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BUPRENORPHI NE DERI VATI VES AND USES THEREOF TECHNI CAL
FI ELD This invention rel ates buprenorphi ne derivatives

w@nah7asm36 t her eof . BACKGROUND The treat ment of POPGER2@®7/001120

abuse and dependence by substitution of the abused
opiate with a safer, longer-acting opioid is often a

succ BEPRENORPHINE DBREVATIVES ANDUSES THERFOF
Heroin, a w dely abused opiate, acts as an agoni st for

t he nuopi oi d receptor n.is often abused
usi ng i ntravenous injgégﬁﬁﬁﬁcéﬁﬁgﬁﬂpesulting in

needl e-sharing anong addicts, which is often

r es pond$hislinvefigon relates Sppresatplifie deriivativieh arelatsesihergof.

i nfections such as hepatitis C and H V/ AIDS. Mt hadone
has been used as a substitute MOR agoni st. Methadone
is orally active, and hBACKGROEN®ht duration of

act i onThOweRRBtf biatk AbIRE ald ¥ '%?c%gce?)y%jgﬂﬂinﬁioq%fltﬁé abused

dose. More recently, buprenor
1-opielpcviBpe ik longer petie opidig tsrofirry a guceessful phanmadojtiepapeptid
]+ - - et -6.7v.8,.14-tetrah -orjpavi:ne, a
e dien g AR o e el GUABNAL RS e
p leniordereespaz (BOR) ( Elemin is.offen atus&l usRatintraNenowd i1§3Giod 23en

5B S RO Rhqh E0 p h l dSoaco

( difegthreatpatrigdntioetns SIAfh ashepatitid € ?nclbfldmlcaijb&pmmﬁddimﬂlla@been
greater .gi.n safety thap fu .agonjsts. _In
S bRl SRk e B8 e & o VR o ares sitgrRn
adtiation ofBficetoahpbie e begiedancaglesalipiyse. SROLRehiH t h
TR PR A G ERRY e  Grost | Ao Enerop -6 14-

C aiiddxehanst 63718184l du@hRitebbiphine | @MIOR Pirtial agonist, has been used as a
ngﬁare@?%g%gnor hine's favorable safety profile conpared

Y BresS& Powddt- Ne- 48 55e8hrastpartia @K agonist, it
ohis £I8wBAGRAThaRBIS MO AR diaWhlefBetd@sn S HMNVOR deBhibY(e.o.,

decreased the cost of )
methadone). As a result, buprenorphine has a greater margin of safety than full MOR

agonists. In addition, buprenorphine also has a long duration of action.
Buprenorphine’s enhanced safety, coupled with its extended duration, enables a
relatively long dosing interval, typically every 24 hours, but this can be extended to

every 72 hours or more.




treatment, and increased the number of addicts in
phar macot herapy treatnent. For the treatnent of opiate

w@buwiai@mpel dependence, buprenorphine is avail abtBEGB2007/001120
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tablets fornul ated for sublingual adm nistration, and
is sol d under the trademark Subutex(r). The daily

aivaplige’ sfaserable safSy lpbttmé(&dnipatea tb ﬂleﬂma@or{eaﬁgﬁlcﬁvea@t to be

namgﬁ?c{ S5tk bited PRPiiglenNd ot uppaHay dhgroased the cost of
f Ofdatheh, 208 inkYeaSidXBOhMER of Jﬁlc&ﬁh?ﬁﬁa&&h&@g Vafeatrfdnfl

then in ectlng the resulting solution. To counter this

ni suse Fopthsteamephelapiapabuspeasd depandencatbugrenerphinpiisavailable

Wi dshaHidie fMa@ﬁ%ﬂsﬁﬂh@Bal@ﬁHM&ﬁﬁoﬁ Qn@ls%oﬂi u?xﬁér tfe trademark

( Suboxop e?%hfh‘%.ﬂ I't ndual adm ni stra
bugbBiesT-p llmwugmeeados@foaﬁb!atEm is mdhealtahge 4-hé mgeed

t ®.
b Bkl D0 i Rfteb bl F*‘?*%ﬂgft%gé};b%oé addigty fgymisuse
rth¢ foymulahombmqhaﬂd\sngmhe blstsdnwiashiané then irijeding tHearhsultlﬁgy
ercent e rb )
S RRACED PRt hidute, B SRt R38R as a mixture
BLmllt}eﬁheiI\/ﬁIDRlam,achﬂst néloimedna 4J\Mtii>\l(88box\ﬂéé®6.y- Lis, NY pp.
189-21 Se ren hi ne es er derjyatjves ar
descri %Bl V%dé'%ﬂ?:'ﬁ‘{‘ 11 Og{’ prgnorphipebas;seyera %afgéf?))tagly
12he d&dbo a\ﬁﬂ&swa'rragm(rjghhetagﬁhmm bg pr@t hfﬂthgféﬁs IG\fvf t he
r re i be and_conpar ed Wi 0ose o
%&%ﬁﬁwzﬁ/ﬁmwﬂ% Oralfg. Hrrpmpatison, Rprepgenbine’s
St Blélﬁlbﬂa&i My & ap@lroxuﬁétéi? 9 perced thEﬁ @5&%@%& Q@Jhné@ﬁlg r(Qﬁ:' o8,

of these esters _in %arm @%

26/3sipgy Wemrﬁmme @bé)@ovms; JViMmssL ifgy-Diga AYY, pp.
Pulgbigimed U.S. Patent Application No. 2005/0075361,

al so descri bes sone buprenorphine derivatives, which
are appPsrepkhuprenatshine esterrderiwdtives ast destribaddy Stistlicombetial. in

| ARG 85h M 201 52841364 L ARERAYSbdfremical properties of the esters are

described, and compared with those of buprenorphine hydrochloride and its free base.

(_,_

Stinchcomb et al. also describe transdermal absorption of these esters in Biol. Pharm.
Bull. (1996), 19, 263-267 and Pharm. Res. (1996), 13, 1519-1523. Wang, Published
U.S. Patent Application No. 2005/0075361, also describes some buprenorphine
derivatives, which are apparently useful for pain relief when delivered

intramuscularly or subcutaneously.

SUMMARY

Ester derivatives of the phenolic hydroxy! group of buprenorphine 1 (structure
shown above) are described herein. Generally, such derivatives include a moiety that
is bonded to the oxygen of the former phenolic hydroxyl group. The moiety can
include, e.g., a terminal carboxylic acid group, or an ester of the carboxylic acid
group. As described herein, many of such derivatives can be made by reacting
buprenorphine with a dicarboxylic acid, the corresponding anhydride or an equivalent
thereof, e.g., an ester of the dicarboxylic acid having a good leaving group, e.g.,

tosylate, iodide, bromide, or chloride. The novel esters, e.g., in solid dosage forms,
2



SUMVARY Ester derivatives of the phenolic hydroxyl

group of buprenorphine 1 (structure shown above) are
waleacnitsesdl herein. Generally, such derivati vesPCTGBa@E/001120

a noiety that is bonded to the oxygen of the former

phenol i ¢ hydroxyl group. The nviety can include, e.g.,

a chbdmisea forablipperdons ahio Gre Physidally dépendenesi Bpiates, of Rffering

carboxylic acid group. As scrj.bed herein, ny of
o P v P S i Bt Etegd PR Hestint
Wishf3tydprélile anRamerd erafiéil éhaclidhCardd re@fce@ pétertthl 23 vislisk.de

or an equivalent thereof, e.g an ester of the

di car b&x9nei aspeshithe inugptian fegtugs sampamds AtStHICBERL, o salts
t Qpépt e, iodide, bromde, or chloride. The novel
esters, e.g., in solid dosage farns, can be used for
treating persons who are physiced |y dependent on
opi ates, or suffering frompain/ e.g., severe or
chronic pain. The solid dosag orms can have an
excel l ent safety profile, ¢diphanced duration of action,
and a reduced potenti al 1 suse. | p one aspect, the
i nvention features cogpol iof \Stpucture I , or salts
thereof; Rl is (1% C1 t- i nN"or branched
al kyl ene, optional{y gubstjttuiad w T'h*an aromatic
ring, (2) -(CH2)p (CH2Y p-, ¢h which each p is
i ndependently an finteger fromO to 4, or (3)
- (CH2) nX( CH2) n-, ?%=mhich each n is an integer fromO
to 2, Xis O S, =BMH5N(COOCH 2Ph), having 1,2-, 1, 3-,
or 1,4-substitution, in which Yis O S or NH having
1,2-, 1,3-, or 1,4-substitution or

R1 is

(1) C4-Cyp straight-chain or branched alkylene, optionally substituted
with an aromatic ring,
(2) -(CH,),CH=CH(CHy);~, in which each p is independently an
integer from 0 to 4,
or (3) -(CH2)nX(CHy)y-, in which each n is an integer from 0 to 2, X is O,
S, NH, N(COOCH,Ph),

having 1,2-, 1,3-, or 1,4-substitution, in which Y is O, S or NH,

having 1,2-, 1,3-, or 1,4-substitution or
\/ /\

(CH2)m
in which m is an integer from 1 to 4;

R, is H or C;-Cg straight-chain or branched alkyl.
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in which mis an integer from1lto 4, R2is Hor Cl1-C
strai ght-chain or branched al kyl.In another aspect,

salts thereof; TARL is (1) Cl1-Cl straight-chain

al kyl ene, (2) C1-C8 straight-chain alkyl substituted
wi t h f rianndthéraspectytieliyvengomfepiares copqunenyt StaicdIA, OF salts
(3&‘ é ) pCH=CH( CH2) p-, in which each p is

i Nd€58ndently an integer from Qo 3. In another
aspect, the invention features t conpound of
Structure A, or salts thereof: WAl | n anot her

aspect, the invention features the conmpound of
Structure 1A2, or salts thereejTA2 In yet another
aspect, the invention feat g conmpounds of Structure
Il, or salts thereof; 11 \S apy ieiteger from Qo
2, Xis O S, NH N COX %, Of

1, 4-substitution, iR whie w0k, NH, havi ng
1,2-, 1,3-, or 1, 4-sibs @f in which mis an
integer from1l to 4«The conpounds and/or conpositions
descri bed herein i nc}g,g;i,e sol i d dosage

HO

IA
R, is
(1) C4-Cyp straight-chain alkylene,
(2) C;-Cs straight-chain alkyl substituted with from 1 to 4 methyl
groups or a phenyl group,
or (3) -(CH;),CH=CH(CH,),-, in which each p is independently an
integer from 0 to 3.
In another aspect, the invention features the compound of Structure IA1, or

salts thereof:

COH

TA1

In another aspect, the invention features the compound of Structure IA2, or

salts thereof:



fornms that can be swal | owed, applied sublingually
and/ or buccally. The conpounds and/or conpositions

waledciidseel herein can al so be adm ni stered by BCTEB2007/001120
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routes, such as intravenously, intramuscularly or
transdermal ly. In another aspect, the invention
features nethods of treating opiate_abuse and/ or
dependence in a subject by adm nist\gring to the
subject a therapeutically effectiveg anount of one or
nor e conpounds and/ or con‘positi% descri bed herein.

