WO 2011/128353PCT/EP2011/055762 1 A PROCESS FOR THE PREPARATION OF ISOSERINE
DERIVATIVES This invention relates to a "one pot" process for he preparation of isoserine
derivatives imoghigliesteseoselective way. Background of the invention a-iHyarepmethdhanno acids
(isoserines) are important targets because 5 these amino acids are present in molecules of great
biological interest such as the new lipopeptidic sidefiophore named ornicorrugatimg KR1-1314,2 a
potent humaryrenipipyeHesROIYRERYEe. appptatingha e FPLRY¢RwWiIth ¢y UnQs ey Eantitumor,
and antibacterar activity, microginin,Z threo-13- benzyloxyaspartate (1 BOA); s
non-transporBblR BVWAKEF Vdr @l 10 subtypes of EAATs and, most of all, in taxan derivatives6.  From
the sterie point of view, the biological requests of the above amino acids are well defined and the threo
(2R,3S) isomers are in general active and thus preferred. Synthetic approaches for the preparation of
~compounds of isos '1ess i%éetlrilrplﬁgh tﬂ% C-2/C-3.bond fortmatipn are npvtin by reaction of
sulfinylimine with the Titium etloi[a e ofa p?(sr)te%téld aqﬁﬁdp&y-é:gt%?‘?sl‘? Of 4% lﬁg% IRE With the
litium enolate; g anriastaeipllomed; by ﬁ[gg)ﬁ@gg{g@egr&qg%%'ﬁpg}main drawback of the above reactions
are in the first casem’b the use of expensive sulfinylimines whose synthesis is not easy. In the second
case only 20 moderBacligitmiad abthieéuhamdian oxidative step with an expensive reagent
(oxaziridine) is required to introcﬁlce the a-hydroxy group. According to another synthetic approach7d,

simple imine derivaﬁi&yﬁlé?ﬁ%i _éat@%%c?%ﬁﬁ ALROSTHOIG Kb tBFfe WQ&@E&Q iFF‘é%’fﬂ?p BeRdssNS.
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diastereoselection. Furthermore the ‘a- € group must be d roteclte

2011/128353R6 TR A033HRPUML i seppasiessiRinEdalii dher-eondarsrion 1of N-arylisamas with
dangerous aryldiazoacetates in high stoichiometric excess and promoted by an expensive rhodium
catalyst is kng\m*if?l'ﬂsoﬁ@ﬁil@e disvivhitees arelbeniidd.withmvastatile diastertassapeotiote depériding on
the substitution pattern and jn moderate 5 ieldg. A major djfff'culty which affects all the knzévn

r a’'chiral

synthetic metHBEETIS SHIRATY i E SAMHH SRS AT RARIE I AEthols, Breepsiginy o lyse
auxiliary in thgs{asiing reaoenils. (rHB GeNeTatng foly: diaSIeIeRIRRIeEBID theceadengativg process.

10 subtypes of BEAATSs and, most of all, in taxan derivatives®.

From the steric point of view, the biological requests of the above
amino acids are well defined and the threo (2R,3S) isomers are in general
active and thus preferred.

Synthetic approaches for the preparation of compounds of isoserines

15 through the C-2/C-3 bond formation are known by reaction of a sulfinylimine

Ta,b

with the litium enolate of a protected o-hydroxy-ester’®” or of a simple imine

with the litium enolate of an ester followed by an oxidative process.”® The

7P the use of

main drawback of the above reactions are in the first case
expensive sulfinylimines whose synthesis is not easy. In the second case only
20  moderate yields are obtained and an oxidative step with an expensive reagent
(oxaziridine) is required to introduce the o-hydroxy group. According to
another synthetic approach’®, simple imine derivatives are made to react with
o-methoxyketene silylacetal in acidic conditions. Isoserine compounds,

functionalized with a 0~OMe group are formed in moderate yield and

25  diastereoselection. Furthermore the o—OMe group must be deprotected in a



Description of the invention 10The present invention relates to a process to obtain compounds of
general formula 1 in which Rl is a linear or branched (CI-C6)-alky group, an unsubstituted or
substituted aryl or heteroaryl group, R2 is a linear or branched (C1-C6)-alky group, an arylalkyl group);
R3 is H, an (MOC4314&8A5droup. All stereocisomers are included in Formula¥CI8#¥r8fe e €ompounds
of Formula 1 are those in which RL is iBu, aryl, thieny, R2 is PlaCH2, n-Bu and R3 is H, alkyl (C1-C4).
Threo diastereoisomers of formula 1 (212*, 35*) are preferred. C 02R3 )( R-NHOH 1 20The process of
this invention ssimepictestép . S¢healy ] where thel&isRDand R Veaopips aresasvitttlicdteg atvone . It
consists in the reaction of a substantially equimolecular amount of a silylenolester of general formula

3, where le isHEIERZARG 34858 NielEPaNB1 SR ATIHSE 6F BEffRrRSIALIES WA R IS@TREA or
e €158l 5,80, Bl A RV o g
intermediatesdihgenesat fesawha Ao/ 128363P GIiE1td0d4/05a7&2 3and in moderate
5 yields. A major difficulty which affects all the known synthetic methods is to
obtain a pure enantiomer because all methods, except rif. 7d, use a chiral
auxiliary in the starting reagent/s, thus generating four diastereoisomers in the
condensative process.
Description of the invention
10 The present invention relates to a process to obtain compounds of
general formula 1 in which R' is a linear or branched (C1-C6)-alky group, an
unsubstituted or substituted aryl or heteroaryl group, R” is a linear or branched
(C1-C6)-alky group, an arylalkyl group); R® is H, an (C1-C4)-alkyl group. All
stereoisomers are included in Formula 1.
15 Preferred compounds of Formula 1 are those in which R' is /Bu, aryl,
thienyl, R? is PhCH,, n-Bu and R®is H, alkyl (C1-C4).

Threo diastereoisomers of formula 1 (2R*, 3S*) are preferred.

R'  CO.R®
RINH  OH
1
20 The process of this invention is depicted in Scheme 1 where the R', R

and R’ groups are as indicated above.

It consists in the reaction of a substantially equimolecular amount of a
silylenolester of general formula 3, where R* is Me, Et and R is Me, Et and
an imine of general formula 4 where R' is a linear or branched (C1-C6)-alky

25 group, an arylalkyl group, an unsubstituted or substituted aryl group, a
heteroaryl group, R® is a linear or branched (C1-C6)-alky group or an

arylalkyl  group, affording  intermediates of  general formula



(312*,55*,6StI'S*)-5 and (3R*,55*,68*,I'R*)-6 where Rl is a linear or branched (C1-C6)-alky group, an-
arylalkyl group, an unsubstituted or substituted aryl group, a hcteroaryl group; R2 is a linear or -
branched (CI-C6)-alky group, an arylalkyl group; R4 is a Me or Et group. Intermediates 5 5 and 6 are
directly transftfPri¥d/ }ﬁfgs'%oserine derivatives of general formula (217*, 3SHCT/ER#1E3578R+)-1' where
R3 is H by hydrolysis or into isoserine derivatives of general formula (2R*,38*)-1 and (2Rt3R")-1'
where R3 is an (C1-C4)-alkyl group by alcoholysis. R40 Me' R40't, Me OSIR533 R1 <7.
002R3fO2R3(BRANH SEIGIINW D1 10(2RE BB*)SHHRRSBRRY)-6 TFHewonRBensation letaeeor3 and 4 is

catalyzed by poth protic and Lewis acids (0.1-1 eq).  Representative Lewis catalysts are ZnClI2,
CoC12, InC1%F %3‘55 é}gko#;ﬁ ABEE 18T BIRC 1B aRdNFIEYS . gﬁ%“@stﬂ@ut%ﬁpﬁgélﬁ?@duﬁs 5 and 6,

15and henCes?fb@t?tﬁ?tr&gu&%?l(zg]rgtrg?lé)'%%go%fs@Q)'&}Ij;h‘ni@sri'?wap tf?nl%?ir or branched
(C1-C6)-alky group, an arylalkyl group; R* is a Me or Et group. Intermediates

5 5 and 6 are directly transformed into isoserine derivatives of general formula

(2R* 35%)-1 and (2R* 3R*)-1' where R® is H by hydrolysis or into isoserine

derivatives of general formula (2R* 35%)-1 and (2R* 3R*)-1' where R® is an

(C1-C4)-alkyl group by alcoholysis.

