WO 2011/ 044962PCT/ EP2010/ 002385 1 Co-crystals of Tramadol and Coxi bs The
present invention relates to co-crystals of tramadol and NSAIDs - |ike

coxi bs pryoOg8sléd496dr preparati on of the same and their BEFLPASMHBIIBTanent s
or in pharmaceutical formulations, note particularly for the treatnent of
pain. Pain is a conplex response that has been functionally categorized
into sensory, autonomc,g hp{) |sa(;}drr§f,{agg]h;{@cgqmgonents The sensory
aspect includes i nfornatl on out stimulus location and intensity while the
adaptive conponent may be considered to be the activation of endogenous

pai n ¥Raylald RingdilioNPlehted! BNEL- egsta%r of SRR HRONERIDs Theike T éis ve
conponent’ appears to include evaluation of paln unpleasantness and st mul us
t hr eaProassses|for prepaagian iof theepaine and their yepsr aximegicamentsyordnPhesnaesutical t he
pai nf {rmakatighy, ‘r'ﬁore'panﬁﬁfaﬁ%?c}rthé’ﬁb&nféﬁi'éf;Sélﬁms can be divided into chronic
and acute. Chronic pain I udes neuropathic pain and chronic inflammtory
pain, for exanple arthrltl s, or pain of unknown origin, as fibronyalgia.
Acut eppg| 'l Rl B &5 Rlnclibris TaldyoHz {© LerRbATRl forldriis ue
damaggg r'gr% sur Iée)?résgbll‘ aam*ra |§on nc' r‘fa? rgli ci%]re %re many drugs that
are kmeigi aod taé‘eetyequmnqmenﬁe Tthnee%msema&neChmwg@ﬁémfprrmtloaaabputemes are
frequppky &&Pmt&éngwuaw 58 atmeg%h{abon%rmgﬁbbvc%ﬁs.e&e@%m 8 Rfifation
indicated for the treatnent o te to acute pain in hunan.

anal gekpredageneds pain oleduliatier andratgh RIFMING faft $S6APS HEPRANSAS N e raéfe@tp'@or S,

pr ef egihpdndnbg pPedrE fEMLRME. evéfﬂa BP;s‘aﬁﬁuﬁaeayémhéfs%Sanfafstmmh Rt adBell0e
ment i oned nDrp I ne, el ne, di ne, dextropropoxyphenenet hadone,

| enef apapgaiive emqﬂén%tngeﬁaedﬁy mﬁ@omrpﬂqut%xt@émemnfw&mm has shown very
good results when orally adm nistrated, and which is extensively nmarketed,
is Tramadol, also available as a pq¥5|olog|cally acceptable salt,

parti lfUQ%ﬂQr?l faingcenditinnshgaly be divided inte ehronih §se asktay Ehpnigapain iinclydes

(di mepBybasthidQsgh Bk chtorid ifTRRASRNEAN | 107 xhRibRx affits, BRDalner ftlnod NI

[ o mhelrbadihE5E AN ntoriS 1TBIRNKATEIN, loh KoRBR &ffits, BRpalrier idkrd

di ff e@@m aﬁﬂhfqnyaiglﬁt Aete pain ysuady fallpwe nostneural dpsyecinisnt. fer W%tﬁ%@rrer s
anongy frbi&suk eﬂ'ﬂ nenatiB gt erei soner: (1R, 2R), or (1S, 295),
both a s rqovvnuads % t?a ag ﬁ and'g(I -tramadol and both of which
contrlbute in different ways to its activity. Fromthe art it appears that
this SREBAE Many dARSAS arkikhblin 89 bBluSel e HBARARoPRRbGEMEA(R paRTe

studi es have defmonstrate that tranmadol 1s an opioid agonist, whereas

cl i ni Paioidsxgyerfresyeatly weadcas asalgesies intpaindReyivatiyss fomﬂ'iﬁ’é"leﬁfpd%ﬂhc%iﬁéléor

ef f ecig t%atﬂ@hpéﬂﬁo@é}%' t%tacufé)ﬁalﬁ>fﬁﬁ9h%nr?ﬁé’hﬁé\é%lé’ eHBE i€ Btdibd through
constipation or tolerance. Due to their drawbac opi oi ds cannot al'ways be
gi ventheRstior @nymeiphigic facgaters. Risiesaklys thenkirereptars. /NBOE‘Q dhaserggrivativaseofsi de
ef f ecﬁﬁr&'ﬁné)ﬁ%é%‘ BiSmhffortedGNBrphihel Bodeihd, peftidite] d&trs?@p&yphéﬁéﬁq@maeon@oodmsm
and Gl man's he Phar nacol ogi cal Basis of Therapeutics 8th edition

G | relenefopan and ptieganon Press, New York, 1990, Chapter 22, pages 522-573.
Consequently it has been proposed to conbi ne opioids wth other drugs that
are not o?|0|d anal gesi c agents, in order to |ower the amount of opioids

neede@ne §f fegnomainigdestyatives that hassshows very aeed tesyltawhemeraiy eeeiistrated,

conbi g \ph1eh & Nextassiagy %b%téﬂf 5" frgiRlol WaisB  Be4IRbR @sda! physiologically
anti-inflammatory drugs (NSAI'Ds) has been reported to be of particul ar

i nt er aeneptable gabapargg@prly Asua ¢hloiphydratee BMadel whase ¢hemiealr p@me iFndrent i on
Lo Pr Qiihethy BRHHIRAR)- L Inth B pRenfIRScIBRORRGE heS Rl follevag dstnuigspeci al Ly i n
regard to the treatnent of pai'n, by prow di ng new drugabTe forns of
tramadol . Especial ly desi rabl e i npLovene advant ages of the new drugabl e
formwoul d i nclude: inprovenent & phys em cal properties in order to
facilitate the formulation, the rrg or to enhance the absorption
and/ or the bioavailability: t,l;lgs/ be 34 € active when conpared to

t ramadol base or hydrochl ori de salt; or - oviding a formof tramadol with
a further active agent having a benefi ¢i%lLphar macol ogical effect in
itself, thus allowing for a highly effi i dose/ wei ght relation of the
final active principle or even allow ng se of a |lower therapeutic
dose of either tramadol and the Hout he ¢e agent, an NSAID - the coxib
-, or of both; having a synergisticoeffect” through the conbi nation of
tramadol and the further active agp@mmadan NSAID - the coxib -, in the same
new drugable form or




WO 2011/ 044962PCT/ EP2010/ 002385 3 further having the bitter taste of
tramadol renoved or aneliorated; being easily obtainable, easy to

manuf act WO 2011/04¢96kowi ng nore flexibility in formnul ati n§CTEP29186P338% at i ng
its formulation, being highly solubl&, thus allow ng better dissolution
rates, especially if dissolving in an aqueous physiol ogical surrounding, or
| P OYhig9s 9&9@' |sh¥we h&é‘edtf‘f@reﬁf ycﬂaral % té‘rerraﬁalm@ iyt RisPNikS ififdrell Xt Ur €
of Tramadol / Acti ve \ng e coxib -) at the sanme ratio;

al | owdlingteraisomsrs among v&mﬁ iﬁ\estfarmd%rs thm%%d'aatlerwm@' (1R.2R)eeed$arP)- to
conbi B@rhtap?dwn Wk 4B)-RarhB&ST 41 - YirsiHH@0! dhdNBGth GRS BbRriBGE i RuifRgSRt 10
the sane tormul ati on or even in imedi ate contact, wthout having to

i sol aways todiseagdivity.or finally minimzi ng/ reducing the side effects,
especially the severe side effects, assigned to tramadd. O her deS| rabl e

i nprovenent s/ advant ages of the new drugable form woul d incl ude be| n active
in di Eeasdhe ait i gpprassnhal dhisccampauaras aeither fubly opigidtlike, 105 enyqpijd-like.
eSPEChainky sl Cnile WioRsAter ik (HIRAIITE! ah SodisiaUbderiite Mndréde® oifiba | ca

or frozen der or pain related to central sensi tization (central pain

syndr mylenmmdtm ﬂwtbllylatch% Y ef theabwisat sidesefiactof opigisi AGOMYr &0t han
one, gpsh |é>ies§ph3t%?ya%a/rggg.&g%nstm.angmo?&%a@ was achi eved by providing new

co-cryst t ranmado I't was found that tramadol was able to form
co-crystals with NSAIDs - like coxib -, especially with cel ecoxib. These

CO-Cr pgk %héhewsek@vc%%w eRGHdt i MARaysf b&gmaﬁrr% ehtBdl r&raggéhéldages aand

al so good anal (%esm activity. The co-crystals thus obtain have a ecific
st oi canalgesiesto trgatieain: The side giects of epiaidt areknawn i the ag|irduding ei9er- '&@J@ant age

of thﬁs%o'aﬁmaﬁCthft?lﬁﬁé’rg@bh% ﬁmrﬁﬁlcera§ﬁcbbéa{s.@shfrﬁéfrhB&,tfc@ﬂ%mrmwnat;umanof the

phar macol ogi cal ef Active Pharmaceuti cal 1ngredients)
| i ke etraaRaaman RreserNaw Katke 188@ Chaptas @ Pagrs 223-9fdn crystal | i ne

pol ynor phs, sol vates, hydrates and anorphous fornms for a nunber of years,
there is little know edge about which APIs will formco-crystals.

Co- cr Gensgasenliit Has heen Prepasphdo 6pMBINEseriids Mitholhen dHae b BeR NateoRriCidew
avenUSnélg?épgé%ﬁé QntJ?@erABHOWQF (ﬁbaé?ﬁoﬁﬁ?ldﬁ obRidEskERE 0 AR &d&%%ﬁé&dlﬁ‘a‘ient

Co- cryst S contaln an and | east one ot her component whi ch

cryst 8egree eot celgesia. @@peat th@ﬁe opomh@amrrﬁerﬂ@oraﬁé%@ﬁonh@rf pamader withe
whet hﬁéns‘?erﬁﬂapéﬁfﬁﬁ\ﬁémm\é@r;ng{soﬁﬁﬁégﬁqésﬁ?m&Rg@%bé ofbhichiar meast What

properties the co-crystal wl Just as a pol ynorph, solvate, hydrate
or anthA&AE 676k m of an APl can nodul ate stability, solubility, and
hygroscopicity, a co-crystal can nodul ate those sane properties. Thus the
mai n obj ect of the present invention is a co-crystal conprising tranmadol

ei t heThigsitavasy e oRiedive rof 48e LUPRDINYERIIPNCel Provide taw B15iaBS 4 IMPERYINgathe| east

one P%%g@fbﬁarﬁg&lc%b&‘i‘al :)ﬁ ru%m Yo itAt QFehbRdof\ nD&byf Bfovidfigaelvhe

Co-cCrys ormer wth trama ey are selective X-2 inhibitors. The
nost iWE@'P'?é‘Pﬁ“Scﬁf"taﬁh?é’@' is the marketed drug cel ecoxib.
I t schem cal nanei s445- (4- net hyl pheny1) -3-(trifluoronethyl)-pyrazol - 1-

yl ] benzenesul fonam de. It has an enpirical fornmula of Cl7H14F3N302S.
Especially desirable improvements/advantages of the new drugable form would include:

e improvement of physicochemical properties in order to facilitate the formulation, the
manufacture, or to enhance the absorption and/or the bioavailability:

thus

e being more active when compared to tramado! base or hydrochloride salt; or

e providing a form of tramadol with a further active agent having a beneficial
pharmacologicat effect in itself, thus allowing for a highly efficient dose/weight relation
of the final active principle or even

