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I nvention The current invention relates to the
preparation of novel, nutual prodrugs of
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corticosteroids and B-agonists for delivery to the lung by aerosolization. In particular, the

invention concerns the synthesis, formulation and delivery of substituted phenylphosphate-
steroid as mutual steroid-B-agonist prodrugs such, that when delivered to the lung,
endogenous enzymes present in the lung tissue and airway degrade the prodrug releasing a
corticosteroid and a B-agonist (e.g. salmeterol, albuterol) at the site of administration. The
described mutual prodrugs are formulated as either liquids or dry powders and the
formulation permits and is su|i;table for delivery of the prodrugs to the lung endobronchial
space of airways in an aeroéol having a mass median average diameter predominantly
between 1- to 5 p. The formulated and delivered efficacious amount of substituted
phenylphosphate prodrugs is sufficient to deliver therapeutic amounts of both steroid and f3-
agonist for treatment of respiratory tract diseases, specifically pulmonary inflammation and

bronchoconstriction associated with mild to severe asthma, as well as bronchitis or chronic

obstructive pulmonary disease (COPD).

Background of the Invention
Asthma is a chronic inflammatory disease of the airways resulting from the infiltration of
pro-inflammatory cells, mostly eosinophils and activated T-lymphocytes (Poston, 1992;

Walker, 1991) into the bronchial mucosa and submucosa. The secretion of potent chemical
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interleukin 5 (IL-5), interleukin-3 (IL-3), and granulocyte-macrophage colony stimulating

factor (GM-CSF) increase eosinophil survival from 1 or 2 days to 4 days or longer and cause
eosinophil activation (Kita, 1992). Wallen (1991) was the first to show that glucocorticoids
potently block the cytokine’s ability to enhance eosinophil survival in a concentration-

dependent manner.

Unfortunately, oral glucocorticoid therapies are associated with profound undesirable
side effects such as truncal obesity, hypertension, glaucoma, glucose intolerance, acceleration
of cataract formation, bone mineral losé, and psychological effects, all of which limit their
use as long-term therapeutic agents (Goodman and Gilman, 10™ edition, 2001). An obvious
solution to systemic side effects would be the delivery of steroid drugs directly to the site of
inflammation. Thus, inhaled corticosteroids (ICS) were developed to mitigate the severe
adverse effects of oral steroids. While ICS are very effective in controlling inflammation in
asthma, they too produce unwanted side effects in the mouth and pharynx (candidiasis, sore
throat, dysphonia). The side effects associated with oral glucocorticoid and ICS therapy have

led to interest in agents, which exhibit similar antiinflammatory effects. A variety of such
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Bronchodilators such as albuterol or salmeterol relax airway smooth muscles by
blocking opposing active contraction. Many of these bronchodilators activate the Ba-
adrenoreceptor as their mode of action. The result is the dilation by 2-3mm in diameter of
small peripheral airways, which are the site of action in both asthma and COPD.

In consideration of all problems and disadvantages connected with the adverse side
effect profile of ICS (candidiasis, sore throat, dysphonia) and of B-agonists (tachycardia,
ventricular dysrhythmias, hypokalemia) it would be highly advantageous to provide a water-
soluble, mutual steroid-B-agonist prodrug to mask the pharmacological properties of both
steroids and f-agonists until such a prodrug reaches lungs, thereby mitigating the
oropharyngeal side effects of ICS and éardiovascular side-effects of B-agonists. Such a
mutual steroid-B-agonist prodrug would be effectively delivered to the endobronchial space
and converted to active drugs by the action of lung enzymes, thereby delivering to the site of

inflammation and bronchoconstriction a therapeutic amount of both drugs,.

The mutual steroid-B-agonist prodrug would provide a therapeutic agent to dilate the

airway, thereby allowing the second component (steroid) to effectively penetrate and reach
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can be efficiently aerosolized by metered-dose inhalers, nebulization in jet, ultrasonic,
pressurized, or vibrating porous plate nebulizers or by dry powder into aerosol particles
predominantly within the 1 to 5 p size range, and which salinity and pH are adjusted to

permit generation of a mutual prodrug aerosol well tolerated by patients, and which

formulation further has an adequate shelf life.

Summary of the Invention

The present invention is directed to substituted phenylphosphates as mutual prodrugs
of steroids and B-agonisf and their use and formulation for delivery by inhalation as a method
to treat pulmonary inflammation and bronchoconstriction. The prodrug incorporates charged
phosphate and quaternary ammonium groups, which renders the molecule highly polar and
water soluble and imparts its affinity to lung DNA and protein thus minimizing rapid
systemic absorption, as well as absorption due to swallowing. Furthermore, since the mutual
prodrug cannot be activated in absence of alkaline phosphatase, the oropharyngeal and

systemic side effects are eliminated due to the minimal activity of that enzyme in saliva, and
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and pharmaceutical acceptable salts thereof, wherein:
X is S, N or a nitrogen-containing heterocycle in which the nitrogen atom in the heterocycle
is linked to R; and Ry; |
W is selected from the group consisting of Cl, F, OH, ONO,, OCO-alkyl, OCO-aryl, CN, S-
alkyl, and S-aryl;
Cyecl is cycloalkyl or cycloalkyl with carbon atom(s) substituted with S or O;
Y is either absent or —Z(CHy)n where n = 0-6 and Z is S, O, N or N-alkyl;
R; and R, are independently selected from the group consisting of hydrogen, aryl, loweralkyl
and substituted loweralkyl, or absent, or taken together to form a nonaromatic ring having 2-

10 atoms selected from C, O, S, and N;

OH
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substituted arylalkyl with 1-3 CH, groups in the carbon chain substituted with atom(s)

Ryis where Rg is an alkyl group of 1-12 carbon atoms, arylalkyl or

selected from O,S and N, and
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R3is Rs where R is (CH2)sO(CH,)4Ph or tert-butyl, Ry4is F and Rsis H.

Other preferred embodiments of this invention include compounds of formula II
wherein: Y, R; and R, are absent and X forms a 4-tetrathiohydropyranyl ring , W is OH or
CN

OH
H
NQ
Rj3is Re where Re is (CH3)sO(CHa)4Ph or tert-butyl, Ry is F and Rs is H.

Other preferred embodiments of this invention include compounds of formula II

wherein: Y, R; and R, are absent and X forms a 3-pyridyl ring, W is OH or CN

OH
H
N ~
Rj is Re where Re is (CHp)sO(CHy)sPh or tert-butyl, Ry is F and Rs is H.
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21-methylsulfonium-pregna-1 /A-diene-3,20-dione[11B,16a(R)] (Example 11 7);
Salmeterol-phosphate-16,1 7—[(Tetrahydro-thiopyranylimn)bis(oxy)]—9—ﬂuoro-1 1,21- ‘
dihydroxy-pregna-1,4-diene-3,20-dione[11§,1 6a(R)] (Example 120);
Albuterol-phosphate-16,17- [(Tetrahydro-thiopyranylium)bis(oxy)] -9-fluoro-11,21-
dihydroxy-pregna-1,4-diene-3,20-dione{11p,1 60(R)] (Example 122);
Salmeterol-phosphate-16,17-[Pyridynium-3 -methylene)bis(oxy)]-9-fluoro-11,21-
dihydroxypregna-1,4-diene-3,20-dione[ 11,1 6a] (Example 133);
Albuterol-phosphate-16,17-[Pyridynium-3 -methylene)bis(oxy)]-9-fluoro-11,21-
dihydroxypregna-1,4-diene-3,20-dione[11,160] (Example 135);
Salmeterol-phosphate-16,17-[Pyridynium-3 -methylene)bis(oxy)]-9-fluoro-11-
hydroxy-21-cyano-pregna-1,4-diene-3,20-dione[ 1 1B,160] (Example 137); and
Albuterol-phosphate-16,17-[Pyridynium-3 -methylene)bis(oxy)]-9-fluoro-11-hydroxy-

21-cyano-pregna-1,4-diene-3,20-dione[118,160] (Example 139).

The present invention also relates to the process of synthesis of the preferred mutual
prodrugs listed above, as well as to novel steroids released by the action of lung enzymes

(specifically alkaline phosphatase) from the preferred mutual prodrugs of this invention.
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Ris where R6 is an al kyl group of 1-12 carbon atons,
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referr conmpounds of this invention include:
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B is selected from the group consisﬁng of NR;R,, imidazolyl, CN, SCN, SR;, Cl, F, OH,
ONO,, OCO-alkyl and OCO-aryl;
R; and R; are independently selected from the group consisting of hydrogen, aryl, heteroaryl,
loweralkyl and substituted loweralkyl, or absent, or taken together to form a nonaromatic ring
having 2-10 atoms selected from C, O, S, and N. |
Presently preferred novel steroids of this invention of formula III include:
16,17-[(Cyclohexylmethylene)bis(oxy)]-9-ﬂuoro-1 1-hydroxy-21-(4-methylpiperazin-
yl)-pregna-1,4-diene-3,20-dione[11B,16a(R)] (Example 27);
16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-methylthio-pregna-
1,4-diene-3,20-dione[11B,160(R)] (Example 51);
16,17-[(Tetrahydro-thiopyran-4-yl)bis(oxy)]-9-fluoro-11,21-dihydroxy-pregna-1,4-
diene-3,20-dione[11f,16a(R)] (Example 53);
16,17-[Pyridynyl-3-methylene)bis(oxy)]-9-fluoro-11,21-dihydroxypregna-1,4-diene-
3,20-dione[11pB,16a] (Example 62); and
16,17-[Pyridynyl-3-methylene)bis(oxy)]-9-fluoro-11-hydroxy-2 1-cyano-pregna-1,4-

diene-3,20-dione[11p,16a] (Example 83).
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asthma, bronchitis, and COPD or other diseases related to pulmonary inflammation and
bronchoconstriction, which comprises a therapeutically effective amount, preferably from
about 10 pg to about 1000 pg, of at least one compound of formula I or II or a
pharmaceutically acceptable salt thereof. The composition is preferably administered as an
aerosol, most preferably by a dry powder inhaler.

The invention further relates to a method for the prevention and treatment of
pulmonary inflammation and bronchoconstriction, comprising administering to a patient in
need of such treatment an effective amount of an aerosol formulation comprising about 10 ug
to about 1000 pg of the mutual prodrugs of the present invention. Preferably, when the
prodrug is delivered to the lung, the phosphate group is cleaved by an endogenous enzyme
alkaline phosphatase and the steroid and the P-agonist are individually released in a

simultaneous manner.
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R2“are i ndependent|y sel ected

fromih r0 .St n f . rogen r S
two ripe? BRI BT RaReub LR fMlspspagn bingprt The
aryl gl%l?l?) %2}1 be (s)lgbstti?ukteec{] Wgtg%]e,tSt] 8rr Otil‘cl) tﬁeorgnrg t% prr]gélu%re % e’Eelrgcyrcii(r:] gystem.

The term "alkyl" as used herein refers to a branched or straight chain comprising one
to twenty carbon atoms §Vhich can optionally comprise one or more atoms selected from O, S,
or N. Representative alkyl groups include methyl, butyl, hexyl, and the like.

As used herein “lower alkyl” includes both substituted or unsubstituted straight or
branched chain alkyl groups having from 1 to 10 carbon atoms. Representative loweralkyl
groups include for example, methyl, ethyl, propyl, isopropyl, #-butyl, tert-butyl, and the like.
Representative of halo-substituted, amino-substituted and hydroxy-substituted, lower-alkyl
include chloromethyl, chloroethyl, hydroxyethyl, aminoethyl, etc.

As used herein “cycloalkyl” includes a non-aromatic ring composed of 3-10 carbon atoms.
As used herein, the term “halogen” refers to chloro, bromo, fluoro and iodo groups.

The term "substituted heterocycle" or "heterocyclic group" or “heterocycle” as used
herein refers to any 3- or 4-membered ring containiﬁg a heteroatom selected from nitrogen,
oxygen, and sulfur or a 5- or 6-membered ring containing from one to three heteroatoms
selected from the group consisting of nitrogen, oxygen, or sulfur; wherein the 5-membered
ring has 0-2 double bounds and the 6-membered ring has 0-3 double bounds; wherein the

nitrogen and sulfur atom may be optionally oxidized; wherein the nitrogen and sulfur



havi ng 2-10 atons selected fromC, O S, and N 15

Presently preferred novel steroids of this invention
w@boobessrut a |11 include: 16,1 PCT/US2006/022790

7-[ (Cycl ohexyl net hyl ene) bi 4{oxy)]-9-fi uor o-

11- hydroxy-2 1-(4-net hyl pi perazi nyl) -

hetero%rgﬁ%[}ﬁ?l bé Oﬁﬂl(ﬁﬂﬁyﬁjﬁégﬁﬁ]\ﬂﬁe d inPlud (a%)y] blé}%’ﬁ@@b@p #lWhich any

e h ene |s(oxy | uoro-
t
of the 43@%31&9%8?6118 rg}%é[ @g?%@&(]ﬁxn%f) agclt}-ler 8- fé ’6imembered

(Tetrah drothlo )b 9f| o-.11,2 .
heterozychmpag Gdengpdsgit. 00 @H ol %15%60%)?%%51} (Y gifEagep is the
(Exanpl e 53); 16, 17 [ Pyridynyl -3
heteroatoet hyd emefptied ( oRylly sgtu&attg% rI@terqqyclz-qs 2% 1Ragr BYefFFesyn Lreferred
1, 4-di ene- 3,20-dione[ll b,16a] (Exanple 62); and 16,1

heteroéyd1&Y fincdydey | didzapinsd, hpheyﬂe)ﬂyr&@mxly)ﬂyrﬂﬂﬁinyhr pyrazolyl pyrazohnyl
11- hydroxy-2 1-cyano-pregna- 1,4- :

pyrazSid@Rg; Ind@e A0 nﬁfu'daiolﬁyﬂﬁ@}nd@lféﬁﬁiﬂ#le B3Ryl h Plpeﬁ‘elﬁm | @Rrazinyl,

al so rel at esfto a pharmaceutically acceptab
s AR N T L
o B Lo ?tﬁ%%o@m"%%i%wﬁf%@@%obﬁe}sg by i

ef fective am)unt pr ef er abl g from ab?ut 1o
quinotigdo ipaguingfingl pengamidazolyl, benzothiazolyl, benzoxazoly ?iuyij thienyl,

triazolyl and benzothienyl groups.

Heterocyclics can be unsubstituted or monosubstituted or disubstituted with
substituents independently selected from hydroxy, halo, oxo (C=0), alkylimino (RN=,
wherein R is a lower alkyl or alkoxy group), amino, alkylamino, dialkylamino,
acylaminoalkyl, alkoxy, thioalkoxy, loweralkyl, cycloalkyl or haloalkyl. The most preferred
heterocyclics include imidazolyl, pyridyl, piperazinyl, azetidinyl, thiazolyl, triazolyl,
benzimidazolyl, benzothiazolyl and benzoxazolyl.

As used herein, the term “pharmaceutically acceptable salts” refers to the salt with a
nontoxic acid or alkaline earth metal salts of the compounds of formula I or II. These salts
can be prepared in situ during the final isolation and purification of the compounds of
formula I or II, or separately, by reacting the base or acid functions with a suitable organic or
inorganic acid or base, respectively. Representative acid salts include hydrochloride,
hydrobromide, bisulfate, acetate, oxalate, valerate, oleate, palmitate, stearate, laurate, borate,
benzoate, lactate, citrate, maleate, tartrate salts, and the like. Representative alkali metals of

alkaline earth metal salts include sodium, potassium, calcium, and magnesium.



one conpound of formula | or Il or a pharmaceutically
acceptable salt thereof, and a pharmaceutically
wa@ewensed2 carrier. The conposition is preferabPgr/us2006/022790
adm ni stered as an aerosol J12nost preferably by a dry
powder inhaler. The invention also relates to nethods

o% L6&Phdr Y, BGhnftaRASe lsteMst'B IR ARGt €& ifo¥ver alkyl as defined

effective ahounts of at” | east one conpound of fornula

I gr 1] _or.a pharmaceutical al r

abover Repritentli 8 SORCIRTE Q' {hof BRRES ddd s i @iy, tor-
formul ation of the corticosteroid- b-agonist prodru

butox%@ﬁg}é?éfl?eon for the treatnent of a disorder sgl ect eg
fromsevere to mld asthma, bronchitis, and COPD or .
ot heterdl Steaing”r a3 asesd hetging inkash ptlerise| mdieaterdo megny reversing,
bronchoconstriction, which conprises a therapeutically

allevisingenihibitngthewprdgrepy eff er atdvgntingtine atimuder k@ aogdition abediich such
1000 ngy, of at |east one conpound of fornula | or 11

term #pplids, BRohdBE QWD S Jtyma6£ QhadRd&artcohdiib@0The Tdim “treatment”,
conposition is preferably adm ni stered as an aerosol,

as use?‘gx?%eﬁg r"r&fe{%fté Bl YacP ¥t Redth &O‘Q%inn%’ﬂg abfhed iy}ﬁediﬁMgglﬂ)@@

relates to a method fo he prevention a
treatnent of .pul.nmpnary inflammtion and 0
o BB onCeH o Aeat - SPR oL SRRl o g et
patient in need of such treatmept an effective a to
ofthaferaer Gleed Fing Faaens ROERAERIRT AYIABHS bh ﬂif[vr? NaCl diluted

into its lesser strength.

The term “quarter normal saline” or Y4 NS” means normal saline diluted to its quarter
strength containing 0.225% (w/v) NaCl.

The term “prodrug” as used herein refers to a compound in which specific bond(s) of
the compound are broken or cleaved by the action of an enzyme or by biological process
thereby producing or releasing a drug and compound fragment which is substantially
biologically inactive.

The term “mutual prodrug” as used herein refers to a bipartite or tripartite prodrug in
which specific bond(s) of the compound are broken or cleaved by the action of an enzyme or
by biological process thereby producing or releasing a drug and the carrier which is a
synergistic drug of the drug to which it is linked.

The compounds of the invention may comprise asymmetrically substituted carbon
atoms. Such asymmetrically substituted carbon atoms can result in the compounds of the
invention comprising mixtures of stereoisomers at a particular asymmetrically substituted
carbon atom or a single stereoisomer. As a result, racemic mixtures, mixtures of

diastereomers, as well as single diastereomers of the compounds of the invention are included



to about 1000 ng of the nutual prodrugs of the present
i nvention. Preferably, when the prodrug is delivered

W0 eoobhss2izing, the phosphate group is cl eaved bRCHIS2006/022790
endogenous enzyne al kal i ne1phosphat ase and the steroid
and the b-agonist are individually released in a

in the PréBeht iaNQAILH. MHINSIMBIS" ehd PRS cohiurdbm bs L HEAMW 2885 defined
Figure | and Figure 2 plot the concentration of nutual

: : . n .

by 00 4 S S b B Rok Py U SR
I nv. i on e rei,n "aryl" is_ defined as _.an. .

Pure 4Gl #ﬁé-@t@?%{ (et - A @f%ﬁfﬁgl%gsq? &Qlt 1R positions of
from hydrogen, am no, hydroxy, halo, O alkyl and

cyclicNrenapiormpils. Athg| o-siale dfethomefermce wianeiindbateiidehen whisle thet preferred
forma bicylic aromatic ring systemor linear as in

substifiephiedydt thelld@eRhithb&e@ybsiGam Dloss WaBdtitldAtCIginy dnhthyo]?_ﬁasite side
or Oin the ring to produce a heterocyclic system e

t " al ! ' efer . .

or LS5t RSl Bt £l 18 RUALENR Bl cte
whi ch can_optionall¥ conprise one or nore atoms

from ghat dfor €ychiG steragpargnisein Nvhigde p e sepanst |Retovathe plapeogsd denotes
i nclude nethyl, butyl, hexyl, and the |like. As used

absolite cenfigurhtioner Thd teyin' o el paesfipottion ubskéd béred, afe as defined by
unsubstituted strai ght or

the CHEMICAL ABSTRACTS INDEX GUIDE-APPENDIX IV (1987) paragraph 203.
The present invention also relates to the processes for preparing the compounds of the
invention and to the synthetic intermediates useful in such processes; as described in detail

below.



branched chain al kyl groups having from1l to 10 carbon
atons. Representative | oweral kyl groups include for
wex@apse]12 net hyl , ethyl, propyl, isopropyl, r-pur/yE2006/022790

tert-butyl, and the |ike. Reépresentative of
hal o- substi tuted, am no-substituted and
hydr oxy-substituted, |ower-alkyl include chloronethyl,
chl oroet hyl , hydroxyethyl, am noethyl, etc. As used

L PREYEA RWITORUSE SRIFKYOMPOGNBRESE THIPNREQTRONC i Ng
conposed of 3-10 carbon atons. AS used herein, the
term "hal ogen"” refers to chloro, brono, fluoro and
i odo groups. The term "substituted heterocycle" or

"het erocycljc oup” or. "heterocycle" as used herein,

- dReramptisp 3 Bleser RyBEPR ot PhgeaAD hAgrepesses illustrated
. - heterocatom sel ected from nitrogen, oxygen, and sul fur
in Schgmeg I§IL.or 6- meni bered ring containing fromone to

three heteroatons selected fromthe group consisting

of A moiveogganroutxtogemptuat catitdstaroidviregomian pidieudinvelveer ed

ring has 0-2 doubl e bounds and the 6-nenbered ring has
a) synhedisd@ dld) RPQEN FBospHEIIEAIbI R Berii ik OOERh&RE T U hAMIIT):;

atom may be optionally oxidized; wherein the nitroden

b) pregﬂgti&yb{ﬂié bel&E gﬁg‘lgéga/sgﬁ%/m&e“pﬁ{d ygal |y quarternized;

I ncl udi ng any c group 111 which any of the

O GRBHRIUEHEELhGnbL PR R RS B e

| ndependent | y defi ned above. Heterocyclics in which
final ‘Jr?ﬂort R (peheies Wend Vgt om are preferred. Fully
saturated heterocyclics are also preferred. Preferred




het er ocycl es include: diazapinyl, pyrryl, pyrrolinyl,
pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,

wo pdodazszyr , i mi dazolinyl, imdazolidinyl, pyriPgi/US2006/022790

pi peridinyl, pyrazinyl, pip&razinyl, azetidinyl,
pyri mdinyl, pyridazinyl, oxazolyl oxazolidinyl,

i soxazol yl, isoazolidinyl, ggh , thiazolyl,
t hi azol i di nyl, |soth|azolyl I a oI|d|nyI
i ndol ylI , qU|noI|nyI |squ|noI|nyI ben2|n1dazolyl

benzot hi azol yl , benzoxazonICNﬂuryH t hi @ineterol
triazolyl and benzothlenyl grioups. Fbterocycllcs can
be unsubsti t ut

Wi th substltuéﬁ S |n-: ‘ éntly selec@sﬂ %EgﬁﬁﬁQEégxy,

hal o, oxo (C=0O, alk A0 (RNF, wherein Ris a |ower

al kyl or al koxy #@up) ~ani no, alky

di al kyl am no, acyl am noal kyl, a kgxlﬁgb /§3FE%xy,

| ower al kyl , cycloal kyl or hal oa| kyt? nost
preferred heterocyclics includefimdazolyl, pyridyl,
pi perazi nyl, azetidinyl, thiazo yE, triazolyl,

"benzi mi dazol yl , benzot hi azol anfi®Benzoxazol yl . As
used herein, the ' caIIy acceptable
salts" refers t@

' a no
al kal i ne earth netal $ of the conpounds of ?grnul

I or Il. These ﬁggh e prepared in situ during
the final isolath purification of the conpounds
f
° Br DBU/DMAP
/P\——otBu THF at 0°C
O 0'Bu
OH ?oc 2
N
o “(CH,)0(CH,)4Ph
O
/Ilj___o Bu 1. NaBH4, -78°C
@) \O By 2. MsCl/PMP
? OH ?oc
H3C—S N
10" “(CH2)s0(CHz)4Ph
? 3(E le 6)
xample
—0'Bu P

P
7\
O oBu



formula | or Il, or separately, by reacting the base

or acid functions with a suitable organic or inorganic
w@eood/18821hbase, respectively. Representative acPdI/Esiong022790
i ncl ude hydrochl ori de, hydnebrom de, bisulfate,
acetate, oxalate, valerate, oleate, palmtate,
Sstearate, |aurate, borate, | actate, citrate,
nmal eate, tartrate salts, Sgﬁ%@ﬁémle. Representati ve
alkali metals of al kaline earth netal salts include OH
sodi um pot a@%l u cal cium and magnesi um As used

| N:\I koxy" Bgfetiiesatt0 - O ROQthered

. ' d above. regent atli ve ¢
| koxy groups include mefhoxy,
<7, and the |ike.acPtanetaéPrc "treat i
herein % nl.ess, ot herw se indi cated, neaps reversing,
al | evi é&ll S'lnhl biting the progress , Oor preventing
t he di sorder or condition to which CZBB?(‘T/W}BMAP
or one or nore synptons of such digorder of conditTon.
The term "treatnent”, as used her®in, refers to the
act of treating, as "treating" HS d f| ned i mredi ately
above. The term "normal saline Cwat er sol ution

contai ning 0.9% (w N‘" utgd saline"
means nornmal sal i@fe coy %( v) NaC diluted
into its | esser_streng e term"” guarter nor mnal
saline" or "Vi par ' saline diluted to its
quarter O

80% aq. AcOH , reflux

i

L 1. MnO,

% i 2.Phosphorylation
i | 3.NaBH,

Yy 4Mscupmp

OH Boc

7 j
H,.C—S N
3 T \O/D)\/ \’/
@)
0]

|
SR O'Bu 7 (Example 13)
O O'Bu



strength containing 0.225% (w v) NaC . The term
"prodrug" as used herein refers to a conpound in which
W@ pweil3§2¢2 bond(s) of the conpound are broken oPCTUSHVE22790
by the action of an enzynel1dr by bi ol ogi cal process
t hereby producing or releasing a drug and conpound
fragment which is su i all iologically inactive.
The term "nut ual prog$hgﬂégibq§£@ herein refers to a
bipartite or tripartite prodrug in which specific
bond(s) of the conpoung, arge broken or { F
action of an enzyne irp%vpﬁwgpnﬁpcal prégggggt
roducgj n r rel easi ngNaBHy,ugsahd the carrier S
532"'?9?\”@1‘5?%‘?‘?"@’"& Ug of tThe drug to whtth it is ' nked.
The conpounds of Gh&BDMS+CIi/Ginidmyleconpri se /P—{fBu g
4

asymmetrically substituted carbon atons. ucQ) t
asynmetrically substituted carbon ato can resd?BYn

substituted carbon atomor a single stereoisoner. As a
result, racpupfgd 2 Kt eges of di astereoners,
as well as single dias nmers of the conpounds of
the invention are i n the presg e anené%ﬁp.
The terns "S" gnd "R configurafion, %g”% areinn,1
are as defined’by tj—0iBAC 1974 Cfﬂ%é%%‘ﬁqa@ﬁﬁﬁ?yﬁ

SECTI ON E, FUNDAMERTAL!]EREOCHEM STRY, o

TBDMSO

7

At
RN, R—0Bu g

@] t
in aq. EtOH OBu
OH H
N

TBDMSO “R3
?
éP\—OtBu 1. (Boc),0 / TEA / DMAP
d iy 11 2. TBAF / THF
3. MsCl/PMP
(”) OH ilaoc
H3C—S. N
O R
'e) 3
R3 = (CHy)sO(CH,)4Ph (I)
R—O'Bu
12 (Example 21 7



Pure Appl. Chem 45:13-30 (1976). The ternms a and b

are enployed for ring positions of cyclic conpounds.
wabweaseire of the reference plane is that si deCDNS2006/022790

whi ch the preferred substiti8ent |lies at the | ower

nunbered position. Those substituents Iying on the

opposite side of We pl ane are assigned b

descriptor. It sh%gﬁfhﬁ{e@ ed that this usage differs

fromthat for cyclic stereoparents, in which "a" neans

"bel ow t he pl ane" and ot es absol ute configuration.
@mon, as used herein, are

as defined by the CHEM CAg ABSTRACTS | NDEX

GUI DE- APPENDI% q‘g@gr aph 203. The present

i nvention als { hé cesses for preparing

t he conpounds Qf .gpland to the synthetic

i nt er medi a ‘ h ocesses, as descri bed

in detail PREPARATI ON OF THE COVPOUNDS OF

THE | NVE npounds of the present invention
can be prepa 8 he proges Al lTustrated in
schemeP1-vi1. A gonver genﬁf%ﬁ?ledt o a mut ual

corticosteroid-b-ggoni st| pgegpug invol ves: a)
synthesis of the activated phoéphat e- b-agonj st
derivatives (Scheme |, W amdtroprppanedd Groaplar ati on of
the steroid anal ogs (Schenes |V and V);

OH

Cycl
© H 1. MsCl/ PMP R,
R5 Ny— Rz
2. Reflux in CH3;CN (base); |
Y
R /
X H
o) X
v~ R,
HO Cycl

ey

e.g. steroid 13 (Example 27)
Cycl = cyclohexyl

R4y=F;Rs=H

Y-X(R;R,) = 4-Me-piperazin-1-yl



c) alkylation of the steroid analogs with the

activated b-agoni st derivative, followed by the final
walepsoseeri on (Schenes VI and VII). Schene | Scheemeu$1006/022790

Al but erol Schene 111 5-Brondgalicyl al dehydeSchene

| VSchene VSchenme VI R e.g. nutual prodrug 16 (Exanple

107) R3 (CH2)6Q(CH2)4Ph R = F mld V- X(R 1R2) =

4- (I - met hyl pi perazi ni um Scherreswpnel.@ermt ual prodrug

17 (Exanple 133) R3 = (CH2)6Q(CH2) 4Ry R = F; RS = H;

Y-X(R 1R2) = 3-pirydyni unBynthesis Pt the

phosphat e-functional i zed protected h-agoQ st

derivative is shown in Schenes |-111."§

avai | abl e racem c sal net erl_RI) (or

Rong and Ruoho, 1999) was prOte

t - but oxycar bonyl, foll owed S Diaye OXi dation

of the primary, benzylic-al Eoh al dehyde with

activated M2 vyi el di ng H

N

Y\x

O o=" "\
R

Rs HCIO,
I-nitromethane (heat)

OH

e.g. steroid 14 (Example 62)
R,=F;Ry=H HO

Y-X(R;R,) = 3-pirydyl Ny—R
' ll[// O /
Rz
© i 1. MsCl/ PMP
Rsg 2. Nucleophile W / cat.Nal

CH;CN (heat)

e.g. steroid 15 (Example 83)
R,=F;Ry=H; W=CN

O
Y-X(R{Ry) = 3-pirydyl 1O ' Y.



