| Process for the preparation of 1,3, 2-oxazaborolidine conmpounds The
present invention relates to a novel process for the preparation of the
conmpounds of formula (1), which are called CBS conpounds. More
particularly, 5 the invention relates to a process for the preparation of
an optically active al kyl- CBS conmpound, specifically Me-CBS, of formula
(rA). (1) (1A alkyl-CBS RA RBRR x RENBOC, 1N~O RLB I RL 10
The conpounds of fornulae (1) and (1 A) aré precursors for the synthesis of
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10 The compounds of formulae (I) and (IA) are precursors for the synthesis of

catalysts that are very widely used in processes for the enantioselective reduction of
a prochiral ketone.

Prior art:
15
The literature discloses processes for the synthesis of the compounds of
formula (I}, and particularly the compounds of formula (IA), by reacting a chiral
amino alcohol in the presence of cither a boroxine (R13B303) or a boronic acid
(RIB{OH);) or an alkylboronate (RIB(OR");). These processes, which are
20 industrialized, lead to the formation of a by-product, such as water, and
contamination with boronic acid.
In all cases the water has to be removed from the medium by carrying out
several azeotropic distillations.
It is in fact known that the presence of water or contamination of the
25  compounds of formula (I) with boronic acid reduces the performance of the
stercospecific activity of the catalysts obtained from said compounds,
More specifically, the literature describes the preparation of the compound

of formula (IA) in which R is methyl, namely optically active Me-CBS, from



More specifically, the literature describes the preparation of the conpound
of formula (1A in which Rl is nethyl, nanely optically active Me-CBS, from
2 optically active diphenylprolinol in the presence of either
trimet hyl boroxi ne (B3Me3Q3) or nethyl boronic acid (MeB(OH)z) or
bis(2,2,2-trifluoroethyl) alkyl- boronate. 5 From a boroxine or a boronic
acid - The article Russian Chem cal Reviews 2004, 73(6), pp 581-608, by the
authors @ ushkov V. and Tol stikov A, describes processes for the
preparation of the conpounds of formula (1) or (IA) froma boroxine or a
boronic acid and ﬁhe iqpact of the py-products forpmed when opti cal
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of a prochiralBRét:ang or -mdhgbanhicchad ANGBIOHTEM bikm2,2bafudk888y1) 3T€:29) , p.
1989, by the g&oq%ks Corey E. and Helal C., nmentions the preparation of a
conmpound of formifa (I'A), nanely optically active Me-CBS, fromoptically
active di phenylprolinol in the presence of nethylboronic acid (MeB(OH)2)
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— Document BASF W02006/134074 published on December 21 2006, later than
the priority date of December 12 2006 of the invention, describes a process of
manufacture of a dialkoxyorganoborane (3) of formula R'-B(OR?), obtained by the
action of a triorganoboroxine (1) of formula (R'-BO); and of a trialkylborate (2) of
20 formula B(OR2)3, contrary to the invention which reacts a boric precursor or a
boroxine with a compound of formula IH which is a trialkoxyorthoformate to
obtain the boronate compound of formula V.
The BASF process which uses a second reactant boronate of formula Il implies a
cost of the final catalyst much more higher than with the present invention.
25 Incidently, document BASF is an intermediary document opposable only with

regard to novelty against the present invention.,

From boronates

— The article Tetrahedron Letters 1992, 33(29), pp 4141-4144, by the authors
30 Corey E. and Link J., describes the preparation of the compound of formula (IA) in

which RI1 is ethyl, namely optically active E(-CBS, from optically active

diphenylprolinol in the presence of bis(2,2,2-triflucroethyl} ethylboronate

(CH3CHB(OCHLCF3)2).  The use of bis(2,2,2-trifluoroethyl) ethylboronate as

starting material remains a laboratory process because its preparation requires a



which Rl is ethyl, nanely optically active Et-CBS, fromoptically active

di phenyl prolinol in the presence of bis(2,2,2-trifluoroethyl) ethyl boronate
(CH3CH2B( OCH2CF3) 2) . The use of bis(2,2,2-trifluoroethyl) ethyl boronate as
starting material remains a | aboratory process because its preparation

requires a 3 2-step process, as nentioned in said article. - The article
Organic Letters 2004, 6(16), pp 2805-2808, by the authors Mil downey M et
al ., describes the preparation of the conmpounds of fornula (1) fromcis-
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OBIECTS OF THE INVENTION

One main object of the present invention is to provide a process for the

preparation of the compounds of formula (I), referred to as CBS compounds, and
particularly a process for the preparation of an optically active alkyl-CBS
20 compound, specifically methyl-CBS or ethyl-CBS, of formula (JA) given above, in
which the step for the elimination of water by azeotropic distillation is unnccessary
or omitted.
Another main object of the present invention is to provide a novel process
for the preparation of the above-mentioned compounds of formula (I) or (IA)
25 which completely avoids the formation of water or does not form a substantial
amount of water, or does not produce any contamination or substantial
contamination with boronic acid.
Another main object of the present invention is to provide a process for the
preparation of the compounds of formula (I) or (TA) which is of very great
30 economic value because it uses cither less starting material, such as a boroxine, or
an inexpensive starting material, such as a boronic acid.
Another main object of the present invention is to solve these technical
problems by means of a process which affords a high purity of the above-

mentioned products of formula (I) or (IA) so as to allow their use as precatalysts in



Anot her main object of the present invention is to provide a process for
the preparation of the conpounds of formula (1) or (TA) which is of very
great 30 econom c val ue because it uses either less starting material,
such as a boroxine, or an inexpensive starting material, such as a boronic
acid. Another main object of the present invention is to solve these

techni cal problens by neans of a process which affords a high purity of

t he above- nentioned products of formula 1) or (1A so as to allow their
use as precatalysts in 4 reactions for the enantiosel ective reduction of a
prochiral ketaone Anot er main obﬁect of the p resen& invention is to
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The present invention therefore makes it possible to obtain the compounds

of formula (I), and more specifically the compounds of formula (IA), chemically
15 pure and at a very advantageous financial cost for industrial use.

DETAILED DESCRIPTION OF THE INVENTION
According to a first feature, the Applicant has developed a process for the
preparation of the compounds of formula (1) or (IA):

20
) (1A) atkyl-CBS
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R

in which:

R1 is an alkyl or an aryl;

R2, R3, R4 and RS independently are a hydrogen atom, an alkyl or an aryl, it being
25 possible for the alkyl or aryl groups to have one or more hydrogen atoms replaced

by one or more substituents;

R4 and RS together form a heterocycle with the nitrogen atom, which itself

comprises one or more substituents; and

R4 and R3 together form a carbocycle, which itself comprises one or more



1N~O0 RILB I RL inwich: R is an alkyl or an aryl; R2, R3, R4 and
R5 i ndependently are a hydrogen atom an alkyl or an aryl, it being 25
possi ble for the al kyl or aryl groups to have one or nore hydrogen atons
repl aced by one or nore substituents; R4 and R5 together forma

het erocycle with the nitrogen atom which itself conprises one or nore
substituents; and R4 and R3 together forma carbocycle, which itself
conprises one or nore 5 substituents, whérein the follow ng are reacted,
preferably in situ, in two steps: a) a boric precursor conmpound with a
conmpound of f?ﬁ@t'il amgﬁl 1) to give a boronate 5 conpound of formula (I1V)
according to the SRR cal reaction bel ow (rer)y (rvyy OR OR precursor
conpound + R'wRrdin [Hel fORpwingrde ©@ctby, triderdbdy ondtieincompowad of forrmula (1V)
wi th an am no al cohol conpound of forrmula (V) according to the chem cal

reaction below, (1V) (V) (1) RB8 O RA RBRA R R2[RLLR1 + R5--NOH
R5'N ~ B 'O M { boyg precarsor compound with a compound of formula (11I) to give a boronate

5 compound of formula (IV) according to the chemical reaction below:

(1) (1V)
Boric precursor OR ?RI
compound + OR, B«
R* G R1 OR'

and

10 b) the boronate compound of formula (IV) with an amino alcohol compound of

formula (V) according to the chemical reaction below:

(1V) (V) (1)
R3
QH' R4 R3 Rd’g '/Rz
Biom | T lan b N, O
FH OR1 R5"N\ OH R5/ \lB/
H R1

in which:

15 G is an alkoxy group (OR 2) or an amino group (NR'R1);
R”and R"] are identical or different and are an alkyl group or an acyl;
R”and R71 can together form a Cy.3 carbocycle optionally substituted by an alkyl;
R™"is a hydrogen atom, an alkyl group or an aryl group; and
R1, R2, R3, R4 and R5 are as defined above,

20 to give the above-mentioned compound of formula (I}, specifically of formula (IA).