R40 , NH R2 NH R?
Me 3O RO, o, RIS” RO o RER"
R4O l + RICH=N-R? Me: § R’ + "\‘Ae“. I R
(0] OSiRS R4O| ' RO,
Me 3 ud 0 Yo Mg © o
3 4
5 6
R'  co,R® R'  CO,R3
.— . . 2
RNH  OH RINH  OH
10 (2R* 35%)-1 (2R* 3R"-1"

The condensation between 3 and 4 is catalyzed by both protic and
Lewis acids (0.1-1 eq).

Representative Lewis catalysts are ZnCl,, CoCl,, InCls, NbC15;
Eu(OTi);, PdCl,, SnCl, and MgBr,. The distribution of the products 5 and 6,

15 and hence of the products (2R*,35%)-1 and (2R* 3R*)-1', has shown to be
dependent from the kind of the Lewis acid.

Lewis acids such as InCl; and SnCl, and MgBr, afford both the better
threo diastereoselection (i.e. increase the formation of the preferred
diasteromer (2R* 35*)-1) and the higher reaction yield. Accordingly, InCls,

20 SnCl, ans MgBr, are preferred.
The reaction can be performed in an ample range of temperatures, 1. e.

from -70°C to 25°C. Best results were obtained between -40 and -30°C. This



dependent from the kind of the Lewis acid. ~ Lewis acids such as 1nC13 and SnC12 and MgBrn
afford both the better threo diastereoselection (i.e. increase the formation of the preferred diasteromer
(2R*,3,5%)-1) and the higher reaction yield. Accordingly, INnC13, 20 SnCE ans MgBr, are preferred.
The reaction¥8rtH¢'Bétfrmed in an ample range of temperatures, i. e. frf LEFEItYPEE2 Best results
were obtained between -40 and -30cC. This WO 2041/128353PCT/EP21111/055762 4 range is thus
preferred.  The reaction occurs advantageously in apron polar solvents as, for example,
dimethylformaanige jatletemtdleratichloromethanc, chloroform, tetrahydrofuran. Acetonitrile and
dichloromethane are preferred. 5If necessary, all products can be purified usin? standard procedures.

Alcoholysis is perforhi&d &R pREPRrsafOFEHRSANH P res IO Uf thtathyRINF M| GHidelor
recording to g pigfsired farmal irsventen. wiehallals e PRYLRsHIR.2> @ Misids A
diastereoselection, thé reaction’is performed as "one 10pot reaction" that avoidls the isolatioh of all
intermediatestenghgitasithendinat puie dite (uedosiereoisam s aiter apsingia grystallization step.
According to this process, imine 4 is first generated in situ from the aldehyde (RICHO) and an amine
(R2NH2, Wwhere PhGERNEIS21Y prbfened)dis scatdsiplsi Bebomnersipadatde ot ipgssence of
molecular sieves or‘%}/ 15 distillation of the aéeotro iC mixture atceé%ggr' a/watcr. The reactio
temperature is lowefSd M O30E AR PHILTFderR/ARE BIQRHARE he'cataysti§Htfdd and the
mixture stirregi-faf iy 108 ¢rude ferction mixture is directly treated with a solution of triniethylsilyl
chloride in alcohol and the pure diasterecisomer (2R*,38*)-1 (where R3 is an (C1-C4)-alkyl group) is
20isolated after crystaltizadiong, to a preferred form of the invention, which affords:the best

results as to yields and diastereoselection, the reaction is performed as “one
10 pot reaction” that avoids the isolation of all intermediates and gives the final
pure threo diastereoisomers after a simple crystallization step.

According to this process, imine 4 is first generated in situ from the
aldehyde (R'CHO) and an amine (R*NH,, where PhCH,NH, is preferred) in
acetonitrile at room temperature and in presence of molecular sieves or by

15 distillation of the azeotropic mixture acetonitrile/water. The reaction
temperature is lowered at -30°C and the silyl derivative 3 is added. Then the
catalyst is added and the mixture stirred for 1h. The crude reaction mixture is
directly treated with a solution of trimethylsilyl chloride in alcohol and the
pure diastereoisomer (2R* 3S%)-1 (where R® is an (C1-C4)-alkyl group) is

20  isolated after crystallization.

If desired, the method of the present invention can afford directly
enantiopure compounds (thus avoiding the resolution step) by starting from
enantiopure compound 3 (R* = Me, R’ = Et).

Compounds 3 are obtained from the corresponding lactones 2 according

25  to Scheme 2.



If desired, the method of the present invention can afford directly enantiopure compounds (thus
avoiding the resolution step) by starting from enantiopure compound 3 (R4 = Me, R5 = Et).
Compounds 3 are obtained from the corresponding lactones 2 according 25to Scheme 2. WO
2011/128353BEBEP2HFE/055762 R20nR40 Ik ....0, HC(OR)3Me--\--1LHOSAEERTEONAZ. -I' : +1 R40
..k. OMr OTesClI 5 Me 00SIR53 (11-0H23 OH  Compound 2
(124 = Me) is a known compounds which can be obtained by a conventional methods'. Compounds 2
(R4 = Et), 3 (R4eMe, R5 = Et), 35 (R4 = R5= Et) are new compounds which are also part of the
present invention t?gether with their nlethod of preparation. The new Iacton4e 2 (R4 = Et) is prepared
through a very effi€ient I%K%B t" pro?o | s¥arting directly from a mixture cﬁ? -Jsutandione, glycolic
acid and ethyl orthgforma m%?eseﬁﬂ‘f‘e fa atal&tiémérd(‘iﬁﬁf%fg@i2804. @@Fh ourjds 3 are prepared
methylegeggisilylamide (CFH ' égl@at - 78C and
2\

in excellent yield 19 from 2 by usin§h
EtiSIiCl as silylatiPQ\agent (Scheme 2). 8hort reaction times are advantage%%. 001 HC°’(0R4)3
OH

2 3

OH

Compound 2 (R* = Me) is a known compounds which can be obtained

by a conventional method®. Compounds 2 (R* = Et), 3 (R* = Me, R® = Et), 3

5 (R*=R’= Et) are new compounds which are also part of the present invention

together with their method of preparation. The new lactone 2 (R* = Et) is

prepared through a very efficient “one pot” protocol starting directly from a

mixture of 2,3-butandione, glycolic acid and ethyl orthoformate in presence of

a catalytic amount of H,SO,. Compounds 3 are prepared in excellent yield

10 from 2 by using lithium hexamethylenedisilylamide (LHMDS) in THF at -

78°C and Et3SiCl as silylating agent (Scheme 2). Short reaction times are
advantageous.

@)

oj: RO 4 RO, o
HC(ORY:  Me l LHMDS/THF/-78 °C Me')i ]\
+ 4 4
R oi R4O!
O Me @) O TesCl Mé O OSIR53

HJ\OH 2 3

15 According to a preferred feature of the present invention the imines 4

are prepared in situ from the corresponding aldehyde and amine and the
reaction mixture is immediately made to react with compounds 3 thus
avoiding their isolation which is troublesome and yield-lowering because
imines are known to be rather instable compounds.
20 Advantages of the invention
The method of the present invention is superior because of the

simplicity of the procedure which does not require any isolation of the



0 OH R40 n R-0 Me T 2 LHMDS/THFI-78 C R4eS NA(c).. R40J, Me OSIR53 3
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intermediates as well as of troublesome chromatographic purifications.

