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WHITE & CASE LLP '

1155 Avenue of the Americas 08 : cv 2 1 7 lz : 1
New York, New York 10036 = i ’
Telephone: (212) 819-8200 T
Facsimile: (212) 354-8113

Attorneys for Plaintiffs Pfizer Inc.,
Pharmacia & Upjohn Company LLC,
and Pfizer Health AB

UNITED STATES DISTRICT COURl‘IL 3
FOR THE SOUTHERN DISTRICT OF NE}

)

PFIZER INC,, )
PHARMACIA & UPJOHN COMPANY LLC, and )
PFIZER HEALTH AB, )
)

Plaintiffs, )

)

v ) COMPLAINT

)

IMPAX LABORATORIES, 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 Impax Laboratories, 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, Impax Laboratories, Inc. (“Impax”) is a
corporation organized and existing under the laws of the State of Delaware, having a place of
business at 30831 Huntwood Avenue, Haywood, California.

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 Impax 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 1s 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, Pursuantto 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” with respect
to Detrol LA®. |

Impax’s ANDA

16, Impax submitted Abbreviated New Drug Application No. 90-235 (the
“Impax ANDA”) to the FDA, pursuant to 21 U.S.C. §§ 355(j), seeking approval to market
tolterodine tartrate extended release capsules in a 4 mg dosage form (the “Impax Product”).

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

18. On or about January 31, 2008, Pfizer received from Impax a letter and
attached memorandum, dated January 29, 2008 (collectively, the “Impax Notification”), stating
that Impax had included in its ANDA a certification, pursuant to 21 U.S.C. §
355(G)(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 Impax Product (the “Paragraph IV

Certification”).
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COUNT FOR INFRINGEMENT OF U.S. PATENT NO. 5,382,600

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

20.  Impax has infringed the ‘600 patent, pursuant to 35 U.S.C. § 271(e)}(2)(A),
by submitting ANDA No. 90-235, by which Impax seeks approval from the FDA to engage in
the commercial manufacture, use, or sale of the Impax Produect prior to the expiration of the ‘600
patent.

2L If Impax commercially makes, uses, offers to sell, or sells the Impax
Product within the United States, or imports the Impax 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 Impax 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 Complaini.

24. Impax has infringed the ‘162 patent, pursuant to 35 U.S.C. § 271(e)(2)(A),
by submitting ANDA No. 90-235, by which Impax seeks approval from the FDA to engage in
the commercial manufacture, use, or sale of the Impax Product prior to the expiration of the ‘162
patent.

25, IfImpax commercially makes, uses, offers to sell, or sells the Impax

Product within the United States, or imports the Impax Product into the United States, or induces

or contributes to any such conduct during the term of the 162 patent, it would further infringe
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the “162 patent under 35 U.S.C. §§ 271(a), (b), and/or (c).
20. Pfizer will be irreparably harmed if Impax is not enjoined from infringing
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.  Impax has infringed the ‘295 patent, pursuant to 35 U.S.C. § 271(e)(2)(A),
by submitting ANDA No. 90-235, by which Impax seeks approval from the FDA to engage in
the commercial manufacture, use, or sale of the Impax Product prior to the expiration of the ‘295
patent.

29.  If Impax commercially makes, uses, offers to sell, or sells the Impax
Product within the United States, or imports the Impax 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.8.C. §§ 271(a), (b), and/or (c).

30.  Pfizer will be irreparably harmed if Impax 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 Impax Laboratories,
Inc. (“Impax™), as follows:

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

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

C. That Impax has infringed U.S. Patent No. 6,770,295;
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D. That, pursuant to 35 U.S.C. § 271(e)(4)(B), Impax, its officers, agents,
servants, and employees, and those persons in active concert or participation with any of
them, are preliminarily and permanently enjoined from making, using, selling, offering to
sell the Impax Product within the United States, or importing the Impax 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. 90-235 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 Impax commercially makes,
uses, sells, or offers to sell the Impax Product within the United States, or imports the
Impax 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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Dated: March 4, 2008
New York, NY

Respectfully submitted,

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

Facsiwl 2}4—81 13
By: /4

Dimitrios 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

R? o
OR!

CH—CH;—CHy—X

R

Novel 3,3-diphenylpropylamines of formula (I} wherein
R1signifies hydrogen or methyl, R?, R3and R4indepen-
dently signify hydrogen, methyl, methoxy, hydroxy,
carbamoyl, sulphanayl or halogen, and X Tepresents a
tertiary aming group -NR3, 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 a ring
together with the amine ritrogen, 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 enantiomexss, their vse as drugs,
especially as anticholinergic agents, their nse for pre-
paring an anticholinergic drug, pharmacentical compo-
sitions: containing the novel amines, and methods for
preparing the same,

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

This is 2 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 gaid deriva-
tives for preparing drgs.

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

- disclosed. :

It is known that terodiline, a commercially available

drog having the chemical formula

Q i s
CH—CH;—C'H—N\
SRR

has anti-cholinergic properties, and is well resorbed in
the body. However, this drug has a very long biologics
balf-life and it is a multi-effect drug also having other
pharmacological propetties such as Ca-antagonist, nor-
adrenaline antagonist and anti-histamine properties as
well as & pronounced effect on the heart. .

U.S. Pat. No. 3,446,901, GB-A-1.169.944 ang GH-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-
pheny])-S-phenylpropyJamine, 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 diphenylalkyiamines hav-
ing an effect on the heart and circulation, The specifi-
cally described compounds are primary or secondary
amines, and none of themn has any hydroxy or alkoxy
substituent in ortho position of the phenyl rings. C.A.
Vol. 97(1982) 1201050 discloses certain N-arylak-
lylisoquinolines which may have a hydroxy substitnent
in the ortho position of a phenyl ring. These compounds
have sympatholytic activity and carry aromatic substit-
vents on the nitrogen atom.

It is object of the present invention to provide a novel
class of 3,3-diphenylpropylemines 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 1

CHy H

10

25

35

40

50

35

65

R !
OR! .

CH—CH;~CH;~X

RA
R

wherein R signifies hydrogen or methyl, R2, R3and R4
independently signify hydrogen, methyl, methoxy, hy-
droxy, carbamoy], sulphanoy] or halogen, and X repre-
sents a terhiary amino group of formula If

RS
-N
RE

wherein RS and RS signifky non-aromatic hydrocarbol
groups, which may be the same or different and which
together contain at Jeast three carbon atoms, preferably
atleast four carboa atoms, especially at least five carbon
atoms, and where R and RS may form a ring together
with the amine nitrogen, sxid 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 wel] as the
salts thereof. Examples of such acid addition salts in-
clade the hydrochloride, hydrobromide, hydrogen fu-
marate, and the like.

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

A preferred sub-class of componnds according to the
invention comprises tertiary amines of formula I,
wherein each of RS and RS independently signifies Cy.5-
alkyl, especially Cy.-alky), or adamantyl, RS and R6
together comprising at least three, preferably at least
four carbon atoms. RS and RS may carry one or more
hydroxy gromps, and they may be Jjoined 1o form 2 ring -
together with the amine nitrogen atom.

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

CH{CH:), cH;
@ —N , b ~N .
CH{CH3}, C(CHih
@ o
/C’Hs /C——-CH;
) ~~N ) dy —N ’
C(CH ) CH:CH, \C-—Cl-lz
‘ C{l; CHa

Page 11 of 47
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~continued
cr{; /cn; R? v
/C—-Cﬂg or!
e} —N\ CH,, 5
B CH—CHy—Co—X
G/i; \CH3
10 R4
R3

CHy

0 —tal wherein R1-R* and X are as defined above and any

The following are examples of presently preferred
specific compounds of formula I:
N,N-dijsopropyl-}(?.-hydroxy-s-methyiphenyl)-}

phenylpropylamine and its (+)-isomer,
N—methyl-N-te.rt.butyl—3-(2-hydroxyphenyl)—3-phenyl—

propylamire,
N-methyl-N-tert.butyl-3-(2,4-djhydmxyphenyl)-3-
phenylpropylamine,
N—methyl-N-tert.butyl-3,3-bis—(2-hydmxyphenyl)—
propylamine, '
N,N-dﬁsopropyl-3,3-bis-{Z-hydroxyphenyl)propyla-
mme,
N,N—djjsopropyl-}(Z,S-dihyd.roxypheuyl)-3-phenyl—
propylamine,
N-methyl-N—tert.butyl-3-(2,5-dihyd.roxypheny])—3—
phenylpropylamine,
N,N-diisopropyl-3-(2-methoxyphenyl}-3—phenyl—
propylamine,
N-(3-(2—methoxyphenyl)-3-phmylpropyl)-2,2,6,6~tet~

ramethylpiperidine .

In 3 second espect the invention provides methods
for preparing the compounds of formula 1, especially
the following methods:

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

RZ m
OR!
CH~~CHy—CHz—Y
R4
R?

wherein R1-R* are as defined above, and any hydroxy
proups may be protected sach as by methyiation or

benzylation, and wherein Y is a leaving group, prefera- 50

bly halogen or an alkyl or arylsulphonyloxy group,
with an amire of formula TV

H—X

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

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

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

RZ

CH~—CH;—CH;~NH~Z

20

25

1
r>

30 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
VIIa or V1Ib

35

a0 r2 Vila
OR}
C=CH-=CH—X
45 .
R‘
R3
50 R2 Vil
OR/!
55 C--CHy—CHy—X
AN
W
R4
R
whercin RI-R% and X are as defined above and any

hydroxy groups may be protected, and W signiffes 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 afler
mono or di-halogenation of one or both of the phenyl .
rings, and/or
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i) #f desired converting obtained bases of formule 1 into -continued

salts thereof with physiclogically acceptable acids, or R

\_fioe verss, and/or ,

iii) if desired separating an obtained mixture of optical 5

isomers into the individual enantiomers, and/or
iv) if desired methylating an ortho-hydroxy Zroup in an

obtained compound of formula I, wherein R is hy-

drogen and/or R4is hydroxy. 10 R¢

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

The removat of hydroxy protecting groups according
to i) above can e.g. be dome 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 e.g
be achieved by fractional crystallization of salts with
chiral acids or by chromatographic separation on chiral
columns. The secondary amines used as starting materials in

Novel compounds of formela VI 30 method ¢) can conveniently be prepared by reacting a

' primary amine H;N.Z (wherein Z is as defined -above)
2 vig  Witha corresponding reactively esterified 3,3-diphenyl-

k propanol in analogy with method 2) above, or by reduc-
tion of the corresponding secondary 3.3-diphenylpro.
pionamides in analogy with method b} above. The sec-
ondary amines can also be prepared by reduction of -
unsaturated hydroxyamines X1

OR!

CH=-CHy~CH,—OH

vin

15 'The compounds VIH cam also be prepared by reduc-
tion of the corresponding 3,3-diphenylpropionic acids,
Preferably using complex metal hydrides.

The 3,3-diphenylpropanols VIIT can conveniently be
converted into the cormesponding reactively esterified
detivatives IT in 3 manner known per se by displacing
the hydroxy groups with €.8- a halogen atom or an alkyl
or arylsulphonyloxy group.

The 3,3-diphenylamides of formula V used as starting
25 materials in method b), can e.g. be prepared by reacting

the above mentioned 3,3-diphenylpropionic acids with
an appropriate amine,

OR!
35

CH~CH;—CH;~0HN

R . 40 Rz X1
R
. ORI
wherein R1-R4 are as defined ebove, and the corre-

sponding protected componnds (e.g. comprising pro- 45

CcHi—ch=N~z
tected hydroxy groups), are nseful as chemical interme.

OH

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 toa conespondingly
substituted diphenylmethane (EX) in the presence of a
suitable base such as sodinm amide:

" 55

R2
OR!
CHy + CHy3~-—CH; l"%
R3
Rr¥
X X

R4
R3

wherein RI-R*and Z are a5 defined above, either in one
step by catalytic hydrogenstion, or by reduction to the
corresponding  saturated hydroxyamine, preferably
using a complex metal hydride such as thjum alumin-
jum 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 cap conve-
niently be prepared by the addition of 2 Schiff base of
formula X1 .

CH;—CH=N—Z XI¥

wherein Z is as defined above, to a benzophenone of
formnla X111
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Rr2
OR!

R4
RY

wherein R1-R4 are as defined above, in the presence of
a base, preferably a lithivm organic base such as lithiom
diisopropylamide.

50 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 or
XIVb

2
R? R?
Me R4
XIVa XIvb

to a ketoamine XVz or XVh respectively to form a
corresponding hydroxy amine XV1

Document 1

0
15

0
25

30

R2 Xvi
35
C—=CHy—CHy—X
AN
OH
4

R 4

Ry

and, if desired, splitting off water from compound XVL
In formulae X¥Va, XIVb, XVa, XVb, XVI, RI-R4

are as defined above, and Me significs a metal such as 45

magnesium or lithiuvm,

In accordance with the invention the compounds of
formula I, in the form of free bases or salts with physio-
fogically acceptable acids, can be brought into snitable

galenic forms, such.as compositions for oral wse, for 50

injection, or the like, in accordance with accepted phar- -
macentical procedures. Such pharmaceuticat composi- _
tions according to the invention comprise the com-

pounds of formula I in association with compatible

pharmacentically acceptable carrier materials, or dilu-

cnls.asiswellkuowninthem'l‘hemrrims‘maybe

any inert material, organic or inorganic, suitable for

enteral, percutaneous or parenteral administration such

as: waler, gelatin, gom arabicum, lactose, microcrystal-

line cellulose, starch, sodinm starch glycolate, calciam

hydrogen phosphate, magnesivm stearate, taleum, col-

loidal silicon dioxide, and the like. Such compositions

may also contain other pharmacentically active agents,

and conventional additives such as stabilizers, wetting

agents, emulsifiers, flavouring agents, buffers, and the

like.

The compositions according to the invention can eg.
be made up in solid or liquid form for oral administra.

55

60

65
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tion, such as tablets, capsules, powders, syrops, elixirs
and the like, in the form of sterile solutions, suspensions
or emulsions for parenteral administration, and the like.

The compounds and compositions according to the
invention ¢an be nsed for treating cholin-mediated dis-
orders such as urinary incontinence. As is well known,
the dosage depends on severa! 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 to be treated, and the ke, The
daily dosage may, for example, be from about 0.05 mg
to about 4 mg per kilo of bedy 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 run in CDCl; using a JEOL
PMX60 spectrometer, In some cases, only a 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=diethy} ether

Amines are abbreviated as follows:
IPA =diisopropy] amine
TBA ==tert.butyl amine

Melting points were taken on a Koefler bench.

Tetmperatures are in *C,

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

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

a) 4-(2-Methoxy-5—methylpheuyl)-6—methyl-3,4-dihy~
drocoumarin (T)

A mixtore consisting of 2-methoxy-5-methylcinnamic
acid (96.0 g, 0.5 mol), p-cresol (108 £, 1.0 mol), tetraline
(200 ml), and conc. sulphuric acid (20 £) was heated
slowly to refluxing temperatore (145°-150°), After 132
h, the mixture was cooled, taken up in ether, washed
with water and sodium carbonate, dried apd evapo-
rated, giving 138 g (97%) crude oil. Two recrystallisa-
tions from acetone gave white crystals of the desired
lactone, m.p. 126°-127*,

C18H1503 (282.3) requires: C, 76.57,
Found: C, 76.9; H, 6.44; O, 17.0.

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

C1sH1203(240.3) requires: C, 74.9%; H, 5.04; 0, 19.98,
Found: C, 75.0; H, 5.0¢; O, 19.6.

c) 4-(2-Methoxy-4—mcthylphenyl)—7-melhyl—3,4-dihy—
drocommarin was obtained in a similar way from 2.
methoxy-4-methylcinnamic acid and m-cresol in 589
yield. M.p. 147"-148° (IPE-acetone).

C1sH1503 (282.3) requires: C, 76.57; H, 6.43, O, 17.00,
Found: C, 76.4; H, 6.31: 0, 17.2. .

The above lactone (90 g, 0.32 mol) in methylene
chloride (S00 ml) was refluxed with BBr3 (115 g, 0.46
mol) for 24 h, the sojution was concentrated, the residne
was taken up in ether, the solution was washed with
sodium carbonate and water, dried and evaporated,

H, 6.43; O, 17.00,
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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-hydtoxy-4-methylphenyl)—‘i-methy]-3,4-dihy-
drocoumarin (), m.p. 137°.

Ci7H 1403 (268.3) requires: C, 76.10; H, 6.01; 0, 17.89,
Found: C, 76.2; H, 6.30;: O, 17.0.

€) 8-Hydroxy-4-phenyl-3,4-dihydrocoumarin oy
was obtained in a similar way from cinnamic acid and
catechol in 18% yield. M.p. 136" (IPE).

C15H)203 (240.2) requires: C, 74.99; H, 5.04; O, 19.98,
Found: C, 75.0; H, 501; O, 19.9,

) 4-(2-Methoxyphenyl)-3,4-dikydrocovmarin v
was obtained in a similar way in 452 yield from methyl
2-methoxycinnaraate end phenol. The crude reaction
mixture was contaminated with methyl 3-@-hydroxy-
phenyl}:3(2-methoxyphenyl}propionate, After re-
moval of this by-product with ice-cold NaORH, the itle
compound was obtained a3 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-ma‘.hoxy—4—methylphenyl)—3-phcnyl-
propionate (V1) :

7-Methyl-+phenyl-3,4-dihydrocoumarin (78 g, 0.327
mol) in 150 m} methanol and 150 ml acetone containing
methyl iodide {100 g, 0.7 mol) and K2CO; (55 g, 04
mol} was refluxed for 24 h, filtered, and the solvent was
evaporated. The residue was dissolved in ether, the
solution was washed with water, dried and evaporated
giving 86 g (92%) of a viscous oil.

NMR: § 6.6-7.2 (m 8H), 4.9 (¢ 1H), 3.8 (s3H),3.5(s
3H), 3.0 (d 2H), 2.2 (s 3H).

b) Methyl 3,3-bis-(2-methoxyphenyl)-propionate
(Vﬂ)wmobminedhthesamewayin%% yield from
the lactone (V) of Example 1f}, m.p. 84"-87" (IPE).

CigHa004 (300.4) requires: C, 71.98; H, 6.71; O, 21.3,
Found: C, 71.4; B, 6.67; O, 21.6. ]

¢) Methyl 3-(2,3-dibenzyloxyphenyl)-3-phénylpro-
pionate (VIIT) was obtained in i
tive yield from the lactone (V) of Bxample 1¢) and
benzyl chloride in methanol. In addition to K2CO; the
reaction mixture also contained some Nal M.p. 72¢
(IPE).

C30H2¢04 (452.5) requires: C, 79.63; H, 6.24; O, 14.14,
Found: C, 79.5; H, 6.15; O, 14.1.

d) Methyl 3-(2-.bcnzyloxypheny])—3-phmylpropion-
ate (IX) was obtained in a similar way as a viscous oil in
81% yield from 4-phenyl-3,4-dihydroconmarin and
benzyl chloride. .

NMR: & 7.2 (m 14H), 4.9 (s 2H, t 1H), 3.5 (s 3H), 3.0
(t 2H).

e} Methyl 3-(2-methoxy-5-methylpheny!)-3-phenyl-
propionate (X) was obtained in a similar way fram 6-
methyl-4-phenyl-3,4-dihydrocoumarin in 96% yield.

NMR: 5 7.4 (m 8H), 5.0 (¢ 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-methylphenylpro-
Dionate (XT) was obtrined in a similar way in quantita-
tive yield from the lactone () of Example 1a) and

methyl iodide,
5.1(t 1H), 3.7 (s 6H), 3.5 (s

NMR: § 6.6-7.1 (m 6H),
3H), 3.0 (d 2H), 2.2 (s 6H).

£) Methyl 3-(2,5-dibenzyloxyphenyT)-3-phenylpro-
pionate (XII) was obtained in a similar way in 0%

10

25

35

a similar way in quantita- -

55

65

10 -
yield from the lactone (II} of Example 1by and benzyl
chloride.

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

b} Methyl 3,3-bis-(2-benzyloxy-d-methylphenylpro-
piomate (XIIT) was obtained in a similar way in 95%
yield from the lactone (I} of Example 1d) and benzyl
chlonde. By GLC the product is homogenous, and by
MS it has the correct M.W.

) Bthyl 3-(2,4-dimethoxyphenyl)-3-phenylpropionate
Xrv)

A mixture of ethyl cinnamate (88 g, 0.5 mol), di-
methyl resorcinol (276 g, 2.0 mol) and conc. snlphuric
acid (50 g) was stirred on 2 boiling water-bath for 2 b,
whereafier all the volatile material was distilled off in
vacnum. The residual oil was dissolved in ether, the
solation was washed with sodium carbonate, dried, and
evaporated giving 10! g (64%) of the title ester in the
form of a viscous ofl.

