WD 2007/ 144409PCT/ EP2007/ 055914 STERECSELECTI VE
SYNTHESI S OF (8)-1- METHYL- 3- PHENYLPI PERAZI NE Thi s
invention relates to a novel starting naterial and
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30 provided a conpound accordlng to fornmula 1 ORI 10
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aspect, there is provided the oxal ama e derivative of
(S)-1-nmet hyl-3- phenyl pi perazi ne according to fornul a
3 Fornula 3, 5 wherein R1L is nethyl, ethyl, n-propyl,
i sopropyl, benzyl or 2-haloethyl. Although it was
observed by Flu et al that the protease of




cofactor, which, if needed would not only be
economcally unattractive, but many 10 cofactors can
be nore fragile than the enzyne itself. The enzyne
has a | arge active site and can handl e the substrate
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that small variations can gtve dramatic differences
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around theoretical (50 % yield. In a nore specific
enbodi nent the iZyvention provides the nmethod as

defi ned above, 5| whereby the hydrolysis is perforned
in a bu dium The absence of a need to add

theory it id
position in the piperazine ring contributes to this.
10 A nore spedific gghagirent of the invention is to
use in the nmethod as defined above the nethyl oxal ate
of 1-nethyl - 3-phenyl pi perazine in conbination with a
medi um conpri sing toluene or nethyl-t-butylether. 15
Anot her specific enbodi nent of the inventionis to
use in the nmethod as defined above the ethyl oxal ate
of 1-nethyl - 3-phenyl pi perazine in conbination with a
medi um conpri sing cycl ohexane. Wth the
information in this description the skilled person
may now further optimse 20 the conditions for the
nmet hod or find close alternatives of the method by
sel ecting suitable nedia, concentrations and

oxal amat e esters. Exanples Enzymatic hydrol ysis of
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2 0.1 mM esperase 5%13 % (R 21 %(R) 3 0.1 m
evedase <1 %<1 % 4 250 ng polarzyne <1 %1% 5
25 ny savi nase CLEA 2% 3% 6 25 ngy al cal ase CLEA 4% %
7 25 ng proteinase N (Ms) <1 %1 % Conditions: 7
vials were filled with enzynme, 1 m oxamate sol ution
(0.1 M 1-nethyl-3- phenyl gijperazi ne ethyl oxamate in
net hyl -t-butylether (MIBE)) and 2 mM 0.1 M phosphate

buf fer H.7.3). Stirring for ays .at reacti.on
in 3 HiesCspbBy e ol heroabimale S84t ol GyyLTERy 2
phehylpiptraife atedrtimg2o fedmakat3 condi ti on screen for
esper ase enzyme buffer Solvent ee Cony 1 0.25 mi
esperase 0.5 Mgﬁ[ 9.0 IVITBE 6%3.3 %2 0.25 nl
esperase 0.1 pH 9.0 MIBE
8]

0
]
T

N

l Formula 3,
wherein R is methyl, ethyl, n-propyl, isopropyl, benzyl or 2-haloethyl.

Although it was observed by Hu et al that the protease of Streptomyces griseus was
less useful for a phenylpiperidine, this disclosure provides for a method to prepare ‘
(S)- and (R}-1-methyl-3-phenylpiperazine by enzymatic hydrolysis of the compound
defined above, followed by separation of the hydrolysis product and cleavage of the
oxalamic groups, whereby the protease of Streptomyces griseus is used as enzyme

for the enzymatic hydrolysis.

In a fourth aspect, there is provided a method to prepare (S)-1-methyl-3-
phenylpiperazine by enzymatic hydrolysis of the compound according to the first
aspect, followed by separation and cleavage of the oxalamic ester group from the
reaction product, whereby the protease of Streptomyces griseué is used as enzyme

for the enzymatic hydrolysis.

In a fifth aspect, there is provided a method to prepare (R)-1-methyl-3-
phenylpiperazine by enzymatic hydrolysis of the compound according to the first
aspect, followed by separation and cleavage of the oxalamic acid group from the
reaction products, whereby the protease of Streptomyces griseus is used as enzyme

for the enzymatic hydrolysis.