(Example 3). In this manner the primary al cohol is
protected in a |latent fashion, and the acidity of the

W@ b@nobs2e2 noi ety is increased hel ping the sel eRCT/U51096/022790
of the subsequent phosphorgbation. Consequently the
reaction with a slight excess of phosphobrom date

(prepared as deseribeﬁ)' Sﬁmlr 1) proceeded
cleanly, yielding the ‘#‘B? a2 e ; in good yield and
purity (Exanple 4). The reduction of Ehe al dehyde

noi ety with sodi um borohydrjde carrie out at | ow

tenperature (-78C to 0C) prody Ff) V\,hl ch was
sel ectively sul fonyl ated usy nd rrBt hanesu ony

chloride (Msd) in & @@66-

pent anet hyl pi peri di 1,, the primary

nmesyl ate 3 (Exanp
of the steroid 4

~dsed /'t he al kyl ation |inking
ag{o ist into a nutual prodrug. In

the case when glbulldy  §terical 'y hindered R3
substituent i9 préSentYin the b-agonist noiety (e.g.
when R3 equal s tert-bugyl far al buterol), additional

protective group mani pulatign M6syr1meés($ﬁemaﬁvéljal7 ot @2)
t he phosphorylation, as illysty, ﬁ‘tﬁ@q 5@ me | 1.
Commerci al ly avai l abl e racerfi c al but erol > (sal but anol )
was tenporarily protected in the form of Boc '
0, 0-i sopropyl i dene (St evensy 1999), theglg)f or e enabl i ng
sel ective protection of theVYsecondary, ri I?ﬁ

hi ndered am ne by prol orbged (48 hours) trega rrent wi th
excess ditert- ‘

HO, R\1
Y—
Cycl O\ O'Bu
O P~otsy
Rs
4N HCl / dioxane
HO HN—Rj;
}/3\
4 OH

Rs . g. mutual prodrug 16 (Example 107)
R3 = (CH,)6O(CHy)4Ph
R4 = F, R5 = H,
Y-X(R;R,) = 4-(1-methylpiperazinium)



butyl dicarbonate, yielding the derivative 5 (Exanple

8). The renoval of the isopropylidene protection was
wa@ewonpi2izhed by brief heating in the refl uxi nBCB0S%006/022790

(v/v) aqueous acetic acid, 2duri ng which the Boc noiety

stays intact (Exanple 9).
(6) was transfornedg

7 through a four-st espéfsls
one described in Schene_ |

synt heti c process t owar ¢

Schene 111. 5-Br
and the al dehyd
earlier paragraph
can be protecté
tert-butyl di ng
i m dazol e, @gfe
The presence of a bom ne
formation in the fol$own
trivinyl bor oxi ne-pyridi ne
catal ytic amounts of tric
pal l adium (11) acetate wa
substituent using the Suz
formed conpound 9 underg

hypochl ori t e- NMMO oxi dat i
catal yti c amount of 1St S)

mhetl C sequence identi cal

§l

angdhese &JII

Thus obt ai ned NBoc- al but er ol
Iée\prl)sphor yl ated derivative
' to

(Exanmpl es 10-13). The

t he opR\hcaI ly pure,
jef vapiye-Rs illustrated on
§P yde was phosphoryl at ed

d a escribed in the
t'Wus f‘?ﬁ‘?iéﬁ) ohol noiety
ont wi t§ee Scheme V)

hl oride in the presence of
prpound 8 (Exanpl es 13-15).
ak. dmGll/ [Tdss/ DMAAR- C bond
g step. The

| ex. iR the presence of
) Ao R0 1A
s waddNalan Gils£dtuce the vi nyl
Ki method (Exanple 17). Thus
s asymmet ri doc,
n in the WoesereRpf a

- (+)

12_

Mey®0
X\R2

HN—R,

O\F/OH
1 ~
4™ oH

e.g. mutual prodrug 17 (Example 133)
R3 = (CH,)sO(CH,)4Ph

Y-X(RiR,) =

H;
3-pirydynium



with enantionmeric purity exceeding 90% If desired,

the R5R-version of the Jacobsen' s catal yst can be
wais@d/13821pr epare the optical antipode of 10. TPET/US2006/022790

epoxi de openi ng was acconplkshed by the nucl eophilic

attack with the amne bearing the R3 noiety. On the

route to the chiral salnmeterol derivative, the

6- (4- phenyl but oxy) - hexyl am ne (Exanpl e 16) was reacted

V!f;ld@héégmﬁél dhdPhhR-fBRRAHLAS oRichRaAPhgolist Hetigittve)is shown in

el’'evated tenperature (see Exanple 19). The secondary .

a - FQr I £

scherl 1 bR O R E ol SEierll O ppfRNhocbidhll to Rong
trie am ne and cat.al ytic P i nh 0 THE.. The. 1_.-

and Rty 199 s ra@PRHGRYS Lo Surstermyl T BRVAD Y YRt ication
fluoride and the resultjing digl was s Iectively,

of thermsipanst benzykie alrokel theliehyde,wah Waﬁsgrl\éra%pﬂg ding,compound 1
give the optically pure Rnmesylate 12 in good yield

(Examplex A)yrih ehi2 Ihareh éhe ptiviade steohdlels pritectsgrintre fitent dhshion, and the
predni sol one derivatives nodified with the

acidityl ®f lihie Chlgdn6BeE kitbictlene inatakl kdlpingi he $dietivity of the subsequent
21-substituent allowi ng the |inkage of the b- agoni st

phosp%ﬁti%n.t @oﬁ%ﬁ%ﬁ%ﬁhg}e 19 3L £4iBh Z#ith €a NI{chP $8Besat OMphOphobromidate

ernative a sulfontumsalt. "Using the

| fication. th Q ri .
rere LSS ISP SR LERPACHLAIR 2 i o
... derivatives (e,qg,. desonj.de trj i nol one. acet.oni.de .
yield 4ighra e Boram ) Sttt Ll Bo Wi G papty ohydride
cycl oal kyl carboxal dehydes. In certain cases (e.qg. )
carried out at low temperature (-78°C to 0°C) produced the diol, which was selectively

=

sulfonylated using methanesulfonyl chloride (MsCl) in the presence of 1,2,2,6,6-
pentamethylpiperidine (PMP) to give the primary mesylate 3 (Example 6) used in the

alkylation linking of the steroid and B-agonist into a mutual prodrug.

In the case when a bulky, sterically hindered R substituent is present in the B-agonist
moiety (e.g. when R equals tert-butyl for albuterol), additional protective group manipulation
is necessary prior to the phosphorylation, as illustrated in Scheme II.

Commercially available racemic albuterol (salbutamol) was temporarily protected in
the form of O,0-isopropylidene (Stevens, 1999), therefore enabling selective protection of
the secondary, sterically hindered amine by prolonged (48 hours) treatment with excess di-
tert-butyl dicarbonate, yielding the derivative 5 (Example 8). The removal of the
isopropylidene protection was accomplished by brief heating in the refluxing 80% (v/v)

aqueous acetic acid, during which the Boc moiety stays intact (Example 9). Thus obtained N-
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bond faemetion Moihadelicving siernpheivirrlbarpxingpyridig oppifysip the presence
of catc;?yi’iisamomts of tricyclohexylphosphine and palladium (II) acetate was used to
introduce the vinyl substituent using the Suzki method (Example 17). Thus formed
compound 9 undergoes asymmetric hypochlorite-NMMO oxidation in the presence of a
catalytic amount of (S,9)-(+) N,N'"-bis(3,5-di-tert-butylsalicylidene)-1,2-
cyclohexanediaminomanganese (III) chloride (Jacobsen, 1991) yielding the S-epoxide 10
with enantiomeric purity exceeding 90%. If desired, the R,R-version of the Jacobsen’s
catalyst can be used to prepare the optical antipode of 10. The epoxide opening was
accomplished by the nucleophilic attack with the amine bearing the R3 moiety. On the route
to the chiral salmeterol derivative, the 6-(4-phenylbutoxy)-hexylamine (Example 16) was
reacted with compound 10 in 95% aqueous ethanol at slightly elevated temperature (see
Example 19). The secondary amine 11 thus formed was protected by treatment with di-t-butyl
dicarbonate in the presence of triethylamine and catalytic DMAP in anhydrous THF. The
silyl group was then removed using tetrabutylammonium fluoride and the resulting diol was

selectively mesylated, as described in previous paragraphs, to give the optically pure R-

mesylate 12 in good yield (Example 21).
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(see Examples 24 and 25). The mesylate was displacea/ by the nucleophilic substitution

(Examples 26-51) with the amine, thiol or a heterocycle by heating in the refluxing

acetonitrile in presence of a base (e.g. anhydrous powdered potassium carbonate).

Compounds described in Examples 52-55 illustrate the case when the 16,17-cycloalkylidene

moiety introduced via transacetalization contains the sulfur atom serving as a handle for

linking the phosphorylated P-agonist moiety (see mutual prodrugs described in Examples

120 and 122).

Scheme V describes the synthesis of prednisolone derivatives modified with the
16,17-acetal moiety derived from the heterocyclic aldehydes containing nitrogen atom
capable of linking the B-agonist moiety through the quaternary ammonium salt. In case of
those less reactive aldehydes the acetal formation (Examples 56-81) required in most cases
heating (80°C) and increased amount of perchloric acid (4 equivalents) as compared to
conditions applied for cycloalkyl aldehydes. Also the use of the more polar solvent 1-

nitromethane (instead of 1-nitropropane) for transacetalization proved to be advantageous
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as mutual steroid-B-agonist prodrugs. The selected steroid analogs (described in Schemes IV

and V) were alkylated with the benzylic mesylate of the protected phosphorylated B-agonist
derivatives (3, 7 or 12 for salmeterol, albuterol or R-salmeterol, respectively) in the presence
of a stoichiometric amount of sodium iodide in a polar, aprotic solvent like acetonitrile. It is
beneficial to include the additional protection step prior to alkylation in the case of steroid
substrates with an unprotected, primary 21-hydroxyl (see Scheme VII). The triphenylmethyl
(Trt) moiety is a protective group of choice, compatible with the overall protection scheme
and selectively introduced in mildly basic conditions (in presence of triethylamine and
catalytic DMAP). In the final step, the intermediate quaternary ammonium (or in some cases
sulfonium) salts were deprotected by mild acidolysis, advantageously by brief (up to 1h)

treatment with 4N HCI in dioxane yielding the target mutual prodrugs, e.g. 16 and 17,

described in Examples 107 and 133, respectively.

II. ENZYMATIC ACTIVATION OF SUBSTITUTED PHENYLPHOSPHATE

AS MUTUAL STEROID - 3-AGONIST PRODRUGS

Substituted phenylphosphates of the present invention (mutual prodrugs of

steroids and B-agonists) are efficiently cleaved by alkaline phosphatase present in
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The detailed description of the enzymatic conversion of mutual prodrugs 16 and 17 is

described in Examples 141-143 and depicted in Figures 1 and 2.

III. AEROSOL DELIVERY DEVICES

The use of the substituted phenylphosphates as mutual steroid-B-agonist prodrugs
suitably formulated for liquid nebulization, or alternatively as a dry powder provides
sufficient amount of the mutual prodrug to the lungs achieving a local therapeutic effect
through releasing both bioactive components locally. Substituted phenylphosphate mutual
prodrugs of the invention are suitable for aerosolization using jet, electronic, or ultrasonic

nebulizers. They are also appropriate for delivery by dry powder or metered dose inhaler.
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mass median diam;ater between 1 to 5 p. A liquid formulation may require separation of a
mutual prodrug salt from the appropriate diluent requiring reconstitution prior to
administration because the long-term stability of the substituted phenylphosphate mutual
prodrugs in aqueous solutions may not provide a commercially acceptable shelf life.

An indivisible part of this invention is a device able to generate aerosol from the
formulation of the invention into aerosol particles predominantly in the 1-5 p size range.
Predominantly, in this application, means that at least 70% but preferably more than 90% of
all generated aerosol particles are within the 1-5 p size range. Typical devices include jet
nebulizers, ultrasonic nebulizers, vibrating porous plate nebulizers, and energized dry powder
inhalers.

A jet nebulizer utilizes air pressure to break a liquid solution into aerosol droplets. An
ultrasonic nebulizer works by a piezoelectric crystal that shears a liquid into small aerosol
droplets. A pressurized nebulization system forces solution under pressure through small
pores to generate aerosol droplets. A vibrating porous plate device utilizes rapid vibration to

shear a stream of liquid into appropriate droplet sizes. However, only some formulations of

substituted phenylphosphate mutual prodrugs can be efficiently nebulized, as the devices are
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The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular
mode of administration.

This small volume, high concentration formulation of substituted phenylphosphate
steroid-B-agonist prodrug can be delivered as an aerosol and at efficacious concentrations to
the respiratory tract in patients suffering from mild to severe asthma, bronchitis or chronic
obstructive pulmonary disease (COPD). The solid dosage formulation is stable, readily
manufactured and very cost effective. Furthermore, the formulation provides adequate shelf
life for commercial distribution. The mutual prodrug masks the pharmacologic properties of
steroids thus sore throat, fungal infections, dysphonia and other side effects in the oral
pharyngeal cavity are completely eliminated. The prodrug also masks the -agonist activity
minimizing a chance for cardiovascular side-effects. Both drugs are released by enzymes
present in lungs, specifically alkaline phosphatase, thereby releasing simultaneously the

therapeutic amount of B-agonist and of a corticosteroid, at the site of inflammation and

bronchoconstriction.
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compakedatopiheseldescribed by Gajda a;ld Zwierzak (1976). By lowering the temperature of

the reaction to 15°C and decreasing the reaction time to 2.5 hours the title compound
obtained in our hands had better purity then when applying the literature conditions (25°C for
4 hours). The title phosphobromidate is unstable and was immediately used for the

phosphorylation reactions'(see Examples 4, 11 and 14).

Examples 2-6 illustrate the synthesis of the racemic phosphorylated derivative of

salmeterol (see Scheme ).

Example 2

[2-Hydroxy-2-(4-hydroxy-3-hydroxymethyl-phenyl)-ethyl]-[6-( 4-phenyl-butoxy)-hexyl-

carbamic acid tert-butyl ester

OH Toc
N\/\/\/\
HO O

HO

Commercially available salmeterol xinafoate (6.04g, 10mmol) and potassium

carbonate (1.39g, 10mmol) were suspended with stirring in a 1,4-dioxane/water mixture (1:1,
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residue? solidifying upon refrigeration.

LCMS: 100%, MNa" 538.3 (exact mass 515.3 calcd for C3oHssNOg). Anal. Cale: C, 69.87; H,

8.80; N, 2.72. Found: C, 69.69; H, 8.64; N, 2.68.

Example 3

[2-(3-Formyl-4-hydroxy-phenyl)-2-hydroxy-ethyl]-[6-(4-phenyl-butoxy) -hexvyl]-carbamic

acid tert-butyl ester

OH IIBOC
OHC N\/\/\/\
) 0]

HO

The N-Boc-salmeterol described in Example 2 (3.24g, 6.28mmol) was dissolved in
chloroform (50mL) and the activated manganese oxide (IV) (6.44g, 85% w/w, 63mmol) was
added in portions with vigorous stirring. After 24 hours at room temperature the slurry was
filtered through a pad of Celite, followed by the concentration of the filtrate combined with
the chloroform washes. The crude residue thus obtained was purified by silica gel
chromatography using ethyl acetate/hexane mixture (1:5) yielding the title aldehyde 1 (2.45g,

77%). LCMS: 96%, MNa" 536.3 (exact mass 513.3 calcd for C3oH4sNOg).
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[ 2- (3- For y oxmmaroxy-et yl]-[6-(4-p
exyl]-carbam c acid tert-butyl ester
The N-Bocc%sa nmet erol described in Exanple 2 (3. 24q,

6. 28mmol LFwag; gi ssol ved in chloroform (50m) and the

activat ed yanganese oxide (1V) (6.44g9, 85% w w,
63mmol ) wasS added in portions with vigorous stirring.

A)Idtdgﬁydze 1 E;o Ly BB WS WSO RES i ahRIrSUSUFY (YBHAL), which was

followed by adding DMAP (82mg, 0.67mmol) and DBU (1.11mL, 7.4mmol) with vigorous

stirring under nitrogen. After cooling the reaction mixture to 0°C the phosphobromidate
described in Example 1 (2.19g, 8mmol) diluted with anhydrous THF (5mL) was added
dropwise over 15 minutes Stirring under nitrogen at 0°C was continued for another 30
minutes, after which the TLC analysis showed the phosphorylation to be almost complete.
After another 60 minutes the reaction mixture was concentrated, the residue was redissolved
in ethyl acetate, washed 3 times with 10% citric acid, twice with 0.5N NaOH, brine and dried
over anhydrous sodium sulfate. The organic phase was then filtered through a pad of basic
alumina and the filtrate combined with ethyl acetate washes was concentrated in vacuo. The
crude product was purified by silica gel chromatography using 30% ethyl acetate / 1%
triethylamine in hexane, yielding the title compound 2 (3.42g, 72%) as a glassy residue.

SIPNMR (CDCL): -15.107ppm. LCMS: 100%, MNa" 728.0 (exact mass 705.4 caled for

C3sHgoNOoP). Anal. Cale: C, 64.66; H, 8.57; N, 1.98. Found: C, 64.09; H, 8.54; N, 2.02.
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114tV PHENa B pSHiioRAST& 5 minutes with vigorous stirring under nitrogen, which

was followed by adding methanol (1mL). The reaction mixture was stirred allowing the
temperature of the bath to increase to 0°C over 4 hours (during which the TLC analysis
showed consumption of the starting méterial). The reaction mixture was diluted with
dichloromethane (50mL), followed by careful quenching by adding 10% citric acid (20mL)
with vigorous stirring. The organic phase was separated, aqueous layer extracted with another
portion of DCM and combined extracts were washed twice with saturated bicarbonate, brine,
dried over anhydrous sodium sulfate, decanted and evaporated. The crude product was
purified by chromatography using 40% ethyl acetate / 1% triethylamine in hexane, yielding
the title diol (2.01g, 75%) as a colorless glassy residue.

'H NMR (CDCly) selected signals: 7.17-7.41 (m, 8H), 4.92 (m, 1H), 4.62 (bs, 2H), 3.39 (q,
2H), 2.64 (t 2H), 1.62 (m, 4H), 1.54 (s, 9H), 1.52 (s, 9H), 1.49 (s, 9H), 1.115-1.49 (m, 8H).
3IPNMR (CDCls): -13.060ppm. LCMS: 99%, MNa" 730.0 (exact mass 707.4 caled for

C3sHgNOgP). Anal. Calc: C, 64.48; H, 8.83; N, 1.98. Found: C, 64.70; H, 8.84; N, 1.90.



alum na and the filtrate conbined with ethyl acetate

washes was concentrated in vacuo. The crude product
wor®epss2ifi ed by silica gel chromatography usiPQI/B8206/022790

ethyl acetate / 1%triethyBarnine in hexane, yielding

the title compound 2 (3.42g, 72% as a gl assy residue.

3 1IPNWR (CDA 3) : -15g pn LCVS: 100% MNa+ 728.0

(exact mass 705. 4 cal or C38H60NO9P) Anal Cal c:

4-(Di-tert- bt h h I V. -
e YRS POr YL VS S PRI I P

phenyl - but oxyyhexyl I - car bam c acid tert-butyl ester

The phosphoryl at edol dggyde 2 (2. 68, 3.8mml) was
d| ssod)ved i n anhydfous THF (10n.) and the mxture
cag-o4 : en,Lohid Sod i tor et

(0. 43@9, 11. ) was added in portions over 5
m nutes w gorous stirring under nitrogen, which
was foll owed by adding nmethanol (InL). The reaction
m xture Wee ~sigtmped all owi ng the tenperature of the
bath to I'nc ea ie to OC over 4 hours (during which the
TLC anal ysi S showed consunpti on of the starting
terial The reacti s. di Lut.ed
oFeRPs o rer Py ol PEUE AR Bl i e 11
adding 10%citric acid (201 h vi gor
equwai@mr?f WﬁglaIF?ﬁl} fopy aﬂ}l%n%ﬁéére\ﬁﬁ%ges& re&uévg of ggéeﬁa@l’emamethyl'
| ayer extracted wi th anot her
piperidine (PMP) dissolved in anhydrous dichloromethane with vigorous stirring and cooling

in water bath. The TLC monitoring showed the disappearance of the starting material after 30
minutes. After 1 hour the reaction mixture was concentrated in vacuo, followed with
azeodrying by repeated evaporation with toluene. The crude mesylate 3 was immediately

used for the quaternization (alkylation) of the steroid analogs (see Schemes VI and VII).

Examples 7-13 illustrate the synthesis of the racemic phosphorylated derivative of

albuterol (see Scheme II).

Example 7

2-tert-Butylamino-1-(2.2-dimethyl-4H-benzo[1.3]dioxin-6-yl)-ethanol

0O
>
The title compound 4 was synthesized according to the procedure by Stevens (1999).

Commercially available albuterol (salbutamol) suspended in dry acetone was treated with



portion of DCM and conbi ned extracts were washed tw ce
wi th saturated bicarbonate, brine, dried over

wa@nivgdss2us sodi um sul fate, decanted and evaporBCEUS20061622790
crude product was purified3by chromatography using 40%
ethyl acetate / 1%triethylam ne in hexane, yielding

borontthiflubridd @hétat! at (02C GBI R hda¥iwitkSvigorens Stirkie gsunﬁéraiﬁﬁﬁﬁen The crude
residue. 1H NMR (CDC 3) selected signals .

uE eng .
prod 2%%583?%&21%@2"1‘&6‘?%? toff#,g ofPtps ( ?Stefiﬂe?&i&gén fa‘ssé)‘“, 8158
1.49 (s, 9H), 1.1 15-1.49 (m 8H). 3 1PNWMR (CDO 3) :
-13. 060ppm LCMS: 99% MNa+ 730.0 (exact mass 707.4
cal cd for C38HG62NOOP) . al . lc: C, 64.48; H, 8.83;

N, 1.98. Found: C3 64.70Examplg8gs. N 1. 90. Exanpl e 6
Met hanesul fonl C aC| d

an1no}-|hvdroxy-
et hyl V2- (di -t ert - besrioenyic pbidsairbutyll extyr) - benzvl ester
Conpound 3 was synt hesi zed by treating the diol
described in Exanple 5 with thel 1Bbcequival ent of
met hanesul fonyl chloride in prese of 2 equiv. of
1,2, 2,6, 6-pent anet hgl pi i ne N%T/dissolved in
anhydrous dlchlorggilha it h vigorlous stirring and
cooling in water bathO Th& TLC nonitoring showed the
di sappearance of the starting material after 30
MCheit@O-isdfropylidenbqurotetied almaerol @) miaxtdisselwdsin anhydrous THF
concentrated in vacuo, followed wth

(5mL) , which was followed by adding DMAP (0.1 equivalent) and triethylamine (1.1

equivalent) under nitrogen with stirring. Then, di-t-butyl dicarbonate (1.1 equivalent)
dissolved in minimum amount of anhydrous THF was added via septum and the mixture
stirred overnight at room temperature. Next day another equivalent of the acylating reagent
was added and the mixture was further stirred with the TLC monitoring. After 48 hours THF
was evaporated, the residue taken up in ethyl acetate and washed with 10% citric acid (3
times), saturated sodium bicarbonate (twice), brine and dried over magnesium sulfate. The
crude product obtained after decantation and evaporation in vacuo was purified by siliga gel
chromatography. The title compound 5 was obtained as a glassy residue in moderate yield.

