; cde3e@L46T, 4, WO 02/ 10150 PCT/ EPOL/ 08305 2, 2- DI SUBSTI TUTED 1, 3- DI OxOLANES. --
AS ANTI TUSSI VE AGENTS t 5 The present invention relates to (t) /fﬁ))
3- (4- phenwio-gkmpisper azi nyl ) -1, 2 propanedi ol cyclic acetal s,pca/grogossss f or K /
their optical resolution and the use thereof as intermediates for the T
preparation of (-)3-(4-phenyl-1-piperazinyl) 1,2-propanedi ol
(I evodropropi zine) and the salts thereof. Mirre precisely, the invention
relates to () 2,2-substituted-1,3 dioxolanes of fornmula (1): \ / NVNinn,
(1) wherein: each 0f_Raabfrihep WhChrdeiafie AHouws MRy dokhey ent, is
hydrogen, to C 1-C6-alkyl, phenyl’, or Ra and Rb taken together with the C
atomthey are linked to, forman optionally substituted 4- to 7- nenbered
«carbocyclic ring. Advantageously, in the conpounds of the invention of
Lformula (1), Ra v 15 20 and Rb are al kyl groups containing less than 6 C
atons. Ra and Rb are preferably the sane; nore preferably, Ra and Rb are

‘met hyl or ethylTgé, 8fé6%9ﬁf heavelibh t18tes &6 0&6}?}{3?%4%%@11%1.-?gﬁﬁef'&in}ffﬁf ]}r%_a

ring containing 5t carbon atons. The Inv n-al's tes to’t

enant i Oﬁerﬁ@fhgédw@dmnabaﬁisg £ Prbcessfok ek SotiStdsbitfsh bnd: Heotigd anes

of formula W tH pharmaceut | y accept able iral acids su

L-malic, bs litdrifddeated> L InC of = |t he
aci ds. Q%@%Ezi‘/ 1?)11a0 PCT/ Elgmf}oggg&p@%}?r?& gg l(0)1‘3&(@;431_}3 '?iegz arﬁgéiﬁ%zg g?red

conpounds pRH_pRhanBURI(1dd@6Sropizine) and the salts thereof, _

1, 2-cycl opent’yl i'dene- 3-(4- phenyl'- pi perazi n-1-yl ) - propane- 1, 2-di ol ; ()
1, 2- cycl ohexyl i GRse S?récieale;@yltﬁé PRGNl - ¥dlateB @BaN@) 1, 2o d¥stintibd-1,3-
1, 2- (2-propylidene)-3-(4-phenyl - pi perazi n-1-yl)-propane-1,2-diol; 5 ()
1, 2-(3- pen@ﬁbkb@eﬂfb)s-o’fﬂo%m}ﬁﬂ@gb')':' pi perazin-1-yl)-propane-1, 2-di ol ;

S(-)-1, 2-cycl ohexyl i den- 3- (4-phenyl pi perazi n-1-yl)-propane-1, 2-di ol
L-tartrate,

S(-)-1, 2-cycl opentyl i dene- 3- (4- phenyl pi peraa’ n- NJ/| ) - pr opane- 1, 2- di ol

LT

Rb
(S 8 TR
NL/N *159159*

(1)

wherein:

each of Ra and Rb, which can be the same or different, is hydrogen,
C,-Cg-alkyl, phenyl, or

10 Ra and Rb taken together with the C atom they are linked to, form an
optionally substituted 4- to 7- membered carbocyclic ring.

Advantageously, in the compounds of the invention of formula (1), Ra
and Rb are alkyl groups containing less than 6 C atoms. Ra and Rb are
preferably the same; more preferably, Ra and Rb are methyl or ethyl or,

! 15 together with the C atom they are linked to, form a ring containing 5 to 6
carbon atoms.

