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2234244 TITLE: Asymmetric Synthesis of Furo[3,4-c] pyridine derivatives
DESCRI PTION: The invention relates td a nethod for t RLe ration of
non-racem c furo [3 4-c] pyridine derivatives. |n s 4194ilon t he -
term"non-racenic” is used to indicate a sjpgle enantioner or an enant i onmgf
m xture in 5 whi ch one enanti oner pred’ﬁ1nates It is now generally °
recogni zed that two enantioners of a drug nol ecul e, when i ntroduced
into a biological environnent, behave as if they were different chem cal
entities. These  variations can be denonstrated as 10 di fferences
in: 1. protein binding, 2." netabolism 3. pharmacokinetics, 4. tissue

di stribution, 15 5. receptor binding, and 6. enzyne inhibition; and
are caused by a difference in stereoconfiguration. The two enant.i oners are
generally labelled as Ror S or (-) or (+) to distinguish them 20 Thus,
in vivo, any ¥EFeli c nmixture is constantly subjected to

st er eodi f f ergdjhineé t e Syhyhes:l.enﬁﬁum:ﬁfd[r&], 4-clfpyaid$nerdendlvrags.vas her
in solution®"® T .

As a result :odlfferentlatlon enantloners may not onIy di ffer

in 25 t herapeutic activity, but may behave ant agoni stical ly.
The invention relates to a method for the preparation of
non-racemic furoc {3, 4-c] pyridine derivatives.

In this Specilfication the term "non-racemic" is used to

~/ indicate a single enantiomer or an enantiomer mixture in
5 which one enantiomer predominates.
It is now generally recognized that two enantiomers of a
drug molecule, = when introduced into a biological
environment, behave as if they were different chemical
entities. These variations can be demonstrated as
10 differences in:
1. protein binding,
2. metabolism,
3. pharmacokinetics, _
\_/ : 4. tissue distribution, ' ” {

15 - 5. receptor binding, and
6. enzyme inhibition;

and are caused by a difference in stereoconfiguration. The
two enantiomers are generally labelled as R or S or (-) or
(+) to distinguish then.

20 Thus, in vivo, any racemic mixture is constantly subjected
to stereodifferentiation by encountering chiral
surroundings either in solution or when bound to solid
phase structures (cell receptors, eté). As a result of this
stereodifferentiation, enantiomers may not only differ in

25 therapeutic activity, but may behave antagonistically.



o Consequently, it is_becom ng increasingly necessary for regulatory
approval o provide, toxicity, pharmacol ogy, disposition and activity data
fpor each«individual isonmer as well as the drug racemate (i.e., a 1:1

m xt w.e of 5 stereoi sonmers). This necessitates that nethods be

avai Rabl e for the generation of the optically pure drug enantioners.
Cenerally, three strategies can be enployed to prepare pure isoneric
products: 1. preparation of a racemate of -t =desired conpound 10

and separation of t he racemate into its enantioners; 2.
preparation of a racemate of the desired conpound, conversion of the .

racemate i nt GONgedugREdye difi vhB| RECUMPG ainGrersingly qRefessary for . -

h ti . .at.ely i t f the desired d; d
5 asymmotr1 0 O RERBLEIOR arit A kI S, AR oFer <oBeh RS hEAaiel LanpeEnae
ZQ- In typiweul(ma;nﬂtheyndhugisracenaheiomﬁnm&,praduclslarnixbuaénedf
Wi L hout gont 1 oLy 8yel, iRl 0 A1 £ el ddiEs (e oL CERRL SREBROAE bB°aPh IFhLRAC
statistiCally theSe ditferent enanti oners are obtarned rn a proportron o
1:1 to form a £arerthe rgeneration of the dphisallah puxedsug ehantiamersy
concerned W t Beneha14Y)V K1l Srdtdilled AL be COHPPYPEAOta! PEeBaBR' Blire

formula I1 )
isomeric products: -

derivative 15 regulatory | Ripprdval aRnipEseide BOZicitgpnVehaiRacobygy,

_ 1. preparation of a racemate of the desired compound
\_ 10 and separation of the racemate into its
‘enantiomers;
2. preparation of a racemate of the desired compound,
' conversion of the racemate into a racemic
derivative, separation of the racemic derivative
15 into its enantiomers, and reconversion of each
enantiomer separately into an enantiomer of the
desired compound; and
3. asymmetric synthesis of individual enantiomers of
the desired compound. '

20 In typical organic synthesis, enantiomeric products are
obtained without control over the ratio of one type of
stereoisomer to the other and statistically these different
enantiomers are obtained in a proportion of 1:1 to form a
racemic mixture.

