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(54) Title: 6,7-OXYGENATED STEROIDS AND USES RELATED THERETO
{57) Abstract
¢ ) Steroid compounds having various oxygen substitution on the steroid nucleus are disclosed. A specific functionality present on many

of the steroid compounds is oxygen substitution at both of positions § and 7. Thus, certain steroids have oxygen substitution at C6 and C7,
and some have specific stereochemistries such as 6o and 78 oxygen substitution, and an alpha hydrogen at the 5 position in addition to
having 6 and 78 oxygen substitution. Steroids having 3,4-cpoxy functionality are also disclosed. In addition, sterolds having C17 pyran
and §-lactone functionality, with oxygen substitution at C6 and C7, or at C1S5, of the steroid nucleus, are disclosed.
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peri ods of bronchospasm and chronic inflammation of the lungs. Cbstruction
of the airways is reversible with time or in response to drug

t herapi es. Pat ivén#82¢52hi bi ti ng normal airflow nay be hPEREAYABM Ve tO
a variety of naturally occurring stinmuli, 5 e.g., cold air, exercise,
chemi cals and all ergen. The nost commopn event initiating an asthmatic

response is an i nmedi ate hypersensitivity to comon allergens including
ragweed pollen, grass pollen, various fungi, dust mtes, cockroaches and
donestic animals. The synptons of the disease include chest tightness,

wheezi ng, shortness o reath and coughing. MIld forns _of the disease
occur in up to 10% of&?@‘(ﬁfg‘!’\%‘)ﬁﬁ%‘aﬁ&gk{& i RELAHRD UHERRET@ustral i a
and New Zeal and report higher preval ences. Ast hma i nci dence and

nortality has been i ncreasiNr;& wor | dwi de, doubling over the past 20
years despite nSROBStHEFERFNGE TO RELATED APPLICATIONSThe response of the

airways to allergen is c C IS . C
response ( EAR) which peaﬁnggﬁé%ﬂ%‘lﬂnag tseér%é@poﬂg’glr g‘%’op %%E%#%F?&L%ms 15
characteri zed bNob6WIR3MS0.oftled filytl, dPP6ammil 1Sr Ratert \Apphcatib die. G8/6791642, flldd to 2 -

hours. Th | LAR 1 3-8
afver initial oG 1996 Rl sRRGRE G iR hBrgy bV SEMRRT O B ¢ e

devel opment of emifrétesati on and edenma in the lung tissue. This

i nflammati on often becones chronic, with epithelial damage occurring
and infiltration of the lungs with inflamatory cells such as eosinophils.
and 20 neut r ophTEGHNICAL FIELD Current Treatnents for Asthma

G-ticocorticosteroids (steroids) are the pnost effective |ong-termtherapy
for the treatment of astHH nvYeptAn istdireelrdiso sewit GImRABAYs. Fa@ il P2Righlat fe
control of a@ut §7-oxygen@ed h&aid%bﬁlg&lﬁas R GherRic & DRHeE tHéRE>, | N The contr ol
of asthma is mni maf due to the 25 introduction of inhaled steroids. Due
to the presence of airway inflamation even in m | d asthma, inhaled
steroids are us i ﬁ.ﬁqﬁm g therapy. As effective as

i nhal ed st er oi dgﬂgrgggbs%%%%t s | mé{\lut heir use and conbi nati on therapy
is often enpl oyed. @sthriaaad elitereytdreclossly telatediwithdgodd evitlance fremfabihicalwi ng

areas: anti-inf étw&é?ﬁéﬁstraﬁng a strong correlation between the severity of astbma and thc

degree of atopy (allergy). Sensitization to allergens is believed to be the most important

15 risk factor for asthma in both children and adults, with approximately 90% of asthma
cases exhibiting atopy.

Allergy is characterized by an increased blood serum IgE (antibody)

level. Repeated exposure to allergens, in a process called sensitization, is normally

N required to clicit sufficient B cell production of IgE specific to a given allergen or scries

20 of allergéns to trigger atopy and the subsequent asthmatic or allergic response. Once
B cells are exposed to allergens, they produce antibodies which bind to the surface of
mast cells. The crosslinking of 2 antibodies by the antigen causes a series of reactions
causing degranulation and the release of a number of mediators which modulate the
inflammatory response. Mediators that are released or generated during the asthmatic

25 and allergic response include histamine, leukotrienes, prostaglandins, cytokines and

. tryptase.



3 drugs (e.g., inhaled and oral steroids), bronchodilators, (e.g.,
[err]-agoni sts, xanthines, anticholinergics), and nediator inhibitors

(eg—+——crormphyns—and—tevkotr+reme—anmtagont St sy .

Cronol yns (e.g., disodiumcronoglycate and nedocroml) inhibit the

rel ease of histamne in vitro and prevent bronchial hyperreactivity, while
di spl ayi ng fewgosmaespi de effects. They are not effective opegikrormsge have no
bronchodi | ator effect. Usually chronic treatnment (several days) is
required to achieve optinmal anti-inflamuapory effect, t hough _
cronol yns exhi bit beneficial effects against exercise-induced ast hma when
adm nistered only 10 mnutes prior to exercise. Cronolyns are, at best,
only marginally ef fective againsi derate to severe .asthma. ..10

G ubocor i cost er oi ds (StATBIYE PR EEEEt tr EREER Tl Y s wiEpvp Higodic
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ar achi doni ¢ ac F‘H""?’P@t‘éﬁ%’l“'ﬂ%&"sw‘m tme qr) 18 JESBPTSF é%ég‘ga'hﬂaﬁi?sosfﬁigi‘téﬁgl?‘hg?g and
cyt oki nes. Respermfé Sirflow! i lbe Chypérfea@tiv@StoOd variety of StabirllY GccubrRipOstidulican
occur within 4 hours but may take several days depending on the 15
severity of % hégdraldageexsroscechenicastand allgesne nThesnost Fommem sysnt fitigting,An
chronic treat i 1 f i esdas: j i :
continual bas |msmfmr}act culgsépoglf/é;%h%m a, %ééggwg%h% rsclg ? gl'?‘lhgﬁ agﬁrg@nggg?mdmg
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cause suppressi f - X} Leh . | t.h l.ation’
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peptic ul cers, Agthaatifcideptadmdahdraalityias béenlistieBing betldwiderdalblngAteh® past
reproductive prgbl ensg, .catﬁegﬁés and hemat ol ogi cal disorders. .

Bet a- agoni sts PRYEAISESRifdn HeRBasm produced during an asthmatic 25
attack and have a npdestThaGéspunsk of @@odirwals toalletith 88 comhpléhdl REHANELan Thei r
rout es of adm ni stration @ﬁ{d%[ ti nggf action are variable. .

Prol onged use &¥FMasthaatic fraprnse (EAR) which peaks 28-3( i aler sapeswe s HE atippli-ihe
therapy itsg f chdrdckerizétPoy 6ivaeHRBSIRILGT anld HoBhaARCesolvER @& 1% to 2 GAIROYREIS have
no effect on the inflamatory response itself.
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PCT/ CA97/ 00490 the lung tissue. This inflammation often becomes chronic, with epithelial damage

occurring and infiltration of the lungs with inflammatory cells such as eosinophils and

20 neutrophils.

U Current Treatments for Asthma

Glucocorticosteroids (steroids) are the most effectivc long-term therapy
for the treatment of asthma. Oral steroids are not very useful for the control of acute
asthma attacks and their chronic use in the control of asthma is minimal due to the

25 introduction of inhaled steroids. Due to the presence of airway inflammation even in
mild asthma, inhaled steroids are used even in early stage drug therapy. As effective as
inhaled steroids are, side effects limit their use and combination therapy is often

employed. Combination therapy is divided into the following areas: anti-inflammatory



4 nunber of factors including food, age, smoking, etc. The
t herapeutic wi ndow is rel atively narrow and side effects include

gastrorntestinat—disorders, @ﬁgmmT_—hmmmr—'ﬁ
cardiac arrhythm as. The inportance of treatnent of i nflammation in
asthma and allergy has led to a decline in the use of xanthines for 5

t her apy. WO 98/02450 Anticholinergic agents such as PET/GAYHI049OM
brom de are used to block the contraction of bronchial smooth nuscle

i nduced by acetylcholine rel eased as a 3 neurotransmitter. Some positive
effects are reported in asthma, with these drugs being nost effective
agai nst chronic obstructive pul nonary disease. A large nunber of side 10
effects are seednigh (4.} inhsled drdi@sal is&ﬁiMLﬁ&dﬂbdig&{?{ (E.?.E, PrLaists, KanthiyBut h,
tachycardi a. . hausea, vomting,. flushing an ypertensi on. ]

| nhi )l;i tors of 5?1“1“-8‘35&9%%&%“ mrRBR inhibiers (regheromalyl apd lenkawienerntagraists)nhi | e
| eukot i ene ant agoni st s grEHSGs (el AShAN cRinohBHAO'ahs HeBRrot) HllbR'de
pot ent bronchospastic nediators rel eased during an ast.% HE I'C reaction.
Use of | eukot ri elreseiof histaminea gire ang ipreyent froschial by prewsactivisy, odiilatdisglaying ]Ifew _

i ncreased |iwer g S ThbdI G LA itor Liver nction
closely in c\g‘rat g?ﬂ@%ég?i eT??tE ygﬂggﬁf g?%%g&a{yeﬂﬁo}{af?g%[é'%{‘%gﬂﬁtﬁrhef%ﬁ 3‘?’%’ ave
shown conpar at i ¢onicréatmeny (severalidays) isorqlingd o, achiavk aptitrial/aritiyinfapinatadyeffect) 0

| ow dose cortic roids _ . In general, .nbderate to severe
ast hma pati ent s&g‘;% %86‘?1’?5 SEhibY pepsficd, st a%ﬁ"é’g §ﬁ?’°’_é‘?‘f?ﬂﬁi?ﬂt %fﬁﬁ“l?n?" gn |

drugs. Drugs thadministered ahlg 18mtmaed priorRregertisd. | Grofiblyae irk Vi@ best, only tédginglly

ef fective drug’sg@ave unac%gj%t able side effects with extensive nonitoring of
patients requi r SCIVEABHAsmOdgrale;tg sivereastipa need for therapeutic agents t hat

achi eve safdo and ef GarbioreosRIdidst (wdroid)t BAR BrasbuRd | STl SppiRE Qi The

esent inventio rovi des t hese and rel ated benefits as descri bed
Pl:r ei n mHanEx)mat}{m, and are by far the most effective drugs for the treatment of asthma and

SUMVARY OF THE AifabeNT! Nnast cells tbe;p| inhibit the production SRR ach mteﬂﬁc?lites

i nvention provides conpounds of the fornula: ) ]
(leukotrienes and prostaglandins) and cytokines. Responses to inhaled steroids or

systemic steroids can occur within 4 hours but may take several days depending on the
15 severity of the disease state. Symptoms often return without regular chronic treatment.
Side effects of inhaled steroids used on a continual basis include dysphonia, local -

irritation and oral candidiasis (a fungal infection). Higher doses of inhaled steroids

cause suppression of the HPA-axis which is responsible for the regulation of serum

corttisol levels, metabolism, stress, CNS function and immunity. Continuous use of

20 high dose inhaled steroids or oral steroids induce more severe side effects: severe

suppression of the HPA axis, causing effects on the immune system, hypertension,

Y _ osteoporosis, peptic ulcers, growth retardation in children, behavioral problems,
reproductive problems, cataracts and hematological disorders.

Beta-agonists reverse the bronchospasm produced during an asthmatic

25 attack and have a modest activity against the onset of the response. Their routes of

administration and duration of action are variable. Prolonged use of these agents can

cause decreased response to the therapy itself with the development of tolerance. These
compounds have no effect on the inflammatory response itself.

. Xanthines, which are cyclic AMP phosphodiesterase inhibitors. are also

30  used in bronchedilator therapy. Though effective, xanthine activity is influenced by a



[err] 5 I ncl udi ng pharmaceutically acceptable salts and

sol vates thereof, wherein: each of C1, C2, C3, 4,
Cll, C1l2 (15 ang—C6—s—inde eperdentty substituted according to any
of (a) and (b): (a) one of: =0, =C(Rerr])(Rerr]),

-C(Rerr])(Rerr])(CRerr])(Rerr]))[err]- and 10 -
-(OC(Rerr]) wdegnissg ) [err] O - wherein n ranges from | to wiTecAs7dia90

(b) two of: -X, -Rlerr] and -OR[err], each independently sel ected:

each of C5, C6, C7, C8, (9, C10, C13 and €14 is independently

substituted with one of -X, -Rerr] or -ORerr]; C17

I s substituted according to any of (c¢), (d), (e), (f), (g,), (h) and (i):

15 s ed
wth methyl nurhbor of AR Mbfubihé ﬁ%g akd, sgi&ﬁﬁ:?] et\@he'ﬁxe%?r Paj,%u‘bﬁ agg] 3& o
when C10 is subsddtivelytnartowiand side efigers include gadtepint@ingl disoidersnONS slistutbaicedi r ect | y

Lo oxygen, whepe e b off Shfdec B hEL "ol Glbhofl 6 beqmen BPN SO

Cl7 is a carbon§ roup, ma c

menber ed iflammation 4n Estmrh&r sllbrdyales dedeto DtdetinenSthe b€ bf karitlinds[fer r ] or
-OR[err] an%Rlerrg} is Rlerr] or Rerr]. 20 (e) one of: :
=0, =C(R{err]) T]), -ARerr])(Rerr])(CRerr])(Rerr]))[err]- and

-(AC(Rerr])(Rerr]))l emm)lmerya&gaidku&sh is&ﬁ@@é‘pnftﬁ emnldetaee é’ééekﬁbl&k B | ong

as one of the follow ng conditjons j) ()’ i)
i) 5 is suE@'L‘fP‘E‘L?PeEf \M’Q’ﬁh‘a' Epenth gavcle n’“fl‘l'ﬁs atlypﬂ"éty"’h°1m?:6ﬂF455‘hé‘fl"t)n and

6C3- i's not bondgdidAnesiMer "Some positive effects are reported in asthma, with these drugs being |
most effective against chronic obstructive pulmonary disease. A large number of side

10 effects are seen with these drugs including urinary retention, dry mouth, tachycardia.
nausea, vomiting, flushing and hypertension.

Inhibitors of 5-lipoxygenase inhibit the generation of leukotrienes;-while
leukotriene antagonists prevent the action of leukotrienes, which are potent
bronchospastic mediators released during an asthmatic reaction. Use of leukotriene

15 synthesis inhibitors has been associated with increased liver enzymes, indicating the
need to monitor liver function closely in certain patient populations. Leukotriene
inhibitors have shown comparative activity to the cromolyns, and activity equivalent to
low dose corticosteroids.

In general, moderate to severe asthma patients are poorly served by the

20 present armamentarium of drugs. Drugs that are safe are only marginally effective,
while effective drugs have unacceptable side effects with extensive monitoring of

(N patients required. There is a significant need for therapeutic agents that achieve safe

and cffective relief of asthma and allergy symptoms. The present invention provides

these and related benefits as described herein.



1) If CLO is substituted with nethyl and the Aring is aromati c,
then neither of C13 nor C 14 is substltuted vmth rrethyl

2 5 -ORlerr]
substituent has the aI pha conflgur ation, and the C[err] -ORerr]
substituent has the beta 5 conflguratlon then C17 is not substituted with

any ofthe fol | O%PA¥2450 PCT/CA9YUP490

[err] i V) C3 and C4 are each bonded
to the same oxygen atom so as to formah oxirane ring, with the proviso
that C7 does not have carbonyl substitution when C5 has hydroxyl or
-OR substitution; 15 () two of the foll ow ng
substituents, WSUMMARY OFGTHENMENTION selected: -X, -Rerr] and
-ORlerr], as long as one of the above conditions i), ii), iii) or iv)
apply;

One aspect of the invention provides compounds of the formula:

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of CI, C2, C3, C4, Cl1, Cl12, C15 and Cl6 is independently
substituted according to any of (2) and (b):

(@ ome of =0, =CRYRY)., -CRIRHUCRHURY), and

10 {(O(C(R*")(R*),0)- wherein n ranges from 1 to about 6;

(b)  twoof: -X, -R*and -OR!, each independently selected;

each of C5, C6, C7, C8, C9, C10, C13 and Cl4 is independently
substituted with one of -X, -R* or -OR;

~ C17is substituted according to any of (c), (d), (), (), (), (h) and (i):

15 (©)  =C(R®)R’) except when C14 is substituted with methy!;

(d -R’and -OR® so long as when C10 is substituted with methy!
then C5 is not bonded directly to oxygen, where R* and R® may together form a direct
bond so C17 is a carbonyl group, or may together with C17 form a cyclic 3-6 membered
ether or 4-6 membered lactone; otherwise R? is R? or -OR® and R is R' or R*.

20 () ome off =0, =CR%RY), -CRYRNCRIRY),- and
«(O(C(R*)(R*)),0)- wherein n ranges from 1 to about 6, as long as one of the folldwing
conditions i), ii), iii) or iv) apply:

i) C5 is substituted with a hydrogen in the alpha

configuation, and C3 is not bonded to oxygen;



7 (9) a cyclic structure of the formula
[

err] 5 wherein Gis -C(=0 -, -CH(ORerr])-
-CRFer+H-(ORfer+H—or—=C(ERer T TOR[err])-, as 'ong as C3 and C4
are not sinultaneously substituted with hydroxyl or protected

hydr oxyl ; (h) two hydrogen atons, as long as C3 is
not substit ut Qg dfebdse @ carbonyl group: 10 PCT/CA97/00490 ONe
hydrogen atom and one group selected from (err]-Clerr] hydr ocar byl
groups and (Jerr]-Cerr] hal ogen substituged hydrocarbyl groups, excluding
-CH(CH err])(CH err])[err]CH CH err])[err]; the A, B, C
and D rings may i ndependently be fully saturated, partially saturat ed

or fully unsaturated; 15 i), tedf 8r's S“F\Ltﬁ&t&] v«hﬁ etByl\AEndth%tRC}xj%ﬁs EJrO%Up

such that -OR[err] is a prot ere vicl

groups nay togetohﬁﬁc,ﬂnnmxa:ecyfcﬂ:li3moscn4lstswsatuvddlvaihnmlr.yl ects vi ci nal

hydr oxyl groups, and where geni nal .- r ro ma et her, f.or a
cyclic structure which ﬁﬂr)not étpgm[ﬁ% %5% &égi%ﬁbyge ag’ﬂ"stﬁ'édh’lg

that either or @m‘tdnbﬁiuenﬂfss tl@é alpha confifuraidgl, 4nd tliee@'f mrshssnmeﬁﬁmmet@r
protected carbonyl group Aj Rlerr] and Rlerr] at -
each occurre?1cé°ﬂf*£“‘iah@b§\§h§éﬁtsl’5?t%’éﬁ‘éﬁ‘?‘éﬁ“\’?’ﬂrﬁf@e wing:  CJerr] organic
noi ety that may optionally contain at |east one het er oat om sel ected from
the group consisting of boron, hal ogen,gnitrogen, oxygen,q l?l i con and

sul fur, where two gem nal Rferr] (g]éoups may togetherfforma ring with

the carbon atomto which they bond
X represents fluoride, chlorid ,(ﬁbgdh‘?r [ od?&@.‘"n&

OH W

OH
OH OR!
L Me
- pa e S 2.
10

iv)  C3 and C4 are each bonded to the same oxygen atom so

as to form an oxirane ring, with the proviso that C7 does not have carbony! substitution
when C5 has hydroxy! or -OR' substitution; ' .

15 H two of the following substituents, which are independently

selected: -X, -R' and -OR', as long as one of the above conditions i), i), iii) or iv)

apply;



In a preferred enbodi nent, the conpounds have the formnul a
[err] i ncl udi ng pharmaceutically acceptable salts and

sotvatesthereof—whererm——5 cacthrof—CI— €2 C3 ¢4 —Cit—

Cl2, C15 and C16 is independent substituted with

l'y
(a) one of: =0 =C(Rerr])(Rerr]),
-C(Rerr])(Rermopeat®Serr])(Rerr]))[err]- and PCT/CA97/00490
-(C(Rerr])(Rerr]))[err]O- wherein n ranges from1l to about 6 ; or
(b) two of the follow ng, which are indepéndently selected: -X, -Rerr]
10 and -OR; each of C5, C8, C9, Cl10 and C13 is
i ndependently substituted with one of -X, -Rerr] or -ORerr];
Cld is -X, -ORlerr], or -gjerrdcyeNeiiuitofil Bimula t he
A, B, Cand Drings may i ndependently be fully saturated, partially 15
saturated or fully unsaturated; Rlerr] is Hor a
protecting group such that -OR[err] is a pr ct ed hydroxyl group,
where vicinal -OR[err] groups may together fprma cyclic structure which

protects vi ci nal hydroxyl groups, an e gemnal -OR[err] groups
may togéther forma cyclic structuref which protects a carbonyl group,
with the proviso that either or both of - at 20 C6 and C7
represents a carbonyl or protected ca Group; ) :
Rlerr], Rerr] and R err] at each occurfence is independently selected from
H and Cerr] organic noiety that optionally contain at |east one

het er oat om sel ected from the group consisting of boron, halogen,
nitrogen, oxygen, silicon,pign G's =0 EHORY -CROR")- or -C(OR)OR'), as

long as C3 and C4 are not simultaneously substituted with hydroxyl or protected

o
hydroxyl;
(h) two hydrogen atoms, as long as C3 is not substituted with a
carbony! group: B

10 @) one hydrogen atom and one group selected from C,-C,,
hydrocarbyl groups and C,-C,, halogen substituted hydrocarby! groups, excluding
-CH(CH,)(CH,)»;CH(CH,);;

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated;

15 R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic

S structure which protects a carbonyl group, with the proviso that either or both of -OR' at
'C6 and C7 represents a carbonyl or protected carbonyl group; |

20 R’ R’ and R* at each occurrence is independently selected from H and
C,.0 organic moiety that may optionally contain at least one heteroatom selected from
the group consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two
geminal R* groups may together form a ring with the carbon atom to which they are
both bonded; and | |

25 X represents fluoride. chloride, bromide and iodide.



9 gem nal Rl err] groups may together forma ring with the carbon
atomto which they are bot h bonded; and X
r epr-esent-s—Huor+de—chtoride—promtde—and 1 odi de.

In anot her preferred enbodi nent, the conpounds have the fornula

[err]

sol vat es t her nsfos/ows®r ei n:
Cl2, C15 and C16 is independently

(a) one
-Q(Rerr]
-(A (R e
(b) t wo
and -OR[ e

the A/ B, Cand D rings may i ndependently be fWd
saturated or fully unsaturated; 12 /
group such that -OR is a protected hydk
groups may together forma cyclic str
groups, and where gem n2

hydr oxyl

of :

) (R
rr])

of
rrl;

10

15

20

e
(
t

i ncl udi ng pharmaceutically acceptable salts and

each of C1,PGRCANOMIC,
substituted with 10
=0, =C(Rerr])(Rerr]),
rr])(C(Rerr])(Rerr]))[err]- and

]
Rlerr]))[err]O- wherein n ranges from1l to about 6 ; or

Cl1,

he fol | owimgprefdred bmbsdimemdbpanpoaids haveahefoinmda - X, - Rl err]
each of C5, C8, C9, Cl10, Ci13 and Cl4 is
i ndependently substituted with 15 one of-X, gRerr] or -ORerr];

group, where vicinal
216 protects 20 vicina

including pharmaceutically acceptab]é salts and solvates thereof, wherein:

each of Cl, C2, C3, C4, Cl1, C12, C15 and Cl6 is mdependently
substituted with ~

(@ one of =0, =CRYMRY, -CRHYRHCERHR"),- and
-(O(C(R*)(R*)),0)- wherein n ranges from 1 to about 6 ; or

(b)  two of the following, which are independently selected: -X, -R*
and -OR'; '

each of C5, C8, C9, C10 and C13 is independently substituted with one
of -X, -R* or -OR';

Cl4is -X, -OR!, or -R* excluding methyl;

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated;

R' is H or a protecting group such that -OR’ is a protected hydroxyl
group, where vicinai -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbonyl group, with the proviso that either or both of -OR' at
C6 and C7 represents a carbonyl or protected carbony! group;

R% R? and R* at each occurrence is independently selected from H and
C,.0 Organic moiety that may optionally contain at least one heteroatom selected from

the group consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two

R saturated, partially
R is Hor a protecting

-OR



structure which protects a carbonyl group. with the proviso that either or

both of -OR at C6 and C7 represents a carbonyl or protected car bonyl
group, 10
Rlerr] at each occurrence is independently selected fromH and (err]
organic noi ety that may optionally contain at |east one heteroatom,
sel ect ed from t WO 9%/924¥p consi sting of boron, hal ogen, RCT/CAY&A490
oxygen, silicon and sul fur, where two gem nal R4 groups may toget her

forma ring with the carbon atomto which they are both 5 bonded; and
Rlerr] and Rlerr] may together forma direct bond so C17 is a carbonyl
group, or may together with C17 forma cyclic 3-6 nenbered ether or
4-6 menber ed | acgentieal R* groupoinag topether fob aldng wittRhe rcﬁr};oxoatomQR[vﬁﬁd}ﬂ théyge

Rlerr] is Rerr] e : and X represents fluoride,
chl oride, brom alé?ol'h‘??gh "’(;64‘{1 wi th the proviso that when
Cl0 is -substituted with nﬁr&ﬁ‘ésentiﬂlﬂﬁldﬁhloﬁd@%}omxdcand%ﬁ&ect|y bonded to an
oxygen atom I n another preferred enbodi nent, the
conpounds have the formul a [err]

15 inclrudi ng pharmaceuti cgl S

wher ei n: ﬂmwm&?&?&#eﬁ%&’% %@Iﬂﬁﬁg%@%‘%ﬁ\?&&%@%@gG and Cl7
i s independently " substituted wi'th " (a) one of:

=0 =C(Rerr])(Rerr]), -CRerr])(Rerr])(CR P 71) (Rlerr]))[err] - and
l -

including pharmaceutically acceptable salts and solvates thereof. wherein:
each of Cl, C2, C3, C4, Cll, C12, C15 and CI6 is independently
substituted with
10 (a8 one off =0, =CRY%R", ~C(R‘)(R‘)(C(R‘)(R‘)) and
~(O(C(R")R"),0)- wherein n ranges from 1 to about 6 ; or
(b)  two of the following, which are independently selected: -X.-R*
and -OR';
‘ each of C5, C8, C9, C10, C13 and C14 is independently substituted with
~— 15 oneof-X, -R* or -OR’; : _
the A, B, C and D rings may independently be fully saturated, partially '
saturated or fully unsaturated;
R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
. 20  vicinal hydroxyl groups. and where geminal -OR' groups may together form a cyclic
structure which protects a carbonyl group. with the proviso that either or both of -OR' at

C6 and C7 represents a carbony! or protected carbonyl group;



-(AC(Rerr])(Rerr]))[err]O- wherein n ranges from1l to about 6 ; or 20
(b) two of the follow ng, which are independently selected: -X -Rerr]

and - OR[er+r}+— gaci—of—C8, CY, CIU, CI3 and Cl4 is
i ndependently substituted with one of-X, -Rerr] or -OR[err];
11 C3,is substituted with one of

=Q(Rlerr]) (R ddamaapd -C(Rerr])(Rerr])(CRerr]) (R err]potcirosso

wherein n ranges from1l to about 6, or two of -X, and -Rerr] with the
proviso that C3 is not bonded to an oxygex@ at om

the A, B, Cand Drings may i ndependently be fully saturated, partially

5 wsaturated or fully unsaturated; R is Hor
a protecting group such CRIEES r :

group, where vicinal ogqg%%’ﬁps malyc]etlg ﬁd%ﬁme%%gek%{aid%ﬂ]I?éxésg'r’hor tre which
protects moiety that maympnaiallhy:dnt@m;dt lggstoensshetengatbmiselectedgfeor id gro@R

Car bony! o oup AR BhE el pitasens orygsp. sjeof B Stk S §f8 RS T

C6 and C7 repr ®ehdups ntayr logather form prrivigewitle thecaartionnatém go ehich they are both
Rlerr] at each ocC urrﬁnce is independently selected fromH and (err]
organi c bonded noi ety that may optionally contain at |east one

het er oat om Sel ect ed frOm’taB@R%Qngemerfomad.rectbon&gr@m&wab&.fyx 65
hal ogen, nitrogen, oxygen, silicon and sul fur; where two genina

Rlerr] groups ey egstst H’é‘?’ G13 T aoyeliy Wﬂ?"ﬁqﬁ’édéﬁleb%“ -Samberd ARt t hey

are both " oth w;.ghﬁwqgﬁeg,_oﬁngmksls R' or R%; and X represents
fluoride, chlori 5 brom de and i odi de I n

anot her preferred errbodliﬁ@n@enﬁfbmeé?rp@e%bmm apfiedider nul a
[err] 10 with the proviso that when C10 is substituted with methyl, then C5 is not
\\_/-

directly bonded to an oxygen atom.

In another preferred embodiment, the compounds have the formula

15 including pharmaceutically acceptable salts and solvates thereof, wherein:
each of C1, C2, C4, C1}1, C12, Ci15, C16 and C17 is independently -
substituted with :
@ one of =0, =CR"MR'), -CRHRHCR»R")- and
{O(C(R")(R*),0)- wherein n ranges from 1 1o about 6 ; or
20 ° (b)  two of the following, which are independently selected: -X, -R*
and -OR"; '
each of C8, C9, C10, C13 and C14 is independently substituted with one
of -X, -R* or -OR;



20 i ncluding pharmaceutically acceptable salts and sol vates thereof,
wher ei n: each of Cl1, C2, C3, 4, Cli, C12,

Cl5,  Cl6 and Cl7—is—indepentdentty SUbSTituted With T
(a) one of: =0 =C(Rerr])(Rerr]) :
-C(Rlerr])(Rerr])(C(Rerr])(Rerr]))[err]- and .
-(O(C(R[err]) (WOSBPH§ [err] O - wherein n ranges from| to JSTEATE4Y,

12 (b) two of the follow ng, which are

i ndependently selected: -X, -Rerr] ahd -OR[err];

each of C5, C8, C9, Cl10, C13 and Cl14 is independently substituted with
one of -X, -Rerr] or -OR[err]; b5 with the provisos that
(a) C10 and C13 are not 3C3risl MStemedslwyth one ofsaﬂﬁkt)ﬁl&‘hmuﬁ -QRORAERIYR)),and
\(Mb% hmgernretcal_gl s W%besntr{ r%xlzjéeg?ro 1ttg alr)TeuE Eyolrkwo%e tl"lr’]?lf,lgrowso thape.? snotlt ed
i ndependent | y bé&ofdel to/ansoxygenatons], partially sat urated or fully

unsaturated with the prov'so hat e.,Aring js not ar tic, 1 )

Rlerr] is Hor a protectihyy ogﬁ“‘igdﬂ‘gfﬁ'éi’%‘d@?"g‘?’@yg’ m%‘t’%‘&‘i)mﬁg&yl
group, -where §/i gitirated ofdlI@ ishrughitdPs may together forma cyclic structure
whi ch protects vi cingl hydroxyl groups, and V\h%ﬁ gemnal -OR err]
groups may together formfa igfcey & protecting; group. sushhaptORY i A grasteqted bydgawhony |
group, wi th the Rio\lte 4ibidh B! BRpOhaPAbbindiodl eic stuctuChitl i
represent a carbonyl prot ect ed carbony group Rerr]
at each occurr enisinal bydrmbs@nnﬁe aed yhere E@mmddoﬁr emuPﬁ mayl tagether form ageyplic -
oLy Lrat RY sBR-OUReh brofi Ol b Ablordh elofS i WAL HAU B GP B GE 0 BT O
t he group consisting®o , ro en, oxygen, sili1con and
sul fur; wher® tWéagdaﬁ?mtesemacarbonygwr@nqjemedmyrbbmgetohp;r forma ring with the
sar bon atomto which the X
represents fluoride, chl In
anot her pr ef er r egiceyrthadinag ropuoxhh;e canmdip at as olﬁél‘hete:tohtﬂmf seletted ofrom the group

consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur; where two geminal

‘?{je cI'P %crcgwlmae is “ﬁ"%"?"%ﬁ‘m& sQlectecP from H and C, ,, organic

R® groups may together form a ring with the carbon atom to which they are both
15 bonded; and

X represents fluoride, chloride, bromide and iodide.

In another preferred embodiment, the compounds have the formula

20 including pharmaceutically acceptable salts and solvates thereof, wherein:
each of Cl, C2, C3, C4, Cl11, C12, C15, C16 and C17 is independently
substituted with
(a) ome of =0, =CRYRY. -CRYRNCRHRY)- and
“(O(C(R*}R*)),0)- wherein n ranges from ! to about 6 ; or



[err]

i ncl udi ng pharnmaceutically acceptable salts and

sol vates t hereof, wherein:

13 cactr~of—CI Tz ~TII, CIlZ, CI5, CIt and Cl17 is
I ndependent |y substituted with (a) one of
=0, =C(Rerr])(Rerr]), -CRerr])(Rerr])(CRerr])(Rerr]))[err]- and

-(ACRerr])&osidabe ) [err] O - wherein n ranges from 1 to ramab76490 Or

(b) two of the follow ng, which are independently selected: -X -Rerr]
with the prd2iso that C17 is not substituted

and -OR ;

with any of the follow ng: [err]

10

15

20

~ (b)  two of the following, which are independently selected: -X, -R*
and -OR’;
each of CS5, C8, C9. C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR';
with the provisos that (a) C10 and C13 are not simultaneously
substituted with methyl, and (b) when C10 is substituted with. methyl, then C14 is not

substituted with a methyl;

the A, B, C and D rings may independently be fully saturated, partially .

saturated or fully unsaturated with the proviso that the A ring is not aromatic;

R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR’ groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may togethcr form a cyclic
structure which protects a carbony! group, with the proviso that either or both of -OR' at
C6 and C7 represent a carbonyl or protected carbony! group;

R* at each occurrence is independently selected from H and C, ,, organic
moiéty that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur; where two geminal
R* groups may together form a ring with the carbon atom to which they are both
bonded; and

X represents fluoride, chloride, bromide and iodide.

In another preferred embodiment, the compounds have the formula

including pharmaceutically acceptable salts and solvates thereof. wherein:

5



10 oH OH each of C5, (9,
Cl0, C13 and Cl4 is independently substituted with one of -X -Rlerr] or

—OR; =Xor TR[Eert] andi's " )
preferably not bonded directly to 15 oxygen: the A, B, C
and D rings may independently be fully saturated, partially. sat ur at ed
or fully unsat uwsXsgoz4so PCT/CA97/00490

14 R is Hor a protecting group such that -OR is a
prot ect ed hydroxyl group, where vicinal3 -OR groups may together form
a cyclic structure which protects vi ci nal hydroxyl groups. and where
gemnal -OR err] groups may together forma cyclic structure which
protects a carbonyl groupeact5of Cl, C2, Cll, C12, Gl5e/01k @fd €a%hisOREspeiRAGE | S
i ndependently selected,fromH and C[err] organic noi ety that may
optionally contaf s‘é\tl‘teﬁ?é’é’gt one heteroatom sel ected fromthe group

consi sting of boron, hal oggn, gie remen, .-_g,xyggmt)(ﬁi),l i_iq_(rggﬁgmggﬁa?kfe{%gr%re

two gem nal R[er;} ‘%Eoups may together formar
atom to which t hdP(ERIRY@)- Whereingiyapges| from ] do glput 6 ; or X

represents fl uyoride, chlog de,tvgrmgg"g,pﬂ i‘ﬂ'ﬁéh : .x pd 1IN
anot her preferred degi}%(l)di mtagr%t t he compoun & avgﬁ% hngeﬁegcrlerxrlﬂygelemd' X, R
and - ; ' :

with the proviso that C17 is not substituted with any of the following:
o

" | OH
O(H, CH3 or CCHa) | (CH2 0r O)
— )
Me. Me .
Me h

. XY

each of C5, C9, C10, C13 and C14 is independently substituted with one of -X, -R* or
-ORY;
C8 is substituted with -X or -R* and is preferably not bonded directly to
15 oxygen:
. the A, B. C and D rings may independently be fully saturated, partially

saturated or fully unsaturated;



[err] I ncl udi ng pharmaceutically acceptable salts and

sol vates thereof, wherein: 15 each of C1, &, &G, *4, C11,

Cl2—Ci5-—and SUDSTTTUTed Wt h

SE ey 5—and—Ct6—+s—i ﬁdcpclldcnl | Y
(a) one of: =0 =C(Rerr])(Rerr]),
-GRerr])(Rerr])(CRerr])(Rerr]))[err]- and
-(OC(Rerr]) wjsmmedsh ) [err] O - wherein n ranges from 1l to BORCAITE0490 or
(b) two of the follow ng, which are independently selected: -X -Rerr]
20 and -OR[err]; 14 15 -
with the proviso that C3 and C4 are not sinultaneously substituted with
hydr oxyl or protected hydroxyl, and are preferably not sinultaneously
substituted with ORYBEH oRlaOp¥Btecting group such that -OR' is a pré@6ibd Afdréd CB,

C9, C10, C13 and Cl4 is independently substituted with 5pone of-X -Rerr]
or -OR[err]; &moup, where vicinal -OR’ greyps may aggr@yr_ form gq(@Q[sgpgt]u)e_vyhlch protects

- (R err]) (OR &4 RSl a A B-
C and D rings ﬁrﬁa{l/dali %de}?)en en Igy b%]ggl[%%;}/ﬂn?aal} agtroeug? mggrt?glegter&nn c}ch@
saturated or f trispurgwhichproteatsi carbonyl group; R is Hor a protecting

group such that R is g RLohSCLERdNARIS, AIOUE rol1916a ¥).Chihe - OF

groups may together forma cyclic st aQt'ect’s viecl hal
hydr oxyl gr oupsnociayn chaninexy copgionally adontaidiit deast] ongrletepmtonn yelécogicfréra rthd gronp a
cyclic consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur; where two geminal

R* groups may together form a ring with the carbon atom to which they are both -
Bonded; and

10 X represents fluoride, chloride, bromide and iodide.

In another preferred embodiment, the compounds have the formuila-.. _

including pharmaceutically acceptable salts and solvates thereof, wherein:
15 each of Cl, C2, C3, C4, Cll, C12, C15 and C16 is independently
substituted with
(@ one of =0, =CR“YRY), -CRHRNCER»RY)- and
-(O(C(RYR™),0)- wherein n ranges from 1 to about 6 ; or
(b)  two of the following, which are independently selected: -X, -R*
20 and-OR';



structure which protects a carbonyl group, with the proviso that either or
both of -OR at C6 and C7 represents a car bonyl or protected carbonyl

group; RferTat_eactr occurrence Ts~independent I'y
selected fromH and C[err] organic 15 noiety that may optionally contain
at | east one heteroatom selected fromthe group consi sting of boron,
hal ogen, nitrode@%03480gen, silicon and sul fur, where two geRFHEAI7/00490
Rlerr] groups may together forma ring with the carbon atomto which they

are both bonded; and 15 X represents fluoride,

chl oride, brom de and i odi de. 20 I n anot her preferred

enbodi nent, the conpounds have the fornula

[err] i ncl with iy ppévdsonthatelR and a4l aye mot ciuliadzboasly albstiturd Gvith

sol vat es thereof, Wwherein: . ) )

16 hydrty! oF preectad hyeresyl, apdbare gaeferably oot S*@f&aneei%v sHbatitesed with

| ndependent |y oxy eﬁubﬁxisi;tut ed with one of: =0

t
(ae(Rer]) (R (r 61 1)) ererept Chite EPrEip Ei gk iohiep NICHREN

(b) t'wo heont of JXOVR“yg -Oophi ch are i ndependently sel ected: -X, -Rerr]
and -OR ; each of 1. C9, C10, C13 and Cl14 is
i ndependent |y subst it ut edG#i ©60)-, 'CHéQE YofCR*NORY-er rqIOBNORR; er r ] ;

the A B, Cand D rings gy s BIRARAYS Ahdond)Finddsblilni el Sllrad ek} ¥
saturated or fully unsaturated;
R' is H or a protecting group such that -OR' is a protected hydroxyl-
10  group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbonyl group, with the proviso that either or both of -OR' at
C6 and C7 represents a carbonyl or protected carbony! group; ‘
R* at each occurrence is independently selected from H and C,.,, organic
15 moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal
R groups may together form a ring with the carbon atom to which they are both
bonded; and

X represents fluoride, chloride, bromide and iodide.

20 In another preferred embodiment, the compounds have the formula

including pharmaccutically acceptable salts and solvates thereof, wherein:



10 saturated or fully unsaturated; Rlerr] is Hor a

protecting group such that -OR is a protected hydroxyl group, where
cl +}—groetups—ay—togetter-forma cycliic structure which protects

vi ci nal hydroxyl groups, and where gem nal -OR groups may together forma

cyclic structure which protects a carbonyl group, with the proviso

that either orwoabtesss -OR at 15 C6 and C7 represents a ca draa?/ods

prot ected carbonyl group; Rlerr] at each occurrence is
i ndependent|ly selected fromH and C[err] olfanic noi ety that may
optionally contain at | east one heteroatom sel ected fromthe group

consi sting of boron, hal ogen, nitrogen, oxygen, silicon and sul fur, where

two geni nal Rlerr] aLgWps OBYC:oeei her, forsn@s b ot it Iﬂﬂ%eﬁ@én@?n
atomto which they are both 20 bonded; and represents
fluoride, chl or isukstitgadovithde and i odi de; with the

provi so that C7 does not ve r heny lo~s uhsd b iyHiey on_dﬁq 4 syp4y ha
hydroxy or -OR[err] subst(lgfut iog%.% o; bfé(k)tﬁj, @&E%%{{m& and
preferred enmbodi-@ERHRHROFoviEEinL BN femd abmibao25 sel ected from

ézar meceut i cal | y accept afPl & é §f %‘%\5" llowing, yhich Pﬁéx}dggﬁd?%&%&?%@: X. R
each of Cl, C2, atB;0R%4, Cl1l, Cl12 and Cl6 is independently substituted
each of C5, C8, C9, C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR/;
- the A, B, C and D rings may independently be fully saturated, partially
10 saturated or fully unsaturated;

R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxy! groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbony! group, with the proviso that either or both of -OR! at

15 €6 and C7 represents a carbonyl or protected carbonyl group;

R* at each occurrence is independently selected from H and C, ,, organic
moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal
R groups may together form a ring with the carbon atom to which they are both

20 bonded; and

X represents fluoride, chloride, bromide and iodide;

1\ with the proviso that C7 does not have carbonyl substitution when C5
has hydroxy or -OR' substitution. '

In another preferrcd embodiment, the compounds have a formula

25 selected from



5 according to (a) or (b): (a) one of: =0

=O(Rlerr])(Rerr]), -C(Rlerr])(Rerr])(Q(Rerr])(Rerr]))err]- and
(b) two of: -X, -Rlerr] and -OR[err], eachindependentl-y selectéd

C5 is substituted with a hydrogen atom 10 each ﬁ“ Cr7, C8,
C9, C10, Cl13 awae4s0i s | ndependent|y substitut ed wtﬁc{fcﬁé” 9.
-Rlerr] or -OR; and Cl7 is substituted according to
(c), (d), (e) or (f): c) two substituents sel ected
from hydrogen, halogen, (err]-Cerr] sat urated hydrocar byl excl uding
-CH(CH err])(CH err])[err] CH,C [err], hal ogen subsututed17

Clerr]-Clerr] 15 saturated hy&ogaL é:[err] Cerr], upsaiysa
C¥

hydr ocar byl ,  and hal ogen § r]-derr] 1 16

hydr ocar byl ; one subs |tuent sl ecf ed™fr ¢m
—C(R[err])(R[err]) £ ot substtot€Hawi t h
met hyl : at |dast o cdnt ai AP ng
substltuent seleted&frmBO . -(O(C(R er err] O - wherein n
ranges"from1 tog and -OR[err];3 - (1) at

| east one nitrogen™s nsrc_ a’nPRg substituent™s wd 11 R
-N(Rlerr])(Rerr]) Aher ei n-l&he t wo R[erra]ldgroup may ether with the
nitrogen atom form one or 0 nore rings, so that th i trogen

atom cont ai ni ng substituent includes nitrogen atom cont ai ni ng

het erocyclic groups; wherein

18 including pharmapratieallypccepsable daltoand solyatenthorepf whereitent |y be ful |y
saturated, partially hstﬁ'téjlr e?:hQﬁ &gf\yldizldﬂ&éiéjfs%ﬁ ndently substituted '
R .is Hor a protecting group sUcC I's a protected hydroxyl

g\r’oup wher e SCRmdldgtgl(a)@péa)bonded to adj acent carbon atons may toget her

forma cyclic str ucté Wi chye pr%ecb%éﬁ?(k?f hyé @ﬁi‘)ﬁﬂ&ﬁﬂ?&l or 2 d

Rlerr] at each occurrenc I's I ndependent | rom )
Rlerr] is a C[er-@Q(C(R‘ER?))O) Meﬂilyntaimfmm;d tophauo(nal |y contain at |l'east one

oxygen. S SF1 Foon andbbul Mo afaREaR R s e Rl ugREE . T 00
together forma ring w tCsibsubsittied aith ahydrbgematom; whi ch t hey are both
ponded; and ,, each of C6, £7! €8BS 81, T 15 aSPEL R indiDenQlihf SubBhitld de ©f
with one of -X, -R* or -OR'; and
C17 is substituted according to (c), (d), (¢) or (f):

(c) two substituents selected from hydrogen, halogen, C,-Cy
saturated hydrocérbyl excluding -CH(CH,)(CH,);CH(CH,),. halogen substituted C-C,,
15 satrated hydrocarbyl, C,-C,, unsaturated hydrocarbyl, and halogen substituted C,-C,,
unsaturated hydrocarbyl;
(d)  one substituent selected from =C(R*)(R") with the proviso that
C14 is not substituted with methyl;
(e)  at least one oxygen atom-containing substituent selected from
20 =0, -(O(C(R*)(R")),0)- wherein n ranges from 1 to about 6, -OH, and -OR';
63) at least one nitrogen atom-containing substituent selected from
N(R*)(R*) wherein the two R* groups may together with the nitrogen atom form one or
more rings, so that the nitrogen atom-containing substituent includes nitrogen atom-

containing heterocyclic groups; wherein



I n anot her aspect, the invention provides a pharnmaceutical conposition
conpr|5|ng a conpound accordlng any of the descrlptlons prOV|ded above I n

conbinatton—wth—a pharnaceutTcatty acTept abte—TarTrer—or dituent.— 15
I n anot her aspect, the invention provides a pharnaceutical conposition
conprising a conmpound in conbination with a pharmaceutically acceptabl e

carrier or walsgonant , t he conpound having the formula  pcricasr00490

[err] 20 i ncl udi ng pharmaceutically acceptable salts and

sol vates thereof, wherein: 18 each of C5, C6, C7, C8, (9,
C10, C13 and Cl14 is independently substituted with -X, -Rerr] and
-ORlerr]; each of C1, C, C3, 4. Cl1, Ci12, Cl15, Cl6 and
§r17(13 > i uﬁgpgpﬁently 25 1fRSh] EUheD hghhed inddpabdt W AP LAGLES bkl (D)

(a)  represent $awmied gof fullrepsawgted err ] ) (Rlerr]),

oD T gt o g 1 e
(b) r epr esent graupovhefe -ORX groupsibandet m(ﬂacenv\karbmx atons maydwpgeing dotinl dcyclic

selected at eac Gour the A, B, C and D rings
may i ndepende%t I%'S)cb 5??9”?5&53?%"58‘“’6&?‘{“?% ly saturated or fully

unsat ur at ed:; R® at each occmﬁénct & ifdepéndently’sele@6d frétg HOM@RP, Such t hat

-OR |saprotected hydrq{; d‘? \A%etheCGand C7-OQ[err]

groups may together for 'Eﬂcq:'r"{f ‘El QU 1R may optionally comtain at least one
heteroatom selected from the group consisting of boron, halogen, nitrogen, oxygen,
silicon and sulfur; where two geminal R’ groups may together form a ring with the

10 carbon atom to which they are both bonded; and

‘\../":

X represents fluoride, chloride. bromide or iodide.

In another aspect, the invention provides a pharmaceutical composition
comprising a compound according any of the descriptions provided above, in
combination with a pharmaceutically acceptable carrier or diluent.

15 In another aspect, the invention provides a pharmaceutical composition
comprising a compound in combination with a pharmaceutically acceptable carrier or
diluent, the compound having the formula

N

20
including pharmaceutically acceptable salts and solvates thereof, wherein:
each of CS, C6, C7, C8, C9, C10, C13 and C14 is independently
substituted with -X, -R* and -OR';
each of C1, C2, C3, C4, Cl1, C12, C15,Cl6 and C17 is independently
25 substituted with a substituent selected from (a) or (b), wherein



protects both hydroxyl groups; 10 Rlerr] at each
occurrence is independently selected fromH and Rerr];

I"east one" -
het er oat om sel ected from the group consisting of boron, hal ogen, nitrogen,
oxygen, silicon and sulfur; where two gem nal R err] groups may
toget her form agiy Ath the carbon atomto which th LSndasb h
bonded; and 15 o si24 . X represents fluoride, chl o?iﬁg’gfﬁbrom de or
| odi de; w th the provijgo that C15
I's not bonded to an oxygen atom I n anot her aspect,

the invention provides for the use of the above 20 conpounds (any one or

m xture thereof) for manufacture of a nedi cane f. treat ment of .
asthme, allergy, inflanmatPon FREFTH M5 °g‘r 't'ﬁ’r T?b@fﬂ? n@@“‘flﬁ?%‘g ‘s‘?"gor

for t r eat i ngCRCEVNRY,Op wissinn ranges drowi I absut 6] dat ed | evel of
NF[ err] B. I n anot her §spe,ct, the invention provides a
process for treating asthf®  represegsdwe O gXadhi ¢ sOBri Wich @e ndspraengly i n

need thereof an edifce@tat ¥Rh aé®Hkce.0f the 25 conpound or salt thereof, or a
phar maceuti cal_ conposition, each as described above.
In anot her aspect, the i nemiBf pdol riaesmay independeatly be fully satutated, partially gy

conpri sing adm n%&&q‘lﬁfn@mﬁg@ect in need thereof an effective anount .
of the compound or salt thereof, or a pharnmaceutical comnposition, each

as descri bed above. R' is H or a protecting group such that -OR' is a protected hydroxyl 20

I n. anot her aspec i i I AWl sfor treatin . a
i nfl amrmati on dueéﬁogﬁ’;@fe W?lﬂ:g ag{i;ndgr'lagi g’g%ﬁ&f?@ﬁ%’ if?"lrﬁ' % Grede sts %?’h'ich heed
t hereof an priofeets bothdydroxyl gtoupd; t he conpound or salt thereof, or a _
phar maceuti cal, conmposition, each as. descri bed, aboye. s,
I anot her aglgect , the i n\E}eﬁtef’ccgwcf)‘frf?{}?ed%g'g?eﬁ‘i%'g’é?gec?g*minr}ze%ﬁdl%g

R’ is a C,;, organic moiety that may optionally contain at least one

heteroatom selected from the group consisting of boron, halogen, nitrogen, oxygen,
silicon and sulfur; where two geminal R* groups may together form a ring with the
carbon atom to which they are both bonded; and
15 X represents fluoride, chloride, bromide or iodide;
with the proviso that

C15 is not bonded to an oxygen atom.

In another aspect, the invention provides for the use of the above
20 compounds (any onc or mixture thereof) for manufacture of a medicament for the
treatment of asthma. allergy, inflammation including arthritis, and/or thrombosis, or for

treating a condition associated with an elevated level of NFxB.

In another aspect, the invention provides a process for treating asthma
comprising administering to a subject in need thereof an effective amount of the

25 compound or salt thereof, or a pharmaceutical composition, each as described above.

In another aspect, the invention provides a process for treating allergy
comprising administering to a subject in need thereof an effective amount of the

compound or salt thereof , or a pharmaceutical composition, each as described above.



t hronbosi s conprising adm nistering to a subject in need thereof an
ef fecti ve anount of the conmpound or salt thereof, or a pharmaceutical

conpositi-on—each—as—deserbed —above: I'n another
aspect, the invention provides a process for treating a 10 condition
associated wth an elevated level of NF[err]B activity in a subject,

conpri sing adm nistering to a subject in need thereof _an g;hﬁg ive
amount of t heWOSHPAIhd or salt thereof, or a phar macedEr®

conposition, each as descri bed above. I n anot her aspect,

t he invention provides a process for intﬁgducing an 15 exocyclic olefin
group to the C17 position of a 6,7-di oxygenated steroid conprising

providing a conpound of Fornula (10), reacting the conpound of Fornula (10)

with a Wttig reagenle amptheomsperla the lipvention Huoyidassanprecesy far peesdng t o
E;OV' de an ol eiﬂﬂQthQHBPb’tﬂ:Qo aflggti}{coﬁx?ﬁ% an(ngl@enng toa sulgbect in need thereof an
21 wheefféctive ampbung of theeompoqmdumdalt derdst; ok gbartna@pticah dorfigdditionnc| ude

phar maceut i cal | tabl e salts and sol vates thereof, and wherein:
each of O, C2F %&s‘leﬁrbéﬂy ®C12, C15 and C16 is i ndependent |y ,
substltuted accordlng to any of (a) and (b): 5 one

ng TR e ) ahfsﬁ%f,]%]&%ﬁh%{%%v%%%él%é5%?%%%;?3&325%

thrombosis cotaprisingl40Rirshéring Xo a sBjeldt ihInecitBeredPiah 8fféclive ARdint of

i ndependent |y sel ect ed, each of C5, C6, C7, C8 h

010 C13 and Chs ogpperdeprefalfctieredf, or a phammaceyticak eamppsition, saeh as ﬁ%mﬁqﬂ[ err]
-ORlerr]; 1@yove. Rlerr] is Hor a protecting group such that

-OR is a protected hydr oxyl group, where vicinal -OR groups may

toegether forma cyclic structure which protects vicinal hydroxyl

groups, and where gem ng} 4 p q%gg f cycl

structure which prot ects a car b&ﬁ&ll(l ﬁ’regg%?rﬁﬁg e 9 clgsssoyoghﬂé%mé%ther or

bot h of - ORO0 atondition ag@ciated| with an@hvetsda teve) of I*BanBtﬁynwy iora gubistie comapfisingr bony |

group, administering to a subject in need thereof an effective amount of the compound or salt

thereof, or a pharmaceutical composition, each as described above.

In another aspect, the invention provides a process for introducing an
15 exocyclic olefin group to the C17 position of a 6,7-dioxygenated steroid comprising
providing a compound of Formula (10), reacting the compound of Formula (10} with a
Wittig reagent of Formula (11) in the presence of a base, to provide an olefin compound

of Formula (12)

16 (Ra)(Rb)CHP(Ph),X
Formula (11)

14
§7 15

20 Formula (10) Formula (12)



15 Ra, Rb and Rerr] at each occurrence is independently

sel ected fromH and C[err] organi c noiety that may opt lonally contain
istingof- boron,

hal ogen, nitrogen, oxygen, silicon and sul fur, where two . gem nal
Rlerr] groups may together forma ring with the carbon atomto which they

are bot h bgpdgghsseand 20 X represents fl ugekdfendeddbori de,
brom de and iodide, which is i ndependent|y sel ected at each
occurrence. I n anotier aspect, the invention

provi des a process for introducing 25 6a, 7[err]-dioxygenation into a
steroid, conprising providing a steroid of Fornula (13) having a

car bonyl group a‘;;,eg?n ﬂ&tﬂpm uﬁégg;? Mﬁ%@%d}?ﬂgﬁ .%@mg Hl%mhcsehl‘&uy

reduction the car ony gr oup to a gro
hydr obor at i on ofactdp@able saltsaxlduddtrauesbhmmbftandwhwnde a hydr oxyl group at Co6,

wher ei n. the C6 hydr oxyl groypgrlﬂ?icgziat Cs,nC{l?rérlzz %cigfalngu[:fg Esog’dgpr;gdt qe C7

hydroxyl group has the [e?aF _
substituted dc€drdihg to any of (a) and (b): Wher ei n each of the conpounds of

Forrrul as. (13)_and (14) include pharnmaceutical ] ahl e, salts and
sol vat es 'Eheré and whe@bi n°"£)5 oF =0, ‘C(R)()fv) e‘g@ﬁ)@f)p ERNRY),- c3nd 4,

Cl1, C12, Ci5, Cﬁﬁcmgtgq;i‘by Wherdithe RAE BBkl 1Mo a1,mn5subs’t | tut ed according to
any of (a) and (Db) gng)( of :
=Q(Rlerr])(Rerr]), -C(rberryeef eXrR) QF@I"'?“.I*‘)"Q@PWF‘}‘)Y)SF@W‘] and
-(QC(Rerr]) (Rlerr])) [ erghor o1R6EIc, sl 899830, EPIMatd (¢} 42RO bepBadentty

substituted with one of -X, -R* or -OR';

10 R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbonyl group, with the proviso that either or both of -OR!' at
C6 and C7 represents a carbonyl or protected carbony! group;

15 Ra, Rb and R* at each occurrence is independently selected from H and
C..» organic moiety that may optionally contain at least one heteroatom selected from
the group consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two
geminal R* groups may together form a ring with the carbon atom to which they are
both bonded; and

20 X represents fluoride, chloride, bromide and iodide, which is

independently selected at each occurrence.

In another aspect, the invention provides a process for introducing

25 6c,7p-dioxygenation into a steroid, comprising providing a steroid of Formula (13)

having a carbonyl group at C7 and a double bond between C5 and C6, comprising a

reduction the carbonyl group to a hydroxyl group, followed by a hydroboration of the

double bond to provide a hydroxyl group at C6, wherein the C6 hydroxyl group has the
a-configuration and the C7 hydroxyl group has the B-configuration,



(b) two of: -X, -Rlerr] and -OR[err], each independently selected; 10
each of C8, C9, Cl10, Cl13 and Cl4 is independently substituted with one

of - X, - Rierr]l—or—ORferr} RIerrj—135 Hor a protecting
group such that -ORerr] is a protected hydroxyl group, where vicinal
-OR[err] groups nay together forma cyclic structure which protects

Vi ci nal hydroxyl groups, and where gem nal -OR[err] groups ther
forma cycli YO%024P r yct ure which protects a carbonyl gro{fﬁr ‘%}P‘H

proviso that either or both of -OR err] f? C6 and C7 represents a
carbonyl or protected carbonyl group; Rlerr] at each
occurrence is independently selected fromH and C[err] organic noi ety

that may optionally cont ali n at
consi sting of boron, hﬁl.
two geminal 20 Rerr]

| east one het eroat om sel ect
i trogen, oxygen, silicogy ame
thoqether forma ring

d f 7omthe group
SUNF ur, where

to which they ar.g Bouded; b uction 2 0 Zpresent s
fluoride, chlorid & "and i odi, g 8 1t Sanot her
aspect, the inve |des a pro eg%thr a s Ql | ed 25

I nt roducti on of
providing a

at C3, and reducing_th :
23 carbonylggwggén?o a hydroxyl group with a F@HHEKHB agent so as to
provi de at | east one compound of Formulas (16) and (17)

[err]. wherein each of the compounds of Formulas (13) and (14) include pharmaceutically

‘ gedsOfonprising .
steroitd conpound of Fornula (15) haV| ngga carbonyl group

acceptable salts and solvates thereof, and wherein:
5 each of Cl, C2, C3, C4, Cl11, C12, C15, C16 and C17 is independently

~ substituted according to any of (a) and (b):
(@) one of =0, =CR)RY), -CRHRNUCRNRY),~ and
-(O(CRHRY),0)- wherein n ranges from 1 to about 6 ;
_ (b)  twoof: -X, -R‘and -OR', each independently selected;
10 each of C8, C9, C10, C13 and C14 is independently substituted with one
of -X, -R*or -OR/;

R' is H or a protecting group such that -OR’ is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic

15  structure which protects a carbonyl group, with the proviso that either or both of -OR! at
C6 and C7 represents a carbony! or protected carbonyl group;
o R‘ at each occurrence is independently selected from H and C,, organic

moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron. halogen, nitrogen, oxygen, silicon and sulfur, where two geminal

20 R’ groups may together form a ring with the carbon atom to which they are both
bonded; and

X represents fluoride, chloride, bromide and iodide.

In another aspect, the invention provides a process for a stereocontrolled
25 introduction of a hydroxyl group at C3 of a steroid nucleus, comprising providing a

steroid compound of Formula (15) having a carbonyl group at C3, and reducing the



5 wherein each of the conpounds of Formulas (15), (16) and (17)
i ncl ude phar maceutical |y accept abl e salts and sol vates thereof, and

wherern cacirof—ctH—¢2—Ct—Ctt—Ct2—C15—Ct6and Ci7
i s independently substituted according to any of (a) and (b): 10
(a) one of: =0 =C(Rerr])(Rerr]),

-C(Rlerr]) (R erwpysgads® err]) (Rlerr]))[err]- and PCT/CA97/00450
-(C(Rerr])(Rerr]))[err]O- wherein n ranges from| to about 6;

(b) two of: -X, -Rerr] and -OR[err], eaéh independently selected;
each of CS, C6, Cr7, C8, (9, C10, C13 and Cl4 is i ndependent |y
substituted with %e of - X,

or a protecting Gremyg %%H°Fi§&§mx%ﬁﬂ°qps@apﬁeg4°%ta§3“ 159 &% (9Rypvide at l“@‘r%‘ﬁp
where vicinal - Q@mpeifWEFormitasi Pe)@haEr7) f orm a cyclic structure which
protects Vi Ci naI hydr oxyl groups, and where gem nal -OR groups may
together forma cyclic

24 structure which protects a carbonyl group, with t
either or both of -OR at C6 and C7 represents a cargfony
carbony] group; Rlerr] at each occqrre

i ndependent|ly selected fromH and C[err] organic e2 D &
{ q!g

H

8 provi so that
13 7pr ot ect ed

optionally contain at |east one heteroatom sel ect
consi sting of boron, halogen, nitrogen, oxygen, sil
two gem nal groups may together form a rH®g
whi ch they are both bonded!2 apdi7

chloride, bronide and iodidl

Formula (15)

Formuk (17)

wherein each of the compounds of Formulas (15), (16) and (17) include
pharmaceutically acceptable salts and solvates thereof, and wherein:
' each of Cl1, C2, C4, Cl1, C12, C15, C16 and C17 is independently
substituted according to any of (a) and (b):
~— 10 . (@ one of =0, =CRYRY, -CRHR)CER'YRY)- and
| (O(C(R*")(R*),0)- wherein n ranges from 1 to about 6 ; | |
(b) twoof: -X,-R*and -OR!, each independently selected;
each of C5, C6, C7, C8, C9, C10, C13 and Cl4 is independently
substituted with one of -X, -R* or -OR’; _
15 R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects

vicinal hydroxy! groups, and where geminal -OR' groups may together form a cyclic



25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
invention is directed to various steroid derivatives having specific

ed -
her ei n denonstrate effectiveness as good controllers of the asthmatic
and allergic responses in 5 that they show efficacy agai nst mast cell
degranul ati onwosshedsoti on of all ergen-induced br onchoggneieriewot €

phase) and inhibition of allergen-induced lung inflammation (late

phase). This group of conmpounds represent24a new series of agents which
have potential therapeutic benefit in the treatnent of asthma and
allergies, with high potency, a broad spectrumof activity and the
reduced probabigtridtire Whichiprdtectf d @fto lg}& thhtheprovnsothatextﬁgorﬁgﬂvo?%ﬁ%e in
identifying the novel features of t vent ed

unsubsti t ut ed &@GFJW@EIB%WWPMWdrMmGMEn ther eof identified
with a unique nunber is g u ring system -
with a anurber &5 RO RE AR BhIGIeH sebcted Wol F4RPE] , Bifaiit
Structure 1 moiety that may optxonally contain at least one heteroafont Sdlected frdh the group

h d v
car bon ot ons® a P OE EREE et BBt Srebet Aliche s Bl mhees Slogemisal

ot herwi se not e®' groups ndyetopeties dfodm aMTitRNWItD thel casbod Gisn 26 kvhfﬁhadﬂéj QfEeEdtﬁ and
di astereoneric fo‘{??s f the conpounds of the above fornula. Pure
st er eoi soners, bﬁ'i’ s of enantioners and/or 20 diastereoners, and
‘mixtures of different coonpisss mfonaéﬁemaﬁ&vsro&iﬁemlfa&défe i ncl uded

within the present invention. he synt hesi s procedures
descri bed herein, especially when taken with t he general know edge in
t;_\h/e art, provide sufficient guidance to those of ordinary skill

N2



in the art to performthe synthesis, isolation, and purification of the
preferred 25 conpounds descri bed herein and ot her anal ogous conpounds.

1 H il 1 4
1Tiurvruddar —eTiaritT UITeT S

26 may be obtained, if desired, frommxtures of the different forns
by known net hods of resol ution, such as the formation of

di ast ereoners, wobdmwed by recrystallization. PCTICA97/6d360
conpounds of the above forrmula may be in the formof a solvate or a

pharmaceutically acceptable salt, e.g., an2sacid addition salt. Such salts
i nclude 5 hydrochloride, sulfate, phosphate, citrate, fumarate,

met hanesul fonate, acetate, tartrate, mal eate, | actate, mandel ate,
salicylate, succinate and other salts known in the art.

A conpound of the present invention nmay be prepared as a conposition

by conbi ni ng it DERALED RESCGRIFEON QRITHE INVENTFION!| e carrier or dil uent.

Sui tabl.e carriers Olpmdi- s. ipcl. hysi ol ogical .saline. It.will be
evident to those of ordi n@?#‘%&ﬁ‘h e fqn‘gang?st g?ﬁlgt eﬁva@ﬁﬁ)}lﬂ’f"ﬁsﬁf‘%‘% t he
present inventi dimctimalityons adescrived cint Haail dieist eTiR dompounds GeRGUed hefeione ofr
nor e st-eroi d conpounds iH.c(t;onbi natiocr W th O&f or .nor.e oa@- . steroid

conpounds. monstrate eftectiveness a3 ga0q gqnirofers, t"%ﬁg‘ﬂaﬂ?a’gr EREIG AR Y of

the steroid cHnpeutes skw ffieacy againit Msstdell Aegrasulioy IRRbiEEP 8f dllekdeh Mdudda bot h -
of positions 6 and ;7. Thus, certain E@Srpi dg of 15 the invention have the
oxygen substitu W%?é?ﬁ?‘%ﬁ’@%i and,inibitign of plicrasn-indnepd lung jpflamymation (late; hese

steroi ds are adghdst)ONThisYer6h}P b esiidur®lrePibsdhVa Mew SBRG! §f Sgents which hav
st ereochem stries. For . exanpl'e, steroids having 6[err] and /[err
oxygen subst i t uPptestial herapentighenefit inithe freatment of asthmejand allergiss,ovith high padencng an -

alpha hydr 0gen @bl Gpedinid@St detifiy dufl rRALELBolaBilADt P pieand 7L er ]

oxygen substitution, ‘as shown i Structure W thin the scope
of the 20 i n¥®nti on. For convenience in identifying the novel features of the invented
27

compounds, an unsubstituted steroid nucleus having each ring carbon thereof identified
with a unique number is shown below as Structure 1. This numbering system will be

used consistently herein.

Structure |

15
The compounds of the present invention contain at least two asymmetric

carbon atoms and thus exist as enantiomers and diastereomers. Unless otherwise noted,

the present invention includes all enantiomeric and diastereomeric forms of the

compounds of the above formula. Pure stereoisomers, mixtures of enantiomers and/or

20 diastereomers, and mixtures of different compounds of the above formulae are included
within the present invention. '

The synthesis procedures described herein, especially when taken .with

the general knowledge in the art, provide sufficient guidance to those of ordinary skill

in the art to perform the synthesis, isolation, and purification of the preferred

25 compounds described herein and other analogous compounds. Individual enantiomers



Structure 2 [err]

Structure 3 Structure 4

[er+] 5 Fr—Structures—2, 3 and 4, each 0f t hée oxygen
atoms that are bonded to carbons 6 and 7 are simultaneously bonded to
an "R[err]" group. The R err] group is hydrogen or a protecting group

for an hydroxyl group. Suitable protecting groups are set forth in

G eene, "Prot gethaRseG oups in Organic Chem stry", John W lpey/ckofiomm, New
Yor k NY (1981). When a conpound of Structures 2-4 contains vicinal
-OR groups (i.e., -ORerr] 10 groups orénei ghboring carbon atons), those
vicinal -OR[err] groups may together forma cyclic structure which
protects vi Ci naI hydroxyl groups. A ketal is an exanple of prot ect ed

vi ci nal - I Sred bF the diffrtft fo f gs &0 the
sane car bon at o% nhn#d%sgggtfﬁ% R?’grm atc‘;/clféc s‘tnﬂ?[b?tﬁllé V\:&QHE protects
a carbonyl gr omsalutian, such asl&m &hmt@naﬁdre%antpt@!s ddllowed by mrerystallizagiont r uct ure. |t

shoul d be understood thﬁe&n{plggéds%% u?Jmeﬁ ?tf(ﬁ:‘?" apgd or goor .

represents a carbonyl or prote rou
C7, R1 may be apﬂammﬁnidaﬂmchcmtahkesaltt iag cmygmh additiom saltd Sivh msbmmc(c% or

C?) to whic e 0 n Ster0|ds of the”
i nventi on ng Fya\i&"é?ﬁ%ﬂ%s t“ﬁ% {‘%SPR?‘? Hm@tef' fpargte, mathanesplfonate; acetafe, tartra

st ereochem st r yafite, 1detuteCHhamidihte) kalicPlafROsikcdihatd 14nd otheP34HE RGO iR the Rt 08 of t he
steroids 20 of the invention is typlcallx in the [err] configuration. In
addi tion, preferred st ef sepppoysd of the present ifivention may prepared as a coOmposition o

by combining it with a pharmaceutically acceptable carrier or diluent. Suitable carriers

or diluents include physiological saline. It will be evident to those of ordinary skill in

~ 10 the art that a composition of the present invention may contain more than one steroid

compound or one or more steroid compounds in combination with one or more non-
steroid compounds.

A specific functionality present on many of the steroid compounds of the

invention is oxygen substitution at both of positions 6 and 7. Thus, certain steroids of

15 the invention have the oxygen substitution pattém shown in Structure 2 below. Some of

these steroids are additionally characterized by having specific stereochemistries. For

example, steroids having 6a and 78 oxygen substitution, as shown in Structure 3, and

steroids having an alpha hydrogen at the 5 position in addition to havfng 6a and 78

oxygen substitution, as shown in Structure 4 below, fall within the scope of the

20 invention.



28 I nvention may have nethyl substituents with [err] stereochem stry

at the C10 and/or C13 positions. Conpounds of the invention preferably
have—a CH4hydrogemwththeerT] stereochem sty when Ci5 s not—a =~
ketone. In preferred steroids of the invention that have a substituent

at Cl7, the C17 substituent has[err] stereochem stry. 5
- di oxygenation in the B-ring according to Structure 2

St eroi ds havi n%gg 7
can be synt hesi2#¥945%m a number of commercial [y avail abl e PSFEASTAPAR

precursors having an [err]-unsaturategd carbonyl group in the A-ring,
I ncl udi ng 4-androsten-3, 17- di one (coffpound | bel ow) and
dehydr oi soandr ost erone (conpound 247 bel ow). These specific steroid

precursors are available from Steraloids Inc., Wlton, NH Qher 10
suitabl e steroid precursors having C3 oSjmgiure2unctionalities and [err]
car bon-car bon doubl e bonds may be obtained from e.g., Aldrich
Chem cal Co., M| waukee, W. An exenpl ary synthetic
sequence to prepare a conpound of Structu

4-androsten-3,17-dione is sunmari zed ||

Schene 1
Structure 3 ' Structure 4

[err] 15

- OR! PN OR!
OR! " o
5 In Structures 2, 3 and 4, each of the oxygen atoms that are bonded to
carbons 6 and 7 are simultaneously bonded to an “R'” group. The R! group is hydrogen
or a protecting group for an hydroxyl group. Suitable protecting groups are set forth in
Greene, “Protective Groups in Organic Chemistry”, John Wiley & Soné, New York NY
(1981). When a compound of Structures 24 contains vicinal -OR' groups (i.e., -OR'
10 groups on neighboring carbon atoms), those vicinal -OR' groups may together form a
cyclic structure which protects vicinal hydroxyl groups. A ketal is an example of
protected vicinal -OR' group. Geminal -OR' groups (i.e., two -OR' groups on the same -
carbon atom) may together form a cyclic structure which protects a carbonyl group. A
ketal is an example of such a cyclic structure. It should be understood that either or
15  both of -OR' at C6 and C7 represents a carbonyl or protected carﬁonyl group, and thus
at C6 and C7, R1 may be a direct bond between the oxygen atom and the carbon (C6 or
C7) to which the oxygen atom is bonded. |
Steroids of the invention may have substituents with either the « or B
- stereochemistry at the C8 and/or C9 positions. A hydrogen atom at C8 of the steroids

20  of'the invention is typically in the B configuration. In addition, preferred steroids of the



Initially, the carbonyl functionalities of 4-androsten-3,17-dione are
protected by carbonyl protecting groups. As shown in Schene 1, this nay be

29 acconpH-shed—by—reactrmgconmpourntd I W th a benzene sol ution of
(CHerr]OH[err] and p- TsOH, thereby converting the -carbonyl groups to
ketal groups. Qther suitable - carbonyl protecting groups are listed in
Greene, "Protective Goups in Oganic Chem stry", John WIley & Sons,

New York, NY WOMP3450 Under the acidic conditions 5 whicPFEATAHY

prot ected ketone groups, there occurs conforritant m gration of the C4-

C5 carbon-carbon double bond to the C5-C6“position, to ultimately form
conpound 2. Al lylic oxidation of the C5-C6 carbon-carbon
doubl e bond of conpound 2 introduces a carbonyl oxygen at C7, to

t her eby f or m conneotinmom&y, hate methiybsubstituents withy Ristéreothequistyenhths Gifgindiep€i3 nent al
condi tions can bhe.used-for i | L yLi | Len,. 1 L nel udi n chrom um
trioxi de/ 3, 5- dip°rr§¥?1"§1 g%/r ’i’%‘?‘% of t%olr'% nélx?op)&%rgir’ly gllzvhei au%m by é:m%eﬂlugg’ogﬁr%rmt e
(PCC), pyri di nisteraocibmiduyovheh &€ 15 (1$°h8t)a ketane. Po Preffered jstervidd of the invention that

but yl hydr oper oxi de. . Reduction of the resultant C7 ketone
with an appr op?‘f“‘a"t"’es“}’sé’ai?ﬂﬁ”ﬁ&l%téléehg7s“bsn“ﬁnglg? BsiveeorheBis®y | functionality at.
C7, as shownsin conmpoundsideidivingf6, BaleRyerhatizativthe Bringhiiehidisie o Side@td
agents can be used for this task including sodium borohydride or

Ii t hi um al umi nGR By FyPthesizeddipgr 4 Mamber of Fommstrially avpilable7stwraidalnpregisnsuces

the [err]-OH havipg 8 bi@itsAlialR cBb ' athé ACkng! eMlinP A-dn@RSknBiindered
face of the ste?‘g?%.. Tﬁ% C7 hgﬁlg?/‘%e‘aroup isg t hen grefnera)brl‘?hl .
. e5C

protect ed wit hdipne (spmpevad ! belay) apd dehydigiseansirosierage (compound 247 below

o putyl di MBLhY oSl R GecbiB RS sors! £e DAY ACHem POGLERL 3k AWy 8] cobigl as 1
20 conpound S. (5 er suitabl e hydroxyl protecting groups afe listed in
&eene, supl®. suitable steroid precursors havingt €3 durgdnofinesionalities @8l &% ygrbon-carhorbe
achi eved, befor ' i ydr. up, by

rot hods such acougkdh ky RIGAEElGR, ez Aidlen ChENE c MiRtkeeDfR0.

ri ng openi ng. For exanplAsn exemplafyesyntheticasehuance tr doepareciouebipeunidaxf Stroéture 2
conpound 5 canﬁlg%‘ﬁg‘%sgi _z_,'elc} 'trilsszanpé OLeaai %E’h@n%rl g{owperaci ds including m
25 chl oroperbenzol ¢ aci a, tri uoroperacePl C aci (5’ or-

3, 5-di ni troperoxybenzoic acid, to provi de an epoxi de such as in
compound 6. General ly, the epoxide int Sckimesli has t he

[err]-configuration arising fromattack on the | east hindered face of the

steroid ring 0 o o
AP — g F—
_ o 0 o
1 o™ B >

6] 0

| 3 v —————— —————————— et ————
\./ .

0 0

(’ . OH (’ 5 QTBDMS

o
Ligj
0 ~~~OH
7 OH

Initially, the carbonyl functionalities of 4-androsten-3,17-dione are

15

protected by carbony! protecting groups. As shown in Scheme 1, this may be



structure. Subsequent ring opening of the epoxide can be acconplished under
acidic condi tions, such as 80% aqueous acetic acid at 60[err]C. The

ttravng—am—attyticatcohot—=at
the C6 position with the [err]-configuration) and :

30 p the C7 silyl derivative thereof This crude m xture can be
treated with t et rabut yl anmoni um fl uoride (TBAF) in tet an
(THF) to give avcg?s%‘}sg conmpound (7). Alternatively, h (f?‘l(g%%rg’g'{ %H(’)n of

the [err] double bond with an appropriate g borane conpl ex foll owed by
oxi dation using reagents such as basic hyc?rogen peroxide 5 will also

I ntroduce an hydroxyl group in the [err]-configuration at C6.

Conmpound 7 is exenplary of conpounds having the oxygenation pattern of
Structures 2 andcmpiished Byt 1898 SGPPORRd hivEth & SRRzERem Bplptionpf &"*z@éﬂuéﬁ ed to
a conpound I r : 0, LS %.gﬂ% I C wi de
vari ety of pﬁ%@éuﬁwhg\%ﬁgﬁ%g{e[ %ﬁ%“?hﬁ‘ggﬁfﬁ{‘%ﬂ ar S'bnsila{ °grs‘3{3"‘5’@°i n the
A-ring of a stewcabeny! pootecag i grpups adre disiedonbizeend, “Brotentive rGroups im@reanic3 nay

be prepared by @,g;?;s%gg&%hgrw@ & Sons, Ne®! ‘Jﬂé{-ﬁjl@?)(lﬁ?fpﬁgdgeg Hﬁé&?ﬂgcﬁ%@mound

7. In such case, It e necessary to protect and C7
hydr oxyl gr oups whishdommethi pritsicted etons gawips,dhere ecsuls cpmcomitartintgration of the C4-
described | ater Jerein. ' Conpound .7 or anal o ereof -
may be converte tcﬁrggn'ﬁad?fﬁ‘éiﬁﬁﬂe gqod fg the G5 ﬁ?&%@g"'&‘_’ “lég'étéﬁf}?’g} ?"37’,""’?7# g may be
acconpl i shed by protecti rglytibexid@ion bfthéT5-C6 carboy-dirbotydouble ®umsofddthpbited C17
car bonyl group, ,and t hen reducj ng the rr], carbon-carbon doubl e. bond.
Li t hi um i n amofi BFopuees;acagpn &?&ﬁf"emo‘f[:fé" éllﬁ“'tq’a PEn corppund 3- a@é’l’ﬂ“ge’ of

S:Jch a rﬁdFCtioﬂxiﬂm!i@%ﬁﬁﬁml ':amall hleoﬁtjig&hsray gbaséﬁr?pﬁfidanwh&oﬁ%aﬁuh,t agge
electrophile, e,qg,,. trinethylsilyl chloride or diethylchlorophosphate.

A exanpl e of? sﬂgh‘dﬁ’gco%‘é%n j woxdeflrrdimethylnyeazale s cpmplex. . PYdRIPact j on
of the C6 and Cénbpsslirenistt JPOURS pRfidikiBMP OdilForattBYPIDE), A% Ormldishagh by
treatnment with 2, 2-di net hoxypropane and a catal ytic anmount of (1S)-(+)-10-
canphor sul f oni c Ys¥ihpdreresmydet o produce acetonide 8. The Cl7 carbonyl group
of conpound 8 may bQeMlcRbEsH RlreRitaftUMitdnk Withiah aﬁﬂpﬁvﬁt%@ﬁcﬁ}@’égeﬂr oup,
and then 25 protecting the hydroxyl group. Chenoselective reduction of the
C17 carbonyl gr 8iyps the hydrowyl fupetionality agft 7, shdgwn jn epmpourd Naftey ef seyeralimeigdt hanol
to provide comPayile Sedutfll GRerd'can be uskd!Ed} this k3G sScur B3Rk S
hydroxyl protect] ngegr(‘;ﬁ\{g,é %g. (,:ant -eblﬁtyl di rr%tthyl s‘%’ﬁ'ﬂ;ﬁ‘w l chl o%(iﬁg%, rt o]
provi de silyl elithom domppyohydid. @oeplinmedudtipnfyhetfe7 ketens tpeativegstthe f~OH

lj : ;P Ih; Imc Ih PO lr Lgﬁ%&gxgg%tglg , i ?yoﬂ}dﬁde fa&icic ?%dthp ¥ea§%ﬁﬁ%@d r}gce\’\gfttne steroid. The C7

hydroxyl group is then preferably protected with an hydroxyl protecting group, e.g..

t-butyldimethylsilane (TBDMS), to provide a protected allylic alcohol as in
20 compound 5. Other suitable hydroxyl protecting groups are listed in Greene, supra.
Introduction of the C6 oxygen can be achieved, before or after protection
of the C7 hydroxyl group, by methods such as hydroboration/oxidation or epoxidation
followed by ring opening. For example, the A’ carbon-carbon double bond of
compound 5 can be epoxidized with any of a number of peracids including m-
25 chloroperbenzoic acid, trifluoroperacetic acid or 3,5-dinitroperoxybenzoic acid, to
provide an epoxide such as in compound 6. Generally, the epoxide introduced has the
a-configuration arising from attack on the least hindered face of the steroid ring
structure. Subsequent ring opening of the epoxide can be accomplished under acidic
conditions, such as 80% aqueous acetic acid at 60°C. The crude mixture contains both

30 compound 7 (having an allylic alcohol at the C6é position with the at-configuration) and



31 provi de conmpound 11. Conpound 11 has a 5[err] hydrogen, as well

as C6 and C7 di hydroxyl ation, and thus is a representative conpound of
Structure—4- —"Schene 2 '

[err] 5 In an aspect of ‘the present

i nvention, olefinic steroids having an exocyclic olefin at Cl17 and
oxygen atons at both C6 and C7 are provided. In one 10 enbp | bmw&he

ol efinic ster YU¥ZEO % he Structure 5, including individual At oneric

or geonetric isomers thereof, and further4jncluding a solvatc or
pharmaceutically acceptable salt theréof. Structure 5 is defined as

fol | ows: A conpound of the formul a

the C7 silyl derivative thereof. This crude mixture can be treated with
tetrabutylammonium fluoride (TBAF) in tetrahydrofuran (THF) to give a single
compound (7). Alternatively, hydroboration of the A® double bond with an appropriate
borane complex followed by oxidation using reagents such as basic hydrogen peroxide

5  will also introduce an hydroxy! group in the a-configuration at C6.
. Compound 7 is exemplary of compounds having the oxygenation pattern
of Structures 2 and 3. The methodology by which compound ! may be converted to a
compound of Structures 2 and/or 3 is generally applicable to a wide variety of
compounds having an o,B-unsaturated carbonyl group in the A-ring of a steroid.
o 10 Additional compounds of Structures 2 and/or 3 may be prepared by modification of a
dihydroxy compound such as compound 7. In such case, it may be necessary to protect
each of the C6 and C7 hydroxyl groups, and methodology to achieve such prﬁtec’t’ion is

described later herein.