NMR: & 6.4~7.2 (m 8H), 4.9 (¢ 1H), 4.0 (q 2H), 3.7 (s
6H), 3.0 (d 2H), 1.} (t 3H).

) Methyl 3,3-bis-(2,4-dimethoxyphenyDpropionate
{XV) was obiained in a similar way from methyl 2,4
dimethoxycinnamate and dimethyl resorcimo), The
product thus obtaired contained about 23% of dimethy]
resorcinol. It was taken to the next step without farther
purification. .

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

6-Chloro-4-pheny!-3,4-dihydrocournarin
mol. Preparation: T. Manimaran & V. T. F
nan, Ind. J. Chem. B 18 (1979) 328) is added to a hot
solution of sodium bydroxide (140 g, 3.5 mol) in water

(435 g, 1.68
Ramakrish-

; (500 mi). The solution is chilled 10 257 C. and dimethy}

sulphate (442 g, 3.5 mol) is added dropwise during 1 h
with stirring and cooling at 25°-35° €. The mixture s
stirred for an additional 2 h whereupon & solution of 100
g of sodium hydroxide in 500 mi of water is added and
the mixture is stirred ontil a clear solution is obtained.
An excess of concentrated hydrochloric acid is added
to precipitate the methoxy acid, which separates ps an -
oil which slowly crystallizes. It is filtered off, washed
with water and dried. Crystallization from 2-propano]
gives colourless crystals of 3-(5-chloro-2-methoxy-
phenyl)-3-phenyl propionic acid, m.p. 144° C. Yield 455
B

The above acid (291 g, 1.0 mol) in 1 kter methanol
containing 50 g concentrated sulphuric acid was re-
fluxed for 8 h. The solvent was distilled off, the residue
was taken op in ether, washed with water and sodium
carbonat solution, dried and evaporated giving 300 ¢
(100%) -crude oil. Recrystallisation from IPE gave
white crystals of the title compound, m.p. 65°-66°,

Cr17HI7CIO; (304,8) requires: C, 67.0; H, 5.62; C},
11.63, Found: C, 68.1; H, 5.82; Cl, 11.7.

EXAMPLE 3

Preparation of 3,3-diphenylpropanols
a) 3-(2-Meﬂmxy-4-methylphyl)-3-phenylpropanol
)

‘The ester (V) of Example 2a) (34 g, 0.295 mol) in 150
m]dryetherwasaddeddropwisetoampensionof
LiAlH, (11.3 g, 0.295 mol) in 300 ml dry ether. The
mixture was stirred overnight, then decomposed by the
careful addition first of Il g of water, then of 15%
NaOH until 8 white granular precipitate was formed.
The mixture was filtered, the filirate was washed with
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water, dried, and evaporated giving 71 £ (91%) of &n oil
which crystallized on standing. Recrystallization from
IPE-PET gave white crystals, m.p, 83",

Ci7H200; (256.4) requires: C, 79.65; H, 7.88; 0, 12.48,
Found: C, 79.4; H, 7.89; 0, 12.7.

b) 3,3-Bis-(2-methoxyphenyl)propanol XVID was
obtained in a similar manger in guantitative yield as a
viscous oil from the ester (VII) of Example 2b).

c) 3~(2,3-Dibenzyloxyphenyl)—S-phenylpropanol
XVID was obtained in a similar way as a viscous oil in
96% yield from the ester (VII) of Example 2c).

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

€} 3-(2-Mcthoxy—S—methylphenyl)-S-phenylpropanol
(XX) was cbtained in a similar way as an oil in quantita-
tive yield from the ester (X} of Example 2Ze).

NMR: 8 6.8~7.4 (m 7H), 4.7 {1 1H), 3.8 (3 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). Mp. 89° (IPE).

CroH2403 (300.4) requires: C, 75.97; H, 8.05; 0, 15.98,
Fourd: C, 75.9; H, 8.02; O, 16.1.

£ 3~(2,S-Dibenzyloxyphenyl)-S-phmylpropanol
QX1 was obtained in & similar way in 889 viel from
the ester (XII) of Example 2g). Mp. 78° (APE). -

CagH2503(424.5) requires: C, 82.05; H, 6.65; 0, 11.31,
Found: C, 82.0; H, 6.62; O, 11.2.

h) 3,3-Bis-{2-benzyloxy—4—-methylphenyl)propanol
(XXIT) was obtained in a similar way as an oil in 939%
yield from the ester (XIII) of Example 2h).

i) 3-(2,4-Dimethoxyphenyl)—i»-phenylpropanol
(XXIV) was obtained as a golden ofl in 9295 yield from
the ester (XIV) of Example 2i).

NMR: § 6.5-7.2 (m 8H), 4.5 {t 1H),
2H), 2.0-2.6 (m 3H).

)] 3,3-Bis-(?,4-d.imcthoxyphenyl)propanol
was obtzined in a similar way
(XV) of Example 2j). By
about 20% of dimethy) resorcinol,

k) 3-(4—F1uorphenyl)-3-(2—methoxyphenyl)pmpsnol

)

3.8 (s 6H), 3.6 (m

(XXV)
from the itpore ester

A Grignard reagent was prepared in the wsual man-
ner from o-bromoanisole (93.5 g, 0.5 mol} and magne-
sinm (12 g, 0.5 mol) in 100 ml dry ether, A solution of
pfluorobenzaldehyde (62 g, 0.5 mol} in 100 m! ether
was added dropwise to this solution. Afier aboat 1 h,
the mixture was decomposed with NH;Cl and worked
up, giving 100.6. g (87%) of 4-fluoro-2"-methoxy-
diphenylmethanol. Recrystallizition from IPE-PET
gave white crystals, m.p. 88°.

C14H13F 02 (232 3) requires: C, 72.40; H, 5.64, Found:
C, 729 H, 5,75,

The obtained carbinol (462 g, 0.2 mol) in 600 ml
ethanol was hydrogenated in the presence of 4 g of 5%
Pd/Ccatalyst. After about 5-6 h, the reaction was com-
plete and the mixtare was worked up giving 40 g (93%)
of 4-fluoro-2"-methoxy-diphenylmethane ag a clear oil.

NMR: 6.3-7.2 (m 8H), 4.0 (s 2H), 3.8 (s 3H).

The obtained methane derivative (71 g, 0.33 mol) in
100 ml ether was added to a solution of NaNH, pre-
pared in situ from sodium (8.5 g, 0.37 mol} in about 300
mi of NH3. After about 1 h, a solution of cthylene oxide
(17.5 g, 0.395 mol) in 75 ml ether was added dropwise.
The mixture was stirred for 2 h, end most of the ammo-
niz was then removed with a stream of sir. Solid NH4Cl1
was then added, followed by the addition of water. The

30

35

NMR, the product contains 40
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organic phase was separated, washed with water and
2N HCI, dried and evaporated, giving 81.5 g (95%) of
the title compound. M.p. 61° (IPE-PET).

Ci6H17FO; (260.3) requires: C, 73.82; H, 6.58, Found:
C,74.1; H, 6.77.

I 3-{3-Chloro-2-methoxyphenyl}-3-phenylpropanol

The ester from Example 2k) (31.5 g, 0.3 mol) in 500
ml dry ether was added dropwise under nitrogen to
LiAlH4 (114 g, 0.3 mol) in 200 m] dry ether. The mix-
ture was sticred at room temperature overnight, then
decomposed with 11 g water and 11 g 15% NaOH
solution. Work up gave 72.5 g (87.5%) colourless-oil.
Recrystallization from IPE gave white crystals of the
title compouvnd, m.p. 80°.

CigH17CIO0; (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-diphenyipropyl-p-toluene
sulphonates

a) 3,3-Bis(2-methoxyphenyl}propyi-p-toluene sul-
phonate (XXVII)

The propanol (XVI) of Example 3b) (35 g, 0.128
mol) in 100 ml chloroform contaiping 30 ml pyridine
was cooled to ebout --10° and then treated with p-tol-
uene sulphonyl chloride (29 g, 0.15 mol). After standing
in the cooler {about 45* 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. R ization from IPE gave white crys-
tals of low and indefinite m.p.

Ca4H2605S (426.5) requires: C, 671.58; H, 6.14; S, 7.52,
Found: C, 66.8; H, 6.22; S, 7.76.

b) 3(2-Me£hpxy—4—methylpheuyD—B-phcny]propy]-p—
tohuene sulphonate (XXXT) was obtaired in quantitative
yield from the propanol (XVT) of Example 3a).

€} 3-(2,3-Dibenzyloxyphenyl)-3-phenylpropyl-p-tol-
vene sulphomate (XOXVIII) was obtaitted in a similar
way s a thick oft in 88% yield from the propanol
{XVIO) of Example 3c).

d) 3-(2-Benzyloxyphenyl)—3~phenylpmpyl-p-tolue.ne
sulphonate (XXIX) was obtained in i similar way in
98% yield from the propanol (XIX) of Example 34).

e} 3—(2-Methoxy-s-meﬂ:ylpheny])—3-phenylpropy1-p—
toluene sulphonate (XXX) was obtained in quantitative
yield from the propanol (XX} of Example 3s). M.p. 64°
(PE-PET).

C23H2/04S (396.5) requires: C, 69.67: H, 6,10; 8, 8.09,
Found: C, 69.8; H, 6.20; S, 7.85.

f) 3.S-Bis-(l-methoxy-s-methylphenyl)-propyl—p—tol-
uene sulphonate (XOXXTE) was obtained in quantitative
yield from the propanol (XXI) of Example 3f). M.p.
117° (acetone-PET).

CasH190sS (454.5) requires: C, 68.7; H, 6.65; S, 7.05,
Found: C, 68.8; H, 6.66; S, 7.11.

2) 3-(2,5-Dibmzyloxypheny]}}phmylpropyl-p-tol-
uene sulphonate (XXXIII) was obtained in a similar
manner in quantitative vield. from the propanol (XXII)
of Example 3g),

h) . 3,3-Bis-(2-benzyloxy-4—methylphe.nyl)-propyl-p-
toluene sulphonate (XOXXIV) was obtained in o simfar
way in 86% yield from the propanc] (XXIT) of Exam-
ple 3h),

) 3-(2,4-Dimethoxyphenyl)—}pheny]propyl-p-tol-
u¢ne sulphonate was in the same way obtained
in: 96% yield from the propanol (XXIV) of Example 3i),
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» 3,3—Bis-(2,4-dimethoxyphenyl)—propyl—p—toluene
sulpbonate (XXXVI) was obtzined in the same manner
from the propanol (X3{V) of Example 3j). The product
was contaminated with dimethyl resorcinol.

k) 3—(4-F.luorphenyl)—3-(2-methoxyphenyl)-propyl-p-
toluene snlphonate (XXXVII) was obtained in a similar
way in 889 yield from the propanol {XXVD) of Exam-
ple 3k). M.p. 67° (IPE).

C23t12:FO4S (414.5) requires: C, 66.65; H, 5.59; §,
7.78.

1.74, Founa: C, 67.1; H, 5.69; S,
3-(Z-Methoxypheny!)-}pheny]propyl-p-r.olnene

D
sulphonate (XLVIIT)

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 b 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 sodiom carbonate, dried and fractionated, giving
304 g (77%) of = pale yellow oil, b.p. 115°-118°/D4
Torr. By NMR, it is a 1:]1 mixture of o-methoxy and
p-methoxy diphenyl methage. This material was con-
veried to a mixture of the corresponding propanols by
reaction 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
tecrystallizations 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—Clﬂoro-2-methoxyphenyl)—3-pheny1propyl-p-
toluene sulphonate

The alcohol from Example 31) (66 g, 0.24 mol) in 300
m] chloroform containing 75 mi pyridine was treated
portionswise in the cold with p-toluene-sulphonyl chlo-
ride (55 g, 0.29 mol). The mixture was kept at 5° C. for
18 b, solvent was evaporated under vacunm at < 50°,
the residoe wag taken up in ether, washed with water
and 2N HCI, dried and evaporated giving 100 g (97%)
of a straw-yellow syrap. Recrystaltization from IPE
gave the title compound, m.p. 89°-90°,

Ca3H>3C104S (430.96) requires: C, 64.10; H, 5.38; S,
7.44; Cl, 8.23, Found: C, 64.4; H, 5.45; S, 7.04; Cl, 8.17.
EXAMPLE 5
Preparation of tertiary 33-diphenylpropylamines

a) N,N-Diisopropyl-s,3-bis-(2-methoxyphenyl)-
propylamine , hydrogen oxalate

The tosylate (XXVID) of Example 4a) (42.6 g, 0.1
mol) in 100 mt acetonitrile and 100 £ (1.0 mol) diisopro-
pylamine was heated in a 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 HCI. 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 oit 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).

C2sHasNOg (445.6) requires: C, 67.35; H, 7.9%; N,
3.14; O, 21.55, Found: C, 67.2; H, 82% N, 2.94;0,21.5.

b) N,N—Diisopmpyl—3—(2,3—d.ibenzyloxyphenyl)-3—
phenylpropylamine

The free base was obtained in the same way in 75%
¥ield from the tosylate CODVIIT) of Example 4c),
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NMR: 6.9-7.2 (m 18H), 5.0 (s 4H), 0.9 (d 128).

c) N,N-Diisopropy}-3-(2-methoxy-5-methylphenyl)—
3-phenylpropylamine (XL), hydrogenfumarate

The free base was obtained in 699% yield from the
tosylate (XXX) of Example 4¢), It was converted to the
fumaric acid salt in the usnal manner. M p. 176 (ace-
tone).

CrH37NOs (455.7) requires: C, 71.17; H, 8.20; N,
3.07, 0, 17.6, Found: C, 71.3; H, 8.27; N, 3.04; 0, 17.0.

d) N,N-Diisopropyl-3-(2-metboxy-4-methylphcnyl)—
3-phenylpropylamine (XLI), hydrogenfumarate

The free base was obtained in 259 yield from the
tosylate (XXXT) of Example 4b). The fumaric acid salt
had m.p. 147°~148" (acetone).

CyrH3:NOs (455.7) 1equires: C, 71.17; H, 8.20: N,
3.07; 0, 17.6, Found: C, 71.3; H, 8.14; N, 3.00, O, 17.6.

€) N,N-Diisopmpyl—S,3-bis-(2—methoxy-5—methyl-
phenyljpropylamine (XLII), hydrochloride

The free base was cbtained in 78% yield from the
tosylate (XXXII) of Example 41). It was converted to
the hydrochloride with ethereal HC] in the ususal man-
ner. M.p. 163°-164* (acetone-ether),

Ca2sH3gNO2Cl (420.1) requires: C, 71.49; H, 9.12; N,
3.33; O, 7.61; CI, 8.44, Found: C, 71.6: H, 9.08; N, 3.27;
0O, 7.93; CJ, 8.36.

) N,N-Diisopropyl-S—(Z,S—dibenzyloxyphenyl)—l
phenylpropylamine (XLIIT)

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

NMR: 5 6.6-7.2 (m 18H), 5.0 (s 4H),
12H).

g) N,N-Diisopropy]-S,3-bis-(2-benzyloxy-4-metbyL
phenyDpropylamine (XLIV)

The free base was obtained in 629 yield from the
tosylate (XXXIV) of Example 4h),

NMR: 8 6.8-7.2 (m 16H), 4.8 (s 4H, t 1H), 0.9 (d 12H).

h) N.N-Diisbpropyl-B—(Z,‘i—dimethoxyphenyl)-}
phenylpropylamine (XLV)

The free base was obtained in 56% vield from the
tosylate (XXXV) of Example 47).

NMR: 6.5-7.3 (m 8H), 4.4 (t 1H]), 3.8 s 6H), 1.0 (@
126).

i) N,N-Diisopropyl—3,3-bis—(2.4—dhneth0xyphenyl)— ‘
propylamine (XLVI)

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

NMR: § 6.5-7.3 (m 6H), 4.6 (¢ 1H), 3.9 {s12H), 1.0 (d
12H).

N N,N~Diisopropyl-3-(4-ﬂuorophenyl)—3-{2-methoxy—
phenyDpropylamine XLVID

The free base was obtained in 719% yield from the
tosylate (XXX VID) of Example 4k).

K) N,N-Diisopropyl-3—(2-methcxypheny1)—3-phenyl-
propylamine (XLIX), hydrogen fomarate
. The free base was obtained in 86% yield from the
tosylate (XLVII) of Example 41) and was converted to
the fumaric acid salt in the vsual way. M.p. 134°-136°
(acetone-IPE) or 163°-164* {methanol),

CaeH36NOs (441.6) requires: C, 70.72; H, 7.99: N,
3.28; 0, 18.12, Found: G, 70.8; H, 7.93; N, 3.28; O, 18.1.

) N-(3-(-Methoxyphenyl)-3-phenyipropyi)-2,2,6,6-
tetramethylpiperidine (LXTV)

This compound was obtained in the same way in 549%
yield from the tosylate (XLVI) of Example 41) and
2,2,6,6-tetramethylpiperidine. M.p. 100" dPE).

C23H3sNO (365.6) requires: C, 82.14; H, 9.65; N, 3.83,
Found: C, 82.; H, 9.62; N, 3.57. .

4.5(t 1H), 1.0(d
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m) N,N-diisopropyl-3-(5-chloro-2-methoxyphenyl}-
3-phenylpropylamine

The tosylate from Example 4m) (43.1 & 0.1 mol) was
heated for 4 days at 20° with diisopropylamine (50 g, 0.5
mol) in 100 m! acetonitrile, giving 23 g (64%) of crude
title compound. By GC, it is at Jaast 939 pure.

n) N—(3-(2-Benzyloxyphenyl)-S-phenyIpropyl)-
2.2,5,5-te1ramethy]pyrrolidine

'This compornd 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
copverted to the hydroxy analogue without further
purification (Example 9ah)).

o) N-(3-(2-Berzyloxyphenyl)-3-phenylpropyi)-4-
hydxoxy-2,2,6,6-teu~amethylpipeﬁdine .

This compound was similarly prepared from the tosy-
late (XXTX) 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-Hyd:oxy-l,l-dimethylethyl)-B—(Z—bmyloxy-
phenyi)-3-phenylpropylamine

This compound was similarly prepared from the tosy-
late (XXIX) of Example 4d) aund 2-aminp-2-rgethyl-
propanol. The solid product was crystallized from di-
isopropyt ether. and melted at 103° C, It was used as
start material in (Example 7p).

CacHyNO; (389.5) requires: C, 80.17; H, 8.02; N,
3.60; O, £.22, Found; C, 80.0; H, 8.09; N, 3.69; 0, 851,

Q) N—(l~Adamantyl)-3—(2~benzyloxyphcnyl)—3-
phenylpropylamine

This compound was similarly prepared from the toys-
late (XXTX) of Example 4d) and 1-amincadamantane., It
was used as start material in Example 7q). The hydro-
chloridesemihydrate was prepared in acetonitrile and
melied at 225° C,

C3Hy7NO.HCLE Hy0 (497.1) requires: C, 77.3L; H,
7.91; N, 2.82; O, 4.83; Cl, 7.13, Found: C, 77.3; H, 8.23;
N, 2.65; O, 5.04; Cl, 7.4, .

EXAMPLE 6
Preparation of secondary 3,3-diphenylpropylamines
‘a) N-tert.Butyl-3,3—bis—(2-methoxyphenyl)propyla—
mine (L), hydrogen oxalate

The tosylate (XXVT) 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 1o the oxalic acid salt in the usnal man-
ner. M.p. 135°-136° (acetone-ether).

CxH3;NOg (417.5) requires: C, 66.17; H, 7.48; N,
3.36; 0, 22.99, Found: C, 65.6; H, 7.3IN, 3.36; O, 23.4.

b) N-ter. Butyl-3-(2,3<dibenzyloxyphenyl)-3-phenyl-
propylamine (I.T), hydrechloride

The free base was obtained as sbove in 78% yield
from the tosylate QOCVIHD of Example 4¢c). The HCl
sait had m.p. 184°-185° (acetone-methanol-IPE).

C33H3NO;Cl (516.1) requires: C, 76.79; H, 7.4% N,
© 2740, 6.20; C), 6.87, Found: C, 76.3; H, 7.30; N, 2.72:
0, 6.4% Cl, 6.31.

<) N—terLButy!-3-(2—benzyloxypheny1)—3—pheny]-
propylamine (LII), hydrogen oxalate

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

CasH3iNOs (463.6) requires: C, 7254 H, 7.1 N,
3.02, Found: C, 71.8; H, 7.13; N, 2.95.

=t
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d) N-tert. Butyl-3-{2-methoxy-5-methyplenyl)-3-
phenylpropylamine (LII), hydrochloride

The free base was obtained in 90% yield from the
tosylate (XXX) of Example 4e). When treated with
ethereal HCI, it gave a somewhat hygroscopic salt
which seems to be associsted with 3 mol water. Mp. .
171" ethanol-ether).