Mild conditions are needed to deprotect both the hydroxy and the
carboxy groups. This is important because the risk of racemization is fully
avoided. Good yields and diastereselection are a further essential advantage.

5 The present process affords a racemic mixture of isoserine derivatives
which can be separated by conventional procedures. However, if desired, the
resolution step is easily avoided and enantiopure compounds are obtained

directly if enantiopure protected glycidic acid'® is used.

Examples
10 InCl; was previously anhydrified at 200°C under vacuum for 2 h.
5,6-Diethoxy-5,6-dimethyl-{1,4]-dioxan-2-one. 2,3-Butandione

(4.6 mL, 46.22 mmol) and glycolic acid (3.07 g, 40.40 mmol) were dissolved
in ethyl orthoformate (40 mL) and a catalytic amount of H,SO, was added.
The reaction mixture was stand at 25°C for 1h. A saturated solution of
15 NaHCO; (10 mL) was added and the mixture was extracted with AcOEt (3 x
30 mL). The organic layers were anhydrified over Na,SO4 and the crude
reaction mixture was chromatographed on silica gel (cyclohexane/AcOEt,
10:1) affording pure compound 2 (R* = Et, 52%) after crystallization. White
solid, mp 37°C (CH,Cly/pentane, 0°C). IR (NaCl) Vyax 1752 ecm™; '"H NMR
20 (CDCl;) 0 4.32, 4.23 (AB system, J 16.6, 2H), 3.79-3.69 (m, 2H), 3.58 (q, J
7.2, 2H), 1.53 (s, 3H), 1.41 (s, 3H), 1.21 (t, J 6.9, 3H), 1.99 (t, J 7.0, 3H); °C
NMR (CDCl3) & 168.1, 105.2, 97.8, 60.5, 58.8, 57.3, 18.8, 17.9, 15.9, 15.7,
15.3. MS (ESI) m/z 341.4 [M + 23]"; Anal caled for C;oH;s0s: C, 55.03; H,
8.31; found C, 55.12; H, 8.38.
25 5,6-Dimethoxy-5,6-dimethyl-[1,4]-dioxen-2-yloxy)triethylsilane.
Lactone 2 (R* = Me) (3.23 g, 17 mmol) was dissolved in anhydrous THF
(35 mL) and the mixture was cooled to -78°C under N,. LHMDS
(4.52 g, 27 mmol) was dissolved in THF (10 mL) and then added dropwise.



TesCl OH 15According to a preferred feature of the present invention the imines 4 are prepared in
situ from the corresponding aldehyde and amine and the reaction mixture is immediately made to react

with compouQNdOsz% tp/uzsésa_\goiding their isolation which is troublesome and yield-loweirli/r(\]g_blsecause
imines are knowA to'be rather instable compounds. 20Advantages of the ISR VP HE method of

the present invention is superior because of the simplicity of the procedure which does not require any
isolation of the WO 2011/118353PCTREP2011/055762 intermediates as well as of troublesome
chromatographituritistindhe numiiEentrfopd Ere Aeedagiraelfida bethithadidexyoind the

Crboy roun St Aol Th R L et Rt Sy o
25°C and the stirring was continued overnight. THF was then removed under
reduced pressure, and pentane (50 mL) were added to the residue. The

5  resulting suspension was filtered through Celite, and the solvent was removed
in vacuo affording the crude compound that was distilled under vacuum
(120°C, 0.8 mmHg). Pure compound 3 (R* = Me, R’ = Et) was obtained (4.26
g, 82%) as a colorless oil. IR (NaCl) Vuax 1719, 1149, 740 cm™; '"H NMR
(CDCly) 85.52 (s, 1H), 3.37 (s, 1H), 3.22 (s, 1H), 1.45 (s, 3H), 1.38

10 (s, 3H), 1.06-0.94 (m, 9H), 0.75-0.67 (m, 6H); *C NMR (CDCl;) & 143.9,

104.3, 96.6, 90.4, 49.5, 48.6, 17.6, 17.1, 6.6, 4.8. MS (ESI) m/z 218.9; Anal
caled for Cy4Hp505Si1: C, 55.23; H, 9.27; found C, 55.11; H, 9.15.

5,6-Diethoxy-5,6-dimethyl-[1,4]-dioxin-2-yloxy)triethylsilane. Silyl

derivative 3 (R* = R’ = Et) (4.8 g, 85%) was prepared according to the above

15 synthetic protocol, but the base was added to the mixture of 2 (R* = Et) (3.7 g,

17 mmol) and TESCI. Colorless oil (130°C, 0.8 mmHg). IR (NaCl) v 1721,

1149, 744 ¢cm™; "H NMR (CDCl3) § 5.50 (s, 1H), 3.68-3.63 (m, 2H), 3.51 (q, J

7.0, 2H), 1.46 (s, 3H), 1.40 (s, 3H), 1.22-1.03 (m, 6H), 1.02-0.88 (m, 9H),

0.75-0.63 (m, 4H), 0.55 (q, J 10.8, 2H); '*C NMR (CDCls) & 143.8, 104.3,

20 100.2,96.4,57.4,56.6,18.4,17.9,15.9,15.7, 6.6, 4.9. MS (ESI) m/z 355.2 [M

+ 23]*; Anal caled for C;¢H3,05Si: C, 57.79; H, 9.70; found C, 57.60; H, 9.58.

Preparation of Compounds 5 and 6. Method A. Imine 4 (0.66 mmol)

was dissolved in dry MeCN (1.2 mL) under nitrogen and stirring. The reaction

mixture was than cooled at -30°C and anhydrous InCl; (73 mg, 0.33 mmol)

25  was added in one portion. After stirring at this temperature for 10 min, a

solution of silyl derivative 3 (0.66 mmol) in dry MeCN (1 mL) was added

dropwise. The reaction mixture was stirred for 1 h and than quenched with a

saturated solution of NaHCO; (1 mL). The crude material was extracted with



The present process affords a racemic mixture of isoserine derivatives which can be separated by
conventional procedures. However, if desired, the resolution step is easily avoided and enantiopure
compounds are obtained directly if enantiopure protected glycidic acidl is used. Examples 10InC13
was previousyYdHiad at 200C under vacuum for 2 h. PCT/EP2011/035762
5,6-Diethoxy-5,6-dimethy1-11,41-dioxan-2-one. 2,3-Butandione (4.6 mL. 46.22 mmol) and glycolic
acid (3.07 g, 40.40 mmol) were dissolved in ethyl orthoformate (40 mL) and a catalytic amount of
H2S04 was atideE ! Thexcaotibh aistithe welataddugasT fohalicA watgrateshsslutioh & 18 NaHCO

(20 inL) was added and the mixture was extracted with AcOEt (3 x 30 inL) The organic layers were
Ay citiod o/ S A Ao ISR B2 o MRSt NG Giita GEF

(CVC'Ohexa”e/ﬁ*ﬁggtnqla‘?éjr?a@ﬁ\%@i”éﬁ‘f‘(@d‘?;&‘@?ﬁ'@&’ e(lRﬂa:s1?%15%%%%%%%?%?@&%8&1&hite solid,

nip 37C (CH2C12/peiatane, 0C). IR (NaC1l) v,,a, 175% cmll; NMR 20 (C 84.32,4.23 (AB

system, 1 16.6/@1R), 3=78+3.68:(00, Ay lapHed, Bi)al b s Gitrid ekl (aurdiihtd @iy 6.9, 3H),
1.99 (t, J 7.0, 3H); 111C NMR CDC13£ 5 168.1, 105.2, 97.8, 60.5, 58.8, 57.3, 18.8, 17.9, 15.9, 15.7,
15.3. MS{ESISiN2: thex e/ 23 Onnakcdledior Cokimgns: lo, thesedar1ce e d8lindsenss: 12; H,

538 255 6 Djnethony SCAmeyy. i 4L-igtenzyiaspuetyslpne. | cione A (49 (3239

WEL
17 mmol) was disEoIved th arihydrous and'the mixture was c under N2.

