1 Method for preparing 1,3, 2-oxazaborolidi ne conpounds The present
invention relates to a novel process for the preparation of the conpounds
-of formula (1), which are called CBS conpounds. Mre 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 R4 RB R2 RL NAB O | Rl 10 The conmpounds of fornmulae (1) and
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ketone. Prior art: 15 The literature discloses processes for the synthesis
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presence of water or contgpination of the 25 gfppguads of fornmula (1) with
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which Rl is methyl, narrel})u%phigcal ly active Me-CB |

—N O
R5 N
Ff —N. O
R1 I?
Ri
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 (R13B303) or a boronic acid
(R1B(OH),) or an alkylboronate (R1IB(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 (o be removed from the medium by carrying out
several azeotropic distillations. 4_ ‘
Tt 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
stereospecific activity of the catalysts obtained from said compounds.
More specifically, the literature describes the preparation of the compound
of formula (IA) in which RI is methyl, namely optically active Me-CBS, from



2 optically active diphenylprolinol in the presence of either

tri met hyl boroxi ne (B3Me3G3) or nethyl boronic acid (MeB(OH)2) or
bis(2,2,2-trifluoroethyl) alkyl- boronate. 5 From a boroxi ne or a boronic
“acid -The article Russian Chem cal Reviews 2004, 73(6), pp 581-608, by the
authors @G ushkov V. and Tol stikov A, describes processes for the
preparation of the conpounds of fornuﬂa (1) or (1A froma boroxine or a
boronic acid and the inpact of the by-products forned when optically

active Me- |
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1989, by t H8:NlesBorer msHaipoponic gai %F%&)I@Z) 0@#%@8#5“%‘@@%@?%‘ on of a
conmpound ofpdrendiall @ (1A), namely optically active Me-CBS, fromoptically
active di phenylprolinol in the presence of nethylboronic acid (MB(OH)2)
usi ng toluene as solvent and renoving the water 15 fornmed by azeotropic
di still &t i ofwonbadberexihe BASIBOM&Q&Gidl34O74 publ i shed on Decenmber 21 2006,
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contrary tO the I nvention reacts, a boric : £§UI’SOI’ bOI’ OXI ne
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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 (RI—BO)g 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 TI which is a trialkoxyorthoformate to
obtain the boronate compound of formula IV.
The BASF process which uses a second reactant boronate of formula I 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

(CH3CH,B(OCH,CFs);). The use of bis(2,2,2-trifluoroethyl) ethylboronate as

starting material remains a laboratory process because its preparation requires a



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 Ml downey M et
al ., describes the preparation of the éonpounds of formula (1) from

ci s-1-am noi ndan-2-ol and nethyl diisopropylborate. This process is limted
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conmpounds, and articularly a process for the preparation of an optically
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enantioselective reduction of a prochiral ketone.
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OBJECTS 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 boronic 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  economic 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



contam nation with boronic acid. Another main object of the present
invention is to provide a process for the preparation of the conpounds of
formula (1) or (I1A) which is of very great 30 econonic 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 tecdhnical problenms by nmeans of a
process which affords a high purity of the above- nentioned products of
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of formula (I), and more specifically the compounds of formula (IA), chemically
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pure and at a very advantageous financial cost for industrial nse.

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

Ra_ FB
R2

O

R5”N\TB/
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
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



Rt n 6 R~N~ OB I NAO I RL inwhich: RLis an alkyl or an aryl;
R2, R3, R4 and R5 independently are a hydrogen atom an al kyl or an aryl,
it being 25 possible for the alkyl or aryl groups to have one or nore
~hydrogen atons replaced 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 togetler form a carbocycle, which itself
conprises one or nore 5 substituents, wherein the follow ng are reacted,
preferably gn g%g% in two steps: a) a boric precursor conpound with a
conmpound of rnu?gf(lll) to give a boronate 5 conpound of formula (1V)
accor di ng twhehim tbhéHovahg arsacadtash predtrably i bity,)in (W/ptepOR OR Boric

precursor + ~OR 1 | conmpound R® G[RLORI1l] and iv b) the bvrvnate conpound

of formula (W with an am no al cohol conmpound F fornmula (V) according to
the cheni cab) &RuKtRresprERs|campoppd yvithycoppoungkef fermpdn (LdRto giye whoronate

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

(IH) (IV)

Bor - OR' (i)F{'
oric precursor
conl‘?pound + OR/, B

N

R" G R1 OR',
;
and

10 b)the boronate compound of formula {(IV) with an aminc alccho! compound of

formula (V) according to the chemical reaction below:

(V) (V) ()

| R3
OR' R4 RS R4
R2
b |+ YT
R1” TOR'
1 R5—-—N\H OH R5 |

in which:

15 Gis 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’1 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 (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 (II) with
an acetal of formula (IIl) according to the chemical reaction below:



R2 Rl 0111 ] ~A_ + R5S-N\ OH R5~N'B" HRL in which: 15 Gis an al koxy
group (OR 2) or an amno group (NRR1); R and R 1 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 al kyl group or an aryl group; and R, R2, R3, R4 and R5 are as defined
above, 20 to give the above-nentioned éorrpound of fornmula (1), specifically
of formula (IA). 1In a first advantageous enbodi nent of the invention, the
process according to the invention conprises obtaining the boronate
compound of fornmula V) by reactin |[)t he boric DFECU{§§)I’ conmpound

consi sting of aboro ne of formula {11) wth an ace of formula (111)
according to the chenggal reaction below 6 (Il) (IIl) (IV) RL OR OR
0O+ ~0R, RRGB R11B~O?1R1F in which: 5 Gis an _al koxy group
(OR 2) or an am no (NR'R'I))ﬁ Fgl and R 2 areﬂ)&’entlcal or
different and are &?al | gHoup.Q P ty—R=and R 1Btoget er forma
Cz_3 carbocycl e opig.onab.y substi't ut e by an al kyl ;| Rnd \I?@Ri s| a hydrogen
atom an al kyl Bﬂoup o arﬂ‘aryl group. | n anot her vant ageou enbodi nent
of the invention, the process 10 conprises preparing the boronate conpound
of formula (1V) fromthe boric precursor conpound consisting of a boronic
acid of forpul@ckVl) with an acetal of

5 Gis an alkoxy group {OR"2) or an amino group (NRR’1);
R’, R"1 and R "2 are identical or different and are an alkyl group or an acyl;
R” and R’1 together form a Cy 3 carbocycle optionally substituted by an alkyl; and
R’ is a hydrogen atom, an atkyl 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 (VI) with an acetal of

formula (1) according to the chemical reaction below:

(V1) () (V)

/OH OR' OR'
RI—E 4+ OR, . B
\OH R" G R'i/ \ORI1

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 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.



formula (111) according to the chem cal reaction below (VI) (Ill) (IV) OH
R OR Ri +~-OR R1-13OHR G[ROR 15 in which: - the substituents
R, R, RI, R and G are as defined according to the invention. In one

- advant ageous variant of the invention, the conmpound of formula (lI1) wused
‘in the process is a trialkyl boroxine or a triaryl boroxine. In yet another
variant of the invention, the conpound”of fornula (I1) used in 20 the
process is trinethylborOX|ne I n anot her variant of the invention, the
compound of for nHI an(thérl })aﬂﬁ%ﬁgr | dnbddiiBe’ BF QRS 1h§en§1%heeéﬁee@ofn’pﬁﬁﬁd hﬂ group
conpri si ng trial triaryl  orthofornate a forma &@ acetal and a
trinet hoxyn@fl’ﬁ‘}'laaﬁwx I&nﬂlﬁoPmLCFﬁSrr@t HoRGHEk Rythaiorpate E’br%@ﬁ XYReaRe. anot her

particul ar cﬁﬁ%&@ﬂfﬁﬁﬁémﬁi& t hejiinesghict@n, thﬁmﬂmgmemylb@ﬁzefnernul &1(1-11) in

the process is hof ormate or tri

i et by 1 or AR RS EEREY Hyt LEbaROR PR RS Ay e O BaR: e ey prppgne.

tri met hoxyet haneln skt alfIchéIr e{m‘trddl[merhmfth mpemeng thelprodess ¢omprises carrying

o T LY OBl B OO SRR P MY o,
preferably zsb‘twtaeml afnld@nnmnrarbﬂgém c acid, a Lewis acid and a mineral acid.

I n one advant ageguseRasthfERk eﬁ‘fboafﬁ?en't @Y@fﬂ:t1h9éhtlohhﬁler1€§&fthEkés%ﬁfé pl ace
in the presence of an orgahi c .acid ri sing, essential

consi st i ng ®fthe pEesgpcecRfrify %rtg?“h‘@ agid E’Fﬁﬁee § PB?’:P eé’?ﬁ“&‘ K/@%'E%?—t{)“g %n
anotheruﬁdv?ﬂ%ﬂgﬁgm§oﬁﬁa@QMﬁﬁmﬁm@EcmmﬁkﬁnmHmt|on the process conpri ses
carrying ou e.reaction east ,one o nt, used I tself
or in a mxture® P %dvé"eliag?ﬂuéde]ﬁ‘gf’glfrbeﬁ# ‘?ap);ﬁ? g B nalr?nal l(lzjlohg{olggss hal ogen

conpound, @m@iseraiirying onptheinehctian i 4trledse opoopRUItdolvant, esdkby It@hlimund and
an ester 11% £ %nﬂa%?%hich is selected particularly from an alcohol, a halogen compound,

an aromatic compound, a nitrile compound, an ether compound and an ester

—
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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 (IIT) to the amount of water present
in the solvent used; in particular, the compound of formula (IIl) 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 alcohol of formula (V)
is (R)- or (8)-2-(diphenylhydroxymethyl)pyrrolidine, (R)- or (S)-2-(2-dinaphthyli-
hydroxymethyl)pyrrolidine, (1R,2S)-1-amino-2-indanol, (R)- or (S)-2-amino-3-



I n anot her advant ageous enbodi nent of the invention, the process conprises
carrying out the reaction in an above-nenti oned organi c sol vent and

adj usting the amount of conpound of formula (I11) to the anount of water
present in the solvent used; in particular, the conpound of forrmula (111)
is present in an 20 excess nolar anount relative to the boric precursor
conpound so as to absorb the anopunt of® wat er present in the solvent used
and the mater formed in the medium In one advantageous variant of the
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is an al kyllb’é?l’t%l @)OPr é@y@*ﬁ?bﬁi‘@ﬁy‘@e%l“&fi‘)hﬁﬁf @R)Cl?lrgﬁ -G "ﬁ’ﬁa(fn D-7Zvai | abl e

(cgr;mr ci al 1 yymdtRarnot {rer \ogr I(smts @-fdnt’l&ﬁ ltmmmmm-ymmeﬁﬂmwtmdl of2-f ornul a
is C, aci a S

avai | abl e @ﬂ%&?@ﬁg?#&Zany%igﬁci ﬁWQH é%ﬁggégﬁgg ﬁ? h%ﬁﬁ%¥ent|on

the am go adpmhkbjracﬂve?.{bnﬁe:ur mula (V) in the process is a supported or
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(S) - 2- hyodr oxysmRA byfdrﬂﬂfa iW)as bétRken 033 (B)A &Vpant @Bem)/( (vidol i n- 2-

yl ) met hanol , (R) di met hyl th| ol i. di_n-. d yI anol , 2-
((1R 2R 3R 59)- 2% ?{gef) é"%%%&?%l 6‘%’%}%? '[? i“"f]“ﬁept %’ hi?‘])ﬂs%}han
another 5 @mmvedaité. yf e@np(wmdl sfoivenulal (YIaredtthertovhe nambendt mhkof ammﬁ)t | on,

the am no alcholy ?eru?ar ({{ﬁ ﬁtﬂeﬁmbeﬁ dﬁ)etw@ nland 1. % gﬁmvglents of (VD).

(S)-2-(di pheny ydr n anot ant a eous varl ant
of the inventi onACQQTémﬁdﬁtﬁe&ﬁC@id feplure, dbg Piesg T AR enEPn @BRTOUHE th Uscopinul a

(11) rejatixg 5&{140}}9.& HNEhul ffm[ﬂaﬁqfnlﬁm AP forktA (RO a0frotQk ut ehe( V) 1
bet ween 0.33 (11)7.1 (V) ‘and_ 0.37 (11)/17(V).
asymmelric reduction of a prochiral ketone

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
(I) and the compounds of formula (IIT), and then the compounds of formula (V),

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

Scheme S-1
I (i) (V) V) U]
R1
R3
B OR OR Re F3 Ra
kom
! (P + R G R-I/B\OR + - N 0
R1 /B\.O/B\R_I 1 R5——N\ OH RS ~a”
y k
25
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;



