P/00I00S: Section 29
AUSTRALIA
Patents Act 1990
NOTICE OF ENTITLEMENT

We, ALLERGAN, INC., of 2525 Dupont Drive, Irvine, California 92713-9534, United States
of America, and Board of Regents, The University of Texas System, 201 West 7th Street, Austin,
Texas 78701, United States of America, the Applicants in respect of Application No. 64014/94

state the following;:

1 ALLERGAN INC,, 0f 2525 Dupont Drive, Irvine, California 92713-9534, United States
of America, and Board of Regents, The University of Texas System, 201 West 7th Street,
Austin, Texas 78701, United States of America, are the Nominated Persons in respect of

the application.

2 The actual inventors of the invention, the subject of the application, are

Peter A. J. DAVIES
Roshantha A. CHANDRARATNA

3 The Nominated Person Allergan, Inc. is entitled to the grant of a patent in respect of the
application because the said Nominated Person derived title to the invention from the
actual inventor Roshantha A. Chandraratna by way of assignment and
the Nominated Person Board of Regents, The University of Texas System is entitled to
the grant of a patent in respect of the application because the said Nominated Person
derived title to the invention from the actual inventor Peter A.J. Davies by way of

assignment.

4 The Nominated Persons are entitled to claim priority from the application listed in the
declaration under Article 8 of the PCT because the Nominated Persons are the assignees
of the applicant in respect of the application listed in the declaration under Article 8 of the
PCT, and because the application was the first application made in a Convention country

in respect of the invention.

Dated this 18th day of March, 1997.

\3@@& .

A member of the firm of——
DAVIES COLLISON CAVE
for and on behalf of the applicant.




G AR

AU9464014

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-64014/94
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 678823

(Modified Examination)

(54) Title
TREATMENT OF TUMORS WITH COMPOUNDS HAVING RXR RETINOID RECEPTOR AGONIST

ACT!VITY

International Patent Classification(s)
(51)° A61K 031/38

(21) Application No. : 64014/94 ‘ (22) Application Date : 10.03.94
(87) PCT Publication Number 1 W094720093
(30) Friority Data

(31) Number (32) Date (33) Country
029801 11.03.93 US UNITED STATES OF AMERICA

(43) Publication Date : 26.09.94
(44) Publication Date of Accepted Application ; 12.06.97

(71, Applicant(s)
ALLERGAN, iINC,; BOARD OF REGENTS, THE UNIVERSITY OF TEXAS SYSTEM

(72) Inventor(s)
PETER A. J. DAVIES; ROSHANTHA A, CHANDRARATNA

(74) Attorney or Agent
DAVIES COLLISON CAVE , GPO Box 3876, SYDNEY NSW 2001

(57) Claim
1. A process for administering to a host mammal,

including a human being, suffering from a tumor, a
pharmaceutical composition containing an effective dose
of an active compound which has retinoid like activity
and is an agonist of RXR retinoid receptors, for the
purpose of inducing apoptotic death of the cells of
the tumor, and thereby treat the tumor.




AR il T

AU9464014
INTL ,
- (51) International Patent Classification 3 : (11) International Publication Number: ‘WO 94/20093
A61K 31/38, 31/00 Al . .
(43) International Publication Date: 15 September 1994 (15.09.94)
(21) International Application Number: PCT/US94/02577 | (81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN,
. CZ, DE, DK, ES, F1, GB, HU, JP, KP, KR, KZ, LK, LU,
' (22) International Filing Date: 10 March 1994 (10.03.94) LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD,
4 SE, SK, UA, UZ, VN, European patent (AT, BE, CH, DE,
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
i (30) Priority Data: patent (BF BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,
08/029,801 11 March 1993 (11.03.93) us SN, TD, TG).

(71)Appllcnnt ALLERGAN, INC. [US/US]; 2525 Dupont Drive, | Published

_ P.O. Box 19534, Irvine, CA 92713-9534 (US). With international search report.

i Before the ‘expiration of the time limit for amending the

~F5(72)-Applicant-and Inventor: DAVIES, Peter, A., J, [US/US]; claims and to be republished in the event of the receipt of
5503 Cheltenham Drive, Houston, TX 77096 (US). amendments. =

. (72) Inventor: CHANDRARATNA, Roshantha, A.; 25841 Em-
presa, Mission Viejo, CA 92691 (US):

(74) Agents: BARAN, Robert, J. et al.; Allergan, Inc., 2525 Dupont
Drive, P.O. Box 19534, Irvine, CA 92713-9534 (US).

} h) Roard ob ends, The Vowersdey of

Tecas ga_-\em ol 20t Waat TR Shet
i Ouadn [ lewan R101 U.S.A

i (54) Title: TREATMENT OF TUMORS WITH COMPOUNDS HAVING RXR RETINOID RECEPTOR AGONIST ACTIVITY

I
L
I
|
| (57) Abstract

I

; Retinoid-like compounds which act as agonists of the RXR retinoid receptor sites induce apoptosis of tumor cells in cell cultures,
I and are used as drugs to treat tumors in mammals including humans. Compounds which are specific agonists of RXR receptors and also
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5 percent by weight, and such that the composition delivers approximately 0.1 mg to 100 mg of the active ingredient per kg body wenght

of the patient, per day of treatment.
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TREATMENT OF TUMORS WITH COMPOUNDS HAVING RXR
RETINOID RECEPTOR AGONIST ACTIVITY

1. Field of the Invention

The present invention is directed to a process for
inducing apoptosis in tumor cells by administration of
compounds having agonist-like activity at RXR retinoid
receptor sites. More specifically, the present
invention is directed to a method of treating mammals
suffering from tumors with RXR agonist compounds.

2. Brief Degscription of the Prior Art

Compounds which have retinoid like activity are
well known in the art, and are described in numerous
United States and foreign patents and in scientific
publications. It is generally known and accepted in
the art that retinoid like activity is useful for
treating animals of the mammalian species, including
humans, for curing or alleviating the symptoms and
conditions of numerous diseases and conditions such as
dermatoses, acne, Darier's disease, psoriasis,
icthyosis, eczema and atopic dermatitis, and for
treating and preventing malignant hyperproliferative
diseases such as epithelial cancer, breast cancer,
prostatic cancer, head and neck.cancer and myeloid ‘
leukemias, for reversing and preventing atherosclerosis
and restenosis resulting from neointimal
hyperprol.feration, for treating and preventing other
non-malignant hyperproliferative diseases such as
endometrial hyperplasia, benign prostatic hypertrophy,
proliferative vitreal retinopathy and dysplasias, for
treating autoimmune diseases and immunological
disorders (e.g. lupus erythematosus) for treating
chronic inflammatory diseases such as pulmonary




WO 924/20093 PCT/US94/02577

10

15

20

25

30

fibrosis, for treating and preventing diseases
associated with lipid metabolism and transport such as
dyslipidemias, for promoting wound healing, for
treating dry eye syndrome and for reversing and
preventing the effects of sun damage to skin.

The compounds developed in the prior art with
retinoid like properties, are, however, not without
disadvantages. Several such prior art compounds cause
serious irritation when applied to the skin (which is
an important mode of application for treatment of skin
conditions) and cause mucotaneous toxicity when
administered orally as well. Many of the prior art
compounds having retinoid like activity are teratogenic
and have still other side effects.

In addition to numerous prior art patents and
publications which describe specific compounds or
classes of compounds of retinoid like activity, several
co-pending applications and recently issued patents
which are assigned to the assignee of the present
application, are directed to further compounds having
retinoid like activity and/or to methods of treatment
of mammals including humans with retinoid-like
compounds.

Relatively recently it was recognized in the prior
art that there is more than one retinoid cellular ‘
response pathway in biological systems, and that at
least two main families of receptors exist in
biological systems for naturally occurring retinoid
hormones. These relatively recent developments in the
prior art are described in the articles: D. J.
Mangelsdorf et al. "Nuclear receptor that identifies a
novel retinoic acid response pathway", Nature Vol 345
May 17, 1990 pp 224-229; and g;_ﬂ;;gggpmgg_gg_g;; A
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Retinoic Acid-responsive Element in the Apoliprotein AI
Gene Distinguishes between Two Different Retinoic Acid
Response Pathways, Molecular and Cellular Biology, July
1991, pp 3814 - 3820. The following additional
references relate to retinoic acid receptors. M.
Petkovich et al. "A human retinoic acid receptor which
belongs to the family of nuclear receptor", Nature,
Vol. 330, December 3, 1987, pp 444-450; V. Giguere et
al. "identification of a receptor for the morphogzn
retinoic acid", Nature, Vol 330, December 17, 1987, pp
624-629; N. Brand et al. "Identification of a second
human retinoic acid receptor", Nature, Vol 332,

April 28, 1988, pp 850-853; A. Krast et al., "A third
human retinoic acid receptor, hRAR ", Proc. Nat'l.
Acad. Sci. USA, Vol 86, July 1989, pp 5310-5314; D. J.
Mangelsdorf et al., "Characterization of three RXR
genes that mediate the action of 9-cis-retinoic acid",
Genes & Development, Vol. 6, 1992, pp. 329-344.

The two main families of retinoid receptors are
termed RAR (Retinoic Acid Receptor) and RXK (Retinoid X
Receptor) in the art, and each of these two families is
known to have subtypes, which are designated by letters
of the Greek alphabet, such as RARj,, RARﬁ and RAR .
The above-noted article by D. J. Mangelsdorf et al.
states that some retinoid-like compounds (retinoic
acid analogues) activated the RAR receptors much more
strongly than the RXR receptors.

SUMMARY OF THE INVENTION

It has been discovered in accordance with the
present invention that retinoid-like compounds which
act as agonists of the RXR retinoid receptor sites
induce apoptosis of tumor cells in cell cultures, and
are therefore suitable for use as drugs to bring about
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apoptosis, of tumors in mammals, including humans.
Specifically, it has been discovered in accordance with
the present invention that retinoid-like compounds
which are RXR specific agonists (hence not active on
RAR receptor sites) induce apoptosis in tumors.
Retinoid-like compounds which are both RAR and RXR
agonists also induce apoptosis, such compounds are
termed "pan agonist" compounds. Retinoid-like
compounds which are specific for RAR receptor sites
(not active at the RXR receptors) have not been
demonstrated to cause apoptosis in tumor cell lines,
and therefore RAR specific comounds can not be used in
the method of treatment of the present invention.

