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present invention relates to the crystalline anqiMphas ﬁﬁéolo@%&él - P AT S

-nonohydr at es of endo- 2, 3- DATE OF RECEIPT oo
di hydr o- N- ( 8- et hyl - 8- azablcyclo[3 2. 1] oct - 3 yl )=2-0xo0- o
lkkbenzinidazobmﬁsmxﬂﬂmmmn1HeRhsdroem(Buun>2uEL@hHmDR6-N-(8 ~METHYL-8-

3-et hyl - 2,°3-di hydr o- N- jy -8 azablc clo[3.2, 1] oct - I% :
_2- ox0- 1H- benz ARABLLNCL [3 b lOGT A YL e, XQ%lR'BENﬁéﬂléb—QhEZ%LOCesses
for their prepa: a@,%gda&@f@at%md%wn%%eumamltAu@WSo@onkﬁbal 5

them EP 309423—0escrroed—a group Of eSters and am des of
ben2|n1dazollmﬁmaanﬁJ3£ﬂammn3¢+n>(&HMEEBYE*B&AZBBvGYOLOIBgﬂc&ﬂQgT 3-

acceptabl e salts and solvates cosse35|no’5-kﬁ ant agoni stic Eﬁ 88r | es.
These conpounds=eT SR 2l A RROX A LPRo N HEPR ‘QRIQBapy
and ra- dlatloqunkﬁgHﬁgngausea and enesis, del ayed gastric 15

enpt yi ng, notility di sorders, particularly
dyspepsi a, flatulence oesophageal reflux irritable bowel syndronme and

hypoki nesia. The sane conpounds al so. cl.ainged

0 be useful in
the treatnment of cert2f nPERSEH sdrrﬂ’tfrr’stls‘ﬁbhrﬁéaﬁ?rs e?(%mflth@ ﬁry%# h“e
si ckness, . .m grgidiep hae}nal%@'agllasmc %u@xmsaahﬁﬁgalmcw'énaabﬁ 3-

anhydr ous hydrochl ofi de sal'ts”of endo-2,3-dih 8- et hyl - 8-azabi cycl o
[3.2.1]oct-3-jﬂﬁhjﬁmn&ué}ﬁtmmﬂhyd{nﬂzﬂabicyz&bb&azlﬂéoéteﬁppmdeLayp-
endo-3-ethyl -2, '1H & t(njelrbzn(.jtagdal\l-zg rret hglrboxaxr%la ydrochlorlde and endo-
5 3-ethyl-2,3-dihydro-N-(8-methyl-8-azabicyclo[3.2.1]oct-
3-yl)-2-oxo-lH-benzimidazole-1l-carboxamide hydrochlo-
ride, to the processes for their preparation and to the_
pharmaceutical compositions containing them.
EP 309423 described a\‘group of esters and aﬁides of -
10 benzimidazoline-2-oxo-l-carboxylic acid, their physio-
logically acceptableuéalts and solvaﬁes possessing 5-HT
antagonistic properties. These compounds were claimed
to be useful in the treatment. of chemotherapy an@ ra-
diation ibdpced nausea and emesis, delayed gastric
15 emptyiné, : géstrointestinal motility disorders,
parficularly dyspepsia, flatulence, oeséphageal :eflux{
ifritéblef.bowel syndrome and hypokinesia. The same
compounds were also claimed to be wuseful in the
treatmenﬁfbf certain CNS disorders such as for'example
20 motion sickness, migraine, cluster headache, anxiety
and psychosis. The anhydrous hydrochloride salts of
endo-z,3—dihydro-N—(8—methyl—8—éiabicycld' {3.2.1)oct-3~
yl)—2-oxo—1H—benzimidazole-1—carboxaﬁide (compound 1la),

endo~3-ethyl-2,3-dihyd®o-N-(8-methyl-8-azabicyclo-



2 [Bfffl]oct-S-yI)-2-oxo-1H-benzinidazole-l-carboxanide hydr ochl ori de
(conmpound 1b) are currently bei ng devel oped in the clinic as
antieneti'c and antianxi ety agents. 5 [err] 15 (Conpound la: R - H)
(Conpound -1b: R - (err]Herr]) The sane conpounds show potential as

anti psichotic drugs free of extra-pyramdal side effects. The use of
conpounds la and Ib in the treatnent of patients 20 suffering
from organi c mental diseases such as denentia and ammestic syndrones was
claimed in the Italian Patent plication no. M 91 A 001845,

Phar maceut i cal Coh%o%i%i?ﬁ%‘%ﬂh&bﬁ %§0cb%p@%ﬂasmn§aaﬁéeiﬁ casbaxemyde

- ingredient, were |n t v |on
appl i cations. %éﬁo% eren poss %qaoqﬁéeas %m ni st rue#l%él%&%f being
conpounds | a and dévé Doged | ent &wycmen@enwl aﬁthyém@:aﬁr:l efhd odhti@hkbety

by, the oral route, enploying suitable phar maceut i cal preparations
such as for 30 age%&%ﬂple tabl ets, coated tablets and capsules, or by the
rectal rout e enpl oyi ng for exanple suppositories. 3 These

admi ni stration rout es show advant ages
exanple, the parenteral route, because the
sanmebody stilled to give an injection, is not
manuf act uri ng of the above said preparationg
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15 (Compound la: R = H)
(Compound lb: R = CZHS)

The same compounds show potential as antipsichotic
drugs free of_extqa-pyramidal side effects. The use of
compounds la and 1lb in the treatment ‘of patients

20 suffering from organic mental diseases such as dementia
and amnéstic syﬁdromes was claimed in the 1Italian
Patent Application no. MI 91 A 001845. Pharméceutical
compositions containing compounds la and lb, as active
ingredient, were also claimed in the abéve mentioned

. 25  patent applications.

Among different possibilities, the administration
of compounds la and lb to patients may be conveniently
carried out <either by the oral route, employing
suitable pharmaceutical préparations such as for

30 example tablets, coated tablets and capsules, or by the

rectal route, employing for example suppositories.



useful for the oral adm nistration of a drug substance relies on different
paraneters which are related to the nature of the drug substance itself.
Nen [imtative exanpl es of such paraneters are the drug stability as 10
starting material in different anbient conditions, the stability during
the manufacturing process and the stability in the final pharmaceutical
conpositions. The drug substance used for the preparation of the above said
phar maceuti cal comnpositions should be as pure as 15 possible and its

stability upon pRRlQnged &iieriaggaatiod ff ebamk sanbiseiw Condivanigarist hie
checked in order to avoid wusing a degraded drug or a drug wth an
unpredi ct abl y | ewerpatnidan t Warkht haforeqexameled or the meafHea IRl nd Preess.

In such a case a drug content 20 present, ip indivi | tabl

capsul es, shoulttfcf?é‘qslﬁptr i%’f%%??/cel%ﬁe? é?‘ﬁgﬂr Pﬁato(%u%é?ﬁg’%tdg}d%&rned

Moi sture absorptdpnydvness i dditde, ofs tled Gl isthst ance because of the
wei ght gain due to the water 1 ntake. Drugs which tend to absorb noisture

nmust be prd& ected 25 Good roanwbecter inglupfnghsr it omged ssiér RFeHUR QD e
by addi ng suitable dessicants _or by stor.ing.the.drug gn_a foom of ect ed
from noist ure.usefd‘iz]ur%ﬂ’érﬁﬁ?eoraﬁh@%ﬁgﬁgﬁtﬁaﬁ" ¥ gorr%i 8t tﬁifg]%nasyu a t:'sgon':fg‘;cn/ver

the drug title dyiygs dheqi POHERCT it ABet HFHCRESchWARR ridlRted Ud tilse 30
exposed at normal conditions wthout any noisture protection. 4 A

correct  wei ghtnatutet dfbuthen dreg supsggnce nitsail fi- dullen cabidii eat e
o S IR 4800 s R S SR & N8P Y 3§93 b1dNg s
' 10 starting material in different'ambientlconditions, the
stability during the manufacturing process énd the
stability in the final pharmaceutical compositions. The
drug substance used for the preparation of the above
said pharmaceutical compositions should be as pure as
15 . possible and its stability upon prolonged storage at
different ambient conditions must be checked in order
to avoid using a degraded drug or a -drug. with an
unpredictably lower title than that required for the
manufacturing procéés. In such a case a drug content
20 present in individual tablets or capsules, should be
unpredictably lower than that - expected. Moisture
absorption lowers the title of the drug substance
because of the weight gain 8ue to the water intake.
Drugs which tend to absorb moisture must be protected
25 from moisture during prolonged storage for example by
adding suitable dessicants or by storing the drug in a
room | protected from moisture. Furthermore the
absorption of moisture may also lower the drug title
during the manufacturing process when the drug is
30 exposed at normal conditions without any moisture

protection.



order to afford the correct weight distribution, one 5 may reduce the
particle size of the drug substance to a suitable value, for exanple by
mlling. In fact, particles of little size are better distributed, in
onbgeneous anount, in the single tablet or capsule. Since mlling may be
acconpai ned by a certain degree of 10 , degradation of conpounds I|a and

| b due to the rather hard conditions required in the process, a

high stability to mlling represents a considerabl e advant age
since it allows the preparation of capsules and tablets contalnlng the
proper amount of drugCPErectayorgiflt tALStrpbutiARe obf digraddtion

broducts.  Fur ey ey ey oy 1 BL0%C 1 ldd 1901 8.Pr oduct &be.supp! ¥e ffcgner oy
po ynorphlc moal

and the stress can proauce I'Cations, anbrflzzat

vari ation.of the#£rysdwladat tm@ .8f 1obh@osheemo Of drivdiei sseleiqhi redr.f age.
These 20 alterations pla important roll  in _the _different next
t echnol ogi cal pr%%%rsefroa iichrc{ h&hBi cﬁﬂ%ﬁ?ﬁa‘éemeilgh&al dtpbFARYEEPRY i @Ne The

bi | h
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s inmporta 1dity perio the p arnaceutlcaf

speciality; thissupedbdl v&lud hatforn em&hphe tb9 dwgmqan Ie fact
adm ni stered without any risks either those due to the presence

excessive  anpRRrtigyes ﬁ@teﬁ%Féi?y‘ﬂ%ﬁbePéﬁ@ b@éﬁ?éda@%%ﬁrlﬁ?Bﬁﬁct§“ or
R et HFheatMREEAAT) ol AR £ LD 1 it
substance in thesam@yemphnim@cmmylnaJaptempaahednsy a certain degree of -

| 10 degradation of compounds la and- lb due to the rather

hard conditions required in tﬁe process, a high

stability to ﬁ_milling represents a considerable

advantage since it allows the preparation of capsules

and tablets containing tﬁe proper amount of drug

15 avoiding the presence of degradation products.