In a first advantageous embodiment of the invention, the process according

to the invention comprises obtaining the boronate compound of formula (IV) by
reacting the boric precursor compound consisting of a boroxine of formula (1) with

an acetal of formulia (I1) according to the chemical reaction below:



in which: 15 Gis an al koxy group (OR 2) or an amno group (NRR1l); R and
R 1 are identical or different and are an al kyl group or an acyl; R and
R 1 can together forma C2_; carbocycle optionally substituted by an al kyl;
R' is a hydrogen atom an al kyl group or an aryl group; and R, R2, R3, R4
and R5 are as defined above, 20 to give the above-nenti oned conmpound of
formula (1), specifically of formula (IA). In a first advantageous
enbodi ment of the invention, the process according to the invention
conpri ses obtaining the boronate conmpound of fornmula (1V) by reacting the
boric precursor conpound consisting of a boroxine of formula (11) with an
acetal of formula (Il1), ,according to t?‘? chem cal reactign below 6 (I1)
(1) (1v) RL or RUUB-o-B~R1 R G RITBOR i in which:{M® Gis an al koxy
group (OR 2) or an am Ngy4gr oup (NRR'1); R, RI and R2 are identical or
different and are an al Kyl group or ap acyl; R and 1 together-forma
C2_3 carbocycl e optionaB.y_substitute an al kyl; apd FRORIs a|hydrogen
atom an al kyl group %}r ary aryl4grou éRanoLheL.adv nt ageous embodi nent
of the invention, thegproggss 10 BonpriGes preparing| Kie bopgpat e conpound
of formula (1V) fromthe®borRe precursor conpound conbsisting oflja boronic
acid of fornmula (VI) with an acetal of fornmula (Il11) according to the
chem cal reaction below. (VI) (IIl) (I1V) OHOR OR Rl --B+ OR1BOCH
R11' G [R OR j; dBichh which: - the substituents R1, R, RI, R'"" and Gare
as defined accqrdin% to the invention. |
5 Gisan alkoxy group (OR2) or an amino group (NR'R1);
R’ R’l and R2 are identical or different and are an alkyl group or an acyl;
R”and R’1 together form a Ca.3 carbocycle optionally substituted by an alkyl; and
R is a hydrogen atom, an alkyl group or an aryl group.
In another advantageous cmbodiment of the invention, the process
10 comprises preparing the boronate compound of formula (IV) from the boric
precursor compound consisting of a boronic acid of formula (VI) with an acetal of

formula (1I1) according to the chemical reaction below:

(V1) (1) (V)
OH OR' OR'
OH R" G R1” TOR,

15 in which:
— the substituents R1, R, R“1, R and G are as defined according to the invention.
In one advantageous variant of the invention, the compound of formula (II)
used in the process is a trialkytboroxine or a triarylboroxine.
In yet another variant of the invention, the compound of formula (II) used in
20 the process is trimethylboroxine,
In another variant of the invention, the compound of formula (I11) used in
the process is selected from the group comprising & trialkyl or triaryl orthoformate,
a formamide acetal and a trimethoxymethylaryl and/or trimethoxymethylalkyl
compound.



I n one advantageous variant of the invention, the conpound of forrmula (I11)
used in the process is a trialkylboroxine or a triarylboroxine. In yet
anot her variant of the invention, the conpound of formula (I11) used in 20
the process is trinethyl boroxine. In another variant of the invention, the
conmpound of forrmula (I11) used in the process is selected fromthe group
conprising a trialkyl or triaryl orthoformate, a formam de acetal and a
trimet hoxynet hyl aryl and/or trimethoxynetfiyl al kyl conpound. 7 In another
particul ar enmbodi ment of the invention, the conpound of forrmula (I11) in

the process is trineth ort hof or ri thox met han
di met hyl f or mani de g? i thd‘%?mﬁm f?ﬁ WH@%YﬂEfﬁyF%@ﬂ%@he&claﬁnT“md of
tri met hoxyet haseula, (I.H)lﬂt rthergtrbxaxy pr opiareehydr orthoformate or trimethoxymethane,

1, 1, 1-tri met haxys@y GRS OPaRGse Ry l&lMet aﬂﬁﬁ?ﬁéxy%@l? E)(L:ir]e/else of the,

i nvention, the.protess congrlses ca "% the” presence
of an acid préﬁ@@ﬁﬁ%ﬁ“%@Pe ﬂéd“ﬁﬁ@ﬁﬂdhﬂwﬁ@amlblédhﬂmUKHyﬂémﬁgwénomH@nd a

mneral ac§d. In OMEyQQM@l{PlEﬁQ[ﬁ%’cﬁnﬁﬂledﬂ15‘?1’1\10119511 lﬁ'@ ffdw@%'nﬁﬁpsest henigaction
takes place in ﬁ an organi ¢ a Fera npr|5|nq

essential |y c8ﬁ““§f<’rdﬁaﬂlbf““i@l%?ﬁf&oﬂ s‘Fidnl@;‘ d%fz%ﬁ%@supwﬁwgwdm
(MeSGBH) . In amBWh&muhdmanmaQEMUSKEnbodlnent of the invention, the process
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compound and ancdiskens of ReaAMMAD: LR AAGidien. advant ageous embodi nent of
the inventi on, t he pr OCGSS TTPI’I Ses carryl ng out the reaction in an

above- nent i oned orbhﬁW@”?blV@ﬁtdﬂﬁﬁﬁ sabadtpeg phehanbuprticr Benpowst of
formula (111)cdmpide c@nﬁﬁﬁbuplﬂlc\{\@dcﬁbn o1} @ﬁl@ﬂstt onk Blgtdhf% Sene e dielf B
particul ar, tﬂlecl SKy NB \xgufcj is's Ln@ %lcué 13 ﬁr%s C Il, lag 20 e))icesl?] ol ar
amount rel ati Ve {8 07§ SHsEd ikEC BB om s (H? t B BRI g npunt
of water presentudmaticheoispbveinta ngdtt amdpoinel, wat etheff compduid ahbieanmedeium
I n one adN@ntagg&Hﬁdyariant of the invention, the organic solvent used is
In another advantageous cmbodiment of the invention, the process
comprises carrying out the reaction in an above-mentioned organic solvent and
adjusting the amount of compound of formula (I1I) to the amount of water present
in the solvent used; in particular, the compound of formula (III) is present in an
20 excess molar amount relative to the boric precursor compound $o as (o absorb the
amount of water present in the solvent used and the water formed in the medium.
In one advantageous variant of the invention, the organic solvent used is
toluene.
In another advantageous variant of the invention, the compound of formula
25 (VI) in the process is an alkylboronic or arylboronic acid, particularly one that is
available commercially.
In another variant of the invention, the compound of formula (VI) is
methylboronic acid, particularly methylboronic acid that is available commercially.
In another advantagecus variant of the invention, the amino alcohol of
30 formula (V) in the process is a supported or unsupported, optically active
compound.
In one particular variant of the invention, the amino alcohol of {formula (V)
is (R)- or (8)-2-(diphenylhydroxymethyl)pyrrolidine, (R)- or (S)-2-(2-dinaphthyl-
hydroxymethyDpyrrolidine, (IR,2S)-1-amino-2-indanol, (R)- or (S)-2-amino-3-



tol uene. I n another advantageous variant of the invention, the conmpound of
formula 25 (VI) in the process is an al kylboronic or aryl boronic acid,
particularly one that is available comercially. In another variant of the
i nvention, the conmpound of forrmula (VI) is nethyl boronie acid,
particularly methyl boronic acid that is available commercially. [In another
advant ageous variant of the invention, the am no al cohol of 30 formula (V)
in the process is a supported or unsupporged, optically active comnmpound.
In one particular variant of the invention, the am no al cohol of formula

(V) is (R- or (9)-2-((tiphenyl hydroxynet )pyrrolidine, (R)- or
(S)-2-(2-dinaﬁﬁ?ﬁjﬂiﬁﬂ§%Fgﬁgfﬁéf% If%gr?bﬁ?%#ﬁg%“(ﬁéfgﬁfﬁwggﬂfﬁ8h@3¢ﬁdanoI
(R - or (9)-2banitnb<{B)-8or fSethlydrdximadhphediihe, | Ryubar®lq,o{d)eniindolin-2-
(S)-2-am no- 3, 3-dleLhylph, | ~di phenryd 51 - 1000 (R 4 T .
(S5 hyar oxy?{@#%;&ﬁ'ﬁ%’&oﬁﬁhe, ofl SRR e BHRNB ot B DoRhemymegancl. 2

yl ) rnet hanol , ({R)2R.8R.503)2-Bine-Gpwineipyibyvalptl. i (fhient-2-Wleldnpheny lamethhanol |
2- ((IR 2R 3RopRAR-RMRoBcH- di met hyl bi cycl o[ 3. 1. 1] hept - 3-yl ) et hanol or
another 5 optically active isonmer. In another variant of the invention,

t he am no al cohol &Xﬁlq%Pqﬁﬂaga@t\gi th%m(vg)lumb,the amino aicohol of formula (V) 18 (R)-