¢ allowing the use of a lower therapeutic dose of either tramadol and the further active
agent, an NSAID - the coxib -, or of both;

¢ having a synergistic effect through the combination of tramadol and the further active

agent, an NSAID — the coxib -, in the same new drugable form; or



Cel ecoxi b NSAIDs |ike the coxi bs have analgesic activity in a nunber of
pain synptons. The basis of their activity is inhibition of cycl ooxygenase
(COX), orwoehbiHeIWo activities of prostagl andi ne endop€TmEPReIe/ 0833683 hase
(PGHS). It is a key enzynme in the prostaglandin pathway. "Drugable form (of
tramadol )" as used herein is defined as any form (salt, anorphous crystal,
sol uti on,qkli,spersion, mxture etc,) that tramadol mght take which still
can be forrrul ated into a pharnaceutical formulation usable as a nedi canent
to treate ahaNingHediter taste phiraoadoleemorehpt gmplidrated:’ Co- Crystal " as used

herein is S I conprising two or nore
corrpouncfs g?ﬂgnggﬁtgggn%ér%%&re%g?%cﬁfrégk preferably 20C), of which at
| east two alioavitgehabre fiepatvilitg in foymukatikg,i antfacildatingats, fowhalatiom at | east one of
t he compoupds i s cq-crystal_for p et ction is,bei fined as
an i nt eracbrian Nt e B8 alp¥ingetieh SR <al ot KIS cfkerRLy HioRge
exanpl e: hyaaqgesusbpmginlogieal sderburWimj orforces, and 7E-71 |nteract| ons.

Sol vates of tramadog er _conprise,a.co cr e are
not co- *cr {RMQY'89 a?,IEB'Ltéh ﬂbqg‘(’) ?918“’5{3 é%@'?ﬁ%?ﬁf‘. &h. tﬁe]’h%h @r'{)'é(f
however, | Medmatdl/Aowedkgenn (@ NBRIPZO1Hd M@E@iﬂs&?ﬁ@wbﬂom% 5 sol vate
nol ecul es |n the crystall Jattice. Just for the sake of clarity the

di sti nct® o %?%%W%%Pﬁ?q?m'ﬁ@t@ﬁ?ﬁ and a co-crystal has to be stressed
here. APl bound to another conpound formng a salt by neans of ionic

i nteraction can be con5|dered as one npound” _according to the invention,
but it candlawing ©dhorpersS8l asto \ﬁBmEtS‘ﬁpHa’ﬁ'égdetht%e?rfem'gﬂlyst'?%lb’l peR:
literatur ecérhSétﬂ)lé?lbrcfn%‘tdgént $n SKE B afteS FoIaHBn 06 BUéh M QRfiediti® dWntddie wor d
co-crystal (tsee for exanple Desiraju, Cole. Eng. Comm, 2003, 5(82),

466- 467 anWitiRifihayingdy ipelateiamagglm . 2003, 5(91), 506). A recent article
by Zawargiikgiy( Zwar ot ko, Crystal Gowth & Desi gn, Vol. 7, No. 1, 2007, 4-9)
gives a definition of co-crystal which is in line with the definition gi ven
above arrd fHiRIZNGdEdUeng t'@%ﬂdﬁl qffests. GFPG%LYC*F‘9§P&¢"9 tide sffartagassonesi to
invention. (+4¢eQ6ding to this article "a co-crystal is a nmultiple conponent
crystal in which all conponents are solid under anmbient conditions when in
their pure form These conponents consist of a target nolecule or ion and a

ol ec g d“e%nsﬁuxs&\yovteﬁfernwé&@htag%% thé riewe BrugiabRt Rirm WO@Y iFAGYE Beingt 2
nol ecul ar | evel hin a single crystal'. "Co-crystal fornmer" as use;

her ei Activg iR dispaTas %rssywnmé@@me BeplatpoR Pain a%'tﬁaﬁbivp%se eapecR|lyithess in

NSAI D@Mé%u%nt %@trﬁ‘éﬁthsvi'ﬂé&hcéﬁtaﬂ&d%laﬂlc% 8P Bz shelldee or Waits tahted foAct i ve
agents” are AP|s which show a pharmaceutical effect and thus can be

i dent P?’l"@élS%&S'tl?ét"?fg(cﬁﬁﬁﬂr%'éﬁlﬂdé%m% active. In a nore narrow sense this
definition is enconpassing all API s being marketed or under clinical trial
for the treatnment of diseases. "Active agents with analgesic activity" are
APl s Wast p@%rquam?aBGWtﬁ’%’é?blpn@f@ﬂl%\%‘@) Cobieg BB thENT PRACOFH ofdhesei nown
ani mgqypdRles. of pain and thus can be identified as being analgesics. In a
nore narrow sense this definition is enconpassing all APlIs being marketed
or under clinical trial for a labelling including an indication falling

under Tﬁneeo@@étlwglv&dsoacmév&ﬁbﬂ providihg Hedd calchatdi g,r aaaﬂeadoThewsl fodhg ahatons
m ght i ncl ude acute pain roni c_pain, neuropathic pain, hyperal gesia,

al I odyfamade)iwasaaRle to ﬁHFhCO pw&twwﬁ@ N§ABe o '&‘erf‘a}lbop&tsﬁwé'?y Wit selepexib.
peri phgs cdler%fa&aérmw m‘?&b@@@bFJHehIésSf Bmparat AUt alfeahhd bl¥8I dood

subfornms. Exanpl es of "active agents with anal gesic activity" include an
NSAI Danglgesic arddtyxiThe so-aryaadbis htpingds hN@ésﬁP@ﬂﬁlw stichipeety e Undesathg:

def i ng fé){p@b/ chrBEndtBh& Bas 190 ARdMer Advamaberoft theseStredy seifld Baidabld fsrs as

"an unpl easant sensory and enotional experience associated with actual or

pot enPessiblY jaghiging asaIfR Merulation: pf thed Phamasolpgical efigets- d’&h@gé\"d § AGglive
d assPﬁérﬁ?&chfba‘Pflnﬁmd%?ﬂQ RRd Ntramadb! B geR&ral |HAVE Bé&$5re(:3§’f92éd t81ftym Even

t hough pain is always subjective its causes or syndronmes can_ be cl assified.
One cPystalling palymenphiso selalsri ysdrates gpe ?ﬂ@éphﬂlsé@mﬁ fRpaIngmber pbyearssitheret he
gener gl itRAkibwiddyl aBBut wHich AP SHOMRRS- Stdls U@S—cﬁ}%@’a@ BFOBIspeBifit Bypdl of
according WO 2 1/044962PCT/EP2010/0023 to the pain intensity - into
nmi | d, civplalina fermyybich dravide e, aweﬁuett%e‘lodal@m H]et/?\%'rf?"f' [Red Jaetoanodulate

syndrﬂme prépeied Eb\hApdls | dnfain NS IAFBPARY Gt 1LESUBRE BHePEompBhemn which
noci ceptors), "neuropathic" (caused by damage to or mal function of the

ner votiysiallize é?@eﬂaﬁfdsslspﬁ*prr ef erah@roc%@ﬂr\eat Qlpp Setarpine ‘Uhet{‘E’éﬁtcr"an%ﬂl n
syndrone). According to the 1ASP "allodynia" is defined as "a pain due to a
stinmulus which does not normally provoke pain" (IASP, C assification of
chronic pain, 2nd Edition, |ASP Press (2002), 210). Even though the
syrrptoms of aI I odyn| a are rmst Ilkel y associ at ed as syrrptoms of neuropat hi c
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Stinul usandresponse rate are the same Hyperpathia Raised threshol d;

I ncreased response Stinulusandresponse rate nay be the sane or different
Accor di ngwoaoting446ASP " neur opat hy" is defined as "a pri FETEPR@S/00238Dr
dysfunction in the nervous systent (IASP, C assification of chronic pain,
2nd Edition, 1ASP Press (2002), 211). Neuropathic pain may have central or
peri r e Sehatiica A et G iRk Ge NRME hé LShd i irkkoas a
Cet P Mchm 3Rl ir propl B! 8 oyt hale WP ot ahd noiph. et et o
ner veofoampiphopg dersy of @noxRincam madiiate stability, gyplhilte anth Sygroseapicitys aded-i ned
her ei e & nective tissue surroundi ng the shoul der
J Oi nt&zsélt ﬁﬁ%%&r ca%snlqﬁ Eélka)i%tegfeélei‘, i's causing chronic pain, becom ng
inflanmed and stiff. "Ankylosing spondylitis" or "Mrbus Bechterew' is a
chr 0N fiys thBirh ARTKBIGRE Y 17 ek vBALrA PLITERSE) EbRBRKHy trhnaBBidihir &€ bect s
joints 1n the spihe an he sacroiltumin the pelvis, Ttausing eventual

f usi ofieebaseher asa plysiologizally Beceptable spitandpasy @eN8AID/codni n rel ated to
central sensitization"” / "central pain syndrone"” is defined within this
application as a _neurol ogical condjtion caused b\g%darra e to or dqusF unction

of t hehe epfbsareigh)y interesindNPAENior b dthe earenystal formed wWithdramadel. siheyt em

and sgienstiectioé COXRIihiBIoE I THEEMSNinipditant & thasdR tha WsaRetBd dpiid ecoxim!l tipl e
sclerosis, tunors, epilepsy, brain qr spinal Par Ki

cord trauma, or qson's
di seal®. " NhEMieRht i veFRE n "ils def friedt-TethyIRRERE)Sr(trglvorereethid Ry go-1-
acti vijdefPertisuieintiBPLIPhds arl Empiidabiermi iofledH, JF;R,68mat i ¢ and vi scer al
pain. "Visceral pain" is pain generally originating fromthe organs,
whereas "(deep) somatic pain" originates fromliganents, tendons, bones,
bl ood vessel s, fasciae and misclgs~_n one enbodi nent of the co-crystal
according to the invention, th
way that if conpared to either or to a mxture of tranadol
and the correspondi ng active agem
co-crystal is increased; and/or the do
i ncreased; and/or the efficacy g
di ssolution of the co-crystal i
the co-crystal is increasgd; arp
i ncreased; and/or the hygRaseop
and/ or mN’77

pspofise of the co-crystal is
-¢ryst&l 1s increased; and/or the
eased! andFor the bioavail abili ty of
the stability of the co-crystal is

of the co-crystal is decreased;

Celecoxib

NSAIDs like the coxibs have analgesic activity in a number of pain symptoms. The basis of
their activity is inhibition of cyclooxygenase (COX), one of the two activities of prostaglandine
endoperoxide synthase (PGHS). It is a key enzyme in the prostaglandin pathway.

“Drugable form (of tramadol)” as used herein is defined as any form (salt, amorphous crystal,
solution, dispersion, mixture etc,) that tramadol might take which still can be formulated into a
pharmaceutical formulation usable as a medicament to treat a disease or a symptom,

especially pain.