Ca1i1oNO.HCL.{ H,0 (352.5) {requires): G, 71.55; H, _
8.74; N, 3.97; 0, 5.67; Cl, 10.06, Found: C, 71.8;H, 8.72;
N, 4.05; 0, 5.57; CI, 10.1,

€) N-ter.Butyl-3-(2-methoxy-d4-methylpheny})-3-
phenylpropylamine (LIV), hydrochloride

The free base was obtained in quantitative yieid from
the 1osylate (XOXXT) of Example 4b). The HCl-salt had
m.p. 138°-149° (methanol-isopropanol). It was associ-
ated with § mol of water.

C2tH3pNOCL] H20 (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.

f) N-ter.Eutyl-3,}bi&{z-meﬂmxy-&methylphenyl)-
propylamine (LV), bydrochlorids

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

C2H34NOCI (392.0) requires: C, 70.47; H, 8.74; N,
3.57; Cl, 9.05, Found: C, 70.2; H, 8.8; N, 3.46; Cl, 8.99,

£) N—mBntyl-}(Z,S-dibenzyloxyphenyl)-S—phenyl-
propylamine {(L.'VI), hydrochloride

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

Cs3H3NO1Cl (516.1) requires: C, 76.79; H, 7.42; N,
2.71, 0, 6.20; C, 6.87, Found: C, 71.2; H, 7.50; N, 264;
Q, 6.53; C], 6.85.

h) N-tert.Butyl-3,3-bis-(2-benzyloxy-4-methyl-
phenyl-propylamine (LVII), 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).

C35HazNO2Cl (544.2) requires: C, 77.25; H, 7.78; N,
2.57; 0, 5.89; Cl, 6.52, Found: C, 77.6; H, 7.8% N, 2.35;
Q, 6.08; (), 6.55.

i) N-terLButyl-3—(2,4-dimet1mxypheny])—3-phenyl—
propylamine (L VII), hydrochloride

The free base was obtained in 849 yield from the
tosylate (XXXV) of Example 4i). The HCl-salt had m.p.
196° (acetone-ethanol-ether),

C21H30NO,Cl (363.9) requires: C, 69.31; H, 3.3 N,
3.85; O, 8.79; C, 9.74, Found: C, 69.3; H, 8.44; N, 3.80:
O, 8.89; Cl, 9.81,

] N-tenButyl-Sﬁ-bis—{Z.d—dimemoxyphenyl)-
propylamine (LDD), hydrochloride

The free base was obtained in 609% vield from the
tosylate (XXXVI) of Example 47). The HCl-salt had
m.p. 251° (methanol-acetone).

CzH34NO4Cl (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; C), 8.67.

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

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

CooHzNOFCI (351.9) requires: C, 68.26; H, 7.73; N,
3.98; Cl, 10,08, Found: C, 68.9: H, 7.97; N, 4.01,Cl1,9.69, .

) N-tert, Butyl-3-(2-methoxyphenyl)-3-phenyl-
propylamine (EXT), hydrochloride
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The free base was obtained in 88% yield from the
tosylate (XLVTI) of Example 4]). The HCli-salt had
m.p. 205°,

C20H2NOC] (333.9) regoires: C, 71.94; H, 8.45; N,
4.20; 0, 4.79, Found: C, T1.9; H, B.44; N, 4.67; O, 4.79.

m} N-(].1-Dimethy]propyl)-3-(2-memoxy-s-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).

C2H3;NOCI (362.0) requires: C, 73.00; H, 8.91; N,
3.87; O, 4.42; C1, 9.80, Found: C, 73.4; H, 8.98; N, 3.83;
0, 4.61; C], 9.51.

n) N+ l,l-Dimethylpxcpyl)-3,3-bis-(2—methoxy—5—
methylpheayl)propylamine (LXIIE), hydrochloride

The free base was obtained in 949 yield from the
losylate (XXXII) of Example 4f) aid tert.amylamine,
The HChsalt had m.p, 210° (sthanol-acetone),

C24H36NO,C1 (406.0} requires: C, 7000 H, 894; N,
3.45; 0, 7.88; C1, 8.73, Found: C, 71.1; H, 9.01; N, 3.60;
0, 7.92; Cl, 8.73.

o) N-tert.Butyl-3-(5-ch]or0—2~methoxyphenyl)—3~
phenylpropylamine )

The tosylate from Example 4in) ¢43.1 & 0.1 mol} in
100 m] acetonitrile was treated with tertbutylamine (37
&, 0.5 mol) and the mixture was heated in a pressure
bottle at 80° for 4 days. The usual work-up afforded 32
& (100%) crude titte compound. The base in ether-ace-
tone was treated with cthereal HCl giving the hydro-
chloride salt, m.p, 216°-213°,

CaoliasCINO.HCI (368.36) requires: C, 65.21; H,7.39;
N, 3.80; C1, 1925, Found: C, 65.1; H, 7.3% N, 3.90; C,
18.7.

EXAMPLE 7

Preparation of tertiary 3,3-diphenylpropylamines from
sec amines

a) N—Methyl-N-m.butyl—}(Z—methoxypheuyl)-3-
phenyipropylamine (LXV), hydrochloride

A mixiure of the secondary amine (LXI) of Example
€1) (29.7 g, 0.1 moD), formic acid (13.8 & 0.3 moi), and
37% formaldehyde solution (12.5 & 0.12 mol) was re-
flaxed for 18-24 h. The mixture was then cooled, basi-
fied with NaOH, and extracted with ether. The extract
was washed with water, dried and evaporated, giving
29.3 g (94%) of a crude oil. The HCI-salt was prepared
from ethereal HCl in the usual way, m.p. 199,

Cy1H3oNOC] (347.9) requires: C, 72.49; H, 8.69; N,
4.03; C1, 10.19, Found: C, 71.9; H, 8.75; N, 423 Cl,10.1.

b) N-MeLhyl-N-tert.butyl-S-&-methoxy—S—methyL
phenyl)-3-phenylpropylamine (LXVT), hydrochloride

The free base was obtained in the same way in 89%
yield from the amine (LIII) of Example 6d). The-HCI-
salt had m.p. 161 (acetone),

CoH3;NOCI (362.0) requires: C, 73.00; H, 8.95; N,
3.87; 0, 4.42; C1, 5.08, Found: C, 73.0: H, 8.96; N, 3.94;
Q, 4.5%; C, 9.77.

c) N—Met.hyl-N-lert.butyl-S,S—bis—(Z-methoxyphenyl)—
propylamine (LXVII), hydrochloride

The free base was obtained in 96% yield from the
amme (L) of Example 6a). The HCl-salt had m.p.
. 187°~190° (acetone-cther).

CHa3sNOC! (378.0) requires: C, 69.91; H, £.54; N,
3.7%; 0, 8.4%; (1, 9.38, Found: C, , 69.5; H, 8.56; N, 3.53;
0, 8.93; C], 8.92.

d) N-Methyl-N-tert.butyl-3-(2-methoxy-4-methyl-
phenyl)-3-phenylpropylamine dLxvm

i0
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The free base was obtained in 962 yield from the
amine (LIV) of Example 6e). M.p. 64* (IPE).

CazH31 NO (325.5) requires: C, 81.17; H, 9.60; N, 4.30;
O, 4.92, Found: C, 81.0; H, 9.83; N, 4.15; O, 5.03.

e} N-Methyl-N-tert.butyl-3,3-bis-(z-methoxy-s-
methylphenyl}propyiamine (LXIX)

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

CH3sNO» (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—Mer.hyl-N-tert.butyl-}(#ﬂuorophmyl)—ii-(z-
methoxyphenylpropylamine (LX), hydrochloride

The free base was obtained in 829% vield from the
amine (LX) of Example 6k). The HCl-salt had m.p. 218°
(ethanok-acetone).

CHzNOCIF (365.9) requires: C, 68.93; H, 7.9% N,
3.83; C1, 9.69, Found: C, 69.0; H, 7.97; N, 3.95; Ci, 9.60.

g) N-(1,1-Dimethylpropyl)-N-methyl-3-(2-methoxy-
5-methylphenyl)-3-phenylpropylamine (LXXT), hydro-
chloride

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

CHyuNOCI (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; C), 9.41.

h) N—(l,l-Dimethylpropyl)—N—meﬂlyl—B.3—bis-(2-
methoxy-5-methylphenyl)propylamine (LXXII), hy-
drochloride

The free base was obtaimed in §9%% yield from the
amine (LXII0) of Example 6n). The HCh-salt had m.p.
147" (acetone-ether).

CasH3NO2Cl (420.1) requires: C, 71.49%; H, 9.12: N,
3.34; 0, 7.62; Cl, B.44, Found: C, 70.8; H, 9.20; N, 3.63;
0, 7.74; C], 8.42. :

)] N-Methyl-N-tert.butyl-S-(2,4—dimeth0xy-phenyl)-3-
phenylpropylamine

is compound was obtained s an oil in quantitative
yield from the amine (LVIIL) of Example 6i}.

NMR: 6.5-7.3 {(m 8H), 4.3 (¢t 1H), 3.3 (s 6H), 23 (s

40 3H), 1.0 (s 9H).
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b)) N-Methyl-N-mrLbutyl-S-(z,S-dibenzyloxyphenyl)—
3-phenylpropylamine

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

k) N-Methyl-N-tert.butyl—S,3-bis~(z-benzyloxy~4-
methylphenylipropylaniine (LXXV), hydrochloride

e free base was obtained in 92% yield from the
amine (LVID) of Example 6%). The HCl-calt had mp.
170°~171° (acetone-ether).

CasHaNO2Cl (558.2) requires: C, 7746; H, 7.95; N,
2.53; 0, 5.73; Cl, 6.35, Found: C, 77.6; H, 7.36; N, 2.42;
0, 5.39; CI, 6.31,

)} N—Methyl-N-tert.butyl-3,3-bis-(2,4—dimethoxy-
phenyl)propylamine (LXXVI), hydrochloride

The free base was obtained in 96% vield from the
amine (LIX) of Example 6j). The HCi-sait had m.p-
180°-190" and seemns to be associated with 1 mol of
water,

C2aH3sNOCl § H20 (447.0) requires: C, 64.48; H,
8.34; N, 8.13; O, 16.11; C), 7.93, Found: C, 64.5; H, £.27,
N, 3.02; 0, 162; (4, 8.19.

m) N-Methyl-N-tzrt.butyl-S—(l,3-dibmzyloxy-
phenyl)-3-phenylpropylamine

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

NMR: 8 6.9-7.3 (m 18H), 2.1 (s 3H), 1.0 (s 9H).

n) N-Methyl—N—tert.butyl—B—(Z—bmzyloxyphenyl)—3-
phenylpropylamine (LXXVIIT)
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This was obtained as an oil in 97% yield from the  washed, dried and evaporated, giving 17.8 g, (90%) of
amine (LII) of Example 6c). - the title olefin a3 a clear oil. The HCl-salt had m.p.

NMR: 6.9-7.3 (m 14H), 5.0 (s 4H), 4.5 (t 1H),
3H), 0.9 (5, 9H).

o) N—Methyl-N—tm.butyl-3-(5—chloro-2—mct.hoxy—
phenyl)-3-phenylpropylamine

The secondary amine from Example 60) (25.3 g, 0.076
mol) was refluxed for 18 h with formic acid 92p,02
" mol} and 35% formaldehyde solution (3.5 g, 0.1 mol).
Work-up gave 25.6 g, (97.5%) crude base. This was
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°,

Co1H2CINO.CyH204 (436.0) requires; C, 63.37; H,
6.94; N, 3.21; C), 8.13, Found: C 627, H, 6.83; N, 3.10;
Cl, 7.97.

P N-(Z-Hydroxy.—1,1—dimethylethyl)—N-methyI-3-(2—
benzyloxyphenyl}-3-phenylpropylamine

This compound was similarly prepared from the

22(s

compound of Example 5p). It was obtained as a shicky -

ol which was converted to the free hydroxy compound
of Example 9ad),

Q) N-1-Adamantyl-N-methyl-3-(2-benzy]oxypheny])-
3-phenylpropylamine

is compound was similarly prepared from the

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

EXAMPLE 8
Preparation from olefinic precursors

a) N-tert.bulyl-3-(2,6-dimethoxyphenyl)—3-hydmxy-
3-phenylpropylamine (L,

A solution of dilsopropylamine (10.1 g, 0.1 mol} in
dry ether (100 m1) was cooled to —10°. A solution of
butyl lithium in hexane {65 ml, 0.1 mol) was added, and
the mixture was stirred at — £0° for 20 min. A solufion
of N-ethylidene-tert.butylamine (10 g, 0.1 mol) in dry
ether (100 ml) was added and the solation was stirred at
0° for 20 min. Afiter cooling to —30° a solution of 2.6
dimethoxybenzophenone (24:1 g, 0.1 mol) in dry ether
(100 ml), containing 30 m! THF, was added. The mix-
ture was then stirred at ambient temperature for 20 h
and hydrolized with water. The organic phase wes
washed with water, dried and evaporated, giving 32 g
(94%) of N-(3-(2,6-dimethoxyphenyl)-3-hydroxy-
3phenylpropylidene)tertbutylamine as an oil.

This oil was dissolved in absolute ethanol (250 ml),
the solution was cooled to —5°, and NaBH; (5.72,015
mol} was added portionwise. The mixture was stirred at
0° for 4 b, then at ambieat 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 exiracted with 2N HCl. The extract was
washed with ether, basified with NaOF, extracted with
cther, dried and evaporated, giving 30 g of the ttle
amine,

The HCl-szalt had m.p. 203°-204° (acctone-ether) and
seems to be associated with  mol of water.

Ca1H29NO3.HCL} H20 (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—wn.Butyl-B—(Z,G-dimethoxyphenyl}-ii—phenyl-2~
propene-1-amine (LXXX)

The above amine from step a) (21 g, 0.061 mol} was
added to 6.3N H;S504 (20 ml, 0.126 mol). The mixture
was stirred on a boiling water bath for 2 h, cooled,
basified, and extracted with ether. The extract was
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220°-22°, and was associated with 2 mol of water.

C21Hz7NO2. HC1.§ H0 requires: C, 68.82; H, 7.86: N,
3.82; O, 9.82; Cl, 9.68, Found: C, 68.5; H, 7.89; N, 3.92;
Q, 9.81; Cl, 9.44.

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

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

Cy1H20NO2. HCT (363.9) requires: C, 69.31; H, 8.31;
N, 3.85; 0, 8.79; Cl, .74, Foond: 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 in 96% yield.
The fomaric acid salt had m.p. 185°-190" (acetone).

CasH3sNOs (457.6) requires: C, 68.25; H, 7.71; N,
3.06; O, 20.95, Found: C, 67.8; H, 7.59; N, 3.05; 0, 21.6.

EXAMPLE 9
Removal of O-protective groups

a) N,N-Diisopropyl-3-(2-hydroxyphenyl)-3-phenyl-
propylamine (LXXXIT), hydrockloride

The amine (XLIX) of Example 5k) (20.8 g, 0.064 mol)
in methylene chloride (150 ml) was cooled below 0°, A
1IN solution of BBr; in CHClz (64 mi, 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,
dried and evaporated, giving a viscous syrup. The HCl-
salt had m.p. 222° (methanol-ether), yield 31%.

C21H20NOHC) (347.9) requires: C, 72.49; H, 8.6% N,
4.03; 0, 4.60; C1, 10.19, Found: C, 72.0; H, 874N, 3.74;
0, 5.06; Cl, 10.3.

The following compounds were obtained in the same
way. ©

b) N-(3-(2-Hydroxyphenyl)-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.

Ca2H3705 (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-methylpheny})-
3-phenylpropylamine (LXXXIV), hydrochloride .

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

C2H3NO.HCLE HaO (366.5) requires: C, 72.09; H,
8.95; N, 3.82; ©, 5.46; Cl, 9.67, Found: C, 72.3; H, 8.95;
N, 3.71; O, 5.68; C1, 9.61.

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

From the amine (LXVE) of Ezample 7b). Crude yield
100%. FHCl-salt, m.p. 260" (ethanol).

CyH25NO.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; C],
10.95.
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€) N,N-Diisopropyl-3,3-bis—(2-hydroxypheny1)—
propylamine (LXXXVY), hydrochloride

From the amine of Example 5a). Crode
yield 57%. HCl-sait, m.p. 257" (ethanol-ether).

C2iHNO2.HCT (363.9) requires: C, 69.31; H, 3.31;
N, 3.8% 0, 8.7%; Cl, 9.74. Fonnd: G 6.5 H 831 N,
3.95; 0, 9.23; (1, 9.40.

f N-Methyl-N—tert.butyl-3,3—bis-(2-hydroxyphenyl)—
propylamine {LXXXVID), bydrochloride :

From the amine (LXVI) of Example 7¢). Crude
yield 1009, m.p. 190°. HCl-salt, m.p. 252° (ethanol).

Cz0H27NQz, HCI (349.9) requires: C, 68.65; H, 8.06;
N, 4.00; Cl, 10.13, Found: C, 68.4; H, 2.06; N, 4.17: CJ,
9.59. '

£) N,N-Diisopropyl-B-{2~hydroxy—4-methylphenyl)-
3-phenylpropylaming , hydrochloride

From the amine (XLI} of Example 5d). Crode yield
90%. HCl-salt, m.p. 217° (cthanol).

CxH3NO.HCLY H,0 (366.5) requires: C, 72.09; H,
8.96; N, 3.82; O, 5.46; CI, 9.67, Found: C, 72.3; H, 3.91;
N, 3.93; 0, 5.27; CJ, 9.46.

h) N,N-Diisopropyl—3,3-bis-(2-hydroxy-5-me!hyl-
phenyl)propylamine , hydrochloride

From the amine (XILH) of Example 5e). Crude yield
93%, m.p. 166". HCl-salt, m.p. 220* (ethanol}.

C3H33NO, HCI (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;, CJ,

8.93.
i) N-Met.hyl-N-tert.bntyl—l3-bis-(2-hydroxy-5-
methylphenylpropylamine (XC), hydrochloride

From the amine (LXIX) of Rxample 7¢), Crude yield
79%, m.p. 199°-201° (IFE). HCl-salt, m.p. 220° (ace-
tone).

Cx2H3NO3 HCI (378.0) requires: C, 69.91; H, B.54;
N, 3.71; O, 847; Cl, 9.38, Found: C, €9.9; H, 8.70; N,
3.75; O, 8.31; CI, 9.15.

D N—Mer.hyl-N-tert.butyl-3-(2—hydroxy-4—meLhyl~
phenyl)-3-phenylpropyiamine (XCI), hydrochloride

From the gmine- of Bxample 7d). Crude
yield 1009. HCl-salt, m.p. 240° (ethanol).

CatHzsNOQ.HCI (347.9) requires: C, 7249, H, 8.6%; N,
4.03; 0, 4.60; Cl, 10.19, Found: C, 72.51 H, 8.75; N, 4.06;
0, 4.90; C1, 10.1.

k) N,N-Diisopropyl-3-(4-ﬂuomphenyl)-3—(2—hydrox~
yphenylpropylamine (XCIT), hydrochloride

" From the amine (XLVII) of Example 5j). Crude yield
72%. HCl-salt, m.p. 183° (acetone-ethanol),

Ca1H7FNO.HCI (364.9) Tequires: C, 69.12; H, 7.73;
N, 3.83, Foend: C, 69.1; H, 8.0%; N, 3.82.

D N,N-Diisopropyl-3-(2.4—d.ihyd:oxy-phenyl)-3-
phenylpropylamine (X.CIII), hydrochloride

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

CatH20NO2.HCI (363.9) requires: C, 69.31; H, 8.31;
N, 3.85; O, B.7%; Cl, 9.74, Found: C, 69.5; H, 8.33; N,
372, 0, 891; Cl, 9.87. -

m)  N+{LI-Dimethylpropyl)-N-methyl-3,3-bis-(2-
hydroxy—s-methylpheny})propyiamine (XCIV), hydro-
chloride

From the amine (LXXID of Bxample 7h). Crude
yield 1009, m.p. 190°-195°. HCl-salt, m.p. 235°-240°
(ethanol-acetone-ether),

C2aH33NO2 HCI (392.0) requires: C, 70.47; H, 8.74;
N, 3.5%; 0, £.16; Cl, 9.05, Found: C, 70.0; H, 8.96; N,
3.54; 0, 8.11; CI, 9.19.

2) N-Methyl-N-tert butyl-3-(2,4-d ihydroxyphenyl)-3-
rhenyipropylamine (XCV), hydrobromide

50

£5
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From the amine (LXXIIT) of Example 7). Crude
vield 78%, m.p. 260°. HBr-salt, m.p. >260" (ethanol).

