WO 2011/ 128353PCT/ EP2011/ 055762 A PROCESS FOR THE PREPARATI ON OF | SCSERI NE
DERI VATI VES This invention relates to a "one pot" process for the

pr epar at iwo 20f1/i28333€eri ne derivatives in high diastereoseceaprvea/ ovay?
Background of the invention a-Hydroxy-13-am no acids (isoserines) are

i nportant targets because 5 these am no acids are present in nolecul es of
great biological interest such as the new |ipopeptidic siderophore naned
or ni corru@qfi RRIOEFESS’MZEGRA pmH:ET HREPARATIONL hOHh iliS AR IINEP,
amastatin,3 a tet [apegti de with i munoregul atory, antitunor, and

ant i bact eDBRIXATINES i croginin, 4 threo-13- benzyl oxyaspartate (TBOA),5
the 1st non-transportabl e blocker for all 10 subtypes of EAATs and, npbst of
all, in taxan derivativesé6. Fromthe steric point of view, the

bi ol ogi cal reqi%sts of the apove ami no acids, are vveléqrd fined and the.threo
(2R 3S) i somer 4 &Y dNYFERINGERICRIPi Ve MMFdPPhuBTRREF et etlle ByFRAiatipR of
approaches for. the preparatio f conpounds of isoserines 15 through the
C2/C3 bb?rﬂ?elflaﬁrg&tri%@m&?én IWTF%@FPB}&G 3faa sulfinylimne with the
litiumenol ate _of a protected a-hydroxy-ester7'b or of a sinple imne with
the 1itium enoBAEEE “8121 @s@@r‘“ﬁ’&%%&%d by an oxidative process.7c The main
dr awback of the ve reactions are in the first case7a' b the use of
expene; ve sul 1 B CHIREE QRIS At HieMReshare (B30t (HETt BoAt Ease
only 2 derate. yiel.ds are obtai.ned and, an oxi dative step with an

oxpanet ve lSERING B85 it drpuyti el Peahni s el it g o,

group. Acgor gl 00100, BNSLIT o SHHSE LnRRPL RSN padh K R 19108 dopdutal ves

human renin inhibitor polypeptide, amastatin,’ a tetrapeptide with

immunoregulatory, antitumor, and antibacterial activity, microginin,4 threo-[3-

benzyloxyaspartate (TBOA),” the 1st non-transportable blocker for all
10 subtypes of EAATSs 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
with the litium enolate of a protected 0c-hydro><y-es‘[er7a’b or of a simple imine
with the litium enolate of an ester followed by an oxidative process.” The

7a,b
& 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
a-methoxyketene silylacetal in acidic conditions. Isoserine compounds,

functionalized with a o—OMe group are formed in moderate yield and

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



a- met hoxyketene silylacetal in acidic conditions. |Isoserine conpounds,
functionalized with a a-Ove group are forned in noderate yield and 25

di ast er eoselzectyi2gss3 Furt hernore the a- Ove group nust bepdemrodieosee2i n a
WO 2011/ 128353PCT/ EP2011/ 055762 2 separ%te step. Finally, the condensation
of N-arylimnes wth dangerous aryl di azoacetates in hi gh stoichionmetric
excess and pronoted bﬁran expenS|ve rhodi um catal y is known. 7e | soserine
deri vati vESPHRE cBeRi Aapakiyt A vaw%f!ﬂr@aapaspéréfo%réfﬂlélémﬁén\vdﬁbec}?dxgﬁgow t he
substitution pattern and jn noderate 5 yields. A major djfficulty which
affects aPfy qﬁ??@"l%ﬁ%wss%iﬂ}g@t $telq¥é9ﬁ@a@c CXCES i arwnat%{h @RISR
because al | t hods, except rif; use a.chiral aux ar t he. arting
reagent/srhqﬁﬁ@ GRS st éw&p&ee%@%‘é%v%s i f@ll&@%&@ ¥rgh)

process. scription.of the ipvention 10The.present invention relates to a
process tge bEePRclEpHRBY El%e‘li?ﬂn%eﬂlér © fSBBFﬁi UéloP iDRUERR cROGR 11 dN ‘?qr?‘ﬁ‘ear or

T L L R
el el Lo an (G0t v Al st e gl somecs ore
(cLion. %ﬁ%@%‘fx.13&%8éé%%&%%geﬁsaftﬁpmeaeﬁattﬁqufeﬁﬂ&awsW@?SLW e
RLCC2R3 gcgﬁdensalt_{gél 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 iBu, aryl,

thienyl, R* is PhCH,, n-Bu and R’ is H, alkyl (C1-C4).