. Furthermore, during the milling of a product the supply
of energy and the stress can produce polymorphic
modifications, amorfizzation, variation of the crystal
lattice of the form of the solid surface. These

20 alterations play an important roll- in the different
next technological processes and in the biopharmaceuti-
cal characteristics. '

The stability . of a drug substance  in
pharmaceutical compositions is important in-determining

25 the validity period of the pharmaceutical speciality;
this period is that in which the drug can Dbe
administered without "any risks either those due to the
presence of an excessive amount of potentially.
dangérous degradation prodﬁcts or those due to an

30 + unacceptably low content of the active principle with

respect to the stated amount. The high stability of a



at different conditions of storage represents therefore an additional

advant age both to the patients and to the manufacturer since storage in
controlled conditions is 5 avoi ded as well as the frequent replacenent
of expired speciality. For the above said reasons, any nodification of the
solid state of a drug substance fe@r oral admnistration in the

form of capsules, tablets or 10 coated tablets which can inprove
i-ts physical and chemcal stability is expected to afford a consi stent
advant age over |ess stable fornmg of .t same drug. n i ative exanples
of such nodifi ’é‘t“?oﬁgbsFﬁEFﬁdé“dltfhfeeraet?ﬂ"ecr&%?’g‘f‘??ﬁgtf'ﬁfa pGFpFI’fé'tdgf’ént

drug, al'so in 15?t dE?EEFer: cHnldiRhenls él?d%a%’é%‘é??eseﬂgg t%%'rtesfo‘é‘

di fferent physiologically acceptable acids or bases
anenabl e to sal tanfeddationalThdvatege bdbthbhe prigdsenpatbeshsi and| $o the

therefore the pre argtlon of new crystalline_forns oflééggo und |.a
and |b, which BBRYIAGEUTERoRINEE “SERAAISelli 6OBFR aﬂ?5§é§100@ ‘Héve

now found n&vel bak! bge yonohydr ahe FPeamefkt GUPLANKISed &
(conpounds ga anﬁo%%)émhkchvggé nd? ngCIflggF|y clainmed in EP 309 §r§€d

whi ch possess 25specdeflityte advantages in conparison wth the anhydr ous
" fornms. In fact conpounds 2a and_2b do not absorb noisture %ﬁ durin

the storage prior £P5 %ife ARRYFacidNd ng®proB&ss BPYc Cat iR e
and coated tabl efge atsoidid feseRte CUWi thonyyr Y EEBE%%%E@“Ef@Pd %Qal

relative humdity, and during the process 7tself; furthernore they
are nore stable d8mimfiberatdpective the form of ¢apsules, tablets or
10 coated tab'lets_ which can improve its physical and
chemical stability is expected to afford a consistent
advantage over 1less stable forms of the same drug. Non
limitative examples of such .moaifications include
different 'crystalline forms of the parent drug, also in
15 terms of different or new solvates, an_d salts with
different physiologically Iacceptable acids or bases, if

the drug is amenable to salts formation.
The object of the preéent invention is therefore
the preparation of new crystalline forms of c.ompounds
20 la and 1b, which does not show the above mentioned

disadvantage_s. _

We have now found novel crystalline monohydrate forms
of compounds l._g_-ahd 1lb (compounds 2a and 2b) which are
not specifically claimed in EP 309423 and \;rhich possess
25 definite advantages in comparison with the anhydrous
~forms. In fact compounds 2a and 2b do not absorb
moisture both during the storage prior to the
manufacturing process of capsules, tablets _and coated
tablets at different conditions of temperature and-
30 relative humidity, and during the process itself;

furthermore they are more stable than the respective



6‘conpounds la and |Ib during all phases of the above nentioned

manuf acturing process, particularly during the mlling and besides they are
nmore stable to storage in the formof capsules, tablets or coated tablets,
at 5- different conditions of tenperature and of relative humdity.

Moreover, the novel crystalline forns are endowed with antagonist activity
‘at 5-HT receptors. Accordingly, the pre§%nt i nvention provi des conpounds of
formula [err] (GConpound 2a: R - H) 20 (Conmpound 2b: R = derr]Herr])
together with a process for their preparation and pharnmaceuti cal

preparation contabipdgntibema Camgoudss @ardngd 21 1mpnhleepr epar echdy above
di ssol ving the conpounds |la and | b, as free base, in a hot aqueous 25

sol vent, preferaBpptioneé mamebastyrikadol Pri9Fesasdi ngatkdculdgdivr eurdmsunt
of gaseous hyd en; ride, \fidsterin e S LN ti.an a
letting it cool %ggrgé%ﬁqbgnﬁg?aﬁﬁéié%%rﬁhép %ggfﬁ%%édgtéﬁggdfﬁéﬁﬁQggﬁe
the process acccohdithg tforimhef nygpéudes ,CeMlerd 2 icoadded tAbepased dry
usi ng, as an hot _agueous al kanol, hot 85% aqueous ethanol._The crystals of
conpound 2a’nmay Béffergngo| FerdteiogsvaefiuntemPeraih aTF ad wasHédF e h

a sml| . amunt gh;adflyeoUsor eLPaN0l - ne | Nofer PIGHAI] Srbodigmnt qfd he

process according to I nventron, " corpount I S prepare y using, as an

hot aqueous 5  ealbbesal withOhn8aYoadeeoaTtivARYORANGLHET Teeeptyhisl s Of
Accordingly, the present invention provides compounds
of formula '

10 :

Y
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(Compound 2a - H)

R
20 (Compound 2 R = CZHS)
together with a process for their preparation angd

pharmaceutical preparation containing them.
i Compounds 2a and 2b may be'prepared by dissolving
the compounds la and lb, as free base, in a hot agueous
25 solvent, preferably a hot aqueods alkanol; by adding
the required amount of gaseous hydrogen chloride,
filtering the resulting solﬁtion and letting it cool to
room temperature. In a preferred embodiment of the
process acccording to the invention, compound 2a is
30 prepared by using, as an hot aqueous alkanol, hot 85%

agueous ethanol. The crystals of compound ‘2a may be



conpound 2b may be collected by vacuumfiltration and are washed with a
smal | anmobunt of aqueous isopropanol. The so obtained crystals of 2a and 2b
can be dessicated at a tenperature between roomtenperature and 60[err]C 10
under vacuum nost preferably at 40[err]C under 0,1 nmm Hg vacuum for 24
hours wi thout any appreciable | oss of water content. Water content may be
measur ed by usual techniques such  as t he Kar | Fi scher

test. Alternatively, conpounds 2a and 2b nay be conveniently 15 pr epar ed
by dissolving the anhydrous form of conpounds |a and | b, as hydrochl ori de,

in hot 5¢ | 4% hag
B e S

solution at roomsh&nper ahouet CbYSt alduedus20 ethgovpoundn 2a (gesfettdedel y
2b), separated from the cooled solution, are collected by vacuum,
filtration and rembedingnd as pheyiRIRFSSHedCCionddng it £hRt HAVPIDh

ds 2 b | S di ' t |
Compounds | a and" PSR 255 £9 BRERILER. My T\AINet! e B TROE SRAELLY

al coholic sol veslkags Bf enabl y59ankydeons isbpad@anclr.espeet cvgkyals of
anhydrous isopropanol), and adding to the filtered sol utiaon _37% aqueous
hydrochl ori ¢ acieemehen@r gt May dre cenpderteda orvaopym £d3sratdgn fansn

Ergﬁi Cfml ed SO'%{‘J} O\Qashéaé.e §gh a ngHfiCtgﬂo‘? tvggu%aufeiolursr a:':[élcﬂﬂ'ﬁﬂxol.
pol ated as above descri béed. n anot her “option the “sa

conpounds may ‘Dige psepavedibyderpost aliscofipQuandnd 2borcdrb Heo de duivaidd ed

atmospher e _Of’ aéora E??Egﬂé%tufﬂ rbe%;eegit;gggn tgépe?ature and 60°C

10 under vaéuum, most preferably at 40°C under 0,1 mm Hg

vacuum for 24 hours without any appreciable loss of

water content. Water conteht may be measured .by usual

techniques such as the Karl Fischer = test.

Alternatively, compounds 2a and 2b may be conveniently

15 prepared by dissolving the anhydrous form of compounds

la and lb, as hydrochloride, in hot agueous ethanol,

preferably 85% ethanol (respectively in hot aqueous

isopropanol, preferably 95% isopropanol} and alléwing

to cool the solution at room temperature; érystals of

20 compound 2a (respectiﬁely 2b), éeparated from the

cooled solution, are collected by vacuum filtration and

manipolated aé previously described. In a further

op£ion compounds 2a and 2b may be also -prepared by

dissolving the corresponding compounds la and 1lb, as a

25 free' base in an anhydrous hot alcoholic solvent,

prefefably anhydrous ethanol (respectively anhydrous

~isopropanocl), and adding to the filtered solution 37%

aqueous hydrochloric acid. The crystals of coméound 2a

(or 2b) separated from the  cooled solution are

30 collected by vacuum filtration and manipolated as abéve

described.



tenperature between ~room tenperature and 40[err]C, 5

preferably at roomtenperature. Water absorption nay require variable

ti me according mainly to the size of the crystals of the starting conpounds
and to the relative humdity. The process is over when no further increase
in weight is recorded. The water content may 10 be conveniently neasured
by Karl Fischer assay and for 2a is usudly between 5,07%[err] 0,5; for 2b
between-4,70 [err] 0,5, which contents are indicative of a nonohydrate.
Conpounds la and |b, used in the formof free base as starting materi al

for the preparation ofi COnhds 2apbion Kk 2bsaf®y BEmEOANEBI ERlAYY be
prepared as described in the exanple 16 respectively 14, of EP 309423.

Conpounds 2a PARdParezh byaraxposigve| compoysdsl Liner nhhohpdeathemifds fise df

compounds la and. lb._ They show d¢ifferent physica-chemncal. properties and
exi st in well ZOatm%cfé)}‘ler%ed or%dhemp&'al exagpt®, cAt alfi nd FTOSRRCt fites. @

I n conpounds 2a aRthpdatiie NMObeewkes Of reRker dempldr@ilg bourd i Nty dche
crystal lattice and the ratio between the drug nol ecul es and the water
mol ecules i § 1. Prefarablyi cat oramctempesiEitorec! Wanpburaks pion  mayl

2b can be perfor differ hods such as ntal ,Anal ysis,
Dfferential Sca%%%ﬁlg)%al%arﬁn% reynfﬁ)g% ,?c ecﬁ‘r?aq m%‘i&?n&?r itcl'.1e A%alzﬁsiosf
(TG, Infraredtopectirgoseapy 6ER)theX-RaystiPegWledmpdirdidd acdddn,to Sidyd e

Crystal X-Ray Diffraction. 30 ~ Differential Scanning Cal orinmetry (DSC)
Differential  S&&ddtdye hemistityet rfhe ppecpss gs over weed opged unthest ng

a Mettler TA 3009n§#§€§963 iQQ?Sht is recorded. The water content may
| 10 be conveniently-measured by Karl Fischer assay and for
2a is usually between 5,07% : 0,5; for 2b between 4,70
+ 0,5, which contents are indicative of é monohydrate.
Compounds la and 1lb, used in the form of free base as
starting material for the preparation of compounds 2a
15 and 2b, may be cohveniently prepared as descriBed in
the example 16 respectively 14, of EP 309423.

Compounds 2a _and 2b are novel crystalline
monohydrate forms -of compounds la and 1lb. Theyt show
different physico-chemical properties and exist in well

20 defined <chemical and crystalline structures. In
| compounds 2a and 2b, the molecules of water.are tightly
bound into the crystal lattice and the ratio between

the drug molecules and the water molecules is 1.
The analytical chéractgrization of compounds gg
25 - and 2b can be performed by different methods, sueh as
Elemental Analysis, Differential Scanning Calorimetry
(DSC), Thermal Gravimetric Analysis (TGA), Infrared
Spectroscopy (IR), X-Rays Powder Diffraction, Single

Crystal'X-Ray Diffraction. |

30 Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) was



with TC 10A Processor and DSC 20 cell. The compound (3.5 ng) was wei ghted
in a standard Alum na crucible. It was sealed with crinped-on Iid on which
three little 5 hol es were made. Conpound 2a. The sanple was heated in
nitrogen flow of 40 m/mn, starting from30[err]Cto a final tenperature
of 320[err]C at a rate of 10[err]C nn. Conpound 2a showed an 10
.endot herm ¢ peak due to crystalfization .water desorption at
110[err]-160[err]C, followed by an exothernic peak due to crystal
rearrangenent. Finally the conpound melts at 295[err]C. Conpound 2b. 15
Heat i ng cryst al peaff cxorgppbuby 2isinyg nat rMgenl ¢ owAof 3 X0 nﬁyﬁtam stquipmped
from30[err]C to a final tenperature of 278[%%%%C at a rate g

10[err] G nmin, |&3E 15t NP ReE5PGESRTof 27 ef? ofceclrlyst aPRi ZC2TRAURH
the range betweqn BLigs{] Gaded bl esa] Gol BboehhnbI- AN ILHBHIDK A b e
corrispondi ng 20 he anhydro for hi ghest peak at

150[ err] C, desoryit ivans vée shed swsbbwnrﬁmpmdt—m: pirlesexmevmfcrartlembt hitnle
peak (see figure 1). Finally the conpound nelts at 245[err]C. Ther nal
Gravinetri Anal"&&%ess VeES ®afe. - Thermal Gavinmetric Analysis (TGA)
was performed bt%@'(ﬂgﬂs\ %ttler TA 3000 System equi pped with TC 10-A
Processor, TG 5 bal ance. 10 ng of the conmpound under
investigation were T ghdaeple’i wasa $m£wukﬁwjlhlunnnao@EUC|5ﬂew 30f 40
Conmpound 2a Heati nﬁnm s done i.n a |trog%n flow 2

starting from °C to a qg. { temberature of
320°C at a rate of 10°C/min. Compound 2a showed an
10 endothermic - peak  due to crystallizat%on water
desorption at 110°-160°C, followed by an exothermic
peak due to crystal rearrangement.
Finally the compound melts at 295°C.
Compound 2b. '

15 Heating crystals of compound 2b in nitrogen flow
of 40 ml/min,'starting from.30°C to a final temperature
of 270°C at a rate of 10°C/min, leads to the desorption
of the water of crystallization in the range between
70°C and 160°C (abseﬁt in the thermogram corrisponding

20 . to the anhydrous form) with a highest peak at 150°C,
desorption which 1is shown from the presence of an

endothermic peak (see figure 1). Finally the compound

melts at 245°C.

