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ABSTRÀCT

The research described in this thesis is airi-,ed at the

development of new cardiotonic compounds wit.h potent inotropy
buL minimal cardiotoxicity and has the objective to inves-
tigate new "f ead,l structr.lres for further functional group

modification.

All of the compounds synthesized have been evaluated fo¡
receptor binding affinity in a [3H] ouabain radioligand bindtng
assay. Pharmacological studíes of inotropic activity on the
heart muscfe, and diuretic effect.s on the kidney, were car::reci

out on 1 7d- acetoxy- 3ß- hydroxy- 6d-methylpregn_ 4 _ en_ 2 O _one glr-i _

^^ô ì 
^- 

/aa\

1 7c! -Acetoxy- 3ß-hydroxy- 6a-methylpregn - 4 _ en _ 2 O _ one glyco
sides (68 and 69) have been synthesízed and show strong re_

ceptor binding affinity, together with a potassium sparing
diuretic effect, a useful property for promÍsing cardiotonic
candidates as it offers a greater safety margin. As part Õi an

ongoíng effort to determine structure-activity refationshrps
(SAR) , 14 ß - hydroxy'proges te rone (94) has been synthes.ized by a
newly developed approach. 14 ß -Hydrox),proge sL erone (94) cjis_
plays an improved receptor binding affinity over progesterone
(44) and represents emergence of cardios t imul arrt activity and

a balance of positive and negative inoLropy, which mav be a

basis of diminished cardiotoxicity.
In an effort to ill-ustrate effects of s tereochemi stl:y anC

substituents with respect to establlshing opLrmum. pharmaco_

xlv



phoric pât.terns, the C3 d_L_rhamnosid.es (IL, 12 and BB) of
3ß, 14ß-dihydroxy-5ß-pregn-20_one, 3ß, 14ß, 20ß_trihydroxy_5ß_
pregnane and their analogues have been prepared from digitoxin
(1) . With the same objective, 3ß,1 ß_dihydroxy,p::egn_ 4_eI,_2A_
one (124) , 14ß,2Aß-dihydrox1..¡:regn_4_en_3_one (128) , 14ß,15ß_
epoxy- 3 ß - hydroxy'pregn - 5 - ene (138) and the corresponding
rhamnosides, 20ß-hydroxy-3ß- (a-L_rhamnosyloxy) _pregnâ _ 5, 14 -

diene (737) and 14ß,15ß-epoxy_20ß_hydroxy_3ß_(a_L_rhamnc_

syloxy) -pregn-5-ene (139), together with related analogues,
have been synthesized from the steroiCal precul:s01-, _?ß

acetcxlT)regna-5, 16-dien-20-one (100) .

Rationalizat.ion of structure_activity relationships is
based on the resuÌt of receptor binding affÍnity and ¿he

pharmacofogy of Lhe compounds synthesized.
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1.L Review

Heart disease ís a major cause of death ín l,rorth Ame::rca.

The most commonly used drugs for the treatmenL of congestive
hea:'¡ faifure and atrial t achyarrhythm_ias are digr:arts
glycosides (cardiac glycosides or cardiotonic g,tl,cosides)
obtained from plants¡ e.g. Digitalis fanata and Digr:tal;_.
purpurear such as digitoxin (t) and digcxin (2). SoinÊ

naturally occurring cardiac glycosides are shown irr Frg. j.
These drugs, especialfy digoxin (Z), are the mos.' favô.ir.e:
digrtaloids and are extensively used cìinical11,. Digoxtr i2

is físted as one of the most commonly used prescrípr-ion drucs
in the Unit.ed States (Flegg and Lakatta, 1984).

Unfot:tunately, these drugs exhibit a high incj-dence ci
coxiciry {Repke and Weiland, 19BB). They elici.- a varie._\. c:
toxic s].'rnptoms including fatigue, nausea, vomiting, anorexia,
diarrhoea, ciizziness, visual disturbances, other CNS effec:s
and severe cardiotoxicity. The cardiotoxicity, oi: cardta:
arrhycirmra, is rhe major conccrn in tn.- cf rr::ca
administration of digitatis drugs. Cardiac a::rhythmias mar,

accourit for the high rate of death in hospitalized patienrs
(Jick, 7914). Extensive reviews of drgitalis toxlcity ha\.._=

been given, e.g. by Smith et al ., 1984. In additioi tc sicie
effects, the classical cardiac glycosides only funcLicr- c.
restore contractility to the diseased myocardium through sìrcr:
ternr therapy and probably do not reverse the progress ci the
disease on fong term treatment (Seigl , 1986). Mein_iV due :c
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the severe cardiotoxiciEies of the naturally occurring
cardiotonic glycosides, t.here is a demand for new cardioLonic
drugs with a more acceptable clinlcal, profile, especially an

improvement in the therapeutic index (the ratio of Lherapeutic
to toxic dose) , a reduced tendency to accumufate in the body,
and a mor:e rapid reversal of toxicity when it occurs. The

conventional digitalis drugs have been in cfinicaf use fo.
more Lhan two hundred years (schoner eL al ., 19g6).

Great efforL has been made since the 1950,s in atLempts
to develop new cardiotonic compounds (Chen, 1963). SAR studies
in the period 1940-1960 were summarized by Chen, 1963, and
Tamm, 1963. Thomas and his coworkers have given thorough
reviews on the period 1963-1990 (Thomas et al . , :j974a, b,
1990). According to Thomas ei_ af., there is, so far, nÕ

substantive evidence to show a significanL improvement in the
therapeutic index despiLe extensive research.

Today medicinal chemists and pharmacologists face a great.
challenge regarding the development of new cardiotonic drugs.
To ensure that SAR studies are more productive and more
predictable, a clearly defined d.rug research straLegy is
required To this end, it is necessary to summarize and
extract the significanL results obtained from recent meta-
bolic, biological, pharmacological and SAR studies of cardio_
tonic compounds to provide a theoretical basis for drug design
and synthesis. Special interest in this review is focused on



the following aspects which are of refevance to our endeavour
of seeking new cardiotonic compounds f ot: cfinical use:
1) Charact eri zat i on of Na-, Kr-ATpase (NK.A)

2) Mechanism of inotropy and cardiotoxicity of digitafis
3) Possible binding forces involved in drug-receptor

interaction of cardiac glycos ides
4) Effect of pharmacophoric patterns, conformations and

stereochemistry on receptor binding affinity
5) Endogenous digitalis-like substances

6) Metabolísm of cardiac gÌycosides

7) Methodology employed for evaluation of st.ructuLe-actavitv
relationships (S.AR)

1.2 Charac teri zation of Na*.K*-ÀTpase (NKÀ)

fL was p:-oposed by Repke ín L964 thât NKÀ, a vitaf and
universaf enzl.,rne that is present in the plasma membrane cf af1
eukaryotic celfs, is the target enzyme inhibited by cardiac
glycosídes (Repke, ag63a, b; Repke and portius, f964;ReÞke et
dr., rer,5) sance then, NI(À has been studied thoroughly and
used as a powerful tooÌ to ínvestigate the drug_receptor
interaction at the molecufar fevet (Repke and Weiland, 19BB).
The investigation of how cardiotonic glycosides manipulate
NI(A, toqether with vitar aspects of ceffufar homeostasis, has
been consistently pursued.

Great effort has been directed towards the determinaticn
of the structure of NKA (.A¡ner, 1995; Herbert et al ., 1985),
sequencing of NKA (Shulf et al ., 1985), focatíon of the



digitalís binding site (Schwartz et aI ., j-gjs; Thomas et al .,
I974a) , definition of isozlrnes of NILA (Sweadner, I979;
Sweadner and Farshi, 1987) and differentiation of species
sensitrvity to cardiac glycosides (Ball and Lane, 1986). These
studíes provide profound evidence to support the assumptj-on
that NKA is a primary site of action ôf digitalis. In
addition, an increasing amount of evidence indicates the
possible existence of different isozl,mes responsible for
init.iating therapeutic and cardiotoxic effects, respeci_ivefy
(Sweadner, 1979; Maixent et a],., LgB7, I99!, Ig92). Recent SAR

studies show thaL the biological activity of cardiotonic
pregnanes is not entirety dependent on inhíbition of NI¿,Ã

(Woolfson et al . , Lg92); furthermo::e, the pregnanes which
strongly bind to NKA may elicit card.iodep::e s s ive effects
mediated by a two-binding-site mechanism (LaBella et af.,
1989; Pamnan.i et aÌ. , 1991) (Fig. 2)

1.3 Mechanism of Inotropy and Card.iotoxicity of Digitalis
Since cardiotoníc giycosides are targeting Nf,Ä, it 1s

essential to find souncl evidence confirming whether or not Ni(À

can be manipur,ated by distinct. mechanisms to initiate the
desired ino.ropic effect. Understanding the chemical basis of
the mechanism of the drug action can help in the design and
synthesJ-s of new drugs that can discrimi-nate between
substrates responsible for different biologicaÌ responses,
e.g. inotropic and cardiotoxj-c effects.
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Inotroplc and Cardiol-oxi. Ef f êr.r q

Much evidence obtained from pharmacol,ogi cal studies of
digitalis compounds, e.g. digiLoxin (1), seems to support the
assumpLion that cardiotoxicity is media.,ed by the same

mechanism as that ôf the therapeutíc effects (Akera and Brody,
1978; Repke and Schonf eIt, 1984,. Repke et aÌ . , L984,. Annel:,

1985). In other words, the cardiotoxicity is an extension of
therapeutic efficacy when the dosage exceeds the ther:apeuiic
amount (cillis and euest, 1980, 1985; Wilkerson et al-, agBL;

Thomas et al ., f99A). As ilfustrated in Fig. 3 (t4ilkerson,

1981 ; Thomas et aI., 1990), the interaction of digitalis
compounds with NIIA causes ínhibition of the ,,sodium pump,, and

hence increases rhe concentration of Ca:- ion by a sociiur
calcíum exchange mechanism. Eventually the calcium .io¡r

interacts with Ca-troponin C to generate positive inotropic
activity. However sodium pump inhibition also causes cafcrun;
overfoad and consequently initiates arrhyt.hmias, i . e .

cardiotoxic effects. CÌearly, if pharmacoiogical stuciies
continue to prove that Lhere are no distinct mechanisms to
initiate therapeutíc and cardiotoxic effects, respectively,
the chance of developing new cardiotonic drugs with the
desired therapeutic profife is slim.
TheoreLicaf Basis for fmÞrovinq TheraÞeutic Index

Recentfy, an increasing amount of evidence indicates the
possible existence of multiple specific binding sites, i.e.
isozy'nies of NKA for cardiac glycosides (sweadnel:, 1979;
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Erdmann et al ., 1980; Sweadner and cifkesôn, 1985; Lytton,
1985; Shull et a1 ., 1986; Fallows et al., I9B7; Akera et al .,
1986). It has been suggested that the high affinity digitalis
binding sites on dog heart muscle NKÀ are assoclated wíth the
inotropic effects of cardiac glycosides, whife the low
affinity sites are associated with toxic effects (tvaixent et
aI ., 1987, 1991). These findings were indirectfy supported by
the results obtained from molecular biology studies, whích
indicaLed that the ìsozymes of NKÀ have their ovrn distincr
biologicaÌ role (Shutl and Lingnel , rgBT; Orlowski and
Lingrel, 1988). In addition, it has been reported that some

pregnane derivatives, with the same st.eroidaf skefeton as
digitoxín (1) but different substituents at C..,, display
stronger inotropy and less cardiotoxicity than digitäfis
compounds and pot.assium sparing diuretic effect on the kidne_v
(Templeton et af. , 1-ggLa, b; Smyth et af . , t992) . The
potassium sparingr diuretic effect is considered as a usefur
pharmacologicaf activity to counterect cardioioxicity since
h14>okalemia is one of the predisposing factors for
cardiotÕxicity.

Therefore, existence of the isozy,mes and unique pharmaco-
logical activity, e.g. potassium sparing diuret.ic effect on
the kidney, provides a basis for speculating that new carciiac
glycosides with improved cfinical profiles can be macie by
chemical modificat.ion of digitoxin (1) to increase selective



receptor binding affinity responsible for favourable inotropy
and safety margin over digoxin (2) (Maixent et al. , :_9g2).
Neural effects

TÈ l-.-^ l-^^- -_L L rldl= .r_.,e en shown that the act.ion of t.he heart is very
sensitj-ve to neurôlogj-cal controf and that NKÀ ptays a cruciaf
rofe in the activity of all the neural cells. Much effort has
been directed towards localizing the possible site of reaction
of digitalis in the CNS and idenLifying the type of receptors
that may be Ínvolved. These studies have p::ovided so¡Ìre
indirect evidence to support the assumptlon thaa arr
undetermined action of dlgitaÌis on the CNS is responsíbIe for
many arrhythmias associated with toxic doses of ca::diac
glycosides (Saxena and Bhargava, :1974, L975; Helke et af_
1979; cillis and Quesa, 1980; Lechatt and schmitt, i-982¡
Somberg, 1994, 1985; Thomas and Tripathi, 19g6) .

1,4 Possible Binding Forces Invo1ved. in Drug_Receptor
fnteraction of Cardiac Glycosides

fflustraLion of bincjing forces j,nvof ved in drug_receptor
inEeraction can provide insight into drug acLion and help to
determine structural complementarity of drug and receptor,
which is crucial for effective d.rug design. St.ructural com_
plementarity of drug and receptor is not onfy recognized as a
function of drug molecular shape but arso as a resulL of
mutuaf electronic interactions beLween drug and receptor. fn
other words, receptors recognize the efectronic density of
functional groups and the charge dlstribution in space throuqh
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drug-receptor interactions. Thís spaciar orientation of
efectronic distribution around functionar groups is defined as

a pharmacophoric pattern (Humblet and Marshall, 1980; Gund,
a979). In general , binding forces involved in drug_receptor
interacLion incfude hydrophobic bonding, dipole moment, charge
transfer (Doukas, f975), efectrostat.ic bonding, Londorl
dispersion force, van de Waals forces and hydrogen bonding.
Both covalent and noncovalent bondÍng are found in drug_
receptor interactions; but covalent boncÌings are less commÕn

in drug-receptor interactíons than noncôval,ent ones (Kolfman

1980).

In t_he SAR study of cardiotonic compounds, hydrophobic
bonding dici not appear to play a signifícant roie in drug_
receptor interactions because the lipophilic digitoxin (1) and

t.he hydrophilic ouabain (3) demonstrate the seme pattern of
kinetics in pig cardiac muscle and brain cortex (Repke, t9B5).
This concfusion was also supported by a study of the thermo_
dynamics of the interaction of the st_eroids with cardiac
enzl¡mes (Ross and Subramanian, 19g1) . Short range bonding
forces, i.e. London dispersion forces, are important because
any variatÍon of the shape of the steroid skeleton (3ß, i4ß_
dihydroxy- 5ß - andros tane ) resulted in significant foss of
interaction energy (schonfeld et. al ., 1987) . The electrostatic
fields of drug and receptor are important, and dominate the
long and intermediate range reaction (Repke, 1985).
Correlation between t'he shape of efectrostatic potential

1l-



fields of cardiac glycosides and the magnitude of their Gibbs
interaction energy provides usefuf information on !he charge
distribution in the drug_receptor binding site and can be used
as a guìde for struct.uraf modification (Repke, 1985). Based on
this study, positions at Cr, Crn and C., were proposed as three
energy favourabfe places far conducting functional group
modification (Repke, 1985) .

Thomas et af. (Thomas eL al ., I974a, b, 1_g7g; Ful,lerton et
aI ., 3-979a, b) proposed a "two-point attachment,, involving a

hydrogen bond and an ion-dipole interaction (Fig. 4a) . The)¡
found the fractional positive charge on Cr. had great infÌuence
on biological activity (Frg. 5) Kupchan et al . (Kupchan et:
aL., f970; Kupchan, 1971) proposed a Michael reaction between
a nucleophile on the enzlÆne and a carbon with positive charge
in an enone system which initíated covafent bonding (Fig. ab) .

Repke and coworkers (Repke et al ., 1963a, b; Repke, I974¡
Portius and Repke, rg64) assumed that the moÌecular dipole
moment was cruc.iaf in drug_receptor int.eraction, and hydrogen
bondìng between oxygen atoms in the C.? side chain (a receptor
site for hydrogen bonding) and K- binding site on Nl(À (arr

amino acid side chain of the receptor) might be involved (Fig.

l-,5 EffectE of pharmacophoric patterns, Conformations and
SLereochemistry on Receptor Binding Àffinity
Based on X-ray crystallography studies (LaBella et af. ,

1985), computer graphic comparisons (Fuf ferror¡ er =l io?o-

L2
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b) , potential energy calculation (Repke, 19s5), functiona.
group modification (Thomas et af. , !990; Templeton et äl . ,

1991a, b, 1-992 ) and characteri zat ion of endogenous digicalis-
fíke substances (Kjm et aI . , 1980; LaBella ec a_ . , 19Bi ;

Tempfeton et aÌ., 19BB; Bose et a1,., 19gB), the srructur:e-
activity relationships of cardíotonic compounds have unde::qone

considerable revision in the past decade. Siqnificant cÕn-

cfusions are summarized as follows:
1. The C.r-factone ring, although associated with strong

receptor binding affinity and inotropic activrt]., .rs nc:
essential, as previously suggested. Certain anaiogues wicl:
isosteric or bioisosteric Aroups on the C.,_ side chain
instead of the lactone ring also display strong t:ecep:ct:
binding affinity as ilfustrated in Fig. 5 (Thomas et el.,
L974a, b, 1990) and F]g. 6 (Templeton et al ., lg9ia, b,
1992) . Furthermore, the repÌaced side chain ma-l., no:
necessarily be coplanar and isosteric as thought previcusÌ1,
(Thomas et al. , 1990) . Additionafly, fess ste::icaii.,,
hindered and more freely rotat.ing side chaj,ns wlri_
heteroa.tom (s) on Cr? can enhance receptor binding affrnitl,
to a Levef comparable to t.hose of dígitoxin (1) ano ouabarr.
(3) (Templeton et a1 . , i-99la, b, i_9g2) .

2. The receptor bindíng affinity of progesterone derivatives
is enhanced when substituents are introduced eL C_. ani
Cu which cause inversion of rings A and D to a digitalis-
l-ike conformation (Kim et a]., 19go) througÌ-r a lonq ranoÊ
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conformational (or conformationaf transmission) effect, âs
defined by Bârton et al . (Barton et al ., 1960,. Bl,ickenstaff
and Sophasan, Ig72). Steric rather than elecironic effects
of the substituents on C6 are the determlnant f o:: recep.'c::
binding affinity (Kim er af., 1980).

3. stereochemistry at A/B and c/D ring junctrons affects
receptor binding affinity. The C/D cis junction is noE
necessary tWeiland ec al. , IggI; Smyth ei al . , )992 ; bu._

it is usually required for high receptor binding affinitv
dI-o sLrong rnoLropy.

4. The 14ß-OH group ì-s requireci for sLrong bin<Ìing affiniLy,
buL can be replaced by a 14ß_amino group (Maixenr et ai. ,

7987, 1991) . RepÌacement of the 14ß_OH with hydrooerr
weakens but does not eliminate ínotropy (Repke 1985; Thomas

5. The sugar moiety is necessary for high bir.di nc aÍf ini.. 1

and, among the natural_ly occur::ing sugars, r_L_rhannose
(34) is superior Lo others (Thomas et al ., 1990). ThÊ

r Ër¡(rvd-l or Lne sugar moiety usually causes a decrease of
activity.

Function of the Aqlvcone

rt is known that- the physi,orogicar actions of cardiotonic
compounds correspond with the structu¡e of thei:: genins. The
aglycone moiety, particufarly the substituent at C.,, .1s

involved in primary binding t.o NKA (yoda, 1974 ; 7976). 3ß,14ß_
Di hydroxy- 5ß- andros L ane in the cardiac grycosrdes is a ,, Ìeac,,
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st.ructure serving as the structural determinant for
physiological action (Schonfetd et aI. , LgB:'). Most of rhe
modified derivatives of the cardiac glycosides pÕssess this
basic structure end show a similar mechanisr¡, of inhibition
(Schonfeld et al . , 79g7) . Recently, extensÍve research has
been focused on functional group modifications at C., Cr. and
Cr, configurat.ion changes at the C, and C.n from A/B anð C/D
ring cis to trans (Thomas et aI . , :agga), hydroxylation of
aglycones (Shigei et al . , L973) , introductÌon ôf double bond
at the C,-C5 (Templeton et al ., tggB; Ternpie-_ori and yan, 1992)
and/or C.-Ce positions (Wierand et al. , :_ggi), amination of
aglycones (Schmidr et al. , 1,g79), replacement of 14ß_hydroxy
wiih hydrogen (Repke, 1985; Thomas et af. , 1_g9A), the re-
placement of 14ß-hydroxy group with aminc groi_ip (l{eixent,
L987, t99f) and the replacement of C,, lactone ring with other
functional groups (wiesner and Tsai, 1986¡ Thomas et ai.
4974a, b, I979, I99A; Templeton et al., Ig9re, b, L992,) .

The C.- faccone rino can be repl aced b1. isoscer-_ic glcuÐs
as iflustrated in Fig. 5 (Thomas et ai., 1990) and
bioisosteric groups in Fig. 6 (Maixent et aI., 1987; Tempfeton
et ar., r99!at b, 1992). They a1l showed strong inhibiLory
activities (Maixent et al, 1987, 199rt 1992; Thomas et al .,
799A; Templeton et al., 799Ia, b, 1992) anC also exertei
potassium diuretic effects on the kidney (Ter,pf eton et ai. ,

1991a, b, 1992; Smyth et al . , 1_992) .
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Functions of Cr-Suqar Moietv

The sugar moíety is not involved in primar:y binding but
helps to stabifize the drug-receptor complex (yoda, L9j3,
i974; SchwarLz eL af., 1975; Francis er al ., Lgg5). jr also
facifitates distributlon and transportation of the drugs to
target enz),/mes (Repke, 1963a) À number of studies have been
conducted including the definition of bindrng characteristlcs
of the sugar moiety (Fullerton et al ., IggA), exa::jnation of
the funccional groups Òn the suga: moiery rErdmann â¡f
Schoner, I974; Brown and Thomas, 19g3; Fullerton et al .

1984) , effect of different sugar configurations on binding
(Thomas et al. , IggA), conformational factors thât affect the
SAR (Wãtson et al. , L984; Chiu and WeLson, 19S5), enhancement

of potency by introducLion of mono-sldes containing 6, -deoxy
sugars / such as cr-L-rhamnose (34) (Templ-et.on et el . , 199!à, b,
L992), effect of 6, -deoxy sugar on onseL and offsei time
(Thomas et aI ., 1990), acylation of sugar hydrcxyl groups
(Yoda and Yoda, 1975; Hausrein, 19?4; Brown and Thomas, i9S3),
amino substitutiÕn of the sugar moieLy (Caldwell anC Nash,
L978), oLher sugars rather t.han pyranoses, such as furanose
(Prisbe et al. , IgB6), and non-sugar subsÈituents, e.g. 3ß-
ester (Henderson et aL, 1965), 3ß_a_amino acid (Valcavi et
aI., 1981), 3ß-succínaLe (Kossler 1963) and hydrogen (Takeda

et al ., L97A) .

Among the sugars found in nature, which possess different
configurations, (Fig. 7), a-L-rhamnose (34) is supericr to
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oEhers and usually increases poÈency by mo::e than ten times
compared to the corresponding genins (Thomas et af. , iggd)
both in the cardiac glycosides (CG) and pr.egnane series
(Templeton et ã1 . , rgg7a, b, rgg2) . The magnitude of adcitive
activity of the sugar moiety is afso dependenL on the
structure of the genins, i.e. the sugar moiety plays only a

secondary role in binding acÈivity. fn addition, introduction
of a c. sugar enhances potency and arÈer:s pharmacokinetic âni
pharmacodynamic pararnete:-s .

L.6 Endogenous Digitalis_like Substances

Recent fy, research interest has been focused on
endogenous digrtalLs_1ike substances (l,aBel_La et al . , !91g,
7982, 1984, 1999,. Kim et aj., :-960; laber end ¡ìanÞert , !967;
Ke!.Iy and Smith, 19S9). RationefizaLion for the existence of
dlgitalis-J-ike subs-"ances in humans az-ose mainfl¡ oÌl three
g:'ounds:

1) S:r.tlerj ry cf biooenesis

Both the steroicjal hormones and iigltarrs comÞcu:_ids a:e
synthesized biologically by using iscpentenyl-
pyrophosphate es the building bfock via the intermediate
progesterone. ft is assumed that stel:oicìaf hormones can
be converted Lo structures cl-ose:- tÕ drgitalas corn¡ounds

, 
under mamrnalian enz)..me:ic conditio¡rs. Foï exan,o1e,
enz}matic reducLiÕn of the ste::oid 4_en-3_one function mey
produce 5-ß metabolites with t.he À/B cis ring junction
(Ltark/ r9f9ì Lats=Il,e, 1982; Kubtì_Gaí... 1oc/
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2) Clinical- implícations (Haber and Hauperc , LgBT)

Some pathological conditions, such as hyrcertensiorr, az-e

founci to be associated wlth subsÈances in the bl-ood that
are capable of inhibiting NKA, initiating natriuresis anC

causing vasoconst.riction (Schoner et al. 19g6,. Graves eni
Williams 1987; Haddy t9E7; Haber and Hauper.t, 19E7). A
range of diverse chemical strucÈures has been suggested
/1'h^-.. - ì\ rr¡!1,,dÞ cL dL., 199A), including lipophrlic substances
likely tc be steroidaf compounds (LaBe]-f a , 1982; Thoä,as e:
al . , 19e7; coro er af . , tgBe ) .

3) Digit.alis-l-ike acLrvity found rn mammalian hea::t
An endcgenous digitaris-fike actir,'ity was found in animal
heart homogenates that demonstrat.ed a strong rnhlbrccry
activity on NK.A. The bincÌing a:fintty of th:s substance
(named Cardiodigin) was twice that of digitcxin it )

(Gcdf raind ec ¿l . , r9B2 J Hower-er p_:r-e subscan:es l_er.e r-: __

yet been ísofated. The isoleticn p::ocedures necessar), fc:
identificatìon of these compound.s a¡e cornÞf icatec Ì:), ti:e
possible formacion of pollpeptides of steroidaf cornpo,jnCs
and thej_r instability under cond.itions of isoiation and
pur:ification. Recentl-y ouabain has been identifiei in
mammals by Goco ec aÌ., 1990 ani ciigoxin b;. We:nb:rc e-_

aI . , 1992 .

In an attempt to obtain evidence for the existence of
endogenous dígitalis-1ike substances, LaBeifa et. af. (LaBeffa
Â+- -ìçL dr- t re/9r !982t L985, lggg; Kirn eL el., lgso) tested a
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large number of natural or semi_synthetic sterojds frorn the
pregnane, androst.ane ancj estrane famrlies. They found that
certain progesterone derivaiives competitively brnd to Nr,¡,
(Fig. 8) and demonstrate digitalis_Iike action. Among these
derivatives, chÌormadinone acet.ate (45) showed a more potent
receptor binding affinity than ouabagenrn (3a) (Kim et al
1980), but primarj-Ìy depressed myocaroial ccntractility, i.e.
eficited negative inotropy. As a continuous effort, LaBerfa et
al ' proposed a Èwc-binding-site mechanism t.o exprain these
differences (LaBeÌla et âf., 19e9) ifl-uscrated in Fig. 2. SÕrne

plogesterone derivaiives h,tth a C/D Èrans ring juncticn
display, in additior to receptor bini:-ng affrnity, sodii:m
depret!'ng and potassium s::aring effects on the kioney function
(smyth eE af ., i9g2) , and are caroiost.imuf ant (Ideif and ei â.t.

TempleLon et aÌ. synthesized 14 ß _ hyCnox!?rÕges t erone (:j:)
wirh a C/D c:s rinçr juncricn rTe:r_e:o:r e-_ a_ . , !9e7¿ ; __9! 

? ;

Tempf ÉrÒn and yan, 1992 ) . This co:--; >unC ex=r:ei a p:s:::-...:
inotr:opic effect followed by transient negetive inocropic
effeccs {TemFferon ei âl-., 19BB; Ecse e: ai. , 1,9s8). The
bafance of positive and negative inotropy mey accoun: for thÊ
improvement of the therapeutic index of some cardiotonic
compound.s (LaBella et aL, 1982, i9e9) It was the first time
that a modified steroicÌaÌ hormone has been show¡ to display
strong cardiostimulant properties.



c¡'p'otcrone ac€!¡rc (f 
l d p_Hydror¡progesrine 6!,

Fig. I Cenain sre¡oidal hormones rhar bind to rhe dieitalis

Chloñrsdinone s.¿¡.Bre (!Ð 1?ü-Hydroxlprogesla.one (!)

C

O.4.c

Me{i¡ox}?roges¡e o¡e ace!2re G:)

receplor

Èogestero:re (!!¡

o
OAc



L.7 Met.abolism of Cardiac Glycosides

Studies on t.he metabolism of cardiac glycosídes have made
great. contribuLions ro rhe ratjonãI use of digiialis
glycosi-des, which is complicated by its smal-1 t.herapeutic
index and differing individuat response. The metabolism of the
digitalrs compounds has been well- documenied (Bodem anC
r-reng-Ler/ 1976; Greef , 1981; Erdma:rn et al . , 19g6,. Thomas ec
af-, 1990). The paEterns of metabofisrn of digít.oxin (1) ancj
digoxin (2) are simifar:. The metabotis¡n of Cigitoxin (i) a:ìC
digoxin (2) is ilfustrated in Frg. 9. The specific fea:u:.es oi
thls metabolism are summarizeC as fcffows:
1) Ðigrtoxin (1) and digoxin (2) have a hal-5-1if e of 200 ano

:.32 ìnr, respecrively, in man. The halí_l_if e denotes the
effrciencl, of eliminaiion processes íncludi:rg biotr:ans-
formation and excreiion.

2) The metabclism of digitcxin (1) ano otgoxin (2) occuì-s
mainly in kidney and liver:.

3) The metaboLic reactions unde:- mammal-ian enzyme sys:eÌ:s
incfude hydrolysis, glucuronid.at i on, hydroxylation ani
epimerization.

4) Lipophilicity is a determinânt for the absoïption end
::eabso:-pt ion of digitafis.

5) cardiac gJ-ycosides are transÞcr-ted f ¡orn piasma to bir-e
where enterohepatic recycling occurs. The ent.erohepatic
recycling of some cìeconjugated materiafs eccounts for the
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long life of cardiac glycosides, e.o. sl.ow elir._;_..- a:
digitoxin (1) (Storstein, rg.74) .

6) As for digiÈoxin (1), the rate limiting srep is the
formation of digÍtcxigenin mo:rodigitoxoside (5<) 6s_rved
from the didigit.oxoside (52) after foss of the terminal
digiÈoxose (Fig. 9) .

.¡ì.1ô r ñ.1,.È uJs. or cne cardiac alycosides is nor proportional ro
either the râte of biliary excretion or the concentretion of
CG in the myoca::dium (RusseÌÌ and Klaassen -g72, !9ìZ).
Neverthefess the enterohepatic r-ecycling du= tc reabsct:DLicl-.i
cí deE_ucuronl dared mecab:l-i:es can exolain che de-e.1. t:-
erim:naring carciac grycosídes from the body. si:ice the
brliar-y excretiÕn rate is proÞort.ionaf to lipcphllicr;1,

ouabain (3), which have more hvdroxyl groups, have relaiivelv
shorter life times than digitoxin (1), and hence are e>:c¡e:ed
from the bociy faster t-han digrtoxin (i) (hrighc , i9€A,) .

