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| NVENTI ON Th%;smégi}ti on relates to a crystalline salt form of

(S)-7-[(4, 4 Tbipl peridin- 1- PCT/US97/15292

yl ) carbonyl ] -2, 3, 4, 5-t et rahydr o- 4- met hyl - 3- oxo-

1H 1, 4- benzodi azepi ne-2-acetic acid, its 20 preparation and use as a

t her apeuti ¢ substance. BACKGROUND The conpound (S)-7-[(4, 4" -bi pi peridin-
1-yl)carbonyl]-2,3,4,5-tetrahydro-4- 25 met hyl - 3- oxo-

1H 1, 4- benzodi azepi ne- 2-acetic acid, given by forrmula (I). and procedures
[err] 30 for preparing such conpound, its trifluoroacetic acid and sodi um
salts are disclosed in WD 95/18619 (PCT/ US95/ 00248, SmithKline Beecham
Corp.). Since this conpound has both a basic and acidic center, it may

exi st as either an acid addition salt or basic addition salt. If neither an
acid nor a basic addition salt is fornmed, it may exist as an WO 98/ 09629
PCT/ US97/ 15292 internal salt or zwitterion. This conpound is an inhibitor
of the GPIIbllla (fibrinogen) receptor on platelets and it acts to inhibit
pl atel et aggregation. Thus, the conpound is useful for treating such

ail ments as stroke, nyocardial infarction, thronbosis, enbolism and
restenosi®s follow ng angi oplasty. The zwitterion and trifluoroacetate salt
prepared 5 according to WO 95/18619 possess undesirabl e characteristics
for preparing pharmaceutical formulations of this conpound for commerci al
sale. The zwitterion is hygroscopic and tends to have a vari abl e water
content, equilibrating towaCg s TAIECING PHARN AGKEBIQNL 2R@Hyeirx nol ar
equi val ents of water. This may cause difficulty in mlling and mxing to
create pharmaceutical conpositions. The trifluoroacetate salt is not 10
thermal I 15 stable for an extended period which inpairs its shelf life.
Accordingly. a stable form of th§1 OHRH -Wh bpssesses desirabl e

physi cal characteristics i s needetl. SUMVARY U

This invention relates to a crystalline salt form of (8)-7-[(4.4"-bipiperidin-1-
yhcarbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo-1H- 1,4-benzodiazepine-2-acetic acid, its
20  preparation and use as a therapeutic substance.

BACKGROUND

The compound (8)-7-[(4,4-bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-4-
25 methyl-3-oxo0-1H-1,4-benzodiazepine-2-acetic acid, given by formula (1). and procedures
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30  for preparing such compound, its trifluoroacetic acid and sodium salts are disclosed in
WO 95/18619 (PCT/US95/00248, SmithKline Beecham Corp.). Since this compound
has both a basic and acidic center, it may exist as either an acid addition salt or basic
addition salt. If neither an acid nor a basic addition salt is formed. it may exist as an
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15 This invention conprises a stable hydrochloride salt of \
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material, and, as_a.phar maceu &%all acceptable form The 35

material cryst aAr‘:IchggglﬁraeTtg‘?]Blg CORPNB esseyfpsuphle ahysiead exi st

i n a generahlayterstivgds neeglefl.or m Although smal | amounts of water may be
detected by Karl Fischer analysis, this is generally |less than 1-2% w w of

the drug substance, and it appears to be -2 - WO 98/ 09629

PCT/ US97/ 15292 consi stent ir X, QF FHE AINVENT] condi tions. The
hydroghl ori de does not appear to exist in pol ymor phic forms, but in a
single mcrocrystalline aggregate f from10 to 250 m crons.
Accor di ngly. ﬁi"hﬂ?&?‘&oﬁ‘l 5] °§3Piag¥°??¥ﬂa8‘fq’lk§?d§ et pfi$)-&Art4 Himaerdigds f or
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hydrochl oride in substanti al l ){ rm
In yet another aspect hi mventmn compriscs a method of antagonizing the

fibrinogen receptor for preventing or treating diseases wherein platelet aggregation or the
binding of ligand to the fibrinogen receptor is a factor.”

