1 Process for the preparation of 1,3, 2-oxazaborolidine conpounds 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 conpound, specifically Me-CBS, of formula
(1A . (1) (1A alkyl-CBS RA RBR2Z BRS~-NNOI N~ 10 RLB I Rl 10 The
conmpounds of fornulae (I) and (1A) are 6recursors for the synthesis of
catal ysts that are very widely used in processes for the enanti osel ective
reduction ofpro@esPFQahd %@baﬂéﬁ‘é@ﬂ?l,B,BEdﬁEa%EélidinéL&nﬂ-ﬂlﬁlnhé terature discloses
processes for the synthesis of the conpounds of fornula (1), and
particularly the conpounds of formula (1A), by reacting a chiral am no
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fact known S%at ?ﬁg prég%ncé 0% mater’orogéﬁgéggﬁation of the 25 conpounds

of formula (1) with boronic acid reduces the performance of the
stereospecific activity of (ihe catal ysts obtai néd} #b&B8ai d conpounds.
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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 either a boroxine (R15B303) 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 i1s 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
stereospecific activity of the catalysis obtained from said compounds.
More specifically, the literature describes the preparation of the compound

of formula (IA) in which R1 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)2) 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 sti kov A, descri bes processes for the
preparation of the conpounds of formula (1) or (IA) froma boroxine or a
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1989, by thecautdwrs Corey E. and HeI al C., nmentions the preparation of a
conpound of forrmula (IA), nanely optically active Me-CBS, fromoptically

active di phenyl prolinol in the presence of nethylboronic acid (MeB(OH)2)
usi ng toPuern&oasaborexine onadoreniowridy the water 15 formed by azeotropic
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t he present tion. From boronates -The articl'e Tetrahedron Letters

1992, 33( 29)met§¥51 qronic 2019 AMeg(OHpd ugingHglugne anseyeiying remayingtha, water
descri bas t Hermedpasabtiopicdistlibgoconpound of fornula (1A) in

- 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 formmla B(OR2)3, contrary to the invention which reacts a boric precursor or a
boroxine with a compound of formula III which is a trialkoxyorthoformate ‘to
obtain the boronate compound of formula IV.
The BASF process which uses a second reactant boronate of formula II 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 R1 is ethyl, namely optically active Et-CBS, from optically active

diphenylprolinol in the presence of bis(2,2,2-trifluoroethyl) ethylboronate

(CHsCH,B(OCH,CF3),).  The use of bis(2,2,2-trifluoroethyl) ethylboronate as

starting material remains a laboratory process because its preparation requires a



which R1L 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 2805-28Q8, by the authors Mil downey M et
al ., describes the preparation of the conpounds of formula (1) from

ci s-1-am noi ndan-2-ol and nethyl diisopropylborate. This process is limted
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OBJIECTS 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 (IA) given above, in
which the step for the elimination of water by azeotropic distillation is unnecessary
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 borenic acid.

Another main object of the present invention is to provide a process for the
preparation of the compounds of formula (I} or (IA) which is of very great

30 cconomic value 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 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 (1A 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 procegs whi ch affords a high purity of

t he above- nentioned products of formuld (1) or (IA) so as to allow their
use as precatalysts in 4 reactions for the enantiosel ective reduction of a
prochiral ket@i@ns ﬂgi@méw@ranﬁasemcabde aduc@in @fmepr@aﬁﬁa@ﬁétoh@ventl onis to
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of for m.lDa (1A, Sflmahomid yeid 16 kpowe tandembseathe enyntachvaaitt exgessusbtiinpdnci al

cost for cu,!%tnrth@k HS&u T §p§lﬁ ding to
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of the corrpdh%&ﬂnapserlwwa@uemn @fia lelloAburalzk@toqm) (1A alkyl-CBS R4 R3 R2
R5_NNB1O The present invention therefore makes it possible to obtain the compounds

of formula (I), and more specifically the compounds of formula (IA), chemically

I5  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 (I) or (IA):

20
) (iA) alkyl-CBS

R4 RS
Y
RS’N\B/O

I
R1

in which:

R1 is an alky! 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 R5 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



|l ~O RLB I RL inwiich: RLis 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
heterocycle 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, wherein the foll owi ng are reacted,
preferably in situ, in two steps: a) a boric precursor conmpound with a
conmpound of {®ktuéms,(111) to give a boronate 5 conpound of formula (1V)

according to the che reacti on bel.o I Boric
precursogrJ E H‘?ﬁlfnloﬁﬂg argEeaRicf i“@%lign Sl%%u&”fg%‘j’pst he boronate

conmpound of fornula (I'V) with an anlno al cohol conpound of fornula (V)

%COE delgi to )t W%n%&ﬁgg?%{ @%@gﬂcﬁ_gpg M&nd\gf f%\gml%l(i]l) to gwe a boronagq R4 R2

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

(1) (V)

Boric precursor ; |
compound + /J<OH 1 ~B<

and

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

formula (V) according to the chemical reaction below:

(V) (V) ()

R FM; F}S R2 N
R1 /B\OR' + ~N O
1 R5—-——N\ OH R5 B~
H R
in which:

15 G is 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;
R”and R"I can together form a C,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 RS are as defined above,

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

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 (II) with

an acetal of formula (III) according to the chemical reaction below:




15 Gis an alkoxy group (OR 2) or an amino group (NRR1l); R and R1 are
identical or different and are an al kyl group or an acyl; R and R | can
together forma C2_3 carbocycle optionally substituted by an alkyl; R' is
a hydrogen atom an alkyl group or an aryl group; and R, R2, R3, R4 and RS
are as defined above, 20 to give the above-nentioned conpound of formula
(I'), specifically of formula (1A). In g first advant ageous enbodi nent of
the invention, the process according to the invention conprises obtaining
t he boronate compound of formula (1V) by reacting the boric precursor
conmpound consi sting of a boroxine of forrmula (11) with an acetal of
formula (I11) accordlmqg to the chemqm reaction bel OV\aVﬁ (rry (rer)y (rv)
RLI ORI OR OB~O+ ORi 1 RGRL B~CR’ RLORL in which: 5 Gis an
al koxy group (OR 2) orRan amno group (NRRI); R, R1 and R2 are

i dentical or dlfferent and are an algmi group or anfacyl, R‘ and R 1
together forma C2_ pocycl e op/ﬁ%@jﬁy substitu ed 9 an allkyl; and R
is a hydrogen atom |an alfk aryt—group,| | n_Baot her

advant ageous errboﬁ L éS,Bf\the i entl n, the proce 581 10 EYmrpr|i ses
preparing the b dnat conﬂ%hnd of forrrula (I'V) fromthe boric™ precursor
conpound consisting of a boronic acid of formula (VI) wwth an acetal of
formula (111) according to the chem cal reaction below. (VI) (I1l1) (IV) OH
OR OR Ril-iBwhielORi OH R. G [R LOR|

