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ACTI NG NEUROMUSCULAR BLOCKERS The present invention
relates to novel conpounds, nethods for the preparation of such

conpounds, phar rraceutical conposi ti ons cont ai ni ng them and their use as 5

neur omuscul ag oﬁﬂﬁﬁ E%’ﬁg I % ULAR
I n anest heS| a neurorrus ar o@%l}rlt'gﬁagen S are usegk?hgupsfr:ow dgm?g?Rgt al

nmuscl e rel axatlon during surgery and during intubation of the trachea.

Neur onmuscul ar r?resent invertfinkelatesdb %ogaWn?do‘u}idé: |rﬁ€tﬁéds' t%g t gx@ﬂir?u&p e

mechani sm of action (depolarizing or non- depol ari and the
duration of .action (ul tc{§ ort, sho

, Il nterme on See,
Bedf or d, Rof su glix & ammqgg{cﬁtg?lapgﬁwonsgs 1mn§3 emlggglhen- use as

Non- depolar|2|ng neur onuscul ar bl ocki ng agents include

| onYy- dur at insnromysenlar blocking ageats ofudtcasshort duration. pancur oni um
gallam ne, diallyltoxiferine and toxiferine, internediate-duration agents
such as atracurium and vecuroni um a ol hort - dur ati on gents such_as

m vacurium See In anesthesia, ne‘EP’Q!’?“li‘g’ 0393593886‘?, ag 4§ 4‘°76*i°" skeletal
4,761,418 and U.S. 5;454,510. Conventional 15 non- depol ari zi ng
agent s typimuscleyrelaxhtidsi duringourgesy 289 dutimgintubition tof the wichezt Nenronsoular
used as skeletal nuscle relaxants. Presently there are no ultrashort

duration, réckers are generally clas3fiRal b3 dofih the MehafigmssTdcton (ﬂdlﬁﬁiﬁhﬂﬂlgaﬁ%hs in
clinical use. Depol ari zi ng agents i nclude

succi n_yI c hg#bgl&iéiﬂ% ﬂ'ﬁlﬁ ﬁﬂh Bﬂ\ctmetﬁft&sﬁ&? 'short, mtegge%t}a;feéax%&jﬁggj e'g? ngo

mechani sm ese agents can ‘have sévere si

okl 6° pa redtord R, From g A ety 8ot 1006 | ew depsimiaine

pressure and increased intragastric tension. Convent i onal
depol ari zi mgurcgeuscelae blicking ageotstiaclude leng-durstiarf agents such as g-tpbddirdrine] 5
m nutes in humans. Succinylcholine has a rapid onset and ultrashort

duration ofpad6irofim, gallamine, diallyRé)ferific lafi@ tOXiFaring] Intémfeditd-d@atibn dgents
neur omuscul ar bl ocker in clinical use. Despite i ts

1 such as atracurium and vecuronium, and short-duration agents such as mivacurium. See

e.g., US. 4,179,507, U.S. 4,701,460, U.S. 4,761,418 and U.S. 5,454,510. Conventional
15 non-depolarizing agents typically exhibit a 20 to 180 minute duration of action when
used as skeletal muscle relaxants. Presently there are no ultrashort duration, non-

depolarizing neuromuscular blocking agents in clinical use.

Depolarizing agents include succinylcholine and decamethonium. Due to their

depolarizing mechanism of action, these agents can have severe side effects such as

20 cardiac arrest and death, hyperkalemia, malignant hyperthermia, severe muscle pain,
cardiac arrhythmias, increased intraocular pressure and increased intragastric tension.
Conventional depolarizing agents exltibit shorter durations of action, e.g, 10 to 15

minutes in humans. Succinyicholine has a rapid onset and ultrashort duration of action

and is the only ultra-short acting neuromuscular blocker in clinical use. Despite its
1



undesirabl e side effect profile, no other ultrashort acting agent is
avai l able and thus it is currently the preferred agent for
energency use. The ultra-short duration of action is extrenely
i npor t antWPR8/82634 gency situations. Use of |onger duration REFERIS/026M11 d | ead

to serious brain_ dag and death. 5 . . Nap-depol ari zi.ng
agents ar e‘“\j‘éﬂ@?&’éﬁ ?‘?g@fqt gtafile. mg qther ultrashont acting geentis ia?‘i‘i“Eanq %‘d thus ftis © -
desirabl e than depol ari zi ng agents, and clinicians have | ong recogni zed the
need for acurrently the preferred mgentcion emeigeney) usee uTberuliratshart dyratioincof actiah ias an
ultra-short duration of action. See, MIller, R D Anesthesia

and Anal gegditRnfel fportédtlin ehftPeonc SRudtnSD Use oflonger dusatiodgents could lead

Opi ni on in Anaest hesi ol ogy, 8, 362, 1995. However, non-depol arizing agents

can 10 . exhibit side fects not specifically related to their
mechani smt8rseﬂﬂ‘?sa rﬁxgﬁfaﬂ?g%@}qe %.ﬁ" For exanple, the
| ong-duration agents pancuroni um and gal | am ne have effects on the

au§onomi ¢ Ner voNgy WY SISERAS %éﬁ&y are n?&ﬁ&aﬂf' bglri:é;}’eﬁ 35 e 'sggep 9fd Indré Chnically

(tachycardia). nter I at e- short ration agents such as
atracurium besyl at e and, m yvacurium . s s chl ori de al sg .exhi bit
The s de clorirabie dhan depolarizing aBentSaand cligicipns have 1908 EHse@ipeitthe ied for a
undesi rabl e effects on bl ood pressure and heart rate, and. sone physicians
bel i eve t hugan-depolarizing neuromuscelas blocker|thatdas amulivatshorfdurdtivhanfiaottore afeeg ause
i fe-threatening anaphylaxis in sone pati ents.

|t has nowRGNRIDSERNRIRH drilaindtRROORIR 721, fSmr Belnlodt Wl RICPALEN!

non- depol ari zi ng neur omuscul ar’ bl ocki ng agents of ultra-short

duration, @. g.. about to,15 m nut es hat w.l| provi de both
i ncreased §5%é‘f'§/ "b\é‘f'eﬁ?]fﬁ(ﬂ#%'eél%ﬁi 3%y Lh{?\y%vgﬁop@-&epoimmng age“?%\é’?ﬁ‘ ng
aaents, e.g. succinylcholine, and a reduced capacity to rel ease histam ne
ov8r exhibit sidesiffeets no sperifieallyrelatadgtoatheistmecharibmagr duratienuef agtiomd

m vacurium In addition, they have a rapid onset of action and
ar e rever sBor éanipls akdTng-dordtionagents parsieotiain evdegatlamine have effects on the

2
autonomic nervous system and may cause an increase in heart rate (tachycardia).
Intermediate- and short-duration agents such as atracurium besylate and mivacurium
chloride may also exhibit the side effect of histamine release. Histamine release has

15 undesirable effects on blood pressure and heart rate, and some physicians believe that

release of large amounts of histamine can cause life-threatening anaphylaxis in some

patients.

It has now been discovered that compounds of Formula (I) include potent non-

depolarizing neuromuscular blocking agents of ultra-short duration, e—. g, about 5 to 15

20 minutes, that will provide both increased safety over known depolarizing ultrashort
acting agents, e.g. succinylcholine, and a reduced capacity to release histamine over

'other non-depolarizing agents such as atracurium and mivacurium. In addition, they

have a rapid onset of action and are reversed by treatment with known reversal agents



such as neostigmne, both very inportant features in energency situations
and in ot hgo 98/42674 procedures. These agents maintain tper/kpsd/gresshort
duration of action and rapid spont aneous recovery when

adm ni st er suthms nepstigming,diotls very important foatures i emerganeyhsituations and in other

w t hout the cunul ative effects observed with other neuronuscul ar bl ockers

S proeeditenNi These Vagenits Ofaintdin theid Sultrashopo dadtionfoft A&tidd afié Napid
i nvention shoul d provide a significant advantage in the

ener gency, I i R9std B b ﬁ.g?.
Accor di ngl s “eg&srégéa ?}RS%Q. on rF’ov gfégérc\gﬁlscs?gtﬁéh Eg}ﬁrlrsl}f)%a’(]q?w

[err] erein I s hal ogen; froml to 2;
Y is hydro%hoﬁtr thet I‘iB‘X‘&‘latlZf eFffT"tﬁanG served; ]W‘éh eother euromuscu t thjckeryy err]
and Werr] are carbon; and A is a pharnaceutically accept abl e ani on.

Thé co rrpou(piacmbniﬁm, mubtao(th)n) C Thugicompoondsdfthe presend invention stwuldprovide

noi eti es connected by an aliphatic |inker. The two substituted

i soqui nol i Rigsm ML tine S8 plaﬁa . d by
referring tgtgtﬁhem gésd eg@ﬁe@t@mﬂé%gncy, ne mﬁ & ?bgtd@e%tivggwuﬁgﬁ

where the left head contains Werr] and the ri ght head contains Werr]. The

al i phati c |i nkerceordingly, the present inventiun providestorpramde 6PPorthlo{l):For nul a (1)
denoted by the followng Forrmula (i).

-

3 [err]
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CHy0  OCH, 3 OCHs
CH30
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wherein X is halogen; h is from 1 to 2; Y is hydrogen or methoxy; Z' and Z? are

methyl; W' and W? are carbon; and A is a pharmaceutically acceptable anion.

The compounds of Formula (I) contain two substituted isoquinolinium moieties

connected by an aliphatic linker. The two substituted isoquinolinium moieties can be

15 conveniently distinguished by referring to them as the “left head” and the “right head”,
where the left head contains W' and the right head contains W2, The aliphatic linker is

the portion of the compound of F ormulé (I) denoted by the following Formula (i).
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The solid and dashed lines ([err])indicates a double or single bond.

A suitable class of conmpounds of Formula (1) is that wherein X is chlorine
or fluorine. Particularly preferred hal ogen substitutions are
nonochl-or gyo 9gM2gfd uoro and 5 di fl uoro. PCT/EP98/01681€

al i phatic linker portion of conpounds of Fornula (I), as described by
Formula (i), conprises a butanedipatge or butenedi oate noiety. Suitably,
conmpounds of For rmul ?/ . 'vvher?i n the aliphatic |linker conprises
a butenedi oate noiety may existfin D either the E or Z
configuration or as mxtures of E and Z isoners. Preferably the 10

but enedi oat e noi ety of conpounds of Formula (1) is a funarate.

The ter m f unar aThe sedidianddlasteddinas ¢ F€F dindisatgs bdowble or single bondet y wherein

t he two ester carbonyl groups are oriented trans to one .
anot her. . referre | as f.C ounds @f. Formula (1) is
that wherein thé SHitablgflass of c ummJS Oqﬁ%mﬂ r&?@%ﬂﬁgﬁ@dﬁdéf ORBf &y and
X represents chlorine or fluorine and his | or 2. A 15

parti cul ar flyogimesf Rartieuanly preferred hatogen subktitutions aremmionoghlgroj monbfitorotasdei n

the aliphatic |l inker is a butanedi oate noiety and X represents
fl gori ne agfludrd.s 1 or 2. Conpounds of Formula (I) wherein the
aliphatic linker is a butanedioate noiety, X represents

fluorine and h is 2 are nost preferred. Anot her

preferred cl assTbé atiphgtizulinkerogorfion wiilcampbyindss of Fatmulaeflkias ddseribé2D by
aliphatic linker is a butenedioate noiety and X represents chlorine or

fluorine. Rormula (i), comprisBP4 butahediddte olbiRéRuicAtk MbRBE SitabB/TREMPOR AR of
Formul a (1) includes those wherein the

4 aliphatic.li.nker is .a butenedi.ogte noiet )
f epresent s Fgmublfx i(p éavl'gzlrexfl F&%f%t}c hmﬁceé cpmprises a I)utenedloeﬁe moqay m:}’y exist in
either the E or Z configuration or as mixtures of E and Z isomers. Preferably the

10 butenedioate moiety of compounds of Formula (I) is a fumarate.

The term fumarate as used herein refers to a butenedioate moiety wherein the

two ester carbonyl groups are oriented trans to one another.

A preferred class of compounds of Formula (I) is that wherein the aliphatic

linker is a butanedioate moiety and X represents chlorine or fluorine and his 1 or 2. A

15 particularly preferred class of compounds of Formula (I) is that wherein the aliphatic
linker is a butanedioate moiety and X represents fluorine and h is 1 or 2. Compounds

of Formula (I) wherein the aliphatic linker is a butanedioate moiety, X ;epresents

fluorine and h is 2 are most preferred.

Another preferred class of compounds of Formula (I) is that wherein the
20 aliphatic linker is a butenedioate moiety and X represents chlorine or fluorine. A

particularly preferred class of compounds of Formula (I) includes those wherein the



t he butenedioate noiety is a fumarate. Conpounds of Fornula (1) wherein the

ali phatic wo 98/42674 linker is a butenedioate noiety, X
chlorine, his 1 and the butenedi oate noi ety :i’g,?@?ﬁ%shte

are nost praifphafi€lnker i a butenedioate moiety, X FépReseRSRAGHEE & fldoRinBUA 3 ﬁ:?};d ,
contain four chiral centres. The carbon atons (denot ed as

Werr] and . . r ' e I A the isoqulnolinium
noi eti es artﬁggﬁﬁ%?ls&gﬁ&gf‘ Q%Jﬁ%ﬁr%u‘r ¥J((:) mp%)gﬁ &c@nf't%tr"g‘gl ar&wFﬁ&'@ﬁBﬁMW’ﬁ

exi st in either the ) ) R or S configuration. Accordingly, it
woul d be a it a bptenrdicate maietgq X reprasents ohlaring: b is 1 and the butenedioate
conpound within Formula (1) may exist in sixteen distinct optical isoneric
forms. 10 moiety is a fuihasatsare meosoprefdrredpr esent i nvention extends to cover
each and every isonmer of the conpounds of Fornula (1) either
individually or in adm xture with other isoners, and al |

m x?ures of suchTheeempaundsof Famnylay{econtain fourrchitak centresn Thgioasianoatomshe N
attached to Z[err] is in the S configuration, Werr] is in

ei ther the (@endted ag oW izpdrWr') end eadtf! quiternblehitRgbRtitom in the isoquinolinfurfl €' ' |
is in either the Ror S configuration. Preferably Werr] is inthe R
confi gur at i QR:as; t | & ih. t.he S.

confi gurat irgﬁl,etE %rg rcfl ﬁ?l's Elaﬁh P Etgego %&m%g%ggﬁ)xg% ﬁgd;]eheéq%rexﬂﬂexlst In‘€ither the
attached ta.Z[err] Jis i.n either_the R or configuration. Conpounds of
Formul a (I ;)R\ﬂggrqgnﬁguratmn. Accordmglwgwpgddﬁ)g gpparepictortheserskillpdrintthoart thater r |
Is in the S configuration, the N attached to Zerr] is in the

S conf i gur atachgompoundieithindformolac@l) may £&ist in sixtednhdistidot opfical) isodderie Toahge nOSt
preferred. Particularly preferred conpounds of Formula

(1 Y0i ncl udeThe 8ébpe of the present invention extends to cover each and i
(Z)-2-Chlor 0o 4-{ B[ (19 FR) 6. 7o Gr Mot Roxy- 2-fret hyl S50 (B¢ £Vem; emer of e heny |
1l