Compound 7 or an analog thereof may be converted to a compound of
15 Structure 4. Essentially, this may be accomplished by protecting the C6 and C7
hydroxyl groups and the C17 carbonyl group, and then reducing the A* carbofx-carbon
double bond. Lithium in ammonia/THF is an example of a suitable reducing agent.
Such a reduction provides an enolate, which may be trapped with a suitable

electrophile, e.g., trimethylsilyl chloride or diethylchlorophosphate.
20 An example of such a conversion is shown in Scheme 2. Thus,
protection of the C6 and C7 hydroxyl groups of compound 7 may be accomplished by
— treatment with 2,2-dimethoxypropane and a catalytic amount of (18)-(+)-10-
camphorsuifonic acid (CSA) to produce acetonide 8. The C17 carbonyl group of
compound 8 may be protected by converting it to an hydroxyl! group, and then
25 protecting the hydroxyl group. Chemoselective reduction of the C17 carbonyl group
may be accomplished by use of NaBH, in methano! to provide compound 9, which in
turn is reacted with a suitable hydroxyl protecting group, e.g., t-butyldimethyisily
chloride, to provide silyl ether compound 10. Compound 10 may be reacted with

lithium in liquid ammonia/THF, followed by quenching with diethylchlorophosphate, to



[err] 32

i ncl udi ng pharmaceutically acceptable salts and sol vates thereof, wherein:
- - - - - - €8s T Tdependent ty

substituted with (a) one of: =0, -

;(C(O(R[C?rR[r])(] ?rr]), -CfR[e]rg)(\T[herr])(C(R[err])]gR[errllg)[eLr]E and 5

- err err err - erein n ranges from o abou . or

(b) two of t %H Wi ng, which are independently sel ect evd?r’c-‘ﬂ?mfﬁ[ err]

and -OR[err]; each of:ﬁB, C8, C9, Cl10 and C13 is

i ndependently substituted with one of-X, -Rerr] or -ORerr]; 10

Cl4 is independently substituted with one of -X, -Rerr] excluding nethyl

or -OR ; the A, B, Cand D rings may independently

be fully satur aPeyidesemppynd 1. Compeund babasce 8% hydwopsp. @asvallurafbend C7
R 1s Hor a pr Qﬁl‘?&r})ﬁ}fl% &H%é%eﬁx@%taﬁ@%om?ﬂgx? o?gﬂcﬁﬁé E.d hydroxyl 15

group, where viclha err] groups may toge orma cyclic structure

whi ch protects vi ci nal hydroxyl groups, and where gem nal -OR err]
groups may together forma cyclic ure which protects a carbonyl
group, mth the proviso that either or both of -ORerr] at C6 and C7

represents a carbonyl or protected carbonyl group; ]

Rlerr], Rerr] and R err] at each occurrence is independently selected from
Hand 20 (err] organic noiety that nmay optionally contain at |east one

het er oat om sel ected from t e group consistong of boron, hadbgen,

ni trogen, oxygen, silicon | fur, 1 Ng rr] groups
may together forma rin ' —Capbos bot h
bonded; and X repr brom de
and i odi de. 25 o PrEbi di nge .
readi |y acconplished by 7 OHthe Wttid refefion, starting®nf+h a C17
carbonyl conmpound. Steroids of the invention havi ng C17 car bonyl
functionality are readily available, egfpusi N conpounddAggﬁsprepqred
according to Schene 1, or by the s tic sequence rized in Schene 3
bel ow, '

o——— —.

o O (E0)O) %

10 =—O-f\ 11 b_r\

In an aspect of the present invention, olefinic steroids having an

exocyclic olefin at C17 and oxygen atoms at both C6 and C7 are provided. In one

10 embodiment, the olefinic steroid has the Structure 5, including individual enantiomeric

or geometric isomers thereof, and further including a solvatc cr pharmaceutically
acceptable salt thereof. Structure 5 is defined as follows:

A compound of the formula




whi ch starts from conpound 10 (as prepared in Schene 2).

33 Schene 3

[err] ThUS, the A-Ting of
conpound 10 can be reduced to afford a C3 carbonyl group as the onIy
functionality in the A-ring. Schene 3 illustrates a two-step sequence

to achieve this reduction, wherein conpound 10 is reduced | um | n
liquid aMt®®%%*qnd an et her sol vent, e. g., diethyl et ﬁ&l&gww

provi de a m xture of conpounds 12 ang213 This m xture may then be

oxi dized with a suitable oxidizing

including pharmaceutically acceptable salts and solvates thereof, wherein:
each of Cl, C2, C3, C4, Cl11, C12, C15 and C16 is independently

substituted with

(a) one of: =0, =C(R"HR"), -CRHR*NC(R*)}R"),- and

5 +O(C(R*)(R")),0)- wherein n ranges from 1 to about 6 ; or

(b)  two of the following, which are independently selected: -X, -R*

and -OR';

each of C5, C8, C9.C10and C13 is indepéndently substituted with one

of -X, -R*or -OR';

" 10 C14 is independently substituted with one of -X. -R’ excluding methyl or

-OR';

the A, B, C and D rings may independently be fully saturated, partially

saturated or fully unsaturated;

R' is H or a protecting group such that -OR'® is a protected hydroxyl

15 group, where vicinal -OR' groups may together form a cyclic structure which protects

vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic

structure which protects a carbonyl group, with the proviso that either or both of -OR' at

C6 and C7 represents a carbonyl or protected carbony! group;

R? R® and R’ at each occurrence is independently selected from H and

20 C,,, organic moiety that may optionally contain at least one heteroatom selected from

the group consisting of boron, halogen, hitrogen, oxygen, silicon and sulfur, where two

N : geminal R* groups may together form a ring with the carbon atom to which they are

both bonded; and

X represents fluoride, chloride, bromide and jodide.

25 Providing an exocyclic double bond at C17 is readily accomplished by

the Wittig reaction, starting with a C17 carbony! compound. Steroids of the invention

having C17 carbonyl! functionality are readily available, e.g., in compound 7 as prepared

according to Scheme 1, or by the synthetic sequence summarized in Scheme 3 below,

which starts from compound 10 (as prepared in Schexhe 2).



agent, for exanple PDC, to give exclusively conmpound 13. Conpound 13 nmay
t hen be reduced with LS-Sclectride[err] (Aldrich Chem cal Co.,

14 having the indicated stereochem stry. - The
3[err]-hydroxyl group of conmpound 14 may then be protected as the
acetate using acetic_anhydride and pyridine to give conpound 15. O her

sui tabl e hyaYW?”s?)rot ecting groups could be used i nst e HFAI AU
acetate group. Renoval of the silyl pro&fcting group at Cl17 can be

achi eved under standard conditions known in“the 15 art for renoving this
silyl protecting group, e.g.. using tetrabutylamonium fluoride ( TBAF) .
to afford a C17 hydroxyl compound such as conpound 16. The C17 hydroxyl

34 group can be oxidized to a car bishgme3yr oup under typical oxidation
conditions, e.g., usi ng oth¥nghloride in DVSO and Et 3N, _to provide
ket one conpound 17. Conpogngl 17 can be ug el BPNS

mul titude of ol efination re S, [ /tti

ing Wtti gw reactions,
__" (/

to provi de conpounds of ¢t O e-Smh:

exanpl e,. conpound 17 g phasphoni um

brom de to provide the et hy{-,i.ﬁ(zne CONMpouNnGy O hér staktithg ket ones may
be used to provi de ¥t her[3t er oi ds Yhavi g an exodycl rcfdoubl e bond at
C17. As descri bed previously, compounds containing a

carbonyl at C17 (or those t hetBoMsnt ai n funcgigpal ity that igy readily

converted to a carbonyl grou
cont ai ni ng a carbon-car bop
For exanple, as outlTTed
ransformed into the @ormespegf
step process. Thus, ,the ﬂ@lity of
conmpound 19 nay be protected th hydr oxyl protecting grloups, (e.g.,
using 2, 2-di met hoxy propane and canphor sulfoni 15 acid (CSA) -in

N, N- di met hyl f or mami de (DMF) to gijfe a conpound guch as conpound ~ - 20.

% y be ach usi ng reaction conditions

' Lyl DT o&g Ag/group (in this instance,
TBAF in THF may bévﬂgg ol I owed dation of the resulting
hydroxyl group (e.g.,AwS| 19 PD®in HO® O grp]CI [err]) yields the conpound
containing the C17 ketone'(2f¥f~ReactioH80f ound 20 21 with a Wttig
reagent, e.g., ethyl triphenyl phosphoni um brom de and potassiumt -

but oxi de in toluene, gives conpound 22. Deprotection of the hydroxyl groups

in olefin 22 affor dsTﬁ&?thte %—fi@]&ﬁgﬁéé/ung ?Wa?l%re]ged%géd to afford a C3 carbonyl

group as the only functionality in the A-ring. Scheme 3 illustrates a two-step sequence

5 to achieve this reduction, wherein compound 10 is reduced with lithium in liquid
ammonia and an ether solvent, e.g., diethy! ether or THF, to provide a mixture of
N% compounc_ls 12 and 13. This mixture may then be oxidized with a suitable oxidizing
- agent, for example PDC, to give exclusivelj compound 13. Compound 13 may then be
reduced with LS-Sclectride® (Aldrich Chemical Co., Milwaukee, WI) or other selective
10 reducing agent, to provide compound 14 having the indicated stereochemistry.

The 3a-hydroxyl group of compound 14 may then be protected as the
acetate using acetic anhydride and pyridine to give compound 15. Other suitable
hydroxyl protecting groups could be used instead of the acetate group. Removal of the
silyl protecting group at C17 can be achieved under standard conditions known in the

15 art for removing this silyl protecting group, e.g.. using tetrgbutylammonium fluoride

(TBAF). to afford a C17 hydroxyl compound such as compound 16. The C17 hydroxyl



35 Schene 4
[err]

Ft PhINPBr

t BUuCK, :

Tol uenm 5 Protection steps may be required prior
to derivatization at Cl7 in sone cases. For exanple, in conpound 24
(prepared accowdbsagedoo Schenme 14) the C3 ketone shoul drPET/Ca%7/0p490

protected before proceeding with the transformati ons at Cl7 (see Schene
5 bel ow). Thus, conpound 24 may first be Béduced (e.g., by reaction with
NaBH4 in 10 ethanol) then acylated (e.g., using acetic anhydride in
pyridine) to yield the C3, C5- acet oxy derivative 25. Deprotection,

oxi dation and Wi gancbeea?naiz&y tih chrbdnyl ?Rﬁk}%@éi&yplcal okfatidiAtorfdRiDES, |et§9d in
Schene 4 may be used to provide conmpoun Subsequent deprotecti on of

the C6 and C7 hysinexely! ehigsigssi (@659&%?‘% “aé’P‘dd? ketong gorepquaddfy used to

Compound 17 can be used in a multitude of olefination reactions,

including Wittig-type reactions, to provide compounds of Structure 5 having an olefin

5 at C17. For example, compound 17 may be reacted with ethyliriphenylphosphonium

bromide to provide the ethylidene compound 18. Other starting ketones may be used to
provide other steroids having an exocyclic double bond a1 C17.

As described previously, compounds containing a carbonyl at C17 (or
those that contain functionality that is readily converted to a carbonyl group) can be
transformed into compounds containing a carbon-carbon double bond at C17 using
Wittig chemistry. For example, as outlined in Scheme 4 below, compound 19 may be
transformed into the corresponding C17 ethylidene compound 23 in a five step pracéss.
Thus, the 2a,3B-dihydroxy functionality of compound 19 may bc protected with
hydroxyl protecting groups, (e.g., using 2,2-dimethoxy propane and camphor sulfonic
15 acid (CSA) in N,N-dimethylformamide (DMF).to give a compound such as compound

20. Deprotection of the C17 hydroxyl may be achieved using reaction conditions
suitable for the particular hydroxy] protecting group (in this instance, TBAF in THF
may be used) followed by oxidation of the resulting hydroxy! group (e.g., using PDC in
CH,Cl,) yields the compound containing the C17 ketone (21). Reaction of compound
20 21 with a Wittig rcagent, e.g., ethyl triphenyl phosphonium bromide and potassium t-
butoxide in toluene, gives compound 22. Deprotection of the hydroxyl groups in olefin

22 affords the tetrahydroxy compound 23.



renove the ketal group of compound 27) gives conpound 28 which contains the
15 exocyclic A" ol efin.

36 SChene 5 -

[err] 5 In an aspect of the present
I nvention, steroids having Cl7 oxygenation as wel | as oxygenation at
C6 and C7 are ptﬁé%ﬁﬁﬂm I n one enbodinent, the steroid has tg{eycigrmoosse
Structure 6, inc I'Ng i ndi vidual enantioneric or geonmetric |soners

t hereof, and further i ncl uding a sol vage or pharnmaceutically
acceptable salt thereof. Structure 6 is defined as follows: 10

A conpound of the formul a

[err] Scheme 4

OTBDMS

(Me),C(OMe), O,

CSA, DMF ><°

21

20

EtPh,PBr
tBuOK,
Toluene

H%, B0% AcOH \_ /-
—X
o g

22 !

Protection steps may be required prior to derivatization at C17 in some
cases. For example, in compound 24 (prepared according to Scheme 14) the C3 ketone
should first be protected before proceeding with the transformations at C17 (see Scheme
5 below). Thus, compound 24 may first be reduced (e.g., by reaction with NaBH, in

10  ethanol) then acylated (e.g., using acetic anhydride in pyridine) to yield the C3,C5-

acetoxy derivative 25. Deprotection, oxidation and Wittig chemistry at C17. analogous

N~ ~ to that described in Scheme 4 may be used to provide compound 27. Subsequent
' deprdtection of the C6 and C7 hydroxyl groups (80% acetic acid is conveniently used .to.

remove the ketal group of compound 27) gives compound 28 which contains the

15 exocyclic A" olefin.



i ncl udi ng pharmaceutically acceptable salts and sol vates thereof, wherein:
each of d, C, &G, ¢4, Cl1, C12 Cl15 and C16 is independently

g;um”uwu e (a) one of: =0 =C(Rerr])(Rerr]),
-C(Rlerr])(Rerr])(XRerr])(Rerr]))[err]- and

-(O(C(R[err])(R&err; )[err]O - wherein n ranges froml to about 6 ; or
(b) two of t¥% owi ng, which are independently sel ect BEI/CAR0POR] e r ]
and -OR; 5

each of C5, (8, %:9 Cl10, Cl13 and C14 is
3¢ - X

i ndependently substituted with one , -Rlerr] or -CRerr];
the AA B, Cand D rings may i ndependently be fully saturated, partially
saturated or fully unsaturated; Rlerr] is Hor a

protecting group such that -OR is a prSsheme&d hydroxyl 10 group, where

vicinal -ORerr] groups may together forma cyclic structure which protects

vi ci nal hydr oxyl groups,mgﬂ d where geminal -OR groups nay together forma
p

cyclic structure iy C rotects a ca bmpy# group, with thegproviso
that either or botg g‘ err] at d C7 represents fir bonyl or
protected car bon U, 1. NaBH, 1.7RAF, HF each d ence i s

i ndependent |y sg or ga noi at my

optionally cont ai 'f'F %t easwneme n sel ected frg ¥6 0Up

consi sting of borgn, Hal ogen, ni trogen O ygen, silicon ands fur, where
two gem nal err] groups may todether forma ring w&h the carbon
atomto which they are both bonded; and Rl err].and
Rlerr] may together forma direct bond so Cl7 is a carbonyl | §Paegs. or
1BuOK,
Toluene
\—/
]
80% AcOH
- H
HO® 2
OR
28
5 In an aspect of the present invention, steroids having C17 oxygenation as

well as oxygenation at C6 and C7 are provided. In one embodiment, the steroid has the
Structure 6, including individual enantiomeric or geometric isomers thereof, and further
including a solvate or pharmaceutically acceptable salt thereof. Structure 6 is defined as

follows:

10 A compound of the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of Cl, C2, C3, C4, Cll, C12, CI5 and Cl6 is independently
substituted with



20 may together with C17 forma cyclic 3-6 nenbered ether or 4-6 nmenbered

| act one; otherwise R err] is Rerr] or -ORerr] and Rerr] is Rerr]
or—Rferr—and X-represents—ftuoride;—cthtoride; bronmide -
and i odi de. Many exanpl es of compounds of Structure 6

and their synthesis have al ready been provi ded above. For instance,
conpounds 7, 8, 9, 10, 11, 13, 14, 15, 16, 25 17, 19, 20, 21, 24, 25 and

26 are represerWes0 conpounds of Structure 6. Many R GAHPRYPO

conpounds of Structure 6, including the synthesis thereof, are provided
herein in connection with other conpounds % the invention. Ther ef ore, one

of ordinary skill inthe art is able to prepare many conpounds of
Structure 6 in view of the di scl osure herein.
38 @enpounels off SO, uCtTRY(RS), MeaC(RURA(CRERN), andndr

hydr ocar bon Liwiion at d . r nt hetic met hodol ogy to
provi de oxygen a'ﬁm%k)ﬁbs'w F%'%:‘é%%‘r%ﬁﬂs?’i%‘?%oﬂ’ at ClL for a conpound of
Structure 6 is provided b®) owhenaf the followditigl whiehl afelindepéirdemly selectéd: 2QGR8. |t

shoul d be recogniz{e that the same or analogous 5 synthetic nethodol ogy
can be applied t¥°pridvi de oxygen and/ or hydrocar bon substitution at C

for any conpogind of St r ucdath €55 €8 IR0 LC3lan@ N 4 B IndbPéHdenitly substindidadkige ar bon
substitution is desired. I nt roducti'on of an oxygen

functionality atoneef-¥ R'9e-QR'er 0i d car bon skel eton can be acconplished

by first generating the lxeREB3c AR DI Y hladRdebdrdbdu9 be ¥y A&, Parkifityt NE
A-ring of a steroid, followed by Mchael additfion chenistry using any of a

nunber of al koxisawratediopfilly uasgtumtadi i ned in Schene 6. For exanpl e, the enone
29 may be produced fr : | t and . e
TR o b e

benzyl oxy conpound 30 nma y reactin —enone (29)'
wirt h” benzyl &P c . whate Kicisal -OR' grupymay tgethér fotma CBlik strestime which eratestnd 30,

d tecti . I t . I i)yl
Gori vat i ve. (1o gl BB eb R a1 NRREREnD FF sEGHRP el sk Bl
hydr ogenat i on t ctryitwt ethich pro@ttsiaycenbonyy Erofip rvathi theygrbvisoythat ritieo oplouinef -8R at

Oxi dation of this s ndarv..al cahol, usin e.qa...PDCin CHerr]C[err] may
produce conpou n(§~s6 ad Eg <3 pﬁegvr}tsnagca%o&il q{gfoé%eefi Gardortyl group;

R* at each occurrence is independently selected from H and C,.;, organic
15 moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal
R* groups may together form a ring with the carbon atom to which they are both
bonded: and
R® and R® may together form a direct bond so C17 is a carbony! group. or
20 may together with C17 form a cyclic 3-6 membered ether or 4-6 membered lactone:
otherwise R? is R* or -OR® and R*is R' or R*; and
.X represents fluoride, chloride, bromide and iodide.
Many examples of compounds of Structure 6 and their synthesis have
already been provided above. For instance, compounds 7, 8, 9, 10, 11, 13, 14, 15, 16,
25 17,19, 20, 21, 24, 25 and 26 are representative compounds of Structure 6. Many
additional compounds of Structure 6, including the synthesis thereof, are provided
herein in connection with other compounds of the invention. Therefore, one of ordinary
skill in the art is able to prepare many compounds of Structure 6 in view of the

- disclosure herein.
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Schene 6 [err]

OrBovs Conpounds cont ai ni ng

bot-h—an

Al e
A

T l\yl

gretp—ant—an—hydroxyt—group—at~CI 5 nay be produced by

reaction of conpound 33 with an alkyl lithiumreagent. For exanpl e,
reaction of conmpound 33 with CHerr]Li in ether will provide the tertiary .
I n conpound 34 (Schene 7).

al cohol
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15

WO 98/02450 [err] PCT/CA97/60490
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Compounds of Structure 6 may have oxygen and/or hydrocarbon
substitution at Cl. Exemplary synthetic methodology to provide oxygen and/or
hydrocarbon substitution at C1 for a compound of Structure 6 is provided below and
outlined in Schemes 6, 7, and 8. It should be recognized that the same or analogous
synthetic methodology can be applied to provide oxygen and/or hydrocarbon
substitution at C1 for any compound of Structures 5-12 where C1 oxygen and/or
hydrocarbon substitution is desired.

Introduction of an oxygen functionality at C1 of the steroid carbon
skeleton can be accomplished by first generating the l-ene-3-one functionalization
pattern in the A-ring of a steroid, followed by Michael addition chemistry using any of a
number of alkoxide anions, as outlined in Scheme 6. For example, the enone 29 may be
produced from compound 13 using standard methodology. The benzyloxy com;;i)und
30 may then be produced by reacting the enone (29) with benzyl alcohol and KOH.
Reduction of the C3 ketone of compound 30, and protection of the resultant second-ary
alcohol as the silyloxy derivative (to provide compound 31) may be followed by
catalytic hydrogenation to yield the C1 hydroxy! functionality in compound 32.
Oxidation of this secondary alcohol using, e.g., PDC in CH,Cl, may produce compound
33 having a C] ketone.

Schene



33h 10 M chael addition chem stry simlar to that described
in Scherre 6 can be used to add an al kyl group to the CI p03|t| on. This

U i U
mhere R nay be al kyl, vinyl or aryl. For exanpl e, conpound 29 may be
reacted with N@[err]CULi in ether to yield the Cl1 nethyl substituted
derivative 35 (Schene 8). 15
40 WO 98/02450 Schene 8 PCT/CA97/00490

[err] Compounds qf Structure 6 may have oxygen

and/ or hydrocar bon substitution at 0239Exenplary synt heti ¢ net hodol ogy
to provide oxygen and/or 5 hydrocarbon substitution at C2 for a conpound
of Structure 6 is provided below It shoul d be recogni zed that the sane
or anal ogous synthetic nethodol ogy can Becheayed i ed to provide oxygen
and/ or hydrocarbon substitution at C2 for any conpound of Structures
5-12 where C2 oxygen and/or hydr ocarbon substitution is de ed.

Conpourids contai ni ng oyyét at C2 may heyPtepared in yag byt
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yi el d conpound 361o(o¢—'61her RSi C 1§e'§gfnts to 29 87 0 &
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Compounds containing both an alkyl group and an hydroxy! group at C1
5 may be produced by reaction of compound 33 with an alkyl lithium reagent. For
example, reaction of compound 33 with CH,Li in ether will provide the tertiary

alcohol in compound 34 (Scheme 7).

Scheme 7
OTHOMS OTBOMS
0 o
\/_ _ CHati
' TBOMS Y %o T ether TBOMS Y
3§ u & é_
1
10 Michael addition chemistry similar to that described in Scheme 6 can be

used to add an alkyl group to the C1 position. This can be accomplished using a
number of reagents including R,CuLi where R may be alkyl, vinyl or aryl. ~For
example, compound 29 may be reacted with Me,Culi in ether to yield the C1 methyl
substituted derivative 35 (Scheme 8).

15



produce an anal ogous silyl enol ether). Hydroboration of the carbon-carbon
doubl e bond in 36 may give t he 2[err] 3[err]-di hydroxy
f unctionali-zati-or—pattern—(eonpourd I9T——T5““CRTUHTTUH"“T“THT§—B“H_HT6Xy '

conmpound using PDCin CHerr]C [err] may provide the diketone

41 Schene 9 Lerr]
29 Preparation of C2 hydrocarbon substituted
conpounds can waeespegsduced, e.g., by [err]-al kyl ati on ofCrCASHA39INI

containing a C3 ketone functionality. For exanple, 5 Li/NHerr] reduction
of the enone 29 followed by trapping the 4esultant anion with an
al kyl ati ng agent provides C2 al kylation. Treatnent of the resultant enol ate

wi t h et hyl
Scheme 8

oTeoMS
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o Y (o) Et,0, -78°C
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Compounds of Structure 6 may have oxygen and/or hydrocarbon

Ot

substitution at C2. Exemplary synthetic methodology to provide oxygen and/or |

5 hydrocarbon substitution at C2 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen and/or hydrocarbon substitution at C2 for any compound of
Structures 5-12 where C2 oxygen and/or hydrocarbon substitution is desired.

Compounds containing oxygen at C2 may be prepared in a number of

10 ways including hydroboration of a silyl enol ether as shown in Scheme 9. The silyl enol
ether may be prepared from the enone 29 via Li/NH, reduction followed by trapping of
the resuitant cnolate using TMSCI to yield compound 36 (or other R,SiCl reagents to
produce an analogous silyl enol ether). Hydroboration of the carbon-carbon double
bond in 36 may give the 20.,3B-dibydroxy functionalization pattern (compound 19).

15 Oxidation of this dihydroxy compound using PDC in CH,Cl, may provide the diketone
as.



iodide may yield the C nmethylated conpound 39 (Schenme 10 below). This
met hodol ogy can be applied to a variety of different conpounds using a

S. J.U
Scheme 10 [err]
Conmpounds of Structure 6 may have hydrocarbon substituti on at C3.
Exenpl ary synthetic nethodol ogy to provide hydrocarbon substituti Ongat C3

for a conpYMWORASO St ructure 6 i s provided below. It shd A3

recogni zed that the sane or

42 anal ogous synt heti c nmet hodol ogy cHn be applied to provide

hydr ocar bon substitution at C3 for any conpound of Structures 5-12
where C3 hydrocarbon substitution is desired. Wttig
chemi stry on conpound 13 fol | owed by redghemeth of the double bond or

al ternative nodifications WI I I provi de the al k%/al or dial kyl derivative at
C3. For 5 exanple, rea Rt conpound 13
t ri phenyl phosphoni urg A }

CHerr]l[err] .@ﬁ foI Yo HF‘&& Y ¢ hyedva0ge40d y§
r

cycl opropane derfvati ye Al usi ng T i n et hanol we?an
gi ve the di al leyl ative 42 (S@he ) . )
Schene 11 [err]

l PDC, CH,Cly

OT8DMS

Ofine-
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Preparation of C2 hydrocarbon substituted compounds can be produced,
e.g.. by a-alkylation of a compound containing a C3 ketone functionality. For example,
5 Li¥/NH, reduction of the enone 29 foliowed by trapping the resultant anion with an
alkylating agent provides C2 alkylation. Treatment of the resultant enolate with methyl
iodide may yield thc C2 methylated compound 39 (Scheme 10 below). This

methodology can be applied to a variety of different compounds using a number of
different alkyl halides.

10 Scheme 10
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Compounds of Structure 6 may have hydrocarbon substitution at C3.
Exemplary synthetic methodology to provide hydrocarbon substitution at C3 for a

compound of Structure 6 is provided below. It should be recognized that the same or



Compounds of Structure 6 may have hydrocarbon substitution at C4
Exenpl ary synthetic nethodol ogy to provide hydrocarbon substitution at C4

for—a corpount—of—Structure6-TS provided below. It should be
recogni zed that the sanme or 15 anal ogous synthetic nethodol ogy can be
applied to provide hydrocarbon substitution at C4 for any compound of

Structures 5-12 where C4 hydrocarbon substitution is desired.
Al kyl ati on at V1948 be achi eved by first producing the entF4EA?"8 PG
fromthe enone in conpound 10 (using, for4§xanple. reduction with lithium

in liquid : 43

ammoni a) followed by treatnent with an appropriate al kyl halide as shown in
Schene 12. Schene 12

[err] analogous synthetic methodology can be applied to provide hydrocarbon substitution at

C3 for any compound of Structures 5-12 where C3 hydrocarbon substitution is desired.

Wittig chemistry on compound 13 followed by reduction of the double

bond or alternative modifications will provide the alkyl or dialkyl derivative at C3. For

5 example, reaction of compound 13 with methyl triphenylphosphonium bromide and

tBuOK in toluene may be used to give compound 40 (Scheme 11). A Simmons-Smith

reaction on compound 40 with CH,l, and Zn-Cu followed by catalytic hydrogenolysis
of the cyclopropane derivative 41 using H,, Pd/C in ethanol can be used to give the

dialkyl derivative 42 (Scheme 11).

10 Scheme 11
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Compounds of Structure 6 may have hydrocarbon substitution at C4.

Exemplary synthetic methodology to provide hydrocarbon substitution at C4 for a

compound of Structure 6 is provided below. It should be recognized that the same or

15 analogous synthetic methodology can be applied to provide hydrocarbon substitution at
C4 for any compound of Structures 5-12 where C4 hydrocarbon substitution is desiréd.

Alkylation at C4 may be achieved by first producing the enolate anion

from the enone in compound 10 (using, for example. reduction with lithium in liquid



5 Al ternatively, Conpounds of Structure 6 may have carbonyl
functionality at CA. Exenpl ary synthetic nmethodol ogy to provide carbonyl

shoul d be recogni zed that the sanme or anal ogous synthetic nethbdology
can be applied to provide carbonyl functionality at C4 for any
conpound of Stryct 5-12 where a C4 carbonyl 10 group i i As
descri bed bel ow%%ze‘goar bonyl functionality at C4 provides j&&%{,&gm
conveni ent entry into conpounds having a teptiary al cohol and a hydrocar byl

group at 4. Compounds with a ketone (carbonyl)
functionality at C4 nay be prepared from conpound 44 (which in turn is
prepared froma deace_t)y}, gtio of acet at_lf}e’ 15 147 froom Schene 44). %Yi

sel ectivel y t osyRRFCRg) Tolpwsd b ireatrent Yithap appremsizic alky! halidg as showngip Scheme

foll omed by oxidapion of the resultant 4[err]-hydroxyl functionality. For
exanpl e,. as illustrated in Schene 13, treatnent of the diol 44 with
p-tol uenesul fonyl chloride in pyri d'cr}llgmand DMVF foll owed by reaction of

the resultant tosylate 45 with tBuX can2€eme 12 i 1 oduce t he
3[err],4[err]-epoxide (conpound 46). sfpaat ment of the epoxig,gowth MeCulLi
20 gives the 3a-nethyl derivative] 4f and subsequent oxi gatp on using, for
exanple, PDC in CH err] ¢ ' i ves the desiredsketene (carbonyl) at
C4 (conpound 48). Epineri zal
achi eved using tBuOX in t
-with a nethyl Lithiumi

(conpound 49). 3 i
Schene 13 10 "L [err] " 43

&5
Iy

5 Alternatively, Compounds of Structure 6 may have carbony!
functionality at C4. Exemplary synthetic methodology to provide carbonyl
functionality at C4 for a compound of Structure 6 is provided below. It should be
recognized that the same or analogous synthetic methodology can be applied to provide
carbonyl functionality at C4 t:or any compound of Structures 5-12 where a C4 carbonyl

10 group is desired. As described below, the carbonyl functionality at C4 provides a
convenient entry into compounds having a tertiary alcohol and a hydrocarbyl group at
C4.
Compounds with a ketone (carbonyl) functionality at C4 may be
prepared from compound 44 (which in turn is prepared from a deacetylation of acetate
15 147 trom Scheme 44) by selectively tosylating, epoxidation and then epoxide ring
opening followed by oxidation of the resultant 4f-hydroxyl functionality. For example,
as illustrated in Scheme 13, treatment of the diol 44 with p-toluenesulfonyl chloride in
pyridine and DMF followed by reaction of the resultant tosylate 45 with tBuOK can
introduce the 38,4p-epoxide (compound 46). Treatment of the epoxide with MeICuLi
20 pgives the 3a-methyl derivative 47 and subsequent oxidation using, for example, PDC in
CH,CI, gives the desired ketone (carbonyl) at C4 (compound 48). Epimerization to the
3B-methyl derivative can be achieved using tBuOK in tBuOH and subsequent treatment
of the ketone with a methyl lithium in THF can provide the tertiary alcohol at C4
{compound 49).



Me2CulLl Al ternatively, conpounds of Structure 6
nay have oxygen or 5 hydrocarbon substitution at C5 Exenplary synthetlc

C5for—=a
conpound of Structure 6 is prOV|ded bel ow. It should be recogni zed t hat
the same or anal ogous synthetic nmethodol ogy can be appli ed to provide
oxygen or hydrocarbon substitution at C5 for any conpound of Structures 5-
12 where C5 oXVQ¥M#P hydrocarbon substitution is desired.PCRICAIT00490

Epoxi dation of conpound 10 followed by ring opening can be used to

generate a hydroxy and subsequently an alXbxy substitution at C5 of the

car bon skel eton. For exanple, epoxidation of the double bond in
conmpound 10 can yield the correspondi ng epoxi de derivative 50 which may
be readily converted to the tertiary SchemedBoxyl conpound 24 (Schene 14
bel ow). Subsequent reduction of conpound 24 15 using NaBHerr] in THF and
nmet hyl ati on using Mel in th‘ P ‘nﬁmye t he

di acet oxy conpound 51 (
achi eved using an app

br exanpl e,

treat nent of co [her may produce
the C5 net hyl der|Vﬁtb Vo
45 ’f\
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other
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Alternatively, compounds of Structure 6 may have oxygen or
5 hydrocarbon substitution at C5. Exemplary synthetic methodology to provide oxygen
or hydrocarbon substitution at C5 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen or hydrocarbon substitution at C5 for any compound of Structures 5-
12 where C5 oxygen or hydrocarbon substitution is desired.
10 Epoxidation of compound 10 followed by ring opening can be used to
gencrate a hydroxy and subsequently an alkoxy substitution at C5 of the carbon
skeleton. For example, epoxidation of the double bond in compound 10 can yield the

corresponding epoxide derivative 50 which may be readily converted to the tertiary
hydroxyl compound 24 (Scheme 14 below). Subscquent reduction of compound 24

15 using NaBH, in THF and methylation using Mel in the presence of tBuOK in THF can
give the diacetoxy compound 51 (Scheme 15 below). Alkyl substitution at C5 may be
achieved using an appropriate alkyl copper lithium reagent. For example, treatment of
compound 10 with (CH;),CuLi in cther may produce the C5 methy! derivative 52
(Scheme 16).



Schene 15 Schene 16
[err] . Corrpounds of Structure 6 may have oxygen

to provi de oxygen and/ or hydr ocar bon substltutlon at C9 for a conpound
of Structure 6 is provided below It shoul d be recogni zed that the sane
or anal ogous SWB&WS nmet hodol ogy can be applied to prevERrmsyden
and/ or hydrocarbon substitution at C9 for any conpound of Structures
5-12 where C9 oxygen and/or hydrocarbon sufstitution is desired. 15
Hydroxyl ation at the C9 position may be achieved by reaction of a [err]

ol efinic conpound with mchl oroperbenzoic acid foll owed by reduction with

LiAlH err]. Scheme 14
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Compounds of Structure 6 may have oxygen and/or hydrocarbon

olis

10 substitution at C9. Exemplary synthetic methodology to provide oxygen and/or
hydrocarbon substitution at C9 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen and/or hydrocarbon substitution at C9 for any compound of
Structures 5-12 where C9 oxygen and/or hydrocarbon substitution is desired.

. 15 Hydroxylation at the C9 position may be achieved by reaction of a A™"

olefinic compound with m-chloroperbenzoic acid followed by reduction with LiAIH,.



46 as outlined in Schenme 17. For exanple, using this

pr ocedure. conpound 53 (prepared fromthe dehydration of
compound-60+—e—~g—NaH—€ESiet+—net—treat ey be used as the

starting materi al to produce conpound 54 which, upon reduction of the
epoxi de can produce the C9 hydroxyl-containing derivative 55.
Subsequent reaction of the tertiary 5 al cohol in conmpound 55 with
di met hyl sul f #OBPHShqueous sodi um hydroxi de may be PCTICAY004Ysed to
gi ve the correspondi ng al koxy derlvatlve, conmpound 56.

Schene 17 P

Al ternatively, conpounds of Structure 6 nay have hydrocar bon 10

substitution at C9. Exenplary synthetic nethodol ogy to provide hydrocarbon
substitution ags@dlifedrin Schemegdufidr eXamgle; using this Bodedury; compatod 5B dpropared t
shoul d be etels} t t S i etic
nmet hodol ogy can Bleth%%%‘ydm{i&t hé&%g d&aLg 'NEH é§}? M, h@&c}?kﬁgggﬁseﬁ a@ttlk}:
substituti on astaffifg fowateriahto prodqn_ouadpmhdﬁrmch,lmpm &dﬂcﬁowbﬁr}e epbxide can
hydrocarbon s u%?o%t'xée%el 8& hlyc?m)gy?-%nlmrtaxe%hg derivative 55. Subsequent reaction of the tertiary

5 alcohol in compound 55 with dimethy! sulfate in aqueous sodium hydroxide may be

used to give the corresponding alkoxy derivative, compound 56.
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Alternatively, compounds of Structure 6 may have hydrocarbon
10 substitution at C9. Exemplary synthetic methodology to provide hydrocarbon
substitution at C9 for a compound of Structure 6 is provided below. It should be
recognized that the same or analogous synthetic methodology can be applied to provide
hydrocarbon substitution at C9 for any compound of Structures 5-12 where C9
hydrocarbon substitution is desired.
15 Cyclopropanation of compound 53 using CH,l, and Zn-Cu followed by
catalytic hydrogenation may provide the corresponding C9-alkyl substituted compouhd
S7 (Scheme 18).



15 Cycl opropanati on of conmpound 53 using CHerr]l[err] and

Zn-Cu foll owed by catal yti c hydrogenati on may provide the
corresponding—Co9—alkyt—substitoteg=conpound o
47 Schene 18

[err] Al ternatively, conpounds of Structure 6 may .
have halide sulgdbdiddideon at C9. Exenplary synthetic nepdac@hegye t O
provi de halide substitution at C9 for a 5 conpound of Structure 6 is
provi ded below. It should be recognized thgy the sane or anal ogous
synt heti c nmet hodol ogy can be applied to provide halide substitution at C9
for any conpound of Structures 5-12 where C9 halide substitution is
desi red. I nt roducti on #;e a, &al ogen atom at C9 can be
achieved in a nunber of ways inclu ction of a CO tertiary

al cohol (see, e.g., conpound 55 in g&¢ 17) 10 wth t.=8“¥l chl ori de.
Thus, r.eaction of conpound 55 wiWh P err] in CHergl@ | err] may be

used to provide the chloro dg 59 as shown {n “$ct
Schene 19

_ Altemnatively, compounds of Structure 6 may have halide substitution at
C9. Exemplary synthetic methodology to provide halide substitution at C9 for A
5 compound of Structure 6 is provided below. It should be recognized that the same or
analogous synthetic methodology can be applied to provide halide substitution at C9 for
any compound of Structures 5-12 where C9 halide substitution is desired. .
Introduction of a halogen atom at C9 can be achieved in a number of
ways including reaction of a C9 tertiary alcohol (see, e.g., compound 55 in Scheme '17)
10 with thiony! chioride. Thus, reaction of compound 55 with SOC], in CH,Cl, may be

used to provide the chloro derivative 59 as shown in Scheme 19.

Scheme 19
OTBDMS OTBbMS

Compounds of Structure 6 preferably have a methyl substituent at C10.

15 However, the C10 position may be derivatized so as to have many functional groups
other than methyl. Exemplary synthetic methodology to provide oxygen and/or
hydrocarbon substitution at C10 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied

to provide oxygen and/or hydrocarbon substitution at C10 for any compound of

20  Structures 5-12 where C10 oxygen and/or hydrocarbon substitution is desired.



Compounds of Structure 6 preferably have a nethyl substituent at C10. 15
However, the Cl10 position may be derivatized so as to have many functi onal

_ pary - Synthetic et hodol ogy to provi de
oxygen and/ or hydrocarbon substitution at C10 for a eonmpound of
Structure 6 is provided below It shoul d be recogni zed that the same or
anal ogous synthetic_net hodol ogy can be applied to pro Sogen and/ or
hydr ocar bon sUOIBMR i on at C10 for any conpound of 20 Sfr ures 5 12
where C10 oxygen and/or hydrocarbon subsygtution is deS|red
48 The derivatization of the Cl0 position may be
achieved via the route shown in Schene 20. A 10[err]-hydroxy steroid

60 (prepared, for exanple, ,as outlin [ Sche | @ may be
derivatized using nitro WPWP%°€M)O ?°ﬁ‘nﬁ§h”?"a|r¥’%ea &’8"5% via ;i '}/‘8
nitrite derivaghows i®S&Rme205A lob%&diéy’iﬁtb@m 6%f (piep@ed) ifdr ekiripld s bﬁtmaqlan | ead

toa 5 mxture of the oxinmes 62 .an npound 63 i s reduced to the .
correspondi ng eerie 22 belowy may bedeggtizec psing P‘H"’%]ﬁ@%%e QgL oy pyFiding 1@ oxane

and acetic aci gelg igufle Paameaéucﬁﬁ@kﬁt frradiation P u{évmtr#@spﬁﬁﬂ Wafad' ROR
treatment of 64 with &J in aqueous acetic acid. This can al so -
| ead to depbot mixtirenf 'bc omes i3 d Comppungr&3iipreduced ¢o the eqrepspanding imine e
rei nt roduced
2, 2- di met hoxy p?“ob aﬁééugeﬁ'g& th g&plﬁ&;s —h& %ﬁl‘%ﬁggﬁ (g%ﬁ%ac Al @mlhle‘rrlnea cﬁalé 'r:%?tysi S
( NaO—l MeCH) t65 gawb;: nrbcmcd:cwpmkyamm oh§4iwitls BlaN©, inahicouweatclinacid. Thtswmt ection
of the secondar 0 at. t usi; n n Bt H i n.DMVF
to afford Conpo%onlaa Q rotecuog%}thgg 7- h@ﬁroQﬁ%édps ehll acetonide % rexrttrod eglg

by reaction of the crude product with 2,2-dimethoxypropane and camphor sulfonic acid. '

L 10 Alkaline hydrolysis (NaOH, MeOH) to give the hydroxy aldehyde 66 is followed by
protection of the secondary alcohol at C11 as the benzyl ether using BnBr, NaH in DMF

to afford compound 67.



Schenme 20 [err] [ TT-z.

I 1 "Acyri propane. CSA O 65 O NaCH.
MeeH A-GrTgn i : S
followed by PDC 5 oxidation in CHerr]CJ[err] then by a Bayer-WIIiger
oxi dation with mchl oroperbenzoic acid in methyl ene chloride can give
the Cl0 acet oxy | ive 68. Renoval of the acetate ar QG008
acconpl i shed wit ase, for exanple, sodium nethoxide in nethanol, to
49
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A Grignard reaction of compound 67 with CH,MgBr followed by PDC

5 oxidation in CH,C], then by a Bayer-Williger oxidation with m-chioroperbenzoic acid
in methylene chloride can give the C10 acetoxy derivative 68. Removal of the acetate
group may be accomplished with base, for example, sodium methoxide in methanol, to
give the C10-B alcchol 69. This C10 hydroxy! group may then be further derivatized to

the alkoxide analogue 70, using, for example. sodium hydride in THF followed by



give the Cl0-[err] alcohol 69. This C10 hydroxyl group may then be further
derivatized to t he al koxi de anal ogue 70, using, for exanple, sodium

hydri-de—i-n—FH—FolHowed—by

50 treatment with an al kyl ati ng agent such as nethyl iodide.

Al ternatively, conversion of the C10 hydroxyl group in conpound 69 to
the corresponding chloride derivative 71 is achi eved J

chlorinati ng My¥M4% g., thionyl chloride, as shown in ﬁlé&g’@f”

Scheme 21 5 [err]50

OH Compounds of Structure 6 may have oxygen and/ or
hydrocarbon 10 substitution at Cl1l. Exenplary synthetic methodology to
provi de oxygen and/ or hydrocar bon substitution at Cl1 for a cor‘rPound of
Structure 6 i strgimept wishjamakialing|agent suchas methyl jodide.c Abermatively. eonaersiomel same or
anal 0gous sy Nk} iy ERb ARk Mo PErEG9 MM cfespondinh AhiBFE Al gy and/ or
hydr ocar bon su tEstlltu}{ﬁ:‘:}r%))ﬁ %9 % 1ofor any com:():ounpon %‘n% Structures 5-12
where Cl1 oxy cpshieveddisiog a phiorinsting agont, &8 bthionyl shiopide. asshgws i Sahems B1.

The preparation of conmpounds of Structure 6 containing an oxygen

function at the Cl1 position may be aghjegy@d according to the pathway shown

in Schene 22 fromthe comerci aI |y avaiTable starting material 72 and
rel at ed sconpounds. :
OTBOMS
BnQ, gno OH
OH a

1. SOCh, CH,Cl,

Z80%AOH
" X o ' oH

69 71

Compounds of Structure 6 may have oxygen and/or hydrocarbon

10 substitution at Cll. Exemplary synthetic methodology to provide oxygen and/or

hydrocarbon substitution at C11 for a compound of Structure 6 is provided below. It

should be recognized that the same or analogous synthetic methodology can be applied

to provide oxygen and/or hydrocarbon substitution at C11 for any compound of
Structures 5-12 where C11 oxygen and/or hydrocarbon substitution is desired.

15 The preparation of compounds of Structure 6 containing an oxygen

function at the C11 position may be achieved according to the pathway shown in

Scheme 22 from the commercially available starting material 72 and related

compounds.
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5 If starting with a steroid having a hydroxyl group in the A-ring, as in

compound 75 (prepared from the commercially available compound 72 (Scheme 22)),
removal of the C3 hydroxyl may be achieved using a two step procedure invo_lving
preparation of the methy! xanthate using NaH, CS, and CH,l in THF followed by
nBu,SnH reduction and deprotection (80% AcOH) to yield compound 77. After

10 reduction and protection of the C17 ketone using NaBH, in methanol followed by



5 If starting with a steroid having a hydroxyl group in the

A-ring, as in conpound 75 (prepar ed fromthe commercially avail abl e
conmpound 72 (Scherme—22)) rerrovat—of—the—C3—hydroxyl may be achi éved
usi ng a two step procedure involving preparation of t-he nmethyl xanthate
using NaH, CS[err] and CHerr].l in THF foll owed by rBu[ err] SnH
reduction and_de ction (80% AcOH) to yield conmpound 77 10
reducti on and%%&l on of the Cl17 ketone using NaBH err] c|llr?rrg"goﬁ%‘l‘nol

fol |l oned by ) 52

TBDMSC and i midazole in DWVF, oxidation of the C7 position can be achieved
using a nunmber of oxidizing conditions such as CJerr] and

3, 5-di net hyl | d.tBUOOH |
 or 1] O and. by ARINSGHAB Tl N okdBlamof e LR T Ve SR PLIRRE 8

THF- MeCH)  of t R@mber Afe&mib@ngamda@ﬁ WcAtas QROCAR zosmed@ gwa@oxg?n GRRLIOEY

derivative 5 80. Hydroboration of corrpound provi roduct with

the 6[err], 7[ er&uFl,l@fiéBv?OH in H,Qyand syslpbaxansn %&f%@hr%ctwn (Nﬁm Ca&h
Protection of tig Gk6HS b thE %'7rlle:3ﬁ‘£%&’§6’e'ty‘§adoﬂ caPPRAHD the & acetox}'(ﬁérﬂ/it)we

2, 2-di met hoxypropane in the presence of ‘canphor sulfonic acid
fol | owed 5 b;ﬂooxﬁydmwammﬁgcmmdq W@Ylﬂ?SCF[B‘mh]ﬂ g¥ithe shec 678U ARF 82

whi ch cont ai ns el ture 6
may al ternat i vewg’évr%éa??t ] oﬁsa’l"llr101 Ly g“fﬁ"%“é“"’o@éﬁ@ﬁggﬂgs’} &hﬁ’t 'on at Cl1.
Exenpl ary synt hnsmg e 2metbd¢ybmggnetm ther pyesents of cam:ﬂnydmifomc bdd (€Ssbllowrd on at
Cll for a Conp%undidggon%tsxl;xugba‘rxa@ El Ei%S c%{nﬁé\?nd?f mgl{cpl (c):%fb?x%s gpﬁjebone

recogni zed t hat” PRE* AR D1 ~an e applied
to provi de hydrocarbon SCdaspoundst othtr&ttur@l& rhayr alaam)auwyrpuruaﬂiinmhalst havet ur es -

Sonversion B HEOEREoHRA IR Sl odkEPOrY PRTR, Fiteislany,  Pryie
center may be agdrocaonsibsingion ahQNNfdria compaind o?&rhtﬁir@‘él is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide hydrocarbon substitution at C11 for any compound of Structures 5-12 where

C11 hydrocarbon substitution is desired.
15 Conversion of the compound 82 Cl1-ketosteroid to a quaternary alkyl

center may be accomplished as shown in Scheme 23 below.

Scheme 23
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53 . Thus, the Cl1- ket osteror d 82 I n toI uene may be
S V V ) U Of gde 0

to afford corrpounds vvrth a A" car bon car bon doubl e bond such as 83.

Subsequent treatnent of the conpound 83 with CH errql [err Zn- Cu may

gi ve the cycl opwopsm4sgerivative 84. Hydrogenation of the 7’8 M¥bpane

ring (Herr], Pd/Cin ethanol) may give the_dialkyl derivatlve 85. O her

Wttig reagents may be enployed to nake anabogous al kyl -substituted

st eroi ds. Monoal kyl ati on of the Cl1 position nmay be

achi eved by application of Wttig chem stry on conpounds with a Cl1

ket one, as descri bed abov®hus{ dlel@Medtosteroid 88 inctolubng iy eadddéd tol « solution of

hydrogenation (as illustra n.Schene, 2 xa cat 9

hydr ogenat i on (I—["&‘}‘Y']mpﬁ?@ﬁ?sﬁi“ﬂ?%ﬁm")‘d%#dc'gﬁgguﬁ%‘@‘dafP?‘B? g X‘chac%

rszt hyl at ed &rin@hBoM Bouble bond such as 83. Subsequent treatment of the compound 83 witiSchene

- 15 :
Conpounds of St r GBtlurén-6u nagy HEXFe “ﬁaFY%'%L&’i“taﬂ’("r 8t aflyérpgenation of the
Exenpl ary syntshewc Pras&ﬂeq%@ @fypée ﬁr%agmﬁlglﬁ%éumyr aérwam g8, Olkrfor a

conpound ucture 6 I's provjd elow. It should be recognized

that the same orwmamgﬂﬂwﬂa}' be e"‘@WF%@t%e ArslagewsAlkylsubstitpedeeraids i ed to
provide halide substitutigp, @Jlkﬁ;nén o?'ihe@“znosmon RO vES b)?ﬁﬂﬂﬂ&ftidﬁ%? 5-12

where Cl1 halide substitution 1I's desired
hal ogenation of Witig Ghdmistosioni compawnds béthae (€11¢ \ketbneicasoestirivgd mboveh ollowed .

route shown in S&‘, ctriery cataly'il rhy@n%g&%& (aé Jlﬁs%iéﬁ MScﬂéme%gpp&QQargﬁe.%ttagng

10 hydrogenation (H,, Pd/C in ethanol) on compound 83 affords the C11 methylated

steroid 86.
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15 Compounds of Structure 6 may have halide substitution at Cll.
Exemplary synthetic methodology to provide halide substitution at C11 for a compound
o of Structure 6 is provided below. It should be recognized that the same or analogous

synthetic methodology can be applied to provide halide substitution at C11 for any’
compound of Structures 5-12 where C11 halide substitution is desired.

20 Thus, halogenation of the C11 position may be achieved according to the
route shown in Scheme 25. For example, treatment of compound 60 with a
halogenating agent, e.g., thionyl chloride in CH,Cl,, gives the corresponding 11p-chloro
derivative 87. In general, hydroxyl functionality may serve as a precursor to halide

functionality.



hal ogenating agent, e.g., thionyl chloride in CHerr]C[err], gives the
corresponding 11 [err]-chloro derivative 87. In general, hydroxyl

functi-enralHy—ay—setrve—as—a Precursor ro nari de functionality.

54 Scheme 25 '

[err] Compounds of Structure 6 may have oxygen
and/ or hydr ocaxdesn2450 subst itution at Cl2. Exenpl ary synt h@CFECAROA®d0l ogy
to provi de oxygen and/ or hydrocarbon substitution at Cl12 for a conpound
of Structure 6 is provided below It Mhoul d be recogni zed that the sane
or anal ogous synthetic net hodol ogy can be applied to provi de oxygen
and/ or hydrocarbon substitution at Cl2 for any conpound of Structures
5-12 where C12 oxygen and/or hydrocar bgéhemghsti tution is desired. 10

Pl acenent of an oxygen function at the Cl12 position may be achi eved as
illustrated in Schene 26. OTEDMS OTBOMS Schene 26
[err]

SOCIz CH,Clo

,0 R

Compounds of Structure 6 may have oxygen and/or hydrocarbon -

Olll

5 substitution at C12. Exemplary synthetic methodology to provide oxygen and/or
hydrocarbon substitution at C12 for a compound of Structure 6 is provided below. It

~ should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen and/or hydrocarbon substitution at Ci12 for any compound of
Structures 5-12 where C12 oxygen and/or hydrocarbon substitution is desired. |
10 Placement of an oxygen function at the C12 position may be achieved as
illustrated in Scheme 26.
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55 Thus, a Cl1 ketosteroid, such as conmpound 82, may
be react ed vmth LDA in THF foI | oned by t rappi ng of the enoI ate an| on

usi ng L| and EtNH[err] to provrde a conpound such as 88, mnth a [err]
car bon-car bon doubl e bond. Epoxidation may be achi eved using an 5
epoxi di zi ng ag@iesmfssg). , NCPBA in CHerr]C[err], to give poecasvamaspondi ng
11[err], 12[err] - epoxi de derivative 89. Subsequent LiAlH err] reduction
of the epoxide can formthe 12[err]-hydroxp derivative (90) which can
be oxi di zed using the appropriate oxidizing agent, for exanpl e,
pyridiniumdi chromate (PDC) in nethylene chloride, to give the desired Cl2

- ketosteroid 91. 10 Thus. 2, C11 ketSRARBURRR o Commbdubif B ayP b PRketdf With
hydr ocar bon substitution a‘t'ls'cai 12. ¢ Exenpl ar yons?é/rlrlt het'i cafret hoglol ogy to

provi de hydr ocalfgninsiHSs follewed pntrapping o thepnolate anion VG@M@P(@W@PHQY@@W e 6
i's provided beI s0gous
synt hetic net ho °3lg‘§/"°§§ﬁﬁ'lbg“a§“°ﬁ%§m§) S‘SS{’/ﬁMﬁ %@gf anmpsoa a tﬂ%l on at
Cl2 for any conp8uwith i’ §tqatbot1-mrbm double beinds eEpo}!;Qathyaham@arabbcweduis&granutr on

is 15 -<desir I
i ntroduced if?doe?%'dlzeﬁagp Sk ’imCPBAAﬂ1 E¥l Clg %g égeﬁm%amgi #d'flém}?ﬁe Cl1
ket ost eroi d 82, dérpragyec89% BubdequenckiitH| &ductton of the epnxdiertgx foﬁnﬂiﬂﬁ%yﬂ&)&y and a-

strong base, i t m,di, i sops 0 mde _in |ndand
treated with ang%fM? moﬁd”haﬁeﬁ’f‘ be gg‘d‘zec"ré‘f"ﬁﬁlth‘t Bﬁﬁ"&f’é‘mt W‘ﬂ?‘f‘%raﬁe“t‘h 'c12 20
met hyl at ed pl’OdHﬂnp%Zpyrmimﬁd‘ild&hﬁ)hﬁt}QPDCm&x kdiylkrichleds dgikethe desnee C1Rsi ng a
nunber of tho i ncl udi ng those described in connection with Schene
26 to give the °t°5te?1‘a bret hyl at ed product 93. Further treatnent with
strong base gnd an al kyl @binpéunds of SREARE 6 rBaythave hidrbdatbon dﬁﬂsﬁ@ﬂémayd:mﬁ de
amd met hyl i odi de g%r ves the Cl12 djnet hyl at ed product_  94. in, this
conpound rmay beEsemplay shetis methadpiogy ‘%Bf?dldﬁhé!#é‘cacﬂ??"r%‘h%‘\‘}é‘°25“ Ctlﬁ oy
ketone group thegngbuid BEsthidfred & plbvididiélowd it snoaldi é@ecdpnized that the same or

56 Schene 27
analogous synthetic methodology can be applied to provide hydrocarbon substitution at

Ci2 for any compound of Structures 5-12 where C12 hydrocarbon substitution is
15 desired.

Alkyl groups, such as methyl, may be introduced into the C12 position
as shown in Scheme 27 below. The C11 ketosteroid 82, (prepared. for example,
according to Scheme 22), and a strong base, e.g., lithium diisopropylamide in THF, are
combined and treated with an alkylating agent, e.g.. methyl iodide, to afford the C12

20 methylated product 92. At this stage, the C11 ketone can be removed using a number of

methods including those described in connection with Scheme 26 to give the

% monomethylated product 93. Further treatment with strong base and an alkylating
agent, e.g., lithium diisopropylamide and methyl iodide, gives the C12 dimethylated

product 94. Again, this compound may be subjected to reducing conditions to remove

25 the C11 ketone group thus giving the C12 dimethyl derivative 95.



[err] Compounds of Structure 6 may have
oxygen and hydrocarbon 5 substitution at Cl2. Exenplary synthetic

net hodol-ogy—t-6—provi-de—exyger—amd trydrocarbon substitution at Cl2 for a
conpound of Structure 6 is provided below It shoul d- be recogni zed t hat
the sane or anal ogous synthetic nethodol ogy can be applied to provide

oxygen and hy oﬂﬁ&ﬁapn substitution at Cl2 for any conpoupgrefermdesCt Ures
5-12 where Cl12 oxygen plus hydrocarbon substitution is desired. 10

Scheme 28 shows the preparation of a tertsgary al cohol at the Cl12

position fromthe correspondi ng Cl2 ketone. In Schene 28, the Cl2 ketone 91
IS treated with a alkyl lithiumreagent, e.g., nethyl lithiumin

di ethyl ether, to give the desi red %ertbgry al cohol ~ 96.
57 Schene 28
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Compounds of Structure 6 may have oxygen and hydrocarbon
5 substitution at C12. Exemplary synthetic methodology to provide oxygen and
hydrocarbon substitution at C12 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen and hydrocarbon substitution at C12 for any compound of Structures

5-12 where C12 oxygen plus hydrocarbon substitution is desired.
10 Scheme 28 shows the preparation of a tertiary alcohol at the Cl12
N _ position from the corresponding Ci2 ketone. In Scheme 28, the C12 ketone 91 is
treated with a alkyl lithium réagent, e.g., methyl lithium in diethy! ether, to give the

desired tertiary alcohol 96.



[err] Compounds of Structure 6may have carbon,

oxygen or hal ogen, to nane a few atons, bonded to Cl13. Exenplary
syntheti+cnethodotogy—toprovidesuci 5 —substitutTomat Ci3for a
conpound of Structure 6 is provided below. It should be recogni zed

that the sanme or anal ogous synthetic nethodol ogy can be applied to provide
the same or anghegeus substitution at Cl13 for any conpoundp®ficstoessé ur es
5-12 where such C13 substitution is desired.

Substituents at the C13 position nmay be istroduced according to the 10

pat hway shown in Scheme 29 below. In a fashion simlar to that previously

descri bed i n Scheme 20. the C13 position can be substituted with a
hydr ocar byl oxy noiety, e.g., a metho iety. Thus, the oxine
derivative 62, (prepared, for exanple,‘ggﬁééggribed in Schenme 20). is

I mne 97 by treatnent gMdHh aqueous Tid[err]
ihg WEBPMEet al acetate 98 gomspr oduced upon
R, NaNJg err] i n aqueebd-&ceti c acid.
to give the xyYal dehyde 99 is

' gt C11 as the benzyl

reduced to the correspondi ng
I n di oxane and acetic acid.
treatment 15 of conpound 9
Al kal i ne hydrolysis (Na
foll oned by protectio
et her using BnBr, NaH
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Compounds of Structure 6 may have carbon, oxygen or halogen, to name - -

Ay

: a few atoms, bonded to C13. Exemplary synthetic methodology to provide such
N 5 substitution at C13 for a compound of Structure 6 is provided below. It should be
recognized that the same or analogous synthetic methodology can be applied to provide
the same or analogous substitution at C13 for any compound of Structures 5-12 where
such C13 substitution is desired.
Substituents at the C13 position may be introduced according to the
10 pathway shown in Scheme 29 below. In a fashion similar to that previously described
in Scheme 20. the C13 position can be substituted with a hydrocarbyloxy moiety, e.g.. a
methoxy moiety. Thus, the oxime derivative 62, (prepared, for example, as described in
Scheme 20). is reduced to the corresponding imine 97 by treatment with aqueous TiCl,
in dioxane and acetic acid. The hemiacetal acetate 98 may be produced upon treatment
15 of compound 97 with NaNO, in aqueous acetic acid. Alkaline hydrolysis (NaOH.
MeOH) to give the hydroxy aldehyde 99 is followed by protection of the secondary
alcohol at C11 as the benzyl ether using BnBr, NaH in DMF to afford compqund 100.



A Gignard reaction on conpound 100 may be used to introduce 5 additional
functionality at C13. For exanple, treatment of compound 100 with methyl

magnesi um-brom-de—fFelHHowetd—by—oxidattomof—the Tesul t1i ng CL3 secondary
al cohol gi ves the nethyl ketone substituent at Cl3. This nay be
oxi di zed, e.g., using Bayer- Wl liger oxidation with mchl oroperbenzoic

acid in net hwy‘s(ggq%%ori de, to give the C13 acet oxy de{dr)ﬁ% 4,,%390101

This ester rolyzed by treatnment with sodi um 10 ein
met hanol to produce the tertiary alcohol §92. Subsequent reaction of the
al cohol with sodiumhydride in THF followed by its quenching wth nethyl

I odi de may be used to produce the Cl3 nethoxysteroid 103. O her
al kyl ati ng agents could be used to pﬁe re ot her hydrocarbyl oxy
derivatives. The C13 hydroxyl nvoiety M&Q be converted to a halide,
for exanple a chloride, by the reaction of alcohol 102 with oAc
HONsHG ~ OTBDMS
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A Grignard reaction on compound 100 may be used to introduce

5 additional functionality at C13. For example, treatment of compound 100 with methyl
magnesium bromide, followed by oxidation of the resulting C13 secondary alcohol
gives the methyl ketone substituent at C13. This may be oxidized, e.g., using Bayer-
Williger oxidation with m-chloroperbenzoic acid in methylene chloride, to give the C13
acetoxy derivative 101. This ester may be hydrolyzed by treatment with sodium

10 methoxide in methanol to produce the tertiary alcohol 102. Subsequent reaction of the
alcohol with sodium hydride in THF followed by its quenching with methyl iodide may

be used to produce the C13 methoxysteroid 103. Other alkylating agents could be used

to prepare other hydrocarbyloxy derivatives. The C13 hydroxy! moiety may then be

converted to a halide, for example a chioride, by the reaction of alcohol 102 with



59 thionyl chloride, thus affording the Cl13 chlorosteroid 104, as
shown in Schene 30 bel ow.

Scherre—30 [EI l] 5

Compounds of Structure 6 may have hydrocarbon substitution at Cl4.

Exenpl ary synthetic nethodol ogy to provide hydrocarbon substitution at Cl4
for a COMp/ybaM2488 Structure 6 is provided below. |t shotricss7esso
recogni zed that the sane or anal ogous synt hetic met hodol ogy can be
applied to provide hydrocarbon substitutida at 10 Cl4 for any conmpound of
Structures 5-12 where Cl4 hydrocarbon substitution is desi red.

For exanple, introduction of an al kyl group at Cl4 of the steroid carbon
skel eton could he [ |

approach to B‘agﬁ%@\%&%%ﬁq&ﬁ%"@ ?/at? ?(gfr?llgfog&s?;mp%n Sc e{rtrleg‘%im‘ﬁogl OW.
Initially, prephelawi on of the 15 enone 107 can be acconplished by

deprotection (TBAF, THF) of conpound 105 fol |l owed by oxidation of the
secondary al cohol using PDC in CHerr] {ch&iddg to give the C17 ket one
derivative 106. Conversion of the ketone 106 to the enone 107 may be

achi eved usi ng |sopropenylo,a@¢§mse and pTsOH to prod vshe

€ enone usi ng
onversion of the -
A7 with
e resul tant anion

I nt ermedi at e enol acet at gncf 0l by prodq%blon -
reagents set forth in Schey isis follo

enone 107 to the silyl- 108 reactinp
l'ithium di et hyl am de i [

wth . trii.sopropyl wil ate FPSOTT ) he cXgl opropane derivative
109 is then prepared fEomsSilyl ether 108 using err]l[err] and
Zn-Cu. Deprotection of jhe Qiﬂ-ffi enol ether andqgq © vage of the

sing TBAF in THF foll owed by tBuOK 25 in

%I opropane ring is achieved
O and aqueous work-up procedures.

Compounds of Structure 6 may have hydrocarbon substitution at C14.
Exemplary synthetic methodology to provide hydrocarbon substitution at Cl4 for a
compound of Structure 6 is provided below. It should be recognized that the same or
analogous synthetic methodology can be applied to provide hydrocarbon substitution at

10 C14 for any compound of Structures 5-12 where Cl14 hydrocarbon substitution is
desired.

For example, introduction of an alkyl group at C14 of the steroid carbon
skeleton could be accomplished by alkylation at the C14 position. One approach to
achieve such an alkylation is shown in Scheme 31 below. Initially, preparation of the

15 enone 107 can be accomplished by deprotection (TBAF, THF) of compound 105
followed by oxidation of the secondary alcohol using PDC in CH,CI, to give the C17
ketone derivative 106. Conversion of the ketone 106 to the enone 107 may be achieved
using isopropenyl acetate and pTsOH to produce the intermediate enol acetate followed
by production of the enone using reagents set forth in Scheme 31. This is followed by

20 conversion of the enone 107 to the silyl enol ether 108 by reacting enone 107 with
lithium diethylamide in THF followed by reaction of the resultant anion with
triisopropylsilyl triflate (TIPSOT{). The cyclopropane derivative 109 is then prepared
from silyl ether 108 using CH,I, and Zn-Cu. Deprotection of the silyl enol ether and
cleavage of the cyclopropane ring is achieved using TBAF in THF followed by tBuOK

25 in DMSO and aquecus work-up procedures.



60 Schene 31
[err]

107 CoTTpounads ol Structure 6 nay have oxygen
and/ or hydrocarbon 5 substitution at Cl15. Exenplary synthetic nethodol ogy
to provi de oxygen and/ or hydr ocar bon substitution at C15 for a conpound
of“ Structure 6 is provided below It shoul d be recogni,é?g t he sane
or anal ogous g’?ﬁf’ %™ ¢ net hodol ogy can be applied to provide oxygen
and/ or hydrocarbon substitution at Cl15 f%b any conpound of Structures

5-12 where Cl15 oxygen and/or hydrocarbon substitution is desired. 10
For exanple, introduction of an oxygen functionality at Cl5 of the
steroid carbon skel eton could be accorgl i shed by M chael addition type

chem stry usi ng any of a nunber of i de anions. As outlined in
Schene 32 bel ow, the 4- pet Roxybenzyl oxy conpound 111 (a representative
C15- hydr ocar byl oxy sterqiH derivative pffthe invention, whege the

ofegrting group)
yenzyl
rotecting

4- met hoxybenzyl oxy ¢ o VRMO) serves 15 hydroxyl

coul d be produced 4 S Warlde eng : .
@t VR | Te X peRReh

al cohol and base = C
group may be renoved deP oxi di zi Owd i orf 'g ﬁ 3-di chl oro-5, 6-
di cyano- 1, 4- benzoqmn@»e-Z@D@ oxid (51 to yi el d the 15 hyHdr oxyl group

(conpound 112). Wen thik is followed by pxidation of Phe& dary al cohol

pr

( usi ng, 1. ERNULTHF
2. TIPSOTt
orPs oTIPS
L 1. TRAF Chh
2. (BuOK d@ 2n-Cu
OMSO
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Compounds of Structure 6 may have oxygen and/or hydrocarbon

S substitution at C15. Exemplary synthetic methodology to provide oxygen and/or
hydrocarbon substitution at C15 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen and/or hydrocarbon substitution at C15 for any compound of
Structures 5-12 where C15 oxygen and/or hydrocarbon substitution is desired.

10 For example, introduction of an oxygen functionality at C15 of the
steroid carbon skeleton could be accomplished by Michael addition type chemistry
using any of -a number of alkoxide anions. As outlined in Scheme 32 below, the
4-methoxybenzyloxy compound 111 (a representative C15-hydrocarbyloxy steroid
derivative of the invention, where the 4-methoxybenzyloxy group (MPMO) serves as an

15 hydroxyl protecting group) could be produced by reacting the enone 107 with 4-
methoxybenzyl alcohol and base (e.g., powdered KOH). The 4-methoxybenzyl
protecting group may be removed under oxidizing conditions, e.g., by 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ) oxidation, to yield the C15 hydroxyl group
(compound 112). When this is followed by oxidation of the secondary alcohol (using,



61 for exanple, PDCin CHerr]CJ[err]), the corresponding Cl5 ketone

(compound 113) may be pr oduced.

Seherme—32 4|_€I T 'lr . = e Uo'rﬁ)ounds comnt armng _
an al kyl group at Cl15 may al so be produced by a M chael type conjugate
addi tion. For exanple, reaction of conpound 107 with an or ganol i t hi um

cuprate (e.qg., wég@issd CuLi) in Et[err]O may be used to progegeasinessoet hyl
derivative 114 as shown in Schenme 33.
Schene 33 61

for example, PDC in CH,Cl,), the corresponding C15 ketone (compound 113) may be

produced.
Scheme 32
Q
0 )

KOH,OMF DDQ,CH,Cl,

B — e— )
%o  MPMOH o MM OH
= = = o

107 O ) "2 &

—$ m

PDC.CH,Cl,

(

O

0

13 'S$ '

5 Compounds containing an alkyl group at C15 may also be produced by a
Michael type conjugate addition. For example, reaction of compound 107 with an
organolithium cuprate (e.g., Me,CuLi) in Et,0 may be used to produce the methyl

derivative 114 as shown in Scheme 33.

Scheme 33

Me 2CuLi
et —(-
0 EtzO,-78°
(o)

107 ‘$ 14 -$
10

Compounds containing both a hydrocarbyl (e.g., an alkyl) group and a

ol
oln

hydrocarbyloxy (e.g., an alkoxy) group at C15 can be produced by using Grignard

chemistry on compound 117, as outlined in Scheme 34 below. Compound 117 may be



[err] 10 Conmpounds cont ai ni ng both a hydrocar byl
(e.g., an alkyl) group and a hydrocarbyloxy (e.g., an al koxy) group at
Cl5 can—bepreducetd—by—ustng—Gryrara chemsiry on conpound 117, as

outlined in Schenme 34 bel ow. Compound 117 may be
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prepared in a three step process involving the reducti on (e.qg.,

nBu[ err] SnH reducti on of a nmet hyl xant hate prepared 1‘5;&?&1‘%@/3045617

hydroxy anal og"®f®&®pound 111) to afford steroid 11

owed by

oxi dative renoval (e.g., using DDQ of th iI\/PM protecting gr oup

yi el ding the secondary al cohol derivative

Subsequent oxi dation of

conmpound 116 to the corresponding ketone yields compound 117. A Gignard

reaction

(e.g., CH[err]I\/B’l53P‘3t
Met hyl ati on of

on corgjound 117 using an_al k | magnesi um brom de reagent
in aethfré (Step process ipyelying-the ’F?é“‘t“@t* {481y RBLPREL Frgpctipn of 2

an be used in place of

al kyl ati ng agensteroidnl 1Sc follawedshy eridative resvovalyfe. g heivg=DRED of theMPMrpgotemting

al kyl ati ng agen
the tertiary ne

Scheme 34

5 compound 116 to the corrpsppading ketone yields compound 117. A Grignard reaction
on compound 117 using an alkylmagnesium bromide reagent (e.g., CH,MgBr) in ether
produces the tertiary alcohol 118. Methylation of the tertiary alcohol in 118 with an

alkylating agent (e.g.. CH,l (note that an acylating agent can be used in place of an - - ‘

alkylating agent, in Scheme 34 and in every Scheme herein having an alkylating agent))
10 in the presence of base (e.g., K,CO,) yields the tertiary methoxy compound 119.

Scheme 34
o
1.NaBH,, MeOH
2 K’H 632 e DDQ,CH,Cl,
OMPM ~ Mel,.CH,Cly OMPM OH
Y Yo 3. nBuySnH, AIBN " Vo Vo
"1 °~F 148 3-f 116 ‘6‘-.[{
l PDC. CH,Cl;

. CH,MgBr
o OH et t——t—
ether
Iz P
119 °‘ﬁ 118 0~l<

Compounds of Structure 6 may have oxygen and/or hydrocarbon

15 substitution at C16. Exemplary synthetic methodology to provide oxygen and/or
hydrocarbon substitution at C16 for a compound of Structure 6 is provided below. It
should be recognized that the same or analogous synthetic methodology can be applied
to provide oxygen and/or hydrocarbon substitution at Ci6 for any compound of
Structures 5-12 where C16 oxygen and/or hydrocarbon substitution is desired.

20 Introduction of a tertiary hydroxy! group at C16 of the steroid carbon

skeleton may be accomplished using Grignard chemistry on compound 121 as shown in

rﬁfﬂlﬁ}éﬁ% tHerblb]iﬁ'de@ Enﬂékbof comp%{nt@’ iﬁ? hgfrgdent

(e.g., CHerr]l (note that an acyl ating agent

an

5
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Compounds of Structure 6 may have oxygen and/or hydrocarbon 15
substl tution at C16. Exerrpl ary synt heti c nethodol ogy to pI’OVI de oxygen

andfor ||yU| ocarbomsubstitotiomrat Cio for a Conpounu of Structure 6
is provided below. It shoul d be recogni zed that the sane or anal ogous
synt heti c net hodol ogy can be applied - to provide oxygen and/ or

hydr ocar bon subgigskptisigon ‘at Cl6 for any conpound of St peREAIRG9P- 12
where C16 oxygen and/or hydrocarbon substitution is desired. 20
Introduction of a tertiary hydroxyl group g Cl6 of the steroid carbon
skel eton may be acconplished using Grignard chem stry on conpound 121 as
shown in

olerin - (be ARy o bER%, TRE KEhe 1E1 PR Btk S N ARRGE SL'S Bph "
Herr]derr] ) Cof (mg;pfou-xhnaﬂhe Sia,BH i THID dhes diqlieb@nNSQHPHIO Y ofl 6fnpand 308 | ned
in Schene 35) to aff%rigrgal co

. The. .. i red 6 ket
funtionality rmay #F%R8; ﬂ‘e‘i”g‘tpg'ﬁ’dé@%o%? PBﬁ‘?F‘h&’ %%%%@6%%?9 achl?oqug.OH'B? at
316, t using, for eetsamoEes mlgnmc%igaﬁtyh@[mw Eenerared )Hyeltnddlﬁ:ﬁgnﬂ&l@&oﬂ&b]' VB

eacti on e ne with a ent, e err r
in ether, may be E"g‘@'cf‘?-ég using, 10r EXpMple. lpﬁgl gg:?{"glg %‘gpﬁng@*“gllaFy cBofhol
derivative, in tgffe ReMEPI2N wilOHRIgASH keagent, e.g., CﬁMgE‘rQHreﬁﬁp%H;" Bused kPxy

derivative 123 could then be produced directly from conmpound 122 using
the appropri at e Pradue di5sorssRyidingeitige. alcopel derivative, in this example, compound 122.
Schene 35 The corresponding alkdx§' derivative 123 could then be produced directly from

compound 122 using the appropriate base and alkyl halide.

10 Scheme 35
o OP{O)(NMe2)2
1. LDA,THF Li,EtNH2
e ———— e tr————
2. (MeaN)2P(O)CI
Yo THF, HMPA Yo YO
106 "5\]( m7°~ﬁ 208 U\A
1. SiaoBH, THF
2. NaOH, H202
H20
CH3MgBr O POC, OH
other _CHZCIz
= 0 > [o]
5 =
121 . 120
N

Alkoxy groups at C16 may be produced directly from the corresponding
C16 hydroxyl compound. For example, compound 124 may be produced by reacting
15 compound 120 with an reagent, e.g., CH,l, and a base, e.g., K,CO, {Scheme 36).



K2C03 Al koxy groups at Cl16 nmay be produced
directly fromthe correspondi ng C16 hydroxyl conpound. For exanple,
conmpound-124 may-—-be—proeducety—reacttnyg—1I5conpound 120 W th an reagent,

e.g., CHerr]l, and a base, e.g., Kerr]CJerr] (Schenme 36).
4

Schenme 36
[err] WO 98/02450 PCT/CA97/00490

64

Scheme 36

OH

KoCO3 OCH34

1
Vo CHy
120 O

SO Lo

C16 alkyl groups may be introduced by the direct alkylation of
compounds that contain a C17 carbonyl. For example, reaction of compound 106 with
U 5 CH,l and LDA (other strong bases and alkylating agents could be used) in THF yields

N
the C16 methyl compound 125 (Scheme 37).
Scheme 37
LDA THF
CH3I
106 _8
10 Compounds of Structure 6 have oxygen and/or hydrocarbon substitution
at C17, including tertiary alcohol and hydroxyl functionality. Exemplary synthetic
O methodology to provide tertiary alcohol and hydroxyl substitution at C17 for a

compound of Structure 6 is provided below. It should be recognized that the same or ~
analogous synthetic methodology can be applied to provide tertiary alcohol and

15 hydroxyl substitution at C17 for any compound of Structures 5-12 where C17 tertiary
alcohol or hydroxyl substitution is desired.

Thus, Grignard chemistry similar to that described in Scheme 34 may be
used to add a tertiary alcohol functionality to the C17 position. For example, as
outlined in Scheme 38 below, compound 106 may be reacted with CH,MgBr in ether to

20 yield the tertiary alcohol derivative 126. Methylation of the resultant tertiary alcohol



C16 al kyl groups may be introduced by the direct al kylation of
conmpounds that contain a Cl7 carbonyl. For exanple, reaction of conpound

06w th -
could be used) in THF yields t he C16 net hyl corrpound 125 (Scherre 37).

Schene 37 [err]
Conpounds  of StWB(??’?}f‘-'t? 6 have oxygen and/or hydrocarbon sub%‘f"i’?‘?ﬁ”f’?‘)’ﬁo at

Cl7, including tertiary al cohol and hydroxgé functionality. Exenplary

synthetic met hodol ogy to provide tertiary al cohol and hydroxyl
substitution at C17 for a compound of Structure 6 is provided below It
shoul d be recogni zed that the sane or anal ogous synt heti c net hodol ogy

can be applied tgvesrthey coreespendinga€l? miethokiotompoundl 7. hQficovrsd, othebsikiylating on at
C17 for any conp r [ al cohol or
hydr oxyl substth o‘r:lo%lidsé sw{béﬁdé&&%&hﬂ&a}ﬁ%&nﬁ&|dgsnard

chem stry simlar to that described in Schene 34 nay be used to add a
tertiary alcohol functionality to the CBohemedBt i on. For exanple, as
outlined in Scheme 38 bel ow, conpound 106 may be reacted with CH3MyBr in
ether to 20 yield the tegtpary al cohol deri ,.'Qfe 126. Methyl ati P& gMet he

resultant tertiary alg Q
Fomeimagr C17

ether

Y O

O 5 In an aspect of the present invention, C5 stereodefined steroids having
hydroxylation at C6 and C7, a 5o hydrogen and no oxygen atom bonded to C3 is
provided. In one embodiment, the stereodefined steroid has the Structure 7, including
individual enantiomeric or geometric isomers thereof, and further including a solvate or
pharmaceutically acceptable salt thereof. Structure 7 is defined as follows:

10 A compound of the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:
~ each of C1, C2, C4, Cl1, C12, C15, C16 and C17.is independently
substituted with h
Is (a) one of =0, =CRMRY), -CRHRUCRHR'),- and
-(O(C(R*)(R*)),0)- wherein n ranges from 1 to about 6 ; or
(b)  two of the following, which are independently selected: -X, -R*
T and -OR’;
each of C8, C9, C10, C13 and C14 is independently substituted with one
20 of-X,-R'or-OR';



agents could be used to provide a w de range of hydrocarbyl oxy conpounds.

Schene 38 0 [err]

5 Hr—anm—aspect—of—the—presenmt T TIVentTorT,

steroi ds havi ng hydroxyl ation at C6 and C7, a 5[err] hydrogen and no
oxygen atom bonded to C3 is provi ded. In one enbodi nent, the

st er eodef i ned ¥@&B# A has the Structure 7, including RGTGAITNMY)
enantioneric or geonetric isoners thereof, and further including a solvate
or pharmaceutically acceptable salt F%ereof. Structure 7 is defined as
follows: 10 A conpound of the fornula

[err] I ncl udi ng pharmaceutically acceptable salts and sol vates
t her eof , wherein: C3 is substituted widaate oﬁ—@R,‘)(K’,)Z andCAC(ROIR' (CAH'RR D515, Cl16

and Cl7 is i ndg%?ﬁ? U %’(fﬁ["'é %ﬁotﬁt 65 ;['vggf Ly RPwith the proviso that C3 is n%?)

one of:
-C(Rlerr] )(R[erbdn)i(cﬁéaﬁafyrgi:ﬂitﬁberr]))[err] and

- o) t bout 6 ; or
(by" o of ) he- 1 ol | o 16 A b CCH &1 Engs TRt JBAAEEHY b spted gertob e r |

and -OR ; 5 samratedorfullyunsanﬁaed'l of C8, 9, Cl10, Cl13 and Cl4 |s

i nde endentl substituted with one 20 of-X, -Rerr] or - err
P y R' is H or a protecting group su§1[ that ]OR’ is a%ﬁgtecte hydroxyl

group, where vicinal -OR’ groups may together form a cyclic structure which protects

vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic .

structure which protects a carbony! group, with the proviso that either or both of -OR' at
10 C6 and C7 represent a carbonyl or protected carbonyl group;

R* at each occurrence is independently selected from H and C, ,, organic
moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur; where two geminal
R* groups may together form a ring with the carbon atom to which they are both

15 bonded; and

X represents fluoride, chloride, bromide and iodide.

Compounds of Structure 7 have hydroxylation at C6 and C7 and a 5«
hydrogen. A synthetic' sequence for the preparation of compounds having these
structural features has been set forth above, in Scheme 2, which shows the preparation

20 of compound 11. While compound 11 has an oxygen atom bonded to C3, and is thus
not a representative compound of Structure 7, compound 11 can be converted to a
compound of Structure 7. Thus, as shown in Scheme 39 below, compound 11 may be
reduced to compouﬁd 128, where lithium in liquid 2mmonia/t-butanol may be used to
afford the desired reduction. Hydrogenation of compound 128 can provide compound

25 105, having a -CH,- group at C3, as also shown in Scheme 39.



66 C3 is substituted with one of =C(Rlerr])(Rerr])
and C(R[err])(R[err])(C(R[err])(R[err]))[err] wherein n ranges from

bonded to an oxygen atom the A, B, Cand D rings my
i ndependently be fully saturated, partially 5 saturated or

unsat ur at ed; Wo 58102450 R is Hor a protecting gr%‘&ﬂé‘?émﬂ”? hat
-OR[err] is a protected hydroxyl group where vicinal -OR[err] groups
may together forma cyclic structure which Brotects vi ci nal hydr oxyl
groups, and where gemnal -OR[err] groups may together forma cyclic
structure which protects a carbonyl group, with the proviso that either or

both of -OR at 10 C6 and C7 represent SgshemegIonyl or protected carbonyl
group; R[err]OEB%t each occurrence is independently
selected fromH and C[err] orggnj noi ety t haéredi®y Optional |y owong ai n

at | east one heteroatom sel ¢
hal ogen, nitrogen, oxy

Rlerr] groups may toge{ Ich they

are both 15 bondedgoeatd Yo » for esent s a8(ide, chloride,
brom de and i odi de. . ” =74 Corrpo_d°of Structurez 7 %ave

hydr oxyl ation at C6 and C7 arjd a 5[err] 122 4 ogen. A s’glsntch?téﬁ: sequence
for the preparation of compounds having these structural features has

been set forth above, in SchfiRadd N Shbms MOV ohpRn® 128 X0A iafémat{VelyObe
compound 11. Wil e conmpound 11 has an oxggen at om bonded to C3, and is thus.

not a represent atanyested ¢ psiditional spmpeynds of SEucture Zo Thuths GI7 Reatectesbydmsyb t ed
to a ”BOU%gupogfcgltnEMﬁhlﬁfmZy bd BéfiotedSt tagemaﬂaoéﬁhqma%éa%@mv |
compound 11 ma reduced to comnpound . whéere [ithiumin Iiquid
armoni a/ t - but anohydmyl groupy gl epmpyund 129 3 atay diegoxidized de &i G ddcaronilc grovm as in

Hydr ogenation of %@{a 4gg. 128 can provide conpound 25 105, having a

-CH err]- group at , as al so shown in Schenme 39. i
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Schene 39
[err] Scheme 40
OTEDMS OH

TBAF,THF 1.PDC. CHC,

TZH,PAC
s /o o EIOH 0
128 67\ 120 574 106 67/\

10 Compounds of Structure 7 containing a methylene at C3 may be

obtained from compounds with an hydroxyl, protected hydroxy! or ketone functionality
at C3. The same or analogous synthetic methodology may be used to prepare
~— compounds of any of Structures 5-12 wherein a methylene group at C3 is desired.
| For example, Scheme 39 above describes the conversion of compound -
15 11 to compound 105 using chemistry descnbed earlier. Thus, the chemistry described
in connection with the Schemes herein can be extended to include compounds
containing a methylene rather than an hydroxyl or carbonyt group at C3. In some cases,
however, a series of protection and/or deprotection steps is first required.
Scheme 41 shows an example where the C3 silyloxy functionality must
20 first be deprotected prior to the deoxygenation reaction. The TBDMS group in

compound 31 may be removed using TBAF in THF. Preparation of the methyl xanthate



As illustrated in Schenme 40, conpound 128 nmay alternatively be
converted to additional conpounds of Structure 7. Thus, the Cl17 protected

hydr oxyl —5—greup—ef—eonpotmd—t28~may—be-deprotected to yi el d conpound 129,
and then the Cl7 hydr oxyl group of conpound 129 nay be oxidized to a
C17 carbonyl group as in conmpound 106.

