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Description
Field of the invention

[0001] The present invention refers to the chemical field, in particular to organic chemistry and more in particular to
the preparation of unnatural aromatic amino acids with a process allowing the synthesis of specific enantiomers by using
non-chiral catalyst.

Background of the invention

[0002] Unnatural amino acids are usually introduced in peptides with biological activity to obtain peptides and pepti-
domimetics showing new biological features.

[0003] Of particular interest are phenylalanine and tyrosine di-methylated in positions 2’ and 6’ of the aromatic ring
(also known as DMP e DMT respectively) with restricted structure, being enantiomerically pure isomer D or L, having
conformational rigidity of the side chains which cannot rotate because of the presence of methyl groups in the two ortho
positions.

[0004] Said unnatural amino acids are used to substitute the corresponding natural amino acids when investigating
the binding of peptidic ligands, and also for designing biologically active peptidomimetics with induced affinity and/or
selectivity for certain receptors (Koda, Y. et al. Bioorg. Med. Chem., 2008, 16, 6286; Balboni, G. et al. Bioorg. Med.
Chem., 2010, 18, 6024; Fichna, J. et al. J. Med. Chem. 2007, 50, 512).

[0005] For example, 2’,6’ di-methyl tyrosine (DMT) and 2’,6’ di-methyl phenylalanine (DMP) can influence the activity
of opioid peptides, such as endorphin 2, increasing the affinity for u and 6 receptors (Li, T. et al. J. Med. Chem., 2007,
50, 2753-2766).

[0006] The synthesis of DMT and DMP by stereo-selective asymmetric hydrogenation of o-p dehydro-tyrosine, carrying
a protective group in the presence of [Rh(1.5-COD)(R,R-DIPAMP)]BF, chiral catalysts, is known in the art (Dygos, J.H.
et al. Synthesis 1992, 8, 741; Li, T. et al. Chem. Pharm. Bull. 2006, 54, 873).

[0007] It is also know the synthesis of DMT based on the stereo-selective alkylation of di-cheto-piperazine in the
presence of a bulky chiral group on the nitrogen atoms, even if this process avoid the use of chiral catalysts it needs
several steps for synthetizing the intermediates of the reaction (Balducci, D. et al. Tetrahedron Asymm. 2009, 20, 1398).
[0008] WO2004055195 discloses an enzymatic separation of R or S enantiomers of DMP in a racemic mixture.
[0009] Recently, the inventors of the present application have prepared 2,5-dichetopiperazine by condensation of
dipeptide-esters having protective groups at N-terminal, which is a key intermediate of the process object of the present
invention (Mollica A et al., Fitoterapia, 2014,98,91-97).

[0010] Itis clear that the processes, known in the art, for synthetizing single enantiomers of aromatic unnatural amino
acids are based on the separation of single enantiomers in racemic mixtures or involve chiral catalysts or the presence
of bulky chiral groups.

[0011] On the base of what was known in the art and with the aim of providing a simple process, using easily available
reactants, and avoiding the use of expensive chiral catalysts, the same inventors developed a process for the enantio-
selective synthesis of aromatic unnatural amino acids, with restricted structure being enantiomerically pure isomer D or
L, using easy available and cheap diketopiperazines, derived from condensation of simple dipeptides, as key interme-
diates, which undergo to aldol condensation with easy available and cheap aromatic aldehydes in the presence of a
non-chiral catalyst.

Object of the invention

[0012] The above technical problem is solved by providing a process for the stereo-selective preparation of D or L
stereoisomers of unnatural aromatic amino acids optionally substituted on the aromatic ring of formula comprising the
following steps:

a) coupling a natural amino acid having an alkyl or aromatic side chain, having S or R absolute configuration and
having a protective group (GP) on the amine with a glycine C1-C4 alkyl ester, linear or branched, to obtain dipeptide
of formula (1):
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R2 0O

wherein R1 is OH, C4-C, alkoxy linear or branched, halogen;
R2 is isopropyl, isobutyl, sec-butyl, terz-butyl;

b) removing the protective group (GP) from the compound of formula (I) as prepared in step a) by reacting with a
suitable reactive to obtain dipeptide of formula (Il) or salt thereof:

R, 0

H
HZN)\WN\)J\&

)
Il

wherein R1 and R2 have the same meaning of step a);

c) intramolecular condensation of dipeptide of formula (Il) as prepared in step b) to obtain compound of formula (ll1):

O

NH

HN
R2

O

wherein R2 has the same meaning of the preceding steps;

d) acetylation of compound of formula (Ill) as prepared in step c) to obtain compound of formula (IV):

wherein Ac is acetyl and R2 has the same meaning of the preceding steps;

e) condensation of compound of formula (IV) as prepared in step d) with aldehyde of formula (V) to obtain Z-alkene
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of formula (VI):

