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VI TAM N D3 ANALOGS The invention relates to Vitamn Dierr] anaflo§8439-3
particularly 20- epi-16-ene analogs of Vitamin Derr] of the forppd a [err]
wherei'n R+is hydrogen, fluorine, or hydroxy, R2 is hydrogen, |ower alkyl or
hal ogen, X is =CH2 or when Ris hydroxy, Xis (HH or =CH2, and A

is-qerr].c_1 [err] , or 10 'CR'IANI'MQ BK]_1
provided that when Ais -CH2-CH2-, R2 is hydrogen or |ower alkyl. As used
herein, "lower alkyl" denotes a straight or branched chain al kyl group

containing 1 to 4 carbon atoms, for exanple, nmethyl, 15 ethyl, propyl,

| sopropyl, butyl THe ligfvahﬁéﬁdrém&s! t&evnlahﬁhembiﬂalbg, 'padtikitlarly 2oL hYl or
et hyl . Hal ogen_ neans fluaorine, .1 0di ne, %om n&l or, chforine, preferably,
fluorine. eP?'-l%SPonﬁ%%I]@géf ofoﬁmm n@fcthegfermaulan: i at i on and
inhibition of proliferation in various skin and cancer cell |ines.
Accordingly, the conpounds of fornula I seful as agents for the
treatment of hyperproliferative skin disegsesN ,such as, psoriasis.
Compounds of 5 fornula | are also usgf@l iIn thé\treatment of neopl asti c

di seases, such as, |eukemia or bredst X r and £4Boas gl and di seases,
poundq dfggormula I,
Y21, 23E- dipgs; 26, 27- bi shono- 20- epi -

such as, acne or seborrheic dernat
particularly 1[err]-fluoro-25-hydr :
chol ecalciferol, are useful in the tlfe& nment of ost@porosis. 10
Furthernore, when applied topicallyxotthe skin of a patient the

I

3
N

HO

wherein R is hydrogen, fluorine, or hydroxy, R, is hydrogen, lower
alkyl or halogen, X is =CH, or when R is hydroxy, X is (H,H) or =CH,,

H
N/ N/
C=¢_ , C=_C
/7 \ /7 N\
H H H
10 -CH,-CH,-, provided that when A is -CH,;-CH,-, R, is hydrogen or lower
- alkyl.

and Ais—C=C—, , Or

As used herein, "lower alkyl" denotes a straight or branched chain
© alkyl group containing 1 to 4 carbon atoms, for example, methyl,
15 ethyl, propyl, isopropyl, butyl, t-butyl and the like. Preferably lower
alkyl is methyl or ethyl. Halogen means fluorine, iodine, bromine or
chlorine, preferably, fluorine. |
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compounds of formula | reverse the conditions associated w th phot odamage.

Hence, by the topical application of conpounds of formula | to the skin of

patients which has been damaged through sun 15 exposure, the effects of

wri nkling, elastosis and prenmature aping -c&r be reversed | eadi ng to an

| nprovenent in the appearance of the skin. In other words, through t he

topi cal adm ni st t U L, on

of repair of der@#ﬁﬁéhnrgcgse dl}(safglg‘gg& ngwgﬁdcégﬁge?' HH%‘?(O){IH %ﬁ |&ﬁ\;a\§|5fth a
snoot her andpwimfegeuonmrapmm@w@kmmmi iqaneat i el dings. réFﬁ?@Bng sat

phar maceut i cg {1 bf%rﬁﬁﬂﬁrlséﬂégu%ﬁﬂ”@%‘gbn@é ffdi’rtné atréatﬁféiltaof
phar maceuti ca ac tabl e a.r ri.er. Such cong)om tians. ca se
i nduci ng 25 BYPEERL H difcases:i sHchy rBﬁP?léﬁléu ‘&ésn Ognd

cancer celsl fdnﬂﬁﬁla ﬂaafe calh@rhsefﬁbrmt ltl@@turwxﬂmebﬁrméoplasmudseakes; such

di h

SUbaceous ol S IoHESRLLDY BiefitoBadiir, And SERREDNS HRRLHHEHEE ofenas
condi ti ons aaeneiat atbmﬂtmphdenﬂaﬁrhg.e Qempouvntsr of fosmulaelt ppridenlarly
treatment of | %Pfiﬁéré-kzﬁ-nféadw-ﬂ@amléﬁ@ -250PPLB8hIThe- EOf@ﬁ-s of
wrinkling, elastosis and €

remature aging. The invention also relates to the
use of the cohplasaleiferols areupsefuli in tthe Heatmaat Wl asteoRQIoSent s f or

treating qighe above nentioned di seases and conditions. The invention al so
|t or modi at o5 of FRSEETIPTR] [When ‘Sepled, (PG Pohbrio; bt Pakient the
hydroxy. In gofpguidsd off féﬁnﬁld d lrevfi{ser the | comtitibas ahssodigtedo geith or
fluorine. Pr %B%E&?éjmg(g)gp ?—fé‘ndcse, by the topical application of compounds of
formula I to the skin of patients which has been damaged through sun
15 exposure, the effects of wrinkling, elastosis and premature aping can
be reversed leading to an improvement in the appearance of the skin.
In other words, through the topical administration of the compounds
of the formula I, the acceleration of repair of dermal damage is
accomplished so as to provide the skin with a smoother and younger
20 appearance.

The invention also relates to a pharmaceutical composition
comprising a compound of formula I and a pharmaceutically
acceptable carrier. Such compositions can be used in inducing

25 differentiation and inhibition of proliferation in skin and cancer cell
lines, particularly for treating hyperproliferative skin diseases, such
as psoriasis; neoplastic diseases, such as leukemia; and subaceous
gland diseases, such as acne; as well as in reversing the conditions
associated with photodamage, particularly for the topical treatment of

30 the skin damaged through sun exposure, the effects of wrinkling,
elastosis and premature aging. The invention also relates to the use of
the compounds of formula I in the manufacture of medicaments for
treating the above mentioned diseases and conditions. The invention
also relates to a process for preparing compounds of formula I and

35 intermediates of formula XII.



of formula | are: 5 1, 25-di hydroxy- 16-ene-23-yne-20-epi-chol ecal ci ferol;
1, 25-di hydroxy- 16-ene-20-epi-chol ecal ciferol; 1,25-dihydroxy- 16-ene-23
-yne- 26, 27- hexaf | uor o- 20-epi - 10 chol ecal ciferol : 1 a-fluoro-25- hydr oxy-
16, 23Z- di ene- 26, 27- hexaf | uor 020- epi - chole%a1C|feroI 15

1[err]-fl uoro- 25- hydroxy 1 6-ene-23-yne- 26, 27- hexafluoro-

20- epi - chol ecal cj
6, 23E- di ene- 26, 2 $¢F%%%‘2 %B}Sﬂﬁﬁéfcﬁ’i F{ecall},qux 8 fomg (?rox
16, 23Z- di enefmmmlh- ReRd |1@op@efz@a§1p’ hydﬁeg@%a%uﬂapane 1 @ﬁe%}‘ﬁ y&PB!@Q
6, 23Z- di ene- u136I Zfahexafl uoro-20- 25 epi-chol ecalciferol . The

conpounds of are prepared as hereafter described in Schenes |-V
and t he Exanpl es 30 The |l ast step in the process for preparing the

conpounds sof 1{ 25 rditey droxoyqlré-eme-18pyaee2 0+ epi-chodespluifergl; conpounds
cont ai ni ng si fyl prot ected hydroxy groups. -4- SCHEME | [err] CHO [err]

1,25-dihydroxy-16-ene-20-epi-cholecalciferol;

1,25-dihydroxy-16-ene-23-yne-26,27-hexafluoro-20-epi-
10 cholecalciferol;

1o-fluoro-25-hydroxy-16,23Z-diene-26,27-hexafluoro20-epi-
cholecalciferol;

15 la-fluoro-25-hydroxy-16-ene-23-yne-26,27-hexafluoro-
20-epi-cholecalciferol;

1,25-dihydroxy-16,23E-diene-26,27-hexafluoro-20-epi-
cholecalciferol;
20 _
1,25-dihydroxy-16,23Z-diene-26,27-hexafluoro-20-epi-
cholecalciferol;

1,25-dihydroxy-16,23Z-diene-19-nor-26,27-hexafluoro-20-
25 epi-cholecalciferol.

The compounds of formula I are prepared as hereafter
described in Schemes I-V and the Examples.

30 The last step in the process for preparing the compounds of
formula I comprises deprotecting corresponding compounds
containing silyl protected hydroxy groups.



C(R2)3 wherein R err] is as described above.
X and Rlerr] are as described above.

[err]
-5- SCHEME Il C(R2)3 [err] wherein R

[err] wherein R, X are as described above and R2 i s hydrogen
SCHEME |V [err] wherei-rdR X and R[err] are as descri bed

-6- SCHEME |11
or |lower alkyl.
above. -8- SCHEME V [err]
_ SCHEME I
2,
OAc
-_—->
11

H
HO AcO AcO l

AcO

H
AcO l AcO

(CH3)38i0

AcO

(CH3)3SiO

wherein R, is as described above.



[err] OH wherein R X and R err] are as descri bed above. -9- I n above

Schene |, the conpound of forrmula Il, a known conmpound (B. M Trost, P.R
Bernstein, P.C. Funfschilling, J. Anerican_Chenical Society 101, 4378
(1979)), is converted to the conpound of “5%fornmula Il by reaction with

acetic anhydride, pyridine and di nethyl am nopyridine in a chlorinated
hydr ocar bon sol vent, such as dichl ogopEN®E. The reaction is carried out
at Oferr]Cto 50[err] pref erably room tenperaturgg, pyeferably under an
argon at nosphere.
conpound of forrmula §V|by Nsactigon with a base, 0di U ar bonat e
in an al cohol so ol, unde N N\.an don

at nosphere. 15 onpoundosf fornula IV L H he conpound
of fornmula V by reg@Eidn wtE®&kal y—eht-ormde R GH ®Ptoxide in a
chl ori nated hydrodarfbon sol vent, such as, dichl grgnmet hane, under an argon
at nosphere. 20 ®HO The co und of formula V isgconvert to the conpound
of formula VI by reaction th benzal acetone in the|presence of palladi um
on charcoal catalyst. The compound of fornula VI is]|converted to the
compound of 25 fornmula VII by reaction with a 3-tripethylsilylpropynal and
a Lewis acid such as dinethylalum num chloride in aychlorinated hydrocarbon
sol vent, such as dichl oronet hane.

Hd§

wherein R, X and R, are as described above.



The conmpound of forrmula VIl is converted to the conpound of 30 forrmula VIII
by reaction of the correspondi ng phenylthi ono- carbonate with
tri-n-butyltin hydride and triethyl borane in toluene. The conpound of

formula VIIl is converted to the conpound 8f- formula IX by reaction with a
base, such as, sodi um hydroxide in an - 10 - al cohol solvent, such as
et hanol. The reaction is carriedSCHEME HIt enperature in the range of 50 C
to 100 C, preferably 80 C. The conmpound of fommaia | X is converted to the

conpound of 5 for i
chl ori nated hydroca
conpound of fo W
reaction wt g c\ respprdi nNg
wherein Rlern]' Jls_j dI‘O@,OHOI‘ | owe
as n-butyl |ithyG@ 15 The T8iction

t he conmpounds & “fornul a ereln Ls falogemare :
of fornula X H9 reactegpni th a hal ogghdted 20 acet one, ﬁch as

hexaf | uoroacetone in the presence of jaHbase such as n-Butyl | iEhi um The
compound of fornmula Xl is convertedHOo thex}\prrespondﬁgg conp of
formula XIl by reaction with tetrabutyl ammoni um 25 fluoride in an|ether
sol vent such as, tetrahydrofuran.

3. X by reaction with 1 ripetsRoilyl)imdazole in a
bosol vent, such as anhyd met hyl ene chl oride. The
s R convg(kt)ed to agconpound of 10 fo

YRonpoundyfeNF of fornul g CR,);

CRY)3

OH
CRo3

o
& R

HO

wherein R, X are as described above and R; is hydrogen or lower alkyl.



As set forth in Schene Il, a conpound of forrmula XIl is converted to a

correspondi ng conpound of fornmula Xl1l by reaction wth an oxidizing agent
such as, pyridiniumdichromate in a chlorinated 30 hydrocarbon sol vent such
as, anhydrous nethyl ene chlori de. A cod%ound of formula XIlI is

converted to a correspondi ng conpound of formula XV by reaction with
1-(trinmethylsilyl)imdazole in a chlorinat edgdypggnggavbon sol vent, such as,
anhydrous net hyl ene chloride. 5 A conpound of fornula XIV is converted to a
correspondi ng conpound of fornmula la wherein R is hydroxy and X is =CH2, by
reaction with [3S-(1Z, 3a®5[a(r])]-[2-[3 ,5-bis [[1, :

di met hyl silyl] oxy] -wecyclohexylldene] Rp

phosphi ne oxide in ap~efhe¢r |iRQ_sol t such g oH n the

presence of n-butyl as a |base. t er nat 3of formula

XIVis converted to ) ( ﬁg conmpound\g la la wherein Ris
=W th 2s

hydrogen by 15 react i pns
[58,Z]-2-[2-[2-nethy|-H%-S-[[(l,1—d+ﬁe+hyhethyu% dinethylsEﬂXI] oxy]

cycl ohexyl i dene] et hy#® di pherygyphosphi ne oxi de Q an ethar Iike sol vent
such as tetrahydrofuran in the presence of n- butyllithiymas a base. 20
Alternatively, a conpound of fornula XIV is converted to|the correspondi ng
conmpound of forrmula la wherein Ris fluorine by reactionwith
[3S-(3a,5[err],2)]-2-[2-[2-nmet hyl ene-3-fluoro-5-[[(1, 1-
d|nethylethyl)dlnethyIS|I |'] cycl ohexyl i dene] hyl
phosphi ne oxide in a ether icawch as tetr

CRy3
OH

;
J
&

HO

wherein R, X and R, are as described above.



25 presence of n-butyllithiumas a base. Alternatively, a conpound of
formula XIV is converted to the correspondi ng conpound of formula la
wherein R is hydroxy and X is hydrogen by reaction with
[3R—(3[err],5[err],Z)-3,5-bis[[(1,1-dineth§rethyl)- 30

di met hyl si |l yl ] oxy] cycl ohexyl i dene] et hyl ] di phenyl phosphi ne oxi de in an et her
| i ke sol vent, such as tetrahydrofuran igCHR®EVesence of n- butyllithium as
a base. In the above Schene |11, a conpound of forrmula Xl | is reduced to 35
a correspondi ng conmpougd Q ydr O®e); - 12 -
and Lindlar catal yst inYan gkgani c solvent, such as, a Cofbination of ethyl

acetate, hexane and_ef§h n thg presence of qyi nolingl] A conpound of
formula XV is cony®r 0 a cXre %ﬁhding 5 conpoyrd & formul a XVl by
reaction with hyd &knce of a catalgyqt such as
1, 4- bi s(di phenyl phOypk 21, 5- cycl oo r hodi um
tetrafl uoroborate agdHnercury i N—a—ch-o-mat arbon sol vent, such

as, nmethyl ene chl ogpode. 10 A conmpound of T™erEu™Ma XVI XXIbxi di zed to a
correspondi ng conmpound of 18l a Xvi | by reacgign with pyridinium
dichromate in a chlorinated hydrocarbon sol vegp, such|as nethyl ene
chloride. A conpound of fornmula XVII is converted to correspondi ng 15
conmpound of forrmula XVII1I by reaction with 1-(trinethylsilyl)- imdazole in
a chlorinated hydrocarbon sol ygftn,ysuch as nethylene ghloride. A conpound
of formula XVIII is con§8§ edjto %orresponding 20 conpound of fornmula Ib
wherein R is hydroxy an i 23py CRy: OH CRy)s

A e——

OH

Hd§ R

wherein R, X and R, are as described above.



reaction with [3S-(1Z, 3[err],5[err])]-[2- [3,5-bis [[1,1 -dinethylethyl)-
dimethyl silyl] oxy] -2-nethylene-cycl ohexylidene]ethyl] diphenyl phosphine
oxide in the presence of n-butyllithiumas_a base, preferably at a
tenperature of -78 C in anhydrous tetrahyd?ofuran as 25 sol vent.
Alternatively, a conpound of formula XVIII is converted to a correspondi ng
conpound of fornula Ib wherein Ris hydroxy and X is hydrogen by reaction
with [3R-(3a,5 ,Z)-3,5-bisg[(1,1-dinethyl- 30 '

et hyl ) di net hyl si Iny|abewg) Sgbemeety (thecerspporpd] of fREmpld s ohikROYHi de in
the pr esencec:&fngeuhat B MhTyas@P R, Befsteina M rRuistigilliagy dr Kmesicans a

solvent. Alternatively, .a co u f la XVI1I1 js, conyerted to the .35
cor r espondi néi"GHHﬁBﬁr%ogPW | 2&78 Mi%n 1R qgnqelrt%i”% e&'Sy ComRO%Pél of
(rj_eaCE Iholn tsnhtjfbmd' §%BI| aislerxlre]aciibh- Rvitlli-{a@eticrrmﬁiwchm’ ,3plyridine- and[ [ 1, 1

I met hyl et hy | .Si Jy: 00Xyl cyc . den | - |
oxide in thediwﬁggﬂﬁéugf’p r@bﬁ?ﬂq %lzhi @Fﬁﬁla&g‘gaggaﬁé/ﬁlﬁﬂgd?@@ﬂt’ Eﬁ“&}?p{g "
t et r ahydr of uggshléfordetdinée Mhe deadtibfMiccainiéd @it at D € F0A50 eCnaprefetablya
conmpound of forrmula XVII] is cg‘%\éerted to, the corresporhdnl ng,conmpound of

formula I'b WS feRReTaig, oBESTeRIDIYe Jdesy af) (3fgon atmosphere.
[5S,Z]-2-[2-[2-nethyl ene-5-[[1,1 -di nethylethyl)

di met hyl si | yl | oh |4 | 14 ' | | t h

or acence 191 n: but b, pomicmng. OF Frgilé, H ROGPAYBRBATHS e Eofiie B’ 0°

sol vent at aforemyplar Vuby oéactits] evithCa baseabwnch 8sheediun, carbanate uind 2f

formila X1 bfohdtvesivedt, Quéh as methanol, under, preferably, an argon
atmosphere.

15 The compound of formula IV is converted to the compound of
formula V by reaction with oxalyl chloride and dimethylsulfoxide in a
chlorinated hydrocarbon solvent, such as, dichloromethane, under an
argon atmosphere.

20 The compound of formula V is converted to the compound of
formula VI by reaction with benzalacetone in the presence of
palladium on charcoal catalyst.

The compound of formula VI is converted to the compound of
25 formula VII by reaction with a 3-trimethylsilylpropynal and a Lewis
acid such as dimethylaluminum chloride in a chlorinated hydrocarbon
solvent, such as dichloromethane.

The compound of formula VII is converted to the compound of
30 formula VIII by reaction of the corresponding phenylthiono-
carbonate with tri-n-butyltin hydride and triethylborane in toluene.

The compound of formula VIII is converted to the compound of
formula IX by reaction with a base, such as, sodium hydroxide in an



correspondi ng conpound of formula Xl X by reaction with a reducing 15 agent
such as, lithium alum num hydride in an ether solvent, such as,
tetrahydrofuran in the presence of sodi um methoxi de as a base. A conpound
of formula XIX is converted to a correspo ng conpound of formula XX by
reaction with an oxidizing agent such as, 20 pyridiniumdichromate in a

chi orinat ed Ly asd9ent Oby& tas éﬂﬁ'ﬁogSTHEeEé‘é’dtfdlﬁ i§ Nt oult gogpound of

formula XX is converted to a correspongi ng compound ormul a XXl by
reaction wit teripératuretihythel rghge of550nCdterdi0® Cy precfbtahlyn&ﬂeﬁ hydr ocar bon
sol vent, such as, nethylene chloride. A conmpound of formula XXl is
converted to a correspondl ng conpound of formula Ic wherein R is hydroxy
and X is =CH2, byThe cempousd wftformula IX is converted to the compound of

[3S-(1Z, 3[ser ) byl % | silyl]oxy]
- 2- et hyl gne%lmﬁpﬁe%y})yd %Oﬁhh{vfﬂ]d eny?mg’ﬁ%oﬁgﬁmndeazg% % an et her
sol vent, suckhlprinaied; PGHP% QINepFre S[Wbséﬁcémé‘ﬁ’ ﬁolé%s@e thylene,s

n- but yl I it hi gHloride- 14- Alternati veI y, a conpound of forrmula XXl is
converted to a correspondi ng conmpound of formula Ic wherein R is hydroxy
and X is hydrogen by reaction with

[3R-(3[err], 5[ er TheZydmpomnidi e[[ﬂ)Ifmﬂa Kt by lcoaventedl-to a compound of

di et hyl |Iy X e y h e in 5 an
et her soﬁven#éﬁéﬁic%yﬁéts% Iyé Q‘o#ﬁ&gnm &{f‘ﬁé@ﬁor?@gﬁ ce 8§h§ase, such as
n-butyl lithium Alternatlvely, a conpound of forrrula XXI |s converted to a
correspondi ng conpound of forpGRekc wherein R is hydrogen by

of formula O=C wherein R,' is hydrogen, or lower

N

CR3Y);

alkyl in the presence of a base such as n-butyllithium.
15

The reaction is preferably carried out at 78°C.

When the compounds of formula I wherein R, is halogen are
prepared, the compound of formula X is reacted with a halogenated
20 acetone, such as hexafluoroacetone in the presence of a base such as
n-butyllithium.

The compound of formula XI is converted to the corresponding
compound of formula XII by reaction with tetrabutylammonium
25 fluoride in an ether solvent such as, tetrahydrofuran.

As set forth in Scheme II, a compound of formula XII is converted
to a corresponding compound of formula XIII by reaction with an
oxidizing agent such as, pyridinium dichromate in a chlorinated

30 hydrocarbon solvent such as, anhydrous methylene chloride.



10 reaction with [5S,Z] -2- [2- [2-nmethylene-5- [[1,1 -dinethylethyl)-

di met hyl si | yl ] oxy] cycl ohexyl i dene] et hyl ] di phenyl phosphi ne oxi de in an et her
| i ke sol vent such as, tetrahydrofuran, in_the presence of a base such as
n-butyllithium 15 Al ternatively, a-cdhpound of formula XXI is
converted to a correspondi ng conmpound of fornmula Ic wherein Ris fluorine

by reaction w tha éﬁflﬁ%{ rolfft{ il RIT %s[é’m[vfer'ii&l ! @neogeshondiand- [ [ (
1,1- di met hyl et byl | | . 7. -
phosphi ne oiqcﬁtap%nia' ofnEsTmRRlal XEY fﬁc,yrgg&t@q?ﬁﬁw'lﬂi?ﬁiﬁﬁhlwg%‘?%d%om

presence of ja hasslsHiaatad Rydidcrkbon hiolvents saeh a9y tanhiydrSahemethykineve,
a conpound of tpula Xl is converted to a correspondi ng conpound of

fo
formul a XXI |clbl)pr ogenation with Lindlar catalyst in the presence of
quinolinesin a 25 mxture of solvents, such as a conbi nati on of ethyl

acet at e, hexaneoﬁggaﬁgb@?@ 'ofAf 3 F?ﬁq\f;fisfgémr&%{ﬁiéoﬁglggﬁdiﬁg to a

correspondi ng ¢ or mu i y reaction w oXI gent,
such as, 30 ¢ympaundyef farmnlaofatwherein Rhisohydeaxsd anddXoénrHeH2s8Vvent

such g PR, SR (3502 XaShOIS, 5.SCOISTPLA-Sikiekny it o0 10 a
35 1 m dazol CHMEEIR b REvGD erbnlsassy cleReentiachnle Bl IdiphRprtne ')
chloridejp phosphinefokid@dundnottierr tiklea s§ienti suclonaerietdhydréfuzan in
corr espondi n&lec%r;ggeunr}% %ff B%lgtuyllﬁtﬂigmmaesr% %a@e.’ s hydroxy and X is CH2, by
Alternatively, a compound of formula XIV is converted to the
corresponding compound of formula Ia wherein R is hydrogen by
15 reaction with [5S,Z]-2-[2-[2-methylene-5-[[(1,1-dimethylethyl)-
dimethylsilyl]loxy]cyclohexylidene]ethyl]diphenylphosphine oxide in
an ether like solvent such as tetrahydrofuran in the presence of n-
butyllithium as a base.

