0 1 JUN 20D4 1 1 3-DI OXOLANES W TH ANTI TUSSI VE ACTIVITY The present

invention relates to (S)-3-(4-phenyl-I|-piperazinyl)-1, 2- propanedi ol cyclic
acetal s useful as antitussive agents and as intermediates for ‘g hgyy
preparation of |evodropropizine and the salts thereof. The i nvent| on 2551

relates to a process for the preparation of said acetals. 5 Mre preci sely,
the present invention relates to (S)-2,2-substituted-1, 3- di oxol anes of
formula (1): N N (1) wherein: each of Ra and Rb whi ch can be the sane or
different, i and Rb, taken

t oget her wtim S . to 7- nenbered
carbocyclic ring. Preferred corrpounds of forrrul a (1) are those wherein Ra
and Rb are al kyl groups contai ni ng | ess than 6 C atons. Preferably, Ra and

Rb are the 15 s P J g . l4_or,
together with th(aa‘f,i?c‘3 I'r)ajllté%)ér%ntt Lefﬁ%re |iar¥ ed t o, 5{? n‘uﬂlgH?llt ﬁékpe%n lﬁlpyﬁqg 5to0 6
carbon atons roBﬁﬁe&1@Y@9éli@£be@dl§ﬁséfﬁi Qéﬁﬁtl&x@sﬂré‘% ﬁﬁ@%& QBltk e divteP s e
nonobasic salts of the (S)-2,2-substituted-| i oxol anes of fornula (1)

wi th phar macéie ptb@lafanona@E Eﬂbdﬁﬂg@oﬁﬁmé SandPiet $aﬂ!si| taedeyf. TR Bivegton also
pharmaceutically acceptable acids are 20 acetic, propionic, succinic,
fumaric, mal edlates o AEITOQESS Ber the grdpatadionarfi sajd Botaland L - mandel i c, Land D

- canphorsul fonic acids. Particularl Y preferred conpounds of the invention
are: 1 JUN2004 More precisely, the present invention relates to (S)-2,2-substituted-1,3-

dioxolanes of formula (1):

o Ra
N4
@ /\ }0 Rb
N N H
./
(1)
wherein:
each of Ra and Rb, which can be the same or different, is hydrogen,
10 C,-Cs-alkyl, phenyl; or

Ra and Rb, taken together with the C atom they are linked to, form 2
to 7- membered carbocyclic ring.

Preferred compounds of formula (1) are those wherein Ra and Rb ae
alkyl groups containing less than 6 C atoms. Preferably, Ra and Rb are the

15  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 (8)-2,2-substituted-1,3-dioxolanes of formula (1) with pharmaceutically
acceptable acids. Particularly preferred pharmaceutically acceptable acids are

20  acetic, propionic, succinic, fumaric, maleic, L-malic, D- and L-tartaric, D - and
L -mandelic, L and D — camphorsulfonic acids.

Particularly preferred compounds of the invention are:



-)-1, 2- | opentylidene-3 -(4-phenyl-piperazin- | -yl)-prop
gn((a-)l, %i di glyc g(-)}/l, 2-cycl ohfaxyl i dene- 3- (4- phenyl - pi per azi n- 1-_y| ) - prop
ane-1,2-diol; S(-)-1,2-(2-propylidene)-3 -(4-phenyl-piperazin-1gyl JuNwomw
ane- 1, 2 - di o 1; _ _ o
Sy h g (opentyt) dene) -3 (4-pheny) -piprazi oo 1-yl)-prop aned 2gi ol S
-)-1, 2- o I genes 3- (4-pheny] -
ﬁw(al )eat e: g%/?) - 1,§§¥‘cly21°t¥ﬁé%§ﬂ tﬂﬁﬂ"en%g((&:Bh‘érﬁslrplpﬁﬁé’ﬂmzh—ml)-proplal)xe-ﬂ_r;b{nhol;_
ane-1 21di ol sfartrate; .S(-)-1,2-cycl ohexylidene-3-(4-phenyl - pi perazin- I
“yl) - propane- 1, E‘g'llo 'cybeI'quﬁA‘td&P%:} 4-pheny -PIPeTaZIH-1-y1)-pr0pane—1,2|—d1§1;d_ I
-)-1, 2- I | e- 3- (4-phenyl - pi p erazin- | -yl)-prop ane- , 2-dio .
[S>( )1 (1): ca(r:r%ﬁo(r)g%ﬁbln ﬁngr?ﬁg!hé%%oéﬂﬂsphﬂﬂ}ﬂfmp(bm) lgplljiprbpﬁm?-mag-ahcgil;ngr gf
[ ' henyl pi.perazine with a (R)-1,2-glyceryl- | 0X
19 gﬁ ﬁLFSd( 23’: r i?@%?'(%Peé%ﬁdg@e()z%-(me@whpmrgzmu ed)quioparcevl hdidy oup
consi sti ng of I?Ir I d a. 20 suitable sulfonic ester (R—SCB-),_ wher ei n
Ris C%- C3- al k)%(j')'t P%?Wﬁ%ﬁf’é{llﬁﬂ?‘g"%Bh?llﬂ-pm@m&;ym-b-wl}aprrqia}mex}/,ﬁhhnyl . The
di oxol anes_of formula (2) are known conpounds and/or can be prepared by
usi ng kno I‘?@Fﬁods. More particularly, the sulfonic esters of fornmula (2)
(X= R-SCB-) ar eS(“)'132-CYCIOhGXYIidene-S-(4—phrcny1-piperazin-I-yI)-propane—l,2-di01
L-tartrate;
S(-)-1 ,2-cyclohexylidene-3-(4—phenyl-piperazin- 1-yl)-propane-1,2-diol
10 - fumarate; - .'
S(-)—1,2-cyclohcxy1idene—3-(4-pheny1-piperazin—1-yI)-propane—I,Z—diol
D-10-camphorsulfonate.
The compounds of the invention of formula (1) are obtained by reacting
phenylpiperazine with a (R)-1,2-glyceryl-dioxolane of formula (2):

