;efghe3el 6T  Process for the preparation of substituted octanoyl am des
The invention relates to a process for the preparation of

2(S), 4( S)wB(09)2506S) - Z,m‘ m m“mmm hydr oxy- 5- am no- 8- ar yl ootcanoyé1/@nt9des and
t heir physi ol ogi cal | y‘ m w alts; 5 _and the new conpounds used as
internmediates in the nulti,stage process.” I'n 'EP-A-0 678 503,

& am no-y- hydr oxy- cu- aryl - al kanecar boxam des are descri bed, which exhibit
reni n-i nhi biptricRe sk0 fproperd espand el ¢ heulsad ms antddipartiensiv@e agent s
i n pharmaceut1cal preparations. The manufacturing procedures described are
unsatisfactory in ternms of the nunber of process steps and yields and are

,hot suitable for an industrial process. A disadvantage of these processes

is 15 al so tThat inrechofah )rieéladtssoftcp)uae it @t 8% e doer stltdnapraperatht't@innadnfe

are too small It e qﬂqﬂ. tg —a_ _
al kanecar boxai dés@?énq%\g g]re(?garé bot r]g}l 4 l(}ﬁ yields and 26t n a
hi gh degr ee osttapenilt yamibaes t RRg $&ledat |I?/1éYSyl @l@?ﬁh%l’efié@ﬁ@ﬁ@béﬁe salts;

obt ai nabl=s, Jrfq t hendoubkq bongyfurdis/di abky! - &=ar Ynte Sfd @M €eRCT 1Ol the
2, 7-di al kyl -8-aryl -4octeni c acid ester is sinultaneously hal ogenated in the

5 position #WdHFHGE PHSESST the 4 position under 25 iactonization, the
hal ol actone is converted to a hydroxylactone and then the hydroxy group is

converted ta_a | e |lgavi substl tut azi the
| act one am eéﬁ:aé)ﬂ t he %Jﬁe‘c’%é;l de§caonrltlvr}g? gl%orWe AT %13??
fromthe hi gahnlyie@I dsazred sdesepsbbdeti vivhiel i edUiliie i nthnmrdwathxbntcmg
st eps, t| ten n r n f r
R&Y g@'frortese 1A @N b d! gﬁ(@l 161558 tat%e %Aﬁ.ﬁh%%ry 2 L2 tafg%lnrt]:% £\e

by- product s B med in the azi n ste ject o

i nvention i Pharpleceads dodr FHEP3E AFriept-at i oﬂnaébtﬁﬁam{%lrtﬁ fRrRAAITES

WO 021 02508 REHrGHY 08329 undatOdfaldt oRyN 1nR5/cérh§R361HZ%(ﬂurﬁbé\Ber@fn
5 Rl and R2 are, mdegendently of o e, anot h H Cl- C6al kyl ,

CL- CBhal ogeRHAERSS C iR KGR CEXBalgl, ritdble for an
Cs- C~al koxy -i@thEstad ikl opypcBSsl S A:l dCssddkyantdge | tﬁ@abkyﬂaroaedsE@ i s

gi,ng?EE%L J%%yC%F¥€B?¢%9lgg%ilC§%%$%%;| %I%&%ﬁ; %ﬁggtereomers that are

Ceal kyl ami n@bcuaamhdwwre CoaCemlal kyl ani no- d - C6- al kyl ,

Cl - C~al kanoyl am do- C1- C6- al kyl, HO (0) C- Cl-C6-al kyl, Cl-C~al kyl-0(0O

C- Cl1- Ceal kyl, H2N-C (0) -C1- C6a| kyl, C1-C6al kyl - HN-C O -ClCsal kyl_or
(Cl- CBal kyl YL t2Nh@s( 0yramct besral IHER TaHipid Jsf ngf%net hehadacttitprof alkane-

conpound of JamBHadildes 1Ba® BeRprepaned -botlRaih Raid¥a FBtéll lpields and
20 in a high degree of purity, and that selectively pure dia-
stereomers are obtainable, if the double bond of 2,7-
dialkyl-8-aryl-4-octenic acid or 2,7-dialkyl-8-aryl-4-
octenic acid ester is simultaneously halogenated in the 5
position and hydroxylated in the 4 position under
25 lactonization, the halolactone is converted to a
hydroxylactone and then the hydroxy group is converted to a
leaving group, the leaving group substituted with azide, the
lactone amidated and then the azide converted to the amine
group. Apart from the high yields and stereoselectivities in
30 the individual process steps, particular attention is drawn
to the fact that substantially fewer by-products are formed

in the azidation step.

A primary object of the invention is a process for the
35 preparation of compounds of formula I,

T
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with an amne of fornmula R5-NHZ to forma conpound of fornula Il1l, 20 OH Ra
HR-/ N- R 1j Il \ ~R3N3ORZ(IlIl) , and b) reduction of the azide
group of woezomopound of formula 25 I11 to the am ne groupPCaNCHI190394t | on of
t he conpounds of WO 02/02508 - 3 PCT/CHOL/ 00399 forrmula I, if necessary
with the addition of a salt-form ng acid, 2ccTrrprisi ng the preparation of
conpounds of formula Il by reacting cl) a conpound of formula TV, 5 Rs Rl
[/ ORs \ J RBRz (IV) , wherein R6 is Cl-C2oal kyl, C3-d 2cycl oal kyl,

C3-d 2cycl oal kyl d -Ce6al kyl, C6-Cl oaryl or Cs-Clo-aryl-Cl-C6al kyl, with a
10 hal ogenation agent to forma cofpourfd of fornula VI, or c2) a carboxylic
,acid of formula Y, or_a salt g ' boxjLig acid, R4AR-/OH \~RyORz 15
(V) , with a halog conmpound of formula VI, 0 0

(L),

wherein

5 R; and R, are, independently of one another, H, C;-Cealkyl,
Ci—-Cshalogenalkyl, C;-Csalkoxy, C1=Csalkoxy~Ci-Csalkyl, or
Ci—-Csalkoxy-Ci-Cealkyloxy, Rs is C;-Cgalkyl, R, is C,-Csalkyl,
and Rs 1s Ci-Cealkyl, C;-Cshydroxyalkyl, Ci-Csalkoxy~C,-Ce—
alkyl, Ci-Csalkanoyloxy—-C;—Csalkyl, Ci~Csaminocalkyl, Cy~

10 Cealkylamino~-C;-Cg-alkyl, Ci-Ce—dialkylamino-Ci-C¢-alkyl, Ci-Cs-
alkanoylamido—-C;-Ce—alkyl, HC (0)C-Ci—-Ce—alkyl, Ci—Csalkyl-0-
(0)C-C;—Cealkyl, H,N-C{Q) -C1-Cgalkyl, C1~Csalkyl-HN-C{O)~Cy-
Cealkyl or (Ci-Cgalkyl),N-C{0O)-Ci-Cs-alkyl, comprising
a) the reaction of a compound of formula II,

15

(I1),

with an amine of formula Rs-NH, to form a compound of formula
1171,
20

(III},

and
b) reduction of the azide group of the compound of formula
25 III to the amine group and isolation of the compounds of



R~/ ,,... Rae\ ~R3 XR2 (VI), 20 wherein Xis Cl, Br or I, ' d) reaction
of the conpound of formula VI in the presence of an alkali netal or

al kal i ne waydédv2emt al hydroxide or an ' al cohol to form a ceapountooshs
formula VI I, WO 02/ 02508 PCT/CHO1/00399 - 4 HOHRa R~/ OM\ ~ Rs O
Rz (VI1), wherein Mis an alkali nmetal, "ad &quival ent alkaline earth netal
or the residue of an al cohol m nus a hydroxyl group, 5 e) hydrolysis of the

conmpound of _formul a VII n the presence of . an ]qyto forma conpaqund ,of
formul a VTI FOTBU62RT /lf NeCeFHIT Ra kP a tRE (3\93%‘31 Lo )asﬁﬁgttr(t)f&tr%ﬁgof

t he hydrogeae&ﬂomcdhﬁﬁﬂsﬂmgﬂtmqlpgepmpatnohhefcammqummdﬁ ddr fokauVhl IT1and

‘converS|on Bpekgggtaﬁga IeaV|ng group AOto form conpounds of formula I X, O

<

ORI , (I'X), 15 g) and then reaction of the conpound

of fornula FX) wﬁtﬁcanoénddéfléﬁrmgéﬁtIN@ forma conpound of formula I, or

h) reactgon if the conpound of fornula VIII directly with a zinc

azi de/ - bi s-pyridine conplex in the presence of a 20 tertiary phosphi ne and

an azodi carboxylate, if necessary in af:organic solvent, to forma conpound
of formula Il. R, OR,

RZ
(IV),

wherein Rs is C;-Cralkyl, C3;—Cicycloalkyl, Cs;~Cicycloalkyl-

C1—-Cealkyl, Ce—Cioaryl or  CgCio-aryl-C;-Cealkyl, with a
10 halogenation agent to form a compound of formula VI, or

¢c2) a carboxylic acid of formula V, or a salt of this

carboxylic acid,

(V) ,
15
with a halogenation agent to form a compound of formula VI,

(VI),

20 wherein X 1s Cl, Br or I,
d) reaction of the compound of formula VI in the presence of
an alkali metal or alkaline earth metal hydroxide or an
alcohol to form a compound of formula VII,



As an alkyl, RL and RZ may be |inear or branched and preferably conprise 1
to 4 C atons. Exanpl es are nethyl, WO 02/ 02508 PCT/ CHOL/ 00399 - 5 ethyl,
n- and i -wioopywhksosn-, i- and t-butyl, pentyl and hexyl. As echeHogemsd kyl ,
R1 and RZ may be linear or branched and 5 preferably conprise | to 4 C
atons, especially 1 or 2 C atons. Exanple# are fluoronethyl,

di fluoronethyl, trifluoronethyl, chloronethyl, dichloronethyl,
trichloromethyl, 2-chloroethyl and 2,2, 2-trifluoroethyl. |0 As an al koxy,
R1 and R2 may be | i near or brmncﬁ- *b ‘preferably conprise 1 to 4 C atons.
Exanpl es are nethaxy X i pgtt oXy, n-, i- and t-butyl oxy,
_pentyloxy and hexylp yl, RL and R2 nmay be |inear or
branched. The al ko group p,eferably conprises 1 to 4 and especially 1 or
2 C atons, and tRe alKyl group preferably conprises 1 to 4 C atons
Exanpl es are met hoxymet hyl, 1-nethoxyeth-2-yl, 1-methoxyprop!Biy,

1- met hoxybut - 4-yl , nethoxypentyl, 20 nethoxyhexyl ethoxynethyl

1- et hoxyeth thox -vl., 1-ethoxybut et.,hoxype
ethoxyhexyIW%8¥8p9l YH%tég éﬁh%%ﬁd&?ﬁ% hy% e?ﬁ%ﬁ%&%&@e?xg T % arfpr e
1- but yl oxyemht2iybr ZBeA$ealdheC@ilbmkydcikﬁﬁamwyhuxw,H&Hnuxyﬂxhnaupxm
linear og b al r%l@i erab r

espeC|aIFy %§ 9@981§@§s O%O h %géﬁyégr%%gﬁggg g??bﬁ% %@ﬁpﬁ%ﬁé?%?%o
4 C atons. eﬁaﬁp\l esigr eoﬁpﬁw@rrepﬁw ofeidyanider IZ Iyl oxy,

1- met hoxypr op-- 3-yl oxy, 1-nmethoxybut-4 30 yl oxy, methoxypentyl oxy,

nmet hoxyhexyl oxy, et hoxynet hyl oxy, 1- ethoxyeth 2-yl oxy,

1- et hoxypr op- 3-yl oxy, 1-ethoxybut - 4y|o/. et hoxypent yl oxy, et hoxyhexyl oxy,
pr opyl oxynet hyl oxy, butyloxynethylo 1- propyl oxyet h- 2-yl oxy and

1- but yl oxyet h2-yk . PCT/ CHOL/ 00399 - 6 - In a preferred
enbodi nent, Rl is etaoxy Clcﬁalkyloxy and R2 is preferably
nmet hoxy or ethoxy. Ra culat,ly paeferred are conpounds of formula I,
wherein Rl is 1-f#thoXyprop-3-yloxy and R2 is nmethoxy. 5 As an aIkyI R3
and R9 may be linear or branched and preferably conprise 1 fYﬁE-t)atons.
Exanpl es are net hyl, ethyl n-- and i-propyl, n-, i- and t-butyl, pentyl

d h I f d _enb t d ' f .10 f I
and Rexthy i RS/ G erbedi Bty I8, a0 Roun comouni ol A0 form =
t he form of ial Kyle anwmmuﬁdwamlﬁoemuﬁaiyaIZtand-cbmw@mSlaExahpresfotoahky

are listed hyls -, - and
t - butyl areﬁgégl gg%uﬁggb hydroi@%ﬂ%yq% cﬁ% e Ildear or branched

and preferably conprise 2 to 6 C atons. Sone exanples are
2- hydr oxyet hy- 1-yl, 2-hydroxyprop-1-yl, &-hydroxyprop-1-yl, 20 2-, 3- or

4- hydr oxybut - 1-yl, hydroxypentyl ang_hydroxyhexyl. As a

Cl- C6al koxy- Cl1- Cgal kyl , R5 nay be | f near or branched. The al koxy group
preferably conprfse ofib~and g he al kyl group preferably 2 to 4
C atonms. Sone exanp =re 5 2- get hoxyet hy-1-yl | 2-nethoxyprop-1-y|,

3- nmet hoxypr op- 1- ~3- dk 4- Bt hoxybut-1-yi, 2-ethoxyethy-1-yl,

2et hoxyprop-1-yl, ? 3. et hoxyprop-1-yl, and 2-, 3- or 4ethoxyb$ix L-yl. 30 As a
Cl- C6a|&gnoyloxy Cl- Ceal kyl, R5 may be Iinear or branched he alkanoyloxy
group preferably conprises 1 to 4 C atons and the al kyl group referably 2
to 4 C atonﬁ? Wg SANPPESTARE 0T My PoxFREPRYRS ©Odr A 9%yt 5 an

acet yl oxyet Ryli daprioR @Ryhexyet Pyrmnd dutpsod oy etdwiul331, or

h) reaction if the compound of formula VIII directly with a

%E

zinc azide/-bis-pyridine complex in the presence of a
20 tertiary phosphine and an azodicarboxylate, i1f necessary in

an organic solvent, to form a compound of formula II.

As an alkyl, R; and R, may be linear or branched and
preferably comprise 1 to 4 C atoms. Examples are methyl,



WO 02/ 02a05 PCT/ CHOL/ 00399 As a d -C6am noal kyl, R5 may be |inear or
branched and preferably conprise 2 to 4 C atons. Sone exanples are 2 .

am noet hywo 0240258 3- ami noprop-1-yl and 2-, 3- or 4-am nobWwCI/GHG1/B3A8s

Cl- C6al kyl am no- C~-C6alkyl and C - Csdi al Iéyl_am' no- Cl- Céal kyl, R5 may be

| i near or branched. The al kyl am no group preferably conprises Cl-C9al kyl
groups and the al kyl group preferably 2 to 4 C atons Sonme exanples are 2

10 net hyl a h- 1-yl, i m nget h- 1-vyl n hlqyl

2- et hyl am nn%@?ﬁi ]If hﬁ%hﬂpr o% i- y% %In ﬁﬁ?dﬁmno e jCJf and
4- et hyl ami poBYt - 1- yI and 4 di met hyl am nobut-1-yl. 15 As a

. Cl1- Csal kanoyl am do-Cl - Csal kyl, R5 may be |linear or branched. 'Fhe al kanoyl

group preferably c ris to_4 C atgons and the_al kyl eferably 1
grup Pref o[ably camprlsen !0t Ctgre and thealil aoun prsferably

. 3pr opi ony! aprdﬁefblblyylccmrpil@é)uuyrtnyl dam doettdonk,y| es@OcAalayHQ (& 2 C
C- Cl1- C~al ky linear up |y
conpri ses ZélF%mg ggy‘{fagﬁf} €5 a% gf;(laLPg s agélaca?% k}%ﬁé?l%gar %)%%éﬁﬁ%g
car boxypr opyéthand, car mpmmthm As &l @il @sahkiihy Dy (O):rceﬁlec_ealbkyxyl,RS
mey be |i nearcofoPoapghedanand, oho-elkyh ugkeupsyar ef erabl y comprise

i ndependently of one ahot er 1'to6 4 C atons exanpl es are
met hoxycar bonyl net hyl , 2-met hoxycar bonyl eth-1-yl, 3 30

met hoxyga@r b@@ylmomﬂmw,, %rreémxmarﬁ ylbat - ﬂnyéar etdoxyrarkeryd mahlyl
2- et hoxycar bonyl et

El 3-.etho ygtér bg rg@l ? g
4- et hoxycarBbRyFHEP-1- ﬁomp,&lsf (9) CEBRL kTFARE Say AR RRERF Yor
branched, aadhdky} ha-akkyl 1gm@@yﬂroea‘yerab4,y TonmpndsesbatybofyC atamyloSgne

exanpl es ar a } t hyl, 2-carbam doet h-1-yl, WO 02/ 02S08
PCT/ CHOL/ 00588 éggghggg?do-z, 2-di met hyl eth-1-yl, 2- or 3-carbani doprop- 1~
yl, 2-, 3- or 4-carbam dobut-1-yl, 3-carbam do-2-nethyl propl-yl,

3- CarbaﬂSdQAé 2 méﬂ%&ﬁ@é¥ﬁ§l]-ﬂ ’aﬁﬁCﬁébﬁQ¥d8e3QEE@Hﬂ”dﬁ)Br¥£ched He

3- car bam do- 2, 2- di net hyl prop-1 % 5--car bam dopent - 1-y
4- car bani doaékgxyogrpgngp:@&eﬁ@ Bt COMATISRS gl R chatRy| eFNe@lEé}Y 1 or
- C1- C6-al kyp @r at@ﬁs@&'nl@/|t)162|\i-l@y(10)grc@1]@@ﬁﬁé<ﬂéra neympeiténear tor 4

br anched, t he NH al k ro 10 pref rabI r| ses 0 and
the al kyl g?gﬁlﬁspr ef ¢l é/ % to §°c al'§ éﬁ%ly $ ar fnﬁgkﬁ’gﬁ'ﬁgﬁl %omil(yl
groups defi hedehborypabpvé,-ywiose Nlamertrhbxybuh:stélr-tyult,ed W trle thoe ypentowd. ,
rrethyl, t refe_r of ¢o

formul a ﬁ %EFHB%S}H&(\X% ch&%&xg&%l%al kox{/&g%w%klo’x EC%E%%&S@ xy,
R~ i s ClC4aBkixy, R3 lsethoxgankydsvR- is aticguwmngntand R5 |e§h|qzcu@e(x0')l
C1- Coal ky!l Mb%?lbﬁ;yﬂ@%ﬁ%ﬁary bet P SRPASHRSE ] t uted, o, Ndigddf4al kyl  ana

substi t ut ed
l-butyloxyeth-2-yl.