5  Gis an alkoxy group (OR"2) or an amino group (NR'R’1);
R, Rl and R"2 are identical or different and are an alkyl group or an acyl;
R”and R"1 together form a Cs.3 carbocycle optionally substituted by an alkyl; and
R™ is a hydrogen atom, an alkyl group or an aryl group.
In another advantageous embodiment 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 (V1) with an acetal of

formula (III) according to the chemical reaction below:

(V1) (1) (IV)

OH OR OR
Ri—B 4 OR, 5
~ on R7T G R1” “OR!,

15  in which:
— the substituents R1, R", R"l, 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 trialkylboroxine 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 (III) used in
the process is selected from the group comprising a trialkyl or triaryl orthoformate,
a formamide acetal and a trimethoxymethylaryl and/or trimethoxymethylalkyl

compound.



15 in which: - the substituents Rl, R, RI|, R' and G are as defined
according to the invention. In one advantageous variant of the invention,

t he conpound of fornula (11) wused in the process is a trial kyl boroxine or
a triarylboroxine. In yet another variant of the invention, the conmpound of
formula (11) used in 20 the process is trinethyl boroxine. In another
variant of the invention, the conpound ?f formula (I11) used in the
process is selected fromthe group conprising a trialkyl or triaryl
orthoformate, a formam de acetal and a trinethoxynethylaryl and/or
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I5  compound.

In another advantageous embodiment of the invention, the process
comprises carrying out the reaction in an above-mentioned organic solvent and
adjusting the amount of compound of formula (II) to the amount of water present
in the solvent used; in particular, the compound of formula (II) is present in an

20 excess molar amount relative to the boric precursor compound so as to 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 (VD 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 advantageous 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 alcoho] of formula (V)
is (R)- or (8)-2-(diphenylhydroxymethyl)pyrrolidine, (R)- or (S)-2-(2-dinaphthyl-
hydroxymethyl)pyrrolidine, (1R,2S)-1-amino-2-indanol, (R)- or (S)-2-amino-3-



anount of water present in the solvent used and the water fornmed in the
medium I n one advant ageous variant of the invention, the organic sol vent
used is toluene. In another advantageous variant of the invention, the
conmpound of formula 25 (VI) in the process is an al kyl boronic or

aryl boronic acid, particularly one that is available commercially. In
anot her variant of the invention, thelcgnpound of formula (V) is

met hyl boronic acid, particularly nethylboronic acid that is avail able
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fornula (VI)al¢otbbbf feemtia (Ublfh ﬂhld @h&i’es@ﬂ‘s baBlecafl aad l@eqmeﬂﬁhgbf of1).f or mul a (V)
in the process is, bet

second feature, thESHFBENE sEoR e HiedfeEgh by Srudreitl O gl ®
conmpound>of th@rcnmlpaumd pf fpantla D) aadtigulafly fodrfiohala((LA),, ini ;m peocpssofedbe f or t he
asymmet ri ¢ reoual @ e@lctBnRIrAGR Al KEhAne-
Within the framework of this use, the compound of formula (I) or (IA) can
be used either without additional treatment 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
(Il) and the compounds of formula (III}, and then the compounds of formula (V),

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

Scheme S-1
{1 {1 (V) V) ®
R1
| . /3
_B.. oR OR R4 PR3 R4,
oo + OR, I
! R G r” ™ oR + N_ O
- N 1 Rs—N. OH ’ f5—Ne_
|
75 H R
in which:

G is an alkoxy group (OR2) or an amino group (NR'R"1); .
R’ Rl and R™2 are identical or different and are an alkyl group or a carbonyl
group;

30 R”and R”1 can together form a C, 3 carbocycle optionally substituted by an alkyl;



Wthin the framework of this use, the conpound of forrmula (I) or (IA) can
be used either w thout additional treatnment of the nediumor else after
concentration of said medium 20 Thus, in a first enbodi nent, the Applicant
has devel oped a process for the preparation of the conpounds of fornula
(1) wherein the conmpounds of formula (11) and the conpounds of fornula
(I'11), and then the conpounds of forrrulg (V), are reacted in situ
according to scheme S-1 below. Schenme S<1 (I1) (111) (I'V) (V) (I) RL OR
rh BRARZ O+ ~ORI LOR 1 R4 ~\..... ~R2 R1'B,0 BRL R. ORllb, OR1l
+ R5-N, OH R&~ I Bhfdr@fentdidrd, ad dlkyWredy oGl Sylaftow;koxy group (OR 2) or an

i : . R d R 2 id I diff d
2yl or oup S Ko &alipgryt mdgpesnsye g da R R Tohet Heroror A 2. 3
car bocycl e gpissibledbl thesalkys tar tagy] eplotpy tamawd kyd or BoreRiydirggea doyds mpbwedt om  an

al kyl group on%rbr%i;%é HBHRnsER2: R3, R4 and RS independently are a
hydr ogen at oﬁ an a ylS or an aryl, it bei ng possi ble for the al kyl or

aryl grodps B #mdvRS dagetber fsie ahlrieregette stibndhe apiragse qtopy Wheh dselfor e

subst i t uent sgon§prisds @chrRBort QB @hdn @ heterocycle with the nitrogen
atom which itself rises o or nore su shi.tuents; and R4 and R3

cO
t oget her forff APERI7OEENFLEFE & CapriadiPcyelseVRICR JHSH] CEPTBR% OBF Ohdiae

subst i t uent ssubstituentsecond enbodi nent, the Applicant has devel oped a process
for the 10 preparation of the.co unds_of rmyla. (1) wherein.t
conpounds of "1 or ai b oxcur i BRET B seel S HeRion SRR hd hen ¢ ne
conpound® ofpréparatidnaoi tMg, compounds of formula (I) wherein the compounds of formula

(VD) and the compounds of formula (III), and then the compounds of formula (V),

are reacted according to scheme S-2 below:

Scheme 5-2
(v} (mn (V) V) 0
M R R4 B3
/ OR , OR R R2

g+ KO — ] + T L NLO
oH R R OR, RS’N\H OH Rs g

I

R1

I5 inwhich R1,R% R1,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 (I) with an acetal of formula (I} in the presence of an acid,

and by the addition of an amino alcohol of formula (V).