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

CO,R3
R°NH  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-Co)-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



1 20The process of this invention is depicted in Schene 1 where the R, R2
and R3 groups are as indicated above. It consists in the reaction of
a subst anvoablyi2exgai ol ecul ar anobunt of a silyl enol est epcoferg@n@ssk2 f or nul a
3, where R4 is Me, Et and R5 is M, Et and an imne of general fornula 4
where RI is a linear or branched (Cl C6) -al ky 25 group, an arylal kyl group,
an unsubstituted or substituted ary p, a heteroaré group, R is a

li near or (BRanohedd | ED-ED) -adky(3dr %géls*alnRa}?l YhGre & odp, aailﬁé%l?ﬂ’g

i nt er nedi tes of % rgb| formula WO 2011 8353PCT/ EP2011/ 055762 3

(3R, 5S*, g*nchleds ?ﬂ Conplsrerap, gg« arv YL 62Rmer et Ungubstitutedy oty

branched - roup, an, aryl al grou an unsubstitu

subst it ut 89 %W} cgr%fb g@%térhamarg&ogboumz% s 13 fj HBSRT AT E)E%@}F‘é’d

(C1-Co) - al rou an aryl al k IS Me Et group. )

i er e b b8Pk arta B skl | §1ns i e oty S0uBe PR aRA TR i ves

of gen raI fo 2R*  3S* R*, 3R* 1 where R3 Hb drolysis

o s 2 sl Pt ey obatost egieﬁﬂé%ﬁosfea G SR ek Fehei oTufa

%25*@%*%(%%0,%&% dléRa'ﬁ31$%1 p@here kﬁi 1591?%9 Pydra&;‘?sﬂgo&y 1sr{tcs) 1soser15r?e
derivatives of general formula (2R* 3S%)-1 and (2R* 3R*)-1' where R’ is an

(C1-C4)-alkyl group by alcoholysis.

R'Q NH R? NH R2
Mer3C RO, o, RIS’ RO o, R
RO, l + RICH=N-R2 Mey” " R? .\ Me! : R
md © TOsiR%, RO, RO, o
md © o M 0
3 4
5 6
R’ C02R3 R’ CO,R3
/ \ / 2
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,, InCl;, NbCls,
Eu(OTf);, 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. €.

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



R- NHUHR2NFC bH 10( 2R*, 3S*) - 1(2R*, 3R*) - 1' The condensation between 3
and 4 is catalyzed by both protic and Lewis acids (0.1-1 eq).

Repr esentwDi2ve/i2e3sBs cat al ysts are ZnCl2, CoCl2, |nCl3, plv@P2911/85K767 03,
PdC12, SnCl2 and MgBr2. The distributiop of the products 5 and 6, 15 and
hence of the products (2R*,3S*)-1 and (2R*,3R*)-1", has shown to be
dependent fromthe kind of the Lewis acid. Lew s acids such as 1 nCl3
and SnC12T3f MBS Pa¢ieEred- bot h the better threo diastereosel ection (i.e.

i ncrease the f%rmation of the preferred diasteroner (2R*,3S*)-1) an%i t he

hi gher reacti of Nyi EI3Gt1I0RcReF WS N\ ANtagReIsLY 20 apiels RRiarvg@vontsy as. Tor
preferred. The reaction can be perforped j.n an anple ran of

t enper at uF¥3Mpe, finfeiBriTonDey Re oot epatilc e b BTOBER Bkt aichiRs et heen
-40 and -30C., Thi WD,2011/.128353P P2011/ 055762 4 range i s thus

o of ot r ea ety dfofans ASEIH T80 & AN AR LGB A1 P aRiot | ¢ pol ar
solvents as, f exanpl e, .. di met hyl f ormam de, acetonitrile, dichloronethane,
ohi or of or m t el AR5 3FUPAHrPrORBERHIN PY PHIILISd i B8 FIGAES REfe res.
preferred. 5If necessary, all. products can be pyrifi.edsusi ng standard