Thermal Gravimetric Analfsis (TGA)

25 Thermal Gravimetric Analysis (TGA) was performed
by using a Mettler TA 3000 System equipped with TC 10-A
Processor, TG 50 oven and M3 -balance. 10 mg of the
compound under investigation were - weighted in a
standard Alumina Crucible.

30 Compound 2a

Heating was done in a. nitrogen flow, 200 ml/min.,



.siarting from25[err]Cto a final terfperature of 295[err]C, at a rate of

10C/ m n. Conpound 2a showed ‘a wei ght [ oss in correspondence of the peak due
to crystallization water desorption equal to 5.2% a value very close to

the 5 t heoreti cal val ue of 5.07% requested for - the
nonohydrate. Conpound 2b Heating was dopg in a nitrogen flow, 200 ni/mn.,
starting from25[err]Cto a final tenperature of 255[err]C, at 10 arate

of 10[err]C/ m n. Conpound 2b showed a wei ght | oss in correspondence of the
peak due to crystallization water desorption equal to 4.62%_ a value very
close to the thedratting from @6°C 0 asfimad tepggestsge ofort?5the at

nonohydr at e. 15a r tggrg[,e%s 231:1 QZWO'@fdr %fdsh ty q‘,e'\}g%,@gg%ggngn

la,- Ib, 2a. and were  reée e Ki n-El mer .
infrared spectr ot edpdedenddeoeorpRURGIKVWRILR arthl ¢rSesh £51 Sodt ot nwatgel
mul | . 20 In the infrared spectrum conpound 2a shows a

strong band aAesERIDPD cREMAY t@hiTH%.isa dHARLU] oVerle S9%R cAihgtbe

t he hydroxyl groups r. is_band:.is ab t i res din
spectrum ofrg conp%\ﬁen%"‘)%%w%fhera-%w?er e%ges ?'nét e pggﬁggﬁg%aé anggifjhei ghe
relative 25 imdwssydyat@r e evident at 2,600, 1,430-1,390, 1,350,
1,240, 1,170, 1,110, 1,050, 1,000-900 and 850-750 cnferr]. These show t hat
compounds | a andc2BRPewRd 42B f er ent crystalline forms of the same substance
(see figure 2). In t infrared eciru ; CPRRAUNG 1 AP SAWW§1 /@130
strong band at 3500 c&faeﬁ?émﬁfgh ﬂcz’%duierrt%]{lﬁg gter etching of the Ayélr oxyl
groups of water.sddtrcibgndrom FsAstto a final temperature of 255°C, at

10 a rate of iOQC/min, Compound 2b showed a Qeight loss in
correspondence of the peak due to crystallization water
desorption equél to 4.62%, a value very close to the
theoretical value of 4.70% requested for the
monohydrate.

15 Infrared Spectroscopy

Infrared spectra of compound la, 1lb, 2a and 2b
were recorded on a Perkin-Elmer Mod 298 infrared
spectrophotometer. The compounds were analysed as 'solid
in nujol mull.

20 In the infrared spectrum, compound 2a shows a-
strong band 'at' 3,400 em™l which is due to the
stretching of ﬁhe hydroxyl groups of water; This band
is” absent inlthe corresponding spectrum of dbmpound la.
Other differences in the peak shape and tﬁeir relative

25 intensity are evident at 2,600, 1,430-1,390, 1,350,
1,240, 1,170, 1,110, 1,050, 1,000-900 and 850-750 em™ L.
These show that compounds la and 2a are different
crystalline forms of the same substance (see figure 2).

In the infrared spectrum, compoﬁnd 2b shows a

30 strong band at 3500 _cm'l which is due to the stretching

of the hydroxyl groups of water. This band is almost



negligible in the correspondi ng spectrum of conpound |b. O her

differences in the peak shape and their relative intensity are

evi dent ‘at 2600-2500, 1680, 1630, 1480, 1400-1350, 1300-1200,
1160-1100, 1060, 5 1030, 950-900 and about 750 <cnferr]. These
show that conpounds Ib and 2b are different crystalline forns of the sane
substance (see figure 3). X-ray Powder Miffraction Pattern The anal ysi's was
carried-out in a Philips PW10 1800/ 10 di ffractoneter equi pped with a
Digital Mcrovax 2000 conputer on which a Philips APD 1700 program was

installed. Setting.,.u ar ame al on it h ' r er.ist of

t he diffractone?ggllggglgréﬂbr%ga b%?BﬁFsggngﬁgg d%%%%ﬁ%pgr%&t.ééggﬁgﬂd

range: 2[err] 51berrbtnepresi siorenée H0lier rfhe pe@eqansm@%d anOZIca@cmﬂd
scan type: conTinuous 20 . analysis tine: 40 mn. - its -

slits . automatuceaavwgensetgnH%Y(ADs? -evidestvi AY sPﬁPO 8580pm 2@80

detector slit ube gf f ) .

wavel engt hs ([er}??HTnK[ 3‘>§ gf&é’oﬁ%%&e’rr] 1%4%1@ - %gﬁgrgﬂﬁ 860 .

hi ght vol tage: 48okY,. bgbewurr@m Mbu® 750 cm~l. These show that
compounds lb and 2b are different crystalline forms of
the same substance (see figure 3}.

X-ray Powder Diffraction Pattern

~ The analysis was carried out in a Philips PW
10 1800/10 diffractometer equipped with a Diéital'Microvax
2000 computer on which a Philips APD 1700 program was
installed. Setting up parameters, along with main
characteristics of the diffractometer are ' reported
below: '
15 - goniometer -
scan'range: 2° 5 ?Q’Z ¢}’
. prec;sion: 0.001° 2 %
scan speed: 0.02°7second
. scan type: continuous
20 . analysis time: 40 min.
- slits -
. soller slits
. automatic divergence slits (ADS)
reciving slit: 0.3 mm
25 . detector slit: 0.8 mm
- X ray - _
. type tube: Cu (long fine focus)
. wavelengths (4): qu=1.54060A Kq2=l.54439A
- generator -
30 . hight voltage: 40 kV

tube current: 20 ma



12 . kV and mA stabilisation: 0.0005% per % mai ns varation - general-".
irradiated sanple length: 10 nm. nonochromator: graphite crystal 5
proportional detector . time constant: 2 The nost significant parameters of
the mai n peaks, nanely the angles of diffraction (degrees), the val ues of

t he i nt erpl anar spaci ngs (D), t he absol ute 10 (Peak/ Count s)
and relative (I/l[err]) intensities are shown in Table I and Il for
conpounds | a and 2a respectively. Significant differences between conpound
la and 2a are particularly evident if we conpare the peaks connected with
diffraction angles of 6, 13 and 15 17.6-20 degrees for conpound | a and
of 8, 15, 16.8, 21, 26.1 and 26.3 degrees for conmpound 2a, as shown in

figure 4. 13 TABL EI COWOUND | a Peak Angl e . D
spac : Peak kV |angd ﬁ@xsgabihﬁﬁatlon:_0.0005%(@@6)% mains %qgﬁﬁlon
(cts) (9 1 ; _ 6.6425 13. 2961 2440. 51.26 2
7.0300 12 58Fperat - 23. 0.48 3 ' 11. 3150

7.8138 . 98 radiated Qarnle length: 10 mm 13. 2800 6.6617
4761. 100. 00 5 15. 0550 - 5.8801 31. 0. 66

. monochromator: graphite crystal
5 ..proportional detector
. time constant: 2 _

The most significant parameters of the main peaks,
namely the angles of difffaction (degrees), the values
of the interplanar spacings (D), the - absolute

10 (Peak/Counts) and relative (I/Imax) intensities are
shown in Table i and II for compounds la and 2a
respectively. Significant differences between compound
la and 2a are particularly evident if we comparé the
peaks connected with diffraction angles of 6, 13 and

15 17.6-20 degrees for compound la and of 8, 15, 16.8, 21,

26.1 and 26.3 degrees for compound 2a, as - shown in

figure 4.
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16. 9550
5. 0309
376. .
11

19. 6425

4. 4464 -

467.
7.99 16
22.7725
3. 8333
480.
21
25.7275
3. 3980
790.

7.74 26

27. 8325
3.1669
144.
Angl e.

(Ang)

16. 5550

5. 3505 388. 8.15 7
5. 2252 76. 1.59 8 17. 6150
1037. 21.78 15 9 18. 3100 4.8414
7.91 10 18. 7525 4.7282 1576. 33.10
19. 3500 4.5835 4 1892 39.74 12 -
4.5159 234. 4.92 13 19. 9525
102. 2.14 20 14 20. 4825 4.3326
9.80 15 21. 5450 4.1212 380.
21. 9850 4,080 B L EL 479 9.89 17
3.9018 751.  COMP@UNDSla 23. 1850
207, _____ 4.36 25 19 _____ I 23.6150 _______3.7645
10. 07 20 24,8125 3. 5854 ~797. 5. 14
283800 R\HEE5 D SER2. P&k 22 I/I max
4599 ' . 4. £5 26 2 _
> 7%3?.' 14.97 3(61'%9"5 24 Ghet 26. 7125 2 9893346
16. 58 25~=——————==-- ~26. 9050~ ————=—- I P 3 8697~ ——--
1 27.4925 6.642% 24175.1%£2961 188. 24402é915§g.26

32029 : . .

353, 7,42 F50300  CIRSHAL g 5523 6832 -
3.02 to3be continued1l.3040TABLE | 7.8¥88 nued) COVPOUND | a2Reak
10 D ?g?g) (% Reglogod /1 Max & gg1 710 a761.  198%bo

5 . 15.0550  5.8801 31, 0.66

6 - 16.5550 5.3505 388. 8.15

7 16.9550 5.2252 76. 1.59

8 17.6150 5.0309 1037. 21.78

15 9 18.3100 4.8414 376. 7.91
10 18.7525 4.7282 1576. 33.10

11 '19.3500 4.5835 1892. 39.74

12 19.6425 4.5159 234. 4.92

13 19.9525 4.4464 102. 2.14

20 14 20.4825 4.3326 467. 9.80
15 21.5450 4.1212 1380. ©7.99

16 21.9850 4.0397 471. 9.89

17 22.7725 3.9018 751. 15.77

18 23.1850 3.8333 207. 4.36

25 19 23.6150 3.7645 480. 10.07
20 24.8125 3.5854 292, 6.14

21 25.3800 3.5065 222. 4.66

22 25.7275 3.4599 219. 4.60

23 26.2050 3.3980 713. 14.97

30 .24 26.7125 3.3346 790. 16.58
25 26.9050 3.3111 369. 7.74

26 27.4925 3.2417 188. 3.94

27 27.8325 3.2029 250. 5.24

28 28.1550 3.1669 353, 7.42

35 29 28.7925 3.0982 144. '3.02

to be continued
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29. 4950
2. 9644
102.

35

2.7032

. 590.

40

35. 7225
2. 4370

310.

45

39. 7675
2. 2255

166.

50

32. 3500

44. 6975

2. 0055
117.