I n anot her aspect, the inventi/gm features nethods of
relieving or treating pain '
subj ect, by adm nistering t
t herapeutically effectiv
conpounds and/ or conposi
Aspects or enbodi nents any one of the
foll owi ng, or conbi nations the foll ow ng

advant ages. The conpounds and/°6r conpositions

descri bed herein are useful fgtreating opiate
dependence. Sone of the compounds and/or conpositions
can havik ygt ansther aspegiohe invention ffeatures compeyndsiof Btrectvre ilh or
paghsq§ﬁggse of their reduced hydrophilicity and

r ed solubility in water. Treatnents are sinple to
enpl oy and | ess prone to be incorrectly performed. The
conpounds and/ or conpositions can b&/enpl oyed in
treatnments outside of a hospital. The conpounds and/ or
conpositions are powerful anal gesjpcs that can relieve
noder at e-t 0- severe pain. The cgf
conpositions can be adm ni @: a vad ety of

conveni ent routes, includi 3 -sﬁp{%rgually,
buccal |y, intravenouslyg& i nfFFraquscul ar |y or
transdermal ly. The conpotméls an®l/ or seonpositions can
be provided in a ARunbé&r“ef different states, including
solids and |iquids/The conpounds and/or conpositions

can be provided i'fi a nunber of convenient forns,
i ncludi ng tablets, powders aqﬁ

egt/e.g., a human

ha

Each n is an integer from 0 to 2, X is O, S, NH, N(COOCH,Ph),

Y .
having 1,2-, 1,3-, or 1,4-substitution, in which Y is O, S or NH,

N
7/

having 1,2-, 1,3-, or 1,4-substitution, or

\/_\ /
(CH2)m

in which m is an integer from 1 to 4.

5
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pat ches. The conpounds and/ or conpositions can be
rendered water-sol uble or water-insoluble. The

an enhanced duration of action. The conpounds and/ or
conposi tions can have a slower onset of action in

clolrmar I"ﬁféra;om oms BedIer dohip mlonthlﬂbseﬁsedqiemi ilcRide @dri]fdl dossbe
all technic sci ent er ns e|n ave
© HOS 8! 578 4R B IR By S5 BuS55116 r Enagpmpounds
O £HdPR Q:MmE/E ﬂdns dscEb& 1RFdin dm aWBbe leﬁiﬁis?erécﬂ)sﬁ‘d}ﬁér?&tes such
beI ongs thods and materials are descri bed herein
f o#s igfsavepopsiyhntramascaiorly ohtander®ally.ot her, suitabl e
et hOdSIH%H&h&BaE r %ﬁn%ﬂﬂmebﬂreg 1134 ofqpegtn‘ia&r (Z&atp fbuse
used. The mater s, nethods, and exa
i | andéor depeindence it 3 subjegt bycadniinisteningetd thecsubjectai thérapenticallpl |
%&e‘cﬁ@é a{n?&ﬁlt PRESE HQ%DA%HHSQ d's gﬁ‘cﬁc)r c%ﬂlg)gﬁ%néng C%&glb&} ﬁ]e%m
erencesmenti oned her el I ncor
r ef ererdo and:thcreusmect ihet lh@innorefaaturee try:thotlmofaal%'lngfor treating pain

T TS T T W —
admtl‘atgzﬁﬁomf oitdne or moendompountls khd/recomppsiti@istdescribed hdnein.

the ol eSS PRI R bR REer BTG &° corgiains

s hmmuaw&rgaz@eanﬁw MEhe@OMPAIHAE ad/E1EEmpbIitidHY dBdcHb&S herein
phl ne, henm adj pate and hydﬂ;gl ysSI s pr odu

% I frring OPIIS dReNdPRsf. SPmE PHfe GeRaunds
adé'ﬂn[ﬁo?xihbﬁ’d dafl %aéesé/\féhﬁdé SentiaPfor i’hlﬂl@@ @t Rhst In W Bégav.@é of their
bupr enar phi ne_hem adi etoafirst &oup eagle
dofgduced pygropigligity aaldgwglsw sohbilitnig vealey nissare simple to
COGRARY hridf le@PRoreitd bE‘ Efc&jl@ctlff)erﬁﬂﬁég ”ﬁ{miﬂﬂﬁmﬁﬁ afld/or
function of tine after oral admnistration
( swEposifipwoan be emplogedindieatpents pyisidg 064 hospitele 1be prmprainds
t Oarf(’l/o? %819@951&{%9 YR p%(veg&laa%lgesgcg Ut el rghevg ’%1dd§1)a?e-1)g-s@€4?e pain.

W ng average plasma concentrations
The compounds and/or compositions can be administered by a variety of convenient

routes, including orally, sublingually, buccally, intravenously, intramuscularly or
transdermally. The compounds and/or compositions can be provided in a number of
different states, including solids and liquids. The compounds and/or compositions
can be provided in a number of convenient forms, including tablets, powders and
patches. The compounds and/or compositions can be rendered water-soluble or
water-insoluble. The compositions have an enhanced oral bioavailability and an
enhanced duration of action. The compounds and/or compositions can have a slower
onset of action in comparison to buprenorphine.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Methods and materials are described herein for use in
the present invention; other, suitable methods and materials known in the art can also
be used. The materials, methods, and examples are illustrative only and not intended

to be limiting. All publications, patent applications, patents, and other references
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bupr enor phi ne hem gl utarate and hydrol ysis product
bupr enor phine as a function of tine after oral

bupr enor phi ne hem glutarate to the first group of
beagl e dogs. FIG 2B is a graph show ng average plasma
c omertimecdhhrein gre(ingprpaiatad by wefergncp heminrip Hieirentisstya In case of

P . . PRt | .
B e R e S R

t o t he Qtherneiuxgs andndyantagsa gf the ihygsionMilbbe 3pparant fromrthgph
show . trations (i.n ng/ m) of

U oA AR ARG EE MO RS i O

bupr enor phine as a function of tine after oral

adm ni stration (S\A@gg@mpgioﬁbﬂ)ﬁgms 63 ng/ kg of
buprenor phi ne hem adi pate to a first group of beagle
dogs. HiIG: 135 4 graph ghowing ayerosd plesmaceneagtratitng Sivmg/ml) of
co . o . .

F L FAckte sy e e Bhis IO ARADBRLHAn s Puncton of
( stimk hbetiona pdwnigratiosswalloviag) o 2 Kgseof 1 mglkeofduptenomphine

a ﬁg&g@gﬁ&%ﬂ?ﬁﬁfﬁﬁ%‘aﬁ? eg%gg(?g%+i FIG 4 is a graph

show ng neti |l e of a high oral dose
of buprEGotBlE agrapteshiowiligpatregeasiasnmi coh@ntraticha (inyngfngd) o028

d t | d . TAl LED CRI PT vel, ester
b DrERRs R RS A B Rl ieR s o wing] B & fose
bupf @8 migfkaiofl Bumesorpldscioialsedbnt gfoap nfbe\fﬁb dagael hes_t er IS

b .e.g.,, to treat per,sons 0 are si c
o ema g i€ Sapn vl B B are  met
beblmram'r;ﬂm_rh Heh?gliétat;kdhilﬁ hpc]gx@lygirs plodt& gﬁﬁrehchﬁhiﬁ@ ¥€d function of
est.ers ol I, oS e qQr can . e.d., .
S WhITF B0 @l gminisge i CR ARG 95 A gse 0By sredkibstiwprrgorphine
Dehéﬁﬁgm'tamstoﬁheﬁgsgﬁgp dﬂreh%atlbgé.es can generally be

S

descri bed as,conmpounds, of Structure | i .
FIG. 2B is a graph showing average plasma concentrations (in ng/ml) of

buprenorphine as a function of time after oral administration (swallowing) of a dose
of 0.8 mg/kg of buprenorphine to the second group of beagle dogs.

FIG. 3A is a graph showing average plasma concentrations (in ng/ml) of
buprenorphine hemiadipate and hydrolysis product buprenorphine as a function of
time after oral administration (swallowing) of a dose of 63 mg/kg of buprenorphine
hemiadipate to a first group of beagle dogs.

FIG. 3B is a graph showing average plasma concentrations (in ng/ml) of
buprenorphine as a function of time after oral administration (swallowing) of a dose
of 50 mg/kg of buprenorphine to a second group of beagle dogs.

FIG. 4 is a graph showing a pharmacokinetic profile of a high oral dose of
buprenorphine hemiadipate administered daily for 28 days to beagle dogs.

DETAILED DESCRIPTION
Novel ester derivatives of the phenolic hydroxyl group of buprenorphine are
described herein. The novel esters can be used, e.g., to treat persons who are

physically dependent on opiates. Various solid dosage forms can be provided that
7



or salts of conpounds of Structure | . In Structure I

, R is (1) a C1-G 0 straight-chain or branched
w@bkdyhewas nmoi ety, optionally substituted wi th BCT/GB2007/001120

aronatic ring, e g., a carbocyclic or heterocyclic

aromatic ring; 3 -(CH2) PCH=CH(CH2) P- noiety in

whi ia¢ludserte op moze ofilpennyalesters. yThamoliddossperforfmsain Be,tets. 4

or pg‘%) "9-@ noi ety in which each n is an
nts{é‘éae]r lgﬂf %kmlg O S, NH, a 5-nenbered ring

"~ture 2 (below) having 1, 2-

E?S uucfn% 6 A o %Pefﬁfﬁzeaieffé&?s%ﬁec%umﬁéﬁslgf'SgﬂctureI
5remmﬂmwkmmmm&oﬂmemB (bel ow) having 1,2- (3A),
1,3- (3B), or 1,4-substitution (3C) or a 5-, 6-, 7- or
8-nenbered al kyl ring, as represe by Structure 4
(below). In instances in which Xi¢a 5-, 6-, 7- or
8-menmbered al kyl ring, all positiopal isomers of each
respective ring systems can be u ized, e.g., 1,2-
and 1, 3-substitiuton for the/5 nbered ring. In
Structure | , RR is Hor a~g<{C6 straight-chain or
" branched alkyl.:,} VJ Som¢ ¢xaymles Of G C,10
strai ght-chain or bray |etLe§ |ﬁclude
e.g., -CH2-, -CH2CH2- = CH2CH2-
and Structure 5,06, 7,)=¢ . 6 s bans 10
carbons 6 6 carboys 7.one -.aﬂple- XCL-G O
strai ght-chain or/branched al kyl n¥teties substituted
Wi th an aromati c’Riring include Structure 9, 10, 11, and
-5 12 below. The aro LC ring can be, e.g., a single

ring or a fused rAing. The aromatic ring can be
R,0

30

In Structure I, R; is (1) a C;-Cyo straight-chain or branched alkylene moiety,
optionally substituted with a aromatic ring, e.g., a carbocyclic or heterocyclic
aromatic ring; (2) a ~(CHy),CH=CH(CH,),- moiety in which each p is independently
35 an integer from 0 to 4; or (3) a -(CH2),X(CH,),- moiety in which each n is an integer
from 0 to 2, X is O, S, NH, a 5-membered ring represented by Structure 2 (below)
having 1,2- (structure 2A below), 1,3- (2B), or 1,4-substitution (2C) in which Y is O
S or NH, a benzene ring represented by Structure 3 (below) having 1,2~ (3A), 1,3-
(3B), or 1,4-substitution (3C) or a 5-, 6-, 7- or 8-membered alkyl ring, as represented
40 by Structure 4 (below). In instances in which X is a 5-, 6-, 7- or 8-membered alkyl

2

ring, all positional isomers of each respective ring systems can be utilized, e.g., 1,2~
and 1,3-substitiuton for the 5-membered ring. In Structure I, R, is H or a C;-Cg

straight-chain or branched alkyl.



