TI TLE OF THE | NVENTI ON COMPQCSI TI ONS AND METHODS FOR

I NHI BI TI NG BONE RESORPTI ON BACKGROUND OF THE | NVENTI ON
woheisD19F1 THE | NVENTI ON The present invention Peralse®4/015745

to conpositions conprising a bi sphosphonate conpound

and a vitamn D conpound. The present invention also

relates to nethods of using such conpositions for
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bone resorption i [ iy ent i on

further rel ates #%Jgggﬁggéh%?ﬂg%@$§gﬁ§ﬁ¥gﬂ%sphonate
and vitam n D conpositions. RELATED ART A variety of
diesbfiidgmelddn humans and ot her manmal s i nvol ve or are

associ ated wi th abnormal bone resorption. Anmong the

nmost conmon, of thes dlsorders I S OSteoporosis, h

i ldie, present o diselogug ’@E%PS dp seses &f crappattigles Aeqingieage |t§9v thermal
Qﬁﬂﬁxﬁﬁﬁgf?ﬁggﬂkﬁhﬂﬁﬁ&ﬁ'teCtural deterioration of bone
tissue consequent increase in bone fragility

and susceptibility to fracture. Osteoporosis is
BRACKGROENIOF THEIBNYENIEON:, with nmarked i ncreases

inits occurrence coinciding mﬁth t he worl dwi de

[ .of | it A |

MERCRER P BB ErnlaP oAb Re Sfioasof Pration e gijs heat s
@let berfddtel efforh Be @Fdcgral astap o&nmh@ﬁmmaattaﬁa@fee 0&¥ill build up.
known as sel ective |nh|b|tors of osteoclastic bone

Nalfmstipner mrmsheyplamecety e clselricaly sompenepfsngnayothen result.
RSB RANS 30kl AL Bl LARHONSs witin clccrica

icfrtuiascald sybtams a¢ facilitate Beet, remogal, during fpeb 8L operation.
Bisphosphonates I n Bone Di sease, FrontThe Labor at ory

iy %ggg{alggﬁgg etﬁmg'gést n’ti gl%ep SS ( 00 c%foheat sink to

Qeﬁ‘(ﬁlcﬁﬁgat LRy e M§i| 18APEANIB taﬁeats e ak @1%%@51' @@tel‘ﬂa@yﬁ@at sink is
during resorption. After this they are taken up

by t
@mgt@tea@trmeé P aﬁs@q tl@nnalycqndhq:tbﬂw mﬁenédzgréw1cally a metal)

far neﬁ_}/ ]i’1 (J% {S)Bs’a%: ﬂ%(ﬁpg%@,@y'fl%tr@%ﬁ VL& removal. In a

(élativegp Winasle Gomand hearsuly baeiatdead bieod o8 indmIR@%ESaluminum or
S|gnallng proteins that attach to nenbrane vesicles.

PRpetathef is mfccglé@férvgﬂﬂg&teaﬂwta@edcplr§ﬁﬁ|d|ur1tm'>@§@§0n ndeajdsom the

E,Ff{%afél itHdwiGhtd Q{)éﬁ‘a{ 88 ind RRCAIHidd BifeleHRbieen the
e organelle of ac one re rp I on

etz ka and G A Rodan " Bi sphosphonat e Mechani sm of

Action," Curr Rheunatol Rep. 5(1):65-74 (February

5&33@%“03 B Onal S5 oS naderstood 1008 US| Mhe heat
%Rﬂﬂbﬁl %ﬁlpoﬁgﬂt RXBIE RratinSBN SRR §~°ﬂa@%@rfiﬁéodﬂh5 Bieat sink

e use i'n the preventlon of  bone l0oss and in the
tagaastmeﬂat szuffaelfp Q%ﬁ@e@e@n@ai campohent andtholding thedheab sink in place

oSt eoporo eni ast at | bone dij se
HSng i Ty s AR ESa B dastehier- 81 Eha B BPEcBIRY BiSsurtace of the
RyReiasR fy r‘sﬂtfshesw the lRexhpBA&It GviR iy bd ferRRrE9plMmar or smooth,
di sease ost eonecr osSi S, osteoarthriti S, peripr ost heti c
Bo A gtamwﬂbgemlb/omsjuwwmdhﬁ guséacen| s gengfally well known, the
nan (0) I
steg gXur é S | wegﬁftp@m otsin %%%el%gg{e\%g&élﬁ a%(ﬁ)ﬁi‘g tg ¥ransfer

h&ﬁoﬂhﬁhﬂgﬁnthe inteBface bi’ee.ﬂé’dﬂotm sur%éls brhs, ftliHsH%ﬂ @ibs reduce the
Al endronate _sodi umjs. one of the nost ote

sifepivsngm ondvellecirthe heatypinkas 4 tsrreal Iawgala@%t degice. To address
i npai r bone mneralization at doses which maxi mally

i nhibit bone resorption. It has al so been found that

the increase in bone mneral density observed with the

adm ni stration of alendronate is positively associ ated
with a decrease in vertebral and non-vertebral

(including the hip) fractures, a decrease in spina
deformity and a retention of height. This indicates

that mhen adntnlstered for a substantlal perlod of
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cholecalciferol in FIG 1, 7-dehydrochol esterol in the
skin converts to pre-vitamn D3 (an isoner of vitamn
wO2¢00snae77shown in FIG 1) upon exposure to sunPCglS2004/015745
and then to vitamin D3 (chol ecal ciferol).

Chol ecalciferol is then netabolized in the liver to

f orm 25- hydr oxychol ecal ¢ci.ferol, al so. known

as

2Bisniyablerl; RALYBeH hoBposienst kve hegntdaveloped Aet plaemand detween
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{95 AR S0 el P AROLBOB Ul ke s peggn. T b
Ahtrineil gbndwativite pif clnedni thefthh inferface hedterials abhkgdw sintifed by the
vita 'nzﬁ (D% or .D3) nﬂclude | a -hydroxy vitam n D, )
2gwoBerma paUGHWY t R HYBET Bigiqes, (-4, Wem-K fon pabisigys typically

it ai; I i trialh.i ' i cal: ”

3008 Bl R Sl 7 LY a0 RS Rl § Thormaly
dbmvectroRolyirter |Gonpositnsi’oDddi Badg.aPoliyiriet Wondpositésyduye 1986,

i ql ggi.cal. functiaon of vitanin both D2 and D3).is )
St ef pida b et bl Bifedel st By ollaabiony whestrically
ipdu@sidgSolPmeE ddnsl RAEYis! A1 PS30RIMG HhEdahY Hed lﬁH%r atrices.
It helps to ensure that the anmount of cal ci um absor ég
iThingenber changesriileregardledsod dhe filler type,i once lee thermallconductivity

d ad t i.ntai kel I .
B £FRC RS TOR oo dba TR RS B Rhenmetis  Gonpequsaty. the
ithérafl | dbalduetBsgr RF i polydikri€ anateridls dNdoR! @Mﬁlp@{réd to the thermal
important role in regulating calciumnetabolismand in

caBdyativity f ithelagap pinks respléing e pe drpiliciont tsarsfer of heat from the heat
LAY APLLELEROh B0 RO SR Rt
ifnshdrfreduced by interfabial anpaféctions bye tdel)imiad biBimovelds, and 2) a
TP RRRATDS 1R Slheo S gmrsgatr
Sighdirao 6 MR rrCMUHIRCH A Reuller WK he BRLIRRN SDOU!

characterized by severely inpaired cal ci um absorpti on,
e awad athyreliyrp eexisis aloh yimpireesmcomppsnitionss ph atffentively | toausfer heat

r. 1l ow normal. bl po al ci um and inpaired bone

X é?%Fﬁ?%&%@ﬁ@“@%ﬁﬁﬁ?§§@ﬁ§ﬁﬁ8§woegﬁanin D levels are
usual ly about < 9 ng/nL. Vitamn D insufficiency and
gefMMiARey result in increased parathyroid hornone
(PTH), which in turn causes increased osteoclastic

tivity, i nary phgsphate | oss, and cal cium i
3l ARGEHRCE r SHRRASHIODS THY s29RTdages Wath éﬁﬁr &Hsglasure  contain
SHGRARRIES bhiche afee findlibializBd QHE Tat AEHMt ¢ | SRR
gon nlneralféationnkésjigs ﬁkg?ﬁdeggnééﬁtagﬁﬂ ofiia group
htinided antal an edtgoti¢ onatrikn o rertsinr emgbéimeBtss tthe rhetmal interface
vitam.pn Dinsufficiency is ought. to be an inportant
Eobe et gl d Trbides bioh 53 SHEIRHFKS on the dooree of
the vitam n D and cal ci um defici ency, the histol ogica

Plldetridia® ddBipofbith e REsc0BEscEibe® HeRMBYI@ch dnclude a heat producing
ost eoporosis or a conbination of the twd. The

prapenaah eed ahept siakion henti spserder eachnivycoatngt wéthiactheresl interface
e a . [ e e_.

ELEPhRIoD A5 Sollng™ Slsh ol A, RaRaai T pldhatd Swith an

eqadidhafig. such as osteoporosis or osteopenia and in

t he subj ects undergoi ng bi sphosphonate therapy for

these conditions. ]n bj ect s .under goi ng . ) )

bicthadss arﬁ JREESIg, éfl%pﬁffﬁcfsw iof Eeémrwfearlq Aesadance with this

ﬁfépﬂggl‘ﬁre SinMudB thpadgaust Qntgffotsﬁfg%’ﬁ gﬁ;ﬁlaﬁﬁéf Mt R ecfog{lposition that

I nadequat e cal ci um absor ption, e 1s a need
adequate vitamn Dto facilitsate bone formati on and

m neralization, while mnimzing the potential for or
occurrence of vitamn D insufficiency. Sone form of
increasing vitamn Dintake is often used in clinica
trials of bone resorption conpounds and recomrended on
product |abels and in product package circul ars.
However, approxi mately 30% of the osteoporotic
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pharmaceutically effective salts, derivatives or

hydrates thereof, or m xtures thereof) is present in
woheorsmagwut i cal |y ef fective anmounts, for exanpPeTfuseoom/015745

about 0.05 ng to about 1120 ng. In the sane or other

enbodi nents of the conpositions of the present

invention, the vitamn D conpound is present in,

sRBtaRscE R amclortized paepagieleshended grithoam ptpaicrmahix between
_ . Bl
S b IR R i

approximately 1 mcrogram. In other enbodi nents, the

BRIEFIDES GCREPTION OFIDRAGEINGSa phar maceut i cal
conposition conprising fromabout 100 IU to 36,000 11U

.a vitam n, D conpound, and from apout 5 t 0. about .
BB, Bk oG RIS rUARE S P cLeeties bomaBthent if aggordance with
his BReRRLHRNat e, pharmaceutically acceptable salts,
derivatives or hydrates thereof, or mxtures thereof.

In other enbodi nents, the present invention relates to
PR BESEHPTEGNposi ti on conprising from about 100
IUto 28,000 IU of a vitam n D conpound, and from

u ut bi. honj cid .
38, peell, R0AR proifelt  Bibufal (ARDASE EObGodEl, cprtaining
dontiphalited mabpaticldeblendéd with v oriydle aiasx.t Mhe@ahopadticles may
g%é%ﬁres thereof, In othﬁr enbodi nents, t pr esent
i

. ] e . .

