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Plaintiffs AstraZeneca Pharmaceuticals LP and AstraZeneca UK Limited
(collectively, “AstraZeneca”), for their complaint against Defendants Teva Pharmaceuticals
USA, Inc. and Teva Pharmaceutical Industries, Ltd. (collectively, “Teva™), hereby allege as

follows:

THE PARTIES

1. Plaintiff AstraZeneca Pharmaceuticals LP is a limited partnership
organized under the laws of Delaware, having its principal place of business at 1800 Concord
Pike, Wilmington, Delaware 19803.

2. Plaintiff AstraZeneca UK Limited is a company incorporated under the
Laws of England and Wales, having a registered office at 15 Stanhope Gate, W1K 1LN, London
England.

3. Defendant Teva Pharmaceuticals USA, Inc. (“Teva USA™)isa
corporation conducting business from facilities at 8-10 Gloria Lane, Fairfield, NJ 07004,
incorporated under the laws of the State of Delaware, and having its principal place of business
at 1090 Horsham Road, North Wales, Pennsylvania 19454.

4. Defendant Teva Pharmaceutical Industries, Ltd. (“Teva Industries”) is an
Israeli corporation having its prinéipal place of business at 5 Basel, P.O.B. 3190, 49131 Petach
Tikva, Israel.

5. Teva USA is a wholly-owned subsidiary of Teva Industries, and the two
have common officers and direct;)rs.

6. Upon information and belief, the acts of Teva USA complained of herein
were done at the direction of, with the authorization of, and with the cooperation, participation,

assistance of and at least in part for the benefit of, Teva Industries,
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JURISDICTION AND VENUE

7. Teva USA sells various products and does business throughout the United
States, including in this District.

8. Teva Industries manufactures bulk pharmaceuticals and pharmaceutical
products that are sold, including sold by Teva USA, in this District and throughout the United
States.

9. This action arises under the Patent Laws of the United States and the Food
and Drug laws of the United States, Titles 35 and 21, United States Code. Jurisdiction is based
on 28 U.S.C. §§ 1331 and 1338(a). Venue is proper in this Court under 28 U.S.C. §§ 1391(c),
1391(d), and 1400(b).

CLAIM FOR RELIEF: THE 288 PATENT

10.  AstraZeneca realleges paragraphs 1-9 above, as if set forth specifically
here.

11.  Plaintiff AstraZeneca UK Limited is the holder of New Drug Application
(*NDA”) No. 20-639 by which the United States Food and Drug Administration (“FDA”) first
granted approval for 25 mg, 50 mg, 100 mg, 150 mg, 200 mg, 300 mg and 400 mg tablets
containing the active ingredient quetiapine (11-[4-[2-(2-hydroxyethoxy)ethyl]-1-
piperazinyl|dibenzo[b,f][1,4]thiazepine) fumarate, These tablets, described in NDA 20-639, are
prescribed and sold in the United States under the trademark SEROQUEL®.

12.  Plaintiff AstraZeneca Pharmaceuticals LP is the owner of United States
Patent No. 4,879,288 (“the *288 patent,” copy attached as Exhibit A), entitled “Novel
Dibenzothiazepine Antipsychotic”, which was duly and legally issued by the United States

Patent and Trademark Office on November 7, 1989, upon assignment from the inventors Edward
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J. Warawa and Bernard M. Migler. The *288 patent claims, inter alia, quetiapine fumarate, the
active ingredient of SEROQUEL®, and methods of using that compound.

13. The *288 patent received a Patent Term Extension under 35 U.S.C. § 156
extending its term for a period of 1,651 days from March 20, 2007. At present, unless an
additional extension is granted, the 288 patent will expire on September 26, 2011.

14, By a letter dated June 12, 2007, purporting to be a Notice pursuant to 21
U.S.C. § 355 (5)(2)(B)(ii) (the “June 12, 2007 Notice Letter”™), Teva notified AstraZeneca that it
had submitted to the FDA an amendment to its Abbreviated New Drug Application (“ANDA”)
No. 77-745 under 21 U.S.C. § 355(j), seeking the FDA’s approval to commercially manufacture,
usc and sell Quetiapine Fumarate Tablets in 50, 150, and 400 mg strengths as generic versions of
the SEROQUEL® 50, 150, and 400 mg products, prior to the expiration of the ’288 patent.

is. In its June 12, 2007 Notice Letter, Teva notified AstraZeneca that, as part
of its ANDA No. 77-745, and the amendments thereto, it had filed a certification of the type
described in 21 U.8.C. § 355G} 2)(A)(vii)(IV) (“Paragraph IV”) with respect to the 288 patent.
This statutory section requires, inter alia, certification by the ANDA applicant that the subject
patent, here the *288 patent, “is invalid or will not be infringed by the manufacture, use of sale of
* the new drug for which thé application is submitted. . .” The statute (21 U.S.C. § 355
(3)(2)(B)(ii)) also requires a Paragraph I'V notice to “include a detailed factual statement of the
factual and legal basis of the applicant’s opinion that the patent is not valid or will not be
infringed.” The FDA Rules and Regulations (21 C.F.R § 314.95(c)(6)) further specify that a
Paragraph 1V notification must include “[a] detailed statement of the factual and legal basis of
applicant’s opinion that the patent is not valid, unenforceable_, or will not be infringed.” The

detailed statement is to include “(i} [f]or each claim of a patent alleged not to be infringed, a full
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and detailed explanation of why the claim is not infringed” and “(ii) [f]or each claim of a patent
alleged to be invalid or unenforceable, a full and detailed explanation of the grounds supporting
the allegation.”

16. Teva alleged in its June 12, 2007 Notice Letter that claims 4, 5 and 7 of
the "288 patent will not be infringed by the Quetiapine Fumarate Tablets that are the subject of
its ANDA No, 77-745, and the amendments thereto. Teva did not allege in its June 12, 2007
Notice Letter that claims 1-3, 6 or 8 of the *288 patent are not infringed by its proposed
quetiapine fumarate products.

17.  Tevaalleged in the June 12, 2007 Notice Letter that the *288 patent is not
valid.

18. Upon information and belief, at the time the June 12, 2007 Notice Letter
was mailed, Teva was aware of the statutory provisiens and regulations referred to in paragraph
15 above.

