WO 2012/ 009262PCT/ US2011/ 043528 DI CLOFENAC SALT OF TRAMADOL TECHNI CAL FI ELD
This application relates to a conpound of diclofenac-tranmadol salt in 1:1
rati o. Thwe 26eypbiceati on al so rel ates to the use of thePcomsoun®43sng
treating noderate to noderately severe pain such as postoperative pain
(e.g., after cesarean delivery or other surgeries), cancer pain, and pain
associated wth erosiy it e id arthritis. BACKGROUND
OF THE | NVENTI ON 1OB££GM%M ﬁxfﬁiatﬂéﬁéﬁafﬂ%an be divided into
three types: nociceptive, neuropathic, and m x-type. Noci ceptive pain
is usually caused by noxious stinulation such as heat and cut that directly
results in damage or injury to the body or tissue. Based on the initiation
site of the pain, nociceptive BECHNISADLEIELDt her divided into two types:
somatic and visceral pain. 15Somatic pain arises frombone, joint, nuscle,
skin, or qopgplicsponireBiddes atbapodid sfdidlyfentc-aamhasitsaloirt t1trio. exligs nal
noxious stinuli. Visceral pain arises from conpression, extension, and

' nj 1 Y Hlichiieh AR RAN& toQﬁtgﬁ‘é%%f OSImpRRRif e REG Ih&iéritg@o fvaBkRKBseksreachy,
shar p, t| ngi ng, and throbbing. Nociceptive pal nis usually short in

dur at | Q30 ;bdo g&@s&uw aifld WBganLakOy RS ol AT fer Qe L%@ﬂeé,)?gag&bﬁgg?i n

|nclud pos ralns one tures

bruises,,and in t he .except.i 0 i nfl ammati on caused
by art 4 Ifarlg)a‘ssoma%gnl\%h}?Tégteﬁf’%eé)a\ﬂhﬁmf@(gme&fnﬁg %S‘Q}f’rrl%sm spont aneous ect opi ¢
neuron di scharge in the nervous systemeither in central or in peripheral.

Due to the underlying etiologies are usually irreversible, nost of
neur opat hic pain are chroni c pain. Most eopI e_describe neuropathi c 25pain

as shooting, burning, tiBHCHRGROEND QEt HE INVENTION shock qualities,
nunbness, and WO 2012/009262PCT/ US2011/ 043528 persi stent al | odyni a. The
nob@ncl at uBesedfonribuiplysaahéansprmpainicn be ditdesiintotibresitypesofiodiegptivat i ng nervous
systemwith the etiol ogy; for exanples, central post-stroke pain, diabetes
per i phasabpaikidr apbmixytyppost - her petic (or post-shingl es) neural gia, terninal
cancer pain, phantomlinb pain. 5Mx-type pain is featured by the
coexi st encRo8itepiRlepaltOis uGielyi cisedny ddRudRailgiof3udh as heat and cut that
directly results in damage or injury to the body or tissue. Based on the initiation site of the
pain, nociceptive pain can be further divided into two types: somatic and visceral pain.
15  Somatic pain arises from bone, joint, muscle, skin, or connective tissues that directly in contact
with the external noxious stimuli. Visceral pain arises from compression, extension, and
injury of the internal organs. Most people describe the symptoms as achy, sharp, stinging, and
throbbing. Nociceptive pain is usually short in duration and end when the damage recovers.
Examples of nociceptive pain include postoperative pain, sprains, bone fractures, burns,
20  bumps, bruises, and inflammatory pain (with the exception of inflammation caused by
arthritis).
Neuropathic pain is originated from spontaneous ectopic neuron discharge in the nervous
system either in central or in peripheral. Due to the underlying etiologies are usually

irreversible, most of neuropathic pain are chronic pain. Most people describe neuropathic

25  pain as shooting, burning, tingling, lancinating, electric shock qualities, numbness, and



For exanple, nuscle pain trigger central or peripheral neuron sensitization
| eading to chronic | ow back pain, mgraine, and nyofacial pain.

Cl i ni cal Iwopaiznopzstensity is rated on a scale of 0 to 1@CTMISEO11043538 NO
pain, 1-3 is mld pain, 4-6 is noderate pain, and 7-10 is severe pain. For
exanple, 8-9 is designated for noderately 10severe pain. VWHO " 3- St ep”
Ghideline.Provides_the gui del i ne faor managi ng. pain. The "3-Step".i.s

det er nPsrsigtepyaliqdyniga; ‘hhg parasnsiatyre of aelerﬁ@atgma ibasedqn; the site Qffinigiating .

(a) 1st Step mld pain: Acetam nophen, NSAI Ds, or conbination of both.
Conmonneryees sySRaDg1th the aliglogy; &g skamples.dieatrdfpostagiioke pdivndiahetes periphatal ndac,
ket opr of en, etodol ac, 15ketorol ac. (b) 2nd Step noderate pain:

NSAI Ds rapopdtiey, postechenpiticg onpgstsshingles) mmedlgi) teapinehcancerpag geantomdimgte odon,

di hydr ocodei n, hydrocodon, tranadol (c) 3rd Step severe pain: Strong
opi at epiAcl udi ng nor phi ne, hydronor phi ne, nethadol, |evorphanol, fentanyl,
oxycodon 20It is well recognized that acetam nophen, NSAI Ds, and opi oi ds

al I's have thgjik-d 'ﬁﬁtﬁeﬁhé\ﬂtb?ﬁtﬁéco&?ﬁéxﬁ%ﬁﬁ&h%cﬁ iV PR uRbA@IR i bi t
ceiling effect pper limt of pain relief). Once that upper imt is

reache ' it J L cat i . i . r inrelief. In
addi 11 o RSBl SaRRlse Rk drRrphH! KSR IR B

ki dney, at.the requl ar dos(fs. pei i ds usually cause intol erabl e adverse

ef f ect %"V%B%Cr‘fpéé“’g‘?}ﬁ?ﬂffepﬁ? BYOLRCHHPHE1 5/ 009262PCT/ US2011/ 043528 respi rat ory
depression, physical, dependence and abuse problens, Primarily, NSAl Ds
provi de per Fﬁlﬁ@fiﬁy PARIRCRRYII ARG W SeAl o Bit%fl) il Qi path ﬁf%m'\l'%%am’
anti-nociception. Di cl of enac (nol ecul ar wei ght. 296. 15)

2- (2, 64 i masiertepain; and) - Hhisrsevera paini cFercaxamples 8:9 indpsignaigd for mademialet i c,
anti-inflammation, and anal gesic activity. The primary mechani sm 5o0f action
res@ponstvietepdinr its antipyretic, anti-inflammtion, and anal gesic activity
is the inhibition of prostaglandin biosynthesis by the inhibition of COX1 .
and COX2. DwHOf'srstep'l Guidalihé prolvidek yhekgrdeline dor ihBaging paias Hie "3-Step” is
anti-rheumatic agent for treatnent of rheumatoid arthritis. Due to its

rel ati WekdminBdvb$ eleUtiin hﬁéﬁsitij‘aﬁ@ﬁﬁranal%esiﬁﬂétﬁ@ﬂysofidﬁi ction solution of
diclofenac is difficult to achieve. I0Tramadol (nolecul ar wei ght 263.4),

(1R, 2R)-relgaé-1€ps£§hmd i NN TR dten ING ATIDE R Q% BIEHY S 6V 6dRNG@RAbn 1S 1N

a class of iate agonists. Tramadol 1s classified as a central nervous
O

system gerd‘{g%)se@‘sai‘:kl\ﬁd (rﬂ‘éﬁir[r]ﬁ iR f%rré% i XQ&%Q&HIJuﬁﬁﬁgﬁ?ﬁﬂ;&aé{&&{r%%lac

d
hydrocH ori ranga ydrochloride 1s a cen Ing oprord
an %gegi Cc, ,used in treating noderate to severe pain. The drug has a w de
range ?togoﬂi‘ﬁ‘i cations, including 15treatnment for restless |eg syndrone and
fi bronyal gi a.. SUMVARY OF THE_ I NVENTI ON The present invention is directed to
a conpound &) Zdcyten wRrderaternaim d OfSAlLIstopiates ingluding gspirin or acetaminophen

with codein, oxycodon, dihydrocodein, hydrocodon, tramadol
(c) 3rd Step severe pain: Strong opiate including morphine, hydromorphine,
methadol, levorphanol, fentanyl, oxycodon
20 It is well recognized that acetaminophen, NSAIDs, and opioids all have their inherent
drawbacks. Acetaminophen and NSAIDs often exhibit ceiling effect (upper limit of pain
relief). Once that upper limit is reached, taking additional medication provides no further pain
relief. In addition, NSAIDs has end organ toxicities in heart, liver, GI tract, and kidney at the

regular doses. Opioids usually cause intolerable adverse effects such as constipation,