I n anot her advant ageous variant of the invention, the nunber of nol

equi val ents of conpound of fornmula (VI) relative to the nunber of nol of
amino alcohol of formula (V) in the process is between 1 and 1.2

equi valents of (VI). According to a second feature, the present invention
al so covers the use of 15 the conpound of fornula (l), particularly of
formula (1A), in a process for the asyfmetric reduction of a prochiral
ketone. Wthin the franework of this use, the conpound of formula (1) or
(I'A) can J i i L] tment of the nmediumor else
after con(t:ign?srsigt Cg%é%gtos%i? #%@l%ﬁ@ éllo T ls%rgﬁlﬁ’ a first enbodj ment, the

Appl i cant Ha% BfeRd anddRd indgpessientdy prgra hydeogep aiparait allby aspneRd. € 8f8unds of
formul a (1)poshislesioP Bk @AmeHngsusf ofarevhéor bt t\l}?ﬂdgdnl‘t&o@x@mﬂﬂmds of
formula (I111), and therbt.he conmpounds of fornmula (V), are reacted in situ
accor di ng tR ACHEMRPIESYOSHBIHN: Schene S-1 (11) (111) (1V) (V) (1) | OR R4
O B + "SORR4 landl RERogdthdr RnR2 RileBeycle BviRi the GitkdgEh 4Bm], Woch\itse R5- N, g0
OHI 25 R___in.which: Gl I group (OR 2) or an am no group
(NRRI); F?O,mqilsf’s%rhedorﬂ“feas}s%&ﬁug‘ﬁ ,%ﬁ%l or different and are an al kyl group
or a carborg4 angRFumgetdor Rrmand R dareenycleogdidheitseliogomprisey oge curme€ycl e
optionally s%H?c?tfxEﬁt&‘.t ed by an alkyl; 9 R' is a hydrogen atom an al kyl
group or an aryl group; R2, R3, R4 and RS independently are a r%ydrogen
atom an al kyl o aseeand| embadimentyghe Apphcant dap gievelppedipirpeess 16t $he gr oups
t o haveponep@parBidie oM QEFHURALO B f6:@RIIA¢Bvherein the compounds of formula

(V1) and the compounds of formula (IIf), and then the compounds of formula (V),

are reacted according to scheme S-2 below:

Scheme S-2
(V) (i (v [\ {1
, R3 Re B
g4 kO | ] + T L N_O
o RTG R1”OR, PB'N\H o Rs g’
|
R

15 inwhichR1,R", R°l,R”", R2, R3, R4, R5 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 (Il) in the presence of an acid,

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

20
Scheme S-1
v
an {ny v ) (W
R1 A
B OR' solvent on pa B3 fo R4 RS o
SR , . .
? (I) + R../I<G T — R1/B\OH' + AN OH —— N
/B\ IB\ acid BN RS \B’
[~ S o A H i

Ri

R1,R°, R’1,R”, R2, R3, R4, R5 and G are as defined above.

In one advantageous embodiment of the process of the invention described



by one or nore substituents; 5 R4 and R5 together forma heterocycle with
the nitrogen atom which itself conprises one or nore substituents; and R4
and R3 together forma C3-7 carbocycle, which itself conprises one or nore
substituents. In a second enbodi nent, the Applicant has devel oped a process
for the 10 preparation of the conpounds of formula (1) wherein the
conmpounds of formula (VI) and the conmp@dunds of formula (l111), and then the
conpounds of formula (V), are reacted according to schene S-2 bel ow

Schenme S-2 111) (4 M (1 I f. FU F12 R-1-13 + |
T o e stitie) S, Yheoftpbpnd Rty 0, pil 4 jeilybinafiilolat 1%
R, R', RXfiaRBhorRdine RPrafecebly.che campdehd wédombdy 1) Murdeispeaaninewiafly i n t he

first enbodgmggle%%g{hkmgfbx@[ye_schene S-1, the process of the invention is
defined by the reaction, 1n an organic solvent, of a boroxine of fornula

(1) with an acelaegidvaipgapus embpymend of the pipesse Rt ednveiiogdescribednd by
t he .addist i opy edheatR SUT1 AR & H SffofRAEUIIE (341 is A0S 6. trfrdl 6fthg- (111)
(V) (V) li)ormaRt]é, !':1 f(l??marr%\de acctals 8} \e{%plgne{hog(])?mléthlﬁflar}lnor%me%ho}y%thylalkyl
compound. The compound of formula (III) 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.

[
Lh

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 (If) 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-(diphenythydroxymethyl)pyrrolidine, (R)- or (S)-2-(2-
dinaphthylhydroxymethyl)pyrrolidine, (1R,2S)-i-amino-2-indanol, (R)- or (5)-2-
30  amino-3-methyl-1,1-diphenyl-1-butanol, (R)- or (5)-2-amino-3,3-dimethyl-1,1-di-
phenyl-1-butanol, (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,5S)-2-amino-6,6-dimethylbicyclo[3.1.1]hept-
3-ylethanol or another optically active isomer, etc.



OO+ R, LI J+B | RGRI~-ROR R5_,I| HR5~N, ~O RL R ORl acid H I
R7 R, R, R1, R', R R3, R4, R5 and G are as defined above. In one
advant ageous enbodi nent of the process of the invention described 10 by
schenme S-1, the conpound of formula (11) used is a trial kyl boroxine or a
triaryl boroxine. Preferably, the conpound of formula (I1) used is
comrercially available trimethylboroxihe. In one advantageous enbodi nment
of the process of the invention described 5 by schenme S-1, the conmpound of
formula (I111) u i | . J = r: m de
acetal or a triﬁgtngégg%ﬁﬁ§$g¥§#b%%n%%%ﬁ%¥%3£6%£€ﬂ§ﬁ§f Iﬁoggﬁ%gﬁgg. The
conpound ofbyfsshere 8- L ispid)proessaceroprines 6puying oll/&e redstian ERture o

fol I owi ng qRpmEILCI-&l dni Fvel é@ﬁkﬁ)lf@ﬁ@@ﬁﬁ)@ﬁ&td@b’fb@mmi oned as exanpl es,
but without Tnmplying a limtation: %@ineth I orthofornatFtor.trinethoxy- 10

met hane, triet hyI|n Brathest advagtageoysy p pg,qmeg 1 othsy REgLEss © he mvenuqn
N, N- di mat hydek@ftsariydeheinest hythaaeindbs oft mbhedjuieatyme bhydrhpmmens, fodmula, 1

-trimethoxyethane, 1,1 1-tri- th r :