25 The invention is most particularly concerned with the
conversion of a non-racemic compound of the general
formula II

IT




[err] -3- wherein [err] represents a straight chain saturated or
unsat urated hydrocarbon group having from1l to 5 carbhon atons, a. ,
het erocyclic group having up to 6 ring atoms, a5 ' 3

car bononocyclic group, a phenyl group, a phenylal kyl group or a s
phenyl al kenyl group, each of said groups being optionally substitut ed'hf
one or nore hal ogen atons, trifluoronethyl groups, alkyl groups having from
1 to 5 carbon atons, al koxy groups havidg-from1l to 5 carbon 10 at ons,

al kylthio groups having from1l to 5 carbon atons, dial kylam ne groups in

whi ch each of the two al kyl groups has from1l to 5 carbon atons,

di al kyl amwhet&iosxy groups in which each of the two al kyl groups and the

al koxy gr 2pridiitls t @ Ss£Ra DGRt A MBI’ st urAtdd or unsaturated

or-[err] -ﬂo@l\l— pyrrolidi nis/l 158ﬁ gétooﬁ i.n which the al ko-xsg/ grr()au;%as

from1 to hydeRgRFPeR oFEoUR MGt hyldr &6en Sor CREPSBend8eB%y  dhd R3

represent hecstdey@icchajrouy bhavdhgd ajgi ntal ky orriglgengtofispup dhavi ng-

up to 6 carbqn atons ﬁftlonally 20 s:#bstltuted by.a hydr.oxy, %no,

am 1D or SRRIIREN ShIR0IEPHy & HRPIFL FEOWP ., 2 PRSI aIRYE, SERHING up

- to 4 carbax atansphenybalkenydspgrdupy neachaced c faid [groupd Meimy ne

der| Vatlveopc&lérpflﬂ?neéﬂi)s{ﬂ"hwgﬁ lbg(er%e or more halogen atoms,

trifluoromethyl groups, alkyl groups having from 1 to 5
carbon atoms, alkoxy groups having from 1 to 5 carbon

10 atoms, alkylthio groups having from _1~ to 5 carbon atoms, o
dialkylamine groups in which each of the two alkyl groups e
has from 1 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-g-alkoxy-N-pyrrolidinyl™ - -
15 group in which the alkoxy group has from 1 to 5 carbon
atoms; .

Ly

Rz'represents a hydrogen or halogen atom; and
R3 represents a straight chain or branched chain alkyl or
alkenyl group having up to 6 carbon atoms, optionally

20 substituted by a hydroxy, cyano, amino or substituted amino
group or by an alkyl or alkenyl group having up to 4 carbon
atoms '
to the corresponding non-racemic furo (3,4-c] pyridine J
derivative of the general formula I

25 wherein R;, Rp and Rj are as above defined.

A route is known for such a conversion, but is laborious,
involving five steps as shown in the following reaction
schene:



25 wherein [err] and R3 are as above-defined. A route is known for such a
conversi.on, but is  ,laborious, involving five steps as shown in the

fol | owi ng reacti on schene: [err] 4 -5- The hydroxy group nust first

- ‘be protected. = The acetonide blocking group can then be renoved, “and
thel;ﬁesulting 4- hydroxynmet hyl group is then tosylated to provide for
easier SN2 di spl acement subsequent H#~ The acetoxy protecting group is 5

t hen renoved, and a base catal ysed cyclisation provides the desired
conpound. The invention provides a nethod for conversion of a non-racemc
compound of the general fornula Il as herein defined to the correspondi ng
non-racemc furo [3.4-c] pyridine derivative of, 10 the general fornula I
as herein defined, the nethod conprising addi ng concentrated sul phuric or
perchloric acid to a solution of the conmpound Il in an amount sufficient to
catal yseja qurotection/cyclodehydration reaction.] Jhege is thus achieved
in a ség%?e Step thatdwhich hitherto necessitated4f?v9 teps. 15

Preferablly th noniracenic conpound .1l is ‘dilssolvgd inja solvent
which forms aplazeopgpape with water. From a vari et p.of
i o t ol uend<28¢YRY| >

1

ents, there
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Ry R, . 2
100% yield
W . | - CF ,COOH
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oot

JIscl
CH,CL,/Py

70% yield | - 90% yield
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2 eq NaH
1 hr.

' 70% yield
100% yield



acetate and chloroform In a preferred errbodi ment .’ the starting material I
is 20 initially purified by alcohol obr-ethyl acetate crystallization before
bei ng dissolved in the sol vent. When the starting material of the general ¢
formula Il is optically enriched, i.e. 80/20, ethyl acetate crystallizati-on
may provide a product that is typically greater than 95% optically purex25
The non:racemc furo [3,4-c] pyridine derivative may be recovered by
decanting the excess solution, incl ud"'hg the unreacted conpound of the
general fornmula 11, from a -6- residue produced by the

cycl od drati_on reactlon sSll s&ql ving the residue_in aI cohol to produce a

m xt ur S0 REARPKYNIFAUP JHSE of 1ESE APRORACERSESA e | sTREC ARRERRLER t he
generalb]funkrmriga lgreupl | sahat ithen hdoeaneehovedi he and trﬁé cohesult Xigr e.

The nory. C t n isal f e t hod

of the H@?ﬁfﬁ’@% o%‘%%\lﬂggd reglm%}ﬁsﬁ%#é%sgggg&%g 1? ceér?ﬂ %%Wg%{md by
oxi dat i tdi splenementofsubreqrently . fd?hm@cemxx eprotactinghgreum isrr]

and R3 a ed e nagp% rsadu n of
thg kettf)Hn&gh _Eeﬂggtbgl [ ? met cBth. orrpr Pc?éiféf‘@%l ss?tr\?lgr%éﬁ%hgﬂrlgcem C
form ofdﬁsrier%rﬁﬂﬂl?ﬁ?nﬂ- t he general forrrul all in an organic solvent to
forma 15 sol ution; :

The invention provides a method for conversion of a non-racemic

compound of the general formula II as herein defined to the

corresponding non-racemic furo [3,4-c] pyridine derivétiv_e of. _
10 the general formula I as herein defined, the method comprising o/

adding concentrated sulphuric or petc_hlo'ric acid to a solution

of the compound II in an amount sufficient to catalyse a

deprotection/cyclodehydration reaction. There is thus achieved

in a single step that which hitherto necessitated five steps.

