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(57) Abstract: Disclosed is a 6-mercapto-cy-

CHa0H clodextrin derivative having general formula (I)

H H CHZ-S—R'_X wherein m is 0-7 and n is 1-8 and m+n=7 or &;

H 0 R is (C,.s)alkylene, optionally substitated with 1-3

H OH groups, or {CH;),-phenylene-(CHy),; © and

H p are independently 0-4; X is COOH, CONHR,,

0 OH 0 ()  NHCOR,. SO,OH, PO(OH)., O(CH,-CH,-O), H,

H OH m _ n OH or tetrazol-5-yl; R, is H or (Cy3)alkyk; R; is

. 'H OH carboxyphenyl; q is 1-3; or pharmaceutically ac- .

" ceptable salts thereof. The 6-mercaptocycledextrin

derivative is highly suvitable for use in the reversal
of drug-induced nenromuscular block.

OH H
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Ris (Cl-6)al kyl ene, optionally substituted with 1-3 OH grpups, or (CH2)o-
phenyl ene- (CH2)p ; o and p are independently 0-4; Xis 0" R |
NHCOR2. SQ2CH, PQ(OH)2, O CH2-CH2-O9 H, OH or tetrazol-5-yl; R is Hor
(C1-3)al kyl ;- R2 is carboxyphenyl; g is 1-3;. or pharmaceutically ac-

cept abl e samtosoiibmmseof . The 6- nmercaptocycl odextrin deri vatquﬁljog/ ﬁisghl y
suitable for use in the reversal- of drug-induced neuronuscular 9% 2 o

MAY 2094 WO 01/40316 PCT/EPO0/ 11789 6- Mercapt o- Cycl odextrin Derivatives:

Reversal Agents for Drug-i n@ubed Neur gmuscul-ar Bl-ock. The invention.
rel ates to 6- mer capt o- cycléHedanta-GusledextripeRerivativessi r use for . t he-

preparation of a rReVaaaPAbents fIr Drig- seidih e ed :
neur onuscul ar bl ock, and tg a ki tr 'f'l(i)}g léﬁggégﬂegﬂ%ﬂ%%dé}ggr%&'bl ock and its
reversal. A neuronuscul ar bl ocki ng agent (NVBA, also called a nuscle

rel axant) i 1 ' sed duri the adm nistrati.on of anaesthesia to
facilitate jﬁ&oﬁ’é@ﬁ%ﬁ]&%%ﬁt} a 'F@ﬁc’%ﬂqg'cyﬁlogﬁm derfvstives. tacthelsduseofasody -
cavitiess i mhepprdogatiod bhea ahgi®mand o} , r M ut.¢hi ance from
voluntary or r'e?l epx ~-muscl e novenent éﬁl\tll\/g%\g g?e( 21 s?oggtzstgcfi Pﬁ&g ﬁ'gi%gsqe of
critical i y- inerrqnausaarsbloghganidytst adsit for previding néwpempculap blauki aid @ts e

conpl i ance it chani cal 15 ventil ation when sedati on and anal.gesi a al one
have proved I nadequate, -and to prevent the violent nuscle' novenents that
are associated with electroconvul sive therapy treatnent. Based on their
mechani sms Qf ‘action, NVBAs.are divided into two categories: 20 -

depol ari zi n ﬁﬁ'ﬂf"l‘?@i{f—‘?&@o@'ﬁ?‘?i% RFENDENMIEY | Apapaliedr dmussole aelaking ks ng
Peur omuasul SUBHE sl LR b RS BEOR, & e oS dperiBtutate
heur ot r ansmehdatracheed VihiubatiomendTiewliowi suigiiat dtebsitbi BbdPRANItRE, §f the
'on particulér the abdomen ang thorax, without hindrance from voluntary or reflex
' muscie movement. NMBAs are also used iﬁ the care of critically-ill patients
‘ undergoing int_ensive" therapy, to facilitaté compliance with mechanical
15 ventilation whenAsedation and ané]gesia alone have proved inadequate',r and
tp preveht the violent musclé' movements that are associated With

electroconvulsive therapy treatment.

Based on thei_r mechanisms of action, NMBAS are divided into two cétegories:
20 depblaﬁzing'and non-depola_rizing. Depolarizing neuromuscuiar blocking
agents bind to | nicotinic acetylcholine feceptors {nAChRs) at the
neuromuscular junction in a way similar to thét of the endogenous
'neUrotransmi&er acetylcholine.'They stimulate an initial opening of 'the iori
channel, produciing contractions' known as< fasciculétions. However, since
25 these ;irugs are broken down only relatively élowly by cholinesterase
enzymes, compare'd to the very rapid hydrolysis of acetylcholine by
~acetyIChoiinesterases, they bind for a muéh longer period than acetyicholine,
causing persistent depolarization of the end-plate and hence a neuromuscular
block. Succinyicholine (suxamethonium) is the best known example of a
30 depolarizing NMBA.
Non-depolarizing neuromuscular blocking agents compete with acetylcholine

for binding to muscle nAChRSs, but unlike depolarizing NMBAs, they do not
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channel , produci ng contracti ons known as fascicul ati ons. However, since 25
t hese drugs are broken down only relatively slowy by choli qfiﬂt‘?r e
enzymes, conpared to the very rapid hydrolysis of acetyl ch8I 8 b@lﬁ

acetyl chol i nest erases, they bind for. a much | onger peri.od than

acet yl chol iR OLAG3LY si ng persistent depolarization of the eﬁ‘ayﬁrgﬂlénﬁnd ‘
hence a neu G ¥ oivA i ﬁi@iﬁ‘iﬁ ' | : best -
known exam%’g@)@&y @éga@{éego%ae [ z?ﬁgml\éll\ﬁi%ill\%ﬁ?gepo ar PE%H%HIr%r?E@%uI ar

bl ocki ng aganthehesprteenticel nearabranedepolarizafion, dnichas agesult,ithe ahesa\ChRs,
but unli ke depolarizing NVBAs, t do .n 1 2, Y 2004 01140316
PCT/ EPOO/ 11D bgeemealiaccid é\ﬂeﬁaﬂﬂa‘% -chme%)ﬁv&rm W%i’??% %ﬁh%f""f‘he
channel by . i hef I e el ksy d iligat i-on,
and a5 ot cCEPPIEERE | oatedtly, PTRGSE THANACT, hstelRirmp RRlcaigat N
cl i ni cal §y- (ciephtrbBrismb emivaguriumt hpamamenidey ovesurenivg, c seayonium Thade

i ncl ude tubocurarine, gatr jum- 5 (cis)atracurium mvacurium

pancur oni unfai?%‘]?'BHF\@rQ%ggm'oni um and - rapacur-oni um (Org 9487). At the end
of surgery or a period of intensive care, a reversal agent'of NVBAs is
often gi-ven to the patient to assist the recovery of nuscle function. Nbst
i 0 commonl y At $iesiene vé ssrienagren periad of intengive eare, areversalagarsiaf NMBABase

(ACNE), such as neostjgm ne,..edr.ophani ri ' B se the
rechani sm of Qlen vt i Tiss Batl e Ho e nEPUely TG Fitipon-hctse 1
acetyl chgl | RBnih nlg Gl PEUPRITENR aleinBibiters dhadeibilinesrase (ACREKdown of
acetyl chol i ne, t?’ue are not suitable for reversal .of depol arizing NVBAs
'such as susochylashaleostigming, Tedrapbenism Aeng  PYAdewiondne. RBesaussy AP agent s
| eads to problens.w t el Y Si - L, SIS Q. napses
.(both sorrat"ﬁ‘%cei‘é’ﬁ'bm&l?? 8ﬁ%‘?ﬂ ‘gf)cth?ﬁ%gﬁlvqsnlaqﬁ%&%%éro ri%%‘:%f?dt% g?ﬁ%@adtn;?ls%hol i ne
i s potenti atgd nBlrorhiieffard@adiion. bylinhibifie treebreakdowh of egtylchmtine othegny
side-effects- due 'to the nons€l ective; activation of muscar) nkge rg%

T'énsi on,

ni cotini c amse yiotisultable foetavstsn! of degolaszingaNMPAT aegh8s Gugcing
i ncr eased sall i vation ’&%E‘% '
15 he us_e of A

ib}f&@ Es"versal agents leads to problems with

selectivity, éinc_:e neu ansmiésion to_all synapses _(both_ sdmatic _‘and
autonomic) _involvihg the neurotransmitter acety!cholin'e is potentiated by

these ag.ents‘. This non-selectivity may lead to many'side-effects due to ihé
non—selectfve’activation of muscarinic and nicotinic acetylcholine receptors,

20 including bradycardia, hypotension, increa'sgd salivation, nausea, vomifing,
ébdominal cramps, diarthoea and bronchoconstriction. Therefore in practice,
fhese agénts can be used only after or together with the administration of
atropine (or glycopyrrolate} to antagbnize the inuscarinic eﬁeds of'aceiyi--
choline at the muscarinic receptors in the autonomic barésympat_hetic neuro-

25 effector junctibns (e.g.. the heart). The use of a muscarin_ié: ac_étylcholine

| receptor (MAChR) antagonist such as atropine céuses a number of side-
effects, e.g., tachycardia, dry mouth, blurred vision, difficulties in emptying the
bladder and furthermore méy affect cardiac conduction.- .
A fuﬁher problem with anticholinesterase agents is that residual neuro-

30 muscular activity must be present (>10 % twitch activity) to allow the rapid
recovery of neuromuscufar function. Occasionally, either due to hypef—

sensitivity of the patient or accidental overdose, administration of NMBAs can
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abdom nal cranps, diarrhoea and bronchoconstriction. Therefore in practice,
these agents can be used only after or together with the amg‘k&tgﬁtlon of
atropine (or glycopyrrolate) to antagonize the nuscarinic 0% acetyl
choline at the nmuscarinic receptors in the autononic par asynpat hetic neuro:
2s effector YVOM&#93hs (e.g. the heart). The use of a nuscarciingpeonizse

of o) do. et { SRS %%R*&?éfet%”ffé&%? i B B stromisioinghian diprotound e
di i cul i 5 HabkSimAt yicin [herdk Aol teithbRAbTRUErsBRUCAIS ShbrofR Tl 2

conduction: A further problemw th anticholinesterase agents I's’
resi dual - neubick3oAtRMaRlS| tar ovarcomet & ‘profoundcblpekt swith gl doses wif tAGHE

activity). to ery o uromuscyl ar functi on.

Cccasi onal | y,'mlﬁl%ﬁhgguégl%%h?ﬁogﬁ%g%r"f‘s| PU?FIW IC s FEsitingin 8,brgedi dent al
over dose, 5adwangéstafatsympterhs Nddted c & -éhianled/P¥tird0RAGoNOoP LABORHS an?

PCTI EPOO/ 11789 cause conpl ete and prol onged bl ock:-of neuronuscul ar function

("profound BMSERMNIC regeMPiSsent , there is no reliable treatment to reverse
such a "profound block'. Attenpts to overcone a 'profound. block' with.
hi gh .doses of AChE i nhibitors has the.risk of inducing a "cholinergic

crisis", resid EurapeanrPateht eppucmtsoar@esomw(mmmoalatnd/ theenbaged
sti nmul at i on. of n| otin muscari ni c recep tors. uropean Pat ent

Appl i cation §@emisg! ﬁfﬁla{oﬁdﬁﬁ FRIVEBIRNLG) s f%"s"’ll%eﬁfs héﬁ@ﬁ?ﬁaifswdat ors
| d
(or sequgstT afbiicalS chO4Rls atabed 5 tﬂﬂﬁgt{?&ﬁ% ng?é&-lfb%? %@81.99‘%? g@%ur o

chel ators capahl e of form ng- 'a guest manuf
a nmedi cament maoufacheerof aonedicamientifon the redecsatiohdwgeniscad asurohiugellaner e -

descri bed. T se of, cheni chel ators. as, rever sal ents for NVBAs has
t he advant agE'%FKéﬁ ere {igC l?%a:ah?ee%"i’\? ¢ %m@beh%'ﬁms ﬁ?e‘%ﬁﬁfﬁabﬁgems Bbth

o0l “6f acoRMEhe Ras 40 olenaye il Bep ard sELuNSR, RARRIAZIS BERGTRE 0y "
none associ ab@id dapotarizing and nohstepolarizingNidBAsi Their aisd dmesatotrhncreawept ors
15 the level of acetylchollne and therefore they produce fewer side effects and’
.-none assocuated with the stimulation of muscann:c and mcotlmc receptors
seen wnh the ACKE reversal agents. In addltlon there is no need for the
combined use of an AChE lnhtbﬁor and a mAChR antagonist (. g-. atrop!ne)
while the chemical chelators may further be safely employed for the reversal
20  of ‘profound block’. Examples of such chemical chelatonjs, as disclosed in EP
. 99,306 411, were selected from various claéées of mostly'éyclic organic
compounds which are known for their ablllty to form mclusnon compiexes with
‘vanous organic compounds in agueous solution, e.g. cyclic ollgosacchandes
cyclophanes, cycllc peptides, calixarenes, crown ethers and aza crown
25  ethers.