CaoHzsNOy. HBr (3%4.4) requires: C, 60.9; H, 7.1 N,
3.55; O, 8.11; Br, 20.27, Found: C, 60.8; H, 7.18; N, 3.29;
0, 8.38; Br, 20.2,

o) N,N-Diisopmpyl-S,S-bis—(Z,tI-dihydroxyphcnyl)—
propylamine (XCVI), hydrochloride ]

From the amine (XLVT) of Example 5i). The HCL-
salt, comsisting of an amorphous brown powder, did not
give a satisfactory clemental analysis becanse of incom-
plete combustion.,

P N-Mcthyl-N—terLanyl—l?n-b'm-(2.4-dihydroxy—
phenyDpropylamive (XCVIY), hydrochloride

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

)] N,N-Diisopropyl-3-(2,5-dihydroxyphenyl)-3-
phenylpropylamine (XCVIID, hydrochloride

The amine (XLIIT) of Example 51} in the form of the
free base (32 g, 0.063 mol) in methano) (500 mf) contain-
ing 5 g of a 5% Pd/C catalyst was hydrogenated at
ambient temperature and pressure, After 2 h the Teac-
tion was complete. The mixture was filtered, the filtrate
was taken to dryness, the residue was dissolved in ace-
tone and treated with ethereal HC), giving 19.8 g (879%)
of a crude salt, m.p. 260°. Recrystallization from metha-
nol gave white crystals, m.p. 260°, .

C21HzeNO> HCI § H30 (368.6) requires: C, 68.44; H,
8.3; N, 3.80; 0, 9.77%; €, 9.62, Found: C, 68.4; H, 8.40;
N, 3.60; O, 10.3; Cl, 9.42,

The following compoands were prepared in the same
way.

r) N-Methyl-N—tert.butyl-B-(2.5—djhydroxyphenyl}-3-
phenylpropylamine (XCDQ, hydrochloride

From the amine (LXXIV) of Example 7§). Crude
yield 90%. HCl-salt, m.p. 270 {methanol-water).

CooH27NO,. HC (345.9) requires: C, 68.65; H, 8.06;
N, 4.00; O, 9.14; Cl, 10.13, Found: C, 68.9; H, 8.02; N,
3.93; O, 9.60; C1, 10.5,

) N,N-Diisopropyl-3.3-bis-(2—hydmxy—4—met.hyl—
phenyDpropylamine (C), hydrochloride

From the amine (XLIV) of Example 5g). Crude yield
100%. HCl-salt, m.p. 253° (methanolether).

C23H133:NCy.HC (392.0) requires: C, 7047 H, 8.74;
N, 3.57; O, 8.16; C}, 9.05, Found: C, 70.5; H, 8.74; N,
3.55; O, 8.47; CI, 8.03, :

4] N-Methyl-N—tert.bntyl-3,3-bis—(2-hydroxy—4—
methylphenylpropylamine (CI), hydrochloride

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

CrHaNO2.HC (378.0) requires: C, 6991; H, 8.54;
N, 3.71; O, 847; Cl, 9.38, Found: C, 69.9; H, 8.63; N,
3.67; O, 8.85; C1, 9.24.

u) N,N-Diisopropyl-S-(l,3-dihyd:oxyphenyl}-3—
phenylpropylamine (CIT), bydrochloride

From the amine of Bxample 5b). Crude
yield 100%. HCl-zalt, m.p, I74°-176° (acetone).

Ca1H20NO.. HCl (363.9) requires: C, 69.31; H, 8.31;
N, 3.35; O, 8.79; €1, 9.74, Pound: C, 69.5; H, 833; N,
366, 0,937, C1, 9.63.

w} N-Methyl-N-terLbutyl—S—(z,Sdihydroxyphenyl)- :
3-phenylpropylamine (CIIN), hydrochloride

From the amine (LXXVTI) of Example 7m). Crude
yield 1009, a white powder.HClsalt, m.p. 209°~210°,
slow heating, (methanol-acetone). )
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(358.9) requires: C, 66.92; H,
9.88, Found: C, §6.9; H, 8.12;

Ca0Hz7NO2.HCLE HL0
8.14; N, 3.96; 0, 11.14; O,
N, 3.76; O, 11.8; C1, 9.74.

x) N-Metbyl—N—tert.butyl-3~(2-hydroxypheny1)—3-
phenylpropylamine (CIV), hydrochloride

From the amine (LXXVTI) of Example 7n). Crude
yield 100%. HClsalt, m.p. 255° {acetone-ether).

CaoH2/NOHCI (333.9) requires: C, 71.94; H, BA45; N,
4.20; Cl, 10.62, Fonnd: C, 71.9;H, 8.43; N, 4.01; Cl, 10.5,

¥) N-Methyl-N-terLburyl-3-(2,6-dihydroxyphenyl)—3—
phenylpropylamine (CV), hydrochloride

From the amine (LXXXT) of Example Bc) with BBrs,
in low yield. HCl-salt, m.p. 170° (ethanol-ether).

C20H27/NO2. HCL.3 H30 (358.9) requires: C, 66.93; H,
8.14; N, 3.49; O, 11.14; C}, 9.87, Found: C, 67.4; H, £.28;
N, 3.63; 0, 10.9; C, 5.99, :

) N,N-Diisopropyl-S-(i-ch]om-Z-hydroxyphenyl)—S-
phenylpropylamine

The base from Exampie 5m) (11.7 & 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 vacoum and
the residee was heated in am oil-bath at 205°-215* for 13
h. The melt was cooled somewhat, water was added,
the mixture was digested in & boiling water bath and
cooled. 2N HC) was added, the salt was filtered off,
washed with 2N HCl and dried, giving 11.0 g (90%)
white salt m.p, 200° . Recrystallization from acetone
gave the hydrochloride of the title compound, m.p.
202°-203",

C21H23CINO.HC (382.4) reqnites: C, 65.96; H, 7.64;
N, 3.66; Cl, 18.54, Found: C, 66.0; H, 7.88; N, 3.63; C,
18.3.

aa) N—Merhy]—N-tert.bntyl-?;—(S-chloro-z-hydmxy-
phenyl)-3-phenylpropylamine

‘the free base from Example 7o) (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-

5

—

0

—
w

25

30

uum and the residue was heated in an oilbath at

205°-215 for 1§ h. The melt was cooled somewhat,
excess of ZN NaOH was added, the mixtore was ex-
tracted with ether, the extract was washed with water,
dried and evaporated giving 7.5 & (88%) crude syrup.
This was dissolved in ether and treated with ethereal
HCl giving 8 g (839%) of hydrochloride salt. Recrystalli-
zation from acetone-2N HCl gave the hydrochloride of
the title compound, m.p, 260°.

CooH26CINO.HC! (368.4) requires: C, 65.21; H, 7.39;
N, 3.80; CI, 19.25, Found: C, 65.0; H, 7.30; N, 3.73; C,
18.9.

ab) N{S-(Z—Hydroxyphenyl)—.‘i-pbmylpmpyl)-
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-propanocl. M.p. 250* C.

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

ac) N-(3-(2-Hydmxyphenyl)-}phcnylpropylH-
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 hydrochloride semihydrate
which was crystallized from acetone. The compound
melts with decomposition at about 150° C.. .

Co4H33N02. HCLY H0 (413.0) requires: C, 69.79; H,
8.54; N, 3.39; O, 9.68; Cl, 8.58, Found: C, 70.0; H, 3,67,
N, 3.47; 0, 9.98; Cl, 8.13,
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ad) N—(2—Hydmxy—1,1-dimethylethyl)-N—methyl-3-(2-
hydroxyphenyl)-3-phenylpropylamine

The benzyloxy compound from Example 7p) was
hydrogenolysed as described in Examgple. 93). The
amixe, obtained as a glassy mass, was converted to the
hydrechloride which was obtained as an amorphous
solid on precipitation from ethanol with ether.

CapHzNO, HCI (349.9) requires: C, 68.65; H, £.06;
N, 4.00; O, 9.15; Cl, 10.13, Found: C, 68.25; H, 8.15; N,
3.98 0, 9.12; C1, 10.0.

ag) N-l-AdamnntyLN—methyl—3-(Lhydroxyphenyl}
3-phenylpropylamine

The benzyloxy compound from Example 7q) was
hydrogenolysed as described in Example 9q). The free
hydroxyamine was obtaimed as 2 glassy mass, It was
dissolved in anhydrous ether and treated with an excess
of hydrogen chioride in ether. The hydrochloride pre-
cipitated as a powder which decomposed at about 220°
C

C2sH33NO.HCI (412.0) requires: €, 15.7% H, 8.3% N,
3.40; O, 3.88; Cl, 8.61, Found: C, 75.3; H, 3.01; N, 3.22;
Q, 3.45; Cl, B.56. .

EXAMPLE 10
Reduoction of amides

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

3-(2-Methoxy-5-melhylphenyl)-&phenylpropim;ic
acid (12.8 g, 0.05 mal) (J. D. Simpson & H. Stehphen, J,
Chem. Soc. 1956 1382) and thionyl chloride (50 ml) are
heated on a water bath for 3 h. The excess of thionyl
chloride is distilled off under reduced pressure. The.
Tfemaining crude 3-(2-methoxy-5-methylphenyl)3-
phenylpropionyl chloride is dissolved in 50 mi of di-
chloromethane and added dropwise to a stirred solution
of diisopropylamine (20.2 g, 0.20 mol) in 200 m! of di-
chloromethane at about 0° C. The solution is left for 2 h,
the solvent is distilled off and the remaining materal is
treated with water. The solid product consisting of
N,N-diisopropyl-3-(2-methoxy-5-methylphenyl)-3-
phenylpropionamide is filkered off, dried and added in
small portions to a stirred suspension of lithium alumin-
fum hydride (6.0 g, 0.16 mol) in dry ether (700 ml). The
mixture i refluxed for 2 days, Excess of hydride fs
destroyed by the carefol addition of water, the ether
layer is scparated and dried with aphydrous 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.bnty!—3—(Z-methoxy-s-methyl-
phenyl)-3-phenylpropylamine was similarly prepared.
The hydrochloride melis at 16]* C.

EXAMPLE 11
N-Me:hyl-N-tert.butyl-3—(5-chloro—-2—hydroxy-

a)
Phenyl)-3-phenyipropy]

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-Zi-(Z-hydroxypheny])-B -phenyl-
propylamine (29.7 g. 0.10 mof) in acetic acid (200 mI)
with stirring. After 2 h the solvent is distilled off nnder
reduced pressure and the crude hydrochloride left is
recrystallized from 2-propanol. Meling point 260° C.

b) N,N-Diisopropyl-3-(S-chlom-z-hydroxyphenyI)-S-
phenylpropylamine is similarly prepared. The hydro-
chloride melis at 202°~3° C.

Filed 03/04/2008 Page 22 of 47



Case 1:08-cv-02177-LTS Document 1

Filed 03/04/2008

5,382,600
25 26
EXAMPLE 12 EXAMPLE 15 (CONTINUATION OF EXAMPLE
3

Separation of(+)- and {—)-enantiomers
(i}-N,N-Diisopropyl-}(z-hydxoxyphmyl)-}

5
Phenylpropylamine (31.1 g, 0.10 mol} is dissolved in 300

m! of ethanel, A solution of L{-+ )-tartaric acid (150g,
0.10 mol) in 400 mi of ethanol is added. The mixture is
heated a few minutes in a boiling water bath and seeded
with crystals obtained by coaling and scratching a smalf
sample of the main solution. The mixture is chilted at
about 4° C. over-night whereupon the crystalline pre-
cipitate is filtered off, washed with cold ethanol and
recrystallized repeatedly from ethanol. The pure (—)-
N,N-diisopropy]-}@-hydmxypheny])-3-phenyl-
propylamine hydrogen L(+ )-tartrate thes obtained has
[2]p??—10.6° (c=5% in methencl). The free amine is
obtained by alkalisation of an aqueous 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 similarfy prepared using D-(—)-
tartsric  acid. The hydrogen-D-(—)tartrate  has
[e15?04+10.0° . The free amine has [a]?045.6° , both
measured as 5% solutions in methanol. '

EXAMPLE 13 (CONTINUATION OF EXAMPLE
, 1
Preparation of 4-phenyl-3,4-dikydrocoumarins

B 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-touenestlphonic
acid monohydrate (47.5. g, 0.25 mol} was stirred on a
boiling water-bath for about 2 h during which time the
Systert was evacmated with a waterpump to remaove
formed water. The solid was them broken up and
washed copiously with water. The granular material
was then stirred with a large volume of saturated NaH-
COn solution containing some 109 acetone. The prod-
uct was filtered off, washed dried and i
from acetone affording 167 g (62,5%) white crysials of
the desired lactone, m.p. 140°.

C17H1603(268.3) requires: C, 76.1; H, 6.01; O, 17.89,
Found: C, 76.0; H, 5.7: O, 17.9.

k) 6-Chloro-4-(2-methoxyphenyl)-3,4-dihydrocouma-
rin (CVIY) was prepared in a similar way in 49% yield
from 2-methoxycinmamic acid apd p-chlorophenol, the
reaction temperature beigg 130° in this case, Mp.
172°-173* (acetone).

C16H1303(288.7) requires: C, 66.56; X, 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-diphenylpropionic acid esters

)] Methy}-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—B—(S-chloro-z-methuxyphenyl)-3—(2me-
thonyphenyl)propionate (CIX) was obtained as an ofl 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 obiained in §4% 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 1095 molar
excess of a 3.4M toluenic soluton of sodium bis(2-
methoxyethoxyjaluminium hydride (SMEAH) instead
of LiAlHs M.p. 70°~72°(IPE). .

n} 3(2-Methoxyphenyl)-3-(2-methoxy-S-methyl-
phenyl)propancl (CXT) was obtained in the same way in
quantitive yield from the ester CVHI 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-diphenylpropyk-p-toluenesulphonates

n) 3-42-Methoxyphenyl)-3-(2-methoxy-5-methyl.
phenyDpropyl-p-toluene-sulphonate (CXID was pre-
pared in the same way as the tosylate XXV of Exam-
ple 42) in quantitative yieid from the proparol CXI of
Example 15n) using CHCla as solvent instead of chlo-
roform. M.p. 101" (ether/IPE). :

CasHayOs5 (440.57) reqnires: C, 68.16; H, 6.41; S,
7.28, Found: C, 68.3; H, 6.51: S, 7.20. .

0) 3-(5-C]1.loro-2rmethoxyphenyl)-3-(2‘methoxy-
phenyljpropyl-p-toloenesulphonate {CXII) was ob-
tained in the same way in quantitative yicld from the
propanol CX of Example 15m. M.p. 97°-98° (acetone-
/IPB),

Cz24H75Cl0sS (460.92) requires: C, 62.54; H, 547; S,
6.94; Cl, 7.69, Found: C, 63.0, H, 5.65; 5, 6.95; Cl, 7.70.

EXAMPLE 17 (CONTINUATION OF EXAMPLE
5

- Preparation of tertiary 3,3-diphenylpropylamines

r) N,N-Diisopmpyl-3—(5-chloro-2-methoxyphenyl)-3-
(2-methoxyphenyl)propylamine (CXIV) was obtained
as an oil in 24% yield from the tasylate CXIII of Exam-
ple 160) in the manner described for the amine
XXXVII of Example 5a). Purity by GC=99.9%.

5) N,N-Ditsopropyl-3-(2-methoxyphenyl)-3-(2-
methoxy-5-methylphenylypropylamine (CXV) was ob-
tained in the same way in 499% crude yield from the
tosylate CXV of Example 16n). After chromatographic
purification on an Si-gel 60 column {eluation with light
petrolenm), the product (oil) had a purity of 100% ac-
cording to GC.

) N-[(2-Benzyloxy-5-methyl)-3-phenyl}-2,2.5,5-tet-
ramethylpyrrolidine (CXVI) was prepared from 3-(2-
benzyluxy-s-methyl}a-pheny]propy] tosylate and
2,2,5,5-tetramethylpyrrolidine following the directions
given in Bxample Sa), It was obtained as a sticky oil
which was converted 10 the free hydroxy compound of

Example 20aj).
EXAMPLE |8 (CONTINUATION OF EXAMPLE
T g

Preparation of secondary 3,3-diphenylpropylamines

p) N-tert.Butyl—B-(S—chlom-Z-melhoxyphe.nyl)-3-(2-
methoxyphkenyl)propylamine (CXVT) was prepared in
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quaptitative yield from the tosylate CXIH of Example
160) in the manner described for the amine I, of Exam-
ple €a). The HCl-salt hed m.p, >260°,

Ca1H2sCINQ,. HCI (398.38) requires: C, 63.3; H, 7.34;
N, 3.52; Cl, 17.80, Found: C 632, H, 746 N, 3.49; Cl,
17.4.

P N-tert.Bntyl-3-(2-methoxyphmyl)-3{Z-methoxy-
S-methylphenyl)propylamine (CXVII) was obtained in
& similar way in 89% crude vield from the tosylate CXII
of Example 16n). The HCl-salt had m.p. 225°,

CazH3;0:N.HC (377.97)

Requires: C, 69.91; H, 8.54; N, 3.71; C1, 9.38; ©, 8.47,
Found: C, 69.8; H, 8.73; N, 3.60; Cl, 9.45; O, £.79.

EXAMPLE 19 (CONTINUATION OF EXAMPLE
7

Preparation of tertiary 3,3-diphenylpropylamines from
secondary amines -

n N-Met.hyl-N-tert.butyl-S—(S-chloro-z-methoxy‘
phmyl)-i‘-{Z-methoxyphenyl)propylamine (CXIX) was
prepared in 89% vield from the amine CXVI] of Exam-
ple 18p) in the manner described for the amine LXTI of
Example 72). The HCl-salt was prepared by treating an
acetonic solution of the free base with conctrated hy-
drochloric acid. M.p. 130°,

Co2HxCIO;N.HCIL.H:0 (430.42)

Requires: C, 61.39; H,7.74; N, 3.25; C), 16.47, Found:
G 620, H, 7.93: N, 3.26; C1, 16.5. :

g) N-Methyl-N—terLbutyl-3{2-methoxyphenyl)-3-(2—
memoxy-S-methylphenyl)propylamine (CXX) was pre-
pared in a similar way in 98% yield from the amine
CXVIN of Example 18q). The free base (oil) had a
purity of 96% by GC.

EXAMPLE 20 (CONTINUATION OF EXAMPLE
9

Removal of Q-proptective groups

af)
hydroxy-ﬁ-methy}phenyl)propyla.mine (CXXT)

The amine CXV from Example 17s) (26.5 g, 0.072
mol) in methano] was treated with a slight excess of
concentrated hydrochloric acid. The mixture was taken
to dryness in vacoum, pyridinism chloride 254g,022
mol} was added and the mixtnre was then heated at
200°-205" for 14 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.
ethanol/ether gave 17.5 g (64.3%) of a white salt, m.p.
>250°. Purity by GC=100%, .

Co2H3:NO,. HCJ (377.97) Requires: €, 69.91; H, 2.54;
N, 3.71; O, 8.47; Cl, 9.38, Found: C, 69.8; H, 8.65; N,
3.57; 0, 8.76; CI, 9.51.

ag) N,N—Diisapropyl-3—(5-chloro-2-hydmxyphmyl)-
3-Q2-hydroxyphenyfpropylamine (CXXH was pre-
pared in the same way in 37% yield from the amine
CXaV of Bxample 171). The HCl-salt had m.p. 214°
(ethanol). )

Cz21H2sNO7, 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; 0, 8.15; CL, 17.8.

ah) N-Methyl-N—tert.butyl-3-(2-hyd.roxypheuyl}-3-(2—
hydroxy-S-methy]phenyl)propylamine (CXIID) was
prepared in the same way in 309 yield from the amino
CXX of Example 195). The HCl-salt had m.p. 240°
(acetone),

N,N-Diisopropyi-3-(2 -hydroxyphenyl)-3-(2-.

Recrystallisation from, absolute

25
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C21Hz29NO2 HCI (363.94) requires: C, 69.3; H, 8.31;
N, 3.58; Cl, 9.74, Found: C, 69.0; H, 835, N, 3.65; Cl,
9.76.

ai)
phenyl}B—(Z-hydroxypheny])propylamine
was prepared in the same way in 24% yield
amine CXIX of Example 191). M.p. >250°,

Ca0H26CINO,. HCE (384.36) requires: C, 62.50; H,
7.08; N, 3.65; Cl, 18.45, Fonnd: C 625 H,7.09; N, 3.63;
Cl, 184,

aj) N-[3—(2—Hydroxy-s-met.hylphenyl)-S-phenyl-
propyi}-2,2,3,5-tetramethylpyrrolidine (CXXV). was
obtained when the O-benzylated amine CXVI of Exam-
ple 170 was hydrogenolyzed as described in Example
99. The hydrochloride melts at 240°,

Ca4H34CINO (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; C1, 9.48.