20 Alternatively, a compound of formula XIV is converted to the
corresponding compound of formula Ia wherein R is fluorine by
reaction with [3S-(3c,5B,Z)]-2-[2-[2-methylene-3-fluoro-5-[[(1,1-
dimethylethyl)dimethylsilyl]Joxy]cyclohexylidene]ethyl]diphenyl-
phosphine oxide in a ether like solvent such as tetrahydrofuran in the

25 presence of n-butyllithium as a base.

Alternatively, a compound of formula XIV is converted to the
corresponding compound of formula Ia wherein R is hydroxy and X is
hydrogen by reaction with [3R-(30,58,Z)-3,5-bis[[(1,]1-dimethylethyl)-

30 dimethylsilylJoxy]cyclohexylidene]ethyl]ldiphenylphosphine oxide in
an ether like solvent, such as tetrahydrofuran in the presence of n-
butyllithium as a base.

In the above Scheme III, a compound of formula XII is reduced to
35 a corresponding compound of formula XV by reaction with hydroge



reaction with [3S-(1Z, 3[err],5[err])]-[2-[3 ,5-bis[[ 1,1 -dinethylethyl)- 5
di met hyl silyl]oxy] -2- nethylenecyclohexyl|dene]ethyl] di phenyl - phosphi ne
oxide in an ether solvent, such as tetrahydrofuran in the presence of a
base such as butyl I|th|un1 Al ternatively, 1% - conmpound of forrmula XXIV is
converted to the 10 correspondlng compound of formula I'd wherein Ris

P%dRr ?é%’efp?, er]r_fﬁ/cg%fgc?lg %.& ?f%éﬁur: h%olvent such as, a combination of

et hyl ) di met hgthyll pret@s) é)pesamemyql etbanpb twqu PERSERCEh 6f panineling. de in
tetrahydrofuran in the presence of a base such as n-butyllithium 15

Al ternatively, a.,conpound rrrul V.is converted to the correspondi ng
conpound of for né} £OMP e‘? F%%o@ﬁeﬁoﬁyq@gc Q dh W%Pongl&] 2- -

([12 [ﬁ lmstslhylbe ffpdund [df1 fdnlﬂuh!at)bYlIeb Pyteaction with hydrogen in the presence

i met hyl si |yl Loxy e | t [ in 20 an

et her |ike sgkvgn]ﬁ%éc}&g{] éycfhe?a% ﬁ{tg @%L‘% ﬁ?}gpﬁ%&%ﬁ’@mgﬁ%f ?3;5 base such
as n-butyl | i cyclonctadienenahiodity, tatrafimovaborase andnmiercHky Vinsaconvert ed
to the corre ei | Loy by 25
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dragees, hard @hlanﬁateglellgtdmcaﬂ)mulseﬂveml suclonas methydeneschloride.
suspensi ons. The adm ni stration can, however, also be effected rectally,
for exanple, in the formof suppositories or parenterally, for exanple, in
the formof 35 i d} exympound| of iformula XVII is converted to a corresponding

15 compound of formula XVIII by reaction with 1-(trimethylsilyl)-
imidazole in a chlorinated hydrocarbon solvent, such as methylene
chloride. '

A compound of formula XVIII is converted to a corresponding
20 compound of formula Ib wherein R is hydroxy and X is =CH,, by
reaction with [3S-(1Z,3a,5B)]-[2-[3,5-bis[[1,1-dimethylethyl)-
dimethylsilylJoxy]-2-methylene-cyclohexylidene]ethyl]diphenyl
phosphine oxide in the presence of n-butyllithium as a base,
preferably at a temperature of 78°C in anhydrous tetrahydrofuran as
25 solvent.

Alternatively, a compound of formula XVIII is converted to a
corresponding compound of formula Ib wherein R is hydroxy and X is
hydrogen by reaction with [3R-(3a,58,Z)-3,5-bis[[(],1-dimethyl-

30 ethyl)dimethylsilylJoxylcyclohexylidene]ethyl]ldiphenylphosphine
oxide in the presence of n-butyllithium as a base in anhydrous
tetrahydrofuran as a solvent.

Alternatively, a compound of formula XVIII is converted to the
35 corresponding compound of formula Ib wherein R is fluorine by



- 16 - A conposition in accordance with the invention can be processed with
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di seases such,as |RUKEEdFent AVl e daeabf rgigSowhi ch need such

treatnment. More specifically, the conmpounds of fornula | as described above
can be administered orally to an adult human in dosages t hat

In above Scheme IV, a compound of formula XII is converted to a
corresponding compound of formula XIX by reaction with a reducing
15 agent such as, lithium aluminum hydride in an ether solvent, such as,
tetrahydrofuran in the presence of sodium methoxide as a base.

A compound of formula XIX is converted to a borresponding
compound of formula XX by reaction with an oxidizing agent such as,
20 pyridinium dichromate in a chlorinated hydrocarbon solvent, such as,
methylene chloride.

A compound of formula XX is converted to a corresponding
compound of formula XXI by reaction with 1-(trimethylsilyl)-
25 imidazole in a chlorinated hydrocarbon solvent, such as, methylene
chloride.

A compound of formula XXI is converted to a corresponding
compound of formula Ic wherein R is hydroxy and X is =CH,, by
30 reaction with [3S-(1Z,3a,58)]-[2-[3,5-bis[[1,1-dimethylethyl)-
dimethylsilylJoxy]-2-methylene-cyclohexylidene]ethyl]diphenyl-
phosphine oxide in an ether solvent, such as, tetrahydrofuran, in the
presence of a base, such as n-butyllithium.



30 are in the range of about 0.25 to 50 [err]g per day for the treatnent of
neopl asti ¢ di seases such as | eukem a or breast cancer. The conpounds of
formula | as described above can be administered orally, for the treatment
of hyperproliferative skin 35 di seases sudft as psoriasis, basal cell

carci nomas, disorders of keratinization, and keratosis, to warnbl ooded
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keratosis. 28n ether like solvent such as tetrahydrofuran, in the presence of a
base such as n-butyllithium.

15 Alternatively, a compound of formula XXI is converted to a
corresponding compound of formula Ic wherein R is fluorine by
reaction with [3S-(3a,5B,Z)]-2-[2-[2-methylene-3-fluoro-5-[[(1,1-
dimethylethyl)dimethylsilylJoxy]cyclohexylidene]ethyl]diphenyl-
phosphine oxide in a ether like solvent, such as tetrahydrofuran, in

20 the presence of a base such as n-butyllithium.

As set forth in Scheme V above, a compound of formula XII is
converted to a corresponding compound of formula XXII by
hydrogenation with Lindlar catalyst in the presence of quinoline in a

25 mixture of solvents, such as a combination of ethyl acetate, hexane
and ethanol.

A compound of formula XXII is converted to a corresponding
compound of formula XXIII by reaction with oxidizing agent, such as,
30 pyridinium dichromate in a chlorinated hydrocarbon solvent, such as,
methylene chloride. |

A compound of formula XXIII is converted to a corresponding
compound of formula XXIV by reaction with 1-(trimethylsilyl)-
35 imidazole in a chlorinated hydrocarbon solvent, such as, methylene
chloride.



The conpounds of fornmula | as descri bed above can al so be adm ni stered
topically for the treatnent of sebaceous gl and di seases such as acne or
seborrheic dermatitis. 25 The useful activity of compounds of fornula
| as agents for the treatnent of neoplastig di seases can be denonstrated by
the follow ng test procedures. HL-60 Cell Differentiation 30 The induction
of differentiation of HL-60 cells was assayed by neasuring their oxidative
_burst potential via the reductlon of nltrobluetetraz [iu

NBT
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bet ween 10[ eprdseand daf[arbaseMsych ast bugylf Mhl@hock sol utions of 10[err] M

in ethanol stored at -20 C and protected fromllght) After 3 days, the

medi um was renoved fromthe wells with a It| pi pette a aced
with 100 [err]lI AftanmYQIYsoﬂquBHOPEdnﬁf i%ﬂggﬁ atlé %‘EHYQF‘?-;‘g

(PBS) witilp 2@8rre @ﬁ'@ir |comﬁdlﬁ{difcﬁ‘ P&@mﬂtaeld PWRAEreifioRl @y lydrexy adﬂdt]?@nal
hour incubat}on &l. 3 by rehttidh with [5R0345B, 75124 3% Al (L1 flethyr-of 10%
ethyl)dimethylsilylJoxy]cyclohexylidenelethyl]ldiphenylphosphine
oxide in tetrahydrofuran in the presence of a base such as
n-butyllithium.
15
Alternatively, a compound of formula XXIV is converted to the
corresponding compound of formula Id wherein R is hydrogen by
reaction with [5S,Z]-2-[2-[2-methylene-5-[[(1,1-dimethylethyl)
dimethylsilylJoxy]cyclohexylidenelethyl]diphenylphosphine oxide in
20 an ether like solvent such as tetrahydrofuran in the presence of a
base such as n-butyllithium.

Alternatively, a compound of formula XXIV is converted to the
corresponding compound of formula Id wherein R is fluorine by
25 reaction with [3S-(3a,5B,Z)]-2-[2-[2-methylene-3-fluoro-5-[[(1,1-
dimethylethyl)dimethylsilylJoxy]cyclohexylidene]ethyl]diphenyl-
phosphine oxide in an ether like solvent such as tetrahydrofuran in
the presence of a base such as n-butyllithium.

30 The compounds of formula I can be administered orally, for
example, in the form of tablets, coated tablets, dragees, hard or soft
gelatin capsules, solutions, emulsions or suspensions. The
administration can, however, also be effected rectally, for example, in
the form of suppositories or parenterally, for example, in the form of

35 injection solutions.



sodi um dodecyl sulfate (SDS) in 0.01 N HO was added. The anount of the
reduced NBT was quantified photonetrically at 540 nm using an 15 autonated
pl ate reader. The nean of 3 wells was calculated. SSEM were between 5 and
10% Val ues were expressed as percent of" dfixi mal differentiation achi eved
wi th 100-1000 nMcalcitriol in the same experinment. The concentration (nM
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25 1 a Pl uckb. B Fjr digeces andsbar drRiE6R Ehbfilss Spfapls pexpipients for
20.0 soft gelatin capsules are, for example, vegetable oils, waxes, fats,
semi-solid and liquid polyols, and the like; depending on the nature of
the active ingredient. No excipients are, however, usually required in
10 the case of soft gelatin capsules. Suitable excipients for the
preparation of solutions and syrups, are, for example, water, polyols,
saccharose, invert sugar, glucose and the like.

Suitable excipients for injection solutions are, for example,
15 water, alcohols, polyols, glycerol, vegetable oils, and the like.

Suitable excipients for suppositories are, for example, natural or
hardened oils, waxes, fats, semi-liquid or liquid polyols and the like.

20 Moreover, the pharmaceutical preparations can contain
preservatives, solubilizers, stabilizers, wetting agents, emulsifiers,
sweeteners, colorants, flavorants, salts for varying the osmotic
pressure, buffers, masking agents or antioxidants.

25 The compounds of formula I as described above can be
administered orally or by injection, for the treatment of neoplastic
diseases such as leukemia, to warmblooded animals which need such
treatment. More specifically, the compounds of formula I as described
above can be administered orally to an adult human in dosages that

30 are in the range of about 0.25 to 50 pg per day for the treatment of
neoplastic diseases such as leukemia or breast cancer.

The compounds of formula I as described above can be
administered orally, for the treatment of hyperproliferative skin

35 diseases such as psoriasis, basal cell carcinomas, disorders of
keratinization, and keratosis, to warmblooded animals which need
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19- nor - 4.5 chol ecal ci ferol f\ntl proliferative Activity in
T47-D and MCF-7 Breast Carcinoma Cells The’two cell lines used in these
experiments and their growth requirenents are |isted below 1. T47-D breast
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mg/ M MIT sqigtpeandap:- (4, 5-di met hyl t hi azol -2-yl)-2,5- di phenyl tetrazol ium
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I ncubation is continued at 37 Cfor 2.5 hours. The plates are then spun
briefly by cent rTheigaimpounds 80 faxmbla I5asi desceibedmatipven ¢an dwpirated from

et 5o oo uhfielrs L APRAINE) ot Sy ket Rt ramven ar e
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keratinization, and keratosis, to warmblooded animals which need
such treatment. More specifically, the compounds of formula I as
15 described above can be administered topically in dosages that are in
the range of about 0.5 to about 100 pg per gram of topical formulation
per day, for the treatment of hyperproliferative skin diseases such as
psoriasis, basal cell carcinomas, disorders of keratinization, and
keratosis.
20
The compounds of formula I as described above can also be
administered topically for the treatment of sebaceous gland diseases
such as acne or seborrheic dermatitis.

25 The useful activity of compounds of formula I as agents for the
treatment of neoplastic diseases can be demonstrated by the following
test procedures.

HL-60 Cell Differentiation
30
The induction of differentiation of HL-60 cells was assayed by
measuring their oxidative burst potential via the reduction of
nitrobluetetrazolium (NBT).

35 HL-60 cells were maintained in RPMI 1640 medium
supplemented with 10% fetal calf serum (FCS), 2mM L-glutamine, 1mM



15 an automatic plate reader at 570 and 660 nm Percent inhibition of cell
gromh is calculated by conparing optical densities of cells treated with
test conpounds to those of cells treated y with 0.1%ethanol. 1 ([err]

val ues are determ ned based on the Reed an® Muench fornmula (Reed, L.J., and
H. Muench, A sinple nethod of estimating fifty 20 percent endpoint. Am J.
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10 solution (1 mg/ml in phosphate buffered saline (PBS) with 200 nM
phorbol myristate acetate (PMA). Following an additional hour

incubation at 37°C the NBT solution was removed and 100 pl of 10%
sodium dodecyl sulfate (SDS) in 0.01 N HCl was added. The amount of
the reduced NBT was quantified photometrically at 540 nm using an
15 automated plate reader. The mean of 3 wells was calculated. S.E.M.
were between 5 and 10%. Values were expressed as percent of
maximal differentiation achieved with 100-1000 nM calcitriol in the
same experiment. The concentration (nM) leading to 50% of this
maximal value is determined graphically and given in Table I as EDsy.



The usef ul

activity of conpounds of formula I

of hyperproliferative skin disease can be denonstrated by the foll ow ng.

as agents for the 5 treatnent

I nhi bition of Keratinocytes Proliferation éo HaCaT cell line - The
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10

Antiproliferative Activity in T47-D and MCF-7 Breast Carcinoma Cells

The two cell lines used in these experiments and their growth
requirements are listed below:

1. T47-D breast carcinoma cells were grown in RPMI 1640 medium
supplemented with 10 pg/ml bovine insulin, and 10% fetal bovine.

2. MCF-7 breast carcinoma cells were grown in MEM (Eagles)
supplemented with non-essential amino acids, 1 mM sodium
pyruvate, 10 pg/ml bovine insulin, and 10% fetal bovine serum.



and harvested on to a 96-well G-/ C filter plate (Uni Filter, Packard) 15
using a Mcro Mate 196 cell harvester (Packard). After drying at 40[err]C

under vacuum for 20-30 mnutes, 20 [err]l .of Mcro Scint O scintillator
(Packard) were added and the radi oactivi't? ound to the filters was counted
on a TOP COUNT (Packard). The results are set forth in Table I11. 20 TABLE
11 COVPOUND IC[err] (nM 1

, 25- Di hydr oxy-chol ecal ci f erol .. 55.0
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tetrazolium bromide in phosphate-buffered saline) is added to each

10 well and incubation is continued at 37 C for 2.5 hours. The plates are
then spun briefly by centrifugation at 800 xg for 5 minutes, medium
is aspirated from wells, and 50 pl ethanol/well is added to dissolve
the formazan formed during the incubation period with MTT. After a
15 minute shaking, the optical density is determined for each well in

15 an automatic plate reader at 570 and 660 nm. Percent inhibition of
cell growth is calculated by comparing optical densities of cells treated
with test compounds to those of cells treated only with 0.1% ethanol.
ICso values are determined based on the Reed and Muench formula
(Reed, L.J., and H. Muench, A simple method of estimating fifty

20 percent endpoint. Am. J. Hyg. 27:493-497 (1938)) and the results are
presented below in Table IIL
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bishomo-19-nor-20-epi-cholecalciferol
la-Fluoro-25-hydroxy-16,23E-diene- 30

26,27- bishomo-20-epi-cholecalciferol

The useful activity of comp.ounds of formula I as agents for the
5 treatment of hyperproliferative skin disease can be demonstrated by

the following.

Inhibition of Keratinocytes Proliferation

HaCaT cell line - The immortalized human cell line HaCaT was
used. *H-thymidine incorporation was measured in exponentially
growing cultures after 6 days of culture in presence of the test

compound.

Cell culture - HaCaT cells were cultured in Dulbecco's Modified
Eagle Medium (DMEM) and Nutrient Mixture Ham's F12 (F12), 3:1
(v/v, ICN) containing 4.5 g/l glucose and supplemented with 10% fetal
calf serum (Gibco, FCS), L-glutamine (Gibco, 2mM), penicillin (Gibco, 50



COMPQOUND ED50 (nM 1, 25-Di hydroxychol ecal ci fer ol

50 1, 25- Di hydroxy- 16-ene-23-yne- 26, 27-hexafl| uoro- 20-epi - chol ecal ci f er ol
<10 1, 25-Di hydroxy- 16, 23E-di ene-26, 27- hexaf | uor o- 20- epi - chol ecal ci f er ol
<10 1, 25-Di hydroxy- 16, 23Z- di ene- 26, 27- -hé%af | uor o- 20- epi - chol ecal ci f er ol
ND 1, 25-Di hydr oxy- 16-ene-23-yne-20- epi-chol ecal ci ferol

Eg éalzgl 1[1)' mhtﬁip@énc%&?itg’?n%%neQ?éﬁgg’P%g}% éﬁ%ﬁF glrfﬂc)l um honeost asi s
strong| )é g; :‘ rdclgetmmrl]@hﬂ(lﬂa\tfg/nﬂbr,em:ho&ramto?lnt I‘Q%cia I@9’59‘]302lgdblmglllmal@ht)
conseout i ve D" eEhE S G%)?Q%%ﬁﬁt?‘eﬂé.“;?éfed%ﬁﬁgﬁ?ﬁﬁgﬁﬁ?g“éﬁ%hat the end
of a 5 day tceninimimg 5% » and 9 %gmrstandop@asag@@ MSFE"349aYSi s the dose
which resylts in zero weight gain during this treatment period. The results
e cel OrUn 0 Lol e o Spukaniiny habe HEEAPcals (250 cols ip ¢
1, 25- Di hydr ogymplétece@ifidey fifedium) were seeded into 96-well culture dishes
and incubated at 37°C with 5% CO, and 95% air for 6 days. Inhibitors,
dissolved at 10 x concentration in 1% ethanol, were added
10 immediately at the beginning of the assay. 3H-thymidine (5 Ci/mmol,
Amersham) was added at a concentration of 1 pCi/well and cells were
pulse-labeled for the last 6 hours of the growth period. Cells were
then trypsinized for 10 minutes at 37°C under a vigorous agitation
and harvested on to a 96-well GF/C filter plate (Uni Filter, Packard)
15 using a Micro Mate 196 cell harvester (Packard). After drying at 40°C
under vacuum for 20-30 minutes, 20 pl of Micro Scint O scintillator
(Packard) were added and the radioactivity bound to the filters was
counted on a TOP COUNT (Packard). The results are set forth in Table

III.
20
TABLE [I
COMPOUND ICso (nM)

1,25-Dihydroxy-cholecalciferol 55.0
1,25-Dihydroxy-16-ene-23-yne- 50.0
26,27-hexafluoro-20-epi-cholecalciferol
1,25-Dihydroxy-16,23E-diene-26,27- 0.7
hexafluoro-20-epi-cholecalciferol
1,25-Dihydroxy-16,23Z-diene-26,27- ND
hexafluoro-20-epi-cholecalciferol
1,25-Dihydroxy-16-ene-23-yne-20- 93.0
epi-cholecalciferol
1,25-Dihydroxy-16-ene-20-epi- 4.0
cholecalciferol




26, 27- hexaf | uor o- 20- epi - chol ecal ci f er ol 6.0

1, 25- Di hydr oxy- 16, 23E-di ene- 26, 27- hexaf | uor o- 20- epi - chol ecal ci f er ol

2.5 1, 25-Di hydroxy- 16, 23Z-di ene- 26, 27- hexaf | uor o- 20- epi - chol ecal ci f er ol
2.5 1, 25- Di hydr oxy- 16- ene- 23-yne- 20- epi= @otecal ci f er ol

100 1, 25-Di hydroxy 16- ene- 20- epi - chol ecal ciferol

30 1[err]-Fluor 0 E%gflﬁx gbﬁﬁ)%unds of formyla I as agents for the

26, 27- hexaf | uor o- F-ehaf e le q;ox¥

6, 23Z- di ene- aeamenheo@fsebac@om gland 1 disegses neate g c,dfm%ﬂrate €3.0
The conpoundg,9éwfigsmul a | when applied topically to the skin, 5 reverse
the condition assoctfated wi th phot odamage so as to noderate and retard the
damage to the skin caused by sun exposure. The damage caused sun exposure

may incl ude DilikRG oA Cofdathare! S¥bgsite Broliferatishi frg. Vithos damage is nore

in older patients. By applying the conpounds of fornula I
topically to the skin in an 10 anount effective to reverse the conditions
associ ated wt h Sebacetarsage]lst merac isulatedt ifoomofadukti rhumq,m sehaceous glands

The compound®yo e?%@#ﬁaﬁ& ‘2‘55?%% app Bﬁtotﬁ&ﬂ RS Ghares of 't he

ski n whi ch | shata@encatlby baceons irelds Iny Efﬁ’erl Inyvest. desired.
The use s Op@%@f 8f wai)a I'The @a@@rxde&c%uwradtmsrswventlon can

ﬂ,gv;ggaf peog e consadiag F0%0 Al Gt 'serthl A’ 3% oPh xR AU

on a layer of growth—arrested 3T3 mouse fibroblasts. Cells were
plated in medium without the test compound and then given test
compound in fresh medium 24-48 hours after the initial plating. The

15 cultures were given fresh medium, containing the test compound,
every 48 hours. On the day of harvesting, the cultures were rinsed
with 0.03% EDTA (ethylenediamine tetroacetic acid) in PBS
(phosphate-buffered saline), to remove only the 3T3 fibroblasts,
followed by incubation in 0.05% trypsin/0.03% EDTA. The cells were

20 suspended, mixed vigorously to prepare a single cell suspension and
counted in a hemocytometer.

Stock solutions of compounds were made up as 102 M solutions in
degassed 100% ethanol and stored at -20°C in the dark. During
25 experimental use, the solutions, which have been aliquoted, were
brought to room temperature and used by diluting directly into
complete medium to the appropriate concentration.

The compounds were tested for the inhibition of proliferation of
30 sebaceous cell growth in vitro at 105, 107 and 10 M.
The results are summarized in Table IV as the amount of compound
necessary to inhibit the proliferation of sebaceous cells by 50% (EDsp)
in nM as compared to a vehicle-treated culture.
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Calcium tolerance test in mice

Profound changes in calcium homeostasis strongly affect the weight

development of mice.