(S) - 2- (di phenyl (8)draiptreay hyl)aymeolyheiynelidiher anot her advant ageous vari ant
of the invention, 1p%n8%_le%von,gpI1 equiva%eﬁts of_conQound ﬁfifirméga
(11) relative to the Rumber SRR SV MRS Yo BrEwRE Ut HeFIY ) is
bet ween 0. 33 ¢quiy#lent¢ W camgoOn@af fort)vld (ITMelativa tanbt hembadvantcagé amsno
vari ant ofgthepj ) ; oI VY conpound of
formula (V) rg%)gk%q?@téélﬁgﬂg ?ﬁ&%hgg%@)lo(f\ﬁg}r{nh???e@lt)@o(ﬁfg'l of formula (V)
in the process is Betdedar Rdyprageops eguipvabéribe iafentigh) theaseordl g we! a

second f eat ur gguitdientPloe S8Mb ol @ﬂ"Fdr@erllaa(‘f\SI?’ rAR & hPguHHRr 8f mol Br higno
conpound of fornula cul arl ornul a é&@?, in a process for the
t H’@U

asynmmetric reﬁlﬁetf(?lé)ﬁ%%ﬁ‘%f&r{%ﬁp? Blioc%gét?%ﬁ%’wew& ! Praievelr R bt thi s
use, the conmpound aktcdrdinguba {epndrea(ihd)the presehanusedneildon@rven thbokd of
addi tionafg tr &@t%ﬂgougé otfhﬁ)rl%gli Hﬁn ﬁlrrticeullﬁci'?y %F tfc():’rﬁnula (IA), in a process for the
asymmelric reduction of a prochiral ketone.
Within the framework of this use, the compound of formula (1) or (IA) can
be used cither without additional teatment of the medium or else after
concentration of said medium,.
20 Thus, in a first embodiment, the Applicant has developed a process for the
preparation of the compounds of formula (I) wherein the compounds of formula
(If) and the compounds of formula (I1I), and then the compounds of formula (V),

are reacted in situ according to scheme S-1 below:

Scheme S-1
{n (i (V) v} 0]
'i—” R3
OR R4
LB o" R3
T s P ' e "
B B R G rRi”or, | T ~N_ 0
R1/ \.O/ \H‘E 1 Rs—-N\ OH RS \?/
25 A R

in which:

G is an alkoxy group (OR"2) or an amino group (NR'R"1);

R% R7l and R"2 are identical or different and are an alkyl group or a carbonyl
group;

30 R7and R’ can together forim a Ca.3 carbocycle optionally substituted by an alkyl;



concentration of said nmedium 20 Thus, in a first enbodi ment, the Applicant
has devel oped a process for the preparation of the conpounds of formula
(1) wherein the conpounds of forrmula (11) and the conpounds of formula
(1), and then the conpounds of fornmula (V), are reacted in situ
according to schene S-1 below. Schenme S-1 (I1) (I1l) (IV) (V) (1) RL 1 OR
OR MRRRARSE OOR BBR O R'BOR, 1+R OR'" ORLL R-NO™
R5-N, B 25 HRL in which: Gis an al koxg¢ group (OR 2) or an am no group
(NRR1); R, R1 and R2 are identical or different and are an al kyl group
or a carbonyl R’gr~qﬂf'l~3oo R and Ig can together forma C2.3 cart ocycle
optional Iy subst Prut&ssy aéorﬂ“’aﬂ“l{@fy; SHPUPRT 4 G ogen at om  an al kyl
group or an afyg Rgr Bdpnd RF, inRenfehinde Rhyindependenh lajkyaneaaly dr iagen
atom an al kyl,.Qr EYL e b REH T ible for th L kvl or _arv] oups
Co”have one of*fsr & Tyl tohat ShatragraBed T MmO Uhi¥h Sinhiadhss
R4 and R5 t ogbYREP Of Bts |bhéeriecycl e with the nitrogen atom which itself

conpri ses oneRrar afPIE Soald tUaRt $:ncane Rt e R Legethetohotmad (Baf
carhocycl e, which.itself cog(ls)rl ses one Or nore substituents. In a second

enbodi nent, t ARTRPHSIOBART MPAsSPsVREBIedda process for the 10 preparation
of the conpouRdsamif RE avgatha folh wagr ehmot e, GONPRURES cofpliessaor ¥kd and
t he conpoundsgqslih%{gul a (Ill), and then the conpounds ofJ formula (V), are
reacted accor i ng {0 scheme S-2 bel ow

In a second embodiment, the Applicant has developed a process for the

10 preparation of the compounds of formula {I) whercin the compounds of formula
(V1) and the compounds of formula (I}, and then the compounds of formula (V),

are reacted according to scheme S-2 below:

Scheme S-2
V) (i) (V) ) 0
. R3 pg IO
H oR , o 4 R HF{Z
Ri~B .+ /kOFh — l -
\ gm e /B\ ) + _N OH ~N 0
OH R17OR, R5—N, N
! [
R1

15 inwhichRI,R", Rl, R”, R2, R3, R4, RS and G are as defined above.
More precisely, in the first embodiment described by scheme S-1, the
process of the invention is defined by the reaction, in an organic solvent, of a
boroxine of formula (II) with an acetal of formula (II) in the presence of an acid,
and by the addition of an amino alcohol of formula (V).

20
Scheme S-1
0] i v Y
{1y (V) V) a0y
E?‘i R3 R3
B OR’ soivent OR' R4 R4
oo 4 loR 1 }-—(:RQ }—L{HE
] I R P B + = N, O
R1” \O/B\F“ acid R1 OR HS_‘N\H OH R5~ 8”7
A1

RI,R°, R71,R”, R2, R3, R4, R5 and G are as defined above.

In one advantageous embodiment of the process of the invention described



Schenme S-2 ('I) (I1V) (MM(I) RBRRARZ R -BH+OR OR MR HRG
RU'BOR, + RB-N\ CHXWNB O HI RL 15in which R, R, R1, R, R2, R3,
R4, R5 and G are as defined above. Mre precisely, in the first enbodi nent
described by scheme S-1, the process of the invention is defined by the
reaction, in an organic solvent, of a boroxine of formula (I1) wth an
acetal of formula (Il11) in the presence of an acid, and by the addition of
an am no al cohol of formula (V). 20 Schenmg S-1 1) pll) (I1V) (V) RL[3 OR
Solvent ORR RA RBRAR3 OOROR | +{ 4~ R2 R2 R1'ORlL G acid Rli OR
R5-N H OH RS- N, B RL,, R, R1, R, R2, are as defined
above. In one1gdvgﬁf“ég%(guy’eeﬁ%laa?%ins 6‘?1'“%%%'@ d‘é‘é%é* df“tﬂ‘eyﬁ’cﬁ%‘ﬁ?i%na
described 10 ubyyboheme. SPleletbly, campanmsindf off firmulaaI)l dskd Us @dmingrdally

trial kyl bor oxi,pg; a‘BTe 1?111 s H@(g!xj&?r oxi ne. Preferably, the conpound of fornula
(I'l') used is come al’ g’ abl e trinmethyl boroxine. I n one advant ageous

enbodi nent of the ;blir @t’s@s vagtagehies ¢mivshmipgroldes prachedo! (be byveschreresc8bdd t he

conmpound of fg n;bqllalgglll) Y  rd -l A Nt formLe, a
compoune % & v obrla t“n %61%3!)1%1@0 déf;ﬁ‘]Lll(b’{)IP?tlrs(%cf {584 U’;ni% (ﬂqu)f? F’%

conpound. Thetf% Blodnl@rar IS R Oc |ﬂ1t15mqt§0>a”wmybParmlyela%wabylélkyl

conpound. Thecdapboni mgagmm;mﬁm af foymanaili gkl e oaemmReung avmylcenipnhi oned

as The following commercially available compounds may be mentioned as
examples, but without implying a limitation: trimethyl orthoformate or trimethoxy-

10 methane, triethyl orthoformate, tributyl orthoformate, N,N-dimethylformamide
dimethylacetal, trimethoxymethylbenzene, 1,1,1-trimethoxyethane,  1,1,1-tri-
methoxypropane and 1,1,1-trimethoxy-2-methylpropane.

