STERECSPECIFIC PROCESS FOR THE PREPARATI ON OF FURO [ 3, 4-c] PYRI DI NE

ENANTI OVERS, COVPOUNDS THUS OBTAI NED AND THERA- PEUTI CAL CCWPC5|T|QQ§DESES,\CiQ
THERECF The present . nvention relates to stereospecific processes or

t he prgdaration 'of enanti oner.s of 3-substituted-furo[3,4-c]pyridine

of the general formula I HO R3 [err] mhereln 5 R3 stands for a straight
chain saturated or unsaturated hydrocarbon_group having from1 to 5 carbon
atonms, a heterocyclic group having up to 6 ring atonms, a phenyl or

cycl ohexyl group, a phenyl al kyl group or a phenylalkenyl group, each of

sai d groups bei u one _or nore chlorine
e o 0601he 0% erRRkb8RELT¥ T8, RS bl i pRERARATION Dy FUR (A4 AnE]
from1l to 5 carbBﬁREDBNE, ; HSCOMPOUNDS! CTHUS t OBTATREDO ANY ONSERA-
al kyl t hi o gr oupspfgwt M ons, dial Kyl amno groaps. 1tm

whi ch each al kyt=group o ~+o—5 car bon at ons,

di al kyl am noal koxy groups I n which each of the two al kyl groups and the

al koxy group has from1l to.5 carbon atonms or an a- or

[err]-al koxy-N-pyrrolidinyl group in which the al koxy group has from1l to 5
carbon atonms R4 stands forTheh}unﬁymmcmnuehhiogeueahuﬁsambIﬁtereéﬁbééﬁﬂﬂs

for a straight Qﬁfbeegé?granfgfd cgﬁén abggbagétfgheny$fgrqggag€¥6£grup to

6 carbon atons, optlon
-substituted-furo[3 4-c]pyridine of the general formula I

'-"“ J l—'i:-u

‘wherein
5  R3 stands for a straight chain saturated or unsaturated
hydrocarbon group having from 1 to 5 carbon atoms, a
heterocyclic group having up to 6 ring atoms, a phenyl or
cyclohexyl group, a phenylalkyl group or a phenylalkenyl
group, each of said groups being optionally substituted by
10 one or more chlorine bromine or fluorine atoms,
trifluoromethyl groups, alkyl groups having from 1 to 5
carbon atoms, alkoxy groups havi'ng- from 1 to 5 .carbon
atoms, alkylthio groups having from 1 to 5 carbon atoms,
dialkylamino groups in which each alkyl group has from 1
15 to 5 carbon atoms, dialkylaminoalkoxy groups in which each
N of the two alkyl groups and the alkoxy group has from 1 to
5 carbon atoms or an a- or pg-alkoxy-N-pyrrolidinyl group
in which the alkoxy group_has from 1 to 5 carbon atoms ;
R4 stands for a hydrogen or a halogen atom and _
20 Rg stands for a straight chain or branched chain alkyl or
alkenyl group having up to 6 carbon atoms, optionally



-2- suwbstituted by a hydroxy, cyano, amno or substituted am no group
or by an al kyl or al kenyl group having up to 4 carbon atons. The present
invention also relates to the conpounds thus obtained, either as puote ;
enantiomers or as enantiomeric mixtures in. which one enantioner WA
predonm nates over the other. | our previqys British Patents Nos. 2092586,
2137618, 2 :8292, 2149781, 2149782, 2153824 2164744, 2164037 and 2166136,
were described famlies of such derivatives together with processes for

obtai ni ng thesadstitbewavety hLheRgdpbegessepaned Gariaval by toubsEethted

m xtures of the,said conpoungﬁ. | t hﬁ? een fQEnd zhag I n St cases,  one
of the opticaPf B8mEFeUa o PYedt A Rthpalna thEYY BEFL™ HASTE 0P &6

t her apeut i cal 4achirbiony attleaws .t he ot her isonmer. . For that reason, it is

of interest to find processes for a selective or at |east predon nant
obtention of a specific isonmer of each of these conpounds. The invention
provi des a st @hgoPrederic rorrtkon orlepergiesssatticortheofcoppounds thus

furo[ 3, 4-c] pybib@hRfed ,desi v s Vas piird OEHAh Qi bnassaBVardlethaRbiohbPic
process Conpr%%;Q%rkge:aEeB%i%E one enantiomer predominates over the
other. -
I+ our previous British Patents Nég: 2092586, 2137618,
z ©8292, 2149781, 2149782, 2153824, 2164744, 2164037 and
2166136, were described familieslugf such derivatives \.J/
together with processes for obtaining the same. However,
these processes led generally to racemic mixtures of the

said compounds.

It has been found thét in most caéés, one of tﬁe optical
isomers of a specific compound has a more important
therapgutical activity than the other isomer. For that
reason, it 1is of interest ¢to find proceéses for a
selective or at least predominant obtention of a specific

isomerv.of each of these compounds.

The invention provides a stereospecific process for the

: : ot
preparation of a furo[3,4-c)pyridine derivative of
formula I as above defined, the process comprising the -
steps.of |
(a) oxidizing a racemic pyridine derivative of the

) general formula II .
; y
; /




% . : T

(a) oxidizing a racemic pyridine derivative of the general fornula
[l O OHO [err] 3- wherein [err] and [err] are as above defined; (b)
reducing: ‘the resultant’ ketone of: the general fornula Il [err]
wherein §err] and [err] are as‘above defined with a chiral reduci ng agent
or with a catalyst for asymetri cal- hde_oge'r?a'tion, whi ch gi ves, according
to the sel ected reducing agent, the foll owi ng conpounds [err] -4- (c)

st ereospecific | | bl ocki f the hydrox oup of the selected
enanti oner al coﬁ‘gll('é?e?g') q{B’ Rglpiéarﬂryﬁlgé)ﬁofaret haesy aabcoe‘%(eo%{edéion?‘{hg by protic
acids with concd®i tantredpeingi ovhef nemuhyahoxyketidng aofl the general

formula III

IIT

: | wherein R,
o/ 3

reducing agent or with a catalyst for asymmetrical

Ru and R6 are. as above defined with a chiral

hydrogenation, which gives, according to the selected

reducing agent, the following compounds .




hydroxy groups on the pyridine ring; (e) cyclizing the resul t ant

conpound and, i f necessary, deprotection of the phenoxy group. Suitable
oxidising agents for wuse in step. (a). of the pfoces.s accordiyigto the-
i nvention i ncl ude bi pyridi ni um chl orochrormate or sodi um hypochl offte in

an organi c solvent. Suitable chiral‘-reﬁmcing agents for wuse in step
(b) of the process according to the invention include B-1pc-9-BBN
(Al pi ne - borane, Aldrich), N B - Enantrane (Al drich), err Al drich),
[err] (2:1){¢)see 38erePSRAGific Eﬁ&ﬁiq§xﬁf Wﬂﬂﬁﬁl%ﬁnﬁé g@%lrggfgf?

‘(R R -2,5- -gitomp hyf boti®l sekec{ 6@cemant Masanuakeohdl; Am Chem  Soc.
1986, ©108 7402) , N - tride .. (A dri

[err]- DBC—t-%b)C]-I (s@é’)"'lz.“@oa(l",P f.heCth{& 36',d%Ch5rlnngCoﬁn %mfé;Stf aﬁigf
NaBH 4- 1 BA- DI PQF coeenmg. tarntt sddderatioBhenf Sote, hyaroxyuRtdysl 2and1981,
900), K-du ' S . o B , ; - Che 1986, 51, 1934), [err]
_Darvon Al eqf‘é&e‘gg’ﬁ( %ﬁ%‘ﬂéfgﬁs 2o p%ﬂé%g&(@,&lg?z, 04, 9254),
[err]-MEP-Ar@ (seevedipinavi gideon, reveditanédr oRongpend 3and, 939y,

Li Al HA-Di am DgcesdRF, ddbrotée8lbn bigt ERECYRERSxY 59339. 12, 499),

Li Al H4- Ami nobut anol ~ {see T. Sato, Tet. Letters 1982, 23, 4111), Binal
H (see R Noyori, J. Am Chem Soc. 1979, 101, 3129), [err] -DBP-