25 As a C;-Cealkoxy-Ci-Cealkyloxy, R: and R; may be linear or
branched. The alkoxy group preferably comprises 1 to 4 and
especially 1 or 2 C atoms, and the alkyoxy group preferably
comprises 1 to 4 C atoms. Examples are methoxymethyloxy, 1-
methoxyeth-2-yloxy, 1-methoxyprop-3-yloxy, l-methoxybut~4-

30 yloxy, methoxypentyloxy, methoxyhexyloxy, ethoxymethyloxy,
l-ethoxyeth-2~yloxy, 1-ethoxyprop-3-yloxy, l-ethoxybut~4-
yloxy, ethoxypentyloxy, ethoxyhexyloxy, propyloxymethyloxy,
butyloxymethyloxy, 1l-propyloxyeth-2-yloxy and l-butyloxyeth-
2-yloxy.
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A nore preferred subgroup of conpounds of fornmula I is that in which RL is
met hoxy- CZ- C9- al kyl oxy, Rz is nethoxy or ethoxy, R3 is CZ-Cdalkyl, R4 is
C2- Coal kywoamwd2988 i s H2NC(0) - C1C6al kyl . 25 An especi al | y ROTECHG1/088D9
compound of fornmula | is that in which RL is 3-nmethoxy-prop-3-yloxy, R2 is
met hoxy, R3 and R4 are 1-methyleth-1-ylT @nd R5 is H2NC (O - [C (CH3) 2]
-CHz-. 30 As an aIkyI R6 may be |inear or branched and conprise preferably

l1to 12 C LN, C ata especially ferred. R6

parti cul ar | ¥ pref é’rrr 3(?%5 dg Ie;nn’%gglrl Eﬁ/l lESorI}g CHERT eS%a Stﬁ@ﬁéfylcl
ethyl and thelkydwerys ofandpr &yl ,isut plrefpeab%f hrexyhoxhepoyl , ethyky.
nonyl , dec *qggfg t hexa ta

elcosyl E?%eééﬁ? e$€€9 g%% a£§ &?ﬂ g%hSF @89@%}82%0 %é%réﬁﬁ K
PCT/ CFI 0110?0%919rrm%t1%10>éw%‘r$<y3110>% % %zréfse hoXsbnprise 4 to 8
.ringcarbon atons, 5 or 6 being especially preferred. Sone exanples are

cyclopropy cyclob cl ope cl ohe 5. x cycl oo
cycl ododecy? %%R&%kﬂﬁyl-gPa ﬁ R@éﬁhygéonﬁﬁ%§§rpr8Fer€5¥9cgego and
ri ng-car borpmmabﬁyorco&ph:als@g Esp:e:cl al ly ptefier.r eekample pr efrer abbyhglio 4
C atons in d | k ar. 'y C atons ZO b g ciall erre
Sone exarrplélg'h fe %bclgﬁg%pylpggpﬁ% aﬁ bldbut Cﬂth%E&y' CI§8§F¥ I ﬁﬁghyl
or cycl opertgaykt hyh, aam&&ﬁ&ﬂmméxgmbuélmgmtﬂrR@yehdhé%yunﬂdQMPOumdanof
aryl, I%[;?l srprgl éaplé(r@hﬁ@yéa ggggtpggj yf\s an aralkyl, R6 is

a

prefer y benzy or phenyl ethyl. In fornu VI1, Mnmay be an al kaline
earth netal, for exanple My, Ca or Sr. EqU|vaIent in the context of the 20

i nventi on rlze@nantmeu@ﬁa,r 0R; equE iwat [LQﬁeQi: G | BRaaAHeaNi ian. tMal Sorm of

r ef er abl kal i exa Li rticul refere ce
Ps f or ngs Y pn ﬁ.&?%%ﬁ?%éi%dﬁ% Flﬁﬁ &1h%ﬁoﬁ g;na Oﬁshy335w§f g
it may be ti&kf%—QHKEHJlﬂskﬁduhhﬂxéﬂnﬁhﬂﬂﬂuﬁ m&mm@landemmgﬂgreneesaddscnkbed
25 hereigb fg i n par |cg% a%ky#laggecggéggkggh Residue A in the
ably 't

| eavi ng” gr p is p?e er esidu an organic acid, for exanple
Cl- Ceacyl, particular preference being for Cl-Cesul fonyl. The acyl residue

may be a 3%@@%}(&&@@&@1@1 LASREOMEF 36l dllﬁgéfs' Cola%@anr&fh%@ oghg

acid, butyric aC|d and "benzoi ¢ aci'd substi‘tuted if necessary
Cl- C9al kyl ,PratenalpkdxCHPRaFdgeh. thhe Sulf oAfPTEesi SQBCA ﬁﬁ?mEé?ISesﬁéﬁd

for exanpl e2¢1@yd@5ﬂayéahf€-1$@2 Z\hl@j’/@rcﬂxfiarbp‘ Qlyilﬁal kyhydroxyprop 1-y1,

d -Ceha$$ge aIK¥I qg cIo ﬁl _0 ¥ %géienz heldt h 1.

unsubst 5%55? {te £y 5 Ox%ﬁ k89§ yaroxynexy

Cl- C9hakogenal kyl or halogen. Sone exanples of WO 02/ 0208 - 10

PCT/CHC&/OQ§g9a Ci—Cealkoxy-Ci-Csalkyl, Rs may be linear or branched. The
alkoxy group preferably comprises 1 to 4 C atoms and the
alkyl group preferably 2 to 4 C atoms. Some examples are

25 Z2-methoxyethy-1-yl, 2-methoxyprop-1l-yl, 3-methoxyprop-1l-yl,

2-, 3~ or 4-methoxybut-1-yl1, 2-ethoxyethy-1-vyl, 2-
ethoxyprop-1-vyl, 3-ethoxyprop-1-yl, and 2-, 3- or 4-
ethoxybut-1-yl.

30 As a C(Ci-C¢alkanoyloxy-Ci-Cealkyl, Ry may be linear or
branched. The alkanoyloxy group preferably comprises 1 to 4
C atoms and the alkyl group preferably 2 to 4 C atoms. Some
examples are formyloxymethyl, formyloxyethyl, acetyloxy-
ethyl, propionyloxyethyl and butyroyloxyethyl.
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sul fonyl residues are nethyl, ethyl, phenyl, nethyl phenyl, dinethyl phenyl,
trimethyl phenyl, trifluoronethyl phenyl, chlorophenyl, dichlorophenyl,

br omophenyb,02d2so8onophenyl and trifl uoromet hyl sul fonyl. PCIMeHG1/H683921 dua
process steps may be carried out in the presence of solvent. Suitable
solvents are water and organi c sol vents; Esbecially pol ar organi c sol vents,
whi ch can al so be used as m xtures of at |east two solvents. Exanples of 10

I t hyd b I t her, h ,
ot hy! eyl Oibxae.. CERBBTRC AL BT bena e xJThePS har BgERat £8 nyEFBERFRonc

(di chl or ongtheafer alehy oroimprmset e2 r &ohl Hr Get bbares . cl¥looreobenavpys etrdwer 2-
_(diethyl et i | ,ether o_tet ofur.an, . di oxane,_ vhene. L 15
di met hyl or |%R§%#w%¥h%r)?gcgr%@%%ggégpeﬁs§§n3nﬁgg%dng% (%%t%y?ﬁégé¥g?e,
ethyl acetateylnethyl propionate, valerolactone); N, N-substituted
. carboxang des and | actanms (di methylformam de, dinethyl acetam de,
By ohixench) | Goteat SRR Rk Sns Bles byt TSR Siamino-ci-ci
di net hyl suldDiegl, t @ r amet hykend nidf ooe) bralimedhel.s (het kanotlareirangkoup-
or i-propanol,.n-.. - or_t-hutanol, ol ., _hexanaql ,, cycl oh 0
cycl ohexane%?%??rmw oﬁ?ﬁ%}rﬁﬁesor Hicﬁggﬁ(g@yn%]f%}xfs C)?(rﬂdoh g%?ineai)%/ nngoup
al cohol , etpmeEemeal®by gl y¥col fodi et hyCeneatgimyzol , Spmepanedampledut aaredi ok
et hyl eng, gl I L+ 0or4 nonee : die | ene e
nnnonetﬁ%lI%%9#6n0é3%§%@%t e&%’ni?r??%ét§%g§®%%?$??l£,§g¥op?oﬁ?%¥??gf?o
tertiary angesl{yki mRngrami seineetrhyVani nd mekhpt epyranrag-anyl, 3-
tributyl am dfme Pyl ghD8ep38p Nt aRL Nyl pyrrohidétgy1 MuiBbBYE P POLAZI NE, and
N—nethylnnrgh llng%%fnd.or aglﬁ aflds (acetic acid, formc acid). Process
step a) The*TeHREF %mlEBﬁB und¥*of fornmula IT to form conmpounds of 35
formula I'll with a conpound R5NH2 by opening of the | actone ring can be
carried put_ wWwth o i, t |.vent. Th 02/02508 - 11 _ ..
PCTI CFI b§10%§99ar egb—\f/k?’t‘oalnlq%%)o X|oae§|dteon—tq1y86%lr r{ed 018? %ﬁaB{ héb%r esLR&RT of OF
al cohol s orbamiclesd . witheh altarfarin grouwaved feaabdyl campeisesprl to 4 C
car boxam de chhgonpounds i e ety Khowh. - Jihese 1 may, be ¢ .
2- hydroxypy%ﬁe,gnl%- hydroxycgr bggrlrlllpdes andr?gn?%es, (fnd,S caar %r§‘<?m ggne
(N- hydr oxy %27l 8% de3 e Or §ahPEmaBi Rl - brélused-asesarienethrériiary 3-
ani nes bei r@r@;ﬁi@Qy:@ﬁ‘h@@@etﬁgﬁ—?laﬁﬁlﬁéﬁbhﬁ?kbyhéﬂﬂéej@h—tﬂ- et hyl am ne. The
react|o$ tenperature may range for exanple from approximately 40C to 150C
and pre %rably from50C to 120C. 10 Process step b) Reduction of the azide
group to thesaal HO (§r) aHC:+0.d ey Conpounalg bé flanerka dd |bitakedseql ané ithea
manner kno S e ] Rev] . Mol . 88.(1988) ~ p 298
317), 15 fgglgggnﬁfgéﬁéiH%pﬁg%g?g%§dr%%ﬁﬁ?%ﬁe%nég g&be |eﬁtI3Q§§Fﬁg g%%e
catal yti c nexamplest lRusy dedgerryie Enel pr esshegveithiydmo erderrsy P IWD k1 ngonl
catal yst) ofafteregepeous catalysts, for exanple Raney nickel or precious
metal catal ysts such as platinumor palladium if necessary on substrates
such as?20 carbon. The hydr ogenation can al so be carried out if necessary
fcat al yti calAhsduaderclgha@mylaos{@rcf:eolgdjstaimys, f @ exagpl eaM thliﬁﬁaﬁni @mh
ormate as rogen donor. It is o ant age to use_organic¢ solvents. The
reaction te‘?r%%?‘gﬁﬁige mes"Fangd*9 or aeli}(ayﬁbl e #P&%Sapppgfif%gtaél 0c“P8P206€
and 25 preféendgpygnfleomnl $0CE oorid0SroHydr odertat | HnCreatdies cadoied egampates
normal pres e i Eﬁ§%ﬁ93 r up :ng XAl e.,and 5
preferably %%ét o%ﬂ%. e rg%%ﬁp%%ﬁn@s' of tz]?-g?ecr%g.] a 'Icargabgnk}él convler%le’d to3
addi ti oR030nsERe XY FArRORHAREPPRADWA / ped-RRENRK wrasdarsntbwii t1r WonoB&sp&yor
pol ybasi c, tﬂ@ﬁ@ﬁg%ﬁeeﬁyQEgaQLétﬁék sarbeAlfueRLates, ar g-prabeaktadnoRracess

step cl1) 35 Suit c rinatjon, brom nafion_and iodination agents are
PN A I G LN e S Ak e )

As a H,N-C(0)-C,;-Csalkyl, Rs; may be linear or branched, and
35 the alkyl group preferably comprises 2 to 6 C atoms. Some

examples are carbamidomethyl, 2—-carbamidoeth-1-vy1,



W O 02102508 -- 12 _ PCT/ CHO1/ 00399 N-brom ne and N-i odocar boxam des and

di carboxi m des. Preferred are N-chloro, N-bronmo and N-i odophthalim de and
especi al | woahloesos, N-bronp and N-iodosuccininide, as wel | Bsr/cHOi/60389 but yl
hypochl orite and N-hal ogenated sul fonam des 5 and sul fonam des, for exanple
chloram ne T. The reaction is advant age6u§| y carried out in organic
solvents mscible with water, such as tetrahydrofuran or dioxane in the

presence of jat | east .an_ equival ent volu f ter. The reactian takes

pl ace firstzaFaFgﬁpﬁgﬂpgrgtGFgggﬁyéﬁggiggﬁﬁe -20 t8r10§fc %§W& R&ERPaE~

el evat ed t egper tur 8, doridexanpawid3tbto-100C, Theapbesdrioe 2etnadthggaipe Or
_organi c acigs y be,a gaqus. ,Sui ids.are for ex f.or m.C
aci d, acetig gg?d, ot é%@é@r?gn?é2ag?§?eb§%§ﬁhgr%aggfic a??%%gg%mf%o 3
trifluoromeMhBAESREPBNICYaei oS~ ¢orormbdert 2 o dimetdy Lpeepal-v5, H®PGY, 3-/
_hydrogenshalides,r acisd @b @XclpRee -nesiNs, andaa6hf$abmDARLI i zed onzselid
carriers. The hgkoggc%one may bé isolated for exanple by extraction wth
organi ¢ sol YEHESNYPPYEELSYdtep c2) 20 Suitable chlorination, bronination
and iodination agents are elenental brom ne and iodine, in particular

N-chl or o, ronop and. N-iodocar | m.des a i car boxi m de erred axe
N-chl oro, k:g%roaméhgccfaﬁ-]ﬁ% d%@?}t%ﬁ(g)ll r%qdés a%gc@sm%i ar(lfly Cgﬁrs%ygs ﬁil-(rb{@rm and
N-i odosucci Géailtel, s wely ks liardamrgr 25rautlyédhypodhkbei t&-addyl group

\ hal ogepat gdesulLngn dasp A sulf opamdes, {0ty exanp] el A ARNE JLoyfhe
reaction is advant ag ous carried out in organic solvents, suclr as

hal ogenat edPh9érEeatBords fehPorCof EPRS di BHRBPOAST eite) thFhearbastlidomlkyl

t enper at ur egB¥pEang¢ihed e HAHRN IhARPNEXiFBhel ¥ =1BGtteuarhi eAten

t enperature and rEferabI\é from-30C to 10C. The hal ol actone nay be

i sol ated fo?n@xagrp WOpPeERY L ac EiEBY - wi PROBYdaRicP¥¢Mlents. Suitabl e salts of
carboxylic acids of fornula V are for 35 exanple alkali netal or alkaline

earth al ,sal t ar, e e sodi otassiu nesj um.or, calci ym,
calts, B8 PaBHOIRs L R SR TG 17BN e T A G el FARE THE
anmmoni um savhgchafi dési Ce-Eradricmmtt aCiihpkpyy-SecOsaddryl any t eRd ilar yC1-
am nes, or ghew uat er. i umsalls. 1 - clic
or cyclic a%d coérr%)r/'i g% %ﬁe@?ﬁ%ﬁf?m%tﬂ% %laén‘](il -Smg‘r g%%)&leﬁl%re?é, I‘gﬁéﬁ’%es
may conpriser Leedkyd @hdidnel PacesEanieiify el Eidaiied 0B Nspedal | y
preferred. Qtlefnagybarimonted salts may conprise 4 to 18 C atons, 4 to 12
bei ng p% ferred and 4 to 8 especially preferred. Sonme exanpl es of am nes
are met §| am ne, dinmethylam ne, triethylamne, ethylam ne, 10 diethyl anm ne,
tri et hyl am Remopropyediamesd dsywsampyl@nd fiecofpbpndpy lofin frermius0pI opyl abiane,
but yl am ne, . di b mye, tJri | am_ne, ~ph | anm npe, t hyl] et hyl,.am ne,
nmet hyl di et h%/ﬂam%%%:ﬁphlghylln%t Eﬂ%t%lngl ef&%bggzasﬂy%fﬁ%?, cylg%aogeént y %%On@éf or
cycl ohexyl afthexypi Beri®i Gne‘,C::N{Wﬂhy& 155 i péhbdkye, amor Raolkend;NC (0) -Cy~
pyrrolidi neg ang,2- phenyl ethyl amine. Salt formation allows a nore efficient
purifi cggi on of the carboxylic acids of formula V with regard to their
optical “and chem cal purity, especially when crystalline salts are forned
with the semﬁtdmdgfajazlrg n@&e_f&&@e}?la:céémml yn%eozfo eepMalkeds b@}‘sorﬂléthe iln
reaction to_the, carboxyljc i ds of form : wever e salts ma SO
be used di r‘é’%:liLFl;} dr lﬁaléolr%\e?ﬁ%b?ﬁ%aqlfoﬁ.ﬂﬁ?}fﬁ’s yse® F“r?gﬂé?&éﬁ’ti%naﬁ%%‘*
aci ds, for exanptmethifietbrdagéti endcRd D BNE(O)st FOMLHAe] d6Hz1 S
reconmended, as described under process step cl). 25 The hal ol actoni zati on

is surprisingly stereoselective, and the desired cis-hal ol actones are
formed PR yPel &R of2llyio F60 Y mbce. 13Depirocess Rrapcgd THOG egomporissf a

conpound of pteraukBl1Yl Wit 1Bt ¢ easbmeaulMbarg auantbhieseohgaldleici@n 1y
al kal i ne earth_netal, hydroxides is expedient carried out in a, polar

h |
-organi ¢ sol RERESTEER - exBiplE aPeSioIca egdy a§’¥fie§8|5|r8€anéls, andlipear Ci-

Csalkyl. Some examples are methyl, ethyl and the isomers of
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,

35 undecyl, dodecyl, tetradecyl, hexadecyl, octacyl and
eicosyl. Especially preferred are methyl and ethyl.