In one advantageous embodiment of the process of the invention described
by scheme S-1, the acid used is an organic acid, a Lewis acid or a mineral acid.

L5 By way of example, but without implying a limitation, the acid used is
methanesulfonic acid (MeSO3H).

In one advantageous embodiment of the process of the invention described
by scheme S-1, said process is caried out in an optionally anhydrous, organic
solvent, used by itself or in a mixture. Said solvent can be an alcohol, a halogen

20 compound, an aromatic compound, a nitrile, an ether or an ester. The amount of
compound of formula (I1I) used is adjusted to the amount of water present in the
solvent.

Preferably, the solvent used is toluene,

In one advantageous embodiment of the process of the invention described

25 Dby scheme S-1, the amino alcohol of formula (V) used is a supported or
unsupported, optically active compound.

The following may be mentioned as examples, but without implying a
limitation:  (R)- or (S)-2-(diphenylhydroxymethyDpyrrolidine, (R)- or (S)-2-(2-
dinaphthylhydroxymethyl)pyrrolidine, (1R,2S)-1-amino-2-indanol, (R)- or (S)-2-

30 amino-3-methyl-1,1-diphenyl-1-butanol, (R)- or (S)-2-amino-3,3-dimethyi-1,1-di-
phenyl-1-butanol, (R)- or (S)-2-hydroxymethylindoline, (R)- or {S)-a,a-diphenyl-
(indolin-2-yl)methanol, (R)- or (8)-(5,5-dimethylthiazolidin-4-
ylydiphenylmethanol, 2-((1R,2R,3R,58)-2-amino-6,6-dimethylbicyclo[3.1.1]hept-

3-yhethanol or another optically active isomer, etc.



exanpl es, but without inplying a limtation: trinethyl orthoformate or
trimethoxy- 10 nethane, triethyl orthoformate, tributyl orthoformate,

N, N- di et hyl f or mam de di net hyl acetal, trimethoxynethyl benzene, 1, 1, 1
-trinmethoxyethane, 1,1,1-tri- nethoxypropane and

1,1,1-trinmet hoxy-2-net hyl propane. I n one advantageous enbodi nent of the
process of the invention described by schene S-1, the acid used is an
organic acid, a Lewis acid or a mneral adid. 15 By way of exanple, but
without inplying a limtation, the acid used is nethanesulfonic acid
(MeSABH). I n one aﬂ%anta zq}enbod% nt of § &% oce of the |nve tion
described by schertk %8 F8VAIEGONT GRAAUMERL oofpe D Cﬁu? M, NN ERR ABEPEY
anhydr ous, or@ambbnmsﬁﬂvamﬂpuuseduhmnhﬁsahhnmgomnhammbmﬁumeuﬁﬁ@uduﬁ@bﬂent
can be an alc o]1¢9]e] aro conmpound, a nitrile,
an et her or a?ggg?g? @%LQ@Sﬂjﬁﬂgﬁcﬂﬂquqmnﬁmd ?nf£¢§%|a (1) used is
adj usted to the an@unmoﬂﬁlwﬁbémdgﬁQSemvbthmhbofgbtwenU%sRﬂeﬂErabhyumthe
sol vent usgd 'd@sc‘i 1@13&' %9 Qchc‘n‘ﬂ: one t[ﬁ:dl‘{ﬁﬁgd’f‘gﬁ?ﬁ?{ Hm%'n[te&{cogﬁaoh foPF(Q it Of

t he i nvention 5 by schene S g am no al co a (v
used is a sup %’HWBFOHHHEHﬁﬁBPEQH”Oéﬁﬁﬁ%éWP@“ééﬂﬂW@“&@Gﬁbﬁﬁﬁ“ﬁqﬁéJ33

fol I owi ng may (el tendidaned (Jag! examl esabdput ciMitAent ld’f@th‘yrﬂ)@m%OM m)matl on:
(R - or (9S)-2- @glphenylhydroxynethyl)pyrrolldlne £ 2-(2-
dlnaphthylhyd§ ymet hyl ) pyrrolidinc, (1R 2S)-1-am no-2- |ndanol, (R -

(S)-2 30 ami no- 3- mét hipbther |addiuphgaoyh -dmtdianal pf ((R) -progess of the invemiOn

E gg g ﬁ?/ﬂid{tgx 3 ncgstcﬂ!)fWBp¥+heillf:l sd ghcﬂﬂﬁﬂ%é of npoli't gﬁquﬁlcnfs@f’ coffpound of formula

(i ndol i n- 2- yi {ikeekEns Lo th(:m}vmb@roi(lspk@fsscazlmunétohwvmhaﬂw isdicwepn 0.33 and

yl) di phenyl mephan hwa lent of (l% preferably 0.35 equivalent of (11
2-((IR 2R, 3R 59) - m no- 6 |neth Iblcyclo[3 1. fhe t- ¥I)ethano| or

anot her optically T B ey “éPEmeT10 ths @H@“&@véﬁ?é@@b seiBgdorent  of
the process oforhpesck niie rlt%:zcﬂ)ﬂtmdes eslubeg diyur §1€dﬂl€ﬁ§015xﬁu, SarahRIOCIESS with

conpri ses;Lcar e |on a erature of et ween . 5C .and
300 prerty api A BT K G S 1 B bRielie® b e PR H O S g men
of the pr oces@ldof-mt chfbhtucnvehfﬁibml (S)-2- (dlphenylhydioxymethyi)pyrroiidine of formula

(V} according to scheme S-1A

‘The reaction is carried out at a temperature of 20°C.
Scheme S-1A

(-4 {hiy-A {V)-A (V)-A {-A

hiqe ioluene O
B Che Chve
N e E
i 0 T NoMe T =N + JU—
B Bo e Me”  "CMe N

Me O Me MeSO,H

20

In a second embodiment, the process of the invention described by scheme
S-2 comprises the reaction, in an organic solvent, of a boronic acid of formula (V1)
with an acetal of formula (IIT) in the presence of an acid, and the addition of an
25 amino alcohol of formula (V).



5 described by schene S-1, the nunber of nol equival ents of conmpound of
formula (11) relative to the nunber of nol of am no al cohol of formula (V)
is between 0.33 (11)/i (V) and 0.37 (I1)/I (V), the nunmber of equival ents
preferably being 0.35 (11)/1 (V). In another advantageous enbodi nent of
the process of the invention 10 described by schene S-1, the nunber of nol
equi val ents of conpound of fornmula (Il) relative to the nunber of nol of
conmpound of forrmula (I11) is between 0.33Zand 0.37 equivalent of (I1),
preferably 0.35 equivalent of (I1). Mre specifically, the process of the

i nvention according to schene SSkdne oNPri ses the reaction, in toluene, of
trimet hyl boroxi ne of formula (I1A with 15 trinethyl orthofornate of
formula (111A) in the presence of nethanesul fonic acid, and the addition of
(R - or (S)-2-(d"phenyl Wlroxynet hyl ) pyrol i di ne of f8tmula (V) acc®rding
to schenme S-1A. The reaction is carried out at a tenperature of 20C

Schene S-1A (11) -éAAN(lll)ﬁﬁfA (I'\Qizeh (MFA (U) - Me Qe reol uene (+ FAMEB, OB,
H-MOLi N OH/ .\ /"N OZ0Me In a sgcond” enpodi nenty—it-fe process of the
invention descri s%behe S canprissgs| t e gedctbon,” T Anaergadi ¢
solvent, of a boronic acid of f&tnula (VI) "With an acetal of forrrul’gl1 (ren)
in the presence of an acid, and the addition of an 25 am no al cohol of '

formula (V). 12 Scheme S-2 (M) (111) (I1V) (V) (1) OHOR solvent OR R4,
Eg_ 52 S?.fORZH Rt-B i one man!ag@&%'e{n%b%i[%t%% i ﬁfdchs%q“ ENRenidolRedin&
' ’Jy s@%eme S-2, the compound of formula (VI) used is an alkyiboronic or
5 arylboronic acid. Commercially available products which may be mentioned as
examples, but  without implying a limitation, are methylboronic acid,
phenylboronic acid and p-tolylboronic acid.

In one advantageous embodiment of the process of the invention described

by scheme S-2, the compounds of formulae (HI) and (V) and the acid used are as
10 defined in scheme S-1.