) % 3-{(1R 2530_‘%90}‘_1%? ﬁéfﬁ%ﬂ@yﬁ g{) %@Fﬂﬁf@@&ﬁ? YD Qe e RERAP Yl is%)mers, and

i(3, 4,5-tr iaqﬁtnri\)%%gr(\)%r;&h) methyl]- 1, 2,3,4-tetrahydro-2-isoquinolinio}
propyl } - 2- . Somesse Suitably M.(gsmnoth deconfiguration, the N attached to
;g,_ 2- Di f | uor®-i4-if the[§ dhfpRyativny Wit iy tha Riett $ yonfiguratioh, Bnd e hitnygheny|
to Z? is in either the R or § configuration. Preferably W' isin the R configuration, the
15 N attached to Z' is in the S configuration, W? is in the S configuration, and the N
attached to Z* is in either the R or S configuration. Compounds of Formula (I) wherein
W' isinthe R configuration, Wisin the S configuration, the N attached to Z' is in the
S configuration and the N attached to Z2 is in the R configuration are most preferred.
Particularly preferred compounds of Formula (I) include:
20 (Z)—2-Chloro-4-{3-[(1S,2R)-6,7-dimethoxy-2-methyl-l-(3,4,5—trimethoxyphenyl)-

1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-1-{3-{(1R, 25)-6,7-dimethoxy-2-methyl-1-
[(3,4,5-trimethoxyphenyl)methyl]-I,2,3,4-tetrahydro-2—isoquinolinio}propyl}-z-

butenedioate dichloride,



2
S) -
3

3, 4-tetrahydro-2-isoquinolinio]propyl}l1l- {3- {(1R

6, 7- di met hoxy-2-nethyl -1 -

, 4, 5-trimet hoxyphenyl )nethyl]- 1

, 3, 4- t w0 98M42870- 2- i soqui nol i ni o} propyl }- buP&EEFO%/AI661
chl ori de

1
2
[ (
2
di 5 .
(2) - 4- { 3-3-2flnege-4 (3-SR G dim mxm@-mfﬂwli3éz5['ﬂ%¥‘mﬁ%ky|) 1,2,3 4-
tetrahydro-2-isoqui nolinio]propyl} g 1R, 2S) - 6, 7- di net hoxkl 2- met hyI
-[ (3, 4, 5-1,2,3,4-tetrahydro-2-isoquinolinio}propyl} 1- {3 -{( . 25)-6,7-dimethoxy-2-methyl-1-

"

trinmet hoxyphenyl ymethyl]-1,2,3, 4-tetrahydro-2-isoquinolinio}propyl}-2-fluor-
0-2- Eﬂi@?ﬂeﬁm P.|2|3Qf tefx@hpdie-2-iso umohmo}propyl}-
2,2-Difl u%ro 4- Pal[ﬁ@g )’- 6 di’mef hoxy- 2 ?d}dmet h ? -tri met hoxyphenyl
) -

10
1,2, 3, 4- t‘%‘f‘?‘é‘ﬁl}%ﬁ‘%“"ﬁ*‘%‘%u. nol i ni o] propyl }-1-{3-{((R 2S)-2-nethyl -6, 7, 8-tri
nmet hoxy-1 - [ (3 ,4,5-trinmethoxyphenyl)nethyl]-1

152, 3, 4- tg)-@*{‘y $0132%)-6, 7-D1methoxy-2-métl§ﬁ-qu(3r,l‘25meﬂl Witkhylpa(xg18di oat e

d| chI orid I nce the pharnmacol ogi cal activity of the

of ”Fﬁz“Sﬁre&ahné‘rpé-ﬂéﬁﬁﬁélﬁﬁqlrﬁo%kﬂﬁ%&{191% 2y flipapopimighyieteids: naure

therapeutic purposes it is, preferabl har maceuyt j cal | iﬁnﬁcept able to the
reci pi ent trirhethbxyphenyl)methyl]-1 2. b gt 3 'EQ&WBP’@EWH?W RAO-cal |y
accept abl e ani ons include iodide, nesylate, tosyl ate, brom de,

chl ori de, phededions dichiopidatsd sul phat e/ 2, phosphat e/ 3, hydrogen
phosphat e/ 2, acetate, besylate, succinate/2, maleate, naphthal enesul phonate

and i onate. Both phar maceut | cal I accept abl e sal ts and
salts whi dkﬁ-Elfbmo-ﬂ-éh[lﬁbg 2R)e6,7-dimethoxy-3 ymgthoxypheny s or

I sol ati ng and/ or purifying the corrpounds of the | nvent I on.

Tiee UnaCCﬂEE,Z&hlt@trﬂ@HfoSZ-mﬁulﬁbﬁﬂoTp@op}QF—ﬂuﬂ3 -{(DR2Sp2-mhethyl-G1AB-thimetmxyel-t ed

i nto acceptabl e ts by techniques well known in the art.

'é'he CO”DOlf@d‘?s%m'é&{ g#h%n%l aletﬂg@l%ffor %ﬂmscm ar bl ocki ng agents

ation of the trachea or during

el ectroshqck t be adm ni stered parenterally,
e.g., by |WHM§‘§H%§¥PYQS‘¥‘PHQ%%%W8B@WW ection of a sol uti on.

Accordingly, the present invention also provides a nethod for producing
Since the pharmacological activity of the compounds of the invention resides in

the cation, the nature of the anion A" is relatively unimportant. However, for
15 therapeutic purposes it is, preferably, pharmaceutically acceptable to the recipient of the
compounds. Examples of pharmaceutically acceptable anions include iodide, mesylate,
tosylate, bromide, chloride, hydrogen sulphate, sulphate/2, phosphate/3, hydrogen
phosphate/2, acetate, besylate, succinate/2, maleate, naphthalenesulphonate and
propionate. Both pharmaceutically acceptable salts and salts which are not thus
20 acceptable may be useful for isolating and/or purifying the compounds of the invention.
The unacceptable salts may also be useful in that they may be converted iﬂto acceptable

salts by techniques well known in the art.

The compounds of Formula (I) are used as neuromuscular blocking agents



muscl e relaxation in a mammal, which conprises adm nistering to the manmal

an 5 wo 9sAtdrgct i ve neuronuscul ar bl ocki ng anount of a poENEPYH S
Formula (I). The dosage for each subject nmay vary, however, a

sui tabl e i rduringifpesy, FoPmMAlbatién 808 YR chda dritring electroshock theadiBoUThly mhy  °
Formula (I) to obtain paralysis in manmmals would be 0.01 to 5.0 ng/kg

of body weiygh S aply, 6&?1#] ' t he
above bei nglg Bdmﬁﬂﬂeﬂgﬁ 5“6@@%5%#%1&&’8& g &Sﬁhtﬁh&e{ggl}ﬁ?g%{oygﬁq%ﬁﬁ%%at he
active ingredient. The dosage for 10 X I ntramquscul ar %d;n nistration is
two to ei gmoquonesApp@'dqng{ , 0% BERsent Jy¥ention also provides a method fqrprodueing her
aspect, the present invention provides conpounds of Formula (1) for

use in thermmtle telixativarinl £ niatmmald whichneamprises cadnsinisteting kadhe infarsmaleny or

for i ntubation of the trachea. The present invention al so
proygi des t Qéméf} I don t
man%f act ur ryfg Fﬁge %‘gla%lgnen L@%rkﬂ{%%m%%é) fr?' e"lzjormo‘;r:#u?lg1 gﬁ#g?ro hb %c(péd‘gﬁe _dL%sage

in a mammal, in¢luding in a hupman. ) ) VWiile it is possible
for the confﬁbﬁﬂébs‘@’ﬂeq%d?%Y%Y( H;WQVGY’%SQ&W%FW?WSég‘Q"HE or dosage of the

bul k active chemcals, it is preferred to present themin the formof a
phar maceut i cxmpounds of Formula (Ij ar obthiatpamaiysiom mameaisewauldaetrf.of &t 5.8tmgkg
Accordi ngly, the present invention provides a pharmaceuti cal

formul ati Onof"%id? %G%K};é\d §sFt) %réf&ﬁﬂ Ua 62 &f 0.53hENKE 8f body wéight, #E above being

her ei nbef ore define a pharmacéutically acceptabl'e carrier.

Where the pharpmaceptical, . faorpul.ation is. far parenteral .admgistyatiop, the
{or mil at of P OBdhe Pelght GO EE graen. wish ot LR pftfe Biregtay 8 loStge o

| i qui ds, which may contain bacteriostatic agents,

antfoxi dant intrapysquiaradministration iptver teerightitinees| thg/intravenous dose. :
7 acceptabl e additives. Alternatively the conpounds nmay

be presented as ophili zed . olids .for reconstitutio i 1.h
water (for inj ecw*bﬁ)‘_thﬁ aspest: the presgpt ‘5&‘?‘3‘(‘?@ PLOYilsS; °(5’H§’.°“§‘§Pc?ftly°m“ a i bor
formul ations are normally presented in unit dosage fornms such as anpoul es
or use ingitheyanpyafoe examnplet fooindyes ineurpmuseular hlgekades dn rurgere swnfard i n
mul ti-dose forns such as a :
intubation of the trachea. The present invention also provides the use of a compound of
Formula (I) in the manufacture of a medicament for inducing neuromuscular blockade

15 in a mammal, including in a human.

While it is bossible for the compounds of Formula (I) to be administered as the
bulk active chemicals, it is preferred to present them in the form of a pharmaceutical
formulation for parenteral administration. Accordingly, the present invention provides
a pharmaceutical formulation which comprises a compound of Formula (I), as

20 hereinbefore defined and a pharmaceutically acceptable carrier.

Where the pharmaceutical formulation is for parenteral administration, the
formulation may be an aqueous or non-aqueous solution or mixture of liquids, which

may contain bacteriostatic .agents, antioxidants, buffers or other pharmaceutically



5 bottle fromwhich the appropriate dose may be withdrawn. All such
formul ati ons shoul d be sterile. A suitable
dose to obtain a neuronuscul ar block for adult humans (150 | bs. or

70 kg) is Wo9sums7450 ngy and nore preferably 3.5 to 50 ny. W@T@mﬁmmds of

this i nvention may. OPt I onal ly b adm ni st ered beltlx after
(but not saengptablecasiditiveswi Altgrativgly the °°mR°P'P§ 385 b PeseRjed, % hyep klﬁ'ﬁél fied
above. Thus a suitabl e pharnaceutical parenteral preparation

for admi ni sélidstfopfechmtifutivansithvivater (foeinjectibh)ordextraseonsaline solationsy/Suchof t he
conpounds of Formula (1) in solution or nultiples thereof for nulti-dose

vials. refnfeda ua{te&@sra € ckofras NeukRt dsoAmp6ulas L@l ut i on
of the comf).%rﬁnudauops For nqrma?}'sﬁ gvvat er or dextrose sol ution.

Thi b d I th -f
cteri | watispobiaeeton %\ﬁ%%nﬁhgga@ﬁ%?’”%@ﬂ‘ﬁa bl b ERACY e

and sterilizing the solution. Alternatlvel ybe repred\gg
di $sol vi ng botile fromr whish the appropriate dase rm't% %; HONE \at er
or a sterile dextrose solution under aseptlc condi tions.

Parti cul ar Isghowla ®E Stefipd f or nul ati ons have a pH of about 2.0 to 5.0.
The conpounds of Fornula (1) nay al so be adm ni stered as an inf usion of a

20 dextrose sol ution or saline solution, Ri nger's_solution in
drip form A suitable dose to obtairTh @euromyseniarsh ﬁﬂyf‘l{l%‘&uﬁ@%ﬁﬂﬁ(’sl@é—r@d in
ot her solvents (usually as a m xed solvent with water) such

as al cohol ,70md)Yie 0y ke 150 elgy el marsipiterailiBlS t H0 ang.ddhe Tompounds of this
may al so be a mn| stered mtrarmscu?arly (as a dripif required) as a

suspensi on ; fter (but not simultaneously with
o iftvélltion maé'o?pﬁltof%l ly be administered before or after ( but not simultaneoy B’t | on) o f

Processes Unl.es therwi se indi
ded@ribed ithe H?BOIPW‘H&I%E“WE%&‘E above. %usr &1 T }ghagga%eéxf( {:ﬁe‘ﬂ"}?q’i = rmJI a
(1) above. Wcorresponds to Werr] and err] of For nmul a

preparation for administration to humans will preferably contain 0. 1 to 20 mg/ml of the

compounds of Formula () in solution or multiples thereof for multi-dose vials.

A simple and preferred formulation is a solution of the compound of Formula (I)

in water or dextrose solution. This may be prepared by dissolving the compound in

15 pyrogen-free, sterile water or water containing dextrose, with or without a preservative
and sterilizing the solution. Alternatively, it may be prepared by dissolving the sterile

compound in pyrogen-free, sterile water or a sterile dextrose solution under aseptic

conditions. Particularly preferred formulations have a pH of about 2.0 to 5.0.

The compounds of Formula (I) may also be administered as an infusion of a

20 dextrose solution or saline solution, e.g., Ringer’s solution in drip form.

The compouﬁds may also be administered in other solvents (usually as a mixed
solvent with water) such as alcohol, polyethylene glycol and dimethylsulphoxide. They

may also be administered intramuscularly (as a drip if required) as a suspension a or



(I) Z corresponds to Zferr] and Z[err] of Formula (1) and X[ err] and
Xperr] cog m pfd to Xerr] of Formula (1). Unl egsxpofieiget se
speci fied represents hydroxyl or halide. Anot her aspect
of the preserl1t i nvention is a process for the preparation of .

corrpounds Wl a (1). Conmpounds of Fornula (1) may be prepared by

reacting 10 two equivalents of a conpound of Fornula (I'11): [err]
wherein Y is hydrogen or nethoxy; Zis nethyl; Wis carbon; nis 0 or 1;
and Ais a pharmaceutical |y acceptabl e ani on; W th
one equi val ent of a conpound of Formula (VII): 15

9 General Description of Processes Xh

cor TOC

(Vi) in an aprotic solvent. The_preferred nmethod of coupling

conmpounds of ForUnlegs pthpnyxse indicated, Y, X, and A" described in the formulae which
5 follow are as defined in Formula (I) above. W corresponds to W! and W2 of Formula
(D), Z corresponds to Z! and Z* of Formula (I) and X'}, and th correspond to X, of

Formula (I). Unless otherwise specified T represents hydroxy! or halide.

Another aspect of the present invention is a process for the preparation of
compounds of Formula (I). Compounds of Formula (I) may be prepared by reacting

10 two equivalents of a compound of Formula (I1I):

wherein Y is hydrogen or methoxy; Z is methyl; W is carbon; nis O or 1; and A is a

pharmaceutically acceptablé anion;
with one equivalent of a compound of Formula (VII):

15



wi th conpounds of Formula (VI1) involves mxing the diacid or diacid

chl ori de derivative of (VII) (wherein T is hydroxyl or halide,
e.g. ) with tw equivalents of a 5 conmpound of [1) in
a chlori r’f‘é‘?gﬂ”ﬂ?‘gani c solvent at ambient or el evated ﬂﬂék/ﬁl({si

t enper at ur es. A furgher aspect of the present invention
provi des anot her process for the preparation of conpounds of
Formula (I). Conpounds of Formula (I)Mce‘pared by
coupling two different conpounds ofrogefrmul&a{111) with one equivalent of a
10 compound of Fornmula (VI1). Reactions of this type are preferably
carried out by preparing an @gui nol ar solution of two different
conmpounds of Fornmula (111) in a chl ori nated organi c sol vent

foll owed by addition of one equivalent of a diacid chloride )
deri vati veinain 4pybtid sdleery. ' The prefefsed meltudsof eonipling) cempeunds af Formulkat @H) st i cal
m xture of 3 di fferent conpounds of Fornmula (I) (ignoring

ster eOCher%ﬁﬁlco&gﬁaﬁhgﬁe rc)?tﬂ‘o(mlﬁlaamlﬂ iiﬁ\Kﬂ(/e[s ﬂﬁxing the diadi@%roﬁigf@ﬂi eiilbide and

t he maj or conpo hi's mxture s always The conpound

Forrmula (1) contaipi wo different head groups;.d.e.,,a nxed-hea
conmpound dfertvative °P(‘PI?) {WlFEﬁ“FnTI ‘élilk'qh}’?‘y@fg}'ag‘rder&'ecgfw ifh {woe Y?g%%ﬁga may be
separated fromthe m xture by chr omat ogr aphi ¢ t echni ques.