Mice (25-30 g body weight) received daily subcutaneous
administrations of the compound for 4 consecutive days. Body weight
was registered just before and at the end of a 5 day treatment period.
The "highest tolerated dose" (HTD) is the dose which results in zero

weight gain during this treatment period. The results are set forth in

Table V.



of elastosis. 30 In formul ati ng these conpositions, any conventi onal
non-toxi c, dermatol ogically acceptable base or carrier in which a conpound
of formula | is stable can be utilized. The preferred conpositions for use
in this invention are the conventional | y- @smetic conpositions which can
contain a cosmetically active ingredient which is topically 35 adm nistered
to human skin to provide a cosnetic eff-?ggL@@ng t he conventi onal
cosnetically active materials which ca ized in - 27 - this
conposition_are included: sunscreens., penetration enhancers, noisturjizers,
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1 ,25-Dihydroxy- 16-ene-20-epi-

cholecalciferol 30
1a-Fluoro-25-hydroxy-16,23Z-diene-
26,27-hexafluoro-20-epi-cholecalciferol 8.0
1,25-Dihydroxy-16,23Z-diene-26,27-
hexafluoro-20-epi-19-nor-cholecalciferol 3.0

The compounds of formula I when applied topically to the skin,

5 reverse the condition associated with photodamage so as to moderate
and retard the damage to the skin caused by sun exposure. The
damage caused sun exposure may include premature aging, elastosis
and wrinkling. This damage is more pronounced in older patients. By
applying the compounds of formula I topically to the skin in an

10 amount effective to reverse the conditions associated with
photodamage, the acceleration of skin repair is accomplished to
enhance the skin with a smoother and younger appearance. The
compounds of formula I should be applied to that portion or area of
the skin which is affected by photodamage or in which treatment is

15 desired. The use of the compounds of formula I in accordance with
this invention can provide the effects of anti-aging and anti-
wrinkling, as well as enhance the repair of sun damaged skin.



conposi tions can contain conventional acceptable carriers for topical 20
applications which are generally utilized in these conpositions. These
conpositions may contain thickening agents, humectants, emul sifying agents
and viscosity stabilizers, such as those éénerally utlllzed I n addition,

t hese conpositions can contain flavoring agents, colorants, and perfune

uhi ch are convent hoRglddhoX SPIRAIECETR! f BHBATRGA' bf ipdhitad o o

COI’TpOSI tions cont compounds can e skin

and shoul d bﬁormuiaelatﬂly bepapiptigdo MeanfdgthQ) with ﬂusmmmuq;btta. Ruman he
;g\ljﬁgr;?l agl;)ear ance, rﬁz’%ﬁggfl&(l:gﬁpti&l' gglﬁfl g%ﬁ’oﬁé)ohll‘he%'ébrrg §§ﬁi§$lﬂ§ %a% Pgd
for a peri odl'éhzgdrﬁ@nﬁﬁﬁ moqnfgfo% at 1 dRs Bﬁ‘&ﬁt‘ﬁ rﬁ/‘l‘gﬁpounds
of for mJ|§d| :ﬁ*ﬁi@i\hﬂﬁl?eﬂﬁ)%%ﬁdl@@t anugl and tigandl nt'Fhél iliﬁen‘bﬂemethbd of
younger and s er” skin. ese, preparati.ons can | r

the need of % (?Ilerﬁ'ktJ sompothds, P?n ﬁg&ﬂb‘f} i Pb?@&a&gpﬁg%%%ﬁg g?igt
any event, téifepnr shouldarstartgivirere farpatjgmti isatheoween 3(h|and:05@omarsonfto a
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Oorrpounds of For \?2 ess m ce erra&bg strg
Jackson Labsit B 7PipEQIES oF%I bgsgipy, %tfé?"{‘mé?ntt X |P§HF§‘§ T#2CBeRoused in
yel I ow | i ghtappwdximately 30 years of age and to continue the treatment

throughout his life, in order that the effects of elastosis be reduced
and to prevent any further progression of photodamage.

15
The compounds of formula I can be administered in accordance
with this invention in any conventional suitable topical preparation,
that is, in combination with any suitable conventional carrier useful
for topical administration. Therefore, compounds of formula I can be
20 administered in accordance with this invention in any suitable topical
| composition such as a cream, ointment, soap, solution, lotion, emulsion,
shampoo, and the like. Generally, for most efficacious results, these
topical compositions contain from about .00001% to about .1% by
weight of the total composition of a compound of formula I, with
25 amounts of from about .0001% to about .01% by weight of the
composition being especially preferred. If desired, higher
concentrations may be utilized depending upon the nature and extent
of elastosis.

30 In formulating these compositions, any conventional non-toxic,
dermatologically acceptable base or carrier in which a compound of
formula I is stable can be utilized. The preferred compositions for use
in this invention are the conventionally cosmetic compositions which
can contain a cosmetically active ingredient which is topically

35 administered to human skin to provide a cosmetic effect. Among the
conventional cosmetically active materials which can be utilized in



irradiated three times per week with a bank of 8 Westinghouse Sunl anps
(FS72T12 HO peak irradiance at 313 nn) placed about 20 cm above the

ani mal s. UVB out put was neasured on an International 15 Light Research
Radi ometer, model IL 1700, using a SEE2402detector. Wth this setup, the
| anp out put was approximately 3.5 mWcnferr] and the tine of exposure for

0.06 J/ . g 17 : ' ' .
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with Luna's al dehyde fuchsin and collagen 30 by Van G eson. In this nodel,
repair is defi nedThgse htopipale sompesitipng whichi ¢ontainisompovrds nef formuda,
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is reflected by the f this zone. |In_these Studies, since the width
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of hi stol ogi gghvéiional iadditisesTaAs excipibyts| nwbictarany des utilimedoinds are
tested at th{)reeepacll'?r?ge Sthaegg %Qsﬁ@%o}ébrnnaptoesiggl[ng " &Rofdfe With this?® -
invention are preservatives, thickeners, perfumes and the like. In
15 addition, the conventional antioxidants, such as butylated
hydroxyanisoles (BHA), ascorbyl palmitate, propyl gallate, citric acid,
butylated hydroxy toluene (BHT), ethoxyquin, tocopherol, and the like
can be incorporated into these compositions. These topical
compositions can contain conventional acceptable carriers for topical
20 applications which are generally utilized in these compositions. These
compositions may contain thickening agents, humectants, emulsifying
agents and viscosity stabilizers, such as those generally utilized. In
addition, these compositions can contain flavoring agents, colorants,
and perfume which are conventional in preparing cosmetic
25 compositions.

The topical compositions containing compounds of formula I can
be applied to the skin and should be preferably applied once daily to
the skin. For obtaining the reversal of the elastosis so as to impart to

30 the skin a smooth and younger appearance, the topical compositions
should be preferably applied for a period of 6 months. After that,
compositions which contain compounds of formula I should be applied
continually to maintain the effect of younger and smoother skin.
These preparations can be applied according to the need of the patient

35 as determined by the prescribing physician. In any event, the
particular regimen for application of this composition to a patient will



The results are given in Table VI. TABLE VI 5 Conpound Dose

([err] o) Repair Zone mT[err] Contr ol
0. 0028[ err] 0. 0008 Compound A 0.1
0. 0282+0. 0092*** 0.5 0.0102+0. 006%8 * P < 0. 05, **P < 0.01, ***P <

0.001 vs vehicle control Conpound A is 1,25-di hydroxy- 1

6, 23E-di ene- 8Zn PR tEQ ,Riei sHOlafdakRid odditlé 6PIthew ng
Exanpl es are I‘OVI o further escrl bé the invention and are not

i nt ended t o Mdivid Pﬁ in any way. 15 Exanple 1
To a magnetically stirred solution of 14.06 g (25 nmol e) of

1IR[1 S*),3 t ah d t
hyl - 17§ ndene 1- ShRabetu; RetetH SFcampadl ! Roftadih foror réle ga%i tl™
at nospher ¢ 2phnaniamlaml 7 suin-eXped gkid3dammise eJemodnsiratedc asnligto

fol lowed by 53.5 nl of pyridine and 1.0 g of dinethyl am nopyri di ne. After

3.5 hr, 25 mM of nethanol was added. After 15 mn., the reaction m xture
was poured i Repairsof fUVE3-Indneed J2preal Dampge isn theyddaislesst Mouse by

di chl or onet hawen &d¢FdFoimmIpRSes were separated and the 25 aqueous
phase was extracted 2 nore tines with 500 m of dichl oronethane. The

organi ¢ phases were washed with 250 m of water followed by 750 ml of 1 M
sodi um bijgar bonat #difles$ fraicd (fdrhale, HRISAY stidih, NaLkson ICites,r 557 fweeksataldn,

o0, Svavoralipne e db UULHARROIR Bl ndlied o aclipy ligge and
[err], 7a- di niarhgiatddt ihrdenumBSephanWIeehcde @ ahank Wifi Be Westinghouse
Sunlamps (FS72T12 HO, peak irradiance at 313 nm) placed about 20
cm above the animals. UVB output was measured on an International
15 Light Research Radiometer, model IL 1700, using a SEE240 detector.
With this setup, the lamp output was approximately 3.5 mW/cm?2 and
the time of exposure for 0.06 J/cm2 was about 17 seconds; 1 MED is
approximately 0.03 J/cm2. The precise dose was delivered by a IL
844A Phototherapy Exposure Control. Daily doses were 0.03 J/cm?2
20 for two weeks, 0.06 J/cm2 for two weeks and 0.08 J/cmZ thereafter,
until a total dose of approximately 4 J/cm2 was accumulated. To
effect repair of the dermal damage, the UVB irradiation was
discontinued and the animals were divided into groups of
approximately eight and treated three times per week with various
25 concentrations of the vitamin D analogs dissolved in ethanol. All
dosing was done under yellow light. A control group treated with
acetone alone was included. Two-cm strips of dorsal skin were taken
longitudinally down the center of the irradiated (and treated) area.
Elastin fibers were stained with Luna's aldehyde fuchsin and collagen
30 by Van Gieson. In this model, repair is defined by the appearance of
a normalized dermis extending from the epidermis down to the layer
of compressed elastin. The extent of repair is reflected by the width
of this zone. In these studies, since the width of the zone varies
considerably, the area of the zone on a standard length of histological

35 section is measured by image analysis. Compounds are tested at three
doses and an approximate ED5(Q calculated.



- 30 - Exanple 2 To a magnetically stirred solution of 20.81 g (20.6 nmol e)
of 5

[IR-[1[err](S*),3a[err],4[err],7a,[err]]]-4-(acetyl oxy)-octahydro-[err], 7a-
di met hyl - 1H i ndene- 1- et hanol acetate in~28® m of methanol under an argon
at nosphere was added 8.18 g (77.2 nmmol e) of sodium carbonate. The
suspension was stirred for 16 hr and then nost of the nethanol was renoved
under reduced pressure on a rotary evaporator. The 10 concentrate was

di stributed bet wedtheageswlts grengiven imdlale MI. of ether. The aqueous phase
was extracted 3 nore times with 250 ml of ether and the ether phases were
washed with 300 mM of water, dried wt eé Jerr], filtered, and
evaporated to give 18.02 g of crude pr L omat ography on medi um
pressure Ll (Waters 500) gave, on 15 elusion with 2:1 hexane-ethyl acetate,

1.42 g unhydroly ate, Ib.038 o yreld) o
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funnel and rail ntal ned under an gon at nosphere was charged with 6.62 mnl

(75.8 mol e) | chloride fn 50 m dichloro . felkask Wi
cooled to -Eg?(;elp%ﬂhﬁ élls‘dry ice-| 25 acet%jg1 bat h; t b?%@%_(&%%;ﬁﬁ of 10}7
m (151 molle) of dinethyl- sulflbxide in o of o e was

added dropwi se at a rapid rate over 20 mn while nmaintaining the
tenperature at p-83§ 05! ] *tP < 631gr mk*+pALt(R001 RG véltlel @hntrélne reaction was
stirred for an additional 5 mn.; then a solution of 16.0 g of
[IR-[1[err](S*),3a[err], 4[err],7alerr]]-4-(acetyloxy)- 30

oct ahydro-[err], 7aCompaiund - AH isnde2S5-diley dwonxni- 16y2 FBadivines?6,27-hexafluoro-

10 20-epi-cholecalciferol
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The following Examples are provided to further describe the
invention and are not intended to limit it in any way.

15 Example 1

To a magnetically stirred solution of 14.06 g (25 mmole) of
[IR-[loe(S*),3ac,4B,7aB]]-octahydro-4-hydroxy-p,7a-dimethyl-1H-indene
-1-ethanol, in 75 ml of dichloromethane under an argon atmosphere

20 was added 47 ml. (33.8 g, 331 mmole) of acetic anhydride, followed
by 53.5 ml of pyridine and 1.0 g of dimethylaminopyridine. After 3.5
hr, 25 ml of methanol was added. After 15 min., the reaction mixture
was poured into 750 ml of 1 M phosphoric acid, and 400 ml of
dichloromethane was added. The phases were separated and the

25 aqueous phase was extracted 2 more times with 500 ml of
dichloromethane. The organic phases were washed with 250 ml of
water followed by 750 ml of 1 M sodium bicarbonate to afford, after
drying with Na,SO,, filtration, and evaporation, 19.85 g (quantitative
yield) of [1R[la(S*),3ac,4B,7aB]]-4-(acetyloxy)-octahydro-

30 pB,7a-dimethyl-1H-indene-1-ethanol acetate as a white solid.



di chl oronet hane (dried over 4A nol ecul ar sieves) was added dropw se over 20
mn. maintaining the tenperature at -65[err] During the addition a
precipitate formed. After an additional 2 in at -70[err], a solution of
42.1 m (302 mmole) of triethylamne in™7 91 of dry 35 dichl oronet hane was
added over 15 mn. The suspension was stirred for 45 mn, the cooling bath
was renoved, and the reaction m xture -31 - allowed to reach room
tenperature (1.5 hr). Mst of the dich| or o- Imaéhane was renoved on a rotary
evapor at or under reduced pressure (roo ture bath) and the residue
was equilibrated with 500 mMl of water and 750 ml of ether. The aqueous

Pehed r o toaT8Ca mashrHERuY! dfbrdd sothybh, S (.8808 GE6HREOA"GPCS
drying wih ﬂﬁ-@}a(}&ﬁ[ 3a0)4p ﬂal,N]a{*r(Gwetﬁm%vap@@df@nﬁ{ﬂﬂiéﬂmeéhﬁ( ed
pressure, 156,04 f%f gfe{ﬂsn&' Q{%@&m %@d%em pﬂe%fu?fetﬁ&ﬁ&l%a@ﬁy af

silica gel using actions col lecté under
a nitrogen latmosphespemas gdded 18.185 gy (19Aommale) off sodium carbonate. The

[1R-[1[err] (sglls)[pe%%{@r{ r\llaél[sfﬁri‘éd egren 6] hi - 4nd then most of the methanol was
(acetyl oxy)-oc g u& nmet h&- 1H-i ndene- 1- acet al deh de asl}}? col orl ess
o

oi | . Exanpl efn9¥ ced| pyessure en §o|r9ﬁr8n°8flpﬁ *505' 95 mol e)
of [1R 19 concentrate was distributed between 300 ml of water and 250 ml of

TH ndene- 160ttt o ARGORh Rhash b Eitaptal B diien ity e olF o
added 100 ngem‘erlﬁﬁrﬁpdiel adhemphasesawena| wasifederwith 808, mit of owaitex, edried
tenperature, ofifif FHsPONS MRS did €9apbratddro’ give AIS0PAE of crude product.
Chromatography on medium pressure LC (Waters 500) gave, on
15 elusion with 2:1 hexane-ethyl acetate, 1.42 g unhydrolyzed diacetate,
16.08 g (90% yield) of [IR-[la(S*),3act,483,7aB]]-4-(acetyloxy)-
octahydro-B,7a- dimethyl-1H-indene-1-ethanol as a colorless oil.

Example 3
20

A two-liter three-neck flask fitted with magnetic stirring,
thermometer, and dropping funnel and maintained under an argon
atmosphere was charged with 6.62 ml (75.8 mmole) of oxalyl chloride
in 50 ml of dichloromethane. The flask was cooled to -65° in a dry ice-

25 acetone bath; then a solution of 10.7 ml (151 mmole) of dimethyl-
sulfoxide in 125 ml of dichloromethane was added dropwise at a rapid
rate over 20 min while maintaining the temperature at -62° to -63°.
After the addition, the reaction was stirred for an additional 5 min.;
then a solution of 16.0 g of [IR-[la(S*),3ac, 4B,7ap]-4-(acetyloxy)-

30 octahydro-B,7a-dimethyl-1H-indene-1-ethanol in 200 ml of
dichloromethane (dried over 4A molecular sieves) was added
dropwise over 20 min. maintaining the temperature at -65°. During
the addition a precipitate formed. After an additional 20 min at -70°,
a solution of 42.1 ml (302 mmole) of triethylamine in 75ml of dry

35 dichloromethane was added over 15 min. The suspension was stirred
for 45 min, the cooling bath was removed, and the reaction mixture



evapor at ed under reduced pressure. To the residue was added 1.40 g (9.5
nmol e) of benzal acetone and 200 ng of 10% pal | adi um on charcoal. The
suspensi on was degassed by evacuating the _flask and refilling with argon.
Then the flask was partially inmersed irr §1230[err]C 25 oil bath for 30
mn. After cooling, the contents of the flask were flash chromat ographed on

100 g of si 'él%@w?ﬁ éc}eﬁ ferﬁpélea‘ ?f}%allﬁ@:@f Qifetﬁé‘ddlbhforo-

reducti on produ enzy ace one brium xtur [err%
[err]. [orf]methang owep FeimeNedopar .aqsrotw oV aposaisio Boder | 1edncia Byebpire
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nitrate |rrpre(_i ed s|I|c % f fl}efr asses aratedth ag:ié rfd
product [errflf¢ rﬂV?Wé it R ‘ﬁ% aque ?ﬁ Wasar?%f #

3}1 deL of el utilmes) witlef 756G . mPuof fethert iand ¢loeil ethbe plnisbmwwdshgd tilnc aplcaunter
ich were s Il
and air dri e%l%éﬁgl)ﬁ%ﬁg%la ‘%ﬁg §8Q {ﬁol QFO&’P%;?X@ é‘io’% gtglrnyl eﬁgor%l?ﬁl ©
[ 3aR- ( 1E, 3aaN4;8/Q},, Tfretion) |amd @tvrapprwmm@ry ced peesspre, 15 36 g of
1Hinden- 4-of nﬁféehﬁ'Bﬁ? o8 OM@&ﬁh'Qeﬂre%,%u CHrBi 288rd} T Hg‘n on s1113,3 gellhgsifipr e

pol ar ol efin mXxt veni e

| coyld
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5 Exanpl 05 5 yﬁ F%;ZQ* B1.95 § (94% yield) of [lR-[IOL(S*) 3ac,4B,7aB]]-4-
aferr

yor oxy. 1. el an{t it o RO e racnteldehydtiens %

acetate. colorless 011

Example 4
15

To a magnetically stirred solution of 2.0 g (7.95 mmole) of [IR
[1e(S*),3ac,4B,7aB11-4-(acetyloxy)-octahydro-o,7a-dimethyl-1H-
indene-1-acetaldehyde in 10 ml of ether under an argon atmosphere
was added 100 mg of 10% palladium on charcoal. After 20 min. at

20 ambient temperature, the suspension was filtered. The filtrate was
evaporated under reduced pressure. To the residue was added 1.40 g
(9.5 mmole) of benzalacetone and 200 mg of 10% palladium on
charcoal. The suspension was degassed by evacuating the flask and
refilling with argon. Then the flask was partially immersed in a 230°C

25 oil bath for 30 min. After cooling, the contents of the flask were flash
chromatographed on 100 g of silica gel to remove the more polar
benzalacetone and its reduction product (benzylacetone) from the
equilibrium mixture of A”E A”Z, A16, and A?° indene olefins, which
are present in a ratio of 65:4:27:4, respectively. Medium pressure

30 chromatography on silver nitrate impregnated silica gel columns (two
passes) separated the desired product (A'’E) from the less polar (A'7%,
A' and A? in order of elution) olefins. Purification could be followed
by tlc plates which were sprayed with a 10% solution of silver nitrate
in acetonitrile and air dried before use. Thus, a total of 976 mg (55%

35 yield) of [3aR-(1E,3ac,4PB,7aB)]-1-ethylideneoctahydro-7a-methyl-
1H-inden-4-o0l acetate was obtained as a colorless oil.



Aflame dried two-liter three-neck flask fitted with stirrer, dropping
funnel, thernoneter, and argon inlet was charged with 22.3 g (100 mmol e) of
[3aR- (1E, 3a[err],4[err],7a[err])]-1-ethyli geneoct ahydro- 15

7a- net hyl - 1H i nden-4-o0l acetate and 300 320t dry di chl oronet hane. The
solution was cooled to -20[err] with an acetone bath by addition of dry ice
as necessary. At this point, the reagents were added increnentally.

