sol ution
of 5% [err]. If a pH below 6 persists dag4he organi c phase, 15

additional treatnent with an aqueous solution of [err] is performed until
the excess acidity is elimnated. The organic phase is washed three tines
with 100 n a\aaaporéeazh tiTg, oddd ostximedf ds 1ﬁtéate®vmt[l'er2§ mlhe

nggg;g?o?r Yl dnga:R oﬂﬁ %hu:o%épﬁ“ éﬁé?eﬁmgf?ﬁ Egsﬁfg %yl et and
170 nl pet r cb@Lid etdmklgaed0 BSr.act idon) igi vegraféﬁédebléolfmf ofm%‘?ﬂj’. The

followi ng progsliiBed Speesyormed for the purification of this product: 25
A m xture of % ni %cetone 65 m [err] ethapol are

placd in a 250 M fla8k? SnPl. STYIEF aniee ‘E%%ﬁ%lb?gd&& Qﬁﬂapﬁlec?s

previously aéaméﬂépﬂem’&(hd/\‘i}u' Gcetidnal '1ﬂgaVSGOrxﬁillS£1)as)ﬁliﬂ‘d\hl<iecBgJittai ion is

continued for,k 3 roduct 'is then filtered
v1gorous mechi)lcal agitation and an add¥@1on funnel. 80

_ ml water are slowly added dropwise with vigorous
~ agitation, so that the addition process is completed
10 within 6 hrs. Once éll the water has been added, the
precipitate formed is stirred for 2 hrs., filtered and
washed with water, and the product dried in a 40° oven,
obtaining 4.5 g (228)- pregna-1,4fdiene,3,20—dione,
16,lzﬂgyclohexylmethylidyn%-bis(oxy)-11-hydroxy-21-(2-
15 methyl-l-oxo—propoxy)-(llﬁ,léa) in a purity greater than
99%. | |

This method is exténdgd,'with small variations,
to purification of the remaining compounds, and is not
limited to the examples indicated. It is also possible
20 to employ column purification using Sephadex LH-20 as the
W stétionaty phase and ethanol-free chloroform as the
mobile phase. Within this purification there is a first
very pure fraction of the S epimer and a second fraction
in which the ratio of R and S isomers may fall in the

25 range of 2/98%, respectively.

EXAMPLE VII
Formation of (22R,S)~- of pregna 1l,4-diene-3,20-dione-~

' © 21-(acetyloxy) - ll—hydroxy -16, 17 (pentylxdene)
bis(oxy)-(118, 16a)

30 - 8 g (0.016 mole) pregna~-l,4-diene-3,20-dione-
16,17,21~-tris-(acetyloxy)~ll-hydroxy-(118,1l6a) are
dissolved in 60 ml anhydrous dioxane in a 500 ml flask,



30 with water, and dried in an oven at [err], giving 5.7 g (22R S) -
pregna- 1, 4-di ene- 3, 20-di one, 21-(acetyloxy)-11- - 26-

hydr oxy- 16, 17- (pentyl i dene)-bi s-(oxy)-(11[err],16a) in a purity of 99.5%
The ratio of R/'S epinmers is 45/55. The resolution of the epiners is -
achieved simlarly according to the characteristics indicated in 5

Exanpl e V EXAMPLE VI Formation of (22S)- pregna 1, 4-di ene-3, 20-di one-21-
(acetyl oxy)-11- hydroxy-16, 17-(pentylidene)- bis-(oxy)-(11,16a) 10

8 g (0.016 nole) pregna-1, 4-diene- 3, 20-di one,

16,17, 21-tris-(acetyl oxy)-11-hydroxy-(11[err], 16a) are dissolved in
65 m anhydrous dioxane in a 500 m rgactor prOV|ded w t h mechani cal
agitation and an addition funnel, and®subsequently 4 g (0.046 nole)

val er al dehyde 15 and 1.2 g p-toluenesulfonic acid are |ntroduced,

foll db d t

di oxane- H ’i?g"g&% G 8ghexubaleds,) SRLRAR1EN dqithedo) Sh
continued additien fynnelcapds wakesd Qﬁhﬁaﬁkhﬁsgﬁﬁyt¥br QHQ (9r@5§er to
di sappear ﬁbPS)W@lé?@E&éﬁ?d@Oare addédlafice. s1biAay,cagbpWises &othowed by

e S Rdok e 6u TEAL by 160 (1) AU g, feomp trin TR THC
5 gas). Once addition of the dioxane is complete, 1 ml 70%
perchloric acid in glacial acetic acid is introduced,
heating the product to 50°C for 200 hrs. Running a
sample through TLC or HPLC will indicate whether the o
reaction is completé by the appearance of two peaks of

10 the epimers and the disappearance of the triester of the
reaction. Upon completion of ketalization, 175 ml
chloroform are added, vigorously agitating the mixture in
a separatory funnel with 510 ml agueous solution of 5%

K,CO,. If a pH below 6 persists in the organic phase,

15 additional treatment with an aqueous solution of K,CO, is
performed until the excess acidity is eliminated. The
organic phase is washed three times with 100 ml water
(each time), and is kept for 14 hr. over MgsO,; the
filtered organic phase is brought to dryness in a rotary

20 evaporator, yielding an oil which when treated with 50 ml
ethyl ether and 170 ml petroleum ether (40/60 fraction) ~
gives a crude solid of 6.5g.