LCMS: 95%, MH" 380.3 (exact mass 379.3 caled for C2;H33NOs). -

Example 9

tert-Butyl-[2-hydroxy-2-(4-hydroxy-3-hydroxymethyl-phenyl)-ethyl]-

carbamic acid tert-butyl ester




azeodryi ng by repeated evaporation wth toluene. The
crude nesylate 3 was i mmedi ately used for the
w@eabass2izati on (al kyl ati on) of the steroid anedDys2006/022790
(see Schenes VI and VII). Bxanples 7-13 illustrate the
synthesis of the racemc phosghor | at ed derivative of
al buterol (see Scheme I1). ERdnpRe7
2-tert-Butyl am no-| - i pt_hyN< benzori, 31di oxi n-
6- yl Vet hano | Thé“?itlf pound 4 [was synt hesi zed
according to the procedlurg’ by Stevens (1999).
Commercial |y avail d4Pe al buterol (sal butanol)
suspended in dry acetone was treated 't\%}boron .. )
Sl i tlsoscnuouad Hupaak be RICDOREAry; TehluK et PROtGsted Agiigative 5
stirring under nitrogen. The crude product was
80% (WY dquebenddetic peide A6 3084 as thec BLE yanalysis shews thet compipfeness of the
described in Exanple 8. Exanple 8 tert-Butyl -
isopropylidbre AySolRishie- dhbti@nAtxture can be concentrated, redissolved in ethyl
\"1. 31di oxi n- 6-yl V2- hvdroxy-ethyl| - carbam c acid
t ~PUkyli{0esL&k ' | 8roRk lapateem sulfate. The
scetate e 1 e L O Bt

erude 0GR a6 of 1o R R S BllioaoFEIAE T ) =

stirring. Then, di-t-butyl dicarbonate (1.1
equi val ent)

Example 10

tert-Butyl-[2-(3-formyl-4-hydroxy-phenyl)-2-hydroxy-ethyl] -carbamic acid tert-butyl ester

OH ll.%oc
OHCD)\/N\‘/
HO

The title aldehyde can synthesized as described in Example 3, using the N-Boc-

protected albuterol (6) as the starting material.

Example 11

tert-Butyl-{2-[4-(di-tert-butoxy-phosphoryloxy)-3-formyl-phenyl}-

2-hydroxy-ethyl}-carbamic acid tert-butyl ester

OH ITD)OC
OHC;O/I\/N\I/
7
R—O'Bu
I\
O oBu

The title phosphorylated compound can be prepared analogously as described in

Example 4, using the aldehyde described in Example 11 as the starting material.



di ssol ved in m ni rum anount of anhydrous THF was added
via septumand the m xture stirred overni ght at room
wao esopasiur e. Next day anot her equival ent of tP@I/US2006/022790
acyl ati ng reagent was addedéand the m xture was
further stirred with the TLC nonitoring. After 48
hours THF was evaporated, the residue taken up in
ethyl acetate and washed with 10%citric acid (3
times), saturated sodiurnbigiéﬁgnate (twice), brine
and dried over magnesi umdH The crude product
obt a| ned aftgr decant atiaon and evaporation in i/acuo
f ‘t. [H 0 y 2, ¢ i O

noderate yi €- IvBthyB56 ple a8iR
calcd for C2 1H33NC15) . Exarrpl e 9 .
tert-Butyl-r2-hydroxy-2-('4-hQldroRkge 3- hvdr oxynet hyl - ph

enyl)-ethyl]- carbam ¢ acid tert- hu vl esterThe title
conpound 6 can be H® aspy refluxing of the
protected derivative 5 In 80% (v/v) laqueous acetic
acid. As soon as the gLCanal ysis shows the

conpl et eness of the |$Q@q39pyl i dene hydrol ysis the
reaction mxture cagb oncentrated, redissolved in
et hyl acetate washed VVIP 10%citric acid, brine and

p?baﬂ B 0L RB I R ETR BRRAE Ry, 5 phosmtorsed

| om ng . oxi datj on.
aldehyde descnbeg in Example 11, according to the procedure described in Example 5.

Example 13

Methanesulfonic acid 5-[2-(tert-butoxycarbonyl-tert-butyl-amino)-1-hydroxy-ethyl}-

2-(di-tert-butoxy-phosphorvloxy)-benzyl ester

|o Boc

|

H,C—S

3 ¥ \O/D)\/ \{/
0]

At
/P\ O'Bu
d O'Bu

The title mesylate 7 can be prepared as described in Example 6, using the diol
described in Example 12. The activated compound 7 can be used crude for the quaternization

(alkylation) of the steroid moiety (see Scheme VI and VII).

Examples 14-21 illustrate the asymmetric synthesis of the phosphorylated B-agonist

derivative (see Scheme II).

Example 14



Exanpl e 10
tert-Butyl-r2-(3-fornyl-4-hvdroxy-phenyl V2- hvdr oxy-eth
wQ kdosazg2bnm ¢ acid tert-butyl ester The title BETER00€022790
can synt hesi zed as describéd in Exanple 3, using the
N- Bocprotected al buterol (6) as the starting material.

ExanplmhodghorRracidBHbimo-0 dormyl-phenyl ester di-tert-butyl ester
rd4-(di-tert-but oxy-phosphoryl oxy)-3-fornyl-phenyl |-

2- hvdr oxy-ethyl ) -car bagye_acjd tgft-butvl ester The
titl e phosphoryl ated conpoy, an be prepared

anal ogousl y as described i nple 4, using the

al dehyde described in Ex@npl- 11 as the starting

mat eri al . Exanpl e 12 /P~{fBu
tert-ButyI-{2-[4-(di-te{fb@g}oxy-phosplioronxyVS-hvdr
oxynet hyl - phenyl | - 2- hydr oxy-et hvU- car bam ¢ aci d

SOARBMFRATo b s o DACBGRRNED bRy
sorGEGH BN X Y SR MR BT . s

. acid 5-J2-(tert-butoxycarbonyl-tert-butgl-amno)-
dlssolygc}]% X;i_r@{snyH]F_ (SOmL)S and cooled to 0°C. The phosphorylating agent was

prepared as described in Example 1 (23.2g, 85mmol) and diluted with anhydrous THF
(20mL). The crude product was purified by chromatography (9% ethyl ’acetate + 1%
triethylamine in hexane) yielding analytically pure title aldehyde as a yellowish solid (11.51g,
73%).

'HNMR (CDCl3): 10.35 (s, 1H), 7.99 (d, 1H, J = 2.4Hz), 7.67 (dd, 1H, J = 8.8Hz, 2.4Hz),
741 (d, 1H, J = 8.8Hz), 1.51 (s, 18H). *’PNMR (CDCls): -15.239ppm. LCMS: 99%, MNa*

415 (exact mass 392.04 caled for C;sH,BrOsP).

Example 15

Phosphoric acid 4-bromo-2-(tert-butyl-dimethyl-silanyloxymethyl)-phenyl ester

di-tert-butyl ester

Br
TBDMSO/D/
o)

|
R—O'Bu
7
O OBu

Aldehyde described in Example 14 was reduced to alcohol analogously as described
in Example 5. The crude material solidified upon repeated evaporation with hexane and was
sufficiently pure to continue the synthesis. The intermediate alcohol was converted to

compound 8 by treatment with the slight excess of tert-butyldimethylsilyl chloride in DMF in



2-fdi-tert-butoxy-phosphoryl oxyVbenzyl ester The title
mesylate 7 can be prepared as described in Exanple 6,
waigiong32ne di ol described in Exanple 12. The arCT/us1006022790

compound 7 can be used crud® for the quaternization

(al kyl ation) of the steroid noiety (see Schene VI and
presency! df) exdexanP| @mivhlens) of imBkralt.e Aftee the yoyasrglitcreaction at room

synt hesi s of the phosphoryl ated b-agoni st derivative
temperdiHe thSILMTe Wat Hiluted aiiE GieldPotephadshed aceasively with 10% citric

4-brono- 2-fornyl - phenyl ester di-tert-butyl ester

acid, brgﬁgarélg %ef é{%@é lé)ﬁgéé:e\%qﬁer{ ?ri&f‘@ith ﬂ:@l‘iﬁ'ﬂ%ﬁs MWashesium sulfate, decanted

anal ogously as described in Exanple 4,

usi ng U (6, 58nL, .44mupl ). an -4 I

and evaPiEgh J0A TR LS P R R et Gind TUR iyt acetate
The phosphoryl ating agent was prepared as described in

+ 1% tisthylpnimein hoangg 85mol ) and diluted with anhydrous
THF (201L). The crude product was purified by
chromat ogr aphy (9% ethyl acetate + 1%triethylamne in
hexane) yielding analytically pure title aldehyde as a
yellowi sh solid ( 11.5 Exampl8%. 1HNVR (CDCl 3): 10.35
(s, IH 5 7.99 (d, IH J 2.4Hz), 7.67 (dd, IH, J =
8.8Hz, 2.4Hz), 6-(4-Phenyl-butoxy)-hexylamine

/\/\/\/O
H,N \/\/\@

The title compound was prepared in a three-step process based on the procedure by

Rong and Ruoho (1999). First, the alkoxide generated with NaH from 4-phenylbutanol was
alkylated with 1,6-dibromohexane in presence of catalytic tetrabutylammonium bromide to
give the bromoether (purified by vacuum distillation). Reaction of the bromoether with the
excess (6 equivalents) of sodium azide in presence of 0.5 equivalent of sodium iodide in
DMF at 80°C produced the alkyl azide, purified by silica gel chromatography (ethyl
acetate/hexane 1:30). The azide intermediate was reduced by hydrogenolysis in presence of
10% Pd/C catalyst, to give the title primary amine.

LCMS: 98%, MH+ 250.3 (exact mass 249.5 caled for CigHa7NO).

Example 17

Phosphoric acid di-tert-butyl ester 2-(tert-butyl-dimethyl-silanyloxymethyl)

-4-vinyl-phenyl ester




7.41 (d, IH J = 8.8Hz), 1.51 (s, 18H). 3 1PNMWR
(CDA 3) : -15.239ppm LCMS: 99% MNa+ 415 (exact nass

W@Q@gﬂslszcal cd for C15H22Br O6P). Exanpl e 15 PhoB@i0£1006/022790
aci 39

4-brono-2-(tert-butyl -di net hyl -sil anyl oxynet hyl ) - pheny

| ester di-tert-butpgppgyeryAidenhyde described in
Exanpl e 14 was reduced to al pl anal ogousl y as

described in Exanple 5. Tl cfude material solidified
upon repeated evaporati on/Mdtdgu hexane and was
sufficiently pure to cono’i}@!@,the synt hesis. The

i nt ernedi ate al cohol was converted to conpound 8 by

A mo%é@?&%%{a;?dg{;&n%d;y IS<,IS+ [ Ped SHALS PefRx condenser was charged with  the

[""chl oride in DMF inpresence of

solutiogxcr gﬂs (?urﬁggé%/llaz!o%lqtg e %ff ti) .glqneggglgl?/mﬁ%{)e&ndt Bfanol (ImL/mmol)

diluted with diethyl rgom ure the mxture was
i luted w i ethyl ether, hed extensive i
followad py cH40iRE ad5EaSSeRr 0% SR BTG SRl Hpo- The
. pln gd wi t h anhydrous magnesi um sul fate, decanted and
biphasevajpdnmt was vieeoushustiredafosri hpunwbilp the ptresgn gy argon was passed
chromat ogr aphy using 10% ethyl acetate + 1%
through rth€flayk.ano figs imnixhexathe . trifogyokexidepyridine complex (1.5 equivalent)
6- (4- Phenyl - but oxy) - hexyl am ne
was added, followed by tricyclohexylphosphine (0.1 equivalent). The reaction mixture
purged with argon once again for 30 minutes, then palladium (II) acetate (O‘.l equivalent) was
added, followed by vigorous stirring and heating under reflux under the positive pressure of
argon for 4 hours. After that time the TLC analysis (chloroform/methanol 8:1) showed the
complete consumption of starting material. The reaction mixture was diluted with ethyl
acetate (3 times the original volume) and the organic phase was washed with water (3 times),
10% citric acid solution (twice) and brine and was dried over anhydrous MgSO,. After
filtration and evaporation of the solvent, the residue was purified by silica gel
chromatography (ethyl acetate/hexanes 1:20 with 5% of triethylamine), yielding 80% of the
desired olefin 9 as a viscous oil.
'H NMR (CDCl): 7.52 (s, 1H), 7.27 (d, 1H), 7.19 (d, 1H), 6.67 (dd, 1H), 5.66 (d, 1H), 5.17
(d, 1H), 4.71 (s, 2H), 1.48 (s, 18H), 0.95 (s, 9H), 0.10 (s, 6H). 31p NMR (CDCls): -14.18

ppm. LCMS: 95%, MNa+ 479 (exact mass 456.3 calced for Cy3Hys; OsPS1).

Example 18

Phosphoric acid di-tert-butyl ester 2-(tert-butyl-dimethyl-silanyloxymethyl)

-(S)-4-oxiranyl-phenyl ester




The title conpound was prepared in a three-step
process based on the procedure by Rong and Ruoho
W@ 1®993821Fi rst, the al koxi de generated w th NakCT/D82006/022790
4- phenyl but anol was al kyl a#eéd with 1, 6-di bronbhexane
in presence of catalytic tetrabutylamoni um bromde to
gi ve the bronoether (purified by vagguumdistillation).
Reaction of the bronpether with tbhe\excess (6
equi val ents) of sodiRIV3Q1 de presence of 0.5
equi val ent of sodi um i odi de 5 at 800C produced
the al kyl azide, purified By silica gel chronmatography
(ethyl acetate/hexane 1:30 —O'Hue azide internediate
was reduced by hydrogenolysp®ui n presence of 10% Pd/ C
catal yst, to give the title primary am ne. LCMS: 98%
Mabmpond9 (vaxsakdsod Sn d4%Hasic ahik€iré 6f melfithéNBoride (SmL/mmol)
Exanpl e 17 Phosphoric acid di-tert-butyl ester
and pl_%of‘_iah%@tbl'u?fg%?ﬁi ndFRb1 Ywhieh lv@i@%ﬁ&é@ﬁ?gh(ﬁtion of sodi algylg’ochlorite

vinv henyl est ér A two-nec roun ot t ormed
(0.2m Wﬁgﬁﬂ-ﬁét@&%gﬁ{?hﬂél\ﬁﬁ%gg% 5&6@3%/%@?1@?5@%2&1& hS,"Sbveersion of
J acobépg]gsggg\ggllas)g@;&n g%he) Ln?a?%gslt O[i&lsgk{(g)]s% ,I%]héigléﬁl,, g-\é\ﬁg;ﬁrggugggliic%%dgne)-l ,2-
(8nmL/ mmol ). The bi phasic m xture was vi gorously .

cyclolgianediaminomanganssa( hhichleritlpie Oslht lequinalent] arlgonropetion mixture was
stirredp?ciséle %ours at 30°C, after which time the TLC analysis (chloroform/methanol 8:1)
revealed the complete consumption of the starting material. The reaction mixture was
transferred into the separating funnel and allowed to settle. The aqueous layer was discarded
and the organic phase was washed with water (twice), 10% citric acid solution (twice), brine
and dried over anhydrous MgSOy. After filtration and evaporation the residue was purified by
silica gel chromatography (ethyl acetate/hexanes 1:10 with 5% of triethylamine). The title
compound 10 was obtained with 62% yield and the enantiomeric excess exceeding 90% (as
determined by AfCI - LCMS on a column Daicel Chiralpak IA from Chiral Technologies).

'H NMR (CDCLy): 7.41 (s, 1H), 7.26 (d, 1H), 7.06 (d, 1H), 4.77 (s, 2H), 3.70 (s, 1H), 3.08
(dd, 1H), 2.74 (dd, 1H), 1.46 (s, 18H), 0.92 (s, 9H), 0.08 (s, 6H). *'P NMR (CDCly): -14.16

ppm. LCMS: 97%, MNa+ 495.3 (exact mass 472.3 calcd for Cp3Ha OPSi).

Example 19

Phosphoric acid di-tert-butyl ester 2-(tert-butyl-dimethyl-silanyloxymethyl)-4-

{(R)-1-hydroxy-2[6-(4-phenyl-butoxy)-hexylamino]-ethyl }-phenyl ester



t hrough the flask. To this m xture, the
trivinyl boroxi ne-pyridine conplex (1.5 equival ent) was
w@edwed3s2inl | owed by tricycl ohexyl phosphi ne (0.RCT/US2006/022790
equi val ent). The reaction #ixture purged w th argon
once again for 30 mnutes, then palladium(ll) acetate
(0.1 equivalent) was adde@H figl | owed by vi gorous
stirring and heating el ux u r. fhe positive
pressure of TRPMSH f g .Lﬁ"‘?)é&%ﬁﬁééh time the TLC
anal ysi s (chl or of ormigethanol 8:1) showed the conplete
consunption of starting material. The reaction m xture
was diluted with e?\‘ﬁy{éuacet ate (3 times the original
vol une) and the & g@8BUc phase was washed with water (3
times), 10%citric acid solution (tw ce)..and brine.and,.
Tiees tidle i dedivativer 1 bepy heoprsPESY. thaf I%LQCOP%W&%”PB}% af e chiral
evaporation of the solvent, the residue was %;éifi d .. ..
epoxideb) l%ﬂ leh@ihggeith terstipttexgesaolfip- (@ ethionylbaiosy by HEXEH scribed in
1:20 with 5% of triethylamne), yleldlg&RSO%of tthbe od
' | efbdusEiasoRayil§e uenté heatih (MR (hODd )t be exceede
Empl???%‘l???%lﬁ“?&% 27 (d,mﬁo;%? 19 (d, IH), 6.67 (dd,

to avoiéltgéﬁl}e?@gg%\g?%c}eb%ciﬁ%#% 61{e?%hokgﬁl_?)te diggt%rg.( ANR/SRO%(TD &s)éhg‘)BL:Canalysis
shows @éﬁ@égqrggt%léﬁ%seﬁ%%é%) %%@g?}%? ééa%éaﬁtmi%ﬁ‘é AR ®edvaporated in

vacuo and the crude product used directly in the next step (Example 20).

Example 20

{2-13-( tert-Butyl-dimethyl-silanyloxymethyl)-4-( di-tert-butoxy-phosphoryloxy)-phenyl]-(R)-

2-hydroxy-ethyl}-[6-( 4—Dhenvl—butoxv)-hexvl]-carbarnic acid tert-butyl ester

OH Boc
N
TBDMSO/j@/k/ (CH,)sO(CH2)4Ph
?
p—O'Bu
Y
J olsu

The title compound can be prepared by the Boc protection of the secondary amine 11
(described in Example 19) applying the analogous procedure as described in Example 8,
except that lower excess of the di-t-butyl dicarbonate and shorter reaction time (4-16h) can be

used due to higher reactivity of the unhindered secondary amine.

Example 21

Methanesulfonic acid 5-(2-{tert-butoxycarbonyl- [6-(4-phenyl-butoxy)-hexyl] -amino -(R)-1-

hydroxy-ethyl)-2-( di-tert-butoxy-phosphoryloxy)-benzyl ester




Phosphoric acid di-tert-butyl ester
2-ftert-butyl-di nethyl-silanyl oxynet hyl)
WO ¢@pA3s20xi r anyl - phenvl est er Conpound 9 was di BEDUS®A6/022790

in a biphasic m xture of n#2hyl ene chloride

(5nL/ nrnol) and phosphate buffer (3nL/mmol), which was

foll oned by addjtion of sodjungdeypochlorite

(0. 2nmL/ nmol ), met hyl mor phol i he- N- oxi de (0. 25

equi val ent) ant\tde S S ' N\@Hzg@m%mﬂ' S

(Jacobsen, 1991¥ cat [(S,S)-(+)

N, N -Bi s(3,5-di-terd Ayl salicylidene)-1, 2-

cycl ohexanedi an nonfanggpese(111) chloride; 0.1

equi val ent]. The oée%lg on mxture was stirred for 4

hours at 30"C, after ich time the TLC anal ysi s

( : 1) - t A .

o St AR RETHRRHRE Bscbe il BUERE30] AR LE IR it M soluton of

I, X s transferred,into the.s ati ng. funnel .and

TBAR i Gl of § sy EPReE 45 00s) Wor el visc SRAGq R gpmplete

the organi c phase was washed with water (tw ce), 100/%
deproteption qisaellyd ! LorapEs)dhe crugiegeyduch ppiatned fter eyangraiipgyof the solvent

anhydrous MgSO4. After filtration and evaporation the
can be pwiftkddywdsomatogiapky uing 40%4 atlayl gedtatehr Brmtiethylapiiye in hexane.

(ethyl acetate/hexanes 1:10 with 5% of triethylam ne).

Thge ttitle! @ngswpo URdeakObsvagnthésiaidnie trehtiny GR%oobtathell diotl with 1.1

the enantioneric excess exceedi ng 90% (as determn ned
equivRl¥ntABE! mietlabdR1BAyR EHRIHEN iﬁ)a](afégénc@h bf ab pé\'{libeﬁeﬁtﬁ 08t 1,2,2,6,6-

Chiral Technologies). 1HNWR (CDA3) : 7.41 (s, IH),

penta%ﬁﬁ\?lp%%gh‘@ disdol 9 {Ig ’diéh@r()méthge %?‘ ’ro&ﬁbtemgergglré,sanalogbusly as

described in Example 6. The crude mesylate 12 can be immediately used for the

quaternization (alkylation) of the steroid analogs (see Scheme VI and VII).

Examples 22-55 describe the synthesis of steroid analogs according to Scheme 1V.

Example 22

16.17-[(Cyclohexylmethylene)bis(oxy)]-11.21-dihydroxypregna-1.4-diene-3,20-

dione[1103.160(R)]

Desonide (4.16g; 10mmol) was dissolved in 1-nitropropane (14mL) and cooled to

0°C. To this solution, 70% perchloric acid (2.6mL, 30mmol) was added dropwise over 5



(dd, IH), 2.74 (dd, IH), 1.46 (s, 18H 0.92 (s, 9H
0.08 (s, 6H). 3 1P NWR (CDO 3) : -14.16 ppm LQWVE:
W@O@70Mp/184%2+ 495. 3 (exact mass 472.3 cal cd for Q2GHUS2006/022790
106PSi ). Exanpl e 19 PhosphdBic acid di-tert-butyl
ester 2-ftert-butyl-dinmethyl-silanyl oxynethyl)-4- | )
minutef,((BYlovrechbl yolgheryfoabpxalgidgl (1 Bt ) 2UAOR anskiba sgaction mixture
-ethyl) -phenyl esterThe title derivative 11 can be
was stipfe@HoF €@ foflowheg Hboleantieli sndohenitivgreattidrhmixthier whs allowed to
epoxi de 10 by reacting with the slight excess of

warm ﬁ%§o%{eﬁﬁ@@%ﬂobwo%¥émgiﬁﬁﬂﬁ@ﬁﬁ@ TEEe A48 eth) E&&E@gﬁxanes 1:1)

°) o Ic:]laqueogs anol applying gentle heatin

. shou not ..be e t Ao¥ r :

1nd1cat§% HB’?‘EE%’O ?%}?WBHO% f ;i ﬁee g‘%ﬁ%&ﬁ%@eﬁd ?%Jg {]r gﬁd@ﬁ@ Lurg yvas diluted

.. the anal ysi s sho t he cons ti.gn of e starti.n

with el ereieie, (10 WBSFOROBIEL GPS JLRIebAM e, SRR oE i BiCHbonate
vacuo and the crude product used directly_in t he next, )

solutiont @ptirhes)atwice vty watex amg| byigp The organic solution was then dried with
{2-[3-(tert-Butyl-di nethyl -silanyl oxynmet hyl)-4-(di-ter

anhydroud wiagxysiphosifaey Yilered) aghtryddlvgoR)was removed in vacuo. The crude
2- hydr oxy-et hyl }-[ 6- (4- phenyl - but oxy) - hexyl ] - car bami ¢

producdGldd heifeddby ¥llich Sdetlchidigatbirabley CERIOALMAIGREKARE 1:2) and finally
prepared by the Boc protection of the secondary am ne

. ri i i . o
ooy bS LA LR e Ol e v i 570
LCMS: 97%, MH" 471.3 (exact mass 470.3 calcd for CogHssOs). Optical rotation [Op] =
+76.0 deg (¢ 0.5; MeOH).

The 2D NMR study confirmed the connectivities and the R-configuration at the C-22 atom

(epimeric purity was >95% within precision of the NMR method).

Example 23

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-1 JA-diene-

3.20-dione[11B.160(R)]

The title compound was prepared as described in Example 22, substituting desonide

with triamcinolone acetonide. The desired acetal was obtained as a white solid in 48% yield.



except that | ower excess of the di-t-butyl dicarbonate
and shorter reaction tine (4-16h) can be used due to
whe@hass2teact i vity of the unhi ndered secondar yP@mismne/022790
Exanple 2 1 Methanesul fonid4acid
5-(2-{tert-but oxycarbonyl -[ 6- (4- phenyl - but oxyVhexyl ]-a

' | = - . 9g0
R R RO 5 S prb TGSy T 4893 (exact

terTh r qt derivat. v Irj;b I p_Exanpl 0
mass S5 507 BECR BT P oSt o6 Hade R REG A ost 7ot
_tenperature. As soon as the TLC anal ysis shows the

Optical ootpliest koiod epridtdeg (6®-LMe@H).y 1-2 hours) the crude

product obtained after evaporation of the solvent can
Accor@fi% RY el PRAMY arfally <2 WE QRIARBY 22§ epint Wis abhikmag.et at e

+ I%triethylamnne in hexane. The title conmpound 12

can be synthesized by treating thus obtained diol with

1.1 equival ent of nethanesul fonyl chloride in presence

of 2 equivalents of 1,2,2,6 6,6-,pentanethyl piperidine

di ssol ved in dichlor orreﬁéﬁﬁ@%%éjr oom t enper at ur e,

anal ogously as described in _Exanple 6. The crude

nd&ll7f eydohexyhnethylppgpigiosxy i L -nedsency-4 | -naghle esulfonyloxy-pregna-

quat erni zati on (al kylation) of the steroid anal ogs

(see Schene VI ahd-ditner3. 20 descri be the
synthesis of steroid anal ogs according to Schenme |V.
Exanpl e 22

To a solution of steroid described in Example 22 (SmlL of DCM/mmol) was added 1,2,2,6,6-
pentamethylpiperidine (2 equivalents) followed by the dropwise addition of methanesulfonyl
chloride (1.1 equivalent) with vigorous stirring and cooling in the water bath. The TLC
analysis revealed no starting material usually after 3-4 hours. After diluting with
dichloromethane the reaction mixture was transferred to the separating funnel and washed
with 10% citric acid (3 times), twice with saturated sodium bicarbonate solution, tilen with
brine and finally dried over anhydrous magnesium sulfate. The drying agent was filtered and
the solvent was removed in vacuo to yield the crude product which was triturated with diethyl
ether inducing crystallization. The preciﬁitate thus formed was filtered off, washed
thoroughly with ether and dried, yielding the mesylate with purity sufficient for further
synthesis.