15 ©Preferably the non-racemic compound II is dissolved in a
solvent which forms an azeotrope with water. From a variety of
such solvents, there may be mentioned benzene, toluene, ethyl
acetate and chloroform.

In a preferred embodiment, the starting material II is

20 initially purified by alcohol or ethyl acetate crystallization "
before being dissolved in the solvent. When the starting
material of the general formula II is optically enriched, i.e.
80/20, ethyl acetate crystallization may provide a product that
is typically greater than 95% optically pure.

25 The non-racemic furo [3,4-c] pyridine derivative may be
recovered by decanting the excess solution, including the
unreacted compound of the general formula II, from =2



(b) addi ng dr.opwi se an oxidi zing agent to said solution in a sufficient
anount te conpletely react wwth all the conpound racemates of the general
formula d1; (c) quenching the excess oxi di zing agent with an al cohol; 20
(d) -coollng the liquid to produce a solid conpound precipitate; (e)
di ss&lwving said solid crystals in tetrahydrofuran to forma mxture; (f)
adding to said mxture a chiral reducing agent to -7- reduce said solid
conmpound to the desired non-racem c conpéurtd of the general fornmula Il and
(g) isolating the non-racenm c conmpound of the general fornula Il and

di I t I t Th t t A

G 220l v byl Shbauden. . B0, oHAET CoILiBh FRBn ook,

guenching is dmssahw.ngso'pheparaid@leinmalcad’hsl eteocprodatéed sniptute,
ddi hydr j I d

acycl o 10 SREerRIfui Uk JHE; ofy Chiel 31dordl WIS 1£°0°Rhaphing

optical |y act Pfe B ocgeneyadl deranga ske apd éﬁa}sténgsm SWQZ frem the,

J.Org.Cgem 521coth03 mikeurkd87). The chiral reducing agent nay be
N, B- Enantri de (Al drich Chem cal Co.) or J[err] ( Expansi a, Eur opean

patent 15 N O 061 408) in tetrahydrofuran (THF). Such reducing
agents are pratecedyradunid coepéandt TTNwhdche Al the netaktingr mdeerdal

wel | as boroh*%g(%ﬁé ﬁggﬁga’éécihee&nvention may be obtained from the
' corresponding racemic compound by oxidation to a ketone of
the general formula III

IIT
10 wherein Rj, Rz and Rj are as defined hereinabove, followed
by stereospecific reduction of the ketone. In detail, this
method may comprise:
(a) dissolving the racemic form of the compound of the
i general formula II in an organic solvent to form a
~ 1s solution;

(b) adding dropwise an oxidizing agent to said solution in
a sufficient amount to completely react with all the
compound racemates of the general formula II;

(c) quenching the excess oxidizing agent with an alcohol;

20 (d) cooling the 1liquid to produce  a solid compound
precipitate;

(e) dlssolving said solid crystals in tetrahydrofuran to
form a mixture;

(£) adding to said mixture a chiral reducing agent to



al., J.Og.Chem, 52: 5406-12 (1987). N,B-EnantrideR js lithium hydrido
(9- BBN- nopol benzyl ether 20 adduct), «in a 0.5 msolution in THF. " The J
foll owi ng reagents are all suitable for use in the present invention: :
B-1pc-9-BBN (Al pine - borane, Aldrich), N, B - Entrane (Al drich), [er\r} :
(Al drich), [err]-ANDPB  (2:1) (see S.Itsuno, J. Chem Soc.,
Chem Conmm 1981, 315), (RR-2,5- 25 - di net hyl bor ol ane (see S. Masanune,
J. Am Chem Soc. 1986, 108, 7402), N,B - -Eamtride (Al drich), LIBH4-DBC-t-
BuOH (see K Soal, J.Chem Soc., Chem Com 1984, 413), NaBH4-1BA-DI PG- (see
S.Itsuno, J.Chem Soc., Perkin Trans.l, 1981, 900), K-d ucoride (see
H. C. Brownreduceg. sadsh 893dd scompoynd 8o thej Mdepairadyononrracenie
H Mosher, dofBbGRAMoE0Enel $bherdd f23aa iTY Hhid/EP- AT CH (seg J. P.
Vi gneron, Tetrahedron 1976, 32, 939), LIAl h4-Di am ne (see M Asam,
Het erocycl es, 1979, 12, 499),. Li Al H4- Am nobutanol (see T. Sato,