The following procedure is performed for the
purification of this product:

25 A mixture of 39 ml acetone, 65 ml 96° ethanol,
and 104 ml water are placed in a 250 ml flask, and 6.5 g
of the crude product obtained previously are suspended
while agitating vigorously, and this agitation is
continued for 3 hr.; the product is then filtered, washed

30 with wa:er, and dried in an oven at 45°C, giving 5.7 g
(22R,S)-pregna-l,4-diene-3,2o-dione, 21-(acetyloxy)-11-



first nmethod is nore advisabl e. The reaction tinme fluctuates between 100
"and 150 hr. The reaction mixture 25 Is then treated with 120 m
chloroform and 60 ml nethylene chloride. The organic solution is treated
w-th a 5% ([err] solution in .order to elinmnate the excess acidity and is
waghed three times with water; the residual water is elimnated by allow ng

it to stand over 30 anhydrous [err]. The organic phase is brought
to dryness, and the crude product in the-formof an oil is treated with a
m xture of 25 m ethyl ether, 25 ni - 27 - methylene chloride, and 175

m petrol eumether (40/60 fraction). 4.5 g solid are obtained, which is

purified according to the nethod follqwed in the preceding exanple 5
EXAMPLE | X Formation of (22R'S)- Egggna 1, 4-di ene- 3, 20- di one-

16,17-(cyc|ohyxy| met hyl i di ne) - bi s-(oxy)- 6, 9-difluoro-11-hydroxy-21-

i oxane. hod GF DR SL6a L1 (RSREV1 44B0R) 13ps (BRiIcd 1R 35800 nifr o2t 0y

equipped\Mpdrftywm9r9bash, anuetrah1bunﬁeR/San@thQSMﬁsxﬂ5kﬁﬁ{at|on

under agitation, §0. PIgRan 4. 3 20-
16,17, 21-tri s-  2- rethipe 1’%%1;%%%%)?9 gnb ‘efifidts 1$0dtibIevea

sinilarly accordlng to the characteristics indicated in
5 Example V

EXAMPLE VIII

W Formation of (22S)- pregna 1,4-diene-3,20-dione-21-
' (acetyloxy)-1l-hydroxy-16,17-(pentylidene) -
bis-(oxy)-(118,16a)

10 . 8 g'(o.016 mole) pregna-l,4-diene-3,20-dione,
16,17,21-tris-(acetyloxy)-11-hydroxy-(118,16a) are
dissolved in 65 ml anhydrous dioxane in a 500 ml reactor
provided with mechanical agitation and an addition
funnel, and subsequently 4 g (0.046 mole) valeraldehyde

15 and 1.2 g p-toluenesulfonic acid are introduced, followed
by the dropwise addition with vigorous agitatioh of 60 ml
dioxane-HCl (13 wt% HCl). Once .added, agitation of the
product is continued at :50°C for the period of ‘time
necessary for the triester to disappear from the reaction

20 mixture. The reaction is followed by HPLC, whereby the
formation of the S epimer is visualized perfectly. TLC
only reveals elimination of the triester, so that the
first method is more advisable. The reaction time
fluctuates between 100 and 150 hr. The reaction mixture

25 is then treated with 120 ml chloroform and 60 ml
methylene chloride. The organic solution is treated with
a 5% K,CO, solution in order to eliminate the excess
acidity and is washed three times with water; the
residual water is eliminated by allowing it to stand over

30 anhydrous 'Mgso‘. The organic phase is brought to
dryness, and the crude product in the form of an oil is
treated with a mixture of 25 ml ethyl ether, 25 ml



15 di fl ucro-11- hydroxy-(6a, 11[err],16a) are added in small
portions while agitating (a portion of the triester should not be added
until the previous fraction has dissolved conpletely). Once all of the
triester has been added and di ssol ved conpletely, the product is kept 20
between 15-[err] for several minutes while agitating, and 4.5 g (0.04 nol®)
cycl ohexane carbal dehyde and 1.1 m 70% perchloric acid in glacial acetic
acid are added. Finally, 50 m anhydrous di oxane containing 13-14% HCl gas
by weight is slowly added and continuously stirred at 25 room
tenperature during the tine necessary for the triester to disappear
fromthe reaction mxture. Once the reaction is conplete, 250 ni

chl orof orm are added; the mixture is-2x<ated three tines in a separatory
funnel with 250 m of a 5% aqueous solution of [err] each, and 30

washed again three tines wwth 100 ml water each time. The organi c phase is
kept over methydenes ¢hieride,artndiel78umlaperrolpym ngthegent40/60 e

organi c  gQladiih) i S 4. 5°g 2§Qlidcﬁ%€e%£ﬁlﬁédt Owpliew i puiziéavol une
and is treated Wlth 300 e contlrlg,ln to stir the mxture

for 2 hr. 3gcorging %séﬁlﬁet W%F he e Lomesh &d RERF&ABRI over ni ght

at [err]. exampllex, it is concentrated 5 to dryness, and the oil

obtained is treated with 50 mM ethyl ether and 180 m petrol eumether. The
solution is

S EXAMPLE IX

Fornation of (22R,S)- pregna 1,4-diene-3,20-dione-
16,17-(cyclohyxyl methylrdxne)-bxs-(oxy)-
6, 9-d1f1uoro-—11 -hydroxy-21-(methyl-1-oxo-
propoxy)-(118,16,a) .