20
Scheme S-1
{1 (i (Iv) ) "
R
E'; OR' solvent o Ra B3 pa R3 -
oo 4 loom | Hﬂz E .
B, E 6 aPor | tomsN H T N O
-~ 1 — ~N.
R17 07 TRi acid " K5 P

RI,R, R[,R™, R2, R3, R4, R5 and G are as defined above.

In one advantageous embodiment of the process of the invention described



are reacted according to schene S-2 below. Schene S-2 M (uq (I1V) M(I)

OR ORF14 R3 p,4 F13 W - Rz RLB+ 1k R G91-BORj + R5--N OH RS NNB
O CH' HI RL 15 in which Rl, R, RI, R, R, R3, R4, R5 and G are as
defi ned above. More precisely, in the first enbodi nent described by schene
S-1, the process of the invention is defined by the reaction, in an
organi c solvent, of a boroxine of fornula (Il) with an acetal of formula
(') in the presence of an acid, and ](ﬂ/ the addition of an am no al cohol
of fornmula (V) 20 Scherre S1 (1) (I'lg (1V) (v) (=) RL 1 OR solvent OR

R4 | R3 R4\ schef@ §-1, thé]aompbund {)f‘%rmMB%H) kQelks aB@r'Ehlkﬁ;mBerQﬁ'
R1'B, OR + R 5 and G

are as defi nBaY. E’&S%nel rﬁ\lﬁﬁ‘?@ﬂ%\;%F%‘&B%‘H@ %’?T%Hﬁu}?eﬁ[) e tlﬁéo’ %‘§ of the

i nvention dwaﬂmlﬂeduﬂlﬁhyllbyroaa’@erre S-1, the conpound of for rrul a (Il) used is
R R s
by scheme S-1, the compound of formula (HI) used is a trialkyl or trlaryl ortho-
formate, a formamide acetal or a trimethoxymethylaryl or trimethoxymethylalkyl
compound. The compound of formula (I} is a commercially available compound.

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.

15 By way of example, but without implying a limitation, the acid used is
methanesulfonic acid (MeSO;H).

In one advantageous embodiment of the process of the invention described
by scheme S-1, said process is carried 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 (II) 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 by 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-(diphenylhydroxymethyl)pyrrolidine, (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-dimethyl-1,1-di-
phenyl-1-butanol, (R)- or (S)-2-hydroxymethylindoline, (R)- or (S)-a,0-diphenyl-
(indolin-2-yl)methanol, (R)- or (S)-(5,5-dimethylthiazolidin-4-
yDdiphenylmethanol, 2-((IR,2R,3R,5S)-2-amino-6,6-dimethylbicyclo[3.1.1]}hept-

3-yl)ethanol or another optically active isomer, etc.



I n one advant ageous enbodi nent of the process of the invention described 5
by schene S-1, the conpound of fornmula (Il11) used is a trialkyl or triaryl
ortho- formate, a formam de acetal or a trinethoxynethylaryl or

t.ri met hoxynet hyl al kyl conmpound. The conpound of fornula (I111) is a
comercially avail abl e conpound. The followi ng comercially avail abl e
conpounds nmay be nentioned as exanples,, but without inplying a limtation:
trimethyl orthoformate or trimethoxy- 1blnethane triethyl orthoformte,
tributyl orthoformate, N, N-dinethylformam de di nmet hyl acet al

trinet hoxyrret hyl biarvhen@vantagebus dmbbdiimeat hbﬁhﬁ@&dibami‘of the idvenfion tederibed
nethoxyprop n.one adv§nta9eous

Crbod oo 0P aRSeRafe St st Bt SR PRt e B B Dy WD EBuRlt gPo0 e
aci d used i seameanr Yaivind 3EC dpreferdbdyitsa tegipdragrre af M9Geral acid. 15 By way of

exanpl e, but wit rﬂﬂu%nd %l \&itﬁ%fédsmﬁ%ﬁga %nt tcﬁ‘eth@cfng n%ﬁ%‘f bR 1nvent1%n

met hanesul f oni ¢ aci vant ageous e

process 6f tdacipddrit SICBWH%I rth%é@mb@yOfsféﬁ]eWé“‘SlelﬂS @%@Qﬂnﬁﬂ“ﬁ@@ ol arrj ed
out in an opim efaliveytodROYENHBAISof RGIGF Hntino SRLMENE. fotte @ (VY isl Heblddn ®B3 i n a

Compound, a (VAR an 03 7dNRE (Tguhe B ar Sarne haurierbp Rabhpan /b

formula (111{Vused is adj usted to the anbunt of water present in the
sol vent . Preferabfny nt used

n n_one_advan S
enbodi nent of the p?%mg Vfan Pn R??lg]ﬁnhegc&leb%gce%S fggh Vae%co’l!‘sJ 1,
am no allﬁoh(ﬂesmbeﬁd}ym@hané\?}l ub@dumberaofsruplpmlm‘adbnm of a;nmmqmpdraféotmtd@tl cal I y

active co hout
Mol ying o O ielahiio el i z&ﬁﬁ&%ﬁ%@O‘?ﬁ%ﬂeéﬁﬁhﬂ%a?ﬁ DRSS 8l CP e,
(R - or (S)-B3{ eduivaleniph %P%ﬁ@i WX GeIl vabspt di ne