'H NMR (CDCls): 7.230 (d, 1H), 6.291 (d, 1H), 6.029 (s, 1H), 4.992 (AB, 2H), 4.849 (bs,



16,1 7-[ (Cycl ohexyl met hyl ene) bi s(oxy)] -11,2

1-di hvdroxypregna- 1,4-diene-3 ,20- dioneri | b.l6
w@b®eh3Resoni de (4. 16g; | Omol) was di ssol ved PEIT/US2006/022790

1-nitropropane (14nL) and @doled to OC. To this

solution 096perch|oric acid (2.6nm, 30mmvol) was

1H), 25886 WRe @ 51%531%@{ 5&%{’55? d1ﬁ¥233 m. 1H), 2.170 (m,

cycl

), iﬁﬁ@aﬁ@ b R 8 A o

gvernight to roo
7%, §iHa1 5473 (peeh st e hedaon). PRAFL4paton [wh = 751 (¢
conpl ete consunption of the starting material. The
0.5; Me€HEt i on mixture was diluted with ethyl acetate (10
times the volune) and washed with saturated sodi um
‘bi carbonate solution (3 tines), twice with water and
brine. The organic solution was then dried with
anhydr ous nagne3|un1su|ﬁ§k§11525tered and t he sol vent
was renoved in vacuo. The cruae product was purlfled
by silicag X
1:2) and
acetate/__

¢ A ) WW.d. Y A y 2 o 4 ,a
cal cd for C28FB8CB) . Cpt|cal rotatlon [aD] = +76.
deg (c 0.5; MeOH). The 2DCNNR study confirned the
connectivities and the R;éﬁﬁflguratlon at the C 22
atom

The title mesylate was synthesized as described in Example 24 using the steroid acetal
described in Example 23.
'H NMR (CDCl): 7.211 (d, 1H), 6.359 (dd, 1H), 6.139 (s, 1H), 5.009 (AB, 2H), 4.855 (d,
1H), 4.431 (m, 1H), 4.350 (d, 1H), 3.245 (s, 3H), 2.621 (dt, 1H), 2.402 (m, 4H), 2.155 (dt,
1H), 1.845 (m, 1H), 1.645 (m, 9H), 1.54 (s, 3H), 1.115 (m, 6H), 0.96 (s, 3H). F NMR
(CDCl): -166.04 ppm (dd, J = 9.6Hz, J = 31.6Hz). LCMS: 98%, MH" 567.3 (exact mass

566.3 calcd for CogHzoFOsS). Optical rotation [a]p = +99.4 (¢ 0.5; MeOH).

Example 26

16.17-](Cyclohexylmethylene)bis(oxy)]-11-hydroxy-21-(4-methylpiperazyn-1-yl)-

pregna-1.4-diene-3.20-dione[110.16a(R)]




(epimeric purity was >95% wi thin precision of the NWR
nmet hod). Exanple 23 16,1

wQ@2Q06/@s2iDhexyl met hyl ene”bi s(Oxy) ] -9-fl uoro- 1R@I/US2006/022790
1-di hydroxypregna- 1, 4-di ede- 3,20-dioneril b, 16a(R I
The title conpound was prepared as described in
Exanpl e 22, substituting deqoni de with triantinol one
acetoni de. The desired acet was obtained as a white
solid in 48%yield 19FNVR E: 3) : -165.3ppm (dd, J =
9.6Hz5 J = 31.6Hz). LQWE: % M 489.3 (exact nass
488. 3 cal cd for C28H37F06). |Anal.. Caley C, 68.83; H,
7.63. Found: C 68.81; H, 7.6h~Ept | rotation [aD] =

: Ny tT the 19FNMWR

~| - 11- hydr oxy- 21 - yl oxy- pr egna-
1. 4- di ene- 3. 20- dighe .16 afR)I To a solution of
steroid describegin Exanple 22 (5nL of DCM mmol ) was

i i S RUPIE TSP 8 BEydc o el o
methy, hlggr;llﬁigg i (SI 1qq%}évea%§{tsé ?alnggl{i%e_lglm 'ﬁ;?g"’d\%lf °i l'gl%irdc’utsi ;gortésggm? rgz(ajurbonate 2
equivalents) the anhydrous acetonitrile (5mL/mmol) was added and the resulting suspension
was stirred while heating at 60°C overnight. Then the reaction mixture was diluted with ethyl
acetate (10 times the volume) and washed twice with water, 10% citric acid, saturated sodium
bicarbonate and finally with brine. After drying over anhydrous magnesium sulfate, filtration
and evaporation the crude material was purified by silica gel chromatography using a mixture
of ethyl acetate/methanol (10:1), yielding the title compound (42%) as a white solid.

'H NMR (CDCls): 7.246 (4, 1H), 6.289 (dd, 1H), 6.029 (s, 1H), 4.888 (d, 1H), 4.500 (m, 1H),
4255 (d, 1H), 3.402 (AB, 2H), 2.561 (m, 8H), 2.328 (s, 3H), 1.737 (m, 5H), 1.671 (m, 3H),
1.561 (m, 3H), 1.446 (s, 3H), 1.155 (m, 11H), 0.902 (s, 3H), 0.819 (m, 1H).

LCMS: 99%, MH" 553.4 (exact mass 552.4 caled for Cs3HagN,Os). Optical rotation [Op] =

+89.6" (¢ 0.5; MeOH).

Example 27

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(4-methylpiperazyn-

1-v])-pregna-1.4-diene-3.20-dione[11B.16a(R)]



anal ysis revealed no starting material usually after
3-4 hours. After diluting with dichloronethane the

WO e@eti3gam m xture was transferred to the separBtT/mg006/022790
funnel and washed with 10%iZitric acid (3 tines),
twice with saturated sodi um bi carbonate sol ution, then
with brine and finally dri ed| over anhydrous magnesi um
sul fate. The dryi ng agent filtered and the sol vent
was renoved in vacuo to yi%?g t he crude product which
was triturated with diethy her inducing
crystallization. The precipi ate t ormed was
filtered off, washed thoroughly her and dri ed,
yi el ding the nesylateyuith @ r;qu icient for
further synthesis. 1H NMR (§DC\3)o: 7.230 (d, IH),
6.291 (d, IH), 6.029 I' 992 (AB, 2H), 4.849
(bs,IH 5 4.509 (b 43302 (d, IH, 3.242 (s,
3H), 2.557 (dt, |b¥ 330 (m IH), 2.170 (m 1H),
2 070 (m 1H, 1922 (m 13H), 1.447 (s, 3H), 1.339

e O Sgﬂfg c%?@&@ow%w%%)wg%m% SE; St hprrine as

+75.1 . Exanple 25
descripgd [1{1% @X%ﬁ rre'ﬁl%g @ﬂ)él)ebprg(lwyyv]as guxifigdyr chromatography (ethyl
11- hydroxy-2 1- net hanesul fonyl oxy-pregna- 1.4-diene-3
acetate/2@stiginohd Pi1).1fm)lo6md R)y] recrystalization from chloroform/hexane, yielding the

title compound 13.

'H NMR (CDCl3): 7.211 (d, 1H), 6.365 (d, 1H), 6.135 (s, 1H), 4.895 (d, 1H), 4.295 (d, 1H),
3.412 (AB, 2H), 2.620 (dt, 1H), 2.542 (m, 6H), 2.410 (m, 4H), 2.304 (s, 3H), 2.140 (dt, 1H),
1.840 (m, 1H), 1.697 (m, 12H), 1.548 (s, 3H), 1.120 (m, 6H), 0.907 (s, 3H). “FNMR
(CDCls): -165.4ppm (dd, J = 9.6Hz, J = 31.6Hz). LCMS: 99%, MH" 571.3 (exact mass 570.4

calcd for C33H47FN,Os). Optical rotation [0p] =+89.6 (¢ 0.5; MeOH).

Example 28

16.17-[(Cyclohexvlmethvlene)bis(oxv)]-11-hydroxy-21-(4-morpholin-1-yl)-pregna-

1.4-diene-3.20-dione[118.160(R)]




The title nesylate was synthesized as described in
Exanpl e 24 using the steroid acetal described in
wex@apbe123. 1H NVR (CDA 3) : 7.211 (d, IH), 6rPGHBS10de)22790
IH, 6.139 (s, IH, 5.009 @»B, 2H), 4.855 (d, |IH),
4.431 (m |H, 4.350 (d, IH, 3.245 (s, 3H), 2.621
(The title) compaw® (whs Prgpared] BBalogeusly 1gs, descalbsd (i Hxpgaple 26,
31.645 (m 9H), 1.54 (s, 3H), 1.115 (m 6H), 0.96 (s,
substitdtibig 4-bdthyiMperfatidEvadlh morph6Bnd4 ppm (dd, J = 9.6Hz3 J =
31.6Hz). LCMs: 98% M+ 567.3 (exact mass 566.3 cal cd
'H NMIR' c@@@& U, 19pté.29 (dRUAD] 610363}, DD, #BB24(d( ¢HY, £511 (bs,
I\/Eé—l) . anpl e 26

1H), 412%?3%_5%]%1%’%@'0 m%@ﬁﬁ'@%?@ﬁﬁa@#y Yoh, 372w @XYEED), 2.355 (m,

16D, 20 B0 80 Beddiin st dod (eI AR G 0907 ¢

Anet hyl pi perazi ne (3 equival ents) and fin er.e .
3H). TAMSOH 00, SORASAD it Berar a0 (otalei ored ey O Entical rotaion
anhydrous acetonitrile (5n/mvol) was added and the
[ap] -EHW (¢ 0G; MeepBnsi on was stirred while heating at 600C
overni ght. Then the reaction mxture was diluted with
ethyl acetate (10 tinmes the volune) and washed tw ce
wth water, 10%citric acid, saturated sodi um

bi carbonate and finally with brine. After drying over
anhydr ous magnesi um sul @g%@pl—efig’ tration

16.17-[(Cyclohexylmethylene)bis(oxy)]-11-hydroxy-21-(1-piperidin-1-yl)-pregna-

1.4-diene-3,20-dione[11B.16a(R)]

The title compound was prepared analogously as dgscribed in Example 26,
substituting 4-methylpiperazine with piperidine. The final purification of the product was
- accomplished by chromatography on silica-gel using ethyl acetate as an eluent followed by
the crystallization from dichloromethane / diethyl ether.

'H NMR (CDCls): 7.246 (d, 1H), 6.290 (dd, 1H), 6.032 (s, 1H), 4.898 (d, 1H), 4.502 (s, 1H),
4.252 (d, 1H), 3.360 (AB, 2H), 2.553 (dt, 1H), 2.480 (bs, 1H), 2.358 (m, 3H), 2.078 (m, 3H),
1.684 (m, 12H), 1.550 (m, 3H), 1.446 (s, 3H), 1.159 (m, 10H), 0.907 (s, 3H). LCMS: 98%,

MH" 538.4 (exact mass 537.4 caled for C33Hy7NOs). Optical rotation [op] = +98.9° (¢ 0.5;

MeOH).



and evaporation the crude material was purified by

silica gel chromatography using a m xture of ethyl
waewbaseinet hanol (10:1), yielding the title cpepUs2ude/022790

(429% as a white solid. 1H#MVR (CDC 3) : 7.246 (d,

IH), 6.289 (dd, IH), 6.029 (s, IH), 4.888 (d, IH,

4.500 (m IH), 4.255 (d, IH, 3.402 (AB, 2H), 2.561

(m 8H)5 2.328 (s, 3H), 1.737 (m 5H), 1.671 (m 3H)

1.561 (m 3H), 1.446 1.155 (m HH), 0.902 (s,
3H), 0.819 (m IH. L : M+ 553. 4 (exact nass
552. e ot at i.0r; [la
+8 pyrrolidin-

§ .' ,-—- PL3(OCY H X

7- [(CNcIohexyIneth | ene) bi sf oxy)] -9-fluoro-

11- hydroxy-2 1- (4£ﬁ§£ﬁ&£bﬂ5@ﬁﬁiﬁd§_ﬂgilVpregna-

1.4-diene-3 .20-dioner 1l b.l 6a(R) I The nesyl ate

descri bed in Exanple 25 wag rgacted with

4- et hyl pi perazi ne as desciNbed in Exanple 26. The

crude product was purified b chro gr aphy (et hyl

acet at e/ net hanol 10:1), 7y bx grystalization

fromchlorofornfliex ,§% “thetitle conpound
He 6.365 (d, IH),

13. 1 NVR (CDd 3)
4295 (d, IH), 3.412

6.135 (s, |H), 4. 895 (
(B, 2H), 2620 (d £42 (m 6H), 2.410 (m
dt, 1H,

4H), 2.304 (s, 3H4

The title compound can be prepared analogously as described in Example 26,

substituting 4-methylpiperazine with pyrrolidine.

Example 31

16.17-[(Cyclohexylmethvlene)bis(oxy)]-11-hydroxy-21-(N.N-diethylamino)-pregna-

1.4-diene-3.20-dione[11B.16a(R)]

The title compound can be prepared analogously as described in Example 26,

substituting 4-methylpiperazine with diethylamine.

Example 32
16.17-[(Cyclohexylmethylene)bis(oxy)]-11-hydroxy-21-(N.N-dimethylamino)-

pregna-1.4-diene-3,20-dione[11B.16a(R)]




1.840 (m IH), 1.697 (m 12H), 1.548 (s, 3H), 1.120
(m 6H), 0.907 (s, 3H). 19FNWR (CDC 3) : -165.4ppm

W@ oabs/138282 9. 6Hz, J = 31.6Hz). LCVS: 99% M+ 5SFAT/BS2006/022790
(exact mass 570.4 cal cd fos0C33H4A7TFN2G5) . Opti cal
rotation [aD] = +89.6 (c 0.5; MeOH). Exanple 28 16,1
7-f (Cycl ohexyl met hyl ene) bi 3g6xy)] -11- hydroxy-2 1-
4-mor phorin- 1-yP-pregna- 1]4-¢j e @ . 20-di oner
11b. 16af R)I The titl e conmpoupdfmas~prepared anal ogously
as described in ExanpiQa 2¢ ’°m§lituti ng
4- et hyl pi perazi ne wit ol
7.246 (d, IH) 6.29 }
IH), 4.511 (bs, |
3.399 (AB3 2H) 2.

. 1H NWR (CDO 3) :
6.036 (s, IH, 4.882 (d,
$8"°(d, IH), 3.780 (t, 4H),
Y3 2 080 ( ) (m~3H) 2.474 (m IH), 2.355 (m
: m 3H), 1.736 (m_  12H)3 1.448 (s, 3H)3

1They SitlemeoBppy@nd vez1 P(@rnaredréamleg% (s, desgyl e@cwg?ﬁxample 26,

100% M+ 540.4 (exact mass 539.4 cal cd for C32HA5NO6)
substitutifpt-ncalhylpiptmrine wifhaldnethyledin® (M solusion e THF). Exanpl e

29 16, 17-[ (Cycl ohexyl met hyl ene”bi sf oxy Y] -11-hydroxy-2
'H Nl\/ibRﬁCéD(E’lg)I%G.@I6fﬂl(&;1H); 6BoBI&YNat), 8.043 @, eBB; B2D¢dil Hiet.522 (m, 1H),

. a

4275 (d, 1H), 3.371 (AB, 2H), 2.573 (dt, 1H), 2.333 (s, 6H), 2.114 (m, 4H), 1.683 (m, 10H),

1.467 (s, 3H), 1.180 (m, 8H), 0.930 (s, 3H). LCMS: 95%, MH" 498.4 (exact mass 497.4 calced

for C3oH43NOs). Optical rotation [0p] =+74.8" (¢ 0.5; MeOH).

Example 33

16.17-[(Cyclohexylmethylene)bis(oxy)]-11-hydroxy-21-( 4-methylhomopiperazin-

1-y])-pregna-1.4-diene-3.20-dione[11B.16a(R)]

The title compound can be prepared analogously as described in Example 26,

substituting 4-methylpiperazine with 4-methylhomopiperazine.

Example 34

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(4-morpholin-1 -yh)-

pregna-1.4-diene-3.20-dione{11B.16a(R)]




The title conpound was prepared anal ogously as
described in Exanple 26, substituting
wa@ 20018821 pi per azi ne with piperidine. The fi nal PCT/US2006/022790
purification of the productiwas acconplished by
chromat ogr aphy on silica-gel using ethyl acetate as an

el uent followed by the cryst@llization from
di chl oronet hane / di et hyl (?E[r. 1H NMR (CDd 3)
6.032 (s, IH), 4.898

7.246 (d, IH), 6.290 (dd,

(d, IH), 4.502 (s, IH), 4.25% (d, |H™~3.360 (AB, 2H),

2.553 (dt, IH), 2.480 (bs, |HNL 02.3m 3H), 2.078
3N 1. 446 (s3 3H)3

98% MH+ 538. 4

(m 3H)3 1.684 (m 12E)3 1.
1.159 (m 10H), 0.907 7 3k :
(exact mass 537.4 calch A47NOB) . Opti cal
rotation [aD] = +98 5|==4 MeCH) . Exanpl e 30 16, 17-
[ (Cycl ohexyl et hylg C "'oxy)] -11-hydroxy-2
1- (pyrrolidin- 1%l Vpregha- 1,4- diene- 3,20-dionel T
1B.| baffd The title conpound can be prepared
af@f ofjBe seqmpeingd e ¥ies | prEparEd medegously2@s despdbad dmi Fyample 27,
4- et hyl pi perazine with pyrrolidine. Exanple 3 1
substifuging A-mpth@pipayhmne/ Witk tioypleoiaebi sf oxy)] - 11- hydr oxy- 2
1- (N, N-di et hyl at ni no) - pr egna-
'H NMR (CDCly): 7.182 (d, 1H), 6.351 (d, 1H), 6.134 (s, 1H), 4.891 (d, 1H), 4.430 (m, 1H),

4.310 (d, 1H), 3.782 (t, 4H), 3.422 (AB, 2H), 2.609 (m, 3H), 2.451 (m, 5H), 1.850 (m, 2H),
1.650 (m, 10H), 1.541 (s, 3H), 1.142 (m, 6H), 0.914 (s, 3H). F NMR (CDCl3): -165.86 ppm.
LCMS: 96%, MH" 558.4 (exact mass 557.4 caled for C3,HasFNOg). Optical rotation [dp] =

+78.9° (¢ 0.5; MeOH).

Example 35

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(1-piperidin-1-yl)-

pregna-1.4-diene-3.20-dione[11B.160(R)]

The title compound was prepared analogously as described in Example 27,
substituting 4-methylpiperazine with piperidine. The crude product was purified by
chromatography on silica-gel using methanol in ethyl acetate (0 to 10% gradient elution),

followed by crystallization from ethyl acetate / diethyl ether.



1. 4-di ene-3.20-dione p i b,16a(RTI The title conpound

can be prepared anal ogously as described in Exanple
WQ@B20064882%1 i t uti ng 4- net hyl pi perazi ne with di et PyT/E81006022790

Exanpl e 32 16.17- r(Cycl ohéxyl net hyl ene) bi sf

oxy) 1- dr ox | a 0 pr.e
MR (e 704 (oDeis e (18 ST B '31#14?%9%9@2#5*434@ s
was prepared anal ogously as described in_Exa
4.300 (b}, i3t389i (AP, 2H0e2 A9 php¥dadi’eé (wi dRHY lnﬁlhgﬂng%} r]re1527 4> 6H).
solution in THF). 1HNVMR(CDO 3) : 7.261 (d, IH), 6.30
0.932 (sdQH)|(b‘|B45 @nQSBI)(‘s"F NMR (@DERY (165.81 Hpm.ALGRIS: 9806.] 556.4
3.371 (AB, 2H), 2.573 (dt, IH 3 2. 333

(exact 1%1%5_585%'3%4 ca%%tgof‘ Cér%qéglh%)g) % 6 réﬂ@tmﬂ-ﬂgg = 4754'\/;57(2 855 CBidl1;).

(exact mass 497.4 calcd for C30H43NC15) . Opti cal

rotation [aD] = +74.8 (c 0.5; MeOH). Exanple 33

16, 17-[ Cycl ohexyl net hyl ene) bi s(oxy)] -11-hydroxy-2 1-

4- et hyl honopi per azi n- 1- JExampleyi-

1, 4-di ene- 3. 20-di oner 11B 6a R ] The title conpound

C 26,1 PE(OraRRkBehAnAbRssGkY)] Ssflaes rlieloiyr2 Eappireidin-1-y1)-
26,

pregna-1.4-diene-3.20-dione[118.16a(R)]

The title compound can be prepared analogously as described in Example 27,

substituting 4-methylpiperazine with pyrrolidine.

Example 37

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(N N-diethylamino)-

pregna-1.4-diene-3.20-dione[118.16a(R)]

The title compound can be prepared analogously as described in Example 27,

substituting 4-methylpiperazine with diethylamine.



substituting 4-nethyl pi perazine with

4- met hyl honopi per azi ne. Exanple 34 16,1
wQ@2Q06/@ay2tDhexyl met hyl ene) bi s( ' oxy) 1- 9- f | uor 0-PCT/US2006/022790

11- hvdroxy-2 1-(4-norpholid3 1-gl)- pregna-

1. 4-di ene-3 . 20-dioner 11b.16af RhnThe title conpound

was prepared anal ogously as described in Exanple 27,

substituting 4-nethyl pi perazine with norpholine. 1H

NVR (CDCl 3) : 7.182 (d 3,.6.351 (d, IH), 6.134

(s. IH, 4891 (d IH. ﬁx_%ée_{_ﬁﬁ 1, 4.310 (d. 11,

4 .4 60 3 .45

calcd fof C32H44FNO Gf-. Cpt|cal rotatlon [ aD]
(c 0.5, MeOH). Exanple 35 1M§17-
[ YCycl ohexyl met hyl ene) bi s(oxy)!| -9- r 0-

+78.9

11- hvdroxy-2 1-(I -piperidin- -yI ggna- 1. 4-di en
e-3.20-dione p 1b aCRwW,_ The fi e’co pound was

substituting 4-met hyhp| ps “with pi peridine. The

The title compound was prepared analogously as described in Example 27,
substituting 4-methylpiperazine with dimethylamine (2M solution in THF).
"H NMR (CDCls): 7.195 (d, 1H), 6.349 (dd, 1H), 6.132 (s, 1H), 4.905 (d, 1H), 4.414 (d, IH),
4,298 (d, 1H), 3.368 (AB, 2H), 2.626 (dt, 1H), 2.410 (m, 3H), 2.331 (s, 6H), 2.151 (dt, 1H),
1.851 (m, 1H), 1.715 (m, 5H), 1.600 (m, 6H), 1.542 (s, 3H), 1.152 (m, 5H), 0.941 (s, 3H).
YF NMR (CDCl): -165.81 ppm. LCMS: 98%, MH" 516.4 (exact mass 515.4 calcd for

C30H42FNOs). Optical rotation [0p] = +74.6" (¢ 0.5; MeOH).

Example 39

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(4-

methylhomopiperazin-1-yh)-pregna-1.4-diene-3.20-dione[118.160(R)]




chr omat ogr aphy on silica-gel using nmethanol in ethyl
acetate (0 to 10% gradient elution), foll owed by
wW@eoostizd2il zati on fromethyl acetate / diethyl PCT/US2006/022790

ether IHNVR(CDA 3): 7. 2045Qd IFD 6 371 (dd, IFD

T?)pb title ogg@o%scagkgg :%Jze(p%gqgll @mlogqusly A8 %fcr(llpﬁd iy ple 27,

1.561 (s, 3H), 1.157 (m 6H), 0.932 (s5 3H), 0.845 (m
>ubst1tutmg)4-nmgwlpma<1@m1®)4-methyl§@n8>plmln¢C|vs 98% MH+

556. 4 (exact mass 555.4 cal cd for C33H46FNCB) .

Optical rotation [aD] = +75.1 (c 0.5; CHOA 3). Exanple

36 16,17-[ Cvcl ohexyl net hyl ene) bi s(oxy)1 -9-fl uoro-

11- hydroxy-2 1-(I -pyrrolidin- 1-yl)-

t>regna- 1. 4-di ene-3.20-dionep i b.l GCa(R)I The title

conpound can be prepared anal ogously as described in

Exanpl e 27, substituting 4-nmethyl pi perazine with

pyrrolidine. Exanple 37

7-[(Cvc|ohexy|nethylene)égg%%¥%%%-9 f1 uor o-

11-h dr oXYy- 2 11 (N l\ll- dlgt hyI amlnoV pregna- 1, 4- di e,rgl,e- 3

substi t ut i ngpztened ldydignpsPe
di et hyl am ne. Exanpl e 38

The title compound was prepared analogously as described in Example 26,
substituting 4-methylpiperazine with 4-fluoropiperidine hydrochloride. Final purification was
accomplished by the preparative HPLC, yielding the title compound as monotrifluoroacetate.
PENMR (CDCly): -75.573 (s, 3F), -188.882 (m, 1F). LCMS: 99%, MH' 556.4 (exact mass

555.3 caled for C33HagFNOs).

Example 41

16.17-[(Cyclohexvlmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(4-fluoropiperidin-

1-vD-pregna-1.4-diene-3.20-dione[118.160(R)}]




16. 17-[ (Cvcl ohexyl nmet hyl ene”bi sf oxy”-9-fruor o-

11- hvdr oxy-21 - (N. Ndi net hyl ar ni noVpregna- 1, 4-di ene-3
W0 2@edssamer 11b. 16a R )1 The title conmpound waBCT/US2006/022790

prepared anal ogously as des$gri bed in Exanple 27,

substituting 4-nethyl pi perazine with dinethylam ne (2M

solution in THF). 1H NWR (CDCI 8) : 7.195 (d5 IH) 5

6.349 (dd, IH, 6.132 (s, IH), 14.905 (d, IH, 4.414

(d, IH 4.298 (d, IH 5 3.368 (AB5 2H)5 2.626 (dt,

IH), 2.410 (m 3H)5 2.331 (s56H), 2.151 (dt5 IH) 5

1.851 (nb IH) 5 1.715 (nb SFD,Nl.GOO 6H) 5 1.542

(sb3H)5 1.152 (nb 5H)5 0.941 ( u @ NMR ( CDO 3)

-165. 81 ppm LCMS: 98% O2 T
G

: {exdct mass 515. 4
cal cd for C30H42FNOB) ietion [aD] = +74.6
(c 0.5; MeOH). Exanple

16. 17-| YCycl ohexyl et i $i( bxy)] -9-fluoro-

11- hydr oxy-2 1-(4- i QM
regna-|, 4-diene-3,20-dione pi b 6a RThe title

ST R R AT RBIL B ARG ot 2
A- ' Lne. . EX .40 . . I
st A O B e 1 B S ypehl e Fpspysgeaton vas

1-f4-fluoropiperjdin- 1-vDpr e%na-. )
accomplished by the preparative HPLC, yielding the title compound as monotrifluoroacetate.

19F NMR (CDCL): -75.592 (s, 3F), -166.933 (dd, 1F), -188.915 (m, 1F). LCMS: 100%, MH"

574.4 (exact mass 573.3 calcd for Cs3HysF2NOs).

Example 42

16.17-[(Cyclohexvlmethylene)bis(oxy)]-11-hydroxy-21-(azetidin-1-yl)-pregna-1.4-

diene-3.20-dione[11B.160(R)]

The title compound can be prepared analogously as described in Example 26,

substituting 4-methylpiperazine with azetidine.

