PROCESS FOR PREPARI NG [err] AND 21- CHLORO CORTI COSTERO DS 5 BACKGROUND OF
THE | NVENThiHlogiimgesynt hesi s of corticosteroids having therapegiasodidssdo t Y,
such as nonet asone, betanet hasone and becl onet hasone, requires
functionalization of the CG9 and C 11 positions of the steroid nolecule. 10
The functionality is generally introduced via [err] steroid |nterned|ates
Met hods for preparing steroids having a 9,11 doubl e bond :

art. For exanple, an 1 1-hydroxy steroid can be converteg
correspondi ng nesyl ate (by treating with mesyl chloride)
transfornmed into a A9.11 steroid via an elimnation 15 ) (

the prior art nethods are not regiospecific in the case of [err] hydr oxy
steroids and typically | ead to n1xtures of steroid conta|n|no 10- 15%
of the anal ogous [err] QCES R PREPARING h8 A1 ANE &

products is difficult, generally requgggggéggggaggﬂgg33¥5|caI separation
procedures, resulting in increased co lelds. It would
therefore be desirable to devel op an efficient regioselective nmethod for
preparing [err] steroids, fromeither 11 a- or [err] steroids, for use as

internediates ig the mlmuﬂmfopomgomwgmgpj The int roduct lon of a

21-chloro group is also of comrerci al

The synthesis of corticosteroids having therapeutic utility,
such as mometasone, betamethasone and beclomethasone, requires
functionalization of the C-9 and C-11 positions of the steroid molecule.

10  The functionality is generally introduced via A%.11 steroid intermediates.

Methods for preparing steroids having a 9,11 double bond
are known in the art. For example, an 11-hydroxy steroid can be
converted to the corresponding mesylate (by treating with mesyl
chloride) which is transformed into a A9.11 steroid via an elimination

15 reaction. However, the prior art methods are not regiospecific in the
case of 11a-hydroxy steroids and typically lead to mixtures of A%.11
steroid containing 10-15% of the analogous A11.12 steroids. Separation
of these regio-isomeric products is difficult, generally requiring laborious
physical separation procedures, resulting in increased costs and lower

20 yields. It would therefore be desirable to develop an efficient
regioselective method for preparing A9.11 steroids, from either 11a- or
11B-hydroxy steroids, for use as intermediates in the synthesis of
corticosteroids.

The introduction of a 21-chloro group is also of commercial

25 importance, e.g. for preparing intermediates and therapeutically
important compounds such as mometasone. The conversion of
21-hydroxy steroids to the analogous 21-chloro steroid by chloride
displacement of a 21-methanesulfonyl intermediate is known. However,
this reaction is not regioselective in the case of 11-hydroxy steroids, as

30 methanesulfonyl chloride reacts with both the 11- and 21-hydroxy
groups. In addition, Wuts, et al., Syn. Comm., 23, (15) 2199-2211
(1993) describes a method for preparing 21-chloro steroids using the
Vilsmeier reagent (prepared from DMF and POCI3 or phosgene).



25 inportance, e.g. for preparing internedi ates and therapeutically
inportangY ?%8 ds such as nonetasone. The conversion of ﬁgﬁ 8&%
steroids € anal ogous 21-chloro steroid by chloride di'splacénent of .
21- et hanesul f onyl -—irnedlate i s knowmn. However, this reaction is.not

g lase of 11 - hydroxy steroi ds as 30 met hanesul f onyl
h the 11- and 21-hydroxy groups. In addition, Wits,

_ . (15) 2199-2211 (199 descri bes a nethod for
AL legte=21=Cnl or o ster oids using the Vil s¥eier reagent (prepared from DVF
and [err] or phosgene) . -la- DE 1,127,895 describes the preparation of

9(11 )-unsaturated steroids fromt‘ghpcorres&ﬁr:dl ng 11 a-sul fonate esters by
reaction with a lithium hallfyiew® B obbath2:ehlpsegrouns and.

C{wremh dygl 31( 411)9 wmmeggoﬁds tIesay bbeclcsuréme tb faevélof &@Wéeéattégcﬁ?gt@%ss% ﬁ;r]
tri X | |
corr egpond?/ng 1, jgbgﬁlfﬁe?\ﬂyrlﬁgﬁg&ﬂgg %@%?‘I‘Qﬁ% O\I\ﬁfqr%& na ﬁ'@d%?@'?ﬁ acetic

acid. J.ACS. Vahole&ﬁ(eLG) page 4431 (1958) describes the

5 _
SUMMARY OF THE INVENTION
The present invention prowdes a regi aselectnve process
for preparing A9:11 steroids of the formulal
10 {

wherein: one of R2 or R3 is CHs and the other is H; and X is H,
halogeno or -OR, wherein RisHor -C(O)Ft1 and R is CF3, C1-Cg alkyl
15 or C4-Cg alkoxy.

The process of the present invention is chemlcally efficient,
and where a A9:11 group and a 21-chloro group are required, allows the
one step introduction of both functional grdups' ' | |

The instantly claimed process comprises treating an 11-o-

20 hydroxy steroid of the formula II or an 11-B- hydroxy steroid of the
formula IV

I1



conversion of [err]-trihydroxy-[err] ,4-pregnadi ene-3,20- 10 di one
21-acet at e ywdokomyé ate into the correspondl ng 1,4,9(11)-tri epgriiod; %&g&t i on
Wi th sodium acetate in acetic acid. U S.P. (reissue) 28,369 descri

Exanpl e 20) the 9, 11-dehydration of [err] 3,20-dione 21-acetate with
met hanesul fonyl chloride in pyridine and 15 DMF to the correspondrng
4,9(11) - pregnadi ene. EPA 3,341 describes (in Exanple 50) &k e S

[ err]-met hoxynet hoxy-1 , 4- pregnadi ene- 3, 20-di one 21- tosf
21-chl oro-9a- f | uor o- 11[err] nmet hoxynet hoxy- @-pregnadienr
reaction with lithium 20 chloride in hexanethylphosphorr*
3,639,434 shows (in the schene in the mddle of colum 5) the converS|on of
[err] ,4-pregnadiene- 3,20-dione 21-mesylate intQ
21-ch|oro-11a,17a,21-trihydroxy-1,4- pr egnadi ene-

O-dione with Iithium

chl oride in DW. -2- In view of the japortan h 21-chl oro groups
and HOL .\\%?'}
R2
P
° v

wherein Q is -OSO2CgH4CH3, -OSO2CH3, -O-C(0)O-B or X, wherein B
is a group of the formula

5 o
and wherein X, R2 and R3 are as defined above, with PCls, PCls, POCl3
or either SO2Clz and imidazole, or PPhg and CCly, to form a compound
of the formula 1.

The present invention also provides a process for
10 regioselectively preparing a 21-chloro steroid of the formula

wherein one of R2 or R3 is CHz and the other is H, comprising treating a
triol of the formula’



9,11 -double bonds it would be desirable to develop a one-step process for
ef fici ent o dspbégoduci ng both functional groups in a singl ePSTAISAS/b6dD| ecul e
5 SUNNARY OF THE | NVENTI ON The present invention provides a regl osel ective
== ) err] steroids of the formula I 10 | wherein: one of .
e other is H and X is H halogeno or -CR, wherein R
is [err] alkyl 15 or [err] al koxy. The process of
‘ . is chemcally efficieny, and where a [err] group and
a. 21- chloro -group are required, allows the one step introduction of both
functional groups. The instantly clained process conprises treating an
[err] 20 hydroxy steroid of the fornula.léHor an [err] steroid of the
formula IV [err]

wherein R2 and R3 are as defined above, with either triphenylphosphine
and CCly or p-tolueneslfonyl chloride and LiCl.
In an alternative embodlment the present invention further
5 provides a process for preparing A%: 11 steroids of the formula I, wherein
X, R2 and R3 are as defined above, comprising heating an 11-p-chloro
steroid of the formula III

| o~ | I
wherein X, R2 and R3 are as defined above, in the presence of a polar
10 solvent to form a compound of the formula 1. Preferably the polar
solvent is DMSO, DMF or a mixture of CH3CN and water, diglyme and
water, or dioxane and water.