LHMDS (4.52 1121/:7 hiyvasdisaetvediin idrethmi-) and d8en AddediionwiRg aMQyde
2011/128353PCT/EP20111055762 After addition, the mixture was stirred for another 10 min before

addition of TESSi4dldeltyR8 Hnol), The Pesutting solutiteraldsithdée ddwed tbSPanmtol 5€dand the
stirring was continued overnight. TI-IF was then removed under reduced pressure, and pentane (50

inL) were adddMRPHRERIRIBINNE B s fling SHRpENYisH Wis e diirfgh Ehitenidithe

solvent was remo nv [ e cr isti 1 uum (120C,
0.3 mmiie), P Bor e e, e S e o o SRR
(NaC1) vllia” 2h39AK1491 i{Athemcalit MR kG RE 33568002 (5 al 141 °8:3n(s ahhi i [ieCLH), 1.45
(s, 3H), 1.38 10 (s, 3H), 1.06-0.94 (m, 9H), 0.75-0.67 (in, 611); 13C NMR (CDC13) 8 143.9, 104.3,
96.6, 90.4, 49(65 48.812.7 6 297 mmacd) 4vasMsideg|) inil 20288 190 el cdidtefors Crrdng1 28088§: C, 55.23;
H, 9.27; found C, 55.11;, H,.9.15. . 5,6-Di?thox -5 6-gimethyi-1§.4l-di in-2- ox;%ts;igt silane.
Silyl derivativ = R5="E{)"(4.8'0, 0 0 o'the ab syntHetic
eFPBFLIRIVEN MY, 5961 NAL SrephrecRRldrHiRg &

protocol, ut a6y 29t A e e 01 4R T 501 (3-4.g Lol apd TESGH, Coloress

oil (130C, 0.8 mmHg). IR (NaCH v,™, 1721, 1149, 744 em"; tH NMR (CDC13) 8 5.50 (s, 114),
3.68-3.685(m, 211315 nfeytulrd . ;a2 H)idredb {57 311), TOréa,c8ibd) miRBrde O3 {mwoblked .0g-0s88 (m,
911), 0.75-0.63 (m, 4H), 0.55 (g, J 10.8, 211); 13C NMR (CDC13) 8 143.8, 104.3, )
reported in the above procedure and compounds 5/6 (R° = Ph, R° = Bn, R" =
Me) or 5/6 (R1 = Me,CHCH,, R* =Bn, R* = Me) were isolated, respectively.
(BR*,55%,68%)-3-(1'-N-Benzylamino-1'-phenyl-methyl)-5,6-
dimethoxy-5,6-dimethyl-[1,4]-dioxan-2-one (5,6: R' = Ph, R? = Bn, R* =
20 Me). Column chromatography: AcOEt/cyclohexane, 1:5; Method A: 65%
(4:1), 5: 52%, 6: 13%. Method B: 5: 71%, 6: 16%.
1's*-5 (R' = Ph, R* = Bn, R* = Me): 108°C (n-pentane/CH,Cl,). IR
(KB1) Vimax 3372, 1744 cm™'; '"H NMR (CDCl;) & 7.40-7.22 (m, 10H), 4.31,
4.28 (AB system, J 2.9, 2H), 3.60, 3.51 (AM system, J 13.2, 2H), 3.21 (s, 3H),
25 3.14 (s, 3H), 3.00-2.00 (br, 1H, exch.), 1.47 (s, 3H), 1.37 (s, 3H); °C NMR
(CDCl3) 6 169.2, 140.8, 139.7, 128.7, 128.6, 128.5, 127.2, 105.1, 98.6, 75.7,
63.6, 51.1, 50.1, 49.5, 18.4, 17.2. MS (ESI) m/z 386.0 [M + 1]"; Anal calcd for

CapHy7NOs: C, 68.55; H, 7.06; N, 3.63; found C, 68.43; H, 7.14; N, 3.56.



20100.2, 96.4, 57.4, 56.6, 18.4, 17.9, 15.9, 15.7, 6.6, 4.9. MS (ESI) m/z 355.2 [M 23]; Anal calcd for -
C161-13205S1: C, 57.79; H, 9.70; found C, 57.60; H, 9.58. Preparation of Compounds 5 and 6.
Method A. Imine%gé(é)‘.% mmol) was dissolved in dry MeCN (1.2 mL) under nitrogen and stirring. The
reaction mixttif& ffi3 cooled at -30C and anhydrous InC13 (73 mg, 0 BSIHEA8HSS WAs added in
one portion. After stirring at this temperature for 10 nfin, a solution of silyl derivative 3 (0.66 mmol) in

dry MeCN (I mL) was added dropwise. The reactio4n mixture was stirred for 1 h and than quenched
with a saturated soldtiBAi-6f RHE BB, (Rint) Braddraddimhteadt wab extroidictRi@NaGID V ..

2011/128353PCT/EY2011/05576 cQE mL)_an ollected organic phases were washed
with brine, drigéig’/e]r%!\?gzg@&’ filé%ﬁ“\gﬁd &é@éﬁ&ehtﬁvﬁg’iﬁégﬂ vacutnt - THe(éHide
material was pufigd by;siicagel §ash shegmatpotaning, ComBoNgs 5/8 (R4 =

chromatograp?ggd by a flash Ca?’tridge’chrorrr?atogr%?’p?hy%l%z;g h-heﬁigﬁgéﬁg{? ’7%%?{’\(;%?320(%’illmin). In
these last casdd),only tsainars Blyesedaolated7MethodiB. Operatingina tho neeked(©Da hottomed
flask equipped with a magnetic stirring bar and a nitrogen inlet, the proper aldehyde (benzaldehyde: 60

RL, 0.59 m@;1i&8vhlerafidnyRS-63 K19-3.502%mol) Ahd ariieSheRZyian te:179PR16,07897=01) were

dissolved in NJ{1.5 mL)in he pre ego lar si g, actiyated at 200C under
vacuum for Zhégaﬁéi‘lg’, ?’k?eér’eé%)téin?ﬁétiﬁg%vgi%gglgyﬁ/ggg%ﬁmhﬁ}%énlatﬁ%tlfggg 1mg, 0.29
mmol) was aquge ineng: ROréens At SLigne;as i mpgratuse tay, 19 mins agokition of silyl enol
ether 3 (re = Me, R5 = Et) (180.2 mg, 0.59 mmol) in dry MeCN (I mL) was added dropwise. The 15

reaction mixture wag3dtired 106.91)-FHie' rdaBiorz yhirduineord's nvethg b biptgh) 8 @oried in the above
procedure and,comEounds 5/6 (Rl = Ph, R2 = Bn, R4 - Me) or 5/6 (R' = MelCHCH2, R2 = Bn, R4 =

Me) were isol3tEt 'éi@éﬂﬁmet@ﬁéé‘}ﬂé‘*)‘%n(ﬁ%%@legmﬁéﬁfﬁ%ﬁé?ﬁlzn%th’ylﬁg;&

dimethoxy-5,6-dimethwl - -dioxan-2-on : Rl =Ph, R2 = Bn, R4 - 20 Me)..Calum
chromati(()%ra&y: A%Jg) t/gﬁéﬁigﬁg? %%t%%%@%Acoég% ?AP‘E%]%E/O 6" Ii%o%%sﬁ%gaﬁogqé?%ﬁl%, 6:
16%.  HSTChidRiatdPhaRied B BhizaVigd] 1080 MrpepianeiaiizCla) IRitKBY) Ainax3372, 1744
mit; NMR (CDC13) 87.40-7.22 (m, 10H), 4.31, 4.28 (AB system, 12.9, 2-11), 3.60, 3.51 (AM system, ]
13.2, 2H), 3. 201(sngHY, 2 3rate(H1SHY 03 V02180 ghd tHjraxem)tit. 42 Bk ) 1tBT ESeBHYa3C NMR
(CDC13) 5 16%2, 14%85 139.7,128.7, 128.6, 128.5, 127.2, 105.1, 98.6, 75.7, 63.6, 51.1, 50.1, 49.5,
18.4, 17.2. MBRES(F /s Y8 ERA P11 ORNAIEARAIRS: €95195 PNB 3T 85, B G5 it-3.63;

found C, 68.431 H, L a3 R61a0E 1%Oﬁ'&fézf%$ﬁgpgf{éﬁ?a%%€95\§ﬁgg $he crude reaction

15 mixture was chromatographed on neutral alumine (cyclohexane/Et,O, 7:1) the
mixture of compounds was obtained good vield. Method A: 74%.