£ eenvasndly dnked, info Jhe maess: P aispsithBeeughothe matrices via

B8HJ?;6{/§1E&9 QM %Qﬁ%e%%niaiﬁj% ri%mé}g%ﬁél%k gg Gec¥tdafBd Ryith this
conpound, and from about 5 to out 0 ng, on a

disshisosphwill chaa dhighen vibetmaali scondfictivities than matrices  without

bi sphasphonat.e har maceuti cal | y. accept abl e salis,
derdrgioivos She fetiepaese, afthmpic R itk etes by dufic thermat
bondichOfty @FRRMnaRAL ShilkiBaiRf8880h vidk¥§aR} iaNall RV PERS Pr@cessing
a pharmaceutical conposition conprising from about™100

pl man®ubsonl U of a vitamin D conpound, and from about

5 ng to about 280 ng, on a bi sphosphonic acid active

i t ' 0 [ C . .
I O A T
hecinafies tdepeel. of nmitrbesizednifiilde mend Sorghhie ph@[edst containing
inventiogn relates tg9.,a pharmaceutical conposition
BERARAT S cf Sfbisko hichesghranal condugyity fan somparalie blend of
Eli&%[@&}&” GileAla f &3R8 DAbrices Worde. altﬁﬁéétaua&g high? Raximum

I sphosphoni ¢ acid™active basi s,
bitaipiide hutin tteemalptrandmettetyt | Eatthermacs ephafrriclsakars penetrate into

RS AR, RO R Ao o RripBreiped Slert efeBy reducing
BRAMREDihehcifRPgRhdd. On conpri sing about 2,800 IU

of a vitamin D and about 70 ng, on an bi sphosphonic

acid active basis, of a bisphosphonate or

pina fheampl, conduevifipie thapplymeg enptyizt isvalso efvantageous in
ge\n@gtrg%%eln%cne?iac 1 F%gspa!ﬁgé BPQ%@E @vhepe{ flifgénlxslteg{fegr?ed G&!u?g f'md M ensuing

0 present 1 nven
rdkan NREEU (laged coneisting of ifem t6 aivpmidbfilleraloaticad, 80 tdduction in
of chol ecal ci fero] _and about 70,n?, on an al endronic o
heat gragsfer vall bagyush lesp seyess H thnekin layer hasdy ghe dhgrmahponductivity

. . dar j i r . .
BRERRARAE Atlabic | BB KEmMR o WERANRoP RE panoparticle is tht
thiebo dimath tpartidies aleyl @oaveni foeolledreasp htheneate wifi astron-sized filler
grade. An exanple of a conposition of the present
invention is a tablet conprising al endronate sodi um
chol ecal ci ferol or chol ecal ci ferol granul es contai ning
an appropriate equival ent a nt of chol ecalcifero
and additional excipients, such as suitable fillers,

di l uents, binders, lubricants, glidants, disintegrants
and the like. A further exanple of a conposition of
the present invention is a tablet conprising

al endronate sodi um chol ecal ciferol or chol ecalcifero
granul es contai ning an appropriate equival ent anount
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resorption and to mnimze the risk or conplications

fromvitamn D insufficiency, is maintained on a
woanmisimeous schedul e until the desired therapeBCTAIS2004/015745

effect is achieved. An enbodi nent of the nethods of

the present invention includes adm nistering once

weekly, to a manmal suffering from osteoporosis,

tsableatont dhpy resdupige 4he likelhapd of | the éoraagien of af ialies| dea}@éed layer in

ndronate or pharnmaceutically acceptable
qg?#ﬁa%%grl Q%ﬁves or hydrates of al endronate, or

m xtures thereof. In enbodi nents, the therapeutic
efrdye aianoparticle e thae edany badfvinoiisatiatd amdofvhidhe hs teatighed thermal
co ounqw osition of the present l£yent|on IS

(0]
4{1‘1“%/’“@' e MaAgiY pan BeyUses R BEGParehe gEgseRfrcogupositions.

ﬂ%gaﬁﬁnésylﬁmgﬁu@&evmstame@ tof e&noﬁ&am i&, polyhedral
, 600 TU or 800 TU vitam n epresén}%
ioﬂ]i‘gembi‘io rsilaetpiiioxann (f POS8TG map‘asaeé m@alh(mddesf Gr.g. alumina, titania,
measuring_chol cal |ferol in.the maceut i cal

@Hﬁ*‘ﬁ?}%} ?]-glz(ag Ig?‘]élﬁ? Q.8 %or ﬁifﬁl(ie?:i eﬁamlnum nitrides) and nano-

qﬁl&éleﬁﬁheleé e(&%l ﬁmlr ,3gd18.S B esee Nk Bpartiél @bom gsalrﬂfcuahy useful

such a nethod conprisés extracting chol ecal ciferol
fernbedinetis,a teo npenepartiglesi ateo oagaanr@nctmﬂaumdo rP@BS f matarials or

SRIPERLIET S ATRRRPLL A o SaThe BRI sitica (5100

Qﬁ&ﬁﬂ‘ésl 1ﬁga.n6£qua6ﬁ8mﬁ otbbr §d1eert hddeeal CITHleoﬂbﬂaD silib& contains up to
sanpl e, examl.e, using reverse-phase hig

@éwfo&ﬁfﬁﬁl@b V4 ofustbicaardionde 63iCabmd tyeirsliy ﬂlﬁé@. 9%018f80%@5ht % of
@Hfo%ﬁ gif’oxﬁ & VTH(?Q%I;IG]S%?Z%GO% éﬁ@s %‘imﬁ%% ?sft?@icgﬂ}\é *II %/ ﬁ%ﬁg between

vant ageou e use
rabelﬂelnhanommm I(‘Cmn’t)candi abbutr2fidi g, dmltmal&rtyplcally in a range between
Eol ecal ci fe %@Er e- chol ecal ci ferol, or between
aRefHey @ gpd @ ?5‘I1 ferol and prechol ecal ciferol, or

to detect chol ecalciferol or pre-cholecalciferol ester
a%dYfahSparfibRs BfEARREoAINLEN td BRplovE HRGF cRRFAIPRAS SRt the organic
nmet hods for neasuring cholecalciferol in plasna after

zmhﬁnm stlhet ipoasissf chemsichl spivee mfoitle diadiionel ereitsendded to the

REA15 Rt i R FRE R R (R e i e of

idull &N ne RGNt b hakean Ahd netee cﬁﬁﬂlcal makeup of the matrix.
chol ecal ciferol, obtaining fromthe manmal a plasma
deidificnally, thefanctinnal grovph syl Tarive Unfeastive plea spmbingtion of
W@ L0 r%ag:ﬁ &fuﬁétf ?]ltal éx%lug ik %'ﬁ tha&h L%Q(ﬁtt &fter with the organic
chol ecal Ci ero t Futton wit
ehattio phivhecht the ha)mapactnﬁeme rhspersdi @lr svith tthe meaaicigdistitfaces on which
ro s of chol ecal ciferol, separati th X )
qi’n L cqgmosiint | 8 geoded s GRSWRG ‘E’gﬁﬁl%‘ff@'f‘ﬁionés?"% attach
aRRAEOMIRPHCCvalbit Bortdd" 16 TR BPaRRMatticEd-6 the mating surfaces.
ration, and detecting an anount of chol ecal ciferol
|Smtatbie fsaapjml agénty imdude sxgantalksysidyne, Brngrodehierosgansf organo-

3tk ot god Rasaay TozAto CAUEBIN 51080 ADAL Alemyb iyl siloxsl
§W§'r¥wﬁﬁk§ry&ﬁe té@@xﬁee&?nthyaﬂu@ NdrhifBd, hjdbx XA tBer fubctional

nmeasure the pharmacoki netic effects of admnistration
gfouphe Resnpiosischentes for adding puratione! giovpntd panopdtiigles are within

gigﬂ@?"'ﬁg%fe toiﬁg? Sik@ ?? } rl?ev iaggf :T?lt h]%ns % }}Fn%a illfjﬂrg?p%ﬂtbcles can

binCRBESY theO Prepafedt Ae apdigsesibn iiAve r@bh@auble et Y, facilitate
for exanple as reflected by the total urinary,

es@piation w1gh the ongaele mpteix. ~Particularly useful dispersions have a solids
serum concentration-versus-ti curve (AUC), steady

state maxi mum pl asma concentration (Cn x), time OC x
(T1113x), and plasma concentrati on nedi an apparent

hal f-1ife (ti/2) of a tablet conprising about 70 ny

al endronat e and about 2,800 IU chol ecal ciferol. The

present invention can conprise, consist of, or consist
essentlally of the essentlal as mell ‘as optlona
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forms. Non-limting exanpl es of hydrates of

al endronate and ot her bi sphosphonates include the
wounshyerrat e, di hydrate, trihydrate, hem hydr aPeT/us2o4/015745
hydrate, 1/3 hydrate, 2/3 hydrate, 3/4 hydrate, 5/4

hydrate, 4/3 hydrate, and 3/2 hydrate. Non- Iiniting
exanpl es of bi sphosphonates useful in the presen

|mtem 06 F@etwmn atl S0t prreeshi Ryvevar apy rsehdSc C%FEP%F that allows the

LSRN }goru? BEbLARR% b yRlgophosphani ¢ aci d.
onat e nown - as dronat e sodi um or
nnnosodlunttrlhydrate, or by the t rademar k
AQSAMKElady useful embodiments, the functionalized mnanoparticles are
4- am no- | - hydr yl i dene- honi ¢ aci )
@%@é&%ﬁ%@ﬁﬁ&& n(wreiﬁd r‘EnP‘g il ashie heielt avith an
for exanple, in U S Patents 4,922,007,
?ﬂ§%§§¥gﬁﬂﬁi et al., issued May 1, 1990, and
5 019 651, to Kieczykowski, issued May 28, 1991).
Qrepnddigysidarien osed toyfumnionialize Hiesgsilostah sitiice arecindludadywithin the
%75 1Yarmnouchl (i ncadronate or cinadronate), as
8P hed, for exanple, in U S. Patent 4,970,335, to
I sonura et al., issued Novenmber 13, 1990.
KRkngKmegronethylene |, I -di phosphonic acid (clodronic
acid), and the dlsodluntsalt (clodronate, Procter and

Ganble), are, for_ exanp]e, described in BelgiumPatent
6’7}?1'?85 1y 111§de at eagh QCCLE?Fé‘ﬁ? 851 mmi)gtgva(lq_rg dyyirocarbon radical

pReAe gt AUl Bt oS PRKLIAENa hickiRRIBEP Bpoxide,

]mdylphﬂ:yalplst;memc asxlsd ((resllcdaybrgr@lpap igchups, or C ¢4 aryl radical; R? is

