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UNITED STATES DISTRICT COURT
DISTRICT OF NEW JERSEY

CIVIL ACTION NO. 01-4066 (WHW)
Honorable William H. Walls, U.S.D.J.
Honorable Susan D. Wigenton, U.5.M.1.

AMENDED COMPLAINT

Plaintiffs Glaxo Groﬁp Limited and SmithKline Beecham Corporation, for their

Complaint against defendants Dr. Reddy’s Laboratones, Ltd. and Reddy-Cheminor, Inc., aver

and allege as follows:
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JURISDICTION AND PARTIES

1. This 18 a civil action for patent infringement arising under the patent laws of the
United States, 35 U.S.C. §§ 271 gt seq. and 21 U.S.C. § 355, and the Federal Declaratory
Judgment Act, 28 U.5.C. §§ 2201 and 2202.

2, Plaintiff Glaxo Group Limited is an English corporation having a registered office
at Glaxo Wellcome House, Berkeley Avenue, Greenford, Middlesex, UB6 ONN, Middlesex,
England. |

3 Plaintiff SmithKline Beecham Corporation is a Pennsylvania corporation having
a principal place of business at One Franklin Plaza, Philadelphia, Pennsylvania 19102. Plaintiffs
Glaxo Group Limited and SmithKline Beecham Corporation are collectively referred to herein as
“GlaxoSmithKline”.

4, Defendant Dr. Reddy’s Laboratories, Ltd. is a corporation organized under the
laws of India, having a principal place of business in Hyderabad, India.

5. Defendant Reddy-Cheminor, Inc. is a New J ersey corporation and is a wholly-
owned subsidiary of Dr. Reddy’s Laboratories, Ltd., with a principal place of business at 66
South Maple Avenue, Ridgewood, New Jersey 07450. Defendants Dr. Reddy’s Laboratories,
Ltd. and Reddy-Cheminor, Inc. are collectively referred {o herein as “Reddy™.

6. This Court has jurisdiction pursuant to the patent laws of the United States, Title

351U.5.C. and 2B U.5.C. §§ 1331 and 1338(a). Venue is propet in this district pursuant to 28

U.8.C. §§1391 and 1400(b).
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FIRST CAUSE OF ACTION
INFRINGEMENT OF UNITED STATES PATENT NO. 4,695,578

7. On Septernber 22, 1987 United States Letters Patent No. 4,695,578 (“the ‘578
patent”), entiiled “1,2,3,9-TETRAHYDRO-3-IMIDAZOL-1-YLMETHYL-4H-CARBAZQOL-4-
ONES, COMPOSITION CONTAINING THEM, AND METHOD OF USING THEM TO
TREAT NEURONAL 5HT FUNCTION DISTURBANCES” was duly and legally 1ssued to lan
H. Coates et al. for an invention encompassing ondansetron, pharmaceutical compositions
contaiming ondansetron, and methods of using it. Since its issuance, Glaxo Group Limited has
been the assignee and owner of the ‘378 patent. SmithKline Beecham Corporation 1s the
exclusive licensee of the 578 patent. A true and correct copy of the ‘578 patent 15 attached to
this Complaint as Exhibit A.

8. GlaxoSmithKline is the holder of approved NDAs under Section 505(z) of the
Act, 21 U.S.C. § 355(a), for ondansetron hydrochloride tablets and their use covered by the ‘578
patent.

9. On or about July 17, 2001, GlaxoSmithKhine received a written Notice of Patent
Certification from Reddy stating that Dr. Reddy has filed ANDA No. 76-183 seeking approval
from the Food and Drug Administration (“FDA™) to market ondansetron hydrochloride tablets
pursuant to Section 503(j) of the Act, 21 U.8.C. § 355()), prior to expiration of the ‘578 patent,
and alleging that the ‘578 patent is not infinged and 1s invalid.

10. Defendant Reddy’s infringement of the ‘578 patent has been and continues to be

willful and deliberate with full knowledge of GlaxoSmithXline’s rights in the ‘578 patent,

rendering this case exceptional under 35 U.8.C.§ 285.
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11. Defendant Reddy has tnfringed the “578 patent and such infringement will

continue unless enjoined by this Court.

SECOND CAUSE OF ACTION
INFRINGEMENT OF UNITED STATES PATENT NO. 4.753,789

12. GlaxoSmithKline realleges and incomporates herein by reference the allegations in
paragraphs 1-6 above.

13. On June 28, 1988, United States Patent No. 4,753,789 (“the *789 patcnt™) cntitled
“METHOD FOR TREATING NAUSEA AND VOMITING” was duly and legally issued to
Michael B. Tyers, et al. Since its 13suance, Glaxo Group Limited has been the assignee and
owner of the *789 patent. SmithKlme Beecham Corporation is the exclusive licensee of the '789
patent. A true and correct copy of the “789 patent is attached to this Complaint as Exhibit B.

14, GlaxoSmthKline is the holder of approved NDAs under Section 505(a) of the
Act, 21 U.K.C. § 355(a), for ondansetron hydrochlonde tablets and their use covered by the ‘789
patent.

15. Omn or aboul July 17, 2001, GlaxoSmithKline received a written Notice of Patent
Certification from Reddy stating that Reddy has filed ANDA No. 76-183 secking approval from
the FDA to market ondansetron hydrochloride tablets pursuant to Section 505()) of the Act, 21
U.5.C. § 355()), prior to expiration of the ‘789 patent, and alleging that the ‘789 is not infringed,
1s invalid and/or unenforceable.

16.  Defendant Reddy’s infringement of the ‘789 patent has been and eontinues Lo be

willful and deliberate with full knowledge of GlaxoSmithKline’s rights in the *789 patent,

rendering this case exceptional under 35 U.S.C.§ 285,
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17.  Defendant Reddy has infringed the ‘789 patent and such infringement will

continue unless enjoined by this Court.

THIRD CAUSE OF ACTION
INFRINGEMENT OF UNITED STATES PATENT NO. 5.578.628

18. GlaxoSmithKline realleges and incorporates herein by reference the allegations in \‘
paragraphs 1-6 above. |

19. On November 26, 1996, United States Patent No. 5,578,628 (“the ‘628 patent™)
entitled “MEDICAMENTS FOR THE TREATMENT OF NATUSEA AND VOMITING” was
duly and legally issued to Michael B. Tyers, et al. Since its issuance, Glaxo Group Limited has
been the assignee and owner of the ‘628 patent. SmithKline Beecham Corporation is the
exclusive licensce of the 628 patent. A true and correct copy of the ‘628 patent is attached to
this Complaint as Exhibit C.

20.  GlaxoSmithKline is the holder of approved NDAs under Scction 505(a) of the
Act, 21 U.5.C. § 355(a), for ondansetron hydrochloride tablets and their use covered by the ‘628
patent.

21. On or about July 17, 2001, GlaxoSmithKline received a written Notice of Patent
Certification from Reddy stating that Reddy has filed ANDA No. 76-183 seeking approval from
the FDA to market ondansctron hydrochloride tablets pursuant to Section 505(j) of the Act, 21
U.5.C. § 355(j), pnior to expiration of the ‘628 patent, and alleging that the ‘628 patent is not
mfringed and is invalid.

22. Defendant Reddy’s infringement of the “628 patent has been and continues to be
willful and deliberate with full knowledge of GlaxoSmithKline's rights in the ‘628 patent,

rendering this case exceptional under 35 U.S.C.§ 285.

-5.
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23, Defendant Reddy has infringed the ‘628 patent and such infringement will

continie unless emoined by this Court.

FOURTH CAUSE OF ACTION FOR DECLARATORY
JUDGMENT AND FOR AN INJUNCTION PURSUANT TO 35 U.S.C. §283

24, On April 22, 1997, United States Patent No. 5,622,720 (“the ‘720 patent™) entitled l‘
“PROCESS FOR REDUCING THE CRYSTAL SIZE OF ONDANSET.RDN )
HYDROCHLORIDE DIHYDRATE” was duly and legally issued to David T. Collin, et al.

Since its issuance, Glaxo Group Limited has been the assignee and owner of the ‘720 patent.
SmithKlme Beecham Corporation is the exclusive licensee of the ‘720 patent. A true and correct
copy of the “720 patent is attached as Exhibit D.

25, GlaxoSmithKline is the holder of approved new drug applications (“NDAs™)
under section 505(a) of the Federal Food, Drug and Cosmetic Act (“The Act™), 21 US.C. §
355(a), for ondansetron hydrochloﬁd.e tablets and their use.

26. On or about July 17, 2001, Reddy filed or caused to be filed an Abbreviated New
Drug Application (*ANDA™) seeking to market, prior to the expiration of the 720 patent, an
ondansetron hydrochloride product which is manufacturcd by the process covered by the 720
patent.

27.  Reddy had actual notice of the *720 patent and other GlaxoSmithKline patents
covering ondansetron hydrochloride.

28. The manufacture and sale by Reddy of ondansetron hydrochloride tablets during
the term of the *720 patent will constitutc patent infringement under 35 U.S.C. § 271 (g).

29, There is a substantial and continuing justifiable controversy between plaintiffs

and defendant Reddy as {o the infringement of the *720 patent. Defendants’ actions have created

-6-
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a reasonable apprehension in plaintiffs of imminent harm and loss resulting from the threatencd
actions of defendant in the importation and sale in the United States of the its ANDA product.
Defendants’ violation of plaintiffs’ rights under the ‘720 patent prior to the expiration of this
patent will cause plaintiffs irreparable injury.

30.  Defendant Reddy’s infingement of the “720 patent is willfu] and deliberate with
full knowledge of GlaxoSmithKline's rights in the *720 patent, rendering this case exceptional
under 35 U.8.C. § 285.

PRAYER FOR RELIEF
WHEREFORE, plaintiffs pray for Judgmen:

1. Finding that defendants have infringed United States Patent No. 4,695,578, and
such Infringement is willful and deliberate;

2. Finding that defendants have infringed United States Patent No. 4,753,789, and
such infringement is wiliful and deliberate;

3. Finding that defendants have infringed United States Patent No. 5,578,628, and
such infringement is willful and deliberate;

4, Declaring and adjudging that defendants infimge United States Patent No.
5,622,720 by 1ts threatened acts of manufacture, importation and sale of products covered by said
patent prior to the expiration of said patent,

5. Ordenng that the effective date of any approval of defendants’ application under
Section 505(j) of the Federal Food, Drug and Cosmetic Act, 21 U.S.C.§ 355(j), for ondansetron
hydrochloride tablets and their ué.f: be nol garlier than the expiration dates of United States

Patents Nos. 5,622,720, 4,695,578; 4,753,789 and 5,578,628;

_7-
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6. Awarding plaintiffs preliminary and final injunctions enjoining defendants and its
officers, agents, servants, erployees and privies from continued infringement of United Statcs
Patents Nos, 4,721,720; 4,695,578; 4,753,789 and 5,578,628;

7. Awarding plaintiffs their reasonable attomeys” fees, interest and costs of this

action, pursuant to 35 1).8.C. § 285 and such other and further relief as this Court may deem just

S e

~~Amold B. (é;lfy.ﬁn (AC-3245)
" SAIBER SCHLESINGER SATZ
& GOLDSTEIN, LLC
Onc Gateway Center, 13" Floor

Newark, New Jersey 07102-5311
{973) 622-3333

and proper.

Dated: March 1, 2002

Of Counsel

stephen B. Judlowe

Dennis J. Mondoline

Lisa M. Fermi

MORGAN, LEWIS & BOCKIUS, LLP
101 Park Avenue

New York, New York 10178-0600
(212) 309-6000

Attorneys for Glaxo Group Ltd. and
SmithKline Beecham Corp..
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[57] ABSTRACT
The invention relatés 1o eompounds of formula (1)

wherein R represents a hydrogen atom or a Ch.ygalkyl,
Cs.7 cycloalkyl, Cy alkenyl, Cy.; cycloalkyl-(C|4} al-
kyl, Ca.ip alkynyl, phenyl or phenyl-Ci.3 slkyl group,
and one of the groups represented by R%, R and Ris a
hydrogen atom or a Cj.g alkyl, Ciz cycloalkyl, Cas
alkenyl or phenyl{Cy.3) alkyl group and cach of the
other two groups, which may be the same or different,
represents a hydrogen atom or a Ci-s alkyl group; and
physiclogically acceptable salts and solvates, e.g. hy-
drates thercof.

The compounds are potent selcctive antagonists at
“neurcnal” S-hydroxytryptamine receptors and are
useful in the treatment of migraine and paychotic disor-
ders such as schizophrenia,

20 Claims, No Drawings
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12,39 TETRAHYDRO-+IMIDAZOL-J-YLMETH-
YL-4H-CARBAZOL4-ONES, COMPOSITION
CONTAINING THEM, AND METHOD OF USING
THEM TO TREAT NEURONAL SHT FUNCTION
DISTURBANCES

This application is a continuation of application Ser.
Np. §20,743, filed Jan, 22,1986, and a continuation in-
part of Ser. No. 694,790, filed Jan. 23, 1985, both aban-
doned.

This invention relates to heierocyelic compounds, (o
processes for their preparation, to pharmacevtical com-
positions containing them and 1o their medical use. in
particular the invention relates to compounds which act
upon certain $-hydroxyteypramine (SHT) receptors.

SHT, which ocours endogenousiy in abundance in
peripheral nerves and in blood platelets, is known to
causc pain in man through a specific action on 5Ht
receptors sitnated on terminals of primary afferent
nerves. Compounds which antagonise the neuronal
cffects of SHT have besn shown 1o possess analgesic
activity, for example, o relicve the pain of migraine.
3HT also causes depolarisation of the rat isolated vagus
nerve preparation through the same SHT-receptor
mechanism, and inhibition of this effect correlates with
an analgesic effect in vivo,

SHT also ocours widely in neuronal pathways in the
central nervous system and disturbance of these SHT
containing pathways is known to alter behavioural syn-
dromes, such as mood, psychomotor activity, appetite
and memory. Sines ‘neuronal’ SHT- recepturs of the
game typs as those present on primary afferent terminals
ar¢ also present in the central nervous sysiem, it ic be-
lieved that compounds which antagonise the neuronal
effects of SHT will be useful in the weatment of condi-
tions such as schizophrenia, anxicty, obesity and mania,

Existing treatments for such conditions suffer from a
nmumber of disadvantages. Thus, for example, known
treatments for migraine include the administration of a
vasoconstrctor such as ergotamine, which is non-selec-
tive and constricts bleod vessels throughownt the body,
Ergotamine, therefore, possesses undesirable, and po-
tentially dangerous, side effects, Migraine may also be
treated by administering an analgesic such as aspirin or
paracetamol, usually in combination with an antietnetic
such ar metaclopramide, but these treatmentt are of
only limited vaiue,

Similarly, cxisting treatments ffor psychotic disorders
such as schizophrenia exhibit & number of serions side
effeets such as extrapyramidal side effects,

There is thus aeed for a safe and effective drug for the
freatment of conditions where disturbance of 3HT con-
taiping pathways is involved, sych as migraine ar psy-
chotic disorders such as schizophrenia. It is believed a
compound which s a potent and selective antagonist at
‘neurongl’ SHT reccpiors will fulfil such a roie.

We have now found a groop of 3-imidazolylmethyl-
tetrahydrocarbazolones which are potent and selective
antagonists at ‘neuronal’ SHT receptors.

The present invention provides a tetrahvdrocarbazo-
jone of Lhe general formula (I):

1]

33

N

Al

wherein R represents a hydrogen atom or a C.palkyl,
C3.7 oycloalkyl, Cy.s alkenyl, Ciy cveloalkyl-{(Cy.4) al-
kyl, Cyin alkynyl, phenyl or phenyl-Cy. alkyl group,
and one of the groups represented by R?, RY and R*is a
hydrogen atom or a Cr.e atkyl, Civ cyeloalkyl, Cog
alkenyl or phenyl-C|.38lky] growp and each of the other
two groups, which may be the same or different, repre-
sents a hydrogen atom or & C.qalkyl group; and physio-
logically accepiable salts and solvaies, e.g. hydrales,
thereof.

A preferred class of compounds within the scope of
genetal formula {I) is that wherein R! represents a hy-
drogen atom or a Cy.ip alkyl, Ci7 cycloatkyl, C.g alke-
nyl, phenyl or phenyl-C)salkyl group, and one of the
groups represented by R2, B2 and R*is & hydrogen atom
or a Gy 2lkyl, Ca.7 cycloalkyl, Ci.6 alkenyl or phenyl-
Ci.aalkyl proup and each of the other two groups,
which may be the same or different, represents a hydro-
gen atom or a Cr.s alkyl group; and physiclogically
acceptable salts und solvates, e.g. hydrates, theneof,

It will be understood that when R represents & Cag
alkeny! group or a Ca.ip alkynyl group, the double or
triple bond may not be adjacent Lo the nitrogen atom.

Referning 10 the general formula (1), the alkyl groups
represented by R, R2, R3and R4 may be straight chain
or branched chain alkyl groups, for example, methyl,
ethyl, propyl, prop-2-yl, butyl, but-2-yl, 2-methlprop-
2-yl, peniyl, peni-3-y1 or hexyl. :

An alkenyl group may be, for example, a propenyl
group.

A phenyl-C\.; alkyl group may be, for example, a
benzyl, phenethyl or 3-phenylpropyl group.

A cycloalkyl group may be, for example, a cyclopen-
tyl, eyclohexyl ar cyeloheptyl group.

A Ciycycloalkyl{C).4) 2lky] group may be for exam-
ple a cyclopropyimeihyl, cyclopentenylpropyl or &
cycloheptyimethyl group. When the cycloalky] moiety
contains 3,6, or 7 carbon atoms it may optionally con-
tain oti¢ or two double bonds, and may be for example
a ayclohexenyl or cyclahexadieny] group.

A Cyoalkynyl group may be, for example, & 2-pro-
pynyl ot 2-octynyl group.

It will be sppreciated that the carbon atom at the
3-position of the tetrahydrocarbazolone ning is asym-
metric and may exist in'the R- or §- configuration. The
presant invention encompasses both the individual jso-
meric forms of the compounds of formula (I) and all
mixtures, including racemic mixtures, thereof,

Suitable physiclogically scceptable salts of the in-
doles of general formula {I} include acid addition salts
formed with organic or inerganic acids for example,
hydrochlorides, hydrobromides, sulphates, phosphates,
citrates, fumarstes and maleates. The solvates may, for
exampie, be hydrates,

A preferted elass of compounds represented by the
genera) formula {I) is that wherein R represents a hy-
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3
drogen atom o a Cig alkyl, Cys cycloalkyl or Cie
alkenyl group.

Another preferred cluss of compounds represented
by the goneral formupla (T} is that wherein one of the
groups represented by R2, R? and R4 represents a Cy.;
alkyl, Carscycloalkyl or Cipalkenyl group and each of
the other two groups, which may be the same or diller-
ent, rapresents a hydrogen atom or a Ci3 atkyl group.

A further preferred class of compounds represented
by the general formule (T} is that wherein B! represents
a hydrogen stom or 8 Cp.salkyl, Cs.e cyclaalky] or Ciy
alkenyl group, and either B2 represents a hydrogen
atom and K3 and/or R* represents 2 €3 alkyl group of
R represents 2 Ci.3 alkyl group and both R* and R4
represent hydrogen atoms,

A purticularly preferred class of compounds accord-
ing to the invention is that represented by the formula

(Ia):

g {l2)

Rz R
M M

Rie

o=z

e

- {wherein R represants a hydrogen stom or 8 methyl,
cthyl, propyl, prop-2yl, prop-Z-enyl or cyclopentyl
group; B3 represents a hydrogen atom; and either R2
represants a methyl, ethyl, propyi or prop-2yl group
and R4 represents a hydrogen atom or R34 represents a
hydrogen atom and R4 represents a methyl or ethy)
gtoup) and physiologically acceptable salts and solvates
(e.2. hydrates) thereof,
Preferred compounds are:
1,2,3,9-tetrabiydro-3-[{2-methyl- 1 H-imidazol-1-yl)me-
thyl}-9-{prop-2-enyl)-4H-carbazal-4-one;
%-cyclopentyl-1,2,3,5-tetrahydro-3-[(2-methyl-1H-
imidazol-1-yl)methylj-4H-carbazol-4-one; and
1.2,3,9-tetrahydro-3-[2-methy}-1 H-tmidazol-1-y!jme-
thyl]-9-{prop-2-yl)-4H-carbazol -4-one
and their physiologically acceptable salts and solvates,
A particutarly praferred compound i [,2,3,9-tetrany-
dro-9-methyl-3-[(2-methyl-1 H-imidazol-1-yl)methyl]-
4H-carbazol-4-one which may be represented by the
formula (Ib):

(I}

et
Y

N Me

|
Me

and the physiclogically acceptable salts and solvates
(=.g. hydrates) thereofl. A preferred form of this com-
pound 1% the hydrochlaride dibydraie.

It will be appreciated that the invention extends to
other physiologically acceptable equivatents of the
compounds according to the invention, i.e physiologi-
cally acceptable compounds which are converted in
vivo into the parent compound of formula (I}

5

0

10

1an
L

4

Compounds of the invention are poient end selective
antagonists of SHT-induced responses of the rat isolated
vagus nerve proparation and thus act as potent and
sclective antagonists of the ‘neuronal’ SHT recaptor
type lncated on primary afferent nerves.

Compounds of the invention are of use as analgesics,
for example in the alleviation of pain aszocisted with
migraine, headache and many other forms of pain for
which 5HT is the endogenous mediaior.

Experimenis in animals have shown that compounds
of the invention are also of use in the treatment of schiz-
ophrenia and other psychotic disorders. As indicatsd
herein ahove SHT occurs widely in the netronal path-
ways in the central nervous system and disturbance of
these SHT contining pathways is known to elter may
other behavioural syndromes such as mood, appetite
and memory. Since ‘neuronal’ SHT receptors of the
same type a5 those present on primary afferent terminals
are also present in the central nervous system the com-
pounds of the invention may also be peeful in the treat-
ment of conditiens such as anxiety, obesity and mania.

in particular, compounds of formula (Is) as previ-
ously defined have been found to be highly selective
and extremely potent in their action. They are well
absorbed from the gastro-intestinal tract and are suitable
for oral or rectal administration. The compounds of
formula (Ia) do not prolong sleeping time in the pento-
tarbitone anaesthetised mouse indicating that there is
no undeasireable interaction with drug metabolising en-
rymes, Indead they exhibit no effects on normal behav-
iour, are non-toxic and exhibit no undasirable effects in
mice at doses up to-1 mg/kg intravenously.

