NEUROMUSCULAR BLOCKI-NG AGENTS The present invention relates to
i soqui nol i ne conpound:useful as a neuronuscul ar bl ocking agenz‘?26076'5
Neurom]scul ar bl ocking agents are wi dely used i-n surgical anaesthesia to
rel axs-,afhe skeletal nuscles to aid the work of the surgeon. ~Such agents
are also widely used in Intensive Care Units (I CU) of hospitals to provide
|l ong-term nuscle relaxation in patients who have been intubated to
provi de controlled ventilation of the patient. Atracurium besylate (|

- (13, 11- di oxo- 4, 10-di oxat ri dec. SCULAR BLOCKING AGENTS
(1b2 3, 4- tetrahydro 6d7 di met-hoxy: 2- methyl - 1-veratryl i soqui noli ni-um.-
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year later in hbgromSéularTbloskdnpoagedit. i s described in UK Patent
Specification No. 1579822 and US Patent Specification No. 4179507.
The drug i s now w dely used in surgery and | CU therapy. The drug was
desi gned uni qudhyronh:scw‘raieb@mkmgoa@wﬂem witleJyaused om subgicadof angesthesia
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besyl ate act Dby blocking the receptor for acetylcholine at thee w-..
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which ~ can Resziuad hiyeart hi@rein the AUSAPhyThactempdund et dexte ibeéd) insaie

patients. Th??atent Specification No. 1579822 and US Patent Specification No.
- 4179507. The drug is now widely used in surgery and ICU therapy. The

drug was designed uniquely to undergo spontaneous degradation by

“Hofmann® elimination at physiological pH and temperature and by an

ester hydrolysis which proceeds independently of hepatic and renal

function. For human surgical use, atracurium besylate is employed as

a mixture of ten optical and geometrical isomers. Eur. J. Med.

, * Chem-Chem, Ther. 1984-19, No. 5, pages 441-450 refer to the

— geometrical and optical isomers of atracurium besylate. :

Neuromuscular blocking . agents such -as atracurium besylate act by
blocking the receptor for acetylcholine at the neuromuscular junction.
- However, they may also block cholinergic transmission in the autonomic
nervous system and produce unwanted cardiovascular side effects. For
example, parasympathetic blockade results in tachycardia and
_hypertension whereas blockade of sympathetic ganglia will cause
bradycardia and hypotension. Neuromuscular blocking agents also have
the propensity of releasing histamine which can produce
life-threatening anaphylattoid reactions in some patients. The
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PCT/ G891/ 01150 -2- anti-genic group in skel et al rruscl e re g)'(.éi(f;] 9] Pf}g;é’ is the
quaternary or tertiary ammonium struciyre which also confers the = "y
neurormuscul ar bl ocki ng properties upon these agents. |In this respect % ;
atracurium in a weak histamne |iberator and, - as with other neuronuscul ar
bl ocki ng agents, there have been occasional reports of anaphylactoid
reactions attributed to the drug. W have now discovered that atracurium
. sal ts in_ wmntigehie graop amusi:efratai)lmsylélaselaxaﬁr trigsl g - moqﬁtfelrﬁé&y apd o
. -optical.is a Ci dvant-ageou
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of  excepblasking -preperties upon ﬁb@ﬁﬁ)ﬁw&ﬂ arlfbltbl:klmgp%@entsacufhmn in
parti cul aramnemmahn@nqb&mtwasnd S O§% With GtREH Qiéhﬁém&?g i&%mﬁ

atracurium ITDI et

confi gur at agants, %/'T%SUM rn["e%’hl"f:gas’l‘?aéi)rr&p?ﬁﬁss °fc4ﬂﬁphblﬁ€591¢)n reagghionse .
naned as = dftrdbetéd Boctie @rug2' - (3, 11- di oxo-4, 10- di oxat ri decyl ene) - bi s-

(1, 2,3, 4-tetrahydro-6, 7-di et hoxy- 2- met hyl - 1- v.e'r atrylisoquinoliniun) salts.
Such salts will be referred to hereinafter as 1R-cis, 1" Rcis atracurium
sal ts. Accle diang now dihscavenedirtbadtf athacyriesesaltsnienticn the mtoutsiciua
1R-cis 1 ' u A h rical
e ontien péietyhdSalbh Q'g?w gRLrAEA 1 BniortiEET '{BRAALN EOnABRITY o' |
accordi ng haye ¢ pe ﬁﬁ%ﬁ‘tq M ad&a%wg?%t cambipatiarns of ompbarmacodeginstir i cal

and opti cabrdp%emss tb)at tpendert engudhhaga¥tieyof ar excdpR el Yopdrtesiadmiggt ure
with |ess ur% ?%] géearaﬁgl | ess than 2% w w of such other |sonﬁ
based on tMe'TOMBrH avvew 9BAES r el evant m xture. ‘In particular, t
above_ 1R-cis 1'Rcis salts according to the invention advant ageousl y, -
;ﬁg; glr n (ﬂ)e PaREidu13P gedindticdh 5r{'heopfﬂfar1e§%g 0ot ?gur%'t%hs ForOE rs o
: atracumum moiety ‘referred to above  is = the - 1R-cis,1'R-gis -
confi-gur'at‘ion Atracurium salts havmg this conf1gurat1on can be -
" named as - 1R-cis,1'R-cis-2', 2' (3,11- dioxo-4, 10- dwxatmdecylene) bxs-
(1,2,3,4- tetrahydro-ﬁ 7- dmethoxy-z-methy] 1- veratryhsoqumohmum)
"salts. Such salts will be referred to heremafter as . 1R-cisg,l'R-cis.
atracurium salts ' ' " S o
According to one feature of the present inventmn we prov1de a 1R- c1s
1'R-cis atracurium salt substantially free from other geometr'ncal and ]
optical isomers thereof. ® |

The 1R1§i§,1@R<§i; atracurium salts according'to: the'inventiqn are
substantially free from other geometrical - and optical isomers to the
extent that they -are generally in 'admixturé'with less .than 5% w/w,

