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.- 'WHITE & CASE LLP -

. 1155 Avenué of the Americas
New York, New York 10036
Telephone: (212) 819-8200

Facsimile: (212) 354-8113 ﬁi -i. =3
Attorneys for Plaintiffs Pfizer Inc., o
Pharmacia & Upjohn Company LLC, and Pfizer Health AB
UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF NEW YORK
PFIZER INC., ) , A S T PO T
PHARMACIA & UPJOHN COMPANY LLC, and . ) § ANE R A
PFIZER HEALTH AB, ) R
)
)
Plaintiffs, )
) COMPLAINT ; E
v ) ' \\H
) el
)
TEVA PHARMACEUTICALS USA, INC,, )
)
Defendant. )
)
)

Plaintiffs Pfizer Inc., Pharmacia & Upjohn Company LLC, and Pfizer Health AB
(collectively, “Pfizer”), by their attorneys, White & Case LLP, for their Complaint against
Defendant Teva Pharmaceuticals USA, Inc., allege:

THE PARTIES

1. Plaintiff Pfizer Inc. is a corporation organized and existing under the laws
of the State of Delaware, having a place of business at 235 East 42" Street, New York, New

York.
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2. Plaintiff Pharmacia & Upjohn Company LLC is a corporation organized
and existing under the laws of the State of Delaware, having a place of business at 7000 Portage
Road, Kalamazoo, Michigan. Pfizer Inc. is the ultimate parent of Pharmacia & Upjohn
Company LLC,

3. Pfizer Health AB is a company organized and existing under the laws of
Sweden, having a place of business at SE-112 87, Stockholm, Sweden. Pfizer Inc. is the ultimate
parent of Pfizer Health AB.

4. Upon information and belief, Teva Pharmaceuticals USA, Inc. (“Teva) is
a corporation organized and existing under the laws of the State of Delaware, having a principal
place of business at 1090 Horsham Road, North Wales, Pennsylvania.

JURISDICTION AND VENUE

5. This Court has exclusive subject matter jurisdiction over this action
pursuant to 28 U.S.C. §§ 1331 and 1338(a).

6. This court has personal jurisdiction over Teva by virtue of, inter alia: (1)
its presence in New York, (2) its systematic and continuous contacts with New York, including
its substantial and ongoing sale of generic drugs in New York; and (3) its prior consent to
personal jurisdiction in this judicial district.

7. Venue is proper in this District pursuant to 28 U.S.C. §§ 1391 and
1400(b).

U.S. Patent No. 5,382.600

8. On January 17, 1995, the United States Patent and Trademark Office
issued United States Patent No. 5,382,600 (the ““600 patent™), entitled “3,3-

Diphenylpropylamines and Pharmaceutical Compositions Thereof.” At the time of its issue, the
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‘600 patent was assigned to Pharmacia Aktiebolag. Pfizer Health AB currently holds title to the
‘600 patent. A copy of the ‘600 patent is attached hereto as Exhibit A.

9. The ‘600 patent is directed to and claims, inter alia, 3,3
diphenylpropylamino derivatives and pharmaceutical derivatives thereof, including tolterodine
tartrate.

U.S. Patent No. 6,630,162

10. On October 7, 2003, the United States Patent and Trademark Office issued
United States Patent No. 6,630,162 (the ““162 patent”), entitled “Pharmaceutical Formulation
and its Use.” At the time of its issue, the ‘162 patent was assigned to Pharmacia AB. Pfizer
Health AB currently holds title to the ‘162 patent. A copy of the ‘162 patent is attached hereto as
Exhibit B.

11.  The ‘162 patent is directed to and claims, inter alia, a pharmaceutical
formulation for administering tolterodine or tolterodine-related compounds, and the medical use
of such a formulation.

U.S. Patent No. 6,770,295

12. On August 3, 2004, the United States Patent and Trademark Office issued
United States Patent 6,770,295 (the ““295 patent”), entitled “Therapeutic Formulation for
Administering Tolterodine with Controlled Release.” At the time of its issue, the ‘295 patent
was assigned to Pharmacia & Upjohn AB. Pfizer Health AB currently holds title to the 295
patent. A copy of the ‘295 patent is attached hereto as Exhibit C.

13. The “295 patent is directed to and claims, inter alia, an improved method

of treating unstable or overactive bladder as well as a formulation therefor.
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Detrol LA®

14, Pharmacia & Upjohn Company LLC holds an approved New Drug
Application (the “Detrol LA NDA”) for tolterodine tartrate extended release capsules, in 2 and 4
mg dosages, which are sold by Pfizer Inc. under the trade name Detrol LA®.

15, Pursuant to 21 U.S.C. § 355(b)(1), and attendant United States Food and
Drug Administration (“FDA”) regulations, the ‘600, ‘162, and ‘295 patents are listed in the FDA
publication, “Approved Drug Products with Therapeutic Equivalence Evaluations” (the “Orange
Book”), with respect to Detrol LA®.

Teva’s ANDA

16, Teva submitted Abbreviated New Drug Application No. 79-141 (the
“Teva ANDA”) to the FDA, pursuant to 21 U.S.C. §§ 355(j), seeking approval to market
tolterodine tartrate extended release capsules, in 2 and 4 mg dosages (the “Teva Product™).

17. The Teva ANDA refers to and relies upon the Detrol LA NDA and
contains data that, according to Teva, demonstrates the bioequivalence of the Teva Product and
Detrol LA®.

18. On or about October 30, 2007, Pfizer received from Teva a letter and
attached memorandum, dated October 29, 2007 (collectively, the “Teva Notification”), stating
that Teva had included in its ANDA a certification, pursuant to 21 U.S.C. §
355()(2)(A)(vii)(IV), that each of the ‘600, 162, and ‘295 patents is invalid, unenforceable, or
would not be infringed by the manufacture, use, or sale of the Teva Product (the “Paragraph IV
Certification™).

COUNT FOR INFRINGEMENT OF U.S. PATENT NO. 5.382.600

19. Pfizer hereby realleges and incorporates by reference the allegations of
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paragraphs 1-18 of this Complaint.

20. Teva has infringed the ‘600 patent, pursuant to 35 U.S.C. § 271(e)(2)(A),
by submitting ANDA No. 79-141, by which Teva seeks approval from the FDA to engage in the
commercial manufacture, use, or sale of the Teva Product prior to the expiration of the ‘600
patent.

21. If Teva commercially makes, uses, offers to sell, or sells the Teva Product
within the United States, or imports the Teva Product into the United States, or induces or
contributes to any such conduct during the term of the ‘600 patent, it would further infringe the
‘600 patent under 35 U.S.C. §§ 271(a), (b), and/or (c).

22.  Pfizer will be irreparably harmed if Teva is not enjoined from infringing
the ‘600 patent. Pfizer does not have an adequate remedy at law.

COUNT FOR INFRINGEMENT OF U.S. PATENT NO. 6.630,162

23. Pfizer hereby realleges and incorporates by reference the allegations of
paragraphs 1-18 of this Complaint.

24.  Teva has infringed the ‘162 patent, pursuant to 35 U.S.C. § 271(e)(2)(A),
by submitting ANDA No. 79-141, by which Teva seeks approval from the FDA to engage in the
commercial manufacture, use, or sale of the Teva Product prior to the expiration of the ‘162
patent.

25. If Teva commercially makes, uses, offers to sell, or sells the Teva Product
within the United States, or imports the Teva Product into the United States, or mduces or
contributes to any such conduct during the term of the ‘162 patent, it would further infringe the
‘162 patent under 35 U.S.C. §§ 271(a), (b), and/or (c).

26. Pfizer will be irreparably harmed if Teva is not enjoined from infringing
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the ‘162 patent. Pfizer does not have an adequate remedy at law.

COUNT FOR INFRINGEMENT OF U.S. PATENT NO. 6,770,295

27. Pfizer hereby realleges and incorporates by reference the allegations of
paragraphs 1-18 of this Complaint.

28.  Teva has infringed the ‘295 patent, pursuant to 35 U.S.C. § 271(e)(2)(A),
by submitting ANDA No. 79-141, by which Teva seeks approval from the FDA to engage in the
commercial manufacture, use, or sale of the Teva Product prior to the expiration of the ‘295
patent.

29. If Teva commercially makes, uses, offers to sell, or sells the Teva Product
within the United States, or imports the Teva Product into the United States, or induces or
contributes to any such conduct during the term of the 295 patent, it would further infringe the
‘295 patent under 35 U.S.C. §§ 271(a), (b), and/or (c).

30. Pfizer will be irreparably harmed if Teva is not enjoined from infringing
the ‘295 patent. Pfizer does not have an adequate remedy at law.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs Pfizer Inc., Pharmacia & Upjohn Company LLC, and
Pfizer Health AB pray for a judgment in their favor and against Defendant Teva Pharmaceuticals
USA, Inc. (“Teva”), as follows:

A That Teva has infringed U.S. Patent No. 5,382,600;

B. That Teva has infringed U.S. Patent No. 6,630,162;

C. That Teva has infringed U.S. Patent No. 6,770,295;

D. That, pursuant to 35 U.S.C. § 271(e)(4)(B), Teva, its officers, agents,

servants, and employees, and those persons in active concert or participation with any of
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them, are preliminarily and permanently enjoined from making, using, selling, offering to
sell the Teva Product within the United States, or importing the Teva Product into the
United States prior to the expiration of the ‘600, ‘162, and ‘295 patents;

E. That, pursuant to 35 U.S.C. § 271(e)(4)(A), the effective date of any
approval of ANDA No. 79-141 under § 505(j) of the Federal Food, Drug and Cosmetic
Act (21 U.S.C. § 355(j)) shall not be earlier than the latest of the expiration dates of the
‘600, ‘162, and ‘295 patents, including any extensions;

F. That Plaintiffs be awarded monetary relief if Teva commercially makes,
uses, sells, or offers to sell the Teva Product within the United States, or imports the Teva
Product into the United States, prior to the expiration of any of the ‘600, 162, ‘295
patents, including any extensions, and that any such monetary relief be awarded to
Plaintiffs with prejudgment interest;

G. That Plaintiffs be awarded reasonable attorneys’ fees, costs, and expenses
because this is an exceptional case under 35 U.S.C. § 285; and

H. That Plaintiffs be awarded such other relief as the Court deems just and

proper.
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Respectfully submitted,

WHITE & CASE LLP

1155 Avenue of the Americas
New York, New York 10036
Phone: (212) 819-8200

Facsimil 7(212?%4-8113
By: K /é

Dimitfios T. Drivas (DD 8891)
Jeffrey J. Oelke (JO 2534)
Adam Gahtan (AG 8802)
James S. Trainor, Jr. (JT 2520)

Attorneys for Plaintiffs Pfizer Inc.,
Pharmacia & Upjohn Company LLC, and
Pfizer Health AB
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[57] ABSTRACT

R2 (Y]
OR!

CH~CH,—CHy—X

R4
Rr¥

Novel 3,3-diphenylpropylamines of formula (I) wherein
Rlsignifies hydrogen or methyl, R2, R3 and R$ indepen-
dently signify hydrogen, methyl, methoxy, hydroxy,
carbamoyl, sulpharoyl or halogen, and X represents a
tertiary amino group -NR5, RS, wherein RS and RS
signify non-aromatic hydrocarbyl groups, which may
be the same or different and which together contain at
least three carbon atoms, and which may form 2 ring
together with the amine nitrogen, their salts with physi-
ologically acceptable acids and, when the compounds
can be in the form of optical isomers, the racemic mix-
ture and the individual enantiomers, their use as drugs,
especially as anticholinergic agents, their use for pre-
paring an anticholinergic drug, pharmaceutical compo-
sitions. containing the novel amines, and methods for
preparing the same.

7 Claims, No Drawings
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3,3-DIPHENYLPROPYLAMINES AND
PHARMACEUTICAL COMPOSITIONS THEREOF

This is a continuation of Ser. No. 07/543,767, filed on
Sep. 24, 1990, now abandoned.

The present invention relates to novel 3,3-diphenyl-
propylamino derivatives, to pharmaceutical composi-
tions containing the same, and to the use of said deriva-
tives for preparing drugs.

Swedish Pat. No. 215 499 discloses certain 3,3-
diphenylpropylyamines having an advantageous effect
on the heart and circulation. These pharmacologically
active 3,3-diphenylpropylamines are secondary amines,
Said Swedish patent also discloses certain chemical
intermediates which are tertiary amines carrying aro-
matic substituents on the amine nitrogen. Neither the
end products (secondary amines) nor the intermediates
(tertiary amines) have any hydroxy or methoxy gronps
as substituents in the ortho positions of the phenyl rings,
but only meta and para substituents are specifically

- disclosed.

It is known that terodiline, a commercially available

drug having the chemical formula
CH;3

@/CH—CHI—CIJH‘—N
has anti-cholinergic properties, and is well resorbed in
the body. However, this drug has a very long biological
half-life and it is a multi-effect drug also having other
pharmacological properties such as Ca-antagonist, nor-
adrenaline antagonist and anti-histamine properties as
well as a pronounced effect on the heart. .

U.S. Pat. No. 3,446,901, GB-A-1.169.944 and GB-A-
1.169.945 disclose certain 3,3-diphenylpropylamine de-
tivatives and pharmacentical compositions having anti-
depressant activity, ia. N,N-dimethyl-3-(2-methoxy-
phenyl}-3-phenylpropylamine, which is considered to
be the closest prior art as regards chemical structure
(see also the comparative tests reported at the end of
this specification). DK-A-111.894 discloses a special
process for preparing certain diphenylalkylamines hav-
ing an effect on the heart and circulation. The specifi-
cally described compounds are primary or secondary
amines, and none of them has any hydroxy or alkoxy
substituent in ortho position of the phenyl rings. C.A.
Vol. 97(1982) 120105n discloses certain ‘N-arylak-
lylisoquinolines which may have a hydroxy substituent
in the ortho position of a pheny] ring. These compounds
bave sympatholytic activity and carry aromatic substit-
uents on the nitrogen atom.

It is object of the present invention to provide a novel
class of 3,3-diphenylpropylamines having improved
anti-cholinergic properties, especially in relation to the
effects on these other systems and acute toxicity.

In a first aspect the invention provides novel 3,3-
diphenylpropylamines of formula I

H

C(CH3)3

5

25
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40
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65

OR! .
CH—CH;—CH;~X

R4
R¥

wherein R! signifies hydrogen or methyl, R?; R3and R4
independently signify hydrogen, methyl, methoxy, hy-
droxy, carbamoyl, sulphaneyl or halogen, and X repre-
sents 2 tertiary amino group of formula II

RS
~N
Ré

wherein R% and RS signifky non-aromatic hydrocarbol
groups, which may be the same or different and which
together contain at least three carbon atoms, preferably
at least four carbon atorms, especially at least five carbon
atoms, aud where R3 and RS may form a ring together
with the amine nitrogen, said ring preferably having no
other hetero atom that the amine nitrogen.

The compounds of formula I can form sales with
physiologically acceptable acids, organic and inorganic,
and the invention comprises the free bases as well as the
salts thereof. Examples of such acid addition salts in-
clude the hydrochloride, hydrobromide, hydrogen fu-
marate, and the like.

When the novel compounds can be in the form of
optical isomers, the invention comprises the racemic
mixture as well as the individual enantiomers as such.

A preferred sub-class of compounds according to the
invention comprises tertiary amines of formula 1,
wherein each of RS and Rf independently signifies Cy.g-
alkyl, especially Cre-alkyl, or adamantyl, RS and RS
together comprising at least three, preferably at least
four carbon atoms. RS and RS may cafry one or more
hydroxy groups, and they may be joined to form a ring -
together with the amine mitrogen atom.

Presently preferred tertiary amino-groups X in for-
mula I include the following groups a)-f), each of
which may carry one or more hydroxy groups.

CH(CHa), CH;
a) —N y b —N .
CH(CH3)z C(CH3)3
CH; CHj
CHj “C——CH,
& —N , & —N [
C(CH3);CH,CH3 \C—CH2
' CI-/}; CH3

Page 12 of 31



Case 1:07-cv-11198-LTS Document 1 Filed 12/12/2007
5,382,600
3 4
~continned
c{; /cn; R2 v
C—CH; OR!
e - \cnz, 5 @
\C*C}{Z CH—CH;—C0—~X
— CHy—CO~
CI{:» \cm
10 R4
R

CH3

9 _]1, wherein RI-R% and X are as defined above and any

15

The following are examples of presently preferred
specific compounds of formula ¥:

N,N-diisopmpyl—3—(2-hydroxy—S-methylphenyl)—S- 20

phenylpropylamine and its (4 )-isomer,
N—methyl-N-tert.buty1—3-(2-hydroxyphenyl)—3-phenyl—
propylamine,
N-methyl—N—vert.butyl-3-(2,4—dihydroxyphenyl)—3-
phenylpropylamine,
N—methyl-N-tert.butyI-3,3«bis—(2-hydroxyphenyl)—
propylamine,
N,N-diisopropyl—3,3-bis—(2-hydroxypheny1)propyla—
Tnine, 3
N,N-diisopropyl—3—(2,5—dihydtoxypheny1)—3-phenyl—
propylamine,
N—methyl-N—tert.butyl—3—(2,5-dihydroxypheuyl)—3-
phenylpropylamine,

N,N—diisopropyl-3~(2-methoxyphenyl)~3~phenyl- 35

propylamine,
N-(3-(2-methoxyphenyl)-3-phenylpropyl)-2,2,6,6-tet-
ramethylpiperidine '

In a second aspect the invention provides methods 40

for preparing the compounds of formula I, especially
the following methods:

a) reacting a reactively esterified 3,3-diphenyl-
propanol of formula 11

45

2 m

OR!

50

CH—-CH;—CH;—Y

R4

R} 55

wherein R1-R# are as defined above, and any hydroxy
groups may be protected such as by methylation or
benzylation, and wherein Y is a leaving group, prefera-
bly halogen or an alkyl or arylsulphonyloxy group,
with an amine of formula IV

H-X v

wherein X is as defined above, or
b) reducing a 3,3-diphenylpropionamide of formula V

25

60

hydroxy groups may be protected, preferably using a
complex metal hydride,

¢) N-methylating a secondary 3,3-diphenylpropyla-
mine VI

R Vi

OR!

9

CH~CHy;—CHy~~NH—Z

R4

el

R

0 wherein R1-R* are as defined sbove and any hydroxy

groups may be protected, and wherein Z has the same
meaning as R> and R6 with the exception of methyl, Z
preferably being a hydrocarbyl group comprising at
least three carbon atoms, the N-methylation preferably
being carried out using formaldehyde or formic acid, or

d) reducing a 3,3-diphenylpropylamine of formula
Vila or VIIb

RZ Vila
C=CH—CHz~X
R4
r3
Vi

OR!

C~CH;—CH;—X

%
/ l

R3

wherein RI-R* and X are as defined above and any
hydroxy groups may be protected, and W signifies a
hydroxy group or a halogen atom, preferably by means
of catalytic hydrogenation, and

65 i) when necessary splitting off hydroxy protecting

groups in the compounds obtained, if desired after
mono or di-halogenation of one or both of the phenyl
rings, and/or

Page 13 of 31
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i) if desired converting obtained bases of formula  into
salts thereof with physiologically acceptable acids, or
vice versa, and/or

iii) if desired separating an obtained mixture of optical 3
isomers into the individual enantiomers, and/or

iv} if desired methylating an ortho-hydroxy group in an
obtained compound of formula I, wherein R! is hy-
drogen and/or R4 is hydroxy.

The above general methods can be carried out in a
manner known per se and/or in accordance with the
working examples described below, with due consider-
ation of the desired amino groups and the substituents
on the benzene rings.

The removal of hydroxy protecting groups according
to i) above can e.g. be done by treatment with hydro-
bromic acid, borontribromide or by catalytic hydroge-
nation.

The separation of mixtures of optical isomers, accord-
ing to i) above, into the individual enantiomers can eg.
be achieved by fractional crystallization of salts with
chiral acids or by chromatographic separation on chiral
columns.

Novel compounds of formula VIII

4

10

20

30

R2 Vit
OR!
35
CH~CH;—CHy—OH
R* 40
R3

wherein R1-R* are as defined above, and the corre-
sponding protected compounds (e.g. comprising pro- 45
tected hydroxy groups), are useful as chemical interme-
diates for the preparation of e.g. the compounds of
formula I, and they can be prepared by means of several
different methods which are known per se, such as by 50
addition of ethylene oxide (X) to a éorrespondingly
substituted diphenylmethane (IX) in the presence of a
suitable base such as sodinm amide:

" 55
K2
OR!
60
VAR Base
CHz 4 CHy——CHp, 2223
Rd
- 65

Filed 12/12/2007

600
6
-continued

R2

OR!
CH—CHy—CH;—OH

Rr?

Rr3

Vil

The compounds VIII can also be prepared by reduc-
tion of the corresponding 3,3-diphenylpropionic acids,
preferably using complex metal hydrides.

The 3,3-diphenylpropanols VI can conveniently be
converted into the corresponding reactively esterified
derivatives III in a manner known per se by displacing
the hydroxy groups with e.g. a halogen atom or an alkyl
or arylsulphonyloxy group.

The 3,3-diphenylamides of formula V used as starting
materials in method b), can e.g. be prepared by reacting
the above mentioned 3,3-diphenylpropionic acids with
an approptiate amine.

The secondary amines used as starting waterials in
method c) can conveniently be prepared by reacting a
primary amine H;N-Z (wherein Z is as defined above)
with a corresponding reactively esterified 3,3-diphenyl-
propanol in analogy with method a) above, or by reduc-
tion of the cotresponding secondary 3,3-diphenylpro-
pionamides in analogy with method b) above. The sec-
ondary amines can also be prepared by reduction of
unsaturated hydroxyamines XI

RZ p.s s
OR!
C~CH;—CH=N—Z
\
OH
RY
R3

wherein R1-R#and Z are as defined above, either in one
step by catalytic hydrogenation, or by reduction to the
corresponding  saturated hydroxyamine, preferably
using a complex metal hydride such as lithinm alamin-
um hydride, followed by removal of the hydroxy
group by catalytic reduction. As an alternative, the
hydroxy group may first be split off as water, followed
by reduction of the formed unsaturated amine.

The unsaturated hydroxy amines XI can conve-
niently be prepared by the addition of a Schiff base of
formula X11

CHy—CH=N—Z X1
wherein Z is as defined abave, to a benzophenone of
formula XIIT

Page 14 of 31
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R2 X1

c=0

R4
R

wherein R1-R* are as defined above, in the presence of
a base, preferably a lithinm organic base such as lithiom
diisopropylamide.

Also the starting materials VIIa, VIIb for process d)
can be prepared by methods known per se, such as by
addition of an organometallic compound XIVa ar
XIvb

R2 Rr3
Me Re
X1V XIVb

a

to 2 ketoamine XVa or XVb respectively to form a
corresponding hydroxy amine XVI

RrR2 Xxvi
C—CHz~CHy—X
N
OH
RS
R3

and, if desired, splitting off water from compound XVI.

In formulae XIVa, XIVb, XVa, XVb, XVI, RI-R4¢
are as defined above, and Me signifies 2 metal such as
magnesium or lithinm.