19. In its June 12, 2007 Notice Letter, Teva did not provide the detailed
statement required by, and therefore failed to comply with, the statutory provisions set forth in
paragraph 15 above, as to the *288 patent.

20.  Teva has infringed the *288 patent under 35 U.S.C. § 271(c)(2)(A) by
filing its ANDA No. 77-745, and the amendments thereto, seeking approval from the FDA to
engage in the commercial manufacture, use or sale of a drug claimed in the *288 patent (or the
use of which is claimed in the 288 patent) prior to the expiration of the patent.

21.  The quetiapine fumarate products for which Teva seeks approval in its
ANDA No. 77-7435, and the amendments thereto, will infringe the 288 patent under 35 U.S.C. §

271.
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22. The commercial manufacture, use, sale, offer for sale, or importation into
the United States of the Quetiapine Fumarate Tablets for which Teva seeks approval in its
ANDA No. 77-745, and the amendments thereto, will infringe the *288 patent under 35 U.S.C. §
271.

23.  AstraZeneca is entitled to full relief provided by 35 U.S.C. § 271(e)(4),
including an order of this Court that the effective date of the approval of Teva’s ANDA No. 77-
745, and any amendments thereto, be a date that is not earlier than September 26, 2011, the
current expiration date of the 288 patent, or any other expiration of exclusivity to which
AstraZeneca is or becomes entitled,

24.  Teva was aware of the existence of the *288 patent and, upon information
and belief, was aware that the filing of its ANDA and certification with respect to the *288 patent
constituted an act of infringement of that patent.

25.  Teva’s statement in its June 12, 2007 Notice Letter of the factual and legal
bases for its opinion regarding the validity of the *288 patent is devoid of an objective good faith
basis in either the facts or the law.

26.  This case is an exceptional one, and AstraZeneca is entitled to an award of
its reasonable attorney fees under 35 U.S.C. § 285.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs respectfully request the following relief;

(a) A judgment declaring that the effective date of any approval of Teva’s
ANDA No. 77-745, and any amendments thereto, under Section 505(j) of the Federal Food,

Drug, and Cosmetic Act (21 U.S.C. § 355(j)) be a date which is not earlier than the expiration of
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the period of exclusivity provided by the *288 patent, and no earlier than September 26, 2011,
the current expiration date of the *288 patent;

(b) A judgment declaring that the 288 patent remains valid, enforceable, and
has been infringed by Defendants Teva Pharmaceuticals USA, Inc. and Teva Pharmaceuticals
Industries, Ltd.;

(¢) = A permanent injunction against any infringement of the *288 patent by
Defendants Teva Pharmaceuticals USA, Inc. and Teva Pharmaceuticals Industries, Ltd., their
officers, agents, attorneys, and employees, and those acting in privity or concert with them;

(d) A judgment that this is an exceptional case, and that Plaintiffs are entitled
to an award of reasonable attorney fees pursuant to 35 U.S.C. § 285;

(e) To the extent that Teva has committed any acts with respect to the subject
matter claimed in the 288 patent, other than those acts expressly exempted by 35 U.S.C. §
271(e)(1), an award of damages for such acts, which this Court should treble pursuant to 35
U.S.C. § 284;

() Costs and expenses in this action; and

(g) Such other relief as this Court may deem proper.
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4,379,288

1
NOVEL DIBENZOTHIAZEPINE
. ANTIPSYCHOTIC

- SUMMARY AND BACKGROUND OF THE 5
INVENTION

This {nventicn concerns a novel dibenzothiazepine
compoand useful for is antidopaminergic activity, for
example, 25 an antipsychotic-or neuroleptic. 0

" Previous-attempts at finding compounds meefulin a
variety of spplicetions heve inciuded U.S, Pat, Now
1,539,573 to Schmuiz ¢t al. which discloses selected
dibenzothlazepines and dibenzodinzepines as being use-
ful for a vasiety of medicel conditions including as 5
seuroleptic-antidepressaats, or geuroleptics. U.S. Pat.
No. 3,389,139 to Schmutz et al. tesches compounds
based o 6-besic substituted morphanthridines as nearc-
plegics, nenroleptics and analgesics, with selected com-

© pounds being useful for treating psychotic conditions. 20
- U.S. Pat. No. 4,097,597 to Horrom et al, discloses diben-
zodiazepine derivatives useful as antischizophrenics.

A compound of the following formula

- ¥
OO
L,

ip which X may be &s shown in formula Ia

1%

VAR

HN N=—R

p—

and R mey be (CH2CH20 Y8, hes been Anonymously
disclosed in Res. Discl. {1980), 192 1589,

Compounds used as antipsychotics and nearpleptics
have, however, been plagued by the problems of unde-
sired side effects. Such stds effects include acute dys-
kinesias, acute dystonias, motor restlessness, pseudo-
Parkinsonism and tardive dyskinesias (TD). Acute syn-
dromes uswally have an early onset, for example, 1 to 5
days for acute-dystonias and dyskinesias, and may in-
clude torsion spasms, musele spasms and dystonia of the
face, neck or back with protrusion of the tongue and
tonic spasms of the limbs {dyskinesia), Tardive dyskine-
sia has a time of meximal risk after months or years of
treatment. TD's comprise oral-facia) dyskinest, lingual-
facial-buc-cal-cervical dystonias sometimes with in-
volvement of the trunk and extremities, TD's also in-
clude repetitive stereotypical movements of the face,
topgue and limb such as sucking end smackivg of the
Jips, latera! jaw- movements and profrusions of the
tongee. When the antipsychotic drug treatment is
stopped the symptoms continue, oftes for months or gp
years. These involuntary movements constimte the
most undesirable side effect of antipsychotic drug treat-
ment; for exsmple, the percentage of patients that de-
velop TD has beea variously reporied to be as high as
20 peresnt. Thus, there &fill remains a need for com-
poends which exhibit aniidopaminergic sctivity with-
out the side effects heretofore experienced with previ-
ous compounds,

3

40

0

55

2
DESCRIPTION OF THE INVENTION
" This fnvention is 8 compound of formula I

CHCHOCH CHOH

and salts thereof, for exemple and especially pharma-.
centically acceptable salts. Such 2 compound is useful
vecause of its antidopaminergic activity, for example, as
an autipsychotic agent or a9 a treatment for hyperactiv-
ity. Such a compound is of even greater interest in that
it may be used as an antipsychotic agent with a substan-
tial reduction in the potential to cause side effects such
s agule dystonia, acate dyskinesia, psendo-Parkinso-
nism as well as tardive dyskinesla which may result
{from the wse of other antipsychotics or neuroleptics.