DETAILED DESCRIPTION
15 | - |
- As used herein, the term *alkyl* means a straight or
branched unsaturated hydrocarbon chain having from 1 to 6 carbon
atoms and "alkoxy" similarly refers to an alkoxy group having from 1 to 6

carbon atoms;
20 . *halogeno” means bromo, chloro or iodo;



[err] wherein Qis [err] or X, wherein Bis a group of the formula [err] 5
and wher ei Ny osi339gand R3 are as defined above, with [err] or pititskoésdn’ |
and imdazole, or [err] and [err] to forma conmpound of the forrmula |I. The
present invention also provides a process for 10 regioselectively
preparing a 21 -chloro steroid of the forrmula [err] wherei
[err] is [err] and the other is H conprising treating a t i ol
formul a -4- Jerr] wherein R2 and R3 are as defined abov '

T N

tri phenyl phosphine and [err] or p-tolueneslforyl chloride and Li Cl.

"Tertiary amine base" means pyridine or a trialkylamine
such as triethylamine, N-ethylpiperidine, DMAP or Hiinigs base, or
combinations thereof.

The following solvents and reagents employed in the

5 process of the present invention are identified by the abbreviations
indicated: ethyl acetate (EtOAc); acetic acid (HOAc); tetrahydrofuran
(THF); dimethylsulioxide (DMSO); triethylamine (Et3N);
diisopropylethylamine (Hiinigs base); methanol (MeOH); 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU); triphenylphosphine (PPhg);

10 diisopropyl ether (iPr20); dimethoxyethane (DME); t-butyimethyl ether
(t-BuOMe); N,N-dimethylaminopyridine (DMAP); dimethylformamide
(DMF); p-toluenesulfonyl chioride (TsCl).

The present invention comprises a process, designated
Process A, for regio-selectively dehydrating an 11-hydroxy steroid of the

15 formula IT or IV to form a A9:11 steroid of the formula I, as shown in
Reaction Scheme A.

Reaction Scheme A
Step At(a)

OC(O)OR*

HOy, M OH
At OH

CIC(O)OR?2

20 II(a) o II(b)



In an alternative enbodi nent the present invention further 5 provides a
process f ring [err] steroids of the fornula I, whe and R3
are as de negfﬁgove, conprising heating an [err] steroi d g? RBS/(* (E)?orml a
11 [err] whereln X, R2 and R3 are as defined above, in the presence of a
pol-ar 10 solvent: to form a conmpound of the fornmula |I. Preferably the polar
sol ven es—BMRO—DME or_a_nmi xture of CH3CN and water, di glyme and water, or
di oxang ‘Eﬂﬁ “SMEEG D DESCRI PTION 15 As used her ei n, the term"al kyl"
H [ IR ed unsat urat ed hyd@bcar bon chain having from1l to
B¢ = VA sim'larly refers to an al koxy group having from
1to 6 car bon at ons; "hal ogeno neans brono, chloro or iodo;
-5- Tertiary am nSt %ﬁ(b)maans pyridine or a trial kylam ne

R4C(O)L

II(a)

Step A1{(c)

Il{a)

Step A2
II(a) or II(b) or_
II{c) or II(d) or

HO,,,‘..

Il(e)
Y = H or halogeno

10 :
in Step A1(a) an 11-hydroxy steroid II{a), e.g. a
compound of formula II wherein X is -OR and R is H, is treated with an
. alkylchloroformate of the formula CICO2R4 , where R4 is C1-Cg alkyl,
preferably ethylchloroformate, and a tertiary amine base, preferably
15 N-ethylpiperidine, Hﬁnigs base or Et3N, to form a compound of formula



such as triethylam ne, N-ethylpiperidine, DVAP or [err] base, or

conbi nat i oRgglokssgef. The foll owm ng sol vents and reagents errpbﬁmgls,(,dao(; he 5
process of the present invention are identified by the_abbhreviat

i ndi cated: ethyl acetate (EtOAc); acetic acid (HOAC); S .

(THF); di met hyl sul foxide (DVSO); triethylamne (Et3N);
di i sopropyl ethylam ne [err] base); nethanol (MeOH); 1,
di azabi cycl o[ 5. 4. O] undec-7-ene (DBU); tripheny. J[phosphi ne_ (PPh3); 10
di i sopropyl ether [err]; dinethoxyethane (DVE)S™ t-butyl nethyl ether
(t-BuOwe); N, N-di net hyl am nopyri di ne (DIVAP) di met hyl f or mam de ( DVF);
p-tol uenesul fonyl chloride (Tsd) gresent i nvention conprises a

process, designat ednﬁpb@e&*saﬁomﬁ’@ﬂnﬁéljl e damagla I} avhergionQds aridgr an

11- hydroxy steroi d @-G(MOLB, whefdiBaislds defined & a f 1
the formula I, as sﬁq\z\ﬁgﬁr‘b g\%(ctlon Sghesrre |.e Re%ﬁﬁ%sgﬁ%}s 31[‘(%"’)?1 arfd 10

[err]

Alternatively, in Step A1(b) compound II(a) is treated with
5 (CF3CO)20 or an acylating agent of the formula R4C(O)L, wherein R4 is
as defined above and L is a suitable leaving group such as halogeno,
and a tertiary amine base, such as pyridine, optionally in the presence
of DMAP, to form a compound of the formula II(c), e.g. a compound of
the formula II wherein Q is X, X is -OR, R is -C(O)R? and R? is CF3 or
10 C1-Cs alkyl.

In a second alternative, shown above as Step A1(c),
compound II(a) is treated with a sulfonyl chloride of the formula
CISO2R5, wherein RS is -CgH4CHg, in the presence of a tertiary amine
base, preferably EtsN, DMAP or a mixture of Ets3N and DMAP, at -20 to

15 60°C, preferably at 0° to 40°C, and most preferably at 10° to 30°C, to
form a compound of the formula II(d}, e.g. a compound of the formula II
wherein Q is X, X is -OSO2R5 and RS is -CgH4CHa.

in Step A2, a compound of the formula II{e), e.g. a
compound of the formula II wherein Q is X and X is H or halogeno, or a

20 compound of the formula II(a), II{b), II(c) or II{d), is treated with PCls,
PCla, POCI3 or either SO2Cl2 and imidazole, or PPhs and CCls. Where
the reaction is carried out using PCls, it is preferably run at low
temperature, e.g. at 0° to -100°C, preferably at -40° to -90°C, and most
preferably at about -60°C to -85°C, in a suitable organic solvent such as

25 THF, to form a A%:11 steroid of the formula L

Where Step A2 is carried out using PPh3z and CClgs., the
reaction is run at 0° to 100°C, preferably at 20° to 80°C, in a suitable
solvent, such as CH3CN. Where SO2Clz and imidazole are used in
Step A2, the reaction is carried out in a suitable solvent, such as THF, at