(IR, 28) - 1- am no- 2vibRdanelficall )the%ﬁo&e@% of tﬁ@ invention according to scheme S-1

am no- 3-neth 1, 1?7(?31? henP( tlano Q

(S) - 2-am no- ‘ér@rﬁ? eﬁ)‘ﬁaciml igj to Wsﬂ9f Jil BW@HB?X‘“( gf fogpula (IIA) with

(S) - 2- hyidr oxyinetiny lorthdfirinae, of(Bymular({S) iratha-piésehenyf methanesulfonic acid,

§,: ;] gl(lelhg;lil- v Htggﬁgal"aﬁﬂljoh (gfﬁ)R-)— Qf (é)%—-(éi?)hgﬁyﬂ%yg%x@%lerth%)%%g 5800 o# Formula
2- ((1R, 2R, 3RV5 Spe@dmgitmectepe-Hil Aet hyl bi cycl o[ 3. 1. 1] hept- 3-yl)et hanol or

anot her opti cal | yrRackhM&nliS OFREd oft £ temperature of 20°C.

Scheme S-1A
(A (In-A (IV)-A (V)-A 1A
l\lma toluene O O
N OMgM Owe O
o Jaw 21 . AXO
,FL ,é\ H O Me” ~OM
Me” 0" “Me MeS0,H N OH N0
H B
1
20 Me

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 (VI)
with an acetal of formulfa (Ill) in the presence of an acid, and the addition of an

25  amino alcohol of formula (V).



11 I n one advantageous enbodi nent of the process of the invention

descri bed by schene S-1, said process conprises carrying out the reaction
at a tenperature of between 5C and 30C, preferably at a tenperature of
20C. In anot her advantageous enbodi ment of the process of the invention 5
descri bed by schene S-1, the nunber of nol equival ents of compound of
formula (H) relative to the nunber of | of am no al cohol of formula (V)
is between 0.33 (I1)/1 (V) and 0 37 (1) /1 (V), the nunber of equivalents
preferably being 0.35 (11)/1 M 1n another advantageous enbodi nent of the
process of the invention 10°88%Yfbed by scheme S-1, the nunmber of nol
equi val ents of conpound of fornmula (Il) relative to the nunber of nol of
conpound of faqgul a (I{ml)) is between Opg3 and 0. 37pgquival ent of (1),
preferably 0.35 equival ent of (I 1) More specifically, the process of the

invention according to schene S-1 corrpri ses the re%tl on, in tg,uene, of
trimet hyl boromm of fe nmul asofdriA) t hor 151t ri mefhy 5thoformate R2
formula (11 Inﬁ)—sl n fhe praggence of thgnes | f;oni c d, -and the gfdigion of
(R - or (S)-2-(diiphehiyl Bydroxyget hy|H1pyiorel i di nes—d @%r mula (¥ agCording

to schenme S-IA. The reaction is carried out at a tenperature of 20
Scheme S-1 A (11)-A (111)-A (IV)-A (V)-A(1)-A | Ow toluene t + M OV H
OveSCaH MNOH\ / H N-B1O0 20 M In a second enbodi ment, the process of
the invention deslnrdnb@deagohssmabomnt@ﬁnhpipsws;sa diethe émention dejonibedh
organi ¢ sol ghgﬁ ofRN \v | opf
Vn%:“ cheftfe &-DORR E@ng@rgln%gct%}? g«/lf) higed }§': bi eﬁ!&‘y}?&%&lﬁc of

formula (I11) t he presen tion
al cohol of fa#Y HQHOQIC(W,)I iGommercially available products Wh1ch may be mentioned as

am no

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 (III) 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 those mentioned in scheme S-1.

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

15  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
(V) relative to the number of mo! of amino alcohol of formula (V) is between 1

and 1.5 equivalents of (VI), 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
(HD) relative to the number of mol of compound of formula (VI) is between 2 and

2.5 equivalents of (III), preferably 2.1 equivalents of (II).

More specifically, the process of the invention according to scheme S-2

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



Scheme S-2 (V1) (111) (IV) (V) () RAR3 OHOR solvent ORR, R4 R3 R2 \
~~R2 R1-8 ~OR ~ IIL #1--'sly ~5; OH+ R' GR1' B, OR1 + R5-N\ OHR5' N, ¢
acid /OHRL 1In one advantageous enbodi nent of the process of the

i nvention described by schene S-2, the conpound of formula (VI) used is an
al kyl boronic or 5 arylboronic acid. Commercially avail abl e products which
may be nentioned as exanples, but mﬁthﬁy inplying a limtation, are

met hyl boroni ¢ acid, phenylboronic acid-and p-tolyl boronic acid. In one
advantageous enbodi mrent of the process of the invention described by
schene S- 2, ttihetisdopboftaaefoff formmih 814 inl the pigeddd) ofamethbi@uHdenid adided ar e
as 10 defi hene eous enbodi f the process
of the |nve2§gdﬁe es%??ﬁﬁiRJborg%hfﬁggg’ PB@P Hoﬁgn% rﬁwggﬁ%ut in
an organic iéhmenndMgW®ﬂ@wnhé3QAne characterlstlcs as those nentioned in
schenme S-1. The anmount of conpound of formula (I11) used is adjusted to the
amount of 15 water presentgiB.tBeasolvent. Preferably, the solvent used is
tol uene. In one advantageous enbodi ment of the process of the invention
described by scheme S-2, said process conprlses carrying out the reaction
at a tenperature of bEtween 5C and™30dC, prefef¥bly at a tenp&fature of
20C. 20 I n another advantageous enbodi nent of the process of fhe invention
descri bed by schene Spg, theemau o@f nol :

formula (VIyesel ativeade the nu C
is between 1 aftl 1.5 SYui watoent of(W I) eratly 1.2 eeijal ents of
(VI). In.anot her advant ageous enbodi nent of the process of thﬁ i nvention
25 descrébed by schene S-2, the nunber of nol equival ents of conpound of
formul a

The compound of formula (I) obtained by means of the processes described
by schemes S-1 and S-2 is used in a process for the asymmetric reduction of a
prochiral ketone, either directly without additional treatment of the medium or after

10 concentration of the medium.