L1 T by Gubs JrbbiraBor bR aRRAR N Sornia (V)i bptween 030 1
process of {@hd (WweedDi3gr(fé<dD,i thedumbgr ofciquivalegisipreferablnediag OSedIlVe an
organi c aci ) a Lewis acid or a mneral acid. 15 By way of exanple, but
wi t hout i I'ving a limtation, the acid used is net hangsul fonic acid

(MeSOBH) . | n onelnaanethtra gévaniagapiso gmbeAimet efhEiep pecesss obfthe HBVGHYPENt i on
derS] C{ji bed &xcﬁts‘éaed‘gescﬁ?ﬁae Sl e RUAGESS] in@} E@fivalests 0B tompodil @tpﬁojngmal : -
anhydrous, organic  solvent, used hy itse in xture. ol ven
can be an alfbétaiive ® tH%PB‘Bg‘?F #@@&%BWBPH%H‘OQFBH]&%F?‘Eb%&&ﬁﬂﬁg% itrile,
an ether oro.ancgsialent oFH), prTerblydS.35 equipdemaf¢l).formula (111) used is

adj ust ed o the” orount. of Y . BLESETr kB hWrioR Uty & EiEHEDLY. the

solvent used is _ i
comprises the reaction, in toluene, of trimethylboroxine of formula (IIA) with

Lh

trimethy! orthoformate of formula (IIIA) in the presence of methanesulfonic acid,
and the addition of (R)- or {8)-2-(diphenylhydroxymethyl)pyrrolidine of formula
(V) according to scheme S-1A.

[am—

The reaction is carried out at a temperature of 20°C.

Scheme 5-1A

(-4 {lin-A (IVy-A (V)-A (1A

foluene O
by S I O —— ~TO
O 8] + e
L] HT ~OMe Me~ o + !

N\L?,O
Me

Me” 0" P e MeSO,H . OH

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 (VI)
with an acetal of formula (I) in the presence of an acid, and the addition of an

25  amino alcohol of formula (V).



I n one advant ageous enbodi nent of the process of the invention described
25 by schene S-1, the am no alcohol of formula (V) used is a supported or
unsupported, optically active conpound. The follow ng may be nentioned as
exanples, but without inplying a limtation: (R)- or

(S)-2-(di phenyl hydroxynet hyl )pyrrolidine, (R- or (S)-2-(2-

di napht hyl hydr oxymet hyl )pyrrolidine, (4R 2S)-1-am no-2-indanol, (R - or
(S)-2 30 am no- 3-net hyl -1, 1-di phenyl -1 -butanol, (R)-

(S) - 2- ami no- 3, 3-di net hyl - 1, Schefre Sphenyl - | - but anol , (R)-
(S)-2-hydroxynet hylindoline, (R- or (S)-a,a-diphenyl-
(indolin2y| thano (R - or (S)-({,5-dinethylthiazolidin-4-
yl ) di phenyl met ﬂ:nol m) (‘W:*I) % O

2- ((1R 2R 3R, 55) - 2- ami no- 6, 6- di et hyl bi cycl o[ 3. 1. 1] hept - 3-yl ) et hargl or

anot her optically actjye isawvet, etc 1 7l n oné4ad t ageous e rent of
the processy offth |n i on_des! descrl beg by |schene said procegs %
conpri ses carr S‘ at ~d he re%ctl onrdl “ar tenpeﬂa‘tf‘Llré)Hof bet we€n ®C and

30C, prefer ably at a tenper ature ot 20C. fn anothét advant ageous gabodi nent
of the process of the invention 5 described by schene S-1, the nunber of
nol equi val ents of conpound of formula (11) relative to the nunber of nol
of am no al coholIannefaalwmhgeo@wanibsdih&tnmetheopraaess ()f tt)ehmv@aa)onamlcrﬂaem (11)/1

t he nunber. of aI ent s f erabl g. 0 .1 n anot her
advant ageo&?’ SHA %zt % cpgo g'?cgcozs 8%(‘1% Egﬁ Hventl on )a%lbgé(}s%(fi%ed by
schene & 1,aryheronivrheid. ofommieraaiy M1hhbspmﬂu@©mmﬂnma@fbef wentidred 51 1)

rel ative to.f ap@a%égt&g% f g{lt’hp?tl %Plﬁ;‘%ggb H‘Q%EI’ grmygta n(léthyl?a?ﬂo?wbe&éi‘@en 0.33

and 0.37 eqU| €qui val ent” o
speci fi cal IEhenvlb@rqmtbmgnfbp-t@lmbomwfémlﬂon according to schene S-1

conprises the refciiOMlyahtdedsk URMBdinMnt 0F tifEepBYdsh & end 1@Qerﬁf0nfdyséﬂrﬁe@ (RA)
with 15 trimethyl ortho o%

mate o enc of
met hanesul f BhPeicEgi ¥2, %&Wua%?ﬁg%w%?ﬂﬁ dod‘ﬂang acid used are as
(S)-2- (i phesntehecreyi@es-nyl ) pyrrol i dine of fornmula (V) according to

scheme S 1A Thfn dne vlagtggéo%s%%{’b%hflgen %tf the pr%cess rg?%heaxtnlxjrgﬁion descr%ed
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 (IIT) 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 mol 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
(I 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 (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



Scheme S-1A (11)-A (111)-A (
H+\ \ / M O M MSGEH
the process of the invention described by scheme S-2 conprises the
reaction, in an organic solvent, of a boronic acid of formula (VI) wth an
acet al of formula (111) in the presence of an acid, and the addition of an
25 amino al cohol of formula (V). 12 Skhene S-2 (VI) (1) (1v)y (Vv (1) o
OR solvent M RBR4 CHOR, | R RI-B+ OR] + R-NOH RS-N,B1 0 R'~O acid
Rt B° ORJ 1B%tﬂ)}gegﬂﬁ’li§)%§(@rgf%ﬁﬁﬁﬁ (ﬁiff?PfH ngatres‘éﬁcet Qﬁm@fh‘ﬂﬁ@sﬁ&o&fe dche

I nvention descri ound of forpula (VI) used is an

al kyl bor oniagddpe anJéIPSIIQdeanE (R @dxph%mmwxameywél?m%@ﬂ% ABdME s whi ch
may be mentg @&ngﬁggggﬂﬁhgsgzhut without inplying alimtation, are
nethylboronlc acid, = phenyl boronic acid and p-tolyl boronic acid. In one
advant ageous enbodi ment of Hpe gﬁgcess of the invention described by
schene S-2, the conpounds 8f"°F&F#il ae (111) and (V) and the acid used are
as 10 defined in scheme S-1. In one advant ageous enbodi nent of the process
of the invent¥dn desé¥tbed by sch&¥ivk S-2, sai™*process is clrfried out in
an organi ¢ sol vent having the sane

toluene
o OMg " (!)Me
Me—B + J( & _B. +
Me

MeSO,H Ohe

IV)-A (V)-A(1)-A | Owe toluene B O+ "j'-Ow
N N

A
OHN O HB20 M 1In a second enbodi nent,

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 medinm.