In accordance with the invention the compounds of
formula J, in the form of free bases or salts with physio-
logically acceptable acids, can be brought into suitable
galenic forms, such as compositions for oral use, for
injection, or the like, in accordance with accepted phar-
maceutical procedures, Such pharmaceutical composi-
tions according to the invention comprise the com-
pounds of formula I in association with compatible
pharmaceutically acceptable carrier materials, or dilu-
ents, as is well known in the art. The carriers may be
any inert material, organic or inorganic, suitable for
enteral, percutaneous or parenteral administration such
as: water, gelatin, gum arabicum, lactose, microcrystal-
line cellulose, starch, sodium starch glycolate, calcium
hydrogen phosphate, magnesium stearate, talcum, col-
loidal silicon dioxide, and the Jike. Such compositions
may also contain other pharmaceutically active agents,
and conventional additives such as stabilizers, wetting
agents, emulsifiers, flavouring agents, buffers, and the
like.

The compositions according to the invention can e.g.
be made up in solid or liquid form for oral administra-
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tion, such as tablets, capsules, powders, syrups, elixirs
and the like, in the form of sterile solutions, suspensions
or emulsions for parenteral administration, and the fike.

The compounds and compositions according to the
invention can be used for treating cholin-mediated dis-
orders such as urinary incontinence. As is well known,
the dosage depends on several factors such as the po-
tency of the selected specific compound, the mode of
administration, the age and weight of the patient, the
severity of the condition 1o be treated, and the like. The
daily dosage may, for example, be from about 0.05 mg
1o about 4 mg per kilo of body weight, administered in
one or more doses, e.g. containing from about 0.05 to
about 200 mg each,

The invention will be further illustrated by the fol-
lowing non-limiting examples.

General

TH-NMR spectra were ran in CDCl3 using 2 JEOL
PMX60 spectrometer. In some cases, only 2 limited
number of spectral peaks, useful for characterization
purposes, are reported.

Reported yields mostly refer to crude material of
sufficient purity to be taken to the next stage.

Solvents are abbreviated as follows:
IPE=diisopropyl ether
PET=petroleum ether
Ether=diethyl ether

Asmines ate abbreviated as follows:

IPA =diisopropy} amine
TBA=tert.butyl amine

Melting points were taken on a Koefler bench.

Temperatures are in "C.

Water is nsed for the washing steps, unless otherwise
stated.

EXAMPLE 1
Preparation of 4-phenyl-3,4-dihydrocoumarins

a) 4-(2-Methoxy-5-methylphenyl)-6-methyl-3,4-dihy-
drocoumarin (I)

A mixture consisting of 2-methoxy-5-methylcinnamic
acid (96.0 g, 0.5 mol), p-cresol (108 g, 1.0 mol), tetraline
(200 ml), and conc. sulphuric acid (20 g) was heated
slowly to refluxing temperature (145°-150%). After 13-2
h, the mixture was cooled, taken up in ether, washed
with water and sodium carbonate, dried and evapo-
rated, giving 138 g (97%) crude oil. Two recrystallisa-
tions from acetone gave white crystals of the desired
lactone, m.p. 126°~127°,

C1gH 1303 (282.3) requires: C, 76.57; H, 6.43; 0, 17.00,
Found: C, 76.9; H, 6.44; O, 17.0,

b) 6-Hydroxy-4-phenyl-3,4-dihydrocoumarin (I1) was
prepared in a similar way in 97% yield from cinnamic
acid and hydroquinone. M.p. 138° (IPE-Ether).

Ci15H)203(240.3) requires: C, 74.99; H, 5.04; O, 19.98,
Found: C, 75.0; H, 5.00; O, 19.6.

c) 4—(2—Methoxy#methylphenyl)—7-methyl—3,4—dihy—
drocoumarin was obtained in 2 similar way from 2-
methoxy-4-methylcinnamic acid and m-~cresol in 58%
yield. M.p. 147°-148° (IPE-acetone).

C1eH 1203 (282.3) requires: C, 76.57; H, 6.43; O, 17.00,
Found: C, 76.4; H, 6.31; O, 17.2. .

The above lactone (90 g, 0.32 mol) in methylene
chloride (500 mwl) was refluxed with BBr3 (115 g, 0.46
mol) for 24 h, the solution was concentrated, the residue
was taken up in ether, the solution was washed with
sodium carbonate and water, dried and evaporated,
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giving 80 g (93%) of a syrup which crystallized on
standing. Crystallization from IPE-PET gave white
crystals of

d) 4—(2—11ydroxy-4—methylphenyl)-7~methyl-3,4~diby-
drocoumarin (I}, m.p. 137°.

Ci7H1603 (268.3) requires: C, 76.10; H, 6.01; O, 17.89,
Found: C, 76.2; H, 6.30; O, 17.0.

e) 8-Hydroxy-4-pheny}-3,4-dihydrocoumarin awv)
was obtained i a similar way from cinnamic acid and
catechol in 18% yield. M.p. 136° (IPE).

C15H1203(240.2) requires: C, 74.99; H, 5.04; O, 19.98,
Found: C, 75.6; H, 5.01; 0O, 19.9.

) 4-(2-Methoxyphenyl)-3,4-dihydrocoumarin v
was obtained in a similar way in 45% yield from methyl
2-methoxycinnamate and phenol. The crude reaction
mixture was contaminated with methyl 3-(4-hydroxy-
phenyl)-3-(2-methoxyphenyl)-propionate.  After re-
moval of this by-product with ice-cold NaOH, the title
compound was obtained as an oil of sufficient purity to
be taken to the next step.

EXAMPLE 2
Preparation of 3,3-diphenylpropionic acid esters

a) Methyl 3-(2-methoxy-4-methylphenyl)-3-phenyl-
propionate (VI) .

7-Methyl-4-phenyl-3,4-dihydrocoumarin (78 g, 0.327
mol) in 150 ml methanol and 150 ml acetone containing
methyl iodide (100 g, 0.7 mol) and K2CO;3 (55 g, 0.4
mol) was refluxed for 24 h, filtered, and the solvent was
evaporated. The residue was dissolved in ethes, the
solution was washed with water, dried and evaporated
giving 86 g (92%) of a viscous cil.

NMR: & 6.6-7.2 (m 8H), 4.9 (¢t 1H), 3.8 (s 3H), 3.5 (s
3H), 3.0 (d 2H), 2.2 (s 3H).

b) Methyl 3,3-bis-(2-methoxyphenyl)-propionate
(VIL) was obtained in the same way in 96% vyield from
the lactone (V) of Example 1f), m.p. 84°~87° (IPE).

CigH200;3 (300.4) requires: C, 71.98; H, 6.71; O, 21.3,
Found: C, 71.4; H, 6.67; O, 21.6.

¢) Methyl 3-(2,3-dibenzyloxyphenyl)-3-phenylpro-

10

35

pionate (VIIY) was obtained in a stmilar way in quantita- -

tive yield from the lactone (IV) of Example le) and
benzyl chloride in methariol. In addition to KCOj3 the
reaction mixture also contained some Nal. M.p. 72°
(IPE).

Ca0H2804 (452.5) requires: C, 79.63; H, 6.24; 0, 14.14,
Found: C, 79.9; H, 6.15; O, 14.1.

as

d) Methyl 3~(2-benzyloxyphenyl)—3—phenylpropion— 50

ate (IX) was obtained in a similar way as a viscous oil in
81% vyield from 4-phenyl-34-dihydrocoumarin and
benzyl chloride. .

NMR: & 7.2 (m 14H), 4.9 s 2H, t IH), 3.5 (s 3H), 3.0
(t 2H).

‘e) Methyl 3-(2-methoxy-5-methyiphenyl)-3-phenyl-
propionate (X) was obtained in a similar way from 6-
methyl-4-phenyl-3,4-dihydrocoumarin in 96% yield.

NMR: § 7.4 (m 8H), 5.0 (t 1H), 3.9 (s 3H), 3.7 (s 3H),
3.2 (d 2H), 2.4 (s 3H).

f) Methyl 3,3-bis<(2-methoxy-S-methylphenyl)pro-
pionate (XI) was obtained in a similar way in quantita-
tive yield from the lactone (I) of Example 1a) and
methyl iodide.

NMR: § 6.6-7.1 (m 6H), 5.1 (t 1H), 3.7 (s 6H), 3.5 (s
3H), 3.0 (d 2H), 2.2 (s 6H).

g) Methyl 3-(2,5-dibenzyloxyphenyl)-3-phenylpro-
pionate (XII) was obtained in a similar way in 90%

55
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yield from the lactone (IT) of Example 1b) and benzyl
chloride.

NMR: § 6.8-7.4 (m 18H), 5.0 (s 4H, t 1H), 3.7 (s 3H),
3.1 (d 2H).

h) Methyl 3,3-bis-(2-benzyloxy-4-methylphenyl)pro-
pionate (XIII) was obtained in a similar way in 95%
vield from the lactone (ITY) of Example 1d) and benzyl
chloride. By GLC the product is homogenous, and by
MS it has the correct M.W. -

1) Ethyl 3-(2,4-dimethoxyphenyl)-3-phenylpropionate

v)

A mixtore of ethyl cinnamate (88 g, 0.5 mol), di-
methyl resorcinol (276 g, 2.0 mol) and conc. sulphuric
acid (50 g) was stirred on a boiling water-bath for 2 h,
whereafter all the volatile material was distilled off in
vacuum. The residval oil was dissclved in ether, the
solution was washed with sodium carbonate, dried, and
evaporated giving 101 g (64%) of the title ester in the
form of a viscous oil.

NMR: & 64-7.2 (m 8H), 4.9 (t 1H), 4.0 (g 2H), 3.7 (s
6H), 3.0 (d 2H), 1.1 (¢ 3H).

J) Methyl 3,3-bis-(2,4-dimethoxyphenyl)propionate
(XV) was obtained in a similar way from methyl 2,4-
dimethoxycinnamate and dimethyl resorcinol. The
product thus obtained contained about 23% of dimethyl
resorcinol. It was taken to the next step withont further
purification. :

k) Methyl-3-(5-chloro-2-methoxyphenyl)-3-phenyl-
propionate

6-Chloro-4-phenyl-3,4-dihydrocoumarin (435 g, 1.68
mol. Preparation: T. Manimaran & V. T. Ramakrish-
nan, Ind. J. Chem. B 18 (1979) 328) is added to a hot
solution of sodium hydroxide (140 g, 3.5 mol) in water
(500 ml). The solution is chilled to 25° C. and dimethyl
sulphate (442 g, 3.5 mol) is added dropwise during 1 b
with stirring and cooling at 25°-35° C. The mixture is
stirred for an additional 2 h whereupon a solution of 100
g of sodinom hydroxide in 500 ml of water is added and
the mixture is stirred until a clear solution is obtained.
An excess of concentrated hydrochloric acid is added
to precipitate the methoxy acid, which separates as an
oil which slowly crystallizes. It is filtered off, washed
with water and dried. Crystallization from 2-propanol
gives colourless crystals of 3~(S-chloro-2-methoxy-
pbenyl}-3-phenyl propionic acid, m.p. 144° C. Yield 455

g

The above acid (291 g, 1.0 mol) in 1 liter methanol
containing 50 g concentrated sulphuric acid was re-
fluxed for & h. The solvent was distilled off, the residue
was taken up in ether, washed ‘with water and sodium
carbonat solution, dried and evaporated giving 300 g
(100%) -crude oil. Recrystallisation from IPE gave
white crystals of the title compound, m.p. 65°~66°,

C17H17ClO; (304,8) requires: C, 67.0; H, 5.62; C,
11.63, Found:.C, 68.1; H, 5.82; CI, 11.7.

EXAMPLE 3
Preparation of 3,3-diphenylpropanols

a) 3~(2-Methoxy—li—methylphenyl)-Bophenylpropanol
XVD

The ester (VI) of Example 2a) (84 g, 0.295 mol) in 150
ml dry ether was added dropwise to a suspension of
LiAlHy (11.3 g, 0.295 mol) in 300 m] dry ether. The
mixture was stirred overnight, then decomposed by the
careful addition first of 11 g of water, then of 15%
NaOH until a white granular precipitate was formed.
The mixture was filtered, the filtrate was washed with
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water, dried, and evaporated giving 71 g (919%) of an oil
which crystallized on standing. Recrystallization from
IPE-PET gave white crystals, m.p. 83°,

Ci7H007 (256.4) requires: C, 79.65; H, 7.88; 0, 12.48,
Found: C, 79.4; H, 7.89; O, 12.7.

b) 3,3-Bis-(2-methoxyphenyl)propanocl (XVII) was
obtained in z similar manner in quantitative yield as 2
viscous oil from the ester (VI) of Example 2b).

c) 3-(2,3-Dibenzyloxyphmyl)—S-phenylpropanol
(XVIII) was obtained in a similar way as a viscous oil in
96% yield from the ester (VH) of Example 2¢).

d) 3-(2-Benzyloxyphenyl)-3-phenylproparol xx)
was obtained in a similar was as an oil in 78% yield from
the ester (IX) of Example 2d).

e) 3-(2-Methoxy—5-methylphenyl)—3-phenylpropanol
{XX) was obtained in a similar way as an oil in quantita-
tive yield from the ester (X) of Example 2e).

NMR: 3 6.8-7.4 (m 7H), 4.7 (t 1H), 3.8 (s 3H), 3.7 (m
2H), 2.3 (s 3H), 2.0-2.3 (m 2H).

f) 3,3-Bis-(2-methoxy-5-methylphenyl)propanol
(XXT) was obtained in a similar way in 98% yield from
the ester (XT) of Example 2f). M.p. 89° (IPE).

C19H2403 (300.4) requires: C, 75.97; H, 8.05; O, 15.98,
Found: C, 75.9; H, 8.02; O, 16.1.

g) 3-(2,5-Dibenzyloxyphenyl)-3-phenylpropanol
(XXII) was obtained in a similar way in 88% vield from
the ester (XII) of Example 2g). M.p. 78° (IPE).

CaoH803 (424.5) requires: C, 82.05; H, 6.65; O, 11.31,
Found: C, 82.0; H, 6.62; O, 11.2.

h) 3,3-Bis-(2-benzyloxy-4-methylphenyl)propanol
(XXIII) was obtained in a similar way 2s an oil in 93%
yield from the ester (XITD) of Example 2h).

1) 3-(2,4-Dimethoxyphenyl)-3-phenylpropanal
(XXIV) was obtained as a golden oil in 92% vield from
the ester (XIV) of Example 2i).

NMR: 3 6.5-7.2 (m 8H), 4.5 (t 1H), 3.8 (s 6H), 3.6 (m
2H), 2.0-2.6 (m 3H).

1) 3,3-Bis-(2,4-dimethoxyphenyl)propanol XXV)
was obtained in a similar way from the impure ester
(XV) of Example 2j). By NMR, the product contains
about 20% of dimethy! resorcinol.

k) 3~(4-Fluoxphenyl)-3-(2-methoxyphenyl)propanol

A Grignard reagent was prepared in the wsual man-
ner from o-bromoanisole (93.5 g, 0.5 mol) and magne-
sium (12 g, 0.5 mol) in 100 ml dry ether, A solution of
p-flnorobenzaldehyde (62 g, 0.5 mol) in 100 ml ether
was added dropwise to this solution. After about 1 h,
the mixture was decomposed with NH4Cl and worked
up, giving 100.6 g (87%) of 4-fiuoro-2'~methoxy-
diphenylmethanol. Recrystallization from IPE-PET
gave white crystals, m.p. §8°,

C14H13F 02 (232.3) requires: C, 72.40; H, 5.64, Found:
C, 729; H, 5.75.

The obtained carbinol (46.2 g, 0.2 mol) in 600 mi
ethanol was hydrogenated in the presence of 4 g of 5%
P3/C catalyst. After about 5-6 h, the reaction was com-
plete and the mixture was worked up giving 40 g (93%)
of 4-fluoro-2"-methoxy-diphenylmethane as a clear oil.

NMR: 6.8-7.2 (m 8H), 4.0 (s 2H), 3.8 (s 3H).

The obtained methane derivative (71 g, 0.33 mol) in
100 m! ether was added to a solution of NaNHy pre-
pared in situ from sodium (8.5 g, 0.37 mol} in about 300
ml of NH;. After about 1 h, a solution of ethylene oxide
(17.5 g, 0.395 mol) in 75 ml ether was added dropwise.
The mixture was stirred for 2 b, and most of the ammo-~
nia was then removed with a stream of air. Solid NH;Cl
was then added, followed by the addition of water. The
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organic phase was separated, washed with water and
2N HCl, dried and evaporated, giving 81.5 g (95%) of
the title compound. M.p. 61° (IPE-PET).

C16H17F0 (260.3) requires: C, 73.82; H, 6.58, Found:
C,74.1; 1, 6.77.

1) 3-(5-Chloro-2-methoxyphenyl)-3-phenylpropanol

The ester from Example 2k) (91.5 g, 0.3 mol) in 500
ml dry ether was added dropwise under nitrogen to
LiAlH, (11.4 g, 0.3 mol) in 200 ml dry ether. The mix-
ture was stirred at room temperature overnight, then
decomposed with 11 g water and 11 g 159% NaOH
solution. Work up gave 72.5 g (87.5%) colourless oil.
Recrystallization from IPE gave white crystals of the
title compound, m.p. 30°.

CigH17ClO; (276.8) requires: C, 69.43; H, 6.19; Cl,
12.81, Found: C, 70.1; H, 6.44; Cl, 12.9.

EXAMPLE 4

Preparation of 3,3-diphenylpropyl-p-toluene
sulphonates

a) 3,3-Bis-(2-methoxyphenyl)propyl-p-toluene  sui-
phonate (XXVII)

The propanol (XVII) of Example 3b) (35 g, 0.128
mol} in 100 mi chioroform containing 30 ml pyridine
was cooled to about —10° and then treated with p-tol-
uene sulphonyl chloride (29 g, 0.15 mol). After standing
in the cooler (about +5° C.) overnight, the mixture was
poured into ice-water, the organic phase was washed
with water and cold 2N HCl, dried, and the solvent was
distilled off at <50° C., giving a crude oil in quantita-
tive yield. Recxystallization from IPE gave white crys-
tals of low and indefinite m.p.

C24H26058 (426.5) requires: C, 67.58; H, 6.14; S, 7.52,
Found: C, 66.8; H, 6.22; S, 7.76.

b) 3(2-Methoxy-4-methylphenyl)-3-phenylpropyl-p-
toluene suiphonate (XXXI) was obtained in quantitative
yield from the propanol (XVI) of Example 3a).

€} 323-Dibenzyloxyphenyl)-3-phenylpropyl-p-tol-
uene sulphonate (XXVIII) was obtained in a similar
way as a thick oil in 88% yield from the propancl
(XVID of Example 3c). .

d) 3-(2-Benzyloxyphenyl)-3-phenylpropyl-p-toluene
sulphonate (XXIX) was obtained in i similar way in
98% yield from the propanol (XIX) of Example 3d).

e) 3-(2-Methoxy-5~methylphenyl)—3~phenylpropyl—p—
toluene sulphonate (XXX) was obtained in quantitative
vield from the propanol (XX) of Example 3¢). M.p. 64°
({PE-PET).

C23H24048 (396.5) requires: C, 69.67; H, 6.10; S, 8.09,
Found: C, 69.8; H, 6.20; S, 7.85.

) 3,3-Bis-(2-methoxy—5-methylphenyl)-propyl—p—tol—
uene sulphonate (XXXII) was obtained in quantitative
yield from the propanol (XXI) of Example 3f). M.p.
117° (acetone-PET).

C26H3005S (454.5) requires: C, 68.7; H, 6.65; S, 7.05,
Found: C, 68.8; H, 6.66; S, 7.11.

2) }(2,5-Dibenzyloxyphenyl)—3—phenylpropy]-p—tol-
uene sulphonate (XXXIIT} was obtained in a similar
manner in quantitative yield from the propanol (XXII)
of Example 3g).

h) 3,3—Bis—(2—benzyloxy—4—methylphenyl)-propyl—p~
toluene sulphonate (XXXIV) was cbtained in z similar
way in 86% yield from the propanol (XXIII) of Exam-
ple 3h).

)] 3-(2,4-Dimethoxyphenyl)-3-phenylpropyl-p-tol-
uene sulphonate was in the same way obtained
in 96% yield from the propanol (XXIV) of Example 3i).
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D 3,3~Bis-(2,4~dimeﬂwxypheny1)~pr0pyl—p—toluene
sulphonate (XXXVI) was obtained in the same manner
from the propanol (XXV) of Example 3j). The product
was contaminated with dimethyl resorcinol.

k) 3-(4~Fluorphenyl)-3-(2-methoxyphenyl)-propyl~p—
toluene sulphonate (XXX V) was obtained in a similar
way in 88% yield from the propatol (XXV. 1) of Exam-
ple 3k). M.p. 67° (IPE).

CosHp3FO4S (414.5) reguires; C, 66.65; H, 5.59; S,
7.74, Found: C, 67.1; H, 5.69: S, 7.78.

)] 3-(2-Methoxyphenyl)—S-phenylpropyl-p-toluene
sulphonate (XLVIIY)

A mixture of anisole (1080 g, 10 mol), benzyl alcohol
(216 g, 2 mol) and p-toluene sulphonic acid (40 g) was
refluxed for 2 h in an apparatus equipped with a water
separator. Excess of anisole was then distilled off, the
oily residue was dissolved in ether, washed with water
and sodium carbonate, dried and fractionated, giving
304 g (77%) of a pale yellow oil, b.p. 115°-118°/0.4
Torr. By NMR, it is a 1:1 mixture of o-methoxy and
p-methoxy diphenyl methane. This material was con-
verted to 2 mixtuze of the corresponding propanols by
Teaction with ethylene oxide, as in the preparation of
the propanol (XXVI) of Example 3K). This mixture of
propanols was then converted as described above to a
mixture of p-toluene sulphonates from which the title-
compound could be isolated in 35% yield after two
recrystaliizations from IPE. M.p. 108°,

C23H24048 (396.5) requires: C, 69.67; H, 6.10; S, 8.09,
Found: C, 69.3; H, 6.00; S, 8.17.

m) 3—(5-Chloro-2—methoxyphenyl)—3-phenylpropy1-p-
toluene sulphonate

The alcohol from Example 31) (66 £, 0.24 mol) in 300
ml chloroform containing 75 ml pyridine was treated
portionswise in the cold with p-toluene-sulphonyl chlo-
ride (55 g, 0.29 mol). The mixtare was kept at 5° C. for
18 b, solvent was evaporated under vacuum at <507,
the residue was taken up in ether, washed with water
and 2N HC, dried and evaporated giving 100 g (97%)
of a straw-yellow syrup. Recrystallization from IPE
gave the title compound, m.p. 89°-90°,

CosHxClO4S (430.96) requires: C, 64.10; H, 5.38; S,
7.44; C1, 8.23, Found: C, 64.4; H, 5.45; S, 7.04; CJ, 8.17.

EXAMPLE 5
Preparation of tertiary 3,3-diphenylpropylamines

a) N,N-Diisopmpyl-S,}bis-(z-methoxyphenyl)—
propylamine , hydrogen oxalate

The tosylate (XXVII) of Example 4a) (42.6 s 0.1
mol) in 100 ml acetonitrile and 100 g (1.0 mol} diisopro-
pylamine was heated in 2 pressure bottle at 80° for 4-6
days. Volatile material was then evaporated, the residue
was treated with excess of 2N NaOH and extracted
with ether. The extract was washed with water and
extracted with 2N HCL. This extract was washed with
ether, basified, extracted with ether, washed with wa-
ter, dried, decoloured, filtered, and evaporated, giving
24.0 g (68%) of a crude oil. This oil was converted to
the oxalic acid salt by treating an acetone solution of the
base with one equivalent of oxalic acid in acetone. M.p.
160°~161° (acetone).