R, Rs 0
R4 CHO R4 N N,Ac
HN
Rs Ry Rs R, TH\Rz
Re Re 0
v Vi

wherein R3 and R7, same or different, are H, halogen, C4-C, alkyl linear or branched, C4-C, alkoxy linear or
branched, C4-C5 alkyl halides linear or branched;

R4,R5,R6, same or different, are H, OH, halogen, alkyl linear or branched, C4-C, alkoxy linear or branched,
C,5-Cq cycloalkyl substituted and unsubstituted, aromatic or heteroaromatic ring substituted and unsubstituted,
C4-C; alkyl halides linear or branched, benzyl, benzyloxy;

Ac is acetyl and R2 has the same meaning of the preceding steps;

f) removal of acetyl residue from compound of (VI) as prepared in step €) to obtain compound of formula (VIl):

Rs 0
Re XY NH
HN
Rs R; R
Re 0
VI

wherein R2, R3, R4, R5, R6 e R7 have the same meaning of the preceding steps;

g) catalytic hydrogenation of compound of formula (VIl) as prepared in step f) in presence of a achiral catalyst, to
obtain compound of formula (VII1):

Rs 0
R4
NH
HN
Rs R7 \[H\Rz
Rs o)
VIl

wherein R2, R3, R4, R5, R6 e R7 have the same meaning of the preceding steps;

h) hydrolysis of compound of formula (VIIl) as prepared in step g) to obtain unnatural aromatic amino acids optionally
substituted on the aromatic ring of formula (1X) in mixture with an amino acid of formula (X):
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R4
Rs R; R,
Rg HzN)\COOH
R7H2N COOH X
IX

wherein R2, R3, R4, R5, R6 e R7 have the same meaning of the preceding steps;
Optionally step h) is further followed by the following steps:

i) protecting unnatural aromatic amino acids optionally substituted on the aromatic ring of formula (IX) and amino
acids of formula (X) as prepared in step h) with a protector group GP on N- terminus, to obtain compounds of formula
(XI) and (XI1)

R4
Re HN" > COOH
R HN"COOH PG
PG Xl

Xl
j) separation of compounds as prepared in step i) to obtain pure compound of formula (1X).
[0013] Further characteristic of the present invention will be clarified by the following detailed description.
Detailed description of the invention

[0014] The presentinvention provides aprocess for the stereo-selective preparation of D or L stereoisomers of unnatural
aromatic amino acids optionally substituted on the aromatic ring.

[0015] The unnatural aromatic amino acids optionally substituted on the aromatic ring obtained by the process of the
present invention have formula (1X):

R7
H,N COOH

IX

Wherein R3 and R7, same or different, are H, halogen, C,-C, alkyl linear or branched, C4-C, alkoxy linear or
branched, C4-C5 alkyl halides linear or branched;

R4,R5,R6, same or different, are H, OH, halogen, alkyl linear or branched, C4-C, alkoxy linear or branched, C3-Cg
cycloalkyl substituted and unsubstituted, aromatic or heteroaromatic ring substituted and unsubstituted, C4-C5 alkyl
halides linear or branched, benzyl, benzyloxy;

[0016] Preferably R3 and R7, same or different, are H, methyl, methoxy and chlorine.
[0017] Preferably R4,R5,R6, same or different, are H, OH, chlorine, methyl, methoxy, cyclopropyl, benzyl, trifluorome-
thyl, phenyl, benzyloxy.



10

15

20

25

30

35

40

45

50

55

EP 3 061 753 A1

[0018] More preferably R3 and R7 same or different, are H, methyl.

[0019] More preferably R4 is H, methyl.

[0020] More preferably R6 is H, methyl.

[0021] More preferably R5 is selected from the group consisting of H, OH, methyl, chlorine, trifluoromethyl, benzyl,
benziloxy.

[0022] More preferably the compound of formula (IX) are selected from the group consisting of:2-amino-3-(4-chloro-
2,6-dimethylphenyl)propanoic acid, 2-amino-3-(4-chloro-2,3,6-trimethylphenyl)propanoic acid, 2-amino-3-(4-chloro-
2,3,5,6-tetramethylphenyl)propanoic acid, 2-amino-3-(2,6-dimethyl-4-(trifluoromethyl)phenyl)propanoic acid, 2-amino-
3-(2,3,5,6-tetramethyl-4-(trifluoromethyl)phenyl)propanoic acid, 2-amino-3-(4-hydroxy-2,6-dimethylphenyl)propanoic
acid, 2-amino-3-(4-hydroxy-2,3,6-trimethylphenyl)propanoic acid, 2-amino-3-(4-hydroxy-3,5-dimethylphenyl)propanoic
acid, 2-amino-3-(4-hydroxy-2,3,5-trimethylphenyl)propanoic acid, 2-amino-3-(4-hydroxy-2,3,5,6-tetramethylphenyl)pro-
panoic acid, 2-amino-3-mesitylpropanoic acid, 2-amino-3-(2,3,4,5,6-pentamethylphenyl)propanoic acid, 2-amino-
3-(2,3,4-trimethylphenyl)propanoic acid, 2-amino-3-(2,6-dimethylphenyl)propanoic acid, 2-amino-3-(2,3,5,6-tetrameth-
ylphenyl)propanoic acid, 2-amino-3-(2,3,6-trimethylphenyl)propanoic acid, 2-amino-3-(2,3,5-trimethylphenyl)propanoic
acid, 2-amino-3-(3,5-dimethylphenyl)propanoic acid, 2-amino-3-(3,4,5-trimethylphenyl)propanoic acid, 2-amino-3-(2,3-
dimethylphenyl)propanoic acid, 2-amino-3-(3,4-dimethylphenyl)propanoic acid.