30 0°to -100°C, preferably about -10° to -80°C, and most preferably at -20°
to -78°C. Finally, where POCIg3 is used, Step A2 is carried out in the
presence of pyridine in a suitable solvent, such as CH2Cly, at -40° to

-100°C, preferably at -20° to 80°C, and most preferably at -5° to 60°C.
When PCl3 is used in Step A2, the reaction is preferably carried out at



In Step Al (a) an 11 -hydroxy steroid Il(a), e.g. a conpound of formula Il
wherein Xis -ORand Ris H is treated with an al kylchloroformate of the
fornula [WPAH32%kkere R4 is [err] alkyl, preferably ethyl chPEFEFEY%ERe, and
atertiary am ne base, preferably 15 N-ethyl pi peridine, [err] base or Et3N,.
to forma corrpound of formula -7- 11(b), e.g. a compound of the formula
1 wherei -§_ or-X-or [err], wherein B is as defined above, Xis -OR R

is [err] m,;:.—— al koxy. Alternatively, in Step Al (b) conpound
[1(a) isftrealpe T r] or an acyl at+8ig agent of the formula [err],
wherein "“*~-~—.11{u‘\;\ ove and L is a suitable |eaving group such as
hal ogeno, and a tertiary amne base, such as pyridine, optionally in the

presence of DVAP,-800 té SOPCaprefenablyat -40° td SOPO| and mdst (preferably.ata2gdfgound
of the formula 11 ggtf:reln Qis X, Xis-OrR Ris [err] and [err] is [err]
or 10 [err] al ky? n a second alternative, shown above as Step Al (c),
corrpound I1(a) is treated vWompgupdsbtye farmulal aherein Xds FORANAR is

-C(O)R? can be converted to compounds of the formula I wherein X is
5 -OR,andRisH, by hydrolysis using known methods. In addition,
compounds of the formula I wherein X is -OR, and R is H, can be
converted to compounds of the formula I wherein X is halogeno, via '
known methods. :
The present invention further comprises Process A as
10 shown above wherein the analogous 11-B-hydroxy steroid, e.g. a
compound of the formula IV, is used in place of the 11-a-hydroxy
steroid (II). ,
- . Starting compounds of the'-formula II(a) and II(e), and the
analogous compounds of the formula IV are known and can be
15 prepared by established methods.

' The A9.11 steroids prepared by the Process A of the
present invention are of high purity and preferably contain less than 2%
of the unwanted A11.12 regio-isomers.

. ‘The present invention also comprises a process for
20 regioselectively converting an 11,17,21-trihydroxy steroid to a 21-
chloro-11,17-dihydroxy steroid as shown in Reaction Scheme AA.

25




[err] wherein R5 is [err] in the presence of a tertiary am ne base,

pref er abl y Wwe@bs3208VAP or a mixture of Et3N and DVAP, at -20pé&fuddsnskdr ] .
preferably at [err] to [err], and nost preferably at 100 to [err], to form

a conmpound of the fornula I1(d) e.g. a conpound of the fornmula I

is X, Xis [err] and [err] is [err]. In Step A2, a conpM
l1(e), e.g. a conpound of the fornmula Il wherein Qis X
hal ogeno, or a 20 conpound of the formula II_(g';}), I'1(b)
treated with [err], [err] or either [err] and™ m dazole, or [err] and

[err]. Wiere the reaction is carried out using [err], it is preferably run

at low tenperature, e.g. at [er to [grr], eferably at [err] to [err],
and nost preferably at about 'Peé%?"tloé‘ ?@?4']‘?%%"901%"60“&‘9 armuleoll{adnt
uch as F, tdsteatedwittrPPhsan L4090 the Préstnde ¢f d suldsIE SoRke, sicH S
such OI25t THF t['fl dm[thmi’s\ and ¢Cl oiﬁthél d<uirivel of d suidis toﬁt

carried out usin e react [, Shol U err] to [err
preferably at [e?r]ae%{ghﬁgggﬁt "Iég ?éﬁﬁ‘aﬂf?&@g&ﬁm ,torshf@h'%?d[rbpﬁ ple\?ﬂ
[err] and im dazol éat808 tas3IC; to seleptively forme arcampound obthedformeth I, i, a
sui t abl e sol vens, &snd' theaforf%glat ilﬁméﬁé}@g :a*]rard%ﬁgngi'abl y about

[err] to [err], and nost preferab P[ at [err] 1 ly, where [err]
is used, Step A2 is carried duternatively ip/Reastion SehemeiAi.ne compoundi ofthee

sol vent, such as [ dormuRatIl{)s kreated dith] TTIRIRS 2% diad) ahfifé baks, §§H hsand
most preferably at degrd, £ QomBination of EtsN and DMAP, in a suitable sovent, such as
CH2Cly, at -20° to 40°C, preferably at 0° to 30°C, and most preferably at
10  about room temperature, to form a 21-tosylate intermediate, which is
then treated with LiCl at 20° to 60°, preferably at 30° to 50° and most
preferably at about 40°C, to form the 21-chloride II(f).

The present invention further provides a Process AA as

shown above wherein the analogous 11-f-hydroxy steroid, e.g. a
15  compound of the formula IV, is used in place of the 11-o-hydroxy
steroid II(a).

In an alternative embodiment, the present invention
comprises a process, designated Process B, for regio-selectively
converting an 11-B-chloro steroid of the formula III to form a A9.11

20 steroid of the formula I, as shown in Reaction Scheme B.

25




When [err] is used in on is preferably carried out at

[err] to Jwelkhaoshr ef er 4 T erFr—to—f rr], and nost prepetabdsneado [err]
to [err]. Conpounds of - ein Xis -ORanRis [err] can be
converted to conpoundsiig [ =2 and Ris
H, by hydrol ysi s.using known nethods. .

| wherein X is -OR "and Ris H, can be convertf
formul a | ~wheréin X i's hal ogeno, via known rfpt NOOS——Fre=f .

further ‘conprises Process A as 10 shown aboveé wherel n the anal ogous [err]

steroid, e.g. a conmpound of the fornmula IV, is used’in place of the 1
1-a-hydroxy steroid (I1). Startingocorrpounds of the formula Il(a) and

Il (e), and the anal ogous colfpB@agtionScheme Bragrmpoungref thadarmuladitis be
15 prepared by egbmbingthwith @slitise pdhe doient, SietsrabRSDMSOADME by at he
Process A of the present: bRl aR kier ighhth'aRd Werdr, B hibke La3 Water.
The reaction is generally carried out at 20° to 150°C. Typically for
5 compounds III wherein X is -OR and R is H, the reaction is preferably
carried out at 20° to 80°, and most preferably at 30° to 50°C, while for
compounds III where X is H, halogeno or -OR wherein R is -C(O)R?,
the reaction is preferably carried out at 50° to 150°C, more preferably at
80° to 120°C, and most preferably at 90° to 110°C, to form a compound
10 offormulal Lo | {
_ Chloro substituted steroids of the formula III can be
prepared by established methods. For example, treating a steroid of the
formula II with a chlorinating agent, such as PCls, PCls/pyridine, or
CCl4/PPhg, provides the 11-B-chloro steroid IIl. Compounds of the
15 formula II are known and can be prepared via methods disclosed in the
prior art.

The following preparations and examples are illustrative of
the process of the present invention. '

20 - GENERAL METHODS

The ratios of A%11to A11.12 steroids, and the percentages
of A9:11, A11.12 and 11-B-chloro steroids, presented in the Examples
below were determined via HPLC analysis (u-Bondapak® C-18 column,

25  1:1 CH3CN/H20, 1-2 mL/min., U.V. detector at 254 nm) of the products.