P ocedur s ATCSR i, BrrdoRbld bty fotrarer rcah el B B eBhoimeRatt: i n
presence of trinethylsilyl chloride. According to a preferred form of
t he inven?ﬁlglﬁrh)&g113%c@flfﬁﬁds the best results as to yields and

0 2oL 20sel O B, 35 SRS IM BFoE ol Rl SR o
diaster eOirgs% " Bs (];ty?erzld% asr{(fragaesté:rreggél%!:‘tli(i)riameopeasc R 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 (2ZR*3S5%)-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.



According to this process, imne 4 is first generated in situ fromthe

al dehyde (R1CHO) and an am ne (R2NH2, where PhCH2NH2 is preferred) in

acet oni t riwbeoat128138m t enperat ure and in presence of nol eculEerodiossres or by
15 distillation of the azeotropic m xtuge acetonitrile/water. The reaction
tenperature is lowered at -30C and the say' derivative 3 is added. Then the
catalyst is added and the m xture stirred for I h. The crude reaction
mxture is d tly treated with a solution of trimethylsilyl chloride in
al cohol and the pure di aster4e0| sonmer (2R*,3S*)-1 (where R3 is an
(C1-A)-al k roup IS 20i88 afed after crystalllzatloRO o | f desired,
the method of thel{@Rent i tion caHDsfﬁFtFV{ZSd@rectlyMe'rzﬁ]tl opur e

conpounds (thds avordinyg tRf®© 3 tio-n—stég;;)—by—st ar t Rhqy enant i opur e

conpound 3 ( = Me, R5 = EtNe rdounds 3 ar emdbt@i n@8iR’s om t he
correspondi tones 2 according 25 to Schene 2. WO
CT/

2011/ 128353 2011/ 055762 5 R40 n O HC(OR4) 3Me-\ LHDS/ THH -78 C
R400OMe/ 00TeS0 R40 " Mel. R401. mrOSi R53 23

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 Et;SiCl as silylating agent (Scheme 2). Short reaction times are

advantageous.

o)

oj: R4o R*0O o
HC(OR%)3 i j\l\ LHMDS/THF/-78 °C Me'): l
+ 4 401,
o) RO TesCl RO

O "osiR%,
%OH 2 3
OH
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 i1s 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



Compound 2 (R4 = Me) is a known conpounds which can be obtained by a
conventional nethod8c. Conpounds 2 (R4 = Et), 3 (R4 = M, R = Et), 35 (R4
= R5= Et)weneimmessssonpounds which are al so part of the pcesepiitiosszenti on
together with their nethod of preparati n. The new | actone 2 (R4 = Et) is
prepared through a very efficient "one %ot protocol starting directly from
a mxture, of 2,3-butandi one, chollc acid and et hyl orthoformate I n
presence SHCENEAIaAES2S Weéln%w‘f? irgpiblaseme. clugmpsastoae aretisaligaed in

excel l ent vyi el fr 2 by using th| m hexa yl enedi si | yl am de
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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,SO, 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) Vpax 1752 cm™; '"H NMR
20 (CDCl;) 6 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 (CDCl;) 6 168.1, 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 CyH3Os: 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.



OSIR 3 R40 Me TesCl 15According to a preferred feature of the present
i nvention the imnes 4 are prepared in situ fromthe correspondi ng al dehyde
and am newenditringssseacti on m xture is inmedi ately made toTEPaEit/09876H
conpounds 3 thus avoiding their isol ati9n whi ch is troubl esonme and

yi el d-1 oweri ng because imnes are known to be rather instable conpounds.
20Advant ages of _the invention The nethod of the present invention is

superi or Betguaddigons tee sipriecvey stiTadhEorpaRRiBatl e Wi dsTRiseaddgoN @ui r e

any i sol atTiEO§qCIOE4 }nhLe, 26\/\%%8%}%%%8%583‘:}[%&4 IsE(E) u(‘[)&)%/ \Qv?t??tggn Eestllowed to warm to