-Et OH (see Ksuieawret @xibisGhigm ageats Geam ueemin 1984p 1499) ,of [ aife
EP NEA (SS%oobad el lung v T 1 0%aes M nRUTe 1999 hAThm [0 1]
chlorochromate or sodium hypochlorite 1in an organic

solvent. - . \

Suitable chiral reducing agents for use in step (b)
of the process according to the invention include
B-Ipc~-9-BBN (Alpine - borane, Aldrich), N,B - Enantrane
(Aldrich), Ipc,BCl (Aldrich), BH-AMDPB (2:1) (see S.
Itsuno, J. Chem. Soc., Chem. Coum. 1981, 315), (R,R)-2,5-
~dimethylborolane (see S. Masémune, J. Am. Chem. Soc.
1986, 108, 7402), N,B - Enantride (Aldrich),
LiBH,-DBC-t-BuOH (see K. Soal, J. Chem. Soc., Chem.
Comm. 1984, 413), NaBHu-IBA—DIPGF (see S. Itsuno, J.
Chem. Soc., Perkin Trans. 1, 1981, 900), K-Glucoride
(see H.C. Brown, J. Org. Chem. 1986, 51, 193%), LiAlHu-
-Darvon Alc (see H. Mosher, J. &m. Chem. Soc., 1972, 94,
9254), LiAlHu-MEP-ArOH (see J.P. Vigneron, Tetrahedron
1976, 32, 939), LiAlHn-Diamine (see M. Asami,
Heterocycles, 1979, 12? 99), LiAlHu-Aminobutanol .(see
T. Sato, Tet. Letters 1982, 23, 4111), Binal H (see R.
Noyori, J. Am. Chem. Soc. 1979, 101, 3129), LiAlH,-DBP-
-EtOH (see K. Yamamoto, J. Chem. Soc., Chem. Comm. 1984,
1490), Lingu-MEP-NEA (see K.J. Koga, J. Chem Soc.,
Chem. Comm. 1980, 1026), LiAlHu-MEP-EAP (see S. Terashima,
Chem. Letters 1984, 239), TBADH (thermoanaerobium brokii
alcohol dehydrogenase, Sigma Chem. Co.), CBS reagent
(see E.J. Corey et al. J. Am. Chem. Soc., 1987, 109,

5551), MDBH, and MDBCl, (M. Bonato et al. in Press).



Chem Letters 1984, 239), TBADH (thernoanaer:obi um brokii al cohol

dehydr ogenase, Sigma Chem Co.), CBS reagent (see E. J. Corey et al. J.
Am Chem- Soc. 1987, " 109, 5551),:[err] and [err] (M Bonato et al. in
Press). ¥ st ereospee:lflc | ocking - of - the _hydroxy group may be
effected by substituting a hal ogenr at-om "3§peci ally a chlorine atom
for it. This may be weffected using triphenylphosphine and-thionyl
chloride. Stere in e dr gLo nay be effected L by
et herifying or%ggféaé{)'lj%/?%gfg i?‘.’ghl&E 'Q¥ gﬁé eE' g?f’f‘% nérgggnt may be
suitably a conpotfitie Redhdvei pulxst épnbinat 2 ahhdbegan atom arekiRaigphlgsent s

an aryl group, athpsRiKy! WP ied Wi gh thepp] kyly gy O%kh%%ﬂératte% 5 &3k gon
atons, an al kyl group havi ng 8 to 5 carbon atons, an al koxy-al koxy- al ky
%

group in which e*a%hp’b?“Yh%h%?R ge gRBdpshARAYLhehAPRYAegr oup has up to
carbon atons or a t- butyIS|IyI group Most preferably, R
represents a 2 net hox oxw gr.Qup. The esterifying-
agent is suitabl¥ %"%%?r?)%ﬁi‘llgi %?kf%gr]m\-/\/netr'ﬁpn by dr@Yes &TPUPa RAYogRS
atom and R represenéstad ablyyl egrmaxpxﬂ'bawnglg op tcestﬁemmrg ahmms Or Tha
phenyl group. Nbg{hgregﬁeﬁg % ent prsesgngg rrethyl rp 'ﬁlﬂe artH\g
material Il is an inter a He t8uaf yoces ?he pre aratlo

of the furo[3, 4-c¢pyesente a halogen atom and R represents an aryl
group, an aralkyl group in which the alkyl group has up
to 5 carbon atoms, an alkyl group having up to 5 carbon
atoms, an alkoxy-alkoxy-alkyl gﬁoup in which each of the
alkoxy groups and the alkyl group has up to 5 carbon
atoms or a t-butylsilyl group. Most preferably, R
represents a  (2-methoxyethoxy)-methyl group. The
esterifying.-agent is suitably a compound RCOX or (RCO)ZX
wherein X represents a halogen atom and R represents an
alkyl group having up to 5 carbon atoms or a phenyl

group. Most preferably R represents a methyl group.

The starting material II is an intermediate in the usual
process for the preparation of the furo[3,4-clpyridine

derivatives of formula I.

o/ o The ﬁeduetion of .the ketone TIII with the selected
' reducing agent is suitably performed in tetrahydrofuran

.or any suitable mixture of ethers and hydrocarbons, and

proceeds according to the rollowing reaction scheme I,

giving the enantiomer elcohols IV and V in which ﬁg, Rh

. and RG are as above defined. :



?“
derivatives of fornmula |I. The reduction of the ketone IIl with the sel ected
reduci ng agent is suitably performed in tetrahydrofuran or any suitable
m xture of ethers and hydrocarbons, and proceeds accordlng to the i! | owi ng*

reaction scheme |, giving the enanti orer al cohols 1V and 'V i« whi ch [err]
and [err] are as above defi ned. - 5a- ré@r] 11+ Selected
stereospecific redUC|ng agent 0 SCHEME 1 In a first route (schene I1),
the reduction of the ketone Il by the selected reducing agent |eads to
t he conmpounds IV or V, treatnment of which with « rinating agent in an
appropriate sol vent gives conpounds of the gen | folmuHa VOHor VII in
which [err] and [err] are as above defi ned [err]oThe chl'@.ig®ating agent
may be for instance  triphenyl- phosphine with C oride as
solvent or [err] with nmethylene chloride as sol vent}” i he | arger Page 6
fol | ows

Rg Ry (+)

III + Selected stsreospecific
reducing agant

SCHEME 1

In a first route (scheme II), the redﬁcﬁion. of the
ketone II by the selected reducing agent leads to the
compounds IV or V, treatment of which with a chlorinating ;;J
agent in an appropriate solvent gives compounds of the
general formula VI or VII in which R3 Ru and RG are as
above defined o

VI VII

The chlorinating agent may be for instance triphenyl-
phosphine with carbon tetrachloride as solvent or 802012
with methylene chloride as solvent; in the 1latter

" Page. 6 follows



26- case, an addition of pyridine |eads to an inversion of the
stereochem cal configuration of the chloro derivative at the begi nning of

t he sequence of reactions. Bromine derivatives may be used instead of

chlori ngedlerivatives, 5 w'th simlar .results. .The conversion of the
conpounds VI and VIl to'the corresponding furo[3,4-c]pyridine

derivatives ‘s achieved by cleavage of 'the_ acetonide cycle in acidic

medi um foll owed by cyclization in protic solvents or 10 m Xt ures
thereof at roomtenperature or at gentle warnming. The sequence of reactions
is illustrated asade)! aus ad@ikeion 5 @ire )idddlth 4t ]ieididl of the

derivatives’ Care shoul d, be_taken aring all the steps of the ,synthesis,

to avoi d the useSHRTapGheRifal cenRfiginabinn | pfeithe ochleEd deriyative at

carbinol centre.thé'rbeginning of the sequence of reactions. Bromine
' derivatives may be used instead of chlorine derivatives,
5 with similar results.

The conversion of the compounds VI and VII to
the corresponding furo[3,4-c]pyridine derivatives is
achieved by cleavage of the acetonide cycle in acidic
medium, followed by cyclization in protic solvents or

L 10 mixtures thereof at room temperature or at gentle warming.
The sequence of reactions is illustrated as
follows. '
Step 1
-/
OH
H c
-,
HO, “ |
Step 3 7 Rs
- N
Re Rq
SCHEME 2

(=) ~furo |_3 ,4-c|pyridine derivatives



L]

In a second route wherein the configuration of 5 the asymmetrical carbon
of the reagents is not affected, a first step consists in prelimnary
protecting of the secondary al cohol function by a stable group in:aeid

medi um Protection groups may be ethers such as t-butyl di phényl §FTyI or

( 2- met hoxyet hoxy) -nmethyl (MEM can.be=1¢ = used, as described by E.J.
COREY, J.L. GRAS and P. ULRICH, Tetrahedron Letters, 1976, (11), 809 and S.
HANESSI AN and P. LAVALLEE, Can. 1975, 53,, 2975, or esters such as

acetate, benzoate and tGRE®| @0%013&&%&%: guring, alhy thensteps| of o
carried out thNePs¥ntheridls ¢b avdtdftu@%ﬁsetbf awrﬂmuthdmoaﬁaa woulldi s

synt hesi-s. ectlons In pQsitio of the pyridine ring
are respecti %|£9$83 %@H éh? ghﬁ“?is?PHFFﬁn in the case of

et her protection. (schene 3) or by tosyl ation alone (4' position) in the case
of ester 20 protection (schene 4), according to conventional nethods
generally used in organic chem stry. Further deprotection when ethers are
used can be made by various Lewis acids |like Terr] or [err] in methylene
chloride, as described by E.J. CCREY J.L. GRAS and P. ULRI CH, Tetrahedron
Letters, -8- 1976, (11), trine lg silyl chloride, sodium
| odide, as described by J. H | GBY | and j? W LSON,

In a second route wherein the configuration of
5 the asymmetrical carbon of the reagents is not affected, a
first step consists in preliminary protecting of the
secondary alcohol function by a stable group in acid
medium. Protection groups may be ethers such as t-butyl
diphenyl silyl or (2-methoxyethoxy)-methyl (MEM) can be
10 used, as described by E.J. COREY, J.L. GRAS and P. ULRICH,
Tetrahedron Letters, 1976, (11), 809 and S. HANESSIAN and
P. LAVALLEE, Can. J. Chem., 1975, 53, 2975, or esters such w
as acetate, benzoate and the like. The opening of the
isopropylidene cycle -is carried out by protic acidas ;
15 trifluorocacetic acid was choosen for this synthesis.

