;e3eK H\: 6T * 5 WD 98/19S12 Method for the Preparation of Cital opr/aMdY 2002
PCTI DK97100513 7 MAY 2002 The present invention relates to a nethod for the
-pr epar XQ B2 the wel | known antidepressant drug cit al BpFREPAML

i nternedi ates used in the process. Background of the Invention. Cital opram
is a well known antidepressant drug that has now been on the market for
sone years and has the following structure: CH3 | N CH3 10 15 Formula I It
is a 9géthed ifyrcthedaptinition e @italepssati ot oni n (5- hydr oxytryptam ne; 5-HT)
reupt ake inhibitor, accordingly having antidepressant activities. The

anti depressant activity of the conpound has been reported in several

publ i déeipoesent imgentipn Helatasetb a Rethgd five thepriayatimpdiathawedl kno&nBintidepres-
Psychiat.. - ta Psychiatj-. Scand., 1987,
75 j%t-d&%&%rﬂ%rggo%ééﬁtﬁgéﬁggg? ﬁsreg%r eecne%gl'i sclosed to show effects in
thé treatnent of denentia and cerebrovascul ar di sorders, EP-A 474S80.

Cital opramwas first disclosed in DE 2,657,271 corresponding to US 4, |36,

| 93. HRickgpaindnif thelbhvenzionon descri bes the preparation of cital opram by one

nmet hod..and out.l i ne fur 2 thod ich e d for. preparing

ci t o SuPSRe s o ik it P ElepRSelE L bl e ol ey o

1- ( 4- fleamsrang henthke follgvaingistiyeturg: 5- i sobenzof urancarbonitrile is reacted with
3- (N, N-di et hyl am no) propyl -chloride in the presence of

met hyl sul fi nyl net hi deN& ensing agent. The starting material was

prepared fromthe 25 correspondi Ny, 5-brongHderi vative by reaction with
cuprous cyani de. Accordi t oJthes et hod, Iwhich is only outlined in general

ternms, citaloprammy be obtai ne "bc\:lﬁg ure of the conpound: 7
MAY 2002' WD 98/19512 Br 2 CH3 IUN ~ CH3 P 97100513

10 Formula I

It is a selective, centrally active serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound has
been reported in several publications, eg. J. Hyttel, Prog. Neuro-Psychopharmacol. & Biol.
Psychiat., 1982, 6, 277-295 and A. Gravem, Acta Psychiatr. Scand., 1987, 75 , 478-486. The

15  compound has further been disclosed to show effects in the treatment of dementia and
cerebrovascular disorders, EP-A 474580.

Citalopram was first disclosed in DE 2,657,271 corresponding to US 4,136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further

20  method which may be used for preparing citalopram.

According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-iso-
benzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chloride in the presence
of methylsulfinylmethide as condensing agent. The starting material was prepared from the

25  corresponding 5-bromo derivative by reaction with cuprous cyanide.

According to the method, which is only outlined in general terms, citalopram may be

obtained by ring closure of the compound:

(TR (MMM
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Formula Il in the presence of a dehydrating agent and subsequent ekA¥nf92’
of the 5-brono group with cuprous cyanide. The starting rj of Formul a
11 is o¥2PHE¥F r om 5- br onopht hal i de by two successive GE?S&E$2%W%gctions,
i.e. with 4-fluorophenyl magnesium chloride and N, N s di net hyl am nopr opyi
magnesi um chl ori de, respectively. A nemQand surprising nmethod and an
internediate for the preparation of cital opramwere described in US Patent
No 4, 650, 884 accordinqaio whi ch €€(§ ternediate of the formula NC CH3 1 N ~
CH3 Formula 111 10 is SObj d 10%a ring closure reaction by dehydration
with strong sulfuric acid|in or der £ obta Ricitalopram The internediate

of Fornmula Il was prepar OﬂL§;g¥§Q§2, hal i de by two successive

Gignard reactions, i.e. with 4-f|l opkenhyT cmggnesi um hal ogeni de and N, N

di et hyl am nopr opy!l nagnesiun1hulsoenide, respectively. ~5 Finally, nethods
' )

of preparing the individual en§ hers of cital opram are disclosed in US
Pat ent No 4,943,590 from whi ch al so appears that the ring closure of the
internediate of Forrmula Il may §€ carried out via a labile ester with a
base. It has now, surprisingly, Rkeen found that cital opram may be