In one advantageous embodiment of the process of the invention described
by scheme S-2, said process is carried out in an organic solvent having the same
characteristics as thosc mentioned in scheme S-1.

The amount of compound of formula (111} used is adjusted to the amount of

IS5  water present in the solvent,

Preferably, the solvent used is toluene.

In one advantageous embodiment of the process of the invention described
by scheme S-2, said process comprises carrying out the reaction at a temperature of
between 5°C and 30°C, preferably at a temperature of 20°C.

20 In another advantageous embodiment of the process of the invention
described by scheme S-2, the number of mol equivalents of compound of formula
(VD) relative to the number of mol of amino alcohol of formula (V) is between |
and 1.5 equivalents of (V1), preferably 1.2 equivalents of (VI).
In another advantageous embodiment of the process of the invention
25 described by scheme S-2, the number of mol equivalents of compound of formula
() relative to the number of mol of compound of formula (V1) is between 2 and
2.5 equivalents of (1I), preferably 2.1 equivalents of (III).
More specifically, the process of the invention according to scheme S-2

comprises the reaction, in toluene, of methylboronic acid of formula (VIA) with



I n one advant ageous enbodi nent of the process of the invention described

by schene S-2, the conmpound of fornmula (VI) used is an al kylboronic or 5
aryl boronic acid. Commercially avail able products which nay be nentioned as
exanpl es, but without inplying a limtation, are nethyl boronic acid,

phenyl boroni c acid and p-tol yl boronic acid. In one advant ageous enbodi nent
of the process of the invention described by schene S-2, the conpounds of
formulae (111) and (V) and the acid used Bfre as 10 defined in schene S-1.

I n one advant ageous enbodi nent of the process of the invention described

by scheme S-2,isaij 18"1 Blrlﬁ’&f%§ dlb%}f Ga\ ﬁdl’?gl]fé‘)&‘)tm ﬂe%?csgﬁ%atg,] I%Cii?]lﬁ)l %H&m?a%%dng the

sane characteristics as
conpound of f @hthibaagdifipy OuéBar @15<de’=j {(fpleeaky thydiopgmahybnyrrafding 51 demsra
present in thevsedesanh Kﬂk@&gegbiy, the solvent used is toluene. In one
advant ageous enbodinen% the process of the invention described by
schene S-2, said process cong%lses carrying out the reaction at a
tenperature of between 5C an referably at a tenperature of 20C. 20
I n anot her advant ageous enbodi nent of the process of the invention
descri bed by sckéfre S- 2"+ he nunber of-“nol equi vakeents of conpound of
formula (VI) relative to the nunber of nol of am no al cohol of fgormula (V)
is between | and 1.5 eqU| vaLent s of (VI)J prefbly 1.2 equi 2
f

(M). In anoth@LBad ant@ggous_enbodi nBfit
25 descri bed by émhenﬂ o2, thg.nu etom
formula (111) relative to the number of nol oﬁ dbnpound of forwula (VI) is
between 2 &nd 2.5 equi val ents of (I111), preferably 2.1 equival¥nts of

(I1r1). Mre specifically, the process of the invention accordlng to schene

S 2 th ! t hyl b f.or mul
O with 15 i e oM s RIS s B4 e pretBite of
met hanesul f onb¥ selesings Sdn@dt b€ addictliiom pfoc¢R) for one asymmetric reduction of a
(S) - 2- (di phenylayslfieyaret el BYVELR) J A8 288N T fned ¥ RGGOLENNS AF@:

schene S-

concentration of the medium.

Definitions;
The above definitions are applicable to the description, the Examples and
the claims of the invention,

15 For case of understanding, the nomenclature of the groups, reactants,
solvents or products is the international nomenclature or the nomenclature
commonly used by those skilled in the art.

The term “alkyl” denotes a linear or branched C1-C6 hydrocarbon chain.
Methyl, ethyl and tert-butyl are mentioned as examples.

20 The term “aryl” denotes a substituted or unsubstituted C6-C12 aromatic
ring. Phenyl and naphthyl are mentioned as examples.

The term “substituent™ denotes a halogen atom X°, an alkyl (Alk), an aryl
(Ar), a hydroxyl (-OH), an alkoxy (-OAlk), an aryloxy (-OAr), an alkyl or aryl ester
(-COOAILk or -COOAr), an amino ((-NH,), (-NHR6), (-NRG6R7)), an amidine

25 (-C(=NROG)NRO6R7, -S(=NR6E)NR6R7, -PR8(=NR6)NR6R7)), an  imino
(-C(=NRO)R7), a cyano (-CN), a nitro (-NOy), a sulfhydryl (-SH), a thioether
(-SR9), a sulfate (-OS(0),0R6), a sulfonate (-S(O)OR6), a sulfamoyl
(-S(0O):NROR7), a sulfonyl (-SO2R6), a cycloalkyl or a heteroaryl, where R6, R7 or
R is an alkyl or an aryl.



Scheme S-2A (M)-A (111)-A ([V)-A (V)-A (1)-A OH W tol uene /\
W OV N\OH it W MSOH [+ N O\

Me-B + ~
NCOHBS5H M The conpound of fornula

(1) obtained by neans of the processes described by schenmes S-1 and S-2 is
used in a process for the asymmetric reduction of a prochiral ketone,

either directly without additional treatnent of the nmediumor after 10

concentration of the nedium Definitions: The above definitions are
applicable to the description, the Exanpliels and the clains of the

i nventi on.
react ants,

nonencl at ur e

mentioned as 8%&

al kyl (AKy,
aryl o OAr

\re) ( - NH ’Y‘ﬂ()%i\]l&é%ﬁ%lﬁ‘ hyé‘%‘)béﬂ%“&i ‘Wédé st “‘é(mﬁn%) NR6R7, - S( =NR6) NR6R?,
- PR8( NR6) NR6R7) ) , Barwaympiexan(pl&(mNRG)HR) un@ymganbm(m@\}) th(ﬁomdﬁll'c@o(\fc[\DZ)

((-NH2),

15 For ease of understanding,
sol vent, r.natio ature he
commint L BEAHGE RhEa' i PR PR RGP I B
denotes a I|néaﬁSQHOMﬁawdnédﬂ@m@mﬁOhydmabanhbﬂumhaﬂhnncmmdhyI ethyl and
tert-butyl are mntﬂﬂ@%doﬁéxﬁéfé}@mﬁswn%% Thﬁyha fmm{ﬁf %J)[ ﬂ@'ﬂ@ ?ssa

substituted or unsubstituted
ﬁﬁ“é%“”?%@’9%#Wﬂ“§UBéWh¥U@n¥“ﬂd@ﬁéﬂeﬁmﬁ halogen atonnX

r), an amno

an ar }Hy wa(y%f Ixarrpl ehY)df Q/Z‘{Mbut(m%&g Q'l‘ﬁnﬁialﬁ@?i,}ﬁ hé NP KD aci@Ban

sul f hydryl (- §H@l

L ey P e i B S Gy PR et s by

or a heteroary%ﬂomhé¢eMR@k£R¢ orch RS ﬂ@dmﬁ amkyuma® anianym%m@h(HBw way of
bt waibhidted RBA¥ANGué | dsMdt@idiBetiale @FIGRMNC ACTEhiGaNuch as

(- S(0) 20R6),

exanpl e,

15

20

dimethylformamide (DMF), an ether such as ethyl ether, a hydrocarbon such as
hexane, an aromatic solvent such as toluene, an ester such as ethyl acetate, etc.

Other objects, characteristics and advantages of the invention will become
clearly apparent from the following explanatory description including several
Examples of the invention, which are given simply by way of illustration and
cannot in any way limit the scope of the invention.