1'S*-5 (R' = Me,CHCH,, R? = Bn, R* = Me): pale yellow oil. IR (NaCl)
Vmax 3339, 1747 ecm™; "H NMR (CDCls) § 7.37-7.19 (m, 5H), 4.17 (d, J 2.6,
1H), 3.78 (s, 2H), 3.28-3.24 (m, 1H), 3.28 (s, 3H), 3.24 (s, 3H), 1.90 (brs, 1H,

20 exch.), 1.80-1.60 (m, 1H), 1.50-1.38 (m, 2H), 1.46 (s, 3H), 1.37 (s, 3H), 0.91
(d, J 6.6, 3H), 0.86 (d, J 6.3, 3H); °C NMR (CDCl3) & 170.1, 141.2, 128.5,
128.3, 126.9, 105.0, 98.3, 72.5, 57.5, 51.8, 50.1, 49.3, 40.8, 25.4, 23.0, 22.98,
18.2, 17.1. Anal caled for Cy0H3NOs: C, 65.73; H, 8.55; N, 3.83; found C,
65.60; H, 8.70; N, 3.71.

25 (3R*,55%,68%)-3-(1'-N-n-Butyl-1'-phenyl-methyl)-5,6-dimethoxy-
5,6-dimethyl-[1,4]-dioxan-2-one (5,6: R' = Ph, R> = Me(CH,);, R* = Me).
Column chromatography: AcOEt/cyclohexane, 1:5; Method A: 68% (3.2:1), 5:
52%, 6: 16%.



5 1IR*6 (RI = Ph, R2 = Bn, R4 = Me): pale yellow oil. IR (NaC1) vmax 3318, 1748 cm"; 1H NMR
(CDC13) 8 7.41-7.26 (in, 1014), 4.54, 4.30 (AB system, J 2.7, 211), 3.75, 3.56 (AM system, J 13.2,
211), 3.33 (s, 311), 2.77 (s, 3H), 2.76 (brs, 1H, exch.), 1.37 (s, 31-1), 1.36 (s, 311); 13C NMR (CDC13)
6 168.1,140.8/93814/128357 128.7,128.2,127.8,127.4,105.1,98.6,74.7, 63.4 PST/EPAQ GI4%5 18.3, 17.2.
MS (ESI) m/z 386.2 [M + If; Anal calcd for C22H27N05: C, 68.55; H, 7.06;N, 3.63; found C, 68.40; H,
7.15; N, 3.51.  (3R*,55*,65*)-3-(1LN-Benzylamino-3'-methyl-butyl)-5,6-
dimethoxy-5,6-dimeti$r13, 4R dioRan R on/(5(6HR) 5 Me2CHMEH DaR2ye Bow 161 RAR: (We)CTolumn
chromatography: compounds 5 and 6 are instable when chromatg\%aphed on silica%el

(ACOEticycloNexant? 435) A &Tow fWMﬁd&ﬂa@@ﬁa%egﬁTg o @bmEls, 4A¢ a‘dfanmBic
d f the yield b F | , onl jor. | = Me2CHCH2, R2 =
ccrease of el e absefyedfior s fpasqn. e e ralerisamet o A1 7 Meachy

Bn, R4 = Me)s\%as isblated in pureform:. ely, When’the crudée re 5 mixture Wwas

chromatographed -qmueutialaymineAqyclobpxans 120 3113) theanixturer af, copnpoindsiwas obtained
good yield. Method A: 74%.  1S*-5 (R1 = Me2CHCHZ2, R2 = Bn, R4 = Me): pale yellow oil. IR
(NaC1) v5" 388D A1z 75che; NMRICDEARPS 7237.27. 12 T3, SHK £.12§cH.J 7863,163)9 348.9s, 2H),
3.28-3.24 (m, 1H), 3.28 (s, 3H), 3.24 (s 3H§, 1,90 (brs, 111 2o§xch.), 1.80-1.60 (m, 111), 1,50-1.38

(m, 2H), 1.4692:3H01/373032H: .95 4, 36%, 1), HBe(eS e 73135- 1 AMNMR (cHH3B) 8 170.1,
141.2, 128-5’&@ﬁf&@@%ﬁ%@g?@%ﬁ??* 1517.-5’.35%-%59@9;4?0?%%0% gzg;é"_(?zﬁos%g 18.2,

17.1. Anal calcd for C201-131NO05: C65.73% H, 8.55: N, 3.83: féun ;8.70;'N,’3.71.
25(3R*,55*,63*373-(1'-N-n-Butyl-c-phenyl-methyl)-5,6-dimethoxy- 5,6-dimethyl-[1,4]-dioxan-2-one (5,6:
Rl =Ph, R2 = Me(C112)3, R4 = Me). C9Iumn chromatog‘{aphy: AcOEticyclohexane, 1:5; Method A:
68% (3.2:1), 5: 52% 1 RIEARWOP2o R r288e3HtNERR20 185 782la o ellowsnib (R ENeRIDR2 =

7:35-7. 2 m, 61, 5764 55 (A <yt T3 JCIy 4 313 3 AUEE & ) 2 587 200R. aH, 1 1
O e I 0 b s iy TG MR CRGRR RS2,
(EST) m/z 352.54M 2014mAREHTAILS SofsCEBH29NSG5(C, 364)93, 86 8:32; N1 3.9H) fold A, 80; H,
847 N’3'87'(CDC13) 5168.1, 138.4, 129.4, 127.5, 127.4, 104.9, 98.5, 74.0, 63.7, 49.4,
49.3, 47.2, 32.3, 20.6, 18.1, 17.0, 14.2. MS (EST) m/z 352.1 [M + 1]"; Anal
15 caled for CoHoNOs: C, 64.93; H, 8.32; N, 3.99; found C, 64.78; H, 8.43; N,
3.88.
(BR*55%,685%,1'8%)-3-(1"'-N-Benzylamino-1'-phenyl-methyl)-5,6-
diethoxy-5,6-dimethyl-[1,4]-dioxan-2-one (5: R' = Ph, R* = Bn, R* = Et).
Method A: 74%; Mp 154°C, dec. (CH,Cl/Et,0). IR 3344, 1749 cm™'; "H NMR
20 (CDCl3) & 7.38-7.17 (m, 10H), 4.30, 4.23 (AB system, J 2.5, 2H), 3.66, 3.43
(AM system, J 13.2, 2H), 3.73-3.19 (m, 4H), 3.00-2.00 (br, 1H, exch.), 1.49
(s, 3H), 1.38 (s, 3H), 1.06 (t, J 6.9, 3H), 0.87 (1, J 6.9, 3H); “C NMR (CDCl)
§169.2, 140.5, 139.7, 128.6, 128.5, 128.4, 128.3, 127.5, 127.0, 105.0, 98.2,
75.5, 63.2, 58.3, 57.3, 50.8, 18.9, 17.7, 15.2, 15.1. MS (ESI) m/z 414.0 [M +
25 1]"; Anal caled for C24H31N05: C, 69.71; H, 7.56; N, 3.39; found C, 69.58; H,
7.68; N, 3.27.
(BR*,55%,65*%1'§%)-3-(1'-N-Benzylamino-1'-(3,4-

