WO 2007/ 110636PCT/ GL32007/ 001120 BUPRENORPHI NE DERI VATI VES AND USES THEREOF
TECHNI CAL FI ELD This invention rel ates buprenorphi ne derivatives and uses

t her eof . BACKGROUND 5The treatnent of opiate abuse and dependence by

substi t ut i omogfe7uivesscabused opiate with a safer, | onger PaTGBAY7/0PI® d i S
often a successful pharmacot herapeutic intervention strategy. Heroin, a

w dely abused opiate, acts_as_an agoni st for the nuopioid receptor (MOR).
Heroin is often JWERENQREFING DERMAEIVES AANDISES BERREOQN| ting in
needl e-shari ng anong addicts, which is often responsible for the spread of
10l i fe-threatening infections sugicaaoapdEtps C and H V/ AIDS. Met hadone
has been used as a substitute MOR agoni st. Methadone is orally active, and
has sufficient durghlg n%m%{egaﬁ)réni? GRARLRatlvhs 4.9 B alleygn as a single
daily dose. More recently, bupre orpW|ne I,

21- (cycl opropyl-7a-[(S)-1-hydroxy-1,2,2-trinmethyl propyl)-6, 14-

endo- et hano-6, 7, 8, 14-t et r ahydr o- orBAGRGROUN® MOR partial agoni st, has been

used as a_15phar otherapy.(see,. e.qd..,. U S Pat. No, 4,6935 428). As a
partial MR agoni sfh,e n{g?mﬁﬁs? f l"fe%%e\l?él?e %gfifﬂeﬂ‘gn‘fcd’yisi’@%?@lﬁaﬁ?s@ effects
than a M MORopigiemiith i s¢fer, pnger-awinp apioiddy ofied\s siRcasefslighirmabotinigeaicphi ne has a
greater margig Sul | onists, | n addition, buprenorphine
al so has a | o%’é&tfﬁﬁg{ %%%@%%’%(%q uﬁ%gr%‘ratﬁhﬁafﬁéw g a@ﬂﬂgr’l’lﬁrége Bhfety,

coupl ed wit h ppigidesceptoridtORIuHatoingnofteanbibbdsing ift@raiont injeetion, dfiemg  dosi ng
interval, typ'ré%ﬂhzl@’inﬂ¥&fe¥shgrﬂlg%'dl§£addgﬂtwﬁial' S f@e@l@esg&s i%tigrntqg g retag ﬁver y 72
hours or nore. Buprenqrph!n s favorabl e sa?ety rofile compared to

net hadond?has lifetthisstening iptegtipnpaichasdispatitip € andlfl VeA S dMdtizadent phlyesi ci ans, whi ch

has subst ant i gdeli ¥s #R6ERAS POR EniGORetr@dont fs%?atllggtﬁve, A sfRGSed the number
of addicts in pharnmacot her a?‘p%e,treat ment. For the treatnment of opiate abuse

and dependenc&uraiof astign pripsile i © bsgiypr ans singlsdlaily dose. dvlereresenilyl at ed for
subl i ngual adBiphnsiphiat it O .-(c@RRBrob - qksjf1%%@,§,b,g_t;i&ﬁg@5ﬁ]_§@ut et. The
€ 4- ny

dai |l y mai ntenance dos . Subuytet,is in the range : . Subutex(r) is

readily sol ubf oieﬂ‘a'éﬁj%@gﬁg"t%%ﬁ’f Orl?ﬁW"ﬂ@“iqR P89rit hesrbeghaedtass to mi suse

the formubat i prardueotieramyolsas] a1, U.EPat. Al €975,428). WRta@hrtiaBVIORB&Hst 1] ecting the

resul ting SOl pti, fer T9fi0b I SHOR L Fusdl FeSmar RN SRH RG2S Peen
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
20 relatively long dosing interval, typically every 24 hours, but this can be extended to

every 72 hours or more.
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10wi th the MOR antagoni st nal oxone in a 4:1 ratio (Suboxone(r)).

Subl i ngual adm ni stration of buprenorphi ne has several drawbacks, notably
the need to avoid swallowi ng the tabl et because of buprenorphine' s | ow

bi oavai | abiW® gip7/(106%) when taken orally. In conpari sonPCHGBRWHOVIBIN ne' s

bi oavailability is approximately fifty percent when absorbed sublingually
(see, e.g., 1bJasinski and Preston, Buprenorphine, Ed. A Cowan, JWLew s,
Wl ey-Lis, NY Bprenagbings fayorable safety mefjle compatnd ie wethadond we akbwrediit tolbe | vat i ves

are described dkcritlels 'Bf Bﬂﬁ@@as&% %lﬁﬁiciaﬂspwlﬁ&ﬁfagkubﬁﬁﬁiafl%%gagg ﬁ%’co& gf6-1529. The

physi ochem cal properties of € esters are descr conpared with
t hose of bupr &ff8#Shk # inRrereesidhe wmbereof adeérts ip gharmesstherpietreata®t.i nchconb et al .

al so describe transgekd@atRRss ée%hSQImdtdhﬁ‘e%&en@e?Bgfr&omm@iiﬁvauaﬁﬂar m Bull.

(1996), 19, 263-267 .and {;‘ga}rm Res. (1996). 13, 1519- 1523, V\anl%, Publ i shed

U.S. Patert AGpIPEisPEwIate forsupimpishadrgustratian, aud i sl pidsesie Gasemasupr enor phi ne
derivatives, abat®arme aplyaiadiiénhite dose fatSubddx®maih telrtigh @ficphpen del i vered

i ntramuscul arl r sSubcut anequsly. 25SU Y, . . Ester derivatives of the
phenol i ¢ hydr 9‘&% r‘%{?ﬁﬁgfs‘r’llﬁﬁ'ﬁﬂfb%m”bw%§@¥PB?,SF‘BEJO%"H%% tofpisVse) are
descri bed her gheforn(ation &y Hiysolvingale talfets vadaier,and thacinjscingahdduing that is
bonded to the e f Jforner, phenal.i ¢ hydroxyl. group.. The noi ety can
i ncl ude, e.g. ,S%M%é Frr?l%ﬁléqttgghé? B i mﬁ%ﬁ‘ﬂn@éﬁﬁeﬁ? % u%‘%d @5540 PRt he

car boxyl i ® acivdth3gvioBpntageistedoridied 4Heata (Bybosarf). of such derivatives can

be made by reactin e]oll hth toarboxyl i cid, e
correspondi ng anhy%lrbimg%;agérwgﬂmggﬁ}Aggﬁ%ﬂﬁr{%rﬁ%ﬁlgr%%sosg‘fe\{%q %W%acgﬁ ngé{’]ér of the

di carboxyl i c &ksingedigwreid swallguing thedabldt bepagse ofipipreeorghine’s bey| at e, i odi de,

brom de, or clhyjfydideiy (o8 S ; ol [4.deosage fornms, 2 can
be used for treat ifn fty-efr s/ons_ \%lrt\acl){&g(?@ry;%@@%ﬁﬁ%’%@g@ﬁ%@%Sson opi ates, or
suf fering froki9gg¥ailability iyppprogisasahefifypercait ok abserbed sutilingually|(bed, eddsage f or ns

can have an exygalskiant PabE BlpRf@iHileerd, ANGARE ST Siiatig. 19 NG} on, and a

reduced potentlfl or m suse. I'n one aspect, the’invention features
conpounds of #FHetur e I, or salts thereof;
Several buprenorphine ester derivatives are described by Stinchcomb et al. in

Pharm. Res (1995), 12, 1526-1529. The physiochemical properties of the esters are
described, and compared with those of buprenorphine hydrochloride and its free base.

20 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.

25 SUMMARY
Ester derivatives of the phenolic hydroxyl group of buprenorphine 1 (structure

shown above) are described herein. Generally, such derivatives include a moiety that
is bonded o the oxygen of the former phenolic hydroxyl group. The moiety can
include, e.g., a terminal carboxylic acld group, or an ester of the varboxylic acid

30 group. As described herein, many of such derivatives can be made by reacting
buprenorphine with a dicarhoxylic 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 chlovide. The novel esters, e.g., in solid dosage forms,
;



IS 25(1) C1-C10 straight-chain or branched al kyl , optionally substituted
with an aromatic ring, (2) -(CH2)pCH=CH(CH2) p-, in which each p is
i ndependently an integer fromO to 4, O (3) -(CH)nX(CH2)n-, in which each
nis an integer fromO to 2, Xis 0, 305, NH N COOCH2Ph), 35having 1, 2-,
1,3-, or 1WRXHBEPPution, in which Yis 0, S or NH yrS/CBONAVIAY 1, 2-,

1, 3- or 1, 4- substltutlon or I n which 111 is an i nteger
from1 to 4, RRis Ho -C6 straight-chai branched al k In
anot her aspectcanheWéedlfﬂv@ﬁfer}gdﬁfSP@a’ma@é) wﬁ@b@ﬁa@%m @‘?t&%f’{ﬁ“%feﬂ“& or salts

t her eof ; from pain, ¢.g., severe or chironic pain. The solid dosage forms can have an excellent
safety profile, enhanced duration of action, and a reduced potential for misuse.

In one aspect, the invention features compounds of Structure 1, or salts

thereof;
10
CHy CHy
CHy
CH CH,
20
Q
R0
1
R1 is
25 (1) C1-Cyo straight-chain or branched alkyl , optionally substituted
with an aromatic ring,
(2) ~(CH3),CH=CH(CH,),~, in which each p is independently an
integer from 0 to 4,
or (3) -(CH2)aX(CHy)n-, in which each n is an integer from 0 to 2, X is O,
30 S, NH, N(COOCH:zPh),
7R
Ty
Y
35 having 1,2-, 1,3-, or 1,4-substitution, in which Y is O, § or NH,
N
\_/
40 having 1,2~, 1,3+, or I,4-substitution or
X
e
N

in which m is an integer from | io 4;

Ry is H or Cy-Cg straight-chain or branched alkyl.



A 20Ris (1) a-C10 straight-chain al kyl , (2) Ci1-C8
straight-chain al kyl substituted with from1l to 4 nethyl groups or a phenyl
group, or(3) -(Cl12)pCI=CH(Cl-12)p-, in which each p is independently an
25integer fromO0O to 3. I n anot her aspect, the invention features the
conpound ofY&IWUE¢HFe | AL, or salts thereof: | A1 50PAVSRUPHE 128spect |
the invention features the conpound of Structure I1A2, or salts thereof:

| A2 In yet a oth t he i.nvention feat ures c&npou ds of
Structure |1, or s frh'iél% gtoﬁ\ﬁ irg’gntgggfeatures compounds of Structure XA, or salts
thereof;
10
i¢]
Ho
1A
20 R, is

(1) Ci-Cyp straight-chain alkyt ,
(2) C)-Cy straight-chain alkyl substituted with from 1 to 4 methy}
groups or a phenyl group,
or (3) ~(CHz),CH=CH(CHz),~, in which each p is independently an
25 integer from 0 to 3.
In another aspect, the invention features the compound of Structure 1A1, or

salts thereof!
35
45 .
D/
EAL
50 In another aspect, the invention features the compound of Structure YAZ, or
salts thereof:



Il Each nis an integer fromO to 2, Xis 0, S, NH N COOCH2Ph), 45havi ng
1,2-, 1,3-, or 1,4-substitution, in which Yis O, S or NH having
1,2-,substitution, or which mis an integer from1l to 4 The
conpounds awmdt®r/1mewsposi ti ons descri bed herein incl udersoiGeehodosage f orns
that can be swal |l owed, applied sublingually and/or buccally. The conpounds
and/ or conpositions described herein can al so be adm ni stered by ot her
routes, such as intravenously, intranuscul ar or transdermally. 5In

anot her aspect, the invention features neth?§é of treating opiate abuse
and/ or dependence in a subject by adm nistering to the subject a

t herapeutically effective anmount of one gr/nore conpounds and/ or

conposi tions described herein. er saspect, the invention
features nethods of relieving or tre& - & subject, e.g., a hunman
subj ect, 69 adm nistering to the sybjg ather tically 10effective
anmount of one or nore conpounds and/6r conposftions described herein.
Aspects or enbodi nents nmay have an ne pf the follow ng, or conbinations
of the follow ng advantages. The conp ds and/ or conpositions described
herein are useful in treating opiate dependence. Sone of the conpounds
and/ or conpositions can have a reduced tential for msuse, at least in
part because of their 15reduced hydrophiTicity and reduced solubility in
wat er. Treatments an¥etgiatisr aspech theripteotjondeaturtseomppmdef Structive X, ncor rect | y
perforned. Theggompeynds and/or conpositions can be enployed in treatnments
outside of a hospital. The conpounds and/or conpositions are powerful

anal gesics that can relieve noderate-to-seveiS%pain. The conpounds and/ or

conpositions can be adm nistered by a varietyYof conveni ent 20routes,
including orally, sublingually, buccally, intgavenously, intranuscularly or
transderm@l | y. The conpounds and/ or conpoi; I ons can be provided in a

O

=z

nunber of different states, including sg s and liquids. The conpounds

and/ or conpositions can be provided i A‘L{Eaiguﬁ?éggnvenient f or s,
H

i ncluding tablets, powders and o \
o BeH,
Q. S (1N
N
a5 Hd

II
Each n is an integer from 0 to 2, X is O, 8, NH, N(COOCH,Ph),

/5
L

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

3

having 1.2. 1.3~ or 1T 4-gobstitetion, or

NGl

i which m is an integer from 1 to 4.

3



pat ches. The conpounds and/or conpositions can be rendered water-sol uble or
26wat er -i nsol ubl e. The conpositions have an enhanced oral bioavailability
and an enhanced duration of action. The conmpounds and/or conpositions can
have a sl owep 2amg®k360f action in conparison to buprenoPphiGEieTUNIWS S

ot herw se defined, all technical and scientific terns used herein have the
sane neani ng as commonly understood by one of ordinary skill in the art to
30 whi ch this i nverihe cmmpsehdsagdor chippdsibides dasceibaddiersini indlgleaolist ddesger i bed herein
for use in the i QM. . | h terials
known in the af Sgtgﬁ% %%ng&weg’;h«gﬁ% !?]‘ﬁ‘;é’“%“éwe%rﬁa@f gu,cgﬁm%t 2@%%0%{32% exanpl es
are il ustrat i sndfoppdmyposifiensidetcribadihersiean alye b @dmipisiered iy othay thutgsutyich cat i ons,

patent appli cajdipiSenoldy, GtfatwsARfly HRiemRlier ences  nentioned herein are
i ncorporated by reference herein in their entirety. In case of conflict,

the present speci f iltaothsraspech diedgioptipn fafurgs mefhagscof trggting opiats abuse | . Ct her

f eat ures and Whﬁﬁﬁiﬁn&fm_5Elﬁje'btrwfaﬂhhinfaﬁriﬂgtb'theQ@b'ét:@@ﬂa@ﬁﬁéuﬁEd’ll?m t he
foll owi ng detail ed descri Ptl on and fi g‘u(ges and f]rpm he_cl al ns.