The RXR agonist compounds are administered in
accordance with the present inventicn to mammals
afflicted with tumors, in pharmaceutical compositions
adapted for systemic, or topical administration, or for
intra-lesional administration. The range of
concentration of the active ingredient RXR agonist
compound in the pharmeceutical compositions is
approximately between 0.001 and 5 percent by weight,
and such that the composition delivers approximately
0.1 mg to 100 mg of the active ingredient per kg body
weight of the patient, per day of treatment.

The ability of a compound to act as an agonist of
the RXR receptors can be determined in a state-of-the-
art assay procedure termed "Cationic Liposome Mediated
Transfection Assay" which is desribed in detail below.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

Figure 1 is a graph showing data and the
calculation of ECg,, obtained in the Cationic Liposome
Mediated Transfection Assay on the RAR, receptor,
with a test compound (AGN 191701, Compound 1), and with
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the reference compound trans retinoic acid.

Figure 2 is a graph showing data and the
calculation of ECg,, obtained in the Cationic Liposome
Mediated Transfection Assay on the RXR, receptor, with
a test compound (AGN 191701, Compound 1 ), and with the
reference compound AGN 191440 (Compound 2).

Figure 3 is a graph showing data and the
calculation of ECg,, obtained in the Cationic Liposome
Mediated Transfection Assay on the RAR, receptor,
with a test compound (AGN 191659, Compound 3), and with
the reference compound trans retinoic acid. '

Figure 4 is a graph showing data and the
calculation of ECg,, obtained in the Cationic Liposome
Mediated Transfection Assay on the RXR, receptor, with
a test compound (AGN 191659, Compound 3 ), and with the
reference compound AGN 191440 (Compound 2).

Figure 5 is a photograph of a DNA "ladder"
obtained from HL-60 cdm-1 cells which had been treated
with Compound 1 (AGN 191701).

Figure 6 is a photograph of "control" cells which
have been treated with "media" but not with an RXR
agonist compound in accordance with the invention.

Figure 7 is photograph of cells which have been
treated for 4 hours with Compound 1.

Figure 8 is photograph of cells which have been
treated for 48 hours with Compound 1.

Figure 9 is photograph of cells which have been
treated for 6 days with Compound 1.

DETAILED DESCRIPTION OF THE INVENTION

Compounds which are used in the pharmaceutical
compositions and methwds of treatment of the present
invention are agonists of the RXR receptor sites.
Preferably for use in accordance with the method of
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treatment of the present invention, the compounds are
specific to RXR receptors. The use of pan agonist
retinoid-like compounds, which act both at RAR and RXR
receptor sites is also within the scope of the present
invention, although the use of pan agonist compcuhds is
less preferred because RAR agonist activity is commonly
associated with undesirable side effects.

The above-mentioned Cationic Liposome Mediated
Transfection Assay assay by which the activity of a
test compound as a potential agonist of the RXR and RAR
receptor sites is determined,; is performed
substantially as reported by Feigner P. I.. and Holm M.
(1989) Focus, 11--2, and is described below first in
principle and thereafter in the form of specific
instructions how to perform the assay.

In connection with this assay it is known that
retinoic acid receptors are a member of the
steroid/thyroid receptor super family and that they
contain domains which are interchangeable within
individual receptors. Thus, plasmids for chimeric
retinoid receptors containing estrogen DNA binding
domain and estrogen response element chloramphenicol
acetyl-transferase enzyme are constructed and are grown
in specific cultured bacteria. These plasmids
respectively code for chimeric RARg, RARE, RAR , RXR,
receptor proteins, and for the chloramphenicol acetyl A
transferase (CAT) enzyme protein. The bacteria with ‘
these plasmids are obtainable in accordance with the
procedure set forth in the article titled "Nuclear
Retinoic Acid Receptors: Cloning, Analysis, and
Function", M. Pfahl et al., Methods in Enzymology 189,
p256-270 (1990) which is incorporated herein by
reference. The detailed procedure how to isolate the




‘WO 94/20093 ' PCT/US94/02577

10

15

20

25

30

DNA plasmids from the respective bacteria is also set
forth below in detail, in the form of specific
instructions under the title "Supercoiled Plasmid
Isolation".

Thus, in accordance with the test procedure, DNA
plasmid which codes for one of the chimeric RAR,, RARg,
RAR , or RXR, receptor proteins is transfected into
cultures of HelLa cells. It is for this purpose that
Hela cells are grown in a medium during the first day
of the assay detailed below as the "Cationic Liposome
Mediated Transfection Assay". In the transfection
procedure, which is performed during the second day of
the transfection assay, the DNA plasmid coding for the
CAT enzyme is also added to each cell culture, in
addition to the respective chimeric'RARa, or RARg etc.
coding plasmid. As is known and will be readily
understood by those skilled in the art, especially in
view of the above-cited M. Pfahl et al. article,
chimeric retinoid receptors involved in this assay
include a ligand binding domain which recognizes and
binds specific agonist molecules, such as retinoic acid -
and analogs. These chimeric protein receptors (which
were constructed in accordance with the teachings of
the M. Pfahl et al. article) also contain a a DNA
binding domain, which is capable of binding to the
"estrogen response element" (a DNA fragment) attached
to the DNA plasmid coding for the CAT enzyme. The
nature of the interaction is such, that only if an
agonist (such as retinoic acid or analog) is bound to
the ligand binding domain of the respective RAR,, RARﬁ;
etc. receptor, only then is the receptor bound through
its DNA-binding domain to the estrogen response element
of the estrogen—response-element-chloramphenicol-acetyl
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transferase~-construct (ERE-CAT) capable of initiating
transcription of messenger RNA for the CAT enzyme. In
other words, through multiple interactions CAT enzyme
is manufactured by the Hela cell in this assay only if
an appropriate agonist ligand binds to the ligand
binding site of the respective retinoid receptor.

The estrogen response-element-chloramphenicol
acetyl-transferase construct (ERE-CAT) is itself
obtained in accordance with the procedure described in
the article Ryssel G. U. et al. Cell, Volume 46, pp
1053-1061 (1986), which is incorporated herein by
reference. This procedure per se is well known in the
art. The specific detailed procedure how to isolate
and obtain the estrogen-response-element
chloramphenicol-acetyl-transferase-construct (ERE-CAT)
from bacteria is descibed in the procedure titled
"Supercoiled Plasmid Isolation".

In addition to the foregoing, lipofectin (LF) is
also added to each cell culture. The purpose of the
lipofectin is to facilitate transport of plasmids
through the cell membrane. The lipofectin used in the
procedure is available commercially.

As it will be well understod by those skilled in
the art, as a result of transfection with the
respective DNA plasmid coding for RAR,, or RARg etc.
chimeric receptors and as a result of transfection with
the ERA-CAT (which codes for the CAT enzyme as
described above), the aforementioned plasmids are
incorporated into the Hela cells cultured in the assay.
The retinoid receptor plasmids undergo transcription
(into m-RNA) and subsequent translation into the
corresponding chimeric receptor protein. Therefore,
the Hela cells cultures obtained in this manner
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manufacture the respective RAR, RARﬁ, RAR , or RXR,
chimeric receptor protein. As a result of transfection
with the ERA-CAT the cell cultures of this asssay also
contain the genetic information for manufacturing the
CAT enzyme. However, as is noted above, the latter
genetic information is not transcribed, and the CAT
enzyme is not manufactured by the respective cell
cultures of this assay, unless an appropriate agonist
compound binds to and activates the respective RAR,,
RARg, RAR , or RXR, chimeric receptor protein in the
cell and this activated agonist-receptor complex binds
to the estrogen response element of the ERE-CAT
construct.

The assay procedure is continued by adding, on the
third day of the assay, an appropriate reference
compound and the test compound (agonist or prospective
agonist) to the respective Hela cell culture,
preferably in varying concentrations. As a result of
this addition, if the test compound is an agonist, it
binds to the respective RAR,, RARB, RAR , or RXR,
chimeric receptor protein, and consequently the genetic
information which codes for the CAT enzyme is
transcribed in the cell, whereby CAT enzyme is made by
the cell.

After lysis of the cell, which is performed on the
fourth day of the below-detailed assay procedure, the
activity of CAT enzyme in aliquot portions of the
lysate is measured. This is done by incubating the
lysate with chloramphenicol and tritium labeled acetyl
coenzyme A. As a final measurement, the amount of
tritium labelled acetyl chloramphenicol, which is
formed in the enzymatic reaction involving the CAT
enzyme, is measured in a scintillation counter.
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The reference compound is retinoic acid (all
trans) for the assays involving the RAR,, RARB, and
RAR receptors, and 4-(E)-2-(5,6,7,8-tetrahydro-
3,5,5,8,8-pentamethylnaphthalen-2-yl) -
propen-1-yllbenzoic acid (AGN 191440, also designated
Compournd 2 in this application) for the RXR, chimeric
receptor. The data obtained in the assay are evaluated
and expressed as follows. For each test compound and
for each subspecies of the RAR receptors a graph (or
the mathematical equivalent of a graph) is prepared
where the "counts per minute" (cpm) obtained in the
scintillation counter measurements are plotted (on the
y axis) against the concentration of the test compound.
A similar graph (or mathematical equivalent) is
prepared for retinoic acid. ECgy of the test compound
is defined as that concentration of the test compound
which provides 1/2 (50 %) of the maximum cpm number
(maximum CAT enzyme activity) obtained in the same
receptor in the same assay with the reference compound
retinoic acid. This is illustrated in the graphs of
Figure 1 and Figure 3.

To evaluate and express the data obtained in the
assay for the RXR, receptor, the same type of graph (or
mathematical equivalent) is prepared for the test
compound, and also for the reference compound AGN
191440, Compound 2. This reference compound is a known
agonist of the RXR, receptor site. ECgy is that
concentration of the test compound which gives one half.
(50%) of the counts per minute (CAT enzyme activity) of
the maximum cpm obtained with AGN 191440 on the same
receptor in the same assay. A graph illustrating the
foregoing is shown in Figure 2 and Figure 4.