Alcohol protections in positions 3 and 4’ of the
pyridine ring are respectively obtained by acetylation and
tosylation in the case of ether protection (scheme 3) or
by tosylation alone (4‘’position) in the case of ester

20 praotaction (séheme 4), according to conventional methaods
generally used in organic chemistry. Further deprotection
when ethers are used can be made by various Lewis acids
like TiCl4 or ZnBr, in methylene chloride, as described by
E.J. COREY, J.L. GRAS and P. ULRICH, Tetrahedron Letters,



%etrahedron Letters, 1984, (14), 1429. Further deprotection when esters
are used involves basic reagents such as 5 MeOH [err] MeOH NaOwe,
DNaCH, [err] for instance. Finally, the cyclization and deprotection of the
acetyl g&dup |eading-to the final product i s achieved by an attack fromthe
correspondi ng al cohol ate on the 4 '<carben beari ng the | eaving group
(tosyloxy). 10 .The conpounds | &and V..;may be converted to the
correspondi ng predon1nant|y (+) and predomnantly (-) furo [3,4-c]pyridine
derivati ves. - 9- -) -furo [3 .4-c] pvridine derivatives

- 10 - 0 [err] ESYE6r pré%‘-é&tuoﬁogcl-ﬂmE Aximethylk o §IAYL clchloriles sodium
_derlvatlves iodide, as ‘descrlbed by J.H. RIGBY and J.Z. WILSON,

Tetrahedron Letters, 1984, (14), 1429. Further deprotection
when esters are used involves basic reagents such as
5 MeOH/NH3, MeOH/NaOMe, NaOH, cho3 for instance.

Finally, the cyclization and deprotection of the
acetyl group leading to the final product is achieved by
an attack from the corresponding alcoholate on the
4’carbon béaring the leaving group (tosyloxy).

The compounds IV and V may be converted to the
corresponding predominantly (+) and predominantly (=) furo
[3,4-c]pyridine derivatives.



The method readily applies to various R3 substituents and the

I nvention will be better understood fromthe description of the synthesis

of the (+) formof the furopyridine derivative wherein [err] stands™for H °
[err] 5 stands for J[err] and [err] -stands for p-dhlorophen?ﬁ% The
description is given by both routes. The starting secondary al cohol may be
obt ai ned as described in the previous Britisf patent No. 2 092 586. Wen a
(-) formof furo[3,4-c]pyridine derivative is to be 10 = prepared, the
starting secondary al cohol of the follow ng step should be the
corresponding (-) forgui nstead of the (+) Horm PREGABRTLENCEE cH Co-CHI
(-)-3-(4-wpForspheny! B- g 3-di hydro-7-hyWp®XIN 15 § g2 -~ 2 2 3

6- met hy| ff o- [ 3] 4- c] pFdi ne EXAMPLE B 1 Ste
2,2,8-trinethyl 4., €Ql or o- [ eistlepchl or obenzyl)

20 _ . 275=mmeteP of
(4-chl or o- a- benzyl R3pyri do-[ 4, 3-¢] -
m flask, di in 1 nm of nethylene or i and the flask is seal ed
under an a gns reggf nitrogen. 22 [err*s( g | e) of anhydrous
pyridine aré 25 ° 1njected via a glass syginge.” 36 [err] (0.54 nmole)
of

- g o- [4,3-e]-1,3-di oxane
-2 8*t ™net hyl - 5-

, 3- djfoxane RBse poured into a 5

Step 2

Ether protection

SCHEME 3

(-)-furo|3,4-clpzridine derivatives



thionyl chloride are then added dropw se. At di sappearance (2 hours |ater)
of the starting material (checked by TLC), the solvent is evaporated off
~under reduced pressure. ‘The residue is then dissolved in nethylene 30

chl ory dew#50 m ), the pyridiniumhydrochloride is filtered off and the
solution is ‘transferred to a separatory funnel. - - 12 - The net hyl ene
chloride fraction is washed with 2 x 10 m -ofi@NHCO, the organic, layer is
dried over [err] filtered and evaporated to dryness on the roto vac
(90 ngy). Yield : 96.5 % 5 Step 2

(+)-3-(4-chl orophenyl)-1, 3-di hydro- 7- hydr oxy- 6-met hyl furo- [3, 4-c]pyridine

90 ng of (29 8-trinethyl-5-(4-chloro-a- chlor nzyl)-pyrido-[ 4,
3-e]-1I, 3-di oxgAe ar
of acetal clea G [

d.in 10 1m of T
d by HPLC. After 18

renoved under asgt

is dissolved in

) .

'Ljogen-an%t dyuced und NJhe residue

lic aggnnia an oﬁght to dry R trogen
ue 1

stream 15 The crude resi t hen di sgol v i n nmethanol (1
. m) and heated LY utes. After cooling and

Rg R4 Rg Ry

Step 2

(N
Step 3

k/ | 0 ‘H

_ HO >

Step 5 - R;
Rg R4
Ester p;otedtigg
SCHEME 4

(+) -furo[3,4-c] pyridine dérivatives_




filtration, a solid crystallizes out and its elenental analysis shows to be
I n perfect correspondence with the formula of the t|tIe conpound. Yield :
66 % m= 52 ng. 20 Startlngvmth : —_

-

(-)-2,2,8-trinmethyl-5-(4-chloro-[err]- ' . : S
hydroxybenzyl) pyrido-[4,3-¢e]-1, 3- dloxane t he correspon- d|ng (-)
derivative is obtained with a S|n1Iar ylei “EXAVPLE BY ROUTE 2 (Schene 3)
Step 1 25 (+) -2,2, 8-trimethyl-5- [4- chl or o- [err]- (methoxyet hoxy-2

ol UCToh of 38 gpﬁhd%ﬁﬁo gt o $EBE0Y", Rebaien oo, BRFIRRs 1
[ err] - hydr oxysulbbstikyients r iaghd- the; epvenﬁa.dnoxaﬂd (l9® bettpr m&el(sgc)od S
30~ prepar edfi(;/&glz.% ?{1 dis Y dﬁ getth%h 4k of £hé4 (¢ [)i’ffq?ﬁp'df“

hydri de at 80 | sper sl are added at Jﬁir
reaction mi xtehe |f§r§m¢riéd-r!ﬁ eriyatiye, wharein tRen standsy &or| Enr R, 2

g (17.8 Mol esgands MeEsOX i h0>am2 L2 h!’taﬁhlsorfdﬁ aﬁb%ﬁﬂéﬁ@pﬁenylforﬂi@
m nut es. Stlré n‘g’ﬁlsmantal d{’f%g]r‘ gt [err] A saturated sol ution
of sodi um bi GEBERLIPELIPR ?aﬁd‘édvﬁﬂ ¥ g’éﬂ\“ Bhase obtai ned after
decantation is dried over sodium sul phate. 10 After filtration
and elimnation of the i‘ﬂleve&arting secondary alcohol may be obtained
as described in the previous British patent No. 2 092 586.
When a (-) form of furo[3,4-c]|pyridine derivative is to be
10 prepared, the starting secondary alcohol of the following .
step should be the corresponding (~) form instead of the v/

(+) form.

PREPARATION OF : _

(+) or (-)-3-(4-chlorophenyl)-l, 3-dihydro-_7-hydroxy—
15 6-methyl furo-[3,4-c]pyridine

EXAMPLE BY ROUTE 1

Step 1
2,2,8-trimethyl-5- (4-chloro-a—chlorobenzy1) -pyrldo-
[4,3-e] ~1,3-dioxane

20 88 mg (0.275 mﬁlole) of (+)-2,2,8~trimethyl-5- ./
(4-chloro-e~hydroxybenzyl) -pyrido-[4, 3“-e] -1,3-dioxane are
poured into a 5 ml flask, dissolved in 1 ml of methylene
chloride and the flask is ‘sealed under an atmosphere of
nitrogen. 22 ul (0.27 mmole) of anhydrous pyridine are

25 injected via a glass syringe. 36 ul (0.54 mmolé)_ of
thibnyl chloride are then added dropwise. At disappearance
(2 hours later) of the starting material (checked by TLC),
the solvent is evaporated off under reduced pressure.