CasH3sNOg (445.6) requires: C, 67.39; H, 7.92; N,
3.14;Q, 21.55, Found: C, 67.2; H, 8.22; N, 2.94; 0, 21.9.

b) N,N-Diisopropyl-3-(2,3-dibenzyloxyphenyl)-3-
phenylpropylamine ;

The free base was obtained in the same way in 75%
yield from the tosylate (XXVIII) of Example 4c).
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NMR: 6.9-7.2 (m 18H), 5.0 (s 4H), 0.9 (d 12H).

€) N,N-Diisopropyl-3-(2-methoxy-5-methylphenyT)-
3-phenyipropylamine (XL), hydrogenfumarate

The free base was cobtained in 69% vyield from the
tosylate (XXX) of Example 4¢). It was converted to the
fumaric acid salt in the usual manner. M.p. 176° (ace-
tone).

C27H37NOs (455.7) requires: C, 71.17; H, 8.20; N,
3.07; O, 17.6, Found: C, 71.3; H, 8.27; N, 3.04; O, 17.9.

d) N,N-Diisopropyl-S-(2-methoxy—4~methylphenyl)—
3-phenylpropylamine (XLI), hydrogenfumarate

The free base was obtained in 25% yield from the
tosylate (XXXT) of Example 4b). The fumaric acid salt
had m.p. 147°-148° (acetone).

Ca7H37NOs (455.7) requires: C, 71.17; H, 8.20; N,
3.0%; 0, 17.6, Found: C, 71.3; H, 8.14; N, 3.00; O, 17.6,

€)  N,N-Diisopropy}-3,3-bis-(2-methoxy-5-methyl-
phenyl)propylamine (XLII), hydrochloride

The free base was obtained in 78% vield from the
tosylate (XXXII) of Example 4f). It was converted to
the hydrochloride with ethereal HCI in the nsusal man-
ner. M.p. 163°-164° (acetone-ether),

C3sH3gNOCl (420.1) requires: C, 71.49; H, 9. 12; N,
3.33; 0, 7.61; Cl, 8.44, Found: C, 71.6; H, 9.08; N, 3.27;
0, 7.93; C}, 8.36.

) N,N-Diisopropyl-3-(2,5-dibenzyloxyphenyl)-3-
phenylpropylamine (XLIH)

The free base was obtained in 70% yield from the
tosylate (XXXIIT) of Example 4g).

NMR: § 6.6-7.2 (m 18H), 5.0 (s 4H), 4.5 (t 1H), 1.0 @«
12H).

2 N,N-Diisopropyl-3,3-bis-(2-benzyloxy4-methyl-
phenyljpropylamine (XLIV)

The free base was obtained in 62% yield from the
tosylate (XXXIV) of Example 4h).

NMR: 5 6.8-7.2 (m 16H), 4.8 (s 4H, t 1H), 0.9 (d 12H).

h) N,N—Diisopropyl-3—(2,4—dimethoxyphenyl)-3—
phenylpropylamine (XLV)

The free base was obtained in 56% vyield from the
tosylate (XXXV) of Example 4i).

NMR: 6.5-7.3 (m 8H), 4.4 (¢ 1H), 3.8 (s 6H), 1.0 (d
12H).

D N,N-Diisopropy}-3,3-bis-(2,4-dimethoxyphenyl)-
propylamine (XL.VT)

The free base was obtained in 34% vyield from the
tosylate (XXXVI) of Example 4j).

NMR: 8 6.5-7.3 (m 6H), 4.6 (& 1H), 3.9 (s 12H), 1.0(d
12H).

N N,N-Diisopropyl—3-(4-ﬂuorophenyl)-3»(2-methoxy-
phenyl)propylamine XLVII)

The free base was obtained in 71% yield from the
tosylate (XXXVII) of Exampie 4k).

k) N,N-Diisopmpyl—3—(2-met.boxyphenyl)—3-pheny]-
propylamine (XLIX), hydrogen fumarate

The free base was obtained in 86% yield from the
tosylate (XL.VIIT) of Example 41) and was converted to
the fumaric acid salt in the usual way. M.p. 134°~136°
(acetone-IPE) or 163°-164° (methanol).

CoH36NOs (441.6) requires: C, 70.72; H, 7.99; N,
3.28; 0, 18.12, Found: C, 70.8; H, 7.93; N, 3.28 0, 18.1.

1) N-(3-(2-Methoxyphenyl)-3-phenylpropyl)-2,2,6,6-
tetramethylpiperidine (LXIV)

This compound was obtained in the same way in 54%
yield from the tosylate (XLVIH) of Example 41) and
2,2,6,6-tetramethylpiperidine. M.p. 100° (IPE).

CasH3sNO (365.6) requires: C, 82.14; H, 9.65; N, 3.83,
Found: C, 82.0; H, 9.62; N, 3.57. .
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m) N,N—diisopropyl—3‘(5—ch10r0—2-methoxyphenyl)-
3-phenylpropylamine

The tosylate from Example 4m) (43.1 2, 0.1 mol) was
heated for 4 days at 80° with diisopropylamine (58 g, 0.5
mol) in 100 ml acetonitrile, giving 23 g (64%) of crude
title compound. By GG, it is at least 93% pure.

n) N-(3-(2-Benzyloxypheny)-3-phenylpropyl)-
2,2,5,5-tetramethylpyrrolidine

This compound was similarly prepared from the tosy-
late (XXTX) of Example 4d) and 2,2,5,5-tetramethylpyr-
rolidine. It was obtained as a sticky oil, which was
converted to the hydroxy analogue without farther
purification (Example 9ab)).

o) N-(3-(2-Benzyloxyphenyl)-3-phenylpropyl)-4-
hydmxy-z,2,6,6-tetramethylpipexidine ,

This compound was similarly prepared from the tosy-
late (XXIX) of Example 4d) and 4-hydroxy-2,2,6,6-tet-
ramethylpiperidine, and it was obtained as a sticky oil
which was converted to the hydroxy compound with-
out further purification (Example 9ac)).

P N-(Z-Hydroxy—1,1-dimeﬂ1y1&ﬂxyl)—3—(2-benxyloxy—
phenyl)-3-phenylpropylamine

This compound was sirnilarly prepared from the tosy-
late XXIX) of Example 4d) and 2-amino-2-methyl-
propanol. The solid product was crystallized from di-
isopropyl ether and melted at 103° C. ¥ was used as
start material in (Example 7p).

CaeH3 NO; (389.5) requires: C, 80.17; H, 8.02; N,
3.60; 0, 8.22, Found; C, 30.0; H, 8.09; N, 3.65; O, 8.51.

qQ N-{1-Adamantyl)-3-(2-benzyloxyphenyl)-3-
phenylpropylamine

"This compound was similarly prepared from the toys-
late (XXIX) of Example 4d) and 1-aminoadamantane. Jt
was used as start material in Example 7q). The hydro-
chloridesemihydrate was prepared in acetonitrile and
melted at 225° C.

C3;H37NO.HCLE HyO (497.1) requires: C, 77.31; H,
7.91; N, 2.82; O, 4.83; CJ, 7.13, Found: C, 77.3; H, 8.23;
N, 2.65; O, 5.04; Cl, 7.14.

EXAMPLE 6
Preparation of secondary 3,3-diphenylpropylamines

- a) N—tert.Butyl-3,3-bis-(2~methoxyphenyl)pr0py1a—

mine (L), hydrogen oxalate

The tosylate (XXVI) of Example 4a) was heated
with a large excess of tert.butylamine as described in
Example 5, giving the free base in 78% yield, which
was converted to the oxalic acid salt in the usnal man-
ner. M.p. 135°-136° (acetone-ether).

Ca3H31NOs (417.5) requires: C, 66.17; ‘H, 7.48; N,
3.36; 0, 22.99, Found: C, 65.6; H, 7.31N, 1.36; O, 23.4.

b) N-ter.Butyl-3-(2,3-dibenzyloxyphenyl)-3-phenyl-
propylamine (LI), hydrochloride

The free base was obtained as above in 78% yield
from the tosylate (XXVIII) of Example 4¢). The HC!
salt had m.p. 184°-185° (acetone-methanol-IPE).

C33H3¢NO»Cl (516.1) requires: C, 76,79; H, 7.42; N,
2.71; 0, 6.20; C}, 6.87, Found: C, 76.3; H, 7.30; N, 2.7%
0, 6.42; C, 6.81.

<) N-tert.Butyl-3—(2—benzyloxyphenyl)—3—phenyl—
propylamine (LII), hydrogen oxalate

The free base was obtained in 84% yield from. the
tosylate (XXIX) of Example 4d). The oxalic acid salt
had m.p. 198" (acetone-ether).

CasH33NOs (463.6) requires: C, 72.54; H, 7.18; N,
3.02, Found: C, 71.8; H, 7.13; N, 2.95.

5
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d) N-tert.Butyi-3-(2-methoxy-5-methyplenyl)-3-
phenylpropylamine (LIII), hydrochdoride

The free base was obtained in 90% vyield from the
tosylate (XXX) of Example 4e). When treated with
etheredl HCI, it gave a somewhat hygroscopic salt
which seems to be associated with { mol water. Mp. .
171° ethanol-ether).

C11HNO.HCL 1 Hy0 (352.5) (requires): C, 71.55; H, i
8.74; N, 3.97; O, 5.67; Cl, 10.06, Found: C, 71.8; H, 8.72;
N, 4.05; O, 5.57; CJ, 10.1.

e) N-ter.Butyl-3-(2-methoxy-4-methylphenyl)-3-
phenylpropylamine (LIV), hydrochloride

The free base was obtained in quantitative yield from
the tosylate (XXXI) of Example 4b). The HCl-salt had
m.p. 138°-149° (methanol-isopropanol). It was associ-
ated with § mol of water.

Cy1H3pNOCLE H,O (361.5) requires: C, 69.77; H,
8.80; N, 3.88; Cl, 9.81, Found: C, 69.8; H, 8.76; N, 3.93;
Cl, 9.75.

) N-ter.Butyl-3,3-bis-(2-methoxy-5-methylpheryl)-
propylamine (IV), hydrochioride

The free base was obtained in quantitative yield from
the tosylate (XXXII) of Example 4f). The HCl-salt had
m.p. 242° (acetone).

CpsH3aNOCI (392.0) requires: C, 70.47; H, 8.74; N,
3.57; C1, 9.05, Found: C, 70.2; H, 8.81; N, 3.46; CJ, 8.99.

g) N-tert Butyl-3-(2,5-dibenzyloxyphenyl)-3-phenyl-
propylamine (LVI), hydrochloride

The free base was obtained in 85% yield from the
tosylate (XXXII) of Example 4g). The HCI salt had
m.p. 188° (ethanol-ether).

C33H3gNO2Cl (516.1) requires: C, 76.79; H, 7.42; N,
2.7%; 0, 6.20; C, 6.87, Found: C, 77.2; H, 7.50; N, 2.64;
0, 6.53; CI, 6.85.

h) N-tert. Butyl-3,3-bis-(2-benzyloxy-4-methy]-
phenyl)-propylamine (L'VIY), hydrochloride

The free base was obtained in 94% yield from the
tosylate (XXXIV) of Example 4h). The HCL-salt had
m.p. 210° (acetone-ether).

C35sHyNO,Cl (544.2) requires: C, 77.25; H, 7.78; N,
2.57; O, 5.89; Cl, 6.52, Found: C, 77.6; H, 7.82; N, 2.35;
0O, 6.08; Cl, 6.55.

i) N-tert.Bu,tyl-3—(2,4-dimethoxyphenyl)—3~pheny1—
propylamine (LVII), hydrochloride

The free base was obtained in 84% vield from the
tosylate (XXXV) of Example 4i). The HCl-salt had m.p.
196° (acetone-ethanol-ether).

C21H3oNOCl (363.9) requires: C, 69.31; H, 8.31; N,
3.85; O, 8.79; Cl, 9.74, Found: C, 69.3; H, 8.44; N, 3.80;
0, 8.89; C}, 9.81.

i) N-tert.Bntyl—3,3-bis—(2,4-dimethoxyphenyl)—
propylamine (LXX), hydrochloride

The free base was obtained in 60% yield from the
tosylate (XXXVI) of Example 4j). The HCl-salt had
m.p. 251° (methanol-acetone).

C23H34NOCl (424.0) requires: C, 65.15; H, 8.08; N,
3.30; 0, 15.09; Cl, 8.36, Found: C, 64.5; H, 8.06; N, 3.57;
0, 15.3; Cl, 8.67.

k) N—tert.Butyl-3-(4-ﬂuorophenyl)—3—(2—methoxy—
phenyl)-propylamine (LX), hydrochloride

The free base was obtained in 89% yield from the
tosylate (XXXVII) of Example 4k). The HCl-salt had
m.p. 194° (ethanol-acetone).

CaoHyNOFCI (351.9) requires: C, 68.26; H, 7.73; N,
3.98; C1, 10.08, Found: C, 68.9; H, 7.97; N, 4.01; C1, 9.69, -

)] N-tert. Butyl-3-(2-methoxyphenyl)-3-phenyl-
propylamine (LX), hydrochloride
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The free base was obtained in 88% vield from the
tosylate (XLVIH) of Example 41). The HCl-salt had
m.p. 205°,

CagH2sNOCI (333.9) requires: C, 71.94; H, 845; N,
4.20; O, 4.79, Found: C, 71.9; H, 8.44; N, 4.67; O, 4.79.

m) N~(1,1-Dimethylpropyl)~3-(2—methoxy~5—methyl—
phenyl)-3-phenylpropylamine (LXII), hydrochloride

The free base was obtained in 95% yield from the
tosylate (XXX) of Example 4e) and tert. amylamine.
The HCl-salt had m.p. 188°-189° (ethanol-acetone).

C2zH3NOCI (362.0) requires: C, 73.00; H, 8.91; N,
3.87; O, 4.42; Cl, 9.80, Found: C, 73.4; H, 8.98; N, 3.83;
0, 4.61; Cl, 9.51.

n) N-( 1,I-Dimethylpropyl)-3,3—bis—(2-methoxy—5—
methylphenyl)propylamine (LXII), hydrochloride

The free base was obtained in 94% vield from the
tosylate (XXXII) of Example 4f) and tert.amylamine.
The HCl-salt had m,p. 210° (ethanol-acetone).

CraH36NO,Cl (406.0) requires: C, 71.00; H, 8.94; N,
3.45; O, 7.88; C}, 8.73, Found: C, 7LL R, 9.01; N, 3.60;
0, 7.92; C}, 8.73.

0) N-tert.Butyl-3-(5-chloro-2-methoxyphenyl)-3-
phenylpropylamine

The tosylate from Example 4m) (43.1 g, 0.1 mol) in
100 mi acetonitrile was treated with tert.butylamine (37
8, 0.5 mol) and the mixture was heated in a pressure
bottle at 80° for 4 days. The usnal work-up afforded 32
g (100%) crude title compound. The base in ether-ace-
tone was treated with ethereal HCI giving the hydro-
chloride salt, m.p. 216°~218°,

C20H36CINOHCI (368.36) requires: C, 65.21; H, 7.39;
N, 3.80; C1, 19.25, Found: C, 65.1; H, 7.39; N, 3.90; Cl,
18.7.

EXAMPLE 7

Preparation of tertiary 3,3-diphenylpropylamines from
secondary amines

a) N-Methyl-N—ten.butyl—3-(2-methoxyphenyl)—3~
phenylpropylamine (LXV), hydrochloride

A mixture of the secondary amine (LX) of Example
61) (29.7 g, 0.1 mol), formic acid (13.8 g, 0.3 mol), and
37% formaldehyde solution (12.5 g, 0.12 mol) was re-
fluxed for 18-24 h. The mixture was then cooled, basi-

10

20

25

30

35

fied with NaOH, and extracted with ether. The extract 45

was washed with water, dried and evaporated, giving
29.3 g (94%) of a crude oil. The HCl-salt was prepared
from ethereal HCl in the usual way, m.p. 199°.

C21H30NOC1 (347.9) requires: C, 72.49; H, 8.69; N,
4.03; Cl, 10.19, Found: C, 71.9; H, 8.79; N, 4.23; C1, 10.1.

b) N—Methyl—N—tert.butyl-3-(2-methoxy~5—methyl—
phenyl)-3-phenylpropylamine (LXVI), hydrochloride

The free base was obtained in the same way in 89%
vield from the amine (LX) of Example 6d). The HCl-
salt had m.p. 161° {(acetone).

Ca2H3,NOC] (362.0) requires: C, 73.00; H, 891; N,
3.87; O, 442; C}, 9.08, Found: C, 73.0; H, 8.96; N, 3.94;
0, 4.59; CL, 9.77.

c) N—Methyl—N-tert.butyl—3,3-bis-(2-methoxypheny1)—
propylamine (LXVI), hydrochloride

The free base was obtained in 96% vield from the

amine (L) of Example 6a). The HClsalt had m.p.

. 187°~190° (acetone-cther).

C22H33NOCI (378.0) requires: C, 69.91; H, 854; N,
3.71; 0, 8.47; C1, 9.38, Found: C, , 69.9; H, 8.56; N, 3.53;
0, 8.93; Cl, 8.92.

d) N—Methyl-N~tert.butyl-3-(2—methoxy-4—methyl»
phenyl)-3-phenylpropylamine (LXVIIL)

55

65
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The free base was obtained in 96% yield from the
amine (LIV) of Example 6¢). M.p. 64° (IPE).

CpH;3;NO (325.5) requires: C, 81.17; H, 9.60; N, 4.30;
O, 492, Found: C, 81.0; H, 9.83; N, 4.15; O, 5.03.

e) N-Methyl-N-tert.butyl-3,3-bis-(2-methoxy-5-
methylphenyl)propylamine (LXIX)

The free base was obtzined in 97% vield from the
amine (LV) of Example 6f). M.p. 95° (IPE).

CuH3sNO; (370.0) requires: C, 78.00; H, 9.55; N,
3.79; O, 8.66, Found: C, 78.1; H, 9.57; N, 3.70; O, 8.80.

)  N-Methyl-N-tert.butyl-3-(4-fluorophenyl)-3.(2-
methoxyphenyl)propylamine (1.XX), hydrochloride

The free base was obtained in 82% yield from the
amine (LX) of Example 6k). The HCl-salt had m.p. 218°
(ethanol-acetone),

C21HNOCIF (365.9) requires: C, 68.93; H, 7.99; N,
3.83;Cl, 9.69, Found: C, 69.0; H, 7.97; N, 3.95; C, 9.60.

g} N-(1,1-Dimethylpropyl)-N-methyl-3-(2-methoxy-
S-methylphenyl)-3-phenylpropylamine (LXXI), hydro-
chloride

The free base was obtained in 98% yield from the
amine (LXII) of Example 6m). The HCl-salt had m.p.
176°-177° (acetone).

Ca3H34NOCI (376.0) requires: C, 73.47; H, 9.11; N,
3.73; Cl, 9.43, Found: C, 73.4; H, 9.15; N, 3.73; Cl, 9.41.

h) N-(1,1-Dimethylpropyl)-N-methyl-3,3-bis-(2-
methoxy-5-methylphenylpropylamine (LXXII), hy-
drochioride

The free base was obtained in 899 yield from the
amine (LXIIY) of Example 6n). The HCl-salt had m.p.
147° (acetone-ether).

CasH37NO:Cl (420.1) reguires: C, 71.49; H, 9.12; N,
3.34; 0, 7.6; Cl, 8.4, Found: C, 70.8; H, 9.20; N, 3.63;
0, 7.74; C}, 8.42.

i) N-Methyl-N-tert.butyl-3(2,4-dimethoxypheny])-3-
phenylpropylamine (LXXII)

This compound was obtained as an oil in quantitative
yield from the amine (LVIIL) of Example 6i).

NMR: 6.5-7.3 (m 8H), 4.3 (t 1H), 3.8 (s 6H), 2.3 (s

40 3H), 1.0 (s 9H).

1) N-Methyl-N-tert.butyi-3-(2,5-dibenzyloxyphenyl)-
3-phenylpropylamine (LXXIV)

This was obtained as an oil in 95% vield from the
amine (LVT) of Example 6g).

k) N-Methyl-N-tert.butyl-3,3-bis(2-benzyloxy-4-
methylphenyl)propylamine (LXXV), hydrochloride

The free base was obtained in 92% vyield from the
amine (LVIY) of Example 6k). The HCl-salt had m.p.
170°~171° (acetone-ether).

C3sH44NO2Cl (558.2) requires: C, 77.46; H, 7.95; N,
2.51; O, 5.73; Cl, 6.35, Found: C, 77.6; H, 7.86; N, 2.42;
0, 5.89; C}, 6.31.

1) N-Methyl-N-tert.butyl-3,3-bis(2,4-dimethoxy-
phenyl)propylamine (LXXVT), hydrochloride

The free base was obtained in 96% yield from the
amine (LIX) of Example 6j). The HCl-salt had m.p.
180°~190° and seems to be associated with £ mol of
water.

CaH3sNO4Cl } HzO (447.0) requires: C, 64.48; H,
8.34; N, 3.13; O, 16.11; CI, 7.93, Found: C, 64.5; H, 8.27;
N, 3.02; O, 16.2; CI, 8.19.

m) N-Methyl-N-tert.buty}-3-(2,3-dibenzyloxy-
phenyl)-3-phenylpropylamive (LXXVII)

This was obtained as an oil in 98% vyield from the
amine (LY) of Example 6b).

NMR: § 6.9-7.3 (m 18H), 2.1 (s 3H), 1.0 (s 9H).

n) N-Methyl-N-tert.butyl-3-(2-benzyloxyphenyl)-3-
phenylpropylamine (LXXVIIT)
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This was obtained as an oil in 97% vield from the
amine (LII) of Example 6c). :
NMR: 6.9-7.3 (m 14H), 5.0 (s 4H), 4.5 (t 1H), 2.2 (s,
3H), 0.9 (s, 9H).

0) N-Methyl-N-tert.butyl-3-(5-chloro-2-methoxy- 5

phenyl)-3-phenylpropylamine
The secondary amine from Example 60) (25.3 g, 0.076
mol) was refluxed for 18 b with formic acid 9.2g 02
" mol) and 35% formaldehyde solution (8.5 g 0.1 mol).

Work-up gave 25.6 g, (97.5%) crude base. This was 10

dissolved in acetone and treated with an equimolar

quantity of oxalic acid in acetone giving beige crystals

of the title compound, hydrogen oxalate, m.p. 165°,
C21H3CINO.CoHz04 (436.0) requires: C, 63.37; H,

6.94; N, 3.21; CL, 8.13, Found: C, 62.7; H, 6.83; N, 3.10; 15

Cl, 7.97.

19 N-(Z—Hydroxy-l,I-dimethylethyl)—N-methyl-3-(2-
benzyloxyphenyl)-3-phenylpropylamine

This compound was similarly prepared from the

compound of Example 5p). It was obtained as a sticky 20

oil which was converted to the free hydroxy compound
of Example 9ad).

qQ) N—I»Adamantyl—N~methyl—3-(2—benzyloxyphenyl)-
3-phenylpropylamine

This compound was similarly prepared from the 25

compound of Example 5q). It was obtained as a sticky
oil which was converted to the free hydroxy compound
of Example 9a¢) without further purification.