SUPERCOILED PLASMID ISOLATION
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Large Scale 1L Prep

DNA isolation
1. Place cells on ice for 15 minutes. Harvest the
bacterial cells (E. coli) by spinning down in 250 ml
nalgene tubes at 7k rpm, 10 minutes at 4°C using JAl4
rotor, Beckman J2-21 M centrifuge. Discard the
supernatant.
2. To each cell pellet add 1.0 ml Solution I, vortex
to resuspend the pellet. Transfer the 1.0 ml of cells
from one bottle to another. Transfer this to a 50 ml
Oakridge tube. Use 4ml of Solution I and wash the
bottles again transferring from one bottle to the next.
Transfer this also into the Oakridge tube. Using a
pipet bring up the total volume to 16ml with Solution I
and mix the solution. Transfer 8 ml to a second Oak-
ridge tube. Store at room temperature for 5 minutes.
Solution I

50 mM glucose, 25 mM Tris-Cl pH8, 10 mM EDTA pH8
3. Add to each tube 18 ml of freshly prepared
Selution II. Mix contents gently by inverting the tube
several times. Store on ice for 10 minutes. After
this time the liquid should be clear with no
aggregates. (If there are clumps, then the cells were
not resuspended well enough previously.)
Solution II

1% sodium dodecylsulfate (SDS), 0.2N NaOH (4 ml
10% SDS, $.8 ml 10N NaOH, 35.2 ml water)
4. Add 12 ml, (or as much as will fit) of ice-cold
Solution III. Mix the contents of tube by inverting it
sharply several times. A white flocculent precipitate
should appear. Store on ice for 10 minutes.

Solution III
prepare as follows: to 60 ml 5M potassium acetate,
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add 11.5 ml of glacial acetic acid and 28.5 ml water.
5. Centrifuge at 4°C in a Beckman J2-21M centrifuge,
JA20 rotor, 17k rpm for 30 minutes.

6. Pipet approximately 12 ml of supernatant from the
Oakridge tubes into 6 baked Corex tubes. Add 0.6
volumes of isopropanol (7.2 ml) mix by inversion and
store at room temperature for 15 minutes to precipitate
DNA.

7. Warm Beckman centrifuge by spinning JA20 rotor at
14k rpm for 15 minutes at 20°C.

8. Pellet DNA at 20°C in the J2-21M centrifuge, JA20
rotor at 10.5k rpm for 30 minutes (use adapters for
corex tubes).

9. Pour off supernatant, dry inside of tube with
pasteur pipet on a vacuum flask.

10. Dry in vacuum dessicator for 10 minutes (Longer
drying time will make it hard to dissolve pellet).
Purification of plasmid DNA by centrifugation to
equilibrium in CsCl density gradients

11. Dissolve pellet by adding 1 ml TE (10 mM Tris-Cl
pH 8, 1 mM EDTA pH8) to each corex tube. Place tubes
in 37°c water bath to help pellets to dissolve faster
(15-30 minutes).

12. Transfer liquid from like batch into cne tube.
Bring volume to 8.5 ml with TE.

13. Add 100ul RNase, DNase free (2U/ul, source
Boehringer Mannheim Biochemical (BMB)).

14. Add 400pl of 10mg/ml Ethidium Bromide.

15. Add 9.0 g CsCl and mix using a pasteur pipet.

16. Add solution to two 13x51 mm Beckman polyallomer
quick-seal centrifuge tubes.

17. Spin at 50k rpm for 12 hours in Beckman
ultracentrifuge, VTi65.2 rotor, 20°C.

35 hm i
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18. After ultracentrifugation, two bands of DNA should
be visible. The upper band consists of linear
bacterial DNA and nicked circular plasmid DNA. The
lower band consists of closed circular plasmid DNA.

5 Only the lower CsCl-banded DNA is removed from the tube
with a 3-ml syringe fitted to an 21-gauge needle
(Needle is inserted into the side of the tube and 1.5-2
ml is removed).

19. Preparation for Second CsCl centrifugation:
10 (9 mi - vol 1st CsCl band) - number g CsCl
(9 ml - vol 1st band - 100pxl 10mg/ml Ethidium
Bromide - 5041 RNase) - ml TE pH 8.0
Combine 1st band, TE, CsCl, RNase and EtBr.
20. Add solution to 2 quick-seal tubes.

15 21. Spin at 50k for 12 hours or 60k rpm for 4 hours in
ultracentrifuge, VTi65.2 rotor, 20°C.

22. Remove twice CsCl-banded DNA (lower band only) to
a 5 ml Falcon snap tube (as in step 18).
Extraction of ethidium bromide

20 23. Under fumehood add an equal volume isoanyl
alcohol, vortex, spin at room temperature at 1500 rpm
in Beckman TJ-6 centrifuge for 3 minutes.

24. Transfer bottom agqueous layer to fresh tube.
Repeat 3-4 times or until agqueous layer is clear (no

25 pink color).

25. Transfer clear aqueous layer to Spectra/Por 3
dialysis tubing, mwco 3500. (Tie a knot in the bottom
of tubing before clamping dialysis tubing.) Add liquid
using a pasteur pipet.. Clamp top or dialysis tubing.

30 Using a rubber band suspend tubing in 2.8 L TE (28 ml
1M Tris-Cl, pH8, 5.6 ml 0.500M EDTA, pH8). Always
handle dialysis tubing carefully, with gloves.

26. Dialyze aqueous phase against several changes of
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2.8 L TE pH8 (1lx 2-4 hours, overnight and 1x 2-4 hours
the next day).
27. In the tissue culture hood transfer the dialyzed
DNA into sterile microcentrifuge tubes. Label tubes
and store at -20°C.
CATIONIC LIPOSOME~MEDIATED TRANSFECTION
Reference: Felgner, P.L., and Holm, M. (1989) Focus 11,
2.
USE STERILE TECHNIQUE THROUGHOUT.
Grow up Hela or CV-1 cells in T-125 culture flask.
Cells are passed twice a week usually on Monday and
Friday (0.5 ml cells into 15 ml medium)
DAY 1: Plating cells
1. Trypsinize and collect cells from T-162 cm? culture
flask. Count cells using a hemocytometer. Usually,
this amount of cells is enough for sixteen 12-well
plates.
2. Based on the cell number, dilute cells in medium
(D-MEM low glucose, 10% fetal bovine serum (FBS), 2 mM
Glu) to a concentration of 60,000 cells per well.
Example cell calculation:
want 40,000 cells/well and 200 wells
have (X) cells/ml
therefore, 40,000 cells/well x 200 wells - total # ml
cells

(X) cells/ml
needed
Using a Nalge 250 ml Filter Unit Receiver add total #ml
cells to medium and bring final volume to 200 ml. Mix
well by pipetting.
3. Add 1.0 ml of cells per well using a sterile 12.5
ml combitip (setting 4). Shake plates back and forth
(do not swirl). Incubate at 37°C in a humidified 5%
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CO, environment overnight. Cells are about 40%
confluent prior to transfection.

Transfection: DAY 2 PREPARATION DNA/LIPOFECTIN COMPLEX
1. Using 50 ml polystyrene tubes prepare Lipofectin
(LF) and DNA separately. Determine vol of LF and DNA
needed for 2 pg LF/well, 500 ng ERE-CAT DNA /well, 100
ng ER/RAR DNA per well. Determine total volume needed
for experiment. (DNA concentration will vary between
each plasmid prep and the following calculations will
need to be adjusted accordingly.)

DNA rep date l/well wells vol DNA Vol

Opti-Mem

CAT

LF lot # pl/well #wells ul LF Vol Opti-Mem
Separately dilute LF and DNA in Opti-Mem media to a
volume of 25 ul x #wells: Vol Opti-Mem 1 = (25 ul x
#wells) - total vol. DNA or LF.

2. Add the diluted LF to the diluted DNA and swirl
tube gently. Let sit room temperature for 10 min.

3. Aspirate off the medium from the wells and wash 2X
using 0.5 ml Opti-Mem I (sterile 12.5 ml combitip,

setting 2).
4. Add the DNA/LF complex to vol of Opti-Mem: (450ul x
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# wells). Invert tube to mix. Using a sterile 12.5 ml
combitip (setting 2) add 500 pl to each well. Shake
plates back and forth to mix, do not swirl.

5. Incubate the cells for 6 hours at 37°C in a
humidified 5% CO, incubator.

6. After 6 hours add 0.5 ml medium to each well (D-MEM
low glucose, 20% FBS charcoal treated, 2 mM Glu) Use
12.5 combitip setting 2 and place back in the
incubator.

DAY 3: Drug addition

1. 18 hours after the start of transfection add
retinoids in triplicate (10 pl) using a sterile 0.5 ml
combitip (setting 1) and incubate for 20-24 hours at
37°C in a humidified 5% CO, environment.

DRUG DILUTIONS

weight (q) X 1 X 100 ml = ml
ACETONE _
mol. wt (g/mol) .005 mol/L L

Example: Retinoids are dissolved in acetone to a conc.
of 5 mM and further diluted to 1mM in EtOH. If
retinoids do not go into solution place tube in hot
water for 5 seconds followed by vigorous vortexing.
Each experiment may have a different dilution scheme.
For 2 concentrations per order of magnitude use a 3.16-
fold dilution as follows: To labeled sterile 12x75 mm
tubes (Falcon 2063) add 1080 ul of 100% EtOH. Using
the 1 mM solution transfer 500 ul to the next tube
(316uM). Vortex and repeat the transfer to the next
tube down the line...Some retinoids are light
sensitive, especially RA and 13-cis RA, and should be
used with a red or very dim light. Log in the amount

of compound used.
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Example
Drug Dilution Vol add to well Final: -log [conc.]
5 mM (initial)
1 mM 10 5.0
5 316 uM 10 5.5
100uM 10 6.0
31.6uM 10 6.5
10uM 10 7.0
3.16uM 10 7.5
10 1upM 10 8.0
316nM 10 8:5
100nM 10 9.0
31.6nM 10 9.5
10nM 10 10.0
15 3.16nM 10 10.5
1.0nM 10 11.0

Day 4 MIXED PHASE CAT AS8SBAY
1. Wash cells in 12 mm wells once with 0.50 ml 1X PBS
(no Ca/Mg).