The invention also relates to the enantiomerically pure monobasic salts
of the 2,2-substituted-1,3-dioxolanes of formula (1) with pharmaceutically
acceptable chiral acids such as L-malic, D- and L-tartaric, D- and L-mandelic,

20 L- and D-camphorsulfonic acids.



L-tartrate. 10 The conpounds of the invention of formula (1) are prepared
by reacting phenyl pi perazine with a ()1, 2-gl yceryl -di oxol ane of fornula
(2): p~( Ro o200 X wherein X is selected fromthe group ansoshsing of C ,
Br, I and a suitable sulfonic ester (R S03-), R being selected fromthe
group consi sting of Cl-C3-al kyl (prefer %bl y methyl), trifluoronethyl,
phenyl, p-tolyl and p 15 net hoxy phenyl # Di oxol anes of fornula (2) are
known comnpounds, and/.or ¢an be prepared according to_known nethods. The

sul foni o est er £X3mRlgs Parte%lal(lx:prﬁfﬂgeeaic sompeuRde phHREIINEIEODATES | cat i on
wi th an anhydride. or with an kyl - and/or_aryl-sulfonic acid 20 chl oride
of formula (3)®R é@SFV‘(IQPeBTfYIQePF‘%( -rgwwl-mﬁréaml,l HH‘P&S{B@%é,?LtdFﬁJi hanol
.of fornmula (4): VWO 02/ 1015V, 3 © ~Rb O', (4) OH wherein Ra_and Rb
have the meani r%)s1@ePY%@éeéﬂé@@!‘gP@P@um%@%l'Q'A}Tﬁm‘éfz'fib}lhul a (4)

are known conp ) cemates of fornula (4) are, in fact, used. a
ssubstrat es for?¥ggzzéﬁ£§f?ﬂ’/ 1&%@31%3@?@}3%@3&%@{bsqupﬁéﬁanesiﬁgéwis?
(02.03,1993)]. T reparation of dl-isopropylideneglycerol (Merck 12.5232;
Bei | 19. 65) sté#fﬁnﬁ(%e-pamyg}}%@é-r%( phegy eitr?%eanrﬂ-ygi-a.romﬁ@-@m. Vol
[11. The 4-hal t hyl - di.oxol anes of foymula, (2) wherein Xis O, Br or |
can be prepar eg@fgif?woﬁ?ﬁaf‘f%gt@ﬂ ARk gz vOhBIRansr L 2odidhl a (2)
10 (X = Rig? wherein Ris as defined above) by reaction with an alkali or
al kal i ne- &t %l i de in an inert solvent, selected fromthe group

i ot yl S 1 ox 8- erIRpeNy Bt PR R RO 2 Y shraPBac UnbrBRt . A

preferred mgqt{t[lo for the synthesis of said conpounds conprises the
di oxol analLi' €t he corresponding 15 3-hal o-1, 2- propanedi ol s, as discl osed

in EP,Q930311 1.07.1999). ticul arl f i .
|3n chl 1)&0- pr opaﬁgl-el?ofpﬂ?‘ﬂﬂl 'S Bfﬂ%iﬁvgﬁ%@?gﬁﬁﬁﬂéedéﬁ? Prepaed PhEsarEigde,
t al deh d b | dehyd .. et hyl ket b h ,
eyl ohexafBeey HRERRE SIS Fa s MRS el e oF iRl a0 o
2, 2-di met hoxypr opane, 2, 2-di net hoxyet hane, 2-nethoxy-propene. 20
Al ternatively, dioxolanes of fornula ﬁ%} (X =C1 or Br) can also be °
y

obt ai ned by acetal yzati on of epi ¢l opohydrins or epibronmohydrins with a
cycl oal kanone according to the %ic %@ descri bed for the preparation of
-dec
)

(+) 2-chl oronet hyl - 1, 4- di oxaspi r oj\4, ane in FR 1522153 or by Blicke FF
et al., J. A C S 74, 1735 (1972)~and ibidem 76, 1226 (1954).

(2)
X

wherein X is selected from the group consisting of Cl, Br, I and a
suitable sulfonic ester (R-SO;-), R being selected from the group consisting of
C;-Cs-alkyl (preferably methyl), trifluoromethyl, phenyl, p-tolyl and p-

15 methoxy phenyl. |

Dioxolanes of formula (2) are known compounds and/or can be prepared
according to known methods.

