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Agents for Drug-1nduced Neuronuscul ar Bl ock. The invention relates to

6- mer capt o-cycl odextrin derivatives, to their use for 5 the preparation of
a nmedi camén@1/403m6 t he reversal of drug-induced neuronmuscuPGF/EBAOGAREY and to
a kit for providing neuronuscular block and its reversal. A neuronuscul ar
bl ocki ng agent (NMBA, also called a nmuscle relaxant) is 1o routinely used
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non- depol meursimugcuBe fubel, i adhtp adttr orproviding megeknusculagbleck andist o
nicotinic acetylcholine receptors (nAChRs) at the neuronuscul ar junction
in a way "8V@8iS8r to that of the endogenous neurotransnmitter acetylcholine.
They stinulate an initial opening of the ion channel, producing
contractions known as fascicul ati ons. However, since 25 these drugs are

br oken doameurbshuseliaribletkinglapdny (ByVBAplaiste sabedise musthy mefexashnipar ed to
the very rapid hydrolysis of acetylcholine by acetégch,ol I nest er.gses, t hey
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for binding to nuscle nAChRs, but unlike depolarizing
NVBAs, thayscle movement1/NIIBAS PcTilsaesedlindbe earei ofgriticef-ilcpakigrts. They
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15  ventilation when sedation and analgesia alone have proved inadequate, and

to prevent the violent muscle movements that are associated with

electroconvulsive therapy treatment.

Based on their mechanisms of action, NMBAs are divided into two categories:
20 depolarizing and non-depolarizing. Depolarizing neuromuscular blocking
agents bind to nicotinic acetylcholine receptors (nAChRs) at the
neuromuscular junction in a way similar to that of the endogenous
neurotransmitter acetylcholine. They stimulate an initial opening of the ion
channel, producing contractions known as fasciculations. However, since
25 these drugs are broken down only relatively slowly by cholinesterase
enzymes, compared to the very rapid hydrolysis of acetylcholine by
acetylcholinesterases, they bind for a much longer period than acetylcholine,
causing persistent depolarization of the end-plate and hence a neuromuscular
block. Succinylcholine (suxamethonium) is the best known example of a
30 depolarizing NMBA.
Non-depolarizing neuromuscular blocking agents compete with acetylcholine

for binding to muscle nAChRs, but uniike depolarizing NMBAs, they do not



and hence prevent cell nenbrane depol arization, and as a result, the nuscle
w Il becone flaccid. Mdst of the clinically-used NVBAs belong to the non-

depol ari gi egory. These include tubocurarine, atracupj
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inhibitors as reversal agents leads to problens with selectivity, since
neur ot r ansapassiramumo( QI 948y hapses (both somatic and autononic) invol ving
the neurotransmtter acetylcholine is potentiated by these agents. This
non-selectivity may |lead to many side-effects due to the non-selective

activati ORBEH‘e &H&%@éh@%éﬂg parpatdfMhenaretodre he révirsaleiit of NMBAs

I ncl udi ng bradycardi a, pot ension, increased salivation, nausea, vomting,
abdoni nal iscofemgjivali & the patientdtdassishtieorenavieryt pb musHr: feiaios. iMogir act i ce,

t hese agents can be used only after or .together w th.he adn pis tion of
at ropil(hg commPrx 859 F%Y%f?@')gg%‘téﬁf%mp'g@'st GoricningsiePars PACHE:
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autonomic) involving the neurotransmitter acetylcholine is potentiated by
these agents. This non-selectivity may lead to many side-effects due to the
non-selective activation of muscarinic and nicotinic acetylcholine receptors,

20 including bradycardia, hypotension, increased salivation, nausea, vomiting,
abdominal cramps, diarrhoea and bronchoconstriction. Therefore in practice,
these agents can be used only after or together with the administration of
atropine (or glycopyrrolate) to antagonize the muscarinic effects of acetyl-
choline at the muscarinic receptors in the autonomic parasympathetic neuro-

25  effector junctions (e.g. the heart). The use of a muscarinic acetylcholine
receptor (MAChR) antagonist such as atropine causes a number of side-
effects, e.g., tachycardia, dry mouth, blurred vision, difficulties in emptying the
bladder and furthermore may affect cardiac conduction.

A further problem with anticholinesterase agents is that residual neuro-

30 muscular activity must be present (>10 % twitch activity) to allow the rapid

recovery of neuromuscular function. Occasionally, either due to hyper-

sensitivity of the patient or accidental overdose, administration of NMBAs can



cause conpl ete and prol onged bl ock of neuronuscul ar function ("profound
bl ock"). At present, there is no reliable treatnent to reverse such a

" pr of oung‘i%ﬁlﬁgﬂg. Attenpts to overcone a profound bl ock'g%woé]]q'?%’h doses
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for the rioyer | BOVERAIME Y RRURTRIGRY criftboGksiiBhg ifes Grbhed. The
use of ch ﬁﬁ’é@@ gﬁéltg%g?sy gg rev'eﬂrbggl agent3 for NVBAS hgs t he advant age
that tsheyrapge &ff eginpsmsn relatezt siongerthamcadt stimutdtionbaifh rdegtuiiar aad ng and
non-depol ari zing NVBAs. Their use does not increase 15 the |evel of

acet yl chomugearing re¢eitersor e t hey produce fewer side effects and none
associated with the stinulation of nmuscarinic and nicotinic receptors seen
with the AChE reversal agents. In addition, there is no need for the

conbi ned MSEuR{pe%rrh B&iaRt IAPIBhfiON 98IBL6M MACARZNGBBEL N.V( pthg usatafopi ne)
whil e the chemcal chelators may further be safely enployed for the
reversal @femical phelataradobkequestrantahps seversakagentsmas baen dirdlesssts, as

di sclosed in EP 99, 306, 411 re.elected fr | S nost |y
cycli & offemical Egﬁlﬁ‘gqfﬁdé:amgfén o OTRHB%N &?‘@F@??P;@’ﬂ’@ ;?%r ?F&?m_
| ncl usi ong ﬂﬂféc‘%&ﬁ%sofv%]h%édié’a%é%r%eg?éve@samu@mdud@d@mms@glaut i on,
e.g. cyclic oligosaccharides, cyclophanes, cyclic peptides, calixarenes,
crown et hglbek atstead@saribedn Tha5uss oécheniltal cheldtorkers reversabiagernts forH 0 H
OHHO- HOHnN n=6-9 L . .
NMBAs has the advantage that they are effective in reversing the action of
both depolarizing and non-depolarizing NMBAs. Their use does not increase
15 the level of acetylcholine and therefore they produce fewer side effects and
none associated with the stimulation of muscarinic and nicotinic receptors
seen with the AChE reversal agents. In addition, there is no need for the
combined use of an AChE inhibitor and a mAChR antagonist (e.g., atropine),
while the chemical chelators may further be safely employed for the reversal
20 of ‘profound block’. Examples of such chemical chelators, as disclosed in EP
99,306,411, were selected from various classes of, mostly cyclic, organic
compounds which are known for their ability to form inclusion complexes with
various organic compounds in agueous solution, e.g. cyclic oligosaccharides,

cyclophanes, cyclic peptides, calixarenes, crown ethers and aza crown

25  ethers.

The cyclodextrins,




3 WO 01/40316 PCT/ EPO0/ 11789 a class of cyclic nolecul es containing six or
nore a-D-glucopyranose units |inked at the 1,4 positions by a-linkages as

in anyl ose, and derivatives thereof, were identified in 411 as
partlculgrq‘{}“ﬁ%léful in the reversal of nmany of the comm]E‘Ff/Eg@Zlg 819

neur onusgulags %focﬁ)ﬂlé‘gné‘l%{?k% , coHtaifRCER & Fijréxm-glucspgianadser @ity oni um
pancur oni“uRy -vecuroni um rapacuroni um  m vacurium atracurium

(ci s)atr aaKéd Wb thicicd ydgifiens by adihkagescas an i araylose, fang d@vwaw f ound
t hat 6-nercapto-cycl odextrin derivatives havjng the Fﬁﬁner for rruLa I

CH2OH  Htltereotrwe® identifiegiiHER 993064 H gs @artipyaryHys e reve ﬁa mul a |

wherein m s O0-7 '
opti onal on 'Eﬁ%‘étqf Fe?mqﬁlfugggﬁ{grgwuéc&%r 3%@?% heny(?flene (CH2)P : o
and piare Qgﬁ&e”ﬂﬁiﬂ 126 PodiromfurX panﬁﬁﬁhurﬁﬂ\bﬁhroﬂﬂﬂﬁm@pammPo(O‘D2
O(CHZ(S:HZ%B or tetrazol - 5y|; Rl is Hor, (CL_3 R2 is
car boxyphmnaburlurq, a’saclummz@lsjatFQMFMCWWh%}m&c%@p SP raé'ﬁ'lets t her eof ;
are highly active in vivo in the reversal of the action of neuronuscul ar
bl ocki ng agents. No protection per se is sought for the foll ow ng
6- mer capt J) clodextrin derivatives having the
6- per-deéﬁ(}g%%mﬁ%i{W&‘r‘%‘ﬁ?ﬂtﬂ@?’?ﬁ?tg@ cycl odextrin and 4g

general formula |

10 Formula |
wherein mis 0-7 and n is 1-8 and m+n =7 or 8;
R is (C,)alkylene, optionally substituted with 1-3 OH groups, or (CH,),-
phenylene-(CH,).-;
o and p are independently 0-4;

15 Xis COOH, CONHR,, NHCOR,, SO,0H, PO(OH),, O(CH,-CH-0),-H, OH or
tetrazol-5-yl;
R, is H or (C,;)alky};
R, is carboxyphenyl;
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)—B-cyclodextrin and
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6- per - deoxy- 6- per - ( 2- hydr oxyet hyl t hi 0) -y-cycl odextrin, which are descri bed
by Lin ! Darcy, R (J. Chem Soc. Chem Comm 199 -205);

6- nono- g@’gg\}/_“%{] no- ( 2- hydr oxyet hyl t hi o) - [ 3-cycl odextri nfqu/a({@qq/lﬁg

di scl osed;_,By 4EUk-berfo- thyl 6 )-,-EPI8EriR lwhibhdke Heddribd989) . 5

6- per - degsx(/)-géc-jggirq%F aerﬂggx@r%t r?§/e| t%i o))fyR-gé/cl odgxi rin, which is degcri bed by
Gui Il o, RingtCaand CRuty, R.GueChelnSocCihem Bomr32998)(2),808-368), 1995) ;

6- nono- deoxy- 6- nono- ( car boxynet hyl t hi 0) - [ 3-cycl odextrin, which is described
by Akii e,6-monerdexy- ﬂn@m@-({@wroxygﬁwlt{\ﬁbzﬁ-%@é)%@@’)whwh is disclosed

oA, 65 di dBOIBRKeRL Bt LB SR ety e 1iISr: P48Q e daext rin, which are
gﬁzcrg?gghr-pgr-ﬁiee_i%@tpeﬂ(caﬂso ethylthidYB-crblelexBRc whidlBis distAbdd by, 1986;

eoxy-6-per- (2, 3-di hydroxypropyith io)-[3-cyclodextrin, which is
descri bedsbilo BReet alH(Bidl. Ghrein SBo¢. dShinGhmz 282 £8), B57(86&: H99Rks. 280, 315-

321, 1996).These priqgr art 6-nercapto-cyclodextrin.derjvatives have been 15
descri be -mpr}Oed@@mﬁ-mm%—(%ﬁfggéY'@ {hyﬂfgﬁ'lﬁ(?@oq?‘?‘qré%’c‘ﬁh'i°ﬁ§§éﬁ@gr'g?—gwever,

t he abov L1 ope rd Nt .+ tQygoy extrin derivatives do

bel ong tgmfnﬁg" Olﬂneqaa'i'p@{engfL%tﬁé@%ﬁggz’nt m@%%i’on which relates to the use

of a 6- megk epLQiders)-SResB bis[(sleaiboxyphenyithiol-gioyglddextireagéner al forml a |
for 20 the manufacture of a nedicanent for the reversal of drug-induced

neur ors cbA SB-tideoky-6/m6B s (cathsey methy tiel)-Praysiadextin, ayhiel 814 o

6- mer capt o-cycl odextrin .derivatives Vi ng. th e |, £ gr 25
wher ei n nigseribed by hubash, '1-e§a§r€%r ‘ﬁwn%eﬁ#‘éﬁﬁxzsi&éﬁ; %&oérn%d\lHCHB;
Ris (CL g)al kylene or. (£kt g)ggﬁ o )ng%?l, dwii i ndependent | y
0-4; or ﬁ'ﬁ’%ﬁ{%&%@@ﬂ%ﬁfﬁ%@ﬁpt {)éﬂgﬁt t glfgg%(?m'v“ﬁtl(ﬁﬂ?he excl usi on of
30 6- per - gerived-theBabr Hivr and SahidyohGonz4ldz cly c(GatbxRes.r280, 315-

6- nono- deoxy- 6- nono- ( 2- hydr oxyet hyl t hi 0) - [ 3-cycl odextri rh 6-£er -d

eoxy- 6- ped2{,2+99G)rThesetprigrtan é—)m%fcéptﬂ-@\tfé&fﬂ%tﬂlﬁ dgrivatives have been

15 described in relation with different utilities in each instance.