EXAMPLE 21 (CONTINUATION OF EXAMPLE
: 10)

N—Methy]—N—ten.buty]-3-(5-ch]oro-2-hydroxy—

(€CXx1Vv)
from the

Reduction of amides

N, ,N—Diisopropyl-3-(2-mcthoxyphenyl)-3~phenylpro-
picnamine

N,N—Diisopmpy]—S—(Z-methoxypheuyl)-B-phcnylpm—
pionamide was obtained as o pale yeltow oil in quantita-
tive yield from 3-(2-methoxyphenyl)—3-phenylpropionic .
acid in the manner described for the amide of Exampie
10a). This amide (27 g, 0.08 mol) in toluene (50 g) was
added dropwise under r.t. to a 3.4M foluenic solation of
SMEAR (50 g, 0,17 mol) diluted with an equal weipht
of toluene. The mixture was stirred at €0°_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 end evapo-
rated giving 17.1 g (66%) free base. This wag dissolved
in acetone (75 mi) and treated with 6.6 g fumaric acid
dissolved in methanol, affording 20 g of the fumaric
acid salt, m.p, 163°-164°,

Canl3 ON.C4H4O4 (441.58) requires: C, 70.7% H,
7.89; N, 3.17; 0, 18.12, Found: C 70.7; H, 7.96;: N, 3.13;
0, 13.0.

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

(+)-N,N-Di.isupropyl-3-(2-hydroxy-5-meﬂ|y1-
phenyl)-3-phenylpropylamine hydrogen tartrate

‘The racemic amine of Example 9g) (48.8
& 0.15 mol) was dissotved in 500 ml of 959 ethanol ang

- mixed with a solution of L(4)-tartaric acid (22.5 g 0.I5

55

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)s4s25+29.5° (C 55, methanol) was
34.3 g. Two recrystallisations from ethangl afforded
21.8 g with [a)s25+36.0°,

Cu6HarNO; 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-Diisopmpyl-3{2-hyd:oxy—S-methyl-
phenyl)-3-phenylpropytamine hydrogen D(—)-tartrate
was similarly prepared using D(—)-tartaric acid.

fa)ss6?5 —35.8°.

Found: C, 65.6; H, 8.00; N, 2.83; 0, 23.6.

Seversl of the compounds according to the invention
were tested with regard to anti-cholinergic, anti-nora-
drenatine, and anti-calcjum 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 compovnds especially as regards selectively
between the desired anti-cholinergic activity and the
undesired side-effects.

&) Anticholinergic activity on isolated urinary blad-
der

Male guinea-pigs, weighing 250-350 g, were killed by
a blow on the head and exsangwinated. The urinary
bladders were quickly removed and placed in' Na+-
Kurebs, in which they were kept throughont 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 carbogene 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 conrected to a Grass Instru-
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-
meately 5 mN. The strips were allowed to stabilize for at
least 45 minutes. During this period the Testing tension
was adjusted to 5 mN and the preparations were repeat-
edly washed,

5,382,600

5

40
In the preliminary experiments concentration-effect

curves for carbachol (carbamylchokin chloride) were
studied, in order 1o determine & snitable agonist concen-
tration for inhibition studies with antagonist. The carba-
chol concentration chosen, 3¢ 10~5M, produced a sub-
maimal contractant response (70%). In the inhibition
studies, the strips were contracted with carbachol
(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 ohserved. A variation of abont 109 for three subse-
quent contractions was accepted as reproducible.
Initally each antagonist was tested in a concentration
of 10~-M, on two bladder-strips from different guinea-
pigs. When a reproducible response with 3% 10~6M
carbachol was obtained, the strips were incubated with
the anizgonist for 15 minutes before the next carbachol
was added. If the antagonist produced more then 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 €0 minutes with a fixed concentration of the antago-
nist before the next addition of carbachol, The effect of
the antagonists was calculated s 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

45

50
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strips were only exposed to the antagonist once before
they were discarded.

b} Antagonistic effect to noradrenaline end calcium
on the portal vein Preparation of isolated portal vein
from rat

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

Bath volume: 5 m}

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

Temperature: 37° C.

Gas: Carbogene (93.5% 14+6.5% COy)

Muscle tension: 0.5 g

The rat is killed by 2 blow or 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 ig registered
by a force displacement transducer, connected to an
amplifier and 2 writing oscillograph.

Noradrenaline-antagonism on portal vein

Doses: Noradrenaline 3 {0~™M

The chosen doses give about 709 of maximal re-
sponse. The agonist is added to the bath at 10-minntes
intervals. When reproducible contractions are obtained
a fixed concentration of the test substance is added to
the bath. After an incubation period of 10 minates nor-
adrenatine is added. The next concentration of the test
substance i3 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 spontaneons myogenic activity of the vein.
The amplitude of the muscle contractions is measureg.
The test substance is added to the bath in camulative
doses umtil totzl inhibition #s cbtained.

<) Histamine-antagonism on isolated fleqm

Preparation of isolated ilenm from guinea pigs

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

Bath volume: 5 ml

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

Temperature: 37° C, ’

Gas: Carbogene (93.5% 024-6.5% CO;)

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 ilenm is cut off about 15 cm above the ileocaceal
Jjunction. The piece of fleum is washed with buffer ang
mounted in an organ bath. Changes in isometric tension
is recorded by a force displacement transduvcer, con-
nected to an amplifier and a writing oscillograph.

Dose; 5 10=7M of histamine.

The chosen dose of histansine gives about 709 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 210
minutes a new contraction is induced by histarjne. The
Bext concentration of the test substance is added when
the original response of the agonist i obtained.

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

d) Acute toxicity in mice
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The antagonists to be tested were dissolved in 0.9%
NzClL. 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 expetiment.

Procedure

White male mice, 25 g, were placed in a mouse
holder. The tested compounds were given as t.v. bolus
doses in one of the four tail-veins, witk a volume of 0.01
mi/g mouse. Bach substance concentration was given
1o a group of four mice. 4~-5 different concentrations of
the antagonists were made and tested.

The actte lethal dose (LDy)1) 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.

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

10

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

e) Effect on heart rate in conscious rat

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

Before any sebstance ig given the anima? has regained
comsciousness and the heart rate has been constant for at
Teast 15 minutes.

The substance is injected, i.v. in the infosion 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 tate is obtained.

TABLE 1
Effect on
heart
Acute rate
Antichol.  Anti-N.A. Anti-Ca  Ant-HT toxicity Lethal thrashold
effect effect effect effect v dose dose
Substance ICso @) ICso(M) ICw(M) ICio(M) me/kg mgskeg  mp/kg
s2x 10~7 24 x 106 10-F ax10-% 1520 20 1-3
CH3 H
i i
CH=~CH;—~CH—N
Terodiline (prior ar)
OCH; 12 10=6 44 X 10-6 2.1 X 10~3 37 x 10-7 1015 © 15
CH;3
e
CH'—CHz—CHz—N\
O/ -
GB-A-1.169.944 (antidepressant)
on 18 x 10-* 1073 15x10-5 7x10-% 1020 20 1-3
Q,\ P o
1 CH—-CHz—Cﬂz—N\
U Cl{(CHJ)z
Racemate
ia (4 >isomer of 1 1.8 x 10=%
1b {—)Hisomer of 1 14 x 10~3
15x10-7 35 % 10-¢ & x 10-% 10-20 20

C(CH3)»3

@CH’
CH—-CHz~CH,—N

2
CH,

Page 26 of 47



Case 1:08-cv-02177-LTS Document 1

Filed 03/04/2008 Page 27 of 47

5,382,600
33 M
TABLE 1-continned
Effect on
heart
Acule rate
Anticho).  Anti-N.A- Anti-Ca Ant-HI toxicity Lethal threshold
effect effect elfect effect iv.  dos doss
Substance ICoQ8) ICoHM) ICioM) ICs(M) mp/ky mpkg  mgse
. -7 -4 —4
OCH; 24 x 10-7 36 % 10 >10 0 10
3 CH—CHz=CHy—N
' CH(CHa)
on 151078 55x10-¢ 6x10-6 10-5 300 40
4
X -
HyC CH—CHy—CH;—N
42 (+)isomer of 4-tartrate 13 x 19-% 6.5 % 10— 1020 20
4b., (—)Bomer of 4-tanrate - . 1.3 x 10—6 6 % 10-6 1020 20
oH 49 X 1077 38 % 10-F 3 10-5 10-3 3045 43 1-3
Q C(CHY)s
5 CH=--CH;~CH;—N
N
CHj
OH
HO OH 20x 1077 3x10-% 65X 10~% 13X 105 20 20
\Q C(CHa)s
6 CH—CHz;—CH;—N
N
CHz
On 13X 1072 5% 1065 65x10-5 3x10~% B-50 Sp
1 cacen
Ha cn—-—cuz-cnz—n\
o X078 51075 »5x 1005 7 % 106 >6  >6
8 /@L CH(CHa);3
HO
CH—-CHz—CH:—N\
CH;3

Y
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TABLE l-continued )
Effect on
heart
Acute mte
Antichol.  Anti-N.A.+ Anti-<Ca  AntHI toxicity Lethal  threshold
effect, effect effoct effect  iv. dose dose
Substance oM} ICso(M) ICsp(M) ICsH(M) mpkg mprkg  mpskg
OH L6 x 1078 5% 1073 25 10-5 12 x 1073 20
@ C{CHa)3
¢ CH—CH;=—CH;—N
@/ CH;
62X 10-% 4% 10~6 7106 25 x 10~
CIC Hs HiC CHy
10 CH—CHy—CH;~N
Q/ HyC CHy
HiC on 10X 108 55 % 106 18-% 25 % 10-% 1020 20
\Q CH(CH3)
] CH—CHy—CHy—N
on 4.7 x 10-7 23x10-3 g0x 10-% 1530 30
12 HO CH—CH;=CH—N
O/ s
oH 90X 1077 Ix 105 15x 10~ 2x10-5 590 10
Q AcHn
13 CH-—CHz—CH;—N
OH
EXAMPLE A
Preparation of tablets 55 being mixed for about 5 minutes and then compressed
into tablet form with or without filmcoating.
Ingredients mg/tablet EXAMFLE B
1. Compound 1 in Tabla | 29 Preparation of capsnles
2. Cellulose, microcrystalline 1.0
3. Calcium hydrogen phasphate 15.0 60
4. Sodibm farch glycolts 5.0 Ingredients 1
5. Siticon dioxide, colloidal 025 e me/capsale
6. Magnesium stcarate 075 t. Compoond 1 in Table ) 2
rype 2, Lactose 186
e 3. Com starch. k)
65 4 Tale 15
The compound 1 according to the invention is mixed 5. Maguesium steasate -
with ingredients 2, 3, 4 and 5 for about 10 minutes. The 225 mg

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

R? I
OR!

CH—CH—CH;—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 & tertiary amino group of formula I

RS 11

-N
RrE

wherein each of RS and RS independently signifies C.
salkyl, which may be joined to form 2 non-aromatic Ting
" having no hetero atom other then the smine nitrogen
and each of which may carry 2 hydroxy substituent, or
adamantyl, and wherein R and RS together contain at
least four carbon atoms, their salts with physiologically
acceptable acids and, when the compounds can be in the
form of optical isomers, the racemic mixtore and the
individual enantiomers.
2. 3,3-Diphenylpropylamines according to claim 1,
- ‘wherein at least one of RS and RS is C).galky} 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 hydrozy substituent:

CH;
7/
b =N .
QACH3)

/CH(('-'H:)z

a) =N ,
AN

CH{CHa)2

5

30

38
-continued
CcH CH.
\?C—(:H
/C}IJ Vs I 2
¢ =N . d) '-N\ ’
C(CH;3)CH,CH /C—CH;
CHy CH;
CH; CH;
N/
C——CH;
) N/ \Cl-b_.
& -
™\ /
C——CH;
SN
CHy CHs
C':HJ
fi —N

4. 3,3-Diphenylpropylamines according to claim 1,
selected from the group consisting of the following
compounds, their salts with physiologically acceptable
acids and, where possible, their racemates and individ-
ual  enantiomers: N,N-diisopropy}3-(2-hydroxy-5-
methylphenyl)-3-phenylpropylamine, N-methyl-N-tert-
.butyl-3-(2-hydroxyphyl)-3-pheny1propylamine, N-
methyl-N-lert.butyl—J-(2,4-d:'hydroxyphenyl)-3-phyl-

. propylamine, N—me!hyl-N—tert.butyl-3,3-bis—(2-hydr0x-

35

yphenyDpropylamine, N.N-diisopropyl-3,3-bis-(2-
hydroxyphenyl}propylamire, N,N-diisopropyl-3-(2,5-
dihydroxyphenyl)-3-phenylpropylamine, N-methyl-N-
tert.butyl—3—{?,5—dihydmxyphenyl)—3—phenyl-

1;’11.‘;p).'lz:lm.inta,N-N-d:i.is<:>pro|-.ayl-3-(2-:m:tl:nmlry-pl1't=:ny])-3~
phenylpropylamine, N-2.2,6,6-tetramethylpiperdine-

40 ,(+)-N,N-diisopmpy1—3-(2-hydroxy-5—methylphenyl)—3-

45

50

55

phenylpropylamine, and N,N-diisopropyl-3+(5-chloro-
Z-hydroxyphenyl)-3-phenylpropylamine.

5. A pharmaceutical composition comprising 3 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 phammaceutical composition of claim 5
wherein the 3,3-diphenylpropylamine is present m ef-
fective anticholinergic amount.

* % % 5 »
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 5,382,600 Page 1 of 1
APPLICATION NO, : 07/810185 '

DATED : January 17, 1995

INVENTOR(S) : Jénsson et al.

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

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

WD

JON W, DUDAS
Divector of the United States Patent amd Trodemark Office
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BN ABSTRACT

The invention relales to a pharmaceutical formulation con-
taining folterodine or a teherodine-related componnd, or a
phammacologically acceptable salt thereof, as active
ingredient, in which the forrulation exhibits & controlled in
vilro release of the active ingredient in phosphate buffer at
PH 6.8 of not less than aboul 80% afier 1.8 hours, and afler
oral adminisiration 10 a patient is capable of maintaining a
substantially constani serum level of the active moiety or
moieties for 24 hours. The invention also relates o lhe use
of {be pharmaceutical formulation for treating overactive
bladder and gastrointestinal disorders.
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PHARMACEUTICAL FORMULATEION 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 entire contents of which are
hereby incorporated by reference. This applicalion also
claims priority under 35 U.5.C. 119(c) of U.8. Provisional
No., 60/202,862, filed on May 10, 2000, Lhe entire contenis
of which are also hereby incorporaled by reference.

The preseni invention reiates to a pharmaceutical formu-
lation for adminisiering tolierodine or a tolicrodine-relaied
compounnd, and to the medical use of such a formulaiion.

A substanlial part (5-109) of the acdult population suffers
from overactive or unslable urinary bladder, often also
referred o as urinary incontinence. The symptoms of an
unstable or overactive bladder comprise urge incontinence,
urgency and urinary frequency. The prevalence of overactive
bladder, particularly of so-called urge incontinence,
increascs with age. It is assumed thal wnstable or overactive
bladder is caused by uncontrolled contraclions of Ihe
bundles of smooth muscle fibres forming the muscular coat
ol the urinary bladder (the delrusor muscle) during the filling
phase of the bladder. These contractions are mainly con-
trolled by cholinergic muscarinic receplors, and the phar-
macological Ircatment of unstable or overaclive bladder bas
been based on muscarinic receplor anlagonists. The drug of
choice has for a long time been oxybutynin.

Recently, however, an improved muscarinic receplor
anlagenist, telterodine, (R)-N,N-diisopropyt-3-(2-hydroxy-
5-methylphenyl)-3-phenylpropanamine, bas been marketed
for the treatment of urge incontinence and other symptoms
of unstable or overactive unoary bladder. Both tolierodine

and its major, active melabolite, the S-hydroxymethyl 3s

derivative of tollerodine, which significantly contributes 1o
the therapeutic effect, have considerably less side-effects
than oxybutyain, especially reparding the propensity to
cause dry mouth. While (olterodine is equipotent with oxy-
butynin in the bladder, its affnily for muscarinic receptors of
the salivary gland is cight times Jower than that of oxybu-
Iynin; see, for cxample, Nilvebrant, L., i al., European
Journal of Pharmacology 327 (1957) 195-207. The selective
elfect of tollerodine in bumans is described in Stahl, M. M.
S., ¢t al,, Neurourology and Urodynamics 14 (1995)
647-653, and Bryne, N., Internalional Jounat of Clinical
Pharmacology and Therapeutics, Vol. 35, No. 7 (1995)
287-295.

The currently marketed administration form of tolterod-
ine is flmcoaled lablets contaiming 1 mg or 2 mg of
tolierodine L-lartrale for immediate release in Lhe pas-
trointestinal tract, the recommended dosage usually being 2
mg (wice a day. While, as mentioned, the side-effects, such
as dry mouth, are much lower than for oxybutynin, they still
cxist, especially al higher dosages.

Qur co-pending internalional application PCT/SE99/
01463 relales 1o the administration of wlierodime and
tofterodine-relaled compounds through 2 controlled release
formulation and is based on the finding thal, contrary 1o the
case of oxybutynin, the substantial elimination of peak
serum levels of lolterodine and iis aclive metabolite throngh
conlolled release of tolterodine for an extended perind of
time, such as through a once-daily administration form,
while maintaining the desired elfect on the bladder, indeed
gives a sigonificant reduction of the (already low) side-
effects, particularly dry mouth, compared wilh those
obtained for the same total dosage of immediate release
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1ablexs over the same period. In olficr words, eliminating the
peak serum levels of the active moiety affects the adverse
effects, and particularly dry mouth, more than the desired
effect on the delrusor activity, simullaneously as the flatten-
ing of the serum concentration does nol lead to Joss of
aclivity or increased incidence of urinary retention or other
saftly concems. Thus, in addition to the convenience advan-
tage of controlled release administration, one may either (i)
for a given iotal dosage of tofterodine, reduce the side-
effects, such as dry moulh, or (i) for a given level of
acceplable side-effects, increase the dosage of tolterodine lo
abtain an increased effect on the bladder, if desired.

Our above-menlioned PCT/SE99/01463 discloses treal-
ment of overactive bladder by the adminisiration of a
controlled release formulation that delivers iolierodine, a
lolterodine-related compound, or a pharmacologically
acceplable sall thereof such that a substantially constanl
serum level of the active moiety or moietics is maintained
for at least 24 hours.

The present invention is based on the unexpected obser-
valion that a subsiantially conslant serum level of the active
moicly or moielies for 24 hours may he obtained through
oral administration of a controlled release pharmaceutical
formulation (hat releases the major conlent of aclive com-
pound in less than about 18 hours, and more pacticalarly that
the formulation has an in vitro release of not less than about
80% after 18 hours at the conditions specified helow.

In one aspect, the present invention therefore provides a
pharmaceutical formulation conteining telierodine or a
tollerodine-related compound, or a pharmacologically
acceplable salt thereof, as aclive ingredient, in which the
formulation exhibils a controlled in vilro release of the
active ingredient in phosphate buffer at pH 6.8 of not less
than about 80% afier 18 hours, and afier oral administration
1 a patient is capable of mainlaining a subslantially constant
serum level of the active moicty or moicties for 24 hours.

A sccond aspect of the invention relates to the use of the
pharmaceutical formulation for trealing a disorder or disease
selected [rom overactive bladder {including ia. urnary
incontinence and nocturia) und gastrointestinal disorders.

A third aspect of he invenlion relates to the use of
tollerodine or a tolierodine-related compound, or 2 pharma-
cologically acceptable salf thereof, for the preparation of the
pharmaceutical fonnulation of the above firsl aspect of the
inveniion.

Preferably, the fraction of tolierodine, lolterodine -related
compound or salt thereof that is released is pot less than
about 80% after 15 hours, cspecially not less than about 80%
after 12 hours.

On the other band, the fraction of lolterodine,
tolterodine-related compound or salt thereof that is relsased
in vitro afier 1 hour is preferably not more (han about 50%,
especially not more than abowt 30%.

The fraction of {olterodine, tollerndine-related com-
pound or salt thereof that is released in vitro after three hours
is preferably from aboui 30 to 95%, especially from abowt 40
to aboul 85%.

It may be preferved that after 7 hours, the Fraction of
twolterodine, tolteroding-related compound or salt thereof that
is released in vitro is not Jess than about 50%, especially not
less than aboul 80%.