35 | ow tenperatures of, for exanple, -20 to 30C. Aqueous WO 02/02s08 - 14
PCT/ CHOL/ 00399 sol uti ons of hydroxides are preferably used, |ithium

hydr oxi deyberngsoespeci al |y preferred. The conpound of for mdmaciilooskwes not
need to be isolated, but the reaction mxture can be used directly in
process step e). The desired 5 stereoison®r~is also formed in this step at
hi gh yields of up to 900 or nore. The reaction of a conpound of fornula VI
with at | east equinolar quantities of an al cohol, especially a Cl-Ceal kanol
10 and in particular nmethanol or ethanol, is expediently carried out in a
pol ar orgam=z @0l yetloalbylexaypleaet beefeanbilye abkpnbés usetof & ring-

esterificatjo nd ow te rarures. of , e - C. S
“are preferd%?%b%gédagémééllg ng eéaﬁ%%éﬂélk%?#eﬁéggP§15pﬁgE%gE§§éarEgﬁgtes
or al kali metaplas berat esychapaxsyim hydiobeivar borist oty especilahky

.preferred. Jhe coppoyndeof Lagmula ¥Mibqdegs not need to be isolated, but

the reaction m xture can”be used directly in process step e). The desired
stereoisonmer is also formed in this reaction at 20 high yields of up to 90%

or nore. Prpgess syepol)khackoriyzat imn @byt heomgomuingseglrboniul 2 Y 8o
form conpounds of formulg VIII s expediently carried. out at 25
t enper at ur & GI9-GBTROREGEWH | A (He pr SSom% BFPSCHrLtdr g gt and

sol vent, sustefisralnlnl tohol 4( Csemompanal )thar Ltiher {t@ipahydoof aranatoms
di oxane It . 1.S.advant i_nor gani i peci al | ]

aci ds s%%h %%iﬁﬁdg% <%g$c c%%?%%35%§5ro%?%ga%%%g®$lgil%ﬁ#ﬁccgggggg$gg130
hydr oxyl actiosieh i, f oreubRuvyl merhyd i soicdicmerftorl exelipye by eyrlapensyl

with Orgaﬂi@tﬁﬁi}’eeﬁ?ﬁé-c}h@oﬁ@ﬂzﬁ.eEle%B?fLeQES\QI\%Eioh%X§'h.S%tﬁ%rlr.md in this step
at high yields of up to"90 O of nore.” 35 02102108 - 15 PCT/ CHOL/ 00399
Process step f) Conversion of the hydroxy group to a | eaving group may be

carried outasna®rgapl e el vendsergraiey alhon polar waglaphel sol vents, and at
tenpera%gres of -20 to 50C. Acid . 5 hal ogenides, such as acid chlorides
and acid brom des, are preferably used as reagents. Sul fonyl chlorides or
brom des arZs espesralkylprBf ers egre fidrsabepdienny 1l soadviaeh payeotisy . carri ed
out in the presence of equivalent quantities of a base for bonding of the
acid. Suitable bases are in 10 particular tertiary am nes, such as

trimethyl andhe rmiet Wihm e aay dPfret®y| ordlroblae disrtirhaetal,  for
hydroxyl act 9pgmei e MpMP@UNdoel &1 Ml Mal Jiy he | eRbat &gh{OF ©FHMEEbY
extraction with organic solvents. The yields are up to 900, or nore.
20 inventilon means the charge ‘equalization of cation and anion.
M is preferably an alkali metal, for example Li, Na or K.
Particular preference is for M as Li. If M 1s the residue of
an alcohol minus a hydroxyl group, it may be the Rg group,
including the embodiments and preferences described

25 hereinbefore, in particular alkyl and cycloalkyl.

Residue A in the leaving group AQ is preferably the residue
of an organic acild, for example C;-Cgacyl, particular
preference being for Ci-Cgsulfonyl. The acyl residue may be a
30 carboxylic acid, such as formic acid, acetic acid, propionic
acid, butyric acid and benzoic acid substituted if necessary
with C;-Csalkyl, C;-Csalkoxy or halogen. The sulfonyl residue
A may correspond for example to formula R,-S0;~, wherein R, is
Ci1—-Cgalkyl, Ci-Cghalogenalkyl, Cs;—-Cgcycloalkyl, or phenyl or
35 benzyl either unsubstituted or substituted with C;-Csalkyl,
Ci—-Csalkoxy, Ci-Cshakogenalkyl or halogen. Some examples of



Process step g) Suitable azidation agents are for exanple netal azides,
especially alkaline earth netal azides and alkali netal azides, as well as
silyl aziwlesz/otsmspecially preferred 20 azidati on agents ar @dI/CHéwnes®zi de,
sodi um azi de and potassi um azi de. The reaction nmay be carried out in
organi ¢ solvents, such as 1,3-dinethyl 7314 5 6-tetrahydro-2(1H) pyri ni di none
(DVPU), dinethyl acetam de (DVA), Nnethyl pyrrolidone (NWP)

T TR ks e, GBS S Ot 4l
approxinateiyméﬂﬁyl0pm5®@1andtpiméEhgblxﬂ&ﬁthSOErﬁﬁlbb&Gmehhydaypbeny;,
and-synt hett SEHEfEE” UEGnEbLBBRRE L PER RO | e b BLARTT ALhan
Scriven i n Chiefd earoevhehssulodnyB88 (1988), pages 298 to 317 The yield

.anmpunts g0 an outstanding 700 or nore. In one variant, the introduction of
the leaving group in 35 process step f) and the azidation in process step

g) may be cHi®i eI iHul PHIEHFS v SRPEneMPEach? orfatdsiskd . cultinpigy/ 62r08

- 16 PCT/ Ghk34 99399% Pr 86866nst egultableore Iv@hitantard hes gt dahdobriayial so
be carried ou directl¥ with the h dro§yl co oung of formul.a, V11, Tﬂis
PBGGhg Y DRALE® 157 v 5

reaction haS®bEehtdesErPEEd2 {itghesSPhvergani & ar#dti 8n§°and
Procedur es bhat usedoHs , m2B8LRes @E 4271864 tandvdysblvent¥i.alkkatpbds b

Synthesi s (3990, :0P 130 booddknohe @7i:dAliO ISIEAT I SE oUW bh.ahe
| east equi nolar quan?l i ed 6P 5 RC azi el is-pyridine’ & presence of,
for exanpl esYelopereaye phaspHiHe YRl herne i edasfzenegquitpaledes oKYisRe) » and

appr oxi mat ehy) £g&dh t adant iy S Hfrih aZodise @M hdli® a8ch aschioroform,
azodl|sopropylcarbox%late. he reaction is carried_ out in_an or

anl c
sol vent, espet¥afpyo ﬂEE?ﬁﬁﬁtiCCH}BFBPSP68HF)éucﬁ“%§”ben%%h%?hYglu@ﬁ@e6r
Xyl ene. Thedtfieacyl onetieepper atet eaipiirbeuraf), t 0dBOKand, 10ethySene glycol

and 1 op Boen g b hero b oY PRESFRvererorenss ATUFaherroh) St aReFhe
i nvention i¢mébbgla cenpbahd,of fdahwll a Xcdridr ~ methyk R prbopRénéRe, RZ
C1- Coml kyl -, T e har §ae L g P HHEREROERY ¥ oI pacgene
ClC~al koxy- Glimebhkyfoxpanide; s ddmathailadetamg des dqﬂ@s‘ah@pyraﬁéipt@niei;
Cl- G6al kyl , 1 Llo£BEYdr pxyat ki, Clmgéﬁymgezsb@ky%%mk, cyclohexanone) ;
L CBal kgnou DE Ll G G eam Loal il o e ALY st et Chaaly
tetramethylene sulfone); alcohols (methanol, ethanol, n- or
i-propanol, n-, i- or t-butanol, pentanol, hexanol,
cyclohexanol, cyclohexanediol, hydroxymethyl or
dihydroxymethyl cyclohexane, benzyl alcohol, ethylene
25 glycol, diethylene glycol, propanediol, butanediol, ethylene
glycol monomethyl or monoethyl ether, and diethylene glycol
monomethyl or moncethyl ether; nitriles (acetonitrile,
propionitrile); tertiary amines (trimethylamine,
triethylamine, tripropylamine and tributylamine, pyridine,
30 N-methylpyrrolidine, N-methylpiperazine, N-methylmorpholine)
and organic acids (acetic acid, formic acid).

Process step a)

The reaction of compounds of formula II to form compounds of
35 formula ITIT with a compound RsNH, by opening of the lactone
ring can be carried out with or without solvent. The



-

WO 02/ 02508 _ 27 _ PCT/ CHO1/ 00399 ani do-C -C6-al kyl, HO (0) Cd -C6-alkyl,
Cl- Csal kyl -0- (0) C-CicCeal kyl, H2N-C (0) -Ci--Csal kyl, Cl-Csal kyl-HN-C (0)
- C1- Coal kylo marn240€1- Csal kyl) ZN-C (O -Cl1-C6-al kyl, and Re PGI/OHdragen or
RBO is a |l eaving group. 5 For residues RL, R2, R3, and RQ in conpounds of
fornula X, the enbodi nents and preferericest described hereinbefore apply. A
further object of the invention is a conmpound of formula 10 XZ, R, / Rs 1
R3 XR(XI)_ r erein, 15 X is halogen and RO is resid of formula 0 Q ",
R a and 20 FA2GhIPRz 47 e, S¥RadpRndbht | SAoF L She Yot Het, Gie cPreganan | oF
Cl- Cehal ogeaaté&lyb] s CbxrCaalikexy, wBli-dEbatdeoxferth - &6l kytedotarbonic esters

. ClCsal koxy-dl - = i - C~ I 1-C6al ky d RS IS

d -C%alkyl,g%zg%ghéégggééfkych 1E%§§Fﬁ%&§%éﬁg%ﬁw%&§§¥?0ﬁ%' %hegg ma? b2
Cl- C6al kanoytbxgraivesakRyne , ClNChadneraldeybox@micks kydati ndm28es, and
C"Cﬁ'a|5y|cag%ogﬁmgHéEKYRﬁﬂhparg§'Qﬁt@&ﬁXﬁidg&. Organic _solvents are
Cl- C6- al kanoyl am do- C1- C6- al kyl , H% (0) CGd-Co-alkyl”, Ci-Coalkyl-0- fb)
C- ClChal kyl USRENAS (6P1VeRtepal RyF128Y- @BHINGA - ARIEY 09F- adE@Hiags ofor
(Cl- C|6?I Kyl éxaﬁ@se(o)tri@he@ﬁ%mnk%ﬁe. Sﬁl F0t1_|»ié3§ynj§ﬁ%n68!., Rehe RBgea@iiB@&,
as well as for X, _jn_conpounds of faqrnula e enbodi nent n o
preferences{ﬁ%8%¥?tgﬁehg$¥iﬁﬁ@ﬁgngéﬁnﬁ%ﬁmgiQMﬁ%ﬁWLEB@eriﬁagﬁg#/éﬁo§16@399
An obj ect ot50h@ andeptrebfrreblal foom &6fgoundlaD°Carmula X1, R / Rlo f \
~ Ra Nayj§ Rz (XI 1 ) , wherein Rlo is a residue of formula

Process step b)

Reduction of the azide group to the amine group in the
compounds of formula III takes place in a manner known per
se (see Chemical Reviews, Vol. 88 (1988), pages 298 to 317),

15 for example using metal hydrides or more expediently using a
catalytic method with hydrogen in the ©presence of
homogeneous (Wilkinson catalyst) or heterogeneous catalysts,
for example Raney nickel or precious metal catalysts such as
platinum or palladium, if necessary on substrates such as

20 carbon. The hydrogenation can also be carried out if
necessary catalytically under phase transfer conditions, for
example with ammonium formate as hydrogen donor. It is of
advantage to use organic solvents. The reaction temperature
may range for example from approximately 0°C to 200°C and

25 preferably from 10°C to 100°C. Hydrogenation may be carried
out at normal pressure or increased pressure up to 100 bar,
for example, and preferably up to 50 bar.

The compounds of formula I may be converted to addition

30 salts in a manner known per se by treatment with monobasic
or polybasic, inorganic or organic acids. Hemifumarates are
preferred.

Process step cl)

35 Suitable chlorination, bromination and iodination agents are
elemental bromine and iodine, in particular N-chlorine,



0100,,,,. Ra and R and RZ are, independently of one another, H,

Cl- Coal kyl, d -Co6hal ogenal kyl, d -C6al koxy, G -C6al koxy-d -C6al kyl, or 15
Coal koxy-wb-0a62dokyl oxy, R3 is Cl-C6al kyl, R9 is Cl-Csal kylpcTa0oH1RB39%

Cl- C~al kyl, Ci-Cbhydroxyal kyl, Cl1-C-~al koxy- Cl-C6-al kyl ,

Cl- C6al kanoyl oxy- C1- C6al kyl , O - Ceami noald&/| C, - Csal kyl ani nod - C6- al kyl ,
C~-C6-dia|ky| am no-d - C6- al kyl, Cl Cs alkanoylanido Cl C6- aIkyI HO (C»
C-d - C6-al 106alk\él-0 (1\9 g al
kyl , Cl-Cs RW@}F“?—N caf Xad?l %’1 cs%ﬁl‘i%yl ) é&aéb(’éi)lmdes

- C1- C6- al kyPrafEﬂredesamkuesN—laihloRn RS8-bantoR%and Bipespdsieil ifmrdal ard |,

the enbod meat s and r elerences danely bt Ner £l abelore, Ao 800! Xs A1 oteCt

of the invention In Sense 1's
02/ 02508 - ’!L@rtP@TL’CIW’GyJOO@Q’QOHh@OHlR@ mnﬁﬂ Oviha ornad erp @Vﬂlf)onalaﬂeie@ n

Mis an gl kahly SBhabnian LW vfﬁélenéxﬁhﬁﬁél Eﬁlg%mngﬁtﬁl rﬂ{etP@a&%%Huqsof

an al cohol m_nus a hydroxyl group, 5 R1 R2 are, independently of
one anot her@ FﬁntﬁgﬁﬁéﬁkylCaéFl€§h§W69éﬁhJ%§gan%ﬂ EBRYRBKS, miscible with

C1- g?alcgoriw@&eﬁsgls%h a@a t@t@@ai% ky*@@hﬁl ErrCod kd/i@xaml ke RBni 8h€lpEeakkye, o0

|1 S a an | S , I OX y .

G- Coal Koxy261 188541 Ryt~ FBLEFT B8 REHOPon: CLACRAI kyit® FeRBEhPRodRIS
Cl - Coal kyl apiao€l ﬂirs&lkgt Jﬁﬂ+CﬁemparkytaesnodfﬂﬁCﬁxamyyé -20 to 10°C,

S oo panauhanide S Lralits HohOhafafes RGBT OB KE- RogeD).

(d - Csal kyI ?hQN- @qe@)en@ cefal KylorgaEi For OFesi@i@EN R, REZ14R3, lam] R@De as

wel | as fora%aheageaa@un%pﬁaﬁpé mMglea G\ |aréhefoez‘c”b€5!hﬂ?@%3 Bk PE efRIiRNCeSs
descri bed herel nbefore apply 20 An_qbject of the invention is a corrpound

of formula XF¥FiRa RE1d/ ~ BRERADESUREOPLRY GRdfei ntidTlereRcatiisl i asdcal ,
25 netal, hyﬁli@gaaremethanéeaudenlixcdr@e;.’ydi griipieradid IRboraind Réiar,e, H,S0,,

i nd f 1 hal 3 | kK Cl- C6al k al_kyl ,
atenendsnibledl, SYFIALOOIRLINL L SO Gk e O - el R
immobilized on solid carriers. The halclactone may be

isolated for example by extraction with organic solvents.

Process step c2)

20 Suitable chlorination, bromination and iodination agents are
elemental bromine and iodine, in particular N-chloro, N-
bromo and N-iodocarboxamides and dicarboximides. Preferred
are N-chloro, N-bromo and N-iodophthalimide and especially
chloro, N-bromo and N-iodosuccinimide, as well as tertiary

25 butyl  Thypochlorite and N-halogenated sulfonamides and
sulfonimides, for example chloramine T. The reaction 1is
advantageously carried out in organic solvents, such as
halogenated hydrocarbons (chloroform, dichloromethane). The
reaction temperature may range for example from

30 approximately -70°C to ambient temperature and preferably
from =-30°C to 10°C. The halolactone may be isoclated for
example by extraction with organic solvents.