EXAMPLE 38
Preparation from olefinic precursors

a) N—tett.butyl—S—(z,6—dimethoxypheny1)—3-hydroxyo
3-phenylpropylamine (LXXIX)
A solution of diisopropylamine (10.1 g, 0.1 mol) in

dry ether (100 ml) was cooled to —10°. A solution of 35

butyl lithium in hexane (65 ml, 0.1 mol) was added, and
the mixture was stirred at —10° for 20 min. A solution
of N-ethylidene-tert.butylamine (10 g, 0.1 mol) in dry
ether (100 ml) was added and the solution was stirred at

0% for 20 min. After cooling to —30° a solution of 2,6- 40 gred and evaporated, giving a viscous syrup. The HCL

dimethoxybenzophenone (24.1 g, 0.1 mol) in dry ether
(100 rl), containing 30 ml THF, was added. The mix-
ture was then stirred at ambient temperature for 20 h
and hydrolized with water. The organic phase was

washed with water, dried and evaporated, giving 32 g 45

(94%) of N-(3-(2,6-dimethoxyphenyl)-3-hydroxy-
3phenylpropylidene)tert.butylamine as an oil.

This oil was dissolved in absolute ethanol (250 ml),
the solution was cooled to —5°, and NaBH, (5.7 g,0.15

mol) was added portionwise. The mixture was stirred at 50

0° for 4 h, then at ambient temperature for 3 h. Most of
the solvent was distilled off in vacuum, the residue was
treated with water, extracted with ether, washed with
water, and extracted with 2N HCL The extract was

washed with ether, basified with NaOH, extracted with 55

ether, dried and evaporated, giving 30 g of the title
amine,

The HCl-salt had m.p. 203°-204° (acetone-cther) and
seems to be associated with % mol of water.

C21H2oNO3.HCL} HO (384.5) requires: C, 65.60; H, 60

8.01; N, 3.64; O, 13.52, Found: C, 65.9; H, 8.11; N, 3.64;
0, 13.7.

b) N-tert.Butyl-3-(2,6-dimethoxyphenyl)-3-phenyl-2-
propene-l-amine (LXXX)

The above amine from step a) (21 g, 0.061 mol) was 65

added to 6.3N HSO4 (20 ml, 0.126 mol). The mixture
was stirred on a boiling water bath for 2 b, cooled,
basified, and extracted with ether. The extract was

30

20
washed, dried and evaporated, giving 17.8 g, (90%) of
the title olefin as a clear oil. The HCl-salt had m.p.
220°-22°, and was associated with 4 mol of water.

C21H27NO2.HCL4 H,O requires: C, 68.82; H, 7.86; N,
3.82; 0, 9.82; (I, 9.68, Found: C, 68.8; H, 7.89; N, 3.92;
0, 9.81; Cl, 9.44.

c) N-Methyl-N-tert.butyl-3-(2,6-dimethoxyphenyl)-3-
phenylpropylamine (LXXXI), hydrogen fumarate hy-
drogen fumarate .

The olefinic amine from step by (16.3 g, 0.05 mol) in
methanol (250 ml) containing 0.5 g of a 10% Pd/C
catalyst, was hydrogenated at ambient temperature and
pressure. The mixture was then filtered through Cela-
ton, the filtrate was taken to dryness, giving 16.3 g
(100%) of N-tert.butyl-3-(2,6-dimethoxyphenyl)-3-
phenylpropylamine. The HCl-salt had m.p. 244° (etha-
nol).

C21H20NO2.HCl (363.9) requires: C, 69:31; H, 8.31;
N, 3.85; O, 8.79; Cl, 9.74, Found: C, 69.3; H, 8.29; N,
3.83; 0, 9.27: C, 9.75.

The above secondary amine, as the free base, was
methylated with formaldehydeformic acid as described
in Example 7, giving the tertiary amine i 96% yield.
The fumaric acid salt had m.p. 185°-190° (acetone).

C26H3sNOg (457.6) requires: C, 68.25; H, 7.71; N,
3.06; 0, 20.95, Found: C, 67.8; H, 7.59; N, 3.05; O, 21.6.

EXAMPLE 9
Removal of O-protective gronps

a) N,N-Diisopropyl-3-(2-hydroxyphenyl)-3-phenyl-
propylamine (LXXXII), hydrochloride

The amine (XLIX) of Example 5k) (20.8 g, 0.064 mol)
in methylene chloride (150 ml) was cooled below 0°. A
IN solution of BBr3 in CHzCl (64 ml, 0.064 mol) was
then added dropwise, the solution was then kept in the
cooler (5°) for 2-5 days, and volatile material was dis-
tilled off at <50°. The residual syrup was basified, ex-
tracted with ether, the extract was washed with water,

salt had m.p. 222° (methanol-ether), vield 31%.

C21H2oNO.HC1 (347.9) requires: C, 72.49; H, 8.69%; N,
4.03; O, 4.60; Cl, 10.19, Found: C, 72.0; H, 8.72; N, 3.74;
0, 5.06; Cl, 10.3.

The following compounds were obtained in the same
way.

b) N-(3-(2-Hydroxypheny!)-3-phenylpropyl)-2,2,6,6-
tetramethylpiperidine (LXXXIIT), hydrogen fumarate

From the amine (LXIV) of Example 51). Crude yield
78%. M.p. fumaric acid salt=indefinite.

CasH3705 (467.6) requires: C, 71.9; H, 7.91; N, 3.00;
O, 17.1, Found: C, 71.8; H, 8.41;'N, 3.01; O, 16.6.

c) N,N—Diisopropyl—3—(2~hydroxy-5—me‘thylphenyl)—
3-phenylpropylamine (LXXXIV), hydrochloride

From the amine (XL) of Example 5¢). Crude yield
85%. HCl-salt, m.p. 209°-210" (acetone-ether).

C2H5:NO.HCL: H;0 (366.5) requires: C, 72.09; H,
8.95; N, 3.82; O, 5.46; Cl, 9.67, Found: C, 72.3; H, 8.95;
N, 3.71; O, 5.68; Cl, 9.61.

d) N-Methyl-N-tert.butyl-3-(2-hydroxy-5-methyl-
phenyl)-3-phenylpropylamine (LXXXV), hydrochlo-
ride

From the amine (LXVT) of Example 7b). Crude yield
100%. HClsalt, m.p. >260° (ethanol).

Ca1HzyNO.HCI (347.4) requires: C, 72.49; H, 8.69; N,
4.03; Cl, 10.19, Found: C, 72.7; H, 8.58 N, 3.81; CI,
10.95.
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e) N,N—Diisopropyl—3,3-bis-(2-hydroxyphenyl)-
propylamine (LXXXVT), hydrochloride

From the amine (XXXVIII) of Example 5a). Crude
yvield 57%. HCl-salt, m.p. 257° (ethancl-ether).

Ca1H2oNO,. HCY (363.9) requires: C, 69.31; H, 8.31;
N, 3.85; O, 8.79; Cl, 9.74, Found: C, 69.3; H, 8.3T; N,
3.95; O, 9.23; CI, 9.40.

f) N-Methyl—N-tert.buty1~3,3—bis-(2-hydroxypheny1)—
propylamine (LXXXVII), hydrochloride

From the amine (LXVII) of Example 7c). Crude
yield 100%, m.p. 190°. HCl-salt, m.p. 252° (ethanol).

CaoHz/NO>. HCI (349.9) requires: C, 68.65; H, 8.06;
N, 4.00; Cl, 10.13, Found: C, 68.4; H, 8.06; N, 4.17; Cl,
9.59.

g N,N~Diisopropyl-3~(2-hydroxy—4—methylphenyl)—
3-phenylpropylamine (LXXXVIHI, hydrochloride

From the amine (XLI) of Example 5d). Crude vield
$0%. HCl-salt, m.p. 217° (ethanol).

C;H3;NOHCL. Ha0 (366.5) requires: C, 72.09; H,
8.96; N, 3.82; O, 5.46; Cl, 9.67, Found: C, 72.3: H, 8.91;
N, 3.93; O, 5.27; C1, 9.46.

h) N,N—Diisopropyl—3,3~bis-(2—hydroxy—5—methyl—
phenyl)propylamine (LXXXIX), hydrochloride

From the amine (XLI) of Example 5e). Crude yield
93%, wm.p. 166°. HCl-salt, m.p. 220° (ethanol).

C23H33NO2HCI (392.0) requires: C, 70.47; H, 8.74;
N, 3.57; Cl, 9.05, Found: C, 70.6; H, 8.78; N, 3.71; C,
8.93.

i) N-Methyl-N-tert.butyl-3,3-bis-(2-hydroxy-5-
methylphenyDpropylamine (XC), hydrochloride

From the amine (LXIX) of Example 7e). Crude yield

79%, m.p. 199°~201° (IPE). HCl-salt, m.p. 220° {ace-
tone).

C22H31NO,. HCI (378.0) requires: C, 69.91; H, 8.54;
N, 3.7} O, 8.47; Cl, 9.38, Found: C, 69.9; H, 8.70; N,
3.75; O, 8.81; Cl, 9.15.

b)) N-Methyl—N-tert.butyl—B-@-hydroxy—4—methy1—
phenyl)-3-phenylpropylamine (XCI), hydrochloride .

From the amine (LXVII) of Example 7d). Crude
yield 100%. HCl-salt, m.p. 240° (ethanol).

Ca1HzoNO.HCI (347.9) requires: C, 72.49; H, 8.69; N,
4.03; O, 4.60; Cl, 10.19, Found: C, 72.51 H, 8.75; N, 4.06;
0, 4.90; Cl, 10.1.

k) N,N-Diisopmpy1~3-(4-ﬂuorop’henyl)-3~(2-hydrox-
yphenyl)propylamine (XCII), hydrochloride
" From the amine (XLVII) of Example 5j). Crude yield
72%. HCl-salt, m.p. 183° (acetone-ethanol).

C21Hy7FNO.HCI (364.9) requires: C, 69.12; H, 7.73;
N, 3.83, Found: C, 69.1; H, 8.09; N, 3.82.

D N,N-Diisopropyl-3-(2,4-dihydroxyphenyl)-3-
phenylpropylamine (XCIII), hydrochloride

From the amine (XLV) of Example 5h). Crude yield
31%. HCl-salt, m.p. 205°-210° (ethanol-acetone-ether).

C21Hz9NO;. HCI (363.9) requires: C, 69.31; H, B.31;
N, 3.85; O, 8.79; Cl, 9.74, Found: C, 69.5; H, 8.33; N,
3.72; O, 8.91; C, 9.87.

m) N-(1,1-Dimethylpropyl)-N-methyl-3,3-bis-(2-
hydrozy-5-methylphenyl)propylamine (XCIV), hydro-
chloride

From the amine (LXXII) of Example 7h). Crude
vield 100%, m.p. 190°~195". HCl-salt, m.p. 235°-240°
(ethanol-acetone-ether).

C23H33NO2.HCI (392.0) requires: C, 70.47; H, 8.74;
N, 3.57; 0, 8.16; Cl, 9.05, Found: C, 70.0; H, 8.96; N,
3.54; 0, 8.11; CJ, 9.19.

m) N-Methyl-N-tert.butyl-3-(2,4-dihydroxyphenyl)-3-
phenylpropylamine (XCV), hydrobromide
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From the amine (LXXII) of Example 7i). Crude
yield 78%, m.p. 260°. HBr-salt, m.p. >260° (ethanol}:

CaoH5NO2. HBr (394.4) requires: C, 60.9; H, 7.16; N,
3.55; O, 8.11; Br, 20.27, Found: C, 60.8; H, 7.18; N, 3.29;
O, 8.38; Br, 20.2.

0) N,N-Diisopropyl-3,3-bis<(2,4-dihydroxyphenyl)-
propylamine (XCVI), hydrochloride )

From the amine (XLVI) of Example 5i). The HCI-
salt, consisting of an amorphous brown powder, did not
give a satisfactory elemental analysis because of incom-
plete combustion.

P N-Methyl-N-tert.butyl-3,3-bis-(2,4-dihydroxy-
phenyDpropylamine (XCVII), hydrochloride

From the amine (LXXVI) of Example 71). Crude
yield 87%, m.p. 260°. The HCl-salt did not give a satis-
factory elemental analysis becanse of incomplete com-
bustion.

Q) N,N-Diisopropyl-3-(2,5-dihydroxyphenyl)-3-
phenylpropylamine (XCVIII), hydrochloride

The amine (XLII) of Example 5f) in the form of the
free base (32 g, 0.063 mol) in methanol (500 ml) contain-
g 5 g of a 5% Pd/C catalyst was hydrogenated at
ambient temperature and pressure. After 2 h the reac-
tion was complete. The mixture was filtered, the filtrate
was taken to dryness, the residue was dissolved in ace-
tone and treated with ethereal HCI, giving 19.8 g (87%)
of a crude salt, m.p. 260°. Recrystallization from metha-
nol gave white crystals, m.p. 260°, }

Co1Hy9NO2. HCl § H)O (368.6) requires: C, 68.44; H,
8.36; N, 3.80; 0, 9.77; Cl, 9.62, Found: C, 68.4; H, 8.40;
N, 3.60; 0, 10.3; Cl, 9.42.

The following compounds were prepared in the same
way.

1) N-Methyl-N-tert.butyl-3-(2,5-dihydroxyphenyl)-3-
phenylpropylamine (XCIX), hydrochloride

From the amine (LXXIV) of Example 7j). Crade
yield 90%. HCl-salt, mp. >270° (methanol-water).

CaoHa7NO, HCI (349.9) requires: C, 68.65; H, 8.06;
N, 4.00; O, 9.14; C}, 10.13, Found: C, 68.9; H, 8.02: N,
3.93; O, 9.60; CI, 10.5.

s) N,N-Diisopropyl-3,3-bis-(2-hydroxy-4-methyl-
phenyl)propylamine (C), hydrochloride

From the aming (XLIV) of Example 5g). Crude yield
100%. HCl-salt, m.p. 253° (methanol-ether). _

C23H33N02.HCI (392.0) requires: C, 70.47; H, 8.74;
N, 3.57; O, 8.16; Cl, 9.05, Found: C, 70.5; H, 8.74; N,
3.55; O, 8.47; CI, 8.03.

t) N-Methyl-N-tert.butyl-3,3-bis-(2-hydroxy-4-
methylphenyl)propytamine (CI), hydrochloride

From the amine (LXXV) of Example 7k). Crude
yield 97%, a yellow powder.HCl-salt, m.p. 260° (me-
thanol-acetone).

C2H31NO2 HCI (378.0) requires: C, 69.91; H, 8.54;
N, 3.71; O, 847; Cl, 9.38, Found: C, 69.9; H, 8.68; N,
3.67; O, 8.85; Cl, 9.24.

u) N,N-Diisopropyl-3-(2,3-dihydroxyphenyl)-3-
phenylpropylamine (CII), hydrochloride

From the amine of Example 5b). Crude
yield 100%. HCl-salt, m.p. 174°~176° (acetone).

Ca1HpNO>HCI (363.9) requires: C, 69.31; H, 8.31;
N, 3.85; O, 8.79; CJ, 9.74, Found: C, 69.5; H, 8.33; N,
3.66; O, 9.37; CI, 9.63.

w) N-Methyl-N-tert.butyl-3-(2,3-dihydroxyphenyl)-
3-phenylpropylamine (CHI), hydrochloride

From the amine (LXXVII) of Example 7m). Crude
yield 100%, a white powder. HCl-salt, m.p. 209°-210°,
slow heating, (methanol-acetone),
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Ca0Hz7NO,. HCL4 Ha0 (358.9) requires: C, 66.92; H,
8.14; N, 3.90; O, 11.14; C1, 9.88, Found: C, 66.9; 1, 812;
N, 3.76; O, 11.8; C1, 9.74.

X) N—Methyl-N-tert.butyl-3-(2—hydroxyphenyl)-3~
phenylpropylamine (CIV), hydrochloride 5

From the amine (LXXVIII) of Example 7n). Crude
yield 100%. HCl-salt, m.p. 255° (acetone-ether).

C20H27NO.HCI (333.9) requires: C, 71.94; H, 8.45; N,
4.20; Cl, 10.62, Found: C, 71.9; H, 8.43; N, 4.01; Cl, 10.5,

y) N-Methyl-N-tert. butyl-3-(2,6-dihydroxyphenyl)-3-
phenylpropylamine (CV), hydrochloride

From the amine (LXXXT) of Example 8¢) with BBr;,
in low yield. HCl-salt, m.p. 170° (ethanol-ether).

Ca2oH27NO2. HCLY HyO (358.9) requires: C, 66,93; H,
8.14; N, 3.40; O, 11.14; Cl, 9.87, Found: C, 674; H, 8.28;
N, 3.63; O, 10.9; C}, 9.99. ’

z) N,N—Diisopropyl-3—(5—chloro-2-hydroxyphenyl)-3—
phenylpropylamine

The base from Example 5m) (11.7 g, 0.032 mol) was
treated with pyridine (7.6 g, 0.096 mol) and conc. HC)
(13 g). The mixture was taken to dryness in vacuum and
the residue was heated in an oil-bath at 205°-215" for 11
h. The melt was cooled somewhat, water was added,
the mixture was digested in a boiling water bath and
cooled. 2N HCl was added, the salt was filtered off,
washed with 2N HCI and dried, giving 11.0 £ (90%)
white salt m.p. 200° . Recrystallization from acetone
gave the hydrochloride of the title compound, m.p.
202°-203°,

C21HsCING.HCI (382.4) requires: C, 65.96; H, 7.64;
N, 3.66; Cl, 18.54, Found: C, 66.0; H, 7.88; N, 3.63; CL
18.3. .

aa) N—Methyl~N—tert.butyl—3~(5-chloro—2—hydroxy-
phenyl)-3-phenylpropylamine

The free base from Example 70) (10.5 g, 0.03 mol)
was treated with pyridine (7.0 g, 0.09 mol) and conc.
HCI (12 g). The mixture was taken to dryness in vac-
uwum and the residue was heated in an oil-bath at
205°-215° for 1} h. The melt was cooled somewhat,
excess of 2N NaOH was added, the mixture was ex-
tracted with ether, the extract was washed with water,
dried and evaporated giving 7.5 g (88%) crude syrup.
This was dissolved in ether and treated with ethereal
HCl giving 8 g (83%) of hydrochloride salt. Recrystalli-
zation from acetone-2N HCI gave the hydrochloride of 45
the title compound, m.p. 260°,

CaoH26CINO.HCI (368.4) requires: C, 65.21; H, 7.39;
N, 3.80; C), 19.25, Found: C, 65.0; H, 7.30; N, 3.73; CI,
18.9.

ab) N-(3«(2-Hydroxyphenyl)-3-phenylpropyl)-
2,2,5,5-tetramethylpyrrolidine

The crude amine from Example 5n) was hydrogeno-
lysed as described in Example 9q). The free amine was
obtained as an oil which was converted to the hydro-
chloride and crystallized from 2-propanol. M.p.250° C.

C23H3:NO.HC (374.0) requires: C, 73.86; H, 8.63; N,
3.75; O, 4.28; Cl, 9.48, Found: C, 73.8; H, 8.71; N, 3.59;
0, 4.80; Cl, 9.45.

ac) N-(3<(2-Hydroxyphenyl)-3-phenylpropyl)-4-
hydroxy-2,2,6,6-tetramethylpiperidine

The benzyloxy compound from Example 50} was
hydrogenolysed as described in Example 9q). The free
base was converted to the hydrochioride semihydrate
which was crystallized from acetone. The compound
melts with decomposition at about 150° C.

C24H33N02. HCI.3 KO (413.0) requires: C, 69.79; H,
8.54; N, 3.39; O, 9.68; Cl, 8.58, Found: C, 70.0; H, 8.67;
N, 3.47; 0, 9.98; Cl, 8.13.
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ad) N-(2-Hydroxy-1,1-dimethylethyl)-N-methyl-3-(2-
hydroxyphenyl)-3-pbenylpropylamine

The benzyloxy compound from Example 7p) was
hydrogenolysed as described in Example 9q). The
amine, obtained as a glassy mass, was converted to the
hydrochloride which was obtained as an amorphous
solid on precipitation from ethanol with ether.

C20t27NO;. HCl (349.9) requires: C, 68.65; H, 8.06;
N, 4.00; O, 9.15; Cl, 10.13, Found: C, 68.25; H, 8.18; N,
3.98; 0, 9.12; C§, 10.0.

ae) N-1-Adamanty}-N-methy}-3-(2-hydroxyphenyl)-
3-phenylpropylamine

The benzyloxy compound from Example 7q) was
hydrogenolysed as described in Example 9q). The free
hydroxyamine was obtained as a glassy mass. }t was
dissolved in anhydrous ether and treated with an excess
of hydrogen chloride in ether. The hydrochloride pre-
cipitated as a powder which decomposed at about 220°
C

CaHzNOHCI (412.0) requires: C, 75.79; H, 8.3% N,
3.40; O, 3.88; Cl, 8.61, Found: C, 75.3; H, 8.01; N, 3.22;
0, 3.45; CJ, 8.96.

EXAMPLE 10
Reduction of amides

2) N,N-Diisopropyl-3- (2-methoxy-5-methylphenyl)-
3-phenylpropylamine

3-(2-Methoxy-5-methylphenyl)-3-phenylpropionic
acid (12.8 g, 0.05 mol) (J. D. Simpson & H. Stehphen, J.
Chem. Soc. 1956 1382) and thionyl chloride (50 mi) are
heated on a water bath for 3 h. The excess of thionyl
chloride is distilled off under reduced pressure. The
remaining  crude 3~(2-methoxy-5-methylphenyl)3-
phenylpropionyl chloride is dissolved in 50 ml of di-
chloromethane and added dropwise to a stirred solution
of diisopropylamine (20.2 g, 0.20 mol) in 200 ml of di-
chloromethane at about 0° C. The solution is left for 2 h,
the solvent is distilled off and the remaining material is
treated with water. The solid product consisting of
N,N-diisopropyl-3-(2-methoxy-5-methylphenyl)-3-
phenylpropionamide is filtered off, dried and added in
small portions to a stirred suspension of lithinm alumin-
ium hydride (6.0 g, 0.16 mol) in dry ether (700 ml). The
mixture is refluxed for 2 days. Excess of hydride is
destroyed by the careful addition of water, the ether
layer is separated and dried with anhydrous sodium
sulfate. After filtration the solution is added to a solu-
tion of excess fumaric acid in ether. The precipitated
salt is collected and crystallized from 2-propanol. The
hydrogen fumarate melts at 176> C.

b) N-Methyl-N-tert.butyl-3-(2-methoxy-5-methyl-
phenyl)-3-phenylpropylamine was similarly prepared.
The hydrochloride melts at 161° C.

