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This applxcatlon ls a contxnuatlon—ln-part
of U S. Serial No. 08/127,908, filed September 28,

. 1993, which, in turn, is a continuation-in-part of

U.S. Application Serial No. 07/903,604, filed 24 June
1992, which in turn is a continuation-in-part of U.S.
Application Serial No. 07/708,936, filed 31 May 1991,

. which in turn is a continuation-in-part of U.S.

Application Serial No. 07/638,185, filed 7 January
1991, now abandoned. :

The appllcation also relates to another
continuation-in-part of U.S. Patent Application
Serial No. 07/903,604, U.S. Patent Application Serial
No. 08/077,359, filed 15 June 1993, and to commonly
assighed, co~pending U.S. Patent Application Serial
No. 07/903,525, filed 24 June 1992 (a continuation-
in-part of U.S. Application Serial No. 07/707,862,
filed 31 May 1991, which in turn is a continuation- -
in-part of U.S. Application Serial No. 07/638,743,
filed 7 January 1991, now abandoned) entitled
"Estrene 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
07/903,525, U.S. Patent Application Serial No. |
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Technical Fjeld
This invention relates generally to
10 pharmaceutical compositions and methods for
effectuating change in human hypothalamic function,
thereby altering certain behavior and physiology = ‘
mediated by the hypothalamus of individuals. More
particularly, the invention relates to the use of
15 certain Androstene steroids as neurochemical
effectuators of physiology and behavior.

The present invention relates to certain
compounds, namely Androstane steroids, particularly

20 Androstene 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
consequent behavior and physiology; e.g., the’

25 reduction of anxiety. Androstane steroids are
typified by testosterone and they are characterized
by a four ring steroidal structure, a methylation at
the 13-position and at the 10-position. Androstenes
are a subset of Androstanes and have at least one -

30 double bond. Ohloff, G. et al. (Helv. Chim. Acta
(1983) 66:192-217), which is incorporated herein by
reference, have shown that several members of this
group of steroids have an odor which varies with

different isomeric, diastereomeric, and enantiomeric

35 forms. Some members of this group have been reported
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Conposi tions and Methods"; and to the commonl y assi gned, co-pending
cont i nuat '?&dsﬂo&ﬁ” of 07/ 903,525, U.S. Patent Appli cat ipgrrnssssiizs3sNo.
WO 96/ 1003 - PCT/US95/ 12538

-2-. 08/ 077,140, filed June 15, 1993 3The aforenentloned U. S.
patent applications, are eac ncorporated her ei ref erence
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Appl i cati on ewﬁnstadce, S&FangraBMemamanﬂ+ommsaﬁnn5arandgo!mﬁﬂm
Pheromones™,  on-{4188 24 BREEN (MdiTosd SouRY, WL %P. P
' (1971) 127:497-502). These l6-Androstenes produced
5 by the boar induce mating behavior in estrus sows
(Claus, QL_Q,_J._ W (1979) 35:1674-1675).
‘Some studies have noted that, in some
speciés, various characteristics of certain 16-
Androstenes (including Sa-Androst-l16-en-3g-ol and 5a-
10 Androst-l16-en-3-one), such as concentration, '
metabolism, and localization, are sexually dimorphic
(Brooksbank et al., J. Endocr. (1972) 52: 239-251;
Claus, et al., J. Endocr. (1976) 68:483-484; Kwan, et
al., Med. Sci. Res. (1987) 15:1443-1444). For
15 instance, Sa-Androst-ié-en-3a-ol and Sa-Androst-16-
en-3-one, as well as Androsta-4,1l16~-dien-3-one, ha#e
been found at different concentrations in the.
peripheral blood, saliva and axillary secretions of
men and of women (Kwan, T.K., et al., Med. Sci. Res.
20 (1987) 15:1443-1444), and their function as a human
pheromone, to the extent of affecting choice and
judgement, has been suggested (Id.; see also Gower,
et al., "The Significance of Odorous Steroids in
Axillary Odour", In, Perfumerv, pp. 68-72, Van Toller
25 and Dodd, Eds., Chapman and Hall, 1988); Kirk-Smith,
D.A., et al., Res. Comm. Psychol. Psychiat. Behav.
(1978) ;.379). Androstenol (Sa-androst-16-en-3a=-01l)
has been claimed to exhibit a pheromone-like activity
in a commercial men's cologne and women's perfume '
30 (Andron™ for men and Andron” for women by Jdvan).
Japanese Kokai No. 2295916, refers té'perfﬁme
compositions containing androstenol and/or its
analogues. 5a-Androstadien-38-o0l (and perhaps the
3&-01)_haé also been identified in human axillary
35 secretion (Gower, et al., Supra at 57-60. On the
other hand, there is little agreement in the -
literature as to whether or not any putative



Technical Field This invention relates generally to 10
phar maceuti cal conpositions and net hods for ef fectuati ng change in

human hy@dghagsa ¢ function, thereby altering certai npéﬁgggg,ﬁgasand
physi ol ogy medi at ed by t he hypot hal anus of i ndivi dual s

particularly, the invention rel ates td+he use of 15 certain Androstene
steroi ds as neurochem cal ef fectuators of physiol ogy and behavi or. i
Descri pti orPRereReneagtugliyt plays any role Tin thessexuahvention rel ates «

to certain repre@dBeYGdSpeRavEbY O20nANNMS Stﬁ'{ﬁod%,sulﬁi%'&f” arly 20

Andr ost ene ster0|ds nd relatgg conpounds as escri bed herein,
and et hodPYRARE: nSea s sBeauchaypy Gnfs a&thddan JohRhenicals in order

to alter Phdéwgméhal eoheeptnihi namhhaanbmﬁﬂieﬁl ng-certain
o ot S NGBt S Mo il Cn ™
characterl, gbrodugtivé cProces Behawviior twbtyﬁinﬁﬂlwﬂﬁﬂlpn at
the 13- pOS id il ﬁfeéée 15785 g T O¥WEE, et al.,
supra at 6€8-73. o
An embodiment of the subject invention '

10 concerns the non-systemic, nasal administration of
certain Androstane and Androstene steroids'fo'affect
a specific behavioral or physiological response in
human subjects, e.g., a reduction of negative affect, !
mood, and character traits. In particular, nasal '

15 administration provides for contacting neurochemical
receptors of a heretofore poorly understood
neuroendocrine structure, commonly known as the
vomeronasal organ ("VNO"; also known as "Jaccbson’s
organ”), with one or more steroid(s) or with

20 compositions containing the steroid(s). This organ'
is accessed through the nostrils of most higher
animals - from snakes to humans, and has been.
associated, jnter alija, with pheromone reception in
certain species (see generally Muller-Schwarze &

25 Silverstein, Chemical Signals, Plenum Press, New York
(1980)). The axons of the neuroepithelia of the
vomeronasal organ, located supra palatinal, form the
vomeronasal nerve and have direct synaptic connection
to the accessory olfactory bulb and indirect input

30 from there to the cortico-medial amygdaloid basal
forebrain and hypothalamic nucléi of the brain. The
distal axons of terminalis nerve neurons may also
serve as neurochemical receptors in the VNO.

Stensaas, L.J., et al., J. Steroid Biochem. and

35 Molec., Biol. (1991) 39:553:. This nerve has direct

synaptic connection with the hypothalqmus.

L3




are a subset of Androstanes and have at | east one 30 doubl e bond. Ohloff,

G et al. (Helv. Chim Acta (1983) 66:192-217), which is incorporated
her ei n by wo96/16632r ence, have shown that several nenbers of PM&JS9SIIZSQ8oup
of steroids have an odor whigh varies wt di fferent isoneric,

di astereoneric, and enantioneric 35 forns: Some menbers of this group have
gg?ursgg;)rltzgga V\D g6%%%%1 A. et al. (%A—%% a pherom)ne
in some manmal {3985petieI1~70)r reporithwvidanceafandthet présence @fe and
(3o 35y 16-van,yolasdndenl’ it (U ae s nghafly, ol 15
mati ng behavi ckongluder thatokbhe organ 4 Probaply Esepefiln@ﬁtipa‘a(lxgm)
35:1674-167)) -contravening 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. Mondragon; Monti-
" Bloch, L. and B. Grosser all in J, Steroid Biochem.
10 and Molec, Biol. (1991) 239.
It is apparent that it would be desirable
to identify and synthesize human semiochemicals and
pheromones and to develop pharmaceutical compositions
and methods of use to influence'hypothalamic
15 function. This invention relates to the unexpected
discovery that, when nasally administered to human .
subjects, certain neurochemical ligands, particularly
Androstane steroids, more particularly Androstene
steroids and related compounds, or pharmaceutical
20 compositions containing Androstanes, Androstenes or
related compounds, specifzcally bind to ,
chemoreceptors of certain nasal neuroepithelial cells
and this binding generates a series of
neurophysiological responses resulting in an
25 alteration of hypothalamic function of an individual.
When properly administered, the effect of certain of
these épmponnds on the hypothalamus affects the
function of the autonomic nervous system and a
‘variety of behavioral-or physiological phenomena
30 which include, but are not limited to the following:
anxiety, premenstrual stress, féear, aggression,
hunger, blood pressure, and other'hehavioral and
physiological functions normélly regulated by the
hypothalamus. Otto Appenzeller. The Autonomic
35 Nervous System. An introduction of basic and
clinical concepts (1990); Korner, P.I. Central _
nervous control of autonomic cardiovascular function,



Some studies have noted that, in sone speci es, various characteristics

of certain 16- Andr ost enes (i ncludi ng 5a- Androst - 16- en-3a-ol and 5a- 10
Andr oS{yolfineesi3-0ne), such as concentration, met abol i 538

| ocal i zation, are sexually dinorphic (Brooksbank et al., J.. Endocr.
(1972) 52: 239-251; Cl aus, et al =6=). Endocr. (1976) 68:483-484; Kwan,

et al, Med. Sci. Res. (1987 15:1443-1444). For 15 i.nstance, i
5a- Andr 0stands IaVY3a 1M ANG Marhinst P1d. Neural sontrokhoficthe as

And{ ﬁSt a- helrtf) gjbﬁ'lgqgle Hiﬁdﬁo?k obepnyggu:l@ggt @é&g{r&ptz copcent rati onsoI
in the eri phera 0 sal i vg_an cretions o men an
of wonen (‘H%éfc’o %Yét g@f fle % %’)i %T shingtom_ 1444), and

their funm,orlm,ahmm:an li'l;n‘hs:i.olrt:gfl&;:a.ll.0st:knel.etvyt;erl't:i.sﬁmﬁi)c ecting choice

a'rll'ﬂe. X gn ?ﬁﬂie tﬁ%‘f& ger0|l§§£’+’§k Ofsigyglj%ﬁ&?%iour | et A

Perfurrerysqqthmm Respimatery 28ysteu. IJJQ& Eﬁs Odmmhmd Hal |,

1988); Ki i sd£iMB! - 19885 %giychol Psychi at. Behav.
(1978) 3: 37 An(?r osten‘# 5a andr ost - 16- en- 3a 0 has been clainmed to
exhi bi t a PR ‘?ﬂkes in a comercial nen's col ogne and

wonen' s perfune In some instarice’s a single Androstane
10 steroid, or related compbund, is administered, in |
some instances combinations of Androstane steroids
and/or related compounds are administered.

SUMMARY OF THE INVENTION

_ Accordingly, it is an object of this

15 invention to provide novel steroid compounds which
are pheromones and are suitable for nasal -
administration in an individual.

It is another object of this invention to -

provide compounds useful for altering hypothalamic

20 function which have the following advantages: 1)
administration directly to the chemoreceptors in the
nasal passage and the vomeronasal organ, without
pills or needles - i.e., non-invasively; 2) a mode of
drﬁg action through the nervous system and not

25 through the circulatory system - thus brain function
can be affected without consideration of the blood-
brain barrier; 3) a direct means of affecting the
hypothalamus - there is only one synaptic junction
between pheromone receptors and the hypothalamus;

30 and, 4) providing a highly specific drug effect,
thereby greatly reducing the potential for '
undesirable side-effects - this because sensory
nerves are addressed to a specific location in the
brain.

35 ' Additional objects, advantages and novel
features of the invention will be set forth in part



et
in

30 (Andron" for nmen and Andron" for wonmen by Jovan). Japanese Kokai
No. 2295916, refers to perfune conposi tions cont ai ni ng andr ost enol
and/ or it wo 961088kl ogues. 5a- Androstadi en;3[err] - (and perPEHYSINRS38
3a-ol) has al so been identified in human ‘axillary 35 secretion (CGower,
al ., Supra atjp Re h | Hia | eenment
“the litera ure as to V\%é@ﬁon ‘ggang!t flzﬁ{/l%g’uét afir\f‘% fn ﬂ:&f%wgg 10031

PCT/ US95/ 1253%ecome apparent to those skilled;.in the p@axtoupas actual ly
plays any rol gldhidft 6% UsE Che fomawlwctdrvqnéyew'ﬁafﬁeaaisyﬁ' S,

particularly of humans.. See aucha

anp,
Pher onone Con®FAct #F?\/a?ﬁraﬂ'%nl@ﬂﬁ ¢an- 5 Commnl cat ion: A Cr| t i que"

Mammal i an @ facti on.
Ed. ,

10

15

20

providing a novel steroid compound suitable for nasal
administration in an individual. The compound is an
androstane steroid with the formula:

wherein P; is selected from the group consisting of
oxo, a-(ﬂ-) hydroxy, a-(ﬁ-—) acetoxy, a-(B-
propionoxy, a=(B8-) methoxy, a-(8-) lower acyloxy, a-
(B-) lower alkyloxy, and a=-(f-) benzoyloxy; P, is '
selected from the group consisting of methyl,
hydroxymethyl, acyloxymethyl, alkoxymethyl, lower
alkyl, hydroxyalkyl, acyloxyalkyl, and alkoxylalkyl;
P, is absent or is selected from the group co’nsistirig
of hydrogen, methyl, hydroxymethyl, ecyloxymethyl,
alkoxymethyl, lower alkyl, hydroxyalkyl,

‘acyloxyalkyl, and alkoxylalkyl; P, is selected from

the group consist:.ng of hydrogen, oxo, halo, hydroxy,
alkoxy, and acyloxy ;7 P represents one or 2
substituents, wherein Ps; is one or two hydrogen or
methyl groups, methylene, or one or twe halo atoms;

'P¢ is hydrogen or halo; and "a", "b", "c%, wgqw, wev,

In:
obFectsucti thikr deramis o hiie ot DéveBObY, R L.,



Academ c Press, 1976). See al so: Cower, et al., supra at 68-73.
An enbodi nent of the subject invention 10 concerns the non-system c, nasal

‘admi ni stwevsmeesof certain Androstane and Androstene stperusssibsssal f ect
a specific behavioral or physiol ogi cal_sr_esponse in human subj ect s,
e.g., a reduction of negative affect, nmood, and character traits. In

particul ar, wpealard nﬁdnapésaieéi-ﬂthWng%%J (yozpcg;;@%% neurochem cal *

receptors of. a heretofore poor |y understoo neur gen ne structure, *
commonl y kn&fApRie hpnds; with Bra¥asos: §hate VNO': al so known as
"Jacobson's organ”), with one or nore steroi d(s) or with 20

conposition cont g} th teroid(s Thi s organ is accessed through ~
the nostril n‘g}é #}ggﬂfé‘f éh'? i:gentf ABA ?lakﬁsmﬁ&iﬁﬁmaﬁs, and has

been assom alcahnothtise to ehyd\téﬁeﬁh&taﬁg e.reception in certain
speci es (see generally Miller-Schwarze & 25 Silverstein, Chemical Sianals,

Pl enum Press, New York (1980)). The axons of the neuroeplthel la of the
voner onabal IEr‘gar:Lf I"h'htisl prgsenton| By iimla dethyl hgroup, VRiEi$nasal nerve
and have direct Wd c%.ptlon to the accessory olfactory bulb and
I ndi rect input én

(a) Py cannot be hydrogen, if "e" and "a" are
absent and "b" is present; or

'(b) "a" cannot be present if P; is oxo, "b" is ‘
10 present, and "e" is absent; '

(c) P, cannot be hydrogen if "c" and "ad" are
absent, "b" is present, Py is oxo, and P,
is methyl or hydroxymethyl;

(d) P, cannot be oxo if new, “en and "g" are
15 absent, "b" is present, and Py is oxo;

(e) P, and Py cannot be hydrogen if P; is oxo,
"e" and "b" are present and "c" and "d" are
absent;

(£) P, cannot be hydrogen if Pi_ is B-hydroxy.._,
20 “c" is present and "a", "b", “e" and "a"
are absent;

'(g) P, cannot be hydi‘dg_en if Py is methoxy, "a"
and "c" are present and "e", "a" and "4"
are absent.



30 fromthere to the cortico-nedial anygdal oi d basal forebrain and
hypot hal am ¢ nucl ei of the brain. The di stal axons of termnalis nerve

neur ons WP’?I&RI serve as neurochem cal receptors in thecyhSes12538

St ensaas t al., J. Steroid Biochgm and 35 “Mdlec Biol (1991)

ﬁg 55ﬁ I Thi s nerve has direct © synaptic connection with the

ypot hal anus : 6 "y

DO s o e ETT P, "¥h&6p | Katinot heg hydrogen if P, :quoxg o b " :|.set .
(J Ctol aryngol ogyPresentogPs ig. methylene,and Nalent®"tor ot hdresence of
t he vonmeronasal orgge areeseésty t humans, but | concl ude that the organ
is probably non-functional. 5 Cbntravenlng results which suggest that the
VNOis a functional chenosensory receptor are reported by St ensaas,
L.,, et al., Fvepri, zmd By ddnmot b2 hydeogen if P, is B-hydroxy,

5 "e" is present, P; is methylene, and "a" et ,
~"b" and "d" are absent; '

Vv: P, and P; cannot be hydrogen if P, is oxo; "b"
and "f" are present, P; is methyl and "e", "“a",
nen, "g@" and "h" are absent.

10 One class of preferred steroids has "b" as
a double bond, particularly wherein "h" is also a
double bond. Yet another preferred class has P, as
hydroxymethyl, and "c" as a double bond. Another
preferred class has "b" as a double bond and Ps as

15 methylene. ' :

By halo, it is meant, F, €1, Br, or I. The
term lower alkyl, lower alkoxy, etc., is meant to
encompass carbon chains of 1 to 6 carbon atoms, '
preferably 1 to 4 carbon atoms.

20 Oother objects of this invention are
achieved by providing a method of altering
hypothalamic function and/or autonomic function in an
individual. A ligand for a chemoreceptor displayed
on the surface of a nasal neuroepithelial cell is

25 provided wherein the cell is a part of tissue other
than olfactory epithelia; and, the ligahd'is '
administered within a nasal passage of the individual
such that the ligand binds specifically to the
chemoreceptor, resulting in an alteration of

30 hypothalamic function of the individual.

All embodiments of this appllcatlon relate
to and include the functional equlvalents of the
steroid structures disclosed in these embodiments and



al ., Garcia-Velasco, J. and M Mbondragon; Monti - Bl och, L. and B
Gosser all in J. Steroid Biochem 10 and Molec. Biol. (1991) 39.

It is appageeosithat it would be desirable to identify rOTIUSENRSIBSI ze
human sem ochem cal s and pheronnnef and to devel op pharnmaceuti cal
conpositions and et hods of use totPRfl uence hypothalanic 15 function.

Thi s invent t t SC t hat en nasally !
adm ni stere %%aﬁédifiég P %&ggr %gur‘fhngfﬂ? %? ?ﬁg% =
particul ar |§unctmbse@nevclencedswhmherpm inat &He mﬂxbﬁene '

steroids a tical 20 conpositions

cont ai ni ng%ﬁg%kﬁ;@%?gélg%gsﬁﬁ@%ﬁ%ﬁ%‘rdel at ed conpounds, specifically
bind to chennreceptors of certaln nasal neuroep|theI|aI cells and
this binding generat \ ; ,u5§a| responses

resulting in an 25 'gn of _an i ndividual.

Vhen pr&%erly adni ni sis @@fese conmpounds on

t he hypotmﬁnﬁnustﬁ#&y:sbdiun-a-6nectAndreéthha A6-Ai@H-adegVOUs system
and a t _RBYyskol ogi cal phenonena 30 whi ch i ncl ude,
but are’ not ‘fr#lgc?{\gg] é 4’?‘%@ é 8'1
Figure 2 illustrates the synthesis of
Androsta-5,16-dien-3a~0l and Androsta-5,16-dien-38-
10 ol.

Figure 3 illustrates an alternate synthesis
of Androsta-4,16-dien-3-one. . . ' ‘ _

Figure 4 is a graphic representation of the '
electrophysiological effect on receptor potential of

15 the localized administration of particular steroids

" to the vomeronasal organ of female subjects (4A) and

to the olfactory epithelium (4C). Figure 4B is a
graphic comparison of the effect of an Androstane on
the VNO receptor potential of male and female

20 subjects. L

Figure 5 is a graphic representation of the
eleétrophysiological effect of the localized
administration of particular steroids to the E
vomeronasal organ of male (5A) and female (SB)

25 subjects.

Figure 6 depicts various autonomic
respdnses of female subjects to an Androstane. A =
receptor potential of the vomeronasal |
neurcepithelium; B = change in cortical alpha

30 activity of an electroencephalogram (%); C = change
in galvanic skin response (K-ohms); D = change in
peripheral arterial pulse (counts/min.); E = change
in skin temperature (degrees C.); and, F = chahge in
respiratory frequency (counts/min.).



anxi ety, prenenstrual stress, fear, aggression, hunger, bl ood pressure,
and ot her behavioral and physi ol ogi cal functions normally regul ated by

the = hypwatdsabearus. Oto Appenzel | er. The Autonom c 35 mmwsngpgtem
An introduction of basic and:. clinicalygoncepts. (1990); Korner, P.I

Centr al nervous control of aut onom ¢ cardi ovascul ar function, WO

96/ 10031 Figure 7 de 1cts ch 43:9 éEﬁE%?
-6- and Levy, N. M an l\/aertl : uraa ont rg of t heart,
both i n HandboBCESMEIRLQf Fhe ‘%@t?’ﬁﬁef exp"s@&'ﬁll‘lﬁ/%cﬁﬁ%ﬁlﬁs?@m ~ the

heart, Vol |, \WMiidi¥ferent AXdrd&tdnedyerican Physiological Society;
Fishman, 5 A P., et al. dltors %iandb ok of P ysd ol o Section 3:
Respiratory System Vol . #gu?ﬁnﬁ gpiFts sexual’ dimorphism in local

5 and autonomic responses to the stimulation of the VNO
‘with vomeropherins. Various vomeropherins (200
fmoles) and the diluent control were administered to
30 male and 30 female subjects (ages 20 to 45 ) as
described. Bars indicate the mean response of the

10 population.

Figs. 8A & B: EVG responses were measured as
described in male (A) and female (B) subjects.

Figs. 8C & D: Electrodermal activity was measured as
described. Changes (measured in x9) in response due

15 to delivery of vomeropherins to the VNO of each
subject are shown in male (C) and female (D)
subjects.

Figs. 8E & F: Alpha-cortical activity was measured

as described. Changes in response due to delivery of
‘20 vomeropherins to the VNO of male (E) and female (F)

subjects. ' : -

Figs. 8G & 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
25 male (G) and female (H) subjects.

The Compounds in the'graphs are:

aA=1, 3, 5(10), 16-Estratetraen-3-yl acetate
B = Androsta-4,16-dien-3-one
c=1,3,5(10),16-Estratetraen~3-ol

30 D = 3-Methoxy-Estra-1,3,5(10),16-tetraene’
E = Androsta-4,16-dien-3a-ol o
F

= Androsta- 4,16-dien-38-o0l



breat hi ng. Bet hesda MD. 1986. Anerican Physi ol ogi cal Soci ety.
In sone instances a single Androstane 10 steroid, or related conmpound, is

adni ni WeEH031 n sonme i nstances conbi nati ons of Andr ®CTAISSS/$2538 0i ds
and/or related conpounds are adm nis red. SUMVARY OF
THE | NVENTI ON Accordingfy, it is'an object of this 15

I nvention to prOVIdQF¥8MfL §taégigtgog@@e%¥% (f%,%ﬁ%“ Pheronnnes and i )

are suitable for nasa stration I1n an i1 n
It is anomeke Andcfemale subjacts: ipduced by mtimulatiom®fids useful for

al tering Rpotdel ity 39f£eeshtenanal %mai%ﬁéﬁﬁéldowmadvant ages: 1) -

admnistration directly to the c ennrecgg;ors I n nasal passage and

the vomer &pekgs cﬁ%awemﬁlﬁﬁ‘&?ants rFREVORe, axdl é'slneql% 88 non-i nvasi vel y;
2) a nzdewdlll as 20Q fmdles ofrthghvbherophediinss B! @Y amd mot 25 through

e L CUHEY: Yk Bhe AT Gk B bR, avpy il el SELRE 1 PoU
affectingadupne second pulses to the OE of 20 subjects (hoth
male and female) and each EOG response was recorded
as described. The olfactants as well as E and B
10 produced significant (p<d.01) local response. B: 400
fmoles of the olfactants l-carvone and cineole do not
induce a significant EVG response when delivered to
the VNO of male and female subjects. : '
Figure 10 depicts the electrophysiological
15 effect of the following vomeropherins on the
vomeronasal organ of 20 female subjects:

= Androst-4-en-3-one

= Androsta-4,l16-diene-3, s-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

20

HXRamae
]

EVG = Electro-vomeronasogram
GSR = Galvanic Skin Response
= Electrodermal Activity, EDA
- 25 ST = Skin Temperature

Figure 11 deyicts the electrophysioldgical-
effect of vomeropherins on the vomeronasal organ of
20 male subjects. '

M= 1,3,5(10)-Estratrien—3fol

30 Figure 12 illustrates the steps of
synthesis for Examples 10 through 14.



hypot hal anus - there is only one synaptic junction bet ween pher onone
receptors and the hypot hal anus; 30 and, 4) providing a highly specific drug

ef fect, wdssrb31 greatly reducing the potential for. und eEgrrosisA 2538
side-effects - this because sensory neryes are addressed to a specific
| ocation in the brain. 35 AG3Pt onal obj ects, advantages and

novel features of the.i ti,Qn Wi,l set forth._ in part WO
96/ 10031 [7FighEd 13 fyldsé¥iteixﬁ?fﬁﬁgfgf5§§ in the
descri pti on whisynthésiasfornExamplest 14 |Yhrouglhe20ne apparent to those

skilled in the art upon F%ﬁ??%gaaaéuqaégfégggE§§%2¥%ggf-gﬁinay be | ear ned

by practice of the inv S invention
are achi eved bysynthesisi §pngExamples 22 tdixpughpdénd suitabl e for nasal

5 _ Figure 15 illustrates the steps of
synthesis for Examples 25 through 26.
Figure 16 illustrates the steps of
synthesis for Examples 27 through 28.
Figure 172 shows the respiratory frequenéy
10 and EKG data in males for tests of ahdrosta-s,ls-
‘diene-38,19~diol in the VNO. L
Figure 17B shows the respiratory frequency
and EKG data in females for tests of androsta-5,16-
diene-38,19~diol in the VNO. | |
15 " Figures 18A, B and C show the EVG, GSR, and
ST data in women for four androstanes on the chart
and androsta-5,16-diene-38,19~diol. '
Figures 19A, B and C show the EVG, GSR and
ST data in men for the five androstanes identified in
20 Figure 18. o f - S
' Figures 20A and 20B show the EEG data in
men and women for androstane A4/N3.
Figures 21A and 21B show the EEG data in
men and women for androstane A3/N3. -
25 - Figures 22A and 22B show the EEG data in
men and women for androstarne A13/N1. -
' Figures 23A and 23B show the EEG data in
men and women for androst-5,16~dien-38,19-diol.
Figures 242 and 24B show the EEG data in
30 men and women for androstane A6/N3. |

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions ' : ' .
An "affect" is a transient feeling state.
Typical negative affécts-are feelings of nervousness,
35 tenseneSs,'shame, anxiousness, irritability, anger,
rage, and the like. "“Moods" are longer lasting



adm ni stration in an individual. The conpound is an androstane steroid

with the fornmula: [err] . wherein Plerr] is selected from
the gruReqeidsi sting of 10 oxo, a-([err]-) hydroxy, a-(per/v$9s)12588et OXY,
a-([err]-) propi onoxy, a-([err]-),methoxy, a-([err]-) lower acyloxy, a-
([err]-) lower al kyloxy, and a-([errT-) benzoyl oxy; P2 is sel ected from

a

the group £o05{ Ry 80abls"BLBY! as guilt, sadness, hopelessness, !

worthlessness, remorsefulness, misery, unhappiness
and the iike. "Character traits" are more permanent -
aspects of an individual's personality. Typical-

5 negative character traits are sensitivity, |
regretfulness, blameworthiness, stubbornness,
resentfulness, bitterness, timidness, laziness and
the like. | '

“androstane steroids" are aliphétic

10 polycyclic hydrocarbons characterized by a four-ring
steroidal structure with a methylation at the 10- and
13-positions. An Androstene is a subset of
Androstanes commonly understood to mean that the _ ‘
compound has at least one double bond. Commonly,

15 unless a compound is described as a gonane, it is
understood that the compound has an 18- carbon group.
However, it is intended herein that 18-Nor-
Androstanes are herein regarded as Androstane
steroids. Furthermore, all derivatives which have -

20 the structural characteristics described above are
also referred to generically as Androstane steroids.