“Co-Crystal” as used herein is defined as a crystalline material comprising two or more
compounds at ambient temperature (20 to 25°C, preferably 20°C), of which at least two are
held together by weak interaction, wherein at least one of the compounds is a co-crystal
former. Weak interaction is being defined as an interaction which is neither ionic nor covalent
and includes for example: hydrogen bonds, van der Waals forces, and n—n interactions.
Solvates of tramadol that do not further comprise a co-crystal former are not co- crystals
according to the present invention. The co-crystals may however, include one or more



the formdiversity of the co-crystal is decreased; and/or the norphol ogy
of the co-crystal is nodulated. "M xture of tramadol and the correspondi ng
active ageooslodiw2defi ned as a m xture of the active a@€mEPII0ANSAES in
guestion (the NSAID/coxib) with tramaflol which is only a physical mxture
wi t hout any coupl [ ng forces between the conpounds and thus neither includes

sal t sqdjdte Z’fugct fés A&t fa"ﬂlne Ié@c@ Just foh e SARROSH Y tﬁe'@sth%rpbgﬁie’éﬁ a

Coxib 1s s rom ecoxl etoricoxib, lumracoxib Ear ecoxi b,
r of ecoystaliine spliend iae-crystal hasnpheatiessehherer ApARI bosRe tiaRether eampaynd

CO cr %%@élé‘%%)ﬂhegné 6f ibhie .meas%n&ﬁ ©4h bk %snsh@b@a%nagcé\ns&m&a acordifigect ed

toricoxi b, Lumracoxib
2011/ ©4h9 6RPTTEDED 0ATHL b8 SoBSIfdered @5:tWB com@pembxbltse!fm decoxi b, or

Cim coxib. Another very preferred aspect of the invention relates to a
co-crébs(t al according to the invention, wherein the NSAID being a coxib is
cel eclxsdientific dtgratore there sBTentlyos HoMecHiseMEsiAsen e ploper He Al tenwerl ed-es to

a CO Eg%eeaf‘o?%rxgh\?% b@sﬁ%}@ bﬂ)(s?nEh nCoWrEOGB tdi82)t 143BRAY! ahd Dunitz,

r amad or salt her eof’.  Anot her enbodi nent of the

. nven@f}@h Frg. a@@@mt 0200% (1) H08). Adeerniatticle Py Bawanelkeon{Zwarotkah &nestal t he
tramagol, iy bfé@z Vdi. |y, 9607 A-8) g%l%‘srélefeﬁnn‘r:o?io@fcdoaér{/é{am%ﬁFsrlﬁ%é Hith

phar maceut i cal €onmpound conpri si ng tramad cel ecoxi b, preferably a

phar ntheedefingion givem abave epthusi 2180 (s & yletinition @b *co{cTystah dacaerdiog e Hhisas
L1 usiiadiRe. y\ec rn§A te%.eldn.a@"@wowﬁg%'a mulipR &RsSTIeRt bystanth wRkcE @t e -

forms co-crysta cel ecoxi b co-crystal s obtained have a
speci ¢9repenesisaeotalie wpdenaphieatpritdions rwh?"t indéhejk piretfare TDheseRomrRaHeaisSy st al

form 9&75‘%’3}‘ P, targgg%/eéul@%‘?%rf 1d Qﬁﬁﬁe&ﬁartclaecrfs‘?a%ﬁé@ WRENRED co-crystal,

(rac)-tramad cel ecoxi b e| ng the co-crystal forrrer t he nol ecul ar
ratlothl%tcﬂ»@éﬁQtﬁaﬁﬂléwla@[ﬁﬂe/d@héb@ﬁmglel%ysla&o |. The term"salt" is to be
understood as neani ng any form of tramadol or the NSAID/ coxib according to
the invention in which this assunes an ionic formor is charged and is
coupl &p-ghystal Bormetirascussddierein is defiord a8 adnelepyle beingsan Activg %ﬂqnéﬁebé)‘?dt hi s
are aksf N@qupgg%r ahPRn G/ATN tRaresd P is am@m@ﬂh cBlc \%é%as NSAI Y coxi b wi th

ot her nol ecu lons, in particular conpl exes I ch are conpl exed via
ionic interactions. This also includes physiologically acceptable salt. The
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any formof “the tramadol or coxi b 1n which the conpound has attached
to itbeing maﬁnwawmaqwﬁdinn@ mretrr?éfowmqewﬂhes definition isiencpmpagsing 2l

sol veRpjs ﬁeﬁv@emaaléta/d b.nerhdg#'cn&cmﬂélafb%eat%tﬁbﬁpm.sé&gatA%ﬁve 8géhts Wrhhanol
sol vat e. [ 044962PCT/ EP2010/ O 9 a co-crystal conprising

(r ac) an3geriviactivity't aTerAR]S (éctwe@%wée@wah@geﬁqﬁm%)lwl% slew efficaey mowalbl e
sal t mﬁghﬁ%@ﬂ\&jels Bf BanCérYoSitﬁJs CAHTBE ligdrifled k- lBélﬁéT%Q'ge?b& hgraasord free
base or as a SIO ogl cal |y acceptable salt and celecoxib;
narrow sense his deflnltlon is encompassing all APls being marketed or under clinical trial
for a labelling including an indication falling under the definition of pain, including also
migraine. These indications might include acute pain, chronic pain, neuropathic pain,
hyperalgesia, allodynia or cancer pain, including diabetic neuropathy or diabetic peripheral
neuropathy, osteoarthritis or fibromyalgia and all their subforms. Examples of “active agents
with analgesic activity” include an NSAID like celecoxib or tramadol and its N-desmethyl-

metabolite.

“Pain” is defined by the International Association for the Study of Pain (IASP) as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage (IASP, Classification of chronic pain, 2"
Edition, IASP Press (2002), 210). Even though pain is always subjective its causes or
syndromes can be classified. One classification to denominate subtypes of pain would be to
divide the general pain syndrome into the subtypes of acute and chronic pain or — according



a co-crystal conprising (-)-tramadol either as a free base or as a

physi ol ogi cally acceptable salt and cel ecoxib; or preferably a co-crystal
conpri si NYOPHIH492amadol . HCl (the hydrochl ori de salt offCTARAHGHDI8AN

cel ecoxib. A highly preferred enbodi nent of the co-crystals according to
the invention the co-crystal is formed from (rac)-tramadol either as a free

base Qi l@joagnr it .tgcqaﬂocrﬂh& yoﬁ&H &afd & Sevidé hafdn %ﬁte?%ﬁh.hoﬁméséﬁé;am b,

prefera -trana i1Cl - and cel eCoxi b. I ghly preferred
enbodpafemyndfonnme%@l%eldy&e@dlrt’é@ Bpgisertive’ (tmeﬁo%cﬁthwﬂat)f Bogieertash t he
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co-crystal a nol ecular " ratio between (rac)-tramadol . HCI and cel ecoxi b
of 1: C@@&atsﬂrﬁ@zmm(ﬁ@ntrat@emsy@ﬁromﬁe co-crystal shows a Powder X-Ray
D ffraction pattern with peaks [20] at7.1, 9.3, 10.2, 10.7, 13.6, 13.9,

14.1, 15.5, 16.1, 16.2, 16.8, 17.5, 18.0, 19.0, 19.5, 19.9, 20.5, 21.2,
21. 3, Agcprqlng 4q the 1ASP 1allodyn|a“ is defined as “a pain due to a stimulus which does not

normally provoke pain” (IASP, Classification of chronic pain, 2" Edition, IASP Press (2002),
210). Even though the symptoms of allodynia are most likely associated as symptoms of
neuropathic pain this is not necessarily the case so that there are symptoms of allodynia not
connected to neuropathic pain though rendering allodynia in some areas broader than
neuropathic pain.

The IASP further draws the following difference between “allodynia”, “hyperalgesia” and
“hyperpathia“ (IASP, Classification of chronic pain, 2" Edition, IASP Press (2002), 212):

Allodynia Lowered threshold Stimulus and response
mode differ
Hyperalgesia Increased response Stimulus and response
rate are the same
Hyperpathia Raised threshold, Stimulus and response
Increased response rate may be the same or
different

According to the IASP “neuropathy” is defined as “a primary lesion or dysfunction in the
nervous system” (IASP, Classification of chronic pain, 2" Edition, IASP Press (2002), 211).
Neuropathic pain may have central or peripheral origin.

“Sciatica” or “sciatic neuritis is defined herein as a set of symptoms including pain that derive
from irritation of the sciatic nerve or its roots,

“Frozen shoulder” or “adhesive capsulitis” is defined herein as a symptom wherein the
connective tissue surrounding the shoulder joint or the shoulder capsule itself, is causing
chronic pain, becoming inflamed and stiff.

“Ankylosing spondylitis” or “Morbus Bechterew” is a chronic, inflammatory arthritis and
autoimmune disease. It mainly affects joints in the spine and the sacroilium in the pelvis,

causing eventual fusion of the spine.



22.6, 22.7, 23.6, 24.1, 24.4, 25.2, 26.1, 26.6, 26.8, 27.4, 27.9, 28.1,
29.1, 29.9, 30.1, 31.1, 31.3, 31.7, 32.5, 32.8, 34.4, 35.0, 35.8, 36.2 and
37.2 [ 1. WO 2011/044962 PCT/EP2010/002385
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“Pain related to central sensitization” / “central pain syndrome” is defined within this
application as a neurological condition caused by damage to or dysfunction of the central
nervous system (CNS), which includes the brain, brainstem, and spinal cord. This syndrome
can inter alia be caused by stroke, multiple sclerosis, tumors, epilepsy, brain or spinal cord

trauma, or Parkinson's disease.

“Nociceptive pain " is defined as a type of pain caused by activation of nociceptors. It can be
divided into somatic and visceral pain. “Visceral pain” is pain generally originating from the
organs, whereas “(deep) somatic pain” originates from ligaments, tendons, bones, blood

vessels, fasciae and muscles.

In one embodiment of the co-crystal according to the invention, the NSAID/s / coxib/s is/are
chosen in such a way that if compared to either tramadol alone, or to a mixture of tramadol
and the corresponding active agent/s/ coxib:

o the solubility of the co-crystal is increased; and/or

o the dose response of the co-crystal is increased; and/or

o the efficacy of the co-crystal is increased; and/or

o the dissolution of the co-crystal is increased; and/or

¢ the bioavailability of the co-crystal is increased; and/or

o the stability of the co-crystal is increased; and/or

¢ the hygroscopicity of the co-crystal is decreased; and/or

o the form diversity of the co-crystal is decreased; and/or

+ the morphology of the co-crystal is modulated.

“Mixture of tramadol and the corresponding active agent/s” is defined as a mixture of the
active agent or agents in question (the NSAID/coxib) with tramadol which is only a physical
mixture without any coupling forces between the compounds and thus neither includes salts

nor another co-crystal.

In a further embodiment the NSAID being a Coxib is selected from celecoxib, etoricoxib,
lumiracoxib, parecoxib, rofecoxib, valdecoxib, and cimicoxib.