20 2. Using a 5 ml combipipet (setting 1) add 100 ul of a
ice cold 1% Triton, 1 mM Tris-Cl pH7.8, 2mM EDTA pHS8,
DNase I. Prepared as follows:

LYSBIS BUFFER (hypotonic buffer)
2.0 mg DNase I (Sigma)
25 4.925 ml water
50.0 pl 100% Triton X-100 (BMB Lot #
5.0 1 1M Tris-Cl pH 7.8
20.0 pl 0.5M EDTA pH 8

30 5.0 ml
3. Place on ice for 60 minutes. BAgitate occasionally.
4. Transfer 50 ul lysate from 3 wells at a time using
titertrek multichannel pipet with tips attached to
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channels #1, #3, #6 to 96 U-bottom well (Costar).
Place (unused lysate) plates at -20°C.

5. Using a 1.25 ml combipipet (setting 1) add 50 ul
premix per well, gently shake plates and incubate 37°C
for 2 hours.

Vol. per Vol per

Blank reaction X (#assays) = total vol.

47.0 27.0 pul buffer I (250 mM Tris-Cl pH 7.8, 5 mM
EDTA (Date:

1.5 1.5 4l 1 mM HC1

* ok ok 20.0 pl 5 mM Chloramphenicol (make fresh in
buffer I) Lot#

0.75 0.75 pul 4 mM Acetyl CoA in water (make fresh)
Sigma Lot#

0.80 0.80 ul 3H-Acetyl CoA (New England Nuclear)

#NET-290L, 200:Ci/mmol)
6. Using a titertrek multichannel pipet add 100 ul of
7M Urea into each reaction well to quench the reaction.
Do six at a time (Urea-Mallincrokt AR)
7. Using a titertrek multichannel pipet transfer 200
gl reaction mixture into a 5 ml plastic scintillation
vial (Research Products International #125514).
Do three reactions at a time. (Urea-Mallincrokt AR)
8. Add 1 ml 0.8% PPO/Toluene (3.2 g PPO/4L Toluene)
Vortex vigorously for 5 seconds and allow the phases to
separate for 15 minutes. Count cpm for 2.0 min-Beckman
LS 3801.
(Toluene-Mallinckrodt ScintillAR)
(PPO= 2,5 Diphenyloxazole-RPI Lot #A3071
Table 1 illustrates the comparative RAR and RXR agonist
activity of two specific examplary compounds in
accordance with the invention. Compound 1, (AGN
191701) is 2-[(E)-2-(5,6,7,8-tetrahydro-3,5,5,8,8=
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pentamethylnaphthalen-2-yl)propen-1-yl]}thiophene-4-
carboxylic acid. Compound 2 (AGN 191440) is the
reference compound for measuring RXR agonist activity,
this compound is 4-(E)-2-(5,6,7,8-tetrahydro-3,5,5,8,8-
pentamethylnaphthalen-2-yl)propen-1-yllbenzoic acid.
Compound 3 (AGN 191659) is 2-[(E)-2-(5,6,7,8-tetrahy-
dro-3,5,5,8-pentamethylnaphthalen-2-yl) propen-1-yl]}-5-
thiophenecarboxylic acid. The activity of the
examplary compounds in accordance with the invention,
is indicated separately for the respective RAR,, RARg
and RAR receptor sites. The structure of each
compound indicated in Table 1 is provided in the
description below. Compound 4 (AGN 191183) is 4-(E)-2-
(5,6,7,8-tetrahydro-5,5, 8,8-tetramethylnaphthalen-2-
yl)propen-1-yllbenzoic acid. This compound (Compound
4) is not within the scope of the invention. Receptor
data for this compound are provided for the sake of
comparison, to show that this compound is a specific
RAR agonist, and not active at RXR receptor sites. In
accordance with the present invention Compound 4 is not
active in the assay where apoptotic death of tumor
cells upon treatment with RXR agonist compounds is
demonstrated.

TABLE 1
Compound # ECgy
RAR, RARg RAR RXR,
1 NA 3349 1073 67
2 3160 101 364 448
3 >>1000 23 153 11.2
4 (AGN 191183) 19 1.0 0.3 >10,000
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The phenomenon of apoptosis is well known in the
biological sciences and can be described as a
programmed death of cells. As is known, apoptosis is
contrasted with "necrosis", a phenomenon when cells die

5 as a result of being killed by a toxic material, or
other external effect. Apoptosis, is thus a
"natural", programmed death of cells. Along these
lines, it is generally known that even in a growing
malignant tumor which is possibly life-threatening to

10 the host, a large number of cells naturally die by
apoptosis. However, in a normally growing malignant
tumor (unaffected by successful chemotherapy or other
treatment) the number of new cells formed by
uncontrolled cell division exceeds the number of cells

15 which die by apoptosis, so that the tumor gains anet
increase in size. 1If the rate of death by apoptosis in
the tumor were to exceed the rate of cell division, the
tumor would shrink or disappear altogether. 1In
accordance with the present invention and discovery the

20 ability of RXR agonist compounds to induce apoptotic

cell death is demonstrated in an assay which utilizes
the phenotype of a line of human myeloid leukemia (HL-

60 cdml-1l) cells.

In the assay, the human myeloid leukenia (HL-60
cdml-1l) cells are grown in cultures, and an RXR agonist
compound, such as Compound 1 (AGN 191701) or Compound 3
(AGN 191659), is added to the culture. The RAR
specific Compound 4 (AGN 191183) is added to parallel
cultures for control, while other "control" cultures
30 are treated with ethanol. The assays showed that the

RXR agonist compounds (but not the RAR specific
compound 4 (AGN 191183) nor ethanol) induced
significant apoptotic cell death. The apoptotic nature

25
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of the cell death was demonstrated by the observed
morphological changes (nuclear pyknosis and
fragmentation), membrane blebbing and cellular
fragmentation, and by the characteristic laddering of
5 DNA fragments in the treated cells.
A detailed description of the assays is provided
below.
Assays demonstrating induction of apoptosis in human
myeloid leukemia (HL-60) cells bg RXR agonist
10 compounds (AGN 191701)
Assay 1
HL-60 cdm-1 cells were plated into 6-well tissue
culture plates (Falcon) in 3 ml of media (RPMI-1640
containing bovine insulin 5 mg/L, human transferrin 5
15 mg/L and Na Selenite 5 ug/L at a density of 1 x 10*>
cells / ml. Three pl of a 1 mM stock solution of AGN
191701 (Compound 1) or 1 mM of AGN 191183 (Compound 4)
or ethanol was added to the cells and then the cells
were cultured in a humidified incubator (5% Co,) at
20 37°C in the dark for 72 hours. At the end of the
incubation, aliquots of the cells were taken for

counting in a hemocytometer chamber and a second
aliquot, (50 pl), was sedimented onto a microscope
slide using a cytospin centrifuge. Sedimented cells
25 were air dried, fixed in absolute methanol, stained
with a Diff-quick reagent kit, mounted in Permount and
visualized by brightfield light microscopy.
Cell counts were as follows:

Control 5.1 x 1073 / ml
30 AGN 191183 (1 uM) 4.6 x 10° / ml
AGN 191701 (1 uM) 0.7 x 10° / ml

Inspection of the microscope slides revealed no
difference between the control and the AGN 191183
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(Compound 4) - treated cells. The AGN 191701 - treated
cells showed extensive cell death, almost all cells
died.
Assay 2

HL-60 cdm~1 cells were placed in a T-25 tissue
culture flask in 8 ml of media (RPMI-1640 containing
bovine insulin 5 mg/L, human transferin 5 mg/L and Na
Selenite 5 ug/L) at a density of 2 x 105 cells / ml.
AGN 191701 (Compound 1) was added to a final
concentration of 1 uM (8 ul of a 1 mM stock solution)
and the cells were cultured in a humidified incubator
(5% CO,) at 37°C in the dark for 48 hours. The media
and cells were removed from the flask, the cells were
pelleted (1100 rpm/ 7 min Beckman desk top centrifuge),
the pellet was washed once with phosphate buffered
saline (PBS) and then the pelleted cells were lysed by
the addition of 200 pul of a solution containing 20 mM
Tris-HCl pH 7.4, 0.4 mM EDTA, 0.4% Triton X-100. The
lysate was centrifuged for 5 minutes in a microfuge
(14,000 rpm) and the supernatant adjusted to a final
concentration of 0.5 M NaCl and 50% isopropanol. The
solution was allowed to precipitate overnight at -20°C
and the precipitate that formed was pelleted in a
microfuge (10 min, 14,000 rpm). The pellet was washed
once in 70% ethanol, it was resuspended in 50 ul Tris
EDTA (10 mM Tris HCl1l ph 7.4, 0.4 mM EDTA) and mixed
with gel loading buffer. The sample was
electrophoresed for 1 hour in a 1% agarose gel
alongside a 1 kB standard DNA ladder (Bethesda Research
Laboratory). DNA was detected by ethidium bromide
staining followed by visualization and photography
under a UV lamp.

Inspection of the DNA demonstrated a pattern of
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DNA fragmentation ("laddering") characteristic of cells
undergoing apoptotic cell death.
Assay 3

HL-60 cdm-1 cells were plated in a 6-well tissue
culture plate (Falcon) in 3 ml of media (RPMI-1640
containing bovine insulin 5 mg/L, human transferrin 5
mg/L and Na Selenite 5 ug/L) at a density of 1 x 10°
cells / ml. Duplicate wells received either ethanol (3
pl) or 3 ul of a stock solution of AGN 191701 (Compound
1, 1 mM in ethanol). The cells were cultured in a
humidified incubator (5% CO,) at 37°C in the dark for
either 4 hours, 48 hours or 6 days. At the indicated
times an aliquot of the cells (50 pl) was sedimented
onto a microscope slide using a cytospin centrifuge.
Sedimented cells were air dried, fixed in absolute
methanol, stained with a Diffquick reagent kit, mounted
in permount and visualized by brightfield light
microscopy.

Inspection of the cells revealed thai the control
cells are numerous undifferentiated blastic myeloid
leukemia cells. Cells exposed to AGN 191701 (Compound
1) for 4 hours showed nuclear pyknosis and nuclear as
well as cytoplasmic hyperchromicity with the formation
of cytoplasmic extensions (large blebs). At 48 hours
there was extensive cell death with numerous
hyperchromatic nuclear fragments either free in the
media or contained with shrunken cell remnants. There
is a small residual population of blastic
undifferentiated cells. After 6 days the same
hyperchromatic nuclear remnants are detected but in
addition there are scattered multinucleated syncitial
cells ("giant cells") present in the culture. The
pattern of morphologic changes in the dying cells are
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entirely consistent with the changes described in cells
undergoing apoptotic cell death.