A "chemoreceptor" is a.receptor molecule - -
displayed on the surface of a "chemosensory"
neuroepithelial cell which binds in a stereospecific

25 fashion to a particular ligand or ligands. This
specific binding initiates a signal transduction
which initiates an afferent nerve impulse.
Chemoreceptors are found, inter alia, in taste buds,
olfactory epithelium and vomeronasal tissue. _

30 "Estrene steroids", as the term is used .
herein, are aliphatic polycyclic hydrocarbons with a
four-ring steroidal structure, at least one double
bond in the A-ring, no methylation at the 10-position
aﬁd an oxo, hydroxyl or hydroxyl derivative such as

35 an alkoxy, ester, benzoate, cypionate, sulfate or
glucuronide, at the 3~-position. Derivatives which



hydr oxymet hyl , acyl oxynet hyl, al koxynethyl, |ower 15 al kyl, hydroxyal kyl ,

acyl oxyal kyl , and al koxyl al kyl ; Plerr] is absent or is selected from
t he group eamsé/sioBNg of hydrogen, nethyl, hydroxynethyl, PeCHUsosyasishyl
al koxymet hyl, | ower al kyl, hydroxyal kyl, . acyl oxyal kyl , and :

al koxyl al kyl; Pl[err] is sel ect ed fron120‘ 13Te group con5|st|ng of hydrogen,
oxo, hal o, hydro al kox 0 err]. . resents one or 2
substituents, é&ﬁﬁPFﬁQﬁﬁﬁ EF%ﬁg ﬁ§gﬁ§8& are 18P groups
nethy}ene or mntenrethdmgenetinally asPEstrehydﬁm;noxnslwuo and "a",

"b"*, "c", "d", "e",
PCT/U895/12538 Tﬂngﬁaf£W@ﬂg structuregehows th fo rﬁngare

al ternative S|ﬁ&9ﬂﬂﬂd&instﬁkﬂture cq@ugneteohaérQﬁtanqnandsigxrene
5 steroids. In describing the location of groups and

substituents, the following numbering system will be
employed: '

"Sexually dimorphic" refers to a difference
in the effect of, or response to, a pharmaceutical
10 agent between males and females of the sane'species.:
An "effective amount" of a drug is a range
of quantity -and/or concentration which brings about a
desired physiological and/or psycholcgzcal effect
~ when administered to an individual in need of the
15 drug. In the present case, a needy individual is one
with a physiological or behavioral trait which is
normally regulated by the hypothalamus and whereln it
is desirable to affect the function of the '
hypothalamus or the trait. The effective amount of a
20 given drug may vary dependzng upon the funct;on to be
affected, the desired effect, route of
administration, and the like. PFor example, when the
steroid is administered as a solution applied to the
facial skin of a sub)ect an effective concentration
25 is from 1 microgram/ml to 100 pg/ml, preferably 10 to
50 pg/ml and most preferably 20 to 30 ug/ml. When
the steroid is introduced directly into the VNO an
effective amount is about 1 picogram to about 1
nanogram, more prefe:ably about 10 picograms to about
30 50 picograms. When the steroid is administered to



hydr og
Plerr]
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"f" and "h" are absent and P2 is nethyl, P5 cannot be two

; S if "h" i t; P
%ﬁgg&RHE! hydroéen, thgﬁ Presen -[eE;% IE[ngﬁﬁgﬁﬁﬂggﬁgp

if "e" and-"a" are -16~- absent and "b" is present; or
cannot be present if Plerr] is oxo, "b" is 10 present
g:lxgbmal passage, by(o:).ntﬂeatr,] craamvioh@dpasaberor f "c' and

the ke ghpettivatanbin! (4P 400 g 50, 310 17 .o
9(?"'-&? e0g micrograms, BBetarably about; dsdg tarabditerr] is oxo;
10 micrograms. It follows that some drugs may be
effective when administered by some routes, but not
effective when administered by other routes. _

The "hypothalamus" is the portion of the
diencephalon comprising the ventral wall of the third
ventricle below the hypothalamic sulcus and including
structures forming the ventricle floor, including the
optic chiasma, tuber cinereun, infundibulum, and
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,
hunger, regulation of_body temperature, 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
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
surface of a receptor cell, thereby initiating a
signal transduction across-the:cell.surface; Binding
of ligands to chemosensory receptors can be measured.
Chemosensory tissue, such as vomeronasal
neuroepithelium or_olfactory neuroepithelium,
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 example
a exposure of the VNO to a semiochemical) a summated



(e) Plerr]

"e" and "b" are present and "c" and "d" are absent;

(f)  Plerrgo%RA be hydrogen if Plerr] is [err]-hydroxy, 2@crmusesn2sss
"c" is present and "a"; "b", "e" and "d" are absent;

and P[err] cannot be hydrogen if P[err]fis 0Xxo,

(g) Plerr] cannot be hydrogen i f P[errT17s nethoxy, "a"

Cc
96/ 10031

are present and ", "a" and

10

15

20

25

30

35

are_absent.
change in cell surface receptor pqggytggg/ggggge

measured.

As used herein, "lower alkyl" means a
branched or unbranched saturated hydrocarbon chain of
1 to 4 carbons, such as, for example, methyl, ethyl,
n-propyl, i-butyl and the like. "Alkoxy" as used
herein is used in its conventional sense to mean the
group -OR wherein R is alkyl as herein defined.

| A "pheromone" is a substance that provides
chemical means of communication between members of
the same species through secretion and nasus
reception. In mammals pheromones are usually
detected by receptors in the vomeronasal organ of the
nose. Commonly, pheromones effect development,
reproduction and related behaviors. A '
“semiochemical" is a more general term which includes
pheromones and describes a substance from eny'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
mediated through the vameronasal organ.

' A picogram (pg) is equal to .001 nanograms
(ng). A ng is equal to .001 micrograms (ug). A pug-
is equal to .001 mg. |

II. i t ve

A.  Androgtanes useful in the Invention

The invention is directed to a group of
certain Androstane steroids. Testosterone (17~
hydroxy-Androsta—4-en-j-one) is a typical Androstane.

Androstanes especially suitable for use in
the present invention include those where,
independently, P, = oxo, a-hydroxy, B-hydroxy; P, =
methyl, lower alkyl, hydroxymethyl, hydroxyalkyl; P,
= hydrogen or methyl; P, = hydrogen, hydroxy, or oxo;

and
WO



-9- : I1l: P4 and P6 cannot be hydrogen if P[err] is oxo, "b" is

present, Pl[err] is nethylene and "a", "e", "c¢c" and =~ - "d" are absent;
| V: P[ avobereongr Pl err] cannot be hydrogen if Plerr] is [emQUmUssanzssg, 5

"c" is present, Plerr] is nethylene, _.ggd "a", "e", "b" and "d" are
absent V: P4 and P6 cannot be™ ydrogen if Plerr] is oxo; "b"

and n ll q El‘li r hy n n ll n Cll n dll and
"h" are abglé{?l foﬁﬁ o2 %ni Lflgsg'ho eprl'gf ea;tr el(fasf W%s has "b" as -
a doubl e bodeubpar bpndl anspaldd: @tn the 4 orf stb= posrdbobLe bond. Yet

another preferred cl apgebasrd Q%drostmﬂgé’ Aﬁ%ﬁ’ sfa-as a double _
bond. Anot her preferred class has "b" as a d‘nyé)l onﬁ and Plerr] as 15°
met hyI ene. 4,16-dien-3-one (P, = oxo, b,h = double bond, P,, P; =

5 methyl; P,, Ps, P = hydrogen, commercxally available
from Steraloids, Inc.), Androsta-4,16-dien-38-o0l (P,
= 8-OH, b,h = double bond, P,, P, = methyl, P,, P,, P,
= hydrogen), and 6-keto-Androsta-4,16-diene-3-one (P,
= oxo; b,h = double bond, P,, P; = methyl, P, P, =

10 hydrogen, P, = oxo), synthesis of which are described
herein. _ _ _

A subset of Androstanes within the group
are believed to be novel. Syntheses are described ‘
herein for the following compounds as designated on

15 the chart: 17-methylene-Androst-4-en-38-ol (A3/N3),
17-methylene-aAndrost-4-en-3a~ol (A4/N3), 17-
methylene-6-oxo-Androst-4-en-3-one (A6/N3), and 68-
OH-Androsta~-4,l16-dien-3~-one (A11/N1). |

Chart 1 includes androstanes to which the

20 invention is directed, but do not limit its scope.
The synthesis diagrams that follow depict
intermediate and substructure syntheses for the
preparation of these androstanes:



By halo, it is nmeant, F. Cl, Br, or |. The termlower alkyl, |ower

al koxy, etc.,, is neant to enconpass carbon chains of 1 to 6 car bon
atons, wop&efestably 1 to 4 carbon atons. O PEFUSHY 12838 of
this invention are achi eved by prOV|g|ng a nmethod of altering
hypot hal am ¢ functi on and/ or autonom c —#8fiction in an I ndi vidual . A

ligand for a chenoreceptor dlsplayed
’ ﬂeuroeplthellall : nrovi ded MNREYT
ot her t han | ep| tHelia;2and,

wi thin a nasal 'Tﬁﬂﬁﬂ?f
Specifically to
hypot hal am ¢ fu
this applicatio
t he steroid
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- 10- to those nodified steroids which denonstrate said f uncti onal
equi val ngmmet her or not the nodified st er oi ds ar e PEXISOY12588/
di scl osed. BRI EF DESCRIPTION OF THE DRAWNGS 5

- Figure 1 illustrates the synthesis of %= Androsta- 4, 16- di en- 3- one,

Andr ost a- 4, 16--di en- 3a- ol , H@gggﬁggﬁﬂﬁbggégkgsdlen 3[err]-ol.

Figure 2 illustrates the synt ta-5, 16-di en-3a-ol and
Andr ost a- 5, 16-di en-3[err]- 10 ol . Figure 3 illustrates an
al ternate synthegis Eﬁﬁ$“6$P Za lprdisgh Figure 4 _
Is a graphic represgﬁnglon 0 o724 ﬁ? %?rgﬁ yggorg i cal effect on
recept or pot ent | A7 METHYLENRANBRQST 24 tENT3PnPLt (A8/¥3)of particul ar
steroi ds 10 lgp-HDTRTONAIROST A4, Dé-DTER-8-0NE qa13 /iv1)) and ‘to

the ol fagtory epl g niBsv-17 N E-18-hSrANDROSTA-4, 13 (17) -
DIEN-3-ONE (A13/N4)
ANDROSTA-5, 16-DIEN-38,19-DIOL (19-HYDROXY
DERIVATIVE OF A2/N1) |
17-METHYLENEANDROST-4~ENE-3, 6-DIONE (A6/N3)

10 17-METHYL~-18~-NORANDROSTA-4, 13(17)-DIEN-3a-OL
(A4/N4)
17—HETHYL-18-NORANDROSTA—4,13(17)-DIEN-3B-OL !
(A3/N4)
17B-METHYLANDRDST-4-ENE-B 6-DIONE(17B METHYL
15 derivative of A6/N2)

-METHOXY-17-METHYLENEANDROSTA—3 5-DIENE (A8/N3)
68 -HYDROXY~-17 METHYLENEANDRDST-4-EN—3-ONE
(A13 /N3)
. METHYLENEANDROSTA—I 4-DIEN-3-ONE (All/N3)_
20 GB-HYDROXYANDRDSTA-l 4, 16-TRIEN—3-ONE (68-
HYDROXY derivative of A1l/N1)

' B-HYDROXY-17-HETHYLENEANDROSTA-1,4*DIEN-3-ONE
(68-HYDROXY derivative of A11/N3)
178-METHYLANDROST-4~EN-3a~0OL (178-METHYL

25 derivative of A4/N2)
178-METHYLANDROST-4~EN-38-0OL (178~METHYL
derivative of A3/N2) '
3-METHOXY-17-METHYL—18-NORANDROSTA—3 5,13(17)~
TRIENE (A8/N4)



graphi c conparison of the effect of an Androstane on t he VNO receptor

potential of nmale and fenmal e 20 subjects. Figure 5is a
graphl C I QPHSGToBRAL ion of the . el ectr ophysi ol ogl cal effecpcpiusdiirsss -

| ocal i zed adm nistration of particul-ar steroids to the voner onasal
organ of male (5A) and fenmale (5B) 25 so@ects. Figure 6
depi cts various autonom c responses_of femal bjects to an

Androstane. A recept or poRBREAGRESHINERE ENEOFR
neur oepi t hel i UHéfBrn.ﬁ al&aem (pﬁédﬁtln@'ﬂimép ﬁnél !bﬂ.)lcﬂflriy’l are

(K ohms) ”Cﬁpﬁaéﬁéﬁéi‘a% syRhaRhden trterianthes. 1h B, HVAR ¥9v e -

change in ¢xintheopghadlly) (EregadammC. {N1 athiroGigh NMAnge in
respirat orysf requency (counts/mn.). Type A
Al:

Al (0»2
Pes, L:b
(A2) (A)
"——*“""’" :;t?b
wo

HO

e

This is a commercially available substructure, for
example, DEHYDRO EPI ANDROSTERONE.
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-1 1- Figure 7 depicts changes in receptor potential of

t he VNOWaP6/ge03exposure of 5 females to two different peiosysi19465S.

Figure 8 depicts sexual dinorphismiyr %gcal 5 and autonom c responses to
the stinulation of the VNO wth ropherins. Various voneropherins

(200 frgy£es) and the diluent control were adm nistered to 30 mal e

and 30 femal e subjects (ages 20 to 45 ) as described. Bars indicate the .
mean response of the, 10 popul ati on. Figs. 8A & B: EVG responses were

measured as dinmle (A and female (B) subjects. Fi gs.
8C & D. Electr ctivity was neasured as descri bed. Changes -
(measured in®Terr]) in response due 15 to delivery of voneropherins to the

VNO of each subj ect are shown i le (C and female (D
j B € (O (D)

AL 4;17

A) e

oo pa /:513‘

(Michio Matsui and David K. Fukushima,
1970, Vol. 35, No. 3, p. 561-564).

J‘_

o . enm.,

Izl Pee

o : _ Ho

(A1)

4£:;i:f;:15§tiﬂmﬁmoa@EEELawa HE::t:f;::fji
0 %82 we'

5 Ohloff, G. et 81- (Hsl_ﬁ_gnim;_Asza (1983) 6s:
192~-217).

T fin



subj ect s. Figs. 8E & F: Al pha-cortical activity was neasured as
descri bed. Changes in response due to delivery of 20 voneropherins to the

VNO of rral %)?fl)le&q femal e (F) subj ect s. Figs. 8G &plypuabs/iasss
tenperature was neasured as descri bed. Changes in response due to
delivery of voner opherins to the VNO-®#3-each subj ect are shown in 25
male (G and female (H) subjects. The Conpounds in the graphs are:
A= 1, 3, 5(10)A%6-Estratetraen-3-yl acetate B =

Andr ost a- 4, 16- di en- 3- one C=1,3,5(10), 16- Estratetraen-3-ol 30 D =

3- Met hoxy- Est ra-1, 3, -tetraene E = Androsta-4, 16-di en- 3a- ol
F = Androsta- 4, 16- g r]-ol ' :

C HLOMNIL >

| °(m) - ° 48
4:&5:5 cussn ;;53’5

459 0
German Off. 2,631,915.
A6
Poo _
o . : _ g
L caten o5

gt?bﬁ%-&—»qu

J. Rémer, H. Wagner, and W. Sihade, Steroids, 1988,
5 51/5-6, p. 577-581).
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-12- Figure 9 depicts electro-ol factgrams of mal e and

f emal e WQB§/WIBL | nduced by stimul ati on of the OE wit PCHYREALREs and
voner opherins A 400 frol es of thggal factants 1-carvone and cineol e as

5 well as 200 fnoles of the voneropherins A, B, C, D and F; and the

st ereoi sonmeg7E were applied separately as one second pulses to the CE

of 20 subjects (both mal e and fenal e) and each EOG response was .
recor ded as desc€Mi@Md. The ol factants as well as E and B 10 produced

significant (p<0. al response. B: 400 fnoles of the olfactants
1-carvone and ci 0 not i nduce a significant EVG response when )

delivered to @ the VNO of mal e and fenal e subjects. on Fi gure
10 depicts the el ectrophysi ol ogi cgl ffect of the {. W ng ’
voner opherins on thm _?L"“]ZS& — %

o
A© .
(rutt f 42) (47
| o
;ﬂ"“‘"‘»d’ﬁb
o -
(Habermehl, et al., Z. Naturforsch. (1980) 256: ‘_
191-195). |

As: | | | |
.th/L;:]é:J | ﬁk€$<ﬂfzn, | .
om = L
_ Noxor%‘ > +
. J ::i:f§ 3 ﬂho‘jg::g:fs

5 —SEE Example 15—

L
Thls Sheet Has

W Illlll Illl Ilﬁm



vomer onasal organ of 20 feral e subj ects G Androst-4-en-3-one H
- Androst a- 4, 16- di ene- 3, 6-di one J =

10, 17-Di e %bgﬁtﬂ sy 4. 13(17)-dien-3-one 20 K =  PCT/US95/12538
1, 3,5(10), W stratetraen-3-ol -methyl ether L =.
'1,3,5(10), 16- Estrat etraen- 3-yl - propi onat®25= EVG = El ect r o- vomer onasogr am
GSR = @l vani ¢ _Ski n Response = El ectrodermal Activity, EDA 25 ST =
SKi n Tenper at ud? ~Figure 11 depicts the el ectrophysiol ogi cal
ef fect of vonerophering on the voneronasal. organ of 20 mal e subjects.
M = 1,3,5(10)-Estriti;i:33-ol . '
m ummm: m
——————_—__—*
(A) (A9

;:ifj5 e, g [
¢32 RS

. Ohloff, G. et al. (Helv. Chim. Acta (1983) 66:
192-217).

véﬁb ,.
m LiMlHy '@t:,

o (A 9) _ ' no (ﬂ"a)

f;k?b Lt SZ
Ho

5 V. I. Mel’nikova and K. K. Pivnitskii, Zhurnal
Organickeskoi Khisnii, 1972, Vol. 8, No. 1,
pp. 68-74). '

Al0:

This Sheet Has Been Replaced

AR



30 Figure 12 illustrates the steps of synt hesi s for Exanples
10 t hrough 14. WD 96/ 10031 '

PCT/ U - 13- rusos/in2kisgure 13
|IIustS§§%§§ﬁe st eps of synt hesi s for Exanples 15 tﬂ%ugh 20.
Figure 14 illustrates the steps of —26=synthesis for Exanples 22 through
24. 5 Figure 15 illustrates the steps of synt hesis for
Exanpl es 2B81fiir ough 26. ' Figure 16 illustrates the steps of -
synt hesi s for Exanples 27 through 28. " Figure 17A shows the
respiratory frequep 0 and EKG data in nmales for tests of androsta 5, 16-
di ene-3[err], 19-df gbf i of t he VNO )
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Figure 17B shows the respiratory fr.equency and EKG data in femal es for

tests of androsta-5, 16- diene-3[err],19-diol in the VNO 15

Fi gures 18&o d3neé¥ C show the EVG GSR, and ST data in V\@mg‘ggfng‘3gur
andr ost anes on the chart and androsta->5, 16-di ene-3[err], 19-di ol

Figures 19A, B and C show the EVG GSR Z8d~ ST data in men for the five
androstanes identified in 20 Figure 18 - Figures 20A and 20B
show t he EEG data in men and woneni¥B8-Hndrost ane A4/ N3.

Fi gures 21A and 21B show the EEG data in men and wonen for androstane
A3/ N3. 25 Fi gures 22A and 22B show the EEG data in men and
wonen for andrh{)s‘t ane Al13/N1. - Figures 23A and 23B show the EEG
data in men and men for androst-5,16-dien-3[err],19-diol .

Fi gures 24A and 24B w the EEG data in 30 nen and wonen for androstane
A6/ N3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON l.
Definitions 4 N=NNT

b R Lol YN 5 S N b (v

;:55 S ,ct?j“ st D

_"
yo' 7% we” ”zl’_

N2:
o2
b Ny Hy Jreon 5 b (h2)
!
;i?ﬂ uhpr Jiigi)
#o _ ' ne
o _ a
M .. 7. N ﬁb
4o | . NO

1. Robert H. Shapiro and Carl Djerassi, J. Am. Chemn.
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.
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An "affect" is a transient feeling state. Typi cal negative affects are
feellng‘i’o96 rvousness, 35 tenseness, shane, anxiousnesstTirrjtabiIity,
g 'S’ "and the like. "Mods" are | onger | asti ngP 10S9S/1%$8% 6/ 10031

anger, _
. PCT/ US95/- 12538 -28= -14- feeling states such
as guilt, sadness, hopel essness, wor t hl essness, renorseful ness, msery,

unhappi nessN3: and the like. "Character traits" are nore pernanent
aspects of an individual's personality. Typical 5 negative character
traits are sensitivity, sb regretful ness, blaneworthiness, stubbornness,

resent ful ness, bitterne timdness, |aziness and the |ike.
"Androstane steroids" are alggnatic plOd@bycyclic hygrpcarbons
characterized by a four-rin ' > > (3

J::t?5 Mk, J:b'ﬂ
o .JE:IiS:ZE{ ghﬂ-mmg a".li'.'i‘

1. Glinther Drefahl, Kurt Ponold and Hans Schié.l&, -
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:

8 _ _

5’; s, é m}
GH?U” o
D ms AT

1. Franz Sondheimer, O. Mancera, M. Urquiza & G.
Rosenkranz, J. Am. Chem Soc., 1955, 77, 4145.
10 2. William F. Johns, J. Org. Chem., 1961, 26, 4583.
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steroidal structure with a nethylation at the 10- and 13- positions. An

Androstene is a subset of Andr ost anes conmonl y understood to nean that
t he COWB?dﬂﬂoﬂas at | east one double bond. Comonly, 15 yihassesiasss
conpound i s described as a gonane, it is under st.ood that the conpound
has an 18- carbon group. However, i{29 intended herein that 18- Nor-
Andr ostanes are herein regarded iﬁ Ananséane steroi ds. Furthernore,
alt derivatives which have 20 th = cteristics described
above are also referred to generically as Androstane st eroi ds.

A "chenoreceptQr" is e cu dis do he surface of a
"chenosensory" 8 ﬁBu$B£ hg%ﬁaﬁqg'% Qéh?ﬁ] ¥ﬁ 3“3 reospecific 25

fashion to a particul ar I|gand or ligands. Thisg * specific binding
initiates a signal transduction whi ch Qs an afferent nerve

I mpul se. Chenoreceptors are foupdegdsh I n taste buds,

ol factory epithelium and vomeronass ' 30 "Estrene
steroids", as the termis used _, e aliphatic polycyclic
hydrocarbons with a - four-ring ster0|dal structure, at |east one double
bond in the A-ring, no nethylation at the 10-position. '

with a methyl group at any one of the following
positions: 1a, 2a, 4, 6a, 68, 7a, and 16.

&~ HETOLANIROSTA » 4,6~ HIEN ~ 3 ~ONE

5 German Off. 2,428,679.

Spattuses of dle /7’-%#»!057&5;}.

Ho

Daniel Bertin and Lucien Nedelac, Mémoires Présentes
a la Société chimique, 1964, No. 345, p. 2140.

Synthesizable compounds therefore include these,
- together with those derived from them; i.e., N1 with
10 methyl at 1la, 2a, 4, 6a, 66, 7a, 16 or 17 combined
with A1, A3, A4, A5, A8, A9, AlQ0 or All, as well as
A2 or A6 with a 17-methyl. |

“\‘;
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and an oxo, hydroxyl or hydroxyl derivative such as 35 an al koxy, ester,

benzoate, cypionate, sulfate or gl ucuroni de, at the 3-position.
Der i wybigéasosthi ch WO 96/ 10031 PCT/US95/12538
PCT/ US95/ 12538 3 -15- contain these

L =30~ .
structural characteristics are also™ referred to generically as Estrene

st eroi ds. The f3h§ﬁ§§§§F§%%E§%§re shows the four-ring
steroidal structure common t Estrene 5 steroids. In- -
describing the location of groups and substituents, tﬁe fol |l ow ng
nunbering systemw || be gnpl oyed: .

e

o

U.S. Patent 3,413,321. ' - S '

German Off. 2,631,915.

[ —————
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[err] _ "Sexual I'y di norphic" refers to a difference in the
effect of, or response to, a pharnmaceuti cal 10 agent between nmal es and

fermal es of .the same speci es. An "effective anount” -of a _drug
is a rangeWOYIO0 . ant ity and/or concentration which brings aOAPS#/12538
desired physiol ogi cal and/or psychol ogi caq.£f f ect when adm nistered to
an individual in need of the 15 drug. |In the present case, a needy
i ndi vi dual is one with a physiol ogical or behavioral trait which is
normal Iy regul ated by the hypothalanus and wher ei nélst is desirable to
affect the function of the hypot hal anus g trait. The effective
~anount of a 20 given drug may vary depefdi the function to be
affected, the desired effect, route w’stration, and the l.ike. For
exanpl e, when the steroid is aqy d as a solutlon applied to the

facial skin. of a subject an effu%a:lve'concentratlon
European Patent Application EP 208,497.

Syntheslzable compounds therefore include these,
together with those derived from them; i. e.,
(4-Chloro, 4-Bromo, sc-Chloro, 6a-Bromo, 68-Chloro,

5 66-Bromo, or 66-Iodo)-Al in comination with N1, N2,
N3, or Na. 1In addit;on, (17-Fluoro, 17-Chloro, _
'17-Bromo, or 17-Iodo)-N1 in combination with Al, A2,
A3, A4, A5, A6, A8, A9, Al0 or All.