55

49. 4600
2a

29.2775 3. 0480 299. 6.29 31
3. 0260 306. 6.43 32 30. 1225
121. 2.54 10 33 31. 1900 2.8653
2.14 34 _ 31. 6225 2.8271 .. 2686. 5.58
31. 9350 2.8002 346. 7.27 36
2.7652 219. 14. 60 37 33.1125
317. 6.65 15 38 33.5750 2. 6670
12. 40 39 34. 4900 2.5983 353. 7.42
35. 0025 2.5618aBLE I (corPfnued)10. 63 41
2.5115 .303. 7 6.§6 42 ) 36. 8525
204. 4.30 20 43COMPOUND la 37 1650 12,4172
6.51 44 38.0900 . ___ 2.3606 228 e 4.79
39. 2350 2.2943 _ 144. 3.02 46
2. Amgle . 3. P wAC 19ea50.5666 max
5 TR 3.60 Rleqg) 48 (Ang) 41. 2576ts) (%2. 1864
3.5049 - 42.4050 ______2.1299 ________121.______ 2.54
AT TIAOY 270952 1571, 3.18 51
'~ 2.3258 2372775 4. 983 5¥480 2935, 1750629
ﬁ%ﬂ- 2.54 39 49563 3.0260 46.562306. £.9489
2.45 5 47,6750 1. 9060 ioz. 4.24
483575 1388b725 2 o3t 4 5. 44258 2.5
10 1.8413 3771900 3.732.869% T A B LiBE2Ll COVROWMD
34 31.6225 2.8271 266. 5.58
35 31.9350 2.8002 346. 7.27
" 36 32.3500 2.7652 219. 4.60
37 33.1125 2.7032 317. 6.65
15 38 33.5750 2.6670 590. 12.40
39 34.4900 . 2.5983 353. 7.42
40 35.0025 2.5615 506. 10.63
41 35.7225 2.5115 303. 6.36"
42 36.8525 2.4370 204. 4.30
20 43 37.1650 2.4172 310. 6.51
44 38.0900 2.3606 228. 4.79
45 .39.2350 2.2943 144. 3.02
46 39.7675 2.2648 159. 3.33
47 40.5000 2.2255 172. 3.60
25 48 41.2575 2.1864 - 166. 3.50
| 49 42.4050 2.1299 121. 2.54
50 43.1425 2.0952 151. 3.18
51 44.6975 2.0258 237. 4.98
52 '45.1750 2.0055 121. 2.54
30 53 46.5625 1.9489 117. 2.45
54 47.6750 1.9060 202. 4.24
55 48.3575 1.8807 . 259. 5.44
56 49.4600 1.8413 177. 3.73



P;eak ‘Angl e D spac Peak I/ max 5  no. (deg)

( Ang) (cts) (% 1 7.6775 11.5058
40. 1.88 2 - 8.2700 10.6828 1505. 71.46 3 10. 2450
8. 6274 ' 36. 1.71 10 4 11.1675 7.9167
76. 3.59 5 13.0450 6. 7812 1 - 7510 35.63 6  13..9225
6. 3557 _ 106. 5.04 7 1P4.1635 6. 2485
164. - 7.78 8 . 14.9850 5.9074 - 1018. 48.30 15 9
15. 9525 5.5512 190. 9.04 10 16.0700 5.5109
231. 010.97 11  16.8750 5.2498 T A B L E IIy07, 100. 00 12
19. 1650 4.6273 _ 392.  coMbdiplda 19. 2575 4. 6053
388. 18. 42 20 14  19. 9475 4. X475 310. 14.70 15
20. 8125 4,264 """ "TTTTToooo T998"~~""92-84" 16~ ~"22 0550~ """ 0Z7T "
306. 14. 54 17real2. 236@le 3. HB98Bac 3Beak  IFI%ak8
22. 5475 . 9402 4 21.53 25 9. .23.0 3. 8596
35. 1.85 200°-23. 7#8§9) 3.33&%’ | J(81i.'°" 32@9 21
~24.3300 3. 6554————=~——mmmmm— 400 -——-~-18-99-22-——-25-7560-—~-3~4570———
207. . 9.84 237 26713995  $31406Hs 1205. 17.%g46 30 24
26. 3450 3. 3802 2098. . 99.56 25  27.2225 3.2732
655.  31.11 26 2.27. 872800 31646§28 16039, 73149 27
29. 5325 3.02233 10.2450 8.6%74 3.51 28 339.97751.712.9784
234. - 11,11 35 172 .9596 324, 15.38 to
254 LIS, 396301729 416 6. o
5  13.0450 6.7812 751. 35.63
6 13.9225 6.3557 106. 5.04
7  14.1635 6.2485 . 164. 7.78
8 14.9850 5.9074 ©1018. 48.30
15 9  15.9525 5.5512 190. 9.04
10 16.0700 5.5109 - 231. 10.97
11 16.8750  5.2498 - 2107. 100.00
12  19.1650 4.6273 392, 18.61
13  19.2575 4.6053 388. 18.42
20, 14 19.9475 4.4475 310. 14.70
15 20.8125 4.2646 . 1998, 94.84
16 22.0550 4.0271 306. 14.54
17 22.2300 3.9958 335. 15.90
18 . 22.5475 3.9402 454, 21.53
25 19  23.0250 3.8596 35.  1.65
20 23.7750 3.7395 67. 3.19
21  24.3300 3.6554 400. 18.99
22  25.7500 3.4570 207. 9.84
23 26.1500 3.4050 1505. 71.46
30 24  26.3450 3.3802 2098.  99.56
25 27.2225 3.2732 . 655. 31.11
26  27.4725  3.2440 1089. 51.69
27  29.5325 3.0223 74.- 3.51
28  29.9775 2.9784 ' 234. 11.11

35 29 30.1725 2.9596 324. 15.38

to be continued



16 TABL E Il (continued) COVPOUND 2a Peak Angl e D spac
Peak /1 max 5 no. (deg) (Ang) (cts) (%
30 30. 5650 2.9225 190. 9.04 31
31. 4925 2.8385 650. 30. 86. 32 32.3725
2.7633 380. 18.05 10  -33 32.5925 2. 7452
462. 21.94 34 32. 9925 16 2. 7128 128. 6.06 35
33.5200 2.6713 146. 6.95 36 33. 9450
2.6388 412, 19. 56 37 34.8125 2.5750
784. 37.21 15 38 T R6B3258 II (coatdhbied) 182. 8.
39 36. 7950 2. 4407 210, 9.98 40 '
37.1375 2. 4190 . 306.  14LQMPOUND 2a 38. 5925
2.3310 900 A2 72 A2 e ~39.0706 ——m—mem 2.-3036-————————
161. 7.66 20 43 40. 1000 . 2468 1
9.17 44 POreaf’euso  Angd 7o D seapat®® pepp  tYT max
42.5125 - 5 2. hAT7. 12Beg) 5.74 4@ng) Az26)75 (%)
2.0894 9. ____“ 4.28 47 __ __ ___ _____ 45,2500 _____ 20023 ____
177. 1 8.40 25 48 46. 3950 1. 9556 114.
5.43 49 30 47.1150 30.565873 - 9235 15050  9.04
‘1178%35 _1-2&&71 , 14G..4925 6. 95 52.8385 489800  30.86
1. . 14.21 5 49, ' 1.8261
210. 9.98 30%%150 t he difféPéﬁ@ésof t he %r&%%% line fotMof cohpolmds
1b and 2b 1li0s fw3her support3dsiees X-ray 2.7452 462. 21.94
34 ' 32.9925. 2.7128 128. 6.06
35 33.5200 2.6713 146. 6.95
36 33.9450 2.6388 412. 19.56
37 34.8125 2.5750 784. 37.21
15 38 36.3250 2.4712 - 182. 8.65
39 36.7950 2.4407 210. 9.98
40 37.1375 2.4190 306. 14.54
41 38.5925 2.3310 900. 42.72
42 39.0700 2.3036 161. 7.66
20 43 40.1000 2.2468 193. 19.17
44 40.6450 2.2179 458. 21.74
45 42.5125 2.1247 121. 5.74
46 43.2675 2.0894 90. 4.28
47 45.2500 2.0023 177. 8.40
25 48 46.3950 1.9556 114. 5.43
49 47.1150. 1.9273 324. 15.38
50 47.9125 1.8971 146. 6.95
51 48.9800 1.8582 299. 14.21
52 49.9000 1.8261 210. - 9.98
30 e e
Also the difference of the crystalline form of
compounds 1lb and 2b is further supported by X-ray
powder diffraction pattern.
Single Crystal X-Ray Diffraction
35 The analysis was carried out on a prismatic
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powder diffraction pattern. Single Crystal X-Ray Diffraction 35 The
analysis was -carried out on a prismatic 17 crystal of conpound 2a
of dinension equal to 0.41 x 0.23 x 0.08 mm A Philips PW 1100
four-circle diffractoneter equi pped with a graphite nonochromator was used.
48 Reflections (2 < [err] < 25[err]) weg used to 5 measure lattice
paraneters with a Philips LAT routine. he i nportant experi nent al
paraneters were the followng: - [err]- 2 [err] scan nobde, scan speed
0.05 S[err], scan width 2.0, range 2 - 22. Three standard reflections 10
every 180 nm ncry@Ral olﬁte:mm[bq'unaarzlaatofmdmeﬁx%lormxeqmaénsw 0.41 x

variatio 2.6% . 4201 d dent dat

1 [err] 22) ma® -2 n %Ieprolepenoe‘g‘BA ?é?r ][ﬂhljlf%’é?s uéjl%é# %%’T‘Bnéﬂé %6
ith 1 > 3(1). j f h 0,
15 by Agirac i fer Mo i %ﬁ‘épsﬁgkyé*g%“é%”#‘-‘pﬁ%“g |
(formula CJerr] My rhdearr 4@ erefleEridher (20 < wzf<35% °8}4) wepessmdasta

m)nocllnlc P2[err]/c cell, a = 11.668 A, b—]}b I#%E éi Lerr]
90, [err]5 = 1meaggire [ batticegmanamet erfe Wit anBPé&&Pé hECUt+Ln
crystal |l ine 20 uc f MPRYPRLy ZRe RESYPT &% PV dr glef u@_-cg spgge i n
the crystal |at tqtc%t ei tﬁgﬁ)?g% egloth E ﬁ a hy%rog?;ﬁ1 bond 1%0
unsubstituted nmidXxlogeingatom of the benzi m dazol one ring. I\/breover t he
same nol ecule of water is _|i d to two_chloride ions ({)elgogg’ -0 tvvo 25
h

other drug nol ecul e¥2conpoid S520s BRIF act®Fd L e FAST Wi g S

width 2.0°, range 2 - 22°, Three standard reflections

10 every 180 min, mean intensity variation 1.5% max
intensity variations 2.6% . 4201 independent data [-11
< 11; 12 < k < 12; 1 < 14), max (sin #&/a = 0.53a71];
2085 unique reflections, 1186 with I > 3(I). The
structure was solved _by_ direct method (MULTAN 80,

15 XANADU). Figures were drawn with ORTEP II.

' The analysed compound (formula C16H20N402.H01.H20,
Mw = 354.84) possesses a monoclinic P21/c cell, a =
11.668 A, b = 11.3714 A, ¢ = 13.672 A, A= 90°, 8 =
114.83;, ( = 90°. The water molecule in the'crystalliné

20 structure of compound 2a occupies a well defined space
in the crystal lattice being bonded through a hydrogen
bond to the unsubstituted nitrogen' atom of the
behéimidazolone ring. Moreover the éame ~molecule of
water is linked to two chloride ions belonging to two

25 other drug molecules.