The sulfonic esters of formula (2) (X= R-SO;3-) are prepared by
esterification with an anhydride or with an alkyl- and/or aryl-sulfonic acid

20 chloride of formula (3)
R-SO;H (3)

of a (£) 2,2-substituted-1,3-dioxolane-4-methanol of formula (4):



WD 02/ 101a0 4 PCT/ EPO 1/0830s The al kyl ati on reaction of phenyl pi perazi ne
with a 1,2-glyceryl dioxolane of fornula (2) is perfornmed using reaction
condi ti onswoeen@sei onal |y used for the conversion of a seceggapyya3ife to a
tertiary amne, using for each nol of the alkylating agent of formula (2)
at least one nol or a slight nolar 5 exgess of phenyl pi perazine in the
presence of at | east one nol of a countérbase. The counterbase is used in
at | east equinolar amounts with respect to the al kylating agent of formula
(2), and is selected fromthe group consisting of finely divided inorganic
bases such as al kal'i or al kal i ne- eartRe(Na K, My, Ca) carbonates or

bi carbonates or Ca or oxi des, ertiary amnes as 10 triethyl am ne,
di met hyl or diethylaniline aro t Rpes as pyridine, picoline and
collidine and, if desired, the ph n plpera2|ne itself which may be
subsequent |y recycled to a subse production cycle. The alkylation
Yeaction can be performed in the optionaf4)y in the presence of inert

sol vents such as tol uene or xyl eneOhhl ch, when operating 15 under reflux of
the solvent, will advantageously reduce the reaction tines. After

compl eti on of iifrahkih BhIb HEAEtheatiis dsyplothissyare (11 tered or

centrifuged of en the organi c phases are repeatedly washed with water

to easily reno n
AR A t(g)rﬁoggtﬁidwf&hﬁﬁa%efgfédﬁﬁoﬁﬁ Sun R Acefnated ¥ Rrnhifta

ain in high S a residue consisting of

subst anti g&ejdﬁr@%efaﬂet?:uwd s Ol steLFort FmdBIYE GBsSutionr ?&lc@s&és) [Ushi ch

IS recove et her by direct crystalllzatlon or after sali ation with a

mol ar equipygal %90)3@ Q2. 09190BY), athe. plepapaitidsof dl-l);O%féb?)ﬂ]ﬂ%négllybérol

thereof are suprisingly easy to crysta?lize fromthe us sol venf's: the

process of{mMégk i1nRVEIYd; CBJeﬂ h@@ﬁ)%tﬁrt’i‘ih@fﬁrﬁﬁ y@étwl id dbscribed BNTRET Behipns
due to the presence of glycidol’s and/or epihal ohydrins 25 traces as

pot enti al dgmpwéltiles. The nonobasic salts of the conpounds of fornula ( 1)
are obtained by using conventional nethods such as salification with

equi nol ecul ar  gwRURhaldhethfE-dissdlages B frrhilad 23 Wikiérele X5 & @QnBr 3R d can
subsequent crystallization of the WO 02/101S0 5 resulting salt.

PCT/ EPO1/ §83QRepdreHastditian foowmd thBatotlespsmdingi calfonataf sonpewmals (2h)
with chiral acids, particularly with L-tartaric acid, is an efficient

opticad r Xohumsm nwhbgsnt R {£agvésfifde aboespitly eedstiorDfwieRraouties (GF) i n
high yields. S Said (S)(-) enantiomers and the salts thereof are useful as

antitussi uﬂcaﬂﬁ&néa‘ﬂ@hahﬂelllﬁtm st abbeent Oselededsfrothdsd graip Consisting of