5DESCRI PTI ON CEICBRRRPREERS of one or mpjocompaoinds@ndlor compesitionsdgssibediesiige pl asma
concentrations (i nngiotiey aspdet, emveinivn Bature nitegiiadirgiatite andadiggeal ysi s

product buprengr phi.ne as funct. of, ti after agral ,adm ni stration

(vl Lowi g of “Ee Bop Ppmitinis iy SublERer b neippdedhl o a1 v st
group of heagl efecivgamotidbf &ie of Botesompayndsahd/stvompesiticaydasaiped ldrais.ma
concentrations (in,n i f.. buprenor phi ne a function of. time after
oral admnistrati or‘%x S?d §{\/§é’f%mo€fn)dﬁ% %&aygavogn Al %(Blgg’ liﬁvﬁﬁlﬁ’g&é}?ﬁ%ﬁa&? Enor phine to
a second gr oupofdtic folkeghgadstagages. The compein@s adiforicemposijiosgleseihelliergp aver age

pl asma Conce”tﬁ%éeﬁﬁﬁa tﬁe&%g’rbgﬁ@dkpegéent’é‘@oﬁx@%tﬂ%&d&ﬁ:c@@%@é&t arate and

hydrol ysi s product bupren I ne a functio L after oral

adni ni st rat i oncofrpaitians sinrigye ofdusediesratial for misgy, Rigeast inlpupasaise phhaie

hem gl utanat e L@ bdRdfdphifibinAndWRuah RRRY & WRGS Treatments afelstipledB 1S @ or aph
showi ng average plasma concentrations (1h ng/m) of buprenorphine as a
function of tiwka‘raelénleswamﬂtaaﬁmﬁﬂr@ﬁtkyaletfweg-smwwamvﬁ%an@‘iora dose of 0.8

ng/ kg of bupr eRgiBHidde cdnbethBlopRIGR HShrEnRHRtsRE oPAIREPIAL dBBIempdhdsG 3A is a
graph show ng average pl.asma concentrations ( of buprenorphi ne

e ad pat & art IRy EAGEYoS A5 ABUEEY SAERHES R BRI SROMA HEOTGHPaY L1 o
after oral adnjuicshpainiOdmdosyipohiénd 6n o hdRindREE bPh vaRL Wk eaént
buprenor p Q(; ne rggtgg, %%iuﬁi%tg grah}?, sa?blifniglga {(, bgcrcglw,) in(t)r];vegguas l, i%trgglgsgﬁlarly 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
25 water-insoluble, The compositions have an enhanced oral bicavailability and an
enhanced duration of action. The compounds and/or compositions can have a siower
onset of action in comparison to buprenorphine.
Unless otherwise defined, all technical and scientific terms vged herein have
the same meaning as cormonly wnderstood by one of ordinary skill in the art to
30 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 iusiraiive only and not infended

to be liniting. All publications, patent applications, patents, and other references

&



FIG 3B is a graph show ng average plasma concentrations (in ng/m) of
25buprenorphine as a function of tinme after oral adm nistration

(swal | owi ng) of a dose of 50 ng/kg of buprenorphine to a second group of
beagl e dogswo 2007/110636FI G 4 is a graph showi ng a phari naeokisn@iv@ipr ofi | e of
a high oral dose of bonrenorphi ne hom adi pai e adm nistered daily for 28
days to beagl e dogs DETAI TXD DESCRI PTI ON 30Novel ester derivatives of the
phenol i ¢ hydr oR§HtoRRAdIGTTINGFe Bepspassiet s ifencs hereidntpir piteth dp&FsA of The novel
esters can be umaids, the pibsent §pRciticaAiad, MREKME O&ANHdAs, Hilcdaltysi cal | y dependent on

opi ates. Various sqlid,.dosage, forns c be provided that 7 ncl ude one or
mF))Ire of the novel g)élfeére?f“mf’%@ aé’ﬁ?nltagesd’ggﬁdﬂ’e tB’PP?‘El?'&%FWPﬁE‘}t ﬁ@f“d}."? swal | owed,

or applied subfollowgngbdiailed Besprieion apitignes, Bed fratdathie ¢iabins. The ester
derivatives can generally be described as conmpounds of Structure 5or salts
of conpounds of Structure I. 30 In Structure I, It, is (1) a C-do

straight-chain or branched al RFFEBISHON GHPRAWINGG substituted with a
aromatic ring, e.griG.aAGa Q@ﬁﬂ’éﬁbw&gQferd@@&l@é’n&?c)éﬁdehﬁatﬁﬁmghﬁl) 6fng; (2) a

AR T ML AR I CNRENTEC RE SIS
time after oral administration (swallowing) of a dose of 1 mg/kg of buprenorphine
hemiadipate to a first group of beagle dogs.

10 FIG. 1B 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 a second group of beagle dogs.

FIG. 2A is a graph showing average plasma concentrations (in ng/ml) of
buprenorphine hemigliutarate and hydrolysis product buprenorphine as a function of

15 time afier oral administration (swallowing) of a dose of 1 mg/kg of buprenorphine
hemiglutarate to the first group of beagle dogs.

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.

20 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/mt) of

25 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 & pharmacokinetic profile of & high oral dose of

buprenorphine hemiadipate adminisiered daily for 28 days to beagle dogs.

DETAILED DESCRIPIION
30 Novel ester derivatives of the phenolic hydroxy! group of buprencrphine 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



fromO to 2, Xis O, 5 NH a 5-nenbered ring represented by Structure 2
(bel ow) having 1,2- (structure 2A below), 1,3- (2B), or 1,4-substitution
(2C) in which Yis O, Sor NH a benzene; ring represented by Structure 3
(below) having 1,2- (3A), 1,3(313). or 1,4-substitution §3$2‘? or a 5-, 6-,
7- or 8menDEPeYWVAIRIl ring, a.s represented 40by StrucfGFEBTHEI®W) . In
instances in which Xis a 5-, 6-, 7- or 8-nenbered al kyl ring, al
positional isoners,of each r ective ring systens can be utilized, e.g.,
1 2- and 1, 3 sUBSRIeCIEEaIots BT Rdel s et ol ragg o e bur e 1, R2 1 H
or a Cl-Co st r awghdwedhaiappliod subiisgueliyed al kyl . WO 2007/ 110636PCT/ G

B2007/ 001120 ] s of Cl1-Cl10 straight-chain or branched al kyl
moi eti es inclu "‘,éleng} e SERTH ,"‘g- CH2CH2-, - CHRCH2CH2-, - CH2CH2CHRCHR2CH2- and

Structure 5, 6, 7, amiksBrduivaives 4B g8BElly beQHdITMBI as compounds of Structure I
5 or salts of compounds of Structure 1.

15
OE
Ry
25 %o
R,0
I
30
In Structure 1, Ry is (1) a C1~Cp straight-chain or branched alkyl  moiety,
optionally substituted with a aromatic ring, e.g., a carbocyelic or heterocyclic
aromatic ring; (2) a ~(CH),CH=CH(CHg),~ moiety in which each p is independently
35 an integer from 0 to 4; or (3) a -(CHy)oX(CHy),- molety 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, & benzene ring represented by Structure 3 (below) having 1,2 (34), 1,3
(3B}, o1 1, 4-substitution (3C) or a 5-, 6-, 7~ or §-moembered atlcyl ring, as represented
40 by Siruetore 4 (below). In instances in which X is a 5+, 6, 7- or &-membered alky!

ring, all positional isomers of each respective ring systems can be utilized, e.g., 1,2~
and 1,3-substitinton for the S-membered ring. In Structure ¥, Ry is H or a C-Cy

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

¢.8., ~CHz~, ~-CH;CHy-, ~CH,CH,CH,-, “CHCH,CH>CH,CHy- and Structure 5, 6, 7,
and 8 below.

HoC CHy CHy CH,

6 carbons 5 CHy CH, Cli

10 carhons 6 6oarhons g

8 carbons
8



20 Some exanpl es
113 8 carbons 8 WO 2007/110636 PCT/ GB2007/0011 _ :
l(;?cgl- Cl0 straight-chain or branched al kyl noieties substituted with an

aromatic ring include Structure 9, 10, 11, and 12 bel ow
WO 2007/110636 PCT/GB2007/601120

Some examples of C-Cyg straight-chain or branched alkyl moieties substituted
with an aromatic ring include Structure 9, 10, 11, and 12 below.

10 o
CHy
CHj CHy
20 u
30
35 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,CHy~, -CH,CH,CH,-, ~CH,CH,CH,CH,-,

40 ~CH,CH(CH3)CHy-, -CHC(CHz),CHy-, ~CHOCH;~, ~CH,SCHy~, ~CH,NHCH,-, or
-CHaN(COOCH,Ph)CHy-.

In instances in which R, is a C1-Cg straight-chain or branched aikyl moiety, Ry
can be, ¢.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl, amyl,
isoanyl, 1,2-dimethylpropyi, L 1-dimethylpropyl, pentyl, hexyl, d-methylpeniyi, 1-

45 methylpentyl, 2-methylpentyl, Jemethylpentyl, Ll-dimethylbutyl, 2,2-dimethyibutyl,
3,3-dimethylbutyl, 1,2,2-trimethylpropyl, and 1,1, 2-trimethyipropyl.

10



12 35The 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
napht hal ene ring systen), a heterocyclic ring (e.g., a thiophene
derivative, a furan derivative, or a pyrrole derivative) or a fused

car bocycl i VIRYP A cyclic ring. In specific &SHBEEMEMIE20 R s
-Main -012CH2CH2-, -012C112CH2CH2) 40- CH2CH(Cl -13) CH2-, - CH2C(CH3) 2ai 2.

- CH20OCH2-, - CH2SGH2- .. - CHZNHCH2- r - CH2N( COOCH2Ph) CH2- . In

i nstances in whi ?ﬁsw eimsgaéma%%éisggpgﬁvgﬁﬁg-cé'ﬂ%qu%&fgﬁ%ﬁ%&r $itkyl noiety,
R2 can be, elbgreof nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, t-butyl, anyl, isoanyi, 1,2-dinethylpropyl, 1,1-dinethylpropyl,
peaty', hexyl, 4-methylpentyl, 1- 4 5meth entyl, 2-methyl pentyl,

3- meAhyl pentyl, 1, 1-ditnethyl butyl, 2,2-dirfethylbutyl, 3,3-dinethylbutyl,
1,2,2-trinethyl propyl, and 1,1, 2-trimethylpropyl. WO

2007/ 110636PCT/ GB2007/ 001120 I n fre enbodi ments, R2 is H, providing
conpoun&% of Structure IA or salts :

=20
20
H

In such instances, in Structure 1A, R; is (1) a C;-Cyo straight-chain alkyl  moiety;
(2) a Cy-Cg straight-chain alkyl  moiety substituted with from 1 to 4 methyl groups
or a carbocyclic aromatic ring, e.g., a pheny! group; or (3) a -(CHg)yCH=CH(CHy),~
25 moiety in which each p is independently an integer from 0 to 3.
In some embodiments, compounds or salts of Structure IA are those for which
Ry is Cp-Cs straight-chain alkyl | e.g., -CH,CH,CHy-, ~CH;CH,CH,CH,-,
-CHyCHRCH,CHCHy-, -CH,CH(CH3)CH;- or -CH,C(CH;),CH;-,
In particular embodiments, the compound is that of Structure IA1 or JA2,0ra
30 salt of either.

40

In some embodiments, Rz is H, and Ry fs -(CH,) X (CHy)y-, providing

80 compounds of Structure II, or salts thereof,

3



I A ln such instances, in Structure 1A, Rl is (1) a Cl-Cl0 straight-chain

al kyl moiety; (2) a Cl-Cs straight-chain alkylnoiety substituted with fr9n11
to 4 methyl groups or a carbocyclic aromatic ring, e.g., a phenyl group; or
(3) a -(CH¥opaH=@bed( CH2) p- 25nmoiety in which each p i oCirmse@endent | y an
integer fromO to 3. In sone enbodinents, conpounds or salts of Structure

| A are those for which RL is C2-05 straight-chain allcyl , e.g.

- CH2CH2CH2-, - CH2CH2C112CH2-, - C112CH2CH2CH2CH2-, - CH2CH( CH3) CH2-  or

- CH2C( CH3) 2C112- . In particular odi nents, the conpound is
that of Structure 1Al or 1A2, or a 30salt of\£ither. 0 In
sone enbodiments, R2Zis H and RlL is -(CH2)X(Cl-12)-, providing
50conpounds of Structure 1t, or salts thergef, WO

2007/ 110636PCT/ GB2007/ 001120

15

In such instances, -(CHz)nX(CHp)y- can be any of the moieties described above. In
25 specific embodiments, nis 1 in each occurrence and X is S, NH, N(COOCHzPh) or O.

Method of Making Buprenorphine Derivatives
Compounds of Structure I can be, e.g., prepared from the acid/free-base A)

by dissolving the acid/free base in an alcohol, e.g., methanol or ethanol, and then

30 treating the acid/free base solution with the desired diazoalkane (Ro-H)N; 13 of Ry,
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.