Molar yields are based on the quantity of starting
compound and product, corrected for starting compound and product
purity, as determined by HPLC using the above conditions.

This Sheet Has Been Reﬂlaced .




of the unwanted [err] regio-isonmers. The present invention also conprises a
process fomw@0s/3:egi osel ectively converting an 11, 17,21 -tri bgflg8dossdec! Oi d
to a 21- chloro-1 1 ,17-di hydroxy steroid as shown in Reaction Schene AA.
Reaction Schenme AA -9- In Reaction Schenme AA, a conpO-{L‘ngLhe formul a
l1(a) is treated with [err] and [err] in the preséﬁce of ) ==

sol vent, such as [err], at [err] to [err], preferably at
and nost preferably at [err] to [err], to selqgtlvely f o
the formula 11 (f) i.e., a 5 conpound of the fornula II 2
Xis A. Aternatively, in Reaction Schenme AA, a conmpound of the fornula
I1(a) is treated with TsC and a tertla;ﬁﬁégégégﬁiﬁgg such as Et3N or a
conbi nati on of Et3N and DVAP, in a suit uch as [err] at [err]
to [err], preferably at [err] to [err] and nost prefe;;ﬁ;? at 10 about

roomtenperature, to forma 21-tosylate internediate, ich is then treated
with Lid at [err] to [err], preferably at [err] r Cﬁﬂp st
preferably at about [err], to formthe 21-chl f). QCH?

O

Combine 20.0 g of 16B-methyl-11a,17¢, 21-trihydroxy-

S pregna-1,4-diene-3,20-dione, 80 mL of CH2Cl2 and 30 mL of EtzN. Stir
the mixture, cool to -15° to -10°C and slowly add a solution of 6.5 mL of
CICO2CH2CH3 in 10 mL of CH2Cl2 over a period of 1 h, while
maintaining the temperature at -15° to -10°C. Stir the mixture at -15° to
-10°C for 30 min, then warm to 20° to 25°C and stir for 2 to 4 h more.

10  Add 40 mL of THF and 80 mL of water, then stir at 20° to 25°C while
stowly adding 13 mL of concentrated HCI to adjust the pH to 2. Stir for
15 min more then recheck the pH. (If the pH is >2 then add HCI to adjust
to pH 2 and stir 30 min more.) Allow the mixture to settle and separate
the layers. Extract the aqueous layer with 50 mL of CH.Cly, combine

15  the extract with the original organic layer and heat the combined organic
solution to distili to a volume of 40 mL. Cool the concentrated solution,
add 40 mL of THF, then heat again to distill to a volume of 40 mL. Cool
to give a solution of the title compound for use in Example 1.

Alternatively, the title compound can be isolated from the

20 product solution, e.g. by concentration in vacuo, and if necessary

purified.



The present invention further provides a Process AA as shown above wherein
t he anal ogagus gfrr] steroid, e.g. a 15 conpound of the fo # | s used-
in place P %55 8[’err] steroid Il1(a). In an alternative enbggr)rlr]eg%m}é‘?dhe ,

ses a_process, designated Process B, for

present invention conpri .
regi o- sel egizgsEr=corverteRg AN [err] steroid of the formula Il to forma
[err] 20 ' PHEELIE BESNN|l| a I, as shown in Reaction Schene B. Reaction
Schene B .[Fdr PLACEPR ti_on Schenme B a conpound of the fornula |11

i s conbi ned Z-surtapl e pol ar sol vent, ptéferably DMSO, DVF or a

m xture of CH3CN and water, diglyne and water, or di oxane and water. The
reaction is generally carried out at [err] to [err]. Typically for 5

conpounds 111 wherein X is -OR and R i A ik i on i s preferably
carried out at [err] to [err], and nost preferably at gerr] to [err], while
for conpounds Il where X is H halogeno or -OR whereiln Ris [err],

o) OCH,CHj3

o ' (

The title compound is prepared by treating a mixture of
5 - 0.050 g of 16B-methyl-11B,17c, 21-trihydroxypregna-1,4-diene-3,20-
dione, 2 mL of CH2Clz and 0.1 mL of EtsN, with 0.5 mL of a solution of
0.3 mL of CICO2CH2CHa in 10 mL of CH2Clp via essentially the same
procedure as described for Preparation 1.

10 . ~ PREPARATION 1B

The title compound is prepared by treating a mixture of 2 g
of 16a-methyl-11a,17a, 21-trinydroxypregna-1 ,4-diene-3,20-dione, 15
15  mL of CHoClp and 3 mL of EtaN, with a solution of 0.65 mL of
CICO2CH2CHg3 in 2 mL of CH2Cl2 via essentially the same procedure
as described for Preparation 1.



the reaction is preferably carried out at [err] to [err], nore preferably
at [err] towlpwsshoggand nost preferably at [err] to [err], to dcaniBo806600

conmpound 10 of fornmula |I. Chloro substituted steroids of the fornula |11
can be prepared by established nethods. For exanple, treating a steroid of
the formula Il with a chlorinating agent, such as [err], [P Sjisa :

the [err] steroid Ill as one of the products. 15 Conpo
Il are known and can be prepared via nethods d1 cl osed it cont 0] APt
The foll owing preparations and exanples are illstrative of the pr 0CEss O
t he present invention. 20 GENERAL METHODS The rati os

of [err] to [err] steroids, and the permrr] [err] and [err]
steroids, presented in the Exanpl es bel I ned via HPLC anal ysi s
[err] colum, 25 1:1 [err] 1-2 [err], U. V. detector@jifm nm of the

products. Ml ar yields are based on the quantity of staidting conmpound and
product, corrected for starting conpound and prod ™ Yo det er m ned
by HPLC using the above conditions. PLACEME 2¥Ts

Cl

o

Combine 2 g of the isolated product of Preparation 1 with
5 30 mL of CH2Clz and 6 mL of pyridine. Add an excess of PCls and stir
the mixture at room temperature for 30 min. Quench the reaction
mixture by adding water, then dilute with 100 mL. of CHoClo. Wash the
resulting solution with 50 mL of 6N HCI (aqueous), separate the organic
and aqueous layers, and extract the aqueous layer with CH2Cl (2 X 50

10 mL). Combine the organic sqiutions. wash successively with 1N HC!
{(aqueous), water and brine, then dry over NaoSO4. Concentrate the
organic solution in vacuo to a residue, then purify the residue by
chromatography (silica gel, 30/70 then 50/50 EtOAc/hexane) to give
0.15 g of the title compound. H NMR (CDClg): 7.20 (d, J = 10 H2);

15 6.28(d, J=10Hz); 5.97 (s); 4.98 (d, J = 18 Hz); 4.85(d, J = 18 Hz);
4.62 (br. s); 4.21(q, J=7 Hz); 2.6-20 (m); 1.5(s); 1.31 (t, J =7 H2);
1.15(d, J =7 Hz); 1.1 (s). Mass Spectrum (FAB): (M++3) 467; (M++1)
465; (M*+1-HCI) 429,

Alternatively, the 11-B-chloro steroid is prepared by

20 treating a solution of the product of Preparation 1 in THF with 2 equiv. of
PCl3 under substantially the same conditions as described above for 4.5
h. The title compound is then isolated as described above.