The compeund of formula IT may be made by a vari-
ety of methods inclading taking the lactam of formula
m-

u m
j :H—'C‘-: z
s
which may be prepared by methods well kn’own in the
literature, for example, as deseribed by J. Schmutz et el.
Hely, Chim. Acta, 48:336 {1965), and treating the lactam.

of formuia I with phosphorous oxyehloride (POCI)
1o generate the iming chloride of formula TV: ’

? .
S B

The imino chioride of formula v may also be genef-

ated with other agents such as thiony] chloride or phos-

phorons pentechloride, The imire chloride is then re-

acted with l-hydroxyethoxyethyipiperazine of formula
V: .

v

H—NR N CHCH,0CH CH0H

e/

to give the compound of formule 1Y
Alternatively, one may convert the lactam of lormula
TH into a thiolactam of formuls VI ) .

v
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4,879,288

'3

IS Vi

~C
O f
E
by, for example, reacting the lactam of formula HI with
a polysulfur compound sugh as phosphorous pentasnl- 19
fide or 2,4-bis(4-methoxyphenyl)-1,3-dithis-2,4-diphos-
phetane-2,4-disulfide {Lawesson's Reagent, . obtained ...
from Aldrich).

The lactam of formala V1 may then be converted inio
a thicether of formule VII; 15

Z—x

wri Vi

Ve
? .
5
where R!is chosen such that SR} {5 2 leaving group, for 25
example, R1 may be {1-3C)alkyl, for example, methyl,
by atkylation with an alky] iodids, for example, methiyl
fodide, The piperazine of formule V is then reacted with
the thicether of formula VII to give the compound of
formula I 0

A preferred way of meking the compound of formula
11 is s follows. A componnd of formuls XII:

H xn ¥
b
N
| 40
s
45
is reacied with a compound of formula XTI
ZCHCHL0CH,;CH0H X

(in which Z is an atom or group removeble 2s an anion) 0
and, whereafter, when the compound of formmula I is
obtained as & base and a salt is required, veacting said
compound of formula I obtained in the form of 2 base
with an acid to afford a salt and when the compound of
formula 1 is obtained as & salt and a base is required, 55
neutvslizing said compound of formula IT obtained in

the form of a salt to afford the said base.

A compownd of formula X1 is advantageously used
in which Z represents a mesyloxy or tosyloxy group,
but Z is preferably halogen. Z most preferably repre- 60
geats & chiorine atom.

‘The reaction is convericntly carried out In the pres-
ence of a solvent, preferably a polar organic solvent,
more preferably an sleohol, especially a (1-6C)alkanol,
for example, methanol, ethanol, propancl, butanol, pen- 65
tanol, hexanol and isomers thereof especielly oo
propanol. Other convenient sclvents inclode eprotic
solvents such as for example dimethylforamide or N-

methyl pyrrolidone, If desired, an appropriate mixture
of polar organic and aprotic solvents may be used.

Yf desired the compound of formula XII may be em-
ployed in the form of a salt, but where such a salt is used
# is nentralized to afford the corresponding free base

rior to reaction with the compound of formula XIII,
or exsmple, by in situ sentralization. Such neutraliza-
tion is advamtageously coaducted in the presence of 2
basie substance, prefevably an alkali meta) cerbonate or
an alkaline earth metal carbonate, more preferably so-
dium or potassium carbonate,

- - Addcaally s atkall B BRI dR T T

a catalytic amount, may opfionally be added to the
reaction mixture. Sodium iodide is e preferred alkali
metal balide, The effect of this addition is to convert &
in formule XTI to a halogen, preferably lodine,
whereby the reaction of the compoznnd of formula XII
with the compound of formule XTI may be promoted.

The reaction s conveniently performed at ambient
temperature or at an elevated temperature, preferably at
8 temperature between ambient and the reflux tempeva-
ture of the reaction mixture, more proferably at the
reflux temperatore, and advantageously the reaction is
catried out for an exteaded peried of time, prefersbly 15
to 30 hours, more preferably about 24 houss,

The salts of the compoand of formwla II prepared
according to the process of the present invention are
preferably the pharmaceotivally acceptable salts, but
ather salis may also be prepared. Such ofher salts may,
for example, find use in the preparation of the com-
pound of formula II and the phermacautically acecept-
able salts thereol, Convenient salts may be selected
{rom those pharmaceutically acceptable salis knowu in
the art. These may be obteined, for example, by reacting
the compound of {ormula I with a convenient acid,
such as for example, hydrochloric acid, maleic acid,
fumaric eeid, citric acid, phosphoric acid, methane sul-
fonic acid, and sulfuric acid. A preferced salt is the
heoi-fumarate selt.

‘The compound of formula XIT is preferably prepared
by the reaction of an 1l-substituted-dibenzo{b,f][1,4)-
thiazepine of the formula XIV:

CL
in which the sobstituent Y vepresents an atom {or 2
group) removable as an anion, with piperazine. A com-
pound of formula XIV may, for example, be used in
which Y represeats an alkoxy, alkylthio or sulfonate
group, Thus, Y may, for example, represent (1-6C)-
elkoxy, preferably methoxy or ethoxy, or {1-6C)
stkylthio, prefembly methylthio or ethylthio, or Y may
represent a tosyloxy group, Preferably Y represents a
halogen atam, Tor example, bromine but especially chle-
rine, The reaction is convendently performed at ambient
temperature or at an elevated temperature, preferably at
a termperature between ambient and the reflux tempera-
ture of the reaction mixtore, more prefersbly at the
reflux temperature, and advantageously the reaction is
carried out in the presence of en inert organic solvent,
preferably an aromatic hydrocarbon solvent, such as,
for example, xylene or toleene, The reaction is conve-

v

1
—rd

9

5

v
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P : 6§
’  niently performed for 2 to 15 hours, prefembly 3 1 10 from 95 * 105°C., advantegeously for about 4-8 honrs,
hours, more preferably sbout 5 hours. preferably about 6 hours. -

_The compaunds of formula XIV may, for example, be

_prepared by methods analogous to those known in the

art or, whers Y represents halogen, preferably by react-

" ing dibenzofb,f][1,4]-thiazepinel 1{10-Fone of formyula
XV . . .