% X _ygatggl-ﬁl ugﬁenﬁg &AI#V | am noé a&%@ygydg‘gga%bon rac%cal or a

Hgﬁﬁcé}%ﬂh%‘”% & RN BARY- @hual it 146 SGhéIRGYe. f’fé&“erably, the
exanp U.S. Patent No. 4,927,814, issued My 2
]ogmloalkoxysﬂanes included in the present 'disclosure  are  2- (3 4-epoxy

m.dazopyridin-(I,2-a leth
SRRt o) 6. am rotvoRsahy Ry Ok ysitane,
G%ﬂﬁnnelthdxﬁﬂéw 10shéhRirgloagprdpineheitiooyndlaty . (MAPTMS), 1-
| am no) - 1- hydroxypropyli dene-

ilelie g@ﬁ&ﬁ% eFt t{l@ﬁl@&iﬁ pibwigy @ydodgerd righoxysilane and 2-(3-

0
( p s &P%%&{lﬁpé{& cg&?—eth%l Qiin?ls] p%gofﬁ?inqtﬂo& of functionalities
-1bp6$3ﬂﬂ6pﬂ“§tpﬂcallﬁd:hd o(’g}lnbalﬁoxm;dh@ isi resbat 0T & IAGEe Hetween about 2

%%ln‘_g /g)@y:i gb%{gs%\;p hﬁ lyasgql 99 7t]$qlg@1rggt ofls@con dioxide contained in

écﬁ{b?@a@ RARLC T@l(é'rgs&lﬁﬁ% M@r)onahzed collmdal silica can be treated
or ophenyl )t hi omet hane-1, | -di sphosphoni c acid

(mth adacid at byseato rtbesr@hzda‘éld JpH. oAnewahtpt lmse,l as WbIBas other catalysts
Patent 4,876, 248, t r

g gehion. r SiBbeh A Sitvsians sigig RRp alifsbe used to aid
Jehelﬁﬁicﬁ&m&%&[‘pfoc@s‘sl dstaotfdyanatiade ofgan6adimBRAdSorgano-tin
of the present invention, the bi sphosphonate is
sempo fSde asheetpbolyp Gonaies tiitajuss isepeanexpbisfagstylacetonate),

tic I V. s and
O RE bR, £ R RRG Be 38 DR P Bhiche
pharnaceutlcally acceptabl e salt of al endronate may be
elee Ghuesdiohaldmnivhe ofr oolipidansilihi rgn Obet perferastidu ﬂjy adding the
pot assi um _cal ci um gnesi um and anmmoni um sal t
srexmapkesysilang fynehiopn nﬁéat@meﬁ%% &t 8 qﬁswagr&mllwwla le aqueous

r
SR R S o R o B e PO 3D an aliphati
In an enbodlnent t he conposi i ons of the present

i nvention conprise al endronat & sodi um (nonosodi um sal t

of 4-am no-I-hy droxybuty |idene- 1, 1-bisphosphate),

which is a nenber of the nitrogen-containing

bisphosphonate cl ass of drugs. It shoul d be noted that

the terms "bi sphosphonate” and "bi sphosphonates, " as

used hereln |n referrlng to the therapeutlc agents of
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seven-day period, preferably on the sanme day of each

week. In the once-weekly dosing reginen, the unit
wdas@Egaoi’s general |y adm ni stered about every BEVARIS2004/015745

days. A non-limting exanple of a once-weekly dosing

regimen would entail the admnistration of a unit

dosage of the bi sphosphonate and a vitam n D conpound. )

1 Banhegn added; sTheJening rompesbememapesingdhe functionalized
. . r - . . | 2 . .

A BR0E S TF BB T AR Beln s s

abihoDisrdefiins® hereinad £ ptdidigpersids iSugalble alipbatid dlcofvlCinclude, but

uni t dosa%es are adm ni stered on two consecutive days

258 1Mok Jitechitey 1SRBTQRanpler iebtangde RIYutg0l,; dgmethoxy-2-propanol and

SSRRRON Bt R SmDREE N R, Sodrl Aplealif LR g between

taheutr] fodd and some 25 foldtafdinghyoms dsilbe dioatiddpretsat irnthe aqueous

st of...osteoarthritis progression, The current

SolRidnoxtic e dipnersient d PP 685Sr HEPIHATE SHFlbAR 4-hydroxy-2,2,6,6-
aakdoa AfipBRigRLe U . cad TR ORI ol 3G i
outgroﬁ?ﬁ? tﬁa?Qégegiua??%ﬁ?ﬁ%ﬁs int%ﬁﬂ%ﬁé%%yag#g to the pre
dispersgm. ofin sonwtoinbtonchsasmbld amofints mftacminor base can be added to adjust
"Ph eytically acceptabl e" as used herein with
ﬂéq@ﬁgﬁﬂg#ags%aé?%gre@gssgrﬁgn. hydrates and derivates of

a bi sphosphonate (such as al endronate) neans that the

Thk tresultih preadibpegsionis BypiléaallySifeatidd fnhe Ringp hREPERNHB I§O°C and

has the same general pharmacol ogical properties as

cr dl the
phat HO°E fouranpeiashimai @AY hetyvesn cabget il viearr pwd ahost 5 hours to
0 t G YV i - e .
PR Sl A AN LU O erd ol BTt of cotoi
itiansantiha hchdemrufinh ctidnatizattompaficotipidabgiliex anpl e a
bi sphosphonat e conpound or a vitam n D conpound, that

il1.elicit desired, therapeuti g effect or .respaonse
e oo A8 RABRP s Ay GBMBIReH PR 45 (B FHiRgRT 0 form the
gfaaemmpesmbﬁg. NaRe WrkhaE au®l CaEbE YRy YO iOhaterial. Suitable

i sphosphonate, for exanple, is an anbunt” admi nistered
argenicdinpgices includee duheret notdinitedh ta helydingetbylsiloxaine mesing epoxy

licit vent.i on,.. reducti inhibi.tign .or treatnent . . .
Sl oY SBORE nES PlihbAaqusPitiate b0 fsshd SRR Potyimide
reRhR] TRoaithiboal regindd®enzatyclob@end @6ghg), flieaAsedObolallyl ethers,
sufficient qualjty and potency so as to conformto

BpiyridenTesingn Pelimislogride rerisreEdishlerasol USi)s, rematic polyester

c el Ph.. . ; i . .
L Ty S, T T A —
amhlaw a‘giler fpglgn&Eerfoomtdnm lembwr;n Eca fhose IBEilIedgld_lihﬁ agﬁ n(AFor common
appli cabl e Ph. Eur. ogr a s. heen publ i shed.

»Y Fhac 865t HoAmey Hﬁg&og%c HBaifes for Ism?le%ﬁ%k%@w@se, Eric A;
QaNRST Iﬁ:[érééién%% PlubRoatioRS Ne®r Ylslfkg&@ elfd.f(%bst PG‘P\?P@ﬁ%Pe]?atng Handbook

confronly used in nutritiona ppl enent’s.

Marlgv damésn @xfondh Uniivarsity, BressudVevg Workt (EAIDng, Predsred curable
sed herein, i1nclude addressin abnonga# b%?j ) .
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alteration of osteoclast formation or activity, an

i clserp tasiécap melyemarizetion,i atbinbirensder, radiehl qrolymendation ring-opening

treat ment of . bone | oss, .especial,ly the inhibition,of . ..
PolVBGHPAton, JEORomy T e SRR o lyhetkaiRD. Fimic, Pobmgzation,
@mhw pbllyﬁleﬁlzgﬁm or MR bthed hasitod kh&\@ﬂ%_ tHok & GkilRH in the art.
indirect alteration of osteoclast formation or

Siitablg toyrabien slisone gging |isefude afpraekhmene thy edditien curable and
di sease states or conditions jn such fashion as to

pronote relief fromthe disease or condition. The term
"until the desired therapeutic effect is achieved," as
used herein, neans that a conposition, for exanple, a

bi sphosphonat e and chol ecal ci ferol conposition, is

adm ni stered according to a chosen dosage schedul e, or

a course of therapy is followed, up to the tine that
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Li kew se, it may al so be adm nistered in intravenous
(bolus or infusion), intraperitoneal, topical (e.g.,
woewsansmeyedr op), intranasal, inhaled, subcutaReDWs2004/015745

i ntramuscul ar or transdermal (e.g. , patch) form

net ered aerosol or liquid sprays, drops, anpoul es,

aut Q-i nj.ector devices or syppqQ idtsqri es al| using forns

VOPflensalom eBablpometie 88 d %&F@e Kp| [‘Chemisg and Technology of

ROAEREENDIIOW.; RALdRmidPresd 166 1 WheUhe p&gfngm?ﬁiﬁ{g%% curable

of the conpositions desired can be enptoyed. -The

quidypoe, tthemesudtieg thrermal éderffare comapasitprar et &e aformulated as a gel,

i ntranasal,, suhlingual, .0 re%t al idm'nni stration, or .

EBFASEAF rPUEEY o1ABRC DRIeHASI S of o molh oRTORER BN together during

Fabrakkidhia88 tRérnfal §af@EPAR ol PRBatRAHIRY AG/idd %Z%rticularly useful

i nvention can conveniently bé effected by net S

lendhadithemss the@rganic matix sxEangtionalizsl Wwdsproteechnpatibility with the

Eﬁﬁ%&gﬁ nkﬁ Phq&gqgeutical Sciences , 17* ed., 1995.

P gﬁ%ﬁ APBYUEEY adnministration in the formof a

tabl et, capsule, pellet, or powder, the active

ITgfaeilit&te o mbaiind eheCRnbliciRtzad hdhophrtieled lwith@R-drBxli€ matrix, one

phar maceutical |y acceptable inert carrier such as

|08 dnersesoleaniy em b pptiesally gfldadotpethengamyasitiom) | ubeitable aliphatic
[ e , Lt ol i , ;crosgarnel | ose

SBHRRE) HEbr Bh R nIRNER o, SRR, 4T TBRRRR FimtinthoL 1 -

fnosthoxye2-gropyé btetate stolueye updenes hungth@syrelidons] didBlorobenzene and

suspensi ong, salutions, and effervescent conpositions,

e Hlagpn%a’ﬁﬁeogonponent s can be conbined with any

oral, non-toxic, pharmaceutically acceptable inert

Qe thfifned UEWhAS BE RaRBbnalted @8 artiMBd &E B 1&6‘3%%1‘1 % organic

Moreover, when desired or necessary, suitable binders,

matie i notgéritipaht 3Vhere e wanopartictesrape Ewsivdatedhinds a pre-dispersion,

i sintegrants uf f er coati ngs ol ori,ng agents

SR8 ERRNR pn I sot PR B pa o R B e R L e

but are not Iimted to starch, gelatin, natural sugars

She reongpogitionosm, bankytdd ouvish lasidt &S Basefl drewith | oM/ dxeBird@eresins to
bet a-1 act.ose, and corn sweeteners, natural and ]
e ec 8 h%s,lc RIS E@MO&?@%&OP cap aé‘é?@éaaeﬁuﬂy be subjected

| o] { t I

R ol A5k FuorGREDMUTRLTVor 384 0280 T0E A (b EflBerature
dosagegd betveses aboirin20( end uboar 4036t tol substaptaltyo rameiauany low

| eate, sodi um st.earat.e, nmagnesj um stearate, sodiu
BeliBg HombOsERIs SHih iUV ent EHRHTENT RO diipatios thereof. The
tdskiR - is SH alspBsRndb S FiHcABAADES ﬂﬁﬁ&ﬁ)&ﬁd@@% ah %él’rﬁg%atrix, herein

modi fied starches or nodified cellul ose pol \
referresiorny aclingd disnensionl Suibstenithl semo il bt koilingi ch may