manuf actured by a novel 20 favourable and safe ppaggaEre usi ng conveni ent
startin terials. MAY 2002 981 19512 Summa of the inventjon 3
T Do Ao BESRe i aciohyiping AEoTt A SHESeRITR SEFHET 8] ek biasron BrRIp e itRet od
for thecupt@patyahidenTled staiting|mgiedah of Hopmiki Fgs bbrirst dpsn Gtbromophthalidd Bact i ng

a conp d of Formil.a i ~ N~ O -..0 Eor V i n 1S _H , _6
21 kol o aURonGireS et rfieliond v i 5Rp Ryt SuttEl R s ot N

r eadt i ngjmetylammoproppigmagnepiaomehloxids, ogspedtively. H , N R1L ,... 7H 10 F Fornul a
V wherein R is as defined above, with a Grignard reagent of

3- hal ogen- N, N- di net hyl propyl am ne; c) effecting ring closure of the

resul t i,%gle(\yoﬁ%ﬁmn@pg Frgef,tgm anq/an intermediate for the preparation of citalopram were

described in US Patent No 4,650,884 according to which an intermediate of the formula

NC. - CH:OH
CHj

~
F CHj
|
F

Formula III
10  is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to
obtain citalopram. The intermediate of Formula IIT was prepared from 5-cyanophthalide by
two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and N,N- -

dimethylaminopropyl! magnesium halogenide, respectively.

15  Finally, methods of preparing the individual enantiomers of citalopram are disclosed in US
Patent No 4,943,590 from which it also appears that the ring closure of the intermediate of
Formula III may be carried out via a labile ester with a base.

It has now, surprisingly, been found that citalopram may be manufactured by a novel

20  favourable and safe procedure using convenient starting materials.



Hl ,NRL 15 CH3 | N CH3 Fornula Vi wherein R is as defined aboveﬂﬂaaﬂﬂ

d) convertrn the resulting conmpound of Fornula VII
-98I195f§ RPF% NRL4CH3 1IN CH3 Formula VI PCT/DK9715%§%@gpﬁ§$irn R is
as defined above) into the correspondi ng 5-cyano derivative, i.e

citalopram which is isolated as the base or a pharmaceutically acceptable
salt thereof. 5 In another aspect, the present invention provides the novel
i nt er faunmacy obthedoyentiom V. In a further aspect, the present invention

provi des the novel intermediates of Fornula VI. In a further aspect, the
present |nvent| n provides the novel |ntﬁrnediate of Formula VII. 10 - In
yet arfoiREHNSYpE Preserdn e AtlatehinehReshmeRiodiiest Frepirationiod ealepsant

pharnaaﬁnpdﬁhgtheewpgsft|on conprising cital opram manufactured by the

pr Ce:ﬁ C@ﬂ %nventr fFThr qghout the specification and clains, C _6
ef E1°¢1E 8 8“@?5% e d“ﬁP nbr anched al kyl 15 group having from one to

srx carbon atons inclusive, ysuch as nethyl, ethyl, 1-propyl, 2 propyl,

1-butyl, 2-butyl, 2- nethyI,Q\p | 2, 2- drnethyl-l-ethyl and

2-nethy|-1-propy| Gign&'d r 4- hal ogen-fl uorophenyl that may be

used in step a) are the magne geni des, such as the chloride,

brom de or iodide. Preferably the nmaghnesi um brom de is 20 used. Gignard

reagents of 3-hal ogen-N, N- di net hyl proy| anForenddh BV may be used are the

nmagnesj, 1 S, referably
the ma llrlrte!e%r Simq ?{orurﬁctgé al@#é\tb(ﬁglbwﬁﬁi@hgﬁv\%g?eggprgt?)gﬁgﬁg? per %)qi @

succe |\reaogmwtherr@mltmsmmqwdo(ﬁforrwéaVnt ernmedi ate. 25 The ring closure of
t he conpound of Fornula VI may be effected by an acid or when R is Cl~6
al kyl carbonyl, it may alterngtively be carried out via a labile ester wth
a base. Aprdrc ring closure iis perforned by an inorganic acid, such as a
sul furic or phosphoric achg sr-an.ofkAHc acid, such as nethylsulfonic,
p-tol uenesul fonic or trifluorofcetijc acgd The basi c ring closure is
performed via a | abile ester, e met hane sulfonyl p-tol uene

sul fonyl, 10

10 F Formula V
wherein R' is as defined above, with a Grignard reagent of 3-halogen-N,N-dimethylpropyl-
amine;

c) effecting ring closure of the resulting compound of Formula VI

H .
1 —
N

R1/ \/\ CHZOH

]