- preferably less than 2% w/w.of such other isomers, baSed on the total
weight of the relevant mixture.  In particular, the ‘above 1R-cis,
1'R-cis salts according to the invention’ advantageously contain (&)
less than 1% w/w of the corresponding cis, trans isomers:and/or less.
than 0.5% w/w of the trans, trans isomers andfor (b) generally less
than 5% w/w, preferably less _than_ 2% w/w_of the corresponding
S-isomers. | o . '
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t han 0. 5% wowxbe9gshe trans |, trans soners ‘and/ or (b) generpth;cgcj,e@ﬁq“
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PCT/ 1/ 01150 -3- For human admi ni stration, e.g. for use in surgery or
medi cal - therapy, e.g. in anaest hesia, the 1Rjis-,1'Rcis atracuriumsalts
according to the invention: wll include a physiologically acceptable
ani on, preferred ani ons i ncl uﬁl ng the halide, eg chlori de, brom de or
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significantly greater peuro bl*ocki ng pat enc atracurium

besyl ate in the fRIVmIBIoGIcA] Ly aFreeriable Anden | Uél” ah?d"%fpﬁ"mél tosbereigafikan eas

havi ng a sinilar ﬂy’s%k@ﬁcﬂil)a@ttébtabTQQRl&@lSRlcﬁ Stracal imf daiten sal ts
al sogexhibit a lower Ievel =~ of potential “adverseé effects on the autononic

ner ve s system i ncl udi ng synpathetic bl ockade and parasynpathetic
bl ockade, .and wAtracurims saltselintbhadng & nop-rmsinlrmgwdmgltacnepeabld<amon may

car di ovascul ar 4ld Gpfoyed! in the synthesis of a corresponding physiologically
acceptable salt.

With regard to the especial]y advantageous combination of pharmacolo-
gical properties referred to above, we have discovered from
experiments in animals that the lR-cis,1'R-cis atracurium salts have a
significantly greater neuromuscular blocking potency than atracurium
besylate in the form of a mixture of geometrical and optical isomers
while having a similar duration of action.

The 1R-cis,1'R-cis atracurium salts aiso exhibit a lower 1level of
potential adverse effects on the autonomic nervous system including
sympathetic blockade and parasympathetic blockade, and - with less
1ikelihood of producing histamine-like cardiovascular effects at
therapeutic dosages, thereby providing a greater measure of patient
safety, in comparison with atracurium. besylate in the form of a
mixture of geometrical and optical isomers. '

A further advantage of ‘the 1R-cis,1'R-cis, atracurium salts. according
to the invention is that they provide a more efficient neuromuscular
blockade with the formation of lower 1levels of degradation products
than the above-mentioned mixture of atracurium besylate isomers. This

o
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in conmparison with- atracurlun1besylate in the formof a {

geonetrical and optical isoners. A furth@r advant age of - the iR-ci's, 1' R-cfss,
atracuriumsalts according to the invéntion is that they provide a rmry
ef ficient neuronuscul ar bl ockade with the formation of |ower |evels of
degradation products than the above-nentioned mxture of atracurium -
besyl ate isoners. This = WO 92/ 00965 '
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physiologically acceptabler 1R Cs,1'Rcis - atracurium " salts accor di ng'

to the inveqkl ;W}:sfeﬂ{ WEPanS'Fﬁrgﬁ{ @ravr.mgsl Lcal therapy, e.g. in

anaest hesi a, ‘parti cling neuronuscular * bl ockade in an’
animal, eg a mammal such-as-man; b) - the use of - physiologically:

acceptabl e adRCigh h&&meamy ase&é;uabwl t $RAGEOTHRYs | t%traélﬁmin“V%Hﬁt?“
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adm nj stering ur bhl.ockade - “effective anmount
of a physiol o ?’83%% gg'c%%tagg?gﬁ ﬁin%%’g%g Ef“éh aét 'f'%fl:'url um salt. - -
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generally enpl o g—in an
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appropriate r%ﬁaﬁm&’éﬂxhé&l f%ﬂmulatmn for mducmg neuromuscular blockade;
and : '

c) a method of inducing 'neuromuscular b1ockaide in an animal 'eg' a |
mammal such as man which comprises: admmstermg to said animal a
neuromuscu]ar blockade - effective amount of a. physmlogmaﬂy
acceptable 1R-cis,1'R-cis atracuriun ‘salt according to the
invention. - ' o S ST

The physiologically acceptable IR-cis,1'R-gis attaéurium salts: -
according to the invention are generally empioyed in 'surgery or
medical therapy, e.g. in anaesthes1a by - adm1n1ster1ng the salts to
the relevant subject, eg man, by an approprIate route and at an
appropriate’ dosage to achieve the desired level ‘of -neuromuscular
“blockade. "The salts. are generally administered by 1n3ect1on by the'
~intravenous or intramuscular route, or, '1f required, by continuous
intravenous-infus%on: The‘preéise dosage at which the salts will be .
administered will vary depending on  the degree of. neurbmuécu]ar
blockade required; the age and condition of the subject. However, .
when administéred:by* the intravenoué_route; the salts are generally-:
employed in a dosage of 0.1 to 0.6 mg/kg, preferably 0.2 to 0.4mg/kg.
In the case of administration by infusion, the salts are generally