[0023] In a preferred embodiment the unnatural aromatic amino acids of formula (IX) obtained with the process of the
present invention are 2’,6’-dimethyl-L-Tyrosine, 2’,6’-dimethyl-L-Phenylalanine.

[0024] Said unnatural aromatic amino acids optionally substituted on the aromatic ring are prepared with the process
of the present invention comprising the following steps:

a) coupling a natural amino acid having an alkyl or aromatic side chain, having S or R absolute configuration and

having a protective group (GP) on the amine with a glycine C1-C4 alkyl ester, linear or branched, to obtain dipeptide
of formula (1):

R, 0O

wherein R1 is OH, C4-C,4 alkoxy linear or branched, halogen;
R2 is isopropyl, isobutyl, sec-butyl, terz-butyl;

b) removing the protective group (GP) from the compound of formula (l) as prepared in step a) by reacting with a
suitable reactive to obtain dipeptide of formula (Il) or salt thereof:

R, 0

H
HZN)\WN\)J\&

)
Il

wherein R1 and R2 have the same meaning of step a)

c) intramolecular condensation of dipeptide of formula (Il) as prepared in step b) to obtain compound of formula (ll1):
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O

NH

HN
R

O

wherein R2 has the same meaning of the preceding steps;

d) acetylation of compound of formula (lll) as prepared in step c) to obtain compound of formula (IV):

wherein Ac is acetyl and R2 has the same meaning of the preceding steps;

e) condensation of compound of formula (IV) as prepared in step d) with aldehyde of formula (V) to obtain Z-alkene
of formula (VI):

Rs 0

R3 R Ac
R, CHO 4 XY N

HN
Rs Ro

Rs R7 R

L Re o)

v} VI

wherein R3 and R7, same or different, are H, halogen, C4-C, alkyl linear or branched, C,-C, alkoxy linear or
branched, C4-C5 alkyl halides linear or branched;

R4,R5,R6, same or different, are H, OH, halogen, alkyl linear or branched, C4-C, alkoxy linear or branched,
C5-Cg cycloalkyl substituted and unsubstituted, aromatic or heteroaromatic ring substituted and unsubstituted,
C4-C5 alkyl halides linear or branched, benzyl, benzyloxy;

Ac is acetyl and R2 has the same meaning of the preceding steps;

f) removal of acetyl residue from compound of (VI) as prepared in step €) to obtain compound of formula (VIl):
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Rs 0
Re XY NH
HN
Rs R; R
Re 0
VI

wherein R2, R3, R4, R5, R6 e R7 have the same meaning of the preceding steps;

g) catalytic hydrogenation of compound of formula (VIl) as prepared in step f) in presence of a achiral catalyst, to
obtain compound of formula (VII1):

Rs 0
R4
NH
HN
Rs R7 \[H\Rz
Rs o)
VIl

wherein R2, R3, R4, R5, R6 e R7 have the same meaning of the preceding steps;

h) hydrolysis of compound of formula (VIIl) as prepared in step g) to obtain unnatural aromatic amino acids optionally
substituted on the aromatic ring of formula (1X) in mixture with an amino acid of formula (X):

R4
Rs Rs R,
Rg HzN)\COOH
R7H2N COOH X
IX

wherein R2, R3, R4, R5, R6 e R7 have the same meaning of the preceding steps;
Optionally step h) is further followed by the following steps:

i) protecting unnatural aromatic amino acids optionally substituted on the aromatic ring of formula (IX) and amino
acids of formula (X) as prepared in step h) with a protector group GP on N- terminus, to obtain compounds of formula
(XI) and (XII)

Rg @ Ro
Rs COOH H l}l )\COO H
RG R7 \e\zp GP
Xi Xl



10

15

20

25

30

35

40

45

55

EP 3 061 753 A1
k) separation of compounds as prepared in step i) to obtain pure compound of formula (1X).