The cyclodextrins,




seen with the ACNE reversal agents. In addition, there is no need for. the
conbi ned use of an AChE inhibitor' and a mAChR ant agoni st ergv ﬁéropi ne),
while the chem cal chelators may further be safely enpl oyed f Y 2

reversal 2Q of 'profound bl ock'. Exanples of such chem cal cg.la.%l , as
di scl osed %,9@50?1@9, 306,411, were selected fromvarious cIFgss gé}iﬁ,g;rmst |y

‘cyclic, orageﬁFg of CYRRE Hiisculdl ebntalnind Biver frore thBigluedpyrangse anftor m
i ncl usion conplexes ™w th various organic conpounds in aqueous sol ution,
e.g. cycli dinkéd gatsthecHak ippeifionsyy oplinkages as)dn iamyles. aed deryalives enes

crown ethers and aza cro 2 t The ¢ [ d8: ----0 OH
0 OH n=6- 9 thereoh Were 'ESD%%“S%%@%@@%H?%@%%B%@ "a{sﬂséz%fvef:éﬁél ic
mol ecul es. Gantai Nididne! conhofly Bed- RedbtRAYIBAbsKiNg BYents| ionkadsaie the 1,4
positions- A nkages as in anyl ose, ‘and derivatives thereof, were . -
i dent i fised refaxBRts98QM4 28 ESURIEMNC FBACUKPNIERT YECYRNIURR FRRAGUAMUMf many
of the commoply used neuronuscu .0ck] ng. S, - vs&Ur8riRe. €l axants,
such as r odONVERVIEHH: ﬂﬁ?‘fﬂ‘lﬂ“ﬁhﬁﬁ' aﬂ?@@h@ﬁh%&?ﬁ”%&éﬁ&ﬁ%rﬁl um rgrr‘rﬁ?iacuri um
atracurium +(ci-s)atracurium succinyicholine and tubocurarine. It has now -

been. found that 6-nercapto-cyclodextrin derivatives havi n%. t r}ﬁ " gener al
formul a | Gt-laa§n§w)beaﬂ_fgunmtf@qa-mercapto-cyclodeﬁnn derivatives having the ~ .

general formuta | -

10- B ' R - . Fomulal- -
wherein m is 07 and n is 1-8 and m+n =7 or 8; |
Ris (C1,6)alkylene, optionélly substituted with 1-3 OH group')rs, or (CH,)-
phenylene-(CH,)~ - ' : :
o and p are independén‘tly 0-4; ) _

15 - Xis COOH, CONHR,, NHCOR,, SO,0H, PO(OH),, O(CHzchZ-O)ﬁLH,' OH or
tetrazol-5-yt; R ' a
R, is H or (C,g)atkyl;
R, is 6ai‘boxypher1yl;
qis 1-3; . .

20 or pharmaceutically acceptable salts thereof;
are highly active in vivo in the reversal of the action of neuromuscular

blocking agents.

No protection per se is sought for the folloWing 6-mercapto-cyclodextrin
25 derivatives: ' '

6-per-deoxy-6-per-(2-hydroxyethylthio}-p-cyclodextrin and -



OHmOH 10 Formula | wherein mis 0-7 and nis 1-8 and mth = 7 or 8, R is

C -)alkylene, optionally substituted with 1-3 OH groups, oF p(jk¥2p4
éhengll ene-(CH2)p-; o0 and p are independently 0-4; 15 - X is COON, CONHR, ,

NHCOR2, SQ2OH, PQX OH) 2, (CH2 CH2-Oqg-H OH or tetrazol-5-yl; R is Hor
(C jal kyl: ‘?@“VOSB%\r boxyphenyl g is 1-3; 20 or phar macewcraRuM

hi gh o in the reversal of the
acceptadle oglich Gl 80 per RS LYPk Creofimptiacuhioh apefiesatios mought
];50|roe$ hge];glyl nggrg_ (ﬁggﬁagf’gge‘fﬁ&ﬂ%%‘{ cyc? gﬁ.&d 34 X@dzg?"@(}é)'NAY 2_004 WO
U3 e PCTﬁW—QQ@&QG Wi mdroxy@m gikc]))grﬂceyctljoedsec}:(ﬁrfnbgg ICbhyIS dlisl’crllcg)ysedc ‘ahd ‘
2- hyd t ,
o By e BY Rk i il Pk b, TRa €304 5188605, bomy Y 9 © @ |
6 mono- deoxy6 froiegry.8: ﬁwiééénsmﬁrhé‘th%lml&blﬁ-cfcloﬁé%R,‘iﬁ@%ﬁ'iél]g%s%‘“b‘%g S

di scl osed Fujita, ers .
6- per - deoxy- é’dtﬂer F(@Teal.b(@tdln@ha}nl Sbc dJhim: €y.cl1 3By 85M8e@higgE)i S descrl bed by

gjirrlolng dg())(; é'??ﬂ?n‘chl(J’é’gﬁ Bﬁh@_mr@?%gwrﬁg&;vmﬂgf éw%%’@&?ﬁ)"r M’%'Sq;m'isgdispégglgscrl bed
gx élél h?de-(l)-xti éi&ﬁGg %%gz%h%fgilﬁ%ﬁégggrgéfhoéggl] -1 = ?:izzl odextrin and o
6A BB-d:deoxy— A,6B-bis[(o-carboxyphenyl)thio]-B-cyclodextrin and
10 6A,BB-dldeoxy—BA,BB-bls(carboxymethy!thlol)-B-cycIodextnn, which are
- _ _deecribed by Tubaehi, l. etal (J. Am. Chem. Soc. 108, 4514-4518, 1986; and
6-per-deoxy-6—per-(2 3-dihydroxypropylthid)—ﬂ-cyciodextrin ‘which is |
" described by Baer, H. H. and Santoyo—GonzaIez F. (Carb. Res. 280 315- -
321 1 996) These pnor art B-mercapto-cyclodextnn denvatlves have been

15 described in relation with different utilities in each instance.

However, the above mentioned pﬁer art 6—mercapt0-cyclodextri'n derivatives

. do belong 1o the main aspect of the present invention which refates to the use

_' of a 6- mercapto-cyclodextnn denvatlve according to the general formula 1 for

20 the manufacture of a medlcament for the reversal of drug-induced

neuromuscular block.

In one embodiment the lnventlon reiates to 6—mercapto-cyc|odextnn
derivatives having the generat formula i,
25 whereinmis0-7andnis 1-8and m*n=7or8; .
X is COOH, OH or CONHCH;;
Ris (Cye)alkylene or (CH,)-phenylene-(CH,),;
o and p are independently 0-4; or a phannaceutlcally acceptable salt thereof
* with the exclusion of '
30 _f)‘-per—deoxy—ﬁ-per-(z-hydroxyethyithio)-ﬁ-cyclodextﬁn; _
6—mono-deoxy—ﬁ-mono-(Q-hydroxyethylthio)—ﬂ-cyclodextﬁn;
6-per-deoxy-6-per-(2-hydroxyethylthio)-y-cyclodextrin;
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la ' 6A, 6B-di deoxy- 6A, 6B-bi s(carboxynet hyl thiol)-R-cyclodextrin, which are
described by Tubashi, 1. et al. (J. Am Chem Soc. 108, 4514-AQ4B,20886; and
6per - deoxy- 6- per (2, 3-di hydroxypropyl thio)-p3-cyclodextrin, which is

descri bed by Baer, H H and Santoyo-Gonzalez, F. (Garb. R 315-
321, 1996)‘."%%1‘@’#3315“ or art 6-nercapto-cyclodextrin deri va?ﬁ%@%ﬁg\"/’@g been
15 descri bed, LN CS!T‘%" H8A(AAHS Hiétﬁ}ﬂﬂlﬁﬂt -Bdlbddyt@s i n each instance.

However , t%dep%ﬂ%%/e meRt ?%ned&gri or art l3ES_-*rerca t o-cycl odextrin derivatives,
do bel ong temriche-deuxy-Gampaoicarboxymeihylibiopf-ayaledaxiidh which rel ates to the

f 6- to- | od i n derivat | ding..t. ' -al
Formi a -1 GropBabene-HRAGTIRITFE BRI BRI T ever sal of
drug-i ndUCSﬁ%ﬁ@%ﬁ(ﬁ%ﬁﬁ,bgbfﬁw%ﬁﬁﬂ@t Michohegiie@atint he invention rel ates

o3 X

to 6-nerca rrn erivative aving the general formula-l, 25
whereinsmis 0-7 and n is 1-8 and m#n"'= 7 or 8, . X is COOH, OH or
CONHCH3; R is (C,.6)al kyl ene or 2).0 -phenyl ene- ( 0.4 are

i ndependentThe deam (Grs Y‘W@Pnﬂ%e&%&éﬁ‘I@'eagéé'ﬂﬁ%'blog_@ﬁwat Heﬁ%gﬁs évvi th the
excl usi on qf 30 6:per Y a5 Egfis aFshrY ehdihlt BosthiniRg ciy6! catewhrin;
6- nono- deoﬁvggg%%g)?(g?ﬁﬁ%}d?@ﬁg%iﬁéllg?m%)-"o- cyclod extr i'ﬁQ :

6per - deoxy-foR@! shh by tethylenayéthiieap-(§.29tapdukt propylesetemelyi-3¢ba  wo
01/ 40316 PCTI EPOOQ/ 11789 g . . ; o

6- per - deoxyetbapedivdc 2 Betyhddsihanedyl r2 &AM F-gthanedil, 1.3-prop-

6- nono- deoxy- 6 - yHetL by elivskankdivh;  6A, 6B- di deoxy- 6A;
6B- bi s[ {"o- c%?%%ﬂ?ﬂ%é%@%%ﬁ%nﬁ - c;%ﬁ%dg%xt rin;.and v . L :

6A, 6B- di deoRle EehPBhényidreamieary mebinglenhmeloty the frep yalsnciasof whieh&aner m
(C,,s)al kylene as used_in the definition of | means a branched or
strai ght- chm_ﬁoﬁ‘ﬁ‘?ﬁ?‘éﬁithed n“}eéﬂlPEBPP%tgnénflf %ﬁé\ﬂgié? 6 carbon S

" The term (C, 5)alkyl means a branched or straight chain alkyl group containing
1-3 éarbon atoms, i.e. methyi, ethyl, propyl and isopropyl. |
15 The term carboxyphenyl means a pﬁenyl group \n{hich is substituted at githér
" the ortho-, the meta- or the para-position with ‘a carboxy-group. The ortho-
carboxyph’enyi group is prefengd. o L ' -
Compounds ‘according to formuia | wherein n+m is 7 are derivatives of -

cyclodextﬁn, those wherein n+m is 8 are derived from y-cyclodextrin. -

20 . ‘
- Preferred are the 6—meréapto‘-cyclodextrin derivatives of formula | wherein X
is éOOH, ora phannacéuticaliy acceptable satt th_e;r_eof. _
More preferred are the 6-mercapto-y—cyclqde5ctrin deri\_/atives of formuia 1
wherein n is 8, R is (C,o)alkylene and X is COOH. .
25

Particularly preferred 6-mercapto-cyclodextrin derivétives of the invention are
G-per-deoxy-G-ber;(2-carboxyethyI)thio~7-cyciodextrin; '
6-per-deoxy-6-per—(3~carboxypropyl)thio—»,r-cyclodextrin; ,
6-per—deoxy—G-per-(4—carboxyphenyl)thio—fy-cyciodextrin;

30 6-per-debxy—ﬁ—per—(4-carboxyphenylmethy!)thio~y-cyclodextrin;
6—per—deoxy—s-per-(z-carboxypropyl)thio-y-cyclodexlrin; and
6-per-deoxy~6-per—(2-suIfoethy1)ﬂ1io-y~cyctodextrin.

6



atonms, such as nethyl ene, ethylene (1, 2-ethandiyl), propylene
(1-methyl-1,2- ethanediyl), 2-nmethyl-1, 2-ethanediyl,
2,2-dinethyl -1, 2-ethanediyl, 1,3-prop- |o anediyl, 1, 4-butah8dust 2004

1, 5-pentanedi yl and 1, 6- hexanediyl. The term phenyl ene nmeans a bi val ent

moi ety 't he Ho@¢4ds8d enci es of which can be positioned either_ortho, neta or
para to one another. The term (Gi-3)al kyl neans a.branched?5FE EWW%ﬁBht '
chain al kyl group containing 1-3 carbon atons, i.e. met hyl, ethyl, propyl
and isopropy%. 15 The term carboxyphenyl means a phenyl group mhlch s
subst it ut ed e ErmeEapta-peciedexyin denMativest af fomulad pan Do psepared wt ha'

carboxy-gro

accordi ng tgg?%% @E%Q&Vg?ég{ né(rm 'S 55’@’3@""’5&?%’3‘%‘?@3‘ %gfa"%g@ﬁlﬂ extrl n,
those wher eianylaikgitiisl 6 anyithidbdenediveramespeb@ihgds H-BLRX, Anrein”Rede] red are
the 6-nerca E%Yqyfhl odextrin derivatives of formula | wherein X is COOH, or

a phar maéeu efpeapingRsPrexioustyigiast. inNbe oresancerafan morganicor
6- ner capt o- 36%1)/ gggédrln derivatives of formula 1 V\hereln nis 8 Ris

(C, -,)al kyle X'is COON. Particularly preferred:

6- rrercapto cycl odextrin derivatu JBRS of theyidwe¥ntion are 6

per - deoxy- 6- per-(2 car boxyet hy]| )th| n- y cycT1 dextrn; -

6- per - deoxy- 6- per - ( 3- nr boxyps ¢ Hrin;

6per - deoxy- 6- per - (4- car box p r 30 fi .
per - deoxy- 6- per - (4- carbo O - Byt in, 6

n an 6- per - deoxy-6
per - ( 2- sulfoethyl)th|-y- y MAY. 2004 WD|01/ 40316 PC

[/ EPO0O/ 11789 The 6- ner gapt o- cycH 6d@ktr| n der iHvat Ovies of fgrrmula | can be
prepared by. reacti-ng a C6-activated cyclodextrin derivdtive of fornmula Il
wi th an al kyl t-hi ol , : -

Formula Il wherein mis 0-7, nis 1-8, mtn =7 or 8 and Y is a leaving group

~ which can be a halide (Cl, Bror 1), sulfuric ester or a sulfonic ester function;

10 such as a tosylate, a napthtalenesulfonate or a triflate.