Figures 5 - 9 show the results of the above
described assays. Specifically, Figure 5 is a
photograph of a DNA "ladder" obtained from cells which
had bean treated with Compound 1 (AGN 191701) for 48
hours in the above-described assay. Pigure 6 is a
photograph of "“control" cells, that is of cells which
have been treated with "media® but not with an RXR
agonist compound in the just-described assay. Figure 7
is photograph of cells which have been treated for 4
hours with Compound 1. ¥Figure 8 is photograph of cells
which have been treated for 48 hours with Compound 1,
and Figure 9 is photograph of cells which have been
treated for 6 days with Compound 1. Similar results
are obtained when the treatment is with the "pan-
agonist" Compound 3 (AéN 191659) in accordance with the
invention.

As it can be seen in the photographs, treatment
with the RXR agonists induces apoptotic cell death in
higily significant number of cells. The use of a
compound such as Compound 3 in the method of treatment
of the present invention is somewhat less preferred
than the use of an RXR gpecific agonist (such as
compound 1) because RAR agonist activity is known to be
associated with side effects which are avoided with RXR
specific drugs.

Formulations and Methods of Treatment

The compounds used in the method of treatment of
this invention may be administered systemically or
topically, depending on such considerations as the
condition to be treated, need for site-specific
treatment, quantity of drug to be administered, and
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similar considerations.

In the treatment of certain malignancies topical
administration may be used. Any common topical
formulation such as a solution, suspension, gel,
ointment, or salve and the like may be employed.
Preparation of such topical formulations are well
described in the art of pharmaceutical formulations as

exemplified, for example, by Remington's Pharmaceutical

Science, Edition 17, Mack Publishing Company, Easton,

Pennsylvania. For topical application, these compounds
could also be administered as a powder or spray,
particularly in aerosol form.

In most applications of the novel method of
treatment of the present invention, the active
ingredient RXR agonist compounds are administered in
pharmaceutical compositions adapted for systemic
administration. As is known, if a drug is to be a
administered systemically, it may be confected as a
powder, pill, tablet or the like, or as a syrup or
elixir for oral administration. For intravenous,
intraperitoneal or intra-lesional administration, the
compound will be prepared as a solution or suspension
capable of being administered by injection. In certain
cases, it may be useful to formulate these compounds in
suppository form or as an extended release formulation
for deposit under the skin or intermuscular injection.

A therapeutic concentration will be that
concentration which effects reduction of the particular
condition, or retards its expansion. A given
therapeutic concentration will vary from condition to
condition and in certain instances may vary with the
severity of the condition being treated and the
patient's susceptibility to treétment. Accordingly, a
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given therapeutic concentration will be best determined
at the time and place through routine experimentation.
However, it is anticipated that in the treatment of
malignancies in accordance with the present invention a
5 formulation containing between 0.001 and 5 percent by
weight, preferably about 0.01 to 1%, will usually
constitute a therapeutically effective concentration.
When administered systemically, an amount between 0.01
and 100 mg per kg body weight per day, but preferably
10 about 0.1 to 10 mg/kg, will effect a therapeutic result
in most instances.
General Embodiments
Definitions
The ensuing description provides examples of the
15 RXR agonist compounds which are used in the novel
method of treatment of malignancies, in accordance with
the present invention.
In the chemical description of the examplary
compounds provided here all chemical terms have the
ooMeaning normally attributed to them by those skilled in
organic chemistry. Thus, the term alkyl refers to and
covers any and all groups which are known as normal
alkyl, branch-chain alkyl and cycloalkyl. The term
alkenyl refers to and covers normal alkenyl, branch
25chain alkenyl and cycloalkenyl groups having one or
more sites of unsaturation. Lower alkyl means the
above-defined broad definition of alkyl groups having 1
to 6 carbons, and as applicable, 3 to 6 carbons for
branch chained and cyclo-alkyl groups. Lower alkenyl
30is defined similarly having 2 to 6 carbons for normal
alkenyl, and 3 to 6 carbons for branch chained and
cycloalkenyl groups.
The term "ester" as used here refers to and covers
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any compound falling within the definition of that term
as classically used in organic chemistry. Preferred
esters of the exemplary carboxylic acids within the
scope of the present invention are formed with
saturated aliphatic alcohols of ten or fewer carbon
atoms or the cyclic or saturated aliphatic cyclic
alcohols of 5 to 10 carbon atoms, and particularly
preferred esters are formed with aliphatic alcohols
having 1-10 carbons. Where the ester is derived from
compounds within the scope of the present invention
which are primary alcohols (B in Formulas 1 is-CH,OH)
this term covers compounds of the formula —-CH,00CRq 4
where R,45 is any substituted or unsubstituted
aliphatic, aromatic or aliphatic-aromatic group,
preferably with 1-6 carbons in the aliphatic portions.
Particularly preferred aliphatic esters are those
derived from lower alkyl acids or alcohols. Also
preferred are the phenyl or lower alkylphenyl esters.
Amide has the meaning classically accorded that
term in organic chemistry. In this instance it
includes the unsubstituted amides and all aliphatic and
aromatic mono-and di-substituted amides. Preferred.
amides are the mono- and di-substituted amides derived
from the saturated aliphatic radicals of ten or fewer
carbon atoms or the cyclic or saturated aliphatic-
cyclic radicals of 5 to 10 carbon atoms. Particularly
preferred amides are those derived from lower alkyl
amines. Also preferred are mono- and di-substituted
amides derived from the phenyl or lower alkylphenyl
amines. Unsubstituted amides are also preferred.
Acetals and ketals include the radicals of the
formulas —CH(ORy5)5, =—CHOR430, -CR4 (OR33) 5, and
-CR,0R; 30, where R; is an alkyl, cycloalkyl or alkenyl




WO 94/20093 PCT/US94/02577

10

15

20

25

30

29

group containing 1 to 5 carbons, Ry, is lower alkyl,
and Ry5 is divalent alkyl radical of 2 - 5 carbons.

A pharmaceutically acceptable salt may be prepared
for any compound used in the method of treatment of
this invention, if the compound has a functionality
capable of forming such salt, for example an acid or an
amine functionality. A pharmaceutically acceptable
salt may be any salt which retains the activity of the
parent compound and does not impart any deleterious or
untoward effect on the subject to which it is '
administered and in the context in which it is
administered.

Such a salt may be derived from any organic or
inorganic acid or base. The salt may be a mono or
polyvalent ion. Of particular interest where the acid
function is concerned are the inorganic ions, sodium,
potassium, calcium, and magnesium. Organic amine salts
may be made with amines, particularly ammonium salts
such as mono-, di- and trialkyl amines or ethanol
amines. Salts may also be formed with caffeine,
tromethamine and similar molecules. Where there is a
nitrogen sufficiently basic as to be capable of forming
acid addition salts, such may be formed with any
inorganic or organic acids or alkylating agent such as
methyl iodide. Preferred salts are those formed with
inorganic acids such as hydrochloric acid, sulfuric
acid or phosphoric acid. Any of a number of simple
organic acids such as mono-, di- or tri-acid may also
be used.

The exemplary compounds utilized in accordance
with the method of treatment of the present invention,
contain a double bond and therefore have trans and cis
(E and Z) isomers. In addition, some of the compounds
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used in the method of treatment of the present
invention may contain one or more chiral centers and
therefore exist in enantiomeric and diastereomeric
forms. Unless, it is specifically indicated otherwise
by chemical nomenclature or structure, the scope of the
present invention is intended to cover all such isomers
per se, as well as mixtures of cis and trans isomers,
mixtures of diastereomers and racemic mixtures of

enantiomers (optical ‘somers) as well. 1In the
structural formulas trans (E) configufation of
substituents about a double bond is indicated by bonds
pointing in opposite directions about a double bond,
whereas cis (2) configuration of substituents about a
double bond is indicated by bonds pointing in the same
direction about a double bond.

The general structures of the exemplary RXR
agonist compounds which are used in the the
pharmaceutical compositions and methods of treatment of
the present invention are shown by the general Formula
1 below. '

Formula 1

The symbols are defined as follows:

Ry is lower alkyl, Cl, Br, or I;

R, is H, lower alkyl, Cl, Br, or I;

R, is lower alkyl, Cl, Br, I, ORy,;, SRy;, OCOR44,
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SCORy4, NH,, NHRy;, N(Ryy)5, NHCORy;, or NRy;3-CORy,;

the Ry groups independently are H, lower alkyl,
Cl, Br, I, lower alkoxy or lower thioalkoxy of 1 to 6
carbons;

the Rg groups independently are H or lower alkyl;

A is (CH,), where n is 0-5, lower branched chain
alkyl having 3 to 6 carbons, cycloalkyl having 3 to 6
carbons, alkenyl having 2 to 6 carbons and 1 or 2
double bonds, alkynyl having 2 to 6 carbons and 1 or 2
triple bonds;

B is hydrogen, COOH or a pharmaceutically
acceptable salt thereof, COORg, CONRgR,q, —CH,OH,
CH,ORy4, CH,OCORy;, CHO, CH(ORy,),, CHORy30, -CORg,
CR; (ORy5) 5, Or CRy0Ry40, where R, is an alkyl, cycloal-
kyl or alkenyl group containing 1 to 5 carbons, Rg is
an alkyl group of 1 to 10 carbons, or a cycloalkyl
group of 5 to 10 carbons, or Rg is phenyl or lower
alkylphenyl, Rg and Ry, independently are hydrogen,
an alkyl group of 1 to 10 carbons, or a cycloalkyl
group of 5 to 10 carbons, or phenyl or lower
alkylphenyl, Ry4 is alkyl of 1 to 10 carbons, phenyl or
lower alkylphenyl, R;, is lower alkyl, and R;, is
divalent alkyl radical of 2 - 5 carbons.

Preferred compounds used in the pharmaceuticals
compositions and methods of treatment of the present
invention are those, where R, represents lower alkyl,
still more preferably methyl. R, is preferably H or
lower alkyl, more preferably H. Ry is preferably lower
alkyl, more preferably methyl. Rg preferably is H or
lower alkyl, more preferably H. Rg is preferably lower
alkyl, more preferably methyl.

With respect to the group -A-B-, compounds are
preferred for use in the present invention where =-A-B-
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is a (CH,),~COORg group, or a (CH,),-CONRgR;4 group
(Rg, Rg and Ry, defined as above), and more preferably
where n is zero, and where the B group is COORg. Most
preferably, B is COOH.