and a pharmaceutical fornulation conprising such conmpound. In one

enbodi nent, the 20 conpound is in a crystalline form The

di cl of enawotzoeymesk salt (1:1) can be prepared by m xi ngCuiushafiomses and
tramadol in a solvent or solvent mxture, followed by renoving the sol vent
or solvent m xture. The present invention is also directed to a nethod
for treating a patient with noderate to noderately severe pain. The nethod
conpr i ©8Rirateryslspressipm phusipal dprsnderserand abwsg Protisms s Fsrardy-dN 2 AFRIRYdE el v
severe pain with pain intensity scale of 5-9, and adm nistering to said W)
2012/ Op9ipbeRCTHtIS0CdCption 36Q 8pioatsi nentide pentudl aitbhedieaptionamadol salt (1:1), in
an effective anount. The nmethod is particularly useful in treating

post oper aDislefepad (nelbdudar vid ghtr29605),1b & 6dehhiro-aeilipa)-phayl-eceticanidCessar ean
surgeries, cancer pain, osteoarthritis pain, or rheumatoid arthritis pain.
SBRI EFNBRESW il fdyfdric, TAlE-ARAMIAYGSN, and analgb§e adtiveiy0WTha ptikRrymgstamnisaf
differential scanning calorinetry (DSC) spectrum of the diclofenac salt of

tr agradgf , QB %S?Sﬁjsil;lé PP i%xﬁiﬁg]&q%tié; anti-inflammafib$and 2nABOMS adtVRyRS @ki | € of

wei ght 10ss versus tenperature curve in therno-gravinetric analysis (TGA)
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crystal of . the diclofenac salt of tramadol obtained fr anpl e, 1.
DETAI LE[B%E&QY&W&Q TRt pRAERDHORIPATS ?ﬁ"ﬂ* B é‘%?a‘i“%enggt%‘rx@g‘?té’}%i dal
anti-inflammatory dr%g (NSAI D) and acts as an analgesi¢ in _cer gl

tain
condi t fgH#Is. | Duedo ifs pearveleloy sotpbiiydswated, gnpayepysygiecion spluiofedi cs cal | ed
opi ate agonists. It is a weak base. The present invention provides a
novel diglpenands diffiglicb@fling® -t ramadol salt in 1:1 ratio, which exhibits
conbi ned therapeutic effects of diclofenac acid and tramadol. 20
Di 0 of enadriamadud @mblesuailat weigtt 2634 )0 f BH2R)-5342t [ (difnethydamao)méthylks ed
i nterchangeable in this application. Diclofenac-tranadol salt (nolecular
wei ght 153 Mdlgxyphéliyt)ayelshexandiSAliD astdst obbpiate agpnistseTagadokis classified as a
characterized by its distinctive physical and chem cal properties, which

are di {&RieRtrvbE ORI N18E uSiAdlyGhaRaed at @eeyafochlodidadalt (tanidel as
denonstrated by the DSC, TGA, "HPLC, and FT'IR anal yses. WO

2012/ Oﬁfd;;@&ﬁ&ﬁé%gﬁ%%%@%ﬁ%chlqride id Q@eﬂ}a@l&%ﬁfﬁgpibfd%%%%c%'ea i S conposed

of two pes o sics, diclofenac and"tranmadol. The resulting

tuo Types ‘o estcs,’ diicl of enac a "
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tramad anced anal‘gesic, ect rum of
t he_pai n managenent with ch reduced unwanted side effects. Dicl ofenac
saﬁ ofre?tfngﬂfa'g’éfes Eﬁsﬁneg ?yd’%‘%n‘b%‘? %WQFB’FP&‘% reduce noci ceptive input and
fromcentral to enhance natural anti-nociceptive response. The

di cl of enac-tranmadol salt provides conbined benefits of the two individual

drugs of diclofenac and tranmadol. The advantages of dicl of enac-tranadol
salt include: (a) providi%gMMARY OF THE INVENTION

The present invention is directed to a compound of diclofenac-tramadol salt in 1:1 ratio
and a pharmaceutical formulation comprising such compound. In one embodiment, the
20  compound is in a crystalline form.
The diclofenac-tramadol salt (1:1) can be prepared by mixing diclofenac and tramadol in
a solvent or solvent mixture, followed by removing the solvent or solvevnt mixture.
The present invention is also directed to a method for treating a patient with moderate to
moderately severe pain. The method comprises: identifying a patient suffering from

25 moderate to moderately severe pain with pain intensity scale of 5-9, and administering to said



shorter anal gesia onset and prol onged duration, (b) providing both central
and peripheral 10 anal gesic effect by conpl enentary mechani sns of actions,
(c) reducwogotmomese of each drug and thus mnim zi ng eCiaSedfmeises (d)

i mproving water solubility in conparison with its parent drugs. Further,
since NSAIDs can only nmanage mld to noderate pain due to a ceiling effect,
di cl of enac salt of tramadol is superior_to diclofenac al gne, because the
addi t i patieat the diglefgeac-Eamadoh salbd : Dhél wetfechye apowt  bhe methodfispaticulatly s,

di cl of enac salt of tramadol can be used to 15 treat pain with rmderately
sever eusefitlémgeating postoperalinppan effentesardfafcpostaperative painraiiar ngpCesiant o
patients. The dicl ofenac-tramadol salt (1:1 ratio) can be an anorphous
f or m osurgeresyihadr pairg oftesarthritin paime oerleodiatohirthritisepanr.yst al 1 i ne form of the
di cl of enac-tranmadol salt is characterized by a powder X-ray diffraction
pattern, having X-ray diffraction peaks at about 11.00, 19.0, 20.5 20and
20.8 0.2 20. Tramadol is a basic conmpound and it is capabl e of

forqri ng phar maceut i CBRYERPINURIPAIS OF #H% DRAWENGES Wi th strong or

noderately strong, non-toxic, organic or inorganic acids by nethods known

to the ari. pfeeil iy tﬂérrﬁo%??rﬁ%tf Gl 9a SRk Lo LIRHORS Srcclrmlat e

| act at e, oxal at e, anes ona anesu ona onat e,

tartra rate dro ri.de, . 25hydr o m de, sulfate, phosphate and

ni trattBh élé(i(i?ft‘s:nac %(’%‘fﬁég@%é 9@%@%4@528 Dicl ofenac acid i s an
acidi ¢ conpound and is capabl e of form ng acceptabl e base addition salts

wi th organi El%ﬂ%iSh%rtb%ﬁliogﬂ%‘éfs‘@%lg%lo%‘fﬁ%ﬁtt‘?rBPFgPtuFFe‘iuﬁB"d’é‘. Exanpl es of the
nontoxi c al kali mnmetal and al kaline earth bases include, but are not limted
to, cathermengraydaetiimangysia §EGAspastruemafohe dislofgnse ot aktrargadpl biginsdifromdr gani c
bases include, but are not limted to, 5 triethylam ne, butylam ne,

pi fer aBkamsplednd tri (hydr oxynet hyp- net hyl am ne. Met hod of Preparing

Di cl of enac- Tramadol sal t The di cl of enac-tramadol salt (1:1) can be
prepar ed byFIG. i shgwsl thel shigdé e sahH-Rayaditféaitioh ds@ analysis 90 b ydale @ystaaifvent

m xture, followed by renoving the solvent or solvent m xture (see 10 schene

1 bel owk.qidtsRh&S @il of trasabl otRgHE froBl Basnpd 1di cl of enac acid and tranadol
base are m xed. Schene 1 di cl of enact ramadol di cl of enac-tramadol salt (1:1

ratio) 15

DETAILED DESCRIPTION OF THE INVENTION

15 Diclofenac is a non-steroidal anti-inflammatory drug (NSAID) and acts as an analgesic

in certain conditions. It is a weak acid.

Tramadol is in a class of analgesics called opiate agonists. It is a weak base.

The present invention provides a novel compound of diclofenac-tramadol salt.in 1:1
ratio, which exhibits combined therapeutic effects of diclofenac acid and tramadol.

20  Diclofenac-tramadol salt and diclofenac salt of tramadol is used interchangeable in this
application. Diclofenac-tramadol salt (molecular weight 559.55), which is an NSAID salt of
an opiate agonist, is characterized by its distinctive physical and chemical properties, which are
different from either diclofenac alone or tramadol alone, as demonstrated by the DSC, TGA,

HPLC, and FT1IR analyses.



In one enbodi nent, the method conprises: (a) dissolving a diclofenac in a
first solvent to forma first solution, (b) dissolving tramadol in a second
sol vent twoforamogmegecond sol ution, (c) mxing the first psolustéionszsegl t he
second solution to forma mxture, and (d) renoving the first solvent and

t he second solvent fromthe mxture to formthe pharmaceutically conpound.
20 The first saolvent and the second solvent are selected fromthe group
consi sting &he dickfenpcdmadahealt is coapossd of Hve typgephasgesicerdigdptsnac :hpr opy |
al cohol, acetone, toluene, chloroform dinethylformam de,

di met hirkmedaland ereresulting pérjthetal fnk cendral aralgrsiacactivicies orake diclofenag salt of
acetonitrile. Diclofenac is preferably dissolved in dichloronethane.