35 Esterification of carboxylic acids using diazo compounds is discussed in Futrow, J.
Amer. Chem. Soc., 126, 12222-12223 (2004). Purification of the ester can be
accomplished by passing the crude reaction mixture through a chromato graphy
column containing an adsorbent, e.g., alumina or silica, and then re-crystallizing the
obtalned material,

40
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X -(CH2), PHA In such instances, -(CH2)11X(Cl112).- can be any of the
noi eti es descri bed above. In 25specific enbodinents, nis 1 in each
occurrence and X is S, NH, N(COOCH2Ph) or 0. Method of Maki ng Buprenorphine
Der i vat i veswo 2007/1166Bnpounds of Structure | can be, e.g.rcrmepanedzd rom the
acid/free-base (1A) by dissolving the acid/free base in an al cohol, e.g.,
nmet hanol or ethanol, and then 30treating the acid/free base solution with
t he desired di azoal kane -H)N2 13 of R2. In sone enbodi nepts, excess
di azoal kane is used. In _sonme enbodi nents, the di azoal kane ;g}dissolved in
an ether, e.g., diethfF ether. In sone enbodi nents, the diazoal kane is
i (deybase.at a reque@,uenperature, e, |ess than 50C,

O/t ol uti-ep—is—allowsd to gpﬁg%
t enper atipir e.  35[s¢erivF1 cgpion of carboxylic acids qusi & 0 pounds is
di scussed in Fugrow, .1 Amer Chem Soc., 126, 12222-° (2004) .
Purification of/the ester can be acconplished by passing the crude reaction
m xture through a chr t ography col um cont ai ni ng an adsor bent, e.g.,
alumna or silica, and then re-crystallizing the obtained malerial. 40 WO
2007/ 110636 PCT/ GR2U0AIY0®Ibawnds of Shrtiéier EA air be, e & OFRAMAGSMOf Structure | A can

be, e.g., prepRh&amiid P&, phenoxy metal salt 1A (e.g., 2 sodium salt) of buprenorphine
with a dicarboxylic acid 14, or an anhydride thereof 15, For example, the
dicarboxylic acid can be malonic acid, succinic acid, glutaric acid, 3-methylglutaric
acid, 3,3-dimethylglutaric acid, adipic acid, pimelic acid, diglycolic acid,
20 thiodiglycolic acid, imidodiacetic acid, N-benzyloxycarbony! imidodiacetic acid,
terephthalic acid, isophthalic acid, 1,2-naphthalene-dicarboxylic acid, 1H-pyrrole-

2,5-dicarboxylic acid, thiophene-2,5-dicarboxylic acid and furan-2,5-dicarboxylic
acid,

25

v

35

N~
VTN
i \
b,
i
A

i
‘‘‘‘‘‘ w -Gl
OH O
-
© v 7N

iA

H,

48 gijgzgj
s B

13



buprenorphine 1 or a phenoxy netal salt 1A (e.g., a
buprenor phine with a dicarboxylic acid 14, or an anh
exanpl e, the dicarboxylic acid can be nal onic acid,
acid, 3-netWwybk@lutessi c acid, 3,3-dinmethylglutaric ac
pimelic acid, diglycolic acid, 20thiodiglycolic acid,
N-benzyloxycarbo&yl @1dod|acet|c aci d, tere hthallc
acid, 1.,2-naphtZreg

sodium sal t) of
ydri de thereof 15. For
succinic acid, glutari
I d pCEGiBRiC/o@etd,
I m dodi acetic acid,
acid, isophthalic

AHFRRPIAS 9F Struotrei gre PigR: r;‘39’r"rg('.al ¥ oneofgiresi ¢ ar boxylic

aci d, thi Ophﬁdﬁ@ds?,Iﬁaﬁrstmﬁﬂhﬁlxﬂbh@o@@alﬂlﬁﬂdcﬁdﬂﬂﬁﬁo@mﬁsﬂﬂ dfar boxylic acid.

b one ot PEERe prer i P P Rl R, Bosligk

are prepared, e.g.
°§alt | A, such as the

sodi um sal t lmprellmmiremm phireyered ibg rqadﬁting aupechomhite, |v§®dba$ diskolvkdin aexanpl e, the

sodi um sal t I [ h renor phi ne,
ahi ch 1 & i <ot R EEADAIEe b SRR S RET TaeRpleR LR MR Soat b
hydri de. Theeasteéwakthededired snhydrigies ﬁmnrdeaai!tﬂw ohfainkd fslenvarsi inte¢heanhydri de.
The crude Se}ly@lmé%fﬁle %@'@ﬁ&eﬁﬁvx@ﬂﬂﬂt@r Egeq M%a&o&lh&mmﬁqr el oride salt by

treatnent with dilute loric acid

The aci d/free base |

- g
can be obt ai aﬁ’é@fef baserd eande H‘Eﬁéﬂﬁ%’cffﬂﬂbﬂli’ Budraghlogidesplt By paviralizetiors . 1 n a second
met hod, buprseRad RBHLAE biptero@Bmb RedcRd B &UrY sobRhiy 81 a mBnle of dettifh Xt Ur e of

di et hyI 1©

ether and acetonitrile, with the desired acid anhydride. Typically after standing

overnight at room temperature, the desired hemi-ester is obtained. In a third method,

hemi-esters are obtained using the desired dicarboxylic acid by combining the

dicarboxylic acid in considerable excess, e.g., greater than a 5-mole excess, with

buprenorphine in a dry solvent such as tetrahydrofuran, along with an excess of a

15 coupling agent such as N,N’-dicyclohexylcarbodiimide (DCCI).

Moede of Action of the Buprenorphine Derivatives

Without wishing to be bound by any particular theory, it is believed that the

20 hemi-ester compounds and salts thereof described herein are prodrugs that release

active drug buprenorphine in 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

25 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.

Lit particuiar, it is believed that the hemi-esters disclosed are

prodrugs that

release buprenorphine after hydrolysis in the body of 2 subject (as shown below).

14
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toether and acetonitrile, with the desired acid anhydride. Typically after
standi ng overni ght at roomtenperature, the desired hem -ester is obtained.
In a third nethod, hem -esters are obtained using the desired dicarboxylic
aci d by conkdriongiosdse di carboxylic acid in considerabl @Cemesg/oig0g.
greater than a 5-nole excess, with buprenorphine in a dry solvent such as
tetrahydrofuratt, along with an excess of a 15coupling agent such as
N, N - di cycl ohexyl earbodi i mi de (DCCl). Mde of Action of the Buprenorphine
Derivatives Wthout w styyng to be bound by any particu{f$7theory, it is

o]

bel i eved that the 20hem -Jester conpounds and salts thereoff described herein
are prodtirugs that rel e active drug buprenotphine in viwo. A prodrug nay
be defined as a deli y system for %FRQ% nt drug to Wmch it is

met abolically tra f8tAf"w ng 1T's absorption, /7

bi ot ransf or mat | on ratewt he active drug, | ysf'sf General | y,
a prodrug can ?La «parent drug frompre “v@;(bﬁhand
excretion before reaching 25its site of action. & anp , Webwin (3,
6-diacety|nnrpﬁ%ﬁb) is a prodrug, though primardly nét fokwnorphi ne, but
for 6-dgetyl nofphine, In this exanple, the 6-acetoxy group is generally
nore stable to nmetabplismthan the 3-acetoxy group.t Iog_wIr

Qgrticular, it
is believed that the hem -esters disclosed are prodrugs thab—rel ease
bupr enor phine after hydrolysis in the body of a subject (asishown bel ow).
HO M The rate of hydrolysis can be controlled by tailoring
hydrophilicity of the hem - 25ester. Thus, conpounds of Strueture | can
produce hi gher bl ood concentrations of buprenorphi ne when adm ni st ered

orally (by § ak%%ﬁ%@lys?s%m@bédéﬁﬁﬁﬁa b:fﬂﬁ&in@&@h@ﬁx@ﬂﬂﬁ(ﬁ@ obte Bepit val ent doses
| S

of buprenor phi ne. eature can al so prqvide an enhanced duration of

act i on,25and esers egetompprsds oftrughureil gpp Rrefugghigher F‘Q%‘ﬂwflﬁmﬁi SFEfior phi ne.

30Ref er r i Ng xRRWokRinE Wish adkAnistdB orally (BslvaRBringitan subpokimetré ¢ st udi es on

Eg?nglgleu? g_?;ﬁaw?hrm%d g)? gc{ugvglgnt%%ges lé‘? llaurﬁ%ngri)ﬁii%. aﬁh%%a't‘u%‘la%%\SB %;o@idilfgn and tritiated
enhanced duration of action, and a slower onset of action in comparison to

buprenorphine.

30 Referring now to FIGS. 14, 1B, 2A and 2B, pharmacokinetic studies on
beagle dogs were carried out using tritiated hemiadipate 16 and tritiated hemiglutarate
17.

35
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FIG |Ais a graph showi ng average plasma concentrations (in ng/m) of

bupr enor phi ne hem adi pate and hydrol ysis product buprenorphine as a
function of time after oral administration (swallow ng) of a dose of 1

ng/ kg of bwetesatplaisne hem adi pate to a first group of rosampe7degs. For
conparison, FIG 1B is a graph 5show ng average plasma concentrations (in
ng/ m) of buPprenor phine as a function of tinme after grta)l adm ni stration
(swal | owi ng)t5f 1415 g8weh gowinsaveigeplsst cHeRsFaias thfeDeb a second group of
b\elﬁgl) e ?ogs.buﬁeﬁ;rp}ﬁ& He&nri]a%ip_ﬂélaﬁhyﬂh@AisIﬂﬂsgﬁ!h&gﬁ@?rpmnasmg@iﬁﬁegt rati onsh_(i n

n o] uprenqr phin em tarate .a I S..product, buprenor phi ne
as a functi otﬁneo%e{) rﬂﬁglaﬂsg?t%f}?%aﬁ%‘&ﬂ@ﬁ? Ef'?%f’f gﬂﬁ%%@?ﬁ%%ﬁe of a dose i nof
1 ng/ kg of Bumiadipat pdd firet gnagriofbaagladedse Fér@ompeison, FEL. 1Biougadf beagl e dogs.
For co rison.. FlG 2B s QW ver age. pl oncentrations
(i1 nol 1) oroinb st P tah b A oA R B MBeAPRCT 751 F ot on
(swal | owi ng)tinesfaftar eigsdminist@iod (swgliwingyfof bdese efb8 phikaef huprendrghisecond gr oup of

beagl e dogs. j . iﬁgﬁ“ ur after
adm ni strat itg%-Q%? ’%ﬁ%ﬂ’lﬁ%‘%‘?r‘}%ﬁgﬁ%gﬁtﬁiﬁ%ﬁﬁﬁ [ neélﬁ'gfﬁ%%gdt%e&r (either
heni adi pat e “nRcehEsvopd (mra?r@)@ efbuprencyphinedwmightarge anshydielysis prodet  ester were

present in Fﬂuﬁéfi@f{;hiﬂgﬁﬁ@uﬂcﬁ‘dﬁ%ﬁm%ﬁe@ ol SENistlaRG\(HAIRMePbr d dig. | | berat ed
bupr enor phine, b rgpl dly fegl .o becone | ower than t(g% | evel s of
% © b §

bupr enot%hi €1 PRrenoiphige hepiplutaraiifo the firsegsoum of beaele E¥ot her group of
alni mal sI r ecleiomfpﬁizsaxg FEG2BMS4 %_ﬁﬁh sﬁ?ﬁiﬁ% SleraghgldnlcohdemehtibAN(IRRMEIPEY Ped The

pl asnma eve (0] upr enor | ne (0] (0] n ,ora_. adam.nil st |1 oNn O 0oses
oty bout EPEREDE A ol gr Chor gtk e Blio S e B 4B o oo wer
si gni fi cant lof 0lsamgtp df bepteriolphine ta sk dndepup vhbvagleldogal Shesastudis of t he

hem -esters._Th the h -ester.s each afforded, 2 3 fold higher blood
| evel s of blflﬁcr’“ééréc%)rrlaf)%ﬁmr’]nee’ 5 g wg&%\ﬁfg{saﬁgrb@%mﬁsetﬁ i?nroggqnfgﬁké °t6§‘re ent drug.

Phar mac#ut i depre@opipasdicmi-estes (citB& Gemiadiphtt yr, hemkgdirtaratc)e bigh cakentretigmesi t i ons ar e

t hose that ij¢ ' t ' ; e I descri bed

her ei n, and/%&lt%?%feggg{e%%?\%t l(sﬁgfats B]té'h@{ega?{egg%se&gﬁé}%ﬂhﬁ@&?ﬁgﬁgdi ent. The

phar maceut i dépratce hypsgriorhisadut ppitlly &1l 1o beaewp inter Bapthaleneleelut i cal |y acceptabl e
carrier, As Usgdndifiifd 0y 26! RRAYASRy (RGB! MPEAYE) aRlnkyeae R RliARk e carrier”

i ncludes material such as saline, solvents, dispersion media, 30coatings,

tabl et exci prsHedan egHivelprtdoss of westarifipd brrremotrhisd #p8 levekedt oni ¢ and

absor pt#0n  buprenorphine following oral administration of doses nearly equivalent to the doses of

the hemi-esters in the beagle dogs were significantly lower than those resulting from
administration of the hemi-esters. Thus, the hemi-esters each afforded 2 1o 3 fold

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

Pharmaceutical Compositions

25 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 jugredient. The pharmaceutical compositions typically include &
pharmaceuticaily accepiable carrier, As used herein ihe language “phanmacentically
aceeptable carrier” includes material such sy saline, solvents, dispersion media,

30 coatings, tablet excipients, antibacterial and antifunpal agents, isofonic and absorption
delaying agents, which are conipatible with pharmaceutical adminisiration,

Supplementary active compounds can also be ncorporated fito the compositions.
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del ayi ng agents, which are conpatible with pharnmaceutical adm nistration.
Suppl enentary active conpounds can al so be incorporated into the
conpositions. Exanples of a supplenentary active conpound are nal oxone,

nal t r exone wodomalkossf ene. Phar maceuti cal conposi ticarszerr@otiypi cal |y
formul ated to be conpatible with their intended route of adm nistration.
Exanpl es of routes of adm nistration include Sparenteral, e.g.,

i nt r avenous, Bspmplesefasprplemegiaryagiive spaprupdiae ndoxene, nelrgosel®dnal  (t opical ); and
t ransmucosalpf@s@de., Sublingually, by inhalation and rectal) adm nistration.
Met hods of fornulating suitable pharmaceutical conpositions are described
in, e.g., the sePrugacgpiggicompestionparpiypically fompiaed to bgqoppatible with Serj es of
Text books angeir idhaﬂame E@Wadﬁﬁkiﬁﬁilbn. waleg@frmmsaﬂml BinisGlobl incRBs Or eati
suspensi ons used for toparenter ntr rmal , qr. supcutaneous application
can’§ nol e FREFTb o iR C O BRE S O HOOTRPRFord) TSR (RS wat er 1 or

i nj ection, sadiraemsalsalié o sublingualg, lyiiblalatigodng edchi)ladmmisgbtionol s, gl yceri ne,
propyl ene gl ycol t ] f : i rLal., agents, such as
benzyl al cohol ol?/g{rlrlg Sh“??Jnﬁlgeég%lelﬁ@b%é’ﬁ%\é%%%ln?%{,%‘l'l %%Ergsd E%é%egr bic acid or
sodi um bi sulif,letge theehids Rrigy gndathe Phasmacenticd Saienaes: lays ' jookgand r aaceti c
15aci d; buff t I and agents for

t he adj ust mﬁ;@%ﬂ%%r@éﬁﬁa’@fﬁsﬁ% ?gﬁé%og%%s"éﬁfs’én gﬂgg‘; gxtrose. pH can be
adj ust et wi trareatETRl éntigderpalsersubcyigesrupapplinptignsen inelufiethe fllgwing sodi um

hydroxi de. Rgipsiefs:ad sidiCHRER AR GRE: BnRRohGARE sbRtG AP, di sposabl e
syringes or rgg’ tiple dose vials nade | ass or plastic. 20Pharnmaceuti cal

de of .
conposi t i onPONERY s dyoplsrelychiinechranylieae &%"é’%’é‘f‘ihqr mofhgHesoderts; | e aqueous
sol utions (whmaeremhgarnts_gabm:cbex)zym@flms)p@a@ﬁ&ﬁp@ﬁ@@,{hﬂ?@@@hdsgummd_er s for the
ext enpor aneous .preparatjon of sterile inject ol yti.ons or .di spersion.
For i ntr avertSOR AR o SePmpIRyfe: lpinsgedts e ey ROrdemiBRcRTES ol ogi cal
sal i ne, 1sbactaeid; odfea) duch watedtes, Sraarmp hlaxphbled Md(2BAEHpr Rasdjusppamngt, NJ) or
phosphate byffered .25sal.i n PBS) ....lLn all case .CONPOsS] tion nmust be
Brer e and M SoRa SRk b Ik aodelhed it st Pl BTN "o 0.
It shoul d beushtaa bydzodhhdie reid brsodiom diydrinodes Pafentemhprémction esndnd st or age and

nmust be pre : i d .an ik Is i rgani sns, such
as bacteri a%gﬁgigg‘?ﬁlng?’ba%g&@g%%%g@an delﬂge @0%% J\l/iglﬁ{n Q{t)er &lféésgogr si on nmedi um
cont ai ni ng, pé#esg-, water, ethanol, pulyol (e.g., glycerol, propylene glycol,
and 310} qui d poppsghdievle@ichmp@iibrtunabiABbnR SRk SalThethddsRRilet Ner eof . The
proper fluidity can be nmaintained, e.q,, by the use of a coating such as
lecithin, byd{eRes seiifinsdhee watgrsokthe) qrgtﬂﬁr%% aphsterigpwvdgrs fa then t he case of
di spersi on ap@mtadebes pasphraidn TWkfiR al@BLE sollliRY 6ididpeRionf Férhe action of

m cr oor gani sns_can be. achi,eved Bg various. anti hagt I’I]_a|
intravenous administration, suitable carriers include physiological saline,

bacteriostatic water, Cremophor EL™ (BASF, Parsippany, NJ) or phosphate buffered

25 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 nust be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The carrier can be a solvent or dispersion
nedivm containing, o.g., water, ethanol, pelyol (e.g., glycerol, propylens glycol, and