ThSs may beoriptundvefoF dynuld) @) rihro dhlotinatad @frganic solvent at ambibutr omclevatedal | y
acceptabl e counterions (A-) by conventional ion exchange techniques. 20

Conpounds ﬁfnp%ﬂftﬁﬂi.a (I'1'1) wherein nis 0 are novel internediates for the

preparation of conpounds of Fornmula (1) and represent a
further aspect of the invention.

10 A further aspecCafpthenitesenf im@ntioh prévidés) amuberbpropesspforetieby t wo
general processes which forma further aspect of the invention. °

(V) (defined herein

by coupling two different compounds of Formula (III) with one equivalent of a

A first prﬁ&ﬁﬁ%ﬁ&i‘&?éd{?@uﬁﬁ@&%ﬁﬂé @y ebmpounds of Form&RTDGHAIBe plepietmul a

10 compound of Formula (VII). Reactions of this type are preferably carried out by
preparing an equimolar solution of two different compounds of Formula (III) in a
chlorinated organic solvent followed by addition of one equivalent of a diacid chloride
derivative of (VII) (e.g., T is Cl). This technique generates a statistical mixture of 3
different compounds of Formula (I) (ignoring stereochemical considerations and linker

15 , regiochemistryl) and the major component of this mixture is always the compound of
Formula (I) containing two different head groups; i.e., a mixed-head compound of
Formula (I). One or more of these compounds may be separated frc;m the mixture by
chromatographic techniques. This may be followed by the introduction of
pharmaceutically acceptable counterions (A~) by conventional ion exchange techniques.

20 Compounds of Formula (III) wherein n is 0 are novel intermediates for the preparation

of compounds of Formula (I) and represent a further aspect of the invention.

10



5 wherein Y is hydrogen or nethoxy; Zis nethyl; Wis carbon; and n

is- 0 or 1 Wwoldd2674 conpounds of Formula (VII1) (defi REVERRS/6H
A(CH err])[err] OH (M11)
where the subst Compotnda ofiFarivinlal (1I1) may beuprepasedby &wQissperak prapesges, which '
wherein Ais I, Br, d, osgerr]Me, OSerr]PhCh[err]) and

cor r espondgyrinOatfifthéNaspiet 6f thediifeRitin. Oalfirst provessrinvolyed lqeaterhikation of
anion (A in the resulting conpound of Formula (l111) into another anion (A

by c?xwmgﬂ ?éFE&Mﬁngj@@ﬁgmgf t echni ques. Reactions of conpounds

of Formul a conpounds of Formula (M I1) are preferably
carried out in polar aprotic solvents at el evated tenperatures
in the presence of sodiun1?%{ onat.e. Cegpounds of Fornul a (ren)
prepared by this process are3geyerated as i xtures of cis/trans

stereoi soners and 15 separationgf cis/trans isoners of (111)
typically requires chromat ﬁﬁtwféqhniques, wherein the
terms cis and trans refer t e spatial orientatiopsof the aryl group
attached to Wrelativd to {&Hpnof the aannol group attached to
N. A second process—for the preparation of conpounds
of Forrmula (I11) involves aIcoholygkﬂD@Hahydrolysis of
zwitterionic conmpounds of Formula (1X) (defi-ned herein): [err]

CH,O OCH,
5 wherein Y is hydrogen or methoxy; Z is methyl; W is carbon; and n is 0 or 1 with

compounds of Formula (VIII) (defined herein):

A(CH,);OH
(VII)

where the substituent A in (VIII) is a suitable leaving group (e.g., wherein A is I, Br, Cl,
0S0,Me, OSO,PhCh;) and corresponds to the anion, A”; and optionally converting the
10 anion (A") in the resulting compound of Formula (III) into another anion (A") by
conventional ion exchange techniques. Reactions of compounds of Formula (V) with
compounds of Formula (VIII) are preferably carried out in polar aprotic solvents at
elevated temperatures in the presence of sodium carbonate. Compounds of Formula
(IIT) prepared by this process are generated as mixtures of cis/frans stereoisomers and
15 separation of cis/trans isomers of (III) typically requires chromatographic techniques,
wherein the terms cis and trans refer to the spatial orientation of the aryl group attached

to W relative to that of the alkanol group attached to N.

11




wherein Y is hydrogen or nethoxy; Zis nethyl; Wis carbon; and nis 0O or

1. 5 Al cohol ysis of a conpound of Formul a (I X) may be
performed in any suitable al cohol in the presence of a m neral
aci d and W9 98Mef74r ably carried out in methanol SR TEP W 651

hydrogen chloride at anbient tenperature. Conpounds of Fornula (IX)
are prepared by A lsecond precess foxtthe prepérationpf cordpownds o6 Fomala((U) involvesycl | ¢
sul f at es of Formula (IV): [err]

Reacti ons odlcsholyaiwn H§drolysisuf Zwitierioe compburismf Ponniia GX)aefified herdin. ar e
preferably carried out in polar aprotic solvents at elevated tenperatures.

Conmpounds of Formula (I X) prepar ed by this process are generated
as mxtures of cis/trans isoiGH®, /\6 however, cis/trans m xtures of
conpounds of Fornmula (1X) may be’Ipa ted byZ 15 sel ective )
crystallization of the trans iso \cor;rNBunds of Formula (1 X) fromthe
m xture. Selective crystalliZBHjOon t 'Wns “(GHy@80gT conpounds of Fornul a
(I'X) are _ _ (CHn ( 12

preferably acconplished with pol ar gpr ot | Dﬁ.{;ﬁvents such as acetonitirile
or acetone. This process is th g met hod of preparation
of conpounds of Formula (111), ' ', trans isoners of
conmpounds of Fornmula (111) where the al kan §j de chain

((CHerr])[err]OH) and the phenyl (n=0)CH benydH(n=1) substituent are
oriented trans to one 5 anot her in space, and represents a further
aspect of the present invention. Conpounds of Fornmula (1X) are

novel inter heieii ¥ s ijdcogen R Rfetivicy 3 Ritidhyld WRGarbdh; dddeh isDv@nt i on.

5 Alcoholysis of a compbund of Formula (IX) may be performed in any suitable
alcohol in the presence of a mineral acid and is preferably carried out in methanol
solutions of hydrogen chloride at ambient temperature. Compounds of Formula (IX)
are prepafed by the quaternization of compounds of Formula (V) with cyclic sulfates of

Formula (IV):

\\//

75N\
o, °

(CH2»
10 (%]

Reactions of compounds of Formula (V) with compounds of Formula (IV) are

preferably carried out in polar aprotic solvents at elevated temperatures. Compounds of

Formula (IX) prepared by this process are generated as mixtures of cis/trans isomers;

however, cis/trans. mixtures of compounds of Formula (IX) may be separated by

15 selective crystallization of the frans isomer of compounds of Formula (IX) from the

mixture. Selective crystallization of trans isomers of compounds of Formula (IX) are

12



Anot her aspect of the invention conprises a novel process for the

prepar at i om098/42674 conpounds of Fornulae (1) and (|PCT/EF¥801651
preparation of conmpounds of Formula (1) i nvol ves coupling a

yar oyl or RGP adbhplinte r‘é"g“é olr sprvic solvents ouch o5 alRRIGHP of cfone. )

Is 0 or 1; I,s 1 or 2; and ar ceuthaI acc ta an

conpound of Ihis process is’the (‘W‘f"a preparation of ﬁ%&g’gnpba@nbons
are preferably carried out by addition of a c ound of 15 Formul a
(111) to theespesiallyoranicisomets| ofrdothpourdsi Qfaﬁommlar;ﬁllb mherg thieealksinol Side chain

hydr oxyl or halide, e.g. d) in a chlorinated organic sol vent

at anbi ent Elfé‘?lﬂh r(ﬁEOFor benzyl (n=1) substithéift 236 biferfted 9&% one

derivatives of corrpounds 0 mula (11) (e.g., wherein T is

f h f f F I
?ﬁ ;3 [ epared r?hrgrtingpagco,r r 851'3;?:2&3'11?3% ﬁutli'le as%ect of t Ctl. grsésgnt u?v% grllj.g Somc;)aoun srrru 2
(e.g., wherein Tis OH by nmethods well known to those skilled in the art.

Conpounds of of Rormmla(IX) arg npeel gntermsdiatesi and Teprese@-§nother aspectofithelinventiomg
openi ng of conpounds of Formula (VI) (defined herein): [err]

Another aspect of the invention comprises a novel process for the preparation of
compounds of Formulae (I) and (I[). The preparation of compounds of Formula ()

involves coupling a compouhd of Formula (II):

A-
CH,0.. -

\'

! ‘1\ iy coT
CHO (CHz)3 o -

(CHz)n

¢ ~—~OCH, )

CH, o] bCH

wherein T is hydroxyl or halide; Y is hydrogen or methoxy; Z is methyl; W is carbon; n

10

isOor1;his 1 or2; and A is a pharmaceutically acceptable anion to a compound of

Formula (III).

These reactions are preferably carried out l?y addition of a compound 6f

15 Formula (III) to the acid or acid chloride derivative of (II) (wherein T is hydroxyl or
halide, e.g. Cl) in a chlorinated organic solvent at ambient or elevated temperatures.

The acid chloride derivatives of compounds of Formula (II) (e.g., wherein T is CI) may

be prepared from the corresponding carboxylic acids of compounds of Formula (II)

13




5 W th conpounds of Formula (lI11). These reactions are preferably

carried out by m xing conpounds of Formulae (I11) and (VI) in

chlorinated organic solvents at anbient or el evated

t enper at uW@I8/4R§74necessary, these reactions may be facil it RCBEPISOIESIC

addi tion of a catalyst such as im dazol e These net hods may be
fol | oned K-8 téhergin TdsQED by meshods well known to thosg skible Eﬁﬂ’é&my accept able *

counterions (A-) by conventional ion exchange techni ques Ri ng

openi ng of hal ggenatedq c i C dri des ,of .c (W

(e.g., X “Con ““g %ﬁé Eﬁ%“ﬁ c&&%ﬂﬂagpg;wﬁi ggﬂwelﬁl ?yc[r’ﬂg occur

sel ectively to give conpounds of Forrrula(ll) (e.g., Xis d or

F; T is OWpening of gespounds of Fomnla (VI (dsfined hpreindi oup of (111)

reacts preferentially at the carbonyl group of conpounds of Forrmula (V)

adj acent to t he hal ogen @tomo Thig process is the preferred

nmet hod for the preparation of m xed- head conpounds of Fornul a

(I'). Conpounds of Forrmula (I1) are noval ipternediates in t he

preparation of conmpounds of Fornula (1)}a®d represent another aspect of the

I nventi on. A furth aspect of the present invention

provi des a process for the conversion™ of one conpound of

Formula (I1) into another conmpound of Feuyrula (I11). 20

I\/bnohal ogenat ed al kenedi oates of Formula (l1b) (e.g., Xis CI or F; his
[err]

ma§/ be pr epatheomppurdsnf Fommula(HDe Thessrspetions are prefgmblpsarded W&‘d?ydgéfrmglal i de

(HX2)

compounds of Formulae (III) and (VI) in chlorinated organic solvents at ambient or
elevated temperatures. If necessary, these reactions may be facilitated by the addition
of a catalyst such as imidazole. These methods may be followed by the introduction of
pharmaceutically acceptable counterions (A-) by conventional ion exchange techniques.
10 Ring opening of halogenated cyclic anhydrides of compounds of Formula (VI) (e.g,, X
is Cl or F) with compounds of Formula (IIT) can occur selectively to give compounds of
Formula (II) (e.g., X is Cl or F; T is OH). In these reactions, the hydroxy! group of (III)
reacts preferentially at the carbonyl group of compounds of Formula (VI) adjacent to
the halogen atom. This process is the preferred method for the preparation of mixed-
15 head compounds of Formula (I). Compounds of Formula (II) are novel intermediates in
the preparation of compounds of Formula (I) and represent another aspect of the

invention.

A further aspect of the present invention provides a process for the conversion
of one compound of Formula (II) into another compound of Formula ().

20 Monohalogenated alkenedioates of Formula (IIb) (e.g., Xis Cl or F; his 1):

14



fromvicinal dihalo al kanedi oates of Fornmula (lla) (e.g., Xerr] and X err]
ar-e i ndepgpgegiileys G or F, T is hydroxyl or halide;pdr/ERISionssi

[err] Compounds of Fornula (lla) are prepared by the
reacti on of conpounds of Formula.(I'1l) with conpounds of Formnula *
(Vla) (X=Br, d, F and Icﬂt) 1) /[err These reactions
are preferably carried out® ng cor)pounds of F)Qhr mul ae 10 (rer)
and (Ma) in chI ori nat edcg{qé |c oI VNTts at a |er]i\\or @-Eevat ed

t enper at ur es. cexsar yW t NYCk, ), ea t‘1~,ons Way be facilitated by
the addition of a catal yst such as |

15 i m dazol e. Thes(gHz)ﬂ hods may be foll owed by the

i ntroduction of pharnaceutically ST acceptable nterions (A-) by
conventional ion exchange techni ques.\ ;r ~OCH, @ﬁg transformation
of conpounds of Fornmula (lla) into co fids of Formul a (I'rb) is
typically performed by treatnent 0¢H40Ia) (mﬂh an excess of a tertiary

am ne, such 5 as triethyl amne, in polar aprotic or chlorinated
organi c solvents at O[err] C In this el imnation process, t he

hydrogen atom (B vich BPhy Worbdkss Shidh in¥aIvRS BtlnirBtsd SF nyBrofba Rhlide (HX2)
from vicinal dihalo alkanedioates of Formula ([Ia) (e.g., X! and X2 are independently

Clor F; T is hydroxyl or halide; his 1):

Compounds of Formula (Ila) are prepared by the reaction of compounds of

Formula (II) with compounds of Formula (VIa) (X=Br, Cl, Fand his 1):

(Via)

These reactions are preferably carried out by mixing compgunds of Formulae
10 (IIT) and (VIa) in chlorinated organic solvents at ambient or elevated temperatures. If

neceséary, these reactions may be facilitated by the addition of a catalyst such as

15



(a to the ester carbonyl) is abstracted selectively. The resulting

conpounds of Formul a (I'l'b) may be converted to nonohal ogenat ed
al kenedi oates of Formula (1) by nethods described herein. 10
Anot her aW6t842€Me present invention provides a process foPCTER¥MAMersion
of one conpound of Formula (1) into another conpound of Fornul a
(). imidazoldvb Thése| methodst mdy bt ifellvavtidoby e introdaction |of phaimacehticall

may be prepared by elimnation of hydrogen halide (HX) from gem nal dihalo
}g [g%&?ﬁﬁ%%@ﬁ:ﬁ&i&:& (K9 8§ vértiBhal (6n Bxchatipd RelidiqRs. ' N 1S 2).

The transformation of compounds of Formula (Ila) into compounds of Formula

(IIb) is typically performed by treatment of Cla) with an excess of a tertiary amine, such

5 as triethyl amine, in polar aprotic or chlorinated organic solvents at 0°C. In this
elimination process, the hydroéen atom (H) vicinal to the ester carbonyl oxygen in (Ila)

(o to the ester carbonyl) is abstracted selectively. 'fhe resulting compounds of Formula

(ITb) may be converted to monohalogenated alkenedioates of Formula (I) by methods

described herein.

10 Another aspect the present invention provides a process for the conversion of
one compound of Formula (I) into another compound of Formula (J).

Monohalogenated alkenedioates of Formula (Ib):

. . A"
CH 0\_,._-;,’-‘"-. TN -
0O, ; \iw,z‘ X, ? A .-"”"""'1"""::"?:*"00'-'3
CHLO “z_ "~ N 0. AN A ACHY I
' (CHp), — ™~~~y ’ o N il
| ! \___:_,
Y Y o) 2 V‘V OCH,
iy e _,j\
,- \. ._,‘ \'t“
4 —OCH {Ib) ! i
‘\\ ll/ 3 l .
— CHOM N
- O 7" "OCH,
CHO  ocH, oo
3

may be prepared by elimination of hydrogen halide (HX) from geminal dihalo

15 alkanedioates of Formula (Ia) (e.g., Xis Cl or F; his 2).