Schenme 40 WO 98/02450 [err] 10 PCT/CRMVAIANdS oOf
Structure 7 containing a nethylene at C3 may be obt ai ned from conpounds
wi t-h an hydroxyl, protected hydroxyl or K#tone functionality at C3. The °
sanme or anal ogous synthetic nethodol ogy may be used to prepare

conpounds of any of Structures 5-12 wherein a nethylene group at C3 is
desired. derivative of compbéhd 186 adiy EH, @%@H‘Me@% folswed b¥l ABG[SnRQedutiiéh
conversion of compound 15 11 to conp 105 using_chem stry descri bed
earlier. Thus, 2iYesthsgampapd 913319@&584% mﬂhrlm EEyRAEET angrt RRptedied ydroxyhenes
herein can be %&ﬁ:&ﬁlf@l t OxidRfdnUid &thé @IPRAUGHESSs then &RVl BY RehoRallBH ¥ lgne
rat her than an hydroxyl or carbonyl group at C3. In sore cases,

however, a ser ipsaiecting proup Ediowerhbuiingst sufable exidizing ogeny e FDGinf CHLEL:, to

required. d132.5cheme 41 shows an exanpl e where the C3 si |yl oxy
functlonallty ﬁ?e“QR?¥ﬂrst be deprotected prior to the deoxygenation
reaction. The TBDMS group in conmpound 31 nay be renoved using TBAF in
THF. Preparation of the methyl xanthat@cheme4l
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T
OTBDMS oM

1. KH, CS,Mel

TBAF, THF
! Z. nBuSNHAIBN

1. Hy, PIC
2. PDC, CH,Cly

Compounds of Structures 5-12, including Structure 7, Baving C3 alkyl

functionality may be obtained by Wittig chemistry (prepared from the C3 ketone as

10  described in connection with Scheme 11). A number of Wittig reagents can be used for
this purpose giving rise to substituents with various chain lengths and branching.

N _ In an aspect of the present invention, demethylated steroids are provided
which have oxygen and/or hydrocarbon substitution at Cé and C7, however do not have |
methyl groups at both of C10 and C13. In one embodiment, the demethylated steroid

15  has the Structure 8, including individual enantiomeric or geometric isomers thereof, and
further including a solvate or pharmaceutically acceptable salt thereof. Structure 8 is

defined as follows:



derivative of conpound 130 using KH, CS[err] and Mel is followed by

nBu[ err] SnH reducti on gi ves the conpound (131) containing a nethyl ene
grotp—at—C3—antd—aprotected—thydroxyt group—at—ct ' '

ketone is then achi eved by renoval of the Cl protecting group followed
by using a suitable oxidizing agent, e.g., PDCin CHerr]CJ[err], to 5

gi ve conpound 3¥AR9s/nz4s0 PCT/OM0H0TR904 1
[err] Compounds of Structures 5-12,

i ncluding Structure 7, having C3 al kyl 6% unctionality nay be obtained by

Wttig chem stry (prepared fromthe C3 ketone as 10 described in
connection with Schene 11). A nunber of Wttig reagents can be used for
this purpose giving rise AQompdtnl bf HefdtmunM th various chain | engths and

br anchi ng. In an aspect @f the present invention,
denet hyl at ed steroids are provided b Cheherye oxygen and/ or

hydr ocar bon substitution at C6 and C7, h mot have met hyl
groups at both of Cl0 and C13. In p * 4 t he denet hyl ated steroid
15 has the Structure 8, including [ efanti oneric or geonetric

| somer s t hereof, and further 1 7 ..Spl vate or pharmaceutically
acceptabl e salt thereof. Structure 84is :° ined as follows:

including pharmaceutically acceptable salts and solvates thereof, wherein:
each of Cl, C2, C3, C4, C11, C12, C15, C16 and C17 is independently . -
5 substituted with
\_ | (@ one of =0, =C(RYR"). -CRYURMCR'YRY),- and
-(O(C(R*)(R")),0)- wherein n ranges from 1 to about 6 ; or
(b)  two of the following, which are independently selected: -X, -R*
and -OR';
10 cach of C5, C8, C9, C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR’;
with the provisos that (a) C10 and Ci3 are not simultaneously
substituted with methyl, and (b) when C10 is substituted with methyl, then C14 is not
substituted with a methyl,
15 the A, B. C and D rings may independently be fully saturated, partially
saturated or fully "1msaturated;
R' is H or a protecting group such that -OR' is a protected hydroxyl
N group, where vicinal -OR' groups may together form a cyclic structure which protects
' vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
20  structure which protects a carbonyl group, with the proviso that either or both of -OR! at
C6 and C7 represent a carbony! or protected carbonyl group;
R! at each occurrence is independently selected from H and C, .3 Organic
. moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur; where two geminal
- 25 R’ groups may together form a ring with the carbon atom to which they are both
bonded; and



69 A conpound of the fornula
[err] i ncl udi ng pharmaceutically acceptable salts and

sol vat es_t hereof—wherein: gach of CI, CZ2, C3, 4,
Cl1, Ci12, Cl15, Cl16 and Cl17 is independently 5 substituted with

(a) one of: =0, =C(Rerr])(Rerr]),

-C(Rlerr]) (R hE’l 1(‘}(R[err])(R[err]))[err]- and /00490
-(O(C(R[err])? e’%zé ))[err]O - wherein n ranges from!| toralgﬁ 6 ; or
(b) two of the follow ng, which are inggpendently selected: -X, -Rerr]

and -OR[err]; 10 each of C5, C8, C9, Cl10, Ci13 and Cl14 is

I ndependently substituted with one of-X, -Rerr] or -ORerr];

with the provisos that (a) Cl0 and.(Cl13 are ,not..simnulfaneously

substituted with met h-y|§<r%wefls?lu ‘gng}&t?e'ibémg‘ﬁ%@'g}{‘f‘%‘?"ed with methyl, then
Cl4 is not subst i t ptschbed éffexamplres bfidompdinds containing substituéhi3@thdr thian C and

D rings may i ndependently be fully, saturated, partial saturated or -
ful ly unsatur af"_é@?’l at C10 of C13 are%‘“¥‘be£h°'ﬁ @W@?"W’ﬁ’réfé“ﬁ?ﬁ%eﬁuﬁgwgr oup
such that -OR ThSsubstilefts §elude cAiyéhyD hyliroxymethylbne Wiktho &el, Vicfohd @drbanidR €1 ']
groups may together forma cyclic structure which protects vi ci nal

hydroxyl gr dup8idehysy hiidrexse eige o sescribed ingpragprionryith Scheraesi?8s 29 enddlareycl i ¢
20 Structure YiHblndeBhRhg ndsfRiaRH e Hheth mdibld silGuRSA 4 0 4ldAt i ther

or both of - and C/ represent a carbonyl or protecte
car bonyl group€13. Below are examples discussing] sypthgticappreach¢s 1o prodrging) tngréo,7p-

| ndependent |y ﬁ:%l(%‘e‘ £ sfefgap H and Cerr] organic nmoi ety that may
optionally contal it at | east one heteroatom sel ected fromthe group

consi sting of boron, halhegynthesis ofimapyef the xaripuncomppiiids ofithe préseptiinfention wher e-
{0, Germ N2l 1625 es R [k ufLPUP Bl URA NSl A" P! 267, b bReREPON & O
available starting materials. However, the preparation of analogous compounds. e.g.,
compound 141, that differs only in the lack of a C10 methy! substituent, can be
achieved according to Scheme 42 shown below.
In Scheme 42, the starting material is the commercially available 19-nor-
15 testosterone (133) (Steraloids Inc., Wilton, NH, or Aldrich Chemical Company,
Milwaukee, W1). Reduction of compound 133 using NaBH, in ethanol may give
compound 134 which contains the 3B-hydroxyl group. After protection of the
3B-hydroxyl group using TBDMSCI and imidazole in DMF, allylic oxidation on the
resultant diprotected compound (135) may be used to afford the enone derivative 136.
20 Rcduction and acetylation, as described in previous Sections (Scheme 1), followed by
hydroboration using BH,-THF and oxidative work up (H,0,, 30% WNaOH), gives
A lcompound 138 which contains the 60.,7f,17p-hydroxylation pattern. Protection of the
60, 7B-hydroxyls using 2,2-dimethoxypropane and camphor sulfonic acid can be
followed by oxidation of the C17 hydroxyl group using PDC in CH,C], to afford
25 compound 140 containing the C17 ketone functionality. Reaction of compound 140
with the Wittig reagent prepared from ethyliriphenylphosphonium bromide and tBuOK
in toluene gives the ethylidene derivative which can be deprotected in 80% acetic acid .
to yicld the trihydroxy compound 141 which is identical to compound 333 except for
the lack of a C10 methy! substituent. -



70 X represents fluoride, chloride, brom de and

i odi de. A nunber of exanples of conpounds containi ng
sthstituents—other—than methyt—at—Cto—or-Ci3—are described hereim in
connection wth Schemes 20, 29 and 30. The substituents include
carbonyl, hydroxynet hyl ene, nethoxy, ketal, |actone carbonyl, 5 aldehyde,

hydroxy, etc. Nowow®3sei bed i n connection with Schenes 20, PROT/GA/BHlare
conpounds containing no substitution (i.e., merely hydrogen substitution)
at C10 and/ or C13. Bel ow are exanpl es discussing synthetic approaches
to producing 19-nor-6[err],7[err]- di oxygenat ed st eroi ds.

The synthesis of nmany of the various conpounds of the present invention 10
has been detailed in connection with conuaass?l and 247, both commercially
avai l able starting materials. However, the preparation of anal ogous
conpounds. e.g., $ , that diffeps only in the | acgcof a C10
met hyl substituent, i i 4

bel ow. 5 Hhe
commerci al ly avail abl 1 dos I nc.
Wlton, 'NH, or Al dedTH TR Roery ALt Reductlon of
conpound 133 using NaBldzerr] in ethanolnnay gi ve coapoupg 134 whi ch
contains the 3[err]-hydroxyl group. After protection of thI,Buc,OH

3[err]-hydroxyl group using TBDMSCl and i m dazole in DVF, allhgleg, oxi dation

tgd conpound (135) jyy be use
e{.i on and acetyl

on the resultant diprote

to Mfor%the
enone derivative 136. 20 R

X ipon, as descri bed

previ ous Sections (Schem 1I owed by m ot B88r%8%i on usi ng

BH err] - THF and oxi dat - Qs

cormpound 138 whi CTR b 6[grr [Lerr Xﬂgox, o

pattern. Protection of t he® 6[eP -hydroxyls g

2, 2-di met hoxypr opane *#nd é&ﬁpﬂ@nmsm*¢onlc acid can be f ol MBwed by

oxi dation of the CL7 hyd{&6%/I_getoup using PDC inoCH err]C[err] ‘to affgrd
[ ’

25 conpound 140 contain
conpound 140 wth
et hyl tri phenyl phosphon

et hyl i dene deri vatepnse ShRSE H tO
yield the trihydroxy cqu 141 MhICh1h§ ﬁ ntlcal to conpouuq 333 except
for the lack of a Cl10 nethyl substituent’
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In an aspect of the present invention. polyoxygenated steroids having

5 oxygen and/or hydrocarbon substitution at each of C3, C4, C6 and C7, where the

oxygen and/or hydrocarbon substitution at C6 has the alpha stereochemistry and the

oxygen and/or hydrocarbon substitution at C7 has the beta stereochemistry, are

provided. In one embodiment, the polyoxygenated steroid has the Structure 9.

N including individual enantiomeric or geometric isomers thereof, and further including a
10 solvate or pharmaceutically acceptable salt tﬁereof. Structure 9 is defined as follows:

A compound of the formula
12 17

"AB?
R .//9§>//%~0R1
OR! OR!

including pharmaceutically acceptable salts and solvates thereof, wherein:



Schenme 42 [err]
In an aspect of the present invention pol yoxygenated steroids having 5

oxygen and/or—hydrecar-born—stubstitotionat e€ach or C3, C4, C6 and C7, where
t he oxygen and/or hydr ocar bon substitution at C6 has the al pha
stereochem stry and the oxygen and/or hydrocarbon substitution at C7
has the beta Sysispeshem stry, are provided. |In one embodAsmm498 t he

pol yoxygenat ed steroid has the Structure 9. i ncl udi ng i ndi vi dual
enantiomeric or geonetric isoners thereof72 and further including a 10

sol vate or pharmaceutically acceptable salt thereof. Structure 9 is defined
as follows: A conpound of the formul a

[err] each of Cl, CZ, Cil. Cl12, CIS. Cl6 and C17 is independently

substituted with
(2 one of =0, =CRHRY), -CRYHRNCRR"),- and
-(O(C(R*)(R*),0)- wherein n ranges from | to about 6 ; or

5 (b)  two of the following, which are independently selected: -X, -R!
and -OR; |
with the proviso that C17 is not substituted with any of the following:
0 OH
O(H, CH3 or CCHa) (CHz or O)
'\V O

Me

S
xuf}

each of C5, C9, C10, C13 and C14 is independently substituted with one of -X, -R* or
-ORY;
C8 is substituted with -X or -R* and is preferably not bonded directly to
15 oxygen:
the A, B, C and D rings may independentdy be fully saturated, partially
saturated or fully unsaturated;



i ncl udi ng pharmaceutically acceptable salts and sol vates thereof,

each of Cl1, C2, Ci11, C12, C15. C16 and C17 is

rndependentty
=(Rlerr]) (R
-(AC(Rerr])
(b) two of
and -OR[err];

rr

e
(R
t

supstTtouted—wth one ~of

), R[e”])(R[e”])(C(R[e”])(R[e”]))[e”] and
d

]
err]))[err]O- wherein n ranges from1 to about 6 ; or

with the proviso that Cl7 is not

substi tuted W|th any of the foll ow ng: 73

[err]

10

I5

R' is H or a protecting group such that -OR' is a protected hydroxyl

group, where vicinal -OR' groups may together form a cyclic structure which protects

vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbony! group;

R’ at each occurrence is independently selected from H and C, , organic
moiety that may optionally contain at least one heteroatom selected from the group

consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur; where two geminal

5

R* groups may together form a ring with the carbon atom to which they are both

bonded; and

X represents fluoride, chloride, bromide and iodide.

Compounds having the oxygen and/or hydrocarbon substitution shown
in Structure 9 may be prepared from compound 142, which was prepared as’described
below in Scheme 52. Thus, as shown in Scheme 43, compound 142 may be epoxidized
with any number of epoxidization conditions, e.g.. using m-chioroperbenzoic acid (.m-
CPBA) in dichloromethane, to provide the epoxide compound 143. Ring opening of the
epoxide group using a mild organic acid (e.g., anhydrous acetic acid, which is preferred)

provides compound 144, which is a representative compound of Structure 9.

Scheme 43

m-CPBA
CHTL, ™

Y0 5 g
w7~ ‘fg‘

80% AcOH MeONa
o OH
Ac OH H 0!-!

heobazksow ng, which are i ndependently sel ect eRET/GAXTI004R] er r |

wher ei n:



10 each of C5, C9, Cl10, C13 and Cl4 is independently

substituted with one of -X, -Rerr] or -CRlerr];

— C8i-s—substi-tuted—wth—X—or—RferT—amd 15 preferanly not bonded di rectly
to 15 oxygen: the A, B, C and D rings may independently
be fully saturated, partially saturated or fully unsaturated,

73 R is Hor a protecting group suct}crr}&;,mm s a
prot ect ed hydroxysftm group, where vicinal -OR[err] groups may together

forma cyclic structure which protects 74 vicinal hydroxyl groups, and
where gemnal -OR[err] groups may together forma cyclic structure
whi ch protects a carbonyl group; 5 Rl err] at each

occurrence is i ndependengly SElSGLerd W) BN dofloBhd oOLARREE 0 may vl €Y

that nay optionally contain at ‘[ east one he eroa om sel om’t he group
consi sting of bmemred. hdloogaamplei by olg}snatecbxygﬂ;hemsmx compaund B4l fmay ; bavher e

two gem nal R4 ups er formar t he carbon atomte
which they are %Teﬂ'laqedow pﬁ%"@%‘ %&%H y ketone c°mp°“‘% 14 Q- he SS1oRE BIOFR 2t
fluoride, chl orCtiemapbe sitjket mnWledhdmstry as discussed above, to provide@myiriae dhavi ng

t he oxygen a d/or g%ﬁ ?carb n suﬁFtitutio ?gown in Structure 9 may be-
prepared fro @ exabydigyy @ *%%“IBP%“B& Juetee Jescri bed bel ow i n
Scheme 52. Thus as ShOV\slrdcﬁhreS@TeWBxcﬂ3hasCQWﬂteirﬂ&yE&Mu@ﬁ faRen] dhaed '
wi th any nunber of epoxidization conditions, ., using mchl oroperbenzoic

acid (m 15 cresflitippallyiceripig ferthst ﬂ’afrsén-cqn@"msmba uenise Fepss@me EOPRMOIPI 143,

Ring openi ng of oighGerure 9 .ﬁd%%% o&%uarhdmtrmxasm&c Het3Ab16gA0 iftrolficeD -
anhydrous acetic acid, which is preferred) provi des conpound 144, ‘whi ch

is a represent af} lv@‘Y%h%%n‘Hh‘?}'f may be emplpysddo prepare compounds of Structures 5-12
"\ 10 including Structure 9, may be achieved by chemistry shown in Scheme 44. or by
chemistry analogous to that shown in Scheme 44,

For example, rather than using 2 commercially available starting material
with a C11 hydroxy! functionality or A*!' carbon-carbon double bond, the formation of
the m-bischlorotodosobenzylformyl ester followed by its photolysis generates the

15 desired unsaturation at the A™'' position (compound 149). Thus, the C6 and C7
hydroxyls in compound 146 (prepared according to Scheme 61) may be protected using
2,2-dimethoxypropane and camphor sulfonic acid to give compound 147. Subsequent
reaction of 147 with m-bischloroiodosobenzylformy! chloride in pyridine foliowed by
photolysis in CCl, gives compound 149. Protection of the A-ring hydroxyl groups

20 followed by hydroboration/oxidation yields the C11 hydroxy derivative £151. Complete

deprotection using 80% acetic acid gives the hexol 152,



Schene 43 [err]

74 Fronlconpound 144, many ot her conpounds of
—Struetur e—9—rmay—be prepared— For_exanpte, as r1toustrated in Schene ™

43, conpound 144 may be deacetyl ated to provide the tetrahydroxy

ket one conpound 145. The ketone group at Cl7 may be subject to Wttig

chem stry as diwwmssnzasad above, to provide entry into a 5 |rergasuiosss of

tetrahydroxy ol efin conmpounds of Structure 9. Structure

9, which has a 3, 4,6, 7-tetraoxygenation paltern. may additional ly

contain further oxygen-containing substituents. For exanple, conpounds

of Structure 9 may have an oxygen atomat Cl1 . Synthetic nethodol ogy to

i ntroduce a Cl1 oxygen atom whi chsdheme B¢ enpl oyed to prepare
conpounds of Structures 5-12 10 |nclud|ng Structure 9, may be achi eved by
chenistry shown in Sche o) ‘yfry anal ogous

in Scheme 44. zummmﬁﬂ& Ipan u

comercial ly avail a r oxyl
functionality or [S‘rr cgmar bon- car bo’f?‘d Ll bond °6'r '5n of t he
m bi scHl or oi odosobeM&yl fornmyl ester fa&lo d by |t hot ol wg1/S gener at es
the 15 desired unsaturation at the [err] position oping c449) . Thus,

the C6 and C7 hydroxyls i n conpound 146 (prepared Aie Pislivag toO Schenme -
61) may be protected u5|qg oreont, 2- di et hoxypr opane and anghor sul fonic
acid to give conpound 1477/ sequent ction of 14
n}blschlor0|odosobenzyl e 4 deomes. f ol y

photol ysis in CCO [ e oconp ot g A-ring

hydr oxyl groups 20 f5°V Hfoy hydrdbmﬁ t Bo/ oxi dat i'9n dyitel/ds the Cl1
hydroxy derivative 151. npl ete dept ot ecti on usi ngs80% acetic acid

QTVes t he hexol 152. 80% AcOH

In an aspect of the present invention. steroid ketones having a pyran or

S-lactone ring in the C17 sidechain are provided. In one embodiment. the steroid

5 ketone has the Structure 10, including individual enantiomeric or geometric isomers

thereof, and further including a solvate or pharmaceutically acceptable salt thereof.
Structure 10 is defined as follows:

A compound of the formula

10  including pharmaceutically acceptable salts and solvates thereof, wherein:



75 Schene 44
[err] 80%ACOH
an-aspect—-ofthepresent—tnvent oM —STeror 0 Rerones havi ng a pyran or

In

[err]-lactone ring in the C17 sidechain are provided.

the steroid 5 ketone has the Structure 10, including individual

enanti omeri C b ofiRgegeEL i C i SONErs thereof, and furt hegedd)ahpiddeng a
sol vate or pharmaceutically acceptable salt thereof.
defined as foll ows:

[err]

10

15

20

25

A cmpound of the formul a

each of Cl, C2, C3, C4, C6, C7, Cl1, CI2 and C16 is independently
substituted with .

(@ one of =0, =C(R)(RY). -C(RMRNC(R"R"),- and
-(O(C(R*)(R"),0)- wherein n ranges from 1 to about 6 ; or

(b)  two of the following, which are independently selected: -X, -R*
and -OR; '

' with the proviso that C3, C4, C6 and C7 are not simultaneously
substituted with hydroxyl or protected hydroxyl, and arc preferably not simultaneously
substituted with oxygen atoms;

each of C5, C8, C9, C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR";

G is -C(=0)-, -CH(OR')-, -C(R*)}(OR')- or -C(OR')(OR")~; .

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated; '

R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbonyl group;

R* at each occurrence is independently selected from H and C, ,, organic
moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal
R* groups may tog&her form a ring with the carbon atom to which they are both
bonded; and |

X represents fluoride, chloride, bromide and iodide.

Convenient access to the C17 sidechain in compounds of Structure 10

begins with L-carvone, as shown in Scheme 45.

I n one enbodi nent.

Structure 10 is



10 includi ng pharmaceutically acceptable salts and sol vates thereof,

wher ei n: 76
each—of €1, —C2—C3— €4, C6,—C7—CrI—CIrz—and—CI6 15 T nadependentty
substituted with (a) one of: =0, .
=Q(Rlerr])(Rerr]), -C(Rerr])(Rerr])(CRerr])(Rerr]))ferr]- and
-(AC(Rerr]) (Ragyokbadd err] O - wherein n ranges from1l to ap@péaRioods S
(b) two of the follow ng, which are independently selected: -X, -Rerr]
and -OR ; with the provliso that C3, C4, C6 and C7 are
not si nmul taneously substituted wth hydroxyl or protected hydroxyl,
and arc preferably not simultaneously substituted with oxygen atons;
10 each of Clerr], (err], $h&h&éds CLO, C13 and Cl4 is

i ndependent|y substituted with one of-X, -Rerr] or -ORerr];

Gis -(=0Q-, -CHORlerr])-, -ARersh)(ORerr])- of -C(ORerr])(ORerr])-;
the A/ B, C and @ s may indepen@gd |y be fullydsaturated, partlall_r%

I
al -OR-

saturated or fully - 15 A0 R IYS ¥&0Ha prot ect
group such that - ingIg.rLg?‘ ety hy chyigieey | AcC oup, ﬁe/"gé ¥ C
groups may toget he rma cyclic udiMaf e which Qprotects vi Ahal
hydroxyl groups, andsiwhere geminal ;s OR[err] groups,imy together fqggm a
cyclic structure which _protects a carbonyl group; .
Rlerr] at each occurrence L-Garvengedahdmay by cg@wegec? & copRoyndy 184 creesrding o

organic 20 nDi efjerdnbatprdtBturlPt$eeNal | Yeit@Odrd Netidls IRATUcS4588 Qi SBapatrgm
sel ected fromthe group consi sting of boron, hal ogen, nitrogen,

oxygen, silicch afimaryalqobel incmpaund I8¢ fcthsnrpaptected by, Rige cpqversianipan gegfate
toget her f gr M a edd}9 IQM'l:\tobaltc»h1 &e%{)a(pﬂ&eﬁﬁg 'E}otup i%guﬁd%g uSihf aQ&E Qonditions

bonded; an ) represents ride, chloride, bromde
and iodi de. 25 providesaldehyde X38nveni ent access to the Cl7 sidechain in

conpounds of Structure 10 The compound 156 can provide access to the C17 sidechain in
compounds of Structure 10 as shown in Scheme 46 below. Thus, compound 145 as
10 prepared in Scheme 43, may bc treated with the ylid prepared from
ethyltriphenylphosphonium bromide and base to afford compound 157 (used as starting
material in Scheme 46). Thereafter, the four hydroxyl groups may be converted to
protected hydroxyl groups, for example benzyloxy groups, as shown in compound 158.
Compound 158 is then coupled with the aldehyde 156 (Schemc 45) in the presence of a
15 Lewis acid, to provide compound 159. Deprotection of the C29 acetoxy group may
then be accomplished with base, to provide diol compound 160, which may then be
oxidized to the d-lactone compound 161. Allylic oxidation of compound 161 may
introduce a carbonyl moiety at C15 with concurrent oxidation of the benzyl groups (Bn)
to benzoate (Bz) groups, to form compound 162.
20 Reduction of the conjugated A'® carbon-carbon double bond in the D-
ring of compound 162 gives compound 163. Removal of the benzoate groups in 163
may be achieved using basic conditions (for example NaOMe in MeOH) with
concurrent epimerization at Cl4 to yield product 164 which contains an epimeric
- mixture of the compounds containing the cis C/D ring junction and the trans C/D ring
25 junction. Finally, protection of the C15 ketone followed by reduction of the 8-lactone

to the lactol and deprotection (80% acetic acid) may be accomplished to give 22,29-



begins with L-carvone, as shown in Schene 45.

77 Scheme 45 -
[er+} —t=Carvone (I53) nay be converted to conmpound
154 according to literature procedures. See, e.g., Tetrahedron Letters
25(41):4685-4688 (1984). The 5 primary alcohol in conmpound 154 is then
prot ected by, conversion to an acetate ester. \V t he

ket al protecfw @g up i n conpound 155 using acidic condif$¥ﬁ%§umdﬁ

provi des al dehyde 156. 7¢ The conpound 156 can provide
access to the Cl17 sidechain in conpounds of Structure 10 as shown in

Schene 46 bel ow. Thus, corrpound 145 as 10 prepared in Schene 43, my
be treated with the vli ared from et h nyl.phosphoni um
broni de and baS@*Yd-*& er“f? ‘H%I?S‘?m?ﬁ@e’cf% (5"{’%/\9"3’?418956) and't ?E?l al in
Scheme 46). Thegnalen.epbdyes 4,602 pudliydiky-Pdismadny-169neonverted to

protected hydroxyl groups, for exanple benzyloxy groups, as shown in .
conmpound 158. Compound 158 is thesn cou Ied wi th the al dehyde 156
(Schene 45) in the presence of a 15 to provi de conpound 159.

Deprotection of the C29 acetoxy group may then be acconplished with
base, to provide diol compound 160, which then be oxi gj,zedo4c0 t he
[err]-lactone conpoun Al l'yfic oxidatippp of conpound 1 '

i ntroduce a carbon nabraic15 Wi t hy fONCOr r,ﬁr}j%ew dat e benzyl
groups (Bn) to zoatmr(-Bz-)~ gr odpy o f 2
Reducti on of theHGc' gated [err] emsbpt wu doubl n the D

o OBnpval  of "Ph

ri ng of conpound 162 gi ves conpound 1 Brbnnzoate groupé in

163 may be ach$’eved usi ng basic COPﬁdItI ons (for exwhple NaOve in MeOH)
with concurrent epinerizatiqy at Cl4 to yiebd product 164 whigh
sentains an epimeric ¥ of the corrpoeﬁﬁs containing th is CD

ring junction and the tr
NaOMe

ri ng
Ag,CO,fcelite

WEOR
BnOY Bn
n X o N
BnOBn B0 K g on
160 161
o o
o g OH
Hy. PUIC NaOMs 1. HOCH,CH,OH, o
—ErOoR— o PTSOH,CgHg
. » 1 OIU
B2OV Bz HOY .. H 3. 80% AcOH
= oH
B2z 0Bz H HOY > H
163 164 H OH

165

‘Compounds of Structure 10 may have a C15 ketone and €22,29 epoxy

functionality. In fact, compounds containing a variety of functionality in the A-D rings
in addition to a C15 ketone and a sidechain hemiacetal may be produced using a
combination of methodology described herein.

10 For example, as illustrated in Scheme 47, compound 176, which contains
a methylene at C3, a carbony! at C15 and a sidechain hemiacetal, may be produced by
using methodology described herein. The C15 ketone and the sidechain hemiacetal
may then be incorporated using methodology described in detail above (in connection
with Schemes 45 and 46).



25 junction. Finally, protection of the Cl15 ketone foll owed by reduction of

the [err]-lactone to the lactol and deprotection (80% acetic acid) may
be—accomptished—to—gir-ve—22,29
78 epoxy- 3.4, 6, 7, 29- pent ahydr oxy- 14[ err] - sti gmast an- 15- one (conpound
165) and it's Cl4 epi mer
22, 29- epoxy- 3, ducsbaes’- PENt ahydroxy-14[err]-stigmastan- 15p&fErsrme4so
Schenme 46 [err]
79
Scheme 47
O .
BnO /?) HO 0/7) O/\’
Hy, PAIC ' POCY °
———e——r—
EtOH pyridine 4
76. <. 166
167 m-CPBA
CH,Cl,
o)
[s]
o
'\v.-
1. 80% AcOH 169 168
2. EtPPh,Br.iBuOK
toluene
OAc
1. NaOMe MeOH
——————————.
2. Ag,CO,, CeHg
CH,Cl,
OH
OCH,CH,0H
pTsSOH,CaH
2. DIBAL.toluene
i\/ 3. 80% AcOH
176
5 As shown in Scheme 47, compound 76 can be deprotected using H,,

Pd/C in ethanol to give a compound containing the C11 hydroxyl functionality which,

upon heating in POC], and pyridine, may produce compound 167 containing the A%

double bond and its A" isomer. Epoxidation (of 167) .using mCPBA followed by

. LiAlH, reduction may be used to afford compound 169 which contains the C9 hydroxyl
10 functional group. Protection of this hydroxyl group followed by removal of the ketal



Conpounds of Structure 10 may have a Cl5 ketone and C22, 29 epoxy
functionality. In fact, conpounds containing a variety of functionality in

t he-A-D+i+rgs H—addi-t+omto—a CI5 Retone and a sl dechal n hem acet al
may be produced using a conbi nati on of nethodol ogy descri bed herein. 10
For exanple, as illustrated in Schenme 47, conpound 176, which contains

a nmethylene at C3, a carbonyl at Cl15 and a sidechain hem acetal, may be
produced by WO%E#8g net hodol ogy described herein. The PEFANBUY® and t he

si dechai n hem acet al may then be incgyporated using nethodol ogy
described in detail above (in connection wi th Schenmes 45 and 46).
79 Schene 47

err :
[ ] protecting group and Wittig chemistry may be done to yield the olefinic product 171.

Conversion of compound 171 to lactol 176 may be accomplished using standard
methods described herein.

A second example involves the preparation of derivative 186, a

5 compound that contains the C15 ketone and the sidechain hemiacetal as well as a C1

hydroxyl functionality. Compound 186 may be produced in a multi-step procedure

from the commercially available starting material 177 as shown in Scheme 48. The first

step involves protection of compound 178 using e.g., ethylene glycol, pTsOH in

benzene. Subsequent Michael addition using, e.g, benzyl alcohol and potassium

10 hydroxide gives the C1 benzyloxy derivative 179. LS-Selectride® reduction of the

ketone 179 followed by protcction of the resultant alcohol as the benzyloxy derivative

may be used to give compound 180. The conversion of compound 180 to lactol-186

may then be achieved using methods described in Scheme 47 and described in detail in

other previous examples.



5 As shown in Schenme 47, conmpound 76 can be deprotected

u3|ng H[err] Pd/C in ethanol to glve a conpound contalnlng the Cl1

ct-rona i~di ne,
nay produce conpound 167 contalnlng t he [err] doubl e bond and its [err]
| somer. Epoxidation (of 167) using nCPBA foll owed by LiAlH err]
reducti on may Q% beed to afford compound 169 which contalnﬁ?ﬂEQWQ&,pydroxyl
10 functional group. Protection of this hydroxyl group followed by renoval
of the ketal 81 80
protecting group and Wttig chem stry nmay be done to yield the olefinic
product 171. Conversion of conpound 171 to lactol 176 may be
acconpl i shed using standard nethod%;g5§q&|bed her ei n.

A second exanpl e invol ves the preparatrun‘uf—derlvatlve 186, a 5 conpound
that contains the Cl5 ketone ald t he sidechaixq hem acetal as,well as a Cl1
hydr oxyl functionality. Cpppy Roduced in a fﬂi-step

pr ocedur e fromthe .. @ Shanti ig al 177 as
shown in Schene 48. Thg oI ves &pr ot =@ conpound 178
using e.g., ethylene §lycol o

7 179 | 1 LS-Selectride
12 BnBr. NaH
Bn2 1. AcOH BnO
- 56, (CH»AICI o n g
3 Bnc¥ 1BuOK o
BnG 181 3
182 | | NaOMe, McOH 130
. lAg;CO;.benune
N—r
Cr0;.DMP
ailch
BnO 183 o’
184
1H, P&/C. EtOAc
H 2.NaOMe. McOH o
1.cthylene glycol, pTSOH.! C,,H. OH
2.Dibal-H. Toluenc
3.
Ho' §
HOY
186 1858
Thus. the methodology described herein may be used to. produce
5 compounds with functionality at carbons in the steroidal ring structure as well as both
. the C15 ketone functionality and sidechain hemiacetal.
Ny

In a related aspect of the present invention, steroids having oxygenation
at C6 and C7, with a pyran-or 3-lactone-containing sidechain at C17 are provided. In
one embodiment, the steroid has the Structure 11, including individual enantiomeric or

10 geometric isomers thereof, and further including a solvate or pharmaceutically
acceptable salt thereof. Structure 11 is defined as follows:

A compound of the formula



benzene. Subsequent M chael addition using, e.g., benzyl alcohol and
potassium 10 hydroxi de gives the Cl benzyl oxy derivative 179.

LS- Sel-ect+rde—+eduecttor—of—tte Retone 179 1ol Towed by protection of the
resul tant al cohol as the benzyl oxy derivative may be used to give
conpound 180. The conversion of conpound 180 to |actol 186 may then be

achi eved usi ngvdﬁfoﬂﬁfs described in Schene 47 and descri bg@ryéLbrgbai | i n
ot her previous exanpl es.

81 82  Schene 48

[err]

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of Cl, C2, C3, C4, Cl1, C12, C15 and Cl16 is independently

substituted with L
5 (8 one of =0, =CR)RY), -C(RYRNCRHRY)- and
-(O(C(R*)}R")),0)- wherein n ranges from 1 to about 6 ; or

(b)  two of the following, which are independently selected: -X, -R*
and -OR';

with the proviso that C3 and C4 are not simultaneously substituted with

10 hydroxyl or protected hydroxyl, and are preferably not simultaneously substituted with
oxygen atoms; .

each of C5, C8, C9, C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR';

G is -C(=0)-, -CH(OR")-, -C{R*}(OR')- or -C(OR")(OR")~;

15 the A, B, C and D rings may independently be fully saturated, partialty
saturated or fully unsaturated,;

R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together form a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic

20 structure which protects a carbonyl group, with the proviso that either or both of -OR* ét

C6 and C7 represents a carbonyl or protected carbony! group;



Thus, the nethodol ogy descri bed herein may be used to produce 5 conpounds
with functionality at carbons in the steroidal ring structure as well as

rmosTdectharmhemacetat—
In a related aspect of the present invention, steroids having oxygenation
at C6 and C7, with a pyran-or 8-lactone-containing sidechain at Cl17 are
provided. In WOAHR4®nDhodi ment, the steroid has the StructRGRCAST00490
i ncl udi ng individual enantionmeric or 10 geqpetric isoners thereof, and

further including a solvate or pharmaceuti élly accept abl e salt thereof
Structure 11 is defined as foll ows: A compound of the
formul a 82

[err] i ncl udRhat eattooorenesas isdrdepepdently eqicted|fromsl lhod Candrgauit vat es
t hereof, wherein,,. — . . 1 12,
Cl5 and Cl16 is i rr{lgggetrl?ate?\l?)l §P tionally SUbet ??%%ég%\nﬂ%ﬁoa% sg’gﬁedcéém %Le gmgp (a)
one of: =0, -conSistiRjgenfrbpjofiRhaleged,) nitrogen, oxygen, silicon and sulfur, where two geminal

O 1) R ) (L G L)) LB U o gt e e
T 5 bonded; and

X represents fluoride, chloride, bromide and icdide.
The preparation of compounds of Structure 12 may be achieved using
-methodology set forth many places herein. For example, compounds 196 (Scheme 49)
and 207 (Scheme 50) may be synthesized from compounds 30 and 55 in multi-step.
10 processes. Methods used to convert the C17 silyloxy group in compound 30 to the
olcfin 190 are analogous to those described in detail in previous examples, as are the
methods used to convert compound 190 to compound 196. The same holds true for the

conversions of compounds 55 to 200 and 200 to 207, respectively.



(b) two of the follow ng, which are independently selected: -X -Rerr]
and CR[err] with the proviso that C3 and C4 are not

strottaneousty—substituted—wtto—hydroxyt—or protected hydroxyl, —and are
preferably not sinultaneously substituted with oxygen at ons;

each of C5, C8, C9, Cl10, C13 and Cl4 is independently substituted with

one of -X, -R[ eMO9%BMH0 OR(err]; Gis -E(ﬁ@'mpowo
-CH(CR[err]) C(R[err])(CR[err]) or-C(OR[err])(OR[err])-; 15

the A, B, C and D rings may |ndependently8‘be fully saturated partially
saturated or fully unsaturated, Rlerr] is Hor a
protecting group such that -OR is a protected hydroxyl group, where
vicinal -OR[err] groups may together f@change49yclic structure which protects
vicinal hydroxyl groups, and where gemnal -OR{err] groups nay together
forma cyclic 20 stryct M*h pr g, PHESr bony! °W°t"$1 t he
proviso that either ® '
carbonyl or protectgdjcdrbo
83 o” Merr] agotedc

Ecur renceanb"s endent |y sel ected

fromH and Jerr] oraf moi &Py ®rhat may opti dfaldycontain at |east’
one heteroatom sel ected fromthe group consi sti ngst boron, hal ogen,

ni trogen, oxygen, silicon d sul fur, wh r two gem natr oH R[err] groups
may together forma rg r{h the cag@sp omto whrsgk; ey are both 5
bonded; and A ~LCH PR B O : fot,ugn,hode e, brom de and.
i odi de. & Aol he™ it enaxa '. p OTPMEDHERNO U @ Structure 12 may
be achi eved usi ng®" E odoI 0g§ s me sgghcmmym %S—D rein. For

exanpl e, conpounds 196 ( cherre 49) d 207g{.Scheme 50y rray be

synt hesi zed from corrponr' " Hand 55 in nulti-$tep 10 processes. Met hods
0seéd to convert the Cl 1oxy group i o) ol efin 190

are anal ogous to tho&an

_ ' Vi ous exagm
met hods used to con $iMeebICl OX) &;j?ra—fag;% ? |

for the conver siods, s OTPOUN
respectively. 191 Obn BnQ®

OH
$.ethylene glycol,
pTsOH.C.H,

O Zhiba. H.Toluene
OH 3 BO'/.AcOH
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The chemistry described in Schemes 49 and 50 above are just two

S examples of how the methods discussed herein may be applied to produce compounds

containing a 6,7-dioxygenation pattern and the hemiacetal or &-lactone sidechain. Thus,

the methodology described previously may be used to produce compounds with
funcﬁonality at C2, C4, C8, etc.



[err]

The chem stry

described in Schemes 49 and 50 above are just two 5 exanples of how the

net hods—di-scussed—heretr-n—rray—te—apptTed—to Produce conpounds cont ai ni ng

a 6, 7-di oxygenation pattern and the hem acet al

or

[err]-lactone sidechain

Thus, t he net hodol ogy descri bed previously may be used to produce
corrpounds wi t WO 98/02450 CADH 0450

5
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15
\/_-_
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86

In an aspect of the present invention, steroid epoxides are provided. In
one embodiment. the steroid epoxide has the Structure 12, including individual
enantiomeric or geometric isomers thereof, and further including a solvate or
pharmaceutically acceptable salt thereof. Structure 12 is defined as follows:

A compound of the formula

7 ORI
OR‘
including pharmaceutically acceptable salts and solvates thereof, wherein:

each of Cl, C2, C11, C12, C15. C16 and C17 is independently
substituted with

(a) onc of =0, =CERMRY), -CRHR*}CR»}RY),- and
-(O(C(R*}(R")),0)- wherein n ranges from 1 to about 6 ; or _

(b)  two of the following, which are independently sclected: -X. -R*
and -OR';

each of C5, C8, C9, C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR';

the A, B, C and D rings may mdependently be fully saturated, partially
saturated or fully unsaturated;

R' is H or a protecting group such that -OR' is a protected hydroxyl
group, where vicinal -OR' groups may together I'orm. a cyclic structure which protects
vicinal hydroxyl groups, and where geminal -OR' groups may together form a cyclic
structure which protects a carbony} group, with the proviso that either or both of -OR' at
C6 and C7 represents a carbonyl or protected carbonyl! group;

R’ at each occurrence is independently selected from H and C, ,, organic
moiety that may optionally contain at least one heteroatom selected from the group

consisting of boron, halogen, nitrogen. oxygen, silicon and sulfur, where two geminal



functionality at C2, C4, C8, etc.

86 In an aspect of the present i nvention, steroid
epoxides—are provided—m oTTe - enpodteEnt, the Steror d epoxi de has the
Structure 12, including individual enantlonerlc or geonetric isoners
t hereof, and further including a solvate or phar maceut i

accept abl e salt WOBOEBP Structure 12 is defined as fol |l ows: p%?c!dmo‘m

A conpound of the fornula v,

[err] i ncl udi ng pharnaceutical?y acceptabl e salts and sol vates
t her eof , wherein: each of Cl1, C2, Ci11, C12, C15, Cl6
and C17 is independently substituted wth 10 ) (a) aone
of - =0, =C{Rl cRTEPRRY R 198CeoRR P8 VR S oL 9 PR BPX 7)o 1] -
and - (XA Rwnbdd & err]))[err]O- wherein n ranges from1l to about 6
;or (b) two _of the follomnng, MhICh are

i ndependent |y sel ect ed: - XX rengsents fluoride, chlgride. bropydsiapd iodide;
each of G, C8, (9, CIO, C&ﬁ? Mrbvkéd that CTERPRAIRN L%bo%xps%gétﬁ%f Quith 3. 15

one of-X, -Rerr] or - rings
may i ndependenf| yhabhydraNyloy - @&taybammn partially saturated or fully
unsat ur at ed; p at
-OR is a protected hydro Af with de’F"é’ﬁ’Bh"%’ ?eg {/nﬂ&lii%g{.mg%g{n%&aﬁgm%y

together forma oytubuscpqsiuouswimm thhist;miqgrigg Strectur® Of compoundd cdnyaining yl 3,4-
groups. | and, wher a8 Bl oFSLRELL 19 haY RS achRVed GG AGRod QLR NHi. °po

structure which pto S a car ony up Wi e provi so tﬂer or
both of -OR at examplé&fs alwvnGr Sbmeés;amtosygen a@mnayte phacedat @9ant/edCLigviaony |

g(raloggt o fromlpl aeﬁﬁf“ ‘8PPTA ‘§°gH= t each occurrence i s independently
N~ Thus, LS-selectride reduction followed by remote oxidation using
reagents described earlier on a compound such as compound 10 may provide an olefinic
compound 208 (Scheme 51). Transformations to the A*"' olefin can be achieved using
standard mcthodology and concurrent reaction of both the A™ and A™"' double bonds
15 provide the desired epoxides at C3-C4 and C9-Cl1. Oxidation of the C3 hydroxyl
moiety with PDC in CH,Cl, then may be used to give the desired unsaturated A-ring
(and optionally ring-opening the epoxide rings will provide a 3,6,7,9-polyhydroxylated
steroid 215).



noiety that nmay optionally contain at |east one heteroatom selected from
the group 25 consisting of boron, halogen, nitrogen, oxygen, silicon and

sul fur where two—geninal

87 groups may together forma ring with the carbon atomto which
they are both bonded; and X represents fluoride,
chl ori de, bromodsemsd | odi de; W t h t he PET/Cx97804% hat C7
does not have carbonyl substitution when C5 5 has hydroxy or -OR[ err]
substitution. As with 8he previous exanpl es,

i ntroduction of functional groups at various positions wthin the
steroid ring structure of conpounds containing a 3, 4- epoxi de group of

Structure 12 may be achi eved usi ng net B¢heme fiescri bed herein. For
exanpl e, as shown in Schene 51, an oxygen atom nay be placed at C9 and/or
Cl1, via 10 ejte

LS-sel ectride reductj ox] dati on usi ng eagent s

described earlier £pa e < nd 10, My~ piov an olefinic
conmpound 208 (Scher ) ' . enl J-AliRocan be )
achi eved usi ng ° ~ syanjdard nethodol g and concurfent reai n2* both the

[err] and [err] qpub? onds 15 prgw de the desir epoxi des at C3-C4 and
C9-Cll. Oxidation of the C3 hydroxyl noi ety PDC i nfCcer] A [err]
then may be used to give the desired unsaturated A-ring L{uﬂﬂaoptionally

ri ng-openi ng the epoxide rings will provide a 3,6, 7, 9-pol yhyd¥5%yl at ed
steroid 215). - OTBDMS OTEDMS Freows
Schene 51 \
1.Li, NH, ' POC
L o 0° Y0 HO™" Yo
N EO{O)P! 6 & ’ & ,
212 ‘ 21 210
ll.i.NHs
T oOMS OTanmMms.
mCPBA

- (]
213 ﬁ—-f\

The introduction of an alkyl group in the C16 position may also be

achieved using similar chemistry described above. In the following exémple (Scheme

5 52), a methyl group is incorporated into this position from the condensation of the D-

ring enolate with methyl iodide. This methodology is analogous to that described in

connection with Scheme 37. As shown in Scheme 52, the alkylated epoxide 218 may

o be subjected to epoxide-ring-opening conditions to afford a 3,4,6,7-tetrahydroxy steroid
220,



[err] The i ntroduction of an
al kyl group in the C16 position may al so be achi eved using simlar

group is incorporated into this position fromthe condensation of

met hyl

the D ring enolate with nethyl iodide. This nethodol ogy is anal ogous to
t hat descri bed waegmasseonnecti on with Schene 37. As shown | mcBchemed98?2, t he
al kyl at ed epoxi de 218 may be subjected to epoxide-ring-opening

conditions to afford a 3,4,6,7-tetrahydroX9 steroid 220.
89

Scheme 52

OTBOMS
1.TBAF, THF 1 LDA, THF
2. POC, CPRCl Z.Mel Mel
o

dllo

128 %_fi
1.TsNHNH;
2. LiAlH4
U mCPBA, CHaClp
S ——————————
- o s o
i—fi 217 3~fi
Compounds having 6a,7B-hydroxylation pattern have been discussed in
5 detail in previous sections. Alternatively, compounds containing other
L stereochemistries at C6 and C7 may also be produced as discussed in the following

section. For example, selective tosylation of compound 221 (prepared according to -

Scheme 73) using pTsCl in pyridine followed by treatment with potassium carbonate

may yield the epoxide containing compound 223. Subsequent ring opening using
10 aqueous acid may yield compounds with the 6B,7a stereochemistry as shown in

Scheme 53.



Schenme 52 [err]
Compounds having 6[err], 7[err] hydroxyl ati on pattern have been discussed in

5 detail—in—previots—secttTons® ArTernatrivery,  conpounds contai ni ng
ot her stereochem stries at C6 and C7 may al so be produced as di scussed
in the foll ow ng section. For exanple, selective tosylation of conpound
221 (prepar edw'agﬁ,@;‘ ng to Scheme 73) using pTsO in pyfesdresass ol | owed
by treatnment wth potassium carbonate may yield the epoxide containing
conmpound 223. Subsequent ring opening usiggg 10 aqueous acid may yield
conpounds with the 6[err],7[err] stereochem stry as shown in Schene 53.
Scheme 53
pTsCl, '
—pyndine .
TBOMS ” YOH TBOMS OH
221
o) o/\é, .
N~ TES "OTES
S
225
EtPPh,Br 223
tBuOK
{ /
TBAF, THF
TES “IOTES H OH
TES H
226 227

Compounds with the 6c,70. stereochemistry can be prepared from
_ 5 commercially available starting materials as shown in Scheme 54. Thus, cholesteryl
~ acetate may be oxidized using RuCl; and tBuOOH in CH,Cl, to afford the enone
containing compound 229. Exchange of the protecting group at C3 to the tBDMS
derivative is followed by lithium ammonia reduction and trapping of the enolate anion
with (MeO),PCl giving the enol phosphate 231. A second lithinm-ammonia reduction
10 gives the A%’ double bond which may be oxidized with OsO, to afford compound 233
. containing the 3f.6a..7a-trihydroxylation pattem.



90 Schene 53

[err] Conmpounds with the
6ferr17erri—stereochentstry cam e prepared—from 5 Ttomerciatty avaitable™
starting materials as shown in Schene 54. Thus, chol esteryl acetate may
be oxidized using RuC[err] and tBuOOH in CH[err]CI[err] to afford the
enone cont svowsngsseonpound 229. Exchange of the protect pagcgremso at C3
to the t BDVS derivative is followed by I|ithiumamonia reduction and
trappi ng of the enol ate anion 91
Scheme 54

o
I/\}: ;T

um MeCH '

o
230

1Nl NR
2 (MeO}PCI
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As used herein, the term organic moiety of an indicated carbon number

P

5 range refers to a stable arrangement of atoms composed of at least one and not more
than about the maximum carbon number set forth in the range, typically not more than
about 30 carbon atoms, and any number of non-carbon atoms.

The C, ;, organic moiety may be a saturated or unsaturated hydrocarbyl

radical. A saturated hydrocarbyl radical is defined according to the present invéntion as

10 any radical composed exclusively of carbon and hydrogen, where single bonds are
exclusively used to join carbon atoms together. Thus, any stable arrang.ement of carbon

and hydrogen atoms, having at least one carbon atom, is included within the scope of a
saturated hydrocarbon radical according to the invention. Some specific terminology

that may be used to refer to specific carbon atom arrangements will be discussed below.
15 ' The carbon atoms may form an alkyl group, ie., an acyclic chain of
carbon atoms which may be branched or unbranched (linear). Methyl, ethyl, n-propyl.
iso-propyl, n-butyl, iso-butyl, sec-butyl and r-butyl are alkyl groups having 1 to 4
carbon atoms (commonly referred to as lower alkyl groups), and are exemplary of alkyl
groups of the invention. The carbon atoms may form a cycloalkyl group. i.e., a cyclic

20 arrangement of carbon atoms, where cyclopropyl, cyclobutyl, cyclopentyl are
cycloalkyl groups of the invention having 3-5 carbon atoms. Additional groups within

the scope of “cycloalkyl” as defined herein are polycycloalkyl groups, defined below.



with (MO, Pd giving the enol phosphate 231. A second lithiumamoni a
reduction 10 gives the [err] doubl e bond which nmay be oxidized with

J-er+}-J-er+}—to—afford—conpoumi—233 contalrmrng-The
3[err],6[err],7[err]-trihydroxylation pattern.
91

Schene 54
[err] ‘WO 98/024 As used herein, the bepprPHBRAR C
noi ety of an in cated carbon nunber 5 range refers to a stable
arrangenent of atoms conposed of at |east9zone and not nore t han about

t he maxi mum carbon nunber set forth in the range, typically not nore than
about 30 carbon atons, and any nunber of non-carbon atons.

e, SLert], organtc ol ety pIRNeE A8k h Sl 3i kel 5 G WHEEGAL"Y
present invent ilest as chtbon atom isaaipeal of e wpohtlyi Meiltifiatdé rivgs. bdhe and
Cogether . Thus Pl Rafiu 85 847 covain SAfE Hifich YR8 caihn Goh, “Bhagl T O
havi ng at | eastbxcpﬂnﬂma)lluuqﬂl, &icwdp[sLN]oal)ﬂJ Udieydiofsi2.0jamyL, hmc;mppel Ofheptyl,

saturated hydroc n radi cal accordin tot ent.i eC|f|c
t er ni nol ogy § ’%?rﬂjé W”Bg e doPmss™ e%pi% lgcyglg?lgﬁngrg&
arrangenent s V\/lcbdtamendmsmﬁsﬁfkdba{g)wstea:a whcre decalmyl (radical Tiom &eailtw Iandit ons
my forman al l;:Xl'kxycgoaanE')ace.nyl are re%gesgncta/tlcvlele?carg&gsl n T?)e polycycloalkyl group may

contain a spiro union, in which a single atom is the only common member of two rings.

Spiro[3.4)octyl, spiro[3.3]heptyl and spiro[4.5)decyl are representative examples.

" 10 In addition, the saturated hydrocarby] radical can be composed of any
combination of two or more of the above, i.e., any combination of alkyl and cycloalkyl
groups. Thus, the R* or R® groups may be an alkyl group (e.g., methyl) with a
cycloalkyl (e.g., cyclohexy!) substituent, so that R! or R® is a cyclohexylmethyl grm;p.
As another example, R* or R’ may be a cycloalkyl group (e.g., cyclooctyl) having two

15 alkyl substituents {e.g., 2 methyl and ethyl substituent), so that R* or R’ is a

methylethylcyclooctyl group. As a final example, R* or R* may be a cycloalkyl group

with an alkyl substituent, where the alkyl substituent is substituted with a

polycycloalkly substituent. i

As indicated above, R* or R* may be an unsaturated hydrocarby! radical.

20 Suchan R*or R’ group is defined as having a carbon arrangement as set forth above for

saturated hydrocarbyl radicals, with the additional feature that at least one bond between

o any two carbon atoms is other than a single bond. An alkyl group with a single double

bond is referred to as an alkenyl group, while an alkyl group having more than one

double bond is referred to as an alkapolyenyl group, where alkadienyl (2 double bonds)

25 and alkatrienyl (3 double bonds) are exemplary. An alkyl group with a single triple

bond is referred to as an alkynyl group, while an alkyl group having more than one

triple bond is referred to as a alkapolyynyl group, where alkydiynyl (2 triple bonds) and
alkatriynyl (3 triple bonds) are exemplary. |

Likewise, the cycloalkyl group may have one or more double or triple

30 bonds, and be included within the scope of an unsaturated hydrocarbyl radical according



carbon atonms which nmay be branched or unbranched (linear). Methyl, ethyl,

n- pr opyl , | so- propyl n-butyl, iso-butyl, sec- butyl and t-butyl are

atkyt—groups—having—t+—to 4 carbomatons_(conmmonty Teferred to as ower
al kyl groups), and are exenplary of alkyl groups of the invention. The
carbon atons may form a cycl oal kyl group. i.e., a cyclic 20 arrangenent of

carbon atons, Wkesensds! opropyl, cycl obutyl, cyclopentyl aper/casz7o049
cycl oal kyl groups of the invention having 3-5 carbon atons. Additional
groups within t he scope of "cycl oal kyl '93as defined herein are
poI ycycl oal kyl groups, defined bel ow

A pol ycycl oal kyl group is an arrangenent of carbon
at ons wherein at y the inkéaB&. Qﬁﬂ‘oaﬁéﬁfl%d 2l E16alkyhyPar 3bderdd naés Lif@sSio grdeps
separately identifiable rings. The pol ycycl oal kyl group may contain
bri dgi ng bet ween havieg @asma!srpaebpmﬁssedmer*’éth a singlgdeykle and, iriplegbangt ip|the ring,
bi cycl o['3. 2. 1] octyy Jgeﬁtll%lf y@ﬁkglka%x&%p?rﬁyﬂs ark 'E:&c%/a‘myi %roapslwgh e QB!YIJle borﬁls

nor bornyl and pina e represen I ve exanpl es. "The pol ycycl oal kyl group
contai n cgmem@r inrthsy iéngfstryeturer They deyple kasd mame exocyelicap itheyring( ¢.&elk cal

may
from decal in) E‘”%onamwfméqfn m{yh{a@&sﬂ&hrgxgﬁﬂwzrmﬁﬁ C%gu@smg . The

pol ycycl oal kyl “group aln ni on, e atom
is the only connﬂlomnbgtrdaondrﬁtqw) ri ngs. Spi rof 3. 4] octyl

spiro[ 3. 3] heptyl and spi rg,[ﬁv%]n gykns?‘hﬁagqg %Se?:{én #b‘é% XA &Fs&{rll)ye

In addition, the saturate racar by ica poseq )
conbi nati on of t\incheled withie dmfsccﬂc@fabmturatc@ydrqm'yylcm nﬁhusom gyl gebkpyl and

ot oup (6., met AT TaRPerpie abd Saplft, e i Shln 5 GRS F By BaRBAM LY,

g0-t hat R err 10 orgrddper Ak ang canbxyationhﬁxl;d ﬂbwhyd algy mn}uded within ABe savp¢ lof Rn

exanple, Rerr] or r na 0Lk rou Iooct
having two 15 aI"ﬂVﬁgﬁ%bfiﬁOf%@afagwaX@ﬁWﬂg ér{rliali’ ﬁ%/?"%ﬁdg ?thﬁ Y TE %t),
o) th?t R[ R[err] | Orsutl?{iﬁéxtt]ajg'.,sbeﬁzyé) and aﬂ@lah&l(k%&tm’dya{ ﬁplcﬁr;glwxgr];thlenst _aﬁ?la?(kyli nal
exanpl e, err] or rr ma% e a rLou n_al |
substituent, wherEsHREntAL\1P Q&B’é‘?ﬁ f')"gf x‘é’ﬂ% &RFQEIRV\?& .é,%arysa

pol ycycl oal kI Y S \pefdriet d&tifonent of organic mmenegofthe mzi/éimon ndi cat ed above Rl err]
or err] may_ pe an unsatyfate car . ra err] or
R[erRL] g]r oupyi1 defined a h%fv%gx‘&{“gﬁr Bﬂ%mﬁrf“ﬁﬁ‘j?nm “é’gtag’et ?‘Sﬁg’ﬁl ﬁlb]ove
for sat ur at eteroathiis addobdig t akt it@dntion vk tably 4tbe oftdflthian €436dn dnd dydrogent hat
at | east one bond be two car bﬁn atops i s @Fer tha a singl e
bond. An al kyl grbPfp eW‘f‘H”& °§*‘q’ﬁj?dyé°'%ﬂ5 pafuraily occymng a§°§’sg ég an

al kenyl group, WhydBgea)) Sdddict p@feﬁbﬂ)clﬁb@ﬁeﬂ@nmmt(bm& tﬁeﬂﬁ:arbon anddmkﬂgen)bond
Is referred to as an al kapo| yeny rog}g wher e al kadi enyl gub e bonds)

25 and al kat ri edyptherspratsted Elatsg POIRBe MHITOgENy, °"¥\§‘?"af‘k Wt h a

single triple20 sulfur, selenium and halogen (i.e., fluorine, chlorine, bromine and iodine. with fluorinc

and chiorine being preferred). Another preferred class consists of nitrogen, oxygen,

— sulfur and halogen. Another preferred class consists of nitrogen, oxygen and sulfur.
Oxygen is a preferred heteroatom. Nitrogen is a preferred heteroatom. :

For example, R* or R® may be a hydrocarbyl radical as defined above,

25 with at least one substituent containing at least one heteroatom. In this paragraph, R’

will be used to refer to both R* and R®. In other words, R may be a hydrocarbyl radical

as defined above, wherein at least one hydrogen atom is replaced with a heteroatom.

For example, if the heteroatom is oxygen, the substituent may be a carbonyl group,' ie.,

two hydrogens on a single carbon atom are replaced by an oxygen, to form either a

30 ketone or ﬂdehyde group. Alternatively, one hydrogen may be replaced by an oxygen



bond is referred to as an al kynyl group, while an alkyl group having nore
t han one triple bond is referred to as a alkapolyynyl group, where

al kydiynyl (2 triple—bonrdsr—antd atkatrTynyt—(3"TrTpre bonds) are
exenpl ary. Li kew se, the cycl oal kyl group may have one
or nore double or triple 30 bonds, and be included within the scope of an
unsaturated h yl radi cal according

93 to the 1Tnhvention. Cycloal kenyl and cycloalkynyIPngAggﬁg?al nanes
gi ven to groups having a single carhgn-based ring with a single double .
and triple bond in the ring, respectivcly. Cycloal kadi enyl groups are
cycl oal kyl groups with two doubl e bonds contained in the ring

structure. The doubl e bagnd e exo cI ic to the ri 5 carbon

atom of the ri Sy th %13‘@'"%&3-%-{‘) ?ﬁ?(p a‘("&“é ml&"ﬂ’@’t ﬁyﬁvr‘%@?@’ (thS’i.’i'p) or

hi gher h o raoR@ U aryisxy d elalitylory | alkylaryloxy may be collectwelA héfrgedRY 43€

unsaturated to the extent of being arorrg?t ; and still be I ncl uded -
|

within the scop¥dsrarbyloxy)dsieranioxy, MFIOUL dbetah acstalghemiketal Themiaceial epgxy)

gr oup, f Oran@ XG5O TRNREYdatch Raf BOR hilygen. %@hé:&&ém&ﬁ%r&ywetamupogme scope
of such hydrocarbyl 10 groups. As any conbination of the above is also -

i ncl uded wi tHi rvherrethscripegenffomms part of apsamting 4N, I'N@ocblﬂ‘b}el‘ alkydareide,
aral kyl (Rerr larﬁrm.& i} amidb, yi%\‘}lazﬁﬁ@%rd""ﬁ 80, M%@%]nesﬁb&;;wmde

substituent, e.gd., nzy% and al z (Rl err err] 1s ah aryl ring
with at |east cmupal Ebff hetefoam!gum@t ¢ Ge‘h‘!ﬁlr gvhgre, the Ghlﬁlr) formso pasts ofimethiohc| uded

within the scopg.ofy Ierg NPEul fonagné’er drlsui ?Jn){%@azﬁfeegr&p The hitbGhi&h rRFd o

component of organi c I €S 0 e I nventi on
or Rlerr] incl unbarsbeopganf e mhoe{comanmmanbsnmnmasum as lfietngl, acybrem-C(OYOR?,

Het t | heqd {i d
Fyarogon.  10° “KIGIOBE LOR" COMNAS, s A Rl dfbony pnfALRT o1
atonms (ot her than car boringhrdbove exeniplaly bejendtomApmsihiog sr.rlosteﬁemsr, Eyﬁmp:des;sls are
non-nmetallic ( n 01I h%@ta?%r b%ef@m% héégrx r%em corrhmau?]nA&l a co ér%fne ?d class

consi sts of -boro rogen, gen, sSili sul
sel eni um and ha:ﬂxmydogx(a]lyeolprafeﬂuolrs. N4, prefhﬂr@t mnnl, frh'novhmea anmhlnoxdmaxe bevm th

fluorine e eferr t, ch
consists of nit %9,85 m&rdeg" al?, gtaﬂrf ef‘?mLP élH‘dmhgfg dr‘rlpm ﬁﬁ‘ét i smnggr red
cl ass consi 3§s mifxdmmt(Rb)gpmd ;:esimy@)j an allalge ledrthr metal (for e)@ﬂp@eﬂlagtssmmmmf erred

het eroatom Nt et er For
exanpl e, R err]wg: i Fﬁ: ?a']‘d ‘EEO% 9"iydr 0 %‘yRM“éd‘P‘c‘a‘F“)a %jé%’."n%&“'é‘ove, 25
with at | east QAg) sAbsallqabumtdi ccrantalimlmagnhhneltaeastprefaeedhm gogat oSndiuky t hi s

Ot hor nor ds, - RECPHT TP ShE g BT A5 i Yo SodeE SeePRE L BEve,

wherein at | eas;tefm‘edl\hmnmen atomis replaced with a het eroat om For

gﬁggg', e ;f ahhe heteroat ol s XY 48 brganld® mdttR! blGle MPYn Gndnded" RONY!
hydrocarbyl radicals as defined above, wherein at least one carbon is substituted for at

N least one heteroatom. Examples of such organic moieties are heterocycloalkyl (a

cycloalkyl group having at least one carbon replaced with at least one heteroatom),
heterocycloalkenyl, heteroaryl, heteroaryloxy, hetercaralkyl, heteroaralkenyl, etc.
25 Collectively, this class of organic moieties may be referred to as heterohydrocarbyls.
Another example of such organic moieties have a heteroatom bridging (a) the radical to
which the organic moiety is bonded and (b) the remainder of the organic moiety.
Examples include alkoxy, aryloxy, arylalkyloxy and alkylaryloxy radicals, which may
collectively be referred to herein as hydrocarbyloxy radicals or moieties. Thus, -OR' is

30 anexemplary R’ gronp of the invention. Another example is -NHR®,



two hydrogens on a single carbon atom are replaced by an oxygen, to form
either a 30 ket one or al dehyde group. Al ternatively, one hydrogen may be

anl anrard

Fepr—acea uy at UAyUCH

94 atom in the formof an hydroxy. al koxy, aryloxy, aralkyl oxy,

al kyl aryl oxy (where al koxy, aryloxy, aral kyl oxy, al kylaryl oxy may be

collectively refgykfdsd 0 as hydr ocar byl oxy), het er oar yecarrdas700490

-OC(O Rerr], ketal, acetal, hem ketal, hem acetal, epoxy and

-Csd err]M The heteroatom nmay be a hal ogegs The heteroatom nmay be a

nitrogen, 5 where the nitrogen forns part of an amno (-NHerr],

-NHR[err], -N(Rerr] )[err]) al kyl am do, aryl am do, aryl al kyl am do,

al kyl aryl am do, nitro, ) e s group.
S Epe) Bl S Bt e N AR plpeidinyens

The heteroatom may be a su where the su
t hi ocar bonyl , - S@Mydmﬁlrﬁm'r*ﬂytb.,dl aod fetyshydiogyranyiensu | Bxamplysiofbetatecycjoalkyb areThe

het er oat om S
fornyl . cyano, @{Sjnggf%d ]t(ro ;Hﬁoﬁ@ Wﬁ%’%ﬁ%béi{?w& B%R}%.Fﬁéje%ﬁmg
carbamat e, car bhpnﬂemzndmdandphn&nboﬁwmaxﬁhctemcycdhalkenyl subsutuents are radlcals I n
t he above exe r t eroa LNl SAIbst uen resen

proton or mr;%)a? r?‘fgtﬂ%ylsgrg?\éa?p}é d?ﬁfn ?rg'r?s? grhj %8}%‘1 'Hg‘t? &n % fias-
counteri on, formedazolmtlmdizdndgmgatdlipetol erated salts: A preferred nmet al
fromwhich a netal ion rram orned include an aIkaI for
exanpl e, |ithium (Li), ﬁw“f‘i\lﬁ’ﬁa“"b&%“%’éuﬂ% hays up g abp s 47 S:and
cesium (Cs)] an phefeatbd lﬂﬁgaﬁal’rﬁ&ietﬁﬁbﬁkhe( inGdntiGX AV RwelTBEH S9i daFBoh I\@)ms, for
calcium (Ca) and str

ntium (Sr manganese Fe zinc (Zn)
or silver ( i‘i@)"pgA}‘P Yy %Pg‘r“z) rfé&ba'r atgms, "élP’ft’Eﬁg ?w “pe'Qragﬂ“tf?thé‘i%’éF‘Bms
preferred M grooumke or@afid mbiety may hap@h;a&sawm 1%5&0&1 aNtb GadboutlID 6310

preferred M groups. Sodi um angd tassiu referred r oups.

Anot her cl ass of SBRGARTRS- rﬁ)P‘ErFF’g‘g"%%r" PW@"‘? B“Q%EJO’?aﬁVErﬂ %H‘I\gg"eﬁocaem“

hydr ocar byl radi gghs as defined above, wherein at | east one carbon is
substituted for at | east one heteroato npl es of such organi.c

noi eties are heterocycl oalhg/foligwing me’“’-&'ﬂ’@%q QFE’GEI‘EW%U*‘%‘E R ‘e‘d%t one

carbon replaced W jolhedlto l1RASERRNRUCRES &rrafghqrri;arbon atomhem?p%hﬁah]kﬁfw'
het er oaryl , het er oarq\ﬂl oxy, heteroaral kyl, heteroaral keny

Col I ect i vel y, I3 hfxsloalkyls s °é5‘f'° alkegtini avhoi heterasiciplny alkylcarbpryl.y eﬂk‘t"éilc?fgmyl

het er ohydr ocar byhﬁynylcarbonyi\not rafzmoaﬂay&amb@ﬂ of \%%@&ueﬁﬁaa%&lynm ehryR&bHFYE A
het er oat om bri dging (a) the radical e organic noiety_is

bonded and (b) tbﬁéﬂw lcrraeryhoralwmﬂarbg%. calkegylaxygarbonyl, aéraﬂﬁwé%f ?fwbr ude
al koxy, aryl oxy, c@fofik{b LI‘B&}&] and al leydiadidenPiyychdeiygal s, V‘Mrﬂbxy@ﬁb'onyl,

collectively be referre herein as hydrocarb | oxy radlcals or noieties.
Thus, -OR[err] i ?‘%WYQM‘%XFEW&!‘Y&WYM pqgid, g)’%‘ﬂﬁ“dv)@“t‘ﬂe i nvention. Anot her
exa”pl eis -NgRlerr]. The following are exemplary R* and R® organic moieties where R* or R’
is joined to the steroid nucleus through an oxygen atom: hydroxy, oxo, alkoxy,
N alkenyloxy, alkynyloxy, cycloalkoxy, cycloalkenyloxy, aryloxy, alkylcarbonyloxy,
alkenylcarbonyloxy: alkynylcarbonyloxy, cycloalkylcarbonyloxy,

cycloalkenylcarbonyloxy, arylcarbonyloxy and heterocyclyloxy.

25 R* and R’ organic moieties may contain a nitrogen atom through which
the R* or R’ organic moiety is joined to the steroid nucleus. Examples are nitro and
organic moieties of the formula -NL2L? wherein L2 and L? are independently hydrogen,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, aryl, formyl, heterocyclyl,

. alkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl, cycloalkylcarbonyl,

30 cycloalkenylcarbonyl, arylcarbonyl and heterocyclylcarbonyl, such that L? and L*



95 Exanpl es of heterocycl oal kyl ene are

pyrrolidinyl ene, plperldlnylene tetrahydrofuranylene di and

t et r ahydropyramH-ere—Examptes—of~feterocyctoalr Kyl are  radical s
derived from pyrrolidine, imdazolidine, oxazolidine, pyrazolidine,

pi peri di ne, pi perazi ne and nor phol i ne. Exanples of heterocycloalkenyl
substituents gr gj cals 5 derived by renoval of a hydrpgﬁgAghg - and
3-pyrroline, oxazoline, 2- and 4- i m dazol i ne and 2 pyrazol i ne.

While the organic noiety nay have up to gpout 30 carbon atons,
preferred organic noieties of the invention have fewer than 30 car bon
atons, for exanple up to about 25 carbon atoms, nore preferably up to

about 20 carbon a 10, The o e up to about, 15
carbon atons, Wg° “f% béﬂ%ﬂfnel‘?“gﬁg" ¢ tgae’e%’yﬁ"%# §rfﬂe'ﬁb$’°5rs§‘f“ﬁf"‘flé’a

Cﬁt e}golrly of or g@BRkufatedRing in @&:bhﬁﬁomtﬁ tdne 3ir0gkn atbrrDio whichalkidy@Fe attached.at omsR[ ;
The follow ng are exenp err] an Lr rganj c noj eties ere Rerr
or Rlerr] is joi nehﬂﬁ%ui‘%& é?‘ﬁ?‘d%ﬁ&éf"@l}g W’Gd‘@ﬁﬁe"ﬁsﬁ’h ©bm

al kyl, al kenyl Rs ldfetn¥is joided toCihe! fabidyhuclens VebRA! K QiMr, atord! Wa]kylsulﬁde

het erocycl yl, al k?/l car bonyl, al keny| car ban | car bonyf , -

S

I al k
cycl oal kyl car belksaylsulfidey alkynylsultide, cevicloalikyisulfide, Aexgloalkenydyy i%d% arylsulfide,
het erocyclyl Caﬁ&&@é&'&:l’ylsaﬂf hé’ | oxycar BR9ehrbord shfﬁ@y | oxycar RRBWcarbonylsulfide,
al kynyl oxycar bonyl , cl oal kyl oxycar bon
cycl oal kenyl oxyl&mlseﬂvywlsul ide, 4Fydlegly éaﬁbmm fide, cycloalkenylcarbonylsulfide,
het erocycl yl ox E&JB&{}Y e%&m&ﬁ@mﬁ&b&mﬁe/%@gﬁ B drohd Whmuad -s(0) H,

Thefollovmngaeexe %%m %nlc m)letles whér e R[err]
or Rlerr] -S(@)ni-@rS(@M.Q - ‘erQN(E) Iaedl SO grhezsin b iscgelected om

hydroxy, o ,

ycI o)z;%/ken§ oxy ar alkenyl aﬁ‘k{‘?ﬁ ng&g%{}s %Llwﬁ%&t)ﬂl?gé% Jf)g)(%yl oxy,
al kynyl car bonyl oxy, In the apeveoRi andl R'aprisanis) moieties, the alkyl alkenyl, alkynyl,
cycl oal kenyl CaERfLQK&P% cloﬁi{e)é#lcﬁr{db ?/Tg%% Btk "ré%&%%' %! e RS0

Rlerr] and R ertr taln nltrogen atomt%rough
whi ch t hehydrasarby/l groupk) ey e feﬂ:gmnamahx)haéqunatesl, jnd{on eubstitgted withap ¢ oi d

PNLLorrLlorr] MineFor ROy, | The, peeradefRl el Bhbty Beucbiftn| i
al kyl , al kely| hetexbdyglyrlpiycarbpuylo héthrpéyclyboatbbuydddy cgnguips (collpétivelyorefepd to as
2;2?22%;: zzllar bonleL &5% g‘g&?@ﬁﬁen I c%nyl ar ylrbégl’ra @L&gﬁglﬁ%ponyl
het er ocycl yI casibsinyed wishightotfival’ grbepsr | and L[ err]
L® groups contain a carbon, oxygen, nitrogen or sulfur atom through
which they are joined to a carbon atom of the R* or R® hydrocarbyl groups or a carbon
20  or nitrogen atom of the R or R’ heterocyciy! groups.
The following are exemplary L* groups wherein a carbon atom of L* is
— joined to the R* hydrocarbyl or heterocyclyl group: alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, aryl, alkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl,
cycloalkylcarbonyl,  cycloalkenylcarbonyl,  arylcarbonyl, alkyloxycarbonyl,
25 alkenyloxycarbonyl, alkynyloxycarbonyl, cycloalkyloxycarbonyl,
cycloalkenyloxycarbony! and aryloxycarbonyl.
The following are exemplary L’ groups wherein an oxygen atom of L’ is
. joined to the R hydrocarbyl or heterocyclyl group: hydroxy, oxo, alkoxy, alkenyloxy,
alkynyloxy, cycloalkoxy, cycloalkenyloxy, aryloxy, alkylcarbonyloxy,



96 toget her may be al kyl ene or al kenylene to thereby forma 3- to
8- nenber ed sat ur at ed or unsaturated ring in conbination with the

RPN Y

A-tegen—atom-to—which—they—are—attacted: The fotTowng
are exenplary R err] and R err] organic noieties where the Rlerr] or
Rlerr] noiety is joined to the steroid nucleus through a sul fur atom
al kyl sul fide, wooesmatdsenyl sul fide, alkynylsulfide, cycloal kytmoidriosien

cycl oal kenyl sul fide, arylsulfide, het er ocycl yl sul fi de,

al kyl car bonyl sul fi de, al kenyl car bon9T sul fi de,

al kynyl car bonyl sul fi de, cycl oal kyl car bonyl sul fi de,

cycl oal kenyl car bonyl sul fi de, aryl car bonyl sul fi de,

het er ocycl yl car pegywicasbit and graynlc@bonydRy.f OF MUl agycicafifyfribBiiyid

-S(Of[err]L[err], WS(O)[)}e‘??i -S(0O err]&[err] OS(YO)[err]O_[}nglry‘] and
_Q(S)[err] OH, whusiogl nmu[aémowsanéew - from al kyl, alkenyl, alkynyl,

cycl oalkyl, cycl oal kenyl Th@ﬁ’)’éro@%ytlﬁﬁtﬁﬁgméﬂ atom through which the L® group is | N the

above R[err] and Rl err] Qrgani c noleties, the alkyl, alkenyl, alkynyl,

cycl oal kyl ,  cycioingfl kethgR' anB’ bxd;oca@quxrbste(omlxlemupv@kynplesr oelndanireands t he
Rlerr] or R[ & rilcljl}rO%cn-coElXiQ{n f%?dé gy J\)Ia t?{]ﬁﬁ% gﬁ‘fé‘x’ Qﬁtﬁu{!‘/ y MEI?P apﬁa)ﬁaéipgx;de%ly

hal ogenat ed, The
het er ocycl yI hbdmglem(ailwl yllkgnw,,alk}'hﬂt Glcbslynll sicimalkenyhatyl, fognyl, alkylcarbonyl,
heterocyclyloxy rb rq vely
referred to as .ﬁ@eny fgf“\émyﬂ?[ @rﬂﬁéﬁﬁg\?’ ?j «{P%p&lc%xn #ﬁalée% {ca'goné’i bg"df ul | y

or partially hakgpigabatytshch thdf Frand L’ togesh;bmay bmlladlenmt dikanplen«)tofthev«by ffgrear r |

gr oups. .y contain,.a car 0

nitrogen or sul?artose{?eg}ﬁefeﬁr ou {%dl)r =’thﬁllgdﬁ %ﬂcom P%’ﬂ"(‘)‘f"%q%e?'%ggg"étg?bon _
atom of the lla[elom]hiMhﬁ[aeﬁan}acHaydrocar byI groups or a carbon 20 or nitrogen
atom of the Rlerr] or The

het
fol l owing are exenpl ary ﬁ %op i eroc%cﬂﬁwg_l ﬁmg‘{'pigf’%f}ﬂ 2 pm OnérF i s
joined to the Roined {o thy &’ ot:n‘rllqyﬂocm-bylhﬁMamcyM hougjr alkpisulAde yikenydsulfidayy | |,

AU TR Y TIRE 47 1§ 12

cycl oal kenyl cardikenylcarbonyésulfide,ar bonikynylcarivnidyllfidey car beyeidalkyRarbonylsulfide,
al kenyl oxyc

cycl oal kyl O)a}?bon %%f"ylcarbmyq%‘o@ﬁﬁ%%{' lg‘ﬁg%a’r"lﬁi@ﬁws%@F’?ﬁ’lﬁ(yé(gr)'ﬁonyl
The fol | owi ng asSEOXRBHNE(@), VL, 08D, cm'cunpsomfmglwneﬁm iy @pedred fiofm aifyl, L[ err ]
oxo, al Koy, - al Rt S cvoakiPiel IR, o1 el bes sk, © oyl oal kenyl oxy.
aryl oxy, al kyl car bony| mtye exemplary R* and R® organic moieties, the alkyl, alkenyl. alkynyl.
cycloalkyl, cycloalkenyl and aryl groups which form part of L* (collect-ivel_v referred to
20 as the L* hydrocarbyl groups) may be fully or partially halogenated, and/or substituted
with up to three L’ groups. The heterocyclyl, heterocyclyloxy, heterocyclylcarbonyl,
N _ heterocyclyloxycarbonyl, heterocyclylcarbonyloxy groups (collectively referred to as
the L’ heterocyclyl groups) may likewise be fully or partially halogenated, and/or -
substituted with up to three L’ groups.
25 L’ groups contain a carbon, oxygen, nitrogen or sulfur atom through
which they are joined to the L* hydrocarbyl group or the L* heterocyclyl group.
_ The following are exemplary L* groups wherein a carbon atom of L’ is
joined to the L’ hydrocarbyl or heterocyclyl group: alkyl, alkenyl. alkynyl. cycloalkyl.
cycloalkenyl, aryl, heterocyclyl, alkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl,
30 cycloalkylcarbonyl, cycloalkenylcarbonyl, arylcarbonyl, heterocyclvicarbonyl,



97 al kenyl car bonyl oxy, al kynyl car bonyl oxy,
cycl oal kyl car bonyl oxy, . cycloalkenylcarbonyloxy and aryl carbonyl oxy.

The L[ err} —group—+ay—eontatraea-nttroger-atom through Whi ch the L[err] group

S jOIned to the Rlerr] or R err] hydrocarbyl or heterocyclyl group.
Exanpl es include nitro and 5 nitrogen-containing groups of the formula
-NL[err]L[err#m%@Fi & N Llerr] and L[err] are independent|yercasnoddydr 0gen,
al kyl , al keny ynyl, cycloal kyl, cycl oal kenyl, aryl, fornyl,

al kyl car bonyl alkenylcarbonyl, al kygyl car bonyl , cycl oal kyl car bonyl ,
cycloalkenylcarbonyl and aryl carbonyl such that L[err] and L[err]
toget her may be al kyl ene or al kenyl ene to thereby form a 3- to

8- menber ed sat t ed n C | t rogen
atom10 to mhlabiféﬂo’iyﬁar8°"5r " a‘f’iﬁ&k‘:ﬁ%’m& h %ﬂynyh&gabrb&y 9y°1°vqk¥ﬁxy‘frﬁ1 rFHéw ng are
exenplary L[ ercjcloglkmyn&yudﬂmngi, aryxgaatbooyl amtlumyclﬂ{)marpony& joined to

Al kenyl sul 11de, - ai RO eI MRExTRREY bRk SRFRGD oxeen st of s

cycl oal kenyl sujofredi® thelLy hyidddchitgiEor }ﬁ{eiﬁﬁdlﬁrghﬂﬁ'y hy?dild:xfyl 64, alkoxy, alkenyloxy.

al kenyl car bgnyl sul fi de, al kyn If|

cycl oal kyl c%r bdyiony: ch’El%an‘%g ?/{9@? %’(‘é T*E&HSFVQUP’H glkylcarbonyloxy,

aryl car bonyl sukikdn§iRarb oups ofaik Jrlﬂf ks - S( QylcRAamkllcb®bs

“S(Oferr] OH ga%"e??%’o‘?{er (], - yhﬁf[ o e Lerr], bk lklé(s,)[e)]rk?x o,
wher ei n L[err]°yi° @W@’ﬁb@@' ?WOWEWWYW‘Y“‘“’W&W garbogyleyhy | |, cycl oal kyl ,
cycl oal kenyl , aryl and R M ga6uphaf! contain a nitrogen atom through whxchlt}{} ﬂ"ﬁ?ouﬁ)fse”pl ary
Rlerr] and R[err anjc nol eties, the alkyl, alkenyl.

cycl oal kyl , cy@rneémgﬁy | hydregarhyhor heseraeysly! gupvre r$u¢*bmmgsa1c9m@fnng[1esro}lps

}E‘Dl lecti Veﬂoy mSh& hed b %@up@%a%ﬂ? the fdribla YA LS AL ¢din Qf'Oléﬂé)L My, be

il ly or partially hal ogenated or substituted h up to three
L[err] groups. independsaterhydspesny| alkﬂetaéqemdyelkwéxyyclqﬂé%r@@}@M}damdnyl
heterocyclyl oxu&aa@agw RBahAr Ocm&»ehs@}rybonymﬁykms&yps (HEHyfc%tbb
referred to as L[err] hetérocycly ups ew se befuIIy
or partially heycloglkylearbenyl, spelpaligenylcarbongi, byivmgmy(édn qtﬂoqyplﬂcstbpmlééch_[ err]
groups. 25 10 uL Y, .5 Rt Ogen or
QU Tar at om ¢ HSu By o L' kbl BREPIGRAL B Qudy kAt 00 MR byl
group or tHé L§-memberedesasyrated o ynsapyratagdpring in combination with the nitrogefTiatent t9l | owi ng

~are exenpl ary Hug“,], fol ﬁedvvnerel n a carbon atomof L[err] is j oi ned
to the L[err] hydrocar het erocycl yl group: al kyl, al kenyl . aIkynyI
cycl oal kyl . cycl oa lkeeﬁquwmawlexemmrbﬂ-ogryenswherem W&r ﬁ@nyllf L’ is

al kenyl car bon &y 0 a .Cay
cycl oal kenyl carb nSny{ﬂmé/ary car ony?% hcteﬁ%?!:l? k{% ‘yl'c ?)Hr?el alkenylsuifide,

alkynylsulfide, cycloalkylsulfide, cycloalkenylsulfide. arylsulﬁde, heterocyclylsulﬁde

20 alkylcarbonylsulfide, alkenylcarbonylsulfide, alkynylcarbonylsuifide,
cycloalkylcarbonylsulfide, cycloalkenylcarbony!lsulfide, arylcarbonylsulfide,
NI heterocyclylcarbonylsulfide and groups of the formulas: -S(0),L", -S(0),.OH,

-8(0),0L."%, -08(0),,0L", and -O(S),OH, wherein L" is selected from alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, aryl and heterocyclyl.