30 fguid polyetheylene glyool), and suitable mixtures thereof. The proper fluidity can bo
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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and antifingal agents, e.g., parabens, chlorobutanol, phenol, ascorbic acid
and thinmerosal. In many cases, it wll be preferable to include isotonic
agents, e.g., sugars, polyal cohols such as nmannitol, sorbitol, and/or

sodi um chl owbdeo7inmesdre conposition. Prol onged absor pti earafs2odr@ciimj ect abl e
conpositions can be brought 5about by including in the conmposition an agent
t hat del ays absorption, e.g., alum num nonostearate and gelatin. Sterile

i nj ect abl e s antifirgel agens, BE- presas @HOYWW“%EIEBW?’&QQTM@WW%CH ve conpound

in the desir@ghef@MUM midy cﬁs@s,@tﬁﬂﬂQQfSIEi@Iaﬂeﬁﬁhé{ﬁ'cfétlsoWnIc I a combi nation
of ingredients enunerate bove, .as desjr 5 Tltered

sterilizati ofygas P%‘Y@W@?é‘i‘qﬂﬁsmﬂ?@ﬁ‘e@é’?‘@’m%“déﬂféomﬁﬁ?r@alw| ncor porating the
active conpossifoditiing PebldubeT dbb@ptiotlof ik Rjectable e&mpb@iﬂ&xalcmﬁbeaorch@sﬂ c dispersion

medi um and the re red, ot her 1 ngredie fromthose enunerated above. In
t he case® of g’f"é@?’ q‘l?l 4‘%“’1“8%"5‘ W“ﬁgeé‘h%?tagﬁa tbf‘.ﬂrpt’é’f”eerg 128 et abl e
sol uti ons, tlhmoptezedtemrd@éianmt hods of preparation are vacuum dryi ng and

[1ioeze drying, WaEdh Lehil BuRBUISI 1 HokOLARLEXSBLEHLEN! Pl U 15any

addi ti onal desire |Itered sol uti on

t her eof . comppynd dwotire desirtsraiovaio et apprepridomppost withions ogeswbingiéd herein are
speci al l'y ad@fgﬁr%%awm m%e?altedaa@ leMsSle il 1 ARwe BY ity sRTiRASE of oral
t her apeutl C nistrati on, e one or nore hem-ester active corrpound (OI’

salt thét eof§*e“éfa}’1y,S@P@fﬁ%@W%@ébwﬂﬁm%%@B61‘3@?45!‘@ coRPupd B 4 n t he form of

tablets, troghgsveniel, @ﬁmhﬁﬁsasasﬁ dasp&ﬁl)x@théd?mﬁﬁ‘:ﬂﬁth@ R§uired HHE 20conposi tions
w | | generally i.nclude an inert diluent or an_ edible carrler O al

conposi t i onsitEEHenty &y Hasespupcipiedpbaes Ayythe casp of sterifenopdes for e use as a
mout hwash. B m&%ﬂsteﬁ&hﬂgw@w@mmrﬁj tRe ;ﬁbﬂ@éc}ﬂ&ﬂ&ﬁ%ﬂ;ﬁepaﬂdéﬁre adj uvant

t I b t L | et ills,
Capsul os. ¢ rBenB e EeRarlRE Wt ki o IR ST e e et © T
i ngredi ent s, ang addﬁmwms mg{'edan@umiprevmmlytsfeﬁte—fﬂte@ﬂbmlmtbanhmﬁh as
m crocryst al I neIn s% gm&?a%%l r%“{ﬁ‘g%@%?ﬁ?&”tdescp geﬁi%gre%t slpemarhy%éap% lent such as

starch or | actose acrfd or corn
starch; a | lﬁgmrdacknmwmnaﬁomh@\wsmoml themapeubiy acamglstratﬁamtthesmctr as coI I oi dal

silicon di Oﬁ&ghenﬂ—eﬁt’é\gagﬁ%%ﬂlg lﬁlgg& ai?ﬁi&Ebffc%g &atQJ wRRGE s

flavoring agent suc ate or orange flavorl ng.
aoSystem ¢ a@ﬁﬂwdmthafomnﬂe letg, Wh@ﬁ@péﬁlﬁﬁm@, %brﬁ@bﬂhwpa‘desd@@brl bed herein can

al so beay tdARSTUNAORM geflrallyiARA 8H B ARANS an E@Wle L@ SaHEOSal or
transdermal adm njistration, penetrants appropriate to the harrier to he

per meat ed ar@mesions sanalie b yeprRdAEng p luidcarer fonse ssamautivieh-ude, e.g., for
LT ansmicosal praEeisal Sbhible HRiNEBEAR R orbih s Ahiofis @Rde fsi di ¢ aci d

derivatives NSMUCo adm ni stration can be acco t hrough the
use of nasalmg‘ff’;gwaﬁr"%@ﬁﬁws’f’ﬁ?l b&&rp’ﬁ?’%@ arfr}'r‘?q’gfratl on, the

one or nore daemmﬁsﬁgbmefduw;ngmwmﬁm cannabhinds osahmslartdamree@f) are
f or mul a%ed i nt oi,nt nent s

i nhal at foon, FHE sg%as&tcrﬁ%y@ﬁ%\r%%ﬁlg%s? o mzi(? %f}"elgﬁ oF gnfatm an axmpmnr{ﬂ Ln),stration by

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
peppernint, methy! salivylate, or orange favoring.

0 Systemic administration of & therapeutic compound as described hereln cau
also be by transmucosal or transdermal means. For transmucosal or transdermal
atminisiration, penetrants anpropriate o the barrier to he nermeated are used in the

formulation. Such penetrants include, e.g., for transmucosal administration,
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conpounds (and/or salts thereof) are fornmulated in the formof an aerosol
spray froma pressured container or dispenser that contains a suitable
propellant, e.g., a gas such as carbon dioxide, or a nebulizer. Carrier
mat eri al s cwetamaricdsy used in dry powder fornul ati ons ecamcE:eosbazused,
e.g., nmono- or disaccharides, such as glucose, |actose, 10l actose
nnnohydrate sucrose or trehal ose, sugar al cohols, such as mannitol or
xylitol, poldeteagenischilasdlts, apd ﬁesiwmerdelmwatst Eamg@al admipéweamnd in

par ti cul ar | ackeseaRREREE &b bse JrasHORy A BALIBALS Fol hitsdkAlTUl at | ons can

also contain two Or nore carrier materi desired, in addition to
noni nhal abl eadsipistiation, fig Ppe Q& |Moss hepirgsteraptivg carmpogrdsdand/os falts thetsad afen a

proportion Ofonhd!h@i:&bbﬁnﬁeifsrsaﬁures,éy&tok&é@%t for exanple in 15addition to

relatively coars ose carrier artlcles it can contain a
proportidn of %Bfa% Sfatt“g‘qjl'(}g}{ e QA OTSHOTSHORYBHT 28T °l act ose

nonohydr at e, cmlpbmds Gadiotsalsahereofgare foamlated ih Gledorsi of en shresodpay fiolh at nost 10

f bl t 50% o ticl Dr wd
Por it at i onct Pl @ TopnSh Bl con S it Poad B PEABS 6% e VP iy
powder i nhal sarhen disxidenenamebulizerh €amiet materiadp. cust@arily vsed gsley pivdepowder
| nhal ers thafonﬁﬂa{?foﬁ’ddaﬁélac% dd 8ge§1§£ov%}&mac&%ﬁdes,for ggﬁ:%s%%%s n W97/ 20589.

A nunber of vices sult Ivery of conpounds by
i nhal at 'on  aled@osd awaeliyiratg, suerogp or tiplklage, Sugeraleabals, suglios nengipborghitol, The

phar maceut i Cﬁiylé‘cﬁ@l&&?&r% &%xtﬁﬂ’ki&h&otré?ﬁlo&raﬁ@ﬁ{p%ﬁmbl& thdi&e T Or m of

supposi tories ( %g conventional suppository bases such as cocoa
butter and 2BefH at@ﬂyé@?q ‘H@%’)‘mﬁﬁtssr@%féfﬁ‘il%‘ﬁﬂsé:ﬁ%ﬂﬁ%°°ﬂﬁm tHeet P del i very.

L R ;‘someI lerrboarrrémaemg hﬁdas.li&r altcae&mdnpto ﬁ&fﬁﬂ@l&ﬂd&arﬁé@f@i&l@pﬂ?edl with tcar ri fer S

at w pr erapeuti c gonpo ai ns elimnation from
t he body, urg ‘g‘g“’"olc‘if‘élﬁf‘?f’?f}tf’éﬂp‘io@?f@ n‘%#@f‘ﬁﬁf’% ‘?ré’ﬁmch% rﬁ’éﬁ“ﬁ’&"ﬁml ants and
(r:néﬁr ggnﬁ?gz degﬁlgdtodahﬁwgrcyarﬁewsdtﬁmn&ymdtggﬁ?d@b}tielsz fﬁb:ﬁﬁﬁﬂl’ﬁlﬁfal bl e pol yners
Colyorycor s a3 e 36, 0% B et mieRERe S hlnee b Blelal PACT 1 such

f or mul at i onscaghavebeg. prrepicaite dematg dhtmaalut, ecdfarldy atsnosThemfat eri al s can
al so be obt n and Nova

Phar naceut i ?a?kgg 5?‘?1?% ﬁ}erﬁ%odgrg?&%dfle&mtﬁéz'm%&e %{pﬁﬁﬂ S descri bed
herein incl Lr&ecrmwscanmuaeﬁewtdremwrbnmhmrawlkaw ialtheset, ad dependence. In
some engpdi n;ﬁmhéose@ﬂgo@&yr ﬂﬁ.eee%%qtahsd fﬂ%?&'r&erv&?% 3k boberitklify, et hods

i ncl ude adm ni st er a therapeutica fective anount

Sbupr enor phuW@9W%Qﬁ89eémeﬂb%§f@b@@wﬂwéwnﬁéweqﬂﬁsu%e@réﬂwp@@f who is in need

of, or who h@m b@@@bﬁﬁﬁa@e&m&e@e&ﬁb&%gnnwﬂa@{t Ne¥@hs ddseat ment . As used in
th| s cont ext, to 'treat” opiate abuse aa@) dependence to reduce or

elininate the suBbfeehEreacensna comprsitionyran pap beprrpard gyt rnE"strem)ve t he

addi cting drgugpckepias (etge“mﬁdbmbﬁmnau@peﬁtoqsaa&@d;@haawdoammexsaaae degree, to
mreestablis odependence on that drug. Treat

hi nder the s ect
al so meéhs t%]?éﬁgléf?e‘ﬂ?sggrmﬁ‘?’i‘twﬁp%s? {8 experi enci ng wi t hdr awal
synptons or cravimgsebmaboditthiergss theiheazbm:e corgpognds alryprepageli oyth ogrias mai nt enance
dosing reg MRat win protect the therapeutic compounds against rapid elimination from the body,
such as a controlled release formulation, including implants and microencapsulated
delivery systems. Blodepradable, biocompatible polymers can be used, such as
50 sthylene vinyl acetate, polyahiydrides, polyglycolic aoid, collagen, polyorthoesters,
and polylactic acid. Such formulations can be prepared using standard fechmiques.
The materials can also be obtained commercially, e.g., from Alza Corporation and

Nova Pharmaceuticals, foc.
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Al so described herein are nethods for the treatnment of pain, e.g., severe
or chronic pain. Generally, the nethods include adm nistering a
therapeutically effective 15anmount of a buprenorphi ne hem -ester as

descri bed he®etn1iob a subject who is in need of, or wreThagtboer2o
determned to be in need of, such treatnent, e.g., a subject suffering from
pain, e.g., severe or chronic pain. As used in this context, to "treat"

pai n means tMethgdepf Beatment r educe, or eliminate the subject's perception of

pai n. Dosage, toxh&hétuod@as&cﬁﬂa@h@aﬁwlﬁe athbB G nfealnfdf FOpmOUNds can be
20det er m ned st andar dﬂg %g maceut i ¢gal ﬂqpr oc!edur es_in ﬁel | cul tures

and/ or experﬁbﬁséﬁﬁda¢epg}#?ﬁi fn soge ngntsefle SR i hezoin- (Feehe dose
|l ethal to 5QGHe xﬁéthad@mcme@adnaﬁastamg aditapeitRallyl3Rctive hﬁmdxosﬁa. t herapeutically

effective in 50% of the po The dose rati.o. between toxic and
t her apelft i cq@f’lie%%?]gn‘?léen?”ﬁ% T2 "rs‘éfg’éét‘?r‘é‘“ﬂt?lﬁ vegtrgha iy ingggd r@’i‘ﬁr essed as the