10 100 ml anhydrous dioxane heated on a water bath
to 35°C are placed in a 500 ml reactor equipped with a
water bath, addition funnel, and mechanical agitation;
under agitation, 8.8 g (0.0l14 mole) pregna-l,4-diene-
3,20-dione, 16,17,21-tris-(2-methyl-l-oxo~-propoxy)-6,9-

15 diflucro-ll-hydroxy-(6a,118,16a) are added in small
portions while agitating (a portion of the triester
should not be added until the previous fraction has
dissolved completely). Once all of the triester has been
added and dissolved completely, the product is kept

20 between 15-18°C for several minutes while agitating, and
4.5 g (0.04 mole) cyclohexane carbaldehyde and 1.1 ml 70%
perchloric acid in glacial acetic acid are added.
Finally, 50 ml anhydrous dioxane containing 13-14% HCl
gas by weight is slowly added and continuously stirred at

25 room temperature during the time necessary for the
triester to disappear froum the reaction mixture. Once
the reaction is complete, 250 ml chloroform are added;
the mixture is treated three times in a separatory funnel
with 250 ml of a 5% agueous solution of K,CO, each, and

30 washed again three times with 100 ml water each time.
The organic phase is kept over anhydrous MgSO, or another
suitakle drying agent; the organic solution is



‘kept cold during 24 hr., yielding a precipitate of 7.5 g (22R S)-

pregna- 1, 4- di ene- 3, 20- di one, 16, 17-

(cycl-ohexyl nmet hyl i di ne) - bi s- (oxy) -6, 9-di fl uoro-11- 10 hydr oxy- 21
(pet hyl -1 -oxo-propoxy)-(11[err], 16a) Thi s product can be purified
bygthe met hod i ndicated in Exanple VIl , and in this manner a yield of 7 g
I's obtained, with a purity of 99-99.5% and a proportion of R/'S epiners of
approxinately 40/ 60% 15 The resolution of the epiners is

achieved simlarly according to the characteristics indicated in Exanple V
EXAMPLE X Fornmation of (22S)- pregna-1, 4- diene 3, 20-di one- 20 .

16, 17- (cycl ohexyl net hyl i di ne) - bi s- (oxy

di fl uoro- 11- hydr oxy-21-(s-net hyl -1 - xo-%ﬁropoxy) (11[err], 16a) 120 n
anhydrous chloroform 4,5g (0.04 nDIe) cyclohexane carbaldehyde and 1 g

toluenesulfonlc C a r{Br WedbgM th a
\R/at er bath, %F%e% ?bg'éeDgéﬁ P& "\:%r\;bi'\nﬁ@ Sﬁaetilgc%\sﬂu rredrlvI
t her monet er wa.ttdh 3000mli ethyl lagetate, Whténvigﬁr%sﬂ‘&ﬂé&ﬂ"aﬂ IxFurRi in

aliquots 8. 8¢9 A | re 3, i Lod
16, 27 51-tri oy (gg ﬂ} 95 E ggﬁbﬁeﬁd@dﬂY?' ﬁﬂ%‘%ﬁq on is coole

XO0- pro q@¥i -di,fluoro-11-h dr Xy
(6a, 1] err], ae8) keEFeméﬂHBéIgPﬁ %Fraﬂoaprq Wsdr% is gepeen. ew
aliquet is a%ech:wéds t %wra«eouslorub&mdwers dtseateddwiEhn&ld ywl 100 m

chloroforn1con %ﬁn;t%egp%n%aisglsio é%roleum ether. The solution is
Xept cold during 24 hr., yielding a precipitate of 7.5 g
U (22R,S)-  pregna-l,4-diene-3,20-dione,. 16,17~
(cyclohexylmethylidine)~bis-(oxy)-6,9-difluoro-11-
10 - hydroxy-21 (methyl~-l-oxo-propoxy)-(118,16a). This
product can be purified by the method indicated in
Example VII , ard ‘in this manner a yield of 7 g is
obtained, with a purity of 99-99.5% and a proportion of
R/S epimers of approximately 40/60%.
15 The resolution of the epimers is achieved
similarly according to the characteristics indicated in
Example V . '
EXAMPLE X. _ :
Formatlon of (22S)- pregna-l,4-diene-3, i?—dzone-

20 16, 17,(cyclohexylmethylldlne)-bxs-(oxy 6,9~
d1fIhoro-11-hydroxy -21-(s-methyl-1-oxo-

% propoxy)-(118,16a)

120 ml anhydrous chloroform, 4,59 (0.04 mole)
cyclohexane carbaldehyde and 1 g p-toluenesulfonic acid

25 are placed in a 1 L reactor provided with a water bath,
a reflux condenser, - ,_Dean-suark trap, a magnetic
stirrer, thermoxeter and additicn funnel. . While

vigorously agitating and in aliquots 8.8 g (0.014 mole)
pregna-1l,4-diene-3,20-dione, 16,17,21-tris-(2-methyl-1-
30 oxo-propoxy)-6,9-difluoro-ll-hydroxy (6x,118,16a) are
added in small aliquots in such a Qay that no new aliquot
is added until the'preVioﬁs one has been dissolved.
Finally, 100 ml chloroform containing HCl gas dissolved



-29- in an approximate proportion of 10 wt % are added, and the product is
kept under vigorous agitation for 5 hr. at room tenperature.