In an exemplary in vitro release profile for the pharmacu-
tical formulation, the fraction of tolterodine, lolterndine-
related compound or sall thereof that is released in vitmo is
less than about 50% after 1 hour, from abowt 30 to about
95% after 3 hours, and more than about S0% after 7 hours.

The in vilro release measurement conditions referred to
ahove are those for a drug release lest that utilizes the Uniled
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States Pharmacopea (USP) Apparatus 1 (rotating basket) al
100 rpm with 900 m1 of deareated phosphate buffer at pEl 6.8
and 37° C., where the phosphate bulfer solution is prepared
as described on pages 2049-2050 in USP 23. The phosphate
buffer nominally contains 0.05 M phosphate.

By the tenm “active moiety or moities” it is meant, in (ke
case of tolierodine and ils redated compounds, the sum of
frec or unbound (i.c. nol protein bound) concentrations of (i}
lolterodine and aclive melabolile Lhereof, when tolterodine
(or prodrug lorm) is administered; or (if) tolterodine and
active metabolile thereof and/or (S)-enanuomer (o tollero-
dine and active metabolite thereof, when the corresponding
racemale (or prodrug form) is administered; or (i) active
metabolite, when the (R)-5-hydroxymethyl metabolite of
lolterodine (or prodrug form) is administered; or (iv) (S)-
enantiomer {o tolercdine and aclive metabolite thereof,
when the (8)-cnantiomer (or prodrug} is administered; or (v}
active (S)-metabolite, when ihe (5)-5-hydroxymethyl
metabolite is adminislered.

Fhe letm “subslantially constant” wirth respect to the
serum Jevel of aclive molely or moielies means that the
serum profile afier adminisiration of the controlled release
formulation does essentially not exhibit any substaatial peak
values. This may also be expressed mathematically by
reference 1o the “flucluation index” (FI) for the serum
concentration of (unhound) aclive moiety {or surm of active
moities when relevant), where the fluctuation index ¥ is
calculated as

Fr={Cnax-Cmiu)fAUCx/

wherein Cmax and Cmin are the maxirum and minimum
conceniralions, respectively, of active moiety, AUCT is the
area under the serum concentration profile (concentration vs
time curve}, snd T is the length of the dosage interva) during

the time T. The conirolled release formulation according to 33

the present invention readily permits a mean flucination
index (for n being at least 30} that is not hipher than aboul
2.0, more preferably not higher than about 1.5, particularly
not higher than about 1.0, for example not higher than about
0s.

Tor wkterodine and its 5-hydroxymethy! metabolite, the
24-hour exposure, expressed as AUC unbound aclive moicty
(tolterodine plus metabolite) is usually in the tange of from
aboul 5 1o about 150 nb"h, preferably from about 10 o
about 120 nM*h, depending on the dosage needed by Lhe
particular patient. The indicated limits are based upon cal-
culation of the unbound concentrations of aclive moiety
assuming a fraction unbound of 3.7% for tolterodine and
36% for the 5-hydroxymethyl mefabolile (Nilvebrani, 1., et
al., Life Sciences, Vol. 60, Nos. 13/14 (1997) 1120-1136).

Correspondingly, for tolterodine and ils 5-hydroxymelhyl
melabolite, the average unbound (blood) serum or plasma
levels of active moiety (lolercdine plis metabolile) are
usually in the range of abaut 0.2 1o about 6.3 oM, preferably
in Ihe range of about 0.4 1o aboul 5.0 nM.

The formulalion of the prescn! inveation is not restricied
to any particelar Llype of formulation. Thus, varicus lypes of
controlled or sustained release type fornmfations may be
used for embodying the present invention, such as, for
example, osmotic tablets, gel matrix tablets, coated beads,
ele.

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-containing layer and an ouler membrane layer
controlling drug release from the inner layer. A “sealcoat”
may he provided between (he inert cote and the layer
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containing the active ingredient. When the core is of a
water-soluble or water-swellable inert material, the sealcoal
is preferably in the form of a relatively thick layer of a
water-insoluble polymer. Such a controlled release bead
may (hus comprise:

(i)} a core unit of a substantially water-sotuble or waler-

swellable merl material;

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

waler-insoluble polymer;

(iii) 2 sccond 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 is adapted 1o control waler
penefralion into the core.

The ierm “control water penetration into the core™ as used
above means that the water influx to the core should be
retarded in a controlled manner 1o such an extent that the
drug release profile will be allered in a predictable fashion.
Thus, while in many cases it may be preferred {hat the water
penetration into the core is substaniially or completely
climinated, a cerlein, controlled influx of walcr to the core
may be acceptable in ather cases.

The above-mentioned first layer of waler-insoluble male-

5 rial may also serve to provide mechanicul integrity to the

core.

Oplionaily, the above-mentioned ihird, or controlled
telease layer is coated with one or more additional layers of
waler-soluble or insoluble polymer, ¢.g. a non-thermoplastic
soluble polymer to decrease tackiness of the beads for
subsequent processing, such as curing and filling into
capsules, or a sccondary funciiomal coating, such as ap
enleric coating thal delays the onset of drug release.
Oplionally, such z2n addilional layer may contain drug for
immedinte release.

Usually, the first layer (i) above consliltes more than
about 2% (w/w} of the final bead composition, preferably
more than about 3% (w/w), e.g. [rom abowt 3% to aboul 80%
(wiw).

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

‘The amount of the third layer {iv) above usually consti-
tates from aboui 1 to about 50% {w/w), preferably from
about 2 1o about 25% (w/w) of the final bead composilion.

The core unit typically bas a size in the range of from
about .05 1o about 2 mm,

The controlled release beads may be provided in 2 mul-
tiple unit formulation, such as a capsule or a fablet.

The cores are preferably of a waler-solnble or swellable
material, and may be any such material that is convention-
ally used ns cores or any other pharmaceutically acceptable
waier-soluble or waler-swellable material made inlo beads
or pellets. The cores may be spheres of materials such as
sucrose/starch (Sugar Sphercs NF), sucrose crystals, or
extruded and dried spheres typically comprised of excipients
such as microerystalline cellulose and lactose.

The substantially water-insoluble material in the first, or
sealcoat layer is gencrally a “GE insoluble” or “GI partially
imsoluble” film forming polymer (dispersed or dissolved in
a solvent). As examples may be mentioned ethyl cellulose,
cellulese acetate, cellulose acetate bulyrate, potymethacry-
lates such as ethyl acrylale/methy] methacrylale copolymer
(Eudragit NE-30-D} and ammonio methacrylate copolymer
types A and B (Eudragit RL30D and RS30D), and silicone
elastomers. Usually, a plasticizer is used logether with the
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polymer. Exemplary plasticizers include: dibmtylschacaie,
propylene glycol, inethylcitrate, iribuiyleitrate, caslor oil,
acetylated monoglycendes, acelyl trelhylcilrate, acetyl
butylcitrate, diethyl phthalate, dibulyl phthalale, triacetin,
fractionated coconui i} (medium-chain triglycendes).

The second layer containing the active ingredicnt may be
comprised of the active ingredienl {(drug) with or without a
polymer as a binder. The binder, when used, is usually
hydrophilic byt may be water-soluble or water-inscluble.
Exemplary polymers 1o be used in the second layer contain-
ing the aclive drug are hydrophilic polymers such as poly-
vinylpyrrolidone (PVF), polyalkylene glycol such as poly-
cthylene glycol, gelatine, polyvinyl alcohol, starch and
dervatives thereof, cellulose derivatives, such as hydrox-
ypropylmethyl cellulose (HPMC), hydroxypropy! cellulose,
carboxymethyl cellulose, methyl cellulose, ethyl cellulose,
hydroxyethyl cellulose, carboxyethyl celllose, carboxym-
clhylhydroxyeihyl cellulose, acrylic acid polymers,
polymethacrylates, or any other pharmacewmically accepl-
able polymer.

The ratio of drug to hydrophilic polymer in the second
layer is usuatly in the range of from 1:108 10 100:3 (wiw).

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, ethyl cellulose, hydroxypro-
pylmethyl cellulose phthalate, cellulose acetate phthalate,
cellulose acetale trimellitate, polymethacrylales, or mixiures
thereof, optionally combined with plasticizers, such as those
mentioned above., Oplionally, the controlled release ayer
comprises, in addition to the polymers above, another
substance(s) with different solubility characteristics, to
adjusl the permeabilily, and thereby the release rale, of the
controlled release layer. Exemplary polymers that may be
used as a modifier together with, for example, ethyl cellulose
include: HPMC, hydroxyethyl cellulose, hydroxvpropyl
cellulose, methylcellulose, carboxymelhyleellulose, poly-
ethyleae glycol, pelyvinylpyrrolidone (PVPE), polyvinyl
alcohol, polymers with pH-dependent solubility, such as
cellulose acelate phthalate or ammonio methacrylate
copolymer and methacrylic acid copolymer, or mixtures
thereof. Additives such as sucrose, laciose and pharmuceu-
tical grade surfactants may also be included in the controlled
release layer, if desired.

The above conwclled release beads and formulation,
respeclively may be produced by a method comprising the
following steps:

a) providing a core unit of a substantiully waler-soluble or

water-swellable materdai;

b) applying a firs! layer of a substantially water-insoluble

polymer 1 said core;

<) applying onto said first layer, a second layer comprising

an aclive ingredient and oplionatly a polymer binder;
and

d) applying onto seid second layer, a third polymer layer

effective for controlled release of the active ingredicnt;

wherein the amount of material in said firsl layer is
selected lo provide a layer thickoess thal permits
control of water penetralion into the core.

Optionally, one or more wdditional polymer luyers are
applied to the core as bas been mentioned above.

The preparalion of the muliiple unit fonoulation com-
prises the additional step of iransforming the prepared beads
into a pharmaceuiical formwlation, such as by filling a
predeiermined amount of the beads into a capsule, or com-
pressing the beads into lablets.

The layering or coaling operations are preferably per-
formed by spraying a solution or dispersion of the respeclive
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layer materials onlo the core, preferably in a Auid bed
coating apparatus.,

After the final coaling step, lhe beads are optionally
“cured”, usnally in a fluid bed system or in a tray dryer
systeen, by heating (o a femperslure of shout 30-80° C., for
30 10 180 minutes, for example. Suitably, the beads are then
cooled below aboul 35° C. before stopping the process.

As mentioned above, the pharmaccutical formulation
according 1o the present invention may be used for treating,
inter alia, urinary disorders including oversclive urinary
bladder. The overaclive bladder condition gives nse 1o
urinary frequency, urgency and/cr urge incontinence. Over-
aclive bladder disorders also inchude nocturia, ie. awaken-
ing al pight to urinate. While overactive bladder is often
associated with delrusor muscle insiability, disorders of
bladder function may also be due lo neuropathy of the
ceniral pervous system {detrusor byperreflexia) including
spinal cord and brain lesions, such as multiple sclerosis and
stroke. Overactive bladder symploms may also result from,
for example, male bladder cutlet absiruction (usvally due 10
prostatic hypertropby), inferstitial cysitis, local edema and
irrilation due to focal bladder cancer, radiation cysutis due
to radiotherapy to the pelvis, and cystitis. The formulation
may also be useful for treating gastrointestinal disorders,
incloding gastrointestinal hyperactivity.

The pharmaceutical formulation according o the present
invention has proved 1o be very svitable for administering
the above-mentioned drug tolterodine, the chemical namc of
which is (R)-N,N-diisopropyl-3-(2-kydroxy-5-
methylphenyl)-3-pheaylpropanamine, and would Hkewise
be suilable for its related compounds, ie. the major, active
melzbolite of tolterodine, ie. (R)-N,N-diisopropyl-3-(2-
hydroxy-5-hydroxymethylphenyl)-3-phenylpropanamine;
the corresponding (S)-enantiomer to tolterodine, ie. (S}N,

5 N-diisopropyl-3-{2-hydroxy-5-methylphenyl}-3-

phenylpropanamine; the 5-hydroxymethyl metabolite of the
($)-enantiomer, ie. (8)-N,N-diisopropyl-3-(2-hydroxy-5-
hydroxymelhylphenyl)-3-phenylpropanamine; as well as the
corresponding  racemate to tolierodine, ie. (R,S)}-N,N-
diisopropyl-3-(2-hydroxy-5-melhylpheayl)-3-
phenylpropanamine; and prodrug forms and pharmacologi-
cally acccptable salls thercaf.

Tolterodine is marketed for the Lreatment of unstable or
overaclive urinary bladder with symptoms including urinary
inconlinence {urge incontinence), urgency and urinary fre-
quency. The S-hydroxymethyl metabolite of tolterodine
mentioned above contributes significantly o the therapeutic
ceffect of tolterodine.

Tolterndine, ils corresponding (S)-enanliomer and race-
mate and the preparalion thereof are described in e.g. the
above-mentioned U.S. Pat. No. 5,382,600. For a description
of the active (R)-5-hydroxymelthyl metabolite of tolterodine
(as well as the (S)-5-hydroxymethyl melabolite), it may be
referred o ihe above-mentioned U.S. Pat. No. 5,559,269,
The (8)-enantiomer, its pon-cholinergic spasmolylic activity
and usc in the ireatment of urinary and gastroiniestinal
disorders are described in WO 98/03067.

The juvention will now be described in more detail by the
following nen-limiting Examples. Reference will be made to
the accompanying drawings, wherein:

FIG. 1 is a diagram showing the fraction of tolterodine
I.-tartrale released in vitro versus time for 2 and 4 mg
controlled release capsules according to the Example below;
and

FIG. 2 is a diagram showing Lhe variation of serum
concentration (nmol/L) of (unbound) active moiety with
fime (hours) during 24 hours when administering a prede-
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termined lolal dosage of follerodine (4 mg) through a
prolonged release (PR} capsule (4 mg) according 1o the
Example below once daily. The comesponding variation
with a prior art immediate release (IR) lablet (2 mg) twice
daily is also shown.

EXAMPLE

Preparation of Controlled Releasc Beads and
Capsules

An exemplary bead formulation containing tolterodine
L-tartrate as active ingredien! has the following structure:

Starch-corlaining sugar sphere of about 0.8 mm diameter
(commertially available); comprises 73% wiw of he final beand;
purposc: conling substrate;

Surelease ® “sealooat” (Surelease ® is an aqueous Rlm-conting
dispemion, nbour 25% eolids, consisting primarily of
elbyleelivlese plasticized with fraclionated coconut oil, asd
manufaciured by Colorcon, Inc, USAY, comprises about 12%
wiw of the final bead;

purpuse: Lo provide wore consislent core surfuce; during drug
relense phase maximize time that diug is salureted inside bead
nod minimize osmouc elfecls; conlrol drug release mie logether
wilh the third layer;

Tolterudine Letrtratefydroxypropylmethyleellolese (HFMC);
comprises about 3% w/w of the final bead: mtio of
Tolterodine:TIPMC is 5:1;

purposs: drug supply;

Surelcasc ®/HPMC, comprises about 12% whw ol the finat
head; mtio of Surclease ®:13PMC is 6:1;

putpose: drug telease rate contwol;

First:
layer:

Second
layer:

Third
ayer:

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

1200 g of sugar spheres, 20~25 mesh, were charged into
a Wurster flnid bed and sequentially coated at a nominal
product lemperature of 36 1o 40° C. with the following three
coaling liquids:

{1) a Surelease® sealcoating liquid prepared by mixing 788
g of Surelease® with 563 g of purified warer;

(2) a drug-—containing solution prepared by first dissolving
35.0 g of 1olterodine L-lartrate in 2190 g of purificd water,
and Lthen mixing the solution with 6.6 g of hydroxypro-
pylmethyl cellulose (HPMC) 5 ¢P; 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®.

Afier tray drying for 3 hours at 70° C,, the coaled spheres
were filled into size #4 or size #3 hard gelatin capsutes to
obtain 2 mg and 4 mg tolicrodine L-lariratc capsules,
respeclively, of the composition:

2 mg capsule 4 mg capsule
Tollcrodioe 1 -artratc 2.0 mg 4.0 mg
supar spheres, 20~25 mesh G8.6 mg 137.2 mg
Svrclease & 212 mg 424 mg
HEMC 5cP 2.0 wg 4.0 mg
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Optiomally, a founth layer may be applied to the bead
before drying by Wursier coaling,

Fonrlh layer:  HPMC; compsises about 15 wiw of the fionl bead;
purpose: decrease Inckiness of beads for subscquent
processing (uring and copsule Alling).

In the case of the above described bead, such a fourth

layer may be applied with a coaling solution prepared by
dissolving 16.4 g of HPMC in 234 ¢ of water.

Drug Tn Vitro Release Study

A drug-release test which utilizes the USP Apparatus 1
(rotaling basket) at 100 tpm with 1000 mL of deaerated
phosphale buffer prepared at pH 6.8, was used to study the
in vitro telense al 37° C. of the lwo three-Jayered beads-
containing 2 and 4 mg capsules prepared above, The buffer
was identical fo that used for the Buffer Stage testing of
Delayed-release dosage forms described in USP 23 General
Chapter 724, and nominally contains 0.05 M phosphute and
0.075 M chloride. The results are shown in FIG. 1. As can
be seen therein, about 90% of the tolierodine tarirate had

5 been released from bolh capsutes afler 12 hours.

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

A clinical tnal was performed in patients with ovetactive
bladder to determine the pharnacokinetic effects of a (i) a
once daily dose of a 4 mg tolterodine conirolled release
capsule (below referred to as TOD) as described above, and
(ii) two doses daily of a lelterodine immediate release fablet
{below referred to as TIR), described below. 30 patients
were subjecled Lo each of the (reatments. The measurernents
were performed on day seven in each treatment period and
included measnrements of serum concentrations of loltero-
dine and its main 5-hydroxymelhyl 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 ¢oncenteations of lterodine and its 5-HM
melabolite were measured by gas chromatography/mass
specitometry. The urbound concentrations were calculaled
assuming a fraction unbound of 3.7% for lolierodine and of
36% for 5-1IM as obtained from prolein binding studies on
human 25 serum (Nilvebrant, L., et al., Life Sciences, Vol.
60, Nos. 13/14 (1997) 1129-1136). FIG. 2 shows Lhe
obtained variation wilh time of the sum of the unbound
concentrations of tolterodine and 5-HM (which sum is
referred to as “active moiety™) for, on ibe one band, the
administration of 2 4 mg TOD capsule once daily (PR
capsule in FIG. 2), and, on Lhe other hand, the adminislration
of a 2 mg TIR tablet twice daily (i.e. equivalent 24-hour
doses of capsule and tablel). As shown in the Figure, the
peaks obtuined with the TIR 1ablet are eliminated wilh the
TOD capsule, the fatter thus providing a substantially con-
slant serum concentralion of active moiety during the 24
housrs ilustrated,

The difference in fluctuation of the serum concenlrations
between TIR tablet and TOD capsule may also be demon-
strafed by catculation of the “Auctuation index”. The fluc-
tuation index, Fl, is calenlated as Fl=(Cmax—Cmin)/AUCr/
T, where 7 is the length of the dosapge interval and AUCK is
the area under (he serum concentralion profile during a
dosage interval. Thus, the mean calcuiated fluctuation index
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for Ihe active moiely was 2.29 (95% CT 1.95-2.63) for the
TIR tablet (based on na28), and 0.68 (95% CY 0.39-0.78) for
the TOD capsule.

‘While the invention has been described above with ref-
erence lo specific embodiments thereof, it is nol restricted
thereto in any way whatsoever. On the conlrary, as will be
understoed by those skilled in the arl, varicus changes,
modifications, substitutions and omissions can be made
without departing from Lhe basic concept of the invenlion as
defined in the claims which follow. Thus, for example, oller
sustained release formulations may be used.

‘What is claimed is:

1. An oral pharmaceutical formulation contaiping loliero-
dine or a {ollerodine-relaled compound, or a pharmaceuii-
cally acceptable salt thereof, as active ingredient, wherein
said formulation exhibils controlled in vitro release of the
active ingredient in phosphate buffer at pH 6.8 of nol less
than aboul 80% after 18 hours, and after oral adminisiration
{o a patient is capable of mainlaining a substantially constant
serum Jevel of the active moiely or moieties for 24 hours,
and wherein the coutrolied release formmlalion provides a
mean flucluation index of said serumn level of active moiety
or moieties that is not higher than about 2.0, said fuctualion
index, FI, being defined as Fl={Cmax—Cmin)/AUCwT,
wherein Cmax and Crein are the maximum and minimuin
concentralions, respectively, ol aclive moiety or moielies,
AUCt is the area under the serum concentration profile, and
T is the Jength of the dosage interval.

2. The forooutation according 10 clzim 1, wherein the
fraclion of tollerodine, lollerodine-relaled compound or salt
thereof that is released in vitro is not less than about 80%
after 15 hours.