][ati 0I LD50/ E@%n&&&ﬁﬂlﬁd@d&lﬂbéeabﬂ%hﬁréﬂﬂbrﬂnhﬂﬁdedﬁl’ﬁ:hidg(eﬁexf;aﬂ ]?e USﬁd in
ornmul ati ng use in T sage of suc
conmpounds [ i % Eﬁ%ﬁ‘é{‘m %Pﬁa?ﬁeﬂ‘geﬁcedn?ﬂ%tﬁé"dlﬂ‘fe °6P$‘8‘&?‘8§’Fﬁ‘§’1°é’g%cent rations that
i ncl ude the dﬁﬁﬁaem bxhthb a!ixisédeirw toremdvotheciddivting The fdosthgsidiveed vary wit hin

thi s range dgpendhq, uaansife,dsaorul e HIGHRL AUETL ARG e route o

adm nistratio 30descri bed
her ei n, 1 he denmdquem ﬂl@tainlg/ T@hf?é@tmw td prswent ermibignizeghe waF@d initially from

cel | Cu'tureepi e IO R BN KRR LB By iRk © ach eve 2

circul ating pfasna concentr on range i-ncl udes ., the
concent r at | cringptenanes doging reg@igpound t hat achi eves a hal f maxi mal i nhibition

of synptons) as dehQkddlifRGtele a?e'%éthodmr ALk INOBRRCT L GRABQ 6f 001120

culture. Such information can be used to nore accurately determ ne useful
doses in hurflgic prigy Seaerylly, the ’ﬂ%‘ﬁ%@sde)@iW%ﬁmgé’dhﬂ@e@Pcau}bif °HVgh

per formgnce dolofibh off 2 GIRSORIHAG BRI MRS RsRBET IRRI, & SsubjBétSdbion nést ens and
the data used to determ ne appropriate doses and i nter-dose periods to

mai nt ai n bupﬁéﬁ&hﬁhﬁsﬁ’ée‘h‘i@t‘!ﬂé\?‘é‘“@bt"H‘a‘tee%‘ﬁfr%‘%‘i‘ﬁaWﬁ“f Edr Ikt f ect s and t hat

are consi st eftferMglifontain)b.g dbchdte maﬁtoqﬁineAls @éé@hﬁhi@@dadtékt}ft@‘drebw subl i ngual
bupr enor phi ne, tabl ets Gti ve anmount sufficient

to effect beilyTeENsie aB’PI“H%t%l"‘FA‘Q?F P"e@‘ﬁﬂ“fa%” Céﬁﬁﬁrﬁ‘fpz‘ BHer apeuti ¢ anount

is one that achi wa@ett@@cltgiasdmadpeﬁxﬁﬁfﬂ@ejubﬂme@h;fpaaﬂscaﬁmeeffecti ve anount
can be gdm ni ter

e(fi fi a%@) cations or
dosages: For % » &8 P’flgmﬁlgﬁﬁga&i’?‘fe%cg Qf%‘}?dlg%“ °ﬁlﬁ'¥f"er ed one from one or
nore tinmes [m:perﬂﬁﬁ;atal mingle eqy, fardeterntiningthe PBF0 {healose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective in 50% of the
population), The dose ratio between toxic and therapeutic effects is the therapeutic
index and it can be expressed as the ratio LDS0/ED50.
25 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
30 described herein, the therapeutically effective dose can be estimated initiaily from eeil
culture assays. A dose can be formulated in animal models to achieve a circulating
plasme concentration range that includes the IC50 (i.c., the concentration of the test

compound that achieves a half-maximal inhibition of symptoms) as determined in cell
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i ncludi ng once every other day. The skilled artisan wl| appreciate that
certain factors may influence the dosage and timng required to effectively
treat a subject, including but not limted to the severity of the disease
or di sorderwopsmitiwsrs treatnents, the general health atd/@noageiaf the
subj ect, and other diseases present. Mreover, treatnent of a subject with
a therapeutically effective ampunt of the conpositions described herein can
Tncl ude a si R ShdbiRERionpande st fesgors ccpmielrdvteripe useishdweslin y, the
conposi ti onshusiand. leeelaihpldaing iy 86metdirtd/ ¢ 5 ObPREAR foitinbdiGuRAL i €Nt i n
treat ment W'%},Q ke, got E@“ al to.increase the inter-dose period once the
patient is staBrliered Wi HErialg Jeigaton syptorsand Sprcdatejused fa Jetesaingt at ed t hat i n
a human bei ngpptopaait daed amd inderuigsedR e canftaid 0GRERHhRE BRI h-A- 30Ny of a
conpound,, of ur e required to giv pqQientially bheneficial
effect. A su %{egﬁ%elﬁjﬁgar“) ;11 %f%’?ﬁs\‘*} ﬂﬁ%ﬁ‘ﬁ(ﬁﬂﬁﬁmgﬁﬁﬁ‘% cgglyﬁaf;{gpqep@wg%gelgr nahnef ene
may be presefflivired iyerelingndl Sugenoghing lblesonposi ti on. The towei ght ratio of a
conmpound of Struaqf, . . i onpaund .present to deter
m suse of the co%ogﬁcilgﬁﬁgﬁ%ﬁ&gggﬁ%%i(%%%ﬁ%%ﬁ@@%ﬂé%ﬂgﬁ nefene, is
sui tably i n TEHEs ko geample; a thgrapsutic ampusf ie preetshag achieSesithe desigedl, preferably 3:1
to 5:1, pref@sakhtc odreat D np QW DG are illustrative
y Ap ctecPanlount A b Ol BHRP SHEGRNGS,

and are not intended to be limting. Synt hesi s of

Bupr enofbhi riSmiRistadons applifations grdasseepHioneremals, thesompesit@Beprtenor phi ne (2. 35

g, 0.005 rm!a)dmﬁ@er&ﬁdﬁ@mh@n@oﬂhﬁér&h%@ﬁéma?%Qieoﬁﬁglie'i’imep Aijede (50%

di spersi on 0 0l.l; 0.24 %E 0600,‘} rr%k Nal ') in 2:1 ethanhol:H20 (9 m). After
stirring for SHmsanes @ery dherdays Theskilleg arisan avilb srsercisip that peraingapters eot r opi ng

Wi th benzenesy iffflvenceelsd dbsrge watinhing@blised oy dfRelively teat RRAS AR AURigReNt oxi de in

vacuo. This I l. s [dissolved in dry benzene (30 m), and

t hen succi ni@{%bgﬁﬁ‘?&agm ¢ gﬁg&go%.dﬁﬁfge ?ﬁﬁil'sfgiﬁfagmgﬂ%“éﬁmaﬁﬁt&tt% m xture was
stirred for 1.5 hours. After renoval of benzene, the residue was shaken

wi th 2N hydrochloric acid (50 m) for 2 hours. 5The hydrochloride salt so
obt ai ned was filtered, washed with water and dried. Recrystallization from
i sopropanol followed by washing of the filtered product with hot nethanol
gave pure salt (1.0 g), np 214- 216C (deconp.). Found (percent) C, 64.95;
H 7.6; N 2.2; d, 6.25. C33H431402(HC1) (2 H20) requires C, 64.84; H, 7.4;
N, 2.3; O 5.8; 3480 (OH), 1757 and 1735 in cm|. 10 Anhydride Method
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Buprenorphine (1.7 g, 0.0036 nol) and succinic anhydride (1.1g, 0.011 nol)
were dissolved in a warm3:5 m xture of dry ethcr:acetonitrile (40 nil).
After standing overnight, the desired hem succinate (1.65 g) was filtered
and dried, WP2d9510636197C 15(decanp.). A further quanti trgTafBeabentoal (0.1
g) was obtained fromthe nother |iquors when they were allowed to stand for
an addition further 24 hours. Found (percent) C, 69.9; H 7.8, N 2.4.
C331149NC2 resbiil health end/orgeqef thepubjsctgnd otfer diseases pioped. Morpyer1760 and 1733 i n
cmd.  20EXanfegimBit oBY AlbjteSkith diherRieMi@MORBI b b Okt M RtiBons A

sol ution of ugLenor hi ne &é'l'%ﬂio'0045 nnl%fqu g!utarlc anhydride (1.6g,
0.014 nol) i95cgpsd herels cap fpetdeH s foatment oF 8 geriss 9f traeats; Gensellkt  r oom

t enper at ur e thexomposityswillthe mimipiswhodaihil to BRablIsHhepuoiEl i Rataiiyal ut ar at e

glutaric acigd salt . precipitated as a.dense whi.te.solid.. The solid was
Piltered of oot BEG bR b SRRt R S SR B B0 gave ¢ he
salt as a whytay of geslaudelif may tselated thatling hghan heimg tieated foodmg 160- 161. 5C. The
salt was di ' 3 AL YT . ), and then
excess dry Zi? gr&?yG%&?ﬁég S@Wagéﬁgggglgg F%%ofng\%\gg%g%%%%m%.mﬁi s resulted
i n the precigpietapiedislipbenaficiflictlect.sbisipgletipeiery weiye tompogndsiclodss and washed with
dry ether. ReREMRL & dalnfint Sy bE fERS H&é?%ﬁéu@é&‘%ﬂe&ﬂ%@sitﬂﬂf gpdupr ener phi ne
hem gl utarate_as the 30hydrochl ori de nonohydrate (0.9 g), nelting point
214215' € ( detighprato ofpsamboyndet tatuye Ido sgippismentary active coppplh

C341- 147NO7 (phcbablo{dbteil A @hsoloB Qi bt 4uc 8; ndibxgnddRilirdlose 30; 3340 (CH), 1750
and 1720 in cn}g, _Exa%%Le C. Synthesis of §U£rpno[ﬁhlqe Hem adi pate

Bupr enor phi H&IMESHe. i sugpbly inforangs 2:14p &L grefrebly f51 fQ& i ReiRpblR e 1 to

t et r ahydr of Wriapeeferably3tH: Stowessl, added adi pic acid (129.2 g, 0.8 nol) and DCCl

(100g, O.48mml The m xture. stirred fo S, .and then further
quantities orﬁe}é)g?‘ﬁﬁnﬁe%p Sf@éﬂ\%éatgﬂﬁm@ﬁ'—f@{f‘%g(?e&)%qné‘%%ded. This reaction
m xture was stirred for three days. After such tine, stirring was stopped
and the®Sm xture was allowed to seEXAMBAFS t hree days. The solids were
filtered off and then the sol vent was renoved fromthe soluble material.

Di ssolution in a mninmum quantity of nmethanol, followed by the addition of
et hanol / HC1 Esdtfigie dp Syuthkesis obBamgenoxpdiine Hlinisudcibete of bupr enor phi ne hem adi pat e
(86 g), towhich was purified by reerystallization fromethanol. The
purified material had nmelting point of 270- 272C (deconp.). Found (percent)
C, 66.49; 11, 8. 1XcdimPhenoxideMetimds3. C351150N07CL requires C, 66.49; 11,7.97;
N, 2.22;,Cl, 5. 61;Bl?pﬁeﬁapﬁ%.ﬂs?%@aowmw&%aaea t&mg%nf%ﬁﬁbﬁ @ﬁésga&ﬁ Method: To a

stirred solution of 4-dinethylam I’IO(P(}/I‘I dine (1. g, 0.010 nol, acylation
catal yst) i HYdride (S Hiperion imoik 924 £10.00F pol Ngi@dn 3d ¢tandddh £&h8bphi ne free base
(93.534 g, QA2Pstiigorf30 nliRMECD Yot s Genitvbdiby( r8ked B2 olfopiris fidh M0I ) . The
suspension was stirred for 20 m nutes and di cycl ohexyl carbondi i m de (45.409
g, 0.22 nol) was added over approx 30 mnutes whilst maintaining the
internal tenperature
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20bet ween 16-21C with cold water cooling. Stirring was continued overnight.
The insol uble precipitate (nostly dicycl ohexylurea) was renoved by
filtration under vacuum and washed with nore THF. Sol vent was renoved under
vacuum f r onwbheo7fiiidesa ate (960 ml recovered). The preci picrateoqrwaiiml y adi pi
acid) was renoved by filtration and washed with a little nmore THE and dri ed
in air. The conbined filtrates 25were stirred at roomtenperature and

treated w t PeBE%SAE ebherastdagwas e lbvdiied oves phesphorys pentetids i vacge-2Bisol ) . The

(r]I esuljtl ng pr@zfde@bdiuﬁﬁ &wg&s dkmﬁﬁﬁhrpﬂenﬁdnkt?m%?l? Qﬁchm&ﬂdc whidridél -1 F and

ried in air cr e product was crysta

et hanol / di ekﬁ)g w%afl%gﬁ e mixtyre Fagsh ﬁléﬁhs P%’ﬁ%mer’é?f‘w%l vents under
vacuum to cmfdaeﬁ‘ezfeaﬁlere‘mhﬁz wassiekaswith2N ffdeochiolit abid\@s mi)domdMedrsby fil tration,

\rA@ZP gghl ori d@‘%?%é}a@goé’de ﬂ g’ﬂétgg%je nﬁsgétgg%?”%gwﬁéﬁgﬁnaéfl Gﬁ/‘g&s agloﬁ? |t r6rred by

full assign rfmqws@lﬂlzatiqefrmﬁ Ilsoampbnmmillmbs H@hﬂlg&ﬁthaﬁuerbﬁyprgdmpwxm | son of these

spectra wt r r

56091 1 10636 EhTEag: 48 (0 of 2@%051%” cothbd Bty h| ne

Hemi - 3- met h)ﬂ‘*é’ﬁdﬂ’a?r(aﬂ‘bzz’@ls@?%tqa NP (I hO) forvires C( 61 E;’fﬁ 0146 nol) and
3- et hyl gl ut@anisccys.s; 3488 adi759Gnd Pr33 Rbm™0. 04 ol ) was stirred in a 3:5

m xture of dry ether:acetonitrile (160 5m) for two days at room

t emperature, after which time TLC (Si 02, nethanol | ethyl acet at e/ 880 amoni a,
25:74.5:0.5) showaghdadsmembd i cant quanti ty of buprenorphine remaining. A
further quantity_of anhydr and s continued for and
addi tional 24 hofpen t(ng’th@i‘S S& %%mb%‘[ﬁ @gﬁg\g@ﬁ“d}“gb et her (600

m ), and t hereredifielvedin abaim Basnigtdeddry therdcastitrila@o mp)r ddeitdnding wWas
iofiltered andc . nol /et h Thi r enor phi ne
e - 3+ et ABEDY B Bt b 2 B\ A e AR S LT e S0 o
(4.5 )15 Thddsonp.yl Adistheramentiy eflnhateriad0f Ig) e&s abtained frpwntis: rhashegi ve 1. 8 g,

mel ti ng poi . 3: 8.16; N 2.10;
C351147N06( 3&3‘% % %ﬁ%‘%ﬁeﬁ?%@&%ﬁ@@@g‘ ﬁ“?%@““%?gh@ iy ‘Exarrpl e E
Synt hesi s of(risph) &n67- BT, A d: ek %a@ammlﬂrm@l'fﬂtoaﬂa?t@ N,25; 3468 a sol ution
of buprenorRbmq7gyan957gmgm®15 mol) in a 1:3 mxture of dry ether/ benzene
(200 M) was added sodium hydride (0.72 g, 0.015 nol, 50%dispersion in
oil). After stirring at roomtenperature for 0.5 hours, 3, 3-

20 Example B: Svynthesis of Buprenorphine Hemiglutarate

._3
oy

A solution of buprenorphine (2.1 g, 0.0045 mol) and glufaric 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).