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

15 For ease 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 naphthy! 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), (-NR6R7)), an amidine

25 (-C(=NR6)NR6R7, -S(=NR6)NR6R7, -PR8(=NR6)NR6R7)), an imino
(-C(=NR6)R7), a cyano (-CN), a nitro (-NO,), a sulfhydryl (-SH), a thioether
(-SR9), a sulfate (-OS(0);OR6), a sulfonate (-S(O)»O0R6), a sulfamoyl
(-S(0)NR6R7), a sulfonyl (-SO,R6), a cycloalkyl or a heteroaryl, where R6, R7 or
R8 is an alkyl or an aryl.



(r1r) relative to the nunber of nmol of conpound of forrmula (VI) is between
2 and 2.5 equivalents of (IIl), preferably 2.1 equivalents of (Ill). Mre
specifically, the process of the invention according to schenme S-2
conprises the reaction, in toluene, of nethylboronic acid of fornula (VIA)
with 13 trinethyl orthoformate of formula (II11A) in the presence of

nmet hanesul fonic acid, and the addition of (R - or

(S)-2-(di phenyl hydroxynet hyl ) pyrrol i di n& of formila (V) according to
schene S-2A. Schenme S-2A (MI)-A (111)-A (IV)-A (V)-A(1)-A OH Ow tol uene

Me+ H O N O\ /B\Nw@oBexdm el\&tﬁhﬁloﬁpﬁmyﬂg aqinﬂtardamh@ drianiOkdiaicaed by

means of th pro Sses. nd S-, |s used in a
process for DSt § qe }5@8 {qn 306“? P&”“%P %ﬂlc?fé ei t her
directly wit hout B diay icd rahmplee bt tneithown fimphengre dimimtion, taéllewis 4did can

concentrati QR 0151?%1%9& Lﬁrﬁ'ah% nHFH té;l(lglncﬁi‘] ar a-Br}Fodlat?g%l?d definitions are

appllcabletot e descri ption, e ¢l ains of the
i nventi oR. 15 ForBewsp oéﬁxmlde,rtmtaanﬂnon@mnllsfu@gr«idn‘elmoat iheenipfral hed gawups,

reactants, b%quaed@%rgracm99&&%@@%&3%&&1%{%& onal nomenclature or the
nomencl ature commonl y ysed t ose skilled in the art. The term "al kyl "

denotes a |inear %Y“@Véﬁ@ﬁ%‘ap é@a%%aélﬁaiaﬁon tngppg;qmc WA and
tert-butyl ame bpent lsarfeﬁldasmham)lc@@ethap sﬂf@xﬁermMsoyl a geflet escha as

substituted Qr, uns bst t C6-Cl12 Phen and ht hyl are
menti oned as t)?ﬁ%‘.] #gg? e PYR %5@1 tﬁ{t“buaaé‘r?gtoéslsgprﬁmrﬁ) eqp‘SFo% )>/< an
al kyl (AI()k) ,hakrgenated sc(lmn)t smhhyﬂrchxlylbm@neﬁ]i@np &0HaCkpxyn (anBdkkjychams aryl OoXy

(o), (- KT B TEND. s G gl Bl e

- PR8( NR6) NF@F@)C) an gwrmaﬁcn;@lvent 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
15 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
atrmospheric pressure, unless indicated otherwise.

20 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.

25  EXAMPLES OF THE INVENTION

Preparation of the compound (R)-MeCBS

Example 1. Process according to scheme S-1

g () ()
O,B\0 Toluene Q
73 i +1HCOMe), w3 | CHB{OMe},+ T HCO,Me  + 1 N +2MeOH
B, B MeSO.H N, O

O B <l
HC™ 07 TCH, OH ) ~g”
a |

CH,

30



(-C(=NR6) R7), a cyano (-CN), a
thioether (-SR9), a sulfate (-0OS(O 20R6),
sul fanmoyl (-S(O) 2NR6R7), a sul fonyl (-S02R6),
heteroaryl, where R6, R7 or R8 is an alkyl or an aryl.
exanpl e, but without inplying a limtation,
sul fonic acid (nethanesul fonic acid, paratoluenesulfonic acid). By
exanpl e, but w thout inplying a limtation, the Lewis acid can be
trihalide, an alum numtrihalide or an iron trihalide. 5 By way of

but without inplying a limtation, the mneral acid can

anitro (-N®), a sulfhydryl (-SH)

a cycloal kyl or a
14 By way

a sulfonate (-S(O) 20R6),

a

of

the organic acid can be a

way of
a boron
exanpl e,

be hydrochl oric

acid, hydrobrpntc acrd or suaffurfc acrd. mpi e, oot v
i mplyi ng a |ijp¥eapP, the organi AAmeFent can Bembesul Egsivalencsuc
di met hyl sul fjoxi de (DMSO), a nitrile such as acgtgpitrile, an alc
as ethanol, t - pbut anol or isopropanol (IPA), a 10 hal ogenated so
such as dichl {Rérf&? ARerleabcr2) 52%1 am de such %9?97di met hyl f or man
(DMF), an ether such as ethyl ether, a hydrocarbon such as hexane
aromatic sol . as.tol uene, gan ester such tzhyl et at e,
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5 ml of toluene and then 960 pl of trimethylboroxine and 2.4 ml of

trimethyl orthoformate are introduced into a four-necked flask under a nitrogen

atmosphere. 13 pl of methanesulfonic acid are added to the solution.
An 11°C exotherm is observed.
The medium is cooled to room temperature.

diphenylprolinol in 18 ml of toluene is added to 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 ml

A solution of 5 g of (R)-

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

Tolu=e

Fos
HC—E +2HCOMe +2MeCH 4

Jod
HO—B +2 HC[OWe),
oH o—cH,

e

st MeSQH .