Initially, 200 i (200 mmol e) of .AM di net hyl - _al um chl or.i de jn_hexane
was added rapi dl Theroxese spolay eolefin mpxsires KMQJV@B;’ gggérylig{)rrf;ﬂ?id;yesl ow

dropwi se addiéheenienely JreBguﬂib&Qecm b9f adds@bdnt t®na obubseduent( aldeliyds e) of
3-trinethyl -fl I I%rloy% nal diluted to 260 mM wth dry dichloronethane. The
addi ti on of r@é @ FeHIORd in this manner 4 nore tines using 100 n
(100 mmol g) of 1M di et hyl al um num chl ori de in hexane added rapidly
followed 25 by 50 ml of a solution of xtaH tRyl silyl- propynal added
slowy over 1 hr. After the final addi X (CHerr]dJ[err]-Et[err]Q
98:2) confirmed the absence of starting olefin, and the reaction mxture

was pour ed w[ggs_\{ggm@tgq{ss*,r rgdm7ﬁm&)§-§a,@j5@9’7@7@0;{@@44}@&&3- 9ol ution to
whi ch was added about 500 g of ice (fjn I,t(f erature ZOL rrl])...The

m xture 30 whé’dﬁﬁéfé"él'mﬁm@'ﬂy(%H@ietthbfisﬂﬁ’ %-ﬂautapﬂﬁf%ﬂe gl?ﬁ' ddoxi de,
and 1 1 qf eiddsn-7asl addethteThe phases were separated and the ether phase
was washed with 500 m of brine. The aqueous phases were extracted in a
counter current manner two times with 1.5 1 of ether to afford, after
drying with Na[ eAr |fisher dried itiwo-Htéro rthreedneckpflaski fittedn deith 35tirredyced

I N o R L s e
g (100 mmole) of [3aR-(1 ,3aa,4B?7aBﬁ—P—et y(f1dseneocta ydro-

15 7a-methyl- 1H-inden-4-ol acetate and 300 ml of dry dichloromethane.
The solution was cooled to -20° with an acetone bath by addition of
dry ice as necessary. At this point, the reagents were added
incrementally. Initially, 200 ml (200 mmole) of 1M dimethyl-
aluminum chloride in hexane was added rapidly dropwise over 5 min

- 20 followed, after 10 min, by slow dropwise addition over 1 hr of 50_ ml
of a solution of 55.5 g (500 mmole) of 3-trimethyl-silylpropynal
diluted to 260 ml with dry dichloromethane. The addition of reagents
was repeated in this manner 4 more times using 100 ml (100 mmole)
of IM dimethylaluminum chloride in hexane added rapidly followed

25 by 50 ml of a solution of 3-trimethylsilyl- propynal added slowly over
1 hr. After the final addition, TLC (CH,Cl,—Et,0, 98:2) confirmed the
absence of starting olefin, and the reaction mixture was poured with
vigorous stirring into 2 1 of 20% Rochelle salt solution to which was
added about 500 g of ice (final temperature was 20°). The mixture

30 was made alkaline by addition of 25 ml of 4 N sodium hydroxide, and
1 1 of ether was added. The phases were separated and the ether
phase was washed with 500 ml of brine. The aqueous phases were
extracted in a counter current manner two times with 1.5 1 of ether to
afford, after drying with Na,SO,, filtration and evaporation under

35 reduced pressure, 78 g of an oil. Medium pressure chromatography on
silica gel was complicated by the difficulty of separating the products



froma by-product, 4-trinmethylsilyl-3-butyn-2-0ol. Subsequently, advantage
was taken of the volatility of the 4-trinmethylsilyl-3- butyn-2-ol to renove
it fromthe chromatographic fractions. Thys, there was obtained 25.54 g of
nore pol ar pure major isonmer, 2.07 g of 5335 87:13 mixture (estimated by
NVMR) of mmjor and mnor isoners, and 0.53 g of pure mnor isoner. The total

T L irest o e i o
3a[err], 7[ eradvanipge r Wap- teken ofs ,th,e7301"?é§<1é‘_i3’yd}fo-tbe[ 4-twipaedlsilylrdr ny) -
4- (trimet hylidonld -o3- byt veiibve 3g- ﬂfﬁhhy'thell-bhr@@lz%togr@hi@ﬁaﬁtﬁ)nsobrhu@,ed as
a white SOlE rom et I,ace%t - hexane, mB. 66-67[err]. An analgbbcal £
sanpl e of tHBCK AHas jAYained | ai“ [%(‘%‘9%&*, olay pure major 1somer, 2.07°g of
?ﬂ er ;r]e ; Eﬁ lera_r }szzaBgfxf)ik%defes%iﬁa&d7 rJ:]ﬁ;ra%riwn_a)hy)cﬂr major &nldydnimy-isgnm_rbylaml-

i - S - 3zhbut ynyl.] - 3a- | 14 e
col orl essyoiq)'.s)“’Ekaﬂ{)I é’é}l‘?‘g lié}ﬁé@%tp%g&t%ﬁ?@r ggﬁs%;ﬁflgﬁsl %ﬁo?9%@7g§ :
(69 Mol e) ofiel@asE the major isomer).
[3(1R*, 2S*, 3a[err],7[err],7alerr])]-3a, 4,5, 6,7, 7a- hexahydr o- 3-

[ 2- hydroxy-1- nethyl-4-(trinmethylsilyl)-3-hutynyl]-3a-ngthyl- lphden- 7- ol
acetate in 300 mﬁnoﬂn@ﬂr}";w@i cﬂﬂ@bnﬁf%@!)%%@g@ggg% a[é\ggﬁlggf:ﬁ%ﬁne 25 was
adfled 351@| %é%%fhﬂ%hqbﬂ,m,Btem?achémbydh@)%ﬁm?yﬂtgxzm ymglth%/lamigr .
col or devel oped., reactiaon mxtuce was stirred.for r,an n

of net hanol &Aérla%@wkilmtli-r “i%ltbfpﬂﬁfﬁ?é“}féi‘é’t‘rﬁ%%%fmk%asa‘ie&a

ferred
to a separ atobtpidethres acovhite nsoligl from ethylf agetate—heNtaneetmep. Hi6abé°was
washed successively with 2 x 250 ml of 1 30 M phosphoric acid, 500 m of

water, and 500 m of 1 M sodium bicarbonate. The aquegus phases_vere
extracted in a cAnnapalytical esamplenofr thei minspoisemess [Salel3(1RFe2REnbi ned

ether phases3ygr#p daed-3a,4,5,6,7,7a-hexahydro-3-[2-hydroxy-1-methyl-4-
(tri-methylsilyl)-3-butynyl]-3a-methyl-1H-inden-7-0l acetate,
obtained as a colorless oil.

Example 6
20

To a magnetically stirred solution of 24.2 g (69 mmole) of [3aS-
[3(1R_*,ZS*,3a[3,7B,7aa)]-3a,4,5,6,7,7a-hexahydro-3-[2-hydroxy—1-
methyl-4-(trimethylsilyl)-3-butynyl]-3a-methyl-1H-inden-7-01
acetate in 300 ml of dry dichloromethane and 23.3 ml of dry pyridine

25 was added 25.0 g (145 mmole) of phenyl chloro-thionoformate. A
yellow amber color developed. The reaction mixture was stirred for 3
hr and then 10 ml of methanol was added. After 15 min, the reaction
mixture was transferred to a separatory funnel containing 1 liter of
ether. The ether phase was washed successively with 2 x 250 ml of 1

30 M phosphoric acid, 500 ml of water, and 500 ml of 1 M sodium
bicarbonate. The aqueous phases were extracted in a counter current
manner with 500 ml of ether. The combined ether phases were dried
with Na,SOy, filtered, and evaporated under reduced pressure to give
47 g of crude product. Flash chromatography on 500 g of silica gel

35 afforded 33.4 g (quantitative yield) of the thionocarbonate -ester.



with Na[err]SJerr], filtered, and evaporated under reduced pressure to
give 47 g of crude product. Flash chromatography on 500 g of silica gel 35
afforded 33.4 g (quantitative yield) of t%e t hi onocar bonate ester. - 34
- To a two-liter three-neck flask fitted w4h stirrer, dropping funnel,
thernoneter, and argon inlet charged with 33.4 g (69 rrrml e) of t he above

t hi-onocar bonat e u d r over
5 mn 135 ni (508‘%(%lr tyfo-H &t ?Pr&f Bgtei;(/ tﬂ]%kV\ﬁ%teﬂ qﬁ@é §1ﬁ>h€ g ?Bgﬁzmlfg
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filtration, €vapor at on’ unde uce e cru product
whi ch was fl hydrmm agldedh eften §Oongnofth§| wcwugelmmmepwaauppured

contai ni ng f'iﬁ’t%t 'S%Snil”oii F@zo%eﬂﬁixﬁa&‘f’c %&téognmﬂsm) YaP st efer Watsh 10%
sodi um car bon enove henol forne
riél%

t he reactloaje% g1
pressure chrG VAUEQYS B a%eemsa@m W (IRES e Wi Rfct s
and af f origed eﬂlferl3The( é0r Phaves ewere washed in a countercurrent manner

42171 ot hy ! g Jindes A 256 oL o e o e QYRR Stk Maas 0’
col orl ess oi ffiltiatiamy| end evaporation under reduced pressure, gave the crude
[3aS-[1(S") ., ppb&icd wHliCh' Wadohakh | diroRtatdgraphel 63 50028YOf Xifich LadEt e - 3-
product containing fractions in dichloromethane solution were washed
15 with 10% sodium carbonate to remove the phenol formed in the
reaction. Medium pressure chromatography required several passes to
remove the by products and afforded 16.13 g (70%) of pure
[3aS-[(1S*,3aPB,7B,7a0.)]-3a,4,5,6,7,7a-hexahydro-3-[1-methyl-
4-(trimethylsilyl)-3-butynyl]-3a-methyl-1H-inden-7-01 acetate as a
20 colorless oil.
Example 7

[3aS-[1(S*),3aB,7B,7aa)]-32a,4,5,6,7,7a-Hexahydro-3-[1-methyl-3-
butynyl]-3a-methyl-1H-inden-7-o0l.

25

To a solution of 5.01 g (15 mmole) of [3aS-[(1S*,3aB,7B,7aa)]-

3a,4,5,6,7,7a-hexahydro-3-[1-methyl-4-(trimethylsilyl)-3-butynyl]-
3a-methyl-1H-inden-7-0l acetate in 50 ml of ethanol was added 30 ml
(60 mmole) of 2N sodium hydroxide and heated at 80° C for four

30 hours. It was then diluted with 500 ml water-brine (1:1), and
thoroughly extracted with ethyl acetate. The combined extracts were
washed with water and brine, dried over sodium sulfate and
evaporated to dryness. The crude product was purified by FLASH
chromatography with hexane-ethyl acetate (4:1) to give 3.14 g (95.4%)

35 of the title compound.



butynyl ]-3a-nethyl -1Hinden-7-o0l. 25 To a solution of 5.01 g (15 mmle) of
[3aS-[ (I S*,3a[err],7[err],7a[err])]-

3a,4,5,6,7, 7a- hexahydro 3-[1- et hyl - 4- (trlrgethylsilyl)-S-butynyI]-

3a-net hyl - 1H-i nden-7-0l acetate in 50 m &P &t hanol “was added 30 n (60
mol e) of 2N sodi um hydroxi de and heated at 80[err]C for four 30 hours. It
was then diluted with 500 m water-bri Eg{g%g)g and t horoughly extracted
with ethyl acetate. The conbi ned extracCts re washed with water and brine,
dried over sodium sulfate and evaporated to dryness. The crude product was
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e
[SaS-?l(S* ﬁlﬂéw’ %[aemqthﬂ?'éﬁf@p%gw&sg%)%%li}ﬁﬁ%}%o 3-[1- met hyl - 3-

butynyl] 3a nmet hyl - 7- [(trimethylsilyl)oxy]-1Hindene. 5 To a solution of

3,548 (104 o) sdolgnp A0S0 180 bR Sk sen 10 100
30 nl of anhfoas@;ﬁwn%x’lrgﬁllmi@lr:srdm—l%élmthuhéﬁwtm ?(azgnethﬂrbl B- of
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oo t amper abiga-Tcd! 197800 mRH, S0 N e ﬁf‘*@%iﬁ%ﬁi“?& ned”

i ce and stirPlng Scﬁ @@Whu?@sl (ﬂFF’@l‘hﬂ}S )1814 R/EP \A&’[*‘érﬂ%(feﬂﬂlﬁg it
was thorqwhhﬁx@%ﬁer &@ésﬁ%tﬂvtédl 41e¥86M: t&i@e@@ﬂmbenﬁﬂ dxtiong! Stwaae veahed
\_/I_\nhtehc\r/\ﬁggr andell% eq d“(f(ﬂtl%\ﬁegfsgrdu's rgdsilclzé I 3 gneva Oralt56d Iﬁltggy%ﬁéf
dilution with water and brine, it was thoroughly extracted with
hexane. The combined extracts were washed with water and brine,
dried over sodium sulfate and evaporated to dryness. The crude
15 product was purified by FLASH chromatography with hexane-

methylene chloride (40:1), to give 3.55 g (85%) of the title compound.

in

Example 9

20 [1(S*),3aR-(3ac,4B,7aB)]-3a,4,5,6,7,7a-Hexahydro-1-(1,5-dimethyl-
5-hydroxy-3-hexynyl)-7a-methyl-4-[(trimethylsilyl)oxy]-3H-indene.

To a solution of 612 mg (2.10 mmole) of [3aS-[1(S*),3aB,7B,7ac]-
3a,4,5,6,7,7a-hexahydro-3-[1-methyl-3-butynyl]-3a-methyl-7-

25 [(trimethylsilyl)oxy]-lH-indene in 15 ml of anhydrous ether at -78°C
was added 1.6 ml (2.52 mmole) of 1.6 M n-butyllithium in hexane
under an argon atmosphere. After stirring for 1 hour at -78°C, 1.5 ml
(21 mmole) of anhydrous acetone was added and the stirring was
continned for 1 hour. The reaction was quenched with water-brine

30 (l:1) and extracted thoroughly with ethyl acetate. The combined
extracts were washed with water and brine, dried over sodium sulfate
and evaporated to dryness. Separation by FLASH chromatography
with hexane-ethyl acetate (9:1) regenerated 166 mg (27%) of starting
material, and gave 521 mg (71%) of the title compound.

35



15 product was purified by FLASH chromat ography w th hexane- nethyl ene
chloride (40:1), to give 3.55 g (85% of the title conpound. Exanple 9 20
[1(S*),3aR-(3a[err],4[err],7alerr])]-3a,4,5, 6,7, 7a- Hexahydr o- 1- (1, 5- di net hy
| - 5- hydroxy-3-hexynyl)-7a-nethyl -4 [(tr'rr3§hyIS|IyI)oxy] -3Hindene. To a
solution of 612 ng (2.10 nmole) of [3aS-[1(S*),3alerr],7[err],7aferr]]- 3
a, 4,5,6,7, 7a- hexahydro-3- [1-nethyl-3- buE* )ﬂ e 33pet hyI 7- 25
[(trimethylsilyl)oxy]-1Hindene in 15 m—o'?—g'rﬁy%rous ether at -78[err]C
was added 1.6 m (2.52 mmole) of 1.6 Mn-butyllithiumin hexane under an

argon at nospiRse:) PARE3 wwvaﬂ)]f 8&,4,5heur 7atHei&hgraﬁ:bq @.,5- dlilméﬂﬂylml e)
of anhydrous acetone was ad S n F'lé ont i nued for hour .
The reaction Moweﬁcheamxl ﬁ&‘t@?fi Yf‘r%& (gej?v% nd extracted

t horoughly with ethyl acetate. The conbi ned extracts were washed with water
and brine, dried ver sodl um.s fat d.e dt y aration
by FLASH chr onat ﬁflt'f’f’lﬁ Qngfeﬁ}y a@‘t%‘?e&(@ﬂ% %lfeggﬁi)rg g 166 ngy
(27% of sta(Baag4Bra’l J-3la,4 £h6, 9 ke exahyuiror 144 1,5 dime thyl+ & hsdgoourd - 35

il(S*) 3aR—(§§E&ﬁy ) Zfierr h)91a[ e[r rtﬁlﬂetgglsil%l)gx}}] ‘}a- de o%drucl)- _(1qu1 c? met hy

| - 5- hydroxyaa B mwlts‘«m ydrafyan 3mas naddeds- 3 ml 5(3Tcm§1 e) rofed M ution of
?:2:,; g?r( O¢ é?ﬂ% r ! él%ﬁrﬁ ?ﬁB‘r%de The m1xture was stirred at room
1- (E 5- L, met AP e X ié l'l;'ours th%_n ecﬁ?ut)elg with water and brine and

hexynyl) - 7a- ERtﬂ&)ttedﬂr t[h(drbuglilyﬁy\klﬁﬂ etk ydcebdiei MTBeecombifed exfracts were
washed with water and brine, dried over sodium sulfate and
evaporated to dryness. The crude product was crystalline. It was

15 recrystalized from hexane to give 360 mg (87%) of the title compound,
m.p. 115-116°C (from hexane).

Example 11

20 [1(S*),3aR-(3ac,7aB)]-3,32,5,6,7,7a-Hexahydro-1-(1,5-dimethyl-5-
hydroxy-3-hexynyl)-7a-methyl-4H-inden-4-one.

To a solution of 240 mg (0.868 mmole) of [1(S*),3aR-(3ac.,4B,7aB)]
3a,4,5,6,7,7a-hexahydro-1-(1,5-dimethyl-5-hydroxy-3-hexynyl)-7a-
25 methyl-3H-inden-4-0l in 7 ml of anhydrous methylene chloride was
added 980 mg (2.6 mmole) of pyridinium dichromate. This mixture
was stirred at room temperature for 2 hours, then additional 500 mg
(1.33 mmole) of pyridinium dichromate was added, and stirring was
continued for 2.25 hours. After addition of 30 ml ether and stirring
30 for 15 min, the mixture was filtered through Celite, and the Celite pad
was washed with 3 x 50 ml of ethyl acetate. The combined filtrates
were washed with 20 ml 1IN HC1, water, 40 ml 2N potassium
bicarbonate, and a mixture of water and brine 1:1. The aqueous layers
were reextracted with 2 x 100 ml ethyl acetate. The combined organic
35 layers were dried over sodium sulfate and evaporated to dryness. The



anhydrous tetrahydrofuran was added 3 m (3 nmole) of 1 M 10

t et rabut yl anmoni um fl uoride. The m xture was stirred at roomtenperature
for 1.5 hours, then diluted with water an rine and extracted thoroughly
with ethyl acetate. The conbi ned extracts re washed with water and brine,
dried over sodium sulfate and evaporated to dryness. The crude product was

crystal I'i ne. cHd o%i%lc'i eﬁ’% &%Ffe%d Hé[ S exang?&béx?aa@gf With( She¥anet

the title conpou !ﬁ (from 11 20 [1(S
*), 3 aR-(3a[ ey, a@qtster@} %0 3givs, 31 yafdheltlﬂelc%mapﬁﬁ hyl - 5-
hydr oxy- 3- hexynyl) 7a- net hyl - 4H i nden- 4- one To a solution of 240 ng (0. 868
nmmole) of [I(S*),3aR-(3a[err],4[err], 7 Lerr ]1.3a,4,5,6,7, 7a- hexahydr o-

1- (1, 5-di net hyl - 5- hydr.oxy- 3- hexynyl ) - yl -3Hinden-4-ol in 7 m of
anhydr ous snet hyl ene chl ori de was added 980 ng (2.6 mole) of pyridinium

di chromat e. r u for sg_then
addi ti onal SEgtigy?égggﬁwajho? 33%iirsl 1%98%—1&%&&??& %%9 dé’g@g}yl e
stirring was [(Immlmemhg&lsrflyl)cm)z}}3hhﬂxslnyAb~t%ﬁ-mdmyll -4k -dndep-4+omeher and
stirring 30 for 15 mn, the mxture was filtered through Celite, and the

Celite pad was washed th 3 x 50 m of hyl ett onbi
filtrates were \/\Eé’héds‘i\x‘-‘mnzgf Al g0 ﬁ/\dﬁ@‘ﬁc)d nﬁ(Qﬁh%}?a(g’g?‘gﬁqu)]'
bi car bonafee, 3284, 26T leh%x@hytﬁbel @ans- &Imeeh;ll-b'—h%@oﬂstueOBlShéﬁyﬂ?fB) -Tare
reextracted Wlt gdﬁ’ﬂ 8 et hyl, aget %[ onbi ned anlcﬁ yers
were dried oWRFUIYGAHTHR EPT"’aPé‘eal‘l’El éﬁw%ﬁé\? YGIAYS ety Jrigs) Was
crude produchdded P50 mgd(4y Eimsté)cmfoﬁa(trmlahbdrsﬂlyll)hnhdnaob. The
mixture was stirred for 17 hours at room temperature in an argon
atmosphere, and then quenched with 5 ml of water and stirred for 20
15 min. It was then extracted with 3 x 100 ml ethyl acetate. The extracts
were combined and washed with 5 x 50 ml of water and brine
mixture, dried over sodium sulfate and evaporated to dryness. The
crude product was purified by FLASH chromatography with hexane-
ethyl acetate (12:1) to give 255 mg (94%) of the title compound. '
20

Example 13
1,25-Dihydroxy-16-ene-23-yne-20-epi-cholecalciferol

25 To a stirred solution of 730 mg (1.25 mmole) of [3S-(1Z,3a,58)]-[2-
[3,5-bis[[1,1-dimethylethyl)dimethylsilylJoxy]-2-methylene-
cyclohexylidene]ethyl]ldiphenylphosphine oxide, a known compound,
in 7 ml anhydrous tetrahydrofuran at -78°C was added 0.78 ml (1.25
mmole) of 1.6M n-butyllithium in hexane dropwise in an argon

30 atmosphere. After stirring for 5 min, to the thus obtained red colored
solution was added dropwise a solution of 255 mg (0.736 mmole) of
[1(S*),3aR-(3aa,72aB)]-3,3a,5,6,7,7a-hexahydro-1-(1,5-dimethyl-5-
[(trimethylsilyl)oxy]-3-hexynyl)-7a-methyl-4H-inden-4-one in 4.5 ml
anhydrous tetrahydrofuran over a 10 min period, and the reaction

35 mixture was stirred at -78°C for 90 min. The reaction was then
quenched by addition of 10 ml of a 1:1 mixture of 2N Rochelle salt and



ethyl acetate 2:1, to give 214 ng (89% of the title conpound. Exanple 12 5
[1(S*),3aR-(3aferr],7aferr])]-3,3a,5, 6,7, 7a- Hexahydr o- 1- (1, 5-di net hyl -
[(trimethylsilyl)oxy] -3 -hexynyl)-?a-neté%§-4kklnden 4-one To a solutlon
of 214 nmg (0.78 mmole) of [1(S*), 3aR-(3af F.,7alerr])]- 10

3,3a,5, 6,7, 7a- hexahydro-1- (1, 5- dlnethyl 5- hydroxy- 3-hexynyl)-7a-

met hyl -4H-in 8 ded 750
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the residue was diluted with water and extracted with 3 x 100 ml
15 ethyl acetate. The extracts were washed with water and brine, dried
over sodium sulfate and evaporated to dryness. The crude product
was purified by FLASH chromatography with hexane-ethyl acetate 1:5
to give 250 mg (83%) of crystalline title compound. It was
recrystallized from 1.5 ml tetrahydrofuran by addition of 7 ml methyl
20 formate; m.p. 148-149°C.

Example 14

[1(S*),3aR-(3ac,4B,7ap)]-3a,4,5,6,7,7a-Hexahydro-1-(1,5-dimethyl-5-
25 hydroxy-3Z-hexenyl)-7a-methyl-3H-inden-4-0l

A mixture of 1.02 g (3.6 mmole) of [1(S*),3aR-(3an,4B,7aB)]1-
3a,4,5,6,7,7a-hexahydro-1-(1,5-dimethyl-5-hydroxy-3-hexynyl)-7a-
methyl-3H-inden-4-0l, 13.5 ml ethyl acetate, 34 ml hexane, 1.3 ml

30 absolute ethanol, 0.067 ml quinoline and 225 mg Lindlar catalyst was
hydrogenated at room temperature for 3.5 hours. The reaction
mixture was filtered through a Celite pad, which was subsequently
washed with ethyl acetate. The combined filtrates were washed with
IN HC1, water, 2N potassium bicarbonate, water and brine, dried over

35 sodium sulfate and evaporated to dryness. The crude product was



35 mxture was stirred at -78[err]C for 90 min. The reaction was then
quenched by addition of 10 ml of a 1:1 m xture of 2N Rochelle salt and -
38 - 2N pot assi um bi carbonate and was all owed to warmup to room
temperature. Additional 30 ml of Rochel Ie38att/ potassium bi carbonate

sol utions were added and the reaction m xture was extracted with 3 x 100 m

t hyl tate & t 1] X ' dried
over  sod um BuiifeR, B RELRINET HPRCS Rl S0t B0 Wi Hoxgie Bl ©
purified by &teaste Sh2oktigayecaPhd mig ﬁ%&ah@fethwlnt&:@pmwm, 1M gi ve 467
my (899 of gggggdgsqf}_dfhac(;%cﬂtﬁémwe. To the solution of the

trisilylated I nternedi ate 67 mg) in 4.5 mM anhydrous tetrahydrofuran was
added 7 m (7 nmole) of a 1M 10 tetrabutyl ammoni um fluoride in

tetrahydrgfuran, and this mxture was Btamphsl B§ room tenperature in argon
at nosphere for 17 hours. The reaction was {hen quenched by addition of 5 m

wat er and stirring for 20 mn. Tetrahydrofuran was then renoved in vacuum

the residue [BES%),BaReBa4P TaBol-3ad, Be17 .detBexahydra-Le(10odimetbykt hjt

acetate. The t L L vt ¢y _hrine, dried over sodium
sul fate and ‘é%&é?i’fg&%@?&%ﬁ%ﬁdﬁg gﬁul éleg?gldggt was purified by FLASH
chromat ography with hexane-ethyl acetate 1:5 to give 250 ng (83% of

et T anydr o U an, B O O o e el 2]
Exanpl e 14 3a,4,5,6?figa-hexahydro-rq-(q?g-alimet%yl-g-rﬁyc?foxy P-. JZ-%exe:iyeﬁ- a-
[1(S*), 3aR- ( 3akaiyl-3H-Biddn-4adkrin] )35 3m14aﬁthl?oﬂsi-lﬁemgﬂ;deochMﬁde was
S-dimethyl- 23483 D0 Ry ¥ "EAARNdiphRaYR! "¥hoshhdbiBudaet 5-cyclo-
 octadiene rhodium tetrafluoroborate and one drop of mercury and
15 then hydrogenated using Paar apparatus at room temperature and 50
p.s.i. pressure for 1.25 hours. TLC (hexane-ethyl acetate, 3:2) showed
that the reaction was complete. The reaction mixture was filtered
through a Celite pad, which was then washed with ethyl acetate. The
combined filtrates were evaporated to dryness. Purification was done
20 by FLASH chromatography with hexane-ethyl acetate 3:2, and then by
preparative HPLC using a silica gel column with hexane-ethyl acetate
3:2, 100 ml/min. It gave 550 mg (91%) of crystalline title compound.