The starting compound can be used as a (C1-C3)alkyl-, benzyl- or 2-haloethyl-
oxalamate, of racemic 1-methyl-3-phenylpiperazine or any degree optically active
mixture in order to obtain {S)- or (R)-1-methyl-3-phenylpiperazine of high optically
active purity. (C1-C3)alkyl means methyl, ethyl, n-propyl and isopropyl.

Using an optimized protocol, (S)-1-methyl-3-phenylpiperazine can now be obtained in
36 % overall yield at 99.8 % ee and about 98 % purity.
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15% 0 % (?) 3 025 m esperase 0.5 M pH 9.0 CAN 16. 2%
17 % (R, E=10) 4 0.25 nm esperase 0.1 MpH 9.0 CAN0
22% 40% (R) 5 025 m esperase 0.1 M pH 8.2 MIBE 13%

71
6 Hioh m esperase 0.1 M pH 10 MIBE 16%_.2% 1
esperaggﬁgo 1 MpH 9.0 MBE 23% <0 8 1 ni %é?é'fll’é"é’@m

0.1 MpH 9.0 MIBE 20% Co Conditions: 8 vials were
filled with enzynme, 1 m oXamat e solution (0.1 M
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cofactors can be mors fragile than the enzyme itself. The enzyme has a large active
site and can handle the subsirate needed for this reaction very well, despite the fact
that small variations can give dramatic drﬁerences in reaction rate. Lastly, the
enzyme has high stability in water/co-solvent mixtures or even neat organic solvents.

In biocatalysis the selectivity of a reaction is often expressad as the enantiomeric
ratio or E. The enantiomeric ratio stands for the ratio between the initial reaction rates
of the two enantiomers at equal concentration (=0 for most reactions). The
enantiomeric ratio can be calculated at any point in the reaction if two out the

. following three parameters are known: conversion, product ee and subsirate ee.

20

Under ideal circumstances the E is constant throughout the reaction. There are a
number of assumptions in the formutas that are not aiways valid. Furthermore, at

' very high or very low conversion the E varies strongly with small variations of the

© conversion or ee. This means that the value becomes more sensitive to the accuracy

25

30

35

of the measursment. Since selectivity is never really absolute, at 100% conversion
You end up-with a racemate again. This means that E vaiues often seem to go down
fowards the very end of the reaction. Therefore, the E should be used as an
indicative value and not as an absolute value. The following rules of thumb can ofien

be used:
E=1 No selectivity, equal rates for both enantiomers
E=1-5 Low selectivity. High.ee can only be reached if the undesired

enantiomer is consumed in the reaction and then only at conversions >90%.

E=5-25 Good possibiliies for a process by consuming the wrong enantiomer.
High product ee is only obtained af low conversion.

E=25-100 High substrate as well as product ee at moderate conversions.
E>100 Near absolute selectivity. The reaction often “stops” at 50%
conversion (dramatic rate decrease). Possibilities for dynamic kinetic resolution to get
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50 ng Me* 0 % 2 Europa protease 2 50 ng M" -3 % 3

Europa protease 7 50 ng M" 0 4 Europa protease 12 50
Me* O 5 Europa esterase 2 50 ng " -3 %6

EORTE409CLEA 50 ng Me" 11 % 7 Esperase CLBATARD0MESss14

me 12 %8 AIcaI ase CLEA 50 ng Me* 15 % 9 Al cal ase

CLEA 250 Me* 43 % (R) 1Q Mcrob. protease Fluke 10
Subtilisine A 10

n&)/ME ee at 180/ ygﬁ ) N%tlonlyuthe subsirate is obtamedrlrr?hlgh ee, but product

displays high ee around theorefical (50 %) yield.

In a more specific embodiment the invention provides the method as defined above,
whereby the hydrolysis is performed in a buffer free medium. Thé absence of a need
to add a buffer to the reaction medium not only simplifies the method, but even
improves the method by obtaining higher enantiomeric ratios. Without being bound {o
theory it is believed that the nitrogen at the 1 position in the piperazine ring
contributes to this.