In a further embodiment of the co-crystal according to the invention, the NSAID being a coxib
is selected from:

- Celecoxib,

- Etoricoxib,

- Lumiracoxib,



The 20 val ues were obtai ned using copper radiation (CuKal 1.54060A). In a
preferred enbodi nent of a co-crystal with a nolecular ratio between
(rac)-trawacoivH@e2and cel ecoxib of 1:1 accordi ng to theCTmpeeionssst he
co-crystal shows a Fourier Transform8nfra Red pattern with absorption
bands at 3481.6 (m, 3133.5 (m, 2923.0 (m), 2667.7 (m, 1596.0 (m, 1472.4

(m, 1458.0 (M, 1_33?326 1288.7 (m), 1271.8 (m), 1168.7 (s), 1237.3
(m, 1168.7 (s), 1122. ‘g(ﬂb 1100.9 (m), 1042.2 (m), 976.8 (m), 844.6 (m,

820.1 (m, 786.5 - Rofecoxib,
- Valdecoxib, or

- Cimicoxib.

Another very preferred aspect of the invention relates to a co-crystal according to the
invention, wherein the NSAID being a coxib is celecoxib or salts thereof.

Another embodiment of the invention relates to a co-crystal according to the invention,
wherein the tramadol is (-)-tramadol or (+)-tramadol or salt thereof.

Another embodiment of the invention relates to a co-crystal according to the invention,
wherein the tramadol is (rac)-tramadol or salt thereof.

Especially preferred is a pharmaceutical compound comprising tramadol and celecoxib,
preferably a pharmaceutical compound comprising (rac)-tramadol-HCI and celecoxib.

As illustrated in more detail below tramadol - and especially the racemate - forms co-crystals
with celecoxib. Generally co-crystals obtained have a specific stoichiometry which depends
upon the structure of each co-crystal forming NSAID. In this specific case of the co-crystal
between (rac)-tramadol and celecoxib being the co-crystal former the molecular ratio
between tramadol and celecoxib is 1 to 1.

The term “salt” is to be understood as meaning any form of tramadol or the NSAID/coxib
according to the invention in which this assumes an ionic form or is charged and is coupled
with a counter-ion (a cation or anion) or is in solution. By this are also to be understood
complexes of tramadol or the NSAID/coxib with other molecules and ions, in particular
complexes which are complexed via ionic interactions. This also includes physiologically
acceptable salt.

The term “solvate” according to this invention is to be understood as meaning any form of the
tramadol or NSAID/coxib in which the compound has attached to it via non-covalent binding
another molecule (most likely a polar solvent) especially including hydrates and alcohol
solvates, e.g. methanol solvate.

In a further preferred embodiment of the invention, co-crystal according to the invention, is
selected from



(m 625.9 (M cm1l. In a preferred enbodi nent of a co-crystal with a

nol ecul ar ratio between (rac)-tranmadol -FICl and cel ecoxib of 1:1 according
to the i nwenbiwmgssthe co-crystal has an orthorhonbi c uniPCT@PRé10013B5 t he
followi ng dinmensions: a = 11.0323(7) A b = 18.1095(12) A WO

2011/ 044962PCT/ EP2010/ 002385 10 ¢ = 17.3206(12) A In a preferred enbodi ment

of a co-cryst -t Q[@Ej ! .
cel ecoxi b %()f 3% %tgbrém‘sw r%-tFﬁ%@h??%éﬁ%@&féééZﬁ%s&%er m gﬂ’yssﬁgé%é%gak of
the co- crystalccemablesptbaddnglecwlbhe mel ting point has an onset at 164 C.
Anot her enbodi r - t he
product i on of S-aued) sanEte EarhaNer Bhbetted £k ERsh br 3oL B GocBANG
conpri si ng t laeceytalple sak and celpcaig;sol vi ng or suspending an NSAID - like a
Ferper at ure AEIRRbPaRPI R SR ATTRE) B 18 DY SR ot e PR SHNE ne
sol ution or cdicegsalsiedalt and bgledoxils,adnprefgrdbyget her with, or after, or before
2dd g thet o8 GRrBRDEITHSG S Tesrata e et 3 o e
cooling the mingedlesoxibti on/ di spersion of step (c) to ambient tenperature;
(e) optionally evaporating part or all of the solvent; and (f)

filtering-off the resulting co-crystals. Another enbodi ment of the present
I NVenAiHghly prefdrs émbedum@acersmefc@rcryﬁalswcedumgi torth@inventich theysd-edystatisor di ng

toth nt i sde rijbed ab conprising the steps of: a

di sso Wﬂé? éﬁ@g Z)%'PFW@A? ee qaisg%rgs&%]yglo?oqlqﬁlg @B?WQW%;S)aBFﬁ’\donal ly
heat i sgeddxid mi ¢BlécoRiby prefiérapRrfron® (ratetramadolpid] ahd icelegbgive anbi ent
tenperature and bel ow the boiling point of the solution or dispersion; (b)
di ssolving together with, or after, or before step (a) tramadol either as a
free s aigary ;ﬂéfeareaadmbddmantsaltn&u selegied cozhjsyals, ahdinmsecurdrtratis betvelen) by

ot op 1) R PERR R R IR RIS TS sol uti on of (b) o the sol ution of (a)
and m xi ng them (d) optionally addi ng a solvent to the solution of (a),
(1) fd Br5Ss Fso et so Sl i S ol r kbt 20 FrBgan.r T,
evaposamd icB@cedb tofo1:1 addcofding he thelim@mitionathd c-gjystal | shewsng- Rﬂvfddrh)Q-Ray
resul DG SR paltda G beaks [26] at 7.1, 9.3, 102, 10.7, 136, 13.9, 14.1, 15.5, 16.1, 16.2,

16.8, 17.5, 18.0, 19.0, 19.5, 19.9, 20.5, 21.2, 21.3, 21.4, 21.8, 22.1, 22.6, 22.7, 23.6, 24.1,

24.4, 25.2, 26.1, 26.6, 26.8, 27.4, 27.9, 28.1, 29.1, 29.9, 30.1, 31.1, 31.3, 31.7, 32.5, 32.8,

34.4,35.0, 35.8, 36.2 and 37.2 [°].

The 20 values were obtained using copper radiation (Cukq: 1.54060A).

In a preferred embodiment of a co-crystal with a molecular ratio between (rac)-tramadol-HCI
and celecoxib of 1:1 according to the invention, the co-crystal shows a Fourier Transform
Infra Red pattern with absorption bands at 3481.6 (m), 3133.5 (m), 2923.0 (m), 2667.7 (m),
1596.0 (m), 1472.4 (m), 1458.0 (m), 1335.1 (m), 1288.7 (m), 1271.8 (m), 1168.7 (s), 1237.3
(m), 1168.7 (s), 1122.6 (s), 1100.9 (m), 1042.2 (m), 976.8 (m), 844.6 (m), 820.1 (m), 786.5
(m) 625.9 (m) cm™.

In a preferred embodiment of a co-crystal with a molecular ratio between (rac)-tramadol-HCI
and celecoxib of 1:1 according to the invention, the co-crystal has an orthorhombic unit cell
with the following dimensions:

a=11.0323(7) A
b = 18.1095(12) A
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“Ambient temperature” is defined here as a temperature between 20 and 25°C, preferably
being 20°C.
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Figure 9:
The medicament or pharmaceutical compositions according to the present invention may be in

any form suitable for the application to humans and/or animals, preferably humans including
infants, children and adults and can be produced by standard procedures known to those skilled
in the art. The medicament of the present invention may for example be administered
parenterally, including intramuscular, intraperitoneal, or intravenous injection, transmucosal or
sublingual application; or orally, including administration as tablets, pellets, granules, capsules,
lozenges, aqueous or oily solutions, suspensions, emulsions, sprays or as reconstituted dry
powdered form with a liquid medium.

Typically, the medicaments according to the present invention may contain 1-60 % by weight
of one or more of the co-crystals as defined herein and 40-99 % by weight of one or more

auxiliary substances (additives/excipients).
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relates to a co-crystal according to the invention as described above for (use in) the
treatment of pain, preferably acute pain, chronic pain, neuropathic pain, hyperalgesia,
allodynia or cancer pain, including diabetic neuropathy or osteoarthritis or fibromyalgia. A
further aspect of the invention relates to the co-crystal according to the invention as
described above for (use in) the treatment of pain, preferably acute pain, chronic pain,
neuropathic pain, severe to moderate pain, hyperalgesia, allodynia or cancer pain, including
diabetic neuropathy, osteoarthritis, fiboromyalgia; rheumatoid arthritis, ankylosing spondylitis,
frozen shoulder or sciatica. Preferably these uses are provided for in form of a medicament
or a pharmaceutical composition according to the invention as described above.

A further aspect of the invention relates to a co-crystal according to the invention as
described above for (use in) the treatment of pain, or preferably acute pain, chronic pain
(acute and chronic pain), neuropathic pain, nociceptive pain (visceral and/or somatic pain),
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mild and severe to moderate pain, hyperalgesia, pain related to central sensitization,
allodynia or cancer pain, including diabetic neuropathy or diabetic peripheral neuropathy and
osteoarthritis, fibromyalgia; rheumatoid arthritis, ankylosing spondylitis, frozen shoulder or
sciatica. A further aspect of the invention relates to the use of a co-crystal according to the
invention as described above for the treatment of pain, preferably acute pain, or preferably
acute pain, chronic pain (acute and chronic pain), neuropathic pain, nociceptive pain
(visceral and/or somatic pain), mild and severe to moderate pain, hyperalgesia, pain related
to central sensitization, allodynia or cancer pain, including diabetic neuropathy or diabetic
peripheral neuropathy and osteoarthritis, fibromyalgia; rheumatoid arthritis, ankylosing
spondylitis, frozen shoulder or sciatica. The invention thus also relates to the use of a co-
crystal according to the invention as described above in the production of a medicament for
the treatment of pain, preferably acute pain, chronic pain (acute and chronic pain),
neuropathic pain, nociceptive pain (visceral and/or somatic pain), mild and severe to
moderate pain, hyperalgesia, pain related to central sensitization, allodynia or cancer pain,
including diabetic neuropathy or diabetic peripheral neuropathy and osteoarthritis,
fibromyalgia; rheumatoid arthritis, ankylosing spondylitis, frozen shoulder or sciatica.
Preferably these uses are provided for in form of a medicament or a pharmaceutical

composition according to the invention as described above.

The uses of a co-crystal according to the invention (described above) or the respective
method of treatment (described below) is preferably related to pain, including nociceptive
pain (which includes somatic and visceral pain). These preferred embodiments of the
invention may also be related to neuropathic pain and/or to pain related to central
sensitization (the so-called “central pain syndrome”).

The uses of a co-crystal according to the invention (described above) or the respective
method of treatment (described below) may preferably also be related to acute and chronic

pain.

The uses of a co-crystal according to the invention (described above) or the respective
method of treatment (described below) may preferably also be related to mild, to moderate

and to severe pain.