In the Examples the percentages are given by weight, the temperature is
room temperature (22°C + 3°C) or is given in degrees Celsius, and the pressure is
atmospheric pressure, unless indicated otherwise,

Furthermore, each Example forms an integral part of the invention and any
characteristic that appears novel relative to any STATE OF THE ART forms an
integral part of the invention and is claimed as such in its generality as a general

means, and in its function,

EXAMPLES QOF THE INVENTION

Preparation of the compound (R)-MeCBS

Example |. Process according to scheme S-1

r 0 L
o™ Toluene O O
¢ +1HC(OMe), ——=> 1CH,B{OMe),+1HCOMe N +2 MeOH

B B
o0 5 o MeSOH

N, 0
3
i

H CH,

t he nonencl ature of the groups

tnyl are

an

a



be a sulfonic acid (nethanesul fonic acid, paratoluenesulfonic acid). By way
of exanple, but without inplying a limtation, the Lewis acid can be a
boron trihalide, an alumnumtrihalide or an iron trihalide. 5 By way of
exanple, but without inplying a limtation, the mneral acid can be
hydrochl ori c acid, hydrobromc acid or sulfuric acid. By way of exanple,
but without inplying a limtation, the organic solvent can be a sulfoxide
such as dinethyl sul foxide (DMSO, a nitrite such as acetonitrile, an

al cohol such as ethanol, tert-butanol or isopropanol (IPA), a 10

hal ogenat ed sol vent such as di chl oronet hane (CH2Cl 2), an am de such as
di met hyl f or mampee=BMy—an—-ether—suech—as—ethyl—ether—a-hydrocarben, such
as hexane, an ﬂ&mr&tuind aNu@btier Balchulascet hyl
acetate, etc. her objects, characteristics and advantages of the
invention will |becone ~clearly apparent fromthe f Iql(glwi ng expl anat ofy
descri ption i nglBdidngesdpmtiapl 15 Efanpl es of the @.0i&htion, which afe

gi ven sinply b way of illustration and cannot in any way limt the|scope
of the inventign. In the Exanples the percentages are given by weighf, the
tenperature is| FEgHYBMsEIEt ure (22€143¢) or is i94A i n YEYekes Cel sius,
and the pressue is atnospheric pregpungs (Wgss indicated otherw se. 20
Furt hernore, each Exanple forns an igz?qra part of the invention and any
characteristic|that appears novel r&8P&ti%eR¥)any STATE OF THE ART fprms an
integral part ﬁﬂ‘rimlmehy‘llmwidanfdrmmeand RS7chii med as swehi7in itsegeneral |ty as
a general neaps, and in its funct ic:%g.GZS EXAMPLES OF THE | NVENTI ON
Preparation of [the conpound (R)-M ® Exanple 1. Process according fo
scheme S- 1 30pTeleneH Toluene 1 /25113 o +1 HC(OWe), 1 CFva@(OMWe), H 1
HCOzMe + 1 -~ #2 MeOH 1hCe, 018, CH3 MSOHHHe H

Methanesulfonic 129 ul 2.10" 1.107 eq.
acid 19.1 mg {crude)
19 mg (pure)

5 ml of toluene and then 960 ul of trimethylboroxine and 2.4 mi of

trimethyl orthoformate are introduced into a four-necked flask under a nitrogen
5 atmosphere. 13 pl of methanesulfonic acid are added to the solution.

An 11°C exotherm is observed.

The medium is cooled to room temperature. A solution of § g of (R)-
diphenylprolinol in 18 ml of toluene is added 1o the above medium.

A 2°C exotherm is observed.

10 The medium is stirred at room temperature for 1 hour.

10 ml of toluene are distilled under atmospheric pressure and 10 mi of
anhydrous toluene are then added. The medium is concentrated until a 15 to 20%
by weight solution of (R)-MeCBS in toluene is obtained.

15 Example 2. Process according to scheme S-2

.’OH Taluene /O—CH3 O O O
HC—B  +2HOOME), ——= HC—E +2HCOMe +2MeCH 4 - O +2 MeOH
N, O
> i
4,

Ny
M
H



H Cy 15 Conpound Anmount Nunber Equival ence of nol (R)-diphenylprolinol 5
g 0.0197 Trinmethyl boroxine 961.4 | 6.9.10- 0.35 eq. 867.2 ng (crude)

867.2 nmg (pure) Trinethyl orthoformate 2.37 ml 0.0217 1.1 eq. 2.3 g
Toluene 25 mM 5 vol. Methanesulfonic 12.9 | 2.10-" 1.10-2 eq. acid 19.1
ng (crude) 19 ng (pure) 5 mM of toluene and then 960 | of trimethyl boroxine
and 2.4 m of trinethyl orthoformate are introduced into a four-necked
flask under a nitrogen 5 atnosphere. 13 16 of nethanesul fonic acid are
added to the solution. An 11C exothermis observed. The mediumis cooled to
roomtenperature. A solution of 5 g of (R - diphenylprolinol in 18 m of

t ol uene i s addet=to—the—abeve-mpdium-A 2C.oxotherm.is oghsorved 10 The
medi um i s sti rr@édngdundoom t enper at Wiheyuhor 1 hounymbRr 8t mef tRbdiene@re

distilled under,atyospheri,c sure and 10 m qf nhydrous tol uene Jare
then added. T éRﬁgg?ﬁﬁngﬁggﬁggﬁtrﬁgéﬂ until a §§1?€ 20% by wei ght
)PIRIBCBS in toluene is obtained. 15 Exanple 2. Process

sol ution of (
according to gcheme S-2 gl 1d. o-c , Hc-H +2 HC(QYK), -~ HC-8 + 2
HCO2We+2 NeOH|+ + 2 MECH C 1IMSO N -GS NON H U
Methyiboronic acid 1.02 g (crude) 0.0166 I eq.
0.992 g (pure)
Trimethy! orthoformate 3.81 ml 0.0348 2.1eq.
3.69¢g
Toluene 21 ml S vol.
Methanesulfonic acid 10.8 ul 1.66.10™ 1.107 eq.
16 mg (crude)
15.9 mg (pure)

0.99 g of methyiboronic acid, 5 ml of toluene and 11 pl of methanesulfonic

acid are placed in a four-necked flask under a nitrogen atmosphere. 3.8 ml of
5 trimethyl orthoformate are added to the suspension at room temperature to give a

clear solution. The funnel is rinsed with 5 ml of toluene.

A solution of 4.2 g of (R)-diphenylprolinol in 10 ml of toluene is added to
the above medium at room temperature.

The funnel is rinsed with 1 ml of toluene. 10 ml of anhydrous toluene are

{0 added. The mixture is stirred for | hour at room temperature.

25 ml of solvent are distilied under atmospheric pressure 1o give a 45% by

weight solution of (R)-MeCBS in toluene.

Use of the solution of the compound of formula (1) in a reaction for the asymmetric
15 reduction of a prochiral ketone



16 Conpound Anpunt Nunber of nol Equi val ence (R)-diphenylprolinol ((R)-
4.2 g 0.0166 DPP) Methyl boronic acid 1.02 g (crude) 0.0166 1 eq. 0.992 ¢
(pure) Trinmethyl orthoformate 3.81 m 0.0348 2.1 eq. 3.69 g Toluene 21 m
5 vol. Methanesulfonic acid 10.8 k1 1.66.10-' 1.10 2 eq. 16 rug (crude)
15.9 ng (pure) 0.99 g of nethylboronic acid, 5 m of toluene and | | |d of
nmet hanesul fonic acid are placed in a four-necked flask under a nitrogen
atnmosphere. 3.8 m of 5 trimethyl orthoformate are added to the suspension
at roomtenperature to give a clear solution. The funnel is rinsed with 5
m of toluene.. A s Lytion of 4.2 g of (R)-diphenylprolinol in 10 m of

t ol uene is ad&gﬂﬁ?ﬁh”the above nedi um at room tenperature. The funnel is
rinsed with 1 m of toluene. 10 ml of anhydrous toluene are 10 added. The
m xture is stirred $or our a&tyoeeem tenpepature.¢ 25 mM of gol venty are
distilled underbﬁgﬂisphﬁm' presseme to gi &&py weji-ght-s0 J&pn of
(R -MeCBS in tq e. Use-of -t+he—setuti oh _of the Ednpeund

‘ ‘ formuba (1) in
a reaction for the asyfmetric “IB*%8ducti on of falprochiral ketofie]17
Exanple 3. O O O BHVDFA¥nsitu Chf*H 0O C OO \ Wk ODvVE 2vd \ N&\ N-OF |
| Ox (R + F/ ~J / |HF2vd 2a’ ¢oc

Compound Amount  Number of Equivalence
mol
Ketone 5¢ 0.0141
(R)-diphenylprolinol 178 mg  7.03.10% 5107 eq.
methyloxazaboroline (R)-Me-CBS)
Water 30 mi 6 vol.
Toluene I mi 0.2 vol.
Tetrahydrofuran (THF) 10 ml 2 vol.
Potassium carbonate (K,CO3} 253 g (.0183 1.3 eq.
Acetone: 3 equivalents/BHs 3mi 0.61 vol.
24
Borane-N,N-diethylaniline (BH3-DEA) 2.5 ml 0.0141 Ieq.
229¢g
5 7.5 ml of tetrahydrofuran (THF) and 2.5 ml of borane-N,N-diethylaniline

complex {BH3-DEA) are introduced into a four-necked flask under a nitrogen
atmosphere. The funnel is rinsed with 2.5 ml of THF. 0.6 ml (178 mg) of the 45%
by weight solution of (R)-MeCBS in toluene obtained in Example 2 is added 1o the
medium.