[0025] Preferably in steps a) and b) R1 is methoxy, etoxy, halogen and more preferably methoxy and chlorine.
[0026] Preferably in step b) the salts of compound (1) are selected from the group consisting of: salts of hydrochloric
acid (hydrochlorides), salts of sulfuric acid (sulfates), salts of trifluoroacetic acid (trifluoroacetates), acid salts bromide
(hydrobromides). More preferably are salts of hydrochloric acid, trifluoroacetic acid salts.

[0027] Preferably in steps from a) to h) R2 is isopropyl, sec-butyl.

[0028] Preferably in steps from e) to h) R7 is H, methyl, methoxy, chlorine, and more preferably R7 is H, methyl.
[0029] Preferably in steps from e) to j) R3 is H, methyl, methoxy and chlorine, more preferably R7 is H, methyl.
[0030] Preferablyinstepsfrome)toj) R4, R5, R6, same or different, are H, OH, chlorine, methyl, methoxy, cyclopropyl,
benzyl, trifluoromethyl, phenyl, benzyloxy.

[0031] More preferably R4 is H, methyl.

[0032] More preferably R6 is H, methyl.

[0033] More preferably R5 is selected from the group consisting of H, OH, methyl, chlorine, trifluoromethyl, benzyl,
benzyloxy.

[0034] More preferably in steps h), i) and j) the compounds of formula (IX) are selected from the group consisting of:2-
amino-3-(4-chloro-2,6-dimethylphenyl)propanoic acid, 2-amino-3-(4-chloro-2,3,6-trimethylphenyl)propanoic acid, 2-
amino-3-(4-chloro-2,3,5,6-tetramethylphenyl)propanoic acid, 2-amino-3-(2,6-dimethyl-4-(trifluoromethyl)phenyl)propa-
noic acid, 2-amino-3-(2,3,5,6-tetramethyl-4-(trifluoromethyl)phenyl)propanoic acid, 2-amino-3-(4-hydroxy-2,6-dimethyl-
phenyl)propanoic acid, 2-amino-3-(4-hydroxy-2,3,6-trimethylphenyl)propanoic acid, 2-amino-3-(4-hydroxy-3,5-dimeth-
ylphenyl)propanoic acid, 2-amino-3-(4-hydroxy-2,3,5-trimethylphenyl)propanoic acid, 2-amino-3-(4-hydroxy-2,3,5,6-te-
tramethylphenyl)propanoic acid, 2-amino-3-mesitylpropanoic acid, 2-amino-3-(2,3,4,5,6-pentamethylphenyl)propanoic
acid, 2-amino-3-(2,3,4-trimethylphenyl)propanoic acid, 2-amino-3-(2,6-dimethylphenyl)propanoic acid, 2-amino-
3-(2,3,5,6-tetramethylphenyl)propanocic acid, 2-amino-3-(2,3,6-trimethylphenyl)propanoic acid, 2-amino-3-(2,3,5-tri-
methylphenyl)propanoic acid, 2-amino-3-(3,5-dimethylphenyl)propanoic acid, 2-amino-3-(3,4,5-trimethylphenyl)propa-
noic acid, 2-amino-3-(2,3-dimethylphenyl)propanoic acid, 2-amino-3-(3,4-dimethylphenyl)propanoic acid.

[0035] In a preferred embodiment in steps h), i) and j) the compounds of formula (1X) are 2’,6’-dimethyl-L-Tyrosine,
2',6’-dimethyl-L-Phenylalanine.

[0036] Preferably in steps a) and i) the protective group (GP) is tert-butyloxycarbonyl protecting group (BOC).
[0037] Preferably in step b) the suitable reagent for eliminating the protective group (GP) is selected from the group
consisting of: pure Trifluoroacetic acid or Trifluroacetic acid in mixture with dichloromethane, hydrochloric acid in methanol
or ethanol or THF or dioxane.

[0038] More preferably the suitable reagent used to eliminate the protective group (GP) is trifluoroacetic acid (TFA)
in dichloromethane in ratio 1:1.

[0039] Preferably in step g) non-chiral catalyst is Palladium 10%, Palladium 5%.

[0040] More preferably in step g) non-chiral catalyst is Palladium 5%.

[0041] Preferably in step g) non-chiral catalyst is adsorbed on coal.

[0042] In a preferred embodiment in step g) the reaction is performed in a reactor.

[0043] In a preferred embodiment in step g) compound of formula (VII) is dissolved in methanol before adding the
non-chiral catalyst.

[0044] In a preferred embodiment in step g) hydrogenation of compound (VII) last for at least 24 hours, at hydrogen
pressure ranging between 2 and 10 atmosphere, preferably 6-8 atmosphere, and a temperature comprised between
45°C-60°C, preferably 45°C.

[0045] In a preferred embodiment in step g) at the end of hydrogenation reaction the mixture is filtered to remove the
catalyst and the solvent evaporated to obtain the compound of formula (VIII).