1 o R

P
2)
H

X

wherein X is selected from the group consisting of CI, Br, I and a
20  suitable sulfonic ester (R-SO;-), wherein R is C;-Cs-alkyl, trifluoromethyl,
phenyl, p-tolyl or p-methoxyphenyl.
The dioxolanes of formula (2) are known compounds and/or can be
prepared by using known methods.
More particularly, the sulfonic esters of formula (2) (X= R-S0O3-) are
25  prepared with conventional methods using use of an anhydride or a chloﬁde of
an alkyl- and/or aryl-sulfonic acid of formula 3):
R-SOs;H 3)

to esterify an (R)-2,2-substituted-1,3-dioxolane-4-methanol . of



25 prepared with conventional nethods using use of an anhydride or a
chloride of an alkyl- and/or aryl-sulfonic acid of fornmula (3), ,R-SO3H (3)
to esterify an (R)-2,2-substitute d-1, 3-di oxol ane- 4- net hanol VY CRTEN
2004 3 formula (4): 5 wherein Ra and Rb_have the neani ngs defi ned above.
The 1, 3-di oxol ane- 4- met hanol s of fornul & (4) are also known conmpounds, and
t he preparatio éhereof is wdely described in literature. For 10 exanpl e,
t hey can @Eﬂ@ﬁ i%ded by fernmentative resolution of the racemates of formula
(4) according to the process disclosed in US 5.190.867 (02.03.1993) or,
preferably, by oxidative degradation of D-mannitol 1,2;5, 6-bis-dioxol anes,
follow ng substantially the processodeSRzibed by Borsa et al. in EP 147. 847
(07.03.1990), used for the preparafi of

(+)-1,2-isopropylidene-sn-glycero{ 15/T¢grmula (4) wherein Ra and Rb are
met hyl) and of the tosylate there o(formula (3) wherein Ra and Rb are
methyl_and Ris p-tolyl). Useful /teachings for the preparation of the

D- mann t ol 1, 2; 5, 6- bi s- di oxol angsHand of 't he correspondi ng

D- gl yceral dehyde acetals can alsoOBe found in J. Og. Chem 56, 4056
(1991) and in Synthesis 587 (1992), where the 20 preparation of
2,3-0-(3-pentylidene)-Dglyceral dehyde in 55%yields from D-nmannitol is
specifical |y d¥S€FsiBda andﬁeb ba¥e e meaokugsadefsneat aborenul a (2) wherein X is
a, Brorl c in éunn be prepared startiag fromthe correspondi ng

sul foni c ester $h8f kardigralanzy4-methenglsozof whermith R4)s a defsonekinabnve)
by reaction wth.a suitable alkali or 25 alkaline-earth (Na, K or Ca)

hal i de i n°JRPPHBAS %Ch \Fﬁwprgmréélp@dthpmﬁ tshwidelyugescribed in literature. For

10 -example, they ¢an be obtai_ned by fermentative resolution of the racemates of
formula (4) according to thé process diéclosed in US 5.190.867 (02.03.1993)
or, preferably, by oxidative degradation of D-mannitol 1,2;5,6-bis-dioxolanes,
following substantially the process described by Borsa et al. in EP 147.847
(07.03.1990), used for the preparation of (+)-1,2-isopropylidene-sn-glycerol

15 (formula (4) wherein Ra and Rb are methyl) and of the tosylate thereof
(formula (3) wherein Ra and Rb are methyl and R is p-tolyl).

Useful teachings for the preparation of the D-mannitol 1,2;5,6-bis-
dioxolanes and of the corresiaonding D-glyceraldehyde acetals can also be
found in J. Org. Chem. 56, 4056 (1991) and in Synthesis 587 (1992), where the

20 preparation of 2,3-O-(3-pentylidene)-D-glyceraldehyde in 55% yields from
D-mannitol is specifically described.

4-Halomethyl-dioxolanes of formula (2) wherein X is Cl, Br or I can in
turn be prepared starting from the corresponding sulfonic esters of formula (2)
(X = RS0;- wherein R is as defined above) by reaction with a suitable alkali or

25  alkaline-earth (Na, K or Ca) halide in an inert solvent selected from the group
consisting of acetone, methyl ethyl ketone, tetrahydrofuran, dioxane,
dimethylsulfoxide, acetonitrile, a C;-C,-alcohol and mixtures thereof,

Alternatively, dioxolanes of formula (2) (X = Cl, Br) can be prepared by



consi sting of acetone, nethyl ethyl ketone, tetrahydrofuran, dioxane,

di met hyl sul f oxi de, acetonitrile, a Cl-C4-al cohol and m xtures thereof.

Al ternatively, dioxolanes of fornula (2) (X = d, Br) can be frtgaNeioby 0
| JUN 2044 4 dioxol anation of the corresponding 3 -halo- 1,2
-propanediols, as disclosed in EP 0.938.311 (21.07.1999). Particularly
preferred.is ?I-chl.oro- ropanediol. Preferred acetal yzi ng agents are

f or mal deh§f&olzration wfhihse camgspendiagdatiyale; 1,2 qmepanediott eid viisdigiane
benzophenﬁge gécl ohexanone, the acetals or 5 enolethers thereof such as
2, 2- di met AbXYBPBpaHe, (22, 3L §P9L). h Beytéctiarly amelfe2redeis hGXyhIBF PeHSanediol.