B. _ Svnthetic Methods
10 | 1. Preparation of 3~, 5-, 6-, 18-
' and 19- position derlvatlves.
~ The oompounds used in the methods of this
invention are Androstane_steroids substituted at the
3-, 5~, 6~, 18- and 19- positions. Many of the 3-

15 and 5-substituted steroids are known compounds which
may be derived from 17-hydroxy-and 17-oxo-steroids
(commercially available e.g. frOm Aldrich Chemical
Co) by elimination or reduction to the al6 homologue.
The syntheses of most of these compounds are-

20 described by. Ohloff (supra). As shown in Figure 1,
178-hydroxy-Sa-Androstan-3-one (I) and methyl
chloroformate (a) in pyridine gives the methyl
oarbonate,'17B-nethoxycarbonYIoky-Sa-Ahdrostan-s-one
(II) which provides a starting material for the Sa-

25 Androst-lé-en-(s-one ahd_3-ols) (Ohloff,lsnp:; at P9
200) . | S |

o ' Alkoxy derivatives are prepared from their

corresponding hydroxy steroids by reaction with an

alkylating agent such as trimethyloxonium
' This Sheet Has Been R

T



25 is from1l mcrogranmim to 100 [err]g/m, preferably 10 to 50
[err]g/mM and nost preferably 20 to 30 [err]g/m. \Wen the steroid is

i nt roduyodeoa3ectly i nto the VNO an ef fective anount i|BCHUSAN125838pi cogr am
to about 1 nanogram nore preferably about 10 picogram to about 30 50

pi cograns. \Wen the steroid is adni nS€8red to WD 96/ 10031

PCT/ US95/ 12 the nasal passage,
by 0|ntnentgfﬁ?ﬁgﬁPﬁPtgér&ﬁﬁetq¥l°x°nﬁqﬂaq%%EFggﬂr%FFeEFlve anount is
about 100 pmethylfluerosulfehatie riogramsinertfchbétrgcapbon 1 ng to about

10 L0r SHBpvebt kbl WihyIWTR LifiRrly, Couepsflitibis 1
ot her rout edlkylating agentsriguchhasodRydnhalides headkyldi on of the
di encephgl opogpiREes] "d1khe WeRYI¥teR dndlad¥kyIhifrate may be
used with a base such as NaH, KM or KOBut, silver
oxide or barium oxide in polar, aprotic solvents as
for example, DMF, DMSO and hexamethylphosphoramide;
General procedures for synthetic reactions
10 of steroids are known to those skilled in art. Where
time and temperature of reactions must be determined,
these can be determined by a routine methodology.
After addition of ‘the required reagents, the mixture '
is stirred under an inert atmosphere and aliquots are
15 removed at hourly intervals. The aligquots are
analyzed by chromatography to monitor the
disappearance of starting material, at which point'
the work-up pracedure is initiated. ‘If the starting
material is not consumed within twenty-four hours,
20 the mixture is heated to reflux and hdurlylaliquots
are analyzed, as before, until the starting material
disappears. In this case the mixture is allowed to
cool before the werk-up_procedure is initiated.
| Purification of the products is -
25 accomplished by means of chromatography_and/or'
erystailization, as known_to those skilled in the
art.

2. Preparation of 19-OH derivatives

s —OH- =4,16= -3-one.

30 | This compound has been disclosed as an
intermediate in the synthesis of 19-oxo-3-aza-A-homo-
sB-androstane (Habermehl, et al., z*_uggg;:ggggnL
(1970) 25b:191-195). A method of synthesizing this

compound is provided.



ventricle bel ow the hypothal am c sul cus and including 10 structures

formng the ventricle floor, including the optic chiasma, tuber
ci nereum \‘{Q;ﬁﬁ%i}u' um and manmi | | ary bodi es.. The hypotpet/asess2538
regul at es aut ononi ¢ nervous system and controls severa

physi ol ogi cal and behavioral functions 338n as the 15 so-called fight and
flight responses, sexual

et abol i sm hunger, fegurBBEBRACENRIGRL S ORESy v
secretions, 3Ed ﬁthers gh_gggpothalanus S also the sour ce of
vasopressin Ich regul at es oQd SS 20__.and_ox

parturition and milk P@g g % I#E)Eb{ﬁilsd‘#n: n%‘%gghglgg 4 landuces

potentially meﬂﬂd@|efablteb;nghthsemMpdthalami¢hﬁmnpyldasoflB@d

h

agiglgs a<§uaﬁQE&V§?3€3r bgﬁgg leiﬂﬁqaiﬁgﬂé”{b é¥ﬂRge§§Lg EnghICh
mol ecul e dnnﬂantmhonichﬁunctlgnrbﬁcenoﬁnﬂxﬂiﬁﬁnbf d@hesetﬁgtsypmlc
Nitiating @ ecnstoggl LHERAAUCBURN aRY GRSk (Ensebd £YThaARE Bakdn0

of ligands to enpbsensory receptors can be neasured Chennsensory
tissue, suchezaspm@abqaxarate.nbﬁﬁé@pﬂﬂﬂﬁ|Eﬁﬁ¥#rﬁﬁf52?699ntage

neuroeplthe||q§1pha cortical activity), body temperature. Other
10 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 embodiments are
15 accomplished by means of the noanystemic, nasal
administration of certain 16-Androstene steroids, or
combinations of 16-Androstene 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 invention, the
appropriate ligand is administered directly to the
25 chemoreceptors in the nasal passage and the
vomeronasal organ, without pills or needles - i.e.,
non-invasively. Drug action is mediated through
binding of the ligands, described herein, to specific
receptors displayed by neurocepithelial cells in the
30 nose, preferably in the VNO. This Furthermore, the
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
35 provide a direct means of affecting the hypothalamus
through the nervous system because there is only one
synaptic junction between pheromone receptors and the



contains a
| east one c

nuitiplicity of neuroreceptors cells, each di spl ayi ng at
ell surface receptor. Many of the receptor nol ecul es have

i denti c@o 35 specificity. Therefore, when the ti osed
0 bi#8 PEADhOIAYP

to a ligand
VNO to a se
PCT/ US95/ 12
surface rec

or which it has specificity (for exanple xposure of the

m ochem cal) a summated <=34- WD 96/10031
38 -17- change in cel

amsS.;| Regayse seng@ry nexves are addressed used

Ee& ein, 'l')l ower aalsigdf miftarllﬁt;cfazlon bmneﬂedbﬁamnb&ﬁﬂshﬂ@tﬁ%lh“h%%ef'h |
rocar bon_c 0 4 car a or exanple, ne
e?hyl Eﬁgﬁﬁg SPSS rﬁf???% tgﬁﬁﬁk¥"9§§aﬁé¥d hergln i s

used in its
5

reanNMQ<thd pntzntﬁairnfuuna651rable side-effects.
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 septuﬁ.- The VNO contains neuro-epithelia,

10

15

20

25

30

35

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 -
be rudimentary'(See Johnson, et al., supra).

: The ligand substances described herein, or
their sulfated, cypionated, benzoated, propionated,
or glucuronated derivatives, may be administered
directly, but are preferably administered as
compositions. They are prepared in a liguid dosage
form such as, for example, liguids, -suspensions or
the like, preferably in unit dosage forms suitable
for single_administratibn'of precise dosages. Liquid
dosages may be administered as nose drops or as an
aerosol. Alternatively, the active compound can be
prepared as a creme or an ointment composition and
applied topically within the nasal cavity. As
another alternative, delivery may occur by controlled
release of these agents by encapsulation either in
bulk or at a microscopic level using synthetic
polymers, such as silicone, and natural polymers such
as gelatin and cellulose. The release rate can be
controlled by proper choice of the polymeric systenm
used to control the diffusion rate (Langer, R.S. and
Peppas, N.A., Biomaterials 2,201, 1981). Natural
polymers, such as gelatin and celluiose slowly -
dissolve in a matter of minutes to hours while



group -OR wherein Ris alkyl as herein defined. A "pher onone”
I s a substance that provides 10 chem cal neans of comruni cati on between
nmenbers ofwgoenbhdi same speci es through secretion and nasus PCT/USISREE38ON.
In mammal s pheronones are usually detected by receptors in the

voner onasal organ of the nose. h??? pheronones effect devel opnent,

gener | tor m widLqeNe FRRathe FngR ﬁoﬁ‘eg 2 PAASH (TR BINEDBS: 2788 {1 om
any source odmpﬂsit&mms0w$lms1nc¢hde0aemonwent¥onNMer binds to a
e e PSR d Gl L SR EPLRL A0 SRRl PN Ok R o
physi ol ogi ¢ ef ftht active Amdrastednehcompbunidds)araf Faamhlar §an. In.
o oot GPOAd U e, Q03pBRRLAT ny iouge biMed® FOUT, L0 001
Carrying Qut- tm;dnqmnalcngents, pharmaceutlcal agents, carrlers,
adjuvants, etc. - - -
The most likely means of communication of a
semiochemical ligand is the inhalation of a naturally
10 occurring pheromone present on the skin of another.
Several 16-Androstene steroids, including Sa-Androst-
l16-en-3a-o0l and Sa-Androst-ls-en-B-one, 4, 16~
Androstadien-3-one, 5a-Androstadien~38-ol, ‘and
perhaps Sa-Androstadien-3a-ol, are naturally
15 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'hnman_
skin is from 2 to 7 ng/cm’. During intimate contact
it is estimated that a human would be exposed to no
'20 more than 700 ng of a naturally occurring steroid.
Since these'compounds are relatively nonuolatile, it
is estimated that, even during intimate contact, a
human subject would znhale no more than 0.7 pPg of a
naturally occurring steroid frem the skin of another.
25 From the amount inhaled only ahout'l% would reach the
receptors of the vomeronasal organ. Tnus the
estlmated maximum natural exposure to naturally
produced pheromones would be 0.007 pg.
The amount of semiochemical ligand
30 administered will of course, be dependent on the
subject belng treated, the severlty of the
affliction, the manner of admlnlstration, the _
frequency of adm1n1stration, and the judgment of the
prescrxblng physician. However, a slngle dosage of
35 at least about 10 p1cograms, delivered directly into
the lumen of the vomeronasal organ, is effectlve in
ellclting a transient autonomic response. When



A Andr ost anes useful in the Invention The invention is
directed to a group of certain Androstane steroids. Testosterone (17-
30 hyd™a96/108dt ost a- 4-en-3-one) is a typi cal Andr ost ane. PCT/US95/12538
Andr ost anes especially suitable for the present invention

I ncl ude those where, i ndependent] P[err] = 0xo, a- hydroxy,

[err]-hydr P t roXx neth _

hydr oxyal k%%[ﬁi‘?!]e—d_kﬁ%r%%%ng%éral ‘?%:6#?'9 %ﬁygﬁg M or 0Xo;

VO 96/ 1003200 picograms to about 100 micrograms, preEéEhWﬂSSIIZSBB

- 18- I S east one doubl e
isuaPEEut] 1" rRHEGUAD 8 dBOUY! 10 Aflct B EnkS Bbr _

bond, osit Preferred

AndrostanePrPﬁ@FEGGXAHQQEﬁeQO "Qﬂqiﬂﬂlﬁﬂ 3.aheutppdcrpgrameo, b, h = |
doubl e BonghePlfpeguendyeiot mﬁlmm:oﬂﬂér&esﬂ'ﬂblb i @b = hydrogen,

connerC|aIL¥ ava'EagEFhourly 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

10 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. , : _ . :

15 Liquified pharmaceutically administrable
compositions can, for example, be prepared by o
dissolving, dispersing, etc. an active cempound as
defined above and optional pharmaceutical adjuvants
in a carrier, such as, for example, water, saline,

20 aqueous dextrose, glycerol, ethanol, and the like, to
thereby form a_solution or enspension. If desired,
the pharmaceutical composition to be adninistered may
also contain minor amounts of nontoxic auxlliary _
substances such as wetting or emulsifying agents, pH

25 buffering agents and the like, for example, sodium
acetate, sorbitan monolaurate,'triethanoiamine sodium
acetate, triethanolamine oleate,'etc. Actual methods
of preparing such dosage forms are known, or wzll be
apparent, to those skilled in thzs art; for example,

30 see Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, PA, lsth Ed., 1975. The
composition or formulation to be administered will,
in any event, contain a guantity of one or more of
the active compound(s) in an amount effective to

35 alleviate the symptoms of the suhject being treated.

For aerosol administration, the active
ingredient is preferably supplied in finely divided

-



from Steraloids, Inc.), Androsta-4,16-dien-3[err]-ol (Plerr] =
[err]-OH, b,h = double bond, P[err], Plerr] = nethyl, P[err] Plerr],
Plerr] 5 duidifoen), and 6- ket o- Andr ost a- 4, 16- di ene- 3- one

oxo0; b, h -“Gﬁﬁﬁﬁgﬂbond Plerr], Plerr] = nethyl, Plerr], P[eﬁﬁﬁhﬁk§%ﬂas
hydrogen, Plerr] = oxo) , synthesis of wh3iyeh are descrlbed her ei n
A subset of Androstanes within the group are believed to be novel.
Synt heses are flesmr aierg witherecisurffactant f ahdoai pgopedlantds as

g oy one. APt BR1 BErbanth¥s, Y e " Pibe datinthebly 9. dof 1)

met hyl ene- 6- oxbe AREr byt weight3- prefexably , 02004 6ter 0} 10%.
OH- Andr ost a- 4, 16-di en-'3- I des
Qgg £aBtAAE must, of coarsgﬁfhg hnothP&m

andr ost anes to which the I nvent1 on |s dire its

scope. ﬁheaEQnP§G§P§abﬂ¥gFgﬁﬂhﬂﬁn n dhePrepedlant. nternediate and

substructure syabpPesentheiveNof sudi s caref thbegatapdr et anes:
partial esters of fatty acids containing from 6 to 22
carbon atoms, such as caproic, octanoic, lauric,
palmitic, stearic, linoleic, olestearic and oleic
/10 acids with an aliphatic polyhydric alcohol or its
cyclic anhydride such as, for example, ethylene
glycol, glycerol, erythritol, arabitol, manniteol,
sorbitol, and hexitol anhydrides derived from
sorbitol (the sorbitan esters sold under the
15 trademark "Spans") and the polyoxyethylene and
polyoxypropylene derivatives of these'estérs. ‘Mixed
esters, such as mixed or natural glycerides, may be
employed. The preferred surface-active agents are
the oleates or sorbitan, e.g., those sold under the
20 trademarks "Arlacel C" (sorbitan sesquioleate), "Span
80" (sorbitan monoleate) and "Span 85" (sorbitan
trioleate). The surfactant may constitute 0.1-20% by
weight of the composition, preferably o. 25-5%.
The balance of the composition is
25 ordinarily propellant. Liquefied propellants are
typically gases at ambient cond;t;ons, and are
condensed under pressure. Among suitable llquefzed
propellants are the lower alkanes containing up to -
five carbons, such as butane and propane; fluorinated
30 or fluorochlorinated alkanes, such as are sold under
the trademark "?reon";”lnixturéé of the above may
also be employed. - '
In producing the aerosol, a contalner
. equipped with a suitable valve is filled with the
35 appropfiate propellant, containing the finely divided
active ingredient and surfactant. The ingredients



WD 96/ 10031 PCT/ US95/ 12538 _ - 19-
[err] WD 96/ 10031

- PCT/ USSRbbeas31 - 20- PCT/US95/12538
NOVEL ANDROSTANES 17- METHYLENEANDROST- 4- EN- 3a- OL ( A4/ N3)

17- METHYLENEANDROST- 4- EN-3[ err] - OL (738KR3)

6[ err] - HYDROXYANDROSTA- 4, 16- DI EN-3- ONE (A13/ N1)
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 liquia compoéition
5 to the skin, pfeferably facial skin, of an -
individual. The cdmposition will usually contain an
alcohol such as ethanol or isop:opanol. A pleasant
odorant may also be included in the composition.

10 Irait. : S ' |
Feeling states associated with affects,
moods and character traits are generally measured by
use of a questionnaire. 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 re
lated 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;liké). Cabanac, M. Annual Review
of Physiology (1975) 37:415; Hardy, J.D., "Body
Temperature Regulation", Chapter 59, pp. 1417. In:
Medical Physiology. Vol. IIEd.: VB Mountcastle _
(1980) ; Wolfram Boﬁscein, Electrodermal Activity

30 (Plenum Press 1992). In'additibn, nqn-vetbal cues
such as facial expfession and body posture may be
evaluated.



5 6[ er r] - HYDROXY- 17- METHYL- 18- NORANDROSTA- 4, 13( 17) -

DI EN- 3- ONE (A13/ N4) ANDROSTA- 5, 16- DI EN-3[ err], 19- Dl OL ( 19- HYDROXY
DERIVATIV 17- METHYLENEANDROST- 4- ENE- 3, 6- [PchsosAEsR3)
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17[ err] - METHYLANDRCST- 4- ENE- 3, 6- DI ONE( 17[ err ] NETHYL 15 derivative of
A6/ N2) IIB. \EXampYes7- METHYLENEANDROSTA- 3, 5- DI ENE ( A8/ N3)
6[ er r ] - HYDROXY- 17- METHYLENEARRDRYS I @\ﬁ Nk
17- METHYLENEANDROSTA- 1, 4- DI EN- 3- ONEﬁéilég 0, 2Fe lntéﬁaéh
6[er r | - HYDROXYihEREEate hutsnefy £Q (@{%r*f}venﬁwn-- HYDROXY
derivative of All/N)  abbrevi@kidns 4RO heFdiihbNEANRRESEY 1.
4- DI EN- 3- ONE err] - HYDROXY erlvatlve of All/ N3)
17[err] - NEfHYSN&i&Eﬁ'4’% QQEE°Pf7[ hem temperaturega j yat i ve of
AAl N2) PE%tmIéWEEthﬁNMI zsdimsa{)ef rOMISEN (W[ er r ] - METHYL
derivative of dAS I\{__ZR
imethylformamide; DMSO=dimethyl sulfoxide;
THF=tetrahydrofuran. o
: - - - =3-0 .
10 This synthesis is depicted in Figure 1.

Several methods are known for the conversion of
testosterone into Androsta-4,16-dien-3-one
(Brooksbank et al., Biochem., J. (1950) AZ:36).
Alternatively, thermolysis (460°) of the methyl
15 carbonate of testoStérone-gives Androsta-4,16-dien-3-
one in 90% yield. 17B-MethoxyCarbonyioxy-androst-4-
en-3-one (IV) was prepared from testosterone (III.
Fluka) with methyl chloroformate/pyridine (a) in 76%
yield (after recrystallization from MeOH). M.p. 140-
20 141°, [a]p = +95.4° (c = 1.10) - IR. (CDCl3): 1740s,
16658, 1450s, 1280s, - 'H-NMR. (360 MHz): 0.87 (s, 3
H)} 1.20 (s, 3 H); 3.77 (s, 3 H); 4.53 (br. t, 7 8, 1
H); 5.75 (s, 1 H). A solution of the methyl
carbonate IV in toluene was pyrolyzed (b) as
25 described for I. Recrystallization of the crude
product from acetone at RT. gave pure ketone 4 in 90%
yield. M.p. 127-129.5°, (a)p +118.9° (C = 1.32)
({3]: m.p. 131.5-133.5° (hexane), [a]p'® = +123%3.5°
(€ = 1.03)). - IR. (CDCl3) : 3050w, 1660s, 1615m. -
30 'H-NMR. (360 MHz): 0.82 (s, 3 H); 1.22 (s, 3 H); 5.70
(m, 1 H), 5.73 (s, 1 H); 5.84 (m, 1l H)
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These syntheses are depicted in Figure 1.
Androsta-4,16-dien-3-one (4) was reduced at =-55° with
lithium tris (1, 2-dimethylpropyl) hydridoborate in
THF (c) as described for the preparation of 2 (Figure
1). Chromatography on silica gel with CH,Cl,/ethyl .
acetate 9:1 gave pure axial alcohol 5 (48% yield) and
pure equatorial alcohol 6 (48% yield). Analytical
samples were further purified by recrystallization
(from PE at -30° for 5, from cyclohexane at RT. for
6). | | -
Data of 5. M.p. 77-79°, [a]p +120.6° (C = ' ‘
1.26) - IR. (CDClj3): 36201:_1,_ 3440m br., 1660m, 1595w,
dH-NMR. (360 MHz): 0.79 (s, 3 H); 1.02 (s, 3 H); 4.07
(m, w, = 10, 1 H); 5.48 (d xd, J 5 and 2, 1 H) - 5.7
(m, 1 H); 5.85 (m, 1 H). '

Data of 6. M.p. 116.1190, [a]p, +53.9° (C -
= 1.28) ({47): m.p. 116.1180, [’)D +59.3° (C = 0.4) -~
IR. (CDClz): 3610m, 3420m hr.,. 3050m, 1660m, 1590w.’

- 'H~ NMR. (360 MHz): 0.78 (s, 3 H); 1.08 (s, 3 H);
4.15 (m, wy = 20, 1 H); 5.30 (m, wy = 5, 1 H); 5.71
(m, 1 H); 5.85 (m, 1 H). :

- - - - -l -

This synthesis is depicted in Figure 2. To
a solution of alcohol & (545 mg, 2.0 mmol) in acetone
(100 ml) at 0°C under N; was added rapidly Jones
reagent (i, 1.5 ml, ca. 4 mmol). After 5 min., the
mixture was poured into a dilute phosphate buffer (pH
7.2, 1200 ml) and extracted with ether. The extracts
wvere washed with sat. ag. NaCl solution, Adried |
(Na,SO;) and evaporated to give mainly Androsta-5,16-
dien-3-one as an oil (567 mg). The crude product was
dissolved In THF (7 ml) and reduced with lithium tris
(1,2-dimethylpropyl) hydridoborate (c) at .55° as
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described for the preparation of'z.' The crude
product (530 mg) was chromatographed on silica gel
(100 g) with CHZCIz/ethyl acetate 4:1 to give 280 mg
(51%) of pure a-alcohol 7 (eluted first)-and 13 mg of
S starting alcohol 8. A small sample of 7 was
recrystallized from acetone/water at RT. M.p. 1380,
[']D -77.5° (¢c=1.2. - IR. (CDClj3) ¢ 3580m, 3430m,
1665w, 1590w, - 'H-NMR. (360 MHz): 0.80 (s, 3 H);
1.06 (s, 3 H); 4.02 (m, W8, 1 H); 5.44 (m, 1 H);
10 5.72 (m, 1 H); 5.86 (m, 1 H). ' '

This compound was prepared in 73% yield by
a known procedure (Harx, A.F., g_t_g;“ Ger. Offen.
2,631,915; Chem. Abst. 87:23614p (1977)) from
15 commercial (Fluka) 3B-hydroxy-androst-s—en-l7¥one _
(VII). M.p. 137°, [a)p = -71.9° (c=1.5) ([48]: m.p.
140-141°, [a]p = 68°. - IR. (CDClj3): 3600m, 3420m
br., 1670w, 1590w, - 'H-NMR. (360 MHz): 0.80 (s, 3
H); 1.05 (s, 3 H); 3.53 (m, w=22, 1 H); 5.38 (m, 1
20 H); 5.72 (m, 1 H); 5.86 (m, 1 H). This synthesis is
depicted in Figure 4. |

The'following‘method of synthesis is
25 depicted in Figure 3: '

Dehydroepiandrosterone p-Toluenesulfonylhydrazone
(23) '
Dehydroepiandrosterone (VII) (14.4 g, 50.0

m mole) and p-toluenesulfonylhydrazide'(12 75 g, 68.5
30 m mole) in dry methanol (300 ml) were heated under

reflux for 20 hours. The mixture was transferred to

a conical flask and allowed to cool. The crystalline

product was flltered under suctzon and washed with
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methanol {50 ml) Further crops of product were
obtained by sequentlally evaporatxng the filtrate to
75 ml_and 20 ml, and allowing crystallization each
time. Totallyield was 21.6 g (95%). | '

5 Androsta-s; 16-dien-38-01 (24).

Dehydroepiandrosterone p-
toluenesulfonylhydrazone (23) (22.8g, 50.0 m mole) in
dry tetrahydrofuran (1.0 liters) was cooled in a dry
ice/isopropanol bath, The-mixture was stirred while

10 n-butyl lithium (125 ml of 1.6 M solution in hexane,
200 m mole) was added. The mixture was allowed to
warm to room temperature and was stirred for 24
hours. Water (50 ml) was added with cooling in ice.
The mixture was poured into saturated ammonium

15 chloride solution/ice (500 ml) and extracted with
ether (x2). The organic layers were washed with
saturated sodium bicarbonate solution (500 ml) and
saturatéd sodium chloride solution (500 ml), dried
(MgsSo,) and evaporated in vacuo to give the crude

20 product. This was purified by flash chromatography
on 190 g silica gel 60, 230-400 mesh, eluting with
ethyl acetate/hexane (20:80-50:50) to glve
crystalline material. The product wvas recrystallized
from methanol (45 ml)/3% hydrogen peroxide -(8 ml)

25 washing with methanol (30 ml)/water (8 ml) to give
pure product (6.75 g, 50%).

Androsta-4, l6-dien-3-one (25)
A,Solution of 10 g of ‘Androsta-5,16-dien~

38~-01 (24) in 475 cc of toluene and 75 cc of |
30 cyclohexanone was distilled (ca. 50 cc of distillate

was collected) to eliminate moisture, 5 g of

Al(opri); in 50 cc of toluene was added and the

solution was refluxed for 1 hour. Water then was

added, volatile components were removed by steam
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distillation and the residue was extracted with
chloroform. Evaporation of the dried extract,
followed by crystallization of the residue from
chloroform-hexane, yielded 7.53 g of Androsta-4,16~
dien-3-one (25) Another 0.97 g (total, 8.5 g, 86%)
was obtained by chromatography of the mother liquor
on neutral alumina.

6 = t is : osta=~3 —trien=3=-

To a partial solution of androsta-4,16-
dien-3-one (1.00 g, 3.70 mmol) in 2.2-
dimethoxypropane (5.0 mL, 41 mmol) and 5 mL DMF were
added methanol (0.2 mL) and p-toluenesulfonic acid
monohydrate (26.4 mg, 0.139 mmol). The mixture was
refluxed 5 h, after which it was cooled and sodium
bicarbonate (152.5 mg) was added. The suspension was
partitioned between 50 mL of ice water and 50 mL of
ethyl acetate. The organic layer was washed with two
50 mL portions of water +_50 mL of brine, dried over
magnesium sulfate, filtered, and concentrated under
reduced pressure. The residual oil was taken up in
50 mL of hot hexane and filtered through a 12 mm x 30
mm column of silica gel 60 using 150 mL of hot
hexane. The combined filtrates were concentrated
under reduced pressure and recrystallized from
acetone/methanol to give white crystals (468.0 mg,
1.645 mmol, 44%), m.p. 83-92°C.