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 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
(-COOAlk 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),0R6), a sulfonate (-S(O);OR6), a sulfamoyl
(-S(O)NR6R7), a sulfonyl (-SO,R6), a cycloalkyl or a heteroaryl, where R6, R7 or
R8 is an alkyl or an aryl.



characteristics as those nentioned in scheme S-1. The anobunt of conpound of
formula (I111) used is adjusted to the anmbunt of 15 water present in the
solvent. Preferably, the solvent used is toluene. In one advantageous
enbodi ment of the process of the invention described by scheme S-2, said
process conprises carrying out the reaction at a tenperature of between 5C
and 30C, preferably at a tenperature of420C. 20 In another advantageous
enbodi ment of the process of the invention described by scheme S-2, the
nunber of nol eqyival ents. of c ound of formula. (Vl ive. tqg the
nunber of nol of %H‘iaﬁo?g‘ o Pn gqu SPHE %lyt“g) ﬂl&t%t(qa?n\/\/)gée:\ngf%lg\régldf%g
equi val ent sbeof sulivinjc, ani @n@hmwlfmlcza@quaobnmq@ukfonie\aci)d) | n anot her
advantageous e e : i 0 ri;ned by
eﬂbﬂﬂ 35%[& bR %ﬁ@ﬁﬁgﬁﬂga N8I Othe 128vid @8l dafa o

schene S-2, th equi va conpound’ of fornul a
relative thet%ﬂéorﬁ&ﬁ%@hdéfaﬂn%‘PmB\‘méB Hgbieer arirebirhalide-(vi) is bet ween 2 and

2.5 equisval ents Bf v&fahrlolf):xarﬁ?l@f BitaBtbou? inkpI§ gl &/t RAGh, Be fnideldl .acidbdag
e inventio accordl ng to schene S-2

speci ficall t he proces
conpri ses t Wdé%{??rwc“fﬁyfh@l%m ac Orr‘?ﬁﬁ‘ﬁ ¢ 888 oni c acid of formula (VIA)
with 13 trinet hBy waytdiekemph, buowlthautrimpayi(lg hlliitdtiont the ppase ncleemf

met hanesul f o % ag 's%’lfox%t@d IHE agdcﬂ}ﬁ[e oA Qg ]pg(ﬁ)e %]g]l(/ISO) \% nitrile ch as

(S)-2-(di phényl ydroxyne rro ne 0 Accor |ng to
scheme S-2/ccBukitie & zlmotlm )suah @b | gthanal,( legybysaroy) orAIS(OP;OPAnolt olPden@ r Me- B+

H O N1oO Mi&HnBeddséiviR sddie §OHRH}HP&n&BaﬁeD r(@['ig@12§ | )anomn@den adcipYasmeans of

the processes described by schemes S-1 and use B{Aé rocess for the
asymet ri ¢ figwdstiosnanidcaDPFScH pthpr oﬁ‘?eeth%ll ?t & agh %"ta%ﬁpp‘\/v?"c it
addi tional kdxeaémaRkoRitd Revaresichinms @sluaid, @i 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

[
wn

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.

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

Y ) L
LB Toluene O
173 97 +1HOOMe), ———= 1CHBOMc#+1HCOMe 4 1 S +2MeOH
B, B MeSOH oH N, O
N
H

30

Rl 3 N
CH,



10 concentration of the nmedium Definitions: The above definitions are
applicable to the description, the Exanples and the clains of the

i nvention. 15 For ease of understandi ng, the nonencl ature of the groups,
reactants, solvents or products is the international nonmenclature or the
nonencl ature commonly used by those skilled in the art. The term "al kyl "
denotes a linear or branched O -C6 hydt®carbon chain. Methyl, ethyl and
tert-butyl are nentioned as exanples. 20 The term"aryl" denotes a
substituted or unsubstituted C6-Cl2 aromatic ring. Phenyl and naphthyl are

mentioned as—exanmples The term “substituentod om X", an
al kyl (Ak), | @dmpsdd (Ar), a hydi@gyht (- OH) . aRualbkPXYE(niilekde 4n aryl oxy
(-QAr), an | “or aryl ester (-COQAlk or -CCI}Ar an am no ((-H{H2),

ky )
(- NHRG) , (-%&57)), an” ani di ne 25 (- C{=NR6) NR6R?! MO5( =NR6) NR6RY7,
- PR8( =NR6) N Yipheaglpratimad (- C(FNR6) R7), a cy@m®97-CN), a nitro|(-N®R), a
sul fhydryl (}SH), a thioether (-SR9), a sulfate (-0OS(O 20R6), a qulfonate
(-S(O 20R6),[| a sul fanoyl (-S(O) 2NR6R7), a sul fonyl 3(-SOZRG), a cycl oal kyl

or a het er oaf Viimethiytoeods R7 or 968t itk an al kyb.9%ok07an @Ayleq. 14 @y way of
exanpl e, butf wi thout inplying a ldq [ he organic acid can lje a
sul fonic acijd (nethanesul fonic ac%ezj%gr(g[?gﬁjenesul fonic acid). By way of
exanmpl e, but{ wi thout inplying a I3 ®EI(BWE) the Lewis acid can bg a boron
trihalide, anrameyDeihdfbiiati de Dg7an iron tribakive. %5184 way off exanple,
but without |nmplying a limtatio the mneral acid can be hydroghloric
acid, hydrobfomc acid or sulfuri 38cid. By way of exanple, but wijfthout

i mplying a || Toluadd on, the organiZzssbl vent can be a subbfweki de sugh as

di met hyl sulfoxide (DMSO, a nitrile such as acetonitrile, an al gohol such

as ethanol, fert-butanol or isopropanol (IPA), a 10 hal ogenat ed sql vent
such as di ch| Metmettwiioaic( CH2C12) , 1229 phmi de such2d$ 1.107 eq.
acid 19.1 mg (crude)
19 mg (pure)

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
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 5 g of (R)-
diphenylprolinol in 18 mi of toluene is added to the above medium.