Al ternatiyely, gi oxol anes of forrmula (2) (X =d, Br) can also be prepared
by acet al i/‘&%f?ﬂ@ asetalpzing agaite Areofarmaldé mederacetil delormhwd basza0deRfde. t he
correspondi ng chiral_ 3-hal o-propanediols with a cycl oal kanone accordihg to

10 the pr#&de8es diedlerli beatoney bemrzqphepane) i oyclohekdomeh! IhOMaEEKIs lof-
o

]

di oxasspi ro[%, Eﬂ -decane in FR 1.522. 153 or nore generally by Blicke FF et

al ., 2J. #olethess the{eozﬁﬁgsh(@@,Z}dmhbhypmpanz,ez,z:l.aaﬁeﬂ@%)hangadﬁ ghiral
epi chl or ohydri ns or epi bronmohydrins and the correspondi ng

3- hal o- prigf “Br¥P%€e in their turn easily avail abl e internediates,

obt ai nabl e 15 'oig exanmpl e by kinetic resolution of the respective racemates
[according to agiyedy, aioxolanes of Ghemula §3) G776, CLOT)okam! 4166 i i vel y
according to T. _Takeichi et al., Tetrahedron, 36, 3391 (1980)] or by
enzymat i PTEBIBLPY Grctalrzatiomodichival epichloddhyaR2Gy 895 p(HrB My dGimd: orld#,
41064q, Jl§910)%_r Pheny| pi perazine is alkylated with a 1, 2-glyceryl -di oxol ane
of f or nuIt§® PEresppniieehiceint-delo-pnepanceaetsi withaonydilbalkagohectdding to
convqpsipg of a secondary  amgine into a tertiary amne, using for each nol
of altkyl dBf ndr8geses ofdesErikada fof 2 hat prepamatione ol (:)2-chlstombthyll &r
excess of .gherB/.Ing pﬁrgzi ne in_the preserce of at |east one nol of a

count er b&R@xaspiro[4,5]-decane in FR 1.522.153 or more generally by Blicke FF et al.,

J.A. C. §, 74,1735 (1972) and ibidem, 76, 1226 (1954).
Said chiral epichlorohydrins or eptbromohydrins and the corresponding
3-halo-propanediols are in their turn easily available intermediates, obtainable
15 for example by kinetic resolution of the respective racemates [according to
Furrow et al., J.Org. Chem., 63, 6776, 1998 or alternatively according to T.
Takeichi et al., Tetrahedron, 36, 3391 (1980)] or by enzymatic resolution (see
Kasai N et al., JP 02257895 (1990); C.A: 114, 41064q, 1991).
Phenylpiperazine is alkylated with a 1,2-glyceryl-dioxolane of formula
20 (2) using conventional reaction conditions for the conversion of a secondary
amine into a tertiary amine, using for each mol of alkylating agent of formula
(2) at least one mol or a slight molar excess of phenylpiperazine in the presence
of at least one mol of a counterbase.
The counterbase is selected from the group consisting of finely divided
25 inorganic bases such as alkali or alkaline-earth (Na, K, Mg, Ca) 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



The counterbase is selected fromthe group consisting of finely divided 25
i-norgani ¢ bases such as alkali or alkaline-earth (Na, K, M, Ca) carbonates
or " bicarbonates or Ca or My oxides, or tertiary amnes as tri %tﬂyhﬁm ne,
dimethyl or diethylaniline, aromatic am nes as pyridine, picoli JUH 2004
collidine and, if desired, the phenyl pi perazine itself which may be
subsequently recycled -to.,a 0 1 JUN 2004 5 subsequent production cycle. The
al kyl at i onsg}é%ﬁﬁqe@r’i pEafdugeopeyelsr ned in the hot, optionally in the

presence of inert solvents such as toluene and/or xyl ene which, when
operating unded heetlkylataon rhectson wentbe wierforatbdaind apedus| yptieddll ih@e
reaction tinmes. 5 After conpletion of the alkylation reaction, any

i nsol ubl esPE§SENEE|afanen wivenrtssuchfasgotiafef and/bexyldie %gaﬂiwh&haﬁgﬁﬁ%@e
repeatedly washed with water to easily renove the inpurities and

si de- pr oduBREer iy Ré thoselyent,i willadvadthpeowdly refocoticaienciibn hirgds vi el ds a
resi due_ consi Stiﬁ%gﬁ of a substantially pure 1,3- dioxolane of the invention
of formula (1), Adkrctrmpletesovithedliyidiem ectioneahy ifsslubistdre RO
after salification with the desired pharmaceutically acceptable acid.

Conpounds ¢airdhged mffs thars therergafic plmsssiare siepehtedBasyashed Chitat whick 28
fromthe usua] solvents: the process of the invention therefore mnimzes
any riskse@¥flxsemante theiiomurdies and shie-prehensearnf g yeivdat $s anding off
epi hal ohydrins 15 traces as potential inpurities. The nonobasic salts of
the conpoultdLRiT drnhigh (viyldsr e uisidimemnisjstingsiofyacombaaitigngl puret hads
such as saljfication with equinol ecular amounts of the desired acid in a
sui tabl e sHIo¥ernaAE theiseemieon ofrfpsmalla (1ht whictols tdwveres eithenGysdtdot 20

ronobd® ¢ Gt TeRGPBOR Hies selifivasion aithythe alesibdshanddcdricaly heo
monobddi ¢ pdpR i _ iedlly haveptitle
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 glyéidols and/or epihalohydrins

15  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 crystallizaﬁon of the
resulting salt.

20 Furthermore, the compounds of the invention of formula (1) and the
monobasic salts thereof are substantially tasteless and do not have the bitter
after-taste typical of levodropropizine. Compounds (1) are efficient pro-drugs
of levodropropizine, in that aqueous solutions of 1,3-dioxolanes of formula (1)
and of the salts thereof are converted to levodropropizine by hot hydrolysis

25  catalyzed by a molar excess of a diluted mineral acid such as hydrochloric acid,
or of a water-miscible carboxylic acid such as acetic, malonic or citric acids.

