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PCT/ US98/ 19848 Bl S- QUATERNARY AMVONI Ul\ﬂ C%F%@QSVES AS
NEUROMUSCUL ARMRESZIBENT S CF

| NVENTI ON This invention relates to conpounds useful as
muscl e relaxants. In one of its nore particul ar aspects, the

invention relates to a series of al koxy- and acyl oxy-substituted aral kyl

5 and aral kenyl bis quaternary amoni um derivatives of cyclic al kanol

di esters. This invention ' also relates to nethods for the preparation
and use of such co ﬁuﬁ)g&&ﬁ I I n tical
conposi tions cont aim%l ng suc Aﬂg%%%g@.ﬁMWAQNEWOMUS&&ARW
BACKGROUND OF THE | NVENTI ON During surgery it is preferred
that the muscles of the patient bEIEID OF RNVENEONossible. 10 Al though
general anesthesia renders the patient unconscious, it only rarely provides
suf ficient The o érition Melsted © comipaumls iveefil 28 MvBEle edlyxants. MoaE f ite hdrant
agents, al so known as neuronuscul ar bl ocki ng agents, are used for

nuscl e rel ax dhiiewlartigpdcROthS UiveMion  relsiBE 1o 1A Sée of Hkayaiid 4¢§18%y-substituted '&ﬁfk?ﬁ ntly
in the past is succinylcholine, which has a very rapid onset and shor

duration Gf an4 aralkédyl Bi G@dterffty aRMonitiQ RN Gives I CHdB YIKGID ilehters € it ihventiliS C! €
menbrane "depol ari zati on” which 15 makes thi's conpound | ess desirable.

Furthernore, .k rejdies 16 ’é-lgg:g{fsg‘?l ZIE hl%b'a?atﬁjn%d Giefcﬁ Sdch-compounds 3 muscle r%\éﬁé gé“c? i

ot her so called "non- g nuscle relaxants are known a

anest hesi a ag‘?ﬁ%ﬁ?"g’%‘%ﬁ’l clgﬁgsﬁigo%g%ﬁamgl %ﬂg%"\é‘ egsnon- depol ari zi ng nuscl e

rel axants in Ners: rarine, pancuronium
atracurium cisatracurium Vv i "m@ and rocuronium The
common structural feature ofﬁ @%u 7 usually two 20
quaternary nitrogen.atons. .-They are all clinic accept abl e because they
T aco onl v 1 Bt sarkgey i3 Bleried it Mrerraismeg G paeqts o FERas Bt | o
is too slow and their duratiqon of action is too | on Thus, these

agents, wi®t héufhough espsry! gnesthesiy rendssg,fne pagent yreoRssipys: r“e?@h‘faée%ﬁfr%iﬁes"ﬁ”ﬁ@'&l’t'

skeletal muscle relaxation. A variety of muscle relaxant agents, also known as neuromuscular

blocking agents, are used for muscle relaxation during surgery. One muscle relaxant used

frequently in the past is succinylcholine, which has a very rapid onset and short duration of

clinical action. However, succinylcholine elicits muscle membrane “depolarization™ which
15 makes this compound less desirable. Furthermore, it may produce serious side effects.

Several other so called “non-depolarizing” muscle relaxants are known and used in
anesthesia and surgery. These chemically diverse non-depolarizing muscle relaxants include,
among others: tubocurarine, pancuronium, atracurium, cisatracurium, vecuronium, mivacurium
and rocuronium. The common structural feature of these compounds is one or usually two

20  quaternary nitrogen atoms. They are all clinically acceptable because they produce only mild
or no side effects. However, their onset of action is too slow and their duration of action is
too long, Thus, these agents, without exception, fall short of the requirements of an “ideal”

surgical muscle relaxant.
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surgi cal muscle rel axant.

-1-° WO 9921854 Hungarian Patent No. 142,597 i ssuefcfiisoggfisgnber
15, 1955, discloses a series of conpounds having a pair of tropine
noi eti es bound by an ester |inkage to an aliphatic or aromatic

diacid. The nitroggns .on_ both tropi.pes are quaternized with al kyl or
unsubstituted or Higaridn Pﬁ%ﬁtglg?lb]s 1'59 ﬁfsé‘ffdtf@ngﬁpfe“&fe’bﬁsl.gss’ d‘5°?°sesy a series of
Certain naturall X oc%ur,ri ng al %al oi ds consi st of dicarboxylic acid esters
of azabi cyc| Fompounds haying, PRk of &ropiRe Foietiey bord hivi aneesteryinkage jte ap aliphatic or
tropinester, and thesine, which is a bis oxynethyl pyrrolizidine
ester. Only taiemasiciipridgThe aikragany onjkath (rapinssareuatsetized tothralkyboramsubstitetedret hy |
quaternary derivative of thesine have been reported as nuscle rel axants.
Sonme ot her newnopmbsttuedbengyl gedphg agents that include pairs of quaternary
nitrogens 10 as part of a tropane ring system have been reported in the

literaturé |n th€swaiconpelndsuring alkalolds omisisy bf dioirbdxyls add estérdioh @bidyclo

bridging the two quaternary nitrogens. U S. Patent No. 2,746.964
(1953) di scl afiasolsisaurab ballatiorming ovidcheis | B Sropihester Rind eHiekifld, Mbichauit BEjnter) KY!
guat er nary derivati ves. It is an object of the present

i nvention to Jgﬁalﬁﬁdiiﬁ &t a0fly ith bmylegliatiine) %er'i\fili@e?(amaélfadélnﬁine Py R

characterize y very rapid onset and short duration of neuromuscul a

bl ocki ng uaterdGryideative of thesine have b rted 1 SUMVARY OF THE
| NVENTI ON 1 &y 1n our reseaeregrrlepfoo? %sh%usﬂleélee% ntS’rruscl e rel axant we

have di scovered t ' ' . r..pely-. al.koxy- or .
acyl oxy-substi t ut gﬁ“%!r)ﬂgrr%epﬁgﬂgc ugfg{oggﬁ%gea% é?a[eg#'l élrd f/ PETE MUgi AR, 1o8enY, e

10 as part of a tropane ring system have been reported in the literature. In these compounds

tropinyl moieties are joined by bridging the two quaternary nitrogens. U.S. Patent No. _
2,746.964 (1953) discloses dicarboxylic acid esters of 3-piperidinol and their alkyl quaternary
derivatives.

It is an object of the present invention to provide new and improved muscle relaxants

15 which are characterized by very rapid onset and short duration of neuromuscular blocking

action.

SUMMARY OF THE INVENTION

In our research for the “ideal” muscle relaxant we have discovered that in general, di-

20 or poly- alkoxy- or acyloxy-substituted aralkyl and aralkenyl quaternary ammonium derivatives
of cyclic aminoalkanol diesters either exhibited less side effects such as decreased blood
pressure and increased heart rate or greater potencies than other agents with alkyl,
unsubstituted aralkyl, or monosubstituted aralkyl quaternary groups. In particular, such
alkoxy- and acyloxy-substituted aralkyl and aralkenyl quaternary derivatives of cyclic

25  aminoalkanol diesters were much more rapidly and shorter acting than any “nondepolarizing”
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of cyclic am noal kanol diesters either exhibited | ess side effects such as
decreased bl ooslo 9921854 pressure and i ncreased heart rate or gpepisysn984s

pot enci es than ot her agents wth al kyl, unsubstituted aral kyl, or .
nonosubstituted aral kyl quaternary groups. In particular, such

al koxy- and Ws&:@)‘r&a)?aﬂp%%hﬁdﬁg\@%tﬂ&ﬂ:l &% athﬁrcﬁJc&%%hzag%%r l&%{e epegtg% iaa?y

derivatives of cyclic m noal kan(‘))‘in diesters re nmuc
and shorter ' ; i: 71
2. bt A BB A B elrcr 0 enown. Thi s i scovery
was entirely unex%cted an i.ct ed .and t hus f?rms t he basi s of

d . unpre
this invention. i invention C°ﬁsff‘fss°fiaﬁ\9‘£‘3’?t°?8‘rﬁ OF Bpf¥Rkpyy- OF acyloxysybstituged agalkyl o

pol y- al koxy- or, agyl -substituted. aral kyl, and aral kenyl

bi s- quat er nar3hd éﬁ’ﬁ%ﬂﬁﬁ%‘(ﬁ'ﬁi’é‘% pRy@gnigR adéﬂ}‘@f"?’?? ofl wslisoalkangk estess gf dicarboxylic

di carboxylic 5 acids as neuronuscul ar relaxants, nethods of naking and
usi ng them &Asids 3p Appamusgelar efaxants, methodpne oraking mad weing diemi aod phamaceutical
The first aspect of this invention is a group of conmpounds |/a, having the

gener al compesitiAns contdinieg them.ed bel ow. [err] 10 A second
aspect of this invention is a group of conpounds 1/b, having the general
formul a illustrat dbe bt aspect of this invention is a group of compounds 1/a, having the general
formula illustrated below:
Ra———/——(cnz\): {CH,)n X Ry
+
R—N—R, / 0—A—0 < R,'—AT——R,'
R 4———X—(CH2)m 2% (CHz)m—;R;
10 A second aspect of this invention is a group of compounds 1/, having the general
formula illustrated below:
R, R vope
\/" VA
Ri—N (6H2<n {CH,)n N—Ry
{CH,Jp / 0 A o \/ (CH,)p
&——A—(CH,)m 2 x {CH,)m __;R‘.

A third aspect of this invention is a group of compounds 1/c, having the general

formula illustrated below:

R, R,
+ +

R; N—(CH,)n (CH Jn—N——R;’'

(CH,)p > 0 A 0 < %CHz)p :

R——L CH,)m !

s ; (CH,) 2x (CH)m R,

where A is alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,

cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl, polycycloalkanedi-



A third aspect of this invention is a group of compounds I/c, having the

gener al © fwowwdsd | | ustrated bel ow [err] WhET/BSW/19848
al kanedi car bonyl , al kenedi carbonyl, al kynedi carbonyl , -
cycl oal kanedi car bonyl , cycl oal kenedi car bonyl, bicycl oal kanedi car bonyl

bi cycl oal ken%b%@i,btﬁewéyciogﬂéﬁég%ﬁb&@, Kadgdlic dicarbonyl substituted aJll@a%Wéarbonyl,

pol ycycl oal kenedi‘car boriyl , aromati ¢ di car onycf , SUbstitut ed

al kanedi carb : St ed >nedi cgyr I substjtute
s, AGHISRRINL o sul8S1°0, RO oy =)Lkt

al kynedi car bor _ ¢l oal bonyl ,*
i oot bonyl Y FYIBRSRRRNT T8RN BleviHiEhed SRt & ibsirutpd, prompti

ar al kenyl in which | egst ong of . the substituents is al koxy or
Syl oxy, re dirarteent Kyaad B ke U5 o7 aplBiuten salkigor splkepy i whish g et on of
or 2, pis 0, 1, or 2; R3 and R3' are H CH3, or lower alkyl; R4 and -
Rlerr]' arse Ithe hitituents is alfoxy onasyloxy; R; and B ‘lapd alkyker akehyRd i@, af Zon B, 1,
-(CH2)[err]-, -CH=CH, -(CH2)h-O(CH2)[err]-, -epoxy-, or -(CH2)[err]-S-
(CH2) k-, wheroe 2gp is9D, 2, orP; R4, andRs'"Tre H, CH;, br WweZ alk@NR, d0diRs’ dre @, CH,, &ewer

Rlerr]" and R4' can al so be - (CH2)[err]-, -CH=CH,
- (CH2) h- O ( Chliyf; ® bdd R, cdn@iis]be -(CHy),(, CHR-OES- (GRS CEYRE B0 6 - Hé -s. 10
4, or 5, his 1l or 2, and k is or 2; X is a pharnaceéeutical’l’'y acceptabl e

ani on; Rerrkcand Fhéd Els 2,000, BEs, nis 1 or 2 Bt BB LS AR ALAY, ol fQWSe 2
and R2', R3 ]a(mdgh‘S' , a d Rért and R ert fd can Be-the §a£rtr§r%r can o8
different. A fourth aspect of this invention is the nethod of
use of the conpounds of the general : AN
(CHy),-, -CH=CH-, -(CH)y-O-(CH)y-, -C T | or ~(CHy)y-S-(CHa)-, where g is 2, 3,
10 4,0r5, hislor2, andkis I or2; Xis a pharmaceutically acceptable anion; R, and R,’ can be
the same or different; likewise R, and Ry, R; and R;', and Ry and Ry’ can be the same or
different.
A fourth aspect of this invention is the method of use of the compounds of the general
formulae 1/a-1/c as neuromuscular relaxants.

15 A fifth aspect of this invention is a pharmaceutical composition, including the

compounds of general formulae 1/a-1/c and a pharmaceutically acceptable excipient.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Definitions
20 As used herein, the term “alkyl” refers to a hydrocarbon radical having from | to 20
carbon atoms. In this invention alkyl can be non-substituted, for example, methyl, butyl, octyl,

and dodecyl.
As used herein, the term “alkenyl” refers to any hydrocarbon radicals having from 1 to

20 carbon atoms that includes at least one carbon-carbon double bond at any position,

R
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formul ae I/a-1/c as neuromuscul ar rel axants. 15 A fifth aspect
of "this invenyggrigsa pharmaceutical conposition, includi n@PCrius9sn9s4s
conpounds of general fornmulae 1/a-1/c and a pharmaceutically acceptable-

exci pi ent. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Definitions pgf I B@SI&%B [kyl" refers to a
hydr ocar bon r]%gnpl% in lgi\?leﬁh rom y 0 ﬁy ¢ car%ggn atons. In th| S

| nvention alkyl ng] eren %\EQ I‘%ﬁ%{(‘gg’ rettegrt %el(cﬁn&kboh ;Efffiﬁy}laymg 1’t0 fyl.

and dodecyl . term ers 0 any
hydr ocar bon r adi cal s havi hat ncl udes

at | east one BRPPHARME l%%lﬁ) Fnést 88 8arl%&n cgmgn &5@? F‘?'@r‘fﬁ‘ any posmon ﬁxamples

-4- Exanpl es i ncl ude et henyl 2- byt eny 5- octenyl, and 2,

10- dodeceny| .include acetylenyl, 2-butyny, 50%%%‘}3’ h%ﬂdelrz‘idecﬁ'}?é‘yf‘ r m "al kynyl" refers to
hydr ocar bon radi cals having froml to carbon atons_that includes
at | east dne car b&m-usas broein,tthe faoa B@hdre&é’s Ehyropatis hydsprarbon fadicalss Examples

i nclude acetylenyl, 2-butynyl, 5-octynyl, and 1, 7-decanediynyl. 5

As used hereﬁm&ﬁbh@mﬂemnhmﬂryM%MMQﬂérs to aromatic hydrocarbon radicals.
Exanpl es I ncl ude phenyl, naphthyl, and anthracyl. As
used herein, the Aensedherin| thytetm“atlkylS refars @rayy! hidrdeadoa rigtialsrizoilidegl aa alkyl

i ncl udi ng an al kyl portion as defined above. Exanples include benzyl,

phenyl et hyl , pafidnGs dfipédubbhe Bramples include benzyl, phenfisthiis@d chepmiifexyl. he term
"aral kenyl" refers to aryl hydrocarbon radicals including an 10 al kenyl

po:} ; i ﬁ?h i’is def i nag usdaderein, Eheaemid aFalkanglk Weters $6 WY hydretalon 23didalsaRdiilg anANd
g y10 alkenyl portion, as defined above. Examples include styryl, 3-benzylpropenyl, and 6-naphthyl-
2-hexenyl.
As used herein, the term “cycloalkyl” refers to an alkyl that has its carbon atoms
arranged into a ring. Examples include cyclohexyl, cyclobutyl, and cyclododecyl.
As used herein, the term “cycloalkenyl” refers to an alkenyl that has its carbon atoms
15  arranged into a ring. Examples include cyclohexenyl and 1,5-cyclododecadienyl. |
As used herein, the term “bicycloalkyl” refers to an alkyl that has its carbon atoms
arranged into two rings. Examples include decahydronaphthyl, norbornyl, and bicyclo [2.2.2)
octyl.
As used herein, the term “bicycloalkenyl” refers to an alkenyl that has its carbon atoms
20  arranged into two rings. Examples inciude norbornenyl and 1,2,3,4,5,6,7,8-octahydronaphthyl.
As used herein, the term “polycycloalkyl” refers to an alkyl that has its carbon atoms
arranged into three or more rings.
As used herein, the term “polycycloalkenyl” refers to an alkeny! that has its carbon
atoms arranged into three or more rings.