carbocyclic ring (e.g., a benzene ring or a
napht hal ene ring systenm), a heterocyclic ring (e.g., a
wo biosphespe derivative, a furan derivative, or BCPGBR@7601120
derivative) or a fused carbocyclic and hetercyclic
ring. In specific enbodiments, Rl is -CH2CH2-,
- CH2CH2CH2-, - CH2CH2CH2CH2-, - CH2CH( CH3) CH2- ,
- CH2C( CHs) 2CH2-, - CH2OCH2-, - CH2SCH2-, - CH2NHCH2-, or
- CH2N( COOCH2Ph) CH2-. I n instances in which Ris a Cl1-C
strai ght-chain or bran kyl noiety, R can be,
e.g., nmethyl, ethyl, pr@%yy% i sopropyl, butyl,
isobutyl, sec-butyl, anyl, isoanyl,
1, 2-di et hyl propyl,, 1, 1-d?nethyl propyl, pentyl, hexyl,
10 4- et hyl penty - net entyl, 2- nethylpentyl,
3-net hyl pentyf, \1, 1-di hw\butyl -dj met hyl but yl ,
3,3-dinmethylb 1, 2, thyI yl nd
1]_2tnwmhdmmmw gmeeMmmrmms R2is H,
provi di ng conpounds of Structure | A, of salts thereof.
A In such instances, in Structure IA Rl is (1) a
Cl-ClGstraight-chain al k] eké noiety; (2) a Cl1-C8
strai ght-chai n al kyl ene gty substituted with from1
20 to 4 methyl groups or a pocyclic aromatic ring,
e.g., a phenyl group; or (3) a -(CH2)PCH=CH(CH2) P-
[ \S | ndependently an integer

fromO to 3 ' sone enb PNt s, co nds or salts
of Structur® | AZare thos AT mhr -C5
strai ght-charn al kyl ene,—e”g., -CH2 -

- CH2CH2 CH2 CH2*, - CH2CH2 PR CH2 CHR- CHECH(CHB)CHZ or

30 -CH2C( CHs) 2CH2-. I n particul ar enbodlnents t he
conmpound is that of Structure Al or A2, or a salt of
ei t her.

(CHalm

4

Some examples of C;-Cyo straight-chain or branched alkyl moieties include,

40 .8., -CHp-, - - -
e.g., -CHy~, -CH,CHs,-, CH,CH,CH;-, -CH,CH,CH,CH,CH,- and Structure 56,7,
and 8 below.
H;C
s CH, CH, CHs -
45 g
CH.
6 carbons CHy CH; CH ’
5 3
10 carbons 6 6 carbons 7
55 CH,3
HC  CH,
8 carbons
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Al 1A2 In sone enbodinents, R2 is H and R is
-(CH2) nX(CH2) n-, providing conpounds of Structure p ,

wo@roogaleds t hereof . | |11 In such instances, - (BEYGBX(0THD1120

)I1i- can be any of the noieties described above. In
speC|f|c enbodi nents, n is 1 in each occurrence and X

i s S, Sope exampissof CoBiv)straighteyhaivior hadchet aMykindfties substituted
B g BRuRGE f. Structure | can
be, e.g., p?g%g?ggggﬁgﬁﬁ§ e é0|gﬁ$?%§#%%se (1A by

di ssolving the acid/free base in an al cohol, e.g.,

nmet hanol or ethanol, and then treating the acid/free
base solution with the desired diazoal kane (R -HY N2 13
of | n some enbodi ments, excess diazoal kane is

d| et hyl ether. it

enq p the di azoal ded to the ree
base @t a reduced tenperat ., less than

and then after additjon, tion is allowed
Mum—nro-'tmmWat ation qf

aci‘ds ustfg ditazo conpo nds ik discussed’in F

Anmer. @hem Soc, 126, 22- 23 (2004). Purifficatifn
of the ester can be accoﬁpluﬁ &d by passing tHscr udidy,
reaction m xture through a chromat ography col um 1
cont ai ni ng an adsor bent, alum na or silica, and
then re-crystallizing th ined material . CGenerally,
conpounds of Structure | e.g., prepared from
buprenorphine 1 or a phen netabH§aIt A (e.g., a
sodi um sal t) of buprenorphine wit dlcarboxyllc acid
14, or an anhydrlde 1 5. Ear exapple, the

=
o -
QD
=
O
e
X
“i
O
QD
Q.
o
Q
QJ
>
O
¢»)
-\
(72}
c
(@]
Qs
=
(@]
QD
e
o

12

The aromatic ring can be, e.g., a single ring or a fused ring. The aromatic ring can be
carbocyclic ring (e.g., a benzene ring or a naphthalene ring system), a heterocyclic
ring (e.g., a thiophene derivative, a furan derivative, or a pyrrole derivative) or a fused
carbocyclic and hetercyclic ring.

In specific embodiments, R; is -CH,CH;-, -CH,CH,CH,-, -CH,CH,CH,CH,-
-CH,CH(CH3)CH,-, -CH,C(CH3),CH,-, -CH,OCH,-~, -CH,SCH;-, -CH,NHCH,-, or
-CH>N(COOCH,Ph)CHs,-.

2

In instances in which R, is a C;-C straight-chain or branched alkyl moiety, R,
can be, e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl, amyl,
isoamyl, 1,2-dimethylpropyl, 1,1-dimethylpropyl, pentyl, hexyl, 4-methylpentyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl,
3,3-dimethylbutyl, 1,2,2-trimethylpropyl, and 1,1,2-trimethylpropyl.

10
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acid, 3,3-dinethylglutaric acid, adipic acid, pinelic
acid, diglycolic acid, thiodiglycolic acid,

WO ptodadicacet i ¢ aci d, N-benzyl oxycarbonyl i nm doPCEHCB200¢/001120

acid, terephthalic acid, isophthalic acid,

1, 2- napht hal ene-di car boxylic acid, |H pyrrole-

2, 5- dnsembemlyddirgerds; Rd js H yiroyidieg ecrZpdundi afStinoed JA; op&itsl
o uran-2, 5-di carboxylic acid. 1Aln particul ar,

compounds of Structure | are prepared, e.g., by one of

three methods. In a first nethod, a phenoxy salt I|A,

such as the sodiumsalt of bupr rphine, is prepared

and isol ated. For exanple, the s¢odiumsalt of

bupr enor phi ne can be prepared by reacting

bupr enor phi ne, which is disgg Ved in a solvent such as

et hanol /water, with sodi uy dride. The phenoxy salt

IAis then reacted wit v ed antpedri de. The

crude salt thus obt ai¢ F-t-¢ 0 the

hydr ochl ori de sal b by i t hydih,ute, e.g., 1M

hydr ochl ori c aci d. ‘ base | can be

obtai ned fromthe ydrochlorlde SHI t by

neutralization. I a second method, buprenorphine is

reacted in a dry Vent, e.g., a m xture of di et hyl

et her and acetonirile, with the desired acid

anhydride. Typically afterLttanding overni ght at room

he desj re em-ester is obtained. In a
iR in SR A IE A 5T Chr sriebticnidn sl enpamoiety
(@esCr-egl stdilgm-bmx Nﬂ@l@neﬁﬁblgtytéﬁbsﬁﬁm Wit N80 4 methyl groups
di car box id I n considerabl e excess,

AP GADE L AT R P8 SPBE Lo (bt UG CHICFEpa
rﬂéwtyslobvuiemeaoﬁtquuﬁ&pehe&ﬁ@%%&qﬁ?ﬂfr&ﬂ 0t830Ng Wi th an

excess of a caqupling agent suc
HN' - i 9Ra sgrhodimeatsy %‘wopm@é sql@@tsyrucmmdé a@ﬁthAtetfpowhloﬁ
Rﬁ@cﬁ@g&&ﬁgﬁ%—@ﬁﬁnﬂﬁkﬁéﬁé ¥l dﬁ;cﬁ%m %H If
bound by any p articul ar theory, 1t°is b |e3
FH@CH:;C 2CH2 Hz- -CHzCH(CH3)CH2- or -CHzC(CH3)2CH2-
In particular embodiments, the compound is that of Structure IA1 or IA2, or a

salt of either,

o
that

CH H

IA1 IA2

In some embodiments, R; is H, and R; is ~(CH2)nX(CH,),-, providing

compounds of Structure I, or salts thereof,

11
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hem - ester conpounds and salts thereof described
herein are prodrugs that rel ease active drug

whoprenssphi ne in vivo. A prodrug nmay be deflnE@nﬁszmwmonzo

delivery systemfor a parent drug to which it is
nmetabolically transfornmed follow ng its absorption,
e.g., a biotransformation to |liberate the active drug,
e.g., hydrolysis. Generally, a prodrug can protect the
parent drug from premature inacti i on and excretion
before reaching its site of action/ As exanples,
heroin (3, 6-diacetyl norphine) is Ja prodrug, though
primarily not for norphine, Nfor 6-acetyl nmor phi ne.
In this exanple, the 6-aceto group is generally nore
stable to netabolismthan -acetox¥ group. In
particular, it is belig vt he hen1 Eters

di scl osed are prodrug r:l%as""bugrénﬁ%phlne
after hydrolysis Rp the=bH¥ a{ subj ectesf as shown
bel ow) . hydrol ysi s Jrate ¥ hyd Ql ysis can be
control | eqd by gglJ rlng t he hydroﬁh|I|C|ty of the

hem est er .\Thug, céhpounds of Structure | can produce
hi gher bl ogd—€®ncentrati ons of buprenorphi ne when

adm ni steded orally (by swallowi ng) to a subject than
are produced by equi val ent doses of buprenorphine.
This feature can al so provilie an enhanced duration of
action, and a slower onset of action in comparison to
buprenorphine. Referring nowto FIGS. 1A 1B, 2A and

Ia Bychphstances e(CHRRK(CH 3+ ush lﬁﬁm? of e adiicsl Qékﬁrlmra%ove In
()yte S|Q%k1r|t|ate hem adi pate 1
spetif sty Iyl SegSronge and 195 (Y APPICEEPRYriCs
a graph shomﬁng average plasma concentrations (in
f.

! b pr enor phi ne hem adi pate and hydrol ysis
h@gﬂo d Ruprenorphine Derivatives nct j on of tine after oral

ad m @bmpomms eflSt('Lﬁswé 1 cuti bR, g Orepar&OR6in Be al Bt DaSd (14)

nor
lEipsscﬁvmg %e acld/free base in an alcohol, e.g., methanol or ethanol, and then

i

treating the acid/free base solution with the desired diazoalkane (R2-H)N; 13 of R,.
In some embodiments, excess diazoalkane is used. In some embodiments, the
diazoalkane is dissolved in an ether, e.g., diethyl ether. In some embodiments, the
diazoalkane is added to the acid/free base at a reduced temperature, e.g., less than
50°C, and then after addition, the solution is allowed to warm to room temperature.
Esterification of carboxylic acids using diazo compounds is discussed in Furrow, J.
Amer. Chem. Soc., 126, 12222-12223 (2004). Purification of the ester can be
accomplished by passing the crude reaction mixture through a chromatography

column containing an adsorbent, e.g., alumina or silica, and then re-crystallizing the

obtained material.