EXAMPLE 11
2) N—Methyl—N—tert.butyl—S-(5-chloro-2—hydroxy-
phenyl)-3-phenylpropylamine

A solution of chlorine (7,1 g, 0,10 mol) in acetic acid
(500 ml) is added dropwise to a stirred solution of N-
methyl-N-tert.butyl-3-(2-hydroxyphenyl)-3 ~phenyl-
propylamine (29.7 g. 0.10 mol) in acetic acid (200 ml)
with stirxing. After 2 h the solvent is distilled off under
reduced pressure and the crude hydrochloride left is
recrystailized from 2-propanol. Melting point 260° C.

b) N,N—Diisopropyl-3-(5-chloro—2—hydroxyphenyl)-3-
phenylpropylamine is similarly prepared. The hydro-
chioride melts at 202°-3° C.
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EXAMPLE 12 EXAMPLE 15 (CONTINUATION OF EXAMPLE .
Separation of(+)- and (—)-enantiomers )

(i)-N,N-DiisoprOpy]-3-(2-hydroxyphenyl)~3—
phenylpropylamine (31.1 g, 0.10 mol) is dissolved in 300
ml of ethanol. A solution of L{+ )-tartaric acid (150 ¢,
0.10 mol) in 400 m] of ethanol is added. The mixture is
heated a few minutes in a boiling water bath and seeded
with crystals obtained by cooling and scratching a small
sample of the main solution. The mixture is chilled at
about 4° C. over-night whereupon the crystailine pre-
cipitate is filtered off, washed with cold ethanol and
recrystallized repeatedly from ethanol. The pure {(—)-
N,N—diisopropyl-3-(2-hydroxyphenyl)-3—phenyl~
propylamine hydrogen L-(+)-tartrate thus obtained has
[alp??—10.6° (c=5% in methanol). The free amine is
obtained by alkalisation of an aqueoss solution, extrac-
tion into ether, drying and evaporation of the solvent.
Sticky oil, [a)p??—5.4° (c=5% in methanol).

(-+)-N,N-Diisopropyl-3-(2-hydroxyphenyl)-3-
phenylpropylamine is similarly prepared using D-(—)-
tartaric acid. The hydrogen-D-—)tarirate has
[a]p?%4-10.0° . The free amine has [a]p?0+5.6° , both
measured as 5% solutions in methanol. ‘

EXAMPLE 13 (CONTINUATION OF EXAMPLE
N
Preparation of 4-phenyl-3,4-dihydrocoumarins

£) 4-(2-Methoxyphenyl)6-methyl-3,4-dihydrocouma-
rin (CIV)

A mixture of 2-methoxycinnamic acid (178 g, 1.0
mol), p-cresol (108 g, 1.0 mol), and p-touenesulphonic
acid monohydrate (47.5 g, 0.25 mol) was stirred on 2
boiling water-bath for about 2 h during which time the
system was evacuated with a waterpump to remove
formed water. The solid was then broken up and
washed copiously with water. The granular material
was then stirred with a large volume of saturated NaH-
COj solution containing some 10% acetone. The prod-
uct was filtered off, washed dried and recrystallised
from acetone affording 167 g (62,5%) white crystals of
the desired lactone, m.p. 140",

Cy7H1603(268.3) requires: C, 76.10; H, 6.01; O, 17.89,
Found: C, 76.0; H, 5.97; O, 17.9.

h) 6-Chloro-4-(2-methoxyphenyl)-3,4-dihydrocouma-
rin (CVII) was prepared in a similar way in 49% yield
from 2-methoxycinnamic acid and p-chlorophenol, the
reaction temperature being 130° in this case. Mop.
172°-173° (acetone).

Ci16H1303(288.7) requires: C, 66.56; H, 4.54; O, 16.62,
Found: C, 66.8; H, 4.45; O, 16.5.

EXAMPLE 14 (CONTINUATION OF EXAMPLE
2

Preparation of 3,3-diphienylpropionic acid esters

1)) Methyl-3-(2-methoxyphenyl)-3-(2-methoxy-5-
methylphenyl)propionate (CVII) was obtained as an
oil in 75% yield from the lactone CVI of Example 13g
in the manner described for the ester V1 of Example 2a).

m) Methyl-3-(5-chloro-2-methoxyphenyl)-3-(2me-
thoxyphenylpropionate (CIX) was obtained as an oil in
the same way in 97% yield from the lactone CVII of
Example 13.
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Preparation of 3,3-diphenylpropanols

m) 3-(5-Chloro-2-methoxyphenyl)-3-(2-methoxy-
phenyl)propanol (CX) was obtained in 849 yield from
the ester CIX of Example 14m in the manner described
for the propanol XVI of Example 3a), except that the
reduction was carried out in toluene with a 10% molar
excess of a 3.4M toluenic solution of sodium bis(2-
methoxyethoxy)aluminium hydride (SMEAH) instead
of LiAlH,. M.p. 70°-72°(APE). .

n) 3-(2-Methoxyphenyl)-3-(2-methoxy-5-methyl-
phenylpropanal (CXT) was obtained in the same way in
quantitive yield from the ester CVII of Example 141).
The product consisted of a golden oil of 89% purity
according to GC.

EXAMPLE 16 (CONTINUATION OF EXAMPLE
4

Preparation of
3,3-diphenylpropyl-p-toluenesulphonates

n) 3-(2-Methoxyphenyl)-3-(2-methoxy-5-methyl-
phenyDpropyl-p-toluene-sulphonate (CXII) was pre-
pared in the same way as the tosylate XXVII of Exam-
ple 4a) in quantitative yield from the propanol CX1 of
Example 15n) using CH;Cl; as solvent instead of chlo-
roform. M.p. 101° (ether/IPE).

C2sH2305S (440.57) requires: C, 68.16; H, 6.41; S,
7.28, Found: C, 68.3; H, 6.51; S, 7.20.

o) 3-(5-Chlom-2—methoxyphenyl)—3-(2-methoxy—
phenylpropyl-p-toluenesulphionate (CXIH) was ob-
tained in the same way in quantitative vield from the
propanol CX of Example 15m. M.p, 97°-98° (acetone-
/IPE).

CaqHo5CHO5S (460.92) requires: C, 62.54; H, 5.47; S,
6.94; Cl, 7.69, Found: C, 63.0; H, 5.65; S, 6.95; Cl, 7.70.

EXAMPLE 17 (CONTINUATION OF EXAMPLE
3)

- Preparation of tertiary 3,3-diphenylpropylamines

r) N,N-Diisopropyl-3-(5-chloro-2-methoxyphenyl)-3-
(2-methoxyphenyl)propylamine (CXIV) was obtained
as an oil in 54% yield from the tosylate CX1I of Exam-
ple 160) in the manner described for the amine
XXXV of Example Sa). Purity by GC=99.9%.

s) N,N-Diisopropyl-3-(2-methoxyphenyl)-3-(2-
methoxy-5-methylphenyl)propylamine (CXV) was ob-
tained in the same way in 49% crude yield from the
tosylaie CXV of Example 16n). After chromatographic
purification on an Si-gel 60 column (eluation with light
petrolenm), the product (oil) kad a purity of 100% ac-
cording to GC.

1) N-{(2-Benzyloxy-5-methyl)}-3-phenyl}-2,2,5,5-tet-
ramethylpyrrolidine (CXVI) was prepared from 3-(2-
benzyloxy-5-methyl)-3-phenylpropyl tosylate and
2,2,5,5-tetramethylpyrrolidine following the directions
given in Example 5a). It was obtained as a sticky oil
which was converted to the free hydroxy compound of
Example 20aj).

EXAMPLE 18 (CONTINUATION OF EXAMPLE
' 6)
Preparation of secondary 3,3-diphenylpropylamines

p) N-tert.Butyl-3-(S-chloro-2-methoxyphenyl)-3-(2-
methoxyphenyl)propylamine (CXVII) was prepared in
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quantitative yield from the tosylate CXIII of Example
160) in the manner described for the amine L of Exam-
ple 6a). The HCl-salt had m.p. >260°,

C21H25CINO2 HCI (398.38) requires: C, 63.3; H, 7.34;
N, 3.52; Cl, 17.80, Found: C, 63.2; H, 7.46; N, 3.49%; CI,
174.

qQ) N-tert,Buty]-3-(2-methoxyphenyl)—B-(2—methoxy—
S-methylphenyl)propylamine (CXVIII) was obtained in
a similar way in 89% crude yield from the tosylate CXII
of Example 16n). The HCl-salt had m.p. 225°,

C2:H3,0;N.HCI (377.97)

Requires: C, 69.9%; H, 8.54; N, 3.71; Cl, 9.38; O, 8.47,
Found: C, 69.8; H, 8.73; N, 3.60; Cl, 9.45; O, 8.79.

EXAMPLE 19 (CONTINUATION OF EXAMPLE
D

Preparation of tertiary 3,3-diphenylpropylamines from
secondary amines

1) N-Methyl—N-tert.butyl-S-(Schloro—Z—methoxy—
phenyl)-3-(2-methoxyphenyl)propylamine (CXIX) was
prepared in 89% yield from the amine CXVII of Exam-
ple 18p) in the manner described for the amine LXI of
Example 7a). The HCl-salt was prepared by treating an
acetonic solution of the free base with conctrated hy-
drochloric acid. M.p. 130°.

CrH3CION.HCLH;O (430.42)

Requires: C, 61.39; H, 7.74; N, 3.25; Cl, 16.47, Found:
G, 62.0; K, 7.93; N, 3.26; Cl, 16.5.

s) N—Methyl~N—tert.butyl—3-(2-methowphenyl)—3-(2-
methoxy-5-methylphenyl)propylamine (CX3) was pre-
pared in a similar way in 98% yield from the amine
CXVIX of Example 18q). The free base (oil) had a
purity of 96% by GC.

EXAMPLE 20 (CONTINUATION OF EXAMPLE
9

Removal of O-proptective groups

af) N,N-Diisopropyl—3-(2-hydroxyphenyl)~3-(2—
hydroxy-5-methylphenyl)propylamine (CXXD)

The amine CXV from Example 17s) (26.5 g, 0.072
mol) in methanol was treated with a slight excess of
concentrated hydrochloric acid. The mixture was taken
to dryness in vacuum, pyridinium chioride (25.4 g, 0.22
mol) was added and the mixture was then heated at
200°-205° for 13 h. The mixture was cooled to about
80°, acetone (20 g) was added followed by addition of
little water, The salt was filtered off, washed with di-
Iuted HCI and dried. Recrystallisation from absolute
ethanol/ether gave 17.5 g (64.3%) of a white salt, m.p.
>250°. Purity by GC=100%. .

C22H31NO7.HCI (377.97) Requires: C, 69.91; H, 8.54;
N, 3.71; O, 8.47; Cl, 9.38, Found: C, 69.8; H, 8.65; N,
3.57; O, 8.76; Cl, 9.51.

ag) N,N—Diisopropyl-3—(5-chloro-2-hydroxyphenyl)-
3-(2-hydroxyphenyDpropylamine (CXXII was pre-
pared in the same way in 37% yield from the amine
CXIV of Example 17r). The HCl-salt had m.p. 214°
(ethanol).

Ca1H2sNO;. HCI (398.38) Requires: C, 63.31; H, 7.34;
N, 3.52; O 8.03; Cl, 17.80, Found: C, 63.1; H, 7.34; N,
3.40; O, 8.15; CJ, 17.8.

ah) N-Mcthyl-N—tert.butyl~3-(2—hydroxyphenyl)—3-(2—
hydroxy-5-methylphenyf)propylamine (CXXIII) was
prepared in the same way in 30% vield from the amino
CXX of Example 19s). The HCl-salt had m.p. 240°
(acetone).
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CHzoNO,. HCI (363.94) requires: C, 69.3; H, 8.31;
N, 3.58; CI, 9.74, Found: C, 69.0; H, 8.35; N, 3.65; Cl,
9.76.

ai)  N-Methyl-N-tert.butyl-3-(5-chloro-2-hydroxy-
phenyD)-3-(2-hydroxyphenyl}propylamine ~ (CXXIV)
was prepared in the same way in 24% yield from the
amine CXIX of Example 19r). M.p. >250°.

Ca0H26CINO,.HC1 (384.36) requires: C, 62.50; H,
7.08; N, 3.65; Cl, 18.45, Found: C, 62.5; H, 7.09; N, 3.63;
Cl, 184.

aj) N-[3-(2-Hydroxy-5-methylphenyl)-3-phenyl-
propyl]-2,2,5,5-tetramethylpyrrofidine (CXXV). was
obtained when the O-benzylated amine CXVI of Exam-
ple 17t) was hydrogenolyzed as described in Example
9q. The hydrochloride melts at 240°,

C24H34CINO (388.0) requires: C, 74.29; H, 8.83; N,
3.61; Cl, 19.14, Found: C, 73.9; H, 8.90; N, 3.52; CJ, 9.48.

EXAMPLE 21 (CONTINUATION OF EXAMPLE
10)

Reduction of amides

N,N-Diisopropyl-3-(2-methoxyphenyl)-3-phenylpro-
pionamine

N,N-Diisopropyl-3-(2-methoxyphenyl)-3-phenylpro-
pionamide was obtained as o pale yeflow oil in quantita-
tive yield from 3-(2-methoxyphenyl)-3-phenylpropionic
acid in the manner described for the amide of Example
10a). This amide (27 g, 0.08 mol) in toluene (50 g) was
added dropwise under r.t. to a 3.4M toluenic solution of
SMEAH (50 g, 0,17 mof) diluted with an equal weight
of toluene. The mixture was stirred at 60°-70° for 2 h,
cooled, treated with excess od 2N NaOH. The organic
phase was separated, washed with water and extracted
with 2N HCL The acidic extract was washed with
ether, basified, extracted with ether, dried and evapo-
rated giving 17.1 g (66%) free base, This was dissolved
in acetone (75 ml) and treated with 6.6 g fumaric acid
dissolved in methanol, affording 20 g of the famaric
acid salt, m.p. 163°~164°,

CooH3ON.C4H4Oy (441.58) requires: C, 70.72; H,
7.99; N, 3.17; O, 18.12, Found: C, 70.7; H, 7.96; N, 3.13;
0O, 18.0.

EXAMPLE 22
Separation of (+)- and (—)-enantiomers

(-+)-N,N-Diisopropyl-3-(2-hydroxy-5-methy}-
phenyl)-3-phenylpropylamine hydrogen tartrate

The racemic amine (LXXXVIII of Example 9g) (48.8
g, .15 mol) was dissolved in 500 m} of 95% ethanol and
mixed with a solution of L(+-)-tartaric acid (22.5 £,0.15
mol) in 500 ml of ethanol. The mixture was left over
night at +-4°. The precipitated salt was collected by
filtration and washed with ethanol and ether. ‘The yield
of crude salt with [a]s4?° +29.5° (C 5%, methanol) was
34,3 g Two recrystallisations from ethanol afforded
21.8 g with [a)s4625436.0°.

CasH37NO7 requires: C, 65.66; H, 7.84; N, 2.95; O,
23.55, Found: C, 65.9; H, 8.06; N, 2.90; O, 23.5.

(—)-N,N-Diisopropyl-3-(2-hydroxy-5-methyl-
phenyl)-3-phenylpropylamine hydrogen D(—)-tartrate
was similarly prepared using D(—)-tartaric acid,

[a)s4625 —35.8°,

Found: C, 65.6; H, 3.00; N, 2.83; O, 23.6.

Several of the compounds according to the invention
were tested with regard to anti-cholinergic, anti-nora-
drenaline, and anti-calcium effects, toxicity and effect
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on the heart rate. The test procedures are described
below, and the test results are reported in Table 1. For
comparison purposes the testing also included the com-
mercially available drug terodiline and a structurally
similar compound, N,N-dimethyl-3-(2-methoxyphenyl)-
3-phenylpropylamine, disclosed as an antidepressant in
U.S. Pat. No. 3,446,901, GB-A-1.169.944, and GB-A-
1.169.945. The test results clearly show that the com-
pounds according to the invention are superior to the
known compounds especially as regards selectively
between the desired anti-cholinergic activity and the
undesired side-effects.

a) Anticholinergic activity on isolated urinary blad-
der

Male guinea-pigs, weighing 256-350 g, were killed by
a blow on the head and exsanguinated. The urinary
bladders were quickly removed and placed in Na+-
Krebs, in which they were kept throughout the dissec-
tion procedure. The bladders were dissected free from
adherent fat and connective tissue before they were cut
open by an incision on each side from the base towards
apex. The mucosa was carefully removed with a pair of
scissors. Four strips, approximately 3-5 mm long were
prepared by cutting in a parallel direction to the longi-
tudinal muscle fibers, on each half of the bladder,

The bladder strips were immediately mounted verti-
cally in 5 ml organ baths containing Na+-Krebs solo-
tion aerated with carbogere gas to maintain the pH at
about 7.4. The temperature, 37° C., was thermostati-
cally controlled by a Lauda MS3 thermostatic circula-
tor. The preparations were suspended between two
hooks, one of which was connected to a Grass Tastru-
ments FTO3 force transducer. The isomeric tension of
the preparations was recorded by a Grass polygraph
model 79D. The resting tension was applied to approxi-
mately 5 mN. The strips were allowed to stabilize for at
least 45 minutes. During this period the resting tension
was adjusted to 5 mN and the preparations were repeat-
edly washed.

In the preliminary experiments concentration-effect
curves for carbachol (carbamylcholin chioride) were
studied, in order to determine a suitable agonist concen-
tration for inhibition studies with antagonist. The carba-
chol concentration chosen, 3 10~6M, produced a sub-
maximal contractant response (70%). In the inhibition
studies, the strips were contracted with carbachal
(3X10—M) every 15 minutes. The strips were washed
three times after every agonist addition. This procedure
was repeated umtil a reproducible contractant response
was observed. A variation of about 10% for three subse-
quent contractions was accepted as reproducible.

Initially each antagonist was tested in a concentration
of 10—6M, on two bladder-strips from different guinea-
pigs. When a reproducible response with 3% 10~6M
carbachol was obtained, the strips were mcubated with
the antagonist for 15 minutes before the next carbachol
was added. If the antagonist produced more than 50%
inhibition of the response to carbachol, a complete con-
centration-inhibition curve was also made. In the com-
plete inhibition curves, the strips were then incubated
for 60 minutes with a fixed concentration of the antago-
nist before the next addition of carbachol. The effect of
the antagonists was calculated as per cent inhibition of
the mean of the initial agonist-induced contractions. To
generate concentration-inhibition curves the antago-
nists were studied in 6-8 concentrations and for each
concentration a fresh preparation was used, ie. the
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strips were only exposed to the antagonist once before
they were discarded.

b) Antagonistic effect to noradrenaline and calcium
on the portal vein Preparation of isolated portal vein
from rat

Animals: Albino, male rats, weighing about 200 g.

Bath volume: 5 ml

Buffer: Na+-Krebs, modified by X. E. Andersson

Temperature: 37° C.

Gas: Carbogene (93.5% 02+6.5% CO3)

Muscle tension: 0.5 g

The rat is killed by a blow on the neck and decapi-
tated. The abdomen is opened, the vein is dissected free
from fat, cut open longitudinally and mounted in an
organ bath. Changes in isometric tension is registered
by a force displacement transducer, comnected to an
amplifier and a writing oscillograph.

Noradrenaline-antagonism on portal vein

Doses: Noradrenaline 3 X 10~"M

The chosen doses give about 70% of maximal re-
sponse. The agonist is added to the bath at 10-minutes
intervals, When reproducible contractions are obtained
2 fixed concentration of the test substance is added to
the bath. After an incubation period of 10 minutes nor-
adrenaline is added. The next concentration of the test
substance is added when the original response of the
agonist is obtained.

The antagonistic effect of the substance is calculated
as per cent inhibition of the mean response by three
preceding doses of the agonist.

Ca-antagonistic effect on portal vein

10 mM K +-solution is added to the Krebs buffer to
Stabilize the spontaneous myogenic activity of the vein.
The amplitude of the muscle contractions is measured.
The test substance is added to the bath in cumulative
doses until total inhibition is obtained.

<) Histamine-antagonism on isolated ileum

Preparation of isolated ileum from guinea pigs

Animals: Guinea pigs of both sexes, weighing about
350 g.

Bath volume: 5 ml

Buffer: Na+-Krebs, modified by K. E. Andersson

Temperature: 37° C.

Gas: Carbogene (93.5% 02+6.5% CO3)

Muscle tension: 0.5 g

The guinea pig is killed by a blow on the neck and
decapitated. The abdomen is opened and about 2 cm of
the ileum is cut off about 15 cm above the ileacaecal
junction. The piece of ileum is washed with buffer and
mounted in an organ bath. Changes in isometric tension
1s recorded by a force displacement transducer, con-
nected to an amplifier and a writing oscillograph.

Dose: 5X 10—"M of histamine.

The chosen dose of histamine gives about 70% of
maximal response. The agonist is added to the bath at
3-minutes intervals. When reproducible contractions
are obtained a fixed concentration of the test substance
is added to the bath. After an incubation period of 2-10
minutes a new contraction is induced by histamine. The
next concentration of the test substance is added when
the original response of the agonist is obtained.

The agonistic effect of the test substance is calculated
as per cent inhibition of the mean response by three
preceding doses of histamine.

d) Acnte toxicity in mice
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The antagonists to be tested were dissolved in 0.9%
NaCl If they were not soluble in 0.9% NaCl they were
dissolved in double distilled water. The solutions were
prepared on the day of the experiment.

Procedure

White male mice, 25 g, were placed in 2 mouse
bolder. The tested compounds were given as i.v. bolus
doses in one of the four tail-veins, with a volume of 0.01
ml/g mouse. Bach substance concentration was given
to a group of four mice. 4-5 different concentrations of
the antagonists were made and tested.

The acute lethal dose (LD11) was the lowest concen-
tration of the anticholinergic drug where 4 mice of 4
tested died within 5 minutes after an i.v. bolus dose.

LDspinterval: The LDsg-interval was between the
highest dose where 4 mice survived and the lowest dose

32
where 4 mice died within 5 minutes after an iv. bolus
dose.

e) Effect on heart rate in conscious rat

The animal is slightly anaestetized by ether and an
infusion cannula is mserted into 2 tail vein. While still
asleep the rat is placed in a simple device, made of a
coarse, somewhat elastic net fixing the rat in a constant
position. Electrodes ave attached to the extremities and
connected to an ECG-pulse pre-amplifier and a Grass
polygraph. By recording the ECG, the heart rate can
then be determined.

Before any substance is given the animal has regained
consciousness and the heart rate bas been constant for at
least 15 minutes.

The substance is injected, i.v. in the infusion cannula
and flushed with physiological saline.

ECG is recorded 0.25, 0.5, 1, 2, 3 and 5 minutes after
completed injection and then every 5 minutes until the
original heart rate is obtained.