The compounds of formula (1) and the aqueous solutions of the

monobasic salts thereof are quite stable at physiological pH.



after-taste typical of |evodropropizine. Conpounds (1) are efficient
pro-drugs of |evodropropizine, in that aqueous solutions of 1, 3-dioxol anes '
of formula (1) and of the salts thereof are converted to Ievocﬁpgrgpé@j ne -
by hot hydrolysis 25 catal yzed by a nolar excess of a diluted m neru | =aci d
such as hydrochloric acid, or of a watef-miscible carboxylic acid such as
acetic, malonic_or citric acids. The conpounds of formula (1) and the
aqueous sol uti oh8¢ofompeuRdnodhdhe Bwentiothendotheasaltsuihbeedsht aAbbe B se
physiological. pH 0 1 JUN 2 004 6 The conpounds of the invention and the
sal ts t her 8BRUSAVE 35d1viBe agrevildenasid/tey Hut resutty ofzengydrdene esstbYhilonehtigsul t s
of comparative tests through the " intravenous route carried out in

conpar i son!BiFaveToEy sartpEopicd rot i senfparBaindwithcleveidtypropifiat ieHeef. tSaid
conversion to | evodropropizine. 5 The tests were carried out on nale

“Dunki n- Har #¢LeitGIS Aekdpe i corveasiamtatdvediaprogizitp) , whi ch were subj ect ed
to aerosol of a 0.0045% (p/v) capsaicin aqueous solution [Lavezzo A,

Pul m Phar macol The ttesis- wave cresizd o@abhi mald Deikial HaBley .Guiﬁbgrp]?g:qh-s

412. 795-800. 1994] 5 minutes after intravenous adm nistration of 0.5 ni
of a (-)-12mmglg| EHegyoumenehil svemhenpjectd to aerosol of a 0.0045% 5p/v3

pi perazin-1-yl)-propane-1, 2-diol fumarate solution (DF 1689A, 10 ng/kg
conpar ed vFaH¥aLrlB aguegis soletionl {bpreqsiozi nePwlal. uPhormagdd. 45514310 479/ 19gY - and
wi th an equal volume of saline solution (control). Cough strokes were
recorded @afiery hhet lniBfruté Plpwaiacion, abtDsap5-80ter eD94E\ deinuiedg after
significant inhibition (47.3% of the response to the tussigenic stinulus
conpar ed W{IRVEN0YS aggupstiaiinmbpf i0oh noad £ al(at-¢2-tpelohbeytidene-6-(4-phefyact ,
the r §or_ded coygh strokes were the following: 9.17 1.01 for the control
ani mal'8, "‘SR1pyraznslayhoprapansd.dpdiopi fimesate esletionni P& 1,689,433 100 moakEpr
the animals treated with the conpound of-the invention
compared with 0.5 ml of a levodropropizine solution, pH 4,5 (10 mg/kg) and
with an equal volume of saline solution (control). Cough strokes were recorded
during the 4 minute capsaicin aerosol, thereby. evidencing a significant
inhibition (47.3%) of the response to the tussigenic stimulus compared with a
15  43.6% inhibition calculated for the control.
In fact, the recorded cough strokes were the following:
9.17 + 1.01 for the control animals,
5.17 £ 0.54 for levodropropizine-treated animals,
4,83 + 0.54 for the animals treated with the compound of the invention
20 DF 1689A.
The antitussive action is further characterized by a long lasting effect:
inhibition values of 34.6 and 27.3% on the tussigen stimulus induced by

aerosol administration of the capsaicin solution were in fact calculated 15 and
30 minutes after the intravenous administration.

25 The compounds of formula (1) and the salts thereof can suitably be
administered also through aerosol; in fact, male Dunkin-Hartley Guinea pigs
subjected to aerosol with 1% (w/v) aqueous solutions of DF 1689A and of

levodropropizine for 10 minutes, showed a remarkable reduction of the number



20 DF 1689A. The antitussive action is further characterized by a |ong
|l asting effect: inhibition values of 34.6 and 27.3% on the tussigen
stinulus induced by aerosol administration of the capsaicin sq ity re
in fact calculated 15 and 30 minutes after the intravenous adm nistration.
25 The conpounds of forrmula (1) and the alts thereof can sui tably be
adm ni stered al so through aerosol; in fact, male Dunkin-Hartley QGuinea pigs
subj ect ed A ocAsb sétokas t Induosd vy ) thagtreo umedulamanss scoafipddEd 1 689A cantloRf
| evodr oprgpi zine for. 10 m nutes, showed a remnarkabl e reduction of the
nunber 0 {58Up¢ 2sefutipncearsob) rwkids amdiwed By % hmhibivorne dffacefos betpar ed:
with controls (saline solution aerosol) with an about 35% i nhibitory
ef fect fofMYBeameRtsdi canents. For use as antitussive agents, conpounds (1)
wll be formulated in 5 pharnmaceutical conpositions according to
conventional té&enigues amtituseivsi pigentss, cdmpotids ddjri wilstatfopmuldteduah t he
oral, parenteral or aerosol routes, for exanple in the formof capsules,
gast r o r ephgrmaccutigsll etoompsitipss aosordihgedo roeinwastohslr mdchniqQns. ahde
mean daily dosage will depend on various factors, such as the 10
' - f r equen&¥crmentss évethictadministration dytouglr theesrahnparehtergeoeaatosodneites ons
of the patient (age, sex and weight). The daily dosage for an adult subject
wei ghi ng Te0exempde in ther forfr ofrcapsiles t gastrgresistabOMbigtspéytipe, compoliedis of
formula (1), daily, optionally distributed in nultiple adm nistrations. The
corrpoundsr@ﬁanéoﬁmlﬂﬂtinn&on may al so be administered to children, even for
long tines, suitably 15 adjusting the dosages, thanks to their |ow
toxi city. Finailibg, mesa danpodeskgeotviilhdepandntn orarins dsabed, swtterasedieat es
for ttbe __?reparation.of | evodr opropi zine and the salts thereof.