1..8 Met.hodoi-ogy Employed for Evaluation of Structure_
Àctivity RelaÈionships (SÀR)

Representalive meÈhods used in t.he SAR studies are Èhe
computation of conformaÈionaf flexibility (Hochne ani
Pfeiffer. r qÂ?. Þô.,._pke ani Scho:rf eLd, 19t1; Repke, !9t1;
Ovchinnikov et af. , 19g5) , d:-pcIe moment vector anaf rrs.ls
(Repke, f9E4; Repke and SchoníeId, agel), calcul-acio:_ o:
molecufar efectrostaLic potential field (Repke, I9e1 , !9g6;
Repke and Schcnfeld, 19e1) , detetmination cf effecLcr. aÌlci
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receptor kinetrcs (Repke, 1984; Repke anC Schonfeld, :_9e4),
deierminat.ion of eguilibrium and transitíon state
thermcdl,namic interacLions (Beer: et aj., 19gB) , co¡.reLat j-on of
sÈructure and potency through a thermodynamic procedure
(Schonfeld eE af. , I7BT; Beer et al ., iggB), comÞut.er graphic
modelling (Osmar e: af., !g79; Fu_le::o:r e: a_., I9j9a, b.
stuper et af., !979; Ahmed et al-., 1963; coherr, 1983, 1965;
Watson et. af. , 1_964; Chiu anC t4atson, 1985) , X_rey
crystallogr:aphy (CÌri-u ancj Viatso:] , 19t5; LaBË.Liä eL el . , 1985)
and p:o:on IiMR iFes:k e: al ., 19g6, !9t:, _9t9; Ma:a: e: a,.
1993). Other methods used ínc_tude tl:e Hansch relatio:rshrp
/ o.ì -^*r:-Lr:,rn ec a_I ., _9--, 197t; Gene__t::, -_gj1; Ber-Ì1l4., 1_9_?,

Martin, 1978; Hansch, 19?t), Free_liilscn analysis (Free and
wifson, 1964; I{ief and e¡ al ., j.g9!). These me:hcds a::e used in
aLtempts to correiete the sE.ructures anô confor:maLicns o:
carCi o:o:ri c ccmpolnis ¿¡ cìre:: bic _c3: __a_ ac:ir-: c: es f :: use
in a p: e ì: cLeL_e we\..

!..9 Drug Research S tra tegí e Ê

Based on che fiteraLure survev, irug r_esearch s:ra-LeJies
with the eim of the imÞrovement of thê :herapeutic j.ndex cen
be outfined as f o1l-ows:

1) Characterizarion of enciogencus digi-"aiis_like substances

, 
promises .o parre a way f or: the cieveÌoÞmen! of novef
cardiotonic giycosioes. The balarce c: negative and
positive inotropic effects, and potassium sparirlo



diuretic effects on the kidney can be conside¡ed as
necessary propertj_es to cope with cariiotoxicity.

2) The therapeutic index of cardiac glycosides car be
j_mproved by chemical modification of digir_oxin (1) at C:,
Cr. and Crr. rt is possrble that cardiotoxicity can be
selectively reduced via enhancement of receptor bindinq
affinity.

1.1-0 Research Objectives and. Àchieve¡nents

BeseC on the drug strategies outiinei above, four goals
have been set as the topic of this thesls:
1. To s!.nthesize glycosides of steroidaf hormones with

t1pícal steroidal structural features, i.e. witb 14.,__H

and a cìoubf e bond ât the C1_C5 positio:l . An objectirre of
this study is.to search fo:: new ,lead,, coinpcunds by the
s)'rÌthesis of pr:ogesterone glycosíoes and evalua-cion of
t.heir recepto:: bincìing affinity ani phar-macol oqi cal
activity.

2. To moiiify digitoxin (1) at:he C., c.. arrd C., pcsi-.i-ons.
The goaÌ of this study is to colfect necessary informaiion
for appropriate pharmacophores and pharmacophoric patterns
required for high recepÈor binding affinity.

3 ' To design and synthesize progesterône derivatives dith
the combined structural fea¡_ures of steroldaf hormones
and classical cardiac gLycosides, i.e. coo:.dina:ion of
14ß-hydroxy group and a double bond at c1 or c.. Thrs
study aims at the deveJ-opment of nove] ca:-iiac 9l),cosrdes
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with potential cfinical va]ue. i.e an rmprovement of the
therapeutic index.

4. To determine the structure_activity relationships of thÊ
compounds slarthes í z ed.

In this thesis, discussíon of the chemicaf synÈhesis, the
development of new s).,nihetic methods, mechanisms of the
reactions, structural identification, evaluation of receptol:
binding affinity and pharmacorogical activities have been
given. À' attempt has arso been made to add.ress structure-
activity relaÈionships of the compounds synthesizeC, ani Lo

make suggestions fo¡ further S-AR studies among the Þïegnã:]e
derivat ives .

fh 
^L^-!^-- 

Irn unapcer z, the slmthesis of 1?a_ac€to):y_3rs_hydrcxy_
pregn-4-en-20-one and 17d- acetoxy_ 3 ß_ hydroxy_ 6 a _rrrethylpregn_ < _

en-20-one glycosides (€7, 68 and 69) wilt be oescribed (scheme

1 ) . The glycosylat ion of 17a- acetoxy_ 3ß_hyd:ox1.,nr. e gn_ ¿- _ er! - 2 A _

one ( 6 3 ) and 1 70- acet.oxy- 3ß- hydroxy_ 60_methylpr.egn _ 4 _ Ên - 2 O _ one
(64) is accompanied by dehydration unde:: Kcerrlqs-Knorr
reaction conditions and hence gives low yieios - c]ycosylatj-on
of 17a- acetoxy- 3ß-hydroxy- 5a_meÈhylpregn _ 4 _ en_ 2 O _ one ( 64 ) v¡i th
1-bromo-e-L-triacetyfrhamnoside (75) wes found to be even more
difficult than the corresponding glycosylation with 1_bromo_ß_
D-t.eÈra-acetylglucoside (72) under the Koenigs_Knorr reactio:r
conditions. A discussion regarding this díffe¡ence is given.
A successful synthesis of 17a_acetoxy_3ß_hyd::cry_6a_
meihylpregn-4-en-20-one rham::oside (69) has bee¡: achieved.

31



(>302). The mechanism of lhe stereoselective and chemo_

sefective reduction of the carbonyl group at C¡ in Èhe genins
to the corresponding 3ß-hydroxyl group, the stereoselective
glycosyJ-ation, and important factors in the glycosylation wiÌl
also be discussed.

In Chapteï 3, the sy,nthesis of Èhe rhamnosides (ti enC

P) and the glucoside (B?) of 3ß,14ß,20ß_rrihydroxy_5ß_
pregnane and 3ß,1aß-dihydroxy_5ß_pregn_20_one by chemlcaf
modificaÈion of the C' side chain of digitoxin (i) wili Ì¡e

p::e s enL ed (Scheme B).

fn Chapter 4, the synthesjs of 14ß_hydroxlæz-ogeste:one
(94) wi-Il be described (Scheme 12). The key stsep in rh=s
s)mthesis, as il Iusi¡-aied in Scheïne 12 , Ís to t eCuce the
triene (t-04) chemosel e ct ive Iy to gj,ve t.he corresponding cìtene
(106) in high yielcÌ (83?r) . The rriene (tO6) has been, for- the
first time, reduced chemose I ect ive Iy by p}:o.-ochenical
induction in the presence of trl_n_butyitin hycr:rde to giwe
the ci:ene (106) in high yíe1d. The i:en: {106,, a:Ler-
Oppenauer oxidation, reduction with LÀfi, bromohydrin forrnatio¡
by treaEment wj_th NB¡- and ring cLosure with potassiun
carbonate to g:-ve the epoxide (1OB) foflowed by oxidatio:. with
PDC, eventually gave 14ß- hydroxy _proge s-Lerone (g1) in an

overali 30 ? yield (Templeton and yan, !992). The inter_
mediates 3ß-hydroxypregn-5,14-dien-20_one (106) anC 14ß,15ß_

epoxlT)regn-4-ene-3,20-dtone (109) ssrvs as starting materj-als



for t.he preparaEíon of the glycosides (725, 133 and 142)

described in Chapter 5 (Schemes tB, 19 and 21).

In Chapter 5, 3ß-hydrox]æregna-5, 14-dien-20-one (106) a¡d
14ß,15ß-epoxy-3ß-hydrox¡>regn-5-en-20-one (138) have been

converÈed to 3ß,20ß-dihydroxy'pregna-5,14-diene a- L- rhamnos ide
(L37) and 14ß,15ß-epoxy-3ß,20ß-dihydrox).,pregn-5_ene o_L_

rhamnoside (139) (Schemes 2O and 21) . Synthetic approaches to
the preparation of 3ß,1aß-dihydroxlpr-egn-4-en-20-one (!24),
14ß, 20ß-dihydroxl4pregn-4 -en- 3 -Õne ( 12 I ) and 14ß, 15ß-epox]¡- 3ß_

hydroxl.'pregn-5-en-20-one (13S) have also been develcped
(Schemes 18, 19 and 21) .

Receptor binding and pharmacology of the com¡cunds

synthesized wifl be d.iscussed in Chapter 6. In a l:HJ ouabatn

radioligand binding assay, the rhamnosid.e (69) is about t.en

timeg more potent than the glucoside (68) (Table I) . In
addit ion to receptol: binding af f inity, 1 ?a- acetoxy- 3ß_ hydrox,w -

6a-methyl,pregn-4-en-20-one glucoside (6E) cìispìays po-_ass:un

sparing ef fects on the kicÌney, as il-lusEra--ed in Figs. t4 ani
15 (Smyth et aI ., 1992), a significant cfinical f ac¡_o:: in the
devel-opment of new cardiotonic glycosides. The receÌltol:
binding affinity of all sy'nt.hesized compounds described in
Chapter 3 have been compiled in Table II. The receptor binCing
affinities and the pharmacologi caJ- properties of 14ß-hyd.t:oxy-

progest.erone (94) and rel,ated compounds are ilfus!rated in
Table III, and Figs. 16 and l-7. The resul-ts of REA of rhe

synt.hesized compounds in Chapter 5 have been compil-eo in Tabfe
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rv. strucLure-activity reÌationships of the cardioconic
compounds based on the resul-ts of the receptor bindinq and
pharmacology have be discussed.

In conclusion, as described in ChapÈer Z, the signifr_
cance of t,he resufts has been summarized and possible furt.her
SÃR studies suggested.



CHÀPTER 2

SYNTHESIS OF THE GLYcosIDES oF 17a-AcEToxY-3ß-

HYDROXY- 6a-METHyLpREGN_4 _EN_2 O _ONE AND

STRUCTURÀLLY REL.A,TED COMPOUNDS



2 .1 Introduc tion

It has been generally accepted that the cardiotcxic and

t.herapeutic effects of digìtalis glycosides are mediated by
the same mechanism. In oLher words, the therapeutic ancì

cardjocoxic effects are inextricabfy linked. The

cardiotoxicity is simply the consequence of the inotropic
stimulation (wilkerson, 198:-,. Thomas et af., 1990) However,

as described in Chapt_er 1, LaBeIfa and Templeton have proposed

that a separaLion of the cardiotoxíc anC therapeutic effects
is possible. How to reduce the cardiotoxicity becomes the col:€

of the research ín the development of new carciictonic
compounds.

Recently, research interest has been focuseci on the
search for endogenous digitalis_like substances (Chow ei aÌ.,
1979; Kim et al ., 1980; LaBella et aI ., 1982, 1985; Kelly and

smith, 1989). cerLain progesterone derivatives ha'e been found
capable of binding 1_o NKÃ which recognizes these progestel:one

cìer jvaLives as being digoxin-tlke lLaBella er a_., L9jt, t9t5;
Krm et al., 1980; Templeton et al., 19gg; Bose ei af., 19gB).
These findings are important for sÄR studies since the
geometries of steroidal hormones are quite different from
those of the classic cardiac glycosides (Fig. 10).
Progesterone derivatives possess a C/D trans ring junction ano

a double bond at the C.-C. position dispLaying a rather
molecufar geometry. euite differently, classical cardiac
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Fig. l0 Srructures of digitoxigenin and progeste¡one derivarives that bind ro
rhe digitalis recepror



glycosides have A/B and C/D cis ring junctions and display a

doubly I'benttr mofecular geometry as illustrated in Fig. 10.

These progesterone derivatives nevertheless bind to NKA buL

display negative inotropy instead of positive inotropy
(LaBel-Ia et al . , 7979,- Kim et al . , 1980; LaBella et af . , j.g]1 

,

1985). On the other hand, 14 ß- hydroxllproges terone (94) with a

C/D Lrans ring junction displays cardiostimulant activity
(Templeton et. af., 1988; Bose et aÌ., 19Be) The variable

magnítude of efficacy indicates that the pregnanes act et

another: receptol:, different from NKA, whrch initiates

card.iodepre s s í on (LaBefla et al . , I979, I9g4). Late:, LaBell-a

et aÌ. 1985 proposed a two-binding-site mechanis¡:t in an

attempi to illustraie the relationships between receÞtot:

binding specificicy and biological acciviry (Fig. 2r. this

mociel ímplies that glycosylation of progesterone derivarives

may prevent rapid influx across the cell membrane to the

íntra-ce1lular receptor bincìing site (Welshons ec aI ., !9t4;

Jo::dan et af., 1985; Horwitz et al., 1985) and eventua11l, le^i

to enhanced bindíng selectiviLy towarcìs the extraceliuia::

receptor binding site and, as a conseguence, elicit desired
pharmacological effects. This assumption \,ra s supported by the

resufts reported by Weilan<ì et aI . 1991 who synthesized a

series of glycosides of steroidal hormones , ! -e. the

rhamnosides of pregnanes wiLh a C.-C6 doubfe bond. These

compounds showed strong receptor binding affinities and the

emergence of cardiost imul-ant effect, i.e. positive inotropy.
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The negative inotropy, i.e. the antagonistic property
demonstrated by progesterone derivatives, has been suggesteC

to counter:act digitaris inducec arrhythmias. The barance of
positive and negative inotropy accounts for the improvemenL of
the therapeutic index of certain pregnanes as suggested by
LaBella et al ., 1985. The significant pattern of pha::ma_

cological activities, i.e. a bal,ance of positive and negat_ive
inotropy and potassium sparing diuretic effects on the kidney,
indicates that the progesterone derivatives possess a built_rn
ceiling to counteract cardiotoxicity (LaBeIla et ai., i9g9).
Therefore progesterone derivatives deserve to be candideies as

new 'rlead compounds for further functionaf group modificat.iol
(LaBella et af ., 1985).

One of our research objectives is to sea::ch for new

'r f ead¡r compounds among progesterone analogues by means of
chemical synthesas (LaBella et af. , 1985 , f9e9; Templeton et
al . , 1988; WeíJ-and et al . , 1991) . 170-Àcetoxypregn_4_ene_3,20_

dione (48) and 17o-acetoxy-6o-methylpregn_4_ene_3,2c-dione

(49 ) , ¡*1.r1 hormone derivatives, bind to NKA, and the f atter.
(49) is more potent than the former (48) ín a radioligani
binoing assay. Both of the compounds display exclusively
negal-ive inotropic effects. It is of interest to synthesize
the glycosides of these compounds and Lc compare thei::
receptor binding affinity and pharmacologicat acLivlty to Lhe

corresponding genins that \,re have done.
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2 .2 SyntheÉis

Inl-roduct ion

The key synthetíc steps

This study provídes insight into the specificrty of the
drug-receptor interaction which initiaces different pharma_

cological actÍvities usefuf for modifying cardioroxicicy in
drug design. As a result, rational ',tead,r structures couid be

outfined for further functionaf group modífication in order to
develop new cardiac drugs with an improved therapeutíc index.

.in rhe prepatãtior of che

glycosides 167, 6e and 69) of 17û-acetoxy-3ß-hydrcxy?regn*4-

en- 2 0 - one and 1 7o- acetoxy- 3ß- hydroxy- 6a -methyÌpregn - 4 _ en _ 2 C _

one with glucose and rhamnose include:

1) Chemoselective and stereoselective reduction of the C.

carbcnyl group to form the corresponding 3ß-Oli withÕuL

affecting other carbonyl groups in the molecule, i.e. the
Cr. carbonyl group and the 17d ester group.

2) SLereoselective gtycosylation of the allyiic alcohols, i.e.
17d-acetoxy- 3 ß - hydroxy,¡pregn - 4 - en- 2 0 -one (63J and !1a -

acetoxy-3ß-hydroxy-5a-methylpregn-4-en-20-one (64) with 1-

bromo - ß- D - te Lraacetyfgfucose (12) or 1*bromo-û_L_

t ri acetyl rhamnos i de (75) (Schemes 1 and 2).
Compared to LA_ÉI and LTEBH, which are strong reducing

agents, LTB-Ali is considered a mild reducing reagenL which can

only reduce a ketone to a corresponding hydroxy group without
reducíng the conjugated double bond or the ester group (Ma::ch,

1985) at the 17d position. The reduction of 17d-aceioxy,pr.egn-
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Rz=H

Rz = cH:
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eF^ñ M}1""=!lR2 än_, lr,
65

66

61 R1 = p'D-glucosyt, R2 = H 69 R = a-L-rha,Íros),1 
6-5

68 R¡ = þ-D-gtlrcosyl, R2 = CH3

Reagenrs: i) LTBA, THF; ii) I -bromo-E-D,E'aac€rylglucoside (l), Ferizon,s, HgO, HgB12, molecular sieves, CH2Cì2;iii) 1-tromo-q-Ltribenzoylrharrhoside CÐ, Ferizon,s HgO, HgB12, rnoleculrr sieves, dierhyJ eùrer

Scheme I Synthesis of i 7û.-acetoxy-6a_methyl_3Ê_ (g_D_glucosyloxy)_pregn_4_en_20_

one (68), 1 7a-acetoxy_6c_merhyl_3_B_(o_L_rhamnosyloxy)_pregn_4_en_20_

one @pj and related compounds
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RcagenLs: i) aceric arùrydride, pytidinc

ii) 307o HBr i¡ HOAc. dichloromerha¡e

üi) bezoylchloride, pyridine

iv) EtSH, BF3/erher, dichlo¡omerh¿¡e

Scheme 2 Synrhesis of 1 -bromo-p-D-terraacetylglucoside (72), l _b¡omo_o._L_

triacetylrhamnoside eÐ, I -bromo-o-L-rribenzoylrhamnoside eD
and 1 -ethylthio-B-L-triacetylrhamnoside (7 g)



4-ene-3, 20-dione (49) and 17d_acetoxy,6d_methylpregn_4_ene_

3,20-díone (49) is highly chemoselective and stereosefective.
only the carbonyr group at c. in these compounds is reduced to
the corresponding 3ß-hydroxy group, while the carbonyl grouo
at Crn remains intact. The high chemôs el ect ivl ty and

stereosefectivity are likely due to the existence of the
angular methyl groups at C,c, C., and the 17a acetoxy groups,
whrch permits the attack of the hydride on the C, carbonyl
group from the less steríc hindered a face to give the 3ß

hydroxyl groups, and block the approachrngr hydride artack on

the Cro carbonl,l group from either the d or ß face, as
il-lustrat.ed in scheme 3.

The oldest and, so far, the most extensi¡.¡ely used method
for glycosylation ís the Koenigs_Knorr reaction, which was

described in 1901 (Koenigs and Knorr, 1901) . Since then many

new concepts have been developed with respect to this type of
reaction (Juszynski ancj Flowers, Ig72; Wulff and RobÌe, 1974;
Igarashi et al . , I977) , which are b::iefiv summarized as
foI lows :

1) A racemic mixture wil_l be obtaíned due to the formation
of an oxonium ion inÈermediate if there is no neighbouring
group participat.ion (lgarashi et a]. , L977).

2) High stereoselectivity of glycosylation, i.e. retention of
configuration at the anomeric carbon, can be achieved by
the participat_ion of neighbouring groups, such as acetyÌ or
benzoyl g'roups (Juszynski and Flowers , I972) .
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O -¿-J t R1

48

49

:
RI

R1 =H,R2=OAc

Rl = CH:, Rz = oAc

63

64

Rr =H,R2 =OAc
RI=cH3,R2=oAc

Scheme 3 A proposed mechanism fo¡ chemoselective and stereoseÌecrive
reduction of the carbonyl group at C3 in 17c._ace rox ),pre_sn -

4-ene-3,20-dione @t) and 17o-acerox¡'-6a-methyJpregn_4_
ene-3,20-dione (49)



3) The ease of formation of a cyclì,c oxonj-um ion is affected
by properties of neighbouring groups and harogen atoms at
the anomeric carbon (Arcamone et al . , L975) accordíng to
the hard-soft acid and base principle (HS,qB) proposed by
Pearson (pearson, 1963 ) .

4) Solvents play an important rofe in the reactivity
stereosefectivity of the glycosylat ion (Kronzer
Schuerch, L974; WuJff and Roble, Lg74,,.

5) The Koenigs-Knorr reaction produces an acidic proton, which
affects the for.mâtion and stabífity of ihe glycostdíc bond.
considerrng this, many organic bases have been used as acic
scavengers (Hanessian and Banoub, Ig77) .

6) The thioglycosides have been used as glycosyl donors in
the pr:esence of heavy metars, through er-ecrron transfer, tc
form glycosídes (Sínay, 1991). Other types of glycosyi
donor have also been reported (Woodward et al ., 1991) .

The glycosylacion of allylic afcohols unde: r jre Kôen:gs_
Knorr reactron condttions has not been extensiveÌy expfo¡ed
anci only a few papers rerated t.o Lhis subject ha'e bee¡:
published (Wulf f et al., rg74, Tempfeton et at., 19Bg). The
reaction readity causes dehydration, to give the dlene as e

major by-product (Smyth et af. , Ig92). Furthermore, we have
found that 1-bromo-o-L-triacetyfrharnnoside (75) is more
difficult to coupfe with the genins t.han 1_br.omo_ß_D_tetl:ã-
acetylglucoside (?2) under Koenigs_Knorr conditions.

and
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Ax atternpt was made to coupfe the genins with a thio_
giycoside (78) as glycosyl donor under mífd conditions (Sinay
I99!) . However the reaction faited to glve the expected
glycoside (79) and, instead, gave the diene (66) as the major
product (Scheme 4). The mechanism of the formation of this
diene (66) is not cfear.

Resulrs and Discussion

Reduct ion of 1 ?d- acetoxy- 3 ß_hydrox!,pregn_ 4 _ en _ 2 O _one ( 4 I )

by tr:eatrnent with LTBAH in TijF gave tTcy-acetoxy_3ß_

hyiroxyÌpre grr- 4 - en- 2A - one (63 ) as the major compound and its
3o isome¡ as the mino:: compound. The ratio of Lhe d ic the 13

isomers is about 5:95 as observed in the 1H NMR spectrur:. The

stereoselecLivity of t_he reduction can be rationalrzeo by
Dunitz,s app::oach geometry (Dunitz et al . , f974,) , which
<ìesc::ibes how an approaching nucleophile will attack Lhe

carbonyl group at a certain angle (109o). As is seen in Schene

3, Che angular methyl group at C,. blocks the appj.oach of the
hydrloe from the ß face and hence allows the nuclecphilic
arcack of the hydride on the carbonyl group at C. trorn the
fess sce::ically hindered a face. The stereosefectivity seems

to be less importanL in the formation of 17a_acetoxy-3ß-
hyoroxv-6a-methylpregn-4-en-20-one (64) on treatment \^,ith
LTBAH cornpared to 17d-acetoxy_3ß_hydroxy_pregn_4_en_20_one

(6,1 ). The ratio of the û to ß isomer, i.e. 1?o_aceLoxy_3û_

hyciroxy- 6 a- methyfpregn- 4 - en- 2 0 - one and 17cy_ acetoxy_ 3 ß_ hydroxy_
6o-meth1'lp¡egn-4-en-20-one (64), is abour- i5:g5. Lower stereo-
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selectivj-ty is possibly because of the introduction of the
quasi-equatorial methyl group at C, which, either directly or
indirectly (through a conformationaf transmíssion effecc) ,

causes additional steric hindrance at the a face (Duax et aI .

1978; Duax and Strong, I979).

Normally saturated ketones react faster than unsaturated
ketones because of conjugation. However, it was found that the
carbonyl group at Cro in both compounds survived the reduction
conditions. This also can be readily explained by Dunitz,s
approach geometry (Dunrtz et al. , L974) . Às illus¿rated in
Scheme 3, both the ß and o face in the preferred conformers

are blocked by the angular methyf group at C_. and the quasi
axial acetyl group at C1?, respectively. Therefo::e, the arLack
of ì-he nucleophile on the carbonyl group at Cr, is inhíbiteC.
Addlttonally, LTBAH is a weak reducing reagenl and does noc

affect the Ca doubfe bond and the ester group at the i7a
pcsitions (March, 1985). Glycosylation of 17d_acetox]¡_3ß_

hydroxypregn-4-en-20-one (63) and 1?a-acetoxy_3ß,hydroxy-6û_

methylpregn-4-en-20-one (64) wiEh 1-bromo-a_D_tetraacetyj-
glucoside (72) was achieved, but in Iow yie!-d (15?) , uncìer

modified Koenigs-Knorr reaction conditions (Smyth et âf.,
L992) . The major compounds obtained were the corresponding.

dienes, v iz . L7 a - acetoxy- 3 ß-hydroxlæregna - 3, 5 - dien * 2 0 _ one ( 6 5 )

and 17d-acetoxy-3ß-hydroxy-6a-methylpregna-3, 5_dien_20_one
(66) (scheme 1) .



The low yield from glycosylation of these allylic
afcohols ís assôciated with their liabilrty to deh1,6l¡¿¡io.,

under acidic conditions. The acidic proton produced under

Koenigs-Knorr conditíons is able to cause dehydration as

ilfustrated in Scheme 5. It was found that the protected
bromorhamnoside (75) was less reactive than the bromoqlucoside
(72) ín coupling with the allylic alcohÒls. Under the same

conditions i none of the expected rhamnoside was isolated when

17a-acetoxy-3ß-bydroxy-6d-methylpregn-4-en-20-one (64) was

coupled wíth 1-bromo-d-L-triacetyfrhamnoside (25) ft has been

rationalized that the lower reactivity of 1-bromo-a-L-tri_
acetyf rhamnos j-cie (75) compared to 1-bromo-d-D_tetraacetyf-
glucoside (72) can be atLributed to Lhe geÒrnetry ciifferences
of t.he two sugars. As calcufated by a computer modelling
program (PCMODEL) , the distance from the oxygen of the
acetoxyl group on C, to the anomeric carbon in 1_brorno_ß_D_

t e t raace tylglucos ide (72) ts shorter than that in t_bromo_o_L_

t ri acetyl rhanmos ide (75) ¡ this probably facifitates the
formation of the cyclic acetonium ion (82) as ilfustrated in
Scheme 6. With respect to this consideration, an excess of 1_

bromo-d-L-triacetylrhamnoside (25) (> 6 eq. ) was employed for
rhamnôsylation and this eventualJ-y gave 17d-acetoxy_3ß_

hydroxy-6d-met.hylpregn-4-en-20-one rhamnoside (69), but in
very low yíeld (5?) .

It was observed that solvents (Reichardt , Igjg) pl-ayed an

important rofe in rhamnosy_L at. ion of the alJ-ylic afcohofs. In
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diethyl ether, the formatj-on of dehydratíon producL was

significantly suppressed (Scheme 7) and hence a higher yield
of glycosylation was obtained (130?) . In dichloromethane, more

dehydratíon product (66) was formed, and this led to a poor
yield on rhamnosylation (5?;) .

The acetyl and benzoyl groups in the protected sugârs
are apparentÌy involved in the neighbouring group effecL,
which facilitates the formation of the ß_glycosidic linkage in
the glucosides (83 and 84) (Scheme 6) and the a_linkage in the
rhamnoside (?9) (Scheme 7) . The function of the C. acetyl and
benzoyl substituents is t.o form a five membered cycllc oxonium
ion. This inLermediate would be attacked by t.he incoming
nucleophile, i.e. Lhe 3ß-hydroxy aglycone, to foïm a I,2_
trans-oriented glycoside. Consequentl-y, retention of the
configuration of the anomeríc carbons has been achieved as

il,Iustrated in Schemes 6 and 7. RemovaÌ of the acetyl
protecting gr:oups in the sugar moieties is carried out by
hydrolysis under mildly basic condiLions (trieLhylar:.rne_
methanol-water) . Under stronger basic conditions, Iike KOH_

methanol , epimerization may occur at the Cr? positicn as weÌl
as hydrolysis of the ester groups.

All structures have been unequivocally determined by rH,

1:C NMR and ii{S. The anomeric configuration and conformation of
the sugars, as welÌ as the structure of the glycos.ides, can be

readily determined by anarysis of their.H and .rc NMR sÞectrâ
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(Ferrier and Coflins, L972; Breit.maier and Voelter, f974;
GLInL he r, 1987; Khadem, 19BB).

In the 'H NMR spectrum of 1za_acetoxy_3ß_hydroxy_6a_

methyfpregn-4-en-20-one (64), the two singiet signals of six
methyl protons, at ð = 0.65 ppm and ô = 1.05 ppm, are assigned
to Ci3-CH3 and Cro-CH. (Templeton et al ., 1987d) . The two

singfet signals of six methyl protons, belonging to t.he methyl
group in the 17cy side chain and in C2"-CH:, appear at ô = 2.03
ppm and 2.08 ppm respectìvely (Templeton et al ., 1982d) .

The anomeric proton resonance of the glycosiies 167, 68

and 69) is readily identified aL the l-ow_f ief d end of the iH

NMR spectra, because it is the only proton in the molecule
that is attached to a carbon atom bearing two oxygen atoms and

hence is significantly less shielded than other protons. In
addition, as it is coupled only to one proton, its spfitting
is simple, which permits first-order resolution and accurate
measurement of the coupling constant. In the 'H NMR spectrum

of 17cy-acetoxy-3ß-hydroxy-6a-methylpregn_+ en_20_one rhamnc-

side (69), the d linkage of the glycosidic bond is confirmed
by the chemicaf shift (4.92 ppm) , and the smalf coupling
constant (1.3 Hz) indicates that the dihedral angle between

the anomeric pïoton and vicinal proton is slighcly fess tha:-
60o (Khadem, 19BE).

The corresponding doubfet signal of one proton ât 4.4e
ppm, with ,J = 7.5 Hz, in the 1H NMR specLrum of 17a-acetoxy_
3ß-hyoroxy-6o-methylp::egn-4-en-20-one gÌucosrde (6g) is
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assigned to the axial anomeric proton. The larqe:: couolrnq
consranr \J = 7.5 Hz) reveafs two vicinaÌ protons at C ancì C-

at about 180o, and hence the ß linkage of the glucosioe (68l

is confirmed. Compared to the glucoside, it is not surprising
to observe t.hat the anomeric proton in the rhamnoside (69) is
shifted to Lower field if one consider that the shrelding
behaviour of t.he C-C single bond has more effecc on the axial
proton t.han the eqr-latorial one (Gunther, IgB: ) - Therefore, ¡ne
equatorial prÒton in the rhamnoside (69) is shifted tc f ower:

ïreld { ò = 1 .92 ppml rhan the ax jal proton oi o_.-t tJS: ì j_ ¿ _

4.45 ppm) . ln the 'H NMR spectrum of 17a_acetoxy_3ß_hyoroxi,-

6a-met.hylpregn-4-en-20-one rhamnoside (6g), the signals
responsible for the six n-iethyl gz-oups ca:r be readtiy.
differentiated by analysis of the electronic .inductrve effec:
anÍsotropic effect of the neighbourrng groups, and tì_re sprr-
spin interact.ion with the neighbouring groups. The magni:ude
order of electronic ind.uctive ef f ec¡, is ; _O-C < -CO_ < -

OCOCH.. Therefore, the slgnafs aL 7.2g pprn as a ciouble: wlll-
J = 6.4 Hz, 2.12 ppm as a singlet and 2.05 pprn as singler are
assigned to the C5.-CH3, C2c-CH3 and 17û_OCOCH. respeciiveli,
(Templeton et af., 1987d) . A triptet signal of one proton a:
3.42 ppn js assigned to che proLon at C4. \,rith J, .r = ,.. .