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) Ve 1719, 1149, 740 cm™; '"H NMR

(CDCl3) 65.52 (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
calced for C,4H,305Si: 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 (CDCls) § 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 (CDCl3) & 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 calced for C;4H3,05Si: 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



internedi ates as well as of troubl esome chromat ographic purifications.
MId conditions are needed to deprotect both the hydroxy and the carboxy
groups. T™WO=0i1912835p0r t ant because the ri sk of racem zat ipom/EP01fL053792

avoi ded. Good yields and diasteresel ecty,on are a further essenti al
advantage. 5 The present process affords a racem c m xture of isoserine
derivatives which can be separated by conventional procedures. However, if
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Celite, and tIf | véent was Tenoved 1 n vac crude conpound
Roc 1) e oS Te g ot S LR e b e R R vy 71,
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55.11; H 9. 15(3R*,56’*,6‘5’*)-3-(1'-N-Benzylamino-l'-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
(KBT) Viax 3372, 1744 cm™; '"H NMR (CDCly) § 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) 0 169.2, 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

C2:H»7NOs: C, 68.55; H, 7.06; N, 3.63; found C, 68.43; H, 7.14; N, 3.56.
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m Xt ure was wor as repor ove oce e and conpounds 5/6

{Sol ated Hﬁég‘ggca?%?ﬁmm&@gr%% Qggféhgg; %%Gﬁ%%ycﬁe@hexa%%% T lherer
-N-Benzyl,g q&“ﬁl W&%nd@%@bﬁaﬁn@% good y(lgld Meghod 4, 74

0,
di met hoxy-5 1, 41-di oxan- 2-one = Ph, é?2 = Bn, R4 = 20

Me) . Col um chy ﬁzmgqg@aspm%c;g@ﬁzf Ryc! gherenendy: 3 gg&mg A, ﬁ@%ﬁl&él)lm >

52% 6: 13% 6: 16%
Ve) | 108Cy(n-pety ansd CERE1NY NRKHBDCKITS 33727, w;gm 91112141 (§Dc33) 8
7.40-7.22 (M 10H), 4.31, 4.28 (AB syste 1T (AM”

t J 1 5 2 H,
Ziihe;n 1 g782 2}%12‘}’327@’ 2@5%’ 1}%3832@/??3 (ﬁc{[))c?g%g’l%g) 2} @?4 l‘%8 II%39 7,
128 7 12 1 21 HA0 7 4

4,97 %X% ?%05* 6%2%13%5[% 195 . RO PG Yok LRG0
68 55, H, g& 9%. 6N3H 63Xo6 umds@ 388; 4@ NMR (&HCly 531AB1, 91.2, 128.5,

2011/ 128353PCT/ EP2011/ 055
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 calcd for C,yH3;NOs: C, 65.73; H, 8.55; N, 3.83; found C,
65.60; H, 8.70; N, 3.71.
25 (BR*,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%.



9 1'R*-6 (Rl = Ph, R =Bn, R4 = Me): pale yellowoil. IR (NaCl) vmax
3318, 1748 cm1l; NWR (CDCl3) 8 7.41-7.26 (m 10H), 4.54, 4.30 (AB system
J2.7, 2HWO0015288%356 (AM system J 13.2, 2H), 3.33 (s, r8HEP2R1/075765, 3H),
2.76 (brs, 1H, exch.), 1.37 (s, 3H), 14 6 (s, 3H); 13C NWR (CDC13) 5 8
168.1, 140.5, 138.4, 129.7, 128 7, 128.2, 127.8, 127.4, 105.1, 98.6, 74.7,

63.4. 51.5 49.6. 49 5 18.3.,17.2. NS (ESI) niz 386.2 [M + 1+AI | cd
for C22H27NO5: 1@5*'@8@?5 Hh, f? oeMe &CHs)ag:Ra )ﬁMﬁii Eﬂlea‘selhmwllﬁ acyy

i et hoxy Veoaaaiast ASh A 4 T QY IEAC DR O B30T A (el o é T £A§n 10
Eﬁranawfégﬁgﬁlﬁﬁam%ﬁhfs iﬁ)}a?éip{] AEBEST O] Shopbkane 3365 iy Shal Fh e,
was. obserdet T CohiGTh eadds Oy ehe (e b Debiri BTG s chR “Ro =
Concti on teDRE & B0 o0 D Dok, LoiTh ﬁdaﬁnfﬁt%?ée'aﬁv%ﬁawﬁg% 65,9455,