As wel] gs exhibiting the outstanding properties of the
compounds of formula (Ia), the compound of formula
{Tb) when administered to humans shawed no untoward
affects,

According o another aspect, the invention provides
2 method of treatment of 8 hwmen or animal gubject
suffering from e copdition caused by a disturbance of

43 ‘peuronal’ SHT function. Thus, for example, the inven-

50

tion provides a method of treatment of a human subject
suffering from migraine pain or a psychatic disorder
such as schizophrenia,

Accordingly, the invention also provides 8 pharma-
ceutical composition which comprises 8 least one com-
pound selected from 3-imidazolylnethyltetrahydrocar-
bazolone derivatives of the general formula (I), their
physiologically acceptable salis and solvates, c.g. h]{-
drales, adapred for use in human or veterinary medi-
gine, and formaulated for administration by any conve-
nient route.

Such compositions may be formulated in conven-
tional manneér using one or more physiologically ac-
ceptable carriers or excipients,

Thus the compounds of the invention may be formu-
lated for oral, buccal, parenteral or recta) administration
or in a form suitable for adminigteation by inbalation or
insufflation {either throogh the mouth or the nosc).

For oral adminietration, the pharmaceuticgl compogi-
tions may take the form of, for example, tablets or cap-
sules prepared by conventional means with pharmaceu-
tically acceptable cacipients such as binding agents {e.g.
pregelatinised maize starch, polyvinylpymolidone or
hydroxypropyl methylcelluslose), fillers (e.g. lactose,
microcrystalline cellulose or caleium hydrogan phos-
phate); lubricants (e.g. magnesiurn stearate, tale or gil-
ica); disintegrants (&.g. potato starch or sodium starch
glycollate); or wetting agents (e.g. sodium laury] sul-
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phate). The tablets may be coaled by methods well
known in the art. Liquid preparations for oral adminis-
tration may take the form of, for example, solutions,
syrups or suspensions, or they may be presanted as s dry
product for constitution with water or other suitable
vehicle before use. Such liquid preparations may be
prepared by conventional means with pharmaceutically
acceptable additives such as supending sgents (e.g. sor-
bitol syrup, cellulose derivatives or hydrogenated edi-
ble fats); emulsifying agents (=g lecithin or acacia);
non-agquenus vehicles (a.g. almond oil, oily esters, ehtyl
alechol ¢r fractionated vegetable oils), and preserva-
tives (e.g. methyl or propyl-p-hydrosybenzoates or
sorbie acid). The preparations may also contain buffer
salts, flavouring, colouring and swestening agenis as
appropriate.

Preparations for oral administration may be suttably
formulated to give controlled release of the active com-
pound.

For buccal administration the compositions may take
the form of tablets or lozenges formulated in conven-
tional manner.

The compounds of the invention may be formulated
for parenteral administration by injection. Formulations
for injection may be presented in unit dosage form e.g.
in ampoules or in raulti-dose containers, with an added
preservative. The compositions may take such forms as
suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contsin formuolatory agents such as
suspending, stabilising and/or dispersing agents. Alter-
natively, the active ingredient may ha in powder form
for constitution with a suitabie vehicls, e.g. sterile pyro-
gen-free water, before use,

The compounds of the invention may also be formu.
lated in rectzl compositions such as supposiones or
retention ensmas, &.g. containing conventional supposi-
tory bazes such as cocoa butter or other glyvcerides,

In addidon to the formulations deseribed previously,
the compounds of the invention may alss be farmulaied
as & depot preparation. Such long acting formulations
may be adminsitered by implantation (for example sub-
cutaneously or intramuscularly) or by intramuscular
injection, Thus, for example, the compounds of the
invention may be formulated with suitable polvmeric or
hydrophobic maierials {for exampie as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly
soluble derivatives, for example, as a sparingly soluble
sAlt,

For administration by inhalation the compounds ac-
cording to the invention are conveniently delivered in
the form of an aercsol spray presentation from pressu-
rised packs or 8 nebuliser, with the use of a suitable
propellant, e g. dichlorodifluoromethane, trichloroflug-
romethane, dichlorotetmfluroethane, carbon dioxide or
other suitable gas. In the case of a pressunsed aerosol
the dosage unit may be determined by providing a valve
to deliver a metered amount. Capsules and cartndges of
€.g. gelatin for wse ip an inhaléer or insulflator may be
formulated containing a powder mix of a compound of
the invention and a suitable powder base such as lactose
or starch,

A proposed dose of the compounds of the invention
for administration in man (of approximataly 70 kg body
wight) is Q.5 to 20 mg, preferably .1 to 10 mg of the
active ingredient per unit dose which ¢ould be adminis-
tered, for example, T to 4 times per day. The dose will
depend on the route of administration and the body
weight of the patient. It will be appreciated that it may
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be necessary 1o make routine variations to the dosage
depeading on the age and wright of the patient as well
as the severity of the condition 10 be treated.

For oral administration & unit dose will preferably
contain from 0.5 o 10 mg of the active ingredient. A
upit dose for parenteral administration will preferably
contzin 0.1 10 10 mg of the active ingredient,

Aerosol formulations are preferably arranged o that
cach metered dose or ‘pufl’ defivered from a pressurised
aerosol contains 0.2 mg, of 8 compound of the inven-
tion, and, cach dose administerad via capsules and car-
tridges in an msufflator or an inhaler comtains 0.2 to 20
mg of a compound of the invention. The overall daily
gose by inhalation will be within the range 0.4 10 80 mg.
Administration may be several times daily, for example
from 2 to 8 times, giving for example 1, 2 or 3 doses
each time.

The compunds af the invention may, if desired, be
adminisiered in combination with one or more other
therapeatic agents, such as anti-navscants.

According to another aspect of the invention, com-
pounds of general formula (I) and physiologically ac-
ceptable salte ar solvates or physiologically acoeptable
equivalents thereof may be prepared by the generzl
methods outlined hereinafter,

According 10 2 first general process (A), a compound
of general formula {I) or a physiologically acceptable
salt or solvate or 8 physiologically acceptable equiva-
lent thereof may be prepared by rescting a compound
of general formula (I1):

o i

N
Yy
(wherein R iz as defined previously and Y represents a

reactive substituent) or a protected denvative thereofl
with an imidazole of gencral formula (ITE):

R* R?
HN N
R

[{3]

2

(wherein R2, R3 and R+ are as defined previonsly) or a
salt thereof.

Examples of eompounds of formula (II) employed a4
siarting materials in the process (A) include compounds
wherein Y represents a group selected from an alkenyl
group=CH; or a gronp of formula ChaZ where Z rep-
resents a readily displaceable atom or group such as a
halogen atom, e.g. chlorine or bromine; an acyloxy
group such as acetoxy, trifluoromethanesulphonylaxy,
p-toluene sulphonyloxy or methanesulphonyloxy; a
group —N+RIRSR7X~, where RY, Rf and R, which
may be the same ar different each represents lower
alky! e.g. methyl, aryl e.g. phenyl or aralky] ¢.g. benzyl,
or R5and Rf together with the nitrogen #tom to which
they are attached may form a 5- to 6-membered nng ¢.g.
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a pyrrolidine ring, and X represents an anion such as a
halide ion e.g. chioride, bromide or indide; or a group
—NRRS where RY and RS are as defined zbove, for
example —N{CH3)a.

When Y sepresents the group —CHj, the process
may conveniently be carried out in 2 suitable solvent,
examples of which include water; esters, e.g. ethyl ace-
tate; ketonss, e.g. acsione; or methylisobutylketone;
amides, e.g. dimethylformarmide; alcohols, £ cthanol;
and eithers e.g. dloxan or tetrahydrofuran; or mixtures
thereof. The process may be effected at g lemperature
of, for example, 20* to 100° C.

‘When Y represents the group CH:Z, where Z s &
halogen atom or an acyloxy group, the proccss may
conveniently be carried out in a suitable solvent such as
an amide, e.g dimethylformamide; and alcohel, €.g.
methanol or industrial methylated spirii or & haloal-
kane, c.g. dichloromethane, and at a temperature of
from =10 to 150" C,, eg. +20" to +100* C,

The reaction of 2 compound of formala (II) where Y
represents the growp CH2Z where Z is the group
w=N+RIRER7X —, may convenisntly be carried out in 2
suitabie solvent such as water, an amide, e.g. dimethyl-
formamide; a kelone, e.4. acetone; or an cther, e.p. di-
oxan, and at a temperature of from 20° to 150* C.

The reaction including a compound of formula {II)
where Y represents the group —CH32Z, where Z is the
group ~NR*R% may conveniently be carried out in a
suitable solvant sueh &s water or an alechol, e.g. metha-
nol, or mixtures thercof, and at 8 wemperatore of from
20° 1o 150" C.

According to another general process (B) a eom-
pound of formula (I} may be prepared by oxidising a
compound of formula (I'V):

A RY
N N
N R
iy

(wherzin A represents a hydrogen atom or a hydroxyl
group and BRI, B2, R and R are as previously defined)
or a salt or a protected derivative thereof,

The oxidation process may be effected using conven-
tional methods and the reagents and reaction conditions
should be chosan such that they do not cause oxidation
of the indole group. Thus, the oxidation process is pref.
erably affected using a mild oxidising agent.

When oxidiging 2 compound of formule (IV) in
which A represants » hydrogen atom, suitable oxidising
agents include quinones in the presence of water, e.g.
2,3-dichlore-5,6-dicyano-,1,4-benzoquinone or 2,3,5,6-
tetrachloro-1,4-benzoquinone; selenium dioxide; 2 ce-
rivm (TV) oxidiing reagent such as ¢erie ammnonium
nitrate of A chromium (VI) oxidising agent, 2.g. a solu-
tion of chromi¢ acid in asetone {for cxample Jones’
reagent) or chrominm trioxide in pyridine.

When oxidising a compound of formulz (TV) in
which A represcots a hydroxy] group, suiteble oxidising
agents include quinones in the presence of water, e.f.
2,3-dichloro-5,6-dicyana-1,4-benzoquinene or  2,3,5,6
tetrachiora-1,4-benzoquinone; ketones, &g, acectone,
methylethylketone or cyclohexanone, in the presence af
a base =.g. aluminivm t-butoxide; a chromium (V1) oxi-
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dising agent, c.§. 4 solution of chromic scid in acetonc
(for example Jones reagent) or chromium trioxide in
pyriding; an N-halosuccmimide, e.g. N-chlorosuecini-
mide &r N-bromosuccinimide; a dialkylslphoxide e.g.
dimethylsulphoxide, in the presence of an activating
agent such as N,N'-dicylohexylcarbodiimide or an acyl
halide, e.g. oxalyl chioride or tosyl chloride; pyridine-
sulphur trioxide complex; of a dehydrogenation catalyst
such us eopper chromite, zinc oxide, copper or silver.

Suitable solvents tmay be selected from kelones, e.g.
acetone or butanone; ethers e.g- tetrahydrofuran or
dioxan; amides, e.g. dimethylforimamide; alcohols, eg.
methanol; hydrocarbons, c.g. benzene or toluene; halo-
genated hydrocarbons, e.g. dichloromethane; and water
or mixtures thereol,

The process is conveniently affected at a temperature
of 70" 1o +350° C. It will be understood that the
choice of oxidising agent will affect the preferred reac-
tion temperature,

Acecording to another general process (C), a com-
pound of formula (I) according to the invention or & salt
or protected derivative thereof may be converted into
another compeund of formula (I) using conventional
techniques. Such conventional teehniques include alky-
lation, which may be effected at any position in a com-
pound of formuia (I} where one or more of R and R
represents a hydrogen atorm, and hydrogenation, which
may, for example, be used 10 convert an alkenyl submstit-
uent into an alkyl substituent or & cycloalkenylalkyl
group into a cyeloalkylalkyl substitutent. The term
“alkylation” mcludes the introduction of other groups
such as cycloalkyl or alkenyl gronps. Thus, for exam-
ple, a compound of formula (T) in which R! represents &
hydrogen atom may be converted into the correspond-
ing compound in which R! represents & Ciagulkyl, Ca
cycloalkyl, Cue alkenyl, Ci7 eycloalkyl-(Ci4) alkyl,
Ci.10 alkynyl or phenyl-Cy.3 alkyl group.

The above alkylation reactions may be effected using
the appropriate alkylating agent selected from com-
pounds of formula ReX2 where R represents & Ci.io
alkyl, C3.7 cycloalkyl, Ci.q alkenyl, Cr.y cycloalkyl-(C:.
&) alieyl, Cy.qp alkynyl or phenyl-C)3 alky! group, and
X4 represents a leaving group such as a halide or an
acyloxy group as previgpusly defined for Y, or a sulphate
of formula (R9)250,.

The alkylation reaction is conveniently earried out in
an inert organic solvent such as an amide, e.g. dimethyl-
formamide; an ether, e.g. tetrahydrofuran; or an are-
matic hydroearbon, e.g. toluene, preferably in the pres-
ence of a base, Suitable bascs include, for example, alkali
metal hydrides sueh ae sodium hydrde, alkali metal
amides such as sodium amide, alkali metal carbonates
such as sodium carbonate or an alkali metal alkoxide
such as sodinm or potassiom methoxide, cthoxde or
t-butoxide. The resction may conveniently be effected
at & tempetature in the range —207 to + 100* ., prefer-
ably 0" 1o 50" C.

Hydrogenation accerding Lo general process (C) may
be effected wsdng conventional procedures, for example
by using hydrogen in the presence of a noble metal
catalyst g pailadium, Raney nickel, platinum, plati-
num exide ot thodium. ‘The catalyst may be supported
on for example charcosl or 2 homogensous catalyst
such as tris{triphenylphosphine) rhodium chioride may
he usad. The hydrogenation will generally be effected
in a solvent such as an aleohol, &.g. sthanol; an amide,
g.g. dimethylformamide; an ether, e.g. dioxan; or an
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ester, e.p. ethyl acetate, and at g temperature in the
range —20° to 100* C., preferably 0" 10 50" C.

It should be apprecisted that in some of the above
transformations it may be nccessary or desireble 1o
protect any sensitive groups in the compound to avoid
undesirable side reactions. The prowecting growps uscd
in the preparation of compounds of formula (I) are
desirably groups which may be readily split off at a
suitabic stage in the reaction sequence, conveniently at
the last stage. For example, during any of the reaction
sequences described above, it may be necessary to pro-
tect the keto group, for example, as ketal or a thioketal.

Compounds of general formula (I} may thus be pre-
pared according to ancther general pracess (D), which
comprises removal of any protecting groups from s
protected form of & compound of formula (I). Depro-
tection may be sffected vsing conventional technigues
such as those deseribed in “Protective Groups in Or-
gamc Chemistry’ Ed. . F. W. McOmie (Plenum Press,
1973). Thus, a Ketal such as an alkylepcketal group may
be removed by treatment with 2 mineral acid such as
hydrochleric acid. The thiokets] group may be cleaved
by treatment with & mercunc sait, e.g. mercuric chlo-
nde, it & suitable solvent, such as ethanpl.

The compounds of formulza (1) may be converted intg
their physiologically acceptable salts according to con-
ventional methods, Thus, for example, the free base of
general formula (T) may be treated with an appropriate
acid, preferably with an equivalent amount in a suitable
solvent (e.g. aqueous sthanol),

Physiclogically accepuable equivalents of a com-
pound of formula (I} may be preparsd according to
conventional methods.

Individual enantiomers of the compounds of the in-
vention may be obtained by resolution of a mixture of
enantiomers (¢.g. & racemic mixture) using conventional
means, such as an optically active resolving acid; see for
example ‘Sterecchemistry of Carbon Compounds' by E.
L. Eliel (MeGraw Hill 1962) and "Tables of Resolving
Agents’ by 5. H. Wilen.

Examples of optically active resolving acids that may
be used to form saits with the racemic compounds in-
clude the (R) and (S) forms of organic carboxyiic and
sulphonic acids such as tartaric acid, di-p-toluoyltartar-
tic acid, camphorsulphonic acid and lactic acid. The
resulting mixture of isomeric salts may be separated, for
example, by fractional crystallisation, into the diastereo-
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isomers gnd if desired, the required optically active

isomer may be converted into the free base.

The methods indicated above for preparing the com-
pounds of the invention can be used as the last main step
in the preparative sequence. The same gencral methods
can be used for the introduction of the desired groups at
an intermediate stage in the stepwise formation of the
required compound, and it will bs appreciated that
these general methods can be combined in different
ways in sach multi-stage processes. The sequence of the
reactions in multi-stage processes should of course be
chosen so that the reactinn conditions used do not affect
groups in the molecule which are desiced in the {inal
product,

The starting materials of formula (II) whersin Y rep-
resents the group ==CH; may be prepared from com-
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pounds of formula (II) whers Y represents the group 65

CH;N+R3RR7X - by reaction with a base in 2 suitable
solvent, Examples of basas include alkali metal hydrox-
ides, o.g. potastium hydroxide or alkali metal carbon-

10
ates or hvdrogen carbonates e.g. sodiom hydrogen car-
bonate.

The quaiernary salts may be formed from the corre-
sponding tertiary amine by reaction with an alkvlating
ageni such as methyl iodide or dimethy! sulphate, if
préferred in a suitable solvent, e.g. dimethylformamide.
The tertiary amine may be prepared by reaction of a
tetrahydrocarbazolone of general formula (V)

[} v}

a—z

with formaldehyde and the corresponding secondary
amine, if desired in a suitable solvent such as an alcohol,
¢.g ethanol,

Compounds of general formulx (V) may be prepared
far example, by the method described by H. Tida et al. in
1. Org. Chem. (1980) Vol 45, No. 15, pages 2038-2942.

Fhe starting materials of general formula (I1) where
Y represents ——{CHZ where Z is 2 halogen atom or an
acyleay group may be prepared from the corresponding
hydroxymethyl derivative of general formula (VI):

o vh
CHyOH

N

ot

which may be obtained by reacting the tetrahydrocar-
bazolone of general formule (V) with formaldehyda,
preferably in & suitable solvent such as an alcohol, e.g.
cthanel, and preferably in the presence of a base,

Thus, the compounds where Z is a halogen atom may
be obtained by reacting & compound of formula (V1)
with a halogenating agent such as a phosphorus trihal-
ide, e.g. phosphorus trichloride.

The compounds where Z is an acyloxy group may be
prepared by reacting a compound of formula (V1) with
an appropriate acylating agent such as an anhydnde or
& sulphonyl halide such as sulphonyl chionide.

Compounds” of formula (I1) where Y represents
—CH3:Z where Z 15 a halogan atom may also be pre-
pared by reacting a compound of formula (II) where Y
represents the group —CH> with the appropriate hy-
dragen halide, e g. hydrogen chioride, conveniently it a
suitable solvent such as an ether, ¢.g. dicthyl ether.

Cormpounds of general formula (IV) may be preparad
by reacting a compound of formule (VII:




' Case 2:01-cv-04066-J'CC Document 23  Filed 04/0' Page 15 of 42 PagelD: 135 .

4,695,578
11 12
. PREPARATION 3
A
i 1.2.3.9-T:trahydro-?-msthyl-.'i-methyl:ncJH-ca.rbaml-
CHiZ! 4 pne
5

N

|
B

(wherein R and A arc g5 defined previously and Z1isa
readily displacezble atorm or group such as a halogen
atom, an acyloxy group or the group —N+RIRER7X -
as previously defined for Z1} with an imidazole of for-
mula (IIT} according o the method of process (A) de-
gcribed hersin.

Compounds of formula (VII) may be prepared by
reducing compeunds of formula (I1) using for example
Tithium aluminivm hydride or sodium borohydride.

Compounds of formula (VII} wherein A represents a
hydrogen atom may also be prepared by reacting A
compound of formula (VII) wherein A represenis a
hydroayl group with a tosyl halide (e.g. vosyl chloride)
and then reducing the resulting rosylate with lithiom
aluminium hydride.

Compounds of formula (IV} are novel compounds,
and ag such provide a further feature of the invention.

The foliowing cxamples illustrate the mvention.
Temperatures are in "C. where indicated, solutioms
wera dried over Ma; S0y and solids were dried in vacuo
over P;0r: at 507 overnight, Chromatography was car-
ried out using the technique described by W, C. Sull et
gl (1. Org. Chem., 1978, 43, 2923-2925), on kieselgel
93835,

The following abbreviations define the sluent used
for column chromatography and tlc.