Conversely the 6-mercapto-cyciodextrin derivatives of formula [ can' also be -
prepared by reacting a 6-thiol y- or B-cyclodé_*xtﬁn derivative of formula !lI wiﬁ
an alkylating agent, e.g., alkyl halide, arylalkyl halide, alkyl su!fdnate, arylalkyl-
15  sulfonate, corresbohding to Y-X-R, wherein Y, X and R have the meanings as
previously deﬁgiec'i; or with a double bond containing reagent, ‘e.g-l, vinyt
~ alkane, acrylate, efc., or an epoxide in the presence of an inérganic or organic |
base. ‘

20 Formula 1lt wherein mis 0-7, nis 1-8, m+n =7 or 8.




arylal kylthiol or aryithiol derivative corresponding to HS-R X, wherein R
and 5 X have the' neaning as previously defined, in the pj@sgRe f an

i norganic or organic base. Fornula Il wherein mis 0-7, nis 1-8, mn =7
or 8 and ' aving group which can be a halide (d, 1
sul furi c‘é’k}?ﬁ%‘#?a sul fonic ester function; io0 such as 5%@2@/‘1”&%@, a

napt ht al enogUANA Qrfests fdiited R the FRIDPAH of tho'®-AeffileydodahiRdext i n

derivative can al so be prepared by reacting a 6-thiol y- or
3- cycl odextderivathess obthevinvertioncarekinawnl to thetskilled pessdy| Tae cheraigtamtof e. g.

| kyl halide, 'yl al kyl. halid kyl .sul f { | al kyl 15 sul te,
2or¥espgnhﬂﬁﬁ (S%Y"?%ﬁa on \H%elg?q{je%,k“'{? ﬁqugo §9‘§h?ﬁ%}én€5§ﬁ?’ﬁﬂse§§%ﬂ C')g\alli gu.sl y
defined, orcyhbhrRndREDISHoPANEICEaRE 2CRbMELYS 208 0inese 1011, ARdd™ Blkane,

acrylate, etc., or an epoxide in the presence_ of an inerganic or organic
base. Ch2ODavtesC].E.BH Matiical D.Y, Magtipt., eds;-ElseviepScigngettd), oy H OH 20

Forrrula'llléﬂ-%\h%n mis 0-7, nis 1-8, mn = 7 or 8 7 20 MAY 2004 WO

01/ 40316 PCIME 11789 Al ternative synthesis routes for the preparation of
t he 6-nercapto-cycl odextrin derivatives of the invention are known to the
skilled person. The chenistry of the derivatisation of cyclodextrins is -

wel | docundtharhacesticallyr aeseptghle saltsnfph-amsaaptocyciodextip deiNativesfn stry,

Vol unes - 1- t wood S | JetE. = Ni ' I ., eds;

El sevi er S&%Eﬂ@@mﬁt‘gbgr@f%r 54%‘?%@%&9@% Barb%ﬁé\' &% QDQP C\&gﬂ_’ e V '
10 . sulphonic acid group S0,0H, the phosphonic acid group PO(OH), or the o
- tetrazol-5-yl gfoup-, may be obtained by treating the acid with an organic base

" or a mineral base, like sodium-, potassium- or lithium hydroxide.

" The 6-mercapto-cyclodextrin derivatives, or phannaceutically acceptable salts
15  or solvates thereof, for.use in the invention are administered barenterally. The.
injection route can be intraﬁenoué, subcutaheous, intradermal, intramuscular,
or intra-arterial. The intravenous route is the preferred one. The exact dose-to
be used will nécessarirly be depen’dént'upon the needs of the individual
SUbje.ct' fo whom the medicament is beiﬁg admi‘nistereld,. the degree of
20 muscular aétiVity to be restored and the judgement of the anaesthetist/critical-
care 'specialist.- Extracorporal application- of ‘the' chemical chelators of the
im}ention. for ihsfance by mixing of the chemical chelator with the. blood

- during dialysis or during plasmapheresis, is aiso cbnternplated.

25 In a further aspect the invention relates to a Kit for providing neuromuscular
block and its reversal comprising (a) a neuromuscular blocking agent, and (b)

a Bfmercapto—cyclodextn'n deriQative according to genera! formula | capable of
forming a guest-host complex with the neuromuscular blocking agent. With a

kit 'according fo the invention is ﬁeant a formulation, which contains sepérat.e

30  pharmaceutical preparations, i.e. the neuromuscular blocking agent and a 6-
fnercapto—cyclodextfin derivative of formula |, i.e. the reversal agent. The

components of such a kit of parts are to be used sequentially, i.e. the



Pharmaceutically acceptable salts of 6-nmercapto-cyclodextrin derivatives of

formula | wherein X represents the carboxylic acid group thl(ﬁ to
sul phoni c acid group SO20H, the phosphoric acid group PQ %@I'Mﬁ‘( Be
tetrazol -5-yl group, nay be obtained by treating-the acid with an organic
base or a MOWr4@iebase, |ike sodium,- potassium or |ithippRyg9s de-
derivatives, .or pharmaceutical 'y acceptabl e

The 6- nercapt o- c&@ﬁo@exhgpgi s . uti c

salts 15 orN&BPULEEdat Be agehf ig, gdministerrd 1o desitbient iarneeddtheneet er ed
par ent er al | Vi hitH [ : ' USe us :

I nt rader mal ,w_tlnﬁtqﬁsar%@cu éra?rb B?MI{ ﬁ‘t ﬁgi;a?ﬁ%llr] ?é%tayéﬁ'@g' ?an“?'ge%ﬁ@ﬁgﬁ‘S%d? eis.

t he preferreequined, bhethexadminikbmation cof e wewstsali byentndeess 6-meatclsto- - _
dependent upon é{;e r@@fds of a%ge%i ndi vi dual, subject to whomthe nmedi canent
i s being adriclosexiindeivgiive pihepresentioventionyl ar activity to be restored .
and the judgenent: of the anaesthetist/critical- care specialist. .°
Extracorporal -application of the chem cal chelators of .the invention, for

i nst ance by Aprefagedikitt dccordingiatie iohentanocontains 4 Genedshptodeyaindexdn

di al ysi i heresis: is al tenpl at ed. . 25 | furth
Sspett the. i9RTARTe B REMRLCATE S Jourompifarigeard gonatinnihoe defketeh ook
and its revefsal theMBfdp NbrisRling BEUFSHIMGHUINRAT vBbiekiuRY aofiturordig, () -a

6- mer capt o-cycl odextrin derivative according to general fornula | capable
of forni ng rapgeweniuTys Mivaswilex sraduriure (Rislatacyium.atuldacaiing amdnt .

Wth a It r Qi o the. i lon, i nt formul ation, which

cont ai nsﬁsepﬁﬁgﬁgq%%ﬁ%ﬁarﬁa@%ﬁwgﬁ %{Pgeﬁ%"i'dgﬁﬁﬁo g?thle. é'?vepﬁénnEWBHﬁg%ul ar

bl ocki ng ag&a&u@ﬂq,mag{hmémgmcgﬁﬁb@dﬁngra'g@ngj_eri vative of formula I, i.e.
t he reversal agent. The conponents of such a kit of parts are to be used

sequentially, i.e. the. 8 2 0 MAY 2004 WO 01/40316 PCT/EPOCO 11789 - =~ - - -
neur omuscul g ' .0l 1 : | f - her eof ,
wni oh 1. T ool it gibrfaEthacaly SR SEHERkS dnd piBH AR SERE L o
i's requirediquizs, t 8g. askn dasstibed i ian thef sthhéarde vefesaricengG@hnato &t ail.,
6-mercapt o- cyclodextrin derivative of the present invention:
15 Remington's Pharmaceutical Sciences, (18th ed., Mack Publishing- Company,
1990, Part 8: Pharmaceutical Preparations and Their Manufacture; ‘see
especially Chapter 84 on “Parenteral preparations, pp. 1545-1569; and
Chépter 85 on “Intravenous admixtures”, pp. ~1570-"i580) the 6-mercapio-
cyclodextrin derivatives can be applied in the form of a solution, e.g. for use

20 as an injection preparation.

‘Alternatively, the pharmaceutical composition may be presented in uniﬂdose
or multi-dose containers,‘for example sealed vials and ampoules, and may be
stored in a freeze dried (lyophilised) condition requiring bnly the addition of

25 ‘the sterile fiquid carrier, for example, water prior to use.

The invention further includes. a pharmaceutical fbnnulation, as hereinbefore -
described, in combination with packaging ‘material suitable for said
composition, said packaging material including instructions for the use of the

30 composition for the use as hereinbefore described.



5 A preferred kit, according to the invention, contains a

6- mer capto-cycl odextrin derivative of formula | and a neuronuscul ar

bl ocki ng agent which is selected fromthe group consistithf MY fBtur oni um

vecur oni ugld?ﬁancur oni um  rapacuroni um mvacurium atracyri un@j

(cis)at r ac¥PMi#P1& ubocurari ne and. i o suxanet honium A par PEEEPYYILYES

preferred kit- | T J uroni um as the neuronuscul ar
he iftbndiSs BMEY &.tgp.ﬁ T RIS ERamBIes

bl ocki ng agen armaceutical l'y suitable auxiliaries and

pharmaceutically suitable liquids, e.g. as described in the standard
reference, E%HE%HO et.al.,, .15 Rem ngton' s Pharmaceutical 'Sci-ences, (18th
ed., Mack | i ng, Conpany, 1990, Part-8: Pharnaceutical Pr.eparations

and Their. de AN ip-1CEYeS RE0GWNM Sy ent er a
preparations, pp.. 1545-1569; and Chapter .85 an “lptravenous adm xtures",
pp. 1570-1580) the 6-nercapto- cycl odextrin der {ves_c¢an be applied in
the formof a solution, e. f use 20,47 3 /’ldﬁoﬁvkparation.
Alternatively, the pharnmacepti-cal conposifion pe presented in unit-dose
or nmulti-dose containers,yf br—eXaqpl e sgafed:@ wial s and anpoul es, and may
be stored in a freeze drigfd (I ygQphilisgdy congjtion' requiring only the
addi tion of 25 the steLif\egli qwigd darri\epy flor] exappte, water prior to -
use. The invention fu er’ ncl,o;-.Ta phdr mapelical formul ation, as

her ei nbef ore ‘descr{bedt i nfconpi nhat'i' on th packagi ngj.material suitable
for said conpositipn, saidupacs@agi ng matgri abdi ncl udi pg i nstructions for
the use of the 30 gonposition for the use as hereinbefore described. 9 2 0
MAY 2004 WO 01/ 40316-The—inAventieon—i-s—i-+H ated—n %e foll owi ng -
exanpl es. PCT/EP00111789 Examgle 1. . .. . . .

6- Mono- deoxy- 6- #9nB-PIL AP} _%ﬁ'&ﬁﬂ‘ﬂ@ﬂ%%‘d&‘}% (13000 was ded $¥att 5

cyclodextrin (2.0 g, 1.54 mmol) under nitrogen at room temperature. After

dissolution, 2-napthalenesulfonyl chloride (1.05 g, 4.64 mmol} in pyridine (20 ml) was
- added and the mixiure stirred for 24 h. Quenched with water (50 mi) ;and ev_aporated
10 todryness to leave crude'6-moho—O—(2'-naphthélenesuifonyl)-y—cyc_:lodextrin.

" Sodium hydide (0.38g, 15.83mmol) was suspended ~ in dry
dimethylformamide (20ml). 4-Mercaptobenzoic .acid (G.?g,' ‘4.55mmol) was thén
added to the suspension and V_the resulting mixture was sﬁrred_ for 20 minutes. -y-'
Cyciodextfin nosylate (3.2g, 2.12mm0|) was added to the mixture and the reactionl

15 - was heated to 100°C for 90 minutes. After cooling; acetone was added to precipitate

a solid, whicﬁ was reprecipitated from waterlacetone. This was then dissolved' in

- water (20ml), pH adjusted to. 7.0. by adding 2N hydi'ochloric acid, then

| chromatographed on a Sephadex DEAE A-25 column. Appropriate fractions were

'thbined, 'dialysed, then precipitated, twice from water/acetone to give 400mg of the

20 ftitled compound. *H NMR in DMSO & 7.4 10 7.8 (ArH), 5.0 to0 5.2 (8 H), 4.13 (1 H),

3.7 to 4.0 (29 H), 3.7 to 3.4 (17 H), 3.25 (1 H) ppm. “C NMR in DMSO & 129.9 and

- 127.5 (ArC), 103.3 and 102.9 (C1 and C1"), 85.0 (C 4'), 81.6 (C 4), 73.8 (C 3), 73.5

(C 2), 72.2 (C 5), TO.BtC 5", 60.6 (C 6), 34.3 '(C 6") ppm. Electrospray MS [M+H]" =
1455.7 and [M+Na]" = 1477.7.

10



To a round bottom flask -containing pyridine (120 mM) was added dry' y-
cyclodextrin (2.0 -g, 1.54 mmol) under nitrogen at roomtenperature. After
di ssol ution, 2-napthal enesul fonyl chloride (1.05 g, 4.64 mmph)uan20yri di ne
(20 M) was added and the m xture stirred for 24 h. Quenched with water
(50 nl) and woapmssted to ' to dryness to |eave. crude

6- mono- O (2' - napht hal enesul fonyl ) -y-cyci adextrin. Sodium hfd%ﬁf%"é“"lt'@ 389,
15. 83mmmol ) wBXeple2ended - in dry di net hyl for mami de (20nt).