1 requency and severity of the cough strokes and the general conditions of the

patient (age, sex and weight). The daily dosage for an adult subject weighing
60 kg will vary from about ten mg to 1500 mg of the compounds of formula (1)
daily, optionally distributed in multiple administrations. The compounds of the
invention may also be administered to children, even for long times, suitably
15 adjusting the dosages, thanks to their low toxicity.
Finally, the compounds of the invention are useful intermediates for the
preparation of levodropropizine and the salts thereof.
The following examples further illustrate the invention.
Example 1
20 To a solution of 13.8 g of humid 1,2:5,6-Di-O-(3-pentylidene)-D-
mannitol, prepared according to the process described in Synthesis, 587, 1992)
in tetrahydrofuran (THF) cooled to 20-25°C, a suspension of potassium
periodate (7.95 g) and potassium bicarbonate (0.32 g) in water (50 ml) is
added in 10 min. The mixture is stirred vigorously for three hours, cooled to
25  5°C and filtered. The precipitated potassium iodate is washed with ethyl acetate
and the two combined phases are left to warm to room temperature. The
aqueous phase is treated with NaCl and repeatedly extracted with ethyl acetate.

The combined organic phases are added, under strong stirring, with a solution



The follow ng exanples further illustrate the invention. Exanple 1 20 To a
solution of 13.8 g of humd 1,2:5,6-Di -0 (3-pentylidene)-D mannitol,
prepared according to the process described in Synthesis, 587,0;3ﬁﬁgmmln
tetrahydrofuran (THF) cooled to 20-25' C, a suspension of potassi

periodate (7.95 g) and potassi um bi carbohate (0.32 g) in water (50 m) is
added in 10 gin. Tge mxture is stirred vigorously for three hours, cool ed
to 25 5' C %nd-% g peNeBHrpadpt 88i piafatesthbubylasshomiiodadmidle iwas e s h

et hyl acetate nd the two conbi ned phases are left to warmto room

t enper at ur®atethe Neaguigbus isheeasted for ehtteditvi.th tiaGhased akeneabedld. the
extracted with ethyl acetate. The conbined organic phases are added, under
strong sti3dUeRYS Rhiash 1& exdlagtdcomitio ethyliacktie 3004 38 md), Sitdred, afriddB B4 and
1.88 g of tetrabut¥lannnniun1bronide in 120 M of water. The m xture is
reacted fcdum slfate; and the spheenéds avapemied atfé dndéheacaade Qs RBaRRg S
extracted wth ethyl acetate (2 x 30 m), filtered, dried over sodium

sul fate, émy feadye iy ehistilled emaiporradecbcbfprremderto\mmnv.mhg 6£2W-0-0g 5
oily residue is distilled under reduced pressure to obtain 7.12 g of

2, 3- 0- ( 3- Bsahyjdsnrardyglpeepiofcltlo=+ [ APOEXOH).2 (EtOH). To a sol ution of
6.45 g of this_alcohol in ethyl acetate (18 m ) are added, in succession,
6 m of triethyi%AisARIticrent 6ufiugrofshis aicohohi ethiyi cerdte &Iml)creladdegd, a
solution of 7.76 g of p-toluenesul fonyl chloride in AcOEt (18 ml). 10 The
m xture i $0s§UGREHOROO 1l Bf driethylaminkhethed] lunded stirtimgnabdr witO efttmand
the phases are sepgrated and repeatedly washed with water (3x 10 m),
dri ed oveFP0488 dndutipatal 770 gefep-talntnesalfonylt el ok el ediry ARSIEL (& ).
reducg? pressure to., -obtain 11.98 g of 2,3-0-(3-pentylidene)-Dglycerol
tosyl af e, ‘['%] BEEUEC (pygtiyredripral 241 afk r-bp thén dilated syittatmenten (10 o) anmnd the 70
m) are adged in the order ' ]
phases are separated and repeatedly washed with water (3x 10 ml), dried over
sodium sulfate, filtered and evaporated to dryness under reduced pressure to
obtain 11.98 g of 2,3-O-(3-pentylidene)-D-glycerol tosylate, [a]p =- 4 (DME).
To a solution of the tosylate in n-butanol (70 ml) are added in the order
I3 and under strong stirring 4.5 g of finely divided sodium carbonate and 6 ml of
phenylpiperazine. The mixture is refluxed under stirring, then reacted at the
reflux 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
20 evaporated off under vacuum. The resulting residue is crystallized from
aqueous methanol to obtain 8.95 g of S(-) 1,2-(3-pentylidene)-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
25 Following the procedure described in Example 1, using 2,3-0-(2-
propylidene)-D-glycerol  tosylate,  S(-) 1,2-(2-propylidene)-3-(4-phenyl-
piperazin-1-yl)-propane-1,2-diol, also named 4-phenylpiperazine, 1-(2,2-

dimethyl-1,3-dioxolan-4-yl-methyl), is obtained.



15 and under strong stirring 4.5 g of finely divided sodi um carbonate and 6
m of phenyl pi perazine. The m xture is refluxed under stirring, then

reacted at the reflux tenperature for 20 h. Butanol is then evappr Ee@hoff
under reduced pressure, the residue is taken up with water and rep@ t y
extracted with ethyl acetate. The conbi fed or gani ¢ phases are dried and

filtered, then Ehe sgl éent is 20 evaporated off under vacuum The resulting
residue is crys from aqueous nmethanol to obtain 8.95 g of S(-)

1, 2- (3-pentylidegne)-3-(4-phenyl - piperazin-1-yl)-propane-I,2-diol, also
named 4- phenyl pi'pers tfﬂaﬂ, 10-1? 2351 g8 et By | -2i§3¥ﬂ%m1@hﬂ}4#1§deﬂ®{mglycerol,
Exanple 2 Fol,| qwi proc re described in Exanple 1, using
2,3-0-(2- Yl ﬁﬁgﬁwg@y%ﬂgﬁlﬁp&w&@e §(0 yml) is added, under inert gas