be used as conpression aids, include, but are not

L1 tQ, . di_cal ¢l osphat el ul ,
b B8 et P8 £ SBo P NP Rk Eo0 e g, REA amount of
Ik Bilingpompendnte f1 ow characteristics of a powder

m xture, may also be utilized in the present

inventjon. Exanpl es of i dants include, but are not )
Optiprally. s DisofibRsraigR o5 ths %aﬁl disestsige of thy Emchippelizeg colloidal

ofe . e e o n .
e o B o e R Bt B 16 bttty
mayed and isebequdilyh ap eppropriste capping aperd ehdt whillaegct vaith residual

it t 0. pol.yvinyl pyrr.ol i dope, rapn. cQpo r, .
ey aresi B te B Sr e SR Rlich RE6dgh am amovntin o

| . 10 .
(gt bAlen oG, DO ies BHEU0AR FGRTRA 5" TRRLY SibbiPdionide

Publi cation WO 95/29679, may 4l so be utilized. An
enbodi nent of the present invention, for exanple, is a
80 ng to 1500 ny tablet including about 0.5%to about
90% al endr onat e sodi um by wei ght, about 1% to about
70% chol ecal ci ferol granul e by wei ght (equivalent to
about 0.0005% to about 20% chol ecal ci ferol by weight),
about 10%to about 80% | act ose anhydrous by wei ght,
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condi tions and di sease states: bone | oss;
osteoporosis, including but not limted to,
weoastsAmreropausal ost eoporosi s, steroid-i nducedPCT/US2004/015745
ost eoporosi s, nale osteoporosis, disease-induced
ost eoporosi s, idiopathic osteoporosis, and
gl ucocortj coi d-i nduced osteoporosis; o0steonecrosis
pagent dn dhe @sedispersionoar flal disgersioneyRattiel dempya#rof logy boiling

EoiREn8H U L AR ek 38 ren GO ARl o) (R BF aRIBEat ammoune

pélowboditpetdimpdiens, heb preferalsis) sdbass aboutl300e of the total amount of

fra res, netastatic bone di sease; Gaucher's di sease
i@ﬂmﬁ CoRonsass ; Cappsioaneiqnalized,eollpidad yilise a%si%ﬁned as having

gb%é%?ﬁO%J ﬁ‘e%rabl aftaghd! S0odl HfEd éfera%& GPIERESSS, of the free

i nperfecta;” honoc stlnurla 1yS|n otein

ihprdmibxgt gmv@s presentin ﬁles;onn:l rcmxrrqzosﬁmnoﬂunbtumhmnhby reaction with a

fibr.ous sp asi.a SIfI . pr.o ess nesi s
chanE aerlt bCaRtife (50 Amshon b GO UGKEk Fiew SHRCH GRS san Improve
RYRE t&Bp &%@st%mg%ftga ﬁﬂslydlsﬂ%&ﬁ R &riaUl 008

ost eopenia, inclu but not limted to,

i mobi | i zati on- |nduced ost eopeni a and ost eopeni a due
Peefoaed canpingrgentssincludel hbdmeyl eantiyediaterialesuchrad silylating agents.
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QIfIMiDZ)anOSI ti Ol’tet@iméthﬁldisilsiaﬁé; i nvent i @ividyfetrh@thyldisilazane,
Fbé)zlgaratlon of a nedi canent useful in the treatnment,

pylihmetiiddisilazage, or pre(Emethyisiydisthylamimei tic 1 -
esents so r J
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Ve 88 befiren LBt 21 SPERPHL 140000 § PHR AR tine it a range
Bétwekh aPbut:0.3hé @8 haRd Ko g dholiRa fmcr@é{ﬁﬂm?@ﬂn e is then filtered. If

acceptable salts and m xtures thereof
‘Fhee]pr&fchtpemomfwaa ntmcdcd: avithntheuspping aga:nt hae leasia'anmngamé matrix

an arthritic n_enbodi

PTG ERES ik e SBb AGPERER edhipPp a5 Gy functionalized
adllidsing is Iﬂ@dﬂghﬁlb snatdrag Eﬂdr@ént?eﬂ:édﬁt' d préssuRAifiaCrange between
cal ci um phosphat e crést al deposition disease; Beh ce%

ghoyit Qs Tom and abput 2HHTew feliform the:; ﬁr@bp@m@mﬁgﬂ isparsion. Dunng
[ tel C un ndr

%ﬁsgﬁﬁ%ﬁéﬁﬁgg bg%/l% & ﬁg)?)ﬂg%t% érrl%hp %en Fﬂ&u%IWater gyprbducts of

fhel drzlappmgsygﬁﬂ Qaﬂﬂl hfk')drbxyiﬂgxﬁhgs, ﬁexcg@ﬁfsallpphigﬁ g@éﬁ‘ﬂ: and rc]:ombmatlons
rthritis; he obi nopat hy; henophi l'i ¢ art hropat hy;

&?ﬁ@fﬁ?ﬁ$ﬁ? %@?é@%PWﬁ?opathy, infectious arthritis;

i nflanmat ory bowel disease; juvenile arthritis;

Dﬁﬁ@ﬁﬂliye tHeht%‘ebﬂr%Ql ﬁsﬁé’rg‘nbﬁ 'cbl'nﬁosﬂléjﬂ) H 6 erﬁ@é%ﬁﬁ lzislmcron-smed
medi Sease; marfan 'syndrome; m xed connective tissu

ﬂ greabls addition o micion-sizadi Glldrocas imggase she thermal conduct1v1ty of

opat hi es; Sjt].S;. osteoarthritis: t 0 rosis;.. .
¥ BEebaer ERShbliBl <t SRRy kbl s (el T e’ Hulitionalized
Rebyiidledi éh the UnGhiat Ton@SRHVitt 6L Y ﬁonyh{e'ri% B &Y Sfitiplied
phenonenon; reflex synpathetic dystrophy syndroneg,;

wentheby thesadditiamad:the ml%rpéillvgs PBY yeiod ¢xampl; if a polymeric matrix
lgag euﬁ%hg!ﬂ??}&dfl Qﬁw{}’ 81Ir erod er 18- ]éif’ gé‘?éﬂn ﬁ?@ %&?gﬁ)@ of a suitable

ﬁﬁ@@-@iﬂe@ epi pilys er! thensdd| dadwstivity 3b €00 WnlBUSHowever, by adding
erythematosus; and viral arthritis. An enbodi nent of

ﬁlﬁ%thqﬂ‘é?ﬂ naponasticlesint pesgrdsmee veh thig disclasure, Mg initial thermal
i nhi biting or preventing theéprogre55|on of

osteoarthritis in a mamual in need thereof, conprising

adm nistering to the manmal a therapeutlcally

ef fective anount of a conposition of the instant

invention. It is known in the literature that
osteoarthritis is acconpanied with a well-defined

changes |n t he JOIntS |nclud|ng er03|on of t he
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irritant effect. Because oral vitamn D3

(cholecalciferol) requires activation in the |iver and
woheos/tidm1 ki dney, it is believed that it woul dPAQDIUS2004/015745

elicit the same local irritant effect as an active

metabolite. Additionally, it may be possible that

nor nmal . physij ol ogii cal. levels of active vitamn

e D3 .
HoneE T sIter Belymeric tdrip 6aR b Frisedevar (et Win-K: ahirigher, the
Se{dhﬁlg)nocff the Qﬁ%e LEblLAAd rﬁﬂrdﬂjgﬁl&ﬁﬂll%%wﬁﬂgis% ifi& &%ﬁﬂﬁlecgﬁlauctivity
al endronate. Because oral vitamn I's adm nistere
:t apprdximatelyoB Wik | ﬁeﬁf@il p@ﬁelsmriamea?eaminmwm @ompositions not

arge .prqoportion of t el derly popul atign iis vitamn
somEHE £ %HOPwlgfeﬁaJﬁs é@%@?ﬂ eﬁ%@e-ﬂaﬁ%ccf%aigm@t 19 163sberithermal
t . i 26&S: . i i . .
R A mstaheds L ASYE B A P PoA bt is very
plisoes)tnobeasdy proeasavrdndofhishvayll nduiflow ias nedessary fdr preparation of
bel i eved.that a vitagm bigghosphepate conyositLon
ielectop i PRssiN fipihips doiees s Ugioe; napgparfiflse im, accordance
VitipfHebrédelit GRABSRE 9N FhEohEMRARI prbPRle¥Mrcleas P HEARA conductivity
muscl e strength, inprove neuronuscular function,
wddlegnaibtading srifictendy lewp viseesifdstoiatlalv dasyprocessinign
el derly people. This would lead to a reduced risk of
fal l thus ¢ ] towards a reduced risk of. .
s e i Ror AR oy L R ]l s Fipgorcing or
hogfreipf@viake NEiHlef canl inakide, ©Br dRkingies Faved RilRhIRIEY silita, finely
the US See AN Exton-Smth et al., Lancet 1966;
sigdel gtz pesedete ameyphops gilicas,earkapblagk, graphife@iiamond, metals

: -5 e . 92493 A :
fp RS MR Sl B R Rifs, H O s,
endtalenitrizlef gsuchhes tefrbe aitridd, andtanminub aftrides)r metak ekideai(such as
t]ssues. See Lathamet al, 2003;51: 1219- 1256. o
ANIPEREN AT, 201 aRdR SUPBERpTBkde e, EopeaFideand iqombdnations
er O8£S Clveh i pedear, and 1145 64 %Mm%nt lih 'Ebr_aﬁgi‘a Bef¥fidn about 10

i mpai red physical” function are recogni z
weeight &6 and iaberst 95 weighrieYoe badetl ami the reiigtt iof ithenioyal fial composition.

nber .of.. pr.ospective, random ze interv | on.
TR o Bl R BG5BT B eareB R A0 Bight % and about
U YLtseet O iRl wabhtioffed fofid fARIiERILER cdBbbsitidSK.
Treatment with vitamn D, and cal cium has been shown
to reduce the incidence of non-vertebral fractures and
tfBe preseRe Howngpaticlesa theraessnt spmpesitions alsecimmsnves the stability

bPlcon ity frhlTHiSla-flor? o prE QR T AR e fat been found
tdhathithih settlingbel the fmicad-particles ¢ der byttan fiancdnyainkwedontaiging the
pati ents can be_significantly reduced by treatnent |
SPPROSPD, EQPRATGE TO COmpPS! 9%%9%%911\& & rirmeggyouns qf micro-filler,
gﬁmd@t{nogalﬁgjeg_m intake. See L. Dukas et al, JAGS 2004,
52:230-236. It is also believed that a vitam n

DY bi sphosphonat e conposition will enhance the

Abgwingt datalyss car he eildadh toThe finalhdispersiento adcaldrase curingef the final
utilized the .acti t.aholites .of vitam n D toexanyne
Phabostioh | D8 B e RO S b T bl aet SRR T pares per
nillipa arpatibat 109BNveiSaeihd totdi@uzbERS don®fosRion, Examples of
Ost eo%%lffggi s I nt 2000; 11%@- 51; J.C &l In%her et P
gationic) curing ¢atabyytfoEnciuds) butvereapot limdigd; to ppBYm raBbseasuch as

j at h al. .1 Nnc .