4- Mer capt obegaRins-desxyds- ﬁﬂngﬂ-carﬁog_{éﬂﬁph@-@-@ycﬂlﬁ&nnf&%ﬁﬂn %Ethe suspensi on
and the resultTrng mxture was stiIr | odextrin .
nosyl ate (3.2g, 2.12nmol) was added to the i xa@,@e and the reaction 15 was
heated to 100C for 90 minutes. After cooling; acet®ne was added to
precipitate a solid, which was r reC| pltated fro X er/ acetone. This was
then dissolved in water (20mi§H %E{ Y by addi ng 2N ‘
hydrochloric acid, then chrg .o- DEAE A-25 col um.
Appropriate fractions were en precipitated, twce
fromwater/acetone to give "H NMR i n" DVSO
8 7.4 to 7.8 (ArH), 5.0 . 4.0(29 H, 3.7
to 3.4 (17 H), 3.25 (Y4 H) i _ 9.9 and 127.5 (ArQ),
103.3 and 102.9° (4 an : : 73.8 (C3), 73.5 (C
2), 72.2-(C5), 70.8(
[ MPkH] +=  1455. 7' and [NHNa]+ =1477. 1.
2. . PCT/EPO0O/ 11784

6- Mono- deoxy = 6- Sodisim hydride 69y hdispersedninoeily OchBd gd ¢:6t mimol) wasliadded ab t NaQ2C

hrosal cy (HoAReiERet(dlot B8 2 nb o tle (R b oneipfod Bl B3 1Ry °

stirred at reopsrairpier 30 ore Toothis3gasthen aEdedtme srudessolution ob Gaeshotdg2'cr ude

solution of o8 F@g&g?gu(f&dwlgeeggghr?&eéa' { 25 ¥hoiia DR O bhl nbZed o 1 45
70 °C for 24 h. The mlxture was cooled and quenched with water (20 mi) before -
e\{aporatlng fo dryness. Water was then addedl to the residue and the resulting

1020 IVAY 200% WO j01/ 40316 Exanpl e

10 solution was poured into acetone (250 ml) to effect precipitation The resoiﬁng solid
was collected by filtration and dissolved in water (10 ml) before passing through a -
Sephadex DEAE A-25 column’ elutmg with water then 0 2 N NaOH. Fractlons

. containing the product were combined _and evaporated to a low volume and dialysed
{(MWCO 1000) by changing the oxternal water four times. :'intomai solution was
- 15 evaporated to low volume and poured into acetone (100 ml) Solid was coi[ected by
' f Itrat|on and dried under vacuum at 70 °C to leave the ftitle compound (235 mg) as a
white solid. 'H-NMR (D,0) & 7.50-7.1_0 (4 H, m, Ar-H), 5.14 (8 H, m, CyD 1-H), 4.16
(1 H, m, CyD 5-H), 3.98-3.85 (26 H, m, CyD 3,5,24,-H), 3.70-3.61 {20 H, m, CyD
2,3,4,6-H), 3.15 (1 H, m, CyD 6-H)} ppm; Electrospray MS m/z 1477.6 for [M+Na}
-20 .calcd for CssHgaNaO,, S M 1455.304.

Example 3.

G-Qer-deog-e-gen(3—carbogy'ghenyl)thio-x-cyclodextrin, sodium salt

11



70 C for 24 h. The m xture was cool ed and quenched with water (20 ml)
before evaporating to dryness. Water was then added to t?@ resi due and the
resulting 10 solution was poured into acetone (250 m) tof &f HRC {004
precipitation.. The resulting solid was collected by filtration and )

di ssol ved WAH#MP (10 n) before passing through a SephdHEEPHEAEA 25
colum eluting with water then 0.2 N NaOH. Fragfjgns = containing the .
product were conbi'ned and evaporated to a | ow vél une and di al ysed ¢ MACO
1000) by changi ng the external ‘water four es. internal solution-was 15
evaporated to -l ow vol unme and poured i &0 ne- (100 mM). Solid was
collected by filtration and driedHghder wacdumat 70 C to | eave the title
conpound (235 ng) as a white solid.|'HNWVR (020) S 7.50-7.10 (4'"H m
Ar-H), 5.14 (8 H. m CyD 1-H), (1 Kdm oyD5-H, 3.98-3.85 (26 H m

QyD 3,5,2,4,-H),. 3.70.3.61. (20 Hoyp\2,314,6-H, 3.15 (1 H m CyD
6-H) ppm Electrospray Ms mz N ot ] mie ' .20 calcd for : _
O

C55H83Nad41S M 1455, 304. Ex le 3. , : '
6- per - deoxv- 6- per - ( 3- car boxyphenyl ) t hi n-ly- cycl.odgextrin. sodiumsalt 11 2 0
11789 Hri 6ﬁ‘ényl phosphine (30.1 g, 15 eq) was

MAY 2004 WO 01/ 40316 .PCT/ EP
dissolved with stirring in dry DM (160 m). Toithis was added.i odi ne.
(30.5 g, 15.6 eq) over 10 mn.-wth heat evolved. Dry y-cyclodextrin (10
g, 7.7 nmmol) vvasmPh@,m,ﬁ@gﬁdn@(ut_i e 15iey) wae dissdbhiedatitrdstirong th @@ TMFor 24 h.
The m xture was allowed to cogl ,_;tz@%c{%godwm t hoxi q‘?ehggiiﬁlyogedsodi um
in 50 m - meiGRmbl Yo s was addrdinding RO mPx P EMBE ST TPed™ OF mn, before
pouring ont WE&E@H%(&?%,W.‘) nithsl) RYSMRR IddBE aho thls widdws. wakchdated toesi due -
was added ter (500 ) and-the solid was col I,ectsggi.by fiIt_raléé?n and &
washed Wi t T for 24 h. (The ToiurR was alipwedde Soplnko Waieh seaivp ethgrde 31 &y under

vacuum at Akt § 6l HEmBnBRAY RadlERien dhu RS mhegte wastintodpsorhn, befors yel | ow
solid (16_.23 gB ich was used without further purificatign. To a solution
of 3- ner cappaulieg potac mediagol (E00 ) and %’GB‘O‘?H"QDM:dO@GSSfﬂaS° ﬁﬁs’eélﬂlﬂﬁd"a%O%

sodi um hy dr g, Qa8 q566 s hd sdid UasBallectd BHiINBRS aRbsHRANMBIWGr M n.
o | _

'(3x‘i 00 ml); then acetone (3x100 mi}, and 'dried under vacuum at 70 °C to give 6-per-
10 ‘deoxy-ﬁ_;béf—iodo-y-cyclodextﬁn as a yellow solid (16.2 g) wﬁich was used without
' further purification. | _ ' o ' -
To a'solutiqn‘ of 3-mercaptobenzoic acid (1.0 g, 10 eq} in DMF (30 mi) was added
'60% sodium hyaride dispersed in oil (476 mg, 22 eq) portionwise over 30 min. The
mixiure was cooled and 6¥per-deoxy—ﬁ-ber—iodo—y—cyclodextrin (14 g‘) in DMF (30 ml)
15 . was added. The mixture was then stirred at 70 °C for 24 h. The mixture was allowed-
to cool to room temperature and quend'led with the addition of water {20 ml) before
evaporating to a jow volumé. The solution Was poured into aée_tqn‘e (500 ml) and the
precipitate was collected by filtration, dissolved in water (20 ml) and dialysed
(MWCO 1000) by changing the external water four times. Internal solution v(ras
20 evaporated fo low volume and poured into acetone (250 mi). The solid precibitate
was collected by filtration and dried under vacuum at 70 °C to afford the ftitle
compound (1.45 g} as a white solid: '"H NMR (D,0) & 7.77 (8 H, br s, Ar-H), 7.55 (8
H, d, J = 6.0 Hz, ArH), 7.71 (16 H, m, Ar-H), 5.16 (8 H, s, CyD 1-H), 4.00-3.94 (16
H, m, CyD 3,5-H), 3.58-3.53 (16 H, m, CyD 4,2-H), 3.43-3.40 (8 H, m, CyD 6-H),
25  3.24-3.20 (8 H, m, CyD 6-H); Electrospray m/z 1180.6 for [M-8Na+6H]*, calcd for
CiosH104N350,455; M 25662.39.

12



m xture was -cool ed and 6- per-deoxy-6-per-iodo-y.cyclodextrin (1.4 g) in
DVF (30 M) 15 . was added. The m xture was then stirred 70 C for 24 h.
The m xture was allowed to cool to roomtenperature and g%grfﬁwe@%vith t he
addition of water (20 m), before -evaporating to a |ow volune. The '
sol uti on wawo'op#sie€d i nto acetone (500 m) and the preci :

collected by filtration, dissolved in water, (20 m) and: d%%@%@gmh/\co

1000) by chéﬁgﬂﬂé—ﬁ-he external water four tines. Internal sol uti on was 20

evapor at ed B.q:ér%g%ﬂ@z%ﬂ)% 3?&%9_1290,3& #go%lgﬁg%g The solid-
precipitate was-.colTected Dy ration an r vacuum at 70 Cto
afford the title “conpound (1.45 g) as a let/e—SGDgzNh "H NWR (D20)- 8 7.77
(8 H br s, Ar-H), 7.55 (8 H. d, J =6.0s Ar - 7.71 (16 H m Ar-H),
5.16 (8 H, s, CyD 1-H), 00394(16HemeD35FD 3.58-3.53 (16 H,
m CyD 4, 2-H), 343340(8HmQ/D6 25 3.24-3.20 (8 H m CyD 6-H);
El ectrospray mz-1190.6 for [ M 8Na+6Hj" for C104H104Na8048 M.
2562.39. 12 2 0 MAY 2004 WO 0l / 4036 :
6- Per - deoxy- 6- per - ( 2- car boxvet hyl )¢ xtrin.'sodiumsalt S
C2Na H~H HOHHo g HOHP Q 3} 8apt opropi onic acid (1.22
m, 14.0 mmol) was dissolved in dry DMFI (45, 5 ml)|under N2 at- room
tenperature. To thi-s solution s added™i n @hree portions sodi um hydri de
(1.23 g, 30.8 mml, 60% and the mxture was stirred for a further 30 mn.
To this m xture was then added dropw se a. solution of 6

per - deoxy- 6- per - :B-ﬂdmzaptopﬁ:)p@ﬂnmm (1.22 1B 122 ©mol) whe dredd infird BMA (4@ry DVF. -

After addl t Bntindtetb ?\l a? room temperature To this solution was added in three portions
sodium hydride {(1.23 g, 30.8 mmol, 60%) and the mixture was sfirred for a further 30
- min. To this mixture was tﬁen added dropwise a solution of 6-per-deoxy-6-per-iodo~'y -
-cyclodextrin (3.12 g, 1.40 mmol) in 45 ml dry DMF. After addition, the reaction
mixture was heated at 70°C for 12 h. After coohng, water (10 ml) was added fo the
10 mixture and the volume was reduced to 40 mi in- vacuo, to which ethanol (250 ml)‘

was added resulfing in precipitation. The solid precupltate was collected by fi Itratlon, .
and d:alysed for 36 h. The volume was then reduced fo 20 mt in vacuo. To this was
" added ethano[ and the precipitate was collected by filtration and dried to glve the
fitle compound as a white solid (1.3 g, 43%). 'H-NMR D,0 & 2.47-2.51 (m, 16H);
15  2.84-2.88 (m, 16H); 3.00-3.02 (t, 8H); 3.11-3.14 (t, 8H); 3.62-3.68 (m, 16H); 3.92-
3.97 {m, 8H), 4.04-4.06 (m, 8H); 5.19 (m, 8H) ppm. MS-FIA +on at 2024.9 m/z.. |

Example 5. 7 )
20  6-Per-deoxy-6-per-(5-carboxypentylithio-y-cyclodextrin, sodium salt

LS~ CONa.
c .

i3




m xture was heated at 70 C. for .12 h. After cooling, water (10 m) was
added to the 10 m xture and the volune was reduced to 40 érh I\‘{@
whi ch ethanol (250 m) was added resulting in precipitat sol i d
precipitate was collected by filtration. and dialysed for 36 h. The vol une
was then r¥8@t#31&o 20 Ml in vacuo. To this was added et RGREFWUMS t he
precipitate wa Snflacia deschbedsor Ek@n leutl e
conmpound as a %h%?igég;gﬁﬁgur?ﬁ{wéé b&b%%%' I—I-Nl\/R)ﬁég m 16H); 15
2.84-2.88 t(yrr;eammg) 6-nroptahesangie acigHj:3439.10.9@ mymoly t"'thé:e 96‘8 (m -

16H); 3.92-.3.97 H) : AP 2 M A +ion
at 2024.9 R??T Cyrléég’rdprﬁ '%N%é 632‘%6 e@oggh% ! %r1-1§4 rg)a?%gzgpentyl H))tl i 0=V
cycl odext rigH); 2.6@i3.00 gml t6HS 282400 (18 8P1):08. m32¢f(El- 8tib B3 5@@1(

PCT/ EPOQO 117 The Lj.t I r S '
descri bed ?BS%I%?a(HbIBy) ég@;@@’ﬁ?ﬁ”ﬁ?%@% cgg’?nng(S;rﬁg{ ?ogélaé\é??z g4 g, 0.90
mol ) wi t hpf3peosseakig16-m/per - i odo-y-cycl odextrin. 'H-NVR D20 6 1.40 (s
16H); 1.57-1.64 (m 32H); 2.17-2.21 -(m 16H); 2.67-3.00 (m 16H); :
2.85-2.90 (m 8H); 3.15-3.20 (m 8H); 3.52-3.59 (m "8H); 5360363(n|,
8H); 3.87-BxfhapléB) 16H); 5.16 (s, 8H) ppm IVB MA +ions at 2362.2, 2213, °
2065 and 1 mZ ; jo-y-cyclodextrin, sodium salt

6- Per - deox3LE&LCAEY GO ) VERE OO EX sodi um salt S
CO2Na H H A--(c) H 10 The t|tIe corrme@p@red inasimlar way as
described for Exanple 4 by reactwHy 4-nfercaptobutyric acid (1.10 g,,0.009
nol) with 6per-deoxy--6 per-iodo vy | odextri n "H NVR-D20 8 1.87-1.88
(m 16H); 2.27-2.30°(m 16H); 2.98 -3.00 (m 8H); 3.13
3.16 (m 8H); 3.61-3.63 (m 16 . 16H); 5.21 (s, . 8H) K
ppm M FIA +ion .at 2138.8 ni : .

