0 6 JAN 2005 1 2, 2-DI SUBSTI TUTED 1, 3- DI OXOLANES AS ANTI TUSSI VE AGENTS The
present invention relates to () 3-(4-phenyl-I|-piperazinyl)-1,2- propanedi ol
cyclic acetals, a process for their optical resolution and theggs t her eof
as internediates for the preparation of (-)3-(4-phenyl-1-piper i‘fﬂ”?ﬂ%
1, 2- propanedi ol (| evodropropi zine) andlthe salts thereof. Mre precisely,
the invention relates to () 2,2-substituted-1,3- dioxolanes of forrmula (1):
(1) wherein: each of Ra and Rb, which can be the sanme or different, is
hydr ogen, Cl- C6- al FPISUBIFERYTED &r 3 -RIOAPINRD ASakpTITUsgEYH@csENSt h t he C at om
they are linked to, forman optionally substituted 4- to 7- nenbered
carbocyclic ring. Advantageously, in the conpounds of the invention of
formula (1), Ra and Rb are al kyl groups containing |less than 6 C atons. Ra
and Rb are preferably the same; nore preferably, Ra and Rb are nmethyl or
ethyl or, together with the C atomthey are |linked to, forma ring
containing 5 t3db® prasddnimeorizn 'ﬁiemtbmvmnt(it()n%(msphef@lalqﬁpémziﬂye})_l,z-
enantionerically pure nonobasic salts of the
2, 2- subst iPrepanedioB cylcbr gicatads, af prioseswfar (Hair wiptivap rasslaeeut hadlthy use
acceptabl e chiral acids such as L-malic, D- and L-tartaric, D- and
L- mandel i &herepf asninterroediptesr forl flenipcemratsn of (-)3-(4-phenyl-1-piperazinyl)-
1,2-propanediol (levodropropizine) and the salts thereof,
More precisely, the invention relates to (£) 2,2-substituted-1,3-

dioxolanes of formula (1):

. 0 Ra
\]LRb
OO
N N
v |
(1)

wherein:

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

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,
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,

L- and D-camphorsulfonic acids,



C 6 JAN 2005 la WD 93/16056, in the nane of the same applicant, discloses
3-(4-aryl - piperazin-1-yl)-propane-1, 2-diol N-oxides optionally substituted
on the vicinal hydroxyls, pharmaceutical comnpositions contai ﬁ'iBnS’ t he sane
and their use as antitussive agents. US 4, 372,958 di scl oses N 2005

3(4- phenyl - 1- pi perazi ni o-1-yl ) -1, 2- propanedi ol

3(theophyl I'in-7-yl)-1-propane-sul phonatg and its use in human therapy as
antitussive agent. U 8 JAN 2005 2 Exa Pes of particularly preferred
conmpounds of the invention are: () '

1, 2-cycl opentyl i dene- 3- (4- phenyl - pi perazin-1-yl)-propane -1, 2-diol; (}

1, 2-cycl ohexyl i den- 3- (4- phenyl pi perazi n-1-yl)-propane-1,2-diol; ()

1, 2-(2- propyl i daN©) 93/160H5Bhdmthe phgrae adfi the bamgl é\pplrda]nt adigclbsés B3-01- aryl-()
1,2-(3-pentyliden)- 3 -(4-phen -p| erazin- ane- 1,2 - di ol;
S( )-1, 2- cm%ﬁﬁlﬁﬂ VH@ﬁOBaU?l Jﬁ}ﬂxﬁlﬁsaﬂpﬁoﬂaﬁ){ﬂ ﬁ“gﬁ@iﬁéﬁﬁboﬂ #ejj iginal

L-

tartrat
L ot eyl i ges %3*9‘?%20%0%8%“5 DA b Ineir use ac
formul a (1)anehttmspﬂea:giamst by reacting phenylpiperazine with a

()1, 2-gl yceryl - di oxol ane of forrrula (2): (2) wherein X is selected fromthe

group consi sti nqJ of d and
S 4,372 958 dlSC|OSGS 3(4-phenyl-1-piperazinio-1-yl)-1,2-propanediol