Example 16
25
[1(S*),3aR(3aw,7aB)]-3,3a,5,6,7,7a-Hexahydro-1-(1,5-dimethyl-

5-hydroxyhexanyl)-7a-methyl-4-inden-4-one

To a solution of 270 mg (0.963 mmole) of [1(S*),3aR-(3ac.,4B,7aP)]
30 3a,4,5,6,7,7a-hexahydro-1-(1,5-dimethyl-5-hydroxy-hexanyl)-7a-
methyl-3H-inden-4-0l in 7 ml of anhydrous methylene chloride was
added 1.58 g (4.2 mmole) of pyridinium dichromate. The reaction
mixture was stirred at room temperature for 4.75 hrs. It was then
diluted with 25 ml of ether, stirred for additional 15 min, and filtered
35 through a Celite pad. The pad was washed with 3 x 50 ml of ether. The
combined filtrates were washed with 40 ml of 2N potassium



A mxture of 1.02 g (3.6 mole) of [I(S*),3aR-(3a[err],4[err],7aferr])]-
3a,4,5,6,7 , 7a- hexahydro-1- (1 , 5-di net hyl - 5- hydr oxy- 3- hexynyl ) - 7a-

nmet hyl - 3Hi nden-4-o0l, 13.5 m ethyl acetatge, 34 nml hexane, 1.3 nm 30
absol ute ethanol, 0.067 m quinoline and QQS'rrg Li ndl ar catal yst was
hydr ogenated at roomtenperature for 3.5 hours. The reaction m xture was
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CH[ er r] O § eradethtex §2d). t& give 254 mg (95%) of the title compopnd 15
[1(S*),3aR-(3a[err],4[err],7alerr])]-3a,4,5, 6,7, 7a- Hexahydr o- 1- (1, 5- di net hy
| -5- hydroxy-hexanyl)-7a-nethyl -3Hinden-4-ol__10 To a solution of 601

nmg (2.16 nmoie) of [1(S*), 3aR-(3a[errExample Yhrerr])]
3a, 4,5, 6,7, 7a- hexahydr o- 1- (1, 5- di net hyl - 5- hydroxy -3Z- hexenyl) - 7a-

o of 1. 4 bi DG DakBCapnraiedo e riar aeiiepefyarel 10, SRUMRRRIE
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Paar apparatus at roomtenperature and 50 p.s.i. pressure for 1.25 hours.
TLC (hexane-ethyl acetate, 3:2) showed that the_reaction was conplete. The

reaction mixtureToag solutiencef 28domsh (8-932 mmoldof HSH,3aks (337 afdd hed
wth ethyl agejgise Tha-teXaniRtd-1LE] - E g1 WPARSRY- Hox S YTV T%-
methyl-4H-inden-4-one in 6 ml of anhydrous methylene chloride was
15 added 0.8 ml (5.45 mmole) of 1-(trimethylsilyl)-imidazole. The
reaction mixture was stirred at room temperature under argon for
4.25 hrs. It was quenched then by addition of 5 ml of water and
stirring for 20 min., and extracted with 3 x 90 ml of ethyl acetate. The
extracts were washed with water and brine, dried over sodium sulfate
20 and evaporated to dryness. The crude product was purified by FLASH
chromatography with hexane-ethyl acetate (12:1) to give 308 mg

(96%) of the title compound.

Example 18
25

1,25-Dihydroxy-16-ene-20-epi-cholecalciferol

To a stirred solution of 850 mg (1.46 mmole) of [3S-(1Z,3a,5B)]-
[2-[3,5-bis[[(1,1-dimethylethyl)dimethylsilyl]Joxy]-2-methylene-

30 cyclohexylidene]-ethylldiphenylphosphine oxide in 9 ml of anhydrous
tetrahydrofuran at -78°C was added 0.91 ml (1.46 mmole) of 1.6M n-
butyllithium in hexane dropwise in an argon atmosphere. After
stirring for 5 min, to thus obtained red colored solution was added
dropwise a solution of 308 mg (0.878 mmole) of [1(S*),3aR-

35 3aa,7aB)]-3,3a,5,6,7,7a-hexahydro-1-(1,5-dimethyl- 5-[(trimethyl-
silyl)oxy]-hexanyl)-7a-methyl-4H-inden-4-one in 4.5 ml of anhydrous



20 by FLASH chromat ography wi th hexane-ethyl acetate 3:2, and then by
preparative HPLC using a silica gel colum wth hexane-ethyl acetate 3: 2,
100 M/mn. It gave 550 ng (919% of crystalline title conpound. Exanple 16
25 [1 (S*),3aR(3a[err],7a[err])]-3, 3a, 5, 6,41 7a- Hexahydr o- 1- (1, 5- di net hyl -
5- hydr oxyhexanyl ) - 7a- met hyl - 4-i nden- 4-one To a solution of 270 ng (0.963

mol e) of [I (éﬁ)d gﬁ}%ﬂﬁﬂﬁﬁ ié 4¢{ ¢ 11? ﬁé}{]l%] Pk reactio xture was
3a.4.5,6. 7 7 i R o I I T Y v HSSHOP) T

sa, 5.5 T st ot
g (4.2 mol e)1.9f nfi¥hirgi Bf L@NdR%hQHBt §alt T?ﬁﬁl s 6@981mﬁ(tﬁiﬁﬁr%ﬁﬁt§tdﬂd EIﬂ' at

roomtenperature for 4.75 hrs. |t was the I luted wt of _efhe

Stirred For  SRRRINAD 18 mom SATAPSTANES, cAles of |me05aaoc e
pad was weshed] 6ﬁS§1wm5ﬁldﬂrbOflalét, hetie xﬁngcuwtn%gﬁgxi\fgt:tgdahﬁlr}g@r& V‘ﬁ‘?";ed
The. aqueous. I d¥s SHETE “eRtata. THRF \GORPEER. S3ARISE Mestn JTashet: 3008 Sgibe
conbi ned orgalned Icm;&rr sodiurm dulfatt caml esapiovatesluté adeymesd. éDM)oraﬁwletwas
0ryness. 1 g PHROFSIASRE cBbA S LARY | AAEAELIANTARLE (S0 o
Exanple 17 give 541 mg of sﬂylated 1ntermed1ate
{7 St o o S et ey o
254 m (0y91 sclayioturan Tyas) added () el (5 remale] 'of 1 M iStrabuty
3,3a, 5, 6, 7, 7anhmeonliyer fdorfide 5nﬂl teeidhyidrofimadr and- hB& agolukiotd-was stirred at
room temperature under argon for 23 hours. The reaction was
quenched with 5 ml of water and stirring for 20 min. After addition of
15 25 ml brine, it was extracted with 3 x 100 ml of ethyl acetate. The
combined extracts were washed with water and brine, dried over
sodium sulfate and evaporated to dryness. The crude product was
first purified by FLASH chromatography with hexane-ethyl acetate
(1:9), and then by HPLC (silica gel column) with ethyl acetate to give
20 296 mg (81%) of crystalline title compound, m.p. 124-125°C (methyl
formate).

Example 19

25 [3aR-[1(S*),3a0,4B,7aB]]-3,3a,5,6,7,7a-Hexahydro-7a-methyl-1-[6,6,6--
trifluoro-5-hydroxy-1-methyl-5-(trifluoromethyl)-3-hexynyl]-4-
[(trimethylsilyl)oxy]-3H-indene

In a 100 ml heart-shaped flask fitted with a gas inlet was placed
30 a solution of 1 g (3.44 mmole) of [3aS-[1(S*),3aB,7B,7ac]-32,4,5,6,7,7a-
hexahydro-3-[1-methyl-3-butynyl]-3a-methyl-7-[(trimethyl-
silyl)oxy]-1H-indene in 25 ml anhydrous tetrahydrofuran. After
cooling at -78°C, 3.2 ml (5.16 mmole) of 1.6M n-butyllithium in
hexane was added dropwise over a 10 minute period, and the
35 resulting mixture was stirred for 30 minutes. After adding 10 ml



nmet hyl -4Hi nden-4-one in 6 m of anhydrous nethyl ene chloride was 15 added
0.8 M (5.45 mole) of 1-(trinethylsilyl)-imdazole. The reaction m xture
was stirred at roomtenperature under argon for 4.25 hrs. It was quenched
then by addition of 5 m of water and st1 ¥4 ng for 20 mn., and extracted
with 3 x 90 m of ethyl acetate. The extracts were washed W|th wat er and

brine, driedg,g té@[@d'l and ad PAt a crude
product was ur??f@gpdb gﬁhﬁr or’mt oggrae%}? o ﬁsﬁaﬁgﬂfegég}ﬁ? eagje}l"[gate
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- _tetrahygy Ohwtéﬂap\/ﬁfd q.19 g (7398) igfdthel hitlé emhpSindi xt ure was stirred at
-78[err]C for 2 hours and thén quenched by addition of 10 ml of 1:1 mxture

of 2N Rochell e salt and 2N potassi um bi carbonate and by warm ng up to room
tenperature. Aft#m trdisecond oéxBrimentyf tdRotieelsbbution of the starting acetylene

1.38 g (4.75 mmole) in 20 ml of anhydrous tetrahydrofuran at -78°C
in argon atmosphere was added dropwise over 10 min, 4.5 ml (7.2

15 mmole) of 1.6M n-butyllithium in hexane. After stirring for 30 min,
hexafluoroacetone was bubbled at a slow rate for 2 min, stirred for 30
min, bubbled for an additional minute, stirred for 60 min, and finally
bubbled for 30 sec and stirred for 30 minutes. At this time TLC
showed the reaction complete. In this experiment the reaction was

20 quenched with 2N Rochelle salt, and the purification by FLASH
chromatography was with hexane-ethyl acetate (14:1). It gave 197 g
(91 %) of the title compound.

Example 20
25

[3aR-[1(S*),3ax,4P,72B]]-3,3a,5,6,7,7a-Hexahydro-7a-methyl-1-[6,6,6-
trifluoro-5-hydroxy-1-methyl-5-(trifluoromethyl)-3-hexynyl]j-3H-
inden-4-o0l

30 To a solution of 1.17 g (2.56 mmole) of [3aR-[1(S*),3ac,4B,7aB]]-
3,3a,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-hydroxy-1-
methyl-5-(trifluoromethyl)-3-hexynyl]-4-[(trimethysilyl)oxy]-3H-
indene in 20 ml anhydrous tetrahydrofuran was added 7.12 ml (7.12
mmole) of 1M tetrabutyl ammonium fluoride in tetrahydrofuran and

35 stirred in argon atmosphere for 3.5 hours. The reaction mixture was
then diluted with 250 ml of water-brine 1:1 mixture, and extracted



5 sal t/potassi um bi carbonate, the m xture was extracted with 3 x 100 m of
ethyl acetate. The conbi ned extracts were washed with brine, dried over

sodi um sul fate and evaporated to dryness. e residue was purified by FLASH
chromat ography wi th hexane-ethyl acetate™5®. T to give 541 ng of silylated
intermediate. 10 To the solution of this intermediate in 5 m of anhydrous
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fluoride in tetr 8na 19{‘)éonvva stirred
tenperature 8Rde r’é\egoﬂnP r O¥ST ppshum t@aé{l ofiVIRRr n'i?n y%FF?r 5 n

of water andpgkificdtith foff (B cfude Produictaditst IMeOEglFLKSHmchbﬁmeognaph\yaS
i ned extracts were

extracted w h te The

washed with %%t%y a% btpgngéa%& %tijtﬁ‘?/i}t & SRt BB and evaporated to
dryness. 3he76|=il6éCpraftarcu'ema§taluz&101pufrDm eaexanel- ASH chr onat ogr aphy wi t h
hexane-et hyl acetate (1:9), and then by HPLC (silica gel colum) wth ethyl

acetate to give 20 296 ng (81% of crystalline title conpound, m p.
124-125[err]C (nethyl formate). Exarrplé_aﬂm__21

[3aR—[1(S*) 3aferr],4[err],7alerr]]]-3, 34,5, 6,7, 7a- Hexahydro- 7a-nmet hyl - 1-[ 6

trifl d -3-h -4
[(t r| nmet LIyI srﬁﬁq:))o%% gﬁ‘¥ﬂl@@§e§% 3 qg&?ﬁ Hgéﬁ?ﬁ ﬁd%&i?qhg'zypyéll’pe% wth
a gas inlgt wEflwdes-Si3Arox pd-methylob-triflidrémerntly)3diexynyl]-4H-
[3aS-[1(SY), 3a errbljherr] ,7alerr]]-3a,4,5,6,7, 7a- hexahydro-3

-[ 1- met hyl - F?n -3arrethy| 7- [(trlrrethyl- silyl)oxy]-IHindene in
25 m anhydrous tetrahydrofuran. After cooling at -78[err]C, 3.2 m (5.16

mmol e) of 1.6M nyiubyédintidnu6T '284hea<g1r(9 wm@%gdoﬂr[samaeswﬁaatglﬁampute
period, and the 35 resulting m xture was _stirre
addi ng 10 m 3,3a,5,6,7,7a-hexahydro-7a-methyl-1 -[6,6,6-trifluoro-5-hydroxy-

15 1-methyl-5-(trifluoromethyl)-3-hexynyl]-3H-inden-4-01 in 10 ml of
anhydrous methylene chloride was added in portions 2.15 g (5
mmole) of pyridinium dichromate and the reaction mixture was
stirred at room temperature for 5 hours. After addition of 50 ml of
ether and stirring for 15 minutes, the reaction mixture was filtered

20 through Celite pad, which was subsequently washed with 3 x 50 ml of
ethyl acetate. The combined filtrates were washed with 2N HCI,
water, 2N potassium bicarbonate, water and brine, dried over sodium
sulfate, and evaporated to dryness. The crude product was purified by
FLASH chromatography with hexane-ethyl acetate (3:1), to give 259

25 mg (91%) of the crystalline title compound.

Example 22

1,25-Dihydroxy-16-ene-23-yne-26,27-hexafluoro-20-epi-
30 cholecalciferol

To a stirred solution of 987 mg (1.69 mmole) of [3S-(1Z,3c,58)]-[2-
[3,5-bis[[(1,1-dimethylethyl)dimethylsilyl]Joxy]-2-methylene-
cyclohexylidene]ethyl]diphenylphosphine oxide in 10 ml of anhydrous

35 tetrahydrofuran at -78°C was added 1.05 ml (1.69 mmole) of 1.6M n-



- 42 - anhydrous tetrahydrofuran, a stream of hexafl uoroacetone was bubbl ed
into the mxture for one mnute. After 1 hour and 15 m nutes of stirring
TLC showed that the reaction was about 70% conplete. At this point the
reaction was quenched by addition of 25 m4%aturated 5 brine, follow ng by
warmng to roomtenperature. It was then extracted with hexane. The

nbi ned ' th b | f at
ond evapor ar ST ARHOACHE HERSeTERENE th PR "rachl ABhORKSre Tl Suy 2t
FLASH chr orrast;gmaghiom 5 minutes,- s hmuSa@btﬁnéd(n_@ golomd §oglau@n 2W@Srrg
(2799 of staplied &R 8 hadolafidnlof 239 (rﬁ% §0.8771 Rfinble)
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n- bu i thi a stirging for m n, . hexaf |_uoroacet an
bubh! od ot asosh, #ER e ieﬁiah drgfuratly ang) s, OhtalngH, rEacHeR  ghxtws
addi ti onal miwast sfireed ratedJ8°6 fo0 lnlmulan’Hhm realctipnbwss| ther (quemhsdcbynd
t d f t { ' I I

Thi s exper madiiol' ¢ 2N RocHelle sER folbimaouRy, by IcRE 3P, HAH Bboo "

the purificatfpem ﬂynm%gmr@hréﬂ@zrogddm@nmfs saiteratedxbrigeet iy Wasc exirasted
(14:1). Ifp Q@H@rcﬂu gvsﬁ@ﬁ- %ﬁl’f atdatd.| TR CUmMPRY. RXAR Swéhe 2wakRad

1(S *),3alerr dr o- (a- net hyl - 1-
%6,(6, 62 tri[fl #a@x@ n€¥lﬁ§| °§§{t$9‘;1pﬁbr Ry pRd 3. hexynyl] 3H

i nden- 4- ol evaporated to dryness. The residue was purified by FLASH
chromatography with hexane-ethyl acetate (9:1) to give 370 mg of
intermediate disilyl ether.

15 To the solution of this intermediate (370 mg) in 10 ml of anhydrous
tetrahydrofuran was added 3 ml (3 mmole) of a 1M tetrabutyl-
ammonium fluoride in tetrahydrofuran, and thus obtained reaction

- mixture was stirred at room temperature overnight. It was then
diluted with water and brine and extracted thoroughly with 4 x 50 ml

20 of ethyl acetate. The combined extracts were washed with water
and brine, dried over sodium sulfate, and evaporated to dryness. The
crude product was purified by FLASH chromatography with
hexane-ethyl acetate (1:4) to give 249 mg (71%) of the title compound
as a foam.

25

Example 23

[3aR-[1(S%*),3a0,4B,7aB]]-3a,4,5,6,7,7a-Hexahydro-7a-methyl-1 -[6,6,6-
trifluoro-5-hydroxy-1-methyl-5-(trifluoromethyl)-3E-hexenyl]-3H-
30 inden-4-ol

To a under argon stirred suspension of 165 mg (4.34 mmole)
lithium aluminum hydride in 15 ml anhydrous tetrahydrofuran,
cooled in an ice-bath, was first added 235 mg (4.34 mmole) of solid

35 sodium methoxide, and then dropwise 334 mg (0.87 mmole) of
[3aR-1(S*),3a0,4P,7aB]]-32,4,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-



30 To a solution of 1.17 g (2.56 mol e) of

[3aR-[1(S*), 3aa, 4[err],7alerr]]]- 3,3a,5,6,7, 7a- hexahydro- 7a- net hyl -
[6,6,6-trifluoro-5 hydroxy 1- nethyl - 5- (trlfluoronethyl) 3- hexynyl ]
-4-[(trinmethysilyl)oxy]-3H indene in 20~ rft5 anhydrous tetrahydrofuran was
added 7.12 m (7.12 mmole) of 1Mtetrabutyl ammoniumfluoride in

hydr of 1l
eyt Ui oo sl i peresss e 0 SR
and extract einden-4- QIS dlSStPﬂé’ledughl JOwmlh oft Iﬂ}lh}’ét@isattétfahﬁéf%ﬁ&fﬁact'g Qiethals

washed with %tﬁheénﬁeztlftid’tﬁ mdiﬂueéi wuer headduiindet f wffu:an@0c ) pforaes to

dryness. Purificati e, cr.ude prooduct was done b FLASH chr.qmat ogr aphy
to give 946 u{%G%% t[fll'fg lF%teéoﬁliﬂfu > IRAGHOR Was 7%?@1’?? f]?
recryst al iszamigoufer @Vradmomed iﬁ<aﬁ‘pl1ee-2)hth and then quenched carefully with

1(S*), 3aR- 3 1- 10
L1 1 Uor o- 5. At Bhyvercad) 1 ontCo: Sodinbf BB héi%a"ﬁ% 0
To a sol uti oof oéthegs ihgv4Q sTdredhd).8) hotr, 2.2 g magnesium sulfate was added,
3aR- [ 1( S

5.0, 5,5, 7 TG IR @ hofft BGE] ang eveporaeg o st e 393

1- net hyl - 5- (mgf(| @Q ohwfhorystall W@x Fompaunde (ThLopura)-10 m of anhydrous
met hyl enggchl ori de was added in portions 2.15 g (5 nmol e) of pyridinium

di chromate and the reaction m xture vv@ stirlreglat roomtenperature for 5
hours. After addition of 50 m of ethefX ring for 15 mnutes, the
reaction mxture was filtered 20 through Celite pad, which was subsequently

washed wi th $1 P 3aR5a61 Fih) 8863, 8,7, TACERAHRYES-7hlieth §P- 1486 % gashed
trifluoro-5-hydroxy-1-methyl-5-(trifluoromethyl)-3E-hexenyl]-4H-

15 inden-4-one

To a solution of 256 mg (0.66 mmole) of [3aR-[1(S*),3ac,4B,72aB]]-
3a,4,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-hydroxy-1-
methyl-5-(trifluoromethyl)-3E-hexenyl]-3H-inden-4-0l in- 10 ml of

20 anhydrous methylene chloride was added in portions of 1.12 g (3
mmole) of pyridinium dichromate, and the reaction mixture was
stirred at room temperature for 4 hours. After addition of 25 ml of
ether and stirring for 15 minutes, the reaction mixture was filtered
through a Celite pad, which was subsequently washed with 3 x 20 ml

25 of ethyl acetate. The combined filtrates were washed with 2N
potassium bicarbonate, water and brine, dried over sodium sulfate
and evaporated to dryness. The crude product was purified by FLASH
chromatography with methylene chloride-ethyl acetate (9:1) to give
230 mg (90%) of crystalline title compound.

30



wat er, 2N potassium bi carbonate, water and brine, dried over sodium

sul fate, and evaporated to dryness. The crude product was purified by FLASH
chromat ography with hexane-ethyl acetate (3:1), to give 259 25 ng (91% of
the crystalline title compound. Exanple 2#61-, 25-Di hydroxy- 1

6- ene- 23-yne- 26, 27- hexaf | uoro- 20-epi - 30 cholecalciferol To a stirred

solution of 987 ng (1.69 nmmol e) of [3;’éﬁl§@,%err])]-[2- [3,5-bis[[( 1,1

-di net hyl et hyl ) di met hyl si | yl ] oxy] - 2-
cycl ohexyl i dene] et hyl ] di phenyl phosphi ne oxide in 10 m of anhydrous 35

tetrahydr of uf: a},sakakswmﬂyas,3@',@%6,'4,7%5}1!&&&&8-%@&%11@,%,69-
- 44 - butyl i, ter

I'um in _hexan rQpw se in an argan atposphere. A
stirring fortriblyR égFrlFEFtE‘W&ﬁH\ﬁ%’F)ﬁ gthY. ﬁoF@gﬂg‘Zﬂq}{lPWW&§Eadded
dropwi se g shexen9l]-fH2Ofdew-4-de/7 mole) of [1(S*), 3aR _
(3aferr],7alerr])-3,3a,5,6, 7, 7a- hexahydro -7a-nmethyl -1[6,6,6-trifluoro-5- 5
hydr oxy- 1- met hyl -5-(trifl uoronet hyl)-3-hexynyl]-4Hinden-4-one in 5 ni
anhydr ous tetrah¥drafstimed soldtiohuef @6i8ainmg dOc&HE tmmole) afufléSWp3aRti rred
at -78[err] 4l g, 1z > _hen hedgby addic i of 2N
Rochel | e saﬁég%fh%?’g%bﬂgy?gﬁyvﬁ%r%é]\%otv\grgmn%gﬁ?ghlregghg’tﬁgqpkgggﬁ?g
After additibrpdsexyal tmgtb}dl-ti-(trreﬂwqromtheﬁlbfﬁtlmmylﬂhor6£mg}em4+one
i od oval sy Gl DT ARG ARy ehiel CRSAD A rOohf! Siniduite Vs
~dried over sodiu - .

purified by ?&é@ﬂ @ﬁ%ﬂfa@gﬁh ) ﬁ’gx n@@?—@ﬁﬁ@é’&kﬂ@l @?(ii?,t%ilfbiﬂl@

370 ng of i ntewotivh anéxuiirsi Was stitfgd at room temperature overnight. The
reaction mixture was then diluted with water and extracted
thoroughly with hexane. The combined extracts were washed with

15 water and brine to neutrality, dried over sodium sulfate and

evaporated to dryness. The crude product was purified by FLASH
chromatography with hexane-ethyl acetate 9:1 to give 310 mg (97%)
of the title compound.