3- (4- phenyl - 1- pi perazi nyl )1, 2- propanedi ol (| evodropropizine), by hot

hydr ol ysi acefonaguaeths/isethyli ketonef tetrahydjofiiradr, ddooxananedimdthy tsubfoxadd, 1 )
catal yzed by a nol ar excess of a diluted aqueous solution of a mneral acid
such as hydetonitrile; 8 GeCd-aloohalf amd esixhoey ltheredf. Acpreferred msthadefdrcthe
malonic or citric acids. The follow ng exanples further illustrate the

i nvent i onsyhttesis ef daid cohpouwds odmprises €8 diafolgnation of the corresponding
2,3-0(3-pentylidene)-glycerol tosylate in n

15  3-halo-1,2-propanediols, as disclosed in EP 0930311 (21.07.1999). Particularly
preferred is 3-chloro-propane-1,2-diol; preferred acetalyzing agents are
formaldehyde, acetaldehyde and benzaldehyde, acetone, diethyl ketone,
benzophenone, cyclohexanone, the acetals and/or enol ethers thereof, such as
2,2-dimethoxypropane, 2,2-dimethoxyethane, 2-methoxy-propene.

20 Alternatively, dioxolanes of formula (2) (X = Cl or Br) can also be
obtained by acetalyzation of epichlorohydrins or epibromohydrins with a
cycloalkanone according to the processes described for the preparation of
(+)2-chloromethyl-1,4-dioxaspiro[4,5]-decane in FR 1522153 or by Blicke FF

etal., J. A. C. S, 74, 1735 (1972) and ibidem, 76, 1226 (1954).



butanol (70 nmL) is added under strong stirring with 4.5 g of finely divided
| S sodiumcarbonate, then with 6 m of phenyl pi perazine. The m xture is
refl uxed wugleyiostoi rring and reacted at this tenperature fopcR@pdiogidet anol
is then evaporated off under reduced pressure, the residue is taken up with
wat er and repeatedly extracted with eth acetate. The conbi ned organic
phases are dried and filtered, then the soI vent is evaporated off under

s T

hony! pi palealfae b gotmifh B Gnetiormirddngieacyen ﬁepﬂﬁ;gnsavé?%ﬁ% gaslly

gflolpg}/v: ggﬁ%f SLF A C?qdﬂlﬁrvt%aglgflé eabgf%&n%ary amx)l ee tolh tglstllanr a(rzune using Izor eacg

-ﬁaﬁeéﬂp[)ﬁﬁcﬁ ﬁﬁ-e)ag%l%enghe” ﬁcﬁJ feeai 1) ot e %ﬁ?%'éﬂzaﬂ%fa'bm'fars
obt ai n§ W 0 /1013 E}éS PCT/ EPU 15283 5 A SOL %I on Hi [?)’ g of
()dl 42 di BRERSSi Ryt ﬁ@&&%@egn H&}‘?:Bﬁ? of e &east ang mehe ef@u o 2. added
A | _
e et gé%w%%ﬁe?séj@“%tmgaﬁ?aéﬁ esq%(l{aj%'i S0 SRt Sk ﬁgﬁpgst t@rﬁb;ri '
reactlon tlure | S C? to,a t 5 (0] wat.er an ept
D18t 1At R Eor A0 ant % sEfecict Ham ﬁas B cORiindd
a1 e B@WEE& i ﬁgabfsraéﬁ?ﬁf%%d%%h“’ai?ﬁwﬁ’“é8 oS
evapor at e t 0 prépano
L %i;’t?oﬁa T or Ml Shanba oxr CA o AvES Didieoof Bk %@Hﬁf?s as
| 61C NVR 8 7 2H,
crystghl ine iaa rse%“ Finethy| orJdlfﬁagaabhnesamaf b ardides J5 gyHhe, gic h?lg(dd
1H, J1=B. =7
35, 05he) 5051 ng by g pesigt e ooty Tiolia e Al wifer el bl o
tsgfeg{ oS PbfediRRtl BEdcldd o PRt AR adoriBY dhRfE I N @ 1S ovol ane
1,4 , 20 , ,
L Gl oaaepl T o RSN Se i @Q%hﬁyﬁgﬁfg?‘&‘?? ftthe hot, optionally in the
1, 4-di f : .
4- d: gi:?g%gegl[z 45%?1?06%?;5%% aﬂ?ne%ﬁ%ﬂ%ﬁ t<5 Lgu&r Qwa%ﬁb'ﬁ %@heopér)atmg

1,

1, 3- d X0 .