15 Formula V1
wherein R! is as defined above, and

CH;

d) converting the resulting compound of Formula VII



30 canphorsul fonyl, trifluoroacetyl or trifluoromethanesul fonyl €&sMa¥ 2802 h
addi tion of a base, such as triethyl am ne, dinethyl ani I | ne or ridine.
The basV@%¥d%tion is performed in an 7 MAY 2002 WO g% é‘

PCTI DK97100513 inert solvent, preferably with cooling, i n partr cuI ar about
O Cand is preferably carried out by a,one-pot procedure, i.e. with
esterification and sinultaneous addition of the base. Whien R is H, the
conversion of R-NH inHo cyano is preferably performed by diazotation s
and foll owed by reacti oﬁ] with CN. Most preferably NaNO2 and CuCN and/ or
NaCN are used. Wen R+~ |§Z,’.\6/a‘l\kyl carbonyl, it is initially subjected to
hydrol ysi s thereby obtai ni |ng tihe Qrresp ng conpound wherein R is H
which is the converted as des ed _aboven. The hydrol ysis nay be perforned
either in acidic or basic envirohngnt. The @Ptocess of the invention nay be
carried out wwth or without isgFaryon of the internediates. The process of
the invention nmay al so be used pr epare the active (S)-enantioner of
citalopram In that case, the ¢c8ppound of fornula VI is separated into the
optically active ~ 5 enantionerslby a procedure anal ogous to the one
described in US Patent No 4,943, %90 t her eby obteimiad Tt he (S)-enantionmer of

t he cowngumdRbis dddred a‘%bva;hm)hthe&ouegﬂmumgt HeydnongerbhafdiiR. cRAGHIR] | N
step CQ D@ccorglte\glg i éhe i_ndi vr duat ant i ogg&s ft t he. i nt er medi at es of
f or mul WRICS LERLtSH 45 the RIS QLA %"%ﬁ“‘ércé LABTR S&@‘Eeﬁs formulas. 20 a her
reaction condrtrons) sol vents, etc. are conventional conditions for such

rea‘f“fmﬁloﬁ’{égagﬁ%t l’:&lenpﬁlaglﬁt%)% Vgglé\ﬂﬁgs énﬁyeg?ﬁé%ﬁﬁké éﬁ%r!n{ill dye art. The

starting nmaterra ornu I's commerclally ‘avail abl e
and may be prepared by known procedures (Tirouflet, .T.; Bull. Soc. Sci.

Br et agne; Rethel £pet, éé)pr@e& lﬁ@ém%n RRMMLE tMORERI hidfmedftAGY FoffRYlaRA. PT epar ed

fromthe am no_conpound by conventional acylation. In one
enbodi ment of the |nvent| on R’ |s C, .6 al kylcarbonyl, in particular
t hyl In,a Rtthyt aspedf mra:plresemdhvém‘by Ipecideanid novaDirtémaditdef ForhodivIENt Of t he
ention R is H The conpound of general Fornula | may be used as the
fr t base or as a phar macol ogi cal ly acceptable acid addition salt thereof.
As acibh metdandtber sspetts,ths présestalitventiar meldtesi tb haro agtadtpceseant Ihaimaegticalc

aci ds_pay, 4y &%rﬁ%&g'@% Rim 'd*&uﬁ’édﬂ He LSoAhE | wi th mal efic,
fumari c, enédglrsc asc y I%fflsuccz?‘nrﬁlc t p?ﬁ!res-?ret ﬁb’f@?\%@al icylic,

nmet hanesul foni c, ethanedi sul fonic, acetr c propionic, tartaric, sali cyI iC,
citri CnghglmmltEe sﬂe@[ﬂo‘aﬁon aRd blﬁlmmgﬁlldy“) refBis 10 ABrinched bF aﬁmh&}edaasr@ar ti c