Another object of the current invention is a method of treatment of pain, preferably acute
pain, chronic pain, neuropathic pain, hyperalgesia, allodynia or cancer pain, including
diabetic neuropathy or osteoarthritis or fibromyalgia, by providing to a patient in need thereof
a sufficient amount of a co-crystal according to the invention as described above. Another
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object of the current invention is a method of treatment of pain, preferably acute pain, chronic
pain (acute and chronic pain), neuropathic pain, nociceptive pain (visceral and/or somatic
pain), mild and severe to moderate pain, hyperalgesia, pain related to central sensitization,
allodynia or cancer pain, including diabetic neuropathy or diabetic peripheral neuropathy and
osteoarthritis, fibromyalgia; rheumatoid arthritis, ankylosing spondylitis, frozen shoulder or
sciatica, by providing to a patient in need thereof a sufficient amount of a co-crystal
according to the invention as described above. Preferably the co-crystal according to the
invention is provided in physiologically suitable form like e.g. in form of a medicament or a
pharmaceutical composition according to the invention as described above.

The present invention is illustrated below with the help of the following figures and examples.
These illustrations are given solely by way of example and do not limit the invention.

Brief description of the figures:

Figure 1:
Powder X-Ray diffraction pattern of the (rac)-tramadol-HCl-celecoxib (1:1) co-crystal.

Figure 2:
DSC analysis of the (rac)-tramadol-HCl-celecoxib (1:1) co-crystal.

Figure 3:
TG analysis of the (rac)-tramadol-HCl-celecoxib (1:1) co-crystal.

Figure 4:
Structure of the unit cell of the (rac)-tramadol-HCl-celecoxib (1:1) co-crystal obtained by

SCXRD analysis showing two molecules of celecoxib and two molecules of tramadol.

Figure 5:
Showing bioavailability of a co-crystal of (rac)-tramadol-HCI - celecoxib (1:1) in dogs

compared to celecoxib alone and to the combination of both API's (the mixture of tramado!
and celecoxib).

Figure 6:
Comparison of the effects of a co-crystal of (rac)-tramadol-HCI - celecoxib (1:1), of tramadol

and of celecoxib on reversal of incision-induced mechanical allodynia in the incised rat hind
paw following a single dose (8—10 per group). All data are presented as means + SEM.
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Figure 7:
Isobologram showing anti-allodynic interaction of celecoxib (EDs; = 3.01 mg/kg) and

tramadol (EDs, = 5.28 mg/kg) on mechanical allodynia in the paw incision postoperative pain
model in rats. The oblique line between x- and y axis is the theoretical additive line. The point
in the middle of this line is the theoretical additive point calculated from separate EDs,. Red:
the experimental point (co-crystal of (rac)-tramadol-HCI - celecoxib (1:1) EDss, molecular
weight ratio 1:1.27) lies far below the theoretical EDs, (blue), indicating a significant (P <0.05)

synergistic interaction.

Figure 8:
Comparison of the effects of a co-crystal of (rac)-tramadol-HCI - celecoxib (1:1), of tramadol

and of celecoxib on reversal of incision-induced thermal hyperalgesia in the incised rat hind
paw following a single dose (8—10 per group). All data are presented as means + SEM.

Figure 9:
Effects of a co-crystal of (rac)-tramadol-HCI - celecoxib (1:1) [the right column in each triplet

of bars], of tramadol [the central/middle column in each triplet of bars] and of celecoxib [the
left column in each triplet of bars] given intraperitoneally 4.5 h after induction by carrageenan
(n = 8-10 per dose group), on motor behaviour of monoarthritic rats measured walking across
the CBMS 30 min after drugs administration.

EXAMPLES

Example 1: (rac)-tramadol-HCI — celecoxib (1:1) co-crystal

Processes to obtain (rac)-tramadol-HCI — celecoxib (1:1) co-crystal:

Example 1a: (preparation via solvent-assisted grinding)

A 5mL stainless steel ball-mill reactor was charged with two 7mm steel balls, (rac)-tramadol
hydrochloride (48mg, 0.16mmol), celecoxib (61mg, 0.16mmol, 1eq) and 1 drop of methyl
isobutyl ketone. The reactor was agitated at 30Hz for 45 minutes. Traces of solvent were
removed in vacuo affording (rac)-tramadol-HC! — celecoxib (1:1) co-crystal as a white solid

(109 mg, quantitative yield).

Example 1b: (large scale via crystallization)
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To a 1 L three necked flask equipped with mechanical stirrer, addition funnel and cooler
containing tramadol-HCI (26.54 g, 88.5 mmol) and celecoxib (33.74 g, 88.5 mmol, 1 eq.), was
added 122 mL ethanol. The resultant suspension was heated to reflux (complete dissolution).
Cyclohexane (203 mL) was added slowly to the solution maintaining the reflux (addition time
20 min) and then, the solution was cooled slowly to room temperature with stirring. The
solution was seeded at 55° C with form obtained in Example 1a and the crystallization
started). The mixture was cooled 2 h at 0° C.

The white solid was filtered with a sintered funnel n° 3 and washed with a solvent mixture at
0-5° C (1 vol,, 60 mL, (0.6:1) EtOH / cyclohexane). After drying 2 days at room temperature
under vacuum, (rac)-tramadol-HCI — celecoxib (1:1) co-crystal was obtained as a white solid
(54.6 g, 91 % yield).

CHARACTERISATION OF THE CO-CRYSTAL:
(rac)-Tramadol-HCI - celecoxib (1:1) co-crystal obtained according to example 1 was fully
characterised by 'H-NMR, FTIR, powder X-Ray diffraction, DSC and TG (see figures 1 to 3).

Powder X-ray diffraction (PXRD) pattern of a (rac)-tramadol-HCI — celecoxib (1:1) co-
crystal: (see Fig. 1):

PXRD analysis was performed using a Philips X'Pert diffractometer with Cu K, radiation in
Bragg-Brentano geometry. The system is equipped with a monodimensional, real time
multiple strip detector. The measurement parameters were as follows: the range of 26 was 3°
to 40° at a scan rate of 8.8° per minute (see figure 1). The peaks expressed in angles 26 and

d-values are described in detail in table 1:

Table 1: List of selected peaks obtained by powder X-Ray diffraction of (rac)-
tramadol-HCI — celecoxib (1:1) co-crystal.

Angle 26" | d-Value (A) In’f:r"iti't‘;e% Angle 20" | d-Value (A) In'f:r'g't‘;e%
7.06 12.52 29 23,57 3.78 15
9.32 9.49 1 2411 3.60 13
10.21 8.67 5 24.36 3.65 10
10.69 8.27 2 25.20 353 5
13.64 6.49 10 26.12 3.41 11
13.86 6.39 14 26.58 3.35 2
1413 6.27 100 26.77 333 2
15.53 5.71 3 27.45 3.25 5
16.10 5.51 6 27,04 3.19 )
16.25 5.45 5 28.13 317 3
16.85 5.26 44 29.07 3.07 9
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17.50 5.07 12 29.91 2.99 3
18.00 493 11 30.15 2.96 3
19.05 4.66 38 31.11 2.88 3
19.48 4.56 11 31.34 2.85 5
19.91 4.46 25 31.74 2.82 1
20.48 434 25 32.49 2.76 3
21.18 419 11 32.83 273 2
21.27 4.18 11 34.42 2.61 1
21.44 414 8 35.04 2.56 2
21.80 4.08 18 35.76 2.51 1
22.14 4.02 3 36.24 2.48 2
22.56 3.94 14 37.19 2.42 1
22.73 3.91 32
'The 20 values were obtained using cupper radiation (Cuk, 1.54060A)

'H-NMR spectrum of a co-crystal of (rac)-tramadol-HCI and celecoxib (1:1):

Proton nuclear magnetic resonance analyses were recorded in methanol-d, in a Varian
Mercury 400 spectrometer, equipped with a broadband probe ATB 1H/19F/X of 5 mm.
Spectra were acquired dissolving 5-10 mg of sample in 0.6 mL of deuterated solvent.

'H NMR spectrum (in d4-methanol at 400 MHz) & shows peaks at 7.97-7.90 (m, 2H); 7.53-
7.46 (m, 2H); 7.30 (t, J = 8.0 Hz, 1H); 7.22-7.14 (m, 4H); 7.12-7.09 (m, 1H); 7.07 (d, J=7.8
Hz, 1H); 6.90 (s, 1H); 6.83 (dd, J = 2.7 Hz, J = 8.2 Hz, 1H ); 3.80 (s, 3H); 2.98 (dd, J = 9.0
Hz, J = 13.3 Hz, 1H); 2.75-2.60 (m, 8H); 2.35 (s, 3H); 2.28-2.18 (m, 1H); 2.00-1.46 (m, 8H)
ppm.

FT-IR spectrum of a co-crystal of (rac)-tramadol-HCI and celecoxib (1:1):

FTIR spectra were recorded using a Thermo Nicolet Nexus 870 FT-IR, equipped with a
beamsplitter KBr system, a 35 mW He-Ne laser as the excitation source and a DTGS KBr
detector. The spectra were acquired in 32 scans at a resolution of 4 cm™.

The sample (KBr pellet) shows a Fourier Transform Infra Red spectrum with absorption
bands at 3481.6 (m), 3133.5 (m), 2923.0 (m), 2667.7 (m), 1596.0 (m), 1472.4 (m), 1458.0
(m), 1335.1 (m), 1288.7 (m), 1271.8 (m), 1168.7 (s), 1237.3 (m), 1168.7 (s), 1122.6 (s),
1100.9 (m), 1042.2 (m), 976.8 (m), 844.6 (m), 820.1 (m), 786.5 (m) 625.9 (m) cm™.

DSC analysis of a co-crystal of (rac)-tramadol-HCI and celecoxib (1:1) (see Fig. 2):
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DSC analyses were recorded with a Mettler DSC822°. A sample of 1.6230 mg was weighed
into 40 pL aluminium crucible with a pinhole lid and was heated, under nitrogen (50 mL/min),
at 10°C/min from 30 to 200 °C.

The novel type of crystal of the present invention is characterized in that the endothermic
sharp peak corresponding to the melting point has an onset at 164.44 °C (fusion enthalpy -
93.56 J/g), measured by DSC analysis (10 °C/min) (see figure 9).

TG analysis of a co-crystal of (rac)-tramadol-HCI and celecoxib (1:1) (see Fig. 3):
Thermogravimetric analyses were recorded in a thermogravimetric analyzer Mettler
TGA/SDTA851¢. A sample of 3.0560 mg was weighed into a 70 pL alumina crucible with a
pinhole lid and was heated at 10 °C/min from 30 to 200 °C, under nitrogen (50 mL/min).

The TG analysis of the crystalline form according to the invention shows insignificant weight
loss between 30 and 200 °C.

Single Crystal XRD analysis of a single crystal of a co-crystal of (rac)-tramadol-HCI
and celecoxib (1:1) (see Fig. 4):

The crystal structure was determined from single crystal X-ray diffraction data. The
colourless prism used (0.33 x 0.16 x 0.11 mm) was obtained from the crystallization of a
seeded solution in heptane and IPA of equimolar amounts of (rac)-tramadol hydrochloride
and celecoxib.

Analysis was performed at room temperature using a Bruker Smart Apex diffractometer with
graphite monochromated Mo K, radiation equipped with a CCD detector. Data were collected
using phi and omega scans (program used: SMART 5.6). No significant decay of standard
intensities was observed. Data reduction (Lorentz and polarization corrections) and
absorption correction were applied (program used: SAINT 5.0).