(A) Mcthylene chloride-ethanol-0.88 ammonia
100:10:1 '

{B) Methylene chloride-sthanci-0.88  ammonia
100:9:}

{C) Methylene chloride-ethanol-0.88  ammonia
200-10:1

(D) Methylene ehlovide-sthanol-0.88  ammonia
400:10:1

FREPARATION |

2,3,4.5-Tetmhydro-N,N, N-trimethyl-+oxo0- 1 H-car-
bazole-3-methanamininm iodide

A solution of 3-{{dimethylamino)methyl]-1,2,3,0-tet-
rahydro-d4H-carbazoi-4-one (0,33 g) in iodomethane (15
ml} was heated under reflux for 3 b and evaporated to
dryness, giving the title compound as 8 white solid {0.84
g) m.p. 2027-205%,

PREPARATION 2

2.3,4,9-Tetrahvdro-N,N,N, 9-tetramethyl-4-oxo- L H-car-
bazole-3-methanaminivm odide

A suspension of 3-[(dimethylamino)methylj-1,2.3,9-
tetrahydro-9-methyl-4H-carbazol-4-onz  (3.30 2) in
iodomethane {100 ml} was stirred at reflux for 37 h. The
resulling suspension was concentrated in vacuo to give
the title methanaminivm 1odide as a solid (572 g) mup.
192*=195".
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A solution of the product from Preparation 2 (5.0 g)
in water (20 ml) was treated with 2N sodium carbonite
(6.55 ml) and warmed at 35" for 43 mins, The resulting
slurry was cooled to 0° and the solid was filtered off,
washed with water and dried to give the title eompound
(1.8 g) m.p. 1277-129",

PREPARATION 4

2,3,4,9-Tetrahydro-9-methyl-3-[(2-methyl- 1H-imidazol-
1-yDmethyl]-1H-carbazole maleate

Sodium borohyrdide (90 mg) was added under nitro-
gen o a stireed solution of the product from Examiple 7
(500 mg) in a mixture of methanc! (3 ml) ard chloro-
form (3 ml). Stirring was continuted for 48 h (further
sodium borohydride (250 mg) was added afier 17.73 h
and 42 1), and then the suspension was partitioned be-
tween ZN hydrachloric zcid (15 mb) and chloroform
(33 10 ml). The aqueous leyer was basified with solid
sodium carbonate, extracted with chlorefarm (310

5 ml), and the combincd extracts washed with water

(2 10 1) and bripe {10 ml), dried and goncentrated in
vacuo. Column chromatography of the residual foam
(557 mg) eluting with a mixture of dichloromethane,
ethanol and 0.88 aqueous ammonia (300:10:1) afforded
a solid (200 mg). This material was dissolved in reflus-
ing absolute ethanol (3 ml) and a solution of maleic acid
{80 mg) in refluxing absolute ethanal {1 ml) was added.
The kot solution was fillered, stirred, and diluted with
dry ether (40 ml) to give the title compound (240 mg)
m.p. 138.5°-140" ‘

PREPARATION £

2 3 4,9-Tetrahydro-9-methyl-3-{{2-methyl- | H-imidazol-
1-yDimethyl]-1H-carhazol-d-o}

The produci from Example 7 (30.0 g) was added,
under nitrogen, to a stirred suspension of lithium alu-
minjum hydride (7.75 g) in dry tetrahydrofuran (750
mi). The mixture was stirred under reflux for 1 h and
then cooled in ice, The suspension was cautiousty di-
luted with agueous tetrahydrofuran (153% HzO; 100 ml)
and water (100 ml), concentrated in vacya and the r¢-
giduel solid extracted with dichloromethans (2300
mi), The organic extrects were concentrated in vacuo
and the residual solid (16.4 g) purified by short path
column chromatography on silica (Kieselgel 60; Merck
7747; 500 g} eluted with a mixture of dichloromethane,
ethanol and 0.8% aqueous ammonia (150:10:1) to give
the title compound as a foam (13.4 g).

‘I l.c. Silica, dichloromethane/ethanol/0.88 ammonia
{150:10:1) Rf 0.34 and 0.36 (two pairs of diastereoiso-
imers), detection u.v. and iodopiatinic acid.

N B[CDCLH+CDOD (1 drop)] 1.6-2.3 and
2 6-3.0(5H,m), 2.32 and 2.40 (3H, s+5, Me in two differ-
et isomers), 3.32 (3H,5,NMae),
3.65-4 32H,m,CHCHN),  4.75-4.85(1Hm CH—OH,
6.8-7.8 (CH,m,aromatic).

PREPARATION 6

1,2,3,9-Tetrahydro-3-[(2-methyl-1H-imidazol-1-yl)me-
thyl]-4H-carbazol-4-ane

A suspension of the product from Preparation 1 {6.6
g) and Z-mcthyi imidazole (17.0 g) in dry dimethylform-
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amide (75 ml) was stirred at 100" under nitrogen for
17.25 b then cooled in ice to deposit a solid, This tnate-
rial was purified by washing successively with dimeth-
yliormamide (2% 7 ml} and dry ether (313 ml) fol-

14
which was filtered whilst warm. The filirate was then
diluted with dry ether o deposit o solid (0.6 g) which
was recrystallised from absolute cthanol to give the title
compound as a solid (0.27 g} m.p. 186"-187",

136

Analysis—Found: C.61.%H,6.4;N,1 L8,
C3H sN10.HCLHz0 requires C,62.3H.6. LN, 12.1%.

The following compounds were prepared by & similar
procedure as detailed in Table I;

lowed by column chromatography {A) to give the title 5
compound (1.6 g) m.p. 235"-238" dec.

TABLE 1
Wi of
appto-
priate  Vol. Wi
. Wt Imi-  Spk Fro- A nalysis (T
Ex. Formule T 5M. dazole wvent Salt duet Molewlar Found Bequires
No. R' RI R R! ® g (m) Formed (g mp Formula € H N € HN
Ib CHy H H H 200 410 ¥ HG 078 199.3- CitH NI, 6205 5.5 127 GLERR 137
200,53 HCLO.8H0
le CHy H CH; CH; 1% ] 0.6 5 Maiemie 030 151-152  CygHzNyO. bet 60 95 64760 98
) CaHaQu 0. 2HO
14 CHy Pr H H 32 19 0 HQ 10 178-182" CppHzNa0 M9 60 112 &5569 1145
HCLO.5HD
le* Me H CHzPh H 08 12 5 HG 025 130-135%  CaaHnMNy0. 661 61 95 £9.541 101
HCLO S H0
I Me H H CH;Ph — 005 170-174"  CrkpN0. J2.E 62 1035 7.7 &é& 1D
1.5 HaQ
lg*= Me § H H Lo 1.4 0 HCl 0.3 150-155" CaaHxNO. 8.5 7,35 104 GEA4 T.05 I04
HC1LO3H,0
'2.3.4.9nT¢trnhydm-9.N.N,N—n:l.rnmclhylA-u:u-lﬂ—umunl-J-mul‘ Ini methe weed as siarting materisl.

In the Tabie, { represents cyciohesyl.

Mot |

Compounds L= and 1f were prepared in the saine experiment and the somers separaied by shorn paih chromatography (D, F. Teber,

1. Crg. Chem., 1982, 47, 1351} eluting with dichloromethane/ethanol/ 0,88 ammonia (300:10:1) The following ‘H A.m.r. dats was oibtaired.

ki

'H NMR SPECTRA (obmined al 150 MHy)
Seieoted Proton Chemical Shifis (5 ppm) and multiplicities

Carbazolone Protons Imudaroie Proions

Aliphatic Imidazalyl H#'
Aromane  CHz-l and CHp-2 Wethylsne andsor
Solvent H-5678  HI Prolans H-2' H-¥
le  dy-DMEQ T.-8.03 2.91-3.25 1.75-1.3 A4.47(dd) 2.2 7.55%
' and
4_ted{dd}
if CDCly + DMes 713-805  2.6-2.05 1.75-2.1 4.92(dd} 1% 593
and
+.63{dd)
lg de-DMSO 1.2-3.05 iner alia 4.42{dd) - 7.61d
1.9-33 }.6=2.2 and angd
4. 13dd) 1.7
d = doublel
dd m doublet of doubleis
B~ wHnglel
EXAMPLE 1a

1,2,3,9-Tetrabydro-9-mathyl-3-{(2-methyl- 1 H-imidazol-
1-yl)methyl}-4H-carbazol-4-one hydrochlonde

A solution of the product of Preparation 2 {2.0 g) and
2-methylimidazole (3.0 g) in dry dimethylformamida
(30 ml} was gtirred, under nitrogen, at 95* for 1673 h
and then allowed to cool, The solid that crystallised was
filtered ofl, washed with icecold, dry dimethylformam-
ide (3x2 ml) and dry ether (210 ml} and then dried.
The resulting solid (0.60 g) was suspended in a mixture
of sbsolute aethancl {30 ml) and ethanolic hydrogen
chioride (I ml), and warmed gently to obtain a solution,

EXAMPLE 2

@ 1,2,3.9-Tetrahydro-9-methyl-3-{(2-methyl- 1 H-imidazal-
}-yljmethyl]-4H-carbazol-4-one maleate ’

1,2,3,8-Tatrahydro-9-methyl-3-[{2-methylimidazol-1-

ylymethyl-4H-carbazol-4-one (300 mg) was suspended

&% in hot ethanol (5 ml) and treated with maleic acid (116

mg). The solution was cooled and the white crystaliine

solid was filtered off and dried to give the title com-
pound (30 mg) m.p. 132.3°
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EXAMPLE 2 EXAMPLE 4
1,2,3,9-Tetrahydro-3- | H-imidszol-1-ylmethyl -4 H-car- 1,2.3,9-Tetrahydro-9-methyl-3-[(2-methyl- 1H-imidazol-
bazol-4-one 1-ylimathyl}-4H-carbazol-4-one

A solution of the product of Preparation 1 {0.84 g)
and iridazole (0.90 g) in dimethylformamide {25 m])
was heated at 105" for 6 b, cooled, added 1o water (200
mi) and extracted six times with cthyl acetate. The
combined extract was washed, dried and evaporated 1o
give a solid which was purified on a silica column
{Merck 7734) eluting with athyl acetats/methano] (4:1).
Recrystallisation twice from ethy] acetate/methanol
gave the title compound (4,095 g) as a crystalline solid
m.p. 2202227,

T Lo Silice, dichloromethane/sthanol /0,88 ammonia
(100:8:1) Rf 0.33, detection u.v. and iodoplatinic acid.

The following compounds were prepared by a similar
procadure as detailed in Table I Salt formation was
carried owt as described in Example 2.

5

A soiution of 1,2,3,9-=trahydro-3-[(2-methyl-1H-
imigazol-1-yl)methyl]-4H-carbazol-4-one (1.0 g) in dry
dimethylformamide (10 ml) was added dropwisc upder
nitragen to a stirred, ice-pooled suspension of sodium
hydride {(80% in oil; 0.11 ) it dry dimethylformamide
(5 ml). After 0.5 h dimethylsulphate (0.34 ml) was
added, and the solulion stirred &t toom temperature for
4 h. The resultant soiid was filtered off, washed with
jce-gold dry dimethylformamide (23 ml) and dry
ether (13 15 ml) and dried 1o give the title compound as
& solid {0.25 g) m.p. 223"-224" (dec).

T.Le Silica, ehloroform/methanol (§3:7) RI 027
detection w.v. and iodoplatinic acid, identical o the
product from Ezample 1a,

The foliowing compaunds were prepared by a similar
procedure using the appropriete alkylating agent as
detailed in Table III.

TABLETI
Wi of
Wi approptiate Vol Restion W,
Ex. Formuls (1} &M, Imidazele  Solvemt  Time/Temp,  Sall Product
Mo. E' R R ORC ) & (m]) (h/"C}  Fermed @ mp
» H CHa H H &.60 17.00 78 1725100 Malcate Q.40 155-156"
3 H CHxCH; H H 7.00 t0.50 5 18782 Mal=als 0.48 154.5-1 567
i@ H CHyFh H H .00 ilo % 247100 Maleats 0.61 100.5-1027
ir H H CHy H 1.00 1 5 18/94 Mal=ale 0.16 14414557
¥ HH H  CH Malcale 008 143-1MT
ig H 7y H H 180 14 n 20/100 HCI .11 1421487

‘H NMR SPECTRA (obtauned at 250 MHz in dp-DIM50)
Selected Proton Chemiesl Shifts (8 ppm) and mubtiplicities

Carbazolone lmidazole
Admphatic H4'
Ex,  Aromatic CHi-1 and CH32-2 Imldazoly} and/ar
Mo, H5.6.7.8 H-3 Methylene H-i° H.5
e 7.1=8.05  3.0-135 1.9-2.2 4.2%ad) —_ T7.57d
and and
#.5590dd) 7.67d
ic TA5-B.05  3-125 1.%-1.1 #320dd) - 7.61d
and and
4.72(ad) 7.684
g 7.15-B05  2.83-3.1 1.8-2.0% 4.28(dd} - iad
and and
4.7 1{dd) 1hd
e 7.15-E05  3.0-3.20 1.75-2.2% 4.43{dd) 897 T.46s
and
4.62{dd}
ir 1.13-8.05  3.0-3.20 1.90-2.20 4.2%(dd) 18k Tk
and
4,74(dd)
ig 1.1-8.0 1932 1.78-2.1 6.32(dd) — 7.75d
and and
£.70(dd) 7.0

MOTE i

Compounds 3¢ And 3 were prepaced jh the ame experiment and the iomen separated by peegarative bople. an Zorbar-Sil alutiag with

haxsnddeinyl sceeaiesethanol /0 B8 wmmonss (&00:300: 100:0.6)

In the Table, the ponitions of the prowes are numbsred with rcference 10 the formala below.

“1

B!
The symbuls in Table 13 have the faliowing meanings
4 = doubler, dd = dowbler of doublers. s = singlet

¥ represenis the growp /.=\

CHy
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TABLE III
Reaetion Wi
Esample Time (k) Salt Product
Mo,  Alkyliting Agent Ri B RY mRT Formed () mp
4 MesSO4 CHatHy H H 03 HCl o0y -2
4 Mez50 CHiaPi H H 4 Maleats 0.3z 143-145"
L] Eta50, CH; H H &f Madeate 067 159=-160"
L] PhCH3Br CH3 H H &% Maleate 145 1¥-151.5"
4 CHiCH2st CH; H H 1.2 Muleare 116 -1y
45 Pr{CH;):Br €H; H H &% Muoleat= 034 #9063
4h CHs H H 4 Ozxalaie 0.4 03"
{at 50°) ,
CHMCHz 050 CHj \
4 CH) H H i4h H<Cl 0.1z 131-i33*
{at 40" C)
ErzCHOSO CHj
Analysis (%)
Exnmple Molecular Foubd Requires
Ne, Formula C H M [ H N
b CygH N30 a7 &3 1.0 .7 bk 1.5
HCLO0.5HD
4 CaaHaz3M30. 69.35 54 L% ] 69.3 5.6 E.65
L pFLe T
[T CyaHa N0 CyHaDy 85,15 6.1 985 p423 5905 9.9
LN CaaH2iM0.CaHaOs 891 LY 255 893 LX) §.65
af CazHagMaOhCaHaOlw 674 a9 i) §1.6 [ IR ]
dp CopHzaNO. 59.3 5.9 8.0 6.7 6.1 E.|
CaHaOuD.2H2 0D
4h CpHNO.CoH0, 867 18 18 6b.6 7.8 -4+
A 3H:0
4 CyaHypNi0.HCL 658 19 10.3 65.4 1.5 10.4
1.1H:D
Mote }

The following 'H oom.r. dala was obtained.

'H NMR SPECTRA iphtained a1 250 MHr)
Selected Protan Chemical Shifts (8 ppot and multiphoies

Carvazglone Frofons

Aliphatic Imidszoiyl Imidazele Peoions
Aramalic CH3-1 and CH3-2 Methriens H-4' and/or
Solvent H-5.6.7.E H-3 Prowons H.2 H-¥
4g deg-DMEO T13-8.0 29-32 1.9-22 5.2%dd} — 135
mnd snd
6.68(dd} 1.65d
dh de=DMEOD 7.1-B.1 29-33 1.8-1.2 6. 26{dd} -_— 1.4
and and
6.65(dd) 7.57d
o = il
de w doubler of doublets
EXAMPLE 5 60 stirring continued for 0.25 h, Bromocyclopentane (.51
ml) was added and the stirred solution heated at 100° for
Q-C?yclnpentyl-l.Z.S.ﬂ-ﬁtmhydru-3-[(2vmcthy1-1H- 18.5 h. The solution was aliowed to cool and then parti-
imidazol-1-yl)methyl]-4H-carbazol-4-one maleate tioned batween water (100 ml) and ethyl acetate (370

A solution of 1,2,39-tetrahydro-3-[(2-methyl-lH-  mi). The combined organic extracts were washed with
imidazol- 1-ylymethyl]-4 H-carbazol-4-one (1.20 g) in dry 65 2N sodium carbonate {2 50 mi), water (230 ml)} and
dimethylformamide {9 ml) was added to a stirred, ice- brine (50 ml), dried, evaporated to dryness and purified
cooled, suspension of sodium hydrde (809 in oil; 0.14 by chromatography cluting with & mizture of dichlors-
£) in dry dimethylformamide (2 ml) under nitrogen, and ~ methane, cthanol, 0.88 ammonia (150:10:1) to give an il
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{0.27 g). This oil was dissolved in refluxing absoiute
ethano! (7 ml) and & solution of maleic acid (0.10 g) in
reftuxing sbsolute ethanol (0.5 ml) was added. The hot
solution was filtered, stirred and diluied with dry ether
(20 ml). The resultant yellow gum was washed with dry
ather (7x25 ml), and the combined mother-liquors and
washings left to stand. ‘The solid that crystallised from
the solution was filt=red off, washed with dry ether
(3x 5 m1) and dried to give the title salt as a white crys-
taltine solid {0.058 g), m.p. 104.5*-106"

Analyss—Found: C,65.05H,6.4;4,8.6.

5

20

EXAMFLE 9
1,2,3,9-Tetrahydro-9-{1-methyiethyl)-3-[(2-methyl-1H-
imidazol- 1-ylymeathyl}-+H-carbazol-4-one
hydrochlonde

Sodium hydride (809 dispersion in oil 0.208 g) was
added to a stirred solution of 1,2,3,9-tetvahydro-3-[(2-
methyl-1 H-imidazol-1-yl)methyl)-4H-carbazol-4-onc
(1.93 g) at 0" €. in DMF (35 ml) and the resuitant sus-
pension stirred at O C. for '0.25 h, 2-Bromaopropane
{078 ml) was then sdded and stirring continued at room

CZ;H;?E%%%J?&QDAD..GHJD requires temperature overnight, followed by 4 h at 40° C,
C.65.5H 64N, 8.9%. The reaction mixture was partitioned between s0-
EXAMPLE 6 15 dium carbonate (2N; 200 ml) and ethyl acetate (2% 130

1,2,3,9-Tetrahydro-3-[(2-methyl- 1H-imidazol-1-ylyme-
thyl}-9-(2-propenyl)-4H-carbazol -4-one maleate

A solution of 1,2,3,9-etrabydro-3-[(2-methyl-1H-
imidazol-1-ylymethyl]4H-carbazol-4-one (1.0 g) in dry
dimethylformamide (6 ml} was added to & stirred, ice-
cooled suspension of sodium hydride (804 in oil, 0.12
g) in dry dimethylformamide (2 ml). After 0.23 h allyl
bromide was added, the solution stirred at 0' for .25 h,

ml}. The combined organic extracts were washed with
watar (375 ml), dricd, and evaporated in vacue and
the product purified by chromatography eluting with
dichloromethanesethanel:amrnonia (100:8:1) to give ap
oil. This oi] was dissolved in ethanol (3 ml), acidified
with ethercal hydrogen chloride and diluted with dry
ether to deposit the title compound a5 a white solid (0.13
£} m.p. 1307232,

Analysis—Found: C,65.%H,6.6:M,11.1%.

and 8t room temperatore for 20 h before partitioning 23 (05013 3N30.HCLO.5H,0 requires
between water (75 ml) and ethyl acetate (3350 mi). C,65.4.H,6.9:N,11.45%.
The combined organic cxtracts were washed with

EXAMPFLE 10

water (2 50 ml), brine (50 mal), dried, and concentrated
in vacuo and purified by chromatography eluting with
a mixture of dichloromethane, ethanol, and 0,88 ague-
ous ammonia (200:1(:1) to afford a solid (0.43 g). This
golid was dissolved in refluxing absolule sthanol (2 mi)
and a solution of maleic acid (0018 g) in refluxing abso-
lute ethana! (1 ml} was added. The hot solution was
filtered, dilated with dry cther (4 ml) and the orystal-
lised solid was filtered off, weshed with dry ether 325
ml} and dried 1o give the title compound as & white solid
(048 g), m.p. 150.5*-151"

1,2,3,9-Tetrahydru-9—mcthy]-3-'[(2-methyl-lH-i.miduol-
1-yl)methyl}-4H-carbazol-4-one hydrachloride
dihydrate

1.2,3,9-Tetrahydro-9-methyh3-[(2-methyl-1H-
imidazol-1-yDmethyl]4H-carbazol-4-one (183 g} in =
hot mixture of isopropancl (98 ml) end water (18.3 ml)
was treated with concentrated hydrochloric acid (623
mil). The hot mixture was filtared and the filtrate diluted
with isopropanol (50 ml) and strred at room tempere-
ture for 17 b, cooled to 2° and the solid filtered off (21.6

Analysis—Found: C,66.3;H,5.75N,9.6. 4 g) A sample (6 8) vstallized from & misturs of
[ MN30.C4H4O, Tequires C,66.2;F,5.8;N,9.65%, B} ampic (b g} Was [ec. A :
wHINy +7q ' ' ’ water (6 m}) snd isopropanol (10 mi) to give the title
EXAMPLE 7 compound as a white crystalline solid (6 g) m.p.
1,2,3,9-Tetrahydro-9-methyl-3-[(Z-methyl-1H-imidazol. ~ 178.57=179.5%
1-yDmethyl]4H-carbazol-d-one a5 Analysiz—=Found: ) C,59.45:H,645N,11.5,
. . . 4 CgHsN3O.HCLZHO  requires  G,59.1; H, A&
A solution of 3-{(dimethylemino)methyl]-1,2,3,9-tet- 4 5o Water assay—Found, 10.23%.
rehydro-$-methyl-4H-cacbazol-4-one hydrochloride C;anNJG.HCLzH;D requircs 9.85%.
(1.7 g) in water (17 ml) was treated with 2-
EXAMPFPLE 11

methylimidazale (1.4 g} and then heated under reflux
for 20 h. The cooled mixture was filtered and the resi-
due washed with water (3 15 mi} to give crude prod-
act (1.7 g) m.p. 221"-221.5", This material was recrys-
tallisad from methanol (o give the title compound (1.4
£) mup, 231°=232", identical by t.1.c. with product from
Example 4.