“with a halﬁgénaﬁng agent, prefersbly a phosphorous

. pentahalide or cxyhalide (POHal;). The sbove halide is

selected, for example, from chlorine or bromine, espe-

cially chlorine, Where it is desired to prepare a com-
pound of formula XIV in which Y represents a chlorine
atom, 2 preferred halogenating ageat is phosphorouns
exychloride (POC13) Where it is desired to prepare 2
compound of formule XIV in which Y represents a
bromine atom, & preferred halogenating agent is phos-
‘phorous pentabromide. The reaction may advanta-
geously be carried out in the presence of an N,N-disub-
stituted aniline, preferably N,N-ti{1-6Clalkyl) substi-
futed aniline, more preferably an N, N-dimethylaniline.
The reaction is edvantageonsly effected at en elevated
temperature, preferably at the reflux temperature of the
reaction mixture, conveniently for between 3 to 13
hours,. preferably 4 to 10 hours, more preferably 6
hours,
Tha compound of forrule XV may, for example, be
- prepared according to methods known in the art, for
example, by the method diselosed by J, Schmutz et al,
- Helv, Chim Agta, 48: 336 (1965). Preferably the com-
pound of formula XV is prepared by cyclizing & com-

25

30

385

pound selected from compounds of the formulae XV, 40

XVIIL XVIT
NCO ¥vi
_ ¥R
] Ny Xt
Nese
S COORI?
' xvm

NHCOOR!!

: SFh
" . and whereip Ph is phenyl and OR!Pand OR} represent
an atom or group removable a3 an amion whereby to
- form a compound of formula XV, The cyclization s
advantageously effected under acidic conditions, prefs
erably in the presence of an acid of sulfur or phospho-
-vous, for example, concentrated sulfuric acid or more
preferably polyphosphoric ecid. The reaction is adven-
tageously carried out at an elevated temperature, pref-
erably at & temperature of from 60 ° 120°C., espenially

L

45

53

60

65

In the compounds of formulae XVII and XVIIL R10
apd RY may, for example, represent hydtogen, (1-6-
Clalkyl or optionaily substituted phenyl, Preferably
RI9¢epresents methyl or ethyl and R1! preferably repre-
sents methyl, ethyl or phenyl; but most preferebly
phenyl.

The componnd of formula XV mey, for example,

‘be obteined by the rezction of 2-amino diphenysulfide

diig phenyt ehloroformae.

The new compound of this invention is a central . .
pervous system depressant and may be used as a tran--
quilizer for the relief of hyperactivity states, for exam-
ple, in mice, cats, rats, dogs and other mammelian spe-
cies, and additionally for the management of psychotic
states in man, in the same manner es ohlorpromazine. .
For this purpose a compound of formuls I, or non-
toxic physiologically accepiable ecid addition salts
thereof, may be administered orally or parenterally in a
couventional dosage form such as lsblet, pill, capuele,
injectable or the fike, The dosage in mgskg of body
weight of a compound of the pressut invention in mam-
mals will vary according to the size of the animal and
parficularly with respect to the brain/body weight ra-
tio. Tn general, & higher mg/kp dosage for a small ani-
mal such a3 & dog will have the same effect as a lower
mg/kg dosage in an adolt human, A minimum effective
dosage for & compound of formula TI will be at least
sbout 1.0 mg/kg of body weight per day for mammals
with & maximom dosage for a small mammal such as &
dog; of ebont 200 mg/%g per day, For hiumans, 2 dosage
of about 1.0 * 40 mg/kg per day will be effective, for
example, about 50 to 2000 mg/dzy for an average per-
son weighing 50 kg. The dosage can be glven once daily
or in divided doses, for example, 2 to 4 doses daily, and
such will depend on the duretion and maximuam level of
activity of a particular compound. The dose may be
conventionally formunlated in an oral or parenterel dos-
age form by compounding about 25 to 500 mg per unit
of dosage of conventional vehicle, excipient, binder,
preservative, stabilizer, flavor or the like as called for
by accepted pharmaceutical practics, for example, as
deseribed in U.S, Pat, No, 3,755,340, The compound of
this invention may contained in or co-administered with |
one of more known drugs.

No overt toxicity has been observed for this com-
pound st therapeutic doses,

BXAMPLE |
114{4-{2-(2-Hydroxyethoxy)ethyl]-1-piperaziny]diben-
zofb, {][1.4]thiezepine (Formula II)

A 2 liter round-bottomn flask equipped with 2 mag-
netic stirring bar and reflux condenser with 2 nitrogen
inlet was charged with 1150 grews (g) (0.506 mole} of
dibenzo[b,f][1,4]thirzepine-11(10-F}-one (made by the
method disclosed by J. Schmutz et al. Helv. Chim. Acta.,
48: 336 (1965)), phosphorous oxychloride 700 mi (7.5
moles) and N,N-dimethylaniting 36.0 g (0313 mole).
The grey suspension was heated to gentle refluxing
using a heating mantle, After 6 hours of heating, the
resulting amber solution was allowed to £ool to room
temperatura (from sbout 18°-25°C.) and was analyzed
by thin-layer chromatography (T1C) vsing silica gel
pPlates, developed with ethar-hexane (1:1) and detected
with ultraviclet light. Analysls revealed the desired
imine chloride, Ry=0.70, and a0 absence of starting
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Excess phosphorous oxychloride, was removed in
vacuo using a rotary eveporator, The brown syrupy
residue was dissolved in 1500 milfliters (ml) of toloene,
treated with 500 ml of an jee~water mixture and stirred
for 30 minvtes. The toluene layer was separated,
washed twice with 200 m] of water and dried with
anhydrous magoesiom selfate. After removel of the
drying agent by filiration, the filtrate was concentrated

-in vecuo using a rotary evaporator io give the crde
imino chloride as 8 light yellaw solid: 115.15 g (92.6%
yieki): melting point {mp) 106°-108°,

The-ebove iming-chloride; 11405 (0,464 mole)y-and
1000 tat of xylene were placed in & 3 Hter 3-necked
round bottom flask equipped with a mechanical stircer,
reflux. condenser with a nitrogen inlet and a heating
mantle. The resolting yellow solution was treated with
1617 g (0.928 mole) of 1.(2-hydroxyethoxy)ethylpiper-
pzine, rinsing with 200 ml of xylene, "This reaction mix-
ture wes heated at gentle reflux for 30 hoors duving

3

- 8
in vacuo in a drying pistol over refinzing ethanol to give
the title compound, 10.7 g, m.p. 218°-215°,
Analysis calcnlated for: CaiHusN;O-8.2HCE G
5§5.26; H, 5.96; N, 9.20. Found:'C, 55.17; H, 6.00; N, 9.07.