TABLE 1
Effect on
heart
Acute rate
Antichol.  Anti-N.A. Anti-Ca  Aati-HI toxicity Lethal threshold
effect effect effect effect  fv. dose dose
Substance ICso M)  ICsoM)  ICso(M) ICsp (M) mg/kg mgkg mg/kg
52 % 10-7 2.4 x 10—6 1075 4x 10~ 1520 20 1-3
CH—CHy~—~CH—N_
Terodiline (prior art)
OCH; 12 108 44 % 10-6 21 x 10—5 37 x 10~7 10-15 15
CH3
4
CH—CHy—CHy—N
@/ AN
CH3
GB-A-1.169.944 (antidepressant)
o 1.8 x 10-8 103 15X 105 7Tx 1076 1020 20 1-3
©/\ CH(CH
1 CH—CH~CH;—N
ij/ CH(CHB)Z
Racemate
1a (+)-isomer of I 1.8 x 108
b (—)-somer of 1 14 x 10-8
-7 —6 -6
ocH; 15x 10-7 35 x 10 9% 10 1020 20
CL C(CH3)3
2 CH~CHz~~CH—N
AN
CH;

9
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TABLE 1-continued
Effect on
heart
Acute rate
Antichol.  Anti-N.A. Anti-Ca Anti-HI toxicity Lethal threshold
) effect effect effect effect iv.  dose dose
Substance ICso (M) ICsoM)  ICso(M)  ICso (M) mg/kg me/kg  mg/ke
ocH; 24 %1077 36X 106 >p0-4 0 10
@E CH(CH3);
3 CH—CHy—~CHy—N
OH 15x 108 55 x 10~6 5 x 10— 10-5 3040 40
4
/@ CH(CH3}2
H;C CH~CHy—CHy—N
4a. (+)isomer of 4-tartrate 13 x 10-3 6.5 X 10—6 1020 20
4b. (—)isomer of 4-tartrate 1.3 x 10—¢ 6% 10—6 1020 20
OH 49X 1077 38 x 10~ 3x 105 10-% 3045 45 1-3
@; C(CH3)3
5 CH-—CH;—CH;~N
@ C}{B
OH
HO. on 201077 3% 107 65 % 10~% L3I X 10-F >20 320
6 CH—CH~—CHy—N
©/ CH3
on 19%x10~%F 5% 10-5 65x 105 3% 10-6 3050 50
7
Q CH(CHz)y
HO CH—CH;— CHy—N
<j/ CH(CH3)2
ou 31X 1078 5% 105 5% 10~5 Tx 106 6 6
3 /@; CH(CH3)3
HO

<

CH—CHZ—Cﬂz—N\

CH;3
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TABLE l-continued
Effect on
beart
Acuote rate
Antichol.  Anti-N.A. Anti-Ca Anti-HI toxicity Lethal threshold
effect. effect effect effect  iv. dose dose
Substance ICsoM) ICso(M) JICs (M)  ICso (M) mg/kg mg/kg  megrkg
OH L6 1078 5% 1073 25 x 105 1.2 x 10-6 20
9 CH~CH;—CHy=~N
62x 1078 4x10-6 7 x10-% 2.5x 10~5
(C H H3C CH3
10 CH—CH,—CH;—~N
©/ H3C CH3
HsC oH 10 % 10~8 55 % 10-¢ 105 25 10—6 1020 20
\@ CH(CH3),
11 CH~—CH~~CH;—N
OH 4.7 % 107 23x10~% 80 x 10~% 1530 30
Q& C(CH3)3
12 HO CH~CH;—CH—~N
©/ AN
CH;3
OH 920X 10~ 3x10-5 15x 105 2x10~5 510 10
<I C(CH3),
13 CHCHz—CHz—N
OH
EXAMPLE A
Preparation of tableis 55 being mixed for about 5 minutes and then compressed
into tablet form with or without filmcoating.
Ingredients mg/tablet EXAMPLE B
1. Compound 1 in Table 1 20 Preparation of capsules
2. Cellulose, microcrystalline 510
3. Calcitim hydrogen phosphate 15.0 60
4. Sodium starch glycolate 5.0 Tngredients
5. Silicon dioxide, colloidal 0.25 e il i
6. Magnesium stearate 075 1. Compound 1 in Table 1 2
300 m 2. Lactose 186
o me 3. Comn starch . 20
65 4 Tale 15
The compound 1 according to the invention is mixed 5. Magnesium steasate 2
with ingredients 2, 3, 4 and 5 for about 10 minutes. The 225 mg

magnesium stearate is then added, the resultant mixture
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The compound 1 according to the invention is mixed
with ingredients 2 and 3 and then milled. The resulting
mixture is then mixed with ingredients 4 and 5 and then
filled into capsules of appropriate size.
We claim:
L. 3,3-Diphenylpropylamines of formula I

R2 !

OR!
CH—CHy—CHy—X

R4
R3

wherein R/ signifies hydrogen or methyl, R2, R3and R4
independently signify hydrogen, methyl, methoxy, hy-
droxy, carbamoyl, sulphamoyl or halogen, and X repre-
sents a tertiary amino group of formula If

RS

RS

wherein each of RY and RS independently signifies C;.
éalkyl, which may be joined to form 2 non-aromatic ring
having no hetero atom other than the amine nitrogen
and each of which may carry 2 hydroxy substituent, or
adamantyl, and wherein RS and R6 together contain at
least four carbon atoms, their salts with physiologically
acceptable acids and, when the compounds can bein the
form of optical isomers, the racemic mixture and the
individual enantiomers.

2. 3,3-Diphenylpropylamines according to claim 1,
wherein at least one of RS and R6is Cy_salkyl compris-
ing a branched carbon chain,

3. 3,3-Diphenylpropylamines according to claim 1,
wherein X signifies any of the following groups a)-f),
each of which may carry a hydroxy substituent:

CH(CH3), /CH;
a) —N b —N

CH(CH3)2 C(CHy)3
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-continued
CH;3 CHj3
\C CH:
CH. oA
s /
& ~N ., & —N .
C(CH;3)2CH;CH3 C———CHy
7\
CH3z CHj3
CH; CHj
N
C~—~CH;
3] N/ CH:
e} — 2
N
Co—CH,
/
CH3 CH3
7
f) ~N

4. 3,3-Diphenylpropylamines according to claim 1,
selected from the growp consisting of the following
compounds, their salts with physiclogically acceptable
acids and, where possible, their racemates and individ-
val  enantiomers: N,N-diisopropy}-3-(2-hydroxy-5-
methylphenyl)-3-phenylpropylamine, N-methyl-N-tert-
.butyl—3-(2-hydroxyphenyl)—3~pheny1pmpy1amine, N-
methyl—N—tert.butyl—B—(Z,4—dihydroxypheny])-3—phenyl-
propylamine, N-methyl-N-tert.butyl-3,3-bis-(2-hydrox-
yphenyDpropylamine, N,N-diisopropyl-3,3-bis-(2-
hydroxyphenyl)propylamine, N,N-diisopropyl-3-(2,5-
dihydroxyphenyl)-3-phenylpropylamine, N-methyl-N-
tert.buty)-3-(2,5-dihydroxyphenyl)-3-phenyl-
propylamine,N-N-diisopropyl-3-«(2~metho‘xyphenyl)-3—
phenylpropylamine, N-2,2,6,6-tetramethylpiperdine-
,(+)—N,N~diisopropyl—3—(2-hydroxy-S-methylphenyl)—B-
phenylpropylamine, and N, N-diisopropyl-3-(5-chioro-
2-hydroxyphenyl)-3-phenylpropylamine.

5. A pharmaceutical composition comprising a 3,3-
diphenylpropylamine according to claim 1 and a com-
patible pharmaceutical carrier.

6. The 3,3-diphenylpropylamines of claim 1 being
(+)-isomers.

7. The pharmaceutical composition of claim §
wherein the 3,3-diphenylpropylamine is present in ef-
fective anticholinergic amount.

* ® ¥ & x
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,382,600 Page 1 of |
APPLICATION NO. : 07/8190185

DATED : January 17, 1995

INVENTOR(S) : Jonsson et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below: )

Claim 4, col. 38, line 39:
“N-2,2,6,6-tetramethylpiperdine-" should read
--N-(3-(2-methoxyphenyl)-3-phenylpropyl)-2,2,6,6-tetramethylpiperidine--

Signed and Sealed this

Eighteenth Day of July, 2006

N WD)k

JON W, DUDAS
Director of the United States Patent and Trademark Office
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The invention relates to a pharmaceutical formulation cou-
taining tolieredine or a tolterodine-related eompound, or a
pharmacologically acceptable salt thereof, as active
ingredient, in which the formulation exhibits a controlled in
vitro release of the active ingredient in phosphate buffer at
pH 6.8 of not less than about 80% after 18 hours, and after
oral admipistration to a patient is capable of maintaining a
substantially constant serum level of the active moiety or
moieties for 24 hours. The invention also relates to the use
of the pharmaceutical formulation for tfreating overactive
bladder and gastrointestinal disorders.
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PHARMACEUTICAL FORMULATION AND
ITS USE

This application is a continuation-in-part of PCT inter-
national application No. PCT/SE99/02052 which has an
international filing date of Nov. 11, 1999 and which desig-
nated the United States, the eatire contents of which are
hereby incorporated by reference. This application also
claims priority under 35 U.S.C. 119(¢) of U.S. Provisional
No. 60/202,862, filed on May 10, 2000, the entire contents
of which are also hereby incorporated by reference.

The present invention relates to a pharmaceutical formu-
lation for administering tolterodine or a tolterodine-related
compound, and to the medical use of such a formulation.

Asubstantial part (5-109%) of the adult population suffers
from overactive or usstable urinary bladder, often also
referred to as urinary incontinence. The sympioms of an
unstable or overactive bladder comprise urge incontinence,
urgency and urinary frequency. The prevalence of overactive
bladder, particularly of so-called urge incontinence,
increases with age. 1t is assumed that unstable or averactive
bladder is caused by uncontrolled contractions of the
bundles of smooth niiscle fibres forming the museular coat
of the urinary bladder (the detrusor muscle) during the filling
phase of the bladder. These contractions are mainly con-
trolled by cholinergic muscarinic receptors, and the phar-
macological treatment of unstable or overactive bladder has
been based on muscarinic receptor antagonists. The drug of
choice has for a long time been. oxybutynin.

Recently, however, an improved muscarinic receptor
antagonisl, tolterodine, (R)-N,N-diisopropyl-3-(2-hydroxy-
5-methylphenyl)-3-phenylpropanamine, has been marketed
for the treatment of urge incontinence and othér symptoms
of unstable or everactive urinary bladder. Both tolterodine
and its major, active melabolite, the 5-hydroxymethyl
derivative of tolterodine, which significantly contributes to
the therapeutic effect, have considerably less side-effects
than oxybutynin, especially regarding the propensity io
cause dry mouth. While tolterodine is equipotent with oxy-
butynin in the bladder, its affinity for muscarinic receptors of
the salivary gland is eight times lower than that of oxybu-
tynin; see, for example, Nilvebrant, L., et al., European
Journal of Pharmacology 327 (1997) 195-207. The selective
effect of tolicrodine in humans is deseribed in Stahl, M. M.
§., et al, Neurourology and Urodynamics 14 (1995)
647-655, and Bryne, N., International Journal of Clinical
Pharmacology and Therapeutics, Vol. 35, No. 7 (1995)
287-295.

The currently marketed administration form of tolterod-
ine is flmcoated tablets containing L mg or 2 mg of
tolterodine L-tartrate for immediate release in the gas-
trointestinal tract, the recommended dosage usually being 2
myg twice a day. While, as mientioned, the side-effects, such
as dry mouth, are much lower than for oxybutynin, they still
exist, especially at higher dosages.

Our co-pending international application PCT/SESY/
01463 relates to the administration of tolieroding and
tolterodine-related compounds through a controlled release
formulation and 1is based on the finding that, contrary to the
case of oxybutynin, the substantial ¢limination of peak
serum levels of tolterodine and its active metabolite through
cantrolled release of tolterodine for an extended period of
time, such as through a once-daily administration form,
while maintaining the desired effect on the bladder, indecd
gives a significant reduction of the (already low) side-
effects, particularly dry mouth, compared with those
obtained for the same total dosage of immediate release
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tablets over the same period. In other words, eliminaiing the
peak serum levels of the active moiety affects the adverse
effects, and particularly dry mouth, more than the desired
effect on the detrusor activity, simultancously as the flatten-
ing of the serum concentration does not lead to loss of
activity or increased incidence of urinary retention or other
safety concerns. Thus, in addition to the convenience advan-
tage of controlled release administration, one may either (i)
for a given tofal dosage of tolterodine, reduce. the side-
effects, such as dry wmouth, or (ii) for a given level of
acceptable side-effects, increase the dosage of tolierodine to
obtain an Increased effect on the bladder, if desired.

Our above-mentioned PCT/SE9/01463 discloses treat
ment of overactive bladder by the admipistration of a
controlled selease formulation that delivers tolterodine, a
tolterodine-related compound, or a pharmmacologically
aceeplable salt thercol such that a substantially cosstant
serum level of the active moiety or moieties Is maintained
for at least 24 hours.

The present invention is based on the unexpected obser-
vation that a substantially constant serum level of the active
moiety or moieties for 24 hours may be obtained through
oral administration of a coatrolled release pharmaceutical
formulation that releases the major content of active com-
pound in less thar about 18 houss, and more particularly that
the formulation has an in vitro release of not less than about
80% afier 18 hours at the conditions specified helow.

In one aspect, the present invention therefore provides a
phammaceutical formulation containing tolterodine or a
tolterodine-related compound, or a pharmacologically
acceptable salt thercof, as active ingredient, in which the
formulation exhibits a controlled in vitro release of the
active ingredient in phosphate buffer a1 pH 6.8 of not less
than about 80% afier 18 hours, and after oral administration
to a patient is capable of maintaining a substantially consiant
serum level of the active moiety or moieties for 24 hours.

A second aspect of the invention relates 1o the use of the
pharmaceutical formulation for treating a disorder or disease
selected from overactive bladder (including i.a. urinary
incontinence and nocturia) and gastrointestinal disorders.

A third aspect of the invention relates to the use of
tolterodine or a tolteradine-related compound, or a pharma-
cologically acceptable sali thereof, for the preparation of the
pharmaceutical formulation of the above first aspect of the
invention.

Preferably, the fraction of telferodine, toltcrodine-related
compound or salt théreof that is relcased is not less than
about 80% after 15 bours, especially not less than about 80%
after 12 howrs.

On the other band, the fraction of tolerodine,
tolterodine-related compound or salt thereot that is released
in vitro after 1 hour is preferably not more than about 50%,
especially not more than about 30%.

The fraction of tolterodine, tolterodine-related com-
pound orsalt thereof that is released in vitro afier three hours
is preferably from about 30 to 95%, especially from about 40
1o about 85%.

It may be preferred that after 7 hours, the fraction of
tolterodine, tolterodine-related compound or sali thereof that
is released in vitro is not less than about 50%, especially not
less than about 80%.

In an exemplary in vitro release profile for the pharmacu-
tical formulation, the fraction of tolterodine, tolicrodine-
related compound or salt thereof that is released in vitro is
less than about 50% after 1 hour, from about 30 0 about
95% after 3 hours, and more than about 50% alter 7 hours.

The in vitro release measurement conditions referred to
above are those for a drug release test that utilizes the United



Case 1:07-cv-11198-LTS Document 1-2

Filed 12/12/2007 Page 5 of 17

US 6,630,162 B1

3
States Pharmacopea (USP) Apparatus 1 (rotaling basket) at
100 rpm with 900 ml of deareated phosphate buffer at pH 6.8
and 37° C., where the phosphate buffer solution is prepared
as described on pages 2049-2050 in USP 23. The phosphate
buffer nominally contains 0.05 M phosphate.

By the term “active moiety or moities™ it is meant, in the
case of tolterodine and its related compounds, the sum of
free or unbound (i.e. not protein bound) concentrations of (i)
tolterodine and active metabolite thereof, when tolterodine
(or prodrug form) is administered; or (ii) tolicrodine and
active metabolite thereof and/or (S)-enantiomer to toltero-
dine and active metabolite thereof, when the corresponding
racemate (or prodrug form) is administered; or (i) active
metabolite, when the (R)-3-hydroxymethyl metabolite of
tolterodine (or prodrug form) is administered; or (iv) (S)-
enantiomer to (olteroding and active metabolite thereof,
when the (S)-enantiomer (or prodrug) is administered; or (v)
active (8)-metabolite, when the (8)-5-hydroxymethyl
metabolite is administered.

The term “subslantially constant” with respect to the
serum level of active moietly or moieties means that the
serum profile after administration of the controlled release
formulation does essentially not exhibit any substantial peak
values. This may also be expressed mathematically by
reference to the “fluctuation index” (FI) for the scrum
coneentration of (unbound) active molety (or sum of active
moities when relevant), where the fluctuation index FI is
caleulated as

Fl=(Cmax-Cmin)/AUCH,

wherein Cnzax and Cmin are the maximum and minimum
concentrations, respectively, of active moiety, AUCt is the
area under the serum concentration profile {(concentration vs
time cirve), and  is the length of the dosage interval during
the time . The controlled release formulation according to
the present invention readily permits a mean fluctuation
index (for n being at least 30) that is not higher than about
2.0, more preferably not higher than about 1.5, particularly
not higher than about 1.0, for example not higher than about
0.8.

For tolterodine and its S-hydroxymethyl metabolite, the
24-hour exposure, expressed as AUC wnbound active moiety
(tolterodine plus metabolite) is usually in the range of fram
about 5 to about 150 nM*h, preferably from about 10 10
about 120 oM*h, depending on the dosage needed by the
particular patient. The indicated lmits are based upon cal-
culation of the wabound concentrations of active moiety
assuming a fraction unbound of 3.7% for (olterodine and
36% for the 5-hydroxymethyl metabolite (Nilvebrant, L., et
al, Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136),

Correspondingly, for tolterodine and its 5-hydroxymethyl
metabolite, the, average unbound (blood) serum or plasma
levels of active moiety (lolerodine plus metabolite) are
usually in the range of about 0.2 to about 6.3 oM, preferably
in the range of about 0.4 1o about 5.0 oM.

The formmulation of the present invention is not restricted
to any particular type of formulation. Thus, various types of
controlled or sustained release type formufations may be
used for embodying the present invention, such as, for
example, osmotic lablets, gel matrix tablets, coated beads,
ete.

A common type of controlled release formulation that
may be used for the purposes of the present invention
comprises an inert core, such as a sugar sphere, coated with
an inner drug-conlaining layer and an outer membrane layer
controlling drug releasé from the inner layer. A “sealcoat”
may be provided between the imert core and the layer
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containing the active ingredient. When the core is of a
water-sofuble or water-swellable inert material, the sealcoat
is preferably in the form of a relatively thick layer of a
water-iosoluble polymer. Such a contrelled release bead
may thus comprise:

(i) a core unit of a substantially water-soluble or water-

swellable inert material;

(i) a first layer on the core unit of a substantially

water-insoluble polymer,

(i1i) a second layer covering the first layer and containing

an active ingredient; and

(iv) a third layer on the second layer of polymer effective

for controlled release of the active ingredient,
wherein the first layer 1s adapted 10 control water
penieiration mto the. core,

The term “control water penelration into the core™ as used
above means that the water influx to the core should be
tetarded i a conirolled wanner 1o such an extent that the
drug telease profile will be altered in a predictable fashion.
Thus, while in many cases it may be preferred that the water
penetration into the core is substantiaflly or completely
eliminaled, a cerain, contrélled influx of water 10 the core
may be acceptable in other cases.

The above-mentioned first layer of water-insoluble mate-
rial may also serve to provide mechanical integrity to the
core.

Optionally, the above-mentioned third, or contwrolled
release layer is coated with one or more additional layers of
water-soluble or Insoluble polymer, e.g. & non-thermoplastic
soluble polymer to decrease tackiness of the beads for
subsequent processing, such as curing and filling into
capsules, or a secondary functional coating, such as an
enteric coating that delays the onset of drug release.
Optionally, such an additional layer may contain drug for
immediate release.

Usually, the first layer (if) above constimules more than
about 2% (w/w) of the final bead composition, preferably
more than abont 3% (w/w), ¢.g. from about 3% 1o about 80%
(wiw).

The amount of the second layer (i} above usually con-
stitutes from aboutr 0.05 to about 60% (w/w), preferably
from about 0.1 to about 30% (w/w) of the final bead
composition.

The amount of the third layer (iv) above usnally consii-
tates from about 1 to about 50% (w/w), preferably from
about 2 1o about 25% (w/w) of the final bead composition.

The core umt typically has a size in the range of from
abont 0.05 to aboul 2 mm.

The confrolled release beads may be provided in a mul-
tiple unit formulation, such as a capsule or a tablet.

The- cores are preferably of a water-soluble or swellable
material, and may be any such material that is convention-
ally used as cores or any other phannaceutically acceptable
waler-soluble or water-swellable material made into beads
or pellets. The cores may be spheres of materials such as
sucrose/starch (Sugar Spheres NF), sucrose crystals, or
extruded and dried spheres typically comprised of excipients
such as mucrocrystalline cellulose and lactose.

The substantially water-insoluble material in the first, or
sealcoat layer is generally 2 “GI insoluble” or “GI partially
msoluble” film forming polymer (dispersed or dissolved in
a solvent). As examples may be mentioned ethyl cellulose,
cellnlose acetate, cellulose acetate butyrate, polymethacry-
lates such as ethyl acrylate/methyl methacrylate copolymer
(Endragit NE-30-D) and ammonio methacrylate copolymer
types A and B (Eudragit RL30D and RS30D), and silicons
elastomers. Usually, a plasticizer is vsed together with the
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polymer. Exemplary plasticizers include: dibutylsebacate,
propylene glycol, triéthylcitrate, wibutylcitrate, castor oil,
acetylated monoglycerides, acetyl triethylciirate, acetyl
butylcitrate, diethyl phthalate, dibutyl phthalate, triacetin,
fractionated cocosnut 0il (medium-chain triglycerides).

The sceond layer containing the active ingredient may be
comprised of the active ingredient (drug) with or without a
polymer as a binder. The binder, when used, is usnally
hydrophilic but may be water-soluble or water-insoluble.
Exemplary polyraers to be used in the second layer corntain-
ing the active drug are hydrophilic polymets such as poly-
vinylpyrrolidone (PVP), polyalkylene glycol such as poly-
ethylene glycol, gelatine, polyvinyl aleohol, starch and
dentvatives thereof, cellulose derivatives, such ss hydrox-
ypropylmethyl cellulose (HPMC), hydroxypropyl cellulose,
carboxymethyl cellulose, methyl cellulose, ethyl celilose,
hydroxyethyl cellulose, carboxyethyl cellulose, carboxym-
ethythydroxyethyl cellulose, acrylic acid polymers,
pelymethacrylaies, or any other pharmaceutically accept-
able polymer.

The ratio of drug to hydrophilic polymer in the second
layer is usually in the range of from 1:100 to 100:1 (w/w).

Suitable polymers for use in the third layer, or membrane,
for controlling the drug release may be selected from
water-insoluble polymers or polymers with pH-dependent
solubility, such as, for example, cthyl cellulose, hydroxypro-
pylmethy] eellulose phthalate, cellulose acetate phthalate,
cellulose acefate trimellitate, polymethacrylates, or mixtures
thereof, optionatly combined with plasticizers, such as those
mentioned above. Qptionally, the controlied telease layer
comprises, in addition to the polymers above, another
substance(s) with different solubility characteristics, to
adjust the permeability, and thereby the release rate, of the
controlled release layer. Exemplary polymers that may be
used as a modifier logether with, for exawmple, ethyl cellulose
include: HPMC, hydroxyethyl cellulose, hydroxypropyl
cellulose, methyleellulose, carboxymethyleellulose, poly-
cthylene glycol, polyvinylpyrrolidone (PVP), pelyvinyl
alcobol, polymiers with pH-dependent solubility, such as
cellnlose acelate phthalate or ammonio methacrylate
copolymer and methacrylic acid copolymer, or mixtures
thercof. Additives such as sucrose, lactose and pharmaceu-
tical grade surfactants may also be included in the controlled
release layer, if desired.

The above controlled release beads and formmulation,
respectively may be produced by a method comprising the
following steps:

a) providing a core unit of a substantially water-soluble or

water-swellable material;

b) applying a first layer of a substantially water-insoluble
polyiser o said core;

c) applying onto said first layer, a second layer comprising
an active ingredient and optionally a polymer binder;
and

d) applying onto said second layer, a third polymer layer
effective for controlled release of the active ingredient;
wherein the amount of material in said first layer is

selected to provide a layer thickness that permits
control of water penetration into the core.

Optionally, one or more additional polymer layers are
applied to the core as has been mentioned above.

The preparation of the multiple unit formmlation com-
prises Lhe additional step of transforming the prepared beads
mto a pharmaceutical formulation, such as by filling a
predetermined amonat of the beads into a capsule, or com-
pressing the beads into lablets.