Amore specific embodiment of the invention is fo use in the method as defined
above the methyloxalate of 1-methyl-3-phenylpiperazine in combination with a
medium comprising toluene or methyl-t-butylether,

Another specific embodiment of the invention is to use in the method as defined
above the ethyloxalate of ‘i-methy!—?x-phenylplperazme in combination with @ medium
compnsmg cyclohexane.

With the information in this description the skilled person may now further optimise
the conditions for the method or find close altermnatives of the method by selecting
suitable media, concentrations and oxa]amate esters,

E_Exarﬁpfes
‘Enzymatic hydrolysis of (m)ethyloxalamate derivates.

The racemic substrates were prepared by acylation of 1-methyl-.’:‘_-phenylpiperazine
using commerciélly_ available methy! chlorooxalate, yielding a crystalline oxalamate
that could be purified by recrystaliisation. A range of commercially available
proteases were fested (fable 1). Only esperase showed any activity, as observed by
enrichment of one of the enantiomers. The absolute cbnﬁguraﬁon was determined by
comiparison with a confirmed sample of the (S)-enantiomer. A short screen for
reaction conditions was conductad (table 2). The E values were calcuiated on the
basis o7 the conversion and the ee of the starting material and the oroduct. The
conversion was estimated using a small impurity in the starting material {already
present in the starting piperazine) as an intemal standard.

Table 1: Screen of proteases in resolution of the ethyloxalamate
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Me" 11 % 12 Esperase CLEA 250 nmg Et 4 % 13 Al cal ase
CLEA 250 ng Et 9 % 14 Mcrob. protease Fluke 10 ng Et
6 %15 Subtilisine A 10 mEt < 2 % Conditions: 15
vials were filled with enzynme, 1 nl oxamate sol ution
WORI/I{4482 et hy| 3- phenyl pi per azi ne () et hy [ T&FEHEPETH4
MIBE) and 2 ml 0.1 M phosphate buffer (pH 9.0).
Stirring for 18h. Analysi$ by chiral GC. Table 4:

Screenl nol enzes 1n tol uene I.carb Se buff%r
.o 430 ﬁgiééég ﬁ98§| CLEA

8.0 (nofle Esperase CLEA 8.100 3 Savichase C:-EA 8.1 <3 4
Qb\éz ng,?p%gpg%éwe 8.1 < 2 Hylal- A4Glky8. 110, ErCal- B

0.1 mi everlase <1% <1% -
4 250 mg polarzyme <1% 1% -
5 25 mg savinase CLEA 2% 3% -
6 25 mg alcalase CLEA 4 % 6% -
7 25 mg proieinase N (fiuka) | < 1% 1% -

Conditions: 7 vials were filled with enzyme, 1 mi oxamate solution (0.1 M 1-methyl-3-
phenylpiperazine ethyloxamate in methyl-t-butylether (MTBE)) and 2mi 0.1 M
phesphate buffer (pH 7.3). Stiring for 3 days at IT, reaction 2 was stirred for another
20h at 40 *C. Analysis by chiral GC.

Table 2: Short condition screen for esperase

enzyme buffer Solvent - ee Conv
0.25miesperase 0.5MpH8.0 MIBE 6% 33%
025mlesperase 0.1 MpHS.0 MTBE 15% @ 0% (?)}

0.25 ml esperase 0.5-MpH 9.0 CAN 16.2% 17 % (R, E=10)
0.25ml esperase 0.1 MpH9.0 CAN  22% 40%(R)
0.25mlesperase 0.1 MpH82Z MIBE 13% 7%

0.25ml esperase 0.1 MpH10 MTIBE 16% 2%

1 ml esperase CAMpHS0 MTBE 23% <0

8§ {mlaicalase  01MpH9.0 MIBE 20% <O

Conditions: 8 vials were filled with enzyme, 1 mi oxamate solution (0.1 M 1-methyl-3-

~N S o AW N

phenylpiperazine ethyloxamate in MTBE or acetonitrile (ACN)) and 2 ml phosphate
buffer, Stirring for 18h. Analysis by chiral GC.