Tr amadtohmadol pr'bhianadal apaliesis 6 lwhich cam tetusyd irnr widet epectrumAiftthe pahi vel y, t he

di cl of enac-tramadol salt (1:1) can be prepared by a nethod conprising (a)

di ssol Mapggendit GliirRRAGedRdd LhREREAkide Rffects ADXRIMNa0kaltoS@iMATY] afths flouf €, and
(b) removing 5 the solvent or the solvent mxture to formthe

phag mﬁéﬁgﬂe%lté Yeda@RUDtivd HpuB/ld8ath ceftthl i EntRAtY ithralthntl-HoGcdpfive Sl ect ed
fromthe group consisting of dichloronethane, ethyl acetate, nethanol,
ethano}S baapropyl al cohol, acetone, toluene, chloroform

dinethfipornhnide, di net hyl acet am de, di net hyl sul f oxi de, nethyl ene
chloride, agetqgnitrile, and a.conhinatign thereof. .10The.sol vent. or sol vent
i xtur e of - G RE SRR HATG ! AP R g0 55 PR A ya el o
condensation, or, drying under nitrogen. The dicl of ena It of. tranmadol
can bediclaferacedd diagiadel; edihe agantagsy ?%preglﬁc-gaﬁlag@ Sﬁlé-lftﬁb‘ﬂ‘icef 63@r<b‘9dmg
re-dissolving the salt in a suitable solvent followed by drying to renove

t he sobRaster analgesghensaicandrirolengeshdwatiqy. h)arevidimg Sarh C@Haﬂlﬁl@m eral

Dicl ofenac salt of tramadol (1:1 ratio) can be characterized by the

f ol0 owamjgesitad ffest by cdinplemestalyt mechapisdwsdractiet, (o) rdduaingltee Gose Tfieachedrug

Anal ysis: Two thermal analysis, thernogravinetric analysis (TGA) and 20

di f f er efd thab nsfiaifing gide @Ffects @) iprolBg)watarnsohsdilitg étlcontfaiisor adthriesspaidie
change in the mass of sanple as the tenperature is changed. The profile of

the ovangk! MR WEDSican WElyGhinake sfildie hidderdepRe dad t Scaling/&ffdet,ovi des
reliable’indication of the phase and wei ght changes of the pharmaceuti cal

conpouffissfenac salt of tr%&i&%@ﬁ?@%ér {NBcI6RANISDnd, HePiNS tHedlddRIARA tlahfado0f t he

phar maceut 1 cal conmpound w tenperature or tine. During operation, DSC

neat s L1t 68lS AR e BREHE RRE i Ol 0, 2042L ADARRRPEE] LiSpaN 042528

bet ween surroundi ng environne records a test
g e R B PR Bt B PRSI e eaRRCY 9
neltingipﬁﬂnghe ent hal py of the pharmaceutical conpound.
The diclofenac-tramadol salt (1:1 ratio) can be an amorphous form or a crystalline form.
In one embodiment, the crystalline form of the diclofenac-tramadol salt is characterized by a
powder X-ray diffraction pattern, having X-ray diffraction peaks at about 11.0%, 19.0% 20.5°
20  and 20.8° +0.2°26.
Tramadol is a basic compound and it is capable of forming pharmaceutically acceptable
acid addition salts with strong or moderately strong, non-toxic, organic or inorganic acids by
methods known to the art. Exemplary of the acid addition salts are maleate, fumarate, lactate,

oxalate, methanesulfonate, ethanesulfonate, benzenesulfonate, tartrate, citrate, hydrochloride,

25  hydrobromide, sulfate, phosphate and nitrate salts.



5Hi gh Performance Liquid Chromat ography (HPLC): The content and/or purity
of the diclofenac-tramadol salt can be determ ned by HPLC net hod. w
Spect r oscwpyn12liog26V spect roscopy can be used to perf or rCHoskitialisee
anal ysis of the diclofenac-tramadol salt. Infrared (I R) Spectroscopy
i ncl udi ng Fourier-Transformed Infrared Spectroscopy 10 (FTIR): Functi onal

groups of the diclaofenac-tranmadol salt. can he term ned | R spectra
based on Dhelpfenaeape sanasidiG ¢RPQUNg 38 Stclaﬁ?ﬁ%f’&%ﬁm@?laﬁc‘?ﬂt%ﬁ%g%% ﬁg‘%HP‘l‘ ows

t he nmeasurenent of the IR spectrumof a single crystal or a group, of
cryst asadts with organjoiaed Dergamist kagesphsenvertionghaethpds Egpyptes of M) nontaic

nol ecul ar wei ght and the chem cal structure of the diclofenac-tramadol salt
can bealidsli extal asdlalislimegatth bades quelwlile]But ety mtditnogd &p leglcivas sodipme petasstspy
(LC-M5) nethod. Pharnmaceutical Formul ations The present invention is
di r ect ggli imanRheRyREAYE; a8d nohkITLIrgiriobasesifehids] g aci witdinerdae r amadol
salt (1:1 ratio) and a pharnmaceutically acceptable carrier. The 20

phay ma i ; o€ ey drék hmmﬁﬁﬁﬁngpnnnnly used and
geﬁ%raﬁ%@h?%g%ﬁﬁggg@ﬁﬁgigggggghééﬁ%?%ﬁyirlﬁﬁﬁg%g?t of pharmaceuti cal
formul ati on. The pharmaceutical fornulations of the present invention are
particularly suitable for injection, topical application, and oral

adm ni ertﬂé(? 8?]61;9!%;21 h llgmf*fe‘}%fcls rg&?és)dsox%{'/l n, the dicl of anac salt of

tramad d in benzyl alcohol, then m xed
w th nethyl 25 raben and pr | paraben, before the,.addition, of er.
WO 2012/ 009382 feoteresgrmasabaBl: 1 o Prarcpared hy %f"cgaddﬁ?%g%? a’%"oﬁB?‘B%&’t‘

adm ni stration include liquid or sem -liquid preparations suitable for
penet r hasedn aspiverigh splyentgrixgire dollpwed by eerpdvinghdie sOVPRATSeEN, BIXYE (fefed.
Exanples of liquid preparations include, but are not limted to, topical
soll@t i sciemerl bilows. PEfemplycabat eguakimdlirgof diclpfensa eaidand sramadplizpse atsut  ar e
not limted to, lininents, lotions, creans, ointnents, 5pastes, gels,

enugel sixedopi cal solution or drops of the present invention nmay contain
aqueous or oily solution or suspensions. They may be prepared by dissol ving
the dicl ofenac-tramadol salt in a sdhémblle aqueous sol ution of a
bactericidal and/or fungicidal agent and/or any other suitable
preservative, and optionally including a surf

& agent. Exanpl es of
bactericidal &and fungicidal agents suitable f in ion in the solution
10 incl ude, bl are not 1initethtre phenyl nerc riH nitrate or acetate
(0.002% , 2 k&_Pi um chl ori 01% and chl”or hexi 'oaé?\,‘,@cet ate (0.01%.
Sui t abl e sol S for+the prepfrali on—ef—am oily solution ipclude glycerol,

and promd, Ebl. optionally, L-nent

di l uted al coho can be added to
the topical so on. Lotions I ini ments include those sujtable for
application to the®¥Rin, which may

OMe

diclofenac tramadol diclofenac-tramadol salt (1:1 ratio)
15
In one embodiment, the method comprises: (a) dissolving a diclofenac in a first solvent
to form a first solution, (b) dissolving tramadol in a second solvent to form a second solution,
(c) mixing the first solution and the second solution to form a mixture, and (d) removing the
first solvent and the second solvent from the mixture to form the pharmaceutically compound.
20  The first sol\}ent and the second solvent are selected from the group consisting of
dichloromethane, ethyl acetate, methanol, ethanol, isopropyl alcohol, acetone, toluene,

chloroform, dimethylformamide, dimethylacetamide, dimethylsulfoxide, methylene chloride,