16



El i m nation of HX from conpounds of Formula (la) are preferably carried out
w-th pota bonate in polar aprotic solvents, such asper/mpesiniesi

di et hyl fﬁ?rg%%% at anbi ent tenperature. 5

M xed head nonohal obut enedi oates of Fornula (1) (e.g., Xis Cl or F, his.

1) |st as 1 1Ainxtures of regioi sonmers When synt hesi zed by
sai d process \[ z'conpri sesyreagyi ng twoequi
conmpound of For c]ha ( 1) )k&th one eqwxh %a} rrpouﬁd of
Fornula (Vi1)CH er \wfxe Hgad gn/eg; o'%’é‘gs

2‘1: gs 1) eX|st as pureWeg\é?so@QHg when

Formula (1) (eg, E
synt hesi zed by 10 sai d processes conprisi n@*conyersi on of
conmpounds of Formulae (la)/ TTo \(1b) or conversSkgn of conmpounds
of Formulae (I11a) to (I1by ThueOGng | affa)er two proce Fes are

preferred nethods for the jarati on of m xed he h é nedi oat es
of For mul agf Al ke oalle d& tives of
Formul ae (1) and (I1) ma§ emspgb E and Z 15 CHJoonetric i soners;
however, nonohal ogenat ed but enedi oate anal ogs of Fornul & (1)
preferentially exi st as hal ofumarates such that the two ester carbonyl

groups are Elimipatich 61X éﬁéﬂﬁo&{as%%ﬁgﬂﬁmﬁg BBt ag§aﬂiedF&{t”U' a

(1) may al so exist as mx one or nore

dlastereorrers ma be se ratedfr mthe

17 otassium BRRtie (fﬂé@ms’f 5¥°he§%ﬁﬂpﬁhylé‘?m@%9¢taphl c
t echni ques. Corrpounds of Formulae (1V), (V) and (VI),

di aci d chl orambjentdemnpesatiees of (VI 1) and conpounds of Fornmul a

(VIl'1) are commercially avail able or may be prepared by

Bl Boous |5 Mixen o onRR0Bl ol or saEpdRTD (e Kl Gk s

publ i shed asyrmet ri.c synthetic met hods, known cl assical
resol ution t@dfnaydes mixtres,pf fegigisamgisawher sypihesized by said process which

comprises reacting two equivalents of a compound of Formula (III) with one equivalent
of a compound of Formula (VII). Howe\;er, mixed head monohalobutenedioates of
Formula (I) (e.g., Xis Br, CL, F; h is 1) exist as pure regioisomers when synthesized by
10 said processes comprising conversion of compounds of Formulae (Ia) to (Ib) or
conversion of compounds of Formulae (Ila) to (IIb). Thus, the latter two processes are
preferred methods for the preparation of mixed head monohalobutenedioates of

Formula (I).

Alkenedioate deri_vatives of Formulae (I) and (II) may exist as E and Z

15 geometric isomers; however, monohalogenated butenedioate analogs of Formula (I)
preferentially exist as halofumarates such that the two ester carbonyl groups are

oriented trans to one another. Compbunds of Formula (I) may also exist as mixtures of

diastereomers and one or more diastereomers may be separated from the mixture by

17



Experi nment al Mel ting points are uncorrected. Al reagent
chem cals were used wi thout 10 purification. Analytical high
performance |iquid chromatography (HPLC) anal yses wer e

per f or medwer9sa2é74x 250 mm 5[ er]r Si 60 Li Chrosorb col um ( EPCHEP28(01651

Dar st adt , ) .Cermpny) at a flowrate of 1.6 nL/mn. The nobile
phase consf¥verfional @9125%33?%’ example, chrmatga@phic tgcbpiaNes: chi or onet hane '
(CHerr]dJ[err]) mxtures containing 0.25 nL of met hanesul f oni ¢

acid/ L. Medium Ul ;w?y .at.t.on

wer e perforned géﬁﬁ %&g\ﬁﬁg?‘gﬁ'ﬂaﬁgwgﬁ C FF {“P@S"%’%@éﬁé‘}% ?’H%ﬁ) e,
MIford, MA USA) eluting with 0-20% MeOH CHerr]d[err]

m xtures cyMt ¢ampoynds of Eosmula (VIII) are commercigly gyailable argnay. b @repared by ot on
nucl ear magnetic resonance ([err] NMR) spectra of all - products
wer e consi pubdishedvprbcestes forofhes peepatationt of ethe fnsi tor vetnicturally camalogogst i on
el ectrospray nass spectra (MS) are reported in the formm z (doubly charged

posi tive &anoulnds. Inge mﬁﬁ%& o¥ BV) Qlteeéﬁé.lﬁé’dl\lg¥ Elﬁﬁﬁ@& %g?zﬂ@%i}é%?ﬁth@ﬁé €

perfornmed by ‘Atl ant cro 0SS, rgl

Chl or of unmayr hl,ori de, was ,pr epar ed .a repoyted proced Akhtar, M;
ot £1 g, Pkihode, KB Ciasta seRiR decbiieh 7 il rdpagting HRL.C.

18 3, 4- Di hydr oi soqui nol i ne derivatives were
prepared by Bishl er-Napi eral ski cyclization of the

correspondi ng am des wi th phosphorous oxychl ori de (Waley, K W,;
Govi ndachari Org. Reactions 1951, 6, 74-150). Racem c

1, 2, 3, 4-t et r ahyExperim@ntanol | ne derivatives were prepared by
reduction of therr 3,Z-dr hydroi soqui noline precursors with 5

sodi um bor ohydri de/ net hanol . N- Met hyl ations of 1

, 2, 3, 4- t et r ahy dMsiltingypointsl aneeuncorrected.  All reagentveheinieads ware wsed niitithuput
with formaline/formc acid (Kaluszyner, A ; Glun A B. J. O g.

Ciém 196 1puriffcatidR36AR4IPHal high performance liquid chromhft@rdphly! QIPING) 84Aydel N9
materials were prepared by chiral catalytic
were performed on a 4 x 250 mm 5u Si60 LiChrosorb column (E. Merck, Darmstadt,
Germany) at a flow rate of 1.6 mL/min. The mobile phase consisted of 0-25%
methanol (MeOH)/dichloromethane (CH,Cl,) mixtures containing 0.25 mL of
methanesulfonic acid/L. Medium pressure liquid chromatography (MPLC) separations
15 were performed on twin Porasil 15-20p cartridges (Waters/Millipore, Milford, MA,
USA) eluting with 0-20% MeOH/ CH,Cl, mixtures containing 0.25 mL of
methanesulfonic acid/L. Proton nuclear magnetic resonance ('NMR) spectra of all
products were consistent with the proposed structures. Positive ion flow injection
electrospray mass spectra (MS) are reported in the form m/z (doubly charged positive

20 ion, relative intensity). Elemental analyses were performed by Atlantic Microlab,

Norcross, Georgia.

Chlorofumaryl chloride was prepared by a reported procedure (Akhtar, M.;

Botting, P.N.; Cohen, M.A. Tetrahedron 1987, 43, 5899-5908).
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hydr ogenati on of their correspondi ng 3, 4-di hydroi soqui nolines by a
procedure wowusl4aé74 10 to that described by Noyori et pair/EPOS/oIsSi SU,
N.; Fujii, A ; Hashiguchi, S.; lkariya, T.; Noyori, R J. Am
Chem Soc. 1996, 3#tBihydsi®qabbline fderivatinas WereNprepared byi Bishler-Napieralski '
(1R) -6, 7- D net hoxy-2-nethyl - 1-(3 , 4,5-trinethoxyphenyl)- 1,2, 3, 4-

t et r ahydr ocpslizaiisidf the corres ondmg amldcs with 5phos;ﬂibréi)s-&ﬁaﬂhl@l'ui@(\’Vﬁ%lh! y, A wt:hyl -
1-(3 ,4,5-trinet hoxyphenyl , tetrahydr0|squ|noI|ne

e o oS O %@éaﬁ Tb'nZ*’ O P%%cciﬁ%% Eaniiodtibalihed 1 o°

t hat descri bed, by BI’OSSI et al é .; Teitel, S. Helv.
Chim Act ademvativesweremseparadshy) seduction of their 3,4 lbytire&ﬁeme oling preeussaramitn: 20
(1R) -6, 7- D net hoxy-2-nmet hyl - 1-(3, 4, 5-tri met hoxyphenyl)-1, 2, 3, 4-

t et ahydr osadiogmi hokohyedridei@thanol. N-Methyla(t{bﬁ}:- of 7},ﬂ3mtehahydrais6®iﬂoﬂnel- (3
,4,5-trimet hoxyphenyl)- 1,2, 3, 4-

19 derivatives were dafid %ﬁi £ %’l‘l&‘?fogﬂgc acid (Kalus:

al
followi ng starting materi a vvereo al ne SSIC l’eso(F fmono thelr

correspondi e a procedure 5| m | ar to t hat descri bed by
Swar i ngen g &fi‘em.%%lg}&fé#ﬁ_e?? 7% Patent 4,761,418 Aug. 2, 1988): 5

(R-(-)-5"-Met hoxyl audanosi ne; (S)-(+)-5"-Methoxyl audanosi ne;

and . 7 8-t 1l apt - . )
-[(3,4,5-trinet hoxyphen l{)l’l sﬁﬁ?’fg 1m%fe§ﬂ§f h‘%% Jprepared by chiral catalytic

t et rahydroisoqui nolin
y h (?r%genatxon o?’ their corresponding 3,4-dihydroisoquinolines by a procedure similar

10 to that described by Noyori et al. (Uematsu, N.; Fujii, A.; Hashiguchi, S.; Ikariya, T.;
Noyori, R. J. Am. Chem. Soc. 1996, 118, 4916-4917) followed by N-methylation:
(1R)-6,7-Dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-
tetrahydroisoquinoline;

(IS)—6,7-Dimethoxy-2-methyl- 1-(3,4,5-trimethoxyphenyl)-1,2,3,4-

15 tetrahydroisoquinoline.

The following starting material was obtained by classical resolution of its
corresponding 3,4-dihydroisoquinoline derivative by a procedure similar to that
described by Brossi et al. (Brossi, A.; Teitel, S. Helv. Chim. Acta 1973, 54, 1564-1571)

followed by N-methylation:

20 (1R)-6,7-Dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-

tetrahydroisoquinoline; and

(18)-6,7-Dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-
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10 Synthetic Exanple 1 (a) (1S, 2R) -
and (1S 2S) - 6, 7- Di net hoxy- 2- ( 3- hydroxypropyl) 2-

nmet hyl - 4, 5- tr| met hoxyphenyl)-1, 2, 3, 4 t et r ahydr oi soqui nol i ni um chl ori de
To a m xt &%9 PCT/EP98/01651

(1S)-6, 7- Ihyl 1-(3,4,5-trinmethoxyphenyl)-1, 2, 3, 4-

tetrahydra EEMWg?qW 6.0 g, 0.15 mol), sodiumiodide (45.0 g, 0.30 °*
nol ), sodium 15 carbonate (4.0 g, 0.038 nol), and 2-butanone (600
nm) was added 3- ‘Pﬂéﬂﬂﬁ%?to r‘gfnllaten swere obt&(lﬁéigymassngﬁ resoflatiod: &Qheﬁpl) and

t he suspensi on was heate or 18 hours Th)

nitrogen a Sol vent .was, eva ted a. t di ssol ved
in “{Pes&”'ﬁ*'égr HE“W&%@H \RF‘T ‘EPI‘WV‘ égtt]lgqtéie fﬁ%&é’y WRRBESR ueous
phase was stirred wt Dowex 1 x 8-50 (1.0 L), filtered, and
sat ur at ed %athUs%&am&ﬂﬁbﬂMéugﬂzd%&)Jeous 20 mi xture was
extracted with chloroform (CHCl [err]) and the conbined organic | ayers were
driced and I ed to.provide a 3:1 mxture of the (1S, 2R)- and
(1 ,23)-ti@&32£9‘weih°xyfa“ Whucts, respectively as a white solid (69.5 g,
99%yi eld): MsS mlz 432 (M, 9).

(1R, 295) - and

(2R 2R) - 6, @ISF ,t g§<h>9x¥la?gmﬁs@fpz)a>?ypropyl) 2-

met hyl - 1-[ (3, 4, 5-tri net hoxyphenyl ) et hyl ] -1, 2, 3, 4-tetrahydroi soqui nol i ni um
chl ori de (1R)-z-Methyl-sm-tr{me)th&cgr-Nmm&ﬁm@meﬁﬁ)m&ﬁyﬁ-lgz 381. 0 mol) was

subjectedtoaprocedureto give a 2.3:1 mxture of the

(1R, 2S) - aﬁ@g@ulﬁdgﬁll&e products, respectively as a yell ow,

hygroscopl C SO g, 100%vyield). The isoners were separated by MPLC

(12% MeOH CH err]C[err], 0.25 ml nethanesulfonic acid/L). The
m nor (1R, 2R) isoner eluted first. The appropriate fractions
wer e conbi ned and nost of the MeOH was renoved by coevapor ati on

with CHC [err]. The remaining CHCl [err] solution was washed with 1:1 10
brifne/ H err] O SynthetinExamplbedrated to provide the (1R 2S)-title product
(10.4 g, 35%

(a) (18,2R)- and  (1S5,25)-6,7-Dimethoxy-2-(3-hydroxypropyl)-2-

methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydroisoquinolinium chloride

To a mixture of (18)-6,7-Dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-
tetrahydroisoquinoline (56.0 g, 0.15 mol), sodium iodide (45.0 g, 0.30 mol), sodium
15 carbonate (4.0 g, 0.038 mol), and 2-butanone (600 mL) was added 3-chloropropanol |
(25.0 mL, 28.3 g, 0.30 mol) and the suspension was heated to reflux for 18 hours (h)
under nitrogen atmosphere. Solvent was evaporated and the residue was dissolved in
H,;0 and washed with ethyl acetate (EtOAc). The aqueous phase was stirred with
Dowex 1 x 8-50 (1.0 L), filtered, and saturated with sodium chloride. The aqueous
20 mixture was extractea with chloroform (CHCI,) and the combined organic layers were

dried and concentrated to provide a 3:1 mixture of the (1S,2R)- and (15,25)-title

products, respectively as a white solid (69.5 g, 99% yield): MS m/z 432 (M", 9).
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yield) and the (1R 2R)-title product (3.7 g, 13%yield) as yellow

hygr oscopiwo98l267s: M5 (each isomer) mz 446 (Mer 9@/016
(c) ( Exanpl e 1.01) (2)-2-Chloro-1-(3-[ (1S, 2R) - 6, 7-di net hoxy -

;rez hy| . é (3, 4, 5¢B) | me(iRagPhenymg - 1 (mambmmhmyzze}wxmowncﬁ pr opyl

(3 (R 2Shcbyt: ld{(eﬂa ?t%o gﬁ. nolﬁy?lh ;5? g%tgﬁ@%gagﬁé@@ AR

dICh| orldeﬁ18 gZ) 2- ChI or o- 4-
{3-[ (1S, 2RF8e i et hoxy- 2- met hyl - 1- (3, 4, 5-t ri met hoxyphenyl ) -1, 2, 3, 4-
tetrahydro 2-1soqui nol i ni o]propyl} 1-{3-{(1R 29)- 6, 7- di net hoxy- 2- met hyl -