1, 2-(2-propyl i dene) - 3-(4- phepyl - .pi perazin-1-yl)-propane-1,2-diol, also
named 4- ph@%’i‘/‘?ﬁﬂ%ﬁ%’a‘?itﬁé-g@[] of sricthyhemigg and 3het, eftdraooling tnebdutl )5°C, s

obt ai ngd. O.éln\] U %004 9. Exanple 3 A solution of 3.1 g of 2,3 -0- (3 -
cycl ohéxyl Vlnedd SPubigny &fr of-44" w —of 181e¢hqresaifpnyh dhlonider dmethang 6L£0
m) is added underhi nert gas  atnosphere, with 2.8 m of triethylam ne and
then, afte lc}é%‘?)rlop?ﬁ 0% sBGP 10 Cdrep,winthventing uthonraaktibnddnitued  inner

nmet hanesult{eon I @%I&ri de in 2 m _of dichloronethane, drop by drop,

prevent i ng T He FRRELTYR Shckeding P Arer The sppdtiaguuepensiondx ctiedidnfpr3oh @ The
resul ting spension . is stirred for 1 h at roomtenperature, then diluted
with ice- mlét%l’gf ?‘“"?HS”&P%&FEH shlded jwith deprvated Therargradc whike umseparated,
decol ori z | th active carbon_and evaporated under 10 vacuumto give a
resi due 01(3’9 ﬁ%dﬁ' %ﬁﬁz‘yg’_{e@ (%—WETIGFFEXWtihdéﬁEYED‘-‘@bp@elaud resyomate] Uvber -

3,3 (%‘q-?{)a'cuﬁﬁ I%/R g%e433r7f:s£ci{]1§;»labf; 4.% Lg‘r g? 2(,3r’r10-2(|f_$|)-éyc?oﬁéxlylgéigﬁe)—lgigl‘}]ée:rgi e
-mesylate, [alp=-3,3 (CHé13). - |
'H NMR § 4.37 (m,1H); 8 4.24 (m, 2H); & 4.1 (dd, 1H, J,=8.7Hz,
J,=6.4Hz);
5 3.8 (dd, 1H, J;=8.7Hz, J,=5.4Hz); § 3.1 (s, 3H); § 1.7,1.3 (m, 10H).

15 A solution of the mesylate in toluene (16 ml) is added with 5.45 ml of
penylpiperazine, the mixture is then refluxed until completion of the reaction
(approximately 8 hours). The reaction mixture is cooled to about 50°C, added
with 10 ml of water and kept under strong stirring for at least 10 minutes. The
phases are separated, then the organic phase is repeatedly washed with water.

20 The solvent is evaporated off to obtain a thick oil which is dissolved while hot
in isopropanol (15 ml). The solution is then slowly cooled, to separate a.
crystalline  solid of S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-
yl)propane-1,2-diol.

63-64°C, [alp= - 7,8° (1% MeOH).

25 'H NMR & 7.26 (t, 2H, J=7.4Hz); 8 6.95 (d, 2H, J=8.9Hz); & 6.85 (t, IH,
J=7.28Hz); § 4.3 (m, 1H, J=6.1Hz); & 4.1 (dd, 1H, J,=8.0Hz, J,=6.1Hz); § 3.65
(dd, 1H, J,=8.0. 12=7.1Hz); § 3.2 (t, 4H, J=5.05Hz); § 2.9, 2.55 (ﬁ1, 6H); 6 1.7,
1.3 (m, 10H)



J2=0.4Hz); 5 3.8 (dd, 1H, J1=8.7Hz, J2=5.4Hz); 5 3.1 (s, 3-H); 51.7,1.3
(m 10H). 15 A solution of the nesylate in toluene (16 mM) is added with
5.45 m of penyl piperazine, the mxture is then refl uxed unt3i1c%npéﬁtion
of the reaction (approximately 8 hours). The reaction m xtur ! JURG o
about 50'C, added with 10 nl of water dfd kept under strong stirring for
at least 10 mnutes. The phases are separated, then the organic phase is
repeat edl y masﬂﬁﬁﬂnnkhimater: 20 The solvent is evaporated off to obtain a
thick oil which is dissolved while hot in isopropanol (15 m). The

sol ution is thdiplkwing theoptamkdure deepdbed énaExariplst Bldnidng, sglﬂeqcﬁ»ﬁ a
S(-)-1, 2-cycl ohexyl i dene- 3- (4- phenyl - pi perazin-1-"yl)propane-1, 2-di of .

63- 64- C, [la:}"[d'loxoﬁlﬂpgseﬂﬂﬁyadﬂ?ﬁrm.thé@rduﬂ*cbhﬁsﬁnﬁo?ﬁ (t, 2H, J=7.4Hz); 5 6.95
(d, 2H, J=8.9Hz); 5 6.85 (t, IH J=7.28Hz); 54.3 (m IH J=6.1Hz); 5 4.1

(dd. TH J1-8 @%] Yaxcaspinp(4 8 1doe-1ddethbblol, P filubeskiichatd): 5 3.2 (1,
4H, J=5.05Hz): 5 2.9, 2.55 (m 6H): 5 1.7, 1.3 (m 10 H 0 I’ JUN 2004 10

Exanpl & 4 Fol | @§i-hgt-tiecaspiroptidisorterc? idheskonietByBnpl es | and 3, by
reacting a 1, 3-di oxol ane selected fromthe group consisting of.

2S- 1, 4- di oxaspidSo| 4-djaraspire{ £ 5iddcansdl-mdthagd lueITRs bR fssubfonate;
28—1,4-dioxaspiroE4.4]nonape-2-chIoronethyl; 2 5-1.4-dioxaspiro [4.5]
decane- 2- met hadst 1 #-tlidxasproehEidesand-aneciileromethyl;
25-1, 4-di oxaspi ro-[ 4. 5] decane-2-chl oronet hyl; 2
S- 1, 3- di oxol ané341 Snilisotatdrgclitobrietil Ry D difiethyl;
| , 3- di oxol ane-4-iodo-nethyl -2, 2-dinmethyl; 10 w th phenyl pi perazi ne, the
fol | owi ng conp@8nbis-disxelast-diindd:methyl-2,2-dimethyl;
10 with phénylpiperazige_, the following compounds were obtained:
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;
S(-)-1,2-(2-propylidene)-3-(4-phenyl-piperazin-1 -yl)-propane-1,2-diol.
Example 5 |
15 0.232 g of fumaric acid are added under stirring to a solution of S(-)-1,2-
cyclohexylidene-3-(4-phenyl-piperazin-l—yl)propane-l,2—di01 (0.632 g) in
| absolute ethanol (8 ml). The mixfture is stirred until complete dissolution, then
solvent is evaporated off under vacuum and the solid residue is crystallized
from acetone, to obtain a crystalline solid of S(-)-1,2-cyclohexylidene-
20 3-(4-phenyl-piperazin-1-yl)propane-1,2-diol fumarate (DF16894A, 0.52 p),
m.p. 162-164°C, [a]p = -15.7 (c=1%; CH;0H).
- 'H NMR § 7.5 (dd, 2H, J,=8.7 I,=7.3): § 7.2 (m, 3H); § 6.75 (s, 2H);
6 4.8 (m, 1H); 8 4.35 (dd, 1H, J,=8.9Hz J,=6.7Hz); 8 3.86 (dd, 1H, J,;=8.9Hz
J2=5.8Hz); § 3.6-3.4 (m, 10H); 5 1.8-1.48 (m, 10H)
25 Example 6
By salification of S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-
ylpropane-1,2-diol with L-tartarc, maleic, D(+)-10-camphorsulfonic,