6



15 contain a sterile aqueous solution and optionally a bactericide. They
may al so include an agent to hasten drying and cooling of the skin, such as
al cohol owoacetwess? and/ or a noi sturizer such as gl ycer @cTars2@n/ogssks such as
castor oil or arachis oil. Cream ointnments or pastes are sem-solid
formul ati ons. They nmay be nade by m xing the pharmaceutically acceptable
salts in finely-divided or, powdeyed form, .alope or |n solutiqgn or 20
suspendidaseionttile. aRifdefgracys PF%QF—‘“Q(XL%%BQ"C# i figt OWI’E“HL?I}% JgTa(IP I§uitabl e
machi nery, with a greasy or non-greasy base. The base may contain

hydr ocpreisoaidy disselned wsetinfl ac¢tatehydr ocar bons incl ude, but are not limited to,
hard, soft, or liquid paraffin, glycerol, beeswax, a netallic soap, a

muci | age, Adwrrmitivelyf tha diclofahacetrargadol audhl Jasn e prapdreddyraynethpd cpinprisis@st or

or olive oil), wool fat or its derivative, and/or a fatty acid (such as

st ear i @) ark6lvidlg adiciofenac ) rarhéidd] 1104 sallaitiopa solyntabiahae, andribpiemoaingur f ace
active agent, such as anionic, cationic or non-ionic surfactant. Exanples

WO 2012/ QOR2RZRENE §6padt HiQdR5RGoh tﬁelmlaﬁﬁﬁéeaﬁ&aagtcsnﬂpaahaj.derhdwveaf gndnot

limted to, sorbitan esters or pol yoxyethyl ene derivatives thereof (such as

pol yoxgﬁﬁt BWeﬁﬂﬁjxfuﬁEta%eo%gc%defg&ﬁ'iﬁe) Pﬁg%&%‘ﬁhg&'@ﬁhwﬁ@rﬁ&}im@tlhgjﬁiéeté%,i ves

t hereo suchn as car uspen agent such as natura guns,

cel lul ose deriyatives ingrgani teri S ik plicas, and
other Prgpacy eifaeds SamoRd FaMsF AFRo et MO BSieh GRSt P22,
pol yet hyl ene gl ycal 540 ol yet.hyl e | ycol., 3350, .and pr.opyl .gl ycol may
al so beimetudageimids, HW}W%“{fﬁ’é‘dﬁﬁﬁ?tﬁglégﬁ%ﬁﬁiﬁﬁie’88%%‘%%’. dna¥ %Rl 98r enugel
fornmul ation. of the present invention includes any gel form ng agent
commonfhgraged in pharmaceutical gel formul ations. Exanples of gel formng
agents are cellul ose derivtives such as nethyl cellul ose, hydroxyet hyl
cel0 ul ose Tharsdlventr dyorimert mixture OF diel ahove methpdppn bp stpereddyayeperaionol yvi nyl
al cohol s, polyvinyl pyrrolidones; and carboxypol y-net hyl ene derivatives
such asacanbapdtnsation,tdndryigghhden@itegpent s t hat can be used for the present
invention are pectins, guns (such as gum arabic and tragacanth, al ginates,
car r ageenatesicla@aic &Nbfghdblan bETatepsddrardrizd, &, bptighaligesan bes car bopol .
Furthernore, the gel or erugel formnulation may contain auxiliary agents
such ag. B SS&R! AL HED1viR ik A%tk dRR EfitableddiveAt fdleeed béfaeﬁﬁg etnodB theper f unes.
Phar maceuti cal "Use of the Dicl of enac- Tranadol Salt Based on the known
analge§@9}ﬁelated mechani sm of actions and reported clinical potentials,
the di ¢Tdfehac salt of tramadol of the present invention is useful in the
nag genent 20 of pain of noderate to noderately severe intensity (scale
5- ?, preferably in the nmanagenment of pain of noderately severe intensity
(scale 8-9). The,dic)ofenac salt q@.tr dol is particularly useful in the
nanageﬁ%ﬁfa‘a?r‘ﬁ}é‘{‘b‘ﬂjeﬁ'éﬁ? cp%"n?f & pain, erosive osteoarthritis, and
rheumatoid arthritis. The present invention is alsq directed to a
met hod f orDickofenar salt af Hemadad(1:hiratko) a0 be sharagterized byghe follodyipe i pai n.
The nmet hod conprises: identifying a patient suffering from

The results are described in Example 2.

Thermal Analysis: Two thermal analysis, thermogravimetric analysis (TGA) and
20 differential scanning calorimetry (DSC) can be used. TGA measures the change in the mass
of sample as the temperature is changed. The profile of the overall thermogravimetric weight
loss versus temperature curve provides reliable indication of the phase and weight changes of
the pharmaceutical compounds.
DSC examines the changes in physical properties of the pharmaceutical compound with

25  temperature or time. During operation, DSC heats the test sample, measures heat flow



WO 2012/ 009262PCT/ US2011/ 043528 noderate to noderately severe pain with
pain intensity scale of 5-9, and adm nistering to said patient the

di cl of enawotnevmesk Salt, in an effective anpunt. "An efPCeatScme/osdsesint , " as
used herein, refers to an amount that is effective to reduce or relief pain
froma patient. The present nethod is particularly useful in treating
noderately severe pain with pain 5S5intensity of 8-9. The thod is ?l SO

par ti cbetwees thgdest samplg apd éaﬁvrﬁ@m&ag%t%g%mg%ﬂﬂaﬁeﬁorﬁ f &St BREHHOSTAR 0
postoperative pain after other surgeries, severe cancer pain,

ost eoathetiest sampledased asrthe measimedhent SowhPSC oy deninfqrmatip regsiieg theeat nent s,
an effective anount of the diclofenac-tramadol salt is in general about

50- 2000nwt thosperatae, 5 eddBherglatiomeimwn of O@LiNEDanithd eshalpp of thef er r ed dosage
is about 125-135 ng/dose, e.g., about 131 ny/dose 10 (equivalent to 75 ngy
di cl of gramasadicinaoaipdudd ng tramadol . HCl) . "About" as used herein, refers
to 10% of the recited val ue. Postoperative pains Postoperative pain is

resgil ted fHOMPEREmSAERT iduidehRn@RCripBC@IRIC)PRhdcontéif 2B @BRpinsy bBRRI N ari ses
fromthe direct noxious 1nmpulse at injury sites (cut). The sensitization of

af f er gl JiL AR Sl MUK 18l defefmflicl Wy IPIGeRkfila, sensi ti zati on. Vi sceral

pain arises conpression, extension, or inflammtion of internal

organs. Di fenac salt., o ranadol offers henef | 0 i.en pai n

i s caused gﬁ?ﬁr}?ﬂ‘sf%ﬁ%wi{l? gjr\l} f%&*&@(ﬁ%ﬂe%enlﬁsegitose‘g?oaﬁn (ﬂ)lfa%lﬁﬁla.t&’la%ﬁ% sggﬁnhances
antinoci ceptjve response fromcentral by nodul ation of , receptor and the

| evel erdzgloteé‘?%fraﬁ‘?&qéﬁ]& nor adrenal i n Di cl of enac sal t gf tramadol is
particularly effective in the ma.nagFema.nt of postoperative pain after

cesar ean flaraef éIR)dipeeiipsagpy Balging Fourier-Trangiornped bdfaged DRECHORBYed by
uterus contraction is the main conponent of pain after cesarean delivery.

Di ¢0 of €RER)i Burctighdlgrafpk of thewdiclpfenaetrampdelisglt eambe geieimined gy IR spectra

2012/ 009262PCT/ US2011/ 043528 (b) Prostaglandin involves in both

t i Ssue bagedwh\theintbspdotine lightapdnsmittanoa. An TR tiicwsafpe REER's the meéasheirenac

offer better anti-inflanmatory and anal gesic effects than acetam nophen

al one. of the IR spectrng pf HhiagRf ofl@@soupdf cryxtlce uterine atony, which is the
mai n reason of postpartum 5 henorrhage. Diclofenac is therefore safer than

ot her NSAI anui:d'tﬂrgﬁat%g%ﬁ){lﬂll\/[%fs SEESAISEGY @W-MS): The mole@llar WeighB&RIARE STB  Of

action of diclofenac of tramadol responsible for Cesarean pain relief

i ncl udi i Dbiti i t o -0nj d

o adr SHAPiCRTRh kO B A3t orbd ot sal PO B PR o R PHAT APE
ostoperative in patients still erience i nadequate pain relief with
?0 rrpéhliw\(%gﬁ%yérﬂ?sé SPY% ’&Fﬁ%fé(t(l.L > &eglﬁ%dg slalt o?utrarrgdlol is Iusef\m in

the pain control after

Pharmaceutical Formulations

The present invention is directed to a pharmaceutical formulation comprising
diclofenac-tramadol salt (1:1 ratio) and a pharmaceutically acceptable carrier. The

20 pharmaceutical acceptable carriers are in general those commonly used and generally

recognized by person skilled in the art of pharmaceutical formulation.