-11- [err] Conbine 20.0 g of [err],1 7a, 21 -trihydroxy- 5
pregna-1 4-di ene-3, 20-di one, 80 nL of CH2Cl 2 and 30 nL of r the
m xture, V3% [err] to [err] and slowy add a sol ution‘{g‘ﬁ:@%’o%?b -
[err] in 10 nL of [err] over a period of 1 h, while maintaining the
terrperature at [err] to Jerr]. Stir the mxture at [err] to [err] for 30
5 Fr o [err] and stir for 2 to 4 h nore. 10 Add 40 nL
T then stir at [err] to [err] while slowy adding
] & to adjust the pH-8-2. Stir for 15 min nore then
I'f the pHis >2 then add HC to adjust to pH 2 and stir 30

‘m"-_'—_—-_______.—-m
mn nore.) Allow the mxture to settle and separate the | ayers. Extract the
aqueous |ayer with 50 nL of CH2CI 2, c&ﬂﬁﬂéﬁw RATI extract with the

original organic |layer and heat the combined or ganic @olution to distill to
~a volunme of 40 nL. Cool the concentrated solution, ad$i 40 nL of THF, then
heat again to distill to a volunme of 40 nL. Cool to e a solution of the

6Ty O t he QGHPHs conpound can
.§. by concentration in vacuo,
'.||\\°H

title conpound for use in Exanple 1. Alter u\
be isolated fromthe 20 product sol ution,
and if necessary

Combine 1 g of the isolated product of Preparation 1 with
5 10-mL of THF and 5 mL of CCls. Add 1 g-of PPhg and stir the mixture at*
70°C for 1 h. The product is isolated via substantially the same
procedure as described for Preparation 2 to give the title compound.

10

Cool 2 g of 16a-methyl-11a,17a, 21-trihydroxy-pregna-
~ 1,4-diene-3,20-dione to -20°C. Add 15 mL of THF then slowly add (at a
“rate of 0.2 mL/min) a solution of 0.8 mL of (CF3C0)20 in 5 mL of THF
15  and stir the mixture at -20°C. Add another 0.05 mL of (CF3CO)20 in 1
mL of THF and stir at -20°C to give a solution of the trifluoroacetyl ester
product. |



purifi ed. -12- [err] The title conpound is prepared by treating a

m xture of wWo9830480 g of [err] 21-trihydroxypregna-1, 4-di enepérafkosoécone, 2
mL of CH2CI2 and 0.1 nL of Et3N, with 0.5 nL of a solution of 0.3 nL of
[err] in 10 nL of [err] via essentially the sane procedure as described for
Preparation 1. 10 PREPARATI ON 1 ] '
conpound is prepared by treating a mixture of 2 g of [e¥rfSs-

21-tri hydroxypregna-1, 4-di ene-3, 20-di one, 15 1 nlL of gerr] =l

Et3N, with a solution of 0.65 nL of [err] in 2 nL of [e e F
t he sane procedure as described for Preparation 1.

PREPARATION 5§
o ,CHeCl

HO/,," L g OH

«atHl]

1®]

Combine 2 g of 16a-methyl-11a,17a, 21-trihydroxy-

5 pregna-1,4-diene-3,20-dione, 34 mg (0.05 equivalents) of DMAP, 14 mL
of CH2Clz, 3 mL of EtsN and 1.21 g of TsCl. Stir the mixture at room
temperature for 1 h, then add 1 mL of MeOH and stir for 30 min. Add 1 g
of LiCl and heat the mixture to 40°C for 2.5 h. Filter and wash with
CHzClz (2 X 15 mL). Combine the CH,Cl, washes, wash with NaHCO3

10 and dry over Nax;SO4. Concentrate in vacuo to give the 21-chloride
product.



-13- [err] Conbine 2 g of the isolated product of Preparation 1 with 5 30

m. of [ery mL of pyridine. Add an excess of [err] a

m xture dwhpggﬁp?enperature for 30 min. Quench the reactlogedﬁﬁ%%$%aﬁy

adding water,- then dilute with 100 nL of [err]. Wash the resulting solution

W|th 50 m_ of 6N HCl (aqueous), separate the organic and aqueous | ayers,
sl t:he . aqueous |l ayer with CH2CI2 (2 X 50 10 nl). Conbine the

S DT successively with 1 N HC (aqueous), water and

SR r]. Concentrate thei8ganic solution in vacuo to a

. # residue by chromatography (silica gel, 30/70 then

50/ 50 Et QAc/ hexane) To~

o—give 0.15 g of the title conpound. [err] NVMR [err]:

7.20 (d, J = 10 Hz); 15 6.28 (d, J = 1EXAMPLE47 (s); 4.98 (d, J = 18

Hz); 4.85 (d, J = 18 Hz); 4.62 (br. s); 4.21 , J =7 Hz); 2.6-2.0 (m;
E)

1.5 (s); 1.31 (t, J =7 Hz); 1.15 (d, J =7 ; 1.1 (s). Mass Spectrum
(FAB): (M++3) 467; [err] 465; [err] 429. Al atively, the [err] steroid
is prepared by 20 treating a SOIuD;Q 0 he H?@ﬁﬁ%h of Preparation 1 in
THF with 2 equiv. of [err] under sub¥tantially the sane conditions as
descri bed above for 4.5 hHoThe | tf e lca@ppund is then isolated as described
above.

Dilute the 40 mL product solution from Preparation 1 with
5 100 mL of THF and cool to -85° to -83°C. Slowly add 20 g of PCls (over
a 30 min. period), while keeping the reaction temperature at -85° to
-83°C. After 30 to 90 min., slowly pour the mixture into 800 mL of stirred
water (at 10° to 15°C). Stir the mixture at 10° to 15°C for 30 min., then
slowly add 32 mL of 50% NaOH (aqueous) to adjust to pH 7.5. Allow
10 the mixture to stand at 10° to 15°C for 30 min., then filter and wash the
solids with 3X 200 mL of water. Dry the solids in a vacuum oven at 60°C
ovemnight to give the triene product (92% overall yield from the starting
trihydroxypregnadienedione of Preparation 1).



-14- [err] Conbine 1 g of the isolated product of Preparation 1 with 5
mL. of THF and 5 nml of [err]. Add 1 g of PPh3 and stir the mxture at [err]

for 1 h. Th&O

descri bed for

10 Cool 2 g of l1l6a-nmethyl-1 l1la, 17a, 21 -tri hydroxy-pregna-

P82t is isolated via substantially the same BCEES85PESOe s

Preparation 2 to give the title conpound. PREPARATION 4 [er

10

r]

1,4-diene-3,20-dione to [err]. Add 15 nL of THF then sl oy ¥4 ]
of 0.2 nmb/mn) a solution of 0.8 nmL of [err] in 5 m of THF 1

m xture at [err] Add another 0.05 nL of [err]-ti7Za 1 nL of !

he

[err] to give a solution of the trifluoroacetyl ester product.

EXAMPLE 2

X

o OCH,CHj

HOy, .

PClg j\
\ o o OCH,CHj3

R\ OH

o~

Combine 10 g of the 11-a-hydroxy steroid (isolated from
5 the product solution of Preparation 1) and 65 mL of THF. Stir the
mixture at room temperature to dissolve the steroid, then cool to -78°C.
Add 8 g of PCls in small portions over a period of 30 min. while
maintaining the temperature below -73°C. Stir the mixture at -78°C for
30 min., then add the mixture to 400 mL of water and stir for 30 min. at
10 room temperature. Fiiter and wash the solids with 300 mL of water, Dry

the solid under vacuum at 60°C overnight to give 9.33 g of the title
compound (94.5% molar yield). The ratio of A9:11 to A11.12 gteroid is
98:2.