25 As used herein. the term “substituted” refers to a hydrocarbon radical selected from the
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2- hexenyl . As used herein, the term"cycloal kyl" refers to an
al kyl that haswplsr@sy bon at ons arranged into a ring. BEpUPISASS4S

i ncl ude cycl ohexyl, cyclobutyl, and cycl ododecyl . As used .
herein, the term"cycloal kenyl" refers to an alkenyl that has its carbon

T2 o MR W, TR LR
" bi | oal k ", t t d
ST e A A A SR

[2.2.2] used herein, the ter

"bi cycl oal ken?/lfd‘m&e@f apve P@“a‘i‘?PIA‘PeﬂeY‘i‘}}} af‘%i’atﬂuﬁﬁie i hloriday B‘@ﬁ“d&t aeflide, dydroxy,

arranged into two rings. Exanples include norbornenyl and

1,2,3,4,5,86, 7msncm@,aﬂﬂspw caarlpyt, Riiryithio, aryithio, acetamido, Aineisittregroip(s). tAleo ther m
polycycloalkyl refers to an alkyl that has its carbon atons

arranged i nt otetthr“eubstinted’d refers itangdiydrocarbon radical select#d fromettle Igeoups alkylf hlketybr m

"pol ycycl oal kenyl" refers to an al kenyl that has its carbon at ons

arranged i nt oalkyniybeag), ek, raralgeyl, Abloalkyl, cycloalkehgl, usieytldatkyiei bicycloaerdyer m

"substituted" refers to a hydrocarbon radical selected fromthe

groups al kyl, pélydyeieaikyl, poljeydialikenyll 30d all 2k dbficiell absveatvli@BYhe of iBleORIYEMS have

cycl oal kenyl , bi cycl oal kyl bi cycl oal kenyl, pol ycycl oal kyl
pol ycycl oal kepah cepfidh it o gendﬁﬁmnaﬁmg&p&emhcw'ﬂ%ﬁ (gne or nmore
hydrogens have been replacéd with al k fluoride, chloride, brom de,

did hyd K g

2005, 0,y I8Py g O P
f t h t h k I

[elere, €0 8, MURERLRR Bd. gl aPhaE! ﬁ‘ﬂ"{u&ﬂ g5 ol Bl e a1

blcycloalkeny .cl.oa

above, where 6‘%”%?"%? 5818%73558 lq)alk?g%gr mgre' ¢ 15%85 d&’gfn? tg%‘gg{g‘gﬁniaslﬁle%%pgg

sulfur, nitro g%foups a ylI alﬁgni}l aa ,rgaﬁ?yl, halogen, hydroxy, mercapto, alkoxy, aryloxy, acyloxy,

eflned

acetamido, amino, alkylthio, arylthio, imino or nitro groups which replace two or more
hydrogen atoms of the aralkyl or aralkenyl moiety.

15 As used herein, the term “alkyl-cycloalkyl” refers to a hydrocarbon radical including an
alkyl and a cycloalkyl group. Examples include 3-methylcyclohexyl and 4-hexylcycloheptyl.

As used herein, the term “alkanedicarbonyl” refers to a radical that includes an alkyl as
defined above and two carbonyl groups. Examples include succinyl, glutaryl, sebacyl, 1,11-
dicarboxyundecanyl, and the like.

20 As used herein, the term “alkenedicarbonyl” refers to a radical that includes at least one
carbon-carbon double bond and two carbonyl groups. Examples include 1.3-
dicarboxypropenyl, 1,6-dicarboxy-3-hexenyl, and traumatyl (1,10-dicarboxy-2-decenyl).

As used herein, the term “alkynedicarbonyl” refers to a radical that includes at least one
carbon-carbon triple bond and two carbonyl groups. Examples include 1.2-dicarboxypropynyl,

25 1,6-dicarboxy-2-hexynyl, and the like.
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In case of the quaternizing aral kyl or aral kenyl groups, "disubstituted or
10" pol ysubstidoingss refers to two or nore substituents, OrECTWSIBrN8Es Of
whi ch shall be al koxy or acyl oxy and the other(s) shall be one or
nore identical or different substituents selected from t he groups:

al kyl, al kenyl, aAylusedaﬁ i %he 3R @gg&iauﬁa{é&fcg xnvme@&@m Q: radibdf QY rinctla¥d OXY

acyl oxy, acetam do, am no, thio, 1mno or nitro

gr oups_ whi ch b,csaoﬁ,@ Ueffed TBEV and tw .gag%p%aﬁ lequcltl{b%lsa&o%cﬁx HE

ar al kenyl noie cyclo

G oup.  Exampl kU rn§132 Eaﬂ'@ﬁ%ne@ﬁ %%s-ﬁ%rﬂa%b&nﬂ’. nexfiycl Eﬁa‘%?@%?o-&%-ky'

As used herein, the te "al kanedi carbonyl " refers to a radical that

i ncl udes an & 9?“%%?“m°4112d@¥ﬁﬁgﬂ-above and two carbonyl groups. Exanpl es
i ncl ude succinyl, glutary], sebacy 1,11 - di car boxyundecanyl , and
the like. 520 As used hepein, GB%EPHH bréyqlpalhemw@@pwl"' eeface fro di radivab shay lincludest er s
to a radical that includes at |east one car bon-car bon doubl e bond and
two carbonyl bipycdoalkenylErardsfieed abaykushd 1w@-carbonyl grdupsr bExammlespénelpde 3,6-

1, 6-di car boxy- 3- hexenyl, and traumatyl (1,1 O-dicarboxy-2-decenyl).

As used her eiendontethylene i B3, 6atletcahydplnbaldydnyahd  rle 34,8,617cB-ectahydriooaphthblend-1,5-

i ncl udes at |east one carbon-carbon triple bond and two carbonyl
groups. Exangicatbohydcl ude 1. 2-di carboxypropynyl, 25

1, 6-di car boxy- 2- hexynyl, and the |ike.

- 6- As used herﬁs theS Bim Nefoftiatic dichiBorlyeT RferdiCY Ghdial kanafivaar gony! "
refers to a radical that includes bi cycl oal kenyl as defined above

and two cgr bQFBﬁLang g&up&bs‘tﬁﬁt@mk&? Swd &?Aoﬂ%‘%@p@ Otpﬁ{p{k@%hxde phthalvl terephthalyl,
2, 3-di car bonyl , | cahydr onapht hal ene- di car bonyl , nd

9, 10-di hydr 0~ dillxboxynaphthyl &I @RAREL hracene- 11, 12-dicar bonyl :

As used herein, the term “acyloxy” refers to RC(0)O- in which R is a normal or
substituted hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, cycloalkenyl, bicycloalkyl, or
bicycloalkenyl. Examples include acetoxy, propionyloxy, 2,3-difluorobutyryloxy, benzoyloxy,

15  cyclopropylacetoxy and chloroacetoxy.

As used  herein, the term “tropine™ refers to tropine (8-methyl-8-
azabicyclo[3.2.1]octan-30-ol), also known as aipha or endo tropine, and pseudotropine (8-
methyl-8-azabicyclof3.2.1]octan-3B-ol), also known as beta or exo tropine, dependent on the
configuration of the hydroxy group attached to the C3 atom of tropine.

20 As used herein, the term “granatanol” refers to 9~methyl-9-:azabicyclo[3.3. 1nonan-3ct-
ol or 9-methyl-9-azabicyclo[3.3.1]nonan-3B-0), and also the term “granatanine”™ refers to 9-
methyl-9-azabicyclo[3.3.1]nonane. It will of course be realized that the nitrogen atom of
tropine and of granatanol is already methyl substituted. Therefore, when the tropine or
granatanol nitrogen is referred to as substituted, as in N-methyitropinium iodide, it will be

25 understood that the nitrogen is a quaternary nitrogen and the halide is present for charge

-7-
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As used herei Yo the %erm 'bi cycl oal kenedi carbonyl " refers tgcgnisosliogal that

i ncl udes Ioalkenyl as defined above and two carbonyl groups.
Exanpl es |ncIude 3 6- endoret hyl ene- 1, 2, 3, 6-t et rahydropht hal oyl -
and 1,2,3,4,5,6,7, 8-octahydronapht hal ene- 1, 5- di car bonyl .

As used herein Aﬁﬁs%dthéfem ﬂwmt‘plcanda&amnﬁxdceptmé @hidn Peferstd i Galontthat
includes an 10 aromatic group substituted with two carbonyl groups.

Exanpl es i jpghitfieoridtdab xﬁvect waﬁer ell#ﬂca%t ly iy influende the %P&ﬁ(a@&é%?@&&i&t&gdf’a and

the |ike. " use bterm acyl oxy S Ll
00O

g‘cﬁe%yl :E"M%ﬁ“ﬁé‘pi:aﬁm@%h@? (f;‘%?r Exgraples, g h%,fcﬁfogxgg% gt Jpdidt, flteate,

2, 571 15 uonUbie DROPPEHG GERECDA, bosyal, Lpb P IRFe: oxy anc

chl or oacet oxy. As wused herein, the term "tropine"
refers to trofi mety(d opticklyisongers, enantxormamamydnd[&a@er&c}micapmﬁ[mt ferol ),
al so known as al pha or endo tropine, and pseudotropi ne (8-

et hyl - 8- amafy 6§ theQompouhd? withint the s&%@rdf]thd)érisentainﬁﬁmkﬂ ol sifch Reinpoudils 8D
t ropi ne, dependent on the iguration of the hydroxy group attached

to the C3 f [
)Tas bfeQlinRftures 6 y?pncal iso éé’?ﬁ Oftﬁ& r?iaﬁtl dxﬁﬁ&gfxﬁéxﬂ‘paxrs for

"granat ano ers to 9-nmeth 9-aza nonan- ol

o anay LﬂY'ﬁt Sﬁéﬁg pf Vit m%'“%'"}s%’%ﬁh%rg@and&sﬁfe»%‘?ff%Eﬁnéﬁém il

of course be realized that the njtrogen atom of opi ne and of
granat dfol is aﬁPWﬂéEﬁ%“%ﬂ?ﬂ’f%eéﬂaﬂdW@P@PBteénteWiF@n the tropine or

granatanol nitrogen is referred to as substituted, as in N-nethyltropinium
i odi de, it Swathesdse 25 understood that the nitrogen is a quaternary
nitrogen and the halide is present for charge
-7- There wikaowdediesveibal variou eynttetierpithivaysifac preparing] thy canpsmpidabl e
anion"” refers to an ani on that

of the present invention.  These pathways will be illustrated using N-methyl-8-

azabicyclo[3.2.1]octan-3a-0l (tropine) as an example of the starting material. Other suitable
15  cyclic aminoalkanols can be used as well.

SYNTHETIC PATHWAY A

oM,

% + CO—A— —
n
Ho

L

7 e T

A ]

8-
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has little or no toxic effect and does not significantly influence the
phar macol ogi ceb etssdn of a phar maceutical | y admi ni st ePEHUSWHRMS |
Exanpl es include chloride, bromde, iodide, nitrate, 5 sulfate,
phosphat e, sul fonate, nesylate, besylate, tosylate, and the |ike.

A variety of opt iReflring368® /Sof FhMeici Fativay @, PRipfcted@OH cairidd b elBws.CTPai r's
exi st for many of the conpounds within the scope of the present

invention. A boclddCRufBARP WAL Sq@ldfent of thel %5%%@ didey 1Rl @) m”&n?trhl{t}%nl?f
Opt ical i sonmers, enant I oneric palrs and | aSt ereon®eric palrs

structural V&ﬁ(ﬁﬁ& iQfvic ﬁhygdd@@ dx%hlénsptW@ oA Bf’t?o Bﬂpﬁ&h\ﬁen@ \HbHAES

each

10 Cl'sS an trans geofetric | Soners mX ures are
i nt ended. W var. ous
synt heti ¢ p aa{nﬁ Wae?sfﬁefr&%%gerxse allowed to w:«hrm ug-w?%)%lnt {)cl,ratﬂr% A?%r ﬁl‘ﬁ?ggaﬁgrxoéls pxture is

azai cycl b F2 3p°zr i @?%am g rqueelfsa%leﬁ%%ﬁégcﬂw REIch A WeT P Mgt ng

material. Oh Sui tdabl e % ycl.ic _ am noa}l1 kanol s can be used as well.
SYNTHETI C p@p A An extracte[dervfn] chloroform. e diester (III) is then purified by a

8 chromatographic technique.
In eq. B, one equivalent of the purified diester (IIT) is taken up in a moderately polar
aprotic solvent, such as acetone or acgtonitrile. Two and one-half equivalents of the
10  appropriate alkoxy, acyloxy or alkoxyacyloxy substituted aralkyl or aralkenyl halide, RX (IV)

are added. The resulting solution is heated at between 50°C and 150°C for 6 to 12 hours

depending on the reactants. The resulting quaternary salts are filtered, and purified by

recrystallization.
15 SYNTHETIC PATHWAY B
CH,
R\+N/
+ X

I v —_— % (eq. C)

HO

v

2V + 11 —_—
CH, H,C
% ﬁ .
x
O A o]

Referring to eq. C of Synthetic Pathway B, in an alternative synthetic pathway one

-9-
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Referring to eq. A of Synthetic Pathway A, the procedure is carried out as
follows. To  wo9%218sol ed sol ution of one equival ent of the REPUSHHIEBe

di acyl halide (I1) in dry nethylene chloride in an ice bath is added
dropwi se two equivalents of tropine in dry methylene chloride, and
then the m xt yh@vaedt 8¢ Jh@%ﬂoﬁ&té"ﬁ‘éﬂﬂe% i Jn@% ﬁé'?ﬁﬁ@xt Eufvatefis o‘?rttret Aired
reaction mxture is poured into the col t he aqueous Tayer is

adjusted to p:;l#gngr _F%};b Qg‘ Iéxjg Fﬁ&%ﬂi‘y asg%?ﬁhe% aralk}/l. ?15 9\{%&3‘%},&) ri'laha%nHV?)%er ﬁgatte%d

wi th chlorofo
chr omat ogr aphi u va t he

purified diest (@Ftthfr T )'&fd‘samttegf(%%ar aanrC‘n S%V%cfg?haﬁsealcgfo?) T ceb e f%f byger 6
sol vent, such a eton gonitril nd one- haI f equival ents of
the 10 appr Gb‘f %‘E@“’%ﬁ g@)}f {OQrSaITEM‘SF 0% SWr’é‘fIE}SéF‘F’PH‘P@oFa]éKX) By
or aral kenyl halide, RX (I V) are added. The resulting solution is
heat ed at Bet filered adperifiedby seraysteligation; | C for 6 to 12 hours dependi ng
on the reactants. The resulting quaternary salts are filtered, and purified
by recryst al | Theatdsshown in eg5D, two equivalents of the recrystallized quaternaBY3dlEHIRY hie
PATHWAY B

reacted with one equivalent of the appropriate organic diacyl halide (II) in dry methylene

chloride in a sealed vessel. The ingredients are heated in a closed vessel at 80-100°C. After

the solvent is removed, the residue is purified by recrystallization and pure compound of

10 Formula 1/a, 1/b and 1/c are obtained.

The compounds of Formula 1/a - 1/c of this invention can also be asymmetrical
diammonium esters. These compounds are made by the following method: No more than one
equivalent of a first, alkoxy or acyloxy substituted aralkyl or aralkenyl halide (RX) and one
equivalent of diester (III) in acetone or acetonitrile are heated at 50°C for 12 hours; To the

15 reaction mixture is added a second, quaternizing compound, RX (IV). Then the reaction
mixture is heated again at 80-100°C for 12 hours. The resulting precipitate is purified by

recrystallization.