(3 4 5 tr X Ly 3 r 0, nollnlo} ropyl}

3] GRS VAR o] 23157 o110 WD Wil ibfecte® it Bocefu 0P
product m xture from step mol ). and the (1R 2S)-

|s mer f r o8ivé@ek3 b miztusofthe ﬁ”@zéknﬂl‘} &Razﬂ) titlejprodnass, sespsetinsly &ceyellozg i)

was added chl orof umaryl chloride (0.83 g, 4.4 nmol) and the

sol uti on whagpgresdopicesdlidt(31.6@N100% yield). The isomers were separated by MPLC (12%
21 tenperature (rt) for 18 h. The sol vent was evapor at ed

and t he regRidi | | (

MeOH CH err] CI i er rzF,E’ 8@?5m Yn\ﬁﬁent%anﬁ%ur@g il on| a’f(.:l}ed?ltx?* q(g ) 1§or%er cluted
appropri at &gtlons werg conbi ned and st, of the MeOH was renoved by
coevapor at lfﬁﬁ' £ APRTARIIAtE fractiony yerg %b‘ﬂ?%@“"(ﬂ@t[o&th‘i MeOH wasremayed pished
wth 1:1 brine/Herr]O dried and concentrated. Lyophilization
provi ded acampamom iveittoCHCle t The eemaining CHCl; selutiohiois aaskedwhithel-30! i d
(0.70 g, 15%yvyield): MS mz 496 (Merr], 100). The

Ei‘?'nm”? saﬂaﬁs@danmg%gmﬁﬁagd ?é’ &ﬂﬁ@ﬁ@ﬂ?@zﬁ'ﬂﬂe Bodh& (PY2L o34

1) ot oy g thE 2TRIR) il Pt 6% s 4% b sl ipidpugrgscopte soids:

4-{3-{(1R 2S)-6, 7-
di et hoxy- MST(i:hblyisoﬁmf)(n&zMé(Mti 18).hoxyphenyl ) net hyl ] -1, 2, 3, 4-t et r ahydr o- 2-

(c) (Example  1.01)  (Z)-2-Chloro-1-{3-[(1S5,2R)-6,7-dimethoxy-2-
methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-4-
15 {3-{(lR,2S)-6,7-dimethoxy-2-methyl-l-[(3,4,S-trimethoxyphenyl)methyl]-l +2,3,4-
tetrahydro-2-isoquinolinio}propyl}-2-butenedioate dichloride and (Z)-2-Chloro-4-
{3-1(1S,2R)-6,7-dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-
tetrahydro-2-isoquinolinio]propyl}-1-{3-{(1R,2S5)-6,7-dimethoxy-2-methyl-1-
[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-isoquinolinio} propy1}-2-

20 butenedioate dichloride (1:1)

To a solution of the product mixture from step a (2.4 g, 5.1 mmol) and the (1R,25)-
isomer from step b (2.34 g, 4.9 mmol) in 1,2-dichloroethane (DCE) (30 mL) was added

chlorofumaryl chloride (0.83 g, 4.4 mmol) and the solution was stirred at room
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isoquinoIinio}propyl}-2-butenedioate di chl ori de and
(2)-2-Chloro-4-{3-[(1(R 2S)-

6, 7- di rret thyl -1(3, 4, 5-tri met hoxyphenyl)-1, 2, 3, 4-t trah dro- 2-
i soqui nol i é‘}’é‘g%yu 1-{3-{ (1R 29)- 6, 7- di met hoxy 2- et hy| L "5’3’2 161 15

LL 't gﬁfe lglog;g %:gghpar rlr(slh 27Re éoﬂv&w{y Sﬁ%“gé‘?ﬁ%‘b?%%ﬁ%) &
(P owaz@% by (VRLC A82086 MeQHUGH:S Ly 025 gtk fhethanesulfonis acid/L). The

tri met hoxyphenyl )
1, 2, 3, 4- t eappabpriate-fPactions) wero | dombiedr apg | thest- oB-th¢ IMeOH) vais redfoved by
met hyl -6, 7, 8-trimet hoxy-1-[ (3, 4, 5-trinethoxyphenyl)methyl]-1,2, 3, 4- tetrahyd_

o 2 ot evaporg Bnd[n?ﬁla\gﬂ'ﬂ %ﬁcw' OpR Rining- CHOENGHLRH a1 wMHOA | it AN

6 g di met hgx C-/ﬁ-a-eél'l;léa an]d concentratetdr IFOPEQF%PhenyolV}dﬁa al: xélmcttl(xary %h ed ;i?léz-

|squ| nol i ni o] propyl }-1-{3-{(1R 2S)-2-nethyl -6, 7, 8- trlrrethoxy 1-1(3, 4, 5-

trimeth ) 1}-2-
11 et o phdak R b @7 ¢115% sisay S s sopu hbon o) pr ooyl -2

( Exanpl e 1.04):
(Z) - 2- Chl or o- 1- { Th¢ fdllewi:y edinpbuddsnwetepryparedist dplocddurSsitilar to Synthetic
tri met hoxyphenyl ) -1, 2, 3, 4-tetrahydro-2-i soqui nol i ni o] propyl }-4-{3-{(1R 29S)-

met hyl - 6, 7E8amplerdat hoxy- 1- [ (3, 4, 5- t ri met hoxyphenyl ) met hyl | -1, 2, 3, 4-t et r ahyd
ro- 2- |squ|noI|n|o}propyI} 2- but enedi oat e dlchlorlde and
(Z) 2-Chl o

- ot nSHBOIR, D @2-Shlarpris kB AT imethony2 methy 1. 2-

i squui nol i Hiwpthospphenyl)-1,23 e tetrabpire2risngwinolivic]peopyl}-#eBHER28)-6(3, 4, 5-

tri met hoxyphenyl ) nethyl]-1, 2, 3, 4-tetrahydro- 2-i soqui nol i ni o} propyl }- 2-

but enedi oadimeéthexy-2+méthyk-1-{(3)4,5-trimethoxyphenyl)methyl}-1,2,3 4-tetrahydro-2-
isoquinolinio}propyl}-2-butenedioate dichloride and (Z)-2-Chloro-4-{3-[(1R,2S)-
6,7-dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-
isoquinolinio]propyl}-1-{3-{(1R,2S5)-6,7-dimethoxy-2-methyl-1-[(3,4,5-

15 trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-isoquinoelinio] propyl}-2-

butenedioate dichloride (1:1)
MS m/z 496 (M**, 100).

(Example  1.03):  (2)-2-Chloro-1-{3-[(1S5,2R)-6,7-dimethoxy-2-methyl-1-(3,4,5-
trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-4-{3-{(1R,25)-2-

20 methyl-6,7,8-trimetl_|oxy-l-[(3,4,5-trimethoxyphenyl?methyl]-1,2,3,4-tetrahydro-2-
isoquinolinio}propyl}-2-butenedioate dichloride and (Z)-2-Chloro-4-{3-[(1S,2R)-

6,7-dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-
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M5 mz 511 (Merr], 22). 15 Synthetic Exanple 2 (Method
A) WO 98/42674 (a) (2R*,3R*)-2,3-Dichlorosucci ni c PeiygrPes/ales1
A sol ution of maleic anhydride (10.6 g, 108 mml) and benzoyl peroxide (5
ny, 0.02 isoquinolinio]propyl}i}{3-{(1K2AS)Remethyl-87B-trimethoxydaf(@dsft-ed with '
chlorine gas and the resulting bright yel | ow sol uti on was

stirred fQqgjnetioffplehyl)Rehyl 2,341t AFdHyAre2Sisé QUTRERAIo N -ptream 20

of nitrogen and t'he reaction m Xxture was partially comﬂg??llr}at ed. Four crops
of the . It e olid title product were obtained by filtration
(11.9 g, duyevedipate dichloxide ézberr] C (b)
(2)-2-Chloro-1-{3-{(1R, 23) -6, 7-di met hoxy- 2-net hyl - 1-[ ( 3, 4, 5-

23 2+

trimet hoxﬂﬁ#fﬁlsfh%ylngh, 2,3, 4-tetrahydro-2-isoqui nolinio}propyl}

hydr ogen 2- but enedi oat e nonochl ori de A sol ution of

s (IR, A T SO BB A ik A, 1

nmol ) and tep a

xtur e vetrimehospheny Dl drid enaydro 2 Soiminoniir il s GrEURRE: 1T ot e

with Et OAc and dissolved in MeCN (25 nmL). A solution of
1, 8- di azabinethyl-6}Z%3-dritjethmkyel-I(3 4ifetrimethioxyphagyDmethyl]-4,2:3ditptralydvioeN (6 nl)

was added dropwi se at O[err]C and the reaction m xture was stirred at ice

bat h t enpejsa4ninslini I}-2-bufefedioatt didiRoria¢ il (ZR3-CMarLaa3qaRs)-t he
remai ni ng sg?i d vvalso}!():lli'oggo}l veg in CHCl [err] 10 @ (150 rrﬁ)f.mTﬁim?

sol ution she i th .2 ri . { R fonic

acid (4 n‘éﬁ?{%&ﬂb‘%’i‘H‘%‘P’f‘%‘é@"‘rﬁ'ﬂ'ﬁ"@%‘g‘{ﬁﬁy gﬂga@t? ’2\7\%451{%% g'lnﬂd concentr at ed

tQ . . Frpvidethetitle roduct _as foam (2.6.q, 69%yvyield): M

mi® 578 (Nsequipolinispropyl}-1-{3-{(1R,25)-2-methyl-647, -trlme(lea&mbl‘gﬁﬁ-z. 01)

(2)-2-Chloro-4-{3-[ (1S, 2R) -6, 7-di met hoxy- 2-
trimethoxyphenyl)methyl}-1,2,3,4-tetrahydro-2-isoquinolinio} propyl}-2-

butenedioate dichloride (1:1)

MS m/z 511 (M**, 22).

15 Synthetic Example 2 (Method A)

(a) (2R*3R*)-2,3-Dichlorosuccinic anhydride

A solution of maleic anhydride (10.6 g, 108 mmol) and benzoyl peroxide (5 mg, 0.02
mmol) in CHCl; (250 mL) was saturated with chlorine gas and the resulting bright
yellow solution was stitred for 5 h at rt. Residual chlorine was removed with a stream
20 of nitrogen and the reaction mixture was partially concentrated. f‘our crops of the

white, solid title product were obtained by filtration (11.9 g, 65% yield): mp 90-92°C.
(b) (Z)-2-Chloro-1-{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-
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met hyl -
-(3,4,5-trinethoxyphenyl)-1, 2,3, 4-tetrahydro-2-isoqui nolinio]propyl}-1- 15
{3-{(1R, 2S) -6, 7-di et hoxy- 2- rrethyl 1-[ (3,4, 5-trinmethoxyphenyl)nethyl]-1,2,3
,4- WO 98142674t et rahydr o- 2-i soqui nol i ni o} propyl } - 2- but eﬂ'é’&'EB%&f@“l
di chl ori de sol uti on of oxal chl orjde_ ( lﬁ‘%
CH err]d [@rmfthezmhﬂ_nyl)msh:dhaéé,mﬁmywédsm“mohnwh)ropyl} rpgmha '
solution of the product fromstep b (2.22 g, 3.61 mmol) in DCE (25 nlL). The
reacti on nbutenedioateamedodchioxilel h- at rt and then heated at reflux for 5 mn.

Excess oxalyl 20 chloride was renoved in vacuo and the resulting
foam was di ssol ved in DCE A sol ution of the product

mi xt ure fronsolytionief tth%(k_&a'é(%'l"é‘el’f“g{cbﬁoﬂl %JE’%‘CQEX@‘QBI pB35e 6.10

in DCE (5 nL) was added and the solution was stirred overnight at rt. The
sol vent wammol) and the productefram ateptad(d. 7ag)d 0t hemol pin DEE (38 mb) and ecktdnitriié’L C as
described in Synthetic Exanple 1,

24 )
e sol .(M(%Il @ mL)sg% sﬁnTchpﬁm\}ehﬁgw or'haommteebas f&Sr(xéeh{er%{réd %gcm? as a

The {1 o g SOTRHYSs yfilrsicR R E AN s%og,cgd%cﬂ s ) R sSHBbRet T C
(Z2)-2-Chloro- '4%(1 (1S, 28) 7-di met hOX{g ;

tr| met hoxyph&dydizza lqcb[ﬁ49M%?ﬁﬂ9(E d&&srmlln@ étpppapwgie@N{(ﬁ-mR 25) -
6,

di rret hoxy- ﬁlasmddi:dldr vhéé%aﬂo% drid the rdactirpintxtyie)west stiydel -af jc2, bathdteinperatlty dr 0- 2-
i soqui nol i ni o} propy - but enedi oat e dichl ori de MS mz 496

E % er2r ]Chl et 4 T éﬂ-n? (silézeatR\Svas é‘%ﬁgﬁﬂg Cc)ixtgxe géﬁamlﬁx% solid was dxssolved in CHCl,4

trigret hOXY?{]S%nYB %hls soxu‘éok %ars%pa%gedo wuzhI 21 Brine evlatlep Ico In?xpg méthane{sglfc{)tgtcR 29)-2

rret hyl -6, 7, 8-trimethoxy-1-[ (3,4, 5-trinethoxyphenyl)nmethyll-1,2,3, 4-tetrahyd
ro- 2- acid (4 mgims) aﬁ\mMithx'm}qor dihg| grganib layen otisodriasl and kbmoehotated to
M5 mlz 511 (Merr], 100).

provide the title product as a foam (2.6 g, 69% yield): MS m/z 578 (M", 100).

(©) (Example  2.01)  (Z)-2-Chloro-4-{3-[(15,2R)-6,7-dimethoxy-2-
methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio] propyl}-1-
15 {3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-

tetrahydro-2-isoquinolinio}propyl}-2-butenedioate dichloride

A solution of oxalyl chloride (36 mmol) in CH,Cl, (18 mL) was added dropwise to a
stirring solution of the product from step b (2.22 g, 3.61 mmol) in DCE (25 mL). The
reaction mixture was stirred 1 h at rt and then heated at reflux for 5 min. Excess oxalyl
20 chloride was removed in vacuo and the resulting foam was dissolved in DCE (15 mL).
A solution of the proﬁuct mixture from Synthetic Example 1, step a (2.00 g, 3.58 mmol)
in DCE (5 mL) was added and the solution was stirred overnight at rt. The solvent was

evaporated and the mixture was purifed by MPLC as described in Synthetic Example 1,
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15 (Exanpl e 2.04):

(2) - 2- Cnl oy dbrd2érd (1R, 2S) - 6, 7- di et hoxy- 2- met hyl - 1- (3, 4, 5- PCT/EP98/01651

tri met hoxyphenyl)-1, 2, 3, 4-tetrahydro-2-isoquinolinio]propyl}-1-{3-{(IR 28)
2- step c. Lyophilization provided the title product as a white solid (731 mg, 19% yield):

nmet hyl -6, 7, 8-tri methoxy-1-[(3, 4, 5-trinethoxyphenyl)nmethyl]-1,2,3, 4-tetrahyd

ro-2- I|n|o}propyl} 2- but enedi oat e dlchlorlde
Vi A9 BRG1OS. g i

Ms mz 511 Synt hetic Exanple 3
(Met hod B): Alternatlve mathodfor t he

25 The following c&ﬁﬁhﬂﬂ@%@br?aré&@y & provednd simildtte Sphthetic Biample
(a) 1, 3-Di oxa- 2-t hi ane 2- di oxi To a sol ution of

1, 3-propanegiol (50.0 g, 0.65 nmol) in carbon tetrachloride (CCl[err]) (650
rrL) was added thionyl chloride (57.5 nL, 93.7 g, 0.79.nol) and the m xture
5 heatedtorefluxfor 1.5 h. The solution was cooled to

O[e r]¢ and _3-[(1S,2 -s'nui éthlok L$qauest i al
addl tion of ﬂ?’fj{ eni um?l i) Iﬁﬁl{liﬁ?ﬁlﬁjr[(at e m ?-\Meﬁ.y {84531

mol ), sodi ri te ( 0.,98 JThe
resul ting OF g‘ oxyp e“yl)'ﬁg ‘EFBQMPE*%EQ % 'P‘?‘?@aw‘”? b WQ éﬁﬁgkgkiﬁgnd t hen
diluted with d| et hyl -et her &EtZO) (6 L). The Se% arated organic
phase was Wdyhdiiow-ﬂi‘mvﬂwlel (h5-drimethoxypheny)methylr1.2:3,4-tefrahydrp-2-
Et[err]O layer was dried and filtered through a bed of silica gel. The

filtrate V\’aﬁsoqumohmo}pro ICbutétediiateldiehlbridee resulting oil was treated
wth Et[err]O (50 nl) 3’ hexanes (100 nl) and stored at 50C

for 18 h. F|Itrat|on of the resulting precipitate afforded the title
conpound asmngjiw’c*,elmq_l id (79.0 g, 87%yield): np 54-56C.
(b) 3-[(1S, 2R) - 6, 7- D et hoxy- 2- net hyl - 1- (3, 4, 5-tri met hoxyphenyl ) -

10 (Example 2.03): (Z)-2-Chloro-4-{3-[(1S,2R)-6,7-dimethoxy-2-methyl-1-(3,4,5-
trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-1-{3-{(1R,2S)-2-
methyl-6,7,8-trimethoxy-1-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-

isoquinoli:iio}propyl}-z-butenedioate dichloride
MS m/z 511 (M**, 100).