T 3 dt eor gt S STl %%ﬂf’hﬂ‘%ﬂﬁm% e e TP he, ¢ ne
foI ow ng conp t{ggs

1, 2-cycl opentyli ne&gf)%ifbl}xheny alk ee}tg)zﬁ rneafﬂofl ?Iélpl)sé%lgb eszarglﬁltere?)or
1,

2- I
T

th{ rl(r)llﬁg Eoﬁgfg%ﬁﬁotﬁggﬁ%lé@%@élcﬁ Pr&fucks,tAld Mid SoRehf iRaRtARegunder
1, 2cycl ohgxyhh@danem3nigh pﬁ%m&' PrP§HAL | dbnbistingdroIPansntstdnGalyy hife32,8) in
20 dioxolane of the invention of formula (1), which is recovered either by direct
crystallization or after salification with a molar equivalent of a carboxylic acid.
Compounds (1) and the salts thereof are suprisingly easy to crystallize
from the usual solvents: the process of the invention therefore minimizes any
risks of contaminations due to the presence of glycidols and/or epihalohydrins
25 traces as potential impurities.
The monobasic salts of the compounds of formula (1) are obtained by

using conventional methods such as salification with equimolecular amounts of

the desired acid in a suitable solvent and subsequent crystallization of the



absol ute ethanol (70 m). The mxture is stirred until conplete

di ssolution, then S cooled to S-8C. 4.0S g of a crystalline solid are

obt ai ned, wahexiisos recrystallized from absol ute ethanol topoviiyepdgso82 g of
S(-)-1,2 cycl ohexyl i dene- 3- (4- phenyl - pi perazi n-1-yl ) propane- 1, 2-di ol
L-tartrate mp. 131 - 132C, [a]D = -9.6_ {c=1 % rneoh) 1H NVR 8 7. S (dd,
2H, J187J273) b 7.2 (m 3H; 84§ (m 1H); 10 8 4.4 (s, 2H); S 4.3S
(dd, 1H, Jluit 2=6.7Hz); 8 3.86 (dd, 1H, J1=8.9Hz J2=S.BHz); 8 3.6-3,4
(m 10H); "¥MUBEF248 (m 10H). Exanple 6 Asolutlon of 2.4 g of

S(-)-1, 2- I d 3- 1,.2-

Ciarirate n dobds bie fuigd Wﬂmﬁeﬁ%ﬁ@ op%ﬁﬁ? PR3 e akaigs. nen
hausti vel t te h th t at Th

washed wi PRTCHEHT @xbﬁs fadtedisah em?ﬁﬁoai:x‘ap%;ﬁgwiﬁ" et T eddpum

sul fate and eva %t t.o dr t hen, c from i sopropanol to

%’e &fantionmers of ot compounds (1)5 1g y1e d

obtain 1.

1, 2- I 4-ph -1, 2-di ol
e o et L T
2H, J=8.9Hz 8 6.8S 1H. J

Ci V0 hgbits oxpS Tntsrmeftihiss T%%%Hzﬁgﬂvaﬁs' 3§D éiég%ejnzyﬁ'z&m%%myf) 3.2
Sl 11 s at T aaoEoBaniedtor (R 8arhtPlzi S by 3&@3%41%1 1%3*%%” diRoRuftbos ;9%5 h >
s SR pkat Rghet of BERGILE) HARARRY o FRINT eRotds 8t a Birled’ "©
\%)- )02/113 1%&%&%?&6#1%19&? a %&gﬁr@gg c?/ E}ggb%eﬁf}a{&ch}m% )acpcf R car%oxy?lc
SC:)- 02 (2PLRNYA S50 it AihPBNERLREL 421 1 1-¥1)-propane-1,2-d1 ol