L-mandelic acids, the following compounds were obtained:



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

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

1,2- (2 -prop ylidene)- 3 -(4-phenyl -pip crazin- | -yl)-Plajiihe
1,2-diol. Exanple 5 15 0.232 g of fumch acid are added under stirring to
a solution of S(-)-1,2-

| oh lid | - -1-vyl 1,2-diol (0.632
Sheol ut e et hangloy %ﬁnﬁ;ﬁ O iaptcos o ol ot a1ty Dpragiastel dicio] ut f on,
th I d dth lid d
cryotal || YeRrp R B ol 346 dBar- ST Sl5e1 4 M@l i d of -
PR e el s T R

urrara e - 9 '
NVR S 7.5 d2HJ . b 6.75 2 S 4.8
(m 1H); C%‘% e, 6_@163% E@fnz J@éeﬁ m%zl)% 63 GH)y( dd, (1$H JT)8 OHz
sal 17 ibal oﬁ SOy hotiisivagyd {drabeny oippheint -yl mepant i, 2-dio],

I di ol th tart I D( +) - 10- h | f

1o o S S o g, B0 ol on,

S(-)-1. 2-eyel ogﬁvlgg%g,@@%v@;ﬁe“ 5 %SI@;II‘@IL%&I’;IS’&%BEJ 12 %'181'
ﬁ:(al )eaéLeZ %X%L&Iigayel@d@n Tzf@ (Q—Iﬁ/g,néH@ (;‘aZI n- | -)5/| ) propane- 1, 2-diol,
S(-)-1, cycmﬁzne 3- (4- phenyl - pi per azi n- I_-yI ) pr opane-1, 2-di ol ,
D(+) | O-ca nate, mp. 110-115C [a]D = -3.9 (c=1% CH3OH); S (-)-
L mangg: g?gx{; D ?uﬁ@gn%lopghg !3&%6_6 8% ! %_(-)I-l:illc%rglro%%?cgleldene 3- (dfi glhenyl-
plperazm—1—y1)-propane—1,2-di01 in 70 nil of aqueous acetic acid (10% w/v) is
refluxed for 2h, then vapor is bubbled therein to distil cyclohexanone, which is
separated. The aqueous phase is neutralized to pH 7 by addition of a 10%
NaOH solution, then cooled to 5-10°C, to obtain 2.05 g of (-) 3-(4-phenyl-
15  piperazin-1-yl)-propanediol, m.p. 102-103°C, [a]p=-23,5° (2,8% CH,Cl,).
Example 8
Alternatively, 0.35 molar equivalents of one of the 1,3-dioxolane
derivatives described in Examples 1-4, namely S(-)-1,2-(2-propylidene)-3-(4-
phenyl-piperazin-1-yl)-propane-1,2-diol; S(-)-1,2-cyclopentylidene)-3-(4-
20 phenyl-piperazin-1-yl)-propane-1,2-diol; S(-)-1,2-cyclohexylidene-3-(4-
phenyl-piperazin—1-y1)propane—1,2-diol; S(-)- 1,2-(2-propylidene)-3-(4-phenyl-
piperazin-1-yl)-propane-1,2-diol, are added in portiohs 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
25 30 minutes, then cooled to 20-25°C. The aqueous phase is repeatedly extracted
with dichloromethane (3 x 15 ml), then n-butanol (0.5 L) is added. The
diphasic mixture is refluxed to distil the water-n-butanol azeotropic mixture,

recovering about 300 ml of distillate, then cooled to promote crystallization of



Exanple 7 10 .. A suspension of 3.5 g of

S(-)-1,2-cycl ohexyl i dene- 3-(4-phenyl - piperazin-1-yl)-propane-1,2-dial in
70 M of aqueous acetic acid (10%wv) is refluxed for 2h, then DI?Q r éﬁ%
bubbl ed therein to distil cycl ohexanone, which is separated. The gﬁe
phase is neutralized to pH 7 by additionldf a 10% NaOH sol ution, then
cooled to f 0 to opbtain 2.05 of (-) 3-(4-phenyl- 15

pi per azi n- ")3%'?4Wb6§ylerﬁmﬁr@11n-lnyg)-ptqmrﬂe(djml hyddodhlorzds B 2).8% CH2CI 2) .
Exanple 8 Alternatively, 0.35 nolar equivalents of one of e 1, 3-di oxol ane
derivatives des&ﬁ@é&onmtﬂmﬁydmﬁdﬂdmdml% m! of water is decolorized with
S(-)-1, 2-(2-propylidene)-3-(4- phenyl-pi perazin-1-yl)-propane-1, 2-diol;
S(-)- 1, 2- eV ErGealdend) 9)- by Reatphentd -50°0RIfaZI DS hinutes, filtered and
-yl')-propane-1, 2-diol; S(-)-1,2-cycl ohexylidene-3-(4-

phenyl - pi pBHsgaAnently | pprtoplare hy2-adidifion S¢F Jan krZmbanih ORYHIHEAE) zqdcous