stearic, 8%@5 i taconi.c, gﬁé (g am no- enzor t

2062 WB%Y ?’@’r‘?rﬁ RN %O‘Béd'i HEVsuiFo e 6“% Shgror)rhé acetr c
aci ds, pmyl@ﬂl—butyalsubluwlﬁz hettol 2qappyl] 2,2 akdmethybi -eehydapd E—n&tllwldn]nbbybphyl l'i ne.
Exenplary o f such inorganic salts are those with hydrochloric,

hydr obrom c, sulfuric, sulfamc, phosphoric and nitric acids. 5 The acid
addi t i GRgaatitreagshtstifed- b@iﬁgmuﬂ@mom@ylyb@abrr@pézﬁede%w step Apeaks theowenesiumhe

art. TRAoP&asGes! §uahe§s%e@hmrrde Blobi&! of ml&eawmg@%@ Es@&l Gt # 2

wat er m sCi bl e solvent, such as acetone or. et hanal sequent

i séf at E¥d- &ﬂ&rﬁ@ sepgenth ot chbrleganr NN -dimethvprropylanige ﬂé?r‘ st be apedegicethe of
t he acifghdsian WMalopenidsd]isach B4 theSoblosRIe] broswigd oaﬁ)deddmlr&éra@rry th@hra\ghasmhat e or

di chl O[)%%Eigaﬁ%fer%lgl rlhé rt]»(\a/o Sréaac ions 2te f;ie:[r otthed F)s?xgée%sr}\e/&y w1¥houg' isolation of the

intermediate.

25  The ring closure of the compound of Formula VI may be effected by an acid or when R' is
C,_¢ alkylcarbonyl, it may alternatively be carried out via a labile ester with a base. Acidic
ring closure is performed by an inorganic acid, such as a sulfuric or phosphoric acid, or an
organic acid, such as methylsuifonic, p-toluenesulfonic or trifluoroacetic acid. The basic ring
closure is performed via a labile ester, such as the methane sulfonyl, p-toluene sulfonyl, 10-

30 camphorsulfonyl, trifluoroacetyl or trifluoromethanesulfonyl ester with addition of a base,
such as triethyl amine, dimethylaniline or pyridine. The basic reaction is performed in an



ThHe pharmaceutical conpositions according to the invention may BeAY 2002
adm ni in any suitable way and in any suitable f anpl e
-oral | y@?)?rsﬁﬂsel'zf orm of tablets, capsules, powders or syﬁfjd[?g,)ﬂgi‘m%grent erally
in the formof usual sterile solutions for injection. 15 The pharnmaceuti cal
fornlulations of the invention may be gprepared by conventional nethods in
the art. For exanple, tablets nmay be reBaredo by m xing the active

i ngr etnegolvgnt Breferablyawih a@qlmaawwrtmgwr_ apowi0 Yetndsis prefergbly sagisdrmut py

conpr geaé-pet riSedir ti el @ithRs@rifOMM6ARNKE Sidlitahedils QHYDE ofBeibafte. Exanpl es of
adj uvants or diluents conprise: Corn starch, potato starch, tal cum

magnesi um st earate, gelatine, |actose, guns, and the |like. Any other

adj uvWiien®' i2 d1,ateiconvesionlod B iNIfsintacymm, is prefereblygicrfoesed by diaratatioa used
provi t . j ' hVed g j i ons
Fof | AL LRled %ﬁ%@%&gyﬁﬁ?&b&%@%{éﬁﬁf%%ﬂ% Gefrd ARG NACR

possi bsed. ¥ehent Ry és Cinalkylsarbonyy ittin snidaly emfectadtoihydedysivierehy obtainibgy

steri i cie§iond dopipdufid WiRrehORULS IR hidh 1 thd RRveres dsidsotel WBove. The

steri]izafion of the solytipon.and filling in suitable anpules or vials. Any
sui t aBYFoLHITRaX ke BY iegﬁ%fllpﬁcld‘é’éﬁ biaﬂgteﬂ\@r"é’l“’fe“ﬁay be added, such as
tonicity agents, preservatives, antioxidants, etc. Exanples 30 The process
of the invention.is further illustrated by, the follow ng. | es. .,Exanpl e
7v0, Db R To-the (HYSoRomayh e St i1 i o fHAITR S i