The pharmaceutical formulations of the present invention are particularly suitable for
injection, topical application, and oral administration. In the injection solution, the diclofanac
salt of tramadol is, for example, first dissolved in benzyl alcohol, then mixed with methyl

25  paraben and propyl paraben, before the addition of water.



ot her types of surgery, such as coronary artery bypass grafting (CABG,

| umbar di sc surgery, orthopaedia, and tonsillectony. Postoperative painis
nost |y acwoeommdyxever e. The managenent of postoperati ve@CpAiIS01054ELS v
starts at one hour after surgery and continue for another 48-72 hours.
Since nost 15patients are hospitalized after major surgeries, parenteral
adm ni stration of anal gesics .is considered Cio e e st and conveni ent. For
di cl of ena&ouaylatigns supahie iy topigH pdministeation pRdyde Hlui‘ﬁo SRR AR PIOPREations £ ect
via significant metabolismin G tract and |iver follow ng oral

admi ni stitableifonpenstiniéon Graighdlamskin sa thasitoal where teatapat isitegdredpeRemples n t he
i ncrease of drug exposure and shorter onset. In addition, drug absorption
can beofvliquidptepaiationdiachiie, st 2 rod limste@ @, fropita wolngosuerglreoys. Ehanplesbder r ed
route of adm nistration for post operative pain is intranuscular (I M

i nj ect icai-lifuadpRparRabns inflade dit HRindt lisited €, lididits, ¢dtidnk Sseemyg aimgentsaused
by the tunor, the effects of 25 chenotherapy, radiation, or surgery. Cancer

pai N CHAQCEHE efuaIRY ’P&}ﬁ&ﬂ* sQAfiti&RBCHbps IMBe PRbdht idhtion may contain aqueous
2012/ 0%%262 C1/ US5011/ 043528 i nt ensi tg ranggl? frommoderale to severe pai n.

Cancer ?ﬁ&%ﬁ?tﬁ]tﬁnﬁ&é‘ sh:s:%eﬂ%igﬁg. Tﬂgﬂﬁﬁg%%g)?%ﬁp@f &i%‘f\ﬁﬂ?ﬁlei ﬂél@feﬁﬁ@ggﬁ?&ﬁ vere

pain, y pot e norphi ne are conmonly used.
Pr ost agl.andi ns-ji.nduced i nfl.anmatj on and.noci cept or Sitl '

cont ri Bt 8 St”btakétle%q\'/eé)ruf/f“ﬂﬁél ”{’T@%t’aﬁtﬂ“’f a%arcj %@gglcbd?f%ﬁ%éééglln%&e%}%er bati on
of nociception. Cancer pai.n n be noci ceptive, neuropathic, or both
depend?%@%iﬁ?r?ﬁév%&raé@ opfio ﬁ’d@?l}ldﬁﬁ@is& ATRCUYE AReNYT  t r amadol of fers
benefit to the cancer patients whose pain results fromsevere inflanmation
(pr ost agl dxamplesHh Bactericidahand dyagicidaliagenty sytablefar inglusipanipdhgsolytiony| 5o
enhances anti-nociceptive response fromcentral by nodul ation of , receptor
antD t hinclwleebutafe wudimitedito, phenplmetrewsicadirain ar aeetate (0.002%), beudabipatinz al t  of
tramadol is useful in the managenent of cancer pain for the foll ow ng

r easonshloride (0.01%) @) cEhmleexidipaadetats (0@l %). Bubaiile solnértafomsieqprypaaatibn of an
neuropathic. Diclofenac salt of tramadol, which offers both

anti - i pfly soTHBéH PBluae dlyesol, @iltled GlcoBslt dndipidpyldne g8fdob ©ptiegally) Li-fenthbl can
managenent of cancer pain with noderately severe intensity. (b)

Di cl of ?Q%deﬁlgbttheo&)pitcﬁlas%ﬁﬁ&h. can be used in cancer patients at term nal
stage for reducing the use of norphine in pain relief. Term nal stage

o e RN SRR A i ngeas one,
ac % € contain a sterile aqueous solution and optionally a bactericide. They may also include an agent
to hasten drying and cooling of the skin, such as alcohol or acetone, and/or a moisturizer such
as glycerol or an oil such as castor oil or arachis oil.
Cream, ointments or pastes are semi-solid formulations. They may be made by mixing the
pharmaceutically acceptable salts in finely-divided or powdered form, alone or in solution or
20  suspension in an aqueous or non-aqueous fluid, with the aid of suitable machinery, with a
greasy or non-greasy base. The base may contain hydrocarbons. Examples of the hydrocarbons
include, but are not limited to, hard, soft, or liquid paraffin, glycerol, beeswax, a metallic soap,
a mucilage, an oil of natural origin (such as almond, corn, arachis, castor or olive oil), wool fat

or its derivative, and/or a fatty acid (such as stearic acid or oleic acid). The formulation may

25  also contain a surface active agent, such as anionic, cationic or non-ionic surfactant. Examples



20 and breakt hrough pain, parenteral adm nistration by IMor |V provides
rapid and effective pain relief. For the managenent of chronic pain, ora

or topi cavoadmyadser ati on of dicl of enac salt of tranadolPCraispoiefesseed.
Wi |l e sone cancer patients are suffering from swall ow ng probl ens,
sublingual or oral disintegration tablet (ODT) is a good choice for oral
admnistratign. 25 WD 2012/ 009262PCT/ US2011/ 043528 Osteqarthrjtis. and
Rheume®idhesusfacknts ipgludebubeys mphﬁwtpg% éﬂ%ltf‘% esieryy e@%%?@fegwﬁf‘dvésms@éwes
attributed to loss of resilient in joints due to the reduction of

pr ot eoieieeb(such acpelyoxyswlenedptinagd esfeish #nd kauboxypohgsethylensdasivphess: nodal
osteoarthritis is resulted fromthe reduced proteoglycan in cartil age, and
er osi viaerrsf &mah hhedrborml b Shepeedingfagentsraiidhon nagira|gemspeadlabose denvatives
surrounding joint capsule in addition to the reduced proteoglycan in

car t i | mggsanRamnmecAsls egdhadsedicatddus oBiceQand bihiet Ingredlidnsesich a Mnbliif,| maynasd on and
possi bly peripheral neuropathy when the inflamuation results in the danage
or slyshinehided I oRfMEAE A AL NESycIRFA0 TRtk 18k él?;éd‘l 3356, pkspy® chronic
i nfl ammat ory di sorder. Increase of XO prost agl andi n" has been found in

aff ect glcggilﬁg}pﬁ% bmegigm% x@itﬁﬁle%t%}lxn&%hﬁﬁ%iggm Q&dgr ogr essi on of

r heuma arthritrs. Pain assocl ated w tolrd arthritis mainly
results froom,severe .infl ammation, . i cl of enac_sal,t. of. fr dol is
Useful i n A PUSEERGEBRATERESOPe presentimsaPit URY RSl & infripk S80R
particularly erosive osteoarthrjfis pain, hecause pain frominflammation
D s pErBOdaioes I IhagResenird Ehiaran foam o Exaapes of BtariBE et 8 wi ¢ o
erosive osteoarthritis and rheumatoid arthritis is generally chronic with
noder a¢lulese sletiuiivesispeheasanethyl collglose.diydroxygthy} eliulase raadcagthoxympthat ) or
topical (e.g., topical gel) adm nistration of diclofenac salt of tramado
i sl coallndoservinylapdyoers isu@f dsquly wieyltaleshiplsepely vilhlepyirrolidanésoand s i | | ust r at ed
further by the foll owi ng exanples that are not to be 20construed as

i m ti egbdhypolyrmetiyicnn derivaadependhasichsbopple Eufthar gpllmgedemte thatlemchd uzed i n

t hem EXAMPLES Exanple 1. Process to obtain tramadol -diclofenac (1:1)

CO- CI Yfdrdthe freSlt UivietorPdre e IIm (saéh Bagan brhBicanddhgdcditm la)gindles0 Nl

di chl oronmet hane was 25added to a stirred sol ution of gi cl ofenac free acid

2012/ Ogagné 2%%{'/ U %fg{?éﬁg%% éB ex?éaeée@ﬁ@ agentss carbopol. Furthermore, the ge

or emugel formulation may contain auxiliary agents such as preservatives, antioxidants,

15  stabilizers, colorants and perfumes.

Pharmaceutical Use of the Diclofenac-Tramadol Salt

Based on the known analgesic—relgted mechanism of actions and reported clinical
potentials, the diclofenac salt of tramadol of the present invention is useful in the management

20  of pain of moderate to moderately severe intensity (scale 5-9), preferably in the management of

pain of moderately severe intensity (scale 8-9). The diclofenac salt of tramadol is particularly
useful in the management of postoperative pain, cancer pain, erosive osteoarthritis, and
rheumatoid arthritis.