- (4- phenyl - piperazin-1-yl)-propane-1,2-diol, are added in portions to a
36% hydr octlBtiPe (382 av/sOl utfitembriaflyHieating #h50?CObryaRdIBLaNORES shilied H1T;
the suspensign is heated to 80C to obtain a clear solution which is k}épt
at this tetsEngnur off of-)a Buf4-phenPlspip@radinul-84)-pt bysmeasl! e@r%ggagp- 2Pke The
aqueous phase is repeatedly extracted wth dichloronmethane (3 x 15 nl),

t hen n- butB¥BFDIONSS|Ipfiito spiudanedlisty cdolitheh kept)tbHRehdiss @ HUX8ECt gnd
distil the_water-n-butanol azeotropic mxture, recovering about 300 ml of
di sti | | at fliltereehtocrisl@d0t 2 gradite) é-(éF}y}ﬁ@Hpipaﬁz@@.p?l)_l,@_Igmgyﬁb(ﬁgw 12

(-) 3-(4-phenyl-piperazin-1-yl)-propane diol hydrochloride (85 g). A
solution of the hydrochloride in 125 m of water is decolorized with
active.charcoal (2.2.9) by heating to 50C for 15 mnutes, filtered and
subseggently neutralized by addition of an ammoni um hydr oxi de aqueous 5
solution (30%ww). After briefly heating to 50C, crystallization is
started by addition of (-) 3-(4-phenyl-piperazin-I|-yl)-propanedi ol
crystals. The



suspension is left to spontaneously cool, then kept for 2 hours at +2 +4C
and filtered to yield 70-72 g of (-)
3- (4- phenyl - pi perazin-1-yl)-1,2-propanediol. 10 0 1 JUN 2004 139 q_/hmm‘.
Compounds of fornmula (1) 5 (1) 10 wherein: each of Ra and Rb, whic be
the sane or different, is hydrogen, Cl-C6-alkyl, phenyl; or Ra and Rb,
taken together with the C atomthey are J.jnked to, forma 4- to 7-
menbered carbocyclic ring. 15- 2. Conpounds as clained in claiml wherein
Ra and Rb argythgrgane. 3. Conpounds as clained in claim1.or 2 wherein Ra
g

and Rb are ne r ethyl. 4. Conpounds as clained in claim1, selected
from:

S(-)-1, 2-cycl opentyl i dene- 3- (4- phenyl - pi perazi n-1-yl)-propane-1, 2-diol; 20
S(-)-1, 2-cycl OhE)@émg&ﬂﬁj-S?Uf(ﬁrﬂhﬁrMP pi perazin-1-yl)-propane-1, 2-diol;
S(-)-1,2-(2-propylidene)-3-(4-phenyl-piperazin-1-yl)-prop ane-1, 2-diol;
S(-)-1,2-(3-pentylidene)-3-(4-phenyl -pi perazin-I-yl)-prop ane-1, 2-diol;

S(-)- 1, 2-cycl ohexyli dene- 3- (4-phenyl - pi pera2| n- I -yl)-propane-1, 2-di ol
mal eat e; 25

S(-)-1, 2-cycl ohexyl i dene- 3- (4- phenyl - pi per agl n yI ) - propane- 1, 2-di ol
L-tartrate,

S(-)-1, 2-cycl ohexyl i dene- 3- eny{ - pl\g r 0I -yI) pr opane-1, 2-di ol
fumar at e; KI

(1)

10 wherein:
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 a

4- to 7- membered carbocyclic ring.

15 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 froﬁ :

S(-)-1,2-cyclopentylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
20 S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
5(-)-1,2-(2-propylidene)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
S(-)-1,2-(3-pentylidene)-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol;
S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin- 1 -y'l)-propane-l ,2-diol
maleate;
25 S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol
L-tartrate;
S(-)-1,2-cyclohexylidene-3-(4-phenyl-piperazin-1-yl)-propane-1,2-diol

fumarate;
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S(-)-1, 2-cycl ohexyl i dene- 3- (4- phenyl - pi perazi n-1-yl)-propane- 1, 2-di ol

D- 10- canphorsul fonate. 5. A process for the preparation of the q ounds of
formula (1) by reacting phenylpiperazine with a (R 1, 2-gl ycer@l - N2 ane
of formula (2): 5 10 wherein _X is seletged fromthe "group consisting of
G, Br, | and a suitable sulfonic ester (R-SC3-), wherein Ris

Cl- C3-al kyl, tg(Hl ugreyeibhykylidehenyld. piedal R-BHE nNY3-di& A
process as clai Sn:)d i n@)fﬁiai m%, wher ;elq4npt he}qrpei g{tr)ai[zéﬁ lingb?:@;é}s?@gqé%td@n t he

presence 0J-18-dagghéRdlfezafg tol uene or xylene as solvents. 15 7.
Phar maceuti cal conpositions containing the conpounds as clained in clains

g maeeut : Lo ! d
i n mostureAwigrBcess tfap! BeC prdpRhton Sof T%j@ énbgﬁpeﬁnaéﬁ%m&%ﬂgnﬂ)?ﬁgsi ve

claimed in claims 1-4 for the preparation o canments w
activity. reacting phenylpiperazine with a (R)1,2-glyceryl-dioxolane of formula (2):
5
o Ra
O%Rb
2)
H
X
10~ wherein X is selected from the "group consisting of Cl, Br, I and a

suitable sulfonic ester (R:So3-), whérein R is C;-Cs-alkyl, trifluoromethyl,
phenyl, p-tolyl or p-methoxyphenyl.
6. A process as claimed in claim 5, wherein the reaction is carried out in
the presence of a base and using toluene or xylene as solvents.

15 7. Pharmaceutical compositions containing the compounds as claimed in
claims 1-4 in mixture with suitable carriers.
8. The use of the compounds as claimed in claims 1-4 for the preparation of

medicaments with antitussive activity.