9.5 Hz. The proton signais at C3, and C., are overlappeo a:
3.?2 ppm as a multiplet. A quartet signal of one proton ãi
3.86 ppm ís due to the proton at C,' with J:,.:, = 1.3 Èz and

Jz,.t. = 3 -3 Hz. Signais of the proton at C. ani the clef r¡itc



proton at C. are aL 4.I4 ppm as a broad triplet and 5.29 ppnr

as a singÌec, respecc ive1y.

Ìn t.he 1H NMR spectrum of 17d-acetoxy-6-methylpregna-3,5-

dien-20-one (66), the two olef.inic protol signals on C. and C.

appear at 5.65 ppm as a broad multiplet and 6.33 ppm as a

broad doublet, respectiveÌy. The cafculated ð vafues for the

protons at Ca and C4, 5.'7L ppm and 6.25 ppm, respectivel-y are

based on an empirical equation (Pascuaf et al. , 1969) and are

in agreement with the literature (Smyth et al . , 1992) . "l]n¿

signal of the methyl group at C6 is shifteo to }ower field

(1.69 ppm) compared to the aglycone (64) (1.00 pprn) due to the

deshielding effect of the cE-C6 double bond. The three olefinic

protons at C., C1 and C, in the tH NMR spectrum of ITct-

acetoxlT)r:egna-3, 5-dien-20-one (65) appear et 5.61 ppm, 5.95

ppm and 5.40 pprn, in agreement with t.he calculated signals,

i.e. 5.71 ppm, 6.25 ppm and 5.51 ppm (Pascual et al ., L969).

In the tH NMR spectrum of 1-ethylthio-o-L-triace¿yl-

rhamnoside (78), all proton signals are shifted to l.ower field

compared to sugars 74 and 76. The proton singlet at 4.75 ppm,

J = I Hz, is assigned to the 1ß-H. The Cr-H signal appears et

ô = 5.50 ppm, w.ith J2,1 = L Hz and Jr.. = 3 Hz, the l-owest

fiefd. The signals of cr-H ís at ô = 5.02 ppm as double

doublet with J3,, = 3 Hz and .T,,. = \a Hz. The protorl signal at

ð = 5.10 ppm, a tri.plet with J.,, = Jç,r = 10 Hz, is assigned to

the C1-li. The chemical- shift and spin-spin coupling v¡hich Iead

Eo .interpret the chemical structure of 1-e-uhy]thj-o-ß-L-



t ri ace-.yl rhamnos i de (7e) was further confirmed by a COSY

spectrurL .

2 . 3 Su-uunary

1) 17d-Aceroxy-3ls-hycìrox)Trregn-4-en-20-one glucoside 167),

17d - acetoxy- 3ß- hydroxy- 6d -methylpregn- 4 - en - 2 O - one gfucoside
(68), and rhamnoside (69) have been synthesized for
bíoÌogicai evaluatíon in terms of receptor binding affinity
anci pharmacological act ivit.y.

2) Rhamnosyfacion of allylic alcÕhols has not been extensivefy
expior.ei. Uncjer the modrfied Koenigs-Kûot:l: reaction
concj: -- jo:-s p:-eviousìy described (Smyrh e: âl . , Ig92) ,

rhan:o-syla-_ic:_ of I ?o-acetoxv-6û-methyfpregn-4 -en-20-o:le

rhamno- side, only the diene was isolated because af
dehydratron. Efforrs have been made towards successfu_

synthesis of l-7cy-acetoxy-6d-methylpreqn-4-en-20-Õne

rharnnoside (69) in 3O? yield. Sofvent effect plays an

impo:'-ar-: r:-- ;r, lhe rhamnosylacion reaccior_ ol aìIytic
alcoi-ro-,s.

4) Àn effor:i has made t.o prepare the rhamnosioe (69) by using
1-ethvl rl^ .' - -o-- -criaceLylrhamnosicie aS glycosyl donor

*tano,ra success.

2 .4 Experimental

Mel:ingr Ðc:nts were determined on a Koffer hot stage

apparatus anci are uncorrect.ed. iH, 13C and COSY NMR spect_râ

were recorciei in CDCI, on a Bruker A¡4300 instrument operating
at 300 MHz fa]: hydrogen and 75 MHz for carbon. AII 1:C chemical
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shifts data are reported in Tables V_IX Appendix. TMS was used
as internal standard. EI Mass spect.ra were determined on a VG_

7070E-HF instrument at 7O eV. Reactions were monitored by TLC

on sifica gel plates (Merck tlpe 6oH) and visuafized with a LrV

lamp where appropriate anð,/ or by dipping in B? conc. suffuric
acid in ethanof followed by heating. Flash chr.omatography was
carried out on silica 9el (Terochem, silica ge] 2A_45 microns
for column chromatography) . The ínteratomic distances wer€
measured by aid of a compuLer modelling program (pCMCDEL,

Version 2.0).
1 7cy-Acetoxv- 3 ß-hvdrox\.,Þreqn _ 4 _ err_ 2 O _ one ( 63 )

To a stirred sôlution of 17d_acetoxy_3ß_hydroxypregn_4 _en_

r,zu-drone (j!19) (10 g) in anhydrous dieLhyl ether (500 mL) was
added lithium rri - t - butoxyaluminohydride (LTBAJI) (2A S, 3

eq.). The reaction mixture was stirred at roÒm temperetul:e
under argon for 15 hr, and then was cooled in an ice_baLh
fol-lowed by addition of water (2A mL) . The sofution was
stirred for an aciditionaf 3O min and evaporated to reduce the
volume of the sofvent to abouL 250 mL. Then Lhe sofution was
cÌiluted with dichloromethane (200 mL) and washed with an ice
cooled saturated aqueous sodium hydrogen carbonate (3 X 100
mL) and water (3 X 50 mL) , oried over anhydrous sodium sulfate
and fiftered. The filtrate r/ras evaporated t.o dryness to qive
crystals ot the product (63), which were recryscaffized fron
dichloromethane and diethyl ether, (6.S g, 64?,) , m.p . fg|_2AI
'C, 1it. m.p- 198-200.5 oC (Marshafl et al ., Ig64).



'H Nl"lR (CDCÌ3) ð: 0.65 (s, 1H, C13-CH3), 1.06 (s, lH, C.r-CH,) ,

2.03 ls, 3H, C,--OCOCH3), 2.09 (s, 3H, C2.-Cii.) , 2.93 (m, 1H,

16ß-H) , 4.1-5 (m, 1H, cr-H) , 5 .30 (d, H, LI = 1. 5 Hz, C.-H)

17d-Acetoxv- 3ß- hvdroxv- 6d-methvf Þreqn-4 - en - 2 O - one ( 6 4 )

To a stirred solution of 17û-acetoxy-5a-methylpregn-4-

ene-3,20-dione (49) (5 S, 12.94 mmol) in anhydrous diethyr

ether (250 mL) was added LTBAJI (9.A g, 3 equivalent) . The

sofution was stirred at room temperat.ure under argon overníght

followed by addition of water. The solution was stir:red for an

addítional 25 min and extracted with dichloromethane (200 mL) .

The extract was washed with 5%' HCÌ (2 X 25 nL) , saturated

aqueous sodium hydrogen carbonate (2 x 30 mL) and water (2 X

30 mL) The organic layer was dried over sodíurn sulfate,

fiftered and evaporated to dryness to give the crystalline

product (64) (3.4 g, 682) which was recrystallized from

di- chforomethane and diethyl ether, m.p. 183*185 oC (lit.. 192-

185 oC, Marshalf et af., L964) -

'H Nl{R (CDCI:) ô: 0.65 (s, 3H, C.3-CH3)' 1.OO (d, 3ri, J = 6.4

Hz, C6-CHr) , 1.05 (s, 3H, Cro-CH3) , 2 .03 (s, 3H, Crr-OCOCH.) ,

2.08 (s, 3H, Cro-CH3), 2.20 (m, 1H, C1"-H) , 2.92 (m, 1H, 16ß-H) ,

4 .2a (m, 1H, Ca-H) , 5 .29 (d, 1H, ,l = 1.5 Hz, Ca-H) .

EIMS m/z (?;RÀ) : 3?0 (M'-H,o, 15), 267 (66), 119 (100).

17d-Àcetoxv-3ß- (ß-D-qlucosvloxv) -Ðreqn-4-en-2O-one (67)

To a stirred solution of l_?o-acetoxy-3ß-hydrox).T)regn-4-

en-20-one (63) (200 mg) in dry díchforomethane (15 mL) were

added Fetizon's reagenL (3.2 g) , pulverized moiecufar sieves
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(3 Å, 19) , followed by addltion of red mercuric oxíde (700 mg)

and mercuric bromide (200 mg) 1-Bromo-o-D-tetraacet.ylglucose
(72) (r.S g¡ in dry dichforomeihane (10 mL) was divided into
two equivalent portions, and added through a funnel over 30

mín at the begínning of the reaction and after 4 nr,
respectively. The reaction process was monitored by TLC (ethyi
acetate-hexane, 1:4, v/v). After completion of Lhe reaction,
the solution was fj,ltered through a pad of Celite. The

fiftrate was washed with ice coofed saturated agueous sodium

hydrogen carbonate 12 X 20 mL) anC ice-wacer (2 X. 20 ml . The

organíc layer was dried over anhydrous sodiurn sulfate,
fiÌtered, and evaporaLed to dryness. The r:esidue obtained was

dissofved in a sofution of methanol (20 mL) , triethylamíne (15

mL) and water (2 mL) , and sLirred under- argon for 3 days. The

solution was evaporated under reduced pressr-tre at 3O-35 oC to
dryness to afford a syrupy residue (L.4 g). The resicjue was

chromatographed over silica (15 g) . A less pclar: componeni

from efution with 2Z methanol in di chl o::omet hane was

identified as 1?o-acetoxlT)regna-3,5-dien-20-one (65) (120 mg)

which was recrystallized from met.hanof and wat.el: (Rf = 0.46,
aceÈone - di chforomethane , 1:3, v/v) , m.p. 176-1BC oC.

'H NMR (CDCÌ,) õ: o-67 (s, 3H, Cr3-CH.., A.96 (s, 3il, crr_cH,),

2.a5 (s, 3H, Crr-oCOCHj) , 2.1-I (s, lti, Crc-CH.) , 2.25 (rn, 1H,

Cr:-H) , 2.95 (ni, 1H, 1?o-H) , 5.40 (d, lH, C€-I-j) , 5.61 (m, 1IÌ,

C.-H, 5.95 (d, 1H, ,J = 7 .5 Hz, C4-H) .
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EIMS m/z (?RÀ) : 356 (M-, 1),
(100).

34L (M-15, r),253 (4t,I4g

The fractions on elution with 4?r methanol in dichfo::c_
mechane were colfected to give a crystalline product, (43 mg)

in 15 ? yie1d. This was furt.her recrystallized from met.hanof _

water to give the glycoside (67) (32 mg), m.p. 203 -2AS oC.

1H NMR (cDCtr: cD3oD, 1:1) ô: 0.66 (s, 3H, c13-cH3) , r.a7 (s, 3H,

C10-cHr) , 2.a5 (s, 3H, Cr7-OCOCH3) , 2.L3 (s, 3H, Cr¡-cH,),2.2i
(broad t, 1H, Cr.-H) , 2 .90 (8, 1H, 16ß-H) , 3 .20-3.5O (m, 4H,

Cr,-H, C:, -H, Cr, -H and Cu,-H) , ¡. eO (dq, 2H, Cr,-2H) , 4.3A (m,

1H, C..-H\ , 4.45 (d, 1H, J = 't .5 Hz, C, -H) , 5.15 rs, 1H, C1 -H

Elemental Ànalysis (CreHn4O, 1.5 H:O) : Calcci. C, 61.7g Z, H B-14

?; Found C 6L.75 ?, H 8.09 ?.

RBA (IC5o) : 10 ¿rM

1 7.y-Acetoxv- 3ß- ( ß- D- qlucosvÌÒxv) - 6d -me thylÞregn - 4 _ en _ 2 O _ one

(68)

To a stirred soÌution of 17cy-aceLoxy*3ß-hydroxy-6a-methyi_

pregn - 4 - en- 2 0 - one (64) (1 g) in dichloromethane (100 mL) werÊ

added moLecular sieves (4 Å, 3 g) and Fetizon,s reagenL (13.5

g) , foÌlowed by addit ion of red mercurj-c oxide (5OO mg) and

mercuric bromide (5OO mg) 1-Bromo-a-Ð-LetraacetyÌglucose (72)

(6.25 g) in dichloromethane (25 mL) was divided into t\^,o

portions, one of 15 mL and the other of 10 mL; and each was

added through a funnel over 30 min, at t.he beginnj-ng of the
reaction and after 3 hr, respectívely. The reactÍon sofution
was stírred under argon in the dark for 15 h::.
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The sofution was filtered through a pad of Celite and the
f if trate was evaporated to dryness to give a gr-l.mmy residue.
The residue was dissolvecì in a sofution of methanol (?5 mL) ,

triethyfamine (50 mL) and water (5 mL) . The sofution was

stirred under argon for 3 days and then evaporated to gíve a

residue (t.a g¡ . The residue was purified through flash coÌumn

chromatography over sifica gel (20 g) . The fractions from 10Zr

ether in hexane gave 17d - acetoxy_ 3 ß - hydroxy_ 6d _ methylpregnâ _

3,5-dien-20-one (66) (427 mg) , m.p. r24_L25 f rorn

dí chlorome Lhane -methanof (lit. m.p. 132-133o C, Schroff,
1968).
ì¡l NMR (cDc13) ô: 0.66 (s, 3H, c,,-cH3) , o.92 (3Ì1, s, c,r_cH:),
1 Áq Iq ?IJ a -alr \u.-u-rr. 7 Z.u) tS, e:_-LJùUCH.' , 2-II {S, _ì1_1, C

COCHr) , 2.95 (dC, l-H, ,-T = !1 .4 Hz, 13.5 Hz, Cr,-ti) , 5.65 (n, 1¡i,

ca-H) , 6.33 (d, l_H, ,-T = 10. o Hz, Ca-H) .

EIMS m/z (%RÀ) : 370 (M., 20.B), 267 (100).

The fractions from ei,ution with rOZ methanol iri
dichloromethane were cornbined and evaporat-ed to d.ryness to
give a crystalline product (68) (225 n,g) in 16 ?; yieÌcì. This
was recrystallized from methanol_water to give the gtycoside
(18s mg) , m.p. 228-229 oC.

rH NMR (cDct.-cD3oD, 1:1) , ð: 0.65 (s, 1H, cr._cH:) , 1. 03 (d,

3H, J= 6.4 Hz, CÉ-CHr) , r.07 (s, 3H, Clc-CH.) , 2.OS (s, 3H, C,-_

ococHs) , 2.L2 (s, 3H, c2c-cH3) , 2.24 (broad m, lH, Crs_H) , 2.90
(t., 1H, 16ß-H) , 3.20-3.40 (m, 4H, C2,-H, C:._H, C1,_H and C.,_H),



3 .80 (dS,

Elementaf

w a t , zz< l

RBA (lc.o) :

¿Ì1 , r¿,- zH ) , 4,29

-r.), :).42 \5, IH,

.Analys i s (C3.H1.Oe) :

H L792.

3.0 pM

lrì e, ¿rr/ ì,r-n/

C.-H) .

4.45 (d, 1ri, J =

Calcd. C 67.39>", H g.672; Found

'7d-

(69)

Method A

To a stirred solution of finety ground molecular sleves (4
Å, un) , Fetizon's reagent (4g), red mercuric oxide (700 mg) ,

mercuric bromide (2AA mg) and 17d_acetoxy_3ß_hydroxy-6a_
me:hyfpregn-4-en-20-one t64) t?ofì n-r .i_ _*L._r\!vv,,ry/ in anhydrous dieth]._L

t ribenz oyl rhamnos e (Jl_) (3 . 54 s , 1o eq. ) in 2a nrl oÍ
dichforomethane in two equal porLions at the intervaÌ of O and
t hr respectively. The reactio¡ sofution wes stirred undet:
dlge¡Ì an tne dark for 3 hz- at O oC and then ä: roon
temperature for 1O hr. The reacLion process was rnon.iict:ed b\,
TLC (hexane-acetone, 75:25, v/v).

The soÌution was filtered Lhr:ough a pad of Celite and the
filtrate was washecj by water r+iLh crushed ice (2 X i5 mL) ,
saturated aqueous sodium hydrogen carbonate with crushed ice
(3 X 15 mL) and water wiLh crushed ice (2 X t5 mL) . The

ur gdrrrLr tayer was dried over anhydrous sociium su-Lfate,
filtered and evaporated to dryness Lo giwe a syrupy residue.
The residue was disso.lveo in a solution of trie:hyiemj,ne (B
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mL) , methanol (40 mL) and \dater (e mL) , and the sofuLiÕn was
stirred under reflux and a flow of argon for 20 hr. The
evaporation of the solution to dryness gave a residue whrch
was subjected to column chromatography (silica gel 1O g) . The
earfier fraction from di ch.Loromethane and 5? methanol in
die-rhyl ether yielded 17a_acet.oxy_6d_methylpregana_4, 6_dien_
20-one (66) (40 mg). The latter fractions on efution with 4?r

methanof in dichloromethane afforded 17d_aceroxy_6d_methyl_3ß_
(o-L-rhamnosyloxy) -pregn-4_en_20_one as crystals (6g) 113g rn.,
35Zr) . Further recrystaflrzation from methanol and watet: gave
89 mg of the product (69), m.p. 202_2AS "C.
:H NMR (ccl3D-cD.oD, 1:1) ô: a.67 (s, 3H, c.._cH.) , L.a2 (d, 3i_t,

J = 6.4 Hz, 6a-cH.), 1.08 (s, 3H, Cl.*cH,), t.zg (c1, 3H, C..-cH.,
,1 =^^lJ-\ .^-¿.u3 \s, 3H, 170_OCOCH.r, 2.12 ,s, 3H, C, _C:j_, 

,

z.at \L/ lri, rbts_H), 3.4A (t, 1H, J1 . = J_ . = 9.5 !2, C, _H 
,

3.67-3.76 (m, 2H, C..-H and C"._H) , 3.86 (dd, 1H, J:,,:, = 1.5
Hz, Jr,., = 3 .3 Hz, C:,-H) , 4.14 (m, lij, W.¡: = 19 l.z, 3a_E,t ,

4.92 (d, 1H, J = !.3 Hz, C,,_H) , 5.29 (s, lij, C._H) .

ElemenLaf anafysis (caoH1606) : Calcd. C 6i.392, H E.672; Found
c 67 .222 , H 8.792 .

RBA (lcs!) : 0.36 pM

Met.hod B: To a stirred soluLion of finely pulverizeC mofecular
sieves (s i\, z g) , Fetizon,s reagent (4 g), red mercuric oxicie
(7A0 mg) , mercuric bromide (200 mg) and 17û_acecoxy_3ß_
hydroxy-6a-methylpregn_4_en_20_one (64) (3OO mg) ín dry
dichforomethane (20 mL) was added freshly prepareC 1_bromc_o_
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L-triacetylrhamnose (f5) (a..1 g¡ in 20 mL of cji chl orome thane
in two equal portions aL the ini_erval of O and t hr
respectively. The reaction sofution was stirred under argon in
the dark for 20 hr. The reacEion process was monitÕred by TLC
(hexane-acet ane, 75:25, v/v) -

The sotution was fiftered through a pad of Celite and the
t.. ì!-- -rrrLrate was washed by water with crushed ice, saturated
aqueous sodium hydrogen carbonate with crushed ice (3 X 15 rnl)
ancì water with crushed ice (2 X 15 mL) . The organic layer was
dried over anhydrous sodium suffate, filtered and evapc::ated
to dryness to give a syrupy residue. The residue was dissclved
in a soÌution of Lriethylamine (1g mL) , methanoÌ (20 mL) and
h'ater (1.5 mL) , and the soLutior was stirred under argÒn et
room temperature for 3 cìays. The evaporation of the sorul_ion
under reduced pressur:e to dryness qave a residue which was
subjected to cofumn chromatog::aphy (silica gel ,0 g) . Th€
eariier fraction from dichÌoronethane with 2?r methanol qave
the by-product, 17r_eceLoxy_ 6d_met.hylpregana _ 3, 5 _dien_ 2 0 _or.-
(66) , as a major producL (85 mg) . The faLter fraction from the
solution of drchloromethane with 4?; methanol afforded 17u^_
acefoxy- 3 ß-hydroxy_ 6a_methyl _ 3ß_ (a_L _ rhamnosyJ.oxy ) _preg,n_ 4 _en_
20-one (69) (35 mg). Recrystallization from methanol a¡d water
gave the product (69), m.p. 19g_201oC.

Pentaecetvl _ß_D_qfucose ( 71)

D-clucose (70) (2A g) was treated with acetic anhydrrde and
pyridine by the method described for the prepeLâticn of
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Lerraacefyi-0-L-rhamnose (74) to give pentaacetyl_ß_D_glucose
(7a) (37-2 g, 85?) which was recrystaflized from dichloro-
methane and diethyl ether.
1u l\IMÞ /aÌìal \ Ã. .a¡ rt,.rr! \u!!_!./ u: 2.4I, 2.A3, 2-Ag, 2.1,L (4 sínglet, L2H, 4

COCH3) , 3 .84 (m, 1H, Cs-H) , 4.10_4.30 ldq, 2H, C._2Lj) , S .lO_
5.30 (m, 3H, Cr-H, C.-H and C.-H) , 5.71 (d, 1H, ,f = 8.3 Hz, !ct_
H) .

1-BromÒ-a-D-Letraacetvfqlucoside (72) (.Ter:emias et al . , j_94e)

Pentaacet.yl -ß-D_glucose (71) (z S) was treated with
hydrogen bromrde in acetic acid by the method descr.ibed fcr
l-he preparaiion of 1_bromo_û_L_triacetylrhamncside (25) to
give a residue (72). This cornpound was used to couple wlth the
aglycone without delay.
lH NMR (cDCl3) õ: 2.a3, 2.a5, 2.ag, 2.L0 (4 singier, L2i , 4

CH3CO), 4.10-4.35 (dq, 2H, C,_2H) , 4.3a (m, 1H, C,_H) , 4.85
(dd, 1H, Jz,i = 4 Hz, J2.. = rA Hz, C:_H) , 5 .15 (t, 1ti, ,1.,. = J...
= 7A Hz, C,-li), 5.55 (t, lH, J... = J,,: = 10 i{2, C¡ I-t) , 6.70 (d,
1H, J= 4Hz, Iß-H)

Te|'raacetyl-a-L-rhamnose (74 ) (Fischer et al . i 9)a: Êêl-\â,,.r r
eL d_l . t 19 /+)

To a srirred solutjon of L-rhamnose (ll, (16 g, in aceiic
acid (20 mL) and pyridine (50 mL) was added. acetic anhydride
(140 mL) at about O oC- The sol-utíon was stÍrred aC room
temperature for 15 hr. Then dichforomethane (1OO rni,) was added
to the solution, fol-f owed by washing wi.Lh water (3 X 1OO mL) .

The organic layer was further washed with saLurâted aouecus
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sodium hydrogen carbonate (3 X 1OO mL) and water (3 X 100 mL) .

The combined organic portion was dried over sodiurn sulfate and
filtered. The filtrate was evaporated to dryness under reduced
pressure to dryness to give a syrupy produci (74) (25-6 o.
98?).
1H NMR (cDCf:) ò: !.2L (d, 3H, J = 6.4 Hz, c._cH.) , a.gB, 2.a1,
2.74, 2.15 (4 singlet, 72H, 4 CHrCO) , 3.93 (m, lH, C:_H) , 5.iO
(t-, 7H, J. ¡ = J. . -- LO Hz, C1 -Ht , 5.23 (dd, 1Ë, J . = 2 Hz, J.

=3H2, cr-H) , 5.29 (dd,, 1H, J., =3.5H2. J- = rn Tr? . -L,r
6.OO {d, 11., J - 2 Hz, C.-H

1-Bromo-a-L-triacet.,,lrhamnoside (75) (Bebault et af. , !974)
TÒ â stirred solution of dichloromethane (2 ¡r,L I , acet j-c

acid (3 mL) and tiBr in acetic acid (30_32?) (5 mL) w¿s ¿j666
tetraacetyl-o-L-rhamnose (74) (2 g) . fhe solution v¿as stirreC
at room temperature for 2.5 hr and the process was monitorec
by TLC (ethyl acetate-hexâne, 1:f .5, v/v). The scluticn was
diluted with dichloromethane (50 mL) arrj washeci by shakrrrg
vigorous-Ly with ice-wacer (3 x 25 nrl, saru:ä*_e) åquefJ-r
sodium hydrogen carbonate with crushed ice (3 X 20 rnl) , and
ice water (3 x 10 mL) . The organic layer was dried over sodiu[i
sr-r1f ate, f iltered and evaporated to d.ryness to give a gur¡r.

Then the residue was dissolved in di chl o::omethane (15 mL)

folfowed by addition of anhydrous diethyl ether (15 mL) and
evaporated to dryness to give a syruÞy residue 12.3 9). Thi*.
compound was alfowed to react with the alÌylic aicohcls
without delay.
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'H NMR (CDCI:) ö: r.28 (d, lH, J = 6.4 Hz, C._CH.) , 2.aa, 2.A8,
2.t6 13 sing]et,9H,3 CH.CO) ,4.10 (m, 1H, C:_H) ,5.15 (L, lri,
J,.= Jn,, = 10 Hz, C"-Hr, 5.44 \dd, 1H, J...: = I.5 Hz, J2 .

3.3 Hz, Cz-H), 5.65 (dd, lH, J:.2 = 3.5 Hz, J.,, = 10 Hz, C:_H) ,

6 .26 (d, 1H, J = O .I Hz, Cr_H) .

Tetrabenzovl -ß-L-rhamnose (76) (Ness et aI. , 1951)

To a stirred sofution of L_rhamnose (73 ) (2A S) in
dichloromethane (250 mL) and pyridine (250 mL) was added

benzoyl_ chforide (90 mL) dropwise over a 3 hr period at 0-5
oC. Then the sclution was stirred at room temperaLure far 21

hr. Ice-water \das added to the solution, and the sofuticn was

stí¡::ed for addítional one hr foÌiowed by extraction w:th
di chÌoromethane . The extract was washed with dilute sulfuric
acid (3 M) , sodium hydrogen carbonate solur,ion and wa-Ler.

Workup gave an amorphous tetrabenzoate (76) (24 g).
lÌJ ÀtMÞ /ôñrrt I Á r¡r 1\,.rr\ \\-,J!_r1) u: t.47 (d, 1H, J = 6. 4 Hz, C._Cts.) , + .+S (n,

rH, e.-H) , 5. /5 {t, lH, Jr,e = J;,: = 9.8 Hz, C.-H) , a.92_6.AA
(n, 2H, C,-¡i and C3-H) , 6.60 (d, 1H, J = 2.6 Hz, id_ijr , 7.9a_

8.40 (m, 2OH, aromat ic procons)

1 -Bromo-cr-L-tribenzovf rhamnoside ( ?7 )

To a solution af 29 g of ß-L-rhamnose tetrabenzoate (76) in
dichforomethane (20 mL) and glacial acetic acid (30 mL) was

addecì 100 mL of a solution of hydrogen bromide in glaciaì
acetic acid (30-32? HBr) . The solution was stirrei for 20 hr
at room temperature and then dichÌoromethane was added. ThÊ

resulting sofution was washed with ice-water, aqueous sodium
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hydrogen carbonate, and ice_water. TÌre organic phase was dried
over sodium sulfate, filtered and evapcrated under: reduced
pressure at 40 oC to dryness. The residue was recrystallized
from hexane and acetone co give 24 g ai rhamnoside (77), m-p.
769-77I .C, lit . j_63_164 oC (¡¡ess ei af., 1951) .

rH NllfR (CDCf3) õ: r.43 (d, 3H, J = 6.4 Hz, C3_CHr.) , 4.45 (m,

1H, C5-H) , 5.78 (t, 1H, J.,: = Jt.., = LA Hz, C._H) , 5.85 (dd, 1H,
J- : = 1.5 Hz, J. = = 3 Hz, C _ts , €.2( .dd, lH, J:- = 3.2 Hz,
.i.,. = i0 Hz, C.-H), 6.55 (i, 1H, ,t- = i. 2 Hz, 7ß_H) , 7 .25_B .La
(m, 15ï, aromatic protons )

1 -Eth\'lthio-d-L- triacetvf rhamnoside ( 7e j

Tc a siirred solution of tetraace'Ll,Ì_a_L_r:hamnos€ (74) (2.6
S) in dichloromethane (4 rnI.) was aooed trifluorobc¡ane
ernerace (Br'' rn dierhl-r er.r=I, : M fne so_Iut jon was s:iïrÊo
at room temperature fcr: 2A hr anci then washed with .saturateC
aquecus sodium hydrogen carbonate followed by waier. The
organic phase was dried over magnesiun sìj_Lfâte, fiiterecì atic
êvaporated to dryness unde:: reduced pl:essu¡e Lc give a gum,_n)/

residue. Cofumn chromatography ove:: silica on efusion with 2c?
acetone in hexane gave crystafline 1_ethylthfo_o*L-triacetyi-
rhamnose (l!) (1.8 g) which was recrystallized from dichloro_
methane and diethyl ether, rn.p. 166_16g oC.

'i-i Ntr,lF' (cDCl:) ð: 1.30 (1, 3H, cH.), r .29 (d., 3ij, c5*ctsÌ:) , r.98,
2.05, 2.18 (3 singler, 9ts, 3 COCH.), 2.72 lq, 2ts, cH,) , 3.58
(m, 1H, C.-H) , 4.75 (C., 1H, J = 1 Hz, 1ß_rj) , 5.00*5.10 (m, 2¡j,



C.-H and C.-H) , 5.50 (dd, 1H, J2.1 = ! Hz, Jz,. = 3 Hz, Cr_H)

EIMS m/z (%FJ') : 273 (M--61, 2g.5), 153 (66), tt1 (100).



CHÀPTER 3

SYNTHESTS OF THE GLYCOSTDES OF PREGNÀNES AND

STRUCTURÀLLY RELATED COMPOUNÐS T{HICH BT¡TD TO

Na., K*_ATpASE
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Introduc tion
The research program described in this thesis, wlth the

to improve the therapeut.ic índex of cardiotonic compounds,

been carried out along the followrng two lines:
Search for new 'r leadìr compounds among sLeroiciaf hormones

based on pharmacological st.udies for further functionâ l

group modification.

2 ) Chemical modif ica*-ion of conventional car:diac q-i1,,cosides .

e. g. digitoxin (1) .

In Chapter 2, the synt.hes.is of 17d_acetoxy-3ß-hydroxv_6a-

methylpregn-4 -en-20-one glycosides (5€ and 69) and its
analogues have been described as parL of our ongoing effor:t i_c

search for new cardiotonic compounds . In this chapter,
research is focused on functional group modification of
digitoxln (1). The theoreticaf basis for this stucìv ís d::aru,n

from results of recent SAR studies:
1) Recent1y, dafferent NKÀ isoz!,nres have been proccsed to be

responsible for the initiaLion of therapeutíc and carciio_
toxic effects (Sweadner, 1979; Maixent_ et af ., f987, tggi).
This finding suggests that inhibition of the isozl,mes may

initiate specific therapeutic effects, i.e. the inotropic
effect observecì in modified digitoxin derivatives (t{aixeni
et aL, 7992) . In this sense, functional group modificat.ion
is not only expected to show an increase in recept.or
binding affinity but afso to demonstrate useful- pha::ma_
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cologi cal act ivicy wic.h respËcL Lo er. imÐ:ove -f.e:... ir_ ri:.-
saf e'-y margin (Me.xen-_ er â_. , 199-

2) Some pregnanes have been found to Ì¡rnd to N !;- arrci have an

ef fect on hearL ¡nuscf e and the kídne-v, i.e. 1_he1- ellct_=d
a balance of positive and negative inotropv on ihe hea¡:t,
and potassíum sparing diuretlc effecLs on the kiCne.,,
(Templeton et al ., 1998, I991a, b; Smyth ei al. , L99Z).