10 PRI ' .- - i ’ ) .' . R .
The title compound was prepared.in a similar way as described for Example 4

by reacti-ng 4—mercéptobutyrié acid (1.10 g..0.009 mol) with 6-per-deoxy-6-per-iodo-y
| 4cycl6dextrin H-NMR D,0 & 1.87-1.88 (m, 16H); 2.27-2.30 (m, 16H); 2.67-2.71 (m,
16H); 2.98 —3.00 (m, _BH), 3.13 -3.16 (m, 8H); 3.61-3.63 (m. 16H) 3.94-403 (m

15 . 16H) 5.21 (s, 8H) ppm. MS FIA +ion at 2138.8 miz. '

Example 7. -
6-Per-deoxy-6-per-carboxymethylthio-y-cyclodextrin, sodium salt
P S ~ CO,Na

20 . _
Sodium hydride (60% dispersion, 0.34g, 8.60mmol) was added fo a stirred

solution of ethyl 2-mercaptoacetate (0.92ml, 8.40mmol) in- DMF’ (20 ml) under

14



Exanple 7 6- Per - deoxy- 6- ner - car boxynet hyl t hi o-y-cycl odextrin, sodium salt
H., C 20 Sodi um hydride (60% di spersion, 0.34g, 8.60mml) was addgd to a .
stirred solution of et hyl 2-mercaptoacetate (0.92mL, 8. 40%%{72%- DMVF
(20 M) under S, . CO2Na 14 2 0 MAY 2004 WO 01/40316 PCI/ E ‘
nitrogen at woomtt;mrperature After effervescence had ceasxreﬁd 15 n]17£1
per-6- deoxy -Per (2.17g, 1.00mmol} was added to the syste Rt _
further 5 m ﬂ'tmﬁ%aimrtgﬂmfétum%ﬂembedzeBcBnEQGaaﬂncba‘sb@ (1®afihj, gereas. | eft

in vacuo. Met hanol

\(MSE)PTTL) S\t/\/:st;r:sa%xg Féz(ﬂjo- reaﬁ’;g/tg'q @s%\,@fﬂﬁ 5‘?#3&‘%? PYL¥n: d’tﬁ‘@"of -
sol ution. Thidurthes 5fmint theddiperafire Wﬁg@?li@ﬂﬁaﬁm’?ﬁ anln\{f!ﬁﬁ@%bcgbrl Prgg’%(f{'?l P agng |

- garbet hoxyne i 0 _
5154 12 9B i SO R A o it o
(16H, q, 8 xadﬂdd@ﬂﬂ)a créaidp whitd ﬁol(cﬁﬁbwlyf')crystaﬂls@@o@t &Qoluﬁ&\"Th"Qwasﬁ?lﬁaQe 20
(32H, bs, . X“E;,E@%ﬂg 2&!0”3 (s)e?(’i . g . é—p@ 0 1
(24H, t, 8 xX° ygsh “‘I\Ws'BF'GP %na%'f St vy Bhogk Herxy(Bpant ) was.
added 6per - dmu@thﬁ(ypﬁthyltﬁ:aryh@bib@é&ﬁfﬁéﬁa b @‘Mgcdé%ﬂ%xﬂdé'dﬁ\sﬂaiz;%% 85

0. 47nmol ) aq(gthe reaction was wed to stif at roomtenperature. After
a

18h, the Ged®HsBl &% FIPHRIS Qii)aﬁ%éw &k 8CHfiH:h 3.85mm T2 (8H, 1) 3166i3:5p

d : Shd i 0 t e | gs t ubi ng
e ot 25%;‘ o, 340520 “2%'3 b R CLLSCHI P RAID @, hlC2 S BRI, [ (Ve
conpound!‘a ﬁé\fﬁ“?‘e &1 FHLb)-62g, 64% . dH-(D20) 5.21 (8H, d, 8 X anoneric

3. 40
(16H 3d)18 302 (8% ol iy S [P P e GnfP e, 3

73.0, 72.7, A %"‘0 @‘e@‘y"@@r%fydﬁ (T@ﬂg,l%%nmpliamd)the reaction was allowed

to stir at room ternperature. - After 18h, the clear solution was dialysed for 8h, with

‘water (2L) being replaced every 2h. . After this time, the contents of the dialysis'
15 -tubmg was emptied into a flask and water evapqrated in vacuo, giving the title

‘compound as a white solid (0.62g, 64%). 54(D,0) 5.21 (8H, d, 8 x anomeric CH)

4,18-4.05 (BH m), 4.00 (8H, dd), 3.78 (8H, dd), 3.70 (8H, dd), 3.40 (16H, dd), 320

(8H, d), 3.02 (8H, dd) 8C(D20) 178.1, 101.6, 82.8, 730 72,7, 71.8, 39.0, 34.1

LC/MS TOF 1889 iz |
20

‘Example 8.

_ 6-Per-deoxy-ﬁ-per—(4-carboxvphenvl)thio-y-cvclodéxtrin, sodium salt

CO,Na - -

To a solution of 4—merca;5tobenzoic acid (856 mg) in DMF (30 ml) was added 60%
25  sodium hydride dispersed in oil (372 mg) portionwise over 30 min. The mixture was
cooled and per-6-deoxy-per-6-bromo-y-cyclodextrin (1.0 g) was added in one portion
and the mixture was stired at 70 °C for 24 h. The mixture was allowed to cool to
room temperature and quenched with the addition of water (20 ml). béfore_

15



Exanple 8.. 6-Per-deo -6: :Per- 4-carbo hen thin -c clodextrin sodiumsalt
To a sol utlon of 4-nmercapt oben20| c acid (856 ng) in DVF (30 nml) was added
60% 25 sodium hydride dispersed in oil (372 ng) portionwdJeM&\eB0430 i n.
The m xture was cool ed and per-6-deoxy. per-6-bronp-y-cycl og,e_xtrl n (1.0 g)
was added YR %A®%ortion' and the mixture was Stl rred at 7 4 h. The
m xture wa OThé 985 GRirdd @ W e t he '
addi tion o% %%r@?@qgéqﬂﬁ%%nkom 15 Ot? Y 200% V\D 01/ 403123 '
PCTI EPOOllbmltewapmﬁaQQ"ﬁqed cbyaﬁllrawnvcsllﬁﬁﬁbred TRewalgr 20 dn) e B'BUP%I into

et hanol F %o etﬁﬁ&d terhbl §dt@tionORas

di ssol ved ?@\I\@ﬁ 1%? BPEP?%%% a y@gi“@étem 00) ?/.- - changi nast he

ext ernal wavaporiied o fowreslume |and qroneed into| asetonn (Wé% mievBoididdiesdtdiow vol ume
and poured into ag t q %ﬁg@@u@kh@ct ed by
filtratPonWascoet gé L}’ndl rfratish Shd dnyi"%n?gll MQCLE?@%‘[ Pl &t Qo i

er vacuum ford-the titl-e conpound
(1.2 g) as campbmrtoemsz)g)atawthd(MMR'{M)wKw??o?Q ([l@md d=81Hz. 1 He,

2 003, o predir Shiofey b T fplandl st BB o S BT .

A oo D135 VL DSBS (24, Tk (B8 G412dk) BMISN, Hor, Cstih%ld: MbkDI-TOF
e o Wﬁgga%%gﬁﬁbﬁ%ﬁ;‘ ?aﬁx?ﬁnﬁéﬂd"‘g? %0 2 JM%?’% Bdextrin, sodi um sal t

To a sojguti-on of 4-nercaptophenylacetic acid (10 eq) in DVF’ (50 m) was 15
added 60% sodi um hydride in oil (22 eq) portionw se over 30 mn. The

m xt ure was@BWIE?H and per - 6- deoxy per-6 brom) y- cycl odextrin (1.0 g) was
added in oryapaodédst-p@wcérbexm sBdiu r 24 h. The

m xture was alTowed to cool. roomte erature and quenched with the
addition of water (20 m) before ‘evapg ng to a |l.ow volunme. The solution
was then poured into acetone (250 GRCReN i pit at e was col l ected
by filtration, suspended in wat eHO(ZO nd di al ysed ( MACO 1000) by
changi ng the external water fourHtﬁe_g | nt er nal soI ution

%0,

To a solution of 4-111ercaptephenylacetic acid.(10 eq) in DMF (50 ml) was
15 added 60% sodium hydride in oil (22 eq) porﬁonwiée over 30 min. The mixture was
cooled and per-6-deoxy-per-6-bromo-y-cyclodexirin (1.0 g) was added in one portion
aﬁd the mixture was stirred at 70 °C for 24 h. The mixture was allowed to cool to
room ternpérature and quenched with the addition of watef (20 mil) before
evaporating to a low volume. The solution was then poured into acetone (250 ml)
20 and the precipitate was collected by filtration, suspended in water (20 ml) and
- dialysed (MWCO 1000) by changing the external water four times. Internal solution
was evaporated to low volume and poured into acetone (260 ml). The solid
precipitate was collected by filtration and dried under vacuum at 70 °C to afford the
itle compound (1.4 g) as a white solid. *H NMR (D,0, 343K) 3 7.15 (16 H, d, J =
25 8.0Hz, Ar'H) 6.99 (16 H, d, J = 8.0 Hz, Ar-H), 4.98 (8 H-'s CyD 1-H), 3.80-3.72 (16
H, m, CyD 3,5-H), 3. 51-3.43 (16 H, m, CyD 4,2-H), 3.28 (24 H, m, CH,-Ar, CyD 6"
H), 3.15-3.10 (1 H, m, CyD 6-H); MALDI-TOF m/z 2495.8 for [M- Nag+H,], calcd for
CiiaH120N80458; M 2674.6. o

16



was evaporated to | ow volune and poured into acetone (250 ml). The solid
precipitate was collected by filtration and dried under vacuumat 70 Cto
afford the title corrpound (1.44 g) as a white solid. 'H NMRO(BEO AWB43K) 8
7.15 (16 H, d, J 25 8.0 Hz, Ar-H), 6.99 (16 H, d, J = 8.0 Hz, Ar H, 4.98
(8 H s, CyDVPUf0318 90.3 72 (16 H, m CyD 3,5-H), 3.51- 3. #8rkbdiihssm CyD
4,2-H),328(24H m CH2 Ar, CyD 6'- H), 3.15-3.10 (1 H m CyD 6-H);
MALDI - TOF rﬂzEng},%@ﬁ) for IMNa8} H6] , calcd for G S2H72G Na80A888 M 2674. 6
16 2 0 MAY 2004 V\D 01140316 Exanpl e 10 _
6- Per - deoxy=670errdedxyinddgram ! obeddxtrin S ~' QONH2

PCT/ EPOO/ 11789 5 To a mxture of 6-per-deoxy-6-per-thio-y-cyclodextrin (500
nmy; prepared-as, described in Exa and potassiumiodide (5 ng) in
DMVF (10 ml) was added 4-" chlorobu rT'Ehde (67N Fries .et alL Biochem stry
1975, 14, -5233). Caesium . car 1 8 9) was added and the reaction

m xture was heated to 60C o e resulting mxture-was poured into
acetone, filtered, washed wijth Iet hanolo nd 10 water and then dried

i n-vacuo (118 ng; 16.2% . ° oOYS 4.9 (1 H s), 33.8(1H m,
3.6 (1H, m 3.4 (2H, m, 3.05 (11 1, n') 2.5 (1H, m, 2.2 (21-1, m, 1.75.
.(2H, m. Electrospray Mss 2105 Exanple 11. 15 '

6- per-deoxy per%‘; hvdrog/ oxa-pent yl)thio-y cycl odextrin' S OH
2- (2- Mer cApt 68t RoXYfieien &h Pfflde@xsggpﬂﬂmwmlqd%@ 60 dhgie greparahFas( 2(y

m) and sti Héédﬁge&mmﬂ@Mﬁhné B&H}.st;@rm?c?cﬁ &rﬁ%)HHWF Or}hléj{}v%g%gded 4-

at nrosphere. Per-6- bronp-y-cyclodextrin (2 caesiu
carbonat e (3cBlogbuigmige | 3brieRrt alhSipchamisiy atdI5: id, r 6238)t fagsium

suspensi on- starbbfle @‘F 8 §Pwss éﬁﬂ%ﬂ '&hgme BERN rﬁixture was heated to 60°C ovemlght
The resultmg mixture was poured into acetone, filtered, washed with ethanol and
10 water and then dried in-vacuo (118 mg; 16.2%). 'H NMR (DMSOIDZO) 5 4.9 (1H, s) |
. 3.8 (1H, m}, 3.6 (1H, m) 3.4 (2H, m), 3.05 (1H, m), 2.85 (1H m), 2.2 (2H, m), 1.75
(2H m) Electrospray Mass Spectrum M- H (m!z) 2105.