Subsequent |y, the product is naintained under very mld reflux (water
is collected in 5 the Dean-Stark trap during the process) along the -
time necessary for the reaction to be conpleted, i.e., until no nore b

triester exists in the reaction nass. This can be checked by taking a snall
sanple fromthe reactor, first neutralizing it, and then estimting the end
of the 10 reaction by HPLC. It is advisable to add an additi onal
10-15 m chl orof orm hydrochloric acid during the process. 200 _m nethyl ene
chloride are added to the reaction mxture; the mxture is treated three
times with 200 M 5%err] in aqueous Solution, and subsequently 15

washed three times with 80 m water each tine. The organic solution is

agent . br A Al SEPEIMES YNGR, | b BEs"RRe RA0RE B A, ' "
tol uene f@rofdugt igi keptgivndevnvigpeous| agdtastientfdr26 hr. afy
decant at i eooind témgelrdtede.n 50 BubERGRENR1G Chl Ohédepidue} Mg
tert-nethyl -.bytyl t he and the solutjon Obtained iS precipitated with
75 nl pet ﬁﬁwm?éru?éﬁmeﬂ’d&ﬁgrﬁ? jox iatey incoliocted B the said
et Ber (if thecdsamy$tapkt erape duritig dheoppbeessySalong RREi ©id@tion. It
I's advi sal?‘lee&etggaér}mfgpt {:Rlee%@aggf h to be completed, i.e., until
no more triester exists in the reaction mass. This can
be checked by taking a small sample from the reactor,
first neutralizing it, and then estimating the end of the
10 reaction by HPLC. It is advisable to add an additional
10-15 ml chloroform-hydrochloric acid during the process.
200 ml methylene chloride are added to the
reaction mixture; the mixture is treated three times with
200 ml 5% K,CO; in aqueous solution, and subsequently
15 washed three times with 80 ml water each time. The
organic solution is left overnight, drying with anhydrous
MgsO, or another conventional drying agent, brought to
dryness, and the o0il obtained is treated with 200 ml
toluene for 2 hr., with agitation. The o0il is collected
20 by decantation and is diluted in 50 ml methylene chloride
and 20 ml tert-methyl-butyl ether, and the solution ~
obtained is precipitated with 75 ml petroleum ether
(40/60 fraction), increasing the gquantity of the said
ether (if necessary) up to the point of complete
25 precipitation. It is advisable that he petroleum ether
be added slowly, with vigorous agitation. The solid
collected, 7.2 g, is purified by the following procedure.
7.2 g of the product obtained previously are dissolved in
a flask which contains 150 ml 96° ethanol and 200 ml
30 acetone; under stirring vigorously, 200 ml water are
added slowly, dropwise, so that complete addition of the
water is achieved within 6 to 7 hr. The precipitate



be added slowy, with vigorous agitation. The solid collected, 7.2 g, is
purified by the follow ng procedure. 7.2 g of the product obtained
previously are dissolved in a flask which contains 150 m 96 ethanol and

- 209 m, 30 acetone; under stirring vigorously, 200 ml water are added
s| &% y, dropwise, so that conplete addition of the water is achieved within
6 to 7 hr. The precipitate - 30 - formed is stirred for 2 hr., after

- which the precipitate obtained is filtered and washed with water and dri ed

in a 40-[err] oven, given 6.5 g pregna-1, 4-di ene- 3, 20-di one,

16, 17- (cycl ohexyl net hyl i di ne) -bi s(oxy)- difluoro-I1- 5

hydr oxy-21( 2- nmet hyl - | - oxo- propoxy)-(l1[erT],16a) in a purity above 99%

- The ratio of the R/'S isonmers corresponds to 1/99% respectively. A simlar
process is Ij hforineld deed t irtéd for nathmn aff tere whiildhethet preetipitatk

pregna- 1, 4-di

11, 16, 17, 21-t gg’?gﬁ;}/‘%rdoﬁﬁ (ii?gFg%QggB? waphed with,vateg and, dried in; o
di fluoro- 11, alsp 35 CQovenetgiatenireoy g pegnat-l, 4+dienet3, 26Fdiphe,wi t h
for “the 1 of matPon ot Soag e sl RELRPLYATas 17B481050) P8 KCR e1BoxacAAr g
conpoufds, andydromy-ﬁﬁsﬁzbhetbylpiepuoapropoHPLG(tha&ﬁn&vbnuhpureparat|on
of (22R)- and,(2¢R) 9ofy OMPhE FL¥SU' Ef the R/S isomers corresponds to
1/99%, respectively. _
A similar process 1is that followed in the

/ formation of the different acetals of pregna-l,4-diene-

10 3,20-dione, 11,16,17,21-tetrahydroxy—(113,16&), pregna-
1,4-diene-3,20-dione,6,9 difluoro- 11, 16, 17, 21 -
Tetrahvdroxy - (6& , 11@ , 16X) with valeraldehyde ,
cyclohexane carbaldehyde, and benzaldehyde,

1S for the formation of the 2l-esters
(22R,S) - (22S)~- of the ”6rresponding cdmpounds, and it is
possible by preparative HPLC to achieve the separatlon of
(22R)- and (22S)~ from the mixture.