Amcng these pharrnacol ogi cal activities th: ìar:€r can
account f o:: an ímprovement in the safecy margil cf cerLai:t
preqnanes (LaBella et al . , !9f9, r9e1, t9g5; Tenpre¡cn er
al ., 1988; Bose et a]. , 19Bt).

3 RÉcellL SAR s:ri:es indlca-_e rh:: LL: rel¿:tv+ c::c:_:1. o:
cardiotonic compounds are nor on:\, rela:ed ;c rÊcepaol:
bínding affrnicy but arso rncrude other efiec;s i¡:.iuiated
by these ccmpounds, e.g. t¡e regufa:ron of muscuia¡ cone in
the heart (Woolfson et âi. , f 992,t .

Interest ìn functional gr:cup mcitf _:ca:tcl ci ca::ciac
glycosicies is focused on three areas of the mofec.:_:e chai are
directly or indirectry ínvoiveo in inter:ac¡rcÌ: w:tÌr acrive
site recognition of NKA: i) the C, suqal: mcle:y, il) the
steroid rings in which the stereochemistry of the A/B and C/D

ring junctions are importan: for high pcLeircy, ari iii) the
17ß substituent .

Among the different types oi C. glvcos),râtion, d,L_
rhamnosylaLion has been shown to be capable cf reinforcínc¡
receptor bindìng affrnity mcre signifacanti)¡ t.han orher il'pes
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of glycosyÌaLion, e.g. ß-D-glucosylation (Thomas et. al ., 1990;
Templeton et al ., 1991a) Neverthefess, the sugar moiety at C.

may not be essential for receptor binding affinicy (Repke,

1985,' Tempf et.on et aI ., Ig9Ia, b) and mäy not be ínvolved i¡r
primary binding to NKÂ (yoda et al ., Lg73) . However, its
existence facilltates drug distribution and transporiaLion
(Repke, 1963a) , stabilízat.ion of the primary drug-recepLor
bínding complex (schwartz et al ., fg75), optimization of
binding conformations which mrmic that of digitoxin (1)

(Watson et al . , 1984; Chiu and Watson, 1985), enhancemenr of
inotropíc potency (Repke and WeiÌanC, tgBB ) ancl binding
selectivity towards an extrâcellular receptcr siie (e.g. Nfiè_ )

(LaBeiia eL al ., t9g9; weiland et al., I99r; Smy¡¡ et al.,
1992) . In additíon, olycosides ere less liable to inactir¡ation
in the liver than the C- alcohol of the genins (Repke ei af. ,

1988). The steroid ring junctions and stereochernistry of C.,

Cu and C.. in rings AruE and C/D, are known Lo be a ciererr¡ínanl
of recepLor binCing af f Ínity (Kim et al . , 1960; Ternp,ieror-r ei
af. , l-992) - Pregn-4-ene derivatlves show en unique
pharmacologlcal activicy, i.e., a bafance of posjrive ânci

negative inotropy which counteracts cardiotoxicity, a pr:oÞe:riy

which had not been observed. in the natural cardiac alycosides
(Tempfeton et. al . 1988; LaBella et at., 19g9).

The activìty of the 5d-pregnane de¡i¡,,atives is mol:e

controversial The Sd-pregnane derjvatives have shown weake::

recepLor binding affinity (Tempfeton et al . , Ig9?) , sirnilar:
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(Thomas et al . , LggA) and stronger inotropic activity (t{atson

et al . , 1984 ) compared to the 5ß series . Some slerofdel
hor:mones, alf of which possess the I4(} stereochemistry,
display exclusively cardiodepre s s ion, while some of these
compounds elicit positive inotropy when they are in the form
of glycosides (Weiland et al-. , Iggl_; Smyth et al. , L9g2).
Replacement of Lhe 14ß-OH with hydrogen reduced the potency of
digitoxigenin (60) ta r/IO (Thomas et al ., LggA) buc drd nc:
destroy activity. It was found that 14-epi_digit.oxigenin, il
which there is a conversion of the stereochemrstr-1, oi the C/D

ring junction f r-om cis tc trans compared to digr-eoxtgenin
16C , caused complere loss of accivity rZurcher e ._ a_., I9t?

At the 17ß posrtion, an û, ß_unsaturaÊ_ed lactone :: ir-_Lg or:

unsaturated ísostere (Wiesner and Tsai , Ig86; Thomas et aì.
!974b, 1990) was considered necessary for poient receptor
binding (Thomas et al. , Ig74b, 1990). Recently, Templeton er_

al. (199ia, b, i992 ) have shown thaL the Ìacione rinq ca:i be

rer¡laced by a saturated aÌkyl side chain to f Õr:ì-., setLiratec
pr:egnane derivatives and 21-norpregnane der:ivatir¡es which
retain sLrong receptor binding affiniLy. Some of thes€
pregnane derivatives dìspray simifar diuretic effects on the
kidney Lo progesterone derivatives, e.g. 1?a_acetoxy_3ß_

hydroxy-6o-methylpregn-4-en-20_orre gluccsrde (6g) in ChaÞL€r

2 (S)'Tnth er al . , 1992) .

The research described in this chapter:, which is focused
on functional group modification of digit.oxrn (1) at C_, C..
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and C.?, has been carried out so that a poLentiel pharma_

cophoric pattern can be ôutlined based on cor:responding
receptor binding affinity of the compounds studled. To this
end, the glycosides of 3ß, L4ß , 20ß_ tt: íhydroxy _ 5ß -pregnane and
related compounds, e.g. compounds g7, 11 and 12, have bee¡r
synthesjzed (scherne B). Receptor binding affiniry was

determined in a [jH]ouabain radioligand bindinq assay. The
results will be discussed in Chapter 6.

For further ilfrÌstration of the differences in the
spacial orientation among compounds with sÍmifar receÞrol:
affinities but different substituents and stereocherflistry,
interatomic distances beLween oxygen atonls of the substiiuen:s
ai- C:, Cr4 and Cr? have been measured with th€ aid of a computer
modelling progl:am (pCMODEL) Coordinatio¡r of the receÞtor
binding affinity with the interatomic dis-,ances reveals a

similar spacial orientation of the substituents accomnodeted
in the compounds wil_h sím1lar receptoL affinities (Fig. 1t).
The outcome of these studíes calls for further ìnr.,es:igation
of the spacial orientation of these pharmacophores. This sLudy
promises to provide more specific information of the
pharmacophoric pattern, which is essential f or- the developmen:
of new cardiotonic compounds with useful clinic vafue.

To determine how the confj.guration at the A/B and C/D
ring junct ions and substituents at C,, affecc receptor bindlng
affinity, canarigenone (91), 14 , 15 _ di dehydrocanarigenone (92) 

,

20ß-aceloxy-3ß-hydroxypregn_4_ene (14e) (99) and rts
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87 R

H 12 R= -L-rham¡osyl

Reagents: i) rne¡ìa¡ov0.O5 M sulfu¡ic acid
ii) i-b¡omo- q-L-Lliâcetylrh¿mnoside 

CÐl FeLizon,s reagcnt/ CH2Cì2
iii) rrieL\y Ia¡n ine/m erl ano Vw arer

iv) t,bromo-ß,D-reûaacerytglucoside CÐl Fe¡izon,s reagenl /CHrCl2
v ) O3Æ(OCH3)32n, HOAc
vi) O3lZffiOAc
ViÐ LTBAH/THF

Scheme 8 Synthesis of 3B-(p-D-glucosyloxy)_l4g_hydroxy_5[3_pregn_

20-one (87) and 14Ê,20p_dihydroxy_3B-(a_L_rhamnosytoxy)
5B-pregnane ( 1 2)

,/ ll R = -L-rha¡rno.rl

H '.2' ";;
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Fig' 11 Interatomic dista¡ces among tre oxygen aþms at c3, c4 a¡d the c17 side

chain in some pregnanes with A,¡8, C/D ring cis junctions and ¡he cores_

pondirg receptor binding aff,rniry in a [3]{ouabain radioligard assa¡,
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H 8,47 Ä
R = a-L-rh¿Jnr¡osyl



derivatives have also been synthesized (Schemes 9 and 10).
3.2 Functional Group and Stereochemical Modification of

Preg'nanes at the Ca, Cs, C' and C' positions

Svnthesis of 3ß,14ß,20ß-Trihydroxv-5ß-Þreqnan€ C. -Glvcos ide s

(12) and Related ComÞounds (11 and 87)

Functional group modification of digítoxin (1) has been

focused on Lhe Cj and C' positions, the energetically
favourable posítions for subsi.itution based on Gibbs free
ener:gy cafcufations (Repke, 1985). lt r,ras thought, r-rntii
recently, that the unsaturãted lacione rlng and isosr_eres a:
Cir are necessary for high recepi_or bínding affinity and stronE

inot.ropy (Thomas et al ., I974b, 1990) . pregnanes rr,ith the

sr-.Lbst i t-uent s at C.r, which are saturated but not iscste::ic wttir
respect to the factone ring, also demonstrate strong receÌftor
binding affinity and inotropy (Templeton ec al., 1991a, b,

1992) . The stereochemistry of the steroid rrngs has beerr

considered as a cleterminant for potent receÞtÕ: btnitlrg
affinity (Kim et af., t9B0) . For exampie, changes cf
configuration at C5 and C,. (e.g. 5ß/5d and t4ß/i4ct series) or
introduction of a doui¡le bond at ring A, B oL D (r.e. the 4

ene and 5-ene series) cause a major variation in the magnítude

of receptor binding affinity and different phar:macologi cal
act j-vities (e.9. negative inotropl', a balance of pcsitive ani
negative inotropy, and potassium sparing diuretic effecis)
(LaBelIa eL aÌ., L979, 1989; Templeton et aI., 1988; Vteiland

er af. , 799I; SmTth et â1 . , I99Z Jr seems clear rh_a: che
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effecr o: subs--ttuen'-s ä: C,,

affinity can be atr¡ibuted
and C,? on receptor binding

their different electronic

cor-Í i gu::aclors {RepKe e: a_., 19p5; Thomas e,- al., )99t i

Templeton et a1 . , !992 ) , sceric hindrances (Templecon et al. ,

7993) , ano possibly through the resuliíng ccnformationai
transmission effects of the subsrituents (Barton et. el ., i96O)

as illusrrareci in FLgs - :2 anci i3 (Fullercon et al ., 7919a;

LaBelLa er a-., I985; Chiu anC WâES3n, 1995). Conf o:-macio:t-:

effects, the natut:e of the subsLiruents, and changes in
srereochemis::y o: --1,+ Ì- ':. ar-r _- I rir; juncrions a_ cet rl_c

spacial orientatlon of phar:macophores (i.e. the subs:ituents

at C.i C.. and C,-), and hence cause dif fel:ences ín receptor

binding affinicl'. Tiris is not su¡¡t¡:isi:rg ìf one ccnside:s thal
receptors recogntze che spaciaÌ ot:ientation cf pharmacophores

by inter:acaion with the electrons located on the pha::ma-

cophoric substlLuents. It is cf interesL to further illus:rate
these facaors sc thai specific pharmacophoric patterns

reouireC fcr im¡rovecl pocencv compared to cìigitoxrn (1) can be

ouclineC. To thrs end, the gìycosides of 3ß,]4ß,2A1!-

t rihydroxy - 5 ß - pr:egnane (12) and r.elated compounds ILI , 87, 97,

92, 97 and 99) have been synthesizerì (Schemes B, 9 and 10).

Results anci Discussion

Digitoxin (1) has been used as the starting materiaf for
synthesìs of 3ß, 14ß,20ß-tríhydroxy-5ß-pregnane C--gÌycoside
(12) and relat.ed comÞounds (11 and 87) . Digitoxígenin (60) was

obtained by acicìic hydrolysis of digitoxin (1) (B::or.'n et al. ,

C
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1981) . The concentration of acid (0.005 M) used is imÞortant

sínce a higher concentration of acíd rnay cause noL only

cleavage of the glycosidic bond but also ciehydration at the Cr.

position. Digitoxj-genin (60) was coupled with 1-bromo-.r-D-

t e t. raacetyÌgl ucos ide (72) an;rd 1-bromo-cy-L-tríacetylrhamnosicie

(75) in the presence of Fetizon's reagent (Brown et al ., 1991)

foffowed by basic hydrolysis to give digitoxigenin ß-D-

glucoside (86) and a-L-rhamnoside (8e) . The reaction was

complete within one hour, but a longer reaction time may cause

dehydrar-icn of Lhe C1.-OH. To simplily che p.rr j f rca'- ic:_

process, the gummy residue of glucoside tetraaceLate and

rhamnosicìe rriaceiaLe, wichouc furche: pur:fic;cio:_, w¿s

dissolved .in a solution of triethylamine, methanol and wacer

(I2:f2 I, v/v) t.o give digitoxígenin ß-D-glucosìdes (86) and

a-L-rhamnoside (88). Under strongly basic conditions

epimerization at C., and reactic:-. betvJeen the i4ß-OH and the

17ß-factone may also occur (Thornas et. al- ., 799C ) Ozonoll'sis

of digitoxigenin glycosides (86 and 88) was ca::ried out in

dichloromethane by passing ozone/a, at -60 to -65 oc for uÞ to

one hour. Longer reaction times were employed to ensure

complete formation of the ozonide (Scheme 11, b) since

conjugrated double bonds are usually more stabfe than

unconjugated double boncis. Conversion of the digitoxigenin

glycosides to t.he C:.-ketone derivatives (86 anci 88) vae

ozonolysis folfowed by removal of the hydroxyÌ group at C,

through tosylation, iodination and reduction is leng:hy and
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ovel:alf yields were f ow. A more efficient synthetic approach

for the preparation of the C2.*ketone derrvatives has been

developed (Templeton et af., L99Ia, b) . In thís approach, the
formation of the C2r-keLone was achieved by reduction, wíth
excess zinc and acetic acid for 1B hr, of Cr._OCOCHTOH, an

intermediate derived from short treatment of the ozonide with
zinc and acetic acid. If the C2. -OH is formed during the
reduction of the ozonide, iL can not be removed by treatment
with zinc and aceÈ-ic acíd (Cohnen eL al . , L9g2; Templeton et
el ., 1991a) . Obviously the -oCOCH:OH group is a better ieaving
group than -OH under treatment wiLh zinc and acetic acid anc

facilitates the cleavage of the C-C bond. Conversion of the
digitoxigenin giycosides (86 and 8B) to the corresponding C":-

ketones (87 and 11) was also achieveci by ozonolysis followed
by treatment with trimethylphosphit e and additional treetment
wit.h excess zínc and acetic acid. A possrble mechanisn f o::

this reaction is suggested in Schene 11. Conversio: of the Cr._

ketone (11) to the corresponding 20ß-hydroxy derivative (12)

as major product (2Aß:2Aa, 9:1) can be achieved by t.reatment
wirh LTBA]I in THF (Scheme B) .

Svnthesis of Canariqenone (91) and Relâted ComÞounds

Canarigenin (!l) (C"-C- double bond) and uzarígenln (92)

(5a) are structural-fy similar, with only scereochemical

difference at the A/B ring junction (Fig. 1O) Ho\..rever, these
compounds show quj-te different degrees of cardioactivity. In
general, the uzarigenin glycosides (5a) shcrç onfv week
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card.ioactivity (Fieser et al . , 1959). Unl-ike ca::denolries of
the uzarigenin t.y'pe, the closely refaced canariqeni: farniiy
are biologÍcally more acLive (Studer et al . , 1963 ) .

Canarigenin glycosides have a refativefy flat geomeLry (Iire

5a) due to introduct.ion of a doubÌe bond at the Ca-C. position,
but. different from digitoxigenin (60) which has the 5ß

configuration (Fig. 10). It is known tha: the geometr:y oeÍined
by stereochemiscry of genins is a dererminanc :c:- ch=

attachmenL of the substituents a.. C., C-. and C.- vrith resÞect
to ìnteraction energy with NKÀ (Repke and tíeilani, 19Bet anC

recepLor bir.ding affinity ,LaBellâ e: a_. 196a; Ternole:o:_ Ê:

aI ., L987c) .

For: a further illustration oi scereociremicaÌ eifecrs of
the A/B ring junction, digitoxiqenone (!9) , cana::igenonÊ 1j!L)

and 14, 15 -didehydro- 14 * deoxycanarigenone (92 ) wene syn:hesrzed
(Scheme 9) fat: further receptor bincrng evä:ua.-Lc:_. -r :::-:
how significant the spacial oriencation oi che sr':ils:iruenls e:
C,, C. ano C., ts tn affectinq recep:ct bino:;.;: a:1::_::y,
interacomic dlstances among che oxygen atoms a: C., C. ä:_i C

of some pregnanes have been measured and coorclinated with the
corresponding receptor binding affinity measured by e

[]Hl ouabain radioligand binding assây, as il,lusr¡ated in Fiq.
11.

Resul-t s and Discussion

Digitoxin (1) was used as the starLinc material foL
preparation of canarigenone (91) and r4,15-dicìehvorocanali-
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genone (92). Digitoxigenin (60) was obtained by acidic hydro_
lysis as described by Brown et al . (198_r). Oxtdation of
digltoxigenin (60) with .lones, reagent gave digitoxigenone
(89) in high yierd. Formation of an a, ß-unsaturaLed ketone has
been reported to occur by treatment of a saturated ketone with
DDQ (Shimizu et al ., 1966), benzene sel eníni c anhydride (Barton
et af., 1978) or t -butyì-hypochl ori t e (Beereboom et al ., 1953) .

Application of these reagents tÒ the preparation of
canar:igrenone was unsuccessfuf. Treatment of oigitoxigenone
with bromine ín DMF, followed by treatment with lrthiurn
chl-oride (Kamano eL af., I975), gave canarigenone (91) as the
major product and 14, 15-didehydro_14_deoxycanarigenone (]]) as
a rninor product (Scheme 9) .

For further ilfr:stration of the relat-ionships between the
spacial orient.ation of the substituents and receptor binding
affinrty, interatomic distances of the oxygen aLoÍns et C., C,.

and C., of some pregnanes were calculaied b1, means oi a

computer modelling program (PCMODEL) . The data of the
inLeratomic distances obtained have been coordinated with the
corresponding values of receptor binding affinity. It is of
interest to noLe that the compounds displayíng comparable
magnitude of receptor binding affiníty have simiÌar patterns
for their interatomic distances (fig. 11). Therefore, the
spacial orientatiôn of the substituents at C., C,. and C.r .in
the compounds with similar receptor binding aff init.y can be
anticipated to be simirar. These resufLs paratrel the resurts
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of previous SAR studies (LaBeIfa et al ., 1985, Fuf ler:ton et
aI ., I979a). It has been reported that the spacial location of
Lhe carbonyl oxygen 1n the Crr-side chain relative to the ring
skefeton is a determinant of receptor binding affinity (Figs.
12 and 13) based on crys t al J-ographi c analysis (LaBella et af.,
1985) and computer graphic estimates (Fufferton et al . ,

1979a). To formulate guantiLative SARS, many other factoz:s
need to be addressed, e.g.the boundary of the cleft of Ni(A

which accommodates digitalis for dr:ug-receptor interaction.
Repke claimed that the depth of Lhe clef t is about 1.9 nrr.,

(Repke, 1985). The width or boundary of i:he cleft hes not been

reported.

Svnthesis of 2oß-acetoxv-3ß-hvdrox)..Þreqn_4 _ene (99 ) and

Structurallv Related Compounds

To iflustrate the importance of the C/D .ring junction,
20ß-acetoxy-3ß,hyd::oxl.pregn-4-ene (14cy) (99) and refated
compounds have been synthesized, as illustratecì in Scherne 1C.

Progesterone (L-4J was treated with LTBA!ì in TIJF to give
the diof (96) . Selective oxidation of the diol with manganese

dioxide (Mancera et al ., 1953) gave 2 Oß- hydrox)æregn _ 4 _ en _ 3 _

one (97) . 2Oß-Acetoxy-3ß-hydrox),,pregn-4-ene (99) was obtaineo
by treatment of 2Oß-hydroxl4rregn-4-en-3_one (97) with acetic
anhydride and pyridine, foll-owed by treatment with LTBA! in
THF.
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3 .3 Summary

1) Chemical modification of digitalis glycosides to pr.egnane

derivatÍves promises to develop new cardiotonic drugs wiLh

enhanced receptor binding affinity and inotropic potency

that have improved therapeutic effícacy and safety.
2) '1o ilfuslrate how the nature and sLereochemístry of

steroidal ring syst.em and the substituents at C3 and Cr_

affect receptor binding affínity, 3ß,14ß_dihydroxy_5ß_

pregn-20-one glucos.ide (87), rhamnoside (11) , 3ß,14ß,2Aß-

t ri hydroxy - 5ß- pregnane rhamnoside (12), cana::igenone (!¡i) 
,

14 , 15 - didehydrocanarigenone (92), 20ß-hydrox).?regn-4_en_3 _

one (14û) (97) and related compounds have been synrhesizecì.

3) The resufts ôf receptor bi-nding and interatontc distance
measurement of sorne pregnane derivaLives indrcate Ê_hat

compounds with simllar receptor binding affinities have

similar pharmacophoric pattel:ns, r.e. a sir,ilar spaciai
orientation for the substituents at C., C,. and C.^.

3 .4 Experimental

GeneraÌ methocis and materials are described previousÌ1, in
Chapter 2.

14ß-Hvdroxv- 3ß- (d- L-rhamnosvloxy) - 5ß- Þreqn- 2 o - one ( 11 )

Digitoxìgenín a-L-rhamnoside (BB) (50 mg) was dissolveo
j-n dichforomethane (50 mL) and acetone (5 mL) and the soluticn
was cooled in a dry ice-acetone sofution to about _50 oC fcr
10 min. Then an ozone/dioxygen mixture produced from en

ozonizer was passed into the stirred solution throuch ¿
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dLspersion tube for 45 min while t.he temperature remained at
about -50 oC. Completion of Lhe reaction was determined by the
disappearance of the starting material on the TLC when
visualized under IJV lioht.

Atter 45 *i,'r, .ritt'ogen was bubbfed inLo the soru.ion for
_LU rrln är _5u "C to remove the rema.ining ozone and terminate
the react.ion. Trimethylphosphit e (1 mL) was added to the
solut.ion. The solution was stirred for 15 hr at roôm
temperature and then evaporated under reduced pressure to
remove the solvent and give a resídue. The residue was
dissofved in acetic acid (50 mL) foflowed by acìCition of
activated zinc dllst (2.5 g) and the sofution was shaken on a

shaker at room temperature overnight. The solul_ion was
fiÌte¡ed to remove zinc ciust and the cake of zinc dusr was
washed with 1O? methanol in dichloromethane (2A mL) . The
filtrate and washing was combìned and drrut.ed with Lhe same
volume of hexane (70 mL) and evaporated azeotropicalll, ¡6
dryness co afforo a cryscalline prociucr (.t1 .30 r.r, 65?
which was recrystallized from methanol and chÌorofoïm, m.p.
246-25A oc 

-

'H NMR (ccl.D/cD3oD, 1:1) ð: 0.95 (s, 3H, c.¡_cgr) , o.97 (s, 3H,
Lrr-L.H.) , r.2 / (d, 3H, J = 6 .4 H2, C.,_H) , 2.27 (s, 3H, C?._cHj) ,

2.95 (dd, 1H, J = 4.2 Hz, g.3 Hz, I7a_H), 3.40 (1, 1H, Jç,,:, =

J-.-.=9trTlz..-!rl e¿,-lr_t t 3.64-3.76 (m, 2H, C3, _H and Cn._H) , 3. BZ
| à,1\L¡L.r, -L t-1 / J:,r, = 1.5 HZ, Jz,,z, = 3.3 HZ, Cr,_H) , 3,95 (S, 1H, 3d_
H), 4.Bo (d, 1H, J = !.5 Hz, c,,_H).



Efemental anafysis (C2sH".Or) : Calcd. C 65.30?, H 8.93 ?; Found

c 65.A9>", H 9.I72.

14ß,20ß-Dihvdroxv-3ß- (a-L-rhamnosyloxy) _5ß_preqnane (L2)
(Templeton et af. , 199Ia)

14ß-Hydroxy-3ß- (o-L-rhamnosyloxy) -5ß-pregn_20_one (11)

(22 mg) was dissolved in anhydrous THF (15 mL) and treated
with LTBAH (100 mg) . The sofution \.,ra s stirred at room

temperature overnight. Then water (10 mL) was addecl to the
sofution and the mixture was extracted wiLh dichro¡omethane to
give the Cro-alcohol (12) (7 ng, 322), whrch was crystaliized
from methanol arrd water, m.p. 238-244 oC.

1H NMR (CDCIr/CD.OD, i:1) ð: 0.96 (s, 3H, C.c_Cil.) , !.L7 (s, 3H,

C..-CH.) , 7.21 (d, 3H, J = 6.6 Hz, Cr.-Ciì.) , 3,9L (rn, 1ii, C._ri) ,

3 .79 (ri, lH, C2c-H) , 4.BI (cì, 1H, J = I.2 Hz, C.,-!i) , 3 B2 (dd,

lH, J .. = 7.6 Hz, J_:.= 3.3 Hz, Cr-H , 3.61-3.?5 (m, tti, C. _

H), 3.39 (t, IH, ,J;.,., = J<,,s, = 9.5 Hz, C. -H) , 3.64-3.76 (r:.,

lH, C5,-H) , r .27 (à, 3ll, J = 6.2 Hz, Cs,-CH3) .

Díqitoxiqenin (60) (Brown et al ., t9B1)

Digitoxin (1) (ro g¡ was díssolved in a solution oi
methanol- (1000 mL) and conc. sulfuric acid (2.7 mL) . The

solution was stirred at room temperature for 4 hr and

neutralized by addition of saturated aqueous sodium hydrogen
carbonate. The sofution was evaporated Lo remove methânol and

filt.ered to coffect crude crystalline dígítoxigenín. The cake

of digitoxigenin was washed with water (2A mL X 2) .
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RecrysLallization from ethanol and water gave pure
dì-gitoxigenin (60) 15.Z g¡, m.p. 242_246 aC.

Diq j roxiqenin qlucoside {86)

To a stirred solution of digítoxigenin (60) (, S) Ín
dichloromethane (250 mL) were added 1_bromo_d_D_Letra-
acetylglucoside (72) (13 g) , Fetizon,s reagent (15 g) and
molecular sieves (4 Å, 5 g) . The sofut.ion was stirt:ed at room
temperature in the dark for 50 mín and fíltered through a paC

of Celite, which was then washed with dichloromethane. The
combined fiÌErates were washed v,,ith saturated aqueous sodtum
hycìrogen carbonate and water. The organic phase was d¡ied ove¡
sodium sulfate, filtered and evaporated to dryness tc give a

resldue. The residue was dissolved ín a soluiicn of
triethylamine (16 mL) , methanol (20 mL) and water (2 mL) and
stirred at room temperature under argon for 3 days. The
reacLion solution was evaporated Lo dryness to give a residue
which was subjected to ffash chromat_ ograph!, over srlica. The
fractions, on elution \rith 15?, methanoi in dichloromeihâne,
gave digitoxigenin glucoside (86) (1.94 g) , whicì-, was rhen
crystallized from dichloromethane and acetone, m.p. 24I_243 aC

(IíL. 242-246 oC, Kihara et af ., IgB4).

(87)
(Templeton et al. , 1991a)

To a stírred solution of digitoxigenin ß_D_glucosicÌe (86)
(50 mg) in acetone (5 mL) and di chl,oromethane (50 mL) was
passed ozone/dioxygen through a dispersion tube at _50 oC.
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Arcer 45 mrn, TLC showed the disappearance of the starting
materiaf (di chloromethane - methano I , 9:f , v/v). Dry nitrogen
was bub]¡ied into the sofutíon for 15 min, to remove remalnÍng
azarle r folfowed by addition of trimet hylphosphi t e (1 mL) and
the solution was stirred for 3O min while the temperature
remained at about -50 oC. Then the solution was stirred a.e

room Lemperature for 15 hr, when TLC indicated Lhe conve¡siorr
of the more polar component to a less polar component
( di chforomethane - me thanol , B5 :15, v/v) . The solution was

evaporated under reduced pressure at about 45 oC, tc give a

residue which was díssofved in glacial acetic acid (50 mL)

fcllowed by addition of zínc dust (2.5 g) . The soluiion was

vigor:ously stirred aL roo¡r ternpel:ature iC)r 25 hi:. Ai air

inte¡val af 12 ln:r:, additional zinc dust (2-5 q) was added. The

solution was fiftered through a pad of Celate and the zinc
dust \,ras washed with ethyl acetate (i5 mL) , dichloromethane
(15 mL) and methanof (S mL) . The combined filtraie and
washings were washed with saturated aqueous soCru¡:i chfc¡ide
(25 mL X 3), satur:atecl aqueous sodium hydrogen carl,^.cnat.e (25

mL X 3) and saturated aqueous sodium chloride soluiion (20 ml
X 3). The organic Ìayer was dried over anhydrous sodiunr
sulphate and fiÌtered. The filtrate was evaporated to dryness,
to qive a residue. Column chromatography of the residue
(silica geI 2 g; solvent system: i, cyclohexane, ii, 2_L2Z
methanol in dichL oromethane ) gave the Cro_ketone (fl) (33 mg,

772) from methanof and di chlorome thane , which was
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recrystaflized from a soluLion of acetonÊ and wat.er l9:t,
v/v) , m.p. 232-235 aC.

'H NMR (CDCÌ3/cDroD, 1;1) ô: 0.96 (s, 6H, C,._ctl. and c.,_cH.),
2.26 (s, 3H, Cr!-CH ), 2.96 (dd, 1H, J = 4.2 Hz, g.3 Hz, I?o!_
H) , 3.20-3.30 (m, 2H, cr,-H and Cs,_H), 3.36_3 .44 (m, 2H, C,,_H
and C",-H) , 3.71 (d,q, 2H, J¡¡ = a2 Hz, J L,. = 2.6 Hz, J¿;.. = 5.2
t¿, \-: _zF.) t 4.u/ (s, 1H, C,_H) ,4.33 {d, 1H, J=7.-tHz, c
H).

DiqiLoxiqenin d-L-Rhamnoside (ge)

Tô a stirred solution of digitoxigenin (6C) (1.43 g) ,

Fetizon's reagent (te g¡, and molecufar sieves l+ L, S g) in
dry dichloromethane (Z2A mL) was added 1_bromc_c_¡-c::i_
ac e tyl rhamnos ide (25) (9 g) ir, dichlcromethane (30 rLL/ in one
portion and stirred under argon in the dark fol 50 min. The
reaction progress was monítored by TLC (acetone : hexane, 25
: 75, v/v). The solutiÕn was filtered thrcugh a pad of Celite
to remove the solid residue and the fiftrate was washed v,,ith
ice-coofed saturated aqueous soiium hydrogen caLbonal_e (5C mL

X 2) and water (50 mL X 2). The organic layer was dried over
sodium sulphate and ftltered. The filtrate was evaporated to
dryness, to give a syrupy residue (11 g) . The resrdue rras

dissolved in a solution of methanol (120 mL) , triethylamine
(120 mL) and water (i0 mL) and stirred under a:.gon at roonl
Lemperature for 3 days. The solution was evaporated to dryness
to afford a syrupy residue, which was subjected to flash
chromaLog::aphy (50 g silica geÌ) .
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The fractions, on elutlon with B_15? methanof in
dichloromethane, af f orded di grtoxigenin 3ß-a, L- rhamnos:.de (åg)

(1.58 g) , which was recrystallized from et.hanof and wateu:

m.p. 2L9-220 .C (lit. 2L5-2r7 oC, Brown er al ., 1981).
1H NMR (CDC],-CD.OD, 1:1) ô: 0.88 (s, 3H, C_._CHj) , a.g4 (s, 3ts-,

Cro-CH,) , L.27 (d, 3H, .T= 6.0 Hz, C5,-Cf\) , 2.BO (m, LH, aTct_H) ,

3.40-3.85 (m, 4H, C2,-H, C3,-H, Cn, -H and C.,-H) , 3.95 (s, 1H,

C."-OH) , 4.00 (s, 1H, C:-H) , 4.30 (d, lH, J = !.5 Hz, C..-H) ,

L 9< (r )'r /^ -1rr' q eq ,c ¡È . rr.eJ \-, J11, ç2,_11 .