55

1,2,3,%-Tatrahydro-3-[(2-methyl-1H-imidazal- 1-yl)me-
thyl}-G-phenyl-4H-carbazol-4-one maleate
@
3.[(Dimethylaminoymethyl}-1,2,3,9-tetrahydro-8-phe-
nyl-4H-carbazol-4-one hydrochloride

A solution of 1,2,3,9-tetrahydro-9-phenyl-4H-car-

EXAMPLE 8§ ] X M
L bazol-4-one (3.0 g) dimethylamine hydrochioride (1.50
1,2,3,8-Tetrahydro-9-methyl-3-[(2-methyl- 1H-imidazol- g and paraformaldehyde (0.60 g) in glacial acetic acid
1-ylmethyl]-4H-carbazol-4-one gp was stirted at reflux under pitrogen for 42 b, allowed to

A suspension of the product from Preparation 3 (0.5
g} and 2-methylimidazole (0.4 g) in water (5 ml) was
heated under reflux for 20 b, The cooled reaction mix-
ture was filtered and the residue washed with water
{3 10 ml}, dried and recrystatlized from methano! (18
mi) to give the title compound (0.3 g} mup. 232*°-234°
(dec), identical by tl.e, with the product from Example

65

cool and concentrated in vacuo. The residual brown
gom was stirred with water (50 ml), ethyl acetate (30
ml) &nd brine (20 ml) for G.25 h, and the resultant salid
filtered off, washed with dry ether (430 ml) and dricd
to give the title compound (4.2 g). A portion of this
solid (1.0 g) wes recrystallised twice from absolute
ethanol (10 ml) to give the title compound as a fawn
powder (0.39 g) m.p. 193"-194* (dec).
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(i)
1,2,3.9-Tetrahydro-3-{(2-methyl-1 H-imidazol-1-ylime-
thyl]-9-phenyl-4H-cartazol-+-one maleate

2-Methyl-1H-imidazole (1.4 g) was added, vnder ni-
trogen, to & stirred suspension of >-[{dimethylamino)me-
thyl]-1,2,3,9-terahydro-9-phenyl-4H-carbazol-4-one
hydrochloride (2.0 g) in water (20 mt). The mixture was
heated at 30° for 43 h and (he solvent decantad from the
fawn solid. Chloroform wsas added to the solid, the
suspension was filtered through hyflo, the filtrate dried
and concentrated in vecuo,

Chromatography of the residual fawn foam (2.04 g)
cluting with a mixture of dichloromethane, ethanol and
0.88 aqueous ammomnia (200:10:1} afforded & white foam
(1.1 g). A solution of this foam in ethano! {3 mi) was
treated with maleic acid (0.4 g) in ethanol {1 ml) fol-
lowed by dry cther (40 ml) and the resulfant gum tritu-
rated with dry ether (2 x40 ml) to afford the utle com-
pound as a cream solid (1.37 g), m.p. 165"=166" {dac).

Analysis—Found; C,68.65 M 5 5N,8.7.
CaaH7 N30 CaHaOy requires C,68.8; N,5.3; N.8.9%.

EXAMPLE 12

1,2,3,9-Tatrahydro-9-meathyl-3-[{ 2-methyi-1H-imidazol-
1-yl)methyl]-4H-garbazol-4-one phosphate (1:1)

1,2,3,9-Teteahydro-9-methyl-3-[(2-methyl-1H-
imidazol-1-yl)methyl]-4H-carbazol-4one (0.6T 2) was
dissoived in a hot mixture of phosphoric acid (90%, 0.13
tal) and water {10 ml), filtered through Hyflo and al-
lowed to crystallize to give the title compound (0.5 g)
m.p. 225"

Analysis—Found: C.55.1;H,5.6N.10.55,
ChgH 1oHa0LH3aPQy requires C,55.2:H,5.7:N,10.7%.

EXAMPLE 13

1,2,3,9-Tetrahydro-S-methyl- 3-[{2-methyl-1H-imidazol-
1-vl)methyl]-4H-carbazol-4-one citrate (2:1)

1,2,3,9-Tetrahydro-%-methyl-3-[(2-methyl-1H-
imidazol-1ylmethyl]-4H-carbazol-4-one (0.82 g) was
dissolved in ahot soluticn of citric acid (0.58 g) in etha-
nol (20 ml) and allowed to crystallize, The resulting
crystalline solid was recrysiallized by dissoiving in
acetone/water (2:1, 2 ml) and diluting with acetone (20
ml) o give the title compound (0.6 g) m.p. 162°,

EXAMPLE 14

1.2,3,9-Tetrahydrg- 3-[(2-propyi-1H-imidazol- |-yl )me-
thyl}4H-carbazol-4-ene hydrochlonde

Iodomethane (0.75 mi) was added 10 a stirred solution
of 3-[(dimethyl amino)methyl}-1,2.3,9-tetrahydro-4H-
carbpzol-d4-one (2.9 g) in dry DMF (30 ml) and the
solution stirred &t room temperaiure for 30 min. A solu-
tion of 2-propyl-1H-imidazole (2 g) in DMF (5 ml) was
added, and the solution stirred at 100" C. for 2 days,
epoled and partitioned between sodium carbonate (2N,
150 ml) and sthyl acetate (2% 100 ml}. The combined
extracts were washed with water (100 ml), dried and
cvaporated in vacuo. The residue was purified by cal-
umn chromatography eluting with dichloromethane:c-
thanol:ammonia (400:30:3) tc give the free base &5 a
solid (1.2 g). A sample ((.2 g) was dissolved in absolute
ethanol (5 ml), acidified with ethercel hydrogen chio-
ride and dileted with dry ether (ca 200 mi) to give an
oil. On scratching, the oil crystallised to give a solid
(0.13 g). The salt wes crystallised from a mizture of

5

10

L

0

60

65

22
methano! and isopropy] acetate to give the title com-
pound (D.OB g) m.p. 206°208° .

Analysis—Found:
CieHzi N0 HCE
C.657H,6.5:N,121%.

N.m.r- $(CD3S0CD;) 0.94(3H,t,CH3), 1.T7(2ZH, sex-
tet, CH2CH2CHa), 1.9-2.15 and 2.95-3.2 (TH,m) 4.32
and 4.71 (2H, ABX, CHCH;N), 7.1-8.0(6H, aromatic).

EXAMPLE 15

1.2,3,9-Tetrahydro-3-[(2-propyl- JH-imidazol- |- yl)me-
thyl]-4H-carbazol-4-one hydrochloride

A solution of the product from Example 3g (0.02 g) in
methanol (15 ml) was hydrogenated 2t room tcmpera-
ture and pressure over 109 palladium ozide on char-
conl (50% ag. paste, 0.03 g) for 4h (Hz uptake, 5 ml).
The catalyst was filiered off, and the filtrate evaparated
in vacua to given an oil, Trituration with ether gave the
litle compound as a white solid (0.03 g} m.p. 199°-203*
o .

this material was identified by t.l.c. and n.m.r. to the
product from Example 14,

EXAMPLE 16

1,2,3,9-Tetrahydre-3-[(2-propyl-IH-imidazol- 1yl )me-
thylj-4 H-carbazal-4-one hydrochloride

Sodium hydride (0% disp. in oil) was added, under
nitrogen, to a stirred solution of the produst from Ex-
ample 14 (1.0 g) in dry DMF {20 ml) and the suspension
stirred at rgom temperature for 30 min, -Bromopro-
pane (0.35 mnl) was added, and the solution stimed at 40°
C. for 20 h. The solution was partitioned betwesn so-
dium carbonate (2N, 150 m]) and ethyl acetate (23100
ml). The combined extracts were washed with waler
(100 ml), dried and cvaporated in vacuo to give an cil.
The otl wes porificd by column chrometography clut-
ing with dichlaromethane:ethancl:ammonia (100:8:1) to
give pure fres base ag an oil. The oil was dissolved in
shsolute ethanol (3 ml), acidified with sthereal hydre-
gen chloride, and diluted with dry ether (200 ml). The
ether was decanted off the resulting oil and replaced
with mare dry ether {200 ml). On storage at 0* C. aver-
night the oil erystallised to give the title compound
(0.53 g} m.p. 144°-147" C.

N.m.r. 5{CD350CDs) 0.90 and 0.93(6H,t+1, 2% Me),
1.65-2.2 and 2.9=3.25 (10H,m), 4.19(2H,t,CH:CH;zN),

C,65.6;H.6.8,N,12.0,
0.2H;0 requires

432  and  471(ZH.cuns/AB/  X,CH;CHeN),
7.15-8.1{6H,m,aromatic)
Analysis Found; C.66.6;H,7.T;N,10.0.

CzzH3tM 10, HCLOTHRO
C,66.3;H,7.4:N,10.5%.

EXAMPLE 17

1,2,3,3-Tetrahydro-3-[(2-methyl- | H-imidazol-1-yme-
thyl}-9-propyl-4H-carbazol-4-one maleate

A solution of the produet from Example & (0.86 g) in
a mixture of absolute ethano! (20 ml) and dry dimethyl-
formamide (% ml) was hydrogenated at rpom tempera-
ture and pressure over 5% platinum on carbon [(0L1 g,
pre-reduced in absolute ethanol (10 ml)] for 1 h. (H:
uptake =70 ml). The catalyst was filtered off, washed
with ethanol, and the filtrate concenirated in vacuo io
ca 15 ml The residual solution was stirred, diluted with
water (50 ml) and the precipitated solid filtered off,
washed with water (33 15 ml) and dried 1o give a2 pow-
der (0,73 g

requires
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This material was dissolved in refluxing absolute

ethancl (7 ml), filtered, and a solution of maeic acid

{0.25 ) in refluxing absolute cthanel {1 ml} was added.

The stirred solution wes diluted with dry ether {50 ml)
to give the title compound (0.84 g), m.p. 150°-151*

Analysis—Found: 658 H,6 EN,9.3;
CooHzN10.CyHOy requires C,65.9H.6.5N.9.6%.

EXAMPFLE 1%

1.2,3,9-Tetrahydro-9-methyl-3-[(2-methyl-1 H-imidazol-
1-ylymethylj-4H-catbazol-4-one

()3-{Chloromezhiyl)-1,2,3,9-teteahydro-9-methyl-4H-
carbazol-done

Ethereal hydrogen chloride (3.0 mt) was added to &
stirred, icecooled solution of the product from Prepa-
ration 3 {1.90 g} ir chloroform {15 mi), and the resultant
suspension was stirred in a gealed vessel at room tem-
perature for 16.5 h, concentratad in vacuo and the resid-
ual solid (2.27 g) purified by column chromatography
eluting with chloroform to give the title compound
(1.75 g} m.p. 108°-110.5", An atlempt 1o crystallise a
portion of this material from ethyl acetate resulted in
partial decompasition.

{ii)
l,2.3,9-T¢trahydro-9-muﬂ1y]-3-[(2-m¢:thy]-lH-imidun!-
1-ylymethyl}-4H-carbazol-4-ahe

A solution of 3-{chloromethyl)-1,2,3,9-tetrahydro-§-
methyl-4H-carbazol-4-one (0.50 g) and 2-methyl-1H-
imidazole (1,60 g) in dry DMF was stirred under nitro-
gen at 90° for 3.75 h, and then poured onte water (25
ml). The suspension was stirred for 1 h, and the solid
fillered off, washed with water (3 »20 ml) and dried in
vacuo a8t 50°, Column chromatography of this solid
(0.53 g} cluting with a mixture of dichloromethane,
ethanol and 0.88 aqueous ammonia (150:1¢:1) alforded
the title compound (0.45 g) m.p. 228"-229", This mate-
rial was identical to the product from Exampie 7 by
t.l.e. and n.m.r,

EXAMPLE 19

1,2,3,9-Tetrahydro-8-methyl-3-[(2-methyl- 1 H-imidazol-
1-¥ymethyl]-4H-carbazol-4-otie

A solution of 2,3-dichloro-5,6-dieyano-1,4-benzoqui-
none (170 mg) in dry tewahydrofuran (1.5 ml) was
added dropwise under nitrogen to a stirred, ice-cooled
guspension of the product from Freparation 4 (100 mg)
in & mixture of tetrahydrofuran (3.5 ml) and water (0.4
ml). The resultant blue solution was stired for 1.3 b,
and then concentrated in vacuo, Column chromatogra-
phy of the residuel solid cluting with & mixture of di-
chioromethane, ethanol and 0.88 ammonia (150:10:1)
afforded the title compound (45 mg) m.p. 227"-228.5",
This material was identical to the prodoct from Exam-
ple 7 by tlc, aed pm.r

EXAMFLE 20

1,2,3,9-Tetrahydro-S-methyl-3-{(2-methyl- 1 H-imidazol-
1-ylymethyl}-4H-4-carbazol-4-one

A solution of 2,3-dichloro-3,6-dicyano-1,4-benzogui-
nowe {80 mg) in dry tetrahydrofuran (1.5 ml) was added
dropwise under nitrogen to a stirred, ice-cooled suspen-
sion of the produgt from Preperation 5 (100 mg) in &
mixture of tetrabydrofaran (3.5 ml) and water (0.4 mi).
‘The resultant blue solution was stirred for 1.5 h, and
then the red suspension wae concentrated it vacuo,
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Column chromatography of the residual solid ¢luting
with 3 mixture of dichloromethane, ethanol and 0.8
ammonia (150:10:1) afforded the title compound as a
white solid (0.47 g} m.p. 227.5*-229". This material was
identical to the product from Example 7 by tle. and
n.m.r.

EXAMPLE 21
35-1,2,3,9-Tetrahydro-3-|(Z-methylimidazol-1-ylme-
thyl}-9-methyl-4H-carbazol-4-one maleate

A solution of the product from Example 7 (0.5 g) was
dissobved in hot mathanol (30 ml) and treated with a hot
solution of {+)di-p-toluoyl-D-iartaric acid monohy-
drate (0.7 £} in methanol {10 ml) and the resulting solu-
tion allowed to erystallise overnight o give the desired
galt (068 g). This salt was dissolved in hot dimethyl-
formamide (DMF, 20 ml}, diluted with hot watcr {10
ml) and allowed 10 erystallise overnight. The product
was ftered off, and dried in vacuo to give ca 0%
enantiomerically pure {(as shown by nm.r.) {+)-di-p-
tolvoyi-D-tartaric acid salt (0.23 g) m.p. 231%-233°, A
sample of the salt (0.15 g) was paritioned between 8%
sodiut bicarbonate (25 ml} and chioroform (2% 25 ml).
The combined extracts were dried and evaporated in
vacuo to give pure frec base {007 g). The base was
dissolved in methanal (5 ml) acidified with maleic acid
{0.03 g) and the salt precipitated by adding expess ary
ether (30 m]) to give the title compound (0.062 g) m.p.
1427145,

T lc. Silica, dichloromethane/ethanol/0.88 ammonia
(100:8:1) Rf 0.3 detection w.v. and isdoplatinic acid,
jdentical to the product from Example 7. The enantio-
mer ratio, determined by 'H nm.r. was 93:7 (8R). A
sample of the maleate salt showed no sigificant optical
rotatioh it methanol. The free base, regencrated from
the maleate sait gave [a)p?®—14" (¢ 0.19, McOH).

EXAMPLE 22

3Rk-1,2,3,9-Tetrahydro-9-methyl-3-[(2-methyl-1H-
imidazol-1yl)methyl]-4H-carbazol-4-one maleate

A solution of the product from Example 7 (0.5 £) was
dissolved in hot methanol (30 mi) was trezted with a hot
solution of (=-)-di-p-toluoyl-L-tartaric acid monchy-
drate (0.7 g) in methanol (10 ml) and the resulting solu-
tion allowed 1o crystallise overnight to give the desired
salt (0.2 g). This salt was dissolved in hot dimethylform-
amide (DMF, 20 ml), diluted with hot water (10 ml) and
allowed to crystallise for 3 days. The product was fil-
tered off, and dried in vacuo to give ca 35% enanti-
omerically pure (as shown by n.m.r.) { = -di-p-toluocyl-
Letartaric salt (0.26 g) m.p. 170°-172". A sampie of the
salt (0.2 g) was partitioned between BS% sodium bicar-
bonzte (25 ml) and chioroform (225 ml), The com-
bined extracts were dried and svaporated in vacuo to
give pure free base (0.12 g). The basc was dissolved in
methano! (5 ml) acidified with maleie acid (0.0453 g) and
the salt precipitated by adding excess dry ether (80 ml)
1o give the title compound (0.08 g) m.p- 142°-143",

T.lc. Silica, dichloromethane/ethanol /0.8 ammonia
{100:8:1) Rf 0.3 detection u.v. and iodoplatinic acid,
identical to the product from Example 7. The ¢nantio-
mer ratin, determined by 'H num.r. was >85:5. A sam-
ple of the maleate salt showed no significant optical
rotation in methanol. The free base, regenersied from
the maleate salt, gave [a)p?+ 16" (c 0.34, McCH).
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EXAMPLE 23

8_[{Cyclopropyl)methyl]-1,2,3 9-tetralydro-3-[(2-meth-
y]-lH-lmldazo] -1-yl)methyl}-4H<carbazol -4-one,hydro-
chloride

Sodivm hydride (809 disp. in cil 0.073 g) was added
to 2 solution of the produet from Preparaton 6 (0.7 g) in
dimethylformamide (20 ml) and stired for 13 min.
{Bromomethylcyclopropane {0.33 g) was added and
Lhe solution maintained at 40° for 4 h, before partition-
ing between aqueous sodivm carbonate (2N, 100 ml)
and ethyl acetate (2% 50 ml). The combined organic
extracts were washed with water (50 ml), dried and
evaporated in vacue to give an oil which was purified
by column chromatography (B) 1o give pure frec base.
A golution of the free base in ethanol {15 ml} was acidi-
fied with ethereal hydrogen chloride and diluted with
dry ether to precipitate the title compound (0.4 g) m.p.
120°-130"%

Namr S(CD80CD;) 0.4-0.6 (4H.m.cyclopropyl-
CH,CHy—=), 1.2-1.3 (1H.mcyelopropyl-CH—) 2.7
(3H,s --CH;) 4.29 and 4.6% (2H, ABX,CHCH;N) and
7.2-8.1 (GH,m aromatic).

Analysis—Found:
CyHzaN:0.HCLLSH20
C,63.5H,6.5;N,10.6%.

EXAMPLE 24

1,2,3,9-Tatrahydro-3-[(2-methyl- 1 H-imidazol- |-ylme-
thyl)-9-(2-propynyl-4H-carbazol-4-one, oxalate

Sodium hydride (B0% disp. in oil, 0.075 g) was added
to & salution of the product from Preparation 6(0.7 g) in
dimethylformamide (10 ml) and stirred for 15 min, Pro-
pargyl bromide (044 g) was added and the solution
maintamed at 407 for 5 h before partitioning berwesn
aqueous sodium carbonate (2N, 100 ml) and ethy] ace-
wle (2%50 ml), The combined organic layers were
washed with water (2% 50 ml), dried and evaporated in
vacuo to give an oil which was purified by chromaiog-
raphy (B) 1o give a solid. This solid was dissolved in
ethanol (10 ml) and a soleton of oxelhio acid (0.14 g)
methanol (5 ml) added. Addition of dry ether precipi-
tated the title compound {0.35 g} m.p. 237°-238".

Nomar - §CDE0CDy), 260 (3HsCHy), 347
(1H1,CsC—H), 4.25 and 4.63 (2H, ABX CHCH;N)
5.19 (2H,d.NCH:CsC), and 7.2-8.1 (6H, m,aromatic),

Analysis—Found: C,64.0: H, 50, N, 100
CmHmN;O.C:HQD.tG.BHzD requires C, 63.9; H 5L N,
10.2%%.

C.63.6,H.6.55M,10.5.
requires

EXAMPLE 25

9-(Cyclobutylmethyl)-1,2,3,9-tetrahydro-3-J(2-methyl-
1H-imidazol-1-yl)methyl]-4H-carbszol-4-one maleale

A gplution of 1,2,39teteahydro-3-[(2-methyl-1H-
imidazol-1-ylmethyl)-4H-carbazal-4-one {1.00 &) in dry
dimethyiformamide (10 ml) was added dropwise under
nitrogen to a stirred spspension of sodium hydnde (789
in oil; 0.12 g) in dry dimethylformamide (5 ml). The
mixture was stirred for 1.5 h and a solution of cy-
clobutanemethansg]l (&methylbenzencsutphonate) (2.35
£) in dry dimethylformamide (5 ml)} was added. The
solution was heared to 50°, stirred for 3.25 h, allowed to
cool and concentrated in vacwo o ca 10 mi. The resid-
ual solution was poured onto water (100 ml} and ex-
tracted with ethyl acetate (32100 ml). The combined

26
extracts were washed with water (570 mi) and brine
(70 ml), dried (Naz504) and concentrated in vacuo.

Flash chromsography (C) of the residuxl gum af-
forded a foam §0.67 g). A portion of this material (047
) was dissolved in boiling absolute ethanol (2 ml) and a
solution of maleic acid (0.15 g) in refuxing absolute
ethanol (] ml) was added. The stirred solution was
diluted with dry ether (50 ml) and the resultant solid
filtered off, washed with dry ether {3 x 15 ml) and dried
m vacuo at 607 for 2] h to give the title eompound as a
solid (0.54 g) m.p. 1257=127",

Analysis—Found: £, 66.3; H, 63; N, E&
CHHHNJG\QH.Dq.D.SEHzD requires C. 659,‘ H, 6.4',
N, 8.9%.

M. S(DMSC) includes 1.7-2.2 (BH,m,cyclobutane
and H-2 ax); 2.65 (3H,5Ar—CHi);, and 4.2-4.95
{4H,m.indole N—CH> and imidazole N—CHa).

The following compounds were prepared according
10 the methed of Exampie 3, using the reaction condi-
tions given in Table IV hercinafier.

EXAMPLE 26

- (Cyclopentyimethyl}-1,2,3,9-tetrahydro-3=[(2-merhyl-
1H-imidazol-1-yl)methyl}-4H-carbazol-4-one maleate

m.p. 107°-108%

Analysis—Found: €, 65.2; H, 655 N, &1
CaH2N30.CaHaO4- H20 requires C, 65.4; H, 4.7; N,
£.5%.

N.m.r. 5{DM50) inctudas 1.2-2.45 (1 1H,m,cyclopen-
tane and H-2), 265 (3HsAr—CH3; 4.17
(ZH,d N—CHz-cyslopentane); and 4.27, 4.66 (ZH,ABX,
imidazole NCH:).