O
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approprla chleve the deSIFEd J-evel of" 'neurpamﬂgybﬁnnlq;
bl ackade. e salts are generally adntnlstered by rnjectlon by the
intravenous or intramuscular route, or, |i required, by continuous

i ntrawenous infusion. The precise dosage at which the salts will be
adm nistered wll vary depending on the -degree of neuronuscul ar

bl ockade required , the age and condition of the subject. However ,
when adm ni stered by the ingravenous route, the salits are generally

enpl oyed in a dempimyedf if, aldbsa@ of er;/lkgto ptefmgrfhg)mouﬁ Zpr‘eﬁerdhwnmj&go |m4
t-he-case . of adﬂb?ﬁiﬁlﬁ?'on by- lnfu5|0n the -sal ts“are:; - generallly " \O .
92/ 00965 - PCT/GB91/01150
-5- enployed in a dosage of 0.1 to 0.6 ng/kg/hour preferably 0.2 to 0.4

mg/ kg/ hour. The 1} Ri-%}rs F%"h' Ets ata”t?&étfr'thtﬁ“s%@tﬁ S acé&%hg'ﬂw the ﬁt@@ntton are
I nvention are géner ﬁ% I n. surge Esﬂ t her apy

formof a phar Y&BRIR' daFmR\9U | By i $HTOE |smﬁd§°§ CHARY| ﬂ“tﬁﬁ@et?ﬂfﬁ QJt 3
a p]bar rrglceut Id calﬂhgrmmf picdl ¢o\?mntat&m bt&tﬂfr&%ﬂ:g sufluclh fanutegethes wite a
pref erably adapt or istra ect,
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preferably 5 to 10 mg/ml. Alternatively, the salts may be presented
as 1yoph1115ed solids for reconstitution with water for injection or
with dextrose or saline solutions. The formulations according to the
~ invention are generally presented in unit dosage forms such as
ampoules or disposable injection devices or in multidose forms such as
a bottle from which the appropriate dose may be withdrawn; all such
formulations should be sterile. Such unit dosage forms generally
contain 10 to 250 mg preferably 25 to 50 mg of a salt according to the
invention in solution or as a lyophilised solid.

ot ~ The lngig,l'ngig atracurium salts according to the invention may be
prepared by subjecting the corresponding 1R,1'R atracurium salt to
conditions or reagents serving to effect isolation of the 1R-cis,
1'R-cis isomer from the corresponding geometrical isomers contained in
the said lR,l'R'atracurium salt.

. Isolation of the desired 1R-cis,1'R-cis atracurium salt in accordance
with the above process is advantageously effected by chromatography, -
in particular high performance 1liquid chromatography (hplic) although
1iquid counter-current 'chromatography, column .chfomatography or ion
exchange chromatography may also be used. Particularly efficient
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contain 10 to 250 ny preferably 25 to 50 ng of a salt accordrng to the\
invention in solution or as a Iyophrlrse@'solrd The 1R-cis,1'R-cis v
atracuriumsalts according to the invention may be prepared by subj ecting
the corresponding 1R, 1'R atracuriumsalt to conditions or reagents serving
to effect isolation of the 1R-cis, 1'R-cis isonmer fromthe corresponding'
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benzenesulp oni c-ac pref rred.
solution may :subsequently be" washed to remove so]vents such as °

methanol and any excess acid and 1solated by evaperat1on of the
chlorinated hydrocarbon. ‘The desired salt may be obta1ned as a solid- |
by 1yoph1115at1on of an aqueous solution of the sa]t or by dxssolut1cﬁ
in a solvent. such as ether then precip1tat10n by addit1on of a
non-polar solvent such as petroleum ether or cyclohexane . e

The 1R, 1'R atracurium salt used as start1ng mater1a1 1n the above
process may be prepared from (R)-1,2,3 4-tetrahydropapaver1ne in'  .
conventional manner, -e.g. by the_method descr1bed in Eur. J. Med.
Chem.-Chim. Ther. 1984-19, N.,5,pages 441-450.
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The following Examples ilinstrate the pheSenteinvehtion:e"””

Example 1

W

a) I,5-Pentameth11ene diacrylate

1,5-Pentanediol (15.6g) was heated in refluxing toluene (500m1) °
with 3- bromoprop1on1c acid (50.5¢) and a trace of p-toluenesul-
phonic acid for 4 hours. The cooled toluene solutqu was then
washed with aqueous sodium acetate - solution and treated with
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et hanol--and any -excess aci.d and::isolated by evaporation of the

chl ot nated hydrocarbon. The desired salt nmay be obtained as a solid by,
Iyopﬁﬁfisatron of an aqueous solution of the salt or by dissolution in a
solvent - such as ether then precipitation by addition of a non-polar
sol vent such as petrol eum ether or cycl ohexane. The 1R, 1'R atracurium
salt used as starting materizal. in the .above process nmmy be prepared
from. (R -1,2, 3, 4-t etrigthyl apmealS0nleat iref ionveTtie coaledmpeartion mixgurdywas -
t-he-met hod" ~descri-bed: L By wdin - JNEL. 4 0= Chi e, Thaer . 1984-19;. .. . . =
N, 5, pages 441- 450. ?ﬁ%*‘%"oﬁ%'%‘w”i’a" ggg%l@s*ﬁﬁ”%ﬁﬁ&?%&"%%ﬁe%‘Ethy‘]a'“’"e

i nvention: Exanpl e 1hygrobromizierand atbemyitbpe toiluens was e removetenurdesdi vaduced
(15.69) was heated Fpegﬁﬁ%yxing toluene (500mM:) wth 3-bronopropionic

acid (50.5g) and a trace of p-toluenesul- phonic acid for 4 hours. The
cooled toluene solution was then washed with aquepus sodium acetate

solution and treatethegroluct, ¥b-penbametfiyPene diacrylate (24.0g, 75% yield) was
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m xture was washed \Rbf#‘ df# vvgt eé%qgl l’@éﬁnﬁ{% ﬁqhef'%%uﬁrﬁ n%%gﬂy)&q%" h(b.p.
triethyl amine hydro®porB506/@uiam Wgden the toluene was renoved under
reduced pressure. The product, 1,5-pentanethylene diacrylate (24.0g9, 75%

yield) was obtained gs, a pale liquid, by high vacuum distillation

(bep. [err] Hg).bh) ?BlﬁﬁﬁléEEHH¥H§Hﬁ§#Eberine (+) - Tet r ahydr opapaveri ne

hydrochl oride (105g) was dissolved in water and the solution= we&s nade

alkaiijqe'm”trT d'l'Jt?:)5¥£%$gﬁ§ﬁropapaverine hydrochloride (105g) was dissolved in
water and the solution was made alkaline with dilute aqueous
ammonia. The -precipitated (+)-tetrahydropapaverine base was
dissolved in toluene and then the separated solvent was evapora-
ed to afford the base as a pale yellow 0oil. The oil was
dissolved in methanol (1575m1) and treated with N-acetyl-L-
leucine (47.5g). The solution was treated with diethyl ether
(274m1) and (S)-tetrahydropapaverine'Nbacetyl-L41eucinate (35.5¢)
gradually-crystaliised.outa After the crystals had been filtered
off the mother liquors were evaporated to 1low bulk to give a

..solid (100g), which was then recrystallised from boiling acetone
(50 volumes). Upon cooling crystals (74g, 83% - (R)-diastereoiso-
mer, 17% (S)-diastereoisomer) appeared which were filtered off.