Using crude methyloxalamate and relatively pure ethyloxalamate a wide protease
screen was conducted {table 3). A prototype CLEA of esperase did not give better
results. A range of other enzymes in toluene/bicarbonate bufier showed no selectivity
at all (table 4). -



CR CLEA 83 0 8 Amano acylase 8.4 2 9 Acylase | 8.4 2
10 Alcalase CLEA 7.6 1 (pH 8 K-phosphate buffer)
7 Conditions to Table 4: the dry enzynmes (50 ng) were
woose@dsbth 1 nml stock sol ution PCTI/EP2007/035914
(1- net hyk3- phenyl pi perazi ne net hyl oxal amate (16 g) as
i npure, crude sirup was dissolved in 600 m toluene)
and 1 m of 0.2 M bi carbonate buf f er. Reactlon at rT
Tehbier3: RRte, exenaive otpibase sertan fothe GREHEYRE L A
Strey fq;ﬁ{glces griseus pg ot eas%ta.{{ﬁgbl e(_:,"pg shows the

resu under the right condi t| ons 3 o%l%%l { )e-nt ee

testrypsistots were obt abned i vel buff &refree medi um
23’” %’ﬂroéﬁéﬂatéaﬁ&eﬂ ra ]59”@ trqgen in the substrate as

7/ "very good r%sults wer e
Sobt FUEE PIFESE Ki s pro@@ﬁ?e ™l e 5: Uscreen of

4Con$utdp9|p8:tée1351s gr| $eww pr Mefase afid et hyl oxal amat e
5S;olég &@Qe{%@gz e%bln@* N9 % ACN,water 7.3 0 2
ter

6.4 100 % (S 603 % ACN wat 61
E531 Fpesgse Ui of di oxégmg\(/va)e'F W04 e

Esperase CLEA 250 mg 12 %
8 - Alcalase CLEA 50 mg Me” 15 %
9 Alcalase CLEA 250 mg Me* 43 % (R)
10 Microb. protease Fiuka 10 mg Me* 37 % (R)
11 Subtilisine A 10 mg Me* 11 %
12  Esperase CLEA ‘250mg  Et 4%
13 Alcalase CLEA 250mg  Et 8%
14  Microb. protease Fluka 10 my Et B %
15 Subiilisine A - 10mg Et <2%

Conditions: 15 vials were filied with enzyme, ‘i- mi oxamate solution (0.1 M 1-methyl-
3~-phenyipiperazine (m)ethyloxamaté in MTBE) and 2 mi 0.1 M phosphate buffer (pH
9.0). Sirring for 18h. Analysis by chiral GC. '

5 .
Table 4: Screening of enzymes in toluene bicarbonate buffer

F9/ Enzyme : pHend  ee remaining substrate
1 Alcatase CLEA 8.0 0
2 Esperase CLEA 8.1 0

3 Savinase CLEA ' 8.1 <3
4 Nove Subitilisine 8.1 <2
5 Cal-A CLEA 8.1 0

6 Cal-B CLEA 8.1 3

7 CR CLEA 8.3 0

8 Amano acylase 8.4 2

2] Acylase | 8.4 2
10 Alcalase CLEA 7.6 1

" (pH 8 K-phosphate buffer)
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29% (5) 5 50 %t-BuOH/ water 5.9 90 % (5) E=27 6 50 %
MIBE/ water 5.9 ca 98 % (S) E=500 750 % MIBE/ pH 80.1
M buffer 7.1 50 % (5)- E =7 Conditions: 7 vials
were filled with 8 ng protease Streptonyces gri seus,
VB2AH440° 1 nol ) oily ethyl oxal amat e and DETHP267/055H4
i ndi cated solvent. Stirring for 20h at rT. 15

Anal ysis by chiral GC * Conversion estinated using

he..3. I rity. The e was furthe ) in a
CoaRgear TR e her g o TR i Wl o SO
(Imgthet-hipheoyiaiperrzinemetablaangdte (164 Ay IMporesyPdasitr Meke
diRBIdled ih 80SmI B8ed B hity + AX & (RPTRIfcafRhite blfied ReattRf Wt tTiiRg
%2ﬂ a thick suspension with obvious diffusion 20