The structure was solved with direct methods and least-squares refinement of F,? against all
measured intensities was carried out (program used: SHELXTL-NT 6.1). All non-hydrogen
atoms were refined with anisotropic displacement parameters. Crystal data and structure
refinement for (rac)-tramadol-celecoxib (1:1) co-crystal is given in the following table 2.

Table 2: Most relevant structural data of the SCXRD analysis of a co-crystal of (rac)-

tramadol-HCl-celecoxib (1:1).

Crystal system Orthorhombic
Space group Pna2,

a (A) 11.0323(7)

b (A) 18.1095(12)
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1 22.73 3.91 32

WO 2011/044962 2 PCT/EP2010/002385
c (A) 17.3206(12)
Volume (A% 3460.5(4)
Z 4
D calc. (Mg/m®) 1.308
N. of refl. 8336
Refl. with I > 20(1) 5240
R (1> 20(1)) 0.0584

The crystal structure is depicted in figure 4 (only half of the unitcell contents is shown,
hydrogen atoms have been omitted for clarity; program used: Mercury 2.2, C.F. Macrae, |.J.
Bruno, J.A. Chisholm, P.R. Edgington, P. McCabe, E. Pidcock, L. Rodriguez-Monge, R.
Taylor, J. van de Streek and P.A. Wood, J. Appl. Cryst., 41, 2008, 466-470).

Simulation of XRPD diffractogram from single crystal data gives an almost identical diagram

to the experimental one presented above.

Example 1c: Determination of the bioavailability of co-crystal of (rac)-tramadol-HCI -
celecoxib (1:1) (dogs)

The objective was to measure plasma exposure of (rac)-tramadol-HCI and celecoxib in dogs
by means of AUC determination of the co-crystal of (rac)-tramadol-HCI - celecoxib (1:1) of
the present invention, and comparing it with each active principle of the co-crystal and the
fixed combination of the two active principles.

Bioavailability of (rac)-tramadol-HCI-celecoxib co-crystal was compared to those obtained
after administration of (rac)-tramadol-HCI plus celecoxib, combined and separately, to beagle
dogs (3 males and 3 females) by oral route. Products with an equivalent particle size were
orally administered by means of capsules at a dose level of 10 mg/kg of co-crystal (as base)
and at an equivalent dose level of comparators (4.1 mg tramadol/kg, 5.9 mg celecoxib/kg).
Blood from the dogs was extracted at the following time points: predose, 15 and 30 min; 1,
15,2, 25,3, 3.5, 4,45, 5, 6, 8 and 24h. The plasma was isolated by centrifugation, purified
by SPE and plasma levels were determined by LC-MS-MS. Pharmacokinetic parameters

were calculated using non-compartmental pharmacokinetic analysis.

The results showed an increase exposure of celecoxib when the co-crystal (rac)-
tramadol-HCI| - celecoxib was administered compared to celecoxib alone and to the
combination of both API's (the mixture of tramadol and celecoxib) (see Fig. 5).



"The 20 val ues were obtai ned using cupper radiation (Cukc, 1.54060A)

1H NWVR spectrum of a co-crystal of (rac)-tramadol -HCI and cel ecoxib (1:1):
Pr ot on nNDearl/o+gyaet i ¢ resonance anal yses were recor de®CITfEP2E0I00338% - d4 i n
a Varian Mercury 400 spectroneter, edli pped with a broadband probe ATB

1H 19F/ X of 5 mm Spectra were acquired dissolving 5-10 ng of sanple in 0.6
M. of ed&MbRy ﬁtb%ﬁp%i& ma('d?md‘*rﬂ@%mﬁnn étal %'\{HZ
shovstpglg& e ﬁ%ki?% ol HigdyBla), dhdl | THETD gp gl:,@, He,
1H) ; l?ogtzmrq_twe(l?ﬂmmdelmﬁat? 09 (m 1H); 7.07 (d J =7 8 Hz 1H) 6 90
(S 1We aﬁnggf t(ugcgtv_cél w?ﬁ)tg eVéluatJe the ar?alé'gsw @Hc&cy §n§(2>o(e"‘rv}9?/?ﬂf|)oo <?rys§§l16é1ddm J
1H) (za@etralnaﬂpl H&l! @H}ecwmﬁ |1T tr%\%q%@ﬂﬁwﬁie@f)x'a I%@f@t nodg| ofgpostoperative
(rac) phipa idntarIncidieh, ReaADaHoWA d8kieBsé£G0r d8porkel N9 &
Ther élﬁ ?ﬁ% Favﬁg?&%ibg%gﬂl_l@ﬁf}g%%r ngl w'th a beanspl |et‘tser KBr gostem a
35 mmmm 4@ elemperatiee dhermat |ftyﬁe@§n$lb‘étyanencb rades Kemn d%!@bctllamentshe
spect pﬁ;@;& BrehiaR et 2t Fhid ¢968 4l 2g)of 4 cm 1. The sanple

( KBr {)rﬁ‘fﬁﬁsbﬁ o) geglgltlbﬂ, ?err Transfor m'l nfra Red s)pectrumvmth absor ption
bands at 3481.6 (m, 3133.5 (m, 2923.0 (m), 2667.7 (m, 1596.0 (m, 1472.4
(m, *é%%s&s(tma reffabiiy bf EHQ effi é':?éggaﬂd ééﬂencylgfm'le?t oun&é@&tgd (t5vd- dlfiea'glzt

(m, 1168.7 (s), 1122.6 (s), 1100 , 1042.2 :
820. 1thﬁVIOUVQ§E?S§a¥STha‘@ZQe@ @ﬁ?d dastile altgtyneamlp@ |U9 i éO\E@Péf rg|bydfon
(rac) FFeEYWQAt o ti5eRthal G?”e‘?ﬁ?éga (Jémé)thé Blaftar tébt adday (H4Rreaves et al., Pain
2011/ 044962PCT/ EP2010/ 00 9 DSC anal yses were recorded with a Mettler
DSC82%988, R2s&fpl e of 1.6230 nmy was wei ghed into 40 pL al umi nium crucible
with a pinhole |id and was heated, under nitrogen (50 mJmin), at 10C/ mn
from30 to 200 C. The novel type of crystal of the present invention is
char aExrerimendalidesighat t he endot hernic sharp peak corresponding to the

mel ti Agipppd Nt has an onset at 164.44 C (fusion enthal py - 93.56 J/g),
measur ed by DSC anala/_fls (10 ¢ mn) (see figure 9). TG analysis of a

co- cr YeteaWigtar rats d2G-188wx dariandtalyhwerechausgs i a(climafe- e@@@llﬁﬁgoona)for at
Ther nlaggay 4R [SSrIo‘Ft@i%%h Aé%o&%rnﬁ v&a@&%&%%vbfh@e hBShANHUAYS tBRE filme_anal yzer
Mettler TGA/'SDTA851e sanpl e of 3.0560 ng was wei ghed into a 70 pL

alum na crucible with a pinhole I|d and was heated at 10 ¢ mn from30 to
200 CAnMgosmHtrogen (50 mJm n). The TG analysis of the crystalline form
according to the invention shows insignificant we | oss between 30 and
200 CThesiratg| werer 3lk dasedxityaparitepeslly with gorygialeofcir 9&%@1"‘@5*0' HG o-celgeonill  of
(rac) (i1 a'@deécWQQeﬁf‘dscfp%Pé@?X'é?ssfolveﬁ) r(séfes@pgnsﬂ}l ofr r'[335‘%r Y@Hﬁixy%b%ﬁure

was etermne fromsingle ciystal X-ray diffraction . The col ourl ess
pri sningYwiseligoszindistilled vxatgr Therfgsingavolype éﬁaﬁe@ Y/kgn Thﬁea'@ﬂ\)’ﬁﬁ@igqsﬁa@ﬁ on of
a Seegﬁ’tﬂallé@sldrﬁ ir88pdrideNePtRO el MR SlibKQeAR) vaRERiN6d Riin (af8f) afugamadol
hydrochl ori'de and cel ecoxib. Analysis was perfiorned at room tenperature

usi nga%i“Bﬁﬂ@B‘Pn Smart Apex diffractometer with graphite nmonochromated Mo Ka
radi ati on equi pped with a CCD detector. Data were coll ected using phi and
onega_scans (program used: SMART 5.6). No significant decay of standard

i nt enSHi9EBS was observed. Data reduction (Lorentz and pol arization

COr I eRhisONS)e aRSeMRSRER IR 3%0'isroﬂ86r'a98 fBF"v@teﬁHery' Gk, (aﬁae ﬁ?‘éﬂﬁ@ﬁmme@ﬁ' NT
5.0). The structure was solved with direct methods and 1 east - squares

r ef i n¥3RAAIEEHANG-an apgesthesia ghamhera dipesthesia wasi kepk duipgtheasurgiedl apgratiopr ogr am

used: pSEBRLEL Lylih Girdots ||Sdﬂ9fénQY\FHp%9%“toaﬁfén§1lﬁﬁf§ shé&idtl BRdeWhé rFal@r\hlér@t ropic
di spl acenent paraneters. Crystal data and structure refinement for

(r ac) anaesthedsed, degyewene; laid(dpwn)in @qrens Besilion andjihels fighhhipdrawsowvers\gleanedabl e
2. Tagltewit aMaﬁsu Fmbﬁvamt .%t loH Uil u%’?élé‘n Wastrhgdec‘%[)a MUMDEP 123 Qalge,

it
co-crystal of (rac)- tramadol Iﬁ—l Cl - cel ecoxi b
hrough skin and fascia of the plantar aspect of the paw, startlng 0.5 cm from the proximal

edge of the heel and extending toward the toes. Therefore, both superficial (skin) and deep
(muscle) tissues and nerves were injured. Finally, the skin of the paw was stitched with a
suturing stitch with breaded silk (3.0) and the wound was cleaned out with povidone.

Assessment of analgesic activity in post-operative pain in rats



Crystal system Othorhonbi c Space group Pna2l a (A 11.0323(7) b (A
18.1095(12) WD 2011/ 044962PCT/ EP2010/ 002385 20 ¢ (A) 17.3206(12) Vol une
(A3) 3460W0(431/M49%2D calc. (My/nB) 1.308 N. of refl. 83BETRPRO10/00E38H | >
20(1) 5240 R (I > 20(1)) 22

The drugs were tested 4 hours after the surgery (plantar incision); 60 minutes after the
administration of the product, two behavioural endpoints were evaluated: thermal
hypersensitivity or hyperalgesia, and mechanical hypersensitivity or allodynia.