EXAMPLE 3
- 11-{4-[2-(2-Bydroxyethoxy)ethyl}-1-piperaziny]dibenzo
b.f[14lthinzepine, maleate
A portion of a product made by the methed of Exam-

10 ple 1, 3.6 g (5,38 mmol), was dissolved in 25 wml of

ethanol and treated with 1,08 g (9.38 mmol) of maleic

-« - wgpid; This mixtura was heated with-sticring "ot solu-

tion was complete and left to cool to room temperature.
Addition of disthy] ether resulted in a precipitate which

15 weg collected by filtration, washed with dicthyl ether

and dried in vacuo in 2 drying pistol over refluxing
ethanol to give the title compownd, 42 g mp.
120°.130°

Analysis calculated for: CaHpsNi0:8.0H04 G

which time a brown ol bagan to separate. The reaction 20 60,10; H, 5,85; N, 8.41. Found: C, 60.08; H, 5.85; N, 8.36,

mixtore was cooled to room temperature, Thin layer
chromatography (TLC) apelysis (silica gel, methanoh
methylene chloride (1:9), wiraviolet light and iodine
detection) indicated complete consumplion of the imino

chloride and the presence of the desired product with 23

R;=0.5 (approximately), The mixture was treated with
700 m] of 1 Norma! (1N} sadium hydroside and 700 m!
of diethyl ether, The layers were separnied end the
pqueous phase was extracted ance with 500 ml of di-

EXAMPLE 4
11-{4-[2-C2-FHiydroxyethoxy)ethyl]- 1-piperuziny)diben-
zo{b,f][1,4]thiazepine, hemifumeprate

A portion of e product made by the method of Exem-
ple 1, 2.1 g (5.47 mmal) was dissolved in 20 ml of etha-
1ol aud treated with 0.67 g (5.7 mmol) of fumaric acid.
Upon heating, complete solution was effected for a few
orinutes after which the salt begen to crystallize. After

ethyl ether. The combined ether extract was treated 30 ope hour at room temperature, the vesulting solid was

with 400 ml of 1N hydrochloric acid. The acidic extract
waes treated with solid sodium carbonate portionwise to
give a brown ofl which was exiracted four times with
400 ml of methylene chlotide, These methylene chio-

ride extracts were combined and dried with anhydrous 35

magnesium sulfate. The drying agent was removed by
filiration and the fltrate was concentrated In vacuo
using & rotary evaporator to yield the orude product as
a viscous amber oil, 194.5 g, which was purified by flash
chromatography as follows

The crude product in a minimum of methylene chlo-
ride was applied to e 3.5 inch X 20 inch colomn of silica
gel packed in methylene chloride, The column was
eluted under nitrogen pressure with 4 liter portions each

of methylens chloride, apd 2%, 4% and 6% methanol:- 45

methylene chloride (2:98: 4:96, 6:94 respectively) while
250 ml fractions were collected, These fractions were
momnitored by TLC (conditions cited below). The title
product began 1o elute with 4% methanol:methylene

gollected by fltration and dried in vacuo in a drying
pistol over refluxing ethzacl to give the title componnd,
24 g my. 172%173°%,

Analysis caleulated for; CpElzsN3028.0.5CaHA04:
C, 62.57; H, 6.16; N, 9.51, Found: C, 62.15, H, 6.1% N,
9.25. '

EXAMPLES 5-8
A pumber of tests are recognized as showing an-

# {idopaminergic activity of a compound and/or as being

predictive of antipsychotic activity in mammels, For
these tests a compound of formula IT in the form of a salt
{foc example, as described in Example 2) was used, Al
dosages in the tables are expressed as {ree base.

EXAMPLE 5
ApomoyphineInduced Climbing s Mice
This test has been deseribed by Ther and Schramm

ehloride (4:95). Combination of the pure fractions and 50 [Areh int. Pharmacodyn., 138: 502 (1962% Peuch, Stmon

removal of the solvent in vacuo gave the fitle product
138.7 g (77.7% yield). TL.C using silica gel, methanol:
methylene chloride (1:9) with nltraviolet (u.v,) and
jodine detection showed a single compound; By=0.3.
Analysis caloulated for: CoHasN3(:8: C, 63.77; T
6.57; N, 10,75, Found: C, 65.25; H, 6.52; N, 10.62,

’ EXAMPLE 2
13-[42-(2-Hydrosyethosy)ethyl}-1-piperaziny]dibenzo
[b.f]{1,4]thiazepine, hydrochioride salt

A portion of a product mede by the methed of Bxam-
ple 1, 10.0 g (26 millimoles (mmol)), was dlssolved in 40
mi of ethangl, treated with 30 ml of a saturated etha-
nolic hydrogen chloride solution and stirred oniil &
urbidity ensued (about 20 minutes). The heterogenequs
solation was then added to 500 ml of diethyl ether with
stirring. The resulting white crystalline selt was col-
lected by filtration, washed with diethyl ether and dried

]

und Boissier, Eur, J. Pharm., 50: 251 (1978)). Mice that
are administered an appropriate dose of apomorphine {2
dopamine agonist) will climb the walls of a cage or
other suitable stracture and remain at or near the top for

55 20-30 minutes, Unireated mice on the other hand witl

cccastonally climb vp and then efimb down. The exag-
gerated climbing of apomorphine-treated mice can be
anfegonized by pretreatment with dopamine blocking
agents. The antagonism of apomorphine-induced climb-