[0046] In a preferred embodiment of the present invention the process for the preparation of 2’,6’-dimethyl-L-Tyrosine
(DMT) and 2’,6’-dimethyl-L-Phenylalanine (DMF) comprises the following steps:

a) coupling amino acid L-valine, protected on the amino group with a protective group with glycine methyl ester, to
obtain the dipeptide of formula (l):
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b) removal of the protective group GP by reacting with a suitable reactant to obtain the dipeptide methyl ester of
formula (I1):

c) condensating the dipeptide obtained in step b) to obtain the compound of formula (lll):

@)

A,

HN
O

Ml
d) acetylation of the compound of formula (lll) to obtain the compound of formula (1V):

O

CHs 0
CHO

HN
Rs CHj Rs jH\/
o

v Y
wherein R5 is H or benzyloxy

f) removal of the acetic group of compound of formula (V1) to give the compound (VII):

O

R HNW
0

VI

10
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wherein R5 is H or benzyloxy

g) catalytic hydrogenation in the presence of a non-chiral catalyst in hydrogen atmosphere to obtain the compound
of formula (VII1):

O
NH

R HNW
0

VI

wherein R5 is H or OH

h) hydrolysis of compound of (VIIl) to obtain 2’,6’-dimethyl-L-Tyrosine (DMT) and 2’,6'-dimethyl-L-Phenylalanine
(DMF) in mixture with L-valine as a HCI salt.

H,N” “COOH

HN" COOH X

I
wherein R5 is H or OH

i) protection with a protective group GP on the N-terminal of compounds IX and X obtained in step h):

Rs

HN”™ ~COOH HN COOH

PG GP
X Xl

wherein R5 is H or OH

j) Separation of compounds obtained in step i) to obtain pure 2’,6’-dimethyl-L-Tyrosine (DMT) and 2’,6’-dimethyl-L-
Phenylalanine (DMF).

Examples

[0047] Nature of compounds was confirmed by THNMR spectrum recorded with spectrometer Varian Inova 300 MHz
(Varian Inc, Palo Alto, CA, USA). Chemical shifts were reported as parts per million (3) in comparison with internal
standard, tetramethylsilane (Me,Si). Homogeneity confirmed with thin layer chromatography on silica gel Merck 60 F254
(Merck, Germany).

[0048] Solutions were usually dried on anhydrous Na,SO, before evaporation. Chromatographic purifications were
made on silica gel column Merck 60 with mesh 70-230. All the chemical products had the highest purity commercially

1"
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available. 2-6-dimethylbenzaldehyde and 2,6-dimethy-4-hydroxybenzaldehyde purchased from Fluorochem, all the other
reactants and solvents purchased from Sigma-Aldrich. All the linear dipeptides and cyclopeptides were synthetized by
solution phase peptide synthesis, using a Boc strategy. Diketopiperazine c(Val-Gly) (2) directly prepared starting from
dipeptide Boc-Val-Gly-OMe (1). Deprotection Na-Boc made by treating with TFA:DCM mixture 1:1 in an amount of 1ml
for 100 mg of product. L'N-acetylation performed directly on DKP. Products (6a) and (6b), containing AZDmf and AZDmt,
were prepared as shown in the following reaction:

a) b)
H-Gly-OMe H o TFA/CH,CI H o
2™12
N
Boc_ OH o By N Ao ——— Fa N Ao
H H
NMM
CH2C|2 1 2
C) e
o] 0 )
AGOH 0.1M in 2-BUOH ACZO ac RO S eryde
NMM, reflux reflux N~ DMF
HN N _——
Ac”
a4
° f) 9)
Ac NHyNH, Hp, Pd/C
X" "N MeOH MeOH
HN@/K( W
R R
5ab
0 h) )
R NH,
NH HCl 6M NH Boc,0, EtgN
reflux 2 OH  MeOH
SANY T Yy T |
7ab 8ab
D)
‘NH R
; _Boc
HN’BOC OH Separatlon HN 5a-6a R = OBz
OH + W — WA OH 7a-10aR=0OH
bR=H
Boc-Valina ;
0a,b
H Bz
o BzBr, DMF o)
_—
60 °C

CHO CHO
11
[0049] Conditions and reagents: a) Boc-Ala-OH, EDC-HCI, HOBt, NMM, DMF, t.a., overnight; b) TFA/CH,CI, 1:1, t.a.,

1h, underN,; c) AcOH/2-butanol, NMM, 120° C, 3h; d) Ac,0 boiling, overnight; e) 2’,6’-dimethyl-PhCOH or 2’,6’-dimethyl-
p-OBz-Ph-CHO (11), tBuOK, DMF, t.a., 4h; f) NH,-NH, monohydrate, MeOH, 2h; g) H,, Pd/C-5% (10%p/p), 6 atm; h)

12
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6N HCI boiling, overnight; i) Boc,O, NaHCO,, Dioxane/H,0; |) separation with HPLC , column C18, eluent water/ace-
tonitrile; m) benzyl bromide, DMF, NaHCO3.