The residue is then dissolved in methylene

30 chloride (50 ml), the pyridinium hydrochloride is filtered

off and the solution is transferred to a separatory
funnel.



an orange oil is purified by preparatlve HPLC 2.4 gof alinmid yellow oil
are obtained with a yield of 49.5 % The identity and the structure of this
compound were confirmed by protan [err]."and m croanal ysis. 15

The enangionmeri ¢ composition  achi-eved by chiral phase HPLC is of 90 % (+),
10 % (-). Step 2 (+)-2-nethyl-3-hydroxy-4- hydroxynethyI-S- [4 chloro-[err]-
nmet hoxyet hoxy- 2 nethoxy) benzyl ] pyri-dine’ 2Q 44 4 g (5.8 noles)
of (+)-2,2,8-trimethyl-5-[4<chloro [err]- (nethoxyethoxy 2

met hoxy) - benzyl] pyrido-[4,3-e]- 1, 3-dioxane are poured into a 50 ni

reactor and tredlke methyianm chﬂ.otﬁ.d@ !Q&@%Ci%h' (isa%%\éﬁt @ith 2014 Clﬁ’i“of
t enperat ure: 252 he_reaction m xt heat ed at err for

hours. The sol veh ch‘éva%}ﬁ a?’é%aﬁﬁﬁe ayeEu Lt %ﬁée e SYPE] ﬁﬁzﬁ 11tered
di ssol ved i n 25 amdof evapbratedc &nm)rdrarne'ﬂse o veie | srcmcapafa;-& ed(gﬂ fmg) .
under vacuum agaﬁbfgd tgng ge§| due is treated with 100 m of
dlchlororrethane 14 “"insoluble is elimnated byf|Itrat|on The

filtrate is con%ﬁ/ed under vacuum and 1.75 g of a brown oil is
obt ai ned. YPeld o The product is purified by HPLC ; 1.12 g
: (+) -3-(4-chlorophenyl)-1, 3-dihydro-7-hydroxy-6-methylfuro-
[3,4-c]pyridine

90 mg of (<)-2,2,8-trimethyl-5-(4~chloro-a-
chlorobenzyl)-pyrido-[4,3-e] -1,3~-dioxane are dissolved in
10 1 ml of TFA/Hzo (9:1) and the rate of acetal cleavage is
o followed by HPLC. After 18 hours, the solvent is removed
under a stream of rutrogen and reduced under pressure. The
residue is dissolved in methanolic ammonia and brought to
dryness under a nitrogen strean.

15 _ The crude residue is then dissolved in methanol
(1 ml) and heated for 30 minutes. After cooling and
filtration, a solid crystallizes out and its elemental
analysis shows to be in perfect correspondence with the
formula of the title compound. Yield : 66 ¥, m = 52 mg.

20 Starting with (-)=-2,2,8-trimethyl-5-(4-chloro-a-
\_ o hydroxybenzyl) -pyrido- [4,3-.e] -1,3-dioxane, the correspon-
- ding (-) derivative is obtained with a _similar yield.

EXAMPLE BY ROUTE 2 (Scheme 3)

Step 1 :
25 (+)-2,2,8-trimethyl~-5-[4-chloro-e-(methoxyethoxy-2
' methoxy) -henz’yl] -pYrido' [4 ,3-e] -1,3-dioxane

In a 0 1 litre reactor, the solution of 3.8 g

| _(11 8 mmoles) of (+)-2,2 8-tr1methyl-5-(4-chloro a-hydroxy-

N benzyl)-pyrido- [4,3-e]-1,3-dioxane (90 % (+), 10 % ( )) 1s
30 prepared in 24 ml of anhydrous tetrahydrofuran.



.5 (overall yield 52 %9, is obtained as a white powder. The identity and
the structure of this conpound were confirnmed by proton [err] and
m croanal ysis. The enantioneric conposition cannot be achi eved by -chiral
phase HPLC. 10 Step 3 . ' S -
(+)-2- et hyl - 3- acet yl oxy- 4- hydr oxynet.hyl - 5-[ (4-chloro-[err] -
nmet hoxyet hoxy-2 net hoxy) -benzyl] pyiridermegls#d a 50 ml reactor, 0.7 g (1.9
nmol es) of (+)-2-

met hyl - 3- hydr oxy- 4- hydr oxynet hyl - 5-[ 4-chl oro-[err]-nmet hoxy- 15 et hoxy- 2
met hoxy) - benzyl | pyri di n@. &4 egdiofs slogdam thydride it 8ankyoddudispegisione.

0.3 mM~ (2446 ' NN ALBELRY | @évs | i ar. : i r3ed Ng,
fol | oned by (2)(13‘ g bggkmﬁ%) Ngﬁbggtedﬁlc@g%hyg?iedg% iﬂe reglgtg?%%]?%i >:<Lt§ure
is kept at [&%Yr 8toR0°GofiPE, 4 hBRUEBe ddiemdcorieddali th' S x258 @ of
a sodi um chi qr1:7d.;]e &ai‘sufe?)fdosgueegs?ﬁe&nbpnzti_.aehsrltlgan'u@fah@s Qres added
over sodjums e, filtered_an e spolvent, is.elim pated._under_vacyum
05 o of & b SPI MATNNAR o AEATEIAG, A% 1 RAjnsRineg) £k ol7; KRN AY
recovered, yia8°®€50 % as a yellowoil. The identity and the structure of

t hi s compound were confirmed by 1H NVMR and by nicroanal ysis. The

enanti omeric conposition cannot be achieved 30 . by chiral phase HPLC.
A saturated solution of sodium bicarbonate is

added and the organic phase obtained after decantation is
dried over sodium sulp__hate.,

v N

10 . After filtration. ari_d elimination of the solvent,
an orange oil is purified by preparative HPLC. 2.4 g of a
limpid yellow oil are obtained with a yield of 49.5 %.

The identity and the structure of this compound
were c_onfirmed by proton -1H-NMR- and microanalysis.

15 The enantiomeric composition achieved by chiral
phase HPLC is of 90 % (+), 10 % (-).

Step 2
(+) ~2-methyl-3-hydroxy~4-hydroxymethyl-5- [4-chloro~-a- .
methoxyethoxy-2 methoxy)-benzyl]pyridine /

20 2.4 g (5.8 mmoles) of (+)-2,2,8-trimethyl-5-[4-
chloro a-(methoxyethoxy-2 methoxy)-benzyl]-pyrido-[4,3-e]-
1,3~dioxane are poured into a 50 ml reactor and treated
with 20 ml of <trifluoroacetic acid/water 1:1 at room
temperature. '

25 ' The reaction mixture is heated at 40°C for 4
hours. The solvent 1is evaporated. under vacuum. The
resulting oil is dissolved in 25 ml of methanolic ammonia.
The solvent is evaporated off under vacuum again and the
residue is treated with 100 ml of dichloromethane. An



Z 15 - Step 4 (+)-2-nethyl-3-acetyl oxy-4-tosyl oxynethyl -

[(4-chloro-[err]- nmethoxyethoxy-2-methoxy) -benzyl] pyridine In a 50 m
reactor are poured Q.3 g (1.5 mmole):5 .'of tosyl chloride in 10 mi
acetone. X 0.3 g (0.7 mol es) solution , of

(+) - 2- net hyl - 3- acet yl oxy- 4- hydr oxynet hyl - 5-

[ (4-chloro-[err]-methoxyethoxy-2-nmethoxy) =bgazyl] pyrldlne I s added at
roomtenperature in 10 nl . aéetone. 0.14 g (1 nnDIe) ‘of potassium carbonate
are then 10 added. The reaction mxture is refluxed for 4 hours and
filtered. The fiinsqluble d@csﬂmmana&edndhy \zﬁairlnratibrgﬁ Thef m{nﬁgwaem ;}sa
are purified b &&ﬂé; o] | e I ned. wi a.yie
of 72% 15 Y n&&dédl Ejlggtqu %c\é h u&?%rg)o#’ét%gbfgmo&ﬂ‘

wer e conflrrmxitﬂpﬁﬁiﬂ?ﬁl aﬂdpﬁy*n1croanalysis. The enantioneric
conposition achi eved by chlral phase HPLC is of 90 % (+), 10 % (-). Step 5

20 (+) -2-nethyl-3- acetyhexyp&oau&yﬂ owtﬂwxﬁeci‘l sg' OHPLE?”' 12 g
- I trogen
clrcuacrort {REOMRL N oh ks thceekitind g o Uhfhe ponid
met hyl - 3- acetyloxy 4- tosyloxynethyl 5- [(4 chloro [err]-met hoxy-
The identity and the structure of this compound

were confirmed by proton 1H-NMR and mlcroanalysls.

The enantiomeric compOSLtion cannot be achieved
by chiral phase HPIC.

\—/

10 Step 3
(+)-2-methy1-3-acetyloxy-4-hydroxymethyl-5-[(4-chloro—a—
methoxyethoxy-2 methoxy)-benzyl]pyridine

) In a 50 ml reactor, 0.7 g (1.9 mmoles) of (+)-2-
methyl-3-hydroxy-4-hydroxymethyl-s-[4-chloro-a-methoxy-

15 ethoxy-2 methoxy)-benzyl]pyridine are dissolved in 15 ml

' of anhydrous  toluene. 0.3 ml (2.46 mmoles) of
N,N-dimethylaniline are added under stirring, followed by
0.5 ml (2.46 mmoles) of acetic anhydride.