The structure of the compounds and

20 their most significant spectroscopic properties are
compiled in Table II. '



The structure of the conpounds and 20 their nost

significant spectroscopic properties are conpiled in Table II. - 31-
EXAMPLES OF PHARVACEUTI CAL PREPARATI ONS The followi ng and non-limtative
exanples illustrate the fornulations intended for different topical forns -~
of .adm ni stration. The anmount of active 5 steroid in thepercutaneous »
formul ations are ordinarily 0.001-0.2% (ww preferably 0.01-0.1% (W w).
Forrmulation 1. Qntment Steroid mcronized 0.025 g
Liquid paraffin 15 g 10 Wiite paraffin a.d.
100. 0 g Formulation 2, G ntnment steypsd

0. 025 g Propyl ene gl ycol 6.0 g Arlacel 83
(sorbitan sesqui ol eat e) 6.0 g 15 Li quid paraffin

15.0 g Wite par #XAMPLESI.OF PHARMACBUTICAL RPREPARATION®rnul ation 3. O/W
Cream Steroid

7.0 g 20 ayds fehdering, and "°“9192?t9t@%!6ﬂ8§i1§%ft

paraffin illustrate the formulatdonsg intended for different

topical forms of administration. The amount of active

5 steroid in thepercutaneous formulations are ordinarily
0.001-0.2% (w/w) preferably 0.01-0.1l% (w/w).

ormulat 0 e

Steroid micronized 0.025 g _
Liquid paraffin 15 g
10 White paraffin a.d. 100.0 g

ormulation 2, Ointmen

Steroid 0
Propylene glycol 6
Arlacel 83 (sorbitan sesquioleate) 6.
15 Liquid paraffin 15
White paraffin a.d. 100.

ormu 3 W C

Steroid
Cetyl alcohol

20 Glyceryl monostearate
Soft paraffin
Polyglycol 1500
citric acia
Sodium citrate

25 Propylene glycol
Water a.d.
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ormu 4 . eam

Steroid micronized
Soft paraffin

30 Liquid paraffin
Cetyl alcohol
Tween 65
Span 60
citric acid

38 Sorbic acid
Sodium citrate
Water a.d.
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Pol ygl ycol 1500 3.0 g citric acid

0.1 g Sodiumcitrate 0.2 g 25 Pr opyl ene
gl ycol 20.0 g Water a.d.
100.0 g Formulation 4. O/WCream Steroid mcronized
0025 g Soft paraffin ' 20.0 g 30 Li qui d
paraffin 5.0 g Cetyl al cohol
5.0 g Tween 65 3.0 g Span 60
1.0 g citric acid 0.1 g 35 Sorbic acid
0.2 g Sodiumcitrate 0.2 g Water a.d.
100.0 g - 32 - Fornulation 5. WQjGream Steroid
0.025 g Soft paraffin 35.0 9 Liquid paraffin
8.0 g5 Arlacel 83 5.0 g Sorbic acid
0.2 g Gtrpomeidtion S, W/O Cream 0.1 g Sodiumcitrate
0.2 - ' -
g Steroid ' 0.025 g
Soft paraffin 35.0 g
Liquid paraffin 8.0 g
S Arlacel 83 5.0 g
Sorbic acid 0.2 g
Citric acid 0.1 g
‘Sodjium citrate 0.2 g
Water a.d. 100.0 g
10 Formulation 6, Lotion
~ " Steroid . 0.025 g
Isopropanol o "50.0 ml
Carbopol 940 R 0.5 g
NaOH : ' q.s.
15 Water a.d. : 100.0 g
o on 7 jectable suspension
Steroid Micronized 0.05 - 10 ng
Sodium carboxymethylcellulose ? mg
Sodium chloride 10 ng
20 Tween 80 : 0.5 mg
Benzyl alcohol 8 mg
Water for injection 1.0 mnl
Formulation 8 ressurized Aerosol for Oral and Nasal
halati S _
25 Steroid micronized ) 0.1% w/w
_ Sorbiton trioleate . _ 0.7% w/w
N : Thrichloro-fluoromethane 24.8% w/w
Dichlorotetrafluoromethane 24.8% w/w
Dichlorodifluoromethane 49.6% w/w
30 Formulation 9, Solution for Atomization
Steroid , 7.0 mg
Propylene glycol 5.0 g
Water a.d. : S 10.0 g
rmulation 10 owder for Inhalatio
35 A capsule filled with a mixture of
Steroid micronized B 0.1 g
Lactose _ : 20 mg

The powder is inhaled_bj means of an appropriate device.