EXAMPLE 27

1,2,3,9-Tetrahydro-3-[(2-methyl-1H-imidazol- 1-y])me-
thyl)-9-(2-octyny]}-4H-carbazol-4-one, maleate
m.p. 1157-116% ]
Analysis—Found: €, 692 H, &6 N, 8.3
CoMsgN3O.CaHaOy requirss C, 62.2; H, 6.6, ™, 8.3%.

N.m.r. S(CDCly) inciudes 0.83
(3H,t,=C{CHz4CH,}; 1.2-1.52
(6H.m,=C—CHienzCH2CHCHa), 28

(3H,5,Ar—CH3); 433 (2H, ABX CHCH;N}); and 4.30
(2H L, NCH G,

EXAMPLE 28

-{3-Cyclopentylprapyl)-1,2,3,9-tetrahydro-3-[{2-meth-
yl-1H-imidazol-1-yl} methyl}-4H-carbazol-4-one, -
maleats

m.p. 119°-120.5°,

Analysis—Found: €, 6%.1; H, 7.2, N, B3
CasH31 N304 CaH4O4 requires C, 68.9; H, 7.0; N, 8.3%.

N.m.t. 5(CDCl3) includes 0.95-1.85 (13 H, cyclopen-
tane and CHyCH;CH), 2.80 (3H.s.Ar—CHj), 4.08
(2H,1,NCH2CHz); and 4.55 (2H,ABx, NCHCH).

EXAMPLE 19

9.(Cycloheptyimethy()-1,2,3,5-tetrahydro-3-[(2-methyl-
lﬂ-imiduol-1—yl)melhyl]-4I;1-carbazal—4~¢nc, maleate
Analyss--Found: €, 666 H, 7.0 N, 7.7,
CasHy N30, 1. 5Ca Qs requires C, 66.1; H, 6.6 N,
1.5%.
N.m.r.
cloheptanc

1.15=1.75 (1ZH,m,cy-
(3HsAr—CH3);, 392

S(CDCls)  includes
CHik 280

(?H,d NCHy-cycloheptane);  and  4.36  (2H,
ABX, NCTLCH).
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TABLE IV
ALKYLATION SALT FORMATION (MA
Smriing Alkylating sgent Remetion Reaction Yickd of Wi, of Wi af
Ex. material NaH Weight time &mp, base hase acid Yiakd
M. (g (g} Siruere @ M ("C.]  Elwent {x) (g) s {g)
26 10 0.1 : CH1OTes L0 075 4+ 40 55 [ 1.0 0.4 0.32 1.08
27 0.5 0062 BrCH:C=CCsH);; 0378 0275 4 6 RT o 0.390 0.3%0 [EL ] 0.548
62 5

2B 0.3 D.062 ACH2):Br 0.378 D25 4 14 RT o 0.613 XYL D03 0.507
2% 0.2 0024 0,131 .25 + 10 RT < 0.13% 0.136 LO#5 0.055

Tos = pHolmenesuiphony]
RT = room tempiiliure

d\ﬂr
We claim:

1. A compound of formula (I)

R 03]

Q '\I___=|/R!
Il 25
H N
R

2

m—z

I

)]

wherein R! represents a hydrogen atom or a €. palkyl,
Ci.7 cycloalkyl, Cag alkenyl, Cs.7 cycloalkyl-(C).4)al-
kyl, ©3.10 alkynyl, phenyl or phenyl-C|.; alkyl group,
and onc of the groups represented by R, Riend Riisa .
hydrogen atom ar a Cjsslkyl, Ci7 cycioalkyl, Cas
alkenyl or phenyl-(C).3) alkyl graup and each of the
other two groups, which may be the same or different,
represents a hydrogen atom or a C) ¢ alkyl group; or a
physiologically acceptable salt or solvate thercof.

2. A compound according to claim 1 in which one of
the groups represented by R2, RY and R4 represenis a
Ci.3 alkyl, Cs cycloalkyl or Cig alkenyl group and
each of the other two groups, which may be the same or
different represents a hydrogen stom or a Ci.3 alkyl 45
granp.

3. A compound meccording 1o elaim 1 in which R!
represents g hydrogen atom or & Crsalkyl, Cs.ecycloal-
kyl @r Cas alkenyl group and either R? represents a
hydrogen atom and R and/or R4 represents a Cralkyl .
group or RZ represents a Cy.3 alky! group and both R?
and R represent hydrogen atoms.

& A compound of formuia (I)

o R CER O 1

N 60
H.l'

wherein R} represents a hydrogen atom or a Cjpalkyl,
Ca7 cycloalkyl, Cis alkenyl, phenyl or phenyl-C).3
alky] group; and one of the groups rcpresented by R2, 65
R3and R*is a hydrogen atom or a Cy.5alkyl, Crreyclo-
alkyl, Cisalkenyl or phenyl(Ci.3) alky] group and each
of the other two groups, which may be the same or

different, represents a hydrogen atom or a Cy.g alkyl
group; or a physiclogically acceptable salt or solvaie
thereof.

5. A compound according to claim 4 in which R!
represants a hydrogen atom or & Crgalkyl, Cag cycloal-
kyl ot Ci¢ alkenyl group.

6. A compound according to claim 4 in which one of
the groups represented R2, R and R4 represents 8 Ciy
alkyl, Cy.4 cyclaalkyl or Cy.s alkenyl group and each of
the other two groups, which may be the same or differ-
ent, represents a hydrogen atom or a Cj.; alkyl group.

Y. A compound according to claim 4 in which R!
represenis a hydrogen atom or a Cygalkyl, Css oycloal-
kyl or Ciu alkenyl group and either R2 represents a
hydrogen atom and R and/or R4represents a C(.3 alkyl
group or R? represents a Ci4 3 alkyl group and R and
F4 both represent hydrogen atoms.

8. A compound of formula (Ia)

RA2 r3 {ta)

R
Rle

wherein R1# represents a hydrogen atom or a methyl,
ethyl, propyl, prop-2-yl, prap-Z-enyl or cyclopentyl
graup; R represents a hydrogen atom; and either Rls
represents = methyl, sthyl, propyl er prop-2-yl group
and R* represents a hydrogen atom or R4 represents a
hydrogen atom and R4 represents a methyl or ethyl
group; or a physiologically acceptable selt or solvate
thercof.

9. 1,2,3,9-Tetrahydre-3-methyl-3-{{2-methyl-1H-
imidazol- I-yDmethyli-4H-carbazol-4-one or & physio-
logically acceptable salt or solvate thereof,

10.  1,2,3,9-Tetrahydro-3-[(2-methyl-1H-imidazol-1-
yi)-methyl}-9-(prop-2-enyl}-4H-carbazol-4-one; 8-
Cyclopentyl-1,1,3,9-tetrahydro-3-[(2-methyl-1H-
imidazal-1-yi)methyl]-4H-carbazol4-one;  1,2,3,9-Tet
rahydro-3-[2-methyl- 1 H-imidazol- -y methyl]-9-{(prop-
2-yl)-4H-carbazol-4-cone; or # physiclogically accep- -
able salt or soivate thereof.
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11. A pharmageutical composition for the treatment
of » condition caused by disturbance of “nearonal™ SHT
function comprising at least one compound of formula
(T} a¢ defined in claim 1 or A physiclogically acceptable
salt or solvate thereof in an amount effective to refieve
said condition together with at least one physiclogically
acceptable carrier or exipient.

12. A method of treating a condition caused by distur-
bance of “neuronal” SHT funenon which comprises
adminisiering to a patient an effective amount of a com-
pound of formula (1) as defined in claim 1 or a physio-
logically acceptable salt or solvate thereof to relisve
said condition.

13. The compound of claim 9 in the form of a hydro-
chloride galt.

14. The compound of claim ¢ in the form of the hy-
drochloride dihydrate,

G

15. A pharmaceutical composition according o claim

11 in which zaid eompound of formula (I) . 1,2,3,9-te1-
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rahydro-%-methyl-3-{(Z-methy]l- 1H-imidzzol-1-yl)me-
thyl]-4-H-carbazol-d-one or = physiclogically accept-
able salt or solvaie thereof.

16. A pharmaceutical compaosition according to claim
15 in which said compound is present as 8 hydrochio-
ride salt-

17. A pharmaceutical composition according to claim
15 in which said compound is present as the hydrochio-
nide dihydrate,

18. A method according to claim 12 in which said
compound of formula (I) is 1,2,3,9-tetrahydro-9-methyl-
3[(2-methyl-|H-imidazol- 1 yl)methyl]-4H-carbazol-
4-one or a physiologically acceptable salt or solvate
thereof.

19. A method according to claim I8 in which said
compound is used as a hydrochloride salt.

20. A method according to claim 18 in which said
¢ompound 15 wsed as the hydrochloride dihydrate.

™
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[57} ABSTRACT

The invention relates to the wse of compounds of the
-generat formula (T}

R‘ R! (n

wherein
R! represents 2 hydrogen atom or & Crao atkyl, Cay
cycloalkyl, C;7 cycoalkyl{C;.4) alkyl, Cy.¢ alke-
nyl, Cijo alkynyl, phenyl or phenyl-Ci.; alkyl
group, and onz of the groups represented by
R%Rand R*is & hydrogen atom or a .4 alkyl, Ci.z
eycloalkyl, Co.s alkenyl or phenyl - Cp3 alkyl
group and each of the other two groups, which
may b the same or different, represents a hydro-
gen atom or 3 Cr alkyl group;
and physiologically acceptable salts and solvates
thereof, for the relief of nausea and vomiting and/or the
promotion of gastric emptying and for the manufaciure
of 3 medicament for this purpose. Promotion of gastric
emptying may be for the relief of gastro-intestinal disor-
ders associated with gastric stasis or may be of advan-
tage of radiological examination procedures.
The invention also relates to a product containing a
therapeutic agent lisble to induce navsea sod vomiting,
&.g. a cytostatic agent such as » cyclophosphamide, an
alkylating agent or a platinum complex, and a com-
pound of the general formula (I) as a combined prepara-
tion for simultanequs separate or sequential use in ther-
apy.

17 Claims, No Drawings
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METHOD POR TREATING NAUSEA AND
VOMITING

This invention relatcs to a8 new medical use for a #
group of heterocyclic compounds and pharmaceutcal
compositions containing them. In particular it relates to
ceriain tetrahydrocarbazolons derivatives which may
be used to promote gastric emptying and as anti-smetic

agenis, 10

A particularly important application for anti-=metic
sgents iy i the prevention snd treatment of nansca and
vomiting associnted with cancer chemotherapy. Emesjs
is & well-known and frequent side-effect of cancer che-

motherapeutic agents, such as cispiatin, It causes serious |3

problems in ¢ancer chemotherapy, and in some patients
emexis i5 w0 gevere that therapy must be discogtinuad,
Anti-cmetic agents are therefore often admimistered in
order to alleviate this side-cffact of the cancer chemo-

therapeutic agenl. The anti-emetic agents employed are 5

usually benzamide derivatives, such as metoclopramide,

which have dopamine antagonist activity,
Metoclopramide is also a gastric motility stimulant,

ie. it promotes gasiric emptying. The promotion of

gastric empiying is important in the treatment of gastro- 55

intestipal disorders related 1o gastric stasis: ang in radio-
logical examinations.

1o view of their dopamine antagonist activity benza-
mide derivatives such a5 metoclopramide themseives

exhibit sefious and undesirable side-effects, such as ex- 39

tra-pyramidal effect, i.e. tardive dyskinesia, acute dis-
tonia, akathisia and tremor. There is thus s need for a
safe aod effective anti-emetic agent and gastric motility
stimulant.

In our British patent zpplication No. 2153821A and
ow European patent application No. 86300423 we dis-
close :imidazolylmethyltetrakydrocarbazalones which
sy be repressnted by the general formula (T)

o R4 g I 40
N N
45
Bl
N
|
rl
wherein 50

R! represents 8 hydrogen atom or & Cp.palkyl, Cag
cycloalkyl, Cicycloalkyl(Cigalkyl, Cis alke-
oy, Ciicalkynyl, phenyl or phenyl-Cj aalicyl
group, and one of the groups represented by R2,
R}and R*is u hydrogen atom or a Cjgalkyl, Cyy 55
cycionlkyl, Cz.g alkenyl or phenyl-C.alky! group
and each of the other two groups, which may be
the same or different, represents & hydrogen atom
or a Cy¢ alkyl gronp; and physiologically accepi-

able salts and solvates, c.g. hydrates, thereof, &0

Suitable physiologically scceptable salts of the car-
bazolones of general formula (1) include acid addition
saltz formed with arganic or morganic acids for exam.
ple, hydrochlorides, hydrobromides, sulphates, phos-

phates, citrates, fumarates and waleates. The solvates 65

may, for example, be hydratas,
The sforementioned specifications alao disclose phys-
iologically asceptable equivalents of the compounds of

Lar
U

2
formula (I), i.e. physiclogically acceptable compounds
wkhich ar¢ converted in vive into the parent compound
of formuia (J).

The compounds of formula (I) are described in the
aforementioned specifications as potent and selective
antagonists of S-hydroxytryptamine (5-HT) at *neuro-
al" 3-HT receptors of the type Joeated on terminals of
primary afferent nervea, and which are also belizved to
be present in the central mervous syststn, The com-
pounds are described as being of use in the treatmient of
& human or animal subject suffering from 3 condition
caused by a disturbance of newronal SHT function, for
exemple in the treatment of a human subject suffering
from migraine pain or a psychotic disorder such s
schizophrenin, It is also stated that the compounds may
be useful in the treatment of conditions such as anxiety,
obesity and mania

We have pow surprisingly found that compounds of
formula (T) promote gastric emptying and also that they
are anti-emetic,

Accordingly, the invention provides a method of
treatment for the relief of nausea and vomiting, and/or
the promotion of gastric emptying e.g. for the relief of
grstro-intestinal disorders associated with gasiric stasis,
which comprises administering to a hwman or animal
subject an effective amount of 4 compound of formula
(), or a physiclogically scceptable salt or solvaic
thereof.

Tests in animals have shown that compounds of for-
tiula (T) enhance gastric emptying. The compounds are
therefore of use in the treatmene and/or prevention of
conditions which may be relieved by the promotion of
§AsiTIC emprying c.g. gastric stasin which mey occur, for
example, post-operatively, and symptoms of gastro-
intestinal dysfunction such as occur with dyspepsia,
peptic ulcer, reflux oseophagitis and flatulence, The
compoinds may also be used to promote gastric empty-
ing in disgmostic radiclogical procedures, such as radio-
logical examinations.

Tests in animais have also shown that compounds of
formula (T} inhibit emesis. The compounds are therefore
also of use as anti-emelic agents, i.e. in the preventinn
and treatment of nausea and vomiting. The compounds
are mspecially valuable for the prevention of emesis
inducad by cancer chemotherapeutic agents such as
cisplatin. Particular mention may ajso be mede of the
treatsient of radiation-induced emesis. Thus, the com-
pounds of formula (I) may be wsed in the pravention of
emesis induced by radiation therapy, e.g. irradiation of
the thorax or abdomen, such a4 in the treatment of can-
ear; or in the treatment of radiation sickness.

The compounds of formula (T) do not possess dopa-
mine antagonist activity snd thus will not produce the
updesirable side effects found with known anti-emetic
agents such ay metoclopramide,

It will be appreciated that the compounds of formuls
(1) may be used prophylacticelly and references in this
specification o treatment include prophylactic treat-
ment as well 25 the alleviation of acute sympioms,

A preferred class of compounds for use according to
the invention is that represented by the formula (Is):
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(wherein B.ia repressnts a hydrogen atom or a4 methyl,
cthyl, propyl, prop-2-yl, prop-l1-enyl or cyclopentyl
gronp; R represents a hydrogen atom; and cither R2
reprasents a methyl, ethyl, propyl or prop-2-yl group 15
and R4 represents a hydrogen atom or R% represents a
hydrogen atom and R* represents a methyl or ethyl
group) and physiclogically acoeptable salis and solvates
{e.g. hydrates) thereof,

Preferred compounds for use according to the pres- 20
cnt invention are:
1,2,3,9-tetrahydro-3-((2-methyl- 1 H-imidazol- i -yl)me-

thyl]-~(prop-2-enyl}-4H-carbazol-4-one;
9-cyclopentyl-1.2,3,9-tetrahydro-3-[(2-methyl- 1 H-

imidazol- 1-yi)methyf]-4H-carbazol-d-one; and 25
1,2,3,9-tetrahydro-3-{(2-méethyl- [ H-imidazol- | -ylyme-

thy}]-9-{prop-2-yl)}4H-carbazol~4-one and their phys-

ivlogically scceptable salts and solvates,

A particularly preferred compound is 1,2,3,9-tetrahy-
dro-8-methyl-3-[(2-methyl- 1H-imidazol- 1-ylymethyl]- 30
4H-carbazol-4-one, and the physiologically accepiable

-safls and solvates (e.g. hydmites) thersof A preferred

form of this compound is the hydrochioride dihydrate,
"The compounds of formuia (Ia) are well sbzorbed
from the gastro-intestinal tract. They do not prolong 35
sleeping time ict the pentobarbitone ansesthetised mouse
indicating that there 5 no undesirable interacton with

drug metabolising enzymes. Indecd they exhibit no
cffects on normal behaviowr, are non-toxic and exhibit

no undesizable effects in mice at doses up to 1 mg/kg 40
intravenousiy.

Accordingly, the invention also provides a pharma-
ceutical composition which comprises at least one com-
pound selected from 3-imidazolylmethyltetrahydrocar-
hazolone derivatives of the general formula (I), their 43
physiciogically acceptable salts and solvates, e.g. hy-
drates, for use in human or veterinaly tedicing, for the
reliel of nauses and vomiting and/or the promotion of
gastric emptying e.g. for the relief of gastro-intestinal
dieorders aszociated with gastric stasis, 50

In a yet further aspect, the invention provides the nsc
of & compound of formula (I) or a physiciogically ac-
ceptable salt ar solvate therecf, for the manufacture of
2 medicament for the reliel of nauses and vomiting,
and/or the promotion of gastric emptying e g. for the 55
relief of gastro-intestinal disorders associated with gas-
tric stasis.

Pharmaceutical compositions for wse in accordance
with the present invention may be formulated in con-
ventional manner msing one of more physiologically 60
acceptable carmers or excipients.

Thus the compounds of formuls (I) and their physio-
logcally acoeptable satls and solvates may be formu-
lated for oral, bogeal, parenteral or rectal administration
of in » form suitable for administration by inhalation or 65
insufflation (sither through the mouth or the nose).

For oral administration, the pharmacsutical composi-
tions may take the form of, for example, tablets or cap-

4

sules prepared by conventional means with pharmaceu-
tically acceptable excipients such as binding agents (e.g.
pregelatinisad maize starch, polyvinylpyrrolidone or
hydroxypropy] methylcellulose); fillers (e.g. lactose,
microcrystalline celluiose or calcium bydrogen phos-
phate); lubricants (s.g. magnegium stearate, tale or sil-
ica); disintegrants {¢.g. potato starch or sodium starch
glycollate); or wetting agents {(e.g. sodium lauryl sul-
phate). The tablets may be coated by methods well
known in the art. Liquid preparations for oral sdminis-
tratdons may take the form of for example, solutions,
$yrups or suspensions, or they may be presented as a dry
product for constitution with water or other suitable
vehicle before use. Such liquid preparations may be
prepared by conventional means with pharmaceuticaily
acceptable additives such as suspending agents {(o.g.
sorbitol syrup, cellulose derivatives or hydrogenated
edible fats); emulsifying agents (e.g. lecithin or acacta);
nan-aqueous vehicles (e.g. almond oil, oily esters, ethyl
alcobol or fractionated vegetable oils); and preserva-
tives (e.g: methyl or propyl-p-hydrozybenzoates or
gorbic acid). The preparations may also contain buffer
salts, flavouring, colouring and sweelening agents ns
appropriate,

Preparations for oral administration may be suitably
formulated 1o give controlled releass of the active com-
pound.

For buccal administration the compositions may teke
the form of tablcts or lozenges formulated in conven-
tional manner,

The compaunds of formula (T) may be formulated for
parenteral sdministration by injection ep. by bolus
injection or continuous infusion. Formulations for injec-
tion may be presented in unit dosage form e.g. in am-
poules or in multi-dose containers, with an added pre-
servative. The compositions may take such forms as
sispensions, solutions or emulsions in oily or agqueous
vichicles, and may contain formuiatory agents such as
suspending, stabilising and/or dispersing agemts. Alter-
natively, the active ingradient may be in powder form
for constitution with a suitable vehicle, e.g. sterile pyro-
gen-free water, befors we.

The compovnds of formula (T) may also be formu-
lated in rectal compositons such as suppositories or
retention cocmas, €. comtaining conventional supposi-
tory bascs such as cocoa butter or other glycerides,

Io addition to the formulations described previously,
the compounds may also be formulated as 2 depot prep-
aration. Such long acting formulaticns may be adiminis-
tered by implantation (for example subcutaneously or
intramuscularly) or by intramuscuiar injection. Thus,
for example, the compounds of formula (I) may be for-
mulated with suitable polymeric or hydrophobig mate-
rials (for exemple as an emulsion io an acceptable oil) or
ion exchange resins, or as sparingly soluble derivatives,
for axample, as a sparingly soluble salt.

For administration by inbalation the compounds for
use according to the present invention arc convenently
deliverad in the form of an acrosol spray presentation
from pressurised packs or a nebyliser, with the use of a
suitable propsllamt, eg. dichlorodifluoromethane, tri-
chloroflugromethane, dichiorotetrafluorosthane, car-
bon dioxide or other suitable gas. In the case of a pressu-
rnised acrosy] the desage unii mey be determined by
providing & valve to dehver a metered amount. Cap-
sules and cartndges of =.g. gelatin for use m an mbaier
or insufflator may be formulated containing a powder
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m lﬁ:h nc:::pmnd oé’:anﬂ:ll: {I) and a svitable powder (A) GASTRIC EMPTYING
The compositions may, if desired, be presented in a Test compoynd:

pack or dispenser device which may contain ope or
more unit dosage forms containing the active ingredi-
ent. The pack may for ezample comprise metal or plas-
tic foil, such as a bllter pack. The pack or dispenser
device may be accompanied by instructions for adminis-
tration.

A proposed dose of the compounds of the invention
for administration it man (of approximately 70 kg body
weight} is 0.05 to 20 mg, preferably 0.1 10 10 mg of the
active ingredient per unit dese which could be adminis-
tered, for exampie, 1 to 4 times per day. The dose will
depend on the route of administration and the body
wedght of the patient. It will be apprecinted that it mzy
be necessary to make routine variations to the dosage
depending on the age and weight of the patient as welt
as the severity of the condition to be reated.

For oral sdminigtration 2 unit dose will preferaby
contain from 0.5 to 8 mg of the active ingredient. A unit
dose for parenieral administration will prefsrably con-
tain 0.1 to & mg of the active ingredient.

Asrosol formulations are preferably arranged 50 that
each metered dose or ‘pulP delivered from a pressurised
aerosol contsins 0.2 mg 1o 4 mg of & eowpound of the
imvention, sud each dose sdministered via copsules and
cartridges in an insufflator or ag inhaler eontains 0.2 to
20 mg of 2 compound of the imvention. ‘The gverall
daily dose by inhalation will be within the range 0.4 to
20 mg. Administration may be several tirges daily, for
example from 2 to § times, giving for example 1, 2 or 3
dozes aach tHme,

The compounds of formula (T) may be administeyed
in combination with other therapeutic agents, for exam-
ple to aid abworption of the therapoutic agent where this
is hindered by the patient's condition, such as by gastric
stasis assocised with wmigraine. Thus, for exampie, the
compounds way be administered io combination with
antinigraine agents such ms ergotamige, or antisecre-
tory agents Fuch a8 ranitidine. They may also be admin-
istared in combination with anticancer (2.8 cytostatic)
drugs. for example to provent navses and vomiting
asocigted with these agents. Cytostatic agents with
which compounds of formula (T} may be administered
include cyclophcsphamide; alkylating agents; and plat-
num complexes such a5 cisplatin. Thus, 8 compound of
formula {I) way be presented together with snotber
therapentic agent as a combined preparation for simul-
taneous, separate or sequential wse, for the relief of
naasea and vomiting, or gastrointestinal disorders asso-
ciated with gastric stasis. Such & combined preparation
may be, for examiple, a twin-pack. A preferred combine-
ticn ¢comprises 8 compound of formula (I) with & eyto-
static ageat, especially cizplatip,

In general, the presently available dosage forms of
the known therapeutiz agents will be suitable for se in
such combined preparations. Thus, cisplatin may be
provided in vials containing 10, 25 or 50 mg of the
actjve ingredient,

The compounds of general formula (I) may be pre-
pared by the process described in British patent applica.
tion No. 2153821A, Analogous processes are ahwo de-
scribed in European patant application No. 36300423,

The efficacy of compounds of farmula (I in the pro-
merion of gastric emptying and their anti-emetic activ-
ity have becn demanstrated in standard animal models
s described below,

5

0

5
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45

50

35

65

1.2,3,9tctrabydro-9-methyl-3-[(2-methyl- |H-imidazol-
I-yDimethyl]-4H.carbazol-4-one hydrochloride
dihydrate

The effect of the test compound on gastric emptying
was determined in guinea-pigs by following the
progreas of polystyrene-coated barium sulpltste spheras
{1 mm diameter) through the gut. The experimental
method was based on that described by B, Costall ot al.,
Eur. J. Pharmacol 91, 197-205, {983 and B. Cox ¢t. al.,
Br. I, Pharmacnl. 70, 104, 1980,

The spheres (approximately 30 in number) were ad-
minisicred orally in 0.2 ml carbaxymethylcelluloss with
0.05 ml glycerine. At the same time, the test compound
was administered intraperitoneally nt doses of 0.001,
0.01 and 0.1 mg/kg. The contral animals received sa-
line, administered intraperitoneally, in place of the test
compound. Passage of the spheres through the gut was
monitored at 3060 minute intcrvals over a period of 2
hoars by X-ray location. The number of spheres leaving
the stomach was recorded and expressed as a percent-

age of the totzl,
The results are given in Table | below:
TABLE 1
Effect on tegt compound on gastric emptying in the guines pig
Mesn % Incresss in
Diosc of tert sompoond _jueiric emptying (+ ye)

(ng/kg. i.p)* n | hour } hours

0.001 4 N &=87 57 % 105

2.01 4 LR K ] 165 & 1.2

ol 4 47 % 16 68 = 5.0

Saline 5 1o+ 17 MxbS

*Dioze expresasd o4 commponding welght vl froe base
0 s plmbar of gnbtal
&£ = gabdard ermor

(B} ANTI-EMESIS

Test compound:
1.2,3,9-tetrahydro-9-methyl-3-[(2-methyi-1 H-imidazol-
1-ymethyl]4H-carbazol4-one hydrochloride
dihydrate

The effect of the test compound on emesis was dem-
onstrated in ferrets according to the general wethod
deseribed by Florezyk, Schurig and Bradner (Cancer

Treatment Report, 1982 66(1) 187-9) and summarised

below. Both the test compound and cisplatin were pre-

pared and administered in norma] saline, The dose of
test compound was calculated as the free base.

(a) Control—without test compound: Emesis was in-
duced in gronps of 6 male ferrets weighing between
t.3-2 kg, by intravenous administration of cisplatin at
a dose of 10 mg/kg. The onset of emesis coourred
between 38 and 75 minutes after injection and over &
periad of 2 hours the number of vomits/retches (epi-
scdes) was in the range 30-62 (average 425 vomits/-
retches per 2 k). Behavioural changes charagteristic
of emesis were also noted.

(b) With test compound: The test compound was sd-
ministercd to groups of 6 male ferrets (1.5-2 kg) by
intravenous administration at doses of 0.01, 0.1 and |
mg/kg, immediately prior to aduinistration of cispla-
tin a¢ described above. The animals were cbserved
for 3 hours.

The results abtained ars given in Tabie 2 bejow.
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TABLE 2
Inteosity
Onset of of emetis Duratian
emesiz  (cpisodes  of cmsis
(minmm} Ih) (hours}  Other obseyvations
Eompoond
Cisplatin 3B-75 42413 1 Behavioural change
(10 mg/kg iv.) ahamcteristic of
{congol smasis (c.§. incressed
ar itrkgular
redpiration, backwarg
lecomotion, agitarion)
Clsplarn
(10 mg/kg iv) +
Tait Compound
001 mg/kg B3-10% 17 %25 1 Mayked reduction in
v behavioural effscr of
cirplatin. JIp secopd
and third houry after
oumset of éntesiy, the
animals resied quictly
and same alejit
0.! mg/g iv. ) Emeis and behuvioursl changes were completely
i climinated, After 30-40 minuies the animals ratted
I mg/kg iv. quistly, 2nd sams tapr.

The effect of the test compound on emesis was also

demonstrated following intraperitoneal administration,

using a similar procedure to that described above.
Thus cisplatin was adminiztared intraperitoneally to a

group of 4 male ferrets at a dose of 9 mg/kg, and the

- ime to onset of emesis and the aomber of cmetic cpi-
- sodes were recorded. In a second group of four male
-ferrets the test compound was administered at a dose of

| mg kg i.p- 30 minutes before and | howr after intraper-

-itoneal administration of cisplatin. The resufts are given

in Table 3: 15
TABLE 3
Onset of Mean o, Mo no.
emesiy of smetic of
. Componnd (minucas) ephodes retohes
Cisplatin PW2(EE8 6{(xI A(x1n 4
9 mg/kg ip)
Chplatin (2 mg/kg 1p) + emetic respongs compleiely
test compound sboliched
{1 mgskg ip.)

The following exampie illustrates the preparation of o ‘5
compound of farmula (I). Temparatures are in “C.
Where indicated, salutions were dried over NazSOqand
salids were dried in vacuo over P20 at 50° overnight.
Chopahzmphy was carrisd out vsing the technique 0
described by W. C. Still «t af (J. Org. Chem., 1975, 43,
2923-292%), on kieselge] 9385,

EXAMPLES

12,3, 3 Temahydro-8-methyl-3-((2-methyl- 1H-imidazol- ,,
1-yljmethyl4H-carbazol-+-one hydrochloride

A solution of 2,3,4,9-tetrahydro-N,N,N,9-tetrameth-
yl-4-0x0-1H-carbazole-3.methanaminium iodide (2.0 g)
fmd 2-methylimidazole (3.0 g) in dry dimethylformam-
wde (30 ml) was stirred, under nitrogen, at 95° for 16.75 60
h and then allowed to cool. The solid that crystallised
waa fiitered off, washed with ice-cold, dry dimethyl-
formamide (32 ml) and dry ether (23¢ 10 mI) and then
dried. The resulting solid (0.60 g) was suspended in a
mixture of absolute ethanol (30 mi) and ethanolic hy- &5
drogen chloride (] ml), and warmed gently to obtein &
solution, which was filtered whilst warm. The filtrate
wag then diluted with dry ether to deposit a solid (0.6 g)

which was recrystallised from absoluce ethanol to give
the title compound as e solid (0.27 g) m.p. 186°-187".

Analysis Found: C, 61% H, 64; N, ILE
CigHioN30.BCLH2O reguires ©, 62.3; H, 6.1; N,
12.1%.

The following examples illustrate pharmacentical
formulations for use according to the invention, con-
taining 1,23, %-tettahydro-%-methyl-3-[(2-methyl-1H-
imidazol- |-ylymethyl}-4H-carbazol-+-one  hydrochlo-
ride dihydrate as the active ingredient {1.25 g of the
hydrochloride dihydrate contains 1.00 g of the fres
base). Other compounds of formuia (T) may be formu-
lated in o similar tanner,

EXAMPLE 2

1,2,3,9-Tatrahydro-2-methyl-3-[(2-meathyl-1 H-imidazol-
1-yl)methyl}-4H-carbazoi-4-one

A soletion of 3-[(dimethylamino)methyl]-1,2,3,9-tat-
rahydro-9-methyl 4H-carbazold-one  hydrochlonde
(.7 g) in water (17 ml) was trested with 3-
methylimidazole (1.4 g) and then heated under reflux
for 20 h. The cooled mixture was fiitered and the rasi-
due washed with water (3% 15 ml) to give crude prod-
uct (1.7 g) m.p. 221°=221.5°. This material was recrys-
tallized from methanol 1o give the firle compound (1.4 g)
m.p. 231%-232%,

EXAMPLE 3

1,2,3,9-Tetrahydro-9-methyl-3-[(2-methyl- 1 H-imidazal-
1-ylymethyl]-4H-carbazol-4-one hydrochloride
dihydrate
1,2,3,9-Tetrahydro-9-methyl-3-[(2-methyl-TH-

imidazol-1-ylymethyl]-4Hcarbazol-4-one (18.3 g) in a
hot mixture of sopropanol (90 ml) and water (18.3 mi)
was treated with concentrated hydrochlorie acid (6.25
mi). The hot mixture was filtered and the filtrate diluted
with iscproparol (90 ml) and stirred at room tempera-
ture for 17 h, cooled 10 2* and the solid filtered off (21.6
E)- A sample (6 g} was recrystallized from a mixture of
water (6 ml) and isopropanol (10 ml) to give the fHirle
compountd a% 8 white crystalline solid (6 g) mp.
178.3°=179.5*,
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Anglysis Found: C, 5945 H, 645 N, 115
CiHiyNO.HC2H;0 requires G, 59.1; H, 6.6; N,
11.5%.
Water assy Found: 10.23%. CisHioN3O.HCLZH,0
requires 9.8595.

TABLETS FOR ORAL ADMINISTRATION

Tablets may be prepared by the pormal methods such
as direct cofopression or wet granalation.

The tablets may be film coated with suitable fim
forming matcrials, such as hydroxypropyl methyloeilu-
lose, using standard techniques. Alterpatively the tab-
lets may be sugar coated.

Dirsct Compression

Tablet @y tablar

Active Ingrodisnt 4688 28,125

Calsivm Hydrogen Phoaphate BP® 83,06 ZL75

Cromcarmellose Sodium NF L8 1.8

Megnesivn Stearue BP 0.45 045

Compression waight ¥0.0 1180
“af & grade sulishle for diect cumpresion.

The active ingredient was passed through a 60 mesh
sitve, blended with the caleium hydrogen phosphate,
croscarmellose sodium and magnesium stearate. The
resultant mix was compressed into tablets wsing a
Manesty F3 wblet machine fitted with 5.5 mm, flat
bevelied edge punches.

Sub-Lingual Tablet mg/iablee
Active Ingreient .5
Compressihl= Sggar NF L3
Magnasium Stearuiz BP 04
Compression Weight 65.0

The active ingredient is sieved through a suitabje
sieve, blended with the excipients and compressed using
suitable punches. Tablets of other stwenpths may be
prepared by altering either the ratio of active ingredient
o exciplents or the compression weight and using
punches to sujt,

Wet Granulation
Conventional Tablet mg/tablet
Active Ingrediem 5
Lacioss BP 1515
Starch BP 3.0
Pregelatinised Maize Starch BP 15.0
Magooaiam Stesarmge BP 18
Compresalon Weight 200.0

The active iogredient is sieved through o suitable
sieve and blended with laciose, starch gnd pregelatin.
ied maize starch. Suitable volumes of purified water
are sdded and the powders are granulated, Aftar dry-
ing, the granules are screened and blended with the
magnesium stearate, The granules are then compressed
into tablets using 7 mm diameter punches.

Tablets of other strengths may be prepared by ajter-
ing the ratio of active ingredient to lactose or the cotg-
pression weight and using punches to soit,
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Sub-Lingual Tabjet MR b
Active lngrodicnt .5
Mannicl BP 56,5
Hydrosypropylmethyfeeljuioss: 50
Maghetivm Stearste BP L5
Compression Waight 55.3

The active ingredient is sicved through a snitablc
sieve and blended with the mannitol and hydroxy-
propylmethyles{lulose. Suitable volumes of purifiad
water are added and the powders are granulated. After
drying, the granules ave screened and blended into tab-
Iets using suitable powders.

Tablets of other stremgthe may be prepared by alter-
ing the ratio of active ingredient to mannitol or the
compredsion weight and punches to suit.

CAPSULES
CAPSULES mg/uable
Active Ingredient 15
*Etapch 1500 970
Maghetivm Sicamate BP LG
Fill Weight 1000

"a form of direcily eompresible surch,

The active ingredient is sicved and blended with the
excipients. The mix is filled into size No. 2 hard gclstin
capsules using suitable machinery. Other doses may be
prepared by altering the fllf weight and if necessary
changing the capsule size to syt :

SYRUP

This may be either a sucrose or sucrose frae pregenta-
tion.

A. Sieross Syrup mg/5 ml dose
Agtive Ingredient 13
Sucrese HP 7.0
Glycerine BP 0060
Buffet

Flavour ,
Colowr } &3 Pequuired
Presetvative

Purified Water BF to 1.0 ml

The active ingredient, buffer, flavour, colour and
preservative are dissolved in some of the water and the
glycerine is added. The remainder of the water is heatad
to dissolve the suercsc and is then cooled. The two
solutions are combined, edjusted (o volume and mixed.
The syrup is clarifiad by filtration. ‘

H. Sucroee-Fres mg/? ml deas
Actve [ngredient 2.3
Hydroxyprapyimethylcellalose USP 1.5
{viscosity 1ype 400D)

Buffer

Flavopr '

Colour a8 Paguired
Poraservatlve

Swestaner

Purified Water BP o 5.0 ml

The hydroxypropylmethyleellulose is dispersed in
hat water, cooled and then mixed with an aguecus salu-
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tion containing the active ingredient and the other cow-
ponents of the formulation. The resultant solution is
adjusted to volume and mixed. The syrup is clarified by
Hitration.
INJECTION

The injection may be administered by the intravenons

or subcutanecus route,

10

Injeetion g/t
Active Ingredicnt 50 00
Dluis Hydrochicric Acid BP to pH 3.5 o pH 35
Sodiyry Chioride Injecdon BP ia 1 ml o | ml

The active ingredient was dissolved in a suitable vol-
uwme of Sodium Chloride Injection BP, the pH of the
resultant solution was adjusted to pH 3.5 with dilute
hydrochloric acid BP then the solution was made to
volume with sodium chloride injection BP and thor-
oughly mixed. The solution was filled into Type 1 clear
glass 5 ml ampoules which were sealed under 8 head-
space of air, by fusion of the glass then sterilised by

autoclaving at 120 for not less than 15 minutes. 25
METERED DOSE PRESSURISED AERQOSOL
Sutpension Asrnsol mp/metered dose Per can W
Actlve Ingrediemt micronised 0.2%0 66 mg
Qloic Acld BP 0620 528 mpg
Trichloroflupromepibians BF 13.64 5.67 g
Dichlorodiflucromethine BP 61,23 1470 g
k]

The active ingredient it micronised in a fluid energy
mill to & fine particic size range. The Oleic Acd s
mixed with the Trichlorofluoromethane at a tempera-
ture of 10°-13" C. and the micronised drug o mixed into
the solution with & high shear mixer. The suspension is
metered into aluminivm acrosol cans and suitabls meter-
ing valves, delivaring 85 mg of suspension are crimpad
onto the cans and the Dichloredifluoromethane is pres-
sure filled into the cans through the valves.

. 45
Solution Aerosol
mp/eneered dose Pet tan
Active Ingredicnt .23 30,0 mg 50
Ethanol BP T.500 1.80 g
Trichlomfluoromethane BP 18,875 435 g
Dichlorodifluoromethane BP 48,523 11,63 g

Dieic Acid BP, 0o o suimile surfastanr £ g Span B3 (a0rbian crnlbiie) may s be
Inoluded).
33

The active ingredisnt is dissolved in the athanol to-
gether with the Oleic Acid or surfactant if used. The
alcoholic solution is metered into suitable aeroso] con-
tziners followed by the trichlorofluoromethans, Suit-
able metering valves are crimped onto the containers
and dichlorodiflucromethane is pressure filled into
thena throngh the valves.

Inhalation Cartridges
65

mg/canridge
oS

Active Ingredient {micronised)

20

40

‘ 4,753,789

12
=comtinued

my/cansidge
.00

Lactpw: BF to

The active ingredient iz micronised in a fluid energy
mill to a fine particle size roge prior to blending with
normal tabletting prade lactose in a high eoergy mixer.
The powder blend i filled into No. 3 hard gelatin cap-
sules oo 3 suitable encapeulating machine. The contents
of the cartridges are administerad uzing a powder in-
halar,

We claim:

1. A method of tteatment for the relief of nausea and
vomiting which comprises administering to 8 homan or
animal subject in nesd thereof an sffective amount for
treatment for the relief of nausea and vomiting of
1,2,3,9-tetruhydro-9-methyl-3-{(2-methyl- 1 H-imidazol-
1-ylymethyll-4H-carbazol-4-omz or a physiologically
acceptable zalt or solvate thereof.

2. A method according to claim 1 wherein the 1,2,3,9-
tetraliydro-9-methyl-3-[(2-methyl- 1 H-imidazol-1-
yhmethyi}-4H-carbaroi-4+-one ie in the form of its hy-
drochloride.

3. A method according to clairp 1 wherein the 1,2,3,5-
tetrahydro-9-methyl-3-[(Z-methyl-1H-imidazol-1-
yDmethyl]-4H-carbazol-4-one iz in"the form of its hy-
drochioride dihydrats,

" 4. A method according to claim 1 wherein said nausea
and vomiting is induced by an apticancer drg.

8. A method according to ciaim 4 wherein the 1,2,3,9-
tetrahydro-9-methyl-3-[(2-methyl-1H-imidazol-1-
ylimethyl4H-carbazol-one i in the form of its hy-
drochioride Shydrate. T

6. A method according to claim 4 wherein said anti-
cancer drug is a cytostatic agent.

7. A method acoording to claim 6 wherein the [,2,3,9-
tetrahydro-9-methyl-3-[(2-methyl-1H-imidazol-1-
yDmethyl]4H-carbazol-t-one is in the form of its hy-
drochloride dihydrate.

8. A method according to claim 4 wheréin 2aid nauesa
and vomiting i$ induced by a platinum complex.

9. A method aceording to claim 8 wherein the 1,2,1,9-
tetrahydro-9-methyi-3-[(2-mcthyl- 1 H-imidazol-1-
ylimethyl}-4H-carbazol-4-one is in the form of its hy-
drochloride dihydrate. ]

10. A method according to ¢laim 4 wherein said nau-
sca and vomiting is induced by cisplatio.

11. A method according to claim 10 wherein the
1,2,3,9-tetrahydro-9-methyl-3-[(2-methyl-1 H-imidazai-
Nmethyl]-4H-carbazol-4-cne is in the form of ita hydro-
chloride dihydrate.

12. A method according to ciaim 1 whersin said nan-
sea and vomiting is induced by an alkylating agent.

13. A method aceording to elaim 1 wherein said nau-
seg and vomiting is induced by eyciophosphamide.

14. A method according to claim 12 wherein the
1,2,3,9-tetrahydro-9-methyl-3-{(2-methy!-1 H-imidazol-
l-yljmethyl}-4H-carbezol-4-one is in the form of its
bydrochlaride dihydrate,

15. A method according to claim 13 wherein the
1,2,3 9-tetrahydro-9-methyl-3-{(2-methyl-1 H-imidazal-
1-yl)methyl]-4H-carbazol-4-one i in the Torm of jts
hydrochioride dihydrate.

16, A method according to claim 1 wherein said nau-
sen and vomiting is induced by radiation,

17. A method wecording to claim 16 wherein the
1,2,3,9+ctrahydre-Samethyl-3-((2-methyl-1 B-imidazni-
1-yi)methyl}-4H-varbazel-4-ong i¢ in the Torm of its
hydrochlonde dihydrate,

k &

* kW
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MEDICAMENTS FOR THE TREATMENT OF The aforementioned specificaions slso disclose physi-
NAUSEA AND VOMITING

This application is a CONTINUATION of application
Sar. No. 07/315,314, filed Feh. 24, 1989, now abandoned,
which is a DIVISION of application. Ser. No, 07/177,042,
filed Apr, 4, 1938, now 1.5, Pat. No, 4,929,632, which is a
DIVISION of application Ser. No. (877,803, filed Jun. 24,
1DE6, now LS. Pat. Na. 4,753,789,

This ifivention relates 1o 8 new medical use for & group
of heterocyelic compounds and pharmaccutical composi-
nons conwining them In particular it relates to certain
terrahydocarbazolone derivatives which may be used to
promote gastric emptying and as anti-emetic agents,

A particularly important application for anti-emetic
agents i in the prevention and treatment of nausea apd
vomiling associated with cancer chemotherapy. Emesis is a
well-known and frequent side-effect of cancer chemothera-
peutic agents, such as cisplatin.  canses serigus problems in
cancer chemotherapy. and in some patienls cmesis is so
severe that therapy must be discontinued. Anti-cmetic agents
are therofore often admisstered in order 10 alleviale this
side-cffect of the cancer chemotherapeutic agant, The anti-
cmetic kgents cmploved arc usually benzamide derivatives,
such as metociopramide, which have dopamine antagonist
acdvity.

Metoclopramide is also a gastric mobility stimutant, [.e.
it promoiss gasiic emprying. The promotion of gasiric
emptying is importani in the weatment of gastro-intesinal
disorders related to gastric stasis; and in radiological exami-
nations,

In view of their dopamine antagonist activity benzamide
derivatives such as metoclopramide themsel ves exhibit sen-
ous and undesirable side-effects, such as extra-pyramidal
cffects, i.c. tardive dyskinesia, acute distonia, akathisia and
wremor. There is thus & peed for a safe and effactive anti-
emetic agent and gastric mobility stimulan:,

In out British patent applicaion No, 2153821A and our
Buropean patent application No. 86300423 we disglose
Jimidazolylmehyltetrahydrocezbazolonas which may be

represcnted by the general formula (1)
o R* R? v}
' '
N N
y
RI
N
|
al
wherein
R' represents & hydrogen atom or & ©,_p alkyl, Oy 5
cycloalkyl, Cy -cycloalkyl-(C,_,)alkyl, C,_, alkenyl,
C,_,palkynyl, pbenyl or phmyl-C,_;a.lk{l group, and
eme of the groups represspted by RY R and RY is w

hydtogen atom or a C;_, alkyl, C;_, eycloalkyl, C,

alkenyl or phenyl-C,_salky] group and each of the other

two groups, which may be lbe same or diferent

represents 2 hydrogen atom or » C, , alkyl group;
md physiologically acccptable salts and solvales, eg.
hydrates, thereaf.

Suitable physiologically acceptable salts of the carbazo-
lones of general formula (1) include acid addition salts
formed with vrganic or inorganic acids for example, hydro-
chlondes, hydrobromides, sulphawes, phosphates, citretes,
fumerates and mateatss, The solvaies may, for cxample, be
hydrates.

0

43

55

63

ologically acceptable equivalents of the compounds of for-
mula (), i.e. physiclogically accepiable compounds which
arc convened in vivo into the parent compound of formula
(1.

The commpounds of formula (T) are describad in the
aforamentioned specifications as poten! and selective
antagomsts of 5-hydroxypyptamine (5-HT) at ‘neumonal’
5-HT receptors of the type located on terminals of primary
afferent nerves, and which are also believed to be present in
the central nervous sysiem. The compounds sre described as
being of use in the treatment of 2 human or animal subject
suflering from a condition caused by a distwbance of
neuronal SHT function, for example in the trestment of a
human subject suffering from mmigraine pain or a psychotic
disorder such as schizophrenia. It is also stated thet the
compounds may be useful in the mestment of conditions
such as anxiety, obesity and mania.

We have now sorprisingly found that compounds of
formula (T) promote gasinic emptying and alao that they are
anti-emelic,

Accordingly, the invention provides a method of treat-
ment for the rehel of nauses and vomdting, and/or the
promolion of pastric emptying ¢.g for the relief of gastro-
inlestinal disorders associaled with pastric stasis, which
comprises administering to 2 human or animal subject an
effective amount of 2 compound of formuiz (), or & physi-
olpgically accepuable saft or solvale thereol,

Tests in animals have shown that compounds of formula
{[) enhance gastric cmptying. The compounds are therefore
of use in 1he oeatment and/or prevention of conditions
which may be relieved by the promotion of gastric emptying
¢.g. pastric swsis which may occur, for czample, posi-
operatively, and symploms of gastro-inestinal dysfunction
such as occur with dyspepsia, peptic ulcer, reflux ocsoph-
agitis and fiatuicnee. The compounds may also be used to
protmore gasiric emptying in diagnostic radiological proce-
dures, such as radiological examinations.

Tests in animals have also shown that compounds of
formuia (T) inhibit emesis. The compounds are thereforc also
of use a5 anti-emelic sgents, i.e. in the provention and
treatment of pausea and vomiting. The compounds are
especially valuable for the prevention of emesis induced by
cancer chemotherapeutic agents such as cisplatin, Particular
mention may also be made of the treatment of radiation-
induced emesis, Thus, the compounds of formuiz (1) may be
psed in the prevention of emesis induced by radiation
therapy, e.§. irradiaten of the thorax or abdomen, such as in
the trearment of cancer; o in the tcatment of mdiation
Sickness.

The compounds of formaula (I) do not possess dopamine
antagonisf activity and thus will not produce the undesirable
side effects found with known anti-emelic agenws such as
metnclopramide.

It will be appreciated that the compounds of formula (1)
may be used prophylactically and references in this speci-
ficution to treatment include prophylactic ueatment 45 well
ag the alleviation of acuic symptoms.
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A prefered class of compounds for use according i the
invention is that represenied by the formuls (la):

R R} {In}
| \#’
N N
F
Rt
N
Rla

{whercin R'= represents a hydrogen atom or & methyl, ethyl,
propyl, prop-2-yl, prop-2-enyl or cyclopeniyl group; R
rapresenis a hydropen atom; and either R™ represents &
methyl, ethyl, propyl or prop-2-yl group and R™ represents
a hydrogen atom or R represents a hydrogen atom and R*"
rapresents a methyl or ethyl group) and physiclogically
peceplable sales and solvates (g, hydrates) thereaf.
Preferred compounds for use according to the present
invention are:
1,2,3,9-tetrahydro-3{(2-meathyl- 1H-imidazel- 1 -yl )methyl]-
9.{prop-2-enyl)-4H-carbazol-4-one;
9-cyciopentyl-1.2,3,9-tetrahydro-3-[{2-methyl- | H-imida-
zal-1-yhmethyl]-4H-carbazol-4-one; and

1,2,3,9-tetrahydro-3-[(2-mathyl- 1H-imidazol- 1 -ylmethyi]-
9-(prop-2-yli-d4H-carbazol-4-one and their physiologi-
cally acceplable salts and solvales.

A particularly prefermed compound is 1.2.3,9-1erahydro-
9-meathyl-3-[(2-methy)- 1H-imidazol- 1-yl)methyl}-4 H-car-
bazol-4-one, and the physiologically acceptable salts and
solvales (e.g. hydrales) thereol. A preferred form of his
curtpound is the hydrochioride dihydrate.

The compounds of formula (la) are well absorbed from
the gastro-intestinal tract, They do not prolong slecping time
in the pentobarbiton anacsthetised mouse indicating that
there is no undesirable inleraclion with drug melabolising
enzymes. [ndeed they exhibit no effects on normal behav-
jour, are non-loxic and exhibit no undesirable cifects in mice
at doses up to | mg/kg intrmvenously,

Accordingly, the invention also provides 8 pharmaceutical

10

5

20

35

compasilion which comprises at least one compound 4

seigcizd  from  J-imidazolytmethylitetrahydrocarbazolones
derivatives of the genera] formuola (I}, their physiologically
acespuable safts and solvates, ¢.g. hydrates, for use in humen
or vererinary medicine, for the relief of nausee and vomitng
andfor the promation of gasiric emplying c.g. {or the reliel
of gastro-intestinat disorders assoeiated with gastric stasis.

In & yet further aspect, ihe invention provides the use of
a compound of formula (I) or 2 physiologically acceptabic
salt or sobvace thereof, for the manufacture of a medicament
for the relicf of nausea and vomiting, and/or the promotion
of gastric emplying c.g Tor the relicl of gastro-intestinal
diserders associated with gastric stasis.

Pharmaceutical compositions for use in accordance with
the present inveotion may be formulated in conventional
manner psing one of more physiologically accepable car-
Tiers or excipichts,

Thus the compounds of formwla (T} and their physiologi-
cally accepiable salis and solvates may be formulaied for
oral, buceal, parenteral or recisl administration of in a form
suitable for administration by inhalation or insufflation
(sither through the mouth or 1he nose).

For oral administration, the pharmaceutical compositions
may ke the form of, for example, tablets or capsuies
prepared by copventiopal means with pharmaceutically
acceptabie excipienis such as binding agems (c.g. pregels-
tinised maize starch, polyvinylpymolidone or hydroxypropyl
methylecllulose); fillers (e.g. laciose, micToerystalline cel-

1]

|

ltlose or calciym hydrogen phosphate); lubricems (2.5
magnesium stearate, 1alc or silica); disiniagranis (e.g. polalg
sisreh or sodium siarch ghycollate); or wetling agents (c.g.
sodivm lauryl sulphate). The tableis may be comted by
methods well known in the art. Liguid preparations for oral
administraton may take the form of, for caample, solutions,
SYrups o7 suspensions, or they may be presenicd as 8 dry
product for constitution with water or other auitable vehicle
before use. Such liquid preparations may be prepared by
convenljonal means with pharmaceutically acceplable addi-
ives such as suspending agents (=.g. sorbitol syrup, cellu-
loae derivatives or hydrogenated cdible fats); emulsifying
2EeTs (6.g. lesithin of acacia); non-agueous vehicles (e.g.
almond oil, oily csters, cthyl aleshal or fractionated veg-
ctable oils) and prescrvatives (c.g. methyl or propyl-p-
hydroxybenzoalss of sorbic acid). The preparations may
also contain buffer salts, Aavonring, colouring and sweei-
ening agenis as appropriate.

Preparations for oral administralion may be suitably for.
mulated (o give controlled release of the aclive eomponnd.

For buccal administration the compositions may take the
form of tablets or lozenges [ormuialed in conventional
manner,

The compounds of formula (I) may be formulated or
parcnicral adminisication by injection e.g. by bolus injegtion
or continuovs infusion. Formulations for injection may be
presenied in unit desage form e.g. in ampoules or in mnlt-
dosc containers, with an added preservative. The composi-
tions may lake such forms as suspensions, solufisms of
emulsions in oily or agueous vechicles, and may contain
fermulatory agents such as suspending, stabilising and/or
dispersing agenis, Alternatively, the active ingredient may
be in powder form for constitution with a suitable vehicle,
c.g. sterile pyrogen-fres water, before use.

The compounds of forraula (T) may also be formulated in
reatal compositions such as suppositories or retcntion
eniemDas, ¢.§, containing conventional suppository bases such
s cocoa bucter or other glyeerides,

In addition to the {ormulatians deseribed previously, the
compounds may also be formulated as a depot preparation.
Such long acting formulaiions may be administered by
implantation {for example subcutaneously or intramugou-
larly) or by intramuscular injection. Thus, for exampie, the
compounds of formyla (1) may be formulated with suitable
polymeric or hydrophobic materials (for cxample as an
emulsion in an acceptable oil} or jon exchange resing, or as
sparingly seluble derivalives, for exemple, a5 a sparingly
soluble sall

For administration by inhalation the compounds for usc
according 1o the present invention arc conveniently deliv-
ered in the form of an aprosol spray presentation from
pressarised packs or a nebuliser, with the vse of a sujtable
propellam, e.p. dichlorodiflucromethane, trichlorafluo-
romethane, dichlorolewraflusrashane, carbon dioxide or
nther suilable gas. In the case of a pressurised acrosg] the
dosage unit may be determined by providing & valve 1o
defiver 2 metered amount. Capsules and cartridpes of e.g.
gelatin for use in an inhaler or insufflator may be formulated
coniaining a powder mix of & compound of formula (I) and
a suitabie powder base such as lactoge or starch.

The compositions may, if desired, be presented in a pack
ot dispenser device which may contain ons or mre unit
dosage forms comaining \he active ingredient. The pack may
for example comprise metal or plastic Toil, such as a blister
pack. The pack or dispenser device may be accompanied by
insifuciions for administration,
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A praposed dose of the compounds of the invesuon for
administration in man (of approximately 70 kg body weight}
is 0,05 1o 20 mg, preferably 0.1 o 10 mg of the active
ingredient per umit dose which could be administered, for
example, 1 to 4 times per day. The dose will depend on the
route of administration and the body weight of the patient.
1t will be gpprecimed that it may be necessary 10 make
mutine variglions (o the dosage depending on the age and
weight of the patient as well as the severity of the condition
10 be treated.

For oral administration a unit dose will preferebly contain
from 0.5 10 8 mg of the active ingredient. A unit dose for
parenteral administration will preferably contin 0.1 to & mp
of the aclive ingradient,

Aerosol formulations are preferebly amranged so that cach
mewred dose o ‘pufl” delivered from & pressunised asrosol
containg 0.2 mg 10 4 mg of & compound of the invention, and
cach dose administered via capsules and canridges in an
insufflator or an inhaler contains 0.2 to 20 mg of a compound

ated with migraine. Thus, for example, the compounds may
be admimstered in combination with annmigrane agents
such as ergotamine, or antisecreiory agents such as ranin-
dine. They may also be administered in combination with
anricancer (e.g. cyiosiatic) drogs, for sxample [0 prevemt
nausea and vomiling associated with these agents. Cytostaric
agents with which compounds of formula (I) may be admin-
istered include cyclophosphamide; allkcylating agents; and
platinum complexes such as cisplatin, Thus, 8 compound of
formula (I) may be prescnted together with another thera-
peutic agent a3 & combined propamtion for simullanegus,
separale or sequental ose, for the relief of nansss and
vormiting, or gastrointestinal disordars associated with gas-
tre stasis. Such & combined preparation may be, for
example, a twin-pack. A preferred combination comprises a
compound of formula (T) with a cytostaiie agent, especially
gisplatin. In general, the presendy available dosage forms of
the known therapeutic agents will be suitable for use in such
combined preparstions. Thua, eisplatin may be provided in
vials containing 10, 25 or 50 mg of the acrive ingredient.

The compounds of general formula (I) may be prepated
by the proccss described in British patent application No.
2153821A_ Analogous processes are also described in Euro-
pean patents application No, 86300423,

The efficacy of compounds of formnla (I) in the pramp-
tion of gasmric emprying &nd their anti-cmelic activily have
been demonstrated in standard animat models as desctibed

0

haJ

43

50

6
on that described by B. Costall et al., Eur. ], Pharmaco] 91,
197-205, 1983 and B. Cox et. al, Br. J Pharmacol. 70, 104,
1980,

The spheres (approximatley 30 in pumber) wert adipin-
istered orally in 0.2 ml carboxymethylcellulose with 0,05 ml
glycerine. At the same tme, the test compound was admin.
wstered intraperitoneally st doses of 0001, 0.01 and 0.1
mgfeg. The control animals received galine, adminisiersd
inraperitoneally, in place of the \es1 compound. Passage of
the spheres throygh the gut was monitored at 30-6{) minote
imervals over a period of 2 hours by X-ray location. The
number of spheres leaving the stomach was recorded and
expressed as @ percentage of the total,

The results are given in Table 1 below:
TABLE 1

of the invention, The overall daily dosc by inhalation willbe 0 Effect an teat 4 an gastric emplying in tha puind pig
within \‘.hr, range 04 w 80 mg. Adm:'nisl_m.inn may te Mean % 1 in
severdl times daily, for example from 2 to 8 times, piving for Diose of wet compoand pasuic smplying (3 2.
example 1, 2 or 3 dosas each time.

The compounds of formula ([) may be administercd in (mg/kg, ip)* n 1 bour Z boun
combination with other therapeutic agents, for example o 25 0.00! 4 it 574105
aid absorption of the therepeutic agent where this is indered o1 4 3336 TSt ll2

" by the patient’s condition, such as by pasiric stasis associ- 0.1 4 ATxTh 68 + 5.0
Saline 5 1037 mnxis

*Digze expressed a5 coresponding weight of free hace
¢ » pymber of mmimels
4.0 = standard error

{B) ANTT-EMESIS

Test compound:
1,2,3 9-wtrghydro-9-methy)- 3-[(2-methy)-
1H-imidazol- 1-yl)methy]] -4H-carbazel-4-one
hydrochlonde dihydrate

The effect of the st compound on emesis wes demon-
strated in ferreds according to the general method described
by Florezyk, Schurig and Bradne: (Cencer Trearment
Report, 1982 66(1) 187-9) and summarissd below. Both the
test compound and cisplatin wert prepared and administered
in pormal saline. The dose of test compound was calculated
a5 the free base.

a) Control—Without Test Compound
Emesis was induced in groups of 6 male ferrews welghing
between 1.5-2 kg, by inmevenous adwministration of
cisplatin at 8 dose of 10 mg/kg. The onset of emesis

below, 55 et
ocoured) between 38 and 75 miputes afier injection and
(A) GASTRIC EMPTYING OYer 8 pu:riod of 2 hours the number of vomits/reiches
(cpinodes) was in the range 30-62 (average 4245
Test compound: vomite/rerches per 2 h). Behavioural changes charac-
60 Igristic of emeais were also nowed.

1,2,39-tetrahydro-9-methyl-3-[(2-methyl-
1H-imidazol-1-yi)methyl]-4H-carbazol-4-one
hydrochloride dihydraiw

The effect of the test compound on gastric emplying was
determined in puinca.-pips by following the progress of
polystyrenc-coaled barium sulphate spheres (1 mm diam-
eter} through the gut. The experimental method was hased

LA}

b) With Test Compound
The test compound was administered 1o groups of & male
farrets (1.5-2 kg) by incravenous administration at
doses of 0.01, 0.1 and 1 mg/kg, immediately prior to
adminisration of cisplatin as described above. The
ammals were observed for 3 hours.
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The results obtained are given in Teble 2 below,
TABLE 2
Intenkity
Omari of of emesis Duradon
cmesis  {episodes  of emests
Comjrmind (oinpies) 2 hy {houirs) Uthet obiervatioms
Cisplatin 3-75 42z 5 2 Bihaviolsat
{10 mp/kg chump &harnc-
i) leaistic af winekis
{temirnl) (c.g. incroarcd or
iregular resgira-
tion, hacdeward loco-
maotion, Rgilsion)
Cisplado B-109 17429 1 Marked reducson in
(10 meke behavipun! effests
Lw) + of cisplatio. In
Test 12sond oacet of
Carnpound tnetis, the ammals
0.0l mg/kyg rested quietly and
iv some slept
0] mglkg iy Emesis g behavioural changes were
) } ctnmpleiely eliminged, Aftzr 3040 minuies the
1 mpikg iv. ammals miled quictly, and 30me slepr.

The effect of the test compound on emesiz was also
demanstrated  following  intrapeniloneal  administration,
using a similar procedure to that described above.

Thus cisplatin was administered intraperitonsally 10 a
group of 4 male ferres at a dose of 9 mg/fkg, and the time
t ontel of emesis and the number of emetic cpisodes were
recorded. In a second group of four male ferrets the test
compound was adminisiered a1 8 dosc of 1 mpfkg Lp. 30
minuies before and 1 bour afier iniraperitoncal administra-
tion of cisplaun. The results are given in Tabie 3:

TABLE 3

Onse of Méan no.  Mitan oo.

Emesis of emetic af
Campound (minates} episodes mewches
Cisplatin 992288 6D 43I
& iy i)
Cinplatin {9 mgheg ip.) + SmAle apohte complesly
iext compgung aholiched
{1 mp/kg ip.)

The foliowing example illustrates the preparation of 3
compound of fermula (I). Temperaturas are in *C. Where
indicated, polutions were dried aver Na,$0, and solids were
dried in vacuo over P,O, gt 50° ovemight Chromatography
was carricd oul using the wehnique described by W, C. Sull
;laélg (J. Org. Chem., 978, 43, 2923-2925), on kiescigel

EXAMFLE

1,2,3 9-Tewrahydro-9-methyl-3-((2-methyl-
1H-imidazol-1-yl) methyl]-4H-carbazol 4-one
hydrochloride

A salution of 2,3.4.9-tetrabydrn-N, N N, 9-teiramethyl-4-
oxo-1H-carbazole-3-methanaminium iedide (2.0 g} end
2-methylthiazole (5.0 g) in dry dimethy) formamide (30 mly
wis stisted, under nitropen, at 95° for 16,75 b and then
allowed 16 eool, The solid thar erysullised was filtered off,
washed with ice-cold, dry dimethylformamide (3x2 ml) and
dry esher (210 mi) and then dried The resuwlting solid (0.60
2) was suspended in a mixture of absotute sthanol (30 mi)
and cthanolic hydrogen chioride (1 ml), and wermed gendly
to oblain a soiution, which was filtered whilst warm, The

10
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filtrate was then diluted with dry ether to deposit a solid (0.6
£) which was recrysiallized from gbsolule ethanal 1o give the
utle cormpound a5 a selid (0.27 g) m.p, 186-187°
Analysis Found: C,61.%H,6 4.N,11 8.
CynH,MN.0.HCLHO requires C,62.3;H,6.1:N,12.1%.

The following examples illustraie pharmaceuticat formu-
lations for use according to the invention, containing 1,2.3,
9-tetrahydro-O-methyl 3-[(2-methyl- | H-imidazol-1-y)m-
ethyl}-4H-carbarol-4-one hydrochloride dibydrate as the
active ingredient (1.25 g of the hydrochloride dihydrate
contains 1.00 g of ihe free basg), Other compounds of
formule (I) may be formulaled in a similar manner,

TABLETS FOR ORAL ADMINISTRATION

Tablets may be prepared by the normal methods such as
direct compression or wel granulaton.

The 1ablets may be film coated with suitable film forming
malerials, such as hydroxypropyl methyleelluloss, using
standard iechniques. Allematively (he tablats may be sugar
coaied.

_ Diree: Compreasion

Table: mAnbiel
Atlive ingreshent 4,688 1815
Calcium Hytrogen Phogphnie BPY £3.06 YN
Croscormellons Sodiym NF 1.8 L8
Magmesinm Stearate BP 048 a5
Commnession weight 80.0 1180

“of a grade suilable for direrl comprewsion,

The active ingredient was passed through a 60 mesh sieve,
blended with the caleivm hydrogen phosphate, croscarmel-
lose sodium and magnesinm siearate. The respltant mix was
compressed into tablets using a Manesty F3 tablel machine
fined with 3.5 mum, flat bevelled edge punches.

Sub-Tingual Tairlel mgfLakle
Active [ngredienl 2.5
Compressible Sugar NF 2.4
Magnesivm §iearae BP 0.4
Comprmression Weight 65.0

The active ingredisit is sieved through & suitable sigve,
biended with the cxcipients and comprassed using suitable
punches. Tablets of ather sirengths may be prepared by
altering either ihe ratio of aclive ingredicnt 1o excipients ar
the compression weight and using punches to suil

Wet Granulation
Conventional Table: mgablet
Active Ingredien: 2.3
Lactoy: BP 151.5
Suech BP 00
Pregelagnised Moiz= Surch BP 150
Magnesium Stegraic BP 1.3
Compression Weighs %00

The active ingredient i= sicved through a suiable sisve
and blended with lactose, starch and pregelatinised maize
starch. Suitable volumes of purified water are added and the
powders are grapuiaied. After drying, the granules are
screened and blended with thc magnesium slearate. The




Case‘2:01‘-c'v-04066-3..' Document 23 - Filed 0410t giige 37 of 42 PagelD: 157

i a
' " .
I

.

L
y L

5,578,628

9
gramyes pre then compressed into tablets wsing 7 mm
dismeter punches.
Tablets of other sirengths may be prepared by altering the

matic of active ingredicnl to Isctose of the compression
5

weight and uging punches to suit

Sub-Lingus! Tablet my/ablet
Athve Ingredient 7%
Manmiic] BP 56.5
Hythroxypropy hpethyloeliglose 50
Magoesium Sieammie BFP 1.5
Compresmon Weight 655

The active ingredient is sieved through a suitable sieve
and biended with the mannitol and hydroxypropylmethyl-
celluiose. Suitsble volumes of purified water are added and
the powders are granulated. After drying, the granules arc
scresned and blended into tableis using suitable punches.

Tahlets of other sirengths may be prepared by aliering the
rvatio of aclive ingredient to mannitol or the compression
weight and punches to soit.

CAPBSULES mygAablel

Active ingredient 25

*Searah 1300 7.0

Mugposinm Sieariz BP 10

HIl Weight 1000
*u form of dircetly compressible yiarch,

The active ingredient 15 sieved and blended wath the
excipients. The mix is filled into size No. 2 hard gelatin
capsules uweing suitable machinery, Other doses may be
prepared by aliering the fill weight and if necessary chang-
ing the capsule size [0 suil

SYRUP

This may be either a suctose or snerose free présenaion.

A, Sucroa= Symup mg/5 ml dose
Active Ingredient 15
Sueroae BE 500
Glyttrine BF 500.0
Buffer

Flavomr

Colmr as required
Prewrvaive

Purified Water BP 1o 3.0 ml

The active ingredient, buffer, flavour, colour and preser-
vitive are dissolved in some of the water and the giycarine
is added. The emainder of the waler is heated 1o dissolve the
sucrose and is then cooled. The iwo solutions are combined,
agdjustad to voiume and mixed. The syrup is clarificd by
filtration.

B, Sucnose-Free mig/5 ml dose
Actve Ingrediea 5
Hydtoaymopylmelhylceliulose LISF Fri]
(vikeowity type 4000}

Huyffer

Flavour

Calour a8 required

10
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10
-Conanucd
E. Sumrose-Free mgls wl dow
Prescrvative
Sweateoer
Prritied Waisr EF 10 3.0 ml

The hydroxypropylmethylcellulose is dispersed in hot
water, cooled and then mixed with an agueous solution
coniaining e active ingredient and the other components of
the formulation. The resultant solution iz adjusted (o volums
and mixed, The syrup is clarficd by {iltmtion.

INIECTION

The injection may be adminisicred by the intravenous or
subculAneous route,

Injection pptot
Actve Tngredient X B0
Diluit Hydrochlaric Asd BF w pH35wpH 33
Sodivm Chicride lojectem BP 0 1 ml w1 ml

The active ingredient was digsolved in e suitable volume
of Sodium Chlonde Injection BF, the pH of the resuliant
solution was adjusted to pH 3.5 with dilute hydrochloric acid
BP then the solution was made to valume with sodium
chlonide injection BP and thoroughly mixed. The solwion
was filled into Type 1 clear glass 5 ml ampoules which were
sealed under 2 headspace of air, by fusion of the glass then
sierilisad by avtoclaving a1 120° for not less than 15 minutes.

METERED DOSE PRESSURISED AEROSOL
Sukpontion Acreac) mg/metermd doge Pz’ G
Active ingrodiens misronised 0,250 66 mp,
Oleic Agid BP G020 528 mg
Tnehloroflupromethpne BP 1364 567 ¢
Dichlondituorarsibane BP 6125 14.70 g

The aclive ingredient is nucronised in a fluid energy mill
10 a fine panicle size range, The Oleic Acid is mixed with the
Trichlorofltoromethane i a tempematre of 10°-15° €, and
the micronised diug s mixed into the solution with & high
shear mixer. The suspension is metered into aluminium
aerosol cans and suilable metering valves, delivering 85 mg
of suspention are crimped onio the cans and the Dichlo-
radifiuoromethane is pressure filled into the cany through the
valves,

Bolutiom Aerosol mg/metercd dose  Per can

Active Tngredient 023 30,0 mg
Etanol BF 1.500 1.80 g
Taeklarofiuorometbhans BP LB.B75 435
Dichlorodiduocomethane BF 44,525 1163 g

Oleic Acid BP. oo a suftahie sorfacian &8, Span B3
{scrbilan giolesiz) may alye be inciuded).

‘The active ingredient is dissolved in the ethanol together
with the Oleic Acid or surfactant if used. The alcohollc
solution i5 metered into suitsble acrosol containers followed
by the trichlorofluoromethane. Suitable melering valves are
crimped onie the containers and dichiorodifiveromethanc is
pressure filled inio them through the valves,
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inhalaten Canridges myfearridg:
Active fogrediens (micromned) 0.5
Lactose BP w0 25,00

The active ingredient is micronised in & fluid energy mill
to a fine particle siz# range prior 1o blending with normal
abletling grade inciose in a high encrgy mixer, The powder
biend is filled into No. 3 hard gelatin capsules on a suitable
cticapsulating maching, The contents of the carridges are
administered using & powder inhaler,

We claim:

1. A method of reatment of navsea and vomiting which
vomprises adrinistering to & human or animal subject in
nead thereof an effective amount for the weatment of nausca
and vomiting of a compound of formuja ({a)

o R*s R (La)
|
N N
P
Riz
N
|
R'

wherein R'® roprosents 8 nydrogen awm or a methyl,
ethyl, pr;]:lyl. prop-2-yl, prop-2-enyl or :yclnpcmﬂ
group; R™ represents a hydrogen atom; and either R
rcpresents a methyl, ethyl, prapyl or prop-2-yl group

5

0

o

25

12
and R* represents a hydrogen argm or R reprasenis
a hydropen atom and R* reprasents & methyl or ethyl
group or a physiologicatly accepiabie ealt or solvame
thereol.

2. A methad of ireatment of nausea and vormiting induced
by an anti-cancer drug which is cigplatin, which cormpriscs
adminisiering to a human gr animal subject in necd thereof
an effective amount for the treatment of navscs and vomiling
of 8 compound of formula (Ig)

R R (ln)
l !
N N
s
Rl
N
Ri

wherein R' represents a hydrogen atom or g methyl,
ethyl, propyl, prop-2-yl, prop-2-tnyl or eyclopentyl
group; R™ represents o hydrogen aiom; and either R¥
represenis a methyl, ethyl, propyl or prop-2-¥! group
and R*® represents & hydmgen alom or B* represents
a hydropen atom and R* represenis 2 methy) of ethy)
group of a physiologically acceptable sall or golvaie '
thereaf,
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PROCESS FOR REDUCING THE CRYSTAL by passing the substance through a 60 mesh sicve (as
SIZE OF ONDANSETRON descrived, for exatmple, in UK Patent No. 21538218), thiy
HYDROCHLORIDE DIHYDRATE method 15 not commercially viable.

This application is & Contiquation of application Ser. No.
0R/239,237, filed Mny 6, 1994, now abandoned, which is &
Continuation of application Ser No. D&/005,736, fleqd Jan,
19, 1993, now U.5. PaL. No. 5,344,658, which is a Continu-
ation of application Ser. No. 07/755,736, filed Sep. 6, 1991,
now shandnned, which i 4 Continuarion of application Ser.
No. 07544644, filed Jun. 27, 1990, now shandonad,

This invention retlates to @ process for reducing the
crystal size of ondansetron hydrochloride dihydrare. More
pmﬁcula.rly the frocess involves degolvation and resolva.
tion.

Reduction of erystal size through solvation and desolva.
tion has been described previewly, for instancs for the
compound griscofulvin (K Scidguchi e al,, Chem, Pharm.
Bull, 1968, 16, 2495-2502). Veriows wchmiduey may be
employed to effect desolvation such a$ drying at an elavatad
temperamire and under vacunm, drying at an slevated rem-
peraturc and ai amospheric pressure, drying @ ambient
tefuperaure under 4 high vacuum, frecze-drying, or drying
ovir 4 desiceant. However, the precise conditiom of dasol-
vation considershly affent the cfficiency of the reduction in
crystal size,

Ondinscton, the approved pame for {,2,3,9-tetrabydro-
$-methyl-3-[(2-methyl- | H-imidazol-1 -yljmethyl]-4 H-car-
Dazol-4-one, is 2 highly selective and potent antagonist of
S-hydroxyoyptamine  (5-HT) at  5-HT, recepions.
Cadansetron, together with its physiclogically accepiable
salty and solvates, is deseribed and claimed in British Paicnt
No. 21538218, and may be used in the treatmant of a variety
of conditions, including the numes and vomiting induced by
cancer chemotherspy and radiotherapy (a3 described, for
cxample, in Europedn Patent Specification No, 226226A).

The preferred form of ondansetron for pharmacsutical
formulstion iy the hydroghlaride dihydrate. Ondanserron
hydrochloride dihydrie may be presented in o vardety of
formmlations, one of which is 43 tablets for oral administre-
tion, when pamicylarly suitshle unit doses of the drup
substance for the trearment of emeais are 5 mg and 10 mg.

In the tblet manufacrtiring process, ondansetron hydro-
chloride dihydrate is blended with auitable axcipients, and
the blend i then compressed into tahlets.

Since g low dose of drug substance per tebiet is required,
for example, 5 mg of ondansetron bydrochloride dihydrate
in a tablet of 125 mg compreasion weight, the distribution of
the drug subatsnor in the blend is critical in obtaining
individoal tablets with the comrect drug content Tniform
drug distrfmitioh i the tablet blend may be achicved using
trug subetance of appropriste paticle size. However, the
ondsnction ide dihydrare obined by methods
deacribed in the ar, Le. that obtained by simple crysalliza.
tos from 4n aqueous solven! mixture with subsequent
drying al ambient temperanire aod pressure containg per-
ticles wich &% too large (I, >250 um) to give an bomo-
geoeous distribgtion of the drug substance in the wblet
bletidd Indeed if crystalline ondanstron hydrochloride dihy-
drme produced by such conventions] methods were ussd in
tablet mapufactine, the Lzhlein o produced would oot pos-
seds an acceptable drug comtent which, for a 5 mg tablet, is
5 mgH).25 mg of cndanseiron hydrochlords diyydrate

Adempis to mill crystals of ondansetron hydrochieride
dibydrate to reduce their particle size have proved unsue-
ceasful, for example, comminntion milling of ondansciron
bydrochicride dihydraw camsed screco blockage of coare
apyd fine screens, Furthermore, although ondanseoron hydro-
chioride dihydrate of particle aze <250 um can be obtained

5
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We have now found A process which roduces the crystal
sz of ondansetron bydrochloride dihydrate produced by
simple crystaliization from solvent (mare particularly ague-
OLS solvent mixtares) o & 5ize which is suitable for effective
distribution of the drug substance ip the tablet blang,

Thus the invention provides & pwocess for reducing the
crysial size of ondansetron hydrochloride dihydrate obtainad
by simple crymallization from solvent, more pamicularly an
aqueoys solvent mixnpe, to 4 Size which is suimble for
effective disuribution in 2 tablet blemd, which compring
desolvaring the: said drug subsiance by drying ar an elevatad
letnperature and reduced or atmospheric pressure, and then
rebiydrariog the opdansetron hydrochloride so formoed.

it is possible by m=ans of the process according to the
inveotion o reduce the crysal size of ondansstron hydro-
chlorids dihydrate to the extent thal the cotre drug sab-
stance consists of particies of 2 sufficiently small size (e,
less tham 250 wm, of which typically about 80% by welght
are less than 63 um) to give an homopenaoys dittribution of
the drug substance in the teblet blend.

Proforably, the ondsnactron hydrochloride dibydmts
obiained by crysialiization is desclvated by heoting at 2
temperature greater than 40° C, (e.g. 50° C.) and at redyced
pressure; (c.g. 200 torr or lcss) for mare than § hours.
Alternarively, the ondansetron hydmchloride dihydrate
obiined by crysallization may be desolvaied st ambient
pressure by heanng ai 2 tempersture of 50° C. or above
(more preferably 100° C.),

Most preferably, ondansetron hydrochioride dihydraie
obtained by crystallization is desolvaled by heating at 50° C,
at e pressure of 100 wer for 2 hours.

The desolvation process may be carmied o with or
without mechanical agitation.

Thke resultant ondamsetron hydmchhoride of reduced
crysial size is then rebydrated, for example, by placing it in
2 huidified stmosphere of, for example, air or nitrogen, o
ambient temperatire. Relydration will generally bo contin-
ued undi] there is no further galn in weight.

Accordigg o snother aspect, the inventon provides
crystalline ondansetron hydrochloride dihydrae character-
tred in that 1009 of the crystals heve a size of less than 250
nm and ar ieast 80% by weight of the crysials have a crystal
size of less than 63 um (as measured by gir-jet seve
anglysiz).

According (o a yet further aspest, the inveation provides
i pharmaceutical eompoxition in the form of tablats con-
taining crystalline ondansetron hydmchloride dihydrate as
acive ingredient characterized in tha 100% of the
ondansetron  hydrochloride dihydrate crysials have a size
lesa than 250 um and at least BO% by weight of the cryatals
have @ crystal gz of less that 63 pm (as mensured by sir-jer
sieve analyxis). Generally the composidon will contain at
ienst ooe physiclogically acceptable oarrier o cacipient.

The invention is {llngirated by the following examples.
Temperamres are in °CC. Crysial size was measured by air-jet
sieve anajyxis.

EXAMPLE 1

1,23.9-Tetrahydro-8-methyl-3-[{2-methyl-1 H-imi-
dazni-1-yl)methyl]-4H-cartazol-4-one hydrochlo-
nide dihydrate wherein the crystals are leas than
250 pun
A sution of 1,2.3,9-tctrabydro-9-methy]l-3-[(2-methyl-
1H-imidazol--ylmethyl]-4H-carbazol-4-one (147 g) in a
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mizure of iskeropenol (670 ml), water (250 mi) and glacial
acetie acid (76 ml) &1 ca 60° was clarified by filtraton and
diluted with more water (61 ml) and isoprpanol (650 ml).
The sclution was treated &l 707 with 36% w/w hydroctloric
acid (46 ml) and conled 1o ¢ 5°. The resuling suspeasion
was filtered and the fliered solid was washed by displace-
et with izopropanol (600 mil) w give & solvent wer solid
(269 g3. A poction of this salid (91 g) was dried &t cn 50 and
200 orr for ca 16k 1o give & solid (55 g),

A pontion of the dried solid (26 g) was placed in a cument 10

of humidifled air al ambisnt temperamre until thers was a0
further gain in weight and the title compound (29 g) was

obtained.
ezl Sior Dimtribtion of Title Comgpovnd
St (um) Cumpustive % Undersize (by weight)
43 434
3] 817
0 916
125 984
180 1)
250 1000
EXAMPLE 1

1,2,3.9-Tetrahydro-2-methyl-3-[{2-methyl-1 H-imi-

dazol-I-yl)methyl}-4H-carpazol-4-nne hydrochlo-

ride dibydrate wherein the crystals are less than
250 pm

The previow preparation was repeaisd excent thar after
collection by filration the wolid was dried at ambicot tom-
paatre and pressure to give large crystals (>45% by weight
of crystals laoger than 250 pm) of 1,2.3.9-t2trahydro-9-
methyl-3-[(2-methyl- 1 H-imidazol- 1.yl anethyl ] H-carba-
zol-4-one hydrochloride ditydrate,

Earticls Siza Dismibution of “Large Crysals®

Sz (um) Comulative % Underias (bry weight)
45 38
& 2]
1] 208

125 %7
10 ns
230 0.6
348 s
X0 [ L]
kit ] L )
1000 mE

A ample of this wlid (259 g) was dried 8t ambnent
pressure and 100° for en 17h during which period the
weight of the sample was redoced to 24,3 g, The sample was
then exposed W anibisot temperares and humidities untd jt
had regained its original weight to sfford the tile compound.

Pariicle Size Dialbaabion of Title Compound

Sixe (um) Comulssv % Underelse (by welghn)
44 A6
3} -y
) 1000

w

15

k1)

4
EXAMPLE 3

1,2,3.9-Terahydro-9-methyl-3-[(2-methryl- 1 H-{md-

dezol-1-y)methyl}-4H-carbazol-4-on¢ hydrochlo-

ride dihydrate wherein the oryatals are Jess than
250 um.

1.23.9-Temahydm-9-methyl-3-[(2-methyl- | H-imidazol-
1-y!)methyi }4H-carbazol-4-cne hydrochloride dihycrace '
oblained by crystallization from a solvent was dried at 52° \
and 100 torr for 24h and then rehydrated to give the title

compound.

Pamick Siee Claribunon of Tids Composnd

Gize (yrm) Cumnlacve % Undarziza (by wiight)
43 43
5] 8.3
% 14
135 958
1% A
250 100.0
EXAMPLE 4

1,2,3.9-Tezrahydro 9-mathyl-3-[(2-marhyl- | H-iml-
darol-1-ylymethy! -4 H-carbazol-d-one hydrochlo-
ride dibrydrate whersin the crystals are less then $0
o)

1.2,3.9-Tetrahydro-9-methyi- 3-[(2-methyl- 1 H-imidazol-
1-yl}methyl|4H-carbazol-d-ome  hypdrochlonde  diboydrans
obtained by erystallization from 2 solvent waa dried at 48°
and 100 torr for 24h and then rehydraied W give the dde
compaind.

Pardce Sixe Distribodon of Thile Commpoond

Size (om) Commlatiwe % Undersize
43 48.0
63 Gl4
a0 1000
1 claim;

1. A process for reducing the crystal size of ondaneetron
bydrochloride dibydrate produced by crysailization from
polvent, in whick said ondensetron hydrochioride dibydrate
is desolvated by drving ar elevated temperanire and reduced
or aimaogpheris pressure and is then rehydraed, wherein the
resulting crystals are suitshie for homogensous distribution
in & tablet blend, said tablet providing a pharraaceutically
accepiable fonmulation in efective amounts for treatment of
ondanactron responsive conditions.

2. A process accordiog o olaim 1, in which aaid
ondzansciyon hydrochlonide dihydrate is prepared by crystal-
lization from an aquoous solvent muxfure,

3. A process according o clabm 1, in which said
ondansetron bydrochloride dibydrate is desolvated by heat-
ing af a temperature greater than 40° C. and a0 roduccd
pressure for mare than & bours,

4. A process according o claim 3, in which said
podanactron hydrochloride dihydrate is desolvated by heat-
ing at & tmperature of about 0" C at & fressure of sbowt
100 tooy for about 24 hours,
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5 A pxess sccording wocleim 1, in which azid 10. A process according to claim , in which aid ondand.
otdsusetron bycmehlaride dikydrare is desolvaied by hear- sctron hydrochloride dihydrate is desolvared by heating at 1

ing wt a temperanme of 50° C. or above at ambient pressure,

6. A process according Lo claim §, in which amd tempera-
ture s about 100* C.

7. A moctss according to chaim 1, in which said
ondataction hydmchloride dibydrate i rehydrated in o
bumidificd atmosphere o ambient Wmperanire.

£. A proceas for reducing the crysial size of ondansetron
hydrochloride dihydrate produced by erystallisation from
solvent, in which said oodansezon hydrochloride dibydras
is desolvated by drying ar clevated tethperature and rediced
or auncspheric pressure and is then rehydrated . wherein the
resulting crystals are suitable for effective distribution in 1
tablet blend. said wablet providing a pharmaceurically
accepuable formlation in effective amounts for treatmenl of
tndansetron respansive conditions.

2 A process to chwim 8, in which said

ondangetron bydrochloride dihydrate it propared by crysial-
lisation from an agueous solvent mixhire.

temperan)y greater than 40° C. end ar reduced prowre for
more than § hours,

It A process sccording 1o cigim 10, in which aid
ondensetron hydrochioride dihydrate is desolvated by beat-
iag at @ wmperaryrs of shout 50° C. a1 & pressure of sbout
100 wrr for about 24 hours,

12 A process sccording Lo claim 8, in which said
ondansetron hydrochloride dibydrare iy desoivated by heat-
ing at g temperaiar of 50° €. or above at ambicnt presyure.

1) A process according to olaim 12, in which said
temperanye is about 100° C,

14 A process scconding to claim 8, in wiich said
ondansegn bydrochloride dihydrie is rebydeaed in 4
humidified atmosphere at amhient temperature.