: Example 11. . o '
15 6-per-deoxy-6-per(5-hydroxy-3-oxa-pentyDthio-v-cyclodextrin:

s ©O OH

2-(2-Mercaptoethoxy)ethanol (14 g, 116 mmol) was dlssolved in DMF (20 ml) and
stimng commenced at room temperature under a nltrogen atmosphere Per-6- |
bromo-y-cyclodextrin (2g, 1.12 mmol) and caesium carbonate (3.2 g, 9.86 mmol)
20 were then added and the resultant suspensidn stired at 60 °C overnight under a
nitrogen atmosphere. After coo'ling to room temperature the suspension was poured
into acetone (200 m!) and the insoluble material isolated by fittration, washed with
acetone (x3) and dried in vacuo.  The crude product was dissolved in de-ionised
water (20 ml) and dialysed {10 h). The contents of the dialysis membrane were then
25 concentrated in vacuo to yield 1g of the desired product as a cream solid. -

17



nitrogen atnosphere. After cooling to roomtenperature the suspensi on was
poured into acetone (200 m) and the insoluble material isolated by
filtration, washed with acetone (x3) and dried in vacuo. E\prqlg
product was di ssolved in de-ionised water (20 m) and di a? 6 h)
contents O‘F’ OH&934 al ysi s nenbrane were then 25 concent rat ’EPHO’ 3%%0 to
yield1 Ogmﬂewm%aw Yit3 66 (A, ﬂl-ﬁaﬁm%':!ﬂd éﬁ) %Qd)(l/d%é%# 0-MAY
2004 PCT/ P 89 H NVR (D20, 400MHz) 21-3.31
(d, 8H), 3346 (i 56I8-82%, 88), 33397(5%556% BHBF@W 21§§+)(M 89 (t, 8H),
5.11 (d, 8H). ESI-Ms: 2175 (MH) "Exanple 12. 5°'6- r-deo -6- e 2.2- carb_o
benzo 1 amino eth 1 thi. -c clodextrin sodium salt. :

The

Per - 6- mer c&paropled2cycl odextr| n(lg, 07 mol; , see exanple 17) was
di ssol ved g;@grmﬂo;smggg %ﬁgﬁc@hgﬁ?@@o%matat ure
under a- ni B 6. 17

resul tant suspension was stirred at 60 G,o ght under a nitrogen

at nosphere. After cooling to roomtenp&(;lﬂur e DWW was renoved in vacuo
and water (100Wmn) was added with wi*goroug CQ,r,\;ang The precipitate was
isolated by filtration, washed r ©x3) and dried in vacuo to yield
"1.67 g-of a.cream.solid. Aquefu f hydroxide (1 M 20 ml) was. then- 15
added to the crude product (60 mb) a,x;rd’th resultant solution stirred at.
room tenperature overni ght undler a ni tr(S’g at nosphere. The solution was
then dialysed wth de-ionised nstant pH and the contents of

o g PR CEEy i B TR, ok SR Pl e hifleReicy b ofucr

(7 m308;|)_6230’$}5= 31®2nlf rand 26ridg I-d);;;nrﬂeriﬂd 3at9 oofrmterbpédpiurs . umie( & reggen
t
2- hydr oxye%m‘?sPﬁlﬁ_Pe 5§ ((3/ BET'B%%Q’E'WW&?@%’Z Ff(éfmé eﬁ]‘% wiidlf " gegggs,@npe

10 carbonate (2 g, 6.17 mmol) were added and the resultant suspensu)n was stirred at

nol ) and. caesi uﬁ lo car b’o.nate (2 g, 6. 17I) wer e added and the

60 °C ovemlght under a mtrogen atmosphere. After coolmg to room temperature the

DMF was removed in vacuo and water (100 mi) was added with vigorous stlmng

-The precipitate was isolated by filtration, washed wﬂh water (x3) and dried in vacuo

- {o yield 1.67 g-of a cream solid. Aqueous sodium hydroxide (1M 20 mi) was then

15 .added to the crude product (600 mg) and the resultant solution stired at room

temperature ovemnight under a n'itrogen étmosﬁhere. The solution was then dialysed |
with de-ionised water until constant pH and the contents of the dialysis membrane
dried in vacuo fo yield 500mg of the desired product as a glassy solid.

_ 'H NMR (B0, 400MHz): 5 2.76-2.96 (m, 24H) 3.10-3.30 (m, 8H), 3.35-3. 62 {m,

20 . 32H), 3.78-3.95 (m, 16H), 5.02 (d, BH). 7.30-7.62 {m, 32H);
ESI-MS: 1477 (M-2H)* '

Example 13. ‘
6-per-deoxy-6-per{ 2-hydroxyethvlithio-y-cyclodextrin.

_.S\/\OH
O .

25

is



18 2 0 MAY 2004 WD 01/40316 PCT/EPOQ 11789 To a stirred solution of

2- mer capt oet hanol (10:85 g, 10 eq) in DMF (500 m) under nitrogen vvas
added 60% sodi um hydride dispersed in oil (11.7 g, 21 eq) @06%9%0

over 30 mn. The m xture was stirred.at roomtenperature f nut es

Per 6- deoxywd®messier ono-y-cyclodextrin. (250 g) was added p H;PBJ}ﬁ.?Q xture.
heated to 70.5 C for 24 .h. The m xture was all owed to cool to r oo '

t enper at ur e Hhd st eolalionsf 2-mawapteehar (R8s, (@GQW)DMEK@?CE"@\AWGN ati ng .

to a | ow voludyen W dd88d 60% sWaibmt ured
onto 1:1 met hanoln /| acetone (SSOOmnrﬁhﬁébTﬁgpés%Mﬁm “ ﬁéé‘ﬂ\/\éﬂﬂg {aﬂec d by

filtration, QPE38IMiad Tha mixues W@setyreﬁ 3t r9AE tamp-;agesa fqrmmlnmm@pr-e—hangl ng
th t | - 10 t
e exter naldeugy Blpel- eﬁahotwg%deiihﬁ (G0 81 #BS 28R Pfle AR ARALAIYS o

| ow vol ume and then re-crystal:lise of water to |l e
conpound s- (‘@.fergih aghe\mwtt@edvaﬁﬁowwpe@obtoygwalt@nperatumq B BONext byDIVSO) b

g Cl?é Cl(—ég—l)H 53B|7:§n F?wg‘fe% jnlgb%hzgvagbrﬁﬁ? As'pow%%u 3@%“??% \fazsit SR
|(_|<Z)r g H) Soppicrwatey] (108 ralpasd poured eRto iyt methlancﬁi idpetoge (300 81, The sdlid 13. 6
SCH? CHZ ]f‘?'r?%d%sfaécat"re COIg&j P ’éﬁ "%%" ’d'sg? ‘hﬁ\ﬁ’ %]a#?sog i’?'gﬁ'é y@%@?@smo M
1776. 45. Théoﬁe)ecpjwam&w @ﬂemhi walgolppotimes.bhhedniemal belutiomewdroevadparatdsken -
publ i Shelg 5 G0 Qb gﬁ% ang-thé) ry§§ﬁis mﬁ ot HRFERS afforaqae(ttglg%%%pq&%-aanpl e

14. 6- per-deoxy eer (N- et )thio-y-cyclodextrin
stirred sol dﬁﬁmaéwhﬁﬁﬁ@ﬁmmaﬁéﬂ@aﬁtadﬁacet ami de (0. 58 g, 10 eq) in DVF (30

m under nit 9 S 0.22 g,
o eq) 25 po?‘ {ARSGodz FSE) B8 136k B SSs o, £62 RENSED, deIP4°ﬂ1 @10 22 ¢
t enper at ur e tf.bf. 43, SEHHeH ). PP I8l tabk @ Ha. W(Obﬁ'b%?:ﬁoéﬁﬂ [édﬁxmrﬁ-lhi (1 0 g)

was added arag{_;fh? §E‘;|2f"dﬁl§H %eﬁf:?gogfbr@% PuChpr % r.‘ﬁé‘?s)ﬁzué\?xia,t er (20

allowed to cool to roomte eratur and quéenc ed dltlon of
m) befdbe &EJB8Hadd .G 68 Hé\ﬁ-ldbﬁlﬁﬁé‘iﬁf‘me! 6.8d%, &@%C%@H)t i on was pour ed.

onto et hanol,,£ 190tk drayy ¥ 5390t - f'IP "RA MR, 1608, 6S ﬁvﬁjn%%ﬁ

The preparation of this compound by a similar method has been published
previously: J. Chem. Soc., Chem. Commun., 203 (1893).

20  Example 14. )
B-per-deoxy-6-per{N-methylamidomethyllthio-y-cyclodextrin

To a stired solutioq of N—me_ihylmercaptoacetamide (0.58'g, 10 eq) in DMF (30 ml)
under nitrogen was added 60% sodium hydride disperséd in oil.(0.22 g, 10 eq)
‘25 portion-wise over 30 min. The mixture was stired at room temperature for 30
minutes. Per-6-deoxy-6-per-bromo-y-cyclodextrin (1.0 g) was added and the mixture
heated to 60-70 °C for 48 h. The mixture was allowed to cool to room temperature
and quenched by addition of water (20 ml) before evaporating to a low volume. The

residual solution was poured onto ethano! (100 mi). The solid formed was collected
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2 0 MAY 2004 WD 01/40316 PCT/E. P00/ 11789 by filtration, dissolved in water
(200 m) and dial ysed (MACO 1000), changing the. external vvater four
times. The internal solution was. evaporated to | ow vol umé E‘g\ %aured onto
et hanol (100 m ). The precipitate was collected by filtra MAhn drled
under vacuw@agenéford the title corrpound (0.55 g) as a wrcrErseisgh 5-'H

NVR (400MHz: D20) 6 .5.29 (8H, J4. t, J9.6 Hz,
5- H)( 4. oé’y(‘%‘ﬁ“)"t‘ d'ﬁs%’eé('wa*% {0 "8 3pd d’%]ﬁgd ﬁ‘é""&g) i@a)o ra@%‘gli&e 2-H),

3.74 (8H, fe.xte?na@m%téﬁl@ur tﬂnéé) Tha- lﬁlgm%l é&utiofhabhs é\%p‘é%ﬁécﬁm ioﬁ%ﬁﬁ@hﬁ&"w]
3.36 (8H br d, J 12, ) 8H, dd, 2 94

(24H, s, seqz@@@n&meﬁmoi o (1057 E"QP&E%‘FIB b WsS pUstedby “karatﬂfm ﬁ]‘d dne@ cul at ed
for C72HI %@&&%&uu%&&&}d%tmé@oﬁp&ml(e 55% a6a vﬁ-rte@m 6 a 2-carbo ro |

thi clodextrin sodiums i ?% 8 g)_ was added
to nethyl éHrW%&iﬁQMFBPe@h?IS-zgﬁHpqo’p‘feﬁﬁt *t-141%3'13 r. Jﬂ@d*z’éﬂé}n, 1994,

1,159) in digeishytfooeMH d-ﬁ‘—l)(@ﬁa @R, ddAflt1©rO SfbmmJﬁp$74 (8H t J92Hz
per - 6- deoxy- per - 6- br om- y- cy extri a:%s%](l ssol ve

di net hy! f ornfdhBd8- C'té%lmﬁ) ABmelad%‘éﬁzC@ W?éd 8k i M?&oﬁ%ﬁ@ Mhs added
and the Mo, Beal A als ABG-AY RN @M, 5, Sop.c@erpas distilled off and

the residue crystallised from nethanol give the et h ester (1.3 g).
Mass spec. mlm(wct@zewy) e 7H0MURH{cﬁ?£%ﬁaE9§5f°f %HmNa@eowQ’h 25468 (m 16H),.
2.80 (my 16H), 3.00 (m 8H), 3.61 (3, 24H), 3.79 (m 8H), 495(s 8H) .
This product was then stirred overnight wth sodi um hydroxi de sol ution (M
13 m). - T@ammﬁl ng mxture was filtered, dialysed to neutrality, and
evapor at ed g ¢ Oerd = ; cﬁ,dg%p%qm( dalil 3 _g) . Mass spec.
(MH 2112; 20 ) ' 8H), 2.65 (m 8H),
2831(m 24H), 3.65 (m 16H) 40(m 16H) 52(5 8H) . . 302020
MAY 2004 I co,Na S

- Sodium ﬁydridé (60% in oil) (0.44 g) was added to methyl 3—mercépto-2-methyl-
15  propionate (1.474 g;'J. Med. Chem., 1994, 11 59) in dimethyiformamide (25 ml). After
30 minutes per6-deoxy-per-6-bromo-y-cyclodextrin (225 g), dissolved in
dimethylformamide (25 mi), was added. A crystal of sodium iodide was added and -
the mixture heated at 75°C overnight. The solvent was distilled off and the residue
, 'crystalliéd from methanol fo give the methyt ester (1.3 g). Mass spec. (M-H) 2224 | _"Q
20 'HNMR {dmso Dg): 6 1.41 (d, 24H),-»2.68 (m, 16H), 2.80 (m, 16H), 3.00 (m, 8H), 3.61 '
(3, 24H), 3.79 (m, 8H), 4.95 (s, 8H). _ ' -
This product was then stirred overnight with sodium hydroxide solution (M, 13 mi).
The resulting mixture was filtered, dialysed fo neutrality, and evaborated to dryness -
‘to give the title compound {1.13 g}. Mass spec. (M-H) 2112,
25 HNMR (D,0): 8 1.15 (d, 24H). 2.5 (m, 8H), 2.65 (m, 8H), 2. 8 31 (m, 24H) 3. 65 (m
' 16H), 4.0 (m, 16H), 5.2 (s, 8H).

30
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WO (c) 1140316 Exanple 16.

6- per - deoxy- 6- per ( 3- car boxyproovl ) thio. (3-cycl odextdn, sodiumsalt.