I'mtations that hanpered conplete optical purity at

relatively high conversion. Only a small anmount of
A fdeaty wes ¥RSndeathesreptbh§cds @Bb@IHotsdreViefie 5 shows the

47 o oy e S . : VO
St P B o PRl e SRS s 3850 b Brdfiehe Bl
egatliiomeny enzyneSol vent PCT/ EP22007/ 055914 8 ri seus

ThE Gk & asRltowsle Bhtaitédinlabubaret reediih, Quhide esddahd exipE

Gkl s M s e 6O 5 e et SRfbuines

for this protease.
Table 5: Screen of conditions for S. griseus protease and ethyloxalamate

Solvent ‘ pHend ee _E estim”.

1 90 % ACNiwater 7.3 0 -

2 10 % ACN/water 6.4 100% ()  E=60

3 50% ACN/water 8.7 31 % (S) -

4 50 % dioxaanfwater 6.6 29% (S) - -

5 B0 % +-BuOHhvaier 5.9 90 % (S) E=27

6 50 % MTBE/water 5.9 ca98%(S) E=500
7 50 % MTBE/pH 8 0.1 M bufier 7.1 50 % (S)- E =7

Conditions; 7 vials were filled with 8 mg protease Streptomyces griseus, 28 mg (0.1
mmol} oily ethyl oxalamate and 2 mi of the indicated solvent. Stirring for 20h at rT.
Analysis by chiral GC. * Conversion estimated using the 3.8m impurity.

The enzyme was further tested in a range of conditions using (now pure)
methyloxalamate and ethyloxalamate (table 6). Using co-soivent free conditions the
methyloxalamate solidified, resulting in a thick suspension with obvious diffusion
fimitations that hampered compiete optical purity ai relatively high conversion. Only a
small amount of the enzyme was needed.

The 2 egters showed differences in oplimal conditions for resolution.
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4 M 1 5%ACN 6.2 87%9 5 M 15 %t-BuCH 6.0 89% 12
6. M 15 %acetone 6.1 77% 12 7 M 1 MIBE 5.6 100%
high 8 Et 0.1 H20 6.3 91%8.6 9 Et 1 1-120 6.2 100%
>21 944@ 10 1120 6.1 100% >12 11 Et

WO 200771 PCT/EP2007/053914
8
Table 6: Further conditions screen of S. griseus protease and (m)ethyloxalamate
" ester mg enzyme Solvent pHend eef{al8) E estim.”
1 Me GA H:0 6.2 24 % high
2 Me 1 H0 8.0 97.4% 60
3 Me 10 H.O 6.0 852 %  high
4 Me 1 5% ACN 6.2 87 % L]
b Me 1 5% -BuOH 8.6 89 % 12
68 Me 1 5 % acetone 6.1 77 % 12
7 Me 1 MTBE 5.6 100 % high
8 Et 0.1 H.O 6.3 H % 8.6
g Ei 1 H,O 6.2 100 % 21
10 Et 10 H0 6.1 100 % >12
1 Et 1 5% ACN 6.4 95.1% 12
12 Et 1 5 % acetone 8.3 856% 9
13 Et 1 MTBE 6.0  49%  siow?5

Conditions: 13 vials were filled with Streptomyces griseus protease, 26/28 mg (0.1
mmol) oily (m)ethyl oxalamate and 2 mi of the indicated solvent. Sfirring for 64h atrT.
Analysis by chiral GC after basification. * Conversion estimated using the 3.8m
impu-rfty.

A further range of commercially avaiiable proteases were tested (table 7). For the 2
esters the optimal conditidns from table 6 were used; methyl ester (now a soiid} ina
biphasic MTBE mixture, the ethyi ester as & suspended ofl in pure water. DBuring this
experiment the oily ethyloxalamate also started to sofidify, which could mean that the
promising results of table 6 (exp 8) would not be reproducible.

in the enzyme screen only the ethyl ester gave two possible candidates, fhese were
further tested at more realistic enzyme loading (table 8), albeit with littile success. The
addition of a small amount of acetic acid to improve solubility of the solid subsirate
was not successful, even though the enzyme seems to work at quite low pH.