Two specific examples of preferred compounds in
the method of treatment of the present invention have
been shown above by their respective structural
formulas, designated as Compound 1 (AGN 191701) and
Compound 3 (AGN 1916589).

Synthetic Procedures for Obtaining the Compounds in
Accordance with the Invention

The compounds set forth above as general and
specific examples for use in the pharmaceutical
compositions and methods of treatment of the present
invention, can be made by a number of different
synthetic chemical pathways. To illustrate the
invention the following synthetic schemes are provided.
The synthetic chemist will readily appreciate that the
conditions set out here are specific embodiments which
can be generalized within the skill of the practicing
synthetic organic chemist.
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R Rs
Ko Rs COR, RosgRe CHOHR,
NaBH:
R
R
R” R, 'Rs ° R Ry R
Formula 3 Formula 4
PBr,
PPh,

OCH S
Formula 6

Formula 8

Reaction Scheme 1

Formula 5

HOMOLOGS AND
DERIVATIVES
FORMULA1,
FORMULA 4
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Reaction 8cheme 1 illustrates a synthetic process
for obtaining compounds of Formula 1. In aécordance
with this synthetic scheme, a 5,6,7,8-
tetrahydronaphthyl compound of Formula 2 which has the
desired Rz, Rg, and Rg substituents (as these are
defined in connection with Formula 1) is reacted under
Friedel Crafts-like conditions with a reagent such as
RyCOCl (R; is defined as in connection with Formula 1)
to introduce the R,-CO- ketone function into the 2-
position of the tetrahydro- naphthalene nucleus. When
R, is methyl, then the reagent in the Friedel Crafts
type reaction is typically acetyl chloride. The
resulting ketone of Formula 3 is then reduced (for
example with sodium borohydride) to the corresponding
alcohol of Formula 4. The alcohol of Formula 4 is
converted to the corresponding phosphonium salt (for
example triphenyl phosphonium bromide) by treatment
with the appropriate reagents, such as phosphorous
tribromide and triphenylphosphine. The phosphonium
salt of Formula 5 is a Wittig reagent, which is reacted
with a bromo thiophene aldehyde of Formula 6, under
Wittig conditions (base such as n-butyl lithium) to
provide compounds of Formula 7. The bromo group of the
thiophene moiety of the compound of Pormula 7 is
converted into a carboxyl group by reaction with n-
butyl lithium and capture of carbon dioxide, to yield
the carboxylic acid compounds of Formula 8, which can
be further converted into further homologs and
derivatives, as described herein. The synthetic
sequence of Reaction 8cheme 1 is the preferred
synthetic route for the preparation of Compound 1 (AGN
191701) and Compound 3 (AGN 191659) in accordance with
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the invention.

An alternative synthetic route leading to com-
pounds of Formula 1 is’ described with reference to
Reaction S8cheme 2.

5
(OEY),
=P, / COst
10 S
R, ;
Formula 9

15 Formula 3
20

HOMOLOGS AND

DERIVATIVES

FORMULA,

FORMULA 4
25 Formula 10
30

Reaction Scheme 2
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In accordance with Reaction S8cheme 2, the ketone
compound of Formula 3 is subjected to a Wittig-Horner
type reaction with a phosphonate reagent of Formula 9.
The phosphonate reagent of Formula 9 carries an ester
(COORg) substituent, but it should be understood that
an analogous phosphonate reagent can, generally
speaking, carry the A-B functionality, as such
functionality is defined in connection with Formula 1.
The Wittig Horner type reaction is typically conducted
in the presence of strong base, such as NaCH,SOCH4
(dimsyl sodium) in a solvent like tetrahydrofuran
(THF). The synthetic procedure of Reaction Scheme 2 is
preferred, with appropriate selection of the aromatic
reagent of the type represented by Formula 9, as the
synthetic route for obtaining Compound 2 (AGN 191440)
which is the reference compound used in the RXR
receptor activity assay.

The compounds of Formula 8 and of Formula 10 may
be subjected to further transformations, particularly
as far as synthetic transformation of the COORg group
is concerned. As far as the preparation of compounds
analogous to the compounds of Formula 8 and of Formula
10, but differring therefrom in the functionality of
the A-B group is concerned, (and by extension of the
principles to any and all compounds used in accordance
with the invention) the following further well known
and published general principles and synthetic
methodology are noted.

Carboxylic acids are typically esterified by
refluxing the acid in a solution of the appropriate
alcohol in the presence of an acid catalyst such as
hydrogen chloride or thionyl chloride. Alternatively,
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the carboxylic acid can be condensed with the
appropriate alcohol in the presence of
dicyclohexylcarbodiimide and dimethylaminopyridine.

The ester is recovered and purified by conventional
means. Acetals and ketals are readily made by the
method described in March, "Advanced Organic
Chemistry," 2nd Edition, McGraw-Hill Book Company, p
810). Alcohols, aldehydes and ketones all may be
protected by forming respectively, ethers and esters,
acetals or ketals by known methods such as those
described in McOmie, Plenum Publishing Press, 1973 and
Protecting Groups, Ed. Greene, John Wiley & Sons, 1981.

To increase the value of n before affecting the
Wittig reaction, the Wittig Horner reaction, or
analogous coupling reactions of Reaction 8cheme i and
Reaction B8cheme 2 (where the necessary reagents
corresponding to Formula 6 and/or to Formula 9 are not
available from a commercial source) the carboxylic
acids are subjected to homologation by successive
treatment under Arndt-Eistert conditions or other
homologation procedures. Alternatively, derivatives
which are not carboxylic acids may also be homologated
by appropriate procedures. The homologated acids can
then be esterified by the general procedure outlined in
the preceding paragraph.

An alternative means for making compounds where A
is (CHy)p (n is 1 = 5) is to subject the compounds of
Formula 1 vwhere B is an acid or other function, to
homologation, using the Arndt-Eistert method referred
to above, or other homologation procedures.

Compounds of Formula 1, where A is an alkenyl
group having one or more double bonds can be made for
example, by having the requisite number of double bonds
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incorporated into the intermediate which is coupled as
a phosphonate with the ketone of Formula 3. Generally
speaking, such compounds where A is an unsaturated
carbon chain can be obtained by synthetic schemes well
known to the practicing organic chemist; for example by
Wittig and like reactions, or by introduction of a
double bond by elimination of halogen from an alpha-
halo-arylalkyl-carboxylic acid, ester or like carbox-
aldehyde. Compounds of Formula 1 where the A group has
a triple (acetylenic) bond can be made by using the
corresponding phosphonate intermediate. Such
intermediate can be obtained by reactions well known in
the art, for example, by reaction of a corresponding
aromatic-methyl ketcne with strong base, such as
lithium diisopropyl amide.

The acids and salts derived from compounds of
Formula 1 are readily obtainable from the corresponding
esters. Basic saponification with an alkali metal base
will provide the acid. For example, an ester may be
dissolved in a polar solvent such as an alkanol,
preferably under an inert atmosphere at room
temperature, with about a three molar excess of base,
for example, potassium hydroxide. The solution is
stirred for an extended period of time, between 15 and
20 hours, cooled, acidified and the hydrolysate
recovered by conventional means.

The amide may be formed by any appropriate
amidation means known in the art from the corresponding
esters or carboxylic acids. One way to prepare such
compounds is to convert an acid to an acid chloride and
then treat that compound with ammonium hydroxide or an
appropriate amine. For example, the acid is treated
with an alcoholic base solution such as ethanolic KOH
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(in approximately a 10% molar excess) at room
temperature for about 30 minutes. The solvent is
removed and the residue taken up in an organic solvent
such as diethyl ether, treated with a dialkyl formamide
and then a 10-fold excess of oxalyl chloride. This is
all effected at a moderately reduced temperature
between about -10 degrees and +10 degrees C. The last
mentioned solution is then stirred at the reduced
temperature for 1-4 hours, preferably 2 hours. Solvent
removal provides a residue which is taken up in an
inert organic solvent such as benzene, cooled to about
0 degrees C and treated with concentrated ammonium
hydroxide. The resulting mixture is stirred at a
reduced temperature for 1 - 4 hours. The product is
recovered by conventional means.

Alcohols are made by converting the corresponding
acids to the acid chloride with thionyl chloride or
other means (J. March, "Advanced Organic Chemistry",
2nd Edition, McGraw-Hill Book Company), then reducing
the acid chloride with sodium borohydride (March, Ibid,
pg. 1124), which gives the corresponding alcohols.
Alternatively, esters may be reduced with lithium
aluminum hydride at reduced temperatures. Alkylating
these alcohols with appropriate alkyl halides under
Williamson reaction conditions (March, Ibid, pg. 357)
gives the corresponding ethers. These alcohols can be
converted to esters by reacting them with appropriate
acids in the presence of acid catalysts or dicyclohex-
ylcarbodiimide and dimethlaminopyridine.

Aldehydes can be prepared from the corresponding
primary alcohols using mild oxidizing agents such as
pyridinium dichromate in methylene chloride (Corey, E.
J., Schmidt, G., Tet. Lett., 399, 1979), or dimethyl
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sulfoxide/cxalyl chloride in methylene chloride (Omura,
K., Swern, D., Tetrahedron, 1978, 34, 1651).

Ketones can be prepared from an appropriate
aldehyde by tytating the aldehyde with an alkyl

5 Grignard reasgent or similar reagent followed by
oxidation.

Acetals or ketals can be prepared from the
corresponding aldehyde or ketone by the method
described in March, Ibid, p 810.

10 Referring back again to Reaction S8cheme 1 and
Reaction S8cheme 2, those skilled in the art will
readily recognize that further variations of the there-
in described Wittig and Wittig-Horner reactions are
possible to obtain compounds the use of which is within

15 the scope of the present invention. For example, the
Wittig reaction shown in Reaction Scheme 1 can be
performed with reagents where a tetrahydronaphtalene
derivative analogous to Formula 5 bears a keto group,
and where a heteroaromatic compound analogous to

20 Formula 6 bears the triphenylphosphonium moiety. The
Wittig Horner reaction of Reaction S8cheme 2 can be
performed with reagents where a tetrahydronaphtalene
derivative analogous to Formula 3 bears a
dialkylphosphonate moiety and where a heteroaromatic

25 compound analogous to Formula ¢ bears a keto or
aldehyde function.