JI uor op¢rerediatdsut an-1 -ol. 35 A sol ution of 4-fluorophenyl magnesi um brom de
prepared from 4-fl uorobronobenzene (1 16 g, 0.66 nole) and magnesi um
turnings (20 g, 0.8 nole) in dr}/ THF (500 m), is added dropwi se to a
suspehB Powsss Bf 4he ABYEHER N alsp3we gsedoto preppss) themachivg (FMenqndomeniof. The
7 MAY cf18praiO19 Bhak Yadel tife CEAPEHQAFOREABIat BITIIcphrtlcl ih® theRptiOflyONbtReC.
After the addi él on is &orrpl eioed, t he react. on. %Xtﬂﬁf IS S rr%q fgr 0.5
hdtr SRANNIGRIFFS B PERSGHWE aalogeihlp &9 gRadascEBrdiiR oS BrEphNey4Prdmr0

3- di nmetiehgblyastitaiapigoghy | (S¥-ehattioter 02 thegcorpalinduwlfepromuid Wiawhiek iisionzdduinnibiegs (6
g, 0.25 le) in. dry. THE (1 m.) js.added. . t i-Qn m xture. The
terrpeng g?oéuﬁ)esreﬁ%g)tn 1Besllt-é vvé )5%9%"6?‘#5’% eemglgéﬁtu 8 % %)I{r%.gt@ﬁ?r%iorgghﬁ lglte(%l ﬁ{i'iagleged for
0. 5 hofiformukesVIsardpYHdrespettiveliyt aro embracghby ste farilent t enperature. The
reaction mxture is broken with ice water ( I 000 m) and acetic acid (60
g). THF is evaporated off in vacuo. The aqueous phase is washed with ethyl
a@et aPdher 7antion Ronditipgs.t JodVeRts, &5y dreptpayentianal Qs forsech gastiong adnal pH
of 9. mEyRadGUEOEGei e by 8 pexsdi aaliedinwhé brret hyl acetate (2x200 nl), and the
organi c phase is filtered and washed with water ( 100 ml). Evaporation of
t he solvents in vacuo | eaves the title conmpound (38.8 g, 58 %9 as an oil.

' H NMRh¢ OBEIR) mEe0ialVbi formla bV Iwlsteiq IRY,is B 1s donGBertiallP aydildblendnd @aQ be6 H,

s), 2 I T 25 . 3.7 3.97 (
Dy, *grepaly WlweppdschurrpBhag, SRl Soo el hechughe 361955, 30) il 1))
s)5 6powndsopherein Regissaqyd)may besprepgsed drorg he Hmyino—spmpoyrd (B is d) by=1.2 Hz
J=8. 5 chl#dentiGndNaL Patidn.( 3- di met hyl ani nopropy! ) - ! - (4

fl uorophenyl)-1, gl di hydr oi sobenzof uran. Crude

4- di net hyl am no- 1- (4- am no- 2- hydr oxymnet hyl phenyl ) - 1- (4-fl uor ophenyl ) but an- 1
-ol . 15 ot embbY@Eknt Bf thdQdefidiiR ' 14 T, glaligehrivagt, df panicBRE midliyld dibyrs. The
reacti(r)n rinx;t relcir %o poured on ice water (1000 m). NH40H is added to

gi ve & al %‘f—tiyma .YLFhe aqueous layer is extracted with ethyl acetate
(22200 m). The conbi ned organic phase is filtered, washed with water (100
m) a ' ] ent is evaporated in vacuo. The title
conpoS‘ﬂﬁ"ﬁ%ﬁ%%ﬁ%“éﬁ%%&?ﬁm-‘ﬁq (CDCI " 250 MHz): 1.3-1.5 (2H, Ny,
2.05-2.3 (10 H, s+m, 3.G3.7 (2H, NH), 5025 ( 1 H s), 6.45 ( 1 H d,
J=1. BHE cofipuid 6f derfdral GbrmdRT gy 8 4sdd ddzthe fife Bbse(ottds atphadimabobogially 7. 05

S g’ gi D%ﬁfée‘t]p:m%ﬂg?zgu;l‘ 8%418139 Fé%_e?e%ﬁ@i%{i(i bﬁﬁ?}r}:?zﬂg, sld%:gx 'sal%s formed with organic or
3-di hydsrgarsobeidz afayrten:s&d datehpibicy oif kech organic salts are those with maleic, fumaric,