15 Using the solvent and temperature indicated, and
otherwise substantially the same procedure as described above, the
following results were obtained: '




-15- [err]

Cerr] s nogssRay

Combine 2 g of [err]
3, 20-di one,
N and 1.21

la, 17a, 21-trihydroxy- 5

34 ng (0.05 equivalents) of DpeFusdshebde Of

g of Tsd.

Stir the m xture at

roomtenperature

ute

32

for 1 h, then add 1 nlL of I\/EO—Iand stir for 30 mn. Add 1 g of LiCl and
heat the mxture to [err] for 2.5 h. Filter and wash with CH2ClI 2 (2 X 15
mL) .. Conbij wash with NaHCC3 10 and dry over [err].

Concent ratle et he 21-chlorid product - 16- [err] Dl
the 40 nL i "? v |on fgom Preparation'® with 5 100 nL of THF and
cool to [err L y add 20 g of [err] (over a 30 mn. period),
whi | e keeping the reactlon enperature at [err] to [err]. After 30 to 90
mn., slowy pour_the mxture into 800 ol of stirred water (at [err] to
[err]). Stir thel mpgiventat] Raadtiéa [ er o fof 3@ynin|, ®gen 5 Cothmeént

mL of 509% NaOH (

pgueous) to adf; ust

| room temp

CHZCIgl 704 | 11.2
pyridine }
pyridine | room temp.| 52.3 38 43.9
CHCl, | -20°C | 744 | 146 | 11.0
EtOAc -20°C 80.2 17.9 1.9
t-BuOMe -45°C 95.7 4.3 - 80% smf1
' after2 h
DME .| -45°C |- 81.4 18.6 .-
dioxane |{roomtemp.| 55.1 7.4 37.5 :
i-Pr20 -30°C 94.0 6.0 - 85% sm!1
after 0.5 h
~ toluene -45°C 95.0 5.0 - 50 % sm!
| after 2 h
CHaCN |roomtemp.| 828 | 1.8 3.1 (a)
THF | roomtemp.| 81.1 - 7.6 11.3
THF 20°C | 92.3° 4.9 2.8
THF -45°C | 95.5 3.3 1.2
THF - -78°C 97.5 1.8 0.7
THF -85°C 98.4 1.3 0.3

1 sm = unreacted starting material

(a) impurities were detected



10 the mxture to stand at [err] to [err] for 30 min., then filter and

wash the saybdgsxghh 3X 200 nL of water. Dry the soli ds in a PYRRISERRNEN at
[err] oOvernight to give the triene product (92% overal l y|eId romthe

starting trihydroxypregnadi enedi one of Preparation 1). EXAVPLE 2

[err] Combine 10 g of the [err] steroid (isolated fromb5 ’ - 3
solution of Preparation 1) and 65 nL of THF. Stir the m xtuyj ’ s
tenperature to dissolve the steroid, then cooH to {err] Adigh=B7 (

in small portions over a period of 30 mn. e mai nt ai ni ng the
tenperature below [err]. Stir the m xture at [err] for 30 mn., then add
the mxture to 400 nL of water and stir f at 10 room
tenperature. Filter and wash the SO|IdS of water. Dry the solid

nolar yield). The ratio of [err] to [err] st dis 98:2. 15

under vacuum at [err] overnight to give 9. BBif the title conpound (94.5%
Usi ng the sol vent and tenperature |gd| ca OCH,CHs

o

o

Combine the 11-B-hydroxy steroid of Preparation 1A and 5
5 mLof THF. Coolto-78°C, add 0.1 g of PCis and stir at -78°C for 1h.
Add 0.1 g of PCls and continue stirring at -78°C for 1h more. Warm the
mixture to -60°C and stir for another 1h. Gradually warm the mixture to
-50°C while stirring for 3 h, then isolate the product as described in
Example 2 to provide the title compound as a 93.5:6.5 mixture of A9.11
10 and A11.12 gteroids, respectively.



ot herwi se substantially the same procedure as described above, the

follow ng results were obtained: [err] -19- EXANPLEJ%*&%%%“ nbi ne
the 11 [VPPS3I80i d of Preparation 1 Aand 55 nlL of TH- 3N7°to [err],
add 0.1 g of PCls and stir at [err] for 1h. Add 0.1 g of [err] and continue
.stirring at [err] for 1h nore. Warmthe mixture to [err] and stir for

anot her f==ds arm the mxture to [err]. while stirring for 3 h,

't hen i-so Jf described in Exanple 2 to provide the title:
‘conmpound

. re.of [err] 10-26@nd [err] steroids,
respecti vVery- ’

EXAMPLE 4

o

Treat a solution of 11-a-hydroxy-16-a-methyl steroid of
5 Préparation 1B in 20 mL of THF, with 2 g of PCls according to
substantially the same procedure as described for Example 2 to provide
the title compound (94% overall molar yield from starting trihydroxy
steroid used in Preparation 1B). The ratio of A9.11 to A11.12 steroid is
99:1.
10



-20- [err] Treat a solution of 1 1-a-hydroxy-1 6-a-nmethyl steroid of 5
Preparatior;fvy%hgg8 O nL of THF, with 2 g of [err] according ta

substantial Y ame procedure as described for Exanple 2 C&THBVYPEH0 ¢ he
title conpound (94% overall nolar yield fromstarting trihydroxy steroid
used in Preparation 1B). The ratio of [err] to [err] sterqid.is 99:1. 10
-21- [err] 5 nethyl-21 -ethoxycarbonyl oxy-pregna- ‘1, 4-di & 3 A=
a mxture of 2 nL of DMBO. Heat the m xture at [err} -for %60_h.
triene product. The reaction is nonitored by #-C [err] 8ol Unn
[err] 1.7 [err]). The starting conpound (retention tine 15.5-15.6 min.) IS
gradual I'y converted to the triene 10 product (retention tinme 10.47 mn.)

over the course of the reaction. The EXAMPLE 5
- 0]
O)l\OGHZCHs
Cl .\\\\OH
DMSO e]

Combine 0.095 g of 11-B-chioro-17-o-hydroxy-16-B-

5 maethyl-21-ethoxycarbonyloxy-pregna-1,4-diene-3,20-dione and a
mixture of 2 mL of DMSO. Heat the mixture at 90°C for 160 h. to form
the triene product. The reaction is monitored by HPLC (n-Bondapak®
C-18 column, 1:1 CH3CN/H20, 1.7 mUmin). The starting compound
(retention time 15.5-15.6 min.) is gradually converted to the triene

10  product {retention time 10.47 min.) over the course of the reaction. The
triene is formed in >97% yield as determined by HPLC (as described
above). Essentially no A11.12 steroid is formed.