methylenedioxy)phenyl-methyl)-5,6-diethoxy-5,6-dimethyl-[1.4]-dioxan-2-



1 R*-6 (Rl = Ph, R2 = Me(CH2)3, R4 = Me): pale yellow oil. IR NaCl)( 10 vmax 3323, 1747 cm-1; 1H -
NMR (CDC13) 5 7.37-7.24 (m, 51H, 4.53, 4.24 (AB system, .1 3.5, 214), 3.32 (s, 3H), 2.75 (s, 3H),
2.75-2.40 (m, 311, 1 Il exch.), 1.60-1.20 (m, 4H), 1.35 (s, 3H), 1.33 (s, 3H), 0.86 (t, J 7.1, 3H); uC
NMR (CDC1HSHBEI35338 4 120 4, 127.5, 127.4, 104.9, 98.5, 74.0, 63. 7P GHHHYA5562 32 3,
20.6,18.1, 17.0, 14.2. MS (EST) nil: 352.1 [M 1]4; Alfal 15calcd for C[91429NO3: C, 64.93; H, 8.32;
N, 3.99; found C, 64.78; I;| 8.43; N, 3.88. (3R *,55",6S*, } ?5*)-3-(1 LN-Benzylamino-1
1-phenyl-met@y1¥-5 6= didthaxyH16-&methyht e Hdddh-2FPone~(5ERI =W o RMpBA.IRACLEL). Method
A: 74%; Mp 154C, de 1 0). IR 3344, 1749 cm-1:114 NM chC 38:7.17 (m,
10H), 4.30, 4&%‘1&%‘3@@%% ng ]ﬁﬁi@)eénsmﬁ(i\ﬁ sﬁl%qn Cﬂsﬁf&“ﬁ%z&@f&{% H),
3.00-2.00 (hr.7Lb{; exsh. k.49 {s. gkih £s381@£ 367208 Q@G-%a%g’s?-%g’ 4?.61-?1(7%';9? 345 NMR
(CDC13) 6 169.2,140.5, 139.7, 128.6,128.5,128.4,128.3,127.5,127.0,'105.0, 98.2, 75.5,63.2,58.3.
57.3, 50.8, 1893,7 7.425(A M5sy s (ESIBALATHNM 3.7ApACaled PHEG22K31NSS: Gr,69H1; H, 7.56;

N, 3.39; found C, 69.58; H, 7.68: N, 3.27. 3R *55* 6S"I'S")-3-(1 LN-Benzylarnino-1 T-l§3,4-
methylenédio%Fipheni4fidthyHD 6l aétiexyH - diRfe iy [1.04 BHibx@®-(t, 7 7.0, 3H); °C

NMR (CDCl3) 8 169.0, 147.9, 147.0, 140.5, 133.9, 128.6, 128.3, 127.0, 122.0,
108.6, 108.1, 104.9, 101.1, 98.2, 75.6, 62.9, 58.3, 57.4, 50.6, 18.9, 17.8, 15.2,
15.0. MS (ESI) m/z 458.1 [M + 1]7; Anal caled for CysH3 NO5: C, 65.63; H,
6.83; N, 3.06; found C, 65.45; H, 7.00; N, 2.96.

10 General Procedure for the Methanolysis of Compounds 5 and 6:
Compound 5 (R' = Ph, R*> = Bn, R = Me; R' = Ph, R?> = Bn, R* = Et) or 6
(R'=Ph, R* = B, R* = Me) (0.225 mmol) was dissolved in a 0.5 M solution
of TMSCI in MeOH (1.0 ml, 0.5 mmol) under stirring at 25°C for 10 min. The
solvent was eliminated and the residue was crystallized giving pure compound

15 1or1' (R'=Ph, R*=Bn) [1: 97% from 5 (R' = Ph, R> = Bn, R* = Me); 1:
95% from 5 (RI =Ph, R =Bn, R*= Et); 1': 80% from 6 (R1 = Ph, R* = Bn, R*
= Me).

"One pot" Preparation of Methyl 3-(Amine)-2-hydroxy-propionate
Derivatives 1/1' Method C). the reaction between 4 (R'=Ph, R* = Bn) and 3

20 (R = R’ = Et) was performed according to the general procedure. The 'H
NMR analysis of the crude reaction mixture showed the presence of the
diastereoisomer 5 (R' = Ph, R* = Bn, R* = Et) and only trace amount of 6 (R' =
Ph, R* = Bn, R* = Et) (HPLC: ASCENTIS SI 150x4.6 mm, 3um, 0.8 mL/min,
A = 210 nm, n-hexane/;PrOH, 98:2; 92:8). The crude reaction mixture was

25  treated with MeOH/TMSCI according to the above reported procedure and
methyl ester derivative 1 (R' = Ph, R® = Bn, R® = Me) (60%) was obtained
after recrystallization. A further crop of compound 1 (R' = Ph, R* = Bn, R® =

Me; 10%) was isolated after column chromatography on silica gel



WO 2011/128353PCI/EY2011/055762 11 one (5: Rl = Ph, R2 =3,4-0CH20-Ph, R4 = Et). 87%. Mp
1122C(npentane/CH2C12); IR (NaC1) vn,a, 3459, 1736 cm-1; 11-1 NMR (CDC13) 5 7.26-7.22 (in,
5H), 6.94 (s, 111), 6.77 (s, 2H), 5.98 (s, 2H), 4.18 (brs, 211), 3.65, 3.42 (AM system, J 13.2, 211),
3.78-3.20 (mWAHY125838380 (br, 1H, exch.), 1.49 (s, 3H), 1.40 (s, 3H), 1.09CT/BP201/857$20.88 (t, J
7.0, 3H); DC NiVIR (CDC13) 5 169.0, 147.9, 147.0, 120.5, 133.9, 128.6, 128.3, 127.0, 122.0, 108.6,
108.1, 104.9, 101.1, 98.2, 75.6, 62,9, 58.3, 57.4, 50.6, 18.9, 17.8, 15.2, 15.0. MS (ESI) m/z 458.1 [M

1] ; Anal calcddpelCRE14NBANGIEC, 65.53Md(/6:83DN, B.p6;af0upduBd6s difrdg e, 0lieNp 2P 6r
10General Procedure for the Methanolysis of Compounds 5 and 6: Compound 5% Ph, R2 = Bit R4
= Me; RI = PHIRI¥G{ (RPIER0 8RR Pt 1483 neg | FRd = W1eY 29 sis) edoved in a
0.5 M solutio ' 5 nder stirring.at 25C for 10 min Ivent was
eliminated an%%nae-&rqei?ﬁéﬂv%za%ggﬁé%él %?v?nrpg%%laeg%ga?ngc%l}/nd Q]il ??‘%ﬁ agelgha(R%BQOE%) [1:97%

from 5 (Rl = R R2 #aBou4ferMe)) 2n@5Mdranku(BlvaRhtReea Bin RY. =ABRrha80%frome6 (R1=
Ph, R2 = Bn, R4 = Me). "One pot" Preparation of Methy| 3-(Amino)-2-hydroxy-propionate Derivatives
1/1' Methdd C)nihe rdactes bgenewical (Rn= Ple(RD afa) and BR0 (R4 aR6tr@tiowasipétfermed

ding t dure. The ' lysis of t tign mixture showed th
Presence of NI USU B ALY BRRTACEn, W G A CAE] bt AP AN 61 - Ph, 2
= Bn, R4 = EQ(HRL Go ARCEM ARSI 056,80 2 38,0 Q- STLITY B 89085‘1'\951'9%%@3{@1@“’ 98:2;

92:8). The crude reaction mixture was 25 treated with MeOHTIMSC1 according to the above reported
procedure andmieftndiestef deNvativve hiR P hd 2= Bie RéaztMe) (6Q%)svasiohiadied after

recrystalIizatingécf’ugé%r gg?r?pggggn?lp(oﬁpg f}L{gR:I Et??O?S rzanlglr(]J’I)Rgn-d the catalyst (InCl; or

10  MgBr,, 0.29 mmol) were added and the stirring continued for 1 h. The crude

reaction mixture was treated with MeOH/TMSCI according to the above

reported procedure for the methanolysis and methyl ester derivatives 1 were
isolated after crystallization or after ﬂash silica gel column chromatography.