90—~



30 CH

\\ / / B, Toluene 1/ 1/3 +1 HC(OMe)3 M:SO H |

CH38( OME) z+1 HORMe

-F1-~Na+ 2 MO HI18,01B, HO N H OH 15 Conpound Anmount Nunber

Equi val ence
961.4 |
ort hof ormat e
Met hanesul fo
(pure) 5 m

trimet hyl
nitrogen 5

of nol (R)-diphenyl proli nol

6.9.10-3 0.35 eq. 867.2 ng (crude)

2.37 m 0.0217 1.1 eq.
nic 12.9 [tl 2.10 k 1.10-2 &d.-
of toluene and then 960 | o%

at nosphere. 13 |

solution. An
t enperature

1 C exotherm1sS observe

OBBPYAY on of 5 g oI di phenwuﬁfbér PH@PI i rﬁ‘i‘@va}wncﬁf

5 g 0.0197 Tri et hyl bor oxi ne
867.2 ny
2.3 g Toluene 25 m 5 vol.

acid 19.1 ng (crude) 19 ny
trimethyl boroxine and 2.4 m of
orthofornmate are introduced into a four-necked fl ask under a
of met hanesul fonic acid are added to the

(pure) Trinmethyl

cool e ro
t ol uene
10 The nedjumi s

i s added to [{®-dpevelpmdiol(R)A 3Q gxotherm i g.00bser ved.
stirred at g ofs] }enperature for 1 hour. 10 m of toluene are distil|l ed

under atnnspherlc pressure and 10 ml of anhydrous toluene are then| added.
The nmediumifs concentrated until a 15 to 20% by wei ght sol ution of

(R) - MeCBS i nl {QINEREoHiS 298 @1 €A 13 o (crude) 00166 1 eq.
0.992 g (pure)
Trimethyl orthoformate 3.81 ml 0.0348 2.1eq.
369 ¢
Toluene 21 ml 5 vol.
Methanesulfonic acid 10.8 ul 1.66.10" 1.10% eq.
16 mg {crude)

15.9 mg (pure)

0.99 g of methylboronic acid, 5 ml of toluene and 11 pl of methanesulfonic
3.8 ml of
5 trimethyl orthoformate are added to the suspension at room temperature to give a

acid are placed in a four-necked flask under a nitrogen atmosphere.

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
10 added. The mixture is stirred for 1 hour at room temperature.
25 ml of solvent are distilled under atmospheric pressure to give a 45% by

weight solution of (R)}-MeCBS in toluene.

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




15 Exanple 2. Process according to scheme S-2 gl TdL OGOCH, 11/ / ,,CB/
+2 HC(OW 3 - 11, C e +2HCO i ne+2MeOH + +2MeOH ON ~hkSOH -QS .N N' OH H 16
Conmpound Armount Nunber of nol Equival ence (R)-diphenylprolinol ((R- 4.2 g
0.0166 DPP) Methyl boronic acid 1.02 g (crude) 0.0166 1 eq. 0.992 g (pure)
Trimethyl orthoformate 3.81 ml 0.0348 2.1 eq. 3.69 g Toluene 21 m 5 vol.
Met hanesul fonic acid 10.8 | 1.66.10.4 11.710-2 eq. 16 ng (crude) 15.9 ny
(pure) 0.99 g of nmethylboronic acid, 5 m of toluene and 11 | of

met hanesul fonic acid are placed in a four-necked flask under a nitrogen

at nosphere. Exagpid 3.0f 5 trinmethyl orthoformate are added to the suspension
at roomtenperature to give a clear solution. The funnel is rinsed with 5

m of toluene. A solutjon of 4 2 g of (R) 4diphenylprolinol,jn 10, of

tol uene is added flo thdLabov%%%%?imuma oom dt%eratur. : The lf Upnel is

rinsed with 1 of” tolighe. 1 of ydr oush tj ene e” 10%added. The
T of s

m xture is stirfed f ‘1 houmx@tecssoonytenper i Ea. | 5 wfl ent are
distilled under atno eric pmessure to give 45% by wei ght | ution of
(R -MCBS in toluene. Use of the solution of the conpound of forrmula (1) in
a reaction for—tHe—asSymretric 1o reduoctronror—a proctirat Retore L7
Compound Amount  Number of Equivalence
mol
Ketone 5¢ 0.0141
(R)-diphenylprolinol 178mg  7.03.10%  5.10%eq.
methyloxazaboroline ((R)-Me-CBS)
Water 30 ml 6 vol.
Toluene 1 mli 0.2 vol.
Tetrahydrofuran (THF) 10 ml 2 vol.
Potassium carbonate (KyCOs) 253¢g 0.0183 1.3 eq.
Acetone: 3 equivalents/BH; 3 ml 0.61 vol.
24¢
Borane-N,N-diethylaniline (BH3-DEA) 2.5ml 0.0141 1 eq.
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 to the
medium.,

10 The medium is stirred for 30 min at room temperature. A solution of 5 g of
ketone in 10 ml of THF is added over | hour at a temperature of 18-20°C. 3 ml of
acetone are then added and the medium is stirred for 15 min.

2.5 g of potassium carbonate are dissolved in 30 ml of water. The reaction
medium is 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 ml of water,




Exanple 3. 0 0 O Bfif DEAinthiy CHO O CHO 0 N-O QVE2vd NN~ O N0 Fe

Y .(RMCBS Fe F& i HF2wl arc Conpound Anmount Nunber of Equival ence nol
Ketone 5 g 0.0141 (R)-diphenylprolinol 178 ng 7.03.10-' 5.10-2 eq.

nmet hyl oxazaboroline ((R) -Me-CBS) Water 30 ml 6 vol. Toluene 1 m 0.2 vol.
Tetrahydrofuran (THF) 10 M 2 vol. Potassium carbonate (K2C33) 2.53 g
0.0183 1.3 eq. Acetone: 3 equivalent s/&I—B 3m 0.61 vol. 2.4¢g

Borane-N, N-diethylaniline (BH3-DEA) 2.5 mM 0.0141 1 eq. 2.29 g 5 7.5 m of
tetrahydrofuran (THF) and 2.5 ml of borane-N, N-di et hyl aniline conplex
(BH3-DEA) are introduced into a four-necked flask under a nitrogen

at nosphere. The f o] of the
45% by wei ht s nlfégo(ﬁiozlflg E§l§%édw a}lﬁal t% of:ﬂucen#gh;'gt%i"?jl gtle%ggg Omerlgfzges Q is
added to th&3-Wedium 10 The nmediumis stirred for 30 min at room
tenperature. A solution of 5 g of ketone in 10 mM of THF is added over 1
hour at a tenperature of 18-20C. 3 ml of acetone are then added and the
mediumis stirred for 15 min. 2.5 g of potassium carbonate are dissolved in
30 mM of water. The reaction nediumis poured into the potassium carbonate
solution. The nmediumis stirred for 15 30 min at a tenperature of between
20 and 30C. 30 ml of toluene are added, the mxture is decanted and the
phases are separat ed.