3(theophyllin-7-yl)-1-propane-sulphonate and its use in human therapy as

antitussive agent.



suitable sulfonic ester (R-SO3-), R being selected fromthe group
consisting of Cl-C3-alkyl (preferably nethyl), trifluoronethyl, phenyl,
p-tolyl and p- methoxy phenyl. D oxol anes of formula (2) are é(g

conpounds and/or can be prepared according to known nethods. AN 2005 oni ¢
esters of fornmula (2) (X= R-SO3-) are prepared by esterification with an
anhydride or with an alkyl- and/or aryl-3ulfonic acid chloride of formula
(3) RSABH (3) of a f 2,2-substitute d-1, 3-di oxol ane-4-net hanol of formula
(4): 06JAN2005 BXqmpleget pathicRiarhnpreRerrbd cenijfrmiast theSndektimegdrabove.
Compounds of fornula (4) are known conpounds. Racemates of fornula (4)

are, in fact, dsed.asys phidend-3+(4f phiampripipereein-dsgl)usiopan 8r10ER8SES [ US
Pat. 5.190. 867 (02.03.1993)]. The preparation of dl-isopropylidéneglycerol

(Merck 12. 5232;(3Bdi2-cyol @By ydidant -4 pheapipipsraeinl - yl? -stepené ezl digy: O g.
Synth. Coll. VoI I11. The 4-hal onet hyl - di oxol anes fornmula (2) wherein X

is d, Br or | (&ad,24e- mppphdeme)sﬁqntphBQyt-lpgp?mhm ¢oyl)gsppage N -guwlf onat es

of forrmla(2) (X = RS- wherein Ris a i ned above) by reaction wth

an al kali or a(ltkell,:i-tﬁéqrfa:lrty]lnddsra)l-Bqe-ph&nynP{aﬁtHﬁchMwmﬂm_qq -ggbif rom the
tr

group consisting of acetone, nethyl ethy t one ahydr of ur an]
di oxane, di met [{Hsli2-oxtlebexyliden-3-(4- -phenylpiperazin-1-yl)-propane-1,2-diol

L-tartrate;
S(—)—1,2—Cy010penty1idene—3-(4-pheny1pipera2in—l-yl)—propane—l,2-di@1
L-tartrate.
The compounds of the invention of formula (1) are prepared by reacting

phenylpiperazine with a (+)1,2-glyceryl-dioxolane of formula (2):

Ra
O .
Yoro
O
(2
« )

wherein X is selected from the group consisting of Cl, Br, I and a
suitable sulfonic ester (R-S03-), R being selected from the group consisting of
Ci-Cs-alkyl (preferably methyl), trifluoromethyl, phenyl, p-tolyl and p-
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-80;-) are prepared by
esterification with an anhydride or with an alkyl- and/or aryl-sulfonic acid
chloride of formula (3)

R-SO;H (3)