However, the above mentioned prior art 6-mercapto-cyclodextrin derivatives
do belong to the main aspect of the present invention which relates to the use
of a 6-mercapto-cyclodextrin derivative according to the general formula | for
20 the manufacture of a medicament for the reversal of drug-induced

neuromuscular block.

In one embodiment the invention relates to 6-mercapto-cyclodextrin
derivatives having the general formula |,

25  wherein mis 0-7 and nis 1-8 and m+n =7 or 8,
X is COOH, OH or CONHCH,;
R is (C,,)alkylene or (CH,),-phenylene-(CH,),;
o and p are independently 0-4; or a pharmaceutically acceptable salt thereof,
with the exclusion of

30 6-per-deoxy-6-per-(2-hydroxyethylthio)-B-cyclodextrin;
6-mono-deoxy-6-mono-(2-hydroxyethylthio)-B-cyclodextrin;
6-per-deoxy-6-per-(2-hydroxyethylthio)-y-cyclodextrin;
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6- per - deoxy- 6- per - (car boxynet hyl t hi 0) -[ 3-cycl odextri n;

6- nono-d - 6- nono- ( car boxynet hyl t hi 0) -[ 3-cycl odextrin;

6A, 6B- di ?Q@‘g’%ﬁ%s— bi s[ (o- car boxypheny! ) t hi n] - R-cycl odexPFTHFO%UHE?

6A, 6B-di @Péxaggx@_g; rCEMORGPASIRIIMIO L fLcyBbdextriaycl odextrin. 5 The term
en

(C1_6)al ky e as used in the definition of fornmula I neans a branched or
st rai ght @:hino-8éoa)-emona(darhoxyméthylthiopft@icddextrin,é carbon atoms, such

thyl ene, ethyl 1, 2-ethandiyl), 1-net hyl -1, 2-
ot haneal i, oBaiebRy PALB b By P B IIoHE B e y

1, 3- prop- anedi yl ") Iyl PRI ' and 1, 6- hexanedi yl .
The term%gﬁyﬁ'EHBXW?%I%&'Q'%@@%@"'M@% Jpﬁﬁe@rﬂgyﬂ\%l enci es of which can
be positioned either ortho, neta or para to one another. The term

(C1_3)al kyl nmeans a branched or straight chain al kgl group containing 1-3
carbon atThe,terme(Cpalkylene eahiyisedprinpiie definitieBppbpgimulas! TREaRer#n

car boxyphenyl neans a phenyl gr.ou ich is it . at qedt t he
ortho. . "iansera. sl ekt gocRerbiearerh 2Rl seliAfirdul® PSR no-
car boxyph r ' r GUBfanARER ibmdend (- onemla1 2-wher ei n
ntmis 7 %%Sdg’r”%a%@‘ggﬁﬁﬁ’ieﬁ Xlgcﬁ::leggéxt rin, ﬁfﬁ(@ﬂg\l\heréi n n+% Is 8 are
derived fétﬁﬁhéd?l’)?' Doeathyli-h2-2Pamedifler 2ddiaathyln2ethenediph ol Sypiabdext ri n
derivatives of fornula I wherein X rmaceutically

I.s COOH,. or a ph
acceptoabl anediyl 1t¢hbutesedivvoha-pentangqivang é,ﬁrtp@(a@_eﬁig?.capt 0-y-cycl odextrin
derivatives of fornula | i | ; ' ikyl i S
oo o5 e fern PPty Rar e § tivdlehEuiviel the iccivdleiby FAMANCAt F i he
i nvent i on, abesitnBaleitfiBPIhS; Meta bRpard foconyeahgtnerhi o- y- cycl odextrin;

6- per - deoxy- 6- per - ( 3- car boxypropyl )thi o- -cycl odextrin; -
6- per - deoXie feme(C( Jalkyreanp Baanchen pp styaigpt coagalkyl {@rogp containing

6- per - deoxy- 6- per - (4- car boxyphen nmet h 0-y-cvcl odextrin;
6- per - deokyd €A} @P-#Qméak%dﬁégwgp%i‘y't Rl -&%@é?%ﬁ%@"ri n; and
15 The term carboxyphenyl means a phenyl group which is substituted at either

the ortho-, the meta- or the para-position with a carboxy-group. The ortho-

carboxyphenyl group is preferred.
Compounds according to formula | wherein n+m is 7 are derivatives of f-

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

20
Preferred are the 6-mercapto-cyclodextrin derivatives of formula | wherein X
is COOH, or a pharmaceutically acceptable salt thereof.
More preferred are the 6-mercapto-y-cyclodextrin derivatives of formula |
wherein n is 8, R is (C,)alkylene and X is COOH.

25

Particularly preferred 6-mercapto-cyclodextrin derivatives of the invention are
6-per—deoxy-6-per-(2-carboxyethyl)thio~y-cyclodextrin;
6-per-deoxy-6-per-(3-carboxypropyl)thio-y-cyclodextrin;
6-per-deoxy-6-per-(4-carboxyphenyl)thio-y-cyclodextrin;

30 6-per—deoxy-6-per—(4-carboxyphenylmethyl)thio-y-cyclodextrin;
6-per-deoxy-6-per-(2-carboxypropyl)thio-y-cyclodextrin; and
6-per-deoxy-6-per-(2-sulfoethyl)thio-y-cyclodextrin.



6- per-d eoxy-6-per-(2-su Ifoethyl )th io-y-cyclodextrin . 6 WO 01/40316
PCT/ EPOO/ 11789 The 6-nercapto-cyclodextrin derivatives of formula | can be
prepared by reacting a C6-activated cyclodextrin derivative of fornula |1
wi th an WDIyMex6ol , arylal kyithiol or arylthiol derivatiRE/ERMNAEBPONdI ng
to HS-R- X, wherein Rand 5 X have the nmeaning as previously defined, in
the presence of an inorganic or organic base. &Y CH2ZOH HOHH OHH OHH
0 n H OHplOd ﬁ%ﬂ%ﬁt@-éyblo%gfrm ’Eie?‘\/éﬁvé% é{ f8rrh§la1r E%3an”15@ preated Sppnd Y is
a |l eaving group urlc ester or a

sul f oni ¢ restig bUDEEctvatedi @ydﬂdéxtms denVatarpI @ﬂfermalmli;wlm aheaila}dthltblonat e or
atriflate. Conversely the mer capt o- cyclodextrln ?% tives of ornmul a |
can al so aﬁ;‘la”ﬁo’r‘tbmpé@fﬂ%'@le@%"ﬂ\(a’i@{eaPCK[Q%’PBF““)g toght-P MaHERiny R rivative
of formula,l]]l vvlth | i | kyl

hal i dg. & pove i fagay g%ilr%rf*gﬁ% v b G, phui %regcl?ﬁfg‘% é’z%é’n'ﬁsf%ﬂ%bi- X- R
wher ei n 5rgZnidkhs@. have the neanings as previously defined, or with a
doubl e bong cont ai ni ng reagent, e.g., Vinyl alkane acrylate, etc., or an
epoxi de in the presence of aHomorganic wcmganl ¢ base. C SH CH20OH HOH
HHo mn HOHHOH 20 For IaIII V\,herel mis 0-7, nis 1-8 mn = 7 or
8. 7 WD 01/40316 PCT/ EPO HAl t er nEltA ve theS|s routes for the
preparation of the 6-nercapthh- cycNodexti ati ves_of the invention

n

Formula Il wherein mis 0-7, nis 1-8, m+n =7 or 8 and Y is a leaving group
which can be a halide (Cl, Br or I), sulfuric ester or a sulfonic ester function,

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

Conversely the 6-mercapto-cyclodextrin derivatives of formula | can also be
prepared by reacting a 6-thiol - or p-cyclodextrin derivative of formula 11l with
an alkylating agent, e.g., alkyl halide, arylalkyl halide, alkyl sulfonate, arylalkyl
15  sulfonate, corresponding to Y-X-R, wherein Y, X and R have the meanings as
previously defined, or with a double bond containing reagent, e.g., vinyl

alkane, acrylate, etc., or an epoxide in the presence of an inorganic or organic

base.

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



t he derivatisation of cyclodextrins is well docunented (see for exanple:
Conpr ehensi ve Supranvol ecul ar Chem stry, Volunes 1-11, Atwood J.L., 5 Davies

J.E.D., cNicol D.D., Vogtle F., eds; Elsevier Science ford, UK
1996). P %@%ﬁt ically acceptable salts of 6-nercapto- c;%&fﬁ%@aﬂsﬂ
derivativ : L.l ' rﬁf@-n?e% IcSodt&tGh 9r oup
COCH, theﬁﬁ;rﬁ&’g\(ﬁ %k@@ﬁﬁ%lsargl gfr%(lr)m) Wéﬂp osphonlg%%é%:){cgo group PQ(OH) 2
or the teddriativedof thgimhtionare kaoot tai thedskilled pembnnheluheadstdy wf t h an
organi c base or a mneral base, |like sodium, potassium_or lithjium

hydr oxi detheTHerieatiggtionp ob-aygladeatsins: ish wall dpstmesded dsegniar nexPecal | v
t abl lts 15 | . ' i i
oGt ob. 6 Rendon Sy ANAbETeL e o) ol A ARG Lon, e

: _ i'on’route can be Intravenous,
subcutsanegygiesi NERIMABNicoll DID.aVegle! Rl edsOEIdevigraSeiehes iLtd., Oifierd,
I ntravenous route is the preferred one. The exact dose to be used wll
necessar i UK, h89@eppendent upon the needs of the individual subject to whom
t he nedi canent is being adm ni stered, the degree of 20 nuscul ar activity to
be restored and the judgenent of the anaesthetist/critical- care
specialis ! i Galts ¥F @iméreapfeytic@éxtahalathatisedfloft he
I nventi on'%)h 'Eﬁé#%g@gﬁgeﬁggaﬁyx? ng of the cheﬁi cg)f’e chelator with the blood
during diferysis lowhbreinngK plepsesmiterthei sarbhexyit sacidogrewmp| @OSH, 28eIn a
further aspect the inventign relates to g kit for provigdj eur scul ar
bl ockl(andsulpbomlév@@'ga@r%@nﬁﬂzgihgt @ayﬁas %rﬁ%%ﬁavpd?@@gﬁg?goégﬁﬁt , and
(b) a 6-7aBrcapko; ' LYy tﬂ@@{edéaav&'m g5 oRgaic baseul a |
capabl e o&ra%tzﬁ&hgy@%ﬂﬁﬁ bho%sbgﬁégﬁpwgéaw tth t he neulrormsgjl ar bl ocking
agent . W gg finkidl bage okl seditm-{ prtassivantdrdithius meloxide. f or nul ati on, which
cont ai ns separate 30 pharnmaceutical preparations, i.e. the neuronuscul ar
bl ocki ng agent and a 6- nercapto-cyclodextrin derivative of formula I, i.e.

th I t. . Th ts.. i t q
Soquent | aThs oPeRtantie Vo taR BT ke M e B it certafie s Uoe
bl ocking é‘.gg&baﬂe%_tﬁeféd?j ol 280N tie verbbe Gre aBmIgietbrot eaeaiteralyhiTab i s

fol | oved, a point in time when restoration of nuscle function is
r equi r ed, infyctioheroatircan dter intriavenais, tsubcutansosis| initpsiermal, istraruscwar.capt o-

or intra-arterial. The intravenous route is the preferred one. The exact dose to

be used will necessarily be dependent upon the needs of the individual
subject to whom the medicament is being administered, the degree of
20 muscular activity to be restored and the judgement of the anaesthetist/critical-
care specialist. Extracorporal application of the chemical chelators of the
invention, for instance by mixing of the chemical chelator with the blood

during dialysis or during plasmapheresis, is also contemplated.