25 In the exemplary R* and R’ organic moieties, the alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl and aryl groups which form part of L® (collectively referred to
as the L’® hydrocarby! groups) may be fully or partially halogenated, and/or substituted
with up to three L" groups. The heterocyclyl, heterocyclyloxy, heterocyclylcarbonyl,

heterocyclyloxycarbonyl. heterocyclylcarbonyloxy groups (collectively referred 1o as



98 al kyl oxycar bonyl . al kenyl oxycar bonyl, al kynyl oxycar bonyl ,

cycl oal kyl oxycar bonyl , cycloalkenyloxycarbonyl aryloxycarbonyl and
heterocyetytoxycarbonyt— Frre=—f-otrtowmnmg—are exenptary
L[err] groups wherein an oxygen atomof L[err] is joined to the L[err]

hydr ocar byl or heterocyclyl group: hydroxy, oxo, al koxy, alkenyl ox&)
al kynyl oxy, cydYo#ors%y, cycl oal kenyi oxy, aryl oxy, heteroc¥EH X

al kyl car bonyl oxy, al kenyl car bonyl oxy, alkynylcarbonyloxy,

cycl oal kyl car bonyl oxy, cycloalkenylcéPbonyloxy, aryl car bonyl oxy and
het er ocycl yl car bonyl oxy. The L[err] group may contain a
nitrogen atomthrou h which the L[err] group is joined to the L[err]
hydr ocar byl or &t basrotyely! gravpyp). m&udikewiset beo fadly - Qrmattallnllnlgst!{a@#-r dfproups
10 include nrtroa .oy formula -NL[err]L[err] wherein
L[err] and L[er rfPHPs %8‘8%{&@6% "{agy hydrogen. al kyl, al kenyl, al kynyl,
cycl oal kyl . cycl oal kenyl .Argl ygroup contautsetcalbon;)osi'gch nitrog&n)orrsylfl,lr atom through

al kyl car bonyl vik car bon bon ’

cycl oal kyl car bonﬁmhli@{}tl ’6’3\"1(’81‘1 egé? onywmé:rg@ LEXauR g °”‘ L) heteragyclyl group.

het er ocycl yl carbonyl suciThe followﬁdﬁe é:{emphiy Ia‘hgkot;{secheﬂemtaougﬂbhemmm'y.'he

| kyl | kenyl ene tgq.th f d
nsat urat 60 11 ngo Bat AAEPRERLPT FPHaci] ik b Al gt. SR oy

are attached.  cycloalkenyl, aryl, heterocyclylf alldAcadohyld alkerylc@ibenR) alkynylf#bonyl, gr oups

wherein an sul fur atom qQf I ned  t the err rocar byl
or heterocyclyl ¢ lelfyicatho 3b1 srﬂYJE‘P%!EmYEF'P%Mr s dPfeagranyl. ‘e?ﬂcl@ﬂgﬂ’ P"ﬁr de,
cycl oal kyl sul fi (iﬂoyroﬁy&}bea}rken&hﬁbuytwﬁryl aﬁlyh@wx;daﬁtenyl,heyam@y&dywrmw i de 20
al kyl car bonyl sul fid | sul.fid

al kynyl car bon§ §M1"‘Pqﬂﬁéy '°xy°arb°fz,¥§f@rvg<ary %’é‘raﬂﬂ HVF’QQYF'P’P&%“"““YI

cycl oal kenyl car bonyl sul f "I(ﬁ@ follown%ra‘x‘é %ﬂz?ﬁf}yﬂ.’sg%uds%erem an oxygen atom of L'

het er ocycl yl car bonyl sul f groups of the formul as; S%O err] Llerr],
-S(O)[err]OH, s joiveg( ) E*Er I»ferfrerqupl orchstergqyelyl ropper qumxan xoCplPer r] OH,
wherein Llerr] 'a&eﬁﬁé)@mﬁ@nﬁﬁm @Jcﬁiikm?l &RMIkenyloxy, a@lldfcy n)fkwro@y&)ll&@l kyl,
cycl oal kenyl , ar and heterocycly he exenp ])/
Rlerr] and Rer rafkylfrr@quetymleexl%bonrlﬁév- arlkwlwawéﬁw cyvé?quwfwbwb

cycl oal kyl, gycl barboRglioR 1 Sxy'Haii Gdterb adbdyldl. Ll err]

(coll ectrvel yyre erregylaI Slo ﬂé}y Hﬁ ey\era herd%glglacrb 4 ?ou may be
fully or partially hal ogéﬂrai-eczrouammpn@eaﬂtrosmwthrough\xr €Fp£t6‘°t'ﬂ’1r ee
L{err] groups. Thgidagh &wqrymocarb@t&rree%ewr PYohp. NRERhsymlshGRiRoNY | |

het er ocycl yl oxycar bony het erocycl yl car bonyl oxy groups (coIIectrver
referred to as groups include nitro and groups of the formula -NL“L" wherein L" and arg)g

the L[err] het er%y&,mlygr,ma, aRY1, | KGR, SEkyRgL, fipkibdiicAr chébdikebl. Varyl,

hal ogenat ed,

S

20  heterocyclyl, formyl, alkylcarbounyl, alkenylcarbonyl, alkynylcarbonyl,

cycloalkylcarbonyl, cycloalkenylcarbonyl, arylcarbonyl and heterocyclylcarbonyl such

\_ that LY and L'" together may be alkylene or alkenylene to thereby form a 3- to
8-membered saturated or unsaturated ring in combination with the nitrogen atom to .
which they are attached.

25 The following are exemplary L" groups wherein an sulfur atom of L" is
joined to the L® hydrocarby! or heterocyclyl group: alkylsulfide, alkenylsulfide.
alkynylsulfide, cycloalkylsulfide, cycloalkenylsulfide, arylsulfide, heterocyclylsulfide.
alkylcarbonylsulfide, alkenylcarbonylsulfide, alkynylcarbonylsulfide.
cycloalkylcarbonylsulfide, cycloalkenylcarbonylsulfide, arylcarbonylsulfide,

30 heterocyclylcarbonylsulfide and groups of the formulas: -S(O),LY, -S(0),OH.



substituted with up to three L[err] groups. An L[err]
group contains a carbon, oxygen nltrogen or sul fur atom through whi ch

the L[err] group—+s ju.“bd teo—ttre—tferri-hydrocar byt group or L[err]|
heterocyclyl group. 5 The followi ng are.exenplary L[err]
groups wherein a carbon atomof L[err] is joined to the L[err]

hydr ocar byl oa,olgs%ggocyclyl group: al kyl, al kenyl, al kyny,, &&g.;,},&ﬁj kyl ,
cycl oal kenyl heterocyclyl alkylcarbonyl alkenylca ony

al kynyl car bonyl , cycloalkylcarbonylﬂm cycloalkenylcarbonyl

aryl car bonyl , heterocyclylcarbonyl, al kyl oxycar bonyl ,

al kenyl oxycar bonyl , alkynyloxycarbonyl cycloalkyloxycarbonyl 10

cych o2l keny! oxid] BRI o 81 ¥) USRS, ek SRXb M oRigs o
is joined to tﬁByr#[.eidldalldwdy’dD&ﬂ{ebylla@ranhﬁét&bq&wcly| group hydr oxy, oxo.

al koxy, al kenyl oxy | Kynyl o y oaIka | oal kenyl oxy, _aryl oxy,
het er ocycl yl oxy, I“k&ché?"(%rfﬁ‘f/B’i‘g‘ ci’ﬁ]"ké‘i‘lﬁ flplyor 3. and’n is

al kynyl car bonyin@ep¥nderittycd, Qak By ! car bonyl oxy, 15 cycl oal kenyl car bonyl oxy,
aryl carbonyl oxy and heterocycl %6 bgg{l oxYy, The L[err]-
R ta%

group may céntain a nitFegEhok g‘HbW@ﬁ"tahémEf'éraﬂ]mfg?l@ﬁﬁ”bm is

joined to the LhgL rborﬁ}fﬂ&x@@d’n@ﬂm@&ch%ﬁ&ﬁﬁ@ﬂ@ I} HFeRIHP existUft Rnantiomeric
ni trogen-containing L" groups include nitro and groups of the fornula

-NL[ er r] L[ er r ] ansliséastereqmeticeforms apddn rgcamic]mixtuges thereof. mwerpeménﬁw §cops ek ogen, .
| kyl, al kenyl lhoal lyl,
al Ky al keny TthJ; Eééxn entioN. Cr\k éﬁ?éke or%ﬁ%&ﬁ‘%’i ?IB %%0 S'G%ﬁ{upecyc y

forrryl , al ky C car bony onyl",
cycl oal kyl car b@fﬁsereolselyerlsoal kenyl car bonyl , aryl car bonyl and

het erocycl yjacar bonyl su hacc mcgf\g%b%egg%mﬁ;ag Jf[e%,;,%%nbtbpq{s

a‘l’kyl ene or al kenylene tot ereby ered s turat ed or
unsat urat ed rimgieties. thorfollavdnd termswhave thh designated gremnings.ovnlesy explicitlyvitdtesh t hey
are attached. erwise: The follow ng are exenplary L[err] groups
wherein an sul fur atomof L[err] is joined to the L[err] hydrocar byl
or heterocyclyl group: Alkiyl skényl caad alkmhyﬂe&ultbl glmight or bmhéhedyéhain fi de,

cyel oal k! oul T b itecnUs! ey I 55 bl SR atald Lo dimof BHRL GV A 1! de.

al kyl car bonyl sul kKen car I'carb sul fide.
cycl oal kyl clar bgmgn)smﬂfnodmsamranmycat d@skmwdwlethmqlos @t ﬂqaeteqne triple bond

aryl car bonyl SULLLARe 3redlel 8k eFALROREH A S 21 Or oups of the
formul as: - S(%‘{:er r&yL?erJr;fe, - EWr r?%%.g
100 -S(O[err ] OLCynloalkyl andSychpflieny) refef torcydlic hudrdearton Erdues ofl 0B8 wher ei n
vel onl kenyl P okl X sy Bl Houp s samail B byciGHERR BB bt oy
forth above, nieassonendtmplerbded wititin thoeyclic staucthray $uitable cycloalky! groups include
20 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cvcloheptyl and cyclooctyl.
Aryl refers to refers to aromatic groups which have at least onc ring
~ having a conjugated pi electron system and includes carbocyclic aryl, heterocyclic aryl
and biaryl groups.
Carbocyclic aryl refers to aromatic groups wherein the ring atoms of the
25 aromatic ring are carbon atoms. Carbocyclic aryl groups include phenyl, naphthyl and
indenyl groups.
Heterocyclic aryl refers to a mono- or bicyclic ring system of about 5 to
about 12 carbon atoms, where each monocyclic ring may possess from 0 to about 4
heteroatoms, and each bicyclic ring may possess about 0 to about 5 heteroatoms

30 selected from N, O, and S provided said hetcroatoms are not vicinal oxygen and/or



| ndependently 0.1 or 2. 5 Certain of the Rerr] and R err]
substituents may contain asymetric carbon atons. Conpounds cont ai ni ng

steh—stbstituents—may—therefore—ext-st=TremanmtToTeETTT and

di astereoneric forns and in racemc mxtures thereof. Al are within the
scope of the present invention. A racemate or racem c m xture does not
inmply a 50:50 m xture of stereoisoners. 10

accordance wit V@92 scription of exenplary Rlerr] or R eFFT’C‘é?.}éugﬁnc
noieties, the following ternms have the deﬁbpnated meani ngs, unl ess
explicitly stated ot herw se; Al kyl, al kenyl and

al kynyl refer to straight or branched chain hydr ocarbons having 1 to
30 carbon atons (at |east two carbon atons for an al kynyl 15 roup) and no
unsaturation, atsulferaiemenExampnies ef e aane- snd higyslic rieg & Wﬁf“é’“‘%@l’i‘ﬂ‘,h“‘

respectively. F’ruﬁiiﬁ&a ,@er%fump?mﬁﬁheﬂé}@x%ﬁ; BdnSopyrabdle, 2OurReRf, i’]soth@no%-ig?o .

Cycl oal kyl and cycloal’kenyl réefer to cyclic hydrocarbon groups of

carbon atons, wrpymeleahiophenefhiry, thigradr, pmidazoles pyreagtectiazolen duipoling cpysimidingy |
group has at " . 29% PR TN ' cture.

Sui tabl e cycl oa|‘1¥§'{"§‘§?’%%é§’§9'i" c u%gyg%ggg%ﬁkﬁc})%?gb'y ?&Xe%ii %B’E%Jy' ,

cycl opentyl, 8ycl ohexyl, Bigmwl reffeeptoyphenyicsubspititesobyt sarbocyclic aryl or heterocyclic
Aryl refers to refers.to.aro | 0 ' . gl 4 ng
havi ng a conj ugaafyéas %’lﬁneeq %ﬁ’%h@ffg e#?%ﬁ%%&'ﬂgg@m%%}%g@% I C aIIE" b‘? ,

het erocyclic aryl aritktdrocyclyl refarotops stable 5- to 7-membered mono- oChiciaicyor| i C

aryl refers to ar I . groups erein the ring atons of. the 25 aromatic
ring are carbon 55‘?@%."’ '?‘5’8@?&%8"’%5?‘“&9&&%&’% twihid Bﬂ%ﬁﬁ"?‘“’ﬁé"ﬁ%@ Flyl and
i ndenyl groups. saturated or unsaturated, and whidatoefisisty/ 6f ¢atbofilaipimsraad drom be @ themo- or
Ricyclic ring,.system of gbout. 5 to about carbon. atons,. where each
nonocycl i c riqﬂg%‘ﬁ’ﬁ?’alﬁg'é g‘écgeﬁfffogfﬁthﬁgrt%p spnEp o a"‘{lgtag? YhFrgRahe %tﬁ%%réach

bi cyclic ring mayd psifus Gesroabmsimay optionalhy bé oXidibel eidahd nirsgedChesedagmt ey f r om
N, O and S provided, said hetcroataons are not vicinal ox n, and/

101 sul f lPP“%ﬂaB’fn?’P “é‘?tﬁmﬁeg’sa'@f inglyding 3pY, Sicy ﬁdgrgqpcygﬁ'ﬁg:hralnxge@ﬂgyxgt ens

i ncl ude, W t houtabove-defihdd/Helertlciéha rinBeis Fidbditoabenitad At The hkterdeyclit ndg may
benzopyrazol e, (zi)gumari n, isoquinoli

PEnZOBYLazol €. SOUIRIL D 509 IOLLUC! e BY Rt PG 80
pyridine, pynkdageRrocfit iaf PBichysultdiazhdeeation 6f HitabloOdtRctuteS Bamples obisiudh
tetrazole. heterocyclic ~ groups  include  piperidinyl, piperazinyl.  2-oxopiperazinyl.
2-oxopiperidiny!, 2-oxopyrrolodinyl, 2-oxcazepinyl, azepinyl, pyrrolyl, 4-piperidonyl.
pyrrolidinyl, pyrazolyl, pyrazolidinyl, imidazolyl, imidazolinyl, imidazolidinyl. pyridyl.
pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl. isoxazolyl, isoxazolidinyl,
20 morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, quinuclidinyl, isothiazolidinyl.
indolyl, quinolinyl, isoquinolinyl. benzimidazolyl, thiadiazoyl, benzopyranyl.
benzothiazolyl, benzoxazolyl, furyl, tetrahydrofuryl. tetrahydropyranyl. thienyl,
benzothienyl, thiamorpholinyl, thiamorpholinyl sulfoxide. thiamorpholiny! sulfone, and
oxadiazolyl. Morpholino is the same as morpholinyl.
25 Heterocyclyloxy and heterocyclylcarbonyl refer to heterocyclyl groups
bonded through an oxygen atom or a carbonyl group, respectively, to one of the to one
or more of the steroid nucleus, R* hydrocarbyl group, L* hydrocarbyl group or L’

hydrocarbyl group.



5 Biaryl refers to phenyl substituted by carbocyclic aryl

or heterocyclic aryl as defined herein. ortho, neta or para to the
poi-nt—of attachrent—of—the—phenyt=TTT0. Het erocycl yl
refers to a stable 5- to 7-nenbered nono- or bicyclic or stable 7- to

10- mrenber ed bicyclic heterocyclic ring systemany ring of which nmay be
saturated or wWosahisat ed, and which consists of carbon ategscambabe om one
to three 10 heteroatons selected fromthe group consisting of N, O and S,

and wherein the nitrogen and sul furiobet eroat ons nay optionally be
oxi di zed, and the nitrogen heteroatom may optionally be quaternized,
and including any bicyclic group in which any of the above- defi ned

heterocyclic rings is fgglggc}c@ylg;‘ypﬁ 51Ge gng.aTﬂ;g,ﬁgglﬁé%Céﬁu%Canh% may

be attached to the sterord nucleus thiou any heteroa arbon at om of
the 15 het er othyaugh & carbony! grviste ane qumpers of thetsieroid puslens, ¢ hyfirogarbit! Zup,

structure. Exa s lic gr oups i ncl ude
pi peri di nyl, gﬂ glﬁ’géz}l{’yr%%&p 051:(%1%%1]8% rlg’%l}ﬁrglyl , 2- oxopi peridinyl,

2- oxopyrrol odi nyl, 2- oxHeterpydppdarbonyleni mfers, tomherericydlylcatbopy lngroupdmnsiéd

pyrrolidinylg, razolyl .. [ Lidinyl., tmdazolyl, imidazolinyl

i ni dazol i di myl fk F‘b?vfffge'w‘m%%;??ea%'i vid ,"#g‘;‘}ﬂa"iﬁ' d%{"r‘fgﬂ"s,’ %3\’5‘8&“2?’%%’,“"'

oxazol yl , oxazblhydkocarbyl gioapmelZtldrbcartiysgremz ol i di nyl , 20 nor phol i nyl ,

t hi azol yl, thiazolidinyl, jsothiazol ui, nucl i dinyl . isothiazolidinyl,

i ndol yl , quinolinyl, i séH‘edcﬁ%f”fYr‘ry%‘?"%’L‘ﬁ | "da%s*rygﬁa%% &’6‘?“3@‘@!&?&“&’

benzopyranyl . cycloalkbryitatboliyl cand| ayylcartvmmls fefer 210 | iydieties hetein & ehrbaiiy dredpur vl |

t et rahydropyrapyl. thienyl, benzot hi enyl .. t hi.amrphol.inyl,

thi amor phol 1 nylC-ONIPFRYieg dne’ gabom AKors TSpya, P e SR 45 pined 10 0% afie, o) y1
rpholino Jos &&sidsaciBuspR4 Wpdridagtyl flip, 12 Bydrocarbyl group or L’ hydrbiekioi @emg) Y1 oxy

and heterocycl yl carbonyl refer to hetailgryocycl yéq gr oups bonded t hrough

an oxygen at onfgranalkyhafisayl; al&’f"éhﬁ?’c'? heretipdfiany! orayl grupgresrertyelo Sone

or nore of thealsdjeined @ tketatdhd grdgper r] hydrocar byl group, L[err] ..

hydr ocar byl group or ydr Qcar byl oup.
102 A"‘P‘Q‘t‘ AFPO0YY v | o??[}‘eyﬁ?i‘éﬁﬁ?‘l’“?”ef er ligygylgxycarbonyl,

het erocycl yl oxyycaiRiABxyRaMERA, cycloalkdnloRyéaiorsy! GRT £PIB¥cardérigURfcr & PBRLGT nore
of the sterqgid nucleus, R4 hy}gir ocar byjdesgro L[ err]. hydrocar byl group

or Lierr] Hydr RSB g Farbpmglgrote (C=0) provides the cirbon aiqup gl yhict e 2REA0H H oxy

refers to a hejofked foydnk bF B IsRANY huclud) R3 Hy@rasesl1 gﬁ:ufa.hl’w&bca?dy grepeeL’at om t o
one or nore of the steroid nucleus, R4 hydrocarby roup, Llerr]

hydrocar byl gr BPgeYiL[ &PtR 1#)4r SR arlipry-grfipyloxy.  alkynyloxy, cycloalkoxy,

Al kyl car bonyl , cydlokiRénpldx obalvky grodpk yespecGaih Rakh joiked ¢ @@tdbongegrdpny| |
cycl oal kenyl carbonyl and _aryl carbonyl refer to noieties whereln a carbonyl

gr oup Alkoxy, alkenyloxy, alkynyloxy. cycloalkoxy, cycloalkenyloxy and

20 aryloxy refer to groups wherein oxygen is bonded to an alkyl, alkenyl, alkyny],

cycloalkyl, cycloalkenyl! or aryl group, respectively, and that oxygen is also bonded to

W, onc of the steroid nucleus, R4 hydrocarbyl group, I.° hydrocarbyl group or L’

' hydrocarbyl group.

Alkylcarbonyloxy, alkenylcarbonyloxy, alkynylcarbonyloxy,

25 cycloalkylcarbonyloxy, cycloalkenylcarbonyloxy and arylcarbonyloxy refer to groups

wherein oxygen is bonded to an alkylcarbonyl, alkenylcarbonyl, alkynylcarbonyl,

cycloalkylcarbonyl, cycloalkenylcarbonyl and arylcarbony! group, respectively. and that

oxygen is also bonded to one of the steroid nucleus, R4 hydrocarbyl group, L°

hydrocarby! group or L’ hydrocarbyl group.



(C=0O provides the carbon atomthrough which the noiety is joined to one of
the 10 steroid nucleus, R4 hydrocarbyl group, L[err] hydrocarbyl group or
cycl oal kenyl or aryl gr ohp, respectively, i s al :so j Oi ned’to t he ’
car bonyl group. Al kyl oxycar bonyl , al kenyl oxycar bonyl ,

al kynyl oxycar bqQny| cycl oal kyl oxycar bonyl , cycl oal ken %fnyl and
aryl oxycar bonylwg%qo@”to noi eties 15 wherein a carbonyl g%%ﬁéﬂ(‘\i@g
provi des the carbon atom through which the.miety is joined to one of

the steroid nucl eus, R4 hydrocarbyl group, L[err] hydrocarbyl group or
Ll err] hydr ocar byl group, and an al koxy, al kenyl oxy, al kynyl oxy,

cycl oal koxy, cycl oal kenyl or arylo group, .respectively, is also
joined to the carbonyl gMﬂé‘."%‘%’ a"%""ws“’)fg‘xe’ alkynyispifide, aﬂﬁ‘@ﬂéﬂﬂ&@‘?e’

al kynyl oxy, cyclQabdi@sulffdéGh@ayIsEIRML R¥F tPgBups Wherdh YAIRX ¥s BoRi&N 1o bR alllfIOUPS
wherei n oxygen i s bonded to an al kyl, al kenyl, alkynyl, cycl oal kyl ,
cycl oal kenyl or alesyl. alfyayipcyclastifb cysloalkepy! errpayligierp. wsaperivialyi andithatosubfgnded t o
one of the ster Qi Ohied BlFed t%%%i@“ﬁcl&&%dr&{aﬁ{&f ém{;y,@ E,cn%cg § group
or L[err] hydroca}’rb | group. yl'car bonyl oxy,

al kenyl car bon§/| @sapp or L hydre E®@EBonyl oxy, 25 cycl oal kyl carbonyl oxy,

cycl oal kenyl car bonyl oxy pr=TAY RN g rein

oxygen i s bonded to an a%fcart)gﬁ{/@,%’ a% %?é lﬁrcan?{%lﬁ&l',£Igﬁyﬁwrgésrum§%yl :

cycl oal kyl car borydloalkylgarbonylskiidy, ayelpalkenylcarhony sulfide endralydeagtiongiswifige, refer to

respectively, a . epn. |s..a de ne, of,.th tenoid

nucl eus, R4 hyd%%géér]%rmgrgu%éxﬁ[%?&r']ls L&(ae‘ﬁ%r%gg&%@r ona#’oﬁ%eégga%f%yrl’r]' '

hydr ocar byl gr owalkynylcarbonyl, cycloalkylcarbonyl, cycloalkenylcarbonyl or arylcarbonyl group, _

103 . I.fi de, | kenyl sul fi.de al kynylsul fide,

cycl oal kyl sumi fé?ecnvexy’ a“%?éﬁ'g giﬁ)ﬁ gsu?l?al %é’h%yné %’?3? éh Ui ?‘?‘8‘3 r’“é‘%‘és?’/ @o

groups wher ei n &ydréaarbyl gsoupolthydrocmbyligranployL’ hydrocarbyl grbigeny| , al kynyl ,

cycl oal kyl, cycl oal kenyl ,qr, aryl oup. . respect.ively, and,that sul.fur

atomis also bonded to oﬁg(ygfle %ﬁeég g’tae{ffgfgét %‘%Eﬁ’gﬁ%e,"f !240 Eﬁﬂpﬁ’b%?'ﬂ?lwl’éﬁlj’oup,

L[ err] hydr ocar imay be subgituaedpwidr 1 to[3dowér alkyDgrowpa obflly 6pattially halogenated lower

Al kyl car bonyl sulﬁ(’i lde al kenyl car bonyl sul fi de, al kynyl carbonyl sul fi de,

cycl oal kyl car boAYT'E T de, cycl oal kenyl car bonyl sul fi de and

aryl carbonyl 8ul fi de ref eAlkesiylenc refersgoooal peaighin @hain bridge Sufl X wr 5 adarbon atotnsbonded

to a al kyl carbonyl.. al kenyl carbonyl . al kynyl bonyl

cycl oal kyl car bor%ﬂ'%g %'f'/c"f (S‘g é%urll’yﬁ Q‘éfi%o”m’?h (514 g"r é‘l%né‘ﬁ%d(r)m’?}ig‘f’c}ulﬁ,walﬂky l

respectively, agmbupstonfullgot gartiallghaibgdnstedioner diomgeapst 0 one of the steroid

R;g:, gg:;, b5|4 gr Oup'hydr OcaM?c}j/rlxylglreorléIst tIB[aeI;tl; 'gh?%l(iiarix? relnglgny Zg{ooge:ag{)n %Iogsr]
having one or twe triple bonds, which may be substituted with 1 to 3 lower alkyl group

20  or fully or partially halogenated lower alkyl groups.
A lower alkyl group refers to C1-C5 alkyl groups, e.g., methyl, ethyl. n-
propyl, iso-propyl, n-butyl, t-butyl, sec-butyl, iso-butyl, n-pentyl, iso-pentyl, etc.
Halogen refers to fluorine, chlorine, bromine and iodine, and a
. halogenated group refers to a carbon atom having at least one halogen bonded thereto.
25 Formyl refers to -C(=O)H; hydroxyl refers to -OH; and oxo refers to an
oxygen atom which forms part of a carbony! group.
A pharmaceutically acceptable salt includes acid addition salts and base
addition salts. |
Acid addition salts refer to those salts formed from steroid compounds of

30 the invention and inorganic acids such as hydrochloric acid, hydrobromic acid. sulfuric



Al kyl ene refers to a straight chain bridge of | to 5 carbon atons, which
may be substituted with 1 to 3 lower al kyl groups or fully or partially

hal ogenat-ed—l-ower atyt—groupsT— 15 A'kenylenc refers
to a straight chain bridge of 2 to 5 carbon atons havi ng one or two
doubl e bonds, which may be substituted with I to 3 | ower alkyl groups

or fully or partially hal ogenated | ower al kyl groups.

Al kynyl ene r evessm2450 a straight chain bridge of 2 to 5 cachom8v490rs

havi ng one or two triple bonds, which may be substituted with I to 3 | ower
al kyl group 20 or fully or partially halléfenated | ower al kyl groups.

A | ower alkyl group refers to C1 -CS al kyl groups, e.g., nethyl, ethyl. n-
propyl, iso-propyl, n-butyl, t-butyl, sec-butyl, iso-butyl, n-pentyl,

ibs o-pentyl g _etag;d, nitrc acid, phosphoric gcid andHé s Bndlﬁ-fc@gaﬁic;aﬁdi budR s BRtic gdm.or i ne,

romne and iodine, and a . hal ogenat, oup,.refers to a carbgopn atom

havi ng at | eadtoRRF Fﬁg(ﬁj\‘fﬁh‘bﬁﬁwrgﬂ‘éra‘é‘ ’o‘.”gés abid, maleic acid malonicrggidyy |

refers to - C(=Ghdiic BMar Minkic a6l e tafati® aci@titrRNEid tenoRl RIE dfhaRit acid, OXygen
atom whi ch forms part of a carbonyl g

roup. o A
phar maceut i calfapdelicc aqid amrthangsplfonic naqid, o'ég"“a%‘ffﬂmﬁd’didt iPopluengsulionisndfibase
addi tion sakt Sgjicylic acid and the like. Acid addition salts refer to those salts
formed fromsteroid conpounds of 30 the invention and inorganic acids such -
as hydrochloric acid, aiskitinn ealta dndudesthpyeysalty derived from steroids of the _
104 aCliflyentibnldnll @n_o?%ig basB$ Qe R BOliiampdesbsiaRithil ém.ﬁnm@,&q{c% organi ¢
acids such as acetic acid. propi oni c_acid, choflq acl d, pyruvic
aci d, oxal ic dudgdesiumnlinon.ingcéoppermanganese. ahiminum salts ang the like Suitahleisalts unari ¢
acid, tartarig ' g Ld: ' ' L DRRITLC '

ndel i ¢ aci d,q"&rrlgdtegléenagﬁs'ﬁniuglﬁ C aéﬁ%@h’%ﬁg?ﬁ?gﬁ% acrd ,a p‘!e?i gfduféon%sul fonic
acid, 5 4@l inhgimaceutically acqeptablre drganis. non-toxic bases include saltsBaf eprigmdi.ti on
sal ts include salit [ f ’ rol: . [ jon and
i norganic basesggggagﬁ g'lsfl SO %rﬁ“ gi%E"S’t g%gi:“géreng ﬁl?%i g‘%l]ua‘g%%tﬁ‘fa& &\ég'ﬁ%{;um
magnesi um i r gabstikitedc amirngp p eyclic mamipen eand, basicinionuerchanige sresingl tsked las ke.
Sui tabl e salt inclu IO Nk. assi di yr j um and
magnesi um sal tg séo%?&lla}\?fe}’g’ fggnrﬁt' @W’%r%@%ﬁ?@%’al F”fmgié'é‘g“%t abre. ?aég%ei‘ c
non-t oxi ¢ basethapglghinele adimethyddmipedtianely, 2-diethymooettaaol, &imethaprite, ar y
am nes, substif Lnes Jhncl udi. nat ural | ool [ tituted
am nes, cy??i cé'%%lgﬁeé‘gmg;hg ti#ass |%b %?%ﬁg%‘x gﬁ%%’géé ér/eS| %s?‘ro‘s:%%ﬁ’ hﬁgraga%ée‘
i sopr opyl ami neholiner i betainay | ethylenediamide, e ghpdsaminee . methylglepinine arthepbromine,
tripropylam r"?mn’nes, piperazine, piperidine, N-ethylpiperidine, and the like.

In another embodiment, the present invention provides compositions

which include a 6,7-dioxygenated steroid compound as described above in admixture or

20 otherwise in association with one or more inert carriers, as well as optional ingredients
if desired. A pharmaceutical composition comprising a compound in combination with

a pharmaceutically acceptable carrier or diluent, the compound having the formula

25

including pharmaceutically acccptable salts and solvates thereof, wherein:



et hanol am ne, 2-di net hyl am noet hanol, 2-di et hyl am noet hanol
trimetham ne 15 dicycl ohexyl am ne, | ysi ne, arginine, histidine, caffeine,

ptocatnes;—hydrabanie; chrotire. —betarne, —ethyrenedianine,

gl ucosam ne, nethyl gl ucam ne, theobrom ne, purines, piperazine,

pi peri di ne, N—et hyl pi peridine, and the |ike. I n anot her

enbodi nment I nvention provides conpositions Wy fodkod NCI ude
. , ICAY7,

a 6, 7-di oxygen %ﬁﬁ?@rm d conpound as descri bed above in adm xture or 20

otherwi se in association with one or norejgqnert carriers, as well as
optional ingredients I f desired. A phar maceutical conposition
conprising a conpound in conbination with a pharmaceutically

acceptabl e carrier or diluent he c nd_hay| t he ul

[er r]p 25 i nc B ﬂfgcéhﬁﬁ*ngggggi gg\'l E@*a‘g@eﬂda{;% is; IpdeRendsatly

sol vat es t her eofgbswiRd Sith: -x -R‘ and OR'

105 . Cl0, Cl13 and Cl14 is

i ndependent | y subste?"{hL&fé:d g\}tqﬂ} 4 Cllela,rfalS @j;ﬁ and C17 is independently
each of Cl, C2, s(RRitufed withhlubshithént sdickted ffohb(aPbidby Kerélﬁ ' ndependent | y

substi t.ut ed V\nthasubstltuent selectedfromq(’ _‘ &]z ) n
(a) represehts one of : @O rpEwRpEOnt PFRFQr TERIR). )(R)(C(R')(R D aﬂd

-C(Rerr])(Rerr.

-(C(Rerr])( R[(]Qr(éﬁﬁ‘ﬁ? )L ‘(ﬂeﬁﬁ{eﬂ%e&ﬁﬁﬂlég%@t?rom | to about 6; and
(b) represents two of: (b)X, rﬂRF%ntﬁ]tWawﬂ KR[Feralnil -O&hwmhaﬂemﬂmmﬁﬁdent |y
sel ected at eac the A/ B, C and D rings
may |ndependentg &bé&lé¥ ﬁg?;&/&gg%nﬁ? ated, partially 10 saturated or fully
unsat ur at ed; the A,B, C arR[Qenni}S thay iadependenthy bet Rutly samgratgd, pagsialiich

that -OR isq RERLARE bodu YL %8k,

R' is H or a protecting group such that -OR' is a protected hydroxy}
group, where the C6 and C7 -OR' groups may together form a cyclic structure _}_Nhich
protects both hydroxyl groups; ‘

R* at each occurrence is independently selected from H and R’;

15 ' R’ is a C, 4, organic moiety that may optionally contain at least one
heteroatom selected from the group consisting of boron, halogen. nitrogen, oxygen,
silicon and sulfur; where two geminal R* groups may together form a ring with the
carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide or iodide;

20 with the proviso that C15 is not bonded to an oxygen atom.

In preferred compositions: C17 is substituted with a hydrocarbyl group;
such as a C,-C, alkyl group; or such as an olefinic group of the formula =C(R)(R"),
where preferably R* is hydrogen or C,-C,, alkyl; in a preferred embodiment the Cc17
hydrocarbyl group excludes -CH(CH,)CH,),CH(CH,),. In other preferred

25 compositions, C17 is substituted with two atoms independently selected from hydrogen
and halogen atoms; or C17 is substituted with at least one oxygen atom; or Cl17 is
substituted with a hydroxyl or protected hydroxyl group; or C17 is substituted with a
carbonyl or protected carbonyl group; or C17 is substituted with an alkoxy gmup.. In

preferred compositions, the substituent at C17 excludes



group, where the C6 and C7 -OR[err] groups may together forma cyclic
structure which protects both hydroxyl groups;

Rlerr] at each-occur+ence—ts—tndep ed Trom H an err]; 15

Rlerr] is a CJerr] organic noiety that nmay optionally contain at |east one
het er oat om sel ected from the group consisting of boron, hal ogen, nitrogen,

oxygen, silicon and sul fur; where two gemnal R err] groups may

t oget her for ygofaéy W th the carbon atomto whi ch tgigicasfisasgaot h
bonded; and X represents fluoride, chloride, brom de or .
| odi de; 20 wi th the provisaoshat C15 is not bonded to an

oxygen atom ﬂ In preferred conpositions: Cl7 is
substituted with a hydrocarbyl group; such as a CJerr]-Cferr] alkyl

group; or such as an olgfinic group of the formula =C(Rlerr])(Rerr]),
where preferably R err]lfis hydrogen or Jerr]-Clerr] alkyl; in a preferred
enbodi nent the pyl group excl udes

-CH(CH err])(CH err])[err @Eerr])[err]. In other preferred 25
conpositions, C¥™is substituted with two atons independently selected from
hydr ogen and hal ogen atons; or Cl7 is substituted with at |east one
oxygen atonm or Cl7 is In otherspribfetred cungpasition, IC18 ik pabsteaed with yiodiyemigend

hydr oxyl group;, or Cl7 |.S.S | t.ut. ith a rJaonyl ,or brotect ed
carbonyl group® @B BRYF |b§ 'sssﬁﬁsi‘k“."t"u"f@'ﬂ‘yﬁ"?"ﬁ' and ong ?fd%;’lgr"&ﬁ%% ’ ?‘WR"' o5
preferred conpedstituad svith hipdrogerimitlior G¢ istbomded @ at 1eaxtadne Hedvogen such that when .
106 . er . I.n other preferred
conposi tion,? cfA§ EQ"Q%IQ'E'W E]}‘QQFWPWS%CR%P%Q%W“ to eitigk xygen fﬁﬁ‘a}‘m 4 is
substituted w hidebped RN IfstHerQrddertll contpositiBh,6T4 ik borided (wMMylitogewdy C5 i's

substituted wth hydrogen; and/qor C4 is bonded to at |east one hydrogen
stch t hat V\hen°‘r‘}5 i %%s‘s B‘B}a{?@‘&edttﬁ eHRES OX¥RER GF IntWer Yo aipmi3lny ano bonded

to either oxygcgﬂ_fe%% tcergpdmion, C4 iﬁw?]aﬂgage Mnetiiyd SRy Mﬁhnombglrnop aﬁfded gdyo

conposi tion, LS. bonae O WO rogen ato on n I S not
bonded to eit h&}eth&wg&ﬁmg'r g sts‘fwf%/fgﬁdrcggmﬁma% COPFOUBHBIANER MYroBen Y of o r e
conposi ti onio Césiiss tHe QiAe dortfiQuidBdn) Vih afidthey pidieied CmpdsitidR! thd QuatREnds Babeno

an -OR' group at C6 with the alpha configuration. In another preferred composition, the

compounds have an -OR' group at C7 with the beta configuration. In another preferred
composition, the compounds have an -OR' substituent at C6 with the alpha
configuration and an -OR' substituent at C7 with the beta configuration. In other

15 preferred compositions, the compounds have at least one of C3 and C4 bonded to an
oXygen atom, and in a preferred embodiment, both C3 and C4 are bonded to an oxygen
atom. In another preferred composition, C10 of the compound is substituted with a
methyl group; and/or C13 of the compound is substituted with a methyl group; or both

N C10 and C13 of the compounds are substituted with methyl groups. In a preferred
20 composition, both C6 and C7 are bonded to hydrogen atoms. In another preferred
composition, at least one of Cl, C2, C3, C4, CS5, C8, C9, C10, Cl11, C12, C13, C14,
C15, C16 and C17 is substituted exclusively with hydrogen atoms, and more preferably

C1 and C2 are substituted exclusively with hydrogen atoms; and/or C11 and C12 are
substituted exclusively with hydrogen atoms; and/or C15 and C16 are substituted

25 exclusively with hydrogen atoms. In a preferred composition, the compounds have a
saturated A ring; and/or a saturated B ring; and/or a saturated C ring; and/or a saturated

D ring. Compositions with compounds having a saturated A ring are preferred, and

compositions with compounds having fully saturated A,B,C and D rings are more



methyls or fornyl. In other preferred conpositions, the conpounds have a
hydrogen at 10 C5 in the al pha configuration. In another preferred
i ', AP x " gr oup o CG ' pha
configuration. In another preferred conposition, the conpounds have an
-OR group at C7 with the beta configuration. In another preferred
conposition, the conpounds have an -OR substituent at C6 w al pha
confi guration gﬁﬂmﬁﬁglOR substituent at C7 with the beta coﬁ??%ﬁgg%ion. I'n
other 15 preferred conpositions, the conpgunds have at |east one of C3 and .
C4 bonded to an oxygen atom and in a preferred enbodi ment, both C3
and C4 are bonded to an oxygen atom |In another preferred conposition,
C10 of the conmpound is substituted with a. met hyl. group; and/or C 13 of
the conpound i s PEBEH; tlﬁtaéﬁfi‘?/\'/i Rreferted compositiqn, 15> rigg of compoun %3R4 c13

of the conpoundgomiif a%&?@ﬁd Skt Wintyt 410thy pre@iradiqdnpoditiond CP ragll @4r ifdhe20
conposi.tion, both C6 and C7_are baonded to hydrogen atons, | n another

preferred compryad ereqiet beth sphsgued splely gyithcaydrogen atemas.  Baese egmpagigionsy,
C10, C11 , C12, yC13e ulchor the treatieni of SstatlrgyLififlirimatiok HichidiHeGetn@sC hassi vel y
wi th hydrogen atoirs, and nore preferably Cl and C2 are substituted

excl usivel'y wi t thrpplensisgchhesst compositionsl/may alsq be fymmeddint ymedicament, syhisbtmayut ed
exclusively wit hxs%qm%%am@ﬁm or SAHHI0 asthwha, MAGy, GrlifinfHafion H@ﬁ&ib%h&fz}ﬁﬁis?f’
exclusively with hydrogen atons. In a preferred conposition, the conpounds
have a sat andthesthbpsis.i ng; and/ or a saturated B ring; and/or a saturated
Cring, andior a salural Qflese comddsiibOare CRERPSIs! KN Sxafple). £AP QR NAVI N
a saturated Aring are pre?erre , an conp'osmlong Wi th”conpounds

havi ng ful |l y satonvetied nigaBCofimdkifg biulk cpbipmexts,nayrpharmaceutical compositions.  An _
107 pfef err r red. A, Ed Regypf the
(%)/rrpound doe{s(?ng{sa’ggre JnEogﬁ'{" gilt Hecgmg{;@élgfltged's@%?ﬁér %ﬁ %ﬁuégﬁi |é’nost erlg'
preferred conposicasumhle 1G3 sandirdCasseyf ptoedures and geshpiques desaare wedlt kisenhand
substituted sol elv wth h oge T 0 [t YheP€ Used
for the treat rre%?‘)‘%:fmgs? ?‘r‘gg" a g?“d?/ﬁ?%f Ir}ggrfgaabt%i %ﬁ%ﬁc‘ﬁ%??\%‘%ﬁ %i_tei s, and
5 thronbosis. Thmeemiooovil gehdrallynearynfrgmaibews 0081 fvabotecabbuit89 wt¥metlthe emtivet |

whi ch may o used in the treatnment of fqr,exanple h I ALY

i nflammation i n&eﬁgﬁ ?{Bhea?qt"f?rp flg‘lms' Tﬁe cam%snlaa’f'%rag%%}é%f%.ﬁ%h &8s nt dL

These conposli i enshawise uswalenily sact withra comaonol ef the snventiopt Eratepliebxf suitable
conveni ent neans_af_ nmaki ng bul k shi t s r_phar eut i qg&gls'tions.
An 10 assayabl & egrﬁa)ﬁ’ﬁ > a(‘5'19 v régﬂlffgﬁsﬁb(rj["?%fs’ %"ﬁg % ﬁl\(}ée%n‘%}ilﬁ‘g‘n’!d'|L §g%rlllangnountilpmhi ch
is readily HighRedomivinge biyuid tChrmimtograplys@iPLO) mb’dwgganarmlvswshmmes as
are well known ango&Htale(jﬂ%}[f Ecree?a?el, ﬁletxglge agx thté E}Qesﬁ &nd’ plﬁhllrrlage%ticlzarl]lyta&%ptglglé canfé?? ayabl e

e
anounts of a coﬁ"b

Thus, the present invention provides a pharmaceutical or veterinary

20 composition (hereinafter, simply referred to as a pharmaceutical composition)
containing a 6,7-dioxygenated steroid compound as described above, in admixture with

s a pharmaceutically acceptable carrier. The invention further provides a pharmaceutical
composition containing an effective amount of a 6,7-dioxygenated steroid compound as
described above. in association with a pharmaceutically acceptable carrier.

25 The pharmaceutical compositions of the present invention may be in any
form which allows for the composition to be administered to a patient. For example,
the composition may be in the form of a solid, liquid or gas (aerosol). Typical routes of
administration include, without limitation, oral, topical, parenteral, sublingual, rectal,

. vaginal. and intranasal. The term parenteral as used herein includes subcutaneous

30 injections, intravenous, intramuscular, intrasternal injection or infusion techniques.



invention will generally vary from about 0.001 wt%to about 80 wt% of the
entire wei ght of the corrp05|t|on Inert carriers include any materi al

whi ch—does—net—degratde—15—or—othrerwrse—covatrentty react with a conpound of
t he invention. Exanples of suitable inert carriers arc water; aqueous
buffers, such as those which are generally useful in Hi gh Performance
Li qui d Chromat ography (HPLC) anal ysis; organic solvents, such as
acetonitril e, wodpesacet at e, hexane and the |like; and pharaucsTopenl |y

acceptabl e carriers. Thus, the present invention
provi des a pharmaceutical or veterinary conposition (hereinafter,
sinply referred to as a pharnaceutical conposition) containing a

6, 7- di oxygenat ed steroid conpound as descri bed above, in adm xture with
a pharnmaceuti cd‘hkr;naemneqbtab;bnsnmamf therinvenition dre foemolaed sé usrtomrowpthoudtdes a

phar maceuti cal 0 I ning, an effecti a

6, 7- di oxygenat é??r%dfegfsc?"%%% 3" gesgioawla%éfe?e? F‘%’@ﬂmg‘ﬁ’%gpgf ﬁ°’3%°§"88? ation
wi th a phar macesls patiahtl Ioﬁ@ﬁsﬁﬁﬁn@.hiaewﬁlébéradxﬂfmste?& toa patzenl take the form off ¢ or
pharmaceutical co 03|t|ons sent nven be in_ an

form whi ch al | &% ‘b‘?get ‘r‘f@‘st\ﬂﬁﬁ%i rtq Bfe §ts§\ggdd‘isﬁﬁea“‘b‘a#deﬁt For_
exanpl e, 5 tcb:aa.ﬁ%pstabidu@ahrmyfoh@mﬁhdmepmhfyldaaosagesmhsd liquid or gas
(aerosol). Typical routes of adm ni stration include, wthout

limtation, oral, topicaflaterjgls-user iorprppantgthe iphaymageuticabeqmgpositions shoyd ¢ nal |

and intranasal , hihsceheéanyp&eamwnabxlam S BRLUAB SN 11 v bk €Gidert WGBS BREOUS 30
|nJect|ons |ntravenous I nt ramuscul ar i nt rasternal |nJect|on or |nfu3|on

t echni ques. ordinary skill in the art that the optimal dosage of the active ingredient(s) in thg og
Phar maceut i cal pEaRRQslidal QBmpYsitioR Swill I WNa ot OF Mt €RefParR adifts @l | oW -
the active i ngredients contained therein to be bioavail abl e upon

adii ni st r at #®n inplude.rvdthetlimpitgtion. dhe type of spbjech (g hugap), thepamtisdan foamal theat wi | |
be admi ni st er edghQ n%reﬁfbtnl %trnatxlﬁéf%f&i?tﬁmgt&ilgﬁ Q‘Tdtf?élsmg&mon emplpkg dosage
units, where for exa a tablet may be a single dosage unlt and a 5
contai ner of steroid inmeeossl teopharmagputical eprepopition ancludgs en asiea§d- uni t s.
Material s used gy REARRLEDR dobipolas b BE&E el %@Jemcﬁxnﬁgﬁhﬁﬂe%ﬁx e nthrb©

phar maceutical Iy pure and non-toxic in the anounts used. w1l be evident
to those of carrigrp.d | progagrics(R) may herpagtiqulatg,sp thapthe cqws&pm&mlfommfe imf the
active ingresli effet 89 pdvﬂiext Rfn. The cRha{sTRaE b h&uﬁ& uﬁﬁlW@&drﬂoBﬁo&é"ﬂcingdﬁPe”d on
a variety of factors. Relevant factors 10 1nclud t hout ation, the
type of subj ectxampleyan orslisyap) or ijprabimliquide Jn additiess the stmignte) may be gasepusy

i ngr edi ent, " t hg, BRPBRKidRhn AL ot i dn UL o) Sk SRR ARBATP! O o

In general, the pharmaceutical conposition includes dn active 6, 7-

di oxygenat ed st er oi d coﬁ*ﬂlﬁ]n@g’da% fot ozl pdrmiaistration.cthe compesitiomisxrefergblyiin h one
or more carﬂqer I orTgﬁd il b Wfidré Somi T, Sinililt) Glfleilidir andi Qef BAs dr1e

COHDOSItIOﬂS are, or eX
20  included within the forms consxdered herein as either solid or liquid.

As a solid composition for oral administration, the composition may be
formulated into a powder, granule, compressed tablet, pill, capsule, chewing gum, wafer
or the like form. Such a solid composition will typically contain one or more inert
diluents or edible carriers. In addition, one or more of the following adjuvants may be

25 present: binders such as carboxymethylcellulose, ethyl cellulose, microcrystalline
cellulose, or gelatin; excipients such as starch, lactose or dextrins, disintegrating agents
such as alginic acid, sodium alginate, Primogel, corn starch and the like; lubricants such
as magnesium stearate or Sterotex; glidants such as colloidal silicon dioxide;
sweetening agents such as sucrose or saccharin. a flavoring agent such as peppermint,

30 methyl salicylate or orange flavoring, and a coloring agent.



15 tablet or powder form The carrier(s) may be liquid, wth the
conpositions being, for exanpl e, an oral syrup or injectable I|qU|d
aerosol conposition useful in, e.g., inhalatory adm nistration.

When intended for oral adnministration, the conposition is preferably in
either solid or, liquid form where sem-solid, sem-I|iqui (ﬂ%gﬁﬂﬁion and
gel forms are X BIHY uded within the forns considered here s elther
'solid or liquid. As aygol id conposition for oral

adm ni stration, the conposition my be formul ated into a powder,
granul e, conpressed tablet, pill, capsule, chew ng gun1 waf er or the

|i ke form Such a solid sition,wl 'tIYeDtical%% Etaln ﬁ?ﬁ
i nert diluents or e cERPPPCR is R g pf RpsulsyeR-u} 8 V'é’a%sf'et he
fol | ow ng adj uvanisy BaaiR)€in ABditigh RSMBletials Bf (EEAbGveSHYPd) adlfquid carrier such as
carboxynethylcellulose et hyl %ellulose m crocrystalline cel | ul ose,
or gelatin; exmpﬁli}'@h)f%“eﬂ}'éﬁl onafay gilch, | actose or dextrins, disintegrating
agents such as al gi %Gc&ﬁﬁo@mo§ﬁﬂy%@nﬁhﬂ'f&ﬂ¢&?aE’d’uﬁr@%e|an BRI, ByRpar ch
and the |ike; Iubrlcants such as nagne5|un1stearate or, Sterotex;
glidants such® agolution; gmulsipn &y pyseension chbe diguid may besfe etk AdmigisaRjion Lo fech as
sucrose or sacclaives, b,a ikt RYR dsNEvA BRitple3 UCVhES iRGREL TSP &thl: adfinidRiton!
salicylate or orangé flavoring, and a col oring agent.
109 preferred composiipFPni3iy ua:eﬁﬁiwg.t@ the present quROH@S#Wr?F groreelcapsul e,
e.g.. a gelatingg al%% ea ent, preseivhtiviE %@E&Bx@htnand'ﬂlva' |aé?” ihQ G&ﬁ&H s of -
the above type, I qu carrier suc pol yet hyl ene gl ycol or a-
fatty oil. mtended to be administergh by dujagiion, erieom mug oba simfactant preseMAtyR, a
Jquid, e.g.10 aRefthi $ich, dRYdY Sbetliing Ager? Pitret! SRR The
Il\l/qw d may be for oéra t(§im¥n| 'g;t?ggtétl onLor n?ogen’ ! HQ{M\%?‘?/’ by «fh?ﬁ gegc%?tl on, as
two exanpl es. Wmenbg imeludeded for oral administration, preferred
conposi tion contain, in ggdjitip P OQRRethd e of a
sweet eni ng agent, pr eser?/}at M/l 9'“5‘36} For a ngﬁggmg\%&gﬁhangerr d?é}r
conposi tion be joitionsl eespensiohsorathr hk@ﬁom gupyliyelyda jore¢ri raore obthe ﬁ!illowmzr e of a
surfactant, pre v t t ndi ng
surfactant, P eRBiKAL) VGerd BBl LR, G px B! SUOE BURH, paaRs
The |iquid pHar pesielegicelasalivo Rinesi's lscdmmnoisomhls sodivm rehlogide. fidae tokle sudhhasy
be solutions, s ' Ry OEnShediy € Of
the foll ow ng %Hﬁpéhgéb;%? ggy%ll;‘%é hfcé%(fp%‘g%lt S sﬁ)hﬁm &qﬁs/gt er g;%r )
i njection, sali ntdy%lndlm igtyaols, iy, phripyledeSglyqoh psotidr sojvants; amibhéterial agRintsger ' s
sol ution, isotopgj ' X t C nono
or digyl ceri desm\x}ﬁ F%%ﬂ%'ﬂc&m 9{3 tlnéalsyl tp&xjaf)( ?n\?lé)h?an%l'ls%h %%scognc acid/ 8 &99 Enln

bisulfite; chelatmg agents such as ethy!enediannnetetraacenc acid; buffcrs such as

20 acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium

. chloride or dextrose. The parenteral preparation can be enclosed in ampoules.

(7 disposable syringes or multiple dose vials made of glass or plastic. Physiological saline
is a preferred adjuvant. An injectable pharmaceutical composition is preferably sterile. =

A liquid composition intended for either parenteral or oral administration

25 should contain an amount of the inventive compound such that a suitable dosage will be

obtained. Typically, this amount is at least 0.01% of a compound of the invention in the

composition. When intended for oral administration, this amount may be varied to be

between 0.1 and about 70% of the weight of the composition. Preferred oral

compositions contain between about 4% and about 50% of the active steroid compound.

30 Preferred compositions and preparations according to the present invention are prepared



pol yet hyl ene gl ycols, glycerin, propylene glycol or other solvents;
anti bacterial agents such as benzyl al cohol or nethyl paraben;

anti-oxi-dant-s—steh—as—ascorbic—actdor Sour um prsurfite, chelating

agents such as ethyl enedi am netetraacetic acid; buffers such as 20
acetates, citrates or phosphates and agents for the adjustnent of tonicity

such as sodi um chl oride or .dextrose. The parenteral gm;lon can
be encl osed i K5} es. di sposabl e syringes or nul tl(%f&B ose vials
made of glass or plastic. Physiological gl ine is a preferred

adj uvant. An injectable pharmaceutical conposition is preferably sterile.
A liquid conposition intended for either parent eral or oral adm nistration
25 shoul d cont ai 0, an anount, of the inventive c ou ? such that a suitable

dosage will beSo that ad’ﬂfeafef?édi"saﬁ/b‘f"ééf"i"ﬁ'"s w§° by yeight i a9 106 of a

conmpound of theemppeedtion in the conposi tion. Wen intended for oral
adm ni stration, this angunt nhay be Vﬁl’l ed to be bet ween 0 1 anfi about.
70% of the weight of tH8%c qepticah, comBpyition, My Jpgjintended  fo i ons

cont ai n bet weeRgmaRidtiof Y naftctabigs the e nay BEitaBly lebijftise aQbRLish, Q%B%nd 30

Preferred conpositions and pr ,H‘ar ati ons according to the present i nventi on
are prepared oimment or gel base. e base, for example, may comprise one or more of the] 1

so that a paremﬁﬁﬁ% dﬁe&aﬂﬁnmmonaomﬁwfenb@ryw@meawm rﬂlﬁerﬁ%%m&wht of

active conpoun har naceuti ca conposi tion may
be intended fosuch@pmetgr and alcohgland eraylyifigrs emi stabﬂtzm Thickepiog agenes mayr b er nay

sui tably conpr bgGqfiSRl H&An%un@amb.ﬁb&nm fér mgacxtuaﬁ.mst@&ongeif if¥éRded f gxhe base,

for exanple, my conprise one or nore of 'ow ng: petrol atum
| anol i n, pol yetmsiemal gdwm&mnonb@@smosmm@val mdﬁde adralnéc@md patch osuch as

‘gg} er and awofm %hﬁ%es' g fc§l RHEuISEAD! hi n@:ﬁnﬁa}n Ih&&ﬁﬁ%ﬁ% goRM S may

present arnaceut T cal COﬂpOSItI ni stration.
I f intended fonnventxve cqmmnsdj@frfm abgtitfl. hioabew { 9% m/v (twfhrshmnpmotumm may

i nclude a transder mal p%&@bnioi% ositign m‘afﬂé ﬂ%?éderﬁé éclﬂ%&qugtratm-goﬂ' thiéform

formul ati ons may contain centration o I nventive confpound of
from about 0. 1ege ofimosuppasosywwhicl well ophelt peﬂleumtumwmi ucleﬂ)sc the drug. ‘The

The COMpOSi {1 Olodiubi? eV CREHh Qb ! conth i Aok b a tsiBabfor M

e.g., of a suppository whic e rectu e ease the drug.
The cohposeriritaing ecipieat t Siich habad infludes withaynlimitapion dnnblm rocam bateeagi nous
base as a sui tﬂ&}&hv}eﬁxe @g&l rritating excipient. Such bases include, wthout
limtation, oa butter and pol yet hyl ene gl ycol .

The conposi t| on may i ncFbelsompesitionsman tieniyda| weripnsi mhterialsl iwhycht medify the

physi cal form g\ysﬂ:alsfgl'nlx S¢ 9"solid Whiguifl AWALE uhi' or EQhuplE* A Rbiposhidi may

conposition ma
include materials that form a coating shell around the active ingredients. The materials

20  which form the coating shell are typically inert, and may be selected from, for example,
sugar, shellac, and other enteric coating agents. Alternatively, the active ingredients
N may be encased in a gelatin capsule.
The composition in solid or liquid form may include an agent which
binds to the active steroid component(s) and thereby assists in the delivery of the active
25 components. Suitable agents which may act in this capacity include a monoclonal or
polyclonal antibody, a protein or a liposome.
The pharmaceutical composition of the present invention may consist of
gaseous dosage units, e.g., it may be in the form of an aerosol. The term aerosol is used
to denote a variety of systems ranging from those of colloidal nature to systems

30 consisting of pressurized packages. Delivery may be by a liquefied or compressed gas



I nclude materials that forma coating shell around the active ingredients.
The materials 20 which formthe coating shell are typi caIIy I nert, and may

be—setected—from—for—exanpte; stryar; —strettac—amg—other—enteri T
coating agents. Alternatively, the active |ngred|ents may be encased
in a gelatin capsule. The conposition in solid or liquid
form may |nclude an ent which binds to the active s% 'g

conponent ('s) an? gby assists in the delivery of the ac fﬁéﬁsgp«m

conponents. SU|tabIe agents which may act ;i this capacity include a
nonocl onal or pol ycl onal anti body, a protein or a |iposone.

The pharnaceutical conposition of the present invention may consist of
gaseous dosage un| it may be |n the foarmof an gerosol. The term

S, €.4d.
aerosol is used orbya f%m@%ﬁa?e séiStF}Hr"I’l%‘E}y ispensey, thecaciive, WRGHRYS PR e of
col I oi dal nat ur eoinBodilis bHB inYention HidySHel diGveddd i SRBIE Phisz.Sl-pRATK 3P 8Sphake! | very

may be by a liquefied or, conpressed gas

111 or Fystensdip P'Edab‘Pé‘elb‘Gﬁﬁ’eg%"Fé’m‘%fﬁ'@ Drelivswrne ghe aempgol drolydgthe

i ngr edi ent s. Aer.ﬁ&a@ias, @dntainer, actiVRBROVAIGS, bec(;dih@neks'ﬂ\éﬁd%ﬂs QRd RY 1RE @Rk Vvered
in single phage, phasjc, or tri-phasic ens in order to deliver

the active infr éﬁﬂegﬁt’(‘@)fm‘m]‘ﬂ viseiprred aerosals gay b%‘!ﬂfeﬂpﬁe‘# Dins skiljed in the ant,

necessary cont ai3fbut uflele¥ Q{eﬁtau&{?' ves, subcontainers, spacers and the
i ke, which 5 together may forma kit. Preferred aer 0sol s may be
det ermi ned by one ski | | edVhether hia gplid, liquid o tghssons Jerthyethex pharmaesntical i on.

Wiether in soli dombdsfidh dr RE PQ@&?%&JOQH% chritfin PR %Qeel&tokvﬁ?)garﬁmﬁ%o\}ﬁical .

conposition of the present invention may contarn one or

phar macol ogi cal agents usedyimihs trgasadnt of a.SﬂlElat sllergy ninflammdtion {inblwding afthritisy pr
inflammationygi gl yugipg arthritis) or 10 thronbosis.

The phar maceut | ca*] gdgirgrpom tions may be prepared by nethodol ogy well
known in the pharnmaceut i da¢ plzrmnaceitical mmosmoasmaxibmq;mdrbdmmologmdclhave

been wi del y kndlGE u%iyhé’}&taéeu‘écan Q:Qrégn %E‘&érm‘& Lobs m%e%'td 53k bee%Pé’?' tion
I nt ended for therapeut| accor ? Ordrnary . skill in
the art is fam lussraswftivh ingregiiratsi in phgmetruddl cmnpm maemhd forTmeapmecr wied

conpounds of the, pre: Iﬁ!'éﬁg dJn QXele ok Io?cp aE;%klhemf B8 TH! At &idan Wi preparing Such

phar maceut i cal corrpos

conposi tion tht swdmlltrpus e atgroidhé amiponmsid obthe pn;saat:mvennon:mav befopnéged mth

by conbiningth ted st g0l d th water so as to forma
solution. A agﬂ% g ?‘ l° ma@{f cf"{'é(()mfamlltatethefornatlon of a
honbgeneous sol uti on or BO:ompusqnm'mtemdtdt&ﬁédmnmtcsbyanﬁctmmpmhﬂmpdrédat

non-coval ently lbptcgnrng}git g' 7 tcin)?(yg'setxlae sterm Owith water so as to form a solution. A
surfactant may be added to facilitate the formation of a homogeneous solution or
20 suspension. Surfactants are compounds that non-covalently interact with the steroid so
as to facilitate dissolution or homogeneous suspension o'f the steroid in the aqueous
— delivery system. .
The compounds and compositions described above have utility in
treating allergy and asthma, arthritis and/or thrombosis. The compounds and
25 composition described above may also be used to treat a condition associated with an
elevated level of NFxB, wherein a subject in need thereof is administered an amount of
the compound (or composition containing the compound) effective to lower the NFxB
activity. As used herein, “treating allergy and asthma, arthritis and/or thromboéis”
refers to both therapy for allergy and asthma, arthritis and thrombosis. and for the

30 oprevention of the development of the allergic response. bronchoconstriction,



as to facilitate dissolution or honbgeneous suspension of the steroid in
t he aqueous delivery system The conpounds and

conpositions-deseri-bed—abeve—have-otTtTty TN Treating alfergy and
asthma, arthritis and/or thronbosis. The conpounds and 25 conposition
descri bed above nmay al so be used to treat a condition associated with an
el evated | evel of NF[err]B, wherein a subject in need thereof is

adm ni stered &, @medst of the conpound (or conpositi pEnERbebdi Ng the
conmpound) effective to |ower the NF[err]B activity. As used herein,
"treating allergy and asthma, arthritis am/or thronbosis" refers to

both therapy for allergy and asthma, arthritis and thronbosis, and for the
30 prevention of the devel opment of the allergic response.

bronchoconstri Ciltlﬂagﬂnatxon and lhe f?]rmatlon of blood clots that cau t rombosis and associated
112 i nfl ammati on and formation of ots that cause

t hr onbosi s and diseasess i A dlsp used hergin, NFFKB getivity rgﬂerw any mreh@rceﬂmrea&ruwbe

Setivity of goyanRyibal @RUGH Bl ulPE RGN, iy o nab kAP b G T

bi ndi ng ofof anyymcmheknawfshe)NF-ﬂcBefathy kBprbizims koyallddNA ls@micasSreto:gna:hd bDNA
sequences regoghi this famly of proteins. An
effective a g‘f’ éf“q%'\(’}l%mémand or conposition of the-present i nventi on.

is used to treat aI | er gyAn Zffedtive, amanathefi 4 icsmpound lor corbmsitien iofi tie pasem bl ooded

ani mal, such as Vet hods, of adm ni ri a3 effectlve a

anti-al | er gy, mve"twg it usezgstf’ iz ﬁl %}T ﬂ%{’q 'ﬂ?ﬁsﬁs B RS rTDrJPltfc'(‘,jedagent s
are well known amnml lRéchads ta haunan. methbdscdﬂwmuﬁMngdmcﬁvﬁrﬁoamscanamf-auefgsval ati on,
oral or parent eral forns. Such dgsa i ncl.ude, hut are npt

Ui ted Lo parbieeh im0 Samrupeon Ay e el S0 T dis P s e
Ifpl ant s andot ﬁmdﬁmhxﬂﬁaixméﬁﬁnﬁayﬁoﬁmal darpaﬂem&all taimso mudloaa@ge foyid ens
enpl oyi ng-dry dose. i nhal ati on

i nhal ers or SUr |
devi ces. Gener &ffude HB‘F e n8'r limited to, ‘ﬁ‘fer“ff%é ﬁ%ﬂ‘é‘m&dﬁﬂ i §"lpf%{‘fsr Saingd 7S r r ed
for the treat nempians axﬂrﬁahsfdm&naisdm&y&iutmﬁo&ah}saxaua&dosaga lsys&nfsreaiplo@rng dry

I nhal ation/intranasag referred for , ast all er he dosage
amount and fre&ﬂ'@%é léﬁ? §Elpéeé§"é'ae"t5‘ ?‘é"ifé‘q}gﬁt‘%‘f BEEF-v c%‘é"\?gl’ gl Phe agent
wi t hout h&itﬁﬁ:éﬂou:ﬁﬁcfrﬁﬁ'&tianoﬁ tis pfefehe@mahahwx?énaagen}fﬂne Fhd :MQsags of

rom a

o/ Ko/ day whr UG B (o paipl g Herre i sariog ol 7 dpe dosage
anti-allergy, ambintagd HGuengnirt saledtél tol érfat@bn affdctivel 18Ved Bh &Hel el diGtus. 20
0, e o e N Dol Sl Yol O S0olt O Bl JELIGY oy
anti-allergy efhh®Qypically from about 0.1 to 10mg/Kg/day where administered orally or
intravenousty, for anti-allergy, anti-asthma, anti-arthritis or anti-thrombotic effects.
20 Also, the dosage range will be typically from about 0.01 to 1 mg/Kg/day where
administercd intranasally or by inhalation for anti-asthma and anti-allergy effects.
Administration of compounds or compositions of the present invention .
may be carried out in combination with the administration of othef agents. For
example, it may be desired to administer a bronchodilator or a glucocorticoid agent for
25 effects on asthma, a glucocorticoid for effects on arthritis, or an anti-histamine for
effects on allergy. Non-steroid compounds may be co-administered with the steroids of
the present invention, and/or non-steroid compounds may used in combination with the
steroid compounds of the inventioh to provide a therapy for one or more of asthma.
allergies, arthritis and thrombosis.



Adm ni stration of conpounds or conpositions of the present invention
may be carried out in conbination with the adm nistration of other agents.

For exarpte—rt—maybedestredtoadm i ster—a pbronchodi tator or a
gl ucocorticoid agent for 25 effects on asthma, a glucocorticoid for

effects on arthritis, or an anti-histamne for effects on allergy.
Non- st eroi d conpounds may be co-adm nistered with the steroids of t he
present inventi M9 %84 or non-steroid conpounds may used i M CEHBIHE on

with the steroid conpounds of the invegption to provide a therapy for

one or nore of asthma. allergies, arthfitis and thronbosis.

113 The followi ng exanpl es are offered by way of
illustration and not by way of limtatiaon. Unl ess

otherwi se stated, flash cHeofolewige spagplesare o8eradiy way of Eiusteavae dad BY¥HRY nay
be acconpli shed Wﬁ}gﬂmﬁ@&&# silica gel 60 (230400 nesh) 5 Flash

chromat Qgraphy may” be carried out according to the procedure set forth in:
"Purification of LaboratoPyleShestherwisg" statedy flagh t chepmatqeraphyr 084 t FOl4BIPnenann

Ltd., Ot or %%aé?gg%ﬂ§ﬁ%2%be[)'acgm Shett! RingMerd silica g1 667 (390-86Pmedtioe 23.

Col um chro ers to the process wnereby the flow rate of
el uent througts aFlashcéliremptography meayebe edrri¢ds ot cacearding, todthp yragedurs sst. forth im| |

cases [1aoh £ OBUREIARTY LA AL, I BSR4

i nt er changeabl y. erfor using silicd gel
on a Chronat ot r o@xfobl €1988), Bd24D. DkicRerirs end s bafFc Armitegoo page @3. Column
California).

t VI - r tion

m xture involves dﬁ?’f’%ﬁm&}%y (r)eff ers tothd %Eg?%%%&%%%@?ﬁgﬁﬁf#oaﬁh gf) ggcgﬁl c -
sol vent (ethyl ametsdds aletethieddhby geavilpr ) Inaaltl cases flash ochidnatagfaphi eind rregdiadi ¢
R xture with turated sodi um.bi carbonate {0l | [ um
chi ori de. TheF(fca)lr PPAlograply, may b usee mgelytlzeﬁgncge(a)lg 'r%gdgéfnrﬁ%?ﬁgﬁéggﬁe%gﬁ% i's
filtered and t heusing silidai gel bAatacCleviasmtonat Mddelc¢ W2¢TdHsrisan Research. tRaloyARd.d t he
crude product whi QB By or may not require further purification.

G BRL

A typical work-u ure for a Wttig reaction involves first 20
qguenching by the dropw seAaghidal ivosk-upfprodathee for Rhreactiinxhivtuee ingolvdsealilutitinl aft ed

wi th ethyl cetate and washed wi.th saturated sodi. hi,carb e _and
t hen sodi um chl oﬁfa‘é‘i“%%"m w“%@P RE R s?l‘é?g:éﬁ‘ fsa‘:%?tle 8"0‘!'%Ene]re {hﬁrgﬁ?l&e)‘g%hﬁlwg
sul phate, filtsr efthedtgantsaiukawittitsaturatel yodimeshicarbonate followed by saturatedAodiyipi cal

T S EA N RN TR W e
filtrate evaporated to dryness in vacuo to yield the crude product which may or may not
require further purification.

A typical work-up procedure for a Wittig reaction involves first
20 quenching by the dropwise addition of water. The mixture is then diluted with ethyl
. acetate and washed with saturated sodium bicarbonate and then sodium chloride. The

— organic layer is dried over magnesium sulphate, filtered and evaporated to dryness.

| A typical work-up procedure for a hydroboration reaction involves
pouring the reaction mixture into saturated sodium chloride solution (200 ml) followed

25 by extraction of the aqueous slurry with methylene chloride and then washing the
combined organic layers with aqueous 25% sodium thiosulphate solution. The organic
layer is then dried over magnesium sulphate, filtered and evaporated to dryness.

Reactions may typically be monitored with thin layer chromatograi:ohy
(TLC) using Silica gel 60 F,, plates (EM Science, Gibbstown, New Jersey) and an

30 appropriate solvent system. Thin layer chromatography may be carried out according to



25 by extraction of the aqueous slurry with methylene chloride and then

washi ng t he combi ned organic Iayers wi th aqueous 25% sodi um

t hi osul-phate—seluti-en—TFhe—organre tayer— 15 then dri ed over nmaghesi um
sul phate, filtered and evaporated to dryness. React i ons
may typically be nonitored with thin | ayer chronatography (TLC) using

Silica gel 60 F[err] plates (EM Sci ence, G bbstown, New Jersey) and an 30
appropri ate swWowepMslsystem Thin | ayer chronatography mayPaIECAIHO0ed out

according to 114

the procedure set forth in: "Purificatiod4of Laboratory Chem cal s", 3rd.
edition, Butt erwort h- Hei nemann Ltd., Oxford (1988), Eds. D. D. Perrin
and W L. F. Armarego, page 30. After elution is conplete, the TLC

plate is driedthel wrg:hdlhry sp ferthe éh: iPutifiatiari0 %f Laborstotyu Chomicald”, Bfkredjt®@] err] in
et hanol and thgn Of:h 5P i npounds
appear. Unl essg e s%' %@m{.é@ﬂﬁ&@ﬂﬁ?ﬁ %és grgr%gfxﬁnggla? ‘g'é'"are&g

What man ('t yqze 30) Afer diationpsypaplete, the TLC plate is dried, lightly sprayed with a 10%
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SECTI ON | soluion of H,SO, in ethangl, A ghep bepipd gtk He o5 FRASWORERG (9 Fikh
STERO DS compounds appear. Unldsé atheriviss stated, filtrdtionsa@@antsd oGl using b Whiaeth4i ed
ring- structure 3iﬁ{%Jat|on 5 pattern as conpound 237 (shomm by the
structure beIoQWY &RV nt hesi zed starting froma nunber of steroid
precursors including 4-androsten-3,17-dione (1) and ot hers with C3

oxygen functionalities and [err] carbon-carbon doubl e bonds such as



dehydr oi soandr ost erone (247).
[err] 10 237 (3[err],4[err], 6[err] 7[err],17[err]) where

= eTT = For
exanpl e, after pr ot ectl on of the ketone functl onalities of androsten-
3,17-dione (1) (Exanple 1, Schene 55) with any one of a nunber of
appropriate carbonyl protecting groups and concom tant m gration of

t he car bon- car yemestesshb| e bond, allylic oxidation intraducssnoeasecC’
oxygen. A nunber of oxidizing agents and 15 experinmental conditions can be
used for this oxidation step including butl5not linmted to chromi um
trioxi de/ 3, 5-di net hyl pyrazol e conpl ex, pyridinium chlorochromate (PCC),
pyridi ni umdi chromate (PDC), and tBuOOH with RuC [err]. Reduction of the
resul t ant ket one with an appropri gkamMpe@sci ng agent gives the hydroxyl
functionality at C7. Several netal hydride reducing agents can be used
for this task including sodium 20 borg_gﬁid&gﬁ and |ithium al um num

hydri de? Generally, reduction of the C yl produces the [err] OH
configuration by hydride a$taaksi$ordd,é,feollveasroXdyLATERISEERODBCE Of t he
steroid. 116

i ntroduttion of the C5 0GR GAR s/t S rélgtEtﬂmggtmcﬁfeth Phofasbe C7
hydroxyl with an appropriate protecting g ods”® such as
hydr obor at i on$ o)patttat eHepmpounsin2di (dizovmohy th@httusmbdtgw)rqan@e aynshesized stall‘hm, [err]
car bon- carbon | ' t pdper  of
peraci ds i ncl udi na1 agu&% %EP&%% é&oés%gs lﬁa‘% %'?E‘??%I%ﬁ%eqa)c iC aC| d or
3,5-dinit roperowiheﬁ?ﬁopxygamﬁncnonalmeﬁandzra’l Icgrboxt—d:ad:oepdo(ublte bomdsr swthcedl ‘has

the [err]-confi %%%st%:?n rsie%ingguf,{_om attack on the

\./ R-

R2 OR?

10 237 (3B,40.,6c.,7B,17B) where R'=R*=R*=H, and R*=R*=0OH
For example, after protection of the ketone functionalitic-as of androsten-
3,17-dione (1) (Example 1, Scheme 55) with any one of a numbcr of appropriate
carbonyl protecting groups and concomitant migration of the carbon-carbon double
S bond. allylic oxidation introduces a C7 oxygen. A number of oxidizing agents and
15 experimental conditions can be used for this oxidation step including but not limited to - -
chromium trioxide/3,5-dimethylpyrazole complex, pyridinium chlorochromate (PCC),
pyridinium dichromate (PDC), and tBuOOH with RuCl,. Reduction of the resultant
ketone with an appropriate reducing agent gives the hydroxyl functionality at C7.
Several metal hydride reducing agents can be used for this task including sodium
20 borohydride and lithium aluminum hydride. Generally, reduction of the C7 carbonyl
produces the BOH configuration by hydride attack from the least hindered face of the
steroid.



| east hindered face of the steroid ring structure. Subsequent ring opening

of the epoxide can be acconplished under acidic conditions such as 80%

agueous—acette—actd—at—606ferrit: T s produces an allylic al cohol at
the C6 position with the [err]-configuration. 10 Alternatively,

hydr oborati on of the [err] double bond with an appropriate borane conpl ex
fol | owed by owbdsbsson usi ng reagents such as basi c hydr ogenqasreossede wil |
al so i ntroduce an hydroxyl group in the [err]-configuration at C6.
Hydr oxyl groups can be introduced at thdl&€ and C4 positions starting
fromthe A-ring 4-ene-3-one functionalization pattern. Reduction of the
[err]- 15 wunsaturated ketone can be acconplished using lithiumdissol ved

in liquid anmoni a. Inti38uckiBiS bif thdd 0x§B& cah Be AchidvddCatet %Q@ﬁw&ﬂﬁa can
el ectrophile such as trinmethylsilylchloride or diet hKo chl or ophosphat e.
Hydr obor at i on- Bydrext i Wifhofnt [REPrRpdal  BIRISFINGt [REAUPr es Ryt smthodspguch ~as

i ntroduct i on ofyfdboRi¥i6AlddNbn 6 epdiidaliol ESIIBNE 9¢ AL %&ﬁ%g hehd e chdbon-4 €711

hydr oxyl ati on attern. Alternatively, a second reduction using lithium
in |iquid anmoedArkencieublpbondran be gpoxjsiasd wi taé)’ p&@@@d@som@c[denm}udmg m-

car bon- car ban Qﬁ&@%ﬁéﬂ?&?@ acgpoefmq@rswz €of 854, hmﬂt?gm)?benzmc hagd w t h”a

peracid such as mchloroperbcnzoic I uces 't epoxi Rng
openi ng of thlﬁmp@lw&eemednmueadmaet@d! mﬁavga@nmmerﬁoof attack o theor basi c

Functi onal i ty 1% RRGTEX AR B dedrfele. SiRegofiihb mobBif BRI, o
Schene 61) pr ochndn@cctohwlisl{eé rnder bajdle congitiony sucly pw&ﬁeaqgmus peetic agidiat 89%C. Renoval
carbonate (o TUhiHarHEl AR, AR Seaft HTRENCE o B0 T l"B.cliififBE ! 2551 U
3lerr], 4[ erkQ] - h;ld'nﬂwyllyahyldmboqaﬁmt afthe. A’ double bond with an appropriate borane complex

STEROI D 3[ er r ] HPEES PY gfidation ving reaseply %“rcP]“ﬁEEXﬁW:B&&’%"ST'err il ABrosTANE
(237) CAN BE  introduce SYhyAMER g6up i\ GEGRD BiBriTiGn FiIB. REACT] ON SEQUENCE

| LLUSTRATED BY SCHEME 5 ‘

55

ﬁ'ydroxyl groups can be introduced at the C3 and C4 positions starting Schere

from the A-ring 4-ene-3-one functionalization pattern.” Reduction of the a,p-
15 unsaturated ketone can be accomplished using lithium dissolved in liquid ammonia.
The resultant enolate can be trapped with an electrophile such as trimethylsilylchloride
or diethylchlorophosphate. Hydroboration-oxidation of the silyl enol ether results in the
introduction of an oxygen at C4. This method generates the 30, 4a hydroxylation
pattern. Alternatively, a second reduction using lithium in liquid ammonia on the cnol
20 phosphate produces the A’ carbon-carbon double bond. Epoxidation of the A' double
bond with a peracid such as m-chloroperbenzoic acid produces the a-epoxide. Ring
opening of this epoxide could be achieved using a number of acidic or basic conditions.
For example, treatment of the 3a, 4a-epoxy functionality with glacial acetic acid in
compound 238 (Example 3, Scheme 61) produces the 3a-hydroxy, 4B-acetoxy pattern.
25 Removal of the acetate group using any of a number of reagents including potassium

carbonate (or sodium methoxide) in methanol gives the 3a,4B-hydroxylation pattern.



[err] Key: (i) p-TsOH, (CHerr]OH)[err],
benzene (i) CrCIerr] 3 5-di methyl pyrazole_ CH[err]CI_[er_r_] (|||)

CH[err]Ci[err] 10 (V|) 80%ACO—I(V||) TBAF THF(V|||)

2- di met hoxypr opane, CSA, DM (i Xx) NaBH[err] MeOH (x) TBDMSCI,
im'dazole, DVF (xi) 1. Li/NHerr]-THF, 2. TMSO, . Et 3N (xii) 1.
BH err] - THF cowydesizse. 30% NaCOH, 30% Herr]ferr], THF (xPETEAFEAME0 THF
(xiv) p-TsOH, H20, THF. Commercially avail abl e
4-androsten-3.17-dione (1) (20.0 g, 62.8 Ahbl) 15 is stirred with ethyl ene
glycol (10 nL) and a catalytic anount of p-tol uenesul fonic acid (1.0 g,

5.2 mmol) in benzene (500 nmL) at reflux under nitrogen for 26 hours (Schene
EXAMPLE |

THE STEROID 3B,4¢t,6c,7p,17B-PENTAHYDROXY-5a-ANDROSTANE (237) CAN BE
SYNTHESIZED ACCORDING TO THE REACTION SEQUENCE ILLUSTRATED BY SCHEME 55.

Scheme 55
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Key: (i) p-TsOH, (CH,0H),, benzene (ii) CrO,, 3,5-dimethylpyrazole, CH,Cl, (iii)
NaBH,, CeCl,, THF-MeOH (iv) TBDMSCI, imidazole, DMF (v) m-CPBA, CH,Cl,

10 (vi) 80% AcOH (vii) TBAF, THF (viii) 2,2-dimethoxypropane, CSA, DMF (ix)
NaBH,, MeOH (x) TBDMSCI, imidazole, DMF (xi) 1. Li“NH,-THF, 2. TMSCI,
Et,N (xii) 1. BH,-THF complex, 2. 30% NaOH, 30% H,0,, THF (xiii) TBAF. THF
{xiv) p-TsOH, H20, THF.

Commercially available 4-androsten-3.17-dione (1) (20.0 g, 62.8 mmol)
- 15 is stirred with ethylene glycol (10 mL) and a catalytic amount of p-toluenesulfonic acid

(1.0 g, 5.2 mmol) in benzene (500 mL) at reflux under nitrogen for 26 hours (Scheme



118 56). The water generated by the reaction is renoved during this

time using a Dean- St ark apparat us. The mixture is then cooled to room
t enperat-ure—and—FEtHer+O-+s—addet: e mXxture 7S washed W th sodi um
bi carbonate, then water and dried over magnesi um sulfate. Filtration

and concentration gives a pale yellow solid that is washed wwth 5 nethanol
to give the diketal 2 as a white powder (14.6 g, 39.0 nmmol. 62%. A
nmonoket al bypmaksossd 5. 13 g, 15.0 nmol) is recovered fronrdieashodsda at e and

recycl ed. The overall yield, accounting for the byproduct, is 86% of
di ketal 2. Al lylic oxil8ation at the C7 position of the
di ketal 2, using a chrom um tri oxi de- 3, 5-di net hyl pyrazol e conplex in

di chl oronet hane, affords conpound 3 10 (Schene 56). Chrom umtri oxide

(46.7 g, 467 m3p). )THRRNGhté dgfnaﬂatedwbpﬂﬂmmﬁermed during tmk)m@nﬁmgdot@éinlo a

fl ask under nitraogen, then coqled to -20[err] C using
dry-ice/Cad [e Fa]'k apPa"’““%th‘E mifture 35 dercaoled o B?’%‘“'(eéﬂld g isaddedrmp| ) i s

added and the Ah&XiikhRe isSwaShdd wifsodium bictbonatd) tHed wa@pﬁrﬁrd'nle@oté?rmaénémhpur S.
This is followed by the addition of diketal 2 (7.00 and

continued sti r Fylfaly. { EHratiom g congentration gjvey e:palwe"%agtdnbﬁ lﬁsﬂaéflférﬂélﬂ‘ed wi t h
water 15 and Helhmgégwmﬁe fdmehr atg a ahﬂpﬁ&w& c{““téhf J:hfb%)ol e

reduced to 200 nL an dried over atl on and :
concentration mw@@mbbmdvcﬂédm &5-p mmppd) is momdlffqnedle ﬁltrate ergli mgycled| | ca gel

col um chromat g@@{m WL&BG&%E’&R&]@E‘EW&&%cg'di‘ﬁg:a;f'e enone 3 in 68%

yield (4.95 g uction of enone 3 to.the
al lylic al cohol 4 (ScheﬂélinfG%lﬂ%loea'rW €d Pmonmftheuhkqt@ Zsmhmfb@nmkwdrl de’

d N hly .
T L PR pRb Ay oaliey' R, GilloBRtul WAL cqmpand TSNV,
e enone 31¢ 18ScBeneg 569 Chropmipin)trieide @60 467 inmph[and dqycam@ozaetgqne@sog nol )

under nit rOgenn}L are a@??&t}&ﬁgﬁ%rg{&og% B mxl.glcgq[léd%o dfgsuléé"' @-1%{@4& and

stirring i s contrnue or omet hane
i s added, the sdltionr 8.5FRimathylpytizole (44.9Na @ 0GoY ISZeEdedeulteemxm igstitaetld t he

or gen e eriesfl secet s MBEL ool ghydtt syt 0
119 mmol) and continued stirring for 7 hours at 20°C. Th&Sehntiow issBenched with water
0 15 and filtered. The filtrate is L&'&:EJ with water, the volume reduced to 200 mL and then
dried over MgS0,. Filtration and concentration gives a dark brown oil that is purified
using silica gel column chromatography (CH,Cl,/EtOAc) to give thé enone 3 in 68%

yield (4.95 g, 12.8 mmol). '
Reduction of enone 3 to the allylic alcohol 4 (Scheme 56) is carried out
20  using sodium borohydride and cerium (III) chloride heptahydrate in THF and methanol.
_ Freshly distilled THF (200 ml.) and methano! (50 mL) are added to a flask containing
~ the enone 3 (15.3 g, 39.4 mmol) and CeCl,»7H,0 (16.0 g, 42.9 mmol) under nitrogen.
NaBH, (3.20 g, 84.6 mmol)} is added in portiéns, and stirring is continued for 1 hour at
room temperature. Dichloromethane is added, the mixture is washed with NaOH (0.6
25 N) then water and the organic layer is dried over MgSO,. Filtration and concentration

yields compound 4 as a white solid (14.1 g, 36.1 mmol, 92 %).



The C-7 hydroxyl noiety of alcohol 4 is then protected as a silyl ether
(Schene 57). Conpound 4 (14.1 g, 36.1 nmol ) is dissolved in dry DVF (50 )

then—5—+mdazotre (59 g —867mmoty—amd—TBDVBCH—(6-7 U, 445 mmot ) are
added, and the m xture is stirred under nitrogen for -5 hours.