F

The aqueous phase is re-extracted with 20 m of toluene. The organi c phases
are pool ed and then washed twice with 20 mMl of water. 18 The reaction is
anal yzed by chiral HPLC. The di astereoi soneric excess is 98.1% 19 Wat
is clained is: 1. A process for the preparation of the conmpounds of fornula
(1) or (IA: (1) (1A alkyl-CBS R4 RB R2 R5~-NB/OI N~~O RLB 5 Rl in
which: R is an alkyl or an aryl; R2, 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
subst i t uent sWhirds aladnébist oget her form a heterocycle wth the nitrogen atom
which itself conprises one or nore substituents; and R4 and R3 together
forma carbocycle, which itself conprises one or nore substituents, 15
wher ei n t he ¥ ol | owiprgestrier the aeepatiatioprod il commpounds &ff formuladDiosdlst eps: a) a
boric precursor conpound with a conpound of formula (I1l) to give a
boronate conpound of formgla (1V) according taqafdg-ehgm cal reaction
below. (Il1l1) (IV) OR OR "Boric precursor OR'1 | conpound + R®" G[R R |

R4 B3
R2

rs—N._,0

R1

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

possible for the alkyl or aryl groups to have one or more hydrogen atoms replaced
13 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 (III) to give a boronate

compound of formula (IV) according to the chemical reaction below:
(I11) (IV)

ORI ORI
Boric precursor n OF{'1
compound =0 G

/B\

R1 OR'1
20 ;
and

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

formula (V) according to the chemical reaction below:




20 and b) the boronate conmpound of formula (1V) with an am no al cohol
conpound of formula (V) according to the chem cal reaction below 20 (1V)
(V) (1)) R RBRRMMRB I MR RRL1-6~-CRi + N0 O RR-NOHR5'1L HI in
which: Gis an al koxy group (OR 2) or an amino group (NRRIl); R and R1
are identical or different and are an alkyl group or an acyl; 5 R and R1
can together forma C2.3 carbocycle optajrponal |y substituted by an alkyl; R
is a hydrogen atom an al kyl group or aryl group; and R, R2, R3, R4 and
R5 are as defined above, to give the above-nentioned conpound of fornula
(1), specificall §Vof fornmula (1A). (¥D 2. The process as clfined in claim1
wherein the boronate conpound of forrmula (1V) is obtained by reacting the
boric precurs conmpound—consi sting of a boroxine of fa/hrzrlul apﬁél) with an
acetal of fornula ?IF{'I) ccording4o th8 reaction bel ow ™ 1) Hd) (1Y)
RLI OR OR |0B-O)OR I| RL OR Fg_agmzr 15

B + -

~ 1
H

R1
in which:
G 1s an alkoxy group (OR"2) or an amino group (NRR"1);
R”and R’1 are identical or different and are an alkyl group or an acyl;
5 R7and R’1 can together form a Cu.3 carbocycle optionally substituted by an alkyl;
R™ 1s a hydrogen atom, an alkyl group or an aryl group; and
R1, R2, R3, R4 and RS are as defined above,

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

10 2. The process as claimed in claim 1 wherein the boronate compound of
formula (IV} is obtained by reacting the boric precursor compound consisting of a

boroxine of formula (IT) with an acetal of formula (HI) according to the reaction

below:
(I (1) {IV)
F|{1
OR' |
B. OR
0" o . )<0F1'1 . |
! l R" G ey =Y
B __B. R1 OF{1
R1 O R1
15
in which;

G is an alkoxy group (OR"2) or an amino group (NR'R"1);
R’ R"l and R"2 are identical or different and are an alkyl group or an acyl;

20 R7"and R7] 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




in which: Gis an al koxy group (OR 2) or an amino group (NRR1); R, R1
and R 2 are identical or different and are an al kyl group or an acyl; 20 R
and R 1 together forma C2.3 carbocycle optionally substituted by an al kyl;
and R' is a hydrogen atom an al kyl group or an aryl group. 3. The process
as;clained in claim1 wherein the boronate conmpound of formula (IV) is
prepared fromthe boric precursor conﬁﬁﬁnd consisting of a 21 boronic acid
of formula (VI) with an acetal of for a (I11) according to the reaction
below. (V) (Ill) (IV) OHOR OR 111-13 + "1~ ORI HR |l G[RICOR11 5
in which: - Hoaenisubilt bf deniiga RV]) Rith &M heetl' offickn@lanB)asccdrfihgesd ther cl ai m
1 or 2. 4. EQ&MBE%%E%? as clainmed in claim2 wherein the conpound of
formula (11) " Used’i's a trial kyl boroxine or a triaryl boroxine. 10 5. The
process as clainmed in one of clains 1 to 3 wherein the conmpound of formula
(I'l') used is trinethy(Mproxine. 6.(lThe process as clai(i®¥d in one of clains
1 to 5 wherein the conpound of 15 formula (111) used is selected fromthe
group conprising a trialkyl or triaryl ortho- fornmate, a fornmam de acetal
and a trinmethoxynmethylaryl and trimethoxynethylal kyl compound. 7. The
process as clainmed in QPH one of tdg preceding cl ains @Fﬁrei the 20
conmpound of fornuI@.(I/ ) is triiELgxkyorthoforna e orTtrinmetthoxynet hane,

di et hyl f or mam de ?""\hylacbt?$ met hoxymet*hyll benzBge,

1,1, 1-tri net hoxy- ethan®H 1, 1, -t¢inethoxyprop el or OR'1| 1

-trinmet hoxy-2- net hyl propane. 8. The process as clainmed in any one of the

preceding cLa%{ujyherein the 25 reaction takes place in the presence of an
e :

acid pre ré%ly Sél ected from an organic
~— the substituents R1, R", R’1, R”" and G are as defined in claim 1 or 2.
4, The process as claimed in claim 2 wherein the compound of formula (II)
used is a trialkylboroxine or a triarylboroxine.
10

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

formula (IT) used is trimethylboroxine.