Water a.d. 100.0 g 10 . For mul ati on 6.

Lotion Steroid 0. 025 g | sopropanol

50.0 m Carbopol 940 0.5 g NaCH _

q.s. 15 Water a.d. 100.0 g Fornul ation,7.

I nj ectabl e susDension Steroid M cronized 0.05 - 10 nmg Sodi u

car boxynet hyl cel | ul ose 7 nmg Sodi um chl ori de

10 ng 20 Tween 80 0.5 ng Benzyl

al cohol 8 ng Water for injection

1.0 m Formul ation 8. Pressurized Aerosol for Oral and Nasal Inhal ation

25 Steroid mcronized 0.1% w w Sorbiton triol eate

0. 7% w w Thrichl oro-fluoromethane -3 24. 8% W w

Di chl orot etrafl uoromet hane g&.8@6m/m1Eichlorodifluoronethane

49. 6% w w 30 Forrmul ation 9. Solution for Atom zation Steroid

7.0 ng Propyl ene glycol PHARMAGOLOGIC TESTSS.- 0. g Vater a.d.

10.0 g Formul atio 0.,.R faor. Jnhal ati.on .3 Q QARS filled

with a mxture of Sgéio?%l t%\%cjggﬁlr%é s Hesgl‘&ged {)" this o1 %g"
are pharmacologically active compounds. The
glucocorticoid activity of these products was studied in

5 comparison with that of budesonide: pregna-l,4-diene-

3,20-dione, 16,17-butylidenebis(oxy)~-11-21-dihydroxy-
(118,16a). The pharmacologic action on the acetonides -
triamcinolone acetonide and flunisolide was also studied.

Anti-inflammatory effects of the compounds were

10 screened in the cotton pellet granuloma bioassay for
identification of 1lead compounds. (Mei et al.,
Experimentia 6, 469, 1950). Male Wistar rats were used,
ranging in weight between 90 and 120 g, at the rate of 10
animals per group, previously identified and quartered in

15 individual cages. The animals had free access to feed
and drink throughout the trial.

Cotton pellets weighing exactly 20 mg were
prepared, sterilized for 2 hr. at 160°C soaked with 50.ul
solution of the product or with the solvent before

20 implantation, and subsequently the solvent is evaporated
before application. The implantation was performed

subcutaneously in the axillary zone of the animals
previously anesthetized with ether (right axilla pellet
with product, left axilla pellet with solvent). Animals

25 in which pellets without product were irmplanted were used
as controls.

The drug was applied in alcohol solution at 4

dosage levels. Once the pellets were implanted, the
animals were kept under normal rearing conditions,
30 isolated for 7 days and then weighed, after which they

were sacrificed by exsanguination.



Lact ose 20 ng The powder is inhaled by

"means of an appropriate device. - 33 - PHARMACOLOG C TESTS All of the

steroids described in this invention are  pharnacol ogically active
conpounds. The gl ucocorticoid activity of these products was
strdied in 5 conparison-wth that of budesonide: pregna-1, 4-diene- -
3, 20- di one, 16, 17- butyl i denebi s(oxy)-11-21-di hydroxy- (11,16a). The
phar macol ogi ¢ action on the acetonides triantinol one acetoni de and
flunisolide was al so studied. Anti-inflamatory effects of the conpounds
were 10 screened in the cotton pellet granul oma bi oassay for
identification of I|ead conpounds. (Mei et al., Experinentia 6,
469, 1950). Male Wstar rats were used™3demging in wei ght between 90 and
120 g, at the rate of 10 animals per group, previously identified and
quartered in 15 I ndi vi dual The gnimal s had free access (o feed

and drink throughout tlfé‘ttrﬁ%ﬁlmbogl"& BersbAndePEhi BReextRYMNS 230 were
prepared, staddenaAd Were2p8tfotinefiein]abDakeimal s hartd 4 @luorometixiian of

Lhe Product Gleohflt I P b¥ Bhe B PERRE 5 ponp EORAEL 80 280, we
i mpl ant at i on cgaes idear ftdmrmdrsaltdmaanaoable)sea patiamedbers aindigateivg athe
ani maks the systemic glucocorticoid activity of the products.
The topidal activity was determined by the
inhibitory effect on the weight of the cotton-pellet-
Y induced granuloma; the granulomas were extracted and
weighed (pellet and connective tissue surrounding then,
10 dried for 24 hr in a 60°* oven, and weighed).
The results are in the Tables IIIa and IIIb.
Anti-inflammat@ry ED,, (topical effect), thymus
inhibition ED,, (systemic effect), therapeutic index
(systemic EDg/topical EDm), and the therapeutic index
15 relative to budesonide (= 1).
All of the EDy, values were calculated from the
linear regression lines with the confidence linits.
The products that are the object of the present
invention have shown in the pharmacologic studies
20 performed a low systemic effect in relation to the

o topical pharmacologxc actlvxty found. The difference

becomes even more evident when the reference products,

budesonide, flunisolide, and triamcinolone acetonide are

compared; effective local pharmacologic activity and low
25 systemic glucocorticoid response are demonstrated.