15 (Example 2.04): (2)-2-Chloro-4-{3-[(1R,2S5)-6,7-dimethoxy-2-methyl-1-(3,4,5-
trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinoliniojpropyl}-1-{3-{(1R,2S5)-2-
methyl-6,7,8-trimethoxy-1-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-

isoquinolinio} propyl}-2-butenedioate dichloride
MS m/z 511 (M2, 100).

20

Synthetic Example 3 (Method B): Alternative method for the
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15 1, 2, 3 4-t et rahydro-2-i soqui nolinio]propyl-1-sulfate

A m xture

(1S) - 67d|rreth 2-met hyl -1-(3, 4, 5-tri met hoxyphenyl ) -1, 2,
tetrahydrB‘f 71%I ine (36.8 g, 98 6 Mol ) and the product Pﬁi"@??%(@’éél

(23.7 g, 171. ) was heated at 65C for 5
h. The m Mr&mrﬁ&@%%ﬂ&cwmund OQﬁEamPﬁeia‘hﬂtt he resulting precipitate

was collected by filtration and triturated with MeCN to 20 af ford
the title conpound as off white owder (30.0 g, 60%yield): nmp 207-209C,
MS mz 534 (M+2§ 60)1 oxacdihjane,l-digxide \1 sy err], 100). :
(c) (I'S, 2R) -6, 7- D net hoxy- 2- ( 3- hydroxypropyl) 2- rrethyl 1-(3,4,5-

(Z:ﬁl ori de To a solution of‘fﬂ-Wéi%@*@ﬁg Z)]ﬁsizlggﬂﬁﬁ E%B@ME@ ﬁgg%ﬁ%} a d ded

d t dth | t | ut
CeoP el 7 GELY s 28060 Moo chiaride. (STfomb @aacg,)ﬁﬁmmn and e ‘mixtge opasb (8. 1

g, 0.05 nol) was added and the reaction nixture was stirred at rt for 6 h.
Theated ¢d reflur forviaS hn §he selutiae dabyoaled tf 071C anddiilutedrwithi MONe@50NaHCO3
and the solid was filtered through a pad of celite. The

filtrat

choh[ d B i T A R W?“”iﬁ*ﬁﬁw red (RPSlgHs e st ?ﬂ)g%?: ﬁ-"and
T g e EebReR A hondih, ik B G 3Rl e
solution was saturated wi th sodi um chl or| de. The aqueous phase was 10

ext r act ed mxfure Gacstineed 3t rifo 1t5le and thenidilutedywiths diethy bethier @,)(6 I)orTent r at ed
to give the title conpound as a hygroscopic white solid (25.0

g, 98% yi akpirated/Drginic flade (WMsOWhshed with water, saturat%@@)aHCO and brme e
(d) {(1R 2S5) -6, 7- D met hoxy- 2- net hyl - 1- “trinet hoxypheny

1(3, 4
?‘i‘%‘y'(])1§2‘§@‘4%%§y%3é§%8@?’n£ﬁ%’§§ HRel 5"0‘*”% léamégi s Bt s

procedure b " The resultlng mater was triturated with
acet one t FOPreatigted and the reaulting ol wes rsatad) W(b‘fletzo (50 mL) and hexanes (100 mL)

and stored at 5°C for 18 h. Filtration of the resulting precipitate afforded the title

compound as an off-white solid (79.0 g, 87% yield): mp 54-56°C.

(b) 3-[(15,2R)-6,7-Dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-

15 1,2,3,4-tetrahydro-2-isoquinolinio]propyl-1-sulfate

A mixture of (15)-6,7-dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3 4-
tetrahydroisoquinoline (36.8 g, 98.6 mmol) and the product from step a (23.7 g, 171.7
mmol) in MeCN (350 mL) was heated at 65°C for 5 h. The mixture-was cooled to rt
and the resulting precipitate was collected by filtration and triturated with MeCN to
20 afford the title compqund as an off-white powder (30.0 g, 60% yield): mp 207-209°C;

MS m/z 534 (M+23, 60), 512 (M+1, 30), 432 (M-SO3, 100).

(c) (1S,2R)-6,7-Dimethoxy-2-(3-hydroxypropyl)-2-methyl-1-(3,4,5-
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white powder (49.3 g, 69%yield): np 191-193[err]C, M5 mz 526 (M1, 100).
(e) ( 1RvD9B4E674- Di net hoxy- 2- ( 3- hydr oxypropyl ) - 2- net hyl - 1PCTREPY8/E1651

tri met hoxyphenyl ) net hyl]-1, 2, 3, 4-t et rahydroi soqui nol i nium chl oride 20

The pr odudtrichethoxyitenyl)-1,53,45tetrah@droisoquinolinimm chidridect ed to procedure ¢ to
afford the title conpound as a hygroscopic white foam (50.7 g,
100% vyi el d}x: NS m z 446 (I\/[Lerr] , 100).. . .

27 cetyl chloride (35.0 mL, 38(& g, 0.49 mol) was added ‘dropwise to ice-cold MeOH
(2)-2-Chloro-1-{3-{(1R 2S)-6, 7-di met hoxy- 2-net hyl -1-[ (3, 4, 5-

t ri met hoxy@he mil) i the/febulfing sclutiort wag stivyedh for 20 nHimures (min).nThe prodit! ffom

hydr ogen 2- but enedi oat e nonochl ori de A sol ution

f th t [ : ] theti
of "the b oot 569D BRAED s e b TELA Mol SSHNGH of R A et
Ger ] O [Ehe yoluosowat peutmbarly cwed ofdiion ol aHerst NAHGR: 414 e solid was
(18.2 L, 130.4 nmol) was added dropwi se. The reaction was warned to

O[err] C, (filtérkérthiough a pad of celite( 2THe rfiljrateawas evapbrated ahtl ethei resichiec wags
washed with 2:1 brine/water containing met hanesul fonic acid (4

nmg/ m.). Th I | . eous

| ayers vver@ssé ur gt(’gé@f\ﬁ ?ﬁé g%ﬁ?‘?}ﬁ?lgﬁ‘?g?‘?gle‘mgé?ﬁﬁﬁ gggdwoégel%%%de‘ﬁ?‘%g ed
hydrochlori¢_acid (HC ). (9 m) and back-extracted with CHCl [err]. The

conbi ned CMth[(i¢l. Thefiltrate was evm;wi the Fanaiping desidne wandissalyestindlAhd t he
resulting foamwas triturated with Et[err]Q The title product
was col | ecamebitheyaqhiedus 'salution was satutated withisddi@ibcliloride. SPRé yquebay phazpesikr al
data identical to that of the title product from Synthetic Exanple 2, step
b 15

( ZI)O- 5 Chl O?)gfa te 3»_vi[tlz fé—l(gl%ap% ’tt}fg gﬁéﬁgitglhlg&eﬁ %ge?é'-}iried and concentrated to give the

net hyl -1- (3, 4, 5-tri met hoxyphenyl ) -1, 2, 3, 4-t et rahydro-2-i soqui nol i ni o] propyl

}-1- title compowrgl 45 2 Ryg®scapi whitm solid (25.0 g, 98% yield): MS m/z 432 (M,
et hoxy-2-nmethyl -1-[ (3, 4, 5-tri met hoxyphenyl )net hyl]-1, 2, 3, 4-
100).

(d) 3-{(1R,25)-6,7-Dimethoxy-2-methyl-1-[(3,4,5-trimethoxyphenyl)
methyl}-1,2,3,4-tetrahydro-2-isoquinolinio}propyi-1-sulfate
15 (1R)~(-)-5’-Methoxylaudanosine (52.6 g, 0.13 mmol) was subjected to procedure b.
The resulting material was triturated with acetone to yield the title product as an off-
white powder (49.3 g, 69% yield)f mp 191-193°C; MS m/z 526 (M+1, 100).
(e) (1R,25)-6,7-Dimethoxy-2-(3-hydroxypropyl)-2-methyl-1-{(3,4,5-
trimethoxyphenyl)methyl]-1,2,3,4-tetrahydroisoquinolinium chloride
20 The product from step d (54.5 g, 0.10 mmol) was subjected to procedure c to afford the

title compound as a hygroscopic white foam (50.7 g, 100% yield): MS m/z 446 (M",

100).



tetrahydro-z-isoquinoIinio}propyl}-2-butenedioate di chl ori de

The product fromstep f (7.0 g, 11.4 mmol) was treated wth oxalyl chloride
and 20 then reacted with the product fromstep ¢ (6.62 g, 11.9
mol ) as Y2W426Hd in Synthetic Exanpl e 2, stEﬁT@PWWéSl
reaction mxture was concentrated and the resulting materia

was purified by(IVPLC @-2felilore-d=3-{(1R,25h 6, edimetiroxy P@“lyl‘ls[@;ﬁ,it '
Lyophilization provided the title product as a white solid

(8.7 g, 72vinyéthbxpphenphmietlnyl]-1234-fetimhydra2-isaquinolinio}propyl} hydrogen 2-

28 that of the title product from Synthetic Exanple 2,
step C.  butenedioate monochloride SyNthetic Exanple 4 (Method C) Alternative
nmet hod for the preparation of the conpounds of Exanples 2.01 or
3.01 5 :

(a)
( E) - 2- Chl oA seliti¢iBof the Iprathikct fiom-sekipreetl i@ $1.2 nmbl))ahd thd froduict From Synthetic
tri met hoxyphenyl)nethyl]-1, 2, 3, 4-tetrahydro-2-i soqui nol i ni o} propyl}

hys t | : - | uti
ysrogen ZExample 2, step a (60Y! {?Qﬂ‘%{xam ﬁgﬂé)@ergt)e@?sz_stgr%d; overnjght at aT?s- e’ 4O

of the product from Sy

e L e ke RS ) koripdd e Eomaedy g )

in CHerr]CJerr] (10 nL). After 10 mn, the M xture was
di | ut ed wi18.2ark] 1304 inmoi}iwamadied dripwise2: Theoreactiohntvas wirGieddo 03C\CHE L
met hanesul fonic acid (4 ng/nlL). The organic |ayers were washed wth brine,

dried (200 mL) v@gohday@aﬁa aﬁ@ﬂnmmgm vmﬁed wlh.ezqosﬁwmeﬁ%omg ow (b

hygroscopic solid )
ot hy! - 1- (@?%;gﬁs’elf?fﬁé ﬁ%@pfnsfﬂé’kb s bt &%x% " R i 5% e omined pr opy
% égj{ (1R, 29)ugous- ayeest Misxey saturated with] sedismd chloride, necidisied pwishytoncentraged - 1, 2, 3
& hydrochloric acid (HCI) (9 mL) and back-extracted with CHCl;. The combined CHCl,

layers were dried and concentrated and the resulting foam was triturated with Et,0.

The title product was collected by filtration as a tan solid (16.3 g, 86% yield): spectral

data identical to that of the title product from Synthetic Example 2, step b.

15 () (Example  3.01) (Z)-2-Chloro-4-{3—[(lS,ZR)-6,7-dimethoxy-2-
methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-1-
{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-trimethoxyphenyl)methyl}-1,2,3,4-

tetrahydro-2-isoquinolinio}propyl}-2-butenedioate dichloride

The product from step f (7.0 g, 11.4 mmol) was treated with oxalyl chloride and

20 then reacted with the product from step ¢ (6.62 g, 11.9 mmol) as described in Synthetic
Example 2, step c. The reaction mixture was concentrated and the resulting material

was purified by MPLC as described in Synthetic Example 1, step c¢. Lyophilization

provided the title product as a white solid (8.7 g, 72% yield): spectral data identical to
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t et r ahydr o- 2-i1 soqui nol i ni o} propyl } - 2- but enedi oat e di chl ori de A
sel uti on gfoblypaeps oduct fromstep a (198 ng, 0.32 mmol ), oxpdkpssised de
(281 [err]L, 20 3.2 mol), and dinmethyl formam de (DVMF) (1 drop) in
CH err] C [ thardf thetind- roﬂﬁaﬁbiﬁl'(s:?ﬁ’thédicl?xamdplezste creflux for 2 h. The mxture
was coevaporated with CHerr]C[err] an driedpi n vacuo. The

resi due was dissolved in DCE (5 nL), the product m xture from Synthetic

Exanpl e 1, _ 29
step a (300 ny, 0.64 nmmol) was added and the m xture was stirred at rt for
18 h. The sol vent was evaporated and the crude material was

purified as desSyhtlgstié "ERaniplet 4c(Method C) Alfsaiative methed for the
Lyophilization provided the title product as a white solid (80 ng,

23% yield): spectral data identical to that of the title product from

Synt heti c preparation ofthe compougdsofdExamples 2.01 or 3183 ol | owi ng conpound
was prepared by a procedure simlar to Synthetic Exanple 4:

(Example 4.02): (2)-2-Brono-4-{3-[ (1S, 2R) -6, 7-di met hoxy- 2- net hyl - 1-

(374, 5-t ri et hotey phen(B)2-Chiore: L{3-{{1R:28) & Ldimethoxyr2rmethyl-bi[B 458y | } - 1- { 3- ((
1R 2S) -

6, 7- di et hivigtethoRpyienylyineky]-4,238,4-téteatiyars2isoquindlinioNdpy . Bydroged oL ahydr

o-2- 10 I soqui nol i ni o} propyl }-2-but enedi oat e di brom de
M5 m z 518,4M &di . Synthetic Exanple 5
(Net hod A) dibhte iiifochloride (a) 2, 2-Difluorosuccinic anhydride 15

A m xture of 2,2-difluorosuccinic acid (1.15 g, 7.46 mmol ), thionyl
chl ori de (%o nlsolution of the produéOfr6mrSyakietie Ekabple 8Nsterh 4 (215) g, V&3 niifalh @4 at

reflux for 2.5 h. The m xture was
imidazole (0.35 g, 5.2 mmol) in CH,Cl; (35 mL) at ~15°C was added a solution of
10 chloromaleic anhydride (0.69 g, 5.2 mmol) in CH,Cl; (10 mL). After 10 min, the
mixture was diluted with CHCl; and washed with 2:1 brine/H,0 containing
methanesulfonic acid (4 mg/mL). The organic layers were washed with brine, dried

and evaporated to give the title compound as a yellow hygroscopic solid: MS m/z 578

M", 100).