A 2°C exotherm is observed.

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

10 ml of toluene are distilled under atmospheric pressure and 10 ml 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

. - o @ Uy
Ho—H  +2HCIOME), ——  He—g +2HCOMe +2MeOH N +2MeOH
oH cat MeSOH 0—0H, o N, O
B
: L

A



di net hyl f ormam de (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 fromthe foll ow ng expl anatory
description including several 15 Exanples of the invention, which are
given sinply by way of illustration anth cannot in any way limt the scope

of the invention. In the Exanples the percentages are given by weight, the
tenperature is roomtenperature (22C 3C) or is given in degr ees Cel si us,
and the pressue-is _—atnpspherlic preossilgetnless—ndi-c; at-ad—otx ---1=-| se. 20

Furt her mor e C Ofburl%xarml e fOFTTBPéﬁbdnfﬁt egr al marnﬁbe,@bftrm |Eqmna1|e;m and any
characteris ea ov relative t STATE OF THE ART|forms an
i ntegral p 3 IP %M?Q@h gr?ogl s cl ai rre@@rs&gsuch inits gener ! ity as
a general |nBBRy, and in its function. 25 EXAMPLES OF THE | NVENTI O
Preparati onj of the conpound (R)-MeCBS Exanple 1 Process according to
schene S-1 ||30 Toluw 1/3 B e +1 HC(C]\&% Me50 H1 Q/8B( )s+1 HCCape + 1 -.
H  + 2 MeQHMeHytbapogsiacid H OH -3 a®rudconpo @i 6Amount NuhS8r Equi yal ence
of mol (R)|di phenyl proli noI 5 @ 2(%@ﬁre Tri met hyl bor oxi ne 961.4 p
6.9.10-3 0.[85 eq. 867.2 crudeg % ngy ((g)ure) Tri me&flyl ort hof or mat e
237 mM O. OFIWmftwl @ahofognge 0.0348 d'eq.

3.69¢
Toluene 21 mi 5 vol.
Methanesulfonic acid 10.8 ul 1.66.10™ 1.107 eq.

16 mg (crude)

15.9 mg (pure)

0.99 g of methylboronic acid, 5 ml of toluene and 11 ul 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

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



Toluene 25 M 5 vol. Methanesulfonic 12.9 pl 2.10-4 1.10-2 eq. acid 19.1
ny (crude) 19 ng (pure) 5 m of toluene and then 960 pl of

trimethyl boroxine and 2.4 m of trimethyl orthoformate are introduced into
a. four-necked flask under a nitrogen 5 atnosphere. 13 pl of

met hanesul fonic acid are added to the solution. An 11 C exothermis
observed. The nediumis cooled to roomt enperature. A solution of 5 g of
(R - diphenylprolinol in 18 m of toluene is added to the above nedium A
2C exot her islﬁbﬁerved. 10 The nediumis stirred at roomtenperature for 1
hour. 10 m %fuene are distilled under at nospheric pressure and 10 m

of anhydrous t ol uene are then added. The nmediumis concentrated until a 15

to 20% wei ghe sol on of/ERysVECBS ih t O u%ne is obt & nedd L5 Exanple
2. Process ac @Cheneﬁth eH oHNC— )9 Hp-e
+2HOORMe+2 M 0 Hj-\—/ H Q16

d

Conpound Amount Nu nDST/( i val ence i phenyl proli ((R) -
0.0166 DPP) Met hyl b 0.0166 1 eq. 992 g (pure)

onlc adifd™. 02 g (crude

Tri met hyl (r)rthoformate 3.8]1 ni¥P. 0348 2 1 _eq 3.69 g Toluene 91 5 vol .
Compound Amount  Number of Equ1valence
mol
Ketone S5g 0.0141
(R)-diphenylprolinol 178 mg 7.03.10" 5.10% eq.
methyloxazaboroline ((R)-Me-CBS)
Water 30 ml 6 vol.
Toluene 1 ml 0.2 vol.
Tetrahydrofuran (THF) 10 mi 2 vol.
Potassium carbonate (K,COs) 253¢g 0.0183 1.3 eq.
Acetone: 3 equivalents/BH; 3 ml 0.61 vol.
24¢
Borane-N,N-diethylaniline (BH;-DEA) 2.5 ml 0.0141 1 eq.
229¢
5 7.5 ml of tetrahydrofuran (THF) and 2.5 ml of borane-N,N-diethylaniline

complex (BH;-DEA) are introduced into a four-necked flask under a nitrogen
atmosphere. The funne! 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 THEF is added over 1 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.



Met hanesul fonic acid 10.8 | 1.66.10-4 1.10-2 eq. 16 ng (crude) 15.9 m
(pure) 0.99 g of nethylboronic acid, 5 m of toluene and 11 | of

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

at nosphere. 3.8 ml of 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 solution of 4.2 g of (&R -di phenylprolinol in 10 m of
toluene is added to the above nmedium at roomtenperature. The funnel is
rinsed with 1 m of toluene. 10 mM of anhydrous toluene are 10 added. The
m xture is stirred for 1 hour at roomtenperature., 25 m of solvent are
distilled under Htermspharis anplyzskioy ehita }g)h(é dha gogsieyeoisapegiet ex683susi on of
(R) - MeCBS idfﬁg fgl uene. Use of the solution of the conpound of formula (1) in
a reaction for the asymmetric 15 reduction of a prochiral ketone 17
Example 3. 0 0 O s-ycEAinswCHO O CHO O \ NNk p MEM\ N\ N)_O of
ThF2vd 20' C Conpound Anmount Nunber of Equivalence nol Ketone 5 g 0.0141
(R) -di phenyl prolinol 178 ng 7.03.10.4 5.10-2 eq. nethyl oxazaboroline
((R-Me-CBS) Water 30 M 6 vol. Toluene 1 m 0.2 vol. Tetrahydrofuran
(THF) 10, 111 2 vol. Potassium carbonate (K2C03) 2.53 g 0.0183 1.3 eq.