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 6-mercapto-cyclodextrin derivative according to general formula | capable of
forming a guest-host complex with the neuromuscular blocking agent. With a
kit according to the invention is meant a formulation, which contains separate
30 pharmaceutical preparations, i.e. the neuromuscular blocking agent and a 6-
mercapto-cyclodextrin derivative of formula I, i.e. the reversal agent. The

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



cycl odextrin deivative of the present invention. 5 A preferred kit,
according to the invention, contains a 6-nercapto-cyclodextrin derivative

of formul a | a neuronuscul ar bl ocking agent which is fromthe
group ché’.“éf“ﬁﬁg of rocuronium vecuroni um pancuroni um Ff&gé@ﬁ?@ﬁi um

m vacuri " hg&&\?} %{Bck{r@ ayehi ACHAMINTbteratP @6 W subjeet Andedd thereofet honi um
A particularly preferred Kit~of the invention conprises rocuroniumas the

neur onusGyhieh id!folldied atge maintMnxtichewivhin plestaratienof davussle Sunetign és

auxiliaries and pharnmaceutical ]y suitable |iqguids, e.g. Lbed in

t he stande@udirgdf Veﬂ‘@e,ad@ﬂ‘ﬁﬁﬁﬁg%t&aihe, re‘i%"sﬂgrﬁ%&t’ohes aP%%W%gé%ﬁ;}P i cal

Sci ences, 8th,ed,,. | 1 shi y, 1990, Part 8: Pharmaceuti cal
Rl AR e e ket

Prepar at i ure; see especially Chapter 84 on
"Parenteral preparations, pp. 1545-1569; and Chapter 85 on "Intravenous

adm xtures", pp. 1570-1580) the 6-mercapto- Qéd o(%extri n derilvcgt itv S can be
appl i ed i/ préferredrkit, @tcarding ta theninventipn. (onta|ag a Gme[capip-¢YGAPty
preparation, Alternatively ' ; IWhieR ig®|ded@r esent ed
" uni ¢ - diRvatiye Pwulads%n&c53}63?‘2‘@‘9??@%?@%’%?@&% 6d vials and

anpoul es, c.and WRY {BupSic@nsrtihg ff reeaenilm edvéduyopinm,i sEaficucamUiT.i on
requiring only the addition of 25 the sterile liquid, carrier, for exanple,
wat er pr i rapatararsem, Tinevacotient | aiiacuiumMer(CisRIAEUNY dueecHadte aaf

formul ati on, as herei nbef or descri he i D C l.patd Lt in

mat er 10l SUXAB@INENIER. & Eﬁfﬁewﬁﬁ}SsPﬁqﬁﬁ?d;ng{gﬁb a&‘%@t'@&t SoRifiees 19, ng

I nstructig t @ékrﬁg)' hon f th h I nbef
df_°%§”£@>[’6‘1$§8@§e@%ﬁm”'a%' Roshéh or e use as hereinbefore

descri be EPOO/ 11789 ~ The invention is illustrated in
the follow ng exanpl es. Exanple 1. _ _
gog/b Ngo- %&g%@%g%&%;%ﬁﬁ%ee)é&il?ér%/éscgr? Bﬁgrxrﬁé(':enutic%ﬁ)g 'sHﬁéﬁl@l t

liquids, e.g. as described in the standard reference, Gennaro et al.,
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
Chapter 85 on “Intravenous admixtures”, pp. 1570-1580) the 6-mercapto-
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 unit-dose
or multi-dose containers, for example sealed vials and ampoules, and may be
stored in a freeze dried (lyophilised) condition requiring only the addition of

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

The invention further includes a pharmaceutical formulation, 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.



HH OHHOHHCO47 O HOdHOH 5 To a round bottom fl ask contai ni ng
pyridine (120 m) was added dry y- cyclodextrin (2.0 g, 1.54 mml) under
nltrogen at _room tenperature. After dissolution, 2- napt EH %gn
chlori deYPPIBBIG 4. 64 mol) in pyridine (20 m) was {8 mixture
stirred Hep u?v‘en on @mgﬁ kR roNeiRG ekaBplt) and evapor ated 10 to dryness
to | eave crude 6-nono-0O - napht hal enesqu onyl )-y-cvcl odextrin. Sodium
hydri de (0.38g, 15.83mvl) was suspended in dry dinethylformamde (20m).
4- Mer captﬁben@ohc acid (0.7g, 4.55mmol) was then added to the suspension
and the ‘g mxture was stirred for 20 mnutes y- Cycl odextrin

nosyl at e gBloRG-dedxyLEmmavio)(4vmeboxsiple eyai| adidmisall r eacti on 15 was
heated to 100C for 90 m nutes. After cooling, acetone was added to
precipitate a solid, which was reprecipitated wat er / acet one. This was
t hen dissolved in water (20&% pH adj ust e¢ Qlfdi ng 2N

hydrochl oric acid, then tographe"(’jzcon a \---. DEAE A-25 col um.
Approprlatefractlons we, then precipitated, tw ce
fromwat er/acetone to gi rled conmpound. 'H NWMR in DVSO
8 7.4 to 7.8 (ArH), to 4.0 (29 H), 3.7
to 3.4 (17 H), 3.25 and 127.5 (ArQ),
103.3 and 102.9 ( , 73.8 (C 3), 73.5 (C
2), 72.2 (C5), 70.8(C5")/) 60 19 (C6),
[ MFH + _ 1455.7 nd [NHNaT'+ O%477. 7. 16 Wb/ 40316 |PCT/ EPOO/ 11789

Exanpl e 2. 6-Mono-|deoxv- 6- nono- ( 2- car boxvphenvl )t hi n-y+cvcl odextrin, sodium
salt sNaQ2C CH2ZOHHZC S b WOHHOH H

To a round bottom flask containing pyridine (120 ml) was added dry v-

'[|e

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 mixture stirred for 24 h. Quenched with water (50 ml) and evaporated
10  to dryness to leave crude 6-mono-0-(2’-naphthalenesulfonyl)-y-cyclodextrin.

Sodium hydride (0.38g, 15.83mmol) was suspended in dry
dimethylformamide (20ml). 4-Mercaptobenzoic acid (0.7g, 4.55mmol) was then
added to the suspension and the resulting mixture was stirred for 20 minutes. y-
Cyclodextrin nosylate (3.2g, 2.12mmol) was added to the mixture and the reaction

15  was heated to 100°C for 90 minutes. After cooling, acetone was added to precipitate
a solid, which was reprecipitated from water/acetone. This was then dissolved in
water (20ml), pH adjusted to 7.0 by adding 2N hydrochloric acid, then
chromatographed on a Sephadex DEAE A-25 column. Appropriate fractions were
combined, dialysed, then precipitated, twice from water/acetone to give 400mg of the

20 titled compound. *H NMR in DMSO 8 7.4 to 7.8 (ArH), 5.0 to 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 6 129.9 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), 70.8(C 5'), 60.6 (C 6), 34.3 (C 6) ppm. Electrospray MS [M+H]" =
1455.7 and [M+Na]" = 1477.7.

10



OHHO 7 O HOHH OH Sodi um hydride (60 %dispersed inoil, 0.18 g, 4.5
nmmol ) was added to 5 thiosalicylic acid (0.34 g, 2.2 nmmol) in DVF (25 m)

in one portion and stirred at room tenperature for 30 min. To this was
t hen add® W3%r ude sol uti on of 6-nono-O (2'- PCT/EP00/11789

napht hal %nggllgznyl)-y-cvcl odextrin (2.5 g, 1.45 mol) in DVF (15 nl) and
heat ed t for 24 h. The m xture was cool ed and quenched wi th water
(20 n) Ekone-deexaponaio @ecarboxyplyerethio-\Aayeiedeaxtiio. sediumsdited to t he resi due
and the resulting 10 sol ution was poured intlga(?%etone (250 M) to effect
precipitation. The resulting solid was colleci®eq by filtration and
dissolved in water (10 m) before passing through=\ Sephadex DEAE A-25
colum eluting with water t 2 N Na Er containingthe
product were conbi ned and e me/and di al ysed (MACO
1000) by changi ng the extgy .yl nternal solution was 15
evaporated to | ow vol une a (100 mM). Solid was
collected by filtratio to leave the title
conmpound (235 ny) as

Ar-H, 5.14 (8 H m[ Cy

CyD 3,5,2,4,-H), 3.70-3.61 (

C55H83NaOm41S M 1455.304. Exanple 3.
6- per - deoxv- 6- per - ( 3- car boxyphenyl )t hi o-y-cvcl odextrin, sodiumsalt 11 WO
01/ 40316 PCT/ EBSHrh 1R@%Fide Q68NA tiispersed n Gil.SOHBQ,H.5HNTIHVES &added to

5 thiosalicylic acid (0.34 g, 2.2 mmol) in DMF (25 ml) in one portion and stirred at room

temperature for 30 min. To this was then added the crude solution of 6-mono-O-(2’-
naphthalenesulfonyl)-y-cyclodextrin (2.5 g, 1.45 mmol) in DMF (15 ml) and heated to
70 °C for 24 h. The mixture was cooled and quenched with water (20 ml) before
evaporating to dryness. Water was then added to the residue and the resulting
10  solution was poured into acetone (250 ml) to effect precipitation. The resulting solid
was collected by filtration and dissolved in water (10 ml) before passing through a
Sephadex DEAE A-25 column eluting with water then 0.2 N NaOH. Fractions
containing the product were combined and evaporated to a low volume and dialysed
(MWCO 1000) by changing the external water four times. Internal solution was
15 evaporated to low volume and poured into acetone (100 ml). Solid was collected by
filtration and dried under vacuum at 70 °C to leave the title compound (235 mg) as a
white solid. '"H NMR (D,0) & 7.50-7.10 (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 3,5,2,4,-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 CssHgsNaO,,S M 1455.304.

Example 3.
6-per-deoxy-6-per-(3-carboxyphenylthio-y-cyclodextrin, sodium salt

11



H OH Tri phenyl phosphine (30.1 g, 15 eq) was dissolved with stirring in dry
DVF (160 mM). To this was added iodine (30.5 g, 15.6 eq) over 10 min. with

heat evo y y- cyclodextrl n (10 g, 7.7 nol) was t nd t he
m xt ure b(éé"ﬁgﬂ ed to 70 C for 24 h. The m xture was alrf‘g{@]gﬂ%ﬁgm?ool to
whi ch sodi um et hoxi de (3.1 g sodiumin 50 ngofet hanol) was added and the
m xture was stirred for 30 mn, before pour ng onto net hanol (800 m) and
evaporating to dryness. To the residue wg sdded water (500 m) and the

solid was collected by filtration angs ith water (3x1 00 m), then

acetone (3x1 00 m), and dried unéigl vacuul t 70 Cto give 6-per 1o
deoxy- 6-per-i odo-y-cycl odextrin as p yellow solid (16.2 g) which was used

without further purification. Tols Ut on of 3- mer capt obenzoic acid (1.0
g, 10 eq) in DVF (30 mM) was ad Sodi-ym hydri de dispersed in oil
(476 ng, 22 eq) portionw se ovetr” 3 i xture was cool ed and

6- per - deoxy- 6- per-i 0do-y- Ccye r.&9)8n DMF (30 m) 15 was added.