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



acetonitrile, a C -C4-al cohol and m xtures thereof. A preferred nethod for
the synthesis of said conpounds conprises the dioxol anation of the
correspondi ng 3-halo-1, 2-propanediols, as disclosed in EP 09 H&N
(21.07.1999). Partlcularly preferred is 3-chl oro-propane-1, 2- 2005
preferred acetal yzi ng agents are fornalidehyde, acetaldehyde and
benzal dehyde, acetone, diethyl ketone, benzophenone, cycl ohexanone, the
acetal s and/ or enol ethers thereof, such as 2, 2-di nmethoxypropane,
2, 2- di met hoxyet hane, 2-nethoxy- propene. Alternatlvely, di oxol anes of
formula (2) (X =d or Br) can al béﬁaobtalned by acetal yzation of
epi chl or ohydrins or epibronohydri ith a cycl oal kanone according to the
processes described for the prepdrat| ofRbf
(+) 2-chl oronet hyl -1, 4- di oxaspi r o[ #-%})- decane in FR 1522153 or by Blicke FF
et al., J. A C S 74, 1735 (19 2) and ibideq%k76, 1226 (1954). 0 s JAN
2005 4 The al kyl ation reaction o ﬁ@Senylpipe( ine with a 1, 2-glyceryl
di oxol ane of fornmula (2) is perfor usi ng reaction conditions
conventionally wused for the conversion of a secondary anmine to a tertiary
am ne, using feheeaoRa@nt R hahe thd kdaainggdeiead abbvéornul a (2) at | east
one nol or a slight nolar excess of phenyl piperazine in the presence of at
| east one nol Obnpamdstel frrsnila (FherechnowardmapousdsSestentates dffaghula
equi nol ar anmounts with respect to the alkylating agent of fornmula (2), and
i s sel ect@d dregrmt factgneerp asondisstatery fof fefmerethyivdi rdsdbridm orgessises faiges
such as alkali or alkaline-earth (Na, K M, Ca) carbonates or bicarbonates
or Ca or Raf.okil®8s§670r (0203 |1899)]an‘il"he5preqmramom %ﬁwlmpmpydldmfreghheml
diethylaniline, aromatic anines as pyridine, picoline

(Merck 12.5232; Beil 19.65) starting from glycerol is described in Org. Synth.

Coll. Vol IIL

The 4-halomethyl-dioxolanes of formula (2) wherein X is Cl, Br or I can
be prepared starting from the corresponding sulfonates of formula (2)
(X = RSO;- wherein R is as defined above) by reaction with an alkali or
alkaline-earth halide in an inert solvent, selected from the group consisting of -
acetone, methyl ethyl ketone, tetrahydrofuran, dioxane, dimethylsulfoxide, '
acetonitrile, a C,-C4-alcohol and mixtures thereof. A preferred method for the
synthesis of said compounds comprises the dioxolanation of the 'con"esponding
3-halo-1,2-propanediols, as disclosed in EP 0930311 (21.0.7.1999). Particularly
preferred 1s 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.

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



and collidine and, if desired, the phenyl pi perazine itself which my be
subsequently recycled to a subsequent production cycle. The al kyl ati on
reaction can be perforned in the hot, optionally in the presesqf 8& i nert
sol vents such as tol uene or xylene which, when operating undef T &fl&lbof
the solvent, will advantageously reduce 4he reaction tinmes. After
conpletion of the alkylation reaction, any insolubles are filtered or

centrifuged of fTh¢ halkyligoer geaitforPhes eghanAptReatRd wicyashed »w th wat er
to easily renove the inpurities and sige- p)fﬂgc}%gts, andl pﬁzd sg’lz\\,/\%ll)(f:eﬁy'

di still ed dibkoldne ebfaitulaf2higpedoehds ﬁjﬁ§§é&!ﬂﬁ)tﬁ@&§c¥iﬁbhg%oﬂ}rﬁtio%%h -

substantially pure 1,3- dioxolanhe of the invention of tormula

recover ed usetifer thy cdhvesion 6f ¥sedbhdadtdRihedlo Atd '%r%%h’li[-lhc@ihg%%%% 2of

nol ar equi val ent of a carboxylic acid. Conpounds (1 ‘e 'saPt's

are supri shopby thasalkyitisey sied il égﬁonﬁmanazphﬁ }é—%@f'oné%}sﬁ%tfs' Isfoiggt RAEESS

of the invention therefore mnimzes any I sks of contam na

the presergeesd ofbliendQliseradiieoin @eihatedsf fﬁ?ileaot; @I?@ﬁloe}so a?&?ﬁ}gciggtlase.