Acetone: 3 equivalents/BH3 3 ml 0.61 vol. 2.4 g Borane-N, N-di ethylaniline
(BH3-DEA) 2.5 mM 0.0141 1 eq. 2.29 7.5 mM of tetrahydrofuran (THF) and
2.5 m of borane-N, N-diethylaniline conplex (BH3-DEA) are introduced into a
four-necked flask under a nitrogen atnosphere. The funnel is rinsed with
2.5 n ofWhates claingdis:l (178 ngy) of the 45% by weight solution of (R)-MCBS
in toluene obtained in Exanple 2 is added to the nmedium 10 The nmediumis
stirred for 30 min at roomtenperature. A solution of 5 g of ketone in 10
m of THE.is adptedessf@ithd prepuiratish ofitHeassppoaidy of fofmill8(BO0C. 3 ml of acetone
are then added and the mediumis stirred for 15 mn. 2.5 g of potassium

carbonate are dissolved in 30 m Waﬂ3er The reaction nmediumis poured
into the potassium carbonate solutl he rredlu s stirred for 15 30 mn
at a tenperature of between 20 and 30 m of ol uene are added, the

m xture is decanted and the phasesqﬁe{ epar at ed. The aqueous phase IS
re-extracted with 20 ml of tol uge. e organi ¢ phases are pooled and then
washed twice with 20 m of water. 18 RlThe reaction is analyzed by chiral
HPLC. The di astereoi sonmeric excess is 98.1% 19 Wat is clained is: 1. A
process for the preparation of the conmpounds of fornmula (1): R4 1tSlI, NN
B Rl 55 imwhithch: R is an alkyl or an aryl; R2, R3, R4 and R5

|ndepend%rlt e, a hydrogen atom an al kyl or an aryl, it being
is 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 more hydrogen atoms replaced by
one or more substituents;

10 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,

wherein the process comprises reacting, in two steps:

15 a) a boric precursor compound selected from the group consisting of:

i) a boroxine of formula (I7):

R1 (D
0)\0
b
~ ‘\0/ Rl
; and of
20  ii) a boronic acid of formula (VI):
(VD
OH
R1—B

OH;



possi ble for the alkyl or aryl groups to have one or nore hydrogen atons
repl aced by one or nore substituents; 10 R4 and R5 together forma

het erocycle with the nitrogen atom vl ch itsel f conprises one or nore
substituents; and R4 and R3 together form a carbocycle, which itself

conpri ses one or nore substituents, wherein the process conprises
reacting n two st p a boric precursor conpound selected fromthe
group corgfst FopPRm O?FS kbeﬂlgm ne of formula (11): RL O-." O 1 RIB~'V
Rl and of 20 ii) a boronic acid of formula (VI): (th OH Rl B OH 20
with a conpound of fornmula (111) (IFD OR J /ORI to give a

boronate conpound of formula (1V): /l< lg.R A ROR'IlI ; and

R" G
to give a boronate compound of formula (IV):

(V)
OR’

B

Rl OR'; }; and

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

R3
R4 )

N O
Rs” N
10  wherein:
G is an alkoxy group (OR'2) or an amino group (NR'R'1);
R', R'1, and R"2 are identical or different and are an alkyl group or an acyl;
R'and R'1 can together form a 5 or 6 membered heterocycle optionally substituted by
an alkyl;
15  R"is 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 (I).

2. The process of claim 1, wherein the compound of formula (II) is a

20 trialkylboroxine or a triarylboroxine.

3. The process of claim 1, wherein the compound of formula (II) is



5 b) the boronate compound of formula (IV) with an am no al cohol conpound
of formula (V): R4 R3 M RS11~ N OH 10 wherein: Gis an al koxy group

(OR 2) or an amno group (NRRI); RS RI1, and R 2 are identical or
different and are an al kyl group or an acyl; R and R 1 can together forma
5 or 6 membethgbboledime ocycl e optionally substituted by an alkyl; 15 R' is a
hydr ogen atom an al kyl. group or an aryl group; and R, R2, R3, R4 and RS
are as defined above, to give the above-nenti oned conpound of fornula (1).
2. The pyocesghefprédesd @c}aﬁﬂ%&r&ﬂl’i@c&ﬂﬁﬂiﬁﬁ@#f&%ﬂ@(mﬂ?|i@se€édtéd frsma 20
trial kyl boroxine or a triarylboroxine. 3. The process of claim1, wherein

t he conpthengrasp ¢amaprising @l triplkyt op triaxy! joxhofgrmets ok foyaamide wpetalppb 8ss of
claim1, wherein the c nd of f I | 5 selected from the group
conprfsi Wﬁ@f‘%?ﬁ?ﬁarﬁ%&ﬁ%?@?xgﬁ%tﬁgl?%ﬁng%&e%o@%f ormam de acetal and a 5
trimet hoxynet hyl aryl and tri net hoxynet hyl al kyl compound. 5. The process of
claim1, wherein the compound of formula (111) is selected fro t he group
consi sti Ag of Theipreaesspt drinhbrwhareindhe sompequngsof w1 lweﬁ%ﬁ%ﬁ%r nani de
di et hyl ta ri t hy! ber 1 ~bri e 10 1,
1, 1 -triﬁ?rfcteath f}‘%ra@%@%lwl, %&tﬂﬂ rre?ﬁ%?f)(l)gr%?t%ret @H&?ﬁ%gﬁgﬁﬁge, The
process dimethgifoaniamidé dinedthylhdetaly wmodth@nynalydbenzens d, 1, h-ttilnethpr pdleanee  of an
aci d sel ect ed_frt;ﬁm an or anij afi d, Leg/i s acid and a mneral acid. 15 7.
The pPocdsls]&pme Sﬂﬁr@?a‘\%@@ﬁ pin' FHECRRRYT ﬂgggy]ip?%?'hanesul fonic acid
(MeSC8H). 8. The process of claim1l, wherein the reaction takes place in at

| east one organic
6. The process of claim 1, wherein the reaction takes place in the presence of an

acid selected from an organic acid, a Lewis acid and a mineral acid.

%5 7 The process of claim 6, wherein the acid used is methanesulfonic acid
(MeSO;H).
8. The process of claim 1, wherein the reaction takes place in at least one organic

solvent, used by itself or in a mixture, which is selected from an alcohol, a halogen
20 compound, an aromatic compound, a nitrile compound, an ether compound and an

ester compound.

9. The process of claim 8, wherein the reaction takes place in the organic solvent,
used by itself or in a mixture, and the amount of the compound of formula (III) is
25  adjusted to the amount of water present in the solvent used; and wherein the compound
of formula (III) is present in an 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.