The m xture was then stirre he m xture was allowed to
cool to roomtenperature and quenchied vwH h the addi ti on of water (20 m)
before evaporating to a |aw voI ume. The sol utign was poured into acetone
(500 M) and the precipitate—was—co < iltration, dissolved in

water (20 m) di ter four
times. Interna r'&lﬁ”éﬂ@%?&w\%es %@vépor tv\p% §Q§§]gévéq\q/’g i ﬁ (ﬂgur% into
acetone (A%0 m.)To thRewsohddbdibeioe (B0 atgewm)men e@rrwd vio;h tidatt Bvdwd)n and
dried under vacuumat 70 C_to afford

h
white sol P y-eyslogextrinpi§) 9. - ﬁmmlk‘gaﬁaheg‘rt ed'@rndﬁ}%gprg&@%e S««@s a@g ¥ - 6.0

m o5 5, B2 i 4 The Byl ks afonke olhath 5w R S0 6. 1

25 3. 24- 3s@burfidn B mmmemncﬁ)was adge@car\ddbpmyum wag sigjredsfor éP W'th(%f%ru 2-,
coL e o SRS T B SR R e
salt  COZbdedSwater (500 ml) and the solid was collected by filtration and washed with water
(3x100 ml), then acetone (3x100 ml), and dried under vacuum at 70 °C to give 6-per-
10  deoxy-6-per-iodo-y-cyclodextrin as a yellow solid (16.2 g) which was used without
further purification.
To a solution of 3-mercaptobenzoic acid (1.0 g, 10 eq) in DMF (30 ml) was added
60% sodium hydride dispersed in oil (476 mg, 22 eq) portionwise over 30 min. The
mixture was cooled and 6-per-deoxy-6-per-iodo-y-cyclodextrin (1.4 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 quenched with the addition of water (20 mt!) before
evaporating to a low volume. The solution was poured into acetone (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 was
20 evaporated to low volume and poured into acetone (250 ml). The solid precipitate
was collected by filtration and dried under vacuum at 70 °C to afford the title
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, Ar-H), 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 1190.6 for [M-8Na+6H]?*, calcd for
Ci04H104Nag0,4Ss M 2562.39.

12



C HOH 8 H OH 3-Mercaptopropionic acid (1.22 m, 14.0 nmmol) was dissol ved
indry DMF (45 5 m) under N2 at roomtenperature. To this solution was
added in three portions sodiumhydride (1.23 g, 30.8 QT@M d the

mi xt ur e WRLB1% red for a further 30 nin. To this nixtu W&h added
dropwi s mQkytion of 6-per-deoxy-6-per-iodo-y -cyclodextrin (3.12 g,
1.40 m% m dry DMF. After addltlon the reaction m xture was

heat ed af-PéBdeoxyei-pé BOXYE Gt g was added to the 10
m xture and the vol unme was reduced to 40 m |nC o, to which ethanol (250
m) was added resulting in preci pltatlgn he "sél'id precipitate was
collected by filtration and dial ysed b 36 h. The vol une was then reduced
to 20 M in vacuo. To this was add&e? et hanol, and the precipitate was
collected by filtration and dried t t{u title conpound as a white
solid (1.3 g, 43%. 1H NWR D20 8 2. m 16H); 15 2.84-2.88 (m 16H);
3.00-3.02 (t, 8H); 3.11-3.14 (t, 16H); 3.92- 3.97 (m
8H); 4.04-4.06 (m 8H); 5.19 ( ion at 2024.9 nil z.

Exanpl e 5. 20 6 Per deoxv- 6- g&ntyB) thi o- Y- cvel odextri n,
sodiumsalt / S CO2Na HzZC [HOMH H H OH 13 WO 01/ 40316

PCT/ EP00/ 11789 The title conpound wal prepared in a simlar way as

descri bed for Exanple 4 by regacting 6-nercaptohexanoic acid (1.34 g, 0.90
mmol ) with 6-per-deoxy-6-per-_10do-y-cyclodextrin. 1H NVR D20 6 1.40 (s,

16H); 1.57-1. LN tt MR D20
2. ?5- 2.90 (m gg\dé“’a%@%'dbm% efd @‘ 22r{,m4.0 Aorid)) was €igs n(dny M?H-M

8H) : 3. 8miBueder(iy; ate&m tsmmﬁra{lge §P+)th1§p?ﬁ%u"l9@ ‘#?éaﬂi’%{bé“ é’?re’ia‘%ﬁ“ﬁ‘
sodium hydride (1.23 g, 30.8 mmol, 60%) and the mixture was stirred for a further 30

63 (m

min. To this mixture was then 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 cooling, water (10 ml) was added to the

10 mixture and the volume was reduced to 40 ml in vacuo, to which ethanol (250 ml)
was added resulting in precipitation. The solid precipitate was collected by filtration
and dialysed for 36 h. The volume was then reduced to 20 mi in vacuo. To this was
added ethanol, and the precipitate was collected by filtration and dried to give the
titte compound as a white solid (1.3 g, 43%). 'H-NMR D,O 8 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 +ion at 2024.9 m/z.

Example 5.
20 6-Per—deoxv-G-per—(S-carboxvpentvl)thio—v—cvclodextrin, sodium salt
V , S \/\/\/ COzNa
H,C
H O H
H
OH H
o~ |8
H OH

13



2213, 2065 and 1919 nmz Exanple 6. 6
Per - deoxv- 6- per - ( 3- car boxypropyl )t hi n-y-cvcl odextrin, sodiumsalt S COZNa
HZC HQHH HO HOH 10 The title conpound was pre i simlar
way as d%@c”r”f'??ga for Exanple 4 by reacting 4-nmnercapt obuﬁ%ﬁg‘)ﬂgaf@%l. 10 g,
0.009 ol ) Wik ReNImEtRAd Wa -phesarb @M Similacysy asleedoribed fokHxiMpIeD20 6
1.87-1.88 (m 16H); 2.27-2.30 (m,  16H); 2.;67-2.7)11“&m 16|—2; 2,98 -3.00 (m
8H): 3. 1ty remcting Ermergpptohexapeiczadid ({3 ad-H0 mmgl Wiho&ppRICOVD-REF) . 5. 21
(s, 8H ppm iR : Z 46X MY £64 (m, 32H); 2.17-2.21 (m,
e@gwé'_;/goﬁéﬁhn. g)f}uyr%trﬁzy%f?ﬂ&dﬂs, , 4(m, 32H) (

6- Per-d er-carb | 0-y-cvcl odextrin, sodiumsalt S CO2Na
1-12C H @Hj; bl67Cbo1(0, 16H)D2.8532.80 dinu BHiy& 1 5-820( (60 %I 358rS$D (M. 8B4g,

8. 60 I ded .t ' ' f t t
(o. 9zt 380 2chamin) S SFS 3o Timath (& Bl Y A T RBB6 A 1 5o
ni trogenasis LS LAENPES @faire. After effervescence had ceased (15 min),

per-6- deoxy-per-6-iodo-y-cyclodextrin (2.17g, 1.00mvl) was added to the
system After a further 5 mn, the tenperature was raised to 70C and the

reacti OnEX\Qﬁlglla%f.t W th
6-Per—deoxy-6-per—(3-carboxvpropv|)thio-y-cvclodextrin. sodium salt

S _~_CO:Na

H,C
H O H

H

OoH H
o~ 8

H OH

The title compound was prepared in a similar way as described for Example 4

i0

by reacting 4-mercaptobutyric acid (1 .10 g, 0.009 mol) with 6-per-deoxy-6-per-iodo-y

-cyclodextrin. 'H-NMR D,O & 1.87-1.88 (m, 16H); 2.27-2.30 (m, 16H); 2.67-2.71 (m,

16H); 2.98 —3.00 (m, 8H); 3.13 -3.16 (m, 8H); 3.61-3.63 (m, 16H); 3.94-4.03 (m,
15 16H); 5.21 (s, 8H) ppm. MS FIA +ion at 2138.8 m/z.

Example 7.
6-Per-deoxy-6-per-carboxymethylthio-y-cyclodextrin, sodium salt
p S ~ CO_Na
H,C
HA/—OH

H

OH H
o~ 18

H OH

Sodium hydride (60% dispersion, 0.34g, 8.60mmol) was added to a stirred

20

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

14



stirring for 17h. After cooling, DVF was renoved in vacuo. Methanol (50nl)
was 5 added and a creany white solid slowy crystallised out of solution.
This was filtered off under suction, washed with nethanol and dried to
gi ve 6- p¥O H&9316- 6- per - car bet hoxynet hyl t hi o-y-cycl odext r PATEE0G1138 i d

(1.74g, 829 8 d6 d 4 95 8 H 3., 5 (16H,

q, 8 X CHE@F%% %{‘ ?fﬁé%e?eg’b %Z%‘H%Q%E% Q % 5 32H, bs,
8 x CH2S(@ddky- p@r—BQodb }LGyc(lcﬁié,xtrm) (2. 2799 5-00nfol) ¥k atified tolﬂhelsy%&anﬁ 2MNfert, 8 x
CH2CH3). To 1 M solution of sodiumhydroxide (7 m) wa

6- 8er hde@Wpérm'neﬁ}%@ﬂm#H@t‘H% faipest tp- @/@I %W@rﬁeﬁm{oi‘ ‘G@ij lefigwilty ol )
t h, th
2Inear golrsﬁﬁf %\?\A‘gﬂglﬁéér \ggﬁhgort_[ﬁ?\gls'idars BholoPh D&éﬂ&erﬂkﬂ{a‘ﬁol (%fohﬁ)'w% e

water (2 bei ng ced every
2h. Afst eraddedsartdl arereaMyeNhiMCéidtsdDVdY ctwselltsealoys o’ssclwlctruﬁhﬁg/vwaﬁlt%ﬁ@t i ed

t fl t d d
whi v sol 9 RS SHecR, o PR RS eadtCy ofbd yBlold Sebbiicon Pl e 2502
(8H m, é’arQ&hé etﬁ’ﬂho {ﬁcyc&ode&tdm akd) ,so[Bj 0748 Iﬂ,2°/dd§,,(d6rd4&o§ 4&5 4.88), 3.20

ngl d?_c/qeg ™3 &gggnpﬂlczc AEQ ,Qﬂplﬁ7l-§ céS xlgéZCHa) 3. 8§ -3. 7753 9-! m) 3. 6’0 37%0 39.0,

6- Per - deo P8I hodert m) 2 osodsumsah), S\ /
CQOZNa HZC?%O?P)H%@ #%Gggégwus?%ﬂﬂﬁzngﬁe?ggobgnz0|I(): acid (8(5?6 rrg% in DMF

(30 Mo whgo4garted, $8%H.LH:ks0di um hydride dispersed in oil (372 np)
portionw se over 639' ilkion T8 h de‘ﬁ&@ro‘ﬂﬁ%lﬂrﬂglv@% AdYLq 6-per-deoxy-6-per-

per - 6- deoxy- per - 6- brono-y-cyc rin was added 1 n one portion
and the %afbethexymah)ﬂthld-v-eybIMexm (@.00gy 02Zmmol)Tarel the xeaationweas albweded t o

cool to roomtenperature and e e th t addt e 20
before 11 %8@Igé)tbéﬁfﬁg@éﬁtfﬁpd’g%iEggvgtﬂe\ié\g\%&PEﬁ'ﬁd"alﬁo '%ysfeoc(l\} W%f‘ Wg" The )
sol ution r ROYY 6&lnd ReRa&idhanty dn2SAstet )hléilﬂdmt imae c@ﬂit@ﬁlsp@ﬂ thicedingsis

collected by filtration, dissolved in water and dla@/sed 'Hé

1000) 19y &hinggivag emsiedxinier Adlastizanst WﬁEﬁJreV@Pﬁ'@éed rw@?lﬁ’alg“é d6¢ d
compound as a white solid (0.62g, 64%). 8,(D,O) 5.21 (8H, d, 8 x anomeric CH),