previ ously anesthetized with ether (right axilla pellet with product, left

axilla pellet with solvent). Animls 25 in which pellets wthout
product were inplanted were used as controls. The drug was applied in
al cohol solution at 4 dosage | evels. Once the pellets were inplanted, tiwe
animals were kept under normal rearing conditions, 30 i solated for 7™

days and then wei ghed, -after which they were sacrificed by exsangui nati on.
-34- Extraction and wei ghing of the thynus and adrenals were perforned in .
all animals and a fluoronetric determ nation of the cortisol plasm Pavel s
was nmade. W consider the variation in these paraneters indicative of 5
the system c glucocorticoid activity of the products. The topical activity

was determ ned by the inhibitory, f the cotton-pellet-
i nduced granul oma; the granulo were extracted and wdi ghed (pellet and
connective tissue surrounding them 10 wdrged for %4 hr in a 60 oven
and wei ghed). The results are in| the Tabl eswl | Ra and | I|l b.
Anti-inflammatory [err] (topical| effgact}, tﬁ&nﬁs i nhi biftion [err] (systemc
effect), therapeutic index (systlemcg[efr]/toprcal [err]), and the
t herapeutic index 15 relatijve tg§ deesqpiée (= 1)
=~ o0F o P + o
-ifg. Q:O«m
Z oS S ° - -
- 4 !
z‘q‘ l.g.g
3 RN )
nzlﬂN
- = 9 <
- o NN hed
o o © ©
NnNﬂ
T~ " % = A
Q- - o 2* =
0w | e o 9 ©
SHEEEEE
o - -
O O &
] o O©
_Nll
O —u —
8 &
™ 2.“:.
5 « S &
EE83 3
Q © © o
‘-',UDU
o~ | R A ]
.
© ™
= =
¥
~ E I R
»
W
o)
5: E e D
z
€
- 'z" - N = 3
9 <
3




Al'l “of the [err] values were calculated fromthe linear regression |lines
“with the confidence limts. The products that are the object of the present
i nventi on have shown in the pharmacol ogi ¢ studies 20 perfornmed _ad.ow
systemc effect in relation to the topical pharnmacol ogic activity fdund.
The difference becones even nore evident when.the reference products,
budesoni de, flunisolide, and triantinol one acetoni de are conpared;

effective local pharmacol ogic activity and | ow 25 systeni c
- glucocorticoid response arle denonptrat ed. 35 . - 36 - - 37 - TABLE
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(17-27.7) (279. 6-1351) 8 22'S 20.5

606 29. 6 27.2 (16.9-25.6)
(359.3-1225.3) 9 22 25. 4
© 667.1 26. 2 24.5 (18.2-31.1) ,:
(321.4-1489.2) 10 22 * S_’_, 59.9
SWU. 2 9.7 T 89
59. 3-60. 3) {23.2-1440)_ 11 22 S 43
555. 3 12.9 TABLE 111 11.8
(35. 4- 55) Locat PraxiidflOc1CAdi3fiTy A9 sis?ouc aucocomticonn 22 T
74.7 SEPFECTS EXPRESSED AS EDgy ng/pellet 7.9 7.2
_5S.3-65.1) (265.1-i342.9) _ 13 22 1.s
: = ' > 11 3.7
COPEMS) EPIMER m:gn%u?.% 3)0 1 svw" #zug\nunc merareutic3ll 6
ANTI-1N GL cold ] iR
.49 ACTIVITY 36 ACTIVITY 1S (;3‘:4. l:::ﬂlw
(30.7-76.2) 1s | tcotton petiet) Rhyms inhibition) 1@B1CAL D BIDE SONIDE
786'§ r 1.7 ' &.7 Ik gsg %) %
(29. 8- M 3F "GrESpNI il 22(25%5 A331) 16376
gl70- G , T. T (125 1-21379)
(51.3- D73 T AR | 2885 A7
1567 0-6_ACErGNTE
°(196.1 pA8.*7 8.2.31.15( 143 7o 3601 oL UNI SOLI OEPe-2 22 ¥:5%5
—3516 156" 044 0.4
19(268. 8- %% (sv?;-:o.h (155.B- &g%:@&m * cC % M |s & 3B <
1" 2s 43 $55.3 2.9 1.8
_ (38.4-58) (296.3-1387.3) '
12 21 %7 592.2 7.9 7.2
(85.3-65.1) (265.1-1342.9)
13 21r,s 4.5 4 12 "
€3.7-5.5) (35-83.3)
% 2s 3.6 9 13.6 15
] (3-4.5) (30.7-76.2)
H 22 r 5.2 56.3 10.3 9.9
(3.6-6) (29.8-88.3)
BUDE SO 1DE 20,8 163.5 178.6 1.9 1
(135.1-213.9) (81.3-392.6)
TRIANCINOLONE | 22 ®,S 220.7 156.4 0.7 0.6
ACE TON1DE (198.1-25.7) (164.7-169)
FLUNLSOL 1OE 20,8 351.6 156 0.44 0.4
(268.8-459.9) (188.3-224.8)




~CLAIMS 1. A conpound of the formula 15 wherein [err] is 2-propyl,
"1-butyl, 2-butyl, cyclohexyl or phenyl; and [err] is acet “ mw“mu)m\
2. A conpound of the fornula 20 CH 2 OR2 30 wherein [er{‘l\m“ “S

as defi.ned in claim1, except that [err] is not 2-propyl. 3. ¢ Atcohp oun
acCor di’ ng to claimll or claim2, in the formof the (22S)- ep| mer. 35 4.
A conpound according to claim1l or claim2,38n the formof the

(22R) - epi ner. * C L MS * 395

(22R) - pregna- 1, LLAIME- 3, 20- di one, 16, 17-]

[ cyol ohexy! - met hy] | dyneddaipwhay bE- thehydiauya2l- (2-

nmet hyl - 1- oxo- propoxy) (11[err],16a ). 6.