i mpurities. The nonobasic salts of the conpounds ormula

obt ai ned Hhe ¢oungerbasy entisedaln NRtiRMS e §Y Lihicakl |
equi nol ecul ar anmounts of the dnesi red agiadﬁﬁ%ﬁz é;‘[gﬁlégl ngg-glr}\? nf{creatﬁ)dthe

subsequentllcylytingl dgetat ¢ Lofulah@) Oaﬁdﬁ@'&e@@@éd%rfaf\?\}s ﬁ}é gﬁtlgll;ﬁ %loééilsgélgh&s

been found that the salification ot ~conpounds ( _ al :
par ti cul afinelyidihidedt ik gdnie WGkd sutlp a8IRAl i SRAL PR LS Q\'feﬁsze{ N#%O@a)
gh “y1 efds:

nmethod to recover the S-enantioners of conpounds (1) in h
carbonates or bicarbonates or Ca or Mg oxides, or tertiary amines. as
triethylamine, dimethyl or diethylaniline, aromatic amines as pyridine, picoline
and collidine and, if desired, the phenylpiperazine itself which may be
subsequently recycled to a subsequent production cycle.

The alkylation reaction can be performed in the hot, optionally in the
presence of inert solvents such as toluene or xylene which, when operating
under reflux of the solvent, will advantageously reduce the reaction times.

After completion of the alkylation reaction, any insolubles are filtered or
centrifuged off, then the organic phases are repeatedly washed with water to
easily remove the impurities and side-products, and the solvent is distilled off
to obtain in high -yields a residue consisting of a substantially pure 1,3-
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 supnisingly 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
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



Said (S)(-) enantioners and the salts thereof are useful as antitussive
agents or as internediates for the synthesis of (-)
3-(4-phenyl - - pi perazinyl)- 1, 2-propanedi ol (| evodropropizine) 6 QiNhmpbs
hydrol ysi s of aqueous solutions of the (-)1, 3-dioxolanes of fornula (1)
catalyzed by a nol ar excess of a diluted aqueous solution of a mneral acid
such as hydrochloric acid, or of a carboxylic acid such as acetic, nmalonic
or citricreaalisg sdhe follomnng exanples further illustrate the invention.
Exanple 1 A solutlon of 11.98 g of () 2, 3-0-(3- pentylldene) gl ycer ol

onaly i vi ded oy fokAd e e eﬁﬁ?&tw}ﬁsgc%@%g%d%; MiRe bl adadhe
m xt ure igagtRhl AP dyitnHefarsli rﬁéf‘ Plg LPACLSY Aliidd rsetsgleur{?erat E‘PGL@H 20

h. Butanol is then evaporate er reduce pressu

taken up pchRemates- é}{h‘i’mdrﬁ feccdflrx%&ﬁ.}#saﬁclg el.}c,ihhr}ﬁ #}cﬂ acetate. The

conbi ned organi c phases are the solvent is

evapor at ed offséﬁﬂdﬁ;) %Hb!ﬂié&glgrst Qﬁfi fl’-s% gélgpggefe%sf' el Sruf %S hAlikisERS Trom
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propylldene) g cerol
L et e k) IS LB
obt ai ned.aqeBud AMIANYP of a mineral acid such as hydrochloric acid, or of a carboxylic
acid such as acetic, malonic or citric acids.
The following examples further illustrate the invention.
-Example 1
A solution of 11.98 g of (%) 2,3-0-(3-pentylidene)-glycerol tosylate in n-
butanol (70 mL) is added under strong stirring with 4.5 g of finely divided
sodium carbonate, then with 6 ml of phenylpiperazine. The mixture is refluxed
under stirring and reacted at this temperature for 20 h. Butanol is then
evaporated off under reduced pressure, the residue is taken up with water and
repeatedly extracted with ethyl acetate. The combined organic phases are dried
and filtered, then the solvent is evaporated off under vacuum and the resulting
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-diethy1—1,3—dioxolan-4-y1-methy1).
Example 2
Following the procedure described in Example 1, using (%) 2,3-0-(2-
sropylidene)-glycerol tosylate, (&) 1,2-(2-propylidene)-3-(4-phenyl-piperazin-
[-yl)-propane-1,2-diol, also named 4-phenylpiperazine,1-(2,2-dimethyl-1,3-
liossolan-4-yl-methyl), is obtained.