U The reaction mnixture is kept at 40°C for 6

20 hours, then cooled and washed with 3 x 50 ml of a sodium
chloride saturated aqueous solution. The organic phase is
'dried over sodium sulphate, filtered and the solvent is
eliminated under vacuum. ' ' '

0.8 g of a brown oil are obtained and purified
25 by HPLC. 0.39 g are recovered, yield 50 %, as a yellow
. oil. ' ' |

The identity and the structure of this compound
were confirmed by 1H-NMR ahd by microanalysis.

o The enantiomeric composition cannot be achieved
30 by chiral phase HPLC.



- 25 et hoxy-2 met hoxy)-benzyl ] pyridine in 20 ml of [err] is prepared at
roomtenperature. 0.8 g (5.3 mmpl es) of sodiumiodide and 0.7 i - 16
(5.3 moles) of chlorotrinmethylsilane :are. added. " The resulting orange
suspension is stirred at roomtenperature.for 1 hour. Hydrol.ysis ofwihe
reaction mxture is earried out wwth 20 nl of nmethanol at room tenperature.
The 5 sol vents are evaporated off énd_a?g remaining oil is taken with 50
m of ethyl ether, washed twice with 50 of a sodi umthi osul phate
solution and twice with a sodiumchloride saturated agqueous solution. The

organi ¢ phasegggpdii ed over sodi um sul phate. 10 ' After
filtration anﬂ'%ﬂh on_of t ven

t hi ck d
and purified 6% 'FF’E'EFW&B?'BG Eglﬂﬁfaf‘ tesgg.ogyl %ﬁc ¥ m&v\j‘léﬁ I‘?idltq?r ecoéovayelr ZI d
of 63 % The ndbﬁbxygtnaﬂy%henethuxywFhenﬁYlﬂD&Iﬁﬂﬂnnund 15  were

confirmed by proton [err]-NVR and m croanal ysis. The enantioneric

conposi tion found by chiral phase HPLC is of 90 % (+), 10 % (-). Step 6

(+) - 3- (4-chl orophenyl ) - In, 3 B0ym} orapgdronyes-pasired fQsd-g201.5 mmole)

[3,4-clpyridige tosyl chloride in 10 ml acetone. A 0.3 g (0.7 mmoles)
solution of (+)-2-methyl-3-acetyloxy-4-hydroxymethyl-5-
[(4-chloro—a-methoxy& -hoxy-2-~methoxy) -benzyl] pyridine is
added at room temperature in 10 ml acetone.

0.14 g (1 mmole) of potassi\im carbonate are then W
10 added. The reaction mixture is refluxed for 4 hours and
filtered.

The filtrate is concentrated under vacuum.
0.76 g of a brown oil are purified by HPLC. 0.3 g of a
thick yellow oil are obtained with a yield of 75 %.

15 The identity and the structure of this compound
were confirmed by proton 1H-NMR and by microanalysis.

The enantiomeric composition achieved by chiral
phase HPLC is of 90 % (+), 10 % (-).

Step 5
20 (+) -2-methyl-3-acetyloxy-4 -tosyloxymethyl-s- [4-chloro—a-
hydroxybenzyl] pyridine

In a 0.1 litre 'reactor, under nitrogen
circulation, the 0.3 g solution (0.53 mmoles) of (+)-2-
methyl-3-acetyloxy-4-tosyloxymethyl-5- [ (4-chloro-d-methoxy-

25 ethoxy-2 methoxy) -benzyl]pyridine in 20 ml of CH,CN is
prepared at room temperature. - '

0.8 g (5.3 mmoles) of sodium iodide and 0.7 ml



'n"a 10 m flask, under nitrogen pressure, a sOI ution of 100 mg (0.2 mmol e)
of (+)-2-methyl-3-acetyloxy 4-tosyloxynethyl -

[.4-chl oro-[err]-hydroxybenzyl] pyridine. in 1 m of DVF is prepared. 25
12 ng (0,# nmol e) of .sodi um hydri-de (80. % oi |l dispersion) are added under
stfirring at [err] The reaction mxture ks stirred at roomtenperature for 1
hour, then diluted with 5 m of watér and aciéified by 1 m 6 N HO.

-17- The product is recovered by filtration and purified by HPLC. 44
ng are obtained as a white powder with a yield of 50 % The identity and
the structure of(3+i MMJIRWVuUNdOE  chdiorodarimetinyd syl ameot care er AHIARNR aThe

m croanal ysi's. E&Stﬂﬁﬁiﬁ mﬁge CeuBpshki A agheﬂ%éeaya%h&%&n rdture
is of 80 % (+), 2’ t" hue represents an overal| racem zdtion
based on starti réui % Boyrg YFFB K?F'55°(f4"€!ﬂ Fepgllon mixture is carried
benzyl ) - pyr i do- [otit3- siith 320i omdneosf m@mm]:ratﬂ yhrJdbn% t%exd%ﬂfﬁelc g The
with the cqfres e t tecorre ondi.n I.n
( ) deri vafgt I, V%Q{lg}éo}&s( Qréj Q/%ﬁéggged ﬁt‘"? gF‘S\I\%P yF@f“& Rﬁ %‘ ﬁé?ﬁ?
2 (Schene 4) 15 with epo 1m1 of ethyl ether, washed twice with 50 ml of a
sodium thiosulphate solution and twice with a sodium
chloride saturated aqueous solution. The organic phase is
dried over sqdium sulphate.

w0 After filtration and elimination of the solvent,
a th:Lck brown oil is recovered and purified by HPLC.

0.157 g are obta-ined as a white powder, with a yield of
63 %.

The identity and the structure of this compound
15 were confirmed by proton 1H_-N1¥£R and microanalysis.
The enantiomeric composition found by chiral
phase HPLC is of 90 % (+), 10 % (-). '

Step 6 _ .
\J (+)-3-(4-chlorophenyl) -1, 3-dihydro-7-hydroxy-6-methyl furo—
20 [3,4-c]pyridine

In a 10 ml flask, under nitrogen pressure, a
solut:l.on of 100 mg (0.2 mmole) of. (+)-2-methyl-3-acetyloxy
4-tosyloxymethyl-5-[4-chloro-e-hydroxybenzyl] pyridine in
1 ml of DMF is prepared.

25 | 12 mg (0.4 mmole) of sodium hydride (80 % oil

o dispersion) are added under stirring at 20°C. The reaction

mixture is stirred at room temperature for 1 hour, then
diluted with 5 ml of water and acidified by 1 ml 6 N HCl.



2,2,8-trinmethyl-5-(4-chl oro-a-acet oxybenzyl)-pyrido- [4, 3-e]-1, 3-di oxane
210 nmg (0.66 mmol es) of (+)-2,2,8-trinethyl-5- '

(4-chl or o- a- hydr oxybenzyl ) - pyri do-[ 4,.3-¢e] -1, 3-di oxané are 20 podred
into a2 nm vial and dissolved in 500 [err] of pyridi‘'ne .and 1108 err]
of acetic anhydride (1.16 nole). The reaction mixture is stirred for 18
hours, then poured into 30 ml of saturategz[err] The mixture is allowed to
stir at roomtenperature for 1 hour, then extracted with 3 x 30 25 m of
[err] The conbined [éerr] layers are washed with 3 x 20 mMl of 2N HCO . The
organi ¢ phase is dried Ther [pa:raquctfi litser erecavrared hey f ifiktaration and

ted t b ' ot | f
Tooh - Thi s BEESEIESS by ‘HPLEL © 4P AG\HES CaBENIREE X 14 Uik piiad ©
chenical |y purdthos YieddpnofHPPCY¥.-ptical purity is of 6.2 %(-), 93.8 %
(+) by chiral HPLC. Step 2 5

(+) - 2-met hyl - 3- hydr oxy- 4- hydr oxynet hy 4 chloro:[err
acet oxybenzyl ] pyri di ne & 4 lérg‘é@ 5‘eoF ng: [Z %ft r'qbn’rﬁ hgﬁmgound

(4-chl ors- a- awei-exg:bani;dnkdpbyl peotdén3- H]-NMRBaddonacroaaaaypdsr.ed into a 10
m round bottoned flask and dissolved in 10 3.3 m of TFA/[err] (10:1).
The reaction is allowed to stir. _

The enantiomeric composition achieved by chiral

phase HPLC is of 80 % (+), 20 % (-).

This value represents an overall racemizat:.on W/
based on starting (+)=2,2, 8-tr1methy1-5-(4-chloro a-hydroxy
10 benzyl)-pyrido-[4,3-e]~1,3-dioxane of approximately 10 %.

When starting with the corresponding (=)
derivative, in step 1, the corresponding final (-) deriva-
tive is obtained with a slightly lower yield.