The layering or coating operations are preferably per-
formed by spraying a solution or dispérsion of the respective
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layer materials onto the core, preferably in a fluid bed
coaling apparatns.

After the final coating step, the beads are optionally
“cured”, usnally in a fluid bed system or in a tray dryer
system, by heating (0 a temperaure of about 30-80° C,, for
30 to 180 minutes, for example. Suitably, the beads are then
cooled below about 35° C. before stopping the process.

As mentioned above, the pharmaceutical formulation
according to the present invention may be used for trealing,
inter alia, urinary disorders including overactive urinary
bladder. The overactive bladder condition gives rise to
urinary frequency, urgency and/or urge incontinence. Over-
active bladder disorders also inelude nocturia, i.e. awaken-
ing ai pight to urinate, While overactive bladder is often
associated with detrusor muscle instability, disorders of
bladder function may also be due to neuropathy of the
central pervous syslem (detrusor hyperreflexia) including
spinal cord and brain lesions, such as mmltiple sclerosis and
stroke. Overactive bladder symptoms may also result from,
for example, male bladder outlet obstruction (usually due to
prostatic hypertrophy), interstitial cystitis, local edema and
irritation due 1o focal bladder cancer, radiation cystitis due
1o radiotherapy to the pelvis, and cystitis. The formulation
may also be useful for treating gastrointestinal disorders,
including gastrointestinal hyperactivity.

The pharmacentical formulation according to the present
invention has proved o be very suitable for administering
the above-mentioned drug tolierodine, the chemical name of
which is (R)-N,N-diisopropyl-3-(2-hydroxy-5-
methylphenyl)-3-phenylpropanamine, and would likewise
be suitable for its related compounds, i.c. the major, active
mefabolite of tolterodine, iLe. {(R)-N,N-dilsopropyl-3-(2-
hydroxy-5-hydroxymethylphenyl)-3-phenylpropanamine;
the corresponding (8)-enantiomer to tolterodine, i.e. (S)-N,
N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-
phenylpropanamine; the S-hydroxymethyl metabolite of the
(S)-enantiomer, ie. (S)-N,N-dijsopropyl-3-(2-hydroxy-5-
hydroxymethylphenyl)-3-phenylpropanamine; as well as the
corresponding tacemate to tolierodine, ie. (R.S)-N,N-
diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-
phenylpropanamine; and prodrug forms and pharmacologi-
cally acceptable salts thereof.

Tolterodine is marketed for the ireatment of unstable or
overactive urinary bladder with symptoms including usinary
incontinence (urge incontinence), urgency and urinary fre-
quency. The S-hydroxymethyl metabolite of tolterodine
mentioned above contributes significantly to the therapeutic
effect of tolterodine.

Tolterodine, its corresponding (S)-enantiomer and race-
mate and the preparation thercof are described in ¢.g. the
above-inentioned U.S. Pat. No. 5,382,600. For a description
of the active (R)-5-hydraxymethyl metabolite of tolterodine
(as well as the (S)-5-hydroxymelhyl metabolite), it may be
referred (o the above-mentioned U.S. Pat. No. 5,559,269.
The (S)-enantiomer, its pon-cholinergic spasmolytic activity
and use in the treatment of urinary and gastrointestinal
disorders are described in WO 98/03067.

‘The invention will now be described in more detail by the
following non-limiting Examples, Reference will be made to
the accompanying drawings, wherein:

FIG. 1 is a diagram showing the fraction of wlterodine
L-tartrate releaséd in vitro versus time for 2 and 4 mg
controlled release capsules according to the Example below;
and

FIG. 2 is a diagram showing the variation of serum
concentration (nmol/L) of (unbound) active moiety with
time (hours) during 24 hours when administering a prede-
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termined total dosage of tolterodine (4 mg) through a
prolonged release (PR) capsule (4 mg) according to the
Example below once daily. The corresponding variation
with a prior arf immediate release (IR) tablet (2 mg) twice
daily 1s also shown.

EXAMPLE

Preparation of Controlled Release Beads and
Capsules

An exernplary bead formulation containing tolterodine
L-tartrate as active ipgredient has the following structure:

Core:  Starch-containing sugar spherg of about 1.8 mw diameter
(commercially available), comprises 73% wyw of the final head;
purpese: coating substrate;

Surelease ® “sealcoat” (Surclease & is an aquecus filin-coating
dispersion, aboit 25% solids, consisting primarily of
sthylceflujose plasticized with fractionated cgconut oil, and
manufactured by Colorcon, Ine, USAY; comprises sbout 12%
wiw of the fina) head;

purpese: t¢ provide more consistent eore surface; dufing drug
release phase maximize time that dmg is saturated inside bead
and mipimize osmotic effects; cootrol drug release rate togetber
with the third layer;

Tolieradine 1-tartrate/hydroxypropylmeshyicelulose (HPMCG);
commprises zhout 3% wiw of the final bead; ratio of
Tolteredine:HPMC is: 5:1;

purpose: drug supply;

Surelease ®/HPMC; vomprises about 12% wiw of the final
bead; ratio of Surelease €:HPMC is 6:1;

purpose: drug release rate centrol;

First
tayer;

Sccond
layer:

Thisd
ayer:

Beads with a three-layer coating having the above char-
acteristics weré prepared as follows:

1200 g of sugar spheres, 2025 mesh, were charged into
a Wurster fluid bed and sequentially coated at a mominal
product lemperature of 36 to 40° C. with the following three
coating liquids:

(1) a Surclease® sealcoating liguid prepared by mixing, 788
g of Surelease® with 563 g of purified water;

(2) a drug-containing solution prepared by first dissolving
35.0 g of 1olierodine L-tartrate in 2190 g of purified water,
and then mixing the solution with 6.6 g of hydroxypro-
pylmethy! cellulose (HPMC) 5 cP; and

(3) a sustained release coating liquid prepared by mixing 29
g of HPMC 5 ¢P with 375 g of purified water, and then
mixing with 695 g of Surelease®.

After tray drying for 3 hours at 70° C., the coated spheres
were filled into size #4 or size #3 hard gelatin capsules (o
obtain 2 mg and 4 mg tolterodine I-tartrate capsules,
respectively, of the composition:

2 mg capsule 4 myg capsule
Tolterodive L-tartrate 20 mg 40 mg
sugar spheres, 20-23 mesh G8.6 mg 137.2 rag
Bureledse ® 21.2 mg 424 mg
HPMC 5cp 2.0 mg 4.0 mg
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Optionally, a fourth layer may be applied to the bead
before drying by Wurster ‘coating.

Fourth layer:  HPMC; comprises about 1% wiw of the fisal bead;
purpese: decrease tackiness of beads for subsequerit

processing {euring ang capsule filling).

In the case of the above described bead, such a fourth
layer may be applied with a coating solution prepared by
dissolving 16.4 g of HPMC 11 234 ¢ of waler.

Drug In Vitro Release Study

A drug-release test which utilizes the USP Apparatus 1
(rotating basket) at 100 rpm with 1000 mL of deacrated
phosphate buffer prepared at pH 6.8, was used to study the
in vitro release at 37° C. of the two three-layered beads-
containing 2 and 4 myg capsules prepared above. The butfer
was identical fo that used for the Buffer Siage testing of
Delayed-reléase dosage forms described in USP 23 General
Chapter 724, and nominally contains 0.05 M phosphate and
0.075 M chloride. The results are shown in FIG. 1. As can
be seen therein, about 90% of the tolterodine tartrate had
been released from both capsules after 12 hours.

Pharmacokinetic Study—Determination of Serum
Concentrations of Tolterodine and Main Metabolite

A clinical trial was performed in patients with overactive
bladder to determine the pharnacokinetic effects of a (i) a
once daily dose of a 4 mg wlterodine controlled release
capsule (below referred to as TOD) as described above, and
(i1} two doses daily of a tolterodine immediate release tablet
(below referred 1o as TIR), described below. 30 patients
were-subjected to €ach of the treatments. The measurements
were performed on day seven in each treatment period and
included measurements of serum concentrations of toltero-
dine and its main 5-hydroxymethyl metabolite (helow called
5-HM) over time.

Blood samples were drawn immediately before dosing
and after 0.5, 1, 2,3, 6,9, 12, 24 and 25 hours, and the free
(unbound) serum concentrations of tolteradine and its 5-HM
metabolite were mcasured by gas chromatography/mass
spectrometry. The unbound concentrations were caleulated
assuming a fraction unbound of 3.7% for tolterodine and of
36% for 5-HM as obtained {rom protein binding studies on
human 25 serum (Nilvebrant, 1., et al., Life Sciences, Vol.
60, Nos. 13/14 (1997) 1129-1136). FIG. 2 shows the
obtained variation with time of the sum of the unbound
concentrations of tolterodine and 5-HM (which sum is
referred to as “active moiety”) for, on the one hand, the
administration of a 4 mg TOD capsule once daily (PR
capsule in FIG. 2), and, on the other hand, the adminisiration
of a 2 mg TIR tablet twice daily (i.e. equivalent 24-hour
doses of capsule and tablet). As shown in the Figure, the
peaks obtained with the TIR tablet are eliminated with the
TOD capsule, the latter thus providing a substantislly con-
stani serum concentration of active moiety during the 24
hours illustrated.

The difference in fluctuation of the serum concentrations
between TIR tablet and TOD capsule may also be demon-
strated by caleulation of the “fluctuation index”. The fluc-
teation index, FI, is caleulated as Fl=(Cmax—Cmin)/AUCt/
T, where t is the lengih of the dosage interval and AUCt is
the arga under the serum conceniration profile during a
dosage interval. Thus, the mean calculated fluctuation index
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for the active moiety was 2.29 (95% CI 1.95-2.63) for the
TIR tablet (based on n=28), and 0.68 (95% C10.59-0.78) for
the TOD capsule.

While the invention has been described above with ref-
erence 1o specific embodiments thereof, it is not restricied
thereto in any way whatsoever. On the contrary, as will be
understood by those skilled in the art, various changes,
modifications, substitutions and omissions can be made
without departing from the basic concept of the invention as
defined in the claims which follow. Thus, for exaniple, other
sustained release formulations may be used.

What is cluimed is:

1. An oral pharmaceutical formulation containing ioltero-
dine or a toltcrodine-related compound, or a pharmaceuti-
cally acceptable salt thercof, as active ingredient, wherein
said formulation exhibits coatrolled ia vitro release of the
active ingredient in phosphate buffer at pH 6.8 of not less
than about 80% after 18 hours, and after oral administration
to a paticnt is capable of mainfaining a substantially constant
serum level of the active moiety or moietics for 24 bours,
and wherein the controlled release formulation provides a
mean fluctuation index of said serum level of active moiety
or moieties that is not higher than about 2.0, said fluctuation
index, FI, being defined as FI=(Cmax~-Cmin)/AUCT/x,
wherein Cmax and Cmin are the maximum and mipimum
concentrations, respectively, of active moiety or moicties,
AUCT 15 the area under the serum concentration profile, and
1 1s the length of the dosage interval.

2. The formulation according to claim 1, wherein the
fraction of tolteroding, lterodine-related compound or salt
thereof that is released in vitro is not less than about 80%
after 15 bours,

3. The formulation aceording o claim 1, wherein the
fraction of tolterodine, tolierodine-related compound or salt
thercof that is released in vitro is not less than aboul 80%
after 12 hours.

4. The formulation according to claim 1, wherein the
fraction of telterodine, tolterodine~related compound or salt
thereof that is released in vitro is less than about 50% after
1 hour.

5. The formulation according to claim 4, wherein the
fraction of tolterodine, tolterodine-related compound or salt
thereol that is released in vitro is less than about 30% after
1. hour.

6. The formulation aceording o claim 1, wherein the
fraction of tolterodine, tolterodine-related compound or salt
thereof that is released in vitro is from about 30 o about 95%
after 3 hours.

7. The formulation according to claim 1, wherein the
fraction of tolterodine, tolierodine-related compound or salt
thereof that is released in vityo is from about 40 to about 85%
after 3 hours.

8. The formulation accerding to claim 1, wherein the
fraction of tolterodine, tolterodine-related compound or salt
thereof that is released in vitro is more than about 50% aftex
7 hours.

9. The formulation according to claim 1, wherein the
fraction of tolterodine, tolterodine-related compound or salt
thercof that is released in vitro is more than about 80% after
7 hours.
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10. The formulation according to claim 1, wherein the
fraction of tolteroding, tolterodine-related compound or salt
thereof that is released in vitro is not more than about 50%
after I hour, from about 30 to about 95% after 3 hours, and
not less than about 50% after 7 hours.

11. The formulation according to ¢laim 1, wherein the in
vitro release is measured by a drug release test which utilizes
the United States Pharmacopea (USP) Apparatus 1 (rotating
basket) at 100 rpm with 900 ml of deaerated phosphate
buffer at pH 6.8 and 37° C., where the phosphaie buffer
solution is prepared as described on pages 2049-2050 of
USP 23, and nominally contains 0.05 M phosphate.

12. The formmlation according to claim 1, which com-
prises tolterodine, its S-hydroxymethyl metabolite or the
racemate comresponding to tolterodine, or a salt thereof.

13. The formulation according to claim 1, which com-
prises tolterodine, or a salt thercof,

14. The formulation according to claim 1, wherein the
24-hour serum profile, expressed as the AUC of unhound
tolterodine and 5-hydroxymethy! metabolite, is from 5 to
about 150 nM*h.

15. The formulation according to claim 14, wherein the
serum level of unbound tolterodine and S-hydroxymethyl
metabolité is in the range of about 0.2 to about 6.3 oM.

16. A method of treating an overactive bladder, which
comprises administering a therapeutically effective amount
of a pharmaceutical formulation according to claim L.

17. A method of weating wripary inconlinence, which
comprises administering a therapeutically effective amount
of a pharmaceutical formulation aceording to claim 1.

18. A method of trealing nocturia, which comprises
admimsiering a therapeutically effective amount of a phar-
macentical formulation according to claim £.

19. A method of treating gastrointestinal disorders, which
comprises administering a therapeutically effective amount
of a pharmaceutical formulation according 1o claim 1.

20. A method for orally admimstering tolterodine or a
tolterodine-related compound, or a pharmacologically
acceplable salt thereof, to a patient to maintain a substan-
tially constant serum level of the aciive moiety or moietics
for 24 hours, which method comprises administering a
pharmaceutical formulation containing tolterodine, a
tolterodine-related compound or a salt thereof, which for-
mulation exhibits a controlled in vitro release in phosphate
buffer at pH 6.8 of tolterodine, tolierodine-related compound
or salt thereof of not less than about 80% after 18 hours.

21. The formmlation according to claim 1, wherein the
conirolled release formulation provides a mean fluctuation
index of said serum level of aclive moiety or moieties that
is pot higher than about 1.0.

22. The formulation according to claim 1§, wherein the
24-hour serum profile, is from about 10 sM*h to about 120
aM*h.

23. The formulation according to claim 16, wherein the
serum level of unbound tolterodine and 5-hydroxymethyl
metabolite is in the range of about 0.4 to about 5.0 nM.
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THERAPEUTIC FORMULATION FOR
ADMINISTERING TOLTERODINE WITH
CONTROLILED RELFASE

This application is the national phase under 35 U.S.C.
§371 of PCT Intcrnational Application No. PCT/SE99/
01463 which has an International filing date of Aug. 26,
1999, which designaled the Uniled States ol America.

The present invention relates to an improved method of
treating unstablé or overactive urinary bladder as well as a
formulation therefor.

A substantial part (5-10%) of the adult populatien suffers
from urinary incontinence, and the prevalence, particularly
of so-called urge incontinence, increases with age. The
symptoms of an unstable or overactive bladder comprise
urge incontinefice, urgéncy and urinary frequéncy. It is
assumed thal unstable or overactive bladder is cansed hy
uncontrolled contractions of the bundles of smooth muscle
fibres forming 1he muscular coat of the urinary bladder (the
detrusor muscle) during the filling phase of the bladder.
These coniractions are mainly controlled by cholinergic

. - )
muscannic receptors, and the pharmacological treatment of

unstable or overactive bladder has been based on muscarinic
receptor antagonists. The drug of choice has for a long time
been oxybutynin.

Oxybutynin, which chemically is the DL-racemic form

of 4-dicthylamino-2-butynyl-phenyleyclohexylglycolate, is 2

given orally, usnally as a tablet or syrup. Oxybutynin,
usually administcred as the chloride salt, is metabolized g6
an active metabolite, N-desethyl-oxybutynin. The dmg is
rapidly absorbed from the gastrointestinal tract following

adiministeation and has 4 duration ol Irom three W six hours. 3

While the effectivencss of oxybutynin has been well
documented, 1is uselulness is limited by classical anlimus-
carinic side-cffects, particularly dry mouth, which often
leads to discontinuation of treatment.

WO 96/12477 discloses a controlled release delivery
system for oxyhutynin, which delivery system is said not
only to be of convenience to the patient by reducing the
administration to a once daily regimen, but also to reduce
adverse side-effects by limiting the initial peak concentra-
tions of oxybutynin and active metabolite in the blood of the
patient.

The alleged relief of side-effects by reducing or elimi-
naling peak concentrations through administration of the
controlled release delivery system is, however, contradicted
by a later published clinical report, Nilsson, C. G., el al,,
Neurourology and Urodynamics 16 (1997) 533-542, which
deseribes clinical tests performed with the controlled release
delivery system disclosed in WO 96/12477 above. In the
clinical tests reported, a 10 mg controlled release oxybuty-
nin tablet was compared with the administration of a con-
ventional (immediate release) 5 mg tablet given twice daily
1o urge incontinent patients, While high peak levels of the
drug obviously were climinated with the controlled release
oxybutynin tablet, no difference in side-effects between the
controlled release: tablet and the conventional tablet was
observed. The advantage of the controlled release tablei thus
resided merely in enhancing treatment compliance by its
once-a-day dosage rather than also reducing side-effects as
stated in WO 96/12477.

Recently, an improved muscarinic receptor antagonist,
tolterodine, (R)-N,N-diisopropyl-3-(2-hydroxy-5-
methylphenyl)-3-pheuylpropanamine, has been marketed
for the treatment of urge incontinenee and other symptoms
of unstable or overactive urinary bladder, Both tolterodine
and ils major, active metabolite, the S5-hydroxymethyl
dertvalive of tolierodine, which signilicantly contributes to
the therapeutic effect, have considerably less side-effects
than oxybutynin, especially regarding the propensily (o
cause dry mouth. While tolterodine is equipotent with oxy-
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butynin in the bladder, its affinity for muscarinic receptors of
the salivary gland is eight times lower than that of oxybu-
tynin; see, for example, Nilvebrant, L., et al,, European
Journal of Pharmacology 327 (1997) 195-207. The seleclive
effect of tolterodine in humans is described in Stahl, M. M.
S., et al,, Neurourclogy and Urodynamics 14 (1995)
0647-655, and Bryne, N., International Journal of Clinical
Pharmacology and Therapeutics, Vol. 35, No. 7 (1995)
287-295.

The currently marketed administration form of tolterod-
ine is lilmeoaied tablets comlaining 1 mg or 2 mg ol
toltcrodine L-tartrate for immediate release in t\he gas-
rointestingl tract, the recommended dosage usually being 2
mg twice a day. While, 4s mentioned, the side-effects, such
as dry mouth, are much lower than for oxybutynin, they still
exist, especially at higher dosages.

According to the present invention it has now surpris-
ingly been found that, contrary to the case of oxybutynin, the
substantial elimination of peak serum levels of wherodine
and ils active metabolite through controlled release of
iolterodine for an extended period of time, such as throvgh
a once-daily administration form, while maintaining the
desired effect on the bladder, indeed gives a significant
reduction of the (already low) sidc-effects, particularly dry
mouth, compared with those obtained for the same total
dosage of immediate release tablets over the same: period. In
other words, climinating the peak scrum levels of the active
moiety affects the adverse effects, and particularly dry
mouth, more than the desired cffcet on the detrusor activity,
simultaneously as the flattening of the serum concentration
does not lead to loss of activity or increased incidence of
urinary retention or other salely concerns. Thus, in addilion
to the convenicnce advantage of controlled relcase
adminisiration, one may either (1) lor a given tolal dosage of
tolterodine, reduce the side-effects, such as dry mouth, or (if)
for a given level of acceptable side-effects, increase the
dosage of tolierodine to dbtain an increased effect on the
bladder, if desired.

In one aspect, the present invention therefore provides a
method of treating unstable or overactive urinary hladder,
which method comprises administering to a (mammal)
patient in need of such ireatmeni iolterodine or a tolterodine-
related compound, or a pharmaceutically acceptable salt
thereof, through a controlled release formulation that admin-
ssters tolteroding or said tolterodine-related compound, or
salt thercof, at a controlled rate for at least 24 hours. It is
prelerred ihat the dosage form [ormulation is capable of
maintaining a sobstantially consiant scrum level of the
active moiely or moicties for said at least 24 hours.

Overactive urinary bladder cncompasses detrusor
insiability, detrusor hyperreflexia, urge incontinence,
urgency and urinary frequency.

As mentioned above, the chemical name of tolierodine is
(R)-N N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-
phenylpropanamine. The term “iolterodine-related com-
pound” is meant to encompass the major, active metabolite
of tolterodine, ie. (R)-N,N-diisopropyl-3-(2-bydroxy-3-
hydroxymethylphenyl)-3-phenylpropanamine; the corre-
sponding (S)-enantiomer to tolieroding, ie. (S)-N,N-
diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-
phenylpropanamine; the 5-hydroxymethyl metabolite of the
(S)-enantiomer, i.e. (S)-N,N-diisopropyl-3-(2-liydroxy-5-
hydroxymethylphenyl)-3-phenylpropanamine; as well as the
corresponding racemate to tolterodine, ie. (R,S)-N,N-
diisopropyl-3-(2-hydroxy-5S-mcthylphcnyl)-3-
phenylpropanamine; and prodrug forms thereof.

By the term “active moiely or moities™ is meant the sum
ol [ree or unbound (i.e. not protein bound) concentrations of
(i) tolierodine and active metabolile thereof, when toliere-
ding (or prodrug lorm) is adminislered; or (i) tolierodine
and active metabolite théreof and/or (S)-enantiomer to
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tolterodine and active metabolite thereof, when the corre-
sponding racemate (or prodrug form) is administered; or (iif)
active metabolite, when the (R)-5-hydroxymethyl metabo-
lite of tlierodine (or prodrug form) 1s administered; or (iv)
(8)-enantiomer to olteradine and active metabolite thereof,
when the (S)-enantiomer (or prodrug) is administered; or (v)
active (S)-metabolite, when the (S)-5-hydroxymethyl
melabolite is administered.

The 1erm “substantially constant™ with respeet to the
serum level of active moiety or moicties means that the
refease prolile of the controlled release formulation should
essentially not éxhibit any peak values. This may, more
sophistically, also be expressed by reference to the *flucu-
ation index” (FI) for the serum concentration of (unbound)
active moiety (or sum of active moities when relevant),
wherc the fluctuation index FI is calculated as

b‘l;((fnxax—(fnliu);% Uit/

wherein Cmax and Cmin are the maximum and minimum
concentrations, respectively, of active moiety, AUCT is the
area under the serum concentration profile (concentration vs
time curve) for dosage interval 1, and 1 is the length of the
dosage interval. Thus, according to the present invention, the
controlled release formulation should provide a mean fluc-
tuation index (for n being at lcast 30) that is usually pot
higher than about 2.0, more preferably not higher than about
1.5, particularly not higher than abou! 1.0, for example not
higher than about 0.8.