Specific Examples
Methyl [3,5,5,8,8-pentamethyl(5,6,7,8-tetrahydronaph-
thalen)-2-yl] ketone (Compound 10)

30 To a suspension of 6.71 g (50.3 mmol) of aluminum
chloride in methylene chloride at 0 °C under argon was
added a solution of 3.95 g (3.58 mL, 50.3 mmol) of
acetyl chloride and 10.21 g (41.9 mmol) of 3,5,5,8,8-
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pentamethyl-5,6,7,8-tetrahydronaphthalene in methylene
chloride. The resulting mixture was allowed to warm to
room temperature over a period of 3 hours with
stirring. The mixture was recooled to 0°C and 1N HCl
was dropwise added. The mixture was then taken-up in
water and extracted three times with methylene
chloride. The organic layers were washed with 1N HC1,
water, brine, and dried (MgSO,). Solvent was removed
in-vacuo and the resulting residue purified using flash
chromatography to give the title compound as an ivory
solid.

PMR (CDCl,): & 1.28 (6H, s), 1.30 (6H, s), 1.69
(4H, s), 2.49 (3H, s), 2.57 (3H, s), 7.15 (1H, s), 7.67
(1H, s). ‘
(fy-1-(5,6,7.8= etrahydro-3,5,5,8,8~-pentamethylnaphtha-
len-2-yl)ethanol (Compound 1i1)

To a solution of 4.17 g (17.1 mmol) of methyl
[3,5,5,8,8-pentamethyl (5,6,7,8-tetrahydronaphthalen-2-
yl] ketone (Compound 10) in methanol at 0 °C was
portionwise added 0.77 g (20.4 mmol) of sodium
borohydride and the resulting suspension stirred at 0
°C for 4 hours. Solvent was removed in-vacuo and the
resulting solid taken-up in water, acidified using 1N
HCl, and extracted three times with ether. The ether
extracts were washed with water, brine and dried
(MgSO,) . The solvent was removed in-vacuo and
resulting residue purified using flash chromatography
(Sio,, 10% ethyl acetate in hexanes) to give a single
isomer: the title compound as a white solid.

PMR (CDCl;): & 1.28 (12H, m), 1.47 (3H, 4, J = 6.5
Hz), 1.67 (4H, s), 2.49 (3H, s), 5.08 (1H, m), 7.10
(1H, s), 7.45 (1H, s). '
[(5,6,7,.8-tetrahydro-3,5,5,8,8-pentamethylnaphthalen-2-
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yl)ethan-1-yljtriphenylphosphonium bromide (Compound
12). '
To a solution of 3.87 g (15.7 mmol) of (t)-l-
(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethylnaphthalen-2-
5 yl)ethanol (Compound 11) in ether and hexanes at 0°C
under argon, was added 42.4 g (14.9 mL, 157 mmol) of
phosphorus tribromide and the resulting mixture stirred
for 2 hours. Water was then dropwise added over a
period of 30 minutes and the layers separated. The
10 aqueous layer was extracted three times with ether.
The ether layers were washed with water, brine, and
dried (MgsO,). The solvent was removed in-vacuo and
the remaining residue taken-up in benzene.
Triphenylphosphine was added and the mixture stirred at
15 room temperature for 24 hours. The mixture was then
concentrated in-vacuo and the resulting solid
recrystallized from acetonitrile and ethyl acetate and
hexanes to give the title compound as a white solid.
PMR (CDCl,): § 0.61 (3H, s), 0.89 (3H, s), 1.27
(6H, s), 1.62 (4H, m), 1.85 (6H, d), 2.04 (3H, d4d),

i 5.19 (2H, m), 6.62 (1H, d), 7.02 (1H, s), 7.43 (6H, m),
7.68 (6H, m), 7.87 (3H, m).
2-[(E)=-2~(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-2-
naphthalen-2-yl)propen-1-yl]l-4-bromothiophene (Compound

25 13)

To a solution of 0.56 g (0.98 mmol) of 1-
(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-naphthalen-2-
yl)ethan-1-yltriphenylphosphonium bromide (Compound 12)
in 11 mL of tetrahydrofuran at - 78 °C under argon was

30 added dropwise 0.41 g (0.61 mL, 0.98 mmol, 1.6 M in

hexanes) of n-BuLi. The resulting suspension was
allowed to warm to room temperature and then a solution
of 0.28 g (1.47 mmol) of 4-bromo-2-
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thiophenecarboxaldehyde in 2 mL of tetrahydrmfuran was
dropwise added and the resulting mixture stirred for 20
hours at room temperature. The solvent was removed in-
vacuo and the resulting solid taken-up in water,

5 acidified using 1N HC1l, and extracted three times with
ether. The ether extracts were washed with water,
brine and dried (MgSO4). The solvent was removed in-
vacuo and resulting residue purified using flash
chromatography (SiO,, 0.5 % ethyl acetate in hexanes)

10 to give the title compound as a white solid.

PMR (CDCl,): 6§ 1.27 (6H, s), 1.29 (6H, s), 1.68
(4H, s), 2.26 (6H, m), 6.45 (1H, s), 6.75 (1H, s), 6.95
(1, s), 7.07 (1H, s), 7.11 (1H, s), 7.17 (1H, s).
2-[(E)=2-(5,6,7,8-tetrahydro=3,5,5,8,8-pentamethylnaph=

15 thalen-2-yl)propen-1-yllthiophene-4-carboxylic acid
(Compound 1)

To a solution of 500 mg (1.24 mmol) of 2[{-2-(E)~-
(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethylnaphthalen-2-
yl) propen-1-yl]-4-bromothiophene (Compound 13) in 15 mL

20 ©of tetrahydrofuran stirring under argon at - 100 °C was
added 0.527 g (0.775 mL, 1.24 mmol, 1.6 M in hexanes)
of n-Buli. The reaction was stirred for two minutes
and purged with carbon dioxide for 20 minutes. The
reaction mixture was then allowed to warm to room

25 temperature, acidified, and extracted using ether. The
ether extracts were washed with water, brine and dried
(MgsO,4) . The solvent was removed in-vacuo and the

resulting residue taken-up in aqueous 2N sodium
hydroxide and washed with ether. The resulting aqueous
30 layer was acidified using 1N HCl and extracted with
ether. The ether layer was washed with water and
brine, and dried (MgsO,). The solvent was removed in-
vacuo and the resulting material purified by flash
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chromatography (10% ethyl acetate in hexanes) to givé
the title compound as a white solid.

PMR (d%-DMso): 6 1.23 (12H, s), 1.62 (4H, s), 2.21
(3H, s), 2.23 (3H, s), 6.56 (1H, s), 7.07 (1H, s), 7.13
(1H, s), 7.45 (2H, s), 8.24 (2H, s).
2-[(E)-(2)-((5,6,7,8-tetrahydro-3,5,5,8,8-pentamethyl-
naphthalen-2-yl)-propen-1-yl]-5-bromothiophene |
(Compound 14) ' : '

To a solution of 3.00 g (5.26 mmol) of [(5,6,7,8-
tetrahydro-3,5,5,8,8-pentamethylnaphthalen-2-yl)ethan-
l1-yl]triphenylphosphonium hromide (Compound 12) in 60
mL of tetrahydrofuran at -78°C under argon was dropwise
added 2.24 g (3.29 mL, 5.26 mmol, 1.6 M in hexanes) of
n-BulLi. The resulting suspension was allowed to warm
to room temperature where a solution of 1.01 g (0.63
mL, 5.26 mmol) of 5-bromo-2-thiophenecarboxaldehyde in
10 mL of tetrahydrofuran was dropwise added and the
resulting mixture stirred for 20 hours at room
temperature and then refluxed for 1 hour. The mixture -
was acidified using 1N HCL, and extracted three times
with ether. The ether extracts were washed with water,
brine and dried (Mgso4).‘ The solvent was removed in-
vacuo and resulting residue purified usihg flash
chromatography (Sioz, 2% ethyl acetate in hexanes) to
give the title compound as a white solid.

PMR (CDC13‘) .6 .28 (12H, s), 1.67 (4H, s), 2.24
(6H, 2 x s), 6.45 (1H, s), 6.75 (1H, d, J = 3.9 Hz),
6.99 (1H, 4, J = 3.8 Hz), 7.07 (1H, s), 7.09 (1H, s).
2-[(E)-2-(5,6,7,8-tetrahydro-3,5,5, 8~pentamethylnaph-
thalen-2-yl)propen-1-yl]-5-thiophenecarboxylic acid
(Compound 3)

To a solution of 0.230 g (0.57 mmol) of 2-[(E)-2-
((5,6,7,8-tetrahydro-3,5,5,8,8-pentamethylnaphthalen-z-
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yl)propen-l-yl]-S-bromothiophene (Compound 14) in ether
was dropwise added 0.67 mL (1.14 mmol, 1.7 M in hex- |
anes) of t-Buli under argon at -78°C. The resulting
mixture was stirred for 1.5 hours, purged with carbon
dioxide and allowed to warm to room temperature over a
period of 16 hours. The mixture was acidified using 1N
HCl and extracted with ether. The ether layer was then
washed with water, brine, and dried (MgSO,). Solvent
was removed in-vacuo to give a blue solid which was
recrystallized using ether in hexanes to give the title
compound as a light blue solid.

PMR (d%-DMsO): 6 1.21 (12H, s), 1.60 (4H, s), 2.19
(34, s), 2.24 (3H, s), 6.45 (1H, s), 6.61 (1H, s), 6.99
(1H, d, J = 3.8 Hz), 7.06 (1H, s), 7.12 (1H, s), 7.18
(1H, 4, J = 3.8 Hz), 7.67 (1H, d, J = 3.8 Hz).
Ethyl 2-[(F)-2-(5,6,7,8-tetrahydro-3,5,5,8, 8-pentameth-
zlnaphthalen-z-yl)grogen—l-yl]-5—thioghenecarboxxlate'

(Compounad 15)

A suspension of 0.161 g (0.437 mmol) of 5-[(E)-2-
(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethylnaphthalen-2-
yl)propen-1l-yl])-2-thiophenecarboxylic acid, (COmpound
3, 0.03 g, 0.655 mmol) in EtOH, 0.099 g (0.48 mmol) of
1,3-dicyclohexylcarbodiimide, and 5.3 mg (0.044 mmol)
of 4-dimethylaminopyridine in 10 mL of methylene
chloride was stirred at room temperature for 16 hours.
The reaction mixture was filtered and the filtrate
washed with water and brine. The organic layers were
combined and dried (MgSOy), " The solvent was removed -
in-vacuo and the residue purified using flash
chromatography (Si0,, 5% ethyl acetate in hexanes) to
give the title compound as a clear oil. '

PMR (CDC13): §1.27 (12H, s), 1.39 (3H, t, J = 7.2
Hz), 1.68 (4H, s), 2.27 (3H, s), 2.34 (3H, s), 4.37
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(2H, q, J = 7. Hz), 6.57 (1H, s), 7.00 (1H, 4, J = 3.8
Hz), 7.09 (1H, s), 7.11 (1H, s), 7.74 (1H, 4, J = 3.8
Hz).