6 Exanple 3 A solution of 3.28 g of () 1, 4-dioxaspiro-[4.5]decane-2-nethyl
chloride in toluene (16 nL) is added under inert gas at m)sphere with 5.45
m of phenyl pi perazine. The m xture is then refluxed to conpg E“'{g
reaction (approximately 8 hours). The reaction mxture is co 008 pout
50C, added wth 10 ml of water and kept6under strong stirring for at |east
10 mnutes. The phases are separated, and the organic phase is repeatedly
washed wi th watletamplBh® sol vent is evaporated off to obtain a thick oil
which is dissolved in hot isopropanol (15 nmi). The resulting solution is

slowly cool ed thsehptsav€3.43 ¢ of (+) 1,4-dioxaspiro-[4.5]decane-2-
I, 2-cycl ohexyl i den- 3- (4- phenyl pi p(er)azl digxasp pr(gpar]1e Gang-2-methyl chloride

crystal | i ne sdienk (16 $1{ddedHy 26,4 t 7 95¢ (d,
2Hy J=8.9Hz); 5 6. 8(5 F{n@gi Je 2%%% 5n%rt4§as( atm%@ﬂhére vﬂ?f—iz% 43 @l Edd

1H, J1=8. phenyldpérakiizd.; The3 b 3 4H,
J=5. 05Hz)® Snzlb'élpzr 55 %m 6H) ; éul(e?q% %Jén( B}%ﬁ%i@—bi E}Ei‘gorﬁ'%'%ﬁ @e T%avm“(t%"g t he

pr ocedur e (ggsioxibedlyr8 Boa)| Thelreabon m%f@?&CEbBE:dato &b 560
selected fromthe group consisting of 1, 4-di oxaspiro ) nonan e-

- met hanol witiedl @l @f witer knd-EigxaRk keldhodmenan FGIZamEtaE‘ﬁy:IO Ghi n‘?lrtésde%he( }
u

1 4-di oxaspiro[ 4.5] decane-2-net hanol, trifl uoronethanes onat e;
, 4- di oxaphases hre S¢ptaaciit- aardrrﬂiehafgalmc myé 3§ Qepedtedly washed with water.

1 3- di oxol ane- 4- chloronethyl 2, 2-di met hyl ;
The solvent is evaporated off to obtain a thick oil which is dissolved in hot
isopropanol (15 mL). The resulting solution is slowly cooled to sepeii'ate
(1) 1,2-cyclohexyliden—3-(4-§henylpiperazin—1~yl)propane-1,2-diol as a
crystalline solid, m.p. 58-61°C.

'"H NMR & 7.26 (t, 2H, J=7.4Hz); 8 6.95 (d, 2H, J=8.9Hz); & 6.85 (t, 1H,
J=7.28Hz); 8 4.3 (m, 1H, J=6.1Hz); § 4.1 (dd, 1H, J,=8.0Hz, J,=6.1Hz); & 3.65
(dd, 1H, J;=8.0, I,=7.1Hz); & 3.2 (t, 4H, J=5.05Hz); & 2.9+2.55 (m, 6H); &
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;

() 1,4-dioxaspiro[4.4]nonane-2-methyl chloride;

(£) 1,4-dioxaspiro{4.5]decane-2-methanol, trifluoromethanesulfonate;

(%) 1,4-dioxaspiro-[4.5]decane-2-methanol, mesylate;

(%) 1,3-dioxolane-4-chloromethyl-2,2-dimethyl;

() 1,3-dioxolane-4-bromo-methyl-2,2-dimethyl;

with phenylpiperazine, the following compounds were obtained:

() 1,2—cyclopentylidcne-3—(4-phenyl-piperazin—1-y1)—propane—1,2-diql;

(%) 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.