An alternative to synthetic pathway A is illustrated in Synthetic Pathway C.

SYNTHETIC PATHWAY C
HCI
N.
(L
+ Cl—A—C¢Qi —_——
oH o
Vi NW N
( (eq. E}
A
Q\o/ \o/\a
v '
20 VII + 2RX » Formula l/c (paged) (eq. F)
-10-
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[err] Referring to eq. C of Synthetic Pathway B. in an

al ternative sywbbeiisss pat hway one PCT/US98/19848 _
-9- equi val ent of the appropriate tropine (I) and one and -
one-quarter equivalents of t he desired al koxy, acyl oxy or

al koxyacyl OXyOtﬁé}b Sitdble ¥l 8 ﬁ( n%LlQ’rJol dro%ﬁl@all S"With 43‘%10 ﬂ@ h&dré@hlo@ﬁ?op%?;amol

t oget her in derate t|c o) vent as acetone
acetonitrile, and 12 hours at bet ween 50[err] C and
100[err] C. Tﬁlggr%émgﬁ %eusefiéi?%’glry ammonium salt (V) is 5 filtered and
purified by ric]rgstalllzatlon Then, as shown in eq. D, two
equi val ent s e recrystallized quaternary salt (V) are react ed

wi th one equival ent of the_ ap %ro riate grganl c diacyl halide (Il) in dry

met hyl ene cAbe sqrepounds of Feunhlasd/a, d Vershewi migkedAcivityses deeromeserlet i n
a closed vessel at 80-1 00C. After the solvent is renoved, the
resi due i s5 piblaoking chgenrs.r e8yapsegentsi arattyrisalln rdministescd: dnisuenushnf Theo formFof mul a
1/a, 1/b and 1/c are obtained. The conpounds of Forrmula 1/a -

1/c of this iadministration aanbe alsinglebejection.rassties efdhjections, or theagemau be gistreassa
These conpounds are nmade by the follow ng nethod: No nore than one

equi val ent ofcompénentsdf,andittagenpuoinfusion.| The/canposidstofi thidineantibrkate characteriabdny |
hal i de (RX) and one equi val ent of diester (Il11) in acetone or
acetonitril e ragié ofskahmidshalt duekiion lof Gctioarto 1R bident shat Ty tahe cleaty sup@iveith afy

m xture is added a second, quaternizing conpound, RX (I1V). Then the

reaction exxsmgn&lawmu&mem&& mgdrmn@&dmfeé@%@&%&ﬂd@ bf thi% ifVRHch-hatd1€

resulting precipitate is purified recrystal l'i zation.
é” al terngti \ﬁearxtéaxmdvcshe&dr&om&un%ue Oxrdcss ﬁ%%ﬂ'éﬂr‘?% %@&A@ca@cﬁm% NGbdcraRd Byay

gallamine, the earlier prototypes of clinically used muscle relaxants.

The bolus dosage may vary markedly between each individual patient as it does with
other muscle relaxants, but generally, as estimated on the basis of animal experiments, the dose
will be between 0.1 and 1.0 mg/kg of body weight. The precise dose must be arrived at after

15 having considered each individual case, including age, sex, weight and general condition of the
patient and the degree of muscle relaxation desired.

The form of dosage can be liquid solution, either for direct injection or for addition to
an intravenous fluid, or it can be a solid powder or granular material to be made into a solution
prior to use. The liquid or solid can be formulated by any conventional means.

20 One or more pharmaceutically acceptable excipients or adjuvants may be included in a
clinical formulation, including pH modifiers, stabilizers, preservatives, biologically necessary
salts, sugars, and the like.

The activity of these compounds can be tested by any of several methods.

The utility of the compounds of Formulae 1/a, 1/b and 1/c have been tested by using

3%
L

anesthetized rats and/or cars, rabbits, dogs, guinea pigs, pigs, or monkevs. A leg tendon is

-11-

SUBSTITUTE SHEET (RULE 28)



[err] 20 VIl + 2 RK[err] Formula 1/c (page 4)

(eq. F) T WO 99121854 -10- PCT/US98/19848
Ot her suitable cyclic am noal kanol hydrochl ori des, such as tropine
hydr ochl ori de or granat anol hydrochl ori de, can be used as wel|.

Utility attached to a transd€cef O KBQHﬂdgriz@é mbRF Mbtvaes ol /tife scatib ofR6mmhbE p&brual

mar ked activity as neuronuscul ar bl ocki ng agents. Such agents are

Lk S¢ Slrifbeddt frgy%aa&%i )ﬁu?clemﬁtcfxé}_ré& tQhsduced and REFHL SKE 3fd ON

typically aqu
can be a single injection, series of 1njections, or the agent can be

: L.nf Uusi f
given as a urorpg&@gﬂ%&'{%g ngéznésgo'}tt)li}&%\ce%ggnnag? gdnluglstlérseld g{?o a g]'- & Stﬁeg IIH?S%%{}%;? O on

this inventiorn a arac pid ons

of action to the extent .that they are.clearl,y superior t.o_an o

o oCi no knodrrRIE ] G il Blon BSastt SR GC-uneRieB destibee € pRBYeed, Likswire. o
this invention have 0 . edly reduced cardi oyascul ay sjde effects
associ at ed V\At{‘]%"”é?f@eii awa@?i’o‘? itFI‘é act HB%E? g“r‘?‘ﬂ‘é‘egrang compared,wjth a’i‘?Fen%g knoyyg,

earlier prototypes of clinically used nmuscle relaxants. The
bol us dosage cHeiGlly Jysgd (AgpRed| Flefemyeeraphica @nd | meshenomyesranhis imsthods qirg tbothoes

W th ot her nmuscl e relaxants, but generally, as estinmated on the

basi s of ani matepellperi ments, the dose will be between 0.1 and 1.0
ng/ kg of body weight. The precise dose nust be arrived at after 15 having
consi dered each i Tk imvestion willdedettérnatierstoorhbiagerenseso, thevlillgiving erameselrichl
condition of the patient and the degree of nuscle relaxation

desi red. are included merely for purposes of illustration and are not to be construed as limiting the

10 scope of the present invention.
The following example illustrates Synthetic Pathway A.
Example 1 - Preparation of bis-tropan-3-yl succinate
To a solution of 14.1 g (100 mmol) of tropine in 50 mL of methylene chloride is added
dropwise 7.75 g (50 mmotl) of succinyl chloride in 100 mL of methylene chloride with cooling
15  in an ice bath. Then the mixture is atllowed to warm to room temperature. After the reaction
mixture is poured into 200 mL of cold water, the aqueous layer is adjusted to pH 10-11 with 6
N NaOH aqueous solution and extracted with chloroform. The resulting oil is purified by
column chromatography (silica gel, 20% methanol in chloroform) to yield 11.8 g (65%) of bis-
tropan-3-yl succinate as a thick oil.

20 Similarly, by substituting:
malonyl! chloride
glutaryl chloride
thiodiglycoly! chloride
2-ketoglutaryl chloride

25 adipoyl! chloride
sebacyl chloride

4, 4’- dithiodibutyryl chloride

-12-
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The form of dosage can be liquid solution, either for direct injection or
for addition twopo9nr1ss4 an intravenous fluid, or it can be a BEWYSISHBARIer or
granular material to be made into a solution prior to use. The
liquid or solid can be fornul ated by any conventional neans. 20.

One or nore phar maceut1pﬁluwecg,gg;@,ggﬁm(ﬁcmg%pl ents or adjuvants nmay be

included in a clinical fornmulafion, including pH nodifiers,
stabilizers, pr eser vat fumew! chisiride ogi cal | y necessary salts, sugars, and
the like. rans_trgugct{,lcwo;’a/e of these conmpounds can be tested by

any of several nethods The utility of the conpounds of
Formul ae 1/a, 1/b and ébé@lemiwarbbgédﬂomt ed by using 25 anesthetized rats

and/ or cats, rabbits m)nkeys A leg tendon is
attached tb a transduc"é”r“gﬁagngglﬂgi‘ EFgé@y%&‘gﬁf‘dﬁer e.g. the sciatic or
common per oneal ﬂ%y&oﬂeﬁanﬁéafﬂéhﬁfdﬁ:ﬂlona'é?e resul tant muscl e twitches
are transduced and recorded. As neur onmuscul ar bl ocki ng agents of

this invention are adni hﬁﬂ@ﬁ@é“eﬂﬂﬁe@délcméﬂ#ﬁ the nuscle tw tch
response to the sti rrul@ttﬂa%? qegiqgases. This dose-dependent decrease is
measured. Likew se, e onset and duration of this action can be
det ermi ned, and conpar eﬁ-dmhidnonhﬂxabelcbl‘on&ﬂovm clinically used

Aceoptabl B O™ 09" RS RPN IR BB < Ood by

reference to the foll ow ng exanpl es which are included nerely for
purposes of illustration and are not to be construed as limting the 10
scope of the present iF&nt PBHY The foll owi ng exanpl e

illustrates Synthetic gigfrBa¥-y malonate Exanple 1 - Preparation of
bi s-tropan-3-yl succi nate To a solution of 14.1 g (100 nmol)

of tropine in 50 nlL ofbistironepi3exeshatmisr i de i s added

15 bis(tropan-3-yl) thiodiglycolate
bis(tropan-3-yl) 2-ketoglutarate
bis(tropan-3-yl) adipate
bis(tropan-3-yl) sebacate
bis(tropan-3-yl) 4, 4'-dithiodibutyrate

20 bis(tropan-3-yl) I1,11-undecanedicarboxylate
bis(tropan-3-yl) fumarate
bis(tropan-3-yl) trans-traumate
bis(tropan-3-yl) acetylenedicarboxylate
bis(tropan-3-yl) cyclobutane-1,2-dicarboxylate

25 bis(tropan-3-yl) cyclohexane-1,3-dicarboxylate
bis(tropan-3-yl) cyclopentane-1,1’-diacetate
bis(tropan-3-yl) phthalate
bis(tropan-3-yl) 4,5-dichlorophthalate
bis(tropan-3-yl) trans-3,6-endomethylene-1,2,3,6-tetrahydrophthalate

30 Similarly, by substituting other cyclic aminoalkanols for tropine as indicated in formulae
1/a, 1/b and l/c as starting material and the acyl chlorides listed. one can obtain the

corresponding dicarboxylic acid esters.
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dropwise 7.75 g (50 mmol ) of succinyl chloride in 100 nL of nethyl ene
chloride wthwoomhlissg 15 in an ice bath. Then the mi xture RCIUSPY 9848, t o
warmto roomtenperature. After the reaction m xture i s poured into
200 nmL of cold water, the aqueous layer is adjusted to pH1 0-1] with 6

N NaCH aqueous solution and extracted with chloroform The resulting oil is
purified by col um chromat ography (silica gel, 20% nethanol in
chloroforr'r) l¢ 1 -[RL _ c S a
eht o of o %M‘ 11».2{,%13&?? @yr Bis-[R (§,bsqtulxctetlj)€ql«'l|;qe§19ﬁﬁfbp§nﬂllln 5H4C dldinGeed

mal onyl chl orF e gI utaryl chloride

t hi odi gl ycol y c'ﬁf oride 2-ketoglutaryl chloride 25

Z‘fj' 29}" dl(:[‘lh?(r)'d?gu??”;ﬁolugﬂxr gf 598 (137 mﬁx%Bao?%Ls’t(r:or}) Qn-yg Succinate in 100 mL of dry

%l]jﬁ';iryl cHl opfeine is added 9.8 g (34.3 mmof) of g&‘f&%ﬁg@}? ﬂ?%ﬁ’ FdleCJ‘lhgéll:;d?

acet yl enedi carbonyl chlo

trans-1, 2- Cy@;hﬁggwﬁrgalpe}gpbgﬁwgh aretyiationofj ghe hydroxy groups, reductlon of the aldehyde

1, 3- cyclohexanedlcarbonyl di chl ori de

1- cycl opent aitethe sersespending @l¢plnl and bromination). Then the mixture is @meﬁa! e 10°E drol0i de
4, 5-di chl or opht hal oyl chl oride 10

trans- 3, 6- endiowret ¢ precipitat@isToliected tby Hiltsatiom prashing vyth acdtdrerand ether, and drying

one can obtain: bi s(tropan-3-yl) nmal onate
bi s(tr opan- 3uypder vaguumao iekl 46 g (75%) of bis-{N-(3,4-diacebixgifenzydyrapandmy-Byl] succinate
t hi odi gl ycol ate bi s(tropan-3-yl) 2-ketoglutarate

bi s(t r opam- 3dibkomidelip@twtite powder, which is further purifieds b§ FeepanrHidatich)wite RaGadop
bi s(tropan-3-yl) 4, 4'-dithiodibutyrate 20

bi s(tropan- 3méthviede chloridedecanedi car boxyl at e

bi s(tropan-3-yl) fumarate

Similarly by substituting, for example:
2,5-diacetoxybenzyl bromide
3,4,5-triacetoxybenzy! bromide
15 3,4-dipropionyloxybenzyl bromide
2,4-dibutyryloxybenzyl bromide
4-acetoxy-3-methoxybenzyl bromide
4-acetoxy-3,5-dimethoxybenzyl bromide
2,5-dimethoxybenzyl bromide
20 3,4,5-trimethoxybenzyl bromide
3,4-diethoxybenzyl bromide
3,4-diacetoxyphenylethyl bromide
3-(3,4-diacetoxyphenyl)propenyl bromide
and 3,5-diacetoxy-2-naphthylmethyl bromide,
25
one can prepare:
bis[N-(2,5-diacetoxybenzyl) tropanium-3-yl] succinate dibromide
bis[N-(3,4,5-triacetoxybenzy!) tropanium-3-yl] succinate dibromide

bis{N-(3,4-dipropionyloxybenzyl) tropanium-3-yl] succinate dibromide

-14-
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bi s(tropan-3-yl) trans-traumate bi s(tropan-3-yl)

acet yl enedi ‘camunoo2hess e bi s(tropan-3-yl|) PCT/US98/19848
cycl obut ane- 1, 2- di car boxyl ate 25 bi s(tropan-3-yl)
cycl ohexane-1, 3-di car boxyl at e bi s(tropan-3-yl)

cycl opentane- , 1' - diagRl@WSlibutyryloxybenzyl) tropanium-3-yiPéisék#dMBRmatey] ) pht hal at e
bi s(tropan-3-yl) 4,5-di ch(l or(l)uh)ﬁ'u y enzY) ropaniz ;yP bi s(tropan-3-yl)

trans- 3, 6- endonet hyl eb\iNﬂ@-chsm-%@@th%Mbmmmwatkylhwccmate dibromidesj i | ar iy,

b bstitut th

formilae 0 3, NS SRR hobh R S UERRRR: | 1

chlorides |isted, onebisfHr2Shlimdtioxyleazyl) tropaniuro-Srylleapuinadt dilgondide ar boxyl ic acid
t .

Exanple 2 3 Prepar at | BRSPS Emp RO eI oS B HAREGPAE FBIOTTEm 3. y1 )

succi nate di br ogii[Ng3,4- dlethoxybenzyl) troB%r@nS%]%bécﬁﬁteQﬁbr&nﬁeg (13.7 mmol )
of bis-tropan-3-yl succinate in 100 acetone_is added 9.8 ¢

(34.3 mml ) of 3, 4-di iaﬂﬁt(aﬁ;ﬁwﬁewhwmméroeq@w@b%rwéépow‘ﬁmd@w‘ e

di hydr oxybenzal dehyd r [ s, reduction
of the al dehyde em%dg (?Kgébgg‘??é E gﬁmg}%’(l %ﬁ’o@ﬁﬂa‘aﬁ%ﬁyﬁﬁrﬁdﬁatlon) Then
the mxture is heated dibroﬁﬁﬂejﬁperr] C for 10 hours. The precipitate is

ﬁ(rjllcilefcs/eelg l!l(hb |>’/n I Iol ')[“r 2} QNGHSSS‘G L0 Wg}:ngpl?t}?y metgy?) t?or;)gmgrgl-r} 17 sugcrftgate leromgie

bi s- [ N- (3, 4- di acetoxjiPBé zs4liadd! BPakY skilted-ikl | the G4 QBAtNGIHE stakkfg HitBiabNEhRd 88 2
white powder, which is further purified by recrystallization with nethanol -

met hyl ene chl %Bitﬂﬁed For example if 4-§!ef3x§-@hﬁéfho§¥be§i&b$rd)ﬁuﬁ& |1 Gubstifitede XGB!