60 ing in mice is therefore an indication of the potential

dopamine blocking activity of the agent. Since dopa-
mine blocking agents are typicelly antipsychotic agents,
the test is considered to bt evidence for potential anti-
psychotic activity of the agent, The vehicle itself {hy-

65 droxypropylmethyleellutose FIPMC) 0.5% w/v, poly-

oxyethylene (20) sorbitan monooleate (Twezn B0} 1%
w/v, and distiffed water] o the vehicle with the test
compound of the pressnt nvention was administered




prafly to twenty mice in graded doses, After 30 minutes,
- apomorphine HCl was sdministered subentaneously at

;. 1.25 mg/kg and the mice were placed in cages contain-
. ing 28 horizontal rungs, upon which the mice could

4,879,288

", ¢hmb. Thirteen minutes later they were scored for 3

climbing. The climbing score was the mean of the high-

" est and:Jowest rungs on which the monse climbed Jur-

* ing a one-minute thme pexiod from 12 * 14 mintes after
" gpomorphine, The results i 24-hour fasted mics are

" presented i Table 1. The" comipound of the Present”

o invention, artagonized the climbing, a result predictive
of antipsychotic sctivity, o )

TABLE 1

Compound Dosages Mcsa Clime
Tesied (g/kg bp} Score
Vehiok - %
Formulas 71 (HC sult} 0 %

Forula Ik (HCI saly) 20 13

Fornvals 11 (HC sait) 40 2
Formmla 11 (HCI salf) 0 o

. EXAMPLE 6
- Antagonism of Apomorphine-Induced Hyperactive in

‘This test has been described by Swerdlow and Koob

10
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BEXAMPLE7

Effect of Test Compouxd on Rt Striatal Levels of
Dihydroxyphenylacetic Acld (DOPAC) and
- Homovanillic Acid (HVA)

_Among the various pharmacological effects of znti-
psychotics, their action as doperine entagonists in the -
brain has been extensively investigated, Enhancement
of dopamine metsbolism (dihydroxyphenylzeetic acid

" aiid HomoVaRilic #id (DOPAC &ad HVA) By antipsy-

15

[Phermacol, Bivchem. and Behav., 23: 303 (1985)], Rats 30

that are administered amphelamine at 3 mpdevate dose
becoms hyperactivity. The hypersctivity cem last for
several hours, and can be measured in varions ways, for
example, by counting the number of times the rat walks
from one end of & long alley to the other end. The
physiological besis for amphetamine-induced hyperac-
tivity is thought to be the releass of excessive amounts
of dopamine in the brain. The hypersctivity of anpheta.

chetic agents kag been ativibuted to @ blockade.of dopa-
mine receptors {A. Carlson end M. Lindquist, dera.
Pharmac, Tox., (1963) 20: 140L The effects of & com-
pound of the invention on DOPAC and HVA levels in
the rat striatum were measured by HPL.C using electro-
chemoial detection according to the method of Seller
end Salams [/, Chromatography. (1984) 309: 287). A
compound of Formula IT (HCI seli) was suspeaded in
the vehicle {as defined in Example 5) and administered
intraperitoneally G.p.) to eight Sprague Dawley rels
with the following results,

Compound Bosagss % Controf

Tegtod (mg/kgle)  DOFAC  HVA

Formula IT (HCl salt) 1 145 140

Forowla 11 (CL st} 2 0 200

Formula TE {HO salt) 40 60 260
BXAMPLE &

E

mine-treated rats can be antagonized (prevented) by 40

© pretreatment with dopamine-blocking egents. The an-

tagonism of amphetamine-fnduced hyperactivity In rats
is, therefore, an dication of the potential dopamine-

blocking and potential antipsychotic activity of the "

* agent. The eompound of the present {avention as-the
YIC} salt or the vehicle (vehicle is defined in Example 5)
‘were administered orelly ¥ 20 rats snd asphetaming
was then injected intreperitoneally. Activity (walking

back and forth in a long alley) was recorded for two 30

hours, The activity scores are presented in Table 2, The
compound of the present fnvention antagonized the
hyperactivity, & resnit prodictive of antipsychotic sotiv-
ity. :

Conditioned Avoidance in Squirrel Monkeys

The conditioned avoidance test has been described by
Herz, A., Int. Rev. Neurobiol, (1960} 2: 220-277. In this
test, a wamning stimulns Is presented for five seconds,
The monkeys are trained to press a lever to tum off the
warning stimulus thereby avoiding the delivery of eleo-
tric shoeks at 1/see for 10 seconds that would begin at
the end of the warning stimulus, If there is.no response

. during 'the waming stimnles (so avoidance respanse)

and the shocks begin, a response during the shocks stops
the shocks. Trisls of this type are repeated every minute
for six hours. Antipsychotic drugs produce a marked
reduction in responding to the warning stivlvs, A com-
pomnd of the present inventich Formula I (HCl salt)
was edministered orally and the conditioned avoldance
test was administered, The vehicle used wes thet de-
fined in Example 5. The results are presented in Table 3,
The compouad of the present invention produced a
marked reduction of avoidance responses, a result pre-

TABLE 2 3 gictive of antipsychotic activity.
A B ¥ °€ A 'I Induced Hypmdviw TABLE 3
in Rats Corditioned Avoidence in Squirre] Monkeys
Activity Score -2 Wumber of Moakeys
. Hr} (Moo Mumbes of 60 Storing 15% (Or
. Compovad " Dossges Crossings of Center . . Less) Avoldance
Testesd {mE/ks po.} Line of Alley) Compound Dosages Responses/Number
. Vehicle 148 Teilod {mE/XE p.o) Teated
. Foommla 1 (HCI salt) 1o 1183 p< .08 Vehisle — o
Formula T (HCL =ity 20 924 p<005 65 Formule TE(EHC sl 5 4 ,
Formula IF (HC) salt) 4@ M3 p<OXS Formula 1 (FCT st} 10 15720
Formule U (EHC1 sal} 30 /B p g 0005 Formuls 1 (HCH st} 20 19/20
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EXAMPLE #