BeRRNBARRC s | W E, bR RREST RS iyuf < hE&TRopantimonate,
engl| . , pheidhedddinar RhexallR@diabfithdhate,149 bisdivliddonium

Fl ei sch Osteoporos Int 1996;6: 166-70; J-P Bonjour
Endocri nol Metab 1988; 17: E26Qy E264. However, it is
bel i eved that a conposition of a vitam n D conpound

and a bi sphosphonate woul d i ncrease absorption of
calciumnore than the additive effect of vitamn D or

a bi sphosphonat e each adm ni stered al one.
Additionally, it is believed that a conposition of

chol ecal ci ferol and al endronate would greatly enhance
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storage. There is also a need for nethods of

manuf acturing such stable conpositions. In addition,
woOhersa1991a need to devel op nmet hods of detecti RQTWIS2004/015745
nmeasuri ng the degradation of vitamin Din vitamn

Dcont ai ni ng conpositions, such as those of the present

i nventjion. In addition, because the |l evel of a

ﬁtelﬂabﬁdaﬂwmahwl)boué@r Hisavisulpkgpiwa sgiis,\and pembixatiqns thereof.
t]’fﬁf‘aﬁ%g ﬁ?r%cgf;‘%\%?{#a&@ ysé%{i@@ﬁdé %u@aﬂa%%g ll.IHtequ Q)axqgus peroxides
Velga Hmmbtﬁly} perﬁlxy Mnmﬁz)c Qb abmpngmds;]m}go QLZ’Lazlos b1ssltslc\iﬂfhtyl nitrile)
as .t hose, of t esen nvepntion Vi alimt o
ARrORAPS (¢ ‘b%y %Y f ﬁé\ﬂ%ﬁ For addibenalt pveablgsilivene gsins, the
VirEREES chla Qfgﬁéra?g@ﬁli(ﬁl &6 rrg 'Sdl'ﬁ(}gelng%tlo'h%etgl@ gégn}uthemum rthodium,

|nvent|on I'so provi tho manu
qoatposi)t ¢ommpie1oa3n‘pﬂ’qrs:|on@esaatinrsqzlhaiﬂp lsilivahes, d:lmmnﬁmbdaafwhlysts are

a mn D conmpound t hat ni m theI
réniR o QsEPBEAUR CRgPIRT ATaI SETRe Ot by caglysts are

tewaUs sk ket imehemunuf act ur e, terrper at ure and I'i ght
present during the fornulation of vitamn D or

provi di ng the appropriate finished dosage form

sasicagilng fori rationipsusrbl anatrcese duc effedtivel smouunf of a free-radical

Schlifle Rt S8 X B WPl Bl ot FRR s Rl pinacors,

dienidigalkblaathmstw‘rgawperogldai,oﬁeesmbﬁlah@ﬁssmbﬁéaﬂ Phe a2l
to about 35 0C. In a further enbodi nent, the

te rature.i s betwee ut 20 °Cto about 30 OC. In

5#@‘08@?%%&% CPH’QOP%‘P a@?’\f‘@tﬁu HEEATRROSHIND 9f emEm salt at lower
r%}é,lrl ng process is less than or equal to about

60% I'n anot her enbodi ment, the relative humdity

IS betvveen about 20% to about 40% In addition,

Foneronys rqsti;y bardgheas eechons edrboxylligracidhgphydiide wneng egedts and an

of not onl he Vi ta onent s _of, .t he . .

Prahll scPstot S ptalgi @S FRBO0 B b Buase i ontigpelsgagents with
Aiceae e, cake[lyéi fiaiidse ba&ﬂ%ﬁﬂn@‘&ﬁial ystshvBlay BE 8éleMEd from, but are not
hum dity is between_ about 25%to about 35% The

itedrio, pminest Alky-wibsiiuicd dandarelee émidarelous salfs, phosphines, metal

puf di t.}j; O

TR b DR BTN R Nabefl, 097! Bpnae ana
lcdmbmatlomsnt\hetebf oFomaxpokpreshnduaitiguipetts sueleds Iduftlf-ﬁjhEMn amines
con%ﬁtl ons (tenperature and/or. relative humdity) as

pREPIRHY\BCOTRATRIGM 8 (FEPsSTlinking: aEedh %temn#ew amines may
RNk Gk GRTPRSI OB, ralyylae &ﬂgﬁed r@{%ﬁéﬂé rtﬂmtlﬁl%, 1, 2-

conpoSition. I'n an enbodi ment, y 1 nvolve

phgnyﬂrglecimmne, I, o%—pbmﬂqﬂeedlamem )1 ﬁ@lenﬁnmshamma,samif any other
g%%sent lnve tion after the solid dosage form has

B%IEH 8;&’?’%@“’”?31 ShERE M3 ient , the drying may

involve filmcoating of a solid dosage forms (e.g.,

Fabl epSiy Ofesiny e@a’ﬁa i deldet hRriREesidhts MYPIHalIPN includ
I n an%t hyer eesnbgdl 1%1“}‘ @ﬂ%; |ﬁ may galas.:)gg |Snvw? §0-include

E’&WﬂgﬁxﬁbY%Ehth%osmthYéﬂé@of ls%@yqé@@mdmaﬁb@wdmon anhydride,
t
N Qo PERA TR S TSl SO SShED 221 ) -

em’daocitmrohrbokhléc Canthiydgdeyayhihaio| sthydtios, pYrdmhelitic dianhydride,
hngosl tjons of the gr esent inventiqQn in storage forns
12

yeroghhalieoi ahydddand ﬁesieqenﬂﬁtcctrec . anhydgide.nu gichloromaleic
QI#H gé pﬁglzégﬁl%dll nvei?{ﬁ:}ﬁeprtv t g;nhﬂélglj COﬁ'pOUX(gH@L’ISE ggh% like.

a starting material may include a free fl ow ng,
stabilized granules of vitam;p D. In enbodi nents, the
vitam n D granul es used as a 'starting material in
manuf acturi ng net hods of the present invention are Dry
Vitam n D3 100, Celatin Coated, Pharmaceutical G ade,
sold by BASF. The particles of vitamn D are

di ssol vedin nedium chain triglycerides in droplets of
1-2 nmenbedded |n a starch coated rratrlx of gel atin
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devel opnent usi ng ot her endcapped col umms all showed

l[imted resolution between pre-vitamn D3 and vitamn

w020paakg1 Col utm car bon | oadi ng has an i npact POT/USh®4/015745

elution of four vitam n D3 ester adducts, which are

the products of transesterification between either

pre-vitamn D3or vitamn D3 and the nmedi um chain

tGorabipaieonsdessnpregng ot leasb twatanhydidedcwsigepgenty gay also be used.

[ i.tam n, D.granyl egd kN

HESEBlys SR e Bl 98 “ el by SREnbSloly B 48 mpony

| Resa3t B0 Ellis (BaeSChapairSalliaew ¥add, 1993 nd MEEpoxy Resins

hydr oxyl group of vitam n D3 through a

transesterification_mechanjsmto form C8-D3 and C10-D3

ddicapigiry pad dGeinodeeyt nediterh by CathyWMawi Margeh Digkker; iNegie York, 2nd
S very hydrophobic and interact with the C18

3?2?%%%2%@ phase. A columm wi th higher carbon | oadi ng

has nore C18 stationary phase; therefore, it interacts

for @ddition regtaplesitibontehwesimst @pss-linking egenithsuchies mglticfusctional Si-

the. col u for .a longer period, of ti - ) .
AL contain gicns i b mepomid. e g kb §iHgp vimd moler ratio
A @feCitlal FOMRINML RBangestRlkednd. SL13T0 r8@rdbBPBetivaano.o-2.0.
about 10% carbon | oadi ng may be used. Using a colum
w th | ower carbon |oading reduced the interaction ]
Bt wddition rarablessiligpre tespRatbibiiess canebe spéonallyriaglutled tymodify
| a o e . S S (0]
(e B¥ind Brorfc dhd 88niBle HICGEPERG 1D GG e but are not
\Wintited tovploapliiog comadimdy, 6mie, camhpoudds, dsscydmurates) alkadyl alcohol,
bef ore 10 m_nutes when a nggge phﬁfe cont ai ni ng 95%
Fealeig sotersiand Ay other sPmREN widp Hiosg sllled gy thepgy
esters were eluted within 26 m nutes when anot her
@O kave BRenes e Rs B89 4140 b6 AdHED td 7% £RL1PQRable composition to
| oadi ng), was used. Exénplary chromatographic
doereisei the yiscomty afithe sempssition. nExémaples phodstief difueats include, but

present .inventipn. are liste el ow. di ent .Ti .
R oy Q5 01 315 G i D ioe dofets el Bers 4-vinyl- 1
cldheRar® 8ibpSxild,. &(ISetM(Xuu Eﬁoé@y@loﬁ&yﬁ@thmqe&&getﬂﬁd@sﬂoxane,
48.5 Using detection nmethods of the present invention, ]
merensp [déengs t @rd-n 1E9-Bevpdignehnplkenpspéals waptepe), alkenes, styrenic
I tated | cul at al of Vi 113, D
AHAbAR: P abUES, POLT) otk ®et, | AiRMEnel) AT, © o
inedertyloxyprogylsinhdtheiyeilbte) swhsdobibigations thetedft i Ve unreactive
g@th a sampl e of ut 2800 IU cholecajciferol, to .
}lgg}tn@ay Qsoogpmggﬁ ciQo e SPrEpesalis) to decrease the viscosity of the
RorBrfdtRIne C Bk ShbRE r, 1B Qilhakts SBL e, HOrd AolfhfEH to, low

one or nore cngﬁecalci%eroF est er adduéts, or one or
boiliagpliphathohptratabémes @lg. cattare) avthene,setiyineatate yipayl adfetate, 1 -

otential vitamn degy adat,i o roduct s haye been
By stony 6! rRYiohE ByaRE e ol vl O bGetiong fereof.
conpositions of the present invention, which are

AQIn6dibh YohsleVedd AIsb UsH aﬁpioge@eﬂfmh@ fotal firh] tdispersion such as

stability studi es described bel ow, the tabl et

titogordaoasitang was §e&idi ed cmm%%mémﬂ;@wsﬂm 3-
BS80S R o Rl RO B i) et i an

affedtiveGdnchnfivhichCls aggicalhindd enge batish aBott Y 1 % by weight and
croscarnel | ose sodiu about 0.8 ng colloidal silicon
abast 2oeby weighhebihe tafahfing] dispgistoass um st earate. As
depicted in FIG 5, the structure of vitamn D3

i ncl udes a conjugated triene, which undergoes a

vari ety of thernmal and photo Eenical i soneri zations.
Five vitamin D3 isoners have been identified in
exenpl ary pharmaceuti cal conpositions of the present
invention (in this exanple, using vitam n D3
(cholecalciferol)): pre-vitamn D3, trans-vitam n D3,
and three additional isonmers at 0.78RRT, 0.96RRT and
1. 0O9RRT (which is a nmeasure of retention tinme of the

o Y - .