Suitable salts of carboxylic acids of formula V are for
35 example alkali metal or alkaline earth metal salts, for

example sodium, potassium, magnhesium or calcium salts, as



one another, H, O -Co6al kyl, d -Cb6al koxy-d -C6al kyl, or Cl-C6alkyl, R4 is

d - C~al kyl , WD 021 02508 - 20 PCT/ CHOL/ 00399 and RS is C,,-C6al kyl,

Cl- C6hydrwayabisys, Cl- C6al koxy- Cl- C6al kyl , Cl- C6al kanoyl o»¢TEIHIBabdey| |

Cl- C6am noal kyl , ClC6al kyl am no-C - C6-al kwl ,_

Cl - C6- di al kyl am no- Cl1- C6- al kyl, C1-C6al kanoyl am do-C - C6-al kyl, HO (0)
C-Cl-C6-al kyl, Cl-Coalkyl-0 5 (0) C Cl-Co6al kyl, H2ZN-C (0) -d -Csal kyl,

Cl- Csal kyl -WN-IC 46) an@b@dainky$a bt s ( CTheEbanndnieN- G105 nEY- Cexlkey | frofor
resi dues R . R3, R4 d [ foronula X1, the

enbodi nment sa%lrf\%‘lpéﬁgf%%ﬁ%gg’ degsjeél‘f)}nbr&g%moﬁlg{lg%%?o?%y13}1{%%8?)’/. O‘Fheﬁ}:e bOXy! i ¢
~aci ds of fdrerubpaVeusedyi riprodess sikpsc) They dre ngrsepaaedben s yEniner or

known per s . hydr ol ysi f._hydrol ysabl e 1d derivati uch
car boni c es?e%%l,g1gmgar¥§%)ﬂé§grsnedé%t§r%ca§$ mosxfl/jlc %ﬂ%sﬁ%’hg ﬁ)%%foﬁsy@f%“?ﬁrrhymﬁ%
_carried Dutamirids acaygscanpbasesl Hpdiladl ¥siaxomst, h la trask? ilsepigf preédrrédr

exanpl e with alkal,i tal _hydroxi des i OH, ., KOHd apd_Na®H) , whi.ch can. be

added as adibul S8l F1 RPOEIATTY SuTEET RN r CAGEFBROr Y AN b oaar S

carried outmay 2Ommatiee, 4otganisc Sohvand s {aktocohal bedmdy gidteicx)raat amAt Ures

thereof. The reaction tenperature na ange u to the boiling ten'gerature
%%/eC{h ﬁ P

of the sol Véht Us&FPPeAEr Y et e R AMPHES, e SEduBMEPEFhed e
reagti (2)2 I SneXpethetd y fj a&]iemfeunyw:am\r}@p aqmmmgﬂai%iml,ch aé*rhyﬂgﬁﬁhbpri c
acl q, and, t he conpoun T1qr. a Vis extracted. or exa e tr

o hor s Tty TR e I ing ¢ L REPPHL PR Reand ¢ RAEBRY bEEORBound
of formul a Misrobfrimete) n Ykebespgflafnhe ,t hamtSAl thinelt | 8ipasglhenty

carry out the hydrolysis at the sang ti as the hal ol actoni zatjon in one
reaction veJ%’éJekP‘XtYSJOa‘% Chydr ol ysi sSPREYYAFREBe carri ed BEERE %%ﬁ??’&%?y.

The conpoungstiofl dDstm, Bandhé, arghehyahsahl Balyné packéngydagonppundyel o-
formula XIV. WD 02/0208 - 21 Y. R\ R3,z with a conpound of formula XV, O
7 OR' Ra 5 PaYE11pds899 (gyg}ohexylamlne, piperidine, N-methyl-

15 piperidine, morpholine, pyrrolidine, and 2-phenylethylamine.
Salt formation allows a more efficient purification of the
carboxylic acids of formula V with regard to their optical
and chemical purity, especially when crystalline salts are
formed with the selection of amines. The salts may be

20 converted before the reaction to the carboxylic acids of
formula V. However, the salts may also be used directly for
halolactonization. In this case, the addition of acids, for
example trifluoroacetic acid or other strong acids, is
recommended, as described under process step cl).

25
The halolactonization is surprisingly stereoselective, and

the desired cis-halolactones are formed in yields of up to
90

oe

cY more.

30 Process step d)

The reaction of a compound of formula VI with at least
equimolar quantities of alkali or alkaline earth metal
hydroxides is expediently carried out in a polar organic
solvent, for example alcohols such as isopropanocl, and at
35 low temperatures of, for example, -20 to 30°C. Adueous



(XV) , wherein R to R9, and Rl11 are as defined hereinbefore, including the
preferences, Yis Cl, Br or I, and Zis Cl, Br or T, in the presence of an
al kal i newelozeesoal kaline earth 10 netal. Y and Z are pref ecabtyoiRo3@nd
especially d. The coupling of Gignard reagents with al kenyl hal ogeni des
in an ether such as tetrahydrofuran or dildxane as solvents in the presence
of catalytic quantities of a soluble netal 15 salt or netal conplex, for
exanple an iron, . nickel or palladiumsalt or an iron, nickel or palladium
conpl ex (su%ﬂf]égl??%n & ¢ %‘fhf‘a’é,lg??on 3FSet oﬂ??%%’ﬁg?ﬁi’e it ’benilf'ﬁ%lum
acet onat e, nyckekideet bpyhgaceisaie;iz-rdy i ronefare&él orheal |@sipeucdnpbeExes
wth tertia hosphi.-nes, or_ ditertiary .20 .di pk Lnes .

tri phenyl ph%ésgf) Ill%% {}FI?LI cdyoc So%lééﬁl %h%gpﬁﬁ%nek?é 1?%%?%%@@%&%5@% ng—;g?ﬁgﬁgP

1, 2- di phenyhphbgphi aapr bpaneedl dirgicFianyimprosta sfofiiem, e hndThe desired

L, 2- di phenyLpbpspit BROK 38€ 1 dNANne FXaRPlien Of s 1B) ah . CHIPLEXpse pad Bgtal
conpl ex salts are dichl oroni ckel (1, 2-di phenyl 25 phosphi noet'hane) and

di chl or opal PRdFan?4% 298i BRERY| phosphi noet hane). The presence of an additive
stabilizing the nmetal salts or nmetal conplexes and netal conplex salts can

be of advan e._Exanpl es are_ DVPU, N-net hyl pyrrolido ,

NN di et ny PR RO, R Aot FYTR Sttt YRRy | 750 bt nbeast
am nes suchegsimolet hgliant heiandotfetmamdtdonodt, hydsgreadiadiivnes @s-Caellkaasl

m xt ur es,of | east L.02s P 9t o]

addi ti vgg. én_%gi ngaﬁ@b@ﬁ@%g& ogny tglcae%a e,%TI{ E(;Q%ﬁd%?ﬁbn 0 agﬁﬁggagle]t%fy
DMPU and t ecaankefypethyirendi aeilad rsgagriovedosuentssifgir. afarolei aihers

di chl oroni ckgl (Enedi phealnhospiidioet pape) osthe iaddiatiien  of ddd ethy! arbpe
has 5 proved to be of advantage. The reaction is described by G Cahiez et
al, in Synt heBPSrei8u8F, ppr 1109 1200PMFhe redlti &R t eifbérat UFeShay £EF
exanpl e be pbOftoaB0E, pisvierably -20100 50€orCatalatipice 10 quantii ti estamy
for example _be 0.1 to 200 £¥ wei ght yg iel atiﬁn to_a gong(c)und of formula
hiV. It Fs %Xﬁ’éﬂ?%‘ﬁ?ai‘ SRAFFY ofif tRE“FeactToh*so CRAPFAFEFal | §°5285458und
of formul a Xy¥rogercoavkeohetet el i gsaediedipourdeféore@xariie wbimpound
magnesi um apd thep, addipgra golutign. ofp g conpoung °Es§>ﬁ.aft%%1”“'g £V, gt al
salt, metal Conplex, or netal conplex salt and the stabiTizing a ditive, or
vi ce versa. reecrhgnbaigii iy aptag®s fusedy ddaraititi clyuimoiceisés dfermne) .

addi tive stehil ugkfgebhe tBiR)i LAHBY eXesSa1 50T re¥aRB! an?Giid efbytambae 4@r
DVMPU, are used. Catal yti uantities ma% for exanple be 0.1 to 10 nol per

C
cent, pfef e}rléﬁhyyie%QSSOFmﬁppEP @8ft O ROF&lati on to conpounds of formula
XTV or XV. Conpounds of fornmula XIVin the formof their racemates or 25

enanti oners g(r)gelégos 8 apabl e of being prepared according to anal ogous
processes. Eer—e*&n%f’-e?—ﬁlgmphenyl al dehyde may be reacted with

R3di et hoxyphasphoigahteni codci thest epmpoufidsm 2fR3L@rmuRaR2Fhény P adeymi c
acid ester Scoﬁﬁggﬁd@ﬂbf hep-h&1 By drragenad e%xb%dfi%ﬁl'f‘&tygﬁ%&?ﬁi £§PeRg 3%5 .2

propi oni ¢ acl esters, the ester gr 098 saponifie e carbox
aci d reddceBerBespEBRB| , Cdnd~EPnafPy PReChyarexyingr 6BF sBBSERRGEed Of t B

hal ogen. Ean_E!f@EYEb$]Y'ar 1aht agpabeet Py sseparai aa tdlcdiaeemtespebpbhe )
car boxylic aci dscth\#t O‘Le e a(gfl gw nine or by e 1%/)ematlc éeso%utlon of the
racemat es 38TofH¥E cbFF Ei‘)%)‘u ‘ﬁgu ARho i O*E0Fars. T het§i | AR R F bE
WO 02/ 0250SuPRET/ €HOTHAA389 =acABis,i n ddyeexdpt esuideyssi btiedasysnehr i as

synthesi s of, GaBRAYRAS-Ofa 0§ Mg ¥ongdeser] hed i NoEPA 0675, 503, Hhe
conmpounds o ormul'a are obtarnabl'eé by reacting for exanple carbonic
esters 8P dbrivarylestenef ofmiloarRdeHMIAOREYY be isolated for example by

extraction with organic solvents. The desired stereoisomer
is also formed in this step at high yields of up to 90% or

nocre.

35



wi th 1, 3-di hal ogenpropene in the presence of strong am ne bases such as

al kali nmetal am des (Zi-N(i-propyl)2 or |ithium hexanethyldisilazane) to

f orm conpweondm2sl fornula XV, or by preparing through deriRrcE/CHaL/#039 i n a
manner known per se 10 carboxylic acids, ]O%rboxyl i ¢ aci d hal ogeni des,

car boxam des and carboxylic acid salts Fr t he carbonic esters of
formul a XV. The desired enantioners can be obtalned fromthe racemates in a
manner kno er _se Q separating the racemates, for exanple by

crystalli zaﬁﬁgﬁ—iﬁeﬁcﬁéadﬁe Fion 15 salts of carboxylic acids using optically
active baseSontéerssonord advanhygeouy t@rcstapartat e t heavangnegmsithbyméyedtd ng
esters of f th_e [ nd
carboxylic g%%%ggﬂfgf(%?wéfiﬁﬁfﬁan?%rﬁ% C nggrr]gf)lg $c§))$énjgl gﬁlzq%n\?\?nca
per se are §@hﬁﬁéisconﬁ@%dsatcaﬁe@@e§ﬁéﬁéﬁ@d |<hfa céRvertgent 5@RQ- si ﬁ’p‘ll@l

.manner, whi HBlb@eﬁsﬁQéQ' alduer rale Bendt s &gk & ogebieGldve Bfomides, are
dlastereoselec%lve nthesj s. The total yi el d fron1a11:£ rocess step Si%g

h) may anouRFeF6Ta oP%ﬁ?rﬁﬁereRHFEFSna§§§QQH¥kn?Q%H HHPT i &t PHP™
f easi bl e. Theef oé$1@w:ﬁglbyanmk@sem@dial mHde dduentdon iisn rRIvendelcdidus 14)

Preparation f fo V.30 aml. e I

A pCH 0-0 g}r%%@ Zﬁggsﬁcé ﬂl?( nﬁ“é"a e n/eo%‘%?r}(g%ﬁes ROQ*E‘él

Et hyl B 2; RaseMefhyl bo\m@w@/ 02508 the4 a@ﬁm CHeuLbaBde AbEIBE'SUI’@.r@f an7s
magne d tr fur te . _and 50

0 T DGEbr cpaorEnIaR, MikFarhf! T ARYEO! Ul Bick® AR SErd feE Rl i8] o

exot hernmic Féé@?hﬁh?mlﬁﬁyﬂﬂﬁléﬁméﬁhSAEGSDQPerdaqﬁ)rﬁhq hyslrgrleriertane

and 300 n et pakyiRi@ND T SEafEeta d7oRWSS GWEri So PRFdQdreh aQaﬂi}o'l%t%E/at
62 - 64C. The m xture is l‘ﬁ‘?ltat ed, for Znot her 30 m nut under flux and

then cool ed®8bRACE SO RN PRIt Gt GPEVERAS -1 i BT Rt GrFE |%pfitPt 1%
under argonountibkecl ear and the resulting Gignard 10 sol uti on added

dr opwi s?5over a period of 10 minutes to a solution of 20.47 g Al, 0.24 m
N-net hyl'pyrrolidone, 0.88 g iron(lll) acetylacetonate in 230 m

t et rahydr of Brapeat s5epog0dC. The reaction mixture is stirred for a further

1 mnute at g€ gnd 4991%t2%hy9§ﬁﬁhgor feaCfcdr' Soof @dgx@% a1lTh& Qe s,

m xture i s now extracted gSX 300 m e organic
phases mshéépéﬁhéééﬁtléé}‘?l\?\ﬁah 9@%’5}?1 (IFL@( a3bo dFydand aud urdked laquesdist

sodi um chl ogkz6l@e80! ukison wehx 200 m 3i1dhe g@mesed @kgariic1nRas @5 wid ed
filtered and concentrated h evapor fion on

over sodi.um sul f 20
oot avanal B LRG0 AT it OGAAHE (S OESor Suthity) 284 and
hexane 1:4) potaslseumormmded Blhe srestaioedmiyoinea heareistdlueuds ia srln'@mlcy

yel l owi sh o g, ) : C = _et hyl I rgﬁ%ao
e (3005}%&338&13)5&1@ a% @ 3= gqfn%%hgé{ &) UP’I% %t%% ra ezzét
{m 1H), 1.BOr{midinpnel. 70 DM_PLEDE, (m @Frgthzl@@et:@ml@eo . 4DMASQ ( tN'2H)
, 3 . 80 ( ﬁeti?i!?'lp r%ol%one4 (flp( M Afmet®ylrdenbMdaet) . (aeP, (m1,2H),
6.70 (d lH) EX
25
The reaction temperature may range for example from
approximately 20°C to 150°C and preferably from 50°C to
120°C. It may be expedient to include the use of phase

ethyllmldazolldlnone (DMI), toluene or methylcyclohexane.

transfer catalysts. The preparation and synthetic use of

30 azides are described for example by E. F. V. Scriven in
Chemical Reviews, Vol. 88 (1988), pages 298 to 317 The
yield amounts to an outstanding 70% or more.

In one variant, the introduction of the leaving group in
35 process step f) and the azidation in process step ¢g) may be

carried out simultaneously in one reaction vessel.



30 By analogy with exanple Al, the derivative is prepared by reacting A
with A2: 1H NWR (300 MHz, CDC13): ~ 0.90 - 1.00 (m 12H), 1.40 2.55 (m
12H), 3.4®o(we/231e), 3.0 (t, 2H), 3.65 (s, 3H), 35 3.85 {sECBEMNP1/8b396 (t,
2H), 5.40 (m 2H), 6.65 - 6.75 (m 2H), 6.80 (d, 1H) ppm W O 02/ 02508 -
25 PCT/ CHOL/ 00399 Exanple A3: A m xture gt 38.9 g magnesi um powder and 400
m tetrahydrofuran is heated to reflex, and 2.0 ml 1-brono-2chl oroet hane

t hen added over a period of 1 minute (visible 5 exothermic reaction). A
solution of 126.8 g A', 14.6 m 1-brono-2-chl oroethane and 700 m

tetrahydrof Braness atdedhdropwi se over a period of 35 m nutes at 62 - 64C.
et erh e Sher Te8e LAl ANGLeT A0 JUIES e il | B PR L cgtked
down to anbient tenpera e reaction ure I's tere ander’
argon unt i Idéréﬁtlﬁnmﬂﬁé EbsullydpGH gﬁamEOgnﬂth%nIa@d@dlaer seThier a
peri od of 20cHEAULARS Ha SOk UBLSRr958013 Qbaﬁ?ld5 58 "ﬁucilﬂésﬂml 8 %?mcand
2.11 g Ni dpgeCIZ in, 700 M tetrahydrofuran at 20 t he reacti

m xture i s StRPREACEBRSacPGr ErOCetyNesilifte &S 92@0 %%d 31)1 BRN- 127-164
hydr ochl ori gnacbg ins. thenva.@cheti &t 550 iBXtgpeth i & S (nowoper fgy med3 i &l
tert-butyl {rgihyl &t her . é X 1), and thﬁ ré]%lanl C hai_es aretwashed
consecut i vely' wi tHh-sat Gr ?téao‘qu'gougagﬁﬂ? of't Ut SR/ SHEEBPLETE: 9)
(2 x 1.2 1)qaa1dt$atasatceﬁ agueousz R@e Sodts uyny chil tné dd rsothei qrre(slana’:’é)Oorfi)
The co ne r gagy ses iu ul ltere nd
concen??gt egog evap O]I'Bgtél on %fnf%}g%%}?grp%/%aﬁg%at cr)Erns Aﬁﬁ% eaiss ng)tfabeen
convert ed |%Oﬂdi-§@i1ﬁﬂ§§ T Peben t lpad e%@m@xmat?wuﬁd{@ﬁla YaEnivit i ugd
title conpoynd BdbohtRmed 125 slihs ¥ay a(z%EilﬁscﬂQrd_PﬁzdeEH}ﬁ{ylrae@é:t edpigh

exanpl e B2. % E’re aration of conpounds of fornul
Pr epar at i on*8RCEAPBoRYI CETAdiES K CHFTIR) L¥gaR1g ?Pil\’e@-l( CRSPeCErRRY( D)
To a sol utianowat22. hyiBlcarsbd S0 sicht eds aeaizeing, antbliehBany kywaher.