 The solid was recrystallised once more from boiling acetone (50
volumes) to give 58.7g of (R)-tetrahydropapaverine N-acety}l-L-
leucinate (97%=(R)-i§omer, 3% (S)-isomer).

sol uti-on’.iw@92ge09esquent i’y -be. . washed to

dioxalate

(R)-l,2,3,4—Tetraﬁydropapaverine N-acetyl 1leucinate (58.7g) was
~dissolved in water and treated with aqueous ammonia. The
preéipitated base was extracted into toluene (600mlis) and, after



- aMRLE-92/0006€ - Precipitated (+)-tetrahydropapaverine ligsﬁ sol vea
oin to %g%{a and then-the separated solvent was evapora- e GBW g$.§ the
base as a pale yellowoil. The oi |l , was di ssolved in net hanol

(1575m ) and treated with N-acetyl-L- Ie&m ne (47.5g). = The solution vﬁ/as
treated wth diethyl ether (274n1) and (S)-tetrahydropapaverine

N-acetyl -L-leucinate (35.5g) gradually crystallised out. After the crystal S.
had been filtered off the nother liquors were evaporated to |ow bulk to-

give a.solid (19@&)entVW Bra€font, Y rsﬂfﬁﬁé@'ds' aed. ofi'lggﬁgbﬁ%l | Nghe aqﬁljpne

.+ (50 volu I t-al 7 3% ( d = 17%.-
EE B R 3 “Ewéryq?m?z%r&a? Disf 1w, BAAGH w1t . oRnEe s
recrystal lised phene dbacrylaten(10i7g)ngndadecied ¢békicobeiveg.0misyi ate 76% 79 of

(R)-tetrahydr op@&a\ﬁe&&ﬁ.sl\k acﬁ}'ey#'e&cnl)t?u%!?ﬁ}r% (e W%Q@o]vgﬁ’mr tofuene

(S)-isoner). c
1'R)-2.2"-(3. 11(&9&3»16 andlgtmmawrtfdectbm 8 6RefMeick, coTumn chromatog-

R f Y8 E3 ety ANUbrSHORh ““?@2‘*??'”% L0l ved

(R-1,2,3,4-Tetr opapaverl ne N-ace tyl Ieum nat e |s
in water and W o1 i t ive o QTRMEE  viasodissolvedrpdn praéég?ﬂet mMdse was

g)c(:%_/r gfégid/ bgtlgottﬁat@ﬂew(tﬁooﬁiéﬂ)rcamthd afg.8g) ath\Dt%g/ 0PRRa1ate | salt of
ratjo S oht ai, ne i,
The (R- 1,2, 3‘@‘ b gﬁgam@ g H}’\@ §‘ﬁ%°$!“8 % Pﬁ)'% é‘gﬁta rret h- -

yl ene di acr yI at 8, {-Jnetﬁy)ydandG@-dcm@hou-dt—wer%ydh(ﬁﬂu@mh)veaitgﬁeenpitafted 4

hours. The reggt | buene- i Qd
stirred with_ si cdaglggénéét] kl{{/z(rsqvﬁ Pﬁfﬂe‘(@ﬂ mng’[ fzg dfda%ﬁ 'g'(rzgdea-’ 2
mesh), fil ter ed and evapor ated to give a yell ow oil. The pr o_duct
was dl ssolgpd 2ne(3 (160 _m;a_o.. .-.dmxamqegamej:hyiene)-gis-.

S

- (1R, 1! R)-z 2'- (3 11-Dioxo-4,10~ d1oxatr1decamethy1ene) bis~(1, 2 -
3,4~ tetrahydro-ﬁ 7 d1methoxy-1 veratryl1sequ1n071ne)d1oxalate )
(54 0g) was. dlssolved in ‘water (1.6 . ?1tres) and treated with -

- sodium carbonate_to brlng the pH to 7. 0. The prec1p1tated base
was extracted into toluene (600mis) ahﬁ'“the”soTvent was thén ;-
evaporated- to give a very viscous ‘yellow 011 (42.7g). The oil
was treated with. methyl benzenesulphonate (75mls) at ambient
temperature overnight.  The product, (lR,l R)-2,2'- (3,11 -dioxo-
4,10-dioxatridecamethylene)-bis<(1,2,3,4-tétrahydro-6,7-dimethox-
y-2-methyl;1averatry1isoquinoliniuM)ﬂeﬁzeﬂéSu?phdnate . was
isolated by partitioning bétwéen water and toluene. The aquebus e
phase was further washed with two aliqudts° of toluene and then
subjectéd-to'1yophi1isafi0n The product (49 7g 80% yield) was
obtained as a pale yellow solid. -

~ The product is a inixtur‘é"of (1R,1'R) atracurium b'eSy]ate isomers,
namely, 1R-cis, 1'R- cis,1R-gis,1'R-trans and 1R trans 1'R-trans in
a ratio of 58:34: 6 respectwely ' : '




-eat ed g,ggg acid (9.3g) .4nd the' dioxalate salt .
R 1"R). ""3"&292 11- di oxo, 4, 10-di oxat r i decanet hyl ene) - bi s- (1, 5’&*/6891/011 ¢