(} 1, 3-di oxol ane-4-brono-nethyl -2, 2-dine thyl; wth phenyl pi perazine, the
foll ow ng conpounds were obtained: ()

1, 2-cycl opentyl i dene- 3- (4- phenyl - pi perazi n-1-yl) - propane-1, 2-di gl ; é)

1, 2- cycl ohexyl i dene- 3- (4- phenyl - pi perazin- | -yl)propane-1, 2- d 8|J,AN 0p5

1, 2- (2-propylidene)-3-(4-phenyl -pi perazif-1-yl)-propane-1,2-diol. 0 6 JAN
20D5 7 Exanple 5 3 g of L-tartaric acid are added under stirring to a

solution of () Bx&nple 5
cycl ohexyl i dene-3-(4-phenyl - pi perazi n-1-yl ) propane-1, 2-diol (6.32 g) in
absol ute et han ' ' tirr untj| conpl.ete

] ef SConarQtelt B B 8ed e TR g i RIBLSR o el 2-

di ssolution, then cooled to 5 .
512 Betordt S R 25 an o ot
s 518 38R ot (936, Ehrofe B apis Mol s
& B e
in wa%/er ib?tgl kaﬁiﬂﬁiﬂze%é pH%%‘]flu%/p:%%@ont%g Qfﬁlf&)&'ai;fﬁz t%er?fexﬁ@sltsgvgl y
2 10% moncbast e Lo o ke et DO BB, SRS E G dis avepand
evapor at ed31 o g8yTESEx ] Hep. ek 9. hzggh.f rom
'H NMR 8 7.5 (dd, 2H, 1,=8.7 J,=7.3); & 7.2 (m, 3H); § 4.8 (m, iH);
4.4 (s, 2H); & 4.35 (dd, 1H, J,=8.9Hz J,=6.7Hz); 3 3.86 (dd, 1H, J,=8.9Hz
J,=5.8Hz); 8 3.6-3.4 (m, 10H); & 1.8-1.48 (m, 10H).
Example 6
A solution of 2.4 g of S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-
ybpropane-1,2-diol L-tartrate in water is alkalinized (pH =8) by addition of 2N
NaOH, then exhaustively extracted with ethyl acetate. The combined organic
phases are washed with a 10% monobasic sodium phosphate solution, dried
over sodium sulfgte 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, [o]p=- 7.8°(1% MeOH).
'H NMR 57.26 (t, 2H, J=7.4Hz); & 6.95 (d, 2H, J=8.9Hz); & 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);
& 1.7+1.3(m, 10H).
Example 7
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,



| sopropanol to obtain 1.5 g of '
S(-)-1, 2-cycl ohexyl i dene- 3- (4- phenyl - pi perazin- 1-yl)propane-I|,2-diol, mnp.
63-64C, [a]D= - 7.8(1% MeOH). "H NWR 87.26 (t, 2H, J=7.4Hz); 8 6.95 (d, 2H
J=8.9Hz); 8 6.85 (t, 1H, J=7.28Hz); 8 4.3 (m 1H, J=6.1Hz); GHAAN fpoxl, 1H
J1=8.0Hz, J2=6.1Hz); 5 3.65 (dd, IH JB=8.0, J2=7.1Hz); 6 3.2 (t, 4H,
J=5.05Hz); S 2.92.55 (m 6H); 8 1.7.1.3(m 10H). Exanple 7 By salification
of a 1, 3- di-t&Hlatdie prepared according to the processes of Exanples 1-4
with L-tartaric acid and fractional recrystallization of the resulting

salts, the fol Sév)frh@-@onmpmﬁkmw%(%hpaﬁﬂiperazin-1-Ylg-PIOPaHe-lﬂ-?iO%_di ol

S(-)-1, 2-cycl opentyl i dene- 3- (4- phenyl - pi perazin- | -yl)-propane-
8 0 6 JANL2GIBate;tartrate; S (-)-1,2-(2-propylidene)-3-(4-phenyl-pip
erazin- | -yl)-propane-1,2-diol, L-tartrate;