2, 5-di acet oxybenzyl brom de 4,5-triacet oxybenzyl
brom de 15 I bromide FhdbRRIBENS Pa?ié"bélf a8yl seb d bis-
2, 4-di butyryl%&c)?o %benﬁy brorﬁ% oB W}éﬁl& l-zggxgho%y S§ ar‘r:%t’h(a;?(yblesnzyl

br o de tropan-3-y1 cydobuta#e-ﬁssi Db¥yhare 2 BLRRKY R MiNkopRi-OB} Ycinate, then

15 one obtains: bis [N-(4-acetoxy-3-methoxybenzyl)tropanium-3-yl] glutarate dibromide, bis-[N-
(4-acetoxy-3-methoxybenzyl)tropanium-3-yl] sebacate dibromide, and bis-[N-(4-acetoxy-3-
methoxybenzyl) tropanium-3-yi} cyclobutane-1,2-dicarboxylate dibromide.

The following example illustrates Synthetic Pathway B.
Example 3 - Preparation of N-(3,4,5-trimethoxybenzyl) tropinium chloride.

20 The mixture of 14.1 g (100 mmol) of tropine and 26.0 g (120 mmol) of 3,4,5-
trimethoxybenzyl chloride in 300 mL of acetone is heated at 60-70°C for 10 hours in a sealed
tube. The precipitate is then filtered, washed, and recrystallized to yield 28.6 g (80%) of N-
(3,4,5-trimethoxybenzyl) tropinium chloride as a white powder.

Similarly, by substituting, for example:

25 2-methoxy-5-nitrobenzyl bromide
4-acetoxy-3,5~-dimethoxybenzyl chloride
3-(3,4-dipropionyloxyphenyl)propyl bromide
3,5-diacetoxy-2-naphtylmethyl bromide
4-acetoxy-3-chiorobenzyl bromide

-15-
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2, 5-di et hoxybenzyl brom de 20 3,4,5-trimet hoxybenzyl

br oni de WO 99/21854 3, 4-di et hoxybenzyl brom de PCT/US98/19848 |
3, 4-di acet oxyphenyl et hyl brom de

3- (3, 4-di acet oxyphenyl ) propenyl brom de and

3, 5-di acet oxy- 2- napht hyl net hyl brom de, 25 one can

pr epare: bi s[ N- (2, 5-di acet oxybenzyl ) tropani um 3-yl]
succi nat e di br o @he can prepare: bi sS[N-(3,4,5-tri acet oxybenzyl)

tropani um 3-yl] succi Wifrg%h%%m?&enﬁki‘{j’ﬁ%“&‘E“yﬁfj‘m*de

bi s[ N- (3, 4-di propi onyl oXy rop succi nate di brom de

-14- N-(4-acetoxy-3,5idshdshokghedzyi)i ttmpimumydhinddbenzy| )

tropani um 3-yl] succi e. di pbrom d . ,

bi s(N- ( 4- dcet oxy- 3- rreg%ig?ﬁ‘e‘ﬁ%}?‘?“ﬁ’%“d’&?ﬁl)afﬁ%‘) PR LIMHYS & i bromi de

bi s[ N- (4- acet oxy- 3, 5- N-[54 fioedREDZxphthyiricdip@iidpiitusy brbhidsucci nat e di br om de
bi s[ N- (2, 5-di net hoxybenzyl) tropani um 3-yl] succinate dibromde 5

bi S[N-(3, 4, 5-tri met hol¥r zwx)-wweﬁshwﬂ}rg@‘mbm nat e di broni de

bi s[ N- (3, 4-di et hoxybenzyl ) tropanium 3-yl] succinate di brom de

bi s[ N- (3, 4-di acet oxyphenyl et hyl) tropanium 3 -yl] succinate di brom de

di br o de, _a painged - PRSI o BIREC e SRAD bl BRI Befinpes,

t ropani un: 3-yl&L sycci nat e di brom de. It will be realized by one
skilled i t#® ®that both starting materials could be substi t ut ed.

For exanple if 4-acetoxy:-3-nmethoxybenzyl braqmi s bstituted for 3, 4-
di acet oxybenzyl W&M&éﬁwﬁw @%Yﬁﬁfﬁiﬂg@-%‘r’"& &sgr%égy% 'B’i“g15 laP‘gﬁ'dRESQ%O
sebacate, and bis- i tropan- 3-%J|c gycl obut ane- 1, 2-di carboxyl atfe are
substituted meolmisugcinghehiprige yt 100/l jof diyemetpylens chiprhde g diegipq af 109-C frdl2
[ N- (4- acet oxy- 3- met hoxybenzyl ) tropani um 3-yl] glutarate di brom de, bis-[N
(4- acet oxy- 3hewss frox yesiedZipbe t ABgahiminpiBmgthinok isiydded ko e soelgd deactigmpixture,
bi s-[ N- (4- acet oxy- 3- met hoxybenzyl ) tropani um 3-yl ] o
cycl obut ane- $qlgentliscaméred ydnza wtaty braperiaips . The product is purifiedThyeregrystilligation fremanpl e
illustrates Synthetic Pathway B. Exanple 3 - Preparation of
N- (3, 4, 5-151 | methmtylathgleyd ) dhionide,ni wieldoigl orlzde. g 2054%) of blhe N-@t45-e of
14.1 g (100 nmol ) of tropine and 26.0 g (120 mol ) of 3,4, 5-
trimethoxybenzyl)tropanium-3-yl] succinate dichloride.
Similarly by substituting, for example:
N-(2 methoxy-5-nitrobenzyl) tropinium bromide
N-[3-(3,4-dipropionyloxyphenyl)propyl] tropinium bromide
20 N-(3,5-diacetoxy-2-naphthylmethyl) tropinium bromide
N-(4-acetoxy-3,5-dimethoxybenzyl) tropinium chloride
N-(4-acetoxy-3-chlorobenzyl) tropinium bromide

for  N-(3,4,5-trimethoxybenzyl)tropinium chloride,

25 one can prepare:
bis [N-(2- methoxy-5-nitrobenzyl) tropanium-3-yl] succinate dibromide
bis [N-(3-(3 ,4-dipropionyloxyphenyl)propyl) tropanium-3-vl] succinate
dibromide
bis [N-(3,5-diacetoxy-2-naphthylmethyl) tropanium-3-yi] succinate dibromide

30 bis [N-(4-acetoxy-3,5-dimethoxybenzyl)tropanium-3-yl] succinate dichloride
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trimet hoxybenzyl chloride in 300 nL of acetone is heated at 60-70C for 1 O
hours in a sea\®sbrisss tube. The precipitate is then filtereck/usagtdsesl, and
recrystallized to yield 28.6 g (80% of N (3, 4,5-trinethoxybenzyl)
tropiniumchloride as a white powder. Simlarly, by .
substituting, for exa 2 I s i enzyl

br o de "Bl B Gty gplospbenayrropanin S [k ats Bolo

3- (3, 4-di propi onyl oxyphenyl ) propyl brom de

3, 5-di acet oxy- 2- napht yl net hyl -brom de 4- acet oxy- 3
-chl orobenzyl br onfhdllowing example illustrates the preparation of an asymmetrical diammonium
- 15- one can prepare:

N- (2- met hoxy- ggdpi t robenzyl ) tropini um brom de
N-(4-acet oxy- 3, 5-di met hoxybenzyl) tropiniumchloride 5

L b e
i’{)epglr gth: 8P| ge’afﬁ %XYP% i %“[ (' %‘t Ho%f?ﬁ%zyﬂ? te'(rg%gani; up;f%)r/d ]gl succi njlt e
(1(2)8 (r)n_gof SSrO mlr?ol Ei?e}mzpngq;\ga%ggsgmmm lﬁﬁé%{‘ja }Xsucgl nyI éﬁorgéﬁa in a
seal ed t ube. y?ﬂewé? %Fotﬂ% g Iﬁ%% 81,58}2231@ x% "%%8%9{’1‘% Atter

m xture, sol vent Is remm on a rotary evaporator, The roduct S
purified by r@éWﬁ‘E’&l‘ﬁ hegted pb @lf‘éfrﬁ“ hogrs, 143gik3hemel h,;;rdéaﬁ@toxy E’I‘ﬂy brpgide
yi el di ng 12.0 (54% of bis [N (3,4,5- .

tri met hoxyde nwur}qdrt@;timoew sixture. Jlher: the Amigurs is heasid; again at 70-75°C for another 10
Simlarly by substituting, for exanple: N (2

met hoxy- 5- ni t haipe Fhgiejultineopiiteiptesipliate isi cgllected by filtration, and purified by recrystallization

N-[ 3- (3, 4-di propi onyl oxyphenyl ) propyl] tropinium brom de 20

N- (3, 5- di acet (xy- ZromapMdOH-methjigde) thiapieni wm pieldni 8@ g  (20%) of [N-(2,5-
dimethoxybenzyl)tropanium-3-yl], [N-(3,4-diacetoxybenzyl)tropanium-3-yl} succinate
dibromide as a white powder.

15 Similarly, for example, by substituting 3,4-dibromophenethyl bromide and 3-(4,6-
dimethoxynaphth-2-yl)propenyl bromide for 2.5-dimethoxybenzyl bromide and 3.4-
diacetoxybenzyl bromide, respectively, one can obtain [N-(3.4-dibromophenethyl)tropanium-3-
yl], [N-{3-(4,6-dimethoxynaphth-2-yl)propeny! }tropanium-3-yl] succinate dibromide.

The following example illustrates Synthetic Pathway C.

20 Example 6 - Preparation of bis{quinuclidin-3-yl] frans-3,6-endomethylene-1,2,3,6-

tetrahydrophthalate
To a solution of trans-3,6-endomethylene-1,2,3,6-tetrahydrophthaloyt chloride (2.63 g.
12.0 mmol) in 20 mL of methylene chloride in a sealed tube is added 3-quinuclidinol

hydrochloride (4.50 g, 27.5 mmol). The heterogeneous mixture is heated to 80°C overnight.

25 After it is cooled, the mixture is poured into 100 mL of 2 N NaOH aqueous solution. and
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N-(4-acet oxy- 3, 5-di met hoxybenzyl) tropiniumchloride
N- (4- acet oxy- voebdzissabenzyl ) tropi ni um brom de f PCT/USHBHESES |

, 4, 5-trinmet hoxybenzyl)tropini umchl ori de, 25 one can prepare:-
bi s [N-(2- methoxy-5-nitrobenzyl) tropanium 3-yl] succi nate di brom de

bi s [ N-(3-(3,cAmbtddr Wik QPMI?XYH%{M?Mln)ad%F%XHavEF@%E‘d BB 31 ﬁﬁ&%ﬁ%&ﬁ&é&

di brom de di acet oxy- nap

tropani um 3- ¥l rgsuﬁ,ﬁ%gmsepuﬁg n3&romat rﬁr?h§l Thca L%C L na'?%eoc}{ Crm:HCI

[ N-(4-acet oxy-3 t hoxybe ropani u

- 16- e
- chl or obenzyl )gq[ldr %% £i5318 %fb;’f ﬁumg ﬂ@%:n%ﬁ%b\%‘g'gf%?%# H%thalene'l’z ,3,6-tetrahydropiyhalate

fol |l ow ng exarrpl (?_‘gl I Ilgst rates the preparation of an asynmetrical di anmoni um
ester. Preparation of

[N-(2, 5- d| rrethoxybenzyl)tropanl um 3-yI], [N-(3,4-

di acet oxyb’enzyl )tropanium 3-yl] succinate dibrom de. To a
solution of 18.2 50 mmol ) of bis(tropan-3-yl) succinate in 500 nL of dry
acetone in a Mam%d_botquearagoradﬁeals&\&(‘isacgto@m ~methexyberfzyRgEnudlidiztiirosdyyienzy |
brom de. After the mxture is heated at 50[err]C for 24 hours, 14.3 g
(50 nmol ) of tEna-3¢rendemethylenerk i3, ttetyahytirophtbalatesiitadoditt. t 0 t he cool ed

m xture. Then the m xture is heated again at 70-75[err]C for another 10
hours. The resul tiAng wbiutien pr exfi pi bisfgeinudidind-yipct esarnsys, d-erdbimathjlade. 1, AN6-

purified by recrystallization (2x) from MeOH net hyl ene chloride to
yield 9.0 g (1204ydrofhtiatitd @, (g, 2.5 mmol)danaef.iteesthkyﬂo)cweﬁmefddméﬂ dé 16.25
[ N- (3, 4-di acet oxybenzyl )t ropani um 3-yl ] succi nat e brom de as a

whi te powter .mmdifin 30 mL of a2kidhe @Mhkated it@0°@ma@d s féﬂlﬁﬁﬁdu}#tm%me solid
3, 4-di br onophenet hyl brom de and 3-(4

di met hoxynapiti B, g-s4ba) Breapa¥d omscwléé?edfb%v&uﬁm%ﬁpmﬁxybenzy' brom de and

Elemental analysis of this compound and other representative compounds are shown in
Table 1, wherein C, H, and N are shown as weight %. High resolution mass data and melting
points are shown in Table 2,

15 Similarly, by appropriate choices of starting materials other symmetric and asymmetric
bis quaternary ammonium salts of the general structures of 1/a, 1/b and 1/c can be made, for
example:

[N-ethyl, N-(4-acetoxy-3,5-dimethoxybenzyl) nor-granataninium-3-yl], [N-ethyl, N-
(3,5-dinitrobenzyl) nor-granataninium-3-yl] cyciobutane-1,2-dicarboxylate dibromide,

20 bis [N-( 2,5-dimethoxybenzyl) quinuclidinium-3-yl] isophthalate dibromide,

bis[N-(3,4-dipropionyloxyphenethyl) 1,2,6-trimethylpiperidinium-4-yl] cyclopentane-

1,1-dibutyrate dibromide.
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[err] WO 99/ 21854
PCT/ US98/ 19848wW0 9921854 [err] Epamises/B848 | n
vivo aninmal testing of the biological activity of -neuromnmuscul ar bl ocki ng-

agents.
Example 8 - In vivo animal testing of the biclogical activity of neuromuscular blocking

agents.

The neuromuscular blocking activity and other effects (e.g. cardiovascular side effects)

of selected agents were investigated on several different experimental animals. Justification for

5  this approach lies in the commonly known fact that the pharmacodynamic and pharmacokinetic
properties of these agents are markedly variable from species to species. Therefore, the most
important aspects of the projected therapeutic utility of these agents, e.g., neuromuscular
blocking potency, onset and duration of action, and side effects cannot be ascertained in “in
vitro™ preparations or by using only one species of animals.

10 Selected_ compounds of the present invention have been carefully investigated, first in
“screening” experiments in rats, for determining neuromuscular blocking potency.
Subsequently, selected compounds have been tested for specific effects, e.g. onset, duration of
action, and side effects, on additional selected species of animals, such as cats, pigs, monkeys,
rabbits and dogs.