Following substantially the same procedure, the results
tabulated below were obtained using the solvents indicated:

15
Solvent Reaction Reaction Comments
Temp. Time
DMSO 110°C 40 min rXn. complete
EtOAc/pyridine reflux 24 h no reaction
CHCl3/DBU reflux 24 h no reaction
THF/H0 reflux 3h no reaction




triene is formed in >97% yield as determ ned by HPLC (as descri bed above).
Essent i apg/ospedoer r] steroid is forned. Follow ng substant®calusysiodsed same
procedure, the results tabul ated bel ow were obtained using the solvents

i ndicated: [err] -22- [err] 5 Conmbine 2 g of the .
11- a- hydr oxy ster0| d i d_(isod ep8 from the product solution of Preparation 1),
20 nt. of . [ e Bt dine and cool to [err]. Slowy add
(dropwnse) Feevalelit ) of [err] d stir at roomtenperature for
2 ' g and stir the mzzjure at [err] for 20 h, and
The ratio of 10 [err] to [err] is 98:2, and the solution

anal yze by

yieldis 13% —Ra—imxAP—r

CH3CN | reflux 3h no reaction
CH3CN/H20 reflux 8 h rxn. complete
HOAcH,0 | 110°C | 40 min rxn. complete

| dioxane/’H& | 100°C 3.5h rxn. complete
DMF - .100°C 5h rxn. complete
diglyme 1000c | 2N no reaction
digiyme 150°C | _2h 3% conversion

_diglyme/H20 100°C <ih rxn. complete

OCHxCH3

5 Combine 2 g of the 11-a-hydroxy steroid (isolated from the
product solution of Preparation 1), 20 mL of CHzClz and 5 mL of
pyridine and cool to -5°C. Slowly add (dropwise) 0.84 mL (2 equivalent)

~ of POCl3 and stir at room temperature for 24 h. Add 10 mL of pyridine
and stir the mixture at 60°C for 20 h, and analyze by HPLC. The ratio of
10 A9.11 10 A11.12 js 98:2, and the solution yield is 13%.



[err] Conmbine 2 g of the 11 -a-hydroxy steroid (isolated fron1the 5

product sol g Preparation 1), 20 nL of THF and cool 0.5
m. (1.4 equﬁeg?%ﬁ?%) of [err], stir for 20 min., then add 1. ékﬁ%&#5Mé$g

i m dazole (4 equivalents). Stir the mxture for 1 h., then analyze by HPLC.
The ratio of [err] to [err] is 92.8:7.2. [err] Cbnblne 1 g of 16a- nethyl

1 a, 17a, 21 -trihydroxypregna- 1, 4-di ene-3, 20-di one, .0. 73 22
of [err] and 5 nL of CH3CN, and stir the m xtyre at rod
1h. Add 0.25 g of [err], stir 1 5 20 .nmin. nore Anahy'
determ ne the extent of reaction. The product 21-chl origgets

HPLC. -24- [err] Conmbine 2.03 g of [err

tri hydroxypregna- 1, 4-di ene- 3, 20- di one, 4.di&%§%1é££rr], 6 mL of [err] and
12 nmL of CH3CN, and stir the m xture at roomt@nperature for 3 h. Heat the
m xture at reflux overnight then analyze by HPIC to determ ne

0~ OCH,CH,

o)

att OH

o)

Combine 2 g of the 11-a-hydroxy steroid (isolated from the
5 product solution of Preparation 1), 20 mL of THF and cool to -73°C. Add
0.5 mL (1.4 equivalents) of SOClg, stir for 20 min., then add 1.2 g of
imidazole (4 equivalents). Stir the mixture for 1 h., then analyze by
HPLC. The ratio of A9.11 to0 A11.12 {5 92.8:7.2.

10 AMP
oo ,CHeCI

it OH

————

o
Combine 1 g of 16a-methyl-11a,17a, 21-trihydroxypregna-

1,4-diene-3,20-dione, 0.73 g of PPh3, 5 mL of CCl4 and 5 mL of CH3CN,

and stir the mixture at room temperature for 1h. Add 0.25 g of PPhg, stir

15 20 min. more. Analyze by HPLC to determine the extent of reaction.
The product 21-chloride is 98% pure by HPLC.



the extent of reaction. HPLC shows a 74% solution yield of the triene
product. J4 LE 10 [err] Conbine 2 g of 16a-nethyl-1 lparypidshesodl
-tri hydroxypregna- 15 1, 4-diene-3,20-dione, 1.05 g of imdazole, 15 nlL: of
[err] and cool the mxture to [err]. Add 0.45 nL of [err] and stir the
mxture whrle m)nrtorrng by HPLC. Add water to quench the mxture, extract
i : : R gni c extract with NaHCG3 (aqueous), then with
. Concentrate in v;&uo to give the triene 20
’ -25- EXAMPLE [err] Cool the product

sol ut i FFrPreparacion 4 to [err], add 5 2 g of [err] and stir the
m xture at [err] to give a solution of M product Anal yze the
product by HPLC. The ratio of [err] to '

Combine 2.03 g of 16a-methyl-11c, 17, 21-
5 trihydroxypregna-1,4-diene-3,20-dione, 4.01 g of PPhs, 6 mL of CCly
and 12 mL of CH3CN, and stir the mixture at room temperature for 3 h.
Heat the mixture at reflux overnight then analyze by HPLC to determine
the extent of reaction. HPLC shows a 74% solution yield of the triene
product.
10

—

e

Combine 2 g of 16a-methyl-11a,17a, 21-trihydroxypregna-
15 1,4-diene-3,20-dione, 1.05 g of imidazole, 15 mL of CH2Cl> and cool
the mixture to -20°C. Add 0.45 mL of SO2Clp and stir the mixture while
monitoring by HPLC. Add water to quench the mixture, extract with
CH2Clo. Wash the organic extract with NaHCO3 (aqueous), then with
water, and dry over NaSO4. Concentrate in vacuo to give the triene
20 product (50% molar yield).



98.6:1.4. [err] Prepare a solution 2 g of the product of Preparation 5 in
20 mL of T the solution to [err], add 2 g of [err] a

-780C for ?go%gﬁ%?é\dd 20 nL of water, extract with [err] (2 Qegé}sg{lgéand 15
wash the conbined extracts with water. Dry over Na2SO4 and concentrate in
vacuo to give the triene product. -26- EXAMPLE 13 [err] Conbl ne 2 03 g
of [err], 1 7a, 21 -trihydroxy- pregna-1, 4-diene-3, 20- diyes ,

[err], 50 ng of DMAP, 2 nL 5 of [err] and 1. ég g of Ts{

at roomtenperature for about 1 h., then add™2® nL of wg
pH = 1 by adding HCl (aqueous). Extract with CHC 2 (2 i
the extracts and concentrate in vacuo to giye esi due. Add 30 nL of THF
to the residue and concentrate in vacuo. é&ghﬁﬁlﬁéilof THF and 2.1 g of
[err], cool 10 to [err] and add 2 g of [err]/ﬁ\Stir the m xture at [err]

for 30 mn., add 1

]|

0

Cool the product solution from Preparation 4 to -78°C, add
5 2gof PCis and stir the mixture at -78°C to give a solution of the triene
. product. Analyze the product by HPLC. The ratio of A9.11to A11.12 jg
98.6:1.4.

o. ,CHCl
.n\\\ OH

~oostl)

——— RUi(]]

10 °

Prepare a solution 2 g of the product of Preparation 5 in 20
mL of THF. Cool the solution to -78°C, add 2 g of PCls and stir at -78°C
for 30 min. Add 20 mL of water, extract with CH2Cl2 (2 X 30 mL) and
15  wash the combined extracts with water. Dry over NapSO4 and
concentrate in vacuo to give the triene product.



g of [err], and warmto roomtenperature. Add 0.5 g of [err] and stir the
m xture %859)3%% at roomtenp. Filter and add CH2Cl 2 and gé&fukexideédong t he
filtrate volUnme to 250 nL to give a solution of the product triene. The
solution yield is 84.7% as determ ned by HPLC. 15 The reaction
can al so be run using about 3 g of [err], which can be added in portions as
descri ped or can be added all at once prior to the addition of [err].