S(-)- 1, 2- ( 3- pef{yt] defBepedtyliienbpByl4-phoeylagipardzix! )-yDL-pRaNGe1: B:4lbp! .
L-tartrate; which where subsequently neutralized according to tthe process
of Exanpletagtratey obtain the corresponding free bases. Exanple 8 A
suspension of 2.8 g of S(-)-1,2-cyclopentylidene-3-(4-phenyl -
el e o oh  mon vapor e oL o e SHRIBIRE, B Gdot Ot V)
cycl opent BXample 6, to obtain the corresponding free bases.
Example 8
A suspension of 2.8 g of S(—)-l,2-cyclopentylidene-3-(4-phe‘;iyl-
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, [ct]p= -23.5° (2.8% CH,Cl,).
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—di01; S(-)1,2-cyclopentylidene)-3-(4-
phenyl-piperazin-1-yl)-propane-1,2-diol; S(-)-1,2-cyclohexylidene-3-(4-
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
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).



whi ch is separated. The aqueous phase is neutralized to pH 7.5 by addition
of a 10% NaCH solution, then cooled to 5-10C, to obtain 1.97 g of (-)

3- (4- phenyl - piperazin-1-yl)-propanediol mp. 102-103C, [a] ZJ%NS ﬂﬁ% 8%
CH2Cl 2) . Exanple 9 Alternatively, 0.35 nolar equivalents of one 0 ?

1, 3-di oxol ane derivatives described in Bgnples 6 and 7,

S(-)1, 2-(2-propylidene)-3-(4- phenyl-piperazin-I1-yl)-propane-1, 2-di ol; S(-)
1, 2-cycl opentyl i dese)utior( 4f theehydrorhRHa@giiA- 145 i bfAKeRANG- g g& b
S(-)-1,2-cycl ohexyl i dene- 3- (4- phenyl - pi perazi n-1-yl) propane-1, Jre

added in pohtang am56°66%tm)ﬂdflegh¢1@gﬂcg B¢ sql g, )
wat er under stirring; the suspension i sahgat ed’to ﬂ88?) %‘gﬁgg&auiﬁ]ﬂ%‘% gﬂe

sol ution, whectraligekdpt additidn of b RRAAIHE faer ghen
cooled to 20-25C and the aqueous phase is rep atrgX de &g‘&éec;(]%?aglﬂg}nwf%%/

di chl or onet wewg. (After biefily) hedthep toa%’@ ‘é’r}s@al‘l‘xzﬁﬂbﬁ”ﬁ' s Pﬁeﬁa};%o%d:agggn of

di phasic mxture is refluxed to distil wat er but an

4 L { i
o e e R i OB

hydr ochl or i sieor(iBhe@sty @061, Jhbn AQ% 8r 2%@191‘3%’('@2‘ af4 @eﬁ@éﬂg}é?@ 0f g 1%

125 m of water is decolorized by heating at 50C with’ac ar coal

g) for 15 nMTOWMZeg off(i) 344 etng@p aautdaligedoby-addidispn of an amoni um
hydr oxi de aqueous sol uti o?:h(B /o\l\? Aftjél? Br Ppeh? %ea?l ng to 50C,
crystallization is started by addltlon of (-) 3- (4 phenyl -pip
erazin-1-yl)-propanedi ol crystals. The suspension is left to



spont aneously cool, then kept for 2 hours at +2 - +4C, finally fiItered to
yield 70-72 g of (-) 3-(4-phenyl-piperazin-Il-yl)-1,2-propanediol. S JAN
2005 10 CLAIM5 1. Conpounds of forrmula (1) and entantlonerlcgﬁby pure
nonobasic salts w th pharnmaceutically acceptable chiral aci hie 03 (1)
wherein: each of Ra and Rb, which can be the sane or different, is

hydr ogen, Cl-C6-al kyl, phenyl, or Ra ang Rb taken together mﬁth the C atom
they are linked to, forma 4- to 7- nenb Qed carbocyclic ring. 2. Conpounds
as claimed in claim1l wherein Ra and Rb are the sane. 3. Conpounds as
claimed in claim1 or 2 wherein Ra and Rb are nethyl or ethyl. 4.