20 Example 26

1,25-Dihydroxy-16,23E-diene-26,27-hexafluoro-20-epi-cholecalciferol

To a stirred solution of 725 mg (1.24 mmole) of [3S-(1Z,30.,5B)]-[2-

25 [3,5-bis[[(1,1-dimethylethyl)dimethylsilyl]Joxy]-2-methylene
cyclohexylidene]ethyl]ldiphenylphosphine oxide in 15 ml of anhydrous
tetrahydrofuran at -78°C was added 0.78 ml (1.24 mmole) of 1.6M n-
butyllithium in hexane dropwise in an argon atmosphere. After
stirring for 5 min, to thus obtained red colored solution was added

30 dropwise a solution of 307 mg (0.672 mmole) of [I(S*),3aR--
(3aa,7aB)-3,3a,5,6,7,7a-hexahydro-7a-methyl- 1-[6,6,6-trifluoro-5-
(trimethylsilyl)oxy-1-methyl-5-(trifluoro-methyl)-3E-hexenyl]-4H--
inden-4-one in 9 ml of anhydrous tetrahydrofuran. The reaction
mixture was stirred at -78°C for 2.5 hrs and then quenched with

35 water and allowed to warm up to room temperature. After further
dilution with water, it was extracted with 3 x 30 ml ethyl acetate. The



15 To the solution of this internediate (370 ng) in 10 mM of anhydrous
tetrahydrofuran was added 3 m (3 mmple) of a 1IMtetrabutyl- ammoni um
fluoride in tetrahydrofuran, and thus obtained reaction m xture was stirred
at roomtenperature overnight. It was therddi-luted with water and brine and
extracted thoroughly. with 4 x 50 ml 20 of ethyl ac'et ate. The conbi ned

ext ract s et & SEN Wil N SE Wa A Gyl Wil Vil SR G e a0

evaporated to dryness Wa's pur|
chr omat ogr ap8gdiimh salfaten ansk Wlapanatsdt (drympss.o ng\IElSZIDbtaiged?d%ll}df t he
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[I?,aR- (10 gE) ?%ﬁ[le;lfrfl I%’éﬂmgé \ﬁé fified by FLASH chromatolgrag tHl 106

6,6- triflu ﬁ)&ﬂeiatﬁet h{/ g%&f’?lﬁi%o%élafhﬂ es@ﬁ@%&gﬂr{? (ther 30

i nden- 4-ols TQSasﬂ 1OUP Shad egiplsaah sdeingf thd reabtion) 34 mol e)
l'ithium al um num %ydrl ? [ ? 15 mm;ﬂnhydrous tetgahydrof uran, cooled in an

I ce-bath, was first added 235 ng (4.34 nmole) of solid 35 SOdI um net hoxi de,
and then dropw s&'c33He nspl@biod7 ofimthlis)indérmediate (449 mg) in 10 ml anhydrous

o4 10 e A 28 P ERdB e i (o

, 6- - 45 | orone
- hexynyl] 3HaAMMEaHI- &luqndgouneébtrahmdroffurm @Ird]yﬂTWUSDhtét yreactionan.
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2.5 hours, when TLC.indicated t react.| m xt.ure

on [ ete.
was cool ed i QUgAChed. wath, lcﬁﬂénﬁf‘éjn ]géﬁgheéﬂé‘&?‘ﬁa‘ﬁ’rtﬁ teh and r1ne and

extracted with ethyl acetate. The combined extracts were washed with
water, dried over sodium sulfate and evaporated to dryness. The
crude product was purified by FLASH chromatography with

15 hexane-ethyl acetate (1:2) to give the title compound as white foam,
291 mg (83%).

Example 27

20 [3aR-[1(S*),3ac,4B,7aB]]-3,3a,5,6,7,7a-Hexahydro-7a-methyl-1-[6,6,6-
~ trifluoro-5-hydroxy-1-methyl-5-(trifluoromethyl)-3Z-hexenyl]-3H-
inden-4-ol

A mixture of 1.62 g (4.21 mmole) of [3aR-1(S*)-3ac,4B,7aB]]-

25 3,3a,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-hydroxy-1
-methyl-5-(trifluoromethyl)-3-hexynyl]-3H-inden-4-0l, 16 ml of
ethyl acetate, 40 ml of hexane, 1.6 ml of absolute ethanol, 0.080 ml of
quinoline and 320 mg of Lindlar catalyst was stirred under hydrogen
atmosphere for 70 min at room temperature. It was then filtered over

30 Celite and the filter cake was washed with 3 x 60 ml of ethyl acetate.
The filtrate was washed with 25 ml of IN HC1 and 4 times with a
mixture of water and brine. The aqueous layers were extracted with 2
X 90 ml of ethyl acetate. The combined organic layers were dried over
sodium sulfate and evaporated to dryness. The crude product was

35 purified by HPLC on silica gel column with hexane-ethyl acetate (3:1),



1m of water and 1 m 2N sodi um hydroxi de. After addition of 20 m of
ether, it was stirred 0.5 hour, 2.2 g magnesium sul fate was added, stirred
for 0.5 hour, filtered and evaporated to dryness. It gave 335 ng (100% of
crystalline title conpound (TLC pure). 10 *Xanple 24
[1(S*),3aR-(3a[err],7[err])-3,3a,5,6,7, 7a- Hexahydro- 7a- net hyl - 1-[ 6, 6, 6-

trifluoro-5- o] 1. e Sadctar iy f I - 35 e - .

i nden- 4- one o&_g ggpu%ﬁ%fmZ n&é%%gﬁmg %‘E hie %Hpou‘ﬁ'd‘ aswhite
[3aR-[1(S*), 3@didi[err], 7a[err]]]-

3a,4,5,6,7, 7a- hexahydr o- 7a- net hyl - 1-[ 6, 6, 6-tri fl uor o- 5- hydr oxy- 1-

met hyl -5-(trifl uoronethyl)-3E-hexenyl]-3Hinden-4-ol in 10 mM of 20
anhydr ous net hyl ene chl ori de was added4 “&ns of 1.12 g (3 mmle) of
pyridi niumng dichromate, and the reaction mxture was stirred at room

tenperature fQrq4 Sy agldi t i F e S{irks ) for
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was subsequernriffuaashch ydrox g- k-maothyl-235(trifladrpmetdstlyt 3Z-hepenylbidided

filtrates Weriﬁld‘f’@f-hﬁ%ﬂé! th 2N pot assi um bi carbonate, water and brine, dried
ul'tfate an

over sodiums evaporated to dryness. The crude product was
purified by FLASH chronmat ography with nethyl ene chlori de-ethyl acetate

(Egi 1) I tozg(i) ve 23Tt 68RMMomof CT5G g ! (1084 thiddley @TPIBARL[1(88),3a0;;4B.F aP]]-
anpl e

[1(S*), 3aR (3aP@710:7af erhe¥akydros & methylad (6 ibotribluRkary-hydrexy -4 -
methyl-5-(trifluoromethyl)-3Z-hexenyl]-3H-inden-4-01 in 14 ml

methylene chloride was added, in portions, 3.64 g (9.68 mmole) of

~ pyridinium dichromate, and the reaction mixture was stirred at room

15 temperature for 5 hours. To the reaction mixture was then added 30
ml of ether, stirred for 15 minutes, filtered through a Celite pad and
the pad was washed with 3 x 50 ml of ether. The combined filtrates
were washed with 2N potassium bicarbonate (50 ml) and three times
with water and brine 1:1. The aqueous layers were extracted with 2 x

20 100 ml of ethyl acetate. The combined organic layers were dried over
sodium sulfate and evaporated to dryness. The crude product was
purified by FLASH chromatography with hexane-ethyl acetate to give
720 mg (96.5%) of the title compound as white solid.

25 Example 29

[1(S*),3aR-(3aa,7aB)-3,3a,5,6,7,7a-Hexahydro-7a-methyl-1-[6,6,6-
trifluoro-5-trimethylsilyloxy-1-methyl-5-trifluoromethyl-3Z-
hexenyl]-4H-inden-4-one
30 | |
To a stirred solution of 720 mg (1.87 mmole) of [1(S*),3aR-
(3ac,7aB)3,3a,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-
hydroxy-1 -methyl-5-trifluoromethyl-3Z-hexenyl]-4H-inden-4-one in
- 13 ml of anhydrous methylene chloride at room temperature was
35 added 1.86 ml (12.68 mmole) of 1-trimethylsilyl-imidazole, and the



trifluoro-5-(trinmethylsilyl)oxy-1-methyl-5-trifluoronethyl)-3E 5
hexenyl ] - 4Hi nden-4-one To a stirred solution of 268 ng (0.697 nmol e) of
[1(S*), 3aR-

(3aferr],7alerr])-3,3a,5, 6,7, 7a- hexahydr o-4Bnet hyl -1-[6,6,6-trifluoro-5-
hydr oxy- 1- met hyl - 5- (tri fl uoronet hyl) - 3E- hexenyl]- 4H i nden-4-one 10 in 8 ni

f hyd ' d 6. 27
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the title co - oo e
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stirred sol uethyl atetaps (g1} to2givend28) mg (96 ) 7o [the r amerpheys Jtitfe- 25
[3,5-bis [[(}:O}ﬁl-gh t hyl et hyl ) di et hyl si | yl ] oxy] - 2- met hyl ene
cycl ohexyl i dene %t glafdi phenyl phosphi nﬁ oXi (ie in 15 m of anhydrous
tetrahydrofuran at -78[err]C was addecEsamples301 24 mole) of 1.6M n-
butyllithigumin hexane dropwi se in an argon atnosphere. After stirring for

ST o of 45aS kB aLeR T 6 LEE Sheht b, P EES. A ept R RS Biferol
(3alerr],7aferr])-3,3a,5,6,7, 7a- hexahydro-7a-nethyl - 1-[6,6,6-trifluoro-5-
trinmethylsilyl ala s1atioh b A . -
nden- 4- one. 1 W%f@f&ﬁﬁ?}?&é’h{ of S ERONS) mdIey SIS 30 5B

stirred at - f@fb?r,ﬁ]-bls[c[(l2.-fshmestha{rlqth)rﬁdlméhzlﬁéwupw]3%-mﬁéhﬁlewmd
al loved tg vWagBldhedylidée nyBphd¥phihe f Bxiderindid Ul 0Bf WahRy P& -
't vas ext ”"%?e X a0 -:gsgl%\%g; 4452 6:595'%n1 (0.952 mmole) of 1.6M

etrghglmd}or}u%an a
n-butyllithium in hexane dropwise in an argon atmosphere. After
stirring for 5 min, to the thus obtained red colored solution was added
dropwise a solution of 270 mg (0.591 mmole) of [1(S*),3aR-

20 (3a0,7aB)-3,3a,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-
trimethylsilyloxy-1-methyl-5-trifluoromethyl-3Z-hexenyl]-4H-
inden-4-one in 4 ml of anhydrous tetrahydrofuran over a 10 min
period. The reaction mixture was stirred at -78°C for 1.75 hours, and
then was quenched by addition of 10 ml of 2N Rochelle salt and by

25 warming up to room temperature. It was then diluted with 30 ml of
2N Rochelle salt and extracted with 3 x 100 ml of ethyl acetate. The
combined extracts were washed three times with brine, dried over
sodium sulfate and evaporated to dryness. The crude silylated
intermediate was purified by FLASH chromatography with hexane-

30 ethyl acetate (10:1) to give 355 mg of pure intermediate.

To the solution of this intermediate in 4 ml of anhydrous
tetrahydrofuran was added 3.8 ml (3.8 mmole) of 1M tetrabutyl
ammonium fluoride in tetrahydrofuran under argon, and the reaction
mixture was stirred at room temperature for 19 hours. The reaction

35 was then quenched with 5 ml water and stirring for 15 min. After
dilution with 20 ml of brine, it was extracted with 3 x 90 ml of ethyl



- 47 - conbined extracts were washed with water and brine, dried over
sodium sul fate and evaporated to dryness. Thus obtained disilyl ether

i ntermedi ate was purified by FLASH chromatﬁgraphy wi t h hexane-et hyl acetate
9:1 to give 449 ny of pure internediate {tfte ™5 25-silyloxy group was

hydrol yzed during the reaction). To the solution of this internedi ate (449

my) in 10 m aappydr t B %RWa%E&y‘Wérea%ea- 4 Hmés WithhiRusd of 1M

tetrabutyl ammoniumf{luqride | n tetra agofur and thus obtal ned reaction

10 ni xture waatst | anddbepe, shigd QY AodiEmo 5l PrF"grﬂn.‘P TERosaed R was
quenched W t dryfess. STher efudé producei was epurified byt FLASH gliroenatapeaphy
extracted wt htﬁt hélEﬂ ace@age. h 3?2@' gled extr S vvek]?%sshgd Wi %133 .wat er,
dried over sSHEMEAATCIERY. nﬁce&%}a ed< &Y JneT uft B¢ E‘Pevvas
purified By Ktksramporntdogmaphyl20-1R22€ hdrame- etralydrofuraremathy]l to gi ve
the title co a ' 91 mg (83% . Exanple 27 20

[3aR-[| (S*), ggf‘lgrag? , Zf%%@%{’%ﬁﬂﬂ _3,3a, 5, 6, 7, 7a- Hexahydr o- 7a- met hyl - 1- [ 6
,6,6- trifluoro-5-hydroxy-1-nethyl-5-(trifluoronethyl)-3Z-hexenyl]-3H

i nden-4-ol A mxture of 1.62 g (4.21 npRh&pief 31
[3aR-1(S*)-3af[err],4[err],7alerr]]]- ,

3,34, 5, 6,7, 7a- hexahydro- 7a-net hyl - 1-[ 6, 6, 6-tri fl uoro-5- hydr oxy-1

- met hyl - 50 t i, 25uDibydrbxly)18; 28Xydjdde-26,27dh8x4fNiorot@ 0¥ pdfl Birtont-
acetate, 40 mh ?f tlgxtane 1.6 m of absolute ethanol, 0.080 m of quinoline
and 320 ng of 10 rie Fefggal yst was stirred under hydrogen atnosphere for 70
mn at roomtenperature. It was then filtered over

A solution of 700 mg (1.23 mmole) of [3R-(3¢,5B,Z)-3,5-bis[[(1,1-
dimethylethyl)dimethylsilylJoxy]cyclohexylidene]ethyl]diphenyl-

15 phosphine oxide in 7 ml of anhydrous tetrahydrofuran was cooled in
a dry ice bath to -78°C and treated with 0.77 ml (1.23 mmole) of 1.6M
n-butyllithium in hexane and stirred for 5 min. under an argon
atmosphere. To this was added dropwise in the course of 10 min. a
solution of 277 mg (0.607 mmole) of [1(S*),3aR-(3ac,7aP)-

20 3,3a,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-
trimethylsilyloxy-1-methyl-5-trifluoromethyl-3Z-hexenyl]-4H-
inden-4-one in 4 ml of anhydrous tetrahydrofuran. Thus obtained
reaction mixture was stirred at -78°C for 2 hours. After addition of
10 ml of 2N Rochelle Salt, it was warmed up to room temperature.

25 After further dilution with 25 ml of 2N Rochelle Salt, it was extracted
with 3 x 100 ml of ethyl acetate. The organic layers were washed
with brine, dried over sodium sulfate and evaporated to dryness. The
residue was chromatographed on a silica gel column with hexane-
ethyl acetate (10:1), followed by elution with hexane-ethyl acetate

30 (1:3) to recover the ring A precursor. It gave 329 mg of the ring A
disilylated title compound.

To the solution of 329 mg disilylated title compound in 2.5 ml of
anhydrous tetrahydrofuran was added 4.4 ml (4.4 mmole) of 1 M
tetrabutylammonium fluoride in tetrahydrofuran, and the reaction

35 mixture was stirred at room temperature for 65 hours. It was then
quenched with 10 ml water, stirred for 15 min., 20 ml of brine was



30 Celite and the filter cake was washed with 3 x 60 nl of ethyl acetate.
The filtrate was washed with 25 m of 1IN HClL and 4 tinmes with a m xture of
wat er and brine. The aqueous |ayers were extracted with 2 x 90 m of ethyl
acetate. The conbi ned organic |ayers were Yried over sodium sul fate and
evaporated to dryness. The crude product was 35 purified by HPLC on silica

gel colum e agsih?ae x( 3pl W o]
give 1.51 gwf‘g@?)? é‘?@f%e %M%ﬁie congoa{ngo inl Of e ggl |c(§t£‘%x FPR? 662‘%31&&
[1(S*), 3aR- ( 9nganic] laygrsr Were 3waghed swithy awmany r Bripg. Ee§| oYey sogivm
”:j” uoro- 5- ?%%%Yarﬂd "@ié}ﬁb’raﬁ:ﬂ( (53] Hfj;k%s@mi‘l"li%/'%r}lﬂé ﬁb?é&ﬂ&‘d IwddHfirst

i nden- 4-one nol e

[3aR [ 1(5), BHEfiad by BLANH phroBawiraphy, Witk TusSaear ia anetatg) (1:8).
[6, ﬁ I6 tr I(5f| H?dot-h‘énhb YrHPY.C bn a silica gel column, to give 210 mg (68%) of the
met hyl -5-(tr uor e -3Hinden-4-0l in 14 m nethyl ene
chl ori de vvasltéic?dé:&’%éﬁ%%rﬁ gﬁé;%i g (9.68 mml e) of pyridinium

di chromate, and the reaction m xture was stirred at room 15 tenperature for
5 hours. To the reaction m xture was d 30 mM of ether, stirred for
15 mnutes, filtered through a Oelitg)%a %n he pad was washed with 3 Xx
50 m of ether. The conbined filtrates were washed with 2N potassi um

bi car bonatee (%0 Rluprang5thydeokiyres,28 Zhdisaies 26327 -hex aflubrd-20hepaqueous
| ayers were egté\%?ted with 2 x 20 100 ml of ethyl acetate. The conbi ned
organi c | ayef aé }ﬁq 84 over sodiumsulfate and evaporated to dryness.
The crude product was

To a solution of 460 mg (0.977 mmole) [3S-(3e,58,Z)]-2-[2-[2-
methylene-3-fluoro-5-[[(1,1-dimethylethyl)dimethylsilyljoxy]

15 cyclohexylidenelethyl]ldiphenyl phosphine oxide in 6 ml of anhydrous
tetrahydrofuran at -78°C was added 0.61 ml (0.976 mmole) of 1.6M
n-butyllithium in hexane dropwise in an argon atmosphere. After
stirring for 5 min., a solution of 277 mg (0.607 mmole) of [I(S*),3aR--
(3ac,7aB)-3,3a,5,6,7,7a-hexahydro- 7a-methyl-1-[6,6,6-trifluoro-5-

20 (trimethylsilyl)oxy-1-methyl-5- (trifluoromethyl)-3Z-hexenyl]-4H--
inden-4-one in 4 ml of anhydrous tetrahydrofuran was added
dropwise over a 10 min. period. The reaction mixture was then stirred
at -78°C for 2 hrs. It was then quenched with 10 ml of 2N Rochelle
Salt, and warmed up to room temperature. After a further dilution

25 with 30 ml 2N Rochelle Salt, it was extracted with 3 x 100 ml ethyl
acetate. The combined organic layers were washed with brine, dried
over sodium sulfate and evaporated to dryness to give 630 mg of
crude intermediate. It was purified by FLASH chromatography with
hexane-ethyl acetate (10:1), to give 220 mg of disilylated title

30 compound. (The 25-silyl ether is hydrolyzed during this procedure).
To the solution of 220 mg of disilylated intermediate in 4 ml of
anhydrous tetrahydrofuran was added 2.5 ml (2.5 mmole) of a 1M
tetrabutylammonium fluoride in tetrahydrofuran under argon, and
then stirred at room temperature for 18 hrs. At that time, 5 ml of

35 water was added and stirred 15 min, followed by addition of 20 ml of
brine and extraction with 3 x 90 ml of ethyl acetate. The combined



purified by FLASH chromat ography with hexane-ethyl acetate to give 720 ng
(96.5%9 of the title conmpound as white solid. 25

Exanpl e 29

[1(S*),3aR-(3a[err],7af[err])-3,3a,5,6, 7, ‘7a52—|exahydr o- 7a-net hyl - 1-[ 6, 6, 6-
trifluoro-5-trinmethylsilyloxy- 1 -nmethyl-5-trifluoronethyl-3Z- hexenyl]
iéll(HS;;‘dgg-R‘l- BPganil 18yeksSWerbeta3Rbd ! With YratbfOanl® brin€! dFIRASHvé sodium
(3a[err], 7a[ suHpies and mvapprated,dq afdpnessy al et ¢rpde) preducts was rpurétigdsby
hydr oxy- 1- reEpVA SH- ichirbhia®d hwith - hexa bihylHat&@ed - @: Pneto %iﬂté p7oof
anhydr ous net h%I %%g/ chl or,i de, ft roomtenpera urefvvas 35 added 1.86 ml
(12. 68 mmol ePSH38%) jofethey title fompaund, 35 Whiteqf038- . 49 - reaction

m xture wgs stirred under argon atnosphere for 17 hours. The reaction was

t hen quenched with 7 ml water and sti rE'! Eﬁ ggr%%S mn., 20 m of brine was

added and extracted with 3 x 100 ml of tate. The conmbi ned extracts
were washed five tinmes with water 5 and brine, dried over sodiumsul fate

and evapor at qq&-tfunfranSShyﬁ%xv-q@eeﬁeoéscgnmsmmé;@mmsr&%@tl
chromat ography wi th hexane: ethyl acetate (9:1) to give 825 ng (96.5% of
t he anmor phou&Pi¢holecabeiferold. Exanple 30 10 1 | 25- Di hydr oxy-

16, 23Z- dijgne- 26, 27- hexaf | uor o- 20- epi - chol ecal ciferol To a stirred solution

i mothyt et hy 1) aAeBngteriop: SEA0 w1 ahble) 87 (350238, 5671-Fa-15-
[[(1,1-dimethylethyl)dimethylsilyl]oxy]-3-fluoro-2-methylenecyclo-
hexylidene]ethyl]ldiphenylphosphine oxide in 8 ml of anhydrous
tetrahydrofuran at -78°C was added with stirring 0.98 ml (1.57

15 mmole) of 1.6 M n-butyllithivm in hexane, dropwise under argon.
After stirring for five minutes, to thus formed red solution was added
a solution of 262 mg (0.685 mmole) of [3aR-[1(S*),3aa,7aB]]-
3,3a,5,6,7,7a-hexahydro-7a-methyl-1-[6,6,6-trifluoro-5-hydroxy-1-
methyl-5-(trifluoromethyl)-3-hexynyl]-4H-inden-4-one in 5 ml

20 tetrahydrofuran, dropwise over a 10 min. period. The reaction
mixture was then stirred at -78°C for 2 hrs. It was then quenched by
addition of 15 ml of a 1:1 mixture of 2N Rochelle salt and 2N
potassium bicarbonate, followed by warming to room temperature.
After 30 ml of the same salts mixture was added, it was extracted 3 x

25 100 ml of ethyl acetate. The combined organic layers were washed
three times with water and brine, dried over sodium sulfate and
evaporated to dryness. The residue was purified by FLASH
chromatography on a silica gel column with hexane-ethyl acetate (5:1)
to give 250 mg of the monosilylated title compound.