25 This washing gave the salf as a white crystalline solid (1.4 g), melting point 160-
161.5°C. The salt was dissolved in a minimum amount of cold methano! (12 ml), and
then excess dry ether (60 ml) was added followed by ethereal HCL. This resulted in
the precipitation of a white solid that was filtered off and washed with dry ether.
Recrystallization from methanolether gave pure buprenorphine hemighntarate as the

30 hydrochloride monchydrate (0.9 ), melting point 214-215"C (decomp.). Found
(percent) C 63.85; H 7.75; N 2.08. CuHaNGAHCH(HO) requires C 64.18; H 7.92;
N 2.20: 3340 (OH), 1750 and 1720 in cm™,
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20di met hyl gl utari c anhydride (4.26 g, 0.03 nole) was added. Stirring was
continued for 7 hours, after which tinme a further quantity of sodi um
hydride (0.72 g, 0.015 nol) and 3, 3-di nethyl glutaric anhydride (4.0 g,

0. 028 nol e)woasoyaddsd. After two days at room tenper at wCe/Gsh@7/005t0ur € was
evaporated to dryness and nethanol (20 m) was added. The solution was

el uted down a silica colum using ethyl acetate/0.5% 880 25ammoni a. The
first three XEQEcnynisesiol BRrenombing Hemigdwaier phi ne; the remaining fractions
consi sted of the_desired i -ester. The fractiaons were conbined, dissolved
in a mni mum ano&Hpre %Q%Bﬁ a5 issolvgeh i fesshly ddeddetplydrofian g g ded

fol | owed by B thisink adddd@iigodoidd 1380 € b.8piopekeDCeakd o s 48hblj.ered of f and

e >3, 3- i rBC YR aVFRE Songu Bt et o MR LR 1 e sol i d

(1.5 g) arel thEQ (pOgrweriifed TAIS rdackipneuixtute wasaimed fof fedeciapd )AfEr &6h 39; H, 8, 50;

N, 2,16; C3611511\ F e O] 91 H - 17: 3300 (OH),
1730 and L7207 KPR oed AL hBflucneifionels lapchodice Qs e

Heni di gl ycolsalids were filtered ol and themthe foltsatpyas morquinl fiam (b6 s@ulde maie®146 nol ) and
di glycolic anlwgdkbfs fglgrrlrl& ugxﬁgs}m At nftREor i liceBbrtnlbdditth®s Of dry

ether:acetonitrile ( 1S Sstirred overnight at roomtenperature.
Et her eal HO SHiguoldd efiofies thesplidihysyochiptidecy! herenepbpaymiadipato@aelng a dense

white pieci piiicivwas piticalby Wagysihllikdieh 86m efhinol B Dechdtderid naaet her and dri ed.
Two re-crystallizag Ih&??%% rom et hanol /et her gave buprenor phi ne hem -

! I g b
di gl ycol at e Btingpain chiof (R5e0ion SRV (B &) 2,08 49 L8 A&IN.2AY poi nt
186- 189C ( dauiomys. )CssHzaNMd1 fepefes €)6519;@,7. 62 NO42; €1,5.61; 3850 (DR) 27620,
C331- L45I\I08(aﬁ§:é_)3é>l?r§$}%lrequi res C, 62.10; H 7.78, N, 2.19; 1780, 1760 and
1720 in cn4. I'e G Synthesis of Buprenorohine Hem thiodiglvcol ate
Thi odi gl ycol i ¢ anhydri de was prepared according to the nethod of Mrril et

l.,1 . 4 ( Thi, qdi gl lic.aci 2 , 0.216 nol
an ph%’%hoqﬁm&eﬁe dbgrlg géé%ggéh%o,no hg%&%&%hﬁ%g&‘%@%n@m red at 550)
i n chl or of orwal. BSYlABnhtplysihinitdtramgrddEin (9., BUD) wasiadded bepremaphidBiee m xt ur e was
then heat ed gt §ﬁ3‘4§<o.% %g%ﬁdﬂ%é& by bR a6 9578 139 dy. ¢ag! amount (4.6 g,

2.9 m, 0.033 nol or ous
suspension was stirred for 20 minutes and dicyclohexylcarbondiimide (45.409 g, 0.22

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

20 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

25 were stirred at room femperature 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 mnder vacunm
to contentrate the suspension. The solid was removed by filiration, washed with

30 ethanol and dried to give buprenorphine hemiadipate hydrochioride (87.525 p). The
identity of the material was confirmed by full assignment of the 'H and *C NMR
spectium and by comparison of these specira wiih the NIMR specira of buprenorphine
hydrochloride.
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trichloride was added. After the addition, an oil precipitated and

refl uxi ng was continued for an additional 1 hour. The hot chl orof orm
solution was then decanted away fromthe oil and set aside to cool. A white
crystal | i neweabizdinsas deposited, 20which was filtered aow/abzésdoia®d. 6 g). A
TLC (5102, chl oroform net hanol 4:1) showed one maj or conponent, plus a very
smal | anmobunt of the starting di-acid. A solution of buprenorphine (6.8 g,
0.0146 nol) and thiodiglycolic anhydride (11.6 g, 0.088 nol) in a 3:5

m xture of dry etherac,etonitrile (160 nl) was stirred at roomtenperature
for 6 hours.ExfmpleDt Symthesisiof Buprenerphing Hemi-3-methydelutasat topped. The m xture

rpRRU E6S g, A0V thal) SaBinkifyylumet,  whi ch was

25was al | owed t op shiadst Jeed r

filtered off and_di ssol ved in hot t hapol (25 Dx t, (500mM) was

added f ol | ovalyipgde Etlpe dd4modees SW% ‘1329 %’Bﬂtﬂgﬁ"fﬁﬁ%‘i‘eﬁ?f"é‘t"g‘ﬂ@?@4 g). A2.5¢g

portion of td for WasdayEat EdoyStbapdritze,dférwhivhithleanol (Si€her to give the desired

bupenurpliinedit col at.e hydroghl Qri age]eIola} : , melting

poi nt 225- 22%@%‘@&@%%‘?‘3‘?’ @ﬂ}%ﬂ@o%g"éﬁcdéﬁ?‘}"waf‘95‘%&?3’“‘?"?%{“@%%; N, 2.03:

C331145N07 S(tupreiorgirk2@hainieg uA fether@uanBity. of Aphyddide was 8djied,\qnd stirdug 3300 (OH),

1745, and 1710 in cnr* ; ; L8 Qs IR d

o | modi Atapafip S tor mp@%@h?&?&%@%% g"'%%%’t ’"‘.’P%{“ﬁ‘g‘ﬁ?ﬁgg‘ﬁ‘??‘aﬁi d

di cycl ohexy!etrt (660 mi) andvlws ctheried HG) pad agded. Fhg regili@nigrecPyent®t ri ¢ aci d and

ethyl age! at i andhPaAkeey oA hIIeO Thid e birknofthis nomss-added unti | the
o

two | ayers had beco ear; the ethyl acefate layer s.bseparated of f,
washed wit h meshiguternig bidrpeidoride hydeste as8ivie %%@Anea?ﬁgd @\?ﬁ@o%s@ to give a
yellow oi | . ‘eﬁsp Fsta@Redireh R 1HRS o/ BRA e makinDfoiMi2l 2 861C &dpodrf). ar  quant ity
of N, N -di cycl ohéxyl -carbodiim ne mg%tlg ‘ﬁl ¢)or| dev\é% éL,}{mur, and
then at roonforehiperatifs & 1o Slonard Copyle PP RIS PPN ered of f and
the net hyl engogeRl2oisi de was evaporated to give the anhydride as a white

solid. Recrystallization from 10et hyl acetate/petrol eum ether gave
N-benzyhopxycar bonyl i mi nodi acetic anhydride as a white crystalline solid.

1800, 1770, 1680 0 LM dis of Bupreddrsifle o83 Qimethyletutarate
N- beri zyl ox

[ |c.ané}/r| e | 9{1 . 025 HD|) and
bupr enor phi ne ( 4Tga golutipneSbumesophing (7058, $0i5imalling 15rme Yffer - acetonitril e
(102 M) wasqpbivkshk @b0 MHWE hARBPIRMH &ideqn.72¢ 0l0asimel, SBYPr enor phi ne

D L s cihy RA sty A2 B e B RS 89 and vias Fil ter ed

20 dimethylglutaric anhydride (4.26 g, 0.03 mole) was added. Stirring was continued for
7 hours, after which time a further quantity of sodjum 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

25 atmonia. The first three fractions contained pure buprenorphine; the remaining
fractions consisted of the desired hemi-ester. The fractions were combined, dissolved

in 2 minimum amount of methanol (10 ml) and excess ether was added followed by

ethereal HCL The solid whish previpitated was filtered off and recrystallized five

Higes from ethanolether to give buprenorphine hemi-3,3-dimethyighutarate

30 hydrochloride as a white crystalline solid (1.5 g) melting polnt 216-219°C {decomp.).
Found {percent) C 66.39; H, 8.50; N, 2.16; CagHs NOZHCDH rcqqired C, 66.91; H,
8.11; N, 2.17; 3300 (OH), 1730 and 1720 in om™,
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with ether (7.2 g), nelting point 133-137C;, Found (percent) C 66.64; H,
7.44; N, 4.29; C4i Hs2N209(H20) requires C, 67.00; H, 7.41; N, 3.81). 3400
(OH), 1770 and 1700 in cmd. Buprenor phine

hem - N- benz§basyoawhonyl i m nodi acetate (2.0 g, 0.0028 mulijc2@wmasiiei ssol ved
in dry tetrahydrofuran (100 m) and 10% Pd on charcoal was added (0.25 g).
The suspensi on was stl rred at roomterrperature and hydrogen gas was bubbl ed
t hrough. Af thxpmdle Rofy (1 inidiplyegdatei tt | e starting materi al

remai ned. The Pd/C was flltered off and dry ether (600 m) was added to the
filtrate. Ether e&lsolb®ngsiunengeting (8 2 410844 maelpsngidighycpte anhydride Co¥ t he f1 ask,

a white solidoWpsmdPnreo mixdurd &dry emk&ewﬁﬁﬂéubb@neﬂs@%dml ghiied in-vacuo
over phosphotous pehtoxi de, The sol ag?;&i F g\ V\ﬁy\‘ﬁé S\ ve l'y insoluble in
et hanol , but?! {R88! feeieiplue | Kfbgreal HET waseAdad dollowad by ’5‘9@“ With ethanol, the
]p_r Ioduct ds/\/afoﬁbcmslﬁé ¥ @dsd VhiltphdapRat, vﬂﬁhmﬂhermmvﬁlydﬁﬁh dﬂyﬁmhx}ﬂlﬁ_ﬂe sol : pldwas
iltered o S hte.crystalline solid,
whi ch was fldée%arp‘%cﬂe"c(yéta%vq ns %’Eﬁd?@fgeﬁergﬂvﬁg?p TG 85 one maj or product
plus a snal Idagiyqoraterwt}qahydreclﬂmxdemnnoinadrateﬂm\‘bg)nmlengmys}.ﬁﬁalﬂﬂ Gations from

met hanol / et [ I getate

di hydr ochl o:@@‘%ﬂxﬁ%‘ﬁ“‘%em&{”e‘g 6?%) }?H%% 2% @%N@ﬁggmz ound (percent)
C, 58.96; H,requisos. GMIOSi,II‘WS ESBI%SNQG?Q(QHQM%Q-!E@W requires C, 58.83; H,
7.48; N, 4.16). 3450 (OH), 1770 and 1630 in cnt Exanple |: Synthesis of
3-(3- cal‘*“oorret hyl oxvpropi onvl) Buprenor phi ne 5Bupr enor phi ne hem succi nat e

(2.1 g (ﬁquxla?ﬁgm SyhthesivdF Bﬁéﬂaﬂmh ei}ﬁdm’fﬁibﬁgméﬁla;tﬁ 50 m) and trfaat ?d wth
excess etherea a res o]

met hanol , the reg'llﬁfzfoly?/\gga‘a\ygé waéarei{%edatcﬁorﬁlim%%tc'{fgetﬁogdn EVﬁﬁm‘éer ed through a
col urm of  alaud. . (Grerades, #1031961). It’h)amg‘lshdmfacldt(ﬁhigﬁﬁdé mebapbr at ed and t he
resi due was taII r t ing 1.58 g of
material hah ng%om'id} wz}ﬁqide&% Spﬁ d6ﬁ{§ﬁ)§g fe's i‘%!i%! ‘g{}ﬁgﬁl?rsg,ﬁent) C, 70.3;
H 7.8, 1N, X46mhasdinod3NaRs ewiption essed, TIRQuiAHre Was fifen Geated at peflyx 08440 (OH),

1766, and 17 I I hggg{g@lg ed with
HC1/ et her . it ﬁg&? h‘“’ha“%ddﬁm%a%g'&%g%gr? ﬂe%gﬁcﬁé%m C 766.0. H 7.8 N

2.4: O, 5. gncfdmwwwlféle;theééﬂﬁwne@@Pfeesmated qud r ‘%‘mgwaw 3; d, 5.57).
3450 ( O") 1c68hed 8 & AAFioddd 1 BorN TROMot didorERsANRINRIod wat fher ddedired

Phar macoki neti cs
away from the oil and set aside to cool. A white crystalline solid was deposited,

20 which was filtered and dried (24.6 g). A TLC (8i0s, chioroform/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

25 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
HCI, A white solid precipitated (6.4 g). A 2.5 g portion of this was re-crystallized
from methanolether to give the degired buprenorphine hemi-dithioglycolate
kydrochloride monohydrate (2.1g), melting point 225-226°C (decomp.}. Found

30 {percent) C, 60.50; H, 7.30; N, 2.03: CysllisNO,SHCYHILO) requires C, 60.57; 1,
7.39; N, 2.14; 3300 (OH), 1745, and 1710 in em™.



In-vitro hydrolysis orhem -esters of buprenotphi ne was neasured in plasma
or blood of various species (for results, see TABLE 1 bel ow). 20a.

Radi ochem cal s: Radi ol abel | ed hem -esters of buprenorphi ne were prepared
from [ 15, 16ve 3®vdjosisupr enor phi ne 18 using the esterifi earicamonedingds

descri bed above, e.g., by reaction of 18 with the appropriate anhydride to
give the desired hemester. Specific activities varied in the range of 20 -
800 ti G / ngExample H: Synthesis effBupreporphise Hanijinddiagetate enor phine 18; T = tritium
28 WO 2007/ 110Q@ﬁ?@k@%@%x&%&ﬁ&n@acuﬁhla%ha@ﬁnﬂe%ﬁmas tBlep@gdl Was obt ai ned

from human vol unt eer s

abaoon ven ture and from
ot her speci %Wf@%%&!“‘%@&?g%ﬁﬂﬁmiﬂ"é %F %Pr%ﬁg’ %gll'qccé‘i’:‘fed into
hep?rl ][n Zedagill @5 ddGedtuntiiabe 100 dayprs Mcomﬁccldaﬁmdsle&@daccﬁﬁhﬁy&i wezd bé |
centrifugation nut J| asmm, . i.f. not use mredi atel y, was
stored &t - Efatggo ’I‘YFS%’dtwr“gw z’fl?‘%ﬂg‘? ‘@%Mg&@*e@eé@@é%ﬁ ®2d out at 37C by
means of a gkes paistvaill aglokipn of)tms wab ieaurbdsthak:ivrigl an@tpemolbaquantitBafitpl es  of

pl asm or blARtd Mokl ROR0a BT BIL ES b th el o, varm to

37C in coni TESE ons” wer e t he
addi tion of tealpsmwedbtl Zhoatsi BicytloeByIBG2 s filterefl offiandithewothizlersol ut i on of t he

homi-ester BHSHA Qhbdiged eogﬁe%%&\waﬁdé/mm@&mrﬁwys@aﬁmﬁﬁbnlf&mt i al

concentration o various tines duri ng | ncubat i on,
al i quot'd of etbﬂatswfmtrol@um@ael(gmNprx)zﬂymP@wﬂl@m@@@FﬂP AttydEdssendor f pl asti ¢

tubes, qui cknid @fMideRolR. 48005126/ REEGHQRE. bat h
A solution of N-benzyloxycarbonyliminodiacetic anhydride (5.9 g, 0.025 mol)

and buprenorphine (4.3 g, 0.009 mol) in a 3:5 mixture of dry ether:acetonitrile (102
ml) was stirred at room temperature for 24 hours. Buprenorphine hemi-N-

15 benzyloxycarbonyl-iminodiacetate precipitated and was filtered off and then washed
with ether (7.2 g), melting point 133-137°C; Found (percent) C 66.64; H, 7.44; N,
4.29; CyyHsaN205(H20) requires C, 67.00; H, 7.41; N, 3.81). 3400 (OH), 1770 and
1700 in em™.