(3:1:1);3 Onf | LLBEVRLRY HLRSE0S 32950 9,02L08508 - 26 5 10 15

Some intermediates prepared using the process according to

the invention are new and represent further objects of the

invention.
20
A further object of the invention is thus a compound of
formula X,
(X),
25

wherein

Ry and R; are, independently of one another, H, C;—-Cesalkyl,

Ci-Céhalogenalkyl, Ci-Cesalkoxy, Ci-Cealkoxy-Ci-Cesalkyl, or C;-

Csalkoxy-Ci-Cgalkyloxy, Rs is C;—Cealkyl, R, is C;-Cealkyl, and
30 Rs 1s Ci-Cealkyl, C;-Cshydroxyalkyl, Ci;-Csalkoxy-Ci—Cs-alkyl,

Ci-Csalkanoyloxy-Ci-Csalkyl, Ci—Csaminoalkyl, C;-Csalkylamino-

Ci;—-Ce—alkyl, Ci-Ce—dialkylamino-C;-Cs~alkyl, Ci—-C¢—alkanoyl-



PCT/ CHOL/ 00399 and then stirred for 48 hours under reflux. The reaction
m xture is concentrated by evaporation, 500 m 1IN HCl (cold) is added to
t he resi dwe,n2aesextracti on performed with tertbutyl methytcreChergdx 500
m )~. The organi c phases are washed with turated, aqueous NaC solution
(200 m), dried over sodiumsulfate and é?ﬁc—entrat ed on a rotary
evaporator. By neans of flash chromatography (Si 02 60F / ethyl acetate /

hexane 1:1) htle _con a g akned fr t he resid s a sli ly
yel | owi sh of i 519‘32%3?38%93 : T%@:(gfé?bb.e%Za(l?f%lt’hyl et E ke ctye) Egi).
~H NVR ( 300CdeyIGDCERY-C (& 6C-8Balkyl, Ci@salRp) -HN+C.(80-CoyCeb)kyl 1070
(m 1H) , 1. 1 60NL - Ge—3: SandH) , 3. 65 (t, 2H), 3.85 (s,
3H), 4. 15 (ﬁlﬁa}kg;gg(ﬂo%@ % %ﬁ?rln( Eﬂ)a, 6.80 (d, 1H) 7.60 - 9.0 (bs,
1H ppm TiRd &S AYBRAETCL L A0 Sprepa&rFd NEr 6FCBP -by anal ogy with exanpl e
Bl. Exanpl e B2: Preparation of carboxylic acid-cycl ohexylam ne 20 salt
CH(CH5) z [_]_0 . H3t~+ J ~H( 2 Rz (C2), To a solution_of 171, 4 (crude)
B2 and 1.07 F df BXHAESS 0Fe7 ‘J;sc'f‘;wa?%?l %d”b.‘%@rip%f‘ &r Eosla%a gndgf'ﬁe
m xture is ¢mprdinéntedandderefefénzesode28rhbadshefbhénbedeireoappilyture is
concentrated by evaporation, 0.6 1 water is added to the residue which is
washed with tent-butyl nethyl ether (2 x 500 m) (organic phases are

di scar ded) .ATRErhhas0@P Jsifds 0§ stBe daivdinftiledr w s ha0.compbuwpd MO &ndmthen
extracteg wth tertbutyl nethyl ether (2 x 0.6 1). The organic phases are
washed wi th aqueous NaC solution (0.6 1), dried over sodiumsulfate and
concentrated on a rotary evaporator. The residue WO 02/ 02508 - 27

PCT/ CHO1/ 00399 iRs- dissgol ved in2 Ryn-hexane, 38.5 m cycl ohexylam ne is
added and the m xt 3t i 20 hours at roomtenperature. The
resul ting suspensien.i s cooked xo OC, and title conpound C2 is obtained by
filtration in tfe formof 5 white crystals (165.6 g, 79.6 O()x'I)C)

Preparati on of conpounds of formula VI 10 Exanple Cl: Preparati'on of 0 0
CH3o(CH2) 30 ~~~"1"" CN~CH~x \ (CH~j ZCH Br CH30 (D1) A solution of 2.66 g Cl
and 26.6 myekedioromethane is 15 cooled to -15C. Then 4 x 0.232 ¢

N- br om)ef?cc%nj mde is added in portions every 2 mnutes. The reaction

m xture s StF e IR oMot hRr 50 amikfiftici ot B ™NE t hen, over a peri od
of 5 mnutes, is introduced to 30 mM of 400 sodi um hydrogen. sulfite
solution cooled to OC. Jhe mxture is 20 diluted with water (10 nml) and
extracted with dichorgnmethane (2x 30 m ). The organic phases are washed
consecutively wthswater (1x 30 m) and concentrated aqueous NaC sol ution
(1x 30 M), then i "oger sodium sul fate and concentrated on a rotary
evaporator. By nmeans of t1ash

and

20 Ry and R are, independently of one another, H, C;-Csalkyl,
C;~Cshalogenalkyl, Ci~Csalkoxry, Ci-Csalkoxy-C;-Csalkyl, or Ci-
Cealkoxy-Ci-Cealkyloxy, Rs is C;-Cealkyl, Ry is C;=-Cealkyl, and
Rs 1s C;—-Csalkyl, C;-Cshydroxyalkyl, C;-Csalkoxy-Ci-Ce~alkyl,
Ci-Csalkanoyloxy-C;-Csalkyl, C;~Csaminoalkyl, C;-Csalkylamino~

25 Ci-C¢~alkyl, Ci-Cgs-dialkylamino-C,~Ce-alkyl, Ci-Ce—alkanoyl-
amido-~C,-Ce-alkyl, HO (0) C~-Cy—=Ce~alkyl, C1-Cealkyl-0~-(0) C—-Cy~-
Cealkyl, HoN~C(0)-Ci-Cgalkyl, C;1-Csalkyl-HN-C(0)-C;-Csalkyl or
(C1-Csalkyl) ,N~-C(OQ)~Cyi-Ce—alkyl.

30 For 'residues Ry, Rz, Rz, and Ry, as well as for X, in
compounds of formula XI, the embodiments and preferences
described hereinbefore apply.



25 chromat ography (Si Oz 60F / diethyl ether / hexane 1:1) 2.98 g title
conpound D1 is obtained fromthe residue (content of title conpound =
approx. 8R06}/02506C Rt - 0.34 (cis-lactone) and 0. 38 (trapPdractomeioow t h
diethyl ether / hexane 2:1. 1 H NWR (300,MHz, CDCL3) : ~ 0. 8 - 1. 10 (m
12H) , 1 . 60 30 2.65 (m 12H), 3.40 (s, 3H), 3.60 (t, 2H), 3.55 - 3.70 (m
1H), 3.85 (s, 3H), 4.15 (t, 2H, 4.25 (m 1H, 6.70 - 6.85 (m 3H ppm

WO 02/ 02508 - 28 PCT/ CFl 01/ 00399 Exanple C2: Preparation .from carbonic
ester Bl in the presence of water A solution of 0.449 g B'1, 3.3 ni

t et r ahydr ofAfr afbapgtl.of niths greantionosFedkar oe. eowpsuyd of formula
N-bronmosuceimi m de is added to the solution and the mxture stirred for 30
‘mnutes at OC and for 15 hours at 70C. The reaction mxture is cooled to OC
and added to 30 m of 400 aqueous sodi um hydrogen sulfite solution that has
been cooled to 8 ' } e sR1P extracted with ethyl acetate (3x 50
m). The organic p $| arejwashed consecutively with water (1x 30 m) and
concentrat ed agueotis.NaCl skl ut Non (1x 30 m ), dried over sodiumsulfate
and conagntr at efzon a rot ary evaporator. By neans of flash ghrmatography
(Si02 60F / diethyl ether / 15 hexane 1:1) 0.42 g title conpound D1 is
obtained fromthe residue (content of title conpound = approx. 80 0); TzZC
Rt 0.34 (ciyhdmetwone) and 0.38 (trans-lactone) with diethyl ether / hexane
2:1. 1H NWR (300 MHz 3).:.80.85-1.10 (m 12H), 1.60 - 2.65 20 (m
12H), 3<40 g,l%r&,ré?%g?t%fzﬁi,rm%. 85 ~ 3.70 (m 1H), 3.85 (s, 3H), 4.15
(t, 2H), 4.25 (m 1H), & 70 - 6.85 (m 3H) ppm Exanple C3: Preparation
from cycl ohexyl am ne saht C2 25 A solution of 164.3 g C2 and

di chl orjgyvet hane )i(/séiz‘j/fed to 0OC. 26.6 ml trifluoroacetic acid is added drop
tur

by drop and the m stirred for 1 hour. The reaction m xture is cool ed

to -20C. Then 6 "gg\- bronosuccinim de is added in portions every 2

m nutes. The reaction mXture is stirred 30 for a further 2 hours at -15 to
-20C, and 160 m 4% aqueous sodi um hydrogen sulfite solution then added at

OC. The mxture is extracted with water (1 1) and the organi c phase

separ at ed Gid The aqueous phase is extracted with dichloronethane (0.5 1)

and the corji nady orgaaire, phasRpeIriamsinedow bhaned@stiidr 1) mndaqueons1 NaCl
solution (Q,5 ].% t hen gg ?d gver, sodi um sg} f_gt and _cgn_cemi%aged on % _
rotary  WO02F0956¢SRa38Y L, pErT Bt b1 BY395 16 &%}J)f%ﬁf%r.l HELEVide Tt e
conpourids DX sabkabayed+0sd it glavay, (R4 G debiiyént Ref iki td,eCenhippundand
approx. 90 .0) is further acted A ggé) and_ _Frepa j,on of
conmpounds of’ f%rgrru{:l’a @ﬂ%ll@érrp?é (B?l:} ére g‘rala i"dn @? EF%)%)Q—{(%EQ LTKLE)
CH30( CHZ) 3¢/ Cer i kengyEREEHC2-A@ 1EYHB0 CEtfsaminocalkyl, Ci-Cealkylamino-
Ci-Ce—alkyl, Ci~Ce-dialkylamino-Ci~Ce—alkyl, Ci-Cs—alkanoyl-
amido-C;~Cg—~alkyl, HO(O)C-Ci-Cg—alkyl, Ci~Cgalkyl=0-(0)C~Cy-
20 Cealkyl, HN-C{0QO)-Ci~Cealkyl, C1-Csalkyl-HN-C(O)-Ci~Cealkyl or
(Cl—Csalkyl) oN-C (O) "‘Cl—Cs“alle .

For residues R;, Ry, Rz, and Ry in compounds of formula XII,
the embodiments and preferences described hereinbefore
25 apply.

An object of the invention in a broader sense is a compound
of formula VII,



10 A solution of 16.65 g D1 and 150 m isopropanol is cooled to OC, then
66.6 mM 2N LiOH is added over a period of 10 mnutes and the m xture
stirred fwodandsdsours (the internediate E1 is i medi at el y peBECHedooBes t her
in the next 15 step) . Exanple D2: Conpound E1 is obtained in an anal ogous
manner using conmpound D1 prepared as deschd bed under exanple C3 and is 20
used in exanple E2. E) Preparation of conpounds of formula VIII Exanple ELIl:

Preparation of 25 0 0 CH30(CHz)30 / ,~~~" CHCH ( aZz \ ~(CH-2CH OH CH30
(F ~.) WO 02/ 02508 - 01400399 To the reaction m xture of
exanple D1, 100 mi_ 2N is ,.;> dr gp- by a@rop, and the reaction m xture

is stirred for I ho gl The reaction m xture is diluted
with water (500 m dJextmacted with tert-butyl nethyl 5 ether (3x 250

m ). The organi cRiphasés are washed consecutively with water \&ﬁx 500 nm) and
_concentrated aqueous NaCl solution (200 nl), dried over sodi sul fate and
concentrated on a rotary evaporator. By neans of fl ash chromat ogr aphy (Sl 02
60F / dieth et her hexane 2:1) 10 t|tIe co S_obt ai
fromthe re‘é#ﬁ t'eht 2Bf aﬁiktailé %%Ju EI%ablri’tﬁelizteé“:

(di et hyl etlhetal Imexa:d'&a 2ré$id11eHoItﬂM%r(3@Dcd§hlzl (ﬁﬁ)ﬁjﬁ) a hyﬂroBQl g]:OL@S

(m 12H) 410 2.25 (m 10H), 235(m 1H) , 2.50 - 2 .75 (m 2H) , 3.
40 (s, iji)“seo(t 2H) é 3.80 - 3.90 (m 1H), 4.15 (t,
2H), 4. 25 (v arpl, Re. 2gre, Gl%elem %ley)pmf B(ra@TpELBOEherTheHrstCt-r@@ldqw&tfure

of 161.4 g PLd8=44Qenal18h, 1 @Q.Ct gthcggl?droéwcaalﬁBSincﬂé all]ygﬁt erglrs Ci-

stirred at roomtenperature f

wat er is adQ@%ﬂWTqﬂecﬁéf-Féﬁg)ﬂyof Be ahs ( £27CBL I8 apdtatd %f‘fcﬁéﬁkﬁlvotam

(exéagorl ?t ordR;t,r he & es:q#(cgamgqrm,xt wlecmymhﬁ&ilw{lh teHc AUk yAel hyl- =0 |
n ueous SO i nterne i ned an

i medi at 2%5‘?2{ Oﬁ{é’r e V\ﬁ??@qﬁzl rr n&salflé??ag}i¥§/}' nét'h?sﬁl q&yﬁéfﬁ(nﬂ 0

1) and 4N HCH Q0a3kiyll) alCe—@dﬂtéldal}dirﬂeamrrga-rﬁleCphaEEyiLs sepa-r@st—ed]@fnfoyand

stirred for ndear, . Jqef | hoa mat.gr ear o} At

colol ed, dri eﬁlggg‘éss%d%grﬁgéd uﬁ? W«ZJE H(\é\lgne’Lk rgte alﬂ%‘f 3\ ldy‘)éoé‘ 'S

evapor at or . Cae ek udEATE(R) C6wrﬁﬁ§r3réFYIil o@t%ﬁeﬁédiylrrmﬂcs(%ﬁ t@%lkﬁzl gprr
(content of (¢jid.81&QMMoNnd (8PPELXE-2AP®),1i.s further reacted in exanple F4.

15
For residues R;, Ry, Ri3, and Ry, as well as for M, in
compounds of formula VII, the embodiments and preferences
described hereinbefore apply.

20 An object of the invention i1s a compound of formula XIII

R,

(XII1),

wherein R;; 1s an alkali metal, an equivalent alkaline earth
25 metal, hydrogen or the residue of an alcohol minus a

hydroxyl group, and

Ri and R, are, independently of one another, H, Ci-Csalkyl,

Ci-Cé¢halogenalkyl, Ci~Ce¢alkoxy, C1-Csalkoxy-Ci-Csalkyl, or

Ci-Cealkoxy-Ci—-Csalkyloxy, Ras 1is C;-Cgalkyl, Ry is C;-Csalkyl,



WO 02102508 _ 31 F) Preparation of compounds of fornula | X Exanple F1:
Preparation of 0 0 C H3o(C Hz)30 -.,,) CH(CH-z \ (CH-zCH OR~z CN30 5

PCT/ C801A00390230kerein R12 is CH3-S2- (Gl ) . To a sol utirPOT/CHO1BO3R5 g F 1
and 8 m dichl oronet hane, 0.156 n trietzylanlne is added and the m xture
cooled to 10 OC. 0.087 m nethanesulfonyl(%ﬁ1or|de is added drop by drop
and the m xture then stirred for 1 hour roomtenperature. The reaction

i xt i 1 m t t t t hyl
ther (2x 19 )R THE organee. pihscec aéf\?@gﬁ%&aﬁﬁwﬁecut SEr e Gace
aqueous sodalkyZp hydhegemblaaim:mhcb:eys@ll-tﬁteadmyuo nQ.-aremtoogehyiat ed Ci~
_aqueous NaQl asl‘%iéﬂc?m%c( @la%ﬁgf h Or iaﬂrk%%‘m“in%h%seés alf ~Q:Ve;

sodi um sul f &t concent ion-on a rot ér eva@gir at or
means of f|abkarhybaaidgraptse- @Slk(‘zﬂ- 60FH§D Al et ByiCoerhdy L he(icarﬁ?eafzkY)l O-

title cogpo d i ned _ ye a i

oi | (0. 35" p@ﬂcf@5 cssaqli&tﬂ Hgﬁ @&% Gégfc er - %éi%%'!el kgil tﬁﬂNwR (300

MHz, CDClS)CGal]@dBE?r f?logsft%r%‘fyib P5§1206 Ekyly 9H) , 2 . 40 (m 1H) ,

2.60(m1H),275m1H),2.95(s 3H) 340(s 3H),3.60(t,

2H), 3.85 15 (1, 25 2 4. 80 6.70 - .6.85

(2 3 oo TOT HBSaSFE3s0h . 80 Nexalhl o2E0 or nbiy SETBPWI BF CESOTERS) a0
~l ~~'" CHKTHL, (the ‘embofChtenClH ca%ezmﬁrMémmﬁm@dV\herennbafares

4 Br 06Hpy Sz { §2)

The carboxylic acids of formula V used in process step <)
may be prepared in a manner known per se by hydrolysis of
hydrolysable acid derivatives such as carbonic esters,
15 carbooxamides or carboxylates. The hydrolysis may be carried
out with acids or bases. Hydrolysis with a Dbase 1is
preferred, for example with alkali metal hydroxides (LiOH,
KOH and NaOH), which can be added as aqgueous solution or as
a solid. The reaction 1s advantageously carried out in
20 water, organic solvents (alcohols and ethers) or mixtures
thereof. The reaction temperature may range up to the
bolling temperature of the solvent used. After removal of
the solvent, the residue of the reaction is expediently
taken up with an aqueous acid, such as hydrochloric acid,
25 and the compound of formula V is extracted (for example with
ethers) and purified. The hydrolysis is quantitative, and
the pure compound of formula V is obtained in yields of more
than 920%. It is possible to carry out the hydrolysis at the
same time as the halolactonization in one reaction vessel.
30 The hydrolysis may also be carried out enzymatically.