To 20-homoandrosta-4,17-dien-3-one (119.0
ng, 0.4184 mmol) in 5 mL of methanol were added
sodium borohydride (6.0 mg, 0.16 mmol) and 77 uL of
water. After stirring 2 h further sodium,bofohydride
(32.0 mg, 0.846 mmol) was'added and the mixture was
stirred overnight. After concentrating under reduced
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(5% ethyl acetate/hexane on silica gel) to give a
more polar (59.8 mg) and a less polar (1.7 ng)
product. :

8 - S i 7= ) . =5 - o -
4—en-3-one. _ _ _ _
To a cooled solution of 20-homoandrosta-
5,17-dien-3-01 (399.4 mg, 1.394 mmol) in 50 mL of
acetone ﬁas added 2.67M Jones reagent (2.0 mL, 5.3
mmol). After stirring 1 h the reaction was quenched
with isopropanol (1.0 mL, 13 mmol) and poured into
100 mL of water. The mixture was extracted three
times with 50 mL portions of ethyl acetate and the
combined organic extracts were washed with 50 mL of
saturated sodium bicarbonate + 50 mL of brine. The
organic phase was then dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. |
The residue was recrystallized from 95% ethanol to -
give an almost white powder (177.8 mg, 0.5958 mmol,
43%), m.p. 113-115°C. '

- thesis ~OH- =4,16-dien-3~-
one.
To a solution of androsta-3,5,16-trien-3-yl
methyl ether, (12) (200.5 mg, 0.7049 mmol), in 5 mL
of 1,2-dimethoxyethane (DME) and 1 mL of water was
added m-chloroperbenzoic acid (MCPBA, 77.4%, 173.2
mg, 0.776 mmol) suspended in 5 mL of DME + 1 mL of
water + 0.40 g of 5% (w/w) NaOH dropwise, with
stirring, over a period of 90 min. After stirring 18
h further MCPBA (247.0 mg, 1.11"mmol) suspended in 10
mL of DME + 2 mL of water + 0.8 g of 5% (w/w) NaOH
was added dropwise, with stirring, over 1 1/2 h. The

-reaction mixture was stirred 1/2 h and then poured

into 25 mL of saturated sodium bicarbonate. The
agueous mixture was extracted three times with 25 mL
of ether and the combined organic extracts were
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washed with 50 g of 5% (w/w) sodium thiosulfate +
three 50 mL portions of brine, dried over magnesium
sulfate, filtered through Celite, and.concentrated
under reducéd pressure. The resulting crystalline.

5 residue was purified by preparative TLC (35% ethyl
acetate/hexane on silica gel) followed by two-fold
recrystallization from aqueous ethanol to give
lustrous white platelets (102.3 mg, 0.3571 mmol, .
51%), m.p. 165-166°C. . :

10 e 10 - 18-Nor-i7-met sta- AL =
3-0l, 2: Refer to Figure 12. To a solution of 18-
nor-i7-methylandrosta=-4,13(17)-dien-3-one (1, 378.2
mg, 1.399 mmol) in 7.5 mL of ahh. ether were added . -
59.7 mg (1.57 mmol) of lithium aluminum hydride

15 (LAH). After stirring the resulting suspénsion.for
30 min. 2.00 g of Glauber?s salt were added and the
mixture was stirred a further 30 min. The mixture
was then filtered and extracted with four 25 mL
‘portions of ether. The combined filtrates were.

20 concentrated under reduced pressure and then
subjected to preparative TLC (siiica gel GF, 1000#,
5% ethyl acetate/methylene chloride as eluent) to.
give a less polar fraction (R, 0.63, 34.5 mg, 0.127
mmol, 9%) and a more polar fraction (R, 0.45, 273.8

25 mg, 1.005 mmol, 72%).

(NA- 1994A-209)

Xamp.ie€ 1 L & C : ul=y e Angarosca=- 3 (. -
trien-3-yl methy] ether, 3: Refer to Figure 12. A
solution of'18-nor-17-methylandrosta—4,13(17)-dien-3-

30 one (i, 0.86 g, 3.2 mmol) in 2,2-dimethoxypropane
(4.3 mL, 35 mmol) and dimethylformamide (DMF, 4.3 mL)
containing anh. methanol (0.17 mlL) and p-
toluenesulfonic acid monohydrate (21.3 mg) was.
refluxed 4 h and then allowed to cool. Sodium
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bicarbonate (0.13 g) was added and the mixture was
partitioned between 65 mL of hexanes and 40 mL of ice
water. The organic phase was washed with two 40 mL
portions of water + 40 mL of brine and then flash
filtered through a 17 mm high x 30 mm dia. column of
silica gel (200-400 mesh). Concentration of the
combined filtrates followed by-recrystaliizatibn from
acetone/95% ethanol gave bright yellow crystals
(489.6 mg, 1.721 mmol, 54%), m.p. 95-101°C. TLC (10%
ethyl acetate/hexanes on silica gel) showed a major
product at R, 0.69 with a trace contaminant at the
origin. '

=0]~3-0] : Refer to Figure 12. Reaction was
carried out similar to the procedure of D. N. Kirk -
and J. M. Wiles, J. Chem. Soc., Chem. Commun. 1974,
927. To a stirred solution of 18-nor-17-
methylandrosta-3,5,13(17)~trien-3-yl methyl ether -
(477.0 mg, 1.677 mmol) in 1,2-dimethoxyethane (DME,
26 mL) was added 77% m~chloroperbenzoic acid (MCPBA,
999.7 mg, 4.48 mEq) suspended in DME (39 mL), water
(8 mL), and 5% (w/w) sodium hydroxide (7.1 mL), over
a period of 88 min. After stirring 20 h the reaction -
mixture was poured into saturated sodium bicarbonate
(50 mL) and extracted with three 50 mL portions of
ether. The combined organic extracts were washed
with 50 g of 5% (w/w) sodium thiosulfate pentahydrate
+ three 50 mL portions of brine, dr;ed 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 to give a yellow syrup. Purification by
preparative TLC (silica gel GF, 1000 u, 35% ethyl
acetate/hexanes as eluent) gave an off-white -
crystalline film (132.1-mg, 0.4612 mmol, 28%) which -
TLC (35% ethyl acetate/hexanes on silica gel) showed
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contained a major component (R, 0.23) and a minor -
component (R; 0.18). '

(NA-1994A-223)

3 - -Me ' AT Ll n-3,6-dio H
5 Refer to Figure 12. Jones reagent (2.67 M, 0.88 mL,
2.3 mmol) was added to a solution of 178-
methylandrost-5-en-38-0l (5, 135.5 mg, 0.4697 mmol)
(J. B. Jones and K. D. Gordon, Can. J. Chem. 1972,
50, 2712-2718) in acetone (15 mL) and the mixture was
.10 stirred 45 min. The reaction was quenched with the
addition of 2-propanol (0.44 mL). After stirring a
further 10 min. the reaction mixture was poured 1nto
30 mL of water and extracted with three 15 mL
portions of ethyl acetate. The combined organic
15 extracts were washed with 15 mL of saturated sodium
bicarbonate + 15 nL of brine, dried over magnesium
sulfate, and filtered through diatomaceous earth.
The residue was washed with 10 nL of ethyl acetate
and the combined filtrates were concentrated under .
20 reduced pressure. Preparative TLC (silica gel GF, -
1000 u, 25% ethyl acetate/hexanes as eluent), and
recrystallization from-dqueous ethanol gave lustrous
off-white crystals (37.5 mg, 0.125 mmol, 27%), m.p.
94-~95°C, homogeneous to TLC (25% ethyl '
25 acetate/hexanes on silica gel, R, 0.39).

(NA-1994A-298)

- -Methyl: os ;f- -3-0I, 8: Refer
to Figure 12. LAH (21.3 mg, 0.561 mmol) was added to
a solution of 17f-methylandrost-4-en~3-one (2, 143.2
30 mg, 0.4999 mmol) (J. B. Jones and K. D. Gordon, Can.
J. Chem. 1972, 50, 2712-2718) in 2.8 nL of anh.
ether.  After stirring the suspension for 30 min.
Glauber's salt (0.76 g) was added and the mixture
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stirred a further 1/2 h. Ether (10 mL) was added and
the suspension was filtered through diatomaceous
earth. The residue was washed with three 10 mL
portions of ether and the combined filtrates were
concentrated under reduced pressure. The crude
product was separated by preparative TLC (silica gel
GF, 1000 u, 5% ethyl acetate/methylene chloride as
eluent) into a more polar component (R, 0.30, 77.9

mg, 0.270 mmol, 54%) and a less polar component (R,
0.43, 10.3 mg, 0.0357 mmol, 7%).

(NA-1994A-300)

= _17-Met osta-3,5-djen-3~
ether, 10: Refer to Figure 13. To 17- _
methylenandrost-4-en-3~-one (9, 2.0000 g, 7.0314 mmol)
in 2,2-dimethoxypropane (9.4 .mL, 76 mmol) and DMF
(9.4 ml) were added 0.37 mL of anh. methanol and 47.0
mg of p-tolueneSulfbnic acid. After refluxing 4 h .
the reaction mixture was allowed to cool and then
partitioned between 140 mlL of hexanes and 90 mL of
water. The organic phase was washed with two 90 mL
portions of water + 90 ml of brine, dried over
magnesium sulfate, and flash filtered through a 30 mm
dia. x 37 mm high column of silica gel (200-400
mesh). Product continued eluting with 200 mL of
hexanes. Concentration of the combined filtrates
under reduced pressure and recrystallization of the
residue from acetone/methanol gave very slightly
yellow platelets (1.5291 g, 5.1231 mmol, 73%), m.p.
97-99°C, homogeneous to TLC (25¥ ethyl
acetate/hexanes on silica gel, R, 0.72).

(NA-1994A~-226)

Refer to Figure 13. To a stirred solution of 17-



- 25- A9:  [err] - - 26-

WO 96/10031 L - PCT/US95/12538
' S =4 Qe

: methylenandrosta-3,5-dien-3-yl methyl ether (10,
| " 500.1 mg, 1.676 mmol) in DME (10 mL) was added MCPBA
(318.6 mg, 1.846 mmol) in DME (10 mL) and water (4
mL) over a period of 15 min. After stirring 30 min.
5 the mixture was poured into 50 mL of saturated sodium
bicarbonate and extracted with three 50 mL portions
of ether. The combined organic extracts were washed
with 50 g of 5% (w/w) sodium thiosulfate péntahydrate
+ three S0 mL portions of brlne, dried over magneslum
10 sulfate, and filtered through diatomaceous earth.
The residue was washed with 25 mL of ether and the
combined filtrates were concentrated under reduced
pressure. Flash chromatography (45% ethyl
acetate/hexanes on silica gel) followed by
15 recrystallization from aqueous ethanol gave slightiy
yellow crystals (187.1 mg, 0.6228 mmol, 37%), m.p.
192-194°C, which TLC (35% ethyl acetate/hexanes on
silica gel) showed consisted of major (R,o 17) and
minor (R,O 13) components. '

20 (NA—1994A-232)

Refer to Figure 13. A solution of 17-
methylenandrost-4-en-3-one (8, 1.0001 g, 3.5160 mmol)
and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ,
25 2.43 g, 10.7 mmol) in dioxane (60 mL, freshly N
distilled after overnight reflux over sodium) was
refluxed 6 h and then cooled with swirling in tap
water. Méthyl t-butyl ether (MTBE, 50 mL) was added
and the suspension'was*filtered"through diatomaceous
30 earth. The residue was washed with two 50 mL |
portions of MTBE and the combined filtrates were
concentrated under reduced pressure. Flash
chromatography of the residue (20% ethyl acetate/
hexanes on silica gel) followed by recrystallization
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from 95% ethanol gave off-white crystals (498.9 ng,
1.767 mmol, S0%), m.p. 155-157°C.

(NA-1994A-234)

5 benzoate, 13: Refer t§ Figure 13. Reaction was
carried out in a procedure adapted from R. W. Draper
‘et al., Arzneim.-Forsch. 1982, 32, 317-322, as
follows: 17-Methylenandrosta-l,4-dien-3-one (12,
389.0 mg, 1.378 mmol), anh. pyridine (4.7 mL, 58

10 mmol), and benzoyl chloride (1.2 mL, 10 mmol) under
argon were stirred 18 h in an oil bath (68-73°C).
After cooling in ice the reaction mixture was poured
into 40 mL of ice-1 N MCl and extracted with three 20
nL portions of methylene chioride. The combined

15 organic extracts were washed with 40 mL of cold 1 N -
HC1l + 40 mL of saturated sodium bicarbonate + 40 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 .

20 filtrates were concentrated under reduced pressure.
Flash chromatography (4% ethyl acetate/hexanes on
silica gel) gave a yellow solid (0.43 g, 1.1 mmol,
81%).

(NA-1994A-284)

25 - -’ r -l 4= =63=0]=3=

one, 14: Refer to Figure 13. Reaction was carried
out in a procedure hdapted from R. W. Draper et al.,
Arzneim.-Forsch. 1982, 32, 317-322, as follows:
MCPBA (211.4 mg, 1.225 mmol) in DME (6.6 mL) and

30 water (2.7 mL) was added to 17-methylenandrosta-
1,3,5-trien-3-yl benzoate (13, 0.43 g, 1.1 mmol) in
6.6 mL of DME over a period 20 min. with stirring.
Stirring was continued 30 min. and the reaction
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mixture was then poured into 35 mL of saturated
sodium bicarbonate. The mixture was extracted with
three 35 mL portions of ethyl acetate. The combined
-organic extracts were washed with 35 g of 5% sodium
5 thiosulfate pentahydrate + three 35'mL-portions of
brine, dried over magnesium sulfate, and filtered
through diatomaceous earth. The residue was washed
with 10 mL of ethyl acetate and the combined
filtrates were concentrated under reduced pressure.
10 Preparative TLC (silica gel GF, 1000x, 50% ethyl
acetate/hexanés as eluent) gave a yellow crystalline
solid (83.7 mg, 0.280 mmol, 25%) homogeneous to TLC
(50% ethyl acetate/hexanes on silica gel, R, 0.50).

{NA-1994A-292)

15

Refer to Figure 13. Androsta-1,4,16-trien-3-one (15,

500.0 mg, 1.863 mmol), anh. pyridine (6.4 mL, 79

mmol), and benzoyl chloride (1.6 mL, 14 mmol) under

argon were placed in an oil bath (70-73°C) and - |

20 stirred 18 h. After cooling in ice the mixture was
poured into 50 nL of ice-1 N HCl and extracted with:
three 25 mL portions of methylene chloride. The
combined organic extracts were washed with 50 mL of
cold 1 N HCl1l + 50 mL of saturated sodium bicarbonate

25 + 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-toncengrated under reduced
pressure. Flash chromatography (2% ethyl

30 acetate/hexanes on silica gel) gave yellow crystals
(0.47 g, 1.3 mmol, 68%) of intermediate benzoate.
This was taken up in chloroform (30 mL) with MCPBA
(240.0 mg, 1.391 mmol). -After stirring 1 h further

" MCPBA (239.5 mg, 1.388 mmol) was added and the
35 reaction was stirred another hour. The mixture was.
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then washed with 30 g of 5% (w]w) sodium thiosulfate
pentahydrate + 30 mL of saturated sodium bicarbonate
+ 30 mL of brine, dried over magnesium sulfate, and
filtered through diatomaceous earth. The residue was
washed with 10 nL of chloroform and the combined
filtrates were concentrated under reduced pressure.
Flash chromatography (40-45% ethyl acetate/hexanes on
silica gel) gave a yellow resin (106.1 mg, 0.3731
mmol, 29%), which TLC (40% ethyl acetate/hexanes on.

‘silica gel) showed contained major (R, 0.34) and

minor (R, 0.40) components.
(NA-1994A7-276)

- osta- ~djen-6f-0l-3~ 6: To
a solution of androsta-~3,5,16-trien-3-yl methyl
ether, 12 (200.5 mg, 0.7049 mmol), in 5 mL of 1,2-
dimethoxyethane (DME) and 1 mL of water was added m-
chioroperbenzoic acid (MCPBA, 77.4%, 173.2 mg, 0.776
mmol) suspended in 5 mL of DME + 1 mL of water + 0.40
g of 5% (w/w) NaOH dropwise, with stirring, over a
period of 90 min. After stirring 18 h further MCPBA
(247.0 mg, 1.11 mmol) suspended in 10 mL of DME + 2
mlL, of water + o.sig of 5% (w/w) NaOH was added ,
dropwise, with stirring, over 1 1/2 h. The reaction
mixture was stirred 1/2 h and then poured. into 25 mL
of saturated sodium bicarbonate. The agueous mixture
was extracted three times with 25 mL of ether and the
combined organic extracts were washed with 50 g of 5%
(w/w) sodium thiosulfate + three 50 mL portions of

brine, dried over magnesium sulfate, filtered through.

Celite, and concentrated under reduced pressure. The
resulting crystalline residue was purified by '
preparative TLC (35% ethyl acetate/hexane on silica
gel) followed by-two-fold'recrystallization from
aqueoué ethanol to give lustrous white platelets
(102.3 mg, 0.3571 mmol, 51%), m.p. 165-166°C.



N3: [err]

WO 96/10031 ~ PCT/US95/12538
o =53= o

(NA-1993B-40,43B)

Refer to Figure 14. To a part1a1 *olution of 20-
homoandrosta-s,17-d1en-3-ol {(1.0001 g, 3. 4911 mmol)

'5 in 100 mL of toluene and 20 mL (0.19 mol) of
cyclohexanone was added aluminum 1sopropox1de (2 oo
g, 9.79 mmol) in 20 =mL of warm toluene. After
refluxxng 4 h the cooled reaction mixture was shaken
1 min. with 5 nL of water and 12. 5 mlL of 3.6N

10 sulfuric acid. The organic 1ayer was washed with 50
mlL of brine, dried over magnesium sulfate, filtered
through Celite, and concentrated under reduced
pressure. Following steam distillation to remove
cyclohexanone the non-volatile residue was taken up

15 in two 10 nL aliquots of dichloromethane, dried over
magnesium sulfate, filtered, and concentrated. The
oily residue was purlfied by flash Chromatography
(15% ethyl acetatelhexane on silica gel) and
recrystallization from aqueous acetone to give

20 colorless needles (238.8 mg, 0.8400 mmol, 24%), m.p.
130-134°C (lit. (B. S. Macdonald et al., Steroids
1971, 18, 753-766) m.p. 129-131°C]. "

(NA-1993A-99, 103B)

25 Refer to Figure 14. To 20-homoandrosta-4,17-dien-3-
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one (119.0 mg, 0.4184 mmol) in 5 mL of methanol were
added sodium borohydride (6.0 mg, 0.16 mmol) and 77
uL of water. After stirring 2 h further sodium
borohydride (32.0 mg, 0.846 mmol) was added and the

5 mixture was stirred ove:night. After concentrating
under reduced pressure the residue was purified by
preparative TLC (5% ethyl acetate/hexane on silica
gel) to give a more polar (59.8 mg) and a less polar
(1.7 mg) product. '

10 (NA-1993A-110A,B).

- sta- = =3, 6= : Refer to |
Figure 14. To a cooled solution of 20-homoandrosta-
5,17-dien-3-0l (399.4 mg, 1.394 mmol) in 50 nL of .
acetone was added 2.67M Jones reagent (2.0 mL, 5.3

15 mmol). After stirring 1 h the reaction was quenched
with isopropanol (1.0 mL, 13 mmol) and poured into
100 mL of water. The mixture was extracted three
times with 50 nL portions of ethyl acetate and the
combined organic extracts were washed with 50 mL of

20 saturated sodium bicarbonate + 50 mL of brine. The
organic phase was then_dried over magnesium sulfate,
filtered, and cOncéntrgtad under reduced pressure.
The residue was recrystallized from 95% ethanol to
give an almost white powder (177.8 mg, 0.5958 mmol,

25 43%), m.p. 113-115°C.

(NA~1993A-91B)
' 3-ethylene ketal, 18: Refer to Figure 15. A mixture

of crude 6f,19~-epoxy-58-chlore-17~jiodoandrost-l16-ene
30 (17, 1.38 g, 3.09 mmol) (G. Habermehl and A. Haaf, Z.
Naturforsch. 1970, 25b, 191-195), ethylene glycol
(0.97 g, 16 mmol), toluene (50 mL), and p-
toluenesulfonic acid monohydrate (20.3 mg, 0.107
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mmol) was refluxed 19 h with azeotropic removal of
water (Deen-Stark). After cooling ethyl acetate (100
nlL) was added and the reaction mixture was washed
with 100 mL of saturated sodium bicarbonate + 100 mL

of brine. The organlc phase was dried over magneszum
' sulfate and filtered through diatomaoeoue earth. The

residue was washed with 25 nL of ethyl acetate and

the combined filtrates wvere concentrated under

reduced pressure to give a tan, crystalline solid
(1.47 g). This residue was'euspended in anh.
methanol (40 mL), ‘potassium acetate (2.44 g, 24. 9
mmol) was added, and ca. 26 mL of methanol were
distilled off. The remainder was concentrated under
reduced pressure, water (50 mL) was added, and the
mixture was extracted three times with 25 mL aliquots
of methylene chloride. The dried (sodium"Sulfate)
extracts were filtered through diatomaceous earth and
the residue was washed with 10 nmL of methylene -

‘chloride. Concentration of the combined filtrates

under reduced pressure gave a yellow solid, which was
purified further by flash ohronatography (5-7.5~10%
ethyl acetate/methylene chloride on silioa gel) and
recrystallizat;on from methanol to glve llght yellow
needles (914.6 ng, 2.013 mmol, 65%), n.p. 187-189'c.
'H-NMR: 6.13 9, 1H, 4d, 16-H; 5.82 3, 1H, s, 4-H;
4.71 3, 1H, d, 6a-H; '4.22 3 and 3.53 3, 2H, AB, 19-
H's, 4.10-3. 28 0 4M, mult., 3-keta1 H's, 0.83 a, 3H,
- 18-=Me.

(NA-1994A-141C)

Refer to Figure 15. Anh..ammonia (ca. 75 mL) was

distilled through a KOH tower into a 250 mL flame-

dried 3-neck flask fitted with an inlet adapter, a
magnetic stirring bar, a dry ice/acetone condenser,
and a stopper. A solution of 68,19-~epoxy~17-



with a met hyl group at any one of the follow ng posi tions:
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iodoandrosta-4,16-diene 3-ethylene ketal (18, 880.4
ng, 1.938 mmol) in dry tetrahydrofuran (THF, 45 mlL)
was added, followed by metallic sodium (0.20 g, 8.7
mg-atom) cut in small pieces. After stirring under
argon pressure for 30 min. the reaction was quenched
with the addition of abs. ethanol (1.0 mL). Ammonia
was allowed to boil off overnight, 50 mL of water
were added, and the mixture was extracted with three
25 mL portions of methylene chloride. The combined
organic extracts were washed with 50 mL of brine,
dried over magnesium sulfate, and filtered through :
diatomaceous earth. After washing the residue with
10 mL of methylene chloride the combined filtrates
were concentrated under reduced pressure. The
intermediate,ketal proved remarkably unreactive, but
was finally hydrolyzed by refluxing 18 h in 5 mL of

chloroform and 2.5 mL of 4 N hydrochloric acid. To

the cooled hydrolysis mixture ethyl acetate (50 mL)

. was added and the layers were separated. The organic

phase was washed with 25 nl of saturated sodium =
bicarbonate + 25 nL of hrine, dried over magnesium
sulfate, and filtered through diatomaceous earth.
The reszdue was washed with 10 nL of ethyl acetate
and the combined filtrates were concentrated under
reduced pressure. The resulting brown foam was
purified by flash chromatography (50% ethyl
acetate/hexanes on silica gel) followed by
preparative TLC (50% ethyl acetate/hexanes on silica
gel GF, 1000u thickness) to give a partially

‘crystalline film (66.7 mg, 0;23§ mmol, 12%). 'H-NMR:

5.92 3, 1H, s, 4-H; 5.87-5.64 3, 2H, mult., 16,17-
H's; 4.100 and 3.94 3, 2H, AB, 19-H's; 0.79 3, 3H, s,

(NA-1994A-244D)

PCT/USOS/I2838



Dani el Bertin and Luci en Nedel ac, Menpires Presentes a la Societe

Cﬂini?ue' 1964, No. 345, p. 2140. Synt hesi zabl e conpounds
therefore t hese, : together with those derived £438
i.e., M‘Hﬂ&llo met hyl at la, 2a, 4, 6a, 6[err], 7a, 16 or 17 conbined
with Al, A3, A4, A5, A8, A9, Al0 or Al ,-&®B-well as A2 or A6 with a

17- met hyl .

s . zone, 2: Refer to Figure 16. A
= suspension of androst-5-en-38,19-diocl-17-one (1,
commercially available from Research Plus, 512.5 mg,-
5 1.684 mmol) and p-toluenesulfonylhfdrazide (p-
TsNHNH,, 392.1 mg, 2.105 mmol) in 2-propanol (6.0 mL)
was refluxed 24 h. To the cool reaction mixture were
added 20 ml, of ether and the solvent was removed
under reduced pressure. The_résidne was taken up in
10 10 mL of ether and the solution was filtered through
diatomaceous earth. 10 alL of hexanes were added to
the filtrate and the suspension was concentrated
under reduced pressure. Residue was taken up in 10
nL of hot benzene and the cooled suspension was .
15 filtered. The filtrate was concentrated under
reduced pressure and then flash chromatographed (40%
ethyl acetate/hexanes on silica gel) to give an'
opaque resin (0.69 g, 1.5 mmol, 87%).

(NA-1993B-47)

20 . g - ta=5,16=-dien= -di : Refer
to Figure 16. A solution of androst-54enf3ﬁ,19-diol-
17- (p-toluenesulfonyl)hydrazone (2, 0.69 g, 1.5 mmol)
in anh. tetrahydrofuran (THF, 35 ml) was cooled in an
jce/acetone bath under argon and n-butyllithium (2.5
25 M in hexanes, 3.7 nL, 9.3 mmol) was added dropwise,
with stirring, over the period of 1 min. The
reaction mixture was stirred 4 days, during which
time it was allowed to gradually warm to room -
'tempefature. The reaction was then poured into 50 =mL
30 of ice-saturated ammonium chloride and the layers
were separated. The agqueous layer was extracted
twice with 25 mL portions of ethyl acetate. The
combined organic phases were washed with 25 mL of
saturated sodium bicarbonate + 25 mL of brine, dried
35 over magnesium sulfate, and filtered through
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[err]

diatomaceous earth. The residue was washed with 10

nL of ethyl acetate and the combined filtrates were

concentrated under reduced pressure. The residual
yellow resin was flash chromatographed (50-55-60%
ethyl adetate/hexanes on silica gel) and crystallized
from methyl t-butyl ether/benzene to give fluffy
white crystals (92.5 mg, 0.361 mmol, 24%), m.p. 169~
171¢C.

(NA- 1993B-66)

A non-invasive method has been employed to
record local electrical potentials from . the human
vomeronasal organ (VNO) and from the olfactbfy
epithelium (OE). Localized gaseous stimulation was
applied to both nasal structures at different
instances using specially designed | :
catheter/electrodes connected to a multichannel drug
delivery system. This electrode and-delivery-éystem
has been described by Monti and Grosser (J. Steroid
Biochem. and Molec. Biol. (1991) 39:573) and in
commonly owned, copending USSN 07/771,414, _
incorporated herein by reference. 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,
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,
the right nasal fosa of the subject was explored
using a nasoscope (nasal specule) and the vomeronasal

PCT/US95/12538



Eur opean Patent Application EP 208, 497. Synthésizable conmpounds
therefore include these, together with those derived fromthem i.e.