Example 43

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(azetidin-1-yl)-

pregna-1.4-diene-3.20-dione[11B,16a(R)]




1. 4-di ene-3.20-dione[l| b,16a(R)1 The title conpound
was prepared anal ogously as described in Exanple 26,
W@ apst32ut i ng 4- net hyl pi perazine with PCT/US2006/022790
4-f | uoropi peri di ne hydrochlséri de. Final purification
was acconplished by the preparative HPLC, yielding the
title conpound as nonotrifl uQrpacetate. 19FNMR ( CDCl
3) : -75.573 (s, 3F), -188.882 (m I|F LCVS: 99% M+
556. 4 (exact mass 555. 3 cal cd\{ oo * 5FNCB) .
Exanple 4 1 16J 7-[f QQ%I ohexy|leethyMerie”bi sf
oxy)]-9-fluoro- 11-hydroXy 4-4 1 uoropi peri di n-
1-yl Vpreena- 1. 4-dieneg 2P her 11b. 16a(RYI The
title conpound was p ed[ apal ogously as descri bed
in Exanpl e 27, subsiatuting 4- net hyl pi perazine with
4-f 1 uoropi peri di ne hydrochl oride. Final purification

18 BRE R RabnT et tr FRECGhET AT oot bl 27,

o ( 3).: -75.592 (s, 3F)., -166.933 (dd, |F), -188.9
substitu %rm%thylmmz?%wﬁ aﬁepnﬁlse/-f laal(@a%%ﬁ%w%@rsp@%% 3»’ the
for C33HA5F2NCE) . Exanple 42 16,17-[(Cg
preparaigyeoi Bk(| yielding e eyasius apampnotiifluerpdeasaty- 2 1- f azet i di n-
1-yl Vpregna- 1, 4- :
'H NMR (DMSO-dg): 10.135 (b, 1H), 7.357 (d, 1H), 6.251 (dd, 1H), 6.025 (bs, 1H), 5.600 (d,

1H), 4.605 — 4.690 (m, 2H), 4.470 (d, 1H), 4.370 — 4.420 (m, 1H), 3.950 — 4.220 (m, 6H),
2.537 — 2.670 (m, 1H), 2.220 — 2.490 (m, 3H), 1.907 — 2.040 (m, 2H), 1.554 — 1.820 (m,
10H), 1.481 (s, 3H), 1.038 — 1.410 (m, 6FL), 0.826 (s, 3H). ““F NMR (DMSO-dg): -73.526 (s,

3F); ~165.106 (dd, 1F), LCMS: 98%, MH" 528.4 (exact mass 527.4 caled for C3HypFNOs).

Example 44

16.17-[(Cyclohexyimethylene)bis(oxy)]-11-hydroxy-21-(imidazol-1-vl)-pregna-1.4-

)
diene-3.20-dione{11B.160(R)]

The title compound was prepared as described in Example 26, substituting 4-
methylpiperazine with imidazole. The crude product was purified by silica gel
chromatography using ethyl acetate as an eluent, followed by the crystallization from

dichloromethane / diethy] ether.



di ene-3.20-dione p | b.16 a(R | The title conpound can
be prepared anal ogously as described in Exanple 26,

WG stz i ng 4- net hyl pi per azi ne with azeti di nRCT/US2006/022790
Exanpl e 43 16,1

7-1Y cIohex | ene) bi s(0x 9-fl uoro-

' NMliiéﬁ(%&)oZ&Qflz TEANYEERe) Hi(z,g)ﬁ@ 7906 (d, 280, 6.849 (s, 1HD),
1, 4-di ene-3. 20-di o nep 1B 16a(R)1The t|t| e compound

6.298 (Mﬁ)pﬁ@ﬁhr(@oﬂfb)n&lfﬁéddsw) 68 he B BN 4.90 1sbanpty 232 (d, 1H),
substituting 4-nethyl pi perazine with azetidine. Final

2.574 (doUHD G4 i(ady MBS 2485 Gmp K% et Sogm, 1158, priepamastiy,el. 6RLG, SH),

yi el ding the product as a nonotrifluoroacetate. 1HNWVR

1.475 (sf mﬁ@dzs@)(én, pisi 1356 (@%3Hm94% (35371—1)’( @?Né%% 1 (ﬁw/% %g% 5?% d, (exact

o8

mass SZQ-%kfﬁ(f?nF %ﬁ??Nz?%%P"f&C%‘&mﬁ&éf e BosoveeRny o
(m 3H), 1.907 - 2.040 (m 2H), 1.554 - 1.820 (m 10H)
1.481 (s, 3H), 1.038 - 1.410 (m 6H)5 0.826 (s, 3H).
19F NVR (DMVBQd 6) : -73.526 (s, 3F); -165.106 (dd,
IF). LOVS: 98% MH+ 528. AExagpledd nass 527.4 calcd for
C3 1H42FI\I(}3) . Exanpl e 44

7 nherskrb

1 (im dazol 1- yI Vpregna- 1 4-
pregna-1.4-diene-3.20-dione[11, 160L(R)1

The title compound was prepared as in Example 27, substituting 4-methylpiperazine with
imidazole. The crude product was purified by silica gel chromatography using methanol in
ethyl acetate (0 to 10% gradient elution), followed by crystallization from dichloromethane /
diethyl ether.

TH NMR (CDCls): 7.373 (s, 1H), 7.280 (d, 1H), 7.082 (s, 1H), 6.875 (s, 1H), 6.345 (d, 1H),
6.141 (s, 1H), 4.880 (d, 1H), 4.831 (AB, 2H), 4.461 (m, 1H), 4.375 (d, 1H), 2.641 (dt, 1H),
2.495 (dt, 1H), 2.410 (m, 2H), 1.870 (m, 2H), 1.740 (m, 4H), 1.620 (m, 6H), 1.593 (s, 3H),
1.205 (m, 3H), 1.110 (m, 3H), 0.960 (s, 3H). "*F NMR (CDCl3): -166.03 ppm.

LCMS: 97%, MH" 539.4 (exact mass 538.4 calcd for C31H3oFN,Os). Optical rotation [a]p =

+101.6 (¢ 0.5; CHCl,).



di ene-3. 20-dione[|l 1 L6a(R)] The title conpound was

prepared as descri bed in Exanple 26, substituting 4-
woredobgtsg2iper azi ne with im dazol e. The crude prediUs200&622790

purified by silica gel chrésmatography using ethyl

acetate as an eluent, followed by the crystallization

from di chl oromsthane/ di eghyhoguler . 1H NMR (CDA 3)
7.692 (s, IH) 7384( IFF%T?(d 2H), 7.106 (d,

2H), 6.849 29
2 (d, ¥ 6.1% i 81 ‘]”( ‘l’ i 32
(d, IH, 2.

IH, 2.

: % 3 : OnE
1.475 (s, 3H), 1250(m 2 51116(m 3H), 0946 (s,
3H). LCMVS: 100% M+ 521. xact mass 520.4 calcd for
C3 1HAON2CGB). Opti cal rothi nf[al]D + 112.3 (c 0.5;
MeOH). Exanple 45 16,1 S
7-[ (Cycl ohexyl net hyl ene) bi s( ox) ] (39-0-
11-hydroxy-2 1-(imdazol - 1-yl}-{O~"
pregna- | , 4- di ene- 3, 20- di'® 16 (R)l The title
conmpound was prepared asyi 827, substituting

i aZele. The crude product
rHrrat ogr aphy usi ng

4- et hyl pi per azi ne wi ¢
was purified by silica
nmet hanol in ethyl a@eta to 10% gradi ent el ution),
foll owed by crystallization from dichl oronet hane /
The title compound can be prepared as described in Example 26, substituting 4-

S

methylpiperazine with pyridine-4-thiol.

Example 47

16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-

21-( pyridin-4-yl-thio)-pregna-1.4-diene-3.20-dione[11B.160(R)]

The title compound was prepared as in Example 27, substituting 4-methylpiperazine with
pyridine-4-thiol. The crude produpt was purified by silica gel chromatography using gradient
elution starting from 33% ethyl acetate in hexanes to 100% ethyl acetate.

'H NMR (DMSO-dg): 8.388 (dd, 2H), 7.270 — 7.310 (m, 3H), 6.238 (dd, 1H), 6.022 (bs, 1H),
5.434 (dd, 1H), 4.754 (bt, 1H), 4.465 (s, 1H), 4.314 (AB, 2H), 4.197 — 4.224 (m, 1H), 2.617

(dt, 1H), 2.315 — 2.413 (b, 2H), 2.132 — 2.166 (m, 1H), 1.984 —2.062 (m, 1H), 1.784 — 1.826



diethyl ether. 1H NWR (CDA 3) : 7.373 (s, IH), 7.280

(d, IH, 7.082 (s, IH, 6.875 (s, IH), 6.345 (d, IH,
wG2413%2%2 | H), 4.880 (d, IH), 4.831 (AB, 2H),Pdr/us106/022790

(m IH, 4.375 (d, IH, 2.641 (dt, IH, 2.495 (dt,

IH), 2.410 (m 2H), 1.870 (m 2H), 1.740 (m 4H),

5 110 6
(m, 2}%&898 Lmn@Fdén, 4’H) P§4d51 ébb(mg[%?qwms i), (%3658pm 3¢3Mm, 6H),

10.828 h%é@M%@?@a 6) §§‘§I oﬁl@%%% %fﬁg* ?ﬁ'z.ﬁ%xa@mass 581.4

6 16 1 7- r(C,\/cI ohexyl net hyI ene) bi sf oxy)] -
Cal"df%icgly}g%&és Dyridin-4-yl-thio ')-pregna-

1, 4-di ene-3 20 d| o ner 1lbL6a(K)] The title conpound
can be prepared as described in Exanpl e 26,
substituting 4- nethyl pi perazine with
pyri di ne-4-thi ol . Exanpl e Banygde 48
7-[ (Cycl ohexyl net hyl ene) bi s(oxy)]-9-fl uor o-
11- hydroxy- 24.17-[(Cyclohexylmethylene)bis(oxy)]-11-hydroxy-
pyridi n-4-yl-thio)-pregna-1.4-diene-3.20- dione p

1b, 16a Rof (PhRdild-yRHEAN e%m maﬁerﬁraema@ﬁemslmaam
Exanpl e . substituting 4-nethylpiperazine wth

The title compound can be prepared as described in Example 26, substituting 4-

methylpiperazine with pyridine-2-thiol.

Example 49

16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-

21-( pyridin-2-yl-thio)-pregna-1.4-diene-3.20-dione[118.16a(R)]

The title compound can be prepared as described in Example 27, substituting 4-
methylpiperazine with pyridine-2-thiol, except for the modification in the purification

procedure. The thick precipitate formed in reaction mixture was filtered off and washed



pyridine-4-thiol. The crude product was purified by
silica gel chromatography using gradient elution
wQ@otsse from 33% et hyl acetate in hexanes toPdD082006/022790

ethyl acetate. 1H NWVR (DVS@ 6) : 8.388 (dd, 2H),

7.270 - 7.310 Si 3H) 5 6.238 (dd, IH), 6.022 (bs, IH, .
several timegvifiywater [ pd thery suth giethy] egher 40 asid (clge fipstcrep af pqdesired

(AB, 2H), 4.197 - 4.224 (m I1H 5 2.617 (dt, IH),
product2Td &therel. WdBin(gs, w@bleoll@tedd3 Aried Hithehhfdnous H)aghesiuf 8dlfate and

2.062 (m IH), 1.784 - 1.826(m 2H), 1.658 - 1.720 (m

concentfdtdd tolthd4thatl vol@he. T8 cAlibus dmé8d of hexatdy wak.tB€&Dadded and the
1.393 (m 6H), 0.828 (s, 3H). 19F NMR (DVBO-d 6) :

cont Rl e 5013 cac

- I t N bi sfax -115 [ - - f
" NM%;%%@:??%:%L@D%L e Qe Rl 5 DAY Bl e e, 1),
aR T [ onmpound _can, be pr r a
6243 Qi 2T 602 (7 HobpE oo dtds Tt ihgoo3 @, TH), %302 (aB, 21)
Anmet hyl pi perazine with pyridine-2-thiol. Exanple 49
4.201 @990, 083 M40 1B Pug R oty | 2ED01 PEo26l80 (m, 3H), 1.502 —
11- hydroxy- 2 1-( pyridin-2-yl-thio Vpregna-
1.848 (b, 9 YJi1et96 (8 32016860y, 1H)G1.06BHaflZR0 (m, SH), 0.848 (s, 3H). F NMR

(DMSO-dg): -164.908. LCMS: 98%, MH" 582.4 (exact mass 581.4 caled for C33HoFNOsS).

Example 50

16.17-[(Cyclohexylmethylene)bis(oxv)]-11-hydroxy-

21-methylthio-pregna-1.4-diene-3.20-dione{11B.16a(R)}]

The mesylate described in Example 24 (1 equivalent) and the catalytic (0.2
equivalent) of sodium iodide were suspended in anhydrous acetonitrile (SmL/mmol) and then
solid sodium thiomethoxide (1.1 equivalent) was added with vigorous stirring at room
temperature. The reaction mixture was occasionally analyzed by TLC (ethyl acetate / hexane
1:1) and after 48 hours the solvent was evaporated, the residue partitioned between
dichloromethane and water and the separated organic layer was washed twice with saturated

sodium bicarbonate solution, brine and dried over anhydrous magnesium sulfate. The crude



The title conpound can be prepared as described in

Exanpl e 27, substituting Anmethyl pi perazine with
w@eocdss2e2 2-t hi ol , except for the nodificati onPCTUS1966/022790

purification procedure. Theélthick precipitate forned

in reaction mxture was filtered off and washedsever al

B L M Y st
B I e

vol unme. The copi ous anpbunt of hexanes was then added
and the second crop of the precipitated product was
collected by filtration. 1H NVR (DVsCQd 6) : 8.373 (d,
IH), 7.639 (dt, IH), 7.308Exampleed (m 2H), 7.116 (dd,
IH), 6.243 (dd, IH) 6.025 (bs, IH), 5.50 (d, IH,
4.715 (d, 16Hy-[(@ychidxlhethHncibid(oR0Q-N-AhroAHyhyddod01 -
4.299 (m IH, 2.620 (dt, IH), 2.320 - 2.485 (m 2H),
1.960 - 2. 180 eMyl@kd-prebn292-diede-848-didhe[ A 16dRA95
(s, 3H, 1. q, , 1.069 - 1. ( . 848
(s, 3H. 19F NWVR (DvsCd 6) : ~164.908. L MH+
582. 4 (exact mass 581.4 cal cd Por C33H

Exanpl e 50 16, 17-[ (Cycl ohexyl ’ 5
-11- hydroxy- 21-net hylt%)o-pre >34 ene- 3

. 20-di onef 11b, 16a(R) I SN TTE e.described in
Exanpl e 24 ( 1 equival % catalytic (0.2

The title compound can prepared as described in Example 50, using the mesylate

described in Example 25 as a starting material.

Example 52

16.17-[(Tetrahydro-thiopyran-4-yl)bis(oxy)]-11.21-dihydroxypregna-1.4-diene-3.20-

dione[11B.16a(R)]

The title compound can be prepared analogously as described in Example 22,

replacing cyclohexanecarboxaldehyde with tetrahydrothiopyran-4-yl-carboxaldehyde.

Example 53



equi val ent) of sodium i odi de were suspended in

anhydrous acetonitrile (5n/mol) and then solid
wa@omcuss2thi omret hoxi de (1.1 equi val ent) was addedr/ws1006/022790

vigorous stirring at room t2nperature. The reaction
n1xture was occa3|onaLI

was evapor ated, the resi due part [ t| oned bet ween

di chl or omet hane daeng-320-dionafldBiike(Rdpar at ed or gani ¢

| ayer was washed twi ce with saturated sodi um

bi car bonat e sol ution, brine &hd dri ver anhydrous
0

magnesi um sul fate. The crudeprodbct | obfai ned after
decant ati on and evaporlghi on qf ~organi ¢ | ayer was
purified by silicagel friatoo aphy el uting with the
m xture of ethyl acet gxgne (1:2). Exanple 51
16. 17-[ f Cvcl ohexyl ne f s(oxy) 1-9-fl uoro- 11- hvdr
oxy- 21-nethylthio- .' ma- -1, 4- di ene- 3
, 20-di oner 11bL6a( The ti tI e conmpound can prepared
as described in Ex rrpl e 50 ample 23,
e 6P peampanibesi PE Bepaied AEloBFH G BRGHBAE in Pxamp
Exanpl e 52
replacmjg&ydlﬁh@(aﬁe(tar@h@&ﬂebY@%WﬁbWréhyqroy}l?Wrgté)?’)ll)cfrboxaldehyde
11, 21-di hvdr oxypregna- 1, 4-di ene-3,20- dioneril b afR
I

Example 54

16,17-I( Tetrahydro-thiopyran-4-ylmethyl)bis( oxy)]-11.21-dihydroxypregna-1.4-

diene-3.20-dione[11B.16a]

The title compound can be prepared analogously as described in Example 22,

replacing cyclohexane-carboxaldehyde with tetrahydrothiopyran—4-yl—acetaldehyde.

Example 55

16,17-[( Tetrahydro-thiopyran-4-ylmethyl)bis( oxy)]-9-fluoro-11,21-dihydroxypregna-

1.4-diene-3.20-dione[11B.160]




The title conpound can be prepared anal ogously as
described in Exanple 22, repl acing
weywbobsxanecar boxal dehyde with PCT/US2006/022790

t et rahydr ot hi opyr an-4-yl - cadboxal dehyde. Exanpl e

5316, 1 7-[(Tetrahydro-thi opyran-4-yl )bis(oxy

)r_}le Qitfd dempount, 2dn diehpotpavey paredoppusly as described in Example 23,

di ene-3, 20-dioneril b.16 a(R 1 The title conpound can
replacir%ecale{o%emdca%&mgﬁw VWit etdBsdbitia rimnd- FlacpildeBde.

repl aci ng cycl ohexanecar boxal dehyde wi th

t et rahydr ot hi opyr an- 4-yl - car boxal dehyde. Exanpl e 54

16, 17-[ ( Tetrahydro-t bi opyran-4-yl net hyl ) bi s(oxy)] -

11, 21-di_hydr oxypr.egna- 4- di ene- - dj ;

el T8 TR E ol ghBS Pud e Chtfdihg b Schme
as described in Exanple 22, repl acing.

cycl ohexane- car boxal dehyde with

t et rahydr ot hi opyr an-4-yl - acet al dehyde. Exanpl e 55

16, 17-[ ( Tet r ahvdr o- t hi dpxanaple 46y| net hyl ) bi s( oxy
)1-9-fluoro-11,21-di hydi Oxypr egna-

11 ¢4 i @ ey Bbedidohe-npethylond bia{ oklyd - 1 1.2 1-dihy dropypuegnaz: 4 -diene-
be prepared anal ogously as described in Exanple 23,

repl aci ng cycl ohexangogafihexaipirfyde wth
t et rahydr ot hi opyr an-4-yl -acet al dehyde.

Desonide (1 equiv) was dissolved in 1-nitromethane (at concentration ca. 0.7M), then
1-methylpiperidine-4-carboxaldehyde (1.2 equiv), prepared according to Gray (1988), was
added with stirring, followed by dropwise addition of 70% perchloric acid (4 equiv) at room
temperatue. The reaction mixture was stirred for 48 hours at room temperature and then
worked-up as described in Example 22. The crude material was purified by silica gel
chromatography using increasing amount (up to 10%) of methanol in chloroform. The title
product was obtained as mixture of 22-epimers. LCMS: 56:43, both MH" 486.4 (exact mass

485.4 caled for CogH3oNOg).

Example 57

16.17-[(1-Methylpiperidyl-4-methylene)bis(oxy)]-9-fluoro-11.2 1-dihvdroxypregna-

1.4-diene-3.20-dione[118.16a]




Exanpl es 56-103 descri be the synthesis of steroid
anal ogs according to Schene V. Exanple 56

WA g)o&/1392(2- Met hyl pi peri dyl - 4- net hyl ene) bi sf PCT/US2006/022790
oxy)]-11, 21-di hydr oxypregn&4 1, 4-di ene- 3. 20-di onel Tl
b.16 al Desonide ( 1 equiv) was dissolved in
1-nitronethane (at concent©&ti on ca>~@Q.7M, then
| - met hyl pi peri di ne- 4-car boxal dehyde (1.2 equiv),
prepared according to G ay o Yd88); ~was added with
stirring, followed BiPadropdise addition of 70%
perchloric acid (4 equi o‘&?nterrper atue. The

reacti on m xture wek or 48 hours at room
t enperature and t
e Ci

22. The crude ngtt s purified by silica gel

chromat ogr aphy using i ncreasing anmount (up to 10% of
T8 hafRokomPosldl ref §iiheshe dsi tewripedducExamsle obf.asuhstituting
as mxture of 22-epinmers. LCMS: 56:43, both M+ 486.4

. - do . Fosapml @dR765.148
desonidg C%ﬁﬁ%ﬁ%ﬁ‘ﬁg‘gi dfizml?ﬁgtﬁ% enl)e6)4bi S P

(a0 LGV §7ahaeit YT o7 G R YRR Cub 00 v

synt hesi zed as descri bed in Exanple 56, substituting

Example 58

16.17-[Pyridinyl-4-methylene)bis(oxy)] -11.21-dihydroxypregna-1.4-diene-3 20-

dione[11B.16a]

The title compound was prepared similarly as described in Example 56, except that 1-
methyl-4-formylpiperidine was replaced by 4-pyridylcarboxaldehyde and additionally the

reaction mixture was heated at 80°C for 30 minutes. The crude product was purified by silica

gel chromatography (0-10% of isopropanol in dichloromethane).

Example 59

16.17-[Pyridinyl-3-methylene)bis(oxy)]-11.21 -dihydroxypregna-1.4-diene-3.20-

dione[11B.160]




desonide with triantinol one acetoni de. 19F NMR (CDd 3)

. -164.385ppm (dd), 165.148ppm (dd). LCWVS: 45:50, both
wOR06038242 (exact mass 503.4 cal cd for C28H38FN&B)/US2006/022790
Exanpl e 58 16,1 7-[Pyri dnylés4- nmet hyl ene) bi s(oxy)] -112
1-di hydroxypregna- 1, 4-diene-3 ,20- dione[ll b 6al The
title conpound was prepared giym | arl s described in
Exanpl e 56, except that 1- t hyl - 4€f orlny| pi peri di ne

was replaced by 4 %3l d Nand

silica gel chronat0g i sopropanol in
di chl or onet hane) . 5% 16,1 7-fPyridinyl-3
- met hyl ene) bi s( byy 1-di hydr oxypr egna-

1, 4-di ene-3 20d|onen| b.16 aIThe title conpound was

d I I d Ex I
D58t i RAEPORD, ey PEBMBOwEIAURIRYES i {focrioed in Example 58,
pyri dyl car boxal deh de. Final purification was
SubStlHE@ﬁn‘bPYrmé@:ﬁrb@KaﬂfiﬁéY%? @p%:'r Fyvidylembogalgehwidei Rigak herification was
title conpound as nonotrifluoroacetate. 1H NVR (CDC 3)

accompldhahbieiie phepaprtios eI, gicl biap hh@H e@nigruad iaf nehoBiETuoroacetate.
1:1 ratio. LCVS: 98%

'H NMR (CDCls) indicated the presence of both 22-epimers in almost 1:1 ratio. LCMS: 98%

(epimers not resolved) MH' 466.3 (exact mass 465.2 calcd for Cp7H; 1INOg).

Example 60
16,17-[Pyridinyl-2-methylene)bis(oxy)]-11.21-dihydroxvpregna-1.4-diene-3,20-

dione[11B.16a]

The title compound can be prepared analogously as described in Example 58,

substituting 4-pyridylcarboxaldehyde with 2-pyridylcarboxaldehyde.

Example 61

16.17-[Pyridinyl-4-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-1.4-diene-

3,20-dione[11B,16a]




(epimers not resolved) M+ 466.3 (exact nass 465.2

calcd for C27H31NOGG) . Exanple 60
wWAago&/i32kyr i di nyl - 2- net b. yl ene) bi s(bxy) 1- 11, 2PCT/US2006/022790

1-di hydroxypregna- 1, 4-di e6e-3, 20- dione[ll b.16 a

The title conpound can be prepared anal ogously as

described in Exanple 58, sulidti i N

4- pyri dyl car boxal dehyde with [

Exanple 6 116, 17- [Pyrldlnyl

ar boxal dehyde.

ne) bi s( oxy) |

g 4- di ene-

3, 20 dloneIT I b.I6 alyTh ‘Sonpound was prepared

anal ogously as des e T sEXanpl e 58, substituting
desonide with tria e fcet oni de. Exanple 62

16, 17-[ Pyri di nyl ©3- ot’ene) bi s(bxy) |-9-fluoro- 112

1-di hydroxypregna- 1, 4-diene- 3.20-dioneri | b.16 a

Tiihe stite cdothpnal oyad 4pregeaedr @phrgedsignald odpsurshed @&@s Example 58,
descri bed in Exanple 59, substituting desonide with

substﬁ\ftllngrdl’éédi!ﬂﬂeoxﬂﬁh AR P16 ackitidd ude pr oduct was
purified by silica

Example 62

16,17-[Pyridinyl-3-methylene)bis(oxv)i-9-fluoro-11.21-dihyvdroxypregna-1.4-diene-

3.20-dione[110.16a]

The steroid analog 14 was prepared analogously as described in Example 59,
substituting desonide with triamcinolone acetonide. The crude product was purified by silica
gel chromatography eluting with the increasing gradient of 2-propanol (0-10%) in
dichloromethane, resolving 22-epimers (as well as the more polar regioisomer). The material
obtained after evaporation of the separated fractions was recrystallized from a
dichloromethane / diethyl ether mixture.

Analytical data for the 22-R epimer (confirmed by the 2D NMR study) - 'H NMR (DMSO-
dg): 8.604 — 8.642 (m, 2H), 7.810 (dt, 1H), 7.460 (dd, 1H), 7.282 (d, 1H), 6.230 (dd, 1H),
6.031 (bs, 1H), 5.603 (s, 1H), 5.463 (AB, 1H), 5.131 (dd, 1H), 4.979 (d, 1H), 4.536 — 4.601
(m, 1H), 4.152 — 4.245 (m, 2H), 2.510 - 2.667 (m, 2H), 2.363 (dd, 1H), 2.025 — 2.176 (m,

2H), 1.836 — 1.870 (m, 1H), 1.680 — 1.720 (m, 2H), 1.496 (s, 3H), 1.382 (dq, 1H), 1.235 —



gel chromatography eluting with the increasing
gradi ent of 2-propanol (0-10% in dichloronethane,
WO ewol1sa2my 22-epi mers (as well as the nore pol BET/US2006/022790
regi oi somer). The materi al 6obtai ned after evaporation
of the separated fractions was recrystallized froma
1.260 ding HEDy 0.880 marﬁi{)/ "t BIMIY (DM $@1de)ri-X631463p ﬁﬁ@@wtl%?&aicm: 99%,
data for the 22-R epiner (confirnmed by t 2D N

o 4g84ug 4 8 2
M 7 Sl%e)(?cattrﬁédls %W@B]}ggwr g%}Hg(iFN@(g Agal C% C(Sr?) 07'“1')1 16.25: N, 2.90.

IH 5 5. 603 (s IH) 5. 463 (AB
Found(@d“g 133[1@%%?4 4%5 4.979 (d, IH), 4.536 - 4.601 (m
IH), 4,152 - 4.245 (m 2H), 2.510 - 2.667 (m 2H)5
2.363 (dd, IH, 2.025 - 2.176 (m 2H), 1.836 - 1.870
(m IH 1.680 - 1.720 ( 2H), 1.496 (s, 3H)5 1.382
(dg, I1H 5 1.235 -1. 260&%&3&@3 0.880 (s, 3H). 19F
NVR (DMSQd 6) : - 165. 463ppm(dd |F). LCVS: 99% M+
xidinyl-drmethyigge)BistaiydHO-fluorocP 7 2B AMNGRxypraas-1.4-diene-
Calc: C;/ 67.07; H, 625 N, 2.90. Found: C, 66.90; H,
6.28; N, 2.92. Exanpl3e06dione[11p.16a]
16. 17-[ Pyri di nyl - 2- met hyl ene) bi s(oxy)]-9-fluoro- 11.2
1-di hydroxypregna- 1, 4-di eney 3.20-diqneril b.16 al
The title conpound can be priepagped ana\ ogously as
descri bed in Exanpl e 60,

The title compound can be prepared analogously as described in Example 60,

substituting desonide with triamcinolone acetonide.