EXAMPLE BY ROUTE 2 (Scheme 4)

15 Step 1
2,2,8-trimethyl~5~(4-chloro-a—-acetoxybenzyl)-pyrido-
[4,3-e] -1,3-dioxane L

210 mg (0.66 mmoles) of (+)-2,2,8-trimethyl-5-
(4-chloro-a-hydroxybenzyl) -pyrido-[4, 3-e] -1,3-dioxane are

20 poured into a 2 ml vial and dissolved in 500 sl of
pyridine and 110 usl1 of acetic anhydride (1.16 mmolé) . Th
reaction mixture is stirred for 18 hours, then poured into

30 ml of saturated NaHCO,. The mixture is allowed to stir

at room temperature for 1 hour, then extracted with 3 x 30

25 ml of CH,Cl,. The combined CH,Cl, layers are washed with
3 xXx 20 ml of 2N HCl. The organic phase is dried over
Na,so,, filtered and the filtrate is evaporated to
dryness. 24 g are obtained as a white solid with a yield

of 100 % | o+



at ‘roomtenperature for 1.5 hours, the solvent is then renpved by rotary
evaporation. 1 m of nethanolic ammonia is added to the crude product (the
gxcess of TFA being .neutralized)., then.'evaporated to dryness under

hi gh 15 i A/acuum The crude product. was. shown to contain 90 % of the
desired di ol -acet ate by HPLC along with.4.4 % of unreacted starting
material. Steps 3 and 4 ' =18 -

(+) - 2- et hyl - 3- hydr oxy- 4- t osyl oxynet hyl -5-[4-chloro“[err]- 20

- hydroxybenzyl ] pyridine 0.24 g (0.66 mmwole) of (+)-2-nethyl-3-hydroxy-4-
hydr oxymet hyl - 5- [ 4- chl or o-Bhai& | comPEYRGbeWag| [showmn ditoe be homogemecws by
into a 25 m rousg1beat ey dhasknandcdlI§0/piask | flod 0y Mg)of e i
chloride. 190 ny \(al.gol e) of E-éoéugn? 25§0 gul plq%%y mgk)ll gﬁ%dr%tﬁﬁal
(1 mole) of pyrPBFhEYarg PleR-2dded ™) Th@38ad: (B bYxchizals HRLG. ed at
roomtenperature for. 18 hours ; the solvent is then renoved under reduced
pressure. 5 n o;‘st tganol i c anmoni a are added and the m xture is stirred
at room'tenpe'ratvr&fvr 2 30 hours. The solvent is renoved under
vacuum  di Bsol vé#) agamethyl+3rhydroxyt-dahydrasymedthiyli-Sd [a-chilorms-aH C.

170 ng of the tihbgteyban2y1Vpyeidie ned as an off-white solid. -19-

_ 0.24 g (0.66 mmoles) of (+)-2,2,8-trimethyl-5-
(4-chloro-a~acetoxybenzyl)-pyrido-[4,3-e] -1,3-dioxane are
poured into a 10 ml round bottomed flask and dissolved in
3.3 ml of TFA/H,O (10:1). The reaction is allowed to stir
at room temperature for 1.5 hours, the solvent is then
removed by rotary evaporation. 1 ml of methanolic ammonia
is added to the crude product (the excess of TFA being
neutralized), <then evaporated to drjmess under high
15 vacuum. The crude product was shown to contain 90 % of the

desired diol-acetate by HPLC along with 4.4 % of unreacted
starting material. o

Steps 3 and 4
() -2-methy1_-3-hydroxy-4-tosyloxymethy1-5-'[4-éhloro-a-
20 hydroxybenzyl] pyridine ' : '

| 0.24 g (0.66 mmole) of (+)-2-methyl-3-hydroxy-4-
hydroxymethyl-s-'[4-chloro-a-acetobeenzyl] pyridine are
poured into a 25 ml round bottomed flask and dissolved in
-~ .10 ml of methylene chlori‘de. 190 mg (1 mmole) of p-toluene
.25 sulphonyl chloride and 75 mg (1 ‘mmole) of pyridine are
then added. The reaction mixture is stirred at room
temperature for 18 hours ; the solvent is then removed
under reduced pressure. 5 ml of methanolic ammonia are
added and the mixture is stirred at room temperature for 2
30  hours. The solvent is removed under vacuum, dissolved
again in 1 ml of methanol and purified by silica TILC.
170 mg of the title compound were obtained as an off-white
solid.



Step 5 (+)-3-(4-chlorophenyl)-1 ,3-di hydro-7-hydroxy-6-mnmet hyl furo- [3,4-c]
pyridi ne - 62 ng (0.144 mmol es) of (+)-2-nethyl-3-hydroxy- 5

4-tosyl oxynet hyl -5- [4-chl oro-[err]-hydroxybenzyl] pyridine are p6lred
into a2 n vial and dissolved in 500.[err] 'of HWT. 14 nig (.0. 3 nmddyes) of
NaH (50 % oil dispersion) are then added and the mixture is stirred at room
temperature for 1 hour. The reaction mixti®e-is diluted with 2.5 m of
[err] 10 and acidified with 2 drops of O6NHC. The solid
precipitate &t@S title conpound which forns by gravity filtration is

i sol at ed. The(4qr-gie( S~ Xbrcphibiafl) vEB-+dipiio+D+hydpoky-es-nethylfaboter |
silica TLC plﬁj’e aﬂd elyted in [err]/MeOH (7:1). 15 The maj or WV band
whi ch co-el ut A P8P ofr aut hentic (+)-3-(-4-chl orophenyl)-1,

3- di hydr o- 7- hydr oxy-6-nmet hyl furo- [3,4-c]pyridine is excised and the
organic material is isofatad b{0 it cumdlesyhofg (d) ~Rraedhylc: ~hydroxy-

Whi te S i d oniRymec e & Eﬁﬁlﬁfﬁﬁﬁfm‘%ﬂ%@ﬁﬁﬁiﬁnﬂ- i on
wi th aut hent iROYrsd 3ipliocA o o®lpNda) pnd) dissolved in 500 pl of HMPT.
3-di hydr o- 7- hydrfyy ( 6 e midlled)0-of 3NAHC|(SWY % DI aispefsiofl) HAxe then
optical purl ke U BlR! RueBERRASY sbirk el Bl Hook Bibnntes e 1S
based on stariowg. (The2 raasticonmmixture (8- dilmted erith 2.5 ml of H,0
10 and acidified with 2 drops of 6N HCl. The solid
precipitate of .the ‘title compound which forms by gravity
filtration is isolated.
The 'crude solid is dissolved in methanol, Spotted on a
1000 s silica TLC plate, and eluted in=CH2c12/MeOH (7:1).
15 The major UV band which co-eluted with a spot of authentic
- (+)-3-(4-chlorophenyl)-1,3-dihydro-7-hydroxy-6-methylfuro-
[3,4-c]pyridine is excised and the organic material is
isolated by thorough washing of the silica with methanol.
The methanol filtrate is evaporated, which gives 27 mg of
20 a white solid. This compound was shown to be the title
compound by co-elution with authentic (+)=-3-(4-chloro-
phenyl) ~1, 3-dihydro-7-hydroxy-6-methylfuro-[3,4~c] pyridine
on TLC and HPILC.

The optical purity of the sainple, assayed by
25 chiral phase HPLC, is of 14.6 % (=), 85.4 % (+).

_ This value represents an overall racemization of
7.5 % based on starting (+)-2,2,8-trimethyl-5-(4-chloro-a-
hydroxybenzyl) -pyrido-[4,3-e] -1,3-dioxane.

30 : ~ (+)-3~(4-chlorophenyl)-1, 3-:..hydro-7-hydroxy-6-
methyl furo- [3,4-c]pyridine has been prepared from

' (+)'-2 +2,8-trimethyl-5~(4~chloro-a-hydroxybenzyl) -pyrido-
| [3,4~e]-1,3-dioxane in an approximate 45 % overall yield
 for the 5 step s_e_quénce. '

o e



Aydr oxybenzyl ) - pyri do-[ 4, 3-e] - 1, 3- dloxane 30

(+)-3-(4-chl orophenyl)-1, 3- hydro 7- hydroxy 6- nethylfuro [ 3, 4-c] pyridine
has been. prepared {from .

(+) 2,2, irlnethyl 5-(4-chl oro-a- hydroxybenzyl) pyrido- [3, 4-e]-1,

3- dloxan in an approximate 45 %overall yield for the 5 step sequence.

20 - The preparation of (-)-3-(4-chlorophenyp)-=1, 3-

di hydr o- 7- hydr oxy- 6- met hyl f gr.o-[ 3, 4-c] pyri di ne from:-
(-)-2,2,8-trinethyl-5-(4-chloro-a-hydroxybenzyl) - pyri do- '

[4,3-€] -1, 3-di oxane by theTheneprepaeawenot&ﬂl neq -gi-{(1 ~2hl oropHdriit) -1 , 3-

i nvention are int eljhél ng |%d{%§vawgﬁa¥ﬁaggl neglp%%(li ige" gtE{’)I btegl |Sn

the previous patlnt=? it toniseethy ede( Q—cnboro-a-hydroxybmﬂﬂmfydo-
this invention [4]50e] el 9L88oxhfle! BY aﬁi’éjtéé\méow@é#thggs ob®3ina! 'v}iel:h a

i ngr edi ent here| ei enant i onef m xture of enantioners where
one enanti rkﬁ?b‘?t‘&rﬁ?%#?ﬁ orexptl nekeld THE8 Thppropri ate

better overal |

adm ni strati on

nodes are 15 described in the patents previously

menti oned on page 2, but dgsage is lower tha atent.g, which is _due
to the enhanced acti vi ty o'?ﬁ?he AR zﬂ%ﬁa&ﬂfﬁ orgﬁF"Fﬁ&ng to this

~ 10
15

(U 20
25
30 |

invention are 1nteresting in the various pharmaceutical

fields described in the previous patents mentioned on

page 2.