The present invention also includes nethods of

nmeasuring the pharnmacokinetic paraneters in manmal s
waped/ i1 adm ni strati on of the conpositions oPCThS2004/015745
present invention. The pharmacoki netic paraneters that

may be neasured include, for exanple, total urinary
excretion, urinary excretion, area under the

Jdrm e 2 itnoRténally - ysedqeing they i3l Al , digpessigny in a range
. _ ; . g

T T e e

Hadal -dispessiqt. i Bx2mpbds ef flahk attardanehirriudef shosphiaanmides, &iphenyl

ot (LR cisaieio b ptospivd diits JH @iest g dapsphate. (BPA-
{75} oRERAC bR Ge ridel hAREBARL OOy ARfh (B HIGRoiiphenol 4) ,

efdtalotxide nhedal diydraxfiides) amicconmtsanhaioms dheréufl ecal ci ferol in
the body (the latter as denonstrated by conparison to

SRRSO AR oo T DR ) akdid mivin
ieQuipiian®Rhich b§ dolgle W "eiMin Jah EmiNeRS §Mnet %‘i%%,n twin screw

i ncludes methods of measuring cholecalcCiferol in hu
sauderafiwer ondieni rollr axll gndothea lighar the chlending of the dispersion

It [ S] | endronat e and . .
EREPERat PR FOPRERiod T BRER NN Buf B serppgontinuous mode by any
atkIhH usdderyi thgsed ilbedritAar@ conposi tion conpri sing
al endronate and chol ecalciferol; (2) obtaining from
E[Elghuman a pl as sappl e; (3) extracting the ) .

ICBERE BTt e T HE%P&%P%‘)&E%I knopi@ tp dhase skilled dn the art.
%‘ﬂ%'cgﬂ be dbhe bF R shtaLlelEaduEd TRY ﬁghﬂ &ird Wicrowave cure
first solution thaglenopl e.to formdne or nore ’
gitehm- @irelend acibinabeonsphataft Suohg ¢yptalyalocifset altemp&ature in a

Al b bt 2] Snueal 2 S8 st BT G anes between about
obr© Rl aBHap WSIO"@."PC@*ingecPﬁ_%QM QBeurdR€ alfibssiR! BFhiB¥sPBetween

amount of chol ecalciferol in the sanpl € using nmass
bl gswsphere ("atran aadtibaiind tans presstiepensquanslinchmore typically

i il [j 4- nyl - ' 10T : Menqi !

| OSBRI E SRIBYL P oSN b D popds g et .
e héditibn oo ingPmaRn tyfiealBoockue toddr hhefiof @6 ial taMEe between about 30
i oni zati on node using_a heated nebulizer probe, and

t n
aecpnds, pnd, ahort arhnirs and dpers dypicalbiine? sngs behvesnrrgout 90 seconds
d | cd tQ.e :
A0 0T AAER, Ol heoBiRy BB L SR (R Sured at o
tengpedautecin atrenge et weanadbosat H0FEr shdodbolieLHI°Cidver o berddding: range
ith the | e chql ecalciferol. This nethod has a
%WGFHE?O"Efi%FF%PM%?@%S' of chol ecal ciferol of |ess
t han about 0.5 ng/nL cholecalciferol when 1 nL o f

PhasdBitioh SEAReiSthlizoN RARMHiIABNLs Ofed RE iREER6Mhe bulk thermal
invention is a vitam n D/ bi sphosphonate conposition

eprsiuetivitiaopbase polynsararizda peenidaimproved thermelnevaductizaty when

120 rs after administrati.on,_aof the conposi,ti.on

gl lBef it v Rels. GshE M p e Bt TERC ekl component
[n-ddian heChrsént 2Befnalofinteiade Gahpobibf RiuRPMYE interfacial
296.4 ng. h/ L, wherein the pharnmacoki netic paraneters

fraistangecn hedsUPed it tioimbotealy nereent catathogvnfaces of any two
RARSHRS JARLAPlSh hELL o BIRRRAER! AU, Tho presen

thgrmhdlmintenfdner edmpddiigorsh @anreseo kisédk tih Cdgvadeanel @lestrbsiée such as
been neasured by taking into account baseline

chol ecal ci ferol serum concentrati ons using a predose 0O

hr serum chol ecal ci ferol concCéntration J a covari ate;

and a | east-squares (LS) nean AUQo-uo ho of about

143.1 ng. h/ nL, wherein thepharnmacoki netic paraneters

have been nmeasured by taking into account baseline

chol ecal ciferol serum concentrations using a

subtraction of estimated baseline chol ecal ciferol over
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using the followng relative weights of ingredients. *
G anul e contai ns approxi mately 100,000 |1U per one
wgnreos119tier efore 56 ng of the granule i s equi vRCEMIS2008/015745
about 5600 IU. The resulting dosage forns are used in
accordance with the nethods of the present invention
for preventing, inhibiting,_reducing or treating ]
FOYBYIS-csmicondytorsy ghprsedevigevhere|hgat sty detirepsomponents is
| Si r ' i of¢_al nat e n
GRRBI " (10 B schERBING HERARRS 15t RRRT A prBur thormal
lintekfack ognpdyition3t cahib@iiheehosed bethest a 3erhiodfdudtordhip 3 and a heat
8. 175 v k7.5 g, 70 40 ng, 280 ny, 560 ngy, or
Sk g ‘Ey]ira_nﬁ’eﬁ%‘l &S & 4C§%teg9,hea6§raa%felf-oﬁﬂp§_lew& 08 ithgy present
Qh&8fal ﬁtﬁ%ﬁ'&%\’@o sgwhscaﬁfbevdsttﬁﬂ {b 33156 mitiohd SH(? ?t‘ﬁg $rovide the
are prepared 1 ncluding, but not 'imted to, abou
Kedip@] ede@00AppPliGHI0ON of, hoCpreddnt BhetNR] lidderfick B@fpdsitions may be
28,000, .or 36, 000 I.U per. dgsage form Such dosage,
PSRy 490 oA SRR T e drRieatoual greifods gglude scroen
EnpRedlcil pridtill FPBRES ipenbizSadaSasi- 111@[;5 e,
or exarrplce,ﬂI{halee% %r cg%nsul es gAI\/PLEEg%gF%n r S‘E‘Zt e

and Vitam n D Tabl ets Tabl ets contai ning about 70 ng
dn apptbaispaeit e psesealrcommesiionnicen be famed tintesheeis amd cut into any

U Vi ki wware prepared usjng net S
st it et BB e BRTRR "o S PheB G R used to
dbr thegii diterfhc: pallabh® psitlonBdbetvesan! dlédh@niAddngioheRt.€
used in accordance with the nethods of the present
inventjion for preventing, inhibiting, reducing or .
ﬁ%&ﬁgﬂﬁ gpr%’éfrs% pﬁ’&ﬁo Egr, enBodigientsn Pk thesinyentien Jiave Rperedgscribed
GOF, | RiRe- ehBSdintcRlsohl geoevgéreéibéd 8y tﬁbfeﬂgi&g&ﬁh? the®Brt without
an al'endronic acid active basis are” prepare
idepdrtidg frgm the scapstoflthennyventionms dafined bR tis fotjowingripims.

8.75 ng, 17.5 ng, 70 ng, 140 ng, 280 ngy, 560 ng, or
%}20 I, per tablet.Simlarly, tablets conprising other
A EPIVe wei ghts of vitamn D3 per unit dosage are
prepared including, but not limted to, about 1,400,

2, 806g dixpbiibn coniBitiol,coBsidied of B1wi, (8% bdded 38 uRffctionalized
000 | U per tablet. Such tablets na

36, 00! . , b
géléﬁigﬁﬂs%h)s docbacrylpeyrrapy- ﬂamsﬁhﬁﬁ_ysl}aa_en(@%éé’?ﬁké%’&)l fpnggonalized
BB Bt B e b AR, D522

MiWed 6@0-i 200)of Additenilly, 3B o oh MAREMS,f@EDIg of todopimiersalt (GE

foorm on r.onat e dni ni.stered i.n si ngl e .
S5edss, UYoRRID ARG © OF R ShcSia gni, A Oh dhsrs bgnded into
RNAERINEA CoMBIRA0RNThERRmiRY 8HddBwhe 38.55 W83 of total formulation.
conducted. Subj ects received one al endronate 70-ng
Thedéspeisipneearhpgséiianowas pursil rag|180U 65 e The thértmatriconddBtivity of the
600 U was coadm nistered with t I a bl et
AR R PAS BuPh B ShiBuhdio e T WARKEHL B0t room

fepifRteie-01e 05 REEh-Radti 160t (7l ¢ enpir@el§ Cihe htrial WiRRctivity of
vitamn D3 was adninistered with al endronate, the

yryatesnelone poapreximgately ev drbti 1.9t winik 01000 Gfwhsnafiled with

t . I A d ubLect, wi.t h the
S Bt SR B PR A e B T it BLET bl o
bottle was rinsed and filled with 60 nL of plain tap
Bmimple2 ti mes, each then adm nistered to the subject.
Therefore, a total volune of 240 nL of plain tap water
was administered with the vitamin D3. Wen al endronate
was adm ni stered al one, a 240-nL volune of plain tap
wat er was adm nistered wwth the dose (Treatnment B). At
| east a 14-day washout separ g ed each period. The
treatnment schematic and allocation are in Table 4- 1.
Table 4-1 Treatnent Schematic and All ocati on G oup
Period 1 Period 2 1 (N=l) A B ANs 0002, 0004, 0005,
0008, 0009, 001 1, 0013 2 (N=7) B A ANs 0001, 0003,
0006, 0007, 0010, 0012, 0014 Treatnent A = 70-ny
al endronate tablet with vitam n D3 5600 |IU. Treat nent

—~ . oy o o o o, o




The total urinary excretion of alendronate for a given

interval (-2 to 0, 0to 8, 8 to 24, 24 to 36 hours)
woasosget@im ned by mul tiplying the concentrati eaTai2004/015745

al endronate in the anal yzed aliquot by the total urine

vol ume (including boric acid and hydrochl oric acid)

for_the .interval. A congarison of the total urinar

ek Hamersion CorpesEon ¥y diendet PbHat’e 2t afb ettalgs (dinsginysiloxy-T8-

I | & Al @nd2H h dro . &l Hryn sH
ﬁggyug?%gghg% using’gﬁﬁgﬁggﬁgégﬁo?’53&?@%§§9§§K@Q%§E’@”:D“4
rGifl Silicanes)aldl. 83 goof B3AineyitachmethiyddsiyenedEH Gilicohbg 1.04 g of
ANOVA nodel _cont ai ned tﬁctors fqor sequence, subject )
(dfdemuagted p@ﬂ}’%&eﬁ}i’ﬁ% oprest (eslest, PV P400) PMFV22, a suitable
i obk ) 0

SHELRE 588 28 (o AN R Peple Aly-up O Sfifo AADS). The
rabsnidaawss fadded tiheappookainatetyi e 80t widdgofetite &yl formulation. The

eparture fromthe a i on t A_nodel . . To
PRt SORBOPLP, MOTHUORL | S5 | 1§ MGl FEPRGHEHviLy of the
@ﬁs%@ﬁ[&ﬁ&frﬁpdsﬁmrﬁ%aﬁﬁféésu‘z‘édaﬁgﬂs@ug@ ty BEI D W?ﬁl—ngF 9,15 it room

al endronat e tabl et al one, 0 was conpute ,/Base
tgyoperatiee, tand; $.70i Wum-Srr/- f&10 t he 1OMRG. orCaropanhtively, ntheythermal

xcret.i on.. Addj t.i onal | t he.. i.or probabi]ity,
ERADREED o BolRPE onrbO BBV iR p Pl SRRRE: 0000 Wim-K,
haeadildd RithBovwaes, allafinaabedthdd gide =O® patRire&t40'asd 0.4 um for
gggf ed fromthe above analysis since this particul ar

cBepddblg l-nary al endronate concentrations for al
3 collectionintervals (0O to 8 8 to 24, and 24 to 36
@9&5?kﬁpeIOM/linit of quantification for both
treatnments. Due to a slight inbalance in the ordering
of the treatnent sequences, the | east-squares neans
Aodispersion compositiom way blendedetdntainiagd g ePGEtSiHconEprodiat #CS100

R 47 AR AP 485 I hexanecio
Brek14teR10sT08 BRaH 96ddnhamshi @GANGANRDPO®033dY) | anB-442¢ Y8 Slumina

were rounded to 3 decinmal places prior to réporting.