Test for Froduction of Acnte Dystonia, Acute
Dyskinesia, and Tardive Dyskinesia

One test for predicting whether or ot a potential °
antipsyohotic drug will produce involuntery move-
ments of the type described in $ids application, such as
acute dystonia and actrte dyskinesia, is in the haloperi-
dol-sensitized and drug-peive cebas monkey. Such tests
are described by Barany, Haggstrom and Guone, Acia
Pharmaecol ef Toxicol, (1983) 52:36; J. Liebman and R,

—

0

“Nealt, Prjchophisrmacology, (1980), 68:25-29; and B,

Weiss end S. Seutelli, Sclence, (1978), 200:759-30L
- {Also ses & discussion of test results in A. Gunne and 3.
Barany Pyychopharmacology, (1979), 63:195-198). Ako,
etipsychotic drugs that are known to produce tardive
dyskinesfe In schizophrendc petients produce acwte dys-
kinetie and dystonic reactions i the haloperidoksengit-
jzed cebus monkey. Clozapine, the only antipsychotic
drug for which there has been no tardive dyskinesia 20
reported, doss mot produce a dyskinetic reaction in
gensitized cebos monkeys. The componnd of Formula
1], clozapine, thioridazice or haloperidol were each
orally administered to sensitized cebus monkeys, They
were then observed in their home cages continuously
for eight hours and occtrrences of dyskingtic reactions
noted. The results are presented in Table 4, The com-
pound of the present invention exhibited markedly
fewer dyskinetic and dystonic reactions as compared to
the known dyskinetic drogs haloperidol or thioridazine.
In addition to producing fewer reactions, the intensity
of the reactions produced by the compound of the pres-
ent invention was less than that of thicridezine or halo-
peridol. For example, at 20 mg/kg p.o. the compound
of the present invenfion produced reactions in two of 35
thirteen monkeys; however, one of thess reactions was
extremely weak, lasting only about five mimes, The
reaction at 10 mg/kg was also weak, lasting only about
twenty seconds. By contrast, the reactions produced by

—
i

thioridazine or haloperidol fypically lasted several 40

hours and were of moderate or high intensity.
TABLE 4

Dyskinetlc Reactions in Sepsitized Cebus Monkeys
Number of Monkeys 4

with Dryskinztic

Compousd Dosages Resctioos/Number
Tested (g kg po) Tested
Haloperidol Lo 1313
Thierddazine n 1713
Chozaping 10 ol 50
Clozapine o 0/13
Clozaplo: 40 o711
Clozaping &0 o/s

. Formuln 11 (HCI sl 25 ol
Formwla I (HCI salt) 5 1713
Foule 11 (HCI sale) 10 /13 5
Forcouls B (HC 1) 20 2713
Formutle 1 (HCL slt) & 04

EXAMPLE 10

. (®
11-[4[2-{2-Hydroxyethoxy)ethyl}-I-piperazinyl}-diben-
zof, {}[1 Ajthiazepine, (Forntula IT)
11-Piperazinyldibenzofb, fj[1,4]thiazepine  dihydro-
. chloride (25 mmole), sodmm carbonate (150 mmole), 63
sodiem jodide (1 mmole) and 2-chloroethoxyethanol
{27 mmoles) were combined together in a-propancl (60
mi} and N-methy! pyrrolidone (15 mi). The reaction

s

L4
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was heated at yeflux for 24 hours, Efhyl acetate (75 ml)
was added and the resction washed with water (2250
mi), The orgenic phase was dried over magnesium sul-
fate and the solvent removed in vacuo to give an ik
The ofl was dissolved in ethanol and treated with fu-
maric acid (¢ mmole). The product was isolated as the
hersi-femarate salt in 78%% vield, melting point {(m.p.)
172°-173°,

“I'he thiazepine derivative used as a starting material
was prepared a5 follows:

(6} 11-Piperazinyldibenzolb i #fiblazepine,

Piperazine (1.7 mole)} was dissolved in warm tolvens
(abont 50°C.) (750 m) and 11-chloro-dibenzolb.ff1.4]-
thiazepine was added, The reaction was heated to reflux
and mmaintained at this temperature for 5 hours. After
cooling to ambient tempersture the reaction was fil-
tered to remove piperazine hydrochloride, and the or-
ganic phase was washed several imes with water to
remave excess piperazine, The orgenic phase was dried
over magneslum suifate angd after flitration the solvant
was removed in vacuo to give the product asan oil. The
off was dissolved in ethanol and treated with a solution
of hydrogen chloride in ethanol.

11-Piperazinydibenzo[b,{][1,4]thinzeping was iso-
lated as the diiydrochloride salt in about 88% yield.

(<} 11-Chloro-dibenzofb, f][ 1, 4)thiszepine

A 2 Kier round-bottom Hask equipped with a mag-
nefic stirying bar and reflux condenser with a nitrogen
inlat was charged with 1150 g (0.506 mote) of diben-
zo[b.f]L1,4}thiazepine-11(10-E)one, phospharous oxy-
chloride 700 mt (7.5 moles) and N, N-dimethylaniline
38,0 g (0.313 mote), The grey suspension was heated to
gentie refluxing vsing & heating mantle. After 6 honts of
heating, the vesulting amber solution was allowed o
cool to room temperature (from sbout 18°-25°C.) and
was analyzed by thindayer chromatogrephy (ILC)
using silica gel plates, developed with ether-hexane
(1:1y gnd detected with vlivaviolet light. Analysis re-
vealed the desired imino chloride, Rp=0.70, and an
absence of sterting lactam,

Baxcess phosphorous oxychleride, was removed in
vacuo using a rotary evaporator. The brown ayrupy
residus was dissolved in 1500 milliliters (ml) of toluene,
treated with 500 il of an ice-water mixture and stirred
for 30 minutes. ‘The toluene layer was seperated,
washed twice with 200 ml of water and dried with
suhydrous magnesium sulfate. After removal of the
drying sgent by filtration, the flitrate was concentrated
in vacuo using & Totery evaporator to give the crude
imino chloride as a light yellow solid: 115.15 g (92.6%
yield): mp. 106"-108",

{d) Dibenzo[b,f1[! 4]thiszepine-11{10H)cne.