. Buprenorphine hemi-N-benzyloxycarbonyliminodiacetate (2.0 g, 0.0028 mol)

20 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

25 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 fiitered off (0.25 g). TLC (8i0,, CM20) showed

30 one major product plus & 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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and net hanol (100 pl) added. Tubes were vortexed then centrifuged in an
Eppendorf 3200 centrifuge (1 mnute) and the supernatant clromatographed as
descri bed bel ow. 20d. Thin Laver Chromatography: TLC was conducted on Merck
silica gel w0zk2hdepml ates (0.25 nmthickness). The fol lpowigpgosobusnt
systens were used: Chlorofornm nethanol 20:1 (v/v) containing 0.5%v/v

NI 1401-1 (specific gravity 0.88). Et hyl

acet at e/ met Hpaeht) TS5Q%; Hy7.59; Ne BT, £habldgO120G)H.MR4Qdrts Q58SpEEi fic gravity
0. 88) wbed earlier were applied to the
origin of Zgﬁfsh@np ﬁpg@ﬁﬁd” %H&F%dﬁlgﬁle uted in the appropriate system

Aut henti ¢ mar ker sarrpl es of ester and huprenorphine were

co- ehromatoraplled to be Vi sua |zed 30I at.er . short wave UN. |ight.
After elutia? 6 LisSuinthests of3-(3:capometiyloxypropianyl : o scintillation
vials and shakeanrédm;ﬂmahemﬁacemata(ﬁ:ﬂ B (st Exﬁmp%&ﬁ@as(sﬂmdhtamdtﬁml simlar
based scintillant re.cou ackard 2450 or

I nt ertechni dgd @Endﬁeﬁ%a?m Rtirlat rle%%la%&ré%ﬂ?a ﬂ%?h lfggal{f\g] el

2007/ 110636 RPGIsvaRE0Gha0d, tho@sidne Whs éraaohedum ethyl Reigland filteqReddhrovgdiraomat ogr am
results Wer GoiRloesiifla ifado ReAG U ThEhIhR WAL NafihatePad cREEGRRLAGE OF The

total radioactivity rec results were presented graphically on
seni - | ogari tma&mf;éfp@p Gth‘{jé\igh@?tfthwt%cﬁﬂflﬁgr%i&&ﬁfe?@?eﬂﬂl&a‘?mg 5 ife val ues

obtaineg fr gt 13 1o0LBoupB liRtcBRE, T0:3; eﬁg;Ngsﬁq ults are
shown |ﬁ) TA%IE@%?%%A\&BQIQ?FHIS? g?lﬁ tp% cn-ﬂ% ﬁh egvésibﬁés for

bupr enor phi reviesf.- 481450 d & N, 3+he44P 5&%1%&“6&?%?@3 bI ood of various
speci es Speci es T HytdbhlG&de@hlt was prepared with HCVether, melting point 254-

254.5°C. Found (percent) C, 66.0; H, 7.8; N, 2.4; Cl, 5.9. CaaHasNO,(HCI) requires
C, 66.3; H, 7.5; N, 2.3; Cl, 5.57). 3450 (OH), 1763, 1735 and 1618 incm™.

16

Example J: In-vitro Pharmacokinetics

In-vitro hydrolysis of hemi-esters of buprenorphine was measured in plasma

or blood of various species (for results, sce TABLE 1 below).

20 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 pCi/mg.

28
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Structure of [15,16-H] buprenorphine 18; T = tritium
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concentrat

3.0 4.3

10

15

20

25

30

iton (pg/mM) t %plasma (hours) t % buffered bl ood (hours)

7.5 - 9.6 0.25 3.3 -4.8 -- Dog 3 24 4.6 Baboon 3

WO 2007/116636 PCT/GB20G7/001120

b. Blood and Plasma: Blood was obtained from human volunteers, beagle dogs or

baboons by vena puncture and from other species by terminal cardiac puncture.
Blood was collected into heparinized plastic tubes and plasma, if required,
obtained by centrifugation (3,000 g, 10 minutes). Plasma, if not used

immediately, was stored at -20°C.

. In-vitro Incubations: Studies were carried out at 37°C by means of a

thermostatically controlled shaking water bath. Samples of plasma or blood (with
or without added buffer) were allowed to warm to 37°C in conical glass tubes
before incubations were jnitiated by the addition of a suitable aliquot (3-30 pl) of
an agueous solution of the hemi-ester hydrochloride. Incubations were performed
at an initial concentration of 0.1 - 30 pg/ml.

At various times during incubation, aliquots of plasma or blood (100 pl)
were removed into Eppendorf plastic tubes, quick-frozen in a cardice/acetone bath
and methanol (100 wl) added. Tubes were vortexed then centrifuged in an
Eppendorf 3200 centrifuge (1 minute) and the supernatant chromatographed as

described below.

. Thin Laver Chromatography: TLC was conducted on Merck silica gel 60 Fasy

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 supemmatants described earlier were applied to the origin of 20
% 5 cm plates, dried and eluted in the appropriate system. Authentic marker
samples of ester and buprenorphine were co-clzomatographed to be visualized
tater under short wave ULV, light. After elution the silica was removed as 1 om
zones into scintillation vials and shaken with 2 ml water and 5 ml of ES299
(Packard) or similar hased scintillant. Vials were connted for *H (as cpm) in a

Packard 2450 or Interfechnique SL 4221 scintillatioi sﬁ;ectrometer.
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5 Rat 3 0.4 0.18 Guinea Pig 3 0.16 0.10 Rabbit 3 0.07 0.03 Muse 3 0.03
0. 02

WO 2007/110636 PCT/GB200G7/001120

e. Treatment of Resulis: Radiochromatogram results were expressed as intact ester

remaining as a percentage of the total radicactivity recovered. The results were
presented graphically on semi-logarithmic paper against time and first-order half-
5 life values obtained from the straight lines obtained.

f. Results: The results are shown in TABLE 1.

TABLE 1  First order in~ vitre halflife values for buprenorphine hemiadipate
in the plasma and buffered blood of various species

Species Initial ester t % plasma t ¥ buffered blood
concentration (ug/ml) (hours) {hours)
Human . 4348 7.5-9.6
0.25 33-48 -
Dog 3 24 4.6
Baboon 3 5 e
Rat 3 0.4 0.18
Guinea Pig 3 ' 0.16 0.10
Rabbit 3 0.07 0.03
Mouse 3 0.03 0.02

10

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

releases buprenorphine over an extended period of time.

15 Example K: In-vive 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 (ge/ms).
20
a. Invivo Administration: Beaple dogs were chosen to model the pharmacokinetic

parameters of esterase activity, which is responsible for the #-vive hydrolysis of
the hemi-esters fo 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 bloed

2
(%3]

from rodent species — rat, mouse, guinea pig and rabbit, with high esterase
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10 These results denonstrate that the buprenorphine hem -adi pate survives

in plasma and rel eases buprenor phi ne over an extended period of tine.

15Exanpl e Ki 1 n-vivo Phannacoki netics Det erm nati ons of plasna

| evel s of bwpremai@ké ne and buprenor phi ne hem est ers weca/gmaeninzbeagl e

dogs follow ng oral adm nistration of buprenorphine hem -adi pate and

bupr enor phine hem -glutarate, using a gas chromatographi c/ mass spectronetry

met hod of analagtitity, fapidlyimdrolyad the hemiresjersmhercagivisher sreeiag + ¢meBbagl e dogs were

chosen to mdeda?%o?i‘?eﬂ@%ﬁ “ﬁq&maﬁlﬁlggfigigﬁicﬁg@,g?gh?;&fm@g}c@ﬁgq@eact| vity, which
[

is responsible e 1 n-vivo hy y he hem -esters to

bupr enor phi ne. TAH&E Bhg‘h@efhmWG@SFWSFWGQHX@%W%iaG@aLn-vi tro study of
several esters in phanMugeR hhPQe:, Mdhithas ke inkeN@ia] waktpd®bd speci es in
conparison with human bl god and %g%gnrra Ié V\ﬁls foupd, that bl ood from rodent
speci es & rat , 2t ABusEhighpnfore 63 el pigfEE] praily o brrelf 496 Bst erase  activity,
rapi dl y hydr ol gzestishi® Aefiivarat &xs(S0hgkepd i gherbupeeaplese. - dog and baboon,
behaved |i ke human bl ood in effecting nuch sl ower hydrolysis (see TABLE 1).
Thus, the dog was chosen as the preferred experinental animal. For the

adi pat e henib: eslb@r samblive: andhstorapee Floodetmdesi(Awdstargakandy vengpunclepaeat ed 5at a
much hi gher d ( / 10 st. | t : sin

conpari son tooozﬁlbzggi %/%dezgggué%%{é&'%Hgﬁ&%ﬁ%ggﬂ%fdoty%elgglgglée}%%&gﬂggenorphi ne. b.
Bl ood sanpl i ngnapebsiblediydrglysis &f thebmd-asigs, ds blopd panjpleserere sfoigda® ig9y venepuncture
at 0.5, 1, 2, . . f LM S G el iAge dose. | n order
to mnimze 1d§?ﬁ§§‘6%§’§ﬁ§'ﬁ°8n‘ﬁ§§1‘?gﬁ§}sa?ﬁs‘a% .ttﬁeﬁﬁéﬁlgﬁgﬁgeg@h%%e bl ood sanpl es
were stored orfrangferddinblaindtbes, pnctared at 29/ ¢ Wil as#edt he pl asma separated in a
refrigerated centrifuge, transferred to plain tubes, and stored at -20C
until assayed. c. Analytical nethods 15 For free buprenorphine Al l
extraction &nﬁ@b’ﬂ&@l&tﬂﬁﬂéﬁi on operations were carried out in glassware
silanizgd by treatnent with 5% tritnethylchlorosilane (TMCS) in tol uene.

For free buprenorphine
All extraction and derivatization operations were carried out in glassware
silanized by treatment with 5% trimethylchlorosilane (TMCS) in toluene.
Plasma (0.25 ml) in a 15 ml conical centrifuge tube was mixed with 10 pl
20 " (1 ng) 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 repoated with 4 ml of ether. The combined ether layers
were evaporated to dryness under a Nj stream and the tubes containing the
25 extracted residues placed in a desiccator over phosphorous pentoxide for 1624 h
{o remove traces of water, To the dried residues were added toluene (redistilled
AR) (20 n), wriethylamine in toluene (0.1 M, 20 pl) and heptafluorobutyric
anhydride (HFBA, 10ul). After thorough mixing for 1 minute, the solution was
allowed o stand for 15 minutes at room femperature. Phosphate buffer (0.5 M,
30 pH 6.0, 50 i) was sdded o hydiolyze any unrescted HFBA and the ube mixed
for 30 seconds. After centiifuging at 2000 rpm for 10 minutes, a portion (5 pl) of
the upper organic phase wae taken for ge/ms.

For total buprenorpline
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Plasma (0.25 m) in a 15 m conical centrifuge tube was m xed wth 10 pl
20(1 ug) of the internal standard, N-n-propyl norbuprenorphine in nethanol.
Re- distilled AR diethyl ether (5 m) was added, the tube vortex m xed for
1 m nute amdocaentitdisisuged at 2000 rpm for 10 m nutes. TheTEBh@r0biaywer was
transferred to a clean tube and the process repeated wwth 4 m of ether.
The conbined ether |ayers were evaporated to dryness under a N2 stream and

the tubes cont ai ni nfasid025mliin &bt mlropied centrifazesibeced mixed #itid@ e cat or over

phosphor ous pem@gﬂoﬁﬁtef'rﬁ[stéxﬁardgﬁutfbntaﬂd g;fdmvsedltlmg&&u&gbumt(@ﬂm- To the dried
resi dues were added tolu Zgredlstllled AR) B{L triethyliunine in

tol uene (0.1 M"@ dstot%M &%m%&i’@mt’%fw Qﬁ?fy ﬂtféul(maiFBA 101) .
After thorough smpp&dagndﬂrowl-dmsmdttﬁ,ro&memgaamlf&nsm&sﬁlot&md to stand for
15 m nutes at %&‘Pr‘? tur Phos hat uffer (0.5 30pH 6.0, 50 pi)
was added to hydidriFAl ﬁ?@ ®¥hd the tube m'xed for 30
seconds. After centAftdrlhgdroigsmthema@ﬁ)asa;mmefmsuar@ferri:dmtaeﬁm-mtmmﬁd on (5 1.a)

Dl ase (BPSL GRS 1 RIS HANMARKSR ALLinlE L BRIORD Ind offila SURESDOT P O°

Pl asma (0. 25 coni ca cen dowith 10 gl (1
gg) of inter nalontgﬂ&r‘?dlér'ﬂlr@mmtonmf@ﬁdll@lwyheh@@xﬁlml)tvymhmmrede buf f er