4.18-4.05 (8H, m), 4.00 (8H, dd), 3.78 (8H, dd), 3.70 (8H, dd), 3.40 (16H, dd), 3.20
(8H, d), 3.02 (8H, dd). ;(D,O) 178.1, 101.6, 82.8, 73.0, 72.7, 71.8, 39.0, 34.1
LC/MS TOF 1889 m/z

20
Example 8.
6-Per-deoxy-6-per-(4-carboxyphenyl)thio-y-cyclodextrin, sodium salt

S COzNa

/

H/A—OH

i

To a solution of 4-mercaptobenzoic acid (856 mg) in DMF (30 mi) 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 stirred at 70 °C for 24 h. The mixture was allowed to cool to

room temperature and quenched with the addition of water (20 ml) before

15



evaporated to | ow vol une and poured into acetone (250 m). The solid
precipitate 5 was collected by filtration and dried under vacuumat 70 Cto

afford the title conmpound (1.2 g) as a white solid. 1H 43K) 8
7.70 (16VROV@0319 - g 1 7, Ar-H), 7.23 (16 H, d, J =7 %Pﬁ}) , 5.15

( 8 H SH?\%@ %gﬁ)tg a._lo%o%@% 'I(gk%dﬁjtlomwas@daréd ﬁfté"lethaﬁoﬁ(?sﬁ mpandthed, m CyD

mz 2383 M Nab+H6] ,
cal cd fopre@[tﬁléidl%blam% v FiteHtion9 disBolvEst fpwaten. (28 mbr and ialysed

DL S TGP O B papa sl S |

4- mer capkeapteatel ac edbw @ommaja.@dﬁomqas into MneE(QSmn)l) wdibe stlid ackdipita®0% sodi um

hydride in oil (22 eq) rti onW| se, ov 30 _mn. t ool ed and
per - 65 de¥@§- ‘H&'Pc@dbt%rﬁﬁ'p"’\(})‘oﬁy@ Laesd r“inﬁer Yag''y) %s agdeeédg{foﬁrdgﬁg tl|o’[gert i on

and the ghyhyhfy ¥WesS gfhs érmﬁﬁke%anOH@mmr(D% $143KWE7 mmmHedws gad Hewed to
cool to roomtenperature and quenched with th i tion of water (20 m)

before év#or.asi(hgH. d. d 4 6w HI?OIAJTlfﬁz 5Tﬁé8é‘blsulqy9n1\'ﬂﬁ’s4 PP8rP8dartedni nt o
t 0 § I gt f
St pende IR B SpobS3 A e Aot BRI R an iﬁeﬂhyﬁme

ext er nal myate83.7dor [M-Nagtd], Icalcérfwra@1o4bla)hl‘&aaifbg$a “\0\/@55% porated to | ow vol ume
and poured into acetone (250 m). The solid precipitate was coll ected by
filtri8tion and dried under vacuumat 70 Cto afford the title conpound

(1.44 9) Bampledite solid. 1H NMR (D20, 343K) 6 7.15 (16 H, d, J = 25 8.0

Hz, Ar-H), 6.99 (16 H, d, J = D 1-H),
3. 90- 3. 78-Pamdeoxy-bnperdy L-"' AU 3 . -H), 3.28 (24
H m CH2-Ar, CD©6 - H, 3, 15 3. 10 (1 m Q/D 6- H) ; |\/ALD| -TOF mz 2495.8

for [MNab+H6] calcd for C12H120§|a Y &_@Ezblqa 16

ﬁ@ﬂ

To a solution of 4-mercaptophenylacetic acid (10 eq) in DMF (50 ml) was

15 added 60% sodium hydride in oil (22 eq) 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 stirred at 70 °C for 24 h. The mixture was allowed to cool to
room temperature and quenched with the addition of water (20 mi) 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 (250 ml). The solid
precipitate was collected by filtration and dried under vacuum at 70 °C to afford the
titte compound (1.44 g) as a white solid. 'H NMR (D,0, 343K) 6 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, CyD 1-H), 3.90-3.72 (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+Hg], calcd for
Ci12H120Nag0,45Ss M 2674.6.
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WO 01/ 40316 PCT/ EPOO/ 11789 Exanple 10 6- Per-deoxv-6-per(3-a

m dopr opyl )t hi o-y-cvcl odextrin S \//\CONH2 OO,0 HH O8 5 To a
m xture - - deoxy- 6- per-thio-y-cyclodextrin (500 ny; S
descri be&%ﬁ”&?gﬁrpl e 17) and potassiumiodide (5 ng) in Dﬁ’/grrgﬁ%g&ﬁqf@was
added 4- chl orobutam de (673 ng; Fries et. al. Biochem stry 1975, 14,
5233) . Capgimple 1@ar bonate (1.8 g) was added and the reaction mxture was

heated to 60C overnight. The resulting m xture was poured into acetone,
filtered, SvEestdeaxubioer@amidenronyhihiag-cgledextdhd t hen dried in-vacuo (118 ny;
16.2% . 1H NVR (DMSO'D20) 8 4.9 (1 H, s), 3.8 (1 H mM, 3.6 (1 H mM 3.4
(2H, m, 3.05 (1 H mM, 2.85 (1 . H m, 1.75 (2H m.

El ectrospray Mass Spectrum MH z) 21057 fanpl e 11. 15

6- per - deoxy- 6- per ( 5- hydr oxy -pentyl)thio-y-cvclodextrin. S0 OHO O
HHOB8 2-(2-Mercaptoeth 1.4 g, 11.6 mmvol) was dissolved in
DVF (20 m) and stirringj cofqmenced @t |room tenperature under a nitrogen
at rosphere. Per-6- brono-l-cycl odextri EFg 1.12 mml) and caesi um
carbonate (3.2 g, 9.86 mmpl) 20 were then/gagdded and the resultant
suspension stirred at 60 C overnight under A nitrogen atnosphere. After
cooling to roomtenperature the suspension was poured into acetone (200

m ) ansl tMe ianswkiubd eofmétmaridabxy-§@eathietyisyclbdextirat (586, mgas hw@awid BS acet one

(x3) and dried L Yacuq. 108 FhAdEiRhASHSE (RR) Bl SRR Y6 thif RadGaddihsed

chlorobutamide (673 mg; Fries et. al. Biochemistry 1975, 14, 5233). Caesium

carbonate (1.8 g) was added and the reaction mixture was heated to 60°C overnight.
The resulting mixture was poured into acetone, filtered, washed with ethanol and

10  water and then dried in-vacuo (118 mg; 16.2%). '"H NMR (DMSO/D,0) & 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.
15  6-per-deoxy-6-per(5-hydroxy-3-oxa-pentylthio-y-cyclodextrin.
s O OH
0

2-(2-Mercaptoethoxy)ethanol (1.4 g, 11.6 mmol) was dissolved in DMF (20 ml) and
stirring commenced at room temperature under a nitrogen 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 suspension stirred at 60 °C overnight under a
nitrogen atmosphere. After cooling to room temperature the suspension was poured
into acetone (200 ml) and the insoluble material isolated by filtration, 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



water (20 m) and dialysed (10 h). The contents of the dialysis nenbrane
were then 25 concentrated in vacuo to yield 1g of the desired product as a
creamsolid. 17 WD 01/40316 PCT/ EPO0/ 11789 'H NWR (D20, 400VHz

2.81. 3. 0OWqQey40316H)  3.21-3.31 (d, 8H), 3.49 (t 8H) 3. 55PCHEP /l(lfﬁ§9 56H) ,
3.82 (t, 5 le 12. 5
6- per - deoﬁ\lﬂ'\gR3 %? éc?oylﬁ%j) %oisy%ge.(r)rggryl ?mrn ?Wosg%\%%ﬁg%rr n,

sodi um s&.15 (m, |'$64-I)~3 8D(tOBHF;i3.840t, &H1)0581I%r8l-6 EﬁkM@pﬂﬁ)?@/(M-yﬁI odextrin (1 g,
0.7 mmol ; see exanple 17) was dissolved in DW (10 m) and stirring
comenced at room tenperature under a nitrogen atnosphere.

N-(2- Brompg iphthalimde (1.57 g, 6.17 mml) and caesi um lo carbonate (2
g, 6.17 nm)H wer e added and t ]

over nisght8-RE Brf 20X

the DM was rermved in vacuo and wat er (100,
stirring. The precipitate was isol ated by @
(x3) and dried in vacuo to yield 1.6 gNof A2
hydroxide (1 M 20 m) was then 15 ¢ the crude product (600 ny) and
the resultant solution stirred per @A e overni ght under a
nitrogen atnosphere. The solu B en dialysed with de-ionised water
until constant pH and the contenis of ¢he dialysis nmenbrane dried in vacuo
to yield 500ng of the desired prt‘Sduct| aso | assy solid. 1H NWR (D20,
400MHz): 6 2.76-2.96 (m 24H),| 3.10-3.30 ("h]| 8H), 3.35-3.62 (m 20 32H),
3.78-3.95 (m 16H), 5.02 (d, 0-7.62 (m 32H); ESI-Ms: 1477 (M 2H) 2-

Exanpl e 13,6 feR@btdReydodexprr (1Zghrodr oyt d8d pikdrhpleyt Hweao dissbived .in

DMF (10 ml) and stirring commenced at room temperature under a nitrogen

) was added vvrth Vi gor ous
ration, yvashed with vvat_er

atmosphere.  N-(2-Bromoethyl)phthalimide (1.57 g, 6.17 mmol) and caesium
10 carbonate (2 g, 6.17 mmol) were added and the resultant suspension was stirred at
60 °C overnight under a nitrogen atmosphere. After cooling to room temperature the
DMF was removed in vacuo and water (100 ml) was added with vigorous stirring.
The precipitate was isolated by filtration, washed with water (x3) and dried in vacuo
to yield 1.67 g of a cream solid. Aqueous sodium hydroxide (1M, 20 ml) was then
15 added to the crude product (600 mg) and the resultant solution stirred at room
temperature overnight under a nitrogen atmosphere. The solution was then dialysed
with de-ionised water until constant pH and the contents of the dialysis membrane
dried in vacuo to yield 500mg of the desired product as a glassy solid.
'H NMR (D,O, 400MHz): & 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, 8H), 7.30-7.62 (m, 32H);
ESI-MS: 1477 (M-2H)*

Example 13.
6-per-deoxy-6-per(2-hydroxyethylthio-y-cyclodextrin.