L-tar

S(-)-1, 2-(3-pe I i :per gpane-1, 2-diol, S
L-tartrate; \/\h'ﬁ% mg’rg‘g)‘é%%‘(aéwﬁ ﬁéyheﬁlﬂt%rs?rﬂéz]g% ‘él‘%gﬁél hg to the process
of Exanple 6, Zﬁgﬁgﬂ?y}f the correspondi ng free bases. Exanple 8 A
suspensi on of S(-)-1, 2-cycl opentyl i dene- 3-{4- phenyl 10

P'splfre?fhi‘eé Yo BORBRRACSE £o8 £bf () TH-OLLpeAHRRE) BFdf1 BTtk in o W V)

i H
75 8562599% G G105 RERE 3 u%.so*ﬁfﬁéﬁqﬁ%a?ﬁ F3' § JEHheR) dipieho P
Loa 99 stk pis eV bR Iﬁﬁ@h&&%@%@ﬂ%ﬁ%b‘@h@ tih@islioffaxei?) O
one of thgpdes- sq{rf‘ﬁ%ln%ﬂﬁ g@édté’@tdtv?ﬁlsd?éﬁ eﬁ%@re rfogxmope%u@a d &z 1hen

S(-)1, 2- (2 propyl i e}-3-(4 phenyl - pi per Z|n 1-vyl ane-1

S( )1 2- CYeh d/bIEf'ﬁﬂéér %&&e&eﬂ}xgmﬁbpﬁ{@ﬁﬁd&e 't Ial&wﬁwﬁ veat@t %d
-1, 2-cycl ohexyl i dene- 3- (4 phenyl - pi perazi n-1-yl) propane- 1, 2-di ol

g][ e mg?gfda%%bea?@%l :ﬁtfanéé@d ?wa@%’@ﬁyx%e@ﬁé OThE ReABing@lotEAMR If}?a‘éeéﬁa}e dpiedS
and filtered, then the solvent is evaporated off under vacuum and the resulting
20  residue is crystallized from aqueous methanol to obtain 8.95 g of (£) 1,2-(3-
pentyliden)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol, also named 4-
phenylpiperazine,1-(2,2-diethyl-1,3-dioxolan-4-yl-methyl).
Example 2
Following the procedure described in Example 1, using (¥) 2,3-O-(2-
25 propylidene)-glycerol tosylate, (+) 1,2-(2-propylidene)-3-(4-phenyl-piperazin-
1-yl)-propane-1,2-diol, also named 4-phenylpiperazine,1-(2,2-dimethyl-1,3-
diossolan-4-yl-methyl), is obtained.



suspension is heated to 80C to obtain a clear solution, which is kept at
this tenperature for a further 30 mnutes, then cooled to 20-25C and the
aqueous pwasr/ivssorepeatedly is extracted with dichl oronet heneeredossedd m),
then ' 25 added with n-butanol (0.5 1). The diphasic mxture is refluxed to
distil the water n-butanol azeotrope, recovering about 300 m of
distillate, then cooled to pronote the érystal lization of

(-) 3-{4-phenyl - pi perazi n-1-yl }-propanedi ol hydrochl oride (85 g). WO
02/101S0 9 PCT 30S A solution of the hydrochloride in 125 m of

water is decolorized, by ting at 50C with act] har coal : for 15
ot es. 111 s ereaoan AbSOtuE B 4 dy-4atk t5rare- LS Hir AT, b e

. 0 . . . .
PSR, S e Rientad b S5 A5t ak h BRab R TS e
crystals. The uspension,[is left to.spontanequsly cool, then kept for 2
hours at Phenylpiperazing her mixdigg ig o"?"fr’pel'r Y¥ed A0 cefmpleie the reaction