Di chl oronmet hane i s added, the m xture is washed with water, and the
organic layer ig 9“2%3 over MgS err]. Filtration and PeRRAoMoligat | oN
gives a |light ye? ow solid that is recrystallized from nmethanol to give
compound 5 as a white solid in 61%yield qfd.2 g, 22.2 nol ). 10

The subsequent epoxidation of conpound 5 (Schene 57) is carried out

usi ng net a-chl or oper benzoic acid (m CPBA). Conpound 5 (0.72 g, 1.4 nmmol) is
di ssolved in dry dichl oronethane (5 m_)Shg)h BA (0.50 g, 2.9 mmol ) is added
and the m xture is stirred vigorou 20 m nutes. Saturated sodium
bi carbonate i s added and o t he aqueous sl U”yd"ﬁ extracted with

di chl orenet hane. The conbj org‘wﬁ” extracts aropeEded sequential ly

wi t h sodi um car bonat e n, “We 5 10% thi-oscl—f-%—e-,—* then
again with water. Dryi Sqé’rri;,hfil and “@SR®@M rati on gives a
white selid that isipurified using fMshzchromatography to yield
conmpound 6 in 77%yield (0.57 g, o 1.1 mol). )

Conmpound 6 is treated with acid g pr@g,ggzh,)‘,gp@ C3 and ket ones 20 and
to open the epoxide noiety to ith.E‘._G“:_h;Ld.LQ.X.)L- 7-Sj conmpound 310
(Schene 57). Aqueous aceticOg @ $0% T i s ad fl ask containing
conpound 6. The m xture is atgd at 65[err] C forg: @4 cool ed and .
poured onto di chl oronet hane. The mixture is wash&d with sodi um

bi carbonate and dried ove . . .

120 NSOl err] . Af tEHe G rdrmes] e ef slsshel e fhep PeRiectafifg 2 L ARy
crude product 31@cHefne 3L L dmpound 4 (14.1 g, 36.1 mmol) is dissolved in dry DMF (50 mL) then

5 imidazole (5.9 g, 86.7 mmol) and TBDMSCI (6.7 g, 44.5 mmol) are added, and the

mixture is stirred under nitrogen for 5 hours. Dichloromethane is added, the mixture is

4

washed with water, and the organic layer is dried over MgSO,. Filtration and
concentration gives a light yellow solid that is recrystallized from methanol to give
compound 5 as a white solid in 61% yield (11.2 g, 22.2 mmol).

10 The subsequent epoxidation of compound 5§ (Scheme 57) is carried out
using meta-chloroperbenzoic acid (m-CPBA). Compound 5 (0.72 g, 1.4 mmol) is
dissolved in dry dichloromethane (5 mL), m-CPBA (0.50 g, 2.9 mmol) is added and the
mixture is stirred vigorously for 20 minutes. Saturated sodium bicarbonate is added and
the aqueous slurry is extracted with dichloromethane. The combined organic extracts

15 are washed sequentially with sodium carbonate solution, water, 10% sodium thiosulfate,
then again with water. Drying (MgSO,), filtration and concentration gives a white solid
that is purified using flash chromatography 1o yield compound 6 in 77% yield (0.57 g,
1.1 mmol).

Compound 6 is treated with acid to deprotect the C3 and C17 ketones

20 and to open the epoxide moiety to yield the 6-hydroxy-7-silyloxy compound 310
(Scheme 57). Aqueous acetic acid (80%, ! mL) is added to a flask containing
compound 6. The mixture is heated at 65°C for 5 hours, cooled and poured onto

dichloromethane. The mixture is washed with sodium bicarbonate and dried over



the next step without further purification. Conpound
310 (2.30 ng. 5.32 nmml) in THF (10 nl) is treated with

tenperature 5 wunder nitrogen for ten mnutes in order to renove the silyl

protecting group (Schene 57). The reaction m xture is concentrated and
then purified yaysgfphdgh chromat ography (3:1 CHerr]d c) to

gi ve conmpound 7 (1.37 ng, 4.31 mmol) in 81%yield. L&%A"M]:&‘%

Schene 57 12d err]

Protection of the 6,7-diol of conmpound 7 is acconplished by treatnent
with 2,2-di met hoxypropane and a catal yti c anmount of

) o R P comemySR e QBT BRE A0S S0
di ssolved in drﬂjcnakﬂ%’tep&/ithm)tfwﬁdrﬂuﬂkatmmet hoxypropane 15 (10 nL). The
m xture is heated at 10 r ronet hane i s added and.
the mixture i s washed wi H‘pﬁé%e:{l% qﬁ@"&ﬁ'é%l“@?‘&b‘?% 0 mL)dy treagesd, with
MySQlerr], fil turabsiylamshonium ﬂuG@dHIQ‘BMNB&dL 11 $6h@bilinCIOIR) 8BS Sendpbratdle 9. 3. 07
mol , 98% V\Qlch I s. used,direct|l t he next reaction w thout further

purification® undermitrogen for ten' min sd?e‘ﬁﬁ?é? e the s pratectipe gpoup (isheme 7 -

car bonyl noi et 7y, STHeaBRiOBMIxtRAO is EdbintnRd akty thl ﬂﬁﬁ&i bPﬂasﬁfchioQﬁtogﬁgl:xy t an]t )
nmo

al cohol as a si necessary.
i s di ssol ved .ﬁ%ﬁéﬁ%ﬁwi@ GIYROPmRPRAd (hg? P&gbﬂm)wégﬁ[mlr?] (15 )
is added in portions over a period of 1.5 hours. After an additional 30 _
mnutes, the  reaction is quenchedSchehdsaceti c acid, then neutralized
wi th NaHCO3. The nethanol is

~ %3 0™
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Protection of the 6,7-diol of compound 7 is accomplished by treatment
with 2,2-dimethoxypropane and a catalytic amount of (1S)-(+)-10-camphorsulfonic acid
(CSA) to produce acetonide 8 (Scheme 58). Compound 7 (1 g, 3.14 mmol) and a
catalytic amount of CSA are dissolved in dry DMF (2 mL) and 2,2-dimethoxypropane

W, 15 (10mL). The mixture is heated at 100°C for 0.5 hours. Dichloromethane is added and
~ the mixture is washed with water. The organic layer is dried over MgSO,, filtered and
concentrated to yield compound 8 (1.10 g, 3.07 mmol, 98%) which is used directly in
the next reaction without further purification.

Chemoselective reduction of the C-17 carbonyl moiety (Scheme 58),

20 followed by protection of the resultant alcohol as a silyl ether is necessary. Compound
8 (83 mg, 0.23 mmol) is dissolved in methanol (250 mL) under nitrogen and NaBH, (13
mg) is added in portions over a period of 1.5 hours. After an additional 30 minutes, the

reaction is quenched with acetic acid, then neutralized with NaHCO,. The methanol is



121 evaporated, and the residue taken up in dichloronethane. The
m xture is washed with wat er and dried over MgSO.  Fl ash

rOAC)—gTveES compound 9 (72 1y,

0.20 nmmol, 87% as the maj or product. Protection of the
Cl7 hydroxyl group as a silyl ether to produce 5 conpound 10 is followed
by reduction of the [err]-unsaturated ketone in the A-ring usin
lithiumin |iquWe%R4#8ni a- THF, with trapping of the enol at BCH{A97/0049%0
trimethylsilyl chloride (Schene 58). A solution of conpound 10 (75.2
ng, 0.158 mmol) in t-BuCH (0.020 nm.) Zhd THF (1.5 m) is transferred
to a flask containing lithiumnetal in dry, distilled anmmonia (11.4 ng
in 10 nL) at -78[err]C. After 20 mnutes at -78[err]C, isoprene 10 (0.5
m.) is added to edazptatedyaxtdhm wsidwstakeniuphin dichlorimethanex {The mixtwre iheashedawited t o

o i ssol ved | n A P4 ik olfy MRSET pish SHGRALALR o GADIPRONR M T

0.30 mml) and 'Ebﬁﬁdundo(mngm,zomnﬁﬂ amla;themajorpmducadded The cool i ng bat h
nut es.

is renoved and the m xtur, St i.r t ur at

NaHCO err] is added and tpﬁ?'%"%gﬁlfgoth%qi éydr%gfné’i?f'? R eﬂly\lmeflﬁr ‘ﬁ‘&e 15

gl chljor orret hape.corhpsung A0Lik Iﬁﬂl(ijbwed ggnedncﬁmy?me ﬁmmunea&h:ed kétgnd:ih w:t,«ahnimg:c neOI
ri ed over / nd, concen te The crude product rifie
by radial chr on&?h{géfjg‘ﬂﬂ?/]i‘i gq“‘d ammgig 0?%‘86‘3@“‘?3%“ %erg’%% 5’( lp&%

g éo grml) chloride (Schen}e 5s)h Awlemlf.aélomyﬁlpamy :10 (5. hznﬂg 10038 effbl Pyt +-BuOH

ydr obor at i on- ox tion siy nol _ et her Sche . -
Corpound 235 (Séb gzaorfﬂ'“ ir(’i’%. (ﬁ‘ﬁlﬂ‘}j) ¥ E“’dfegg‘&%ﬁ&fs’f ?P"ngbé‘“’ﬂlﬁ—e 1'5%&)‘ and
cooled in an Icaxsaﬂédfhmxﬁiﬁﬁaa(nw(;ﬂg BMoThiD) 4 oT8IC & A tef0203intiks atQ78Z, isoprendmDI )
iis ‘added and the mxture is warned to ro&rj}nten,lp}grature and stirred for 45
mnut es.  Mor 80 Bif-emLy Isaddedig dpsteny theoxagss Hbjum- sThedriglre dhdes pamc g Faow
continued for 2 imperanfd®aHdShe sbR@ntTé Mapdrited 5 RN TRORLAR it MislVell ﬁﬂ-‘}b}azsh and

15% NaOH (0.5 nL d dd
stirring |(s cont“%Hfﬁgﬂle‘Hﬁ’r‘nf%ﬁﬁgN(ﬁ' g@%@@ﬂ?‘haﬁ%@ﬁ ressg‘lteﬁéﬂ rggtsed

wi th di chl or onetkad¥ged. t PR cdolingbath ¢l rebddfed sHADME Gikn@E Fodined Gt [RGiifutes.  are
washed with 10% aqueous Na[err]|S err%%err then brine and dried over

MySO err]. The GAteed NaHCQy ig i) 3apenys Jorends pamrsd Wit &8 8%t aphy

to yield compourghidRfmefhide. Ol'h@‘aombmed or%nﬂﬁ%%rs%ashe@%e @il bltnkhedned over
correspondi ng 3!err!-5|lyl et her 0208 ol

Two step deprot A FOnESIFFRIEY n dh “296"%%‘?%‘ ?QAPfﬁdﬁYWltWa%“P%f?eous
aci di c-THF, gi V?ﬁ/e compound 235 in 67% vield (58.5 mg, 0.10 mmol).

3[err],4[err],6lerr], 7[err] 17[ err] -pent ahydroxy- 5[ err]-androstane (237) )
122 e C4 hydroxy! is introduced by hydroboration-oxidation of the sily!
enol ether 235 (Scheme 58). Compound 235 (58.5 mg, 0.106 mmol) is dissolved in dry
20 THF (15 mL) and cooled in an ice-bath. Borane {1.0M THF complex: 0.32 mL, 0.32
mmol) is added and the mixture is warmed to room temperature and stirred for 45
N minutes. More BH,-THF complex (0.16 mL) is added and stirring is continued for 2
. hours. The mixture ié then cooled in an ice-bath and 15% NaOH (0.5 mL) and 30%
H,0, (0.5 mL) are added. Vigorous stirring is continued for 2 hours. The aqueous layer
25 is then extracted with dichloromethanc, then Et,0, and the combined organic extracts
are washed with 10% aqueous Na,S,0,, then brine and dried over MgSO,. The crude
product is purified using radial chromatography to yield compound 236 (34.0 mg.
0.0688 mmol, 65%) and the correéponding 3B-silyl ether (11.8 mg, 0.0208 mmol. 20%).
Two step deprotection of compound 236 using TBAF in THF then

30 aqueous acidic-THF, gives 38.4c.6c,78,1 78-pentahydroxy-Sa-androstane (237).



Schenme 58 [err]
EXAMPLE 2 5 THE STERO D 3[err], 4[err]-EPOXY-6[err], 7[err],

( 2399) CAN BE SYNTHESIZED
ACCORDI NG TO THE REACT I O\I SEQUENCE SHOMWN | N SCHEME 509.
Schenme 59 [err]
WO 98/02450 PCT/CA97/00490
122
Scheme 58
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EXAMPLE 2

5 THE STEROID 3a,40.-EPOXY-601,7, 1 7P-TRIHYDROXY-50t-ANDROSTANE (239) CAN BE
SYNTHESIZED ACCORDING TO THE REACTION SEQUENCE SHOWN IN SCHEME 59.

Scheme 59
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123 [err]
Key (|) stO—| (CH[err]O—|)[err] benzene (ii) CJerr],

3 5=dinmethytpyrazote,—CHerri&ferTi—iT1) NaBH[erTi, Ced [err].
THF- MeOH (iv) TBDMSCl, im dazole, DWF (v) mCPBA, CHerr]CJ[err] 5
(vi) 80% AcOH (vii ) TBAF, THF (viii) 2,2-di net hoxypropane, CSA, DWVF (iXx)

NaBH err], MeOH IBDVBCI, imdazole, DMF (xi) 1. Li/N rd. , 2.
d (O)P(CEt)[err‘}' 5}’ Li/NH err], t-BuOH (xi i(i))mCPBA, CHFE’??#@JFEH]
(xiv) TBAF, THF (xv) p- TsOH, THF, {50.

3[err],4[err]-Epoxy-6[err],7[err],17[err]-trihydroxy-5[err]-androstane
(239) can be 10 produced frominternediate 10 in the synthesis of
3[err],4[err],6[err],7[err],17[ err],-pent ahydroxy-b[err] - rost ane
(258) (Schenme 60). A swl utiipn of oypd 10 ng, 0.234 in

THF (4 L) is transferredto t=fr—trm liquid
anmoni a- (6. 4 ng in 10 78[err ar go, 30 m nutes
at -78[err]C, isoprene (0.5 nly) &5 added dest roygt hg-excess

lithium The m xture is warnmed to roomterrpera re and 15 tHe solvent is
evaporated in vacuo. The residue b ssol ved |@TB',§J;§: (5 nL) and cool ed

to -78[err]C then CIP(Q)(CEt) ] E . 044 ol aed and the
m xture is stirred @@ : are added,
the m xture aC|d|f|ed a yer ext d with

di chl or omet hane and Et[err].G). "l:ln.e d%‘f‘l‘g’?"ﬂ eg .ggm c layerg o are washed .
wth water and dried over MJSO4. The crude product is pur_le ed by radial 20
chr omat ogr aphy to gi ve conpound 11( 8&pMs ng, 0. 139 rrrpb;) in 59%vyield.

Reduction of conpound 11,ith Iirn“m livqui d a ain the
presence of t- butyl al comet @@ ces—the—otaf | ~ A solution of
cofipound 11 (85.1 & o A -
o ° o
38 239

Key: (i) p-TsOH, (CH,OH),, benzene (ii) CrO,, 3,5-dimethylpyrazole, CH,Cl, (iii)
NaBH,, CeCl; THF-MeOH (iv) TBDMSCI, imidazole, DMF (v) m-CPBA, CH,Cl,

5 (vi) 80% AcOH (vii) TBAF, THF (viii) 2,2-dimethoxypropane, CSA, DMF <{ix)
NaBH,, MeOH (x) TBDMSC], imidazole, DMF (xi) 1. Li/NH,-THF, 2.
CI(O)P(OE), (xii) Li/NH;, +-BuOH (xiii) m-CPBA, CH,Cl, (xiv) TBAF, THF (xv)
p-TsOH, THF, H,0.

3a,4a-Epoxy-6a,7,17p-trihydroxy-5at-androstane  (239) can  be
10 produced from intermediate 10 in the synthesis of 3p,4a,6a,7B,17B-pentahydroxy-5a-
androstane (258) (Scheme 60). A solution of compound 10 (111 mg, 0.234 mmol) in
THF (4 ml) is transferred to a flask containing lithium metal in liquid ammonia (6.4
mg in 10 mL) at -78°C under argon. After 30 minutes at -78°C, isoprene (0.5 mL) is
added to destroy the excess lithium. The mixture is warmed to room temperature and
15 the solvent is evaporated in vacuo. The residue is dissolved in THF (5 mL) and cooled
to -78°C, then CIP{O)(OE}1), (0.044 mL, 0.30 mmol) is added and the mixture is stirred
for 1 hour. Water and dichloromethane are added, the mixture acidified, and the
aqueous layer extracted with dichloromethane and Et,0. The combined organic layers
are washed with water and dried over MgSO,. The crude product is purified by radial

20 chromatography to give compound 11 (85.1 mg, 0.139 mmol) in 59% yield.
Reduction of compound 11 with lithium in liquid ammonia in the
presence of - butyl alcohol produces the olefin 128. A solution of compound 11 (85.1
mg, 0.139 mmol) and +-BuOH (0.05 mL) in THF (6 mL) is transferred to a flask



ng, 0.139 mmol) and t-BuOH (0.05 nL) in THF (6 nmL.) is transferred to a
fl ask 124

contaihihg—H-thivmreta—6—ng)y— T Tgord—amont a at - 30[ errJC under
argon. After 30 nutes, the ammonia is allowed to evaporate, then
water is added. After aC|d|f|cation W th aqueous HCl, the m xture is
extracted wi t hwbbdmasn] O then Et OAc and the conbi ned @PCYEAIOd0YEer s ar e
washed with water and dried over MgSO err]. The crude product is 5
purified by radial chromatography to gi v&4conpound 128 (50.3 ng, 0.109
mml) in 78% vyi el d. Epoxi dati on of 128 with

nmet a- chl or oper benzoic acid (m CPBA) in di chl oronet hanc gi ves the

epoxi de 238. Coih@isiig 1&1%&11(:5&131 5) . lﬂqQﬂ difidnla 41S30°C undérseny &her 30 dr y

di chl oronet hane (1.5 and m CPB is agded. The 10 _m xture is
stirred at roorﬁ'?‘éﬁ?aé‘i%ﬂ"ﬁ‘i“@‘af'éi’""lveﬁ twa%a*a newpdes is 3dders £ Afer agidifigatign

separ atory »Wﬂih%mﬁ THEIVRE Biteundlid Sarbidh m& £ o] {ﬁL@E{dAE[ il rtie confblddl at ed

NaHCO err] and water and dried over MySO4 | tration and evaporation

of the filtrat eorganiceloyest s Srsked 26th wateraadodiipd pu:r MgSQ.52The omle predegds ol ) |
which is used ifGREnyRatal %ﬁrﬁxﬂat%ﬁﬁg% gf\)é chJﬁ unﬂliés {30CR i 08109 mmol) in

Two step deprotection of conmpound 2 in refluxing THF 15 and
t hen aci di ¢ aquiddugeltHF gi ves conpound 239

fggema 60 Epoxidation of 128 with m£19 cﬁlLroperEe)r&oxc alg)d (m-CPBA) in
dichloromethanc gives the epoxide 238, Compound 128 (50.3 mg, 0.109 mmol) is

dissolved in dry dichloromethane (1.5 mL) and m-CPBA (43.0 mg) is added. The

. 10 mixture is stirred at room temperature for 1.5 hours and then transferred to a separatory
funnel and washed with 10% Na,S,0,, saturated NaHCO, and water and dried over

MgSO,. Filtration and evaporation of the filtrate gives compound 238 in 78% yield

(52.0 mg, 0.109 mmol) which is used in the next step without further purification. \

Two step deprotection of compound 238 with TBAF in refluxing THF

15 and then acidic aqueous THF gives compound 239.
Scheme 60

preoms TEOMS

1) LINH3, THF - Li/NH3

2)(Et0),{0),PC! t-BuOH

C £ (Et0)2(0)2P -
10 n 72
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TBOMS
1) 2.2eq. TBAF,
m-CPBA ) 2259

— L
CH,Cly

. NS 2) p-TsOH, H,0 |
7£ H THF
125 238 -7Z
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THE STERO D
3[err],4[err],6[err],7[err], 17[err] PEI\FI'AHYDROXY—S[err] ANDROSTANE (241)

CAN-BE SYNTHESHZ T
SEQUENCE ( SCHEME 61) . Schene
61 [err] Key:

(i) p-TsOH, (CH er“(];?[err] benzene (ii) CJerr], 35d|metr}é razol e,
CHerr]dJ[err] NaBH[ err], CeC [err] THF ve ST %DNBCI

i m dazole, DVF (v) mCPBA, CHerr]d[err] ,5¢ (vi) 80%ACO—I(V||)
TBAF, THF (viii) 2,2-di methoxypropane, CSA ~DVF (i X) NaBH err],

MeOH (x) TBDVBC , imdazole, DMF (xi) |. Li/NHerr]-THF, 2.

EXAMPLE 3

THE STEROID 3.,4f,6c,78,1 7B-PENTAHYDROXY-50.-ANDROSTANE (241) CAN BE
SYNTHESIZED ACCORDING TO THE FOLLOWING REACTION SEQUENCE (SCHEME 61).

Scheme 61
i
B ——
o]
o
: gl
N o’\
iii 0 v
S—ae————— n———
C
OH
5 Q’ 4 5
O
vi vii viti ix
e cnm—- e -
o v’ ~OH o 5 o "o
7 OH 8 ‘6.{\ 9 O
OTBDMS OTBDMS

OTBDMS

v——— [ESSRERESN
o Z (E10),(0)PO

E 2
10 o—ﬁ 1

.
’ OTBDMS OTBDMS OH
xiii xiv XV, Xvi
—— B mm o ——
o "0 HO® Y “OH HOW B
o) Ac OH H OH
238 .f\ 146 241

Key: (i) p-TsOH, (CH,OH),, benzene (ii) CrO,, 3,5-dimethylpyrazole, CH,CI, (iii)

10 NaBH,, CeCl, THF-MeOH (iv) TBDMSCI, imidazole, DMF (v} m-CPBA, CH,Cl,
(vi) 80% AcOH (vil) TBAF, THF (viii) 2,2-dimethoxypropane, CSA, DMF (ix)
NaBH,, MeOH (x) TBDMSCI, imidazole, DMF (xi) 1. LV¥NH;-THF, 2.
CI(O)P(OEY), (xii) Li/NH,-THF, +-BuOH (xiii) m-CPBA, CH,Cl, (xiv) AcOH, 60°C
{xv) K,CO,, MeOH, reflux (xvi) TBAF, THF, reflux.



C(OP(OEt)[err] (xii) Li/NHerr]-THF, t-BuOH (xiii) mCPBA, CHerr]dJerr]
(xiv) AcOH, 60C (xv) Klerr]CJerr], MeOH reflux (xvi) TBAF,

FHR—Fef = 126

The synt hesi s of

3[err],4[err],6[err], 7[err],17[err]-pentahydroxy-5[err]- androstane (241) is
carried out tg,ots,g,g“wterrredl ate 238 using the sanme condi tp&iASsoNboabon t he
synt hesi s of

3a, 4a-epoxy-6[err],7[err],17[err]-trihydpexy-5[err]-androstane (239). The
subsequent epoxide ring opening with concurrent renoval of the
acetonide functionality (Schene 62) is achieved 5 by heating wth gl aci al

Functfonal i1y af 0a. To e R8st EvE R RhaR Ry Sl kans 20 s 03

ml ) is sardedioutde thecinsermetligtd) 238 using) the Time conditionrseasi ip the synthesis wf t h
heating at 60[grr] C for.2 ur. & tenperature. far 2 days.
The acetic aci d™i lsz &F aé#’%%gygﬁogytsa a},ﬁ}gﬁaﬂ%t(zj'g?oﬂe s(‘)'%%ﬂlueh%’of‘ﬁ € 8%, yield

(18 ng, 0.036 wpaming withGoncurrent removal of the acwedtrgndmably (B¢heinh 62)G4 adbjested x v |
using Klerr] Lr an and eprotection of the Ci7
hydr oxyl usi éﬁ}':“‘% P‘@'?'déacfa acegeﬁtl&a{%’fée? o%ofpg%gahg%fﬁfmtams an acetoxy |

Schenme 62 functxonahty at C4. To a @EsR[OdRaining compound 238 (18.5 fgr0.938 mmol) is
EXAMPLE 4 15 ,wolerrl],. 7lerr . 0
17[ err ] - PENTAH?S F{?}Fr( -{’diﬂ ANE‘“%,’%&(&T’%NPE?@“% 344°C for 24 hours,

The steroid 3[ gtieq]at rdb[ryﬁteir]pcraﬁhefoih day$. €The] acetlc acid is removed in vacuo to give . .
17[ err] - pent ahydr ox 7-acetoni de (246) can be

synt hesi zed ac&ﬁ'FEﬂ“ﬁ‘bi;‘{ o‘"?#o’é"yf g‘{a@? 80" @8&%‘1‘?% illustrated by Schene -

- 63. ._ 10 Deprotection of the C4 hydroxyl using K,CO, in refluxing methanol, and

deprotection of the.C17 hydroxyl using TBAF yields the pentahydroxy compound 241.

Scheme 62

OTBDMS OTBDMS OH
17 1) K,C0Q3, MeOH

AcOH
B ————
— 2) TBAF, THF
5 Yo HOW HoY ¢ “OH
6T‘ OAc OH H OH
238 146 241
EXAMPLE 4
15 38, 4a, 6a, 7P, 17P-PENTAHYDROXY-5Qt-ANDROSTANE 6,7-ACETONIDE (246)

The steroid 3B, 4a, 6a, 78, 17p-pentahydroxy-Sa-androstane
6,7-acetonide (246) can be synthesized according to the reaction sequence illustrated by
Scheme 63.



127 Schene 63

[err] Key: (i) 80% AcOH (ii) TESCI, im dazole, DV
(3 1\ 1 14/ -

(T ) LT 71 = s . y . = y . 0
NaOH, 30% H err]err] (v) 2,2-dinethoxypropane, CSA, DVF (Vi)

TBAF, THF. _ Compound 10 is prepared as described in

Section 1, Exanple 1. Deprotection of the 6,7 and 17 _hydroxyl noieties
i s achi eved V\A‘Yrﬁ%‘%’acet ic acid sol ution and, after P‘a’éﬁf%ﬁ Pht e

wor k- up, reprotection of these groups as ye silyl ether 10 derivative is
acconplished to afford 242. Conpound 10 iS di ssolved in 80% acetic acid

and the m xture is concentrated in vacuo after stirring for 8 hours at room

t enper at ur e. The residue is placed in dry DVF containing imdazole and
TBDMSCl and stirred for 20 hours $80€&%3n t enperature under a nitrogen
at nosphere. Ether is added and the m xture washed with 5% HCl aqueous
sol ution, saturated NaH° tion and 15 satQfEdted NaCl sol utQT6h. The
organic mxture is drj er_ MsJerr], | ey ed and apor at ed.
Purification of thihs st~ele ! HY Qoag by ovBr_siids gi ves
conpound 242. < Redu the [err : ted ketone
inthe Aring i€ i vﬂegi usi ng 07N NOTES TMso v NOTES
_ OTES . OTES
: 10 242 243
_ OTES OTES ’on
. . iv (:’&5 v vi
~ HO™ ™"y TES 0" """ NOTES 0"~~~ “OH
OH OTES >‘_c‘> OTES >T‘6 OH
244 245 246

Key: (i) 80% AcOH (ii) TESCI, imidazole, DMF (iii) 1. Li/NH,-THF, 2. TMSC]1,
EtN (iv) 1. BH;-THF, 2. 30% NaOH, 30% H,O, (v) 2,2-dimethoxypropane, CSA,
DMF (vi) TBAF, THF.

Compound 10 is prepared as described in Section 1, Example 1.

wh

Deprotection of the 6,7 and 17 hydroxyl moieties is achieved with 80% acetic acid

solution and, after appropriate work-up, reprotection of these groups as the silyl ether

10 derivative is accomplished to afford 242. Compound 10 is dissolved in 30% acetic acid

and the mixture is concentrated in vacuo after stirring for 8 hours at room temperature.

The residue is placed in dry DMF containing imidazole and TBDMSCI and stirred for

20 hours at room temperature under a nitrogen atmosphere. Ether is added and the

mixture washed with 5% HCI aqueous solution, saturated NaHCO, solution and

15 saturated NaCl solution. The organic mixture is dried over MgSO,, filtered and

evaporated. Purification of this residue by chromatography over silica gel gives
compound 242.

Reduction of the o,B-unsaturated ketone in the A-ring is achieved using

lithium in liquid ammonia-THF, with trapping of the enolate by trimethylsilyl chloride.

20 A solution of compound 242 in a 1:4 mixture of /~-BuOH and THF is transferred to a

flask containing lithium metal in dry, distilled ammonia at -78°C. After 20 minutes at

-78°C, isoprene is added to destroy the excess lithium. The mixture is then warmed to



lithiumin liquid amonia-THF, with trapping of the enol ate by
trimethylsilyl chloride. 20 A solution of conpound 242 in a 1:4 mxture of

t - BuOH -and—FHF—s—t+ransferred—to—o—ftTask—Tontarning TTthium nmetal in
dry, distilled ammonia at -78C. After 20 m nutes at -78C, isoprene is
added to destroy the excess lithium The mixture is then warned to

128 roomtenperature and the solvent is evaporated in vacuo. The
residue i s di yapiswedei n THF, cooled to -78[err] C andec&Givreeise TVSC
are added. The cooling bath is renoved and the mxture is stirred for
15 minutes. Saturated NaHCJ err] is added&nd this aqueous | ayer is
extracted with Et[err] O and di chl or onet hane. The conbi ned organic | ayers
are 5 washed twice with brine, dried over MgSO err] and concentrated. The

crude product irgom tempeﬁwré drdafle mrvemaleaépoﬁbaomcggr @léﬂ”'ﬂés:ﬁ&h iidissol earmound
odauce

243. dro b
hydr obor at i on- owla&??l%mdfsc'ﬁ‘?é‘dsﬁy MSE' T‘{dé"( hEje cog ]E‘(Pg '@Eﬂrﬁdﬁfﬂ?}’eé43 is .

di ssol ved in drapqg fefmiReet lggﬁiee%rus namescsatbﬁteh NaHCO, isBadaanfd (hls Ludbud HF
conplex) is added and the m xture is_warmed to roomte erature 10 and

stirred for 45 layehif adactahvith BLR-apddichiormethans. s%m‘r&ﬁw&aﬁw AYCRYRE S

continued 5 Rheddwit@Ukifh brihe SdriEd over eSO &:heeandeﬁatead THe Alle | fré&u@at and |
30% NaOH and 30% H err]Jerr] are added. Vi gorous stirring is

continued for Iperified hysadighshromaioeraphy tp glye pompoup extracted with
di chl oronet hane, then Etfigrdl erd?@ﬂxs 15i?od9&mrlﬁﬁt‘OQJrQﬁ'>ﬂ~oﬁxd§ﬁgnr&QE§m% e

washed with 10% aqueous NaJerr]S[err](err brine and dried over
MySO{ err]. The esplatker 243. Sompennd 243 l?)d‘lsﬁd“ie dp dei FEF andd¢ogled dhmp gertathy aphy to
yield corrpound B’)n%e IOPIITHF complex) is added ﬁ&%%&t‘uﬁ% Qsmxtem?odt%%étﬂ% nﬂé -

conpound 244 is acco by treat nent Xypr opane

and a catal y#0i c,ﬂﬂémr[ﬂdtfm'(ﬁ igges. (Mypre BH, Jaisempley Ilsfatﬂﬁ?d@néétl@ng is conljrmeh) t o
d t
produce acet onig P)Dﬁzﬂ;@anﬁﬁgﬂgtuﬁl hﬁ{éﬁcm :ﬁ‘a&?&%ﬂ(%&@ﬁﬂd@h Ak 3&@% & e

di ssolved in dry oxypropane. The mxture Is atedl a
100[err] C for 2ee ad!iec'é Wesnr@s mallbpmuddafnelz doustl d &bk aqudousHayeniisthem e | S

washed w th sat&?g{‘ ethane, thenSELO!dn@Nhe [hHEbida0 Vel des dried
over MgSq err] tered an le\O(;:r{)n(a;!éent regt%% tg yntlh’c %ﬁh %)‘{r%r%guna *245 whi ch

i s used direct |Washed withe 1996 2auqons NaiSe, diee hring mfdu‘irleﬁ@wﬂpmgﬁﬁ cah¢ epde
Conpound 243si Sy ddi&is ﬁem@&&%&a cmﬁmiog.amy :Z%M%&,%Jﬁéﬁ Thus, the

trisilyl ether 245 i's dissolved in treat tetrabutylammnlum
fluoride 25 (TBAF) ( 1MBsesection ofthe 3»41’Hlt?f campwméﬁﬂ is pgsemplishedbyimegbmenhi t r ogen

for 5 hours. th 2.2- m{egn o%&lewwmyﬁ%qw&@ swy%%gs&;xﬁm{]@w and

washed with br| ne, drie er r% concentrated in vacuo. The
residue is t her{C§6} 1°fnf@4!tc¢)§¢e¥°hds R4% hEomeaund)24doand a(@talytic amount of CSA are

CH err] A [err]/4dse0e)in 4R BMYGnE TR ARoxG#Epane. The mixture is heated at 100°C for
20 0.5 hours. Dichloromethane is added and the mixture is washed with saturated NaHCO,
solution. The organic layer is dried over MgSO,, filtered and concentrated to yield

(N compound 245 which is used directly in the next reaction without further purification.
| Compound 245 is then converted to the triol 246 with TBAF. Thus, the
trisilyl ether 245 is dissolved in THF and treated with tetrabutylammonium fluoride
25 (TBAF) (1 M solution in THF) at room temperature under nitrogen for 5 hours. The
reaction mixture is poured into CH,Cl, and washed with brine, dried (MgSO,) and
concentrated in vacuo. The residue is then purified by flash chromatography (3:1

CH,CL,/EtOAc) to give compound 246.



129 SECTI ON 2
THE SYNTHESI S OF 22, 29- EPOXY- 15- ONE STERO DS St eroi ds

that—areretated—to22;29-epoxy=3,; &, 0, 7, 29- pent anydroxy-t4ferri-
stigmast an- 15-one (165) by the presence of a Cl5 ketone and a cyclic
hem acetal 5 functionality in the steroid side chain (i.e., a C2

hydr oxyl functionality condensing wth a C29 al dehyde functionality to
forma tetrahy?¥%4%n ring and a C29 hydroxyl gr oupy<¥ A

synt hesi zed by a nunber of nethods. The W steps include the )
I ntroduction of the C 15 oxygen, the syntfiesis ofthe appropriate side chain
(described in Section 3), and the coupling of the side chain. A nunber
of comercially available 10 steroids containing either a ketone or an
acetyl noiety at Cl7 (e.g., pregnenol GEETION2 acetyl), :
4-androst en- 3, 17-di one ( Clfykehditds ordenydbeivsGanidsabisone (CL7 ket one)

can . be used as starting materials.

15 . | hod 5 h 64) ,
Eﬁrer]CN ketone is treat evergids fhat are “Fﬁgq&ﬁﬁ%%?ﬂ?ﬁegﬁym% he)

reactiqn of et hyibhistanl18 100t RI65) m?cmé ?f&éhé@ﬂf 8€C13Nktone and RIS hatfiladerdput OXi de

in THF in order to introduce a, ééﬁn 7(20) ethylidene noiety. 20 Reaction
of the Wttid pressieralivinithe ol démgae-Eont LPAimgowd 1y RoRdegsing - .
acet oxy- 3- (1' - gt Dudnyadtntdidlty (olfefn a RYehydRipyrdn ik afiod €28 hydselyene 71)
in the presence of a Lewis acid gives products that contain the

required C22 oxERfEh cagbe sEpthesized by - number, wf meetheds. 1 Jhe ey figps agcluds e t ne 29

oxygen pr ot ect §guqdfictiol 6f RE €l SibBygen BR V?z@ﬁéﬁbfthea prophifte 5i88€Hain@esdtibe@sn bOt h
stereoi somers at C22, the ratios of ich are dpependent on . o
: Section 3), and the coupling of the side chain. A number of commercially available

10 steroids containing either a ketone or an acetyl moiety at C17 (e.g., pregnenolone (C17
acetyl), 4-androsten-3,17-dione (C17 ketone), dehydroisoandrosterone (C17 ketone) can

be used as starting materials.

,d;gtgn
—
.
——
H -
R

OH
o}
15 247 248

In one method (Example 5, Scheme 64), the C17 ketone is treated with

U the Wittig reagent prepared by the reaction of ethyltriphenylphosphonium bromide and
' potassium s-butoxide in THF in order to introduce a (Z)-17(20) ethylidene moiety.

20 Reaction of the Wittig product with an aldehyde-containing compound such as S-

acetoxy-3-(1’-methylethyl)-pentanal (156, Section 3, Example 8, Scheme 71) in the

presence of a Lewis acid gives products that contain the required C22 oxygen, present

as an hydroxyl functionality, and the C29 oxygen protected as the acetate. The latter

ene reaction gives both stereoisomers at C22, the ratios of which are dependent -on

. 25 reaction conditions and choice of the aldehyde starting material. Therefore, the four



25 reaction conditions and choice of the aldehyde starting material .
Therefore, the four

130 possi-ble—diastereoners—art sty T TonTthé confi gurations at C22
and C24 can be synt hesi zed by utilizing either the 3R or 3S isoner of
conpound 156. The ene reaction described above results
in a [err] carbon-carbon double bond which can be utilized to
introduce a CwWbwwoysen via allylic oxidation. For 5 ex®EEiCa@4Per
protection of the C22 hydroxyl group of the ene product with an
appropriate protecting group such as t-B8yldimethylsilyl, allylic

oxi dation, using a reagent such as chrom um
trioxide/3,5-dinethylpyrazole conpl ex, introduces a ketone

functionality pdssiblealidstereopesi srising. frmdthetdomﬁgnmitiohhet [G22 r dnddO2k|cen hend

produces a ster0| dal d.t as t I den | D-ring
functional ity Yathewedby g‘ﬂwngﬁ)%%lﬁ g i1spgper o °°mp°“n3 i .
pent ahydr oxy-14[err] - stmms&amo]fdemﬁec( dHo5e resulls in a A" carbon- carbon douaem)val of

the C29 protec rou n ace

oxi dati on of t#?é‘gq'@g‘iﬂl ‘Eagrﬁ %‘B ﬁ‘gw};’gf’%‘ifﬁ& EE# 8’8&%%‘%%"? Qﬁ‘ﬁ?‘i"éd %edehyde

at C29. Re msvaéxmaf,le,t frer G?aeqnb@toeahd T2 giydmml garpebfa{hl: Yend product with an

t-butyl di met hyl si sults ‘(? arﬂailon of the side chain
hem acetal noi @P?P‘?‘(’ﬁ% “’lcin%é??ﬁ%& ’Sb“t)ﬂg‘methyls‘y ic oxidatigre USiRg: 8 ¢

strategy for tReemtsuafRNeRimiGh tﬁ&kﬁdﬁﬂ&h&@?lpﬁﬁiﬂl@&ﬂ{p&k Siréfices a ketgnBai N and
Cl5 ketone functionali tél I nvol ves int roduﬂé Cl15 oxygen bhefore

si de chai Rngiseabey /4 e(‘i':‘)?:i’ﬁﬂ‘@ dRedustipy, d°“Plﬁ bP‘PﬂE’ dHSSS TRt £ r st

step invol ves compourOMYEMEd e RfentidaP T-hdp If@:thaﬁmguacm 99Lehox 8,40, 7. 20-
st eroi dal |nterrred| ate to the enqgl acetate y treatnment Wt h

hsopr openy| 19acesnihysdroxyd 4B-stigmaserd 20ps @fc aci d. Conversion of the 20 enol
acetate to the [err]- ur;saﬁdsmamedmkewBﬂnecﬁng’:lgfbaﬁpdypﬁh@dmbxc&a&ea{owt W th

pal | adi um acetate and tributyltin nmethoxid
[err] followed by oxigdation of the resultant primary alcohol prodzg:g the required aldehyde
248 at C29. Removal of the C22 protecting group. generally a r-butyldimethylsily! group,

results in the formation of the side chain hemiacetal moiety found in compound 165.

15 The second strategy for the attachment of the required hemiacetal side
chain and C15 ketone functionality involves introduction of the C15 oxygen before side
chain coupling (Example 6, Scheme 67). In this method the first step involves
conversion of the C17 ketone functionality of a steroidal intermediate to the enol acetate
by treatment with isopropeny! acetate and p-toluenesulfonic acid. Conversion of the

20 enol acetate to the a,8-unsaturated ketone is accomplished by treatment with palladium

acetate and tributyltin methoxide.

. - : ) H
H
— —=
i ———
H o
H
247 249 b 248

OMa

25 Introduction of the C15 oxygen is then accomplished using a Michael-

type addition to the enonc by an alkoxide derived from p-methoxybenzyl alcohol in the



25 I ntroduction of the Cl5 oxygen is then acconpli shed
using a M chael - type addition to the enone by an al koxi de derived

fromp-rethoxybenzyt—atcohot—Trtte 5
131 presence of potassium hydroxide. This functionality can |ater be
sel ectively deprotected and the resultant al cohol oxidized to the C15
ket one. WO 98/02450 El aboration of the C17 ketone PEHEAT8MA ity to
an acetyl group is a process that begins with the attack of an
acetylide anion. A reagent such as 5 Bbmrerci al | y available lithium
acetylide-ethyl ene diam ne conplex can be used for this t ask.
Dehydration of the product yields the conmpound with a conjugated [err]

car bon- C pelsence afpotdsmmidydaxidely Thia functionality tandaterde ssi¢ctivaly deprasecjedusi ng
reagents such as Loury-i.npr t X resin in nmethanol, THF and
wat er produces® m%%%t%&&doﬁggeuﬁg%%?ﬁg?ﬁrr], C20 ketone). The [err]
car bon* car bon doubl e- boBibdratiohesfirhe 1A sketoge Hanctismatiiyuton ali 4cktybgraup isiad

bi carbonat e under phase transfer conditi.ons. . . The met hyl
ket one is thenp@ﬁﬁgéﬁﬁ‘ éﬂg'ﬁ) with E‘ﬁo?ﬂa%% ‘%f"t Jogylide. Apiony; /) repeent such gs,p
ylid pfepared EdnanertisliyaviitableSicih acetylide-ethglerbaiimiioe complek ydn Hetuséd for this THF.

The epoxi de i s then opeped sterepsel ectively using.a Lewss acid such
as rmagnesi um 1@sk ﬁ?‘HHFB‘E‘ %t"H%P’&?@‘ ﬁ’ﬁﬁgiedvec"mg‘méﬁ A ‘E?&Wﬁ%‘fwAﬁ”g?'Eyl ani on
generated Vi a garbdnt Hublet bohB. Hadritiba 66X hB adeerglesicc anletyo Gsifg eapents aphraspri at e

hal ogen, such as the iodid 84 (Exanpl e Schene 72), is then used.-
to attack the w@r'mawegf&regdf%é TSl gk msthaol ﬁ%a‘é‘gﬁ‘ém’éf"ﬂé&ces an a Wii n, in a
protected for Nprogs atf@lqu“'.! G!ZOQ&[E%?U Nthe 185carboRRaBbE dduble ot is fréticddAfing

e

al dehyde produces the desired si chai n. . The details of
these two st atdifredithignite 39d dicarbopate yadernpasgipestersondifieng 20 whi ch fol | ow.
SBO?JQI/EL (EZgO) The metByi Xk PfenZon@rttd td¥iaREbxIdelil] wdatntenSWAtRWASTAN- 1

. _As_an exanpl e, of the fjrst descri bed
in the introdudtRiypylidprepared f’%’@é‘ﬂmﬂwa}%‘_}ﬁ‘?ﬂggé? @%“‘%“‘yu“h‘“m g’elt"no%c
22, 29- epoxy- 3, gixidk Ny dheaxopedad] Qéredseoétivelybgsingna Lewitngid 26ifl) asCibignagurd 5
synt hesi zed according to the foll ow ngL reactign sequenceeé)utl i %d i n Schene
64. - bromide etherate to give the C22 aldehyde. An alkyl anion generated via a lithium-
15 halide exchange reaction from an appropriate halogen, such as the iodide 284 (Example
9, Scheme 72), is then used to attack the steroidal aldehyde to generate the same side
chain, in a protected form, as found in compound 165. Deprotection of the C29
aldehyde produccs the desired side chain. _
The details of these two strategies are presented in Examples 5 and 6,

20 which follow.

EXAMPLE 5
Y, 22,29-EPOXY-3,29-DIHYDROXY-14B-STIGMASTAN-15-ONE (260)

As an example of the first method described in the introduction to
section 2, the steroid 22,29-epoxy-3,29-dihydroxy-14-stigmastan-15-one (260) can be

25 synthesized according to the following reaction sequence outlined in Scheme 64.



132
[err]

Schene 64
256

10

15

WO 98/02450 PCT/CA97/00490

132

Scheme 64

il viit

TBOMSO TBOMSO'
256

257 258
QH oH
o -
x xi
o——————— ——
ﬁ .
H H
260

248

P=TBDMS

Key: (i) H,, Pd/C, EtOAc (ii) EtPh,PBr, +-BuOK, THF (iii) TBDMSCI, imidazole,
DMF (iv) 156, Me,AICI, CH,Cl, (v) TBDMSCI. imidazole, DMF (vi) CrO,, 3.5-
dimethylpyrazole, CH,Cl, (vii) H,, Pd/C, EtOAc (viii) K,CO,, MeOH (ix) PCC,
NaOAC, CH,Cl, (x) TBAF, THF (xi) KOH, MeOH

The synthesis of 22,29-epoxy-3,29-dihydroxy-14p-stigmastan-15-one
(260) can be accomplished in ten steps from dehydroisoandrosterone (247). Catalytic
hydrogenation of the A* carbon-carbon double bond in compound 247 yields compound
250, which contains a trans-fused A/B ring-system. Compound 247 is dissolved in
EtOAc and 10% Pd/C is added. The mixturc is stirred under H, at room tempcra;turc'
overnight. Filtration through celite and concentration yields compound 250, which can

be used directly in the next reaction.



5 Key: (i) H2, Pd/C, EtOAc (ii) EtPh[err]PBr, t-BuOK, THF (iii)
TBDMSC!, i m dazol e, ~DVF (iv) 156, I\/E[err]AICI CH[err]CI[err] (v)

grmethytpyrazote, '
CH[err]Ci[err] (V||) Herr], Pd/C, EtOAc (V|||) KlerrJCO err], MeOH (ix)
PCC, NaQAC, CH[err]CI[err] (x) TBAF, THF (xi) KOH, MeCH 10

The synthesis @b ogeaas9- €POXY- 3, 29- di hydroxy 14p- sti gnmast apecieadn
(260) can be acconplished in ten steps from dehydr oi soandrosterone (247).

Catal ytic hydr ogenati on of the [err] iz:arbon-carbon doubl e bond in
conpound 247 yi el ds conmpound 250, which contains a trans-fused A/B
ring-system Conpound 247 is dissolved in Et OAC and 10% Pd/ C i s added.

The mxture is stirred URQRL; I;[ag{i&Jon%m?&g h&%&ég&g

Filtration through celite and concentratl on yi e n%oun |ch can

be used direct | fyom rethyhzpheayphosphauitinobromide and potassmm t-butoxide in THF gives
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water and the organic phase dried over MgSO,. Filtration and concentration yields the
crude product 252 which can be used without further purification.
Compound 252 is then coupled with the aldehyde 156 in the presence of
an appropriate Lewis acid to yield compound 253. The aldehydc 156 is dissolved in
20  dichloromethane and Me,AICl (1.0M in hexane) is added at -78°C. After 5 minutes a
solution of compound 252 in dichloromethane is added. The mixture is then warmed to
room temperaturc over 16 hours. It is then cooled to -78°C and quenched with a
methanol/water mixture. The layers are separated and the aqueous phase is extracted
with Et,0. The combined organic layers arc then washed sequentially with IN HCI,
25 saturated aqueous NaHCO, and brine and then dried over MgSO,. After filtration and
evaporation to dryness, the C22 isomers are separated using silica flash chromatography
to yield compounds 253a and 253b.
Compound 253a (or 253b) is then dissolved in dry DMF and imidazole
is added. TBDMSCI is then added and the mixture is stirred at room temperature for 14

30 hours and then at 60°C for 3 hours. The mixture is diluted with Et,O. washed with



crude product 252 which can be used wi thout further purification.
Conmpound 252 is then coupled with the al dehyde 156 in the presence of
} Hs—aetea—to—yretd-ronmpound—253. 1he al dehyde 156 1s
di ssolved in 20 dichloronethane and Me[err]AlCl (1.0Min hexane) is added
at -78[err]C. After 5 mnutes a sol ution of conpound 252 in
di chl or omet haRg, égpzaaplded. The mixture is then warned to 4kbo
tenperature over 1 ours. It is then cooled to -78[err]C and quenched with
a met hanol /wat er m xture. The | ayerggare separated and the aqueous
phase is extracted with Et O The conbined organic |ayers are then
washed sequentially with IN HO, 25 saturated aqueous NaHCO err] and brine
and then dried s r skl j . ' to
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253b) is then g’isstql vi(‘a,dcgnrl] dra/2 and i m dazol e is added. TBDWVSO is
then added and “t'fit 'FPXE I E Nirred at roomtenperature for 14 30 hours
and then at 60[err] C f orAlBliboaxidationl ae Cii5x bflucempaindli 254t edth wCkdy &ddO3,5washed
W th . . . 134 wat er
and t hen dri®d YU IRAFSeiedp firhlormethane gives pomnound 253, Cé_g’aﬂ’grdé%‘i%‘f{‘eniaﬂ% crude
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room t enper at Urcémpdield Bs4.tered 10 through silica gel, washing with Et QAc.

Evaporation of the solvent gives the crude "
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roduct which is_purified .
using flash chromat ogr agtd e e earbe- W"ﬁ%ﬁﬁgﬂ‘tﬂ"é”"‘l"’““é&%ﬁﬁﬂhd 255.
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t hen be achjgv si.n rogen and pal | adi rbon |n_FEt OAc. oun
255 i o 16 b o Q6P T EERORS A qdairil apy of LR dalnts Shed (PG & added.
The m xture i s stirred wfidet la Belirodet Cdtmésphtyel lo@@kightA R SHfepdde theoiRh NC4itd and hen
filtered throu%h Celite a,n(a i%gn_centratgél o yield, after purification,
conpound 256, vconcentrated to yield, after purifigation. spmpgund 36. o ot at e protecting group in
the side chain of conNPOWRehoval of the acetate protecting group in the side chain of compound

256 can then be carried out using potassium carbonate in methanol (or NaOMe in
20 MeOH) to give compound 257. Compound 256 is dissolved in methanol and K,CO; is
added. The mixture is refluxed for 3 hours, cooled to room temperature and poured
onto dichloromethane. Aqueous (10%) NaHCO, is added and the layers are separated.
The agueous layer is extracted with dichloromethane and the combined organic extracts
are washed with water and dried over MgSO,. Filtration, evaporation and purification
25 yields compound 257.
| Oxidation of the resultant primary alcohol 257 to the aldehyde 258 can
be achieved using PCC. Compound 257 and NaOAc are stirred in dichloromethane amj
PCC is added. The mixture is stirred at room temperature for 3 hours and then filtered
through Celite. The filtrate is concentrated and the residue purified using flash

30 chromatography to give compound 258.



256 can then be carried out using potassium carbonate in nmethanol (or NaOwe
in 20 IVEO—D to gl ve corrpound 257. Conpound 256 is dissolved in methanol

atreh r\L et J L,ul IS1L j S added—The mxture s-reftuxed—tor 3 hours,
cooled to roomtenperature and poured onto di chl oronet hane. Aqueous
(10% NaHCO err] is added and the | ayers are separat ed. The aqueous

| ayer is extrawosdiomst h di chl or omet hane and the conbi ned OCRGFAIAIE00438t r act s
are washed with water and dried over MgSJ err]. Filtration, evaporation and
purification 25 vyields conpound 257. 135 Oxi dation of the
resultant primary al cohol 257 to the al dehyde 258 can be achi eved

usi ng PCC. Conpound 257 and NaQAc are stirred in dichloronethane and

PCC i s added. The m Xt ur @eprdtestidnr 6 totht hydaapd highes & dorfpdufd 158 haurie and

then filtered t hrough Cel.ite. filtrate oncen dthe
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135 . in THF and tet2BRyIQhAGAILA muaﬁddomt THRY¢ sdiey.| THP infiktuRSs isfirredo mpound
258 can be achieved in one step u ng t et ragutyl anmoni um f | uori de.
Conpound 258 i s OFrRighs | &y &gpm ‘e‘“l’e’l'a‘ﬂ“el'i“ilgl Cqnagtrased %) Pacie3R? GHRfed U8 & e i n

THF i s ‘added.s Tb@gmﬁgkyungdﬂ,y%ky (@dsngmasmpmﬁal(my at room tenperature and
then concentrated in vacuo and purified zgl ve
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The - m Xt U Gidesre 1setfehﬁ%§qbrf 1B mihted iheA! ESoRed! B S6brf Ritlpedted WS added
tenperature. Water is added 10 and the aqueous slurry is extracted with

chl.or of orm alftl anethe aqueoys sluey ingocried rvylth chlorofopm |apd ghenofriedreyee MeSOnt r at i on

gives the cruderprmgheid édaeémr&mtgweme@nmemoﬁ%mt Bankditd’ 4 epimeric Afixt@@mpounds
248 and 260. Separation of 248 and 260 is achi eved using col um

chr omat ogr aphy. of compounds 248 and 260. Segeratipr of Rdft pb2400istaehesd cisip SOMEN 260
(Schene 65) inv ,ﬁgmqq_';ﬁ,par ation 15 of the [err]-I actone in the sidechain
and subsequent Di reduction to yield the ound contai ping the
C29 hemni acetal functi onahp@lematiye f@%&ﬁﬁ?@“ﬂ%@%ﬁ@em}: ggbym‘ssyprepmnom n

conpound 251;§ S Pyt &GEGH: %tﬂehsdéeﬁﬂ%&wbséda@ﬁt bﬁgﬁi'&&{xc&m hOYRM By the

standard ene reaction described in exanple Deprotection of the C29

acet oxy group i Sompsep containingthe,q #Wk@?%@"%%l Rorexampiro e dé-bydrowdt hanol .
The resul tant dln‘%om%@lﬁxd'zgl S oecbl asqied Wyt@an:Eﬁll{y%ﬁJweld%tt%nH&H ng

silver carbonate on celite i'n refluxing Bbenzene. mpound 263 is
di ssol ved i n befnegrastiemdeserited én w@mlsosnaP@rmwe@ée&%9@e4tWeerm is then

accomplished using sodium methoxide in methanol. The resultant diol 263 is then
20 oxidized to the &-lactone using silver carbonate on celite in refluxing benzene.
Compound 263 is dissolved in benzene and silver carbonate embedded on celite is
added and the mixture refluxed for 12 hours. The reaction mixture is then filtered,
evaporated and the residue purified by flash chromatography to yield lactone 264.
Allylic oxidation of compound 264 using chromium trioxide and 3,5-dimethylpyrazole
25 in dichloromethane introduces a carbonyl moiety at C15 (compound 265). Reduction of
the conjugated A" carbon-carbon double bond using hydrogen and palladium on carbon
in EtOAc followed by removal of the benzoate groups using NaOMe in 1:l
CHC1,/MeOH, yields product 266. Finally, protection of the C15 ketone as the ethylenc

ketal followed by selective reduction of the &-lactone to the lactol is then accomplished



added and the m xture refluxed for 12 hours. The reaction m xture is then
filtered, evaporated and the residue purified by flash chromatography

to yield | actone 264 A e=oxTdat-omof—conmpound 264 usi ng chrom um
trioxide and 3, 5-di nethyl pyrazole 25 in dichloronethane introduces a
carbonyl noiety at Cl5 (conpound 265). Reduction of t he conj ugat ed
[err] carbon-carbon doubl e bond using hydrogen and pal | adi um on car bon

in EtOAc fol | WREH928% renoval of the benzoate groups usi ngTEAREOMN 1:1

CHCl [err]/ MeOH, yields product 266. Fingééy, protection of the Cl5 ketone

as the ethyl ene ketal followed by ective reduction of the
[err]-lactone to the lactol is then acconplished
136 using DIBAL at -78C and deprotection using 80% agueous acetic

acid to give usingcBHfdunt -7850. and deprotection using 80% aqueous acetic acid to give
Scheme 65 compou:{d%fi]
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5 Key: (i) H,, Pd/C, 1:1 EtOAc/EtOH (ii) EtPh,PBr, +-BuOK, toluene (iii) BnBr,
NaH, DMF (iv) 156, (CH,),AlCl, CH,Cl, (v) MeONa, MeOH (vi) Ag,CO,/celite,
benzene (vii) CrO,, 3,5-dimethylpyrazole, CH,Cl, (viii) 1. H,, Pd/C, EtOAc 2.
NaOMe, MeOH (ix) 1. HOCIL,CH,OH, pTsOH, benzenc. 2. DIBAL.
CH,CL,.,-78°C, 3. 80%AcOH.

N 10 EXAMPLE 6

As stated at the beginning of this section, a second method for the
introduction of the C15 oxygen involves using a Michacl addition as described by
Cantral et al., J. Org. Chem., 29:64, 1963. Selective removal of the protecting group
followed by oxidation of the resultant secondary alcohol to a ketone at C135 is required.

15 1t has been shown by Horita et al, Tetrahedron, 42(11):3021-3028, 1986 that p-
methoxybenzyl protecting groups can be removed in the presence of many other
protecting groups, including benzy! functionalities, using 2,3-dichloro-5,6-
dicyanobenzoquinone (DDQ). Therefore, the alkoxide produced from p-methoxybenzyl



5 Key: (i) Herr], Pd/C, 1:1 EtOAc/EtOH (ii) EtPh[err]PBr, t-BuOK

toluene (iii) BnBr, NaH, DMF (iv) 156, (CHerr])[err]AIC,

(vii) &Qerr], 3,5-dimethyl pyrazole, CHerr]O[err] (viii) 1. Herr],
Pd/ C, Et QAc 2. NaOve, MeOH (ix) 1. HOCH err]CH err]OH pTsCOH,
benzene, 2. , CHerr]C[err].,-78[err]C 3p-fhdoblse 10
EXAMPLE 6 Q]:)@é%mo As stated at the beginning 01? this section, a
second net hod for the i ntroduction ofs#he C15 oxygen involves using a
M chael addition as described by Cantral et al., J. Og. Chem, 29:64,
1963. Sel ective renpval of the protecting group fol l oned by oxidation
of the resultan GO y al cohol akton at, C15 i s, r 5 It
has been shown "i‘s?ﬁad‘i‘ R?)S{ést“sﬁ ‘“Steﬁde?fot%ﬂﬂg’éﬁus FERY P, 313 '?gghy c '&@% t hat
p- met hoxy heaz )sk:h@{ecﬂéeﬁtowrsgo\gs" Anlepamleof thie clie&iim-y eﬁi terRnbredn pcmpoam:e of

many ot.her rotectin ncludln ben ctlonal usi ng
2, 3-di chl oro-5, % which g?ﬁ e‘ﬁz‘Bﬁﬁlsﬁ% IW‘ﬁz f#?@ éﬁ%m de
produced from m&e&&@aw&ﬁmrdy Takahashi et al., Tetrahedron, 41(24): 5747-5754, 1985.

137 . alcohol in KOH, is used instead of the anal ogous benzyl oxy
al koxi de useg by Cantral et al. cgtﬁme bel ow shows an exanpl e of
this chem stry on the enone in conpou 70, which is produced in three
steps fromtransdehydroandrostcrene (247) using procedures descri bed by
Takahashi et al., Tetrahedro (248 el 47- 5754, 198% 5
Schene 66 : . ol €]
. HO |m|dazole DMF
. 247 TBDMSO 268
\\_/-

usopropen)l acetate PA(OAC). BusSn(OMe)

stOH /\,0C02Me ﬁ

TBDMSO TBDMSO

The reaction procedures for the Michael Addition illustrated in Scheme
67 are as follows. Compound 270 is dissolved in p-methoxybenzyl alcohol and
10 powdered KOH is added. The mixture is stirred under nitrogen at room temperature for
4 hours. The mixture is diluted with Et,0 and washed with water. The organic layer is
dried over MgSO,, filtered and concentrated. The crude residue is purified using flash
s chromatography with a step gradient (EtOAc/hexane) elution to yield compound 271.

Scheme 67
o

. .
p-Methoxybenzyl alcohol OMe
15 KOH op
TBDMSO

- TBDMSO"

Attachment of the sidechain can be accomplished on compounds

containing.a C17 ketone functionality using a Wittig/ene procedure as illustrated earlier



The reaction procedures for the Mchael Addition illustrated in Schene
67 are as follows. Conpound 270 is dissolved in p-nmethoxybenzyl al cohol and

10— powdered—KoH+s—added—Tre—mrxture TS STTTTed under nitrogen at room
tenperature for 4 hours. The mixture is diluted with-Et[err] O and
washed with water. The organic layer is dried over MgSg err], filtered
and concentr (38'%2! e crude residue is purified using fl

chr omat ograp?é/v W gisa step gradi ent (EtQAc/ hexane) el uti %%Q}t%”mglod
conmpound 271. 138 Schene 67

[err] 15 Attachment of the sidechain can be

acconpl i shed on corrpounds containing a C17 ketone functionality using a

Wttig/ene pr durecas il l.ustra
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5 Scheme 68.
Scheme 63
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The first step in the above process involves conversion of compound 271
to the acetylenic alcohol compound 272 using lithium acetylide-ethylenediamine
complex. The acetvlide complex is suspended in THF, and after cooling to -20°C. a
solution of compound 271 in THF is added. The mixture is stirred at room temperature

15 for 6 hours, cooled to 0°C and then quenched with water. The mixture is extracted with
dichloromethane then the combined organic extracts are washed with brine and water
and then dried over MgSO,. Afler filtration and concentration the residue is purified
using silica flash chromatography (1:6 EtOAc/hexane) to yield compound 272.
Dehydration of compound 272 yields the conjugated carbon-carbon
20 double bond in the D-ring of compound 273. Compound 272 is dissolved in dry -
pyridine and phosphorus oxychloride is added. The mixture is stirred for 30 minutes at
room temperature and then poured onto ice-water. The aqueous slurry is extracted with

dichloromethane and the combined organic extracts are washed with aqueous NaHCO,



5 Schene 68. Schene 68

[err] . 10 The first step in the above
ptocess—tnvorves—conversionof —conmpouTd—271 totheacetrytenit atcohot
conmpound 272 using lithium acetylide-ethyl enedi am ne conpl ex. The

acetylide conplex is suspended in THF, and after cooling to -20[err]C. a

sol ution of co‘r{pound 271 in THF is added. The m xture is gé Ll & room
tenperature 15 O98P24¥ hours, cooled to O[err]C and then q JF( e th

water. The m xture is extracted with 13‘5“ chl oronet hane t hen the conbi ned
organi c extracts are washed with brine and water and then dried over )
MySO err]. After filtration and concentration the residue is purified

using silica flash chromatography (1:6 EtQAc/hexane) to yield coppaqund 272.
Dehydration of M3 digdovsr &%Q«t'ﬁ%ﬁrggF?P?fb%‘FéH“@gF%fgecﬁF‘g&? 1S doubl e

bond in the D-rjpgedsingIRPHRE chréRatofapiyq 18 EtGAchekane b §iRRl céPound 203y
pyri di ne and phosphorus oxychloride s added. The m xture is stirred for 30

m nutes at room t erereury (20 immereated Dowexr 0 sein.oinjaceolvray Bixturr /e
aqueous slurry fgy&xl TARLAE Wik [ then usedits Elgogﬁ&qﬁé HRgadethyl kefoRERIHE
organi ¢ extracts are washed w th aqueous HCO err
139 5 from compound 273. Compound 273 is dissolved in methanol/THF (2:1) and two drops
' of water are added. Hg?*/Dowex resin is added and the mixture is stirred at 60°C
overnight. Filtration and concentration yields a crude residue which is purified by silica
flash chromatography (1:2 EtOAc/hexane) to give methyl ketone 274.
The A'® carbon-carbon double bond in compound 274 is reduced using
\, 10 sodium dithionite. Compound 274 in toluene is added to a mixture of sodium dithionite
and sodium bicarbonate in water. The phase transfer catalyst Aliquat® 336 is added
and the mixture is refluxed for 3 hours. The mixture is extracted with dichloromthane
and the organic phasc is dried over MgSO,. Filtration and concentration of the ﬁliféte
in vacuo gives a crude residue, containing compound 275.

15 Selective deprotection of the C15 hydroxyl in 275 can be accomplished,
at this stage or after coupling of the appropriate sidechain, according to the procedures
described by Horita et al. (Tetrahedron. 1986, +42(11), 3021-3028) which involve
oxidation of the p-methoxybenzyl ether with 2,3-dichloro-5.6-dicyanobenzoquinone
(DDQ) in dichloromethane and water. Oxidation of the resultant C15 hydroxy! group to

20 the ketone functionalify can be accomplished using a number of methods including
PCC in dichloromethane.

EXAMPLE 7

As described in the introduction to this section, the hemiacetal sidechain

functionality in compounds such. as 165 can be introduced using Grignard

25 methodology. This first involves a two step conversion from the methyl ketone
functionality at C17 1o a C22 aldehyde containing compound. The methodology for

such a conversion, illustrated in Scheme 69. has previously been described by a number

of groups including Koreeda et al., Tetrahedron Letters, No. 19, 1641-1644, 1978.



and water and dried over MgSO err]. After filtration and concentration the

crude product is purified using silica flash chromatography (1:6
i . NVErcury (2+)
i npregnat ed Dowex-50Wresin, in a solvent m xture of met hanol , THF and

water is then used to produce the conjugated nethyl ketone 274 5 from
conpound 273. Cog;gound 273 is dissolved in nethanol/ THF (P%Fi"li)f‘ and two drops -
of water are %@ 4% [ err]/Dowex resin is added and the N8P stirred
at 60[err]C overnight. Filtration md concentration yields a crude
residue which is purified by silica flash chromat ography (1:2

Et CAc/ hexane) to give nethyl ketone 274. The [err]

car bon-carbon doubl e bond in conmpound 274 is reduced using 10 sodium

di thionite. Conmpound 274 in tol uene iS¢hemei€}Y to a nixture of sodium
dithionite and sodi um bi carbonate in water. The phase transfer

catal yst Aliquat[err] i s added and the mxture is Kefl uxed for 3.
hours. The m xture_ | t naxEDMICWI t h  gindf Or oMeBrkRERe d Hhe organic
phase is dried o | 4o and gggneent of the filtrate
in vacuo gi vesy .

u i
eremdgg ing conp 5

Sel ective deprotecdon of th ou harelr oxyl in 2/5 canae acconplished,

at this stage or after coupling of the appropriate stdechain, according to .
t he procedures described by Horita et al. (Tetrahedron. 1986, 42(11),

3021-3028) which invol . OX] i of th - met.hoxyhbe |, ether with

2, 3-di chl oro-5, 6-di cya\r?g'ﬁecﬁg%ﬁ'gﬂﬁ%%;ém%) Of( sgf‘ﬁ'&f@ﬁ'ﬁo‘?&ﬁéf'ﬁ? J;a?and

wat er. Oxi dat iabiehyle 27Bds acidaved aptnuclidphily dittackyéf gycabymidn0 Qéinjidnad R8tione -

functional i tY oam R G559 MRlhal Srn 0 2fs MHNBSIL: o elBLIAHE LLSkig O
As- descri bed i3)Ekdugpld MtSchanect2) amdl thesdlition of detaldehyde 2% int YO Bakhaldal dechai n
functional ity {n conpaunds such.as 16 be introduced using Gignard 25
et hodol ogy.  THeSPRRCE SRR b3 o 20 RS %8 otrBrCioc i mrers® il

ket one f MOA¢e inaikied. y Tixt orfibic kayerds Wakhedbadadnyialty withnvater)ilNgHChagbund. The
met hodol ogy,f Qr uch a versi o illugtrated.in Schene 69. .has

previ ousl y)‘%ee"‘r'lmcﬁ’eﬂs‘e(flr‘frﬁg8‘"%55\8 élgbh'u f?%érr htiation a(’)’? c%nr%r}%‘gm]’ H}? | T R&’gk%rlseeda et

al ., Tet r ahedmarifiddatsing siica flish clirBmatbgrdihy 16 iéld cd@pdind 281. Deprotection of the

140

sidechain, using standard procedures such as 80% aq%gor\]g gc%ti? a?cid at 60°C, gives the

desired sidechain hemiacetal.

Scheme 70

Li ié_ o"&"

oH ( ©
! 280
v’ e ————

TBDMSO

SECTION 3

THE SYNTHESIS OF VARIOUS SIDE CHAIN CARBON SKELETONS
FOR COUPLING TO STEROID NUCLE!

The synthesis of compound 165, and analogues outlined are convergent

20 {(ie, a highly functionalized side chain is coupled with a functionalized steroid



[err] The coupling (Scheme 70) of the desired
sidechain to the steroidal 5 aldehyde 278 is achieved by nucleophlllc

attack—of —a—carbantom—Conpourd—2 eatment of
the iodide 284 with t-BuLi in Et20 at -78[err]C (see Section 3, Exanple
9, Schenme 72) and the solution of the al dehyde 278 in Et[err]Ois then
added. The woostopyse i s stirred for 1.5 hours at - 78[ er ricEdaamevsssar ned to
room t enperature and Et OAc is added. The organic | ayer is washed
sequentially with water, IN HC, and 10 lkter, then dried over MgSd err].
After filtration and concentration, the crude product is purified using

silica flash chromatography to yield conmpound 281. Deprotection of the
si dechai n, usi NguciudN e twd MeGEE yed! fheofiple %Q%&Q%Q%bcﬁﬁs%lbﬁn aeind at

60[err] C, gives the desired sjdechai n_hem acet al

Schenme 70 steroid ring structure were descnP@ }n] Section 2. Below is a description of the
SECTI ON 3 production of the s:dI'dEazmgﬂle%mgt:o BMARLE Gl the b @ E%géédynQARBO\l
SKELETONS OR COUPLI NG TO D NUCLEI

The synt hesi s of conpoundhelfss methed 1%%%@&%W8€Pﬂ%@°wé(bwwquﬁt 20
(i.e., <a highlypdtiaAtdse)ahd rfaid AIdeEded R te DrinRHPUIRR0I sk forfunt i dh g0l T zed

St er oid carvone, -which is available from, e.g., Aldrich Chemical Co.; Milwaukee, WI). This
sequence gives rise to compound 156 with the S-configuration. The compound with the
R-configuration is synthesized from D-carvone. It is also noteworthy that any
appropriate alcohol protecting group can be used in place of the acetate ester to generate

10  an aldehyde compound suitable for coupling to the steroid via an ene-type reaction on
compound 252 and related steroids.
The second method (Scheme 72) involves the synthesis of compound
284 and related alkyl halides from the carboxylic acid compound 282. This séqdénce
also generates a product (280) with the S-configuration. Again, the enantiomer of
15 compound 280 is synthesized from D-carvone. As above, any appropriate aldehyde
protecting group can be used in place of the ketal functionality in 280, for the steps in
the production of the carbanion used in the coupling rcaction (generated from a
lithium/halide exchange reaction on the corresponding alkyl halide).

EXAMPLE 8
20 5-ACETOXY-3-(1’-METHYLETHYL)-PENTANAL (156)

The intermediate 5-acetoxy-3-(1’-methylethyl)-pentanal (156), used in
the Wittig reaction described in previous sections, can be synthesized according to the

reaction sequence shown in Scheme 71.



141 nucl eus). The two net hods enpl oyed to couple the side chain
carbon skeleton to the steroid ring structure were described in

Secti-op—2—Belows—a—descriptiomof The production of the side chain
carbon skeletons to be used in the coupling reactions.

The first nethod involves the synthesis of 5-acetoxy-3-(1 -nethylethyl)- 5
pentanal (15§ sddsshe! at ed al dehydes fromthe primary al gefiphorhdudy (Produced

fromL- carvone, which is available from e.g., Adrich Chemcal Co.;
M | waukee, W). This sequence gi vemarise to conpound 156 with the
S-configuration. The conpound with the R-configuration is synthesized
from D-carvone. It is also noteworthy that any appropri ate al cohol

protecting group can be used in plac mel7]€ acetate ester to generate 10
an al dehyde conpound suitable for codpftng to the steroid via an ene-type
reacti on on conpound 252 and rel ated steroids. The
second nmet hod (Scheme 72) involves the synthesis of conmpound 284 and
related al kyl haljides fromthe carpoxylic acid geqpound 282. This sequence

=

al so gener at e® oduct (280) e S-confi Again, t
enantiomer of 1 etmpotmd 4330 Ig A6ed fr m-g-'ggi\/ﬁ@ ,ﬁd%Jab ove, any
appropriate al defjyde proteqti n@""?foup e used in placefof the
ketal functiona in 280, fo eps in t he productien~of the

car bani on used i % he coupling ¥eaction (generased froma 156

l'ithiun halide exchange reaction on the correspondi ng al kyl halide).

EXAMPLE 8 20 5- ACETOXY- 3- (1' - METHYLETHYL) - PENTANAL (156)

The intermediate 5- acetc%mrs?»on(anrt%mxé Ris3Y 1d ~BRBEHA] 54( %59&0,11 fgh 1 n

the Wttig reaction described in previous Ssectionhs, can eS| zed
according to fellewing literasure t prenedusesy (Ferabedetno devtarn WeRs(@IN. 4 5 4688).
42

Protection of the primary alcohol in compound 154 is a%@&ﬁm?heﬁjoy conversion to an
acetate ester. Compound 154 (207 mg, 1.10 mmol) is dissolved in pyridine {2 mL) and
DMAP (10 mg) and acetic anhydride (2 mL) are added. The mixture is stirred at room
10 temperature overnight and then diluted with Et,0. The mixture is washed with 10%
aqueous NaHCO; then water and dried over MgSO,. Purification of the crude product
is achieved using silica flash chromatography (1:4 EtOAc/hexane) to give compound
155 (249 mg, 1.08 mmol) in 98% yield.
Removal of the ketal protecting group in ketal 155 using 80% acetic acid
15 gives the desired aldehyde 156. Compound 155 (150 mg, 0.652 mmol) is suspended in
80% AcOH (5 mL) and the mixture is heated at 70°C for 2 hours. The solvent is
removed in vacuo and the residue is taken up in Et,0 (50 mL). The mixture is then
washed with aqueous NaHCO, and brine and then dried over MgSO,. Filtration and
evaporation of the filtrate gives pure compound 156 (110 mg, 0.591 mmol) in 91%
20 yield.

EXAMPLE 9

The intermediate 280, used in the coupling reaction described in
previous sections, can be synthesized according to the reaction sequence summarized in
Scheme 72,



[err] DVAP 5
Conversion of L-carvone (153) to conpound 154 is acconplished

(41),
4685- 4688) . Protection of the primary al cohol in corrpound 154 is
acconpl i shed by conversion to an acetate ester. Conpound 154 (207 ng,
1.10 mml ) is skossmadsseed in pyridine (2 nL) and DVAP (pTa/cAg)oodddd acetic

anhydride (2 nL) are added. The m xture is stirred at room 10 tenperature
overnight and then diluted with Et[err]Ol43¥he mixture is washed with 10% .
aqueous NaHCJ err] then water and dried over MgSO err]. Purification of the

crude product I s achieved using silica flash chromatography (1:4
Et OAc/ hexane) to give conpound 155cHer@92mg, 1.08 mmol) in 98%yiel d.

Renoval of the ketal protecting group in ketal 155 using 80% acetic acid 15
gi ves the desired al dehyde 156. Conpound 155 (150 ng,, 0. 652 nmol ) i

is
suspended in 809PAJCH (5 nl) arfi\t he wri xjure D’s\é(he%? at /[\}“ ]C for
: dn.s/&o.and o

2 hours. The solvent¢Tg” Z—_—Lenov ue i@ @®aken up

in Et[err] O (50HRECRFhe mividcur eNAtherpTsoH wi T agh NalHCO3
and bri'ne and then dr)ed over MgSQ4, Filtration eviapon,gf i onjof the
filtrate gives pure Ezorrpound 156 (110 ng, 0.591 mmol) in 919 20 yi eld.
EXAMPLE 9 The internediate 280, used in the coupling
reaction described in previ ous sections, can be synthesized according

to the reaction sequenceCsmupouad 2821 first synthesiz&:i!ﬁng'staﬁdhrd literature procedures
143 S (Tetrahedron Letters, 25(41), 4685-4688, 1984) and then converted to 280 in a three
step procedure. Compound 282 (1.04 g, 5.12 mmol) is dissolved in dry CCl, (120 mL),
S and I, (2.57 g) and iodobenzenediacetate (IDBA) (3.28 g) are added. The mixture is
refluxed while irradiating with a 100 Watt bulb for 10 minutes. After cooling to room
temperature, 5% aqueous Na,;$,0, solution (300 mL) is added until the solutigq is
10 colorless then the layers are separated. The organic phase is washed with water and
dried over MgSO,. Purification gives pure compound 283 (657 mg, 2.30 mmol, 45%

yield).

Exchange of the aldehyde protecting groups is achieved to produce
compound 284 from compound 283 using 2,2-dimethyl-1,3-propanediol and p-

15 toluenesulphonic acid as a catalyst. Compound 283 (42 mg, 0.18 mmol).is dissolved in
benzene (5 mL) and 2.2-dimethyl-1,3-propanediol (300 mg) and p-toluenesulphonic
acid (3 mg) are added. The mixture is heated at reflux overnight then cooled and
evaporated to dryness in vacuo. The residue is purified using silica flash

N chromatography (19:1 CH,Cl,/Hexanes) to yield compound 284 (40 mg, 0.14 mmol,

20 80%).

Finally, a lithium iodine exchange reaction on 284 using r-butyllithium
in THF gives the desired product 280. -Bul.i (1.7 M solution in pentane, 0.25 mL}) is
added to a solution of compound 284 (52.1 mg. 0.160 mmol) in dry Et,0 (2.0 mL) at -
78°C. The solution is stirred at -78°C until no starting material remains by GC analysis.

25 This solution is used directly in the coupling reaction with the aldehyde 278 (Exami.)le
7, Scheme 70).



Schenme 72 [err] Conmpound
282 is first synthesized using standard literature procedures 5

— {(TFetrahedron—tetters—25(4)—46854688, 1984) and then converied to 280 in
a three step procedure. Conpound 282 (1.04 g, 5.12 mml) is dissolved
indry Cl[err] (120 nm), and I[err] (2.57 g) and i odobenzenedi acet ate
(rL)yBA) (3.28 g!) are added. The m xture is refluxed while irradiating
with a 100 WHA%BHY for 10 ninutes. After cooling to r dEHCA97/004%0
tenperature, 5% aqueous Na[err]S[err]q%{r] solution (300 nL) is added
until the solution is 10 colorless thé the | ayers are separated. The

organi ¢ phase is washed with water and dried over MgS err].
Purification gives pure conpound 283 (657 ng, 2.30 mml, 45% yield).
Exchange of the al dehyde protecting i s achi eved to produce

conpound 284 fromeRRPeYRSs 8534,531p60v Y pRoU-IRIbr 1 Roke ARRAREI ol and p- 15
t ol uenesul phoni c aC| d as a catal yst Conmpound 283 42 ng 0.18 mml) i's

di ssolved in _2-di.met h ropane (300 ny)
and p-tol uenesul phom cwesys‘gléﬁ %fp?@hj xylgied sirp 8%6 mal* L‘i’f"g °?§‘ ®heat ed at
reflgx overni gh$ Kefone &moltmdlsmadcham hefiagqialr a?]mal In02d,129 §-3urs7/29:u0 The
residue is pur ing .silic a chro (19:1

CHerr]d][ 7"@&‘&%@5 fSBg’g?fséﬂ" ﬁ%‘g@nﬁm?&ﬁ@ nPﬂﬁg ugng CH%‘PMEO 809 .
Finally, al I bihihe Mhekteds aescﬂmhar&eﬁfseafot ée@tﬁbn@n c%%ﬁlcaysehﬂa HegiRUkit thet hi um

in THF gives the desired product 280. t-Buli 7 Msolution in pentane,

0.25 nL) js functioggization; of the &ypnd; B &ﬁssofh"-&é‘i'?p@ﬂﬁt?“aim""eaf the Ryingand60 ol )

indry Etf[err Lc@pﬁr?g o1 118 skde?hain or the cont&rkeS Mh kife. coﬁb&nﬁ@édﬁia‘u@ﬁk d 815keigneed at -
-78[err]C until no starting naterial remains by GC analysis. 25 This

sol ution is udpraiGeabemipcstal, the,4/Bringspn Gagtaiied Siof 6|'?Y‘W”E>1113‘[°H@ RrPMMSde 278
(Exanple 10 34,6 8dA3M8n 48)combination and in any combination of configurations.

144 The following describes synthetic routes to the compounds 22,29-epoxy-
3,6,7,29-tetrahydroxy-14B-stigmastan-15-one  (304) and 22,29-epoxy-3,4,6,7,29--
pentahydroxy-14p-stigmastan-15-one (165) and the corresponding Hl4a epimers.
These are examples of compounds containing the C15 ketone and the side chain C29

15 hemiacetal that are derived from synthetic transformations described in the first two
sections and the same methodology can be applied in the production of compounds
containing other hydroxylation patterns at carbons 3, 4, 6 and 7 in the A/B ring system.

Also included below is the synthetic route to 22,29-epoxy-3,6,7,29-
tetrahydroxystigmastanol (306}, a compound that contains a polyhydroxylated A/B ring

20 system and a hemiacetal side chain but lacks the C15 ketone functionality found in

compound 165.

EXAMPLE 1
22,29-ePOXY-3,6,7,29-TETRAHYDROXY-14B-STIGMASTAN-15-ONE (304)

The steroid 22,29-epoxy-3,6,7,29-tetrahydroxy-14p-stigmastan-15-one
25  (304) can be synthesized according to Scheme 73.



SECTI ON 4 THE SYNTHESI S OF
3,4, 6, 7- POLYHYDROXY- 22, 29- EPOXY- 15- ONE STERQO DS The

C15 ketone and the side chain hem acetal found in 22, 29-epoxy-3,4,6,7,29-
5 pentahydroxy-14[err]-stigmastan-15-one (165) can be acconpl i shed using a

conbi nati on of the nethods described in the first two sections. One
can either begiWowa2#0t he functionalization of the A-BRHCE™Ys, then
the functionalization of the D-ring and coupling of the side chain or
the converse. In the conpounds containing 143 C15 ket one and/or a C29

hem acetal, the A/IB ring can contain 2, 3 or 4 hydroxyl groups at carbons
10 3, 4, 6 and/or 7 in any conbi nation and in any conbi nati on of
configurations. The Sahéhe¥d ng descri bes synthetic routes
to the conmpounds 22, 29- epoxy-
3,6,7,29- tetrahydroxy 14f err] -stigmas

22,29-epoxy-3,4,6,7,2 ipenta 165)
and t he correspondj erT™

conpounds cont ai nj e C 13 anqa Qeni acet al
that are derived frogsynthetic {asansf or nat ongs descr i JEYSPn Pirst two

sections and the sane net hodol ogy can be appliedA n the producti on,\gf
conmpounds contai ning oth ydrvoxyl atio ,i?er ns at car bgng

and 7 in the A/B ridgsys —_ Al S6 j ncl uded[bgl pw i s t he
synthetic route to 22,2 -3, 6, 7, 29- tetrahydroxy hst anol
(306), a conpound t,ggg; OTW rox d A/ BEMSEg~ZY Syst em and
a hem acetal side chain b Iacks t he Cl5 ket one functlonalhﬁy°ﬁound in
gzppound 165. EXAMPLE 10

29- EPOXY- 3, 6, 7, 29- TETRAHYY- 14[ err] - STI N- 15- ONE (304)

The steroid 22, 29:epoxy- 3, ne 25
n-t-he-&bz 2

(304) can be sy

Q t@f r ahydr oxy ?r] -stigmasta
di %chﬁ .

145 TBOMS OBn H & [err]
OBn 292 O8n Y
Lol 293 OBn
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x xi Xii
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He ¥’ 0Bn 4 Y~ N08n |

< 294 OBn &nc" 295 8gn 8n0" Y OBn

296 OBn

Key: (i) p-TsOH, (CH,OH),, Benzene (ii) TBDMSCY, imidazole, DMF (iii) CrQ,,

5 3,5-dimethylpyrazole, CH,Cl, (iv) NaBH, CeCl,, THF-MeOH (v) Acetic
Anhydride, pyridine (vi) BH,:THF complex, then H,0, , 'OH (vii) NaH. DMF.
Benzyl bromide (viii) TBAF, THF (ix) PDC, CH,Cl, (x) LS-Selectride®. THF (xi)
NaH, DMF, Benzyl bromide (xii) AcOH, H,0, acetone.