Accordingly, this invention also relates to
therapeutic compositions, one active ingredient therein
being an enantiomer or a mixture of enantiomers wherein
one enantiomer is substantially predominant.

The appropriate administration modes are
described in the patents previously mentioned on page 2,
but dosage is lower than in said patents, which is due to
the enhanced activity of the selected enantiomer or of the
enantiomer mixtures in which the said enantiomer is

‘predominant.

This is shown, for instance, by the comparative
diuretic action on normal WKY rats of the two enantiomer
forms, with the corresponding racemic. The expei‘iment was
conducted on batches of 10 rats with doses of 10 or 20
mg/kg, per os, each animal receiving 2.5 ml, per 100 g of
weight, of physiologic serum, either pure, for control
batch, or supplemented with the appropriate quantity of
the product to be tested, for animals treated by the
racemic or by each one of the enantidmers.

The results were reported. in the following

table. It can be observed that the (+) isomer, at 10 mg/kg,

is at least as active as the racemic at 20 mg/kg and that



~enantioner mxtures in which the said enantioner is predom nant. 20

This is shown, for instance, by the conparative diuretic action on nornal
VKY rats of the two enantionmer forns, with the corresponding raceT. The 3
experinment was conducted on batches of 10.rats with doses of -10 or3g0

ng/ kg, per os, each aninmal receiving 2.5 nm, per 100 g of 25 wei ght, of
physi ol ogi ¢ serum either pure, for contyol -batch, or supplenmented with
the appropriate quantity of the product tU be tested, for animals treated

by the racem c or by each one of the enantionmers. The results were reported

in the foll oyug . |l tecanbe bser vad,.. t (Hknksonart, 10
mg/ kg, is at tg_as. as, a% |%/§' as&%"he&rsaceﬁnilbcqat %{% kfgﬁd %;ngt_ e /K;[l -
at such dosdsiminatiqn rate. oFupthexporeer thehdospéeffecti Fpkdc shows: c.

Furthermor e, o hifa:@0meh e4h&Ctheabpeiak?BoBeMESIrMHBYRAY FaesOR GF aboud for
normal rats is of/ about 6 ng/kg per os. 5 A simlar

experi ment . S\WAI/KE @%d on genetically hypertensive SHR-SP rats at
t he dose of 3 ng/kg, per os. For the enantioners as well as for the

e e e ae) s b Ao e adif” VRS oS O T
genetically hypertensive SHR-SP rats at the dose of
3 mg/kg, per os. For the enantiomers as well as for the
racemic, the volumes of urine collected in 6 hours were
10 ¥ superior for the (+) derivative in comparison with

10 the racemic. W,



1o the racem c. -22- Racemc homer (+ Isonmer (+) Isoner (-)Isomner
Product s Controls 20 ng/Kg 10 ng/Kg 20 ng/Kg 10 ng/ Kg 20 ng/ Kg PO
PO PO PO . PO 1.71 . 4.71 4.76 4.44 2.48
2.72 rﬂ/6 h .+ 0,180 + 0.314 + 0.338 + 0.467 + 0.245 + 0.174 e %
Var . v T 175 178 160 - - 45 59 e [err] mol
3.15 2.35 2.29 1.94 2.49 2.5 6 h .269 [err]
0 142 [err] 0.103 [err] 0.138 [err] 0.101 - 0.188 *** *Ax e

~ ~~**% x* g % Var. -25 - 27 - 38
21 - -21 [err] nEq/  356.6 896.5 869. 2 879. 9 467.5 517
6 h RS S TS Ao N - B LT e o - U S B rn I TS, TS
[err] 20.d6 *** * % X * **xk Racemic | -Isomes/, (+){dsomer (+) Isomer (-)|Isddér (-)
144 47  Products Congrgls1 p 20.mg/Kg| o) 98/Kg(1 30 mg/Kg| USmg/Kg| AGmg/Kg
159.4 6 h + 12 [err] 1. RO [¢rr]P@5. 45 [PRr][13.B3 [lerrPO
11.6 [eqr] 12. 427K _ .

NS | N5 % Var. 1.71 4071 |  a3fe 4.4% 2.48| 2.72
28 [err] fEd{ mDee H . [78005180[76707314|74%.1338/3870.467| *+ 0.243} % 0.174
' 3 - - dkdede % dede dedede NS %*

? .
I‘I;I & Var. 175 - 178 160 45 59
u -3 3.15 2.35 2.29 1.94 2.49 2.5
o £ 10 mmol/l +o.269| to0.142| +0.103| +0.138| *0.101| *+0.188
: - dkedede k% deded dedk %%
¢ -
d % Var. - 25 - 27 - 38 - 21 - 21
107° mEq/ 356.6 896.5 869.2 879.9 467.5 517
6 h ¥ 31.56] * 32.67] t 33.91| * 41.70| + 26.26] + 20.96
cl - ddkdk YY) deddk * dedede
% Var. 151 144 147 31 45
-3 124.2 195.6 169.4 180.6 156.7 159'.4
éoh mEq/. +t12 +11.56{ *+ 15.65| *+ 13.58{ * 11.6 t 12.42
x* - dedede *k ' T NS NS
g $ Var. 57 36 45 26 28
10~° mEq/ 282.1 780.5 767.7 '749.1 387 422.5
6 h ¥ 24.57] t 33.01] t 31.22| +42.73| + 27.37| * 20.56
Na+ - dedede ke 11 %* *k
. % Var. 177 172 166 37 50
. 2.25 4.08 5.12 4,34 2.55 2.83
Na+ Ratio *0.222| *0.147| to0.525| t0.268{ +0.163] * 0.200
e - *dek hk dedk NS ‘NS
K+
% Var. 81 128 93 13 26 _




.6 h [err] 24.57 [err] 33.01 [err] 31.22 [err] 42.73 [err] 27.37

[err] 20.56 Na+ i *rE ** %
Var . 177 172 166 _ 37 - 50 2.25 &~,4.08 =
5.12 4. 34 2.55 2.83 Ratio ., :[err]0.222 .ferr]O. 141J
[err]0.525 [err]0.268 J[err]0.163 [err] 0.200 *** **x * kK 3 NS
NS % Var. 81 128 - 32 93 13 26 -23-

PRESENTATI ON The preferred adm nistration node is tablets and capsul es. For
tabl ets, each dosage unit contains fromb5 to 100 ng or, preferably, 10 to
25 ng of the PRESENTATIORI ple 5 associated with an appropriate

carrier as starch for instance. POSOLOGY I n human therapy, the doses to be
used are from50 to 150 ng/day for at |east one week, and preferably for 10

| onger periods of tine. The prefegrad/@dministration mﬂ@:m&lﬁﬁm
for the pr epaé@ﬁéﬂleé’f For tablets, each dosage unit contains from 5 to

100 mg or, preferably, 10 to 25 mg of the active pr1n31ple
5 associated with an appropriate carrier as starch for
instance. '

POSOLOGY _ | -_ | U

In human therapy, the doses to be used are from
50 to 150 mg/day for at least one week, and preferably for
10  longer periods of tinme.



enantionmers of 3-substituted-furo [3,4-c] pyridine of the general fornula
| [err] wherein 5 R3 stands for a straight chain saturated or unsaturated
hydrocarbon group having from1.to 5. car.bor a#%n8, a heterocyclic group
having up £0 6 ring'atons, a phenyl. or cycl ohexyl group, a phenyl al kyl

group or “a phenyl al kenyl group, each of.said groups being optionally
substituted by 10 one or nore chlorine bromne or fluorine atons,
trifluoromethyl groups, alkyl groups haveng ArgMlgo 5 carbon atons,

al koxy groups having from1 to 5 carbon atons, alkylthio groups having from
1 to 5 carbon atons, dial kylam no groups in which each alkyl group has from
1 15 to 5 carbon atons, dial kylam noal koxy groups in which each of the
two al kyl groups and the al koxy group has from1l to 5 carbon atons or an a-
or p-al koxy-N-pyrrolidinyl group in which the al koxy group has from1l to 5
carbon atons ; R4 stands & stexepgpecidiier pracessjefoxt othendpféparation of

stands for a st it &?& braa[%hﬁg? LDa2 IEF cQdeoup havi

up to 6 carbon aetﬂoms,i op |£lon;§ffy subst %?g%agykgyﬁﬁ'oéy, %géﬁéﬁg aﬁ?noeﬂe
or substituted Senerak kermalayIan al kyl or al kenyl group having up to