30 10.  The process of claim 1, wherein the reaction takes place in an organic solvent

consisting of toluene.



solvent, used by itself or in a mxture, which is selected froman al cohol,
a hal ogen 20 conpound, an aromatic c ound, a nitrile conpound, an ether
conpound and an ester conpound. 9. process of claim8, wherein the
reaction takes place in the organic solvent, wused by itself or in a

m xture, and t he amount of t he conpound of fornmula (111) is 25 adjusted to
t he anou ter res in.the sol vent used he conpound
of forrrulq (II proc Siseg alfnnl e}égfslgs ewg?lgpo'g}gﬁgﬁt Orngfl%t ?Vb % *he boric
pr ecur sofnlkyfshitt BflasAbosnit @ciabsor b the amount of water present in the

sol vent used and the water formed in the nmedium 30 10. The process of
claim1, wherein the reaction takes place in an organic solvent consisting
of tolLue 2 1 e s 40f m of, formula
(V1) |gs 22 aierPeI 5?%% coqgr%&gl?lyllbo‘r”g%%{él ati(lzl? d%}‘gﬁ(ﬁgﬁ PPEe pr oce;@qz)f Sclaim 1,
wher ei n hﬂi\ﬂhﬂb@fpﬁhnﬂld)f formula (M) is nethylboronic acid. 13. The
process of claim1, wherein the am no al cohol of fornmula (V) is a
supported or unsupported, optically active conpound. 10 14. The process of

claiml1, er g h fRd A [ d t he
group cor}\éé?stieﬂr}\lg %ﬂfae?sgnwelaﬂ%sgn gjh?%linprt\%\y y%%%%’rgtoﬁeﬁ ?ﬁﬁr%ﬂ gfr?e; (R -
or (S) - 2st@patted ap hbsuppbrtelt, opticalyhactivpyompdundi ne; 15

(1R, 29)-1-am no-2-indanol, (R)- or (S)-2-am no-3-nethyl-1, 1-di phenyl-| -
butadBl: (R - or (S)-2-amno-3,3-dinethyl -1, 1-di phenyi -1-butanol ; (R)-

(S)-2- hquoxy%%fﬁbééaﬁ 8f bRgn 1( Rerdth the amino alcohol of formula (V) is selected
(S)-a, a-di phenyl (i ndol i n-2-yl )nmet hanol ; 20 (R)-

(S) (5, 5&hnnﬁterg]d)upmmlngioﬁ 4-yl)di phenyl met hanol and
2-((1R 2R, 3R, ?1% or (gﬁ&-?&lpgénylgy&rgxyﬁ{etgyﬁﬁl 0?1Li§nel 1] hept - 3-yl) et hanol or

(R)- or (8)-2-(2-dinaphthylhydroxymethyl)pyrrolidine;
15 (1R,28)-1-amino-2-indanol, (R)- or (8)-2-amino-3-methyl-1,1-diphenyl-1-

butanol;
(R)- or (S)-2-amino-3,3-dimethyl-1,1-diphenyl-1-butanol;
(R)- or (8)-2-hydroxymethylindoline;
(R)- or (S)-a,a-diphenyl(indolin-2-yl)methanol;
20 (R)- or (8)-(5,5-dimethylthiazolidin-4-yl)diphenylmethanol; and
2-((1R,2R,3R,58)-2-amino-6,6-dimethylbicyclo[3.1.1]Thept-3-yl)ethanol or

another optically active isomer.

15.  The process of claim 1, wherein the amino alcohol of formula (V) is (R)- or

25  (8)-2-(diphenylhydroxymethyl)pyrrolidine.

16.  The process of claim 1, wherein the number of mol equivalents of compound
of formula (I) relative to the number of mol of amino alcohol of formula (V) is
ranging between 0.33 (IT)/1 (V) and 0.37 (II)/1 (V).

30
17.  The process of claim 1, wherein the number of mol equivalents of compound
of formula (VI) relative to the number of mol of amino alcohol of formula (V) is

between 1 and 1.2 equivalents of (VI).



anot her optically active isoner. 15. The process of claim1l, wherein the
am no al cohol of formula (V) is (R)-dﬁ] 25
(S)-2-(di phenyl hydr oxymnet hyl ) pyrrol i e. 16. The process of claim1l,
wherein the nunber of nol equival ents of conmpound of fornmula (I11) relative
to the nunber of nol of am no al cohol of formula (V) is ranging between
0.33 (I'1)L1 ( and 0.37.(11)/ . 30 17.. T r.ocess of ai wherein
Che numbaf: of TGPrEEH Qe L wheteld iR st IPORHAIA: Tansd AUPATER Lo t he
nunber ofig ared: am no al cohol of formula (V) is between 1 and 1.2
equi val ent's of (VI). 23 18. The process of claim1 wherein a conpound of
formula I A named Al kyl-CBS, is prepaged: (IA) ON@XK 5 19. A process
for the asymetric reduction of a p ral ketone, conprising: a)
preparing, in a reaction nedium a %goppound of formula (1): R4 (n ~/R2
\~sj-IR3 W RS BOO1 R 10 by.the r.as defined in claim1; and b)
Q i

hiral ketone in the presence of
said conpound of fornmula (1). 3 5N

-

19. A process for the asymmetric reduction of a prochiral ketone, comprising:

a) preparing, in a reaction medium, a compound of formula (1):

10
by the process as defined in claim 1; and
b) performing an asymmetric reduction of a prochiral ketone in the presence of said
compound of formula (I).

15

20.  The process of claim 19, wherein the asymmetric reduction is performed with
use of the compound of formula (I) either without additional treatment of the reaction

medium, or after concentration of the medium.

20 21.  The process of claim 19, wherein the asymmetric reduction is performed in a

solvent comprising or consisting essentially of tetrahydrofuran, THF.

22.  The process of claim 19, wherein the asymmetric reduction is performed in the
presence of a complex boran-N,N-diethylaniline, named BH3-DEA.



15 20. The process of claim 19, wherein the asymetric reduction is
performed with use of the conpound o{ formula (1) either w thout
additional treatnment of the reaction dium or after concentration of the
medi um 20 21. The process of claim 19, wherein the asymetric reduction is
performed in a solvent corrpri sing or consisting essenti aI ly of

tetrahydr fur THF. pr.oces of cl ai m wher e the asymmetric
Feduct) ot 5 RSOt daifh . SRESR rechsgfnip it el e fefformied K 8

bor an- N, %%gﬁﬁw}\ﬁ@! OBt foAARd (B3- DEA. 24 23. The process of claim 19,
wherein the asymefric reductlon i's performed with a conpound Al kyl - CBS of
formula (1A): (IA) CNRL 5 24. The process of clalm)19, wherein the

ketoneis: 00o Na F O (IA

24,  The process of claim 19, wherein the ketone is:



