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Cross-Reference to Related Applications

This application is a continuation-in-part of
Ser. No. 08/127,980 filed September 28, 1993, which
is a continuation~in-part of U.S. Patent Application
Serial No. 07/903,525, filed 24 June, 1991, which in
turn is a continuation-in-part of U.S. Patent
Application Serial No. 07/707,862, filed 31 May,
1991, which in turn is a continuation-in-part of U.S.
Patent application Serial No. 07/638,743, filed 7

January 1991 and now abandoned.

The application also relates to another
continuation-in-part of U.S. Patent Application
Serial No. 07/903,525, U.S. Patent Appliaction Serial

"No. 08/077,140, filed 15 June 1993, and to commonly

assigned, co-pending U.S. Patent Application Serial
No. 07/903,604, filed 24 June, 1991, (a continuation-
in-part of U.S. Patent Application Serial No.
07/708,936, filed 31 May 1991, which in turn is a

'continuation-in—part of 07/638,185, filed 7 January

1991 and now abandoned) entitled "Androstene Steroids
as Neurochemical Initiators of Change in Human
Hypothalamic Function and Related Pharmaceutical
compositions and Methods"; and to the commonly"
assigned, co-pending continuation-in-part of
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This invention relates generally to novel
compounds and methods for effectuating change in
human hypothalamic function, thereby altering certain
behavior and physiology mediated by the hypothalamus
of individuals. More particulariy,_the invention
relates to the use of certain Estrene steroids as
neurochemical effectuators of physioclogy and
behavior. |

Description of the Related Art

The present invention relates to certain
compounds, namely Estrene steroids and related
compounds as will be described herein, and methods of
using these compounds as human semiochemicals in
order to alter hypothalamic function, thereby
affecting certain consegquent behavior and physiology,
e.g. the reduction of anxiety. Estrene steroids are
typified by 178-Estradiol (1,3, 5(10)-Estratriene-
3,178~-diol), and are characterized by a phenollc
1,3,5(10) A-ring and a hydroxy or hydroxy derivatlve,
such as an ether or ester, at the 3-position. The
pheromone properties of some Estrene steroids for

.some mammalian species has been described. Michael,

P. et al., Nature (1968) 218:746 refers to
Estrogens (particularly Estradiol) as a pheromonal

attractant of male rhesus monkeys. Parrot, R.F.,

Hormones and Behavior (1976) 2:207-215, reports
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5 female sexual response (Phoenix, C.H., Hormones and

Behavior (1977) 8:356-362) in Rhesus monkeys has been
described. On the other hand, there is little
agreement in the literature as to whether or not
pheromones as such play any role in the reproductive

10 behavior and interpersonal communication of mammals

" (Beauchamp, G.K., et _al., "The Pheromone Concept in

Mammalian Chemical Communication: A Critique", In:

Egngz;g; Doty, R.L., Ed., Academic Press, 1976)

15 An embodiment of the subject invention
concerns the non-systemic, nasal administration of
certain Estrene steroids to affect a specific
behavioral or physiological response in human
subjects, e.g. a reduction of negative affect, mood,

20 and character traits. 1In particular, nasal
administration provides for contacting neuroreceptors
of a heretofore poorly understood neuroendocrine '
structure, commonly known as the vomeronasal organ

'(“VNO“;_also known as "“Jacobson’s organ"), with one

25 or more steroid(s) or with compositions containing

' the stercid(s). This organ is accessed through the

- nostrils of most higher animals -~ from snakes to
humans, and has been associated, inter alia, with
pheromone reception in certain species (see generally

30 Muller-Schwarze & Silverstein, ical Si s,
Plenum Press, New York (1980)).  The axons of the
neuroepithelia of the vomeronasal organ, located
supra palatial, form the vomeronasal nerve and have
direct synaptic connection to the accessory olfactory

35 bulb and indirect input from there to the cortico-
medial amygdaloid forebrain and hypothalamic nuclei
of the brain. The distal axons of the terminal is



Technical Field 10 This invention relates generally to novel

conpounds and net hods for effectuating change in human hypot hal am ¢

f unct WfM96/t10882 eby altering certain behavi or and phy$ayesgs/ieasdi at ed by
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relates to the use of certain Estrene steroids as neur ochem cal
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Qgiﬂm L 00, 4 ber eby :
af fecting certaln consequent _3% p y5|%}%%£?&£gge?%g t he reduction
of anxi%®t DYRAEha}RMYBer 0i ds are typi fied by 17[err]-Estradi ol

(1,3,5(10) - Estrat yjofih@on, A. et _al. (J. Otolarvngology (1985)
14:71-79) report evidence for the preéence of the
vomeronasal organ in most adult humans, but conclude
that the organ is probably non-functional. |
10 cOntfavening results which suggest that the VNO is a
~ functional chemosensory receptor are reported by
Stensaas, L., et al., supra; and by Moran, D.T., et
al., Garcia-Velasco, J. and M. MOndtag'oné Monti- '
Bloch, L. and B. Grosser - all in J. Steroid Biochem.
15 and Molec. Biol. (1991) 3S. -
It is apparent that it would be desirable td
identify and synthesize human semiochemicals and
pheromones and to develop pharmaceutical compositions
and methods of use to influence hypothalanic |
20 function. This invention relates to the unexpected
discovery that, when nasally administered to human
subjects, certain neurochemical ligands, particularly :
certain Estrene steroids and related cdmpbunds, or ;
pharmaceutical compositions containing certain |
25 Estrenes or related'cémpounds, specifically bind to
chemoreceptors of nasal neuroeéithelial cells and
this binding generates a series of |
neurolophysiological responses resulting in an
alteration of hypothalamic function of an individual.
30 When properly administered, the effect of certain of
these compounds on the hypothalimuS'affects the
function of the autonomic nervous system and a
variety of behavioral or physiological phenomena
which include, but are not limited to the following:
35 anxiety, premenstrual stress, fear, aggression,
hunger, blood pressure, and other behavioral and
physiological fﬁnctions normally reguiated_by the
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A.P., et al. editors, Handbook of Physiology.
Section 3: Respiratory System. Vol. II. Control of
breathing. Bethesda MD. 1986. American
Physiological Society.

In some instances a single Estrene steroid, .
or related compound, is administered, in some
instances combinations of Estrene steroids and/or
related compounds are administered. '

SUMMARY OF THE INVENTION

Accordingly, it is an object of this
invention to provide novel steroids which are human
semiochemicals or pheromones and are suitable for
nasal administration in an individual.

Additional objects, advantages and novel
features of the invention will be set forth in part
in the description which follows, and in part will
become apparent to those skilled in the art upon
examination of the following, or may be learned by
practice of the invention.

Objects of this invention are achleved by
steroids with the formula: '
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i nvention concerns the non-s
certain Estrene steroids to affe
physi ol ogi cal response in humag
affect, npod, 20 and charact g
admi ni stration provides forg§
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5 d.g. a reduction of negative
n- partlcular nasal _
neur or ecept ors of a heretofore
poor |y understood neuroendo g#ructure, comonly known as the
vomer onasal organ ("\@ 1) ’ohn as ‘"Jacobson's organ"),- with one
25 or nore steroid(s) or 3t h gqonpos}ti ons cont ai ni ng ~the steroid(s).
This organ is accessed througI*Rtshe R4 ’

wherein R,is selected from the group consisting

essentially of one or two hydrogen atoms, methyl,

methylene, and one or two halo atoms; R, is absent or ‘

is selected from the group consisting essentially of
5 hydrogen and methyl; R; is selected from the group

consisting essentially of oxo, hydroxy, lower alkoxy,

lower acyloxy, benzoyl, cypionyl, glucuronide and

sulfonyl; R, is selected from the group consisting

essentially of hydrogen, hydroxy, lower alkoxy, lower

10 acyloxy, oxo and halo; R is absent or is selected

from the group consisting essentially of hydrogen,

hydroxy, lower alkoxy and lower acyloxy; Ry is a’

hydrogen or a halo; and "a" represents optional

aromatic unsaturation of ring A of said steroid, or
15 "b", “c", and "d" are each optional double bonds; and
ugu, ugw, ugn' whw, win angdg uju' are e’éch 'optiona-l
double bonds. 1In this embodiment, the steroid is
preferrably administered in the form of a
pharmaceutical_composition containing one or more
20 pharmaceutically acceptable carrijers; with the
provisos that:

(1) when "a" is present, R; is hydroxy, and "j",
*iv, “g" and "h" are all absent, then (a) R,
cahnot be hydrogen; or (b) R, cannot be oxo if

25 “e" and "fY are absent;
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5 at least one of "e" or "f" is present, (b) R;
is methylene, or (c) Ry is not hydrogéh.
(IV) when "b* is present, Ry is oxo, "g", Whn, win,
"j" are all absent, Rs is hydrogen, (a) then
R; cannot be one or two hydrogens if "f" is

10 absent, or (b) if "f" is present R, cannot be'
methyl; _ | o
(V) when "b" and "j" are present and Rs; is oxo,

hen at least one of "e" or "f" nust be
present or R; must be methylene;

15 (VI) when "c" is present, "d" is absent and R; is
hydroxy, theh (a) at least "e" or "f" must be
present, or (b) Ry must be methylene; '

(VII) when “c" and "d" are present and R; is
methoxy, then (a) at least "e" or wEn must be

20 | present or (b) 'R1 must be methylene;

(VIII) when "b" is present, Rs; is hydroxy and Rs; is
hydrogen, _thén (a) at least "e" or “f" must
be present or (b) Ry must be methylene._

A preferred class of compounds are those in _

25 which "a" is present and "g", "h" or "i" are optional

double bonds. Another preferred class contains "b",

We" or "i" as a double bond. Yet another class

contains "c" and "d" as double bonds. Still another

class contains R, as methyl and "e" as a double bond.

- The term lower alkyl, lower alkoxy, etc.,

éncompasses carbon chains of 1 to 6 carbon atoms,

preferrably 1 to 4 carbon atoms. Halo includes I,

Br, F and Cl. _ _

The steroids of the invention alter

35 hypothalamic function and autonomic function in an

individual. A ligand for a chemoreceptor displayed



Steroi d Biochem and Ml ec. Biol. (1991) 39: 553. Thi s nerve has direct

synaptlc connection with the 5 hypothal anus. Johnson, A et al
(J. V9110020l ogy (1985) . 13:71-79) report evi dencePEHUSIHRS# esence of
t he voneronasal organ in nost aggdt humans, but conclude that the

organ is probably non-functional. 10 Contravening results which suggest
that the &MCche auxfacbuaetaonabaghennﬁﬁﬂﬁgr&héﬁmspteélﬁrereported by

Gar ci o vartakideg unerdil Tt {Q A hart ot Flague Sthaw 5 qosser -
all in J.tierolfiagtoriycepitheldng Mridyc th ol:.ganagig 39. s

apparent. §8ini kepubdulEndson ekl GasanddlUE | Le et LIgS 20 hurmn

sen oche E eronbnes and el o
ARG

conpod t iH¥eh thagnghgedpgandobinds spaqifi h%otlhal amic 20 function.

Thi s i nvesHéndrégeptas, teehmtaagxaacta@ﬂ alterll€fy 6y that, when nasally
adm ni st ects, .certai,n neurochem cal Ilgands

red to
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phar maceuti cal CcAXNOembodinentst asmmﬂs:@ﬁplibation relate to

and include the functlonal equ;valents of the steroid
10 structures disclosed in these embodiments and to
those modified steroids which démonétrate:said
functional equivalence, whether or not the modlfled
steroids are expllcx.tly disclosed. _ ‘

. . ‘o . o - . " oL
15 Figure 1 1llustrates the synthe51s of 1, 3 ,5
(10), 16-Estratetraen-3-ol.

Figures 2A, 2B, and 2C are gféﬁhic
representations of the electrophysiological effect on
receptor potential of the localized administration of

20 particular sterocids to the vomeronasal organ of male
subjects (Fig. 2A) and to the olfactory epithelium
(Fig. 2C). Figure 2B is a graphic comparison of the
effect of an Estrene on the VNO receptor potential of
male and female subjects. '

25 Figure 3 is a graphic representation of the
electrophysiological effect of the localized
administration of particular stéroids to the
vomeronasal organ of male (3A) and female (3B)
subjects.

30 Figure 4 depicts various autonomic responses
of male subjects to 1,3,5(10), l6=-Estratetraen-3-yl
acetate. A = receptor potential of the vomeronasal
neuroepithelium; B = change in galvanic skin



25 Estrenes or related conmpounds, specifically bind to chenor eceptors

of nasal neuroepithelial cells and this binding generates _a series of
neur ol ophyé@8¢/H¥82Zal responses resulting in an alterati $95/12542
hypot hal am ¢ function of anindividual. 89 \Wen properly adm ni stered, the
effect of certain of t hese conpounds on the hypothal anus affects the

function of thee&RPBEEN(Kehm@Ius ST Fhange ain skinrtempesatysravi oral or
physi ol ogi cal phjegeeesac.). Which include, but are not linted to the
followi ng: 35 anxiety, prenenstrual stress, fear, aggression, hunger,
bl ood pressure, and ot her behavioral and physi ol ogi cal functions

normal |y regul ated by Ftitftare 5 défid6d 1@6mpParative changes in
PCT/ US95/ 12542 .
potential of the VNO after exposure to the methyl
S ether and the acetate of 1,3,5(10),16-Estratetraen-3-

ol.

Figure 6 depicts sexual dimorphism in local
and autonomic responses to the stimulation of the VNO
with vomeropherins. Various vomerophérins (200

10 fmoles) and thé diluent control were administered to
30 male and 30 female subjects (ages 20 to 45 ) as
described. Bars indicate the mean response of the
population.

Figs. 6A & B: EVG responses were measured as
15 described in male (A) and female (B) subjects.

Figs. 6C & D: Electrodermal activity was measured as
described. Changes (measured in xf1) in response due
to delivery of vomeropherins to the VNO of each .
subject are shown in male (C) and female (D)

20 subjects.

Figs. 6E & F: Alpha-cortical activity was measured
as described. Changes in response due to delivery of
vomeropherins to the VNO of male (E) and female (F)
subjects.

25 Figs. 6G & H: Skin temperature (ST) was measured as
described. Changes in response due to delivery of
vomeropherins to the VNO of each subject are shown in
male (G) and female (H) subjects.

A =1, 3, 5(10),16-Estratetraen-3-yl acetate
30 B = Androsta-4,16-dien-3-one
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I ntroduction of basic and clinical concepts (1990); Korner, P.I.

Cent r 0 96/10032r vous control of autonom c cardi ovascul ar PEHESIM3S2 5 and
Levy, NM and Martin, P.J. Neural.ggotrol of ~ the heart, both in
Handbook of Physi ol ogy; Section 2: Car di ovascul ar System - the heart,
Vol |, Washisigt om, 5 (10 PC16+888rafetraens*3R—ylsi ol ogi cal Soci ety; Fi shman,

AP, et ._edi a gk .ot Rhysi.ol . J0 Section 3: Respiratory

System Vi "Iéj.&%ti?ﬂ'_‘?‘ag?ga 1'éﬂg§ﬁ)ﬂ&%§%ﬂe MD. 1986. Anmerican

Physi ol ogiB & Zudrestya-4,16-dien-3mrodone i nstances a single Estrene

steroid, F =(§n%?$§£§d Qoggguggn_bg_%ﬂninistered, in some 15 instances
of Es ol

conbi nati ons trene sfer s and/ or rel ated conpounds are
adm ni st ered. SUMVARY OF THE | NVENTI ON

Accordimgly, it iPiﬁﬁrébj?eabqu:_ttshiéle_ctré%ﬁéé&féﬂspé?avhgﬁenove"_
steroids which are human, 20 sen Qcheni cal s _qr pheronones and are suitable
for and female subjects induced by stimulation of the OE
| with olfactants and vomeropherins A: 400 fmoles of
the olfactants l-carvone and cineole as well as 200
fmoles of the vomeropherins A, B, C, D and F; and the
10 stereoisomer E were applied separatély as one second
pulses to the OE of 20 subjects (both male and |
female) and each EOG response was recorded as
described. The olfactants as well as E and B -
produced significant (p<0.01) local response. B: 400
15 fmoles of the olféctants l-carvone and cinecle do not
induce a significant EVG response when delivered to
the VNO of male and female subjects.
Figure 8 depicts the electrophysiological
effect of the following-vomerophetins"on the
20 vomeronasal organ of 20 female subjects: '

= Androst-4-en~-3-one

= Androsta-4,l6-diene-3,6~dione

= 10,17-Dimethylgona-~4,13(17)~dien-3-one

= 1,3,5(10),16-Estratetraen-3-ol-methyl ether
=1,3,5(10),16-Estratetraen-3-yl-propionate

Ry @
I

25

EVG = Electro-vomeronasogranm

GSR = Galvanic Skin Response
Electrodermal Activity (EDA)
ST = Skin Temperature

30 Figure 9 depicts the electrophysiological
effect of vomeropherins on the vomeronasal organ of
20 male subjects. ' ' '



nasal adm nistration in an individual. Addi ti onal objects,

advant ages and novel features of the invention will be set forth in
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apparent to those skilled in the art upebl- exam nation of the follow ng,
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Figure 10 depicts the synthesis of Estra-
1,3,5(10) ,6~-tetraen-3~-0l and Estra-~4,16-dien-3-ol.

=
-

Figure 11 depicts the synthesis of compounds
5 described in Examples 16 through 19.

Figure 12 illustrates the steps of synthesis
described in Examples 20 through 24.

Figure 13 illustrates the steps of synthesis
described in Examples 25 through 28.

10 Figure 14 illustrates the steps of synthesis
described in Examples 29 through 30. .

Figure 15 illustrates the steps of synthesis
described in Examples 31 through 36.

Figure 16 illustrates the steps of synthesis
15 described in Examples 37 through 39.

Figure 17 illustrates the steps of synthesis
described in Examples 40 through 46.

_ Figure 18 illustrates the steps of synthesis
described in Examples 47 through 489.

20 . Figure 19 illustrates the steps of synthesis
described in Examples 50 through 51.

Figs. 20A, 20B and 20C illustrate the EVG,
GSR and ST data on women, respectively, for 13
estranes on Chart 1.



wherein R err]is selected fromthe group consisting essentially of one
or two hydrogen atons, nethyl, net hyl ene, and one or two hal o atons;

Rl er r'WOi9%6/18033ent or is selected fromthe group consPETURY/R54%ential ly
of 5 hydrogen and nethyl; R3 is selggited fromthe group consi sting
~essentially of oxo, hydroxy, |ower alkoxy, | ower acyl oxy, benzoyl,

cypionyl, glucuropige. amiA, zlﬁughanmhc ﬂl@!détt@téei&étlﬁibfron]the grlgmo
consi stin sent y ro ower_ al koxy, | ower -
acyl oxy, gf?& Mtélno& atﬁ[%?rﬂ’e?( %§8ﬁf’t\éyﬁq§y'sed°é'ct1@d estranef, t he group
consi stingnes<hatt @Jly of hydrogen, ‘hydroxy, |ower al koxy and | ower
acyloxy; Rlerr] is a
Figs. 22A and B through 34A and B illustrate
"5 the EEG data on men (A) and women (B) for the 13

estranes, respectively, identified in Fig. 20.

etailed De: iptio e venti
I. Definitions
10 An "affect" is a transient feeling state.
Typical negative affects are feelings of nervousness,
tenseness, shame, anxiousness, irritability, anger, €'
rage, and the like. "Moods" are longer lasting
feeling states such as guilt, sadness, hopelessness,
15 worthlessness, remorsefulness, misery, unhappiness
and the like. "Character" traits are more permanent
aspects of an individual's personality. Typical
negative character traits are sensitivity,
regretfulness, blameworthiness, stubbornness, .
20 resentfulness, bitterness, timidness, laziness and
the like. .
YAndrostane steroids" are aliphatic
polycyclic hydrocarbons characterized by a four-ring
steroidal structure, with a methylation at the 10--
25 and 13- positions. An Androstene steroid is a subset
of Androstanes, commonly understood to mean that the
compound has at least one double bond. Commonly,
unless a compound is described as a gonane it is
understood that the compound has an 18- carbon'group.
30 However, it is intended that 18fNor-Androstanes are
herein regarded as Androstane steroids. Furthermore,
all derivatives which have the structural _
characteristics described above are also referred to
generically herein as Androstane steroids.
35 The following structure shows the four-ring
steroidal structure common to Androstene and Estrene



hydrogen or a halo; and "a" represents optional aromati c unsaturation

of ring A of said steroid, or 15 "b", "c", and "d" are each opt i-onal
doubl e boW{L96/19A3P me", "f", "g", "h", "i" and "j" are ed RBB?F%%%I
doubl e bonds. In this enbodlnent the stigreoid is preferrably

admnistered in the formof a phar maceuti cal conposition containing one
or nore 20 phateroédsi callny descritdice the ricecationtdft geoups pndvi sos

R g ol et s ST plikes Bek i) pe,

hydrogen; or (ehpRp¥edr cannot be oxo if 25 "e" and "f" are absent;
WO 96/10032 18 PCT/U895/12542
-7- :

5 "Sexually dimorphic" refers to a difference
in the effect of, or response to, a pharmaceutidal
agent between males and females of the same species.

An “"effective amount" of a drug is a range of
quantity and/or concentration which brings about a
10 desired physiological and/or psychological effect
when administered to a subject in need of the drug.
In the present case, a needy subject is one in need
of hypothalamic modulation or regulation, or a
subject in need of alteration of a physiological or
15 behavioral characteristic normally affected by the
hypothalamus. The effective amount of a given drug
may vary depending upbn the route of administration.
For example, when the steroid is administered as a
‘solution applied to the facial skin of a subject an
20 effective concentration is from about 1 to about 100
pg/ml, preferably about 10 to about 50 ug/ml and most
preferably about 20 to about 30 ug/ml. When the
steroid is introduced directly into the VNO an
effective amount is about 1 pg to about 1 ng, more
25 preferably about 10 pg to about 50 pg. When the
steroid is administered to the nasal passage by
ointment, cream, aerosol, or the like, an effective
amount is about 100 pg to about 100 microgranms, "



(rn) when "a" is present, R3 is hydroxy; and "j", "i" and "g"

are all absent, "h" is present, then R err] cannot be

met hyW@AR&10032 (1 11) when "a", "h" and "i" are presentPCUHSIYRME 5

at |east one of "e" or "f" is presamq-(b) Rl err] i s met hyl ene
or (c¢) Rerr] is not hydrogen. (1v) when "b" is present, Rerr] is

ox0, "g", ptieferably about 1 ng"té aheuaIthhieﬁbgrEhsrr]Ihs hydr ogen, (a)

then fo(lbowsR[t‘i-{J sccﬁ{lé‘oérx?f %ﬁg ? t&QfE{égg%e%e'nf s 10

absent, I'S prese canno met hyl ;

(V) whéﬂmuulﬁﬁﬁieq'bYeﬁQﬂ%w%@@h@sanbutqapt]effeGkave when hen at
| east one gh nistered by'sthd¥ routes. present or Rlerr] nust be

nmet hyl ene; " " resent, "d" is absent and R3 is

hydr oxy, then (a)'ﬂgﬂ 'llaa%f?th%la'eﬁlsgf is the pertion of theyresent, or (b)
Rlerr] mugieheepbalynettimprising the Wentral watl"df the phast and R3 s

gfé???ynu%?%%gﬁ%éfh%%£a§ﬁthe QXR??&a%WEﬁF"ﬁglégsp?@geﬁPngﬁ;ag ?; ﬁgéroxy
and R[ err§tructures formingirthgrventeicle)fbborpatnclading the nust
optic chiasma, tuber cinereum, infundibulum, and

10 mammillary bodies. The hypothalamus regulates the
autonomic nervous system and controls several
physiological and behavioral functions such as the
so-called fight and flight responses, sexual '
motivation, water balance, sugar and fat metabolism,

15 hunger, regulation of body temperaturé, endocrine
secretions, and others. The hypothalamus is also the
source of vasopressin which regulates blood pressure,
and oxytocin which induces parturition and milk
release. All hypothalamic functions are potentially

20 modulatable by the semiochemical therapy described
herein.

- A "ligand", as used herein, is a molecule
which acts as a chemical signal by specifically
binding to a receptor molecule displayed on the

25 surface of a receptor cell, thereby initiating a
sighal transduction across the cell surface. Binding
of ligands to chemosensory receptors can be measured.
Chemosensory tissue, such as vomeronasal
neuroepithelium or olfactory neuroepithelium,

30 contains a multiplicity of neuroreceptors cells, each
displaying at least one cell surface receptor. Many
of the receptor molecules have identical ligand
specificity. Therefore, when the tissue is exposed
to a ligand for which it has specificity (for éxample

35 a exposure of the VNO to a semiochemical) a summated
change in cell surface receptor potential can be .
measured.



be present or (b) Rlerr] nust be nethylene. A preferred class of
conpounds are those in 25 which "a" is present and "g", "h" U

optional WOSEteB? e bonds. Another preferred class contains PO(')“US”"”“ " or
"j" as a double bond. Yet another classis~ contains "c" and "d" as double
bonds. Still another - class contains Rlerr] as nethyl and "e" as a
doubl e bond. 30 As Used tverdimer' biwer ,alkykt meanzya etc.

car bon at ons. PERBCHRE] HF Bhptahnde YAtk myaroctbBoR BRI, g2 oS of
the i nventi on hlter438arbppsi hsueh asf,urfcri ;xanpleutmethyl, fetbylon in an

i vi dual | avy " 0032
IDCT} &92?1254 ZALgfagyior 18paRETPARACRAY 141! ayelglkoxy 2P 3844

5 herein is used in its conventional sense to mean the
group -OR where in R is an alkyl as defined herein.

A “"pheromone" is a substance that provides
chemical means of communication between members of
the same species through secretion and nasus

10 reception. In mammals pheromones are usually’
detected by receptors in the vomeronasal organ of the
nose. Commonly, pheromones'effect developmeht,
reproduction and related behaviors. A
“semiochemical" is a more general term which includes

15 pheromones and describes a substance from any source
which functions as a chemosensory messenger, binds to
a specific neuroepithelial receptor, and induces a
physiological or behavioral effect. A “vomeropherin"

_ is a semiochemical whose physiologic effect is

20 mediated through the vomeronasal organ.

A picogram (pg) is equal to .001 nanograms
(ng). A ng is equal to .001 microgram (ug). A ug is
equal to .001 mg.

II. s fo i (o] e ve

25 A. Estrenes Useful in the Invention
The invention is directed in part to certain
Estrene steroids which are structurally related to
Estradiol (also referred to as 1,3,5(10)-Etratriene-
3,176~diol). Steroids within the group are
30 characterized by a aromatic 1,3,5(10) A-:ing and a
hydroxyl or hydroxyl derivative at the 3-position.
Estrenes especially suitable for use in the
present invention include those where, independently, .
R,= oxo, 6- hydroxy, hydrogen; R,= methyl, hydrogen;
35 (as depicted in formula I).



on the surface of a nasal neuroepithelial cell is provi ded wherein the

cell is a part of tissue other than ol factory epithelia; and, the

| i gar'YMOP&10032 admi ni stered within a nasal passage of thRCYHEASNI2#Zal 5

such that the |ligand binds specificgkly to the chenoreceptor, resulting
in an alteration of hypot hal am ¢ function of the individual.

All enbodiments sfosithicr atidde ateroids dnd i eheir gldcupehide t he
functi onal fgu val ents of .the steroid 1%§ruct U{_es di scl osed in these
enbodi mert&lEAber oCYPIONALE: ARG MENFAd YV rt¥e8enBh8trate said

functi onatompoundseknewnniat fthe artnend leremchimericiallgt eroids are
Foure 1 TTFHEEPEBECe: e oo FRoR, Sigmy, GleilicEE COP) | flafi e Praw nas 15
16- Esty at¢hemipal- 6b., etc. Alkoxyridenistativegmndnthefrare graphic

syntheéis are also known in the art and taught in

U.S. Patent No. 2,984,677, herein incorporated by

reference..

Chart 1 includes estrenes to which the
10 invention is directed, but do not limit its scope.

The synthesis diagrams that follow depict '

intermediate and substructure syntheses for the _

preparation of these estrenes: _ _ '



representations of the el ectrophysiol ogi cal
he Iocallzed adm nistration of 20 particular steroids to t he
subjects (Fig. 2A) and to the

potenti al X?f
VONEer onas of mal e
epi t hel i um (Fig. 20).

effect on

effect of an Estrene on the VNO receptor potential of
Figure 3 is a @QHARD Q@ representation of the

subj ect s. 25

el ®ct r ophysi ol ogi cal

particular steroids to the

(3B)
responses
acet at e.

subj ects. - :
of mal e subjects to 1, 3,5(10),
A = receptor potenti al

30

= change in galvanic skin

ef fect of theI

Vomer o gégéﬁgFgan

receptor

Fi gure 2B is-g7graphic conparison of the
mal e and fenal e

adm ni stration of
of male (3A) and fenal e

Fi gure 4 depicts various autonom c
16-Estratetraen-3-y

of the voneronasal

neuroeplthellun1
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WD 96/ 10032 : PCT/ US95/ 12542

-9- response (K—ohns) C = change in skin tenperature. (degrees
C.). WO096/10032 Figure 5 depicts conparative changes iRCT/US9SpRA4@nt i al of
the VNO after exposure to the nethylygs ether and the acetate of
1, 3,5(10), 16-Estrat etraen- 3- ol . Fi gure 6 depicts sexual
dinnrphisnlin | ocal - and aWOVELESTREWESSes to the stinulation of the
VNO wi t h vonmeropherins. Various voneropherins (200 10 fnoles) and the ~
di luent control were adm nistered to 30 nmal e and 30 feral e subjects
(ages 20 ESTRA-1,35(10),6,16-PENTAEN-3~YL ACETATE (Acetate of

E4 /N1)

ESTRA-1,3,5(10) , 7-TETRAEN=-3~0L (ES/N2)

5 3-HYDROXY ESTRA-1,3,5(10),16-TETRAEN-6-ONE - (E6/N1)
6-0XO ESTRA-1,3,5(10),16-TETRAEN-3-YL ACETATE
(Acetate of E6/N1) ' '
17-METHYLENE ESTRA-1,3,5,7,9~PENTAEN=-3-OL (ElO/N3)
ESTRA-1,3,5(10) ,16-TETRAEN-3, 68-DIOL (E12/N1)

10 6B-HYDROXYESTRA-1,3,5(10),16-TETRAEN-3-YL ACETATE
(Acetate of E12/N1) ,
ESTRA-4,16-DIEN-38-OL (E3/N1) - |
17-METHYLENE-6-OXOESTRA-1, 3, 5 (10) ~TRIEN-3-YL ACETATE '
(Acetate of E6/N3). _

15 ESTRA-4,9,16-TRIEN-3-ONE (E5/NI)

ESTRA-1,3,5,7,9, 16-HEXAEN-3-OL (E10/N1)
ESTRA-1,3,5(10) , 6~TETRAEN-3-OL (E4/N2)
3-METHOXYESTRA-2,5(10),16-TRIENE (E8/N1)
10-HYDROXYESTRA~4 ,16-DIEN-3-ONE (E7/N1)

20 17-METHYLENEESTRA-1,3,5(10), 7-TETRAEN-3-OL (E9/N3)
ESTRA~5(10) ,16~DIEN-3a-OL (3a epimer of Ell/Nl)
ESTRA-5(10) ,16-DIEN-3a-OL (E11/N1)
17-METHYLENEESTRA-4-EN-3-ONE (E1/N3)
ESTRA-1,3,5,7,9,16-HEXAEN-3-YL ACETATE (Acetate of

25 E10/N1) |
17-METHYLGONA~-4,13 (17) ~DIEN-38~OL (E3/N4)
ESTRA-1,3,5, (10),7,16-PENTAEN-3-OL (E9/N1)
3-METHOXY~17-METHYLENEESTRA-2,5(10) -DIEN (E8/N3)
17-METHYLENEESTRA-4-EN-38-0L (E3/N3)

30 17-METHYLENEESTRA-1,3,5(10-TRIENE-3, 68-DIOL (E12/N3)
ESTRA-1,3,5(10),7,16-PENTAEN-3-YL ACETATE (Acetate of
E9/N1) '
ESTRA-1,3,5(10),6,16-PENTAEN-3-0L (E4/N1)
17-METHYLENEESTRA~1,3,5(10) , 7-TETRAEN-3-YL ACETATE

35 (Acetate of E9/N3)



descri bed. Bars indicate the nean response of the popul ati on.
Figs. 6A & B: EVG responses were neasured as 15 described in male (A) and

femal e (B) U0 Figs. 6C & D. El ectrodernal acti viRGIi§e§12542
measured as descri-bed. - Changes (neasyrged in x[err]) in response due
to delivery of voneropherins to the VNO of each subj ect are shown in

mele (O and female (D) 20 suBUBSTRUCTURE SYNTHESKES & F: Al pha-corti cal

activity was as..de | bed. sip.re se.due to delivery
of voner ogﬁgr%lg%?lpg t%oe%%o%é%éj@?@ggﬁﬁ ' fgprﬁl 28335"”"9 8%h) ect s.
25_ Figs. 6G &eHempliaryt syrhheses {@BT)inkarnediates 4 a given row

(E1 through E12) or column (N1 through N4). |

-5 Iype E
El:
o
o _ .
: o &ifWiy ¥
L0 =
MeO | o
(maytabsr  £2) 1) |
oS L, 40D
Z. Hel >
MeO 372 o

¥

Commercially available ubstrucéure, for example,
ESTRONE. |



described. Changes in response due to delivery of voner opherins to the

VNO of each subject are shown in male (G and fenalec&Ep subj ects.
A = 1WOP6180320) " 16-Estratetraen-3-yl acetate 30 B =  PCI/US95/12542
Andr ost a- 4, 16- di en- 3-one WO 930032 :

PCT/ US95/ 12542 : -10- C =
1,3,5(10)E36-Estratetraen-3-ol D =

3- Met hoxy-Estra-1,3,5(10), 16-tetraene E = Androsta-4, 16-dien-3[err]-ol -
F = Androsta- 4,14 dien-3[err]-ol : T

w0 . ' o
Ab Likty m
< Ho

(E1) | &3)
» ' R w

S g D

o ' 9. nO

James R. Bull and Jan Floor, J. Chem. Soc. Perkin I, '

1977 (7), 724.

E4:

e

Ho

5 Commerically ava_ilable substructure, for example,
6-DEHYDROESTRONE.



5 Figure 7 depicts electro-olfactgrans of nmale and femal e

subj ects induced by stinulation of the CE with ol factants and

voner opherw@96/4903200 f nol es of the ol factants 1-carvone BEBUEPHR54% as
wel | as 200 fnol es of the voneropherins A, B, C, D and F; and the 10
stereoi somer E were applied separately a ne second pul ses to the OE
of 20 subjectsigpoth mal e and femal e) and each EOG response was
retorded as descri bed. The olfactants as well as E and B produced
significant (p<0.01) response. B: 400 15 fnoles of the olfactants
1- carvone and ci neol t I nduce a significant EVG response when
delTivered to =~ t#e VNO of male and fenmal e subjects. Figure 8

depicts the el ectrophysi ol ogi cal e f;ct of the follomnng vomer opheri ns
on the 20 voneronasal or 0 ferma'e gug ects:
Andr ost - 4- en- 3- one ta Vi -dlon

10, 17- Di net hyl £e93( 147 3-
nmet hyl gona- ( )» | en- 3-one e

1, 3,5(10), 16- Estratetraen oI thyI ether

V. I. Mel’nikova and K. K. Pivnitskii, Zhurnal
Organickeskoi Khisnii, 1974, Vol. 10, No. 5,
Pp. 1014-~1019).

5 E6:
Cr0y '
o AT > “JE:Q:
(m,‘zz) -

(Anbd yft)

,E:;Z::E;::f:> cro
A

Hidetoshi Takagi, Ken~ichi Komatsu, and Itsuo
‘Yoshisawa, Steroids, 1991, Vol. 56, p. 173.



25 L =1, 3,5(10), 16-Estrat et raen- 3-yl - propi onat e EVG =

El ectr o- voirer onasogr am GSR = @Gl vani ¢ Skin Response =

El ect VOPSHIARE2 Activity (EDA) ST = Skin Tenperature PCEWS9512542 Fjgure
9 depicts the el ectrophysiol ogical =22~ effect- of voneropherins on the
voner onasal organ of 20 mal e subj ect s. WO 96/ 10032

PCT/ US95/ E2542 -11- M =

1,3,5(10)-Estratjen-3-ol

o,

o
00— rillt, f
0 [53) ] o m

Michel Mauney and Jean Rigaudy, Bull. Soo. Chien,
1976, No. 11-12, 2021. '

E8:

oo

Mo

%0 MeO
(Mt a&ffz) (£g)
M) Li fwny | M
MO : Neo

5 K. J. San, R. H. Blank, R. H. Evans, Jr., L. I.
Feldman, and C. E. Holmbund, J. Org. Chem., 1964, 29,
. 2351.



Figure 10 depicts the synthesis of Estra- 1, 3,5(10), 6-tetraen-3-o0l and

Estra-4, 16-di en- 3-ol . Figure 11 depicts the synthesis of
conpounds W9 948832 bed in Exanpl es 16 through 19. PCT/ESY 128421 2

illustrates the steps of synthesis degswi bed in Exanples 20 through 24.
Figure 13 illustrates the steps of synthesis described in Exanpl es 25

t hrough 28. i - Figure 14 illustrates the steps of synthesis
described in Exanples 29 through 30.

HO

Ho

Commercially available substructure, as in EQUILIN.

E10:

2

Ho

Ho

Commercially available substructure, as in EQUILENIN.



Figure 15 illustrates the'steps of synthesis described in Exanples 31

t hr ough 36. Figure 16 illustrates the steps of synthesis 15
descrVOM/1P§32Exanpl es 37 t hrough 39. Fi gur BCI/PSPY12542 rat es t he
steps of synthesis descri bed i nfxanpl es 40 through 46

Figure 18 illustrates the steps of synthesis descri bed in Exanpl es 47

t hrough 4%11: 20 Figure 19 illustrates the steps of synthesis
described in Exanples 50 't hrough 51. : Figs. 20A, 20B and 20C

illustrate theljffzz:::7GSR and ST data on wonen, respectively, for 13
- #o" ‘ | |
- rut
00 e IO
0

(68) | (& 1)

' I H’ |
o’ '

»o

A. N. Cherkasov, A. M. Ponomarev, and K. K.
Pivnitskii, Zhurnal Organiskeskoi Khimii, 1971,
Vol. 7, No. 5, pp. 940-947.

5 El2:

oH ) Na 8Hy |
2. 50,/ Poikie .
M
MO é oM
(mullyl olow of £6) (Prulfyl b o K 12)

=S s JCZ?)
2. -

Mo
o .

Hidetoshi Takagi, Ken-ichi Komatsu, and Itsuo
Yoshisawa, Steroids, 1991, Vol. 56, p. 173.



estranes on Chart 1. WO 96/ 10032

PCT/ US95/ 12542 -12- Figs. 21A, 21B
and 21C i WQ2/1¥B: t he EVG GSR and ST data on nen, res $98(13542f or
13 estranes on Chart 1. -2640s. 22A and B through 34A and B
illustrate 5 the EEG data on nmen (A) and wonen (B) for the 13

estranes, respectively, identified injgbgngO. Det ai | ed
Description of the Invention l. Definitions

N1l:

L TN "'“"‘
t§ P Lo SRS LN t> (n1)
'ﬁﬂWM& gq&u i
yo ' ~5% ,L:jts;zjr
y @
al ;:755-&»@:@
2%  we 7»2,,

o

N2:
o ®
N, Hy [rcon 5 . (N2)
,Jiiﬁif;:ztf' Wty /Ko ,I::t:s;:t:>
. 2
o e, o FO
: MO
Ho |

1. Robert H. Shapiro and Carl Djerassi, J. Am. Chen.
5 Soc., 1964, 86, 2825.

2. Pilar Lupén, Frances C. Canals, Arsenio Iglesias,

Joan C. Ferrer, Albert Palomar, and Juan-Julio Bonet,

J. Org. Chem. 1988, 53, 2193-2198.



10 An "affect" is a transient feeling state. Typi cal negative

affects are feelings of nervousness, t enseness, shane, anxi ousness,

i rrit ¥R 9630032 anger, rage, and the like. "Mods" ar ®CqTOifg8M2542st i ng
feeling states such as guilt, sadnegsg. hopel essness, 15 worthl essness
renor sef ul ness, m sery, unhappi ness and the like. "Character"” traits
are nore N8rnmanent aspects of an individual's personality. Typical
negative character traits are sensitivity, regret ful ness,

bl amewor t hi ness, stubb ness, 20 resentful ness, bitterness, timdness,

| azi ness and t he |'™Nce. "Androstane steroids" are aliphatic
pol ycycl i c hydrocarbons ch.r;cterié%g %&ba four-ri st eroi da
structure, with a methylatffon at d 13 osiWns. An
Androstene steroid is a subDSet of Androstanes, ¥ommonly understood to
mean that the compound has, at | east one doubl e bond. Conmonly,

unl ess a conpound ‘i s desc

as a gonane it is t?od that the
conpound hassa# 18- c
18-Nor-Androstanes”°

p. &ﬂ’kﬁ&ver;, it i ed’ t hat
herein reggéed as A ne steroids.
Fur t her nor e, ' ke
' o : 2
~t ,zﬁ:g Lafo ey lﬁﬁ
no 602 o | |

1. Glinther Drefahl, Kurt Ponold and Hans Schick,
Berichte, 1965, 98, 604. |
2. Richard H. Peters, David F. Crows, Mitchell A.

5 Avery, Wesley K. M. Chong, and Masako Tanabe, J. Med.
Chem., 1989, 32, 1642.

N4:

a
;
s
Q-
>

-

1. Franz stheimer,lo. Moncera, M. Viqui;a & G.
Rosenkranz (1955) J. Am. Chem. Soc. 77:4145.
10 2. William F. Johns, J. Org. Chem., 1961, 26, 4583.



all derivatives which have the structural characteristics described -
above are also referred to generically herein as Androstane steroids.
35 WOI96/10a32| owi ng structure shows the four-ring sPETHRKRI12542
structure conmmon to Androstene and Estregg WD 96/ 10032

PCT/ US95/ 12542 - 13- steroids. In

descri bing the | ocation of groups gﬁgnxlgggggﬁggtuents, the foll ow ng
nuirbering systemw || be enpl o -
HO : :j AcO” :j
o | /1k¢?":: :j- '
Harold J. Nicholas, J. Org. Chem., 1958, 23, 1747.

1@:5:5 e D:Eﬂ

Richard H. Peters, David F. Crows, Mitchell A. Avery,
Wesley K. M. Chong, and Masako Tanabe, J. Med. Chen.,
5 1989, 32, 1642.

( RACEre)
-

M. B. Green and F. J. Zeelen, Tetrahedron Letters,
1982, Vol. 23, No. 35, pp. 3611-3614.

Synthesisable compounds therefore include these,
together with those derived from them; i.e.,
10 17-Methyl-N1, 178-Methyl=-N2, or l4a-Methyl-N4, in



[err] 5 "Sexual |y dinorphic" refers to a difference in the

effe response to, a pharmaceuti cal - agent hetween nal es and
femalqé%%qoo?%e same speci es. An "effective foul?s1aM2, drug is -
a range of quantity and/or congcgglrati on which brings about a 10

desi red physi ol ogi cal and/or psychol ogi cal effect when adm nistered to
a subj ectconbireerion whehdEng. E2, E3) E% EeSER, c@Se ES1Ngedy subject is
one in ngﬁﬂ% of hypot hal am ¢ nodul ati on or regulation, or a subj ect
in need 1teration of a physiological or 15 behavioral characteristic
normal |y affected by the hypot hal anus. The effective anobunt of a given

dr ug may vary dependi ng Uaﬂ£;§£§;£§ﬂ§§-0f adm ni stration.
F
,cﬂ;ﬁﬁ :
: M’
o - "o ' .

. - F _ 4
Y o

6 o’ Ko q

George A. Boswell in patent C.A. 70:58140q,
5 following.

Me O

G. Michael Blackburn, Brian F. Taylor, and Andrew F.
Worrall, Journal of Labelled Compounds and
Radiopharmaceuticals, 1986, Vol. XXIII, No. 2,

p. 197.

10 Synthesisable compounds thereforé include these,
together with those derived from them; i.e.,
17-Fluoro-N1 in combination with El1, E2, E3, ES5, ES6,
E7, El11 or E12. 1In addition, 17-Iodo-N1 in | -
combination with E2, E6 or El2.



For exanple, when the steroid is adm nistered as a solution applied to
the facial skin of a subject an 20 effective concentration is fromabout 1
to about W@961003ierr]g/ m, preferably about 10 to about 50 Bcarvdssiin$szand
nost pr ef erabl y about 20 to about 30 [err]g/m . Wen the steroid is
introduced directly into the VNO an “®f*fective anmount is about 1 pg to

about 1 ng, nope 25 preferahly out 10 pg to about 50 pg. When the
steroid is ad isteréﬁﬂﬁguaﬁélaﬁgépméﬁssage by oi ntment, cream
aerosol, or the |like, Geneddkqiromedureantont syathetit tedctdons afout 100
m cr ogr ans, 6/.100

sterwgﬁg ¥% i%own to those skﬁ%;ed in %FEféFSSI

PCT/ US95/ 12542 §%%hout 1 ng
to about 10 ni exsgpides. Rieser, flo/R.owngd Mt Exﬂseﬂruﬂﬁ_nmgghe ef fective

when 5 Reinhold, N.Y. 1959). Where time and temperature of
reactions must be determined, theee can be determined
by a routine methodology. After addition of the
required reagents, the mixture is stirred under an
inert atmosphere and aliquots are removed at hourly

10 intervals. The aliquots are analyzed by means of

- thin-layer chromatography to check for the |
disappearance of starting material, at which point
the work-up procedure is initiated. If the starting
material is not consumed within twenty-four hours,

15 the mixture is heated to reflux and hourly aliquots
are analyzed, as before, until no starting material
remains. In this case the mixture is allowed to cool
before the work-up procedure is initiated.

Alkoxy derivatives of Estrenes are prepared

20 from their correspond;ng hydroxy steroids by reactlon
with an alkylating agent such as trimethyloxonium
fluoroborate, triethyloxonium fluoroborate -or
methylfluorosulfonate in an inert chlorocarbon
solvent such aslmethylene chloride. Alternatively,

25 alkylating agents such as alkyl halides, alkyl
tosylates, alkyl mesylates and dialkylsulfate may be
used with a base such as silver oxide or barium oxide
‘in polar, aprotic solvents as for example, DMF, DMSO
and hexamethylphosphoramide. Alternatively, a base

30 such as K;CO; may be used in solvents such as ethanol
or acetone.

' purification of the products is accomplished
by means of chromatography and/or crystallization, as
known to those skilled in the art. |
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nD|ecu|e(yageay@gsghraﬁgry rate, brain wave patterns
(percentage alpha cortical actiVity), body
10 temperature. Other embodiments include, but are not
limited to, methods of diminishing negative affect,
negative mood or negative character traits of an
individual. Another embodiment is a method of '
treating female premenstrual stress. All of these
15 embodiments are accomplished by means of the non-
systemic, nasal administration of certain Estrene
steroids and combinations of Estrene steroids.

This particular mode of administration is
distinguished from alternative modes;'such as

20 ingestion or injection, in several important ways,
these by virtue of the direct contact with the VNO
provided by the nasal administration of the steroid
ligand. In the methods of this 1nvent1on, the
appropriate ligand is administered directly to the

25 chemoreceptors in the nasal passage and the
vomeronasal organ, without pills or needles'-'i.e.;
noninvasively. Drug action is mediated through
binding of the 1igands,'described:herein, to specific
receptors displayed by neuroepithelial cells in the

30 nose, preferably in the VNO. This mode of drug
action is through the nervous system and not through
the circulatory system - thus brain function can be
affected without consideration,of'the blood~-brain
barrier. These methods of treatment provide a direct

35 means of affecting the hypothalamns through the
nervous system because there is only one synaptic
junction between pheromone receptors and the



25 surface of a receptor cell, thereby initiating a si gnal
transduction across the cell surface. Binding of ligands to
chenpsensWIOP&#8IPt or s can be neasured. Chenpsensory ti SEFASIYIN2 a5
vomner onasal neur oepi t hel ir'um or ol f-ackgry neuroepi'thelium 30 contains a
multiplicity of neuroreceptors cells, each di spl aying at | east one cel

surface recept aypotMaldmus. OfBdduude Euigdryoneevbesakavadagesseadl |igand
Pl et The el B e SUS IS | EERE, pnibopichek Bs
sen ochem cal ) aahighlyt epecifichaimey ieffedt, sthérnebyr greptdy potential can
IggT/ U'Sggf"liggaggeducing \égeggo]t%q'ﬁ.%.al of undesjirable side-effects. '
5 VNO contact is important because the VNO is
associated with chemoreceptive/pheromonal function.
The VNO consists of a pair of blind tubular
diverticula which are found at the inferior margin of
the nasal septum. The VNO contains neuro-epithelia,
10 the axons of which have direct synapses to the
| amygdala and from there, to the hypothalamus. The
existence of the VNO has been well documented in most
terrestrial vertebrates including the human fetus;
however, in adult humans it is generally thought to
15 be rudimentary (See Johnson, et al., supra).

The active compounds described herein, or
their sulfated, cypionated, benzoated, propionated,
halogenated or glucuronated derivatives, may be
administered directly, but are preferably

20 administered as compositions. They are prepared in a
liquid dosagé form such as, for example, liquids,
suspensions or the like, preferably in unit dosage
forms suitable for single administration of precise
dosages. Liquid dosages may be administered as nose

25 drops or as an aerosol.

Alternatively, the active compound can be
prepared as a creme Oor an ointment composition and
applied topically within the nasal cavity. As
another alternative, delivery may occur by controlled

30 release of these agents by encapsulation either in
bulk or at a microscopic level using synthetic
polymers, such as siiicone, and natural polymers such
as gelatin and cellulose. The release rate can be
controlled by proper choice of the polymeric system

35 used to control the diffusion rate (Langer, R.S. and
Peppas, N.A., Biomaterials 2,201, 1981). Natural
polymers, such as gelatin and cellulose slowly
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and rel ated behavi ars. - "sem ochem,cal" is a nore general termwhich -~
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20 nedi at eedilginagh agente pharmacevtjeal agents, caxrximnmsngram (pg) is
lequal to aggquyygy%ggh. “(ng). Ang is equal to .001.nicrogran1([err]g).
A [errJg 'S The host likely means of communication of a |
10 putative human pheromone is the inhalation of a
naturally occurring pheromone present on the skin of
another. Several l6-Androstene steroids, including
5a~-Androst-l16-en-3a-0l and Sa-Androst-l16-en-3-one, ‘
4,16-Androstadien-3-one, 5&-3ndrostadien-36-ol,_and
15 perhaps 5a-Androstadien-3a-o0l, are naturally
occurring in humans and may be present on the skin.
It is estimated that the naturally occurring maximum
concentration of a 16~Androstene steroid on human
skin is from 2 to 7 ng/cm?. During intimate contact
20 it is estimated that a human would be exposed to no
more than 700 ng of a naturally occurring steroid.
Since these compounds are relatively non-volatile, it
is estimated that, even during intimate contact, a
human subject would inhale no more than 0.7 pg of a
25 naturally occurring steroid from the skin of another.
From the amount inhaled only about 1% would reach the
receptors of the vomerocnasal organ. Thus the
estimated maximum natural exposure to naturally
produced pheromones would be 0.007 pg.
30 . The amount of active compound administered
will of course, be dependent on the subject being
treated, the severity of-the affliction, the manner
of administration, the frequency of administration,
and the judgment of the prescribing physician.
35 However, a single dosage of at least about 10
picograms, delivered directly into the lumen of the
vomeronasal organ, is effective in eliciting a
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about 10 micrograms, more preferably about 10
nanograms to about 1 microgram. The frequency of
administration is desirably in the range of an hourly
dose to a monthly dose, preferably from 8 times/day
to once every other day, more preferably 1 to 3 times
per day. Ointments containing one or more active
compounds and optional pharmaceutical adjuvants in a
carrier, such as, for example, water, saline, agueous
dextrose, glycerol, ethanol, and the like, can be
prepared using a base such as, for example, petroleum
jelly, lard, or lanolin.

Liquified pharmaceutically administrable
compositions can, for example, be prepared by
dissolving, dispersing, etc. an active compound as
defined above and optional pharmaceutical adjuvants
in a carrier, such as, for example, water, saline,
aqueous dextrose, glycerol, ethanol, and the like, to
thereby form a solution or suspension. If desired,
the pharmaceutical composition to be administered ﬁay
also contain minor amounts of nontoxic auxiliary
substances such as wetting or emulsifying agents, pH
buffering agents and the like, for example, sodium
acetate, sorbitan monolaurate, triethanolamine sodium
acetate, triethanolamine oleate, etc. Actual methods

of preparing such dosage forms are known, or will be

apparent, to those skilled in this art; for example,
see Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, PA, 15th Ed., 1975. The
composition or formulation to be administered will,
in any event, contain a quantity of one or more of
the active compound(s) in an amount effective to
alleviate the symptoms of the subject being treated.
For aerosol administration, the active
ingredient is preferably supplied in finely divided

The invention is directed
Estrene steroids which are structuralBGIV424 o
(also referred to as'1, 3, 5(10Lsktratri ene- 3,176-diol).
Steroids within the group are 30 characterized by a aromatic 1,3, 5(10)
A-ring and a trafwﬂéﬁtyhqunBﬂbO&léspiﬂ{éélaihé&? aammﬁsﬁeﬁeal £b08he

Est renes espef%%élinagkﬁ bl e Lpr u%%déj%ﬁq?bQFtréﬁﬁ |nvent|gn1|gfgrgf
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synt hesi s tibagkaby wiedghitol prefexakdly 0.004twon@dlase and substructure
syntheses for theSurfdﬁfgﬁﬁéﬂﬂdgffﬁofr@ﬁffgégrﬁgeﬁbntoxic, and ;
5 preferably soluble in the propellant. Representative
of such agents are the esters or partial esters of
fatty acids containing from 6 to 22 carbon atoms,
such as caproic, octanoic, lauric, palmitic, stearic,
linoleic, olestearic and oleic acids with an
10 aliphatic polyhydric alcohol or its cyclic anhydride
such as, for example, ethylene glycol, glycerol,
erythritol, arabitol, mannitol, sorbitol, and hexitol
anhydrides derived from sorbitol (the sorbitan esters 'l
sold under the trademark "Spans") and the
15 polyoxyethylene and polyoxypropylene derivatives of
these esters. Mixed esters, such as mixed or natural
glycerides, may be employed. The preferred surface- .
active agenté are the oleates or sorbitan, e.q.,
those sold under the trademarks "Arlacel C" (sorbitan |
20 sesquioleate),'"Span 80" (sorbitan monooleate) and |
“Span 85" (sorbitan trioleate). The surfactant may
constitute 0.1-20% by weight of the composition,
preferably 0.25-5%. _ _
The balance of the composition is ordinarily
25 propellant. Liquefied propellants are typically
gases at ambient conditions, and are condensed under
pressure. Among suitable liquefied propellants are
the lower alkanes containing up to five carbons, such
. as butane and propane; fluorinated or
30 fluorochlorinated alkanes, such as are sold under the
;radeﬁark "Freon". Mixtures of'fhe above may also be
employed. _ '
In producing the aerosol, a container
equipped with a suitable valve is filled with the
35 appropriate propellant, containing the finely divided
active ingredient and surfactant. The ingredients
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are thus maintained at an elevated pressure until
released by action of the valve.
Yet another means of administration is-

topical application of a volatile liquid composition
5 to the skin, preferably facial skin, of an

individual. The composition will usually contain an

alcohol such as ethanol or isopropanocl. A pleasant

odorant may also be included in the cémposition.

D. Measuring Affect, Mood and Character
10 Traits. |
Feeling states associated with affects, moods
and character traits are generally measured by use of
a guestionnaire. For example questionnaires
comprising a number of adjectives which refer to

15 feeling states may be administered to an individual.
The individual evaluates his or her feeling state
described by the adjective and rates the intensity of
the feeling on a numerical scale. Clustering of
related adjectives and statistical analysis of a

20 subject’s evaluation of each adjective provides a
basis for the measurement of various feeling states.

Alternatively, feeling states may be measured
by autonomic changes, such as those used in
polygraphic evaluations (galvanic skin response,

25 pulse rate and the like). Cabanac, M. Annual Review
of Physiology (1975) 37:415; Hardy, J.D., "Body
Temperature Regulation", Chapter 59, pp. 1417. 1In:
Medical Physiology. Vol. IIEd.: VB Mountcastle
(1980) ; Wolfram Bouscein. Electrodermal Activity

30 (Plenum Press 1992). B
In addition, non-verbal cues such as facial
expression and body posture may be evaluated.

III. E es
The following examples are intended to
35 illustrate but not to limit the invention.
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Abbreviations used in the examples are as
follows: ag.=agueous; RT.=room temperature;
PE=petroleum ether (b.p. 50-70°); DMF=N, N~-
dimethylformamide; DMSO-dimethyl sulfoxide;

THF=tetrahydrofuran.

Example 1 - - Svnthesis of Fstra-1.3,5(10),16-
e - - . : .

_ The following method of synthesis is depicted
in Figure 1: - '

Estrone p-Toluenesulfonylhydrazone (27)

Estrone (26) (270 g, 1.00 mole) and p-
toluenesulfonylhydrazide (232.8 g, 1.25 mole) in dry
methanol (2.5 liters) were heated under reflux for 20
hours. The mixture was transferred to a conical
flask and allowed to cool. The crystalline product
was filtered off under suction and washed with
methanol (300 ml). Further crops of product were _
obtained by sequentially evaporating'thegfiltrate to
2000 ml, 800 ml and 400 ml, and allowing to
crystallize each time. Total yield was 433.5 g
(99%) .

1,3,5(10) ,16-Estratetraen-3-ol (28):

Estrone p-toluenesulfonylhydrazone (27) (219.
0 g, 500 m mole) in dry tetrahydrofuran (8.0 liters)
was cooled in a sodium chloride/ice bath. The
mixture was mechanically stirred while n-butyl
lithium (800 ml of a 2.5 M solution in hexane, 2.00
mole) was added via double-ended.needlé. The mixture
was stirred at room temperature for 3 days. Ice (250
g) was added, followed by saturated ammonium chloride
solution (500 ml). The phases were mixed by stirring
and then allowed to settle. The aqueocus phase was
removed via aspiration with teflon tube and extracted
with ether (500 ml). The two organic phases were
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sequentially washed with the same batch of saturated
sodium bicarbonate solution (500 ml) followed by
saturated sodium chloride solution (500 ml). The
organic layers were dried (MgSO,) and evaporated in '
vacuo to give crude product. This was subjected to -
flash filtration on 500 g silica gel 60, 230-400
mesh, eluting with ethyl acetate/hexane (25:75, 2.5
liters) The filtrate was evaporated in vacuo to give
crystalline material. The product was recrystallized
from methanol (300 ml)/water (75 ml) washing with
methanol (80 ml)/ water (20 ml). Further
recrystallization from ethyl acetate/hexane
(12.5:87.5) gave pure product (88.9 g, 70%).

.3.5(10), 16-Est raen-3-ol.

To 1,3,5(10),16~-Estratetraen~3-ol (254 mg,
1.00 mMole) in ether (10 ml) is added acetic
anhydride (0.25 ml) (or propionic anhydride for the
propionate) followed by pyridine (0.25 ml) and the
mixture is stirred at room temperature for 16 hours.
The mixture is poured into ice/water and extracted
with ether (2 X 20 ml). The organic extracts are
washed with water, saturated copper sulfate solution,
water, and saturated sodium chloride solution, dried
(Mgso‘) and evaporated in vacuo to give the crude
material. This is purified by flash chromatography
on 17.5 g silica gel 60 (230-400 mesh) eluting with
10%-12% ethyl acetate/hexane to give the pure product
(192 mg, 65%). ' : :

e - i s =4 ~dien-3- .
To estra~1,3,5(10),16-tetraene-3-methyl ether

(551.5 mg., 2.055 mmol) in 8.6 ml of anhydrous THF,
approximately 30 ml of anhydrous ammonia, and 6.76 g
of t-butyl alcohol was added lithium wire (0.24 g, 35

mg-atom) cut in small pieces. The reaction mixture
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phase was extracted with 25 ml of ethyl acetate. The
10 combined organic extracts were washed with 25 ml of
saturated sodium bicarbonate and 25 mL of brine,
dried over magnesium sulfate, and filtered. Removal
of solvent under reduced pressure yielded 0.57 g of ‘
0ily residue which was purified by flash |
15 chromatography on silica gel (eluent: 15% ethyl
acetate/hexane) followed by recrystallizatibn'from
pentane to give crystals (206 1 mg, 39%) homogeneous
to TLC, m.p. 67-71°C. -

20

'TorEstra¥1;3,5(10),16-tetraene§3-methyl.ether
(1.22 g, 4.54 mmole) in 19 ml of anhydrous THF, 14.99
g of t-butyl alcohcl, and approximately 70 ml of.
anhydrous ammonia was added lithium wire (0.53 g, 76
25 mg-atom) cut in small pieces. After refluxing under
argon for 6 h the reaction was.quenchéd-with 5 ml of
methanol and ammolonia was allowed to boil off
overnight. A suspension of the residue in 100 ml of
water was extracted twice with 100 ml portions of
30 ethyl acetate and the combined organic extracts were
washed with brine and dried over magnesium sulfate.
Following solvent removal under reduced pressure the
residue was flash chromatographed on silica gel using
~ - 1% ethyl acetate/hexane as eluent and then
35 recrystallized from abs. ethanol to give fluffy white
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5 Estra-2,5(10),16-triene-3~methyl ether (2)
(646.3 mg, 2.390 mmole), dissolved in 50 ml of
acetone was hydrolyzed for 6 h at room temperature
using oxalic acid dihydrate (0.84 g, 6.7 mmole). The
reaction mixture was quenched with 25 ml of saturated

10 sodium bicarbonate and then extracted twice with 25
ml portions of ethyl acetate. The combined organic
extracts were washed twice with 25 ml of brine, dried
over magnesium sulfate, filtered, and concentrated
under reduced pressure. The residue was

15 recrystallized from hexane to give product (462.5 mg,
1.804 mmole, 75%), m.p. 112-116°C.

{4).

Estra-5(10),16-dien~-3-one (3) (301.1 mg,

20 1.174 mmole), in 6 mL of anhydrous ether was reduced
for 1 h at room temperature using lithium aluminum
hydride (50.0 mg, 1.32 mmole). After guenching with
sodium sulfate decahydrate (2.00 g) for 10 min. the
_suspension was filtered thfough Celite and the

25 residue washed with four 25 mlL portions of ether.

The combined filtrates were concentrated under
reduced pressure and purified by flash chromatography
(silica gel, 5% ethyl acetate/ hexanes eluent) with
subsequent preparative TLC of mixed fractions.  The

30 more polér product could be recrystallized with
considerable loss from aqueous ethanol to give 4.8 mg
of solid. The less polar product was recrystallized
from agqueous methanol to give white crystals (59.5
mg), m.p. 98-100°C. Total yield was 64.3 mg (0.249

35 mmol, 21%).
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Estra-5(10) ,16-dien-3-one (3) (0.38 g, 1.5
mmole), in pyridine (5.0 mL, 62 mmol) was cooled ‘in
5 an ice-salt bath to -13°C and pyridinium bromide
perbromide (1.58 g, 4.94 mmole) was added in small
portions so that T<-4°C. After swirling 1 min.
phenol (0.25 g, 2.7 mmole) was added and reaction
continued 24 h at room temperature. Ethyl acetate
10 (50 ml) was added and the reaction mixture was washed
with 25 ml of 1N HCI, two 25 ml portions of saturated
copper sulfate, 25 ml of 5% sodium hydroxide, and 25
ml of brine. After drying over magnesium sulfate,
filtration, and concentration under reduced pressure
15 the residue was taken up'in-lo mL of abs. ethanol,
granular zinc (0.33 g, 5.0 mg~-atom) was added, and.
the mixture was refluxed 1/2 h. The supernatant was
removed, the residue was washed with 10 mL of abs.
ethanol, and the combined supernatants were
20 concentrated under :educed-pressure. The resulting
resin was flash chromatographed on silica gel using
15% ethyl acetate/ hexane as eluent. Appropriate
fractions were pooled, concentrated, and then
recrystallized from hexane to give solid product
25 (117.5 mg, 0.4619 mmol, 31%), m.p. 87-92°C. .

6-tetraen-~

6-one~3-acetate (6). :
Chromium trioxide (13.40 g, 0.1340 mol) was
suspended in 200 mL of methylene chloride and then
30 cooled to -10°C in an ice-salt bath. 3,5~
Dimethylpyrazole (12.90 g, 0.1342 mol) was added and
the mixture was stirred 20 min. Estra-1,3,5(10),16~
tetraen-3-yl acetate (4.00 g, 13.5 mmol) in a chilled
solution of 20 mL of methylene chloride was added and
35 the reaction stirred 2 h, during which time T<-8°C.
The mixture was then filtered through 200 g of silica
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gel and the product was eluted with further methylene
chloride. After combining and concentrating

i _ appropriate fractions the crude product was flash
"chromatographed on silica gel using 15% ethyl

S5 acetate/hexane as eluent. Pooling of appropriate

fractions and concentration under reduced pressure
yielded a white solid (0.92 g, 3.0 mmol, 22%), m.p."
87-103°C.

Example 9 - synthesis of Estra-1,3,5(10).,16-tetraen-

10 3-ol-6-ome (7).

Estra-1,3,5(10),16~tetraen-6-one-3-acetate

(203.1 mg, 0.6543 mmol) in 30 of methanol was
saponified with 1.5 mL of 5% (w/w) sodium hydroxide
for 40 min. The reaction mixture was concentrated

15 under reduced pressure, taken up in 50 mL of water,
neutralized with 1N HCI, and extracted three times
with 25 mL portions of methylene chloride. The
combined organic extracts were washed with S0 nL of
brine, dried over magnesium sulfate, filtered, and

20 concentrated to give a white solid which was purified
by recrystallization from benzene/hexane and
preparative TLC to give white crystalline solid (52.8
mg, 0.197 mmol, 30%), m.p. 188-191°C.

- | - -tot -
25 6g-0l-3-yl acetat .
Estra-1,3,5(10),16-tetraen-6-one-3-yl-acetate
(6) (421.4 mg, 1.358 mmol), suspended in 35 mL of 95%
ethanol was reduced with sodium borohydride (98.8 mg,
‘2.61 mmol) for 100 min. at room temperature. After
30 concentrating under reduced pressure the residue was
suspended in 25 mL of water, neutralized with 1N HC1,
and extracted three times with 25 mL portions of
methylene chloride. The combined organic extracts
were washed with 25 mL of brine, dried over magnesium
35 sulfate, filtered; and concentrated. The resulting
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white foam was flash chromatographed on silica gel
using 25% ethyl acetate/hexane as eluent. Combining
fractions and concentration gave a white solid (0.12
g, 0.38 mmol, 28%), m.p. 209-212°C.

~_Synthesij stra~- { -
t a -di . |

To a suspenslon of lithium alumlnum hydride
(LAH, 95%, 46.9 mg, 1.17 mmol) in 5 mL of anhydrous
THF was addgd estra-1,3,5(10),16-tetraeh-6-one-3-y1-
acetate (6) (422.9 mg, 1.360 mmol) in 5 mL of
anhydrous THF dropwise, with stirring. The reaction
was stirred 50 min., after which further LAH (46.5
mg, 1.16 mmol) was added and the reaction stirred 22
h. After refluxing 4 h TLC still showed starting
material. The reaction was quenched with 0.5 mL of
water + 0.5 mL of 20% (w/w) sulfuric acid and
concentrated under reduced pressure. The residue was
extracted four times with 10 mlL portions of hot ethyl
acetate and filtered through Celite. The combined
filtrates were concentrated and purified twice by
flash chromatography to give solid product (0.05 gq,
0.2 mmol, 10%), m.p. 150-157°C.

i

= _Synt i -1, 7-tetraen-
3=-0)] (10). To a suspension of equilin
(100.2 mg, 0.3733 mmol) in 2 mlL of diethylene glycol
were added hydrazine (59 uL, 1.9 mmol) and potassium
hydroxide (0.04 g, 0.7 mmol). The mixture was '
stirred in an oil bath at 200-214°C for 2 h, after
which the cooled reaction was diluted with 10 mL of
water, neutralized with 1N HC1, and extracted three
times with 25 mL of ether. The cpmb;ned organic

‘extracts were washed with 10 mL of brine, dried over

magnesium sulfate, filtered, concentrated, and 
purified by preparative TLC (silica gel} 15% ethyl
acetate/hexane eluent) to give a yellow resin.
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Product was further purified by decolorizing with
charcoal and recrystallization from agueous ethanol
to give tan crystals (13.2 mg, 51.9 uM, 14%), m.p.
130-134°C. ' '

a e - is o =Ho -1.3,5(10
6,8,17-he =3= .

A suspension of triphenylmethylphosphonium
bromide (671.0 mg, 1.878 mg) and potassium t-butoxide
(212.1 mg, 1.890 mmol) in 2.1 mL of anhydrous DMSO
was heated in a 76~86°C bath under argon for 1 h,
after which equilenin (100.1 mg, 0.3579 mmol) in 2.1
nl. of anh. DMSO was added and the green solution was
stirred 1 h. After cooling 10 mL of ice-1N HCl were
added and the mixture was extracted with three 10 mL
portions of ether. The combined organic extracts
were washed with 10 mL of saturated sodium
bicarbonate + 10 mL of brine, dried over magnesium
sulfate, filtered through Celite, and concentrated
under reduced pressure. The residual orange oil was
purified by preparative TLC (silica gel, 25% ethyl
acetate/hexane) to give product (75.5 mg, 0.286 mmol,
76%) homogeneous to TLC, m.p. 113-121°C.

- t -1 ~te -
3-0l (;7). |
Estra-1,3,5(10),6~-tetraen-3-ol-17-one (91.1
mg, 0.339 mmol), hydrazine (54 gL, 1.7 mmol), and
potassium hydroxide (0.06 g) in 1.8 mL of diethylene
glycol were heated in a 200°C bath under argon for 2

.h. After cooling to RT 10 nL of water were added and

the solution was acidified to pH®2 with 1N HCl. The
resulting suspension was extracted three times with
10 mL of ether and the combined organic extracts were
washed with 10 mL of brine, dried over magnesium
sulfate, filtered through Celite, and concentrated
under reduced pressure. The crude solid was purified
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by p:eparative TLC (25% ethyl acetate/hexane on
silica gel) to give product homogeneous to TLC (5.9

mg, 23 umol, 7%).

To estra-4,16-dien-3-one, (1) (87.2 mg, 0.340
mmol) in 1.7 mL of anh. ether was added lithium
aluminum hydride (15.0 mg, 0.395 mmol) and the
suspension was stirred 17 min. Reaction was then
agitated 10 min. with 0.50 g of sodium sulfate
decahydrate and filtered through Celite.. The residue
was washed with three 10 mL portions of ether and the
combined filtrates were concentrated under reduced

‘pressure. Preparative'TLc (5% ethyl

acetate/dichloro-methane on silica gel) gave crude
product (50.0 mg) as a yellow resin. This could be
rechromatographed until sufficiently pure.

a e - a- -djen-3- . _

This synthesis is depicted in Figure 11. 19-
Nor-testosterone'(XIX) is commercially available,
e.g., from Chemical Dynamics Corp. It provides the
starting material for 19-Nor-16-androstene
derivatives. 19-Nor-testosterone (XIX) was converted

into the acetate (Hartman, J.A. et al., J. Am. Chem.

Soc. (1956) 78:5662) with acetanhydride and pyridine.
(a) A solution of this acetate (4.8 g, 15.17 mmol) in
toluene (10 ml) was pyrolyzed (b) at 540° (200 Torr,
slow N,-stream) in a glass tube packed with quartz
pieces. Chromatography of the crude pyrolysate (3.1
g) on silica gel (150 g) with CH,Cl,gave 1.1 g (28%)
of the homogenous oily ketone 9; +57.9° (C 1) ((27]:
m.p. 71-73°). - IR. (CHCl,): 1660s, 1615m, 1585w, -
!H-NMR. (90 MHz): 0.84 (s, 3 H); 5.82 (m, 2 H); 5.87
(br. s, 1 H).

e 17 - Estr-16-en—-3-one (10).



V: . Mel'nikova and K K. Pivnitskii, Zhurnal Or gani ckeskoi Khi sni i
1974, Vol . 10, No. 5, pp. 1014-1019). 5 E6: #dm

WO 96/10032

10

15

- 20

25

30

This synthesis is depicted in Figure 11. 19~
nor-testosterone was reduced to 19~-nor-5a-Androstan-
17 -ol=-3 =-one (¥XX) with lithium and ammonia (c)
according to the methoed of Villotti, R., et al. (J.
Am. Chem. Soc. (1960) 82:5693). Androsta-5a,17~-diol~
3-one (XX) was converted into the acetate (Hartman,
J.A. et al,, J. Am. Chem. Soc. (1956) 78:5662) with
acetanhydride and pyridine (a). A solution of 17B-
acetoxy~5a-Estran~3-one (8.0 g, 25.1 mmol) in
octane/acetone 10:1 (22 ml) was pyrolyzed (b) at 550°
(200 Torr, slow Np-stream) Chromatography of the
crude product (5.4 g) on silica gel (600 g) with
CH2Cl; and recrystallization of the homogenous
fractions from PE gave 3.13 g (48.3%). of the pure
ketone 10. M.p. 51-54°, [a]~- +72.8° (C 1.0). -IR.
(CHCl3): 1705s, 1585w, - 'H-NMR. (90 MHz): 0.79 (s, 3
H); 5.71 (m, 1 H); 5.87 (m, 1 H). o

e - Estra-lé-en-3a-o)l (11).

This synthesis is depicted in Figure 11. L~
Selectride (4, lithium tri(sec~butyl)hydridoborate, 4
ml of a 1 M solution in THF, 4 mmol) was added
dropwise at 0° to a solution of ketone 10 (800 mg,
3.10 mmol) in dry ether (5 ml). After stirring for 1
h at 0°, water was added (10 ml). The boranes were
oxidized by adding 10% aqg. NaOH-solution (5 ml),
followed by 30% ag. HyO,~solution (3 ml) and stirring
for 3 h at RT. After workup (ether), the crude
product (790'mg, Ca. 9:1 mixture of 11 and 12) was
chromatographed on silica gel with CH;Cl, to give 700
mg (87%) of pure alcohol 1l1. M.p. 119-120°-123-124°
(from PE), (a]p +40.6° (C = 1.0). - IR. (CHCl;3):
3640m, 3500 bi‘., 1585w. - 1I.-I--NMR. (90 MHz): 0.78 (s,
3 H); 4.09 (m, w, =8, 1 H); §.71 (m, 1 H), 5.87 (m,
1 H). : '

[err]
PCT/US95/12542
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This synthesis is depicted in Figure 11. A
solution of the ketone 10 (800 mg, 3.10 mmol) in dry
ether (5 ml) was added dropwise at RT. to a slurry of
LiAlH; (38 mg, 1 mmol) in ether (3 ml) (e). After 1
h, the mixture was hydrolyzed with 10% aq. H;SO,.
After workup (ether), the crude product (802 mg, 9:1-
mixture of 12 and 11) was chromatographed on silica
gel with CH;Cl;. A small fraction of 11 (70 mg) was
elutéd first, followed by the main fraction of 12
(705 mg, 87%). M.p. 113-115°, [a]- +36.3° (C =
1.0). - IR. (CHCl3): 3640m, 3500 br., 1585w. =~ 'H- .
NMR. (90 MHz): 0.78 (s, 3 H); 3.60 (m, wy = (m, 20, 1
H); 5.71 (m, 1 H), 5.87 (m, 1 H).

0 -~ ive Synt is .of Estra- -
- - )

-dien-3- _1l: To estra-1,3,5(10),16~
tetraene-3-methyl ether (551.5 mg, 2.055 mmol) in 8.6
mL of anhydrous THF, approximately 30 mL of anhydrous
ammonia, and 6.76 g of t-butyl alcohol was added.
lithium wire (0.24 g, 35 mg—-atom) cut in small
pieces.' The reaction mixture was refluxed 4: 1/2h
under argon, after which methanol (2.3 =mnlL) was added
and the ammolonia was allowed to boil off overnight.
The residue was dissolved in 25 mL of methanol and
was acidified to approximately pH 1 with SN HCl.
After heating in an o0il bath between 55 and 70°C for

15 min. the cooled hydrolysis mixture was partitioned:

between 25 mlL of water and 50 ml, of ethyl acetate and
the agueocus phasé was -extracted with 25 ml of ethyl
acetate. The combined organic extracts were washed
with 25 mL of saturated sodium bicarbonate and 25 mL -
of brine, dried over magnesium sulfate, and filtered.
Removal of solvent under reduced pressure yielded
0.57 g of oily residue which was purified by flash

1991,
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chromatography on silica gel (eluent: 15%.ethyl
acetate/hexane) followed by recrystallization from
pentane to give crystals (206.1 mg, 39% homogeneous
to TLC, m.p. 67-71°C.

5 (NA-1993A-38, 42D)

2.

To estra-1,3,5(10),1l6~-tetraene~3-methyl ether
(1.22 g, 4.54 mmol) in 19 mL of anhydrous THF, 14.99

10 g of t-butyl alcohel, and approximately 70 mL of

' anhydrous ammonia was added lithium wire (0.53 g, 76
mg-atom) cut in small pieces. See Figure 12. After
refluxing under argon for 6 h the reaction was
quenched with 5 mL of methanol and ammolonia was

15 allowed to boil off overnight. A suspension of the
residue in 100 mL of water was extracted twice with
100 mL portioné of ethyl acetate and the combined
organic extracts were washed with brine and dried
over magnesium sulfate. Following solvent removal

20 under reduced pressure the residue was flash
chromatographed on silica gel using 1% ethyl
acetate/hexane as eluent and then recrystallized from
abs. ethanol to give fluffy white crystals (884.1 mg,
3.269 mmol, 72%), m.p. 72-73°C, homogeneous to TLC.

25 (NA-19932A-74, 77A)

e - B a=- 0 -dien-3- .
Estra-2,5(10) ,16~triene-3-methyl ether, 2
(646.3 mg, 2.390 mmol), dissolvg@.in 50 mL of acetone
was hydrolyzed for 6 h at room temperature using
30 oxalic acid dihydrate (0.84 g, 6.7 mmol). See Figure
12. The reaction mixture was quenched with 25 mL of .
saturated sodium bicarbonate and then extracted twice
‘with 25 mL portions of ethyl acetate. The combined
organic extracts were washed twice with 25 mL of
35 brine, dried over magnesium sulfate, filtered, and
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concentrated under:rEGuced pressure. The residue was
recrystallized from hexane to give product (462.5 mg,
1.804 mmol, 75%), m.p. 112-116°C. : :
(NA- 1993A-78A) '

5 Ex e ~ Estra- ~dien=~3=c .
- Estra-5(10) ,16-dien-3~one, 3 (301.1 mg, 1.174
mmol), in 6 mL of anhydrous ether was reduced for 1 h
at room temperature using lithium aluminum hydride
(50.0 mg, 1.32 mmol). See Figure 12.  After

10 quenching with sodium sulfate decahydrate (2.00 g)
for 10 min. the suspension was filtered through
Celite and the residue washed with four 25 mL
portions of ether. The combined filtrates were
concentrated under reduced pressure and purified by .-

15 flash chromatography (silica gel; 5% ethyl

- acetate/hexanes eluent) with subsequent preparative
TLC of mixed fractions. The more polar product could
be recrystallized with considerable loss from agueous
ethanol to give 4.8 mg of solid. Thé less polar |

20 product was recrystallized from aqueous methanol to
give . white crystals (59.5 mg), m.p. 98-100°C. Total -
yield was 64.3 mg (0.249 mmol, 21%).
(NA-1993A~80, 83A, 85A)

- Estra-4,9,16-trien-3-o 5.

25 . Estra-5(10),16-dien-3-one, 3 (0.38 g, 1.5
mmol), in pyridine (5.0 mL, 62 mmol) was cooled in an
ice-salt bath to -13°C and pyridinium bromide
perbromide (1.58 g, 4.94 mmol) was added in small
portions so that T<-4°C. After swirling 1 min.

30 phenol (0.25 g, 2.7 mmol) was added and reaction
continued 24 h at room temperature. See Figure 12.
Ethyl acetate (50 mL) was added and the reaction
mixture was washed with 25 mL of 1N HCl, two 25 mL
portions of saturated copper sulfate, 25 mL of 5%

35 sodium hydroxide, and 25 mL of brine.: After drying
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over magnesium sulfate, filtration, and concentration
under reduced pressure the residue was taken up in 10
ml of abs. ethanol, granular zinc (0.33 g, 5.0 mg-
atom) was added, and the mixture was refluxed 1/2 h.
The supernatant was removed, the residue was washed
with 10 mlL of abs. ethanol, and the combined
supernatants were concentrated under reduced
pressure. The resulting resin was flash
chromatographe§'on silica gel using 15% ethyl
acetate/hexane as'eluent. Appropriate fractions were
pooled, concentrated, and then recrystallized from
hexane to give solid product (117.5 mg, 0.4619 mmol,
31%), m.p. 87-92°C. ' -
(NA-1993A~62, 65B)

Example 25 - Estra-1,3,5(10),16~-tetraen-6-one=-3-
acetate, 6.

Chromium trioxide (13.40 g, 0.1340 mol) was
suspended in 200 mL of methylene chloride and then
cooled to -10°C in an ice-salt bath. 3,5-
Dimethylpyrazole (12.90 g, 0.1342 mol) was added and
the mixture was stirred 20 min. See Figure 13. '
Estra-1,3,5(10),16~-tetraen-3-yl acetate (4.00 g, 13.5
mmol) in a chilled solution of 20 mL of methylene
chloride was added and the reaction stirred 2 h,
during which time T«-8°C. The mixture was then
filtered through 200 g of silica gel and the prodncf
was eluted with further methylene chloride. After
combining and concentrating appropriate fractions the
crude product was flash chromatographed on silica gel
-using 15% ethyl acetate/hexane as eluent. Pooling of
appropriate fractions and concentration under reduced
pressure yielded a white solid (0.92 g, 3.0 mmol,
22%), m.p. 87-103°C.

(NA~ 1993B-39B)
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Estra-1,3,5(10),16-tetraen-6-one-3-acetate

(203.1 mg, 0.6543 mmol) in 30 of methanol was

5 saponified with 1.5 mL of 5% (w/w) godigm'hydroxide_
for 40 min. See Figure 13. The reaction mixture was
concentrated under reduced pressure, taken up in 50
mL of water, neutralized with 1N HCl, and extracted
three times with 25 mL portions of methylene

10 chloride. The combined organic gxtracts‘wére washed
with 50 mL of brine, dried over magnesium Sﬁlfate,
filtered, and concentrated to give a white solid
which was purified by recrystallizatibn'from |
benzene/hexane and preparative TLC to give white

15 crystalline solid (52.8 mg, 0.197 mmol, 30%), m.p.
188-191°C.
(NA-1993B-24, 27B)

 7 - Estra- 0) ,16-tetraen-6x=-o0l=-3-
acetate, 8. : -
20 Estra-1,3,5(10),16~tetraen-6-one-3-yl

acetate, 6 (421.4 mg, 1.358 mmol), suspénded'in 35 mL
of 95% ethanol was reduced with sodium borohydride
(98.8 mg, 2.61 mmol) for 100 min.'at_room"
temperature. See Figuré 13. After concentrating

25 under reduced pressure the residue'was'suspended in
25 nmL of water, neutralized with 1N HCl, and
extracted three times with 25 mL portions of
methylene chloride. The combined organic extracts
were washed with 25 mL_of_briheh dried over magnesium

30 sulfate, filtered, and concentrated."The'resnlting
vhite foam was flash chromatographed on silica gel
using 25% ethyl acetate/héxane'as eluent. 'Coﬁbining
fractions and concentration gave a white solid (0.12
g, 0.38 mmol, 28%), m.p. 209-212°C. '

35 (NA- 1993B-42D)
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8 ~ Estra-: 6= -3, 6-4] .

To a suspension of lithium aluminum hydride
(LAH, 95%, 46.9 mg, 1.17 mmol) in 5 mL of anhydrous
THF was added estra-1,3,5(10),16-tetraen-~6-one-3-yl
acetate, 6 (422.9 mg, 1.360 mmol) in 5 mL of
anhydrous THF dropwise, with stirring. See Figure
13. The reaction was stirred 50 min., after which
further LAH (46.5 mg, 1.16 mmol) was added and the
reaction stirred 22 h. After refluxing 4 h TLC still
showed starting material. The reaction was gquenched
with 0.5 mL of water + 0.5 mL of 20% (w/w) sulfuric
acid and concentrated under reduced pressure. The

" residue was extracted four times with 10 mlL portions

of hot ethyl acetate and filtered through Celite.

The combinéd filtrates were concentrated and purified
twice by flash chromatography to give solid product
(0.05 g, 0.2 mmol, 10%), m.p. 150~-157°C.

(NA-1993B~-29, 32B)

e - - _ 7=tet =3 .

To a suspension of equilin (100.2 mg, 0.3733
mmol) in 2 mL of diethylene glycol were added
hydrazine (59 uL, 1.2 mmol) and potassium hydroxide
(0.04 g, 0.7 mmol). See Figure 14. The mixture was
stirred in an oil bath at 200-214°C for 2h, after
which the cooled reaction was diluted with 10 mL of
water, neutralized with 1N HCl, and extracted three
times with 25 mL of ether. The combined organic
extracts were washed with 10 mL of brine, dried over
magnesium sulfate, filtered, concentrated, and
purified by preparative TLC (silica gel, 15% ethyl
acetate/hexane eluent) to give a yellow resin.
Product was further purified by decolorizing with
charcoal and recrystallization from aqueous ethanol
to give tan crystals (13.2 mg, 51.9 uM, 14%), n.p.
130-134°C. | ' -

i,
5 El12:

PCT/US95/12542
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(NA-1993B~-25C)

Example 30 - 20-Homoestra-1,3,5(10),6,8,17-hexaen-3-

ol, 11. . :
A suspension of triphenylmethylphosphonium
bromide (671.0 mg, 1.878 mg) and potassium t-butoxide
(212.1 mg, 1.890 mmol) in 2.1 mL of anhydrous DMSO
was heated in a 76-86°C bath under argon for 1 h,
after which equilenin (100.1 mg, 0.3579 mmol) in 2.1
mL of anh. See Figure 14. DMSO was added and the
green solution was stirred 1 h. After cooling 10 mL
of ice-1N HCl were added and the mixture was
extracted with three 10 nL portions of ether. The
combined organic extracts were washed with 10 mL of
saturated sodium bicarbonate + 10 mL of brine, dried
over magnesium sulfate, filtered through Celite,
concentrated and purified.
- Estra- ; 6~-te en-3-0l1-17-(p-

toluenes o one .

A suspension of 6~dehydroestrone (538.0 ng, .
2.004 mmol) and p-toluenesulfonylhydrazide (p-
TSNHNH,, 466.6 mg, 2.506 mmol) in anh. methanol (5.4
mL) was refluxed 25 h with exclusion of moisture.
See'Figure 15. After concentrating under reduced
pressure the reaction residue was flash _
chromatographed (50% ethyl acetate/hexanes on silica
gel) to give an off-white foam (942.5 ng),
representing »100% yield.
(NA-1994A-~-295A)

E e 32 - Estra-]l - 6 - n=3= 2.
To a cooled (ice water bath) solution of
crude estral,3,5(10),6~-tetraen~3-o0l-17-(p-
toluenesulfonyl)hydrazone (1, 942.5 mg, <2.004 mmol)
in tetrahydrofuran (THF) under argon was added n-
butyllithium (2.5 M in hexane, 3.2 mL,'s.o mmol)

1991,
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dropwise with stirring, over a period of 7 min. See
Figure 15. Stirring was continued 48 h, during which
the reaction was allowed to gradually warm to room
temperature. 50 mL of 1 N hydrochloric acid were
added and the reaction mixture was extracted with
three 25 mL portions of ether. The combined organic
extracts were washed with 50 mL of brine, dried over
magnesium sulfate, and filtered through diatomaceous
earth. The residue was washed with 10 mL of ether
and the combined filtrates were concentrated under
reduced pressure. Crude product was purified by
flash chromatography (20% ethyl acetate/hexanes on
silica gel) and preparative TLC (20% ethyl
acetate/hexanes on silica gel GF, 1000y thickness) to
give a white, crystalline film (134.5 mg, 0.5331
mmol, 27%) homogeneous to TLC (20% ethyl
acetate/hexanes on silica gel, Rs 0.39).
(RA-1994A~307A)

acetate, 3.

A solution of estra-1,3,5(10),16~-pentaen-3-
0l(2, 97.9 mg, 0388 mmol) in anh. pyridine (1.3 nL,
16 mmol) and acetic anhydride (0.18 mL, 1.9 mmol) was
stirred 24 h, after which ethyl acetate (15 mL) was
added and the mixture washed with three 5 mL aliquots
of 1 N hydrochloric acid + 5 mL of saturated sodium
bicarbonate + 5 mL brine, dried over magnesium
sulfate, and filtered through diatomaceous earth.
See Figure 15. The residue was washed with 5 mlL of

.ethyl acetate and the combined filtrates were

concentrated under reduced pressure. Preparative TLC
(10%'ethy1 acetate/hexanes on silica gel GF, 1000u
thickness) of the residue gave a slightly yellow
crystalline solid (74.9 mg, 0.254 mmol, 66%)
homogeneous to TLC (10% ethyl acetate/hexanes on
silica gel, R 0.40).
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(NA- 1994B-21B)

Example 34 - Estra- 1,3,5(10),7-tetraen-3-o0l-17-(p-
toluenesu - . |
Equilin (500.1 mg, 1.863 mmol) and p-TsNHNH,
(433.7 mg, 2.329 ﬁmol) suspended in anh. methanol
(5.0 mL) were refluxed 24 h with exclusion of
moisture. See Figure 15. After concentrating under
reduced pressure the residual reaction mixture ﬁas
flash chromatographed (35% ethyl acetate/hexanes on
silica gel) to give a white foam (899.9 mg)
representing >100% yield.
(NA-1994A~246B)

X e 35 - ra-— 0),7,16- aen=3-o 5.

To a cooled (ice water bath) solution of
crude estra-1,3,5(10),7-tetraen-3-ol,-17-(p~-
toluenesulfonyl) hydrazone (4, 899.9 mg, <1.863 mmol)
in anh. THF (20 mL) under argon was added n-
butyllithium (2.5 M in hexane; 3.0 mL, 7.5 mmol)
dropwise with stirring over a period of 3 min. See
Figure 15. Stirring was continued 48 h, dufing which
the reaction was allowed to gradually warm to room
temperature. The reaction was poured into 50 mL of 1
N hydrochloric acid and the mixture was extracted
with three 25 mL portions of ether. The combined
organic extracts were washed with 50 mL of brine,
dried over magnesium sulfate, and filtered through
diatomaceous earth. The residue was washed with 10
mL of ether and the combined filtrates were
concentrated under reduced pressure. The product was
flashed chromatographed (20% ethyl acetate/hexanes on
silica gel) and decolorized with carbon to give a
yellow crystalline solid (274.8 mg, 1.089 mmol, 58%).
(NA-1994A-278A) '
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) ' - Estra- 5 7.16-pentaen-3=-
acetate, 6. -

A solution of estra- 1,3,5(10),7,16-pentaen~
3-0l (5, 192.1 mg, 0.7612 mmol) in anh. pyridine
5 (2.6 mL, 32 mmol) and acetic anhydride (0.36 nL,
3.8 mmol) was stirred 6 h, after which 30 mL of ethyl
acetate were added. The mixture was washed with
three 10 mlL portions of 1 N hydrochloric acid + 10 mL
of saturated sodium bicarbonate + 10 mL of brine,

10 dried over magnesium sulfate, and filtered through
diatomaceous earth. See Example 15. The residue was
washed with 10 mL of ethyl acetate and the combined
filtrates were concentrated under reduced pressure.
Preparative TLC (5% ethyl acetate/hexanes on silica

15 gel GF, 1000u thickness) and recrystallization from
~aqueous ethanol gave fine white needles (78.6 mg,
0.267 mmol, 35%), m.p. 77-80°C. TLC (4% ethyl
acetate/hexanes on silica gel) showed 2 spots at R, -
0.21 and 0.24. |
20 (NA-1994A-286A)

37 - - (; - -3-01=~17-

Equilenin (0.6559 mg, 2.463 mmol) and p-
TsNHNH, (573.6 mg, 3.080ﬁmol) suspended in anh.

25 methanol (8.2 mL) were refluxed 24 h with exclusion
of moisture. See Figure 16. After cooling and
concentrating under reduced pressure the reaction
mixture was flash chromatographed (35-40% ethyl
acetate/hexanes 57%), m.p. 95-96°C. TLC (2% ethyl

30 acetate/hexanes on silica gel) showed product (R
0.1) contained a trace contaminant at the origin.
(NA-1994A-273B) )

X le 38 - Es - { - aen-3-o .
To a cooled (ice water bath) solution of
'35 crude estra- 1,3,5( 10)6,8-pentaen-3~ol 17-(p~
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toluenesuffonyl)hydrozne (7, 1.0887 g, <2463 mmol) in
anh. THF (25 mL) under argon was added n-butyllithium
(2.5 M in hexane, 3.9 mL, 9.8 mmol) dropwise with
stirring over 2 min. See Figure 16. Stirring was
continued 3 days, during which the reaction was

- allowed to gradually warm to room temperature. 50 mL

of 1 N hydrochloric acid-ice were added and the
mixture was extracted three times with 25 mL portions
of ether. The combined organic extracts were washed
with 50 mL of brine, dried over magnesium sulfate,
and filtered through diatomaceous earth. The:residue
was washed 10 mL of ether and the combined filtrates
were concentrated under reduced pressure. Flash
chromatography (20% ethyl acetate/hexanes on silica
gel) and recrystallization from aqueous ethanol with
charcoal decolorization gave tan platelets (245.8 mg,
0.9819 mmol, 40%), m.p. 162-163°C. : ' :

(NA-1994A-269A)
Exa e -~ Estra- 5(10),6.,8,16- agn-3-yl -
acetate, 9.

A solution of estra- 1,3,5( 10),6,8,16~
hexaen-3-0l Q8, 148.8 mg, 0.5944 mmol) in anh.
pyridine (2.0 mL, 25 mmol) and acetic anhydride (0.28
mL, 3.0 mmol) was stirred 6 h, after which ethyl
acetate (20 mlL) was added. See Figure 16. The
mixture was washed with three 10 mlL portions of 1 N
hydrochloric acid + 10 mL of saturated sodium
bicarbonate + 10 mL of brine, dried over sodium
sulfate, and filtered. The residue was washed with §
mL of ethyl acetate and the combined filtrates were
concentrated under reduced pressure.
Recrystallization from 95% ethanol gave lustrous
white platelets (99.4 mg, 0.340 mmol, 55%, m.p. 95-
96°C. TLC (2% ethyl acetate/hazanes'on silica gel)
showed product (R¢ 0.1) contained a trace contaminant

at the origin.
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B -57- "
] Example 40 - 17-Methylenestra-1,3,5(10)-trien~ 3-o
L . : . ) .

| A suspension of methyltriphenylphosphonium
promide (100.03 g, 0.28001 mol) and potassium t-

5 butoxide (31.42 g, 0.2800 mol) in anh. -
dimethylsulfoxide (DMSO, 320 mlL) under argon was
stirred in an oil bath (68-81°C) 1 h, after which
estrone (15.14 g, 55.99 mmol) in anh. DMSO (320 mL)
was added via syringe. See Figure 17. Stirring was

10 continued 1 h and the reaction allowed to cool. The
mixture was poured into 800 mL of ice-1 N
hydrochloric acid and then extracted three times with
400 nL aliquots of ether. The combined organic
extracts were washed with 350 mL of saturated sodium

15 bicarbonate + 400 nL of brine, dried over sodium
sulfate, and flash filtered through a 58mm high x 84
mm dia. column of silica gel (200-40 mesh). Product -
continued eluting with additional ether.
concentratioh”pf'appropriate fractions under reduced

20 pressure and three-fold recrystallization from
agueous ethanbl_gave very fine white needles (11.47
g, 42.73 mmol, 76%), m.p. 134-136°C, homogeneous to
TLC (20% ethyl acetate/hexanes on silica gel, R
0.45).

25 (NA-1994A-242B)

)

Example 41 - 17-Methvlenestra~ 1,3,5( 10)-trien-3-vl
A solution of 17-methylenestra-1,3,5(10)-
trien-3-o0l (10, 5.84 g, 21.8 mmel) in anh. pyridine
30 (32 mL, 0.40 mol) and acetic anhydride (9.7 mL, 0.10
mol) was stirred 24, after which ethyl acetate (250
nlL) was added. See Figure 17. The mixture was -
washed with three 100 mL portions of 1 N hydrochloric
acid + 100 mL of saturated sodium bicarbonate + 100
35 mnL of saturated copper sulfate + 100 mL of brine,
dried over magnesium sulfate, and filtered through
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diatomaceous earth. The residue was washed with 25
mL, of ethyl acetate and the combined filtrates were
concentrated under reduced pressure.
Recrystallization from aqueous ethanol gave lustrous
white platelets (5.84 g, 18.8 mmol), m.p. 77-79°C.
(NA-1994A-248B) o

To a suspension of chromium'trioxide (6.19 gq.
61.9 mmol) cooled to -8°C (ice-salt bath) 1n |
methylene chloride (100 mL) was added 2,4~
dlmethylpyrazole (5 95 g, 61.9 mmol) See Flgure 17.
After stlrrlng 20 min., a solution of 17~
methylenestra-1, 3, 5(10)-tr1en-3-y1 acetate (;;,
2.0001 g, 6.4428 mmcl) in 10 nmL of chilled methylene,
chloride was added over a period of 2 mln. so that
the temperature d1d not reach -6°c._ st;rrlng was
continued 2 h and the mixture was then passed through
a column of 100 g of silica gel (200-400 mesh)
Product contlnued elutzng with further methylene
chloride. Pocllng and concentration of approprlate
fractions under reduced pressure gave crude prcduct
which was further purifled by two-fold
recrystallization from agqueous ethanol to give
lustrous off-white crystals (334.0 mg, 1.030 mmol,
16%), m.p. 91-94°C. TLC (25% ethyl acetate/hexanes
on silica gel) showed product (R¢ 0.47) with two
minor contamznants at R¢ 0.30 and 0.39..
(NA-1994A-2722)

To a suspension of lithium aluminum hYdride ,
(53.6 mg, 1.41 mmol) in anh. THF (3 0 mL) under argcn
cooled in a dry ice/acetone hath was added 17~
methylenestra-l,s,5(10)-trien-6-on-3-ylsacetate (12,

Am
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251.7 mg, 0.7758 mmol) in anh. THF (3.0 mL) dropwise-

.with stirring over 8 min. See Figure'17. After

stirring 2 h, the bath was removed and stirring
continued a further hour. The reaction was gquenched
by stirring 1/2 h with Glauber’s salt (1.78 g). The
resulting mixture was applied to a short pad of
diatomaceous earth and extracted four times with 10
mL portions of ethyl acetate. Continued extraction
with five 10 mL portions of hot ethyl acetate and
concentration of all extracts under teduced‘pressure
gave a colorless film. Preparative TLC (40% ethyl
acetate/hexanes on silica gel GF,"“”IL'thickness)
gave a white foam (15.3 mg, 53.8 ILmol, 7%). TLC
(40% ethyl acetate/hexanes on silica gel) showed
major (Rf 0.29) and minor components (Rf 0.37).
(NA-1994A-283B)

Example 44 - 17-Methvlenestra-1,3,5(10)-trien=3-vl
~ To a stirred suspension of 17-methylenestra-
1,3,5(10)~trien=-3-01 (5.37 g, 20.0 mmol) and
potassium carbonate (50.82 g, 0.3678 mol) at reflux
in 90% ethanol (500 mlL) was added dimethyl sulfate
(5.0 mL, 53 mmol). After 1/2 h reflux additional
dimethyl sulfate (36 mL, 0.38 mol, in three 12 mL
aliquots) was added over the period of 1 h. See
Figure 17. The reaction was refluxed a further hour,
following which 360 mL of water were added and the
mixture was placed in the refrigerator overnight.

The resulting suspension was filtered and washed with

80 mL of 60% methanol + three 80 mL portions of 5%
(w/w) sodium hydroxide + three 80 mL portions of
water. The residue was recrystallized from agqueous
methanol to give white crystals (3.88 g, 13.7 mmol,
69%), m.p. 59-62°C. TLC (20% ethyl acetate/hexanes
on silica gel) showed product (R 0.63) with trace
contaminants at R 0.37 and at the origin.
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Example 45 = 17- e;hzlggestgg-g,5(19}—dieg-3-xl

methyl ether, 15.

Approximately 70 mL of anh. ammonia was

5 distilled.throth-a KOH tower into a 250 mL flame-
dried 3-neck flask fitted with an inlet adapter,
magnetic stirring bar, dry ice/acetdne condenser, and
ground glass stopper. See Figure 17. A solution of
17-methylenestra-1,3,5(10)~-trien-3-yl methyl ether

10 (14, 1.1297 g, 4.0001 mmol) and t~butyl alcohol
(13.21 g, 0.1782 mol) in dry THF (17 mlL) was added,

- followed by lithium wire (0.47 g, 68 mg-atom) cut in
small pieces. After refluxing under argon for 6 h
anh. methanol (6.6 mL) was added and the suspension

15 was stirred overnight while allowing ammonia to boil
off. Water (100 mL) was added and the Suspension was
extracted three timeg with 50 mL portions of

methylene chloride. The combined organic extracts i
were washed with 100 nL of brine, dried over sodium

20 sulfate, and filtered. The residue was washed with

25 mL of methylene chloride and the combined
filtrates were concentrated under reduced pressure.
The resulting light yellow oil was crystallized from

~agueous ethanol to give lustrous ﬁhite.crystals

25 (815.0 mg, 2.865 mmol, 72%), m.p. 77-78°C,
homogeneous'to TLC (R 0.60, 10% ethyi
acetate/hexanes on silica gel).
(NA-1994A-257)

Example 46 - 1z-uetnxlengs;;-4ién-3-oge, 16: Con.

30 hydrochloric acid (6.0 mL) and water (6.0 mL) were
added to a solution of 17-methylenestra-2,5(10)-dien-
3-yl methyl ether (15, 702.8 mg. 2.471 mmol) in
methanol (6 mL) and acetone (20 mL). See Example 17.
After stirring 1 h, sodium bicarbonate (7.50 g) was

35 added cautiously. The mixture was concentrated under



WD 96/ 10032 PCT/ US95/ 12542
- 28- conbination with E1, E2, E3, E5, E6, E7, E8, E11 or El12.
Hal oest r er'¥© 96/10032 _ PCT/US95/12542

reduced pressure once effervescence had ceased and

water (50 mlL) was added. The mixture was extracted

: three times with 25 mlL portions of methylene
chloride. 'The combined organic extracts were washed

5 with 50 mL of brine, dried over magnesium sulfate,
and filtered through diatomaceous earth. The residue
was washed with 10 mL of methylene chloride and the
combined filtrates were concentrated under reduced
pressure. The product was purified by decolorization

10 with charcoal, flash chromatography (20% ethyl
acetate/hexanes on silica gel), and recrystallization
from agueous ethancl to give a white powder (302.8
mg. 1.120 mmeol, 45%), m.p. 83-89°C.
(NA~1994A-271)

15 Example 47 ~ l17-Methvlenestr-4-en-38-0l, 17.
| - Lithium tri-t-butoxyaluminohydride (766.6 mg,
3.015 mmol) was added to a solution of 17-
methylenestr-4-en-3-one (1§, 203.7 mg, 0.7533 mmol)
in 10 nL. of anh. ether and the reaction was stirred 4

20 h. See Figure 18. Glauber’s salt (3.80 g) was added
and the suspension was stirred an additional 1/2 h.
The mixture was filtered through diatomaceous earth
and the residue was washed five times with 10 mL
portions of ether. The combined filtrates were

25 concentrated under reduced pressure and then
subjected to preparative TLC (5% ethyl
acetate/methylene chloride on silica gel GF, 1000 u
thickness) to give white needles (60.2 mg. 0.221
mmol, 29%) homogeneous to TLC (gf'0.37, 5% ethyl

30 acetate/methylene chloride on silica gel).
(NA-1994A-282)
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Example 48 ~ 17-Methylenestra-1,3,5(10),7-tetraen~3-

ol, 18.

Methyltriphenylphosphonium bromide (1.9967 g,
5.5892 mmol) and potassium t-butoxide (627.2 mg,
5.589 mmol) suspended in 6.1 mL of anh. DMSO under
argon were 1lh in an oil bath (71-83°C, after which
equilin (300.0 mg, 1.118 mmol) in 6.1 mL of anh. DMSO
was added via syringe. See Figure 18. After
stirring a further 70 min., the reaction mixture was
poured into 40 mL of ice water and extracted three
times with 25 nL portions of ether. The combined
organic extracts were washed with 25 mL of brine,
dried over magnesium sulfate, and filtered through
diatomaceous earth. The residue was washed with 10
nl of ether and the combined filtrates were
concentrated under reduced pressure. Flash
chromatography (15% ethyl acetate/hexanes on silica
gel) followed by preparative TLC (20% ethyl
acetate/hexanes on silica gel GF, 1000 u thickness).
gave an opagque white film (162.3 mg, 0.6093 mmol,
54%) . '
(NA) ~1994A-258)

Exa 9 - 17-Met! - 10 7-tetraen— =
yl acetate, 19. .
Methyltriphenylphosphonium bromide (3.33 g,
9.32 mmol) and potassium t-butoxide (1.05 g, 9.36
mmol) suspended in 10 mL of anh. DMSO under argon was
stirred 1 h in an oil bath (77-79°C), following which
equiilin (500.0 mg, 1.863 mmol) in 10 mL of anh. DMSO
was added via syringe. See Figure 18. After
stirring a further hour the cooled reaction mixture
was poured into 50 mL of ice-1 N hydrochloric acid
and extracted three times with 25 mL portions of
ether. The combined organic extracts were washed
with 25 mL of brine, dried over magnesium sulfate,
and filtered through diatomaceous earth. The residue
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Y2010 p vas yashed with 30 pL of ether aRy combingd Hlierares

synt heti c r ea@OnsgNtgated undsy xRAVGRA (RERASHESr hoTBesFESUAEing art (See
fgr : light yellow syrup was taken up in anh. pyridine (6.3

nL, 78 mmol), acetic anhydride was added (0.88 mL,

5 9.3 mmol), and the reaction mixture was stirred 16 h.
The mixture was then poured into 100 mL of 1 N
hydrochloric acid and extracted three times with 50
nlL portions of ether. The combined organic extracts
were washed with 100 mL of saturated sodium

10 Dbicarbonate + 100 mL of brine, dried over magnesium
sulfate, and filtered through diatomaceous earth.
The residue was washed with 25 mL of ether and the
combined filtrates were concentrated under reduced
pressure. The crude acetate was flash

15 chromatographed (5% ethyl acetate/hexanes on silica
gel) to give a vellow resin (494.7 mg, 1,604 mmol,
86%).
(NA~ 1994A-305)

- 0- - - - - - 4 e (-] -

20 To a frozen (dry ice/acetone) suspension of
estra-5(10) ,16-dien-3-one (1, 115.7 mg, 0.4513 mmol)
in chloroform (3 mL) was added m~-chloroperbenzoic
acid (MCPBA, 77.4%, 420.8 mg, 1.89 mEquiv. of
peracid) suspended in ether (4.3mL) and the mixture

25 was stirred 2 h. See Figure 19. The reaction was
then stored in a refrigerator for 18 h, after which
sodium thiosulfate pentahydrate [5% (w/w), 25 g] was
added. After stirring 5 min., the mixture was
extracted three times with 10'mL_portions of ether.

30 The combined organic extracts were washed with 25 mL
of saturated sodium bicarbonate + 25 mL of brine,
dried over magnesium sulfate, and filtered through
diatomaceous earth. The residue was washed with 10
mL of ether and the combined filtrates were '

35 concentrated under reduced pressure. TLC suggested
the intermediate 5B,10B8-epoxide had undergone partial
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0 mL of ~ether and the combined filtrates were
10 concentrated under reduced pressure. The residue was
subjected to preparative TLC (50% ethyl
acetate/hexanes on silica gel GF, 1000 p thickness)
to give a colorless resin (19.7 mg, 72.3 4 mol, 16%). '

(NA- 1993B-80)

15

To a cooled (ice water bath) solution of 18-
nor-i7-methylestra=-4,13(17)~dien-3-one (3, 0.23 g,
0.90 mmol) in anh. methanol (2.3 nlL) was added sodium

20 borohydride (0.23 g, 6.1 mmol) and the reaction was
stirred for 2 h. See Figure 19. Solvent was removed
under reduced pressure and 10 mlL of water were added

- to the residue. The mixture was then extracted three

times with 10 mL portions of methylene chloride. The

25 combined organic extracts were washed with 10 mL of
brine, dried over magnesium sulfate, and filtered
through diatomaceous earth. The residue was washed
twice with 5 nmlL of methylene chloride and the
combined filtrates were concentrated under reduced

30 pressure. The resulting slightly yellow solid was
purified by preparative TLC (5% ethyl
acetate/methylene chloride on silica gel GF, 1000 u
thickness) to give a yellow solid (53.6 mg, 0.207
mmol, 23%) homogeneous to TLC (5% ethyl

35 acetate/methylene chloride on silica gel; Ry 0.32).
(NA-1993B- 120)
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A enbodi ment of the aS n Ihdéﬁ%%&'ﬁgiﬁgdahas bggﬁhgﬂpi y%h?%g ng t he

hypot hal am ¢ functlon 0
record local electrical potentials from the human

S5 vomeronasal organ (VNO) and from the olfactory
epithelium (OE). Localized gaseous stimulation was
applied to both nasal structures at different
instances using specially designed
catheter/electrodes connected to a multichannel drug

10 delivery system. The local response of the VNO and
the OE showed a correlation with the concentration of
the ligand stimulus. ' |

The study was performed on ten clinically
normal (screened) volunteers - 2 males and 8 females,

15 ranging in age from 18 to 85 years. The studies were
conducted without general or local anesthetics.

The catheter/electrodes were designed to
deliver a localized stimulus and simultaneously
record the response. In the case of VNO recording,

20 the right nasal fosa of the subject was explored
using a nasoscope (nasal specula) and the vomeronasal
opening was localized close to the intersection of
the anterior edge of the vomer and the nasal floor.
The catheter/electrode was gently driven through the

25 VNO-opening and the electrode tip placed in the.
organ’s lumen at 1 to 3 mm from the opening. The
nasoscope was then removed. In the case of the OE,
recording the procedure was similar except the
positioning of the catheter/electrode was gently

30 placed deep in the lateral part of the medial nasal
duct, reaching the olfactory mucosa.

Localized gaseous stimulation was done
through the catheter/electrode. A constant stream of

~ clean, nonodorous, humidified air at room temperature

35 was continuously passed through a channel of the

stimulating system. The stimulating ligand
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i n seveBal RERF tShRTYFESsligand: hasthgynapadycayitihe direct contact with
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adni ni st er ed R A1y QFt?ﬁFQ%n-EhéﬁDPEE§BE Fslphmﬂﬁé ~ passage and

t he Vo sl (mV gans) wilhdys (po) |, 36eEstratetraen-3-0l

elicits a significantly stronger VNO response in
10 males than do _'l_:he other compounds tested (Fig. 2A). '
1,3,5(10)-Estratrien-3, 16a,176-triol also elicits a
strong VNO response. Furthermore, the VNO response
to these two Estrenes is sexually dimorphic - _ ‘
approximately four times as strong in males as it is
15 in females (Fig. 2B). In contrast, the OE response
in both males and females is low compared to a strong
odorant such as clove (Fig. 2C).

xa - eme -he € in Recept
otent of Neuroepi i the VNO i
20 : ious
The change in receptor potential in response
to seven different ligands was measured in 40 female
(Fig. 3A) and 40 male (Fig. 3B) subjects. Each
subject was administered 60 pg of each of seven
25 substances as indicated in the Figures. The
substances were administered, each separately for 1
second, using the procedure described in Example 20.
The change in potential of the neuroepithelium of VNO
was recorded over time and the ;ntegral-of the change
30 in potential for each of the forty subjects was
averaged. The results are shown in the figure.
Comparison of Figures 3A and 3B show that each
steroid is sexually dimorphic in its activity and
that some ligand substances are stronger in males
35 while others are stronger in females.
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administered to 40 male subjects using the procedure
described in Example 20. Propylene glycol was also
administered as a control. The ligand was
administered as a 1 second pulse.  The change in
autonomic function was first noted within 2 seconds
and lasted for up to 45 seconds. - As shown in Figure
4, when compared to a propylene glycol control, the

-Estrene, induced a significant change in the .

integrated receptor potential in the VNO (4A),
galvanic skin response (4B), and skin temperature
(4C) .

mple 55 = Co ison of e C e i ecept
Potenti c S e eroids.

60 picograms of each steroid and of a
propylene glycol control were administered to a male
subject as described in Example 21. As shown in
Figure 5, 1, 3 ,5 (10),16-Estratetraen-3-ol methyl
ether induced a greater change in receptor potential
than did 1,3,5(10),16-Estratetraen-3-yl acetate.

56 -~ Psychophysiologic t of Estrene

The psychophysiological effect of Estrene
stimulation of the VNO is measured by the coordinate.
administration of pheromone and guestionnaire

- evaluation of the subject before and after

administration. The questionnaire includes a panel
of adjectives used as part of the standard Derogatis
Sexual Inventory evaluation.

.40 subjects, all in good health, are
randomly assigned -~ 20 exposed to placebo and 20
exposed to about 20 picograms of 1,3,5(10),16-



a highly specific drug effect, thereby greatly reduci ng the potenti al

of undesirabl e side-effects. 5 VNO contact is inportant because
t he VIVO0i96/10032 associ ated with chenoreceptive/ pher ononabciuses/izse

The VNO consists of a pair of blind_tubular di verticula which are
found at the inferior nargln of e nasal septum The VNO contains

neur o- epit%gk?gte qﬁpnqa&$l%%%ﬁﬁ?gavgsd§%ggglgéggpses to the

anygdal a an rom ere to th anus 5t ence of the VNO .
has been mEme@dGuﬁenEaﬂEEnlnﬁﬂb ects tare cgivenl av@Ot divemt es i ncl udi ng t he
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xa 57 = Elect cal Stu
10 The following electrophysiological. studies
were performed in 60 clinically normal -human
volunteers of both sexes (30 male and 30 female) ' '
whose ages ranged from 20 to 45 years. No .
anesthetics were used, and female subjects were
15 excluded if pregnant.
The stimulation and reCOrding'system-
consists of a "multifunctional miniprobe® described
elsewhere (Monti-Bloch, L. and Grosser, B.l. (1991)
wEffect of putativefpheromones on the electrical
20 activity of the human vomeronasal organ and olfactory
epithelium," J. Steroid Biochem. Molec. Biol. 39:573-
582.). The recording electrode is a 0.3 mm silver
ball attached to a small (0.1 mm) silver wire-
' insulated with Teflon® the surface of the electrode
25 1is first treated to produce a silver chloride
' ‘interface, and is then covered with gelatin It is
pos;txoned within a small caliber Teflon® catheter
(dia = 5 mm) such that the tip of the electrode '
protrudes approximately 2 mm. The -Teflon® catheter.
30 is 10 cm in length and constitutes the terminal
extension for a multichannel delivery system which-
delivers a continuous air stream Carrying'discreet
pulses of chemosensory stimuli. The air stream first
passes into a small chamber and is bubbled through a
35 solution containing either a vomeropherin or an
olfactant in a diluent or the diluent alone. A .



25 drops or as an aerosol. Al ternatively, the active conpound
can be prepared as a crenme or an ointnent conposition and applied

t opi cal | yww démio03z he nasal cavity. As anot her al ternati peT/uboki2sazy nay
occur by controlled 30 release of these_agents by encapsulation either in
bul k or at a m croscopic |evel using syﬁfﬁétic pol ymers, such as

el case rate ciehsiaPtaYRes B8 Rapiai sy aiabad AL S HHrSRR (-
system 35 usefrom thetchbamber tof auzouter amic(u_@mssers $hand
Peppas, N. A éﬁ?u A Pr'afﬁfg agéatégcﬁ)&gﬁyggfg pulse R¥¥ YE&{ma1SHEN @S

gelatin and c se sl
PCT/ US95/ 12542in the air stream. A second, owter Teflon® tube with

S a diameter 6f 2 mm surrounds the catheter-electrode
assemblage, and its central end is connected to an
aspirator that provides continuous suction of 3ml/s.
This concentric arrangement of the outer suction tube
allows the emitted chemosensory stimuli to be

10 1localized to an area we call a "minifield" (approx.
dia = 1 mm), and it avoids diffusion of substances
either to the area outside the intended stimulation
site or into the respiratory system. The entire
stimulating and recording assemblage may be

15 positioned either on the neurosensory epithélium
within the VNO, or on the surface of the olfactory or
respiratory epitheliunm. '

ectro-vomeronaso G): Recordings are carried
out in a quiet room with the subject supine; the

20 multi~-functional miniprobe is initially stabilized
within the nasal cavity using a nasal retractor
placed in the vestibule. Reference and ground -
electrodes consist of silver discs (8 mm), both of
which are positioned on the glabella.

25 The entrance to the VNO, or vomeronasal pit,
is identified by first dilating the nasal aperture
and vestibule. A 6x magnifying binocular loupe with
‘halogen illumination is then used to introduce the
tip of the Teflon® catheter and recording electrode

30 assemblage into the VNO opening where it is
. stabilized at an approximate depth of 1 mm within the
vomeronasal passage. Optimal placement of the
recording electrode is signaled after testing for an
adequate depolarzzatzon in response to a test

35 substance.

Electrical signals from the recording
electrode are fed to a DC amplifier after which they



dissolve in a matter of mnutes to hours while silicone remins intact

for a period of nonths. The conpositions will include a conventional
phar mé%@a6/1@93? carrier or excipient, one or nore of 5 tPEI/EsISI12B2ESt r ene
conmpound(s) of Formula I. In addippion, the conpositions may include

ot her medi ci nal agents, pharmaceutical agents, carriers, adj uvants,
etc. are alahelaaat Eb&gwe@mﬁaﬁaﬂ%& £8Pe8! apdQ putative
human pheronpbne is the in §Iat|on of ,natura y occurri ng pheronone
present<nP??E?§RTHeBF amplitydge of §9&H§ﬂgﬁiiﬁv&§cEﬁ%%%rSFer0|ds

i ncl udi ng and tihe Aafleastindérethe] Gepoldr it £ rwdvé\nis ost - 16- en- 3- one,

S orr] - AnrieraE e ooont 28, FRRRIANARALY Boritsariiy ehe PE1ERRL: and may be

pr esent5 orbotie Qm‘hhe computer ecrieen exhad foxt & fdeigktalal |y occurring
(a0 PELPIERLOBE! Olack £alls" BRI 1Y S ARIIPY ST
hunman V\DUIQPYﬁm%R séﬁetéeﬁﬁtEd byptxaimdng heyguhiectmtt®al |y occurring
- steroid. pradti6€ h6GER BLEREHIAG WitN VeAldpiivyrifdul R PésuLe. | !
c sens i ts: Olfactory test substances
10 are cineole, and l-carvone; vomeropherins are A, B,
C, E and F. (Vomeropherins were supplied by Pherin
Corporation, Menlo Park, California), Samples of

vomeropherins In concentration of '25-800 fmoles are ‘

delivered in the continuous air stream for durations

15 from 300 milliseconds to 1 second. Usually,
intervals of 3 to 5 minutes seperated each series of
short test pulses. All components of the lines
carrying the test stimuli are made of Teflon®, glass
or stainless steel and are carefully cleaned and

20 sterilized before each use.

Electro-olfactaram (EOG): 01factcry recordings
employed the same stimulating and recording
multifunctional miniprobe as that used for the VNO.
The tip was slowly intrcduced-until the recording

25 electrode touched the olfactory mucosa. Adeguate
placement was signaled by a depolarization in
response to a pulse of the odorant test substance.

Cortical evoked activity was induced by VNO
stimulation with vomeropherins, and olfactory.

30 stimulation with odorants delivered in 300 ms air
pulses. It was recorded using. standard |
electroencephalographic (EEG) electrodes placed at
positions Cz-Al and Tz-Al of the 1nternatlcnal 10120
system; the ground electrode was placed on the

35 mastoid process. Electrodermal activxty (EDA) was
recorded using standard 8 mm silver electrodes in
contact with palmar skin of the medial end ring



Is estimated that, even during intinmate contact, a human subj ect woul d
i nhal e no nore than 0.7 pg of a 25 naturally occurring steroid fromthe
skin of arW@ReM0032  Fromthe anount inhaled only about 1% wWBGTHS?SERE4? t he
receptors of the voneronasal organ. Thuge{be esti mat ed nmaxi num nat ur a
exposure to naturally produced pheronones woul d be 0.007 pg. 30

The amount of ﬁﬁéafscﬁéa?&&@i&éﬁfwi theotidh a cdddudtiv@usée. be dependent
onm the subject, bern reated, ‘the severity of-the affliction, the
manner  of %?ﬁ?%??atiﬁﬁ}”’&“%@%ﬂ%&?@y #’ad’fﬁﬁii’%ﬁ?%‘k%,by a and the
judgnent of themalPsc¢liibdi my)pkhernistor3pridbes placed simotive dosgge of at
oot oanoht asear, 19b620" BRpHERY LA id® ot dd™ CrfE e o 1
PCT/ US95/ 1Z54monitored with a plethysmograph attached to the tip
of the index finger. Respiratory frequency (RF) was
measured with an adjustable strain gauge placed
around the lower thorax. All electrical signals were
DC amplified, digitized (MP-100, Biopac Systems) and
10 continuously monitored utilizing a computer.
Statistical Analvsis: EVGs or EOGS, peak-to-peak
changes and frequency changes of other parameters
were measured and statistically analyzed. The
significance of the results was determined by either
15 using paired t-tests or analysis of variance (ANOVA).
Effect of Vomeropherins on the EVG: Each of the
vomeropherins was found to produce a sexually
dimorphic receptor potential (Fig. 6A-B). Recordings
of the EVG were performed on 30 men and 30 women
20 (ages 20 to 45). Vomeropherins were diluted and
applied as 1 second pulses to the VNO with b minute
intervals between pulses when questioned, the
subjects were not able to "smell" or otherwise
consciously detect any of the vomeropherins. This
25 finding is in agreement with results previously
reported (Monti-~Bloch, L. and Grosser, B.l. (1991)
"Effect of putative pheromones on the electrical
activity of the human vomeronasal organ and olfactory
epithelium," J. Steroid Biochem. Molec. Biol. 39:573-
30 582.) which indicated that neit@er olfactory nor
vomeropherin test stimuli delivered to the VNO elicit
a perceptible sensation at the delivered '
concentration.
_ Fig. 6A shows the average response of male
35 subjects (ages 20 to 38) to the diluent, and to
equimolar-quantities (100 fmoles) of five
vomeropherins (A, B, ¢, D, and F), and to E, a



- 33- transi ent autonom c response when adm nistered to the nasal
cavity, the dosage is about 100 picograns to about 100 m crograns,

pr ef erV¥@P¢18433ut 1 nanogramto about 10 mi crograns, PEESHIAF42r abl y
about 10 5 nanograns to about 1 miggegram The frequency of

adm nistration is desirably in the range of an hourly dose to a nonthly

dose, prefaiaidyidomérSoki FeS/ #A% proflided ¥ the 'Peshdiite Jgy. MMOre
preferably 1 to 3 tines er day. O.ntnents, containing one or nore
active 10 (ﬁﬁdgh%nﬂubﬁFPgF?&F Hﬁ&r P BT N aﬂlu\,%mge?ﬁsa carrier,
such as, fregaprdigss, ofcage, ankli no, signitivant diddrenced! ycerol,’
exanple Shhe tayadTea "ERrREx py R-ERUE o K dhal¥SSF, 0 (O
phar madeutMariancedn Foxt example, Agofpepd: Doprastused or exanpl e, be
prepared ignireilase dEPgetdl IRE S NG, i, Wb aCtd Ve KPIPRYNd as
defi ned above and optional pharntceutical adjuvants I h @®carrier, such
as, for efarfpmV, e4 + 5 sV nandoMsaquddud @t ¥R e 449meso0l , et hanol, and
the like, g<p.01), that were consistent in all individual :
cases. Other vomeropherins depolarizéd the VNO-
10 receptors to a much lesser extent, but with
consistent mean response amplitudes from individual
to individual. Vomeropherins active in male subjects’
produced larger responses than the diluent (p<0.001). ‘
B, F and similar concentrations of olfactants induced
15 significantly reduced responses in the male VNO (Fig.
6A and Fig. 7). o
A similar experimental protocol was followed
with the 30 female subjects (ages 20_- 45). Among
the vomeropherins, F (100 fmoles) produced the most
20 significant differences within the group (Fig. 6B).
Here, A induced a small effect that was significantly
different from F (p<0.01). In both populat;ons'of
subjects, active vomeropherins induced receptor
responses having large standard deviations (Fig. 6).
25 When the frequency distribution of the effects of A
and F was studied in males and females respectively,
we found a bimodal distribution. The significance of
this observation'is being studied at this point.
E, a stereoisomer of F, does not stimulate
30 the VNO in female subjects while F does (FIG 6B).
This is a demonstration of the specificity of VNO
recognition of vomeropherins. In this regard it is
interesting to note that while F is a superior
vomeropherin, E generates a stronger olfactory effect
35 than does F (Fig. 6B and Fig. 7).
Effects of Vomeropherins on the EOG: The summated
receptor potential from the olfactory epithelium (OE)'



thereby forma solution or suspension. |If desired, t he pharnacéutical

conposition to be adm ni stered may . also contain m nor anounts of

nont oxi ¢ AV P¢/1098% subst ances such as wetting or enul si fRGTES9He¥2s, pH
25 buffering agents and the |ike, for ex | e, sodium acetate, sorbitan
nmonol aurate, triethanol am ne-sodi um acetate, triethanol am ne ol eate,

etc. Actual ngjdsee rdéﬁ ?@rgﬁgjgueg doiﬂgﬁmfl qxan’ﬁ q_dmown or will

be apparent, to t 0ose S In"this art see

Reni ngton' s PEATMALSSH | & CRDEFASS tepthe sensigivigy,efosh e[ﬁﬁﬁon PA,
15th Ed., 197%e %eropmmé; t£8E OF L8’ Tekd! sensieibe aditHaser ed will,

ANy event, Selig UM Vi2 20 S TRER Ohanes Wi FiiTes
subj ect beisng (Rizpt €ZA) . The meanfveceptoropotdntialdt ampldtuddie active
ingredient is il ilam AP hF % "ol HBohY. I Yhiellis study, B was
the only vomeropherin having significant effect in
the OE (p<0.02). Of the subjects questioned about
odorant sensations following each stimulus
10 presentation, 16 reported no olfactory sensation,
while three males and one female described B as an
unpleasant odor. This finding reveals that at the
concentrations used in our study, most vomeropherins
are not effective stimulants of the olfactory
15 receptors, but do have a clear effect on vomeronasal
receptors.
Effects of Olfactants on the EVG and EOG: In
contrast to vomeropherins, the olfactants l-carvone
and cineole produce only a minor local response in
20 the VNO (Fig. 7B). This was true for both men and
wvomen. As expected, these olfactants produced a
strong response in both men and women (p<0.01) when
locally applied to the OE (Fig. 7A). The diluent
depolarized olfactory receptors to a lesser extent
25 than cineole or I-carvorn (p<0.0l), and it did not
produce an olfactory sensation.
Reflex Effects of Vomeropherins: Studies were
conducted to determine the central nervous system
(CNS) reflex responses to vomeropherin stimulation of
30 the VNO. The sexually dimorphiq local responses
induced by vomeropherins (Fig. 6A and B) were
mirrored in the autonomic response of male & female
subjects. In male subjects (Fig. 6C), A and C
decreased skin resistance (electrodermal acuity EDA)
35 (p<0.01, n = 30). In female subjects. (Fig. 6B), F
and B produced greater decrease in EDA than A or C
(p<0.01, n = 30). '
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EDA and ST with a greater standard deviation than in
males. : _ : _
10 Cortical activity was recorded from Cz and
Tz in male and female subjects during application to
the VNO of air pulses (300 ms to 1 sec) containing
200 fmoles of vomeropherin (Fig. 6G and H). In males ‘
(Fig. 6E) A, C and D significantly increased alpha
15 cortical activity with a latency of 270-380 ms. D
and A evoked the strongest effect (p< 0.01).
Synchronization of the EEG was sustained for_1.5 to
2.7 minutes after application of a single pulse of
active substance. In females (Fig. 6F), a single
20 pulse (200 fmoles) of B or F applied to the VNO
increased alpha cortical independent ef'the_:esponse
of olfactory receptors. We found characteristic
specificities in the response of the human VNO and
the olfaetory.epitheliun which suggests that they are
25 independent functional systems with separate |
connections to the CNS (Broockover, C. (1914) The
nervus terminalis in adult man. J. Comp. Neurol.
24:131-135.) There is also preliminary'evidence that
the EVG is not associated with trigeninal nociceptor
30 endings since application of a lpcal”anesthetic (2%
lidocaine) to the respiratory epitheliun of the nasal
septum neither blocks nor diminishes_the EVG (Monti-
Bloch, L. and Grosser, B.l. (1991) "Effect of
putative pheromones on the electrical activity of the
35 human vomeronasal organ and olfactory epiﬁhelium," I

Steroid Biochem. Molec. Biol. 39:573-582.), also,



those sol d under the trademarks "Arlacel C' (sorbitan 20 sesquiol eate),

"Span 80" (sorbitan nonool eate) and "Span 85" (sorbitan trioleate;. The
surf act anWhMI0032 constitute 0.1-20% by wei ght of the conmpdGHYYH1254
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surfactant. Thie H¥sXiEMé<alpha activity in men. The steroid

E8/N1 exhibited the best EEG-beta activity in men.

The steroid E7/N1 exhibited the best EEG-alpha

activity in women. Additionally, it is noted that

10 E7/N1 exhibited excellent organ response, as shown by
the EVG data, in both men (Fig. 21A) and women (Fig.
20A), but there were gender differences in the CNS
(high EEG-alpha in women, high EEG-beta in men, Figs.
31A and B).

15 ~ VNO receptors are clearly more sensitive to
vomeropherins than to any of the olfactants tested;
the opposite is true for olfactory receptors. While
the OE may have receptor sites for some
vomeropherins, the response specificity of the VNO is

20 clearly different.

Sexual differences were noted in the
specificities'and_effects of two groups of
vomeropherins, A, C and D; and B and F. This
suggests a possible receptor-related sexual

25 dimorphism. The findings suggest the activation of
components of the autonomic nervous system In the
adult human by'vomeropherin stimulation of the VNO.

Furthermore, the results suggest that
stimulation of the VNO with vomeropherins produces

30 synchronization of the EEG (Fig. 6G and H) Thus, the
evidence herein indicates that the vomeronasal system
responds to a variety of chemosensory stimuli, and
that some are able to induce reflex autonomic
activity.

¢
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Af f ect, SAAfE®har acter 10 Traits. Feel i ng
states associated wiih akfetépoidvedpoundadd &hd Fdruldaits are
general |y neasured by use of questionnaire. For exanple
guestionnaires conpri si ng Bnaﬂber of adjectives which refer to 15
feeling states may be adm ni st g:to an individual.

wherein R,is selected from the group consisting
5 essentially of one or two hydrogen atoms, methyl,
methylene, and one or two halo atoms; R, is absent or N
is selected from the group consi‘sting essentially of
hydrogen and methyl; R; is selected from the group
consisting essentially of oxo, hydroxy, lower alkoxy,
10 lower acyloxy, benzoyl, cypionyl, gluouronidé and
sulfonyl; R, is selected from the group consisting
essentially of hydrogen, hydroxy, ‘lower alkoxy, lower
acyloxy, oxo and halo, R; is absent or is selected
from the group consisting essentially of hydrogen,
15 hydroxy, lower alkoxy and lower acyloxy; Ry is a
hydrogen or a halo; and "a" represents optional
aromatic unsaturation of i:'ing A of said steroid, or
WpW, ®eh, and "d" are each optional double bonds; and
llell llfll llgll llh!l "i" and lljll are each Optlonal
20 double bonds; with the provisos that°
(I) when "a" is present, R; is hydr’oxy, and "j",
| win,6 ugw and "h" are all absent, then (a) R,
cannot be hydrogen; or (b) R, cannot be “_oxo' '
if "e" and "f" are absent;



The i ndi vi dual evalu eeling state descri bed by the
adj ective and rates l I the feeling on a nunerical scale.
Cl ust er i NwOd6/10032 re and statistical anal ysiPECTAISON12592

subj ect's eval uati on of each adJ ectlve p.;.pw des a basis for the
measur enent of various feeling states. Alternatively, feeling
states may be ured biya@ug gn & gllgan Sis SHE¢ArezytNana wsed in
pel ygr aphi ¢ eva atlonstzegl v%nl C - Sglg% reespogz(ge 8 H§ B ?‘ge rate and the
like). Cabanac, M Ann angi tgr aT-‘eoﬂlﬂlh "(1"1'9715 prRsent, Har dy,
J.D., "Body Terrpera,gyéﬁ cHinHdtObe %ﬂné?, pp. 1417. In:

Medi cal Physi ol o&\s Vol - VB I\/bu tcast I'e (1980Q); Wbl fram
Bouscei n. El ect¥ rmal"%% '\'/ﬂ' Sh" PPF’em-im pres Present, then n(ahdition,

non- ver bal scues such asaﬁa;péagt ‘onecyL’ 0aY g IFW a@dpmxﬂre @y be
eval uat ed. 1] xanples are
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hydrogen.
(IV) when "b" is present, R; is oxo, "g", "h",
' - wiw wjye are all absent, R, is hYdi'o'gen,
10 (a) then R, cannot be one or two hydrogens
if “£v is absent, or (b) if »f" is present
R, cannot be methyl,
(V) - when "b" and "j" are present and R; is oxo,
then at least one of “e" or "f" must be
15 present or R, must be methylene; -
(VI) when "c" is present, "d" is absent and R, is
hydroxy, then (a) at least "e" or "f" must
- be present, or (b) R, must be methylene;
(VII)  when "c® and "a" are present and R, is
20 | methoxy, then (a) at least "e" or "f" must
| be pre'sent or (b) R, must be methylene;
(VIII) when "b" is present, R, is hydroxy and R, is
hydrogen ' then (a) at least "e" or "f" must
be p_resent or (b) R, must be methylene.

25 2. A compound according to c1aim_ 1 wherein
"a® i present and "g", "h" or "i" are optional
double bonds. '

3. A compound according to c1aim 1l where:.n
"p" is a double bond. :

30 4. A compound according to c1a1m 1 where:.n
ek and "d" are double bonds.



WD 96/ 10032
- 36-

50-70[err]);

DMVF=N,

PCT/ US95/ 12542

”m [’m 2d in the exanples are as fol |l ows:
; PE=pet r ol eum et hICTP39§/12542

aqg. —a§VR8uI3RT,

di rret hyl Lgguani de; DMSO-di met hyl sul foxide; 5

THF=t et r ahydr of ur an. Exanble 1 - - Synthesis of  Estra-1.3.5(101, 16-

tetraen-3-ol (28). 5. A compbind MdEMEAINGPLBOd1aEnSYNIRESESH S depi cted

in Figure £, is methyl and "e" is a double bond.

10

15

20

25

30

6. A compound according 'téi-ciaim. 2 wherein
said steroid is selected from the group consisting of
ESTRA-1,3,5(10),6,16~PENTAEN~-3-YL ACE?ATE; ESTRA-
1,3,5(10) , 7-TETRAEN-3~0OL; 17-METHYLENEESTRA-
1,3,5,7,9-PENTAEN-3-0L; 17-METHYLENE-6~OXOESTRA~-
1,3,5(10) -TRIEN-3-YL ACETATE; ESTRA-IZS 5,7,9,16~-
HEXAEN-3-OL; ESTRA-1,3,5(10, 6-TETRAEN-3—OL' 17-
METHYLENEESTRA-1,3,5(10, 7-TETRAEN-3-OL, ESTRA-
1,3,5,7,9,16-HEXAEN-3-YL ACETATE; ESTRA-

1,3 5(10) 7, 16-PENTAEN-3-OL, 17 METHYLENEESTRA—
1,3,5(10) ~TRIENE-3, 68-DIOL; ESTRA-l 3, 5(10) 7,16-
PENTAEN-E-YL ACETATE; ESTRA-1,3, 5(10).5 16-PENTAEN-3-
OL; and 17-METH¥LENEESTRA-1,3,5(10),7rTETRAEN-3-YL
ACETATE. | .

7. A compound according to j:c.!l'aim 3 wherein
said sterozd is selected from the group cons:.sting of
ESTRA~-4 16-DIEN-BB-OL, 17 METHYLGONA-4 13(17)-DIEN-
38-0L; and 17: METHYLENEES’IYR-4-EN-3B-OL_.,

8. A compound according to E'C_:l_ai'm 4 wherein

said steroid is selected from the group consisting of
3-METHOXYESTRA-2,5(10), 16-TRIENE and 3-METHOXY-17-
HETHYLENEESTRA-Z 5(10)~DIENE.

9. A compound according to Ciaim 5 wherein

'said steroid is selected from the group consisting of

3-HYDROXYESTRA-1,3,5(10), 16-TETRAEN-6-0NE, 6-
OXOESTRA-1,3,5(10) , 16~TETRAEN-3-YL ACETAEE, ESTRA-
1,3,5(10) ,16-TETRAENE-3,68-DIOL; ss-nynnoxynsrna-
1,3,5(10) ,16-TETRAEN-3-YL ACETATE; ESTRA-4 9,16-
TRIEN-3-ONE; 10-HYDROXYESTRA=-4,16-DIEN-3~ONE; ESTRA-
5(10) ,16-DIEN-3a-OL; and ESTRA-5(10),16-DIEN-3-OL.



10 Estrone p-Tol uen (27) _ Estrone (26) (270 g,
1.00 nole) and p- m m{l l! hydrazide (232.8 g, 1.25 nole) in dry
und

met hanol +w@.ognbdster er reflux for 20 hecTres9s/ 12542
m xture was transferred to a coni cal = | ask and allowed to cool. The -
crystal line product was filtered of'f nder suction and washed with

h I m
sngaugﬂ?l al( I?,SOevagjor Z?:Lgst' herr?;glst":(r‘?’(;'fll Qﬁ?,ﬁuﬁto %?X%’E%% Pefls %I%O m,

and al | owi ng t3~QNEcageoniiinge teafdaimm®. Total yield was 433 59

(999 . 1,3,5(10), 16-Estratetraen-3-o0l (28): Estrone

p-‘t ol uenesul fonyl hydr azone (27) (219. 500 mnole) in dry
‘tetrahydrofuran (8.0 |iddss)The %P%‘Bél éd*&m’@%m 4%”@03/16‘6 bat h.
The m xt ur mgeg&gaggghbytat ciasa ehil e n-butyl l'ithium (800 nml of
a 2.5 Msolution in hexane, 2.0 nol e) was added vi a doubl e- ended
needle. The m xture was sti rred at roomtenperature for 3 days. lce
(250 5 12. The compound ESTRA-1,3,5(10),16-

TETRAENE-3, 68-DIOL according to Claim 9.



30 g) was added, followed by saturated amoni um chl ori de sol ution (500
m ). The phases were m xed by stirring and then allowed to 3}35&? The
aqueous phase was renoved via aspiration with teflon RPURRA4E%t r act ed
W th etIW:?%’BQ%ZM). The two organi c phases were WO 96/ 10032 =
PCT/ US95/ 12542 _ : - 37- sequential ly washed
with the sane batch of saturated sodi um bi carbonate sol ution (500 m)
fol |l oned by saturated sodium chl oride solution (500 m). The

érganic layers were dried (MgSO err]) an(yﬂ'aporated in 5 vacuo to give
crude product. This was subjected to flash filtration on 500 g silica
gel 60, 230-400 mesh, eluting with ethyl acetate/hexane (25:75, 2.5
I'iters) The filtrate was evaporated in vacuo to give

N-NHTy

igure |

-

PSS

"l




crystalline material. The product was recrystallized 10 from net hanol (300
m)/water (75 m) washing with nmet hanol (80 m )/ water (20 m ). Further
recryst al waedsionsz f r om et hyl acet at e/ hexane (12. 5: 87.5) pgaVEsSoBI2Sa2
product (88.9 g, 709%. Exanple 2 - Synthesis of Acyl derivatives of
15 1.3.5(10), 16-Estratetraen-3-ol. To 1, 3,5(10)

, 16- Estratetraen-3-ol (254 ny, 1.00 n&?}g} in ether (10 mM) is added
acetic anhydride (0.25 m) (or propion'franh dride for the

propi onate) followed by pyridi n¥oferanasal Organ +MaleD nixture is stirred at
roomtenperature for 16 hours. The m xture is poured into ice/water and
exfracted with ether (2 X 20 m). The organic extracts are washed
with water, saturated copper sulfate sol ution, wat er, and saturated
sodi um chl oride solution, dried 25 (MgS( err]) and evaporated in vacuo to
gi ve the crude material. This is purified by flash chromatography

on 17.5 g silica gel 60 (230-400 nesh) eluting with 10% 12% et hyl
acet at e/ hexane to give the pure product

3@

| mVls

Covd

83,1641 R 4riok
Propylenc Glycol
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*1,3,5(10),16-Exrareiraca- 3ol



(192 ng, 65%.. 30 Example 3 - Synthesis of Estra-4 16-dien-3-one (1).
To estra-1, 3,5(10), 16-tetraene-3-nethyl ether (551.5 ng., 2.055 mmol)
in 8.6 m of anhydrous THF, approxi mately 30 m of anﬁ‘yngsl?é‘ ni a,
and 6. 7806100325t + _phytyl al cohol was added lithiumwire (0.24 g, 35 35
ng-atom) cut in small pieces. The reaction mxture WO 96/ 10032

PCT/ US95/ 12542 - 38- was refluxed 4 1/2 h
under argon, after which met hanol (2.3 m) was added and the ammoni a
was allowed to boil off overnight. ThgsEkesi due was di ssolved in 25
m. of methanol and was acidified to g

. Vomeronasal-Effects of 1,3,5(10),16 - Estratetraen-3-ol

mVzs

heet Has Been Replaced

T




5 approximately pH 1 with 5N HCl. After heating in an oi | bath between

55 and 70[err]C for 15 mn. the cool ed hydr ol ysis m xture was

partiti opaslodfoyeen 25 m of wat er and 50 m of ethyl 3gqiwios s t he
aqueous phase was extracted with 25 m of ethyl acetate. The 10

conbi ned organic extracts were washed with 25 m of saturated sodi um
bi carbonate and 25 niL of brine, dried over nmagnesi um sul fate, and
filtered. Renoval of sol vent under redu%d\ﬁpressure yi el ded 0.57 g of
oily residue which was \purified by flash 15 chromatography on silica gel

(el uent: 15% et hyl 4 iﬂl.!(d%tr;msaileﬁ_j@mon from
o m

péntane to give crystals (206.1 ng, 39% honbgeneous to TL p.
67-71[err] C Exanple 4 - Synthesis of Estra-2.5(10), 16-triene-2- 20
met hyl ether (2). To Estra-1,3,5(10), 16-tetraene- 3-net hyl ether
(1.22 g, 4.54 mmole) in 19 mM of anhydrous THF, 14.99 g of t-butyl

al cohol, and approximately 70 m of anhydrous ammoni a was added |ithium
wire (0.53 g, 76

mVas
S

fernnlies
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25 ng-aton) cut in small pieces. After refl uxing under argon for 6 h

the reaction was quenched with 5 m of nmet hanol and ammol oni a was
al | oned t gy 9érigess f overni ght. A suspension of the resi ggansdsigddam of
acetate and the

wat er was extracted twice with 100 ml portions of 30 ethyl .
conbi ned organic extracts were washed with brine and dried over

magnesi um sul f at e. Fol | owi ng-sol vent renovat, under reduced pressure the
resi due was flash chronmat ographed on silica gel USing 1% et hyl

acet at e/ hexane as el uent and therpﬁswaczphhdidwzmm% et hanol to

give fluffy white WD 96/ 10032
PCT/ US95/ 12542 : - 39- crystals (884.1 ny,
3.269 mmole, 72%9, mp. 72-73[err]C, honbgeneous to TLC.

20 1

mVks
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Exanple 5 -
Estra-2,5(10), 16-tri ene- 3- net hyl

di ssol veckv'br;sﬁ

tenperature
reaction m xture was quenched with 25
bi carbonate and then extracted tw ce vmth 25

fo34!

using oxalic acid dlhydrate (0.84 g,

of s%t/ate

of

(2)

Synt hesis of Estra-5(10), 16-di en-3-o0ne
et her

5
(646.3 ny, 2.390 mol e),

acetone was hydrol yzed for 6 h aRCFUa512542

6.7 mmle). The
d 10 sodium
portions of ethyl

acetate. The conbi ned or gani ciuman NG Maat Doseer&® agashed twice with 25 nl of
brine, dried 200BVET magnesium suTTare, TTTvered, ang Comcemraret——
under reduced pregsure. The residue was 15 recrystallized from hexane:to
gi*ve product (4@g 5 ny, 1.804 nmmole, 75%, mp. 112-116C . Exanpl e
6 - Synthesis of Estra-5(10), 16-dien-3-o0ls T (4). )

Estra-5(10), 16-1%

integrated LYUL (Yn3)

<

& & o O w é
Q QD o o o Q

~
Q

o

PROPYLENR GLYCOL

ANDROSTA-4, 26-D1EN-0NR

1.3,3(10), 16-RSTRATRTRASN-3-0L

en- 3-one (3) (301.1 ng,

v — e .

—— e p— g . =g in gy~ = e .

1.3,3(10),16-ESTRATETRARN-2-YL ACETAYE l

FIGURE 3A

B
i
:
P
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-
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20 1.174 mmole), in 6 nL of anhydrous ether was reduced for 1 h at
roomtenperature using lithium alum num hydri de (50.0 g?l. §9§1%8WD| e).
'1” I N

After quencg ﬁ(gazw'th sodi um sul fate decahydrate (2.00 :
t he WOHIEE0n was filtered through Celite and the 25 residue washed
with four 25 nL portions of ether. TheZ¢6@bi ned filtrates were
concent rat ed under r educigthap Vs B¢mai@nDogemsiofagged by fl ash
chr omat ogr aphyoo =TT U, D0 CLy T UL At B XIS O et r—yhts
subsequent prepdrative TLC of m xed fractions. The 30 nore polar product
coul d be recryfot allized with - consi derabl e | oss from aqueous et hanol to
give 4.8 ny of solid. The | ess polar product was recrystallized
from aqueous netlhanol to give white crystals (59.5 ng), mp.
98-100[err] C. 18gtal yield was 64.3 ng (0.249 35 mmol, 21%.
»;‘: 1 401
>
o 120
Z
- 1 CO1
©
]
- 801
-
@
s 60
40
291
°1
. g 3
8 : 3 g :
» - ~ 1
3 8 . - | _ i E
. $ g §
| s A g ]
5 7 ' 7 7
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WO 96/ 10032 PCT/ US95/ 12542

- 40- Exanple 7 - Synthesis of Estra-4.9,16-trien-3-o0ne
Estra- 5(¢/8)eg/boadi €n- 3-one (3) (0.38 g, 1.5 mol e), | nPEYPSAIREA2( 5. 0
m., 62 nmol) was cooled in 5 an ice-salt bath to -13[err]C and pyridinium
br om de perbrom de (1.58 g, 4.94 mol g;/\ms added in small
portions so that T<-4[err]C After swirlin phenol (0.25 g, 2.7
nmmol e) was added and reaction continued 24 h at room tenperature.
Ethyl acetate 40 (5Q W97 fdded an CLl 0Ny M X mas washed
with 256 m of 1IN HC®¥® twoj25 nl portions of saturatdd copper sulfate,
25 M of 5% sodi um aduo@l de, and 25 m of bring. After pdrying over
magnesi um sul f at e, fidtration, and concentratiorf under réduced pressure
15 the residue was Sakggydip in 10 nL of abs. e , gganul ar zinc
(0.33 g, 5.0 ng-atod wasjadded, and the m xture wag refl uxed 1/2 h. -
The super nat ant vvasg 60~ em)ved t he residue s washed jw t J 10 nL of abs.
E - -
g 21
= -#
=
-20 _
FROPYLENE GLYCOL 1,3,5(10) L L0-BNTRATETRARN=)=YL ACETA:
4
B 2 .00t
] I i
g o f 1
“—r Ozd he
é o : 3
< ‘- o
4- df‘ =
10 . .
C 18 «
pa.OD? -
J4 o
‘g 10 -
- -
w» ® [
< m o
-02 _ : B

PROPYLENE GLICSL 1.3,3(10),16-EFTRATETRARN=3~YL ACETATE
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et hanol, and the conbi ned supernatants were 20 concentrated under reduced
pressure. The resulting resin was flash chromatographed on silica gel
usi ng wo/fdoy! acetate/ hexane as eluent. Appropriate pcr/isoggisdpns
wer e pool ed, concentrated, and then recrystallized fromhexane to give
solid product 25 (117.5 ng, 0.4619 mmol, 31%, mp. 87-92[err]C. :
Exanple 8 - Synthesis of Estra-1.3.5(10). 16- éﬁ-ﬁen- 6- one- 3- acet ate
(8). Chrom um tri oxiense o} Gage. 041340 nol ) was suspended
in 200 nL of  net 3g%e ' ' e an

I ce-salt bath. g g Di net hyl pyrazol e (12.90 g, 0.1342 nol) wag added
artd t he fgxt P& was stirred 20 nin. Estra-1, 3,5(10)}, 16- _
tetraen-3-yl ace@28¢ (4.00 g, 13.5 nmol) in a chilled sol utionfof 20 niL
of methyl ene 2hl ggifle was added and 35 the reaction stlirred 2 h, [
which time TE'-'8[§§ C. The mixture was then s gh 2

0 g of
silica S

> i
.“5" 200 | $40.001 ’
3 1784 _
g 1504 q

12!1 y
3 100 .
S 78 ﬁ ) b

80 ,

1,3,5(10),16 BSTRATETRAEN-3-YL ACETATE
1,3,5(10),16-ESTRATETRAEN-3-OL METHYL ETHER
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WD 96/ 10032 ' PCT/ US95/ 12542

-41- gel and the product was eluted with further nethyl ene
chloridegﬂﬁ%@ﬁaé onbining and concentrating appropri at PCIESISIIPHS t he
crude pr S flash chronatographed siJica gel using 15% et hyl

on
dﬁ(/ fractions and

5 acet at e/ hexane as el uent. Pooling of appr
el ded a mhlte SO|Id (0.92 g, 3.0

concentrati
ol , 22%, p.
Estra-1.3. 5(1("\6-te
Estra-1, 3, 5(1d
30 of nethang
4

t@aen- 101 3-o0l -6-0ne
$43 Mol ) in

EVG (mV)

S a-CA

< AVan M < avuanmnn

I ]
3 [
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for 40 mn. The reaction m xture was concentrated 15 under reduced

pressure, taken up in 50 nL of water, neutralized with 1N HCl, and
ext r act edwiolwsaeo32i Nes with 25 nL porti-ons of methyl ene POTUSIHES4ZThe
conbi ned organic extracts were washed with 50 nL of ~ brine, dried over
magnesium sul fate, filtered, and 20 concentr at to give a white solid
whi ch was purified by recrystallization 17 enzene/ hexane and '
preparative TLC to give white crystalline solid (52.8 ng, 0.197 mmol,
3099, mp. 188-191[err]C Exanpl e 10 - Synt hesis of
Estra-1,3,5(10), 16-tetraen- 25 6[err]-ol-3-yl acetate (8).

Estra-1, 3,5(10), 16-tetraen-6-one-3-yl -acetate (6) (421.4 ny, 1.358
mol ), suspended in 35 nmL of 95% et hanol was reduced with sodium
~borohydride (98.8 ng, . 2.61 mmol) for 100 min. at roomtenperature.
‘After 30 concentrating under reduced pressure the residue was
suspended in 25 nL of water, neutralized with 1N HC1, and extracted
three tines with 25 nL portions of - nethylene chloride. The conbi ned

organi c extracts

’00000’!'0.0.
A NN
LI AN ]

’ ’e

[} [N ]
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were washed with 25 nL of brine, dried over magnesium 35 .sulfate,

filtered, and concentrated. The resulting WD 96/ 10032
PCT/ US95/ %46;1 032 - -42- whi t e pcaraysosyess4d | ash
chr onat ogr ap%ed’ on silica gel usi ng 25% et hyl acet at e/ hexane as el uent.

Combi ni ng fractions and concentrati on gave a ite solid (0.12 g,
0.38 mmol, 28%., mp. 209 ' | f

Estra-1.3.5(10), 16- te¢t r aene- 3, 6-diol (9). To a suspgnsi on
of lithium alum num hydrigfle (LAH, 95% 46.9 ng, 1.17 nmmol) in 5L of

anhydr ous THF upas aded estra-1, 3,5(10), 16-tetraen-6-one-3-yl - §{
. 9
ST} ,
= 04
(]
¢
E o
(]

87 (°C)

This Sheet Has Beep Replaced
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10 acetate (6) (422.9 ng, 1.360 nmmol) in 5 nL of anhydr ous THF

dropwi se, with stirring. The reaction was stirred 50 mn., after which
further welbsqend25 ng, 1.16 mmol) was-added and the reRAWGSPSHRIR2red 22
h. After refluxing 4 h TLC still showed starting 15 material. The

reacti on was quenched with 0.5 nL of water + 0.5 nL of 20% (w w)-
sul furic acid and concentrat ed under rgggﬁggjg%essure. The residue was
extracted four tines with 10 nL portions of hot @&thyl acetate and
filtered through Celite. The conbined 20 filtrates were concentrated and

purified twice by PSSt iSO OJuct (0. 05 g,
0.2 mol, 10%, m p."™"99H0- 157[err] C. Exanpl e 12 - Synthes of
Estra-1.3.5(10),7-te 3-ol (10). To a suspersi on of
equilin 25 (10Q.2 in 2 nmL of diethylene glycol} wer e
added hydrazineg (59, L9 Mol ) and potassium hydr oxi e (0.04 g,
0.7 mol ). The & xt Ut stirred in an oil bath at 200-214[err]C for
2 h, after shi ch d reaction was diluted wt of

. 4

s

£

-

oy

g

-y

¢

R

T

FIGURE ¢



30 water, neutralized with 1IN HO, and extracted three times with 25

nm. of ether. The conbi ned organic extracts were washed with 10 nL of
brine, drygbhsasf magnesi um sul fate, filtered, concentrp&pdsosanss
purified by preparative TLC (silica gel, 15% ethyl 35 acetat e/ hexane
eluent) to give a yellow resin. WO 96/ 10032
PCT/ US95/ 12542 _ ﬁf Product was furt her
purified by decolorizing with charcoal afdPer ystal lization from
aqueous et hanol to give tan crystals (13.2 ng, 51.9 [err]M 14%, mp.
130- 134 err] C. 5 Exanple 13 - Synthesis of 20-Honvestra-1.3.5(10),
o :
NoH¢ / KOM
—
HO
b ¥4
WA,
—
o)
HO
1
u
FIGURE 10
—_—
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6.8, 17- hexaen-3-o0l (11). A suspensi on of

tri phenyl met hyl phosphoni um brom de (671.0 ng, 1.878 ny) and potassi um
t - but oxi deyg 9671003212.- 1 ngy, 1.890 mmol) in 2.1 nL of anhydr oupcipidsok/iddsas
heated in a 76-86[err] C bath under argon for 1 h, after which equilenin
(100.1 ng, 0.3579 mml ) in 2.1 mL of anh. DWVMSO was added and the green
sol ution was stirred 1 h. After cooling 10 nL of ice-1N HCO were
added and the mixture was extracted with thyes Z0=nm 15 portions of ether.
The conbi ned organic extracts were washed with 10 nL of saturated

sodi um bi carbonate + 10 nL of brine, dried over pum sul f at e,
fi*ltered through Celite, and concentrated - under, ORyressure. The
residual orange oil was 20 purified by prepar atm( ca gel, 25%
et hyl acet at e/ hexane) to give product ( > nmol , 76%
“honmogeneous to TLC, mp. 113-121[err]C. Synt hesi s of

Estra-1.3.5(10),6-tetraen- - 3-ol (17)
Estra-1, 3,5(10), 6-tetraen-3-o0l -17-one (QP 1

11 R} =OH; R*=H (87%)
12 R'= H: R'=OH (87%)

This Sheet Has Been Rep
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mg, 0.339 mol ),

hydr oxi de (0.06 Q)

200[ err] C bath under argon for 2
wer e adswaloaio@sso

hydrazine (54 [err]L, 1.7 mmol),
in 1.8 nL of ‘diethyl ene

gl ycol

and

resul ting suspension was extracted three tinmes with

t he conbi ned organic extracts were he

over nagnesi um

under reduced pressure.

PCT/ US95/ 12542

(25% et hyl
TLC (5.9

1) LiNH4R-BUOH

acet at e/ hexane on
23 [err]nol,

\

ng,

2) H,0'

/

MeO

sul f at e,

‘ LiNHa-BuOH

filtered thrfou
The crude solid was purified

- 44-
79 .

<!

ol
o
Q
<
pn ot
o
o
o
2
ol
e
Q
2

e—

pot assi um

mere heatedl
h. After cooling to 254 mater
the solution was acidified to pHerr]2 mnth 1N HC . The

10 nL of ether and

with 10 nmL of brine, dried
>YClite, an

d concentrated 35
WO 96/ 10032
by preparative TLC

silica gel) to give product honpgeneous to

2)Zn

ELGURE 24
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Exanpl e 15 - Synthesis of Estra-4,16-dien-3-ol (18): 5 To

estra-4, 16-dien-3-one, (1) (87.2 ng, 0.340 nmml) in 1.7 nL of anh.

et her was wadmseio63zt hi um al um num hydri de (15.0 ng, 0.395poTmisds/se t he
suspension was stirred 17 mn. Reaction was then agitated 10 mn. with
0.50 g of sodiumsulfate 10 decahydrate rktered through Celite. The
resi due was washed yPtR three 10 nik portions of e f and the

cofrbi ned filtrates were centrated under reduced essure
Preparative TLC (5% e acet at e/ di chl or o- net esye=dn silica gel) gave
crude 15 product (50. s a yellow resin. Thi

rechr omat ogr aphed untii | s rdy re. Exanp I

Estra-4, 16-di en-3-one (9).
11. 19- Nor -t estostero
Chem cal Dynamics Corp. It y for
19- Nor - 16- andr ost ene X) was
converted into the acetate A ) . Am\_Chem

This synthesis |
I X) is commercially avail g
des the starti ng nat

ct@d i Figure
20 e.g., from

NaOH

L
-luo q

FLGURE = O
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Soc. (1956) 78:5662) with acetanhydride and pyridine. 25 (a) A solution of

this acetate (4.8 g, 15.17 mol) in toluene (10 m) was pyrolyzed (b)
at 540[ er WO $&3032Tor r slow N2-strean) in a glass tube P&IRUSASAFSHH
quartz pi eces. Chromat ography of the crude pyrolysate (3.1 g) on
silica gel (150 g) with CHerr]d [err]gave 1 g (28% 30 of the honbgenous
oily ketone 9; +57.9[err] (C 1) ((27]: /ﬁg?l-n[err]). - IR

(GHCA [err]): 1660s, 1615m 1585w, - [érr]H-NVR (90 MHz): 0.84 (s, 3
H; 5.82 (m 2 H),; 5.87 (br. s, 1-H. Example 17 -
Estr-16-en-3-one (10). WO 96/ 10032

PCT/ US95/ 12542 -45-

Ho ol
P =

F1G. 14
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This synthesis is depicted in Figure 11. 19- nor -t est ost erone was

reduced to 19-nor-5a- Andr ost an- 17 -0l -3 -one (XX) with |ithium and
anmoni a &% ccording to the nmethod of Villotti, R, etpcalus9$d2s425 Am
Chem So ?‘?{%’6? 82:5693). Androsta-ba, 17-di I- 3-one (XX) was
converted into the acet@e (Hartman, g al., J. Am Chem So®NNHTs
(1956) 78:5662) w th acet anhydri dﬁi@%ﬁ%rl di ne (a) A sol utiqQn|ofl]] 17B-
acet oxy-b5a-Estra 8.0 g, 25.1 oct ane/ acet ong 10 22
m ) was pyrol @ 50[err] (200 Torr, slow N er ‘
Chr omat ogr gg pre crude product (5.4 g) on silicg 3 ith
CHerr]dJ[E ecrystallization of the honbgenous pns f-rom
PE gavpep” T3 3% .- of the pure 15 Kketone 10. Mg~ N al -
+72. 8 err C1l.0). -IR (CHA [err]): 1705s, 1585w, - [err]H—NI\/R (90

C Miz): 0. 78ehyd 5.71 (m 1 H): 5.87 (m_£"H). 1Exanpl e 18 -
Estra-16-en-3[err]-ol (11). Thi s thesis is depicted in

Figure 11. L- 20 Selectride (d, r-Bubi um j+7(sec-butyl)hydridoborate, 4

T\GURE S
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m of a 1 Msolution in THF, 4 nmol) was added - dropwise at O[err] to a
sol ution of ketone 10 (800 ng, 3.10 nmmol ) in dry ether (5 m). After
stl rring weledoosz h at Olerr], water was added (10 m). THRCTUS9SHS2ver €
oxi di zeg by addi ng 10% ag. NaCH sol ut, _94(’5 m), foll owed by 30%
aq H[err]qerr] solutidd (3 m) and stirring for 3 h at RT. AfteNNHTs
: productTg 'q? Ca. 9:1 mxture of
h

12) was 2 d on CHerr]Clerr] t 00
30 nmg (87% C : ol 11. I\/lp. 119 120[err]-123-124 om
PE), [a][e i ) (C=1.0) . - IR (CHO[err]):
be., 1585w, H NVR (90 MHz): 0.78 (s, 3 H;
[err] 840 . (m 1 H, 587 (m 1 H). HOTO
PCT/ Us95/ i‘ﬁ nin - 46- 5
n-Buti
“ Ac,O / pyridine “
LI »ee
8 2
Flauee b
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Exanmple 19 - Estra-16-en-3B-ol (12). This synthesis is depicted
in Figure 11. A solution of the ketone 10 (800 ng, 3.10 mmol) in dry

et her (5 wo)esnagszadded dropwi se at RT. to a slurry of 5 Lpétrokesinks2 38
my, 1 nmmol) in ether (3 m) (e). After 1 o2r hi7the mixture was hydrol yzed
with 10%aq. Herr]SJ erg]. After workup (ether), the crude product
(802 ng, 9:1- ¢ of 12 and 1& was chr omat ographed on sili

gel with CHerr]d A smal | fradthsBrCH 211 (70 ng) was 10
first, followed b n fractromrof—t2————%85>ny, 87%. |
err] (C= 1.0). - IR (CHA[
NVR. (90 MHz): 0.78 (s, 3 H);
[err]( ; 571 (m 1 H, 587 (m 1H
Al ternattve. gnt hesi s of Estra-4, 16- di en- 3- one HO

Estra4, 16-di e, 1: To estra-1,3,5(10),, 16- t et r aeng@03- net hyl

ether (551.5 ng, 2.055 mmol) in 8.6 mL of ydrous THF, approxi mately
30 nmL of anhydrous Ac,0 / pyridine
Me,SO,
: Y
AcO l I Mﬂ/&ﬂ
CrQ, / dimethyipyrazole Li / NH,
' . '
AcO m@
o
13
l Hor
Tiaure (7. o
13 " 18

“ﬁﬁ'iimi‘iﬂﬁﬂi nﬁn



20 ammonia, and 6.76 g of t-butyl alcohol was added lithiumwre (0.24

g, 35 ng- aton) cut in small pi eces. The reaction m xture was refluxed 4
1/ 2h gon, after which nmethanol (2.3 nlL) was addecitruses/iasad t he
annnlonla mas owed to boil off overnlggaib/E The residue was di ssol ved
in 25 nL of nethanol ang was aci difi Siproxi mately pH 1 with 5N

HO . Af ter heating dn an oil bath gi and 70[err]C for
mn. the cool ed S mxture 92§g$$§£0 bet ween

water and 50_nlL @
Wi th 25 nmLeOof g acetate. The conbi ned organi c ex S LA NS
wth 25 nL g ted sodi um bi carbonate and 25 ni dried
over nagye uAfate, and filtered. Renoval of sogder reduced

O

PheP=CH,
(D —— (D
HO O‘ o HO “ |

ullin - 18

Flauee 18. Ac,O / pyridine
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WD 96/ 10032 PCT/ US95/ 12542

-47- chromat ography on silica gel (eluent: 15% et hyl
acet at e/ hexane foI | owed by recrystalli ;@3 Lrom M%‘”PB“& ve _
cryst alo@d¥34 ny, 39% honpgeneous . mpT 67-71[err]C.
(NA- 1993A- 38, 42D) Exanpl e 21 - éﬁga 2.5(10)
et her. ) To estralM 16-t et rjaene- 3- net
(1 22 g, m L ef allllyUl ouUS LA
*al cohol , sal/ely 70 niL of anhydr ous j o ordle Ithium
wire (0 ng-atom cut in small pieces. . After
refl uxi gon for 6 h the reaction was Y W, 5 nL of
‘et hanQl ‘ Dl onia was 15 allowed to boil off . A suspensi on
of the redj due in 100 nL of water was extracted twice with 100 nL
.portions of ethyl acetate and the conbi ned
KOH / MeOH, A
Y
OH
O
2
NaBH,
o HO
4
g -
Flaure 19,
lS Sheet Has Been Replaced
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organi c extracts were washed with brine and dried over nmagnesi um

sul fate. Foll ow ng sol vent

renmoval 20 under reduced pressure the residue

was fl asfW096/10032 onat ogr aphed on silica gel using 1% et hyl PCTMUS95/12542
acet at e/ hexane as eluent and then recrystallized from abs. ethanol to

gi ve quffy white crystals (884.1 ny, %;?%28§nngl, 72%, mp.
72- 73[erg! ! h _ ags to TLC. 25 (NA-I =74 TTA) Exanpl e 22 -

Estra 5

7

eN- 3-one, .3

Estira-2.5(10). 16-triene-3-nethyl

et her,

(646 3 ny,
hydrolyzed for 6 h at

(0.84 g4 6.7 mol ). See Figure

with 25nL of

sat ur at ed sodi

12. The reaction m xture was quenched
Im bi carbonate and then extracted tw ce

-

with 25{nm portions of ethyl acefate. The conbi ned organi c extracts
were wBghed twice with 25 nL of

filtered, and

21

154

EVG gnV)

1¢H

5-

4

EFIN

B5 Dbkine, dried over nmagnesi um sul fate,

ACEATE

FIG 20 A

SG/vr  E&/NI SlyNs  EiYNi NI ES/NI SYINZ EM EPM

El/Ny
AETDTE

ESTRA ~5(10), 16~ DIEN - 3a -OL
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2. 390 nnDI) di ssolved in 50 nL of acetone was
roomtenperature using 30 oxalic acid dihydrate

£2/ Nf



WD 96/ 10032

-48-

75%, m

PCT/ US95/ 12542
concentrated under reduced pressure. The residue was

recryst al | maegde/ioogan hexane to gi ve product (462.5 ng, 1 p@QAusoEPisaa
p. 112-116[err]C. (NA- 1993A-78A) 5 Exanple 23 -
Estra-5(10), 16-di en-3-0l s. 4. Estra-5(10), 16-di en-3-one, 3

(301.1 ny, .1.174

at= room 1.-32
mol ). Ste-Figure—t>—ATeT TO q"u_"'ﬁT"ﬁ""enc g Wih sodrumsultate aecanyarate
(2.00 g) for 10 mn. the suspension was filtered through Celite and
the residye washed with four 25 nL portions of ether. The conbi ned
filtrates (were
s‘ -
6' -
44 T
‘T <
= > | .
.;-‘ A
| ey .  a—
. e d _ )
-24
e

I n nmL of anhy et her was reduced for

teﬁ%ﬁu‘@@nﬁ&%ﬁl i thi um al um num djl-gé.' (50.0 1y,

1h

EpNn E6iNy E6NI SN Eidm EUNL ES/VI SYHNZ EQIM  EZIN
ALETATE ACSDATE

Fic 202
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concentrated under reduced pressure and purified by 15 flash chromat ography
(silica gel, 5% ethyl acet at e/ hexanes eluent) wth subsequent
pr epar at i %) 96/10032LC of m xed fractions. The nore pol ar prodecrrusesm2e42 be

recrystallized with considerable | oss from aqueous et hanol to give 4.8
ng of solid. The | ess polar 20 product

m§§4g stalllzed from aqueous
nmet hanol to glve white crystals (59 ng) , . 98-100[err]C. Total
yiel d vvaism ﬁ@ mpl, 219% . . (NA- 1993A— 80, . 83A__85A)

Exanpl elpt—=—fstTo7, ~9T5" trlen 3-one, b. 55

‘Estra-5([0), 16-di en- 3- one, 3 (0.38 g, 1.5 mmol ), in pyridine (5.0 ni,
62 mmol ){was cooled in an

ice-salt bath to -13[err]C and pyridini um

brom de perbromide (1.58 g, 4.94 mmol) was added in snall portions
so t hat.& T<-4[err]C. After swirling 1 min. 30 phenol (0.25 g, 2.7
mmol ) wap added and reaction continued 24 h at roomtenperature. See
Figure 1. Et hyl acetate (50 nL) was added and the reaction m xt ure
was washpd with 25 nL of 1IN HO, two 25 ni

64 <

44
= 2 '
v

[¢®

= i
24
._4T
Eopn By E6vi_ S gy Eami ES/NI SyNL EGIM E7MI 3 Aum sy

- . ALETATE _ ACEDTE ’

L

]

[V

1]

$\

| R

FiG RCcC ?

=

&

§
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portions of saturated copper sulfate, 25 nL of 5% 35 sodi um hydroxide, and

25 mL of brine. After drying WO 96/ 10032 :

PCT/ US95/ WEs%6£10032. - 49- over PEDMSSS/iEsY2

sul fate, filtration, and concentration under reduced pressure the

resi due was taken up in 10 m. of abs. ethanol, granular zinc (0.33 g,
5.0 ny- [ added, and the m xtyge ~refluxed 1/2 h. 5 The
super%t%erﬁg@%ﬁed the residue was v%gi . wiaih 10. 1 of abs..

et hanol | and the conbi ned supernat ants.were concentrated under reduced
pressure¢. The resulting resin was flash chr omat ogr aphed on silica gel

using 1%% ethyl 10 acetate/ hexane as eluent. Appropriate fractions were
pool ed, |concentrated, and then recrystallized from

254

20 T

15+

VG any)

1

8

ua====-e====——===a—a===-—===a-d===L—====—d===-=#=h—=a==—ﬂ===—-L===—d===a-

EpNa E6/Ni EGNI EigNs RN Sl S/ EWNZ  EGIM EZ

d &N E3/My
ACSTATE ACCATE ?
o
o
S
r'd Q
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u
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hexane to give solid product (117.5 ng, 0.4619 mol, 31%, mp.

87-92[err]C. (NA-1993A-62, 65B) .15 Exanple 25 -

Estra- 1, 3Ve0 260)0082 t et r aen- 6- one- 3- acetate, 6. PCT/ESI5/Q2840 M
trioxide (13.40 g, 0.1340 nol) was suspended in 200 nL of nethylene
chl oride and then

cooled to -10[err]Cin an ice-salt bath. 3,5- 20
D et hyl yrazole (12.90 g, 0.1342 nol) was. %gg?d/ the m xture was
st rr e, g@ . Mogen .gure 13. . Estra-1, Jﬁi 16-t et

raen-3-yl acetate
(4.00 g, T35 nnDT) Ina chilled solution of 20 nL of nethylene
chl ori def was added and the reaction stirred 2 h, 25 during which tine
T[err]-8[err]C. The mxture was then filtered t hrough 200 g of sikica
gel andsft he product was eluted with further nethyl ene chloride. ﬁdJer {

conbi ningg and concentrating appropriate fractions the crude product was
flash chromat ographed on silica gel 30 using 15% et hyl acet at e/ hexane as

el uent ,,|Pool i ng of appropriate fractions and concentrati on under
reducedm _

254 : .
! | - |

Y

CGSR(S)

1ud

154 I | _
[ |
|

L7
—p
—
by
F—
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5},4,.. SN E6/NI ExiNs  EIfN SN ES/Vl YN EGM  EZV ElifNt  E3/Ny
AL, ] 4
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pressure yielded a white solid (0.92 g, 3.0 nmol, . 22%, mp.

87-103[err] C (NA- 1993B-39B) . WD 96/ 10032

PCT/ US95 - 50- Ex amPICa/(585/12542
Estra-1. 3. (10) 16tetraen30| 6- one.

Estra-1, 3,5(10), 16-tetraen-6-one- 3-acet ate (203.1 ng, 0.6543 nmml) in

30 of nethanol was 5 saponified vmth_,;%s:—of 5% (W w) sbdi um hydr oxi de
for 40 rEman:Séechng’mre 13. The reactio ure was - concentrated

under reddeet—presstre—t o Tt e T et gt h 1N
HCO , ang extracted three tines W|th 25 nmL portions of nethylene 10 '
chl ori dja. The conbi ned organi c extracts were washed
03+ ‘[ ’ o :
i._L_, . T
{ _ : _ & s

- (154

N IR ]
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-14d
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with 50 nL of brine, dried over nmagnesi um sul f ate, filtered, and
concentrated to give a white solid whi ch was purified by
recryst akld sgidean from benzene/ hexane and preparative THOF/USISHRSAR white
15 crystalline solid (52.8 ng, 0.197 nmol, 30%, mp. 188- 191 err] C.

( NA- 1993B- 24, 27B) Exanpl e 27 -

Estra-1,3,5(10),16-tetraen-6[err] ol - 3-yl acetate, 8. 20

Estra-1, 3,5(10), 16-tetraen-6-one-3-yl aﬁg tate, 6 (421.4 ny, 1.358
mol ), suspended in 35 nL of 95% f%? mas reduced with sodi um

bor ohydri de (98.8 ng, 2. &tﬁ%ﬁﬁ) for 100 mn. at room temperature.

25 nL of water, neuMe8l i zed with 1N HJ, and

combi ned orggani c gﬁiracts” were washed with 25 mL of brine, driled jover
magnesi um 30| sul fate¢, filtered, and concentrated. The resulting

v

1
)
o
bl

EEG-V-Iaipha EEG-V-beta EEG-T-alpha | EEG-T-beta

Fi& 22 A
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white foamwas flash chromatographed on silica gel usi ng 25% et hyl
acet at e/ hexane as el uent. Conbi ni ng fractions and concentrati on gave a
whi t e sol wib 46010622 g, 0.38 mmol, 28%, mp. 209-212[ err] CPCRBSYSX542
1993B- 42D) WD 96/ 10032

PCT/ US95/ 12542 - -51- Exanpl e 28 -
Estra-1.3.5(10), 16-tetraene-3.6-diol. 9. To a suspensi on of
| ¥t hi um al um num hydri de (LAH, 95% 46.9 , 1.17 mol) in 5 nL of
anhydr ous THF was added stra 1, 3, 5(1 }gt'cétraen 6-one-3-yl 5
acetate, 6 (422.9 ny, 1. 3689 in5 of anhydrous THF dropwi se,
wth stirring- Fe—s ter
whi ch furdt her cI)_sAH (46.5 ny, 1.16 mo¥9™8fas added and the
T : {
.0251 _ - !
021 L
015 :
014
.0054 §
0
‘_-005 L T - T T
EEG-V-alpha EEG-V-beta  EEG-T-alpha EEG-T-beta

22 B
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reaction stirred 22 h. After refluxing 4 h TLC still 10 showed starting

material. The reaction was quenched wth 0.5 nL of water + 0.5 nlL of
20% (W Wive vd/foasd C acid and concentrated under reduced RTASOHIB42 The
resi due was extracted four tinmes with 10 nL portions of hot et hyl
acetate and filtered through Celite. 15 The conbined filtrates were
concentrated and purified tw ce by flash chromatography to give solid
pr oduct (0.05 g, 0.2 nmol, 10%, m p. 150-3157[err]C ( NA- 1993B- 29,
32B) Exanpl e 29 - Estra-1, 3, 5(10), Z&e¥kaen-3-0l . 10. 20 To
a suspension of equilin (1%_057,«”9 0. 3733 mmol) in 2 nL of diethylene
gl ycol were_added hydrazine (50 [erpll 1.9 nonl) and potassium
hydr oxi de (0.04 g, 0.7 mmol). See Flgme 14. The mxture was gtirred
in an oil Bbath .a85; _ »d rjeaction
was diluted with 1] ' ‘wat er, neutralized with IN HO', and eftracted
three tli mes ‘Wpfh 25 L of ether. The conbi ned organic [ '
.0251 -
. 3
.02 :
.0154
.014
.0051
0.
-.0051 [
’.01 T v 3 )
EEG-V-alpha EEG-V-beta EEG-T~aipha EEG-T-beta

F16 23A
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extracts were washed with 10 nL of brine, dried over magnesi um sul f at e,
filtered, concentrated, and 30 purified by preparative TLC (silica gel,
15% et hy%vossl t at e/ hexane eluent) to give a yell ow resi RCT/USIS/EAS4uct

was furt | ed by decolorizing with charcoal and
recrystalli zat [ on from aqueous et hanol to give tan crystals (13.2 nyg,
51.9 [err]M 14%, mp. 35 130-134[err]C. V\D 96/ 10032
PCT/ US95/ 12542 : ( NA-1993B- 250)
Exampl e 30 - 20-Honpestra-1, 3,5(10), 6,8, Jg§ n—-—3-
EG/NI
Women

06 e e ol

.05+ T T i

.041 -

035

.024

014

04
-.01 ™ R v v
EEG-V-alpha EEG-V-beta EEG-T-aipha EEG-T-beta
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01, 11. A suspension of triphenyl met hyl phosphonium 5 brom de

(671.0 ng, 1.878 ng) and potassi umt-butoxide (212.1 ng, 1.890 mml) in
2.1 nL ow@adwdspus DVSO was heated in a 76-86[ err] C bacirmusesiezs4ar gon
for 1 h, after which equilenin (100.1 ng, 0.3579 mmol) in 2.1 mL of
anh. See Figure 14. DVSO was added and the 10 green solution was stirred 1
h. After cooling 10 nL of ice-1N HO were added and the m xture was
gxtracted with three 10 nL portions of ethep é@' conbi ned organic
extracts were washed with 10 nL of satur Sodi um bi carbonate + 10 niL
of brine, dried 15 ofgyMmuaghesTdfEsul fate, filtered through Celite,

concent r at e —aRe—pH-tit-eg—————m——_aipt-e—34
Estra-1, 3,5(10).. 6-tetraen-3-ol - 17- (p- Men o uenesul fonyl ) hydrazone, |1.
A suspensi of} of 6%4gETyar crestrone T538T0 T, 20 2. O0Z o) and
p- t ol uenesul{f onyg razi de (p- TsNHNH err], 466.6 ng, 2.506 nmpol) in
anh. net hanq’l (5,613 m}]) was refluxed 25 h with excl usion of nogstyre.
.0251 _ -
.021
.0154 _
014 _ N
.0051
(oL
-.005- -
‘.01 T T | T
EEG-V-aipha EEG-V-beta EEG-T-aipha EEG-T-beta

F/o 24A
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See Figure 15. After concentrat i'ng under reduced pressure the reaction
resi due was flash 25 chromat ographed (50% et hyl acetate/ hexanes on silica

gel ) to wowsness2off-white foam (942.5 ny), repr esent i NECT/EBIY 12842,
yi el d.- (NA- 1994A- 295A) Exanpl e 32 -
Estra-1, 3,5(10), 6, 16-pentaen-3-ol, 2. 30 To a cooled (ice water
bat h) sol ution of crude estral, 3,5(10), 6-tetraen-3-ol -17-(p-
t ol uenesul fonyl ) hydrazone (1, 942.5 ny, <2.86%4 i n tetrahydrofuran
(THF) under argon was added n- - butyllithidm (2.5 Min hexane, 3.2 ni,
8.0 mmol ) WO 96/ 1@/ ACETATE .
RCT/ US95/ 12542 53
: Women
.06 4 —
.051 T _ ' i
.044
.031
.02+
014
0.
-.01; S
-.02

EEG-V-alpha  EEG-V-beta  EEG-T-alpha  EEG-T-beta

Fi6 24 B
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dropwi se with stirring, over a period of 7 mn. See Fi gure 15.
Stirring was continued 48 h, during which the reaction was allowed to
gradual | %y /EM:Q room temperature. 50 nL of 1 N hydr o@FH¥$981%42d were
5 added an reaction m xture was extracted with three 25 nL
portions of ether. The conbi ned organic extracts were washed with 50 nL
of brine, dried over - - magnesiumsulfate, and filtered through

di at omaceous earth. The resi due was vvasgge/&-t:b;’lo nL of ether 10 and
the conbined filtrates were concentrated under reduced pressure. Crude
product was purified by f | gryrdr omat ography (20% et hyl acet at e/ hexanes
Qn silica.gel) and preparative TIC (2005 ethyl acetate/hexanes on
silica gel ¢F, 1000[ err] th| ckness) to 1'Serg| ve a white, crystalline film
(1345 ITg, ( 533105 ‘nTIUI, 27{‘/’1) 1IUIIUUUIICUUQ o 'FESf?C%e*LI‘Ty%
acet at e/ hexanes on {sili c?. gel, Rerr] 0.39). (NA- 1994A- 307A)
Exanpl e 33 { Est G4 1.3 §( 10),6, 16- pent aen- 3-yl

.034

.024 : :

-

.01+

. 0 1 T T T T
EEG-V-alpha EEG-V-beta EEG-T-alpha EEG-T-beta

F16. A5 A
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20 acetate. 3. A solution of estra-1,3,5(10), 16- pent aen- 3- _
ol (2, 97.9 ngy, 0388 mmol ) in anh. pyridine (1.3 m, acetic
af t ergﬁﬂ%g#m?ﬂf;/l

anhydrig® dgHoedsz M., 1.9 mmol) was stirred 24 h,
acetate (15 nL) was 25 added and the m xture vvashed with three 5 nL
al i quot s of 1 N hydrochloric acid + 5 nL of saturated sodi um
bi carbonate + 5 nL brine, dried over nagnesium sul fate, and filtered
t hrough di at omaceous earth. See Fi gure\i%?’fesi due was washed with
5 nL of 30 ethyl acetate and the conbined fi1trates were concentrat ed
under reduced pressure. PiEjgngive TLC (10% et hyl acet at e/ hexanes on
silica gel _1000[ery] thicknesg) of the residie gave a slightly
yel | ow crystalline soI id (74.9 rrg,WQ!n@54 mml 66% 35 hom)gene)us to
TLC (10% et hy| tatetfrexames—omr sTHTTa gcr, R0 43)

.051 T i

o4 |

.031

021

014 :

0.
-.01 v r— r T
EEG-V-aipha EEG-V-beta EEG-T-alpha EEG-T-beta

Fi6. 25 8

This Sheet Has Been Rep laced ;




WD 96/ 10032 PCT/ US95/ 12542

-54- (NA- 1994B- 21B) Exanple 34 - Estra-
1. 3. 5( 10Wwo/egtmb32aen- 3- ol - 17- ( p- t ol uenesul f onyl ) hydr az 86&/US85/12542
Equilin (500.1 ng, 1.863 muvl) and p-TsNHNH err] 5 (433.7 ng, 2.329 nmol)
suspended in anh. et hanol (5.0 nL) were refluxed 24 h with exclusion
of noi sture. See Figure 15. After conceg}fr 1ng.-under reduced
pressure the residual reaction mxture was ¥1axh chromat ogr aphed (35%
et hyl acet at e/ hexanes on 10 7| lica gel) to g| ve a white foam (899.9 ng)
representing >100% yi el d. E£12 ’( NA- 1994A- 246B) Exampl e 35 -
Estra- 1, 3, 50—+ t6-pentaemS~otr"5" e ~Fo~—a—cooted—trce—mat er
bat h) sol ut{on of R . © , A
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15 crude estra-1,3,5(10), 7-tetraen-3-ol,-17-(p- t ol uenesul f onyl)
hydrazone (4, 899.9 ng, <1.863 muol) in anh. THF (20 nlL) under argon
was addedwa9e/10032butyllithium (2.5 Min hexane, 3.0 ni, 7. PGHEEIIH/12542
dropwi se with stirring over a period of 3 mn. See 20 Figure 15. Stirring

was continued 48 h, during which the reaction was allowed to gradually
warmto room tenperature. The reaction V\%Ss;p red into 50 nL of 1 N
hydrochloric acid and the nmixture was extracteg/ S&with three 25 nL

portions of ether. The conbi ned 25 organic extracts were washed with 50 niL

of brine, dried over myggayum sulfate, and filtered through
di at onac eouSe—eat-t-r—Ihe—i-eSt-eHie—rErS—Hersie-t—-t-i—tO————tt—ef—ether—aRd t he
conbined filltrates were  concentrat elfoBfer reduced pressure. The
product was {30 f-P¥pmed CAT onat ogr apnea (20% etnyT—acetat e7nexaneyg on
silica gel) fjand 8§§3I orizied with carbon to give a yel I ow crysfal lji ne
solid (274.9 ny,””42P89 mpl, 58%. (NA- 1994 A5 278A) '
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WD 96/ 10032 PCT/ US95/ 12542
- 55- Exanple 36 - Estra- 1.3.5(10), 7, 16- pent aen- 3- yI e, 6.
A sol ut ivpg ogfioadstra- 1, 3,5(10), 7, 16- pent aen- 3- ol Pfétfu%%ﬁﬁﬂzo 7612
mmol) in anh. pyridine 5 (2.6 n, 32 mmol) and acetlc anhydrlde (0 36 i,
3.8 mol) was stirred 6 h, after which 30 nL of ethyl acetate were
added. The mixture was washed W th three;éﬁ) ortions of 1 N
hydrochloric acid + 10 niL of saturated sodium bi carbonate + 10 nL of
sbrine, 10 dried over magnesi umsulfate, and filtered through
di at omaceous earth. &H&/ManfFé MEE The residue was washed with 10 ni
of ethyl ag der
‘reduced pressure Preparative TLC We et hyl acet at e/ hexanes on ¢ilica
15 gel GF, 1000?5e'rr| TAT cKness) and recrys’ial"l‘f'za"f'l on ftrom aqueous
et hanol gaye fine white needles (78.6 ng, '
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0.267 mml, 35%, mp. 77-80[err]C. TLC (4% et hyl acet at e/ hexanes on
silica gel) showed 2 spots at R err] 0.21 and 0.24. 20 - 4A- 286A)
Exanpl e 37 - tra-1.3.5(10). 6. 8-pentaen-3-o0l -17-(p- PCT 'g'&,ﬂ,%?z

t ol uenc¥@ N3 hydr azone, 7. Equi | enin (0.6559 ny, 2.463 nmmol)
and p- TsNHNH err] (573.6 ng, 3.080mmol) suspended in anh. 25 nethanol
(8.2 m.) were refluxed 24 h with excl usion /o_fgjmi sture. See Figure 16.
After cooling and concentrating under r et pressure the reaction

:mxture was flash chromat ographed (35-40% et hyl acet at e/ hexanes 57%,
mp. 95-96[err]C II,{C:/J(,IZ%WESO acet at e/ hexanes on silica gel) showed
n

product (R . tained a trace contam nant at the origin.
*( NA- 1994A- p73B) Exanpl e 38 - Estwsémeh 3. 5(10). 6. 8. 16- hexaen-3-p¢l. 8.
To a cool e (i o swet-ei—battij—e-oltiii-br-—ot . A
T
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35 crude estra- 1,3,5( 10)6, 8-pentaen-3-ol" 17-(p- WO 96/ 10032

PCT/ US95/ 12542 - 56-
t ol ueneswd do1ooBa hydrozne (7, 1.0887 g, <2463 mmol) in POTVUSOSMES4E 25 nl)
under argon was added n-butyllithium (2.5 Min hexane, 3.9 nL, 9.8
mol ) dropwi se with stirring over 2 mn. See Figure 16. Stirring was 5
continued 3 days, during which the reactlon allowed to gradually
warmto roomtenperature. 50 nL //ggﬁbochlorlc acid-ice were
added and the m xt ure was extracted three times with 25 nL portions
of ether. The conbi ned orgaEVNlextracts were washed 10 with 50 nL of
brine, dri i -l i aceous
earth. The residue Men '
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was washed 10 nL of ether and the combined filtrates wer e concentr at ed
under reduced pressure. Flash chromat ogr aphy (20% et hyl

acet at e/ haw@p@sodn silica 15 gel) and recrystallization fromRGusssuzss

et hanol with charcoal decolorization gave tan platelets (245.8 ng;
0.9819 mol, 40%, mp. 162-163[err]C (NA-1 94A—269A) _ Exanpl e 39
- Estra-1.3.5(10 .6, 8, 16- hexaen-3-yl 20 agg@gte A sol ution
of estra- 1, 3,5( 10) 6, 8, 16- hexaen- 3 248. 8 ng, 0.5944 mmol) in
anh. pyridine (2.0 nmL, 25 mmol) and acetic anhydride (0.28 m., 3.0
nmol ) was stirred 6 h, af&Emiwhich ethyl 25 acetate (20 ni) was added. See
Figure 16. The mYIJJJ’_ 10d—portiions of 1 N
hydrochloric |acid + 10 nL of saturated sb@ﬂ&ﬁ1 blcarbonate + 10 mL qf
brine, dried jover -8 ¥ wgshed
with 5 30 ny of ethyl acetate and the conbi ned fiItrates wer e
concent r at ed jundef2%educedy pressure.
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Recrystallization from 95% et hanol gave | ustrous white platelets (99.4

nmg, 0.340 mmol, 55% mp. 95- 96[err] C. TLC (2% et h?ﬁJ k3444 hazanes
on silica elg 35 showed product (Rf 0.1) contained at &Ce cont ani nant
at thavep§/ WO 96/ 10032

PCT/ US95/ 12542 -57- Exanpl e 40 -

17- Met hyl enestra-1, 3,5(10)-trien- 3-ol, - . A suspensi on of
met hyl t ri phenyl phosphoni um brom de Pgéjm , 0.28001 nol) and
potassiumt- 5 butoxide (31 42 g, 0.2800"nol) in anh.

di met hyl sul f oxi de ( DVBQ 1/- m_) under argon was stirred in an oil bath
(68-81[err]C 1 h, afteﬁ estrone (15.14 g, 55.99 mmol ) in anh.

~ DIVBO (32 rT‘L) Men
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was added via syringe. See Figure 17. Stirring was 10 continued 1 h and
the reaction allowed to cool. The m xture was poured into 800 nmL of
ice-1 N woesmpdsochloric acid and then extracted three ti nPSTSPS12542 400
ni aliquots of ether. The conbi ned organic extracts were washed with
350 nL of saturated sodium 15 bicarbonate + 400 pL of brine, dried over
sodi um sulfate, and flash filtered throggﬁ;g/ﬁ8nn1h|gh X 84 nm di a.
colum of silica gel (200-40 nmesh). Product < /<abt i nued eluting with
addi ti onal ether. Concentration of appropriate fractions under reduced

20 pressure and three-fold r&g/Mbtal lization from aqueous et hanol gave
very fine white—heethss—{dlmdfomm— oot D byl 59— oe 1. 34126 C

honbgeneous|to TLC (20% et hyl ace®M&Phexanes on silica gel
0.45). 25 NA-;%M#?ET—M 1= f135(

10)-trien-3}vl acetate 11. A sol ution of
17- met hyl engst r a-gb.
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trien-3-o0l (10, 5.84 g, 21.8 mmol) in anh. pyridine 30 (32 nL, 0.40 ol)
and acetic anhydride (9.7 nL, 0.10 nol ) was stirred 24, after which

et hyl acwbaa0d3350 m.) was added. See Figure 17. The pCRUSISH2IES
washed with three 100 nL portions of 1 N hydrochloric acid + 100 nL of
saturated sodi um bi carbonate + 100 35 nlL of saturated copper sulfate + 100
nm. of brine, dried over magnesi um sul fi’?, nd filtered through

WO 96/ 10032 &5 ACT/ US95/ 12542

- 58- di at omaceous earth., , The residue was washed with 25 mL of
ethyl acetate and the conGi&® filtrates were concentrat ed under

r.educed presstre- '?emhh—rmw—&qmretﬁmﬁd—gwe-&st r ous
T p. 77-79[errlc.

5 white plateleti (5.84,9, 18.8 nmml),
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(NA- 1994A- 248B) Exanpl e 42 - 17-Methylenestra-1,3,5(10)-trien-6-on- 3-
yl acetate, 12. To a suspension of chromumtrioxide (6.19 g. 10
61.9 Moo 6§fdessl to -8[err]C (ice-salt bath) in met hyIPé?rl‘éUi%IMﬁ"Fde
(100 nL) was added 2, 4- di met hyl pyrazol e (5.95 g, 61.9 nmol). See

Fi gure 17. After stirring 20 mn., a solution of 17-
nethylenestra 1,3,5(10)-trien-3-yl acetate mas//n 2.0001 g, 6.4428 mol)
in 10 nL of chilled nethylene chl ori de ed over a period of 2

mn. so that t he tenpe ure did not reach -6[err]C.  Stirring was
continued 2 h and the mi & &% was then passed t hrough a colum of 100 g

of S|I|ca.gﬁH——6266—466—ﬂt3h77—iﬁi-—PrUg%ﬁ%:txnﬂﬁﬂ$ued-e?ur+ﬂ@rww1+rﬁﬂm t her
met hyl ene chl oride. , Pooling and Bntration of appropriate

fractions gnder -@ uced gpressure gave crude product, whi ch was further
purified by two-dsdl d recrystallization from agueous ethanol §o ¢ive 25
| ustrous offf -whitdg crystlals (334.0 ng, 1.030 nmpl,
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-

16%, mp. 91-94[err]C. TLC (25% et hyl acet at e/ hexanes on silica gel)

showed product (R err] 0.47) with two m nor contam nants at err] 0.30
and 0.39. WwWoO¢$d0IN4A-272A) 30 Exanple 43 - $95/12542
17- Met hyl enestra-1.3.5(10)-trien-3, 6B- diol. 13. To a
suspensi on of lithium alum num hydride (53.6 ng, 1.41 mol) in anh. THF
(3.0 nmL) under argon cooled in a dry icela o] bath was added 17- 35
met hyl enestra-1, 3, 5(10)-tri en-6-on-3-yl acetafe’ (A>3 WO 96/ 10032
PCT/ US95/ 12542 - 59- 251.7 nmg, 0.7758
~mmol ) in anh. THF (3.0 nL)EAMpw se '
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wWith stirring over 8 mn. See Figure 17. After stirring 2 h, the bath

was renoved and. stirring continued a further hour. The reaction was
quenched woobyosskirring 1/2 h with G auber's salt (1.78 g).PCHys/12542
resulting mxture was applied to a short pad of di at omaceous earth and
extracted four tinmes with 10 mL portions of ethyl acetate. Continued
extraction with five 10 nlL portions of hot et acetate and 10
.concentration of all extracts under reduced gave a colorless
film Preparative TLC (40% et hyl acet at e/ hexanes on silica gel G-,
[err]IL thi ckness) gavg?;!/vw\,hl te foam (15.3 ny, 53 8 IerI 70/() TLC
(40% et hyl B3-S =SB et —Showed =0 S—and
m nor corrpoﬁents (Rf 0. 37) (NA- 199&?&- 2838) Exanpl e 44 -
17- Met hyl engst r a-OBTS—StToT—TrTem3-"v meETHyr e e i To
a stirred spispengzqn of 17-nethyl enestra- 20 1,3,5(10)-trien-3-0] (p.37 g,
20.0 nmol) and 06 pot assi um carbonate (50.82 g, 0.3678 nol) at rpfl X
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in 90% et hanol (500 nL) was added dinethyl sulfate (5.0 nm., 53 mol).

After 1/2 h reflux additional di rethyl sulfate (36 ni, Q, in
three 12 WO1003} | quots) was added over the period of 1 h.gcig’ggmzs"#:i gur e
17. The reaction was refluxed a further hour, foll owi ng which 360 nL of
wat er were added and the m xture was placed,n the refrigerator
overni ght. The resul ti ng suspensi on vvasfgj?fged and washed with 30 80
nL of 60% met hanol + three 80 nL portions o % (w'w) sodi um hydroxi de
+ three 80 nL port?{ﬁﬂiﬂm)l:mkﬁt-&l—m resi due was recrystallized from
aqueous met haftol to grvé white crystals (3.88 g, 13.7 mmol, 699% ,
mp. 59-62[dTTTC TLC (Z0% et hyT acetl g/ hexanes 35 on s | showed
product (R Q.63) wyéth trace contamnants at, R 0. 37 and.at the ofigin.
WD 96/ 10032 PCT/ US95/ 13542
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- 60- ( NA- 1994A- 247) Exanpl e 45 -

17- Met hy est. 2
‘Appr oxi n&?@ m_ of anh. amonia was 5 distilled throﬁﬂ"ggﬂaﬂrf“?omer
dried 3-neck flask fitted with an inlet adapter,
magnetic stirring bar, dry ice/acetone condense and
st opper. See Figure 17 A sol ution of

th
met hyl ether 10 (14, 1. 12§7 &¥%001 nmol ) and t-butyl

into a 250 nL flane-

(10)-trien-3-yl
(13. 21,

al cohol
fol |l oned by

After refl uK

and .t he sus
off. Water

times with

extracts

l'ithi6

penS| oh

5(10) - di en-3-yl net hyl et her,

J%izg"ﬁ%?&ﬂrgy A

ground gl ass

enestra-1,3,5

was added,

smal | pi eces.

K1 Nng ander ar gon Tor M- El|anol
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Eéo?m”‘g
0

021

.014

-.014

was hdded and t he suspensi on was
brti ong  of met hyl ene chlo?ide.

-.02

(6.6 NC) was added

nmoni a
extractgqd t
The conbinedLor

EEG-V:aIpha ' EEG—V:beta EEG-T:;lpha

EEG-T-beta

t o boil
hr ee
gani c

£15. 328

This Sheet Has Been Re i

- [HMAAE



were washed with 100 niL of brine, dried over sodium 20 sulfate, and

filtered. The resi due was washed with 25 nmL of nethyl i de and
the corppoggeosz filtrates were concentrated under reduce‘?f%ﬁ%@sﬁg&
The resu t| ng light yellow oil was crystallized from aqueous et hanol to
gi-ve lustrous white crystals 25 (815.0 ng, 2.865 nmmol, 72%, mp.
77-78[err]C, honobgeneous to TLC (Rlerr] 0.680,_10% et hyl
acet at e/ hexanes on silica gel). (NA- 18 ~Q5-?) Exanpl e 46 -
. 17- Met hyl enestr-4-en-3-one, 16: Con. 30 hydrochloric acid (6.0 nm.) and
water (6.0 nlL) were addedf/nMy a sol ution of
17-nmethylenestra-2 S(10)_dien. -yl _nethyl ether (15 702 8 npy. 2.471
“mmol ) in met hanol (6 nL) and aceteme (20 m.). See Exanple 17. After
stirringf 1 h, 0§udrwbi-m-bun-ate‘(-7.—56—gj—m-$-ﬁﬁ—added—c&uh-w[sl yl The
mxture has congentrated under -
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WD 96/ 10032 “PCT/ US95/ 12542
-6 1- d pressure once effervescence had ceased
m.) was éﬁggﬁﬂuﬁﬁe m xture was extracted three tines wffﬁhQE?%ﬁ_
portions of methylene chloride. The conbined organic extracts were
washed 5 with 50 nL of brine, dried over magnesi um sul fate, and
filtered through di atomaceous earth. The resid was washed with 10 niL
of nethylene chloride and the conbi ned {$abes were concentrat ed
under reduced pressugg/Nfhe product was purlfled by decol orization 10
wi th charcoalflash chroontagraphy (2006 ot hyl acetate/hexanes on
silica gel)} and recrystallization wdmemm aqueous et hanol to give f white
powder (302]8 .Obmyr—=i= " . . " f
(NA- 1994A- 271)
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15 Exanple 47 - 17-Methyl enestr-4-en-3[err]-ol, 17. Li t hi um
tri-t-but oxg/al um nohydride (766.6 ng, 3.015 mml ) was added to a

sol ut i onY¥§96{1p032 met hyl enestr-4-en-3-one (16, 203.7 ng, POTPSSHIRA,)

in 10 nL of anh. ether and the reaction was stirred 4 20 h. See Figure
18. dauber's salt (3.80 g) was added and the suspension was stirred
an additional 1/2 h. The m xture was filtered through di atonaceous
earth and the residue was washed fives §5@h 10 L portions of
et her. The conbi ned fil trg-t vvere 25 concefitrated under reduced pressure
and then subjected to rat| ve TLC (5% et hyl acet at.e/ net hyl ene
chloride ofp silica gel G, 1000 [err] men thickness) to give white heedl es
(60.2 mg. ©. 221,09._mby—29%_h0.mag.&neous—to_1m-(-ﬁ_ﬂ_3l+_5.é.et hyl 30

acet at e/ neq hyl e.rb%ﬂ_chl oride on silica gel). (NA-1994A-282)
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WD 96/ 10032 PCT/ US95/ 12542

-62- Eg; H?Je 48 - 17- Met hyl enestra-1. 3. 5(10). 7-t et r aggrarses/12549! ., 18.
Met hyItrl phenyTphosphoni um brom de (1.9967 g, 5.5892 mmol ) and
pot assium t - but oxide (627.2 ng, 5 5.589 mmol) suspended in 6.1 nL of anh.
DVSO under argon were Ih in an oil bath (71-83[err]C, after which
equilin (300.0 ng, 1118m"m|)|n61rrLo£ " DMVSO was added via
syringe. See Figure 18. After stlrrlng a f tfrer 70 min., the reaction
“m xture was 10 poured |nt§-3?@1 ice water and extracted three tinmes
wth 25 ni_portions of et The conbl ned organic extracts ywere washed
W th 25 of brine, dried over woegnesi um sul fate, and filtered through
‘di at onacepus ears ' ' +1er jand the
conbined filtratgs were concentrated under reduced pressurg. H ash
chr omat ogy aphy.0645% ethyl acet at e/ hexanes on $ilica .
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ge|3' foll owed by preparative TLC (20% et hyl- acet at e/ anﬁsggn E? c’&a
*gel GF, 1000 [err] thickness) 20 gave an opaque white fi \

- 0. 6093 mmol , 549 . (NA) -1994A-258) Exanpl e 49 -

17- Met hyl enestra 1.3.5(10) 7-tetraen-3- yl acetate, 19. 25

Met hyl t ri phenyl phosphoni um broni de (3. 33 8 9.32 mmol ) and potassi um
t-butoxide (1.05 g, 9.36 NMDp) suspen £8 i n 10 nL of an- O under
argon was stirred 1 h ig qn il bath(77 79[err] g which

equiilin (500.0 nmg, 1.86

n 10 nL of anh. e added Vi a
syringe. See Figure 18 ng a furthe ¢ cool ed
3.5 _ réﬂZMNBT iiqin W dro hIorlc aci d

-reactlon m xture

portion her. The conbi ned
organi c extract gnW ol 35 with 25 i ¢d over magnesium
sul fat e, and“filYered through di atomaceous eartfi. Th nr.gmi_idue
26 21
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- 63- was washed with 10 nmL of ether and conbined filtrates
concentrated under reduced pressure. The resulting light yellow syrup
was taken up in anh. pyridine (6.3 m., 78 mmol ), acetic anhydride was
added (0.88 nL, 5 9.3 nmol), and the rea?t,i gn m xture was stirred 16 h.
The m xture was then poured into 100 nL o éN hydr ochl oric acid and
extracted three tinmes with 50 m. portions of ether. The conbi ned

' t t h ' f [ 10
b ahensrs 245 OBERGSTE el o 08 SR ESFE RGRP S 20
filtered through di atonaceous 2§3rth. The residue was washed with 25 niL
of ether and the conbi ned fijfl trates were concentrated under reduced

pressure. The crude acetate was {|fl ash
o REPLACEMENT SHEET

0 1
15 MAY 1997
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VOMERONASAL - EFFECTS OF 1,3,5(10)- ESTRATETRAEN- 3- 16, 178-TRIOL
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15 chromat ogr aphed (5% et hyl acet ate/ hexanes on silica gel) to give a
yel low resin (494.7 ny, 1,604 mol, 86%) . (NA- 1994A- 305)

Exanple - 50 - Estra-4,16-dien-10[err]-ol-3-one, 2. 20 To a frozen
(dry icel acet one) suspension of estra-5(10), 16-dien-3-one (1, 115.7 ny,
0. 4513 mmmol ) in chloroform (3 i) wasaaﬁfed m chl or oper benzoi c acid
(MCPBA, 77.4% 420.8 ng, 1.89 nEquiv. of ¥ eraci d) suspended in ether
(4.3mL) - and the nixture 250LFAGE0RYt EPITHBLIY MM F&%‘éfl‘i MALE 19. The reaction

was then stored in a refriay ator for 18 h, after which spdium

t hi osul fate pentahydrate [5% ( ), 25 g] was addediﬁﬁft T T T
mn., the m xture was extracyed three tines with 10jkH hﬁﬁﬂﬂﬁmng 1
ether. 30 The conbi ned organiﬁ xtracts were washed wifhf 25 niL of
saturated sodi um bi carbonate + 8% nL of brine, driefl pvers ay"ReTUN
sulfate, and filtered through di at omaceous earth. The] resi due was
washed with 10 m. of etvmer amd the conbined filtratps re
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=
L
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35 concentrated under reduced pressure. TLC suggestdQEPLACﬁNENT SHEH{
I nt ermedi ate 5B, 10[ err] - epoxi de had undergone parti al WO 967 10032
PCT/ US95/ 12542 - 64- elji m Wlﬁgn‘? 7

El i m nati on was conpl eted by refl uxing the white cfy tdl gsicué

for 1 hin 20 g of 5% (w w) potassium hydroxide in aM-The
reaction m xture was poured into 50 nlL of 4/8% water 5}{and extracted w tjh

50 nL of ether. The organic- extract was washed tw &
portions of water, dried over sodiumsulfate, and filtered t hr ough
di at omaceous earth. The resid s, washe with 20 nmL of ether and the
conbi ned fi Itrag@f were 10 conﬁmmuﬁhg&ow pressure. The residue
was subj ect 0 preparative TLC (50% et hyl
1801
~ 1601
7]
Z 140
2
S 20
[ —1 F
[F¥]
= 100
8 <
= 80-

40-
201

8
I— |
—

PROPYLENE GLYCOL p
ANDROSTA-4, IG-DIEN-ONE*]‘
1,3,5(10), 16- ESTRATETRAEN-3-0L |
ANDROSTA - 4,16-DIEN-3B-0L ‘}

1,3,5(10), 16 -ESTRATETRAEN-3-YL ACETATE
1,3,5(10),16-ESTRATETRAEN-3-YL PROPIONATE

F16. 3A.



\ ' SHEET|
acet at e/ hexanes on silica gel G- 1000 [err] thickness) REW
colorless resin (19.7 nmg, 72.3 [err] mol, 16%. (NA-1 1p93B- 80) 15
Exanpl e 51 - 18-Nor-17-net hyl estra-4. 13(17) -di en- 3- ol | 45 MAY 1997
To a cooled (ice water bath) solution of 18-
nor-17-net hyl estra-4, 13(17)-di en-3-one (3, 0.23 g, 0490~mmol ) in anh. ‘
nmet hanol (2.3 nL) was added sodi um 20 boroﬁ[/iﬂVi de (0.23-¢, 6.1 nmml)-are—.
the reaction was stirred for 2 h. See Figure 19. Solvent was renoved
under reduced pressure and 10 f e ¢ to the residue.
The m xture was Q](g= extract edm%ﬁrw Jm{*ﬂ m._portions of
net hyl ene chl org The 25 conbi ned organic extracts were washed with 10
of brine, driefd over nagnesiumsulfate, and filtered t hr ough
di at omaceous earlBd{ The residue was washed twice with 5 L of
met hyl ene chl oridejand the conbined filtrates were concentrated under
reduced 30 pres_s['EEF. The resulting slightly yellow solid was purified
by preparative (5% et hyl
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acetate/ nethylene chloride.on silica gel G- 1000 [er

rREPLACnME__w@‘E‘s@i

to
give a yellow solid (53.6 ng, 0.207 mrol , 23% hojro[jéneous to TLA (15%
et hyl 35 acetate/ nethylene chloride on silica gel R erl] 105@8() 1997
(NA-1993B- 120) WD 96/ 10032
PCT/ US95/ 12542 6/38- 65- Bxarpte52-—"
El ectrophysi ol ogy of Estrene Stimulation of the Hl{man VNO and_Q f ory
Epi thelium “wg non-invasi ve nethod has beemenployed to.
record | ocal electrical i qbabﬁ fromthe human vonerorasal organ
(VNO and fromthe oIT’acto 3 “Tepithelium (CE). ocal i zed gaseous
stinul ati on was = 140
g L
“" IOO- -
8 - .
g 60: -
= 201
i —— :
"2 PROPYLENE 1,3,5(10), 16-ESTRATETRAEN-
GLYGOL 3-YL ACETATE
- FIG. 4A.
4
< 0.00
2-’
- o ] 1
S -2
z
. é -6-
_ -84 l
“0""PROPYLENE 1,3,5(10), 6-ESTRATETRAEN-
6LYGOL 3-YL ACETATE
FlG. 485.
.qu p< 0.00! L
s ¥ - y
— Jo- -
W - b
< .06 -
.02 B
-02- L =

PROPYLENE 1,3,5(10), 16-ESTRATETRAEN-
GLYCOL 3-YL ACGETATE

FlG. 4C.



applied to both nasal structures at different i nstances using specially

desi gned catheter/el ectrodes connected to a nulti BET
delivery system The |ocal response of the VNO and ; ?3QEE é%g
correlation with the concentration of t he Iigand 5t | mul us.
The study was perfornmed on ten clinicall y 7438 nor mal 5 C ewgﬂAWMnt’ el s -
2 mal es and 8 females, 15 ranging in age f/ 18 to 85 years. The_stullies
wer e conducted wi thout general or |ocal anesthetigs. The
cat heter/ el ectrodes were designed to deliver a lodalized stimHss—and
si mul t aneousl y record the response. In the case of VNO recording, 20
the right nasal fosa of the subject was explored usi ng a nasoscope
(nasal specul a) and the vomner onasal [ s 4l ocal i zed close to the
i ntersecti on of terior Pdngu"wonﬂg ?&m ;?nd the nasal floor
The catheter/electro ﬁ Kas gently driven t hrough the 25 VNO openi ng and the
el ectrode tip placed “ t he organ's lunen at 1 to 3 fromthe [
openi ng. The nasq$50pe was then renoved. In the case pf the OF,
recording the proqu%gs_mas simlar except the i

Z 25 . :

w2001 ' i

] p<0.00' ‘

S I | | |

= 1307 r

& 1257 g

= 00; T : :

751 ' | [
50 '

,3,5(10), 16 -ESTRATETRAEN-3-YL ACETATE;

,3,5(10), 16- ESTRATETRAEN-3-0L METHYL ETHER -
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positioning of the catheter/el ectrode was gently 30 placed deep in the

lateral part of the nmedial nasal duct, reaching the ol factory nucosa.
Local i zed gaseous stimulation was done ‘through the catheter/el ectrode.
A constant str.eam of . clean, nonodorous, humdified air at room

tenperature 35 wa;ocontl nuousl y passed th:gzwh a channel of the

VUI J.UUOL

g |iga

stinulating syste
PCT/ US95/ 12542 __
diluted in pro%l ene
for from1l to 15153
estimated that ghlé Ak N
steroi d-1i gand %o t h
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The.results of this study are presented in Figure 2. The

measured in mllivolt- seconds (Vv x s). 1,3,5(10), 16-Es mm SHEET
elicits a significantly stronger VNO response in 10 nmales thap do the

ot her conpounds tested (Firg. 2A). 1,3,5(10)-Estratrien-3 15 MAY 1997
16a, 17[err]-triol also elicits a strong VNO response. Furghernore, the
VNO r esponse to these two Estrenes is sdf3dlly dlnDrphlc -

approximately four tines as strong in nales as it is 15 in fenales (Fig.

2B). In contrast, the CE responﬁg in both nmales and fermales is | ow
conpared to a strong odor ant Exanpl e 53

- Measurenent of the Change in Rece¢pt Potential of the

ic as crove—t{tF-g—20)
Neur oepi thel i um of the VNOin 20 |

Each subj ect was adm ni st®red p each of seven 25

indicated in the Figures. ThE& 54 ,
*

CARVCIN A B

E06(

F16. 7A.

lj T T
0 // f\:\:‘:f: J
CARV.  GiN. DlLl.UENT

FIe 78,

_ Responge to Various steroids.
The change in receptor potential ih rlesppnse to seven differ
was neasured in 40 femal e (Fi g] and 40 male (Fig. 3B) su

subj

ent | i gands
bj ect s.
St ances as




- RLPLALEMrNi MR
substances were adm ni stered, each separately for 1 s@c using the
prrocedure déscribed in Exanple 20. The change in potert| Igf A\hqgg-]
neur oepi t hel i um of VNO was recorded over tinme and theijint a] am of the
change 30 in potential for each of the forty subjects was averaged:
The results are shown in the figure. % ri son of Fidures 3A and 3B
show t hat each steroid is sexually di n%i c inits acttTvitTy and
that some |igand substances_are, str | ' are
stronger in fenal es. 140 96/ 10032 _

PCT/ US95/°12542 -67- Exanpl e 54 - )
Measur ement of Autonomnmi c @gsponses to Estrene Stimulation of thg VNO
Various autononic par a;meter wer e nonitored
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while 1,3,5(10), 16-Estratetraen-3-yl-acetate was 5 adm nijstjeret—to—46 1
mal e subj ects using the procedure described in Exanple 2( Propxlene
gl ycol was al so adm nistered as a control. The |igand Wag

adm nistered as a 1 second pul se. The change in aut onorfi d
first noted within 2 seconds 10 and lasted for up to 45 seqonds. As shown

tlaa

In Figure 4, -when corrpared to a propyllw gl ycol cont r Ot—the—
Estrene, induced a signi fJ' cant—change—+mtie— rtegrated-recephor
potential in the VNO (4 gal vani ¢ skin response (4B), and sWin
tenperature 15 (40). Exanpl e 55 - Conparison of the Change i|n
Recent or Pot ent gl lmﬂtjuced by Two Estrene Steroids. - [ 60
pi cograns of each stgr% and of{ a propyl ene glycol control wdre
adm nistered to a nake" t as described in Exanple 21. A4 shown in
Figure 5 1, 3,5 (%), 8§t Estratjetraen-3-ol nethyl et hef induged a
greater change in regep or than did :

,3,5(10), 16- Est r at gbr | [
9|
V/I//A N

S a0
F1G 9A.
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65R (ka)

ST (°C)
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Exanpl e 56 - Psychophysi ol ogi cal Effect of Estrene 25 Stinul@attof—et—+Hh
VNG, The psychophysi ol ogi cal effect of Estrene stlnulatlc
of the VNO is neasured by the coordinate adm ni stratiagn of1§H$ ngné

and questionnaire - evaluation of the subject before anq frer 30

adm ni stration. The questionnaire | ncl ude'% ﬂ panel adj ecti ves used
as part of the standard Derogatis Sexu { nvent ory eValuaL;U

40 subjects, all in good heal D random y assigned - 20 ey posed to

pl acebo and 20 35 exposed to

96/ 10032
. 68-
HO

D 1,3,5(10
P Co%ﬂm US95/ 1(2 4)2

HO
n
LM"M
0 , HO
= 18
FIG. /0
OH

i
1 Rl=0H; R2=H (37%)
12 Rl=H; R2= oH (a7%)

F1G. /I



Estratetraen-3-ol, admnistered as described in Exanpl e 3..supra.
Stbj ects are given a 70 item questionnaire eval uati ng|REPJAC

i mredi ately before and 30 m nutes after adm nistrati ofp ¢

pl acebo or experinental substance. The 70 adjectives
questionnaire are randonlty adm ni stered and subsequent |
eval uation based on their rel evance t d338ch nood, feeli
trait. Exanpl e 57 - El ectrophysi ol ogi cal Studies 10
foll owi ng el ectrophysi ol ogi cal stugfe wer e performnmed4- _
nor mal human vol unteers of botxes (30 male and 30 fenal e) whose
ages ranged from 20 to 45 years. N anesthetics were used, and femal e
subj ects were 15 excluded if pregH The stimulation and
recordi ng system consi sts of n&% onal mini probe" described

t he :
c1 BMAY 897r o

el sewhere (Monti-Bloch, L. and GrosserN_E/ 1. (1991) "Effect of putative
pher onones on the el ectrical 6 : _
o
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20 activity of the human voneronasal organ and ol factory Vg J| T
J.-.Steroid Biochem Mdlec. Biol. 39:573- 582.). The ne Esﬁg'ﬂggﬁﬁ SHEE
el ectrode is a 0.3 nmsilver - ball attached to a small §{(Q.1 mm silver

W re insulated with Teflon[err] the surface of the el ectir oi® MAY 1897
first treated to produce a silver chloride interface, {and_is then
covered with gelatin It is posi tioned /8&in a small g¢ali ber

Tefl on[err] catheter (dia = 5 mm such that the tip of-the-electrode

pr ot rudes appr oxi mat el nmm The Teflon[err] cathekgr 30 is 10 cmin

| engt h and constit ut e§ e term nal exten5|on ' a mul ti channel

del i very. syst em whi delivers a continuous 2 ‘rean1carrying

di screet pul ses of gnpsensory stinuli. The xtream first

passes into a small cRanher and is bubbl ed throug 30! ut.i on cont ai ni ng
ei ther a vomeropherin o\ DI Fectant in a dile ls@ detluent

al one. A




rﬂiﬁLACEMENT-SHEET”

WD 96/ 10032 PCT/ US9Y/ J2o42
-6-9- solenoid is used to rapidly redirect the air gtrjeam_ f
chanber to a route which bypasses the chanber. This drdat 4 MAY;
pul se of stimul ant ‘in the air stream A second, outer} T
with 5 a dianmeter of 2 mmsurrounds the caspgger-el ectrdde assenbl age|
and its central end is connected tqg an aspl rat or thatt—previedes-

conti nuous suction of 3nm/s. s concentric arrangenment of the outer
suction tube. allows the g Letk chenpsensory stinuli to be 18

| ocalized to an area we call @ ield" Ngﬂgpmn. dia =
avoi ds diffusion of s i ther t he area outside

stimul ation site 1@ e respiratory system T
stimulating and re ARag”

g enbl age may be 15 positign
neur osensory epitheli um within the VNO or on t hdl
ol factory or respiratory epithelium El ectr o- voner onasoar am ( EVG) :
Recordings are carried 10
| 0o -
" $3P=CHy
L ~
HO

KO
i
FI6. 14.

EQUILENIN 4
< n-BuLi
Aco0/ PYRIDINE - ' |

FI6. /6.



. AL LAVEMEN D SHEET !
out in a quiet roomvith the subject supine; the 20 nuiti-Tundtijona

<M niprobe is initially stabilized W t hin thj naanAyaw%?y ugi ng a nasal
retractor placed in the vestibule. Referercg and groun el ectrodes
consi st of silver discs (8 nm, both of i ch are postti+ehefl on the

gl abel la. 25 The entrance to the VNO-.or_voneronasal pit, S
identified by first dilating the nasal d ure and vestibul e. A 6X
magni fyi ng bi nocul ar | oupe §ith hal ogen illum nation is then Wit o

I ntroduce the tip hig Tefl on[ FgNHNH#t heter and recordir Rctrode
30 assenbl age into thf O ogening where 1T js .. stabilize
appr oxi mat e dept b of hin the voner onasal pa#sage
pl acenent of t ke gcordi ng electrode is signaled §
adequat e depol ‘ in response to a test 35

El ectrical $0dgha t he recording el ectrod

anplifier aft

are fed to a DC
|

n-BulLi

FIG. /5.
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WD 96/ 10032 PCT/ U997 TZ2522
+70- are digitized, conputer nonitored, and stored. Th MA
peak-to-peak anplitude of the signals is neasured, angd t I? e#ea undeﬂ
t he depol ari zation wave.is I nt egr at ed, gglle continu
the signal 5 both on the cofputer screenlTd38 on a did tal
oscill oscope. Artifacts prdd

ted by respir NOVETTETITS ar € del el
practice ngﬁié Qﬂgathing wth -

nosensory Stinur anmts—O=actory tes
and 1-carvone; voneropherins are 2

by training the subject
vel opharyngeal clogure,
substances 10 a

and F. (Vonerophkg e supplied by Pherin Corporatio Par k,
California), npResS © vonmer opherins In concentratio QU f nol es
are delivered j continuous air streamfor durati from 300
~miliseconds to 1 . Usual |y, interval s of o 5 minulles

separated each series of

Acy0/PYRIDINE

Meg 504
AcO Me0 /G(Sﬁ '
i H
1 Cr03/ DIMETHYLPYRAZOIE ) : Li/NH3
AcO Mel ’(35):$
g | | IS
1 LiAlHg Hz0"
HO 07 : f
OH
13 16
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short test pul ses. All corrponehts of the lines cal pEPINGILA
REPVACEM T

'stinmuli are nade of Teflon[err], glass or stainl e$s prsteed 2uavs -
carefully cleaned and 20 sterilized before each use. El ectro-ol factlaram
(EOG: dfactory recordings enpl oyed the same stifrul at1 DA PN ecpridi ng
mul tifunctional m ni probe as that used I&?r t he VNO The tip was sfowy
i ntroduced until the recording 25 el ect 88 touched the ol factory nucosg.
Adequat e pl acenent was signal ed by a depol ari zati oR—-r response-10 a
pul se of the odorant test substance. ' Cortical evoked activity
was i nduced by VNO stimulation with voneropherins, and ol factory 30
stinmulation with odorants delivered in 300 ns air pul ses. It was
recorded using standard el ect roencephal ographi ¢ (EEG el ectrodes pl aced
at positions Cz-Al and Tz-Al of theinternational 10120 system the
ground el ectrode was pl acdld on the 35 mastoid process. Electroder
activity (EDA) was 30r ded using Sl.ﬁﬂ(m?f-ﬂu)gﬂmﬂ silver elect iIn
contact with pal mar t he al }

HO

HO

ijOI PYRIDINE

-EQUILIN

FIG /8.



WD 96/ 10032 PCT/ USQ':REPEAEEMENT SHEET
271~ fingers respectively, through a conductive gel rrertace:
Skin tenperature (ST) was recorded by a small (1.0 my {th r¢be
pl aced in the right -ear | obe. Peripheral arterial pullse (ﬁﬁﬂiﬁqéqPS
nonitored wth a pl ethysnograph attached tlg@e tip qf ;
finger. Respiratory frequency (RF) was sured with Jan adj ustabl e
strai n gauge pl aced around the | ower thorax. Al el ectrrcat-—strgrmats
wer e DC anplified, digitized (MP-100, Biopac Syftens) and 10 -
conti nuously nonitored ng a ﬂgpﬁ ter. Stptistical Analysis: |[EVGs
or EQOGS, peak-to- peak ges_a eguency changes of ot p&r\par@ngt ers
were neasured a - y anal yzed. The sy gni fi cancg
results was det y either ' ﬁ‘
0 ' 0
KOH/MeOH, A
OH
0
4
NaBHy
i

3

FIG. /9.

Ioee
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15 using paired't-tests or anal ysis of variance (ANOV

Voner ogherins on the EVG Each of the voner opheri ng+

REBLACERENT: SHEEY |

produce a sexually di norphi ¢ receptor potential (Fijg| 6A-B).

of the EVG were performed on 30 nmen and 30 wonen 20 (ag¢s 28 MAY 4497
pul ses to the VNG

Voner opherins were diluted and appl i egy 1 second

Recor i hgs

wth b mnute intervals bet ween pul ses en questi ¢ned,—tThe

subjects were not able to "snell" or otherw se cong

ciously detect an

.‘

of the vorreropherlniN This 25 finding is in agreenent with results

€3 WOMENi aBboch, L. and Gosser,

previ ously
"Ef fect of pud

voneronasal orgén and ol factory epithelium"™ J. Steroid Biochem Ml e
Biol. 39:573- 39 582.) which indicated that neither ol factory nor

a perceptible
Fig. 6A shows |

B.1. (1991)

vomeropherin te$t stinuli delivered to the VNO elicit
sensation at phe delivered concentrati on.
t he average response of maje 35 supjecits (ages 20 to 38) to the diluent,
and to equi pol ar quant|ties (100 fmpl es) of five
T
20
=
£
2 51¢
) I
10 1 | ,
9

—34

AGETATE ACETATE

FIG. 20A.

E9/N2 E6/NI E6/NI EIO/N3 EI2/NI EI2/NI ES/M E4/N2 E8/N! ET/NI

ESTRA-5 (10), 16-DIEN - 3oc-0L |
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voner opherins (A, B, C, D, and F), and to E, a

PCT/ US95/ 12542 -72-

The profile of the response to each of the substapc

all subjects regardl.ess of age, and no significan |fferences
reveal ed either by t-tests or by analysis 5 var| MAMXHGbI :
and D produced significant effects (M %D - 3. ;
Merr] = 6.4 nv, SD 2.5 nV, and Merr] = 15 1 , SD = 4.9nv,
p<0.01), that were consistent in all individual cases—a-her—

vomer opherins depol arized the VNO 10 receptors to a nuch | esser extent,
but with consi stent nean response anplitudes from i ndividual to

i ndividual. Vonmeropherins active in male subjects

o ESTRANES. WONEN. n- 6

65R (uS)
mm—
oy

ACETATE ACETATE

ESTRA-5(10), 16 -DIEN-3ec~

FIG 208.

ES/N2 B/NI EG/N}EIO/N3B2/N1 E12/NI E5/NI E&/N2 E8/NI EUNI = ENN/NI E3/N4



produced | arger responses. than the diluent (p<0.001).
eoncentrations of olfactants induced 15 significantl)
the male VNO (Fig. - 6A and Fig. 7). A
protocol was followed . with the 30 fermle subjects

t he voneropherins, F (100 fnol es) produ%ﬁﬁghhe nDst 20

differences within the group (Fig. 6B).

REPLACERENTISHERT | o

cuucT™

(=Y
1"'COP0

5 in

sim ] ar experi nent al

(hgeb>

signifijcant

Anong

Her e, i hduced a snual | efflect

that was significantly different fromF (p<0. 01).“Tn~bﬁ%h~peﬁuLaLLdns

responses havi ng
| arge standard deviations (Fig. 6). 25 Wen the frequency distribution of

the effects of %ﬁTRAN@%Eﬁvﬁgét udied in males and femal es respectively,
1 1 n

this aobservati.on

of subj ects, active voneropherins induced receptor

we found a bi The clgn|f|rannp of

is being studief at this point.

- E, a stereoisoner of F, does

~not stinulate 30 the VNOin female subjects while F does (FIG 6B). Thf s
is a denonstrat|on of the specificity of VNO recognition of
voneropherinsdyn this regard it is interesting to note that while F ip
a superior vpreropherin, E generates a stronger ol factory effect

67 T I
4 I
2
L
5 2]

I

].__.

Iy

Iy
{

EQ/NZ EB/NI EG/NI EIO/N3 /NI EI2/NI E5/NI E4/N2 E8/NI EUN

ACETATE AGETATE

FIG. 20C

ESTRA-5(10), 16-DIEN-30c-0L |

EIl/NI E3/N4



35 than does F (Fig. 6B and Fig. 7). Ef fects of Vorreropherl ns on the

EOG The sunmat ed receptor potential fromthe ol factory—epithelieh{6F)
WD 96/ 10032 PCT/ USS REPEA@EMENT SHE]E_«‘,"'ﬂE
-73- was recorded in 20 subjects: 10 nmales and 10

contrast to the sensitivity of the VNO vomer opheri S$
sensitive to these substances. This i?syt@ue for both I ei%gfﬁ%l

5 (Fig. 7A). The mean receptor potential anplitude r dfrom-2.-3

to 0.78 nV. In this study, B was the only voneropherin havi ng
significant effect in the OE (p<0.02). O the subjects—ogruestrTomed—about

odorant sensations fol-low ng each stinulus 10 present at lon, 16 reported no
ol factory sensati on,

ESTRANES, MEN. n=6 - .
30— L _ .

EV6 (mV)
&
I
S

"EQ/N2 E6/NI ES/NI E/N3EIZ/NI EI2/NI ES/NI E4/N2 E&/NI ET/NI EIl/NI E3/N4

AETATE ACETATE

ESTRA-5(10), 16- DIEN-30c-0L 1

FIG. 2IA.



while three nmal es and one fenal e described B as an - ufj
finding reveals that at the concentrations used in o
voner opherins are not effective stinulants of the olfactory 15
receptors, but do have a clear effect on voneronasal recepy MAY. 1997
Effects of A factants on the EVG and EOC34/38 contrast to vomneropherijng,
the ol factants 1-carvone and cineol e produce only a m nor_frocal resporise
in 20 the VNO (Fig. 7B). This was true for both nmen and| wonen. As
expect ed, these ol factants produced a strong response in both nmen and
wonen (p<0.01) when | ocally applied to the CE (Fig. 7A). The dil uent
depol ari zed ol factory receptors to a | esser extent 25 than cineole or

| -carvorn (p <0(3§ and it did not produce an ol factory sensation.

Reflex Effects cESTHANES.MENentfis: Studies were conducted to deternine the
central nervof8Tsystem—(CNS)  TefeX Te5ponNses TO VONET Oper T
stinmulation of 30 the VNO. The sexual ly di norphic |ocal responses !
i nduced by vo ropherlns (Fig. 6A and B) were mrrored in the dutonomjc
response of @ & femal e , i

A MEg SHeer] ©

301

: 4

EW/N2 EG/NI EG/NI EIO/N3 EI/NI EI2/N1 ESV/NI E4/N2 ES/NI ETN
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subj ect s.

(el ectroder nal

GB) F
n 30).

In male subjects (Fig. 60,
acuity EDA) 35 (p<0.01,

A and C decr
n=30). Infe

REPLA)

and B produced greater decrease .in EDA than{Alor C
WD 96/ 10032

PCT/U895/12542 i
Vorer opherins A and C induced a S|gn|f|cg§ﬁ I ncreasle 1 n skin

tenperature (ST) (Fig. 6Q
i nduced' si gni ficant

subj ects

voner opherins pr
devi ati on thanf

in 30
t enperature decrease (p<0.01).
5 (Fig. 6H B and F evoked a significant
. tenmperature (ST) (p<0.01) conpared to A and C.
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mal es. 10 Cortical activity was recorded froéﬁﬁﬁJﬁyﬂMLM‘ Sﬂgﬁxﬁ
male and fenal e subjects during application to t hey MNO of air pul deg
(300 ms to 1 sec) containing 200 frol es of vonerophefi % @iNY. 198G g4na
H. 1In males (Fig. 6E) A, Cand D significantly ipcyeased al pha_ 15
cortical activity with a latency of 270-380 ns.. D ant—A"evoked t he
strongest effect (p< 0.01). Synchronliﬁ{5&n of thelEEG was_sustai-ned
for 1.5 to 2.7 minutes after application of a single pulse of

active substance. In females (Fig. 6F)E Qﬂﬂte 20 - pul se (200 fnol es) of
B.or F applied to the VNO i ncreased %ﬁ%ﬁ rtical |ndependent of the
response of ol f ad3® Ty TECEPtoTS: Ye-foumd—ThardectertstTT

specificities in the Qg ponse} of the human VNO and the ol factory

epi t hel i um whi ch sugg€sgs thaf they are 25 independent functional systens
wi th separate coabgti onsf to the CNS (Brookover, C. (1914) The

nervus termnalis in ggdlt . J. Conp. Neurol. 24:131-135.) There is
al so prelimnary evid€hde tha the EVGis not associated with [ '

trigem nal nociceptorgi8d endings sinceyapplication of a |ocal anesthetic
(2% ; S
014

2005 | I

EEG-V-ALPHA [EEG-V-BETA  EEG-T-ALPHA  EEG-T-BETA
FIG. 22A.

E9/N2 WOMEN

03 e N — we N —
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| i docaine) to the respiratory epitheli um of the nasal

bl ecks nor di m ni shes the EVG (Mnti - " Bloch, L. an EKEEMSHEET

he

(1991) "Effect of put ative pheronones on the el ectrjidal activity of |
35 human voneronasal organ and ol factory epithelium" J. 1 SMAY A997
Bi ochem Ml ec. Biol. 39:573-582.), also, WO 96/ 30(432
PCT/ US95/ 12542 21/3875. qubTecTs TaiTed to
report sensations of pain as a consequence of any df__the stimilatio
procedures. Addi tional EVG GSR, ST and EEG tests were . -
perfornmed on 13 estranes in nen and wonen identified 5 in Chart 1 and Fig:
20. The steroid E12/ N1 exhibited t heEOANIt MENEG al pha activity in nen.
The steroid E8/ -msﬁ\(hi hited the hest EEG bet a1act vty inonen
03 T t
025 u
02:
D18+ L
01 I r
0051 — '__[__[ g
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* |
-005 1 _
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FIG 23A.

EB/NI WOMEN

.08

031

0l -

EEG-V-ALPHA EEG-V-BETA  EEG-FALPHA  EEG--BETA
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The steroid E7/NL exhibited the best EEG al pha ad REPLACEMEND SHEET |

Additionally, it is noted that 10 E7/ N1 exhi bited exgelil ent organ ré3ponse,
as shown by the EVG data, in both nen (Fig. 21A) iand m&(gﬁg

20A), but there were gender differences in the CNS - (hi'g C17a phagin
wonen, high EEG beta in nen, Figs. %simd B). 1F% WYNG-
receptors are clearly nore sensitive to vonerophgrins than to any ¢f
the ol factants tested; . the opposite is true for olfactory Teceprors.
VWil e the CE nmay have receptor sites for sone voner opherins, the.

response specificity of the VNQAS[,2 ri ifferent.
Sexual differences V\@Le not edN%éLMeﬁbEihfépe%fl cities and effects of two
Q

groups of voner T TS oA, C and D _and B amd*~F—Ths “—suggests a
possi bl e receptor-rgigd ed sgxual 25 dinorphism The findings sugdest the
activation of copppnent § of the autonomc nervous systemln the
adult human by vomer-&i‘heri nistimulation of the VNO !

Furthernore, the ref2§4s sudgest that stinmulation of the VNO wifth
voner opherins pr oducgf_‘ ' : i

05 I | | t
T

005 i
G. [
-0051 | [
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| FIG. 24A.
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30 ;ynchroni zation of the EEG (Fig. 6G and H) Thus, the |REPLACEMENIe SHEEE] n
indicates that the voneronasal system responds to a{vdqrrery or r’A
1 tinmuli, d t hat ble to i ndycd [
gcte.ineiste;.sory S |Vn\% |96/ ?8032 at some are able to indyc r?gﬁxva#}.;)np c
PCT/ US95/ 12542 ' g? .
CLAI M5 W claim 1. A stzéq? d conpound of the formula:
[err] _

| E10/N3 MEN
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I's selected fromthe group consisting 5
net hyl ene, and one o

wherein Rlerr]
ot two hydrogen atoms, nethyl,

o Ll o S 7 3 Sz

RERAGRAENT S phe

WO a0 AT OIS
§

Rlerr] is absent or is selected from the group.consj|s a
of hydrogen and nethyl; R err] is selected fromthe grOtrjlgswﬁrej%h)l7
consi sting essentially of oxo, hydroxy,gkfggr al koxy, 1p ,
benzoyl, cypionyl, glucuronide and / nyl; Rerr]iis selected from
t he group consisting essentially of hydrogen, hydroXy, ower—atkoxys;
| ower acyl oxy, oxo and hal o; é?enrh i s absent or is selected from ;
t he group consi sting essentlallﬁl NIhyME®gen, 15 hydroxy, |ower al koxy and
| ower acyl oxy; R[err]o'{l hydrogen. or _a halo:.and "3" represents .
opt i onal _
.06+
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03
.02j --[ -[ | !
.Ol: I [
0-
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EEG-V-ALPHA EEG-V-BETA = EEG-T-ALPHA EEG-T-BETA
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aromatic unsaturation of ring A of said steroi d, or ) RF‘PLACEMEMR&IEET
are each optional double bonds; and "e", "f", "g, "', "i" and "j"
each optional 20 double bonds; with the provi sos that: (1BMAY 99EN|"
is present, Rlerr] is hydroxy, and "j' "i'l, 1"g" and "h" afe;
all absent, then (a) R err] cgi}g%t be hydrg¢gen; or (b Rerr
cannot be oxo i1f "e" and " absent WD 96/10032
PCT/ US95/ 12542 (11 ) when "a" 1s
present, Rerr] is hydroxy; and "j" "i" and "g" are all
absent, "h" is present E|2;memmqrfr]umannot be net hyl ene; .
(ren) v\,hen "a" and "i," are presant, then (a) . at | east
one of "e" "f' is 8§ésent or

031 | | !

02- T

0 —L

EEG-V-ALPHA EEGV-BETA  EEG-T-ALPHA EES-T-BETA
FIG. 27A.
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(b) Rerr] is rret.hyl ene, or (c) Rerr] is not RE?LMM—ETQHSHEB&
ARAY) when "b" is present, Rerr] is oxo, "g", "h", . "L,
"[" are all absent, Rerr] is hydrogen, 10 ()it ?
cannot be one or two hydrogens if "f" is abseﬁfg,lMolz%@Pg i if
"f" is present Rlerr] cannc§2,138 met hyl ; 4 whert "ib"
and "j" are present and Rlerr] is oxo,. then at | east one of
"e" or "f" nust be 15 present or R err] nust D& TeLhyTl ene,
(V1) when "c" is present, "d" is absent and Rerr] is
hydroxy, then (a) at |east "e" or "f"Eg}w] EN be present, or (b)
Rl err] nmust be nethyl ene; (V1) leH c" and "d" are present and
Rlerr] is 20 WFTHhoXy, then (a) at least e or "1 nust [
be present or (hb) R[e_rrg nmust be mnet hyl ene; (viin) when "b" is
-present, R3 is hydroxyVaid R eTr] is hydr ogen, then (a)f at
| east "e" or "f" nust be present or (b) Rlerr] nust be |
nmet hyl ene. 25 041 2. conpound according to Claim1 whereinf
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_ "a"'is present and "g"
3.

"h" or "i"

are optional
A conpound according to Caim1 wherein

n bn

4 A conpound according to Claim1l wherein "c"
bonds. WD 96/ 10032

PCT/ US95/ 12542 - 78-
conpound according to Claim1 wherein 3%&5&%@ IS

doubl e bond.

04

E4/N2 MEN

&EBLAGE

doubl

MENT §

is a
and

dqubTrebomd-
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2§ 8 MR Sog7

nethLL and "e" is

A
a
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6. A conmpound according to Claim2 wherein . said s
fromthe group consisting of 5 ESTRA-1, 3,5(10), 6, 16-P

ESTRA- 1, 3,5(10), 7- TETRAEN- 3- OL; 17- METHYLENEESTRA-
1,3,5,7,9- PENTAEN- 3- OL; = 17- METHYLENE- 6- OXOESTRA-- 1,8
ACETATE; ESTRA-1, 3,5,7,9, 16- HEXAEI\I-S";“-I%;
ESTRA- 1, 3, 5(10, 6- TETRAEN-3-QL; 17- 10
METHYLENEESTRA- 1, 3, 5(10, 7- TETRAEN- 3- OL; ESTRA-- 1, 3, 577,79, 6 HEXAEN-3- YL
ACETATE; ESTRA- 1, 3,5(10), 7, 16- PENTAEN- 3- CL; 17- METHYLENEESTRA-
1,3,5(10)- TRIENE- 3, 6[ err]-Dl O.; EST , 3@@10) , 7, 16- PENTAEN- E- YL
ACETATE, ESTRA-1, 3,5(10), 6, 16- PENT >3- OL; _and .
17- METHYLENEESTRA- 1, £, J5(10), /- TETRAEN- 3- YL ACETATE. 7.
A conpound accordi ngfg4o C ai m 3 wherei said-steroid is selectpd from
the group consistingjgdf ESTRA- 4, 16{DI EN-3[err]-COL; 17- METHYL - 4,
13(17)-DIEN- 20 3[ eiiﬁ OL; and 17- METHYLENEESTR- 4- EN-3[ err] - X
14 | [
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051 X
0251 | I___.[__‘ F
0r— ) .
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8. A cortpound according to Claim4 wherein said sterqld is selected

fromthe group consisting of 3- METHOXYESTRA- 2, 5( 10) ,
3- METHOXY- 17- METHYLENEESTRA- 2, 5( 10) - DI ENE. 25
conpound according to Claimb5 wherein said steroid is
group consi sting of 3- HYDROXYESTRA- 1, ﬁ 10), 16- TETRA
OXCESTRA- 1, 3,5(10) , 16- TETRAEN- 3- YL ACETAPE™ ESTRA-
1,3,5(10), 16- TETRAENE- 3, 6[ err]-DI O.; 6[ err] - H'DROXYESTRA- 30
1, 3,5(10), 16- TETRAEN- 3- YL ACETATE; ESTRA-4,9, 16- TRI E -
10- HYDROXYESTRA- 4, 16- DI EN- 3- ONE; ESTRA- 5(10), 16- DI EN- 3[err]
ESTRA-5(10), 16- DI EN—OS, err]-OL. ET/NI MEN .

07 T .
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WD 96/ 10032
- 79-

3- METHOXYESTRA- 2, 5( 10) , 16-

PCT/ US95/ 12542

- 10. The conpound 10- HYDROXYESTRA- 4,
according to Claim?9. _

11. The conpound ;

TRI ENE according to d aifm

12. The conpound ESTRA- 1, 3, 5(10) 16- 35/3EETRAENE 3,6

to Cla|n19

-0l
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