Product 1: Boc-Val-Gly-OMe

[0050] To an ice-cooled mixture Boc-Val-OH (1.1 eq.) in DMF were added EDC « HCI (1.1 eq.), HOBt (1.1 eq.), DIPEA
(3.3 eq.) E HCI » H-Gly-OMe (1.0 eq.). The mixture heated at room temperature, stirred overnight and evaporated under
reduced pressure. Residue dissolved in EtOAc and washed with three portions of citric acid 5%, NaHCO3 saturated
solution and NaCl saturated solution. Organic phases collected and dried on Na,SO,, and solvent evaporated under
reduced pressure to give the desired product.

1H NMR (CDCl,) 8: 6.65 (1H, t, Gly NH), 5.12 (1H, d, NHBoc), 4,32-4,25 (1H, m, Val aCH), 4,08-3,95 (2H, m, Gly CH,),
3,75 (3H, s, OMe), 2.19 (1H, m, Val BCH), 1.35 (9H, s, Boc), 0,92-1,03 (6H, d, Val yCH3).

Product 3: c(Val-Gly)

[0051] Boc-Val-Gly-OMe (product 1) was deprotected with a mixture of 50% TFA in CH,Cl, a t.a. for 1h. The interme-
diate TFA salt (product 2) used for subsequent reactions without further purification. The methyl ester peptide, as
trifluoroacetate salt (1 eq.) was dissolved in 0,1 M AcOH-2-butanol (1,5 eq.), and NMM added (1 eq.). The resulting
weakly acid solution underwent to reflux in oil bath (120°C), overnight. The solvent was evaporated under vacuum, raw
resuspeded in acetone and the product collected by filtration on paper, washed with small amounts of di cold H,O and
re-crystallized from a mixture of H,O / 2-butanol to obtain the pure product.

TH NMR (DMSO-dg) §: 7.45 (1H, s, NH), 7,38 (1H, s, NH), 4,60-4,55 (1H, d, Val aCH), 4,36-4,22 (2H, dd, Gly CHy,),
2.05 (1H, m, Val BCH), 0,95-1,10 (6H, d, Val yCH3).

Product 4: N, N’-diacetyl-c (Val-Gly)

[0052] A mixture of DKP (3) in acetic anhydride stirred under reflux for 12 hours. The solvent removed by azeotropic
distillation with methanol and toluene under reduced pressure. The raw crystallized from EtOAc / Et,0 to obtain (4) as
brown oil.

TH NMR (CDCI3) &: 5,07-5,14 (1H, d, Gly CH,), 5.01 (1H, d, Val aCH), 4,06-4,12 (1H, d, Gly CH,), 2,60-2,57 (6H, s, 2
x N-Ac), 2.04 (1H, m, Val BCH), 1,11-0,97 (6H, d, Val yCH3).

Product 5b: c(A%.-DMP-N-acetil-Val)

[0053] Compound (4) (1 eq.) dissolved in DMF, then added 2,6-dimethylbenzaldehyde (1,5 eq.) and tBuOK 0,5M in
tBuOH (1.5 eq.) drop by drop a 0°C. The mixture leaved to heat at r.t. and stirred for 7h. Then the reaction quenched
with aqueous solution of NH,Cl and extracted three times with EtOAc. The combined organic layers were dried on
Na,SO,, filtered and evaporated. The raw purified by chromatography on silica gels using CH,CIl,/EtOAc 95:5 eluent
to obtain the final product as colorless oil.

TH NMR (CDCls) &: 7,23-7,09 (4H, m, Ar, CH = C), 6,67 (1 H, s, NH), 4,98 (1 H, d, Val aCH), 2.63 (3H, s, N-ac), 2.20
(6H, s, Dmp CH3), 2.08 (1H, m, Val BCH), 1,08-1,01 (6H, d, Val yCH3).

Compound 6b: ¢(A% -DMP-Val)

[0054] The compound (5b) (1 eq.) was dissolved in MeOH and hydrazine monohydrate added. The product starts to
precipitate from the solution. After 2 hthe solution was filtered and the pure final product was obtained as white dust in
quantitative yield.

TH NMR (DMSO-dg) 5: 9.38 (1H, s, NH), 8.52 (1H, s, NH), 7,07-7,01 (3H, m, Ar), 6,62 (1H, s, CH = C), 3.79 (1H, m, Val
aCH), 2.10 (6H, s, Dmp CH3), 2.02 (1H, m, Val BCH), 0,94-0,84 (6H, d, Val yCH3).