The present invention is also directed to a method for treating a patient with moderate to

25 moderately severe pain. The method comprises: identifying a patient suffering from

10



The m xture was heated until dissolution and the sol vent was evapor at ed
under vacuumto produce white anorphous solid. The anorphous solid was

di ssol vedwOreo®an9ask acetonitrile and heated to 75C wi t hPeiuseémng43ses 1 h.
The clear solution was cooled to roomtenperature to generate white
precipitation. The obtained precipitation was filtered off and dried by
oven to 59| ve dic ofenac sal t. of tramadol ratj o as. a cr stal l'ine
whi t e SOAF@q ipgnelegately severepyin ayigh pain Intemsicy S%arl%i%lﬁ dypisieaipg i aid

di cl of enac salt of tramadol characterized by a powder XRD pattern, having
X-ray pefigaéthedlielpenae-ramagal Saki. neneasfeedve arbwrtt he" Aneifesiivagmoset, 2asoued 11. 0 |
19.0, 20.5 and 20.8 0.2 2 0. In the NWR study of this diclofenac salt of
tranadbd:reimdef&ﬂs to parmdaht thateeefiersive td redutcaomyelicpain frommopatie. 2 ppn) of the
peak of the two nethyl groups of tranmadol's tertiary am ne proved that the
tertiary dmenfgeseht nehodcipartiaarpy @eOnai aating Hoddraitigracers phin with pdi@nadol .
Exanple 2. ldentification of Diclofenac salt of tramadol (1:1) 15The

di ¢4 of gRésits dlf B-0f Meaﬁaﬂ&i is(alsolpar@dul 2y REAFRIRIR tglpost% pbid@ pdih 8y the

fol |l ow ng anhal yses. Proton nucl ear nmagnetic resonance (NVR)

(cocrafRter t@efm DL o “6?%1?%?5 SRR Pl B R P 3 Of enae

Zra'oi o‘n)feﬂet@ralag: b @%?&SH%%NE (RS % s hEnE, énaﬁﬁélzve%%}dun% Sk ;°t °”_°f 8.0 te,
%cgg@ag t(%nady?sa(}tslsen gglerq!ﬁ%ggtéog@oo(mé}()igsc, og%%-l F_Dorjlgogléo( td, J

:76 2 Hz 6. 75 (dd, ,649(dd J=7.6, 1.2
Hz, 1H)ngédcz§9 (éprg’r:ared dospge (SSabOQH% 2357@8/@9@?, ex owt BBl mg/doss, 1H), 2. 29
(s, 6H, 2.25 (dd, J = 13.2, 2.0 Hz, 1H), 1.94-2.00 (m 1H), 182-1.86(m
1HQ 1 (@i@lem to'm mgld}'qlof_@nansomlml a(ldﬁ 0 trig) trarBadoNKR]1). 1 0\ bkt as CBxdiIBYyeis,
177.64, 159.63, 149.65, 142.88, 138.33, 130.70, 129.46, 15 WO

2012/ 08926 2PET0US20hE rA8d 28ludé29. 31, 128.78, 126.77, 126.66, 123. 31,

121. 15, 117.22, 117.10, 111.61, 111.03, 75.64, 60.35, 55.19, 44.82, 42.75,
41.59, 41.04, 26.88, 25.50, 21.63. Differential scanning calorinetry (DSC)
Spectrum 5FI G 1 shows a thernogram of differential scanning calorinetry

(DSC)  pRaGHeHROfaidde

Postoperative pain is resulted from the somatic pain and visceral pain. The somatic
15  pain arises from the direct noxious impulse at injury sites (cut). The sensitization of afferent
fibers at injury sites driving central sensitization. Visceral pain arises from the compression,
extension, or inflammation of internal organs. Diclofenac salt of tramadol offers benefit to
patients whose pain is caused from inflammation (COX1/C0X2) and visceral pain. It also
enhances antinociceptive response from central by modulation of u receptor and the level of
20  serotonin and noradrenalin
Diclofenac salt of tramadol is particularly effective in the management of postoperative
pain after cesarean for the following reasons:
(a) Visceral pain caused by uterus contraction is the main component of pain after

cesarean delivery. Diclofenac is highly effective in relief visceral pain.

11



di cl of enac salt of tramadol obtained from Exanple 1. The DSC was run at a
heating rate of 10C/ mn. There were two endot hermal bands in the spectrum
For firstwbant/oopise onset tenperature was at 152. 46C an@CriiS2@ndeisber mal
maxi mum of nmelting is at 154.75C. For second band, the onset tenperature
was at 190.47C and the endot hermal maxi nrum of 10melting is at 222. 81C.

Ther no- gravr netric _analysis (TGA), spectrum FI G 2 shaws rofi.l e of
vei ght | oss(®) &restiaglandsiavglvgs in kq t}gsthnJPW tﬁPéWWP?I& ;HEP@Qng(TGA)
spectrum of the diclofenac salt of tramadol obtained from Exanple 1. The 15
TGA waBGERbyaliclefenaaefferdetten antioinflamayatary andpemlgesiaetiasts bap @@tqr%mw’r@n% of

wei ght remai ned of the salt at 153.36C, 183.88C, 205.24C, 218.97C, 275.43C,
and 35808&C. At 275.43 C, the % of weight remained was 6.47% FTIR Spectrum
20The FTIR spectum (ATR) of the co-crystal of tramadol-diclofenac (1:1) of

Exanpl e 1 was Diclefsnde dodssion thdacdetelihd atchyerhiSp &ahe urinl 8sonldfeobiphdimpect r um
was shown with absorption bands vmax, at 3346, 3078, 2945, 2845, 2362,

1604, daBdrrhake00picloidihc idthérofork 5air thha @ther N8AGDs #0thé coBS1.0of €6Ehredhdhin. 891,
836, 775, 755, 717, 704, and 646 cm 1. The peaks show the speci al

functi onal @{)%fg%q%éaﬁigﬁggg?étloﬁ%q it G RIEARGS t1%§1ad§ BRsibleyet @Esa}{eaﬁay

Diffraction structure of of tra | -"di cl of enac
Exanpl e .1 .det rm'ndfro t i i data
( SCXRDPmnT%ge%d?@%f% ! et?"ﬂ%rt 8’?@ r m n i %)r(ri "‘?P ﬁ%ee&s%efrrr(% ﬁﬁl aglp ai ned from
Example 1 was _.carried out usi nqb(? Br uker - SMART APEX 5diffractonmeter. FIG 3
shows Ber@denalinerepptoks afid agligalionplig ISR YHn dat a anal ysis of a sr ngI e
crystal of the diclofenac salt of tramadgl obtained from Exanp Al'l non
hydr ogen &vsinbalfef thenopiopegtiveipaip arigiastikewespne imdsgrale @ﬁl@rrthesérrl%trmt ers.
Crystal data and structure refinement for a co-crystal of
t r édradobrretitiyl ohdatde tr¢aiment. i Digpieanc salt of atmadel is voetwhin the paigicpsireliafigyst em
Monocl inic
other types of surgery, such as coronary artery bypass grafting (CABG), lumbar disc surgery,
orthopaedia, and tonsillectomy.
Postoperative pain is mostly acute and severe. The management of postoperative pain
usually starts at one hour after surgery and continue for another 48-72 hours. Since most
15 patients are hospitalized after major surgeries, parenteral administration of analgesics is
considered to be easy and convenient. For diclofenac salt of tramadol, which are subjected to
the first-pass effect via significant metabolism in GI tract and liver following oral
administration, parenteral administration offers additional benefit in the increase of drug
exposure and shorter onset. In addition, drug absorption can be variable in the first 24 hours

20 following surgery. The preferred route of administration for post operative pain is

intramuscular (IM) injection.

Cancer Pain
Cancer pain is the result of tissue damage caused by the tumor, the effects of

25  chemotherapy, radiation, or surgery. Cancer pain can occur at any stage of cancer. The pain

12



Space group P-1 A(A) 7.7589(4) B(A) 10.3773(5) C(A) 17.5868(9) a

100. 9540(10) 13 93.1720(10) 7 93.8130(10) Z 2 Volune( A 3) 1383.81(12)
Powder X-wayotidopréacti on anal ysi s Powder X-ray diff paciison 1(0i3saD)
anal ysis of the sanple obtained fromExanple 1 was perforned using a

SHI MADZU XRD- 6000 di ffractoneter. The neasurenent paraneters

intensity ranges from moderate to severe pain. Cancer patients at terminal phase often
experience an intolerable severe pain, in which the highly potent opioids like morphine are
commonly used.
Prostaglandins-induced inflammation and nociceptor sensitization contributes to a
5 varying extent in the process of cancer and exacerbation of nociception. Cancer pain can be
nociceptive, neuropathic, or both depending on the course of cancer. Diclofenac salt of
tramadol offers benefit to the cancer patients whose pain results from severe inflammation
(prostaglandih) and abnormal excitability of sodium channels. It also enhances
anti-nociceptive response from central by modulation of u receptor and the level of serotonin
10  and noradrenalin.
Diclofenac salt of tramadol is useful in the management of cancer pain for the
folldwing reasons:
(a) Cancer pain is mainly both inflammatory and neuropathic. Diclofenac salt of
tramadol, which offers both anti-inflammation and nerve block activity, is effective in the
15 management of cancer pain with moderately severe intensity.
(b) Diclofenac salt of tramadol can be used in cancer patients at terminal stage for
reducing the use of morphine in pain relief.
Terminal stage cancer patients with severe pain can be acute and chronic with
occasional breakthrough pain with moderate to severe intensity. For the management of acute
20  and breakthrough pain, parenteral administration by IM or IV provides rapid and effective pain
relief. For the management of chronic pain, oral or topical administration of diclofenac salt of
tramadol is preferred. While some cancer patients are suffering from swallowing problems,

sublingual or oral disintegration tablet (ODT) is a good choice for oral administration.