(22S) - pregna- 1, 4-di ene- 3, 20-di one, 16, 17-[ [cycl ohexyl-nethyli dyne]

bi s(oxy)]-11- hydroxy-21-(2- net hyl - 1- oxo- propoxy)- (Il I'p, 16a). 7. A conpound
of the formg_,l a :

--_-o’c\u - (I)

10

"
15 wherein R, is 2-’-pr_opyl, 1-butyl, 2-butyl, cyclohexyl or
phenyl; and :
R, is acetyl or isobutanoyl.
2. A compound'of the formula
20
Cltﬂz-OR2
CH,y C=0
BO
"""" O\C/Rl
CH
~ 25 3l AL Jemee- o~ g (11)
07
30

wherein R, and R, are as defined in claim 1, except that R,
is not 2-propyl. |
3. A compound according to claim 1 or claim 2, in the
form of the (2'28)_—e'pimér-.

35 4. A compound é'c_cordi_.ng_ to claim 1 or claim 2, in the
form of the (22R)-epimer. '



OR F wherein Ris as defined in [err] in claiml. 8. A process for the
preparation of a conpound according to any of clains 1 to 6, which

conpri ses subjecting a correspondi ng conpound accorgj [ o]

sel ective hydrolysis at G 16 and C 17, in an * ﬂ“mml“ll'lﬂllmmﬂ* 40 -~
anhydr ous sol vent contai ni ng di ssol ved hydrogen chl oti de dgas®* afd teacti o™
with a correspondi ng al dehyde of the formulyg [err]. 9. A process according
to claim8, wherein the solvent is dioxane, [err] or [err]. 10. A process
according to gl ai r Im9, ;Merein.the solvent contains 10 to 15 W%
HC1. 11. A prgtesgbgﬁgoP§§§§glg'3ﬁ§§8$°cPa?§s§§°P8'1o, whi ch is conducted
at room tenpet@s U7el [¢2clohexplemethyd ddyned bie (aury )df- 1dl-hiydraxy o2 14(2-
which is con Lp- - - enghhoric acid, p-toluene-sulfonic
acid or anotﬁgﬁegg%aFyB?s ggsﬁﬁgg?oggég'égggfding to claim8, substantially
as exenplified herein. 14. A conmpound according to any of clainms 1 to 6,

for use in therapy228)-pregna-1, 4-diene-3, 20-dione,

16, 17-[ [cyclohexyl-methylidyne)
bis (oxy)]-11-hydroxy-21-(2-methyl-1-oxo-propoxy)- (118,
16a).

7. A compound of the formula

wherein R is as defined in R2 in claim 1.

8. A process for the preparation of a compound
according to any of claims 1 to 6, which comprises
subjecting a corresponding compound according to claim 7
to selective hydrolysis at C-16 and C-17, in an



15. ‘A conpound aCcording to any of'élafns_lfto 6, for use in the treatnent

of inflammatory conditions. 16. Use of a conpound according to any of .
clains 1 to 6, for the manufacture of a topical nedicanent n”“l“lm l“l""l,l"l"l
anti-inflammatory use. 17. A pharmaceutical conposition co u

conpound according to any of claims 1 to 6 together with a * ¢ t " s *
physi ol ogi cal | y-acceptable carrier. 18. A phdmnaceutlcal conposition

substantially as described hérein.
anhydrous solvent containing dlssolved hydrogen chloride

gas, and reaction with a corresponding aldehyde of the
formula RchO.

9. A process according to claim 8, wherein the solvent
is dioxane, Cﬂzcl2 or CH Cl3.

10. A process acéording to claim 8 or claim 9, wherein
the solvent contains 10 to 15 wt% HCl.

11, A process according to any of claims 8 to 10, which
N is conducted at room temperature.

12, A process according to any of claims 8 to 11, which
is conducted in the presence of perchloric acid,
p-toluene-sulfonic acid or another catalyst.

13. A process according to claim 8, substantially as
exemplified herein.

14. A compound according to any of claims 1 to 6, for
use in therapy.

15. A compound according to any of claims 1 to 6, for
use in the treatment of inflammatory conditions.

16. Use of a compound according to any of claims 1 to 6,
for the manufacture of a topical medicament for
anti-inflammatory use. '

17. A pharmaceutical composition comprising a compound
according to any of claims 1 to 6 together with a
physiologically-acceptable carrier.

18. A pharmaceutical composition substantially as
described herein.