The compounds of formula XIII are obtainable by reacting a
compound of formula XIV



5 To a solution of 0.437 g F 1 and 5 m dichl oronet hane, 0.307 g

4- br onbbenzenesul fochl ori de and 0. 147 g 4di nmet hyl am nopyri di ne are

consecut iweloyossdgded and the m xture then stirred for 24 h@omcae1/00893m
tenperature. The reaction mxture is poured_onto iced water (30 nml) and 10
extracted with diethyl ether (3x 30 m ). “The organi c phases are washed
consecutively with 50 aqueous sodi um hydr ogencar bonate solution (30 nl) and
concentrat ed aquyeous NaCl solution (30 m). The conbi ned organi c phases are
dri ed over sodi urhsyFfat€ angd concentrated by evaporation on a 15 rotary
evaporator. By nean fl agh chromatography (Si.02 &OF / diethyl ether /
hexane 1:1), titge cdxgound & is obtalned fromthe residue as a slightly
yel | owi sh oil (0.304 g, 46 0): TLC Rt = 0.36 (diethyl et herjyryexane 2:1).
1H NWR (300 MHz, CDCls): S 0.80 - 1.0 (n1 12H), 1.55 - 2. 20 20 (n1 9H) ,

2.25 - 2.45 (m 2H), 2.70 (m 1H), 3.40 (s, 3H, 3 . 60 (t, 2H , 3. 90 (s,
3H , 4. 15{tn 2HompdundSofnfottdla ¥V, 65 (m 1H), 6.60 - 6.85 (m 3H),
7.60 - 7.75 (m 4H) ppm Exanple F3: Preparation of 25 0 0 CH30o(CHZ) 30 ~
~~~"CH CH ( y2 \ (CH-2CH OR~2 CH30 wherein R12 is 4-CH3C6H5- S02- (&)

WD 02/ 02508 - 33 PCT/CHO®00399 To a solution of 0.437 g F 1 and 5 m

di chl or onet hane, 0.2?9 g 4 nmet hyl benzenesul fochl ori de and 0.147 g

4di met hyl am nopya drled and the m xture then stirred for 24 hours
at roon1tenperature Theg reactlon m xture is 5 poured onto iced water (30
m) and gxtracted with dlethyl ether (3x 30 ml). The organigyghases are
washed consecutively with 50 aqueous sodlunlhydrogencarbonate Sol ution (30
m ) and concentrated, aqueous NaCl solution (30 m). The conbi ned organic
phases are x@lméﬁ@li@va{l sad umﬂfaﬁﬂaﬂf&\g ﬁaﬁeCOQQGn&lﬁﬂiﬁgdg)zlhgrlézm/ﬁb@&'b@@ Ion
a rotary evaporator. nmeans o ash.chronmat ogr.ap [ et
cther 1 nexcel gee5e PXe BeRo AR EORaT R ! 4 Sobtd: had T i (HE ot BuEas B
slightly yed::t o4 sinoitthd Op4€sgncé8oR :anfZl Rl E: feR6l( diretdykakbimer earth

h 0 8 12 , 1.55 -
250 (0 et gor SORER PRy BrptRS Ly oF dpg®lspelipaivify 130 0 O

3H), 360(t 2H), 3.90 (s, 3H), 415(m2|—|) 4.35 (m 1H), 4.70 (m 1H),
6.60 - 6.857kMm C%H#’llﬁgs%f dGr@b‘haer 7&&(&;1’1@") wBPR 20 E@mhe1Fdenides

Preparation, of GL a solution of 13 (crude), , prepared as
descri bed i HreRBnAte S, SUHY 6Sg6-ef é%XﬂﬁR;U?EPEPﬁ1 lﬂ&ﬂ%ﬂl%ﬁ1ﬁ@ v&nkdded

and the m XIxureh@oqimetrmé)C@f 28a4a 1l 125 qtaid’@r@seﬁ foepyla cdd i e wstadded
drop by rog%ggd t he nlxt re thgp t|r ed f # hour__at .15C. T C%& ctign

mi xt ur er e o BE =di qqnﬂ elp?@pylgﬁpﬁe i's edofthe
excess of npahh@@sumf sagctchh:oramdanosl,desltcﬂcgﬂecgr arall I ddlwmxconelski risedhf or

15 m nutes. ? b gﬁgfdlﬂjbf&a‘é ur 6 deoh Washed it hél‘&%‘t%rte( 1ikha tBEROLGANI C

phase separate aqueous phase extracte ain wth toluene (0.6
1). The or gaffkEophbses atekons AP Eonsbc R EEEmi ERdhatery, sidEkstedORad

sol ution (5534118d6ul) conbisaldy aledhaquaaisaNaGihespHiheB (& 6direrdibed 35

over um,sul fate,and concentrated  on rot.ar. por at o The _crude
CEl & conpotinir eI BERaRne UGt t NES vy re o PR, ™ Obrs Ey€18hkG1-
phosphine, 1,2-diphenylphosphinoethane, 1,2-diphenyl-

phosphinopropane, 1,2-diphenylphosphinofuran, and 1,2-di-
phenylphosphinobutane is known. Examples of metal complexes
and metal complex salts are dichloronickel(l,2-diphenyl-
25 phosphinoethane) and dichloropalladium(l, 2-diphenylphos-
phinoethane). The presence of an additive stabilizing the
metal salts or metal complexes and metal complex salts can
be of advantage. Examples are DMPU, N-methylpyrrolidone,
N, N~dimethylformanide, N, N~dimethylacetanide, N-methyl-
30 morpholine, amines such as triethylamine and
tetramethylethylenediamine, as well as mixtures of at least



WO 02/0208 - 34 PCT/ CHOL/ 00399 (content of title conpound approx. 900) is

further reacted in exanple Q. G Preparation of conpounds of fornmula IT 5

Exanpl e Go oBospsrati on of 0 0 CH30(CH2) 30 , ~~~' CH(CH-2 \pCI@tH12EH49N3 CH30
(HL ) 10 A mxture of 9.5 g Gl, 2.35 g_sadium azide and 100 ni

1. 3dinethyl -3, 4,5, 6-tetrahydro-2(1H)-pyriTmdone is stirred for 20 hours at

60C. The reaction m xture is poured onto 500 M water and extracted with

tert-butyl q&%@f eheL ggg gge@)g rl%%n'l%d}haé@e?tc%%éﬁ@é{'gge,

consecutl ve th wat er agueous sodi u
hydr ogencar @%o@ﬁt aoﬁﬂl(men yfaR P@or@é@wtEﬁ@@n%wéb%hm@déémappon

(200 m). Thes copbbRed or gankesphases afgelri adiawer éQQhL'B}@HH:%Q and-
concentrated qn a rqtary eva orato %illemao%ﬂf of cry% | 1] |on fro 150
M di | sopr GRARAREPHOTRBGRHGE (1255) 20 V105 Lonidur N B SbhaRned
fromthe r gstcdred aso W tef caysimtsgé.5 62 g, 670); mp. 61 - 62 C TLC R~ =
0.41 (ethyl acetate - hexane 1: 1) ; 1HNWR (300 WMHz, CDC13) : ~ 0. 851

.10 (m 1 40 (m. 1 5, H).

2.60 (m 2&@ %%C‘Elon C@%“ilbédmg—é’ %, ﬁ%%éﬂzﬁgzﬁ)l g ggnm@s’%ﬁ)

4 .15 (t, 2(|—])998)47 m(mlmﬂ)zqo 6. The Gea8%ipm Sb@nppmmtulaerl waty véoldl
can be prepared eact n of | ogy. WO
02/ 02508 - FHEMBE 358 E‘i@? r§§fl Eﬁ%ﬁi@%gr at1 W nF%'ﬁ}é(g&F
165 g GJO(Q‘[LLKi‘EDJ,tJé]éSlnga}SOdidIm axidelandb8. 80 11 to 20° by weight in

1. 3-di net hyl 5, 65 tetrahydro-2 pyrim 5|rredfor 0_hours at
60C. The re%ec]tér% B Purte FENRGHR d@fpoﬁ?lér&ug E‘F«Lf 1) l\ﬁ/ateé?Pea?ihent to
extracted wddryretdud cyeleohexaneioax £50 ¥hat Bhamaglaumcaoha;@ﬁ@o@&ﬁ waghed
consecutively with water and concentrated a

(0]
oo (strmid #RE s, o huh ortncn St d e of Babaptiame e

sul f at e and;rnceagratedm 0 addvalhsre mdﬁo@ #1 senuaibat arfy alOceMppanat ef.
The resul ti ng soJ ution is inpocul %ted wi th 10 of title co ounggand

stirred-¥ orf 2k EY at "ahBie A e MBS Rt uce™ r &SUIRE Y suSPBnEFoRALE

cooled to Oegadaﬂgetéﬁé@l?@ﬂ?@%nﬂd@ithﬁepbbﬂl f#edebyekkhtration in the form
of white crystals (104 g, 71 . 15 Exanple G3: Preparation of Hl

It may be of advantage i1f only catalytic gquantities of an
additive stabilizing the metal complexes, for example

20 triethylamine or DMPU, are used. Catalytic quantities may
for example be 0.1 to 10 mol per cent, preferably 1 to 5 mol
per cent, in relation to compounds of formula XIV or XV.

Compounds of formula XIV in the form of their racemates or
25 enantiomers are known or capable of being prepared according
to analogous processes. For example, R;R;phenylaldehyde mnmay
be reacted with Ridiethoxyphosphorylacetic acid ester to form
2-R3-3- (RiRyphenvl)acrylic acid esters, these may then be
hydrogenated to form the corresponding propionic acid
30 esters, the ester group saponified and the carboxylic acid
reduced to alcohol, and finally the Thydroxyl group
substituted with halogen. Enantiomers are obtainable by
separating the racemates of the carboxylic acids with for
example quinine or by enzymatic resolution of the racemates
35 of the corresponding carbonic esters. Details are described



A mxture of 10.3 g GL (crude), 50 m nethyl cycl ohexane, 40 m 2N sodi um
azi de (aqueous solution) and 0.4 g Aliquat is stirred for 20 h at 80C. The
reacti on wioxkwessi s cool ed 20 to 40C, the aqueous phase i spEEROHOIB4BS Of f
and the organi c phase washed at 40C wth (2x 40 m) . The organic phase is
dried over sodiumsulfate and filtered. e filtrate is inoculated with 5
ng of title conpound and stirred for 20 hours at anbient tenperature. The

resul ting syﬁpenﬁieon %§a1%}_§l%§0| e%top%nﬁil@' t'a%gﬂm%%m%unigt%gs%t aigped

by filtration in the formof white crysta aration
of conpoundSCBPOEBARUPA ﬁPi‘fmSéaE%érY:pllé ﬁfscpﬁé’ﬁér afy Elﬁ”@f'o CH3 CH
3i0CH30 (CH))3-ONCGCC~-NHR (J) _/ ~~~ ~H CHB3 CH30\ ~ ~ C ~ N3
O H3C H CH3,,, WD 02/02S08 /003 re of 59.

41.82 g 3- ahihio STROTRR 1RF p?BiBPﬁa e, 388 29%%%{93?0@@?%%&% oy 1
.m trietBAyl aremplis cerbondd Gwerers per i ddrmfraﬁﬁvhsutﬁ o3 a TheM,880Rl,
triethylam s distjld ri o] 5 haur nd the
residue is QSF ate’ dlﬂ eﬂﬁﬁ&ﬁ%}’ﬁ%% ﬁglurgg%t &(’féenﬁe cgol edr?ré ction®
mxture is baﬁeacséahb@sméﬂiaétlhwet@detaat@e(szxIBO(N iR rapatliraved lddabdous
sodi um hydrHQQ%@EH?@@E@&QEHEE?”t(:bfo'é@cp oAl 3 4 88 £, Sodkym gh %@; de

solution (1x 500 he conbi ned organi ¢ phases 10 are dried wifth 1
sodi um sul f B¥8P2F i PPerdtr i cBRENEFAZEE 18R tHe F‘ot%@%@aﬂf@@&@orpe?hée

resi due1ds datliedHégmchFaLﬂiQistl t&%rbsi_@rrg%u@d alchd Sh@m@érﬁlﬁ@eﬁﬁ @@r%b&a&nﬁ%le‘%g
quant itative acetate - exa
4:1); chronﬁ%’gglpz%% dﬁ;plaecui %aﬁ:s %Oins 9591 Fﬁ '%l?cr&%Jé:IeﬁE?ﬁﬁeo
4: 1) 1H Nl\/RotﬁﬁIDal\/HXf ﬂ?lb@liaies(lﬁi -erhrff o nmrlechbn ﬂeZBb(:a;.néB:l) frbne&he

3.52 (m 3H;racelsa3ases £QK) examgge(tbyzm:rys@al@azg@oao gmpm 4aﬁ211(ttlon
2H) 1H) 5. 9} (Q§lt§H)of %Qﬂb&}@?llé"%r:l@lsd'%élng 15?3t1c§ll§2 a&vé—"%ase@ Z[5t

ppm Exanple H2: Preparation Of A mxture o
9 23 g HL, 659?‘0 %W%t@g%oeﬁnﬁphﬁ%ﬁ%ﬁﬁ%zshﬁmr@@en@w Py treating
2- hydroxypyésdeﬂs afdforfulh kWi ethyl agibeasesstirred over a period of 24
hours at 65 C. The cool ed reaction m xture is extracted between tert-butyl
met hyl ether (2x 150 m) and water (2x 150 ml). The conbi ned organi c phases
are dried oWethsdadieunslsad dat ef fadrbemsd: amsit 80s cendertardtoedy lane aacotiar wE
evapor as@ar. [ [ F bt ai.ned as
an o1 (1 B8 muaE B A Uy CLhpl cokHaRak e R PR BRSO
of J1 35 A ﬁF?&t GP@Pd-feM CHZEHE@OW 8 ZFBnghB‘iamiT@i@aJQe@dP-ﬁetaquifpm%@r@ﬁa d&cdand

0.95 g 2-hydigxypyrighngets stihigd MO 0ZL2R0&11y  true for  this
enantioselective or dlastereoselective synthesis. The total
yield from all process steps a) to h) may amount to 40% or

25 more, which makes industrial application feasible.

The following examples explain the invention in more detail.

A) Preparation of compounds of formula IV

30
Example Al:

(o]
S
.’I

B 1; R = Ethy!
A1iR = Ethyl =
AzR Methyl B 2; R = Methy!




37 _ PCT/CHO1/ 00399 over a period of 24 hours at 65 C. The cool ed reaction
m xture is extracted between tent-butyl nethyl ether (2x 100 m) and water
(2x 100 myp.o2bbmsconbi ned organi ¢ phases are dried over saimcHSWBEK €,
filtered and concentrated on a 5 rotary evaporator. The residue is dried
and crude title conpound J1 is obtained &?*an oil (5.75 g, quantitative)
(HPLC assay: > 950). J) Hydrogenatl on of the azi de group to form corrpounds
of 10 formu] a IeJ P ration of HaC C.CH3 0 (K

8o (Croy P o REEIE ot SR %Y ingend i | 'rondd TR Ol

15 78.4 ¢ (t-lPt:Ca]asdagfuBSnSO)sJlh(aatade) tbs hydiogenated for 58 hodrslia-the
presence of 5 d anpo 700 r

nmet hyl et he?fb?&n(%%‘?gélg (Eh%gradl?r?ee&ﬁaondég 8 %%%B%he refe)lc ?%%E(rgn ngggy)le
filtered 2oe>a@‘ahem1@araa9§@omshé\d SElize0 afi 34rd3 butd! , ndt BY| nét e
.The filtegatgihsoneshrEInEORSRCULHY Y V\Eé@réﬂ;’df@f@:’:\éﬁ\'ﬁ%’ a4l 490 g, Wl's%e 200

The aqueous phases are then extracted with tert- but nmet hé% et her
m). The cofbfhed RYaPE Phastd BrBUdeSedtwi PR IOO 4 Sodi" sTEH’F%lﬂJée aﬁ&

concentratesgﬂﬁabydefaQOEQbma@r Ehﬁlﬁﬁﬁﬂﬂh&*mﬁd@ﬂxﬁ@meihaﬂd3&h@nf@6@&%@
acid and di solve 0 m anol Fdfilt ed unt|I Cclear., The filtrate
i's concentr Y88 b J?aletrito TREED HFe\Neig oft FEE P and HF E8BF ved Si n
1.7 1 acet ofnltei:edatm%@ aftyeory esmrtil nglsah:utaimﬂn tilse |n®mml’aile<gi Girtiynd@ dny
of it u ti - or .17 ho a ent
t enper a%%r egg%ﬁgigﬁs%gir%bggh?gg‘?%g dto 0% dﬁfdocﬁtérfe g #&E‘u@gﬁctm?%ng
after 2 houﬁ@lutrh@nr@§| dde 47 qwa%hedo 2\skond2|m215ﬂslylmsrrm@@1/ 008899

with acetonitshlerfd ¥c2eQ1abbrandrham driedni Nk, ﬁ&ra%‘écatThs totle
conmpound K1 ghemfurrarate i s obtained as white crysta slgi , 81 0
in relationte- JIbF refqg @Ixgrats phkorad) forsa. £ rther é (“ﬁ’Puf?H)
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. comblned organic phases are dried over sodium
sulfate, filtered and concentrated by evaporation on a
20 Rotavapor. By means of flash chromatography (Si0, 60F;
diethyl ether / hexane 1:4), title compound Bl is obtained
from the residue as a slightly yellowish oil (33.8 g, 75 %):
TLC Re = 0.15 (diethyl ether - hexane 1:4).
lH-NMR (300 MHz, CDCls}: & 0.75 - 0.9 {(m, 12H), 1.15 (t, 3H),
25 1.40 (m, 1H), 1.60 (m, 1H), 1.70 - 2.45 (m, 10H), 3.30 (s,
3H), 3.50 (t, 2H), 3.80 (s, 3H), 3.90 - 4.10 (m, 4H), 5.25
(m, 2H), 6.60 (m, 2H), 6.70 (d, 1H) ppmn.

Example AZ2:

30 By analogy with example Al, the derivative is prepared by
reacting A' with A2:

lH-NMR (300 MHz, CDCls): & 0.90 ~ 1.00 (m, 12H), 1.40 -
2.55 (m, 12H), 3.40 (s, 3H), 3.60 (t, 2H), 3.65 (s, 3H),

35 3.85 (s, 3H), 4.15 (t, 2H), 5.40 (m, 2H), 6.65 — 6.75 (m,
2H), 6.80 (d, 1H) ppm.



What is clainmed is: PCI/CHOL/ 00399 1. Process for preparation of conpounds
of formulal, OHRA HR ~ NRs 11 Il \ RBNHZ ORz 5 (I), wherein RL and
R2 are, iwdepersently of one another, H, Cl-C6al kyl, Cl-Coralcganakdoyl! ,

Cl- Coal koxy, Cl1-C6al koxy-Cl-C6al kyl, or Cl1 20 C6al koxy- Cl-Csal kyl oxy, R3 is
Cl-C6al kyl, RQis O-Cealkyl, and R5 i s &b-Ceal kyl, Cl-C~hydroxyal kyl,

Cl- Coal koxy-d - C6- al kyl , Ci1-C6al kanoyl oxy- C~- C6al kyl, C - Csam noal kyl ,

Cl- C6al kyl am noCl- C6- al kyl , Cl-C6-di al kyl am no- Cl-C6-al kyl

d - Csal kan L8t 06-al kyl, HO (0) G Cl-C~-al kyl, Cl-C6alkyl-0 15 (O
C-d -Co6al kyl, HiMtGre0) of1l- GBalkyl g Chalchad iy HNoEwlE)r - GlfdHal kylo orml

(578 el el e liio )y Y SR T OB PL LIS,
to forma conpowertiping otheha added @ved R~gemod &6 1 nirutie RAVASIOLRZ