(ehwwa Rerkey AMD@nd Samipsm ANOdbpdhe alinine addedsivaedE@wt% of the
tistical Ly ignif] T -5 di.spl ays t he

RAT IOtk Thd Mo BT Uhoadk S of e g gl measured and

fdvaddo deead. &5 Vai-&T +pI0UED W/ieKi 2 rB8masfpéhtird @ndB.25 W/m-K +/-

al endronat e tabl et for_ each subject. Summ

1§ . ry . .
Qdaet 409¢s GPongratively. thedhawrl cagdpptivitysolfaskylatep srapprekimately
953% Ch, B ol Al : ' f . gr.e
b R P A MR 3R s R A RRRRIA €10 s
tootAf50uanidried ymefor SamiitomohaSee] §ablg1l.f or t he 70- ny
al endronate tablet plus 5600 IU vitam n D3 and 157.97
ng for the 70-ng al endronate tabl et alone. The GWR and
its corresponding 95% Cl for 70-ng al endronate +
vitamin D3 relative to al endronate al one were 1.16
(0.74, 1.83). The posterior probability that the GWR
m ght be above the clinically inportant bound of 0.50
was 0.999. Table 4-5 Individual Total Urinary
Excretion (ng) of Al endronate Over 36 Hours Fol |l ow ng
Si ngl e- Dose Admi nistration of 70-nmg Al endronate Tabl et
Plus 5600 IU Vitam n D3 and 70 ng Al endronate
Adm ni stered Al oneTable 4-6 Summary Statistics and
Geonetric Mean Ratio Wth Correspondi ng 95% ClI of
Total Urinary Excretion (ng) of Al endronate Over 36
Hours Al endronate Fol |l ow ng Singl e-Dose Adm nistration
of 70 mg Plus Vitanmin D3 and 70 ng Al endronate Al one
EXAMPLE 5 Effect of Vitamn (Contained in an
Al endronate/ Vitam n D Tablet) on Al endronate
Absorption To exam ne the potential for an interaction
bet ween al endronate and orally-adm nistered vitamn
D3, fourteen healthy adult subjects (6 nen, 8 wonen,
ages 33 - 6 1 yr.) were adm nistered single 70-ny
tabl ets of al endronate, wi thout vitamn D3, and
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a structure formed froma high thermal conductivity
material (e.g., typically a netal) that is

waoreisandoal | y coupl ed to an el ectrical conponeRCTIUS2@i/d15745
in heat renoval. In arelatively sinple form a heat
sink can include a piece of netal (e.g., alum num or
copper) that is in contact with the electrical circuit
during operation. Heat fromthe electrical circuit
flows into the heat sink through the nechanica
ITg' { ace between the units. hi a typical electrica
conponent, a heat sink is nechanically coupled to the
heat producj ng conponent during operation by

Padyrhérdvintiy @vtfpta surface of t Michloefllersi Nk agBhdimial a
flat surface of the electrical conponent and hol di ng

the heat S|nk i Ce USi ome forg of adheingductsity
Stfier . ﬁ ﬁ@aﬁbpreégg? OVEH@)surface of the
heat si nk and t@gm§urface of the conponent mﬁ'¢06@i%ﬁ%n4§f
be perfectly planar or snoboth, so air gaps w |
generally exist between the surfaces. As is generally
wW8l(hcrihatesh, t he22@0stm)ice of ai 644aps bet ween 2.58
opposi ng surfaces reduces the ability to transfer heat
rou e int et ween t surfaces. u
%ﬁé?gggi?ygaps ﬁgéﬁégn he effec@ﬁbeness and v z% of
the heat sink as a thermal managenent devi ce.
ado(ssghfess prabl em pol ymeric ggpnpositions hqyg_bgﬁn
devel oped for placenent between the heat transfer
surfaces to decyease the Jhermal resistance there
éﬂﬂﬁ@ﬁwiﬁhe bl e 1rhs cordut@ vity of currleht

thermal interface materials is largely limted by t he
howv(dilemes! congluctivity of poljyyger matrices (. 2
VVn}K for 'polyners typically found in thernmal
interface materials or TIMs). By sone estlnates
d4(ehexyial | y Cordu@Ping® Pol ymer Conpositions, " 0BM
Bi gg., Pol yner Conposites, June 1986, Vol. 7, No. 3)
p@‘#ﬁ %ﬁ“”‘bm ¢ thernal conduq}|V|ty attalnagg%

E 1y insulating polymer conposites is
20-30 tinmes that of the base polyner matrices. ThIS

nunber changes little regardless of the filler type,
once the thermal conductivity of the filler exceeds

00 ti that of the b I t
CRIRL RO R e el M A ——————
flddal SrHeSwhAWo£ WP AEDiohsl Sﬁvﬂﬁlﬁg h@r@%egﬁ) nOyGL i Vi %ﬁ’e cSiO2

f the heat sink, resulting i ne cl ent trans
dépehdiag Hnothet perth:ahm' fmmtimalnhg asometindoagret oof Heandtimahlization.

3] K addi t.i on ective h at, transfer_capability

okt 6 BB ine Sty S SRRl PSS ipue et - SAamigisute has an

derdBeCdathpé td) W@'ﬁﬁaﬁ@@ df 8)1084.f Hlthe€kr &g @ft @Sj_[dz % €Ebased on

caused by filler settlenent or the inability of

ﬁh@qmz dipxidg dontengalang, padei¢ aptstakntmtosmcbameof contribution from
@&Pkgig%les that are smaller than the filler size A

nee dre exists for i nproved conpositions to

effectively transfer heat between a heat sink and a

Beahplpdoduci ng conponent. SUMVARY Thermal interface

conposi tions in accordance with this disclosure
ch are functionalized with at

opt gi n nanoparticles

‘fi ﬁ%ﬁ GSREIYPY alf oconsisted; 8’%13? o upepyiigedoxyilgne functionalized
t tsh

RIBTRN SR (Bloch 1 DT LRl AR TEHAP st ORIt todonium

filler particles. Electrical conponents are al so

descri bed herein which inclugﬁ a heat producing

conponent and a heat sink or heat spreader each in

contact with a thermal interface conposition that

contai ns organo-functionalized nanoparticles bl ended

with an organic matri x. Methods of increasing the

efficiency of heat transfer in accordance with this

dlsclosure |nclude the steps of |nterposing a thermal

Y o " 1 . . m



the purview of those skilled in the art. The
functionalized nanoparticles can advant ageously be
wonepangdias a di spersion in a conpati bl e sol vear/usen04/015745
facilitate conmbination with the organic matri x.
Particularly useful dispersions have a solidscontent

n 20 and 50 percent, however any solids

f
S AEH Sharies V520 Re o grbist 6r00.3 vk @fﬁ)@m@b pisagel (Aldrich)

f; r o
o P AA0 o R (VIR O, DO bl 5erton v gored at 156° €
dmg&mmhutes,t amminehs redsiREBH Mave bithtrnad cotdici@itdalf 0.37 W/m-K at
2? gc t%gctlonaluﬁed Wi t h an_ or ganoal koxysi | ane.

XPexies Ha8odisRaRoperticles devothsrmaleopgdectivities of 0.2 - 0.25
| qphﬁqq5k§5oqgllca are included within the fornul a:
where R1 is independently at each occurrence a Cl-18
nonoval ent hydrocarbon radi cal optionally further
Exawpleohal i zed with al kyl acrylate, alkyl
met hacryl ate, .epoxide, vinyl, allyl, styrenic, silyl

. dical ;. R2,
5 B HRaBE up T 280 i Rl Lo BBlifiea 1y
ﬁhﬂg&@hﬁﬁlﬁoﬁ%ﬂﬁr&cﬁfdb@l&héﬁdm&aépyéﬂ 133 ﬁw{dﬁl@ﬂ@mlglﬁa%irféadHMDZ) in

and_"a" .is a whol e nunber equal to 1 to i ncl usi ve.

Pwi &w@ed m&yd@ngfaﬁba@ﬂmkxygylrsamgnw@‘@%ﬂn RDViS25).  The
(ﬁfﬁle g{)? cea. ﬁﬁ?ﬁl‘?e o ? sl Wctional groups is ~ 27%. 5.33 g of

cyc ohexy rlne ane,
thig Iﬁyla] dlspgmionp\yhst mlmi fathyS.0kge,a platinum catalyst package ([Pt] =

[trime
PRy T B P RAAR) APt &ref ¢ MR hykco-methylhydride-
n
i e T
Qg}ie|ch5p|o;1tletl Myﬂks ctlreldrmtl hO3G) fir | lahmar toAgive mtmatadtial (WlthJEulk thermal

ti.o possi bl e. Typically, the
% 3%%2BV§¥@L|I K 's present in a range between about
2 wei ght % and about 60 wei ght % based on the wei ght
Bkampleiscon di oxi de contained in the colloidal silica.
The resul ting organofunctionalized colloidal silica

an a; treated with ap_acid or base to neutralize the
&y stodks selifion Gnssng odOA8Ig vinyl-brminatechpalygimethyl-co-diphenyl-
[
g{og%és @%ngﬂg gﬁ%‘gi %232 d@@S% bigﬁ(éikdlﬁb%ﬁ tclggﬁ%tﬁyllhggﬁde-sﬂoxanes
@]béelsczme,SB&#ﬁ&)aﬂ di0y gtofi plenyltemetiganstane taadi 00 aNdf a catalyst

t tyl tit t
ek Crerts DB op GBS e EppliOumalioD) vasmeds yh 276 & of this
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functionalized colloidal silica and the