25 DETAILED DESCRIPTION

It has now been found that (S)-7-{(4,4"-bipiperidin-1-yl)carbonyl]-2,3,4,5-
tetrahydro-4-methyl-3-oxo-1H-1,4-benzodiazepine-2-acetic acid may be prepared as a
hydrochloride salt which is crystalline, stable and possesses a consistent water content.

30  Its preparation and physical properties appear to be consistent and reproducible, which
make it particularly useful for usc in a commercial product.

The present invention provides (S)-7-[(4,4'-bipiperidin-1-yl)carbonyl]-2,3.4,5-
tetrahydro-4-methyl-3-oxo-1H-1,4-benzodiazepine-2-acetic acid, hydrochloride, formula

(1), as a novel material, and, in particular, as a pharmaceutically acceptable form. The
35  material crystallizes preferably with one mole of HC, and appears to exist in a generally

anhydrous form. Although small amounts of water may be detected by Karl Fischer

analysis, this is generally less than 1-2% w/w of the drug substance, and it appears to be
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The present invention also provides:a process for preparing (S)-7-[(4,4" -
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preferably car rie I'on o‘f AT NN
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IDCT y U\é\g7?§g%8%g?ed or amc r%nlvgnts f01£ diss «.H\éing the. hydrochloric acid and making the
(S)-7-[ (4, 4hy610ﬁm@éndpaalh 1-yl)carbonyl ] -2, 3, 4, 5-t et r ahydr o
' The hydrochloride salt may be precipitated from the solution by adding a solvent
in which the salt if less soluble than the solvent in which the salt is prepared or by
25 inducing crystallization, for instance by chilling the solution, adding a co-solvent, adding
a seed crystal, or merely allowing the solution to stand. Alternatively, the hydrochloride
salt may be precipitated by concentrating the solution of the Hydrochloride sal, e.g.,
removing the solvent(s), such as by evaporation. In another alternative, the solvent may
be removed, and the residue may be treated with another solvent, or mixture of solvents,
30 toinduce crystallization.

Although the process is preferably carried out starting with a solution of the
zwitterionic form of (S)-7-[(4,4‘-bipiperidin—1-yl)carbonyl]-2,3,4,5-tetrahydro-4—methyl-
3-oxo-1H-1,4-benzodiazepine-2-acetic acid, the hydrochloride may be prepared using
other salts, for instance an acid addition salt, such as the acetate or triflucroacetate salt, or

35  a basic addition salt, such as an alkali metal (e.g., lithium, sodium or potassium) or
organic amine salt.
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Preferably, the (S)-7-[(4,4'-bipiperidin-1-yl)carbonyl]-2,3.4,5-tetrahydro-4-
methyl-3-oxo-1H-1,4-benzodiazepine-2-acetic acid, hydrochloride may be encapsulated,

30  tableted or prepared in a emulsion or syrup for oral administration. Pharmaceutically
acceptable solid or liguid carriers may be added to enhance or stabilize the composition,'
or to facilitate preparation of the composition. Solid carriers include starch, lactose,
calcium sulfate dihydrate, terra alba, magnesium stearate or stearic acid, talc, pectin,
acacia, agar or gelatin. Liquid carriers include syrup, peanut oil, olive oil, saline and

35 water. The carrier may also include a sustained release material such as glyceryl
monostearate or glyceryl distearate, alone or with 2 wax. The amount of solid carrier
varies, but, preferably, will be between about 20 mg to about 1 g per dosage unit. The
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nonostearate or glyceryl -distearate, alone or with a wax. The anmount of

solid carrier varies, but, preferably, wll be between about 20 ng to about
| g per dos ' The - 4 - WO 98/ 09629
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conmpounds of 't g1
venom and immune diseases, are 1kely to be responsive to such treatment. These

compounds are also believed to be useful for adjunct therapy following angioplasty.