4-Carboethoxy~benzylbromide (Compound 16)

To a stirred solution of 16.09 g (78 mmol) of 1,3~
dicyclohexylcarbodiimide (Aldrich) in 100 ml methylene
chloride was added a suspension of 15.4 g (71 mmol) of
4~carboxybenzylbromide in 100 ml methylene chloride and
then 4.9 g (106.5 mmol) of absolute ethanol and 0.81 g
(7.1 mmol) of 4-dimethylaminopyridine. A further 50 ml
of methylene chloride was added to the reaction mixture
and mixture heated at reflux for 2 hours. The mixture
was allowed to cool to room temperature and the
resultant white precipitate removed by filtration. The
filtrate was washed with water, dried (MgsSO,) and then
concentrated in-vacuo to give the title compound as a
colorless 0il which crystallized on standing. PMR
(CDCl4) ; 6§ 1.39 (3H, ¢, J -~ 7.2 Hz), 4.38 (2H, gq, J ~
7.2 Hz), 4.50 (2H, s), 7.45 (2H, 4, J -~ 7.7 Hz), 8.03
(2H, 4, J -7.7 Hz).

Ethyl [4-(diethoxyphosphinyl)methyl]benzoate (Compound
17)

A mixture of 11.8 g (48 mmol) of 4-carboethoxyben-
zylbromide (Compound 16) and 12.0 g (72 mmol) of
freshly distilled triethylphosphite was placed in a
flask fitted with an argon inlet and a dry-ice cooled
trap. A continuous stream of argon was passed over the
stirred reaction mixture and mixture heated at 120-°c
for 3 hours at which time no further ethyl bromide was
being formed. The residue was purified by vacuum
distillation to give the title compound as a colorless -
0oil, BP = 170°/0.35 mm). PMR (CDCl,): & 1.23 (6H, t, J
- 7.1 Hz), 1.39 (3H, t, J - 6.9 Hz), 3.21 (2H, 4, J -
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22.1 Hzj, 4.02 (4H, m), 4.37 (2H, q, J ~ 7.5 Hz), 7.38
(2H, 4, J - 7.9 Hz), 8.00 (2H, d, J - 7.9 Hz).

Ethyl 4-[(E)-2~(5,6,7,8=~tetrahydro-~3,5,5,8,8~
gentamethylnaghthalen4z-zl)gropen-l-yl]benzoate
(Compound 18)

A solution of 5.0 g (21.5 mmol) of methyl
(3,5,5,8,8-pentamethyl(5,6,7,8-tetrahydro-naphthalen)-
2-yl] ketone (Compound 10) and 3.39 g (11.3 mmol) of
ethyl [4-(diethoxyphosphinyl)methyl]benzoate, (Compound
17) in 25 mL of tetrahydrofuran was added via cannula
into a suspension of 0.52 g {21.5 mmol) of sodium
hydride in 25 mL of tetrahydrofuran at 0 °C under
argon. The resulting suspension was allowed to warm to

room temperature and stirred for 16 hours. The
resulting sludge was taken-up in water and 1N HCl and
extracted with ether. The ether layers were washed
with water, brine, and dried (MgsO,). The solvent was
removed in-vacuo and the residue purified using flash
chromatography (Si0O,, 1% ethyl acetate in hexanes) to
give a mixture of isomers which were separated using
HPLC (0.5 % ethyl acetate in hexanes) to give the title
compound as a white solid.

PMR (CDClz): 6 1.30 (12H, s), 1.38 (3H, t, J = 7.0
Hz), 1.69 (4H, s), 2.21 (3H, s), 2.30 (3H, s), 4.39
(2H, q, J = 7.1 Hz), 6.42 (1H, s), 7.12 (2H, overl. s),
7.43 (2H, d, J = 8.3 Hz), 8.05 (2H, 4, J = 8.3 Hz).
4-(E)-2-(5,6,7,8-tetrahydro-3,5,5,8,8-pentamethylnaph-
thalen-2-yl)propen-1=-yllbenzoic _acid (Compound 2)

A solution of potassium hydroxide in ethanol was
added to 95 mg (0.25 mmol) of ethyl 4-[(E)-2-(5,6,7,8-
tetrahydro-3,5,5,8,8-pentamethylnapth)-2-yl)propen-1-
yl]benzoate (Compound 18) and the resulting mixture
stirred at room temperature. Solvent was removed in-
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vacuo and the resulting solid taken=up in water,
acidified using 1N HCl, and extracted three times with
ether. The ether extracts were washed with water,
brine and dried (MgsSO,). The solvent was removed in-
vacuo to give the title compound as an orange solid.

PMR (d®-DMsO): 6 1.23 (12H, s), 1.62 (4H, s), 2.15
(34, s), 2.23 (3H, s), 6.37 (1H, s), 7.08 (1H, s), 7.13
(14, s), 7.51 (2H, d, J = 8.3 Hz), 7.94 (2H, 4, J = 8.3
Hz) . '
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WHAT IS8 CLAIMED IS:

1. A process for administering to a host mammal,
including a human being, suffering from a tumor, a
pharmaceutical composition containing an effective dose
of an active compound which has retinoid like activity
and is an agonist of RXR retinoid receptors, for the
purpose of inducing apoptotic death of the cells of
the tumor, and thereby treat the tumor.

2. The process of Claim 1 wherein the active
compound is a selective agonist of the RXR retinoid
receptors in preference over RAR retinoid receptors.

3. The process of Claim 1 wherein the active
compound is a specific agonist of the RXR retinoid
receptors when compared to RAR retinoid receptors.

4. The process of Claim 1 wherein approximately
0.01 to 100 mg/kg body weight of the active compound is
administered to the mammal per day.

5. The process of Claim 4 wherein approximately
0.1 to 10 mg/kg body weight of the active compound is
administered systemically to the host mammal per day.

6. The process of Claim 1 wherein the active
compound has the formula

R, is lower alkyl, Cl, Br, or I;
R, is H, lower alkyl, Cl, Br, or I;
Rq is lower alkyl, Cl, Br, I, ORyy, SRy, OCORq,,
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SCOR;;, NH,, NHRy,, N(Ry3),, NHCORy,, Or NRy;-CORy,4;

the Rg groups independently are H, lower alkyl,
Cl, Br, I, lower alkoxy or lower thioalkoxy of 1 to 6
carbons;

the Rg groups independently are H or lower alkyl;

A is (CH,)p, where n is 0-5, lower branched chain
alkyl having 3 to 6 carbons, cycloalkyl having 3 to 6
carbons, alkenyl having 2 to 6 carbons and 1 or 2
double bonds, alkynyl having 2 to 6 carbons and 1 or 2
triple bonds, and

B is hydrogen, COOH or a pharmaceutically
acceptable salt thereof, COORg, CONRgR4q, -CH,0H,
CH,ORy;, CH,OCORy,, CHO, CH(ORy5),, CHORy30, -COR,,
CR5 (ORy,) 5, Or CR,0Ry40, Where R, is an alkyl,
cycloalkyl or alkenyl group containing 1 to 5 carbons,
Rg is an alkyl group of 1 to 10 carbons, or a
cycloalkyl group of 5 to 10 carbons, or Rg is phenyl or
lower alkylphenyl, Rg and R4 independently are
hydrogen, an alkyl group of 1 to 10 carbons, or a
cycloalkyl group of 5 to 10 carbons, or phenyl or lower
alkylphenyl, Ry, is alkyl of 1 to 10 carbons, phenyl or
lower alkylphenyl, R;, is lower alkyl, and R,3 is
divalent alkyl radical of 2 - 5 carbons.

7. The process of Claim 6 wherein in the formula
of the active compound Ry, R3 and R¢ are methyl, R, and
Rg are hydrogen, and the group =-A-B represents COORg.

8. The process of Claim 7 wherein Rg is
hydrogen.

9. The process of Claim 8 where the COORg group
is in the 4 position of the thiophene ring.

10. The process of Claim 8 where the COORg group
is in the 5 position of the thiophene ring.

11. A process for administering to a host mammal,
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including a human being, suffering from a tumor, for
the purpose of inducing apoptotic death of the cells
of the tumor and thereby to treat the tumor, a
pharmaceutical composition containing an effective dose
of an active compound having retinoid-like biological
activity, which compound has the biological property
that the compound is an agonist of RXR retinoid
receptors as demonstrated in an assay wherein binding
of the compound to RXR receptors is compared to the
binding of 4-(E)-2-(5,6,7,8-tetrahydro-3,5,5,8,8~
pentamethylnaphthalen-2-yl)propen-1-yllbenzoic acid to
the RXR receptors, and in which assay both the active
compound and 4-(E)-2-(5,6,7,8-tetrahydro-3,5,5,8,8~
pentamethylnaphthalen-2-yl)propen-1-yl]benzoic acid act
as agonists of said RXR recegtors.

12. The process of Claim 11 wherein approximately
0.01 to 100 mg/kg body weight/of the active compound is
administered systemically to the host mammal per day.

13. The process of Claim 12 wherein approximately
0.1 to 10 mg/kg body weight of the active compound is
administered systemically to the host mammal per day.

14. The process of Claim 12 wherein the active
compound has the further biological property that in an
assay wherein binding of the compound to RAR receptors
is compared to the binding of trans retinoic acid, the
compound does not act’ as a significant agonist of

the RAR receptors.

DATED this 18th day of March, 1997

Allergan, Inc. AND

Board of Regents, The University of Texas System
By Its Patent Attorneys

DAVIES COLLISON CAVE
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