Assessment of thermal hypersensitivity (hyperalgesia) in post-operative pain in rats
Hypersensitivity or hyperalgesia was assessed by measurement of a response to a thermal
stimulus using a Hargreaves apparatus (Ugo Basile plantar test) which selectively elevates
the temperature of an individual paw (Dirig, et al., J Neurosci Methods, 1997, 76, 183).
Animals were placed in the methacrylate cages of said apparatus, having a crystal floor. The
acclimation period within the cages was about 10 minutes. The thermal stimulus came from a
lamp moving below the crystal floor and which was applied to both paws, with a minimum
interval of 1 minute between both stimulations in order to avoid learning behaviours. The rat
is able to withdraw the paw freely when it feels discomfort (pain) produced by the heat
coming from the lamp; then it is switched off and the latency time to the withdrawal response
is recorded in seconds. In order to avoid hurting the animal's paw, the lamp was
automatically switched off after 32 seconds. Hyperalgesia is defined as a reduced latency to
response compared to the latency of a vehicle treated animal, and the analgesic effect of the
test compound is seen as a (partial) restoration of the latency toward normal (Dirig, et al., J.
Pharmacol Expt Therap. 1998, 285, 1031).

Assessment of mechanical hypersensitivity (allodynia) in post-operative pain in rats
Mechanical allodynia was tested using von Frey filaments. Animals were placed in
methacrylate cylinders on an elevated surface, with metallic mesh floor perforated in order to
apply the filaments. After an acclimation period of about 30 minutes within the cylinders, both
hindpaws were stimulated (the injured and the non-injured paw, serving the latter as control),
starting with the lowest force filament (0.4 g) and reaching up to a 15 g filament. The animal’s
response to pain was manifested by the withdrawal of the paw as a consequence of the
painful stimulus caused by a filament. The pressure (force in grams) threshold eliciting the
withdrawal of the paw was recorded. The analgesic effect of the test compound is seen as a
(partial) restoration of the threshold toward normal.

Analysis of synergistic effect

The synergistic interaction between tramadol and celecoxib was determined by isobologram
analysis as discloses by R. J. Tallarida, et al., Life Sci.,, 1989, 45, 947. This procedure
involves the determination of the total amount in the mixture that is required to produce a
specified synergistic anti-hyperalgesic effect at the 50% dose level (that is, the EDsy or Zmix)
and the corresponding total amount that would be expected under simple additivity (EDs, add
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al though cel ecoxi b induced only a partial response (Emax: 45 % . Cearly
co- cr 8kl Desingr ac) - t ramadol . HCI - cel ecoxib (1:1) was nore potent than
trameggls W§Q5aﬁl dB@émnu%pént@saém wikh E@é@sfa%f:{ryattadméﬁon H@C):elkééu?@@phy&'ﬂ -
cel ECOXIb (1:1): I'n this parameter suggesting a clear

syner §2&t a@eréftfaéraﬁdol hxmemlem%ﬁﬂamle@mb separately sdipeaivad Hua SHSRENSIRM ot was
not syis bﬁrlb&o%gb&?%étmc&ﬁwsbﬂﬂ d%ft.ﬁ@&wawr ‘?ﬁé eesmg Qoruﬂ% Was 2@90@ UtHeON

Co-crysta -t ramadol - celecoxib (1:1) adm ni strated
i nt r apieig; fasnense &ftthsyarRimgl %QSCo’rPP%CtUG"t'WﬁVBlU?tQS’o@ﬁ Aed HEhindia| afigr daieni a

and tQ&hﬂ@trah&PﬁB@éﬁﬁ@ &hd \ybntﬁ@y @%elcm;éw on postoperative pain nodel

Exanple Ie: Effects on Mechani cal | odyni a and Movenent - Evoked Pain in an
acute nmonoarthritic nmodel in Rat In this study the effects of co-crystal of

(rac) Khé@m%oﬂd@thﬁt/sclﬁb ahm(r&ar%ulalt/ﬁ Bﬁ&%fc%% 66hHL0Xi b on mechani cal

al I odyni & and novenent - evoked pai n were ‘eval uat ed |n an acute nmonoarthritic
rat neeidl inflapmatian was.ipriéeedpby ﬁammeeé@a|(§m Chemicab Pl kouisi MQ) ipisktedi or al

moni t eéﬂcu&néwélyeag.ﬁ&ﬁl‘éﬁ)gauﬁeGheuas tRfoubhitife lﬁﬁébﬁéllérfﬁgéﬁnéﬁﬁﬁto&he%ﬁr krigduced
gait adaptation together wth the von Frey nethodol 08 to evaluate
$
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pain n I y3geenan nodel utilizes inflammation-associated
pai n Po&%@vﬂsngsalﬂ)j %ﬁate%@%sféﬁﬁtﬂe knee joint (nmonoarthritic nodel). The aim

of this study was to evaluate the anal gesic efficacy and potency of

tramagQéess%%le&ﬂﬁblp@B&&?arf%}é’%%&ggﬂ%ﬁré@ﬂh’ Aeaggdol . HCl - celecoxib (1:1)

i n reduci ng pal avl ou itic rats induced by an injection of
300pgDetailed analysie rmirgaitnvas padoimeshon kyaliing datatusinththeCBRMShansthese dBriefly.assess
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al | odynia was neasured w t |'anent's tes after CBMS gait .
anal y@cgfdeldrvla hpémgtamlyceqweéﬁh%@'?gs piateco- crystal of (rac)-tramadol . HCl -

cel eCxhi pfelse g&stuﬁ%gﬁmétem@afi@a ROSHIO AR Gicf Bnalderel due Lo thelr comron

prescrlptlon rate to severe pal assocl at e Wlth Inj ury or
i nf | asmerind Aréan(expreseed imi rom?): TWisZ@tameted desipbes Erte) flooses contacted by

the paw during the stance phase.

e Max Contact Area (expressed in mm?): The maximal contact area describes the paw area
contacted at the moment of maximal paw-floor contact, during stance.

e Print Width (expressed in mm): It is a measure of the width of the print area.

o Print Length (expressed in mm): It is a measure of the length of the print area.

o Stand (expressed in s): It is the duration in seconds of contact of a paw with the glass
plate.

e Swing (expressed in s): It is the duration in seconds of no contact of a paw with the glass
plate.

o Swing Speed (expressed in m/s): It is the speed (Distance Unit/second) of the paw during
Swing. This parameter is computed from stride length and swing duration.



Experinmental design: Animals Male, Wstar rats (225-250 g, Charles R ver
Laboratories) were housed in a climte-controlled room Food and water were
avai | abl ewadoidgisssam up to test tine. Ani mal Dosing Rat #CraEPeoialoh23dbsed
intraperitoneally with co-crystal of %rac)-tranmadol.HCl - celecoxib (1:1)

or each agent tramadol hydrochloride and cel ecoxib separately, dissolved in

a suspe BY% I &sﬁ distilled water. The
dosi ng \'eqgﬁ%&%‘g:)gtéﬁ%%ﬁ%@ﬁ%@ﬂ?ggﬁgﬁggﬁ t %&lgni mal was subsequently
eval uat e¥tald /rmed: Wi anmeaabitechor theuspesdrat whidhr theipaw loses caBM witidthe glassr ey

respecti Yaqjey). Knee joint nonoarthritis induced by intraarticular injection

of carrzfgeenan. Joint inflanmation was i nduced by carrageenan (Si gna
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pai n-i nduced gait adaptation with CBVMS nethod. Detail ed analysis of gait
was performed on wal king rats using the CBMS nethod. Briefly, light froma

f | uor Assessientibfanechaspal hydersangitivily (Hlladgnig)l inineanoarthtitic matsys are conpl etely
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the. olPRRE e eiond el Bl bl Bl T 5) 7 1 £ 5 the. speed (D st ance
Unit/second) of the paw during Swing. This paraneter is conputed from
stri dﬁ %}g&gt h and swi ng duration. WD 2011/044962PCT/ EP2010/ 002385 26 Duty

cycle 1t expresses Stand as a percentage of Step Cycle. Stand I ndex:
It i sAehnitsacaused foyrinjehtors peeatrageenan (BARhintpawv arddes pintarauaed avahahge e gl ass
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The results showed that co-crystal of (rac)-tramadol-HCI - celecoxib (1:1) administration
produced greater beneficial effects (relative to the individual administration of tramadol and

celecoxib) in various CBMS-associated parameters including: print area, print length,
maximal contact area, stand index, and phase dispersion.

Fig. 9 shows the effects of a co-crystal of (rac)-tramadol-HCI - celecoxib (1:1) [the right
column in each triplet of bars], of tramadol [the central/middle column in each triplet of bars]
and of celecoxib [the left column in each triplet of bars] given intraperitoneally 4.5 h after
induction by carrageenan (n = 8-10 per dose group), on motor behaviour of monoarthritic rats
measured walking across the CBMS 30 min after drugs administration. As outlined above the
co-crystal was given at the dose of 20 mg/kg and (rac)-tramadol-HCI or celecoxib given alone
at the dose corresponding to which it is present in the co-crystal. Print Area (expressed in
mm?) describes the total floor area contacted by the paw during the stance phase. Max
Contact Area describes the paw area contacted at the moment of maximal paw-floor contact,



Mechani cal all odynia was tested using von Frey filanents: Aninmals were
pl aced in nethacrylate cylinders on an el evated surface, with netallic nesh
fl oor perwonratigd4den order to apply the filanments. After Pam/ERe@ionzss on
period of about 15 minutes within the7cylinders, both hindpaws were
stinulated (the injured and the non-injured paw, serving the Iatter as
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change several paraneters describ ? rats wal k, indicating an
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cel ecoxi The res that co-crysta
(rac) panamm cﬁbOHKJntef lingl [ceershinatiop using theltined §§|ﬂh@ﬁ5@w3|ch%9%@ tpotfalisaefctvo
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and cel ecoxi In varil ous assocl at ed par anet S I nc rng: print area,

pri nt tremadelHClrageleapxie ditlaces Aramadolt &m0 .M er-crydtl gfhge)-tamadal HGr. Fi g.
9 sho A At fastcei@doxiy, Co-crystal of (rac)-tranmadol.HCl - celecoxib (1:1)
[the ??8% @'Jnn(%% égch triplet of bars], of tramadol [the central/m ddl e
colum in each triplet of bars] and of cel ecoxi b [the left colum in each
tripl gbndlisid rs] glven intraperitoneally 4.5 h after induction by
carrageenan (n = 8- per dose group), on notor behavi our of nonoarthritic

rats weyptal of Mpktfwgaé@ﬁifds QGI@OKJBI‘((E;130f9ﬁuﬁe@1ﬁt$élpeﬂ¢f@e§tjﬂ¥% itag pigleon. As
out | i