3. The formulalion according fo claim 1, wherein the
fraction of 1ollerodine, lollerodine-related compound or sall

thercof thal is released in vitro is not less than about 80% 3

after 12 houss,

4. The formulation according lo claim 1, wherein lhe
fraction of {olterodine, tolierodine-related compound or salt
thereof thal is released in vitro is less thaa about 50% alter
1 hour.

5. The formulation according to claim 4, wherein the
fraclion of tollerodine, lolierodine-relaled compound or salt
thereof thal is released in viiro is less than abont 309% afler
1 hour.

6. The formulation according to ¢laim 1, wherein the
fraction of tolterodine, lolierodine-related compound or salt
therec! (hal is released in vitro is from about 30 to about 95%
after 3 hours.

7. The formulation nccording to claim 1, wherein the
fraction of tolicrodine, lolierndine-relaled compound or salt
thereof that is released in vitro is from about 40 to about 85%
after 3 hours.

8. The formulation according to claim 1, wherein the
fraction of tollerodine, lollerndine-related compound or salt
thereof that is released in vilro is mare than about 50% afler
7 hours.

9. The formulation according to claim 1, wherein the
fraciion of tolierodine, lollerodine-related compound or sall
thereof that is released in vitro is more than about 80% afler
7 hours.
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10. The formmlation according lo claim 1, wherein the
fraction of tolterodine, tolterodine-relaied compound or sall
thereof that is released in vitro is nol more than about 50%
afier 1 hour, from about 30 to about 95% after 3 hours, and
not less than about 50% alter 7 hours.

11. The formwlation according to claim 1, wherein Ihe in
vitro release is measured by a drug release test which utilizes
the Uniled States Pharmacopea (USP) Appatatus 1 {fotating
basket) at 100 rpre with 900 m] of deaerated phosphate
buffer at pH 6.8 and 37° C, where the phosphaie buffer
solution is prepared as descobed on pages 2049-2050 of
USP 23, and nominally contains 0.05 M phosphate.

12. The formulation zccording to claim 1, which com-
prses loMerodine, its 5-hydroxymethyl melabolite or the
racemale comresponding lo iollerodine, or a sall thereof.

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

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

15. The formulalion according to elaim 14, wherein the
serum level of unbound 1ollerodine and 5-hydroxymethy]
melabolite is in Lhe range of abont 0.2 1o aboul 6.3 nM,

16. A melhod of treating an overactive bladder, which
comprises administering a therapeulicaily cffective amouni
of a pharmaceutical formulation according 1o claim 1.

17. A method of ireating urinary incontinence, which
comprises administering a therapeutically cffective amount
of a pharmaceutical formulation according to claim 1.

18. A method of treating nocluria, which comprises
administering a therapentically cffective amount of a phar-
maceutical formulation according o claim 1.

19. Amethod of treating gastrointestinal disorders, which
comprises administering a therapeutically effective amonnt
of a pharmaceutical formulation according to claim 1.

20. A method for orally administering 1ollerodine or a
lolterodinc-related compound, or a pharmacologically
acceptable sall thereof, lo a patient to maintain a substan-
lially constant serum level of the aclive moiety or moieties
for 24 hours, which methed comprises adminisiering a
phatmaceutical formulation conlaining tolterodine, a
1olierodine-relaled compound or a sall thereof, which for-
mulation exhibits a controlled in vitro release in phosphate
buffer at pH 6.8 of follerodine, tolierodine-related compound
or sall thereof of not less than about 80% after 18 hours.

21. The formulation according 1o claim 1, wherein the
controlled release formulation provides a mean fluctuation
index of saidt seram level of aclive moiely or moieties that
is nol higher than about 1.0,

22. The formulation according to claim 15, wherein the
24-hour serum profile, is from about 10 nM*h o aboul 120
oh*h.

23. The formulation according lo claim 16, wherein the
serum level of unbound (olierodine and 5-hydroxymethyl
metabolitc is in the range of about 0.4 o aboul 5.0 oM.

L N



Case 1:08-cv-02177-LTS Document1l  Filed 03/04/2008 Page 39 of 47

EXHIBIT C



Case 1:08-cv-02177-LTS Document 1

(12)

United States Patent
Kreilgdrd et al.

Filed 03/04/2008 Page 40 of 47

O TR

(10) Patent No.:
45y Date of Patent:

US 6,770,295 Bl
Aug. 3, 2004

(54

(75)

(73
*)

(21}
(22)
(86)

(87)

(GO

Aug.
Nov.

(€3]

(52)
(58

THERAPEUTIC FORMULATION FOR
ADMINISTERING TOLTERODINE WITH
CONTROLLED RELEASE

Inventors: Bo Krellgérd, Hillerdd (DK); Lene
Orup Jacohsen, Genlolle (DK); Ulla
Hoeck, Hillerad (DK); Helle
Kristensen, Slangerup (DK); Torkel
Gren, Uppsala (SE); Lisheth
Nilvebrant, Bromma (SE); Anders
Riogberg, Stockholm (SE); Martin
Wikberg, Kullavik (SE); Bengt Halén,
Sollentuna (SE); Birgitta Olsson,
Stenbamra (SE); Jan Strémbons,
Vatiholma (SE)

Assipnee: Pharmacla AB, Stockholm (SE)

Notice:  Subject to any disclaimer, Lhe term of this

patent 15 extended or adjusted voder 35
U.S.C. 154(h) by O days.

09/582,498
Awg. 26, 1999
PCT/SES9/01463

Appl. No.:
PCT Filed:
PCT No.:

§ 371 (e}(1),
{2), (4) Dale:  Nov. 14, 2000

PCT Pub. No.: WOM/1206%
PCT Pub. Nate: Mar. 9, 2004
Foreign Application Priorily Data

27, 1998 (SE} covrvnerrmisnnssermtinssinnens
11,1998  (SE) ...

Int. CL7 ..o,

e 9802864
... 9803871

v AOTK 9722, AG1K 9/52;

A61K 9/70; A6LT 13/00
US. Cl e 4247457, 424/468; 424/449
Field of Search .......corrreccveccrenn. 42471449, 457,
424/468, 458, 459, 461, 462

(36) References Cited
U.S. PATENT DOCUMENTS
350,123 A BT Toffremi ... 12R7268
4008719 A~ 21977 Theeuwes et al. ... 1287260
FOREIGN PATENT DOCUMENTS
WO WO0933025 111553
Wwo WO9612477 51996
WO WO9803067 1/1098
WO W09g11388 3/1998

OTHER PUBLICATTONS

Nilvebrani, L. el al,, Eoro. J. of Pharmacol., val. 327 (1997)
pp- 195-207.

Nilvebrant, 1.. el al,, Life Sci., vol. 60, Nos. 13/14 (1997) pp.
112Y-1136.

Brynne, N. et al,, Inul. J. of Clin. Pharmacol. and Thera., vol.
35, No. 7 (1997) pp. 287-295,

Stahl, M.M.S., Neurology and Urodynamics, vol. 14 (1995)
pp. 647-655,

Nilsson, C.G. cl al.,, Neurclogy and Urodynamics, vol. 16
(1997) pp. 533-542.

* cited by examiner

Primary Examiner—James M. Spcar
(74) Auorney, Agent, or Firm—Craig M. Bell

G7) ABSTRACT

The preseni invention is drawn to a method of treatiog an
unstable or overactive urinary bladder by weating the patient
wilh tollerodine or a tolterodine-related compound, or phar-
maceutically acceptable sall thereol, with a controtled
release formulation that mainlains a substantially constant
scrum level of the active moiely or moictics for ai least 24
hovrs. The present invention is forther drawn lo a formula-
lion for the metbod.

27 Claims, 2 Drawing Sheels

0.0 1 |
0 4 8

Active moiety (nmol/L)

12

Hours

—o- IR tablet 2 mg b.i.d. —» 4 mg PR capsule



CaSe 1:08-cv-02177-LTS Document1l  Filed 03/04/2008 Page 41 of 47

U.S. Patent Aug. 3,2004 Sheet 1 of 2 US 6,770,295 Bl
FIG. 1

=

2

2

£

>

QL

2

v S —

:(a OO 1 | ] 1 | ]
0 4 8 12 16 20 24

Hours

-o- IR tablet 2 mg b.i.d. -+ 4 mg PR capsule

0.6
0.5

0.4

0.3 1
0.2 1
0.7 1

Basal salivation (g/min)

0'0 ! ] 1 1 ] 1
00 05 1.0 1.5 2.0 2.5 3.0 35 4.0

Time (h}
--o-placebo —e—~ 4 mg PR capsule —a— IR tablet 2 mg b.i.d.



Page 42 of 47

Filed 03/04/2008

Case 1:08-cv-02177-LTS Document 1

US 6,770,295 B1

Sheet 2 of 2

Aung. 3, 2004

U.S. Patent

8w g aoL

3w 9 ol

3w+ aolL PIrg 8wz |

0Qqa2E|d

€D

- 0L
- 0C
-0t
- 0
- 05
- 09
- 0/
- 08
- 06

L 001



Case 1:08-cv-02177-LTS Document 1

Filed 03/04/2008

UsS 6,770,295 B1

1

THERAPEUTIC FORMULATION FOR
ADMINISTERING TOLTERODINE WITH
CONTROLLED RELEASE

This applicalion is the national phase under 35 U.S.C.
§371 of PCT Intemational Application No, PCI/SESY/
01463 which bas an Iternational filing dale of Aug. 26,
1999, which designated the United States of America.

The present invention relales lo an improved method of
lreating unstable or overaclive urinary bladder as well as a
formulation therefor,

A substantial part (5-10%) of 1he adull population suffers
from wrinary incontinence, and the prevalence, particularly
of so-called urge inconiinence, increases with age. The
symptoms of an umnstable or overactive bladder comprisc
urge inconiinence, urgency and urinary frequency. Il is
assumed 1bhat unstable or overactive bladder 1s caused by
uncontrolled contraclions of the bundles of smooth muscle
fibres forming the muscular coat of the urinary bladder (1he
detrusor muscle) during the filling phase of lhe bladder.
These contractions are mainly controlled by cholinergic
muscarinic receptors, and the pharmacological reatment of
unstable or overactive bladder has been based on muscarinic
receptor antagonists, The drug of choice has for a long lime
been oxybuiynin.

Oxybutynin, which chemically is the DL-racemic form
of 4-diethylamino-2-butynyl-phenylcyclohexylplycolate, is
given orally, usnally as a tablet or syrup. Oxybutynin,
nsually adminisiered as the chloride salt, is metabolized lo
an aclive metabolile, N-desethyl-oxybutynin. The drug is
rapidly absorbed from the gastroiniestinal traci following
administration and has a duration of from three to six hours.
While the effectiveness of oxybulynin has been well
documented, its usefolness is limited by classical antimus-
carinic side-effects, parucularly dry mouth, which ofien
leads to discontinnation of lrealment.

WO 96/12477 discloses a conirolled release delivery
syslem for oxybulynin, which delivery syslem is said nol
only to be of convenience to the patient by reducing the
administration 1o a once daily regimen, but also 1w reduce
adverse side-effects by limiting the initial peak concenlra-
tions of oxybulynin aod aclive metabolile in the blood of the
palienl.

The alleged relief of side-cffects by reducing or elimi-
naling peak concentrations through administration of the
controlled release delivery system is, however, conlradicted
by a laler published clinical report, Nilsson, C. G., et al,,
Neurcurology and Urodynamics 16 (1997) 533-542, which
describes clinical lesis performed with the conirolled release
delivery system disclosed in WO 96/12477 above. In the
clinicnl tests reporied, a 10 mg controlled release oxybuty-
nin lablet was compared with the administration of a con-
ventional (immediate release) 5 mg tablet given (wice daily
lo urge incontincnt palients. While high peak levels of the
drug obvicusly were eliminated with the conirolled release
axybulynin fablet, no difference in side-effccls between the
controlled release tablet and (he convenlional nablet was
observed. The advantage of the conirolled release tablet thus
resided merely in enboncing ireatmenl compliance by ils
once-a-day dosage rather than also reducing side-cfiects as
stated in WO 06/12477.

Recently, an improved muscarinic receplor antagonist,
iolterodine, (R)-N,N-diisopropyl-3-(2-hydroxy-5-
methylphenyl)-3-phenylpropanamine, has been marketed
for the freatme of urge incontinence and other symptoms
of upstable or overaclive urinary bladder. Both tolterodine
and its major, active metabolile, the 5-hydroxymethyl
derivative of tollerodine, which significanily contribules lo
the therapeulic effecl, have considerahly less side-effects
than oxybulymin, especially regarding ihe propensity lo
cause dry mouth. While tollerodime is equipoient wilh oxy-
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butynin in the bladder, its afbnily for muscarinic receplors of
Lhe salivary gland is eighl limes lower than that ol oxybu-
tynin; see, for example, Nilvebrant, L., et al., Furopean
Joumal of Pharmacology 327 (1597) 195-207. The sclective
effect of tolterodine in humans is descabed in Siahl, M. M.
§., el al, Neurovrology and Urodynamics 14 (1595)
647655, and Bryne, N., Internalional Jonmal of Clinical
Pharmacology and Therapeulics, Vol. 35, No. 7 (1995)
287-295.

The currently markeled administration form of lolternd-
ine is filmeoated tablets comaining 1 mg or 2 mg of
lolterodine LAarirale for immediale release in the gas-
trointestinal lracl, the recommended dosage usually being 2
mig twice a day. While, as mentioned, the side-effects, such
as dry mouth, arc much lower than for oxybutymin, they still
exist, cspecially at higher dosages.

According (o the present invention it has now surpris-
ingly been found that, conlrary to the case of oxvbutynin, the
substantial elimination of peak serum levels of loherodine
and its aclive melabolite lhrough conirolled release of
lolierodine for an extended period of time, such as through
a once-daily administration form, while maintaining the
desired effect on the bladder, indeed gives a significant
reduction of the (already low) side-cffecis, particularly dry
mouth, compared with those oblained for the same iotal
desage of immediate release tablets over the same period. In
olber words, eliminaling Lhe pesk serom levels of the aclive
miciely affecls the adverse effects, and particularly dry
mouth, more than Lhe desired effect on 1he detrusor activity,
simmitancously as the flaltening of the serem concentration
daoes nol lead to loss of aclivity or increased incidence of
wrinary relenfion or other safely concemns. Thus, in addition
to the comvenience advanlage of controlled release
administration, one may either (i) for a given tolal dosage of
tollerndine, reduce the side-effecis, such as dry mauth, or (if)
for a given level of acceplable side-cffects, increase the
dosage of tollerodine to obtain an increased effect on the
bladder, if desired.

In one aspect, the present invention therefore provides a
method of treating unslable or overaclive urinary bladder,
which method comprises administering to a (mammal)
patient in need of such treaiment lolicrodine or a tolierodine-
related compound, or a pharmacentically acceplable sal(
thereof, through a controlled release formulation thal admin-
isters lollerodine or said lolierodine-relaled compound, or
sall thereof, at a comrolled rate for at least 24 hours. 1l is
preferred that the dosage form formulation is capable of
mainlaining 2 subslantially conslant serum level of the
aclive moiety or moietes for said al least 24 howrs,

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

As mentioned nbove, the chemical name of tollerodine is
(R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-
phenylpropanemine. The term “lolierodine-related com-
pound” is meant lo encompass 1he major, active metabolite
of folierodine, ie. (R)-N,N-diisopropyl-3-(2-hydroxy-5-
bydroxymecthylphenyl)-3-phenylpropanamine; the corre-
sponding (8)-enantiomer to tollerodine, ie. (S)-N,N-
diisopropyl-3-(2-hydroxy-5-methylphenyl)-3-
phenylpropanamine; the S-hydroxymelhyl melabolite of the
(8)-emantiomer, ic. (S)}N,N-diisopropyl-3-(2-hvdroxy-5-
hydroxymethylphenyl)-3-phenytpropanamine; as well as the
corresponding racemaie to ftolterodine, ie. (R,5)-N,N-
diisopropyl-3-(2-hydroxy-5-methylpheny!)-3-
phenylpropanamine; and prodrug forms thercof.

By (he term “active moiety or moities” is meant (he sum
of free or unbound (i.c. ool protein boend) concentrations of
(i) tolterndine and active metaholite thereof, when tollero-
dine (or prodrug form) is administered; or (ii} loherodine
and aoclive metaholile thereof and/or (S)-emantiomer o
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tolicrodine and active metabolite thereof, when he corre-
sponding racemale (or prodrug lorm} is administered; or iii)
aclive metabolite, when the (R)-5-hydroxymeihy! metabo-
litz of tolierodine (or prodrug form) is administered; or (iv)
{5)-coantiomer o tolierodine and aclive metabolite Wereof,
when the (S)-enantiomer (or prodrug) is administered; or (v)
aclive (S)-melabolite, when the (S)-5-hydroxymethyl
melabolifc is administered.

The term “substantially constant” wilh respect to the
serum level of aclive moiely or moielies means thal the
rcleasc profile of the controlled relcase formulation should
essentially mot exhibit any peak values. This may, more
sophistically, also be expressed by reference to the “Aucu-
ation index” (FT) for the serum concentration of (anhound)
aclive moicly {or sum of aclive moilics when relcvant),
where fhe flucivalion index FI is calculated as

Fla(Cmex—CmiolAUCt

wherein Cmax and Cmin are the maximum and minimum
concenirations, respectively, of aclive mojety, AUCT is the
arca under the serum concentralion profile {concentration vs
fime curve) for dosage interval T, and 7 is the tength of the
dosage imerval. Thus, according to the preseni invention, the
controlled release formulation should provide a mean Auc-
ation index (for n being at Icast 30) that is usually not
higher than about 2.0, more preferably not higher than abou
1.5, particulacly not higher than about 1.0, for example not
higher than about 0.8.

For tolterodine and ils 5-hydroxymethyl metabolite, the
24-hour exposure, expressed as AUC unbound aclive moiely
(1oMeradine plvs metabalite) is vsually in the range of from
aboul 5 10 about 150 nM*h, preferably from about 10 1o
aboul 120 nM*h, depending on the dosage peeded by the
particntar patient. The indicaled limits are based upon cal-
culation of the unbound coneentrations of aclive moiely
assuming a fraciion wobound of 3.7% for lollerodine and
36% for the 5-hydroxymethyl metabolite (Nilvebrant, L., et
al,, Life Sciences, Vol. 60, Nos. 13/14 (1997) 1129-1136).

Corzespondingly, for iclterodine and its 5-hydroxymethyl
melabolite, the average (bloed) serum or plasma Jevels are
vsually in (he range of abon 0.2 to about 6.3 nM, preferably
in the range of about 0.4 t¢ aboul 5.0 nM.

Tolterodine, its corresponding (S)-enantiomer and race-
male and the preparation thereof are described in e.p. WO
80/06644. For a description of the active (R)-5-
hydroxymethyl melabolite of tolierodine (as well as the
(8)-5-hydroxymethy] metabolite), it may be referred to WO
94/11337. The ($)-enantiomer and its use jn (he treaiment of
wrinary and ghstrointestinal disorders is described in WO
98/03067.

In another aspec, the present invenlion provides a phar-
maceulical formulation conlaining lollerodine or 2
tolierodine-related compound, or 4 pharmacentically accept-
able salt thereof, which formulalion when adminislered 1o 4
patient provides controlled release of tolterodine or said
tollerodine-related compound, or salt (hereof, for at leasl 24
hours, preferably such that a substantially constant serum
level of the aclive moiely or moieties is mainained for said
a1 least 24 hoors.

SUill another aspect of Ihe present invention provides the
use of toleradine or a iolterodine-related compound, or a
pharmacentically acceplable sall thereof, for Ihe manufac-
ture of a therapeutical formulation for treating unstable or
overaciive urinary bladder, which formulation provides a
controlled release of Iolleradine or said tollerodine-retated
compound, or salt thereof at a controlled rale for at least 24
hours, preferably such that a substantially constanl serum
level of the aclive moiely or moieties is maintained for said
al least 24 houwrs,

The controlled release formulation is preferably an oral
delivery system or a transdermal preparation, such as a
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transdermial paich, bul also olher controlled relcase forms
may, ol cuurse, be conlemplaled, such as buceal (ablets,
Teclal suppositories, subcwtaneows implamis, formulations
for intrzamvscular administration.

An exemplary lype of oral conirolled release formuiation,
a specific embodiment of which is described in Example 1
below, is a mulli-unit formelation comprising conlrolled-
release beads. Each bead comprises (i) a core unil of a
waler-soluble, water-swellable or water-insoluble inerl
malerial (having a size of about 0,05 to 2 about 2 mm), such
as c.g. a sucrosc spherc; (if) a first layer on the corc of a
subslantially waler-insoluble (often hydrophilic) polymer
(this Jayer may be omitted in the case of an insoluble core,
such 3s e.g. of silicon dioxide), (iii) a second layer of a
water-sofuble polymer having an active ingredient dissolved
or dispersed therein, and (iv) a third polymer layer effective
for conlrolled release of the active {npredient (e.g. a water-
insoluble polymer in combination with a water-soluble
polymcr) In the cesc of an oral controlled release formula-
lion for once-daily adnyinistration, the dosage of lolierodine
(or wlteroding related compound) is, for txample, 4 mEg ur
6 mg.