A

—the



Key: (i) p-TsOH, (CHerr]OH[err], Benzene (ii) TBDVSCl, im dazole, DW

(iit1) &gerr], 5 3, 5- dlrrethylpyrazole CHerr]CJ[err] (iv) NaBH err],
CeQLerr]—FH—MeOH—v)—AcetTT ATHYOTTOE, pyrTdine (vi) BH err]: THF
conplex, then Herr]Jerr] , OH (vii) NaH DW. Benzyl bromide (viii)
TBAF, THF (ix) PDC, CHerr]dJerr] (x) LS-Selectride. THF (xi) NaH,
DMF, Benzyl bromde (xii) AcOH, Herr]O acetone.
146 WO 98/02450 Scheme 73 contpdviexdoodso
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Scheme 73 continued:

[o] OH
digg xiii xiv
nm—————— amt————— .
BnO™ Y Bn 8n0"
0Bn Den BaO™ e 8n
296 298
o
OH
xv x‘vi xvn
BnO™ v” “OBn
O8n
299 300 OBn 301 Dgz
(4]
xviti
i
—-—->-
6z0" v~ 0Bz H
OBz
302 303 OH 304

5 (xiii) EtPh,PBr, 1-BuOK, THF (xiv) 156, (CH,),AlC], CH,C], (xv) MeONa, MeOH
(xvi) Ag,CO,/celite, benzene (xvii) CrO;, 3,5-dimethylpyrazole, DMF (xviii) H,,
Pd/C, EtOAc/EtOH (xix) KOH, MeOH (xx) 1. (CH,OH),, pTsOH, benzene, 2.
DIBAL, Toluene, 3. 80% AcOH.

The steroid 22,29-epoxy-3,6,7,29-tetrahydroxy-14f-stigmastan-15-one

\_ 10 (304) can be synthesized starting from the commercially available steroid
dehydroisoandrosterone (247). The C17 ketone of compound 247 is first protected as

the ketal by treatment with ethylene glycol and a catalytic amount of p-toluenesulfonic

acid in refluxing benzene. Protection of the 3B hydroxyl as a silyl ether is then

achieved using r-butyldimethylsily! chioride and imidazole in DMF to give compound

15 286. Allylic oxidation of compound 286 using chromium trioxide and 3,5-
dimethylpyrazole introduces a carbonyl moiety at the C7 position (compound 287).

Chemoselective 1,2-reduction of this ketone using sodium borohydride and cerium

chloride yiclds the allylic alcohol 288 in a THF-methanol solvent system.



[err] 5 (xiii) EtPh[err]PBr, t-BuOK, THF (xivV)

156 (CH[err])2AICI CH[err]CI[err] (xv) MeONa, MeOH (xvi)
Agterrederrifcetite—benzene—txvi—CCerTi, 3, 5- dimethytpyrazote, DVF -
(xviii) Herr], Pd/ C, Et QAc/ Et OH (xi x)- KOH, MeOH (xx) 1.
(CHerr]O[ err] pTsOH, benzene, 2. Dl BAL, Tol uene, 3. 80% AcCH.

The steroid 22 y-3,6,7,29-tetrahydroxy-14[err] -sti gepehsode- one 10
(304) can be syét ﬁesﬁwz(ed starting fromthe commercially available steroid
dehydr oi soandrosterone (247). The Cl17 keypne of conpound 247 is first
protected as ~ the ketal by treatnment with ethylene glycol and a

catal yti c anount of p-toluenesulfonic acid in refluxing benzene.
Protection of the 3[err] QX ther ' Leved
usi ng t-butyl di nmet hyl sil y c"ﬁﬁ'ory&f & anaﬂmy!&fﬁ ef°°°m'?ll?sb%\‘£§s?15 e segﬁ%grrpound
15 286. All yldescribed macmﬂcdfomﬂumhdatﬁﬁﬁsxma bugane-ﬂ‘i-lfﬁrmmpiexfcﬂlomdd)e and
3, 5- - di met h e.int,r acarb ny | et t C 03|t|on
(conpound 287). XYJaPy }Pfééo ¥el ect ve §T°§en FSt ’“ !)"ntggfec?‘?:d metkor{lonezl ST ng
sodi um bor ohydralgholan @ompeund 288 is ﬁrscbiotsctedzls tj:e edet}l& using apdticydnhyriride aahol 288

'n a THE- et a”;%'ndmé’ lar\x/cf3 trlllte p?o\t/iﬁ 98b is dissolved in dry THF and at 0°C a solution of 1.0 M
borane in THF is added. The mixture is stirred at 0°C for 30 miinutes and then at room

temperature for 2.5 hours. A 3N NaOH solution is then added dropwise followed by
30% aqueous H,0,. The mixture is stirred at room temperature for 16 hours and then
poured into saturated sodium chloride solution. The aqueous slurry is extracted with
10 chloroform and the combined organic layers are dried over MgSO,. Filtration and
evaporation of the filtrate gives a crude product which is purified by flash
chromatography to yield compound 221.
Protection of the vicinal 6,7-diol 221 is then achieved as the dxbenzyloxy
derivative using benzyl bromide and sodium hydride in d1methylformam1de.
15 Compound 221 is dissolved in dimethylformamide and sodium hydride is added. The
mixture is stirred for 1 hour at room temperature then benzy! bromide is added. Stirring
is continued for 2.5 hours then the reaction is quenched by the addition of water and
stirring is continued for 30 minutes. The mixture is extracted with diethyl ether and
then washed successively with 5% HCI, saturated sodium bicarbonate and saturated
20 sodium chloride. The organic layer is dried over magnesium sulphate, filtered and
evaporated to dryness. The resultant crude residue is purified using flash
chromatography to yield compound 291.
Deprotection of the C3 alcohol in compound 291 is achieved using
TBAF in THF at reflux for 2 hours to yield compound 292. Subsequent oxidation using
25 PDC gives the ketone 293. To affect this transformation, the crude product 292 is
dissolved in CH,Cl, and PDC is added. The mixture is stirred at room temperature for
22 hours. Filtration through a bed of celite followed by purification of the evaporated
filtrate using flash chromatography gives the product ketone 293 as a white solid.
Selective reduction of 293 gives the a-hydroxyl group at C3 in 83%

30 yield. To achieve this, a solution of compound 293 in THF is cooled to -78°C and



147 I ntroduction of the C6 al cohol can be acconpli shed

usi ng the sequence descrlbed I n Exanple 1 or by hydroboration using a
bor ane- THE conplex—foetowet—py— oXidati ve Nydrorysis with basic
hydr ogen perOX|de In the second nmethod, the allylic al cohol in

conpound 288 is first protected as the acetate using acetic anhydri de and
5 pyridine and the product 289 is dissolved in dry THF and at Oferr]C a
solution of 1yw@obdess borane in THF is added. The m Xt upericae7bissr ed at
O[err]C for 30 mnutes and then at room tenperature for 2.5 hours. A
3N NaOH solution is then added dropw set4s8ol | owed by 30% aqueous
Herr]Jerr]. The mxture is stirred at roomtenperature for 16 hours and

t hen poured into saturated sodium chloride solution. The aqueous
slurry i's extracéatuitb® s ddded snwmdogtm@nﬂ oGP P P IR GndecAYEr S are
dried over MgS(Qerr]. Filtration and evaporation of the filtrate gives
a crude produdtmqsm cMethanobis jadder apd Hhg reactigpmixture is warmadele sppruiSmperatErey i e d
conpound 221. 221 i's
t hen achi eved as t e OC}( 'E?e%go‘ived v &r%ﬁgnr%gﬁ'&@ﬁg%‘@hg?ﬁwﬁf%gm de and

sodi um hydr i de29%rin appmexithajgly éﬂ‘heml@ie The 3p-epimep duehtained in japprefimetely IO i n
di met hyl f t d
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yi el d. To achiafexputifi¢ation. eCQ;lmomd 296 indonveried daelefirP293 using TelFlid prepaoesd yd t o
-78[err]C and the treatment of ethyltriphenylphosphonium bromide with potassium -butoxide in THF.
The coupling of the carbon structure of the side chain is achieved using the aldehyde
156 (Scheme 45) and the Lewis acid, dimethylaluminum chloride, in dichloromethane
20 to yield the C22 epimers 298a and 298b after purification. Deprotection of the C29
acetoxy group is then accomplished using sodium methoxide in methanol. The
(N resultant diol 299 is then oxidized to the 8-lactone using silver carbonate on celite in
refluxing benzene. Compound 299 is dissolved in benzene and silver carbonate
embedded on celite is added and the mixture refluxed for 12 hours. The reaction
25 mixture is then filtered, evaporéted and the restdue purified by flash chromatography to
yicld lactone 300. Allylic oxidation of compound 300 using chromium trioxide and
3,5-dimethylpyrazole in dichloromethane introduces a carbonyl moiety at Cl135.
(compound 301). Reduction of the conjugated A'® carbon-carbon double bond using
hydrogen and palladium on carbon in EtOAc gives compound 302. Removal of the

30 benzoate groups in ester 302 is achieved with concurrent epimerization at C14 to yield



148 LS-Selectride[err] is added slowy and stirring is continued at
-78[err]C for 1 hour under nitrogen. Methanol is added and the

foll owed by purification by flash chromatography gave conpound 294 in
approximately 80% yield. The 3[err]-epinmer is obtained in approxi mtely 10%
5 yield. Protggddspsuspf the [err]-hydroxyl group in conpopggciBreosss

achi eved as the benzyl oxy derivative. Thus, conpound 294 is dissol ved
i n di met hyl f ormam de and sodi um hydnigle i s added. The m xture is
stirred for 1 hour at roomtenperature then benzyl brom de is added.
Stirring is continued for 16 hours then the reaction is quenched by
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' shown in Scheme 79.

EXAMPLE 11
20 Compound 306 can be synthesized from compound 300 according to the
_ reaction sequence in Scheme 74.
Scheme 74
OH
ji
8n0™ Y ¥ "
Den . OH HO® Y H

300
Key: (i) H., Pd/C, EtOAC/EtOH (ii) DIBAL. Toluene, -78°C.



149 the trihydroxy product 303 which contains the cis CDring

junction in addition to the tri hydroxy product containing the trans
| j i i eparatte by chromat ogr aphy. Finally,
protection of the Cl5 ketone as the ethylene ketal ((CHOH) 2, pTsOH,

benzene) foll owed by selective reduction of the [err]-lactone to the |actol
using 5 DIBAL at -78[err]C and deprotection (80% AcOH) can give

22, 29- epoxy- 3@ 98/02459 t et rahydroxy- 14[ err] - sti gmast BAVEE78HE (304) .

As an alternative, conpound 221 nay be t‘é(gat ed to renove all of the
protecting group, for exanple using 80% atetic acid. Thereafter, the

hydr oxyl groups inthe B-ring may be selectively protected. This may
be done with 2,2- 10 di net hoxypropane and canphorsul fonic acid. The ketone
group at Cl7 may then beompound 306:¢a8 bgtsypthesized Fromcompeynd 308 dup(two BeRd usi ng

Wttig chems tcé{){cessf&i{h Aﬁég'??%?d"g“g kHAQeprotectichlof Me hidrbXIP AR mﬁ@g%apdgfg m

brom de, t-Bu and T t hyl'i dene substitution

Thereaft er, t handqaliadjus o wrrbe iuBtOAS,and E1OK: with cencaresnireduation 9§ thegd'Sup wi t h,
"g., oxalyl i , i 0 . i de Tol[oped b
€.g., oxaly C%Leb%&'gg'ﬁon bohd. [ P’ v é%x‘i’i\%& %Jnﬁ%faée nf fehipbraty 2{]0} pyed by

reduction of t resulting C3 carbon ectrrde drich .
Chenmi cal Co5, ddys. fiterkdend putijied by flash chromdtegraphy iteyidld 305h Sdlective reginasiop of

Deprotection of _the hvdr -~ <l g .af.
oo 590, b el B R Kool BHPReILAR F 1ol Elhiuod aps LULSNHE
shown i n Schenim THF and cooled to -78°C. DIBAL is added and the mixture is stirred at -FRENBLE 11 20

Compound 306 ey, %541k WA il b AR TR UlcsRn SGRRG-IRy bRed 16

reacti on sequence in

Schenme 74 22,29-epoxy-3,6,7,29-tetrahydroxystigmastinol (306).
OH Key: (i) Herr] Pd/C EtOAc/EtOH (ii) DI BAL, Tol uene,
~8[err]C g EXAMPLE 12

Reaction conditions described in the previous sections can be applied to

the synthesis of compound 165 as illustrated in Scheme 75.



150 Compound 306 can be synt hesi zed from conpound 300
in atw step process with the first step being the deprotection of

and EtOH with concurrent reduction of the [err] car bon- car bon doubl e
bond. The above m xture is stirred at roomtenperature for 12 5 days,
filtered and purified by flash chronmatography to yield 305. Sel ective
reducti on of wo sbbaseS- | actone to the lactol is then accowpricaimossas
foll ows. Conmpound 305 is dissol ved in THF and cooled to -78[err]C.
DIBAL is added and the m xture is stirredlst -78[err]C for 3 hour s.
St andard workup and purification using silica flash chromatography gives
gi ve 22, 29- epoxy- 3, 6, 7, 29-t et r ahydr oxysti gmast anol (306). 10
EXAMPLE 12 React i ongegmdist i ons described in the

previ ous sections can be applied to t he synthesis of conmpound 165 as
illustrated in Scheme 75, o
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Key: (i) p-TsOH, (CH,OH),, benzene (ii) CrO,, 3,5-dimethylpyrazole, CH,Cl, (iii)

NaBH,, CeCl, THF-MeOH (iv) TBDMSCI, imidazole, DMF (v) m-CPBA, CH,Cl,

(vi) 80% AcOH (vii) TBAF, THF (viii) 2,2-dimethoxypropane, CSA, DMF (ix)

N~ 10 NaBH,, MeOH (x) TBDMSCI, imidazole, DMF (xi) 1. Li/NH,-THF, 2.
' CI(O)P(OEY), (xii) Li/NH,, tBuOH



Key: (i) p-TsOH, (CHerr] [err], benzene (ii) CJderr],
3,5-dinmethyl pyrazole, CHerr]C[err] (iii) NaBH[err], Cederr],

= ; ; CHETTT O er T
(vi) 80% AcOH (vii) TBAF, THF (viii) 2,2-dinmethoxypropane, CSA, DWVF (ix) 10
NaBH err], MeOH (x) TBDWVMSCO , im dazole, DVF (xi) 1. Li/NHerr]-THF, 2.
CI(O)P(CEt)[errJ %ii) Li/NH err], tBuOH
152 WO 98/12450 Schene 75 conti nued: PCT/CA97/00490 [ err]
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Scheme 75 continued:

o1BDMS 0

5= ot

OH
xiv
o
X 0 y
_128074 129 &7~ . 1426740

0 e} o]
xv . xvi xvii
& [ HO' OH HO™ ~” “OH
144

OAc BH

" OH &M
143 145
" OAc,
OH -

. )/

xix XX

———— —-
go’ ¥ Y OEn J
0Bn OBn 8n0" Y "0Bn
158 OBn OBn
159
OH
xxi
— 1
16
15
Bﬂo‘( = OBn o
" OBn Sen BnO $ O8n
. 160 - OBn OBn .
161

Key: (xiii) TBAF, THF (xiv) oxalyl chloride, DMSO, EtN (xv) m-CPBA, CH,Cl,
(xvi) AcOH (xvii) K,CO,, MeOH (xviii) EtPPh,Br, +-BuOK, THF (xix) BnBr, N-aH,
DMF (xx) 156, Me,AlCI, CH,Cl, (xxi) NaOMe, MeOH, THF {xxii) Ag,CO/celite,
benzene (xxiii) Cr0,, 3,5-dimethylpyrazole, CH,CL,. ) '



TBAF, THF (xiv) oxalyl chloride, DVSO, ET[err]N (xv) m CPBA,
rr] benzene (xxiii) Crgerr], 3,5-dinethyl pyrazole,

WO 98/02450 PCT/CA97/00490
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Scheme 75 continued:

0 0

8z OBz .
H OH
162 163 res

Key: (xxiv) H, Pd/C, EtOAc (xxv) KOH, MeOH (xxvi) 1. (CH,OH),, pTsOH,
s benzene, 2. DIBAL, Toluene, -78°C 3. 80% AcOH

The synthesis of 22.29-epoxy-3.4,6,7,29-pentahydroxy-14p-stigmastan-
15-one (165) is carried out starting with the commercially available stcroid 4-
androstene-3,17-dione (1). The synthesis from compound 1 to the intcrmediate 128 has
already been described (Example 3, Scheme 61) for the synthesis of 3c,4p.6c,7B-

10 pentahydroxy-3a-androstanol (241).

Preparing the D-ring of compound 128 for thec side chain coupling
procedures described in subsequent examples (Example 16, Scheme 79) begins with the
removal of the silyl group at C17 of steroid 128. Compound 128 is dissolved in THF
and TBAF (1.0 M in THF) is added. The mixture is heated at reflux for 2 hours and

15 then concentrated in vacuo. The residue is purified by flash chromatography to give
alcohol 129. |

The hydroxyl moiety in alcohol 129 is convert to the ketone using oxalyl
chloride in CH,Cl,. Compound 129 is dissolved in CH,Cl, and added to a solution of
oxalyl chloride in CH,Cl, at -78°C. After stirring at -78°C for 15 minutes, triethylamine

20 is added and stirring is continued for 5 minutes. Standard work-up and purification

gave compound 142 as a white solid.



153 Schene 75 conti nued:

[err] Key: (xXiV) H[err] Pd/ C, EtOQAc (xxv) KOH,
MeOH (xxviy—1.(CH-er+-OH-ferttr—pTsOrt—>5——tenzene, 2. DIBAL, Tol uene,
-78[err]C 3 80% AcCH The synt hesi s of

22, 29- epoxy-3, 4, 6, 7, 29- pent ahydr oxy- 14[ err] - sti gmast an- 15-one (165)

Is carried out startlng with the coomercially available steroid 40
andr ost ene- 3,Y92¥2#fe (1). The synthesis from conpound 1PEBCAHAM?

i ntermedi ate 128 has al ready been ?g;crlbed (Exanmpl e 3, Schene 61) for
the synthesis of 3[err],4[err],6[err],7[€err]- 10

pent ahydr oxy- 5[ err]-androstanol (241). Preparing the
D-ring of conmpound 128 for the side chain cou procedur es

descri bed in subsequentThexeoRyArden efEmasvfé* 4 08’81’?@%“7@? 1§)é§ﬁ°ﬁ§h§hF‘ih t he

removal of th%ﬁ kel safib yuw;requ iBdd i% ERAMPIE 3 1 RemPITIOURE i Brsios ofli SSOI ved
in THF ané BAF 190 K/Ilr? c" |ls agrg'b % h?amm xture |Cs héatgd at .

reflux for 2 (rompaingdids 15 c?lnzrwné aﬂ eﬁmxeﬁaw ofrompeund 147 yeing asTRRA it
purified by flasbdrhiuRiRtPAEIRRPOKideQ49isMBllowed by epoxide opening using acetic acid

5 to give the 3,6,7-trihydroxy-4-acetoxy compound 144. and removal of the acetate
group attached to the oxygen on C4 using K,CO, in methanol to 5'ield compound 145.

Synthesis of compound 165 from compound 145 is accomplished using

the same types of reactions described in previous sections. Compound 145 is converted '
to ethylidene 157 using the ylid prepared from ethyltriphenylphosphonium bromide and
10 potassium f-butoxide in THF. The four hydroxyl groups are then protected as benzyl
moicties to yield the tetrabenzyloxy compound 158. Coupling of the side chain is
achieved using the aldehyde 156 (Scheme 71) and a Lewis acid such as
dimethylaluminum chloride in dichloromethane to yield compound 159. Deproteclior;
of the C29 acetoxy group is then accomplished using sodium methoxide in methanol.
15 The resultant diol is then oxidized to the 8-lactone 161 using silver carbonate on celite
in benzene. Allylic oxidation of compound 161 using chromium trioxide and 3,5-
dimethylpyrazole in dichloromethane introduces a carbonyl moiety at C15 with
concurrent oxidation of the benzyl groups to benzoate groups (compound 162).
Reduction of the conjugated A™ carbon-carbon double bond using hydrogen and
20 palladium on carbon in EtOAc and EtOH gives compound 163. Removal of the
benzoate groups in ester 163 is achieved using basic conditions (for example KOH in
MeOH) with concurrent epimerization at C14 to yield product 164 which contains an
epimeric mixture of the compounds containing the cis C/D ring junction and the trans
C/D ring junction. Finally, protection of thec C15 ketone as the ethylene ketal
25 ((CH,OH),, pTsOH, benzene) followed by selective reduction of the 3-lactone to the
lactol using DIBAL at -78°C and deprotection (80% AcOH) can give 22,29-epoxy-
3,4,6,7,29-pcntahydroxy-14B—stigmastan—15-6ne (165) and it’s C14 epimer give 22,29-
epoxy-3,4,6,7.29-pentahydroxy-14a—stigmastan-15-one. .



al cohol 129. The hydroxyl noiety in alcohol 129 is
convert to the ketone u3|ng oxaIyI chloride in CH[err]G [err].

< . —
xal yl chlorldeln CH[err]Ci[err] at -78[err]C Af ter stlrrlng at -78[err]C
for 15 mnutes, triethylamne 20 is added and stirring is continued for 5

m nutes. St andard vvork up and purification gave conpo a
white solid. WO 98/02450 %M/&%&@i

The conversion of conmpound 142 to conpoungscl45 is acconplished usi ng
the sane procedures described in Exanple (Schene 61) for the conversion
of conpound 128 to conpound 241. Epoxidation of conpound 142 using

m CPBA in di chl oronet hane to yield epoxide 143 is foll owed by epoxide
opening using acetic acid 5 to give t@%—??-tri hydr oxy- 4- acet oxy

conpound 144. and ApBiRvAL exx{MpLEsOFaRESAIrAESIS OF NOVELLHDL BYDAGKR A TESTERRDD XY gen
on C4 using Klerr]CJerr] in nmethamohsibtogdatladneniound 145.

Synt hesi s of compound 165 from conpound 145 i's acconplished using t he
sane types of reactions be ti ound
converted to ethyli dgﬁ‘é‘ ﬁL‘» tgél%e%mg #%3 p‘fr‘ig a‘r"é“dssga anumgemf
ethyltri phenylsphﬁ&&hm@mpmdds mhhdholagachl kBtwlqimth ibeefn rodudédd X IThesei inclidd-. The

four hydroxyl groups e then otected a noieties.to vield the .
Lot r abensyl oxy COMBE GRS SRRt Se ARG e D e crppgen pater Witk B
usi ng t he al dehyfifctibbdlitiésSethihereC17 Ippsitiois] ag welk\as SompduadsSeontainisy the 3p,6a,7p-

di met hyl al um nu hl rl.deln di. hIoro onpou 159. . h
Depr ot ect i on nﬁg ﬁ'é‘md?& r&c g"’f’%’"f%@tyth%kg H?ﬂn%é'hre]%’"ffs‘?ﬁb sodi um
net hoxi de in net frededires uksed fof e }frﬂhlulidnaiﬁtheﬁh @mpounds lre deserbedi ini ek obovine
[err]-lactone 161 using silver carbonate on celite in benzene. Allylic
Oxt dat i on of lgonﬁcﬁ‘ﬂ & 161 using chrom umtrioxide and 3, 5-

di met hyl pyrazol e i n dichl oronet hane i ntroduces a carbonyl noiety at Cl15
with concurrent oxidation of the EXAMBLE B oups to benzoate groups
(conpound 162). Reduction of the conjugated [err] carbon-carbon doubl e
bond usi ng hydrogen and 24 number| ofdibitydrexyiated gemponndsicambe gregared fpmdhses
conpound 163. RegmMAlsiaRdf cdnfiBund 221. bg%@&hﬁ'ed%oseﬂéne 72, Q3 smﬁﬁﬁllrﬁayaséﬂl eved
usi ng basic con |t| ons (? exanpl e concur rent

epi meri zation atprépprrdtfeonyithd eompmeselelin a\msablwmng wmxeh d@%mxsoandrostyﬁnmru c
mxture of thg C@E%O%E@?rcﬁ@ytc%mazweo@'gs& Duﬂdl)"ifildlsw‘&eh'xﬁ'ﬂe&% bl trans

C/ D ring junctioh ection of ketone as the et hyI ene

ketal 25 ((CH emb }mqﬂenlrwundwvgmﬂa%evwn%#mf eﬂnmméép peancSterk epragatus.
reduction of the, gshACh 08 Leid! MBnohydrate [(@9610k, 984 MeindY BAhaddl folfdthear byl C and

deprotection (80% Ac can give 22, 29-epoxy-
ethylene glycol (20 ml) and the mixture is reﬂuxed for 4.5 hours. The mixture is cooled

to room temperature and diluted with diethyl ether (200 ml). The organic layer is
20’ washed with saturated sodium bicarbonate (2 x 100 ml) then by saturated sodium
chioride (2 x 100 ml). The organic layer is dried with MgSO,, filtered and evaporated
to dryness to yield the product 285 (22.8 g, 68.6 mmol, 99%) which is used in the next
reaction without further purification. Protection of the 38-hydroxyl in compound 285
as a silyl ether may then be achieved as follows. Compound 285 (22.5 g. 67.7 mmol) is
25 dissolved in a mixture of dimethylformamide (112.5 ml) and dichloromethane (112.5
ml). Imidazole (11.3 g, 166.0 mmol) is added followed by t-butyldimethyisilyl chloride
(15.8 g, 104.8 mmol). The mixture is stirred at room temperature for 6 hours under
Argon then diluted with diethyl ether (675 ml). The organic mixture is washed with
aqueous 5% HCI (2 x 135 ml) followed by saturated sodium bicarbonate (2 x 135 ml)



3,4,6,7,29-pent ahydroxy-14[err]-sti gnmastan-15-one (165) and it's Cl4 epi ner

give 22, 29- epoxy- 3, 4, 6, 7 29- pent ahydroxy- 14[err]-stigmastan- 15-one.
155 SECITON 5 ADDI TI ONAL
EXAMPLES OF THE SYNTHESI S OF NOVEL POLYHYDROXYLATED STERO DS

W TH BI OLOG CAL ACTI VI TI ES In addition to the conpounds

described in previous sections, a nunber of 5 related conpounds with

bi ol ogi cal actWP¥4268 have been produced. These include, PCHCARMMY ot hers,
conmpounds containing the 3[err],6[err], 7[gér] - hydroxyl ati on pattern with
varying functionalities at the C17 ition, as well as conpounds
containing the 3[err],6[err], 7[err]- hydr oxyl ation pattern with
varying functionalities at the C17 position. Sonme of the procedur es
used for the pr teubssawratedfsodinme sdorida{p s htimlailke ateasisiiioeid diied wieMB30L. owi ng
10 exanpl es.

A nunber of 3, Gm}mﬁi a'c'jnri 5% ?rgtte %5’ drynessota ﬁcféd t(}:l%ﬁu%e pmdrugt 2asr eg Hrgdn%]ﬁ?'udua s
i nternmedi ate cothpocmdstalﬂasd frgm d'éshmﬂa&dndlhan@dhém gi@ coppopwil?ié (229 gray be
preparedfromt I Ad
dehydr oi soandr oSt e’?’%ﬁmg%%‘% a%ﬁoi%}!&gpem FI i’fs? Aﬁ?‘éﬁ%ﬁ%ﬁﬁm{%f‘&"%, 69. 3
mmol ) is di ssol madthemintredweeneariidd@lmoiety at thbpﬂpnsmmﬂa@npmtmdrwmcmmmdn flask .
which is then c Q I, t ul fonic
aci d nonohydr at 2&?8&655%3% mrgolgg%soﬂe)% 1%@@1%5:3&% @&np a\'}\‘/ielc'} cgg-gomg?sna(a?#yl ene
glycol (20 m ) Rumbenidae (Th) xbhloride hxdratef(@ﬂl%decg fO7 rmbl) liroattdsd fdllosvedribyt the e | s .
cool ed to roomte %ra ﬁég {i rl) ﬂ‘eeth et her (to
The organic | ayg'f’ g R3S HEeY urat 050 ?;us%onaaté 0("2 x 100
m ) then by sattwmaératarefod24umours and théxd dmnqdem(hZetkyl B&0atea(376 milhe The ggmic | ayer
is.dried wit err fihbered and.eva o dr to yield
the product gsgﬁ(x% i aghe%é“ it s@‘g‘%‘ n& i lsﬁgle)cfE‘T"nw fe@‘r?]g%( um
reaction wt houﬂnoimlpltateetz puss fml;:at‘l‘t@mrgdamolamtxs cﬂned)immnagm,em@remm oxyl in
conmpound 285 et h t he chi eved, as, f ol .
Compound 268 ( 29estiedig oty SR wihat Bt TRGAE ooiRCi i fes
di et hyl f or mam flem (eth§Packamitg ylalddtodipoﬂiﬂdcﬁ% 1®6 BATST bR 56%). Chemmisglectiveri dazol e
. (11.3 g, 166.0 Med).lctwn o?%dqgmfng |1t|1 AL ;gmrtljcy 2§7 xtr)ulil);[ }/lelg Zgg.t %1'15? It:xl'n;(pouﬁgI 129'; i de
15 (14.7 g, 31.9 mmol) is dissolved in tetrahydrofuran (118 ml) and cerium (IIT) chloride
heptahydrate (17.6 g, 47.2 mmol) in methanol (35 ml) is added. The mixture is cooled
using an ice-bath and sodium borohydride (2.5 g, 66.1 mmol) is added slowly. The

mixture is warmed to room temperature and then stirred for 2.5 hours. Aqueous 5%

HCl (44 ml) is then slowly added to the mixture followed by ethyl acetate (588 mil).

20 The reaction is washed with aqueous 5% HCI (120 ml) followed by saturated sodium
bicarbonate (120 ml) then by saturated sodium chloride (120 ml). The organic layer is

. dried with MgSO,, filtered and evaporated to dryness to yield the product 288 (14.8 g)
which is used in the next reaction without further purification. Compound 288 (14.8 g)

is then dissolved in pyridine (30 ml) and acetic anhydride (15 ml) and a catalytic

25 amount of 4-dimethylaminopyridine (30 mg) is added. The mixture is stirred at room
temperature for 16 hours and then diluted with ethyl acetate (300 ml). The organic
mixture is washed with saturated sodium bicarbonate (2 x 60 ml) then by saturated
sodium chloride (2 x 60 ml). The organic layer is dried with MgSO,, filtered and
evaporated to dryness to yield the crude product. Recrystallization from methanol gives

30 compound 289 (12.6 g, 25.0 mmol, 78% vyield over two steps). Hydroboration of



(15.8 g, 104.8 mol ). The m xture is stirred at roomtenperature for 6

hour s under Argon then diluted with diethyl ether (675 m). The
organtcnixture s wastred—wt qUE0US 596

saturated sodi um bi carbonate (2 x 135 m)

156 then by saturated sodiumchloride (2 x 135 nl). The organic

| ayer is dried with MgSJ err], filtered and evaporated to dryness to
yield the crudewprddd®t 286. The crude product is t heRCFEATP9Y| | | zed
fromethyl acetate/nethanol (3:2) to give conmpound 286 (25.9 g, 58.0

mol , 83% over two steps) as white crystaf557 Al'lylic oxidation of conpound
286 5 may then introduce a carbonyl noiety at the C7 position (conpound
287) . Conpound 286 (15.0 g, 33.6 nmol) is dissolved in cycl ohexane (60
m) and Herr] Oc(OﬁmGJnMZ?‘) affordeitie G, 7p-hydrorylation pattem. (Thup.)compdurdi28 (hy@r at e
(0.0561 g, 0.27 f. 0 bt 1 gn of
t-butyl hydroperOX| de ?f\)‘ﬁs giggnﬁgd “’?ﬁé m gt(ﬁ%lgﬁ)rag’dsufa mlxg’cl;f gwogﬁdqgg ¢!
tenperature for sgitidroafrisd Mrhdrmhenﬂdl? {20traldl isvadddd asd thyhu:ameummd 3t/65Criby) . The

organic 10 m xt IS he sat 0 m chl of
Chen wi . 2506 oo sRERRFS s UrBBihess RS, ML Rebfl Spdey ) )
dried with MySO(&0 m]),xstﬁenlai@deixlomué followed by 3086 aqiced H,0, (110 ymi)e The tnixtyredd d t he

Fo yi el d_ compourtiroey pR ERETiG 8RR kikifim sofiREin sipmldBoich oaf™c! 71 ©
o yield conpourf . i

1, 2-reducti on ofsolutien 260 mbhe Tiha aqueoysoshirel i3 @Xwraveed withahethyB88 chidtides(2 xc280pound
287 15 (14.7 g,

cerium (111) chl'?}??"(ﬁléhecc’ml"}'ﬁ 3 dl"‘?gfelé%/azgt'l eIraaé}dsZ%fnmn (tﬁ ﬁ%{’q‘?}fnand(?)é

m) is added. ThelutionxQux @50 Snl):mi é8 organic lagdrrig deied weemol:t HiltkaGdandardm

bor ohydri de s_added ure,is. warmed
te room t errpéﬁat u%gragﬂhlfttﬁnﬁlt%a{ S FYES e ‘f"g %‘SW}%'S pﬁﬂﬁ?éio??'s E’iﬁ Y
m) is then sl owhymadgiephyt(d:1theantethylacetatDiol ydald contpguret 22 1(5.0ge1 A3 enntdh88 ) .
20 The reacti 0%43/ washed wi th aqueous 5% HC (120 m) foll owed by
saturated sodiuh ™ bi carbonate (120 m) then by saturated sodi um
chloride (120 m). The oSgmiec7dl dusiates She synthesly bfeebmpbiinds BBE@hE 827 fromi | t er ed

Doed T The nextoPRu FB SRt 241, 2t RD) Faked o = edin sURArSHa (14 s

i s then nt) aﬂ(plyﬂﬁde dsnnlp)y:id wla':amyt(c&&oﬂﬂt)of a-ﬂﬁheﬂiybhﬁmpﬂl’dmednﬁ) ehg) s15 )

9)

and a catalytic u of g0 ) IO ed. The
m xture is sti rraé%d'a?g(%)g' e s s"“f& Frﬂg?'ﬁ ’pmu?élfoigh ourgn gllﬁ "t‘ﬁ’zhnggﬂl ut ed
with ethyl acet atetat{ Q0@mi)l )The diganio mipture ds washed withxdqueoes 5% HE skenciatrated

ohl o reed 305 bbbty BeapRota oot and getlialen 50Hin SHoripf 10 RS Epe prepmi® B T

and evapor a didd tith Mg$0g Siltered and evhysbrdtdiicto dryneietopyiaddithe product 321 (1.3 g)
Recrystalll Z% 'q hICL & trxgecrlr%l[ E'lgrl!lglct rgacyon without further purification. Removal of the silyl

protecting group using TBAF in THF gives compound 322 which contains the

L 3B-hydroxy!l group. The crude product 321 is dissolved in THF (10 ml) and 1.0 M
tetrabutylammonium fluoride (4 ml) is added. The mixtwre is refluxed for 1 hour,

cooled to room temperature then poured into saturated sodium chloride solution (50

25 ml). The aqueous slurry is extracted with methylene chloride (5 x 40 ml) and the

organic layer is dried over MgSO,. Filtration and evaporation of the filtrate gives a

crude product which is purified by silica gel flash chromatography (1:1 hexane/cthyl

acetate) to yield compound 322 (0.85 g, 1.9 mmol, 76% yield over two steps).

- Inversion of the stereochemistry at C3 is then accomplished by oxidation using PDC in

30 CH,CI, to give the ketone 323 followed by L-Selectride® reduction to yield



30 conmpound 289 (12.6 g, 25.0 mmol, 78% vyield over two steps).
Hydr obor ati on of 157

conpound 289 afferds—the—6ferr—Tferr—hyoroxyration pattern. Thus,
conpound 289 (8.4 g, 16.6 mml) is dissolved in dry THF (50 m) and
the mxture is cooled to O[err]C. A solution of 1.0 M borane in THF
(20 M) is added and the m xture is stirred at O[err]C for 30 m nutes
and then at rwogsbkaaperature for 2.5 hours. An aqueous 18dt{/¢da@bedmol ution 5
(10 M) is then added dropw se foll owed by 30% aqueous Herr](err] (10

m). The m xture is stirred at rool& enperature for 18 hours and then
poured into saturated sodium chl oride solution (200 m ). The aqueous
slurry is extracted with nethylene chloride (2 x 250 m) and the

colnblt ned ?rz garpé-?gln%ﬁﬁ!ysthgr?—l%ﬁhﬂdcdmﬂofhcﬁwoﬂﬁgza%p%m 302 folsaggulphat e

sol ution X an anic |ay ri e
Filtration and™e) isedisietyrdin %HZ (ltsh’él)fﬂ"fifprngzl Svgg ‘g)r H%gg ﬁl-ﬁ‘lct whi ¢h
is purified bymisiutel x§&1r&ﬁ|forftioaﬁvhrs at monﬂbﬁnﬁéﬁﬁx@@ﬁdithaydx(xﬁedlwxh@i@ﬁﬁ/eﬂkhw
acetate) to yield conpound 221 (5,

Schene 76 il S mit Edtration agf&ﬁ‘(ﬁmwg t%ﬁwwwwmg ew&m wbw isfugified
conpound 223. 111?@{1139? aaeéu&ﬂat&@h,('goﬂhmsbemﬁ éaigage?%%adcblﬂpo%ﬁ@ﬁif

anhydride (3 . and §§;| di né t1c amount of
4- di net hyl ani {88 & lcf Hwok §¥okPompeund 323 (%%%8 75 Wl)rﬁ thendigsolved igtTHE ed at

room t enper at Yi@mf)ahd :%emérea thJ‘IQ‘VC Chi-B&lcte\tt.b M BITHE! 1.6 mi) is 106d Aladnd 100 nl ).
The organic mxture is washed with aqueous 5% HC t hen sat ur at ed

sodi um bi car bdwawE it 2wd A 8%niar §hewsr Zhemixris famesd| D rooadepronrryd  The

organi c |ayer an aguech$ ldﬁ'ﬁd@)ﬂ“s&lﬁu&@ﬁ%@rﬁ]thenf Adhé@ﬂx%ﬁw@@%lﬁ%@@@? ajped to
dryness to yield the roduct 321 (1.3 9) I's used in The next

keacti on wilbhagueopyHiGhd} mpy The |"B§Pﬁ°dﬁ3"fﬂér¥bv’am terppergtuse &9r| lyhour and thew ot ect i ng
group uSi NG THAG fholdhy) kRSSO P THDGrgRagnMal-C aaRA BhASALOR 554 HEL

3[err]- hydroxyl grou he crude product 321 is dissolved in THFE (10 m)
and 1.0 M 2 pe? ia&ﬂwmﬁd lf“F‘u‘B?aFmathr’Ms md) and cretrateihwdidmct ure i s

refluxed for XLphgad x 25 mi). Cﬂﬁ&'o%ginic(la Pi?'ﬁhécﬂﬂiﬂﬁﬁéééﬁ @lt&é&%d@ﬁ}d&r@@dbﬂto
saturated sodi um chl ori de sol ution The aqueous sl urr

extracted wi t Hirypsssiepd evrified H5ing silica Ef‘sﬂa;?h E?G°'H4‘7g'%'m(3c hhcxane/ethvb%cgamé | ayer is .

- dried over lygggl@g&dpou,ﬁjzh(@jlu%noa@My@my ation of the filtrate gives a
crude product which |sd{)ur|f| e silica gel flash chromatography (1:1
€,

hexane/ et hyl acet "%‘d’fﬁ“'ei"'ﬂta@o‘i‘fﬁ'é‘f}ﬁ& gxoups gy gen pe agcomphighs.  769%

yiel d over twohps@il) 324 (0.25 g, 058/ M6l i9kistohRd Sh He@REdI]10 an)r%das*odiﬁéx is then
acconpl i shed by oxjdation using PDCin 30, CHerr]dJ[err] %I ve t he

ket one 323 f ol"ReHipsige (3P0 mBdy @’éf‘?‘lﬁ'@'ﬁ@ﬂ’ﬂ%{slswdt%“i?%‘l“ﬂpmme Tor'3 hours

and then diluted with ethyl acetate (50 ml). The organic mixture is washed with

20 aqueous 5% HCl (2 x 25 ml) then saturated sodium bicarbonate (2 x 25 ml) and
saturated sodium chloride (2 x 25 ml). The organic layer is dried with MgSO,, filtered

W, and evaporated to dryness and purified using silica gel flash chromatography (ethy)
acetate) to yield compound 325 (0.185 g, 0.51 mmol, 91%). Compound 325 (141 mg,
0.385 mmol) is then dissolved in 80% acetic acid (10 ml) and stirred at 70°C for 14

25 hours. The mixture is diluted with ethyl acetate (50 ml) and washed with saturated
sodium bicarbonate (2 x 25 ml) and saturated sodium chloride (2 x 25 ml). The organic
layer is dried with MgSO,, filtered and evaporated 1o dryness and purified using silica

gel flash chromatography (ethyl acetate) to yield compound 326 (0.054 g, 0.17 mmol,
44%). Finally, reduction of the ketone 326 (0.023 g. 0.072 mmol) by NaBH, (0.034 g)



158 predom nantly the 3[err]-hydroxyl conpound 324. Thus, conpound

322 (0.84 g, 1.9 nmmol) is dissolved in CHerr]J]dJ[err] (15 m) and PDC
tr—2—g;—32—mob)—Ts added—The mXTure ts—stirred—Tor 40 hours at
roomtenperature and then diluted with diethyl ether (50 m).

Filtration and evaporation to dryness gives the crude product which is
purified 5 by_silica gel flash chromatography (9:1 hexan acet ate)
to yield conpoﬁ'r?(fs%% (0.81 g, 1.8 mml, 95%. Conpo&%@’c%@%.34 g,
0.75 mmol ) is then dissolved in THF 14610 m) and then cooled to
-78[err]C. L-Selectride (1.0 Min THF, 1.6 m) is added and the

mxture is stirred at -78[err]C for 1 hour. The mxture is warned to room

t enper at ure and, n uequs 10N NaOH sol utjon (1 is then . added

dr opwi se foll omlé’d958’y°‘§wf?‘om%aﬁ68%§°"ﬁ1°?ﬂ’1 &re}r g]’“’% WFR’%“’ "ﬁ“n? Y e i s
stirred at room ra¥ W.081,00.056 mitgsly 7828)d t hen poured into ethyl
acetate (50 m). The organic m xture is washed wi th aqueous 5% HC (2
x 25 m) then saturated sodi um bicarb t x 25 m) and saturated sodi um
.chloride (2 x 25 m). The organic Iay%c%e'ge& ied with MgS err], filtered
and evaporated to dryness .and purified using silica gel flash

chromat ography (3:1 hexane/ etgf og?gel d conpound (0.214
g, 0.48 mmol, 64%. : he: acet at e~Jrt@cti ng
groups may then be accogp -Q i Co @ (8.25 g @ DI ) is

di ssol ved i n net hanol @0 and-sodru met hoxT de $0 Y [
The m xture i s STEOMSQEOEL ™ 00 t e MBMedrUre Ko ¥GAchour sor

diluted with ethyl acetat®H(50 nl). The orgaimec nixture is ashed with 20
aqueous 5% HCl (2 x 25 A¥) then saturateddodi um bi carborate (2 x 25 m)
and saturated sodiumchloride (2 x 25 ml). The organic layer is dried
w-th MgSgerr], filtered d evaporated tgtyyness and purdAed using
silica gel flash chronmatog s pound 325
(0.185 g, 0.51 mmoiii, 91% is then

di ssol ved in 80% acetitle 107 ) a &l at ' 14 25
hours. The mxturei Gch WM t gl iag (50 ‘@x: hed with
sat ur at ed sodiYim bi onate (2 x 25 k) and saf'Ur at edgsodi um chl ori de
(2 x 25 m). The organis layer is d®fed with MySO essd, filtered and
evaporated to dryness and purified using silica gel flash
chromat ography (ethyl acetate)q4to yield conpound 326 (0.054 g, 0.17 mol,
44% . Finally, reduction of ket one 326 (4. b3 g, 0.072 mol ) by
NaBH[ err] (0.034 g} vii

HOW v~ YOH HOW .~ WOH

326 " 327

5 Key: (i) acetic anhydride, pyridine (ii) TBAF, THF (iii) PDC, CH,Cl, (iv)
L-Selectride®, THF (v) NaOMe, MeOH (vi) 80% AcOH (vii) NaBH,, EtOH.

EXAMPLE 14

As illustrated in Scheme 77, compound 329 can be produced from
compound 322 in a two step process. Removal of the acetate protecting groups is done
10 by stirring ester 322 in sodium methoxide and methanol for 15 hours at room
temperature. Deketalization is then accomplished on compound 328 using 80% acetic
acid to give the trihydroxy compouﬁd 329.



in 95% ethanol (1 m) at roomtenperature for 2 hours produced

159
t he tetrahydroxy conpound 327 (0.018 g, 0.056 mmol, 78%.
Schenme 76 Ler+] 5 Key: (1) acetic
anhydride, pyridine (ii) TBAF, THF (iii) PDC, CHerr]d[err] (iv)
L-Sel ectride[err], THF (v) NaOwe, MeOH (vi) 80% AcOH (vii) NaBH err], EtOH,
EXAMPLE 14 '
WO 98/02450 PCT/CA97/00490
160
Scheme 77
O/H o/ﬁ o]
o )
i ii
— —-
HO' X OAc HO' Y~ YOH HO " WOH
OAc - OH OH
322 328 329
Key: (i) NaOMe, MeOH (ii) 80% AcOH
EXA 15
N
5 Compound 329 can also be produced directly from compound 221 in a
single step using 80% AcOH as shown in Scheme 78. Thus, ketal 221 (1.3 g, 2.7
mmol) is dissolved in 80% aqueous acetic acid (20 ml) and the mixture is stirred for 3
hours at room temperature. Evaporation to dryness provides compound 329 (0.79 g, 2.5
mmol, 93%) which is used in subsequent reactions without further purification.
10 Scheme 78
q o
80% AcOH
~ TBOMS - H H ' H
o1 oH
221 329

EXAMPLE 16

15 The steroid 3a,6c,7f-trihydroxy-17(20)-pregnene  (330) can be

synthesized according to the reaction sequence shown in Scheme 79.



As illustrated in Schenme 77, conpound 329 can be produced from conpound
322 in a two step process. Renpval of the acetate protecting groups is done

urs at”
room tenperature. Deketalization is then acconplished on conpound 328
usi ng 80% acetic acid to give the trihydroxy conpound 329.
160 Schenme 77
Key: (i) NaOve,WRER%#%ii) 80% AcOH rme Bhidiso
EXAMPLE 15 5 Conmpound 329 q%n al so be produced directly from
conpound 221 in a single step using 80% AcOH as shown in Scheme 78.
Thus, ketal 221 (1.3 g, 2.7 nmml) is dissolved in 80% aqueous acetic
acid (20 mM) and the m xture is stirreg éor % hours at room
tenperature. Evaporation to dryness pr conpound 329 (0.79 g, 2.5

mmol , 93% which |s used ipg subsequent reactiong w thout further

purlflcatlon ;{ 5 o Schene 78
Eb it i!i
0™y o™y

iv o v o
-—-—--—-b- _........> __» :
C OTBDMS
OTBDMS
° 6
o) o) OH
vi viii ix x
°
£ t

OTBDMS OTBDMS

OTBDMS
xi
—-—»
‘6

o/ s o)
10 o-f\
Key: (i) p-TsOH, (CH,0OH),, benzene (ii) CrO,, 3,5-dimethylpyrazole, CH,Cl, (iti)
: NaBH,, CeCl, THF-MeOH (iv) TBDMSCI, imidazole, DMF (v) m-CPBA, CH,Cl,
— (vi) 80% AcOH (vii) TBAF, THF (viii) 2,2-dimethoxypropane, CSA, DMF (ix)
10 NaBH,, MeOH (x) TBDMSCI, imidazole, DMF (xi) 1. Li/NH,, E,0 2. PDC,
CH,Cl, (xii) L-Selectride®, THF.

on

uo™



[err] T80OMS H 15 The steroid
3[err],6[err],7[err]-trihydroxy-17(20)-pregnene (330) can be
synt-hesized—aeccordtng—to—therTeaction—seguence shown 1 n Schene 79.
161 Scheme 79 [err]
WO 98/02450 PCT/CA97/00490
162
Scheme 79 (continued).
OTBDMS OTBDMS OH
X XiV
HO" t 0 AcO" Y 0 5
= AcO L O
14 0-{\ 15 o"f\ © 16 O-r\
/ )
xv xvi xvii
——— —— R———
0" Yo oo™ 5 o«
. 2 4 HO' Y "OH
— 170 18 © 330 OH

Key: (xiii) acetic anhydride, pyridine (xiv) TBAF, THF (xv) (COCl),, Et;N, DMSO
{xvi) EtPh,PBr, +-BuOK, THF (xvii) 80% acetic acid.

5 Compound 330 can be produced from compound 10 (as shown in
Scheme 79). A solution of compound 10 (0.82 g, 1.73 mmol) in diethyl ether (15 ml) is
transferred to a flask containing lithium metal (55 mg) in liquid ammonia (30 ml) at
-78°C under argon. After 30 minutes at -78°C, NH,Cl (2.0 g) is added and the ammonia
is evaporated. Water (10 ml) is added and the layers are separated. The aqueous layer

10 is extracted with CH,Cl, (2 x 25 ml) and the combined organic layers are washed with
water (25 ml) and dried over magnesium sulphate. After filtration and evaporation to
dryness, the residue is dissolved in CH,Cl, (15 ml) and PDC (600 mg, 1.59 mmol) is
added. The mixture is stirred at room temperature for 18 hours then filtered through a

% : bed of celite. The filtrate is then purified using silica gel flash chromatégraphy (5:1

15 hexane/ethyl acetate) to give compound 13 (653 mg, 1.40 mmol, 81%).

The ketone 13 is then redl;ced by the following procedure. Compound
13 (1.2 g, 2.53 mmol) is dissolved in THF (30 ml) then the mixture is cooled to -78°C
and L-Selectride® (1.0M in THF, 3.8 ml) is added. The mixture is stirred at -78°C for
2.5 hours and then warmed to 0°C. Aqueous 10% NaOH (10 ml) is added followed by

20 30% H,0, (10 ml). After stirring for 2 hours, water (20 ml) is added and the aqueous
slurry is extracted with CH,Cl, (4 x 100 ml). The combined organic extracts are then



Key: (i) p-TsOH, (CHerr]OH[err], benzene (ii) CrJerr],
]

3, 5-di net hyl pyrazole, CHerr]dJ[err] (iii) NaBH err],

= ' C T oazor e, DVE (V) T CPBA, CH errj G err]
(vi) 80% AcOH (vii) TBAF, THF(viii) 2,2-dinmethoxypropane, -CSA, DWF (i x)
10 NaBH err], MeOH (x) TBDMSCl, im dazole, DWF (xi) 1. Li/NHerr],
Et[err] O 2. PDGwo 98/02450 CHerr]CJ[err] (xii) L-Sel esd¢wesbopomasor] |,
THF. 162
Schene 79 (continued). 163 [err]

washed with 10% Na,S,0, (2 x 100 ml) and saturated soldium chloride (2 x 100 ml).

The organic layer is dried over magnesium sulphate, filtered and evaporated to dryness

to yield the product 14 which is used in the next step without further purification. The

3a-hydroxyl group is then protected as the acetate using acetic anhydride and pryidine

5 to give acetate 15. Thus, compound 14 is dissolved in pyridine (15 ml) and acetic

anhydride (10 ml) and the mixture is stirred for 12 hours. Ethy! acetate md diethyl

ether (1:1, 150 ml) are added and the mixture is washed with 5% HC1 (2 x 50 ml) then

by saturated sodium bicarbonate (2 x 50 ml). The organic layer is dried over

magnesium sulphate, filtered and evaporated to dryness and the residue is purified by

_ 10 silica gel flash chromotography (10:1 hexane/ethyl acetate) to give compound 15 (0.89

~— g, 1.73 mmol, 68% over two steps). Removal of the silyl protecting group at C17 of

compound 15 (0.85 g, 1.63 mmol) is accomplished by refluxing in THF (30 ml) and

TBAF (1.0M in THF, 3.6 ml) for three hours followed by evaporation to dryness. \The

residue is then dissolved in CH,Cl, (100 ml) and washed with H,0 (3 x 30 ml). The

15 organic layer is dried over magnesium sulphate, filtered and evaporated to dryness and

the residue is purified by silica gel flash chromatography (1:1 hexane/ethyl acetate) to

give compound 16 (0.59 g, 1.45 mmol, 89%). Oxidation of the C17 hydroxyl in

compound 16 is then accomplished using oxalyl chloride in DMSO. Thus, compound

16 (0.57 g, 1.40 mmol) is dissolved in CH,Cl, (5 ml) and is added to a solution of

20 oxalyl chloride (0.15 ml, 1.68 mmol) and DMSO (0.24 ml, 3.36 mmol) in CH,CL, (10

ml) at -78°C. After stirring at -78°C for 15 minutes, triethylamine (0.98 ml) is added

and stirring is continued for 5 minutes. The mixture is warmed to room temperature

~— and H,0 ( 10 ml) is added. The layers arc separated and the organic layer is washed
with 5% HC1 (2 x 5 ml) then by saturated sodium bicarbonate (2 x 5 m]). The organic -

25 layer is dried over magnesium sulphate, filtered and evaporated to dryness and the

residue is purified by silica gel flash chromatography (2:1 hexane/ethy} acetate) to give

compound 17 (0.54 g, 1.33 mmol, 95%).

A Wittig reaction on compound 17 using the phosphorous ylid prepared

- from ethyltriphenylphosphonium bromide and potassium t-butoxide in THF gives

30 compound 18. Potassium /-butoxide (0.59 g, 5.23 mmol) is added under a stream of



Key: (xiii) acetic anhydride, pyridine (xiv) TBAF, THF (xv) (COC)[err],

Et[err] N, DMSO (XVI) EtPh[err]PBr t-BuOK, THF (xvii) 80% acetic
acid—5 Conpourtd—330-Tam Be produced 1rom conpound 10 (as
shown in Schene 79). A solution of conpound 10 (0.82.g, 1.73 mmol) in
diethyl ether (15 m) is transferred to a flask containing lithium
nmetal (55 nm) |d ammonia (30 m) at -78[err]C /05406 ON-
After 30 m nut{e@"’g’# -78[err]C, NHerr]Cd (2.0 g) is addedpan'g;t-’ﬁe anmoni a

is evaporated. Water (10 ml) is added andgf he | ayers are separated. The
aqueous layer 10 is extracted with CH[err‘iCI[err] (2 x 25 mM) and the
conbi ned organic | ayers are washed with water (25 m) and dried over
magnesi um sul phate. After fi n an ora lon.t T;gr ness, the
ool Gue 1's- i SeBibieg i hSepppp L ERpRRT SRR e o528 TREDIE o)
i's added. THE(mmI)uﬁdeﬁxemnamﬁsrm&edmrﬁmmnipemrfatuh@rf Comp@mba®rs then
filtered throug bed.of. celit rat is.then | fj.ed using
silica gel fl asa)%ﬁr Like Séspéi?"f(e‘%& ‘fqu: }fﬁg’béﬂ }héf f°“é§:ﬁ%§1 @)t{“’tﬂdd?ve
conpound 13 ( 653HRUThelreshBantHidtture &8fluxed for 12 hours under nltrogen théﬁhﬁolléﬁoﬁ&ﬂn 13 is

t hen reduced by the foll

rocedur.e .
mol ) is di sSol FEgemptareT °('§% “Eq ‘ﬁ ’{"ﬁmi"@% ﬂfesﬁ'(‘}'étﬁl‘éﬁ"ﬁ*’Bm{e%f err] C
and L- Sel ectri daryfeks. OMeird3idbéts. dlsBor&drm CHid, (aob:lﬁrj andWhdd wilkh/éafurdtédl SHJOI r ed at

-78[err] C for 25hurs t to Olerr C Aqueous 10% NaOH
(10 M) is addetPhigh (a0 géid%gs/?ilr?@r %@W By fed oVE MREneR ¢ ng
for 2 hours, WwahfghateAltefed and Evapsisiedio drtless ARl thEhdAaI¢Ss punfed 5} Siida)gel flash .
extracted with [err]C[err 00 m). The conbined organic extracts

are then chromatography (3:1 lnexane/ethyjf acetate) to give compound 18 (0.33 g, 0.88 mpal,
washed with pO0%Mglerr]S[err]Jerr] (2 x 100 nl) and saturated sol di um
chloride (2 x 100 m). The 0{gan|c | ayer is dried over nagnesi um

sul phate, filtered and ekingllyr Jemeyal of dhs) gestenide group s, aggomplshefe " IP®duct 14

which is used i ébxﬁpb@xdnmtzo $dg8D.083 MR is fiolveE in §09 ddubidlabdlie. aciliNE.5 ml)

3a- hydr oxyl rou ofectedq as the acetate uysing acetic anhydride
and %r Vi dlyn eg r{r)isnrred at 80"Cp f{)r I hour. mlxture&;s evaporated to rynesg to yield compoum}l

330 (17.8 mg, 0.053 mmol, 99%).

15 EXAMPLE 17

A number of compounds with important biological activities can be

- synthesized from compound 329. For example, compound 333, which contains the
3PB,6a,7p-hydroxylation pattern and an ethylidene residue at C17, is prépared in three

steps from compound 329 (Scheme 80). Thus, compound 329 (1.81 g, 5.6 mmol) is

20 dissolved in 2,2-dimethoxypropane (25 mi) and a catalytic amount of camphor sulfonic

_ acid (CSA) (0.03 g) is added and the mixture is stirred at room temperature for 3 hours.
N Ethy! acetate (200 ml) is added and the mixture is washed with 5% aqueous HCI (50
ml) then by saturated sodium bicarbonate (2 x 100 ml) and by saturated sodium chloride

(2 x 100 ml). The organic layer is dried over magnesium sulphate, filtered and

25 evaporated to dryness and the residue is purified by silica gel flash chromatography (1:1
hexane/ethyl acetate) to give compound 331 (1.54 g, 4.3 mmol, 76%). A Wittip

reaction on compound 331 using the phosphorous ylid described in previous sections

produces compound 332. Thus, potassium t-butoxide (7.15 g, 63.7 mmol) is added

under a stream of nitrogen to a stirring solution of ethyltriphenylphosphonium bromide



5 to give acetate 15. Thus, conpound 14 is dissolved in pyridine (15 m)
and acetic anhydride (10 mM) and the m xture is stirred for 12 hours.

Ethyt—acetate—and—diethyt Bter (1. I, b0 mJ are addedand~the
m xture is washed with 5% HO (2 x 50 m) then by saturated sodi um

bi carbonate (2 x 50 m). The organic layer is dried over magnesi um
sul phat e, f”tv?(?f's%zﬁﬂd evaporated to dryness and the resigggcigndbg i fied by
10 silica gel ash chronot ography (10:1 hexane/ ethyl acetate) to give
conpound 15 (0. 89 g, 1.73 mmol, 68%e&ver two steps). Renoval of the
silyl protecting group at Cl7 of conmpound 15 (0.85 g, 1.63 mml) is
acconplished by refluxing in THF (30 m) and TBAF (1.0Min THF, 3.6
m) for three Q%&f&éﬂ&ﬁgﬂxtm\(m&tr%&&qumﬁaﬁr_edﬂ}q hour at rédfsi due i's
t hen di ssolved 1n err[Cl[err] (100 M) and washed with Herr]O (3 x 30
m). The 15 ortepaperaturt thee compoundt 3HA73\ge 21 2mgneddn tolnend (250 ad)is addet dheed and

evaporated to qr. ; I Lk flash
chr omat ogr aphy%ﬁﬂ%ﬁﬁg@%ﬁg&r&?ﬂ?}{b&rggﬁi{{om@ ke hlgﬂb%g t@ér%%lllfhgﬂ)fgﬂ( 0.59 g,
1.45 mmol, 89%drop@iseddditionpiavater 0 @17 Thy chixswey is dilnted with ethyimoesata (POQ @) s t hen
acconpl-i shedcusj I | R . 0. 57 g,
1.40 mol ) i g %@gﬁ%yt#ﬁ&%g%%& ?r%%eéi%‘i)ﬁo g@?@ﬁ“}%@&" {zo’g.googol ution
of 20 oxalyl ail).ofhelergéutic lFerrit dricd G&r magriedium sulpBAGGitéred 2ud entapor@ed® nmol ) -
in CHerr]dJer . PSTY f [ Ll ] - rr]C
for 15 m nut es,drn][nreéség %&Heéerﬁdgke}s(pgﬁg? b%[sflfclﬁ égﬁaﬁéﬁ‘%ﬁ’k’%‘%& gtllé%arﬁdgéhles

conti nued for aceateud give caipeund 33272 g £9.2vmmok 80%) Depmtectimnpchahbydrozyl and
Herr]O (10 m) is_ added. Theg.,l. ar. . t he.o -c layer is
hhet |0 i vl el 932 s 3RSy B7 RERY 50 R MNOIRE Tl VT
x 5 m). Théoorgaminds 3% (121g.c19.2 mmol)iie diswived inBlyh essticarid I Pha)end fihe t er ed
and evapor at ed 1. r. i j i.f i i |4 gel

1 ash ohr omat of sRyY 15 afigthn clberuus of S Tologtih sl ks bouBad 7 O
(0.54 g, 1.33 ponificati®bBy silica gel flash chromatography (9 QH{Q/Me@HE R givesosompaumgonpound

17 using the p ro | i par ed from et hyl tri phenyl pfrosphoni um
brom de and po?gggrydrﬁ’ﬁ%}éfﬂggig é’ii n THF gives 30 conpound 18. Potassium

t-butoxide (0.59 g, 5.23 mml) is added under a stream of

164 nitrogen to a suspension ofSckamald: ri phenyl phosphoni um broni de
(1.94 g. 5.23 mol) in THF (15 m) and the mxture is stigred at room
tenperature for | hour. ConpQuphdy17 (0.53 g, 1.31 D ifs dissol ved

in THF (10 m) and the sol g added to the yIidin.
resultant mxture is rafffu 12, hours under nit+dg e/ cool ed to
room 5 tenperature. ture I Stnbr shrbalc hro te and the
filtrate is evaporgn ed_16 ol YNESS. e resig | gl ved in
CHerr]dJ[err] (100 m) an§HV\/ashed with saturated NH[ errg a/

329 331 /

EtPhyPBr
. tBuOK
N _ Toluene

80% AcOH

HO r o]
HO r QH :

333

Ol
I

332
15



solution (2 x 30 M) and Herr]O (2 x 30 mM). The organic |layer is dried
over nmagnesi um sul phat e, filtered and evaporated to dryness and the

resi due s purifiedby—sHi+eca—get—fttash chromatogr aphy (3: 1
hexane/ et hyl acetate) to give compound 18 (0.33 g, 0.88 mmol, 10 67% .
Finally, renoval of the acetonide group is acconplished. Thus,-
conmpound 18 ( 3y dkzasd - 053 nmol ) is dissolved in 80@6aqueqqguggﬁhmﬁ aci d

(1.5 m) and stirred at 60[err]C for 1 hour. The mi xture is evaporated
to dryness to yield conpound 330 (14668 ny, 0.053 mmol, 99% . 15
EXAMPLE 17 A nunber of conpounds with irrportant

bi ol ogi cal activities can be synt hesi zed from conpound 329. For

exanpl e, conpound 333, which contai ngxRfPLE 18

3[err],6[err], 7[err]-hydroxylation pmd an et hylidene residue at
Cl7, is prepared in thresmpounds SiniEn maa,ﬁoamun&a%zr% fro&ISitn Stdm THus,
corrpound 329 (1.81 6 mol) is 2 di ssolved in 3 di met hoxypr opane
(25 M) and a e¥bsl tanned frsampemd 33dmhesexamnle. gxidaion ofcorrmureﬁ?( g(0.03 q)

i s added and t nhﬁgmat afolye

Et hyl acetate ?%%1 wﬁﬁg %ggdé r?gam xttﬁ?{emﬂb@\t/‘\i/gig%e ﬁ g%}{naqueous
HC (50 5 nB3S (Schemel$y). s@&mm&llda%ﬁls{d)@i arﬁﬁmbqudznﬁmomm mband by
saturated sodi g £l Qhddd€, s lunon(agni&s?qgsfﬁlx)and%ﬁaé?&gﬁmoﬁ L V&h.ch,gs 41 1 ed
over magneS| umﬂ;}u Sggeﬂ? ﬂter d7&°’C;f@'H5 evapgretg;le s nnes;sldazlg t he
residue is purnfliad dr Stirringyet|- @rinutesal aping/ (4(61ml) is adde

Witlg " ¢ oS ookl K3 133MALNEl by seete s cBBre RS0 bea
in previous semmUMSThB mixtusg t;dumwbmpnlmqatg@@o mDFméwa-fhcdwmsummedbut oxi de
(7.15 g, 634 I 0, tirring
soJ ution of (zat % ri p enyfl ﬁosp%gﬁrg‘%ﬁg?%ﬁ‘l& SEAE Lhofle QS8 nh?' Tu2

165 (23. ‘mggnc Bgeris gried|oyer magmhmewéphé@ﬁmterm)and evhporatedctodinmesssand hen
stirred for 1 %U%ﬁ%lsrﬂﬂflﬁéd by séld&gaedfﬁ&%e% Wwilhe%, GREPOURY iR d;Z y flasll: 212

mml ) in toluene mXxture’ 1s stirre room _
t enper at ur e f ochromategsephy (L?rﬂdwﬂnﬂeﬂwbgeﬁtei iezivegomprund3BAL0.77 Be2.07 mmd’r OpW Se

addi tion of Wat7%) ﬁ;&&emo)x oftﬁpﬁyﬂﬁf coﬂ] L 88} M‘aé v@é gé’ig te (900

m) 5 and washed W th saturated 50 I C onat e sodi um
chl oride (2% gg@ples, bymlyxngwompgtaﬁﬁéﬂ(bly@g.Q@Omo@dnéo%vraqmyﬁe@mem

sul phate, filtesed ﬁflﬂ‘ﬂ ?‘4@&9@: ottt For 1 hodi”té’ GO 3ftéd 36k Béﬁoz{ﬁ%rﬂﬁé and
purified by silica | ash chronmat ograp 2:1 hexg g/
punﬁcanon by silica gel flash chromatography (ethyl acetate), compound 335 (9.8 mg,

0.029 mmol, 97%).

Scheme 81
J

:\/’:- : .

Oalyl chloride A~ 0% AcOH

N, CHCly,

I Y 78°C o Y 0 [} Y 'oH
_'5 334 % 335 &
20
EXAMPLE 19

A by-product of the Swern oxidation in Scheme 8! is the chloro
derivative 336. Compound 336 can be deprotected by treatment with 80% aqueous



acetate) to give conpound 332 (7.2 g, 19.2 mmol, 90% . Deprotection of the

hydr oxyl groups in conpound 332 is then achieved by stirring 332 in 80%
. ] . f . 0

acetic acid (115 m) and the m xture is stirred at roomtenperature for

3 hours. Evaporation to dryness followed by purification by silica gel

flash chromat ogoagdayse(9: 1 CH err]|C[err]/ MeOH) gives conppcmichs7/00490333 (5. 81

g, 17.4 mmol, 90% . Scheme 80

[err] 167 166

EXAMPLE 18 Compounds contai ning a ketone at C3 and a

6, 7- hydroxyl ati on pattern can be obtained from conpound 332. For

exanpl e, oxi dat aseftic &id mmmw&ds&@é}e 83 Mhus, comfuond B3O8 igj 0.0 @pmoluces
conpound 334 Whl ch tb%g be depr ot egt d to.conpound 5 Q?cherre 81).
Conpound 332 ( 19ispH ing WARBT geeticacis (< o) qpd Stivgd E‘r‘?’]’f(‘fr"[“g?f"f - )
‘éﬂf thierclj Eaddefl 1rs8b ﬂlhx&xa& 14t dviyordidd ﬂg@ﬁeészaéﬂtgé}wﬂﬂdlszplﬁm&Kﬁkiﬁba?gé[ﬂmﬁﬂ oCIefl n
err err : fter stirri at - r or
To o it es. |t ri CRITROBPRG (12 Neanp AT Sk g0 oot 97 {HeE4 & L8R | nucd
for 15 m nute&s mabl,owex by stirring at roomtenperature for 30 m nut es.
The m xture is diluted with ethyl acetate (100 m ) and washed with :
saturated 10 sodi um bi carbonate (2 x gg Qz t hen saturated sodium chl ori de
(2 x 50 m). The organic |ayer is ver magnesi um sul phat e,

and the residue is purified by
sh

filtered and evaporated to drynes

silica gel (pretreated with 1%tr|thyl am ne in hexanes) flI\

2. 07 mmol , 7% Depr otgeq Q

achi eved, as in previous TPt €S ,g0bMopt i rrin
0-030 nmmol ) in 80% aque & [ —acia—1. 25
for 1 hour to give, a#ter gporation to drynegs”

roomterrperature
purification by

silica gel flash chromatogr ap thyl acetate), corrpcg,lnd 335 (9.8 ny,
0.029 mml, 97%. Schene 81
336 337
EXAMPLE 20
10 As described in an earlier section, compound 330 can be prepared by

reduction of the C3 carbonyl in compound 334 (e.g., with LS-Selectride®, Aldrich
Chemical Co., Milwaukec, WI) to afford the 3o hydroxy group followed by
deprotection. Thus, compound 334 (0.85 g, 2.3 mmol) is dissoived in THF (25 ml) and
cooied to -78°C. LS-Selectride (1.0M in THF, 3.0 m!) is added and the mixture is
15 stirred at -78°C for 3 hours. Aqueous 10N NaOH (2 ml) and 30% H.O, (2 ml) are
added and the mixture is warmed to 0°C. The mixture is diluted with ethyl acetate (150
ml) and washed with saturated sodium bicarbonate (2 x 50 ml) then saturated sodium
chloride (2 x 50 ml). The organic layer is dried over magnesium sulphate, filtered and
evaporaled to dryness and the residue is purified by silica flash chromatography (3:1
20 hexane/ethyl acetate) to give compound 338 (0.703 g. 1.88 mmol, 80%). Deprotection
of the hydroxyl groups in the B-ring then affords compound 330 (Scheme 83). Thus,
compound 338 (1.44 g, 3.85 mmol) is dissolved in 80% aqueous acetic acid (25 ml) aﬁd

stirred at room temperature for 3 hours. The mixture is evaporated to dryness to give



[err] EXAVPLE 19
A by-product of the Swern oxidation in Schene 81 is the chloro

derivati-ve—336—Cofpotnd—336—Tam T deproteci ed by treatnent with 80%

aqueous 167 acetic

acid as shown in Schenme 82. Thus, conpound 336 (0.028 g, 0.072 mmol ) is

di ssolved in &Qgg@ﬂ“@ous acetic acid (2 m) and stirred ajcHh@Q@moksnperature
e

for 1 hour. m xture is evaporated to dryness and the residue is
purified by silica gel flash chromajggyr aphy (3: 2 hexane/ et hyl acetate)
to give conpound 337 (0.024 g, 0.067 5 nmmol, 949%.

Schene 82 [err]

compound 330 (1.25 g, 3.74 mmol, 97%). This is an alternative route to compound 330

from what is shown in Scheme 79.

Scheme 83

LS-Selectride 80% AcOH
THF

0 %o Ho¥" 7 P Ho™" M

334 %+ 338 30 o

5 EXAMPLE 21

o

Compounds containing an ethyl residue or another alkyl chain 5t C17
can be prepared from the corresponding compound containing an exocyclic double at
C17. For example. compound 339 is obtained by catalytic hydrogenation of the Ci7-
C20 double bond of compound 338, followed by the deprotection as shown below.

10 Thus. compound 338 (0.15 g, 0.40 mmol) is dissolved 1:1 in acetic acid and ethanol (4

ml) and 10% Pd-C (15 mg) is added. The mixture is stirred under H, for 16 hours

followed by filtration and evaporation to yield the desired product 339 (0.115 g, 0.340

mmol, 85%) (Scheme 84a). The intermediate 17-ethyl-6,7-acetonide 361 is produced if

the hydrogenation reaction is carried out in ethyl acetate (Scheme 84b). Thus,

15 compound 338 (0.019 g, 0.050 mmol) is dissolved in ethyl acetate (5 ml) and 10% Pd-C

N (9 mg) is added. The mixture is stirred under H, for 14 hours followcd by filtration and
evaporation to yield the desired product 361 (0.018 g, 0.048 mmol, 96%).

Likewise, compound 332 in acelic acid is hydrogenated using H, and
10% Pd-C to yicld the product 340 (Scheme 85).



EXAMPLE 20 10 As described in an earlier section, conmpound
330 can be prepared by reduction of the C3 carbonyl in conmpound 334

afford the 3[err] hydroxy group followed by deprotection. Thus,
conpound 334 (0.85 g, 2.3 mmol) is dissolved in THF (25 nl) and cool ed
to -78[err]C. whegaebsactride (1.0Min THF, 3.0 m) is addeecmcxdroda® m xt ure
is 15 stirred at -78[err]C for 3 hours. Aqueous ION NaOH (2 m) and 30%
Herr]Jerr](2 M) are added and theléfl xture is warned to O[err]C. The
m xture is diluted wwth ethyl acetate (150 m ) and washed with
saturated sodi um bi carbonate (2 x 50 m) then saturated sodi um chl ori de
(2 x 50 mM). The organic layer is dri eshéyeegdamagnesi um sul phate, filtered
and evaporated to dryness and the residue is purified by silica flash
chromat ography (3:1 20 hexane/ ethhyl acetate) to give.conpou 338 (0.703
g. 1.88 mol, 80% . Deprotecti of the hydroxyl groupsgi npthe B-ring

t hen affords conpound 330 ( 83). Thus, conpound (1.44 g, 3.85
mmol ) is dissolved in 80%afue acetic acid (25 m n tirred at

. . o~ .
roomtenperature for 3 sI(CThe m X{Ufo8, plug agkAPONat dryness to give
168 conmpound 330 ( 54, 3. 74 mmoft—979%" (S alternative
route to conmpound 399 fEonpwhat i s shown in "thefe . OH
Schenme 83 [err] 50— . OH EXAMPLE 21

338 : 339
Scheme 84b
> \
H2,10% PAICEIOAC (:'L/qig
6 ’r 6 :
~
5 T L
338 361
Scheme 85 .
\
: _ HO™ ™" HO =" “ou
o0—{_ OH
i
332 340
10 EXAMPLE 22

Compounds with alternative alky! groups at C17 can be prepared using
different Wittig reagents. For example, compound 342 is easily obtained from a Wittig

reaction. similar to the one described previously but using MePh,PBr as the Wittig



Conmpounds containing an ethyl residue or another alkyl chain at Cl17 can
be prepared fromthe correspondl ng conmpound contai ni ng an exocyclic double

at Cl7 —For—exarple—conpoumd=839~T5obralned by catal ytic

hydr ogenati on of the Cl17- C20 doubl e bond of conmpound. 338, foll owed by
t he deprotection as shown below. 10 Thus, conpound 338 (0.15 g, 0.40 mmol)
i s dissolved Jydegotysaceti c acid and et hanol (4 m ) anebTidAY%nieeboC (15 ng)
is added. The mixture is stirred under H2 for 16 hours fol | oned by
filtration and evaporation to yield the ##sired product 339 (0.115 g, 0.340
mmol . 85% (Schene 84a). The internediate 17-ethyl -6, 7-acetonide 361 is

produced i f t he hydrogenation reaction is carried out in ethyl acetate
(Schene 84b). ThRuSnt rither hAEPHPBE éﬁ&eﬁ@ymegme&.&%@ tBIB4D) asishowh el ved in
ethyl acetate (5 m) and _10% Pd-C Is added. The mixture is

stirred under HSeteme 86y Thus, msthyltdpheny! °‘B§mbe9"E'1’%1{1| “Gre- drid mmol) and
evaporation to wuekqokig, ﬂeﬁhrogdreeﬁﬁmﬁmtﬁo 8- 18- 115hcdlr. @ez&ﬂ%smmdm g%%

Li kewi se, conpound 332 i'n acetic acid drogenated using H err]
10% Pd- C to yi el bt mpmel) iz THR mgmdésbﬁéwey @sv-d mixture is refluxed for 3 howrs.
102 9 5 After standard work-up, as described égkhlg % é‘ﬁ@c product is purified using siticd ©7 "] ~

gel flash chromatography (3:1 hexane/ethyl acetate) to give compound 341 (0.332 g,
0.920 mmol, 81%). Product 341 (0.204 g, 0.567 mmol) is then treated with 80% acetic
acid solution (4 ml) for 1.5 hours at room temperature. The mixture is evaporated in
vacuo to give the desired triol 342 (0.173 g, 0.540 mmol, 95%). The corresponding
10  C17 methy! derivative is then prepared by hydrogenation of compound 341 (0.023 g,

~ 0.063 mmol) and 10% Pd-C (15 mg) in ethyl acetatc (5 ml) under H, atmosphere
followed by, after filtration and evaporation to dryness, deprotection with 80% acetic
acid solution (2.5 ml) to afford compound 343 (0.018 g, 0.056 mmol, 838%)
(Scheme 87).
5 Scheme 86
P MePPhaBr aox Auou
J\/ IBNOK. THE /
\_ Scheme 87

1. My, 10% POIC_
2. 80% ~2.80% AcOR -
HO  YoH



10 EXAMPLE 22 Conpounds w th

alternative al kyl groups at Cl7 can be prepared usi ng di fferent thlg

reagents—Fot c)&allpl IS L,UllpUUIIU AT Tast 1 Yy obtarned-froma VVI[Ig
reaction, simlar to the one described previously but using MePh3PBr as the

Wttig 170
WO 98/02450 PCT/CA97/00490
17
EXAMPLE 23

Compounds containing a methylene carbon at C3 can be synthesized in a
number of different ways. One example involves a modified Barton procedure (Robins
etal,J Am. Chem. Soc., 105:4059-4065, 1983) as shown in Scheme 838. The alcohol

5 332 (0.10 g, 0.27 mmol) is treated with phényl chlorothionoformate (0.45 ml, 3.3
mmol) in pyridine (2 ml) and methylene chloride (3 ml) at room temperature for 2
hours. The mixture is evaporated to dryness and the residue is purified by silica gel
flash chromatography (30:1 hexane/ethyl acetate) to give the thionester 344 (0.12 g,
0.22 mmol, 84%). The ester 334 (0.091 g, 0.17 mmol) is then treated with nBu,SnH

10 (60 pl, 0.22 mmol) and a catalytic amount of AIBN (4 mg) in toluene (3 ml) at 75°C for
3 hours under an inert atmosphere. The mixture is evaporated to dryness and compound
345 (0.035 g, 0.1 mmol, 57%) is obtained upon purification using silica gel flash
chromatography (30:1 hexane/ethyl acetate). Treatment of compound 343 (0.02-5~ g
0.069 mmol) with 80% aqueous acetic acid (2 ml) for 1 hour at room temperature
15 followed by evaporation to dryness and purification by silica gel flash chromatography

(3:1 hexane/ethyl acetate) gives the diol 346 (0.021 g, 0.066 mmol. 96%).



reagent rather than EtPh[err] PBr followed by the deprotection of triol 341

as shown bel ow (Schenme 86). Thus, nethyltriphenyl phosphoni um brom de
(1.97 g, 551 ol —and B 0-610, 5. 4 nmol) are stirred in THF
(10 M) for 1 hour. Ketone 331 (0.411 g, 1.24 nmmol ). in THF (5 m) is

added to the ylid and the mxture is refluxed for 3 hours. 5 After
st andard V\orlqugg?? descri bed earlier, the crude produGlericasfaidédel i €d usi ng
ash

silica chromat ography (3:1 hexane/ethyl acetate) to give
conmpound 341 (0.332 g, 0.920 mml ,1781% . Product 341 (0.204 g, 0.567
mml) is then treated with 80% acetic acid solution (4 m) for 1.5
hours at roomtenperature. The mxture is evaporated in vacuo to give

the desired triol 342 (0.173 g, 0.54G, g8 95% . The corresponding 10 C17
met hyl derivative is then prepared by hydrogenation of conpound 341 (0.023

g, 0.063 mml) and 10% Pd-C_(15 ng) in ethyl acetate (5 m ) under
H err] atnosphere foll owed by, after filtration and g oratlon to
dryness, deprotection with 80%fpcgtic acid sol ut| rﬂ) to afford

conmpound 343 (0.018 g, 0.05f 88% (Scheng

fg?erre 86 r%cr(J)cn

Conpounds cont ai ni ng "a@" car U8 £ Qe sygesi zed in a '
nunber of differentHonays. e efanpl e |nvd\° 5" a hodi Ei Bart on ‘procedure
(Robi ns et al., J. Amo Soc., 105:4059- 40659 ) as shown in .
Scheme 88. The al cohol 38 332] (0.10 g. 0.27 ol 34 ated wi th phenyl
chl orot hi onof ormate (0.45 m, 3.3 nmol ) in pyri ngjg,,,_,(Z m) and

met hyl ene chloride (3 n) at roo
is evaporated to dryness and th
f+ash chronmat ography (30:1 heX
(0.12 g, 0. 22 mml "
treated with nBu[err]
of AIBN (4 ng) in tol

\tenmperature for 2 | amw hours. The mxture

bsidue is purified]by sNica gel

thyl acetate) to §ivgtfie thionester 344
ester 334 (0.091 g nmol) is then

- alytic anount

i nert atnosphere. The M € I'wHevaporated to and conpound
345 (0.035 g, 0.1 nmol, /§ i s obtained upon pti on using silica gel
fl ash chr omat ograpju ( 0: 1 hexane/ et hyl ace % eat ment of
conpound 345 (0.025 g, 0.069 mml) with 80% aqueodus acetic acid (2 m)

for 1 hour at roomtenperature

EXAMPLE 24

- Compounds containing a methylenc carbon at C17 can be produced

5 using similar chemistry to that described in Example 23. For example, the alcohol

group of compound 331 (0.15 g, 0.42 mmol) is initially protected as a silyl ether by

_ treatment with r-butyldimethylsilyl chloride (0.095 g, 0.63 mmol} and imidazole (0.057
(% g 0.84 mmol) in dimethylformamide (4 ml) at room temperature for 4 hours. The
| mixture is diluted with diethyl ether (75 ml) and washed with saturated sodium

10 bicarbonate (2 x 25 ml) then H,O (2 x 25 ml). The organic layer is dried over

magnesium sulphate, filtered and evaporated to dryness and the residue is purified by

silica flash chromatography (9:1 hexane/ethy! acetatc) to give compound 347 (0.18 g,

0.38 mmol, 90%) (Scheme 89). Thg ketone funcgion of compound 347 is then reduced

with lithium aluminum hydride in diethyl ether t.o afford the 17B-alcohol 348. Thus,

15 compound 347 (0.18 g, 0.37 mmol) is dissolved in dicthyl ether (5 ml), cooled to 0°C



15 foll owed by evaporation to dryness and purification by silica gel

chr omat ogr aphy

flash

(3: 1 hexane/ et hyl acetate) gives the diol 346 (0.021 g,

4 ~

00661t IJO7)~ 172
Scheme 88 [err]

EXAMPLE 24 Conmpounds contai ning a net hyl ene carbon at
Cl7 can be pr ogoesetsso PCT/CA97/004%0

5
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15
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and lithium aluminum hydride (0.018 g, 0.48 mmol) is added. The mixture is stirred at
0°C for 30 minutes then saturated sodium bicarbonate (1 ml) is added dropwise. The
mixture is diluted with diethyl ether (50 ml) and washed with saturated sodium
bicarbonate (2 x 15 ml) then by H,O (2 x 15 ml). The organic layer is dried over
magnesium sulphate, filtered and evaporated to dryness and the residue is purified by
silica flash chromatography (4:1 hexane/ethyl acetate) to give compound 348 (0.15 g,
0.31 mmol, 85%). Using a Barton type reaction, compound 348 is treated with NaH,
CS, and Mel in THF to produce the methyl xanthate 349 after work-up and purification.
Thus, compound 348 (0.052 g, 0.11 mmol) is dissolved in THF (5 ml) and NaH (174
mg (60% in oil), 0.43 mmol) and imidazole (5 mg, 0.074 mmol) are added. The
mixture is stirred at room temperature for 30 minutes then carbon disulfide (0.2 ml) is
added and stirring is continued for 2 hours followed by refluxing for 30 minutes. Mel
(0.2 ml) is added and refluxing is continued for an addition 30 minutes. | H,O (1 ml) is
added dropwise and the mixture is diluted with diethyl ether (100 ml) and washed with
5% HCI (2 x 30 ml) then saturated sodium bicarbonate (2 x 30 ml) and then H,O (2 x
30 ml). The organic layer is dried over magnesium sulphate, filtered and evaporated to
dryness and the residue is purified by silica gel flash chromatography (15:1
hexanefethy! acetate) to give compound 349 (0.054 g, 0.09 mmol, 85%). In the next
reaction AIBN is typically used as the radical initiator. Thus, compound 349 (0.05 g.
0.087 mmol) is dissolved in toluene (15 ml) and nBu,SnH (0.051 g, 0.17 mmol) and 2
catalytic amount of AIBN (10 mg) are added and the mixture is refluxed for 22 hours
under an inert atmosphere. The mixture is cooled to room temperature, evaporated to
dryness and purified using silica flash chromatography (40:1 hexane/ethyl acetate) to
give compound 350 (0.010 g, 0.022 mmol, 25%). Treatment of compound 350 (0.010
g, 0.022 mmol) with 80% acetic acid (2 ml) for 18 hours at room temperature followed
by evaporation to dryness and purification using silica gel flash chromatography (20:1

CHCl,/MeOH) gives compound 351 (0.0065 g, 0.021 mmol, 96%).