12
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hem adi pate to a first group of beagle dogs. For
conparison, FIG IBis a graph show ng average plasma

w@omcaniss@t i ons (in ng/m) of buprenorphi ne asPEr/GB2007/001120

function of tinme after oral admnistration

(swal  owi ng) of a dose of 0.8 ng/ kg of buprenorphine
to a second gpoup of beagle dogs. FIG 2B is a graph
showi ng avergge plasma concentrations (in ng/nl) %
bupr enor phizie hem gl utarate and hydrol ysis produg
bupr enorphhne as a functign i e after oral
adm ni “l |1 owi égi HZIQZ%';’ dose of 1 pmlk o
bup eporphine hem.gl utarate to the first g ""ﬁ"‘i-%
beagl'e dogs. “For conparison, FIG 2B is § g 3 o
shgy;ng average plasma concentrations (it ng/n) of"

buffr enor phine as a function of tine afte;>==0ral

admi ni strdai on (swal | owi ng) of a dose of® 0.8 ng/ kg pf
bupr orgﬁ)ﬁr ne to the second group of beagle dogs.

Thes &880 SIRRBHR StmstureA qan bps.gupremaret] frowr  af t er
bapiherping 2tk ® PhedbxylmBE] fekh Bl arohi

h rrid-s.rgs er ,(e?t her}lherri%gi.lga(teg’gf%@?ﬁ%ﬁf??#’%f%ﬁ?hnm gh
“@ﬁ‘nac AP lie Acid &4, or an anhydids thereafdSe Fpr @memle, the pl asma.
didagteeylicaca dan'We hfalda 0 £ Lhe | iberated

by g e}rlmr phi ne, _but@?%ﬁ%fl% {ez:lalgﬁt %‘8%2188?%@3'8\%@?{%?%}?
apife.P-diaqtaylgintage peid mdipistvictie pimeli atidutiglycdlic asidch st udy

Kibdi&Eoe ngl.: BhoLhe g of ,ani nal s recei ved an
b q ljléi?%cl)lg% t ﬁb%@ﬁ? ¥ néecgcﬁ é\lr %Plgégx%ﬁ%’?@ﬂ d‘?’bﬁfhﬁ‘é‘?“cﬁﬁ‘é
tesprhhatic peideisopitthaig peidniG2-phyihtmlchekicavor@icaicall, 1H-pyrrole-

o At 00 ; s..nearly equivalent to the doses
2%]9&1%&{11‘%03%'g%ﬁélg,gltugéléqu%sf%céar 0 g%(f %c%ﬂgﬁléjnwﬂe‘i-glcarboxyhc

agfgni ficantly | ower than those resulting from
adnm ni stration of the hem -esters. Thus, the

hem - esters ch afforded 2 ¢o 3+fold higher blood \/
| evel s of bupgrenor phi ne than%eé obtai ned fromthe
parent drug.J) Pharmaceutical Conpositions Generalts

phar mac cal conpositions t hose t hat
| east o o HO 14 . St Gy

13



10

15

20

25

30

bupr enor phi ne hem -ester as described herein, and/or

at |l east one salt thereof, as an active ingredient.
wadb@7phmséraceut i cal conpositions typically i ncPCreB2007/001120

phar maceut i cal |y acceptable carrier. As used herei n

t he | anguage "pharnaceutically acceptable carrier”

i ncl lrestiowian.comapunsig of Stustusal ira ereparsd\eegut by, ondiof theses i on

Mqe=tol i t ial and

Rflop, ot aod, b Bty SHAE RS AR 0t g

bapremrghingis mhpaafrdsand@mlmd Hoeexaimiple, theaedivmealt oL al

EPEATLTAS BB heoBIRY FEERI Ut RERANE, RER iR oo

salvens p\pdh@aeﬂnaml&wam,twmmodnﬂrplmdnde aThz: pinahcmyamle 1A is then

rBRle DRSS SR e MR T B o TR P R

hiydrbetiatidd sakb by &ealfneﬂdﬁﬂfﬂlmte[ agl o M, hﬁhﬂé’mbﬁSacﬁﬁ. Tieut es

PR Fed et O P asrrres oSl a5 dicagragon. 1o

sédoad ﬁﬂ&lbﬂ&iupfeh&}phma lis) reaomdn b dBNBERNS.al, a fixtBre of diethyl

bl N h
SRR kPt ghe Wit 9 03 oo gL At pting

oREYRIgABE Potin t‘eﬁipefaﬁﬂ@@l’id deb@éal&leﬁﬁ-est@m stthingd 1h R thifd Iﬁethod
the series Drugs and the Pharmaceuti cal Sciences:

hegy-psiets gp ohrlalief g tha desind AiserPaphis 2piddr cembinjpgthe For

ARSI IR ackiOh UbhsRIBFbRY ex8445, R TraAs tHAR 85 -holk eRALE Wuﬁf al,
i ntradernal , or subcutaneous application can i ncl ude

buprenqrpiingifiarlsy sQlvRIb FRehes tetrahs@f%fwan,@ QmeIWithyAn exeRsh obas
cwﬂﬁg Q¥ suchla8 RNy cm'em&rb%ahhﬁde%ccfw xed oils,
pol yét hyl ene gl ycol s, glycerine, propyléne glycol or
ot her synthetic solvents; antibacterial agents, such
as benzyl al cohol or nethyl par abens; anti oxi dants,
such as ascorblc aC|d or 'sodium bisulfite; chelating

@ a1 efliheaBupsg preclrivafivest et r aaceti ¢ aci d;
buff h
agen t@éﬁ%mt%?lﬂ CP% %%{n?& lﬁﬁan& ?)hlttlcﬁgletﬁ%o% i gﬁlp Q/Q& &1’3
heii-entdr dempounde sidr aahsthewa deaaribbé hcaeﬁptaaet prddmgst mataelmks or

agtﬁé%?‘ug buprenorphine irn vivo. A prodrug may be defined as a delivery system for

a parent drug to which it is metabolically transformed following its absorption, e.g., a
biotransformation to liberate the active drug, e.g., hydrolysis. Generally, a prodrug
can protect the parent drug from premature inactivation and excretion before reaching
its site of action. As examples, heroin (3, 6-diacetylmorphine) is a prodrug, though
primarily not for morphine, but for 6-acetylmorphine. In this example, the 6-acetoxy
group is generally more stable to metabolism than the 3-acetoxy group.

In particular, it is believed that the hemi-esters disclosed are prodrugs that

release buprenorphine after hydrolysis in the body of a subject (as shown below).
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such as hydrochloric acid or sodi um hydroxi de.
Parenteral preparation can be encl osed i n anpoul es,

waele@pos®mbé e syringes or nultiple dose vials nmaper/6B2007/001120

gl ass or plastic. Pharmaceutical conpositions suitable

for injectable use can include sterile aqueous

sol utions (where water soluble) or dispersions and

sterile powd for the extenporaneous preparati of

sterile injegzzble solutions or dispersion. For

i ntravenous admi nistration, suitable carriers ingclude

physi ol ogi/e sal ine, bacteriostatic water, g phor

‘ Pahsmppany,hN@Pbﬁﬁ phosphat € bt er ed

# eases—the—comosi tio st be

SHy s

cognglons of manufacture and st or age /and
prgserved against the contam nating &dttion of OCH;

m cr oorgani snms, such as bacteria and fungi. The
carrier ¢an be a solvent or dispersion nedium A
containing, e.g., water, ethanol, polyol (e.g., g}—o
gl ycerol, propylene glycol, and l|iquid polyetheyl
glycol ), and suitable m xtures thereof. The proper
fluidity can be maintained, e.g., by the use of ad u
coating such as lecithin, by the maintenance of the

ticl d
R BOGH R S IBEa irfhnRp il
estdrC Thay, ganposinds afStruberedcian gmddceﬁyghmblpotbgoncentratlons of

oGRRaS RPN SSE AU S a eI

plobud¥a By equiédént dodes of buprdnerphinef Fhialfidaturt cani ahel prolgde an
i.sotqgnic a al cohol.s such as
e oL oL o A NP B rg of BB EPREST! e

bﬁﬁ&ﬁﬁﬁh&jon Prol onged absorption of the i nj ectabl e

nposi tjons can bhe ut d|n in the

comnRab g Ao Bistnd At A Ao ot elip ided S

b HoBs WeARARRE 8 A1 tAfdeDRkmAddighte 16 and tritiated hemlglutarate
17.

16 17

15.16-tritiated hemiadipate oH 15,16-tritiated hemiglutarate
,16-tritiated hem

om 0

T = tritium (CH)
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Sterile injectable solutions can be prepared by

i ncorporating the active conpound in the desired
w@rwanioedéer an appropriate solvent with one or BCT/GB2007/001120

conmbi nation of ingredients enunerated above, as

desired, followed by filtered sterilization.

Fionb islal graphcheysiag avasess phasmasprqsntrasions(in hgfedyofor at i ng

bhgr%{.&pﬁlhéf fre 19&'?8895&1 Hamr'cgslzsgs rﬁ&&%f lhx%réﬁ%ﬂihﬁﬁ%s a‘MHcﬁB‘n

e reqg Ull‘e

tioelafier oragardadmemtr@n {avathowing} ef aadoseref bing/tg abmpeenomhuteh e

j f steril
SRRk GePILSER 0B KPS BRI AT BBl
showipg eatrageplame comeniatiods @rm ngfmd)rud bﬁpremphinb asi anfgnctishiof h

oS DR on RyP el R FU S BeaBiol huftSiorphine

t6 b &dcohd®gibinp bEeagle dadsu FIGRR R argeaph shdwing aveeage plasma

SERRPLIE e BRSSH e SIS0

biRpleppRin® ks Dfudbtion v titp @ttt Galadminidtstisisivallowibfeofaridsor

sSSP AR oRS e ED b

cBiphroh S, 218 iACd@sh showingaP&hdeqiasnR-cBncenB8icak (iR ng/ml) of
capsul es; such conpasitions w || ener al lﬁ i ncl ude an

bi"ﬂ@fl?rp’ém? a%%@n%ﬁon&ﬁ tigg jafpreorel amindyiration Gwvaloyripelatie dosss

o‘f@'% @Qo%p%@@ﬁﬁq@@o e bé%gn@gx%hﬁlbﬁbeﬁgé Hbg%r Tfh@sfe sHRIfesaS
hwash. Pharnmaceutical |y conpatib bi ndi ng

Sh@é?ﬁfbatahume? updiejl hpurraftenadrainisiiption of A nuﬁkg ¢fdhaded as
bﬁ?{% %rgfuné H&n&&@ﬁﬁh&ﬂ Riiadl3 drdbh&iRara 1?.} th w}pﬁ%ﬁﬁ‘é’tkoﬂ§

s- and can contal n any ow n
of injacé eisterrivese presentio piasmad Shese leyels wierd laghen than these of the
1f3l:1%ﬁrbuﬁr‘ég e %P%?xﬁfy YR & dek e ﬁﬁJe{ fﬁlaﬁ)ﬂ'l% 1eveiBf

tragaca an excil pl ent suc as starch or
bupxsherpkine by & ihgmrmt cpactt study (EHdN tlBsaud BBhancghieg group ofaiinials
[
rBleife8 B ol G g8 oF HRGERE! o Br e I PR vt of, o
bapsuaehiea foi!gwagemal admuimﬁaﬁoxsoﬁﬂowmemiy s@oelear torihe dnseseof

t}flel l%\r/nq!elstgx% gl%%teag € gogs were significantly lower than those resulting from

administration of the hemi-esters. Thus, the hemi-esters each afforded 2 to 3 fold

higher blood levels of buprenorphine than was obtained from the parent drug.