-27- af, [err] 5 pregna-1 Aﬁl-di ene- 3, 20-di one and 20 nlL of
THF a . Lo Leerd ld 2 g of PA and s'?r for 200mn at [err]. Pour
t he. i liek=sy M flilter and wash the solids with water to give the

phosphat di mer produ FAB M. 775 [eEE]' Ifﬁg 55 (NaCl): 797 [err].
THI S SHEET HAS BEEN _ _ AM 1

o)

Combine 2.03 g of 16a-methyl-11a,17a, 21-trihydroxy-
pregna-1,4-diene-3,20-dione, 16 mL of CHxClp, 50 mg of DMAP, 2 mL {
5 of EtsN and 1.23 g of TsCl. Stir the mixture at room temperature for
about 1 h., then add 20 mL of water and adjust to pH = 1 by adding HCI
(aqueous). Extract with CH2Cla (2 X 20 mL), combine the extracts and
concentrate in vacuo to give a residue. Add 30 mL of THF to the residue
and concentrate in vacuo. Add 20 mL of THF and 2.1 g of Li2CO3, cool
10 to-78°C and add 2 g of PCls. . Stir the mixture at -78°C for 30 min., add 1
g of LioCOg3, and warm to room temperature. Add 0.5 g of LioCO3 and
stir the mixture overnight at room temp. Filter and add CH2Cl, and THF
to bring the filtrate volume to 250 mL to give a solution of the product
triene. The solution yield is 84.7% as determined by HPLC. _
15 The reaction can also be run using about 3 g of Li2CO3,
which can be added in portions as described or can be added all at
once prior to the addition of PCls. '



REPLACED -28- W Claim 1. A regi osel ective process for preparing
[err] steropiosl he formula [err] wherein: one of [err] or ' err]
and the ot her is]cz , and [err], conprising treating an [err] g[rcquﬁg”)o&og
[err]-hydroxy steroid of the fornmula [err] respectively, wherein Qis [err]
or X, wherein Bis a group of the fornmula or 15 and wherein X, [err] and
[err] are as defined above: -29- or with [err] at a tenperature of

to [err]; or with [err] at a tenperature of [err] to [er el + glipl
an organic solvent; or with [err] and i mi dazoRd-at a tenpera
to [err]

Combine 2 g of 16B-methyl-11a,17a, 21-trihydroxy-

5 pregna-1,4-diene-3,20-dione and 20 mL of THF and cool to -78°C. Add
2 g of PCl and stir for 20 min at -78°C. Pour the mixture into water, filter
and wash the solids with water to give the phosphate dimer product.
FAB MS: 775 (M++1); FAB MS (NaCi): 797 (M+Na*+).



5 an organic solvent
tenperature of [err]
of cl ai mMMO &HB98] n th

yl phosphi ne and [err] at a
@ Eganr c solvent. 2. ﬁ% process
ared 10 wusing [err]P%%g in -

treatment is carried out |n the presence of tetrah d : The
process of cl aim 2 wherein the terrperatur S - I hgs[ﬁEN] : 15 4.
A regiosel ective process for preparing [er L(A%E@c thelffornmul a [err]
20 wherein: Xis H Xis H d, Br, I or -IER mLI el-p-R=—F s—H-or -C(O R1,
and [err] is [err] alkyl or [err] alkoxy;, €& one of R2 or R3 is CH3 and
the other is 'H conprising heating an [err] steroid of the formula =~ -30-
[err] ' ' '
We Claim:
1. A regioselective process for preparing A2.11 steroids of the
formula

5 _ 0

wherein: one of R2 or R3 is CH3 and the other is H; and X is H,

halogeno or -OR, wherein R is H or -C(O)R1, and R is CF3, C1-Cg alkyl

or C4-Cg alkoxy, comprising treating an 11-a- or 11-f-hydroxy steroid of
10 the formula

respectively, wherein Q is -OS02CgH4CH3, -OSO2CH3, -O-C(0)O-B or
15 X, wherein B is a group of the formula

This Sheet Has Been Reﬂlaced




wherein X, [err] and errtI are as defined above, in the presence of a polar

ol ven: areopsaes o (Ml lﬂﬁﬁlﬁlw e e LP&ZLZ“S‘?‘*’ ) R or

5 wherein X |s H, hal ogen or *wherein Ris [err
Is at [err] to [err]. 7. The process of cligr
Is at [err] to [err]. 15 8. The process f

Xis -ORand Ris H, and the heating is at [e

process of claim8 wherein the heating is at %éwr] to [err]. 20 10.

The process of clainms 4, 5, 6, 7, 8 or 9, wherein the polar solvent is

DMSO, DMF or a m xture of CH3CN,and ter I yme and wat er or di oxane and
water. 26 13 and wiersinReBR &t age 88 lebPtayep e isg PLIB IPBRIDY o

steroid of the forgpegher SO2Clp and imidazole, or triphenyiphosphine and CCly.

2. The process of claim 1 wherein the steroid is prepared
5 using PCls and wherein treatment is carried out in the presence of
tetrahydroturan at a temperature of 0° to -100°C.

3. The process of claim 2 wherein the temperature is -60° to

-85°C.

10 :
4, A regioselective process for preparing AS:11 steroids of the
formula

o)

15 wherein: X is H, halogeno or -OR, wherein R is H or -C(O)R1, and R1 is
C1-Cs alkyl or C1-Cg alkoxy; and one of R2 or R3 is CH3 and the other is
H, comprising heating an 11-B-chloro steroid of the formula

o)

20 |

wherein X, R2 and R3 are as defined above, in the presence of a polar
solvent.
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-31- [err] V\,herein one of [err] or [err] is [err] and the other is H,

conprisin ggéfgng atriol of the fornula [err] 5 wherei pcrristdneaor [err]
are as de or?é ove, with triphenyl'phosphine and [err] at a tenperature of
-20 to [err]. 1IZ A process for regioselectively preparing a 21 '

-chl or ormula [err] 10 wherein_one-—oflerrl—arJerr] is
[err] m ﬂ" Mfﬁ“ﬁﬂ? conpri si ng treati ng|larisigHesafHAdeef@riul a

- 32- 0 eEe 4] are as defined aboy vmthnpp[_mwnesul onyl
chloride and a tertiary am ne base and t hen ™M=t _

=t

5. | The process of claim 4 \)vherein the steroid and polar
solvent are heated at 20° to 150°C.

6. The process of claimé 4 or 5 wherein X is H, halogeno or
5 -OR, wherein R is -C(O)R1, and the heating is at 80° to 120°C.

7. | The process of claim 6 wherein the heating is 2L 90° to

110°C.
10 8. The process of claims 4 or 5 wherein X is -OR and R is H, |

and the heating is at 20° to 80°C.

9. The process of claim 8 wherein the heating is at 30° to
50°C.
15
10. The process of claim 4 wherein the 11- -B-chloro steroid is
prepared by treating an 11-a-hydroxy steroid of the formula
20
wherein X, R2 and R3 are as defined above, with a chiorinating agent.
1. The process of claim 10 wherein the chlorinating agent is
PCla, PCls/pyridine or a combination of CCls and triphenylphosphine.
25 -

12. | The process of claims 4, 5, 6, 7, 8, 9, 10 or 11 wherein the
polar solvent is DMSO, DMF or a mixture of CH3CN and water, diglyme
and water or dioxane and water.
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13. A process for regioselectively preparing a 21-chloro
steroid of the formula

wherein one of R2 or R3 is CHz and the other is H, comprising treating a
5 triol of the formula

o

wherein R2 and R3 are as defined above , with either
triphenylphosphine and CCl4 or p-tolueneslifonyl chloride and LiCl.
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