15 The following is a description of the methods as used in the rat and the cat. These
methods were also utilized on other species when needed.

a) Adult, male albino rats were anesthetized with pentobarbital injected
intraperitoneally. The trachea was cannulated for artificial respiration via a small animal
respirator. The carotid artery was cannulated for recording blood pressure via a transducer

20 and heart rate by a cardiotachograph on a polygraph. One external jugular vein was
cannulated for iv. drug administration. Neuromuscular function was monitored by
electromyography, recording evoked responses from the anterior tibial muscle as a result of
supramaximal nerve stimuli consisting of single or “train-of-four” rectangular pulses of 0.1-0.2
msec duration every 10-12 seconds, delivered to the sciatic or common peroneal nerve by a

25  laboratory nerve stimulator. Another mode of stimulation included repeated single stimuli
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The neuronuscul ar bl ocking activity and other effects (e.g. cardiovascul ar
side effects) .wovonissof sel ected agents were investigated on PSERMSIRAI984S
di fferent experinental animals. Justification for 5 this approach Ties
in the commonly known fact that the pharmacodynani ¢ and phar macoki netic

properties of dElW@r%@ P89S of"rl Qiz’méi?ﬁigé V%\élgl?lé&g:@ c{]réh‘&:ts&es%{/e?% ntn%clg Ra%la e

Therefore, the tant as rojecte erapeu

utility of theg sagsms&sse% &’9 su@gﬁtg{gfq 4k Alca yagy sl er%“a. Gy 30& ge@%monset

and duration cannot B RS

vitro" prepar ons., or onl e speci )

Sel ect ed corrpgllfnags BKF kfl?fé“"ﬁr gfeg%f‘gai"#/gﬁt Y"’@R‘T}Yhé{@ﬁ éjy(‘f%&"éf uITf“EI agents were

i nvesti-gated, first "screenin experinments in rats, for

det er ni ni ng QisEaYsehi Blsialosis) wiei injes, émayenously at appeoste B intapvalss Thect ed
conpounds have been tested for specific effects, e.g. onset, duration of
action, and sintensiss paset end guraticacif mpusprawscalan blegkend itp Stpe exercodeterminad with esaic h

as cats, pigs, nonkeys, rabbits and dogs. 15 The follow ng
is a descri pt iagant. Girqugh administeting severaisiosksi the tdhes carrespordingtte 56% 30%hied 80%
met hods were also utilized on other species when needed. a)

Adul t, nal e ahiiromuscaarsbloek wemndeseriningd. Al apentsh werentoniparel i wigh selevpedcétadard
intraperitoneally. The trachea was cannul ated for artificial respiration
via a smal | aneuwretuscular blockisgs pompdunds, elfesuzainyltiotinar fja@turontds, edBuHual eg f or
recordi ng bl ood pressure via a transducer 20 and heart rate by a

car di ot achogr agirdaim? THe kasaltiaddhta arERWRN B, whergit ar vei n was

cannul ated for i.v. drug adm nistration. Neur onuscul ar function was
moni tor ed gy méo%qﬁtwmga@semgncfgr QEQRSS0 nQYSHRLLILBRRRNSES from the
anterior tibial nmuscle as a resul supramaxi mal nerve stimuli

consi sting of si ngd)ﬁsitoftmf:ﬁﬂﬁrﬂfeﬁoéﬂé%néu dga‘gé}lb ckpul ses of 0.1-0.2

nsec duration every seconds, delivered to the sciatic or connDn

peroneal nerve by .—gc%vergﬁﬂ%[ gﬁ%&%ﬁ,&ﬂg@%ﬁoﬁ AR @t 7505 RIS TS response

stlrrulatlonlnclu d repe

-21- VB= vagal block, %, at 80-85% neuromuscular blocking dose.

AHR= change in heart rate, %, at 80-85% neuromuscular blocking dose.
15 ABP= change in arterial blood pressure, %, at 80-85% neuromuscular blocking dose.

No= number of animals tested.

b) Adult cats were anesthetized with a mixture of 70 mg/kg alpha chloralose and 0.5

g/kg ethylurethane intraperitoneally. One thigh was fixed in a vertical position by means of a

20 pin at the lower end of the femur. Needle electrodes were placed on the sciatic or the common
peroneal nerve. A tendon of the anterior tibial muscle was attached to a force transducer and

the muscle responses evoked, as described under a), were recorded. Both electromyographic

and mechanomyographic responses can be quantified. Blood pressure and heart rate changes
were recorded from appropriately cannﬁlated arteries via a blood pressure transducer and

25  cardiotachograph. The resulting data are shown in Table 4.
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delivered at 0.1 Hz or 1 Hz. Cardiac vagal block, a side effect of several
muscl e rel axanwo 9921854 agents, was assessed by stinul ating tpeTaspsedsyi cal
vagus nerve peripherally and determ ning t he possi bl e bl ocking ~

ef fect against the vagally induced bradycardia. The agents were

di ssol ved in phy5| ‘Phé’&blﬁnq%@:l 436630 ndeRaf GILH) WAL & apsgeagg' O}%eﬁtspe@fgplﬁ?%eh

e
time intervals. intensity, onset, "and neur onuscul ar

bl ock and
adii i ot er i ng V@é‘&@%ﬁ? : 3@8"355"‘1%%% ST B0 S sy s,

I I d. h | d
Ctancard o e Sk ?eytaereﬁ% B sgd%q"i%ﬁﬂh%ﬁ%ﬁaf GRS Bt

pancur oni um mvacurl rocuroni um The resul ting data are shown
in Table 3, wh 8‘P$1 and gy ftﬂ‘“‘a““”g ge““’a‘Efﬁéfgesfan‘t‘%'“&v%“ﬁ&gér bitRlaad pigpokey adpuistaredy
50% neur onmuscul ar et=time in mnutes to 80-85%
neur onuscul’ar “E?T%@l@“sb/ (Table 6). Rabbit datggre sl?%*@dv &aje 7 prsledeg datiagrersbewn ineble 8neous
recovery, 25-75% neuronuscul ar response. VB= vagal bl ock, %
at 80- 85% neur orrus4ll kaimal jskpsgmentgconiddeeed together, these novel neyspiRiscuiraslgpants Aretgelr t
rate, % at 80-85% neuronuscul ar bl ocki ng dose. 15 ABP= change in
arterial bl oodimesssandshoftér acing $an iBS8ompariron pamgpotddar bl ocki ng dose.

No= nunber of aninmals tested. b) Adult cats were
anesthetized wi th FgureXt Ulustrarf tHO nemdogoddr Hiccking | effea! SFSEsMRNE,4@iabetoxybenzyl)d/ kg
ethylurethane intraperitoneally. One thigh was fixed in a vertical position

by neans of atrogfiumdi-fl] afclobiitenel M@ tartRRato dibtdaade Andsimpardie deth auaingleidifd &t

were placed on the sciatic or the common peroneal nerve. A tendon of

the anteri@r téicBhumHaR! ko DolvAGRaH: EDI(Preﬁ;ﬁﬁ&:efort ﬁx@éEFEQH%ﬁonaﬁq the blood t he
nmuscl e responses evoked, as described under a), were recorded.

el ectrorryograg &re response St%gﬁ%ﬂﬂ%ographl C responses can be quantl fied.
Bl ood pressur (f ﬁgart rate changes were recorded from

appropriat el y cannylol ggleh il G iy SpRlfR thaPlh SAUL el NS SELmidB in®

car di ot achogr aph. e resulting a ar in
other specific forms without departing from the spirit or central attributes thereof In that the

foregoing description of the present invention discloses only exemplary embodiments thereof, it is to
15  be understood that other variations are contemplated as being within the scope of the present
invention. Accordingly, the present invention is not limited to the particular embodiments which
have been described in detail herein. Rather, reference should be made to the appended claims as

indicative of the scope and content of the present invention,
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[err] . where Rerr] and R err] are di- or polysubstituted aral kyl or
aral kenyl ; proewDdeuIsshat at | east one substi t uent onPGWMsapuBkyl
or aral kenyl group is al koxy or acyloxy; R2 and R2' are al kyl or

al kenyl; Ais normal or substituted al kanedi carbonyl, al kenedi car bonyl,

al kynedi car bonyl , cycl oal kanedi car bonyl ,

cycl oal kenedi car bonyl bi cycl oal kanedi car bonyl ,
bicycloalkeneﬂ%g;%gggyl, pol ycycl oal kanedi car bonyl ,

pol ycycl oal ke onyl, or aromatic di carbonyl; nis 0, 1, or 2;

mis 0, 1, or 2; is Q1 or 2; rr]l and err err

| ower al kyl ; 1 R?‘CPP’?"'?M&?% gfeof“ thig%’uﬂR‘L fL%rqfmeﬂun#%?e fa']rwa}q
Rlerr] and R[err] t oget her can also be -(CH2)[err]-, -

- 30- (CH2) h- ® (CH2) k-, [err] or (CHZ)hS—(CH[err])k- where g is
2, 3, 4, or 5 hisgl or 2 aﬂg-x k is 1 or 2; and Rlerr]' and R4 can

al so be -(CH2)[err] S %?cw 2l cre) h- O (CHR) k-(GTry_or
- (CH2) h- S—(CHZ)[err] ef-&, g i 0-3—4——90% |§-_1Ngr_R42, and k is | or
2; wherein Rerr] B] e§r| R2 and Rl err] and Rlerr]', and R err]
and R4’ can be the §arre or rent atd X i s d°H¥marmaceu TR& | Y

accept abl e ani on.

b.
R R A )
1\ / : Rz\ /R1
Ri—N (Cﬂgin {CHn N-—R,’
(CH)p /) 0-——A——0 < CH,)p
R‘—-——A—— (CH,)m . (CH,)m R,
2X ,and
C.
R, R,
+I l+
Ry——N——{(CH,n {CH,)n—N R,
(CH,)p 0——A——0 (CH,Jp
R4 (CHz)m (CHz)m Rd'

2x

where R; and R, ' are di- or polysubstituted aralk)./l or aralkenyl; provided that at least‘ one
substituent on each aralky! or aralkenyl group is alkoxy or acyloxy; R; and Ry’ are alky! or
alkenyl; A is normal or substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl,
cycloalkanedicarbonyl, cycloalkenedicarbonyl, bicycloalkanedicarbonyi,
bicycloalkenedicarbonyl, polycycloalkanedicarbonyl, polycycloalkenedicarbonyl, or aromatic
dicarbonyl; nis 0, 1, 0or2;mis 0, 1, or 2; pis 0, 1, or 2; Ry and Ry’ are H. CHs, or lower alkyl;

Rqand Ry’ are H, CH;, or lower alkyl; Rx and R, together can also be -(CHy),-, -CH=CH-, -
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2. The conpound of claim1, wherein Rlerr] is the sanme as Rerr]', R2is
the sane as Riyogod¥sarr] is the sane as Rerr]', and R4 is tmllé‘awsﬁs R4' .
3. The conpound of claim1 wherein, Ais selected fromthe group
consisting of trans-3, 6-endonethyl ene-1, 2, 3, 6-tetrahydrophthal oyl, 1

, 9-nonanedi car bonyl , cycl obtg an- 1 2- dicarbonyl,

cycl ohexane- 1, 3-di car bonyl / oxal yl, mal onyl, succinyl, glutaryl, adipoyl,

pi mel oyl , a(CHIGECH)-, -CH—CH- or ACH:)S-(THB:-cohmpog . 3f4.oF i s 1jor dhandei n,
Rlerr] is the same as Rerr]’ and Is al koxy substituted aral kyl, acyl oxy
substituted aral kyl, or al koxyacyl oxy substitut ed aral kyl; Ais

and s ot ylkis hor AR e i R A ORCHRR A Ca@?-%-@é«necﬁ s

Rlerr]' and R4" together are -(CH2)2-. he conpound of
claim4, whi oh-(CESSCRE)-2wherelg ife ok Ph&ryis|lyor 2y %ﬂédwmrwil wheseip Ra gad Ry,
trans- 3, 6- endonet hyl ene- 1, 2,3, 6-tetrahydrophthal ate di brom de.

6. The compaiad dRAf Relaad rR34,anth.cIand Ry can be the same or different; and X is a
bi S| N- (4- acet oxy- 3. 5-di net hoxybenzyl)
- 31- phdrRRRDAdAIY b&idblearloh. t r ans- 3, 6- endonet hyl ene-1, 2, 3
, 6-tet rahydropht hal at e di brom de. 7. The corrpound of claim 4,

which is bi S[ N- (4- acet oxy- 3- met hoxybenzyl)
2. The compound of claim 1, wherein R, is the same as R/’, R; is the same as Ry’,

Ra is the same as Ry’, and Ry is the same as R.'.

3. The compound of claim 1 wherein, A is selected from the group consisting of
{rans-3,6-endomethylene-1,2,3,6-tetrahydrophthaloyl, 1,9-nonanedicarbonyl, cyclobutan-1,2-
dicarbonyl, cyclohexane-1,3-dicarbonyl, oxalyl, malonyl, succinyl, glutaryl, adipoyl, pimeloyl,

and suberoyl.

4. The compound of claim 1 wherein, R, is the same as R,’ and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl, A is
trans-3,6-endomethylene-1,2,3,6-tetrahydrophthaloyl; R, is the same as R,’ and is methyl; n

and m= 1; Rs and R, together are -(CHy)>-; and Rs” and Ry’ together are -(CHp).-.

5. The compound of claim 4, which is bis[N-(2,5-dimethoxybenzyl) tropanium-

3a-yl] trans-3,6-endomethylene- 1,2,3,6-tetrahydrophthalate dibromide.

6. The compound of claim 4, which is bis[N-(4-acetoxy-3.5-dimethoxybenzyl)

31-
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tropanium3[err]-yl] trans-3, 6-endonethyl ene-1, 2, 3, 6-tetrahydrophthal ate

di brom de. ~ wo 99218548 The conpound of claim4, which i SPCT/US98/19848 .

bi s[ N- (3, 4- di acet oxybenzyl) tropanium3[err]- yl] -
trans- 3, 6- endonet hyl ene-1, 2, 3, 6-t et rahydropht hal ate di brom de. 9.
The conpound ,of ¢ , |

t ropani um 3[ € Worl’]‘mum"?‘]yfﬁtt'f%g%ge % ﬁethyléﬁgh}%ﬁ%}g{?ﬁ%@?gﬁ ydr opht hal at e
di brom de. The corrpound of claim3, wherein, Rerr] is the
sanme as Rerr]' and |s aI koxy substitut ed aral kyl, acyl oxy substituted
aral kyl, or al kox acyloxy subst i ed ar al ngnanedi car honyl ,
R2 is the same as’/R[ erthe c%mEP“P f’lﬁ‘fﬂ 4* ‘b%lﬂh ‘?nbls?lf](}"%% “RACTPSY “t“ﬁ’g are
- (CH2)[err]-; and R err]'and 1{71 ether are -(CH2)2-.

The conpound tUIpamdlran3my!}Gm"9vﬁ46cqﬂd¢fBet °§P -tena@dfqphmqqé;by%@#zw ) )
tropanium 3[err]-yl] 1,9-nonanedi carboxyl ate di brom de. 12.

The conpound of claim 10, whi ch is bis[N(4-acetoxy-3,5-di met hoxybenzyl)
tropanium 3[err]-yl]1, 9- nonanedi car boxyl at e di br om de. 13. The
conpound of clai mg3, WiRr@mpounoftlaim 4,3vHidhes Sisfe(3aisdikierikytenzyBntbphbumBioOXy
substituted aral kyl, acyloxy substituted aral kyl, or al koxyacyl oxy

SggSt tuted gnpldnyh 16-e'ﬁdérﬁethylene-l 2,3,6-tetrahydrophthalate dibromide.

9. The compound of claim 4, which is bis[N-(3.4-diacetoxybenzyl) tropanium-38-
ylj trans-3,6-endomethylene-1,2,3,6-tetrahydrophthalate dibromide.

10.  The compound of claim 3, wherein, R, is the same as Ry’ and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl; A is 1,9-
nonanedicarbonyl; R; is the same as Ry’ and is methyl, n and m = 1; R; and R, together are -

(CHa)s-; and Ry’and Ry’ together are -(CHz),-.

11.  The compound of claim 10, which is bis[N-(3,4,5-trimethoxybenzyl) tropanium-

30.-y1] 1,9-nonanedicarboxylate dibromide.

12.  The compound of claim 10, which is bis[N-(4-acetoxy-3.5-dimethoxybenzyl)

tropanium-3ai-yl]1,9-nonanedicarboxylate dibromide.