Examples 64

16.17-[2-Methoxy-pyridinyl-3-methylene)bis(oxy)]~11.21~dihydroxypregna-1.4-

diene-3.20-dione[11B.16a]

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 2-methoxy-3-pirydyl-carboxaldehyde.

Example 65



substituting desonide with trianti nol one acet oni de.
Exanpl es 64 16, 17-[ 2- Met hoxy- pyri di nyl -

w0 p@bhgd2ene) bi sf oxy")] -11, 21-di hydr oxypr egnaPCl/p&2006/022790
di ene- 3. 20-di one p 1b, 16al 6§he titl e conpound can be
prepared as described in Exanple 58, substituting 4-

Pyl 1@)412'M@ﬁl@%ﬁfﬂ@lﬂyﬁ&rﬂﬂtﬁﬂene)bls( oxy)]-9-fluoro-11.21-dihydroxypregna-
2- met hoxy- 3- pi rydyl - car boxal dehyde. Exanpl e

6516, 17-[ 2- Met hoxMLp byl 1idne o ene) bi sf
oxy')]-9-fluoro IT‘%‘%?%Thyarvgggie—&
1.4-diene-3.20-dione p | b.l al e t|tIe conpound can
be prepared as described in @ e 59, substituting
4- pyridyl -carboxal dehyde w
2- et hoxy- 3- pi rydyl - é8xbex
16, 17-[ 2- Brono- pyri di

e, l e 66
-yl en s(Oxy)]
: e en-3@20d|one| |1
b.16 al The title %an be prepared as
described in Ex > substituting 4-
pyri dyl - car boxal dehyde wi th
2 e ditte- Semppoundydancbe ipoopatadiey described in Example 59, substituting 4-

pyridyl-carboxaldehyde with 2-methoxy-3-pirydyl-carboxaldehyde.

Example 66

16.17-[2-Bromo-pyridinyl-3-methylene)bis(oxy)]-11.21-dihydroxvypreena-1.4-diene-

3,20-dione[118.164a]

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 2-bromo-3-pirydyl-carboxaldehyde.

Example 67

16.17-[2-Bromo-pyridinyl-3-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-

1.4-diene-3.20-dione[11B.16a]




Exanple 67 16,1 7-[2-Brono-pyridinyl-3
-met hyl ene) bi s(oxy)] -9-fluoro- 11.2

wda2ashystioxypr egnal , 4-di ene- 3, 20-di oneri | b. PCHUII06/022790
title conpound can be prepa?ed as described in Exanple

i ARSI o

16L7- [ 6- Met h -112
yrldyhcaabwm@w@°§éﬁa%2t'mérpémd bOARRTS. b1 6 a1 The

title conpound can be prepared as described in Exanple
58, substituting Apyridyl- carboxal dehyde with

6- met hoxy- 3- pi rydyl - car boxal dehyde. Exanple 69

16, 17-[ ~6- Met hoxy- pyr i dErgthpl? 68met hyl ene) bi sf oxy) ]
-9-fluoro- 112 1-di hydroxypregna- 1.4-diene-3.20-dione

P 1% {Op- M-Et}ﬁ)xﬁflﬁvhﬁuﬁ@Hﬁﬁé‘tﬁﬂeﬁ@&shﬁwﬂtFp@I-ﬁﬂwdﬁ)xvpre,qna-1 4-
described 1n Exanple 59, substituting Apyridyl-

car boxal dehyde wit t | - car boxal dehyde.
ienIBUIN Y et P4 Y
Exanpl e 70

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 6-methoxy-3-pirydyl-carboxaldehyde.

Example 69

16.17-[6-Methoxy-pyridinyl-3-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-

1.4-diene-3.20-dione[11B.164a]

The title compound can be prepared as described in Example 59, substituting 4-

pyridyl-carboxaldehyde with 6-methoxy-3-pirydyl-carboxaldehyde.

Example 70

16.17-[3-Bromo-pyridinyl-4-methylene)bis(oxy)]-11.21-dihydroxypregna-1.4-diene-

3.20-dione[1183.160]




16, 17-[ 3- Brono- pyri di nyl - 4- net hyl ene) bi s(bxy)| -112
1-di hvdroxypregna- 1, 4-diene- 3,20-dioneril b.l16 al The

wao aobae32enpound can be prepared as descri bed i PCEKS20D6/€22790
58, substituting Apyridyl - 7¢ar boxal dehyde wth
3- brono4- pi rydyl - car boxal dehyde. Exanple 7 1
16, 17-[ 3- Brono- pyri di nyl - ene) bi s(bxy)]-9-fl uor
0-11,2 1-di hydroxypregna- L4gdi/ene-3.20-dione| | Ib.16
al The title compound can pe prepa'é’ @S described in
Exanpl e 59, substitut™hg ApyK' xcar/boxal dehyde with
3- brono4- pi rydyl - ca f '
7-[3-Chl oro-pyri dj et hyl ene) bi s(bxy) 1- 11, 21-di hy
dr oxypregna- 1, 4- ¢4 2% dione[ll b.16 al The title
conpound can be prepared as described in Exanpl e 58,

ﬁ]:em Ir?;? yrl q, Qfﬁ%g{ g%(ﬁa/g%ech %\cﬁ]mwéitx-?glple 58, substituting 4-
16 17 [ 3- Chloro r|d|n | - 4- met hyl ene”bi s(oxy) | -9-fluo
yrldylv:axbezald@lhsfﬁktdvléx r@mf’aplrnd&l -cgibenaldehy®g. di one p |
b, 16al

Example 71

16.17-[3-Bromo-pyridinvl-4-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-

1.4-diene-3.20-dione[118.16a]

The title compound can be prepared as described in Example 59, substituting 4-

pyridyl-carboxaldehyde with 3-bromo4-pirydyl-carboxaldehyde.

Example 72

16.17-[3-Chloro-pyridinyl-4-methylene)bis(oxy)]-11.21-dihydroxypregna-1.4-diene-

3.20-dione[11B.160]

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 3-chloro4-pirydyl-carboxaldehyde.



The title conpound can be prepared as described in

Exanpl e 59, substituting 4- pyridyl-carboxal dehyde
wowaoh/1382¢hl or o- 4- pi rydyl - car boxal dehyde. ExanpP@r/v82006022790

7-[3-Fluoro-pyridinyl -4-nmet’hyl ene) bi s(oxy ) - 11,21

-di hydroxypregna- 1, 4-diene- 3.20-dioneril b.16 al The

title conpound can be prepared as described in Exanple

58, substituting 4- pyridyl-carboxal dehyde with

3-fl uoro-4-pirydyl -carbegxal d e. Exanple 75

16.17-f3-FIuoro-pyridin%%gggﬁgﬁgylene)bis(oxy)l

-Q-gluoro- 11, 21-, - L4-dien e- .éﬁy

[
7 Ta La!n ) 1¢111 A0 O VA Ia

=ohGha .. = a

Y 9 —5a PG —CaR ot
described in Exanple 59, substituting 4-
pyri dyl - car boxal dé#ydenens.2@-dione[115.16a]
3-fluoro-4-pirydyl - car boxal dehyde. Exanple 76 16,1
7-[8-Qui nol i ne-3-yl - 4- et hyé)eneldi s(bxy ')]- 11,2

1-di hydroxypregna-1 , 4-di eney 3, 20-dioneril b 6al The
title conpound can pg_prepE

£das escwni bed in Exanpl e
58, substituting 4- N

ko] Cl

The title compound can be prepared as described in Example 59, substituting 4-

pyridyl-carboxaldehyde with 3-chloro-4-pirydyl-carboxaldehyde.

Example 74

16.17-[3-Fluoro-pyridinyl-4-methylene)bis(oxy)]-11.21-dihydroxypregna-1.4-diene-

3.20-dione[11f.16a]

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 3-fluoro-4-pirydyl-carboxaldehyde.

Example 75

16.17-[3-Fluoro-pyridinyl-4-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-

1.4-diene-3.20-dione[11B.16a]




pyri dyl - car boxal dehyde with

S-qui nol i ne- S-car boxal dehyde. Exanple 77 16,1
w(@2q08A8R2110l | ne- 3-yl - 4- net hyl ene) bi sf oxy) | - 9- f PCDUL2006/022790

11. 21 -di hydroxypregna- 1,42 diene-3 , 20-di onef

11b, 16alThe titl e conpound can pe prepared as

descri bed in Exanple 59, sgbstituting 4-

pyri dyl - car boxal dehyde wi th

8- qui nol i ne- 3- car ba¥@&|_de ;Otchxa ol e 78 16, 1

7-[8-Quinoline-4-yl-4- one )]- 11,2

1- di hydr oxypr egha=tl} 4>~di-ene 9 20 diofel TI b.16 a

The title conpou errepared as described in

Exanpl e 58, subst AQ 4- pyridyl - car boxal dehyde

wi t h 8-qui nol i ne-4-carboxal dehyde. Exanple 79 16, 17-

B @tlenodd ¥ Be PRégavdde ) r -
(et s fo R Byl bt G ¢

ed as descri bed
pyndyl%gb%%glﬁ% edeS ltdl‘g f@%{@@ﬁ} S’dgl ré)&)? ?4635 - car boxal dehyde
w th 8-quinol | ne- 4- car boxal dehyde.

Example 76

16.17-[8-Quinoline-3-yl-4-methylene)bis(oxy)]-11,21-dihydroxypregna-1.4-diene-

3.20-dione[11B.160a]

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 8-quinoline-3-carboxaldehyde.

Example 77

16.17-[8-Quinoline-3-yl-4-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypreena-1.4-

diene-3.20-dionef118.16a]

OH




Exanpl e 80 16, 17-[ 8- Qui nol i ne-2- vyl - 4-net hyl ene) bi sf

oxy)]-11,2 1-di hvdroxypregna- 1, 4-di ene- 3, 20-dioneril
wh26aisehe titl e conpound can be prepared as deCDUS1966022790

in Exanpl e 58, substituting34- pyridyl-carboxal dehyde

wi th 8- qui nol i ne-2-carboxal dehyde. Exanple 8 1

1&hd HidBoéMbo@ld 88r Be YrehrdPhe&RBLE 1A (Mreviple %9f |sﬁ't9§t191t1ng 4-
-11. 2 1-di hydroxypr egna-1Adi ene- 3. 20-di oneri

1dviIb £SR3 descrlbed |n
26 )éxhgrngpq%lagy @gt@%tugg’l 88%4&&pyr|[(%ﬁyge§ar boxal dehyde
W th 8-qui noI I ne- 2- car boxal dehyde. Exanple 82
16. 17-[ Pyri di nyl - 3- met hyl ene) bi sf oxy)
| -11- hydr oxy-21- cyano- pregna- 1, 4-diene-3 .20- dionep
| b.l alThe title conpousemple78repared by t he
fol | ow ng tvvo step procedure ~The ster0| d anal og

: S ) r na-1.4-diene-
1- nesylate derivative applylng t he procedure descri bed

in Exanpl e 24. The dr32¢duskpllpiigali nt er nedi ate t hus
obt ai ned was suspended i n anhydrous acetonitrile

(5mL/ mol ), followed by add%}ionnof excess of

The title compound can be prepared as described in Example 58, substituting 4-

pyridyl-carboxaldehyde with 8-quinoline-4-carboxaldehyde.

Example 79

16.17-[8-Quinoline-4-yl-4-methylene)bis(oxy)]-9-fluoro-11.21-dihydroxypregna-1.4-

diene-3.20-dione[118.16a]

The title compound can be prepared as described in Example 59, substituting 4-

pyridyl-carboxaldehyde with 8-quinoline-4-carboxaldehyde.

Example 80

16.17-[8-Quinoline-2-yl-4-methylene)bis(oxy)]-11.21-dihydroxypregna-1.4-diene-

3.20-dione[11(.160a]




tetraet hyl ammoni um cyani de (2.2 equival ents) and the

catal ytic (0.2 equival ent) anount of sodium i odi de.
wab@el189® anal ysis after stirring overnight atPCDUN2006/022790

tenperature reveal ed the c@#pl ete consunption of the

mesyl ate and the formation of the 22-epinmers of the

desired product next to the pabw of regioi soners (the

t he desired

¢ of dilution
awed by washing with saturated

sodi um bi car bong cd}, brine and drying over
anhydr ous magf@esr fate. The crude product was
purified by recrystallization from dichl oronethane /
diled hiyle @ifpeund xartel preBared Gisldetefildydr ird Enympl® 58, substituting 4-
- met hyl ene) bi s(bxy)]-9-fluoro- 11-hydroxy-2

pyridykcabaRAdeHyA8 Rath Q—qﬁﬁnol%@l‘-@a&p%ld@he@@.e pl b.l al The
title steroid 15 was synthesized fromthe anal og 14
(described in Exanple 62) applying the two-step
procedure described in Exanple 82. LCMS: 99% (sum of
epi ners), M+ 493.2 (ex%ct MASS 492.2 calcd for
C28H29FN2CB) . Anal . ERAMPIE o2

16,17-[8-Quinoline-2-yl-4-methylene)bis(oxy)]-9-fluoro-11,21-dihydroxypregna-1.4-

| eading to the ultirs
b- cyano- ket ost er oi d
with ethyl acet® ‘

diene-3.20-dione[11B.160]

The title compound can be prepared as described in Example 59, substituting 4-
pyridyl-carboxaldehyde with 8-quinoline-2-carboxaldehyde.

Example 82

16.17-[Pyridinyl-3-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna-1.4-diene-3,20-

dione[116.16a]




Calc: C, 68.28; H5.93; N 5.69. Found: C5 67.34; H5
5.87; N, 5.47.Exanple 84 16,1

wQ@ 2q0py882d2 nyl - 4- et hyl ene) bi s( ' oxy' )] - 11- hydr B&EUR2006/022790
1-cyano- pregna- 1, 4-di ene-35,20- dioneril b.l al The
title conpound can be synthesized fromthe steroid

Cl: ' [ S :
oPRCBUD SR B RAERICAPLY, Bobl MAORS) . The s
e P T E
1b, 16al The title caonpound can be _synthesized fromthe
procediire detcaibged S8 r pErply Anldpie eyatallisg) lﬂ%le%lﬁ@ E%-@%aé‘&ed was
procedure described in Exanple 82. ExagPIe 86 | -
suspendiibt Hoxsmipyrousi asetordirie t(Aypllénawbi shBsyed |ty- pgdifioxyof excess of
| -cyano- pregna- 1, 4-diene-3.20-dione p
tetracthflathG@n2 00 G O AT 902 Equibhkents) hé ticoogialytid (€.areqgoévalent) amount of
synt hesi zed fromthe steroid described in Exanple 64

sodium iodide. The LCMS analysis after stirring overnight at room temperature revealed the
complete consumption of the mesylate and the formation of the 22-epimers of the desired
product next to the pair of regioisomers (the 20-cyano-20,21-epoxy steroids are formed). The
reaction mixture was then heated at 90°C for 30 minutes leading to the ultimate clean
formation of the desired B-cyano-ketosteroid. The workup consisted of dilution with ethyl
acetate, followed by washing with saturated sodium bicarbonate (twice), brine and drying
over anhydrous magnesium sulfate. The crude product was purified by recrystallization from

dichloromethane / diethyl ether.

Example 83

16,17-[Pyridinyl-3-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-pregna-1.4-

diene-3,20-dione[1103.160.]

The title steroid 15 was synthesized from the analog 14 (described in Example 62)
applying the two-step procedure described in Example 82.
LCMS: 99% (sum of epimers), MH" 493.2 (exact mass 492.2 caled for CogHaoFN;Os). Anal.

Calc: C, 68.28; H, 5.93; N, 5.69. Found: C, 67.34; H, 5.87; N, 5.47.



appl ying the two-step procedure described in Exanple
82. Exanple 87 16, 17-[2- Met hoxy-pyridinyl -3

w0 pwbhyd2ene”bi s(oxy)] -9-fluoro- 11-hydroxy-2 PCT/US2006/022790
1- cyanopregna- |, 4-diene-3780-dionefll b 6al The title
conmpound can be synthesized fromthe steroid described
in Exanpl e 65 applying the two-step procedure
descri bed in Exanple 82. Exanple 88
16, 17-[ 2- Brono- pyri di nyl- 3 - hyl ene) bi s(oxy) ]
-11- hydr oxy- 2 1-cyano-ph§Xgm ﬂ%&}4- di ene- 3, 20-dionel T
1b.!6 1The title_cpomound qesi

Qat Gl IV IR - SHIYICHC I SL Oy 5
procedure described in Exanple 82. Exanple 8
16, 17- [ ~2- Brono- pyri di QigneE-18d6m)/| ene) bi s(oxy)]
-9-fluoro- 11-hvdroxy-21-cyanopregna-
1. 4-di ene-3.20-dione p i b. I06 altNrhe title conpound
can be synthesized fromthe &efoid scribed in

Exanpl e 67 appl yi ng yd ep pr ce?mre descri bed
in Exanple 82. AN
d

2 e dond

N 48

The title compound can be synthesized from the steroid described in Example 58

applying the two-step procedure described in Example 82.

Example 85

16.17-[Pyridinyl-4-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-pregna-1.4-

diene-3.20-dione[11B.16a]

The title compound can be synthesized from the steroid described in Example 61

applying the two-step procedure described in Example 82.

Example 86

16.17-[2-Methoxy-pyridinyl-3-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna-

1.4-diene-3.20-dione[11[3.160]




Exanpl e 90
16, 17-[ 6- Met hoxy- pyri di nyl - 3- met hyl ene) bi s( bxy) ]

WO 1behgstiDxy- 21- cyano- pregna- 1. 4-di ene- 3. 20- dPONEF1006/022790
b.16 al The title conpound7tan be synthesized fromthe
steroid described in Exanple 68 appl yi ng the two-step
procedure described in Exa?ple 2. Exanple 9

116. 17-| 6- Met hoxy- pyri di ny
- o,goé;rg%;i?xy 21-cyano-pre
| NThe title
ﬁ r@mt&e steroid described

- met hyl ene) bi s( oxy M 9
Exanpl e 92 16

gna- 1.4-diene-3. 20-
17- [3 Br ono- py?ldlnyl 4.nethylene)b|s(oxy)1-

conpound can be s Nt
droxy-21-cya e
el b U B2 SRR o e e g o0t o

steroid described in _Exanple 7%§gpply|ng the two-step
applyingthe ¢wdistep mesedpietdegenibpdpn * Exanpl e 93

Example 87

16.17-[2-Methoxy-pyridinyl-3 -methylene)bis(oxy)]-9-fluoro-11 -hvdroxy-21-cyano-

pregna-1.4-diene-3.20-dione[11 8.16a]

o)

The title compound can be synthesized from the steroid described in Example 65

applying the two-step procedure described in Example 82.

Example 88

16.17-[2-Bromo-pyridinyl-3 -methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna- 1.4-

diene-3.20-dione[116.160a]




16. 17-[ 3- Brono- pyri di nyl - 4- met hyl ene
) bi s(oxy)]-9-fluoro-11-hydroxy-2 1-cyano-pregna-
wda 2abasse12 3 . 20- di onep 1B. 16alThe titl e conpouPdI/vsavoée22790
synt hesi zed fromthe steroi’8 described in Exanple 7 1
appl ying the two-step procedure described in Exanple

Bl d from the steroid described in Example 66
8%1 1@?2‘&182?0r oca|c1)ny1P|e nthfs%e rre?ﬁyl gnse3r8| s( o%})i- 11- ﬁ;%lp ©

ano di-ene 20 di oneril b, 16a1

applyl%églt'fvﬁsé%@é?ﬁ? g{%é%{f]ibeéén X?ilinﬁleegg 7ed fromthe steroid

described in Exanple 72 appl ying the two-step

procedure described in Exanple 82. Exanple 95 16J

7-r3-Chl oro-pyridi nyl -4-net hyl ene) bi s(oxy)]-9-fluoro-1

1- hydr oxy- 21- cyano- pr egﬁaﬂﬂéﬁne- 3.20-dioneril b.16

al The title conpound can be synthesized fromthe

st @60742dmembiyedinyi-3Exathpleac b3 @np]-Yiflvgrd-he-hydwoxg{2d gryano-

procedure described in Exanple 82. Exanple 96

16.17- [ 3- Fl uor grdpyihiidi- aﬁéhe-éﬂmedlbﬂéremwmsww)l 11- hyd

roxy-2 1l-cvano-pregna- 1,4-diene- 3.20-dioneril b.16
al

e

N

Br

The title compound can be synthesized from the steroid described in Example 67

applying the two-step procedure described in Example 82.

Example 90

16.17-16-Methoxy-pyridinyl-3-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna-

1.4-diene-3.20-dione[110B.160]

The title compound can be synthesized from the steroid described in Example 68

applying the two-step procedure described in Example 82.

Example 91



The title conmpound can be synthesized fromthe steroid
described in Exanple 74 applying the two-step
w@eweasize descri bed in Exanpl e 82. Exanpl e 97PCT/US2006/022790

16, 17-[ 3- Fl uor o- pyri di nyl - 479ret hyl ene

) bi sfoxy)]-9-fluoro-11-hydroxy-2 1-cvano-pregna- 1, 4-
16.17-fhi-Eiethody20zidinyh8 -methylond)bis( 0xyhled-fluptoel lehydroxnd Lreaandypregna-

synt hesi zed fromthe steroid described in Exanple 75

appl yi ng the twoigtidend3.00=lhief] 1¢cseaii bed i n Exanpl e

82. Exanple 98

16, 17-[ 8- Qui nol i ne- 3-yM net hyl emefbi sCoxy) ] -

11- hvdr oxy-2 1-cvano- pregndi 1Adiene- 3. 20-di onen 1b.

| The title conpound gan beg synt hesjZeyd fromt he

steroid described iR X

procedure described i

-9-fluoro- 11-hyd -%yanopregna-
|, 4-di ene-3, 20-%i one[IT b, 16a] The title conmpound can

be synthesized fromthe steroid described in_Exa e
The title compound can be synthesized from the steroid described i Example 69

applying the two-step procedure described in Example 82.

Example 92

16.17-[3-Bromo-pyridinyl-4-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna-1.4-diene-

3.20-dione[11B.16a]

The title compound can be synthesized from the steroid described in Example 70

applying the two-step procedure described in Example 82.

Example 93

16.17-[3-Bromo-pyridinyl-4-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-pregna-1.4-

diene-3.20-dione[11B,160]




appl ying the two-step procedure described in Exanple

82. Exanple 100 16.1
w(@2q08A82nD| me- 4-yl - 4- net hyl ene) bi s(oxy)] - 11- hpdr/og2008022790

1-cyano-pregna- 1,4- dienes88.20-dione p | b.16 a] The

title conpound can be synthesized fromthe steroid

described in Exanple 78 applyi @) the two-step

procedure described i n Exalpl e/ 82. Exanpl e 101 16,1

7-[8-Qunol i ne-4-yl - ne”bi sf~ oxy)]-9-fl uoro-

11- hydroxy-2 1-cya r—\1"C4 di‘gne3, 20- di one| ~I

b, 16al The title conpd | e synt hegi zed fromthe

steroid describ y anpl e 79 applying the two-step

procedure descr ]

7-[8-Qnol i ne-&-y et hyl ene) bi s(oxy)] -11-hydroxy-2

1-cyano-pregna- 1,4- diene-3.20-dione|T | b.16al The

tTHel itlec oomppoud canbb eystheritedsiromdth rsterpidhdesstibgdojng Example 71

descri bed in Exanple 80 applying the two-step

applyitl) 86 @HeUsRpFeScet e sdribetbta BRirapB A2.

Example 94

16.17-[3-Chloro-pyridinyl-4-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna- 1,4-diene-

3.20-dione[110B.160]

O

The title compound can be synthesized from the steroid described in Example 72

applying the two-step procedure described in Example 82.

Example 95

16.17-[3-Chloro-pyridinyl-4-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21 -cyano-pregna-1.4-

diene-3.20-dione[118.160]




Exanpl e 103 16, 1
7-[ 8- Qui nol nme- 2-yl - 4- met hyl ene) bi s(bxy)] -9-fl uoro-

wda 1e0hasR20xy- 2 1- cyanopregna- |, 4-di ene-3, 2 0- dPOIES06/022790
b, 16al The title conpound c&h be synthesized fromthe
steroid described in Exanple 8 1 applying the two-step
P’F?&ﬁ BHHBnioREd RS Be! InfRESIR Erofe theSBIO/ @8sckBéd -in Exémple 73

strate"the syntheSis of the nutual prodrugs

.descr.i bed on_Sch =
applyigg %‘c?é}”géﬁq‘?%?rg?eo u-?egE e-s%{]é r%dﬁé %}nﬁh%%h ate -

16J7-[ YCycl ohexyl r net hyl ene) bi sf oxy)] -
11- hydr oxy- 21- ( 4- met hyl pi per azm unVpr egna- 1, 4- di ene- 3,
20-di one[ 11b 16a("R)] The 1.1 equival ent of nesylate 3
(described in Exanpl e 6ExeBpl¥ d anal og described in
Exanple 26 ( 1 equivalent) and sodiumiodide ( 1

16.1 2BHFairemly)idingl-¢-natitlsd edeyed(oxm)al 1nfiydrons? hiopanotprefna-1.4-diene-
anhydrous acetonitrile with stirring at room
tenperature. The reagii@gionbMlign6owas nonitored by TLC
and LCMS. After 3 days the reaction m xture was
concentrated and purified by siknca gel chronatography
using a mxture of dichloroRgthane / nethanol /
triethylamne (96:3:1). ; ini
desired quaternary a hor 3\ eppol ed,
evaporated and the re ' i-t h di et hyl
ether. Solids thug iltered, washed with
et her and dri ed.

The title compound can be synthesized from the steroid described in Example 74

applying the two-step procedure described in Example 82.

Example 97

16.17-[3-Fluoro-pyridinyl-4-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-pregna-1.4-

diene-3.20-dione[115.160]

The title compound can be synthesized from the steroid described in Example 75

applying the two-step procedure described in Example 82.

Example 98

16.17-[8-Quinoline-3-yl-4-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna-1.4-
&

diene-3.20-dione[11B,16a]




LCMS: M+ 1243 (exact mass 1242.7 cal cd for
C71H109N30O13P+). Exanpl e 105

woORk®oa3s3al net erol -di -tert-butyl phosphate - PCT/US2006/022790
16J7-[ (Cycl ohexyl met hyl eneBbi s(ox g)l-9- fluoro-
11- hydr oxy-2 1-(4-net hyl pi perazi ni unj - pr egna-

was prepared as describedi‘\
steroid 13 (described in
material. LCVB: M M2g]
C7 1H108FN3O13P+)
16J7-[f Cycl ohexyl#
| - hydr oxy- 21- (4
1, 4-di ene-3 , 11b 1 a R ) !The quaternary
annonlunmsalt described in Exanple 104 was treated

WIrhE tfileeSRap Rl Ydh 8es syhbhesizkd ifondl iR 8fbid eboribatitil Example 76
stirring under nitrogen at room tenperature. The

red by TLC and

apply]l?’%%%r t%\?&f %tgé pl%%ﬁo%% ﬁgstch? ﬂi ags added t hrough

septum and stirring was contl nued for another hour.

Then the precipitate forned was filtered-off, washed

thoroughly with ether, dried and recrystallized from

m xture of dichl or onet hdzample®hyl ether (yielding a

di hydrochloride salt). If necessary, further

16.17-[8-Quinoline-3-yl-4-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-

qanpl e usi ng the
2S48 starting

0.7 calcd for

rol - phosphate -

pregna-1.4-diene-3.20-dione[11B.16a]

CN

The title compound can be synthesized from the steroid described in Example 77
applying the two-step procedure described in Example 82.

Example 100

16.17-[8-Quinoline-4-yl-4-methylene)bis(oxy)]-11-hydroxy-21-cyano-pregna-1.4-

diene-3.20-dione[110.16a]

The title compound can be synthesized from the steroid described in Example 78

applying the two-step procedure described in Example 82.



purification can be achi eved by chromat ography using

| sol ute-Cl18 (Biotage) eluting with the increasing
w@em@dilas2t2 of acetonitrile in water with 1% acePCTUSZNNE022790

(yielding the diacetate sal88). 3 1PNVR (DVMSO d6)

-5.718ppm LCMS: 95% Mt 1030.5 (exact mass 1030. 59

cal cd for C58H86C 2N3OEis@nple, 10Fxanpl e 107

Sal net erol - phosphate - |

J y-l%fi 18l Qlgatl ety byl Reelbh BBk |-2ilfibuoot lohydroxy-21-cyano-
1- hvdr oxy- 4- et hyl p1 perazm urn) - pr egna-

1, 4-di ene-3, 205 dL0ney] Q{eﬁﬁﬁ(ﬁi}ﬁoﬁe 1 prodrug 16
was prepared Cri anpl e 10 usi ng the
guat er nary anmmoni um salt descrlc,msd in Exanpl e 105 as a
starting material. 3 1P NVR( DNVSO d6) -6.01 8ppm 1i
9yFt NWR (DVBO- d6) : -165.436 }d,N\J=8Hz, J=32Hz).
LCVB: 96% M+ 1049. 4Oex < 0492 cal cd for
C58HB84FN3On P+). Exagp ""”’/o

N- Boc- Al but er ol - dF=tert>pla ¥yl phospha
, 17- H‘é’\lsfoxy i =gf | uor o-

11- hydr oxy-2 1- ' pi per azi ni un) - pr egna-

1, 4- di ene- 3, 20- dlone[ 11 b.l 6a(R)] The title compound

CEe fite porapaureldcac bosgithesited frva e géaidr desgubed it Egample 79
i n Exanpl e

applying the two-step procedure described in Example 82.

Example 102

16.17-[8-Quinoline-2-yl-4-methylene)bis(oxy)]-11-hydroxy-2 1-cyano-pregna-1.4-

diene-3.20-dione[118.160]

The title compound can be synthesized from the steroid described in Example 80

applying the two-step procedure described in Example 82.

Example 103

16.17-[8-Quinoline-2-yl-4-methylene)bis(oxy)] -9-fluoro-11-hydroxy-21-cyano-

pregna-1.4-diene-3.20-dione[11f.16a]




104, using the nmesylate 7 (see Exanple 13) and the
steroid 13 (see Exanple 27) as the starting
woradoensgls. Exanpl e 109 Al but er ol - phosphate -  PCT/US2006/022790
16j y-f CCvcl ohexyl met hyl ené4bi sCoxy~J-g-fl uoro-|
| - hvdr oxy- 21-(4-nmethyltiperazm un
) - pregna-1, 4-di ene-3 , 20- d| one¢N11b, 16a(R)1 The title

16J7- [(Q/CI ohexyl na bi s(oxy)] - 9-
fluoro-11- hydr g% m dazol i unVpregna- 1, 4-di ene-3
, 20-di one[ 11b 16a|R)] The title conpound can be

DTE@Q&ﬂ@dc 8hd81 Y HeOs &%SQE@W&}?@ %ﬁ)‘gi( 'dgﬁlb'eg in Ex(iimple 81

Exanpl e 1 , using the nesylate see anpl e

T T

16J7-[ TCycl ohexyl nmet hyl ene ) bi sroxy) | -9-fl uoro-|
1- hydroxy- .21-fi m dazol i umVpregna- 1.4-diene-3
20-di onef 11b.16a(R | The title nutual prodrug can be
Exampless Wi oHl Fiflurir atp éhecuntharinaf e imited potdrugs destribed on Scheme VI

Example 104

N-Boc-Salmeterol-di-tert-butylphosphate - 16.17-[(Cyclohexylmethylene)bis(oxy)l-

1 1-hydroxy-21-(4-methylpiperazinium)-pregna-1.4-diene-3.20-dione[11B,16a(R)]

/OtBu
P/OtBu

N
!
O,

NCH2)O(CHa)4Ph

The 1.1 equivalent of mesylate 3 (described in Example 6), steroid analog described
in Example 26 (1 equivalent) and sodium iodide (1 equivalent) were dissolved in a minimum
amount of anhydrous acetonitrile with stirring at room temperature. The reaction mixture was
monitored by TLC and LCMS. After 3 days the reaction mixture was concentrated and
purified by silica gel chromatography using a mixture of dichloromethane / methanol /

triethylamine (96:3:1). Fractions containing the desired quaternary ammonium salt were



descri bed in Exanple 110 by the procedure described in
Exanpl e 106. Exanple 112
wok®ea3saibut erol -di -tert-butyl phosphate - PCT/US2006/022790
16J7-[f Cycl ohexyl met hyl eneBbi s(bxy)]-9- fluoro-
11- hydroxy-2 1- (i m dazol i unvpr egna-
pooled1 eéeipghﬁ&? and 40 HsARR! tritkdkBted 6Nt S thdr! S61i6P TRQUBENed were

e prepared according to the procedure described

ﬁlteredaW&EﬁeﬁWﬂglf%tgﬁ ddldcfﬁ'lelag the nesylate 7 (see Exanple 13)

SCiibed in Exanple 45 as the

starting materia -0l - phosphate -
LCMSy pi+ 1243 (exact %&ﬁ%%?ﬂj?%ﬁé%ﬁ%%? -fl uoro-|

1- hvdroxy- 21- (i m dazoliunVpregna- 1.4-diene-3

.20-dione p 1B. 16af 101 The title nutual prodrug can be

prepared fromthe quaternary im dazolium salt

described in Exanpl e 11Rxeayded@i ng to the procedure

descri bed in exanple 106. Exanple 114

Ny BRSe- SameREsH Rlterflibuty@iHosshatey! 1 UBpiCscRhexylmethylene)bis(oxy)]-9-
16J7-1 (Cycl ohexyl net hyl ene) bi s(oxy)]-9- fluoro-

Aot IHIE8%Y07-(3- AL URRRh £9MRdiede-9 201 BRI BIB.160(R)]
M?éi I% I tI € conpound can be

prepared according to the(pb@@edure described in
Exanpl e \p—otBu

NCH2)6O(CHz)Ph

The title compound was prepared as described in Ekample 104, using the steroid 13
(described in Example 27) as a starting material.

LCMS: M+ 1261 (exact mass 1260.7 calcd for C71H103FN3013P+).

Example 106

Salmeterol-phosphate - 16.17-[(Cyclohexylmethylene)bis(oxy)]-11-hydroxy-21-(4-

methylpiperazinium)-pregna-1.4-diene-3,20-dione[11B,160(R)]




104, using the nesylate 3 (see Exanple 6) and the

steroid described in Exanple 5 1 as the starting
woregoens®hs. Exanpl e 115 Sal net er ol - phosphat e - PCT/US2006/022790

16, 17-[ f Cvcl ohexyl net hyl en&6bi s(oxy)]-9-fl uoro-|

1- hydroxy- 21-nethyl sul foni um pregna- 1, 4-diene-3

, 20-di one[ 11b 16a(R)]279Q @1 The title mutual prodrug

can be prepared fromthe c%ﬁﬁﬁund descri bed in Exanpl e

114 according to the procedure de@flbed i n Exanpl e

106. Exanple 116

N- Boc- Al buterol -di-tert-b

16J7-[ (Cycl ohexyl net hyl

11- hydroxy-2 1-nmet hyl sulfo

1, 4-di ene-3, 20-dione[ 1

{ phosp at‘(@z)aosznPh
bi s(oxy)]-9- fluoro-
I um pregna-

7 (see Exanple 13)

i n Exanpl e 104, yb.h
. R anple 51 as the

and the steroid de
starting materials

The quaternary ammonium salt described in Example 104 was treated with fresh,
anhydrous 4N HCI in dioxane (2mL) with stirring under nitrogen at room temperature. The
progress of deprotection was monitored by TLC and LCMS. After 1 hour diethyl ether was
added through septum and stirring was continued for another hour. Then the precipitate
formed was filtered-off, washed thoroughly with ether, dried and recrystallized from mixture
of dichloromethane/diethyl ether (yielding a dihydrochloride salt). If necessary, further
purification can be achieved by chromatography using Isolute-C18 (Biotage) eluting with the
increasing gradient of acetonitrile in water with 1% acetic acid (yielding the diacetate salt).
3IPNMR (DMSO-dg): -5.718ppm. LCMS: 95%, M" 1030.5 (exact mass 1030.59 calcd for

CssHgsClLN3O1,PY).

Example 107

Salmeterol-phosphate - 16.17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-

-pregna-1.4-diene-3.20-dione[11B.160(R




Al but er ol - phosphat e -

16, 17-[ (Cycl ohexyl net hyl ene) bi s(oxy)]-9-fl uoro-|
wdaz20vgdss2xy - 21- met hyl sul f oni um pregna- 1, 4- di eP€F/BS2006/022790

, 20-di oner 11b, 16a(R 1 The tB87l e nmutual prodrug can be

prepared fromthe conpound described in Exanple 116

according to the procedutl, desribed in Exanple 106.

Exanpl es 118- 139 il usfr ate synthesis of nutual

prodrugs according to OE Iy Exanple 118 16

17-[ (Tet rahydr o-t Mopyr a s\sfo§¥ L 9-f 1l uoro-
11- hydroxy-2 1-tritykgs r egna- CASAPEHR- 3, 20 - di onen
[ cribed in Exanple 53 ( 1

| b.16 aR1 Stermngjs

equi val ent) and DVAP 1 equivalent) was dissolved in
anhydr ous di chl or onet ane ( nmol ), which was

foll owed by the dropw S¢pad on of triethylamne (2
equi val ents) fol #aye \bl id triphenylnethyl

% portions with vigorous

he reaction mxture in a water
bat h. The ./e ahysi s after overnight reaction showed
consurrpti on of alnobst all starting steroid. The

. | ‘
Oh el Fodtf O s kB 87 HBR 36 ISRIREM06. woing the
citric acid, urated_sodi I car bonat e
e RO Bl TR FRAgLBrO0RS S oigH e ﬁeﬂgler over
31 hydrous magnesi um sulfate, decantation
P NMRayﬁB%ﬁ@'ém) t 100 18pome pF oYER (RS Pua)s i- é@ﬁ %@@m i(dg J=8Hz
gel chromat ography using the increasing
J=32Hz). LCMS: 96%, M+ 1049.3 (exact mass 1049.2 calcd for CsgHgsFN3O;1P )

Example 108

N-Boc¢-Albuterol-di-tert-butylphosphate - 16.17-[(Cyclohexylmethylene)bis(oxy)]-9-

fluoro-11-hvdroxv-21-(4-methylpiperazinium)-pregna-1.4-diene-3.20-dione[118.16a(R)]

OtBu

Q
\g—OtBu

The title compound can be prepared according to the procedure described in Example
104, using the mesylate 7 (see Example 13) and the steroid 13 (see Example 27) as the

starting materials.



amount of ethyl acetate in hexane (1:3 to 1:1).
Exanpl e 119 N-Boc-Sal neterol -di -tert-butyl phosphate

WO 1®6/138213 YTet r ahydr ot hi opyranyl i um PCT/US2006/022790
bi s(bxy)]-9-fluoro- 11-hyd®®xy-2 1-trityl oxy-pregna-
1.4-diene-3 ,20- dionep i bl gaa | The title conmpound
can be prepared accord%ﬁ@ﬂﬂﬁlﬁae procedure descri bed
in Exanpl e 104, using the nesylate 3 (see Exanpl e 6)
afitbutehsl-fibertniel- tet i (Qyetbhexylfethvs ‘ $9<flupre+l hdiydroxy-
materials. Exanple 120 Sal neterol - phosphate -16, 1
7- [ olsthadinepRethiRar)-pregha-0 i) dicssd-520)ior@{ F 1ALAUER)]

11, 21-" di hvdr oxy- pregna- 1. 4- di ene- 3, 20-di one[| | b, 16a

| ]The title nutual prodrugftan be prepared fromthe
sul fonium salt described irf Ie 119 according to

t he procedure descri bed |n e 106. Exanple 121
N- Boc- Al but erol -di -tert-bu 05p g/e
-16. 17-[ TTet r ahydr ot hi opyp anv |un) i s(oxy)]

-9-fluoro- 11-hydroxy-2 }rltyloxy pregna-
1, 4-di ene-3 , 20-

The title mutual prodrug can be prepared from the quaternary ammonium salt

described in Example 108 by the procedure described in Example 106.

Example 110

N-Boc-Salmeterol-di-tert-butylphosphate - 16,17-[( Cyclohexylmethylene)bis(oxy)]-9-

fluoro-11-hydroxy-21-(imidazolium)-pregna-1.4-diene-3.20-dione[118.1 60(R)]

OH

N/Boc

)
(CH2)6O(CHp)4Ph

The title compound can be prepared according to the procedure described in Example

104, using the mesylate 3 (see Example 6) and the steroid described in Example 45 as the

starting materials.



dione[ I | b 6a(R) |I The title conmpound can be

prepared according to the procedure described in
wEx@pbe12104, using the nmesylate 7 (see Exanpl BCT/BY20861022790

the steroid described in ES&nple 118 as starting

mat eri al s. Exanpl e 122 Al but erol - phosphat e

-16, 17-[(Tetrahydro-thi ppypa@ylj unfbi sfoxy) |
-9-fluoro- 11, 21- di hydroxy-pres
) ' . i ' A

descri bed 8204 - L.digner3.2Urdipneglg 12 O¢
1- Met hyl pi peri dyl - 4- et hyl ene) bi sf oxy)]-11-hydroxg -2
1-trityl oxy-pre gna- l.4-diené%h: -di one p 16, 16a

The title conpound can be prepared fromthe steroid
described in Exanple 56 using t procedure descri bed

in Exanple 118. Exanple 124
b phate -16, 17-[(

I'I\IH
(CH2)6O(CHg)4Ph

The title mutual prodrug can be prepared from the quaternary imidazolium salt

described in Example 110 by the procedure described in Example 106.

Example 112

N-Boc-Albuterol-di-tert-butylphosphate - 16.17-[(Cyclohexylmethylene)bis(oxy)]-9-

fluoro-11-hydroxy-21-(imidazolium)-pregna-1.4-diene-3.20-dione[11B.160(R)]

Q, OtBu

N\

P-0tBu

/

The title compound can be prepared according to the procedure described in Example
104, using the mesylate 7 (see Example 13) and the steroid described in Example 45 as the

starting materials.



met hyl ene) bi s(oxy)]- 11-hydroxy-2 1-trityl oxy-pregna-

1, 4-di ene-3 , 20-di one [11lb, 16a] The title conpound can
wheoopnsf2ar ed according to the procedure descriPerus1w06/022790

Exanpl e 104, using the nesybate 3 (see Exanple 6) and

the steroid described in Exanple 123 as starting

material s. Exanpl e 125 Eganiple 113
7-[ Yl - Met hyl pi peri dyl - 4- met hyl ene”bi s(oxy)] -9-fl uoro-

Jfahﬁb{}t)éfyl%}ésglagg 116, 12 (Oxpheghaethilede diséoay) BO-FMhodi-bhbydroxy-
I6a] The title conmpound can be synthesi zed fromthe

st er oi [ anpl gdiing.16 e

or ocedaiainge i et R dons B AL AR e L

N- Boc- Sal neterol -di-tert- butylth§Rﬂate

-16, 17-| Y1- Met hyl pi per i di ni um 4- Hidwy| ene) bi s(oxy) |
-9-fluoro- 11-hydroxy-2 1-trityl ody- pregna-

1, 4-di ene-3 , 20-di oner 113 6al The tl e conpound can
be prepared accordlng to the, procs e described in
Exanpl e 104, using the mes e’ 3 e(ﬁxanple 6) and

The title mutual prodrug can be prepared from the quaternary imidazolium salt

described in Example 112 according to the procedure described in example 106.

Example 114

N-Boc-Salmeterol-di-tert-butylphosphate - 16,17-[( Cyclohexylmethylene)bis(oxy)]-9-

fluoro-11-hydroxy-21-methylsulfonium-pregna-1.4-diene-3 .20-dione[11B.160(R)]

O OtBu
P OtBu

OH

The title compound can be prepared according to the procedure described in Example

104, using the mesylate 3 (see Example 6) and the steroid described in Example 51 as the

starting materials.

Example 115

Salmeterol-phosphate - 16.17-[(Cyclohexylmethylene)bis(oxy)] -9-fluoro-11-hydroxy-

' 91-methylsulfonium-pregna-1.4-diene-3.20-dione[11B.160(R)]




Sal net er ol - phosphate -16, 17-[ VI

- Met hyl pi peri di ni um 4- net hyl ene”bi s(oxy”] -11, 21-
waldvgdssaxyt >regna- 1. 4- di ene- 3. 20-d i oneri 1b. ! BCHUI19€6/022790

title conpound can be prepdted according to the

procedure described in Exanple 106 using the

guat ernary ammoni um salt de [9(_? |_Ped in Exanple 124.

Exanpl e 128 Sal met erol - phosghat e

-16, 17-[ (1- Met hyl pi peri di nuny4: et hyl ene) bi s(oxy)] - 9-

fluoro-1 I, 21-di hydroxypregr

| bl bai Thettf@ conpdund‘can de prepared according

to the pr oce

quaternary a AAc@escri bgg; i n Exanpl e 126

Exanpl e 129 N-Boe‘ Ahbuf epal < di - t @il bhylmhosphat e -

16, 17- | YI - Met hyl pi peri dPni - nethyl ene

") bi sCoxy) | -9-fluoro-11-hydroxy-2 1-trityl oxy-pregna-

il snfadk ordfludiconse pldbrddabihec coipeugdapotitell bafxample

prepare Ing to the procedure described in

Ex | e, 104, wusi the. (see Exanple 13) and
114 accf’f‘ﬁ@“@i"e@%?@"ﬁ%@%??sﬁ%’ggiln %%ﬁ%ﬁgal% as starting

materials. Exanple 130 Al buterol -phosphate -16,17- [ (I

- Met hyl pi peri di ni um 4- et hyl ene) bi s(oxy ')] -9-fluoro-

Example 116

N-Boc-Albuterol-di-tert-butylphosphate - 16.1 7-[(Cyclohexylmethylene)bis(oxy)]-9-

fluoro-11-hydroxy-21-methylsulfonium-pregna-1 A-diene-3,20-dione[118.16a(R)]

Q OfBu
[\
/P—OtBu

The title compound can be prepared according to the procedure described in Example

104, using the mesylate 7 (see Example 13) and the steroid described in Example 51 as the

starting materials.

Example 117

Albuterol-phosphate - 16.17-[( Cvclohexylmethylene)bis(oxy)]-9-fluoro-1 1-hydroxy-

91-methylsulfonium-pregna-1.4-diene-3 20-dione[11B.16a(R)]




11 ., 21- hvdr oxy- pregna-1|, 4-di ene- 3, 20-di one[| | b.| ba]

The title nutual prodrug can be prepared fromthe
W@e@bess2ar y anmoni um salt described in Exanpl ePQ2852006/022790

according to the procedure9descri bed i n Exanpl e 106

Exanpl e 131 16.1 7-[Pyridinyl - 3-nethyl ene

") bi sfocy)1-9-fluoro- 11-hydr oxy-%/_ trityl oxy-pregna-

1.4-diene-3.20-dione p | b.16 af 'B?e QH t1 e conpound can

be synthesized fromthe steroid 14 (described in

Exanpl e 62) according to the procg e described in

Exanpl e 118. Exanpl e U832 \

N- Boc- Sal net er‘ elt - butyT phosphat ©h

16. 17-[ Pyri dyni us3 ene ) bi s(oky)!l-9-fluoro-

11- hydroxy-2 1-tri ﬁ@ é§ra- 1, 4- cingne- 3

, 20-di oner 11b.| 6al Th\‘e,x,,%"wou%s pr epar ed
according to the procedure scrilbed 1'n anpl e 104,

using the mesylate 3 (see Exanple 6) and the steroi d_
dERCifld athtid) pho@IP bt b %regﬁre%lt %ﬁqgﬂg OBbSIPdEeribd R Example
M+ 1414.7 (exact mass 1415.7 calc or

116 ackSAHLAS AR 4RI e adsHBOP] R ddible 106.

Examples 118 — 139 illustrate synthesis of mutual prodrugs according ro Scheme VII.

Example 118

16,17-[(Tetrahydro-thiopyran-4-ybis(oxv)]-9-fluoro-11 ~hydroxy-21-trityloxy-

pregna-1.4-diene-3.,20-dione[118,16a(R) ]

Steroid described in Example 53 (1 equivalent) and DMAP (0.1 equivalent) was
dissolved in anhydrous dichloromethane (SmL/mmol), which was followed by the dropwise
addition of triethylamine (2 equivalents) followed by solid triphenylmethyl chloride (2
equivalents) in portions with vigorous stirring while cooling the reaction mixture in a water
bath. The TLC analysis after overnight reaction showed consumption of almost all starting
steroid. The mixture was quenched with a few drops of methanol, diluted with

dichloromethane and washed with 10% citric acid, saturated sodium bicarbonate and finally



Sal net er ol - phosphat e -
16. 17-[ Pyri dyni um 3- et hyl ene) bi s(oxy)]-9-fl uoro-|
wa@sAasgtihvdr oxypregna- 1, 4-di ene-3 . 20- di onefPdi/uk2006/022790
al The nmutual prodrug 17 wa$93prepared according to the
procedure described in Exanple 106 fromthe pyridinium
brine. 3¢k dgﬁﬁg lolf RRdoy Qm@i%‘g?lo%llz%ﬁlgﬁ%s RiHdnEdigd é%YfafeeH&faﬁ?atlon and

phase chromat og aphy u5|ng I'sol ute- C18 col umm

evapox%xglg{? gﬁeg(%er?,lﬁiffe %r%ttia&gﬁaov%ﬁu%# e%%y Sl %g@g?ﬁ?gﬁ%@ﬁy %Ds/mg the increasing
tic acid. fter yophj Ilzatlon obt ai ned as the
amourgog ey s tale | & - -4.116ppm 19F NMVR
(DVBO- d6) -165 124 - -164 480ppm (nmul tiplet). LCVE:
97% Mt 961.5 (exact mass 961.44 calcd for
C52H67FN2012P+) . Anal . Cal cd for C56H74FN2OL6P %C
62.21; 9% 6.90; 9%\ 2. 59Exdmpled1%C 62. 13; % 6. 85; %N
2.76. Exanple 134

N- Boc- Al batBskalfietdrSItdi=totbyityphiaspitad €16;17-[(Tetrahydro-
16J7-[ Pyridvnium 3- net hyl ene)bi s(oxy)Il- 9-fluoro-I

I%fg yd namnx%%s(m’f Yl ¥s. B &gal%xb A-F308-Fregfs-Hi408065% -3 50-

| e conpound cah be prepared according to the
procedure descrlbed 'Q_Eﬁiigﬁgﬁéﬁﬁ’ usi ng the nesyl ate
7 (see Exanple 13) an L described in
Exanpl e 131 as starting nater|q£§ﬁB
P OtBu
a

_Boc

(CH2)gO(CH2)4Ph

The title compound can be prepared according to the procedure described in Example
104, using the mesylate 3 (see Example 6) and the steroid described in Example 118 as

starting materials.

Example 120

Salmeterol-phosphate -16.17-[(Tetrahydro-thiopyranylium)bis(oxy)]-9-fluoro-11.21-

dihvdroxv-pregna-1.4-diene-3.20-dione[116,16a(R) ]

O OH

W

P-OH
of

OH

I’I\IH
(CH2)6O(CH2)4Ph




Exanpl e 135 Al but erol - phosphate -
16, 17-[ Pyri dyni um 3- et hyl ene”bi s(oxy)]-9-fl uoro-|
wa eéA3stihydr oxypr egna- 1, 4-di ene- 3, 20- di oner RADUIBA6/022790
The title nutual prodrug cd@h be prepared according to
t he Procedure described in Exanple 106 fromthe
plhei Eilei raninalaprodeies epi thedpiepated afrpine the3sul foRkempdal dB6ribed m
N- Boc- Sal neterol -di -tert-butyl phosphate -
ixampl®] 197adcRydingipriherprodedure ke ik iy 1 6.9- f | uor o-
11- hydroxy-2 1-cyano-pregna- 1, 4-diene-3,20-dioner 11b
16al The title conpound can be prepared according to
the procedure described in Exanple 104, using the

nesyl ate 3 (see Exanpl 24 Angh he steroid 15
(described in Exanpl e %&?s—g‘?['artl ng material s.

Exanpl e 137, Sa er.ol.- phos te -
16J7-[Pyrﬁoav9%m% 19! %@&Wﬁl—%@%ﬂ” f(L 0-1-
h -2

regnah1,4 di ene- 3, 20 d| one

1

accordlng to the procedure descrlbed in Exanple 106
starting fromthe pydiatichilméséR1] described in Exanple
136.

Q_OtBu

P-OtBu

0

_-Boc

The title compound can be prepared according to the procedure described in Example

104, using the mesylate 7 (see Example 13) and the steroid described in Example 118 as

starting materials.

Example 122

Albuterol-phosphate -16.,17-[(Tetrahydro-thiopyranylium)bis(oxy)}-9-fluoro-11 21-

dihydroxy-pregna-1.4-diene-3.20-dione[118,16a(R) ]

Q OH
P-OH

O

OH

NH




Exanpl e 138 N-Boc- Al buterol -di-tert-butyl phosphate -
16, 17-[ Pyri dyni um 3- et hyl ene) bi s(oxy )]- 9-fl uoro-
wda 1e0hg8R20XxYy- 2 1- cyano- pregna- 1, 4-di ene-3 , 20- BCDO82006/022790
11b. 16al The title conpoundScan be prepared according
to the procedure descri bed in Exanple 104, using the
MR e Cm gl o Exa e 8?3[%} He‘a Hog SRS Shidm salt described in

(descri be st artl ng
e 13

Examfg tl?%feﬂr%%'iﬁr' S R B PRI (1 vor o1 1.

hydr oxy-2 1-cvano-pregna- 1, 4- dlene 3 ,20-dione[l 1b

16a] The title mutual prodrug can be prepared

according to the procedure described in Exanple 106
starting fromthe pyri dExampled3Bt described in Exanple
138. Exanpl e 140 Cytokine release inhibition Table 1.

Gep&i 2[(1PVetethipariyl-drméth@lene)bis{ dxyd]- Bishadroxy-T Nisitydoxy-pregna-
secretion Q) PBMC dexanet hasone Schi ndl er (PBMC)

(1990) EL-Ib secreuifgnd3 poRRMeIpclganexi m de
Schi ndl er

oTrt -

The title compound can be prepared from the steroid described in Example 56 using

the procedure described in Example 118.