Methyl 3-(Benzylamine)-2-hydroxy-3-phenyl-propionate: de. 83%

15 (column chromatography (AcOEt/cyclohexane, 1:4). (2R*,38%): 74%. Mp

107°C (n-pentane/Et,0), (107-108°C)°. 'H NMR (CDCl3) 6 7.41-7.22 (m,

10H), 4.26, 3.95 (AX system, J 4.1, 2H), 3.77, 3.49 (AM system, J 13.2, 2H),

3.70 (s, 3H), 3.00-2.00 (br, 2H, exch.). (R*3R*): 10%. Mp 99°C

(n-pentane/CH,Cl,), (98-99°C)9. '"H NMR (CDCly) & 7.38-7.22 (m, 10H),

20 4.54, 4.06 (AX system, J 4.0, 2H), 3.78, 3.61 (AM system, J 12.8, 2H), 3.60

(s, 3H), 3.00-2.00 (br, 2H, exch.).

Methyl 3-(Benzylamino)-2-hydroxy-3-(4-nitrephenyl)-propionate:

d.e. &83% (column chromatography: AcOEt/cyclohexane, 1:3). (2R*,38%):

74%. Mp 147-149°C (n-hexane/CH,Cl). IR (KBI) Viax 3491, 1729 cm™; 'H

25 NMR (CDCl3) 6 8.23, 7.53 (AA'XX' system, J 8.8, 4 H), 7.38-7.10 (m, 5H),

4.25, 4.06 (AM system, J 3.3, 2H), 3.76, 3.43 (AM system, J 13.5, 2H), 3.75

(s, 3H), 3.20-2.00 (brs, 2H, exch.). °C NMR (CDCl;) & 173.4, 147.9, 147.6,

139.6, 128.9, 128.5, 128.3, 127.4, 123.9, 74.6, 62.9, 52.8, 50.8. MS (ESI+)



Me; 10%) was isolated after column chromatography on silica gel WO ‘ :
2011/128353PCT/EP2011/055762 12 (cyclohexanelAcOEt, 4:1). Method D Operating under nitrogen,
the proper aldehyde (0.59 mmol) and benzylamine (79 [it, 0.59 mmol) were dissolved in MeCN (1.5
mL) in the pr¥: %&’Wﬁ?ﬁlecular sieve (60 mg, activated at 200C under vEETURBLIRY &hd the
mixture was stirred for Ih. Alternatively, the 5 imine 43was generated in MeCN after which the
azeotropic mixture MeCN/I-110 was evaporated. MeCN was added (2 mL) and the mixture was stirred
for 10 mm ant#4hé 3blVent evaporated. The same protocol was repeated and finally MeCN (1.5 triL)

was added. The rea@ﬁ%wixture was cqoled at -30C, then com‘i)ound 3 (R4 = R5 = Et) (0.59 mmol)
and the catalyst (Ln 10 MgBr2, 07 6BARFSMARERC dchadhy dRenthe g taorimisendd1 h. The

crude reactioBlr_ggfgf&y@sirgatggh)g{it@Mﬁgﬂlgmgga%%%gj%% étg E@E?}ﬁ?r\é?oﬁle&%ﬁ%d Qrﬁgedure for

the methanolysis and methyl ester derivatives 1 were | r crystallization or after flash silica

gel column chigRrigdsyrph2det’/| BKBenzylamaw)2-hymexyarphenyl-Nomonapicle. 83% 15
(column chromatography (AcOEticyclobexane, 1:4). (2R*,3S*): 74%. Mp 107C (n-pentane/Et20),
(107-108T)9.7140t NMRIE DEN3)890 44, 2729 §m2 1dMH)44L26, 385 (AX systtam, 14 4, 12HDH3,77, 3.49

(AM system, 13,2, 2H), 3.7 3H),.3.00-2.00 (br, 2H, exch.). (212* 3R*): 10%. Mp 99C
(n-pentane/CI’-[%éé),%(5%’4?9%9?1217-1(%%%%5] %%é?éﬁ?,g%)zéléﬁ (o %@4@4%%@%% system,
J4.0, 2H), 3.7@;,{?:&@&;@ system, ] 12.8, 2H), 3.60 (s, 3H), 3.00-2.00 (br, 2H, exch.). Methyl
3-(Benzylamino)-2-hydroxy-3-(4-nitrophenyl)-propionate: d.e. 83% (column chromatography:

AcOEticyclohexa.neYleByl2 B2 B&G1 )y Taftinklp2LAT-d Ho6 {B- i etG pREA) - R dfsfdm Afien, 3491,
1729 cnil: 25 NMR (CDC13) 88.23, 7.53 (AA'XX' system, J 8.8, 4 H), 7.38-7.10 (m, 5H), 4.25, 4.06

(AM system, 9-§.3838, £P8uBIR 3 (AIOPRYEFAP Y1 S 5 0BHRY ypsaacgHR. 3 62 BBRGSIME exch.).
L S A IR S, Pt 1R e o 520
NMR (CDCl3) § 7.40-7.10 (m, 9H), 4.21, 3.91 (AM system, J 3.6, 2H), 3.71
(s, 3H), 3.75, 3.45 (AM system, J 14.5, 2H), 3.70 (s, 3H), 2.80-1.90 (brs, 2H,
exch.).
Methyl 3-(Benzylamino)-2-hydrexy-5-methyl-hexanoate: d.e. 87%
15 (column chromatography: Et,O/n-hexane, 1:4). (2R*,35%): 68%. Mp 89-90°C
IR (NaCl) Vpax 3467, 1739 cm™; '"H NMR (CDCl3) § 7.40-7.20 (m, SH), 4.05
(d, J 2.2, 2H), 3.80-3.60 (2H, overl.), 3.73 (s, 3H), 3.03 (dt, J 7.0, 1.8, 1H),
2.50-2.05 (br, 2H, exch.), 1.80-1.60 (m, 1H), 1.50-1.20 (m, 2H), 0.92 (d, J 1.8,
3H), 0.86 (d, J 1.8, 3H); °C NMR (CDCl3) & 175.3, 140.5, 128.5, 128.4,
20 127.3,72.0,57.4, 52.3, 52.0, 41.6, 25,3, 23.0, 22.7. MS (ESI+) m/z 266.1.
Methyl 3-(Benzylamino)-2-hydroxy-3-tiophenyl-propionate: d.e.
79% (column chromatography AcOEt/cyclohexane, 1:4). (2R*,35%): 73%.
Oil. IR (NaCl) Vuax 3467, 1739 cm™; "H NMR (CDCl3) § 7.38-7.20 (m, 6H),
7.03-6.95 (m, 2H), 4.33, 4.22 (AB system, J 3.7, 2H), 3.83, 3.55 (AM system,
25 J 13.5, 2H), 3.74 (s, 3H), 3.00-2.00 (br, 2H, exch.); *C NMR (CDCl,)
5 173.6, 143.6, 140.0, 128.5, 128.4, 127.3, 126.6, 126.0, 125.3, 75.2, 59.2,
52.7,50.8. MS (ESI+) m/z 314.1.