2

13.  The compound of claim 3, wherein, R, is the same as R, and is alkoxy

substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl; A is

-32-
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cycl obut ane-1, 2-dicarbonyl; R2 is the same as R2' and is nethyl; n and m=
1; Rerr] and.vdosseget her are - (CH2)2-; and R3'and Rlerr]' P §9ﬁé?84&re
-(CH2) 2-. 14. The conpound of claim 13, which is

bi s[ N- (4- acet oxy- 3, 5-di net hoxybenzyl) tropani um3[err]-yl]

cycl obut ane- 1},5%1,%%9& roii%&l%hﬁ LR t‘i’xgﬂsﬁtﬁe as is meﬁa I n and}R = PMROMRM

claim 13, tox - 3- et ox enzy tropani um 3[err yI ]
cycl obut ane- 1, 2- di car@%i/l'at o] The conpound of
claim 13, Whlteg?ﬂ}egarﬁl 2(’§“d§‘ﬁng§ém%?§ﬁéﬁ§ylc)l{z)ﬁ opanl um  3[err]-yl]

cycl obut ane- 1, 2- di car boxyl at e di br om de. The conpound of
claim 13, V\/ni ch is bis[N(3,4-dipropi onyl oxybenzyl ) tropani um3[err]-yl]
cycl obut ane- 1, 2-di car boxyl ate di brom de. The conpound of

ciai m 3, wherein, 1&] erFlie domppwnd efaslaimals, Rhishriy bisBYr(H- ?‘@t%YRéx%}metBWEQﬂFﬂht ed
aral kyl, acyl oxy substituted aral kyl, or al koxyacyl oxy substituted aral kyl;
Ais cycl oh&:@aﬁu:ﬁ-sa-yﬂicgdﬁﬂmmy-llﬂ-di&rﬁoxylatbdib&muiée. as R2' and is nmethyl; n
and m=1; R3 and R4 together are -(CH2)2-; and R3"and R4' together are
-(CH2) 2-. 19. The conmpound of <claim 18, which is

bi s[ N- (3, 5-di met hoxy-4-  propi onyl oxybenzyl) tropanium3[err]-yl]

cycl ohexane- 1, 3- gscarppxyh ogndjlo@r%dg which is b:smi(@-acetox'l}h!emetﬂmwﬁﬂ) of
claim 18, which i s bi s[ N- (@; acet oxy- 3- met hoxybenzyl )

- 33- tropanium-3a-yl] cyclobutane-1,2-dicarboxylate dibromide.

16.  The compound of claim 13, which is bis[N-(3,4-diacetoxybenzyl) tropanium-

3a-yl] cyclobutane-1,2-dicarboxylate dibromide.

17.  The compound of claim 13, which is bis[N-(3,4-dipropionyloxybenzyl)

tropanium-3a-yl] cyclobutane-1,2-dicarboxylate dibromide.

18.  The compound of claim 3, wherein, Ry is the same as R’ and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl, A is
cyclohexane-1,3-dicarbonyl; R, is the same as Ry’ and is methyl; n and m = I; R; and Ry

together are -(CH,),-; and Ry'and Ry’ together are -(CHy)s-.

19. The compound of «claim 18, which is bis[N-(3,5-dimethoxy-4-

propionyloxybenzyl) tropanium-30-yl] cyclohexane-1,3-dicarboxylate dibromide.

20, The compound of claim 18, which is bis[N-(4-acetoxy-3-methoxybenzyl)

0T R——————



tropanium3._[err]-yl] cyclohexane- 1, 3-dicarboxyl ate dibrom de.
21. The corrp\YQﬁEﬂEﬁ“ claim 18, whi ch is. bi S[ N- (3, 4- di acet oxPOBHIIBI1P848
t ropani um 3[err]-yl] cycl ohexane-1, 3-di carboxyl ate di brom de.

22. The conpound of claim 3, wherein, Rerr] is the sane as Rerr]' and
i's alkoxy  sipedibko&84 c@élatekaﬂet mudrwxylaelaktﬁ&hlayt ed aral kyl, or
al koxyacyl oxy substituted aral kyl; i's glutaryl; R2 is the sane as R2'

and is nmethyl; n and m=1; Rerr] and R4 together are -(CH2)2-; and
Rl err]"and R4' together are -(CH[err])[err] The corrpound

23.
of claim 22, which,is S 9] ani u [e
glutarate di brom ?jl ﬁ{e JOMP&?M lfdclla%‘eli e )é‘?)ﬁb lﬁh@é (gchtoﬂrpeﬁg 'LW%
blS[N—(34de |on | oxy. rgpani um3[err]-yl] glutarate dlbromde
25. The corfk ﬁ’}e']ibﬁg@/r{’%ﬂﬂ@ éﬁﬁ ®err] is the sane as Rlerr]’ and
i s al koxy substl tut ed aral kyl, acyl oxy substituted aral kyl, or
al koxyacyl oxy subd#i t Ukheccompaundyof: Claimi & wheteipol! is the sametdseR4 ane inslkeyer r |
and is nmethyl; n and m= 1; R3 and R4 together are -(CH2)2-; and
Rl err]"'and R4hb5tim@t dlﬂkyl,aacgloxj GiR)i@ted aralkyl, or alkoB@cyloxy Tsabstiesd I f iclaim
25, which is bis[N(3,4-dipropionyloxybenzyl) tropanium3[err]-yl] adipate
di brom de.  glutaryl; R; is the same as Ry’ and is methyl; n and m = 1; Ry and R, together are -(CH,),~; and

Rj’and Ry’ together are -(CHz),-.

23.  The compound of claim 22, which is bis[N-(3,4-diacetoxybenzyl) tropanium-

3a-yl} glutarate dibromide.

24. The compound of claim 22, which is bis[N-(3,4-dipropionyloxybenzyl)

tropanium-3a-yl] glutarate dibromide.

25.  The compound of claim 3, wherein, R, is the same as R, and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl; A is
adipoyl, R; is the same as R;’ and is methyl; n and m = 1; R; and R, together are -(CH,),-; and

Rs'and Ry’ together are -(CHa),-.

26. The compound of claim 25, which is bis[N-(3.4-dipropionyloxybenzyl)

tropanium-3a-yl] adipate dibromide.

27.  The compound of claim 3, wherein, R, is the same as Ry’ and is alkoxy

-34-
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27.  The compound of claim3, wherein, Rerr] is the sane as err

is al koxy = W099/21854 - 34-PCT/US98/L 848
substituted aral kyl, acyl oxy substituted aral kyl, or al koxyacyl oxy
substituted aralkyl; Ais glutaryl; R2 is the sane as R’ and is nethyl; n

and m= 1; R?ub&ﬂdteﬂaﬁﬂlfv] dcoleR) oRditake arz(u@H[&rma)@acyloamubsﬁ&te@nﬂan?ﬁ A is

together are -(CH2)[err]- The compound of claim 27,

which is  bigl. (Iéns‘]tbgka%%‘”a%_ PARER A 1nq§maila"m BT g £ HERDA!

di brom de. e co clarm

bi s[ N- (3, 4-d] granatam nium 3-yl] gl utarate di brom de.

30. The cohg t8"t ?réf '@f’ Wherein, Rlerr] is the sanme as Rlerr]' and

is al koxy substituted aral kyl, acyl oxy substituted aral kyl, or

al koxyacyl oxy substituted aralkyl; Ais adipoyl; R2 is the sane as R2'.  and

S rrethyl nand m=1; Rerr] and R4 together are -(CH2)3-; and

Rlerr]’ and R4’ t o¥fet hdihe acempquadp)of- claim 27, whiclg1is  bisfhe(3. 4cdiapgonyhenzybf

claim 30, which is bis[N(3,4-diacetoxybenzyl) granataninium 3-yl]

adi pat e di br granatsinium-3-yl] glutaratg dibromidthe conpound of claim 30, which is

bi s[ N- (3, 4-di propi onyl oxybenzyl) granataninium3-yl] adi pate di brom de.
29. The compound of claim 27, which is bis[N-(3,4-dipropionyloxybenzyl)

granataninium-3-yl] glutarate dibromide.

30. The compound of claim 3, wherein, R, is the same as R,’ and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl, A is
adipoyl; R is the same as R,’ and is methyl; n and m = 1; Rs and R4 together are -(CHz);-; and

Rs'and R, together are -(CH,)s-.

31. The compound of claim 30, which is bis[N-(3,4-diacetoxybenzyl)

granataninium-3-yl] adipate dibromide.

32, The compound of claim 30, which is bis[N-(3,4-dipropionyloxybenzyl)

granataninium-3-yl] adipate dibromide.

33. The compound of claim 3, wherein, R, is the same as R’ and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl, A is

pimeloyl; R; is the same as R, and is methyl; n and m = I; Rs and R, together are -(CH;);-;

-35-
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33. The conpound of claim 3, wherein, Rerr] is the sane as R err]' and
i s al koxy 3subgdbisigsead aral kyl, acyl oxy substituted aral kyl , POF/US98/19848
al koxyacyl oxy substituted aralkyl; Ais pineloyl; R2 is the sane as R2'-
and is nmethyl; nand m= 1, Rerr] and Rl err] together are -(CH2)[err]-;

- 35- and . Pl [ ' together are -(CH2)3-. ---34
The corrpounaandgf %cdle%‘i Jr%gag%,aﬁ[ &(;11?%11 I's bis[N(3,4-diacet oxybenzyl)

granat ani ni um 3-yl] pinelate di bronm de. 35. The conpound of
claim 33, which is bis[N(3,4-dipropionyl oxybenzyl) granataninium 3-yl]
pi mel at e di brom de. 36, The conpound, of, claim 3, wherejn,
Rlerr] is the samd%as Fersoqmpodmy ofs ‘g?‘%oxv’ t i1 Ul 'é:f’%ﬂdi?ﬁt‘?xyb?i’il”bxy
substituted aral kyl, or al koxyacyl oxy substituted aralkyl; A is suberoyl;
R2 i s the sargranatanirem-Hyidpimslateeditigmide.n and m = 1; R3 and Rerr] toget her
are -(CHerr])3-; and R3'and R4' together are -(CH2)3-. 37,
The conmpound of claim 36, which is bis[N(3,4-diacetoxybenzyl)
granat ani ni um 3-yl] suberate di broni de.

35. The compound of claim 33, which is bis[N-(3,4-dipropionyloxybenzyl)

granataninium-3-yl] pimelate dibromide.

36. The compound of claim 3, wherein, R, is the same as R;’ and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl; A is
suberoyl; R, is the same as R, and is methyl; n and m = 1; Rs and Ry together are -(CHy)s-;

and R;'and Ry’ together are -(CHy)s-.

37. The compound of claim 36, which is bis[N-(3,4-diacetoxybenzylj

granataninium-3-yi] suberate dibromide.

a3

38. The compound of claim 3, wherein, R, is the same as R," and is alkoxy
substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl, A is
cyclobutane-1,2-dicarbonyl; R; is the same as R;’ and is methyl; n and m = I; R; and Ry

together are -(CHy);-; and Ri'and Ry’ together are -(CHz)s-.

39. The compound of claim 38, which is bis[N-(3,4-diacetoxybenzyl)

granataninium-3-yl] cyclobutane-1,2-dicarboxylate dibromide.

-36-
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38. The conpound of claim 3, wherein, Rerr] is the sane as R err]' and

i s al koxy subgdbésiesad aral kyl, acyl oxy substituted aral kyl , PGRUS98/19348

al koxyacyl oxy substituted aralkyl; A is cyclobutane-1,2-dicarbonyl; R24s
the sane as R2' and is nmethyl; n and m= 1; Rerr] and Rlerr] together are

-(CH2) 3-; and Rleng] efe a ( 3.4 | . The
conpound of clai 316 33{'}% %&uﬁﬁ]&‘d BPQ%}IQ ?\?— %VE‘Z“ d‘?g%le[?%()(yd‘béﬂmgmi‘ymyggmy)

gr anat ani ni urrg:rm%?%1 | 1u —yl?c#fﬁ)%ﬁ\%ne-112-di’)cér95>§'?a'f%)§33‘§1}nﬁl%e di brom de.

- 36- e conpoun 8, which is

bi sS[ N- (3, 4-di propi onyl oxybenzyl) granatani ni um 3-yl ]

cycl obut ane- 1, 2-di car boxyl ate di brom de 41. The corrpound of
claiml, wherein, Ais 3-nethyladip R&err and R(Ltg JA? fl di fferent
and are al koxy SUMt | ttheeepnmoawpf da‘&b}vl wagreia Ak 19 oy 1Ry andpRy’ are
al koxyacyl oxy substituted aralkyl; R2, Rerr], R4, R, R3', and R err]’

are net hyl; ndiisveht and-Tre alkoxy substituted aralkyl]'wgylg)gyrm{bgmge@fara@;lqy}n n ajlgoxysasiosh i s
[ N-rmet hyl, N-(2,5-di net hoxybenzyl) 2,6- dinethyl pi peridinium4-yl],

[N -methyl, subditutédardikiTacRy, B R 2 Ril AqoId Ry ame bt n and r@=B-
di et hyl pi peridinium4-yl] 3-nmethyl adi pate di brom de. 43. The
conpound of claim3, wherein, Ais cyclobutane- 1,2-dicarbonyl; R err] and
Rlerr]' are the same and are al koxy substituted aral kyl, acyl oxy
substituted aral kyh, OfnAlkpENRAOEICRIY 41, which is [N-methyl, N-(2,5-dimethoxybenzyl) 2,6-

| dimethylpiperidinium-4-yl], [N'-methyl, N’-(3,5-diacetoxy-2-naphtylmethyl) 2,6-

dimethylpiperidinium-4-yl} 3-methyladipate dibromide.

43.  The compound of claim 3, wherein, A is cyclobutane-1,2-dicarbonyl; R, and Ry’
are the same and are alkoxy substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy

substituted aralkyl; R, and R,' are the same and are ethyl; n and m =1; R; and R, together are -

(CH,):-; and R;' and Ry’ together are -(CHy)s-.

44. The compound of claim 43, which is bis[N-ethyl, N-{3-(4-acetoxy-3-

methoxyphenyl)propenyl} nor-granataninium-3-yl] cyclobutane-1,2-dicarboxylate dibromide.

45.  The compound of claim I, wherein, A is fumaryl; R, and R,’ are the same and
are alkoxy substituted aralkyl, acyloxy substituted aralkyl, or alkoxyacyloxy substituted aralkyl,
R; and R’ are the same and are methyl; n, m, and p =1; Rs and R, together are -(CH,),-; and

Ry’ and Ry together are -(CHa)z-.
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substituted aral kyl; R2 and R2' are the same and are et hyI; n and m=1; R3
and Rlerr] togwpleerissde - (CH2)3-; and Rerr]' and Rlerr]’ ?6@@5%984&re
-(CH2)[err]-. 44, The conpound of claim 43, which is

bi s[N-ethyl, N-{3-(4-acetoxy-3- nethoxyphenyl)propenyl}

nor - gr anat ani ni Umyg- yl They chpsh@nesrl, daif cas, bow,-lc@t Qsdld?sfrﬂltk @Edmemox 4
45, The conpound of cl al m 1, wherein, Ais fumaryl; R err] and PI

are the sane & 44 al ubstltut ed

aral kyl, or I?Elq }acgi oxy s szt:&fe{%tgte gt?rg yl)!f]yﬂl%aﬁa\eﬁc})q@’déare t he sane and
are nethyl; n, m and p =1; Rerr] and R4 together are -(CH2)2-; and R3'
and R4' together are -(CHZ)[err]

- 37 oun Ial which is

bi s[ N- (3, 5- di et hé%y 4The %9?“83? ﬁ{?nF) gé’ﬁ‘f@?lﬂ) B2 b?feytﬂ%‘[‘%a@ are 4-acetoxy-

1] octani um 3-yl] fumarate di brom de. 47. The corrpound of claim
1, wherein, Fi/ -wethpxyaengylRidr pefected fiom the seumeorsistingplomalonyt el Bseyclohexyldiacetyl

3- et hoxybenzyl Ais selected fromthe group consisting of nmalonyl, 1,1

' -cycl ohexyl Cﬁnd(tfsv.y]&,G-eaimhethylene-1,2,3,6-tetrahydrophthaloy|.

trans- 3, 6- endonet.hyl ene-1, 2, 3, 6-t et rahydr opht hal oyl . 48. The
conpound of claim47, which is bis[N (4-acetoxy-3-nethoxybenzyl)

qui nuclidi nium 3-yl] trans-3, 6-endonet hyl ene-1, 2, 3, 6-tetrahydrophtal ate

di br om de. 48.  The compound of claim 47, which is bis[N-(4-acetoxy-3-methoxybenzyl)

quinuclidinium-3-yl] frans-3,6-endomethylene-1,2,3,6-tetrahydrophtalate dibromide.