Vot o gAY 3560 BS 1B KL D, du fOVRRSRER ke 3 PP giDeAi}/%fl ou
17 (a5 for%ff’%%?’s H 057 B b OOt S odstfal: §34 %, 5

(s, 3H, 1. (brs, 1H, 20 exch.), 180160(m 1H), 150138(m 2H)
1.46 (s, , 1.37 (s, 0.91 (d, J 6.6, 3H), 0.86 (d, J 6.3, 3H); 13C

516, 50.1 915" i%(%‘“éé* KoM SR TB): Y Oew%%%aﬁ%&ﬁ?(ﬁ’f >
G20 LN B 1 i STk e et F2atih ot o, 400 s 72
L ek SR s it 2@@%4@9&?“%’%1(?‘?&%)

Ve( o) 3, Fp-L AL AFEVER LT Tk el B0k (oold i3y G VI s
30, 3 11 (DI Ty 3%, $398,, (075, D2T A TOED o808 a5 s diy 4 g
5, 3% 428 P DB, 1004 Ys IR SRS 112080

& orodRos il GNP SRS TR, 8 M C I 0, )P 9%y

1'R-6 (Rhgg Ph, R2 = Me(CH2)3, R4 = Me): pale yeIIow0|I IR (NaCl) 10 vnt
3323, 174 cm1 If1 NWVR (CDCL3) 8 7.37-7.24 (m 5H), 4.53, 4.24 (AB

system J 3.5, *, * 12N1 v 1H
exch.), 1.60- 1 5§ ﬁ;{ﬁf 3? N%ﬁéﬁlaw" si @{) ﬁyggéém(y 512]6 7.1, 3H):
13C NWR (ﬁﬂ%%k kﬁ&lﬁet g1442| &ﬁ&a‘h»-zj@xie ?5 R27=4%p 1R2.9, B P8RS, = %
63.7, 49.4 49.3, 472 0.6, 18.1, 17.0, 1.2 IVB(ESI)n12321[M
+ 11+ ANAlethod A: T4%:; Mp 154°C, dec. (CH,Cly/Et,0). IR 3344, 1749 cm™; '"H NMR
20 (CDCIl3) & 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 (t, J 6.9, 3H); *C NMR (CDCl;)
0 169.2, 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 CosH3NOs: C, 69.71; H, 7.56; N, 3.39; found C, 69.58; H,
7.68; N, 3.27.
(BR*,55%,65*%1'S*)-3-(1'-N-Benzylamino-1'-(3,4-

methylenedioxy)phenyl-methyl)-5,6-diethoxy-5,6-dimethyl-[1,4]-dioxan-2-



15 <calcd for CI9H29NO5: C, 64.93; H 8.32; N, 3.99; found C, 64.78; H,
8.43; N, 3.88.

(3R*, 5S* ,Ww6*pl1/1983533- (1' - N Benzyl am no-r - phenyl - net hyI ) POTAEP2011/055762
dlethoxy56d|rrethyl-ll 41- dloxan20r1§ (5 R = R2 = Bn, R4 = Et).
Met hod A: 74% Mo 154C, dec (CH2C12/ Et'20) . IR3344 1749 le [fI NWVR 20
( CDC13) 8738717( 4. 30 423(AB4system J 3,66, 3.43
( AM systeﬁiﬂeJ E}Dh 3R73—§ 4O O4RY, B go- Etb08(7%/? MP{ 1é>2cﬁ(’; 1. 49
(s, 3H), 06 J6. 9, 87 (t H)