(4-Chl oro, q4-Br , 6a-Chloro, 6a-Bronpb, 66-Chloro, 5 6[ery r
6[err]-I od%’)%-%{l% com nation:-with N1, N2, N3, or N4. In M%,ﬁs@

(17-Fl uoro, 17-Chloro, 17-Bronmo, or 1¥5%edo)-Nl in conmbination with A,
A2, A3, A4, A5, A6, A8, A9, AlO0 or All. B. Synt hetic Methods
10 operiing va=plocalizedf closesto &he lihtersection %ofposition

fovention are AR aRteriof Wagd Bf Ba, VERDY hd WHE NN a8k o
and 19- pOS|F|QM9 oa#net#r£¢keqtrgée wAs sﬁnhiﬁidnkﬂﬁnsﬂthﬁGB the known
Commounee o iy 854 e UL o V] B RS 0
reduction t& tﬁ?ﬁ&ﬂrﬁ]kﬂﬂﬁﬁmﬂ%ghét° ‘mm from the open ng. 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

placed deep in the lateral paft of the medial nasal

10 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
was continuously passed through a channel of the

15 stimulating system. The stimulating ligand
substances were diluted in propylene glycol, mixed
with the humidified air, and puffed for from 1 to 2
seconds through the catheter/electrode. It is

. estimated that this administration provides about 25

20 pg of the steroid-ligand to the nasal cavity.

: " The results of this study are presented in
Figures 4A, 4B, and 4C. The response is measured in
millivolt-seconds (mV x 8). Androsta-4,16-dien-3-~one
elicits a significantly ‘stronger VNO response in

25 females than do the other compounds tested (Fig. 4A)
Furthermore, the VNO response to Androsta-4,16-dien-
3-one is sexually dimorphic - twice as strong in
females as it is in males (Fig. 4B). In contrast,
the OE response in both males and females is low

30 compared to a strong odorant such as clove (Fig. 40C).

“The:change,in receptor potential in
35 response to five different ligands was measured in 40
female (Fig. 5A) and 40 male (Fig. 5B) subjects.



The syntheses of nost of these conpounds are 20 described by Onhl of f

(supra) As shown in Figure 1, 17[ err] - hydroxy-5a- Androst an-3-one (1)
and neifyyderroe3r Chl oroformate (a) in pyridine gives the nppises/12538 .
carbonate, 17[err]-nethoxycarbonyl oxy-5a-Androstan-3 -one (11) which
provi des a starting material for theGQE 25 Androst-16-en-(3-one and
3-o0ls) (Ohloff, supra at pg Al koxy derivatives are

prepared f E8fh Fablect sas (EﬁﬂﬁﬂﬂﬁﬁF?@@rGRyPQtEfoPaghbyfrGGUFan with an

al kyl at i ngsapstanted) a3 indivited Rwrthen fzgurey\o Qﬁé10031
PCT/ US95/ 12 | uor obor. at e,

5
triethyl ox8 HE&PFFPH?& MeFe adninisterad Iﬁﬁ?ﬁ]ﬁéﬁ%ﬂl FBﬁallesFﬁ°9|4v| nert
‘chl orocar busing the pruwcezhixte atesvitibednin cBkamplle. 16.t erhati vel y,

5 change in potential of the neuroepithelium of the VNO
was recorded over time and the integral of the change
in potential for each of the forty subjects was
averaged. The results are shown in the figure.
Comparison of Figures 5A and 5B show that each

10 steroid is sexually dimorphic in its activity, and

' that some ligand substances are stronger in males

while others are stronger in females.

15 Various autonomic parameters ﬁare monitored
as Androsta-4,16-dien-3-one was administered to 40
female subjects using the procedure described in -
Example 10. Propylene glycol was also administered
as a control. The ligand was administered as a 1

20 second pulse. The change in autonomic function was
first noted within 2 seconds and lasted for up to 45
seconds. As shown in Figure 6, when compared to a
propylene glycol control, the Androstane induced a .

- significant change in the integrated receptor

25 potential in the VNO (6A), galvanic skin response .
(6B), skin temperature (6C), the percentage.of
cortical alpha wave activity as measured by _
electroencephalogram (6D), peripheral arterial pulse
(6E), and respiratory frequency (6F).

30

. 60 picograms of each 1igand stercoid and of
a propylene glycol control were administered to 5
female subjects as described in Example 10. = As ‘shown
35 in Figure 7, Androsta-4,16-dien-38-o0l induced a



al kyl ati ng agents such as al kyl halides, alkyl 5 tosylates, alKkyl

mesyl ates and di al kyl sul fate may be used with a base such as NaH, KM or
KOBut, silver . oxi de or bariumoxide in polar, aprotic 50|M8ﬂb§

for exanpl MOMAOOIH\SO and hexanet hyl phosphor ani de. A%
procedures for synthetic reactions 10 of=-gieroids are known to those
skilled in art. Were time and tenperature of reactions nust be

det er m ned, gﬂé&terconahgeddhemeneptohypmtenﬁia&athnhodmaogy Af t er

addition of th d,reag LRgeT xture ~is stirred under an
I nert at msphef’é‘iﬁ#g ﬁﬂ ? 32%2"?5 rmved at hourly intervals. The
al® quots are analyzed by chronatography to nDnltor t he o

di sappearance g
procedure is int i thin

t went y- f our hodﬂﬁﬁmﬂﬁlienngiLﬁhe_ﬂﬂgheated to reflux and hourly allquots
are anal yzecg as before, gﬁ% &Egaﬁoﬁ%tlm%mﬂléff% ct gfsappears I n
a t

this case the mxture is cool™ before e wor k-up_procedure
is initiated. Androstane sP%FFiﬁ& PR oﬁhﬁuyqﬂwﬂﬁﬁn!e$§“Eﬁda9¥oﬁBF|shed

by means of Chr&@é&ﬁﬁéﬁbhaﬂﬁlhﬁ.strati@h\’%IfaHHs?ﬁtnioﬁe asaknown to those
skilled in thequestionnaire evaluation of the subject before and
after administration. The guestionnaire'included a
10 panel of adjectives used as part of the standard
Derogatis Sexual Inventory evaluation.

The subjects were 40 women between the ages
of 20 and 45, all in good health. The women were
randomly assigned - 20 exposed to placebo'and 20

15 exposed to about 20 picograms of Androsta-4 16-dien-
3-one, administered as described in Example 10,
ggn;;.' Subjects were given a 70 item guestionnaire
evaluating feeling states immediately before and 30
minutes after administration of either placebo or

20 experimental substance. The 70 adjectives of the
guestionnaire were randomly administered and
subsequently clustered for evaluation based on their
relevance to each mood, feeling, or character trait.
The results were as follows: Changes in feelings of

25 social warmth, personal well-being,
arousal/excitement, and aggression, from before
administration to 30 minutes after administration,
were not significant in those exposed to the 16-
Androstene compared to the ohanges resulting from

' 30 administration of the control. However, the decrease
in negative affect (nervous, tense, ashamed, anxious,
irritable, angry, enraged - T-test. p<0.0001, Anova:
p<0.04), negative mood and character (sensitive,
regretful, blameworthy, guilty, remorseful, ‘sad,

35 hopeless,_resentful,.worthless,_miserahle, unhappY{
bitter, timid - T-test: p<0.0004, Anova: p<0.06), and




art. 2. Preparation of 19-0OH derivatives

Synt hesi s of 19-OH Androsta-4.16-di ene-3-one. 30 Thi s conmpound
has beg@ géi1gd10sed as an intermediate in the synthespér/pkosnasas

19- oxo- 3- aza- A- hono- 5B- andr ost ane (Habermehl, et al., Z. Naturforsch.
(1970) 25b :191-195). A method of .syR€Resizing this conpound i s

provi ded

PCT/U895/1ﬁg§§allvgégg£%9g%§ (the comb;nat;qqﬁgf affect and . C

Phar maceut ¢Baracbeposi Trtestanp<0sidoss, Anova: p<0.05) were
highly significant after 16-Androstene administration
as compared to administration of the control.

5 Overall, these results suggest a sedative
and/or anti-anxiety, and/or anti-depressant effect of
Androsta-4 , 16-dien-3-one when administered
intranasally. | '

10

Women experiencing the symptoms of

premenstrual stress (PMS) are provided with a
pharmaceutical preparation of an Androstane steroid
(preferably Androsta-4,16-dien-3-one, or Androsta-4,

15 16~dien-3a(f)-ol) suitable for nesal,edministration.
The steroid is provided as an ointment at a o
concentration of about 1 nicrogrem[nl and about 0.1
ml is applied. The ointment is applied'just_inside_
the nare of each nostril, three tihes daily. a

20 similar method of treating PMS uses an aerosol

' preparation of the same steroid. The aerosol is_
sprayed into each nostril threes timesﬂdaily,

Example 35 - Electrophvsiological Studies
" The following electrophysiolog1ca1 studzes

25 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
excluded if pregnant. )

30 The st1mulation and recording system
conslsts of a "multifunctional minzprobe“ described :
elsewhere (Monti-Bloch, L. and Grosser, B.l. (1991)
"Effect of putative pheromones on'the electrical |
activity of the human vomeronasal organ and olfactory

35 epithelium," J. Steroid Biochem. Molec. Biol. 39: 573~



of Use - An enbodi ment of the subj ect invention is a met hod
of altering the hypothalamc function of an 5 individual. Another

enbodi ment §4 ing an . autonomic function of an indivigbses2Essse
aut onom c ions include but are not limted to heart rate,
respiratory rate, braln wave patterns (pebdent age .- al pha corti cal

activity), body ter erature Q her, 10 _enbodi nents |nclude but are not

li:mted to, metPBes The Ferordime,elesixode i8rach; nEBaFﬂ@Q‘#bod or
negative characpgrit aeth&hea 26 anémalduado. 1 ARej hetlver gigedi nent is a

et hod of oot | Agt SBCysen HOBTRR WAL SLrFSSa At cRL Ligagoegioct ronts
of certain 16-Absrfirstetreateddto groducexn&snh#ennshmbriaeAndrostene
?ilt S{ ?Ingﬁ. shed frrc‘)tr"negF?er ha??‘\‘/igi%; d{ﬁé{f’ ]CZ%EQH‘ géiélég{r'\‘l g?: :5%1 ection,
in several inpdpositioned, withlnhes@mg}lncalkber TeflanPecatbetesct with
e ol RIE-0Y, i BEEH eRE i pobecptrabitend I oond
adni ni stered dipEetrypdes gppproximately 2 mm. he Teflonﬂ catheter
is 10 cm in length and constitutes the terminal
10 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
solution containing either a vomeropherin or an
15 olfactant in a diluent or the diluent alone. A
' solenoid is used to rapidly redirect the air stream
from the chamber to a route which bypasses the
chamber. This creates a discreet pulse of stimulant
ih the air stream. A second, outer Teflon® tube with
20 a diameter of 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
25 localized 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
30 positioned either on the neurosensory epithelium
within the VNO, or on the surface of the olfactory or
respiratory epithelium. : ,
Electro-vomeronasogram (EVG): Recordings are carried
out in a quiet room with the subject supine; the: '
35 multi-functional miniprobe is initially stabilized
within the nasal cavity using a nasal retractor
placed in the vestibule. Reference and ground




25 chenoreceptors in the nasal passage and the
without pills or needles - i.e non-invasi vely. Drug action is

“voneronasal organ,

medi at g¢p ddHossOn bi ndi ng of the Ii gands, described hepgigdesimagpeci fic

receptors displayed by neuroepithelial cells in the 30 nose, preferably in

the VNO This Furthernore, the no®&=of drug action is through the
nervous system and not ,t roggh hhe circul atory system- thus brain
function cALeREEPdes CaNRAERoAE EdA¥eFeRiscs (& mmo bothyabd- brain

barrier. Theasicheahedpoeitionednent théSgnamelda.a direct neans of affecting
t he hypot hal anus lséhrg ﬁh t he gerﬁgys st em because there is only one
En ﬁ EPBRBNECr 508 0P %y ameronasaln 96/ 10031 .

synaptic junction bet

PCT/ US95/ 13538, is identified by first dilating the riugu® hal anus.

Because

sensory 5r1era\i§'é:.@hee aﬂ%eééﬁgibulet.o i %Qeﬁ.h%&tly%% iboir}micrhfar}e brain, this

net hod has
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loupe with halogen illumination is then used to
introduce the tip of the Teflon® caﬁheter and
recording electrode 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 adeguate depolarization in response to a test
substance. . : ' }
Electrical signals from the recording ..
electrode are fed to a DC amplifier after which they
are digitized, computer monitored, and stored. The
peak-to-peak amplitude of the signals is measured,
and the area under the depolarization wave is

integrated, while continuously monitoring the signal

both on the computer screen and on a digital
oscilloscope. Artifacts produced by respiratory .
movements are deleted by training the subjects to

practice mouth breathing with velopharyngeal closure.

Chemosensory Stimulants: Olfactory test substances

"are cineole, and l-carvone; vomeropherins are A, B,

C, D, E and F. Samples of vomeropherins in
concentration of 25-800 fmoles are delivered in the
continuous air stream for durations from 300
milliseconds to 1 second. Usﬁally; intervals of 3 to
5 minutes separated each series of short test pulses.
All components of the lines caffying the test stimuli
are made of Teflon®, glass or stainless steel and are
carefully cleaned and sterilized before each use.
Electro-olfactaram (EOG): Olfactory recordings
employed the same stimulating and recording
multifunctional miniprobe as that used for the VNO.
The tip was slowly introduced until the recording.



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

of undesirable side-effects. 5 VNQ contact is inportant because
the VNO i sy spci ated with chenor ecept i ve/pher omonal f unché-Piises/i2s3sT he
VNO conS|sts d? a pair of blind tubular di verticula which are found at
the inferior margin of the nasal septr@®r The VNO contains
neuro-epithelia, 10 the axons qQf which have direct synapses to the

amygdal a and f reMEHEede ‘tourhedn Fhs RATARKOrYTHIMCOSA o) | AdBANAtE the VNO
has been wel | ctommﬂd wasrrait;naledt oy esiddpdlarifgbiehesni ncl uding the

hunan f et us; wever n adylt h s.it,is generall h ht to 15 be
I’Edl ment alrJy (Se?%ﬁﬂfﬁv%n la? ap'l'.sese e odorant tes % guggﬁd

subst ances described herecortical evbhud'auﬂﬁwﬂtyiwaspindabed hgennuated
r opi onat ed, [ on d [ i stere

gl rgct ly, Lﬁ aﬁ%ﬁb‘f%‘gfé g&ﬁ v ﬁ'?f’@@&@i“z%p%@%gﬂ? They are
prepared in alstpnunatmqgewith bdorantsh ded i vexred: xtmp3@0 msgaics,

suspensi ons or pu e Iiggyagrgggaga%& hgfwa:ﬁé#ﬁéFfaforns sui tabl e

for single adnlnlstrai i on reci se dosages may be
adm ni st ered aektgrepreePha agraahés (X&G)scﬂlec‘m"!@?ﬂapl‘?eﬁﬁ athe active

conpound can bggegitions Cz-Al and Tz-Al of the international 10120
10 system; the ground electrbde'was'placed'on the
~ mastoid process. Electrodermal activity (EDA). was
recorded using standard 8 mm silver electrodes in -
contact with palmar skin of the medial and ring
fingers respeCtively, through a conductive gel
15 interface. Skin temperature (ST) was recorded by a"
small (1.0 mm) thermistor probe placed in the right
ear lobe. Peripheral arterial pulse (PAP) was
monitored with a plethysmograph attached to the tip
of the index finger. Respiratory frequency (RF) was
20 measured with an adjustable'strain'gauge placed
around the lower thorax. All electrical signals were
DC amplified, digitized (MP-100, Biopac Systems) and
continuously monitored utilizing a computer.
Statistical Analvsis: EVGs or EOGS, peak-to-peak
25 changes and frequency changes of other parameters
were measured and statistically analyzed. The
significance of the results was determined by either
using paired t-tests or analysis of variance (ANOVA).
Effect of Vomeropherins on the EVG: Each of the
30 vomeropherins was found to produce a séxually
dimorphic receptor potential (fiq.'SA-B).- Recordings
of the EVG were performed on 30 men and 30 women
(ages 20 to 45). Vomeropherins were diluted and
applied as 1 second pulses to the VNO with b minute
35 intervals between pulses-when'queStidned,'the
subjects were not able to "smell" or otherwise
consciously detect any of the vomeropherins. This



prepared as a creme or an oi ntnent conposition and applied topically
within the nasal cavity. As anot her alternative, delivery may occur by
cont r owegss10031 r el ease of these agents by encapsul ati on eicIes9sitzs380 bul k
or at a mcroscopic |evel using synthetjc pol ymers, such as silicone,
and natural polyners such as gel at’ ?wm cellulose The rel ease rate can

contr ery f rlc syste used to
cont r ol theg&kﬁiun%y#q angere ‘f{{é? g s PEB%&?“ YA, Biomaterials -
2,201, 1981xepdmm§@%ﬂM°ﬂtqnﬁknmhs Lsuand aGrgsser| nBadd - qabbubose sl ow y
di ssol ve | N IBLFUHC o0 puba IS PifedBtiriedbh Sthe eleckPiRh1003] .

PCT/ US95/ 125 ne remai ns
i ntact for gcﬁépigy &f the humanrjgomeronasal organ and olfactory

5 epithelium," l__s:g:9id_nloghgn&_uolgs;_nigl; 39:573~

582.) which indicated that neither olfactory nor

vomeropherin test stimuli delivered to the VNO elicit
' a perceptible sensation at the delivered

concentration. _

10 Fig. 8A shows the average response of male
subjects (ages 20 to 38) to the diluent, and to
equimolar quantities (100 fmoles) of five
vomeropherins (A, B, C, D and F), and to E, a ‘
stereoisomer of F. The profile of the response to

15 each of the substances was similar in all subjects
regaidless of age, and no significant differences
were revealed either by t-tests or by analysis of
variance. . For example, A, C and D produced _
significant effects (My = 11.4 mV, SD = 3.6 mV; M, =

20 6.4 mV, SD 2.5 mV, and My = 15.1.mV, SD = 4.9mV; .
p<0.01), that were consistent in all individual
cases. Other vomeropherins depolarized the VNO-~
receptors to a much lesser extent, but with _
consistent mean response anplitudes from ihdividual

25 to individual. Vomeropherins active in male subjects
produced larger responses than the diluent - (p<o 001).
B, F and similar concentrations of olfactants induced
significahtly reduced responses in the male VNO. (Fig.
8A and Fig. 9). , . _

30 A similar experimental protocol was:
followed with the 30 female subjects (ages 20 -~ 45).
Among the vomeropherins, F (100 fmoles) produced the
most significant differences within the group (Fig.
8B). Here, A induced a small effect that was

35 significantly different from F (p<0.01). In both
populations of subjects, active vomeropherins induced
receptor responses having large standard deviations



conpositions wll include a conventional pharmaceutical carrier or

excipient, one or nore of . the active Androstene conpound(s) of Formul a
. In 5 __addition, the conpositions may i ncl ude ot her ey

agents, pYEPHH i cal agents, carriers, adj uvants, etc. FEA b4 flsss

The nost |ikely nmeans of connunication'oisa- seni ocheni cal ligand is the
i nhal ation of a naturally 10 occurring pheronone present on the skin of
anot her . Se(fticp) 4F: Andhent the freguelcy Idmudimtﬁﬁnﬁﬁﬂrﬁﬁé-

16- en- 3a- ol an ta 1 Ns3-.0p€ drost d en one,

5a- Andr ost adi e %aeerrfj 8? g‘a& F "’%g ﬁgégé% Mr%% %Il% ?ieﬁre
natural ly 15 (nnapeatgwehyhuwanfound aapﬂmpqalﬂﬂnstxmbut&nnklnThe It is
estimated that ¢ Y~PC [ o]

T6- Andr ost eno. S Ei4AAce YORCEHIE PBaRRYLTEn g BESHS LEMAPEaCRE] |
inti mte coft akhis peintg estlnated that a human woul d be exposed to no 20

nore than 700 ng of a natﬁraéwt@fééiébﬁﬁrs‘b&”?ddqes rﬁh‘.‘ ﬂi&f
conmpounds are relatlvelzmnonvo atil is ‘estimated t even during

inti mte contad® uﬁﬁﬂa%ﬁbfgeﬂeﬁﬁﬁlHh#ﬂﬁﬂ@a¢ﬁﬁ$nﬁ%ﬂ!ha55b 7 pg of a
natural |y occummniy ié cd cdémbnstratiofikof theldpdtificity of VNO

recognition of vomeropherins. In this regard it is

10 interesting to note that while F is a superior |
vomeropherin, E-geherates a'Stronqer olfactory effect
than does F (Fig. 8B and Fig. 9). '

Effects of Vomeropherins on the EOG:' The summated
receptor potential from the olfactory epithelium (OE)

15 was recorded in 20 subjects: 10 males and 10
females. In contrast to the sensitivity of the VNO
to vomeropherins, the OE is less sensitive to these
substances. This is true for both males and females
(Fig. 9A). The mean receptor potential amplitude

20 ranged from 2.3 mV to 0.78 mV. In this study, B was
the only vomercpherin having significant effect in
the OE (p<0.02). Of the subjects questioned about
odorant sensations following each stimulus '
presentation, 16 reported no olfactory sensation,

25 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 '
‘receptors, but do have a clear effect on vomeronasal

30 receptors. o . '
wmmiﬂe_am ‘In
contrast to_vomeropherins,'the olfactants l-carvone
and cineole produce only a minor local response in
the VNO (Fig. 9B). This was true for both men and

35 women. As expected, these olfactants produced a
strong response in both men and women (p<0.0l1) when
locally applied to the OE (Fig. SA). The diluent



25 Fromthe anount inhaled only about 1% woul d reach the receptors of
t he voneronasal organ. Thus the estimated maxi num nat ural exposure to

nat ur al oduced pheronones woul d be 0.007 pg. Ihe
anount g¥oggﬁ?§£hen1cal ligand 30 administered will of ng;ggw&%gb

dependent on the subj ect being tres8-ed, the severity of the
affliction, the manner of administration, the frequency of
adnmi ni st r at AGPOlA%RLZ6R GLEAGERXY creceptors Breacliesiser mExtsnt an.

Hovever, a_ehiagl ecDe &f Bicadboh€apb<aboy), 1And AW ndle! | ver ed
dlrectly into t he n_of the vone onasal "organ, I1s e ive in
eliciting aP¥FP &W&%rﬁ“ zﬁﬂ%ﬁ &3ON. vhen . WD 96/ 10031
PCT/ US95/ 12Raf1e 5 eropherins: - 3§tudies ¥ stered to the
nasal Cag't%bnh@%€£§“§§3déié¥§&ﬁe the central nervous systenm
(CNS) reflex responses to vomeropherin stimulation of
the VNO. The sexually dimorphic local responses
induced by vomeropherins (Fig. 8A and B) were -
mirrored in the autonomic response of male & female
10 subjects. In male subjects (Fig. 8C), A and C
decreased skin resistance (electrodermal activity =
EDA) (p<0.0l, n = 30). In female subjects. (Fig.
8B), F and B produced greater decrease in EDA than A
or C (p<0.01, n = 30).
15 _ | Vomeropherins A and C induced a. sxgniflcant
increase in skin temperature (ST) - (Flg. 8G) in 30
male subjects (p<0.0l1); however. D induced significant
temperature decreasé (p<0.01). In 30 female subjects
(Fig. 8H) B and F evoked a significant increase in
20 skin temperature (ST) (p<0.01) compared to A ahd.c.
' In female subjects vomeropherins produced changes in
EDA and ST with a greater standard deviation than in
males.

Cortical activity was recorded from Cz and

25 Tz in male and female subjects during application to
the VNO of air pulses (300 ms to 1 séc)'containing_
200 fmoles of vomeropherin (Fig. 8G and H). In males
(Fig. 8E) A, C and D significantly increased alpha

_ cortical activity with a latency of 270-380 ms. D

30 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. 8F), a single
pulse (200 fmoles) of B or F applied to the VNO

35 increased alpha cortical independent. of the response
of olfactory receptors. We found characteristic
specificities in the response of the human VNO and



100 picograns to about 100 m crograns, preferably’ about 1 nanogramto

about 10 m crograns, nore preferably about. 10 nanograns to 1 about

m crogram The frequency of adninistration is desirably i éﬁﬁﬁ ange
of an hourW?S%GE@lto a nonthly dose, preferably from8 tlri’rres 35’12'?5
once every other day, nore preferabk$9+ to 3 tinmes per day. O ntnents

containing one or nore active conpounds and optional 10 pharmaceuti cal
* adj uvant s i n-atherolfactouyhepdthiedium wh%@hmﬁmgg&ﬂtSrtha&I¢MGw'aqueous

dext rose, glycfgaé?endenet?ﬁBEE1 tgyﬁﬁéﬁgnwfeﬂ Qﬁg FE@red using a base

such as, for ex etrol eum

Lirqui fi ed pharmeﬁtéaﬂﬁytgdﬁahﬁ m%tﬁﬂ?°°k°%ﬁpo§rt (38340 aThe or exanpl e,

be prepared bynervudlﬁéeﬂhasusdlisp@dmrig,nﬁc J@f‘caﬁﬁl Vﬁeamound as
defi ned above and ogtlonal ph rnaceutl al a carrier, such

as, for exadpl&d:idist3ss) | foers 18, ’F‘b%%rygf-YééP&ce &hathol |
and the like, ¢tRe EVG!isrnaby hesmcﬂamdwtwm otrigéentnalonocildeptant r ed,

e Phar meceut ySalagg RESCY SRR Al AT 3 S pperaBhi G 2"
- emul si fying agbﬁde¢abhb) to the respiratory epithelium of the nasal
septum neither blocks nor diminishes the EVG (Monti-
10 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. Bjol. 39:573-582.), also,
subjects failed to report sensations of pain as a
15 consequence of any of the stimulation procedures.
Additional tests we conducted using
androsta-5,16-diene-38,19-diol and four other
androstanes, identified by their positions on the
chart. The results are shown in FIG's 17 through 24.
20 The EEG, RF and EKG response for androsta-5,16-~diene-~
38,19-diol is stronger'in females compared to males,
while the ST, GSR and EVG response is stronger in
males. Some females to whom were administered the
compound reported feelings of happiness, which is
25 unusual in that such reports are normally accompanied
by much higher RF and GSR data than shown in FIG's
18B and 18C. | |
VNO receptors are clearly more sensitive to
vomeropherins than to any of the olfactants tested;
30 the opposite is true for olfactory receptors. While
- the OE may have receptor sites for some
vomeropherins, the response specificity of the VNO is
clearly different.
Sexual differences were noted in the
35 specificities and effects of two groups of
vomeropherins, A, C and D; and B and F. This
suggests a possible receptor-related sexual



25 buffering agents and the like, for exanple, sodium acet at e,
sorbitan nonol aurate, triethanol am ne sodi um acetate, triethanol am ne
oleapevwgggumgptual met hods of preparing such dosage geqinigpsassgknown,
or wl | apparent, to those skilled in this art; for exanple, 30 see
Rem ngton's Pharnmaceuti cal Sci ences,=Retk Publ i shing Co., Easton, PA,
15th Ed., 1975. The conposition or fornulation to be adn1n|stered\MII
in any everdimoxphism. 2 Thenfingings,suggestotheactivaticontofe

conmpound(s) dﬂp&ibﬁé@t@f afxéesataﬁohwieﬁdu%wsys&éw%wm& oms of the

subj ect being treated aer osol adn1n|strat|on the active
i ngr edi ent & *ﬁEHQF%5I§Y§W$B9FBHhPFiP|ﬁ@ﬁ? of the Wﬂ996/10031
PCT/ US95/ 12538 Furthermore, the result&’/suggest that

5 stimulation of the VNO with vomeropherins produces
syhchronization of the EEG (Fig. SG'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

10 activity.



formalong with a surfactant and a propell ant. ‘Typi cal percentages of
active ingredients are 0.001 to 2% by weight, preferably 0.004 to

0. 10% Surfactants nust, of course, be nontoxi rﬂ?ss
pr ef er abl y‘%‘b?iﬂﬂ‘%‘ in the propellant. Repr esent ati ve of slucﬁﬁ%%e’n S are
the esters or partial esters of fatty7®eids containing from6 to 22

carbon atons, such as caproic, octanoic, lauric, palmtic, stearic,

| knol ei c, ol esteari c ‘and ol ei ¢ 10 "aci JCLAINS an al | phatr c p ll ;ﬂ

al cohol or |ts .r c anhydride such as, for exanple, ﬂ“ n u"‘“““ml““l
gl ycol, gl yceroIe ery ritol, arabitol, mannitol, sorbr tdl, cand héxit
anhydri des derived from sorbitol (the sorbitan esters sold under the 15
trademark "Spans") and thg p(ﬂy@%%maeag #Re forﬁﬁqay.oxyprropyl ene
derivatives of these esters. M xe esters, such as m xed or natural

gl yceri des, may be enpl oyed. The preferred surface-active agents are

the ol eates or sorbitan, e.g., those spd under the 20 trademarks "Arl acel
C' (sorbitan sesquioleate), " Span P (sorbitan nonol eate) and "Span

85" (sorbitan trioleate). The s actant may constitute 0.1-20% by
wei ght of the conposition, pPref ' -

wherein P, is selected from the group consisting of

5 oxo, a-(f-) hydroxy, e-(f-) acetoxy, a-(8-)
propionoxy, a-(f-) methoxy, a-(f~-) lower acyloxy, a-
(8~) lower alkyloxy, and a-(f-) benzoyloxy; P, is
selected from the group consisting of methyl,
hydroxymethyl, acyloxymethyl, alkoxymethyl, lower

10 alkyl, hydroxyalkyl, acyloxyalkyl, and alkoxylalkyl;
P, is absent or is selected from the group consisting
of hydrogen methyl, hydroxymethyl, acyloxymethyl,
alkoxymethyl, lower alkyl, hydroxyalkyl,
acyloxyalkyl, and alkoxylalkyl, P, is selected from

15 the group consisting of hydrogen, oxo, halo, hydroxy,
alkoxy, and acyloxy; Ps; represents one or 2
substituents, wherein P; comprises one or two
hydrogen atoms, methyl, methylene, or one or two halo
atoms; P, is hydrogen or halo; and "a%, ®pw,6 wcgw,

20 ®gvw, vwevw, “f", and "h" are alternative sites for
optional double bonds; with provisos that:

I: if »£" and "h" are absent and P, is methyl, Ps
cannot be two hydrogen atoms;



The bal ance of tlbmmﬂ clmﬂ 25 ordinarily propellant. Liquefied
propellants are es at anbi ent condltions and are

conden =1 ptessure. ng suitable Iiquefied are the
| ower gﬁganes cont ai ni ng up to five carbons, such as gﬁ\@aneﬁéﬁ%d
propane; fluorinated 30 or quorOch+%2+nated alkanes such as are sold
under the trademark "Freon". M xtures of the above may al so be

enpl oyed. II: if “h" is| preseatci By iscaameshyl gzrowmt Asnbs equi pped
with a suitabl ehy&agehs thehed with the 35 appropriate propellant,
containing the finely di vi ded active i ngred| ent and surfactant. The

I ngredi ents WO 96/ 10031

PCT/ US95/ 12538 (a) P, cannot be hydrogen, if33e" and "a" are
absent and "b" is present; or

5 - (b) "d" cannot be present if P, is oxo, "b" is
- present, and "e" is absent; .