(rac) PR Ao Ge AR AL AR HaOR Bl ol gl ot iR 1o
which it is present in the co-crystal. Print Area (expressed in mm)
describes the total floor area contacted by the paw during the stance
phase. Max Contact Area describes the paw area contacted at the nonent of
maxi mal pawfl oor contact, WD 2011/044962PCT/EP2010/002385 27 duri ng
stance. Print Length is a neasure of the length of the print area. Stand is
the duration in seconds of contact of a pawwth the glass plate. Stand
Index is a neasure for the speed at which the paw | oses contact with the
glass plate. Swing Speed is the speed (Di stance Unit/second) of the paw
during Swing. This paraneter is conputed fromstride |ength and sw ng
duration. Max Contact at is the tine in seconds since the start of the run
that a paw makes nmaxi num contact with the glass plate. It can be regarded
as the point at which the braking phase turns into the propul sion phase
during Stand. Phase Dispersion Grdle is a paraneter about interlinb

coordi nation using the tined rel ati onshi ps between footfalls of two
different paws. Al data are presented as neans SEM * p<0.05 co-crystal

of (rac)- tramadol.HCI - celecoxib (1:1) vs Tranadol; # p<0.05 co-crystal
of (rac)-tramadol.HC - celecoxib (1:1) vs Cel ecoxib. Concl usion Co-crystal
of (rac)-tramadol.HClI - celecoxib (1:1) produced a superior benefit over

the single drugs tested in various pain-induced gait changes in a rat nodel
of acute nmonoarthritic pain. W) 2011/044962PCT/ EP2010/002385 28 Cains: 1
A co-crystal conprising tramadol either as a free base or as a
physi ol ogically acceptable salt and at | east one coxib. 2. A co-crystal
according to claim1l, wherein the coxib is chosen in such a way that if
conpared to either tramadol alone, or to a m xture of tramadol and the
correspondi ng coxi b, as active agent/s: the solubility of the co-crystal
is increased; and/or the dose response of the co-crystal is increased;
and/or the efficacy of the co-crystal is increased; and/or the

di ssolution of the co-crystal is increased; and/or the bioavailability of
the co-crystal is increased; and/or the stability of the co-crystal is

i ncreased; and/or the hygroscopicity of the co-crystal is decreased;

and/ or



the formdiversity of the co-crystal is decreased; and/or the norphol ogy
of the co-crystal is nodulated. 3. The co-crystal according to any of clains
1 or 2, wveneiw4tdse NSAID is selected from Cel ecoxib, BrompPe@x»ion3ss

Lum racoxi b, - Parecoxib, Rofecoxib,28 Valdecoxib, or Cmcoxib. 4. The
co-crystal according to any of clains 1 to 3, wherein the tramadol is
(-)-t&ﬁ{m ol or (+)-tramadol or is (rac)-tramadol or a salt thereof. 5. The
co-crystal according to any of clainms 1 to 4, wherein the coxib is
celecoxib or salts thereof. 6. A co-crystal according to claimb, selected
from, a cg- LS| C a PR f HaseaRr as a
physi 51 ogi mar o Ve SRS, PHmbLaGenGraashnel! fi¥ of ada bRRiGESEN

2011/ 044962%2€EplabisaldrgRtdesst 2ge caxibo- cryst al conprising (+)-tranmadol

either as a free base or as a physiologically acceptable salt and

cel ecoxib; a co-crystal conprising (-)-tramadol either as a free base or
as a Physi Blascgrystal gccarding tablaien damherginl theerexip g ghosen iprserie @away thag if

co-crystal i I - ol +HCl i Y/ - st al
Secor i ng PARERENT) BheriBfade] HERE %y b mAlie BEL ARGy andine Foffe ffbnel
cel ecoxi b. c&ib, Hseactive 8ggdfsal according to claim 7, wherein the nol ecul ar

rati o between thg ( ql.-ELCl. I ibis 1:1. 9. A
co-crystal accorg}en{? dﬁ%{)gtﬁgq%gcg(%s%% g\?%%s%%aaa%_ ramadol . HCI and cel ecoxi b
in a nol ecul are r thiei dosefredpobse ohtheaot@ystaldsl increasedt and/oshows a Powder X- Ray

Diffraction pattgrnwth aks [20],at 7. 1, 9.3 10.2, 10.7, 13.6, 13.9,
14,1 155 1@ jiegsicacy obt ,°°1%?’%¥" $dcieased, 91499 5 " 19,9, 20.5, 21. 2,
21.3, 21.4, 2. 8thediissbiutidn .obtheled-arystaBismcréabell; addfodt, 25.2, 26.1, 26. 6,
26.8, 27.4, 27.9, 28.1, 29 .1, %196.019, 30. ﬁ 31,1, 31% 31.7, 32.5, 32.8,
34.4, 35.0, 38 gthedioavailahjlitysf Gieo-cryistals neEeassd,adis bei ng obt ai ned usi ng
copper radi at is0nthe(daisility &f #QA0AYstalli incfeds@dCandséral according to claim8
conprising (rac)-tramadol.HClI and celecoxib in a nolecular ratio of 1:1,

char act eri zed * ntheHiErascoriRBRS the FaWFISER! ISTHeRieIssHnPIHPr a Red pattern with
absor ption bandsyate 34 8ikefit) B the StaliThiecrédget: @nb/d. 2667.7 (m, 1596.0
(m, 1472.4 (n), 1458.0 ?rr), 1335.1 (m, 1288.7 (m, 1271.8 (m, 1168.7
(s), 1237.3 (m,thersgpholpgy of thexp-aygtal)is mpdo@ted. (), 1042.2 (m, 976.8 (m,
844.6 (m, 820.1 (m, 786.5 (mM 625.9 (m cm1l. 11. A co-crystal according
to claim8 conprising (rac)-tramadol.HCl and celecoxib in a nolecular ratio
of 1:3" chaheice-erystebdceaidingde any ohelaimsn! o2, WherRintheeNGAIR iscselacted fremt he
fol | ow ng di mensi ons cepbpyibl- 0323(7) A

- Etoricoxib,

- Lumiracoxib,

- Parecoxib,

- Rofecoxib,

- Valdecoxib, or

- Cimicoxib.

4. The co-crystal according to any of claims 1 to 3, wherein the tramadol is (-)-tramadol
or (+)-tramadol or is (rac)-tramadol or a salt thereof.

5. The co-crystal according to any of claims 1 to 4, wherein the coxib is celecoxib or
salts thereof.

6. A co-crystal according to claim 5, selected from:
e a co-crystal comprising (rac)-tramadol either as a free base or as a physiologically
acceptable salt and celecoxib;



b = 18.1095(12) A c = 17.3206(12) A.. WD 2011/044962PCT/ EP2010/ 002385 30
12. A co-crystal according to claim8 conprising (rac)-tranmadol.HC and
cel ecoxi bwpreos/osgdeecul ar ratio of 1:1, characterized i nPCh&P2010802385

endot herm ¢ sharp peak correspondi ng 290 the nelting point has an onset at
164C. 13. Process for the production of a co-crystal according to claim1

conpri sing, t he s t@gﬁah r.s.(.ﬁq Fﬂ-t?a?\?é I BihG asSH $RE ML r RS 5999.&0 i8alfy

sol vent ; optlona sol on or di'spersion to a tenperatur
above ambi entaccw’tﬁldeaalhaedaﬂlecweb.ow the boiling point of the solution or

di spersion; B cALSPBbtbAGnd P9FENRoN bty 87a REL Base OF 08 gﬁfs.as@pam,@

t ramadol e| t fe¥ a so ona
conbi ned w t laceeppblé @alt Iayd delsswtlblmg)refealumm aI ready together with the

ggriu?i |02 3% e(I%a‘%0 %[H%fgf# “0 )Xra%dogﬂps Sﬁdaﬁ?qeytl glnngf a( lSDZ)I E/gnt hteo t he
so: uti 82/ ofs(gasI (()b) o?rs'g g) and m )t;I ng t:he(r;] (e) cooling the m xed o or
el ol (1D Er AR Ao URBaP Ao Haire “DIG, el FabbAmBGETRR] B

filtering- célécdxlte resulting co-crystals. 14 Phar maceuti cal conposition
characterized in that it conprises a therapeutically effective anpunt of
the co-crystal according to any of clains 1 to 12 in a physiologically
acceps.abl eThedbmmstalEacéommgctoydaiat 7awbereih thg moleznlar ot bétwekaithe (tac)-o 12

for the treat rably acute pain, chronic pain, neuropathic
pai n, noci 5%'8? ‘32*‘85%" %CP)gg ﬁ Severe to noderate pain, hyperal gesia,

pain related to cent ral sensi tization, allodynia or cancer pain, including
e kA T ke
sci at i caolecular ratio of 1:1, charactenzed in that it shows a Powder X-Ray Diffraction
pattern with peaks [26] at 7.1, 9.3, 10.2, 10.7, 13.6, 13.9, 14.1, 15.5, 16.1, 16.2, 16.8,
17.5, 18.0, 19.0, 19.5, 19.9, 20.5, 21.2, 21.3, 21.4, 21.8, 22.1, 22.6, 22.7, 23.6, 24.1,
24.4, 252, 26.1, 26.6, 26.8, 27.4, 27.9, 28.1, 29.1, 29.9, 30.1, 31.1, 31.3, 31.7, 32.5,
32.8, 34.4, 35.0, 35.8, 36.2 and 37.2[°], with the 26 values being obtained using
copper radiation (Cukes 1.54060A).

10. A co-crystal according to claim 8 comprising (rac)-tramadol-HCI and celecoxib in a
molecular ratio of 1:1, characterized in that it shows a Fourier Transform Infra Red
pattern with absorption bands at 3481.6 (m), 3133.5 (m), 2923.0 (m), 2667.7 (m),
1596.0 (m), 1472.4 (m), 1458.0 (m), 1335.1 (m), 1288.7 (m), 1271.8 (m), 1168.7 (s),
1237.3 (m), 1168.7 (s), 1122.6 (s), 1100.9 (m), 1042.2 (m), 976.8 (m), 844.6 (m),
820.1 (m), 786.5 (m) 625.9 (m) cm™.

11. A co-crystal according to claim 8 comprising (rac)-tramadol-HCI and celecoxib in a
molecular ratio of 1:1,, characterized in that it has an orthorhombic unit cell with the

following dimensions:

a=11.0323(7) A
b = 18.1095(12) A
¢ =17.3206(12) A..



12.

13.

14.

15!

WO 2011/044962 PCT/EP2010/002385
30

A co-crystal according to claim 8 comprising (rac)-tramadol-HCI and celecoxib in a
molecular ratio of 1:1, characterized in that the endothermic sharp peak
corresponding to the melting point has an onset at 164°C.

Process for the production of a co-crystal according to claim 1 comprising the steps
of:
(a) dissolving or suspending the coxib in a solvent; optionally heating the
solution or dispersion to a temperature above ambient temperature and below
the boiling point of the solution or dispersion;
(b) dissolving together with, or after, or before step (a) tramadol either as a
free base or as a salt in a solvent, optionally combined with step (a) by
dissolving tramadol already together with the coxib in step (a)
(c) optionally adding the solution of (b) to the solution of (a) and mixing them;
(d) optionally adding a solvent to the solution of (a), (b) or (c) and mixing them;
(e) cooling the mixed solution/dispersion of step (a), (b), (c) or (d) to ambient
temperature or below;
(f) optionally evaporating part or all of the solvent; and
(g) filtering-off the resulting co-crystals.

Pharmaceutical composition characterized in that it comprises a therapeutically
effective amount of the co-crystal according to any of claims 1 to 12 in a
physiologically acceptable medium.

A co-crystal according to any one of claims 1 to 12 for the treatment of pain,
preferably acute pain, chronic pain, neuropathic pain, nociceptive pain, mild and
severe to moderate pain, hyperalgesia, pain related to central sensitization, allodynia
or cancer pain, including diabetic neuropathy or diabetic peripheral neuropathy and
osteoarthritis, fibromyalgia; rheumatoid arthritis, ankylosing spondylitis, frozen
shoulder or sciatica.