NQERD) 255 é/:)@%lq@@@ 're%%tion). A solution of 126.8 g A', 14.6 ml
l-bromo-2-chloroethane and 700 ml tetrahydrofuran is added
dropwise over a period of 35 minutes at 62 - 64°C. The
mixture is stirred for another 30 minutes under reflux and
then cooled down to ambient temperature. The reaction
10 mixture is filtered wunder argon until clear and the
resulting Grignard solution added dropwise over a period of
20 minutes to a solution of 80.3 g A2, 5.58 ml
triethylamine, and 2.11 g NidppeCl; in 700 ml tetrahydrofuran
at 20 to 22°C. The reaction mixture is stirred for a further
15 1 minute at 20°C, and 1 1 1N hydrochloric acid is then added
at 15°C. Extraction is now performed with tert-butyl methyl
ether (2 x 1 1), and the organic phases are washed
consecutively with saturated agueous sodium chloride
solution / water (1:9) (2 x 1.2 1) and saturated agueous
20 sodium chloride solution (1x 300 ml). The combined organic
phases are dried over sodium sulfate, filtered and
concentrated by evaporation on a rotary evaporator. A2 which
has not been converted is distilled off from the residue at
75°C under a vacuum. Crude title compound B2 obtained in
25 this way (171.4 g} is further reacted in example B2.

B) Preparation of compounds of formula V

Example Bl: Preparation of carboxylic acid

30
CH(CH,),
R, = OH

CH(CH,), ol
RZ
(C1l)
To a solution of 22.4 g Bl and 150 ml tetrahydrofuran /

methanol / water (3:1:1) 3.6 g lithium hydroxide is added



PCT/ CHOL/ 00399 and b) by reducing the azide group of the conpound of

formula Il to the am ne group and isol ating the conpounds of fornmula I, if
necessar Wyoighji2dobe addition of a salt-fornming 5 acid, conEdCHE/dE®
preparation of conpounds of formula Il by cl) reacting a conmpound of

formulalV, RaeRL/ / OR6\ ~ R3 Rz 10(I) -, wherein R6 is Cl-CzZQal kyl,
Cs-d 2cycl oal kyl, C3-d 2cycl oal kyl C, - Ceal kyl, Cs-C~oaryl or

000 0- 2t Ch Ghalkule weth 3 bl ggenatl.on agent, o [prm 2 gamound o,

this carboxylstitumei s E4RcEREEBY edROOR2 Ve o rahdidd) & dtalmpeltat Hoh agemt)t o

wherein x 1o crades §p"Ph8 Ygfleq, &5 SuFaaonyest bosetayt Fhakerk

t he conpourkliiofl f aradiiwl Vietiven hd 3pr eB8Acanbs . arll kaldgarsical phessiskakbicre

: garHt ganﬁéla}w%\’}?éé’x&ﬂ@hOéaﬁ‘ﬂré‘céet‘%qh%oh%r R 1C UPAWNDOf (206 ML R, VEk4eq H
over sodium sulfate and concentrated on a rotary evaporator.
By means of flash chromatography (Si0, 60F / ethyl acetate /
hexane 1:1), title compound Cl is obtained from the residue
as a slightly yellowish oil (19.2 g, 94 %): TLC R, = 0.22

10 (diethyl ether - hexane 2:1).
IH-NMR (300 MHz, CDCls): & 0.80 - 1.0 (m, 12H), 1.50 (m, 1H),
1.70 (m, 1H), 1.80 - 2.60 (m, 10H), 3.40 (s, 3H), 3.65 (t,
2H), 3.85 (s, 3H), 4.15 (m, 2H), 5.45 {(m, 2H), 6.70 (m, 2H),
6.80 (d, 1H} 7.60 - 9.0 (bs, 1H) ppmn.

15
Title compound Cl can be prepared from B2 by analogy with
example Bl.

Example B2: Preparation of carboxylic acid-cyclohexylamine

20 salt
CH(CH,),
R, ,// 0" Ha
CH(CH,), o]
RZ

(C2)

To a solution of 171.4 g (crude) B2 and 1.07 1 dioxane, 0.67
25 1 water and 0.4 1 2N KOH are added and the mixture is then
stirred under reflux for 23 hours. The reaction mixture is
concentrated by evaporation, 0.6 1 water is added to the
residue which is washed with tert-butyl methyl ether (2 x
500 ml) (organic phases are discarded). The agueous phase is
30 acidified with 0.24 1 4N HCl and then extracted with tert-
butyl methyl ether (2 x 0.6 1l). The organic phases are
washed with aqueous NaCl solution (0.6 1), dried over sodium

sulfate and concentrated on a rotary evaporator. The residue



\ ~RBORz 5 (VIl), wherein Mis an alkali netal, an equival ent al kaline
earth netal or the residue of an al cohol m nus a hydroxyl group, e)

hydr ol ysi w@ a2hesmsonpound of formula VI1 in the presence 10p@f/CHOl/@3$d t o

forma conpound of formula VIIl, 0 0 R~ ~ ~" R\ ~RBOHRz (M11), f)
substituting the hydrogen atom of the hyd?joxyl group in 15 the conpound of
formula VTTT and converti ng it to a leaving group AO to form conpounds of

formula I X, ~~~~ 4\ (1 g)_.a reactin
t he corrpoun%i8 I%os’gorrlu If(n %h an%%% Ton %%‘ent o ?%‘Eﬁ? @&%ﬂh 5‘%
formula 11 addeﬂ) @@dﬂlﬂﬁptfm&%bmp%undtbrrédrmﬂqx\AZG diowecs | yawi t lroam

zinc azide/ ne e a 02 8 -
PCT/ CHOL/ Oogggﬁ'tengFPglrey ?W%i%ﬁﬁ‘ﬁ@%@%ﬁ?gg? o% COOW;QC?fZ{ negessa%ld

an organi ¢ S8F¥BNCOMESUWSE A &8nPblad el Ry rrﬁlLétFﬁ¥12n Atprigrestorm of
accordi ng tehetai axr{yseampri(sicag can,emoQdi kent 5 wherein Rl is Cl- CQal koxy
or Cl-Cgal koxy-Cl-(al kyl oxy, R2 is O -C4al koxy, R3 is Cl-Cgal kyl, RQis

Cl -C4al kyl and R5 is H2NC (0) -Cil-Csal kyl which if necessary is N-nobno
substituted or N-di-C -C9al kyl substituted. 10 3. A process according to
claim2 conpyi s ng. a0, ¢aRodi e WNGLE! BeRECify domRinoxypr op- 3.yl oxy and RZ
is methoxy.—4 5 . i 05 i ng an enbodi nent
wherein R3 and R9 are in each case |sopropyl 15 5. A process according to

claim 2;gonpghabie an . eshqdi meniophefein RS is HZNC (0) - Cl- Co6al kyl

CH,0(CH,),0 “t
CH(CHJ),
(CH,),CH

CH,0
(D1)

A solution of 2.66 g Cl and 26.6 ml dichloromethane 1is
15 cooled to -15°C. Then 4 x 0.232 g N-bromosuccinimide is
added in portions every 2 minutes. The reaction mixture is
stirred for another 30 minutes at -15°C and then, over a
period of 5 minutes, 1is introduced to 30 ml of 40% sodium
hydrogen sulfite solution cooled to 0°C. The mnixture is
20 diluted with water (10 ml) and extracted with
dichloromethane (2x 30 ml). The organic phases are washed
consecutively with water (1x 30 ml) and concentrated aqueous
NaCl solution (1x 30 ml), then dried over sodium sulfate and
concentrated on a rotary evaporator. By means of flash
25 chromatography (810, 60F / diethyl ether / hexane 1:1) 2.98 g
title compound D1 is obtained from the residue (content of
title compound = approx. 89 %); TLC R. = 0.34 (cis-lactone)
and 0.38 (trans-lactone) with diethyl ether / hexane 2:1.
1 H-NMR (300 MHz, CDCls): & 0.85 — 1.10 (m, 12H), 1.60 -
30 2.65 (m, 12H), 3.40 (s, 3H), 3.60 (t, 2H), 3.55 - 3.70 (m,
1H), 3.85 (s, 3H), 4.15 (t, 2H), 4.25 (m, 1H), 6.70 -~ 6.85
(m, 3H) ppm.



6. A process according to claim11 conprising an enbodi nent 20 wherein RL is
nmet hoxy- CZ- Cgal kyl oxy, R2 is nmethoxy or ethoxy, R3 is C2-C4al kyl, R~ is
Cz- Cal kyWwoan@2588 i s H2NC (0) -Cl-C6al kyl . 7. A process apCOCHIM®3$% claim
1 conprising an enbodi nent wherein Rl is 3-nethoxy-prop-3-yloxy, RZis
met hoxy, R3 and R9 25 are each l-nethyrééﬁill-yl, and R5 is HzNC (0) - [C
(CH3) 2]-CHz-. 8. Compounds of formula X, O O R~ ~I~~~ R4\ R3 ORB R2 -
30 (X) , wherein WO 02/02s08 - 43 PCT/CHO1/ 00399 Rl and R2 are,
i ndependent|ly of one another, H, Cl-C6al kyl, Cl-C6hal ogenal kyl ,
Cl- Coal koxyEx@ip Beal RDxy-EieBnbkydn ofr@iCoabkbryi€l- €8akkyl By, iR3 tke
d - Coalkyl, 1- and R5 is C, -C6al kyl, d -C6hydroxyal kyl
Cl- Cﬁalkgxypfﬁgé C§3i55§55¥£ Cl1- C6al kanoy!l oxy- Cl1- C6a|ky| Cl - Ceam noal kyl ,
G - C6al kyl a?mﬁ%bltmnapﬁyp 4¢9. g-Bdilal 1343 amh neclonalopdeoRyfan and 1.7 m
STen L e 18 ()2l Sty 8 Qe

- a y a -
(O - Caal kyl §° F%é (mlaidorteaaak%e dﬂﬂx%r?es St BRd o’&%ﬁ P FQ@G“W%Q% at
| eavi ng growpC &ndCohopoubdioal sf atmylod Xl ,THe teastilon mikBude Rzs 1lbowhegei n

X is hal ogef, arachganlé %drd%%i diyoe %B fmrr%lka 400%0 'a'qbl'e'm,l'sQ 4502cg)ium hydrogen
sulfite solution that has been cooled to 0°C. The mixture is

10 extracted with ethyl acetate (3x 50 ml). The organic phases

are washed consecutively with water (Ix 30 ml) and

concentrated agqueous NaCl solution (1x 30 ml), dried over
sodium sulfate and concentrated on a rotary evaporator. By
means of flash chromatography (8i0, 60F / diethyl ether /
15 hexane 1:1) 0.42 g title compound D1 is obtained from the
residue (content of title compound = approx. 80 %); TLC R, =
0.34 (cis-lactone) and 0.38 (trans~lactone) with diethyl
ether / hexane 2:1.
'H~-NMR (300 MHz, CDCls): & 0.85 — 1.10 (m, 12H), 1.60 - 2.65
20 (m, 12H), 3.40 (s, 3H), 3.60 (t, 2H), 3.55 - 3.70 {(m, 1H),
3.85 (s, 3H), 4.15 (t, 2H), 4.25 (m, 1H), 6.70 - 6.85 (m,
3H) ppm.

Example C3: Preparation from cyclohexylamine salt C2

25 A solution of 164.3 g C2 and dichloromethane is cooled to
0°C. 26.6 ml trifluoroacetic acid is added drop by drop and
the mixture stirred for 1 hour. The reaction mixture is
cooled to -20°C. Then 6 %X 2.38 g N-bromosuccinimide is added
in portions every 2 minutes., The reaction mixture is stirred

30 for a further 2 hours at -15 to -20°C, and 160 ml 4% aqueous
sodium hydrogen sulfite solution then added at 0°C. The
mixture is extracted with water (1 1) and the organic phase
separated off. The aqueous phase 1s extracted with
dichloromethane (0.5 1) and the combined organic phases

35 washed with water (1 1) and aqueous NaCl solution (0.5 1),
then dried over sodium sulfate and concentrated on a rotary




(XI) , and RL and R2 are, independently of one another, H, Cl-C6alkyl,

C~- C6hal ogenal kyl , Ci1-Cé6al koxy, Cl-C6al koxy-Cl- C6al kyl, or

ClC6al koxyeGiofseal kyl oxy, R3 is Cl-Csal kyl, R9 is Cl-C6al kdr/crngo®d R~ is
Cl - Csal kyl, C1-C6hydroxyal kyl, C~-C6al koxy- Cl- C6-al kyl

Cl1- C6al kanoyl oxy- C1- Csal kyl , C1- Ceani noakRyl-, Cl- Ceal kyI am no Cl-C~-al kyl,
Cl- C6-di al kyl am no- Cl- 06- aI kyl, d -Co6al kanoyl am do- d - C6- al kyI HO (0)

C- Cl- C6-al kyl, Cl1- Ceal k -O%OQ o Cl- Esal K H2N- Z&g— - Cl- Csa ,

C1- Ceal ky! %R?%‘}O‘—'c:l ARy F16 (é? fél(feﬁd 36’1 l%| Koy .
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wherein R o |sta resi due f or mul alO 0%{ P |_Ih(:£:|—|01/00399 (X1 1), 10 and
"Rl and R2 aﬁ%r fi%e’b%%‘a‘é% ijn oP* B AR oY et Cl- Cbal kyl

Cl- C6hal ogenal kyl, d - C6al koxy, Cl1-C6al koxy- Cl Céal kyl , or

ClC6al koxy-i{1- 1\ j { aI kyl, and R5 is
CICsaIkyI&M | toinla T €D
Cl - Ceal kanoyl oxy- Cl1- CGaI kyI C1- Ceani noal kyI Cl- CGaI kyI am nod - C6- al kyl ,
C, - C6- di al ket arpno-$ilr Cpr@ﬂ)gﬂtlg &pal kanoyl am do-d - C6-al kyl, HO (O

C- Cl- C6- al kyt5—C1-Cpal kyl -Q(0) C- Cl-Csal kyl, H2N-C (0) -d - CBal kyl ,

G -Coal kyl -HN-C (O -ClC6al kyl or (C1-Ceal kyI) ZN-C (O -Ci1-Co-alkyl . 20
11. Conpounds of fornula VI, Q HoRa{R~dr@ 1\ ~ R3 ORz (M1) , 25

wher ei n MISI_P& ‘ﬁali met al , -, @O} gl.kaline earth nmetal or the
resi due of an a?éd : : 4P, and
CH,0
(B1)
10
A solution of 16.65 g D1 and 150 ml isopropanol is cooled to
0°C, then 66.6 ml 2N LiOH is added over a period of 10
minutes and the mixture stirred for 1.5 hours (the
intermediate El1 is immediately reacted further in the next
15 step).

Example D2:

Compound E1 1is obtained in an analogous manner using
compound D1 prepared as described under example C3 and is
20 used in example E2.

E) Preparation of compounds of formula VIII

Example El: Preparation of
25

CH,O(CH,),0 o,
CH(CH,),

(CH).CH  OH
CH,0



WO 021 02508 - 45 PCT/CHO1/00399 R1 and R2 are, independently of one

anot her, H, Cl-C6al kyl, Cl1-C6hal ogenal kyl, Cl1-C6al koxy,

Cl- Coal koxp-o@b2908al kyl , or ClCsal koxy- Cl- C6al kyl oxy, R3 i seCOl/cmBaiokysl , RO
is O-Csalkyl, and R5 is Cl-C6al kyl, Cl1-C6hydroxyal kyl,
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(t, 2H), 4.25 (m, 1H), 6.70 - 6.85 (m, 3H) ppm.

Example E2:

The stirred mixture of 161.4 g DI (crude), 1.61 1
20 tetrahydrofuran and 0.474 1 water is stirred at room

temperature for 20 h with 0.474 1 2N LiOH. Then 1.61 1 water

is added and the tetrahydrofuran (1.7 1) evaporated off on a

rotary evaporator. The resulting mixture is washed with
tert-butyl methyl ether (0.5 1) and the agueous solution of

25 the intermediate E1 is obtained and immediately reacted
further. While stirring, tert-butyl methyl ether (1.0 1) and
4N HClL (0.316 1) are added. The organic phase 1s separated
off and stirred for 2 hours under reflux (with a water
separator). The solution 1is cooled, dried over sodium

30 sulfate and concentrated on a rotary evaporator. The crude
title compound Fl1 obtained in this way (136.1 ¢g) (content of
title compound approx. 90%) 1is further reacted in example
F4.
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Example F2: Preparation of

CH,O(CH,),0

(CH,),CH
CH,0

wherein Ry, is 4-BrCgHs—~S0,- (G2).

To a solution of 0.437 g F 1 and 5 ml dichloromethane,
0.307 g 4-bromobenzenesulfochloride and 0.147 g 4-
dimethylaminopyridine are consecutively added and the
mixture then stirred for 24 hours at room temperature. The
reaction mixture 1is poured onto iced water (30 ml) and
extracted with diethyl ether (3x 30 ml). The organic phases
are washed consecutively with 5% agueous sodium
hydrogencarbonate solution (30 ml) and concentrated aqueous
NaCl solution (30 ml). The combined organic phases are dried
over sodium sulfate and concentrated by evaporation on a
rotary evaporator. By means of flash chromatography (Si0, 60F
/ diethyl ether / hexane 1:1), title compound G2 is obtained
from the residue as a slightly yellowish oil (0.304 g, 46
%): TLC Ry = 0.36 {(diethyl ether - hexane 2:1).

lIH-NMR (300 MHz, CDCls): § 0.80 - 1.0 (m, 12H), 1.55 — 2.20
(m, 9H), 2.25 - 2.45 (m, 2H), 2.70 (m, 1H), 3.40 (s, 3H),
3.60 (t, 2H), 3.90 (s, 3H), 4.15 (m, 2H), 4.35 (m, 1H), 4.65
(m, 1H), 6.60 - 6.85 (m, 3H), 7.60 - 7.75 (m, 4H) ppm.

Example F3: Preparation of

CH,O(CH,),0
CH(CH,),