49. A process for preparing a compound of the formula

R3—7— (CHy)n : {CH,)n R,
R —"N—R: A o / R,—

R4—A-— (Cl-lz/)m (éﬁz)m——LR

2X

o

where R, is di- or polysubstituted aralkyl or aralkenyl; R, is alkyl or alkenyl; provided that at
least one substituent on each aralkyl or aralkenyl group is alkoxy or acyloxy; A is normal or
substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,
cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl,
polycycloalkanedicarbonyl, or aromatic dicarbonyl; nis 0, 1, or 2; mis 0, 1, or 2; Ry is H,
CHs, or lower alkyl; Ryis H, CH;, or lower alkyl; Rs and Ry together can also be -(CHy),-, -
CH=CH-, -(CHz);.-O-(CHz)k-,_or -(CH2)h-S-(CH2):-, where gis 2, 3,4, or 5, his I or 2, and k
is 1 or 2; and X is a pharmaceutically acceptable anion:

which comprises reacting a compound of the formula

YR
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49. A process for preparing a conpound of the fornula [err] where
Rlerr] is di-_woospmissssubstituted aral kyl or aral keny]; R2 i sPEI/RSH8/1HR48 |

al kenyl ; provided that at |east one substituent on each aral kyl or

aral kenyl group is al koxy or acyloxy; Ais normal or substituted

al kanedi car bonyl , al kenedi car bonyl, al kynedi car bonyl,

cycl oal kanedi car bonyl, cycl oal kened;i Y(CH,)n

bi cycl oal kanedi car bonyl , bi cycl oal ened| arbonyl,

pol ycycl oal kanedi car bonyl, or ar omatlc >7!—°H is 0, 1, or 2; mis O,
1, or 2; R3 is H, CH[err] or | oweg (gbé s H, CH[err] or | ower
al kyl , R[err] and R4 toget her can aI so be - gn[er - CH:CH-
-(CH2)h-O-(CH2) [err] - -(CH2) h-S- (CH2) k-, vvhereg|52 3, 4, or 5, his

1 or 2, and kyi Scohp gﬁnd%ft@qgm;ﬁw s a pharnmaceutically acceptabl & ani on;_
whi ch conpri ses react| ng a conpound of the fornula

- 38- [err] wth a conpoung.gicthe formula

ad-A-d

to produce a first reaction product of the formula

Ry ——— (GHyn (7H,>n —

N—RZ o A 0 Rg~— N

R; {CH,)m (CH,)m R,

>

and reacting said first reaction product with a compound of the formula
RiX

to produce a second reaction product of the formula

&-7— {CHn {CHn R,

R; (CH,)m 2% (CH,)m ——L——- R,

50. A process for preparing a compound of the formula

R4 R R1\ ;{z
\ ~
R,— N (CH,)n (CHyn — N —R
3 / 'z\ / 2 \ 3
(CHz)p o A o (CHa)p

R—A.——(cuz{m 2x (éﬂz)m—LR‘

where R, is di- or polysubstituted aralkyl or aralkenyl; R; is alkyl or alkenyl, provided that at
least one substituent on each aralkyl or aralkenyi group is alkoxy or acyloxy; A is normal or

substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,

-39-
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to produce a first reaction product of the formula [err]

and

reacti ng sai d-WPP%2188€acti on product with a conpound of the PEFREIH848
Rlerr] X to produce a second reaction product of the formula

50.

A process for preparing a conpound of the fornula

[err]-
[err] where

Rlerr] is di-cyoloalpeieyisarbadyl, t hiéyeldalkanadibarbongll bsyelbiienydiSiiRay %)ogvl:%l’dalk%edl-
al kenyl ; provided that at |east one substituent on each aral kyl or

ar al kenyl gr Othbon§l, ¢ Afehiatic Aicadell; My o, leﬂZS i@ ONBlor &7p is BUR B 2.tRt
al kanedi car bonyl , alkenedlcarbony . al kynedi car bony!’,

cycl oal kanedi B@EPQ&Y' H, CHa, or lower alkyl; Rs and Ry t is0 b
cycl oal kenedi car bonylmlsbl cycl %ra?vlgriae 1| ca?rbol}i‘y?gwgr ca%%soalek CHZ%il

pol ycycl oal kaggdli, -0.(CH,)-, or -(CH:)s-S-(CHa)w, where g is 2.

I cyc ne

and X is a pharmaceutically acceptable anion;

which comprises reacting a compound of the formula

Rz

]
R,—N 7 (CH,)n

(CHy), OH
R; (CH,m

with a compound of the formula
Cl-A-Cl

to produce a first reaction product of the formula

2 2
—N (CH,)n CH,)n — N —R
R, 7— g\ (CH,)n \ 3
(CHa), (o} A 0 {CHa)p
Rz {CH,)m (CHp)m R,

and reacting said first reaction product with a compound of the formula
RiX

to produce a second reaction product of the formula

R4 R, Ry R;
\N ~ cH) ~ 7
— n CH,)n —N
R, 7— z\ (CH,)n \‘_R3
(CHa)p 0—A o (CH2),

R4—Av——-(CH2)m X (CH,)m R,

51. A process for preparing a compound of the formula

-40-
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carponyl, or aromatic dicarbonyl; nis O, 1, or 2, mis 0, 1,

or 2, pis O,

1, or 2; R errYOPX2IBf4 CH err], or | ower. al kyl; R4 is H, CPLEUSYS/19%38

| ower alkyl; R err] and R4 together can also be -(CH2)[err]-, -CH=CH, --
(CH2)h-O-(CH2)[err]-, or -(CH2)h-S-(CH2)[err]-, where gis 2, 3, 4, or 5 h
is 1 or 2, and kis 1 or 2; R, and X is a pharnmaceuticall acceptable

ani on; whi ch conpri ses rgacti ng a conpound of the for il a

R2 [err] with a feHppf the formula  (CHn —N—=R,

a-A-d to produce a f(j; 22'{ reagti on product of 3 forNul a [err]
and reacting said first r i on proddct T 2 cofpound(@idt he formul a

R err]X

[err]
-40-
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51. A process o preparl a conpou

where R, is di- or polysubstituted aralkyl or aralkenyl; R, is alkyl or alkenyl; provided that at’

least one substituent on each aralkyl or aralkenyl group is alkoxy or acyloxy, A is normal or

substituted alkanedicarbonyl, atkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,

cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl, polycycloalkanedi-

carbonyl, or aromatic dicarbonyl, nis 0, 1, or2; mis 0, 1, or 2; pis 0, 1, or 2; Ry

is H, CHs, or

lower alkyl; Rqis H, CHs, or lower alkyl; R; and R, together can also be -( CHy)¢-, -CH=CH-, -

(CH2)-O-(CHa)x-, or «(CH)w-S-(CHy)x-, where g is 2, 3, 4, or 5, his 1 or 2, and k is ] or 2;

and X is a pharmaceutically acceptable anion;
which comprises reacting a compound of the formula
Ra—/ N —{CH,)n
(CH3), H
R; (CH,)m
with a compound of the formula
Cl-A-Ci

to produce a first reaction product of the formula

Ra_";N —{CH,)n (CHJn — N——R,
(CHa)p (C\Hz)n
R; (CHym (CH,)m R,

(o}
>
o}

and reacting said first reaction product with a compound of the formula

RiX
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[err] wher VOB i s di- or polysubstituted aral kyl or RGNS R2 s
al kyl or al kenyl; provided that at | east one substituent on each aralkyl
or aral kenyl  group is al koxy or acyloxy; Ais normal or substituted

al kanedi car b%lwoduelaks@&%@rearaaqmwo@tﬂem%racar bonyl,

cycl oal kanedi car bonyl cycl oal kenedi car bonyl brcycloalkanedrcarbonyl
blcycloalkenedlcarbonyl p ycycloalkanedl carbonyl aromatic

di carbonyl; nis 0, 1, oqumrso 1, or 2; pis O, 1|Tor2 R3 is H,
CH3, or | ower al kyI 4-Ns (oH, ).CH[err] or Iowerc;ajnlgd-N-R[-ﬁrr] and R4
together can al so be-( [err] CH-[err (CHZ\)h O(CHZ)[err]

-(CH2)[err] - S—(CH[err] )P, or (ﬁ"iz);s | or 2, and k
|s 1 or 2; and X ig_a Mtlcal I yzgccepta ani whi ch
conprises reacting a c‘orrpound the formul a "F)é'?r] wrtr&a corrpound of
the formul a d-Ad to produce a first

reaction product 95 t h.E pxrogésg%lr greparing a co&nﬁ&fnh of the formula

R, ——7— (CH,n (CH,)n R,

R—'N—R: } 0—A o—< Re—N'—R,
RA——X—(Cﬂz)m (CHz)m—L—R

2X 4

where R, is di- or polysubstituted aratkyl or aralkenyl; R; is alkyl or alkenyl; provided that at
least one substituent on each aralky! or aralkenyl group is alkoxy or acyloxy; A is normal or
substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,
cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl,
polycycloalkanedicarbonyl, or aromatic dicarbonyl; nis 0, 1, or 2, mis 0, 1, or 2; R; is H,
CHa, or lower alkyl; Ryis H, CHs, or lower alkyl; R; and Ry together can also be -(CHy),-, -
CH=CH-, -(CH,),-0-(CH,)\~, or ~(CH)»-S-(CH,)).-, where g is 2, 3,4, 0or 5, his 1 or 2, and k
is 1 or 2; and X is a pharmaceutically acceptable anion;

which comprises reacting a compound of the formela

(CH.)n
R, 7
N—R;z H

R; {CH,)m

with a2 compound of the formula
RiX

to produce a first reaction product of the formula

RN D ““’j‘
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and_reacting said first reaction product with a conpound of the fornula

Rlerr] X WO 99721854 -41- t BCHUEW(8Y8 o
second reaction product of the fornula [err] 52. A process
for preparing a conpound of the formula [err] where Rerr] is di- or

pol ysubstituted aral kyl or aralkenyl; R2.is alkyl or alkenyl; provided that
at | east one substituent on eZch §?al Iéﬂ"z"br aral kenyl group is al koxy or
acyloxy; Ais normal or subst Rt.utgd-r} ka>edi_gﬁr bonxt , al kenedi car bonyl ,

al kynedi car bonyl , cycl oal kanedi car Ronyl , /cycl oal kenedi car bonyl ,

bi cycl oal kanedi car bonyl , Rrb'l‘gy'd-d' gHpmnedi car bonyl ,

pol ycycl oal kanedi car bonyl, or aromatic dicarbonyl; nis O, 1, or 2; mis O,
1, or 2; R3is,H _.CH3. .or _|aower l.: err] i \ , or lower alkyl;
R3 and R[err] a"tdéﬁa@?%sﬁu’dégﬁ TP %@uﬁé%/%?og}pf’%@, 0%}%' fgﬁq—t‘l—%—# , _
-(CH2)[err]-O(CH2)[err]-, or -(CH2)h-S( aik-, where g is 2, 3, 4, or 5,
hisl or 2, and k is 1 or 2; and X isClé'gg rmaceutically acceptable

ani on; which conprises reacting a conpound of the formula
to produce a second reaction product of the formula

(CH)n CH
Ry —7— H) ~ (CHyn — R,
R—*N—R; o A o R:— N'—R,
R; (CH)m e (CH,)m R,

53. A process for preparing a compound of the formula

Ry Ry R4 R
~ ~ /
R,— N {CH,)n (CHn — N —R,
{CH2), (o] A o] (CH),

R;A—(Cﬂz)m 2x (CH,)m R,

Where R is di- or polysubstituted aralkyl or aralkenyl; R, is alkyl or alkenyl; provided that at
least one substituent on each aralkyl or aralkenyl group is alkoxy or acyloxy, A is normal or
substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,
cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl, polycycloalkanedi-
carbonyl, or aromatic dicarbonyl; nis 0, 1, or 2; mis 0, I, or 2; Rz is H, CHs, or lower alkyl;
R, is H, CH;, or lower alkyl; Ra and R, together can also be -(CHy)y~, -CH=CH-, -(CH,),-O-
(CHy)y~, or -(CH2)n-S-(CHy)y-, where gis 2, 3,4, or 5, hislor 2, andkis L or 2;and X is a
pharmaceutically acceptable anion;

which comprises reacting a compound of the formula

43-
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[err] wth a conpound of the formula
Rlerr] X to pMeass first reaction product of the fornul a PCT/US98/19848

[err] and reacting said first reaction product with a conpound of the
formul a a-A-d to produce a
second reaction product of the formyga [err] 53. A
process for preparing a conpound of the fornula [err]
Rg—N7—‘(CH2)ﬂ
(CHa), OH
R; (CH)m

with a compound of the formula
RiX
to produce a first raction product of the formula

Ry R:
~N
R,— ')'7— (CH)n
(CHZ’)F H

R,,———x——(CHz)m

and reacting said first reaction product with a compound of the formula
Cl-A-Cl

to produce a second reaction product of the formula

Rq Rz R, R,
~N ~ 7/
R,— N7— {CHyn (CH)n —N—R,
(CH2), ) o} A o) (CHa)p
R; (CH)m 2X (CHm R,

S4. A process for preparing a compound of the formula

1 1

R, 7\' — (CH)n (CHn — N—R,
(CH2)p 3 o A o (CHap
R; {CHy)m 2X- (CH,)m R,

where R; is di- or polysubstituted aralkyl or aralkenyl; R, is alkyl or alkenyl; provided that at
least one substituent on each aratkyl or aralkenyl group is alkoxy or acyloxy; A is normal or

substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,

-44-
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where Rlerr] is di- or polysubstituted aral kyl or aralkenyl; R2 is alkyl or
al kenyl ; proviwodosisst at | east one substituent on eachpﬁT/HFWPS“ér

ar al kenyl group is al koxy or acyloxy; Ais nornmal or substituted

al kanedi car bonyl , al kenedi carbonyl, al kynedi carbonyl ,

cycl oal kanedi %ﬁBBQﬁ.\éélca‘rbong b?%ﬁlbzﬂﬂnﬁ&%gﬁarb%?&&lkenpdbé‘a}’tfo}'lﬁa kHBRBakaRENY ! -

3| cyclboal Ikene car aromat | c
|L&Z§| 2{‘@ nca"b”ﬁﬁ’zfmmw%&@“ﬁ Mo Getsp B B naf%'[%?%f*]? 5 her
C??:Hg) ﬁos ?CI—*%Y’F e%wkls\%&}g-%%&?“égﬁ’ %lrlde%rtl’§%eﬁ “}"satsf(bq@zﬁanéﬂﬁc 371 or

2; and X is a har rraceutlcall accept abl e anj on; whi ch conpri ses
reacting a CO(%EI)JTQ'&B’FZ e G k-, where gis 2, 3,4, 0r 5, his 1 or 2, andkxs 1 or2;
- 43- ) R2 [err] with a conpound of t he
formul a and X is a pharmaceutically acceptableRmion; ] X~ to produce a first raction
product of the fornula [err]

which comprises reacting a compound of the formula

R,— N —{CH,)n
V4
(CH2); H
R; {CH,)m
with a compound of the formula
R;X

to produce a first reaction product of the formula

R4
}
Ry—— N—{CH,)n
/ +
(CH2), OH X
R; (CH,)m

and reacting said first reaction product with a compound of the formula
Cl-A-Cl
to produce a second reaction product of the formula