Compound 7b: ¢(DMP-Val)

[0055] The compound (6b) was dissolved in MeOH and H,, Pd/C-5% (10%p/p), 6 atm. Then the mixture hydrogenated
for 24 hours in a Parr apparatus at 8 bar of H, a 45°C. The mixture was filtered to remove the catalyst and the solven
evaporated to obtain the reduced product (7b) as white dust in quantitative yield.

TH NMR (DMSO-dg) §: 1TH NMR (DMSO-d6) &: 8.28 (1H, d, NH), 7,93 (1H, d, NH), 6,99-6,98 (3H, m, Ar), 3,83 (1H , m,
Val aCH), 3.51 (1H, m, Dmp aCH), 3,22-2,88 (2H, m, Dmp BCH,), 2.25 (6H, s, Dmp CHs), 2.03 (1H, m, Val BCH),
0,98-0,92 (6H, d, Val yCH3).
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Product 10b: Boc-DMP-OH

[0056] DKP 7b, was dissolved in HCI 12N (eq) and the solution stirred at 100°C for 24h. Then the solvent was
evaporated under reduced pressure and the obtained dust was used for the following step without further purification.
The mixture of HCI « H-DMP-OH (8b) and HCI « H-Val-OH was dissolved in dioxane/H,0 1:1 (eq) 1 and NaHCO; (eq)
and Boc,0 dissolved in dioxane added at 0 °C. the mixture heated at r.t. and stirred for 18h. Dioxane evaporated, pH
adjusted at a 12 by adding NaOH 1N and the acqueous solution washed two times with Et,O. Then the acqueous phase
acidified at pH 2-3 by adding 2N HCI and three estraction with EtOAc were performed. The combined organic phase
were dried on Na,SO,, filtered and evaporated under vacuum. The obtained raw of product 9b and Boc-Val-OH, was
puryfied by semi-preparative HPLC to obtain pure Boc-DMP-OH (10b) as white dust.

1H NMR (DMSO-d6)3: 7.20 (1H, d, BocNH), 6,94-6,92 (3H, m, Ar), 3,43 (1H, m, aCH), 3,15-2,82 (2H, m, BCH,), 2.25
(6H, s, 2 x CH3), 1,35 e 1,29 (9H, s, Boc).

Product 5a: ¢(O-Bn-Az-Dmt-N-acetil-Val)

[0057] Compound (5a) was prepared from N,N’-diacetyl-c(Val-Gly) (4) and (11) following the same procedure of
product (5b). After chromatographic purification the final product was obtained as colorless oil.

1H NMR (CDCl,)s: 7,45-7,33 (5H, m, OBn Ar), 7,12 (1H, s, CH = C), 7,05 (1H, s, NH), 5,06 (2H, s, CH,-Ar), 4,97 (1H,
d, Val aCH), 2.61 (3H, s, N-Ac), 2.17 (6H, s, Dmp CHj), 2,07 (1H, m, Val BCH), 1,07-1,00 (6H, d , Val yCH3).

Product 6a: ¢(O-Bn-A% -Dmt-Val)

[0058] Compound (5a) was deacetylated following the same procedure of product (4b). The precipitated was obtained
as white dust in quantitative yield.

1H NMR (DMSO0-d6) 5: 9.35 (1H, s, NH), 8.61 (1H, s, NH), 7,56-7,52 (5H, m, OBn Ar), 6,87 (2H, s, Ar), 6,67 (1H, s, CH
=C), 5,26 (2H, s, CH,-Ar), 3,76 (1H, m, Val aCH), 2.18 (6H, s, Dmt CHs3), 2,05 (1H, m, Val pCH), 0,95-0,88 (6H, d, Val
YChx3).

Product 7a: c(Dmt-Val)

[0059] Hydrogenation of compound (6a) was performed following the same procedure of compound (6b) the reduced
product was obtained as white dust in good yield.

1 H NMR (DMSO-d6)5: 1 H NMR (DMSO-d6) &: 9.01 (1 H, s, Dmt OH), 8.23 (1 H, d, NH), 7,80 (1 H, d, NH), 6,39 (2H,
s, Ar), 3.76 (1H, m, Val aCH), 3.50 (1H, m, Dmt aCH), 3,12-3,01 (2H, m, Dmt BCH,), 2.16 (6H, s, Dmt CH3), 2.04 (1 H,
m, Val BCH), 0,97-0,91 (6H, d, Val yCH3).

Product 10a: Boc-Dmt-OH

[0060] Hydrolysis and protection of the compound (7a) were performed with the same procedure of c(DMP-Val) (7b)
to obtain a mixture composed by HCI - 8a and HCI - Val-OH. The mixture was Boc-protected in the same conditions of
mixture HCI - 8b and HCI - Val-OH and the so obtained Boc-protected product, consisting of product 9a and Boc-Val-
OH were separated by HPLC at the same conditions of products 9b and Boc-Val-OH. After preparative purification with
HPLC pure Boc-DMT-OH (10a) was obtained as white dust.