_ The compound of this invention may also be favorably administered with other
25 agents which inhibit platelet aggregation. For instance, the (S)-7-[(4,4"-bipiperidin-1-

yDcarbonyl}-2,3,4,5-tetrahydro-4-methyl-3-oxo- 1H-1,4-benzodiazepine-2-acetic acid,

hydrochloride may be administered with compounds of the class of cyclooxygenase

inhibitors, thromboxane antagonists, thromboxane synthetase inhibitors, heparins,

thrombin inhibitors, ADP receptor inhibitors/antagonists and ticlopidine. Examples of
30  such agents are aspirin, warfarin and clopidogrel.

The pharmaceutical composition is administered cither orally or parenterally to
the patient, in a manner such that the concentration of (8)-7-[(4,4™-bipiperidin-1I-
yl)carbonyl}-2,3,4,5-tetrahydro-4-methyl-3-oxo-1H-1,4-benzodiazepine-2-acetic acid,
hydrochloride in the plasma is sufficient to inhibit platelet aggregation, or other such

35 indication. The pharmaceutical composition containing the drug is administered at a dose
between about 0.2 to about 50 mg/kg of active compound in a manner consistent with the
condition of the patient. For acute therapy, parenteral administration is preferred. For
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I nhibitors, thronboxane antagonists, thronmboxane synthetase inhibitors,
heparins, thronbin inhibitors, ADP receptor inhibitors/antagonists and
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EXAMPLES
25

In the Examples, all temperatures are in degrees Centigrade. Mass spectra were
performed using fast atom bombardment (FAB) or electro—sﬁray (ES) ionization. Melting
points were taken on a Thomas-Hoover capillary melting point apparatus and are
uncorrected. Optical rotations were determined on a Perkin Elmer 241 polarimeter, using

30 a10cm path length cell. The melting point and optical rotation of samples may vary
upon repeated experiments, but they are reproducible within about 5%.

NMR were recorded at 250 MHz using a Bruker AM 250 spectrometer. unless
otherwise indicated. Chemical shifts are reported in ppm (3) downfield from
tetramethylsilane. Multiplicities for NMR spectra are indicated as: s=singlet, d=doublet,

35  t=triplet, g=quartet, m=multiplet, dd=doublet of doublets, dt=doublet of triplets etc. and
br indicates a broad signal. J indicates the NMR coupling constant in Hertz.



20 invention, but are provided to irllustrate how to make and use the
conmpounds of this invention. Many other enbodinents will be readily

appar ent andrﬁ%’@d/& e to those skilled in the art. EXAMPLES 25 In the
Exanpl es, enperatures are in degrees Centigrade. Mass spePETESHEIR92
perfor rred usi ng fast atom bonbardnent (FAB) or el ectro-spray (ES)
ionization. Melting points were taken on a Thomas- Hoover capillary nelting
poi nt apparatus and are uncorrected. Optécal rotations were determ ned on a
Perkin El mer 241 polarineter, using 30 —’%F%—gm path length cell. The
mel ting point and opti cal rot ation of sanples may vary upon repeated

experi nents, 7L yt 0 ne.l ded
at 250 Ny RN 7&&“’3‘3%”?5*32&‘3@%" DRI LR R
Cheni cal $hi tilsldebe 280 : ‘ g f|eId from
tetramet hyl sil ane NUI t| pliciti es for NIVR spectra are indicated as:

s=si ngl et, d=doubl t=tri, uar mul tiplet, dd=doubl et of
doubl et's, dt doub|(§5'7d?4r’ #rhipipep m'{'éfl)g%{ AL PRI rabydeo-fmessblyl<3-greexl H- 14-

i ndi cates t hebeh&daxmpmﬁma:mﬁ asidabss hydrdre(4.0 g, 9. Gmmol)%s%é Qg@m water (20
[Dﬁl'; gg?z)g %5/'2 Eéx%??gefle Gs gﬁep g@gtdﬁ mw%s%hgg{k(acsd was agAe%eJropwxse while

1H 1, 4- béﬁzo@ll(uw@pngéhipkl@étheana&wrd Thy dolid Imatariatidissolved as the acid was added to
(S)-7-[(4, 4 fé‘l@h%ﬂb\gisﬁ softio! MQE@QHX{'JS lgwgﬁ:ﬁ t§2t£tfl%twgég$§smt N |5 t%goxo-