Diqitoxiqenone 114ß-hydroxv-3-oxôcard-20 (2:) -enolidel (g9)

To a solution of digitoxigenin (60) (1 g) in DMF (50 rnl)

was added Jones, reagent dropwise with stiri:íng unti_t the
sôÌution became slight brown. The scluL.ion was stirred at rocnL

t.emperature for 2 hr and the mixcure was poured into ice-
water/ washed wj-th saturated aqueous sodium hydrogen carbonate
and extracted with dichloromethane. The combined organic
extracts were washed with water, drled over- sodium sulnhate,
filtered and evaporated to dryness under reCuced pressure co

give a residue. Flash chromatography of the residue over
silica, on elution with 25? acetone in hexane, gave Lhe C._

ketone (89) (780 mg) from dichloromethane and diethyt ether,
m.p. 194-200 .C (1it. L94-I9j oC, Fritsch er al . j-969),

'H NMR (CDClr) ð: 0.91 (s, 3H, Ci.-CHj), 1.03 (s, 3H, Clc_cIl:),

2.6A (L, 1H, C.r-H) , 2.8A (m, 1H, Cr.-H) , 4.90 (dg, 2!i, Cz._2H,

J,.- = 18 Hz, J2t zo = 1. 7 Hz) , 5 .90 (m, 1H, Cr. -H) .

EÍMS m/z (?RÀ) : 372 (M-, s2) 354 (M.-H,O, 9), 1Oe (100) .
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c"...iq..o.. [14ß-htdrorv-3-o*oc.td-4. 2o (22) -"rolid"r (9i) 
"rd

14 . 15 - Didehvdro - 14 - deoxvcanariqenone l3_oxocard 4.14,20(22)
enolidel 192)

To a stirred sofution of digitoxigenone (89) (1 g) in DM!-

(70 mL) , was added bromine (560 mg) in DMF (30 mL) . The

sofution was stirred at room Lemperature for 6 1r, i.hen

diluted with dí chl oromet hane, and then washed with water. The

organic phase was dried over sodium sulphate, frÌte¡ed and

evaporated to dryness. The residue obtained was dissotved in
DMF (50 mL) and treated with lithium chloride unde r: refìux for
3 hr. The solutíon was diluted with dichtoromethane and washed

with water. The organìc phase was dríed over sodium sulphate,
fiftered and evaporated to dryness to give a residue v,,hích was

subjected tô column chromatography over srl_rca. The frac,ions
on elution with 2o% eLhyI acetate in dichloromeLhane i gave

14 , 15 - didehydro - 14 - deoxycanarigenone (92) (200 mg) , which was

recrystallized from dichforomethane and die,rhyl ethei:, m.p.
,tÊ tcE oa- l1:z¡e ¿a) -! \rrL. zëd-292 oC, Kamano et al ., fgfr).

'H NMR (CDCI_.) ð: 0.87 (s, 3H, C13-CH.) , 7.22 (s, 3H, C.--cH.) ,

114-A 1ç (,1^ 'l rr\\.rq, zrì, Jg-- = i'l Hz, J :: = 1.8 E-2, C- - 2Ë_ , 5..7j
(d, 1i{, J = L Hz, C.-H) , 5.91 (d, lH, J = I E }Jz î _u

RBA (IC5:): 0.3 ¡rM

The fater fractions gave canarigenone (91) (4OO mg) ,

which was recrystallized from dichloromethane and dreth1,1

ether, m.p. 248-254 oC (lit. 257-263 oC, Kamano et aì. , f975).



'H NMR (cDCr:) õ: a.94 (s, 3H, c.3_cH_), 1.19 (s, 3H, cro_cH.),
4.7>-5.05 (dq, 2H, J"-. - LB Hz, *._,.., = 2tjz, C- -2H , 5.75 (s,
rf1/ L1 -H) , 5.90 (m, 1H, C-,_H) .

EII49 m/z (?RA) : 370 (t4', 76), 352 (M,_1e , 79) , 355 (M._15,

14), 26A (2A), 245 (27), 2\7 (s4), 161 (100).

RBA (Icso): 0.18 pM.

3ß, 20ß-Dihvdrox\.'Þreqn-4 -ene ( 96 )

Progesterone (44) (2oo mg) was dissolved in cìiethyl ether:
(50 mL) and treâted vrith LTBAIî (486 mg, 3 eg.) and stirred for
20 hr. The reactaon was quenched .by addition of water and the
solution was stírred for an additlonal hr. The sclution was

diluted wiLh diethyl ether and the aqueous phase was fur.ther
extracted with diethyl ether:. The combined organrc ex1_racts
were dried over: sodium sulfate, filtered and evaporated to
dryness co gjve Lhe cryscailine alcohol (96) r195 mg), whici.
was recrysLallized from methanoi and diethyl ether, m.p. 157_

159 0C.

RBA (ICs!) : 7L ¡tM

2 0 ß-Hydroxvpreqn - 4 -en-3 -one (97)

3ß,20ß-Dihydroxypregn-4-ene (96) (1 g) was dissofved in
dichloromethane (200 mL) and treated with manganese dioxide
(410 mg, 1.5 eq.) at room temperature far 2A hr. Workup by
filtration, evapor-ation and chromatography over silica on
efution with 25? acetone in hexane gave the unsaturated ketone
(97) (400 mg) , which was recrystaflized from methanol ano
diethyl ether., m.p. 135-142 oC.



1H NMR (CDCI3/CD3OD, 1:1) ô: 0.74 (s, 3H, c,._cH.), 0.61 (s,
c-c-CH3), 1.13 (d, 3H, cr.-cH,) , 3.65 (m, rri, c..-¡i,) , a.iz
'T L¡ ô IJ\

EIMS m/z (%R.A) ; 315 (M, , 14) , Z9B (M-_18, 25) , L24 (rae.: .

RBA (ICso ) : 110 ¿rM

3ß-Hvdroxv- 2 Oß-acetox).'preqn-4 -ene ( 99 )

20-Hycjrox),'pregn-4-en_3_one (97) (130 mg) was d.issclveC i¡:
acetic anhydride (30 mLr and pyridi:rÉ (jO m: 7i.+ sofuc:c:.
was stirred overnight and then di-luted with warel: ani sLlLred
for an additionaf hr. The solution was pou::ed into wa:e:: anC

ext.racted \.vith dichlôromethane. The organic phase wa.s fu¡rret
washed with dilute HCI solution (pH 3), wei_Ê:, sat.ura-.e:
aqueous sodium hydrogen carbonate anC war-er. The oroar:c phes_-

was dried over sodium sulphate, filterecj and evapor-a-"ei ic
dryness to give a residue. The residue was drsso-.ved ir-
anhydrous diethyl ether and treated wrth LTE?,I_: (32C ng b-t

stírring at room temperature for 2a hr. I40rkup .,âv€ the es:ar
199) (72 mg) which was recrystallized from di chr o::ome: han= an:
diethyf ether, m.p. 19g-201 oC.

'H I\'1"1R (cDcl:) ô: 0.67 (s, 3H, c..-cgr) , r.06 (s, 3u, c.-_cH.),
1.15 (d, 3H, C2o-CH3) , 2.a3 (s, sFI, COCH3) , 4.i2 (î,, 1i_t, C._Ë) ,

4.85 (m, 1H, C,..-H) , 5.25 (d, 1H, C._H) .

EIMS m/z (?;RA) : 360 (M-, 3) , 342 (M-_H¿O, 44), 3c0 l!3,1 , 2e2
(36) , 267 (4s) , 91 (100) .

3Ii ,
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Ef emental A.:ralysis (cr.H..o.) : Calcd. C 75.622, Il. l.a.07Z; Found
c 76.442, H 10.18?.

RB¡- (IC. ': tio acriviiy; lC.. > 2AA ptr.



CHÀPTER 4

SYNTHESTS OF ].4ß-HYDROXYPREGN-4-ENE-3, 2O-DTONE AND

STRUCTURÀLLY RELÀTED COMPOI'NDS



4. L fntroduction

fn an atternpt to frnd endogenous digatalis_fike
substances (Kim et al ., 1991; Jarreau et aI ., l9B4; LaBella et
al . , 1987; Habert. and Haupert, 1987; Weil-and et al . , !987 ;

Hamlyn et af. , 799f) , f_,aBella et al . found that certain
st.eroidal hormones such as progesterone (44), chlormadinone
acetate (45) and their derivat.ives bind competítively to the
digitalis receptor (NKA) in a IiH] ouabain radiol-igand binding
assay lLaBefla er af., 1985, 7989) and elicit negarivc
inct::opic aciivity. Based on Lhese findings, LaBella et al.
1989 proposed a hrcothetical two-binding-slte mechanis¡r, (Fig.

2) to explarn the paradoxical cardiodepression by some

pregnânes that bind to the digitalis receptor and inhlbit tl.ÌÉ

sodium pump. As part of oì_rr SAR studies described jn Chapter

2, glycosides of 3ß-hydroxy*17cy-acet.ox)T)regn-4_en_20_one and

3ß-hydroxy-6û-methy]-17a-acetox)?regn-4-en-2 A _arie (67, 6B anc

e2) were synthesized for comparison of ther:: receptor bínCrng
affinlty with the corresponding genins (Smyth et aI. , j-992) .

However these compounds display only weak, if any, j-notropic

activity compared to digitoxin. If cardi odepre s s ion can be

fowered whife ret.aining positive inotropy the compounds should
be inotropic at lower concentration. The question can now be

raised: How can these sLeroidaf hormones be convert.ed to
cardioLonic compounds with cfinícaf value, i . e . strong
inotropy and little or no cardiotoxicity? Tempfeton et af.
reported the synthesis of 14ß-hydroxypregn_4_ene_3,20_dione
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(14 ß - hydroxypl:oges terone ) (94 ) and its glucoside (Tempfeton et
aI ., L987a, b, 1988) wiLh the structural combination of a 14ß

OH and a C" double bond, the structural features founC in
classíc cardíac glycosídes and in steroid hormones, e . g.

progesterone (44). The synthesis of 14 ß- hydrox),.proges t erone
(94) from 14 o - hydroxyproges terone (116) obt.aíned fron
microbiaf oxidation of progesterone (44) (Singh et af. , 1965;

Templeton et af. , 1987a) has been reported. Microbia-
oxidation of progesterone (44) was a t_ime consumíng ani
tedious procedure which proved to be dìfficuli to reproduce
(Templeton et al., 19BZa) Here we report a chemicaf synihesis
of 14 ß- hydroxlæroge s terone lg4) from 3ß-acetoxypregna- 5, 16 _

dien-20-ône (100) (Tempteton and yarl, Ig92) . Thrs synthesis of
14ß-hydrox).?r:egn-4-ene-3,20-dione (94) was conpieted in six
steps with an overaff yield of 3O ? from 3ß-acetox),trrreg,ne-

5,16-dien-20-one (1OO) (Scheme f2) . 3ß-Hydroxynregne-5,14 _

dien-20-one (106) and pregna-4,14-diene-3,20-dionê (iO7) are

important synthetic intermediates required fo¡ the synthesis
of a seríes of other progesterone analogues, such as 3ß,14ß-

dihydroxlpregn-4-en-20-one (L24) and 14ß,15ß-epoxy_20ß_

hydroxy'pregn - 5 - ene rhamnoside (139) as described in Chapter 5.

These compounds are required as part of our systematic SAF.

st.udies of progesterone analogues to develop new cardiac
glycosrdes with an imprcved therapeutic index.
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4.2 Resulte and Discussion

As seen in Scheme 12, conversion of 3ß_acetox],?regna_

5,16-dien-20-one (100) to 3ß-aceLoxy,pregna-5,74,I6 Lrier-_2A_

one (103) was carried out by the modified method reporLecj by
Sofo and Singh in 68 ?; yield (Solo and Singh, 1965) . Treatment

of 3ß-acetoxypregna-5,16-dien-20-one (1OO) with bromine was

carried out to proLect the isofated doubfe bond at C._C. whíIe
the conjugat.ed double bond ac Cr¿-C,r rêmained intact. Without
isolation, the corresponding dibromo compound (1Ol) was

further treated with NBS under IJV tight, grving the L::ibromc

compound (102). Debromination \,ra s achieveci, without_ furthe¡
purification, by treatment with sodium iodide to grve 3ß,

acetoxlæregna-5, 14, 16-trien-20-one (103) . The basic hyCrclysis
of 3ß-acetox)æregna-5,14, 16-trien-20-one (103) with potassium

hydroxide in methanol gave 3ß-hydrox)4rregna-5, 14, 16_trien_20_
one (104) in quantitative yiel-d. Chemoselective reduction oÍ
the C.6-C.? double bond in the tríene is of particular vafue
with respect to the synthesis of a series of anaÌogues of
cardiotonic gÌycosídes. Reduction of the Crr-C' double bond in
3ß-acetoxypregna-5, 14, 16-trl-en-20-one (103) has been reported
using fithíum in ammonia (Back et al ., 1969) and sodium in
propanol (Hensser et. aÌ., 1955) as reducing agents. However,

these methods gave very poor yields. Trialkyltln hydríde
(Yoshii and Yamaseki, 1968; Nambara et af., 1970; pommerenk et
aI ., L972; yoshii er. al ., 1975), silicon hydride (yoshii er
aL., r972, L975, 1977) and dialkyldisi]oxanes (yoshii et al .,
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1977) have afso been used. yoshii and yamasaki (1968) treated
the triene wiLh triphenyltin hydride in tofuene in the
presence of AIBN to give the diene. This rnethod proveC to be
inconvenient as addition of triphenyfLin hydride severaf times
during the reaction to a seafed tube was requi-red.
Fllrthermore, this method consumed a large amount of
Lriphenyltin hydride, required a rong reaction time, ancÍ

fa;fed to give reproducible resufcs (yang er aI ., !966; yoshii
and Yamasaki, 1968; yoshii et af., I972; Brimage et al .,
r97r) . The difficulty in the formation of the diene fron the
triene on thermaÌ treatment with trrphenyltin hydride may bê

attributed to the instabiliLy of the reagenL under the
reaction conditions. A higher energy and more thermaliy stabfe
tin hydr:íde reagent are necessary to initiate the reaction.

Tri-n-butyltin hydride is found to be more thermalfy
stable than other alkyl and aryltj-n hydrrdes. However, the
reaction proceeded sluggishiy on thermaf treatnìent with this
reagent even in the presence of the radicaf ini-LiaLor ÃIBN
lv¡ohì i ^reL da. , \972) . paffadium_catalyzed conjugate
reductions of o, ß-unsaturated carbonyl compounds with tri-n_
butyltin hydride have been reported (Four and Gurbe, :_9B2;

Keinan and Gfeize, lg82). However, t.hese methods faifed to
work in our case.

When the triene alcohol (104), under irradiation in an
argon at.mosphere, was treated with tri_n_butylCin h),dride in
xyÌene under reflux, it was converted to the diene arcoho]
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(106) in hj-gh yield (' 83 ?) (Scheme 12) . The diene (106) was

the predominant product as determlned by GC-MS spectrometryi
no by-products were ísolated, e.g. dimeric compounds. Under

irradiation, photochern i cal ly induced reduction can proceeci

favourably via an excited state (triplet state) of the triene
(110) (Scheme 13), a more energetic stat.e then the ground

staLe (Kropp, 1966, J.967). Consequently Lhe excited tríene
(110) in the Lriplet state can abstract a hydrogen atom fron
tri-n-butyltin hydride (Brimage et al ., L97I) to giwe the

radícal (113). This radical (113) effectively compet.es h,ith
the formation of the dimer oi: the afcohol addition products in
the presence of tri-n-butyltin hydride to give the diene (106)

due to the reactivity of Lhe weak tin-hycirogen borld (Hammond

and Leermakers, 1963) as iffustrated in Scheme 13. Similar
treatment of 3ß-acetoxypregna-5, 14, 16-trien-20-one (103) gave

the corresponding diene (105) The reaction time of twc hcurs

was sufficiently short to alfow reduction of the triene to go

to completion despite the instabílity of the hydride tÕ heat
(Yoshii et aI . , !972 ) . FinalIy, treatment of the 3ß-hydroxy-

pregna-5,14-dien-20-one (106) with afumj-nium isopropoxide
under Oppenauer oxidation conditions gave pregna-4, 14-diene-

3,2o-dione (107) in BO % yield as iffustrated ín Schemes 12

and 14 . In the previousiy described method (Templeton et al. ,

1989) , dehydration of 14 d - hydrox)T)roge sterone (116 ) in benzene

in the presence of p - t oluenesuf fonic acid at 6O oC af forcied

pregna-4,14-diene-3,20-dione (107) in J.ov: yield pr-obabiy due
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Scheme 14 Proposed mechanism of the conve¡sion of 3B-hydroxypregna_
5,14-dien-20-one (106) to pregn a-4,14-diene-3,20_dion e (107)
under Oppenauer reacdon conditions



to the migration of Ehe doubfe bond under acidic conditions.
This procedure has been improved by using cyclohexane insceacj
of benzene (Scheme 15) . The dehydraLion of 14o_hyd::ox),pregn_4-

en-20-one (116) proceeded readily at room temperaLure to give
pregna-4, 14 - di ene - 3 , 2 0 - di one (10?) in a higher yield (BO?)

probably because of effect of the different solvent potarity.
Due to steric hindrance on the ß face of the steroid
treatment of the pregna-4, 14_diene-3,20_dione (1OZ) ç1¡¡ *-
chloroperbenzoic acid gave mainly the a_epoxíde (Wiesne¡,

7974) . lntroduction of the 14ß-hydroxy group v¿as achieved b1,

the trearment with NBA and acetic acid lmilder conditions tha¡r
prevlously described (TempÌeton et al ., 1989)J followed by
base treatment to give the 14ß,15ß_epoxide (1OB) (t.diesner,

7971; \4) esner ancj Tsaj, 198É; TemplÊron er af. , 19g7b) . T¡_-

mechanism with respect to stereoselectivity of the epoxidation
is proposed (Scheme 16). Lithíum t ri ethylborohydri de \^¡a s

reported to produce better chemose le ct ivi ty anC stereo_
selectivity Lhan other reducing reagenLs (Corey and Varma,

1971; Brown and Kríshnamurthy, I973). However, a disadvant-age
of Lhís reagent is its high sensitivity to moisture and air.
ConsÍdering that there is no stereochemicaf concern about C.

and C- since the hydroxyl groups with eithei: a or ß

confÍguratìon wíIf eventually be converted to the carbonyl
groups with sp'? configuration, t.he more commonly used fithium
aluminium hydride was employed. This reagent gave â

diastereomeric mixture af 3 t, 14ß, 2A [ _t-rihyciroxy,pregn_4_ene
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Scheme 15 Synthesis of pregna-3,14-diene-3,20_dione (107) fronr
14a-hydroxyprogesterone ( 1 I 6)



Br+

t01

Reagenrs: i) NBS/acerone/wat,c¡, ii) K2CO3

Scheme 16 Proposed mechanism of chemoselective and srereo_

selecrive formarion of the l4B,15p_eposide (i Og)



(109) with the 3o-OH to the 3ß-OH ratio of about 15:85. This
triol mixture was treated with pDC in DMF to give 14ß_

hydroxy'pregn-4-ene-3,20-dione (94). An excess of pDC (> 1O

equivalents) was used to ensure complete oxidaLíon of the 3a_

hydroxy isomer, which is quasi-axial conformation and ís
the::efore l-ess reactíve to the chromaLe (parish and scott
1983).

In an attempt co synrhesize 14ß_arnjnopregn_4_ene_3,20_

dione (119) (Scheme L7), pregn-4-ene-3,20-dione (107) was

treated with hydrazoic acid in benzene in the presence ci
bo::on trifluoride (Adeo-l-i et af., IgBg; Astier eL al., Lg76),

foflowed by reduction with lithium aluminiurn hydrrde and

oxidation with pDC. However, the prodlrct ísofeLed was 14ß, i5ß_

epcx)'pregn-4-ene-3,20-dione (108) rathel: than the expected
14ß-aminopregn-4-ene-3,20-dione (119) (Scheme 17l . The

strucr-ure of compound L.el obtained from the reaction was

conf ír:med by the analysís of iH, 1iC Nl{R, EIMS and FAB mass

specrra. This resuft implies that a higher concentration of
HN. is required for the react.ion to proceed (Acìeoti et âi.,
1989) . However, the reaction was not pursued further due to
concern about the safety of preparation of HN, in i_he

laboratory sìnce commerciaf HN: was not availabfe due to new

regulations for chemícal shipment. Trimethytsilyl azicie
(Kabalka et aI ., 19eg) also proved to be unsuccessful in
converting pregn-4,14-ene_3,20_dione (107) to 14ß_amino_

progesrerone (119) Receptor binding and pharmacology
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measurement on 14 ß - hydrox]æroges t erone and relaLed compounds

have been carried out. The results witl be discussed in

4 . 3 Su:mmary

1) Synthesis of 14ß - hydroxyproge s terone (94) was achieved in
six steps in 30?; overall yield from 3ß_acetoxypregne_5,16_

dien-20-one (1OO). Chemoselective reduction of the C,._C.,

doubfe bond in 3ß-hydroxlpregna_5, 14, 16*trien_2C_one (104)

was made by photochemically induced reduction with tt:i_n_
butylrin hydride in xylene in B3? yieId, higher than or_her:

meÈhods reported. The highly efficienL synthetic approach
developed for the preparation of 14 ß_ hydroxl.,proge s t erone
(94), especially photoreductj.on of the triene to the diene,
provides a soÌid synthetic basis f o:: the prepararion cf
other 14 ß - hydroxyproges te rone derivatives from ster:oida_
pre cursors .

2) Intermediates such as 3ß-hydroxypreg.na,5,i4_dien_20_one
(106) and pregna-4,14-diene-3,20_dione (107) can be used
for the synthesis of the 4_ene and 5_ene anaicgues
described in Chapter 5, such as 3ß,14ß_dihydroxlpregn_4_en_

20-one (a24), 14ß,20ß-dihydrox).,pregn_4_en_3_one (128),
14ß,15ß-epoxy-3ß-hydrox),,pregn_5_en_20_one (138) and

14ß, 15ß-epoxy-3ß,20ß-dihydroxypregn_5_ene 3_::hamnoside
lr ?q\

3) Attempts t.o synt.hesize 14ß- aminoproge s te rone (119) from
pregna-4,14-diene-3,20_dj-one (10?) were unsuccessfuÌ.
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However, this preliminary work indicates that a hígher
concentration of hydrazoíc acid may be required.

4 .4 Experiment.al

GeneraÌ methôds and materials are described previously in
chapter 2. cc-MS and FAB mass spectra were obtained Õn a vc-
7070E-HF instrument at 70 eV. A commercial 275 WatL sun_lamp
was used for irradiation of reactions in a pyrex glass flask.
3ß-Acetoxypregna-5, 16-dien-20-one (100) was obtained from the
l:-enJ.rn llo. 1 pharmaceutical Co. , Tienj in, p. R. China -

tnß-H.rd.o**roo.=a..o.a (tnß-".rdro**r.or_n-.r..-r, rO_dio.")
(94\

To a stirred solution Õf L4ß,15ß_epox),,pregn_4_ene_3, 20_

drone (105r (166 mgt in dry THF (30 mLJ \,vas added LAi] (3OO

mg) . The solution was stirred unde:: reflux and argon for 5 hr
and then mixed with water followed by extraction v¿ith cji_
chÌoromethane. The combined extracts were washed with water,
drieci over sodium sulfate, filtered and evaporated to dryness
to give a residue. The residue was díssolved in DMF (20 mL)

and treated with pDc (B0o mg) fôr 18 hr. Flash chromatography
over sifica on elution with dichloromethane gave 14ß_hydroxy-
progesterone (94) (145 mg, B7?;), after recrystallization from
dichforomethane and acetone, m.p. 181-1g4 oC (lit. 1BO-t-g1 oC,

Templ-eton et aI., 19gB).
rH NMR (CDClr) ò: r.02 (s, 3H, C.._CH:), 1.18 (s, 3H, c10-cH.),
a -È l^z.25 \s, 3H/ C2r-CHr) , 2.94 (dd, 1H, J = 4.I Hz, 8.2 Hz, 77ù_



F,) , 4.51 (s/ 1H, 14ß_OH) , 5.74 (d, 1H, J = 1

EIMS m z (?Ri\r : 330 {M , 9, , 3t 2 (M _H_O, 8, ,

3ß-ÀceLox!'Þreqna-5. 14, 16-trien_20_one (103)

196s)

Hz, C.-H) .

3c2 (10û).

(Soio et al

To a stirred solution of 3ß_acetoxypregna_5,16_dien_20_

one (100) (5.02 g) Ín anhydrous diethyl et.her. (170 mL) wes

added anhydrous potassium acetate (lO g¡ ín glacíal acetic
acid (100 mL) . The sofution was cooled in an j.ce_bath (O-3 "ç;
while brornine (2.25 g) in acetic acid (50 mL) was added
dropwise over a Lime per:iod of 3 h::. The solution was stirr:ed
at 0-15 oC for an addrtional 4 hr and ai room te¡npeLatu::e for
15 hr. The solution was extracted with dichloromethane (200 mL

X 2) and the combìned extracts were washed wich wacer (300 mr

X 2), saturated aqueous sodium hycirogen carbonate t3OC m.r, X 3)

and water (3OO mL X 3). The organic phase was dried ove¡
anhycìrous sodium sulfa:e, filtered and eva¡:o: a:eo Lo o.rvness
to give a yellowish gummy residue (7.5 g) .

The residue was dissolved in carbon tetrach_Loride (75 mL)

and NBS (1 .84 g, O.O2B mole) was added to the soÌut j-on. The

solution was brought to reffux with stirring under irradiation
(W) and argon f or 4 0 min and unde:: ref f ux f or an additional
hr. The solì-rtion was coofed to room temperature end filtered.
The fÍltrate was evaÞorated to dryness to give a foamy pale
yel-lowish residue. The residue was drssolved in acetone (75

mL) folfowed by addiLíon of sodium iodide (10 g) . The sofutior:
was heated to reflux under argon for 5 hr and extracted wrth
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dichloromethane (200 mL X 2). The combined extracts was washed
with saturated aqueous sodium thiosuÌphale (250 mL X 4) and
water (250 mL X 3). The organic phase was dried over anhydr-ous
sodium sulfate, filtered, and evaporaLed to dryness to give a

brown solid (5.6 S) , which was subjected to ffasl:
chromatography over acid-washed alumina (80 g) (i, hexane, ii,
benzene-ethyl acel_ate, 98:2, v/v), to give pafe ye1Ìowish
crystals (103) when recrystallized from acetone. m.p. 157_159
oC, (1it. 159-160 .C, SoIo et al . , Ig€,5) .

ril NMR (cDCIr) ð: o. 89 (dt, lH, J = 5. 5, ¡''2.6, 12.6 Hz, c._H) ,

1.15 (s, tH, C..-CH.) , r.2a (s, LH, C..-cH.) , 2.rA (s, 3tì,
ocOCI{3) , 2.33 (s, 3H, C"¡-CH.) , 4.60 (m, 1ij, C._H) , 5.4g (m, it_],

C -H , 6.03 rt, lH, J = 2, I Hz, C.-H , j.22 ,do, J _ 2.1,. -

Hz, Cr, -H )

EIMS m/z (e.Rlt) : 2gq (M--HOAc, 4), r7r (6), s4 (1oO) .

3 ß - H\,.drcx\.'preqna - 5 . 14 . 1 6 - t ri en _ 2 O _ one ( 1 O 4 )

To a stirred solution of methano] (B0O mL) and 7OO p.l], oi
0.5 M potassium hydroxíde was added 3ß_acetoxypregna_5 ,:*4,\6-
trien-20-one (103) (13.6 g) . The sofution was stirred at roonr
temperature for 20 hr, diluted wìth water (8OO mL) , and then
extracted with dichloromethane (5Oo mL X 2). The organic phase
was washed with water (500 mL X 2), d::ied over sodium sulfate,
filtered, and evaporated to dryness to give pale crystals
(104 ) which were recrystarrized from dichloromethane ani

methanol", m.p. L99-202 "C (ljt. 185_1EZ oC, pfattner et a1 .,
1948) .
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'li NMR (CDCÌ.) è,: 0.82 (dr, 1H, J = 5.5, 72.6, !2.6 Hz, C._H) ,

t.15 (s, 1H, C .cH.\, 1.20 (s, 1u, c.-cH. , 2.33 s, 1ts:, C_

Cä,\, 3.54 (m, 1H, C,-H) , 5.45 (m, lH, C.-Ì-t,, 6.02 rt, 1F_, J =

2 Hz, C.3-H) , 7 .23 (d, lfi, J = 2 Hz, Crr_H) .

EIMS m/z (åFÀ) : 312 (14' , 29) , 279 (rf,'-12a, L6) , 269 (e) , r22
(100).

3ß-Acetox\,'Þreqna-5, 14-dien-20-one (105)

To a stirred sofution of 3 ß_ acetoxypregna _ 5 , 14,16-trien_20_
one (103) (100 mg) in xylene (20 mL) was adcìed trr_n_butyitin
hydride (0.4 mL) ; the soluiion was stirrecj under refiux anc

irradiated in an argon atmosphere f ôr. t hr and then heated ac

refiux for an additional hr. Methanol (10 mL) was added ana

stirring was contínued for t hr to terminate Lhe reactiorr. The

reaction product was flash chromatographed over sliica anc

eIuÈed with hexane to remove hexa_n_butyldi..in followed bl. tO

% meLhanol in dichloromethane which yrelded 3ß_acetoxypregna,
5,14-dien-20-one (105) (50 mg, 502.) , ¡rL .p. €,i

(dichloromethane-methanoÌ) (tit. m.p. t5E_16i .C, Nar:llal:a eL

aL, L970) .

lH NMR (cDCIr) : o.BB (s, 3H, cr._cH_), 1.04 (s, 3H, c.._cH:),
? ô? /c ?lJ rr rrrr \¿. wJ \Þ, r¡r, \-2c-L.È13t , 2. j-6 (s, 3H, C._OAc) , 2.92 (dd, J = 7 -9,
9 .9 Hz, 1H, 17d-H) , 4.60 (m, 1H, Cr_H) , 5.18 (d, rE, J = 2 IJz,

C,-H), 5.43 (r, 1H, J - 2 Hz, Ci-Hl

3ß-Hvdroxvpreqna-5. 14 -dier-20-one ( 106 )

Met_hod A: To a stirred solution of 3ß_hyoroxypïegna_5 ,!4,Lç¿_
trien-20-one (104) (r.O g¡ in xylene (60 mL) was added trirn_
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butyliin hydride (8.0 g¡ The solurion was gradually brought
to refiux and irradiated under argon for t hr, and reffux
conrinueci unde:: argon for 2 hr. Then methanol (20 mL) was

added to the sollition and siirred for an additional 1.5 hr ai
room temperature. The sofution was m1xed with water and

evapora¿ed azeotropically to remove xylene under reduceo
pressure. The aqueous sorut.ion was extracted with c]íchloro-
methane. The coml¡ined exrracts were dried over mag,nesium

suffate, filtereo and evaporated under reduced pressure to
give a coiourless residue. The fractions, on efr-ìtion wit¡l
hexane¡ qave the ditrn compcund. The fractions on eÌution with
10? methano. in dich_lorome tharle gave 3ß_hydr:oxyÐregta_5,1,i _

dien-20-one (1C6) whtcn was recrystallized f ro¡n dichloro_
methâne and drethyi ether (1.35 S) , m.p. 21_2-2L5 "C (lit. m.p,
2A5-21,8 oC, Kocovsiiy et aì., i9g1) .

-1 
^Ì' ^i \ ^_LR icri ', CH C-, j : 3700 (CFl , 1700 (c=o) , 1080 , 732A.