3,4 tet r ahydr o- 6, 7- di met hoxy- 1- veratryli soqwglol [ ne) precipitated as a
WhltMO“d (54.2g9, 99%yvyield), mp. 125 C, hip.l.c. -97.8% d)

(1R 1'R)-2.2'-(3,11- Di oxo-4. 10-di oxatri decanet hyl ene) bi s-
(1.2.3.4-tetrahvdro-6. 7-di met hoxy-2-nmethyl -1 -veratryl iso-

aui nol i ni um benzenesul phonate.:((1R 1'R) Atracurium besyl at el

(IR 1'R)-2,2"-(3)11-1R-0%9 MRIBiglizgR b j, UpdroRe 19,100 ¢)oxat sidedambthylene ) -
3, 4- tetrahydro 6, 7- lr;e _ ---v%r r% oyl nol i ne)fioxal ay €. [
di s50l'ved in water - (& 4 f SILZA S SLEA L6 LA -s
bring the pHto 7. QJMMMQLMe was extracted into toluene
(600m s) and the sof MRDEs WaSR-diRERErACEPRIERES 1aPe Pi VE @ Very viscous
yellow oil (42.79). _ t hyl benzenesul phonat e
(75mM s) at anbient tenperature overnight. =~ The product,

(1R 1'R)-2,2' - (3, 11-glinaxeure of (IR, l'R)-atracurwm besylate 1somers (10g) obtained

e LR -8 e L a0 R b hant= BB nd s
i sol ated by partiti cpumpegd borttoe eam mm’ﬂyambnlpoessndeSOOnﬁhex 50aqm e mhropdtageaptns

further washed w t I\:cﬁmn?# ? tl}ogfé)(gt 3? Eﬁﬂ@roﬁ qg[’%qi“m‘eﬁﬁga ,p%lnd the

l'yophilisation. The 9
yel | ow solid. The pr@i!}@t‘ was alufed: mfeh éfm’(x,t.m qﬁ) dmhlacomatbmbemn@ and

i somers, nanety, 1ﬁlélh§néstﬁpﬁb§wd Befd S b@ﬁorerﬁ) anprabRibdANaf lcofub® aBJuite

a ratio of 58:34:6 rvleeseecécl;l\/l ct\./ed ar\llg) ége (% ti he required
PCT/ \€8B91/.01150 e) e ractions containing .t eq

1R-cis. 1' R-ci's-2.2' -IR£id; DiRoxgs 4isdfierdwerat iconbiredeand wesidd with 10% brine.

glwsnt(Dlll ﬁl 361”;?:];{;22/ Oﬂgﬂg&ogoﬂgtth%éy's%lﬂﬁowl was Vg\rléip;[ itedOto dryness, the

resuiual colourless oil was dissolved in water and the pH of the

solution was adjusted to 4.0 with methanesulphonic acid. The

aqueous solution was lyophilised to give the title compound (5g)

~as a white solid which was identified as being substantially free

from other geometrical and optical isomers of the compound,

namely being in admixture with less than 5% w/w of such isomers,

~ particularly less than 3% w/w of the corresponding 1R-cis,1'S-

trans isomer and Tless than 0.3% w/w of the corresponding

1R-cis,1'R-trans isomer.
"~ Example 2

1R-cis 1'R-cis-2.2'~(3.11-Dioxo-4.10-dioxatridecylene)-bis-
1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-veratrylisoguino-
linium)benezenesulphonate

1R-ci _1__'R-cis-Atracur'ium besylate

Stages a), b), c) and d) of Example 1 were repeated. The product .
obtained in stage d) was either isolated as described or
chromatographed as described below. '



00nn1x
axi al |y conpressed 5
s) and was pU”ped on an regul ar
di chl oromt?g“faéﬁgrﬂco?um packed wi th 5209 “of 20- ;‘5d[”cf,[8ﬁ'o'n£t hgne V
SOFHLghrgzg t%e col um was el uted mntg gonbxgyreFSactlons of colum eluate
st - id (8

ni ¢ aci
nethangL|?gdtggthagﬁzulfﬂg fractions contalnlng “the required
wer e

The ' o
CUU1Reeis, 1 R-CITOXEURRAT (.4 'R bratracsh ianchees i dryness héks 010 fge'g{‘gﬁml pe— ess-;:-_-_'-.,
 dichlor onet fewateelin Sf’é[bee‘r"’ﬁgn?‘{—ag%@h?&het hEeagsion indntuas fmﬂjsf‘fi‘gg pz give S
o ![ hmfreglhanesul gsr?(}HF@,adé'l qdich mmm)uﬂmlsl)taﬁ”' ﬁt Ipﬁ?;ged:] @i ARy
}[Mhe title cﬁi‘ﬁﬂblﬂ"l(tomﬁ@ss%ﬁ mmﬁli% ﬁﬁ“ Y}ﬂo&ﬁ p 36}59 gy PB@CﬁdEW‘&th ogg t he

e 0 M, L o e s,

pdR Cis s $somer
gg?{o?gﬂﬁarl nf'é?/ ﬁamygmwomemmehe qﬁgﬁﬁy({n cd|1s " @"FF‘&‘(P@OUE@WEBC"‘

and | ess tHaﬂoIBOE‘i/mgé_SN Of'ééé;%fés’” T T uteiweret Itbﬁmé‘dg_bﬁneéndb'éhe -
(E>1<ar2rplge42t eFS&Jh% ?"&j‘i"ﬂe!‘-hﬁ)wqmmﬂf gllsl-lmkfI.gi- lﬁ%ﬂg' &egge)cosbm a),
i ni um benéﬁ@rﬁshﬂbmmatm%( ﬁiﬁreCngyJeaat r %‘{) e‘hﬁ?' BRRMEtbaneaisodit iohn wasSt age:
Q) ©) anded *Etgd( 8P umest” e’ rxsdual bedlourdess byiangt QRABNST42S,.¢
descrl bed % mvmm'/ and6xhe pH of the soltuion was adjusted g about -~
pcjy(3891/0440591th ¥ -aqueous solutron of benzenesulphon1c acid.” The aqueous. }‘e