Conpounds Lhed in claiml, selected from ()

1, 2-cycl op ene- 3- (4- phenyl - pi perazi n-1-yl)-propane-1,2-diol; {)

1, 2-cycl ohexyl i dene- 3- (4- phenyl - pi perazi n-1-yl)-propane-1,2-d iol; (})

1, 2- (2- propyl i dene) - 3- (4- phenyl - p|pera2|n 1-yl)- propane- 1 2-diol; ()

1, 2- ( 3- pent ||de6@m®w\dsmié®rwulpl puie monobasis salts
S(-)-1, 2- CY&kf I% g | -0l i yI) propane 1, 2-di ol
L-tartrate, o ' VuSiiaammeicin- F=ptieryt= pi perazi n-1-yl) - propane-

,2-diol L- tartrate 5. A process for the preparation of the conpounds of
forrrula (1) by reacting

0 Ra
} Rb
Vanay 0
OO
(1)

wherein:

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

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

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

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;

(£} 1,2-(2-propylidene)-3-(4-phenyl-piperazin-1-yi)-propane-1,2-diol;

() 1,2-(3-pentylidene)-3-(4-phenyl-piperazin-1-yi)-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 L-tartrate.

5. A process for the preparation of the compounds of formula (1) by reacting

phenylpiperazine with a (x) 1,2-glyceryl-dioxolane of formula (2):



phenyl pi perazine with a () 1, 2-glyceryl-dioxolane of fornula (2): 0 6 JAN
2005 11 (2) wherein X is selected fromthe group consisting of d, Br, ?
and a suitable sulfonic ester (R-SC3-), R being selected fromthe group
consisting of Cl-C3- alkyl, (preferably methyl), trifluoronethglg ; ‘ﬂﬁ?@%l’
p-tolyl and p-nethoxy phenyl. 6. A process as clainmed in cIa|n15 in
the reaction is carried out in the pres$£ce of a base, using toluene or
xyl ene as solvents. 7. A process for the'optical resolution of the
conpounds of clainms 1-4 by salification with L-tartaric acid. 8. The use
of the conmpounds of clainms 1-4 as internediates for the synthesis of the
corresponding (S) enantioners. 9. A process for the synthesis of (-)

3- (4- phenyl -1 -piperazinyl)-1,2- propanediol wherein the L-tartaric-acid
salts of conpounds (1) are optically solved to recover the S
(-)-entantioners which are then s@pj d to hot hydrolysis catalyzed by a

nol ar excess of a diluted aqueoug so t|:$] tgpn of a mneral acid. 10. A
process according to claim9, whe e mneral acid is hydrochloric,
acetic, malonic or citric acid. . The use oéthe conmpounds of clains 1-4
as internediates for the prepara Bém of (-) )(4 phenyl 1 -pipe
razinyl)-1, 2-propanediol. 12. The e of the (S)(-) enantioners of the
conmpounds of formula (1), or salts thereof, for the preparation of an
anti t ussi vewhgegin X is selected from the group COﬂSISting of Cl, Br, ? and a suitable

sulfonic ester (R-SO3-), R being selected from the group consisting of C4-Cs-
alkyl, (preferably methyl), trifluoromethyi, phenyl, p-tolyl and p-methoxy 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.

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

synthesis of the corresponding (S) enantiomers.

9. A process for the synthesis of (-) 3-(4-phenyl-1-piperazinyl)-1,2-
propanediol wherein the L-tartaric-acid salts of compounds (1) are optically
resolved to recover the S (-)-entantiomers which are then subjected to hot

hydrolysis catalyzed by a molar excess of a diluted aqueous solution of a mineral
acid.

10. A process according to claim 9, wherein the mineral acid is hydrochioric,

acetic, malonic or citric acid.

11.  The use of the compounds of claims 1-4 as intermediates for the
preparation of (-} 3-(4-phenyl-1 -piperazinyl)-1,2-propanediol.

12.  The use of the (S)(-) enantiomers of the compounds of formula (1), or

salts thereof, for the preparation of an antitussive agent.