Compound 2b 1is characterized by the following
data: .
Formula C,gH,,N,0,.HC1.H,0, Mw = 382.9; needle like

crystal from isopropanol with dimensions of 0.1 x0.1 x

30 - 0.55 mm; monoclinic, space group PZl/c, a = 13.869(2),



data: Formula {err]Herr]Nerr]Qerr].HJ.Herrlo, Mv = 382.9; needle
| i ke crystal fromisopropanol with dinmensions of 0.1 x0.1 x 30 0.55 mm
nonocl i nic, space group P2[err]/C, a = 13.869(2), 18 b = 16.449(2), ¢ =
8.550(1) A, [err] =97.64(1), V = 1933.1(5)Aerr] , Z- 4, dlerr] =
1.316 g/cmerr]. The figures in the () gs the standard deviation of the

| ast figure. The density of the crystal "was 5 determ ned . wth

the = - mxed sol vent of carbontetrachl oride and benzene, and it
was 1.313 g/cnferr]. Misture sorption/desorption studies The determ nation
of the sorptionpsahegngsvag)l0c =Cagrsso(2Yt AP & hyxgrovied (1AL, suitable
interval s, the sanple was wei ghed by neans of a sanBIe bal ance. The

at nrosphere in 1@33hygsps§atzand4therg{gre'hremadgvhm sanpl e of conpound

la (1b) and 2a (2b) was canditioned and

_ ept, by -a 15 saturated solutions
of a suitable salt: LThel figyrgedsotiti dn )1{?3¢§¥%v§?%%;ﬂﬁ32 gviation

RH 37[ err] C My( er, r ed; ti 2 38% S5Lerr 4 9

RH/ 37[err] C Na st{a%rggggol ﬁ%?%mg' 7??’3?;) Ig%g[lé/eyrzr][)% 7%%3%% %ﬂlery]aé
KNJ err] sat ur@dtephihean 93wiehRH 25¢ker] C 9fifedRH 37pedveGt20  of

At the end of the experinment aftﬁr conpl e iﬁg t he hysteresjs, thatli %he
adsorption - deseRpPPRReETaFRISF1AGN ARy, be e@ﬁhpodﬁﬂgmaé as¥a¥ed fé} t he
title and degradﬁgéﬂa products by TLC and HPLC, - the physical state by

DSC and wat er content by TGA. 25 Conmpound 2a is stable in condition
of storage at '~ Moisture sorption/desorption studies '

The determination of the sorption isotherms was

10 carried out in a hygrostat. .

At suitable intervals, the sample was weighed by
means of a sample balance. Th':e atmosphere in the
hygrostat and therefore around the sample of compound
la (1b) and 2a (2b) was condi‘_t{fn".ohed and kept by a

15 saturated solutions of a suitable salt
Li C1 satured solution 11.3% RH/25°C 11.2% RH/37°C

~ Mg(NO;) satured solution 52.8% RH/25°C 49.2% RH/37°C
Na Cl satured solution 75.3% RHZ25°C 74.8% RH/37°C
KNO, satured solution 93.7% RE/25°C 90.0% RH/37°C

20 At the end of the experimentj after completing the
hysteresis, that is the adsorpti';:n - desorption cycle
of humidity, the compound was assf_ayed for the title and
degradation products by TLC an'é HPLC, the physical
state by DSC and water content by %:TGA.

25 Compound 2a is stéblé-.in cd}idition of storage at
different témperatures and'relat-ive humidity (RH) as
reported in table III in comparj;_son with compound la,
which on the contrary, shows a;'_" marked tendency to

moisture absorption.

30



di fferent tenperatures and relative humdity (RH) as reported in table
[11 in conparison with conpound |a, which on the contrary, shows a

nar ked tendency to noi sture absorption. 30 19 TABLEIIlI Conmpound |a
_Conpound 2a 5 Duration Rel ative humdity Rel ati ve
hum dity 75% 94% 75% 94% Room Tenperature 2 h
0. 68 1.28 5. 46 549 4 h 0. 74 1.92
5.43 - 5.53 10 = 6 h + 0.78 2.41 5.37
5511 d - 1.25 5. 33 5.41 5.49 4 d
2.54 5. 39 5.42 T5A4B & § III 3.50 5. 39
5.36 5.48 20.d. ___________ 4909 _____. 2.40__ .54l _ _____Z 2. 49
15 40 d ' 4.95 5.42 37[err]C 2 h 0. 34
1.93 5. 80 5.49 4 kompound la o 39 Compopnd 2a
5.75 5.47 6-h____ —————] Q59 _______ 4 68 _ ________ A9 A. 53
20 1d . 1.95 .04 5.75 .. 5.50 5 d
5 09 5.506 Duration 5 80 Re?at1g§4§u§181ty Relag,lyg ?1um1d15:_y06
5.76 5.48 15 d : 55%3 98204 75% 80 94%. 48
25 . As a ﬁggaegggtgggat&gorage of conpound 2a may be effected in
normal conditions an no particul ar precautions are needed to avoid
exposure to noi sube. 0.68 1.28 5.46 5.49
' 4 h 0.74 1.92 ' 5.43 5.53
10 6 h _ 0.78 2.41 5.37 5.51
14 ’ 1.25 5.33 5.41 5.49
4 4 2.54 5.39 5.42 5.44
8 d 3.50 5.39 5.36 5.48
20 4 _ 4.59 5.40 5.41 5.49
15 40 4 4.95 5.42 - _—
37°C |
2 h 0.34 1.93 5.80 5.49
4 h 0.39 3.41 5.75 5.47
6 h 0.59 4.68 5.79 5.53
20 l4d 1.85 5.04 5.75 5.50
5 a 5.09 5.06 5.80 5.49
9 4 5,13  5.06 5.76 5.48
15 4 5,13 - 5.04 5.80 5.48
25 As a consequence, storage of compound 2a may be
effected ‘ in normal conditions and no particular
precautions are needed to avoid exposure to moisture.
- The title of compound 2a, when it is stored in normal
conditions, is therefore maintained at difference with
30 compound la which, in the same conditi_ons, may show

. different titles according to the water content. The
hygroscopicity may also influence the drug title
immediately after the manufacturing of tablets. In fact.

during the process of manufacturing the drug ekposed at



The title of conpound 2a, when it is stored in normal conditions, is
therefore maintained at difference with 30 conpound |a which, in the
same conditions, may show different titles according to the water content.
The hygroscop|C|ty my also influence the drug title imediately
after the manufacturing of tablets. In fact during the process of

manuf acturing the drug exposed at - 20 normal anbient "conditions where
it can- take wup noisture. As enphaspged in table IV conpound Ila
increases its water content in conparison with conpound 2a which shows a

stable water content during the m xing 5 (a) and tableting (b) phases
TABLE |V Mbi sture content *) conpou npound 10

0. 62% noymabos, B FHEmaﬁ%P%i fons  wneSdTOHED, 88010 cake™ i,
Fi nal (b)mo:L%thé) As emphasized in4. QQ%l@*) BXPresmeshed 74an
the wei ght of conmpound la. 15 The drug content in individual

tablets 1is therbhoreaaeseltsrwaEleeoahénmemmxnﬂmmﬂznmmbﬂwhﬁhn@OEBﬁﬁbénd
2a instead of canpound | a. |l e V the ter o] n

conpound 2a is nég HPFEBtéBOVﬁ FhétéﬁgFoygéﬁﬁnﬁﬁ??%ﬁ@ 5ﬁln§ gégnﬁfggng
conditions of ex{L¢mandry¥assstind (B pRdiesr] C). The physical stability is
therefore an substantial advantage of conpound 2a; its title is stable over
a wi de range of conditions and its stord@thﬂdIﬁandllng are absolutely
unprobl ematic unli ke compound | a.

Moisture content (*)

compound la compound 2a
10 Start _ 0.62% 4.90%
Intermediate (a) 0.66% 4.90%
Final ~  (b) 1.02%° 4.90%

(*) expressed as % on the weight of compound la.

15 _ The drug .content in individual tablets is
therefore more foreseable and reproducible when using
compound 2a instead of compound la. '

As reported in Table V the water 'content of
compound 2a is not affected in the employed conditions,

20 even in conditions of extreme 'dr_yness (11 RH, 37°C).
The physical stability is therefore an substantial
advantage of compound 2a; its title is st_:ablé over a -
wide range of conditions and its storage and handling

are absolutely unproblematic unlike compound _lg.



21 TABLE V At 37[err]C : Conpound 2a 11.2% RH O

5.26[err] 2 h 5.32 4 h 5.31 6 h 5.31 10

21 days 5.29 a) water content expressed as % on the wei ght of
conpound la. Conpound 2b is stable in condition of storage at 15
different tenperatures and relative hunfdity (RH) as reported in table Vi
I n conpari son with conpound 1b, which on the contrary, shows a nmarked
tendency to noisture absorption. T ABL E VI 20 Conmpound 1b

Conpound 2b Duration Rel ative hum diggagrr v ~Relative hunidify 49. 2%
74. 8% 49.2%  74.8% 37[err]C 25 0 1.13 . 1.13
500 500 2h--~-——-meeeP=d G- — L DO e 5-93~—=u—- 5-65-4-h
2.58 4,93 . .04 5,05 6 h 3.01 4. 97
5. 00 5.07 By 37° C 4.07 Comppuggl 2a 5. 00 5.07 30
4 d 4.81 4.92 11. 7% S 5.07 10 d 4. 82
4,85 4,95 4.97 30 d 4,81 4,81 5.02
5. 00 e et T

0 5.262)

2 h 5.32

4 h 5.31

6 h _ 5.31

10 21 days 5.29

a) water content expressed as % on the weight of
compound la. _

Compound 2b is stable in condition of storage at

15 different temperatures and relative humidity (RH) as

| reported in table VI in comparison with compound 1b,

which on the contrary, shows a marked tendency to

moisture absorption.
TABLE VI

20
Compound 1b Compound 2b
Duration Relative humidity Relative humidity
. 49.2% 74.8% 49.2% 74.8%
37°C | B :
25 0 1.13 1.13 ~ 5.00 5.00
2 h 2.18 4.99 * '5.03 5.05
4 h 2.58 4.93 5.04 5.05
6 h 3.01 4.97 5.00 5.07
14 4.07 4.90 5.00 5.07
30 4 4 4.81 . 4.92 '5.04 5.07
10 4 : 4.82 4.85 4.95 = 4.97

30 4 4.81 4.81 5.02 5.00




22 As a conseqguence, storage of conpound 2b nay be effected in nornal
condi tions and no particular precautions are needed to avoid exposure
to noisture. The title of conpound 2b, when it is stored in normal 5
conditions, is therefore maintained at difference with conpound | b which,
In the sane conditions, nmay show different titles according to the water
content. As reported in Table VIl the wa2er content of conmpound 2b is not
affected'in the enployed conditions, 10 even in condi'tions of extrene
dryness (11 RH, 37[err]C). The physical stability is therefore an

. substantial advant age gf coggggg % |ts éééé& |§ﬁ§t?g+ ogxgr wﬁg ange
- of conditions and its storage and ng Are” absal u § unpr enati Cc

s unli ke conpound klffetted in normal condltloﬂ'sA Brd E n¥l | plrtielar

Conpound 2b 11.2% RH O 5.02[err] 20 1h
5.00 2 h precautlons are pegded Ko avoid exposure to moisfwy®-6 h
4.70 6 days t; e ed
as % on the ﬁgfghlt%% %%n%%ﬂﬁé gg g&ﬂl?é%ﬁs |es %ﬁ§£%§| orﬁ?%%Ei
content Thesm || copdatacass iaS fies fof sl hmhltmﬂadr SH Rif¢erieaetrt twﬂt41
Rotor Speed MII| supplied with circular 30 sieve stainless steel wth

trapezoi dal 0.089mpPRy#nd 1b which, in the same conditions, may show
different titles according to the water content.
As reported in Table VII the water content of

compound 2b- is not affected in the employed conditions,

10 even.in conditions of extreme dryness (11 RH, 37°C). |
The physical stabilitf is therefore an substantial
advantage of compound gg; its title is stable over a
wide range of condiﬁions and its storage and handling

are absolutely unproblematic unlike compound 1b.

15 TABLUE VII

At 37° C Compound 2b

11.2% RH

5.022)
20 h 5.00

h | 4.85 |
h 4.80
h 4.70 : . {

days 4.70

A O AN O

25. a) water content expressed as‘% on the weight of
compound 1lb.