25
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15 were as follows: the range of 2 9 was 100 to 40 at a scan rate of 2 per
m nute. The peaks expressed in angles 2 0 and d-val ues are described in

det ai |

I rwOabi200262 WO 2012/ 009262PCT/ US2011/ 043528 TablpeTAIS20M9eds2201

d-Val ued(A) Relative Intensity % Angel 201 d-Valued(A) Relative Intensity
% 10. 34 8.55 29 21.92 4.05 32 10.80 8.19 13

10

15

20

25

Osteoarthritis and Rheumatoid Arthritis

Osteoarthritis (OA) is a degenerated disorder attributed to loss of resilient in joints due to
the reduction of proteoglycan in cartilage. Primary osteoarthritis has two subtypes; nodal
osteoarthritis is resulted from the reduced proteoglycan in cartilage, and erosive osteoarthritis
where inflammation is also present in the surrounding joint capsule in addition to the reduced
proteoglycan in cartilage. Pain associated with osteoarthritis arises from inflammation and
possibly peripheral neuropathy when the inflammation results in the damage or dysfunction of
peripheral nerves.

Rheumatoid arthritis (RA) is a chronic inflammatory disorder. Increase of
prostaglandin has been found in affected tissues. Autoimrﬁune also play roles in the
progression of rheumatoid arthritis. Pain associated with rheumatoid arthritis mainly results
from severe inflammation.

Diclofenac salt of tramadol is useful in treating rheumatoid arthritis pain and
osteoarthritis pain, particularly erosive osteoarthritis pain, because pain from inflammation
responds better to antiinflammatory drugs.

Pain associated with erosive osteoarthritis and rheumatoid arthritis is generally chronic
with moderate to severe intensity. Oral (e.g. controlled-release tablet) or topical (e.g., topical
gel) administration of diclofenac salt of tramadol is a convenient and cost-effective treatment.

The invention is illustrated further by the following examples that are not to be

construed as limiting the invention in scope to the specific procedures described in them.

EXAMPLES
Example 1. Process to obtain tramadol-diclofenac (1:1) co-crystal
A solution of tramadol free base (22 g, 83.5 mmol) in 50 mL dichloromethane was

added to a stirred solution of diclofenac free acid (24.7 g, 83.4 mmol) in 50 mL ethyl acetate.

14
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The mixture was heated until dissolution and the solvent was evaporated under vacuum to
produce white amorphous solid. The amorphous solid was dissolved in 350 mL acetonitrile
and heated to 75°C with stirring for 1 h. The clear solution was cooled to room temperature to
generate white precipitation. The obtained precipitation was filtered off and dried by oven to
give diclofenac salt of tramadol in a 1:1 ratio as a crystalline white solid (43.6 g, 93.2 %
yield).

This crystalline form of the diclofenac salt of tramadol, characterized by a powder XRD
pattern, having X-ray powder diffraction peaks selected from the following: at about 11.0°,
19.0°, 20.5° and 20.8° * 0.2°2 @ . In the NMR study of this diclofenac salt of tramadol and
tramadol free base, the large shift (about 0.2 ppm) of the peak of the two methyl groups of
tramadol’s tertiary amine proved that the tertiary amine of tramadol was protonated in

diclofenac salt of tramadol.

Example 2. Identification of Diclofenac salt of tramadol (1:1)
The diclofenac salt of tramadol (1:1 ratio) of Example 1 is identified by the following

analyses.

NMR
Proton nuclear magnetic resonance (NMR) analyses of sample from Example 1 were
recorded in deuterated chloroform (CDCl;) in a Bruker Avance II 400 Ultrashield NMR

spectrometer.

Diclofenac salt of tramadol: 'H NMR (400 MHz, CDCl5) 8 8.12 (br, 1H, proton of protonated
tertiary amine), 7.31 (d, J = 8.0 Hz, 1H), 7.25 (t, ] = 8.0 Hz, 1H), 7.22 (dd, J = 6.0, 1.6 Hz,
1H), 7.09 (br, 1H), 7.03 (td, J = 7.6, 1.6 Hz, 1H), 6.98 (d, ] = 8.0 Hz, 1H), 6.93 (t,J = 8.0 Hz,
1H), 6.86 (td, J = 7.6, 1.2 Hz, 1H), 6.75 (dd, J = 8.0, 2.4 Hz, 1H), 6.49 (dd, J = 7.6, 1.2 Hz,
1H) 3.80 (s, 3H), 3.75 (s, 2H), 2.72 (dd, J = 13.2, 8.0 Hz, 1H), 2.29 (s, 6H), 2.25 (dd, J = 13.2,
2.0 Hz, 1H), 1.94~2.00 (m, 1H), 1.82~1.86 (m, 1H), 1.52~1.79 (m, 6H), 1.24~1.31 (m, 1H)
13C NMR (100 MHz, CDCls) 8 177.64, 159.63, 149.65, 142.88, 138.33, 130.70, 129.46,

15
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129.31, 128.78, 126.77, 126.66, 123.31, 121.15, 117.22, 117.10, 111.61, 111.03, 75.64, 60.35,
55.19, 44.82,42.75, 41.59, 41.04, 26.88, 25.50, 21.63.

Differential scanning calorimetry (DSC) Spectrum

5 FIG.. 1 shows a thermogram of differential scanning calorimetry (DSC) spectrum of the
diclofenac salt of tramadol obtained from Example 1. The DSC was run at a heating rate of
10°C/min. There were two endothermal bands in the spectrum. For first band, the onset
temperature was at 152.46°C and the endothermal maximum of melting is at 154.75°C. For
second band, the onset temperature was at 190.47°C and the endothermal maximum of

10  melting is at 222.81°C.

Thermo-gravimetric analysis (TGA) spectrum
FIG. 2 shows the profile of weight loss versus temperature curve in thermo-gravimetric
analysis (TGA) spectrum of the diclofenac salt of tramadol obtained from Example 1. The
15 TGA was run at a heating rate of 10°C/min. Shown in the curve is the % of weight remained
of the salt at 153.36°C, 183.88 °C, 205.24 °C, 218.97°C, 275.43°C, and 359.35°C. At

275.43 °C, the % of weight remained was 6.47%.

FTIR Spectrum

20 The FTIR spectum (ATR) of the co-crystal of tramadol-diclofenac (1:1) of Example 1
was recorded using a PerKin Elmer Spectrum 100. The FTIR spectrum was shown with
absorption bands vmay at 3346, 3078, 2945, 2845, 2362, 1604, 1587, 1500, 1373, 1177, 1152,
1101, 1046, 1011, 985, 960, 927, 891, 836, 775, 755, 7117, 704, and 646 cm’. The peaks
show the special functional groups of tramadol and diclofenac.

25
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Single Crystal X-Ray Diffraction

The crystal structure of of tramadol-diclofenac (1:1) of Example 1 was determined
from single crystal X-ray diffraction data (SCXRD). The crystal structure determination of
the sample obtained from Example 1 was carried out using a Bruker-SMART APEX
diffractometer. FIG. 3 shows the single crystal X-Ray diffraction data analysis of a single
crystal of the diclofenac salt of tramadol obtained from Example 1.  All non hydrogen atoms
were refined including anisotropic displacement parameters. Crystal data and structure

refinement for a co-crystal of tramadol-diclofenac (1:1) is given in Table 1.