( CDC13) BP%@HQ?CHAG%% IBséN%Cliz\éna@ 3&%25173?2@@1 qgle?‘ﬁ}/lﬁz(ﬂ%,éﬁiyge 0,

iz 414, 0TM- 1R () S0 g ol 0B 1o T RANOB 98l 881718134 b 1'5%%%( =
> Benay Sgﬁcn%ﬁ% oA Sysbiy 23080 3.78-3.00 T, X OFs5-Psb B4
2011) 1589830 B0t UEs 7430 13- GG 199 By /27 e 48 4 é&i‘a%’ﬁﬁ?a‘l’ :
IR TE R A s,
(brs: 280308 650 Sl 051, 03143 B 80 13578 370 (i 1y A 35, L0
25,3, 7189533*)%?@%@ e jﬁon%é" 11 1056 5,{337*@5’76,%53639&%138 i
oL AN R fd B A A A B gy 90,1 (18 a0 i
s T TR UG RS B
TG I " Fieatp it 3,08 51eh 0 B R T S Rng B B3 a8 o i) Ot
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95% from 5 (R = Ph, R’ = Bn, R = = Et); 1': 80% from 6 (R = Ph, R? = = Bn, R

= Me).
"One pot" Preparation of Methyl 3-(Amino)-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/iPrOH, 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



di astereoi soner 5 (R Ph, R = Bn, RA = Et) and only trace anount of 6
(R = Ph, R =Bn, R4 Et) (HPLC. ASCENTIS SI 150x4.6 mm 31im 0.8

mL/ m n, Xyo=20£10483531 n- hexane/i PrOH, 98:2; 92:8). The crudgre@ansien

m xture was 25 treated with MeOH TMSCL accor di ng to the above reported
procedure and nethyl ester derivative f (R = R2 = Bn, R3 = Me) (60%
was obt ai ned after recr stallization, A further cr of corrpound 1 (R =

Ph, R2 = BRC % Nkl Metiogh B HREatigs) WeTchitiEsneGh %umg)p%
silica gel 2011 12835 PCT{ EP2011/ 0557 12 (cycl ohexane/ AcCEt ,
Met hod D) aldgiys:(© HHH@lr 45 amgipge ( 55 E)eweée gips d)mand

or oetnce 1w Gedinaf) ilfgr”é?%%sr“l%%f%@%ﬁ%lé% SdbecuAalr SaAIAT T 2n)

sonr o cquti et B S ok st BT A B BT
evapor at ed. IVECN was added gé mxtur s stirred for.10 mn
ona” o, SHRITS cYaRo et tdnar SN Gtor bsE BRedretiiag AT Mech

(35, R SR P, BB, e P
Tt r o walrEnaar af W AnibFe P}%@%%Sr%'eﬁfaﬁr%fgfﬁ%%rﬁs BB EpurpRated
B vor - oryabd Dy TRCRT CLET il i kR, 0% Boc KBRS B 5o
chr onat ogr bRy (A &%Q@é‘%ﬁé&iy R 3haRRIFHG 46 Sy C°' o
%”926% B0 034 Hiob| 52 agbh MG Eofutile o6 %Tﬁg% N
AR DN TN CRME I A S 2,
\(]bff, OZH,ZH)é%%_t{(? p@%eﬁﬁﬂré%sﬁﬁé trﬁgtlhalllolj}?s 8 anakﬁieth%/l 0QtdSderttrivey 90800
3- (Benzyl ?srglgt%h'a%’[é}y(gglgfﬁllﬁzo’dtﬁo% B LEP RGN Ly é)ai gk chromatography.

Methyl 3-(Benzylamino)-2-hydroxy-3-phenyl-propionate: d.e. 83%

15 (column chromatography (AcOEt/cyclohexane, 1:4). (2R*,35%): 74%. Mp
107°C (n-pentane/Et,0), (107-108°C)’. 'H NMR (CDCl;) & 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.). 2R*3R*): 10%. Mp 99°C
(n-pentane/CH,Cl,), (98-99°C)’. 'H NMR (CDCl;) § 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-nitrophenyl)-propionate:
d.e. 83% (column chromatography: AcOEt/cyclohexane, 1:3). (2R*,358%):
74%. Mp 147-149°C (n-hexane/CH,CL). IR (KBr) Vpax 3491, 1729 cm™; 'H