(c) P, cannot be hydrogen if “c" and "“d" are
absent, "b" is present, P, is oxo, and P, is
methyl or hydroxymethyl;

‘10 (d) P, cannot be oxo if "e", "c" and "d" are
absent, "b" is present, and P, is oxo;

(e) P, and Ps; cannot be hydrogen if P, is oxo,
"e" and "b" are present and "c" and "d" are
absent;

15 (f) P, cannot be hydrogen if P, is f-hydroxy,
We" ig present and "“a", "b", %e® and "q"
are absent;

(g) P, cannot be hydrogen if P, is methoxy, “a"
and "c" are present and "e", "a" and "“a"
20 - are absent. '

III: P, and P, cannot be hydrogen if P, is oxo, "b" is
present, P; is methylene and "a", "e", “c" and
"q" are absent;

IV: P, and P, cannot be hydrogen if P, is ﬁfhydroxy,,_
25 "cY is present, P; is methylene, and "a", "“e",
- Wp" and "d" are absent;



are thus maintained at re until rel eased by action of
t he val ve. ﬂ maﬂ:s of admnistration is t opi cal
I e llc

?gg! ;fagi(f)&"g f?%?l At i ndi vi dual The colrrg(r;5| t5l E)(r)l ;[Mhlel SEISE:';II Pﬁ@gﬁ% an

al cohol such as ethanol or isopropanol. A-'m-easant - odorant may al so -be
i ncl uded in the conposition, D. Measuring Affect. Mod and
Character 10 V: P, andaP; .cannot be hydrogeal iifg Pt iscoxags®b™ated with

af fects, noods alréor hq.ac%:eé q%fé%éﬁ 2r|§f eﬂé’éﬁc%l”gﬂau"‘éd' by,a use

of a questionnaire. exa I onha nprising & nanter of
adj ecti ves which ref &"0 "B fand i " sﬂn@egbmtbe adm ni'stered to an
i ndi vi dual . The individual evaluates his or her feeling state

described by the adjective and rates the_intensity of the feeling on a
nunerical scale. Custeri®y of & compoundcgcaarding,&o Slaimatistical

‘analysis of 8 2gneveliecticn Qs LBiY Gire’asaBlleaBondl.ve provides a
basis for the neasurenent of various feel ing states.
| 3. A compound according to Claim 2
wherein P, is hydroxymethyl and P, is f-hydroxy.

4. A compound according to Claim 1
wherein "b" is a double bond and P; is methylene.

10 5. A compound according to Claim 4
wherein P, is hydroxy or oxo and P, is optionally oxo.

6. A compound according to Claim 1
wherein "b" and "h" are double bonds.

7. A compound according to Claim 6
15 wherein P, is hydroxy and P, is oxo.

8. A compound according to Claim 1
selected from the group consisting of:

17-METHYLENEANDROST-4-EN-3a-0L
17-METHYLENEANDROST~4-EN-38-0L

20 68-HYDROXYANDROSTA-4 , 16~DIEN-3-ONE
6-HYDROXY-17-METHYL~18~NORANDROSTA-4,13 (17) -
DIEN-3-ONE 3 : '
ANDROSTA~-5,16-DIEN-38,19-DIOL
17-METHYLENEANDROST-4-ENE-3, 6~DIONE

25 17-METHYL~18-NORANDROSTA-4,13(17) -DIEN-3a~OL
17-METHYL~18~NORANDROSTA-4,13 (17) -DIEN-35-0L
178~METHYLANDROST-4-ENE-3, 6~-DIONE
3-METHOXY~17~METHYLENEANDROSTA-3, 5~-DIENE
68-HYDROXY-17-METHYLENEANDROST~4~-EN-3-ONE



Al ternatively, H“l H" ll ﬂl measur ed by autonom ¢ changes, such
as those used in aluatlons (gal vani ¢ skin response, 25

pul se the"li% Cabdnac, M Annual Review Forisvsi4380y
(1975) ‘?)Wl Har dy, J D " Body Tenper at ure Regul ation", Chapter 59,
pp. 1417. In: Medi cal Physiology74VoI. | | Ed. VB Mount cast | e

(1980); Wbl fram Bouscein. El ectrodermal Activi ts/ (Pl enum Press 1992).
I n addition, nonl7eMBIHYLENEANDROSTHT locd TREENTITQREessi on and body posture -

may be eval UgpefiyDROXYANDROSIN-1003 1. 6 ~-TRIEN~3 ~ONE
PCT/ US95/ 12538

The fol l owi ng ex&RPH¥DRXY-17r m@afHEB'WDR°ST$A-1 4'DI£N'3'°N%WD| = -
178-METHYLANDROST=4~EN=-3a-0L :
5 17B‘HETHYLANDROST'4-EN-3B-OL _
3-METHOXY-17-METHYL~18~NORANDROSTA-3,5,13(17) -
TRIENE |



illustrate but not to I|i m't t he i nvention. Abbr evi ati ons used
in the ex | e re as foll ows: ag. = aqueous; RT.:roo e;
PE- petrol e 98?‘“@‘ (b.p. 50 70[err]); DMF=N, N- di et hylfo?'ﬁam gw
DVBO=di net hyl sul f oxi de; THF=t et r ahydr of ur an. ' Exanmple 1 -

Andr ost a- 4. 16- di en-3-one (4). 10 This synthesis is depicted in
Figure 1. Several nethods are known for the conversion of

test osterone i nto Androsta-4, 16-di en- 3-one (Brooksbank et al, Biochem
J. (1950) AZ: 36). Al'ternatively, therndf{§%is (460[err]) of the nethyl
15 carbonate of testosterone gives Androsta-4, 16-di en-3- one in 90%
yiel d. 17B- Met hoxyCar bonyi oxy- andr ost - 4- en-3-one (I'V) was ‘prepared
fromtestosterone (I11. Fl uka) with nmethyl chloroformate/pyridine (a)
in 76% yield (after recrystallization fromMOH . Mp. 140- 20

141 err], [err] = +95.4[err] (c = 1.10). - IR (CDOJ[err]): 1740s,

1665s, 1450s, 1280s, - [err]H NVR (360 MHz): 0.87 (s, 3 ‘H; 1.20 (s, 3
H; 3.77 (s, 3 H; 4.53 (br. t, Joﬁ 1. H; 5.75 (s, 1 H. A solution of
t he net hyl : :

3 [II RalH ,
7% [ 1v RecoocH, 4

R! =sOH: R¥=H (8%,
Rla H: R’=OH (485

H\%_ :
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carbonate IV in toluene was pyrolyzed (b) as 25 described for I

Recrystallization of the crude product from acetone at RT. gave pure
ketone 4 WOSUMP31 yield. Mp. 127-129.5[err] [err] +118. 9?5?8?5“6%”:
1.32) ([3]: mp. 131.5-133.5[err] (hexane), [err] = +1233.5[err] (C
= 1.03)). - IR (CDC[err]): 3050w, 1660s, 1615m - 30 [err] H NWVR (360
MHz): 0.82 (s, 3 H; 1.22 (s, 3 H; 5 70 (m 1 H; 5.73 (s, 1 H; 5.84
(m 1 H. WD 96/ 10031 -

PCT/ US95/ 12538 %7 40- ‘Exanple 2 -

Andr ost a- 4, 16-di en-3a-ol (5) and -3[err]-ol These
synt heses are depicted in Figure 1. ‘ Androsta 4 16-dien-3-one (4) was

reduced at -55[err] with 5 lithiumtris (1, 2-dinethylpropyl)
hydri doborate in

L ie|S1%

FIGURE 2
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THF (c) as described for the preparation of 2 (Figure 1).

Chr omat ogr aphy on S|I|ca gel with CHerr]CJ[err]/ethyl acetate 9:1 gave
pure axi al APESRMBI5 (48% vyiel d) and - pure equatorial al coRET/USSY1R838.
yield). Analytical 10 sanples were further purified by recrystallization
(fromPE at -30[err] for 5, fromcyclohexane at RT. for 6) .

Data of 5. Mp. 77-79, [err] +120.6[err] (C = 1.26) - IR (CDC13)
3620m 3440m br., 1660m 1595w. 15 [err]H N (360 MHz): 0.79 (s, 3 H);
1.02 (s, 3 H); 4.07 (m werr] [err] 1Q}§7H) 5.48 (d x d, J 5 and 2,
1H,; 571 (m 1 H; 58 (m 1H. Data of 6. Mp.

116. 1190, [err] +53.9[err] (C = 1.28) ((47): mp. 116.1180, [err]D
+59. 3[err] (C = Ogf) - 20 IR (CDCl[err]): 3610m 3420m br., 3050m 1660m
1590w. - [errgH NI\/R (360 MHz): 0.78 (s, 3 H; 1.08 (s, 3 H; 4.15
(m w[err] [err] 20, ); 5.30 (m wWerr] [err 5.71 (m 1 :
H; 585 (m 1 Haa sxanpl e 3 - Androsta- Nen-3a-ol (7). 25
This synt hesis 1s dep g in Figure 2. To ution of al cohol 8

(545 ny, 2.0 nmol)

FIGURE 3
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(100 m) at 0[-err]C under N err] was added rapidly Jones

di l ute phd¥@R&i®3buffer (pH 30 7.2, 1200 ni
The extracts were washed with sat. aq. sol ution,

reagent (i,
I Xxture was poured into a

extract ed DETHSA(13838
dried

ca. 4 mol). After 5 mn., the

(Na[err]SOerr]) and evaporated to give mainly Androsta-5, 16-

preparation of 2. The crude
silica gel

di en-3-one as an oil (567 ny). Th¥ormerdaasab o Fe di ssolved In THF
(Y M) and reduced with lithiumtris 35 (1,2-di nmethylpropyl) hydridoborate
.55 as WD 96/ 10031
PCT/ US95/ 12538 -41- descri bed for the
product (530 ng) was chronmat ographed on
acetate 4:1 to give 280

(100 g) with CHerr]JC[[err]/ethyl
(51% of pure a-alcohol 7 (eluted first) and 13 ng of

20 -

15 - |
«‘ T

10

mVzxs

33 T g g
i1 13288
IRLER
LIRS
e ]

e g



5 starting alcohol 8. A small sanple of 7 was recrystallized from

acetone/water at. RT. Mp. 1380, [err]D -77.5[err] (c=1.2, -
(cDCy[ er r ] YO WO 3430m 1665w, 1590w, - [err]H NVR. (WW} 38
0.80 (s, 3 H; 1.06 (s, 3 H; 4.02 (m w[err]8 1 H; 544 (m 1H) 10
572 (m 1 H); 5.8 (m 1 H. Exanpl g Andr ost a- 5, 16- di en- 3B- ol
(8). Thi s conmpound was prepa ,)n 73%vyield by  a known
procedure (Marx, A.F., et al., Ger. Ofen. 2,631, 915; Chem Abst .
87:23614p (1977)) from 15 comercial (Fl uka)
3B- hydr oxy- andr ost - 5-en-17- one (M1). Mp. 137[err] [a][err]. =
-71.9[err] (c=1.5) ([48]: mp. '140- 141 err], [err] = 68. - IR
(CDCl[err]): 3600m 34Yomeronasal - Effestsvof 1436vAndedstadienIdge (360 MHz):
0.80 (s, 3 H; 1.05 (s, 3 H,; 3.53(m wWerr]22, 1 H; 538 (m 1 20
H; 572 (m 1 H,; 5.86 (m 1 H. This synthesis is depicted in Figure
4. Exanple 5 - Alternate synthesis of Androsta-4.16- di en- 3-one
(25).
20 7
15 -

[ ]

»

>

E

| FIGURE 4B
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The follow ng nmethod of synthesis is 25 depicted in Figure 3:

Dehydr oepi andr ost er one p- Tol uenesul f onyl hydrazone (23)

Dehydr oepi W50, one (Vi) (14.4 g, 50. m nol e) and PCI‘IUS95/125§8
p-t ol uenesul f onyl hydrazi de (12.75 g, 68.5 30 l@ le). in dry nethanol (300

m ) were heated under reflux for 20 hours: he mi xture was transferred
to a conical flask and all oweg to cool The crystalline pr oduct -
was filtered under suction and wa mliplthehum Femidle3+ Male
PCT/ US95/ 12538 -42- met hanol (50 m).
Further crops of product were obt ai ned by sequentially evaporating the
fittrate to
20 9
15 1
[ ]
" -
> 10
[

3 A
i
EERE
<=

- 3

FIGURE ¢C
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75 m and 20 ni, and allowing crystallization each

was 21.6 g (959%. 5 Androsta-5, 16-dien-3[err]-ol

Dehydr oepiwogé/0mB8Er One p-

nole) in ~dry tetrahydrofuran (1.0 liters)

time. Total yield
(24)

t ol uenesul f onyl rf\zone (23) ‘(‘5‘2’“%’5’“%‘!? Om

i ce/isopropanol bath, The-m xture was

(125 mi of 1.6 Msglutionin hexgfiman

Shbly

ed while 10
ale. Dpse= 60

was al |l owed to

hours. Water (50 m) |was added with cooling in ice.

poured into saturat ammoni um 15
The organic Layerﬂ'were washed with
d

extracted with etjher (x2).
saturated sodi um bjgqrbonate solution (500 mM) a
chl ori de sol ution t Om), dried (MySqerr])

to give the crudg 20| product.

on 190 g silica gel‘ 0, 230-400 nesh,

Integrated LYOL LV

40

201

I

il

* PROPYLENE GLYCOL

-4, 16-DIRN-ONE

This was purified

el uting wtlh

-

1,3,5(10), 16-ESTRATETRARN-3-OL
e 3,5(10), 16-ESTRATETRAEN-)-YL. PROPIONATE

cooled in a dry

n-butyl Iithium
dded. The m xture

rmto roomtenperature and was stirred for 24

The m xture was

chl oride solution/ice (500 m) and

saturated sodi um

and evaporated in vacuo
by flash chromat ogr aphy

11,3,5(10) , 16-ESTRATETRARN-3-YL. ACEPATE

FIGURE sA

ANDROSTA -4, 16-DIEN-IB-OL



et hyl acet at e/ hexane (20:80-50:50) to give ~ crystalline material . The

product was recrystallized from met hanol (45 m)/3% hydrogen peroxide
-(8 M) 25 washing with nethanol (30 m)/water (8 m) to give gssse
product (wO8er@o3H0%) . Andr ost a-4, 16-di en-3-one (25) PCT/USIS/L
solution of 10 g of Androsta-5, 16-di en- / rr]-ol (24) in 475 cc of
tol uene and 75 cc of 30 cycl ohexanone ma |IIed (ca. 50 cc of
distillate was col | ect edhurnan ¥NDnfemare. Doset 60g 5 g of Al (OPr[err]
in 50 cc of 2081 Was ur .
Water then was added, volatile corrponents were renoved by steam
WO 96/ 10031 g ' PCT/ US95/ 12538
180
| “E 140
>
o 120
Z
- 100
o
- ad
e 80
-
-
& 80
40
20
0

PROPYLENE GLYCOL
=-4,36-DIRM-ONE

ANDROSTA-4, 16-DIEN-IB-OL

1,3,5(16) ,16-RSTRATRTRARN-3-0L

1.3,5(10), 16-ESTRATETRARN-3-Y1L, ACETATR

1,3,5(10}, “~ll‘lll‘l‘ﬂ“lll~3"la PROPIONATE
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-43-

Evaporation of the dried extract,

resi due fr
di en- 3-one

chr omat ogr aphy of the not her
Synt hesis of Androsta-3.5.16-tr J} -yl
T6é a partial

in 2.2-

chl or of or m hexane
AG10031 Aot her 0. 97 g

sol uti on of andr ost

[ i r

distillation and the residue was extracted with

chl orof orm

foll owed by crystallization of the

(total, 8.5 g, 86%
on neutr al
net hyl et her

=4’ 16-

| f oni @macit®P

refl uged 5 hl PEPY which i

ded. The suspengi on was

nmg) s
wat er<and

mL

al um na.
(12).
di en-3-one (1.00 g,
di met hoxypropane (5.0 nmL, 41 mmol) and 5 nL DVF were

yielded 7.53 g of Androsta-4,16- 5
was ECTAISAs/IRSY

Example 6 -
10

3.70 mol)

added

ng,
was cool ed

acetate. The
50 nL of

net hanol {O=2=Trr=—amop-T

0.°139 P9 i xture qas 15

and sogs ugy bi carbonatg (152. 5

partit bet ween 50 nlL {of ice
I r was washed With tw

or gani

brine, ygra

r

o

& b 2

A-GSR (K0)

*
-
R B
Bl

A-SkinTempetalure (Yc)

fhoBp

SRNPELANG GLFUNE ASENRSERSS . 3083 EwENg

L
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20 magnesium sul fate, filtered, and concentrated under reduced

pressure. The residual oil was taken up in 50 nL of hot hexane and
filtered WRHWHMBL 12 nm x 30 nm col um of - silica gel e6P{P3RPH m.-

of hot hexane. The conbined filtrates ncentrated 25 under

reduced pressure and recrystallized from )%y@&éfgne/nethanol-to give white
crystals (468.0 ny, 1.645 mmol, 449, n1p 83-92[err] C Exanple 7
-= Synt hesi s of 17-net hyl ene- Andr ost - 4- en- To

20- honpandr ost a- 4, 17-di en- 3-one (119.0 ng, 0.4184 mmol) in 5 nL of

met hanol were added sodi um bor ohydride (6.0 ng, 0.16 mol ) and 77

[err]L of water. After stirring 2 h further sodi um borohydride

(32.0 ng, 0.846 nmol) was added and the m xture was 35 stirred over ni ght.

Af t er concentr at i ng $0nerer—r-=chreee
47.5 1
45

a2s| | 0.1

8

37.54

&

Integrated EVG (Vxs)

(7]
Q

218 |

ANDROSTA 4, 16-DEIN-ONE
ANDROSTA-4,16-DIEN-38-0L

FIGURE 7
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WO 96/ 10031 | PCT/ US95/ 12538
- 44- o | acetate/hexane on silica gel) to give a ol ar
(59.8 m) é&ﬁ@%ﬁss polar (1.7 ng) product Exarrpll’é:'r@s””l 38

Synt hesi s of 17-net hyl ene- 6- oxo- Andr ost a- 3 one. To
a cool ed sol ution of 20-honoandrost a- / n-3-ol (399.4 ng, 1.394
nmmol) in 50 nL of acet one was added 2. 67M ones reagent (2.0 nL, 5.3
nmyol ). After stirring 1 h the reaction was quenched 10 wth isopropanol
(1.0 m., 13 mmmol) and poured into 100 nL of water. The m xture was
extracted three ti n3® , v YOS = s 1 e

conbi ned organi c extracts - ur 'm". sodi um
bi carbonate + 50 nL of bri ;
magnesi um sul f at e, “ﬁ

EVG (mV)

R x-CA

P XIN-E I < avVam

- z

FIGURE
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filtered, and concentrated under reduced pressure. The resi due was

recrystallized from95% ethanol to - give an alnost white gomder 177.8
ng, 0.5958VAMBI0031 4309 mp. 113-115[err]C. 20 Exanpl ePETUS f##esis
of 6[err]-OH Androst a-4. 16-di en- 3- one. To a sol ution of
androsta-3,5,16-trien- 3-yl met hyl et her ) (200.5 ng, 0.7049 mol),
in 5 nL of 1, 2-di met hoxyet hane (DNE)féﬁaéé m. of water was 25 added
m-chl or oper benzoic acid (MCPBA, 77.4% 173.2 ng, 0.776 mmol ) suspended

in5nm of DME + 1 nL of water + 0.40 g of 5% (ww NaOH dropwi se, with
stirring, over a period of 90 mn. After stirring 18 h further MCPBA
(247.0 ng, 1.11 mml) suspended in 10 30 nL of DME + 2 nL of water + 0.8 g
of 5% (w w) NaCH was added dropwi se, with stirring, over 1 1/2 h. The
reaction mxture was stirred 1/2 h and then poured into 25 nL of
saturat ed sodi um bi carbonate. The . aqueous m xture was extracted three
times with 25 nL 35 of ether and the conbined organic extracts were

This Sheet Has Been Reﬁlaced




WD 96/ 10031 PCT/ US95/ 12538

- 45- washed with 50 g of 5% (ww) sodlun1th|osulfate + 0 nmL
portions oVOI6I8R31 gy i ed over magnesium sulfate, fil tereJ‘I’Hﬁ%@SfF
Celite, and concentrated under reduced pressure. The resulting
crystalline 5 residue was purified by preparatyve TLC (35% et hyl
acet at e/ hexane on silica gel) followed by tmqé& ( recrystallization

f rom aqueous et hanol to give | ustrous whité pl‘atel ets (102.3 ng, 0.3571

nmol , 51%9, mp. 165- 166[err]C 10 Exanple 10 -
18- hbr-l? met hyl andr ost a- 4. | .

a 'solution of 18- -net ylandrosta- T, 378.2
my, 1.399 mmol) in 7. of ahh. ether were added
i
§?
i
g
%
e
GURE 10 Leet Has Been Replaced.
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59.7 nmg (1.57 nmol) of lithiumalum numhydride 15 (LAH). After stirring

the resulting sus enS|on for 30 mn. 2.00 g of d auber’ b&

added and WRP6/10031; xt yre was stirred a further 30 nin. The ﬁ?@ Fe

then filtered and extracted with four ag?’ rtions of ether. The
conbined filtrates were 20 concentrated un educed pressure and then

subjected to preparative T

acet at e/ net hyl ene chl ori as eluent) to give a |l ess polar n
(Rerr] 0.63, 34.5 ng, 0.1%7 9% and a nore polar fraction
(R[err] 0.45, 273.8 25 : N . © (NA- 1994A-209)
Exanpl e 11 - 18- Nor@l7- net Byl andr st a- 3. 5. 13 ( 17)- trien-3-yl t hyl

ether, 3: Refer toegFigu
18- nor - 17- net hyl andwost a-
2, 2- di met hoxypr opangs
m) cont ai ni ng h. j ) and p-

G® (k1)

- W% (%C)

FIGURE 11
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t ol uenesul foni ¢ aci d nonohydrate (21.3 ng) was ~ refluxed 4 h and then
al l owed tqQ_coal. Sodium WO 96/ 10031

PCT/ US95/ W82§/16031 S5, ? bi car bBTAMETETS g)
was added and the m xture was - Iﬁél on etween 65 nL of hexanes and
40 nmL of ice water. organlc M@ashed with two 40 niL

The
R brine andt enNf | ashH®s filtered through
of Siea—gal(200-.40Q, nesh) .