1H NMR (CDCl5)é: 6.51 (2H, s, Ar), 4,79 (1H, d, BocNH), 4,96-4,42 (1H, m, aCH), 3,15-2,96 (2H, m, BCH,), 2.31 (6H,
s, 2x CH3), 1,45 e 1,37 (9H, s, Boc).

Product 11: O-Bn-2,6-dimethylbenzaldehyde

[0061] 2,6- dimethylbenzaldehyde (1 eq.) dissolved in DMF and benzyl bromide (eq.) added. The mixture stirred at
60°C and the reaction monitored by TLC. At the end, solvent was evaporated and the obtained product was used for
the subsequent reaction without any purification.

1H NMR (CDCl5)é: 10.48 (1H, s, CHO), 7,42-7,40 (7H, m, Ar), 5,10 (2H, s, CH,-Ar), 2,60 (6H, s, 2 x CH3).

Claims

1. Process for the stereo-selective preparation of D or L stereoisomers of unnatural aromatic amino acids optionally
substituted on the aromatic ring of formula:
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R4
Rs Rs
Re
Rz
H,N COOH
IX

wherein the compound of formula (IX) is 2’,6’-dimethyl-L-Tyrosine, 2’,6’-dimethyl-L-Phenylalanine. Providing the
following steps:

a) coupling amino acid L-valine having a protective group (GP) on the amine with a glycine methyl ester to
obtain dipeptide of formula (1):

R, 0O

b) Removing the protective group (GP) from the compound of formula (1) as prepared in step a) by reacting with
a suitable reactive to obtain dipeptide of formula (Il) or salt thereof:

R, 0

H
HZN)\[rN\)k&

O

c) Intramolecular condensation of dipeptide of formula (1) as prepared in step b) to obtain compound of formula

ay:

d) Acetylation of compound of formula (Ill) as prepared in step c) to obtain compound of formula (IV):
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e) Condensation of compound of formula (IV) as prepared in step d) with aldehyde of formula (V) to obtain Z-
alkene of formula (VI):

Rs 0

Rs R Ac
R, CHO 4 XN

HN
Rs Ro

Rs R7 Ry

s Re o)

V v

f) Removal of acetyl residue from compound of (V1) as prepared in step e) to obtain compound of formula (VII):

Rs o
R Xy "NH

HN
Rs Rz TH\RZ

Rs O

Vil

g) Catalytic hydrogenation of compound of formula (VIl) as prepared in step f) in presence of a achiral catalyst,
to obtain compound of formula (VIII):

Rs 0
R4
NH
HN
Rs R7 \[H\Rz
Rs o)
VIl

h) Hydrolysis of compound of formula (VIIl) as prepared in step g) to obtain unnatural aromatic amino acids
optionally substituted on the aromatic ring of formula (IX) in mixture with a amino acid of formula (X):
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H,N” ~COOH

wherein R1 is methoxy;
R2 is isopropyl,

Ac is acetyl

R3 and R7 are CHjy

R4 and R6 are H

R5is H or OH

2. Process according to claim 1 further comprising the following steps:

i) protecting unnatural aromatic amino acids optionally substituted on the aromatic ring of formula (1X) and amino
acids of formula (X) as prepared in step h) with a protector group GP on N-terminus, to obtain compounds of
formula (XI) and (XII)

R4
R Hl\ll COOH
6
R; GP
HN"COoH Xl
GP
Xl

j) separation of compounds as prepared in step i) to obtain pure compound of formula (IX)
wherein

R2 is isopropyl,

R3 and R7 are CH4
R4 and R6 are H
R5is H or OH

Process according to claim 1 wherein in step b) salts of compound of formula (ll) are selected from the group
consisting of: salts of hydrochloric acid, salts of sulfuric acid, salts of trifluoroacetic acid, salts of hydrobromic acid.

Process according to claim 1 or 2 wherein in steps a) and i) the protective group (GP) is a tert-butyloxycarbonyl
derivative (BOC).

Process according to claim 1 wherein in step b) the suitable reactant for eliminating the protective group is chosen
in the group consisting of pure Trifluoroacetic acid, Trifluoroacetic acid in mixture with dichloromethane, chloridic
acid in methanol or ethanol or THF or dioxane.

Process according to claim 1 wherein in step g) the achiral catalyst is 10% Palladium, 5% Palladium

Process according to claim 1 wherein the achiral catalyst is absorbed on coal.

Process according to claim 1 wherein in step g) the compound of formula (VI) is dissolved in MeOH before adding
the catalyst.

Process according to claim 1 wherein in step g) hydrogenation is carried out for at least 24 hours, at hydrogen
pressure between 2 and 10 atmospheres and temperature between 45 and 60 °C.

10. Process according to claim 1 wherein in step g) after hydrogenation mixture is filtered to remove catalyst and the
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solvent evaporated to obtain compound of formula (VIII).
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