Pharmaceutical Compositions

Generally, pharmaceutical compositions are those that include at least one
buprenorphine hemi-ester as described herein, and/or at least one salt thereof, as an
active ingredient, The pharmaceutical compositions typically include a
pharmaceutically acceptable carrier. As used herein the language “pharmaceutically
acceptable carrier” includes material such as saline, solvents, dispersion media,
coatings, tablet excipients, antibacterial and antifungal agents, isotonic and absorption
delaying agents, which are compatible with pharmaceutical administration.

Supplementary active compounds can also be incorporated into the compositions.
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pepperm nt, nethyl salicylate, or orange flavoring.
System ¢ adm nistration of a therapeutic conpound as

waledciidseel herein can al so be by transnucosal BCT/GB2007/001120

transdermal nmeans. For transnucosal or transdernal
adm ni stration, penetrants appropriate to the barrier

Examples gfetmdmmtawacwmmPWIﬁme radoxiond, anktroxone 8ud h
g{é gipants include, e.g., for transnucosal

"a mnl'stration,detergents, bile salts, and fisidic
aci dPhremaccatical esmpokitmnsare t;sq»kally foobmmlated tto be coppatible with

I Qr .
RS IRE of Sy P R of AR ol PR BN G B et
parenteni, e. gl dntravesdve intaieinvad, aremotanam&(omﬂdfrmsdmht (sopical);

st Frpiaes Gogr SulibeE: b of D POt oo

or nMemoheaﬁfoﬁﬁﬁlﬁtngaaﬁdbv@mwndlscoﬁfpﬂdﬁms aBddsSribed

.t her fornu ed in the_f.orm of. an aer osol
i, 2 58 g s it bemadbaiadf o8l Qe B AFE 0Pk and

BE@p m&ﬂlmlm BXa, k@lfions Or Shsperlioffse8 fGh as
car po

n . di oxi , a nebulizer, Carrier nmaterials

PRIGEEBHdRAdS é’aS‘F‘%’f“@F%Puw?%‘é*}tloflaﬁl?ﬂﬁlF]é‘f‘? tgdolloxing| so

cBRpsiRAt; aSteflle diliB Qnch@s wiied ff éHtlbﬁi | 8lineSsafilfioA Sixed oils,
gl ucose, |actose, |actose npnohyd rate sucrose or

p?%‘h&'ﬁ%@w% gectinecinpylene ebigehorptheraynthetio polysnts; ‘
aﬁﬁﬁab{eﬁlll’ aghfR, %héixczts 'b@nz??élgoh‘af oY &hA %%Bédsnantlgklﬁ&ﬁsc' @uch as

trehal ose and in i cul ar lactose monohydrate. I'n
ageorhic eaidefRodEm lysulf teecheloting aggnts.oueh esthylensdiaminstetrparetic
r

o ers R ap Pt & oL ol Pl arBRUA Ly e ten 7

tanicity, wheasadivam ghlenidsror d@ﬁrosﬁ pfhmﬂubﬂﬂsteémth @eids or bases,
r

AR P CETIRE R Pl RfieR be |

egdosed umampqmde@phmosadtﬂe syfipges ogmpltti)le]dots@vmls%akly ofidaghtr of

[ystgronl zed | act ose nonohydrate, which can have, e.g.,

Py partlcle size dianeter of at nost 10 mm preferably

at nBlxtrmbeentival bmnp@itlohemmms roigéctitieuspant includs sterle y

agueous SOll]:tlDOI;‘lS v!zh%tré wiker SOHI%ICBJ gr d %e%s?o%s (ﬂ%eorﬂg gg’wders for the

extemporaneous preparation of sterile injectable solutions or dispersion. For

intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered
saline (PBS). In all cases, the composition must be sterile and should be fluid to the
extent that easy syringability exists. It should be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, e.g., water, ethanol, polyol (e.g., glycerol, propylene glycol, and
liquid polyetheylene glycol), and suitable mixtures thereof. The proper fluidity can be
maintained, e.g., by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants.

Prevention of the action of microorganisms can be achieved by various antibacterial
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descri bed herein can be used in a dry powder inhaler
as is known in the art, e.g., nultidose dry powder

WO pdvaliersds t hat contain a powder reservoir, e.gPCT/€@82007/001120

descri bed in WOO7/20589. A nunber of other nethods and
devi ces suitable for delivery of conpounds by
ang patl fangabageats ce-glepaeabe e ghlorebyfanol, phendl SiscaPbit acitl ancNo

4 h A so be
i P mad oy RO B ekl o HERAE 1ol bR
sogans; eolyalootels Slulppxmarmato}y sdrblmé&nd/m todasn dam 1b tltet er

ot her, r ret.e on_enenas fo
HPe oty P 6T nbsoBHion BF e T S R GHRG o be bS5k
abouthe umxliaimgnﬁ thercepdbsiton/dnt dgernt altat Helnys abktﬂtptlom, &.k., plomimeat
t he therapeutic conmpounds against rapid elimnation
PO HE ‘g‘g%%;atmswh as a controlled rel ease

f or metetild iajectabla edluiting gan mﬂé@gf‘ﬂ b@ﬁﬁhoﬁpcﬁﬁm@ mﬁv& at ed
deliv yste Bloeraa e i 0cQ
PO MR inoB 0 S pr e s PR > Serahinaton
of @lgycanhsdhindested rasévség&smg}ddcm@w& b;ﬁﬁlkér@lg;@dmhzanon

ol yort hoesters, and ylacti ¢ acid. Such
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compositions will generally include an inert diluent or an edible carrier. Oral

compositions can also be prepared using a fluid carrier for use as a mouthwash.
Pharmaceutically compatible binding agents and/or adjuvant materials can be
included as part of the composition. The tablets, pills, capsules, troches and the like
can contain any of the following ingredients, or compounds of a similar nature: a
binder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such
as starch or lactose, a disintegrating agent such as alginic acid or corn starch; a
lubricant such as magnesium stearate; a glidant such as colloidal silicon dioxide; a
sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring.

Systemic administration of a therapeutic compound as described herein can
also be by transmucosal or transdermal means. For transmucosal or transdermal
administration, penetrants appropriate to the barrier to be permeated are used in the

formulation. Such penetrants include, e.g., for transmucosal administration,
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multidose dry powder inhalers that contain a powder reservoir, e.g., as described in
W097/20589. A number of other methods and devices suitable for delivery of
compounds by inhalation are described, e.g., in U.S. Patent. No. 6,645,466.

The pharmaceutical compositions can also be prepared in the form of
suppositories (e.g., with conventional suppository bases such as cocoa butter and
other glycerides) or retention enemas for rectal delivery.

In some embodiments, the therapeutic compounds are prepared with carriers
that will protect the therapeutic compounds against rapid elimination from the body,
such as a controlled release formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers can be used, such as
ethylene viny] acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Such formulations can be prepared using standard techniques.
The materials can also be obtained commercially, e.g., from Alza Corporation and

Nova Pharmaceuticals, Inc.
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population). The dose ratio between toxic and therapeutic effects is the therapeutic

index and it can be expressed as the ratio LDS0/EDS50.

The data obtained from animal studies can be used in formulating a range of
dosage for use in humans. The dosage of such compounds lies preferably within a
range of circulating concentrations that include the ED50 with little or no toxicity.
The dosage may vary within this range depending upon the dosage form employed
and the route of administration utilized. For any compound used in a method
described herein, the therapeutically effective dose can be estimated initially from cell
culture assays. A dose can be formulated in animal models to achieve a circulating
plasma concentration range that includes the IC50 (i.e., the concentration of the test

compound that achieves a half-maximal inhibition of symptoms) as determined in cell
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20 Buprenorphine (2.35 g, 0.005 mol) was added to a warm solution of sodium
hydride (50% dispersion in oil; 0.24 g, 0.005 mol NaH) in 2:1 ethanol:H,O (9 ml).

After stirring for 30 minutes, the solvent was removed by repeated azeotroping with
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Wi th concentrated hydrochloric acid
Example B: Synthesis of Buprenorphine Hemiglutarate

A solution of buprenorphine (2.1 g, 0.0045 mol) and glutaric anhydride (1.6g,
0.014 mol) in dry 3:5 ether:acetonitrile (50 ml) was stirred at room temperature for 5
days, during which time buprenorphine hemiglutarate glutaric acid salt precipitated as
a dense white solid. The solid was filtered off and washed with dry ether (40 ml).
This washing gave the salt as a white crystalline solid (1.4 g), melting point 160-
161.5°C. The salt was dissolved in a minimum amount of cold methanol (12 ml), and
then excess dry ether (60 ml) was added followed by ethereal HCI. This resulted in
the precipitation of a white solid that was filtered off and washed with dry ether.
Recrystallization from methanol/ether gave pure buprenorphine hemiglutarate as the
hydrochloride monohydrate (0.9 g), melting point 214-215°C (decomp.). Found
(percent) C 63.85; H 7.75; N 2.08. C3:H47NO7(HCI)(H,0) requires C 64.18; H 7.92;
N 2.20; 3340 (OH), 1750 and 1720 in cm™,
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preci pitant wa iltered and crystallized from
ﬁ‘é”ﬁ?ﬁ%l"%‘let her. This gave buprenor phi ne heni - 3-
met hyl gl ut arate hydrochl ori de hydrate as a white

crystal li ne solid (4.5 g). The solid was
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base(83.5M 2 0229, malx fobipived 65 adﬁymtm@é'ZBQ 963 g,Buit eoldr Phe ne
e

))/was added over approx 30 minutes whilst maintaining the internal temperature

between 16-21°C with cold water cooling. Stirring was continued overnight. The
insoluble precipitate (mostly dicyclohexylurea) was removed by filtration under
vacuum and washed with more THF. Solvent was removed under vacuum from the
filtrate (960 ml recovered). The precipitate (mainly adipic acid) was removed by
filtration and washed with a little more THF and dried in air. The combined filtrates
were stirred at room temperature and treated with concentrated hydrochloric acid
(20.606 g, 0.20 mol). The resulting precipitate was removed by filtration, washed
with THF and dried in air. This crude product was crystallized from
ethanol/dichloromethane with a hot filtration and removal of solvents under vacuum
to concentrate the suspension. The solid was removed by filtration, washed with
ethanol and dried to give buprenorphine hemiadipate hydrochloride (87.525 g). The
identity of the material was confirmed by full assignment of the 'H and '*C NMR
spectrum and by comparison of these spectra with the NMR spectra of buprenorphine
hydrochloride.
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di met hyl gl utari c anhydride (4.26 g, 0.03 nole) was
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dimethylglutaric anhydride (4.26 g, 0.03 mole) was added Stirring was continued for
7 hours, after which time a further quantity of sodium hydride (0.72 g, 0.015 mol) and
3,3-dimethylglutaric anhydride (4.0 g, 0.028 mole) was added. After two days at

room temperature the mixture was evaporated to dryness and methanol (20 ml) was
added. The solution was eluted down a silica column using ethyl acetate/0.5% 880
ammonia. The first three fractions contained pure buprenorphine; the remaining
fractions consisted of the desired hemi-ester. The fractions were combined, dissolved
in a minimum amount of methanol (10 ml) and excess ether was added followed by
ethereal HC1. The solid which precipitated was filtered off and recrystallized five
times from ethanol/ether to give buprenorphine hemi-3,3-dimethylglutarate
hydrochloride as a white crystalline solid (1.5 g) melting point 216-219°C (decomp.).
Found (percent) C 66.39; H, 8.50; N, 2.16; C3sH5:NO7(HCI) required C, 66.91; H,
8.11; N, 2.17; 3300 (OH), 1730 and 1720 in em™, |
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requires C, 62.10; H 7.78, N, 2.19; 1780, 1760 and
1720 in cm1 . Exanple G Synthesis of Buprenorphine