PCT/ EPOQ' 11789 Per - 6- deoxy per-6-bronmo-jrcycl odextrin (2.25 &J),

met hyl - 4- nercaptabutyrate (.1.7 g; 5 Tetrahedron 1998, 2652)0 MA¥s3%0im
carbonat e (avQai/gpréand di met hylformamide (25 m) ' were st brrﬁz?ﬂ ;ﬁ% heat ed
toget her for_three days. The mixture was cool ed, poured info '% and
filtered. T@%@S—E@ms vvashed wi th methanol and dri ed (2.1 g). Thls was
stirred overgihdheowd dekiriR NsoldMn &b m), filtered and -
the filtrate alysed to neutrality. “ed to dryness glVlng
the title conmpound (1.7 to g). Mass Spé I—D&ﬁWaS.S. "H NMR (020): S-1.75
(m 16H), 2.15 (m 16H), 2.6 (m { %ﬂfa\(m 8H), 3.05 (m 8H), 3.55“
(m 16H 3.87 (m- 16H), 5.07 (s, | e 17. 6- Per-deoxy-6 -

-per (2-sul foethvl )t hi o-y-eycl-odgxt i m sal t S~~~803 la 15 A

Per =6=deox - Der-6-thin-y-cycl od xtfin n
Per - 6- deoxy- per - 6- br onp-y-cycl oglextrin (20 095) t hi our ea (13.5 g) and
for ‘three days at 65 C and

di met hyl f ormam de (100 m) were
then ethanaol amine (20 nl) was added and heating continued. for two hours.
The ni xt ur e PeoBwegextpyTEromer-exclodexirin k2.2% g). vateyi-4ametcartebutyreteu(dt7 gepar at ed
by centrifu 2] vacuum
Y GEL o yBuiRor phdgl 2o ouane e . & il g

(dnso' D6): @eme Szre@rﬁndm;*ted@@me( tor ttgep das& $5e (nikture 84y coBed pofited :Bid) 7.75
(t, 8H), 5,8 2

er (2-sul f oet hygi] %md ﬁ‘&%g??t’%?.‘%gggaé?’“ﬁﬁ]"‘seé?a“"‘r%"d dr[?d\;z 1p%)r TPﬁl“(ﬁs (1 9,

2- br onpet -ha/tim pmm thlﬁtsqsium@wmx:g@lspluﬁqa @2, 2f) mi)2fiitepecd and hefiifrdte\\O

01/40316" PCHARROPM A8t s i BURRAL L 1o Gyt B In S AE LM RETR Y e (10

m) were stirred and
10 . g). Mass Spec. (M-H)18488 *HNMR (D,0): § 1.75 (m, 16H), 2.15 (m, 16H), 2.6 (m

16H), 2.85 (m, 8H), 3.05 (m, 8H), 3.55 (m, 16H) 3.87 (m 16H), 5.07 (s, 8H)

Example 17
G- Per-deo -6-pe 2-sulfoeth Ith!o- blodextrin sodium sait

g S0Na

15 : : :
A: Per:6-deoxy-per-6-thioy-oyclodextrin =~ . A |
Per-6-deoxy-per-6-bromo-y-cyclodextrin (20 qg), thioufea (13.5 g) and
' dimethylformalﬁide {100 ml) were heated together for three days at 65 °C and then
ethanolamine (20 ml) was added and heating continued_i‘br two hours. The mixture .
20 was cooled, diluted with ice water and the product separated by centrifuge. The solid
was washed twice with water and dried in vacuum at 65 °C giving the thiol (7.34 q).
Mass spec. (M-H) 1424, '
'H NMR {dmso Dg): & 2.82 (m, 8H), 3.20 (d, 8H), 3.35 (m, 16H), 6.65 (t, 8H), 7.75 {t,
8H), 5.0 (s, 8H).
25  B:_6-Perdeoxy-6-per(2-sulfoethylithio-y-cyclodextrin, sodium salt

The above per-thiol (1 g), 2-bromoethane sulphonic acid sodium éalt (142 g),
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overni ght at 64C. Mst of the solvent was evaporated under vacuum and the
resi due dissolved in water. Sodi um bi carbonate solution (5%ww, 5 m) was
added and the solution dialysed three tinmes with water. 'ﬁ [Htlon was

evaporated to 5 - dryness and the residue dissolved in sodi'umbicarbonate
sol uti on (WOOH#OB16 dj al'ysed and. evaporat ed as before. ThPSTEPHIHIY was

ted, th I t l,i d t
2nd the. pr oD BitEbrRtRa N s BrRERaHREe (1 o AR uraCaiRaten Nat e
and evapor at@dighad 6870 osfjiof ithe sbiventt was eva;mmtadndm@ér Sk&:tgl)'n andHh&VR -

10'(m_ o MRy gt bibogily ofiet B Wiy g ok el | 7

-h dro - ah@ thd BaldtionCdigigieadt thrde timEdiwith viesr: Ghidesolytion was evaporated to

per-6th|oycdodextr|r1 - Exanpl e, .17 -

net hyl p?opQFY(S‘FgS( B”Fbthﬁdfs'd'geeg'ﬁ CEATEG b(‘@éﬁ“%ﬁ g’ﬂﬂ" g“ﬁﬂ%ng'?’ y&Pﬁ'&m de
(10 m) were éﬂ@g&@@daﬁi béfotd. I Bifls fpP6cesd vﬁ’ﬁysep@bteﬁ5@1&1mésdltlr@nabl§csm$by LCVB
showed ‘conversion to the required product 'ﬁg feLére was, evap ated to
dryness,  dIFsardiBa SAKaIEIe ofralienAod dhe i PrepBled ipLmgranal 105 1 ow
vol ume gndv\?ag d&%@l@éd)hh@‘t@@nﬂnew @ﬁt@aweryn&s jivigg thedite c?ﬂ@bmm gateg) he tltl.e
conpoun pec

16H), 3.15 ldMMr%@gO)sa 34 ({'1112459-032@6%‘5%)5%%3%5 &%)4%9()“‘ (‘521) i§ , "5 25
(s, 8H) 2%,8 gﬁ) 335%5%%3/ 2Q04 WO 01/40316 PCTI EPOO/ 11789 Exanple 19. :
6 - tetrazol-5-. 1 ro 1 thi -c clodextrin sodiumsalt. Na’
Per-6 deoxy per-6 thin-y-cyclodextrjn (1 g), 4-bronobutyronitrile (1 -g),
cesium 5 ggrhong e (1 g) and dinethylfom amde (10 m) were stlrred

t oget her a oV v
B—per-deoxv-s-pedz 2-d|(hvdroxvmethvl}-3 hvdroxv propvnthlo-y—cvclodextnn

15 Per-ﬁ;deoxy-per-fi-thio-y-cyclodextrin (500 mg; Exampie 17), 3-bromo-2,2-dihydroxy- _7
" methylpropanol (670 mg), cesium carbonate (550 mg) and dimethyiformamide (10
mi} were heated and stirred for 35 days at 65°C until analysis by LCMS showed
. conversion fo thé requir_ed product. The mixture was evaporated to dryness,
. dissolved in water, dialfsed against water, evaporated to low volume and
20 - precipitatéd with acetone. Drying under vacuum gave the title compound (550 mg).
Mass spec. FIA (M-H) 2369. '
'H NMR (D,0): & 2.84 (m, 16H), 3.15 (m, 8H), 3.24 (m, BH) 3.69 (s, 64H), 3.85-4.19
{m, 16H), 5.25 (s, 8H).

25

30
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t he weekend. The m xture was cool ed, water added. and the precipitate
separated by centrifuge. After washing and drying the per-butyronitri | e
(1.4 g) was obtained. This. product (1 g), sodium azide (4 03,3'@,) g

t hyl am ne hydrochl oride (2.8 g) and di net hyl f or mami de (13 m W%Urﬂ stirred
and heat ed Wwaymtbms for-7 days at 100C. 10 The nixture was pgoglpffhi74i | ut ed
with water, acidified and the. precipitated filtered off. This was washed
with water, Example 19.04 th met hanol, separated by centtifuge, dried and

di ssol ved is_lgémaobtmstbmcn@t@@oIWMdpmhBMcvéBd@s&am,'thihhﬁgaﬁd and dial.ysed to

neutrality. This solution was evaporated to dryness togive the title
conpound-- (600- ng). Mass spec. (M2H)' 5 945 H NVR (D20); '8 1.95 (m.
16H), 2.55 (m 16H), 2.85 (m 24H), 3 BW N3.5 (m 8H), 3.6 (m
8H), 3.9 (m 16H), 5.06 (s, 8H). l e 20 é’rsaNaof neur orruscul ar -
bl ockade i n anaest hetized gui ne ' 20 :. Mal e Dunkin-Hartl ey
gui nea pigs (bodyweight: 600-90D g] werea@@ aest het- lzed by i.p. - -
admi nistration of 10 ng/ kg pent pbatibi t eife 060 ny/ kg urethane. After

tracheotony, the animals were aftificially ve | ated using a Harvard snal |
animal ventilator. A catheter he carotid artery for

continuous _nonitorin arterial. bl ood pressure an h kln of- bIood
sanpl es forP ?5]‘60"6??"5&’59'%%“%5@94%{ An rﬁ' %EE"W%‘ Mdlf"{? Z1f9 bl ood
pressurg SIﬁﬁ@dnateTheg)smdaam@wwmﬁmzdwgoshm ek b@eed rogsﬁhaﬂMtac ek ses of
0.5 ns duration at 10 s 1 Hz) intervals at 'a supranmaxi mal voltage,

usi ng a G488 wsglkeng; %FM‘HP)‘"aérﬁ’HOIF‘I’ré"at?’cﬂdéﬁd 8rd fite PreciRitate eonamted by

contracti ongnysy m&éﬂwsﬁmqsaﬁma@m@rtwﬁerﬁawoﬁmecg -4lgPWha 6BERRY. This
transducer. ContTactions pressure and heart rate were recorded on a

30 mul ti chanadct dlagy mﬁl%caﬁ%rﬂ 3 (g HeetBylamine, Bygspaierie f2-80@hapdigul ar
veins. One @R=ErdhbAR1a3 My QueM ¥tirddd04nd ﬁ’é&éﬂ’ ?8.97 QIQWQE %ocwas used

for the continuous infusion of a neuronuscul ar ocki ng a

i nf usi ol r athe Mxture wap eppledntilvlar Xith prateradidfietand thﬁé’ée‘-?'wé‘ a@é@dmﬁ il a
steady- st afifis RhOGKsHRld FRAY Yaicaldd WiNPEhaléICsapahfted BPEARiMge, Wagq used for

adm ni stration
and dissolved in sodium hydroxide solution (M, 10 mi), filtered and dialysed to

neutrallty This solution was evaporated to dryness to give the title compound (600
.mg). Mass spec. {M-2H) 1152.8. '
15 'HNMR (D,0); 8 1.95 (m, 16H) 2.55 (m, 16H), 2.85 (m, 24H) 3.05 (d 8H) 3.5 (m,
_. 8H) 3.6 (m, 8H), 3.9 (m, 16H), 5.06 (s, 8H).

Examg!e 20. - . _
- Reversal of neuromuscutar blockade in anaesthetized quinea pigs in vivo.

20 © Male Dunkin-Hartley guinea pigs (bodyweight: 600-800 g) were anaesthet-
ized by i.p. administration of 10 mgfkg pentobarbitone and 1000 mg/kg urethane.
After tracheotomy, the animals were ariificially ventilated using a Harvard small
animal ventilator. A catheter was placed into the carotid artery for confinuous
moﬁitoring of arterial bload pressure and the taking of blood samples for blood gas

25  analysis. Heart rate was derived from the blood pressure signatl. The sciatic nerve

 was stamulated (rectangular pulses of 0.5 ms duration at 10 s (0.1 Hz) Intervals at a
supramaximal voltage, using a Grass S88 _Stlmulator) and the’ forrce of M.
gastrocnemius contractions was méasured using a Grass FT03 force-displacement
transducer. Contractions, blood pressure and heart rate were recorded on a

30 multichannel Grass 7D recorder. Catheters were placed in both jugtjlar veins., One
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of increasing doses of the reversal agent. During continuous infusion of
the 5 neuronuscul ar bl ocki ng agent, single doses of increasing
concentration of reversal agent were given. At the end of hﬁ\ﬁ <Eri ment ,
'the * neasured force of nuscle contractions was plotted %Ba %s?ﬁﬁt he.
concent r at vo0I03¥6ever sal agent, - and using regressi on anRGHERMAEBANI ques,

the 50% ‘ I t i On _Was : . ersal of-
the nour onfEBEEAMS) 55k 1o ha roatiRyS METbER nelfilbaal Bokhf SHBNCIOT,
brom de ( R{rﬁ% jqﬂharoTﬁ im&thegeaphmm;!af_drﬂhgi agedbwas/incieased wptl!_fmaﬂvef@h' 1-19
are presented in or . €o j sQ : the .
parelrcl)t . cﬁ%@ﬂ%%@%&@ft@ "r?gﬁgh@p@?{:%ﬁ%ﬂ%ta %?%a%deéf%@?ﬁﬁdéeﬁgaé% well. -
B odUoi N SO e APt e L Ea R ey orie Ul ot i ke e
gnaest hétg i ﬂéﬁoglh'ﬁ?ﬁ%ﬁﬂ?g@ga‘?ﬂ?"gy' gosgei n%las#érﬁ% r?ﬁ?n'%ag\%éro g g?v_ersa[
?omcgijnggg?%@%;m%rer@viﬂ{_gﬁl tpg!ﬂndk@ff tchg;F.;((gggghrment?L gli)lmNeaktged fprceyefcwsmiglext rin
- -cycl odextrin. (p- ; o
6}/rmno- deoﬂyﬂt@m%ﬁ-@%&%‘l&?@@? )@HF@‘%}'@? ﬂfﬁ_‘?ﬁ%.?ﬂen%y‘% HEErin, Na
salt (exanpl&cddon arfiySRNScHRMEY, the BUNCedisal abiumnyrpivenyds) datdulated. 1. . 3093( 11)
cycl odextrin (-exarrglle 2) . 5  block ind by the muscle relaxant
6per - deoxy Respis fof gV es3\Ah s AU R ILUlar 8°§§”."Llf§? ‘c{yc.._o extrin (exanple
3)-= 6-per 'r?&ﬁdﬁg(ﬁrﬁﬁ?&ﬁidé ARES! Bpm@&hwrﬁdm@mymh@exaMm 00 Eﬁsmﬁle(so_. 53)- Na

salt (exa e 4) . ) . '
( rrp!-19 are presented in Table I. For comparson, the reversal activity of the parent .