S\/\OH
O

25

18



OH 0O HHL-0 O8 25 18 WO 01/40316 PCT/EP00/11789 To a stirred
sol ution of 2-nercaptoethanol (10.85 g, 10 eq) in DMF (500 ml) under

nitrogen_was added 60% sodi um hydri de di spersed in oil e
porti on-WOMA0Yber 30 nmin. The nmixture was stirred at (é‘%ﬁ{%ﬂ{%ié?u?)e f or

90 mi nut §5. 5 BRtePsol@RMXr BrideapkicaiEhoy (Y88 gdexten) m DRF. GO derdded
t he mxturea Eea@te%loto 5C faglrw24 .(The %xtu% \/\g%b (::;gzlr%l\évataoagogl ?(r)\d
ho

room t enpérogen msaddeq&@%cwnwydr&&dii'ﬁﬂe&?ddf‘ At bF 9 eryisE
evaporating %(? g?nll G\*P(e"rﬂLanol }h&mreﬁsét%@m%%pbf’éf@r@ fok B0 ifinkRE ePekd00 Nl )

and pour@& 1 et acetone m). The solid fornmed was
col | ect edebxy 64plet bmmam-cydo@mr\/é’@ Qo) Wﬁ% eddgd;aud the) midtire dieategsted’q maco

1000) chan n ext. I

evapbFat 2810 b o ek ket BlHad § oot o0 (FBeldlirg a8 quetitkaan 1os
afford t hggitibh bewaRrpsoIAg be(f&e@vgporasng/\mabmvmesﬁwpr@did@ﬁy@séalsen 1H NVR
(400MHz; DVBO 6 5.91 16 , 3{ O—pn Q D 61 /1 (8H
t, J 4. 4updn vetep(id8any ang, Wff%ﬂnmt" g B”W a%e?&}? (150 5’“&01{“ 5% 3. 50

5245' 1;” éérp‘{z'éd \éé’é cc,?ire@ed e &ideCOdlissolded! i #a2@0 (F006H)) and dialise2VCCB. 08 (8H

82 (8H, dd
6.8 Hz, soenmmg)ng thﬁzeX(eén@dmartgfsfﬁP&W%?wﬁ? Ji'“?fB’f'B‘ ﬁ%"ﬂ]‘ il ‘1388@%%% v

C64H12S8 e BOmot bitsr LOAMNENSE bile 2osipoihd t hod
has é‘é (}M, \'PAVQJ@% él'zdr g;vgimort?s r?&éihs?éd Chem oSoc ' Chgﬁnlz3 Oom*rgen ° Sglij% (r19rQT§) >

(2)0 F?fa”m(? 5199 as Vﬂﬂﬂaelfeﬁemapeécp'étﬁﬂﬂ\l- met hyl am domet hyl ) t hi o- ti- cycl odextrin
S 1H%§|R 806MHZ, DMSO) 6 5.91 (16 H, br s, 2,3-OH), 4.92 (8 H, s, 1-H), 4.71 (8H,

t J 4.4 Hz, SCH,CH,OH), 3.75 [8H, t, J 8.0 Hz, 3-H (or 5-H)], 3.60-3.50 [24H, m, 5-H

(or 3-H), SCH,CH,OH], 3.40-3.30 (16H, m, 4-H, 2-H), 3.08 (8H, d, J 13.6 Hz, 6-H),
15 2.82(8H, dd, J 13.6, 6.8 Hz, 6-H), 2.66 (16H, , J 6.8 Hz, SCH,CH,0H);

m/z (electrospray) 1775.4 for [M-H]’, calcd for CgyH1128:04 M 1776.45.

The preparation of this compound by a similar method has been published

previously: J. Chem. Soc., Chem. Commun., 203 (1993).

20 Example 14.
6-per—deoxv-6-per(N-methvlamidomethvl)thio-y-cvclodextrin

To a stirred solution of N-methyimercaptoacetamide (0.58 g, 10 eq) in DMF (30 ml)
under nitrogen was added 60% sodium hydride dispersed in oil (0.22 g, 10 eq)
25  portion-wise over 30 min. The mixture was stirred 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 ethanol (100 ml). The solid formed was collected

19



OH HHAOS8 To a stirred solution of N nethyl mercaptoacetam de (0.58 g,
10 eq) in DM (30 m) wunder nitrogen was added 60% sodi um hydri de
di spersed in oil (0.22 g, 10 eq) 25 portion-wi se over 30 min. The m xture
was stir WeP1g031460om t enperature for 30 mninutes. PCT/EP00/11789

neat od £ &Y U B CORBRVaR M e S ! ol (UG 1080, BSah 4R

t enper at wxterndvhtguRnE hieds byrhadatetriad Bolofiorahe evgirated )to hel abrinevambdr at i ng

to a low volunme. The residual _solution was poyred ontgo ethano] (100 m).
e sol | PonEHo e (TUE Pl The areBIS RS Ko Tpeier BRGByaEreg™ gjed )
filtrati QudeiactOhiBfior WakieE comBOurid (0.55¢) 24 AWMitesblidMACO 1000), changi ng
the external water four tines. The internal solution was ev?)orated to | ow

vol umé and NMBUAeRMUE: B-Dth2r8I(8H.196/ APy 1z, Ttd). Ari@dBhi bat & hWeéZeatH)ect ed by
filtrati i fof N .55

2 whi te o (P 3 BRI AR Bl OB I Harp ! 394 GORPOIE g 20 ,9) %
(8H, br t4-H) 36833.42 [16H,AB systero55CHIG(CONHEHG], 8.38A8H3bHy), J 82.8 %17 B1H}). dd, J

10.0, 3. -H) 3.7 ) , ~h8&-3.49 [16H, AB
system %‘C%%)dﬁﬂ-ﬁ-’é]a §§('§%{B(%2b€32§}#§ fﬂ—ﬁy@&hﬁ%ﬁﬁo , 3.07 (8H, dd, J
14.0, 8. 4nigelebirddprayd.1991.0I&HM-8], GRHRBEOINIAGHE)N: S50z, Melo®2tSdospr ay) 1991. 7
for [MH -, calculated for C72H120N8S8040 M 1992.54. 10 Exanpl e 15.

6- perlPdeoxy- 6- per ( 2- car boxypropyl )t hi n-y-cycl odextrin, sodiumsalt.

S-__.~COManPle®| ' HH 08

6-per-deoxy-6-per(2-carboxypropyl)thio-y-cyclodextrin, sodium salt.

Sodium hydride (60% in oil) (0.44 g) was added to methyl 3-mercapto-2-methyl-
15  propionate (1.474 g; J. Med. Chem., 1994, 1159) in dimethylformamide (25 ml). After
30 minutes per-6-deoxy-per-6-bromo-y-cyclodextrin  (2.25 g), dissolved in
dimethylformamide (25 ml), was added. A crystal of sodium iodide was added and
the mixture heated at 75°C overnight. The soivent was distilled off and the residue
crystallised from methanol to give the methyl ester (1.3 g). Mass spec. (M-H) 2224,
20 "H NMR (dmso Ds): § 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 ml).
The resulting mixture was filtered, dialysed to neutrality, and evaporated to dryness
to give the title compound (1.13 g). Mass spec. (M-H) 2112;
25  'HNMR (D,0O): & 1.15 (d, 24H), 2.5 (m, 8H), 2.65 (m, 8H), 2.8-3.1 (m, 24H), 3.65 (m,
16H), 4.0 (m, 16H), 5.2 (s, 8H).

30

20



Sodi um hydride (60%in oil) (0.44 g) was added to nethyl
3-nercapto-2-nethyl - 15 propionate (1.474 g; J. Med. Chem, 1994, 1159) in
di rethyl formam de (25 m). After 30 mnutes

per - 6- deWBAUAE31S6- br onp- y- cycl odextrin (2.25 g), di ssol veBCT/BP00/11789

di met hyl Eor rra[;é‘%e (25 m), was added. A crystal of sodiumiodi de was added
and the *heat ed at 75C overnight. The solvent was distilled off and
t he resi gys 56 alehBsadbdxy onopwiithibeholciddexiginy sodiume salkt hyl ester (1.3 Q).
Mass spec. (MH) 2224; 20 1H NWR (drrgo Ds): S 1.41 (d, 24H), 2.68 (m 16H),
2.80 (m 16H), 3.00 (m 8H), 3.61 2N, P (m 8H), 4.95 (s, 8H).
This product was then stirred oyer 'ghtovm'th sodi um hydr oxi de solution (M
13 mM). The resulting mxtur ; ed, dialysed to neutrality, and
evaporated to dryness to giv onpound (1.13 g). Mass spec.
(MH 2112; 25 1H NWR (D20): ) %Hai 2.5 (m 8H), 2.65 (m 8H),
2.8-3.1 (m 24H), 3.65 (m (m 1 , 5.2 (s, 8H. 30 20 WO

01/ 40316 PCT/ EPOO/ 11789 Exanmple 16
6- per - deoxv- 6- per ( 3- car boxypropyl )thin-13-cvcl odextrin sodiumsalt. S, ~
' COZNa 0 Pe®6HiddRpper-a-tomegreyelodexsiy (pab -5 metwbd-Mereapioidaater (1n” g2. 25 ),

met hyl - 4-ner capt o r . X - : Fum

car bonat € &' ﬂgﬁoﬁggg%d%é?h%% ﬁ@r’?%arr%cgnrﬁ-{%g.?%éfjéﬂﬁfd&%?@ﬁgﬁﬁ%ﬁ)gg (gﬁzﬁlﬁeat ed

t oget her Wepé stitiéendlpysted Tyether fdrdinree\dags. ciiel reid{urpwas edoledt pourehingg  and
filtered. The solid washed with t.hano) and dr | . This was
stirred &Pé?rrﬁ@nft"te\ﬂ?moﬁﬂ?‘ﬁPﬂaﬁmsgfged@as@%‘ﬂ@nangl\ﬂr%gl(&% #);Q 5 Y2 ed and
the filtisgteg o%mégfﬁwhtsbdwwado&w.somos (VB TemBpliten¢dntl dhel filtrats s gi vi ng
the title conmpound (1.7 10

.7 10 g). Mass Spec.(MH) 1848 8. 1H NWR . 8 1.75
(m 16H) diglyses tomeutrglity. This §ag gyapof ,tOQBQSg% H‘.‘”“ﬁﬁ&? titee 6%’“???{%)0? 3.55
(m 16H) 3. fiZsd Bhed@iH) 18488, ¢ENMEDD,O0): 5 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.
6-Per-deoxy-6-per(2-sulfoethyl)thio-y-cyclodextrin, sodium salt

S/\/ SOaNa

15
A: Per-6-deoxy-per-6-thio-y-cyclodextrin

Per-6-deoxy-per-6-bromo-y-cyclodextrin (20 g), thiourea (13.5 g) and
dimethylformamide (100 ml) were heated together for three days at 65 °C and then
ethanolamine (20 ml) was added and heating continued for 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 g).
Mass spec. (M-H) 1424,

'H NMR (dmso Dg): 6 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-Per-deoxy-6-per(2-sulfoethyl)thio-y-cyclodextrin, sodium salt

The above per-thiol (1 g), 2-bromoethane sulphonic acid sodium salt (1.42 g),
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Exanpl e 17. 6-Per-deoxv-6-per(2-sul foethyl)thio-y-cvclodextrin, sodium
salt S, .,~SGBNa 0 O HHOS8 15 A Per-6-deoxv- per-6th|oycvclodextr|n
Per - 6- deox er - 6- brono-'y-cycl odextrin (20 g), thiourea (13.5 g) and

di et hyIWQr‘HE?ﬁléie (100 M) were heated together for threcP@HFROOALT885 C and

The mi xt GPRCIYBE 60 HE ERR PRI 0" SR HES bt cpar 2 e

by cent r idvegight BG4S0l iMbst whshevasslvedt twak cevaporatediatieder arettudmi aad itiee vacuum

t 65 C the thiol (7.34 1424. 1H N d
ne) 5 2 Tesdiaisayed s et ot bicataie Sodiony GV bk (1) wak Sogeds (1
8H), 5.0 ga.th8HbIutids d?mys@dHﬁfeéiméhﬁmmétéZ THid SertiGry Washé\aperafte® hodext rin,

sodium salt The above per-thiol (1 g), 2-bronoethane sul phonic acid sodi um

salt 61. dzyr@)ss angﬂhwsmm@sq@vm/m Pﬁé@na%gq'@rﬂncﬁpuana@élyﬁ@ 2 g) and
di met hyl H”@JB g?atéc}-%snbéfo?@arﬁlét irbéd pad r@ﬁ@atté‘dj th@V!%rsUltﬂBtscﬁiH W4L. Most

of the soﬁ?'vent was evapor at ed er vacuum and resi dué dissolved in
wat er . Salifisolvethircasimalh aolemcnfmat@'ran(dahe wqﬂuctaorﬁclpltafta@ wittl dreethargidThihe

solution dia dthr ated to 5
dryness AY?&‘{%‘QVF&" r&l ?%5{%"%55{5‘?%?'\’?‘ %)ona?&"mute(l\fg%@lo m),
di al ysed 1HamRe(mgpprsaa.eqrrasz4la¢fm ém, 24 35568 65 SrasHY), 6@ dtne 8H),th@b
resulting solid was dissolved in a small volune of water and the product
precilfi t dMe8Hhi% 1P FeBHanol . This was dissolved in water and evaporated to
dryness giving the title conpound (1.18 g). 'H NWR (D20): 8 3.9 (m 24H),
3.2 (m 24H), 3.55-3.65 (m 16H), 3.9 (m 8H), 4.05 10 (m 8H), 5.15 (s,
8H) Exa 18.