30 To the solution of 250 ml silyl intermediate in 3 ml of anhydrous
tetrahydrofuran was added 2.8 ml (2.8 mmole) of 1M tetrabutyl-
ammonium fluoride in tetrahydrofuran under argon. The reaction
mixture was stirred at room temperature for 18 hrs. 10 ml of water
was added and stirred for 15 min, then diluted with 20 ml brine and

35 extracted with 3 x 90 ml ethylacetate. The organic layers were
washed four times with water and brine, dried over sodium sulfate



15 cycl ohexyl i dene] et hyl ] di phenyl phosphi ne oxide in 6 nml of anhydrous
tetrahydrofuran at -78[err]C was added 0.595 m (0.952 mmole) of 1.6M
n-butyllithiumin hexane dropwi se in an argon atnosphere. After stirring
for 5 mn, to the thus obtained red col or sol uti on was added dropw se a
solution of 270 ng (0.591 mmle) of [1(S*), 3aR- 20

3 7 - 7 12 7. _ ot R ]
e ety o1 | ShdIgvahotiied to] affils A K erhe Bl Was) pufiffed by FAKSED
in 4 n of aphsaraategraphy afpdaosilican gelesolumm with hexapg-ethyb acetate d3:1)

mxture was shir 8l £rdilica flutn/S WOsHVve 1750migh Softl aeisrpRduby
addi tion of ?‘%dn?}ﬁg}l%ﬁ éochellllgas(?ll}tl. z?nd b;./gHZS war m nggﬁgp%?o room !

t enper at ur e. ttke \GEMPRERAdi | uted with 30 M of 2N Rochelle salt and
extractedswith 3 x 100 ml of ethyl acetate. The conbi ned extracts were

washed three tines with brine, dried o%ﬁ gggl%gn sul fate and evaporated to

dryness. The crude silyl ated internedi rified by FLASH
chromat ography wi th hexane- 30 ethyl acetate (10:1) to give 355 ng of pure

intermedi at eg aTFlhB?osﬁ"jiﬁ%&fbﬁ-I@JEEMi@d@QB@Q?-ﬁ@xﬁl@orﬁf—Zeﬂéyﬂ{ ous
tetrahydrof uran. was added 3.8 (3.8 nmol e) of 1Mtetrabutyl ambnium
fluoride in chelegpleHerol an under argon, and the reaction m xture was

stirred gl roomtenperature for 19 hours. The reaction 35 was then quenched
brine, i1 vas extPadraieey (whafign oof Bs0,pi (e nithofs) 8 13831238, 58)-
conbi ned ext [2d5s [ €4 -daslechyle thiylkdimethy Isilktljorydi3 fdn erodhdanetliyiene-
e g‘éegysgﬂg@ﬂeggf}%%ggéﬁgé pRLA ROk Bntlle Wiide TR 5O Sof " AfltdrolRS
tetrahydrofuran at -78°C was added 0.463 ml (0.74 mmole) of 1.6 M

15 n-butyl lithium in hexane dropwise under argon. After stirring for 5
min, to thus formed red solution was added 230 mg (0.503 mmole) of
[3aR-[1(S*,3E),3aa,7aB]]-3,3a,5,6,7,7a-hexahydro-7a-methyl-
1-[6,6,6-trifluoro-1-methyl-5-(trifluoro-methyl)-5-[(trimethyl-
silyl)oxy]-3-hexenyl]-4H-inden-4-one in 4.5 ml of anhydrous

20 tetrahydrofuran dropwise over a 10 min period. The reaction mixture
was stirred at -78°C for two hours. It was then quenched by addition
of 10 ml of a 1:1 mixture of 2N Rochelle salt and 2N potassium
bicarbonate and warmed up to room temperature. After addition of
30 ml of the same salt mixture, it was extracted with 3 x 100 ml of

25 ethyl acetate. The combined organic layers were washed three times
with water and brine, dried over sodium sulfate and evaporated to
dryness. The residue was purified by FLASH chromatography on a
silica gel column with hexane-ethyl acetate to give 236 mg of
disilylated title compound.

30 To the solution of 236 mg disilyl intermediate in 3.5 ml anhydrous
tetrahydrofuran was added 3 ml (3 mmole) of a 1M tetrabutyl-
ammonium fluoride in tetrahydrofuran under argon and the reaction
mixture was stirred at room temperature for 18 hrs. Quenching was
done by addition of 5 ml of water and stirring for 10 min. After

35 dilution with 20 ml of brine, the mixture was extracted with 3 x 90 ml
of ethyl acetate. The combined organic layers were washed with



W th hexane-ethyl acetate (1:3), to give 237 ng (77% of crystalline 5
title conpound; mp. 120-122[err]C (fromtetrahydrofuran-nethyl formate
recrystallization). Exanple 31 10 1, 25-Di hydroxy-

16, 23Z- di ene- 26, 27- hexaf | uor o- 20-epi - 19= = chol ecal ciferol A solution of
700 mg (1.23 mmol e) of [3R-(3a,5[err],2)-3,5-bis[[(I,

di net hyl et h I

plhggph?/ng oipﬁéﬁ@/rﬁiﬁﬁ%{ ]éfri:@dd%srotggta%da ygﬁ'fgkﬁeﬁ dm#d]vgs ? P%deg in adry
i ce bath to dyymessi]C bﬁdcm%rpée vet was purifiied 16y 3FkipiH) chfomaingraphy
n-butyl lithigm hnsﬂI@éaQ@l @BHufh | Ml‘hdhEﬂﬁn@e[h)‘l ab@idey (2N )arfe HRNTsbheae.

To this was seint sol.ution of 277 ngy
(0. 607" ol epse COREAN, Foretve 1 rfn&a@é%) ot Gigorpflos” tie Compotiid. "™
3,3a, 5, 6,8, 7a- hexahydro-7a-net hyl -1- [6,6,6-trifluoro-5-

trinmethylsilyloxy-1-methyl-5-trifl uor%hexenyl ]-4H inden-4-o0ne in
4 m of anhydrous tetrahydrofuran. Th reacti on m xture was
stirred at -78C for 2 hours. After addition of 10 m of 2N Rochelle Salt,

it was warmeq 4 Ph 998k eljrgeéﬁg;@g t b RoYd1h 25 rri
of 2N Rochel? gllt) S' S extracte t%ﬁé 518 trifdof eeﬁ\yﬁ acetate. The
organi c | ayef3 lgigerol vvashed with brine, dr| ed over sodi um sul fate and
evaporatq@ to dryness. The residue was chromat ographed on a silica gel

hoxane- ot hyl acotdi & Sipd SbARE, of 355 me 30 PHE IRl b B8t 230,50
mg of the ri fg-[8, dl—bld[i(h,tledlmetthyleihryﬂ)mlmﬂetlilyisihd]emymz-meﬁfylaﬁecyglo-

B

and the react¢Eahydrofpzan &t \od$° gtW#SeGdQF r @4t Bp 9. Jddr mmele)as h

I't was then p-butyllithium in hexane dropwise under argon. After stirring for 5
min, to thus obtained red solution was added a solution of 169 mg
(0.451 mmole) of [3aR-[1(S*),3ac,7aB]]-1-[5-ethyl-1-methyl-5-
[(trimethyl-silyl)oxy]-3-heptynyl]-3,3a,5,6,7,7a-hexahydro-
7a-methyl-4H-inden-4-one in 4 ml of anhydrous tetrahydrofuran,

20 dropwise over a 10 min period. The reaction mixture was stirred at
-78°C for 2.5 hrs. It was then quenched by addition of 10 ml of a 1:1
mixture of 2N Rochelle salt and 2N potassium bicarbonate and
warmed up to room temperature. After 25 ml of the same salt
mixture was added, it was extracted with 3 x 90 ml of ethyl acetate.

25 The combined organic layers were washed three times with water and
brine, dried over sodium sulfate and evaporated to dryness. The
residue was purified by FLASH chromatography on a silica gel column
with hexane-ethyl acetate (40:1) to give 260 mg of tnsﬂylated title
compound.

30 To the solution of 260 mg trisilylated intermediate in 3 ml of
anhydrous tetrahydrofuran was added 3 ml (3 mmole) of 1M
tetrabutylammonium fluoride in tetrahydrofuran in argon
atmosphere. The reaction mixture was stirred at room temperature
for 17 hrs, and then quenched by addition of 10 ml water and stirring

35 for 10 min. After dilution with 20 ml water and brine, it was

-l_"‘




guenched with 10 ml water, stirred for 15 min., 20 m of brine was - 51
- added and extracted with 3 x 90 ml of ethyl acetate. The conbi ned organic
| ayers were washed with water and brine, j ed over sodium sul fate and
evaporated to dryness. The crude product~ “first purified by FLASH

chr omat ogr aphy wi th hexane- et hyI acetate (1:8), 5 and then by HPLC on a

si110a gel cekitfBied pith v2 26D 1 (ASAN addifiel | Ve CUHRBIR Bigie! ©

foam Exanpl e
16, 23Z- di enel%@rammamag £S- ﬁunelslmes:h‘mtbcawﬁx eyl brine, saied io¥erof 460

mg (0.977 ”nﬁb&)uxﬁ3§ul(f§{eera&ﬂd %[vﬁ 6}at3c)1] te- dr?ynb?s mﬂwlceﬁee%fddmom

1,1 -di th | i.d th h I
H’](()Sphl neI 2§PH fﬁﬁflé’ym%lg&é%@m’\éai 3P¥h9’ar?)f§}i}exy%‘l?l %g rﬁpr E ggéed
0.61 nm (G. 9ﬁ6xmmmlemylohcétaﬁé/|(r1-b)4t Igivéi 158 imghé3QG%9 of dhei Hﬂel n an argon
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7a- net hyl 6-trifluoro-5- 20 (trlnethyIsHyI)oxylrrethyI
(trifluoronethyl)-3Z-hexenyl] -4H - ingdensdion 6' n 4 m of anhydr ous
t etrahydrof uran was added dropw se ove period. The reaction

m-xture was then stirred at -78[err]C for 2 hrs. It was then quenched wth

10 m of 13N Iiiozbemﬁyaebkg d'ﬁdewél’-ﬂsd%ﬁ@ -26,2 PBishOMEL BY L 6r- 20 tepFi-a
further dil ut 0 mM 2N Rochelle Salt it was extracted with 3 X

100 m ethyl € heg‘?‘éﬁﬁ«g#@fﬂ]ﬁ conbi ned organic | ayers were washed with brine,
dried over sodiumsulfate and evaporated to dryness to give 630 ng of

To a stirred solution of 300 mg (0.525 mmole) of [3R-trans-[2-
[3,5-bis[[(1,1-dimethylethyl)dimethylsilyl]Joxy]cyclohexylidene]ethyl]-
15 diphenylphosphine oxide in 4 ml of anhydrous tetrahydrofuran at
-78°C was added 0.325 ml (0.520 mmole) of 1.6 M n-butyllithium in
hexane, dropwise under argon. After stirring for 5 min, to thus
obtained red solution was added a solution of 77 mg (0.205 mmole) of
[3aR-[1(S*),3aa,7aB]]-1-[5-ethyl-1-methyl-5-[(trimethyl-silyl)oxy]-3-
20 heptynyl]-3,3a,5,6,7,7a-hexahydro-7a-methyl-4H-inden-4-one in 2.5
ml of anhydrous tetrahydrofuran, dropwise over a 5 min period. The
reaction was stirred at -78°C for 2.5 hrs. and then quenched by
addition of 10 ml of a 1:1 mixture of 2N Rochelle salt and 2N
potassium bicarbonate and warming up to room temperature. After a
25 further dilution with 25 ml of the same salts mixture, it was extracted
with 3 x 75 ml of ethyl acetate. The combined organic layers were
washed three times with water and brine, dried over sodium sulfate
and evaporated to dryness. The residue was purified by FLASH
chromatography on a 3silica gel column with hexane-ethyl acetate to
30 give 58 mg of trisilylated title compound.
To a solution of 124 mg of trisilyl intermediate (obtained from two
preceding coupling reactions) in 2.5 ml of anhydrous tetrahydrofuran
was added 2.5 ml (2.5 mmole) of 1M tetrabutylammonium fluoride in
tetrahydrofuran under argon. The reaction mixture was stirred at
35 room temperature for 40 hrs. It was then quenched by addition of 10
ml of water and stirring for 15 min. After dilution with 20 ml of



crude internediate. It was purified by FLASH chromat ography w th

hexane-et hyl acetate (10:1), to give 220 ng of disilylated title 30

conmpound. (The 25-silyl ether is hydrolyzed during this procedure). To the

sol ution of 220 my of disilylated intermed®®te in 4 m of anhydrous

tetrahydrofuran was added 2.5 mM (2.5 mmole) of a 1M tetrabutyl amoni um

fluoride in Nz<U r ag. khen~at Lir

temper at ur 6 Porek giRy SriEie, W) oREAARd, R, W)3"70) kil BF byl Aelate. The

stirred 15 nicombigedonsganic dayensi srerer washed foumtimes aWdthe,watest 2B wi th
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washed wi wat er an rine, dri, oyer m sul fat e and ‘evapor aj.e
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740 ng (1.57 I31182°6}. [3S-(1Z, 3[err],5[err])]-[2-[5-

[[(1, 1-di net hyl et hyl ) di net hyl si | yl ] oxy] - 3-fl uor o- 2- net hyl enecycl o-

hexyl i dene] et hyl ] di phenyl phosphi ne oxide in_8 nml of anhydrous

tetrahydrofuran at -78[err]C was addedExamplet37ring 0.98 m (1.57 15
mol e) ofyg.6 M n-butyllithiumin hexane, dropw se under argon. After

o T % LR G G S R 90 0!

cholecalciferol

To a stirred solution of 390 mg (0.829 mmole) of [3S-(1Z,3a,5B)]-

15 [2-[5-[[(1,1-dimethylethyl)dimethylsilylJoxy]-3-fluoro-2-methylene-
cyclohexylidene]ethylldiphenylphosphine oxide in 5 ml of anhydrous
tetrahydrofuran at -78°C was added 0.53 ml (0.848 mmole) of 1.6 M
n-butyllithium in hexane, dropwise under argon. After stirring for 5
min, to thus obtained red solution was added a solution of 200 mg

20 (0.534 mmole) of [3aR-[1(S*),3ax,7aPp]]-1-[5-ethyl-1-methyl-5-
[(trimethyl-silyl)oxy]-3-heptynyl]-3,3a,5,6,7,7a-hexahydro-
7a-methyl-4H-inden-4-one in 4.5 ml of anhydrous tetrahydrofuran,
dropwise over a 10 min period. The reaction mixture was then stirred
at -78°C for 2 hrs, and was quenched by addition of 10 ml of a 1:1

25 mixture of 2N Rochelle salt and 2N potassium bicarbonate and
warming up to room temperature. After dilution with 30 ml of the
same salts mixture, it was extracted with 3 x 100 ml ethyl acetate.
The combined organic layers were washed three times with water and
brine, dried over sodium sulfate and evaporated to dryness. The

30 residue was purified by FLASH chromatography on silica gel column
with hexane-ethyl acetate (30:1), to give 254 mg of disilylated title
compound. : |
To a solution of 254 mg of disilyl intermediate in 3.5 ml anhydrous
tetrahydrofuran was added under argon 3.5 ml (3.5 mmole) of 1M

35 tetrabutylammonium fluoride in tetrahydrofuran. The reaction
mixture was stirred at room temperature for 18 hrs, and then



3 ,3a,5,6,7 ,7a- hexahydro-7a-nethyl -1-[6,6, 6-trifl uoro-5-hydroxy- 1-

nmet hyl -5-(trifluoronethyl)-3-hexynyl]-4Hinden-4-one in 5 m 20
tetrahydrofuran, dropwi se over a 10 mn. period. The reaction m xture was
then stirred at -78[err]C for 2 hrs. It wad7then guenched by addition of 15
m of a 1:1 mxture of 2N Rochelle salt and 2N potassi um bi car bonat e,

fol | owed by ) t Rl 2 r - o Sy . t.h alts
mxt ure vas Sgged, By ARRACATRE 15 ol of Wifler $hdistltink) o A5 Al P Afer
conbi ned or gailwtiomywith 2r mlnaf waterhard bringsitwnas aatractednavith ihet &1 i ed
over sodi um sl Tof QR RUERET AL lonthinBASSraathie Iayehs! Peiaswiltiel 66 DY
FLASH chr omat ograp{% on a silicga, gel c(fl,u WTh g_glax ne-&[ hyl aget ate (5:1)
to give 250 rfyngs With [BakL; pp apgé‘eti med Q¥sfo §REIUBo SHdat&ea8Y| ut i on of
353 211 ?izlsél eivaFmam]:di ?bedﬂynea%m ’lltlfe @ﬂh&drmu]ngtwab @fiedaby\AﬁLMHf ed

. . e etrabut.y.l - a ni,um rede_1n {ya [,of uran
inder at gon. CHEREHBEEAI, O o\ cha Bl R R BikabfiAfY] U, 15
hrs. 10 m of(7vé), candvdsy HBEL amd assilicacdofumn 1with hexaheethiyl actewtev 31230
m brine and {35 r ' o) ol organic | ayers
wer e washed ft§u ?ﬁrrle%? %ﬁg‘é‘(%?%}gﬁf@bﬁ&%?lﬁ%%&)@%@ sodi um sul fate -
53 - and evaporated to dryness. The crude product was purified by FLASH

chromat ogfgphy on a silica gel colum Extahu%l@xgrge- et hyl acetate (2:1) and
by HPLC on a silica colum. It gave 175 ny of anorphous title

conpound. 5 Exanple 34
la-Fluoro-25-hydroxy-16-23E-diene-26,27-bishomo-20-epi-

cholecalciferol

(@ =

15 To a stirred solution of 240 mg (0.51 mmole) of [3S-(1Z,30,5B)]-
[2-[5-[[(1,1-dimethylethyl)dimethylsilylJoxy]-3-fluoro-2-methylene-
cyclohexylidene]ethyl]diphenylphosphine oxide in 5 ml of anhydrous
tetrahydrofuran at -78°C was added 0.319 ml (0.51 mmole) of 1.6 M
n-butyllithium in hexane, dropwise under argon. After stirring for 5

20 min, to thus obtained red solution was added a solution of 103 mg
(0.273 mmole) of [3aR-[1(S*,3E),3ac,7aB]]-1-[5-ethyl-1-methyl-5-
[(trimethylsilyl)oxy]-3-heptynyl]-3,3a,5,6,7,7a-hexahydro-
7a-methyl-4H-inden-4-one in 4 ml of anhydrous tetrahydrofuran,
dropwise over a 10 min period. The reaction mixture was stirred at

25 -78°C for 2 hrs, then placed in freezer (-20°C) for one hour, quenched
by addition of 10 ml of a 1:1 mixture of 2N Rochelle salt and 2N
potassium bicarbonate and warmed up to room temperature. After
dilution with additional 25 ml of the same salts mixture, it was
extracted with 3 x 90 ml of ethyl acetate. The combined organic

30 layers were washed three times with water and brine, dried over
sodium sulfate and evaporated to dryness. The residue was purified
by FLASH chromatography on a silica gel column with hexane-ethyl
acetate (1:4), to give 145 mg of disilylated title compound.

To a solution of 145 mg of disilyl intermediate in 3 ml anhydrous

35 tetrahydrofuran was added 1.7 ml (1.7 mmole) of 1M tetrabutyl-



1[ err] - Fl uor o- 25- hydr oxy- 16, 23E- di ene- 26, 27- hexaf | uor o- 20- epi -
cholecalciferol 10 To a stirred solution of 350 ng (0.744 mvol e) of
[3S-(1Z,3[err],5[err])]- [2-[5- [[(1,1

“di met hyl et hyl ) di met hyl si [yl ] oxy] - 3- f| uoro38-Tret hyl ene-

cycl ohexyl i dene] - et hyl ] di phenyl phosphi ne oxide in 5 m of anhydrous

bty T epdPLE e S8 oGl IR, i B2

n-butyl lithiumin hexane ropvvlse under "argon. rrln for
to thus for ndBIXHER SWAS StiFTedaat 008R tePPergtyns. 93

[3aR-[ 1(S*, 3@(10?1@%335?%&&11:0% 311 PO 6mT . &ﬁtdiexﬁdlly ?:;t ‘fB?tfﬁ”mui- It was

oiiyiyoxy] - 3 Histed mithu At e ot wales 3pd.BEn add Craaip o8

ed wi 3 x 80 ml
t et r ahydr & urethylragevitse Olke @rghmcmlla pm ivoeke Wmhedat@mprurfrestwm \w@ter

ool e 11 A t&FL“ 3¢ SEHBRE Yoktinty Wi RaTBEREIGRD W ihee o’
war med up t o craden pmtbl@tawaSepumﬁBdrbyldHhASH cliregnatoigraphy hen sardd gamm x
moxture, it was axly %gie&m[ D vAt Heg&n@etﬁgll ?a%egétéyg ggeae&eboyr WiiiﬁL@fzm jed

organi c | ayers were over

t
sodi um sul f atsHi¢h By aptma eﬁ’lﬁ’g h&%yngéémhy}rﬁéeﬁaé% i dab)-whs gguei 99 e@%)ﬂ#%&SH

chr omat ograplkyf thb ait¥é | dorapgehd c oh pom9 W) exgistaldizaviona desmt enéthydi ve 236
ng of d|S|IyIa % ti,tle corrpound 0 To the solution of 236 ng disilyl

i nt er medi at e 3FtaSRAXANGy dr ous tet rahydrofuran was added 3 m (3 nl e)
of a 1IMtetrabutyl- ammoniumfluoride in tetrahydrofuran under argon and

wes done by add: ke s BPIS, BRGC 5ol IRy ESRRkiRl 3%9%%?#4‘ i g "

dilution w t [proportions setifesth inecExamples Aathrongha€ d¢low; reag sbegdormutdted

ethyl acefat ¢y toaAveRHBhAL MmOABAN RERYEAG 6T Cotfutifd At Yhich is 1,25-
dihydroxy-16,23E-diene-26,27-hexafluoro-20-epi-cholecalciferol, in
these Examples is illustrative of any of the claimed compounds.