5 wusing simlar chemstry to that described in Exanple 23. For exanple,
t he al cohol group of compound 331 (0.15 g, 0.42 nmol) is initially

protected—as a sityt—etter—tby——tTeatnent wtiT t-putyrdimethytsirtyl~ =7~

chloride (0.095 g, 0.63 mol) and i m dazole (0.057 g, 0.84 mml) in
di rethyl formam de (4 m) at roomtenperature for 4 hours. The m xture
is diluted wiVAYMMPhy| ether (75 m) and washed with saPeHeA%8%48bdi um 10

bi carbonate (2 x 25 m) then Herr]O (2 ? 25 m). The organic layer is
dried over magnesi um sul phate, fil t 4ftd and evaporated to dryness and
the residue is purified by silica flash chromat ography (9:1

hexane/ et hyl acetate) to give conmpound 347 (0.18 g, 0. 38 mmol, 90%
(Scheme 89). The ketone function of c&¢hemedY 347 is then reduced with

l'ithium alum num hydride in diethyl ether to afford the 17[err]-al cohol
348. Thus, 15 conpound ) is dissolved iynfi et hyl

ether (5 m), cooled t ’

173 and | i (s ~0/4 3iaty, THE). 5 Y added. The
m nutes t Irat ed sodi um .

[TBDMSO I _uted W th

m xture is stirr

bi carbonate (I #aT) fe P

diethyl ether (50 m) @t—#r—at ed sodi um

x 15 m) then by Mierr]O (2 x 15 m) a47The' organic | ayep48i § dried over 5

magnesi um sul phate, filtered and evaporated to dryness an Eﬁ:\]@"-?”%si due is
thy

purified by silica flash chromatography (4:1 hexane/ * acetate) to-
gi ve conpound 348 (0. 0.31 nmmol, J85% . Using a Bartpnfi¥PE

reaction, compound_3 peated with CS[err] _a VEN in THF to
produce the met hy, at e 3BrPHaf t er~d eI MBN | 2 Thus,

conmpound 348 ((.¥52-8. and NaH (17.4

19" ng (60%inoil), @4 mol TPMERd T e (5TeAawse” 0072 |) are added.

The m xture By stirred at roomiser’rﬁera ure for 30 ¢ t hen carbon
f

disulfide (0.2 m) is added and stirring is continued r 2-hours
foll owed by refluxing for 30 m nutes. Mel (0.2 M) is added and
refluxing is continued for an additigg 30 mnutes. HO (1 m) is added
dropwi se and the m xture is diluted hyl ether (100 m) and washed

T T P G R
sul phate, fil twsingdsimilah eheapismyatoethat described idr proviais exaelpiedle FopSéxdiple] S
R e =
reaction Al BN dcetatt (23B); ad shpwo sektherse 90h Mattadblogyl prévivusly déseribed Tivdlvingd@hpound
Bl er 7] Snbi ( ooaons ing RO s iBUGRRP 01BN By ke B ke Mo Ssitsan ( 10
ng) are addéd MaBH,Ce€l, mffdrds alcbiml r 32| wacelialianr of Zohpeund 352 follewelbrbyan i nert
at mosphere. Tr}%d%r%t‘igne (eim% gt%gelq%gntt gkarligg{anerct:x?&p %v%&tup ] %fodt?c\és?' pt?ul; a e%ige 0
compound 354.

Specifically, compound 228 (0.431 g, 1.01 mmol). RuCl, (0.020 g, 0.098
mmol), cyclohexane (5 mL), water (0.25 mL) and 70% /BuOOI! in water (1.5 mL, 11.0

'

\/.

15 mmol) are stirred for 24 hours at room temperature. The mixture is diluted with ethyl
acetate (125 ml) and washed with an aqueous solution of 10% Na,SO, (2 x 50 ml) and
saturated NaCl (2 x 50 ml). The organic layer is dried with MgSO, and evaporated to
dryness. Purification by silica gel flash chromatography with 9:1 hexanes-ethy! acetate
affords compound 229 (0.263 g, 0.591 mmol, 59%). The reduction of the C7 ketone

20 proceeds as follows. A mixture of CeCl,7H,0 (2.00 g, 5.368 mmol) in methanol (5 mi)



dryness and purified using silica flash chromatography (40:1 hexane/ethyl
acetate) to gi ve conpound 350 (0.010 g, 0.022 mmol, 25% . Treatnent of
conpoHhd 0—0—610 o—06 ) i 809 ] d or—1
hour?_at room tenperature foll owed by evaporation to dryness and
purification using silica gel flash chromatography (20:1

CHGl [er 1]/ MeCHIOSMPER compound 351 (0. 0065 - 0 021 moi, FERGAS040
174 175 Schene 89

0 0 [err]

EXAMPLE 25 5 Compounds wi th hi gher al kyl chains attached

to Cl7 can be produced . usjin Lm.|.ar m_st.r. hat cJ.hed in
previ ous exanpl é‘sa.d‘_ied P Wﬁﬁf%’,&‘e%m lcﬁrﬁ)é‘%ﬁﬁ‘"@éﬁ %%ﬁ(%%ﬁﬁ?%gﬁ gﬁe’!élglgn 4
steps from conmprcgblad boYoe@V NaBREP0S 19 lg08. BBl is added and e tnsiktere(s#28) at 066 shown
in Schene 90. Methodol o ' oxi dati on

ly d I bed i | vi 4
usi ng Rud [err] f%ﬁ&%’@ﬂ%&?ﬁ%%ﬁ?ﬁ%ﬁ*ﬁ:ﬁ’gl%‘f%n%l'i’i'ggﬁ%%ft%zn}éouﬂssi ng

The mixture is cautiously quenched with aqueous 5% HC1 (10 ml) and diluted with

aVaWa =

: 5 ethyl acetate (250 ml). The emulsion is then washed with aqueous 5% HC1 (2 x 100
ml), saturated aqueous NaHCO; (2 x 100 ml), and saturated aqueous NaCl (2 x 100
ml). The organic phase is dried with MgSO, and evaporated to dryness. The residue is
purified by silica gel flash chromatography with 9:1 hexanes-ethyl acetate giving
alcohol 352 (0.850 g, 1.91 mmol, 76%). Protection and hydroboration are then
. 10 accomplished. Thus, compound 352 (0.850 g, 1.91 mmol). pyridine (5 ml) and acetic
N anhydride (5 mL) are stirred at room temperature for 16 hours. The mixture is diluted
with ethyl acetate (150 ml) and washed with aqueous 5% HC1 (3 x 50 ml). saturated
aqueous NaHCO, (2 x 50 ml), and saturated aqueous NaCl (2 x 50 ml). The-org"anic
phase is dried with MgSO, and evaporated to dryness. The residue is purified by silica
15 gel flash chromatography with 19:1 hexanes-ethyl acetate giving product 353 (0.823 g,
1.70 mmol, 99%). The diacetate 353 (0.275 g, 0.5648 mmol) in THF (5 ml) is cooled to
0°C and BH, in THF (1.0 M, 2.5 mL.,, 2.5 mmol) is added. The mixturc is stirred for 3
hours at 0°C. then cautiously quenched with an aqueous 10 N NaOH solution (1 mL)
and an aqueous 30% H,0, (1 ml) solution. The resultant mixture is stirred for 16 hours,
20 diluted with ethyl acetate (100 ml) and washed with an aqueous 10% Na,SO, solution
(2 x 50 ml), a saturated aqueous NaHCO, solution (2 x 50 ml) and saturated NaCl
solution (2 x 50 ml). The organic phase is dried over MgSO, and evaporated to
N dryness. Purification by silica gel flash chromatography (3:1 hexanes-ethyl acetate) '
affords the product 3B-acetoxy-6c,7p-dihydroxy-5a-cholestane (0.032 g, 0.069 mmol, .
25  13%) which is deprotected by treatment with sodium methoxidc (prepared from sodium
metal (0.262 g, 11.4 mmol) and methanol (10 ml)) at room temperature for 1.5 hours.
The mixture is diluted with ethyl acetate (30 ml) and then washed with a saturated
aqueous NaHCO, solution (2 x 15 ml) and saturated aqueous NaC1 solution (2 x 13
ml). The organic layer is dried with MgSO, and evaporated to dryness. The residue is



10 NaBH err]/CeC [err] affords al cohol 352. Acetylation of conpound 352

fol | owed by hydr obor ati on (and subsequent ‘al kal i ne- per oxi dc_wor kup)
produces-t-he—-desi+ed conpourt—352: Speci fically,
conpound 228 (0.431 g, 1.01 mmol). RudJerr] (0.020 g, 0.098 mmol ),

cycl ohexane (5 nmL), water (0.25 nlL) and 70% tBuOOLll in water (1.5 nm, 11.0
15 mmol) arevossmaaseed for 24 hours at room tenperat ure. PCIEAIOR4Mre | S

diluted with ethyl acetate (125 m) and washed with an aqueous sol ution
of 10% Na[err]SJerr] (2 x 50 mM) and 176 saturated Nad (2 x 50 ml). The
organic layer is dried with MgSg err] and evaporated to dryness.
Purification by silica gel flash chromatography with 9:1 hexanes- et hyl :
acetate afpfifiedbyGiliT gel rfdleélﬂoxﬁﬂog?ﬁ:By @vith Q: Dikkanesvethy] abl8g givirigarisleduct i on
of the C7 ket ro ollows. A mxture of CeCl[err]7H err]O
(2.00 g. 5.36%%9?'3 %‘%ﬁé‘l Ara?g’f)(s m ) .
175 is added to a solution of ketone 229 (1.11 g, 2.52 mmol) in THF
(5 m) and the mixture i s cool edcheme®err] C. NaBH4 (0.119 g, 5.14
mmol) is added and the mixture stirred at O[err]C for 1 hour followed
by warm ng to roomtenperaure and continued stirring\for 2 hours. The
m xture is cautiously - _wi th aqueous 5% HCO (4@ mN__and diluted wth

5 ethyl acetate (250 m -5 | xe). wuGonit NEN @ wi th 3gueous 5% HA
(2 x 100 m ) Bt~ d aquepbus—TNaHC™er, 2

aqueous Nad (2 g ic g S :
and evapor at edacPU ess. The residue isA« urfit®ed by silica gel .flash
chromat ography with 922! hexanes- et hyl acetate ﬁ%vi al cohol 352
(0.850 g, 1.91 mmol, 76%. Protection and hydrobor WHcare then 10

acconpl i shed. Thus, conpound 352 (0.850 g, 1.91 "), pyridine (5 nm) and
aeetic anhydride (5 are stirred at roomtenpexa ure for 16 hours.
The m xture is diluted s ethyl acetate (15 ashed with
aqueous 5% HC | (3 xg5 —(2 x 50 m),
and saturated aqug e is dried
wth MgSO4 and $ @d to dryness. The re ‘ urified by silica 15
gel flash chrofe ogr aphy ¥t h 19: 1 hexanes®™Bt hy| acet8te giving product 353
(0.823 g, 1. 788 ™09%) . The di acetate 353 (0.275 g, 0.5648 mmol) in -
THF (5 m) is cooled {4™%% O[err]C and BH err] in THF (1.0 M 2.5 n, 2.5
nol ) is added. The nyxture stirred for 3 hours at O[err]C, then
cautiously quenched w th eoyS 10 N NaCH solution (1 m) and an
aqueous 30%H[err] S O» ion. The resultant mxture is stirred
for 16 hours, ' %. Wth ethyl acetate (100 m) and washed with an
aqueous 10% Na[ C wSol ution (2 x 50 mM), a saturated aqueous
NaHCO3 sol ution %Zx 5Hm3 and saturated NaC | solution (2 x 50 m).
The organi c phase P dried over MgSJ err] and evaporated to

0MThe op O pha

5 EXAMPLE 26

N _ Compounds containing additional functional groups in the A-ring have
been prepared and tested for biological activity. For example, compound 360 can be
prepared in a multi-step synthesis from compound 335, as illustrated in Scheme 91.
Acetylation of compound 335 using acetic anhydride and pyridine and DMAP to give

10  the diacetoxy compound 355. Thus, compound 335 (1.5 g, 4.5 mmol) pyridine (10 mi),

acetic anhydride (5 mL) and 4-dimethylaminopyridine (0.028 g, 0.23 mmol) are stirred-
at room temperature for 12 hours. The mixture is diluted with ethyl acetate (300 ml)
and washed with aqueous 5% HCI (3 x 50 ml), saturated aqueous NaHCO, (3 x 50 ml), |



dryness. Purification by silica gel flash chromatography (3:1 hexanes- et hyl
acet at e) af fords the product

3terr=acetoxy=6rerri—7ferri=drhydroxy- = ; . O

mol , 25 13% which is deprotected by treatnent wi th sodi um net hoxi dc
(prepared from sodi um metal (0.262 g, 11.4 mmol) and nethanol (10 nl))
at room t enper HQME2HYHr 1.5 hours. The mixture is di IRTEATMN et hyl
acetate (30 nl) and then washed with a saﬁ,}r at ed aqueous NaHC(O err]
solution (2 x 15 m) and saturated aqueousS 'NaCl solution (2 x 15 m).
The organic layer is dried wwth MgS err] and evaporated to dryness. The
residue is ) Lo 176
purified by silidHf3 ¥30mlh Tisorsraicphsss ifpedithMaS Qs apdgapraediofimessc et at e
giving triol to Jrefll & QudtZSsidlie 385 P69 gy WRith isU9%in the next reaction without further

Schenme 90 ) . lerr] .
purification. Thus, crude product 355(0.800 g, 1.9 mmol) is dissolved in AcOH and
10% Pd-C (80 mg) is added. The mixture is then stirred under H, atmosphere for 16
’ 5 hours at room temperature. The mixture is filtered and evaporated to dryness to yield a

crude residue which is purified by silica gel flash chromatography (5:1 hexane/ethyl
acetate) to give compound 356 (0.702 g, 1.67 mmol, 88%). The oxime 357 is then
obtained by refluxing compound 356 with HONH,-HC1 in a MeOH-pyridine solution.

" Thus, compound 356 (0.05 g, 0.12 mmol) is dissolved in a mixture of pyridine (2 ml)
10 and methanol (2 ml) and HONH,-HCI (0.017 g, 0.24 mmol) is added. The mixture is
N refluxed for 1.5 hours and the mixture is diluted with ethyl acetate (50 ml) and washed
with 5% HCl (3 x 15 ml) then by saturated sodium bicarbonate (3 x 15 ml) and then

H,O (3 x 15 ml). The organic layer is dried over magnesium sulphate, filtered-and
evaporated to dryness to yield compound 357 (0.052 g, 0.12 mmol, 99%) which is used

15 in the next reaction without further purification. Product 357 (0.071 g, 0.16 mmol) is
then dissolved in pyridine (13 mg) in acetic anhydride (3 ml), cooled to 0°C and acetyl
chloride (15.5 mg, 0.20 mmol) is added. The mixture is then heated for 8 hours at
100°C. H,0 (0.5 ml) is added and heating is continued for 30 minutes. The mixture is

then cooled to room temperature, diluted with H,O (10 ml). and extracted with CH,Cl,

20 (3 x 15ml). The combined organic extracts are then washed with H,O (2 x 10 ml). The
organic layer is dried over magnesium sulphate, filtered and evaporated to dryness and

the residue is purified by silica gel flash chromatography (2:1 hexane/ethyl acetate) to

— give compound 358 (0.41 g, 0.086 mmol, 52%). The C3 ketone in 358 (0.020 g, 0.042
mmol) is then reduced with NaBH, (2.4 mg) in THF (2 ml) at room temperature for 1

25 hour. AcOH (2 drops) is added and the mixture is diluted with ethyl acetate (50 ml) and
washed with saturated sodium bicarbonate (2 x 15 ml) then H,O (2 x 50 ml). The
organic layer is dried over magnesium sulphate, filtered and evaporated to dryness and

the crude product 359 is dissolved in methanol (1.5 ml). NaOMe (10 mg) is added and

the mixture is stirred at room temperature for 48 hours. Amberlite IR-120 ion exchange

30 resin is added until pH 6. The mixture is filtered and evaporated to dryness and purified



5 EXAMPLE 26
Conmpounds cont ai ni ng addi tional functional groups in the A-ring have

heen prepared andtestedfer—btotogtcatr—activity.  For exanpl €, conpound 360
can be prepared in a nulti-step synthesis from conpound 335, as
illustrated in Schene 91. Acetyl ati on of conpound 335 using acetic
anhydri de andwpygidzssbne and DMAP to give 10 the di acet oxscroonspedsed 355.
Thus, conpound 335 (1.5 g, 4.5 mvol) pyridine (10 m), acetic anhydride’
(5 nmL) and 4-di net hyl ami nopyridine (0.0 g, 0.23 nmol) are stirred at -
roomtenperature for 12 hours. The m xture is diluted with ethyl acetate
(300 M) and washed with aqueous 5% HCl (3 x 50 m), saturated aqueous
NaHCO err] (3 by diifta @él)flash chromatography (10:1 CHC1,/MeOll} to give compound 360 (0.010

177 and H& %rgg)é% x 50 m ). The organic phase is dried with

MySO err] and %f g moek 877 gvegf )- to yield a crude residue 355 (1.9
g) which is used in the next reaction w thout further purification.
Thus, crude product 355(0.800 g, 1.9 Scheme9lis di ssolved in AcOH and

10% Pd-C (80 ng) is added. The m xture is then stirred under Herr] .
atnmosphere for 16 5 hours at roomtenperature\ The m xture is f\ltered and

evaporated to dryness tQq #ld a crude fegi due which is ied by
silica gel flash chroyms phy (5:1 ahe/ ¢t f A gi ve
S i obt ai ned

conmpound 356 (0.70 ineS e

by refluxing co mﬁ'@. w%&’%&éﬁ!ﬁ 'ﬂ&" e O L e solution.
Thus, conpound 356 (0.G35 ®& 0.12 Dl ) i sedi¥sol ved i % a i oM of .
pyridine (2 m) 10 and®nmethanol (2 m) ancr HONH[ er r] - HCl ((9%17 g, 0.24
mol ) is added. The3¥ixture is reffuxed for 1.5 hours| atff the mixture
is diluted with ethyl acetate (50 ml) and washed wth 5% HO (3 x 15
i) then by saturated sodi um bi carbonate (3 x 15 m) and t [n et Herr]O
(3 x 15 mM). The organic lqyer is dried over..magnesi um suljphat e,
filtered-and evapor ft -
0.12 mol , 999@M@hi ]|§
purification. Prddoet
pyridine (13 r’rgg i_n_fac

359

&BO71 O3
i ¢ awnydrid

357

The following examples are offered by way of illustration and not by

way of limitation.

Utili les

The compounds described above have utility in treating allergy and

10  asthma, arthritis and/or thrombosis. As used herein, “treating allergy and asthma,
arthritis and/or thrombosis™ refers to both therapy for allergy and asthma, arthritis and
thrombosis, and for the prevention of the development of the allergic response.

bronchoconstriction, inflammation and the formation of blood clots that cause



chloride (15.5 ng, 0.20 mvol ) is added. The m xture is then heated for 8
hour s at 100[err]C Herr]O (0.5 m) is added and heating is continued

for—30—mnutes—Themxture+s e coor ed—to 1 oonT tenperature;
diluted with Herr]O (10 nl). and extracted with CHerr]dferr] 20 (3 x 15
m ). The conbined organic extracts are then washed with Herr]O (2 x 10
m). The ovgesR4s0 | ayer i's dried over magnesi um sul pheR@E/CAHT ®¥red and
evaporated to dryness and the residue, is purified by silica gel flash
chromat ography (2:1 hexane/ et hyl acetate) %% gi ve conpound 358 (0.41
g, 0.086 mmol, 52% . The C3 ketone in 358 (0.020 g, 0.042 mol) is

t hen reduced vmth NaBH err] (2.4 ng) in THF (2 m) at roomtenperature for
1 25 hour. AcOHhombehisoped associatddicdiscasssl t We effectiver amount dif| atcempoynd horet hy |

acetate (50 ni) d%?lgosmog of 8% bilent ihlndH W e o SRA iRe0! SRIRR MRS &r X 15

m) then Herr] organi c | ayer over
magnesi um sul phahembésnd mermtmabicbded/apmhlswdi @ Mmewﬂmﬂﬁof admlmstFr@lgcr ude

product 359 is aénﬁq : | d and
the m xture is s e'??%é‘%g‘fr}tgp%%?@ﬂ gérature Lm‘%@%ﬁg;&" n%'glﬁi %gl.% 120
i on exchange 30 are wdl moivs iratticigtiandrindhyde g @mmetlm&trbﬂqusorﬁlldrpmwland
evaporated to drynes I

178 ' by si Ii?‘r(':né} §e ‘g)ls léf&';"ﬁ?r%ﬁ'g obé’}%{fi “tnlsdio’ 8tTﬁelrs?l] I%’Cﬁa‘fk‘f to

gi ve conpound 36G@psuls,Giiflained relegse ipRAS andntransd@7Rb delivery tsystemst ep inhalation

Schene 91

. HONHR. HOl dosage systems employing dry poder lﬁ}[alers or pressurized multi-dose inhalation

devices. Generally, oral or intravenous administration is preferred for the treatment of
10 arthritis and thrombosis, while oral or inhalation/intranasal are preferred for asthma and
~ allergy. “The dosage amount and frequency are selected to create an effective level of
the agent without harmful effects. It will generally range from a dosage of about 0.01 to
100 mg/kg/day, and typically from about 0.1 to 10 mg/Kg/day where administered
orally or intravenously, for anti-allergy, anti-asthma, anti-arthritis or anti-thrombotic
15 effects. Also, the dosage range will be typically from about 0.01 to 1 mg/Kg/day where
administered intranasally or by inhalation for anti-asthma and anti-allergy effects.
Administration of compounds or compositions of the present invention
may be carried out in combination with the administration of other agents. For
example, it may be desired to administer a bronchodilator or a glucocorticoid agent fo;'
20 effects on asthma, a glucocorticoid for effects on arthritis, or an anti-histamine for
effects on allergy. Non-steroid compounds may be co-administered with the steroids of
o the present invention, and/or non-steroid compounds may used in combination with the
~— steroid compounds of the invention to provide a therapy for one or more of asthma,
| allergies, arthritis and thrombosis. '
25 For example, provided below are several examples of the biological

activity of various compounds described in Synthesis Examples, Sections 1-5.

Anti-thrombolytic activity of polvhydroxylated steroids

Within the present invention, it was discovered that the

polyhydroxylated steroids as well as intermediates described in previous sections



5 The foll ow ng exanples are offered by way of
illustration and not by way of limtation. Uility
Exanples —Fre-—CoMpPoUNds de5Ccr 1 bed above have utility in
treating allergy and 10 asthma, arthritis and/or thronbosis. As used

herein, "treating allergy and asthma, - arthritis and/or thronbosis"
refers to botWoP#@#8py for allergy and asthma, arthriti sPCfch97/004%0

t hronbosis, and for the prevention of t devel opnent of the allergic
response. bronchoconstriction, infl tion and the formati on of bl ood
clots that cause 179
t hronbosi s and associ ated di seases. An effective anmount of a conpound or
conposi ti on of inhisisedsheaggregation oEpiatelets caused byclpteles agtivating fatar §RAKD. PAEtHng,

arthritis or a Jocal hﬂﬁﬁﬁpﬁh:%mb&xs%&?{e%n%@mﬁ&oﬂa%mﬁblo%H%thsa\ﬁs &rdapman.
Met hods of adni nisteri ntg ive anounts of anti-aller

anti-ast hma, almficalion fiythe freatrpeatiofthrombesiy ISOFiatedeedigvascular draaa@s WEhg  Known

in the art and,dfchues uséaeto%dmam ﬁ&raamy%?cg adabaio%ﬂmme%e&ga%n parenteral
forms. Such dosage forms include, but are noF limted to, parenteral .

sol utions, tSabplaelets in fesP@éﬂ)éQll%Qseﬂglﬁs stimlieds rl@dl@a% of rapti-almemybatiqdor
t r ansder mal demiowfbiusicalTs: or inhalation

Platelets were isolated from rabbit blood and prepared at a density of
2.4 x 10® cells/ml in Tyrodes buffer (pH 7.2) containing Ca>. Platelets were incubated
with each compound for 5 min at 37°C prior to stimulation. Platelets were stimulated
10 with 1 nM platelet activating factor (PAF; EC,;) in the presence of each of the
N compounas and aggregation was monitored for 5 min. Compounds were solubilized in
dimethylsulfoxide (DMSO) and aggregation was measured as a percentage of the
response 1o 1 nM PAF obtained in the presence of the appropriate concentration of
DMSOQ. The degree of inhibition caused by each sample was calculated using the
15 control response in the presence of DMSO equal to 100%.
Table 1 shows examples of some of the compounds that inhibit platelet

aggregafion in response to PAF.

TABLE 1 _
THE EFFECT OF VARIOUS COMPOUNDS ON THE AGGREGATION
20 OF RABBIT PLATELETS STIMULATED WITH 0.1 NM PAF*
%Inhibition
o Sample at 80 uM
~ : Number
7 12.3
8 11.6
165 51.2
236 ) 100
241 93.1
246 21
330 209

*Platelets were incubated with 80 pM of each compound for 5 minutes
prior to stimulation. Responses were measured as a percentage of the



dosage systens enpl oying dry powder inhalers or pressurized nulti-dose

i nhal ati on devices. Generally, oral or intravenous admnistration is

i nhal ation/intranasal are preferred for asthma and al | ér gy The dosage
anount and frequency are selected to create an effective | t he
agent without MU effects. It will generally range fr(g?#'gw %‘zgﬁe of
about 0.01 to 100 ny/ kg/ day, and tygggally fromabout 0.1 to 10

ng/ Kg/ day where adm ni stered orally or intravenously, for

anti-allergy, anti-asthma, anti-arthritis or anti-thronbotic 15 effects.
Al so, the dosage ranggibitioh lof the PlAFihduadd rispbrise Bbaiediin the Préscher of they/ Kg/ day
wher e adm ni st e4ppsbphisté Echbentradidnyof ®MSD/alédehal ation for anti-asthma and
anti-allergy effects. Adm ni stration of conpounds or
conpositions of the present invention be cgarrl %ﬂt _

combi nation with t heEl&ssiofCompounds.on theRelease of Hexosami gem At oD

may be desired to acﬁﬂﬁ@%@—% bronchodi | ator or a gI ucocorticoid agent for
20 effects on asthma, a Iuco rtlc r effects.on arthrit r

anti - histani m® for ‘Féﬁ‘f ﬁ#"grﬂp ‘§¥’€Ff8i‘>da‘8 55 ﬂf#ﬁd‘g ﬁﬁy be
co- adm ni st er ed pwséafinvéifiofs iwere @Valkaated by measunﬂghmmaeatamigammea Secretibnl/ or
non-steroid conp?“ nds na

d al. th t
conpounds of th&ti W@ﬂ‘f‘%ﬁgff{e?“’p%‘gﬁgo Ié%ﬁé&?\'ﬁ&%f’@ﬁ‘@eéphéhg{ﬁddﬁsthm

al l ergies, arthighdih®maddell [fe0MTI$) SThe 38ility of agents to mhxblt the Enﬁscaxmlceu
pI’OVI ded beI ow are several exanples of the hi ol og i Vi

tivity of
vari ous conpoun8@nyeseisntsess i Hstasging 47d Srxosaminidase. é%‘“d"‘s‘é‘tf? ?f(fﬁg i andor
Anti -t hronbojgyt hﬂ,-m{mavdcﬁwypf poI yhydr oxyI ated steroids
Wthin the present invention, jt ered that
pol yhydr oxyl ated st eroid exgsarnyioy dFs"a’é rglﬁ g‘Fé@”Héglglgfaﬂglﬁ 1908V i ous
sections histamine and other mediators during anngen challcnge. RBL-2H3 andllﬂO/9 cells

i nhi bited the aggregatiqn of el ets cays by. pl at el tlvatlngfactor
(PAF). PAF is e %I°W66%|°“HE‘§F'§[ 6":551\5??’ i"é"F‘)‘&W “ﬁf @?}gﬁ? 8% Bt he

f ﬁr rran% ion of bl @@.daprnp %lgﬂﬂscdls vefd incubated witmédcn adrhpdiind (251N for Basurant of

t hronbosi s a assom va S . stem
used to eval E“gté tch"é‘d ISP‘P a‘ %ﬁﬁ&w%*&léﬂ" ﬁ?’iﬁﬁ"ﬂ?‘?’pg’ﬁy lbq§¥tis8¥ of 5 -
platel ets in reseofféEndtant QeRIRAOUS il iused! o masummecmdumobhexasahumdalse onbotic
or t hr onbol Gltiv Pl.at el et yer e oI at ed
from rabbit bl oB%“&%dP BF%H&&%‘H e pith the gatigep., The gmount °'Jh§x°3amm‘l%i Tr! cel I's/ m
in Tyrodes buff efe tcupetnftazt) waodeteinhinél) coladireetridally Ptﬁtxﬂdxﬂbﬁzgv\mree enzyouhat ed

%f, 2 gta fnufg_[rgglé@gbglgtrn o p-mlropﬁenyFN[agert}rl-]B%-g ucosarmmde?p—%)%tver%npcnocl g‘ft 16| ets

20 hour at 410 nm. The effect of each compound was determined as a percentage of the

antigen-induced response (minus background release) obtained in the presence of
DMSO alone, as set forth in Tables 2 and 3. These values were used to determine the

% degrees of inhibition of antigen-induced hexosaminidase release from the cells.



10 with 1 nM platelet activating factor (PAF, ECerr]) in the presence of

each of the corrpounds and aggregation was nonitored for 5 mn.
Conpounds—were—setubt--—zed—t1r grmernyrsurtoxi de ( DVBO) and aggr egat | on
was neasured as a percentage of the response to 1 nM PAF obtained in

the presence of the appropriate concentration of DMSO. The degree of

i nhi bition cawe®®248 ecach sanpl e was cal cul at ed usi ng t RETBRIEWHOr 0|

response in the presence of DVSO equal ]i 100% Table 1

shows exanpl es of some of the conpounds
aggregation in response to PAF.

at inhibit platelet

TABLE 1 THE EFFECT G: VARI QUS COMPOUNDS ON THE AGGREGATI ON
20 OF RABBI T PLATELETABEEEZMULATED W TH 0.1 NM PAF*
% nhi bition g errect oF varIOUs comMpounDs (BREFISGM) on anticen-iNDucep BLEABof €7 11 M
Nurrber HEXOSAMINIDASE FROM PASSIVELY SENSITIZED RAT MAST CELLS (RBL-2H3) RND MOUSE
8 11.6 MAST CELLS (MC/9)* 165
51.2 236 100
gifl - 9o. L - Percentage Inhibition (m’egﬁ) .
ooU

*Platel ets we Cfm ? o e fé@ﬁ%f’ﬁe%am \,m"‘."puu‘ﬁuﬁcf,l.!s 5—iAut es
prior to sti ere-meggtred—as-a—pereengage—oi—tHe
181 hre—PAFERduced—Hesponrse—gbi-at-red—Hn t he
presence of th tbs—0+ . .
Ef fects of DO4 st Cell
Li ne- ( RBL- 2H3)- ' 33

330 59 49

343 52 0

s 342 57 39

361 ND 13

331 ND 5

354 30 76

346 16 61

5 ND = not determined.



5
steroids of the

pr esent
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COVPOUNDS (EACH 25 [err] M
FROM PASSI VELY SENSI Tl ZED

were grown in culture and pag. '
human- DNP (| gE) .

rexosam i dase froma passivety
muri ne mast cell

i ne

e S Sbosn

catl ve of

granul e along with

medi ators during antigen chall enge.

RBL-2H3 and MJ/ 9
y sensitized to dinitrophenol

were i ncubated with each

conmpound (25 pM THeEFFECHE@RMARBIUS EGMPOBNPSHEAGHR SquM) anramiGeN-INDUCED BdlEAsEDR 0. 1
ng/ M DNP- HSA (ant i gex)sAMDNDABE FROMPASSIVELY SENSE1Z8D RAT MASTC RIS (RBIS2H3 ant wer e
renoved and used to measure_the anmpunt of hexosani ni dase

r el eased

Whﬁemﬁnhﬂﬁﬁhemm ni dase present in
i met r RBA-2H3 Gellsnoni t

bring the enzymatic

-N-atetyl

-lerr

- D-glucosam ni

jle (p-NAG) over a

nmesihe

effect

ofsigach conpo

ind was det erm ned

ang3egen-

I nduced rggponse (m

nus background

TESepqie ol

DVSB) al OnE,

as

set forth in

PSS We4gE US

€d 10 Jdetmign ne rne

degrees of

Ced §JgX0S3

MM dase 48 case 1o

the cells. o
F EFFECT OF VARI QUS

I'Al
"P I I P IDl s
i 3

-l A
5 LLLAOL U

HEXOCSAM NI DASE
OUSE

MAST CELLS (M 9)* = Eac Per cent age
I nhi bition (mean) Co“r'pc:,:i‘:¥9 NuBe 96 RBL—2 Cells
MZ 9 cells 33% . 69 :
351 ca 33.6 -~ .
71 335 360 z 69
339 ! 760 g7 337
44 *Values rc5p§csent the percentage inh gl%n produced by each compound 6
25 5 th btained i £ DMSO al 49
343 - comparegéo e response o in the presence o ZR)M alone.
Effects of selected compounds on allergen-induced contraction of ileum smooth muscle
The ability of compounds to inhibit allergen-induced contraction of
ileum from sensitized animals is indicative of antiallergic activity. Sensitized guinea
pig ileum is particularfy useful in measuring the immediate allergic response.
10 The guinea pig ilcum has been used to evaluate the ability of compounds
L to inhibit allergen-induced histamine and mediator release causing smooth muscle
contraction. Guinca pigs were sensitized by an intraperitoneal injection of 100 mg
ovalbumin and an intramuscular injection of 50 mg ovalbumin on day 0, followed by a
second intramuscular injection of 50 mg ovalbumin on day 1. Twenty one days after
15 the initial immunization, the animals were found to be sensitized, in that an

anaphylactic response was obtained upon challenge with allergen. Segments of ileum

were prepared and suspended, with muscle contractions being measured in the

longitudinal plane, in Tyrode’s buffer at 37°C and aerated with 5% CO, in O,. Tissues

were suspended under a resting tension of 2 grams and isometric contractions were



342 57 39 361

ND 13 331 ND
5 354 30 ' 76
346 16 61 5 - ND = not

det er m ned. 183
TABLE 3 wolddin48-FECT OF VARI QUS COVPOUNDS ( EACH 25 [pemiChfAooen|
ANTI GEN- | NDUCED RELEASE OF HEXOSAM NI DASE FROM PASSI VELY

SENSI TI ZED RAT MAST CELLS (RBL-2H3)* 134
Percentage | nhibition (nmean)

RBL-2H3 Cells 7 21. 7
165 measured using or8e-displacement transducers coupled to a polygrapl® 6 Tissues were
2111 6 stimulated witg93 ALM histaxznlg'n]é 3 times to ensure reproducibleZés:gacﬁons were
40. 5 obtained. Tissues were then ifk@Bated with each compound (3@HM) or 0.15%
327 . 3 . . .

34 3 dlmethylsulphoygdez(DMSO)fg A control, for 20 min, after whxch_%%% ﬂg tissues were
239 5 challenged witha06 pg/ml ovalbumin. The magnitude of the cddfidction induced by

33.6 . 360 70. .
SVal ues 1 epr e [P U pressuss of ach coffound wes expressed gs  percentdgd of he contraction, ¢

conpared to t lobtained fociyeM hisednzine €Theiprotéctive ¢ffeets efithe vaifouDidifpomide oe OA-
Ef fects of sel.ected compoungds .on al Lergen-i nduced contraction.of, il eum
snoot h nuscl e"'“{:u‘:""%i contfattion qtcjgmnea %é““é‘g?‘mvmz{f"%m@ﬁﬁﬁsﬂw‘%ﬁ Bit .

al | ergen-i nducbtledont r acti on of ileum fromsensitized animals is
indicative of antiallergic activity. Sensitized gui nea

N



pigileumis particularly useful in nmeasuring the inmedi ate allergic

response. 10 The guinea pig ileum has been used to eval uate
medi at or rel ease causi ng snooth muscl e contraction. Quinea pigs were
sensitized by an intraperitoneal injection of 100 ng oval bum n and an

i ntranuscul ar i"%F%jsgn of 50 ng oval bum n on day 0, foll gwastab¥oosve
second intranuscular 1njection of 50 ng oval bumi n on day 1. Twenty one days
after 15 the initial inmmunization, the angsmls were found to be

sensitized, in that an anaphyl actic response was obtai ned upon
challenge with allergen. Segnents of ileum wer e prepared and suspended,
with muscle contractions being nmeasured gABLEM | ongi tudi nal plane. in

Tyrode's buffer at 37 err%C and aerated Wth 5% err] in err]. Tissues
wer e suspended under THEEREEET G “B@H%FWWHFDSZEW QY ANEERERNPPCE

contractions were CONTRACTION OF ILEUM FROM SENSITIZED GUINEA PIGS. ANTIGEN-INDUCED 184

measur ed usi ng f or ce-ONEHICAONFHYPRE EXPREIERPAS & PERCEVTNGE BHTHESONTRHGTRY r aph.
Ti ssues were 3 stinulated with 3MPEFEDBYIHHM HEFAMRE®S times to ensure
lnedTissues vwere then i ncubated

reproduci bl e contracti ons‘E_me.l:.e Jalal =
with each conpound (30 [ ¢rGdnigound NOmbE Percetitagetlthibitiok pHoxi de (DMSO) as a
control, for 20 mn, -aftgr | Te the (15SGgy were 9 challenged with
100 pg/m oval bum n. The i e.CC action.-idduced by QA in
the presence of each conpound v&d expressed as 68.7per centfage of the
contraction . obtained {o 3 Tefgl Mhrstamne. gJhe protgctive effects of
-t he various conpounds on}{OA- inducedicontraction—of duinea pig ileum
fromsensitized animals are sumvari zed in Tathle 4.
185 _ 33 TABlk 4 THE EFFECT OF
VARl OUS COVPOUNDS ( EACH NT-GEN--NDUGED-——

43 48.9

336 79.3 _

342 283

339 40.6

335 30.7

337 50.7

163 27.0

251 -10.5(stim)

361 55.0

331 14.5

339 363
. 346 62.5
N>

334 74.0

266 174

351 43.6

360 505

*Values represent the mean percentage inhibition produced by each
compound compared to the response obtained in the presence of DMSO
alone, n=3-4.



CONTRACTI ON OF | LEUM FROM SENSI TI ZED GUI NEA PI GS.  ANTI GEN- | NDUCED
CONTRACTI ONS WERE EXPRESSED AS A PERCENTAGE OF THE CONTRACTI ON 5

Br onchoconst r ithe treatment of the early asthmatic ygaetion (EAR) whengeyase bronchoconstriction

10

15

20

25

occurs.

Guinea pigs were exposed to a nebulized solution of 1% ovalbumin
(OA) in saline for 15 min. After 10 days the animals were found to be sensitized, i.e.,
the tracheal tissue responded with anaphylactic bronchospasm to further antigen (OA)
challenge. Trachea from these animals were found to respond in a similar manner to the
in vivo situation. Tracheal rings were prepared and bathed in Krebs-Henseleit solution
at 37°C and aerated with 5% CO,in O,. Tissues were suspended under a resting tension
of 2 g and isometric contractions were measured using force-displacement transducers
coupled to a polygraph. Tissues were incubated with each compound or 0.1%
dimethylsulfoxide (as a control) for 20 min, after which increasing concentrations of
OA (0.001 - 100 pg/ml) were added to the tissue. After the final concentration of OA
was added and the response was recorded, the tissues werc stimulated with 100 uM
methacholine which caused maximum contraction of the trachea. The magnitude of the
contraction induced by OA in the presence of each compound was expressed as a
percentage of the maximum contraction obtained using methacholine (100 uM). The
protective effects of various compounds on OA-induced contraction of tracheal tissue

are summarized in Tables 5-7.

| NDUCED BY-3—f-er+-H-STAM-NE* —Conpound Nunber
Percentage I nhibition 330 70.0
221 60. 7 338
64.0 7 ' 54.0
333 WO098/02450 3.0 343 PCT/CA97/004%0
48. 9 336 186 79.3
342 28. 3 339
- 40.6 335 30.7
337 Effects¥t Sdlected Compounds on Allergen-Induced Brbfichoconstriction
27.0 in vitrg and in viv T st
361 ~ 5b.U 331
:]3-2165 6’1%1e gffects@ 2 number of the compounds descgigzd%erein on allergen-
74.0 induced bronchoc'onstn'ctigg yrere evaluated_ for anti-asthma aqtjvity. The ability of a
351 S compound to fBibit allergen-induced decreases in lung func@tﬁpin sensitized guinea -
50.5 *Val ues represent the nmean percentage inhibition produced by
each Rigsip aprasece Apigeoehallenee jsdndieative,of apti-asthme asdvityi A paricylresence of-
DMBO 1A P88 sAEs i€ useful in the evaluation of the potential eff'&ftf of a compound in
186 Effects of Sel ected Conpounds on ergen-1 nduced



The effects of a nunber of the conpounds described herein on allergen-
i nduced bronchoconstrl ction were eval uat ed for antl -ast hma actl vity. The

functlon in senS|t|zed gU|nea pigs in response to antlgen chal l enge is
i ndicative of anti-asthma activity. In particular, t he nodel systemis
useful in the Qxpdsidsdks on of the potential effects of a coepruoxsobae t he
treatment of the early asthmatic reacti on (EAR) when severe
bronchoconstriction occurs. 10 187 Qui nea pigs were
exposed to a nebulized solution of 1% oval bum n (GA) in saline for 15
mn. After 10 days the animals were found to be sensitized, i.e., . the
tracheal tissue responded with anaphyl apAmpEbronchospasmto further antigen

(ON chal I enge. Tr aCheEﬁfE{;ﬁ%%tS%%%%gam ma S (ggﬂ&?}‘% nd to respond in a

simlar manner to the e prepared
and bat-hed in Krebs %@GEWN%JSF%T‘?WAT?NSQFIS@%T@W@%E%Qﬁﬁ ed with 5%
CJerr] in J ergd—Hssues—were—susperded—trader—a—est+ag—terrsi on of 2
g and isonetrid corjtracti ons were msaé‘gfr"g si ng force-di spl adenent
transducers cdgocj0.600[ s.0pqdloa3r pph. [ B.BJuRe (Waoe| 1o iBandd with each -
conpound or 0. % di net hyl syl foxjde fas 4 control) fof 20 |mn, after
whi ch increasirg cqndent rdit { ons |of DA (. 001 - 1ipo [err]_g/rﬂ) wer e

added to the tifSGHY 287 GT—W‘W mm&s‘m 301901870 43% ’G6.8\las added and
the response wgs_recor he fliss bre gqtimijl at e h 140 [err]M

met hachol i ne wHi2$h c&ﬁlsplﬁﬁraﬁhrﬁ@ nilr(h,ﬁ-ﬂ)r 368 [t} t?%ﬂ: 1820 {The magni t ude
of the comftysgdti oM Bt aEH by s T T 5 5F [P5&STrFT 86 FagiTjconpound was
expressed as a perlcént hgé gf "t he maki num contrach i onlobt gi ned using -
et hachol i ne (Z0@5[|e0.8]|Mp2 [P | 7.6 plﬂét =¢!6\164<§f 296 [s28f Qbﬁl ous conpounds
om Q- nduced desigestensoT gy ear T PSSO AT I 2E] [ n Tabl es
TABLE 5 EFFECTS OF SELECTED COVPOUNDS (EACH 20 [err]M
ON ALLERGEN- | NDUCED NERADIE:CONSTERageSOntartiyn cpmp@ydinthal shiainpd with .
[err]g/m OQAS 100pM nyxghacigplipe(10¢95)) Ctrl Deapgol (B 1% DMS 1.0 3.0 10.0
30.0 1 3 Grl 2.9 7.7 11.4 17.4 19.7 26.4 30.9 37.2
43.6 46.8 TABLE 6

EFFECTS OF VARIOUS COMPOUNDS (EACH 20 uM)
ON ALLERGEN-INDUCED CONTRACTIONS OF ISOLATED TRACHEA* (STUDY 2)

OA pg/ml
Sample 0.01 0.1 1 10 100
Curl 0.95 9.0 25.7 4.7 54.6
326 0 10.25 234 43.9 49.1
L 327 0 0 9.1 273 40.9
N

*Values represent percentage contraction compared to that obtained with
10 100uM methacholine (100%), Ctrl = control (0.1% DMSO).



241 8.5 12.6 17.1 25.8 31.0 33.4 36.3 34.4 35.0 37.0 236 1.9
5.6 5.6 5.6 11.1 16.7 39 28 39 41 145 0.8 6.2 5.9 7.6
8 3 13.6 14 8 20-0—28-6—3%0 246—2.6 4.0 6.5 9.7/ 12.2 15.3
20.0 21.0 23.0 22.0 *Val ues represent percentage contraction
conpared to that obtained with 5 100[ err] M nmet hachol i ne (100%,
Ctrl = contr Qi bdtedso DVSO) PCT/CA97/00490 TABLE 6
EFFECTS OF VARI QUS COVPOUNDS (EACH 20 [err]M ON ALLERGEN- | NDUCED
CONTRACTI ONS OF | SOLATED TRACHEA* ( STUDY8®) ’
QA [err]g/m Sampl e 0.01 0.1 1 10
100 Crl 0.95 9.0 25.7 44. 7 54.6
326 0 10. 25 23. 4 B1E 7 49. 1 327
0 0 9.1 *Val ues represent
percentage contractjon con&aggﬁatst?f:%m”%r"%q(ﬁ%ﬂ*%ﬁw 1Q oipy sy L0O[errIM
met hachol i ne (10094 ABERGER=INDLERD GANTRAS TIPS BRBPYATED TRACHEAT (STUDY 3)
188 OA L g]ml'!'/-\BLE -
EFFECTS OF COMPQUND 33f ( EACH 30 [err}V\D‘/g ON ALLERGEN- | NDUCED
CONTRACTI ONS  OF [T Safdpfe! FDO.DBR .0 13) 1 10 100 )
QA [err]g/m Sapplel. 000 a_01 0.1 ]
10 100 Ctrl r| 1200| 260 (124B0 5600 | 590410
54.0 59.0 S0 q 1750 . 17.5
330 i 150 ¢ 9.00 79 2‘6.@“19 30.0
26.0 30.0
*Values represent percentage contraction compared to that obtained with
5 100uM methacholine (100%), Ctrl = control (0.1% DMSO).
In addition, the effect of compounds of the invention on lung function
in vivo was determined in sensitized animals as follows: ' .
Female Cam Hartley guinea pigs (350-400 g) are sensitized to
10 ovalbumin by exposure of the guinea pigs to a nebulized solution of 1% ovalbumin in
saline for 15 minutes. After 10-12 days, the animals are found to be acutely sensitized
to the allergen (ovalbumin). Animals are treated by oral gavage, under light halothane
anesthesia, with 300 pl polyethyleneglycol-200 (PEG) or 5 mg/Kg of test compound in
300 pl of PEG. Animals are treated once daily for 4 days with the final dose
15 administered 2 hours prior to allergen challenge. Alternatively, compounds were
delivered by inhalation, using a Hudson nebulizer driven by 6psi oxygen, providing a
single dose of 50 ug/Kg 20 min prior to challenge.
L An animal is anaesthetized using ketamine (50 mg/ml; i.p.) and xylazine

(10 mg/Kg; i.p.) and 1% halothanc during the surgical procedure. A tracheostomy is
20 performed and a water-filled esophageal cannula is inserted prior to positioning the
animal in a body plethysmograph. The tracheal cannula is attached to a fixed tracheal
cannula in the plethysmograph. Cardiac function is monitored using
electrocardiography. The animal is paralyzed using pancuronium bromide (0.8 mg/Kg;
i.m.) and ventilated with 3 ml tidal breaths using a Ilarvard small animal ventilator, at a.

25 frequency of 60 breaths per minute. Pulmonary resistance and dynamic lung



*Val ues represent percentage contraction conpared to that obtained with 5
100 [err] M net hachol ine (100%, Crl = control (0.1% DVSO).

Hr—addi-tion—the—effect—of—compoumds—of—the—tnventiomrom tung function

in vivo was determined in sensitized animals as follows: .

Femal e Cam Hartl| ey guinea pigs (350-400 g) are sensitized to 10 oval bum n
by exposure of wdwngse nea pigs to a nebulized sol ution of rC¥cawrapdstimin in
saline for 15 mnutes. After 10-12 days, the animals are found to be

acutely sensitized to the allergen (3%l bunin). Animals are treated by
oral gavage, under |ight hal ot hane anesthesia, with 300 [err]|
pol yet hyl enegl ycol -200 (PEG or 5 ng/Kg of test conmpound in 300 [err]l

of PEG Aninmals uamplidncaeﬁzaaa}c obiaiecdiffonh yoltmne, flbwdand srandptiimohdre pfessuedl sighalse 15
adm nistered 2 hours prior to.allergen challenge. Aternatively, conmpounds
wer e del i vel’s'é‘ﬁmﬂ ’mlﬂhagflésﬁ on, using a Hudson nebulizer driven by 6psi
oxygen, " providing a Ps:lmugkrg: ﬂdmm 1si:oxﬂlﬁua{llqungdr&gthﬂﬁ1ghdxmh¢)eipeﬂmerm
challenge naest hetized,usin

a
o o Eop. ) and™esremsns of ok x@HalR anh T 18ERAAG bt Slaac' Bl Mo R, 10 (e
sur gi cal- pr oc&dqrobns (Agt DAL ReBSE, 6,10, 26 aﬂD30 nin) fullowing antigén ahallerger Datal ik ed

esophageal cannul i nserted 0S| |on|n t he in a
body pl et hysmogrd E‘P‘f‘ea'l‘ﬂ'eat“r"ﬁ'eh "'-"E‘gﬂ?hllﬁ PEE NERE '&‘ Pgten f’ﬁ"?geb?ﬁ%chea!
cannula in t hd’hysﬁlﬁi&ymghgﬁﬂﬁware an@atidlyzad usihd ANADAT softwarérdsdighed ol  usi ng

I di TIh | i I d [ | id 0.8
oK R R (gehat o PRPELEH N HPOR e var

smal | ani mal verMontredl,Quebdet CamaddS frequency of 60 breaths per mnute.
Pul nmonary rez stance and d

189 | Ance oaHatRRge tetfther s34 complisges measurpmesy arpghtaine, the

tTans pul monary phia@abidickallstegd a:itls 6 breaths GfSsalige. MAfter | PMinutes.alufihg/ Shich time no

Pulm)naryfunctl nlscntlnu oedth out  t X

and neasur enent £ o1 orul '1‘%’%’1 g‘gggcﬁ ﬁ%ﬁrﬁ‘ﬁﬁ%“’m%&ﬁﬁﬁ £r varl ous
time- 5 points 3¢ecovglbumi, in 3alin@ (as he afitigen, smhﬁl,us)ZCSaMdm&@ntmcm)refddNeﬁmxmg
antigen challen Qe ect ed

physi ol ogi cal neasu?reea&rher‘ffm%ﬁsli{"edrsr?%‘swb“ 'l IQ%& proieclive i tsof’o@?"épé’ od 3% di ng
sof t war e andlanalminstred irally oﬁmﬁﬂu&dfdnmcaordefsmmmxisw are summérizad) in -
mechani cs nmeasupenent s 9ml s software was obtained from RHT-1nfoDat Inc.,
Montreal, Quebec, ffanag Once baseline resistance and
conpl i ance measurenents are obt ai ned, the

tam ne (50 -
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After

alterations in lung function should occur,

+ h ot Lo
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during
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chal | enged with 6
antigen stinulus).
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adm ni stered ‘%%2%3

sunmari zed in
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bles 8 and 9

SYovatrbum T saline (as the
Saline and antigen are delivered in

bel ow.

. each breath
The protective effects of conpound 330 15
on OA-i nduced contraction of trachea'],al}&é%gmare

TRBLE 8 THE EFFECT OF COVPOUND 330 (5 -
| NCREASE | N

M& KG DAY FOR 4 DAYS; P.O ) ON ALLERGEN- | NDUCED

LUNG RESI STANCE | N SENSI TI ZED GUI NEA PI GS Time Interval after
Lung Resistance (cmHerr]Q m/sec) tapies chal | enge
Cont r ol 330 l'i ne 0.287 0.020

0.275 0. 036 THEEFFECT OF COMPOINIH338 (5 MG/KG/DAY FOR)4 DAYS; P.0) O ALLERGEN-INDUCERGO 0. 036

1 nin 0. 982 INCREAGFIN LUNG RESISDANGS QN JENSITIZELOGUINED PIGS 2 nin-
2.390 0.728 0.845 [err] 201 3.0n 2.627
0.714 0. 8§ 7Timnellafrval after Lung Resistance (cm H,0/mVsec)
(P<0. 06) dhallerize 2.801 1.042 0.77B 0.119 * -
5 mn 507952 - 07910139 10 mn
1.329 [err]. 209 Q. 661.0 141 + Contro 20 ‘#Ph 1.352
0.494 0. 366([ errBakkliget6 * | 02870020 30| ni 10.275+0.036 1.00 0.434
0.340 [err] 0.037 OM0s o oMt L ereee I-_i_l-lof‘(')géurd' , P<0. 05.

1 min 0.982 £ 0.209 0.560 £ 0.101

2 min 2.390+0.728 0.845 + 0.201
~ 3 min 2.627 £0.714 0.887 £ 0.160

(P<0.06)

4 min 2.801 £1.042 0.778£0.119*

5 min 2514+ 0.952 0.791 £0.139 *

10 min 1.329 = 209 0.661 £0.141 *

20 min 1.352 £0.494 0.366 £ 0.046 *

30 min 1.00 £ 0.434 0340 £ 0.037 *

*Significant difference from control, P<0.05.



191 TABLE 9 THE EFFECT OF
COMPQUND 330 (5 Mo KG/ DAY FO? 4 DAYS P. O) O\I ALLERC;EN—I NDUCED

Time

Lung Conpl i ance (rrlcm H[ err] O)

| nt erval after

chal | enge Control 330
Basel i ne WO 98/ 412 0.053 0.318 0.042 per/cA9moodse  OA 10 s
0.573 0.083 .435 0.041 1 mn
0.0770. 016 0. 182[err]0.093 191 2 mn
0.029 0.006 0. 145 0.092 3 mn 0. 024
0. 003 0.133 [err] 0.095 4 mn 0.023
0. 001 0.124 0.088 * TABLEg 5 mn 0.026 0.002
0. 125 0.087 * 0.042 0.002
0.150 0.082 * THEEFFECT OF COMPOUND 33(2@ WWDAYFOR4DAYS Pg- )@ggLL@G@WDUCED
0.184 .0.061 * DECREASES IN LWCRMH_.IANCE IN SENSITIZEL’(ﬁLW?\ Pl(f@' 010
0.196 0.061 * (] gnifir\ ot diffgronco from control v DR<0.05. 5
192 Time Intdiivel aftentiect i VieungiGooplignesiimtonphOhd 33
adm ni gtered by i nhgl at ichallenge OA-i nduced contraction of tracheal
tissue are sunmari zgd in Tapbles I1g-11
TABLE 10 | Entth . 330

Baseline 0.412 £0.053 0.318 +£0.042

OA/10s 0.573 £ 0.083 0.435+ 0.041

1 min 0.077 £0.016 0.182+0.093

2 min 0.029 + 0.006 0.145 £ 0.092
~ 3 min 0.024 £ 0.003 0.133 £0.095

4 min 0.023 +0.001 0.124 £ 0.088 *

5 min 0.026 £ 0.002 0.125+0.087 *

10 min 0.042 £ 0.002 0.150+£0.082 *

20 min 0.059 +0.007 0.184 £ 0.061 *

30 min 0.077 £0.010 0.196 £ 0.061 *

*Significant difference from control, P<0.05.



THE EFFECT OF COMPOUND 330 (50 [err] G KG | NHALATI ON) ON ALLERGEN- | NDUCED 5

| NCREASE | N LUNG RESI STANCE | N SENSI TI ZED GUI NEA PI GS Ti me
| nterval Hifig—Reststarnte (Ccm e err] O ni/ sec) after
chal | enge Contr ol
330 Basel i ne 0. 257[err] 0. 019
0.300[err]O. qag,,mm OA 10 s 0. 25 caraabioodd 6
0.288[err]0.03 1 mn 0.557[err]0.118
0.382[err]0. 033 2 min 192 1.323[err]0. 344
0.420[ err] 0. 044~ 3 mn ' 1.987[err]0.572
0.420[ err]0.051 * 4 mn 1.625[err] 0. 248
0.455[err] 0. 047* The protective eﬁ'fe&l; of compound 330 admihisteBd(bylidfalation on
0.446[ err] 0. 124* % 949 err 0. 165
0. 436[.err] 0. 03 &§A-induced contraction oftrac%l lﬁaresummanzed in Fab Y091
0.413[err]0.076 30 mn 0. 493[err]0 067
0.412[err]0.072 *Signi fi cTABLE{10f erence from control, P<0.05.
193 c OVPOUND 330
(50 [err] @ Kﬁ, | ME&?Wgﬁmwgﬁggiﬁﬁﬁ@E I N LUNG
COVPLI ANCE 1N SENSI TI ZE ' FREENVAT Lung
%L’P'rbi"‘“e- (e e iterva ds0  LungRe l*:*é‘f%(‘r‘\'é"zo’m"“‘) 0.315[err] 0. 169
0.463[err]0.129 after chajlonst) s Q 526[err]0 042 R
0.565[ err] 0. 062 1 min Control 0. 095[ er B300. 015
0.349[err] 0. 059* Bascline 2 M N 0.257+0.019 0.7 044 fpLfogs V10
0.213[err]0. 046* 3—Af-++ 0—034H-e+r-8—-00+
0.176[ err] 0. 045* OAN10s 4 pfi n 025720046 0. 0370884996 009
0-145[ err] 0. 046* Imin 5 Nfin 05570118 0. 047q.38p£00033 007
*

0.146[err]0. 031 2 min 1 323+0.344 0.4200.044*

3 min 1.987£0.572 0.420+0.051* "

4 min 1.625+0.248 0.455+0.047*

5 min 1.395:0.193 0.446+0.124*

10 min 0.949£0.165 0.436=0.036*

20 min 0.589+0.091 0.413+0.076

30 min 0.493£0.067 0.412+0.072

*Significant difference from control, P<0.05.



20 mn

0. 1380. 022

10 mn

0.127[err] 0. 053
0. 096[ err]0. 009 0.

g
H
|_
g
a
g
g
|_
q
P

fromcontrol, P<O0.O05. :

194 The protective effects of conpound 339 admi ni stered
orally on OA- wossmedsduced contraction of tracheal tissue BT rized in
Tabl es 12-13 bel ow. TABLE 12

THE EFFECT OF COVPOUND 339 (5MY KG DAY FA®34 DAYS; P.Q) ON
ALLERGEN- | NDUCED 5 | NCREASE | N LUNG RESI STANCE | N

SENSI TI ZED GUI NEA PI GS Tine Interval Lung Resi stance

(cmHerr]Q n/sec) af ter cHABLEHge

Cont rol THE EFFECT OF BOMPOUND 330 (50 nG/KG; INHBATON) BNPALLERGEN-INDUCED
0.25[err]0.008 DECREASIAN LENA ddMpPrhice v sensiTizED Guinea pIEXY 10 S
0. 2610. 011 0.239]err] 0. 013 1mn.
1.781[err]0. 737 - O 3Eoler T 1 4. — Vem HO Z Jin
3.079[ err] 1. 066 ;::ﬁz‘ﬂ‘;z;egr] 0. 1574808 Compliance (mliem B0) 5,
3.623[err] 0. 806 T®l0bg g47s 4—rin
1.699[err] 0. 342 0. 996[ kr r ] 0CaBy! 330 5 nin
2.7831. 010 Basdlind 1 4] Pr 1 ] 6514403169 0.463£0.12910 ni n
1. 115[err] 0. 348 OAN0s L[ - 0.526£0.042 0.565+0.062

I min 0.095£0.015 0.34940.059*

2 min 0.044+0.010 0.2130.046
. 3 min 0.03120.007 0.1760.045*
~ 4 min 0.0370.009 0.1450.046*

5 min 0.04720.007 0.146£0.031*

10 min 0.12720.053 0.138+0.022

20 min 0.096+0.009 0.193:£0.054

30 min 0.1100.010 0.181:£0.046

*Significant difference from control, P<0.05.



20 mn 0.624[err]0.178 0.296[err]0.031
30 mn 0.465[err]0. 126 0.291[err]0.037
* Stghi-fH-ecant—di-fHerence—fromcomtrot=PL0705.

195

TABLE 13 THE EFFECT OF COMPOUND
DECREASE

339 (5ME KGE DAY FOR 4 DAYS; P.O.) ON ALLERCEN- | NDUCED

| N LUNG COVPL),
Lung Conpl i ance

/cmHerr]O

N SENSI TI ZED GUI NEA PI GS

Ti g@ricXd7Rb9R

after chall enge

Cont r ol . 339 194Basel i ne
0. 4630. 026 OA/ 10 s 0.5980. 129
1 mn 0.026[ err] 0. 005 0.172[ err] 0. 027*
0.018[err] 0. 002 ThQ pQ(ﬁ&LeJ 'éﬂf&tsoatﬁ:ompound 339 admx%xsme'a orally on OA-
0.016[ err] 0. 002 060[err]0.0
0. 019[ er r] 0. 0¢9duced conuwxox(pf@gg@al@igemsummnzed in lﬁhhﬁ 12- 13 below
0.021[err]0.003 0.051[err]0.011 10 mn
0. 0430. 005 0. 0840 012* TABLE 1220 mi n
0.123[err] 0.0
0231 et 1) 0. Ol erecror covepiy HoDe oy o EhS T BB gy o
5 INCREASE IN LUNG RESISTANCE IN SENSITIZED GUINEA PIGS
Time Interval Lung Resistance (cm H,O/mb/sec)
after challenge
Control 339
Baseline 0.25+0.008 0.249+£0.017
\/ . OA/10s 0.261=0.011 0.239+0.013
I min 1.781+0.737 0.326+0.041*
2 min 3.079x1.066 0.522+0.187*
3 min 3.623+0.806 1.102+£0.047*
4 min 1.699+0.342 0.996+0.380
5 min 2.783+1.010 1.014+0.413
10 min 1.115+0.348 0.440+0.099
20 min 0.624+0.178 0.296+0.031
30 min 0.465+0.126 0.291+0.037

*Significant difference from control, P<0.05.

0.548[err]0.116 -
0.442[err]0.025

.074[ err] 0. 007




196

orally on QOA-

1o

i nduced contraction of tracheal

The protective effects of conpound 342 adm ni stered

tissue are summari zed in

Tahl 1.4 1 1
TAUT CS 14 1O UTT UV

THE EFFECT OF COMPOUND 342 (5M4 KGE DAY FOR 4 DAYS; P.O) -ON

ALLERGEN- | NDUCED 5
SENSI TI1 ZED GUI Wwib0e/d24s6S

(cmHerr]Om/sec)

TABLE 174

| NCREASE | N LUNG RESI STANCE I N

Time Interval
after chal |l enge

PATVTAY7/60890 St ance

Cont r ol 342 195 Basel i ne

0.214[ err] 0. 010 0. 2120. 020 QA 10 s
0.204[err]0.010 0.223[err]0.020 1 mn
2.380[err]0.83 0. 453[ err] OTARIE 13 2 mn

j %g%% g; H i gi’ THE EFFECT OF c<1MP§>§U ?; UG/§§4°“ FOR 4 DAYS; Pg )gﬁ EN-INDUCED
4.088[err] 1. 42 DEGREASE é‘t”?' FOMPLIANCE IN SENSITIZED GUINEA

4. 519[err]1 65 - 1.481;|_ci'i’]3 FP +O—mrn
1.821[err]0. 38 Time Inferyd o1 o 1 ] 0. i.yng Compliance (ml/em H;0) i 1,

0.979[err] 0. 23 after challenge/| o; (] 0. 08* 30 nin

0. 7030. 24 0. 354 ¢r r ] Octxtrot *Qagni ficantjdifference
fromcontrol, P<0. (o= - - '
197 Baseline 0.548+0.116 TA&@3T@026 THE EFFECT OF

COVPOUND 342 (5
DECREASE | N LUNG

M F DBX/106R 4| DAY93ED. -
ung CBBpI i ahce FFFEMPH e'I

| nt er val
chal | enge
342

"l

DAYE398kh.029) ON AL L Bzl bANDUCED

CSONCL L 7 A DL o

[ = (e ) | L 4 ==

‘1 O)To'. 1720.027*

~Ti nme
pf ter

2 min 0.018+0.002 Corptosed0.018*
3 min 0.0160.002 0.060:0.017*
4 min 0.019:+0.002 0.050+0.013

5 min 0.021+0.003 0.0510.011

10 min 0.0430.005 0.084+0.012*
20 min .074+0.007 0.123+0.015*
30 min -0.093£0.010 0.150+0.012*

*Significant difference from control, P<0.05.



Basel i ne 0.441[err]0.034 0.444[err] 0. 037

OA 10 s 0. 509[ err] 0. 057 0.464[err]0.031

1 mn 0-028fe+r+}6-—06F O I547err] 0. 055%

2 mn 0.027[err]0.012 0.073[err]0.038*

3 mn 0.016[err] 0. 004 0.044[err] 0. 022*

4 mn Q. 017[err]0.004 0.044[err]O0.

5 nin WO 934D 1 g1 o1 1 ] 0. 004 0.038[err] 0. JEkicasmmosso

10 min 0. 034[ err] 0. 004 196 0.0480.005 20
mn 0.054[ err] 0. 005 0.084[err]0.005

30 min 0. 074[err]0 008 0 109[ err] 0. 006

*Significant differenc ¢ont ect sel ected
conpounds on al | ergen i r’p Iwi:Jﬁ tPcorn d 34§ administered ora{ly on (911- The
ability of a ciaainedmdtricnon wﬂuad:cal tisiue mlshmmgmad mmﬂbleseu Edelom| at i on of
inflammatory cells such as eosinophils and neutrophils in the lavage fluid
obt ai ned fromsensitized ani mal s ¢pfigyg cative of anti-asthma activity.
In particular, the nodel systemi's usetul in the evaluation of the

effects of confBBREFEECTIORCOMROUND M (AMF(KGHRY FORA DAYS| R0 LOYMAERGENINPSERe Oof -
ast hma, whe® | ung i nf| aiWEREASKIN Lmﬂﬁsﬁ@%@bﬁdﬂﬁmlw PIGS

bronchoconstricti Qqunis apparent Mal e Brown Norway rats
(200-250 g) are s NTishé Ineatval o] oval blmagR &sjstagace (cm HONtVseg)er i t onkal i njection
of 1 ng oval bum n jasfebr thdlemgy Bl um num hydroxide in 1 m of sterile .
saline. After 21 days the ani s are H0UNdITo be s%g%rtl Zed Tp oval bum n.
15 Animals are trleated with drug or \IF\hILI b_(0.3 EG 200) bnce daily
for 4 days by oral Basglineage THo214£0.008] s hr e cha21ireng2ad by ekposure, for
a period of 60 m

}gg nebul i 2ed @éﬁur ian OL?_%%?“I\%I bl n |%22'§a pzrgp gener ated using a

Devil | bis nebulizdr. 1min The f| n&B80¢B8%F of | dr ug 04534l \28h 24 hpurs after

chal | enge. Forty dignt UTS AT T Ef 4 4 Cha| TEeNge; 343€ nalrs pre

eut hani zed by an c@@%a@ﬂé&d—%@ég—&gg——- avaged with
7 x 2 ms of sterill e shmirne (foont-6¥mbélatufe). ThBOH@EHBvered § avage fluid
5 is placed on ige angdugentr fug@&@“@ZOO rpmtp6zs,@@9g»ate the cells from

t he supernat ant. Lhe—cel{-s—are—expoesedtbr-efy—t-o—-siarfroni um
chloride, pH 7.3 tlo reh®ife an "1 5195165 1.4816:0.32%

10 min 1.821+0.38 1.002+0.14*

20 min 0.979+0.23 0.524+0.08*

30 min 0.703+0.24 0.35420.04

*Significant difference from control, P<0.05.



and washed i n phosphate buffered saline. Cytospins of each cel
prepared and stained for the presence of cells containing

cells,
sanple are

., O vio C i Ci U U J U E0S UJ S AITC
neutrophils. The nunbers of 10 inflammatory cells are expressed as a
percentage of the total nunmber of cells recovered in the | avage fl uid.
The protective gifast.of conpound 330 on allergen-induced geichorooaso
inflanmation i s suammari zed in Table 16.

TABLE 16 EFFECT OF COVPOUND 330 (5 M3 KG@ DAY FOR 4 DAYS, P.QO.) ON
OVALBUM N- | NDUCED 15 ACCUMULATI ON OF | NFLAMVATORY CELLS I N THE
LUNG LAVAGE FLU D OBTAI NED FROM SENSI TI ZED BROWN
NORVWAY RATSH# TABLE fercentage Total Cells
Recovered in Lavage Fluid ht Cells Stained Positive
Eosi nophi | s Ne UH§ ESFHEIT IO§ COMPOUND 342 (5MG/KG/DAY FOR 4 DAYS; P.0.) ON ALLERFFENERDUGEP das e

Control - 0. PECREASE INEUNG COMPQIAFCE INGENYIZED GYNBGHGY err] 0. 31
QA Al one 36.03 + 5 55 20 0 [err] 2 65 1158 [err] 1.53
Cpd 330 + QA 5 | 6FimeéAndetval 1. 9BujgeCamplidnctqdiml/em HEONG6 [err]] 4.54
#Drug was admi ni st elf exfter chablefigel ¢rr] L pol yet hyl enegl ycol - 200 whi gh was
used as a vehicle. No-drug-tTEat eucmﬁpoi] el S]Tecel ve@azsUU [erriL
pol yet hyl enegl ycol - 200 al one D) *Sighificant “differencel from OA
al one, P<0. 05. Baseline 0.441+£0.034 0.444:0.037 199
Ef fect of selected ¢omp S Tth Gl rcgheep - pf—asthima
Ef fect of selected .¢onp H}p in Thgl'sg};:'g'sgLr sheep fin Lg§Orf a M wer e
st udi ed. lmin The al0.02B£l.a07shepp nodds4x0:055tsed ds it
exhibits the cardin 5 Tedywtn Rg+ oucny a nodel
ix/hi bits natural allfer gy,mlmrl Vi (nfﬂazi,@fd’a 0B
— 3 min 0.016+0.004 0.044+0,022*

4 min 0.017+0.004 0.044+0.022

5 min 0.018+0.004 0.038+0.015

10 min 0.03420.004 0.048+0.005

20 min 0.05420.005 0.084+0.005

30 min 0.074+0.008 0.109+0.006

*Significant difference from control, P<0.05.

5 Effect of selected compounds on allergen induced lung inflammation

The ability of a compound to inhibit the allergen-induced accumulation
of inflammatory cells such as eosinophils and neutrophils in the lavage fluid obtained
from sensitized animals is indicative of anti-asthma activity. In particular, the model
system is useful in the evaluation of the effects of compounds in the treatment of tixe _
10 | late-phase response of asthma, when lung inflammation and the second phase of |
bronchoconstriction is apparent.

Male Brown Norway rats (200-250 g) are sensitized to ovalbumin by an
intraperitoneal injection of 1 mg ovalbumin and 100 mg aluminum hydroxide in 1 ml of
sterile saline. After 21 days the animals are found to be scnsitized to ovalbumin.
15  Animals are treated with drug or vehicle (0.3 m! PEG-200) once daily for 4 days by oral

gavage. The animals are challenged by exposure, for a period of 60 minutes, to



bronchoconstriction, |ate phase bronchoconstriction, lung inflanmation and

br onchi al hyperresponsi veness. The nodel is conscious, where the
animalsare—breathi-ng spont-areousty, al f oW Ng neasur enent  of ai rways
bronchoconstriction and acute airway hyperresponsi veness. 10

Sheep which were naturally sensitized to Ascaris suum (30-40 Kg) were

i ntubated wt g,daggmgﬁ,dot racheal tube and a ball oon cat het ggpcid9dsdd Oned in
t he | ower esophagus. Pl eural pressure was estinated with the
esophageal catheter, while later pnessure was neasured with a

si de- hol e cat heter advanced t hrough and positioned di stal to the tip
of the endotracheal tube. Transpul nonary pressure differences between the
15 trachea angeﬂah&ursahnm&w EXRIDEPin ViR Yefitnt] dsthe % I A
pressure transducer cat heter system e proxi mal
end of the enddbe Seseaebe olidrue i giveroihbdeure dfterchallepgeei Eerty eight hours after
pneundt achogr aghykdle Aelfim ek £a oy W FEAIGE nalbihHTAE e lufisiadd ance

(RL) was cul ated from pressure’ nmeasurenents of transpulnonary
pressure, res pnlavegeérvyh ¥ 812umkes of gerile salingirepmytempératimg). e zacpysred ddvagetfluidt | ow
signal )- and {1 ddedchiRbed £5500 ] | at ed as
R err] V[err]g( erri ‘Hﬁ%gﬂr acllt clﬂgéas 3@3%% seﬁﬂat@ﬁ{c cells fmmw@%pg&i%#osol S
gener at ed usi nghecells sysoupdsed briefly b Tm!mnmomxe chlforideg pH .3 tot semeveTany red  pi ece -
connected to a haryard &SRk gﬂqlergdh& Ja | The

aer osol de{ﬁvéélray Was 1c tgsltpg{tT usin i g%s%%togggcsh %%lzs%hblgonm sting
of a sol enoi d Pepared anddstaiged foorihe preeeser af Fel{52®n19@ln)5 mxndas,:tqd far thehe start
of each inspir aLOfaBHL be theRERRA S Eilphils and9fdulr dsd v adngo@h yp! umes of
500 mM at 20 Hz. Sel ect ed conpoun fromthe invention:
wer e di ssol ¥d inflammatorysglis are expresssl as 4 prrcentagDNIU® tatalhugibennfeellsirerovesed ne.

Ani mal s 1 ecei vetwe iR auid Obhel Rbikckiod KeecOlr a3 iffufeaRdeor to
chal | enge and 4 ﬁouarésk%auf er ghpgﬁ&' e, cor cX‘é‘BOTer?ng%%? "g}u corrpound for
4 days with thénflemmationdssummarizadinT re chall enge. Ascaris suum_extract
200 was diluted in phosphate buffered saline to a concentration of
82000 protein nitrogen units/ M andBCELS ver ed by aerosol over 20 mn.

ool SR %“ “ oS 12 °
study. 5 é’&k }ﬁms Ug‘g@:éﬁﬁﬁ S nmeasured

every 60 mn for 8 hours antlg rways

hyper r esponsi venesg—to—cartragtot 'the initial
chal | enge. Percentage Total Cells Recovered in Lavage Fluid
Treatment Cells Stained Positive | Eosinophils | Neutrophils
for Peroxidase ’
Control 0.55 +0.27 0.69+0.30 | 0.665+0.31
OA Alone 36.03 +5.55 20.0+2.65 11.58 +1.53
" Cpd 330 + OA 5.65 £2.44* 1.98 +0.78* 6.16 +4.54

#Drug was administered in 300 pL. polyethyleneglycol-200 which was
used as a vehiclee  No-drug-treated animals received 300 uL
polyethyleneglycol-200 alone.

20 *Significant difference from OA alone, P<0.05.



201 The protective effects of conpound 330

adm ni stered acutely (30 mn prior to challenge and 4 hours after
chat-erge—400—terrofKg)y—onm—spectfictong resitstance™and T
hyperresponsi veness are sunmari zed in Tables 17-18. 5

TABLE 17 EFFECT OF COVPOUND 330(400 [err]G@KG 30 MN PRIOR TO
CHALLENGE AND 4 AFTER CHALLENGE, BY AuabdN) ON
ALLERGEN- | NDUC§B|_;I§§“5° CHANGES | N SPECI FI C LUNG RESI ST' I'N ASCARI S
SUUM SENSI Tl ZED SHEEP# Time Inperval after Speci fic Lung
Resi st ance (% Basel i ne) Chal | enge (hr)

Contr ol 330 Basel i ne

7[err]10 Effect of selgdt unds in the allergic sheep modefloftasthma

7[err]10 Olerr]4 Chal | enge (0)

266[ err] 33 Effect oD@ Bted eqngounds in the allergic sheep model of asthma were

197[ errd 51 . 117[err] 11 2

77l err] 21 studied. 49[ err] 11 3

68[ err] 36 The 2lfesgi¢ pigep model was used as it exhibitg) the cardinal features
23[err]s 5 associated with (T ]1&hch a model exhibits natural all gy, carly (acute)
73[err] 12 err]4* 62

132[ err] 29 bronchoconstrictionq &ite phase bronchoconstriction, Igig5nflammation and bronchial 2615
ig% g; H g: hyperresponsivenes% 5'I'he model is conscious, Jvﬁ%igle animals are breathing
17[err] 8* spontaneously, allo@ing measurement of airways brbAdpennstfiction and acute airway
5[err] 3* 5D s admnistered in 3 nLs (66% DVSO in saling).
Vehi cl e al one 18yp¢msp ‘Hﬂeasgclivano effect. Animals were treated once 30 mn

prior to chal®enge and 4 Sheep which were natyally sqpgitized chAsceringem (G&#QGReXveeant | y
dfferent from We@lwithpaﬁoengéracheal tube and a balloon catheter, positioned in the lower

esophagus. Pleural pressure was estimated with the esophageal catheter, while later
pressure was measured with a side-hole catheter advanced through and positioned distal
to the tip of the endotracheal tube. Transpulmonary pressure differences between the

15 trachea and pleural pressures were measured with a differential pressure transducer
catheter system.

The proximal end of the endotracheal tube was connected to a Fleisch
pneumotachograph in order to measure flow changes. Puimonary resistance (R;) was
calculated from pressure measurements of transpulmonary pressure, respiratory volume

20 (from digital integration of the flow signal) and flow by the mid-flow technique. SR,
was calculated as R, 'V, (V, =thoracic gas volume). |

Aerosols generated using a disposable nebulizer, were dirccted into a T-
piece connected to a Harvard. respirator and the tracheal tube in series. The aerosol
delivery was controlled using a dosimeter system, consisting of a solenoid valve and

25 compressed air (20 psi) activated at the start of each inspiratory cycle. Aerosols were
delivered in tidal volumes of 500 ml at 20 Hz.

Selected compounds from the invention were dissolved as a stock
solution in DMSO and diluted in saline. Animals received either, 400 pg/Kg of
compound 30 min prior to challenge and 4 hours after challenge, or 400 pg/Kg of

30 compound for 4 days with the last dose 2 hours before challenge. Ascaris suum extract



202 TABLE 18 EFFECT OF
CO\/PQJND 330 (400 [err] G’ KG 30 M N PRI O? TO C CHALLENC;E AND 4 HQJRS

CARBACHO_ I N ASCARI S SUUM SENSI Tl ZED SHEEP#
PC[err] (Breath Units)

Hyperrespon5| Contr JCA97/00490 330
Basel i ne #8%%26. 65[err] 3.08 26.01[ err] 3. COHE?T
Post - Chal | enge 12.28[err] 1. 49 200 22.79[err]6.11* 5

#Drug was admnistered in 3 nLs (66% DMSO in saline). Vehicle al one
had no effect. Aninals were treated once 30 mn prior to challenge and

4 hours post 4 h,‘i@&ﬁ{pﬂ"%/p?&%%ﬁ?&éﬁ‘silﬂeeﬂeésc%n&eﬂmﬁﬁ B@% pt Canﬁﬁ%%gred

24 hours after the In i fferent
fromcontrol, uRitgmDand defivered by aerosol over 20 min. Carbachol was dxssolved in PBS to

203 r .
effects of co concemaaug?fom% otggénzz)lt léltgdé’re g?%“{?% ?egv(eﬂg%tfer rﬁ%ﬁt} g) on
specific lung ﬂuemheutahmdand hyperresponsi veness are sunmari zed in

Tabl es 19-29. Specific lung resistance (SR,) was measured every 60 min for 8 hours

after antigén challenge. Airways hyperresponsiveness to carbachol was measured 24
hours after the initial challenge.



TABLE 19 5 EFFECT OF COVPOUND 330 (400 [err] d KE DAY FOR 4 DAYS, BY

| NHALATI ON) ON ALLERGEN- | NDUCED CHANGES | N SPECI FI C LUNG
RESHSTANCE N ——ASCARTS—SUCMSENStT+ZED SHEEP#
Time Interval after Speci fic Lung Resistance (% Basel i ne)

Chal I enge (hr) Contro
- 330 wo sgnoBdsel | ne 2.00[err]2.00 PCT/CA97/00490 254, 50
-0.5 2.00[err]2.00 -3.754. 29 Chal | enge
(0) 248.25[err]85.71 126. @ferr] 19. 11 1
170. 75[ err] 58. 62 34.00[err]10.75 2
74.25[err]17.10 11.50[err] 6. 18* 3

82.00[err] 6. 82 The. pQQécﬁfri ¢ffRdts OF éompound 330 administered acufely (30 min

g% 28[7625_] > 41 prior to c&algegf %3*14 h7018.1rs after challenge; 400 p.g/K@ on55pec1ﬁc lung resistance

132. 00["err ] 9. 68 and hyperrespongivéis$£dré sufhméfiZed in Tables 17-18. 6.5

153. 75[err] 21. 93 5.50[err]4.87* 7
173.75[err]21. 74 10. 75[err]4.91 * 7.5

148. 0020. 96 4.002. 35* 8

124. 75[ err] 28553 3.25[err] 4. 7TFABLE 17 #Drug was adm ni stered

L\EI ‘;’BFL‘SW(E?S%[ reatogicrf@ I\E))UNDVﬁB ﬁb‘é G B‘ﬁu PR R‘I‘OCgQLu:nglg %Omﬂfe(:t ori or '
to challenge. ?}/ 'E? ?crAﬁB Ufm?éﬁsﬁ §+%Er# P<0. 05

204 CHANGES INS
Time Interval after Specific Lung Resistance (% Baseline)
\/ Challenge (hr)
Control 330
Baseline 7210 225 |
-0.5 710 0+4
Challenge (0) 266+33 268£35
1 197151 1711
2 77421 49x11
3 68+36 32+6
4 23x7 20=6
5 7312 14+4*
6 132+29 14+5*
6.5 126+15 18+6*
— 7 12916 1042
| 7.5 15613 ' 1748*
8 123£27 5+3*

#Drug was administered in 3 mLs (66% DMSO in saline). Vehicle alone
10 had no effect. Animals were treated once 30 min prior to challenge and 4
hours post challenge. *Significantly different from control, P<0.05.



TABLE 20 EFFECT OF COVPOUND 330 (400 [err] G KGE DAY FOR 4 DAYS,

BY | NHALATI ON) ON BRO\ICHI AL HYPERRESPONSI VENESS TO CARBACHOL
| N ASCARI S SUUM SENSI TT ZED SHEEP#
PC[err] (Breath Units)

Hyper r esponsi veness Cont r ol

330 Basel i ne 25. 1] err] 1.54

21. 26[ err] 2. 7H0 9802450 Post - Chal | enge 11. 9[ er FFHCATEIM0
21.21[err]3.10* 5 #Drug was aﬂﬁlnlstered in 3 nLs (66% DVSO in
saline). Vehicle al one had N0 effect. Animals were treated for
4 days with the final dose 30 mn prior to chall enge.
Hyperresponsi veness to carbachol was ed 24 hours after
the initial challenge. *m& cantly different fromcontrol,
P<0.05. 10 EFFeCTioF tompand 336 @0E pt/Kd 3€ amPRIOR a6 CHALLENGE I NDdIHOURON f act or s
invol ved in the APTER CHALLENGE] BYINBUUATORY ON BROWCHEALHYPERRESPONSIVENESS TO The:

hal | mar k of a nunber of clARENcaol W ASTRRBSUDMSERSIBEEDSABEPES t he

activation of a nunber of genes known to be integral in naintaining the

i nfl ammati on state. Anpong these ar y@{(}kl gg)s“s chenoki nes,|] adhesi on.
nol ecul es, transgription 15 IJfactors an "S"r gath Ugits) ;| ¢ g tq the induced
expressi on of mahy of these pro- ' |H§vbampﬁmivyhewl ecul es afe a class of "

proteins called franscription factors. One f Ty of trangcription
factors known to M@B A

nunber of clinic asdjnsease st B6HS+ROE associ|akedepet h el evated fl evel s of

activated NF-[er € I nclrude arngroscl erosts, cancers,

i nfectious dise M’Eﬂﬁ‘gﬁm 328+h#9 arrmat 0 23%6.103c04" di e des

i ncl udi ng sthma, i nfl anpat or bowe ase, . arth

hschemni a/ perf usi on 1‘5 %leﬂr‘ Q‘i“dﬂg‘e) °£ﬁ£° i scover ed
t hat conpound "f‘ﬂs é’ﬁ‘f"l rf’“B alspgsiand on of
NF-[err] B activati éﬁ:‘t’é h ?"B‘B‘Fne?st?‘é’r' 8‘?"?9‘51 spEd of
NF-[err]B). ours after the ?hag ft assays were used to exam ne the

ef fect of sel ect ed ion on the activation of
NF-[err] B, by deter* ﬁﬁ%éﬁ 1ﬂ%§ %ﬂggﬁmt ila}r)lg of
10
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nmeasur e bi ndi ng of
T4- pol ynucl eot i de
ul y-P-
[err]l

m nut es.
EDTA and 2 [err]l
t he
10 m nutes.

W th H eg,

The

air dried at roomtenper 3 uh& ddfes demonsmambﬁrﬁgoltl/v@@#e&ﬁ%&ﬁﬁ!@ﬂﬁ%!ﬂn

NF-[err] B

ki nase buffer,

sphe reaction was

pel l et was

double distilled Herr]O %val nal

cadgynisigrech {08 s He Haysni 4RO | Helﬁabsefhaﬁnsmﬁaf fsgedesismrn eadpBs)  at
room t enper at ur eyypdSpon¥iidnessafe'siRfmstiZel fn FabRs 1936Ue cul ture dishes into 5 m
room t enp;

of the supernatant the

(RBL- 2H3 and A- 54gy

PBS usi ng
Beckman GPR centri

aceII

fuge).