6-per-deoxy-6-per(2,2-di(hydroxymethyl)-3-hydroxy-propyl)thio-y-cyclodextrin.

15  Per-6-deoxy-per-6-thio-y-cyclodextrin (500 mg; Example 17), 3-bromo-2,2-dihydroxy-
methylpropanol (670 mg), cesium carbonate (550 mg) and dimethylformamide (10
ml) were heated and stirred for 35 days at 65°C until analysis by LCMS showed
conversion to the required product. The mixture was evaporated to dryness,
dissolved in water, dialysed against water, evaporated to low volume and

20 precipitated with acetone. Drying under vacuum gave the titte compound (550 mg).
Mass spec. FIA (M-H) 2369.
'H NMR (D,0): & 2.84 (m, 16H), 3.15 (m, 8H), 3.24 (m, 8H), 3.69 (s, 64H), 3.85-4.19
(m, 16H), 5.25 (s, 8H).

25

30
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er - deoxy- 6- per (2
I (hydr oxynet hyl ) - 3- hydr oxy- propyl )thi o-y-cycl odextrin. OH kOHs OH O
H O H 15 Per-6-deoxy-per-6-thio-y-cyclodextrin (500 ; 17),

r ono-¥OVd 6 dr oxy- met hyl propanol (670 ng), cesium c%@?@@gw ng)
and di mgd,AylfPfgram de (10 m) were heated and stirred for 35 days at 65C
unti | an‘alTs?‘lTBy LCMS showed conversion to the requi reid product. The

i pey nbroerdtetrazgl-Sryberepythioyqyclodextyin, '&&?—?iﬁi al ysed agai nst
wat er, evaporated to | ow volunme and 20 precipitated with acetone. Drying
under vacuum gave the title conpound N{.Mass spec. FIA (MH) 2369.
"H NVR (D20): 8 2.84 (m 16H), 3.15Tm 8H) \3.24 8H), 3.69 (s, 64H),
3.85-4.19 (m 16H), 5.25 (s, 5 030 29—WD 01/°40316 PCT/ EPOO/ 11789
Exanpl e 19. 6-per-deoxy- 6-per(3-¢ -5-yl)propyl)thio-v-cycl odextrin,
sodiumsalt. N S// Nat OINN OH_ @ | HO8
Per - 6- deoxy- per-6-thin-y-cycl odektri m (1 cg-)-arﬁr-brormbutyroni trile (1 g),
cesium 5 carbonate (1 g) and di nethylformantde (10 m) were stirred
t oget her at 60C over

6-p
2-d
O

3-b

Per-6-deoxy-per-6-thio-y-cyclodextrin (1 g), 4-bromobutyronitrile (1 g), cesium

5 carbonate (1 g) and dimethylformamide (10 ml) were stirred together at 60°C over
the weekend. The mixture was cooled, water added and the precipitate separated by
centrifuge. After washing and drying the per-butyronitrite (1.4 g) was obtained. This
product (1 g), sodium azide (1.3 g), triethylamine hydrochloride (2.8 g) and
dimethylformamide (13 mi) were stirred and heated together for 7 days at 100°C.

10 The mixture was cooled, diluted with water, acidified and the precipitated filtered off.
This was washed with water, sonicated with methanol, separated by centrifuge, dried
and dissolved in sodium hydroxide solution (M, 10 ml), filtered and dialysed to
neutrality. This solution was evaporated to dryness to give the title compound (600
mg). Mass spec. (M-2H) 1152.8.

15 'H NMR (D,0); & 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).

Example 20.
Reversal of neuromuscular blockade in anaesthetized guinea pigs in vivo.

20 Male Dunkin-Hartley guinea pigs (bodyweight: 600-900 g) were anaesthet-
ized by i.p. administration of 10 mg/kg pentobarbitone and 1000 mg/kg urethane.
After tracheotomy, the animals were artificially ventilated using a Harvard small
animal ventilator. A catheter was placed into the carotid artery for continuous
monitoring of arterial blood pressure and the taking of blood samples for blood gas

25  analysis. Heart rate was derived from the blood pressure signal. The sciatic nerve
was stimulated (rectangular pulses of 0.5 ms duration at 10 s (0.1 Hz) intervals at a
supramaximal voltage, using a Grass S88 Stimulator) and the force of M.
gastrocnemius contractions was measured 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 jugular veins. One
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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-butyronitrile
(1.4 g) was obtained. This product (1 g), sodiumazide (1.3 g),

tri et hyl 3@ AE40H4r ochl oride (2.8 g) and di net hyl f or mam dBC(FR’WﬂIYSQ/\ere

stirred an eatedto th cool ed,
di | uted & ﬁ @use i r?gar?([nué ?ﬂ@%‘%agf‘%ﬂ% &rgu%ﬁrétrgﬂrra%r%@f?d@ﬁm S was
washed WThE infagier raté@ﬁltl@rhadowm‘sdulamﬂdrmxmgl agestypas atcezhsby uptim siebdrge dried

i al ysoa e oipskel BrobYs winpRELGR, Tk AebEabiler iPatate 1 WhHEERR 4 v

the titles Q%FBQ d&R9 of e rdsSalSagsh t OMriag) cortib@ols. irlkGsid d‘ﬂl\/ﬂhe( D20) 6
2.

1.95 (m , 5m16,285m 05 (d, 8 :

3.6 (fn aer):ronwsgulerrplos;bpg agsnf@eme? g&iﬁiﬂ' Ceﬁéé%ﬁs%ﬁ "eésérsa'

neur Ows%g%r?tr wil® K/@HeAi Iheé ﬁ@%fhtﬁé'e@?gnﬂléhtn@tﬁe PhéiSuldd Torde of 2RudvR] e

Dunkl n- I'ey gu nea pi gs (bodywei gh g) were anaest het- ized by
. p. adnicontsaatiahs ovasoplotted ragakngt ﬂ%&rt@b@ﬁ'ﬁraﬁ'@fﬁ@fa{ﬁmeri@bég%/ RAd utsHihane.

After tracheot.o t he ing a Harvard

smal | affHEFS r%??'?’sé? E)e%ﬂh gﬁ‘ %:szgllr(l};;(;%@ﬁ\é/\n\;@ésféél%g@%ényrraﬁfrg\;v?éhgélgg?%tgr d artery for

cont i nuoEsul®fr ttigd reversal ofitheereusdmuEcolad btmcb,SIsdmf@datwdhe meuscikietaxadt bl ood

sanpl es for bl ood gas, 2 Hear r bl ood
pr es§9rer%‘iué‘?fé{!1m @%M?@‘ﬁ% ?’?gln%qe&?ﬁ'd& ?fri/éfé\fegn%fu@grﬁd?% ses of
0.5 ms dyrfg han @seﬂt@dﬁn(ﬁble Hzborl cunegarsbs, thie raversaipacarrmy(pfrﬂie palenhge,
using a Grass S388 Stinmulator) and the force Hl v&zﬁstrocnen‘i us

cont r act icompovnds Prsydededrnaidiycyriesexid oy “I‘dﬁ &&YH'spl acenent
transducer. Contractions, blood pressure and heart rate were recorded on a
30 mul tichannel Gass 7D recorder. Catheters were placed in both jugul ar
veins. One 23 WO 01/40316 PCT/EPQQ/ 11789 catheter was used for the
continuous infusion of a neuronuscul ar bl ocking agent. The infusion rate
of the neuronuscul ar bl ocking agent was increased until a steady- state

bl ock of 85-90% was obtai ned. The other catheter was used for

adm nistration of increasing doses of the reversal agent. During
continuous infusion of the 5 neuronuscul ar bl ocking agent, single doses of
i ncreasi ng concentration of reversal agent were given. At the end of the
experinment, the measured force of nuscle
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contractions was plotted against the concentration of reversal agent, and
using regression analysis techniques, the 50% reversal concentration was
cal cul ated. Results for the reversal of the neuronuscul ar bl ock, induced by
the nuscMOPE4Blbant to rocuronium bronide (Roc), by the PCI/EP00/11789
6- rrercapt.ﬁléﬁy_? Iodext rin derivatives of Exanples 1-19 are presented in
Tabl e | onpari son, the reversal activity of the parent conpounds
(3-cycl oqgysd | (Fog % g&%@&&@grﬁwoeevmbudeﬁeaayseﬁhé neUoMBsQl4A0316
PCT/ EPOO/ 1178 ABLE | i mol . kg-') produci ng 50% reversal of
st eady- sttloek reanaesibetidest gmbéacpll@s andicaseeteatioreat mamimapreyersald
concentrg ver-sal——Corpeuhd—EDSO-lo-Hax—F "Crsa! kg-'
at conc. | Q@MReUNGtg-') y-cyclodextrin (y-CO) 4 1%@50( 47) erﬁg@f@? n
(R-CD) 20 93(113) 6-nono-deoxy- 6-nmono- (4-car boxyi&RY! ) t hi 0- Yrcdhd4 102
(8.0) cyclodextrin, Na salt (exanple 1) RHiGISY '
6- mono- dgoxy- 6- nono- ( 2- car boxyphenyl )thio-y-| 1. 30 93 (11)| ciohadexdrin
(exanpl e [2) 6-per-deoxy-6-per-(3-carboxyphenyl)thio-y- 0 P8 102 (1 28)
cycl odext|rin (exanple 3)
6- per-decxy—ﬁ—pel—ézéﬁ- = = r boxyet-hyl Ht-hi-o—y—eyefodext+i-A—0—P994fH=53)— Na
salt (exdnpPEloEs<E &P deoxy- 6- per - ( 5- car boxypent y t hi o- - 0. %473 (2/5)
cycl odext[TByciddextBR{ffchexanpl e 5) 20 93 (113)
6- per - dedxy-6-per- (3- car boxypropyl )t hi-o-y— 069108048 evetaaext+ n,
Na salt (|&x@eRs-deony- 678‘°B% g4 %@MN@W%M boxly et hyiotgﬁi o-y} cycl)'%‘zd | n,
0.21 83 (JoyaaaextrNaNéahlt (e&@ﬁwph)l e |72 N / \
6‘ er - degx\,= A- ner - /1 calr-boxvphenyv i o L 10 OE n- 10 NN | 2l 4 H , Na.
Salpt ( exarﬁ)ringncg(jeoxy -6-mono-(2-carboxyphenyl)thio-y- y IR RAZA NP ATk b ks

cyclodextrin (example 2)

6-per-deoxy-6-per-(3-carboxyphenyl)thio-y- 0.28 102 (1.28)

cyclodextrin (example 3)

6-per-deoxy-6-per-(2-carboxyethyl)thio-y-cyclodextrin, 0.09 97 (0.53)

Na salt (example 4)

6-per-deoxy-6-per-(5-carboxypentyl)thio-y- 0.74 78 (2.5)

cyclodextrin, Na salt (example 5)

6-per-deoxy-6-per-(3-carboxypropyl)thio-y- 0.09 108 (0.48)

cyclodextrin, Na salt (example 6)

6-per-deoxy-6-per-carboxymethylthio-y-cyclodextrin, 0.21 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-carboxyphenylmethyl)thio-y- 0.13 100 (0.50)

cyclodextrin, Na salt (example 9)