Milling studies and uniformity content

The milling process -was performed by the FRITSCH
Pulverisette 14 Rotor Speed Mill supplied with circular
30. sieve stainless steel with trapezoidal 0.080 mm

diameter openings. The samples were passed through the



di anet er openi ngs. The sanples were passed through the 23 mll twce at
20. 000 rpm notor speed. The sanple is assayed for title and degradation
products by TLC. and HPLC, physical state by DSC, water content by TGA,
particle size distribution by Mercury Instrusion 5 Porosinetry.
The mlled conpounds are fornulated in capsules and tablets at very

| ow dose level (0.5 ng) by direct m xing3and direct conpression :
manuf act uri ng met hod, respectively. On the finished solid dosage forms, the
uniformty 10 content test was carried out by determining the

- conpound cont enty, i | §356of 0L+ 1G ol HRoVi ggal fot| Epell. t ALt %amEi% is

coefficient of varration has to be less to 15%in order to accept the
formul ati on. Conposugeda falovsitdre uard peeged dactibar mtadudtis yby5 TLC.t and
mlling in conparison_ wth _conpound I|a._ _The percen

t age . of _
degradation pr s Phfgigal nStRtSg. B8ngtiinds Waé:effndc?E%E‘Pta P&t oT®3peed
of 20,000 rpm i ?ﬁr@?giean%iﬁ% Ocyﬁiégﬁg?fi{:fgfﬁl Y py | "MebBEryTaPhLfPusi bhE

particle sizer ction which 1s anot evant” 20 par amet er
i ndi cative Bf tlPordsinegre! fiTHenmilledhackhespbhedsanereankoomdéatedr fhe
two conpounds as shown by Mercu Por osi netry Ana%g?:&

r The hj r
stability of corfp®RFHe8 FBanPPKﬁﬁscéﬁsFFFﬁtégw Qni%¥3154%2§fW%5tP¥e

advantage — overg¥pect CRQR?HQO' bR ST MG Ht0NUoridatd 51 oH 'trhﬁn@f;a&yerﬂﬁ?'g
can be achieved In t%e final Conpositions and the presence of a rel evan
content of degradethod, predpettivelnvoi ded. :

On the finished solid dosage forms, the uniformity
10 content test was carried out by determining the
compound content at least for 10 individual capsules or
tablets. The coefficient 6f variation has to be less to
15% in order to accept the formulation.
Compound 2a shows -an unexpected better stébility
15 to milling in comparison with compound la. The
percentage of .degradation products after milling
compounds la and 2a at a rotor speed of 20,000 rpm is
0.65% and 0.0% reéespectively. 1In the meantime; the
particle size reduction which 1is anothér rélevant
20 parameter indicativé of the millingﬂefficiency, reaches
the same rank order for the two compounds as shown by
Me;cury Porosimetry Analysis.
| The higher stability of compound 2a. to milling
‘constitutes a more significative advéntage over
25 compéund la since higher titles of the active drug can
be achieved in the final compositions and the presence
of a relevant content of degradation products is
avoided.
Compound 2b shows an identical stability to
30 milling in comparison with compound lb with similar

efficacy; in fact the particle size reduction which is



Conpound . 2b shows an identical stability to 30 mlling in
conparison with conpound |b with simlar efficacy, in fact the particle
si ze reduction which is 24 anot her rel evant parameter indicative of the
mlling efficiency, reaches the same rank order for the two conpounds as
shown by Mercury Porosinetry Analysis. The higher physical stability of
compound 2b to 5 mlling (conpound 1 #%asses froma humdity content of
0.87%to 2.32% whereas conpound 2b renmi ns unchanged to 4.8% constitutes
a nore significative advantage over conpound |b since higher-titles of the

active drug can hgnRskirevediévatpe JdriMet @ PasidilcitsvandoEhecH® milling
presence of a relevant content of humdity can be avoided. Conpounds
2a and 2b show aefdtitcdrenstyabi féaghes ttdig esamendraapsedey n fognphhe sdivo
W th conpounds |a and | b after r}titions 15

r ol onged _st t i f.f t
(as reported for SPFRCH Y5 A8s SQ?II%I""F1 %Vg(ﬁgﬁifu%yé%eﬁr%g“s#eatbﬂ ?Atr}’ya lﬁ;r)ls ‘ese
final conpositions nmayrke HEg®eF e@bnivis idcael seabedisalhf i tpmpdshd 02bi o

long termreal time stability tests. 1n accelerated stability tests, the
above phar méceut inddll iognplowingcoms] alle papesed farorp0a hunightyt eppéeaturas

at different degree of . relative humdity for eriod of _ tine.
Such tests ar eeogﬁgdg?ea 'ég%be ‘T‘}f‘cﬁ%%ﬁ i 98}{‘891"{’?% &agfaf“?f@sof‘f"{%eanged
conposition at nqdraly @endi £bRBEithPe50Ny tRSFe I & g MR £ BRd | Idavaritudes

the final conpositions are 25 exposed to normal conditions of
storage at anbiower teopraundirds sknek fhbgher -4dgiess off the adtiye drug

hum dity. can be achieved in the final compositions and the
10 - presence of a relevant content of humidity can be
"avoided.

Compounds 2a and 2b show a better stability in
tablets and capsules in comparison with compounds la
and 1lb after prolonged storage at different conditions

15 (as reported for 2a in tables VIII, IX and X). Drug
stability in these final compositions may be measured
in accelerated stability tests or in long term real
time stability tests. In accelerated stability- tests,
the above pharmaceutical compositions are exposed at

20 high temp'eratures' at different degrees of relative
humidity for a periocd of time. Such tests are
considered to be indicative of the stability of the
cc;mposition at normal conditions. In long term real..
time stability studies +the final compositions are

25 exposed to normal conditions of storage at ambient
" temperatures at different dégrees of relative humidity.
In both the accelerated stability tests and in the long
term real time stability tests, compounds 2a and 2b
show a better stability than that of compound la and

30 1b. |



I'n both the accel erated stability tests and in the long termreal tinme
stability tests, conpounds 2a and 2b show a better stability than that of

conmpound | a and 30 | b. 25 TABLE VI I ACCELERATED STABI LI TY TESTS
Compound | a Conmpound 2a 5 ' % degr adati on

% degradation 1 nonth /55[err]C (%) 2. 0% ' . 0.5% 3 nont hs
/55 C 3. 2% 1.6% (*) according to H Leven Berger Pharm

Act. Helv. 50 (1975) 88-91 it is equivalent to 2 years storage at 10
room tenperature.  Tablets and capsul es are packaged in PVC/ PVDC bli ster

with alumniumfoil. TABLE | X 15 25 ACCELERATED STABI LI TY
TESTS Conpound | a Conmpound 2a degradati on % degr adati on
3 nmonths/ 40 C 75% RH( *) 0. 8% 0.5% 20 6

nont hs/AO[err] C 75% RH 1. 7% TABLE VIII 1.0% (*) according

to "CGuidelines for stability a%udies for Hunman Ex%gs and Bi ol ogi cs"
(1987) (USA/FDA) it is equi val ehtCELERATED STHBILITY FESTS gom
tenmperature. 25 Tablets and capsul es are packaged in PVC PVDC blister with
alumniumfoil.

Compound la Compound 2a
5 } % degradation N % degradation
1 month /55° C (*) 2.0% - 0.5%
| 3 months /55° C 3.2% 1.6%

(*) according to H. Leven Berger Pharm. Act. Helv. 50
(1975) 88-91 it is equivalent to 2 years storage at

10 room temperature.

{ Tablets and capsules are packaged in PVC/PVDC blister;

l with aluminium foil. I

TABLE IX
15 ACCELERATED STABILITY TESTS
Compound la Compound 2a
. | %bdegradation % degradation
3 months/40° C-75% RH(*) 0.8% 0.5%
20 16 months/40° C-75% RH 1.7% _ 1.0%

(*) ‘according to "Guidelines for stability studies
for Human Drugs and Biologics" (1987) (USA/FDA) it is
equivalent to 2 years at room temperature.[
25

Tablets and capsules are packaged in PVC/PVDC blister
with aluminium foil.




26 TABLE X LONG TERM REAL TI ME STABI LI TY TESTS Conpound | a

Conmpound 2a 5 % degr adati on % degradation 3
nont hs/40[err]C = 0.6% ~ 0.4%6 nonths/30[err] C70% RH
0.5% 0.1% 6 nmonths/40[err] C 1.1% - 0.6% 10

Tabl ets and capsul es are packaged in PVG@¢VDC blister with alumniumfoil.
Consequent |y the packagi ng of conpounds 2a and 2b may be conveniently
carried-out by using conventional materials w thout any need to enpl oy
films or special 15 materials in or protect the integrity
of a hygroscopic or, however, |ess stable product. According to a
further feature of the prldd¥ntTERM &EAlprTIME $TRBELITY gFBSTS provi ded
phar maceuti cal conpositions conpri si ng as active i ngredi ent an 20
ef fective amount[of COMpounds —Za or2b, a5 herernbefore aettned,

associ ation with pharnmaceutical carr¢ehfo@hdexgi pi ents. Esmipdend agdy
preferred age the conpositions for the,s lon, i

steni¢c adm nistyration,  in.
particul ar Por dral admi nistration. §5de¥ragatl?ﬂe pharﬁ%c%ﬁﬁf?gﬂtl°n
conposi tions accloBdinbgths/gbe gresent invepggon are obt ap e Py known
met hods, for exdnpl e by, cogyent. I t hods, of m xing, grapul ation,
t abl eti ng and fiFﬁ}@83¥Pﬁ838Th§§?B%bﬁg§xaﬁp$%, it is pos@T e to obtain
phar maceuti cal clofippenthedd40fof oral 30 1.3¥ninistrati oh-®% nixing
conpound 2a or 2b with one or nore solid carriers, and the obtained nixthre
s optionally I anul ated and worked by adding_ ot her i
10 % Tablets and capsules aré packaged in PVC/PVDC blister

{ with aluminium foil.

Consequently the packaging of.dompounds 2a and 2b
may be conveniently carried out by using conventional
materials without any need to employ films or special

15 materials in order to protect the integfity of a
hygroscopic or, however, less stable product.

According to a further feature of the present
invention, there = are provided pharmaceutical
compositions comprising as activei ingredient an

20 effective amount of compounds 2a or 2b, as hereinbefore
defined, in association with pharmaceutical carriers or
excipients. Particularly preferred are the compositions
for the systemic administration, in particular for oral
administration. ‘ |

25 The pharmaceutical compositions accofding to the
present invention are obtained by knpwn methods, for
example by conventional methods of mixing, granulation,
tableting and film-coating. Thus, for example, it is
possible to obtain pharmaceutical gompositions for oral

30 administration by mixing compound 2a or 2b with one or
more golid carriers, and the obtained mixture is

optionally granulated and worked by adding other



27 excipients so that tablets or cores to fil mcoating can be obtained.

Suitable carriers are in particular diluents such as | act ose, manni t ol ,
sor bit ol and/ or di cal cium 5 phosphate, furthernmore humid binders
such as corn starch, maize starch, nethylcellul ose, hydroxypropyl -

met hyl cel | ul ose, poiyV|nyIpyrroI|done and/ or, I f desired,

di sintegrants such as alginic acid or éﬁhlunlalglnate starches, cellul ose
derivatives, polyvinyl- 10 pyrrolidone. Further excipients are glidants

and Iubricants such as colloidal silicon dioxide acid, talc, stearic acid,

magnesi um or Cmé%dﬁBf%ﬁ%gfﬁéfE%5¥C¥a$¥%N§tB¥|eare®|kQ0Eﬂmm4ddhtlng can
derivatives. 15 The cores to filmcoat may be covered wth

suitabl e coatings,obtainedse gastro-resistent, u5|ng concentrated sugary
sol utions, which optlonaJ%%;contain um _arahic

ponV|nyIpyrroI|done Sty F _Ed ?cSFeaﬁﬂyoPafl ﬁ}ﬁﬁ1gllu%§ts such

solutions of |acguer jgbiifke, Shahakt819r gagbepotodqueana/so! vaicaiotukhe
production of gastro-resistent coatlng, solutions of suitable

cel | ul ose Gonpouptiss plsatcd, asfaceidmians | thesbdphbangdessor SUCRop A NEFREN  of
acrylic ., and netacrylic , acid, Additio ex S, e
flavoring and %arcgcolwengsﬁaéﬁg %ﬂg%%eg£8%§€éénthy%6xﬁ§%@i

phar maceuti cal pe@ siihpese, feblyviayabyadisliideneat i oanaipral so be
presented as hard gel ati ne capsul es. ¥hese capsules may contain

compound 2a, redpeitedel @izintegxedtei tswadi | a8ntBlKdEF a8Ci@cOgseSOGhum
cellulose, CalC|un1£2€2E”Egé%rcﬁ¥ Idantiluioselugekgggglves, polyvinyl-

10 pyrrolidone.