IS; gLetttlaB %gl981f§13&,ing413:h)88 ngnn&hm cHEnibSeeoWY | of Jgﬁm Clgetghe&zm-s '
, , rrge- - Bt ee ananot o, : . Chem Soc. ,
Chem Conm %bfggia %)1[493‘% F]éﬁﬁolﬂélgq\lé:& L& ﬁf?ﬁ]‘.’%‘ba, J. Chem Soc. ,
Chem Conm 1980, 1026), Li A1H4- VEP- EAP (see S. Terashi mg, Chem Letters
- 1984_ 239 T t her. er ohi L al hydg e,

Si gr’r’g Chem)f&?. )OWK‘QT%§1%2&?$§% (5:1" ne1coér)r‘ijé)‘g(;t{:jn Tl ina%%%ﬁa%g\iléggggé
obt ai ned f agenthdsatanes [Reagant (a)(CrOgi A825Q94/§20) ¢ Tha alcohgdr usedy
stirred fenMelihdhitigiley sifiMAY 98P 8pansh 2 carbohydrate; |

The initial stereocontrolled step of adding a hydride from
a chiral metal hydride or borohydride reagents to acyclic
10 ketones has been widely used for the preparation of
optically active secondary alcochols, see for exanmple, .
Brown, H.C., et al., J.Org.Chem, 52: 5406 - 12 (1987).

The chiral reducing agent may be N,B-Enantridem(Aldrich
Chenmical Co.) or MDBH3 (E:tpansia, European patent'

15 N° 0 061 408) in tetrahydrofuran (THF). Such reducing
agents are produced by chiral modifications of complex
metal hydrides as well as borochydrides (Brown, H.C.,. et
al., J.0rg.Chem., 52: 5406-12 (1987).

N,B-EnantrideR is 1lithium hydrido (9-BBN-nopolbenzyl ether
20 adduct), in a 0.5 m solution in THF. The following reagents
are all suitable for use in the present invention:
B-Ipc-9-BBN (Alpine - borane, Aldrich), N,B -~ Entrane
(Aldrich), 1IpcaBCl  (Aldrich), BM3-ANDPB = (2:1) (see
S.Itsuno, J. Chem.Scoc., Chem.Comm.1981, 315), (R,R)~2,5~-
25 -dimethylborolane (see S5.Masamune, J.Am Chem.Soc.1986, 108,
7402), N,B - Enantride (Aldrich), LIBH,;-DBC-t- BuOH (see
K.Soal, J.Chem.Soc., Chem.Com. 1984, 413), NaBH4-IBA-DIPGF
(see S.Itsuno, J.Chem.Soc., Perkin Trans.l, 1981, 900),
. K-Glucoride (see H.C. Brown, J.0rg.Chem. 1986, 51, 1934),
30 LiAlHs-Darvon Alc (see H.Mosher, J.Am.Chem.Soc.,1972, 94,
9254) LiAlH4-MEP-ArOH (see J.P. Vigneron, Tetrahedron 1976,




(b) .addi ng addltlonal car boydrate and yeast to provide 15 conti nued
vigorous-fernmentation to formthe desired chiral conpound of the general
formula.ll; (c) continuing said fernentation until formation of the
conpgund of the general formula Il ceases and (d) isolating the conpound of
the general formula Il. 20 The following Exanples describe the '
preparation of the ketone II1l: [err] = 4-chlorophenyl, RR = H R3 = CH3
fromthe correspondi ng racem c al cohol- 81+ . (Exanple 1), the
preparation of the correspondi ng non-racem c alcohol Il fromthe ketone- II
(Exampl e 2), and the preparation of the 25 correspondi ng hon-racemnic:
furo [3,4-@][@EJdBﬂS)deMl&ﬁh@ﬂDﬂamlnqeﬁsqe M. Agaphl oHetexogyclem) 1919.
R3 =CH3 fro race L th hr fe d he

(Branpl o 3).  Sbnp D) & fEning-Ra1pooht Akl 'q dgd NG s¥ed dat%%“-% |
racem c 30 1982, 23, 4111), Binal H (See’ R‘Noyori, J.Am.Chem.Soc.

2,2,8-trinet hyig’ﬁs,(4 Cﬂbpro [ﬁ:éyﬁydrmmegwéﬁ-mcmdo {<e&- e]k. Yamamoto,

-1, 3- Di oxane race

. f
25 8t 18 ot hyls CREMLEBor o CHER: EORY) 0A98dns y LARR)KIALRA MERINER  (see
-1, 3- di oxane V!er&.mgaedm nhemaSoEr.I,emxecommsjeamuanes)splnmx{pmmn

acetone Jones reagen r S adde rred

sol ution until (3R st Pt T éﬁ%"l al W&% 3’?83 ‘up-&5 ()e'terr'ﬁ‘%fg?ll‘l
by TLC (thin | gyleermbanaerobiamhy ordeiidss akcdheilng Seyrdragenagesnc g
| sopr opanol . ﬁ&&aaeegtson m xture was poured into iced water and the solid

N\ 10 Thé.non-racemic compound II may alternatively be obtained
from the ketone III by:
(a) dissolving it in a vigorously stirred fermenting

slurry of yeast, water and a carbohydrate;

(b) adding additional carboydrate and yeast to provide
15 continued vigorous fermentation to form the desired chiral
compound of the general formula II;

(c) continuing said fermentation until formation of the
compound of the general formula II ceases and

w (d) isolating the compound of the general formula II.