15 (b) (Example  4.01)  (2)-2-Chloro-4-{3-[(1S,2R)-6,7-dimethoxy-2-
methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-1-
{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-

tetrahydro-2-isoquinolinio} propyl}-2-butenedioate dichloride

A solution of the product from step a (198 mg, 0.32 mmol), oxalyl chloride (281 uL,
20 3.2 mmol), and dimethyl formamide (DMF) (1 drop) in CH,Cl, (4 mL) was heated at
reflux for 2 h. The mixture was coevaporated with CH,Cl, and dried in vacuo. The

residue was dissolved in DCE (5 mL), the product mixture from Synthetic Example 1,
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filtered and the filtrate was concentrated to afford the title product as
an oil that crystallized on standing (838 ng, 6.16 mml, 83%
yiel d). (b)

2,2-Di f1udr2¥42% 1 (1R 25R) -6, 7- d| met hoxy- 2- met hyl - 1- [ ( 3, 4 PET/ERIB01651

trimet hoxy&&?%ddﬁghdgl Er&mﬁhl Oa &ec?etdr:ﬁlla zﬂ% ﬂugtgl'es&géjétﬂpéd' AR e -

hydr ogen nonoc

30 A sol he 2.3:1 produc mxtuefr Synt heti c

Exanpl e 1 soéYegf)“@s&apprﬁ ‘g erudd aferia “ﬁg@ﬁ‘gﬁ‘% Fr@“b?‘eb% nthielien st ep

a (838 ng, 6.16 mml) in DCE (80 nL) was stirred over ni ght at

rt. The sdExample lastepeadoophilidation prowiddd abedtitle frodustt asr e wbite sokid (80Rmg?S) -

and (1R, 2R)-title products, respectively as a yell ow

?K/Er os¢ ;)pl 23% 9ldld): éﬁecéalmataﬁdé%cmal thz(tt of the title %rodll&(f%rﬁ Sphtetic Blarpig 2582
Exanpl e

2§D|fluo§t él{3[(1S 2R) - 67d|methoxy2methyl
1-(3, 4, 5-tr*neét hoxypheny) -1, 2, 3, 4-t etrahydr o- 2-i soqui nol i ni o] propyl } 1- { 3-
{(1R 295)-6, 7-di met hoxy-2-net hyl - 1-[ (3, 4, 5-tri net hoxyphenyl ) methyl ] -1, 2, 3, 4-

t et rahydr ' g}?,lrﬂ s | : ) The
pr oduc%/ moglséufroggfr LIB hﬂ%%%ﬁ %b &eﬁ%&%ﬁﬁ ol aﬁe%\h:gg@%gg?gﬁ%t? %mgl)?;ﬁ'w
chl ori de and t hen reacted with the product m xture from

Synthetic Exanpl Exhmplé e.02){ 1(ZR2Bromo-4-{3-[(15,2R)%, MIMB)(y-QSm@ﬁ@mL bed in
Synthetic Exanple 2, step c. The reaction m xture was

concentr at S. ri bed
Syt het (e g'*“n*e%’fﬁﬁ#@%\ﬂ%é’?&e‘w@dﬁ’? BRI TLREN: e
title product. as ite soli S 27% |eId) MS mfz 498
(Merrl, ggjdlmethoxyd-methyl- 1[G, ,5-tnmg§.ﬂ¥mpﬁl)mgwy|-bzg {-tatrahydrep:

Al ternative nethod for the preparation of the conpound of
Blfinpl e 5. 34quinolinio}propyl}-2-butenedioate dibromide

MS m/z 518 (M**, 100).

Synthetic Example 5 (Method A)

(a) 2,2-Difluoresuccinic anhydride

15 A mixture of 2,2-difluorosuccinic acid (1.15 g, 7.46 mmol), thiony!l chloride (4 mL,
20.6 mmol) and benzene (4 mL) was heated at reflux for 2.5 h. The mixture was
filtered and the filtrate was concentrated to afford the title product as an oil that

crystallized on standing (838 mg, 6.16 mmol, 83% yield).

)] 2,2-Diﬂuoro-1-{3-{(1R,2SR)—6,7—(Iimethoxy-z-methyl-l-[(3,4,5-
20 trimethoxyphenyl)methyl]-l,2,3,'4-tetrahydrofz-isoquinolinio}propyl} hydrogen

butanedioate monochloride
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(a) 2,2-Difluoro-1-{3-{(1R 2S)-6, 7-di met hoxy-2-nmethyl -1-[(3,4,5- 20

t 71 met hox Whesida6Tset hyl |- 1, 2, 3, 4-t et r ahydr o- 2-i soqui nol i ni BQI/ERSBI0}651

hydr ogen but anedi oat e nonochl ori de The product from

Synt hetic Itﬁahappe of thes2.3) produrt gnigture from ByrshstioBxanple ds stap (2 g, 5.60 :
fashion simlar to that described in Synthetic

Exarrpl e 5 mmobpand. thd product fremptepcai(838wag, 6.16 mmol) in DG {80 MEY was stirr¥e@! | ow

hygroscopic solid (3.21 g, 83%yield): spectral data were

consi st ent

6.01) 2, o g‘%ﬁ“@%%‘*?ﬁ%@ﬁé‘@bbﬁ@dm jelda 2.3:1 mixt uﬁeofuge(@k 25)- GExampl e
R S RIS ol 5 el b Wr@r%& By ,213{ X
he

t et rahydr o- 2-i soqui nol i ni o} propyl } but anedi oate di chl ori de

preduct fromwsyRR)aMSInR2 582 (¥ 3f0)rmol ) was treated with oxalyl chlori de and
t hen feacted with thé product m xture from Synthetic Exanple 1,
step a (2.44 g, 4.37 moi) 10 as described in Synthetic Exanple 2,
step c. The reag)i on (Bxeample 504} 22eDifbwro-dt Bef(h$H2AR)-6,7-dimethoxy-2-neetheisul t i ng
material was purified by MPLC as described in Synthetic Exanple 1, step

c. Lyophiljgny ls%:&écﬂ&*ﬂﬂﬁngi}q {3 JiltBtrRhPateCi-isdquinolifid 1§r§ﬁu dgtl 39, 37%

yield): the ‘data were |dentical hat of the title
product fr
fol | owi ng @m&@e a%“rtgx g&‘ ﬁﬁ&%&’éﬂ’ﬁﬂﬂ’é@%ﬂﬁ‘)&?e%‘l%ﬂet ic 15
Exanpl e 6: I e 6. 02)
2,2-Difl uoﬁemhy{i@-p{nm@@)hm}T»rwythbnwgedmmylorme( 3,4,5-
tri met hoxyphenyl ) - , 3, 4-tetrahydro-2-i soqui noliniol propyl }-1-{3-{(1R, 29) -
6,4~ . . .
t oXy- | X Z ro-2-
aMffetn Phe,prorfyst mixtyre from stepiby @83 A RpPY iasHsated; with exalyl ehlorilg d
i soqui nol i ni o{lpropyl } but anedi oate di chloride 20 MS mz 498 (Merr],
100) . en reacted with the product mixture from Synthetic Example 1, step a (1.73 g,
3.10 mmol) as described in Synthetic Example 2, step c. The reaction mixture was
concentrated and the resulting material was purified by MPLC as described in Synthetic
Example 1, step c. Lyophilization provided the title product as a white solid (466 mg,
15 27% yield): MS m/z 498 (M**, 100).
Synthetic Example 6 (Method B): Alternative method for the
preparation of the compound of Example 5.01
(a) 2,2-Difluoro-1-{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-
20 trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-isoquinolinio}propyl}  hydrogen

butanedioate monochloride

The product from Synthetic Example 3, step e (3.0 g, 6.22 mmol) was treated in a
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(Exanpl e 6. 03)

(2RS)-4-{3-[ (1S, 2R -6, 7- Di net hoxy- 2-met hyl - 1- (3, 4, 5-

tri met hoxyphenyl)-1, 2, 3, 4-t et rahydr o- 2-i soqui nol i ni o] propyl }-1-{3-{(1R 2S) -
6; 7- WO 98/42674 PCT/ERS3/01651

di met hoxy-2-net hyl - 1-[ (3, 4, 5-tri net hoxyphenyl )nethyl]-1, 2, 3, 4-tetrahydro- 2-
i soqui nol i fashipp stmijdrite 2hat |desoribled imSynthetict Exaplé Sosteplb. The title product wds i 2
489 (Merr], 55). ( Exanpl e 6.04):

(2RS) - 4- { 3obthibSd &g)agyetm B9gfaseic? sURA (3121 Le( 33% Gield) spectral data, wer

tri met hoxyphenyl) t et rahydro- 2-i soqui nol i ni 0] propyl }-1-(3- {(1R 2S) -
6, 7-

di met hoxy- e st‘eﬁ“W%‘ﬁgtogogfdts}rflﬁe%oxyphenyl ymethyll-1,2,3,4-tetrahydro- 2-
i soqui nol i ni o} propyl }-2-fl uorobut anedi oat e di chl ori de M5 i z

489 (Merr], 30¢p) (Ef’ample 6.01) 2, z-D.ﬂuorS;m ﬁﬂlsgxﬁmix&tioﬂ-tﬁaﬂw-ve
rret hod for the preparation of e conpounds of Exanples”5.01
6. 01

2 D f I uor 53 2 ?Tft?g%engl)f?#et[eg ?H@-ﬁ’-nsoq&ilpoﬁmo]propyl}-l-{3.

nethyl S5-trimet hoxyphenyl)-1,2, 3, 4-tetrahydro-2-iso U|noI|n|oIpropyI
}-1- {(IR 25)-6,7-dimethoxy-2-methyl-1-[(3,4, S—trlmethoxyphenyl)methyc]-1 12y3,4-

{3-{(1R, 2S)-6, 7-di met hoxy-2-net hyl - 1-[ (3, 4, 5-tri net hoxyphenyl )nethyll-1, 2,3
,4- 15  tetrallydro-2hiyeljuinalinio syopyidbutanedioatelithloridenedi oat e di chl ori de
Neat oxal yl chloride (25 m., 0.28 nol) was added dropw se to a sol ution of

the product ontSynthetlc Exanple 6, step a , 11.0 mmol)
DCE ( 156hﬁ95°duw@0@cﬁtm 2 6h0 g, 4.85 mmol) wagtzeatad With @xalyl pltlon@fr argl theh. The
solvent and excess oxal yl chlorlde were renoved at reduced

pressur e arsctet avithetha iprodugt iniratane\fien Senthetid Exarhpld 1) step@if2.43g, 4BY mmol) 20
solution of the product from Synthetic Exanple 3, step ¢ (4.7 g, 10.0 mmol)
i NtODCE ( 35as described in Synthetic Example 2, step c. The reaction mixture was concentrated and

the resulting material was purified by MPLC as described in Synthetic Example 1, step

c. Lyophilization provided the title product as a white solid (1.3 g, 37% yield): the

spectral data were identical to that of the title product from Synthetic Example 5, step c.

The following compounds were prepared by procedures similar to Synthetic
15 Example 6:
(Example  6.02): 2,2-Difluoro-4-{3-[(15,25)-6,7-dimethoxy-2-methyl-1-(3,4,5-
trimethoxyphenyl)-l,2,3,4-tetrahydro-2-isoquinolinio]propyl}-l-{3—{(l_R,2S)-6,7-
dimethoxy-2-methyl-1-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-
isoquinolinio}propyl}butanedioate dichloride

20 MS m/z 498 (M**, 100).

(Example 6.03): (2RS)-4-{3-[(1S,2R)-6,7-Dimethoxy-2-methyl-1-(3,4,5-

trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio}propyl}-1-{3-{(1R,25)-6,7-
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m.) was added and the reaction m xture was stirred overnight at rt. The

sol vent wWago 98/42674 evaporated and the product was purpét/epoguiedPLC as
described in Synthetic Exanple

33 dimethoxy-2-methyl-1-$(3¢R5-erimestiuxyphedjmethyl}+ 12,8 dedtriahgd#o-2d € product
as a white solid (5.63 g, 53%yield) w th spectral data

i d [ I : ' . [ Ex | e 5, .
dont1 ol hauialmiphiind hiranidiatols el | ¢ amle s tep ¢

S prepare procedures simlar to Synthetic 5
Exampl e 7: (Exanpl e 7.02):
2, 2- Di f1 uoMB AR (LS B - 6, 7- di et hoxy- 2- net hyl - 1- (3, 4, 5-
tri met hoxyphenyl)-1, 2,3, 4-tetrahydro-2-isoqui nolinio] propyl}-1-{3-{(1R, 2S) -
2-
net hyl - 6, 7(IBxampleet hox§.08):[ ( 3, 4(ZRS)4-({E{@AS525p0nDimetboxy-2tmethg]-3-(3,4(%t r ahyd

ro- 2- I soqui nol i ni o} propyl } but anedi oat e di chl ori de

10
MSsm z 51344 - -2 inolini Ly Wger.8
(Blam o L e e B ot B (TP .

'%r I7En3t ?_gxyﬁpxgen%lo §-¥L|%et§.y|4-if[&,l,?-%%e?ﬁgiyip grcl]y%nqgtlhlyﬂl-ﬁi,g,r Qpe¥|!a}|3'&§é-§-_ {(1R 29)-
di met hoxy-2-nmet hyl -1~ [ (3, 4, 5-tri met hoxyphenyl )nmethyl ] -1, 2, 3, 4-t et rahydr o- 2-
i soqui nol i isogpiodipid}propyl)-Adluorchbusanediogtesiehdoxideni ori de Solid

Klerr]CJerr] (97 ng, 0.702 nmml) was added to a solution of the title
product fr 2 "Synthetic Exanple 7 (750 ng, 0.702 mmol ) in DW
(5 m) and%@’/zrﬁg?t(&’ﬁe’wg stirred at rt for 1h and then
filtered. The filtrate was diluted with CHC[err] (50 nL) and washed 20
with 1:1 brine/Herr]O (pH-1). The organic |ayer was dried and concentrated
and the

10 Synthetic Example 7 Alternative method for the preparation of

the compounds of Examples 5.01 and 6.01

(2) (Example  7.01):  2,2-Difluoroe-4-{3-[(1S,2R)-6,7-dimethoxy-2-
methyl-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio] propyl}-1-
{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-

15 tetrahydro-2-isoquinolinio} propyl}butanedioate dichloride

Neat oxalyl chloride (25 mL, 0.28 mol) was added dropwise to a solution of the product
from Synthetic Example 6, step a (.7.0 g, 11.0 mmol) in DCE (150 mL). The solution
was stirred at rt for 3.5 h. The solvent and excess oxalyl chloride were removed at
reduced pressure and the remaining foam was reconstituted in DCE (35 mL). A
20 solution of the product from Synthetic Example 3, step ¢ (4.7 g, 10.0 mmol) in DCE (35
mL) was added and the reaction mixture was stirred overnight at rt. The solvent was

evaporated and the product was purified by MPLC as described in Synthetic Example
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residue was triturated with Et[err]O and purified as described in Synthetic

Exanple 1, step c. The title product was obtained as a white
powder (404 ng, 0.385 mmol, 52%yiel d):
34 WO 98/42674 M5 miz 488 (Merr], 80). PCT/EP98/01651The

foll ow ng conpound was_prepared %y a procedure simlar to Synthetic

Exanpl e 8: 1,step c. Lyophilizationpaenided the title pgodyes as a white solid (5.63 g, 53% yield) '
(2)-4-{3-[(1S,2R) -6, 7- Di met hoxy-2-nmethyl -1-(3,4,5- 5

t2 ri met hoxy withnspegtral data3dehticalits etay of G ZitlepretitichRbinSyaltetie Exhplk-5, 3tep 1R 29) -

nmet hyl -6, 7, 8-tri met hoxy-1-[(3, 4, 5-tri met hoxyphenyl )nethyl]-1, 2, 3, 4-tetrahyd '

ro- 2- i soqui nol i ni o} propyl }-2-fl uoro-2-but enedi oate dichl oride
Anal. Calcd for CJerr]J]Herr] Nerr](err]C[err]FoS5Herr]O C, 55.52; H,
6.99; N, 2.40; (Ph f6 07, Found: C, 55.52; H, 6.96; N, 2.40;

d. 6.15. 10 e following compound was prepared by procedures similar to Synthetic

5 . Example 7:

(Example  7.02): 2,2-Difluoro-4-{3-[(1S,2R)-6,7-dimethoxy-2-methyl-1-(3,4,5-
trimethoxyphenyl)-1,2,3,4-tetrahydro-2-isoquinolinio]propyl}-l-{3-{(1R,2S)-2-
methyl-6,7,8-trimethoxy-l-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-

isoquinolinio}propyl}butanedioate dichloride

10 MS m/z 513 (M*, 100).

Synthetic Example 8

(Example  8.01):  (2)-4-{3-[(15,2R)-6,7-Dimethoxy-2-methyl-1-(3,4,5-
trimethoxyphenyl)-l,2,3,4-tetrahydro-2-isoquinolinio}propyl}-l-{3-{(1R,2S)-6,7—
15 dimethoxy-z-methyl-l-[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2—
isoquinolinio}propyl}-2-fluoro-2-butenedioate dichloride
Solid K,CO; (97 mg, 0.702 mmol) was added to a solution of the title product from
Synthetic Example 7 (750 mg, 0.702 mmol) in DMF (5 mL) and the mixture was stirred
at rt for 1h and then filtered. The filtrate was diluted with CHC; (50 mL) and washed
20 with 1:1 brine/H,O (pH~1). The organic layer was dried and concentrated and the
residue was triturated with EtZO'and purified as described in Synthetic Example 1, step

c. The title product was obtained as a white powder (404 mg, 0.385 mmol, 52% yield):
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35 Bi ol ogi cal Activity Cats
wer e anestWoB#AI4w t h al pha-chl oral ose (80 ng/ kg) and pent BEREBI&/GI6SY 10
ng/ kg) i.p. See J.J. Savarese Anesthesia and Anal gesia, Vol. 52, No. 6, :
Novenber - MS m/z 488 M’*m@;errber (1973). Square-wave stimuli were applied at
supramaxi mal voltage to the 5 peroneal nerve at 0.15 Hz and the
evoked twitches of the tibialis anterior nmuscle were .. recor ded.
Rhesus nonkeys wdhe falewingecampanndiwas piepaied by ¢ pracgdwg)similer iseBymshetici t ol
(5 mg/ Kg) given intranmuscularly or intravenously. Anesthesia was maintai ned
with a Example 8: mi xture of hal othane (0.25-0.75%, nitrous oxide (60%
and oxygen (40%. The 10 common peroneal nerve was stinul ated
supranmaxi mal |y with square wave pul ses of 0.2 m sec duration
at a rate dExamplke Hz. T&02¥h cont (Bed-{3ld.SAR)S, T-Dimethaxywd-methpl-1-Gi5n

of the extensor digitorum nuscle. In all animals, the

trachea wagrinet Aenynd 2/ peetralh K»m-zmaqmmmmb@yntl-t@{?im-z-

m / kg, 18-24 breaths per mnute. Animals not recelvi ng i nhal ati on

anesthel ! CugtByfe,7 M trimetheny 04 48Rt oth bRy piofI Bty 13 3 £lddiSARE 3L VoI "

recording qQr arteriagl pressure, respectlvel npounds of
Formula | lisequinplinio}pxepyl}-2-fuare- %WHF@'PE?‘éﬁchlﬁf'ﬂavenousl y. The ED[err],
i.e., the dose required to produce 95% bl ock of the twitch

Absence. of AR-CAE 1 St s b estubl G 53?%5%@%%?@2"@%@ b7, pgna®

nunbers indicates that data were not avail abl e.
C, 55.52; H, 6.96; N, 2.40; Cl, 6.15.
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36 Tabl e 1. Neuromnuscul ar Bl ocki ng
Activity in Rhesus Monkey Exanpl e ED95 Onset
Bur ati on H st Rel Conmrent No. &r’%{ k%)
WO 9842674 ) (my/ kg) Exanpl e 1. CHCHERI§1¢:
3.2-,7. 0 . .. 3.2-6A 5 Exanple 1.02 0.3
3@““’3‘“'-““'“‘7 Exanple 1.03 0.07 ™
1.2 Exanple 1.04 0.06

1 %a@s @ere ang%hrr%nzgg vgﬂn%ﬁl@&ﬂox%logé (80 By A8d J)en obargi]%l (10
e 5 &g/bg)oxsp%egy i Savareselﬁnesthesm and Agalgesza Vol. 523 1\5) @3 ﬁoven@%e as

1, 7.01 Exanple 6.02 0.25
npl e 6. 3%cembex (1973). Square-wave stimuli were 3pplied at supramaximal \@ltag:pmatlﬁ 04
27.0 15 Exanple 7.02 0.035
perongalitfxerve at 0.15 Hz and tiexévoRke® tWitéhs of thetibialis anterior nhuscle were

—~
3:
-}

Hv

.5

COI\)

QJOQJ U'IO'IU'I
gl

OG'I‘OO

recorded.

Rhesus monkeys were anesthetized with ketamine (5 mg/Kg) and pentobarbitol

(5 mg/Kg) given intramuscularly or intravenously. Anesthesia was maintained with a

mixture of halothane (0.25-0.75%), nitrous oxide (60%) and oxygen (40%). The

10 common peroneal nerve was stimulated supramaximally with square wave pulses of 0.2
m sec duration at a rate of 0.15 Hz. Twitch contractions were recorded via the tendon

of the extensor digitorum muscle.

In all animals, the trachea was intubated and ventilation was controlled at 12-15

mlkg, 18-24 brea.ths. per minute. Animals not receiving inhalation anesthetics were

15 ventilated with room air. The left femoral vein and artery were cannulated for drug
administration and for recording or arterial pressure, respectively. Compounds of

Formula I listed in Table 1 were .administered intravenously. The EDy, i.e., the dose

required to produce 95% block of the twitch response of compounds of Formula (I) is

provided in Table 1. Absence of data for particular parameters of p;lrticular example

20 numbers indicates that data were not available.
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Exanpl e 8.02 0.06 8.0-9.0 3.2

37 WO 98/42674 Cl ai ns 1. A conpound of ForcukP9sforgsi] err ]
5 wher ei n: X i's hal ogen; )
Table 1. Neuromuscular Blocking Activity in Rhesus Monkey >
Example ED95 Onset Duration Hist Rel Comment
No. (mg/ke) (min) (min) (mg/kg)
Example 1.01 0.1-0.15 12-1.5 3.5-7.0 3.2-6.4
5 Example 102 0.3 0.8 3.1
Example 1.03  0.07 10.5 1.2
Example 1.04 6.06 9.5 1.2-1.6
Example 2.;11 0.05-0.08 1 5.5 3.2-64 Same as 3.01,4.01
Example2.02 03 3.5
10 Example 402 0.3 35
Example 5.01 0.05-0.07 1 6.0 3.2-6.4 Same as 6.01, 7.01
Example 6.02 0.25 7.0
Example 6.03 0.04 | 32,0
Example 6.04 0.3 270
15 Example 7.02  0.035 9.5 32
Exampie 8.01 0.12 1 4.0 6.4
Example 8.02 0.06 8.0-9.0 32
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his fromlto 2; Yis "hydr 6gen -or- met hoxy Z[err]

and Z[err] are nethyl; !M‘uﬁm err] are car bon; and
A is a pharmaceuti cal I y accept , mr !' A conpound
of FornulygoesAzemi ch incl udes: PCTIEP98/01651

(2)-2-Chloro-4-{3-[ (1S, 2R) -6, 7-di rrethoxy 2 rrethyl 1- (3,4, 5-tri met hoxyphenyl
)- 15 Claimsl, 2, 3, 4-tetrahydro-2-isoqui nolinio]propyl} - 1 -{3- {(1R
2S) - 6, 7- di met hoxy- 2- met hy1- 1-

38 4. 5-tripget hoxyphenyl)nmethyl]-1
, 2,3, 4-telr ahydﬁcﬁ%ﬂ“g‘é Bfm“iﬁgfpr opyl }- 2- but enedi oat e
d| chI oride, 2,2-Difluoro-4-{3-[(1S, 2R) -6, 7-di net hoxy- 2- net hyl -

-(3,4,5,-trinmethoxyphenyl) -

1, 2, 3, 4-tetrahydro- 2-i soqui nol i ni o] propyl }

1-{3-{(1R 2S)-6, 7-di net hoxy-2-nethyl -1- 5

[ (3,4, 5-t igHyet , rret hyl]1-1, 2, 3(I}-t et rahydro-2-i soqui nol |8| o} propyl }

lchlorlde
(Z)-4-{3-[(1S oxy 2- Kethﬂ 1- (3H4 5-

enyl ) -1

t et rahydro "? I soqui ngLWnl 1 3- c@lR 2S) - é“ ey - @ergt hyl -
-[(3, 4, 5- v tfri me oxy henyl ) met hyl ] - 122 \H

, 2, 3, 4-tetrahydro-2-i soqui nol i ni o}propyl }-2-fluoro-2-§ 10
but enedi oat e dichl oride and 2A°

2,2-Difluoro-4-{3-[(1S, 2R - di et hoxy- 2- net hyl -

(3 4,5-trimet hoxyphenyl{ OCHj

1, 2, 3, 4-t et rahydr o- 2-i soQyi ngf i ni o] propyl }- 1{3 {CS ofEthyl -6, 7, 8-tri
met hoxy-1 - CHj

[(3,4,5-trimet hoxypherﬁﬁi’?rret h??l]"’- 1,2,3,4-tetrahydr ocﬁso

5 wherein:
Xis haloéen;
his from 1 to 2;
Y is hydrogen or methoxy;
Z' and Z* are methyl;
10 W' and W? are carbon; and

A is a pharmaceutically acceptable anion.

2. A compound of Formula (I) which includes:

(2)-2-Chloro-4-{3-[(1S,2R)-6,7-dimethoxy-2-methyl-1-(3 ,4,5-trimethoxyphenyl)-

15 1,2,3 A-tetrahydro-2-isoquinolinio}propyl} -1-{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-
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i soqui nol i ni o} propyl } but anedi oate dichloride. 15 3. A

phar maceuty 98/426pOsi ti on conprising a conpound acccor di nopdWERsAIES1 1
or claim2 in association with one or nore pharnaceutically acceptable

carriers, 34 S-mmethoxyghe#gﬁl ethy l]-l QBW&%@Hy&B-Z‘-B&&lﬁh&ﬁnG bmLcul ar :

paraly5|s I'n a namal admnlsterlngto said mamal

T T o

39 A corrp und accord
use in they . 6.7 19-6 afﬁﬂ‘k gtoclalm
1 or clai m%@ig}mﬂoﬁl‘e{uqs‘fZRgt%?re Ofthoxnyﬁleﬁ{y—q ¢ 9{,‘5?- | canent &l? I nduci ng
: d of . F I |1
Lorr j’m‘sC”i,3‘,5,fte%aﬁyad?o-z-isoquino1inio]propy1}1-{3-{(1R,2§)-% l?x‘z‘e b e (1D
5 [(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-isoquinolinio} propyl } -

butanedioate dichloride;,

(.Z)~4-{3-[( 1S,2‘R)-6,7-Dimethoxy-2-methyl-1 -(3,4,5-trimethoxyphenyl)-1,2,3,4-
tetrahydro-2-isoquinolinio]propyl}-1-{3-{(1R,25)-6,7-dimethoxy-2-methyl-1-[(3,4,5-
trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-isoquinolinio} propy1}-2-fluoro-2-

10 butenedioate dichloride and
2,2-Difluoro-4-{3-[(1S,2R)-6,7-dimethoxy-2-methyl-1-(3,4,5-trimethoxyphenyl)-
1,2,3,4-tetrahydro-2-isoquinoliniolpropyl}-1-{3-{(1R, 2S)-2-methyi-6,7,8-tn’methoxy- 1-
[(3,4,5-trimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-2-

isoquinolinio}propyl} butanedioate dichloride.

15
3. A pharmaceutical composition comprising a compound acccording to claim 1
or claim 2 in association with one or more pharmaceutically acceptable carriers.
4. A method of inducing neuromuscular paralysis in a mammal comprising
20 administering to said mammal an effective neuromuscular paralyzing amount of a

compound according to claim 1 or claim 2.
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wher ei n: T |s hydr oxyl or haI I de -10-- X |s hal ogen
Y i s hydrogen or neth I s carbon;

OX
NS 0 0 s Rl 1o il |||| ||||| ||||| ITIIII Als a p“a;g;ﬂ;:;;};,;;' 'y
REPLACENENT SHEET 40

8. A process. for Mnﬁbﬁﬁ&ﬁﬁbfﬂkﬁfcl&n?%mﬂﬁéﬁﬁué%%ﬁ:yub) [err]

wherein his 1, and
and A are as defined in claim1l whi ch conprises reacting a
conpound of Forrmula (la) [err]

6. Use of a compound according to claim 1 or claim 2 for the manufacture of a

medicament for inducing neuromuscular blockade.

5
7. A compound of Formula (I1)
CH,0.__~
/J\\ r\ Xh
CHO ¥ A (CH,), ~ x S
(qu_)n |
{ ocH, 0
e
CH,0 OCH,
wherein:
T is hydrogen hydroxy! or halide;
10 Y is hydrogen or methoxy;
Z is methyl;
W is carbon;
nisOorl;
his 1 or2; and
15 A is a pharmaceutically acceptable anion.
ThﬁISheet Has Been Rep.

THIS SHEET HAS BEEN 40
REPLACED '

Ed - e

Werr], Werr],



wher ei n: his 2 and 1 IHIH"H .“lm [&rr], Zlerr], Werr],
Werr], an as defined in ﬁ with a ba | ol ar
aprotic solqv\}g%s?{zg“ * ¢ LT Ils' I,, l %;f,ﬁ, 9&“0651
9. A process for the preparation of a conpound of Formula (1) conprising
reacting a conpound bfAPpsecess for theipreparatiga pf A cempound of Formulaid@¥) a conpound
of Formul a (rrry f[err] 5 wher ei n: . Y
is hyd t hoxy; -
i s hydrogen O(EH;(T)E y/ A 1 a- _

Z X, O ~ Xy OCH,

X N AN (CH,. |
CHSO w ~ (C'“'z)3 /O o ~ N: _
o) ;W NFTOCH,
_ z
\ AN
(\ —OCH, (Ib) |
\ Z CH.O N
CH,O CH, - ¥ Y OCH,
. _ CH,O
wherein
his1; and
5 X,Y,2', 7%, W', W, and A are as defined in claim 1

which comprises reacting a compound of Formula (Ia)

~
I x 0 o
i ! ) . h . L St .
e, AN Mo e T N
CHao \l./ w . (CH2)3 /O\lr//\\/ ~ o -~ ( 2)‘3 N+ l!

(0]

gl s W 27 "OCH,
. Z2 :
J===uN .-"‘.‘;-.__
& ~OCH,  (a) ; i \‘I
CHO  ‘ocH, CH,O" ™" ocH,
CH,0
wherein:
his2; and
10 X,Y,Z,Z%, W', W, and A are as defined in claim 1

with a base in a polar aprotic solvent.
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Zis methyl; Wi s carbon; - ~ n'is’0or 1; and 10

Is a pharnmaceutically acceptabl e ani on rgani ¢ sol vent.
42 ||II|II| ) 0 O
) WO 98/42674

PCT/EP98/01651
9. A process for the preparation of a compound of Formula (I) comprising

reacting a compound of Formula (II) as defined in claim 7 with a compound of Formula

(111)
CH, 0\'/\( \
- \ ’N
CHao W™ (CH,),0H
Y {cHpn ()
i,.')——OCHa
<
CH,0 OCH,
5 wherein:
Y is hydrogen or methoxy;
Z is methyl;
W is carbon;
nisOorl;and
10 A is a pharmaceutically acceptable anion

in an organic solvent.
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