'H NM,R (cÐci.) ð; o.B7 (s, 3H, c.._cä.), 1.0_? (s, 3ir, c.._cH.),
2.\f (s, 3h, C-..-CE.') , 2.92 {oc, ir-, J = j.9, 9.9 hz, rla_H) ,

3 .52 (m, 1li, 3o-fi) , t .i1 im, rHi Ci_.-H) , 5.40 (rn, 1H, Ce _H) .

EIMS m/z (?;Rt-) : 314 (M', 96) , 296 (r4- -AH, 37), B4 (1OO).

Method B: 3ß-Acetox),'pregna-5,14-dien_20_one (105) (50 mg) in
0.025 M methanoiic potassium hydroxide (12 mL) was ailowed io
stand at room temÞerature for 1g hr; flash chromatograÞhy over
siiica witlì 10 ? dichioromethane in hexane, gave fractions of
3ß-hydroxypregna-5,14-ciien-20-one (tO6) (38 mg, B6Z) as

decerm_ne I Ìr\' :l_ Ni{L .
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Preqna-4, :-4 -dìene-3 , 20-dione (107)

Method A: To dry toluene (145 mL) containing 3ß_hydroxy_

pregna-5,14-dj-en-20-one (106) (t S) and freshly distiÌled
cyclohexanone (50 mL) was added a solution of aluminurl
isopropoxide (3 S) in dry toluene (50 mL) over I .5 hr
duration ' sodium potassium tartrate sofution was added. and the
mixÈure was steam distilled. The aqueous layer was extracted
with chforoform; flash chromatography ove:: silica, with 25 Z

ethyl acetate in hexane, gave pl:egna_4,14_diene_3,20_dione

(10?) (800 mg, 80 ?) which was recrystallized from cirethvÌ
ether and methanol, m.p. j-42 145 (tiL. j41- :-4\ o.

TempfetÒn et al ., 1987) .

'H NMR (cDclj) ð: 0.91 (s, 3H, c.r_c¡.Ìr) , r.2r (s, 3H, c.._ci_I.),
a 1Ê Ic flj a -(-u ) A) t¡- 1u ì _ oç: -L.r-. L, rlt/ _ = o, 10 Hz, _ o_Ë) , 5-2--
(dd, 1¡i, J = 4, B Hz, Cl.-H) , 5.76 (d, 1H, J = 7 Hz, C4_lÌ) .

EIMS m/z (?RÀ) : 312 (r'4', 28), 269 (M-_CH,COO), 149 (36), 8:
(ss), 69 (100).

Method B: To a stirred soiution of 14o-hydroxlærogesteLon€
(116) (1 g) in cyclohexane (600 mL) was addeci p_toruene-
sulfonic acid (5OO mg) . The solution was stirred at rooTn

temperature for 6 hr and then washed with saturated. aqueous

sod.ium hydrogen carbonate (100 mL X 2) and water: (1OO mL X 2) .

The organic layer was drj-ed over anhydrous sodiurn sulfate,
filtered and evaporated to give compound 107 as crystâls (650

mg) , which were recrystalÌized from methanol and \,rater, m.p.
1L)-1Lt:, oC l);r ñ r\- \_!-rL. LLL .p. ]_43-I45 oC, Templeton et al ., 19g7) .
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Ffash chromatography (silica 9el) of the mother liquor gave an
addiLionaf 203 mg of Lhe product. The totâl yield was 90 ?;.

14ß, 15ß-Epôx\,'preqn-4-ene-3, 2o-dione (1oB)

To a stírred solution of pregna_4,14-diene_3,20_dj-one
(107) (150 mg) in glacial aceLic acid (10 mL) , acetone (30 mL)

and water (20 mL) , was added N_ bromoace t.ami de (NBA, 2OO ng) .

The soluLion was stirred under argon at room temperature for.
40 min. Then the solution was coofed ín an ice bath ano
adjusted to pH 9 by addition of saturated aqueous potassiun
carbonate. The solution was stirred for 15 hr at roolr
teml)erature and extracted with dieLhyl ether (50 mr, X 2) The

combined extracts were washed wiLh saturated aqueous soCium
hydrogen carbonate (30 mL X 3) and water (20 mL X 2), dr:ieC
over anhydrous sodium sulfale and evapor:ated to dryness to
give a syrupy residue tLag ng'. cry s c a l l i z a.- i or. f :-om nerhano-
and v"'ater oave 14ß,15ß-epoxl4rregna_3,20_d1ône (108) (IZl mg,
o^o-\óv6 ) ¡ m.p. 1Ub-188 (lii. 187-186 "C, Templeion eL ai. .

'H NIuR (cDcir) ô: 1.08 (s, 3H, c_,_cH,) , L.22 (s, 3H, c_._cË:),
2.L9 (s, 3H, Cr.-CH.), 3.51 (s, 1H, 15a-H) , 5.74 (s, 1li, C._H)

EIMS m/z (?RÀ) : 328 (¡¿-, 16), 285 (lt-_CH,CO) , 267 (18), 246
(1oo), s3 175;.
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CHÀPTER 5

SYNTHESTS OF 1-4ß, 15ß-Epoxy-2oß_HyÐRoxy_3ß_ (a_r,_

RIIÀMNOSYLOXY) -PREGN-5 -ENE .à¡ID STRUCTURÀLLY RELÀTEÐ

PREGN-4-ENE ÀÀÌD PRECN-5-ENE DERIVATTVES



5.1 Introduc lion
As poirrted out in Chapter 3, the naLure and spacial

coordination of the substituents at C., C.,, and C., al:e
determinant.s of receptor binding affinity and, cooperativelv,
srereochemical di fferences of the steroidal skefÊton, i.e. a

5d, 5ß, C. or C. dcuble bond, inevitably vary the spaciaÌ
coordination or pattern of the subst.ituents. Therefore, the
spacíal pattern of C,, Crn and C' substituents required for
optímum receptor binding affinitl, may be different among

preqnane derivatives with different stereochemist::y at the
steroid ring junctions, i.e. 5a, 5ß ring junctions anC C. or
C. doubfe bond(s) . Illustration of differences in r:eceptor
bincìing affinity between pregnanes with the sarne subsLituenrs
at C./ Cr4 and C,,, but different. sLereochemistry at. C, or C.,

may help to defineate the specific pharmacophorlc paitern
necessary for pl:ogesterone derivatives to dispìay po:en:
receptor binding affinity. one of our objectives has been L.l
synthesize Cn and C. ì-lnsaturated derivatives to thls erri. Fcr
these SAR studies, we required the genins with differen:
stereochemistry at ring A/B and C/D junctions with simiÌar
functional groups at C¡, Cra and C.?, e.g. 3ß,14ß_dihydroxl,_
pregn-4-en-20-one (I24), t4ß,20ß_dihydroxypregn_4_en 3_one
(7za), 7a3,15ß-epoxy-20ß-hydroxl,?regn-5_ene (138) and related
rhamnosides 137 and 139 (Schemes 18, 19, 20 and 21). Eiforts
have been mede to synt.h.:size rhamnosídes I25, ]-33 and 142
/q-hêrêô 1a rc ^*.¡-__.- 20).
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R: = _.1_ i-
*,=r I l],-' lli

ReaSenrs: i) Liùium dierhylborohyùide/THF; ü) r_bulyldimerlylsiìyl chloride,tmidazolc,THF
iij) dimer¡ylL\exylsìlyl chloride/imjd¡zole,DMF; iv) p¡idinium dich¡omaæ,DÀ,f F

\') reùå-n-buryl¿¡rrmonium fluorìdqTHF; vj) j -bromo_û-LtrjaceD,bhÈ¡¡oside/

Ferizon's,4JgO,4lgB12Z.6_di-t,buryl4 _meùylp¡rid.ine; vü ) ù-ierh),tamine,4\4eO!1,
watel

Scheme l8 Synrhesis of t4B-hydroxy-3p-(c-L-rhamnosylox¡,)_

pregn-4-en-20-one Q2Ð
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129 R=Ac

r3o R= I i-ll

ReaSenrs : i) bis(etraburyl)arnmonju.n dichromaæ/CH2Cl2/DMF; iì) rburyìdimer,\¡,ìsiì¡ Ì chìorii.:

imjd¿¿ole,DMF; in) LTBAH/IHF

Scheme 19 Syntheúc approach to 2Op-aceryl-3 p,l4p-d.ih ydrox¡,_
pregn-4-ene Lt 3l_) and 20B_t_buryldimerhylsiÌ¡,lox_r._
3 B, I 4p-drhydroxypregn-4-ene ( I 32)
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Schemc 20
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Reagenrs: i) l- bromo-o-Ltribeluoylrhamnoside,ferizrn's/CH2Clr

ii) liù;uû trieùylborchyd¡idc/THF

Synthesis of 20B-hydroxy-3p-(c-L-rhamnosylox¡..)-pregna-5, I -í_

djene (137) from 3p-hydroxypregna-5,14-dien-20-one (106r
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R: =

j) NBA/aceric acid,/aceone

ii) i-bromo g-L-¡¡ibenzoylrharrmosideÆeLìzon's/CH2CH2

iii) l07c ammonìa in MeOH

i!) liL\iLr.î trjeûylbo¡ohydrideÆHF

Schemc 2l Synthesis of 14p, 20p-dihydroxy-3B_(c_L_rhamnosyloxy)_pregn

5-ene (142) from 3B_hydroxypregna_5,14-dien_20-one (106)
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The synlheric approaches (Schemes 1?, lg, 2A and 2I),
designed for the synthesis of these rhamnosides proved to be

difficuft. The difficulty can be attributed ro the foffowinq
factors:

1) The preparation ôf the required compounds, in the case of
preparation of 3ß, 14ß-dihydroxl,pregn-4 -en-20 -one rhamnoside
(L25), starting from 3ß-acetox).T)regna-5,14-dien*20_one

(100) requires 14 steps (Schemes 12 and 1B). fn afmcst

every step, separaLion and purification, via chromatography

ancÍ recrystalfization are required, to ensure the purity of
the compounds for measurements in the RBA tests.

2) The finear synthetic appr:oach carried ouL supÞresses the
overall yield (Schemes 12, IB, 19, 2A and 2!).

3) GlycosylaLion of allylrc alcohofs has not been exte::srvely
i.nvest.igated. Under Koenigs-Knorr condíLions, the rnajcr

product is the dehydrâted diene (Smy-,h et af ., Igg2) . fhe
rhamnosylation oí 14ß-hydrôx)?rogesterone (94) has nc'. been

reported previously. In addition, the rharnncsvlation is
nearly the last step and this creates additional drfficulty
in carrying ouL modef experiments. The use cf hear¡y metaf

salt.s ín diethyt ether for rhamnosylâLion did not prove

useful, as the optimum condítions determineC for: 17o-

acetoxy- 3 ß-hydroxy- 6cr - methylpregn - 4 - en- 2 O - one ( 6 9 ) d1cì not
give the same result with 3ß, 14ß-drhydrox)?l:eqn-4-en-20-one
(124).
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The 3ß-OH precursors (I24, L3L and 132) reouit:ed for the
rhamnosyration were prepared by two routes, as ilrustraLed in
Schemes 18 and 19. In Scheme 18, the triol (121) was treated
with one equivalenL of t _butyldimethyl s i lyt chlor:ide to give
3ß-t-buryldimethylsí1yI_14ß,20ß_dihydroxlæregn-4_ene (r22)
chemos efe ct ive ly (Corey and VenkaLeswaralu, 1972; Templeton et
al ., 1988). OxidaLion of this compound (I22) by treaLment witil
PDC (Corey and Venka t_ eswaralu, Lg72), followed by removal of
the srlyr group by reaction wrth tetra-n-iìutyrammoniun
fluoride (sanLaniÊr -ro and Ferraboschi, 1980" oave 3:3-hycìrox1..
pregn-4-en-20^ône (1,24) , which was used to cÒupÌe with the
activated rhamnose. Alternatively, dlmeth-yithexylsityl
chloride (l.,fetter and Oertfe, 1985) was usecì insLead of t_
butyldimethyl s i I yl chforide as the silylating reagenr, to give
3ß,14ß-dihydroxypregn 4_en_20_one (I24) (Schene 1S) . The
advantage of this reagent is that it is less cosr_ty arld easiel:
ro handle th-erre- and Oe:cle, 79b5 l:ov.7;vct ä longe:.
reaciion time was r-equired tc remove the dimetht,lthexylsiil;l
group by treatment with tecre_n_butylammonium fluo¡ide tha¡i
the t-butyldimethylsilyl group (20 hr vs 12 hr) .

In Scheme L9, Lhe triol (12^ j "ras chemoseiectlvely
^.,.1 l.t -^rr,,\-(r-L¿cu at L. rtv trearmenr with b:s (cec:abulyl r ap¡6¡ j¡¡.
dichromate (Landini and Rolfa, ir97 9 ; Santaniello ani
Ferraboschi, 19gO) in dichloromethâne and DMF tc give L4ß,2Aß-
dihydroxypregn-4-en-3-one (128) . Silylation of Lhis compound
was carríed out by Lreatmeni wiin t _butyl drnethylsii,vi
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chloride (Corey and Venkateswaralu, Lg72) foll,owed by
reductlon vúith LTBÄI to give 3ß,1aß_dihydroxy_20ß_t_
butyldime thyl s i lyl oxypregn - 4 - ene (131). The diol (L2g) was
also acyl-ated by treatment with acetic anhydr:ide and pyrrdine,
and then reduced by reaction with LTBAH to give 3ß,1413*
dihydroxy- 2 0ß - acet- oxy-pregn - 4 _ ene (132). These compound ar:e
suit.abÌe for rhamnosylation wit.h the activated sugars.

The conditions developed for t.he rhamnosylation of : Tct,

acetoxy- 6o-methyl_3ß_hycìroxypregn_4 _en_20 _one (64) (Smyth et
aL, 1992 ) , as described in Chapter 2, failed completely, f oi:
the rhamnosylat ion of 3 ß, 14ß_dihydroxypregn _ 4 _ en r 2 O _ o ne ( 12 4 )

Thus, as a model the 14d compound was unsatisfactory for the
14ß-OH anaLoque. Under the same conditions, rhamnosylaticn of
3ß,1aß-dihydroxypregn-4-en-20-one (I24) gave the dehydraLei
compounds (134 and 135) and none of the desired proCuct v,Ìas

isolated (Scheme 22). Àttempts have been macìe to synthÊsize
3ß,14ß-díhydroxgrregn-4-en_20_one rhamnoside (125) b1,

treaiment of compound i21 with Fetizon,s reagent, HgO, IÌgBr
and a non-nucleophilic o::ganic base (2, 6-di_t_butyl_4-me.¿hl..j_
pyridì-ne) in dichloromethane (Scheme 1B) However, chemlcal
characterization of this compound has noL be fully established
due to Ìack of the starting materia], the preparatÌon of which
requires twelve synthetic steps.

The rhamncsides of 3ß, 20ß_dihyd::ox11:regna_5, 14_dlene and
3ß-hydroxy-14ß, 15ß-epox),Trregn_5_ene, e. g. compounds 1._17 and
139, were synthesized under Koenigs-Knorl: reaction conditions
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.-{45:,- .+Þ" '^fl"r r Tr- --- r^l\# Juo'\l\-/ oH,2¿ ÇY oJl;
135

Reagcnrs: i) 1 -bromo-d,L_Lr jacery Ìrhamnosìde,Ferizon \,41¡O,flgB r2lcJle rI¡ I e ùr crjr) Er3N,4rleOH/H2Olreflux Z0 hr

Schenle 22 Fomrarion of pre_*na_ 3,5,14_trien _20-one (134) and l4B_h¡,drox¡._
pregna- 3.5-dien_20_one (135) under Koenigs_Knor¡ ¡e:c¡jo:t
condirions in dierht,l e rher



usr1r9 ri5-nyoroxlæregna_5,14_dien_20_one (106)
materiaf (Schemes 20 and 2t,) .

5.2 Results and Discuseíon

as start lno

To prepare 14ß-hydroxy- 3ß- (o-L- rhamnosyloxy) _pregn _ 4 _ en _

20-one (I25) , 14ß,2 Oß_ dihydroxy_ 3ß_ (a_L_ rhamnosyloxy) _pregn_+_
ene (133 ) and 14ß,20ß_dihydroxy_3ß_ (o_L_rhamnosyloxy) _pregn-5_
ene (142), appropriate genins were first required for coupring
with the activaLed rhamnose, i.e. 1_bromo_a_L_triacetyl_
rhamnoside (î'5) or 1_bromo_o_L_benzoylrhamnosicìe (f7). Tvrc
synthetic approaches, as described in Schemes 16 and 19, have
rreerr oeveroped tor this purpose, star:ting from 3ß_hydroxy_
pregna_5, 14_dien_20-one (106) and 3ß, 14ß, 20ß-trihyoroxypr.egn_
4 -ene (r2I) , the inter:mediates in the synthesis Õf I4t3_
hydroxl.'proge s terone (9jL) (Scheme 12 in Chapter 4 )

-f r c\^L^_^ r ô-r. 5cneme -Lb, Lhe trjol (121ì was LïeäLel v..i:h c_blry__
dimethylsilyl chÌoride in the presence of imtdazofe (Core], anC
Venketeswaralu, Ig72) tc give 3ß_L_butyrormethi.lsiiylorl,_
14ß,203-dihyoroxypreg:_-4-ene (l_L2 ) as cne naj:r con:¡ouni, a:,o
the disityl ether (I22a) as the minor compound. Dimeth-r_l _

thexylsily!. chloride was used to replace t_butyldlmethylsriyl
chlor j-de f or preparat ion of 3ß, 14ß_ dihydroxylpregn _ 4 _ en_ 2 O r one
(124) in comparable yield. The procedure wes similar to the t_
butyldimethylsilyl chforide proced.ure excep: thet a Ionger
reaction time was required for removal of the srlyl protectrnc
g:oup by crearment wiLh tetra _n_bucy-Lammoniurn fluoride (20 h¡
vs 72 hr) . The chemosef e ct ivi ty on sityÌatlon is cìue to
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dífferent steric environment around the two hydroxyt groups,
the 3ß-OH being l-ess hindered than the 2oß_OH.

1 4 ß, 2 0 ß - Dihydroxy_ 3 ß_ t _butyl dime thyl s i lyloxypre gn _ 4 _ ene
lI22) was then oxidized by treatment. wit.h pDC to give 3ß_t_
butyldimethyl silyloxy- 14ß_hydroxlpregn_ 4 _ en _ 2 O _one ( 123 ) . The
removaÌ of the t_butyfdimethylsilyl group was achieved by
treaLment with tetra_n_butylammonium fluoride to give 3ß_
hydroxypregn - 4 - en - 2 0 _ one (r24), whích was used for rhamno_
!),tqurvrr.

The selective oxidation Õf aì- 1yli c alcohols uslncr
manganese dioxide (Mancera et al ., 1953) and DDe to form a,ß_
unsaturated ketones (Walker and Hiebert , fg67; Burn eL aI.
1960) have been reported. However, these reagents failed to
convert the triol (12_!) to 14ß,20ß*dihydroxypregn_4_en_3_one
(128) with high chemose I ect Ívi ty in this case. The utiliry of
3,5-drmethyrpyrazore complexed with chromiur¡, trioxide, for
oxidaLion of alcohols to carbonyl compounds and fo¡ benz1,1ig
oxiiaLior has been r:e_c:rced (CorÊy eL a_L. , :9-t3; ly:lor_a.r I e _

aI ., I9i5; Salmond et al ., 7975; Chorvar er a_l . , __g7g,. Thjs
metthod geve better chemoselect.ivity compâred to other
reagents, e. g. MnO2 .

As shown in Scheme 19, the triol (121) was oxidized to
the enone ( úg) by treatment ldith bas (teirabutyl ) ammoniur_i
díchromate (Lanadini and Rolla, f979; Santanieffo and
Ferraboschi, 19Bo) in dichforomeLhane and DMF in Boå yield. Irr
!1-^ lrr ,-,^Lrrc l1 NlvrK spectrum of compound 128, the two singlec signais
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of three methyf protons each, at ð = 1.20 ppm and ð = 1.25
ppm/ are assigned to Crc-CH: and Cr.-CH. respectively, based on

NOE enhancement between the C1r-H and C1._CH.. The two proton
sarlgrer , aL Ò = 2 .57 ppm, is assigned ì_o the 14ß_OH and the
2oß-OH from treatment of the sampfe with DrO. fn a resolution
enhanced lH NMR spectrum of compound all, Lhe spin_spin
coupling constant between l7d-H and 2Oa-H was determined to be

4.3 Hz which is identical to that of analogrous R epimer:s in
compounds studied previously (Marat et ai . , i993 ) . The

pz'oduct, 20ß-hydroxl.T)regn-4-en-3-one (12S), wâs then
acetylated by treat.ment with acetic anhydride and pyridine to
give 20ß-acetoxy-pregn-4-en-3 -one (a29). By treaLaent with
LTB-Lrl in THF, 20ß-acetoxylpregn-4-en-3-one (129) was converiei
to 3 ß- hydroxy- 2 0ß- acetoxypregn - 4 - ene (131), a pr:ecursor for
r:hamnosyl at ion . 2 0ß- Hydroxypregn - 4 - en - 3 - one (128) was alsc
treated with t-butyldimethylsilyl chloride in the presence of
imidazole (Corey et al ., 1972) to give the siiyl eLh_r (11q j

(Scheme 19). The use of imidazole as cataiyst and DIjF as

sofvent resul-ts in conwersion of afcohols to L_butyl_drmethy_l_

silyÌ ethers in hígh yield at ambient conditíons. This process
may proceed via N-t-butyldimethylsilylimidazcle (145) (core1.

et al., r912), a conjugate acíd of j,midazofe, which can b€

expected to be a very reactive silylating reagent, as

iflustr:ated in Scheme 23. The silyl ether (i3O) was then
converted tô the al-cohol (f32) by reduction with LTBAiÌ in TllF.

L32



Schente 23

{',(,. [r -,i - _.]_!5-'¡i ,"'-.' \ 2 ---+I i\____jÀ.- I I _\.N
H

ll3 i-L''' 145

no\n -J-,r,o\,,M TT¿"
"4ffi Ë,"'ffi'

i28 
rrc

hoposed mechanist¡ for lmidazole as a caralvs¡ in rhe silr,la¡ion
¡ea c r ion



t-ButyldimethylsiJ,yl ethers are generalfy not affected bv
metal hydride reagents, e.g. LAï (corey et al . , 7972).

The chemoselective oxidal_ion of the hydroxyl g,roups in
Lfle rrlol (121) wlth chromaLe reagents is due to the formation
of the energetically favoured allylic carbocation (House,
a972). The 3ß_allylic alcohol is in the quasi-equaLorial
configuration and more Iiable to chromate oxtdation (pai:ish
and Scott, 1983) than the 20ß_OH group. It has been reported
that an allylic alcohof wit.h a quasi_axial configuration, e.
g', the 3a-hydroxl,pregn-4-ene system, has a sl0wer rate of
oxidation by chromate (House, I972ì pa]:ish and scotL, 19g_?).
However borh ß and o epimers cân be oxioized co the corres_
ponding ketone if the chromate reagent is in excess (parish
and Scort, 1993) .

For allylrc alcohols, three factors may affecL the yleld
of t.he glycosylation react ion :

1) Solven¡ (trrulf f and Rôhle, 1974)

2) catalyst (Lemieux et aI . , I975; paulserr, i962)
3) Acid scavenger (Lemieux and Morgan, 1963; Hanessiar et ai. .

tt />¿1 t D, L9 /6, 7977)

lñ ¡ì1^^-! ^-- ^rrl Lnaprer z, a glycosyfation merhod involving che use o1
diethyl ether as soÌvent for synthesis of the aiiylic afcohol
rhamnoside, i. e. 17û _ acetoxy_ 3ß_ hydroxy_ 6o _methylpregn _ 4 _ en _

20-one rhamnosicìe (69), has been descr.ibed. In diechyÌ ether,
Lle rare of tormati on of ¡he dehydrared diene, i.e. j-7a
acetôxy-6e-methylpregna-3,5_dien_20_one (66), was srgnlfí_
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cantly suppressed as monitored by TLC and hence increased the
yield from 5?; (in dí chl orome thane ) to 3O?, (in diethyl ether) .

However, under the same conditions, the glycosylation of
3ß,14ß-dihydroxll>regn_4_en_20_one (:24) with 1-bromo_d_L_
t ribenzoyl rhamnos íde (72) gave dehydrated triene and diene,
'i^r.c. pregna-J,5,14-triene (134) and 14ß_hydroxypregna_3,5_
dien-20-one (135), and none of the desired glycoside was
isolated (Scheme 22) . tt was found that under a high
concentration of the sugar, e.g. 1_bromo_a_L_triacel,yl-
rhamnoside (75) (>6 eq.), and Ia:k of the orgenic base (.t
eq. ) , 14ß-hydroxl,pregna_3,5_dien_20_one rhamnoside (1¿6) was
formed (Scheme 24) . Tne structure of compound -i1!é has been
confirmed by tH, t.C and Cosy4s NMR specLre.

1 -Bromo _ d_ L- Lriacetyf rhamnos ide ( 75 ) and 1 -bromo _ d_ L_ tri _

benzoyl rhamnos ide ( fl_) have similar reactivities regarding
rhamnosylation (paulsen, 7982) . Compared to bromorharnnos i de
r-l ^-^!--Lr.rciLe-af e (/,-l (ra:kes eL ¿I., Lg65t, b:onorl-ar_ros j d -

tribenzoate (77) is more reaciily crystallized and rnore stab-Le
(Ness et al., 1951). Under Lhe method developed, 1_bl:omo_a-L_

t ribenzoyf rhamnos ide (77) was afso used to coupÌe with 3ß,14ß-
dihydroxlpregn-4-en_20_one (124) to afford 3ß, 14ß_dihydroxy_
preqn - 4 - en - 2 0 _ one rhamnosjde rribenzoa:e \I17 WÌ_en rhjs
compound was treaLeC with Nti3 and methanol, it was found tha.-
one of Lhe benzoyl groups, which was probably at C:,, was
diffj.cult Èo remove. In addrtion, the resulting compound {14g)
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Reågents: i) 1-broño-C-Ltriacery)¡hamlos jdc eÐ (> ó e4ùrvaìenD/Felizon,siHtO,/
H eBr ¡ / CH..,C\zlz,6 4i -r_buryl_4_ñer¡ytplddine

ù) E!3N,4\,f eOH,4_l2olreflux 20 hr

Scheme 2,1 Formadon of 1 4B(o-L-rhamnosyloxy)_pregn a_3,5_dien_
20-one (146) under Koenigs-K¡oÍr reacdon condidons
wirh excess I _bromo_c_L_tnacetyl¡hamnoside (75)



seems to be very unstable on chromatography over sifica, cr in
deut e rioch] oroform, and decomposed to grve 3ß,14ß*dihydroxy_
pregn-4-en-20-one (124) and Lhe sugar (151). Based on this
observation, a tentative mechanism was proposed (Scheme 25).
An attempt at conversion of 3ß, 14ß_dihydrox],T)ïegn_4_en_20_one

rhamnoside tribenzoate (Ia7) by treatment with sodium boro_
hydride to 3ß, L4ß,2 0ß_ trihydroxlæregn _ 4 _ ene rhamnoside
tribenzôate, folfowed by hydrolysis in methanofic potassium
hydroxide solution to give 3ß,1_4ß,20ß-trihydroxlæregn_4_ene

rhamnoside (133) has not been compfeLed, due to a lack of the
startinq material which requires twelve synthetic steps.

Synthesis of the glycosides of pregn_5_ene anaÌogues was
carried out stat:Ling from 3ß-hyd::oxypregna_5, 14_ciien_20_one
(106) (Schemes 2O ,ìnd 21). Treatment of 3ß hydroxylpregna_
5, 14-dien-20-one (106) with 1_bromo-d_L_tribenzoylrharnnoside
(7'7 ) in the rlrêqê¡-___,.,je of Fetizon,s reagenl oave 3ß_hydrc):).
preg'na-5,14-dien_20_one rhamnoside benzcate (136) Redìrcticr
of this cornpound with lithium t ri e L hylborohydrr de gave 3ß,2Cß-
dihydroxy-3ß- (o-L-rhamnosyloxy) _pregna_5,14_diene (1371
(Scheme 2O) . Formation of 14ß, 15ß-epoxy_3ß_hydrox14>regn_5_en-

20-one (t3e) was achieved by treatment of 3 ß- hydroxy_pregna -
5,14-dien-20-one (106), with one equivalent of NBA in the
presence of acetic acid at O oC followed bl,¡ treatment witn
saturated aqueous potassíum carbonate (Scheme 2i). Ät room
temperature, ancì \n,ith excess of NBA, more by_products wet:e
formed. 14ß, 15ß-Epoxy-3ß-hyoroxlpregn_5_en_20_one (13g) tdas
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treated with 1-bromo_a_L_tribenzoylrhamnoside (77) .in the
presence of Fetizon,s ïeagenL followed by treatment vrith
fithium t ri e thylborohydride gave 14ß, 15ß_ epoxy _ 2 0ß _ hydu-6¡1,_ I ls _

(a-L-rhamnosyloxy) -pregn-5-ene (1_19), |-4ß,15ß_epoxy_2Cß_
benzoyloxy-3ß-(a-L-rhamnosyloxy)_pregn_5_ene (14c) and
14ß, 15ß-epoxy-3ß, 20ß_dihydroxy_pregn_5_ene (141) . However, the
structure of compound li? obtained by treatment of 14ß,15ß_
epoxy- 2 0ß- hydr:oxy- 3ß* (a- L- rhamnosyloxy) _pregn_5_ene (139) with
f ithiurn trie thyrborohydri de has not be confirmed due Lo
restricted amoìlnt of material .

The receptor binding af f init j,es of the synthesizeC
compounds were determined by a [:H] ouabain radiolrgand bindtno
assay. The results will be discussed in Chapt.er 6.
5.3 Summary

l) L4ß,15ß-Epoxy-3ß-hydroxllpregn_5_en_20_one (138) has bee¡i
synthesized by treatment of 3ß_hydroxyÞregne_5, i4*dien_20_
one (106) wi¡h one equivaient of NBA in a soiution oi
acetone, acei_ ic acid and water aÈ_ low temperaiur:e (O * 5 c C r .

This compound can be used as a precursor for preparation ol
a series of pregn_5_ene derivatives, e.g. :' aß,15ß_epox1,_
3|s,20ß-dihydroxyl:regn_5_ene rhamnosicle (:39, anc
3ß, 74ß, 2Oß-trihycirox),Trregn_5_ene rhamnoside (1a2) .

2) 3ß,14ß-Dihydroxypregn_4_en_20_one (f24), a precursor
designed for preparation of 3ß, 14ß_dihydroxypregn_4_en_20_
one 3ß-rhamnoside (125), has been synthesized baseci on a
method described previously (TemoleLon et aL, 19gB) .
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Dime thyl thexyl s i tyl chloride, which is more convenient
handle and Iess costfy, has been used to replace
silylating reagent t - bùtyldímethyÌ s i ly1 chforide
silylation of the triol (121) .

3) 14ß,20ß-Dihydroxy?regn-4-ene-3_one (]'2A), an afternative
precursor for preparation of 3ß, 74ß,2 0ß_ t rihydroxypregn _ 4 -

ene (133) has been synthesized by treatment of 3ß, 14ß,20ß
t rihydroxypregn - 4 - ene (109) with one equivalent of TBÀDC in
dichloromethane and DMF in BO?; yield.

4) The rhamnosides 137 and !p have been synthesized by
rhamnosylation of 3ß-hydroxypregna-5, 14_die¡Le- 2O_one (106)

and 14ß, 15ß-epoxy-3ß-hydroxlpregn_5_en_20_one (a13) unde¡
Koeniqs-Knorr reaction conditions followed by stereo_
selective reduction with LiEt.BH.