20! oAb W P BRBRaLAN<S BRI R OaOR TSy is_COREA 1D ANgH 0/ AgHete, .
S h of d Rb,. whjch b h di f , Is hyd Cl- Co
5 o oh e Mo YRk RS el kb B e
orphonds Hs5R! TP Wit Sk T RER B RSEAS s >
Comound 86 SUOEPL S or AP SRR F T gl R ¥
L 2 oy SRS, PSR BB SRS o

1, 2- (25 i - 3- ( 4-.ph - pi in-1-yl -4, 2-diol;

L 2 PRy Sl BB R RS ot o )

E( t ;r 'éLr gt y}c}:sltgﬂ?ﬁ(élls(l)lq(inr%:p?f-5(846P&ﬁnyl - pi perazin-1-yl)-propane-1, 2-di ol

Cihrirate 5 R DAURELTOM HESTARPLRT B it Lk b b o
(1) by regeiAgponyl lasiaei g i 2 ) o, 3 o oM 9 tDg 9.6
(dd, 1H, J;=8.0, J,=7.1Hz); & 3.2 (t, 4H, J=5.05Hz); & 2.9+2.55 (m, 6H); o
15  1.7+1.3(m, 10H)
Example 4
Following the procedure described in Examples 1 and 3, by reacting a
1.3-dioxolane selected from the group consisting of:
(%) 1,4-dioxaspiro[4.4]nonane-2-methanol, mesylate;
20 (+) 1,4-dioxaspiro[4.4]nonane-2-methyl chloride;
(%) 1,4-dioxaspiro[4.5]decane-2-methanol, triflnoromethanesulfonate;
(2) 1,4-dioxaspiro-[4.5]decane-2-methanol, mesylate;
() 1,3-dioxolane-4-chloromethyl-2,2-dimethyl;
(2) 1,3-dioxolane-4-bromo-methyl-2,2-dimethyl;
25 with phenylpiperazine, the following compounds were obtained:
(%) 1,2-cyclopentylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
(1) 1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-yl)propane-1,2-diol;
() 1,2-(2-propylidene)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol.



x (2) PCT/EPO1 /0830s wherein X is selected fromthe group consisting of
d, Br, | and a suitable sulfonic ester (R-S03-), R being selected fromthe
group conwevi/mgsof C -C3 al kyl, (preferably methyl), trifpapepsmishos
phenyl, p-tolyl and p-nmethoxy 5 phenyl. 6. A process as clained in claimb5,
wherein the reaction is carried out in t?e presence of a base, using

tol uene or xylene as solvents. 7. A process for the optical resolution of

t he conpounds 5 clgig 1-4 by salification with L-tartaric acid. 10 8. The
use of the COfT; Cst clains 1-4 as internediates for the synthesis of

e SR T Sob SR SR Siesnadpbvpspr stsipc o solution of () 1.2
SRR g
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ERIsTLERh Cokpmy) gabomke  diRala) £ LG Sl 2t SB) A
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obio1r 1111122 358 YR 8170 sy ABadobdobsd-Ds & &2 A badrhedq @y LI ca] o
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yl)propane-1,2-diol L-tartrate in water is alkalinized (pH =8) by addition of 2N
15 NaOH, then exhaustively extracted with ethyl acetate. The combined organic
phases are washed with a 10% monobasic sodium phosphate solution, dried
over sodium sulfate and evaporated to dryness, then crystallized from
isopropanol to obtain 1.5 g of S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-
1-yl)propane-1,2-diol, m.p. 63-64°C, [a]p= - 7.8°(1% MeOH).
20 'H NMR 87.26 (t, 2H, J=7.4Hz); & 6.95 (d, 2H, J=8.9Hz); 5 6.85 (t, 1H,
J=7.28Hz); 6 4.3 (m, 1H, J=6.1Hz); 6 4.1 (dd, 1H, J,=8.0Hz, J,=6.1Hz); & 3.65
(dd, 1H, J;=8.0, J,=7.1Hz); & 3.2 (t, 4H, J=5.05Hz); & 2.9+2.55 (m, 6H);
6 1.7+1.3(m, 10H).
Example 7
25 By salification of a 1,3-dioxolane prepared according to the processes of
Examples 1-4 with L-tartaric acid and fractional recrystallization of the

resulting salts, the following compounds were prepared:

S(-)-1,2-cyclopentylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol,
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L-tartrate;
S(-)-1,2-(3-pentylidene)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol,
5 L-tartrate;
which where subsequently neutralized according to the process of
Example 6, to obtain the corresponding free bases.
Example 8
A suspension of 2.8 g of S(-)-1,2-cyclopentylidene-3-(4-phenyl-
10  piperazin-1-yl)-propane-1,2-diol in 70 ml of aqueous acetic acid (10% w/v) is
refluxed for 2h, then vapor is bubbled therein to distil off cyclopentanone,
which is separated. The aqueous phase is neutralized to pH 7.5 by addition of a
10% NaOH solution, then cooled to 5-10°C, to obtain 1.97 g of (-) 3-(4-phenyl-
piperazin-1-yl)-propanediol m.p. 102-103°C, [a]p= -23.5° (2.8% CH,Cl,).
15 Example 9
Alternatively, 0.35 molar equivalents of one of the 1,3-dioxolane
derivatives described in Examples 6 and 7, S(-)1,2-(2-propylidene)-3-(4-
phenyl-piperazin-1-yl)-propane-1,2-diol; S(-)1,2-cyclopentylidene)-3-(4-
phenyl-piperazin-1-yl)-propane-1,2-diol; S(-)-1,2-cyclohexylidene-3-(4-
20 phenyl-piperazin-1-yl)propane-1,2-diol; are added in portions to a 36%
hydrochloric acid solution (36 mL) in 45 ml of water under stirring; the
suspension is heated to 80°C to obtain a clear solution, which is kept at this
temperature for a further 30 minutes, then cooled to 20-25°C and the
aqueous phase is repeatedly is extracted with dichloromethane (3 x 15 ml), then
25 added with n-butanol (0.5 1). The diphasic mixture is refluxed to distil the
water n-butanol azeotrope, recovering about 300 ml of distillate, then cooled to
promote the crystallization of (-)3-(4-phenyl-piperazin-1-yl)-propanediol
hydrochloride (85 g).
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5 (-) 3-(4-phenyl-piperazin-1-yl)-propanediol crystals. The suspension is left to

spontaneously cool, then kept for 2 hours at +2 - +4°C, finally filtered to yield

70-72 g of (-) 3-(4-phenyl-piperazin-1-yl)-1,2-propanediol.
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wherein:

5 each of Ra and Rb, which can be the same or different, is hydrogen, C;-Cs-
alkyl, phenyl, or
Ra and Rb taken together with the C atom they are linked to, form an

optionally substituted 4- to 7- membered carbocyclic ring.

2. Compounds as claimed in claim 1 wherein Ra and Rb are the same.

10 3. Compounds as claimed in claim 1 or 2 wherein Ra and Rb are methyl or
ethyl.
4. Compounds as claimed in claim 1, selected from :

(£) 1,2-cyclopentylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
(%) 1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;

15 (%) 1,2-(2-propylidene)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
(£) 1,2-(3-pentylidene)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol
L-tartrate;
S(-)-1,2-cyclopentylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol

20  L-tartrate.
5. A process for the preparation of the compounds of formula (1) by

reacting phenylpiperazine with a (1) 1,2-glyceryl-dioxolane of formula (2):
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wherein X is selected from the group consisting of Cl, Br, I and a suitable

sulfonic ester (R-SOs-), R being selected from the group consisting of C;-C;-
alkyl, (preferably methyl), trifluoromethyl, phenyl, p-tolyl and p-methoxy
5 phenyl.

6. A process as claimed in claim 5, wherein the reaction is carried out in
the presence of a base, using toluene or xylene as solvents.
7. A process for the optical resolution of the compounds of claims 1-4 by
salification with L-tartaric acid.

10 8. The use of the compounds of claims 1-4 as intermediates for the

synthesis of the corresponding (S) enantiomers.