) compounds;'B-cyclbdextrin and y—cyclodextrin are included as well.
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6per - deoxy- 6- per - (5-carboxypentyi)thia y-0.7478 (2.5) cyclodextrin, Na salt
(exanpl e 5) 6-per-deoxy-6 per-(3-carboxypropyl)thio-y-0.09108 (0.48)

cycl odextrin, Na salt (exanple 6) , 2 0 MAY 2004 ,
6per - deoxy- 6- per - car boxynet hyl t hi oy-cycl odextrin, ,;0.2188 (1.92) Na salt
(exanpl e 7) WO PE43eoxy- 6 .per. - (4- car boxyphenyl )t hi o-y- 0. 1088 néfdodB%e

cycl odextri alt (exanple 8) 6per-deoxy-6 C
per - (4-car bglﬁgﬁgﬁyl met hyl ) t hi oy-0. 13100 (0.50) cyctodextrin, Na salt . :
(exanpl e 9) 0 - iﬂ?dgpy L Qa Vs £YGLade ' 794 (33)
(exanpl e 10)92%2?583??{%?25@% ydrcg)?ey%%%@(%?%ae tt;'/l ') t‘ﬁ%&ﬁ& 8‘:@"?‘82 (2.1)
cycl odext r i nbipeksmgnaesiiiBlized guinea pigs and concentration at mamimum reversal. Co
6per - deoxy- G~pe+r—({2-2-carboxybenzoyl yam nojethyl1-0 08595 (0. 48)

t hi o-y- cycl JdBmpound sodi um sal t. (exanpl e 12) |6 peEldeoxy- b¥pamax reversal
(2- hydr oxyetihyl ) t hi o-y-cycl odextrin0.2096 (2.Q) (&)ﬁg £ 1B) 25t-2 0 MAY/[-
2004 WD 01/ 40316 PCT/ EPO0/ 11789 ConmpoundED50mgx. Teversal fol . Rg@ ™ conc
(moLkg 1) 6ger-deoxy- 6- per - (N-net hyl ani donet hyl ) t hi ol 7- 1. 54108:r6di:kg)')
cydodext ri n.}texanmple—14) G6per-deoxy-6-per-(2- dar boxypropylyt hi o-y-0.101P3
(0.48) cyclqdextrin, sodiumsalt. (exanple-15) 6-per-deoxy, 6per :

(3-car ngyprqpmm@;@p.—ﬁiﬁo (32 cydodextrn—spdi-tumpatt 1649(\ﬁ}wp' ef 16)

B-cycdlodextrin (B-CD) . . _ 20 ’ 93 (113)
ﬁ-mono—deoxy—E—mono~(4-carboxyphenyl)tﬁio—y— 094 : 102 (8.0)
cyclodextrin, Na salt (example 1) - .
6-mono-deoxy-6-mono-{2-cartoxyphenyl)thio-y- 1.30 : 93 (11)
cyclodextrin (example 2) _ - |
6-per-deoxy-5-per-(3-carboxyphenylthio-y- , 028. 102 (1.28)

. cyclddextrin (example 3) ' ' ' - .
6-per-deoxy-6-per-(2-carboxyethyljthio-y-cyclodextrin, ) 0.69 97 (0.53)
Na salt (example 4) ‘ - |
6-per-deoxy-6-per~{5-carboxypentyl)thio-y- o 0.74 : 78 (2.5)
cyclodextrin, Na salt (example 5} - | '
6-p_er-d_eoxy-s-per{3-carﬁoxypropyl)thio-y- 0.09 108 {0.48)
cyclodextrin, Na salt (example 6) _
6-per-deoxy-6-per-carboxymethyithioy-cyclodextrin, | 0.21 T 88(1.92)
Na salt (example 7) ‘ . ‘ ‘
6-per-deoxy-6-per-(4-carboxyphenyl)thio-y- 0.10 - 95 (0.48)
cyclodextrin, Na salt (example 8) ' '
6-per-deoxy-6-per-(4-carboxyphenylmethyi)thio-y- 0.13 100 (0.50)
cyclodextrin, Na sait (example 9) : .
6-per-deoxy-6-per-(3-amidopropyi)thio-y-cyclodextrin 0.57 94 (33)
{example 10) ‘
6-per-deoxy-6-per-(5-hydroxy-3-oxa-pentyl)thio-y- -, 047 92 (2.1)
cyclodextrin (example 11) - | |
6-per-deoxy-6-per-[(2(2-carboxybenzoyl)amino)ethyl]- 0.085 . a5 (0.48}
thio-y-cyclodextrin, sodium salt (example 12)
6-per-deoxy-6-per- (2-hydroxyethyl)thio-y-cyclodextrin 0.20 96 (2.0)
{example 13)
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6- per - deoxy- 6- per-(2-sul foethyi)thioly-cycl odextrin,0.055.106(1.7)-
salt (exanple 17) 6-per deoxy-6-per-(2,2-di (hydroxynethyi)-3-hydroxy-2. 963

sodi um

(4.9) propyl)thio-y-cyclodextrin (exanple 18) 2 0 MAY 2004
6- per-deoxywﬁ Gos163- (tetrazoh5-yt) pr6pyl)thio- 7-0.22109 bmrNAPEsxt rin,
sodi um sal t~ (exanple 19). 26 ' 2 0 MAY 2004 WO 01/40316 - PCT/EP 11789
Clains. 1. I_Famajapto cycl odextrin derivatilve thDsE,tg thé generaler§alr jul a
I H CH2CH 1- OHO HCH2-S-R- X - ~H OH OHIH (EQ H OH Formul a}l
wherein mils 0 7 and n i.s 1-8 and mn = 7 or {8; lﬂﬁot (C ) aPk§PRhe, |
optionalty substituted mtth-lFS OH grOUps (umolkg™)
-per-deoxy-s-per—(N-methylamxdomethyl)th:o—y— _ 1.54 10? (7.3)_
cyclodextrin (example 14) _ _ _

' 6—per~deoxy-ﬁ—per—(z-carboxypropyl)thio-fy- 0.10 103 (0.48)
cyclodextrin, sodium salt. (example 15} _
6-per-deoxy-,B-per—@-carboxypropyi)thio-B- 0.5 100 {3.2)
cyt:lodektﬁn, sodium salt (example 16) . .
6-per-deoxy—B—per—(Z-sulfoethyl)thiOJy-cyctodet(trin. 0.055 106 (1.7)

{ sodium salt (example 17) '
6-per-deoxy-6-per-(2,2-di(hydroxymethyl)-3-hydroxy- 2.9 63(4.9)
propyhthio-y-cyclodextrin {example 1_8) ,
6-per—deoxy-b‘-per—(3-(tetrazol~5—yt)prbpyl)thio—vy- 022 . 1092 (1.2)
cyclodextrin, sodium salt (example 19)
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or (CH2)o phenyl ene-(CH2)p; o and p are independently 0-4; X is COCH,
CONHR, , NHCOR2, SQ2CH, PQ(OH) 2, QCH2 CH2-O, H  OH or tetrazol-5--yl;

R is Hor (C-3)alkyl; . . R2is carboxyphenyl; gist-3; .29 MAYORIO: -
phar maceut i cal I% acceptable salts thereof; - with. the exclusion of
6per - deoxy- WOMOHIS _ hydr oxyet hyl thi 0) - p- cycl odext r i n; . 6: mMPor/AEF00/11789

eoxy- 6- nnno-lg d roxyethylthio)-[3- cyclodextrln ‘ _
6per - deoxy- 6per ‘2- hydroxyet hyl thi-o)-'y-cycl odextrin; 6per-deoxy-6 per
(car boxynet hyl t hi 0) - p-cycl odextrin; 6-nono- deoxy 6- nono- (carboxynethylth

1 0)-(3-cyclod extrin;

6A, 6B- di deoxly- B48- W@%?wd@aeﬁawﬁnwwe)hawnq ﬂ'@gﬁ;nﬂraldeuhulad

6A, 6B- di deoxy- 6A, 6B- bi s(carboxynet hyl t hiol)-[3-cycl odextrin and

6- per - deoxy- 6- per - (2, 3- di hyd€Bfpr opyl t hi 0) - [ 3-cycl odextrin. 27 WO
01/40316 2 0 MAY 2004 PCT|ERPCOA1489 2. CHye-S6-RRBY capt 0- cycl odextrin,
derivative according to : b and n are defined as in
claiml and X is COOH or NIt i cal | y acceptabl e salt
thereof. 3. The 6-mercgpto-c >{l eyt . cording to claim1,
wherein "'mis O0; nis|8, Rlis (QH ) kyl (TH2] o- phenyl ene- (CH2),, o]
and p are independentlly 0-4; and X is chH Sﬁ S02CH] or a pharnmaceutically
acceptabl e salt thereof]. 4. A 6- nercapto cycl odextri fp.derivative according
to any of clainms 1-3 selected from 6-per-d eoxy-6-per-(2-ca rboxyethyl
)thio--cyclodextri n; ' . : . '

Formula |
wherein m is 0-7 and n is 1-8 and m;fn =7o0r8; '
R is (C,g)alkylene, opfionaily substituted with 1-3 OH groups,
or (CH,)-phenylene-(CH,),;

_oandpare independehtly 0-4; _ :
X is COOH, CONHR,, NHCOR,, 'SO,0H, PO(OH),_, O(CH, CHZ-O)Q
OH or tetrazol- 5—y| '

"R, is Hor (C, j)alkkyl;
‘R, is carboxyphenyl;
qis 1-3; |
or pharmaceutically acceptable salts therégof; :
wifh. the e'xclusion of - .
6-per-deoxy-ﬁ-per-(2-hydroxyethyltﬁio}-B-cyclodextrin;
6-mono—deoxyﬁ-mono—(2—hydroxyefhylthio)—ﬁ-cyc!odegtr_in;
6-per-deoxy—6-per—(2—ﬁydroxyethylthio)-y—cyclodextrin;

| 6-per-deoxy—6-per—(carboxymethylthio)-[}-cyclodextrin;
6-mono-deoxy-6-mono-(carboxymethylthio)-p-cyclodextrin;
6A,6B-dideoxy-6A,6B-bis[(o-carboxyphenyl)thio]-p-cyclodextrin:
6A,GB-dideoxy-GA,BB-bis(carboxymethyithiol)—B—cyclo'dextrin- and
6-per-deoxy-6-per-(2,3-dihydroxypropyithio)--cyclodextrin.
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6- per - deoxy- 6per - ( 3- car boxypropyl )t hi o-y-cycl odextri n;

6- per - deoxy- 6- per-(4-ca rboxyphenyl )thio-y-cyclod extrin;

6per - deoxy- 6- per - (4- car boxyphenyl net hyl ) t hi n-y- CyC|°deXtr'3[]Mm(ZMA
6- per - deoxy- 6- per - ( 2- car boxypr opyl )}t hi o-y-cycl odextri n;

6- per - deoxXYOBIMeHE (2- sul foethyl )th io-y-cyclodextrin; or PCT/EP00/11789

phar mac-eut acce tabl e sal t A. 6- nerca cl odextri.n

der i vat | veZa a’@lﬁy@rnaﬂc HPEcBK e Ry pRcordist SR vedRin e 1
therapy. 6. T, Eéﬁlﬁdﬁéérﬁr&ﬁmfaﬁﬂ%%@@UH BrQ@OF@PI"ée according to
t he general of claim1 tor the manuf actu a nmedi canrent for

t he reversal pha‘rnﬂcegtloaﬂpjaceaptableraalmbetﬂo&r block. 7. A kit for providi ng _
neur omuscul ar block and its reversal conprising-(a) a neuronuscul ar
bl ocki ng agent, and (b) a 6-nercapto-cycl odextrin. - derivative according to

the generah fﬂ{&ylnaeﬁcag& -SfcRidBktkin &mﬂén@e Ebz«,o:emg%dﬂéia] { OwkéRibs Wherein

t he neurormscul ar bl ocking agent is- selected fromthe group consisting of
rocur oni um - cuisdhiRis (C2Qakylenkmy (@bta)a-pr\en@mnmgte)pmnamelnm

pancur oni um acur o cu racurl ocurarine and
suxamet honi urH‘81 "F{?@%Km é’@é’c??f:ﬁ {?Qﬁ% E&ghﬂr é%\‘I«Lifurorruscul ar

bl ocki ng agerﬁcc’eﬁtablé eqfHRReafm 10. A pharmaceuti cal corrposi tion conprising
a 6-nercapto-cyclodextrin derivative having the general formula I Fornula

| wherein mis 0-7 and n |s 1 8 and mtn = 7 or 8; Ris (C, .s)alkylene, .
ggéi gnglr Lyl n?@gt ) tgqt@ﬁj WI gpextnn an\gat% ccqrcﬁrtng icgé@ SfQQWll%ne' (CH2) P, .O
~ selected from: - -
B-per-deoxy-6-per-(2-carboxyethyl)thlo-y-cyctodextnn
o 6—per—deoxy~6—per—(3-carboxypropyl)thlo—'y—cyclqdextnn.
6-per-deoxy-6-per-(4-carboxyphenyl)thio-y-cyclodextrin;
6-per-deoxy-6-pér-(4-6arboxyphenylmethyi)thio-y-cyclodextrin;
_-G-per—deoxy-6-per-.(z-carboxypropyi)thio-y—cyclod extrin; and.
6—per—deoxy-G-per-(2-sulfoethyl)thio-y—cyclodextrini

ora .phamlaceutically' acceptable salt thereof.

5. A 6-mercapto-cyclodextrin derivative according to the general 'for_mtjla | of

~ claim 1 for use in therapy. .

6. The use of a 8-mercapto-cyclodextrin derivative according to the general
formula I of claim 1 for the manufacture of 2 medicament for the reversal

of drug-induced neuromuscular block.

7. Akit for providing neuromuscular block and its reversal comprising (a) a-
neuromuscular biocking agent, and (b) a 6-mercapto-cyclodextrin

derivative according to the géneral formula 1 of claim 1.

8. The kit according to claim 6, wherein the neuromuscular blocking agent is

selected from the group consisting of rocuronium, vecuronium,
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X is COOH, CONHR , NHOOR2, SQROH, PO(OH)2, O(CH2-CH2-Oq H, - OH or

tetrazol-5-yl; R is H.or (C-,)alkyl; R2is carboxyphenyl; . gist-3; or
a pharmaceutically acceptable salt thereof, in adm xture t
pharmaceutically acceptable auxilliaries. 29 W2 d1MAY 204 _

WO 01/40316 : A : PCT/EPO0/11789

pancuronium, rapacuronlum mivacurium, (cis)atracurium, tubocuranne

and suxamethonium.

9. The kit according to claim 7, wherein the neuromuscular blocking agent is .

© rocuronium.

10. A phannaceutaca! compaosition comprising a ﬁ-mercapto-cyclodextnn

denvatlve having the general formula |

|  Formula |

: whereih mis 0-7 and n is 1-8 and m+n =7 or §;

' R is (C,.0)alkylene, optionaily substituted with 1-3 OH groups,’

or (CH,).- pheny!ene-(CHz)p,

0 and p are mdependentiy 0-4;

X is COOH, CONHR,, NHCOR,, SO,0H, PO(OH)Z, O(CH?_-CHz-C))q
OHor tetrazol-s-yl

R, is H or {C,z)akky(;

R, is carboxyphenyl; -

qis 1-3; | _

ora pharmaceutically acceptable salt thereof, in admixture with -

phamaceutically acceptable auxilliaries.
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