woieostiiieaeli gl ycol at e Thi odi gl ycol i ¢ anhydri de BB GB2007/001120

prepared according to the nmethod of Mrril et al., J.
Og. Chem, 26, 4103 (1961). Thiodiglycolic acid (32.4
ample 21 8yhfitsis EBlh ine Hetddiglycaddte or i de (9.2 g,
5.5m, 0.065 nol) were stirred at 55C in chloroform
(40 MS))IutiGﬁ bff bupeenbiphing 468 g VD0 146 inont) and alsglykoliT Ashydiisd (rle
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dh@@ W\d@%&&&ihﬁh\fi@ﬂs o B”ﬂhbﬁtﬁ/ethbﬂ aaﬂﬂulﬁrﬁtor;ﬂﬂﬁmnﬁ-o cool .
white crysta i ne sol

diaiyao i Thg i epehisgidg Dnepge <A5gﬁ°@?~zlé$%mm 83'183“%5
(&"é&l)&[o?f P&dﬁ@é&&\f}f{t 64041, Sinrzv\ﬁdz @mecsgﬁdsnog@mma

a very s anmount of the starting di-acid. A
rgbmrgq Can- ]&FHbZlﬁ&éﬁé’rlp?nﬂ?ﬁQ (@08‘%1@00&&@ m)l ) and
t hi odi gl ycolic anhydride (11.6 g, 0.088 nol) in a 3:5
m xture of dry ethepacetonitrile (160 m) was stirred

%ﬁmbfé‘tﬂf;ﬁl %@i\%\gf BhSted@phife H&Mﬂﬁodléﬁcﬂwé preci pit 3t ed
S SLOp m ure was

st anahaoél‘glmeh%@%ﬂdwmmpéwg a?qowg%@ﬁ%meﬁﬂ!‘ gﬁﬁaﬁ@ o

al, 'Hﬁ%e@esﬁ fzaamﬂmﬁpl T}ﬁ&ngl cdm@bclassm@aj 216%Rolyhnd

her was added et hereal HO .

pAOSMhPItOBS @@hlpadwe?cs St QoS molywere stimedats S BrhiqrefRrmy f
(&Q i) Pnd Src ga év%ldtlbﬂ @éﬂas&f ok ﬁﬁhﬁ@%&%ﬂﬁﬁw& & ref%Efor

sire renorp Ine hem -dithioglycol ate
Thyaulr, @8en witivhien additionglamenat (¢.0.8 &P mln‘émg% g 969h9§phorous

A3 ST e PRy it

contdfied Kr ag ad_«ﬂho@ﬁ@@oz{rdﬂ)‘le hatzhBroferrysolutipg ’Waﬁ t}@mdecanted

%Eﬁ%ﬁﬂhg iTan P%@cﬁﬁb 08f A?%Hﬂee&%tﬁﬁﬁ&%hd was deposited,

°M nodi ace
which was filtered and dried (24.6 g). A TLC (8iO, chloroform/methanol 4:1)

showed one major component, plus a very small amount of the starting di-acid. A

solution of buprenorphine (6.8 g, 0.0146 mol) and thiodiglycolic anhydride (11.6 g,
0.088 mol) in a 3:5 mixture of dry ether:acetonitrile (160 ml) was stirred at room
temperature for 6 hours. An oil precipitated and stirring was stopped. The mixture
was allowed to stand for 48 hours. A white solid formed, which was filtered off and
dissolved in hot methanol (25 ml). Dry ether (500ml) was added followed by ethereal
HCL. A white solid precipitated (6.4 g). A 2.5 g portion of this was re-crystallized
from methanol/ether to give the desired buprenorphine hemi-dithioglycolate
hydrochloride monohydrate (2.1g), melting point 225-226°C (decomp.). Found
(percent) C, 60.50; H, 7.30; N, 2.03: Ca3HysNO;S(HCI)(H2O0) requires C, 60.57; H,
7.39; N, 2.14; 3300 (OH), 1745, and 1710 in cm™.
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N- Benzyl oxycar bonyl i m nodi acetic acid

di cycl ohexyl am ne salt was taken up in a m xture of
waeMraidesé c aci d and et hyl acetate and shaken PCT/GB2007/001120

vigorously. Solid citric acid was added until the two

| ayers had becone clear; the ethyl acetate |ayer was
Esiiid Hi Seinthésis of\mmhaadmhmb Hemtrﬁ[odmetaihr ine, dried

usi t iV '
por [}\Ig W xtyﬁargon 1S T e%& BE °§t‘§‘@'°@h%y¥ lg%xét%‘llsrtm CarP
inqUARturé yf 1006 Sitrld acidi any ethghaeigte-aad slimkeh vigonoesly.nSolid citric

Iorld hour, . and then at .rpom
AR i S Tayihad bgS0RG clBh e e ath B % er o
sdpﬁlfatea l’cbﬁ' Wbﬁemth Wa&i’l endhrine) dritd uwag Mpsap andéegolardgs ve

the a‘ge as aq\ﬁhlte sol i d. Eecr stall atlonfrfom
glg? FW 87’1}5‘8’? Pf) 1S 1¥AS é‘iaﬁ@ﬁ ab(}i an equlmo ar quantity o
NI’ Qﬁ&%ﬂh@%ﬂ&&b@&lﬁﬁh& 1 Masylatahiosida /i dioud Qndiﬁleﬂal\/ifbd)ﬁle
cryst alline soljd. 1800, 1770, 1680 _in.cm1

teg P for dhows HRIeY glohsXybussaws fittered R and E‘@t"f“’éhﬁ?ﬁ‘?y dri de
c}(l@mcﬁ: vihs eQa&?a@ede lgive ICLnAYRIB AOE RAIOSol{ds R%c@staﬁ’izﬁﬁﬁ from

ina 3:5 mxture of dry etheracetonltrlleér
ideasa

1)
ethyl)acvtafg/pgtwlwr@athsngamﬁrhep@fmp%rbw@mmdmzauwm
Wﬁﬂpg,?ﬁgq,g@g(ng gow, 1¥eegR0lipgycar bonyl - i mi nodi acet ate

preclipltated and was filtered off and then washed with

et hed s¢lption of]N-benaplokyrgrhsoyliinadiacetig adrydrda (i & PdRé éwd))

afi Afychibmall (4.3 o b i S ptig R dlsFhed it (30
mbrwas stlrred Bupime tpmppta,tunefor 24 hours Buprenorphine hemi-N-

o PR RRR e TP RS ot e Syhenty L
with %hléﬁ(_%?rg)clhalting)pdint\/\léé -180@5 Hoyr@l. (B&cqpt). C $6.64;30Sdn S, on
4N OERYCARA ETER B S SRR P o 4R
1700tihlen'St arting material remained. The Pd/ C was

; : : E]sr egno%];}fm eml-?\lr Men%llggca on}glmmgdlacegétea(q 0t082§ mol)

was dissolved in dry tetrahydrofuran (100 ml) and 10% Pd on charcoal was added

(0.25 g). The suspension was stirred at room temperature and hydrogen gas was
bubbled through. After 4 hours, TLC showed that very little starting material
remained. The Pd/C was filtered off and dry ether (600 ml) was added to the filtrate.
Ethereal HC] was added and, after scratching a side of the flask, a white solid was
precipitated. This was filtered off and dried in-vacuo over phosphorous pentoxide.
The solid (1.2 g) was relatively insoluble in ethanol, but was very soluble in
methanol. After washing with ethanol, the product was dissolved in methanol (a
small quantity of insoluble solid was filtered off) and ether was added. This gave a
white crystalline solid, which was filtered off (0.25 g). TLC (SiO,, CM20) showed
one major product plus a small buprenorphine contaminant. Two more re-
crystallizations from methanol/ether gave a purified buprenorphine hemi-

iminodiacetate dihydrochloride monohydrate (0.1 g), melting point 214°C; Found
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Et hereal HCO was added and, after scratching a side of
the flask, a white solid was precipitated. This was

wo pdovarwas of f and dried in-vacuo over phosphorBPCEGB2007/001120
pent oxi de. The solid (1.2 g) was relatively insoluble
in ethanol, but was very soluble in nmethanol. After

(pmt Et) Qg 58064 H, e;tﬂlmola 17, tdaﬁupmfm(m{cwﬂsol x )jﬂeq&fl’ls‘ge 68.831 H,
ano of jnsol uble solid was
7?‘5}?}&@% éﬁ‘)@@ 1'&#& i%/%é "Sded. This gave a white
crystalline solid, which was filtered off (0.25 g).

TLC (Si @2, CMR20) shovved one maj or product plus a small
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254.5%G. /Plourgdwdpevemtb 61 b T8e N, 2.4i Gk Bg. C28BsNOSHChar@irey|
| é]szag ﬁ!mgl

(’?gé?g%h?gr%iil@ 339})@4592011%97@3 %7 C33lc—il4,ﬁ61ililo7 requires
C, 70.45; H 7.8; N, 2.4. 3440 (OH), 1766, and 1750 in
cm . The hydrochl oride salt was prepared with

HyamplstIh die-vitneeRhaimagoldnéties 254- 254. 5C. Found ( percent)
C, 660 H 7.8, N 2.4; d, 5.9. C34H45NO7(HQ)
r equilit-wigrobyd®iysis;of hemirestsrs of bupregerpigine was masured A plasma

f’ oHa@léHs dtdis g?fjresjuﬁ} Ged PABIEY beldwganpl e J -

n-vitro armacokr neti cs

D

a. Radiochemicals: Radiolabelled hemi-esters of buprenorphine were prepared from

[15,16 — *H] buprenorphine 18 using the esterification methods described above,
e.g., by reaction of 18 with the appropriate anhydride to give the desired hemi-

ester. Specific activities varied in the range of 20 — 800 uCi/mg.