~ from other
geometrical and optical isomers of the - cempound namely “being

adm1xture with less than 5% wiw. of ‘Such - isomers, part1cular1y less
than 3% w/w of the correspond1ng 1R- -cis,1's- trans isomer and less than
- 0.3% w/w of the corresponding 1R- -¢is, It R-trans 1somer "The product
-was analysed by Iy NMR  (CDCT. ) as fo]]ows 6 1.52(m, 7CH2-tr1deca)
1.63(m, 6CH2-tr1deca 8CH2-tr1deca) 2.84(m, 1/2- 4CH2 1/2-CH o-veratryl),
3.15(m,1/2-4CH, ) 3.22(s, NCH. ). 3.26(m, ZCHZ-tr1deca 12CH2-tr1deca), .
3.34(s, OCH3), 3. 47(m, 1/2-3CH2 1/2-CH, a-veratryl), 3.58(s,0CH ), -
3_.73(25,0CH3 OCH3) 3.84(m,1/2- 3CH2) - 73.95-4, 24(m SCHz-tr1deca
9CH2-trideca 1CH2-tr1deca ' 13CH2-tr1deca) 4.86(dd, J=3, 8Hz,1H),
5.87(s,8H4), 6. 36(dd, J=8, 2Hz 6H-veratryl), 6. 42(d, J=2Hz 2H-veratry1)

6.48(s,5H), 6. 59(d, J=8Hz SH-veratryl) 7. 24(m meta & para besylate)
7.78(m,ortho besylate) _ :

in

i

The fo]]omng Exam‘p]es il]ustraté p'h'a'r*macedtica'l: formulations
according to the invention in which the "Active Ingredient" is the
1R-cis, 1'R- -cis-atracurium besylate salt according to the invention.
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A-mxture of (1R 1 R) - at racur i um besyl ate lsorrers (1. 5g of . the i

i sol at edWR? ® d)..or--3.59 of the reaction m xture from Egéém'c(? 1ﬁ’vas
di ssolved in dichl ororret hane (10m s) and was punped onto an axially
comir—essed 300mm x 25nm chr omat ogr aphy colukh packed with 80g of 10

m cron spherical silica, and the colum was eluted with a mxture of
~di chl or onet hane, nmet hanol and benzenesul phonic aci d 4000: 500: 0. 25.
Fractions of colum eluate;were collected, and :the fractions containing

the required ]1_5 - Ci ﬁi b R-ci s i'soner were, conbl ned and washed. wi th;:10% br i ne. -

or water..The- inet hane ‘sol ut i on was evaporated t o dryness;-the - &7
residual ‘‘colourless oil or semisolid was dissolved in water and the pH
of the sol tuig@-tmgﬁsganhééﬁgnt&mamdt 4.0 wi th an aqueous sol ution of
benzenesul phon IE€_agueous 5ol ution was |yophilised to give the
title compound (0.5g) as a white solid which was identified as being
substantial |y Aé¢teiQe mg}amatfher geonetri cal and optsocn i soners of the
conmpound, nane%%] bel h ?ﬁ xture wiith | a£ w w of such

i somers, parti CUIENf 8§§c ah 3% w wIot ¢ e orre §8n%|| ng 1R-cis
1'S-trans i sonﬂateu:nﬂort dagectians 0. 3% w wtofmakehe corr¥®esdondi ng 1R-ci s,
1'R-trans isoner. The product mas analysed by [err] as follows: [err]
[err] [err] The follow ng illustrate phar maceuti ca

formul ati ons ab&livei L@r@mnte is dweh\tqdonnuthe Yaternfemdnjegtipge and the pH

I ngredient” isof tthaeréﬁ"l‘ihﬁgg sb 1t oinS i fad3GetedU s hre¥drg Wwitht tﬁ@%“'rﬂ“ Ngheo

t he |nvent|on

PCT/ GB91/ 0115052 utjon Baﬁg‘?’éﬁés% by Jdsrationcand,nf ibied: inte ssterde 5 m

Ingﬁedlent ampou les. 50 ng Benzenesul phonic Acid
g.s. to pH 3to 4 '
Example 4

Multidose injection solution

- Active Ingredient - - - - 100 mg

Benzenesulphonic Acid g.s. topd 3 to 4 -
Benzyl Alcohol S 90 mg
Water for Injections - . to make 10 m1 .

Active Ingredient and benzyl alcohol are dissolved in the Water for

_ ..Inject'iorts and the pH of the resulting solution is adjusted as
necessary with the acid. The solution is sterilised by filtration and
filled into sterile 10 ml ampoules.

(“':

Active Ingredient - 50 mg

Benzenesulphonic Acid q.s. to pH- 3to4d
Mannitol : " 62.5mg

Water for Injections . to make - 2.5 ml



or Wowaygsgetions - fo.make ' -5 i ‘Active.ingredient 1S
\é\?ggglﬁgngn the Water for | n]'é'c-tiO'ns:gnd "El_ﬂe p:—|u:):‘ 'ohhfswi!??rgég.ﬂ{)y -
' ' as necessary with the aci d. e sol. . : | o L
;?I??g??éﬁdand filled into sterile 5 ni-d@poul es. Exanple 4 Ml tidos 4

| [ 100 mg™
I njection solution Active [ngredient )’

| Al cohol
90 ng \Water for Injections . = kn the Water for Injections =
.7Ingredi ent ThedAbtivay | Ingied pdHd! ang.> gﬁhf'isbglnvg?% ;q!-yrgséﬂlugg-édnzw nBgteysafyr with .-

o Tthe pHse0fs. the resultin T o oau U5t edh B nistas afor vi th o
" The aciq. deStions: f ; he lpﬂ?mfse_ahq)yjesymmgt.mg_eﬂ?,_ ik Qe sierile
10 M anpoUlesessaryawjthe the F‘Cﬁﬁze‘mE'?ﬂu_'tﬁ'bfgiE' 'Efkrﬁ‘?weﬁgs@%mﬁtﬁmmd

. ; ut ) |
50 my Benzqresed HHLD! Gefid viats and frbege, drd ot ey ol
.62.ggng Water for Tnjectiond ezeinigde |
92/ 00965 ' : .