20 The following Examples describe the preparation of the
ketone III: R) = 4-chlorophenyl, Rz = H, R3 = CH3 from the
corresponding racemic alcohol II (Example 1), the
preparation of the corresponding non-racemic alcohol II
from. the ketone III (Example 2), and the preparation of the

25 corresponding non-racemic furo ([3,4-c] pyridine derivative
I : R; = 4-chlorophenyl, R = H, R3 = CH3 from the
non-racemic alcohol II by the method of the invention (Example 3).

EXAMPIE 1 _
Synthesis of ketone III by oxidation of racemic
30 2,2,8-trimethyl-5-(4~-chloro~a-hydroxybenzyl)-pyrido-[4,3-e}-
| -1,3~Dioxane




that forned was renoved by filtration. The reaction m xture 10 - was
washed several tinmes with water. The crude product was di-ssolved.in:

nmet hanol and set aside to crystallize. Two crops of plate-like crystals
were collected (1.7 g) and thoroughly dried under nitrogen. The final _ -
product was honpbgeneous by TLC (dichloromethane: methanol, 10:1 by 5
volunme, Rf = 0.8) and HPLC. EXAMPLE 2 Synthesis of (+) -2, 2,
8-trinethyl-5-(4-ch|oro-[err]-hydroxy-_b;ngyl)-pyrido-[4,3-e|-1,3-dioxane
1.1 g (3.5 mml) of the ketone prepared Tn Exanple 1 were 20 poured into
a 50 M round bottoned flask and dissolved in 35 m of dry THF

t et rahydr of el s 0 4 h
(tetrahy r%.‘iraa;%r(es,% dﬁ:ﬁgc?éf&)"’aéf SPQJ:&QJ.&“% 2385€Piigg}:ﬁgiage(i4uﬁﬁ%rﬁ

. 1%y
nitrogen atnosp acet one

I'nto a dry 1ce
[IS]-N, B- EW@@@M@P&@H:D}&WM# edTelas kAR QRN | WeBRe RMTEdN |

and the ratigtef 28 Erl XONE1 AER ai'xﬁ' qu\ugst%m ﬂ?'—f{':l_o(_ﬁilb:%lce‘%ro%"e'i“re
[ au d oh QEeLoo” 2B0LER (orpdmisosumyenas aaded aldubal' Yo TS

Ez) éa ]2 &i- tgu&i_maiéwl s&?ttdshonnﬁimr thehgdaexihgnagiceriwli dxaso completely

, 3-e] -1, 3-di pxane _af t er, two, hour s, reaction_nixtu was

~evapor at ed ¥¥F%UrYRe&s d e%e%{.rbgéag:,y Eiﬂkgc rgg?%ﬁeﬂﬁxgrr 31%83‘5"\?&{%%1” .

di chl or onettharess | oxddd zimg hegeop ofas spuencherk| inol isopfdpandlandhal ut ed
wi th dichl e tJ S Vi W apd of ti 0s
131160 el Sh e i tbargeRAS poliedfS ARESMRG edt iy TR 1BE! (I
evapor at i orthatd formed svascrenovedghbywfiltsatden. dhe yeaction mixture

10 was washed several times with water. The crude product was
dissclved in methanol and set aside to cryséallize. TwWO
crops of plate~like crystals were collected (1.7 g) and
thoroughly dried under nitrogen. The final product was
homogeneous by TLC (dichloromethane: methanol, 10:1 by

15 volume, Rf = 0.8) and HPLC.

EXAMPLE 2
Synthesis of (+) -2, 2, 8~trimethyl-5-(4-chloro-a~hydroxy-
benzyl) -pyrido-f{4,3-e}-1,3~dioxane

1.1 g (3.5 mmol) of the ketone prepared in Example 1 were
20 poured into a 50 ml round bottomed flask and dissolved in
35 ml of dry THF (tetrahydrofuran). The flask was sealed \J/
with a septum, placed under a nitrogen atmosphere and set
into a dry ice/acetone bath. [1S8]-N,B-EnantrideR (13.3 ml,
6,65 mmoles) was then added in one portion and the rate of
25  reduction was followed by HPLC (high pressure 1liquid
chromatography) at T - 0, T ~ 1 hr and T - 2 hr. Typically,
most of the ketone was reduced to
(+)=2,2,8-trimethyl-5(4-chloro-a-hydroxybenzyl) -pyrido-
[4,3-e)}-1,3-dioxane after two hours. The reaction mixture
30 was evaporated to dryness on a roto-vac, the residue was
redissolved in dichloromethane, loaded on the top of a
silica gel column (42 g) and eluted.with dichloromethane.
The separation was asséyed by TLC and fréctibns nos 131-160
were combined. The solvent was removed by rotary
35 evaporation and the residue (1.05 g) was redissolved in



‘10 - 12
preci pitated

provi-ded 5

-[4,8~¢e]-1, 3-

.of ethyl acetate. On cooling, a fluffy white crop of crystals
and was collected (0.25 g). This sanple was honogeneous by TLC
(-di chl or-onet hane: net hanol, 10:1 by vol une) and HPLC and
(+)-2,2,8-trinmethyl-5-(4-chloro-[err]-hydroxybenzyl)-pyrido-

di oxane  of hi gh enanti omeric enrichment (> 86%.