15 Pddn¥ aniko 2421 Caring gnBxamsmari zati on agent in the

al i phatic al cohol is defined herein as a

H¥aBipflé $persion. Suitable aliphatic alcohols include,

but "are not |limted to, isopropanol, t-butanol,

2- but anol , | -methoxy-2-propanol and conbi nati ons
Arh@ppmfpriathemawu nf thé falal pligterdomlas odstribesl fry Exaalply 5 was
r.an et ween about 1 _fold and about 25 fqld of

n%ﬁ‘?dﬁ “aﬁ?f V@ g AR 6&?‘2@@%%%%‘% gﬁimﬂh alugdiies ggupon. A
coIIO|daI silica pre- dlspersi§n In some cases,
stabilizers such as 4-hydroxy-2, 2,6, 6-
tetranet hyl pi peridi nyl oxy (i.e. 4-hydroxy TEMPO can
be added to the predi spersion. In sone instances,
smal | amounts of acid or base can be added to adj ust
the pH of the transparent pre-dispersion. The
resultlng pre- di spersion is typlcally heat ed |n a
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Exanpl es of a silylating agent include, but are not
limted to, hexanethyldisilazane (HMDZ),
woetrsanet7hy| di si |l azane, divinyltetranethyl di si Pa@TAS2004/015745
di phenyl tetranet hyl di si | azane,
N-(trimethylsilyl)diethylam ne, 1
(tr|nethyIS|IyI)|n1dazoIe trinmethyl chl orosil ane,
ltllhyméml esupen svasotheneplagsshpartephgnd itlag resklting, sandwiched
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ﬁ%& nt, at |east one organic matrix
np05| fon 1s added to formthe final dispersion. The
m xture of the functionalized colloidal silica in the
A ganilar 3vbyer saldwichedostnenire atas thudlt veitlp thesfoummealation alescribed in

range bet bo 0. rr and_about 250 Tor 0 .
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resi wat er, oducts of the capping agent an
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conbi nati ons t hereof are substantially rennved
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e Nfusthé€ embodihRhts £ap Henpéreased wethbébeglﬂnéd in the art without
conductivity of the conposition substanti al

Aepwstiag gy the spepeatithe nventianms defined by the fplzlewmg claims.
nanoparticles on the thermal conductivity of the
polynmeric matrix is nmultiplied greatly by the addition
of the mcro-fillers. By way of exanple, if a
polymeric matrix has a thermal conductivity of 0.2
WmK, the addition of 80-90 wt% of a suitable
mcro-filler can raise the thermal conductivity to 2.0
Wm K. However, by adding functionalized nanoparticles
in accordance with this disclosure, the initia

t her mal conductivity of the polyneric matrix can be

rai sed even to 0.3 WmK and hi gher, the addition of
the sane anmobunt of mcron-sized-filler wll raise the
thermal conductivity to approximately 3 WmK, a fifty
percent increase conpared to conpositions not
cont ai ni ng the nanoparticles. The addition of

m cro-particles alone to reach a thermal conductivity
of 3 WmK in nmany instances will result in a
conposition that is very viscous, not easily
processabl e and which wll not flow as necessary for
preparation of electronic devices, especially
flip/chip devices. Using nanoparticles in accordance
with the present disclosure on the other hand provides
i ncreased thermal conductivity while maintaining
sufficiently I ow viscosities to all ow easy processing.
The fillers are mcron-sized thermally conductive
materials, and can be reinforcing or non-reinforcing.
Fillers can include, for exanple, funmed silica, fused
silica, finely divided quartz powder, anorphous
silicas, carbon black, graphite, dianond, metals (such
as silver, gold, alum num and copper), silicone
carbi de, alum num hydrates, netal nitrides (such as
boron nitride, and alum numnitrides), netal oxides
(such as al um num oxi de, zing oxi de, titani um di oxide
or iron oxide) and conbinati s thereof. When present,
the filler is typically present in a range between
about 10 wei ght % and about 95 wei ght % based on the
wei ght of the total final conposition. Mre typically,
the filler is present in a range between about 20

wei ght Qband about 90 m5|ght % based on t he m5|ght of
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nmet hacryl oxypr opyl tri met hoxysi | ane) and conbi nati ons

thereof. An unreactive diluent may al so be added to
woOhersaesposi ti on to decrease the viscosity of POEUS2004/015745

fornul ati on. Exanpl es of unreactive diluants include,

but are not Iimted to, |ow boiling aliphatic

hydr ocar bons octane), toluene, ethyl acetate,

B&fVVF QJEQ% met hoxy propyl acetate, ethylene

gl ycol, dinethyl ether, and conbi nati ons thereof.
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glycidoxypropyltrinethoxysilane
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dmdtionalized agdlewal silichend aigano-fiinetibnalizep8OSISon in a
range between about 0.5 wei ght Wband about 20 wei ght

h f th
5,8l bR AE SR bohy i oo AR b
ttindpidaalyedies 184t ohd BighnodlsGkTAd0! di phosphat e
(RDP), bisphenol - a- dlsphosphate (BPADP), organic

phos h|ne OXIdeS hal ogenat ed epoxy resin
(“t/%tt Eab igpy L gcﬁﬂngmposg}on asyidt elpingsci @& 3, ehezgin the polymer matrix
ggﬂyi hereof . The fi nal

g%@%@%?%@%“@%ﬁg |t|gﬁ%%i% 8£hand m xed or mi xed by
standard m xi ng equi pnent such as dough m xers, chain
GaA thermalsintgifaeetampositioneassin tuy f sdaimw BAS furtterr, comyrising a
or. three%%ﬁﬁ mll and the like. The blending of the
o8y Ynponents can be perforned in batch,

continuous, or sem -continuous node by any nmeans used
ByAtrhetied Skidciréaﬁnglheﬁtl”tﬁanafef comp@sifigh i Ng process can be
performed by any process known to those skilled in the

art,. Curlngﬁcan be done by net hods such as ther nmal

posloning 4 gk PoREnE HORMYRERCou B Coplash Al ar ol interface
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2500C, nore typically in a range between about 20°C
poritiening . hesOodidk (10im corgadt y&pﬂx:thb ﬂ;prmahntesfaad: cEMPosHHELE2).
in a range between about atnnsphere (" atn1) and
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@ undenpet wiiUa e rAiCitefaps Icoﬂlpoélfioﬂi@l doniitise€ PbifiGning a heat
may typically occur over a period in a range between

m@éuﬁlngmm@ﬁ@rs(%ﬁa caBiagt Wyhr?ob}ead ofrfel cwrable nojyneramafrix and
0

%p% et 1 % #éu}fg gorr%gsﬁﬁgg§ ﬂ?daﬁ%ﬁi&%n ctlonahzed with
alo&léasc umm:l c&gara)all&lxpﬁtmhuaﬁﬂ iPOSS T ﬁn@ﬁomﬂizwemtﬁb@tltleast one
1000C _and gbout 1500C over a period in a range between
aigapealionystitneand about 4 hours. The addition of
functionalized nanoparticles is used to increase the
DUAK efcBREAB coff gﬂﬂéiﬁ*cbfhbhéﬁngf base pol ymer matrix to
provi de 1 nproved thernmal conductivity when pl aced
bet ween any two objects, especially between parts of
aheas peastucingsdongoment(@)it . I n addition, the present
thermal interface conpositions reduce the interfacial
resi, st heat flow that is inherently present at
%ﬁ%ﬁgﬁﬁggggggof any two conponents between whi ch heat
is to be transferred, as desg i bed, above. The present
thermal interface conpositio can be used in devices
in electronics such asconputers, sem conductors, or
any devi ce where heat transfer between conponents is
needed. As shown schematically in Figure 1, for
exanpl e, the present thermal interface conpositions 2
can be |nterposed betmeen a sen1conductor chlp 3 and a
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100 (silicones) 0 400 1.0 44(epoxy) 56 (20 nm O 0.37
| OO (epoxy) 0 0 0.24 a colloidal SIQ2 wt. pts. are

woaessa 1931 O pl us functional groups unl ess ot heParA®2004/015745
specified. The wt% of the functional groups is between
5-30% of the cSi Q2 dependi ng on the particul ar
functignality as wel| degree of functionalization. b
Nt theanal |1m§ff§cea¢<énmse#ﬁrh@? éterpoeadagbwerar the bed pspdusing component

£ j . le .t.0
I BREeHiear il 1), 8t 1AM PR BF PP aptend of
kasdgmenmairlx adnendpaKcide. content al one, and did not
take into account of contribution fromfunctiona

roups. Exanmple 4 A final, dispersion_is consisted of .
%6?“)( é@ﬁf%ﬁsf FOIPRRA 3% & Plen &> Pibstein Biedhemad intstipes epmposition

by i meld content and functional groups),
%Q&?gg%%ﬁﬁggg%iunsaﬁ%d(GE Silicones Uv9392c) as a
catal yst and 0.5 w % of benzoyl pinacol (Aldrich) in
dye Aomeihot atfi stowing hase s¢pargtionRE1DS poI@WY .cofitpesition filled with a
di.sper si s cyjed at. 156° C f.ar 5. m nutes, and was, )
Fsblr et o g e e il comativhe viblspdgre obmRnqvifRkonalized
aandRitticldywith dhe e€Sorbdsityst nanoparticl es have
t her mal conducti%???gs 3?t0.2 - 0.25 WmK at 25° C
Exanple 5 A final dispersion consisted of 22 wt%
colloidal silica functionalized by
phenyl tri met hoxysi |l ane and further end-capped by
hexanet hyl di si |l azi ne (HVDZ) in vinyl-term nated
pol ydi net hyl - co- di phenyl -si | oxanes (GELEST, PDVI 625).
The wt % of the colloidal silica plus the condensed
functional groups is ~ 27% 5.33 g of this fina
di spersion was m xed with 0.04g of a platinum catal yst
package ([Pt] = 7.5ppmin the final fornulation) and
0.14 g of a pol ydi net hyl - co- et hyl hydri desi | oxanes (GE
Silicone, 88466). The final fornulation gives a
flowabl e material. The above conposition was cured at
15Q0C for 1 hour to give a material with bulk therma
conductivity of 0.17 WmK. Exanple 6 A stock solution
consi sting of 10.06 g vinyl-term nated
pol ydi met hyl - co- di phenyl si | oxanes (GELEST, PDVI 625),
0. 38 g of pol ydi net hyl - co-net hyl hydri de-si |l oxanes (CE
Silicone, 88466), 1.10 g of phenyltrimethoxysilane and
0.10 g of a catal yst package (target ([Pt] = 7.5ppmin
the final fornmulation) was nmade up. 2.76 g of this
stock solution was m xed with 0.44 g of fused silica
(Denka, avg size = 5 microns) and 0.35 g of doubly
treated funed silica (GE Silicone, 88318). The m xture
was a non-fl owabl e thick paste. The above conposition
was cured at 150°C for 1 hour. The bul k therma
conductivity is 0.17 WmK at 25°C, sane as Exanple 5.
Exanple 7 An appropriate anount of the fina
di spersion as described in Exanple 5 was di spensed
manual ly via a syringe in an X pattern on an 8x8 nm
al um num coupon. Asecond al um num coupon was then
pl aced on top, and the resulting sandw ched structure
was placed in an 150°C oven for 1 hour to conplete the
cure. The bondline- thickness for the TIMIayer is
16.8 mcrons. The effective thermal conducitivty of
the TEVI layer is 0.18 WmK at 25 C. The total
thermal resistance across the TBVI |ayer is 94
m2-K/'W A simlar 3-layer sandw ched structure was
built with the fornulation d §cribed in Exanple 6. The
bond I'ine thickness is 23 m cfons, and the effective
thermal conductivity of the TIMIlayer is 0.13 WmK at
25°C. The total thermal resistance across the TIM
layer is 173 mmR2- K/'W Al t hough preferred and ot her
enbodi nents of the invention have been descri bed
herein, further enbodi nents may be perceived by those
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