6-per-deoxy-6-per-(3-amidopropyl)thio-y-cyclodextrin 0.57 94 (33)

(example 10)

6-per-deoxy-6-per-(5-hydroxy-3-oxa-pentyl)thio-y- 0.47 92 (2.1)

cyclodextrin (example 11) '

6-per-deoxy-6-per-[(2(2-carboxybenzoyl)amino)ethyl]- 0.085 95 (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 - (4- car boxyphenyl net hyl )thi o-y- 0.13 100 (0. 50)

cycl odext

6- per - de - 6-per - ( 3-am dopropyl )t hi o-y-cycl odextrin 0.57
10) 6- pe%"e@?%& per - (5- hydr oxy- 3-oxa-pentyl )thio-y- 0.4

rin, Na salt (exanple 9)

};8@#?@1?1139( exanpl e

cycl odextdIhh&dP € 11) ED max. reversal
6- per - deg %/d-?gé)per -[(2(2-carboxybenzoyl ) am na) et hyl ]5-0 0.085 95 (0.48)
t hi o-y-cycl odextrin, sodiumsalt (exanple 12) 6nmelkdéoxy}- 6- pairconc.
(2-hydroxyet hyl)thio-y-cycl odextrin 0.20 96{(2.0) (exanp|le %)laqﬁ(gw\o
01/ 40316 |PCT/ EP00/ 11789 Conpound ED50 nax. |reversal nol.kg-*H"at" ohc.
(mol . kg- B—6-petsaery=8 EhEEiy e agEthy [ EiT 0=y 1. {p (#8¢ ( /| 3)
cycl odext rBiPﬁyfée,O%g%‘égo{T)gﬂ]g-g%gr - dte%);gy- (2- car boxypropyl )t hi(o- y- 0} 10
103 (0. 48)ycledestriotampleAd) sodi um sal t. (exanpl e 15)
6- per - deg p-e"_aw,-( -'6(p§,?- : a%&}’d?bd@:ﬁ%io)yl M o-(3- (0.5 10§163- 2)| CYoB@#Ntrin,
sodi um sal't” (exanpl'e ff‘é(g
6- per - deqycl@ieptan.-sediumsplt. ¢e@Rple)1Bhi o- y- cycl ddextrin, 0.056 106 (1.7)
sodi um sgtt—faxauEtEGldan Dthio-B- 0.5 100 (3.2)
6- per - ded )?ﬁegﬁpe_y- (’%r g‘% oﬁr oﬁ{/%?%lg Im&ﬁ hyl ) - 3-hydroxy- 2.9 68 (4.9)
propy! ) t hicyclgdexyyin) sodieRSPH (PXEBXANPYI e 18)
6- per - de QY5 BHUEE B per-(X ShbeRmtmcr-YchbBb@iny T ) thi 0-y- 00522 109 (1062).7)
cycl odextirin, sodiumsalt (exanple 19) 26 W) 01/40316 PCTf EP0O0/ 11789
d ai ns.  1.sodlumspibiexapr® 1Oy cl odext rin deri vatfi ve having the general foriul a
| CH20H [ per-deoxy-6-per-(2,2-di(hydroxymethyl)-3-hydroxy- 2.9 63 (4.9)

propyl)thio-y-cyclodextrin (example 18)

6-per-deoxy-6-per—(3—(tetrazoI-5-yl)propyl)thio-y- 0.22 109 (1.2)

cyclodextrin, sodium salt (example 19)
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HOHCHR2-SRX OHHHH OOHHO OHMHOHdnN Formula | wherein mis
0-7 and nis 1-8 and mtn = 7 or 8; Ris (Cl1_6)al kylene, optionally

substi t 1-3 OH groups, or (CH2)o phenyl ene-(CI—I@_‘%\'glz p are
mdepeng‘é’ ‘%%94 X is COOH, CONHR, , NHCOR2, SOR20H, PO( 9‘8?‘?:&3 CH2 O q
H OH or ﬁﬁéazol 5-yl; R is Hor (Cl_3)alkyl; R2 is carboxyphenyl; q

is 1-3; armaceutically acceptable salts thereof; wth the exclusion
of 6-per- deoxy 6- per-(2 hyd roxyet hylth io)-p-cycl odextrin;

6- nono- deoxy- 6- nono- ( xyet hyl t hi o cl odextrin; - per-d

ooy~ 6. pek.. DTSRRI GIAt SR i NS forfiuta

6- per - deoxy- 6- per - (car boxynet hyl t hi 0) - 3-cycl odextrin;

6- nono- deoxy- 6- nono- ( car bd&HeREt hyl t hi 0) - p-cycl odextrin; 6A 6B-d

i deoxy- 6A, 6B- bi s[ (0- car hpyptey|) t hi o] GHB-3Rt%dext rin;

6A, 6B- di deoxy- 6A, 6B- bi s(a ¢t hyl t hleHo [ 3- cycl odextrin and

6- per - deoxy- 6- per - ( 2, ‘Wn Hth I 0)\jp- gycl odextrin. 27 WO 01/40316
PCT/ EPOO/ 11789 2. THe'6-nE Ht @ Xt A ative according to
claim1, wherein R and ar@-ldemne n chagamp 1l and X is COOH or
SRCH; or a pharmacgutically acceptabl'é sdlft therepf. 3. The

6- mer capt o-cycl odext i n derivative according to claiml1l, wherein mis O; n
is 8 Ris (Cl_6)alk o and p are

Formula |
wherein mis 0-7 and n is 1-8 and m+n =7 or 8;
R is (C,)alkylene, optionally substituted with 1-3 OH groups,
or (CH,),-phenylene-(CH,),;
o and p are independently 0-4;
X is COOH, CONHR,, NHCOR,, SO,0OH, PO(OH),, O(CH,-CH,-0),-H,
OH or tetrazol-5-yl;
R, is H or (C,)alkyl;
R, is carboxyphenyl;
qis 1-3;
or pharmaceutically acceptable salts thereof;
with the exclusion of
6-per-deoxy-6-per-(2-hydroxyethylthio)-B-cyclodextrin;
6-mono-deoxy-6-mono-(2-hydroxyethylthio)-p-cyclodextrin;
6-per-deoxy-6-per-(2-hydroxyethylthio)-y-cyclodextrin;
6-per-deoxy-6-per-(carboxymethylthio)-p-cyclodextrin;
6-mono-deoxy-6-mono-(carboxymethylthio)-B-cyclodextrin,
6A,6B-dideoxy-6A,6B-bis[(o-carboxyphenyl)thio]-B-cyclodextrin;
6A,6B-dideoxy-6A,6B-bis(carboxymethylthiol)-p-cyclodextrin and
6-per-deoxy-6-per-(2,3-dihydroxypropylthio)-p-cyclodextrin.
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i ndependently 0-4; and X is COOH or SO2CH; or a pharmaceutically

acceptabl e salt thereof. 4. A 6-nercapto-cyclodextrin derivative according
to any of claims 1-3 selected from 6-per-d eoxy-6-per-(2-ca rboxyethyl
)th io-ywoyaldediéxtrin ; 6-per-d eoxy-6-per-(3-ca rboxyp Pmmy00/1)11789

i 0-Y-cycl odextrin 6- per - deoxy per - (4- car box nyl )th

i 0-y- cycRodEh@ 5rfﬁer039193§YC|6@@5¢9[‘@B}B'H?U‘éela@a‘? 5@'8’?@%%1 wherein R, m
met hyl )t hi g i %%

6- per - deoxyar\éj éﬁ% ‘ﬁﬁé& %98‘5"6’6& 55??1|Xo'SyC(8yocn1 8&3&29Hn,°r§nd

6- per - deoxypiaraficeuicallyl Aqipheie shitehgreeycl odextrin;  or a pharmaceutical |y
accept abl e salt thereof. 5. A 6-nercapto-cycl odextr| n derivative according

to the general formula | of clalml for use in therapy. 6. The use of a

6- mer capto-gyclodextrin derivat ordln la | of
claim 1 Fo o T 6 RerrePie et Rty Yrel RSPl {4 e T greindh ™

rug-i nduc oRysS r (@ fePle- (@Y & 1 omuscul ar

bl ock and |et§lsr{lrﬁ§éli\§/ersafGI Zé&l{)}?{;@??g( H)Z)Adﬁeﬁgurgn(ﬁécv ar bl g?ﬁ?ng agent, and
(b) a 6- rrermdppencgmlyo@éz(ando(lsc{é‘f)ﬂkabr\‘é@z@i’tmrcﬁ paneacendicgdner al f or nul a
| of claiml1l. 8. The kit ac?or ding to claim®6, wherein the neuronuscul ar

bl ocki ng ag@?ﬁeﬂtéble@ﬂtéb? fromthe group consisting of rocuronium
vecuronium 28 WO 01/40316 PCT/EP00/11789 pancuroni um rapacuroni um

m vacurium (cis)atracurium tubocurarine and suxanet honium 9. The kit

accor di ng. t 8 ghidirfapto-oyoRideitrir derivativeaoesadihgito bhp ok iclaimadedt i s
rocuroni um 10. A pharmaceutical conposition conprising a

g geilrzcapto sglet ¥@mMi n derivative having the general formula | CH2OH H O
SR X6-per'éeoxyﬁ-per—(2 carboxyethyl)thio~y-cyclodextrin;

6-per-deoxy-6-per-(3-carboxypropyl)thio-y-cyclodextrin;
6-per-deoxy-6-per-(4-carboxyphenyl)thio-y-cyclodextrin;
6-per-deoxy-6-per-(4-carboxyphenyimethyl)thio-y-cyclodextrin;
6-per-deoxy-6-per-(2-carboxypropyl)thio-y-cyclodextrin; and
6-per-deoxy-6-per-(2-sulfoethyl)thio-y-cyclodextrin;

or a pharmaceutically acceptable salt thereof.

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

claim 1 for use in therapy.

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

of drug-induced neuromuscular block.
7. A kit for providing neuromuscular block and its reversal comprising (a) a
neuromuscular blocking agent, and (b) a 6-mercapto-cyclodextrin

derivative according to the general formula | 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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OHOOHHO OHMHOHN Formula | wherein mis 0-7 and nis 1-8 and mtn =
7 or 8 Ris (C -,)alkylene, optionally substituted with 1 3 OH groups, or
(CH2) o phenéq)ene (CHZ)p o and p are independently 0-4; i s COOH, CONHRI,
(nch:%og)zal 2 ©0( OH) 2, O CH2 CH|2 Og-H OHor tetrazol Pf?%POO/RI'/S?s H or
y al |

accept abl e F’é&l"{"‘f’}@%%&%dgmgﬁqy%'ﬁ?%m? %C%B%fgé%@:eu?@ ggleﬁggfg%cep%/abl e
auxi I l'i ari ghd dukanietiBhiuesl for reversal of drug-induced neuromuscul ar bl ock
in a patient, which conprises parenterally administering to said patient
an effective anmount of a 6-nercapto-cyclodextrin derivative according to

the general_ formul a '
J 9. The kit accordlng to ((:ilai?fll 91 vlvherze%n the neuromuscular blocking agent is

rocuronium.

10. A pharmaceutical composition comprising a 6-mercapto-cyclodextrin

derivative having the general formula |

Formula |
wherein mis 0-7 and n is 1-8 and m+n =7 or 8;
R is (C,,)alkylene, optionally substituted with 1-3 OH groups,
or (CH,),-phenylene-(CH,),;
o and p are independently 0-4;
X is COOH, CONHR,, NHCOR,, SO,0H, PO(OH),, O(CH,-CH-O);-H,
OH or tetrazol-5-yl;
R, is H or (C,)alkyl;
R, is carboxyphenyl;
qis 1-3;
or a pharmaceutically acceptable salt thereof, in admixture with

pharmaceutically acceptable auxilliaries.

11. A method for reversal of drug-induced neuromuscular block in a patient,
which comprises parenterally administering to said patient an effective

amount of a 6-mercapto-cyclodextrin derivative according to the general

formula | of claim 1.
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