' i itol ‘are dissolved in
Zoqichh ' redient and nmanitol are disso n
FEZ Fﬁ?élcgrgﬁ?aacﬁio 'IC-EQGEA%H o ?%e resulting ‘'solution is adjusted as

. : cidLQ_The SO|utiOn-!S steriLiseed,by fiItratlon_and. |

T et i R R
Hehs: & el AF el ‘Wa1lEEH 5 © described betow,  in comparison with tny
ero e ion8] mixture of geometrical and. optical isomers (trentified

below as atracurium besylate) to determine‘thé'néhromdscuTar blocking -~

potency and effect on sympathetic and parasympathetic blockade. -. RWE

a) Methods éndJmatgrials.

‘Mongrel male cats (SoutheaStern;_tabcfétpries:.AniMal. ‘Farm),
weighing 2.2-4.25kg, were anaeSthetized with a mixture of
pentobarbital sodium, 7mg/kg i.p., and’ alpha-chloralose, 80 mg/kg
- 1.p. Adequate 1levels of anaesthesia ‘were ‘maintained  with
supplemental doses of a]pha-ch]ora]osefadminiSteréd“intraVEnous]y
‘as. needed.  The trachea wés' Caﬁnuiated  and the animals weré_ -
ventilated with 20 mi/kg of room -air via a Harvard Apparatus -
respiration pump adjusted t0-deliver'zofstrokéSIminute] -Aﬁterial-' 
blood pressdré'was:measureda'viafa'cannuld;'jn the“right' femdra]*"
artery connected to a Statham P23 transducer. Heart rate was .
determined from the ECG using a _GrQSS*taChOgraph:' The right -~
cervical sympéthetic nerve was exposed, cut approximately 5 em .
proximal to the superior cervicalfganglion and,_piaced- on a
shielded bipolar ‘Platinum electrode. = The right vagus was
exposed, crushed-apprbximate]y.ZcmldistaI to the nodose ' ganglia,
and placed on a shielded bipolar platinum electrode. * The
cervical sympathetic nerve and the vagus were stimulated for 10
seconds every :5 minutes with a Grass 'S88 stimulator using the
following parameters: 20Hz, 0.5msec duration, and'-suprgmaXimal
voltage (10-15 volts). Isometric 'cbﬁeentrations of the

i



Gonpound_A) .was eval uat ed” as- descri:bed bel-ow, in conparison yj 1607 126
convent i @&?Wme of - -geonetrical "and optical isomers '(m&‘é%?%l s
bel ew as atracufium besyl ate) to determ ne ;ﬁe) neur omuscul ar bl ocki ng
pot gacy and effect on synpathetic and paraS athetic bl ockade. a)

Met hods and materials. Mongrel male cats (Southeastern Laboratories
Ani mal Farm), weighing 2.2-4.25kg, were anaesthetized wth a

- m xture of pentobarbital sodium 7ng/kg i.p., and:al pha-chloral ose 80

ol kg 1P | AdeAUficeh CHAR nélbrand U8REITRESKGA UEK g el MO WEhsicH 61 8

- suppl.ement al:.doses of -al"p] d ose- adm.ni.ster ed.-Fntravenousty. as -
‘needed.” - The -t racdtd@swith cabrasst £4-03H1aree o dispiasgpent m’@dVéf

with 20 m/kg of gQes pAiygraphd TPheHRreyEing tehsion ainushe @dpt faiting membiane
adjusted to deliver 20_strokes/mnute. Arterial blood pressure was
measured via a caMfffl 3 958Sthe right fenoral artery connected to a

St at ham P23 transducer. Heart rate was determned from the ECG using
a. Grass tachogr aphue 1IAE nihd A CGlaY! fifialy SRLPEE ' Gnd ThECt i1aY: X RERESH
cut approxinately cmproximal to 't superi or cervica %ang]l i on
and placed on a wis dselatedbansol aktached d0i mGrase| ETs0Hferce disp

vagus  was exposedtrg%uémq ap@texi r@eeionig MReStstiat fic t herviodesnk, the
ganglia, and pl ace on a r

hi el ded b | . Rl | ectrode.
The cervi cal 'syrrpatWeahemﬁv%ﬁﬂgghé’%ﬂsb&gﬁgr§tﬂeﬁﬂ$§t ggg‘}]&er i%’@gég‘ﬂ’ﬂs

every 5 nminutes véldttrode.G 85fmuIs8 ofsOi2mseat durationgand t la¢ & olskrpwdmag imal

ol te): - 1 somot i 1o TtagE Es, BB A" enf Heryg ' BREREE, of B 1 AT usihd 410

PCT%.2B91/ 01150 - 13 Grasisc588 stimglatenbr afieitobr ctension dadtbrianteror rtdxiahis
;ﬁgSi g,” of 5 grams, ¥ tleorteld @ifSingd rastimy tensidnsef ZpcEwARs. t ransducer
The test compounds were dissolved in a buffered saline solution
at a pH of 3.0 and then kept on ice and administered via a
~cannula in the right femoral vein. Esophageal temperature was
monitored with a Yellow Springs thermistor probe and core
temperature maintained between 37° and 38°C with radiant  heat.
A1l recordings were made on a Grass Model 7 polygraph. At the
‘end of the experiments, cats were euthanatized with intravenously
administered saturated KC1 or pentobarbital sodium.

° b) Results

The Engs value for neuromuscular blocking potency was calculated
from dose-response curves. '

The ED, and ED,g values for the inhibitory effect of the
compounds on respectively parasympathetic (vagus) and sympathetic
nerve stimulation were similarly calculated.