5.4 Experimental

General methods and materials are descr:rbed previousll, in
ChaÞter 2. NOE and COSY45 NMR specira were recorded in CDCI.

on a Bruker A¡, 300 and ÀM 5OO instrumen;, respectr\¡el\,.
3É, 14ß, 20Ê-Trihvdroxwreqn-4-ene (109)

To a stirred solution of L4ß,15ß_epox)æregn_4_ene_3,2O_

dione (1OB) (810 mg) in anhydrous THF (116 mL) was addeC
lithium triethylborohydride in THF (16 mL, 1.0 M r-n THF) . The
sofution was refluxed \,/ith st_irring uncìe:: ar_gon for 3 hr anc
aftel: cooling in an ice-bath, Èhen 5ï sodium hydroxide
sofuÈion (16 mL) and hydrogen peroxide (302, 16 mL) were
added. The solution was stírred overnight ei' roor, temÞerâture

to

the

for
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and diluted with water fol,lowed by extracticn wlth
ciichÌoromethane. The combined extracts were ciried over
anhydrous sodium sulphate, fiÌtered and evaporated to dryness
to give the triol (7a9) Q28 mg) which \^Ias recrystaflized f ror.
diethyl- ether and methanof, m.p. 1g5_191 oC.

'H NMR (cDCÌ3/cÐ:oD, 1:1) ô: 1.06 (s, 3H, c1:_cH:) , r.22 (s, 3H,
L..-u.H,./, t.26 (d, 3H, J = 6 Hz, C2(_CHjl, 3.85 (rn, IH, C,._H.,
4 .15 (m, 1H, c:-H) , 5 .30 (d, 1H, J = 0. 6 Hz, Cr_H)

3 ß- t -Butvldtmethvf si 1vl _ 14ß, 2 Oß_ dihvdrox).rc::eqn _ + _ ene ( 1 2 2 )

To a stirred sofution of 3ß, 74lS,2Oß_trihydrox).rcreon_4 _ene
(121) in anhydrous DIíF (12 mL) were added imidazole (194 mg)
and t-buryldimethytsílyl chloride (2A6 mg, r.2 eq.). The
sofution was stirred under argon at room temperature for one
hour: and difuted with cold saturated aqueous sodiu¡n hydr:ogen
sulphate (10 mL) followed by extraction with diethyl ethe::.
The extract was washed wlth diluLe HCI sofutior (C.3 M,

followed by saturated aqueous sodiu¡r, hvcrogei: ca::bonate, and
then v'ater. The organtc phase was dried over: anhyd::ous sodiuni
sulfate, fiftered, and evaporated under reduced pressure to
dryness to give a gummy residue. Flash chromatography of the
residue over sil,ica on efuLion with dichloromethane gave the
disilvl elhpr t1)'>-r-._o) (133 mg., which was crystal_Lized fror:.
diethyÌ ether and methanol, m.p. 105_107 "C.
.H NMR (CDC].) : o.o6 (s, 3H, si_cH:), 0.0? (s, 3H, si_cH,),
0.11 (s, 6H, si-CH_), o.90 [s, 9H, C(CH:):] , a.92 ls, 9ii,
c(ClJ3):l , 1.03 (s, 3H, C,c-cH.), i.18 (s, 3¡i, c.,_CF. ) ¡ 3.r (i:
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?TJ .1 -eqü-r¡], e = o.) !12, L?.-CH,), 3.g5 (m, 1H, C, _H) , 3.90 .s, 1H, C,

OH) , ¿-.18 (m, lH, Cr-H) , 5.20 (d, 1H, J = 1. 2 Hz, Ca,-¿)

The fractions on eluLíon with methanof gave the mcnosilyl
ether (122) (a97 ng) which did not cryscallize.
rH NMR (CDC1.) ð: 0.06 (s, 3H, Si_cHr) , o.a1 (s, 3H, si_cH:),
0.89 [m, 9H, c(CH.),], 1.03 (s, 3H, Cro_CHr) , I. j.g (s, 3H, C:.

CH.), !.26 (d, 3H, J = 6.6 Hz, C?._CH=,, 3.85 (m, lH, C- _H

A 1 E, ln rlr ^I] \ c: )(\ t.l\Jr -h¡ J = - hz, c.-H' .

14ß-Hydroxv- 3ß- t -butvf dimethvlsilvlÞreon_4 _en_ 2 O _orÊ ( I2 r l

3 ß- t -Butyf dimethyl s i ly L _ L4ß, 2 Oß_ dihydroxypregìi - 4 - en.
(122 (497 mo, was dissofved in dichlo¡-oneinane JC nL/ enl

DMF (5 mL) , followed by treatment wíth pDC (3 g) . The solu¡rc:-
was stirred under argon for one hour and then washed w:ri
warer. r ne organrc layer was dried over ar-ihydr:ous sccìiun
sulfate, filtered, and evaporated to d::yness to give Lhe sitr,-
ketone (123) (344 mrg) , whrch did not crystallize.
'H NMR (CDCI.) ð: 0.07 (s, 3H, si_c¡t.) , 0.08 (s, lij, s1_c,-_. ,

0.90 [s , 9H, C (cH3)3] , 0.99 (s, 3H, C.._CH.) , I.a!, (s, -ì¡-, a . _

CHj) , 2.23 (s, 3H, Cr"-cH.), 2.9A (m, lH, C.r_H) , 4.2C (,.î,, !i:-,
cj-H) , 4.3¿ (", 1H, Ci4-OH) , 5.2r (d, lH, .l = 1 Hz, C._H) .

EIMS m/z (?;RÀ) : 446 (M-, 12) , 389 tM-_C (CH.)., 2ol .

3ß, 14ß-Dihvdrox],,Þreqn_4 *en_ 2 O _one ( 124 )

Method A : 3ß-t -Butyldimerhylsilyi _ 14ß_hydroxlpreEn_ 4 _ en_ 2 0 _one

(r23) (344 mg) was dissolved in anhydrous THF, foÌloweci ¡-r.

treatment with tetra-n_butylammonium f fuoricje {Tts.À-Ft (3.2 mL,
1 M in THF) . The sofution was st.irred for 12 hr e. roor.
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temperature, t.hen diluted with watel: (15 mL) folÌowed by
exhaustive extraction with dichloromethane. The combined
excracLs were dried over sodium sulfaLe, filtered and eva_
porated to dryness to give a residue which was subjected to
ffash chromatography over silica. The fractions on elutío¡r
wiEh diethyl ether, gave 3ß,14ß_dihydroxl4rregn,4_en_20_one
(1-24) (1oB mg) which was recrystarfi-zed from dichloromethane
and acetone, m.p. 2fI-2I1 oC, (1iL. 200_202 oC, Templel_on et
aI ., 1988).

'H ¡'iÌ'{R (cDCl:) ð: 1. o0 (s, 3H, c.c_cg,) , 1. 03 (s, 3H, c_._cij.) ,

¿. ¿+ \ s, JH, c-.-CH.) , 2.9A (m, lH, C,r_H) , 4.15 (n, 1ii, C._H) ,

4 ìÂ /c 1Lr //r rìIr\Lr¿-\Jr' , 5.29 (d, 1H, J = 1.1 Hz, Ca_H

EItqS m/z (%RÄ) : 332 (M-, t), 314 (M-_¡i,O, 37), 2s6 (35), 22e
lL1.\ ei /oa\ , -.- (100r.

RBA (1C..): 4.A pt4

Method B: To a stirred sofution of 3ß,141S,20ß t r ihydroxypreqr,
4 -ene (l;_l) (100 mS) in anhydrous D¡,íF (4 rÌL) was adiei
imidazole (51 mg) and dimethyÌthexyì.silyf chlorroe (64 nig) .

The solution was stirred under argon for 2 hï, then dilutei
with saturated aqueous sodíurn hydrogen ca::bonat_e (10 ml)
foffowed by extractíon with dichloromethane. The organic phase
was washeC with water, dried ove:: anhydrous sodium sulfaLe,
fiftered, and evaporated to dryness t.o give a gummy resiCue
which was subjected t.o flash chromatography ove:: sifica. The
fractions, on elution with methanol, geve the monosilyl ethe::
(108 mg) which did noL crystaliize. The monosriyl ether was
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dissolved in dichtoromethane (8 mL) and DMF (2 mL) , followed
by treatmeni with pDc (Bo0 mg) . The soluLion was stirred under
argon at room temperature for t hr and then passed through a
cofumn packed with silica. The fractions, on elution with
dichforomethane and methanol , gave a residue. The residue was
dissofved in anhydrous THF (B mL) followed by treatment with
TBÂF (4 mL) . The sofution was stirred at room temperature for
20 hr and was then diluted with water (B mL), followed by
extraction with di chl orome thane . The combined extracts we¡e
washed with saÈurated aqueous sodium hydrogen carbonate (2A

mL) and waLer (20 mL X 2) The organic tayer was dried over
anhydrous sodium sulfate, fíÌtered, and evaporated to dryness,
to give a residue which was subjected to flash chromatography
clver s-rilca. 'fhe fraccions, on elucion wjch diethyl eche¡,
gave the cryscalline produc:. (124) (25 ng. frorr dichjo:.o.
methane and methanot, *.p. 207- 2r3 oc. The structure af :.24
was conf irmed by rH LI,4R.

14ß, 2 0ß-Dihydrox\.,Þreqn_4 _en-3 _one ( I2 I )

?R I ¿R r^r¿ Èr-.i l- '_-lydroxypregn _ 4 . ene ,I?-_. \2f -- mc wäs
dissolved in dichÌoromethane (25 mL) and DMF (3 mL) , foflowed
by addition of bís (tetrabutyl) ammonium dichromate (1.g0 g) .

The solution was brought to reflux under argon fcr !2 IIt:.
Evaporation of the solution under reduced pressure to dryness
gave a residue, which was subjected to flash chromatogr.aphy
over silica. Fractions on efution with 5Oå, ethyl acetate in
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hexane gave the 3-ketone (72g) (341 mg) . The product was

recrystallì-zed from acetone and hexane, m.p. 198_203 oC.

iH NMR (CDC]3) ð: 1.19 (s, 3H, Clo-CH3) , L25 (s, 3H, C.._CHr) ,

L29 (d, 3H, J = 6.4 Hz, C?._CH") , 2.7I (s, 2H, C.._OH and C?

OH), 3.90 (*, 1H, Crc-H) , 5.73 (s, lH, C1_H) .

EII4S m/z (%R-A) : 332 (M-, 16), 314 (M._H,O, 3s) , 296 (49), :'1g
(100).

Efementaf Analysis (C2ÌH.roj) : Cafcd- C 75.862, H g.7Oã; Found
c 76.072, H 9.742.

RBA (ICs.) : 47 ¡tlí

2 0ß-Acetoxv- 14ß-hvdrox\,.Þreqn - 4 _ en_ 3 _one ( 1 2 9 )

Compound 128 (50 mg) was treated with acet.ic anhydride (5

mL) and pyrrdine (5 mL) at roÕm temperature for 6 hr. The

solution was diluted with ice_water and stirred fo: an

additional hr and then extracted with dichforomethane. The

exLracts were washed with waLer, saturated aqueous sodiun
hydrogen carbonate and water- The organic phase was drieci ove¡
sodium sulfate, filtered and evaporated to dryness Lo qive a

syrupy product (35 mg) which did not cryst.allize.
iH NMR (CDC13) ô: 1.02 (s, 3H, C1:_cH.) , 1.18 (s, 3H, C..._cH:) ,

L.2Q (d, 3H, ,I = 6. 4 Hz, C2þ_Cts.) , 2.02 (s, 3H, CH3CO) , 4 . 95
(m, 1H, Cro-H) , 5.73 (s, lH, Ct_H) .

(130)

14ß,2oß-Dihydroxypregn_4-en_3_one (128) (150 mg) was
treated wiLh t -butyldimethyl s i lyl chloride (241 mg) ancì

imidazofe (236 mg) in DMF (15 mL) . The solution was stirrecl
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under argon for 3 hr. Evaporation and workup gave e resid.ue
which was subjected to flash chromatography over. sifica.
Fractions on elution v/ít.h 30?r ethyf acetate in hexane gave the
sifyl ether (130) (135 mg) which did not crystaì_lize.
1H NMR (cDcl:) ð: 0.13 [s, 6H, si (cH:) ,), a.93 [s, 9H, c(cH:):],
1.18 (s, 3H, Cr,-CH") , !.2L (s, 3H, Cr.-CH.) , L34 (d, 3H, J __

6.5 Hz, Cro-CH,) , 3.88 (m, tH, C: -H) , 4.15 (s, 1H, C 1_OH) , 5.72
(s, 1H, c4-H) .

2 0ß-Acetoxv- 3ß, 1 4ß- dihvdrox\,,preqn _ 4 _ ene ( i3 1 )

Compound 129 (35 mg) was dissotved ín anhydrous TfjF (20 rnI-)

and treated with LTBAH (1OO mg) at roôm temperaLure for 2O hr.
Similar workup procedure as that described in the preparation
of .¡jl gave a residue. Flash chromatography over silica on

efution with 1O? methanol in dichforomethane gave compound 13i
(i5 mg) which did nct crystaÌlize.
rH NMR (CDClr) ð: 0.96 (s, 3H, C_r_CH:) , 1.17 (s, 3ir-, c.._c¡j.),
I.97 ls, 3H, CH.CO) , 4.05 (m, 1H, C._H) , 5.75 (s, 1H, C._H) .

ir:zl
1 4 ß - Hydroxy- 2 Oß- t - butyldlmet hyt s i lyI oxypr:egn _ 4 _ en _ 3 _ cne

(130) (320 mg) was treated with LTBAH (600 mg) in Ti{F and the
sofution was stirred at room tempereture for 26 hr. The

sofution was drlut.ed with vrater and. extracted with dichforo_
methane. The organic phase was dried over sodium surfaLe,
filtered, and evaporat.ed to d.ryness to give a residue, which
was subjecÈed to flash chromatography ove:: sifica. Fractions



on elution with 5O?r diethyl ether in di chforome thane , gave the
3-alcohol (132) (305 mg) which did nor crystallize.
ÌH NMR (cDcl3) õ: L.12 (s, 3H, si_cHj), 1.30 (s, 3H, si_cH:) ,

0.92 ls, 9H, c(cH.) rl , r.20 (s, 3H, cr3_cH:), 1.33 (s, 3li, cr-
l-ll I 1 a1 l,f .)Lr

\ Añ (a IIJ r- -rJ\ È 1È t^-. -- \Y' 4¡¡, L?. /J \Þ, l,'1, Ua_H)

orLe (134 and 135)

To a stirred solution of 3ß,14ß_drhydroxypregn_4 -en,2O-
one (L24) (141 mg) , Fetizon,s reagent (1.88 g), HgC (329 mg) ,

HgBr: (94 mgr) and mcfecular sieves (: Å, 2 g) in anhydrous
diethl'] ether (25 mL) was added 1_bromo_d_L_tribenzol,l_
rhamnosíde (77) (I.3a g) . The solution was stirred under argon
ín the dark at. O-5 oC for 5 hr and then filtered through a pad
of Celite. The filtrate was evaporated to dryness to give a

residue which was dissolved in a solution of methanot (14 m_) ,

triethylamine (4 mL) and water (4 mL) . The solutiol was re*
fiuxed under argon for 2A hr ând Lhen worked up by evaporatrng
to dryness to give a resìdue which was subjected to flasf:
chromatography over sífica. The fractions, on erution with 15?
ethyl acetate in hexane, gave pregna_ 3,5,]'4_trien_20_one (134)
(16 mg) after recrystalrization from dichforomethane and
methanof, m. p. 148-I51 oC.

rH NMR (cDCt.l ð: 0.91 (s, 3H, C1 _CH.) , I.72 (s, 3H, c.._Cu. ,

2.77 (s, 3H, Crc-CH ) , 5.20 (m, 1H, Cr._H) , 5.45 (m, lH, C._E) ,

5.62 (n¡, 1H, C.*¡i) , 5.93 (d, 1H, J = 10 Itz, C,-H).
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'tlre later fractions on elution with 1O ? methanoÌ in
dichloromethane gave t4ß_hydroxypregna_3, 5_dien_20_one (135)
(26 mg) after recrystal,fization from dichloromethane ancì
methanol, m.p. 176-1BO oC.

1H NMR (cDc13) ð: 0.93 (s, 3H, c.r_cH.). 1.03 (s, 3H, c10_cHì),
¿.¿) \¿t rñi L,._CH.\, 4.46 ls, H, C;_OH , 5.45 (rn, 1H, Cc_H ,

s.60 (m, 1H, C.-H) , 5.95 (d, 1H, J = 9.8 Hz, C,_Hl
EIIúS n/z (?;R-A) : 3la (M., 18) , 296 (M--H,O, 53) , 2BL (2s6_CH.,
2L), 253 (296-CH3CA, 36), 145 (1oo).

To a stirred solution of 3ß_hydroxypregna-5,14_dien_20_
(Jrre {rub) (200 mg) and pulve::ized molecular sieves (3 å., 2 g)
in dry dichÌoromethane (30 mL) were adcied Fet.izon,s reagent (

2.1 g and 1-b:omo-o-L_rribenzoylrhamnosjie __ :.4 g Th+
soluLio¡i was stirred under argon in the cjark at rocrn
temperaLure for 5 hr, and then passed through a paC of Cel,ice.
The filtrate was evaporated to dryness under reduced pressure
at 40 oC to give a residue. Ffash chrometography over sitica
on elution with 50* ethyf eLher in di chlorornethane gave th€
glycoside tribenzoate (136) (210 mg) on recrystallization frcm
hexane and acetone, m.p. f74_176 oc.

'H NIYR {cDCl. ) ô. n qn ,-\>, Jr-1 , U.._C11. 
" 

1.09 ls,
1.30 (d, 3H, J = 6.4 Hz, Cs, _CH:) , 2.a7 (s, 3ä,

E]t{S m/z (%RA) : 296 (M., 93)

32), 91 (1oo).
281 (M--ClJ.. rA) 253 (M- _ CHsCO)

lL'Jrrl r-_-rr-i:l /

. .ITl \
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(m, 1H, C.. -H) , 4 .28 (n, lH, Cr _Ht , 5.16 (d, iH, J = I Hz, C.

H) , 5.77 (s, 1H, Cr5-H) , 5.45 (m, lH, Cu_H) , s.6O (dd, 1H, J,,
= : Hz, J-..t = 3 Hz, C: _H), 5.65 {t, 1H, J1 . = iA H.z, J,.,.
= Iu Hz, Cn.-H ) , 5.84 (dd, 1H, J. .r. = LO Hz, J. . = 3 Hz, C.

H), 7.20-8.2A (m, l_5H, aromatic protons)
ElemenLal Analysis (C4€H.2o.) : Cal-cd. C 74.592, H 6.78?,. Fourrd
c 74 .292, H 6.91.

3 ß - [a -f-- (Triben zoyl ) - rhamnosyloxyl _pregna _ 5, 14 _dien _ 2 O _

orre rl!g) (_r /i mg) was dissoÌved in anhydrous THF (30 mL) and
treated with lithium t rie thylborohyd::i de (4 mL, 1 M ín TilF) .

The sofution was brought to reffux for 2 hr and then treated
with 5?r sodium hydroxide sofution (4 mL) and hydrogen peroxicie
(3AZ, 4 mL) . The solution was stirred for an additional 15 h:
at room temperat.ure and extracted with dlchloromethane. The
extract was washed with water, and the organic phase was drleo
over sodium sulfate, f ilt_ered and evaporated tÕ dryness to
give a residue which was subjected to flash chronratographl,
over silica. The fracti-ons frorn elution wrLh i) hexane, ìi)
20% ethyl acetate in hexane, and iii) 1O? methanol in di_
chforornethane, after evaporation, gave the product (1_?7) (75
mg) on recrystallization from methanol anC water-, m.p. 232_234

'H NMR (cDcl,:/cD:oD, 1:1) ð: 1.oo (s, 6H, c1._cH. and c.--CH.),
1.13 (d, 3tí, J = 6.4 Hz, C2c-CHr) , r.23 (d, 3I1, J =6.5 Hz, C,,_
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u.i1. r¿ i.J5 (t, lH, J+,,¡, = Jn,,s, = IA Hz, C",_H), Z.+S (nr, 1Fi,
C,.-H) , 3.65 (m, 2H, C3,-H and Cr,-H) , 3.75 (dd, 1H, J:.,,, = 1.5
nzt r... = i Hz, C2. _H) , 3.85 (m, 1H, Cr_H) , 4.83 (d, tH, J =

7.3 Hz, c,.-H) , 5.10 (s, 1H, C.s_H) , 5.35 (m, lH, C6_H) .

Ef ement.al Analysis (c2?H12o6) : Ca1cd. c 7a .70.6 , H 9 - 15?; Found
c 70.a9%, H 9.25.6.

RBA (IC5o): No activityi ICso > 2AA ¡.tM

To a stirred solution of 3ß_hydrox)4)regna_5, 14_dien_20_
one (106) (a2O mg) in acetone (100 mL) , acetic acid (33 mL)
and water (62 mL) was added NBS (203 mg) . The sofuLion was
stir:red at 0-5 oc under argon for 5 hr and then basified with
coof saturated aqueorts potassium carbonate to pH 9_10 and
sLirred at room temperâture overnighL. T.fle reaction mixture
was extracLed with diethyl ether (100 mL X 3) and the cornbined
extracts were washed with water. The organlc layer was d::iei
over anhydrous sodium sulfate, f i1t_ered, and evaporated tÕ
dryness to give a resrdue which was flash chroma.ttogt:aphed ov€r
silica by elution with i) hexane, ii) 20?; diethyl erher. irr
hexane, and iii) 1O?r methanol in di chforome thane , to give
starring mareriaf (106) (103 mg) and the epoxÍde (138) (200
mg) which was recrystallized from dichroromeÈhane and
methanol , m.p. Ig6-20I oC.

'H NMR {eilat r .s . ¡ 
^.. _..4 (s, 3tÌ, Cr.-CH,), 1.06 rs, 3H, C. _CHr),

2.20 (s, 3H, C2o-cH ), 3_50 (m, 1H, c.-H) , 3.55 (s, 1H, c,"_fi) ,

5.35 (m. 'lH .- -rrl
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EIMS m/z

Element. aI

RBA ( IC5o )

(?;R-A) : 330 (M', !7), 3ir4 tN4.-ô ?Á\ .o- (M-_CHjCO,

(9s), 91 (1Oo).

Ànalysis (C21H3oO3) : Ca1cd. C 76.332, H 9.fs|; Found
9.trz.

: No activit.y; ICso > 2AA pI4

ene (141)

To a stirred sofution af t_4ß,15ß_epoxy_3ß_hydroxypregn_5_

en-20-one (139) (107 mg) in dichloromethane (15 mL) were added
1-bromo-q-L-t::ibenzoylrhamnoside 177) (742 mS), F.etizôn,s
reagent (L.28 q) and puÌverized ¡nof ecular sieves (: i,, r.z g; .

The solut.ion was stirred under argon, in the dark, for 3.5 h::
and Lhen passed through a pad of celite. The fiftrate rras
evapcrated to dryness undez: reduced pressure at abcut 40 oC.

The residue was díssolved in dichloromethane and the solution
was washed wiih saLurated aqueous sodium hydrogerr carbonate
and water. The organic phase was dried over anhydrous scd.iu¡n
sulfaLe, filtered, and evaporated Lo dryness to gir,,e a
residue. The residue was dissolved in anhydnous THF and
treated with lithium triethyl borohydride (7 mL, 1 M in THF) .

The solution was brought to reflux for 2 hr then aqueous
sodium hydroxide (5?;, 7 mL) and hydrogen peroxicìe (30ã, ? mi)
were added Lo the solution whife it was coofed in an ice_bath.
Strrring was continued for an additional 15 hr. The solutrorr
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was diluted with water, foflowed by extraction with di_
chforomethane. The combined extracts were washed with water
and the organic phase was dried over anhydrous sodium sulfate,
filtered, and evaporated to dryness to give a residue. The
residue was dissolved ín 1OZ NH3 in methanol (w/v) and the
sofution was kept in refrigerator at 4 "C overnight and then
evaporated to dryness to give a residue which was subjected to
ffash chromatography over sil,ica. The earlier fractions on
elution wir-h 2% diethyr ether in dichforomethane and 1o?,

methanol, in dichloromethane gave 141S,15ß-epoxy_3ß,20ß_di
hydroxypregn - 5 - ene (141) (68 rng) which was recrysieÌfized from
dichloromethane and methanol , m.p. 2L6_22A aC.
lH NMR (cDCl3/cD:oD, 1:1) ð: 1.07 (s, 3ri, c,._cH.) , i.2a (d, 3H,
J = 6.5 Hz, C?".-CH.) , I.28 (s, 3H, C1c_CH:) , 3.45 (nì, 1H, Cro_H) ,

3.48 (s, lH, 15û-H/, 3.e3 (m, 1H, C,-Hì, tr.35 rm, tli, C._H,.
RBA (ICsc) : NÕ activity; ICu, > 200 tt{.

The fractions on elution with 1O? methanol in dichlcro_
methane gave 14ß,15ß-epoxy-2oß-benzoyloxy_3ß- (a_ L_ rhamncsl,Ì _

oxy) -pregn-5-ene (140) (7f mg) on recrystâlfizaLicn frorn
di chl-orome Lhane and met.hanoÌ , m-p- 2:16' 218 oC.

lH NMR (cDCl3/cD¡oD, 1:1) ð: 1.04 (s, 3H, cr3_cH:), 1.10 (s, 3H,
L.¡-L¡ijJ , r.28 (d, 3H, J = 6.3 Hz, C2-_CH.) , t.3O (d, 3H, J =
6.3 Hz, C..-CHr) , 3.4a (t, 1H, Jr,,:, = J,r.:, = 10 Hz, Cn,_H) , 3.45
(m, 1H, C.-H) , 3.50 (", 1H, 15a-H) , 3.68 (n, 2H, C.,_H and c"._

H) , 3.88 (dd, !11., ,J2,,t, = 7.5 Hz, Jz,,t, = 3.3 Hz, cr,_H) , 4.g6
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(ci, 1H, J = 1.5 Hz, Cr,-H) , 5.25 (*, 1H, C2._H) , 5.35 (m, rr¡,
C6-Í1) , 7.35-B.OO (m, 5H, aromatic protons)

The fater fractions on efution with 1O? methanoÌ in
dichloromeLhane gave 14ß,15ß_epoxy_20ß_hydroxy-3ß_(o_L_

rhanmcsyloxy) -pregn-5-ene (139) (82 mg) , which was re_
crystaffized from dichloromethane and methanof, m.p. 225_228
oc.

1H Nl'{R (cDCl3/cD3oD, 1:1) ô; 1.07 (s, 3H, c1:_cH3) , r.2a (d, 3H,
J = 6.5 Hz, Cr.-CH ), 1.28 (d, 3H, J = 6 Hz, C _CIJ,r , !.2g ,!,
3H, crc-cH3), 3.38 (t, 1H, Jq,,z, = J+,,s, = La Hz, c4._H) , 3.45 (m,

1H, Crc-H) , 3 .45 (s, ttt, 15o-H) , 3 .7A (m, 2H, C., _H and C_,_H) ,

I ô. ?-: . óz \tr , 2H, C=-H and C_ _H) , 4.87 rd, lH, J = L.2 Hz, C. _H

5.35 (nì, 1H, CÉ_H) .

Efemencal Ànalysis (C._H.?O ): Calcd. C 6-t.iBZ, H 8.85%; foun:
C 68 . 01å, H 8.912'.

REA (ICro) : 55 ¡rM

(74 6 )

To a stirred sofution of 3ß, 14ß_dihydz.oxl?regn_4_en*20-
one (724\ t 5I m.-, \,LL:J., and molecular sieves (3 Å, i.5 S) in
dichloromethane were added 2,6_di_t_butyl_4_methylpyridine
(15.3 mg), Fetizon,s reagent (673 mg), meïcury oxide (123 mg) ,

mercury bromide (31 mg) and 1_bromo_a_L_Lrlacetylrhamnoside
(75) (660 mg) . The solution was stirred for 15 hr and fifterei
through a pad of Cefite. The f j-Ìtrate was evaporateci to
dryness under reduced pressure at about 4A oC Lo give a
residue. The residue was dissofved in e sofution of methanol
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(11 mL) , tr.iethylamine (8 mL) and water (1 mL) and st.irred
under argon for 3 days. A similar workup proceduLe to thar
described in the preparation of 17d-acetoxy_6a_methylpregn_+ _

en-20-one rhamnoside (L2) in Chapter 2 (Method .A) gav€ the
diene (5 mg) and 14ß- (o-L-rhamnosyloxy) -pregna_3,5_dien_20_one
(L46) (24 r:lg), which did not crystallize.
rH NMR (cDCl .) ô: a.94 (s, 3H, cro-cHr) , r.22 (d, 3Il , J = 5.5
Lr-nzt L., -uHr./ ¡ _r.31 1.s, 3H, C1c-CH2) , 2.16 (s, 3H, Crc_cH3) ' 3.4a
(t, 1H, J".,¿, = Jq,,s. = Ia Hz, C,.-H) , 3 .7a-3.80 (m, 3ti, C?, _H,

C.,-H and C.,-H) , 4.92 ld, iH, .T = I.5 Hz, C.._H) , 5.35 (m, 1H,
ô 'LT I!6-¡rr / ).Þ: tm/ 1H, C3-H), 5.92 (d, 1H, J = l-0 Hz, Cr_H)
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CHÀPTER 6

RECEPTOR BTNDTNG, STRUCTURE-ACTTVTTY RELÀTTONSHTPS

ÀND PHÀRMACOLOGY



fn Lhe literature, cardioactivity is measured by
different methods, the reliability and accuracy of whrch have
been a source of disagreement (Thomas et al . , 1990) . A

[3H]ouabain radioligand binding assay has been considered an

appropriate met.hod, among others (Thomas et al . , :]974, LggA) ,

for screening potential cardiotonic compounds at the earfier
stage of the SAR study. Cons.j_dering that most cardiac glyco_
sides have demonstrated strong receptor bincÌing in a RBA whích
is a very sensitíve measurement of drug_receptor: fit, this
method is applìed in our case for screening potenLiai car:dio_
tonic compounds among progesterone and pr:egnane derivatives.
However, it is necessary to poinL out thât the receptor
binding affrnity measured by RBA even though can be
interpreted in term of drug-receptor fit but do not
necessarily reflect intrinsic inotropic actrvity. As suggestei
by Watson and coworkers (Watson eL al . , Ig92) , cardiotonic
activitl' may not be only initiated by inhíbition of NiiA.

In a [.H] ouabain racrioligand binding assay (Table I ani
Fig. 14) , the glucosídes (Éf and 6E) of 17a-acetoxy_3ß,
hydroxypregn-4-en-20-one, 17o_ aceC.oxy_ 3 ß_ hydroxy_ 6a_methl,l _

pregn-4-en-20-one and the rhamnoside (69) of 17a_acetyl_3is-
hydroxy-6d-methylpregn-4-en-20_one gave lCsc vafues of 1O glvi,

3 pM and A.4 pM, respectively, and our res.ilts have bee¡
published (Smyth et al . , f992). Considering the major chanqe
in stereochemistry betweerr 14ß_OH and 14cr_H compound.s, thts
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Compond

No.