A transdermal patch for tolierodine or tolterodine-relaled
compound is described in our co-pending inlernational
application "Trunsdermally sdministered lolterodine a5 anli-
muscarinic agent for (he tremment of overactive bladder”
(based on Swedish patent application no. 9802864-0, filed
on Aug. 27, 1998), the full disciosure of which is incorpo-
rated by reference herein. Mustrative patch [ormulations are
described 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, palches etc, known io the
am, to oblain Lhe objeclives of the present invention, or
design modified or new controlled release administration
forms.

The invention is illustrated by the following Examples,
without, however, limiling the scope of the invention in any
way. Percentages are by weight, unless otherwise stated.
Reference will be made 1o the accompnaying drawings, in
which:

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a diagram showing the variation of scrum
concenlralion (nmol/L) of (unbound) active moicly with
time (hours) during 24 hours when administering a prede-
lermined {otal dosage of Lolleradine (4 mg) through (i) an
immediate release lablel (2 mg) twice daily as in the prior

s an, and (ii} a conirolled release capsule (4 mg) once daily in

accordance with the presenl invention;

FIG. 2 is » disgram showing the varation of the basnl
salivation (9/min} with time (hours) during 4 hours after
administration of (i} 2 4 mg lolterodive conlrolled release
capsule in accordance with the present invention, (ii) a prior
an lolterodine immediate release Iablet, and (iii} placebo,
amd

FIG. 3 is is a bar charl diagram showing patients’ indi-
vidval estimates of experienced dry mouth side effect (no
dry mouth, mild, moderale, severe} afler administralion of
toherodine through () a convenlional 2 mg immediate
release fablel, (ii) controlled release capsules of 4, 6 and &
mg, respectively, according 10 the present invention, and (iii)
placebo.

EXAMPLE 1
TOTTERGODINE ORAT. CR CAPSUIE AND TR
TABLE
Preparation of Tolterodine CR Capsules 2 mg anc
4 mg

A controlled release (CR) capsule containing non-pareil
heads coated by (i) an ethylcellulose layer, (if) a tollerodine/
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HPMC layer, and (jii) 2 suslained releasc ethylcellnlose/
HPMC Jayer was prepared as follows:

1200 g of (starch-containing) sugar spheres, 20-25 mesh,
were charged inlo a Wursier fivid bed and sequentially
coaled with Lhe following three coating solutions:

(1) a Suretesse® sealcoaling solution prepared by mixing
788 g of Sureleasee with 563 g of purified water
(Surelease® is an aqueous filmcoating dispeesion,
about 25% solids, consisting primarily of cthyleellulosc
plasticized with fractionaled cocoput oil; manutactured
by Colercon, Inc., West Point, Pa., U.S.A),

{2) 2 suspension prepared by first dissolving 35.0 g of
tollerodine T -tartrate in 2190 g of purified walter, and
then mixing he solulion wilh 6.6 ¢ of Hypromelluse, 3
<P (hydroxypropylmethyl cellulose (HPMC)); and

(3) a sustained release coating solution prepared by mix-
ing 29 g of Hypromellase, 3 eP, with 375 g of purified
waler, and then mixing wilth 695 g of Surelease®,

After drying, the coaled spheres were filled into hard
gelatin capsule shells (size 3, while/white) 0 ohtain 2 mg
and 4 mg capsules, tespectively, of (he composition (filling
mass for 2 mg capsule, 169207 mg/capsule):

2 mg capsule 4 mg capsule
Telteroding L-artrale 2.0 mg 4.0 mg
sugar apheres, 20-25 meah 459 mg 137 mg
Surclease @ 2l mg 2 mg
Hypromelloss, 5¢P 2.0 mg 4.1 mg

Tollerodine L-Tanrate 1R Tablets 2 mg

Commercially available lolterudine E-lartale 2 mg lablels
for immedijale release (IR) (Detrusilol®, Pharmacia &
Upjubn AB, Sweden) were used. The (ablels had the Jol-
lowing composition:

Clne

Tolterodine L-tartrate 2.0 mg
cellulose, mivroctystalline 53.4 my
caleium hydrogen phosphale dibydrate 18.0 mg
sodium atarch glycollsic 6.0 mg
mognesium steamle 0.9 mg
colleidat anhydrous silica 0.2 mg
Coaling

Methylhydroxypropyl cellulose 1.5 mg
cellulose, microcrystalline 3 mg
sivaric yeid 0.6 my
titanum dioxide E 171 0.6 mg

PHARMACODYNAMIC AND
PHARMACOKINETIC STUDIES

A clinical rial was performed in palients with overaclive
bladder to delermine the pharmacodynamic and pharmaco-
kinelic effects of different daily doses of (i) the above
described tollerodine controlled release capsule (below
referred to as TOD), compared with (if) the ahove described
lolierodine immediate release tablel {below referred 1o as
TIR), and (iii) a placeho capsule {containing sugar spheres
only). The Irial was pecformed as a double-blind, double
dummy, cross-over Isial in 6} paiients for three one week
periods and six realmenls (2, 4, 6 and 8 mg TOD once daily,
2 mg TIR twice daily, and plocebo). All patienis were
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randomised 1o three out of six (reaiments, meaning that 30
patients were subjecied 10 each of the treatments. Pharma-
codynamic and pharmacokinetic measuremenis were per-
formed on day seven in ench (rentment perod. The deler
minations included measurements of {i} serum
concenirations of toherodine nnd its main 5-hydroxymethyl
metabolite (below called 5-HM) over time, (i) salivation
{dry mouth), and (iii} residual urine volumes,

Serum Concentrations of Tolteradine and Main
Metabolite

Blaod samples were drawn immediately before dosing
and after 0.5,1, 2, 3, 6, 9, 12, 24 and 25 hours, and the free
(unhound) serum concentrations of toleradine and its 5-HM
metabolite were measwred by gas chromalography/mass
spectromelry. The unhound concentrations were caleulated
assuming a fraction unbound of 3.7% for ohterodine and of
36% for 5-HM as obiained from protein hinding studies on
human serum (Nilvebrant, L., et al, Life Sciences, Vol. 60,
Nos. 13/14 (1997} 1129-1136). FIG3. 1 shows the oblained
variation wilh time of the sum of the unbound concemra-
tions of tolterodine and 5-HM (which sum is referred 1o as
“active motely™) for, on the one hand, the administration of
a 4 mg TOD capsule once daily, and, on the other hand, the
administration of a 2 mg TIR tablet twice daily (i.c. equiva-
lent 24-hour doses of capsule and ablet). As shown in the
Tigure, Lhe peaks oblained with the TIR table1 are eliminated
wilh the TOD capsule, the latter thus providing 2 substan-
lially constanl serum concentration of aclive moiety during
Lhe 24 hours illusirated,

The difference in fluctualion of the serum concentrations
between TIR lablet and TOD capsule may also b demon-
straled by calculation of 1he “fluctuation index”. The fluc-
tuation index, FI, is caleulated as Fi=(Cmax-Cmin)/AUCY
T, where T is the length of the dosage interval and AUCT is
lbe ared under lhe serum concenlration prulile during a
dosage inlerval, Thus, the mean calculated flucration index
Jor the aclive mojety was 2,40 (95% CI 1.95-2.63) for the
TIR tabiet (based on n=28), and 0.68 (95% CI 0.59-0.78) for
the TOD capsule.

Salivation (Dry Mouth)

Salivation was measured using dental collon rolls applicd
in the mouth for 3x2 minules. Measurements were per-
formed before breakfast and Lhereafter after each blood
sample on day seven in each lreaiment period. Based on all
measurements afier dosing, the mean salivation during 12
hours was calculated. The basal salivation al sleady slate
was measured afler treatment with (i) 4 mg TOD capsule, {ii)
2 mg TIR tablet, and (iii) placebo. The results are presenled
in FIG. 2. As can be seen in the Figure, the salivation is
subslantially conslanl during Lhe pedod shown for the TOD
capsule, whereas a considerable reduction in salivation (i.c.
drier mouth} is oblained with the TIR tablel.

While FIG. 2 shows the tolal salivalion as measured, Lhe
degree of salivation, or dry mouth, was also delermined,
based on ihe patient’s estimate of experienced intensily of
lhe phenomenon. The results for 2 mg TIR 1ablet bid., 4 mg
TOD capsule, 6 mg TOD capsule and 8 mg TOD capsule, are
presenled in bar char form in FIG. 3. The four bars for each
dosage represenl, from left lo right in the figure, no dry
movth, mild, moderale, and severe, respectively.

As apparent from FIG. 2, the dry mouth intensity for the
TIR 2 mg b.i.d. tablet is clearly higher than that of the TOD
4 mg capsule, and aboul twice (hat dosage, i.c. TOD 8 mg,
i required (o match Lhe adverse dry mouth elects of the TIR
2 mg b.i.d. 1ablet.

The resulis from the salivation determinations 1hus show
that fallening of the concentration peaks of Lhe “active
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moiety” (i.e. tolterodine plus 5-HM) leads to a substantial
reduction of the nndesired dry mouth effect.

Residual Urine Vohime

Residual volume is the volume of urine left in the bladder
immediately after voiding. Measuring residual veleme
offers a method of assessing lhe effect of antimuscarinic
treatment on lhe bladder, In facl, it offers a measure of
cfficacy (change in residval volume) as well as safely
(urinary retention, i.c. inabilily to pass urine). Efficacy may
s be measured as the mean resideal velume per unit of
time, and safcty as any casc where the residual urine exceeds
a fixed level. ‘e mean residual volume per miclurition was
measured by a non-invasive {(ulirasonic) method for placcbo,
TIR 1ablel 2 mp b.i.d., and for capsules TOD 2 mg, TOD 4
mg, TOD 6 mg, and TOD 8 mg.

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

The results presenied clearly demonstrate thai the TOD
capsnle dosages are as efficacious as the corresponding TIR
b.1.d dosages, and also that the TOD dose may be increased
up to 8 mg daily and sfill be safe with regard fo urinary
retenlion.

TABLE 1
Mean Residunl Volume per foicturilion (ml}
TIR
1myg oD TOD TOD TOD
P'lacebo b.id 2mg  4mg 6 mg Ymg
Hstimated ¥ a2 4tk 59 &Y mn
mean
95% 12tod6 45to 79 2610 55 511066 601078 6510 89
conldenve
intarval
Estimetcd -22 -4 7 14
difference
vg IR
-4dlo -2310 -1310 -Tio3¢
1 13 26
TABLE 2
Maximum Residuat ¥lume during 12 hyurs
TIR
2mg oD TOD oD TCD
PFlacebo bid 2mg dmg 6 mg 8 mg
Median 46 72 45 55 &7 77
value
()
Hif—-mex 5267  10-316  0-192 0-49  0-3t0 0550

The results from the climical trinl described above dem-
onslrale that a Haller serum concentration of active moicty
(tolierodine plus 5-HM) not only does pol lead 1o a loss of
efficacy or to unloward side-effects, primarily urinary
relention, but, importantly, also provides for a reduced dry
moulh ¢fect (unaffected or less reduced salivation).

EXAMPLE 2

TOLTERODINE TRANSDERMAL. PATCH
FORMULATION

Tolterodinc-releasing patches were propared as follows:
System 1 (Drug-in-Adhesive, Acrylale)

5 g of lolleradine base were dissolved in 11 g of ethanol
and added 1o 20 g of Durotak 387-2287 (Natinnal Starch &
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Chemical, U.S.A.). The drug gel was coaled onto a backing
membrane (Scolchpak 1012; 3M Corp., U.S.A.) by using a
coating equipment (RK Print Coat Tnsir. Lid, Type KCC 202
conirol coater). The wet layer thickness was 400 . The
laminale was dried for 20 min. at RT and then for 30 min.
al 40° C. A polyester release liner (S 2016; Rexam Release)
was laminaled onto the dried drug gel. The sheel was cul inta
palches and stored al 2-8° C. unlil use (packed in Barex
pouches). The concenlralion of lolterodine base in the
patches was 2,5 mg/em®.

System 2 (Multi-laminate, Acrylaic)

5 g of folterodine base were dissolved in 10 ml of ethanol.
Amix of 6,4 g of Eudragil RL 100 (Rohm GmbH Chemische
Fabrik, Germany) und 6,4 of ethanol and 4 mix of 2,6 g of
Polyvidone 3¢ (BASE, Germany) and 10,2 g of ethanol were
added to the solution of loherodine base in ethanol. Finally,
4 g of propylene glycol were added. The drug gel was coaled
onio a backing membrane (Scotchpak 1109; 3M Corp,,
US.A) by vsing the coaling equipmem above. The wel
layer thickness was 400 ym. The laminate was Lhen dried al
40° C. for 2 hours. An adhesive layer consisting of Plastoid
E35H was coaled cnlo a polyester film (S 2016; Rexam
Release) and dried a1 80° C. for 10 min. The wo layers were
tbereafler laminated. The sheel was cut inlo paiches and
stored a1 2-8° C. vntil use (packed in Barex ponches). The
conceniralion of tollerodine base in the palches was 2,0
mg/cm®.

System 3 (Mulli-laminate Water-based Acrylate)

1 g of tolterodine base was mixed with Tween 8¢ (Merck)
by heating tv 60-70° C. 1,8 g of triethylacelale and 1,3 g of
dem. water was added lo lhe mix. The final mix was then
added to 25 g of Endragit RL 30 D (Rohm GmbH Che-
mische Fabrik, Germany). Finally, 180 mg of 1 N NaOH
were added. The drug gel was coaled onto a backing
membrane (Scotchpak 1109; 3M Corp., U.S.A.) by using the
coaling equipmenl. The wei layer thickness was 400 um.
The laminale was dried at 40° C. for 2 hours. An adhesive
layer consisling of Plasloid E35H was coaled onto a poly-
ester film (S 2016; Rexam Release) and dried a1 80° C. for
10 min. The two layers were thereafler laminated. The sheet
was cut into patches and stored a1 2-8° C. until use (packed
in Barex pouches). The concentralion of tolterodine base in
the patches was 0,5 mgfom?.

‘What is claimed is:

1. A method of irealing vostable or overactive urinary
bladder, wherein the method comprises adminisiering lo a
patient in need of such irealmeni lollerodine, iis
5-bydroxymethyl melabolite or ihe racemate corresponding
lo tolierodine, or a pharmacewtically acceptable salt thereof,
in a phamaceutically effecuve amount thercof through a
confrolled release formulation capable of mainlaining a
substantially constant serum level of 1he aclive moicly or
moieties for at least 24 hours, wherein the 24-hour serum
profile, expressed as \he AUC of unbound tolterodine and
5-hydroxymetbyl metabolite, is from 5 (o about 150 nM*h.

2. The method according 1o claim 1, wherein the con-
trolled release formulation provides a memn fluciualion
index of said serum level of aclive moiety or moielies thal
is nol higher than nbout 2.0, said Ructualion index, FI, being
defined as FI={Cmax-Cmin)/AUCT/r, wherein Cmax and
Cmin are the maximum and minimum concenlralions,
respectively, of active moiety or moielies, AUCT is the area
under ihe seram concentravion profile, and T is the length of
the dosage inferval.

3. A method of trearing unstable or averactive urinary
bladder, wherein the method comprise administering 1o a
patient in need of such treatment tolierodine, iis
5-hydroxymethyl melabolite or ihe racemate corresponding
1o olierodine, ar a pharmacewtically acceptable salt [hereof,
in a pharmaccutically effective amount thereof (hrough
controlled release formulation capable of mainlaining a

Page 46 of 47



Case 1:08-cv-02177-LTS Document 1

Filed 03/04/2008

US 6,770,295 B1

9

subsfantially constanl serum level of Lhe active moiety or
moieties for at least 24 howrs with recuced vndesirable side
effects and wilh no reduclion in the cfficacy of the tollero-
dine compound, wherein |he 24-hovr servm profile,
expressed as the AUC of unbound tollerodine and
5-hydroxymethyl metabolile, is from 5 1o abont 150 nM*h.

4, The meihed according lo claim 1, wherein tolierodine,
its 3-hydroxymethyl metabalile or the racemale correspond-
ng lo lolterodine is administered, and the serum level of
unbound tolterodine and 3-hydroxymelhyl metabolite is in
the range of about 0.2 10 about 6.3 nM.

5. The methad according 10 claim 1 wherein the con-
trolled release formulation is a capsule or lablet for oral
adminisiration once daily.

6. The method according to claim 1, wherein the con-
trolled release formulation is a fransdermal preparation.

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

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

9. A pharmaceutical formulation containing tollerodine,
its 3-hydroxymethyl metaholite or the racemate correspond-
ing to iolierodine, or a pharmaceulically acceptlable salt
thereof, which formulation when adminisiered o a patient
provides conlrolled release of tolterodine, ils
5-hydraxymelhyl metaholile or Ihe racemale corresponding
to tollerodine, or sall thereof, such that a subslantially
canstant serum level of the aclive moiety or moieties is
miaintained for at least 24 hours, wherein Lhe 24-honr serum
profile, expressed ps the AUC of unbeund tollerodine and
5-hydroxymethyl metabolite, is from 5 1o about 150 nM*h.

1. The formulation of claim 9, which provides a mean
fluctualion index of said serum level of aclive moiely or
moieties that is nol higher than ahout 2.0, said fluctuation
index, FI, being defined as Fl=(Cmax-Cmin)/AUCT/,
wherein Cmax and Cmin are the maximum and mirimum
concentrations, respeclively, of aclive moicty or moielies,
AUCT is the area under the serum concentration profile, and
T is Lhe length of the dosage inlerval.

11. A pharmaceutical formulation conlaining toherodine,
its 5-hydroxymethyl metabolite or the racemale correspond-
ing to tolicrodine, or a pharmaceulically acceptable salt
thereof, which formulation when adminisiered to a patient
provides controlled release of said tolterodine, ils
S-hydroxymelhyl metabolile or the racemale comresponding
fo tollerodine, or pharmaceutically acceplabie sall thereof,
such that a substantially constant serum level of the aclive
moiety or moieties is mainlained for ar least 24 hours for
cfficacious therapy with reduced undesirable side effecls,
wherein the 24-hour serum profile, expressed as the AUC of
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unbound folterodine and 5-hydroxymeihyl metabolile, is
from 5 1o abom 150 nM*h.

12. The formulation according 1o claim 9, wherein
lolerodine, jts 5-hydroxymetbyl melabolite or Ihe racemnle
corresponding to tolieredine is adminisicred, and the serum
level of wnbourd tollerodine and 5-hydroxymethy! metabo-
lite is in the range of aboul 0.2 1o aboul 6.3 nM.

13. The formulalion according (o claim 9, which is a
capsule or tablet for oral administration once daily.

14. The formulation according 1o claim 1, which is a
{ransdermal preparalion.

15. The formuletion according 10 claim 9, which provides
controlled release of tolterodine.

16. The method of ctaim 3, wherein the controlled release
formulation is administerzed orally.

17. The farmulation of claim 11, which is in a form for
orzl adminislration.

18. The methnd according 1o claim 2, wherein the con-
lrolled release formulation provides a mean flucluation
index of said serum level of active moiety or moieties that
is not higher than about 1.0.

19. The methad according o cloim 3, wherein the 24-hour
serum profile, expressed as the AUC of unbound tolterodine
and 3-hydroxymethyl metabolite, is from about 10 nM*h 10
about 120 aM*h.

20t The methad according to claim 4, wherein the serum
level of unbound tolierodine and 5-bydroxymethyl metabo-
lite is in the range of ahout 0.4 Lo ahoul 5.0 nM.

21. The method according fo clainy 6, wherein the trans-
dermal preparation is a transdermal paich.

22. The formulation of claim 10, wherein \he mean
flucrration index of said serum fevel of aclive moiely or
mojeties that is not higher than aboui 1.0.

23. The formulation according Lo claim 11, wherein 1he
24-hovur serum profile, expressed as the AUC of unbound
lalterodine and 5-hydroxymethyl metabelile, is from ahout
10 nM*h 10 about 120 aM*h,

24. The formulation according to claim 12, wherein the
serum level of unbound tolicrodine and 5-hydroxymelhyl
metahelite is in the range of about (L4 o about 5.0 nM,

25. The transdermal pecparation of claim 14, which is 3
iransdermal patch.

26. The method of claim 3, wherein increased efficacy of
the tolierodine compound is oblained with minimal unde-
sirable side effecls.

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