5- Ami nQ- 1-( 3- d] hyl ang opyl ) -l - (48] , 3-dj [.Of enzof ur
an (13)%8%“{‘{0 Oé.‘sggltbrl%l_ eigu?é_m%i 50 a\.l/l!acd |}1)EJWa eé@‘l(}%g%icm‘ﬁl _anrgétﬂé%(i@ﬁ?@p’m ) -
NaNO2 ethapedisy forge.G6etin IPegpipmic.digaresl. valibylin, sigiceglucemc, dicticamdliaddandelieopwi se
bel ow cafaamib @it BERE hgRHIS Hettid, PRIntific, Stacbhi@ iy @NicOp-amiUbendbic Os1afamipH 1S
brought to 6.5 by adding a saturated sol ution of 2C03. This solution is
added to a m xture o f water ( 100 m) and toluene ( 120 m} containing
CuCN(6 g, 0.067 nole) and NaCN ( 10 g, 0.2 nole) at 50-b0 C. Stirring is
continued far 0.5 hour. The 35 phases are separated and t he aqueous phase
is further extracted with toluene (100 m ). The conbi ned organi c phase is
washed with NaCN (10% aqg., 2x50 m). The solvent is renoved



in vacuo and the residue is chromatograhed on silica gel (ethyl T ¥BY 7092

n- hept%bwwsilft hyi amre; 85: 10:5 ) to give the title comaidonifzd. 329
.as an ol 7 MAY 2002 WO 981 19512 PCT/ DK97/ 00513 8 "H NVR (CDC13., 250

MHz): 1. 35 (_iH, m, 1.45 (1 H m), 2.1 (6H s), 2.15-2.25 (4H, n), 5.12 (1
H d, J=12. Hz) 518{1H d, 312 Hz) 700(2H t, 3=8. Hz) 7.4

2H, t, J=8.5 : 1 d 1 H d,
S -7 5 Wene53% |agd zhecgphyllyle acetic acu?s as de as tq'xe 8 'ﬂ'alotheophylﬁncs for

?I Di medxbinb ﬁ:m%Brolndtﬂe@@?llhﬁbaniEitimlﬂaﬂyygffO&?Tmt1|ﬂwgﬁhﬁn)sla)ts | arfe4 thosg w1tf(1j

uor e u ol uti 0 uor o n nesi um brom de

prepa&&g #Hﬂ%h"ﬂﬂéﬁ‘ﬁﬂ? c?ﬁHﬁ f pfogh&nc 6“%8@ %B‘fng? and nmagnesi um

turnings (2 g, 0.08 nole) in dry THF (50 m), is added dropwi se to a

su pe C I HE m
¢ s bR Y oPIREMONRE hdP o prifprdl i BROE il 12,

r eact ibase isi reacted with estmlr the galculated. mnovmy of agid ima watesrpiseibia sobveny, suek end

Qi gnaarcétgﬁe bHEﬂh%lP&;ﬁH@ﬁt?s‘éqﬁén@lEb&h@h %@tﬁwdaﬁlmy@emea&xdo&md)ddd@ﬁg(o% \Zldg 0 03
magnes] um turnin

added Joe¥qES PE&E? Ao W &t %f lmiﬁé%&é%ﬁ@wawuﬁ'éch és r@ﬂ'd?ef%f‘ér GWY&GCHEFr Phg t he
addi t i diehlomdtidnagwith tire saltaepdratiigespofidhedishy. hour, then stopped and |eft

over ni ght at anbient tenperature. The reaction mxture is broken with ice
wat'er (i 00 m) and acetic acid (6 g). THF is evaporated off in vacuo. The
aqueoEhepptesmacasitinglstreupositions ecbytlingctet tieeny@wib0 miy be Fdntihisteaguigoasy phase

d Heof d with
L o SRR BRI X8, SulahDlor B eI 8RR O Y B phRubpaRLed W L
wat er ;(omienq c)r syzmsevrammrmmkbxﬁubmetfm @ﬂlw@rﬁt@w srlytiensdor bugediont he title
corrpound(6 g, 63 % as an oil. " HNW (DM5 Od6, 500 M—lz) I .15- i .22
0- 1. 50, ( 2,02 (9 H, s+ 3 (2H,