(et her - washed, th%%h Mo tibll ?1]19 cégctgd 1%% oflhr) coni%‘gltcgﬂtrt é(tuﬂtg e 'étrhe;’rqwfa%ec onds the

t ube was stoppere st and room enperatu 18 hours in
order td® 5hydr SY"?%‘éte‘éH’}de’Lm‘éW% e Bﬁﬂﬁtdéhﬁit“?ﬁﬁan@e@dﬂfpm@fémcawr over After

hydr ol ysi s, dBpRSB psiidee Was transferred to a CinElutTM tube (type CE
1003, Sci ent| f| c ﬁﬁgeeﬁ Associ ates, London), and all ovved to adsorb onto

the bed. Three porti 1P apd heptafluasehuiyndippidizole B 2030%a® ni ) were pour ed
through the t ubdled mkt del keriugehited f@ 1GhiRANaHEaANwalto ﬁﬁﬁ!’iaﬂof)klge tube. The

et her was evapgrat ed f N2 gas and the tybe transferred to a

desi ccat or ove?nﬁgﬁgtgﬁ#g'?@dgm'ﬁ%tlﬁ%e ion mixtite W%qvﬁ%oﬁaéed(tﬁg‘yatsf #and

hept af | uor obutgotoylltempetbamb mlc(eHEBd»genaﬁltlyd esidve treatedidliéittotuenct(beuirA ed resi due,

m xed for mﬂ?&ﬁ&&ﬁﬂs%ﬁa&v‘ggmﬁn tapd at roomtenperature for 15 m nutes.
t

The reaction ure was evaporated 2o dryness at 15room t enperat ure under
nitrogen and the residue treated with toluene (30 gl). A portion of this

extract was taken fé&ﬁbg@gr@m JLalibration Curve A calibration curve

prepared from stock SO S was run each dayPrior 20to the anal ysis
during the day of di4alibmtionyare arepiredsfrem gaskishiviiens sogsincesbalayprivg t he sane

dose. Fgy the QB andsid s from 2-20
ng/ 0.25 m of pl as nagsxa(?tlgmgw lﬁgy mﬁ%ﬁhe gangleggg%@g%%@pmﬁéﬂ%hw. Simlar

calibration Ii %?E@ dogsr Eorcthg 94 é‘tﬂ’ iwgﬁ@‘wsﬁh © pAlralPL gnge Wé@@@cﬂoe Plots of
peak hei ght r afg/mverSpksaaahdior BF 40MPAEERE B30 A0S Hedsiase constructed for
each
calibration lines were carried through the hydrolysis procedure. Plots of peak
height ratio versus amount of buprenorphine added were constructed for each
25 day’s analysis, and used to quantify results from samples processed during that

day.

 d. Instrumentation
Combined gas-chromatography/mass spectroscopy (gohins) was performed
30 using & Fye 104 gas chromatograph coupled via a siainless steel two-stage jet
separator to an LKB 2091 mass spectrometer. The glass column (1 m x 4 mim
i.d.) was packed with 3% OV-1 on Gas-Chrom Q™ (100-120 mesh) I7’s
Chromatograpity, Kings Lynn) conditioned overnight at 300°C. The flow rate of
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25day' s analysis, and used to quantify results from sanpl es processed
during that day. d. Instrunentation Conbi ned gas- chr omat ogr aphy/ nass
spectroscopy (ge/nms) was performed using a Pye 104 gas chromat ograph

coupl ed vi avaz@waioaiess steel two-stage jet separator POT&E&B200r@HEIR091 nass
spectrometer. The glass colum (1 in x 4 mmi.d.) was packed with 3% OV- |

on Gas-Chrom leege]lﬁo- 120 nmesh) D' s Chromat ogr aphy, Kings Lynn) conditioned
overni ght at 3B®ECMRfarier gy WagdGmigpinutor OpRysing erpestues 8¥He@ao07/ 001120 t he

hel i um carri er cig@satyéph 3O0uith, tHe sBptirRor bPRE RhsOBed VAPBIAE YEPE, J,@" the gas

chr omat ogr aph @L mm E.h%hs arator and the ion source were 290C, 280C, and
290C, respecti I@.msk?'f'i" i1 REZ0e ViagrrigP oY andppoHpent P9 A Werent of 50 pA
were used. 5Sebseé¢ted ion nonitoring of nfe 562 (base peak of internal

st andar d, FI FE deri WY was. perfor rapi d. switching_ of the

accel erating vol t a_\géglte%}esc?%%mf) ‘Hg%ﬁ Q%’gg%’l@}iﬁ%%f’?{“ ."“a;ﬁf?f@%rgw . The 3.5KV
vol t age cal i br drivegivelomspeidrted yrrapifl ewibbidg vhtbe £2828tngQohae ubihd thd. operating
paramet ers wer gg@sodi0f1h WEH. | £ i :ng_ 3 | tiplier voltage
setting 800, peak duration 64%%58#3&k'gfﬁgq’%??)ﬁb%gg?oﬁ’s%nﬁqwge range 10
to 500. The si 18 53028nPthaMibnpnemtingipacdnetarevere spfollowseperuplificon an SE 3006

UV oscil | ogr ap@iiscife 9lislapith {olad sl dooRECHnston 64 sLBThitiigp, Peak hei ght
ratios of the 1ons were cal cul ated and reference made to the gally

cal i braf on | i 5 98 theyaage [0t 400 Ahe ggnals finmdhn menitopep changgls Were a gr aph showi ng
average pl asnerequpdeden b 81 BB bsbillbghphidreRfdePWi £ERFRIVAEr hem adi pate and
hydr ol ysi s propuct .btjp%g rpgi ne ag a, function_ of tine after oral

adni ni strati on' CYREM %a'fg ffratips @%IOB’?W@W%“W%W%F%WM%W ne

hem adi pat e t chad4ly caibragiowlige fof qubegibe€ dogs; and FIG 313 is a graph

show ng average 20pl asma concentrations (in ng/m) of buprenorphine as a
function of tine after oral admnistration (swallow ng) of a dose of 50

ng/ kg ofs bupr deselishi ne to a second group of beagle dogs. This is a repeat

of the of the regul §£;d834% is}po%ngaaggr\ége anssgxg obnloShRiations (in ng/ml) of

buprenorphine hemiadipate and hydrolysis product buprenorphine as a fonction 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

20 plasrna 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

25 parent buprenotphine. 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 lovel achieved from the unesterified buprenorpline.

30 The pharmacokinetic profile from a high oral dose of buprenorphine hemi-
adipate administered daily for 28 days fo 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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| A and 1B), only using a nuch hi gher dose (63 ng/kg, FIG 3A) adm nistered
orally to beagle dogs in conparison to an nearly equival ent dose (50 ng/ kg,
FIG 3B) of the 25parent buprenorphine. As was the case at the | ower dose,
t he pl asna wewetsitefs t he intact ester (un-hydrol yzed estraspoovesiezo
substantially higher than those of the |iberated buprenorphine and the
intact ester plasma concentrations were nmaintained for 6 hours. The peak
| evel of buptlemoy phirseethe fayels pfistagstterdesimsd mpidlyefio. eptse Malg dagfur and was
about tw ce encaphi ne.

arld ggm&niggéé s SBWe @@&fﬁmﬁ%ﬁm&mﬁe u@mlﬁeﬁ@aﬁaﬁvfeiy%qmmt p

30The phar mac or al se of bu rcrlerphlne
hei ni - adi pate élatmemh@meqcé@emwfi}esrsmw ’218‘3 fﬂ%@}@‘%@b&%@"ﬁ“‘i Bﬁ% 8s shown in

FIG 4. On da¥nt8ral biBRaikibaRyMarl QY 8t Shifedron 18 JiRSaldrcbatmeed fromthe
ester were maintained for over WD 2007/11063 PCT (3839?%4‘001120 24 hours,

wher eas 5t he high despsiheprejugidd the freqtppnt gbeniateayse, & 5 spsoic 2 hours. Male
dogls and feltmhtﬁ)n@@g@mxsmmnmag&e(opmﬁ iheR61) timugb herkiamall Hﬂmiegenot ) )
qualitative ar macaki net es show t hat
the bupr eno?‘%’l’mF ‘Lllﬁ?' *’ﬁgﬁ‘é“'ﬂg’é&’fe ﬂﬁﬂ’ﬂ'eefwr@?lﬁ‘? o) %c\t/egﬂ%‘%n lity than can
be obt ai nedsﬁsfaﬁmlbldﬁr[admrsmlﬁﬂlﬂbemﬂ-aﬂi}ﬂte déscrivadebdiai gididoels ittthat are used in
the treatnent bu n of action
of the heni “&sY (é(}t (po plas fev%lﬁ%fﬁﬂéeo g&&&{o?%ggﬁ\h %?%c@\}épﬁé Eg | onger than
can be achi ewitik dolyiewd sngu}ﬁcanaj/ Bmtwm@ese@ﬁhimﬁblemqpmlﬂ@ dogdlref | ected in the
sustai ned pk @ﬁg@ﬁ}h evel s of the hen -adi pate described above. Additionally,
it Is expect t peak plasma | evels of the heni-esters (or salts

t hereof) described herein towill be achieved significantly |later than those
achi eved by an equival ent dose of bugr enorBhlg A OTHER EMBODI MENTS It is to
be understood that while the irf¥ descri bed in 15conjunction

with the detail ed. descri.ptio ef t he Qreq cription is
intended to ill W‘éﬁe %ﬂ(’?ﬁﬂ{‘ @ {“ﬁ‘gltlg%{é 36 ofde§°ﬁeqﬁ$1ventl on, which is
def i nedisby tchgmetapeitche deltwetaqhqselpﬂadtherbdi Mfor@vadesampep!ssnte@dd/ant ages, and
modi fi cati O?OS lihafgtt‘%tevénné IQ)It ngtrﬂ% S%O%)%BF ﬂlg Invérl&‘(:j‘n,fvﬁlliéh%’\ﬁeﬁgedcﬂy%erﬁope of

the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims.

34



WHAT IS CLAIMED 1S: 1. Compounds of Structure |, or salts thereof: wherein
Rl is (1) C1-C10 straight-chain or branched al kyl , optionally
substituted with an aromatic ring, (2) -(CH2)pCH=CH(CH2) p-, in which
each p is independently an integer fromO to 4, or(3) -(0-12)0X(CH2)n-, in
whi ch each WO2¥7dHédnt eger fromO to 2, X is 0, 5, NH, PNIGBBOHIPRY, 17- 7\
_--- ¢ ) having 1,2-, 1,3-, or 1,4-substitution, in which Yis 0, S or NH,
having 1,2-, 1,3-, or 1,4-substitution or in which is ange on Ito 4; sJ
WHAT IS CLAIMED IS:

1. Compounds of Structure I, or salts thereof:

My CHy
/

LMy

wherein R; is
(1) Ci-Cyg straight-chain or branched alkyl , optionally substituted with
an aromatic ring,
(2) -(CHy),CH=CH(CHy),~, in which each p is independently an integer
from O to 4,
or (3) -(CH2)»X(CHp)y-, in which each n is an integer from 0 to 2, X is O, S,
NH, N(COOCH;Ph),

Ty
L} having1,2-,1,3-, or 1,4-substitution, in which Y is O, S or NH,
Y

7

[
ke
\‘\ / ‘ .

(CHghn in which m is an integer from 1 to 43

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

and wherein Ry is H or C,-Cg straight-chain or branched alkyl.
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and wherein R2 is Hor Cl1-C6 straight-chain or branched al kyl. 2.
Conmpounds of claiml, wherein RL is selected fromthe group consisting of
-CH2CHz2-, -Cl12CH2CHz-, -CH2Cl12CH2C112-, -CH2CH(CH3)C112-,

- CH2( 0113)2C112- - C1120CH2-, -CH2SCH2-, - CH2NHCH2-, and

- CH2N( COOCHBRAYIEPS36 3. Conpounds of claiml or 2, whePEFEBROTHGIN, 4.
Conmpounds of Structure IA or salts thereof IAV\/nereln Rl is (D
Cl- C10 strajght-chain alk Cl-C8 straight-chain

al kyl subst {GOIPeENdRf plaimy brWhef%“ R ﬁé%lwqd T ths erap canqm@ayf group, OT(3)
-(CH2) 1, %ﬁtﬁpmmcﬁr%}gm@@m emm(@ggm- - Hh peager fromQ to

3. 5. Co ounds of claim4, wherein t'rai g allcyl . 6.
Con - CH2CFHIG s, -CHLSCHi-mBLNKEheiand f@HzI*gCQQCZBP@cﬂzlzonz - and
- CH2CH2CH2Cl | 20- 12- .

3. Compounds of claim 1 or 2, wherein R; is H.

4. Compounds of Struciure 1A, or saits thereof:

wherein Ry is
(1) Cy-Cyp straight-chain alkyl
(2) Ci-Cg straight-chainalkyl  substituted with from 1 to 4 methy}
groups or a phenyl group,
or (3) -(CH,),CH=CH(CH,),~, in which each p is independently an integer
from O to 3.

5. Compounds of claim 4, wherein R; is Cy-Cs straight-chain alkyl

5. Compounds of claim 3, wherein Ry is selected from the group consisting of

-"CHQQHZ{EIE’;% ~~{,E“§2CI‘E?,CE‘Z2€EE};~ and ~C§I@LH},CH2€EE3QR2“V
7. The compound of claim 6, wherein Ry is -CHyCHCH,-

8. The compound of claim 6, wherein Ry is ~-CHyCH,CHyCH;-
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7. The conpound of claim6, wherein RLis -CIl12C112CH2-. 8. The conpound of
claim6, wherein Rl is -Cl12C112C112Cl-12, 36 WO

2007/ 110636PCT/ GB2007/ 001120 9. Conpounds of claim4, wherein Rl is

- CH2CH( CH3)WBi2007a1063Cl 2C( C113) 2CH2-. 10. Conpounds of SCREHR0M7801120 or
salts thereof: 1l wherein each nis an integer fromO to 2, and X is 0, S,
NH, N(COOCH2Ph), having 1,2-, 1,3-, or 1,4-substitution, in which Y is 0,

S or NH, 9.héshpands Fclaivh A3wher€ih m,iﬁﬁﬂbﬁtéﬁ?tlﬂ?lbr -GH O(C&ﬁ;@]){{._a in which m
is an integer from1 to 4. 11. Conpounds of ¢ aiml%), erein each n is 1.

10. Compounds of Structure I, or salts thereof:

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

\7.\” ’\T/\
K ) having 1,2-, 1,3-, or 1,4-substitution, in which Y is O, § or NH,

Y

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

N

N

(CHn in which m is an integer from I to 4.
11. Compounds of claim 10, wherein each nis 1.

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

13. The compound of slaim 11, wherein ¥ is O.
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12. Compounds of claim 11, wherein X is 5 NH or N(COOCH2Ph). 13. The
conpound of claim11l, wherein X is 0. 14. The conpound of Structure 1A1l,
or salts thereof: [|Al 15. The conpound of Structure |1A2, or salts thereof:
1A2 16. A pharmaceutical conposition conprising a conmpound of claiml,
4,10, 14 or 15. 17. Use of one or nore conpounds of claim1l1, 4, 10, 14 or
15 for the manufacture of a nedicanent for treating opiate abuse and/or
dependence in a subject. 18. The use according to claim17, wherein the

one or re_conpounds is adm nistered orally or sublinguall
m?4. The g)pmpound of Structure YA1, or salts thcreof:y ¥ Y

Bty GHy

E ----§—<ﬁ~cﬂ,

OH  CHy

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

TA2

16. A pharmaceutical composition comprising a compound of claim 1, 4,.10, 14 or 15.

17. Use of one or more compounds of claim 1, 4, 10, 14 or 15 for the manufacture of a
medicament for treating opiate abuse and/or dependence i a subject

18, The use according to claim 17, wherein the one or more compounds is adiministered
orally or sublingually.
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