EXAMPLE 3 Deprotection/cycl odehydration of (+)-2,2,8-trinethyl- 10
5-(4-chloro-[err]-hydroxybenzyl)-pyrido-F41® e -1, 3-di oxane to

(+)-3-(4-chl orophenyl)-1, 3-di hydro- 7- hydr oxy- 6- net hyl fur o[ 3, 4-c] -

317 ng (1 mol) of (+)-2,2,8-trinmethyl-5-(4-chloro-[err]-
- hydr oxybenzylR- padk i of- enhSlechtahﬁ.oxane¢oolipgeparéduffgswhate crop of

G osol ved i n EFYHERE Dprlip RO Wi 4R Thol2uBEeRO LATEE 4P (it

di ssolved in

were added, aSPERIEStWAR AGRAIANCQUS ag adh&d WQW‘P@%@W@% mnetiasnodas

refl uxed for 1lowq  houkg, Thgolgﬁg;ene §ﬁaut | Orhpﬁé\lhl ch a,g_pnt ai pRe 8’3“
unreacted startin natenagy% was. pour ed fromthe ylgreen $O|I
whi oh h&d for rkd G %ﬁhﬂ'ﬁ'ﬁ%ﬁ?%ﬁm'méw% 1 ePYRLARAS

di ssol ved i n Jat, sy -1 paiicchmmt 0 of  2R0Gh|[ eréhanenbme&icgel enI-hGhnw:ﬂi e

and eluted mﬁthggﬁﬁhloronethane nmet hanol, 7:1 by volune. 25 The maj or

U. V. visible Ban

i‘ch co-eluted with a spot of known

(+)-3-(4-chl orophenyl) -1, 3-di hydro- 7- hydr oxy- 6- net hyl

-furo-[3, 4-c]
fromthe sili

gtgmgwas excised fromthe plate and the organic nmaterial

ca was washed wit h net hanol, Renpval of the nethanol by rotary

evapor ati on ggﬁpggtggt;gplcyclodehydration of (+)-2,2,8-trimethyl-
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5-(4-chloro-a-hydroxybenzyl)-pyrido-[4,3-e]-1, 3-dloxane to

- pyridine

(+)~3- (4-chlorophenyl) -1,3~dihydro-7-hydroxy-6-methyl furo(3,4-cl-

—pyridine

317 mg (1 mmol) of (+)-2,2,8-trimethyl-5-(4-chloro-a~
~hydroxybenzyl)-pyrido-(4,3-e}-1,3-dioxane, prepared as
described in Example 2, were podred: into 100 ml round
bottomed flask and dissolved in 60 ml of benzene. Two drops
of concentrated sulphuric acid were added, a Dean-Stark
adaptor was attached and the reaction mixture was refluxed
for two hours. The benzene solution (which contained
unreacted starting material) was poured off from the yellow
green solid which had formed on the bottom of the flask.

The insoluble material was dissolved in methanol, spotted-

onto a 2000 p silica gel TILC plate and eluted with
dichloromethane: methanol, 7:1 by volume.

The major U.V. visible band which co-eluted with a spot of
known (+)-3~(4-chlorophenyl)-1,3-dihydro~7-hydroxy-6-methyl
-furo~(3,4-c]-pyridine was excised from the plate and the
organic material from the silica was washed with methanol.
Removal of the methanol by rotary evaporation gave a solid
product shown to be (+)=3-(4-chlorophenyl)-1,3-dihydro-7-

,—hydroxy-s-methylfuro-[3,4—c]—pyridine'by-spectroscopic and

chromatographic comparison with an authentic sample.



30 product shown to be (+)-3-(4-chlorophenyl)-1, 3-di hydro-7-
, - hydr oxy- 6-net hyl furo-[ 3, 4-c] - pyridi ne. by spectroscopi c'and
chromat ogr aphi ¢ conpari son wi.t h an, authenti c .sanpl e. Chiral phase  HPLC
of the isolated product showed it to be a mxture of (-) and "
(+)-3-(4-chl orophenyl)-1, 3-di hydro-7- -hydroxy-6-nethylfuro- [3,4-c] o
pyridine in a ratio that is identical to that of the starting :
(+)-2,2,8-trimethyl-5- 5 .

-(4-chl oro-[err]-hydroxybenzyl ) -pyri do-¥%,3-e]- 1, 3-di oxane. The furo
[3,4-c] pyridine derivative conpounds obtained according to this

i nvention are of use in e various ,pharnaceutical fields described in

B 111 sh nafbire nghass GGl the feplated Brodhet ghdied 55E t0 Be 'a
2.1536824 ma&%ugg of (44iaaa 139 -3~ (4Achlotioptieny 1 )t-Hl S3-d ihwedrtd-on- alsg f'
provi des armaceutical, £onposjition £o, ; Qs op-r, m ¢..cqmpound o

t he generaSYBEPﬁm7§7“ﬁﬁ§¥i§ﬁé¥%ﬂi§ﬁ%ﬂ#§ Eggkﬁéggeﬁﬁgdghgﬁgi?(ﬁﬂéﬁﬁiﬁin
admi xt ure didehtdcalarteadthat el [bheastaptdmge (dH)l-R, Hrecimethyl-s-5