ﬁ)w 2. Témzhaimweuﬂial fgﬂ@éateonf qfith‘?j‘“XﬂltgzOIsf“F-& eareasreé%y qqnverltdmi mgihoyls (7 05
Eiﬂ tin the&t. EFd?t)exarﬁpl%“tabl%H mé\dbelF8pirel by miting e active dngréditht Witfﬂmﬂlrld?q} 7.58

S

ot ol T CiuIgE wgia Ry (osfrrttRNing B8 MIRTE T A ETEPIAm
corrpr |tsblngxmgheadnm=p§3xampbe)s af edptvanty ca dilongte womipose: Kmrmstaach, Yotdte sRichiN~ O 5

O For I Net S A I € kgvl t agent
0 7o gl YRl ol Cle B e 3000 st Aol g e,
H30 Nlddltlve cglpq:gmgs aroma preservatives etc. may be used prov1de that they are compatible -

with the active ingredients.

Solutions for injections may be prepared by solving the active ingredient and possible
additives in a part of the solvent for injection, preferably sterile water, adjusting the solution

25  to the desired volume, sterilization of the solution and filling in suitable ampules or vials.
Any suitable additive conventionally used in the art may be added, such as tonicity agents,
preservatives, antioxidants, etc.

Examples
30
The process of the invention is further illustrated by the following Examples.

Example 1
4-Dimethylamino-1-(4-amino-2-hydroxymethylphenyl)-1-(4-fluorophenyl)butan-1-ol.

35 A solution of 4-fluorophenylmagnesium bromide prepared from 4-fluorobromobenzene (116
g, 0.66 mole) and magnesium turnings (20 g, 0.8 mole) in dry THF (500 ml), is added
dropwise to a suspension of 5-amino-phthalide (30 g, 0.2 mole) in dry THF (500 ml). The
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'"H NMR (CDCl,, 500 MHz): 1.45-1.55 (1H, m), 1.65-1.75 (1H, m), 2.2 (6 H, s5), 2.27 (1H,
m), 2.33 (2H, m), 2.43 (1H, m) 3.6-3.7 (2H, NH,), 3.97 (1H, d J=12.5Hz) 4.25 (1H,
J=12.5Hz), 6.58 (1H, d, J=8Hz), 6.62 (1H, s), 6.95 (2H, t, J=8.5 Hz), 7.25 (1H, d, J=8 Hz),
15 7.45 (2H, dt, J=1.2 Hz J=8.5 Hz).

5-Amino-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran.

Crude 4-dimethylamino-1-(4-amino-2-hydroxymethylphenyl)-1-(4-fluorophenyl)butan-1-ol.

is dissolved in H,PO, (60%, 140 g) and heated to 80°C for 2 hours. The reaction mixture is
20 poured on ice water (1000 ml). NH,OH is added to give a final pH of 9. The aqueous layer is

extracted with ethyl acetate (2x200 ml). The combined organic phase is filtered, washed with

water (100 mi) and dried (MgSQ,, 10 g). The solvent is evaporated in vacuo. The title

compound is obtained as an oil.

'H NMR (CDCl,, 250 MHz): 1.3-1.5 (2H, m), 2.05-2.3 (10 H, s+m), 3.6-3.7 (2H, NH,), 5.0
25 (1H,s), 6.45 (1H, d, J=1.8Hz), 6.55 (1H, dd, J=8 Hz J=1.8 Hz), 6.95 (2H, t, J=8.5 Hz), 7.05

(1H, d, J=8 Hz), 7.45 (2H, dt, J=1.2 Hz J=8.5 Hz).