25 NMR (CDCl;) &6 8.23, 7.53 (AA'XX' system, J 8.8, 4 H), 7.38-7.10 (m, SH),
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+)



d.e. 83% (col um chromat ography: AcCEt/cycl ohexane, 1:3). (2R*,3S*): 74%
Mo 147-149C (n-hexane/ CH2C12). IR (KBr) vnm' 3491, 1729 cm1; 11-1 25 NMR
(CDC13) 8w8.288/1283533 (AA' XX system J 8.8, 4 H), 7.38-PctEron/osidp2 4. 25,
4.06 (AM system J 3.3, 2H), 3.76, 3.43,(AMsystem J 13.5, 2H), 3.75 (s,
3H), 3.20-2.00 (brs, 2H, exch.). 13C NVR (CDC13) 8 173.4, 147.9, 147.6,
139.6, 128.9, 128.5, 128.3, 127.4, 123.9, 74.6, 62.9, 52.8, 50.8. M5 (ESI+)
WO 2011/ 128353PdF/ EP2011/ 055762 13 m z 353. 1.
Met hyl 3- ( Benzyl ami no) - 2- hydr oxy- 3- (4- et hoxxphenyl) - _propionate: d.e. 83%
Col urm chr omat &etdyhy (AcOEt / 3y B earaiameno)r 2y dioxx-344-methovyphenylis, )
v 3491, 1733 cm1; 1H_N 13) 5 7.40-7.18 ( 7H), 6.90 (d 8.8,
2 H, 4. ZPFOB!WtFAI\ﬂ-%yég@%;; (Cy ympy cg%n?at@géezplpé,(%@E,t/@Yeﬂsﬁe@w A
system J o 22 H) .70 ( H, 2.80-1. brs,, 2 ) t hyl
3- (Benzyl ﬁx?;’)‘g% h%(%’ox -Safﬁ%%rﬂmrﬁ%elnyi% r%%‘ilen emﬁe.(%@@ | urm
chromat ogra (Ac CEt C a 1.4 (2R, 3S%) ; 73% 106-108C
(n- hex ne/r7é&{z%11§>A iy dl%ﬁé%i@ 92&-@1,2 @2657} i-%%%%@y%téﬁbﬁ)“-g %1.1[30- 7.10
(m 9H), 4. 191 ( yst J 3.6, 1, (s,, 3 .J5, 3.45 (AM
system Jgiﬁgs’%fib’3@?75}4(55(%%”%%862@%0%(]&%%2(!% 5%1;202:8)0.'1@%?’

d

3-(Benzy|2 'no)h - hydr oxy- 5- net hyl - hexanoate: d. e. 87% 15 (col umm
chr omat og Eipl’ﬁ’/‘ t 20/ n- hexane, 1:4). (2R*,3S*): 68% M 89-90C IR (NaCl)

)
ot 3467, 1730\iuks SRR ACREL a0 Ll Shard B oy >
2502 05,(broft 51y oty e ndibycdoiedod® 4 2R3 o
128. 419 73%. Mp 106-108°C (n-hexane/CH,CLy). IR (KBr) Vi 3491, 1729 cm’'; 'H
NMR (CDCl;3) 8 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-hydroxy-5-methyl-hexanoate: d.e. 87%
15  (column chromatography: Et,O/n-hexane, 1:4). (2R*,38%): 68%. Mp 89-90°C
IR (NaCl) Vyax 3467, 1739 ¢cm™; '"H NMR (CDCl5) § 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 (CDCl;) & 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*,38%): 73%.
Oil. IR (NaCl) Vpax 3467, 1739 cm’™'; '"H NMR (CDCl;) § 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 (CDCly)
o 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.