10 The medium is stirred for 30 min at room temperature. A solution of 5 g of
ketone in 10 ml of THE is added over 1 hour at a temperature of 18-20°C. 3 m] of
acetone are then added and the medium is stirred for {5 min.

2.5 g of potassium carbonate are dissolved in 30 ml of water. The reaction
medium 1s poured into the potassium carbonate solution. The medium is stirred for

15 30 min at a temperature of between 20 and 30°C. 30 ml of toluene are added, the
mixture is decanted and the phases are separated.

The aqueous phase is re-extracted with 20 ml of toluene.
The organic phases are pooled and then washed twice with 20 mi of water.



Compound Armount Nunber of Equivalence nol Ketone 5 g 0.0141

(R) -di phenyl prolinol 178 ng 7.03.10-" 5.10'- eq. nethyl oxazaboroline
((R-Me-CBS) Water 30 M 6 vol. Toluene | m 0.2 vol. Tetrahydrofuran
(THE) 10 mM 2 vol. Potassium carbonate (K2C03) 2.53 g 0,0183 1.3 eq.
Acetone: 3 equivalents/BHL 3 ml 0.61 vol. 2.4 g Borane-N, N-di ethylaniline
(BH3-DEA) 2.5 mM 0.0141 1 eq. 2.292 5 7.5 mM of tetrahydrofuran (THF) and
2.5 m of borane-N, N-diethylaniline conplB&k (BH3-DEA) are introduced into a
four-necked flask under a nitrogen atnosphere. The funnel is rinsed with
2.5 mM of THE. 0.6 1111 (178 ng) of the 45% by weight solution of

(R -MeCBS in toluene obtained in Exanple 2 is added to the nedium 10 The
medi umis stirred flde r8@iwhns analyzdnht enpetHLWE. e ThAdsolewiomeic degssof
ketone in 10 mk j©f THE is added over 1 hour at a tenperature of 18-20C. 3
m of acetone are then added and the nmediumis stirred for 15 mn. 2.5 g
of potassium carbonate are dissolved in 30 ml of water. The reaction
mediumis poured into the potassium carbonate solution. The nmediumis
stirred for 15 30 mn at a tenperature of between 20 and 30C. 30 ml of
toluene are added, the mxture is decanted and the phases are separat ed.
The aqueous phase is re-extracted wwth 20 mM of toluene. The organi c phases
are pool ed and then washed twice with 20 mM of water. 18 The reaction is
anal yzed by chiral HPL.C. The diastereoi soneric excess is 98.1% 19



What is clainmed is: 1. A process for the preparation of the conpounds of
formula (1) or (1A): (1) (IA alkyl-CBS R4 R3 R2 R5 _NNBlo X R1 N'BQO |
5 RL in which: RLis an alkyl or an aryl; R2, R3, R4 and R5 independently
are a hydrogen atom an alkyl or an aryl, it being possible for the alkyl
or aryl groups to have one or nore hydrogen atons replaced 10 by one or
nore substituents; R4 and R5 together forma heterocycle with the nitrogen
atom which itself conprises one or norelsubstituents; and R4 and R3
toget her forma carbocycle, which itself conprises one or nore

substi tuents, Wh,mbenghdy the followng are reacted, preferably in situ, in
two steps: a) a boric precursor conpound with a corrpound of formula (I II)
to give a boronate conpound of formula (1V) according to the chem cal
reaction bel ow. (I IA procdior @R ptIRaratiBardf %eRfo%%ﬁ@sr01’—1@1&:1&'(1)%@'{@9“”d +19
R G[RLRI11 20 and b) the boronate conmpound of formula (I'V) with an am no
al cohol conpound of formnul a (\/) according to the chem.cal reaction bel ow

20 {IA) alky-CBS
R4 RS
R2
A S/N\ila’o
R1 B
5 R1

in which:

R1is an alkyl or an aryi;

R2, R3, R4 and RS independently are a hydrogen atom, an alkyl or an aryl, it being

possible for the alkyl or aryl groups to have one or more hydrogen atoms replaced
10 by one or more substituents;

R4 and RS together form a heterocycle with the nitrogen atom, which itself

comprises one or more substituents; and

R4 and R3 together form a carbocycle, which itself comprises one or more

substituents,

15 wherein the following are reacted, preferably in situ, in two steps:

a) a boric precursor compound with a compound of formula (I11) to give a boronate

compound of formula (IV}) according to the chemical reaction below:

(Hn (1V)
OR' ;
Botic precursor " OR|, (!DR
compound " - B
R R17 OR!,
20 ;

and

b) the boronate compound of formula (IV) with an amino alcohol compound of

formula (V) according to the chemical reaction below



(rv) (VM) (1) BRRRRR OR RAMR R A OR RR- NOHR5'NNB70 HI R1 in
which: Gis an alkoxy group (OR 2) or an amno group (NRRI); R and R |
are identical or different and are an al kyl group or an acyl; 5 R and R |
can together forma C2_3 carbocycle optionally substituted by an alkyl; R’
is a hydrogen atom an al kyl group or an aryl group; and RI, R2, R3, R4 and
R5 are as defined above, to give the above-nentioned conmpound of formula
(1), specifically of formula (1A). 10 2.20The process as claimed in claim!l
wherein the boronate conmpound of fornula (1V) is obtained by reacting the
boric precursor coffgpund consisting ofva boroxine of formulag(ll) with an
acetal of formula (I11) according to the reaction below (I1) (Il1) (IV)
RL OR O B-O 1R I +RG~B, 15 RLORIL RLOR1 inwiich:_Gis an
al koxy group ( 2) @K an am no gr@iﬁp (NRSR1); R, R an4Rr 2 i e
identical or differeht and|are an al kyl greup or an acyl; 20 &R |
together forma %}.ﬁcgr o¢ycle optiqhal substTtuted by a | k¢l ; and R
is a hydrogen a an-alkyl gropg-oN an @yl group. 3. Rbe PrpeesSs as

claimed in claiml wherein the boronatf_q: conpound of formula (4 IS
prepared fromthe boric precursor conpound consisting of a R1
in which:

G 1s an alkoxy group (OR"2) or an amino group (NR'R1);
R"and R"1 are identical or different and are an alkyl group or an acyl;
5 R7and R7] can together form a C,.5 carbocycle optionally substituted by an alkyl;
R is a hydrogen atom, an alky] group or an aryl group; and
RI, R2, R3, R4 and RS are as defined above,

to give the above-mentioned compound of formula (D), specifically of formula (IA).

o 2 The process as claimed in claim | wherein the boronate compound of
formula (IV) is obtained by reacting the boric precursor compound consisting of a

boroxine of formula (II) with an acetal of formula (I11) according to the reaction

helow:
(n () (V)
Fln
OR' .
070 _lor |
i ; T c | T _B.
BB R1 OR'
R17 07 R 1

15

in which:
G is an alkoxy group (OR"2) or an amino group (NR'R1);
R’ R’l and R"2 are identical or different and are an alkyl group or an acyl;
20 R7and R’I together form a C,.3 carbocycle optionally substituted by an alkyl; and

R is a hydrogen atom, an alkyl group or an aryl group.

3. The process as claimed in claim 1 wherein the boronate compound of

formula (IV) is prepared from the boric precursor compound consisting of a



21 boronic acid of fornmula (VI) with an acetal of formula (I11) according
to the reaction below. (M) (I1l) (IV) OHOR OR RiI-B+ ", ORi B MR
G[ROR"' 5 in which: - thesubstituents R1, R, RI, R' and C are as
defined in claiml or 2. 4. The process as clainmed in claim2 wherein the
conmpound of forrmula (I1) wused is a trialkylboroxine or a triaryl boroxine.
10 5. The process as clainmed in one of clains 1 to 3 wherein the conpound
of forrmula (1) used is trinethylboroxing 6. The process as clained in
one of clains 1 to 5 wherein the conpound of 15 formula (I111) used is
selected from p Lr or .triaryl ortho- for a
f or mami de acetbtgmz}nzla%dei{cll Of?ﬂeg{L#]§§O%e%h{ Igr élt%t h?‘W t(hgxm’tchw é‘PEE?
conpound. 7. TH&UPHBelews as cl ai ned in any one of the preceding clains
wherein the 20 conpound of fornmula (111) is trinmethyl orthoformate or

tri met hoxynet hane, di hhylfornanlq? pndi met hyl acet al , (
tri met hoxynet hyl benzene, 1,1, 1-tri ﬂoxy- et hane, 1,1, I- \{I’I nmet hoxypr opane

or 1,1, 1-trinmethoxy-2-methyl propane. 8. The process as clainmed in any one
of the preceding clains wherein the 25 reaction takes place in the
presence of an acid pref bly selegted froman organic acid,qa Lews acid
and a mneral acid. 9. T process clainmed in clpi m&Rherein the acid
used is methanesul f 6HiTB aci d{ MCSOBHHOR2 10 The pro%gss as|claimed in
any one of clains | to QCqurelan e rgaction take Rpkédaggn t |east one
organi ¢ solvent, used by itself or in a mixture, which is selécted

parti cul ar4 y I]‘anolr]111dan al cohol , a hal ogen conpound, an aromati c conpound,

— the substituents R, R", R, R and G are as defined in claim 1 or 2.