Frates foll owed by recrystallization f
qve bright yellow crystals (489.6

portions of water + A
nm hi gh x 30 nmm dj a
of the copk

acetone/ 95% ¢

549, mp. 98 C. TLC (10% 10 ethyl acetate/hexanes {
showed a ngj or - 1 product at R err] 0.69 with a traceMsTa
- | 3
LIAIH, MCPBA

. . O
2 ' _ - OH
4
Jones
HO | _ | 0
5 | 5
8
LA,
o) HO |
4 Fleune 2. 8
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origin. Exanple 12 - 18- Nor-17-net hyl androsta-4. 13(17)-di en-
6[err]-ol -3-one. 4: Refer to Figure 12. Reaction was 15 ®eTUSIHIZS

simlar_to procedure of D. N Kirk and J. M Wles, 7. Chem Soc.,
Chem (ﬂ}rﬂﬁf?@&fQM, 927. To a stivfew@grution of 18-nor-17- -
met hyl andr ost a- 3 A7) -trienppqyV  ether (477.0 ny
mol) in 1,2-dife -@ hane (DVE, 25?%&!5) was_gdded 77%
m chl or operLben @ " ( MCPBA, 999.7 ng, 4.48 nEq) ssspeny

. (39 nL), rhat & (8 nL), and 5% (W w) sodi um hydr oxi dg¢
a period 38 . After stirring 20 h the reaction 1 was pour ed
into s gFed~e0di um bi carbonate 25 (50 nlL) and ext Gttt W three 50 nL

-portions of @ ether. The conbi ned organic extracts were Wﬁﬁd with 50
g of 5% (w w)"sodi um thiosul fate pentahydrate + three 50 portions of
brine, dried qver negnesium sulfate, and filtered through|di at omaceous

earth. 30 The r&sﬂl#ue W washed with 25 nL of ether and the conbi ned
filtrates wer 2( eed/ mMnder reduced’  pressure to gi vp RhGOOC! dpyridine
syrup. Purifidati 0 by _ . :

MeO

MCPBA ' MCPBA

@]
OH
.1_4_
1) PHCOC! / pyriding
2) MCPBA
| e
185 OH
1 Slaune 13
16
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preparative TLC (silica gel G-, 1000 [err], 35% ethyl. acet at e/ hexanes as
el uent) gave an off-white 35 crystalline f|In1(132 1 ng, 0.4612 nnDI 28%
whi ch 'ﬂﬂQQQﬂﬂ%knhyl acet at e/ hexanes on silica gel) showe FCTIUSIS/13838

96/ 10031 PCT/ US95/ 12538

-47- contai ned a maj or - conponent (R err] 0.23) and a m nor

component (R[err] 0.18). ( NA- 19947/ 7 Exanpl e 13 -
17[err]-Methyl androst-4-en-3.6-dione. 6: 5 Refer to Figure 12. Jones
reagent (2.67 M 0.88 ni, 2.3 mol) was added to a solution of 17[err]-

14

0

Jones

O{)ﬁ e Qéﬂ = Q§$
HO NN o ~ HO | |
| Raure 14 . |

Sheet Has Been | llelplaced
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met hyl andr ost - 5- en- 3[err] ol (5, 135.5 ng, 0.4697 mol) B. Jones
and K. D. CGordon J. Chem 1972, 50, 2712-2718) in
and the m‘}’Pl?Fé %és 10 stirred 45 mn. /égl on was quengﬁé’%aﬁq(ﬁ%?h
_ 2 D. 44 nmL). After st| g a further 10 m n.
i i as [ ¢d intoy £r and extracte ;
three 15 L [ f eth ) H %?“?ﬁ!! nbi ned organlc

)%d'ﬁm‘rm
15 nmL of saturate b|

l the

extracts mL
of brine, nmagnesi um 2) K@Kéﬂﬁb% nda filtergd

di at oma gy & The residue was was gddAV\nth 10 acetate
and the conbi n&ll f| |trates were concentrated under -o ed YWressure.

Preparative TLC;SI lica gel GF, 1000 [err], 25% ety acet at e/ hexanes
as eluent), andZ recrystallization from aqueous et hanol gal® | ustrous
off-white crystals (37.5 ng, 0.125 mml, 27%, mp. ~ - 94-95[jerr] C

honogeneous to TLC (25% et hyl 25 acetate/hexanes on silica ggl, Rerr]
0. 39). NA- 1994A- 298
) ( ) 3) Na / NH,

TLGURE. \ 5 -

HO
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Exanple 14 - 17[err] - Met hyl androst-4-en-3-ol. 8: Refer to Figure 12.

- LAH (21.3 nmmol ) ‘was added to a solution of
17[err] - met ?ahoggést 4-en-3-one (7, 143.2 30 . ny’ 0.4999 mol EHsgsgm}ones
and K. D. Cordon,

Can. J. Chem 1972, 507Z&2=2718) in 2.8 nL of N}gHTs

¢ suspensg 1 a auber s salt
oo P IR RO, 4

ether. After,stirri

g) was adde'a Qd

PET/ US95/ 1252 - 48- /2
h. Et her ‘wa¥ added and t he ‘suspension was fil

di at omaceq \e th. The residue was washed with three

porti o and the conbined filtrates were 5 < ¢ ed under

reduced pressur‘te The crude product was separ at ed

‘. pre_far ative TLC
(silica gel

n-Buli

FWaURE 6 o
HO

-HO

i
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G-, 1000 [err], 5% ethyl acetate/ nmethylene chloride as eluent) into a

more pol ar conponent (R[err] 0.30, 77.9 ng, 0.270 mol , ;@%ﬂs@%less
pol ar conp¥@Se103R err] 10 0.43, 10.3 ng, 0.0357 nmmol, 7%.
( NA- 1994A- 300) Exanpl e 15 - 17- Met hyl enandr ost a- 3. 5-di en- 3-yl net hyl
ether. 10: Refer to Figure 13. To 17- met hyl enandr ost - 4- en- 3-one (9,
2.0000 g, 7.0314 mml) 15 in 2,2-di methoxypropane (9.4 .nL, 76 mmol) and
DVF (9.4 nL) were added 0.37 nL of anh. g®ij@wol and 47.0 ng of
p-toluenesul fonic acid. After refluxing 4 h the reaction m xture was
all owed to cool and then- partitioned between 140 nL of hexanes and 90
m. of 20 water. The organi ¢ phase was washed with two 90 niL - portions of
water + 90 nL of brine, dried over magnesi um sul fate, and fl ash
filtered through a 3 yf———thtr—ty—grr—i—tt=gR—t-at—tHii—a Sl By
(200-400 mesh). Prjoduct continued eluting with 200 mL of 25 hexanes
.Concentration of the Qonbined filtrates

3' b

24 : ' i

14 L

-11 l p

-84 .

-5 v o

a-RF ' a-EKG
Fi&6. \7A
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under reduced pressure and recrystallization of the resi due from

acet one/ rret hanol ave very slightly yel l ow pl atelets (1. 231
mol , 73% ﬁ 97-99[err] C, honogeneous to TLC (25% et %ﬂlﬁs&
acet at e/ hexanes on silica gel, Rerr] 0.72). (NA- 1994A- 226)

Exanmpl e 16 - 17-Met hyl enandrost-4-en-6[err]-ol-3-one. 11: Refer to
Figure 13. To a stirred solution of 17- WO 96/ 10031

PCT/ US95/ 12538 +49-

net hyl enandrost a- 3, 5-di en-3-yl methyl et &£/ (319,

6! [ |
5 g
4 b
34 +
21 !
14 3
a-RF A-EKG
F1G.\T B
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500.1 ng, 1.676 mmol) in DME (10 nL) was added MCPBA (318.6 ngy, 1.846
nmol ) in ) and water (4 m.) over a period of 1% s,ﬁgg
stirring Wﬁ% the m xture was poured into 50 nL of saturat’ﬁsg sodi um

bi carbonate and extracted with three 50 nL portions of ether. The
‘conbi ned organic extracts were washed with 50 g of 5% (W w) sodium
t hi osul fate pentahydrate + three 50 niL portions of brine, dried over
magnesi um 10 sulfate, and filtered throu di at onaceous earth. The
resi due was washed with 25 niL of eth e conbined filtrates were
concentrat ed under reduced pressure. Flash chromat ography (45% et hyl
acet at e/ hexanes on silica gel) ]‘ol | o ‘FQC: by 15 recrystallization from
aqueous et hanol . gave w crystals (187.1 ng, 0.6228 rrm)l,
37%, mp. 1924 arerr] ¢ VT cn ILL (o5% el hyT acetat e/ nexanes
silica gel) showedigpnsisted of major (Rlerr] 0.17) and m for (R[err]
0: 13) conponents. 16 PO (NA- 1994A- 232) , [
14 - - [
'>: 124 '[ _ 3
= 104 . ' L
2 84
[2
n
24
04
A¢/N3 A3/N3 A3/m § ACIN3
Q
é\
I
§
- >
Fig. /8 A ¥
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'
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3
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Exanpl e 17 - 17-Met hyl enandrost a- 1. 4-di en- 3-one, 12: Refer to Figure
13. A soluytion of 17- nmet hyl enandr ost -4-en-3-one (9, 1.0 géggg 60
nmol ) Wolﬂa"é?“é!di chl oro-5, 6-di cyano- 1, 4- benzoqui none (DDQ#, ) g,
10.7 mmol ) in di oxane (60 nL, freshly
over sodiun) was refluxed 6 h and then cooled with swirling in tap
‘water. Methyl t-butyl ether (MIBE, 50 nL) was added and t he suspensi on

was filtered through di atonaceous 30
two 50 niL portions of MIBE and th

concentrated under reduced pressure. Flash

recrystallizationgg

\J

£rags on
exi

distilled after overnight refl ux

533%%%“ The residue was washed w th
?%ed filtrates were

chr omat ogr aphy of the
silica gel) followed by

1 1

resi due (20% et hyl q&&&gggg :
LIS

-50-

PCT/ US95/ 12538
154
304
z
~ 20
5{.‘
-
3 5
104
5.
Q.
Ap/N3 A3/NZ
ria. /BB
_

A

AlM

A8/

ANPReSTA~ S, 16 - DIENE =3B, 19 ~ PI0L



from 95% et hanol gave off-white crjstals (498.9 ny, 1.767 nnDI 509 ,

mp. 155-1 (NA- 1994A- 234 ) Exarrpl e 18

17- Met hyl e%é%@?ﬁ 1.3.5-trien-3-yl 5 benzoate. 13: Refer t "‘H’%’&f‘%"’fs
Reacti on was carried out in a procedure adapted fromR W Draper

et al., Arzneim-Forsch. 1982, 32, 317-322, as fol | ows:

17- Met hyl enandr ost a- 1, 4- di en- 3- one (12‘9..5//3’329. 0 ng, 1.378 mml), anh.
pyridine (4.7 nL, 58 10 mmol ), and benzoyl chloride (1.2 nL, 10 nmol) under

argon were stirred 18 h in an oil bath (68-73[err]C).- After cooling in
ice the reaction m xture was poured into 40 nL of ice-1 N MC1 and
extracted with three i of nethyl ene chloride. The conbined
15 organic ext.ractﬁm%ﬁo nl.of cold 1.N HCl1 + 40 nlL of
sat urat ed sodi um bi darbonate + 40 niL - of brine, dried over magngsi um

sul fate, and filterﬁd t hrough {di at omaceous earth. The residue j;s
washed with 10 i of nethyl end chloride and the conbi ned '

== L

A-ST (°CY)
L
-

L g ————p—y

AuN3 - A3 iy AG/N3

FIG /18 ¢C

- AVNPROSTA-S,16 -PIENE~3[,19 -Dlot
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20 filtrates were concentrated under reduced pressure. Fl ash

chr omat ogr 4% et hyI acet at e/ hexanes on silica gel) ow
solid (0.4 g'%g% 819%) . (NA- 1994A- 284) 5‘351?(533&
17- Met hyl enandr osta 1 4-di en-6[err]-ol-3- one. 14: Refer to Figure
13. Reaction was carri ed out in a procedure adapted fromR W Draper
et al., Arzneim.-Forsch. 1982, 32, as follows: MCPBA
(211.4 ng, 1.225 mmol) in DME (6.6 ml) ter (2.7 nL) was -added to
17- et hyl enandr ost a- 1,3,5-trien-3-yl benzoate (13, 0.43 g, 1.1 mvl)
in 6.6 nmL of DME over aperlod 20 mn. with stirring. Stirring was
continued 30 mn. ang the reaq\tll on _ -

< arclstancs en. n=7 B o )

IR

2254

204

1754

EVG (mV)

A¢/N3 AYN3 Al3/NI

AEIN3

FiG. /19A

ANDROSTA - 5,16 - PIENE~ 3, 19 - DioL.
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WO 96/ 10031 " PCT/ US95/ 12538

-51- ) vas then poured into 35 nL of saturated éﬁ.ﬂ nbsqs
bi car bonat @6W£&#€ture was extracted with three 35 nL portirons
et hyl acetate. The conbi ned organi c extracts were washed with 35 g of

5% sodium 5 thiosul fate pentahydrate + three 35 nL portions of bri ne,
dried over magnesium sulfate, and filtered t hrough di at omaceous earth.

The residue was washed with 10 nmL ofael%%et ate and the conbi ned
filtrates were concentrated under reduced pr 10 Preparative TLC

(silica gel G- 1000[err], 50% et hyl acet at e/ hexanes as eluent) gave a
yél |l ow crystalline

( 0.280 mml, 25% .honpbgeneous to TLC
(50% et hyl acet at eé;hé‘(’é gmg?l \g%lz‘(fzgﬁqel R[erri 0 5Q) .
( NA- 1994A- 292)

184
164

1

GSR ps)

. : 3
Ay/N3 A3/NZ  AIS/NI S Pe/NZ

- &

C3

.\

)
FiG. 19 B :
u‘\

1

S

g

<
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15 Exanple 20 - Androsta-1,4,16-trien-6[err]-ol-3-o0ne Refer to
Figure 13. Androsta-1,4,16-trien-3-one (15, 500.0 ng 1 Sgéﬂﬂﬁﬁ%%f anh
pyri di ne (V960039 mmol ), and benzoyl chloride (1.6 nL

under argon were placed in an oil bath (70-73C) and 20 stirred 18 h.
After cooling in ice the m xture was poured into 50 nmL of ite-1 N HCL
and extracted with three 25 nlL portions of nethylene chloride. The
conbi ned organic extracts were washed wtfy7 5t cold 1 NHA + 50
mL of saturated sodi um bi carbonate 25 + 5 of brlne dried over
magnesi um sul fate, and filtered through di at omaceous earth. The residue
was washed with 10,nL of Q@%?&LGe chl oride and the conbi ned

i i

filtrates were con reduced , pressure. Flash
:chronatography (2% yI 30 acetate/ hexanes on silica gel) gave ydql | ow

crystals~ (0.474, 1.3 mmol, 68% of internediate benzoate. rThi s was
taken up in chlorofdrm (30 nL) with MCPBA (240.0 ng, 1.391 mmol}).
After stirring 1 h™further MCPBA (239.5.ng, 1.388 mmol) was adced and

the 35 reaction stirred anot her -hour. The nlxture was

ST
jod
et

A4/N3 A3/N2 AI3/ NI A6/N3

'-F,m (2 C

ANDROSTA- §, 16 -PIENE-38,19- proL.

R
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WD 96/ 10031

-52- then washed with 30 g of 5% (W w) sodiumthiosulf
pent ahydr awe 96/1@31nlL of 'sat urated sodi um bi carbonate o+ %SF!ES%?"B?‘. ne,
dried over magnesi um sul f ate, filtered through di atonmaceous earth.

The residue was

filtrates were concentrated under
chromat ogr aphy (40-45% et hyl
yellow resin (106.1 ng,
acet at e/ hexanes on 10

n nor (R err]

PCT/ US95/ 12538

5 washed with 10 nL of chl orof orm and t he conbi ned

silica gel),4¢2ﬁgd

r educ

acet at e/
0. 3731

pressure. Fl ash
Gié% silica gel) gave a

mmol , 29% , which TLC (40% et hyl .

1A

contained major (Rerr] 0.34) and

10040 270N

\

W
Me:

VLTI T T )

9 .

.05

EEG-V:aIpha

EEG-T-alpha  EEG-T-beta
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Exanple 21 - Androsta-4.16-dien-6[err]-ol-3-one. 16: To a solution of

androsta-3,5,16-trien-3-yl nmethyl 15 ether, 12 (200.5 ng, O. , In
5 nL of 1, WO96/1003 net hoxyet hane (DVE) and 1 nL of water was %Wgﬁ

chl or oper benzoic acid (MCPBA, 77.4% 173.2 ng, 0.776 mrol ) suspended in
5 nm of DME + 1 nL of water + 0.40 g of 5% (w w) NaOH dropwi se, with
stirring, over a 20 period of 90 min. Afte®tjfripg 18 h further MCPBA
(247.0 ng, 1.11 nmol) suspended in 10 nmL of m. of water + 0.8 g
of 5% (ww) NaOH was added dropwi se, with stirring, over 1 1/2 h. The
reaction m xture was stirred#N2 h and then poured into 25 nL 25 of

saturated sqarum DT carponate. 1Ne giedus M xture . was extracted—three
times with 35 nlggé e conbi ned_organi c_extracts were washed
with 50 g of] 5% (ww) sodiumthiosulfate + three 50 nL portions of
brine, dried overD iumsulfate, filtered thgough 30 Celite, gnd
concentr at eq und8£ lting crystalling repidue
was purified by - 5 et at e/ hexane on dilifka

gel) followgd by @ aqueous et hanol Fo

gi ve lustroys whit e 71 mol, 51%, mip.
165- 166[ err]JC.  .0154 [
014 s
.005- l
0!
-.005+
-.01 - — . .
EEG-V-alpha EEG-V-beta EEG-T-alpha EEG-V-beta
EiG 208
il




WD 96/ 10031 PCT/ US95/ 12538
- 53- NA- 1993B- 40, 43B) [err] PCT/US95/12538
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Exanpl e 22 - 20- Honoandrosta-4. 17-di en-3-one. 13: Refer to Figure 14.

To a partial solution of 20- honmoandr ost a- 5, 17- di en- 3- ol pduSssn2sas,
3.4911 nmwO9/$03h 100 nL of toluene and 20 nL (0.19 nol) of

cycl ohexanone was added al um num i sopropoxi de (2.00 g, 9.79 mmol) in 20
m. of warmtoluene. After ~ refluxing 4 h the cooled reaction m xture was

shaken 1 mn wth5n of water and 12 5 of 3.6N 10 sul furic acid.
. The organic layer was washed with 50 ogd dried over magnesi um
"sulfate, filtered through Celite, and co at ed under reduced

pressure. Foll ow ng steam di stlﬁ%n to renove cycl ohexanone t he
non- vol at i | pe—fegGri-ehhEtiorS—i-trteC it Brfrimttft D= Gt -5 f
di chl or oet pane, dried over rragnemﬂﬁ'l“g‘hl fate, filtered, and 1
concentratefl. Th€e? Ol Ty residue was purrrred Dy TS TChT oIt ogT aphy
(15% et hyl pcet aml{hexanp on silica gel) and recrystallization}fr¢m
aqueous acefone gaglgi ve PO colorl ess needl es (238.8 ng, 0.8400 myol | 24%,
mp. 130} 134[err]C [I{t. (B. S. Macdonald et Jal., Steroids L97:., 18,
753-766) mp. 1283131[erf] Q.
0254 .
025 [
0154 L
.01;
.0054
0-
-.005;
'.01 T T T v
EEG-V-alpha EEG-V-beta EEG-T-aipha EEG-T-beta

rig. 2! 8

/
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(‘NA- 1993A-99, 103B) Exanpl e 23 - 20- Honpandrost a-4.17-di en-3-o0ls. 14:

25 Refer to Figure 14. To 20- honpandrosta- 4, 17- di en- 3- C{ﬂﬁ%ﬁa 0031
PCT/ US95/ 12%Q46/10031 - 54- one (11% 4184
mmol) in 5 nL of methanol were- added sodi um borohydride (6.0 ng, 0.16
mmol ) and 77 [err]L of water. After SiZ3JuA 2 h further sodium
bor ohydride (32.0 ng, 0.846 mmvl) was added and the 5 m.xture was stirred
overnight. After concentrating under reduced pressure the residue was
purified by preparatlve TLC (5% et hyl acetate/ hexane on silica
. A3/NI

. ) Men

.04 s b ]

.035: T

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

F16.224
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gel) to give a nore polar (59.8 ng) and a | ess pol ar (1.7 ng) product.

10 (NA-1993A-110AB 20- Honoandr ost a- 4. 17-di ene- 3. 6-di o : fer
to Fi ng@%’lﬂ‘Blro a cool ed sol ution of 20-honmoandrost a- ng?cr/&‘sr’gsnzgg%
5,17-dien-3-0l (399.4 ng, 1.394 mol) in 50 nmL of - acetone was added

2. 67M Jones reagent (2.0 nL, 5.3 15 mmol ). After stirring 1 h the reaction
was quenched = wth isopropanol (1.0 nmZ ‘ﬁvl) and poured into 100
nL of water. The m xture was extracted three times with 50 nL portions

of ethyl acetate and the conbi ned organic extracts were washed with 50
mL of 20 saturated sodi um bi carbogggmy+ 50 nL of brine. The or gani c
phase was tHh ] i —fTrttered—amd—cone rat ed
under reducqd p_rﬁﬁure. . _The residue mgﬂrecrystal |'i zed fyrom 95% et hanol
to gi ve lan & Ft whi te powder (17/.8 ng, 0.5958 mol, 25 439, p.
113-115[err]|C. ga. - | [
.0254
4
.021
0154
019
.005-
0!
-.005 L] ; LI .  r T
EEG-V-aipha EEG-V-beta EEG-T-alpha EEG-T-beta
6. 222
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(NA- 1993A-91B)
16- di ene 3- et hyl

Exampl e 25 -

ene ketal.

6[err].19- Epoxy- 17-i odoandr ost a- 4

18: Refer to Figure 15. A mx%&ﬁ]f%égsgg

crude 6 , 19ON68MAM5[ err]-chl oro- 17-i odoandr ost - 16- ene 30

3.09 mml) (G Haber nehl
191-195), ethylene glycol

and A. Haaf, Z.  Naturforsch. 1970 25b,
(0.97 g, 16 mol), toluene (50 nL), and p-

t ol uenesul foni ¢ acid nonohydrate (20.-3 ng, 0.107 _ WO 96/ 10031

RCT/ US95/ 12538

19 h with azeotropic renoval

et hyl acetate (100

EEG-Men.

of

- 55- nol ) was refl uxed
wat e egh-Stark). After cooling

ANIROSTA =546 - HIENE =3B, 19 ~PIOL.

i
094
8
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034

02 d

.01

EG- :llplﬁ }
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Ef" Vipeta) EEG-ttalpha) EEG-tthaa:
Flg. 234
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m.) was added and the reaction m xture was washed with 100 nL of

" saturated sodi um bi carbonate + 100 nL 5 of brine. The organi S
dried over Q8B m sulfate and filtered through di atonﬁgﬁgg%?'égﬁt h.
The resi due was washed with 25 niL of ethyl acetate and t he
conbined filtrates were concentrated under reduced pressure to give a
tan, crystalline solid 10 (1.47 g). This residue was suspended in anh.
net hanol (40 nl), potassium acetate (2.44@(;,};4% mol ) was added, and
ca. 26 nL of methanol were distilled e85/ 37he remainder was
concentrat ed under reduced pressure, water (50 nL) was added, and the
15 mxture was extracted three ti ZW- b - Pl pmopspree  Of et hyl ene
chloride. The dri qdﬁ(oé%:d‘r um sul fagg?i g)%"?rg%{‘g V\%?e filtered through
di at omaceous earth';nd the residue was washed with 10 nL of nefhyl ene

chloride. Concent®ation of the conbined filtrates 20 under reduced
pressure gave a Y%HOW solid, which was purified further by fl&ash
chromat ography (5-745-10% ~ ethyl acetate/nmethylene chloride on gilica
gel) and recry¥tal lization from nethanol to give light yellow
needl es (914.6 ny,ge¢. 013 mml, 65%, mp. 187-189[err]C 25 [err]H NWR
6.13 [err], 1H, dd,,“116- H;T5.82 [err], 1H s, 4-H t '
. .JJ] ‘ [
wd i b
,(:5‘} r—h——| S
T b

ﬂ’] l . l B
{ | | I—_I—— _ I
f!_.%é——%é——ag;_#.

EEG-vialphat EEG-vibetas EEG-tualpha! - EEG-tibata)
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4.71 [err], 1H, d, 6a-H, 4.22 [err] and 3. 53 [err], 2H AB, 19- H s,

. 4.10-3. 28 rr 1003 4M mult., 3-ketal Hs; 0.83 [err], é@q ™
- (NA- 1994A- 4& 00313 Exanple 26 - Androsta- 4, 16- dlen 19 ol - 3-0ne
Refer to Figure 15. Anh. ammonia (ca. 75 nL) was distilled through a
KOH tower into a 250 nL fl ane- dried 3-neck flask fitted wth an inlet
adapter, a magnetic stirring bar, a dry ycel/acetone condenser, 35 and
a stopper. A solution of 6[err], 19-epoB&i37 WO 96/ 10031
PCT/ US95/ 12538 . . - 56-
| - A6/N3
- Men
.035 . —- ,
.034
.0251
.02+
015+
015
.005-
0-
-.0051 : 1
-.01

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

516 Y A
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i odoandr ost a- 4, 16-di ene 3-et hyl ene ketal (18, 880.4 ‘ng, 1.938 Mol ) in

dry tetrahydrofuran (THF, 45 nl) was added, followed by netallic_sodium
(0.20 g, 8WO96/10034y_aton) cut in small pieces. After stirrim 2538
argon pressure for 30 mn. the reaction was quenched with the addition
of abs. ethanol (1.0 m.). Amonia = was allowed to boil off overnight, 50.
mL of water wer e added, and the m xture S extracted with three 25
nL portions of nethylene chloride. The c&gﬂ? organi c extracts were
washed with 50 nL of brine, - dried over eS|untsquate and filtered

t hr ough di at omaceous earg@d/ﬁgﬁer washi ng the residue with 10 nL of
net hyl ene chloride the conbined filtrates under

reduced pfessure. The 15
but was fi new
and 2.5 nmj of 4

ethyl acefate ¢

i nt er nedi aweméret al proved remar kably unffeacti ve,

1 Xture
The

organic 2¢ ph 3 rated sodi um ar bonat e
+ 25 nlL off brine i i ate, and filtere rough
di at omacedus ezg44h. [ i ' yl lacet at e

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

Fi6. 2458

/
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EH gﬁﬁgfwere concentrat ed under 25 reduced pressure. The
FA=AfrSy purified by flash chromat ography (50% et hyl

resul ting e
acet at e/ ean & gel) followed by preparative TL mﬁws-q
acet at e/ ea (o gel G-, 1000[err] thickness) to gi \%SNR :
partial |l ¢ i1 m(66.7 ng, D*¥33 mol, 12%. [err]
5.92 [ert]], s, 4-H 5.47-5.6 6, 17-
4.10[ err] —2H |, AB, -H.S, U. err], 3H, s, "18- Me.
WO 96/ 10031 Referring to the preceding table, (Eyoming are
- 57- Exanpl exénplady Eyafdhdsedn farcihketfediates 7if @ given row
t ol uenesul fonyl )h azone f I Lguresl uspensi on of
andr ost - 5- en- :%[eri/?£ %r?ﬂ%ﬂ Af!jso%e %:%lfﬁnﬂ (R @hré%gh NE

Iype A :

Al:
O’C t
| 0
JooJiE XN
HO | 0
(A2) ' (A)
Aeein3, & L;éi}
83%
A2:

jou,

HO

- 0

) | uo’: ’: |

This is a commercially available substructure, for
example, DEHYDRO EPI ANDROSTERONE.

o RELACERERT
escription : paged 2, o 3
O Claim(s) - paged = o P850

o : ged 7.
Dz:;rcltg(s) : paged [Z?to paoed"s[ s




. WL EMENT SHERT
comrerci g | abre

p-tol uendsyl f 33 UbNdezi

vai | abl' & fTjon Research Plus, 512.5 ng,.. 5 1.684 mml) and
e |(p- TsNHNH err], 392.1 ng, 2.105 nmmol) in

2- propangl {(6.0 ni) refluxed 24 h. To the cool reaction mxture

wer e added Zormt—e tier and the sol yggt was renoved - under reduced:
pressure he residue was §aken up in 10 10 nL of ether and the sol ution
was filtered thropgglh ——df at omaceous earth. 10 nL of hexanes were added to
the filtrate and the suspensi on was concentrat ed under reduced

pressure. Residue was ta {n 10 nm. of hot benzene and the cool ed
suspension was 15 filte filtrate was concentrated under reduced
pressure and then f1 adhd chr omat ogr aphed (40% et hyl acet at e/ hexanes on
silica gel) to give an opaque resin-(0.69 g, 1.5 muol, 87%.