(CH),CH  OR,,
CH,O

wherein Ris is 4-CHs3CgHs—SO,- (G3).
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To a solution of 0.437 g F 1 and 5 ml dichloromethane,
0.229 g 0.147 g 4~
dimethylaminopyridine are added and the mixture then stirred

4-methylbenzenesulfochloride and

for 24 hours at room temperature.
(30 ml)
The

agueous

The reaction mixture is
poured onto iced water
ether (3x 30 ml) .
consecutively with

(30 ml)

combined organic phases

and extracted with diethyl

organic  phases are washed

5%

and concentrated,

sodium hydrogencarbonate
{30

sodium

solution
ml). The
sulfate

agueous NaCl solution
dried
evaporation

are over

and concentrated by on a rotary

(si0, 60F /
title compound G3 is obtained
(0.40 g, 68 %):

evaporator. By means of flash chromatography
diethyl ether / hexane 1:1),
from the residue as a slightly yellowish oil
TLC Ry = 0.26 (diethyl ether -~ hexane 2:1).
lg-NMR (300 MHz, CDCls): & 0.80 — 1.0
9H), 2.30 - 2.50 {(m, 2H), 2.45
(s, 3H), 3.60 (t, 2H), 3.90 (s,
1H), 4.70 (wm, 1H}), 6.60 - 6.85
(d, 2H) ppmn.

(m, 12H), 1.55 = 2.20
3H), 2.65 1H),
4.15 (m, 4.35

3H), 7.35 2H) ,

(m,
3.40
(m,
7.70

(m,
2H) ,
(d,

(8,
3H),

(m,

Example F4: Preparation of Gl

To a solution of 136.1 g F 1 (crude),
in example E2, and 0.86 1 toluene,
added the
methanesulfonyl
then
is

prepared as described
52.8 ml triethylamine 1is

to 0°c. 29.45
added drop by drop and the
at 15°C. The reaction

ml 3-dimethylamino-1-

and nmixture cooled ml

chloride is
stirred for 1 hour
to 0°C, 7.88
(the excess of methanesulfonylchloride
The

the organic

mixture
mixture cooled

propylamine is added
is destroyed) and the mixture stirred for 15 minutes.
(1 1),
phase separated off and the aqueous phase extracted again
with (0.6 1). The
consecutively with water / solution (5:1;
0.6 1) (0.6 1), dried
over sodium sulfate and concentrated on a rotary evaporator.

(165 g)

reaction mixture 1s washed with water

toluene washed

organic phases
saturated NaCl

and saturated aqueous NaCl solution

are

The crude title compound F1 obtained in this way
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in example G2.

G) Preparation of compounds of formula II

Example Gl: Preparation of

CH,0(CH,),0

(CH,),CH
CH,O

(H1)

A mixture of 9.5 g Gl, 2.35 g sodium azide and 100 ml 1.3-
dimethyl-3,4,5, 6-tetrahydro-2 (1H) -pyrimidone is stirred for
20 hours at 60°C. The reaction mixture is poured onto 500 ml
water and extracted with tert-butyl methyl ether (3x 200
ml). The organic phases are washed consecutively with water
(3 x 500 ml), 5% aqueous sodium hydrogencarbonate solution
(200 ml) and concentrated adgueous NaCl solution (200 ml).
The combined organic phases are dried over sodium sulfate
and concentrated on a rotary evaporator. By means of
crystallization from 150 ml diisopropylether - hexane (1:2)
at 0°C, title compound H 1 is obtained from the residue as
white crystals ( 5.62 g, 67%); m.p. 61 - 62° C; TLC Ry = 0.41
(ethyl acetate — hexane 1:1); lH-NMR (300 MHz, CDCls): & 0.85
- 1.10 (m, 12H), 1.40 (m, 1H), 1.60 - 2,25 (m, 8H), 2.45 (m,
1H), 2.60 (m, 2H), 2.95 (m, 1H), 3.40 (s, 3H), 3.60 (t,
2H), 3.85 (s, 3H), 4.15 (t, 2H), 4.30 (m, 1H)), 6.70 — 6.85
{m, 3H) ppm.

Derivative H1l can be prepared by reaction of G2 or G3 by
analogy with example Gl.
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Example G2: Preparation of HI1

A mixture of 165 g Gl (crude), 41.1 g sodium azide and 0.8 1
1.3-dimethyl-3,4,5, 6~tetrahydro-2 (1H) -pyrimidone 1is stirred
for 20 hours at 60°C. The reaction mixture is cooled, poured
onto 1.5 1 water and extracted with methylcyclohexane (2x
750 ml). The organic phases are washed consecutively with
water (4 x 750 ml) and concentrated aqueous NaCl solution
(750 ml). The combined organic phases are dried over sodium
sulfate and concentrated to a volume of 900 ml on a rotary
evaporator. The resulting solution is inoculated with 10 ng
of title compound and stirred for 20 hours at ambient
temperature. The resulting suspension is cooled to 0°C, and
title compound H1l is obtained by filtration in the form of
white crystals (104 ¢, 71 %).

Example G3: Preparation of H1

A mnixture of 10.3 g Gl (crude), 50 ml methylcyclohexane,
40 ml 2N sodium azide (aqueous solution) and 0.4 g Aliquat®
is stirred for 20 h at 80°C. The reaction mixture is cooled
to 40°C, the aqueous phase is separated off and the organic
phase washed at 40°C with (2x 40 ml). The organic phase is
dried over sodium sulfate and filtered. The filtrate is
inoculated with 5 mg of title compound and stirred for 20
hours at ambient temperature. The resulting suspension 1is
cooled to 0°C, and title compound Hl is obtained by
filtration in the form of white crystals (6.60 g, 71 %).

H) Preparation of compounds of formula III

Example Hl:; Preparation of

H,C _y_CH
He ~B- CHy
H Z
CH,0 —— (CH,); — O N—g—C-C-NH, (J1)
> on,
CH,0 G_ N 0
? He H>cH,
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) ‘)1096&éﬁa‘crude title compound Fl is obtained as an oil (78.4qg,
quantitative) (HPLC assay: 88.5%): TLC Ry = 0.13 (ethyl
acetate - hexane 4:1); chromatographed sample: TLC Ry = 0.13

15 (ethyl acetate / hexane 4:1); 'H-NMR (500 MHz, CDCls, &):
0.85 - 0.96 (m, 12H), 1.23 (s, 6H), 1.30 - 1.40 (m, 1H),
1.53 - 1.80 (m, S5H), 1.82 - 1.93 (m, 1H), 2.06 - 2.14 (m,
3H), 2.45 - 2.57 (m, 2H), 2.87 - 2.92 (m, 1H), 3.13 (d, 1H),
3.32 - 3.52 {(m, 3H), 3.36 (s, 3H), 3.59 (t, 2H), 3.84 (s,
20 3H), 4.12 (t, 2H), 5.51 (bs, 1H), 6.01 (bs, 1H), 6.43 (t,

1H), 6.72 (dd, 1H), 6.75 (d, 1H), 6.81 (d, 1H) ppm.

Example H2: Preparation of J1

A mixture of 9.23 g H1l, 6.97 g 3-amino-2,2-dimethylpropion-
25 amide, 1.90 g 2-hydroxypyridine and 5.0 ml triethylamine is

stirred over a period of 24 hours at 65 °C. The cooled

reaction mixture is extracted between tert-butyl methyl

ether (2x 150 mnl) and water (2x 150 ml). The combined

organic phases are dried over sodium sulfate, filtered and
30 concentrated on a rotary evaporator. The residue is dried

and crude title compound Fl is obtained as an oil (11.65 g,
quantitative) (HPLC assay: > 95%).

Example H3: Preparation of J1

35 A mixture of 4.62 g Hi, 3.48 g 3-amino-2, 2~
dimethylpropionamide and 0.95 g 2-hydroxypyridine is stirred
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t ()-hours ?§1> e presence of 3.92 g Pd/C 5% and 7.2 ml
ethanolamine in 700 ml tert-butyl methyl ether at ambient
temperature and 3.0 bar. The reaction mixture is filtered

20 and the catalyst washed with 300 ml tert-butyl methyl ether.

The filtrate is washed consecutively with 400 ml 2N NaOH and

400 ml brine. The aqueous phases are then extracted with
tert-butyl methyl ether (2 x 400 ml). The combined organic

phases are dried with 100 g sodium sulfate and concentrated

25 by evaporation. The residue is mixed with 7.31 g fumaric

acid and dissolved in 200 ml ethanol and filtered until

clear. The filtrate 1is concentrated by evaporation to a

total weight of 104 g and dissolved in 1.7 1 acetonitrile at

35°C. The resulting solution is inoculated with 10 mg of

30 title compound (hemifumarate) and stirred for 17 hours at
ambient temperature. The suspension is cooled to 0°C and

filtered off by suction after 2 hours. The residue is washed
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Cealkyl or (C;~Cealkyl),N~-C(0)-Ci—-Ce—-alkyl,
a) by reacting a compound of formula II,

(1I),
20
with an amine of formula Rs-NH, to form a compound of formula
III,
(III),

25
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10
wherein Re dis C;—Cyalkyl, Cs-Cizcycloalkyl, Cs-Cicycloalkyl-
Cy=-Csalkyl, Cs—Cioaryl or Ce—Cro—aryl-C,~Cealkyl, with a
halogenation agent to form a compound of formula VI, or

c2) reacting a carboxylic acid of formula V, or a salt of
15 +this carboxylic acid,

(IV),

V),

with a halogenation agent to form a compound of formula VI,
20

wherein X is Cl, Br or I,
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o & () B St ) SORBINRe ) ToFIon 8 1 1 Tos e 19e Rasa o
f#10%4 & () afJ#iLEOlif( ahghal f g 0eq Ral)ynef #a@%&m@)talf AR ide or an alcohol
to form a compound of formula VII,

5 (VII),

wherein M is an alkalili metal, an equivalent alkaline earth

metal or the residue of an alcohol minus a hydroxyl group,

e) hydrolysing the compound of formula VII in the presence
10 of an acid to form a compound of formula VIII,

(VIIT),

f) substituting the hydrogen atom of the hydroxyl group in
15 the compound of formula VIII and converting it to a leaving
group AQO to form compounds of formula IX,

(IX),

20 g) and then reacting the compound of formula IX with an
azidation agent to form a compound of formula II, or
h) reacting the compound of formula VIII directly with a
zinc azide/-bis-pyridine complex in the presence of a
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an organic solvent, to form a compound of formula II.

2. A process according to claim 1 comprising an embodiment
wherein R; is Cy-Csalkoxy or C;-Csalkoxy-Ci-Csalkyloxy, R, is
Ci—-Csalkoxy, Rz 1is C;-Csqalkyl, Ry 1is (C;-Csalkyl and Rs is
H,NC (O) -C:;-Csalkyl which if necessary is N-monosubstituted or
N-di-C;-Csalkyl substituted.

3. A process according to claim 2 comprising an embodiment
wherein R; is l-methoxyprop-3-yloxy and R, is methoxy.

4. A process according to claim 2 comprising an embodiment
wherein R; and Rs are in each case isopropyl.

5. A process according to claim 2 comprising an embodiment
wherein Rs is H,NC(0)-Ci-Csalkyl.

6. A process according to claim 1 comprising an embodiment
wherein R; is methoxy-C,-Csalkyloxy, R, is methoxy or ethoxy,
R is Cz—-C4alkyl, R, is Cz"anlle and Ry is HQNC(O)"C]_—CGalle.

7. A process according to claim 1 comprising an embodiment
wherein R; is 3-methoxy-prop-3-yloxy, R; i1s methoxy, Rs and Ry

are each l-methyleth-1-yl, and Rs is H,NC(O)-[C(CHs),]-CH,~

8. Compounds of formula X,

wherein
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,  10% & ()Rs 1A & tFsalkVDI®R'E-Cihpdboxyalkyl, Cy-Cealkoxy-Ci—Ce- alkyl

- 5 (C;-Csalkanoyloxy-C;-Csalkyl, Ci-Csaminocalkyl, C;-Cgalkylamino-
C1-Ce—alkyl, Ci-Ce—dialkylamino—-C,—-Cs~alkyl, Cy—Ce~
alkanoylamido-C,-Cg~alkyl, HO(0)C~-Cy;—Cs—~alkyl, Ci1-Cealkyl-0-
(0)C-Ci-Csalkyl, H,N-C{0) ~C1-Csalkyl, C1-Cealkyl-HN-C(O) -
Csalkyl or (Ci;-Csalkyl),N-C(0)-Ci-Ce¢—alkyl, and

10 Rg is hydrogen or RgO is a leaving group.

9. Compounds of formula XI,

R, R,

A
I

15
wherein

X is halogen and Ry is a residue of formula

gy
(o]

1y
R
4

20
and
R; and R; are, independently of one another, H, C;-Csalkyl,
Ci-Cg¢halogenalkyl, Ci—Cealkoxy, Ci-Csalkoxy—~C;~Cealkyl, or C;-
Csalkoxy-Ci—-Cealkyloxy, Rs is Ci;-Cealkyl, Ry is Ci-Cealkyl, and

25 Ry 1is C;-Csalkyl, Ci-Ce¢hydroxyalkyl, Cij-Csalkoxy-Ci;-Ce—-alkyl,
Ci-Csalkanoyloxy-C;—-Cgalkyl, Ci-Csaminoalkyl, Ci-Cesalkylamino-
Ci-Ce—alkyl, Ci-Ce—-dialkylamino—-Ci;-Ce-alkyl, Cy—Ceg—
alkanoylamido-C;~-Cs-alkyl, HO(0)C-C;-Ce~-alkyl, C1-Cealkyl-0-
(0)C-Cy-Csalkyl, H,N-C(0) -C;~Csalkyl, C1-Ceéalkyl-HN-C(O) -

30 Cgalkyl or (Ci1-Cealkyl),N-C(0)-Ci-Cs—alkyl.
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Rip 18 a residue of formula

10 and
R; and R; are, independently of one another, H, C;-Csalkyl,
C,-Cg¢halogenalkyl, C;—-Csalkoxy, Ci-Csalkoxy-C;-Cealkyl, oxr Ci-
Csalkoxy-C1-Csalkyloxy, Rz is C;-Csalkyl, Ry is Ci—-Cealkyl, and
Rs is C;-Cealkyl, C;-Céhydroxyalkyl, C;-Cesalkoxy-C,-C¢—alkyl,

15 Ci-Cgalkanoyloxy-C;~Cealkyl, Ci-Ceaminoalkyl, Ci-Cgalkylamino-
C1-Cs~alkyl, Cy-Cs—dialkylamino-C;-Cs—alkyl, Cq,—Cs-
alkanoylamido-C,-Cs—alkyl, HO (0)C-Cy~-Cs—alkyl, C1-Cealkyl-0-
(0)C-Ci1-Cealkyl, H,N-C(Q) -C,-Csalkyl, C1-Cealkyl-HN-C(0O)~C;~
Cealkyl or (Ci—-Cealkyl),N-C{0O)-Ci-Cs—alkyl.

20
11. Compounds of formula VII,

(VII),

25 wherein M is an alkali metal, an equivalent alkaline earth
metal or the residue of an alcohol minus a hydroxyl group,
and
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Ry and R, are, independently of one another, H, Cl—-Cs;alkyl,
Ci—-Cghalogenalkyl, C;-Csalkoxy, Ci~Csalkoxy-Ci~Csalkyl, or Ci-
Cealkoxy-Ci-Cgalkyloxy, Rs is C1~-Cealkyl, Ry is C;-Csalkyl, and
Rs 1is Cy-Cealkyl, Ci-Cghydroxyalkyl, Ci;-Cealkoxy-Ci~Cs—alkyl,
5 Ci-Csalkanoyloxy-C;-Cealkyl, C;-Cgaminoalkyl, C;-Csalkylamino-
C,1-Cg—alkyl, C1-Ce—dialkylamino-C,~Cg~alkyl, C1—-Cg~
alkanoylamido-C;-Ce¢—alkyl, HO (0) C-Ci1—-Cg—alkyl, C1-Cgalkyl-0-
(0)C-C1—-Cgalkyl, H,N-C (0) -C;-Csalkyl, C1-Cealkyl-HN-C(0Q)-Cq1~
Cealkyl or (Ci—Cealkyl),N~C(0)-C1~-Ce~alkyl. '
10
12, Compounds of formula XITI,

(XIITI),

15 wherein Ry; is an alkali metal, an edquivalent alkaline earth
metal, hydrogen or the residue of an alcohol minus a
hydroxyl group, and
Ri and R; are, independently of one another, H, C;-Cgalkyl,
Ci—-Cghalogenalkyl, Ci-Ce¢alkoxy, C;-Cealkoxy-Ci-Cealkyl, or C;-

20 Cealkoxy-Ci-Cesalkyloxy, Rs is Ci;-Cealkyl, Ry is C1-Cgalkyl, and
Ry 1s Cy-Csalkyl, Ci-Cséhydroxyalkyl, C;-Cesalkoxy-Ci-Ce-alkyl,
Ci—Cealkanoyloxy-Cy-Csalkyl, Ci-Cgaminoalkyl, C;-Csalkylamino-
Ci—-C¢—-alkyl, C1-Ce-dialkylamino-C,;-Cs—alkyl, C1~Ce-
alkanoylamido-C,-Cs—alkyl, HO{0)C-C;—Ce—-alkyl, Ci—-Cealkyl~0O-

25 (0)C-C;-Csalkyl, H,N-C (0) -C1-Cealkyl, C1-Csalkyl-HN-C (Q)—Cs-
Cealkyl or (Ci-Csalkyl),N-C(O)-Ci;-Ce-alkyl.