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

15 formula (I) 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 (II) is trimethyl orthoformate or trimethoxymethane,
dimethylformamide dimethylacetal, trimethoxymethylbenzene, 1,1,1-trimethoxy-

ethane, 1,1,1-trimethoxypropane or 1,1,1-trimethoxy-2-methylpropane.

8. The process as claimed in any one of the preceding claims wherein the
25  reaction 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).



acid, a Lewis acid and a mneral acid. 9. The process as clained in claim8
wherein the acid used is nethanesulfonic acid (MeSG8H). 22 10. The
process as claimed in any one of clains 1 to 9 wherein the reaction takes
pl.ace in at |east one organic solvent, used by itself or in a mxture,
which is selected particularly froman al cohol, a hal ogen conpound, an
aromati c conpound, a nitrile conpoundﬁxﬁn et her conpound and an ester
conpound. 5 11. The process as clainmed in any one of clains 1 to 10 wherein
the reaction takes place in an organic solvent, used by itself or in a

m xt ure, thdOor gdihecpracdsy entclaiined rig aag odefof rédms 1 © QAiwheldin theckattien anount
of above- meni} e GoIPAUATore LB Tl ey (Ldd)oy S ALt aRLAARAS! Wngfliyst ed to
t he amount o ter present in e sol vent“used; in particular, the
conpound of stleetediparticnlarly froasn pr alselnl. 4 halagenesosrpstind rasl arpmaio errmpeu@dat i ve to

the boric praGuNsesmpAHROMIGhSASHdudd 2R 8 Brd@niidpuat  of water present
in the sqlvent used and the water forned in the nmedium 12. The process as

claimed Pn one of claims 1 to 11 wherein the reaction takes 15 pl ace in an

organi ¢ sol viant CliesSireédsn@s @faithed Ueney odaof diagnPI 66 eoSviaseialthd rRdiidm one of
clains 3 ang 6 tg 12 wherein t?e tcoqgﬁuqd gf.fornula QMI) used is gn

al kyl bor oni ¢35 PKIS 1T 8P SFRARICAON GG 3524 BY 15310 SBRIUIE IR P RET ¥ bne of
clains 3 andehhg o dSinsianeilaimt hg ancoip eumanobf Alervethent{ovke) dosipoeidipf bor oni ¢
acid. 15. The. . a i I N I P e ani no
2 conol of PSIRHET Ry EhALIERY Q08 3 46 Bl of Bkt BREHER 'l
active dBnpoahent pwdien prHkuprodesorweued af fasmuln(IBhes pescl & Al eAcesy 15

\(/\/I;)er Si ?dt hﬁerlﬂj](ﬂ%uﬂﬁgg%&%#g{iﬁe ?2); thé ?Pfg}e' !pf;bcgl\e{l)r !:(%1)1&(%21)1? s(@rsas t02 absorb the amount
- <-(dlI phenyl nydr OXynet nyl ) py I di.ne, P

( 2- di napht hyAt AT PXSPRBY IYNS SR Y§oPedh 40, the Wb Eyrmed é‘?ﬁgfﬁdn%ilﬁ“ﬁdanol , (R- or
(S)- 2-am no-3-nethyl-1, 1-di phenyl -1-butanol, (R)- or

(S)-2-am no-3, 3-di.net hyl -1, 1 30 di phenyl -1.- but anal R)-.or_ .

(S) - 2- hydr Ogrret gtnei R{a%qu A% ?lat%({j irgpng )qlgggﬂdﬁogﬂewgérpkn the reaction takes

(i ndol i A52- ydljoeed handapic(sB)venbeonsS)ing bf hwkinaet hyl t hi azol i di n- 4-

13.  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 1 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,28)-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-butanol, (R)- or (S)-2-hydroxymethylindoline, (R)- or (S)-a,a-diphenyl-
(indolin-2-yl)methanol, (R)- or (S)-(5,5-dimethylthiazolidin-4-
yDdiphenylmethanol, 2-((1R,2R,3R,58)-2-amino-6,6-dimethylbicyclo[3.1.1Thept-
3-yl)ethanol or another optically active isomer.




yl ) di phenyl net hanol ,

2-((1R 2R, 3R, 5S) - 2- am no- 6, 6-di net hyl bi cycl o[ 3. 1. 1] hept - 3-yl ) et hanol or
anot her optically active isonmer. 23 17. The process as clained in one of
clainms 1 to 16 wherein the am no alcohol of fornula (V) is (R -

(S) - 2- (di phenyl hydr oxynet hyl ) pyrrolidine. 18. The process as clainmed in one
of clains 4 to 12 and 15 to 17 wherein 3,he 5 nunber of nol equival ents of
conmpound of forrmula (I1) relative to thé nunber of nol of am no al cohol of
formula (V) is between 0.33 (11)/1 (V) and 0.37 (11)/1 (V). 19. The
process as dl7ai néi’heiplomsea@ﬂahheai imeont cdirthi@s t ao 18 wheeeisitie 4thmorulovbelr  of

mol equi val for. ' . he nunber of nol
of 10 am ned?tf ﬂﬁﬂ rl%ﬁ)a5 ?W%ngﬂk&}e{k%@%@)ﬁﬁoﬁ&ﬁé equi val ents of
(V). 20. Use of the corrpound of formula (I) obtained by the process as

claimed in @ny ofg 8bekt b Bhidked th 4 bNcIBNR PELSS 2h @11 54HQ 785MMRIR R C
reductlog of a prochiral ketone. 15 21, Use as clainmed in claim20_wherein
u

the conpundVtber 8F Ml §ayivylents o sempornd ﬂ%FOfwu%ah@l)tfeléHH‘? {9 Bravmbeegt nent of
t he medi um aholaffta@fin®€ ABSIRNoF Bdrhila OF) it BeweBERAI3BNII/N (¥ahsd PBOCERFS(Vor the

asymetric reduction of a prochiral ketone.
19.  The process as claimed in one of claims 1 and 3 to 17 wherein the number
of mol equivalents of compound of formula (VI) 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.