1 1
+

R, 7“— (Cﬂz{n (CH)n — b{ —R,
(CHa)p 0o—A—0 (CHa),

R;A——(Cﬂz)m - (CH,)m R

55. A process for the preparation of the compound of the formula

-45-
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and_reacting said first reaction product with a conpound of the fornula
d-Ad to pWoPIBEBS4 second reaction product of the fornul £CT/USISNI4Bg ]
54. A process for preparing a conpound of the fornula [err] where
Rlerr] is di- or polysubstituted aral kyl or aral kenyl; R2 is al kyl or
al kenyl ; provided that at |east one substituent on each aral kyl or
aral kenyl group is al lRg SHoxy; A is normal @H)nsubstitryfed

al kanedi car bonyl , al kq{ledL ar@onﬂ agkynedl car bony'1

cycl oal kanedi car bonyl 44.Re— N —Hs
cycl oal kenedi car bony! gy @dmnedi car bonyl , bl()g\qu,,o.a.Ié.e.n_eﬁl car bonyl,
polycycloalkanedl carbonyl, or aronf¥ic dlcarbbnyl niso, 1, or 2;
mis 0, 1, is 0, 1, or 2; Rlerr] is H CHerr], or | ower
alkyl; R4 is whew:%[ eqrqhi or pelysuhstisted aralirl or sralkenyki RRis allyfyet dikanylo providedsthatie
(CHZ)g- - (CH2)[err]- O(CHZ)[err] or
-(CH err])h- SIeQSEIel@e) {tbstitl}ent oméreh eratkyll or apslkeByl gfoupds alﬁoxyhori agyldxyprA & nodmgl d¢ i S
1 or 2 and X is a pharmaceutically acceptabl e anion; whi ch

conprises reaaitiged slkampdicanisbnglf dlkenedieatronyla alkynedicarbonyl, cycloalkanedicarbonyi,
cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl, polycycloalkanedi-
carbonyl, or aromatic dicarbonyl, nis 0, 1, or 2; mis 0, 1, or 2; Rs is H, CHj, or lower alkyl;
Ry4is H, CH;, or lower alkyl; R; and R, together can also be -(CHy),-, -CH=CH-, -(CHy)-O-
(CH)i, or -(CH)n-S-(CHa)~, where g is 2, 3,4, or 5, his 1 or 2, and kis } or 2; and X is a
pharmaceutically acceptable anion,;
which comprises reacting a compound of the formula

&'7— (CHyln
Rz—~N « HCI H

RFA_ (CHy)m
with a compound of the formula
Cl-A-Cl
to produce a first reaction product of the formula

TR P —— &

N —R2 0 A ()

RA——(CHz/)m (>H2)m———L—R

4

and reacting said first reaction product with a compound of the formula
R X

to produce a second reaction product of the formula

-46-
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[err] with a conpound of the fornula

Rl err] X wopressce a first reaction product of the for HAQTASIS/19848 |
[err] and reacting said first reaction product with a conpound of the
formul a a-A-d to produce a second
reaction product of the formula [err] 55. A process for
the preparation of thg—eeyeummzm‘ the fornula  (cH)n R
_45_ \ 2 3
. R—"N—R: 0——A—0 Ry~ N'—R;
R; (CH,)m - {CH,)m R,

56. A process for parparation of a compound of the formula

Ry R, Ry Ra
~ ~ /
R,— N (CHn {CHn — N —R,

(CH2)p > 0——A—0 < {CHa)p

R‘——Aw—(c}lzjm 2X (cnz)m—Lm
where R, and is di- or polysubstituted aralkyl or aralkenyl; R, is alkyl or alkenyl; provided that
at least one substituent on each aralkyl or aralkenyl group is alkoxy or acyloxy; A is normal or
substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,
cycloalkenedicarbonyl, bicycloalkanedicarbonyl, bicycloalkenedicarbonyl, polycycloalkanedi-
carbonyl, or aromatic dicarbonyl; nis 0, 1, or2; mis 0, 1, or2; pis 0, 1, or 2; R; is H, CHs, or
lower alkyl; Ryis H, CHs, or lower alkyl, R;; and R, together can also be -(CHy),-, -CH=CH-, -
(CHR)u-O-(CHy)y-, or -(CHa)n-S~(CHa)y-, where gis 2, 3,4, 0r 5, his 1 or2, and kis 1 or 2;
and X is a pharmaceutically acceptable anion;

which comprises reacting a compound of the formula

Rz . « HCI
{
R3 —N 7— {CHz)n
{CHa)p OH
R; (CH,)m
with a compound of the formula
Cl-A-Cl

to produce a first reaction product of the formula
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[err] where Rlerr] is di- or pol ysubstltut ed aral kyl or aral kenyl; R2
i s al kyl or alvkeswassdprovi ded that at | east one substi tE@WSWFP%Ch
aral kyl or aral kenyl group is al koxy or acyloxy; Ais normal or
substituted al kanedi carbonyl, al kenedi carbonyl, al kynedi carbonyl,

cycl oal kanedi car bonyl , 2 cycl oal kenedi car bonyl , bicy pal kanedi car bonyl ,
bi cycl oal kenedi car bonyl , polycycloalkanedi car bonyl], aromatic
di carbonyl; nis O, 1&-0 neHgn 0, 1, or 2; R[er(cr: )H'S\I'H or | ower
al kyl ; R4 is H CH l_’r) or \| ower al kyl ; ?et her can al so
be -(CH2)[err]-, -CH=CH, 2(CHz)yerrJ O Ho
- (CH2) h- S—(CHZ)k- (8H ,3 4, or 5, hIS( ﬂ; ng k is 1 or 2;
and Xis a phar néceut i cal I y accept abl e ani on; whi ch*conpri ses
reacting a conmpound of the formula [err] wi th a conpound of the
formul a and reacting said first reaction product with a compou@l ofghefformula  t 0 produce a
first reaction product of the formul a [err] and reacting said
first reaction product with a conpound d&;Xt he formul a
Rlerr] X to produce a second reaction product of the formula
- 46- to produce a second reaction product of the formula

R¢ Ra Ry R

hy /(C n CH i

Ry M~ (cH, (CH,In b{ R,

(CHa), o A o (CH2),

R,.——Av—(CH,)m X (CH)m R,

57. A process for preparation of a compound of the formula

1 1

R, — N7— (CH,)n (CHJn —N—R,
(CH2), \ o A o (CHy)p

where R, is di- or polysubstituted aralkyl or aralkenyl, A is normal or substituted
alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl, cycloalkenedi-
carbonyl, bicycloatkanedicarbonyl, bicycloalkenedicarbonyl, polycycloalkanedicarbonyl, or
aromatic dicarbonyl; nis 0, 1, or2; mis 0, 1, or 2; pis 0, 1, or 2; Rs 1s H, CHs, or lower alkyl;
Ryis H, CH;, or lower alkyl; R; and R, together can also be -(CH,),-, -CH=CH-, -(CH,)y-O-
(CHy)y~, or -(CH,),-S-(CHy)y-, where gis 2,3, 4, or 5, hislor2,andkis 1 or2;and X is a
pharmaceutically acceptable anion;

which comprises reacting a compound of the formula

-43-
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[err] . 56. A process for parparation of a conpound of the
formul a -WO 2931654 where Rlerr] and is di- or pol ysubBET/USASANN4S
aral kyl or aral kenyl; R err] is alkyl or al kenyl; provided that at -
| east one substituent on each aral kyl or aral kenyl group is al koxy. or
acyloxy; Ais normal or substituted«alkanedicarbonyl,

al kenedi car bonyl , al kynedi car bonyl , IoaI redlcarbonyl,

cycl oal kenedi car bonyl , bicycloalkan bi cycl oal kenedi car bonyl ,

pol ycycl oal kanedi - car bonyl, or (an,m,rrat iC bonyl; nis 0, 1, or 2;
4 [err], or | ower

mis 0, 1, or 2, pis 0, 1, or 2; R[eré] S CH ,

alkyl; R4 is H CH3, or |ower alkys (CHMm t oget her can al so be
-(CH2)[err]-, -CHCH, - (CH2)h-O (CH2) k-, or -(CH2)h-S-(CH2)k-, where
gis 2, 3 4 rac%m&m%{he?cfmala and k is 1 or 2; and X is a
pharnaceutlca y ace 9 B e ani on; whi ch conprises reacting a conpound
of the formula [err] vmth %Igg_raound of the formula

to produce a first reaction product of the formula

R, -——7" — (GH,)n (CHn —N—R,
(CHy), \ 0O——A—-0 (C\Hz)p
R; (CH)m (CH,)m R,

and reacting said first reaction product with a compound of the formula
RiX

to produce a second reaction product of the formula

R1 1
+ +
Ry — N-—(CH,)n (CH)n — N—R,
(CHz)p o] A o (C\Hz)u
R; (CH)m 2X (CH,)m R,

58. A process for the preparation of a compound of the formula

R, (CH)n (CH,)n Rs’
R —"N—R; \ o A o / Ryt—N——R,'

R 4_k_(CH.‘,/)m (éﬂz)m——l— Ry

2X

where R; is di- or polysubstituted aralkyl or aralkenyl; R, is alkyl or alkenyl; provided that at
least one substituent on each aralky! or aralkenyl group is alkoxy or acyloxy; A is normal or

substituted alkanedicarbonyl, alkenedicarbonyl, alkynedicarbonyl, cycloalkanedicarbonyl,

-49-
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a-A-d to produce a first reaction product of the formula

-47- T WO 9921884 1 | and reacting said first react PERUBIGAME:-
with a conpound of the fornula -
Rlerr] X to produce a second reaction product of the formula

[err] cycloalkenédicarfonPll Qfc9elSalltaREdiRFRRA! BlchAdhliRhediafbRARO BolfcyeloalkdifRdi-
formul a [err] where Rl err] is di- or polysubstituted aral kyl

or aral kenyl ; carfynuii G 2GR dicRiboi St b UoP8. mis 0, 1, & X RDGEHC BED U Ydwer alkyl:

al kenedi car bocr?i/l ,ny’fjflgynedi car bo%l ., cyél oal kanedi car bonyl, cycl oal kérl%éli -
R, is H, CH;, or lower alkyl, Rs and Ry together can also be -(CHy),-, -CH=CH-, -(CH,),-O-
-('Cﬂz)k-, or -(CHo)y-S-(CHy)-, where g is 2, 3,4, or5, hislor2, andkis 1 or2;and Xisa

pharmaceutically acceptable anion;

which comprises reacting a compound of the formula

Re——— (CHyin (CHIn

R *
N —R: > 0 A o < Rz —; a
R‘,—l——(cuzbm (cuz)m—LRv

with about one equivalent of a compound of the formula

R]X
and then reacting the resulting first reaction product with about one equivalent of a compound
of the formula

RiX
to produce a second reaction product of the formula

Re > (CHyn (CHn R’
R+—*N—R: VN 0——a—0 Rz' — N*—R,

R; (CH,)m {CH,)m R¢!

59. A process for preparation of a compound of the formula

R4 Ra Ry’ Ry
~ ~ 7
Ry— '1'7— (CHy)n (CH,)n ‘\N—Ra'
(CHa)p N o A 0 (CHa),
R; (CH)m X (CH,)m Rs!

which comprises reacting a compound of the formula

-50-
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car bonyl, bicycl oal kanedi car bonyl , bi cycl oal kenedi car bonyl ,
pol'ycycl oal kanasieagshonyl , or aromatic dicarbonyl; n iRCTUSIYINE .2 m
is 0, 1, or 2, pis 0, 1, or 2; Rerr] is H CHerr], or |ower alkyl; :
R4 is H CH3, or lower alkyl; R err] and R4 together can al so be
-(CH2)[err]-, -CH=CH, -RCH2)[err]-O (CH2)[err]-, gpr '
-(CHZ)[err]-S—(CHZ)[err]-,’, where gis 2, 3, 4, or 5, hig1lor 2, and k is
1 or 2, and Xis a —Wtically accept auba)ﬁm@—'ﬁ' —Ry’ whi ch
conprises reacting a gao nd of \t he fornul a ?

-48- [err] (€Hde i t nyacBnpofia of forn‘—%“a?r’

d-Ad to produca a_f\rst d tion product Of(ﬁpg'ﬁ f gr mulrg [err]
and reacting said first reactif)nzproduct with a co und of the formula

Rl err] X to produce a second reaction product of the formula
with about one equivalent of a compound of the formula ,

R X
and then reacting the resulting first reaction product with about one equivalent of a compound
of the formula

Ri'X

to produce a second reaction product of the formula

R4 R R{ /Rz'
~
Ry = ¥—7— (CHyn (CHpn -\N——Ra‘
(CHa)p N 0—a—o0 { (CH2)p
R; (CHym 2 (CH,m Rq'

60. A process for preparation of a compound of the formuta

R4 R]1 !
|
— = (CH,)n (CH,Jn — N—Rs’
R, /" H, A "
(CH2)» o A o {CHy),

R‘_—\——(cuz)m 2x (éHz)m—L Rq'

which comprises reacting a compound of the formula

—N {CH,in (CH,Jn — N—Rs’
Re—= N> “z\ . | 2 N
(CHa)p o A 0 {CHa)p
R; (CH,)m {CH,)m Rs'

with about one equivalent of a compound of the formula

-5]-
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[err] ~ 58. A process for the preparation of a conpound of the
formul a wWaoegor2hissa  where Rlerr] is di- or polysubstitutRGIGHIRA .o
aral kenyl; R2 is alkyl or alkenyl; provided that at | east one :
substituent on each aral kyl or aral kenyl group is al koxy or acyloxy; Ais
normal or substituted al kanedi car bony|y al kenedi car bonyl

al kynedi car bonyl , cvcl oal kanedi car bonyl , - 49-
cycl oal kenedi 0l C I i Vi1 BRI cycl . i ,
ol yoycl oal kATLIES Piding MENENAR R RREICE Ry Boi e SRR fapalg - )
mis 0, 1, orf%; Rr%ﬁar] is H CH3, or |ower alkyl; R4 is H CHerr],
or lower al kyAffe@mmid * anq Ra together can al so be -(CH2)g-, - CHECH
-(CHerr])h-O (CH2) k-, or -(CH2)h-S-(CH2)[err]-, where g is 2, 3, 4,
or 5, hisl or 2, and kK is 1 or 2; and®&'¥s a pharmaceutical ly

accept abl e ani on; whi ch_conprises reacting a conpound of the for mul a
[err] to produce a second reaction product of the formula

R1 R1
|
Ry~ —{CHyn (CHn — IL—-R
\
(CHy), o] A o (CHy),
Rr—x——(CHz)m 2X (CHm R’

61. A pharmaceutical composition comprising the compound of claim 1, and a

pharmaceutically acceptable excipient thereof.

-52-
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wi th about one equivalent'of a conmpound of the fornula

Rl err] X aNA9Y185 reacting the resulting first reacti on BEHUSPEAYE ¢ h
about one equival ent of a conpound of the fornul a )
Rlerr] X to produce a second reaction product of the formula

[err] 59. A process for preparation of a conpound of the
formula [err] whi ch conpriseﬁng?cting a conpound of the
formul a - 50- [err]

wi th about one equival ent of a conpound of the fornula

SUCCINYLCHOLINE (0.6 mg/Kg)

4

100%— ..

EMEG

e 14,

ROCURONIUM (0.05 my/ky)

100%- 1’ l|

MG

0 hlll!!mm il I

|
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R err] X and then reacting the resulting first reaction product with

about one equi waln18s¢f a conpound of the formula PCT/US98/19848 .
Rlerr]'X to produce a second reaction product of the formula

[err] 60. A process for preparation of a conpound of the fornula
[err] whi ch conprises reacting a conpound of the fornula [err]

w th about one equival ent of a conpound oy/g’le formul a
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Rlerr] X and then reacting the resulting first reaction product with

about one equiwelgmissof a compound . of the fornula  PCT/US98/19848
Rlerr]'X . to produce a second reaction product of the formula
[err] 61. A pharmaceuti cal conposition conprising the
compound of claim 1, and a pharmaceutical ly acceptabl e exci pi ent
t her eof 3/5
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