St cHy
’
CHy

OH CH;

HO o OCH;

Structure of [15,16-°H] buprenorphine 18; T = tritium
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In-vitro hydrolysis of hem -esters of buprenorphine
was nmeasured in plasnma or bl ood of various species

w@t@r/1i@3ul ts, see TABLE 1 bel ow). a. Radi ocher€T/&B2007/001120

Radi ol abel ed hem -esters of buprenorphine were
prepared from[15,16 - 3H buprenorphine 18 using the
esterification nethods descri bed above, e.g., by

t f 18 with th i
oy RS Bk s D6 B BRI Bl By
L f‘tﬁbcﬁoihl 952 vélfa plifictureA0 friofl dthég ;I?Oeﬁelé bie teunmagn‘arc[lébfpujlﬁurel—q
u = trit 0 an

T
ke Riachepieraledit G e BleRhs HisERRE. ogs
Orob%l%@%)%erhﬁﬁigﬁm (etmoogmroemamds)f Piasmay ihsot us@eci es by
termn cardi ac Bl ood was col |l ected into
héﬁ‘é‘}epﬁ‘#-‘%%d"aﬁﬁtg?@la&%tfges and plasma, if required,

obt ai ned by centrifugation (3,000 g, 10 m nutes).
Plasma, if not used inmedi at eaﬁy, );ﬁ stored_at -200C.
cc Inyvifre Angubations: Stydies it cariad Qufiat 37 ePemeas ff 8d out at
37‘(&%3@@&[@ c@z{tro@le& E}ﬁkﬁi@ attt baR! Symelend fipdshd @r Blaak (with
wat er bath nEeres of plasma or bl ood

wi arivitheut-addedibusterrvears aljgaved (o PBOG T WWP@“E Fabes
%’f(ﬁ@ ncgiéfﬁ%ﬁs %&Q?ﬂuﬁ@tj & the bdlﬁ‘ﬁ&%f laQRabI¥A] ubtr(5130?l)

tion of a sui'table aliquot (ba
aqmqueous ot lutiononf tst hentiestprdyiiroshiogide. et ewswqrfej@rformed

or 4 it 3ot AoRSED TR B0 L i g T meubia | on.
aI i qu gtﬁsfvafloq}l tammluung inbubotiory, atiayofe of plasa or blaed/dd0 phit o
E
oo P EhdreB R Ebfsabl? BhsicHleR Guld 4 bl Ghricplpcgtone bath

Tudaﬂsmemanel (200 nbxadbdt Mabesvent varexegetien cengifugedpeanlor f

S ARt TS by AP ORAEBhphed o

descrlbed below.

d. Thin Layer Chromatography: TLC was conducted on Merck silica gel 60 Fass

plates (0.25 mm thickness). The following solvent systems were used:
i. Chloroform/methanol 20:1 (v/v) containing 0.5% v/v NH,OH
(specific gravity 0.88).
ii. Ethyl acetate/methanol 75:25 (v/v) containing 1% v/v NH,;OH

(specific gravity 0.88)

Methanolic supernatants described earlier were applied to the origin of 20
x 5 cm plates, dried and eluted in the appropriate system. Authentic marker
samples of ester and buprenorphine were co-chromatographed to be visualized
later under short wave U.V. light. After elution the silica was removed as 1 cm
zones into scintillation vials and shaken with 2 ml water and 5 ml of ES299
(Packard) or similar based scintillant. Vials were counted for *H (as cpm) ina

Packard 2450 or Intertechnique SL 4221 scintillation spectrometer
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d. Thin Layer Chromatography : TLC was conducted on
Merck silica gel 60 F2 plates (0.25 nmthickness). The

wo olozomieng sol vent systens were used: i. PCT/GB2007/001120

Chl or of or mf net hanol 20:1 (v/v) containing 0.5%v/v
NHAOH (specific gravity 0.88). ii. Ethyl
acet at e/ met hanol 75:25 (v/v) containing 1% v/v NHACH
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shaken with 2 m water and 5m of ES299 (Packard) or
£S 1 WishRd: ﬂ@%&qltssgrheﬁdwdlﬁmmL\é pls were counted for 3H
(as cpt cpm) in a Packard 2450 or Intertechni que SL 4221
'I%EE i o QRrdGhS SR RARifEvalles $61 BEHendtphiBg heiaHipate
in #h pﬂi{s MO RS 61%§&bfv%ri&%§€pe€?é9ressed as I ntact
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Fib sk Order _hal f80fe val ues oBi3ai #8d f | om t hdS sPhai ght
T nes obtai ned. 25 Results; TS v48ulth are shewn in

TABbg 1.| TABLE 1 First order inz24vitro|half-1 i

vBahtes for buprerdrphi ne hem adiate ip the plasma and

‘buRher ed| bl ood of3 vari ous kspeci ed4 These resul 048

d&aenpfillat e that Fhe buprehor php.re hen - adi pabgo

Sghgpi¥es| ' n plasmp and releasesyuprenpr phi neggger an

mﬁﬁged period of tinme. Exanplgol Tntvivo (.02

PharmecokinetiTs

These results demonstrate that the buprenorphine hemi-adipate survives in plasma and

releases buprenorphine over an extended period of time.

Example K: In-vivo Pharmacokinetics

Determinations of plasma levels of buprenorphine and buprenorphine hemi-
esters were made in beagle dogs following oral administration of buprenorphine
hemi-adipate and buprenorphine hemi-glutarate, using a gas chromatographic/mass

spectrometry method of analysis (gc/ms).

a. In-vivo Administration: Beagle dogs were chosen to model the pharmacokinetic
parameters of esterase activity, which is responsible for the in-vivo hydrolysis of
the hemi-esters to buprenorphine. The choice was made following an extensive
in-vitro study of several esters in the whole blood and plasma of several animal
species in comparison with human blood and plasma. It was found that blood

from rodent species — rat, mouse, guinea pig and rabbit, with high esterase
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Determ nations of plasma | evels of buprenorphine and
bupr enor phi ne hem esters were nade i n beagl e dogs

wo odorowiedgy or al admi ni stration of buprenor phi nBCT/GB2007/001120

hem - adi pate and buprenor phi ne hem -glutarate, using a
gas chromat ographi c/ mass spectronetry net hod of
anetivity mpidiychydsjlyzed thel hemir-iesters Pdierieas lgghea speoies ~Beggide

e h .
o daoed eraveikg Speu RO im g UGG} Bt eee o
L QTABILER1). IThus, Yiee dmgdm; chysses agthe pieteriod BXpeﬂﬁtemlalsammal
upr engr in.Te.cpi S e fallow ng an
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Whoh gubh RigHerdiosk fb afpiR) @dmﬁmeeddairalw edglS@esies in
conmparison with bl ood and asrra | t vva f ound
¢ RATPHIOBEP 1} HIAISHEIRES €5§ &’Pren‘fhswé‘ fenea
pig and rabbit, with high esteraseact ivity, rapidly

hydr of yzed t he hem esters whereas higher eci es -
bidloasksampling 414 stosaies Fepd FREIR (R Troaken 'ﬁ'pvéf‘?l’é‘&?t}"ﬁg“

'TW 1 Si EJ‘Yﬂﬁdﬁé/aﬂe? ac(n%ﬁﬁ tratidRleEtht)dosel TH Srdet ENABSIze

was chosen as the preferred exp eri mental ani mal . For

t ey aelisihia ey dradysis ofd l@qehemltepﬁgrsﬁhg]a]ﬁg@ st yeze stored on ice
' Q%Eﬁhia&ym e cefl@%tl(gle ﬁ%ﬁina %J)aﬁtémﬁ B rd¥ig45ted B3

stere e dogs in
cdmpﬁmgbm plain tuhesgepd Wb‘éﬁﬂ@@s@tlgw}’ﬁ@/ kg) of the
parent buprenorphine. b. Blood sanpling and storage:

Bl ood samples (2 m) were taken by venepuncture at
c0.Analyticalznethods8 and 24 hours after adm nistration of
the dose. In order to mnimze any possible hydrolysis
of the hem -esters, the bl ood sanples were stored on

i ce | mPRedfiat binyermbpigne coI | ection, the plasm separ ated

inar er.ated.gent transferred .t
t ubes, %ﬂ{ﬁgx tbqnéxad ?rlv 5 ﬁﬁ?eir?tlogg gvav, camed out i g?as ware,
rresilsigsl Hyareafnicaewhhl pyrimethpichierosilane (TMCS) in toluene

Plasma (0.25 ml) in a 15 ml conical centrifuge tube was mixed with 10 pl

(1 pg) of the internal standard, N-n-propylnorbuprenorphine in methanol. Re-
distilled AR diethyl ether (5 ml) was added, the tube vortex mixed for 1 minute
and centrifuged at 2000 rpm for 10 minutes. The ether layer was transferred to a
clean tube and the process repeated with 4 ml of ether. The combined ether layers
were evaporated to dryness under a N stream and the tubes containing the
extracted residues placed in a desiccator over phosphorous pentoxide for 16 —24 h
to remove traces of water, To the dried residues were added toluene (redistilled
AR) (20 ul), triethylamine in toluene (0.1 M, 20 pl) and heptafluorobutyric
anhydride (HFBA, 10ul). After thorough mixing for 1 minute, the solution was
allowed to stand for 15 minutes at room temperature. Phosphate buffer (0.5 M,
pH 6.0, 50 pl) was added to hydrolyze any unreacted HFBA and the tube mixed
for 30 seconds. After centrifuging at 2000 rpm for 10 minutes, a portion (5 pl) of

the upper organic phase was taken for gc/ms.

For total buprenorphine
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AUextraction and derivatization operations were
carried out in glassware silanized by treatnent with

wG20rnieees hyl chl orosil ane (TMCS) in tol uene. PPEEGRB2007/001120

(0.25 m) in a 15 m conical centrifuge tube was ni xed
with 10 Ml ( 1 ng) of the internal standard, _
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bufYagprated undgna syearg ofN: g5 apd the fibs traasfersed te aidpeipcstiop peer
anyhdéprdiaes RetokfdBA and the tube m xed for 30 seconds
After centrlfu ing at 2000 rpmfor 10 m nutes,

por t i onl¢Bene (30 uh @%@P@@B@Pb@y@hmdﬂ?ih HIEBIARR 1 avlc@n
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a 15 m conical centrifuge tube was m xed

1 teppersfurg far dp mehutes: e asagtienamixturowasevaperhipd tcrrhrymssjatu m
h

ny’oﬁf(ﬂeﬁg?@frﬂ#{( llﬁilj%lel(l? égﬂg@gg%s digle tgrﬁMx% QE% goq)ueéxlie (ﬂ) ﬁ? A
stwpeﬁeﬁthm@dtr@tmm&ertfmwmmd at roomtenperature for
18 hours in order to hydrol yze any unchanged

bupr enor phi ne adi pate. After hydrolysis, the plasnma

sanpl e @aibratioalCier red to a Cin-El ut(tn) t ube

A calibration curve prepared from stock solutions was run each day ‘prior

to the analysis during the day of all of the samples from three dogs receiving the
same dose. For the 0.4 and 4.0 mg/kg doses, the calibration range was from 2-20
ng/0.25 ml of plasma, and for the 40 mg/kg dose 5-50 ng/0.25 ml. Similar
calibration lines were carried through the hydrolysis procedure. Plots of peak
height ratio versus amount of buprenorphine added were constructed for each
day’s analysis, and used to quantify results from samples processed during that

day.

d. Instrumentation

Combined gas-chromatography/mass spectroscopy (gc/ms) was performed
using a Pye 104 gas chromatograph coupled via a stainless steel two-stage jet
separator to an LKB 2091 mass spectrometer. The glass column (1 m x 4 mm
i.d.) was packed with 3% OV-1 on Gas-Chrom Q™ (100-120 mesh) JI’s
Chromatography, Kings Lynn) conditioned overnight at 300°C. The flow rate of
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(type CE 1003, Scientific Marketing Associ ates,
London), and allowed to adsorb onto the bed. Three

w@oooritonds of redistilled diethyl ether (3 x 5 Pd)/GBer0g/001120

poured through the tube, and collected in a clean
coni cal centrifuge tube. The ether was evaporated
un@lé el aln@,@ar@mamﬂgmymmce tOpsrating tentperatséshor the ghso a

To )
ard PR eplf ik EBRRRELBARRILR e woB PR i
adb%)dC,trespbttE/ebfr iAgriioniemniz Wokage of X®eV fund trdp ovirent of 56NA were
al d to stand at roomtenperature for 15 m nutes.
The reaction m xture was evaporated to dryness at room

t enper Helected dord@onitoiring ogm 58D @bdsdﬂpeake;s irtﬂéiﬂaltsfaﬁd’dr@ HFB
extract was
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pe )1 rati o versus anount of buprenorphli ne added
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qutﬁ@aalfy)@aﬁ&ﬁ%ﬂ1§1effglo@a§t@tgﬂ;gnes processed during that
day. I nstrunment ati on Conbi ned

gas- chrormt ogr aphy/ mass spectroscopy (gc/ms) was
ePegdsprdred using a Pye 104 gas chromat ograph coupl ed

via a stainless steel two-stage jet
FIG. 3A is a graph showing average plasma concentrations (in ng/ml) of

buprenorphine hemiadipate and hydrolysis product buprenorphine as a function of
time after oral administration (swallowing) of a dose of 63 mg/kg of buprenorphine
hemiadipate to a first group of beagle dogs; and FIG. 3B is a graph showing average
plasma concentrations (in ng/ml) of buprenorphine as a function of time after oral
administration (swallowing) of a dose of 50 mg/kg of buprenorphine to a second
group of beagle dogs. This is a repeat of the of the results described above (see FIGS.
1A and 1B), only using a much higher dose (63 mg/kg, FIG. 3A) administered orally
to beagle dogs in comparison to an nearly equivalent dose (50 mg/kg, FIG. 3B) of the
parent buprenorphine. As was the case at the lower dose, the plasma levels of the
intact ester (un-hydrolyzed ester) were substantially higher than those of the liberated
buprenorphine and the intact ester plasma concentrations were maintained for 6 hours.
The peak level of buprenorphine from the ester was achieved after 1 hour and was
about twice the peak level achieved from the unesterified buprenorphine.