4, The process as claimed in claim 2 wherein the compound of formula (1)
used is a trialkylboroxine or a triaryiboroxine.

10
5. The process as claimed in one of claims 1 to 3 wherein the compound of

formula (H) used is trimethylboroxine.

0. The process as claimed in one of claims | to 5 wherein the compound of
[5  formula (1) used is selected from the group comprising a trialkyl or triaryl ortho-
formate, a  formamide acetal and a trimethoxymethylaryl  and

trimethoxymethylalkyl compound.

7. The process as claimed in any one of the preceding claims wherein the
20 compound of formula (1) is trimethyl orthoformate or trimethoxymethane,
dimethylformamide dimethylacetal, trimethoxymethylbenzene, 1,1, 1-trimethox y-

ethane, 1,1,1-trimethoxypropane or 1,1, -trimethox y-2-methylpropane.

8. The process as claimed in any one of the preceding claims wherein the
25 reactjon takes place in the presence of an acid preferably selected from an organic

acid, a Lewis acid and a mineral acid.

9. The process as claimed in claim 8 wherein the acid used is methanesulfonic
acid (MeSOsH).



a nitrile conpound, an ether conmpound and an ester conmpound. 5 11. The
process as clainmed in any one of clains 1 to 10 wherein the reaction takes
pl ace in an organic solvent, used by itself or in a mxture, the organic
solvent being as defined in claim 10, and the anobunt of above-nentioned
conmpound of formula (111) is advantageously adjusted to the amount of

wat er present in the 10 solvent used; in particular, the conpound of
formula (111) is present in an excess noldar anobunt relative to the boric
precursor conpound so as to absorb the anobunt of mater present in the

sol vent used dt n.th nedl n1 s _as .cl ai med
in one of cl ala}gs 1%]c gfg\kﬁélge?ﬁﬂ én react 'Iyés © g“ﬂﬁéé%‘ﬁ%i(}é‘ﬁ“%} gani ¢
sol vent con5|éﬂ@ﬁ@c@?i@@l&%ﬁeﬁmIQbMHMeﬂmeCQSQ¥BSWmHanned1nnuunewb¢hotalns
3 and 6 to 12 sW@@E@'pﬁ‘x fﬂchl‘?n y‘ﬁQﬂ’P%W‘i@eQﬁ ff?ﬁl@}ék%laco(l”é{é%n&', ﬁgzubl F@@f&l)ﬁ%lngor oni ¢

or aryl boronic aC|d 20 process _as and 6
to 13 wherei n?tHé C%W%Uﬁd‘“b‘?l “f‘dtoﬁ’tﬂoa“@ ¥4 ap estefeoppoBat-oni ¢ acid. 15. The
process asSclaimed in one of clains | to 14 wherein the am no al cohol of

formul a d a ort 2d. or, un ort |y active conpo nd
b 16, the pr oLoss TLE FRRR ARG, B B R e duintP ] S B0 uheRah i O

al cohol of f &keupkc¢ W) ai s g(lﬁﬁ-sokylcm uscd by ;Lself or in a mixture, the organic solvent

(S)-2-(di phenﬁ&hgd{s%@ﬁﬂﬁ(ﬁ h%/ '1R¥rlr(lp d\hﬁ“[flé qqﬂﬁ(lg) S)f %ov(e%ei%émcd 801118Punct &5

(2-di napht hyl hydr oxynet am no-
(S)- 2-am no- g’lﬁ’é‘ﬂch)(/]ln-)]}" 11dd;i!ﬁw|>1.y| dCblu{thm thq Rpounr of water present in the

(S)-2-am np- 3s@velitnBedny lir pakic@r, thpb&ﬂ bund :

(35 hydroxyme hyli ndol %e éFﬂ % ei (éi_l%‘t":‘h@ﬂo(lllll) sPheseRl in an excess

(i ndolin-2-yi} ﬁ‘&‘ﬁ’d‘ﬂ“le&%"cl t l@*l%@e@lmlr@pﬂwﬁ%ﬁ%zb 19 ¢hsatbgthe amount

yl ) di pheuyl mevhanel present in the solvent used and the water formed in the medium.

2-((IR 2R, 3R, 5S) - 2- am no- 6, 6- di net hyl bi cycl o[ 3. 1. 1Jhept - 3-yl)ethanol or
anot her optl cally active isoner. 23 17. The process as clainmed in one of
claims | to 182wheflb¢ maches @nldmedlicoholbof chifms oranill avi(winitise (R}tioroakes

(S) -2 (di ghenyledidy xuiRs Bl IRYDELIM 4iighed8. The process as clai med in

one of clains to 12 and 15 the 5 nunber of nol equival ents
of conmpound of formula (11) relative to the nunber of

[3. The process as claimed in one of claims 3 and 6 to 12 wherein the

compound of formula (VI) used is an alkylboronic or arylboronic acid.

20 14 The process as claimed in one of claims 3 and 6 to 13 wherein the
compound of formula (VI) is methylboronic acid.

i5. The process as claimed in one of claims I to 14 wherein the amino alcohol
of formula (V) used is a supported or unsupported, optically active compound.
25
16. The process as claimed in one of claims 1 to 15 wherein the amino alcohol
of formula (V) is (R)- or (S)-2-(diphenylhydroxymethyl)pyrrolidine, (R)- or (S)-2-
(2-dinaphthylhydroxymethyl)pyrrolidine, (1R,2S)-1-amino-2-indanol, (R)- or (S)-
2-amino-3-methyl-1,1-diphenyl-1-butanol, (R)- or (S)-2-amino-3,3-dimethyl-1,1-
30 diphenyl-1-butanof, (R)- or (S)-2-hydroxymethylindoline, (R)- or (S)-a,a-diphenyl-
(indolin-2-yl)methanol, (R)- or {S)-(5,5-dimethylthiazolidin-4-
yhdiphenylmethanol,  2-((1R,2R,3R,58)-2-amino-6,6-dimethylbicyclo[3.1.1]hepi-

3-yDethanol or another optically active isomer.



nmol of am no al cohol of fornmula (V) is between 0.33 (I1)/1 (V) and 0. 37
(rr)y/1 (vy. 19. The process as clainmed in one of clainms 1 and 3 to 17
wherein the nunber of nol equival ents of conpound of fornmula (VI) relative
to the nunber of nol of 10 am no al cohol of fornmula (V) is between 1 and
1.2 equivalents of (VI). 20. Use of the conpound of fornula (1) obtained by
the process as clained in any one of clains 1 to 19 in a process for the
asymmetric reduction of a prochiral ketohe. 15 21. Use as clained in claim
20 wherein the conmpound of forrmula (I) is used either wthout additional

treatnent of tjhe nelqic%&rss af Eielfm&PﬂC ?tgiactl 1181 Otfo lt(r\gll%l'g%ql]yml}illﬂ) 39(')1%1
process for the asymmetric reduction o
of fozmula (V) is (R)- or (8)-2-(di )hcnylhydioxymethyl)pyx;ol;d;nc

18. The process as claimed in one of claims 4 to 12 and 15 to 17 wherein the
5 number of mol equivalents of compound of formula (I) relative to the number of
mol of amino alcohol of formula (V) is between 0.33 (ID/1 (V) and 0.37 (11)/1 (V).

19. The process as claimed in one of ¢laims | and 3 to 17 wherein the number
of mol equivalents of compound of formula (V1) relative to the number of mol of

10 amino alcohol of formula (V) is between 1 and 1.2 equivalents of (VI).

20. Use of the compound of formula (I) obtained by the process as claimed in
any one of claims 1 to 19 in a process for the asymmetric reduction of a prochiral
ketone.

15
21, Use as claimed in claim 20 wherein the compound of formula (I) is used
either without additional treatment of the medium or after concentration of the

medium in said process for the asymmetric reduction of a prochiral ketone.