The appropr,i,at 1N ' : - sdescni hed {in t ment i oned
pater?ts, it Fﬁ&%%o@s%ggzd?éﬁggggyl gggﬁggug“t'? t erle'n:{}?nce \égec'tivi ty of -
- the sel ected enantioner or of the enantioner m xtures wherein said
enantionmer is predom nant. 20 PRESENTATI ON The preferred

adm ni stration node is tabletsand-capsures. ror tablets, each dosage unit

contains freya5 #@ré00 pi 4c] pg&'ﬁrﬁ%é’e : .&Qr%@a@?v&g %g\?é‘ﬁnﬁﬁti‘é%rt&igéd

principle associated with an apgropriate inert carrier, h~as sta
according to this invention are of use in the variov -

pPharmaceutical fields described in British patents Nos.
2.092.586, 2.137.618, 2.148.292, 2.149.782, 2.153.824 and
10 2.166.136. Accordingly. this invention also provides a
pharmaceutical composition comprising a non-racemic compound of
the general formula I prepared according to the method herein

defined in admixture with a pharmaceutically acceptable diluent
or carrier. -

15 The appropriate administration modes are described in the
above mentioned patents, but the dosage required is lower
due to the enhanced activity of the selected enantiomer or
of the enantiomer mixtures wherein said enantiomer is
predominant.

20 PRESENTATION

The preferred administration mode is tablets and capsules.
for tabiéts, each dosage unit éontains from 5 to 100 mg or,
preferably, 10 to 25 ng of the active principle associated
with an appropriate inert carrier, such as starch. '

25 POSOLOGY

in- human therapy, the doses to be used are from 50 to

150 mg/day for at least one week, and preferably for longer
pericds of time. '



55 POSOLOGY I n human therapy, the doses to be used are from50 to 150
ng/ day foer at | east. -one.week, and preferably for |ong ' Hre-

-12- CLAIMS 1. A nethod for the préparation i - Lc. form
(that- .is as a single enantionmer or as an enantioneric rﬂ"ﬁﬂmmﬂ“ﬂﬂm}me
enanti‘oner predom .nates) of a conpound of the 5 gener c s r]

wherein 1 represents a straight chain saturated or unsaturated
hydrocarbon group having from 1 to~1%~ carbon atoms, a heterocyclic
group having up to 6 ring atons, a carbononocyclic 10 group. a phenyl
group, a phenyl al kyl group or a phenyl al kenyl group, each of said groups
bei ng optiQEéiﬁ@.substituted by one or nore hal ogen atons, trifluoronethyl
groups, alkyl groups havimgthe@mfbdrt ccthe Cpr&parat DoR, idl koo tHeBIT hbytmg
froml to F-caébon %Fons, alkxlthio gnougs hav%gg from1l to 5 carbon éS
atons, di af ARNERe 35 cLpELBFheWARBACAIBRT P RS (3D SRETFIPPRLS PEXEYTFSm
1-to 5 carimwnwitieis, odealdndriniomer k predgminaseis) wf cla eachpotndheft wohe
al kyl grou t xy.group has from1l to 5 carbon atons or an a
or-[er?]-a§§%§€9*+g§F@%#?d¥hyl group in which the al koxy group has from1

to 5 carbon atons; 20 [err] represents a hydrogen or hal ogen atom and
ferr] represents a straight chain or branched chain al kyl or

A} o
HO '

wherein

Ry represents a straight chain saturated or unsaturated

hydrocarbon group having from 1 to § carbon atoms., a
heterocyclic group having up to 6 ring atoms, a carbomonocyclic

10 group, a phenyl group, a phenylalkyl group or 2a phenylalkenyl
group. each of said groups being optionally substituted by one

or more halogen atoms, trifluoromethyl groups. alkyl groups
‘having from 1 to 5 carbon atoms, alkoxy groups having from 1 to

(N 5 carbon atoms, alkylthio groups having from 1 to 5 carbon
15 atoms, dialkylamine groups in which each of the two alkyl
groups has from 1 to § 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-a-alkoxy-N—pyrrolidinyl
group in which the alkoxy group has from 1 to 5 carbon atoms:

20 R, represents a hydrogen or halogen atom; and
R, represents 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 alkyl or alkenyl group having up to 4 carbon
25  atoms:



al kenyl group having up to 6 carbon atons. optionally substituted

by a hydroxy, cyano, am no or substi'tuted am no mekyl
al kenyl group having up to 4 carbon 25 atoms;”“‘“nwmll mﬁ“ t hod
conprising adding concentrated ‘Sul phuric or perc i"c Acill to a

solution of a non-racem c conpound of the general formula Il: [err] \Nhé\\él n
[err] are as defined in this claim in an am)unt sufficient to
catal yze a deprotection/cycl odehydratil@+ reaction. 2. A et hod

accordin o] 1 [ on of th und i S.,a solution
in a sol \%leént wh &%f%%%t riﬁéﬂkﬁt h SRS rfg"@'g s“iph“%&?ret R&d
accor di rﬂfthhJ&rahQnaznldt tmizh sdlatdain/@ft & noreacemic ctompoandedlfy ithe -

acet at e genedy10rfYradila 41 : A nmet hod according to any preceding
claimin which the corrpound Il is purified by crystallization from an

al cohol or fromethyl acetate before dissolution. 15 5. A et hod
according to any preceding claimfurther conprising recovering the
conpound | from the reacigon mxture. -14- '

i1
-

wherein Ry R,. R, are as defined in this claim in an

5 amount sufficient to catalyze a deprotection/cyclodehydration
reaction.
2. A method according to claim 1 in which the solution
of the compound II is a solution in a solvent which forms an
azeotrope with water.