4 carbon atons; the process conprising the steps of

wherein ,

5 R3 stands for a straight chain saturated or unsaturated
hydrocarbon group having from 1 to 5 carbon atoms, a
heterocyclic group having up to 6 ring atoms, a phenyl or
cyclohexyl group, a phenylalkyl group or a phenylalkenyl
group, each of said groups being optionally substituted by

10 one or more chlorine bromine or fluorine atoms,
| .' trifluoromethyl groups, alkyl groups having from 1 to 5
N ~~ carbon atoms, alkoxy groups having from 1 to 5 carbon
o atoms, alkylthio groups having from 1 to 5 carbon atoms,
dialkylamino groups in which each alkyl group has from 1
15 to 5 carbon atoms, dialkylaminoalkoxy groups in which each
' of the two alkyl groups and the alkoxy group has from 1 to
5 carbon atoms or an a- or pg-alkoxy-N-pyrrolidinyl group
in which the alkoxy group has from 1 to 5 carbon atoms ;
R4 stands for a hydrogen or a halogen atom and
20 . Rg stands for a straight chain or branched chain alkyl or
alkenyl group having up to 6 carbon atoms, optionally
substituted by a hydroxy, cyano, amino or substituted
amino group or by an alkyi or alkenyl group having up to

AN



(1) oxidizing a racem c pyridine derivative of the general formula Il [err]
wherein J[err] and [err] are as above defined; (b) reducing the resultant
ketone of the general formula Il O’[err] wherein [érr] and [err] &@te as *
above defined with a chiral reducing .agent " or with a catalysfhgfor
asynetrical hydrogenation, which giveerSaccordLng to the selected
reduci ng agent, the follow ng conpounds [err]- -26- 0 [err] (c)
stereospecific | ocking or blocking of the hydroxy group of the selected
enanti oner al doifArbqr)atomgppehihPrAcehe comrt bhide thengtery obrotic

acids with an@orrmammtudg bef atp DhemDE  $9eid Diydr oxyret Ayt veandehydnexy

groups on the Eé |d|ne r| (g% cyclizing t he resul ting conpound
and, i f nec t1on of t he phenoxy group. 2. A process

according to cIa|n1 1 mhereln

II

wherein R3, Ry and R6 are as above defined; U
{(b) reducing the resultant ketone of the general

formula III

III

ﬁherein R Ru'and RG are as above defined with a chiral

3’
reducing agent or with a ~catalyst for asymetrical LJ
hydrogenation, which gives, according to the selected

reducing agent, the following compounds

and

AR



rocking* agent is a halogen atom substituted at the carbinol centre

of ‘the enanti oner al cohol. 3. A process according to claim 2
wherein the halogen atomis a chlorine dgtom 4. A process according
to clalﬁ+/3 wherein the chlori-nating. agent i's triphenyl phosphi ne or

thlonyl ¢hloride. 5. A process accord @l to claim 1 wherein the
bl ocki ng agent is a conmpound RX mhe;eln X represents a hal ogen atom and R
represents an aryl group, an ar wg?ch t he -al kyl group has up to-5
carbon atons, an alkyl group h 5 ar bon atons, an

al koxy- al koxy- -al kyl group in whioch egch he al koxy groups and the

al kyl -group has up to 5 carbon atomsge yl silyl group. 6. A
process according to claim 5 R rb@resents a

(2- met hoxyet hoxy) - net hyl group. A process according to claim
1 wherein the bl ocking agent is RCO X or [err] wherein X
represents a hal ogen atom and R rBgresents am4al kyl group having up to 5
carbon atons. 8. A process accorging to gﬁ£n1 7; wherein R
represents a nethyl group. 9. The (+) enanti r or the (-)

enantioner or a(c) stereospecific locking or blocking of the hydroxy

group of the selected enantiomer alcohol;

(d) "opening of the acetonide ring by protic acids
with concommitant 1liberation of ¢the hydroxymethyl and
hydroxy groups on the pyridine ring;

(e) cyclizing the resulting compound and, ir

necessary, deprotection_of the phenoxy group.

2. A process according to claim 1 wherein the
locking agent 1is a halogen atom substituted at the
carbinol centre of the enantiomer alcohol.

3. A process according to c¢laim 2 wherein the

halogen atom is a chlorine atom.

4. - A process according to claim 3 "wherein the
chlorinating agent 1is +triphenylphosphine or thionyl
< chloride. ' g |

5. A process according 'to claim 1 wherein the
'blocking agent is a compound RX, wherein X represents a
halogen atom and . R represents én aryl group, an aralkyl

in which the alkyl group has up to 5 carbon atoms, an

" : alkyl group having up to 5 carbon atoms, an alkoxy-alkoxy-
-alkyl group in which each of the alkoxy groups and the
v ' . alkyl group has up to 5 carbon atoms, or a t-butylsilyl
group. ' o
6. - A process according to claim 5 wherein R

represents a (2-methoxyethoxy)-methyl group.

T,




m xture of the (+) and (-) enantioners in which one predom nates
over t he ot her of a 3-substituted- [3,4-c]pyridine of the formula
| [err] wherein [err] stands for a straight chain saturat.ed or unséﬁbrated 8
hydr ocar bon group having from1 to 5 carbgp-—atons, a heterocyclic qoup
having up to 6 ring atons, a phenyl or cyel ohexyl group, a phenyl al kyl

group or a phenyl- alkenyl group, eéach "of -said groups being

optionally sulgstitutesl byrotesor avcerdhhgri te bedaime or fwheoreime athons,
trifluoronethyl ups,. .al kyl, grou 1,19 pfal0 o] rho ,

al koxy groups%ﬁgg%%agfﬁﬁﬁ%yt%QSchﬁgggﬁg?oﬁgP gi%ﬁth?%ﬁgiguggﬂﬁgﬁamffrom
1 to 5 carbonrapoesendisal ky| i owenyr e | andhi Bh eepheaerys @ouRhasl from
1 to 5 carbon a1 ] | KPP AW I N which each of the two

al kyl groups %ﬁgFﬁ§a§F%§§¥h§?%ﬂg§ has f?on11 to 5 carbon atoms or an [err]

- or [err]-alkoxy-N- -pyrrolidinyl group in which the al koxy group has

from1l to 5 cgrbon atemeprl@kisls Staddsrd iga Bydreaendr f hahegennat om and
[err] stands for a straight chain or branched chain al kyl or al kenyl

group havi ng &§PFEsEntH Fortehttyids 8*tR-onal Iy substituted by a hydroxy,
cyano, am no or substituted

9. The (+) enantiomer or the (-) enantiomer or a
mixture of the (+) and (-) enantiomers in which one
predominates over .the other of a 3-substituted-
[3,4-clpyridine of the formula I

wherein

R3 stands for a straight chain saturated or unsaturated
hydrocarbon group having from 1 to 5 carbon atoms, a
heterocyclic group having up to 6 ring atoms, a phenyl

or cyclohexyl group, a phenylalkyl group or a phenyl- '
alkenyl group, each of said groups being optionally _/
substituted by one or more chlorine bromine or fluorine
atoms, trifluoromethyl groups, alkyl groups having from

1 to 5 carbon atoms, alkoxy groups having from 1 to 5
carbon atoms, alkylthio groups having from 1 to 5 ¢éarbon
atoms, dialkylamino groups in which each alkyl group has
from 1 to 5 carbon atoms, dialkylaminoalkoxy groups in .

which each of the two alkyl groups and the alkoxy groups

</

has from 1 to 5 carbon atoms or an & - ‘ar . B-alkoxy-N-
-pyrrolidinyl group in which the alkoxy grohp has from 1
to 5 carbon atoms; - '

Ru stands for a hydrogen or a halogen atom”and

R6 stands for a straight chain or bréhéhed chain alkyl

o




am no group or by an al kyl or al kenyl group having up to 4 carbon atons.

10. A therapeutical conposition corprising a conpound according to claim
O as active ingredient together with.a difuent or carrier. 11. A
therapeuﬁke | conposition according.to ¢laim 10 in which the active

i ngr edi ent’ per dosage unit contains.5 ta 0 ngy of

(+) - 3- (4-chl orophenyl ) -1, 3-di hydro- 7= - hydr ony6-nEthyIfuro[3,4-c]pyridine,
L or a m xture wherein thi-s-enantionmer is predom nant.

or alkenyl group having up to 6 carbon atoms, optionally
substituted by a hydroxy, cyano, amino or substituted
amino group or by an alkyl or alkenyl group having up to
4 carbon atoms.

10. A therapeutical composition comprising a compound
according to claim 9 as active ingredient together with a
diluent or carrier.

11. A therapeutical composition according to claim 10
in which the active ingredient per dosage unit contains 5
(7 ' to 100 mg of (+)-3-(4-chlorophenyl)-1,3-dihydro-7-
~hydroxy-6-methylfurol3,4-clpyridine, or a mixture
" wherein this enantiomer is predominant.

* < L M S *