Further excipients are glidants and lubricants,
such as colloidal silicon dioxide acid, talc, stearic
acid, magnesium or calcium stearate and/or polyethylen-
glycol or its derivatives.

15 The cores to film-coat may be covered with
suitable coatings, in case gastro-resistent, wusing
concentrated sugary solutions, which optlonally contain
gum arabic, talc,’ polyv1nylpyrrolldone,. polyethylen-
.glycol and/or titanium dioxidé, solutions of lacquer in

20 suitable organic or agueous solvents for the production
of gastro-resistent coating, solutions of suitable
cellulose compounds, such as acethylcellulose phtalate
.of copolymers of - acfylic and metacrylic acid.
Additional excipients, for example | flavoring and

25 colouring agents may also be present.

The pharmaceutical compositions for oral
administration may also be presented as hafd gelatine
capsules. These capsules may contain compound 2a,
respectively 2b, mixed with diluents such as lactose,

30 cellulosé, calcium phosphate, glidants and lubricant

such as talc or magnesium- stearate, = and/or



such as talc or magnesi um stearate, . and/or 28 disintegrants .
such as starches, cellul ose derivatives, polyners. In the soft capsules
cenpound 2a (or 2b) is mxed with suitable |iquid excipients such as
arachis oil, paraffin oil, polyethylenglycol or propylenic 5 :
gl ycol, solutions of starch hydrogenat edgderivatives. The phar maceuti cal
conposi tions for  rectal admnistration are in the form of

supposi tori es contai ni ng conpound 2a (2b) with -conventional
suppository bases suc cerides

. L .
The conpositionsgéﬁﬁﬁEﬁﬁ%ﬁﬂ%©e5H§ ?%rﬁ%?ﬁ?gﬁg;tc<£;ﬂﬁ§ﬁl ?%gléﬁgﬁvaﬁsage

uni t bei ng adaptgsh e S$PPEY & nd n%ftdesgsqﬁegh%@cgam'mgr%terma) Each
dosage unit nmay conveniently contain fromO0.1 to 20 ng and 15

preferably fromnmsbdowiﬁmnfmﬁtQMbeaboqgldngmmﬁgwﬂnﬂmesutmIawMﬂgachis

exanples illustrate the resent, i nvent mntho ting its. scope
Exaggle 1 Endo- 2°3%di hpaF 83 Eﬁ?S ﬁBﬁhyLB?%¥ %ﬁ:f%iﬂj%%? %r°Q§E Ric

yl') - 2- oxo- lkFben&w&&'ﬂ%@mt%ﬁQoesenbésrchhuyagseéﬁatéa BBROLYLE Rk,
(conpound 2a) Endo- 2, 3-di hydro- N- (8- et hyl - 8-azabi cycl o[ 3. 2. 1] oct - 3-

yl)-2- oxo- | H benzi ni dBkel e- pheamboratiidel (4&om@05M3po$rnHQOMﬁs destelved

i nt 85@6 h | 400 m . heat i st
Egsgous h;grggﬁf iag%?ﬁa 2%t h ebubb?edq%ﬁ[ %@mpgf1 reﬁu%?gi}ggﬁFﬁflon

until an acid pHéstQbhdhged. cBhbsundWo Gays sty NGy adn r 00BbAREREL SRl e
the separated white crystals were coll ecfed
suppository bases, such as cocoa butter or other
10 glycefides.. | '
The compositions are advantageously formulated at
dosage units,,each dosage unit.being adaPted to supply
a single dose of‘ the achive ingredient. Each dosage
unit may conveniently contain from 0.1 to 20 mg and
15 preferably from 0.2 to 15 mg of the above ingredient
The following exam?les illustrate the present
invention without limiting its scope
Example 1
Endo-2, 3-d1hydro—N—(8—methyl-8 azabicyclo[3.2.1]loct-3-

20 yl)~-2-oxo-lH-benzimidazole-l-carboxamide, hydrochloride

monohydrate (compound 2a)

Endo-2,3-dihydro-N-(8-methyl-8-azabicyclo[3.2.1]oct-3-
yl)-2-oxo-1lH-benzimidazole-l-carboxamide (48 g, 0.178
mol) was dissolved into 85% aqueous ethanol (400 ml)
25 under heating and stirring. Gaseous hydrochloric acid
was then bubbled into the filtered clear solution until
an acid pH is obtained. After two days standing-at room
temperature the separated white crystals were collected
by filtration, washed with 85% aqueous ethanol (50 ml)
30 and dried under vacuum at 40°C for 24 hours. 43.5 g of

the title compound were obtained



by filtration, washed with 85% aqueous et hanol (50 nl) 30 and dried
under vacuum at 40[err]C for 24 hours. 43.5 g of the title conpound were
abt ai ned 29 Herr]O (K. F.)  Found %5.04 Calc. %5.08 Analysis Found
% C54.10 H6.50 N 15.74 d 9.95 (Jerr]JHerr]Nerr]Jerr].Herr]O HC
Calc. % C54.16 H6.53 N15.79 d 9, 99 Exanple 2 (conpound 2a)
Endo-2,3-dihydro-hL(S-nEthyI-8-azabicycl%ﬁ:3.2.1]oct-3- 10

yl ) - 2- oxo-| H-benzi m dazol e- 1- car boxam de, hydrochloride (100 g, 0.3 nol)
was di ssolved into a solution of 95% ethanol (740 m) and water (87 nml,) by
gentl e heating. Afzber(xf.iFI,t)eri ngrotha %l 8ao4sol ution was left at room
tenperature for two days. The separated _crystals were 15 col l ected by
filtration, washed with 85% et Rah6F %(BeOK ) and dried under vacuum at the
t enper at ure of 4Q|'ngrlé.] GSfor two days. 65.5 g of the title conpound were .
obtained Herr]O (K S) Found % 4. 99 20 Calc. %5.08
Analysis Found % C 5é4ud8 %H 6Cc484.N0158H88.501 ™ 9%5.74 Cl 9.95

Cerr]Herr N[erg]C%gr&&.H[err OHA Calc. % C54.16 H6.53 N 15.79 "d
9. 99 Exanpl @ 3 2516H208afpodn® - AL

Endo- 2, 3- di hydro- N- (8¢agkhyk- 8-azahi ¢¥cl gl 6353 OG5 39 1 9.99
Example 2

(compound 2a)

Endo-2,3-dihydro-N-(8-methyl-8-azabicyclo[3.2.1]oct-3-
10 yl)—2—oxo—lH-beﬁzimidazolé—l—carboxamide, hydrochloride
(100 g, 0.3 mol) was:dissolved into a solution of 95%
ethanol (740 ml) and water (87 ml) by gentle heating.
After filtering, the clear solution was left at room
temperature for two days. The separated crystals were
15 collected by filtration, washed with 85% ethanol (50
ml) and dried under vacuum at the temperature of 40°C

for two days. 65.5 g of the title compound were

obtained . N
HZO (K.F.) Founé % 4.99
20 Calc. % 5.08 |
Analysis Found 4 C 54721 H 6.48 N 15.83 Cl1l 9.95
Cy6HpgN40,.H,0.HCL |
Calc. % C 54.16 H 6.53 ‘N 15.79 C1l 9.99
Example 3
25 {compound 2a)

Endo-2,3-dihydro-N-(8-methyl-8-azabicyclo[3.2.1]oct-3~
yl)-2-oxo-1H-benzimidazole-l-carboxamide (SI.g, 0.0166
mol) was dissolved in 'anhyarous ethanol (40 ml) by
gentle heating. Then a ﬂsolution of 37% hydrochloric
30 acid (3 ml) and water (4 ml) was slowly added to the

filtered hot solution. The crystals, which separated



JI)-Z-oxo-lH-benzinidazole-l-carboxanide (5 g, 0.0166 nol) was di-ssol ved
i n anhydrous ethanol (40 ml) by gentle heating. Then a solution of 37%
hydrochloric 30 . acid (3 mM) and water (4 mM) was slowy added to the
filtered hot solution. The crystals, which separated 30 from the

‘sol ution | ef t for two days at - roomtenperature, were filtered,
washed wi th aqueous 85% ethanol (5 m) apd dried under vacuum for 24 hours
at the tenperature of 40[err]C 3.6 g of the title conpound 5 wer e

Obtained Herr]O (K F.) Found @65 00 Calc % 5.08 Analysis Found % C
54.20 H 6.50 N 15.70 10. [ err]N err| err] H err] Q HC
Calc. % C 54 1% omy 6t§§ NE2 u*?éO“CI 1%?5 L’ Gagh "] o b3

Endo- 3- et hyl - %gﬁ%%((gg%wm@yl @%;_aé)acywa%ea with agueous

[ 3. 2. 1] oct - 3- yI) &n2! i dazol e- car boxam de, 15 hydrochlor?de
nmonohydr at e (congehsmioRb)5 ml) and dried under vacuum for 24 hours at
Endo- 3-et hyl -2, 3-di hydro-N-(8-neth azab C

[3.2.1] oct-3-yl)t Qeofﬁmlpﬂ-rﬁgﬁfiem ‘agzé"l g oﬁarﬁ%etg‘? kel § 16°8P°38 %

mol ) was dgssolwgpelgggagge@queous solutlon of 95% i sopropanol (80 m)
~under heating and 20 stirring. Gaseous hydrochloric acid was bubbl ed
into the flltereﬂzeokntron unt irowmnda®i 8. H i s obtai ned. For resting from
the solution the desired conpound as hyg Sghlorlde nonohydr.at e was
separated by crystalli- zing. iltered, washed wth

hum di fi ed Analysis

Found % C 54.20 H 6.50 N 15.70 Cl 10.02
Calc. % C 54.16 H 6.53 N 15.79 Cl 9.99

Example 4

Endo—3-ethy1-2,3-dihydro¥N—(8—methyl—8—azabicyclo-

[3.2.1)}oct-3-yl)-2-0x0o-1H-benzimidazole-l-carboxamide,

15 hydrochloride monohvdrate {compound 2b)

Endo-3-ethyl-2,3-dihydro-N-(8-methyl-8-~azabicyclo-
.[3.2.1]oct—3—yl)-2-bgo-lH—benzimidazole—l—carboxamlde
as base (10 g, 30.4 mmol) was dissolved into an equeous
solution of 95% isopropanol (80 ml) under heating and
20 etirring. Gaseous hydrochloric acid was bubbled into
the filtered solution until an acid pH is obtained. For
resting from the solution the desired compound as
hydrochloride monohydrate was separated by crystalli—-
'zing._-This was filtered, washed with humidified
25  isopropanol and dried under vacuum at 40°C for 24
hours, lO.S.g, M.p. 244-245°C, KF 4.68%
Analysis

Found % C 56.10 H 7.04 N 14.51



25 i sopropanol and dried under vacuum at 40[err]C for 24 hours,
10.5 g, Mp. 244-245[err].C, KF 4.68% Analysis Found % C 56.10 H 7.04 N
14.51 31 Cerr]Herr]Nerr]Jerr].HJ.Herr]OCalc. % C56.46 H 7.11
N 14.63 Exanple 5 (conpound 2b) 5 Endo- 3- et hyl - 2, 3-di hydro- N- (8- ne

t hyl - 8-azabi cycl o- [3.2.1] oct-3-yl)-2-0x0-1H benzi m dazol e-| - car boxam de,

hydrochl oride was dissolved- into 3& solution of isopropanol (15
“m) and-water (0.5 m) under heating. The hot solution was filtered and
all owed to cool 10 spont aneously. The desired conpound was

separated, filte edH washed with hum dified isopropanol and dried under
vacuum for 24 hotigHasN4BpeRFici29 85 g, M p. 241- 243C, KF 4. 75% Anal ysi s
15 Found % 20 ~H

56 . 136, '
Clerr]Herr]Nerr]Qerr].Hd .H[err]CFEgké.%@b CCSEA%E.GQ aq}?llN ﬁ412?63

Exanpl e 6 (conpo 0
Endo-3-ethy|-2,3?§?ﬁég%o§N-(8-nethyl-8-azabicyc|o- _
[3.2.1]oct-3-y!)1gbﬁggﬁhd-§g@zinidazole-1~carboxanide (240 g, 0.73 noli)

was di ssolved in | (2360 m) wunder stirring and heating.

The solutien wagablBtethgilan]3adingdeouN-$6LliuticRploB-3¢ubliygeaehl oric 25

acid (125 m). For resting, the desired product was
[3.2.1]oct-3-yl)-2-0%x0-1H-benzimidazole-l-carboxamide,
hydrochloride was dissolved into a solution of
isopropanocl (15 ml) and water (0.5 ml) under heating.
The hot solution was filtered and allowed to cool

10 spontaneously. The desired compound was separated,

filtered, washed with humidified isopropanol and dried

under vacuum for 24 hours at 40°C, 2.85 g, M.p. 241-

243°C, KF 4.75%

Analysis
15 _ - : Found % C 56.20 H 7.13 N 14.56
Calc. % C 54.46 H 7.11 N 14.63
Example 6

(compound 2b)

20 Endo-3-ethyl-2, 3-dihydro-N-(8-methyl-8-azabicyclo-
[3.2.l]oct—3-yl)-2-oxo-lH—benzimidazole-l—carboxamide
(240 g, 0.73 moli) was dissolved into.isopropanoln(2360
ml) under stirring and heating. The solution ﬁas
filtered and an aqueous solution of 37% hydrochloric

25 acid (125 ml). For resting, the deéired préduct was
spontaneously separated, filtered, .washed with 95%

aQueous isopropanol and dried under vacuum at 40°C for



§pont aneously separated, filtered, washed wth 95% aqueous isopropanol

and dried under vacuum at 40[err]C for 32 24 hours. 260 g were
abt ai ned, Mp. 243-245[err]C, KF 4.7% Anal ysis Found % C 55.97 H 7.00 N
14.54 Clerr]Herr]Nerr]Jerr].HO .Herr]O5 Calc. % C
56.41 H 7.11 N 14.63 Exanple 7 Tablets - conpound 2a (or 2b) 0.5 ng
- lactose 140.8 ng 10 32 corn starch : _ 36.0"
ng - silica coll oidal 1.8 ng - nagnesium stearate 0.9 ny
Met hod of preparation: compound 2a (or 2b), lactose and corn starch
were m xed and honobgeneously 15 wetted with water. After screening of

the noi st nass aRrkd dopinsg i260agt wayedrbsrinede M-pt.ur24ia 4834 .n KFasketl
throught a screen and silica colloidal and nagnesium stearate were added.
Then the mi xture®R@dysidssed into tablets wei ghl ng 180 ng each. Each tabl et
contains 0,5 20 ng of corrpound 2a (2b 55 g‘g e 8_Capsul es - corrpound 2a

0.5 ng - |actose Foupd] %y 2 HBo/n0%t alich4-5 |
58.0 ng - S|I|ca col | oi dal 2.9 ng - nagnesi um stearate 1.5
g 18H24N40, . HC1.H,0
5 | calc. % C 56.41 H 7.11 N 14.63

Example 7

Tablets A

- compound 2a (or 2b) " 0.5 mg

- lactose 140.8 mg

10 .= ¢orn starch | 36.0 mg
- silica colloidal 1.8 mg
- magnesium stearate | 0.9 mg

Method of preparation: compound 2a (or 2b),
lactose and corn starch were mixed and homogené'ously
15 wetted with w.ater. After screening of the moist mass
and drying in a tray drier, the mixtur was again passed
throught a screen -and silica colloidal and maéhesium
stearate were added. Then the mixture was.éressed into

tablets weighing 180 mg each. Each tablet contains 0,5
20 ‘mg. of compound 2a (2b).

Example 8§

'Céﬁsules

—~ compound 2a 0.5 mg

- lactose 227.1 mg
25 . - corn starch 58.0 mg

- silica colloidal 2.9 mg

- magnesium stearate 1.5 mg

Method of preparation: compound 2a was mixed with
auxiliary products, and the mixture was passed through

30° a screen and mixed homogeneously in a suitable device.



Met hod of preparation: compound 2a was mixed with auxiliary products, and
the m xture was passed through 30 a screen and m xed honpbgeneously in a
sui t abl e devi ce. 33 The resulting mxture was filled into hard gel ati ne
capsul es (290 ng per capsule); each capsule contains 0.5 ng of conpound 2a.
Exanple 9 5 Capsul es - compound 2b 5.0 ng - | actose
210.5 ng - corn starch 60.0 ng - silica coll oidal

3.0 ng 10 - magnesi um st earate 33 1.5 ng Method of preparation:
~ conpound 2b was mi xed with auxiliary products, and the m xture was passed

t hrough a screen and m xed honogeneously in a suitable device. The

resul ting m xturghaaseshle@dgl Nhoxbard oehatifge: lag irapsules (é&@aﬂﬂnéer
capsul e); each capsule contains-5 ng of conpound 2b. Exanple 10
Suppositories - crmmulﬂﬂj 23902tmg per capsule); each fTepsyle) contains
sem synt hetic gI rldes of fatt - 1185 ng Met hod of

pr eparati on: The S WQ?%ﬁéeigldes of fatty acids were nelted and

t he conpound 2a £%QI s added while stirring honogeneously. After cooling
at a proper tenperature he mass was poured into prefornmed 25 nmoul ds

for supposi or| %#gggggg 1200 ng each. Each suppository contains 15 ny
of conpound 2a ( :

- compound 2b 5.0 mg
-~ lactose 210.5 mg
- corn starch _ 60.0 mg'
- silica colloidal | 3.0 mg
10 = - magnesium stearate ' 1.5 mg

Method of preparation: compound 2b was mixed with
auxiliary products, and the mixture was passed through
a screen and mixed homogeneously in a suitable device.
The resulting mixture was filled into hard gelatine
15 cépsules (280 mg per capsule); each capsule contains 5

mg of compound 2b.

Example 10
Suppositories
- compound 2a (2b) | 15 mg
20 - semisynthetic glicerides of fatty acids 1185 mg

Method of preparation: The semisynthetic glicerides of
_fatty acids were melted ‘and theﬂcompound_gg (2b) was
added while stirring homogeneously. After cooling at a
proper temperature the mass was poured into preformed

25 moulds for ' suppositories weghing 1200 mg each. Each

suppository contains 15 mg of compoundigg (2b).



Sains 5 1. Crystal |l i ne nonohydrates of endo-2, 3-di hydro-N- (8-
nmet hyl - 8- azabi cycl o[ 3. 2. 1. ] oct - 3-yl) - 2- oxo- 1FLbenZ|n1- dazote=—I=carboxam de
hydr ochl ori de and endo- 3-et hyl - 2, 3-

di hydr o- N- ( 8- net hyI 8- azabi cycl o[ 3. 2. 1] oct - 3yl - 2. Sfis Sheet Has Been Replaced
1H benzi m dazol e- 1- car boxam de hydrochl ori de, of for ﬂumn I‘]J"f
(Conmpound 2a: R - H) (Conpound 2b: R - @&5) Such co

characterized by the following X-Ray crystal data (single crystal X-Ray
diffraction): 25 Conpound 2a: nonoclinic-P21/C cell, a= 11.668 A, b—

11. 714 A, c= 13. 672A o[ 14. 83[ eftr], JLerr

Conpound 2b: mnbﬂi—é&%—eﬁgﬁh&mm é[é EE'SC?BOI%O [err]—
97.64[err], V= 1933 kd\ &) .cE &R, Ak 21T, Riwsene, foL, tbe, pseparati on of
conpound 2a and 2b ‘accor di ng to cI aim 1, characterized In that endo- 2, 3-

di hydro- N- (8- et hyl - 8-azabi cycl o[ 3. 2. 1. ]oct 3- yI) 2- 0X0-
1H benzi m dazol e-

1- t do 3 R
et hyl - 2, 3- di hydr d= I\f?r 5 %dle,g{%; %:‘:%ll}\c/(?%%/%gg ﬂ ?néo'z 3-dihydro-N-(8-

3yl -) - 2- oxoslH- b%%r?ld-@-oéfaéi&ﬁéwﬁrﬁ de, 168c d3sp b vedoks- DAt bafLeRys
sol vent and after I ng gaseous hydrogen chloride, the solutionis
filtered and cooldefalte+tbeorarboxamide hydrochloride and endo-3-ethyl-

2,3-dihydro-N-(8-methyl-8-azabicyclo[3.2.1]oct-3-yl)-2-
oxo-lH-benzimidazole-l-carboxamide hydrochloride, of
formula |

10
N”CHS

0 _
7\.(“ o
L5 >:° . HCILH,0
: N _
\
R

(Compound 2a: R = H)
20 (Compound 2b: R - CZHS)
2. Process for the preparation of compound 2a and 2b
according to claim 1, characterized in that endo-2,3—
dihydro-N-~(8-methyl-8-azabicyclo[3.2.1]oct-3-yl)-2-0x0-
1H-benzimidazole-l-carboxamide, respectively endo-3-
25 ethyl—z,3—dihydro—N—(8—methy1—8—a%abicyclo[3.2.1]oct—3—
yl)—2;oxo—1H—benzimidazole—l—carboxamide, is dissolved
in hot aqueous solvent and aftér adding gaseous
hydrogen chloride, the solution is filterea and cooled
at room temperature giving the crystals of compound 2a,
30 respectively 2b, which are dessicated at a temperature

between room temperature and 60°C under vacuum.

(A




femperature giving the crystals of conmpound 2a, respectively 2b, which-are
dessicated at a tenperature between roomtenperature and 60[ err] C under

-wacuum 5 3. Process according to claim2, for T*nrjn%ﬁﬁﬁ%ﬂﬂﬁﬂ+4#——

conpound 2a, -characterized in that the aqueous sol 85@6aqueous

et hanol . 10 4. Process according to claim 2, ehn of
conpound 2b, characterized in that the aqueous solv ous

i sopropanol . 5. Phar maceuti cal conpositions conprl e 15

ingredient, a therapeutically active- aBdunt of crystalllne nnnohydrate of
endo- 2, 3- di hydr o- N- ( 8- net hyl -
8- azablcyclo[3 2.1.]oct-3-yl)-2-o0xo0-| H benzi i - dazol e- 1- car boxani de

hydrochl ori de or3endopds&idW! sdePr ity diee Mlaim 2, for the preparation
(8- net hyl - 8- azablcyclo[3 2. 1] oct-3yl-)-2-oxo0-1 H 20

benzi m dazol e- 1-efr bremwmcred h@,ocmrma;tetememctmewh%ﬁ the aqueous
endo- 2, 3- di hydr o- hi{ azabl 1.]oct
3-yl) - 2- oxo- 1H bEh %?Eaﬁ%l ?ﬁﬁ?ﬁ) %?ﬁrochloride according to

claim1 in assocjati opryédds p@@wﬁ&w&gl ¢ & in eps (‘Ebrex:(hleplﬁ’é[SarQél@n
Phar maceuti cal conpositions according to claim5 for use as 5-HT agents.
5 of compound 2b, characterized in that the aqueous
solvent is 95% agqueous isopropanol.
5. Pharmaceutical compositions comprising, as_active
ingredient,- a therapeutically active amount. of
crystalline monohydrate of endo-2,3—dihydro-N—(8—
10 methyl-8-azabicyclo [3.2.l]oct—3-§l)—2-oxo-1H-benzi-
midazole-l-carboxamide hydrochloride, - respectively
of . endo-3-ethyl-2,3-dihydro-N-(8-methyl-8-azabicyclo-
[3.2.l]oct-3—yl)-2-oxo-lH—benzimidazole—l4carb03amide
hydrochloride, according to claim 1 in association with
15 pharmaceutical.carriers or excipients.

6. Pharmaceutical compositions according to claim 4

for use as 5-HT agents.

(O '