The pharmacokinetic profile from a high oral dose of buprenorphine hemi-
adipate administered daily for 28 days to beagle dogs is shown in FIG. 4. On day 28,

the plasma levels of buprenorphine liberated from the ester were maintained for over
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separator to an LKB 2091 mass spectroneter. The gl ass
colum (1 mx 4 mmi.d.) was packed with 3% Ov-1 on

W@®7Theeen Q(t m (100- 120 nesh) JJ's Chr omat ogPepy2007/001120

Ki ngs Lynn) conditioned overnight at 300C. The flow
rate ofthe heliumcarrier gas was 30 m /m nute.
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group of beagle dogs. This is a repeat of the of the
results described above (see FIGS. |A and IB), only
wagiongi@3eruch hi gher dose (63 ng/ kg, FIG 3A) PCT/GB2007/001120
adm nistered orally to beagle dogs in conparison to an
nearly equival ent dose (50 ng/ kg, FIG 3B) of the
WHAE ﬁﬂ@ﬁ [, phi ne. was the case at the | ower
dogg@tL ngna Ievels of the intact ester
(un- hydrolyzed ester) were substantially higher than
1. Carppmde bf Bimectiviedeersabid thegafenor phi ne and t he i nt act
ester plasma concentrations were nmai ntained for 6
hours. The peak | evel of bup orphine fromthe ester
was achi eved after 1 hour andywas about tw ce the peak
| evel achieved fromthe unesterified buprenorphine.
The phar nmacoki netic profif# froma high oral dose of
bupr enor phi ne heni adi pajé adninistered daily for 28
days to beagl e dogs ROV n PBP@E* 4. On day 28, the
pl asma | evel s of bu rated fromthe
ester were mai ntQi ned 'srxov=r24°ﬁdﬁrs wher eas the
| evel s of intact /ester déclirmed rapidly after 2 hours.
Mal e dogs and f | e dogs showed these profiles though
there were not quaritatively equivalent. These
phar macoki neti c®profiles show that the buprenorphine
hem - adi pate has a hi gher iral bi oavai l abil ity than
can be obtained from bupretorphine alone. At the high
that are used in the treatnent of opiate abuse,
Whengl%{lesS expected that the duration of action of the
hem - e1)e1C3-C 9 straighttchainhsestiched Sk gleh&aptibBAIBI sub¥ittded with
be | onger than can be achieved by an equival ent dose
BUB% Wi Mhi ne, as reflected in the sustained plasna

el o (SR QIR Cnd PR bR ieBendenty on e

oﬁhxm@tmén1 esters (or salts thereof) described herein
Wil | ac ni.ficantly | ater, than_those

Of  achi ev %i) b@@ﬁ&&’ﬁ ﬁall%ﬁ%"g‘ﬁéh B HListegabipm e 2, Srisgk S,
ENBON MFIEH,Ph),

{ ) having 1,2-, 1,3-, or 1,4-substitution, in which Y is O, S or NH,

ST

\7

N7

N

(CHzl in which m is an integer from 1 to 4;

having 1,2-, 1,3-, or 1,4-substitution or

and wherein R; is H or C;-Cg straight-chain or branched alkyl.
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It is to be understood that while the invention has
been described in conjunction with the detail ed
wale®cisé on t hereof, the foregoing descri pti oPCT/€B2007/001120

intended to illustrate and not |imt the scope of the

i nvention, which is defined by the scope of the

2. Conppeidiasd ctdiml IMvhefdifl Y isxkRerd Frond ieatb@dshsisBRE of
nodi fications are within the scope of the follow ng@H
2%

-CHiEi (TS SRS GO ot -GGl
| - ' | - C10
e e b N e A O

substituted with an aromatic ring, (2)

-(CH2)) p CH(CH2) p-., i.n_which each p is independently
3. Cogwowﬁs\aﬁgé?amﬂo%%w 1 Rafs 3y _(CHa)nX(CH )H-, in

which each nis an integer from0O to 2, Xis O S, NH,

N(COOCH 2Ph)5 having 1,2-, 1,3-, or 1,4-substitution,
4. Compowidsadf StrucgirIA SronltNHerenfivi ng 1, 2-, 1, 3-, or

1, 4-substitution or (CH 2n, mv hich mis an integer

from1l to 4; and wherein Ris r Cl-C6
strai ght-chain or branched al kyY. 2. Conpounds of claim
1, wherein RL is selected fromthe group consisting of
-CH 2CH2-, -CH2CH2CH2-, - CHZeH2CH2CHZ-

- CH2CH( CH3) CH2-, - CH2(( - T
N( €&8CH2Ph) CH2- . 3.
N s H.

QH CH,

wherein Ry is
(1) C4-Cyp straight-chain alkylene,
(2) C;-Cg straight-chain alkylene substituted with from 1 1o 4 methyl
groups or a phenyl group,
or (3) -(CHy),CH=CH(CHy)p-, in which each p is independently an integer
from 0 to 3.

5. Compounds of claim 4, wherein R; is C,-Cs straight-chain alkylene.

6. Compounds of claim 5, wherein R} is selected from the group consisting of
-CHzCHgCHz-, -CHzCHzCHzCHz- and -CH2CH2CH2CH2CH2-.

7. The compound of claim 6, wherein R; is -CH,CH;CH,-.

8. The compound of claim 6, wherein R; is -CH,;CH,CH,CH,-.
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4. Conpounds of Structure IA or salts thereof: IA
wherein RL is (1) Cl-ClGstrai ght-chain al kylene, (2)
w@e0T1s6B@i ght - chai n al kyl ene substituted w t hr€T/oBR®7/001120
to 4 nmethyl groups or a phenyl group, or (3)
- (CH2) pCH=CH( CH2) p-, in which each p is independently

9 CO\?\ﬂ)er el sﬁ&%ﬂalﬁ{@&l% ?%t%%?@%%ﬁ@%ﬂrchg 6@3)2(31{2'

Compounds of claimb5, wherein RL is selected fromthe

r ou stin CHZCH2 CH2CH2CH2CH2- and
10. C% &&%ﬁ@gﬂo@sa ﬁ]éﬁr%‘tfrrpound of claim®6 wherein

Rl is -CH2CH2CH2- . 8. The conpound of claim 6,
wherein R is -CH2CH2CH2CH2- . 9. npounds of claim 4,
wherein RL is - CH2CH( CH3) CH2- or [- CH2C( CH3) 2CH2-. 10.
Conpounds of Structure |1, ts thereof: 11
wherein each nis anlnteg romO0 to 2, and X is
G6S, NH, N(COOCH2Ph), . 1GH3L‘H, or

1, 4-substitution, in «NH, \ / having
1, 2-, 1,3-, or 1,4-subs or NWMwphich mis an

i nteger from1lto 4. $.,.0f claim 10, wherein
each nis 1. 2. Eoegpounds of claim11, wherein X is
S, NH or N Ph). 13. The conpound of claim 11,
wherein X isus 14. The conpound of Structure IA, or
salts thereof:

I
wherein each n is an integer from 0 to 2, and X is O, S, NH, N(COOCH,Ph),

\/// \\/\
ky ) having 1,2-, 1,3, or 1,4-substitution, in which Y is O, S or NH,

N
w having 1,2-, 1,3-, or 1,4-substitution, or
N
(CHa in which m is an integer from 1 to 4.

11. Compounds of claim 10, wherein eachn is 1.

12. Compounds of claim 11, wherein X is S, NH or N(COOCH,Ph).

13. The compound of claim 11, wherein X is O.
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I Al 15. The conpound of Structure IA2, or salts
thereof: | A2 16. Apharmaceutical conposition
w@owpni®scng a conpound of claiml1, 4, 10, 14 orPCLEB2W7/001120
Amet hod of treating opiate abuse and/ or dependence in
a subject, the nmethod conprising admnistering to the
14. T%H@bﬁ@buﬁa6ﬂBﬁh@ﬁﬁHlAfﬂh%%h§ﬁ£ﬁ£f'Ve amount of one or
nore conpounds of claiml1, 4, 10, 14 or 15. 18. The
met hod of claim17, mhereln t one or nore conpounds
Is adm nistered orally or sugﬁ?ngualislg. Anet hod of
relieving or treating noderg to severe pain in a
subj ect, the nmethod conpri/#A ng adm nistering to the
subj ect a therapeuticallly/ e fecthquanDunt of one or
nore conpounds of cl & 4Hor 15. 20.
Derivatives of th 2ndg| | o Lydr I, group of
bupr enor phi ne i ncl i noi &1,y bonded to the oxygen
of the fornmer phedolic hydroxyl group, the noiety
including a termn carboxylic acid group or a salt
thereof. 2 1. Use of gonpound of Structure I, IA
I, 1Al or A2 as a freans of releasing a therapeutic
charge of buprenorphine to a patient.’
JA1

15. The compound of Structure IA2, or salts thereof:

16. A pharmaceutical composition comprising a compound of claim 1, 4, 10, 14 or 15.
17. A method of treating opiate abuse and/or dependence in a subject, the method
comprising administering to the subject a therapeutically effective amount of one or more

compounds of claim 1, 4, 10, 14 or 15.

18. The method of claim 17, wherein the one or more compounds is administered orally

or sublingually.
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19. A method of relieving or treating moderate to severe pain in a subject, the method
comprising administering to the subject a therapeutically effective amount of one or more

compounds of claim 1, 4, 10, 14 or 15.
20. Derivatives of the phenolic hydroxyl group of buprenorphine including a moiety
bonded to the oxygen of the former phenolic hydroxyl group, the moiety including a

terminal carboxylic acid group or a salt thereof.

21. Use of a compound of Structure I, IA, II, IA1 or IA2 as a means of releasing a

therapeutic charge of buprenorphine to a patient.’
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