For tolterodine and its 5-hydroxymethyl metabolite, the
24-hour exposure, expressed as AUC unbound active moicty
(tolterading plus metabolite) is usually in the range of from

about 5 to about 150 nM*h, prelerably [rom aboutl 10 o :

about 120 nM*h, depending on the dosage needed by the
particular patient. The indicated limits are based upon cal-
culation of the unbound cencentrations of active moiety
assuming a fraction unbound of 3.7% for tolterodine and
36% for the 5-hydroxymethyl metabolite (Nilvebrant, L., et
al, Life Seiences, Vol. 60, Nos. 13/14 (1997) 1129-1136).

Correspondingly, for tolterodine and its 5-hydroxymethyl
metabolite, ihe average (blood) serum or plasma levels are
asually in the range of about (0.2 to about 6.3 nM, preferably
in the range of about 0.4 10 about 5.0 nM.

Tolterodine, its corresponding (8)-cnantiomer aod race-
mate and the preparalion thereof are described in eg. WO
89/06644. For a description of the active (R)-5-
hydroxymethyl metabolite of toltcrodine (as well as the
(8)-5-hydroxymethyl metabolite), it may be relerred to WO
94/11337. The (S)-coantiomer and its usc in the treatment of
urinary and gastrointesiingl disorders is described in WO
98/03067.

In another aspect, the present invention provides a phar-
maceutical formulation containing toltérodine or a
tolierodine-related compound, or a pharmaceutically accepl-
able salt thereof, which formulation when administered 1o a
patient provides controlled release of tolterodine or said
tolterodine-related compound, or salt thereof, for at least 24
hours, preferably such that a substantially eonstant serum
level of the active moiety or moieties is maintained for said
at Jeast 24 hours.

Still another aspect of the present invention provides the
use of folterodine or a tolterodine-related ¢ompound, or a
pharmaceutically acceptible sall thereof, for the manufac-
turc of a therapcutical formulation for treating unstable or
overaclive urinary bladder, which formulation provides a
controlled releasc of tolteroding or said tolterodinc-related
compound, or salt thereof at a controlled rate for at least 24
hours, preferably such that a substantially constant serum
level of the active moiely or moieties is maintained lor said
at Jeast 24 hours.

The controlled release formulation is prelerably an oral
delivery system or a teansdermal preparation, such as a
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transdermal patch, but also other controlled release forms
may, of course, be contemplated, such as buccal tablets,
rectal suppositories, subcutan¢éous implants, formulations
for intramuscular administration.

An exemplary type of oral controlled release formulation,
a specific embodiment of which is described in Example 1
below, is a multi-unit formulation comprising controlled-
release beads. Each bead comprises (i) a core unit of a
walcr-soluble, watcr-swellable or watér-insolubl¢ inert
material (having a size of about 0.05 to 2 about 2 mm), such
as e.g. 4 sucrose sphere; (i) a [irst layer on the core of a
substantially water-insoluble (often hydrophilic) polymer
(this layer may be omitted in the case of an insoluble core,
such as e.g. of silicon dioxide), (iii) a second layer of a
water-soluble polymer having an active ingredient dissolved
or dispersed therein, and (iv) a third polymer laycr effective
for controlled release of the aclive ingredient (e.g. a water-
insoluble polymer in combination with a waler-soluble
polymer) In the case of an oral conirolled release formula-
tion for once-daily administration, the dosage of tolterodine
(or tolterodine related compound) is, for exaniple, 4 mg or
6 g,

A transdermal patch for tolteroding or tolterodine-related
compound is described in our co-pending international
application “Transdermally administered tollerodine as anti-
muscarinic. agent for the treatment of overactive bladder”
(based on Swedish patent application no. 9802864-0, filed
on Aug. 27, 1998), the full disclosure of which is incorpo-
rated by reference herein. Tllustrative patch formulations are
deseribed in Example 2 below.

With the guidance of the disclosure herein, the skilled
person may either adapt controlled release administration
forms, such as tablets, capsules, patches etc, known in the
art, to obiain the objectives of the present invention, or
design modified or new controlled release administration
forms.

The invention is illustrated by the following Examples,
without, however, limiting the scope of the invention in any
way. Percentages are by weight, unless otherwise stated.
Reference will be made to the accompnaying drawings, in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing the variation of serum
concentration (nmol/L) of (unbound) active moicty with
time (hours) during 24 hours when administering a prede-
termined total dosage of tolterodine (4 myg) through (i) an
immediate release tablet (2 mg) lwice daily as in the prior
art, and (ii) a controlled release capsule (4 mg) once daily in
accordance with the present invention;

FIG. 2 is a diagram showing the variation of the basal
salivation (9/min) with time (hours) during 4 hours after
administration of (i) a 4 mg tolterodive controlled release
capsule in accordance with the present invention, (il) a prior
art iolterodine immediate release tahlet, and (iii) placebo;
and

FIG. 3 is is a bar chart diagram showing patients’ indi-
vidual estimates of experienced dry mouth side effect (no
dry mouth, mild, moderale, severe) after administration of
tolterodine throwgh (i) a conventional 2 mg immediate
release tablet, (ii) controlled release capsules of 4, 6 and §
mg, respectively, according to the present invention, and (iii)
placebo.

EXAMPLE 1
TOLTERODINE ORAL CR CAPSULE AND IR
TABLET

Preparation of Tolierodine CR Capsules 2 mg and
4 mg
A controlled release (CR) capsule containing non-pareil
beads coated by (i) an cthylcellulose layer, (ii) a tolterodines
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HPMC layer, and (iii) @ sustained release ethyleellulose/
[IPMC layer was prepared as follows:

1200 g of (starch-containing) sugar spheres, 20-25 mesh,
were charged into a Wurster fluid bed and sequentially
coated with the following three coating sohtions:

(1) a Surelease® sealcoating solution prepared by mixing
788 g of Svreleasee with 563 g of purified water
(Surclease® is an aqueous filmeoating dispersion,
aboul 25% solids, consisting primarily ol ethylcellulosi
plasticized with fractionated coconut oil; manufactured
by Colorcon, Inc., West Point, Pa., US.A);

(2) a suspension prepared by first dissolving 35.0 g of
folierodine L-tartrate in 2190 g of purified water, and
then mixing the solution with 6.6 g of Hypromellose, 5
cP (hydroxypropylmethyl cellulose (HHPMC)); and

(3) a sustained release coating solution prepared by mix-
ing 29 g ol Hypromelose, 5 ¢P, with 375 g ol purified
water, and then mixing with 695 g of Surelease®.

10

After drying, the coated spheres were filled into bard n
gelatin capsule shells (size 3, white/white) to obrain 2 mg ~

and 4 mg capsules, respectively, of the composition (filling
mass for 2 mg capsule, 169-207 mg/capsule):

2 mg capsule 4 mg capsule

Tolletodine Ltartzate 2.0 myg 4.0 mg
sugar spheres, 20~25 mesh 69 mg 137 mg
Sureleasc & 21 mg 42 mg
Hypromellose, ScP 2.0 mg 4.1 mg

Tolterodine L-Tartrate IR Tablets 2 mg

Commercially available toltcrodine L-tartatc 2 mg tablets
lor immediate release (IR) (Detrusilol®, Pharmucia &
Upjohn AB, Sweden) were used. The tablets had the fol-
lowing composition:

Tolterodine L-taitiate 20 mg
cellulpse, microerystalline 534 mg
calcium hydrogen phosphate dihydrate 18.0 mg
sodinm starch glycollate 6.0 my
magnesium stearate 0.4 mg
eollvidal anhydrons silica 0.2 mg
Coating

Methylhydroxypropyl cellulose 1.5 mg
cellulose, microerystalline 0.3 mg
stearic acid 0.6 ing
titanum dioxide E 171 0.6 mg

PHARMACODYNAMIC AND
PHARMACOKINETIC STUDIES

A clinical trial was petformed in patients with overactive
bladder to détermine the pharmacodynamic and pharmaco-
kinctic cffcets of different daily doscs of (i) the above
described toherodine controlled release capsule (below
referred to as TOD), comparéd with (i) the above described
tolterodine immediate release tablet (below referred to as
TIR), and (iii) a placebo capsule (containing sugar spheres:
only). The trial was performed as a double-blind, double
dummy, cross-over trial in 60 patients for three one week
periods and six reatments (2,4, 6 and 8 mg TOD once daily,
2 mg TIR twice daily, and placebo). All patients were
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randomised to three gut of six treatments, meaning that 30
patienits were subjecied to each of the treatments. Pharma-
codynamic and pharmacokinetic measurements were per-
formed on day seven in each treatment period. The deter-
minations included measurements of (i) serum
concentrations of tolterodine and its main 5-hydroxymethyl
metabolite (below called 5-HM) over time, (i) salivation
(dry mouth), and (iii) residual urine velumes.

Serum Concentrations of Tolterodipe and Main
Metabolite

Bleod samiples were drawn immediately before dosing
and after 0.5, 1, 2, 3,6, 9, 12, 24 and 25 hours, and the free
(unbound) serum concentrations of tolierodine and its S-HM
metabolite were measured by gas chromatography/mass
spectrometry. ‘The unbound concentrations were calculated
assuming a fraction unbound of 3.7% for tolterodine and of
36% lor 5-HM as oblained [rom protein binding studies on
buman scrum (Nilvebrant, L., ¢t al., Lifc Scicnces, Vol. 60,
Nos. 13/14 (1997) 1129-1136). FIG. 1 shows the obtained
variation with time of the sum of the unbound concentra-
tions of tolterodine and 5-HM (which sum is referred (o as
“active moiety™) for, on the one hand, the administration of
4 4 mg TOD capsule once daily, and, on the other hand, the
administration of a 2 mg TIR tablet twice daily (i.e. equiva-
lent 24-hour doses of capsule and tablet). As shown in the
Figure, the peaks obtained with the TIR tablet are eliminated
with the TOD capsule, the latter thus providing a substan-
tially constant serum concentration of active moiety during
the 24 hours illustrated.

The difference in fluctuation of the serum concentrations
between TIR tabler and TOD capsule may also be demon-
strated by caloulation of the “fluctuation index”. The flue-
tation index, FI, is calculated as Fl=(Cmax-Cmin)/AUCt/
T, where T is the Jength of the dosage interval and AUCx is
the arca under the scrum concentration profile during a
dosage-interval. Thus, the mean calculated flucluation index
for the active moicty was 2.40 (95% CI 1.95-2.63) for the
TIR tablet (based on n=28), and 0.68 (95% C10.59-0.78) lor
the TOD capsule.

Salivation (Dry Mouth)

Salivation was measured using dental cotton rolls applied
in the mouth for 3%2 minutes. Measurements were per-
formed before breakfast and thereafter after each blood
sample on day seven in each treatment period. Based on all
measurements after dosing, the nican salivation during 12
hours was calculated. The basal salivation at sleady state
was measured after treatmenl with (i) 4 mg TOD eapsule, (ii)
2 mg TIR tablet, and (iii) placebo. The results arc prescnted
in FIG. 2. As can be seen in the Figure, the salivation is
substantially constant during the period shown for the TOD
capsule, whereas a considerable reduction in salivation (ie.
drier mouth) is obtained with the TIR tablet.

While FIG. 2 shows the total salivalion as measured, the
degree of salivation, or dry mouth, was also determined,
based on the patient’s estimate of experienced intensity of
the phenomenon. The results for 2 myg TIR tablet bid., 4 mg
TOD capsule, 6 mg TOD capsule and 8 mg TOD capsule, are
prescated in bar chart form in FIG. 3. The four bars for cach
dosage represent, from lefl to right in the figure, no dry
mouth, mild, moderat¢, and severe, respectivély.

As apparent from FIG. 2, the dry mouth intensity for the
TIR 2 mg bi.d. tablet is clearly higher than that of the TOD
4 mg capsule, and about twice that desage, i.e. TOD 8 mg,
is required to match the adverse dry month effects of the TIR
2 mg b.id. tablet,

The results [rom the salivation determinations thus show
that flattening of the concentration peaks of the “active
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moiely” (i.e. tolterodine plus 5-HM) leads to a substantial
reduction of the undesired dry mouth effect.

Residual Urine Volume

Residual volume is the volume of urine left in the bladder
immediately aller voiding. Measuring residual volume
offers a method of asscssing the cffect of antimuscarinic
weatmenl. on the bladder. In [act, it oflers @ measure ol
cfficacy (change in residual volume) as well as safety

(urinary refention, i.e. inabilily (o pass urine). Ellicacy may |

thus be measured as the mean residual volume per unit of
Lime, and safely as any case where the residual urine exceeds
a fixed level. The mean residual volume per micturition was
measured by a nen-invasive (ultrasonic) method for placeba,
TIR tablet 2 mg b.i.d., and for capsules TOD 2 mg, TOD 4
mg, TOD 6 mg, and TOD 8 mg.

The results are presented in Tables 1 and 2 below. Table
1 shows the mean residual volume per micturition, and ‘Lable
2, shows the maximum residual volume during 12 hours.

The results presented clearly demonstrate that the TOD
capsule dosages are as efficacious as the corresponding TIR
b.Ld dosages, and also that the TOD dose may be increased
up to § my daily and still be safe with regard to urinary
retention.

TABLE |

Mean Residual Volume per miclurition (ml)

TIR
2 mg TOD TOD TOD TOD
Placebo b.id 2 my 4 mg 6 mp 8 mg
Estimated 29 62 40 59 6% 77
mean
95%; 1Z2tnds 451079 26 to 55 51 to 66 6010 7R 65 to &9
confidence
interval
Eslimated =22 -4 7 14
difference
vs: IR
-4 -23t10 -13t0 -7 36
1 15 26
TABLE 2
Miximum Residual Volome during 12 howrs
TIR
2Zmg TOD TOD TOD TOD
Placebo b.id 2 mg 4 mg 6 mg 8 my

Median 46 72 45 55 87 77
value
(ml)
mis-max 5-267 10316 0-192  0-349 0380 0-390

The resulis from the clinical trial described above dem-
onstrat¢ that a flatter serum concentration of active moiety
(tolterodine plus 5-1IM) not only does not lead to a loss of
cfficacy or to untoward side-cffects, primarily urinary
relention, but, importantly, also provides for a reduced dry
mouth effect (unaffected or less reduced salivation).

LEXAMPLE 2

TOLTERODINE TRANSDERMAL PATCH
FORMULATION

Tolterodine-releasing patches were prepared as follows:
System 1 (Drug-in-Adhesive, Acrylate)

5 g of wlterodine base were dissolved in 11 g of ethanol
and added to 20 g of Durotak 387-2287 (National Starch &
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Chemical, US.A.). The drug gel was coated onto a backing
membrane (Scotchpak 1012; 3M Corp., US.A.) by using a
coating equipment (RK Print Coat Instr. Ltd, Type KCC 202
control evaler). ‘The wel layer thickness was 400 gm. The
laminate was dried for 20' min. at RT and then for 30 min.
al 40° C. A polyester release liner (S 2016; Rexam Release)
was laminated onto the dried drug gel. The sheet wis cut into
patches and stored at 2-8 C. until use (packed in Barex
pouches). The concentration of tolterodine basc in the
palches was 2.5 mg/em®.

System 2 (Mulli-laminate, Acrylate)

5 g of teltcrodine base were dissolved in 10 ml of cthanol.
A mix of 6,4 g of Eudragit RL 100 (Rohm GmbH Chemischc
Fabrik, Germany) and 6,4 of ethanol and a mix of 2,6 g of
Polyvidune 90 (BASF, Germany) and 10,2 g of ethanol were
added 1o the solution of tolteradine basé in efhanol. Finally,
4 gof propylene glycol were added. The drug gel was coated
onto a backing membrane (Scotchpak 1109; 3M Corp.,
US.A) by using the coating equipment above. The wel
layer thickness was 400 um. The laminate was then dried at
40° C. for 2 hours. An adhesive Tayer consisting of Plastoid
E35H was coated onto a polyester film (S 2016; Rexam
Release) and dried at 80° C. for 10 min. The twp layers were
thercafter laminated. The sheet was cut into paiches and
stored at 2-8° C. umiil use (packed in Barex pouches). The
concentration of tolteroding base in the paiches was 2,0
mg/em”,

System 3 (Multi-laminate Water-based Acrylate)

1 g of tolterodine base was mixed with Tween 80 (Merck)
by heating to 60-70° C. 1,8 g of triethylacetate and 1,3 g of
dem. water was added fo the mix. The final mix was then
added to 25 g of Budragit RL 30 D (Rohm GmbH Che-
mische Fabrik, Germany). Finally, 180 mg of 1 N NaOH
were added. ‘The drug gel was coated onto a backing
membrane (Seotchpak 1109; 3M Corp., U.S.A.) by using the
coaling equipment. The wel layer thickness was 400 um.
The. laminatc was dricd at 40° C. for 2 hours. An adhcsive
layer cousisting of Plastoid E35H was coated onto a poly-
ester film (S 2016; Rexam Release) and dried at 80° C. for
10 min. The two layers were thereafter laminated. The sheet
was cut into patches and stored at 2-8° C. until use (packed
in Barex pouches). The concentration of tolterodine base in
the patches was 0,5 mg/cm®.

‘What is claimed is:

1. A method of treating unstable or overactive urinary
bladder, wherein the method comprises administering to a
palient in need of such ireatment lollerodine, ils
5-hydroxymethyl metabolite or the racemate correspanding
{u lolterodine, or a pharmaceutically acceptable sall thereol,
in a pharmaceutically cffective amount thereof through a
controlled release formulation capable of maintaining a
substantially constant serum level of the active moiely or
moieties for at least 24 hours, wherein the 24-hour serum
profile, expressed as the AUC of unbound tolterodine and
5-hydroxymeihyl metabolite, is from 5 to ahout 150 nM*h.

2. The method according lo claim 1, wherein the con-
trolled release formulation provides a mean fluctuarion
index of said serum level of active moiety or moieties that
is not higher than abowt 2.0, said fluctvation index, FI, being
defined as Fl=(Cmax—Cmin)/AUCt/, wherein Cmax and
Cmin are the maximum and minimum concentrations,
respectively, of active moicty or moieties, AUCt is the area
under the scrum concentration profile, and T is the length of
the dosage interval.

3. A mcthod of treating wnstable or overactive urinary
bladder, wherein the method comprise wdministering o
patient in nced of such treatmenl tolterodine, its
5-hydroxymethyl metabolite or the racemate corresponding,
10 tolterodine, or a pharmaceutically acceptable salt thereof,
in a pharmaceutically effective amount thereof throngh
controlled release formulation capable of maintaining a
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substantially constant serum level of the active mioiety or
moieties for at least 24 hours with reduced undesirable side
effects and with no reduction in the efficacy of the toliero-
dine compound, wherein the 24-hour serum profile,
expréssed as the AUC of unbound lolierodine and
5-hydroxymethyl metabolite, is from 5 to about 150 nM*h.

4. The method according tn claim 1, wherein tolierodine,
its 5-hydroxymethyl metabolite or the racemate correspond-
ing to tolierodine is administered, and the serum level of
unbound tolterodine dnd 5-hydroxymethyl metabolite is in
the range of about 0.2 to about 6.3 nM.

5. The method according to claim 1 wherein the con-
trolled relcase formulation is a4 capsule or tablet for oral
administration once daily.

6. The method according to claim 1, wherein the con-
ltolled release formulation s 4 transdermal preparation.

7. The method according to claim 1 wherein tolterodine is
administered.

8. The method according to claim 1 wherein urinary
incontinence is treated.

9. A pharmaceutical formulation containing tolierodine,
its 5-hydraxymethyl metabalite or the racemate correspond-
ing 1o tolierodine, or a pharmaceutically acceptable salt
thereof, which formulation when administered to a patient
provides contrelled release of tolterodine, its
5-hydroxymethyl metabolite or the racemate corresponding
to tolterodine, or salt thereof, such thal a substantially
constant serum level of the active molety or moieties is
maintained for at least 24 hows, wherein the 24-hout serum
profile, expressed as the AUC of unbound talterodine and

S-hydroxymethyl metabolite, is from 5 to about 150-aM*h.
10. The formulation of claim 9, which providcs a mecan -

[luctuation index of said serum level of aclive moisty or
moictics that is not higher than about 2.0, said fluctuation
index, FI, being defined as Fl=(Cmax—Cmin)/AUCT/v,
wherein Cmax and Cmin are the maximum and minimum
concentrations, respeetively, of active moiety or moielies,
AUCx is the area under the serum concentration profile, and
T is the length of the dosage interval.

11. A pharmaceutical formoulation containing tolterodine,
its 5-hydroxymethy! metabolite or ihe racemate correspond-
ing to tolicrodine, or a pharmaceutically acceptable sall
thereof, which formulation when administered to a patient
provides. controlled release of said tolterodine, its
5-hydroxymethyl metabolite or the racemate corresponding
to tolterodine, or pharmaceutically acceptable salt thereof,
such that a substantially constant serum level of the active
mpiely or moieties is maintained for at least 24 hours for
cificacions therapy with reduced undesirable side cffccts,
wherein the 24-hour serum profile, expressed as the AUC of
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unbound tolterodine and 5-hydroxymethyl metabolite, is
from 5 to about 150 nM*h.

12. The formulation according to claim 9, wherein
tolterodine, its 5-hydroxymethyl metabolite or the racemate
correspending to lterodine is administered, and the serum
level of unbound tolterodine and 5-hydroxymethyl metabo-
lite is in the range of aboul 0.2 10 about 6.3 nM.

13. The formulation according to claim 9, which is a
capsule or tablet for oral administration once daily.

14, The formulation according to claim 1, which is a
transdermal preparation.

15. The formulation according to claim 9, which provides
controlled release of tolterodine.

16. The method of claim 3, wherein the controlled release
formulation is administered orally.

17. The formulation of claim 11, which is n a form lor
oral administration.

18. The method according W elaim 2, wherein Lhe con-
trolled release formulation provides a mean fluctuation
index of said serum levél of active moiety or moieties that
is not higher than about 1.0.

19. The method according Lo ¢laim 3, wherein the 24-hour
serum profile, éxpressed as the AUC of unbound inlterodine
and 5-hydroxymethyl metabolite, is from about 10 iM*h to
about 120 nM*h.

20. The method according 1o claim 4, wherein the serum
level of unbound telterodine and 5-hydroxymethyl metabo-
lite is in the range of about 0.4 to about 5.0 nM.

21. The method according to claim 6, wherein the trars-
dermal preparation is a transdermal patch.

22, The formulation of claim 10, wherein the mean
fluctuation index of said scrum level of active moicty or
moivlics that is not higher than about 1.0.

23. The formulation according to claim 11, wherein the
24-hour serum prolile, expressed as the AUC ol unbound
lolterodine and 5-hydroxymethyl metabolite, is from about
10 nM*h to about 120 nM~h.

24. The formulation according to claim 12, wherein the
serum level of unbound tolierodine and 5-hydroxymethyl
metabolite is in the range of about 0.4 to about 5.0 nM.

25. The transdermal preparation of claim 14, which is a
transdermal patch.

26. The method of claim 3, wherein increased efficacy of
the tolterodine compound is obtained with minimal unde-
sirable side effects.

27. The formulation of claim 11, wherein increased effi-
cacy of the tolterodine compound is obiaineéd with minimal
undesirable side effects.
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