A_‘\

1H 1, 4- benimgl azg pi ne- 2- acet |c$ S
suspended i n UREETSrdYesg PRessuIsie yied A glass. 6&9&&%@1@1«1 l‘@slﬂylﬂnéj'dnd)trhumtadc
aci d was addedihcitephtsahityl K FO L) 1o pien 4 @:Fylsﬂuxﬁe%w Hraé séﬁ@wﬂ} ﬁh&"eﬁ and -

solid materi gl SS s the ac S OW S

2ol uti on. - andrERls BELEE 5 sorBeled, dapietndl fod Saiel Jalsdr oo MieH)
reduced ps essLVrﬁe2tAnyl| CoHaNL@s s HA) ealgd:.C, B9 ; BRTarS: A, 12@5. fduhdf €dsang
triturated Iﬁ)’,@b liytgg ethanol (10 nl) to yield a crystalline solid. The
solid was filtered an alr- dried to yield the title conpound. M(ethanol)
292.5-293.5[err]C. [err] (c 0.5 MOH) 15 -176. 2. Anal.

( d ggr ]1?[ erHr b;ﬂ afikéA Bétvken (HI3- ](4ﬁlabi?pilper91n-59y1ﬂ:$tbo|ﬁ|yl]}’.,5—5 :5-Rtrathyiir03- m&ﬂyﬁd

' 3-0 xo-lHl}l 4- %enzodxazepme 2-acetic acid (zwitterion) and (S)-7-[(4,4'-bipiperidin-1-
20 yl)carbonyl]}-2,3,4,5-tetrahydro-4-methyl-3-o0xo- 1H-1,4-benzodiazepine-2-acetic acid,

hydrochloride (HCI Salt).

Property Zwitterion Cl Salt
Thermal Stability some degradation, Stable, no increase in
(solid samples, 3 days at increase in organic organic impurities
100°C) impurities by 1.3% (hplc,
by area)
Polarized light prismatic needle type microcrystalline
microscopy crystals (100-500 (10-250 microns)
microns)
Hygroscopicity (% w/w . t=0 5.6 t=0 0.9
Karl Fischer analysis) t=21days  20.1 t=21days 0.8

The hydrochloride salt has also been found to be about ten times more soluble in
25  water than the zwitterion.



Conpari son between .
(S)-7-[(4.4" -bipiperidin-1-yl)carbonyl]-2, 3 4, 5 tetrahydro 4- met hyl - 3- oxo-
* 1H 1, 4- benzodi azepi ne-2-acetic acid (zvmtterl on) and

(S)-7-[(4 4193369&& geridin-1- 20 PCT/US97/15292
yl)car bon“f 4, 5-tetrahydro-4-net hyl - 3-oxo-1H 1
, 4- benzodi azepi ne- 2 acetic acid, hydrqQchl de (HO Salt). Property
Zwi tterion HO Sal t 'F%%‘H%—Q‘Stablllty some
degr adat i ®harmaceutical Coipmsition no i ncrease in (solid sanples, 3 days at

i ncrease in or ?%gb?zﬁnr%aQ{)ﬁ&g’ggng'?ﬂp%E%ﬁsh@co%%ﬁ% PbTg of the acuve dru

|rrpur|t|es r ze tic

needl e t ypeoduct, thefolloyingcaraponents ase useds Eopirl(4 & -bipiperidin- l—ylmrmé}s

55 120 590 2,3,4,5- ceuat{yh%élﬁﬂemyxcz-em)lm arwa@bdnwxges,@é@emd de¥d. (h Mcmondet 8 .

|

t= 21 dayézf 7 “EQBW@“H%WBEI‘?F@P@J%LE?? hé%grs S'FG'@FFd t o?%é‘&ibout

t9 g /n0t9 |6 rzngas piégetatinidedistazch N.R2%q.s. ade30&rmgh aAIltxﬁ@cdl‘anﬂsTaﬁer sopeéened With a #40nesh