10 3. A method according to claim 2 in which the solvent is
benzene, toluene, ethyl acetate or chloroform. \
4. A method according to any preceding claim in which

the compound II is purified by crystallization from an alcohol
or from ethyl acetate before dissolution.
15 5. A method according to any preceding claim further

comprising recovering the compound I from the reaction
mixture.



-

6. A met hod according to claimS in which the compound |_is
rrecovered by decanting excess solutioh. ..'ncluding any unreacted

dompound 11, from a residue produced by the c
reaction. di ssol ving the residue in an al cohol 5 E[M!Iﬂﬂm‘i‘ m
det etti ni ng what part of the al cohol mixture is the conpdhnd | * ahd

I sol ating the sane fromthe al cohol m xture. 7. A nethod accordi ng
to any preceding claimin which the sol+t4en of the non-racem c conpound I

Is preparegd by 10 digs em ¢ faormof_comp n_an o n|c
sol vent togform a so u’??’\éhoga%ﬁﬁ?%rgg D ohd ST AHE 0% ﬁ?z‘?ﬁ‘bd‘é Jé%? ?%m??l a:Fd
sol ution i Asanrecoweredufbyci éecanbimg ctexgess rselativhh thﬂcbmdbngndahy
racemate; &ﬁreacted com p8uRAchirig tf¥bm€”§e5§§s93hg'Zkg%qyﬂgaﬂ t?Rean

al cohol ; cooljn UId to precipate a soli I Ssol vi'ng
sol i d conpsnﬁﬁ°gﬁhY@F?5h9Hr6?%? R o @%ﬁ?ﬁ%ﬁ%ﬁ&t%?% rggldue in an algehiphg

to thes m xtyr produtid ab meikiaing, aaeabrhan&ﬁeuq%é@e padit doforawndléehébe
desired nonsracem ¢ coppound |1; d i sol %thg i\e non-racemn c coqgﬁy

and di ssol BtAGUFE IS, EhgoCpmpounss . an F%?%o&@%xﬁﬁ%?n& cFBFm
7 in whi chalbehol gmbktuselvent is acetone, the oxidizing agent is Jones
Reagent. the al cohol is isopropanol and the chiral reducing agent is

| ithium hydrido (9-BBN nopol benzyl ether adduct). 30 - 9. A et hod
according 7e any of clAaimethodocaécondivhgcho any preceding claim in which

the solution of the non-racemic compound II is prepared by
.10 dissolving the racemic form of compound II in an

— organlc solvent to form a solution:;
adding dropwise an oxidizing agent to the said
solution in an amount sufficient completely to react with the
compound II racemate;
15 quenching the excess oxidizing agent ~with an
alcohol; _
' cooling the liquid to precipate a solid compound;
dissolving the solid compound in tetrahydrofuran to
form a mixture; '
20 adding to the mixture a chiral reducing agent to
reduce the so0lid compound to the desired non-racemic compound
i II; and _
) : isolating the non-racemic compound II and dissolving
it in a solvent.
25
8. A method according to claim 7 in which the organic
solvent is acetone, the oxidizing agent is Jones Reagent, the
alcohol is isopropanol and the chiral reducing agent is lithium
hydrido (9-BBN—n0p61benzyl ether adduct).
30 . 9, : A method according to any of claims 1 to 6 in which

the solution of the non~racemic compound II is prepared by
dissolving a compound of the formula III:



the solution of the non-racem c conmpound Il is prepared by dissolving a
conpound of the formula I11: -1 5 [err] mhe?ETﬁ‘ferf+~ err] - are

as defined in claim 1 in a vigorously. stlr ntlng slurry of
yeast, water and a carbohydrate. adding addltlon ﬁ”ﬂnd yeast
to provide 5 continued vigorous fernmentation to*

non-racem ¢ conpound I1l; continuing said fernentatlon unt|I fortation. of
t he non-racen c conpound Il ceases; and isolating the non-racem c conpound
Il and dissolving 10 it in a solvent. 10. A pharmaceuti cal

conposition conprising a non-racemc éﬁﬁpound of the general fornula I
prepared according to any preceding claimin adm xture with a
pharmaceutically acceptable diluent or carrier.

Il

wherein R,. R, and R, are as defined in claim 1 in a
vigorously stirred fermenting slurry of yeast, water and a
carbohydrate, '

adding additional carbohydrate and yeast to provide
5 continued vigorous fermentation to form the desired non-racemic
compound II;
continuing said fermentation until formation of the
non-racemic compound II ceaSes; and
isolating the non-racemic compound II and dlsaoxv1ng
10 it in a solvent.

10. A pharmaceutical composition comprising a non-racemic \“/

compound of the general formula I prepared according to any

preceding claim in admixture with a pharmaceutically acceptable
 diluent or carrier.