Methyl3-(Benzylamino)-2-hydroxy-3-(4-methoxyphenyl)- propionate: d.e. 83%. Column
chromatography (AcOEticyclohexane, 1:3). (2R*,3S*): 72%. IR (KBr) v. 3491, 1733 cm; IF1 NIVIR
(CDC13) 8 7.40-7.18 (m, 7H), 6.90 (d, J 8.8, 2 H), 4.22, 3.89 (AM system, 1 4.1, 2H), 3.82 (s, 3H),
3.75, 3.47 (AWG&EAS3F313.2, 211), 3.70 (s, 3H), 2.80-1.90 (brs, 2H, exchPCT/ERAaiiAs762
3-(Benzylamino)-2-hydroxy-3-(4-ehlorophenyl)-propippate: d.e. 82%. Column chromatography
(AcOEt/cyclohexane, 1:4). (2R *,3s*): 1073%. Mp 106-108C (n-liexane/CH2C12). IR (KBr) vinax 3491,
1729 cm"; NM&L{&feda) 6 7.40-7.10 (m, 911), 4.21, 3.91 (AM system, J 3.6, 2H), 3,71 (s, 3H), 3.75,
3.45 (AM system"/ 14.5, 2H), 3.70 (s, 3H), 2.80-1.90 (brs, 211, exch..). Methyl
3-(Benzylamino)-2-hydroxy-5-methyl-hexanoate: d.e. 87% 15 (column chromatography:

Et20M-hexane, 1:4). (2R*,35*): 68%. Mp 89-9QC | ac1) y 1739.cm"; 111 NMR (CDC13) 6
7.40-7.20 (in,%rwi)\? JEd,?2.5%?%%’6%36%%2%,%@5‘?{3,&1.1733‘?@ 3?’3.]&’(05"}%?8?1. £ 11-1),
250-2.05 (br 2tk o). A SO AN ADL B0 2% 2140089240 D108 Sh1y 0865 ) 1.8
311); 13C NMR (CDC13) 6 175.3, 140.5, 1285, 128.4, 20127.3, 72.0, 57.4, 52.3, 52.0, 41.6, 25,3,
23.0, 22.3. M3AESI+¥ Xi2&ZBBOE.  Methyl 3-(Benzylamino)-2-hydroxy-3-tiophenyl-propionate: d.e.

79% (column chromatography AcOEticyclohexane, 1:4). (2R*,3S*): 73%. Qil. IR (NaC1) vroa, 3467,
1739 cm"; 114 NM@(%D@&%W.B@V%@'W@M)N?@bé‘@@é?m?(zﬁﬁtézé@,; Mroepmmaydtem, J3.7,
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16 CLAIMS 1.A process for the preparation of compounds of general formula | R1 CO2R3 2 )( R-NH
OH 51 in which Rl is a linear or branched (C1-C6)-alky group, an unsubstituted or substituted aryl
or heteroaryl group, R2 is a linear or branched (C1-C6)-alky group, an aryIaM&lSdr'o%p; R3isH, a
(C1-C4)-alkyl group, comprising: 10the reaction of a sil%lenolester of general formula 3 where R4 is
Me, Et and R5 is Me, Et with an imine of general formula 4 where Ri is a linear or branched
(C1-C6)-alky groyp rylalkyl group, an unsubstituted or substituted aryl group, a heteroaryl group,
R2is alinear o (C1-C6)-alky group or an arylalkyl group; 15 alcolaolysis or hydrolysis of the
obtained intermediates of general formula (3R *,5,S*,6S*,1'S*)-5 and (3R *,55*,68*,['R*)-6 where Rl is
a linear or branched (C1-C6)-alky group, an arylalkyl group, an unsubstituted or substituted aryl group,

a heteroaryl group; R2Aipacineafor hranchied {0 0108) alkypgrods, ah mytamyfeoups R4 is a 20Me or
Et group. MCSLLP

R'  COR®
R?NH  OH
5 1
in which R' is a linear or branched (C1-C6)-alky group, an
unsubstituted or substituted aryl or heteroaryl group, R? is a linear or branched
(C1-Co6)-alky group, an arylalkyl group, R? is H, a (C1-C4)-alkyl group,
comprising:
10 - the reaction of a silylenolester of general formula 3, where R is
Me, Et and R’ is Me, Et with an imine of general formula 4 where
R! is a linear or branched (C1-Cé6)-alky group, an arylalkyl group,
an unsubstituted or substituted aryl group, a heteroaryl group, R? is
a linear or branched (C1-C6)-alky group or an arylalkyl group;
15 - alcoholysis or hydrolysis of the obtained intermediates of general
formula (3R*,55%,65* 1'S*)-5 and (3R*,55%,65% 1'R*)-6 where R' is
a linear or branched (C1-C6)-alky group, an arylalkyl group, an
unsubstituted or substituted aryl group, a heteroaryl group; R*is a
linear or branched (C1-C6)-alky group, an arylalkyl group; R'is a
20 Me or Et group.

25



6 R1CO2R3R1/ CO2R3, )\ R'NHOHR2N4 bH (2R*,351-1(2Rt3R1-1' 2.A process according to claim 1
wherein the condensation between compounds 3 and 4 is catalyzed by prone &#¢&Wi8 acids. 53.A
process according to claim 2 wherein the condensation is catalysed by Lewis acids selected from
InC13 and SnC12 and MgBr2. 4. A process accordingito claim 2 or 3 wherein the condensation
temperature is in the range from -40 to -30C. 5. A process according to any one of claims 2-4 wherein
the condensation 10 is carried out in aprotic polar solvents selected from dimethylformam_jg@,

U}?:d: chloroform, tetrahydrofuraanﬁefe?rap S&etonitr&i‘@aqp iR*
p
0

acetonitrile, dichlq‘\ﬁ4
dichloromethaneR4§

.. A prihcess accopding fiozany one qf clims T:5 Wierejn théle ohdfys 8'is
performed using andIc® ®01-1 in presence of trimetRidsj Oride. 15 ¢ S'\@A\ according to
any one of claims 1-6 which is performed as "one pot reactin” without isolating the intermediates to
give the final pure threo diastereoisomers by crystallization, 5 6

R! ;COQR3 RT .COZRS
R2NH  OH RINH  OH
(2R*3S%)-1 (2R 3R*)-1"
2. A process according to claim 1 - wherein the condensation between

compounds 3 and 4 is catalyzed by protic or Lewis acids.

5 3. A process according to claim 2 wherein the condensation is catalysed
by Lewis acids selected from InCl; and SnCl, and MgBr,.

4, A process according to claim 2 or 3 wherein the condensation
temperature is in the range from -40 to -30°C.
5. A process according to any one of claims 2-4 wherein the condensation

10 is carried out in aprotic polar solvents selected from dimethylformamide,
acetonitrile, dichloromethane, chloroform, tetrahydrofuran, preferably
Acetonitrile and dichloromethane.

6. A process according to any one of claims 1-5 wherein the alcoholysis is
performed using an alcohol R’OH in presence of trimethylsilyl chloride.

15 7. A process according to any one of claims 1-6 which is performed as
“one pot reaction” without isolating the intermediates to give the final pure
threo diastereoisomers by crystallization. |
8. A process according to claim 7 comprising:

- the in situ generation of the imine 4 from the aldehyde (R'CHO) and

20 an amine (RzNHQ, preferably PhCH,NH,) ,in acetonitrile at room

temperature and in presence of molecular sieves or by distillation of the

azeotropic mixture acetonitrile/water;



8.A process according to claim 7 comprising: - the in situ generation of the imine #iftéiifhe aldehyde
(RICHO) and 20 an amine (R2NH2, preferably PhC1-12NH2), in acetonitrile at room temperature and
in presence gfgnoleaudassieves or by distillation of the azeotropic mixture pcetritiaiwaser; MCSLLP
WO 2011/128353PCT/EP2011/055762 - the additiongof the silyl derivative 3 at -30C followed by
addition of the catalyst; - treatment of the crude reaction mixture with tr methylsilyl chloride in

alcohol and isolation gfdhe; BHEGHIGSIREQIRAMRL RIS 2 (WhereBRRIR AL dabtilkyt 9roup)

after crystallization.
the catalyst;

- treatment of the crude reaction mixture with trimethylsilyl chloride in
alcohol and isolation of the pure diastereoisomer (2R* 35%*)-1 (where R’

5 is an (C1-C4)-alkyl group) after crystallization.