PCT/ Us97/ PHSRsssEieshisreen, Aiuiabie minariolendsr, such 5 2 Barersop Kelly ¥ blenger, is

st andar d 20arged) withpaudquakpattion of thg m%nmemmcmmmwagn@mm anihe

fol | ow l.).gar bonyl]- 5
ezg@gqgﬁ ge O_rzqégaﬁha&fcﬁgnxeﬁ%i ﬁéﬁsoﬂ obgre%l sﬁmgémszar %lah yl]

2,3,4, 0XO- azepl ne- 54t c aci d,
hydr oc hl ormla@qmalhner@"ulqw @reordded t“hg?‘P‘ﬁ%‘f'&é’I‘qfﬁF’B‘é‘é aNi mixqds Finaliythe
mag nesi UMpigaagiainsiddrite i 21de8 hnd Bleged & praddcthe FiakldapbllE mik Gvifich Adhe0

Al l kﬂgredlents fﬁe schFeneddg%th a #40 nesh stalnless steel screen. A
SU|tabIe 8108 3¥Ffer NaTd BERODELAPSWE or son Kel [y V bl ender, is charged with
an equal portion of the pregelatinized starch, nicrocrystalline cel l ul ose
and 10 the hydrochloride salt, and m xed well. Portions of pregelatinized
starch and mcrocrystalline cellul ose are added in geonetric increnments and
m xed. Finally the magnesium stearate is added and bl ended to produce the
final capsule mx which is then filled into a size 2 hard gelatin capsul e.



WO 98/ 09629 What is clainmed is:- 1. (S)-7-[(4,4" - bipiperidi n- 1
-yl')carbonyl | -2, 3, 4, 5-t et rahydro- 4- et hyl - 3- oxo-

1, 4- benzodi acetic acid, hy he conmpound of claim1
havi ng. a nei%talg%éa%oi;nt of about 291 ﬂjummﬂl mm’mﬂmﬂrrpound of P€T’é’§?ﬁ’115292
havi ng a negative specific rotation off about 1%5.5 10

phar maceut i C&hacisrjxmed ison conprising the conpound of claim1l and a
pharmaceutical |y acceptable carrier. 5. The use of the conpound of claim1l
in the manufacture of a nedicament for inhibiting platel et aggregation. 15
6. A method of i nhi @)K 4pb!@!wlﬂdln-é@d)®ngi]ah3w;ﬁ -Gdtrah9 7o 4-Biethyl- 3-oxo-1H-

adm ni st eri ng4 bR, IUTRAULD - Rkt 5 My | in need thereof. 7. A
nmet hod of tp‘g‘tatl ng mnyoecar gl al 18 arc ?r%ﬁh@n orrb05| s, enbolism stroke and
20 infdrct-related disor ders or restenosis foll ow ng angi opl asty, which

conpri ses adni ni sz, e'rme"l@m;btﬁ:nammmdl Rivigg ainfBldng §mn60P£6&ﬁ§?1‘f@r preparing
the conmpound of claim|1 which conprises formng a solution o

(S)-7-[(4,4" -bipiperidin-1-yl)carbonyl]-2,3,4,5-tetrahydro-4-nmethyl-3-oxo-1
H 25 1, 4- benzdti Beeqimpoudd af elzim lana\dnghyndgmmelspemﬂer@@do&bvﬁscﬁhhw ng

said hydrochlorlde salt by precipitation or recrystallization. -9-
10 4. A pharmaceutical composition comprising the compound of claim | and a
pharmaceutically acceptable carrier.

5. The use of the compound of claim 1 in the manufacture of a medicament for
inhibiting platelet aggregation.
15

6. A method of inhibiting platelet aggregration which comprises administering
the compound of claim 1 to 2 mammal in need thereof.

7. A method of treating myocardial infarction, thrombosis, embolism, stroke and
20  infarct-related disorders, or restenosis following angioplasty, which comprises
administering the compound of claim 1.

8. A process for preparing the compound of claim 1 which comprises forming a
solution of (S)-7-[(4,4'-bipiperidin-1 -ylcarbonyl]-2,34,5-tetrahydro-4-methyl-3-oxo-1H-
25 1.4-benzodiazepine-2-acetic acid, hydrochloride and crystallizing said hydrochloride salt
by precipitation or recrystallization.