NF-[err]B to specific sites on DNA. Oigonucleotides used to

wer e | abel ed by the follow ng procedure

S—pmot;

2. 5x2030l
t hen washed sever al
conc. of

r enoval

%a

2-territ

10 units T4 pol ynucl eoti de ki nase,
32-dATP (10 [err] G ) were made up to a final
5 i ncubated at 37[ epdrrdastsditne30
At thls time the reaction was quenched with 2 [err]l
3M NaQAc (pH 5.2).

10x

0.

and |

vol une of 20

5
of 100% Et OH was added and
resultant m xture centrifuged at 15, 000g (eppendorf m crofuge) for

times in 70% et hanol ,

[err]l

scraper and centrlfuged (1500 rpm at
Fol | owi n
cells were resuspended in 2x pellet

). 10

Cells

me of Buffer A (0.25M Sucrose,

20mM Hepes (pbl 7. 9) ErrtOndd débabounb 338400 ho/KIpRl Fex 4 baysOBOIRIYALARIDR) 0. SVl

Sperm di ne, 0.15

mM

cells resuspended in the sane bufiscekis sdureseramestisuesdti on of 108

cells/n.

The cells were all owed to incubate at

Sp ALIEROEN-INDUGHDICRAMGES IN SPECIFIC LUNGREBIBTANCE@ed and t he

roomtenperature for 5

m nut es. : Lysc
concentration of 40
suspensi on was i ng
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err
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B4dafige r pm

StOpﬁg“’Eﬁ theg additi o%uof tw ce

for 2].0(Ei2100|te gt 4[ ersps34is0 a mcf

t he vol .
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TL-GHallenpe (0j he

n‘oveﬂiagd the
. Hiugat
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SUspe
000 g

asedd

Buffe

A
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NUCHBDSIISI7E resusmmtmd«zlgmn ce-c

bl d 25
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MCl [err], 0.

€S (pH.7.9). 4
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o% V/

-‘,lq¥5 arycer gl
A0

18362

pi\/m:\ ?ér

po<10.25

errj,
axinma

1.5 mM
ely

10[err] nuclei/m.

The 2  nucl

ei

Wﬁlﬂl(ﬁr ugt ed bYI.SMilQﬁt i on

bn ice with

2x five second puI_

cell disrupter).

Ses (40% TTnte
hnm%gena'r e
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o 20065 ot 1 1o,
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rred -hh00E37.67% co f
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asoni ¢
r 30

m nut es before cer
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i mredi atel y.

trifugqtion at
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25 ,;()Qﬂsgl at 4

[ err] Qdoml agaBeckrran TL-100.

DVEU_anag I T oZgIT at
57.50%7.51

=70
-4.5

[SI ]

CTf
4.17’1

6

132.00+9.68

7.75£9.75*

6.5

153.75+21.93

5.50+4.87*

7

173.75%21.74

10.75x4 91+

:l'\/

7.5

148.00+20.96

4.00x2.35*

8

124.75+28.53

3.25:4.73*

ot used

10

#Drug was administered in 3 mLs (66% DMSO in saline). Vehicle alone
had no cffect. Animals were treated for 4 days with the final dose 30 min

prior to challenge.

*Significantly different from control, P<0.05.



206 Determ nations of NF-[err] B DNA binding activity were conducted

as follows; 2 [err]l of 10x bi ndi ng buffer {20mMM HEPES (pH 7.5), 50 nM
KE—S5 mvtWCHerr,—200TerT g/ My BoSA (Srgnma # B-2185), 8% glycerol},
0.4 [err]l Poly dl- dC (0.5 ng/m stock), 2.0 [err]]l -"P-1abell ed oligo

were mxed with 5 [err]g of protein isolated fromcell nuclei. The 5
resulting mx Wassddde up to a final volume of 20 [err]| péqbdhoshhossel | | €d
Herr]O This was then i ncubated on ice for 5 mnutes to allow binding
to occur. A further incubation (20 to 30204 m nutes) at roomtenperature
foll owed. Sanples are then | oaded onto a 4.5% acrylamde gel {6 m
(29:1) acrylamde:bis, 2 m 5x TBE buffer, 800 [err]| 50% gl ycerol, 31
m distilled Herr]O, 150 [err]| 10% ARgi{ggnoni um per sul phate), 40 [err]|
TEMED}. 10 Acrylanpide gels were 8re-run In 0.25x TBE buffer for 1.5 hrs
(10 vol ts/cm), fol F& COMPOYNP 330 (40D paKGIOAX Rt BAYSORY NBALAGIN) B and

runni ng of the act uaPRIUGHHLEYPERRESPONSIVENESS TO CARBACHOLTINASEARIESYUMT sel ect ed

conpounds from the invention on NF- [SEYSFTZED SHEERHj t v, as determ ned
usi ng the gel - shigt—pipReig-assay—ate-shownln_Jable 21 15

TABLE 21 EFFECT Of SELECTED WQ&J% NF-[err] B BI NDI NG | N
RBL- 2H3 CELLS : STI MULATED WTH TPA (0.1
[err]M# Hyperres [ biti of
Response to TPA Cortiofl ment 330 (0.1
[err]M ) G510 Terri™ 54

330 (1 [err]M Baseline 2@55#1-54 21.262.75 333 (] [err] M.
34 _Post-Chal?élge(l [erriMaior 212143 10% 65| |

#Conpounds or velh »

(-\tFjr_BL- 2H3) fop 2 hOUYBrP Waidntifstsrbd M3 ls!(66% BMSD id Bfine) CoLlis mE££ 20
stinul ated with 0. lhddGioletrbdr. WiAndIOWere trarddFoH 4dal CwithGhd i ostNb0 ﬁ{rl B. Al

val ues it ) clial1éng8S HpdieipoiiVends 3! Ribhh A wad T meaQRld & (0. 1 [err]M
TPA in t_he Pr eSencCehours after the initial & léﬁgg]l cl _e). _ _ o _‘_AI I

publ i cations and patent applications nmentioned in this specification 25 are

her ei n i ncor por at ed*Signhificahy different fiomtchtrof ZRROEL Xt ent as i f each i ndi vi dual
publ i cation or patent application was specifically and individually

I ncor por at er by ref Ef&eecgco? selected compounds on transcription factors involved in the

inflammatory process

The hallmark of a number of chronic inflammatory diseases is the
activation of a number of genes known to be integral in maintaining the inflammation
state. Among these are cytokines, chemokines, adhesion molecules, transcription

15 factors and proteases. Pivotal to the induced expression of many of these pro-
inflammatory molecules are a class of proteins cailed transcription factors. One family
of transcription factors known to be key to a pro-inflammatory state is NF-xB. A
number of clinical disease states are associated with elévated levels of activated NF-xB.
These include atherosclerosis, cancers, infectious diseases, and various inflammatory

20 based diseases including asthma, inflammatory bowel disease, arthritis,
ischemia/perfusion and inflammatory skin conditions. It was discovered that
compounds described in the invention caused inhibition of NF-xB activation caused by
phorbol esters (activators of NF-xB).

Gel shift assays were used to examine the effect of selected compounds

25 in the invention on the activation of NF-xB, by determining the level of binding of



207 Fromthe foregoing, it wll be evident that, although
speci fic enbodi nents of the invention have been descri bed herein for
ptrposes—of —+tHustratton,—vartous-Todir fcat Torrs— TRy e madewirthout
deviating fromthe spirit and scope of the invention.

208 _ CLAI V5 What is
clained is: WO 98/02450 1. A conpound of the f opdit 00490

[err]

10

15

20

25

30

205

NF-B to specific sites on DNA. Oligonucleotides used to measure binding of NF-xB
were labeled by the following procedure. 5 pl NF-kB oligonucleotide (8.9 pmol), 2 ul
10x T4-polynucleotide kinase buffer, 10 units T4 polynucleotide kinase, and 1 ul y-P-
32-dATP (10uCi) were made up to a final volume of 20 pl with H;0. The reaction was
incubated at 37°C for 30 minutes. At this time the reaction was quenched with 2 pl 0.5
M EDTA and 2 ul 3M NaOAc (pH 5.2). 2.5x vol of 100% EXOH was added and the
resultant mixture centrifuged at 15,000g (eppendorf microfuge) for 10 minutes. The
pellet was then washed several times in 70% ethanol, air dried at room temperature for
10 minutes, and resuspended in double distilled H,O (final conc. of 0.75 pmol/2 ul).
Cells (RBL-2H3 and A-549) were washed twice in phosphate buffered saline (PBS) at
room temperature. They were scraped off the tissue culture dishes into 5 ml PBS using
a cell scraper and centrifuged (1500 rpm at room temp; Beckman GPR centrifuge).
Following the removal of the supernatant the cells were resuspended in 2x péilet
volume of Buffer A (0.25M Sucrose, 20mM Hepes (pH 7.9), 10mM KCI, 1.5mM
MgClz, 0.5mM DTT, 0.5mM Spermidine, 0.15 mM Spermine). This was re-
centrifuged and the cells resuspended in the same buffer at a concentration of 108
cells/ml. The cells were allowed to incubate at room temperature for 5 minutes.
Lysolecithin (10mg/ml in Buffer A) was added to a final concentration of 400pg/ml
(4u1/100ul Buffer A) and the suspension was incubated with gentle inversion for no
longer than 90 seconds. Cell lysis was rapidly stopped by the addition of twice the vol.
of ice-cold Buffer A containing 3% BSA. Nuclei were collected by centrifugation at
4000 rpm for 1 minute at 4°C in a microfuge. The supernatant was removed and the
pellet resuspended in Buffer A containing 3% BSA before centrifugation at 30,000 g for
60 seconds at 4°C (Beckman, TL-100 ). The nuclei were resuspended in ice-cold
Buffer B (20mM Hepes (pH 7.9), 25% v/v glycerol, 0.6 M KCl,, 1.5 mM MgCl2,
0.2mM EDTA, 0.5mM DTT, 0.5 mM PMSF) at approximately 10" nuclei/ml. The
nuclei were disrupted by sonication on ice with 2x five second pulses (40% intensity
setting, MICROSON: Ultrasonic cell disrupter). The homogenate was gently stirred on
ice for 30 minutes before centrifugation at 25,000 g at 4°C in a Beckmén TL-100. The

supernatant was then removed and frozen at -70°C if not used immediately.



I ncl udi ng ph acceptabl e salts and sol vates thereof, wherein:

armace y
each of Ci, C2, C3, ¢4, C11, Ci12, Cl15 and C16 is |ndependently substrtut ed
accor-di-rg—te—any—of—(a)r—and—b)— one of. =0
C(Rlerr])(Rlerr])- -C(R[err])(R[err])(C(R[err])(R[err]))[err] and
-QCRerr])(Rerr]) [er ]O- wherein n ranges from1l to about 6;
(b) two of: -X -

err] and -OR[err], each independently selected;
each of C5, CoWO@Hw4 C9, Cl0, C13 and Cl4 is mdepende% V%’ﬁ%garrtut ed
wi th one of-X R[err] or -OR[err]; 206 Cl7 is substituted
according to any of(c), (d), (c), (f), (g% (h) and (i):

(c) =C(Rerr])(Rerr]) except when Cl4 is substitutcd with nethyl;

(d) -Rlerr] and err so | on the A and rings are not aromatic
ANt Co 15 Subs: PrEmERRCINEHR R o SO REHeE bR BT b AT W

met hyl then G5 §; mmwaspmwwnpsmmnm swﬁrarmcﬁf. QOO’;]tg/ﬂhQ@SR[ err]
may toget her form a direct bond 1514 Sny grouP may toget her

with CL7 form aSigma ¥ B-23p), r‘?ra(frﬁ@rcgﬂl (P P& IS%S’EIE)ORVQ M

gg Sr;er wi se Rler r’}p-rascuEﬁ sngo] w&’é m.faa[ arur ks j@nef oﬁbernrﬂsom@d Bsxﬁraeir nQEIexR[ e | -

“C(Rerr])( R[Se r 'feflﬂh("@m ‘éfsrTad(eRP 93 ﬂi'}a} t«g\xqu] of 20 azll]anthR([hstllled %{ 0. Thls was 'then

- (A C(R err]) ( Rh&ibhtkd od i6d fot Shrinutks & Lot bihdi’n’gll?(g&:‘émf (ACRtHer tn@ubah&rr&o #30as | ong
as one of the follow ng conrtronsré%wfr s||| i
1 n

i) C5 is sub@Ees)t & oo Fmeeya g ‘E’Wﬁesaf“ﬁh‘ﬁe"ciﬂﬂng%? iBoft>%and C3 .

i's not bonded tgndmi@ese {mﬂ(zmﬁmﬁanm@b@tmﬁtsﬂm@m 1800 AVSRYppdeRgEN atoms
then C17 is not substitu

S CH(CH er ] ) ( CHp e Tistiied BB (169 10%) ABS (qmrpgnium persulphate), 40 u! TEMED}.

- CH( CH[ er r ] ) ioCHh&Yiahiie géis-6AreBrd-@h id 0.25x TBE buffer for 1 s hrs (10 volts/dnl)) followdd10 and
are not sinultaneously substituted with nethy and when C10 is

substituted w tWWFWa"gF H’é?f‘@fﬂd‘?%a“ﬁb‘{n"’é‘ﬁﬂg'f'fwzeﬁmmef h a methyl, and the
A ring is never aromati Crhe effect of selected compounds from thd ihyentidrf onQeF-2B dctﬁﬁy,ar €

bonded to oxygen atons, and err strt has the al pha
configuration, ?ﬂ&ewdﬁ“gwg§%§‘ﬂ'}% ?‘H‘e‘“g‘el{?%rz lconfiguration, then
C 17 is not substituted with any of the foI I oW ng:

[err]

-

15 TABLE 21

EFFECT OF SELECTED COMPOUNDS ON NF-xB BINDING IN RBL-2H3 CELLS
STIMULATED WITH TPA (0.1 pM)#

Percent Inhibition of Response to TPA -
Treatment 0.1 pV)
165 (10 uM) 54
330 (1 uM) 66
333 (1 puM) 34
339 {1 uM) 65

#Compounds or vehicle (0.1% DMSO) were preincubated with cells
(RBL-2H3) for 2 hours prior to stimulation with TPA. Cells were

20 stimulated with 0.1 uM TPA for 2.5 hours to activate NF-xB. All values
shown are as a percent inhibition of control (0.1uM TPA in the presence
of vehicle).

All publications and patent applications mentioned in this specification’
25  are herein incorporated by reference to the same extent as if each individual publication

or patent application was specifically and individually incorporated by reference.



210 i V) C3 and C4 are each bonded to the sane
oxygen atontso as to forman OX|rane rlng mnth the prOVISO that C7 does

substltutlon (1) t wo of t he follomnng substituents, which
are independently selected: -X, -Rerr] and -OR[err], as long as one of the
above conditions i), ii), iii) or iv) apply; a cyclic
structure of tW& | a renitidinose [err]
wherein Gis -C(=0-, -CH(OR[err])-, -C(Jggerr])(OR[err])-
-C(OR[err])(OR[err])-. as long as C3 an are not sinultaneously
substituted with hydroxyl or protected hydroxyl; (h) t wo

hydr ogen atons, as |ong not subst tuted with a rbonyl group;

(i) one hydrogen at omF &H’H%ﬁe‘gﬁﬁﬂ% 8o Wil By e¥ifgHt, @f‘eraﬁ‘?‘-"’@ﬁegﬁef&c

Eygr ocar Ey: Or QsHBSdimerd)6F mT ﬁ&de.ha.l hdvke @] desdiibbdledin for Pulpsics bilitiashration,

ydr ocar by rQups, ...excl udi . - .

~CH(CH err]) ( ‘?“E E'F?‘PM@E?‘@P?%‘I‘E‘P?‘]‘EW‘”S from the spirit and sgope af thy - 5
D rings may in@@panﬂently be fully saturated. partially saturated or fully
unsat ur.at ed; Rlerr] is Hor a protecting group such that
-OR[err] is a protected hydroxyl group, where vicinal -OR groups my
together forma cyclic structure whi'ch protects vicinal hydroxyl groups,
and where geminal -ORerr] groups nmay together forma cyclic structure

whi ch protects a carbonyl group, with the proviso that either or both of
-OR[err] at C6 and C7 : . :



represents a carbonyl or protected carbonyl group; Rerr],
Rlerr] and Rlerr] at each occurrence is independently selected fromH and

Clerr}—organic—reiety—that—may—optiomatty ctontain at | east one het eroat om
sel ect ed fromthe group

211 consi sting of boron, hal ogen, nitrogen, oxygen, Ssi licon and sul fur,
where two geminal Rlerr] groups nmay together forma ring with the carbon
atom t o whi chwoi9&924%r e bot h bonded; and BCTHEAIT/4¥nt s
fluoride, chloride, bromde and iodide. 2. A conpound

of claiml having the fornula 208

[err] I ncl udi ng pharmaceutically acceptable salts and sol vates

t her eof , wherein: each of Cl, C, C3, 4, Cl1, Cl12, C15 and
Cl6 is independently substituted with CLAIMS (a) —one—of: =0

=C(Rerr])(Rerr]), -CRerr])(Rerr])(CRerr])(Rerr]))[err]- and
-(XC(Rerr])(Rerr]))[err]O- wherein n ranges from| to abB8heefiasBLen R,

(b) two of the follow ng, which are independently sel ect etﬂwiuﬂ Fﬂeﬁced
and -OR ; each of C5, C8, C9, Cl10 and C13 is i
substltuted vm?%mc%aémed's-x. -Rlerr] or-OR;

substituted with -X, -ORerr], or -Rerr] excluding nethyl;

1. A compound of the formula:

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of C1, C2, C3, C4, C11, C12, C15 and C16 is independently substituted
according to any of (a) and (b):

(8 ome of =0, =CRHUR), -CRHRNCRNRY),- and
-(O(C(R*)(R*)),0)- wherein n ranges from 1 to about 6;

(b) twoof -X,-R'and-OR', each independently selected;

each of CS, C6, C7, C8, C9, C10, C13 and C14 is independently substituted

" with one of -X, -R* or -OR';
| " C17is substituted according to any of (c), (d). (&), (), (), (i) and ():

() =C(RYR? except when C14 is substituted with methyl;

(d)  -R’and -OR® 50 long as the A and B rings are nol aromatic, and when
C10 is substituted with methyl then C5 is not bonded directly to oxygen, where R’ and R®
may together form a direct bond so C17 is a carbony! group, or may together with C17 form a
cyclic 3-6 membered ether or 4-6 membered lactone; otherwise R¥ is R* or -OR® and R® is R!

or R
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the A, B, Cand Drings may i ndependently be fully saturated, partially
saturated or fully unsaturated; Rlerr] is Hor a protecting
groups nmay together forma cyclic structure which protects vicinal hydroxyl
groups, and where gemnal -OR[err] groups may together forma cyclic
structure which protects a carbonyl group, with the proviso that either or
both of -OR MWo®#Ad C7 represents a carbonyl or prot eECEFATABny|

group; 212 ]
Rlerr], Rlerr] and Rl err] at each occurr®fce is indeperidently sel ected from
H and Clerr] organic noiety that nay optionally contain at |east one

het er oat om sel ected rrom the group consi sti ng of borop, Jhal (‘)ﬁén, ni t rogen,
oxygen, silicon and suef ur ensshedfe t woQentRE IRPer r@RIFONBR WPt oged her
forma ring wigbfdkiii8h00fal s NI liBkh 618 151 hOBAGH: ofiing

X represents fluoride, chloride, bromde and iodide. 3.

A conpound of ccadigipanili ihEl) phi) aPRY: f or nul a

[err] _ including phar r@sciewbg:ﬁa&&ma&%gmgahhm%ﬁ,m SonBPehtionadt €S

t hereof, wherei n: each of CI, , CG3, C4, Cl1, C12, C15 and
C16 i s 1 ndepeBdiismot bpndsd koxyean: and when 63 is substituted with two hydeggen atospschen Gif7 is =0

=Rl err]) (Rl g tlbtituted ShiRiLy Ll St decRh et - tuldl péii J20l6yodn,,  and

i) C10 and C13 are not simultaneously substituted with methyl,

and when C10 is substituted with methyl, then C14 is not substituted with a methyl, and the
A ring is never aromatic;

iii)  if C3 and C4 are bonded to oxygen atoms, and the C6 -OR'

substituent has the alpha configuration, and the C7 -OR' substituent has the beta
configuration, then C17 is not substituted with any of the following:
o OH
O(H, CHs or CCH3) (CHz or O)
O
Me. Me
Me
OH \_r/\/\r
N

OH

OH

LT
e ' WOH‘



-(C(Rerr])(Rerr]))[err]O- wherein n ranges from1l to about 6 ; or
(b) two of the follow ng, which are independently selected: -X -Rerr]
and -OR-; eact—of—C8—C9,—CIU, CI3 and CI4 is independently

substituted with one of -X, -Rerr] or -CRerr]; : the A, B, C
and D rings may independently be fully saturated, partially saturated or
fully unsatur ith the provisos that neither the A i i's
aronatic, and%"t |zs4%substitut ed with hydrogen; Herc ggr] is H
or a protecting group such that -OR[errl}s a protected hydroxyl group,
where vicinal -OR[err] groups may together forma cyclic structure which
protects vicinal hydroxyl groups, and where geminal -OR err] groups may
together forma cyclic structure which

213 protects a carbonyl group, with the proviso that either or both of
-OR at C6 and C7 represenivy a @Sanl §dyare sach pondedwttheisaom olygey atogyrsoap to

Rlerr] at ea cur. ce 1S LN romH.. r

or gani ¢ noi e?fjm?%na x'&n'gé;&n%bhﬁ%{riﬁ?ﬁ&gggﬁ?g? ﬁoegt?' L‘Ieéeégggar%)ﬁgl SH%[‘@B%%%% (ggel ected
from the groups hensybdri-O8' substibtiomn, hal ogen, nitrogen, oxygen, silicon and
sul fur,. where two gem_pal e r [] i.Lh the
carbon atomto which t(ﬁey gxroegfi)%? ﬁ:’il&%ﬁgégﬁ%gﬁg%ﬂ?ﬁ "L?{dgaegdenh!&?e éeir " and
Rlerr] may to¥eiRiend OR 125 longlaywe bf thoashdvecondiiohsiis iR iid) ar wpapply. gr oup. or may
together with C17 for C i - [ et her or 4-6 nenbered | actone;
otherwise Rerr] is R[r%fr]x‘g#c‘lgﬁftg?eg?aggoﬁ&ferr] is Rerr] or Rerr]; and
X represents fluoride, chloride, brom de and i odi de. : W th
the proviso that when C10 is substitut ith methyl, then CJerr] is not
directly bonded to an oxygen atom 4, A conpound of
claim1 having the fornul a
err]

wherein G is -C(=0)-, -CH(OR')-, -C(R)OR')- or -C(OR'XOR'}-. as long as
C3 and C4 are not simultaneously substituted with hydroxy! or protected hydroxyl;

(h) two hydrogen atoms, as long as C3 is not substituted with a carbonyl
group;

(i) one hydrogen atom and one group selected from C,-C,, hydrocarbyl
groups and C,-C,, halogen substituted hydrocarbyl groups. excluding
-CH(CH,)(CH,),CH(CH,),;

the A. B, C and D rings may independently be fully saturated. partially

\— saturated or fully unsaturated;

' : R' is H or a protecting group such that -OR! is a proiected hydroxyl group,
where vicinal -OR' groups may together form a cyclic structure which protects vicinal
hydroxyl groups, and where geminal -OR' groups may together form a cyelic structure which
protects a carbony! group, with the proviso that either or both of -OR' at C6 and C7
represents a carbonyl or protected carbonyl group;

R% R’ and R® at cach occurrence is independently selected from H and C,,,

organic moiety that may optionally contain at least one heteroatom selected from the group

T
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i ncl udi ng pharmaceutically acceptable salts and sol vates thereof, wherein:
each of C1, C2, ¢4, Cl1, C12, C15 Cl6 and Cl7 is |ndependently substltut ed

Wit =) oTrTe : =c(Rferr{J(RerT);

-C(R[err])(R[err])(C(R[err])(R[err]))[err] and .
-(C(Rerr])(Rerr]))[err]O- wherein n ranges froml to about 6 ; or

(b) two of the follow ng, which are independently selected: -X -Rerr]
and -OR ; WO9B0240 ooch of C8, C9, Cl0, C13 and Cl4 RCF/GARHO#MEndent ]y
substituted with one of -X, -Rerr] or -OR[err]; WO 98/ 02450

PCT/ CA97/ 00490 211 214

C3 is substituted vm'th one of C(R[err])(R[err]) and
- wherein ranges froml to

-C(Rerr])(Rerr g err [err]

about 6, or t\/\ﬁ°‘l§i"{‘ ‘ﬂ‘] l’Fif%f"r‘]‘ QRER XY §78: fj}l%.agﬁsflﬁl&twl&ge e geingh fnded

tcg-)?an oxy?en gh?ﬂ’?sr?dygog&]ﬂffo@ahx’igvﬁm&%ﬁﬁdm%Wﬁcﬁﬁ@yﬂywtﬁ)gﬁﬂecﬁhm t hen
is not substitute

t
SO G err]) (G er 1) [ R e sigdebropide ad idide

-CH(CHerr]) (CH err])2C(=0 CCH err] ; the A, B, C and D rings
may independently be fully saturat ed part| al I%ssat urated or fully
unsat ur at ed; 2. °  Agomppynd ptclaimd Hmdrhaying e famileng group such that

-OR is a protected hydroxyl group, where vicinal -OR groups nay together
forma cyclic structure which protects vici n&R hyds oxyl groups, and where
gem nal -OR[err] groups may together forml 1C structure which protects
a carbonyt group, with the proviso thatjje or both of-OR[err] at C6 and
C7 represent a carbonyl or protecteq car wIP; Rlerr]
at each occurrence is independent, : mH and Cerr] organic
r‘%/ety that may optionally contai : het er oat om sel ected from
the group consisting of boron, halkQged nilkrogen, oxygen, silicon and

sul fur; where two gem nal R[err] gr@uéssrm?yqlbgether forma ring with the
carbon atomto which they arc both bondeg' and X represents
fluoride, chloride, brom de and i odide.

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of Cl, C2, C3, C4, Cl1, C12, C15 and C16 is independently substituted
with

(@ one off =0, =CRYRY) -CRHYRNUCR)RY),- and
~(O(C(R*}R"),0)- wherein n ranges from 1 to about 6 ; or

(b)  two of the following, which are independently selected: -X, -R* and
-OR/;

each of C5, C8, C9, C10 and C13 is independently substituted with one of -X,
-R*or -OR!;

C14 is substituted with -X, -OR', or -R* excluding methyl;

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated;

R' is H or a protecting group such that -OR’ is a protected hydroxyl group,
where vicinal -OR' groups may together form a cyclic structure which protects vicinal
hydroxyl groups. and where geminal -OR' groups may together form a cyclic structure which
protects a carbonyl group, with the proviso that either or both of -OR' at C6 and C7

represents a carbonyl or protected carbonyl group;

A



5. A compound of claiml having the fornula

[err] I ncl udi ng pharmaceutically acceptable salts and sol vates
t hereof—whereif: racm o CIL, CZ, &3, 4, Cl1, Cl2, Cl5, Cl16
and C17 I s independently substituted with -(a) one of :

=0 =C(Rerr])(Rerr]), C(R[e”])(R[e”])(C(R[e”])(R[e”]))[e”] and

err err err]O - wherein n ranges from| to about .or
(O(C(R[ ]z"(F\;L"’S"]ng ][V\Z) of thefollovvlgg, V\hlchagr'wa@?%%dently

sel ected: -X. -Rerr] and -OR ; each of C5, C8, C9, C10, C13
and Cl4 is independently substltuted witiR one of - X. -Rlerr] or -OR[err];
with the provisos that (a) Cl0 and Cl3 are not si mJItaneoust substituted
with nmethyl, and (b) when Cl10,is substituted with math t he |s not
substituted with a nefh and R at each °°°“"°“°°t‘ﬁ§‘dﬂ’°“‘ﬁ§“‘ H I?"F‘i ﬁ(j‘?‘}

i ndependent | g oty hat atay loplichally ébhlatnl a8 ldadt oB@hdidradasl sélcteli ok the lgﬁﬂi; ur ated
with the prowsoth t he, A |nnq|s not arQlFmtIC (le{r is H
or a protect FHEHESY B’°‘§’Bc"?l?gﬁ%rt rogen, qaygen. Hioop &g stifupyhers e @’B‘E?L wher e
vicinal - OR[ groigs n@3y @gPberToom 4 Sgeiithathe cfaﬁbbﬁfht&n%/ﬁﬁlhlﬁth@t drdsdthibdrda g prot ect s

vi ci nal hydr oxyl roups, and re ge al roups may together form a
cyclic st %luct u%/e \?\m represents uogde chonrge romldeandlo%tde P y g

3. A compound of claim 1 having the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:
each of Cl, C2, C3, C4, C11, C12, C15 and C16 is independently substituted
with :
(@ -one off =0, =CRURY, -CRHURMCER)R*),- and
-(O(C(R*)(R"),0)- wherein n ranges from 1 to about & ; or
(b)  two of the following, which are independently sclected: -X, -R* and
W, -ORY;

each of CS, C8, C9,C10,C13and Cl4 is iﬁdependently substituted with one
of -X, -R* or -OR};

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated, with the proviso that neither the A nor B ring is aromatic;

R' is H or a protecting group such that -OR' is a protected hydroxyl group,
where vicinal -OR' groups may together form a cyclic structure which protects vicinal

hydroxyl groups, and where geminal -OR' groups may together form a cyclic structure which

This Sheet Has Been Replaced  seteimimyay
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protects a carbonyl group, with the proviso that either or both of -OR err]
at C6 and C7 represent a carbonyl or protected carbonyl group;

o) ~fert]
organic noiety that may optionally contain at |east one heteroatom sel ected
fromthe group consisting of boron, hal ogen, nitrogen, oxygen, silicon and
sul fur; where oagaagy nal R err] groups nmay together fornpércisigosyd t h the

carbon atomto which they are both bonded; and X represents

fluoride, chloride, brom de and iodide. 213 6. A conpound of

claim11l having the fornmula

[err] I ncl udi ng pharmaceutically acceptable salts and sol vates

t hereof , wher gbfdets a carbonyl grou with the proviso that either or both of -OR' at C6 and C7

216 each fp C2, Cl1, C12, Ci15, Cl16 and C17 is

i ndependent | yrREH3E A CHPEY! WPE%‘"‘"“ carbonylgroup; — (2) one  of: =0,

=C(Rlerr])(Rerr]), @(R[&EH L&cﬁ#’&ﬁé ig indpeddemiy le)e!cB& o H) Lxﬁrc,l,., orgadié!
(O(C(R[err])(R[err]))[er wherein n ranges from | to about 6 or

(b)  two of WPy ﬂlmmmmgml e 3frleest ot RAYRORREM tefegted ?P’@é‘l"e&ﬂ"“l’ cgusislipg o r |

and - OR{ er 1] of boron, halogen, nitrogenokygeh, sflichi &hd! sffurl Gitére fwol dentiftal RO lgrobpby ¢ Ut ed

w th any of the foll | ow ng: [err]
01i together form a ring with the carbon atom to which they are both bonded; and

R?® and R® may together form a direct bond so C17 is a carbony! group. or may
together with C17 form a cyclic 3-6 membered ether or 4-6 membered lactone; otherwise R®
isR*or -OR®and R*is R' or R*; and o

X represents fluoride, chloride, bromide and iodide.

with the proviso that when C10 is substituted with methyl, then C5 is not
directly bonded to an oxygen atom.
4. -A compound of claim 1 having the formula
\_ including pharmaceutically acceptable salts and solvates thereof, wherein:

each of C1, C2, C4, C11, C12, C15, C16 and C17 is independently substituted
with

(@@ one of =0, =CR%RY) -CRHRNCERNRY),- and
-(O(C(R*)(R*)),0)- wherein n ranges from 1 to about 6 ; or .

(b) two of the following, which are independently selected: -X, -R* and
-OR}; . '

each of C8, C9, C10, C13 and C14 is independently substituted with one of
-X,-R'or-OR';

* c L M s *



OH each of C5, C9, Cl10, C13 and Cl14 is independently substituted with one
of-X, -Rerr] or -ORerr]; C8 is substituted with -X or

- Rl err] —andis—preterabtynot—bomded—directTy 10 OXygen, t he
A, B, Cand Drings may independently be fully saturated, partially
saturated or fully unsaturated;

217 Rlerr] is Hor a protecting group such that -OR is a

prot ect ed hywooesmgasegr oup, where vicinal -OR err] groupsPCRGAYN 0L her form a
cyclic structure which protects vicinal hydroxyl groups, and where gem nal

-OR[err] groups may together forma cy2ld c structure which protects a
car bonyl group; Rl err] at each occurrence is independently
selected fromH and Clerr] organic noiety that nay optionally contain at
| east one het er oat onC3 éd sabstipded wittnortevé =GR emintCIRIRHERHR),- wherein

n ranges from 1 to about 6, or two of -X, and -R* with the proviso that C3 is not bonded to an
oxygen atom, and when C3 is substituted with two hydrogen atoms then C17 is not
substituted with either -CH(CH,)(CH,),CH(CH,), or -CH(CH;)(CH,)2C(=0)OCH,:

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated; .

R' is H or a protecting group such that -OR' is a protected hydroxy! group.
where vicinal -OR' groups may together form a cyclic structure which protects vicinal
hydroxy! groups, and where geminal -OR’ groups may together form a cyclic structure which

I\ protects a carbonyl group, with the proviso that either or both of -OR' at C6 and C7 represent
a carbony! or protected carbony! group;

R* at each occurrence is independently selected from H and C,,, organic
moiety that may optionally contain at Jeast one heteroatom selected from the group consistix;g
of boron, halogen, nitrogen, oxygen, silicon and suifur; where two geminal R* groups may
together form a ring with the carbon atom to which they are both bonded: and

X represents fluoride, chloride, bromide and iodide.

5. A compound of claim 1 having the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:
each of Cl, C2, C3, C4, Cl11, C12, C15, C16 and Cl7 is independently
substituted with |
(@ one off =0, =CRMRY), -CRHRYUCR'NRY)),- and
-(O(C(R*)(R*)),0)- wherein n ranges from ! to about 6 ; or

e —
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of boron, hal ogen, nitrogen, oxygen, silicon and sulfur; where two gem nal
R err] groups may together forma rlng with the carbon atomto whi ch t hey

are—bothbonded—and X-represents ftuoride, chtoride,
bromi de and i odi de. 7. A compound of claim 1 having the
fornul a [err]

I ncl udi ng phar maceutically acceptable salts and sol vates )i: a/\,herei n:
each of C1, C2WQ%024) C11, Cl12, C15 and Cl6 is mdependg%{e{:g’ substi t ut ed

W th (a) one of =C(Rerr])(Rerr]),
C(R[err])(R[err]))[errzjls and

) (
] rr]))[err] Q- wherein n ranges froml to about 6; or

gﬁé ) Ot?WO of the foll OV%"b)ng’ twvgnlofctt\] ?llowmg,delpangg Ii’]ntdlz;yendsentky se ected ’>§§1‘§ (‘F rrl

with the provigrithat C3 and C4 are not si rrultaneously substituted with

hydr 0?<y4 or protect ed hycgrtcg'i%l C8 a(EBd C‘% Clgr eé E'i,?,s u}('le éenayi' %L&x@:?f%ﬁ lor\lle

substituted with oxygerf®
of -X.-R*or -OR};

with the provisos that () C10 and C13 are not simultaneously substituted with
methyl, and (b) when C10 is substituted with methyl, then C14 is not substituted with a
methyl;

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated with the proviso that the A ring is not aromatic; )

R' is H or a protecting group such that -OR' is a protected hydroxyl group.

.where vicinal -OR' groups may together form a cyclic structure which protects vicinal
hydroxyl groups, and where geminal -OR' groups may together form a cyclic structure which
protects a carbony! group, with the proviso that either or both of -OR' at C6 and C7 represent _
a carbonyl or protected carbonyl group;

R' at each occurrence is independently selected from H and C,;, organic
moiety that may optionally contain at least one heteroatom selected from the group consisting
of boron. halogen, nitrogen, oxygen, silicon and sulfur; where two geminal R* groups may
together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide and iodide.

6. A compound of claim 1 having the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:

-
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each of C5, C8, C9, Cl10, C13 and Cl4 is independently substituted with one
of-X, -Rerr] or-OR[err]; Gis -C(=0-, -CHORerr])-,

—CRrerrH)(ERrert)=—or~=C(ARerTT JTORerT7J~ the A B, C
and D rings may independently be fully saturated, partially saturated or
fully unsaturated; R is Hor a protecting group such that
-OR is a prqtected hydroxyl group, where vicinal -OR err roups may

t oget her for%%”é%?i Cc structure which protects vicinal &g?)’ 9°groups,
and where geminal -OR err] groups may t gether forma cyclic structure
whi'ch protects a carbonyl group, with t provi so that either or both of
-OR at C6 and C7 represents a carbonyl or protected carbonyl group;

Rlerr] at each occurrence. is AN ende y..sel d fromH and err]
organi c noi ety that §p¢f(§:?aﬁ?§ @gn%ﬁ'gta"&@zfs Wemf‘gr%%\‘ﬁ%el ected
fromthe growith consi sting of boron, hal ogen, nitrogen, oxygen, silicon and
sul fur, where two geninal R erk] grouyps n qQgether, forma ring with the
carbon atomto whi chrpf)hey‘”ﬁre0 oth b nde'g",ﬁ&gi‘mg %(R‘)(R XCRYRNK ¢ aft esent s
fluoride, chkOGR%R")ROPNhereinarahgefionsl € to about 6 ; or 8. A conpound
of claiml having the forpu

| " R . 4 -
[err] i ncl Ut ngtwﬁh@rt%@gﬂf'f‘%ﬂq‘? e aprusrtly slarted 2aRsadat es
t her eof , wheO&';n: ' each of Cl1, C2, Cl1, Cl2, Cl5, Cl16 and C17

b0 ndependent |y SUDS L Gl SSlikall 017 is not substituted with any of the following:

| - OH -
O(H, CH3 or lCHs) (CHz or O)
- pe
Me Me _
Me -

e
YT '

CH
OH R!

each of C5, C9, C10, C13 and C14 is independently substituted with one of -X, -R® or -OR;
C8 is substituted with -X or -R' and is preferably not bonded directly to
oxygen;
the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated;

_—
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(a) one of : =0, =C(Rerr])(Rerr]),
C(R[err])(R[err])(C(R[err])(R[err]))[err] and -(Q(C(Rerr])(Rerr]))0-

—whereth Fafges fr-om-i—to—about—67=0T (U) twoof—the
foll owi ng, which are independently selected: -X, -Rerr] and -ORerr];
each of C5, C8, C9, Cl10, C13 and Cl4 is independently substituted with one
of -X, -Rerr] Werr]; the A B, C ancedpdabi@omay
i ndependent |y )it y saturated, partially saturated or fully unsaturated;
R is Hor a protecting group such that ,{8R is a protected hydroxyl group.
where vicinal -OR[err] groups may together forma cyclic structure which
protects vicinal hydroxyl groups, and where geminal -OR err] groups may
together forma cyclicpsi gt b &Eﬁ%ﬁ(ﬁ{’w fRYikd BydRokDI g.h the
provi so that either oerz)stl—E8 ?5 ¢ gcé}‘(% rep rggentsg% carﬁm}{l or
protected car twhenp| vigimabu@R' groups may togethefF{OEm ra] cyaltlc ga!ewreowblm PEMCE Yign
I ndepertdent |y 4o WhiHe 38HinGl-ORT FrofHs GRP idgeliRitiing dybRistriiye Michonal |y
contain at | eaz(@)’gﬁg@ﬁ’e t er oat 8% slg?[ect e%jmﬁyrsompltl%e gr oup ‘%onm sting of
bor on, hal ogemprotestsizicarbany! grenpy gen, silicon and sul fur, where two gem nal
Rlerr] -groups may togegh s NG ixMepddddnbl Qlééiéaof?on@tkpgﬂéé Wijgafic t hey
are both bonded; and RS eack’o repl)réegent s§fs 'uoride, chl or}"?:le b‘r:om de
and i odi de; mmety that may optignally confaingst least ens helsmatompelerisd fromhe rauRLoRYITAS Ny |
substi tution ﬁilb%ﬁhmfgieg)%ﬁ #Un, 5ifiddn and! Biiful:twieleQo geminal R* groups may 9.

A compound of c avin rmula sel ected from [err]
220 together form a ring with the carbon atom to which they are both bonded and :

X represents fluoride, chloride, bromide and iodide.

7. A compound of claim 1 having the formula
X
i
G
N

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of C1, C2, C3, C4, C11, C12, C15 and C16 is independently substituted
with

(@ ome of =0, =CRNRY), -CRYRNCR)NRY)- and
-(O(C(R*)}(R*)),0)- wherein n ranges from 1 to about 6; or

(b)  two of the following, which arc independently selected: -X. -R* and
-OR';
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i ncl udi ng pharmaceutically acceptable salts and sol vates thereof, wherein:
each of Cl, C. C3, 4, Cl1, Cl2 and Cl16 is independently substituted

aceotdrrg—to—{ta—or—(b) one of~

{d) =Y
=(Rlerr])(Rerr]), -CRerr])(Rerr])(CRerr])(Rerr]))[err]- and
rr

-(C(Rerr])(Rerr]))[err]O- wherein n ranges from1l to about 6,

(b) two of ;- -Rerr] and -OR[err], each independently sel ected;

C5is substitﬁ?éﬂmeﬁh a hydrogen atom SSCIFASYE8, 7, cs,
C9, Cl10, C13 and Cl4 is independently Sﬂlgstitut ed with one of-X, -Rlerr] o
-OR[err]; and Cl7 is substituted according to (c), (d), (e)
or (O: (c) two substituents selected from hydrogen,

hal ogen, Cerr]-Cerr].., saturated hydro byl excludin . .

“CH(CH err]) (CH err] )%”5'% ?’]” idel] g‘f’f‘rﬁj f%‘? ﬁ"', X‘ﬁé?ﬁ&‘?ﬁ%ﬁ@'é‘?ﬁ"ﬂi“&ﬁ“’ with

d err] - er r bydsmiyl pa poteciad diydroxyl,band, arClpesferiblCiner silukinedkly rsabstichddyshitipcar byl |
and hal ogen %QPQ{A‘&"% ed CJerr]-Cerr] unsaturated hydrocarbyl ;

(d) one su Ituent selected from=C(Rerr])(Rerr]) with the proviso
that Cl4 is not substéachiofeGh, @81 CP, €20,1G13;and C14 is independently sibefituted &fith logast one
oxygen at om gopt alipi pgsubstituent sel ected from =0 -
-(C(Rerr] (%[err )y)l'err]O - wherein n ranges from1l to about 6, -OH and
-OR[err]; ' G is -C(={0)-, -CH(OR)e aB(R*)(OR")-ruir t L(OBY(OR}-p M cont ai ni ng :

bstituent selected framg . ert erein the two err roups
?r;yst Iog(l;t her vai th t heél?\i rsd%%ﬁpg#%#%% Hhép%\?en%h’% ﬁflpnifg’,’a‘%ds[”t"i‘fﬁtl" tghe P )
ni t rogen- at ostueatadton fullymgsamedtsdt | t uent i ncl udes nitrogen atom contai ning
het er ocycl i ¢ groups; i . he,A. .B. C and D rings may
i ndependent |y be ful |§h§g‘f‘h?"a%"é‘af““%§ﬂ“? 5‘f°|hythaéa?%r'gtae"a"t?ﬁ‘e%p‘&'fhf"yl Bt ur at ed:;
Rlerr] is H Wereviginglt €R'i gnappgy muay pogsthen farinas cydiRsenatjre ivehich groredte eicinl

NI .
hydr oxyl gr - t o adj acent carhon at ong.nay

t oget her for gx%{#%f“?% s{ rﬁﬁﬁ%@ﬁﬁﬁ% so'f]ae}'ilf’ éﬁ'ﬁ{) O™ A PO B Bt ;
Rlerr] at edutttedsitarrrbenyd ardup, itk dipeprdéstt that sigee ot both faf GORHanGd af @7r | ;
Rlerr] is a {fekhk %’?@%‘fﬁ%‘% Xargoqﬁfggﬁgy optionally contain at least one

a . .
het er oat om sel ect ed \ roup co ting of boron, hal ogen, nitrogen,
oxygen, silicon and Ri| F gach occurrence is independently selected from H and C,,, organic

221

moiety that may optionally contain at least one heteroatom selected from the group consisting
of boron, halogen. nitrogen, oxygen, silicon and sulfur, wherc two geminal R* groups may
together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chioride, bromide and iodide.

8. A compound of claim | having the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:
each of Cl, C2. Cl11, C12, C15, C16 and C17 is independently substituted
with

—
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where two gem nal Rlerr] groups may together forma ring with the carbon

atomto which they are both bonded; and X represents fluoride,
chtoride—brondeor—Todide: 10" A—conpound of —any of
clainms 1-9 having the fornul a: :

[err] 11. A conpound of any of clainms 1-9

havi ng t he f or fdlogio24s0 PCT/CA97/a0490]

12. A conpound of any of clains 1-9 wherein Cl0 and Cl3 are each
substituted with nethyl. 1319 A compound of any of clains

1-9 wherein Cl1 and Cl2 are each substituted only w th hydrogen.

(@ ome off =0, =CRHRY, -CRHYRNCR'NRY),- and
-(O(C(R*)(RY),0)- wherein n ranges from 1 to about 6 ; or

()  two of the following, which are independently selected: -X, -R* and
-OR';

- each of C5, C8, C9, C10, C13 and C14 is independently substituted with one
of -X, -R* or -OR";

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated;

R' is H or a protecting group such that -OR' is a protected hydroxyl group. =
where vicinal -OR' groups may together form a cyclic structure which protects vicinal
hydroxy! groups, and where geminal -OR' groups may together form a cyclic structure which
protects a carbonyl group, with the proviso that either or both of -OR' at C6 and C7
represents a carbony! or protected carbonyl group; -

R* at each occurrence is independently selected from H and C,,, organic
moiety that may optionally contain at least one heteroatom selected from the group consisting
of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal R groups may
together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide and iodide;

with the proviso that C7 does not have carbonyl substitution when C5 has

hydroxy or -OR! substitution.

9. A compound of claim 1-8 having a formula selected from:

A



222 14. A compound of any of clainms 1-9 wherein Cl7 is
substituted with a substituent selected from{err]-Cerr] hydrocarbyl.

15. A—corpothd—of—any—of—ctarms=t=¢wherelrn CL/ 1S substituted with a
substituent selected fromthe formulas =C(Cerr]-Clerr])[err] and
=CH((err]-Cerr]). 16. A conpound of any of clainms 1-9
wherein Cl7 is substituted with a substituent selected from carbonyl,

prot ect ed cawoedsgese hydr oxyl and protected hydroxyl. PCT/CA97/00490 17.

A compound of any of clainms 1-9 wherein C3 is substituted with a
substituent selected from hal ogen, hydR¥kyl and protected hydroxyl.

18. A conmpound of any of clains 1-9 wherein C3 is substituted with
-GRerr] wherein Gis selected froma direct bond, O S or NH, and Rerr]
is aryl, al kydludingphiripteutioally adckopdbierspls agd enlysers dhatsof, whareied with at | east one

hydr ophi | i ¢ moi ety S @hKCIrSE, [¢L Bt g, éiPLtPIZCQ:B%I%tI's 6tePind g‘ﬁg{fsﬁssﬁmted

phosphate, carboxyl ate, nitro, amoni um pol yal kyl ene oxi de”and sugar,
i ncl udi ng phmomngéaﬁa)ee(b) y acceptable salts thereof. 19.

A conpound of any Off(ol al(mé 1-2 wh%el n_&§4)ag)ci %(ﬁ“)ﬂl‘ﬁe@)(ﬁ‘ip-s“;tﬂt edz\(/)vi th

oxygen and toget her rm an epoxi de, acetal” or
A conpound ofo(ﬁfwx&‘ﬁ)..%ahmnnmgwfmneimabm(),A B, Cand Dri ngs are

t t ed. S wh _
fﬁeu,rb\arieng i s unsat utt ed™ ook -X, K i BROUDG, idep@Bhnif Serhedl ME erein

CS5 is substituted with a hydrogen atom;

each of C6, C7, C8, C9, C10, C13 and C14 is independently substituted with
one of -X, -R* or -OR'; and

. C17 is substituted according to (¢), (d), () or (f):

(¢) two substituents selected from hydrogen, halogen, C,-C,, saturated
hydrocarbyl excluding -CH(CH,)(CH,),CH(CH,),, halogen substituted C,-C,, saturated
hydrocarbyl, C,-C,, unsaturated hydrocarbyl, and halogen substituted C,-C,, unsaturated
hydrocarbyl;

(d)  one substituent selected from =C(R*)(R*) with the proviso that C14 is
not substituted with methyl;

{(e) at least one oxygen atom-containing substituent selected from =0,
-(O(C(R*}(R*)),0)- wherein n ranges from 1 to about 6, -OH, and -OR';

N at least one nitrogen atom-containing substituent 'selected from
-N(R')R*) wherein the two R* groups may together with the nitrogen atom form one or more
rings, so that the nitrogen atom-containing substituent includes nitrogen atom-containing
heterocyclic groups; wherein

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated;

R' is H or a protecting group such that -OR’ is a protected hydroxy! group,
where -OR' groups bonded to adjacenl carbon atoms may together form a cyclic structure
which protects both hydroxyl groups;

R’ at each occurrence is independently selected from H and R?;

R’is a C, ;, organic moiety that may optionally contain at least one heteroatom

selected from the group consisting of boron. halogen, nitrogen, oxygen, silicon and sulfur;

Hllllll lﬂlll T



22. A compound of any of clainms 1-9 wherein a double bond is present

bet ween C4 and C5. 223
23- A—conpotnd—of—anyof —ctarnms~I=owhereir T C0 ang /7 _are eacn T
substituted with hydrogen. 24. A compound of any of

claims 1-9 wherein C6 and C7 are both substituted with hydroxyl groups.
25. A conpoupd o9fsedny Of clains 1-9 wherein Rlerr] is apdajcasrdosse] err ]

hydr ocar byl group. 26. A pharmaceuti cal conposition
conprising a conmpound according to any o#ziclains 1-25 in conbination with a
pharmaceutically acceptable carrier or diluent. 27. A

phar maceuti cal conposition conprising a conpound in conbination with a

X represents fluoride, chloride, bromide or iodide.

- 10. A compound of any of claims 1-9 having the formula:

1.

12. A compound of any of claims 1-9 wherein C10 and CI3 are each

substituted with methyl.

13. A compound of any of claims 1-9 wherein C11 and C12 are each

substituted only with hydrogen.

—_—
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i ncl udi ng pharmaceutically acceptable salts and sol vates thereof, wherein:
each of C5, C6, C7, C8, (9, Cl0, Cl13 and Cl14 is independently substituted

w-th—X—FRer+—ant—OoRfer+1; each of CI, C2, C3, 4, Cl11,
Cl2, C15, Cl16 and C17 is independently substituted with a substituent
selected from(a) or (b), wherein (a) represents one of: =0,

=C(Rlerr]) (Rwydshiaso - (R err]) (Rierr])(C(Rerr]) (R err] pgrexsnpessand
-(C(Rerr])(Rerr]))[err]O-. wherein n ranges from1l to about 6; and

(b) represents two of: -X, -Rerr] ange-ORerr], which are independently
sel ected at each occurrence;

224 the A- B, Cand D rings may i ndependently be fully
saturated, partiallyi1gat UA&ioﬁﬂonﬁxﬂ of dhyl of clufal-Orvdieeik; C17 is substituted witha R is H
or a protecti ro hat, -OR . s a protected hydroxyl group, where
the C6 and g%ﬁ%‘ %?%ﬁ?&?ﬂ?@ 8"55‘8‘5‘15@? forma cyclic structure which
protects both hydr oxyl groups; Rl err] at each occurrence is
i ndependent |y sel ect fromH an a Cerr]
organic noiety that rfay off t@@ﬂ%’gf% ‘Ifé’f“ﬁnsa 19 vbgein G ds ﬁ%'ﬁé\%‘i 3sel ect ed
from the gr auistiten sél&kddTpnDhe Fanhelas =dtolQiiand =CHEC-ggen, oxygen, silicon and
sul fur; where two gemnal R err] groups nay together.forma ring with the
carbon atomto which they are both bonded; and X represents
fluoride, chloride, hsomﬂecoﬁapodna@rd@ofcnmms 1-9wheremc17vs£k.ibsﬁthedpmw so that
C15 is not bonded t The conp05|t|on

of clai m 27 SHpstifentse ?fier; f?")g‘g@agﬂ R’?}F"é‘ﬂ cgbenyL. &3"1{%? W&F%‘i?feda}’m'

29. The conposition of claim27 wherein C17 is substituted with a
Cerr]-Cerr] alkyl

~— substituent selected from halogen, hydroxyl and protected hydroxyl.

_ ql’70 UpA compound of any of claims 1-9 wherein C3 is substituted with a

18. A compound of any of claims 1-9 wherein C3 is substituted :viih
-G-R°®, wherein G is selected from a direct bond, O, S or NH, and R; is aryl, alkyl, aralkyl and
alkylaryl groups substituted with at least one hydrophilic moiety selected from the group
consisting of sulfate, phosphate, carboxylate, nitro, ammonium, polyalkylene oxide and

sugar, including pharmaceutically acceptable salts thereof.

19. A compound of any of claims 1-9 wherein C3 and C4 arc both

substituted with oxygen and together form an epoxide, acetal or ketal.

20. A compound of any of claims 1-9 wherein the A, B, C and D rings are

N saturated.
21. A compound of any of claims 1-9 wherein the A ring is unsaturated.
22. A compound of any of claims 1-9 wherein a double bond is present
between C4 and C5.

\\\l\ll\ \\\l\\ ] \\\\l \\\ll\



30. The conposition of claim 27 wherein Cl7 is substituted with an
olefinic group of the fornula =C(Rlerr])(Rerr]). 31. The
LA il _

32. The conposition of claim 27 wherein the hydrocarbyl. group excl udes
[err] - 225
33. The conposobdnasseoof claim 27 wherein Cl7 is substit utresicastobase wo at ons

i ndependent|ly sel ected from hydrogen and hal ogen at ons. 34.
The conposition of claim27 wherein Cl17 i23substituted with at |east one
oxygen atom 35. The conposition of claim 27 wherein C17

I's substituted with a hydroxyl or protected hydroxyl group.
36. The conposition of3.cl A Bdmpound1ef amynofCdizimis SI-% Whsdeint Ub etld WE7t hre each

carbonyl or protected carhonyl group. 37. The conposition
of claim27 wh 3"%‘%1‘&%’5‘% stituted with an al koxy group.

24. A compound of any of claims 1-9 wherein C6 and C7 are both
substituted with hydroxy! groups.

25. A compound of any of claims 1-9 wherein R? is a C,-C,, hydrocarby!
26. A pharmaceutical composition comprising a compound according to
any of claims 1-25 in combination with a pharmaceutically acceptable carrier or diluent.

27. A pharmaceutical composition comprising a compound in combination

with a pharmaceutically acceptable carrier or diluent, the compound having the formula

including pharmaceutically acceptable salts and solvates thereof, wherein:

each of C5, C6, C7, C8, C9, C10, C13 and Cl4 is independently substituted
with -X, -R* and -OR'; . _

each of Cl, C2, C3, C4, Cl11, C12, CI15, Ci6 and C17 is independently
substituted with a substituent selected from (a) or (b), wherein

(@)  represents one of =0, =C(R)}R*), -CRHUR*NCR*)IRY),- and
~(O(C(R*¥R"),0)-. wherein n ranges from 1 to about 6; and

(b)  represents two of: -X, -R' and -OR', which are independently selected

at each occurrence;

-
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38. The conposition of claim27 wherein the substituents at Cl7 exclude
[err] . 39. The conposition of claim27 wherein C15 is

th—t-wo—hydrogen—atoms: 0. TRE comnmposi t1on
of claim27 wherein C4 is substituted with hydrogen and one of-X, -Rerr]
or -CRerr]. 41. The conposition of claim27 wherein C5 is

substituted w@%@ hydr ogen.
226 2. The conposition of claim27 wheb %% ponded

to at | east one hydrogen, and when C4 i ponded to two hydrogen atons then
C3 is not bonded to either oxygen or to“wo hydrogen atons.
43. The conposition of claim 27 wherein C4 is bonded to two hydrogen atons

oy, hen G315 ot DARIE 5 S e Gl 4 U ERED, BB o
44.  The conpewmddonfully wehwtared?7 wherein the hydrogen at C5 has the al pha
configuration. R' is H or a protecting group such that -OR' is a protected hydroxyl group,
where the C6 and C7 -OR! gmups may together form a cyclic structure which protects both
hydroxy! groups;

R at each occurrence is independently selected from H and R;

R’ is a C, ;, organic moiety that may optionally contain at least one hetercatom
selected from the group consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur;
where two geminal R* groups may together form a ring with the carbon atom to which they
are both bonded; and

X represents fluoride, chloride, bromide or iodide:

with the proviso that

C15 is not bonded to an oxygen atom.

28, The composition of claim 27 wherein C17 is substituted with a
hydrocarbyl group.

29.  The composition of claim 27 wherein C17 is substituted with a C,-C,
alky! group. '

30. The composition of claim 27 wherein C17 is substituted with an
olefinic group of the formula =C(R*)(R*).

31.  The composition of claim 27 wherein R’ is hydrogen or C,-C,, alkyl.

32.  The composition of claim 27 wherein the hydrocarbyl group

excludes W

I



45, The conposition of claim27 wherein the -OR[err] group at C6 has the
al pha configuration. 46. The conposition of claim 27

—whereri—the—OR—group—at—C7hastHe~bet=a—CtonfguratTon. — 47.
The conposition of claim27 wherein the -OR group at C6 has the al pha
configuration and the -OR[err] group at C7 has the beta configuration.

48. The conposwdidsems®f claim 27 wherein at | east one of E3veavdoud®m | s
bonded to an oxygen atom 49. The conposition of claim27
wherein both C3 and C4 are bonded to any20xygen atom 50.
The conposition of claim27 wherein Cl10 is substituted with a nethyl group.
227 51. The conposition of claim27 wherein C13 is
substituted with a nethgal gmReIPomposition of claim 27 wherkin .C17 id sabsdmredogitit ivan of
claim27 wherein both Cl0 and 3 are substituted with nethyl groups.
' 53.  The conpB¥Ptif “‘@ISQF%%%‘P"%EVW%M%QE%”%d C7 are bonded to
hydr ogen at ons.

34.  The composition of claim 27 wherein C17 is substituted with at least

one oxygen atom.

35. The composition of claim 27 wherein C17 is substituted with a

“hydroxy! or protected hydroxyl group.

36. The composition of claim 27 wherein C17 is substituted with a

carbonyl or protected carbonyl group.

37. The composition of claim 27 wherein C17 is substituted with an
alkoxy group. '

38.  The composition of claim 27 wherein the substituents at C17 exclude

0
O(H or CHj3)
39. The composition of claim 27 wherein C15 is substituted with two
NG hydrogen atoms.

40.  The composition of claim 27 wherein C4 is substituted with hydrogen
and one of -X, -R* or -OR'.

s 41.  The composition of claim 27 wherein C5 is substituted with hydrogen.

L



54. The conposition of claim27 wherein at | east one of Cl, C2, C3, 4,
c5, €8, C9, Ci10, C11, C12, C13, Cl14, Cl15, Cl16 and C17 is substituted

exclusively—w-th—hydrogematons: 55. The conposition of
claim 27 wherein Cl and C2 are substituted exclusively with hydrogen atons.
56. The conposition of claim27 wherein Cl1 and Cl12 are substituted

exclusively with hydrogen atons. 57. The conposition of
claim27 whem0908%6 and C16 are substituted exclusivel JCHFAHOMIr ogen

at ons. 58. The conposition of claim27 wherein the A, B, C .
an D rings are saturated. 226 59, The conposition of claim 27

wherein the A ring does not contain a bicyclic structure.
60. The conposition of claim27 wherein C3 and C4 are not both
substituted sol el y wi4h hlksr esppasitanopfeclaim 27 wherein C4 is bonded to at least one

228 }a/dg[ogen, and Pten C4 £ bBEdRE &5 fvol koAb e ES BT SOHARY toSdifher

adm ni sterin a subject 1n need thereof an effective anount of the
conmpound or ax3gen or tedwve hydregen aipgms.of cl ai ns 1- 25.

43.  The composition of claim 27 wherein C4 is bonded to two hydrogen
atoms only when C3 is not bonded to either oxygen or to two hydrogen atoms, and C4 is
bonded to methy! only when C4 is not bonded to two methyls or formyl.

44.  The composition of claim 27 wherein the hydrogen at C5 has the alpha

U configuration.
45,  The composition of claim 27 wherein thc -OR' group at C6 has the
alpha configuration. .
46. The composition of claim 27 wherein the -OR' group at C7 has the
beta configuration.
47.  The composition of claim 27 wherein the -OR' group at C6 has the
alpha configuration and the -OR' group at C7 has the beta configuration. '
48. The composition of claim 27 wherein at least one of C3 and C4 is
. bonded to an oxygen atom.
~

49.  The composition of claim 27 wherein both C3 and C4 are bonded to

any oxygen atom.

50. The composition of claim 27 wherein C10 is substituted with a methyl
group.



62. A process for treating asthma conprising adm nistering to a subject
in need thereof an effective amunt of the pharmaceutical conposition of

ctatm—26: 63: A~proctess for treati ng asthme conpri sing
adm nistering to a subject in need thereof an effective anmount of the
pharmaceutical conposition of any of clainms 27-60 64. A

process for tregldspshsd | €rgy conprising adm nistering to cpcaitabfideksel N need
t hereof an effective anmount of the conpound or salt thereof of any of

clainms 1-25. 65. A procegs for treating allergy
conprising admnistering to a subject in need thereof an effective anount
of the pharnmaceutical conposition of claim 26. 66. A

process for treating allser 9yeQuRbdsiion Of A5 27 whk@ii 18 i Sbsdindddiitd méyineed
t hereof an effective anount of the pharmaceutical conposition of any of

clainms 27-60. group. 67. A process for treating arthritis
conprisi‘ng adm nistering to a subject in need thereof an effective anount
of the conpound or salt thereof of any of claims 1-25, . 68.
A process for treating &Pt hrTheicemposition pidlaim 22 Wherein beta € 1Gamd (33 aresyhstitated i n
need t her eof aqﬁ&f,ﬁeg%jérg@psarmunt of the pharnmaceutical conposition of claim
" 26. 9. A process for treating arthritis conprising

adm nistering to a subject in need thereof an effective anount of the
pharmaceuti cal conposi tis§n OfpeQBMpdiftiof bR L1 27/ whikin both C6 and C7 are bondeddo A
process for treating thronbosis conprising admnistering to a subject in
need thereof arydpg@aatomse anount of the conmpound or salt thereof of any of
clains 1-25. : C

54.  The composition of claim 27 wherein at least one of Cl1, C2. C3, C4,

Cs, C8, €9, C10, C11, C12, C13, Cl14, C15, C16 and C17 is substituted exclusively with
hydrogen atoms.

55. The composition of claim 27 wherein C1 and C2 are substituted
exclusively with hydrogen atoms.

56. The composition of claim 27 wherein C11 and C12 are substituted
exclusively with hydrogen atoms.

57.  The composition of claim 27 wherein C15 and C16 are substituted
exclusively with hydrogen atoms.

e

58. The composition of claim 27 wherein the A, B, C an D rings are

saturated.

59. The compbsition of claim 27 wherein the A ring does not contain a

bicyclic structure.

60. The composifion of claim 27 wherein C3 and C4 arc not both
substituted solely with hydrogen atoms.

[y M



229 71. A process for treating thronbosis conprising
adm nistering to a subject in need thereof an effective amunt of the

pharmaceuticat——composTtion of —THarmT26: 72 A process for

treating thronbosis conprising adm nistering to a subject in need thereof
an effective anount of the pharmaceutical conposition of any of clains
27-60. woosizase /3. A process for treating a cogeidiefisssgssoci at ed
with an elevated [evel of NF[err]B activity in a subject, conprising

adm nistering to a subject in need theregfg an anount of a conpound
effective to lower the NF[err]B activity, wherein the conpound has the
formula of any of clains 1-25. 74. A process for treating
a condi tion associ at eg1W tA piBese fo ediRg adti@iLloniphisit dd8fifihing @ 4 Mibjelt h N @
subj ect, conprising admnistering to a subject in need thereof an anount of
a conposi t i orfeeskthesof aneffestiye amaut °f‘H%°WP\¥I‘£r°f epltiharsof pkapy ofglabmel-#5-t he
conposition is described in claim26. 75. A process for
treating a condition assocjiated with an el evated |evel of NF[err]B activity
in a subject, conprisPhg ofRTMHSSEIFatge pthma comppiing admipisturing 1q HRPKEn an
anount of a RBEEtheGE dfftlve GRBRHDSF the pHamRhRIcd] cfpdsiGion SHeRim 2d1e NF[err]B -
activity, wherein the pharnmaceutical conposition is described in any of

cl aim 27-60. ' 76. A process for introducing an exocyclic
olefin group to the C§3 p%bkb&@f&&eﬁn@asﬁuﬁﬂ%ﬁﬁﬁ?&dﬁﬂmﬁéﬁ%%ﬂsuﬁ g4 | Sing
provi ding a conpound of Fornula (10), reacting the conpound of Fornula (10)
with a Wtti §gegddhsgrohin qfiectivg ampynt of the phampaceytieal Somapositiercoiany of clgims7-600 provi de
an ol efin conpound of Fornula (12)

230 e . . s .
. 64. A process for treating allergy comprising administering to a subject in
~ need thereof an effective amount of the compound or salt thereof of any of claims 1-25.
65. A process for treating allergy comprising administering to a subje& in
need thereof an effective amount of the pharmaceutical composition of claim 26.
66. A process for treating allergy comprising administering to a subject in
need thereof an effective amount of the pharmaceutical composition of any of claims 27-60.
67. A process for treating arthritis comprising administering to a subject in
need thereof an effective amount of the compound or salt thereof of any of claims 1-25.
' 68. A process for treating arthritis comprising administering to a subject in
(L

need thereof an effective amount of the pharmaceutical composition of claim 26.

69. A process for treating arthritis comprising administering to a subject in

need thereof an effective amount of the pharmaceutical compositibn of any of claims 27-60.

70. A process for treating thrombosis comprising administering to a
subject in need thereof an effective amount of the compound or salt thereof of any of claims
1-25.

—_—
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Ra [err] wherein each of the conpounds
of For nmul as (10) and (12) i ncl ude phar maceutical |y accept abl e salts and

sotvates—thet cm, arre—wheret cactrof k.,J. L,A C,d b4 L,J.J.
Cl2, C15 and C16 is independently substituted according to any of (a) and
(b): (a) one of : =0, =C(Rerr])(R e

-C(Rlerr]) (R ewojsygzeeR err]) (Rlerr]))[err]- and CTJ'“)‘"'””"‘”
-(C(Rerr])(Rerr]))[err]O- wherein n ranges from| to about 6;

(b) = two of: -X -Rlerr] and -OR[err], &f%fh independently sel ected;

each of C5, C6. C7, C8, (9, Cl0, Cl13 and Cl14 is independently substituted
with one of -X -Rerr] or -CR[err%’; ) Is Har, a, rotecting
group such that -OR | dta phamesesse H?G?‘ISXW°"§]%°BE|§°“‘WF§\%“4P?‘E‘F‘

groups may t Ogsﬁf: B2 o e dRcEbr &Y itk e Ahnbbift bEhE phifthdetinind %x@;%&xﬁoﬂwmmtzs hydr oxyl
groups,, and where gem na OR[err] groups nmay together forma cyclic
structure which protects a carbonyl group, with the proviso that either or

both of -ORferr] at 067§nd ,S; n;c@.er&$%&&gamdagaxbmmsu@ra{.ﬁﬁsmgcw kony!

group; d Rlerr] at each occurrence is.inde enq%ently
sel ect el fr omsubjestdn G!{cérthe}‘e"ﬁﬂ'gafﬁcévm‘é{ny°f Watphmycebtmﬁ epmpeTioncef; n¥'é(

| east one het ey ?,nqsel ected fromthe group consisting of boron, hal ogen,
ni t rogen, oxygen silicon and sul fur, where two geninal Rlerr] groups nay

together forma ring with the carbon atomto which they are both bonded,;

and X 1 epgesentiedst 1P trkdliRg a childRioh dRociRéOWitiish s’)é\»dtedi QRlEIGTE,
whi ch is independently sel ected at_each occurrence. o
231 - NFxB activity in a subject, comprising administering to a subject in need thereof an amount

of a compound effective to lower the NFkB activity, wherein the compound has the formula

~ of any of claims 1-25.

74. A process for treating a condition associated with an elevated level of
NF«B activity in a subject, comprising administering to a subject in need thereof an amount
of a composition effective to lower the NFxB activity, wherein the composition is described

in claim 26.

75. A process for treating a condition associated with an elevated level of
NFxB activity in a subject, comprising administering to a subject in need thereof an amount
of a pharmaceutical composition effective to lower the NFkB activity, wherein the

'pharmaceutical composition is described in any of claim 27-60.

76. A process for introducing an exocyclic olefin group to the C17 position
of a 6,7-dioxygenated steroid comprising providing a compound of Formula (10), reacting the
compound of Formula (10) with a Wittig reagent of Formula (11) in the presence of a base, to

provide an olefin compound of Formula (12)
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77. The process of claim 76 wherein the base is selected fromsodiumt-

but oxi de, potassi umt-butoxide and sodi um hydride, and the base is in
ati-cdtre—wi-h—an—aprotiec—sotvent creh-rg—to , trahydrofuran, ——
met hyl ene chl ori de, dinethylformam de, dinethyl sul foxide, benzene and

di et hyl ether. 78. The process of claim 76 wherein Ra and

Rb. are indep sel ected from hydrogen and C -Calkyl, and X is

sel ected fronﬁ@% of%%e, brom de and i odi de. MnmygpmmmA process

for introducing 6[err],7[err]-dioxygena5% ninto a steroid, conprising
providing a steroid of Formula (13) havi @ a carbonyl group at C7 and a

doubl e bond between C5 and C6, conprising a reduction the carbonyl group to

a hydroxyl group, followed by a hydroborati on of the doubl erbond to provide

a hydroxyl group at C6, whereig the C6 hydroxyl group has thé&mRb
[err]-configuration and tMi4e,L7f hydroxyl group has the [é2r

[err] wher ei ntlg Of\t he _conpounds of For mAle FEaand (14)
i ncl ude phar maceut ilcal. ol 16| BaIRWGHP(BRK < ,15 and
wher ei n: 2 e 14075 C1, Eormuledll) C4, Gu5y; C16 and C17

IS independently3 ?5 -
(a) one of : "275 N
-C(Rlerr])(Rerr]) 'Rflr])(R[err])_)[err]- and 4 1
-(C(Rerr])(Rerr]))[err]O- wherein n ranges from OR 0 about 6;

(b) two of: -X, -RFermda(0)d -ORlerr], each independeinuik (88! ect ed; B
each .of C8, C9, Cl10, C13 and Cl4 is independently substituted w th one pf

-X,-Rerr] or -OR[err],;

wherein each of the compounds of Formulas (10) and (12) include pharmaceutically

acceptable salts and solvates thereof, and wherein:

each of C1, C2, C3, C4, C11, C12, C15 and C16 is independently substituted
according to any of (a) and (b): e

(@ one off =0, =CR“%RY, -CRIRYCRHYRY).- and
~(O(C(R*)(R*)),0)- wherein n ranges from I to about 6 ;

(b) twoof: -X,-R*and -OR', each independently selected;

each of C5, C6, C7, C8, C9, C10, C13 and C14 is independently substituted
with one of -X, -R* or -OR';

R' is H or a protecting group such that -OR' is a protected Hydroxyl group,
where vicinal -OR' gronps may together form a cyclic structure which protects vicinal
hydroxy! groups, and where geminal -OR' groups may together form a cyclic structure which
protects a carbonyl group, with the proviso that either or both of -OR' at C6 and C7
represents a carbony! or protected carbony! group; .

Ra, Rb and R* at each occurrence is independently selected from H and C, ,
organic moiety that may optionally contain at least one heteroatom selected from the group
consisting of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal R*
groups may together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide and iodide, which is independently

selected at each occurrence. !

—
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232 Rlerr] is Hor a protecting group such that -OR is a
protected hydroxyl group, where vicinal -OR[err] groups may together forma

-OR[err] groups may together forma cyclic structure which protects a
carbonyl group, with the proviso that either or both of -OR err] at C6 and
C7 represents woeaémeny! or protected carbonyl group; pPCT/ICA97/004%0 R[ err]
at each occurrence is independently selected fromH and CJerr] organic
noiety that nmay optionally contain at | ezt one heteroatom sel ected from
the group consisting of boron, halogen, nitrogen, oxygen, silicon and

sul fur, where two gemnal R err] groups nay together forma ring with the
carbon atomto which they arw peréss obéelsite?s whdiéin the base is selected fromXsddid 8Sent s
fluoride, chloride, bromde and The, process

i odi de. . ... 8Q. .
of claim 79 5%, PORSVIL GUEY o0 sodtm Bside-d dhsapaeh ’ss‘&ﬂqﬂ‘?ﬁ“%%tﬂfﬂri de
i n conti nat i oapréfid dhvery intliding fojuerihte@ihiyth® fian) naihyliicadhioride, dimethylformamide, 81.
The process og.claﬂ 79 wgfrein t.h Eﬁ?roboration is conducted with a
hydr obor at i on SimEHiHoxds Bfeéﬂ”\dﬂﬁﬁ? “6rr] and 9-BBN, and in the presence
of an aprotic solvent such as tetrahydrofuran, nethylene chloride, diethyl
et her, dinethyl sulfideg and_carbon djsulfigde, foll d by treatnment with a
per oxi de sel ect ed from9 yd?%'@@ﬁc‘ﬁ%?f(fk?f"ﬂkéa' ?F’PE(SG‘? P YRFRE g‘aen%if?eﬁt%nase _
sel ect ed fr onfiomdiydrogenuad OxCAlkylodnd Xioscleaed Ao Rldridebrdmide and jodide. 82.
A process for a stereocontrolled introduction of a hydroxyl group at C3 of
a steroid nugl eus, COonp9.i SiAgrogessfon ifitrodgceifg 6ul,ZB-dibxygamtifnided stekoidor mul a (15)
havi ng a carbonyl. group..at C3, . re j\ng .t he carhonyl up t.o o
hydr oxyl gr ouﬁ°’€ﬁ"5ﬁg 81»09@%&%,@038%“@3?%&%@ %ﬁ‘%\?f'a §'°§? a‘lgéﬂ}a)ﬁ‘ﬁ a(‘}?I‘g’i;}’corrpound

%é’ Formul as ( bénd beveer G53and C6, comprising a reduction the carbonyl group to a hydroxyl group,

12 13 17 followed by a hydroboration of the double bond to provide a hydroxyl group at C6, wherein
[err] the C6 hydroxyl group has the a-configuration and the C7 hydroxyl group has the B-

configuration,

1) Reduction
—

2) Hydroboration

Formuia (13) Formuka (14)

wherein each of the compounds of Formulas (13) and (14) include pharmaceutically
acceptable salts and solvates thereof, and wherein:

each of Cl, C2, C3, C4, Cl1, Ci2, C15, C16 and C17 is independently
substituted according to any of (a) and (b): |

" (@ one off =0, =CRHRY), -CRIRNUCR)RY), and
-(O(C(R*}(R*)),0)- wherein n ranges from 1 to about 6 ;
, (b)  twoof: -X,-R*and -OR', each independently selected;

each of C8, C9, C10, C13 and C14 is independently substituted with one of

-X,-R'or-OR';

- —
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wherein each of the conpounds of Fornulas (15), (16) and (17) include
phar maceutical ly acceptable salts and sol vates thereof, and wherein:

each of Cl QR —C4—CH—€12—CHo—Ct6—and—CI7 TS5 T ndependenty substituted
accordi ng to any of (a) and (b): (a) one of : =0,

=C(Rlerr])(Rerr]), -CRerr])(Rerr])(CRerr])(Rerr]))[err]- and

err er err]O - wherein n ranges from1l to about 6;
(E))CXC(F[V\D oP‘SRB@W"k%)eEr] anj -OR[err], eachgl ndependentfGICAZRE o

each of C5, C6, Cr7, (C8, (9, Cl0, C13 angzcm i s i ndependentl|y substltut ed
w th one of-X, -R[err] or -CRerr]; Rlerr] is Hor a
protecting group such that -OR[err] is a protected hydroxyl group, where

vicinal -OR groups y. together forma cyc tructure i,ch protects
vi ci nal hydroxyl groups®™ "gﬁﬁamé"fté“gg%?ﬁprfg%é‘ g?so ﬂﬁ@ﬁtdgﬁ%tﬂ%lp forma

cyclic strucivhére vitinal ROR'T goamst may togethd donyd a@lydmpstruumtehwmtlepweemnﬁuinai hat

L neT O 2o e 8 e R R BRSEEN Ba TR SRR S, 1
sel ected fr opnotdctandcaﬂi[oﬁylr groay, gam the rpedvisb \that lefiler nmbothpéﬂ ORAa Cocadted n at
| east one het eroat om . y«?(o:rtpgo ectmom t h grg‘; oup consi sting :
R! at each occurrence is independently selected from H and C,,, organic
moiety that may optionally contain at least one heteroatom selected from the group consisting
of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal R' groups may
| together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide and iodide.

80. The process of claim 79 wherein the reduction is accomplished with

sodium borohydride in combination with cerium(I1I) chloride heptahydrate.

81.  The process of claim 79 wherein the hydroboration is conducted with a
hydroboration reagent selected from BH, and 9-BBN, and in the presence of an aprotic
solvent such as tetrahydrofuran, methylene chloride, diethy! ether, dimethyl sulfide and
carbon disulfide, followed by treatment with a peroxide selected from hydrogen peroxide and
t-butylperoxide, and a base selected from sodium hydroxide and potassium hydroxide.

82. A process for a stereocontrolled introduction of a hydroxyl group at C3
of a steroid nucleus, comprising providing a steroid compound of Formula (15) having a
N carbonyl group at C3, and reducing the carbony! group to a hydroxyl group with a reducing

_ agent 50 as to provide at least one compound of Formulas (16) and (17)
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234 of boron, hal ogen, nitrogen, oxygen, silicon and
sul fur, where two gem nal R[err] groups may together forma rlng with the

rrded—ard ~—— X TEepresents
fluoride, chloride, brom de and i odide. 83. The process
of claim82 wherein the reducing agent is selected fromlithium
trisianyl bor ohygbiggse | i thiumtri-sec-butyl borohydride ang RAbAmmeUM
tri-sec- butyl borohydride, to provide predom nantly the hydroxyl conpound
of Formula (16). 84. T3g process of claim82 wherein the
reduci ng agent is selected from sodi um borohydride and |ithium al um num
hydride, to provide predom nantly the hydroxyl compound of Formula (17).
85. The process of claim82 wherein the ratio of Fornulla 1618) to Fornul a
(17) conpounds followi ng the reduction is other than 2l
86. A process for treating inflammation conprisi dgwa\
subj ect in need thereof an effective anount of t4y€ @

Ihg to a
5 salt thereof

of clai'ns 1-25. 87. A process
corrprl sing adnministering to a subject in needHotd s Bfdct i ve anount

of the*pharmaceutical conpodat] ofz of cl ai m 26. ‘ 1) 88. A
process for treating inflHpaN-e™ conpri sing adm ni stePhg to a subject in
need t hereof an effecti 6t he phar maceut i c%ﬂm"é‘baﬁbsi tion of any .
of clains 27-60. Red

073
OR'
i Formula (15)
Formula (17)
wherein each of the compounds of Formulas (15), (16} and (17) include pharmaceutically
acceptable salts and solvates thereof, and wherein:
each of Cl, C2, C4, Cl11, C12, C15, C16 and C17 is independently substituted
according to any of (a) and (b):
(@ one of =0, =CR'WR"), -CRUR)UCR)RY),- and
-(O(CrR*)(R")),0)- wherein n ranges from 1 to about 6 ;
(b) twoof: -X, -R*and -OR', each independently selected;
. each of CS5, C6, C7, C8, C9, C10, C13 and C14 is independently substituted
L

with one of -X, -R*or-OR"; , _ _
R' is H or a protecting group such that -OR’ is 5 protected hydroxy! group, |
where vicinal -OR' groups may together form a cyclic structure which protects vicinal
hydroxyl groups, and where geminal -OR' groups may together form a cyclic structure which
protects a carbonyl group, with the proviso that either or both of -OR' at C6 and C7
represents a carbonyl or protected carbony! group;
R* at each occurrence is independently selected from H and C,,, organic

moiety that may optionally contain at least one heteroatom selected from the group consisting
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of boron, halogen, nitrogen, oxygen, silicon and sulfur, where two geminal R* groups may
together form a ring with the carbon atom to which they are both bonded; and
X represents fluoride, chloride, bromide and iodide.

83.  The process of claim 82 wherein the reducing agent is selected from
lithium trisiamylborohydride, lithium tri-sec-butylborohydride and potassium tri-sec-
butylborohydride, to provide predominantly the hydroxyl compound of Formula (16).

84.  The process of claim 82 wherein the reducing agent is selected from
sodium borohydride and lithium aluminum hydride, to provide predominantly the hydroxyl

compound of Formula (17).

85.  The process of claim 82 wherein the ratio of Formula (16) to Formula
-(17) compounds following the reduction is other than 1:1.

—_—_—
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 CLAIMS

What s claimed is:

1. A compound of the formula:

including pharmaceutically acceptable salts und solvates thercof, whercin: _

each of C1, C2, C3, (‘A,.CI 1, C12, C15 and C16 is independently substiruted

according to any of (a) and (b):

| (@ ome of =0, =CRURY). -CRIRUCRYRY),. and
-(O(C(R‘)(R‘)),O}- wherein n ranges from 1 to abow 6; o

(b) woof: -X,-R'and -OR!, each independently sclectcd; |

- cach of C$, C6, C7, C8, C9, C10, C13 and C14 is independently substituted

with onc of -X, -R* or -OR%: o '

C17 is substituted according to any of (c), (d), (¢). (f), (g), (h) and (i):

()  =CR»R’)except whcn C14 is substituted with methyl;

(d) -R°and -OR‘so long as the A and B ring.s are not aromatic and CS is
substitutcd with hydrogen, and when Cl10 is substituted with méthyl then CS 1s not bunded
directly to o';:ygen. where R’ and R® hlay together o a direct bond so C17 is a carbonyl
group, or may togcther with C17 form a cyclic 3-6 membercd ether or 4-6 membered lactone;

otherwise R3 is R* or -OR* and R%isR' or R,
J—
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R’ R’ and R’ at cach occurrence is independently sclected from Hand C,,
~ organic moiety that may optionally contain at least one heteroatom selcoted from the group
cunsisting of boron, halogen, nitrogen, oxygen, silicon and sulﬁxr,_whcrc two geminal R*
groups may together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide and jodide.

3. . Acompound of claim 1 having the formula

including pharmaceutically acccptable salts and solvates thercof, wherein:

each of C1, C2, C3, C4, C11, C12, C15 and C16 is independently substituted
with

@ one of =0, =—CERYRY, -CRIRNCERYRY),- and
-(O(CRHRY),0)- wherein n ranges from 1 to about 6 ; or |

(b) two of the following, which are independently selected: -X, -R* and
-OR'; . | .

each of C8, €9, C10, C13 and C14 is indopondently substituted with one of

-X, -R* or -ORY; | |

the A, B, C and D rings may independently be fully saturated, partially
saturated or fully unsaturated, with the provisos that neither the A nor B ring is aromatic, and
Cs is substituted with hydrogen;

R' is H or a protecting group such that -OR' is a protected hydroxyl group,
where vicinal -OR' groups may together form a cyclic structure which protects vicinal

~ hydroxyl groups, and where geminal -OR' groups may together form & cyclic structure which

T



234

of boron, halogen, nilrogen, oxygen, silicon and sulfur, where two geminal R*
groups may together form a ring with the carbon atom to which they are both bonded; and

X represents fluoride, chloride, bromide and iodide.

83.  The proccss of claim 82 wherein the reducing agent is sclected from
lithium trisiamylborohydride, lithium tri-sec-butylborohydride and potassium tri-sec-

butylborohydride; to provide predominantly the hydroxyl compound of Formula (16).

84.  The process of claim 82 wherein the reducing agent is selected from
sodium borohydride and lithium aluminum hy'dridfe, to provide predominantly the hydroxyl

compound of Formula (17).

| 85. The process of claim 82 wherein the ratio of Formula (16) to Formula

(17) compounds following the reduction is other than 1:1.

86. A process for trcating inflammation comprising administering to a

subject in need thereof an effective amount of the compound or salt thereof of claims 1.25.

87. A process for trcating inflammation comprising administering to a

subject in need thercof an effective amount of the pharmaceutical composition of claim 26.
88. A process for trcating inflammation comprising administering to a

subject in need thereof an effective amount of the pharmaceutical composition of any of
claims 27-60. . '
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