The results are summarised in the following Table.

ti PBY ed -

acepgrnt
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AT



"-.'.Grass Wfﬁ The restr ng “tensi on on the nictitati.ng nenbrane was 5
" grans. he h| nd linb was rigidly secured-and the ti bi PCTAGBRMGQRNWAS
isolated and ‘attached to a Grass FT.03 force di spl acenment transducer.

After sectioning the sciatic nerve -tdénk, the peroneal nerve was \5,,4

placed -on a shielded bipolar pl ati num eI ectrode. Stinmuli of 0.2nséc
duration and at a supramaximal voltage were applied to the nerve at the
-rate of 0.15 Hz using a Grass S88 stinulator. Twi.tch tension in the

anterior. trmB i.s-was. recorded-during a resting tension of 50 grans. The
fest: corrpoun were dir ssofved in.a: buffered .gal’i ne., sol uti on at a pH of 3. 0 s
and then kept on ice and admi nistered via a cannul ainthe ri ght - ‘fenoral
vein.. = EsOGOMRAUND t enper at uggc Was. m)nrt ,{.@ i.th a Yell ow_Spri ngs
thermstor probe and core terrBerature mai n bet ween QAng ]12%nd [err]
with radiant heat. recoFBgmgs were n\éﬁﬁ&SoINIﬁBHmﬂs MsYRPATHETOL Y Or aph.
At the end of the experr ment $m S were t hgpat i zed w t nously
admi ni stered saturated KO of %'g??obarbrt‘zélJ s%ﬁjm b) g&'ﬂ“@ﬁhe [err]
val ue for n : se-response -
curves. TheAf'éqcrU]”"'&nd [ err0.092af ®D10f or ghe i nhi brt'ory ff ct _of the
conmpounds obegyaagect i vel y- parasynpat heti ¢ (vagus) and. synpa hetic nerve
stinmulation were sim. larly cal cul at ed. ‘The resul ts are surmarr sed in the
fol | owi ng Tabl e. W) 92/ 00965 : _
PCT/CSBQl/OlOMouﬁdlk TABLE ¢.062 ,EZQVB ND CALC*,__

RATI O 50%  RATIO 25% - by a R 60,

ED95 calculated as mg/kg as the free base based on the we1ght of
the atracurwm catmn. : :

(r -

i



L EDU5 AGUS I'NHIBI TION - SYMPATHETI C ( g/ kg)

I NHI B T|‘&Q??§""9é Atracurium - 0.092 + 0. 010, | 1"7"—""@@1/01[1?6 ]
34 Pesyl ate Conpound A - 0.062 0.0 60

-[erky cal cul ated as ng/ kg as the freebase,” ggsed on the wei ght of the
~atracurium cati on. WO 92/ 00965
PCT/ (3B91/ 01150 -15- CLAINS 1. A 1R-cisl'R-cis atracurium salt

substantially free from other geonetrical and opthaI i somers thereof. 2.

A 1R-.cis,1'Rcis- atracurium ~salt as c¢pgR8d. in claim 1 in.admxture .

:5mnth Iess ‘than 5% w:w of -other. ‘geonetri cal -and optlcal isomers thereof. 3. -
A 1R-C|s 1"R-ci$ atracurium salt "as clained in claim 2 in adni xt ur e

vAVI tE Iesls than|1‘|2% W/IIR-Qf'nsPI'fRe_g%QFFEMMle sald substartdlliypofees firber edher 4.
physiologically a uriumsalt as clained
~in any of the prec88?ﬁ§9&F§1 % ga%ﬁémﬁfé Eﬁ%@??R cis atracurium

mesylate or Dbesylate salt as clalned in claim4. 6. A physiol ogical |y

acceptable 1R-gis _Lagcur, claQi clsqi ory u
'n surgery or ?redl Cafﬁg'_%{I@It althlﬁ'%ﬁn osI%gt| Cag n@ﬂ'ugg%el?argﬁﬁ\ 1 Us
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neur onuscul ar bl ockagferisNtReredpl mal . 8. The use of a physiologically
acceptable 1R-cis,1'Rcis atracurium _

3. A 1R-cis,l1'R-cis atracurium salt as claimed in claim 2 1in
| admixture with less than 2% w/w of other geometrical-;hd'géptical
4 isomers thereof.

4. A physiologically acceptabie lR-cis,1'R-gis atracurium salt as
claimed in any of the preceding claims.

5. The 1R-cis,1'R-cis atracurium mesylate or besylate salt as
claimed in claim 4.

6. A physiologica]]y acceptable 1R-cis,1'R-cis atracurium salt as
claimed in claim 4 for use in surgery or medical therapy.

7. A physiologically acceptable 1R-gj§,1‘R§gj§ atracurium salt as
S claimed in claim 6 for inducing neuromuscular blockade in an
&“J animal.

8. The use of a physiologically acceptable 1R-cis,1'R-cis atracurium
~ salt as claimed in either of claims 4 and 5 for the manufacture
of a medicament for inducing neuromuscular blockade.

9. A pharmaceutical formulation comprising a physiologically
acceptable 1R-cis,1'R-cis atracurium salt as claimed in either of -
claims 4 and 5 together with a pharmaceutically acceptable
carrier therefor.
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formul ati on conprising a physi ol ogi gsl |y acceptable 1R-cis,1'R-cis . .
atracuriumsalt as clained in either of cPains 4 and 5 together with a ‘w¢

pharmaceutical |y acceptable carrier therefor. WD 92/ 00965
PCT/ (B91/ 01150 -16- 10. A pharmaceutical formulation as cl ai rred in
claim9 adapted for administration by injection or infusion. A
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cont ai ned M. 1A9raged foR theRoRigatatidn" Bt S lik- ~cis,1'R-gis atracurium salt
as clauned in claim 1 which compr1ses subjectmg a correspondmg'-
IR,1'R atracurium salt to cond1t1ons or- reagents serving to
effect isolation of the 1R-cis,}'R-cis Isomer from the
corresponding geometrical isomers contained m the said 1R,1' R
atracurium salt.

- -

0 A