Polyphosphoric acid {1.2 mele)} was heated a4 65° C.
and pheny} 2-(phenylthin-phenylearbamate (0.16 mole)
added with stiroing. The reaction was heated to 100°
C,45° C. and meintained at this temperature for 6
hours. The resction was cooled to about 30° C. and
water (1.5 liters) was added slowly. After cooling to
ambient temperatore the product was filtered off as an
off-white solid, washed sparingly with acetone and
dried, The vield was about 87%.
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(¢) Phenyl 2-(phenylthic)phenylcarbamate,

2-Amino diphenylsolfide (0.4 mole) was dissolved in

. toluene {500 ml) and cooted to 5° C. Phenyl chlorofor-

mate (0,24 mole) in toluene (50 ml) was added slovly to

. the stirred solution over ! hour, When =ddition wes

complete 2 simultancous addition of pheny! chlorofor-

- mate (0.24 mole}-in toluene (50 ml) and 2o aquecus

solution. of sodium hydroxide (0.3 molk) and sodiom
" catbonats (0,35 #cle) (200 ml) was started,

After completing the addition, the reaction wes

- stirred for | hour, The aqueous phase wes discarded and

the organic phase was washed with dilute hydrochloric

acid: 'The orgenlc phase was dried over magnesiom

sulfate, After filtration the toluene was removed in

vecuo. Recrystallization of the residue from hexane

afforded the urethane in about 50% yield.

BXAMPLE A

Tablets .
Each tablet contains:

Compound of formule B Smg
Lactose 88 mg
Magaedum steamie Vmg
Polyvinylpyrrolidene ? mg
Sodium stasch glycolate 4mg

The compound of formula IT, Jactose, and & portion
of the sodinm starch glycolate and the polyvinylpyrroli-
done are mixed in & suitable mixer and water added until

- the desired mass jor granalation is obtained. The mass
obtained may be passed through a suitable size mesh and
dried to obtal the optimum moisture coatent. The
remaining sodivm starch glycolate and magnesium steg-
rate is then added and the dry granulate is then passed
throngh & forther screen before final blending and com-
pression to yield tablets each weighing 100 me.

EXAMPLE B
Tablets:
Bach tablet contains:
Compound of formuls I 5 myg
Lactose 12 mg
to stearele | 4mg
Pregelatinized Starch 8mg
Sodium starch glycolawe 16 Mg

The tablets are formulated es described in Example A
to yield tablets cach weighing 600 mg. The pregelati-
ized starch replaces the polyvinylpyrrolidone.

4,879,288,
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- BXAMPLEC
Tablets:
Each tablet contains:
s b A
Compound of forpula I 100 mg
Lawtosa . bBawmg
Steario Acid dmg
Pregelatinized starch 4 mg
10 Stacch (malzc) B mg

The tablets are formulated as deseribed in Bxample A
to yleld tablets each weighing 200 mg. The stearic ecid

pregefatinized starch and starch {maize) replace the .

15 mpgposium stearate, polyvinylpyrrolidone and sodium
starch glycolate. .
‘What is clalmed &s:
1: A compound of formuls II

20

CHyCHO0CHCH0H n

C ]
%5 W
o s
and acld addition salts thereof,
2. A componnd as claimed in elaim 1 wherein said

3

acid addition salts are phamacentically accaptable acid

44 addition salts,
3, A compound as claimed in cluim 2 wherein said salt
is 2 hemifumarate suft. -
3, A compound as claimed In clpim 2 wherein said salt
is & hydrochloride salt,
4 5 Apharmacentical composition comprising a com-
psychotic condition in 2 living mammal in need of sach
trestment in association with a non-toaic phermaceut-
eally acceptable diluent or carvier

6. A pharmacestical composition comprising a com-
pound of claim 2 in an amount sufficlent to reduce hy-
peraetivity In a Hving mammal in need of such ireal-
ment in association with a non-toxie pharmaceutically

table diluent or carrier.

4, A method of treating psychosis in 2 living mammal
comprising administering to the mammel a8 effective
amount of  composition of claim 2.

8. A method of treating hyperactivity in a living
moammal comprising administering to the mammal an
55 effective amount of E cgmgusifmn. of claim 2,

45

S0

63

pound of cleim 2 in an amount sufficlent to manage a,
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTND. = 4 879,288 RAGE 1 of 2
DATED NOVEMBER 7, 1989
INVENTOR(S) :

WARAWA, ET AL.
~ feiscertified that error appears in the above-identified patent and that s2id Letters Patent is hereby
‘corrected as sh'own‘.below: e

Column 1, line, 53 "facial-bucw~chlwcervical” should read
--facial-buccal-cervical-—.

¢olumn 3, line, 6B "dimethylforamide" should read
=-dimethylformamide--.

Column 6, line, 9 "formula XVII® should read --formula
AVIII-~-.

Column 6, line, 10 "diphenysulfide” should read
-=-diphenylsulfide--,

colums 6, Line, 33 "1.D ©° 40" should read —-1.0 to 40=-,

_Column 6, line, 51 "-l-piperaziny]” should read

——=1-piperazinyl)-—. :

column 7, line, 59 "=l-piperaziny)" should read
;--l-piperazinyl]--.

column 8, line, & "-l-piperaziny]" should read
~=-w=l=piperazinyl]--,
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO, 4,879,288 PAGE 2 of 2
DATED .. - NOVEMBER 7, 1989
[NVENTDR{S) : WhRAWA, ET AL.

It s certified that srcor appears in the above-identified patent and that said Lettecs Patent Is hereby
c_unectsd as shown belpw: :

Column 8, line, 22 "-l-piéeraziny]“ should read
wwwlepiperazinyl)--. ‘ )
Column 9, line, 2 713 ¢ 14" shouid read ~-13 to 1id~-,
Column 9, iine, 26 "Hyperactive® should read
-~Hyperactivity-~.
" Column 9, line, 32 “become hyperactivity.” should read
-=-become hyperactive,--. )

Column 9, line, 48 "aaphetamine™ ghould read -—amphetamine--.

Colump 10, line, 48 "etiulua" ehould read --stimulus——,

Column 12; line, & "{4 mmole}.” should read —--(l4 mmole).--.

Signed and Sealed this
Twenty-fifth Day of January, 1994
Anest @m Zexﬁm-\
) BRUCE LEHMAN .
* Attesting dﬁcer f:‘vmmmfcncrof Patents and Trademorks | .