20127.3, 72.0, 57.4, 52.3, 52.0, 41.6, 25,3, 23.0, 22.7. M5 (ESI+) niz

266. 1. Met hyl 3-(Benzyl am no) - 2- hydr oxy- 3-ti ophenyl - propi onate: d. e.
79% ( col uwo 20twasEBogr aphy AcOEt/ cycl ohexane, 1:4). (2Rpc38rro11689462 0 1. IR
(NaCl) vm' 3467, 1739 cm1; 1H NMR (CD(%B) 8 7.38-7.20 (m 6H), 7.03-6.95
(m 2H), 4.33, 4 22 (AB system J 3 , 3.83, 3.55 (AM system 25 J
13.5, 2H), 3.74 (s, 3H), 3.00-2.00 (br, 2H exch.); 13C NWR (CDC13) 8

173. 6, 14Ref eferelg®so, 128.5, 128.4, 127.3, 126.6, 126.0, 125.3, 75.2, 59.2,
52.7, 50.8. M5 (ESI+) nlz 314 1. WD 2011/ 128353PCT/ EP2011/ 055762 14
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unsubstituted or substituted aryl or heteroaryl group, R2 is a linear or
branched (Cl-C6)-al ky group, an arylal kyl group); R3 is H a (Cl-C4)-alkyl
group, comprsimngss31l0the reaction of a silylenol ester ofrcgaresialosser mul a 3,
where R4 is Me, Et and R5 is Me, Et vvit% an imne of general fornula 4
where Rl is a linear or branched (Cl-C6)-al ky group, an aryl al kyl group, an
unsubstituted or substituted aryl group, a heteroaryl group, R2 is a linear
or branch&h@@ﬁ%)-al ky group or an aryl al kyl group; 15 al cohol ysis or
hydrol ysis of the obtained internediates of general forrmula (3R

* 58*,6S*,1'S*)-5 and (3R *,5S*,6S*, 1" R*)-6 where Rl is a linear or

branched (C1-Cg)-al ky grouyp, an ar.Iaﬁlf | group, an unsubstituted or
substituted ar p%é%?orat d?fépé%ﬂtij/}n %Q}B,%OF@& Q?SGP?WES?HBPP%fanChed
(C1-C6)-al ky group, an arylalkyl group; R4 is a 20Me or Et group. WO

2011/ 128353PCT/ EP2011/ 055762 17 5%1 C%20R3I§1 CO2R3 9 R- NHOHRZNH .
7R

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-C6)-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-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 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.
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(2R*,3S*)-1(2R*,3R*)-1" 2. A process according to claim2 wherein the
condensati on between conpounds 3 and 4 is catal yzed by protic or Lew s

aci ds. 5 wWoAopras®ss according to claim2 wherein the cectmpsatiossver S

catal ysed by Lewis acids selected from I7nC13 and SnCl2 and MgBr2. 4. A
process according to claim2 or 3 wherél n the condensation tenperature is
in the range from-40 to -30C. 5. A process according to any one of claims
2- 4 wher ei n gghe Ocondensatl on 10 is carried out |nNap;u20t| c ol ar MIR?ents
sel ected from:? thyl f or mam de, acet oni tr$ 1 or omef 14DO;. proform
t et r ahydr ofR4oa, r ef era'bIFy‘CHsreR%)m—t—H—l-e d c I on:eth %e. process
accordi ng toman)P oMSiRSE claims 1-5 Wnerel?ﬁof ohoI ys s : forrred
using an al cohol; R30H in presence of tri rret |SI I yI chi ori'de 15 7. A
process according to any one of clains 1-6 whigh is perfor rred gasS "one pot
reaction” without isolating the internmediates to give the final pure threo
di astereoi soners by crystallization. 8. A procjs accordi ng to%cl aim7

conprising: - the in situ generation of the imne 4 fromthe al dehyde
(RICHO and 20 an am ne (R2NH2, preferably PhCH2NH2, in aceto itrile at
roomtenperature and in presence of nol ecul dF Sj@eBY or by B st¢®4Riti on of
the azeotropic m xture acetonitril e/\/vaterR F?B_}the addi t| on\_T/ the silyl
derivative 3 at -30C foll owed by addition d‘ll t h&cat al yst O r eat ment
of the crude reaction mxture with trinethylgkbsdqchloridejmnsadgohol and
i solation of the pure diastereoi somer (2R*, 3S%)- 1 (where R& 5i s an
(C1-C4) - abkyl @ guipiesdf hecoliygt@l lcladat idnvherein 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.
S. 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 (R2NH2, preferably PhCH,NH,, in acetonitrile at room

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

azeotropic mixture acetonitrile/water;
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- the addition of the silyl derivative 3 at -30°C followed by addition of
the catalyst;

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

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