Example 124

N-Boc-Salmeterol-di-tert-butylphosphate -16.17-[(1-Methylpiperidinium-4-

methylene)bis(oxy)]-11-hydroxy-21-trityloxy-pregna-1.4-diene-3,20-dione[115,160]

OtBu
\g—OtBu

4 OH

/Boc
N\
(CH)sO(CHz)4Ph

~

The title compound can be prepared according to the procedure described in Example
104, using the mesylate 3 (see Example 6) and the steroid described in Example 123 as

starting materials.



(PBMC) (1990) Cell viability Q) PBMC erythromycin
Mosmann (PBMC / 24 h) ' (1983) | munosuppression

w@a pioenss211 ynphocytes cycl osporin A Soulillou i BOI/ES®6/022790
fromC57BL/6 mce (1975) (9«1 05 cells) and CBA m ce
(2.5x1 05 cells)Table 2. Experinental conditions of

t he assays. Method of é&g@}ﬁleﬁmﬁ rate/ Stinul us/ Tracer

| ncubati on Reacti on Pro uct Detection TNF-a secretion

(h; JT_P_ TR AL TN 1 AubieBl 2y-2 Detrityloxy-

9
( PBMVC) Cel | viabili y 0. 24 h./37C
f or mazan Phot%g%j#M%M)

OTrt
\KQN/

The title compound can be synthesized from the steroid described in Example 57

according to the procedure described in Example 118.

Example 126

N-Boc-Salmeterol-di-tert-butylphosphate -16,17-[(1-Methylpiperidinium-4-

methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-trityloxy-pregna-1 A-diene-3.20-dione[11B.16a]

0OtBu
O,
\é/OtBu
/
O,

/Boc
LA
[ (CH2)60(CHo)4Ph

The title compound can be prepared according to the procedure described in Example

104, using the mesylate 3 (see Example 6) and the steroid described in Example 125 as

starting materials.

Example 127

Salmeterol-phosphate -16.17-[(1-Methylpiperidinium-4-methylene)bis(oxy)]-11.21-

dihvdroxypregna-1.4-diene-3,20-dione[11§.16a]




| mmunosuppr essi on Mouse splenic | ynphocytes 72 h./37C
[3H TMD Scintillation isolated from CBA m ce
w0 pwengranat i on counting (2.5x1 05 cells) / [ 3H{dIVDS2006/022790
Anal ysi s and Expression of 9Results The results are
expressed as a percent of control values obtained in
the presence of the test & ounds. The | C50 val ues
(concentration causing a hal " maxi mal i nhibition of
control values) were deter® ned BY pon-linear
regressi on anal ysis of the joNLLRN curves using
Hi Il equation cggve fittin abl e 3. CRyPEkIPe rel ease
inhibition (1C %0 i . | conmpounds presented in
the Table 3 werei cytotoxic (cell viability ca.
A- steroid 13; B- steroid 14; C
1 % mut ual prodrug 17. "Not active"
- 1C50 i ¢4l cul abl e because of |ess than 25%
Fap7was observed at the highest tested
concentration 1000nM The sel ected conpounds of the

i(:'f;}r\életgtgé.s%)gnﬁﬁg chEBL g%gln%d 3cRaRk t_thheﬁ%I%UéﬂﬁEéjdespribed in Example

vitro ays evaluating the cytokine

rel ease i nhi bition and.thus..the | = t
106 usiygyefe gy Gtvarpa By apkSined i BRAal A TR DY |

anal ogs were identified, nanmely conpounds

.....

Example 128

Salmeterol-phosphate -16.17-[(1-Methylpiperidinium-4-methylene)bis(oxy)]-9-

fluoro-11.21-dihydroxypregna-1.4-diene-3,20-dione[11(.16a]

ZT

\
(CH2)s0(CHz)4Ph

The title compound can be prepared according to the procedure described in Example

106 using the quaternary ammonjum salt described in Example 126.

Example 129

N-Boc-Albuterol-di-tert-butylphosphate -16.17-[(1-Methylpiperidinium-4-

methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-trityloxy-pregna-1.4-diene-3.20-dione[11f.1 60]




descri bed in Exanples 23, 27, 43, 59 and 62. The
mut ual prodrugs of Exanples 107 and 133 (conpounds 16
w@eah6/13¥8217 especti vel y) have proven to be | ess BCT/US®06022790

i nactive as conpared to thé&8steroid drugs (Exanples 27
and 62, respectively). Therefore by masking the

phar macol ogi cal properties of @Qﬂ@spect ive steroid the
mutual prodrug mtigates the o pﬂ'&l‘yngeal si de

effects and confines the anti|nflannat@my3apt|V|ty of

a steroid to the endobronchi al
%rel ease
anpl es

enzymes (specifically alkaline

141-143). : bTocedure for conversion
of the nutual agonRt’'st prodrugs to sal netero
and steroid af?e ) e to al kaline phosphatase
Reacti on and_cb

Ha ~200 ng/m solution in 1:1
acetonitrite yatrer of and the conmpound 16 (or
alternat|Q/er 17) to 500 mM of a pH 7.4 buffer

tsfff'ﬁ glt(dlﬁi)}’gp'@)%?}ﬂi I%S,Pe}{o 1 acqc ogcrl%relg to the mar%ceétn‘ze descrlbed in Example
o L85 AR AL L S e 125

phosphat ase (Sigma-Al drich) whereas the control buffer
startingsmmbtgtiplsns

Example 130

Albuterol-phosphate -16.17-[(1 ~Methvlpiperidinium-4-methylene)bis(oxy)]-9-fluoro-

11.21-hydroxy-pregna-1.4-diene-3.20-dione[11B.160]

The title mutual prodrug can be prepared from the quaternary ammonium salt

described in Example 129 according to the procedure described in Example 106

Example 131

16.17-[Pyridinyl-3-methylene)bis(oxy)]-9-fluoro-11-hydroxy-2 1-trityloxy-pregna-

1.4-diene-3.20-dione[11B,16a]




cont ai ned no enzyne. The reaction and contro
sol utions were incubated at 37C for 25 to 50 hours.
wabmedss2ut i ons were anal yzed periodically for P¢EUS2006/022790
respective nutual prodrug &hd reaction products by
LCVB. Exanpl e 142 Reaction of the nutual prodrug 16
wi th al kal i ne phosphatase to yi eltd sal neterol and the
steroid 13 The nutual i\ 16 (described in Exanple
107) was reacted wt hosphat ase accor di ng
to the general procedure > 141, to produce
sal neterol and the s{ ¢ (fdﬁSCI‘I bed in Exanpl e
27). The concentra t he al kal i ne phosphatase in
the reaction buffexr 600 ng/ nL (the enzyne
act|V|ty of the Solution was not determned). Only the

n:gflﬁtj ﬁ&%? ! Od%ﬁel(s b\ér\%i gst 7 %Itfleé am §lg stt%]rgldc P{]g\c}’e?%lbseg uli”Ek%lﬂple 62)

showed t he of nmut ual prodrug 16, the
accordi“?‘ﬁ ot ?Pﬁ’ﬁﬁfg"é? 3%{3@%?@@ lﬁﬁ%he di sappear ance of
t he des-phosphorylated internedi ate, and the

appear ance of sal meterol and the steroid conpound 13
(as shown in Schenme VII1). Selected tine points
measured in this experiBenhplari@2presented in Table 4.
For the graphic representation of the enzymatic

conver si NUB&ESalfrietidbledi kertadbyapitbspkRe C €6l 7AP19dyr@ifm-3-
conpounds detected in the ALP experi nent.

methvlene)bis(oxv)1-9-fluoro-11-hydroxy-21-trityloxy-pregna-1.4-diene-3.20-dione[11B.16a]

Ho Bog

N (CH2)60(CH2)4Ph

(@]
o\\l\D _OtBu

|
OtBu

The title compound was prepared according to the procedure described in Example
104, using the mesylate 3 (see Example 6) and the steroid described in Example 131 as
starting materials.

LCMS: M+ 1414.7 (exact mass 1415.7 calcd for C34H105FN2014P+).

Example 133

Salmeterol-phosphate - 16.17-[Pyridynium-3-methylene)bis(oxy)]-9-fluoro-11.21-

dihydroxypregna-1.4-diene-3.20-dione[113,16a]




Exanpl e 143 Reaction of the nutual prodrug 17 wth

al kal i ne phosphatase to yield salneterol and the
wGe@ensst1214 The nutual prodrug 17 (described iPCEKS20DP6/E22790

133) was reacted w th al kalione phosphat ase accordi ng

to the general procedure of Exanple 141, to produce

sal neterol and the steroid 14 (descri bed in Exanple

62). The concentration of the al I'mcﬂggép%ag ase in
0

the buffer added tjo t toc lution was -600 ng/m
(the enzyne acthyi'ty f the tion was not

det er m ned). LD tual p Qo/lbug 17 was detected
in the copgrof—<oluto on (without¥enzyme). The reaction

gnzynme) showed t hed di sappearance of the
the initial appearance followed by the
t he des-phosphoryl ated i nternedi ate,
and the p€ar ance of salnmeterol and the steroid 14
(as shovth in Scheme VII1). Selected tinepoints
measured in this experinment are presented in Table 5. . .
Fire mmauajr pisdiug dpias dnensrsch soesrding etoe Hhey prqeegure described in
conversion see Figure 2. Table 5. Concentrati on of
Exampdetpéuias thepgddiadm salt kescaibed 6r fexaimpbn il 3 REFERENAES by reverse
Carryer, HM et al. (1950); "The effect of cortisone
phase eRrobi2@8ERR usisd [HwRIsaNet-0ay coRingl (Biotage) eluting with the increasing

amount of acetonitrile (0-50%) in water acidified with 2% of acetic acid. After lyophilization
obtained as the diacetate

3p NMR (DMSO-dg): -4.116ppm. F NMR (DMSO-dg): -165.124 — -164.480ppm
(multiplet). LCMS: 97% M+ 961.5 (exact mass 961.44 calcd for Cs,Hg7FN,012P"). Anal.
Caled for CssH74FN2O16P %C 62.21; %H 6.90; %N 2.59. Found %C 62.13; %H 6.85; %N

2.76.

Example 134

N-Boc-Albuterol-di-tert-butylphosphate - 16.17-[Pyridynium-3-methylene)bis(oxy)]-

9-fluoro-11-hvdroxy-21-trityloxy-pregna-1.4-diene-3.20-dione[113.160a]

Ho Bog
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The title mutual prodrug can be prepared according to the Procedure described in

Example 106 from the pyridinium salt described in Example 134.

Example 136

N-Boc-Salmeterol-di-tert-butylphosphate - 16,17-[Pyridynium-3-

methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-pregna-1.4-diene-3,20-dione[11 B.16a]

HO Bo?

N
Z “(CH2)6O(CHz)4Ph

ol OtBu

|
OtBu
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The title mutual prodrug can be prepared according to the procedure described in

Example 106 starting from the pyridinium salt described in Example 136.

Example 138

N-Boc-Albuterol-di-tert-butylphosphate - 16.17-[Pyridynium-3-methylene)bis(oxy)]-

9-fluoro-11-hvdroxy-21-cyano-pregna-1.4-diene-3.20-dione[110.16a]

HO Bocl:
N
7
AN
(0] (H) OtBu
\|l3/
OtBu

The title compound can be prepared according to the procedure described in Example

104, using the mesylate 7 (see Example 13) and the steroid 15 (described in Example 83) as

starting materials.
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The title mutual prodrug can be prepared according to the procedure described in

Example 106 starting from the pyridinium salt described in Example 138.
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IL-1B secretion (h) k PBMC cycloheximide  Schindler
(PBMC) - | (1990)
| Cell viability (h) PBMC erythromycin Mosmann
(PBMC/241h) (1983)
Immunosuppression splenic lymphocytes cyclosporin A Soulillou

isolated from C57BL/6 mice (1975)
(SXIO5 cells) and CBA mice

1 (2.5x10° cells)




Xis S, Nor a nitrogen-containing heterocycle in

whi ch the nitrogen atomin the heterocycle is Iinked
woooor13amd R ; Wis selected fromthe group coPGIl/BE51006022790

of A, F, OH ONO2 OCO al kyis, OCO aryl, CN, Salkyl,

and S-aryl; Cycl is cycloal kyl or cycloal kyl wth

carbon aton(s) substituted with Sor O Y is either

absent or -Z{lER2EgperinéttaNconditinsesfdhdassaysS, O N or
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group consi sting of hydrogen, aryl, |oweral kyl and

ts%ks)q,syt I tut edS lb(s)t\{’vz?t{#gtlm}{llus/TPJcerﬁbslen baﬁn%h t aﬁ Qtn&nolq%fhﬂ?r Method of

orm a nonar ona orrs sel ect edDetection

wth 1-3 groups in the car bn chai n subtitut ed
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Cell viability (%) MTT (0.5 mg/ml) 24 h./37°C formazan Photometry
- (PBMC/ 24 h)
: Immunosuépression Mouse splenic lymphocytes 72 h./37°C [PH]TMD Scintillation
| ~ isolated from CBA mice incorporation counting
(2.5x105 cells) / [SH]TMD

- (1 pCi)

Analysis and Expression of Results

The results are expressed as a percent of control values obtained in the presence of the
test compounds. The ICso values (concentration causing a half-maximal inhibition of control
values) were determined by non-linear regression analysis of the inhibition curves using Hill

equation curve fitting.



3. A compound of formula | as in claim1 wherein: Cycl
is cyclohexyl, RL is nethyl, Ris absent, Y is absent,

WO2008/1%2110H R3 is R6 where R6 is (CH2) 6Q( CH2) 4RET/082006/022790

tert-butyl, R4 is F and R51G6s H 4. A conpound of
formula Il as in claim1l wherein: Y, Rl and R are

b f . hi ' i

:qﬁsﬁr”f on st P AEE Wi 20, 1
erein: Y, .

3 pyri ay1 AR ey eeR R TR e s htonic

(CH2) 6Q( CH2) 4Ph 3%11@515111%}’&@0%%ﬁo@ﬂﬁl).% s H 6.

The process of s esi s “of conpounds of claiml1l.7. A
compound as in claim1l selected fromthe group

| conaemmiiamipidl O RE2E Seck8sis W | QR pRPEXUOITE! Ttk Rb 5t eSion
7105 TN TS A TR TN ST PR L5
Albt o O|_ ﬁggijf i&r hyl ene) bi s(o5y) 1 -9-f| uoro-0:34
1 2% cne 3 | 20- i SHEFSIVED, Bangr pi0l " PTEO"E” 31
Sl, 2' er- { 2255‘?&@1&@1@“0 bt s(o,@\g')] 9+ u'orolz
11-fydroxy- >1000 20
56 Not active >1000 Not active
57 Not active >1000 >1000
62" 11 350 1.9
22R-epimer 12 -—- 0.89
22S-epimer >1000 — 36
59 85 -—- 2
107¢ 810 80
133" >1000 180
45 Not active — >1000
47 Not active — 66
) 43 >1000 — 8.8

A- steroid 13; B-steroid 14;  C- mutual prodrug 16; D- mutual prodrug 17.
“Not active” — ICs, is not calculable because of less than 25% inhibition was observed

at the highest tested concentration 1000nM.
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the stoRidEARES! (A apg- adé, 67- [rESpEéiﬁwai)u Mi&refore by masking the
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pharm.gé/o?%gg?&f' éf'oggﬁ%goéﬂo rae?&ge&tlﬁ dicRNE- §1e2Q1Lﬁ'lha@ Ngfokirlg mitigates the

utero hosphat e- 16,
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1b, 16a] npound of th
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pharmacologically active steroid (see Examples 141-143).

Example 141

General procedure for conversion of the mutual steroid-B-agonist prodrugs to salmeterol and

steroid after exposure to alkaline phosphatase

Reaction and control solutions were prepared by adding a 500 pL aliquot of a ~200
ng/ul solution in 1:1 acetonitrile / water of and the compound 16 (or alternatively 17) to 500
ul of a pH 7.4 buffer ‘solution, containing 5 mM tris(hydroxymethyl)aminomethane, 1 mM
ZnClp, 1 mM MgCl,. For the reaction solutions, the buffer also contained approximately
600ng/uL. of alkaline phosphatase (Sigma-Aldrich) whereas the control buffer solutions
contained no enzyme. The reaction and control solutions were incubated at 37°C for 25 to 50
hours. The solutions were analyzed periodically for the respective mutual prodrug and

reaction products by LCMS.



or pharmaceutically acceptable salts thereof, wherein:

A is cycloalkyl (with carbon aton(s) optionally
weobstis2ir ed with S, O or NR1), pyridyl or subBCT/U820061022790

pyridyl; LOB is selected f8omthe groups consisting

ONR 1R2, imdazolyl, CN, SCN, SR, d, F, OH ONO2,

OCO-al kyl and OCO-aryl; RpxaRgicR4oare independently

selected fromthe group consisting of hydrogen, aryl,

h iﬁgeg%tr O%oanr _czl; thg ggil %ﬁ%ﬁ ap%l olaé%lq ﬁ?\%tﬁ %B&? i.lé Hllloesgh:!tt%’get{) %!iéfé’ Lalrﬁlgferol and

ﬁ . s 210 | M a 1morrar ormatntT C 1l

avi ng 2- atons selected fr, C O S and N [5 9.

A conpound as in clai mige—éiggéi&d fromthe gr oup[
consisting of: 16,1 ) . .
7Ehe( Qytiad hpsegtuge tl Ay (desraibed sinoRygmpls- 19owves reacted with alkaline
11- hydroxy-2 1-(4-nethyl pi perazi nyl)- pregna-

phospHatabe diceording, t3Ghel gemeef] pradedifa¢REfample 141, to produce salmeterol and
16, 17-[ (Cycl ohexyl net hyl ene) bi s(oxy)]-9-fi uoro-

the steddid NBAUEREYibEd In E;R&llﬂizﬂetj’ﬂ'{.o “The@@Rdentration of the alkaline phosphatase in
1, 4- di ene- 3, 20-di one[ 11b, 16a(R)] ; 10 16,1
=1

the re %&ln%Eﬁ&%ﬁ%%@D%@%ﬁgggi&zﬁn%?cﬁbﬂ Qfétlﬂ} ]cs)t_)lgﬁéﬁ jw['éi@ %i@t‘determined).

droxy- I ene- 3,2 | one
bOgﬂ?fat%eR )n]ldtual prodrug 16 was detected in the control solution (without enzyme).

The reaction solution (with enzyme) showed the disappearance of the mutual prodrug 16, the
initial appearance followed by the disappearance of the des-phosphorylated intermediate, and
the appearance of salmeterol and the steroid compound 13 (as shown in Scheme VIII).
Selected time points measured in this experiment are presented in Table 4. For the graphic

representation of the enzymatic conversion see Figure 1.
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1-di hydroxypregna- 1, 4-diene- 3,20-dione[ll b,16aj ;
w@eaeA88212 7- [ Pyri dynyl -3 - et hyl ene) bi s(oxy) ] - BeT/Us2906622790
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Example 143

Reaction of the mutual prodrug 17 with alkaline phosphatase

to vield salmeterol and the steroid 14

The mutual prodrug 17 (described in Example 133) was reacted with alkaline
phosphatase according to the general procedure of Example 141, to produce salmeterol and
the steroid 14 (described in Example 62). The concentration of the alkaline phosphatase in
the buffer added to the stock solution was ~600 ng/pl (the enzyme activity of the solution was
not determined).

Only the mutual prodrug 17 was detected in the control solution (without enzyme).
The reaction solution (with enzyme) showed the disappearance of the mutual prodrug, the
initial appearance followed by the disappearance of the des-phosphorylated intermediate, and

the appearance of salmeterol and the steroid 14 (as shown in Scheme VIII). Selected time
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wo e@sti3anz nmut ual prodrug of claim 1l prepared BSI/ESIING022790
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3.16 42 5.83 x 10° 34.8 31.1
421 3.7 5.74 x 10 454 39.2
10.52 0.0 3.98 x 10 88.1 80.1
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39.99 0.0 9.68 x 10’ 1502 ° 129.9
49.46 0.0 6.00 x 107 169.2 135.3
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V. CLAIMS

1. A compound of the formula I or IT

and pharmaceutical acceptable salts thereof, wherein:
X is S, N or a nitrogen-containing heterocycle in which the nitrogen atom in the heterocycle
is linked to R; and Ry;
W is selected from the group consisting of Cl, F, OH, ONO,, OCO-alkyl, OCO-aryl, CN, S-
alkyl, and S-aryl;
Cycl is cycloalkyl or cycloalkyl with carbon atom(s) substituted with S or O;
Y is either absent or —Z(CHz)n where n = 0-6 and Z is S, O, N or N-alkyl;
R; and R, are independently selected from the group consisting of hydrogen, aryl, loweralkyl
and substituted loweralkyl, or absent, or taken together to form a nonaromatic ring having 2-

10 atoms selected from C, O, S, and N;

OH

H
N

~
Rsis Re  where Rg is an alkyl group of 1-12 carbon atoms, arylalkyl or
substituted arylalkyl with 1-3 CH, groups in the carbon chain substituted with atom(s)

selected from O,S and N, and
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R4 and R;s are independently H, Cl or F.

2. A compound of formula I as in claim 1 wherein: Cycl is cyclohexyl, R; is
methyl, R, is absent, Y is N(CHa);, linked with X to form a piperazine ring,

OH
H
N

~
Rsis Re where Re is (CH2)6O(CH,)4Ph or tert-butyl, Ry is F and Rs is H.

3. A compound of formula I as in claim 1 wherein: Cycl is cyclohexyl, R, is

methyl, R, is absent, Y is absent, X is S,

OH
H
N\
R is Re where Re is (CHy)sO(CH,)4Ph or tert-butyl, Ry is F and Rs is H.

4, A compound of formula II as in claim 1 wherein: Y, R; and R, are absent and

X forms 4-tetrathiohydropyranyl ring , W is OH or CN

OH
H
N

~
Rs is Re where Re is (CH2)sO(CHa)4Ph or tert-butyl, Ry is F and Rs is H.

5. A compound of formula II as in claim 1 wherein: Y, R; and R, are absent and

X forms a 3-pyridyl ring, W is OH or CN

OH
H
N\
Rs is Rs where Rg is (CH)sO(CHy)sPh or tert-butyl, R, is F and Rs is H.

6. The process of synthesis of compounds of claim 1.
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7. A compound as in claim 1 selected from the group consisting of:
Salmeterol-phosphate-16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-
21-(4-methylpiperazinium)-pregna-1,4-diene-3,20-dione[11B,16a(R)];
Albuterol-phosphate-  16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-
21-(4-methylpiperazinium)-pregna-1,4-diene-3,20-dione[11B,16a(R)];
Salmeterol-phosphate - 16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-
21-methylsulfonium-pregna-1,4-diene-3,20-dione[11B,16a(R)];
Albuterol-phosphate-16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-
21-methylsulfonium-pregna-1,4-diene-3,20-dione[11[,160(R)];
Salmeterol-phosphate-16,17-[(Tetrahydro-thiopyranylium)bis(oxy)]-9-fluoro-11,21-
dihydroxy-pregna-1,4-diene-3,20-dione[118,16a(R)];
Albuterol-phosphate-16,17-[(Tetrahydro-thiopyranylium)bis(oxy)]-9-fluoro-11,21-
dihydroxy-pregna-1,4-diene-3,20-dione[118,16a(R)];
Salmeterol-phosphate-16,17-[Pyridynium-3-methylene)bis(oxy)}-9-fluoro-11,21-
dihydroxypregna-1,4-diene-3,20-dione[11B,16a];
Albuterol-phosphate-16,17-[Pyridynium-3-methylene)bis(oxy)]-9-fluoro-11,21-
dihydroxypregna-1,4-diene-3,20-dione[11[,16a];
Salmeterol-phosphate-16,17-[Pyridynium-3-methylene)bis(oxy)}-9-fluoro-11-
hydroxy-21-cyano-pregna-1,4-diene-3,20-dione[11B,160.]; and
Albuterol-phosphate-16,17-[Pyridynium-3-methylene)bis(oxy)]-9-fluoro-11-hydroxy-

21-cyano-pregna-1,4-diene-3,20-dione[118,16a].
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8. A compound of the formula III:

or pharmaceutically acceptable salts thereof, wherein:
A is cycloalkyl (with carbon atom(s) optionally substituted with S, O or NR;), pyridyl or
substituted pyridyl;
B is selected from the groups consisting of NR;R,, imidazolyl, CN, SCN, SRy, Cl, F, OH,
ONO,, OCO-alkyl and OCO-aryl;
R; and R; are independently selected from the group consisting of hydrogen, aryl, heteroaryl,
loweralkyl and substituted loweralkyl, or absent, or taken together to form a nonaromatic ring
having 2-10 atoms selected from C, O, S, and N.
9. A compound as in claim 8 selected from the group consisting of:
16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-21-(4-methylpiperazin-
yD-pregna-1,4-diene-3,20-dione[11B,16a(R)];
16,17-[(Cyclohexylmethylene)bis(oxy)]-9-fluoro-11-hydroxy-2 1 -methylthio-pregna-
1,4-diene-3,20-dione[11B,16a(R)];
16,17-[(Tetrahydro-thiopyran-4-yl)bis(oxy)]-9-fluoro-11,21-dihydroxy-pregna-1,4-
diene-3,20-dione[118,160(R)];
16,17-[Pyridynyl-3-methylene)bis(oxy)]-9-fluoro-11,21-dihydroxypregna-1,4-diene-
3,20-dione[11B,16¢]; and
16,17-[Pyridynyl-3-methylene)bis(oxy)]-9-fluoro-11-hydroxy-21-cyano-pregna-1,4-

diene-3,20-dione[11,16a].
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10.  An aerosol formulation for the prevention and treatment of pulmonary
inflammation and bronchoconstriction, said formulation comprising from about 10 pg to
about 1000 pg of at least one substituted phenylphosphate mutual prodrug of claim 1 wherein
said formulation is adapted to be administered by aerosolization to produce predominantly
aerosol particles between 1 and 5p .

11.  An aerosol formulation as in claim 1 wherein the mutual prodrug is prepared
as a dry powder and the formulation is administered using a dry powder inhaler.

12.  An aerosol formulation for the prevention and treatment of pulmonary
inflammation or bronchoconstriction, said formulation comprising from about 10 pg to about
1000 pg of at least one mutual prodrug of claim 1 wherein said formulation is adapted to be
administered by aerosolization to produce predominantly aerosol particles between 1 and 5.

13. An aerosol formulation for the prevention and treatment of pulmonary
inflammation or bronchoconstriction, said formulation comprising from about 10 pg to about
1000 pg of at least one mutual prodrug of claim 1 prepared as a dry powder for aerosol
delivery in a physiologically compatible and tolerable matrix wherein said formulation is
adapted to be administered using a dry powder inhaler able to produce predominantly aerosol
particles between 1 and 5 p.

14. A method fqr the prevention and treatment of pulmonary inflammation or
bronchoconstriction, comprising administering to a patient in need of such treatment an
effective amount of an aerosol formulation comprising about 10 pg to about 1000 ug of at
least one substituted phenylphosphate mutual prodrug as in claim 1.

15. A method as in claim 14 wherein when the mutual prodrug is delivered to the
lung, the phosphate group is cleaved by an endogenous enzyme and the steroid and the f-

agonist are individually released in a simultaneous manner.