- 54 - water and brine, dried over sodiumsulfate and evaporated to
dryness. The crude product was purified by FLASH chr omat ography on a silica
gel colum w th hexane-ethyl acetate (2:1),.and HPLC on a silica columm, to
give 140 nmg (53% of anorphous title COFYDO‘!SJ?]d' 5 Exanple 35 1, 25-Di hydroxy-
16- ene- 23-yne- 26, 27- bi shono- 20- epi -chol e- calciferol 10 To a Stl rred

solution of 435 ng (0.746 mmol e) of [38-%%?1&] ,5[err])]-
[2-13,5-bis[[(1,1 -dinethylethyl)di nmet hyTsl oxy] - 2- met hyl enecycl o-
hexyl i dene] et hyl ] di phenyl phosphi ne oxide in 5 m of anhydrous

tetrahydrofuran at -78[err]C was added 0. 48fedth (0. 744 mvle) of 1.6 M 15 -

n-butyllithiumin hexane dropw se under argon. After stirring for 5 mn, to
t hus obt ai ned—t-ed—sol-tit-i-op-as—added-—a-—soluiion-—-of-169 as ! /ﬂ A51 _nm |e) of

[3aR-[1(S*),|3alerr], 7a[ erlnlgredieh®s et hyl - 1- et hlyl -5- % w/w

[ (trinethyl oxw] -3-heptynyl'T-3,3a,5, 6, 7, 73 yar Q-
7a- met hyI-4I-MP) &méé 41— of M@.@iﬂﬁ.&_ﬂ_dropw se

over a 10 m|riCqtgti Attohble reaction m xture was ptirredla§0-78[err](d for 2.5

hrs. It was [{Jlen_quencned. by addition of 10 m pr a L XTure of BN
Rochel | e salé%ﬁﬂl&&ﬂ&isi—u@-c—w_ ingbn room

t enper at ur e.| SWYrbéran2 Mohostedrite (Spans@X) m xt uf e was acmled it was

extracted WIM S X 90 0 ethyl acetate. Zo [The CONDLN organi c | ayers
wer e washed neral ; terand Pprine rllr_l_e.d._auz.rj.od.l_umsm_ f ate and

evapor at ed tjGhrcenrgb sMohlogtearate and Polyoxy- 4.00
ethylene Glycol Stearate Blend
(Arlacel 165)
Polysorbate 60 (Tween 60) 1.00
Caprylic/Capric Triglyceride - 5.00
Sorbitol Solution 4.00
Edetate Disodium 0.10
Butylated Hydroxyanisole (BHA) ' 0.02
Sorbic Acid 0.20
Potassium Sorbate 0.1 -0.2
Water g.s. to 100.00

5
Example B
Gel
Ingredients % wilw
Compound A 0.00001 - 0.10
Butylated Hydroxyanisole (BHA) 0.02
Hydroxypropyl Cellulose 3.00
Ethyl Alcohol, USP 45.00
| Water q.s. to 100.00

10



resi due was purified by FLASH chromat ography on a silica gel colum wth
hexane-ethyl acetate (40:1) to give 260 ng of trisilylated title conpound.
30 To the solution of 260 ng trisilylated i6|termadi ate in 3 m of anhydrous
tetrahydrofuran was added 3 ml (3 mmol e) "oPYIM t et r abut yl ammoni um f | uori de
in tetrahydrofuran in argon atnosphere. The reaction m xture was stirred at

roomtenperature for 17 hrs, and then qu addition of 10 m water
and stirring 35 for 10 min. After diIuti%%gom wat er and brine, it
was - b5 - extracted with 3 x 80 mM of ethyl acetate. The conbi ned

organic layers were washed four times PépiealeSelutiad brine, dried over
sodium sul'fate and evaporated to dryness. The crude product was purified by
FLASH chr ongt-ogaphy—on-a—silica—gel—columm with 5 hexane-ethyl acefate

(1:3), to gijve 158 rrg (8qth)gr@fd1bhest|tle conpound, whi ¢h waw crysta lized
from met hyl [f rmate 103- 105 errJC EXa
1, 25- Di hyérc O 26, ’)7l hi annm 1erp Oéﬁoégl z Q-Ilpl ecalci ferol

To a stirred Propyléms Gly&lo ny (0 525 mol e) of [3R 10a06-[2- [3,5}bis

[[(1,1 -di mgthyl et hyl)- di net Ayl ST 1 oxyjcyc1one yT1ae nyr] - 15

il phenyl phod AR UE/CAPTiG, AAig] ¢ abydBe0027 20 78l err]c
was added O.|BAtyhhtedO Ib?ﬂkoﬁydnegolef (BHy\M n- butlyl |i t hi gnpgn hexane,

dr opwi se und a |rr|n or 5. mn, Tal ned refd
sol Eti on was%ﬂﬁ-,&ohg , Absgh i 205 nlnml e) p.00

5




[3aR-[1(S*),3a[err],7a[err]]]-1-[5-ethyl-1-methyl -5-[(trimethyl- sinI)oxy]
3- 20 heptynyl]-3,3a,5, 6, 7, 7a- hexahydr o- 7a- net hyl - 4H i nden- 4- one .

m of anhydrous tetrahydrofuran, dropwi se gver a 5 m n peri-od. Thp reactlon
was stirred at -78[err]C for 2.5 hrs. and ¢hen quenched

m of a 1:1 m xture of 2N Rochelle salt and 2N pot assi un‘?nm mﬂmﬂuﬂm
warmng up to roomtenperature. After a 9, Ether dllutlen W

the sane salts mxture, it was extracted 3 x 75 m of ethyl acetate.
The conbi ned organic | ayers were washed three tines with water and bri ne,
dried over sodiunp sul Aatg n@V PO FBripl4lr yness. The residue was
purified by FLASH chronmat ography on a 3silica gel colum w th hexane- et hyl
acetate to 30 give 58 ng of trisilylated title conpound. To a solution of-
124 nmg of trisilyl internedi ate (obtaineQ 3y two precedi ng coupling
reactions) in 2.5 nl of anhydrous tetrg [Aan was added 2.5 m (2.5
nmol e) of 1M tetrabutyl anmoni um fl 'n t et rcaﬁ ran under argon.
The reaction m xture was stirred & Ny tenp ture?for 40 hrs. It was
t hen quenched by addition of 10 ni and gti@Hng for 15 mn. After
dilution with 20 m of - 56 - : bri ne¢ (Ri)swas extracted with 3 x
70 m of ethyl acetate. The conbi ned| oggani c | ayers were washed four tines
with water and brine, dried over sgdi um sul fate and evaporated to dryness.
The crude product was purified by FLASH chromatography on p silica gel 5
colum w th hexane-ethyl acetate (A Xto give 74 my (25.3% of the title
conpound, which was recrystalli 2z om net hyl formate, mp. 130-132[err]C.

&
&

5 | HO R

wherein R is hydrogen, fluorine, or hydroxy, R, is hydrogen, lower
alkyl or halogen, X is =CH, or when R is hydroxy, X is (H,H) or =CH,,

and Ais—C=C-—, \ C/ \ /
B ’ / \

/ N\

10

-CH,-CH,-, provided that when A is -CH,-CH,-, R, is
hydrogen or lower alkyl.

15 2. The compound of Claim 1, wherein R is hydroxy.
3. The compound of Claim 2, wherein A is “C=C— .,

4. The compound of Claim 2, wherein A is -CH,-CH,- .
20



Exanpl e 37 10 1[err]-Fl uoro-25- hydroxy- 1
6- ene- 23-yne- 26, 27- bi shono- 20-epi - chol ecal ci ferol To a stirred solutionof
390 nmg (0.829 nmole) of [3S-(1Z 3a,5[err])]- 15 [2-][5-

oy et ettt [y o™ 3411k v b ! A RE AR
*anpy s *

cycl ohexyl i dene] et hyl ] di phenyl phosphi ne oxide in 5 m o
t et rahydr of uran at [ S 0,5 0.848 mmvle) of 1.6 M
n-butyllithiumi ﬁg'h gncg%’rﬁé&é%%tgeﬁﬁg‘%rz’ar%vgﬂogﬁ?@fter stirring for 5 mn,

to thus obtained red solution was added a solution of 200 ng 20 (0.534
mol e) of [3aR-[1(S*), 3aa, 7a[er{]]]-1-[5Het hyl - 1- net hyl - 5-
[(trimethyl-silyl)oxy] -3-heptynwW] -3 a,5,6 , ,7a-,{é)xahydro-

7a- net hyl - 4H i nden- 4-one i A#. 5 nic=sfCanhydrggus t et#=algydr of yran, dropw se
over a 10 mn period. The reactidn m Xure was then st\red at -78[err]C
for 2 hrs, and was quenched bygaddition of 10 rf of a 1:j 25 m xture of 2N
Rochel |l e salt and 2N pot assi um bi carbonate and warm ng up to room
tenperature. After dilution with 30 m of the sane salts m'xture, it was
extracted swith 36x TR® compoimd ofcClaine.1, TvheceinbRaed flugaimec | ayers were
washed three times with water and brine, dried over sodiumsulfate and
evaporated to dryness. The 30 residue was purified by FLASH chronmat ography
on silica gel colfunbhevcompewadofeChgim akewlesein3B21)s hydregem 254 ng of
disilylated title conpound. To a solution of 254 ng of disilyl internediate

in 3.5 nm anhydrqus_tetrahydrofuran was added under argon 3. (3.5
mol e) of 1M 35 %EZTh%tﬁﬁng%érﬂfu A or VARSTEIR ﬁét“aﬂ%ﬁ?’bﬁﬁ?gn. The
reacti on g9 xtpa&ﬁcumqgsthfdmyl adr rethylt enperature for 18 hrs, and then

9. The compound of Claim 1, wherein R is fluorine.

10. The compound of Claim 1, wherein X is (H,H).

15
11. The compounds of Claim 1:
1,25-dihydroxy-16-ene-23-yne-20-epi-cholecalciferol,
1,25-dihydroxy-16-ene-20-epi-cholecalciferol,
20 1,25-dihydroxy-16-ene-23-yne-26,27-hexafluoro-20-epi-
cholecalciferol, _
1,25-dihydroxy-16,23E-diene-26,27-hexafluoro-20-epi-
cholecalciferol,

1,25-dihydroxy-16,23Z-diene-26,27- hexafluoro-20-epi-
25 cholecalciferol,
1,25-dihydroxy-16,23Z-diene-26,27-hexafluoro-20-epi-19-nor-
cholecalciferol,
lo-fluoro-25-hydroxy-16,23Z-diene-26,27-hexafluoro-20-epi-
cholecalciferol, ' '
30 la-fluoro-25-hydroxy-16-ene-23-yne-26,27-hexafluoro-20-epi-
- cholecalciferol,
1a-fluoro-25-hydroxy-16,23E-diene-26,27-hexafluoro-20-epi-
cholecalciferol,



- 57 - quenched by addition of 10 mMl of water and stirringfor 15 mn.

After dilution with 20 mMl of water and brine, it was ext : 0
m of ethyl acetate. The conbined organic | ayers were Welmﬂmmmw:"“'uylr
with water and brine, dried over sodiumst3ate, and 5 evaporated to =

dryness. The crude product was purified by FLASH chromat ography on a silica

gel colum with ﬁ§é§nggﬁa¥éxggfggé§e§i3%%%%%wgb&ng&fﬂ% iih_ca col um

wi t h hexane-eth ace ), to give anorphous title
conpound. 10cholecalciferol, Exanpl e 38

1[err]-Fl uoro- 251h29taiWyrdiloﬁyZi%E:éiﬁer@sZﬁneize,izgmﬁ'aha%spi9-nor-20-epi-
chol ecal cifergl .15, 0 a Stirred solution of 240 ng (0.51 nmol e) of
[3S-(1Z, 3[ er FROBgaleiferol 2 [5-1 (1, 1

- di et hyl &t hyl ) dilwefbybsot Y5 oxgdio8y+ 1 Geemwe 2 Ixstingd 20 7-bishomo-20-epi-
cycl ohexyl i dggﬁleég%%?éfhenyl phosphi ne oxide in 5 nm of anhydrous

t et rahydrofu Sk ’riﬁc was added 0.319 ml (0.51 mmple) of 1.6 M
n-butyl I'i t hi um i A ohdkaere-2H ddrox Yrdea 3di-gbenea be? 7 shishamg-28repi-20

mn, to thus ' solution was added a solution of 103 ng (0.273
mol e) of [35&%%@§%§?3a[ err],7aferr]]]-1-[5-ethyl-1-nethyl-5-
[(trimethylsilyl)oxy]-3-heptynyl] -3,3 a,5,6,7, 7a-hexahydro- .

7a- met h{IOm4HI ndgn; 3A0 ; drthatetitical @i?ﬁdéi@ib% tcﬁ{mﬁiygfgowfz ?Tfec%%@%rﬁ@u}pt
over a m n_.peri od. e.reacti mi e was stirred a - erJ. or
> brs. then Bfackampeniad of the Horduls & % o gl dur 204, fopbaEasguibally
addi ti on of h6ceptabilea chrfiemi xture of 2N Rochelle salt and 2N potassium

bi carbonate and warnmed up to room tenperature. After dilution with
additional 25 m of the sane salts mxture, it was extracted with 3 x 90 ml

of ethyl acetatel3Thd pomesssetoroithermensinctueey ofsthee compeinds wir Eermukeed
W th waters agd B | ARimd", e4HYE" comprises deprotecting corresponding compounds
containing silyl protected hydroxy groups.

14. The compounds of formula I as in claim 1, for use in inducing
differentiation and inhibition of proliferation in skin and cancer cell
20 lines, particularly for treating hyperproliferative skin diseases, such
as psoriasis; neoplastic diseases, such as leukemia; and sebaceous
gland diseases, such as acne.

15. The compounds of formula I as in claim 1, for use in reversing
- 25 the conditions associated with photodamage, particularly for the
topical treatment of the skin damaged through sun exposure, the
effects of wrinkling, elastosis and premature aging.

16. The use of the compounds of formula I as in claim 1, for the
30 manufacture of pharmaceutical compositions for inducing
differentiation and inhibition of proliferation in skin and cancer cell
lines, particularly for treating hyperproliferative skin diseases, such
as psoriasis; neoplastic diseases, such as leukemia; and sebaceous
gland diseases, such as acne.
35
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sodi um sul fate and evaporated to dryness. The residue was purified by FLCASH
chromat ography on a silica gel colum w th hexane-et h;”"ﬂnm'ﬂlﬂlmu m to
give 145 ng of disilylated title conpound. To a sol ut I ",
disilyl internmediate in 3 m anhydrous 35 64fe'trahydrofurar‘i was mdded *1.7 m
(1.7 mmole) of 1M tetrabutyl - - 58 - ammonium fluoride in

t et rahydr of ur an ?gdefhgr&%n The {:&ﬁgbhﬁgs rBthgéﬁgPﬁaf atk Cq%,ﬁltl 85 Mthe

tenperature for hr's, and hen ion of er and
stirring for manwiagture Qfasplmmmma:l hcgmpﬂsﬂwnwaf@r r&nqr%ngnéh%md

extracted w idynditiofid aésoilfkaylwﬁﬁebnba)dam@g@r %Fhéulai\}sﬁrﬁ)rv\@h@

four times with water &{Tuék“ dried é’a dlumsulfate agﬁr

to dryness. FHAtREH O g Dedamaged °B§ PR PP e ﬁﬁ}é

mm x 5" sid i eerigklinggl amsw\gmhahdemnatdEI agingate (3:2), and by HPLC on a
silica gel colum wth hexane-ethyl acetate (1:1). It gave 90 nmg (74% 10

of the title conmpound, mp. 91-92[err]C, crystallization from nethyl
acet at e- hexane. Orfsaffihe g:@mp@md&;opharmaeemlawmn@smgnempmpsswa rand

| DT opor () ARsss s RielhidloRs WS, HARIAfYO Y, perefeft (@) tbal o

15 by conventlonal means rence to Is 1, 25-
di hydroxy- 1&E¥ampde®ne- 26, 27- hexaf | uor o- 20- epi - chol ecal ci ferol in these
Exanples i@ illustrative of any of the claimed conpounds. _ 59 -
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Exampl e A Cream I ngredients % w w Conpound A

0. 00001 - 0.10 Cetyl Al cohol ' 1. 50 Stearyl

Al cohol 2.50 Sorbl tan Monostearate (Span 60)
2.00 Mneral Ol 65 - 2.00 dyceryl Mnostearate
and Pol yoxy- 4.00 ethylene Gycol Stearate Blend (Arlacel 165)

Pol ysorbate 60 (Tween 60) 1.00 Caprylic/ Capry ri de
5.00 Sorbitol Solution 4.00 Edetate %ﬁ 4@%?%1(
0.10 Butyl ated Hydr oxyani sol e (BHA) 0.02 Sorbic Acid

0. 20 Pot assi um Sorbate _ 0.1- 0.2 Water g.s. to
100.00 5 Exanple B CGel Ingredients % w w Conpound A
0.00001 - 0.10 Butyl ated Hydroxyani sol eé(gﬂéﬂ 0. 02 Hydroxypropyl
Cel | ul oses 3.00 Ethyl Al cohol, USP

45. 00 Water 100. 00 10

qCSo'mIt)cg)unds of the formula

&
&

HO

10 wherein R is hydrogen, fluorine, or hydroxy, R, is hydrogen, lower
alkyl or halogen, X is =CH, or when R is hydroxy, X is (H,H) or =CHj,,

andAis—C=C—, - .
/ \

» or -CHy-CH>-,

/ AN

15 are useful in the treatment of hyperproliferative skin disorders,
neoplastic diseases, sebaceous gland diseases, and conditions
associated with photodamaged skin.
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s : : 701434} -3
60 - Exanple C Top4 cal Solution Ingredients %

Co‘rfﬁound A 0. 00001 - -0.10 Propylene @ ycd(oo‘s

10. 00- Capryl i c/ Caprl c Triglycteride 30. 00 Butyl ated

Hydr oxyani sol e ( BHA) 0.02 Ethyl Alcohol, Absolute

100.00 5 dainms1. A conpound of the_farmula [err] R 5

hydr ogen, fluorine,” or hydroxy, R2 is hydrogen, |ower alkyl

is =CH2 or when Ris hydroxy, Xis (HH or =CH2, H and Ais err
[err] -CH2-CH2-, provided that

, s -CHP-CHp-, R2 is hydioge -é‘%ﬁ‘ﬂ‘o%r
al kyl . 15 2. The conpound %@J%ﬁs %LBE‘%”. i

Ris hydriody. 3. T
conpound of Claim2, wherein Ais - Clerr] G

Lq.s.
nnEMmt SHEET

The invention relates to Vitamin D;analogs, particularly 20-
epi-16-ene analogs of Vitamin D; of the formula

$
&

HO
5
wherein R is hydrogen, fluorine, or hydroxy, R, is hydrogen, lower
alkyl or halogen, X is =CH, or when R is hydroxy, X is (H,H) or =CH,,
and Ais—-C=C—, / \ ’ / \ , OF
10 -CH,-CH,-, provided that when A is -CHz-CHz- Rz is hydrogen or lower
alkyl.

As used herein, "lower alkyl" denotes a straight or branched chain
alkyl group containing 1 to 4 carbon atoms, for example, methyl,
ethyl, propyl, isopropyl, butyl, t-butyl and the like. Preferably lower

alkyl is methyl or ethyl. Halogen means fluorine, iodine, bromine or
chlorine, preferably, ﬂuo_rine.

15



4. The conpound of d aim 2, wherein Ais -CH err]-CHerr]-. 20 - 62 -

The corrpound of Claim 2, V\/nerel nf[err] 5 6. The conp Of ~r ET
whereinh R2 is fluorine. 7. The conpound of Claim1, wherei}jn F&Lﬂ@ﬁﬁ‘zﬁéﬁ .
8. The compound of Caim1l, wherein R2 is | r alkyl, 10} particularly

methyl or ethyl. 9. The conpound of O aim £? wherein R is if | |juonindUNI97 The
conpound of Claiml1, wherein Xis (H H. 15 11. The conpounds of Claim 1:
1, 25-di hydroxy- 16-ene-23-yne-20-epi-chol ecal ciferol, 1,25 drydroxy-

16- ene- 20- epi - chol ecal ci ferol, 20 1. 25- moxy-
16- ene- 23-yne- 26, 27- hexaf | uor o- 20z erol, 1,25-dihydroxy- 1
6, 23E- di ene- 26, 27- hexaf | uor o- 20- ep| choI ecalciferol, 1,25-dihydroxy-

16, 23Z- di ene- 26, 27-  hexaf | uor o- 20- epi - cal CIferoI 1, 25-di hydr oxy-
16, 23Z- di ene- 26, 27- hexaf | uor o- 20- epi - 19-5b g ol ecal ci fer ol ,

| a- f | uor 0- 25- hydroxy- 1 6,23Z-di ene- 26, 27- hexaf | uor o- 20- epi -

chol ecal ci ferol , @8mpoundsl T thd | feefildS- hydr oxy-
16- ene- 23-yne- 26 27- hexafl uor o- 20- epi -

A

o
OH

CRy;

&
&

HO

10 wherein R is hydrogen, fluorine, or hydroxy, R, is hydrogen, lower
alkyl or halogen, X is =CH; or when R is hydroxy, X is (H,H) or =CHj,

N N4 |
SN TN e

andAis—C=C—,

15 are useful in the treatment of hyperproliferative skin disorders,
neoplastic diseases, sebaceous gland diseases, and conditions
associated with photodamaged skin.



chol ecal ci ferol , 1[err=—ftuoro-25—hydroxy- 1 q7014384-3

6, 23E- di ene- 26, 27- hexﬂuﬂ ' ol ecal ci ferol, - 6306 NPEAhgaaa .
1, 25-di hydr oxy- 16- ene ummmﬂ”"!‘:om 20- epi - chol ecal c| fRAPOACEMENT SHEET

, 25-di hydroxy- 1 6-ene-"23fyne- 2%, -+Di shonp- 1 9-nor-20-epi} |
cholecalciferol, 5 1[ err] - f1 uor o- 25= HAroxy- :
16- enig- 23-yne- 26, 27- bi shono- 20- epi - chol ecal ci ferol, 06 NOV 1999
1[err]-fluoro-25-hydsexy: -di ene= 26, 27-Dbj s As8BH ok 2 bremi=
chol ecal ciferol . 1%’“9_ éﬁﬂ?g?@ﬁy %ﬁa&n%?’e%t%%%ﬁ@%?gisﬁﬁﬁoc'(')rrprlflsi ng an
ef fective amoufbotgcadcHsipbund of the fornula | as in cl ai mt—ane—a—
pharmaceutical |y agceptaih ¢deakylBh-ed8-2 R PROCES R T AishRen GRNGLAGELI @- )i -
t he conpounds OE]H%O{?HUIE'& |,15 as in claim™ 1, which conprises deprotecting
correspondi ng COAHTREE LBt ai ni ng silyl protected hydroxy groups. 14. The

conpounds of5 fornullat-flaero i 3thydrdxy# b -ame-3 5 ymehidd 27 diishement 20t pin
and i nhibiti OncﬂBlé)cfa‘lece?{)Ft ion in skin and cancer cell |ines, 20 .
| u

particularly for control g hyperproliferative skin diseases, s as.
psoriasis; neopl astifc I QEX ‘}i")‘é{}'@ﬁﬂé'slﬁe’géﬁe‘rﬁléfleagé’éiblé’c@dlﬁogﬁgnﬁpl‘
di seases, suchcasl@sdleifetdl. The conpounds of forrmula | as in claiml, for
use in reversing the 25 conditions associated with phot odamage,

particularly for tepically controlling
: 10 12. A pharmaceutical composition comprising an effective amount

of a compound of the formula I ag in claim 1, and a pharmaceutically
N~ acceptable carrier.

13. A process for the manufacture of the compounds of formula I
15 as in claim 1, which comprises deprotecting corresponding compounds
containing silyl protected hydroxy groups.

14. The compounds of formula I as in claim 1, for use in inducing
differentiation and inhibition of proliferation in skin and cancer cell lines,
10 particularly for controlling hyperproliferative skin diseases, such as psoriasis;
“neoplastic diseases, such as leukemia; and sebaceous gland diseases, such as

acne.

15. The compounds of formula I as in claim 1, for use in reversing the
25 conditions associated with photodamage, particularly for topically controlling
damages of the skin through sun exposure, the effects of wrinkling, elastosis
and premature aging.

16. The use of the compounds of formula I as in claim' 1, for the
30 manufacture of pharmaceutical compositions for inducing
differentiation and inhibition of proliferation in skin and cancer cell
lines, particularly for treating hyperproliferative skin diseases, such
as psoriasis; neoplastic diseases, such as leukemia; and sebaceous
gland diseases, such as acne.
35
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damages of the Skl n thngh_—Te—p‘GS‘u—re— the effects of wi 1kR§Pr‘réCEMENT SHEET.

el astosis and premat ur I, use_of the conpounds pf{formula | as
inclaiml, for the SOFIIMMKM'FE‘,MM maceut i cal conpos|t| ofsh NV 1999
inducing differentiatior aad dn oI iferation in kkln and cancer
cel | lines, particularly for treating hyper%r [iferative skih drseases,

such as psoriasis; neoplastic diseases, such as | eukem a; anfl_sebaceous

?I andI di seases, suth Theaase.of3the comfpfounti. ofr][‘t%rﬂﬁﬂaolf akhig Qﬁﬁﬁpl{ndﬁ)rofhe
ormula | as i ure_ o eutj cal 05|t|ons
for reversi ng gll"@%épé&? 82513(@1%%85?%‘?[@%‘"‘ CtoﬁnBﬂ%llt%o ggéé r%v?rtsf%—v.l eIy for
the topical treendisiansofassoeiassd nwithmphedodamaggh pamiaNpdyufer thiee topiadt s
of 5 wrinklingireSiASAOYSS tRO IS ABIMAR AWM Agh sun exposure, the effects of

5 wrinkling, elastosis and premature aging.