( NA- 1993B- 47) 20 Exanple 28 - Androsta mf-dien-B[err J9-diol. 3:
Ref er. to Figure 16. A n of andwggx S-ep-3[er i ol -

17- (p-tol uenesul fonyl) hy 2, 0.69 g, 1.5 nnnlmo

(Al) (A3)
0 - 60% HO

(Michio Matsui and David K. Fukushima, J., Org. Chem.,
1970, Vol. 35, No. 3, p. 561-564). C

A4:
+ LiLGHCHgICH(CH)y 5 B0 e

Ho™
(A1) | |
L;é:b LiLGHICHy) GH(CHgy 13 B ,Cig)
= 8% Ho' .

S oOhloff, G. et al. (Helv. Chim. Acta (1983) &6:
192-217). '

HO

0




. JRETLA SN VT I |
i n anh. tetrahydrofura’ THF, 35 nL) was cooled in an . i ce/ acet one bath
under erconZ&hdUN‘ﬁ@KylI|th|un1(2 5 25 Min hexanes, 3.7 nm_, 9.3 nmol) was

added crqpmnse W fhistirring, over the period of 1 mn. The
reactign ifred 4 days, durln whi ch time it was all owed
to gradqually warmto roo : tenperature %he reacti on was then poured
into 50 nL 30 of bgg-saturated ammoni um chl ori de and the | ayers wer e
separated. The aqUebus | ayer was extracted twice with 25 nL portions of
et hyl acetate. The conbi ned organic phases were washed with 25 nlL of
sat urated sodi um bi carbonate + 25 nL of brine, dried 35 over magnesi um
sulfate, and filtered thr WO 96/ 10031
PCT/ US95/ 12538 0 - 58-

m CHLORANIL Qb

AT Ty

M CHLORANIL __ J:ﬁb
0 45% 0 |

German Off. 2,631,915.

GrO/HpSly
HO™ (a2) - Ve

| 86%
HO |

J. Rémer, H. Wagner, and W. Sihade, Steroids, 1988,
5 51/5-6, p. 577-581). '




o e TR A WAL AddA 1 & NéAdiid A

di ato cemr:% %Nq?? The jresi due was washed with 10 mL of ethyl acetate
and th iIn f q at¢s were concentrated under reduced pressure.
The reqdi duad yellow tesin was flash chromat ographed (50-55-60% 5 ethyl
acet at ¢/ hexanes on silica gel) and crystat+iszed frommethyl t-butyl
et her/ me-to—gtve—+-if fy white crystals (92.5 ng, 0.361 nmol, 24%,
mp. 169- 171A%rr] C (NA- 1993B- 66) 10 Exanple 29 -
El ect rophysi ol ogy of Androstane Stinmulation of the Human VNO and
A factory Epi t hel i um ng“ - A non-invasive net hod has been
enpl oyed to record | ocal ctrical potentials fromthe human 15
voner onasal organ (VNO a the ol factory. epi theli um (0E).
Local i zed gaseous sti nul@ as appl i ed to bot h nasal é,r i’ures at
di fferent i nstances ¥Ysing specially dgEi&n cat het er/ trodes
connected to a multichannel dr VERAL STEPS

' 0

A0 ceTarEOF A |
0 ' CHoOH
/d§ij SEVERAL STEPS _ M
0

(Habermehl, et al., Z. Naturforsch. (1980) 256:
191-195). '

Ach

Me0_ ONe

oo Jit-SSys s

(A8) |

5 -—SEE Example 15—
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20 delyvery system T el ectrode and delivery system. has been

descri bef 2 oJUN 39 G”osser (J. Steroid Bi ochem and Ml ec. Biol.
(1991) §39:573) and in ‘conmonl y owned, copendi ng USSN 07/ 771, 414,

i ncor ppr atee—herei-A—byd reference. The | ocal response 25 of the VNO and the
OE shojwed a correlation With the . conced®Tation of the Iigand stinulus.
The study was performed—on ten clinically normal (screened) volunteers
- 2 males and 8 fA%ales, ranging in age from18 to 85 years. The

studies were. 30 conducted without general or |ocal anesthetics.

The catheter/el ectrodes wge designed to deliver a localized stinulus
and si nul t aneously the response. In the case of VNO recording,
the right nasal fosapdf thé subject was explored 35 using a nasoscope

(nasal specule) and the Vj%aso%nwaommnoaenzooumonz | @
0 o

(A1) | (A9)

4::5:5 DICHLORO DICYANO BENZOQUINONE ﬁ?b
- 43% '

0

0

Ohloff, G. et al. (Helv. Chim. Acta (1983) §6:
192-217). -

Al10:
Ho* :
m LiAlHg
T T " (o)
&Db Likg )f;@?
0 ) 30% HO
‘s v, I. Mel’‘nikova and K. K; Pivnitskii, Zhurnal

Organickeskoi Khisnii, 1972, Vol. 8, No. 1,
pPp. 68-74).



§ AR Ko VRGN T SRRSO ]
WD 96/ 30431 PCT/ US95/ 12538
259- | | oB&IUN BEE llodali zed close to the intersection of t he
anteridr jedge of the v r and the nasal fl oor. The cat heter/ el ectrode
was gerjtly driven through the VNO- openi ng and the electrode tip placed
inthel 5 _organ' s lugeniat 1 to 3 nm froh®he opening. The nasoscope
was then renoved. if the case of the CE, recordi ng the procedure was
simlar except t s posi tioning of the catheter/electrode was gently

pl aced deep in the |ateral
ol factory nucosa.

pgrt of the medial nasal 10 duct, reaching the
Local i zed gaseous stinul ation was done

t hrough the catheter/el ~ A constant stream of cl ean, nonodor ous,
hum di fied air at room Venpergture was conti nuously passed through a
channel of the 15 stinulating system The stinulating I| and

subst ances were diluted i n@ne gl ycueppAM xed ' e hum di fied
air, and puffed for from1l secomnmas -t nrotgh B er/ el ectrode.
It is estimated t hagegfii s admi ni strat’ion provides about 25 20 pg of
the steroid-ligand to the nasaipgravity. (A

P gD

—SEE EXAMPLE 19—




X

The re$ L.gAggggggzgi ) are presented in Figures 4A, 4B, and 4C. The
I eSPON$E pes LT mllivolt-seconds (mV x s). Androsta-4,

16-di ep- 3-0 icjtp a significantly stronger VNO response in 25
A Ol (1

femal e 1 ot hef- conpounds testedz.; Fig. 4A). Furthernore, the
VNO regppnse to Androstat 4, 16-dien- 3-one is sexually dinorphic -
| ' bal es as it isMes(Flg 4B). |In contrast,

' ' mal es and females 1s ow 30 conpared to a strong
odorant such as clove (Fig. 40). Exanpl e 30 - Measurenent of the
Change in Recept oil: Potential of the Neuroepitiheliumof the VNOin
Response to Various Steroids. : The change in receptor
potential in 35 response five different |igands was nmeasured in 40
femal.e (Fig. 5A) and 40 e (Fig. 5B) subjects.

-y ' N-NHTs
b- TsN_HNHz b n-Buli
— ()
N-NHTs
Tﬁ“""'z a-Beli 5:5
HO 5% 50'/-
-~ N-NHTs
M TeRHly Jaﬁj bl ;ﬂb
. . —e—————— .
HO 3% Ho 10% 4o

N2:

t::> - o
NoHq/KOH b o’

,:ﬁﬂ ot
) M NaHg /KON M

1. Robert H. Shapiro and Carl Djerassi, J. Am. Chenm.
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.
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VO 96/]10 PCT/ US95/ 12538 -

031
- 60~ éﬁkﬂuudmféct Jas admi nistered 60 pg of each of seven
subst dndes_as indicat¢d{in the figure. The substances were adm ni stered
separgtely for 1 second) - usi ng the progﬁdure described in Exanple 10.
The B3—ehange—in.patentjal of the neuroepiTheliumof the VNO was
recorded over t|n§3and the integral of the change In potential for each
of the forty subjecfs was averaged. The results are shown in the
figure. Conparison of Fig s 5A and 5B show that each 10 steroid is
sexual ly dinorphic in its acti Ity ¢ t hat sone |igand substances are

stronger in males whi | e ot her str@hgwaH f emal Exanpl e
31 - Measurenent of Autononic RESéagses dros (iNSilnuIatlon of
the VNO 15 Vari ous autononic paraneters wer e nonitored

Andr ost a- 4, 16-di en-3-one was adnminjisfered to 40
T e o
)@& PhiP Chp M

1. Glinther Drefahl, Kurt Ponold and Hans Schick,

Berichte, 1965, 98, 604.
2. Richard H. Peters, David F. Crows, Mitchell A.

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

N4: |
&
tgh COLLIDINE A

o d?ﬁ COLLIDINE_ }:ﬁj
J:;§5 LB Tot

1. Franz Sondheimer, 0. Mancera, M. Urquiza & G.
Rosenkranz, J. Am. Chem Soc., 1955, 77, 4145.
| 10 2. William F. Johns, J. Org. Chem., 1961, 26, 4583.




femal e SLREQLﬁSBNEﬁﬁBSHEET rocedure described in Exanpl e 10. Propyl ene
gl yeol wds [aI'so adiini st er ¢d as a control. The ligand was admi ni stered
as a1 Zﬁ ecoirJUN 1997 change in autonomc function was first

not ed ‘wi tfhi{n seconds agd|l asted for up teid seconds. As shown in

Fi gure 6, ola propyl ene glycol control, the Androstane

i nduced 3 hange i nMelthviahdgoatepegeceptor 25 potential in
t he VNO ( ; response (6B), skin tenperature (6C), the
per cent age of cortical alpha wave activity as neasured b

el ect r oencephal ogré@@RRADCLfherdi/Sidr aF-saFFE?‘P# PRERAFation Glg and

respiratory frequency (6F). 30 Exanple 32 - Conparison of the Change in

Recept or Potential | nduced by Two Androst anse 0i ds. 60
pi cograns of each |ligand steroid and of ne glycol control were
adm nistered to 5 femal e subj ects 3 % ' n Exanpl e 10. As shown
35 in Figure 7, Androsta-4,16-dien-3bf S duced a

with a methyl group at any one of the following
positions: 1le, 2a, 4, 6a, 68, 7a, and 16.

.. 6.-METHYLANDROSTA-;.6-DIEN-3-ONE
. [ LT~ R

S German Off. 2,428,679.

SYNTHESIS OF THE 17-METHYLANDROSTENES:
KO ' 07 .

Daniel Bertin and Lucien Nedelac, Mémoires Présentes
< a la Société Chimique, 1964, No. 345, p. 2140.

Synthesizable compounds therefore include these,
together with those derived from them; i.e., N1 with

10 methyl at la, 2a, 4, 6a, 66, 7a, 16 or 17 combined
with A1, A3, A4, AS, A8, A9, Al0 or All, as well as
A2 or A6 with a 17-methyl.



VO 96/ 1021 _ | PCT/ US95/ 12538
CHMENTCUIERE! i n receptor potential than did

Andr ost ja- F=t6—eh S-SR . Exanpl e 33 - Psychophysi ol ogi cal Effect of

Andr ost aulqn of the VNO 5 The psychophysi ol ogt ca
ef fect stinulation of tREOVNO was neasur ed by the

coordi - ] p Of phero stionnaire eval uation of

the sulfj ect before and after ad 1e questionnaire included
a 10 pareF—ef—adfeeitwes-Jused as part of the standard Derogati s Sexual
| nvent ory evaluatlon he subjects were 40 wonen Hetween the

ages of 20 and 45, all in good a#th The women were F

0

OM

U.S. Patent 3,413,321.

e
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—fg“ﬁf~ esed to placebo and 20 15 exposed to about 20

pl cogr ans§; ﬂ‘”:i-ien- 3-one, adm nistered as described in
Exanpl e jlcts were given a 70 item questionnaire '
eval uat i jmedi ately befoge_and 30 m nutes after
adm ni st flacebo or 20 experinental substance. The 70
adj ective I onnai re were randomy adm ni stered and

subseque fi=y—g ) ifeval uation based on theirge rel evance to each
nood, feeling, or c aracter trait. The resul gs Avere as fol |l ows: Changes
in feelings of 25 social warnth, personalpwe ng,.

arousal / exci tenent, and aggression, fr admnistration to 30

m nutes after adm nistration, wﬁL' nificant in those exposed to
the 16- - Androstene conpared to e changes resulting from 30

adm ni stration of the control. However, the decrease - in negative affect
(nervous, tense, t agl enraged - T-test:
p<0. 0001, Anova: %ﬁ?éﬁsgn § %Spﬁalvleca!n%% ggdsg aracter (sensitive,
regretful,-blanemorthy, QU|Ity, remorseful, sad, 35 hopel ess, resentful,
wor t hl ess, m ser aBiyathasbzaple compdﬁﬂdhemherénbde-iﬂéluﬂﬁ:tutsl,OOO4, Anova:

p<0.06), and together with those derived from them; i.e.,
(4-Chloro, 4-Bromo, 6a-Chloro, 6a-Bromo, 68-Chloro,
S 66-Bromo, or 66-Iod6)-A1 in comination with N1, N2,
N3, or N4. In addition, (17-Fluoro, 17-Chloro,
17-Bromo, or 17-Iodo)-N1 in combination with A1, A2,
A3, A4, A5, A6, A8, A9, AlQ0 or All.

B. _ Synthetic Methods

10 ) 1. - Preparation of 3-, 5-, 6-, 18-

and 19- position derivatives. :
The compounds used in the methods of this

invention are Androstane eteroids substituted at the
3-, 5=, 6~, 18- and 19- positions. Many of the 3-

15 and S5-substituted steroids are known compounds which
may be derived from 17-hydroxy-and 17-oxo-steroids
(commercially available e.g. from Aldrich Chemical
Co) by elimination or reduction to the al6 homologue.
The syntheses of most of these compounds are

20 described by Ohloff (supra). As shown in Figure 1,

N 178~hydroxy-5a-Androstan-3-one (I) and methyl
chloroformate (a) in pyridine gives the methyl
carbonate, 178-methoxycarbonyloxy-Sa-Androstan-3-one
(II) which provides a starting material for the Sa-

25 Androst-l6-en-(3-one and 3-ols) (Ohloff, supra at pg
200). :

Alkoxy derivatives are prepared from their

corresponding hydroxy steroids by reaction with an

alkylating agent such as trzmethyloxonzum



WO 96/ PCT/ US95/:125 -
-62- vity (the conbination of affect a ﬁ%ﬂéﬂ&?eﬂ
T4t estf: wioga) p<0.05) were hi ghly significant af@f‘d%n'

16- Angr ;t i on as conpared to adm nistration e

contrdgl . Dveral |, these results suggest a sedative and/ or
ant i I - depressant df2%ct of Andr ost a- 4

16- di gn- 3- one vvhen adm ni stered intranasally. Exanpl e 34 -

Tr eat remenstrual 10 Stress. VWnen :
experienci ng the synpt ons of prenenstrual - strg PMS) are provided
wth a - “ﬁ

I R
75.,,".1\; R=CO0CH3 c\

5 fl=OK; az H 48%)
g Rl=H; RZ=0H (43%)

FlG. 1

AL




v/ of an Androstane steroid (preferably
r Androsta-4, 15 16-dien-3a([err])-ol) suitable
The steroid is provided as an ointnment at a

i crogram m and about 0.1 m is applied. Thé
iInsi de t he of each nostril, three tines
nmet hqd of trealidm)_ uses an aerosol Nﬂm aration
erosol.i ¢ -sprayed into eac 3 t hrees
times daily. Exampl e 35 - physi ol oai ca
The foll ow ng el ectrophysi ol og AdTT wer g 60
56 | e and 30

pm 20 to 45 year

excl uded i fyq

cIinicaIIy normal hunman 0N
femal e) whose ages :
used, and femal e subje MNERE

The

stimulation and rec I ng system consists of ‘a "nul-ifunctiOnaI
m ni probe" descri bed el seWler e (Monti - Bl och, L. ang Grosser, B.1.
(1991) "Ef fect of putative pheronones on the electrical

n-Buli
HO
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act i it gt

oneronasal organ and ol factory 35 ebithel fum ™ J.

Ster id Bi ochem Mbdléc| Biol. 39:573- WO 96/ 10031

PCT/ Ys95/ 2 B3N 1997 - 63- 582.). The recording
el ecrgde is a 0.3 i |.ver ball attached to a small (0.1 nm silver
Wre th Teflon[err] the surface of the el ectrode S
first—treated to produte a silver chlori d¥235 interface, and is then
covered with gelatrn S Sk Wirkt) |1 caliber :
Teflon[err] catheter (Q’,-.Fécmg m@m tFEge‘[Etﬁe ||I|Ep of the el ectrode
protrudes approximately 2 nmm iﬂv Tefl on[err] catheter Is 10 cmin

| ength and constitutes the ternTEaI 10 extension for a multichannel

delivery system which
di screet

delivels a continuous air stream carrying
19
[
=~ 104
>
=
5- e
,l
‘s
4
5
o.. —

CLOVE

4, 16-ANDROSTADIEN-3-ONE
1,3, 5(10),18-ESTRATETRAEN-3-0L
PROPYLENE 6LYGOL

ANDROSTA-S5,16 -DIEN-38-0L
ANDROSTA-4-EN-17p-0L-3-ONE

1,3,5(10)-ESTRATRIEN-3, I6cs, 17B-TRIOL

F16. 4C.
VOMERONASAL - EFFECTS OF 4, 16-ANDROSTADIEN- 3-ONE

AN

MALES
FIG. 48

FEMALES



pul ses ¢ icaeuE EAtymuli. The air streamfirst passes into a
smal | chagb i bbj ed t hrough a solution containing either a
voner ophefi r‘zerdmw offpctant in a diluent or the diluent alone. A
solenoi §l {s used to rapfdly redirect the air stream fromthe chanber to
a route pypasses chanber. This creates a discreet pul se of
stinmul aB tream A second, 4488t er Teflon[err] tube with 20 a
di aneter of 2 nmsurrounds the catheter-el ectrode assenbl age, and its
central end is connected to an aspirat or that provi des conti nuous
suction of 3m/s. This con n of t he outer suction tube
al | ows the em tg®d chem)sensorﬁﬁw kﬁhﬁig Bﬁ:al ized to an area we -
call a "mnifi (appr ox. -dia =1 mm, .andlt avoi ds diffusion o
subst ances ei tlher to the area outside the intended stinulation $ite
or into the resBlatory system The entire stinmulating and recordi ng
assenbl age may be [30 positioned either on tHE neurosensory epithelium

wi thin the VNO |g on the surface of the ol fhctory or respiratory

epi thelium w ctro-voneronasogram (EVQ: Recordings are carried

out in a qun&t m w th the subject supine;jthe

lzoi

INTEGRATED LVG (
8

2 8
—
—

PROPYLENE GLYGOL §
ANDROSTA-4, 16 - DIEN-ONE }

1,3,5(10), 16-ESTRATETRAEN-3-0L
MDROSTA-4.!6-DIEN-BB-OL-}

1,3,500), 16 -ESTRATETRAEN-3-YL ACETATE ;
1,3,5(10),16-ESTRATETRAEN-3-YL PROPIONATE}

F16. SA.



35 nu REPEA@ENE@@%SHE@? probe is initially stabilized wi thin the nasa

cavi t refractor pl aced in the vesti bul e. Reference and
groun

PCT/ U : -64- el ectrodes consi st of
silve | pog h- of whi ch are'gositioned on the gl abel |l a.

The efitrance to the VI or voneronasal pit, is identified by first

di | at perture and vestibule. A 6x nmagnifying binocul ar

| oupe wi-th hal ogen |Ilun1nat| - i ntroduce the tip of
the Teflon[erébo atheter m‘“%?@'@@ uﬁgfﬂﬂ assenblage intqg the

VNO openi ng Wher e it'IS stablllzed at an approxi mate depth of 1 10y mm
wi thin the voneroenasal passage. Optinal placenent of the recording
el ectrode is stNaIed after testing
160
o« 1407
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Electrﬁcal'5|gnals'f 0

anpl iff i erZﬁJUN W7.ch {hey

di gi tal oscl I [ oscope.

are deleted by training the subjects to
Chenpsensory Stlsul

vel ophar yngeal sure

subst ance.

the recording. 15 electrode are fed to a DC
are digitized,
-fo-peak anplitude of the signals is neasured,
ep¢l ari zati on wave is

' the signal 20 boﬂﬁz%n
Artifacts produced by respiratory

conput er nonitored, and

i ntegrated, while

practlce mout h breathing with

subst ances 25;a§% ?k e, and
E and F. Sar‘rge, [) voneropherl S
delivered ingcg hd0;

mllisecondsgfogg{second. Usualy
separated eagh 2§ i es of shor
carrying thepfe stinmuli-

steel and arg ISgarefully cl

- carvdne:

O m T
i on of 25- 80

in con ntr
ir stjreamfe= q5 ations from 340
|HtervaI§§of to 30 5 nipufes
t pyl ses. ‘Al'li conponents he
de |of TefFﬁnﬂm r], glass i nl gss

El ectro- oIfa@arl@-m(EOG) a f y I
= 54
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oy e h
35 enq m&&tﬁMMB&HEE{E mul ati ng and recording mul tifunctional m niprobe
as that Jjused tor thé The tip was slowy introduced until the
recordi ng 2 0 JUNY2641 031
PCT/ U$9%/ 12538 : - 65- el ectrode touched the
ol f acfory—mrcosa—-Ag&qpat e pl acerrent-, signal ed by a depol ari zati on
in ' response to a pujse of the odorant st subst ance.
Cortical evoked activity was induced by VNO 5 stinmulation with
voner opherins, and ol factory stinmulation with odorants delivered in 300
nms 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 the international 10120 10 system the ground el ectrode was
pl aced on the rgﬁstoi d process. Electrodermal activity (EDA) was
: 1
a5 | [
45
— 1
“ 42.5] p>0.l
=
143
(=] : /
E—J <
-« o
g
Wl
;
.= 30
2151
25

ANDROSTA-4, 16-DEIN-ONE
ANDROSTA=4, I6-DIEN-38-0L -

FIG. 7



it SAWESANE DL |

recof dgd uaing standprd 8 nm silver electrodes in contact with pal mar

skin{o 1997 and| ring fingers respectively, through a conductive
gel |5} interface. Lh tenperature (ST) was recorded by a small (1.0

mm) [hermstor probe pl aced in the right ear | obe. Peripheral arterial
pul s ) _\Was nitored with a pIethgsanraph attached to t he t|p

of the index fingegpRespi Q -~uency was

adj ust abl e strai n gatige pl H&Eﬁﬁ n30afound the Iovvero i
signals were "DC ampl i fieY, d|g|tzed(|\/PIO‘q Bi Ofif
conti nuously nonE 2 ¢ i 41 FlE:
or ECGS, peak-ta@epedf PS5 gchayiges ang fre_quencygchan
were freasur ed and st g " ti

results was determ :'n =
variance (ANOVA). ¢ AfTph )4 et ogherins on he
voner opherins was fourg:l gmpuogufemﬂmual Iy di nqpbl cc Bceeot pr [HLLUENT
potential (Fig. 8A-B).

R of the EVG were perf d
and 30 wonen (ages 2 éd4§A.Vomer opherins were dil U&E ﬁ
applied as 1 second pulses to the VNOw th b mnute

Dt her paranefers
fy anal zed The W -80 ficamce of the

b =

30 0 T
- FEMALES. n=30 ~
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nei ther ol factory nor
elicit
Fig. 8A shows the aver
the diluent, and to

pul ses when questioned, the subj ects were not

erw se consci ously detect any of the
WD 96/ 10031
' - 66- finding is in
preV|oust r epor (Monti-Bloch, L. and

eronmones on the electrical
J.

"Effect of putativé?
vonmeronasal organ and olfactory 5 epithelium"”
Bi ol . 39:573- 582.) mhlch |nd|cated t hat

voneh-.— . 3 Sy to the VNO
concentration. 10
20 to 38) to

age respong
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ET|

of five

equi ngl gr 1 1¢0 f nol es) voner opherins (A, B, C, D and
F, d tozng 12% sttefeoi soner of F. The profile of the response to, 15
each df [t he"substahceg Was simlar in all subjects regardl ess of age,
and nq gk i f ¢rences - were reveal ed either by t-tests or by
anal ygi s of variancg¢. For exanple, A % and D produced significant
ef fec ddmadentl/, SD = 3.6 nV, I\/fﬂda] =20 6.4 nv, SD 2.5 nV, and
Merr] =15.1 nV, SD=4.9nV, , p<0.Ql), that were cqnsistent in all
i ndi vi dual cases. O hgyy vomer opherins depol ari zed the VNO
receptors to a nuch | esser {extent, but with consi stent nean regponse
anpl i tudes fromindividugg425 to individual. Voneropherins active gkn male
subj ect s producedg ar&ir responses than the diluent (p<0. 001) B,
F and simlar concent &t ilHs of ol factants induced si gnificantly
reduced responses in phe @gl e VNO (Fig. 8A and Fig. 9). 30 | A
simlar experinental %ot gol was - followed with the 30 fenal e g$ubjects
(ages 20 - 45). Afpnggodhe voner ophqrins, F (100 fnol es) produced the
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es a stronger ol factory effect t han does F (Fig.
if flect s of Voneropherins on the EOG The summat ed
hthe ol factory epithelium (0OE) 15 was recorded in 20

10 fermales. In contrast to the sensitivity of
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t he VINO 11‘ was true for both men and 35 wonen. As expected,
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decr e HREP) e (electrodermal activity = EDA) (p<0.01, n =

- 30) 7 (Fig. - BB), F and B produced greater decrease
in EQ p<0.01, n = 30). 15 Voner opherins A and C
i nduc -increase in skin tenperature (ST) (Fig. 8 in 30
mal e however D i nduced significant tenperature

decr ¢ femal e subjectsl4/28 (Fig. 8H B and F evoked a
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mCz and 25 Tz in male and femal e subjects during
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androstanes, identified by their positionJ t he .chart. The results
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atonsf | 'gLn or halo; and "a", "b", "c", 20 ar , "e", "f",
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5 JREPMQEMEM SEEE& be present -if Pl[err] is oxo, "b" is
prese t and "e" is absent; (c) P4 cannot be hydrogen if " c"
and " ar%OJUNW "~ absent, "b" is present, Plerr] is oxo, and P2 is
met hy r hydroxynet hyl - 10 (d) Plerr] cannot be oxo if "e", "c"
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Vi O L il ¢annot be hydrogen if P[err] I S 0XO;

and | are p presen fPlerr] is methyl and "e", "a", "c",

"h" B aﬁ_wm) 2. A conpound according to . Cdaim1l 5
wher i e doubl e bonds. 3. A conpound
accof d : wherein P2 is hydroxymethyl and Plerr] is.

[ erril-hydroxy. -4, A coriﬁbiﬁwd according to Caim1l
wherein "b" I's a doublre bond and P[err] is nethyl ene. 10

A conpound according to Claim4
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EET4r e doubl e bonds. 7. A conpound
j15 wherein Plerr] is hydroxy and P[err] is oxo.
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