Table 1
Crystal system Monoclinic
Space group P-1
A(A) 7.7589(4)
B(A) 10.3773(5)
C(A) 17.5868(9)
a 100.9540(10)
B 93.1720(10)
Y 93.8130(10)
Z 2
Volume(A*) 1383.81(12)

Powder X-ray diffraction analysis

Powder X-ray diffraction (PXRD) analysis of the sample obtained from Example 1 was
performed using a SHIMADZU XRD-6000 diffractometer. The measurement parameters
were as follows: the range of 2 & was 10° to 40° at a scan rate of 2° per minute. The peaks

expressed in angles 2 § and d-values are described in detail in table 2:

17
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Table 2.
Angel 20" | d-Valued(A) | Relative Angel 20' | d-Valued(A) | Relative

Intensity % Intensity %

10.34 8.55 29 21.92 4.05 32
10.80 8.19 13 22.98 3.87 8
10.99 8.04 61 23.34 3.81 17
12.33 7.17 27 24.12 3.69 27
13.64 6.49 33 26.22 3.40
14.08 6.29 18 27.24 3.27
14.33 6.18 18 28.01 3.18 25
15.10 5.86 10 28.26 3.16 10
15.94 5.56 24 | 29.18 3.06 11
16.24 5.45 5 30.06 297 15
17.12 5.18 31 30.26 2.95 11
17.99 4.93 20 31.20 2.86
18.96 4.68 41 32.58 2.75
19.46 4.56 32 34.59 2.59 11
19.62 4.52 27 36.64 2.45
20.50 4.33 100 38.09 2.36
20.83 4.26 54 39.43 2.28

The major X-ray powder diffraction peaks are at about 11.0°, 19.0°, 20.5° and 20.8° £ 0.2°2

6.
5
HPLC analysis
HPLC analysis was conducted using a mobile phase containing acetonitile, methanol,
and acetic acid at a species of gradient ratio with the flow rate of 1 ml/min. The compound
was detected at a wavelength of 280 nm.
10 The weight percents of the tramadol free base (26.34 g) and diclofenac free acid (29.615

g) were 47% and 53% respectively in the starting mixture. The HPLC analysis of the

diclofenac salt of tramadol demonstrated molar ratio of the tramadol portion and the

18



34.59 2.59 11 19.62 4.52 27 36.64 2.45 7 20.50 4.33 100 38.09 2.36 5

20. 83 4.26 54
WO 2012/009262 PCT/US2011/043528

diclofenac portion as 43.1 to 44.2, indicating that the diclofenac salt of tramadol has a 1:1

ratio of tramadol to diclofenac.

19



39.43 2.28 4 The mpjor X-ray powder diffraction peaks are at about 11.00,
19.0, 20.5 and 20.80 0.22 0. 5 HPLC anal ysi s HPLC anal ysi s was

conduct edwopregomerobi | e phase containing acetonitile, merhseal/jo43ngl acetic
acid at a species of gradient ratio with the flowrate of 1 m/mn. The
cgrrpound was detected at a wavel ength of 280 nm 10The wei ght percents of
the tramadol free base (26.34 g) and diclofenac free acid (29.615 wer e
47% anWIEé]}JSé%Ip‘@EY[E%I y in the starting m xture. The HPLC( anal ysi g) of the
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porti oh addcanpeund ot digfodense-tppamadobseltds 1aBratiot o 44. 2, indicating that the

di cl of enac salt of tramadol has a 1:1 ratio of tramadol to dicl of enac.
VWHAT IS CLAIMED: 1. A conpound of diclofenac-tramadol salt in 1:1 ratio. 2.
The conpound according to Caiml, in a crystalline form 5 3. The
conmpoupd ghe @bfbathd RcbidaigtoLlahariaatceydtake: foyma powder X-ray diffraction
pattern, having X-ray diffraction peaks at about 11.0, 19.0, 20.5 and 20.8
0.2 20. 4. A method for preparing the conpound according to claim1,
conprising: 10dissolving a diclofenac free acid in a first solvent to form

afir s§, Sﬂyéérﬂﬁbund according to Claim 2, characterized by a powder X-ray diffraction pattern,

having X-ray diffraction peaks at about 11.0° 19.0°% 20.5° and 20.8° + 0.2° 26.

4. A method for preparing the compound according to claim 1, comprising:
10 dissolving a diclofenac free acid in a first solvent to form a first solution,
dissolving tramadol in a second solvent to form a second solution,
mixing the first solution and the second solution to form a mixture, and
removing the first solvent and the second solvent from the mixture to form the
pharmaceutically compound.
15
5. The method according to claim 4, wherein said solvents are removed by natural

evaporation, vacuum condensation, or drying under nitrogen.

6. The method according to claim 4, wherein the first solvent and the second solvent are
20  selected from the group consisting of dichloromethane, ethyl acetate, methanol, ethanol,
isopropyl alcohol, acetone, toluene, chloroform, dimethylformamide, dimethylacetamide,

dimethylsulfoxide, methylene chloride, and acetonitrile.

7. A method for preparing the compound according to claim 1, comprising:

25 dissolving a diclofenac free acid and tramadol in a solvent or a solvent mixture, and

20



di ssolving tramadol in a second solvent to forma second sol ution, m xing
the first solution and the second solution to forma m xture, and renoving
t he firstweabizap26and t he second sol vent fromthe m xt uP€TiUS2610/0m352$he
pharmaceutically conpound. 15 5. The nethod according to claim4, wherein
said solvents are renoved by natural evaporation, vacuum condensation, or
drying under nitrogen. 6. The nethod according to claim4, wherein the
first sol V&/ROVIARHERYCREUIAE SYBFRS SHXIULT O f?E)‘gélPee‘EﬁnéRPuFlaom t he group

consi sting of dichloronethane, ethyl acetate, nethanol, ethanol, isopropyl
al cohol , acetone, toluene, chloroform dinethylformm de,

di met hyl acet am de, di net hyl sul foxi de, nethyl ene chloride, and acetonitrile.
7. A ng&t hdthefnmathgt apardinpptotdi@met el s&@d solveitrg said solvantimikture anpr i si ng:
25di ssolving a diclofenac free acid and tranmadol in a solvent or a sol vent
m Xt ur fmcied bWRaRed 2 §RRATIPCIAb2EshlE 862 Br Ideyiny undertniteogeal vent or the
solvent m xture to formthe conpound. 8. The method according to claim4,
whey ei n said solvent or said solvent mxture is renmoved by natural
evapor ati on, vacuum condensati on, or drying under nitrogen. 9. The

met hodgac re?ﬁeﬂﬂocf zﬁzc@d% b Clait e WiHeeis Q-%ﬂ ééﬂhﬁ(ted?tsaiﬂrsoﬁ@h 4§t mxture
is selecte romthe grdup consi’sting o I chl or onet hane, ethyl acetate,
t ol uene,., chl or

met hanol,, et han i sopropyl al.cohol . agceton form

i et nAtesThERR e elsPR o T inedy TRMRro B RRE AT v bR SR Sl
chloride, acetonitrile, and a conbinatign thereof.. . 10. A pharnmaceuti cal

f or nul &PP@Hyk@Ff%F’ﬁ’ﬁcW@n?’ﬁ uE'EﬁTﬁg]ﬁ’ ogR. ‘gmﬁhﬁf@nﬁmdﬁ’ %H’&F@%&S@{W@% ly
acceptable carrier. 11. A nethod for treating a patient with noderate to
noder adiasphyayitaxidepaicthylengeplarisie nagetonsrilte and # gpmbingtionthicesef- suffering from
noderate to noderately severe pain with pain intensity scale of 5-9, and
adlnistering to said patient the conpound of Claim1, in an effective
anount . 12. The method according to Claim1l, wherein said painis

nmoder at@l VA plearmaecupiaalifommndlati@Opanprising the sbtnposwhdfeclaiin Batda 13. The net hod
according to Claim1ll, wherein said pain is postoperative pain after

Cesaregnamﬁ@&tgggympﬁb]@ajaﬂi@fter non- Cesar ean surgeries, cancer pain,
osteoarthritis pain, or rheumatoid arthritis pain. 25 14. The net hod

according to Claim13, wherein said pain is postoperative pain after
Cesarean or after non-Cesarean surgeries, and the conpound is adm ni stered

by 1 nt § RS ﬁl"élh%[i fblnﬂrga?ﬁlg %’batient with moderate to moderately severe pain, comprising:
15 identifying a patient suffering from moderate to moderately severe pain with pain
intensity scale of 5-9, and

administering to said patient the compound of Claim 1, in an effective amount.

12. The method according to Claim 11, wherein said pain is moderately severe pain with

20  pain intensity scale of 8-9.

13. The method according to Claim 11, wherein said pain is postoperative pain after
Cesarean, postoperative pain after non-Cesarean surgeries, cancer pain, osteoarthritis pain, or
rheumatoid arthritis pain.

25
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515. The nmet hod according to Claim 13, wherein said pain is cancer pain and
the conmpound is adm nistered by oral adm nistration. 16. The nethod

accor di ngvocoQmpase 13, wherein said pain is osteoart hri PC3/USadIN/0e3528
rheumatoid arthritis pain, and the conpound is adm nistered by oral

adm nistration or 10topically adm nistration.

14. The method according to Claim 13, wherein said pain is postoperative pain after
Cesarean or after non-Cesarean surgeries, and the compound is administered by

intramuscular injection.

5 15. The method according to Claim 13, wherein said pain is cancer pain and the compound

is administered by oral administration.

16. The method according to Claim 13, wherein said pain is osteoarthritis pain or
rheumatoid arthritis pain, and the compound is administered by oral administration or

10  topically administration.
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