Struc¡r¡¡e Va¡iation RBA

Ic5o"

(utr11
Rl R

63

61

6'7

ó.1

ó9

H

H

p,D-gtucos¡,1

B-D-gtucos¡l

G -L- rh arr-n os 1')

H

CH:

H

cH3

cH3

52.0

'Ì.2

10.û

3.0

0.4

a IC5g rcpresents rle concen¡,arjon r-har i¡}¡jbiLs bi¡di¡g of [3H]ouabsin b]. 50%

Table I The receptor binding affiniry of I7û.-acerox),_3p_hydroxy_6o_merhylpregn_
4-en-20-one glycosides @2, 6g and !p) and sructurall,r, ¡elared contpounds
in a [3H]ouabain radioligand bindin_e assa1,
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2
d

Fig. l4 lnhibirion by 17c-aceroxy-3p-hydroxy_6o_meùylpregn-4.

en-2O-one glucoside (MpA-glu, 6g) a¡d orhe¡ sreroids of
specific binding of [3]!ouabain ro ca¡d.iac membrane s

(Smyrh et al., 1992)



resuft coufd nÕt be preCicted. The glycosylation of the genins
enhances the receptor binding affinity in whrch the r.hamnoside
(69) is more potent (by about 1O times) than the corresponding
glucoside (69). Greate:: binding affinity among the glycosides
is consistent wlth the resufts of previous studaes on pregnane
derivatives (Templeton et al ., !9g!'a, b, Ig92) . The genins,
1 7d- acetoxy- 3ß-hydrox),?r:egn_ 4 _en_ 2 O _one ( 63 ) and 1 7a_ acetoxy _

3ß-hydroxy-6a-methylpregn_4_en_20_one (64), have fC.- vafues
of 52 pM anà 7.2 lM, respecLively. The enhancement of receptor
binding affinity of 17d_ acetoxy_ 3ß_ hydroxy* 6 a_rnethylpregin _ 4 _

en-2 0,one (5_4) compared to 17a_acetoxy_ 3ß_hyciroxl_p::egr_4 _ en-
20-Õne (63) may be attributed to the confor-matlonal t¡-ans
missíon effect introduced by the 6o_rnethyl qrÕur, whrch feads
to the adoption of the A ring to a cÕnformarion rnore closeÌy
approximating the digitoxigenin structure (Duax e: a_!. , I97g,
1979; Kim et el ., 198O). Compared to the co::restrcndtnq genins,
the IC." values of the glycosides (67, 68 and Cir are signiir-
canf iv i n¡-r,=:qcÄ l-.,,.!u; are st ilr much f ower ,-har: citqcxin (2)
(Fig. 1a).

The pharmacology of 1?d_ acetoxy_ 3ß_ hydroxy_ 6o _methyl _

pregn-4-en-20-one glucoside (68, MDp_glu) comprises a unique
diuretic effect on the kidney, i.e. sodium depie:ing in ihe
presence of potassium sparing ef f ects (Smyth e: al, 1,9 -aZ) ,

comparecÌ with the natural cardiac glycosides whicn cause seve¡
Ìoss of sodlum and potassium ions. As illust::atei in Fig. i5,
1 7a -- ace t.ôxy- 3 ß - hydroxy_ 6 a _ methylp r egrr _ 4 _ et-: _ 2C _ one glucos ide
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Fig. 15 Effect of sali¡e, digoxin @ig, 0.5 roglkg), LÌ\D 623 (LND 0.7 mg/kg, and

l7c-acetoxy-3p-hydroxy-6a-methylpregn-4-en-20-one glucoside (lr4pA_gÌu,

68) on u¡ine volume, sodium exc¡ecion and potassium exc¡erion (Smyù er a.1.,

t992)



(68) demonstrates similar effects on urine vofume and sodium

excretion as dígoxin 12) , a classic cardiac glycoside.

HÒwever, unlike digitoxin, it shows Iittie effect on potassium

excretion. These results have significar-: cirn:cal lmplica-
tions as it is known that excessive loss of pocassium ions is
associated with cardiotoxicity or arrhythmias induced by the

cardiac glycosides. Because of hypokalemia slmptom, potassiun

safts have been used for the treatment of ar:rhythnias índuced

by cardiac gÌycosides. Therefore, potassium soa::ing diu::esis

provides a theorecic basis fo:: minimizing carclio--oxicity in
the SAR studies of cardiotonic compouncis. Pharmacotogical

studies of 1 7d- acetoxy- 3ß- hydroxy- 6a-methyi -pregn- 4 - en - 2 O - one

rhamnoside (69) has not yeL been ca::¡'ied ou:.

Three concl,usions can be ci::awn basei oÌt the pharmacologl'

of 17d-acetoxy- 3ß- hydroxy- 6a-methylpregn- 4 - en- 2 û -one glucoside
íaç MrrD ^1.,\.\w¡ rr!! Yru/

1) The resufts provide further evioence sunpcrting the

previous conclusion Lhat a enioqencus ilqitalis like

substances rnay exist wi¡h a sieroiciai hormone oragan.

2) Potassiun diuretic effects on the kidney ciemons-!ïated by

compound 68 and 14ß-amíno-20ß-hyciroxy-3ß- (o-L-rhamnosyl-

oxy) -5ß-pregnane (LND623) (Fig. 15) provide an additionaì

reference for evaluation of cardioconic compouncis vrith

potentiaf improvement in the therapeutic !noex.

3) A similar diuretic pattern shared by compourlC llf (C1-C.

unsaturated steroidal hormone) and cer¿ain pregnane, such
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as LND623 and compound lZ (5ß and 1?ß-saturated substi-
tuents) but not digitoxin (r) (5ß, 17ß-factone), clearly
indicates that stereochemistry at C5 and substrtution
occurred at the 17ß posiEion are determinant.s for potassium

sparing diureLic effect while retain receptor binding
af f ini-ties.
These concfusions are conLributed to construction of a

working hlpothesis for further chemical modification of
pregnane and progesterone derivatives as described in Chapte¡

3, 4 and 5.

The resufts of the radioligand binding assay of the
compounds described in Chapter 3 have been compiled in Table

II. Replacement of the trídigitoxosyl with the rhamnosyl group

at C. in digitoxin (!) enhances receptor binding affinity in
a lrHl ouabain radioligand binding assay. Digítoxiqenin
rhamncside (88 ) afso displays strongiet: recepLor bi-ndíng

affinity than digítoxigenin glucoside (96) and digitoxrqentn
monodigi toxos ide (Templeton et al., 1991a) Replaceneri of -Lhe

d, ß-unsaturated Iactone ring at C1, with planar isosteres
(Thomas et al . , 7974 ) is ncc necessary for st,rong receptor
bìnding affinity. Compounds containing a saturated alkyl gr:oup

with a heteroatom (s) at C,r, such as 3ß,14ß-dihydroxy-5ß-pregn_

20-one and 3ß, 14ß, 20ß-trihydroxy-5ß-pregnane rhamnosides (tl
and 12), display strong receptor binding affinity. The 20ß-O:l

(12) shows stronger binding affinity than the 2AI-OH, or the
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Comp.

No.

St¡uctìlre Va¡iåLìon RBA

rl50
( Èj\r )

Rl R2 R3 OLhers

97

96

99

87

92

91

11

1)

60

86

88

C=O

OH

OH

P-D gl.:cosyJox¡

C=O

C=O

(I-L'rhuÌTios)'loxv

q-L-rha¡,îos]'lo)iy

oH

B-D-glucosylox¡'

a-L-rharurrosylory

cH3cHoH(g)

cH3cHoH(p)

CHjcHOAc(p)

CH3C=O

.y,laclone

'y-lactone

cH3c=o

cH3cHoH(Ê)

'ylaclonc

'y-lac!one

llactone

14o-H

14a,H

1A{L-H

14ß OH

14p-OH

14p -OH

r40-oH

14p OH

r4p-oH

r49-OH

^4I
^'

t4, ¡14

L4

5D

5Ê

5tl '7

3

110,000

71,000

5 LICì

301

1S0

150

?5

2(l

u R"pr"r"nrs the concen¡¡aúon thar jrùibìß bi¡ding of [3H]ouabain by 50Ç2.

Table II The receptor binding afhniry of 3 p,14Ê,209-rihydroxy-5B-pregnane

rhamnoside (-1Ð a¡d relared compounds in a [3H]ouabain radioligand

binding assa1,



20-ketone (11) (Templeton et al. , rg9ra, rgg2). without the
14ß-OH group, as in the cases of 14,15_didehydro_14_deoxv_

canar-rgenone \92) and 20ß-hydroxypregn_4_en-3_one (14d_H)

(97) , receptor binding affinities are weaker ín compa::ison

with canarigenone (91) (14ß-OH) .

The receptor binding affiniLy differences beLween the 2Oß_

OH (12) and 20d-OH, digitoxigenone (89) and canarigenone (!¡1) .

the 2oß-OH (12) and LND623, and other l-actone ring replace_
ments (Templeton et al ., 1991a, b, IggZ; Smyth et aI ., 1992)

indicate that the nature, e.g. dipol-e_dipole moment, elec_
tronic configuraLion, steric hindrance and spatial orien_
tation, of pharmacophores at C., Cr" and Cr_ is important fÕr
high potency in recepLor: bindrng affinity.

14 ß-Hydrox!?roge s t e rone (94), as described in Chapter <,

displays a sLrong recep.Lor bindÍng affiniCy in a [3ti] ouabaí¡
radiolígand binding assay (TabLe IIT). Compar:isons of the
magni-tudes of receptor binding affinity among 14ß_hydroxy_
prÒgesterone (94), progestet:one (44) and other car:dio:o¡lic
compounds are iffusLrated in Fig. 16. As seen in Fig. :16,L4ß_

hydroxyproges t erone lg4) shows stronger receptor binding
affinity than progesterone (44) but stilf weaker t.han ouabain
(3) o¡ chlormadinone acet_ate (45) . Neverthefess, t.hís compound

eficits a cardiostimulant activity, as illustrated in Fig. 17.
Interestingly, this compound, in addítion t.o strong recept.or
binding affinity and cardiostimufant activity, displays a
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Comp.

No.

St¡ucru¡e Va¡ iauon RBA

,!5ar

($1 )

Rl R2 Rr Others

106

107

121

OH

C=O

OH

C=O

cH3c=o

CH3c=O

cH.rcHOH(D)

cH3c=o

l4D OH

14 D-OH

¿4, ¡14

L1

^t

N/A

13; 0

4.0

3.9

' R"pr"s"nL, dre conc¿nuaLion ù¡a! iniibirc bin¿ì¡g of [3H]ouabain b\ 50r. .

Table III The receptor binding affiniry of l4p-hydroxypregn_4_ene_3,20_

dinoe (941 and related compounds in a [3H]ouabarn radioligand

binding assay
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potassium sparing diuresis on the kidney and a barance oÍ
positive and negative inotropy which may accounl f or- the
improvement of therapeutic index of certain pregnane
derivatives (LaBelÌa et af., 1985). This unique pattern of
pharmacologicaÌ activities makes 14ß_ hydroxlproges t erone (gli)
a prômlnenL candidate for furthe:: functionaf group môdifi_
catron an the effort to develop new cardiotonic compounds with
improved cfinical profile.

The pregn-4-ene and 5-ene derivatives described in Chapter-
5 have been compiled in Table IV. The receptÕr binding
affinities of pregn-5-ene der.ivatives, such as 3ß,20ß-di_
hydroxy-14ß,15ß-epoxl.pregn_5_ene (74f), 14ß,15ß_epcx),_3ß_
hydroxypregn-5 -en- 2 0-one (138) and 14ß,15ß_epcxy_20ß_hydrcxy_

3ß- (a-L-rhamnosyloxy) -pregn_5_ene (139) ere ali shov; weak
bindrng affinity.
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Comp

No.

Srucru¡e Va¡ia¡io¡ RBA

¡L50
R R R Orhe¡s

138

r41

139

r28

1¡l

OH

OH

o-L-rhanurosyìor¡'

C=O

OH

û-L,rhsr¡¡os\'lo)i\

cH3c=o

cH3cHoH(Ê)

cH3cHoH(Ê)

cH3cHOH(p)

cH3c=o

cH3cHoH(p)

r4Ê-oH

14Ê,OH

^5, 
140.Ì5p.

epox)

a5, rap,rsg,

ePox)'

a5, t+p,rsp

ePox!

Á"

L4

^J.Á'-

N/A

N,,A

55

1-l

N,,Â

a 
RepresenLs Lhe concenuadon úal i¡hbils bìndìng of [3H]ouaba:n br 50ã

Table IV The recepror binding afñnir"v of 3p,20B-d.ihydroxy_ 3p_ (s_L_rhamnos) l_

oxy)-pregna-5, 14-diene ( 1 37), 14p, 15p_epoxy_20p-hydroxy_3p-(a_L_

rhamnosyloxy)-pregn-5-ene (_1_39 a¡d relared compounds in a [3Hl_
ouabainradioligand bindingassal,



CHÀPTER 7

CONCIJUSIONS



The research reported in this t.hesis was carried out with
the f ol Iowi-ng four objectives:

1) Synthesls, receptor binding and pharmacology of the glyco_

sides of 17d-acetoxy-3ß-hydroxypregn-4-en-20_one (67) ar-rd

its 5cy-Me derivatives (68) and (69),

2) Synthesis of 14 ß - hydroxl4rroge s terone (94), and its C. and

C5 unsaturated der.ivatives,

3) Synthesis, recept-or binding and pharmacology of 5ß pre_

gnanes derived from digitoxin (t),

4) RacionalízaLion of the st.ructure-activiti- refaiio.ships of
the compounds synt_hesìzed.

The results obtained are summarized as foiiows:
1 ) The progesterone derivat ives, 1 7d- acetoxy- 3 ß- hydrox),.p1:egn _

4 -en*2 0 -one (67 ), L7 a - acetoxy-3ß-hydroxy- 6a_methyipregn_4 _

en-20-one ß,D-glucoside (68) and a-L_rharnnoside (69) have

]treen synthesized. These allylic glycosides were obtaineC by

treatment of the 3ß-alcohofs (63 and 64) with 1_brori,o_r_ì_

t ri acetyl rhamnos i de (75) under mod.f:eo Koeì1iqs -i(r.;rr
reaction conditions. These allylic glycoside posê a problen
as dehydration to the diene occurs as a major byproducc ani
there are few successful synthesís reported and those gave

very Ìow yield. These glycosides have a sLructul:af geometry

different from the conventional card.iac glycosides, can

bind to NKÀ, the Larget enzl,/¡re receptor in heart muscfe

recognized by cardiac glycosides. These compounds dispra1,,

in addition t.o receptor bindrng affinity, remarkabfe
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potassium-sparing diuretíc effects on the krdney, which can

act as a built-in protection against cardiot.oxicity induceo
by cardiac glycosides.

2) A new chemical synthesis of 14 ß - hydroxyproge st e rone lg4)
has been carried out. InLermediates in this synthesis we::e

desígned as starting materials for the synthesj_s of the C.

and Cu unsatltrated glycosides. This synthetic scheme can

also be adapted to the preparation of 5a- and 5ß_pregnane

glycosrdes. Thus this synthesis can be used tÕ prepare
genin and glycoside derivatives of all saruret.ei anC

unsatr-.l.rated deriwat ives at C. . Theref ore the receptÕr
binding and SAR of the four compounds can be compared. The

C. unsatr..lraced derivatives have Ì¡een converted to pt:egna-

5,14-diene rhamnosides and to the 2Oß_hydroxy _f4ß,] 5ß'

epoxypregn - 5 - ene rhamnosides. However, synthesis cf 14ß

hydroxy- 3ß- (o-L- rhamnosyloxy) -pregn-4 -ene - 2 O -one ( 12 5 ) hes

not been successfuf because of the ease of ciehyoraiicn oI
the allylrc alcohol to the die:re unde¡ the reacticn con_

ditions employed. The iinear synthetic aporoach emp_ioyeo

(14 steps in all) has made the pr:eparation of the starting
material, e.g. 14ß-hydroxy,pregn-4-en-20_one (:_24), read1,

for the rhamnosylation, more difficult and consequently
limiteo the attempts to explore the optimum reactio¡
conditions. AtÈempts at a variety of meihods (Smyth et al .,
'r qqt. ci --.,.!!r.1J, L>)t; Wulff and Roble, L974) Þroved
unsuccessful -
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3) Synthesis of Sß-pregnane gÌycosides were carried out fton
digitoxin (1) using an improved methoci developed in our
group of conversion of the 17ß-lactone to the pregnane side
chaín . Synthes is of 3ß, 14ß- dihydroxy- 5ß-pregn_ 2 O _ one gluco_

side (87), 3ß, 14ß-dihydroxy-Sß-pregn-20-one rhamnoside (11)

and 3ß, L4ß,2 0ß- t rihydroxy- Sß-pl:egnane (l2) has been

achieved. These compounds (ll and B7) display strong.

receptor bindíng affinity and compound IL shows potassj-um

sparing diuretic effecLs, as demonstrated amono cther
progesterone derivatives.

4) Rationalization of SAR by evaluation of srereochen"ical
effects on receptor binding affiniCy was also carríed ouL.

The fC,. resulrs and inceracomíc disrance meâsure:rÊ:---

indicate that the stereochemistry of the steroid rings,
spaciaf orientation of the substituents at Cl C._. and C.r,

and the nature of the substituents ai C. and C:_, a¡e all
detel:minanis of high receptor binding aifiniLlz. Tne cutcc::,e

of this reseerch calls for fur-ther investìgâticn into thÊ

pharmacophoric pattern required for favourabÌe ino-,_ropy anc

improved therapeutic indexes of new cardiotonic compounds

over conventíonaf cardiac glycosides, such as dlgoxin (2).
Our objective i:o compare to the structure-âctivity

relationships of cornpounds (12, I29, I33 aIld, L42 ) with the
same substituents but different sLeroid ring stereochernistrl,
at Cs (Fig. 18) is uncompleted as we were not able to Þrepare
the Ca unsaturat.ed glycoside l1l . Corr.elation of sÞaciaf

!'t !



Fig. l8 Pregnane and progesterone deriva¡ives wirh the sanle

substituents at C3, Cl4 and C,, but diffe¡enr s¡e¡eo_
chemistry at steroid rings



orientation parameters of the substituents, which could be

measured by means of x-ray crystaÌlography and compuLer_aided

modelling analysis, with the corz:esponding recepÈor binding
affinity may provide a clearer- pict.ure of the drug_receptoL
interaction and hence read to the formufation of quantitâtive
structure-activity relationships for new cardiotonic d:-uq

design.
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ÀÐDENDUM TO CIÍÀPTER 5

14ß,15ß-Epoxy-3ß-hydroxlT)regn_5_en_20_one (138) has been
converted to the 20-ketone (f42b) by coupling wí.Lh 1_bromo_û_L,
t ri acetylrhamnos ide (75) in the presence of Fetizon,s reagenr
foffowed by basìc hydrolysis and ffash chromatography over sirica.
The 20-ketone (r42b) was further treal_ed with f iLhiurn
t.ri ethylborohydride in THF to give 14ß,20ß_dihydroxy_3ß_ (o_L_

rhamnosyloxy) -pregn-5-ene (142) (Scheme 27) .

Exoerimental

General methods and materials are descríbed previouslv in
Chapter 2.

14ß, 1 5ß-Dihydroxv- 3 ß- ( o- L- rhamnosyloxv) _preqn_ 5 _ ene ( i.-i2 )

To a stirred solution of 14ß, 15ß_epoxy-3ß_hyd::oxypregn_5_en_

20-one (138\ (150 mg in dry dichloromechane 13C mL ::_. cr:€

presence of Fetízon,s reagent (2.45 g) and molecuÌar siewes (3 Å,

2.40 g) was added 1-bromo-cl-L-triacetylrhamnosrde (75) (1 .42 g, :.:.-

dichforomethane (10 mL) The sofution was stirreC unde:: argon in
the dark fÕ!: 2 hr when an additionaÌ portion cf 1-bt omo_û-L_

t ri aceiyl rhamnos íde (75) (1.07 g) in dichloromethane (2 mL) wa.-q

added to the solution. The reaction mixture was stir::ed f o:: an
addiEionat hr. The solution was fiftered through a pad of Celate
and the fiftrate was evapôrated to dryness to give the rhamnosicie
triacetate (I42a). The rhamnosicie triacetate (142a) was dissofved
in a sofution of triethylamine, methanol and water and st.irred
unde:: argon at room temperature for 3 days. The sclution was
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evapoi:ated to dryness to give a residue which was cht:omat ogl:ephe C

over silica. The fractions on erution with 5? meLhanol in di-
chforomethane gave the rhamnosÍð,e 742b (67 mg) . The rhamnoside 142b
(67 mg) was dissofved in THF (20 mL) and Lreat.ed with lithium
t ri e thylborohydride (15 mL, 1M in THF) , and reffuxed for 2 hr. A

similar workup procedure to that described in the preparation of
3ß,L4ß,20ß-Èrihydrox)æregn-4-ene (t2t; g¿1,g the rha¡nnosicie (I42)
(15 mg) which was recrystallized from methancl and water, m.p. 2i6_

'H NMR (cDCt3) ð: 1.03 (s, 3H, c.:-cHr) , r.2a (s, 3ti, c1^_cijj) , L.25
(d, 3H, ,-T = 6.5 Hz, C,.-CH.,) , r.2j (d, 3ij, J = 6.4 F-2, C.._CÈ.), 3.35
(t, 1H, J<,.t, = Jn,,:, = 9.5 Hz, c.,-H) , 3.50 (m, lH, C,_H) , 3.70 (n,

2ll , C. -H and C, -H , 3.80 rm, 2H, C. -H and C _F. , 1.Et .d, tr:, -,

= L.3 Hz, C,,-H) , 5.â-A (rn, 1H, C.-H) .

Elemental Analysis (C-ÌH..O- H.O: Caicd . C 65.03?, H 9.3AZ; Found C

65.A62, Í1 9.292.
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Table V BC Chemical shifts of l7c-acetoxypregnâne derivatives I

C¿¡bon
no.

Compouds

65 66 68 "'è 69b¡É7b'f

v.t 36.1 36.4 36.4

124-f i6.6c 16.8 iz.oc
1253c nt3 118.9 li6.?
133.8 148.2 15t.6 151.6

126-8 î. ? .ri n ?i n

38.9 33.6 12.4 4?.1

31.8 36.7 363 36.1

4€.1 5.1J S1.j 5...6

35.4 38.0 38.2 38.2

20.8 ?13 2\.2 31.3

313 d 31.sd 31..t 3 t.s

47.0 11-6 11.6 4i.6
sZ.z 52.0 51.8 5i,9

trI

3a.f 30.t' 3o.E 3o.e

9 ,1.2 97.6 9?.ó 9i .i
]1.5 11.9 11.1 )1.i
16.7 

e ß.2 ú.t iç.j
2cg3 206.2 206.1 2Aa.)

2Á.5 26.8 26.1 26j
l'14.9 172.1 l?1.0 1.71.1

21.4 2rS 2r3 2r3
18.7 e ß.g 2O.o

8ln cDct3 : cD3oD (t il ). 
b I¡ cDcl3. c' 4 e values ore i¡rercha¡Beable o, overÌzppiag. f t o:.: (: ,),

743 (2'),16.8 G)c,7t.o (4'),j.t3 (5.)c.62.j (6,).9102.8 (1,), 713 (2,),jj.2 (3.),1a.9 (,), ??.j (5,).
623 (6'). h ßa.2 e,).69.2 (2'),72.0 O,f, ß.5 (4.). ./5.1 (5), 17.7 (ó,).

I
2

4

5

6

't

8

9

10

1l

12

13

t4

15

1ó

1'7

l8

19

20

21

COCH,¡

cocHa

c6.cH3

33.0 35-7 33.8

29.5 292 B.O
61.9 633 128.8
123.7 t212 t25.1

147,0 150J i413
320 323 1225

35.9 41.8 31.9

36.0 ?s ? 'rr î
53.8 54.0 47.8

111

24.1 20.8 2A.6

31.2 3tic 31.1c

46.9 46.9 4f .9

51.3 5)2 52.1

t?ô a1 a

30.3 31.2c 30J c

96.9 96.9 91.0

14.1 i¿ Á

18.9 I8.9 c 
t s.6

2U.I 20¡.1 2U.1

26.4 26.4 26.4

114.'ì 17A.1 rjï;7
2r.2 212 213

19.8 d



Table \lI ßC Chemical shifts of p-D-glucose and o-L-rhamnos
derivatives a

Ca¡bon

no.

I
2

3

4

5

6

cH.cH.

cHrcHr

co

9H3OCO

I'

703

? 1.1

72.4

67 -9

820
70s

75.0

72.0

70.8

t'l -'1

z5;7

15.0

169.8

17A2

1102

20.6

24.7

20.t

83 .9

71.0

113

73.4

68.9

r72

169.6 165.1

169.1 1653

169.5 165.1

2A.6

24.1

20-8

133.1

r 33.6

133 _3

125.i

126J

r29.1

129.1

128.9

a I¡ cDct3.



Table VII tsC Chemic¿l shifts of Sp-pregnale and pregn-4-ene
derivatives I

Cobon

no.

Compou:rds

878 999lb89bnftt e

I

3

4

5

6

,1

8

9

l0
11

13

14

1'7

l8
19

20

2t

23

cocHr

coçH3

302
272

72.6

31.0

313

71 .0

22-L

40.6

35.7

?13

39.1

50.0

86.2

23.4

63.0

r55

2t9.¿

33.1

202 c

2't.o ò

31.0 c

313

-7!

40.9

36.1

35.8

2L.9

42.0

50.1

85.9

323

2i3d
57.0

16.6

24.l

232

30.4 c

21 .1 ð

'14.3

30.7 c

36.8

27 .O ¿

40.ó

35.9

?o?

50.0

31.3

63.0

r5.5

2t9.4

33.0

20.9

41.6

2É.9

43.6

36.6

35.2

212
?oe

49.6

85.2

36.6

50.8

r5.8

23-5

)113

\)i.7

35.8

275

1113

117.9

t 69.6

33.0

32.8

4i.9

49.5

38.7

-?9.5

85.l

164.4

3.3.9

l_\,'7

121.9

t 99.1

36.1

25.9

73.8

1413

3 -î.6

3 9.9

5 5.2

3t.8

2r.5

32.1

1t.I

1^ ç

19.r5

6 ;.9

2A.A

t?Ì.E

"1" CDCI3 : CD3oD (t:l). b In cDCt3 . 
c. d values Ee inlerchs¡geable. e lt.s it.¡, fz.o ¡2,;. tz.o 1:.1

?3J(4'),69.1 (5), 17.?(6). f sr.slr'¡,rz.o1z,¡,rz.oß,),j3s(4,),69.1 (5,), 17.7(6,). c 101.9 (1,)
?5.0 (2'),77 3 (3')..n.0 (4,).76.1 (s.), 622 (6').
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Table VItr rC Ctremical shifts of 14p-hydrorypregn-4-ene-3, 20-dione
and related derivatives ¡

C¡cbo¡
t¡o.

Colpolr¡¡is

108103

1

2

3

4
5

6

7

8

9

10

11

72

t3

l)

16

17

l8

19

20

2L

CQÇH¡

359 373
33.9 27.7

199.4 73.7

123.8 38.0

171.0 139.4

33.1 12t.7

27.9 28.9

40.0 323

42.9 54.0

38.? b 3is
20.7 20.7

38.? b 353

49.0 535

84.5 173.0

34.0 r19.r

u.9 14r.1

6L1 l54 .8

15.2 18.4

11.6 19.4

21'7.8 19?--6

26.7

170.4

21.4

37 5 37.1

31.6 31.6

11.7 7r.7

422 422
l40J 1393
1U.7 l2l3
28.g 2g.7 b

324 309

54.1 50.1

37.4 369
20.7 21.7

2<'t

53J 482

1732 151.0

119.0 I l8l
141j 3l -? b

151.8 652

18.4 183

195 t9.1

roâ < 1^6'1

33.9 33.9

t993 199.1

LU.l tU3
170.4 t69J
32.6 32.2

31.4 b n.9
t4.t JJ.ô
<') À

Jð,0 3ó./
21.9 20.7

4r.7 38.9

t<n 1 '7.:1

118.1 60,1 b

29.9 2i .r

65.1 60,¡ b

r8.5 r5.7

71 5 17 -'l

?09.1

too26.1

! In CHC]3 . b Values se inr¡rch¿rigca¡le or ovclLaiDj¡g
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Table IX ßC Chemical shifts of pregn-4-ene and pregn-S-ene derivatives s

Compounds

130129

1

2

3

4

5

ó

7

8

9

10

ll
12

13

15

16

t7

t8

l9

20

21

cogH

35J

67.9

123.4

14't .l

28.9

443

49.'l

3?5

2A;7

39.1

49.l

84.1

33.9

24.9

62.2

15.-?

19.0

zii .1

33.4

35.9

y.o
t99.4

170.8

33.2

4A.7

493

38.8

24.5

4l.t
4'7 -5

u.1
32.1

26.2

5ó,1

16.3

11 .6

i?.a

35.9

u.0
199.2

123.9

t70.5

33.1

41,.6

49.6

38.?

20.1

41.2

455

85J

31.7

25.r

54.0

15.1

r-7 .6

2r.6

110.1

19.3

35.9 36.0

29.6 29.6

68,9 68.3

tu3 ru.s
1455 145.6

32.3 32.3

28.1 28.9

40.9 4A.3

503 49.9

37.4 31.4

203 2A.7

413 39.1

41 .6 49.2

85.3 84;7

32.0 33.9

56.3 62.2

16.3 15.3

l E.E 18.9

'l r .9 2i'7 .'l

4.6

4.4 4.4

23.3 25.0

18.4 18..¿

35.9 33.6

199.5 128. r

123.6 1?5.1

t'1r.6 140.6

33.2 122.6

a1 0

39.'7 31.0

49.5 4t.4

38.8 35.5

20.5 21,5

4E.t 4S.3

83.5 I5t.4

4I.t 1 17.9

26.0 29.6

56.5 65.3

17.0 I5.¡

25.4 I S.5

?.1.0 2ir'..3

4.1 4.2

4.5

17.6

rE.2

s I" cHct, .

iEi



I

3

4

5

6

7

8

9

l0
l1

12

13

14

15

16

1',¡

t8

19

20

21

I'
2'

3'

Table IX (continued)

135 b ]3d
JJ.ð J L),

¿J,V J l.J
128.8 77.9

1U.7 4t 3

t39.9 1393

123.8 12r;7

11 ¿ 
'Oa

36.3 30.9

u.r 50.1

35.4 3'7 .2

20.8 2r.7

1a ?

49 -2 48.2

85.5 i5 r.0
y.2 1i8.2

24.6 29.4

18.7 r9.2

211 .8 209.3

95.9

71.5

70.1

12.1

66.1

17.1

Compouads

137 b l38b .!:!|
37 .6 37 .6 3'7 .7

30.3 3t.4 30.4

1r.2 715 '7 6.6

42.0 42.t 39.3

140.2 140.6 140.1

122.2 120.9 121.4

29.9 2't .t 29 ,8

11 5 1nt
50.7 49.9 50.4

37 .7 3'7 .6 37 .1

22.0 21.1 20.7

38.9 39.2 38.7

4',t.6 46.0 44.'/

155.2 14.9 76.9

118, i ó1.0 61.2

34.1 21.1 26.t

60J 61.4 53.4

l'7.7 15.8 15.1

19.4 19.7 19.ó

66.9 213.9 7r.8

t23.6 30.0 27.8

98.8

7r.8

7l.8

733

69J

17.2

140 "'" 141 '
a /.8

68.9

36.9

140.1

12r.5

29,8

50.1

3't. 6

20.9

't5.7

,tr
2'7 .A

51.4

ó0.8

19.6

98.9

?1.8

74.9

68.9

t'7 .1

37 .6

113

42.2

r40.6

124.9

34.1

29. ,1

49.9

31 .6

2A.7

'16.5

6r.2

26.E

r5.1

19.î

?û.s

5'

6',

9E.7

14.8

71.8

66.8

17.7

b Ir'' CHCì, : cD3oD (1:1). c 
129 3,12g.4, 12g.5 (1"),12g.7, 12g.1, 12g.9 (2", 6"), 128.2, r28.1,12E.5 (3 ", 5

r33.2, Ì33.0, 133.4 (4"), i65.5, 165_?, 165.8 (COph).



Table f,K lcontinued)

l¿2 b

Compormds

I

2

3

4

5

6

'7

8

9

l0

t1

t2

13

l4

l5

16

1'7

18

i9

20

21

I'

3'
4',

5'

6',

37.8 U.9
32.8 c Zi.g

1't.t t23.9

38.8 125.6

139.8 t4t 5

1n.7 129.8

299 32.5

3'7.2 38.r

41.0 48 2
37.9 36.7

20.9 2 r.0

a1 ) ta<

50.1 50,9

85.9 96.i

32.8c 26.9

a1 <

5?.1 63.4

16J 19.0

19.6 20.6

?r.8 d 2123

L)J JLI)

98.9 96.8

7l.B d izs
'7 r.9 73.8

73 5 14.0

69.0 70.3

11.1 18.0

c.d-,,' yalues are overtappuì8.
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