[-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbonitrile.
5-Amino-1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran (18 g,
30 0.06 mole) is dissolved in water (100 ml) and H,SO, (8 ml). NaNO, ( 4.1 g, 0.06 mole) is
dissolved in water (20 ml) and added dropwise below 5°C. The diazotised solution is stirred
for 0.5 hour at 0-5°C. pH is brought to 6.5 by adding a saturated solution of Na,CO,. This
solution is added to a mixture of water (100 ml) and toluene (120 ml) containing CuCN(6 g,
0.067 mole) and NaCN (10 g, 0.2 mole) at 50-60 C°. Stirring is continued for 0.5 hour. The
35  phases are separated and the aqueous phase is further extracted with toluene (100 ml). The
combined organic phase is washed with NaCN (10% aq., 2x50 ml). The solvent is removed
in vacuo and the residue is chromatograhed on silica gel (ethyl acetate: n-heptane:
triethylamine; 85:10:5 ) to give the title compound (6 g, 32%) as an oil.
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11. The method of Claim2 wherein the g:onversi on of the group R-NH into
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t hat before it is used in the ring ~o closure reaction in step c), the
COLPORH. ornula VI is separated into the optically active enanti oners
t her eby o talnlng the (S)-enantioner. 14. A conpound of Fornmula VHiI ,N Ry

~ 5 Md?zmerhyﬂamms -IH4caceqlamgingt Ak hydraxwesipliphens))- I N4 fsonopiredybbut@ordrall a VI H t
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aI ki (éad 88’?%’10&) and %n%gneAm&% r%&]nngg (8 g, 6: 8§ 155 in dry THF'(50 ml), is added Y2000
dropwise to a suspension of 5-acetylamino-phthalide (5 g, 0.03 mole) in dry THF (50 ml).
10 The temperature is kept below 5 °C. Afier the addition is completed, the reaction mixture is
stirred for 0.5 hour at room temperature.
A second Grignard solution prepared from 3-dimethylaminopropyl chloride (3.7 g, 0.03
mole) and magnesium turnings (0.87 g, 0.036 mole) in dry THF (15 ml) is added to the
reaction mixture. The temperature is kept below 5°C during the addition. Stirring is
15  continued for 0.5 hour, then stopped and left overnight at ambient temperature.
The reaction mixture is broken with ice water (100 ml) and acetic acid (6 g). THF is
evaporated off in vacuo. The aqueous phase is washed with ethyl acetate (2x50 ml). To the
aqueous phase is added NH,OH to give a final pH of 9. The aqueous layer is extracted with
ethyl acetate (2x50 ml), and the organic phase is filtered and washed with water (50 ml).
20  Evaporation of the solvents in vacuo leaves the title compound (6.6 g, 63 %) as an oil.
'H NMR (DMSO-d,, 500 MHz): 1.15-1.22 (1H, m), 1.40-1.50 (1H, m), 2.02 (9 H, s+s), 2.05
(1H, m), 2.13 (2H, m), 2.20 (1H, m), 3.95 (1H, d J=12.5Hz) 4.48 (1H, d J=12.5Hz), 7.05
(2H, t, J=8.5Hz), 7.14 (2H, dd J=8.5Hz J= 1.2Hz), 7.47 (1H, d J=8 Hz), 7.58 (1H, s), 7.64
(1H, d J=8.5 Hz).
25
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3. The method of Claim 1 wherein R' is C, , alkylcarbonyi

4. The method of Claim 3 wherein C, 4 alkyl is methyl, ethyl, propyl, or buryl.

10
3.  The method of Claim 1-4 wherein the Grignard reagent used gmqmagesim
halogenides, preferably the chlorided, bromides or iodide},

6.  The methad of Claim 5 wherein the Grignard reagent used in step a) 1s the magnesium
15 bromide.

7. The method of Claim 5 wherein the Grignard reagentﬁ‘ used in step b) is the magnesium
chloride.

20 8. The method of any of Claimas 1-7 wherein the ring closure of the compound of Formula
V1 is effected by acidic tring closure performed by an inorgamic acid, such as a sulfuric or
phosphoric acid, or an organic acid, such as methylsulfonic, p-teluenesulfonic or mifluoro-
acetic acid.

25 9. The method of Claim 3 wherein the ring closure of the componnd of Formula V1 1s
petformed by a basic ring closure viz a labile ester, preferably with simultancous
esterificauon and addition of bage.

10. The method of Claim @ wherein the labile ester is the methane sulfonyl, p-toluene
30 sulfonyl. 10-camphorsulfonyl, trifluoroaceryl or trifluoromethanesulfonyl ester and the base
is triethyl amine, dimethylaniline or pyridine.
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15. A compound of Formula VI
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wherein R' is H or C, 4 alkylcarbonyl.
20
16. A compound of Formula VII
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