1 5% ACN 6A 95.1% 12 12 Et 1 5 % acetone 6.3 95.6% 9

13 Et 1 MIBE 6.0 49% slow? 5 Conditions: 13 vials

were filled with Streptonyces griseus protease, 26/28

(0.1 mmol) oily (methyl oxalamate and 2 ml of the

WO H4H8Y sol vent. Stirring for 64h at rT. PEARHRYIE

by chiral GC after basification. * Conversion

estimated using the 3.8m% inpurity. A further range
S were test ed
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@nzyrrMeseerﬂQOM@Smaw at qui te Il\d)WEpH 6.4 Tabpe 7:
Furth tease screen for (m yl | amat g, ., est er

I’:’ﬁ SoI grﬂ’éﬁ%ﬁ" Rgtedsep ZL%] %’xégrl si@os/ ©

pliot e&se MMBE Buig Qubliske o) 2 HAD 10 fef Fl uk @

ubt i Et si nelo%d\ﬁﬁlétﬁacﬁp%te%s% 1oy Flake baet % (s)

Pg ot e%;(se ME% g proteinase A melleus  H20 6.5 56 % (S)
14 Et 10 mg protease B. polymyxa H20 7.0 0
15 Et 10 mg protease A. saitol H20 7.0 0
16 -Et 100 B. amyliguefaciens H20 6.5 0
17 Et 100ul A, oryzae protease H20 64 57 % (S)
18 Et 100ul Esperase H20 6.8 0

Conditions: 18 vials are filied with 28 mg oily ethyl oxalamate or 1 miofa 0.1 M
sojution of the methyl-oxalamate.in MTBE/5%isopropanol {otherwise no solubility}.
Water is added to 2 ml reaction volume (taking into account the volume of the
enzymé). indicated amount of enzyme. *Exp 1 and 10 contain 1 mi 0.1 M pH 8 tris
buifer.
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6.0 ca 5% (R) 4 M 25 ng proteinase A nelleus MIBE
6.4 05 M 10 ng protease B. polynyxa MIBE 7.2 0 6 Me
10" ny pr?t ease A saltol MIBE 6.5 0 7 Me 100pl1l B.
aciens MIBE 6.1 0 8 Me 100) 1. 1A 55
“'8596](%%@2 MIBE 5.9 ca. 5 %(5) 9 Me 1000 Es%g)r%ggmﬁf’rgslé
6 4 010 Et 2.8 ng S. griseus protease H20* 6.5 100%
(S) 11 Et 10 ng Fl uke Sub¥{lisine A H20 6.8 0 12

Table &: Screen of 2 other protease candidates in ethyl oxalamate

0.1 eq HOAC suspension 3 %
C.2 eq HOAc sugpension 3 %

enzyme Acid end ge

K 2.5 mg Amano protease M 0 suspension 0

2 (A. melleus) 0.1 eqg HOAc suspension 0

3 0.2 eq HOAC suspension D

4 0.35 eq HOAc suspension -3 %
5 0.5 eq HOAe clear +3 %
6 10pl A. Oryzae proiease 0 suspension 2%
7

8

9

0.35eq HOAc suspension O
10 ' 0.5 eq HOAC  suspension 0

Conditions: 10 viats were filied with 28 mg oily ethyl oxalamate. 1 ml water was

added. Indicated amount of acetic acid to improve solubility of substrate.
Scale-up of S. griseus protease catalysed reaction.

The main aim was to lower the loading of the enzyme and increase the substrate
concentration without compromising on the final enantiopurity of the product.

During the reactions in unbuffered water, the pH dropped considerabie tkoell
outside the optirnum pH of the enzyme. So the first test was a pH screen, using a pH
stat while comparing it fo the unbuffered reaction {table 8). A reaction without pH
control showed a higher ee in an earfier stage of the reaction. The ee of the isolated
oxalamic acid product (R-enantiomer) was also higher, indicating a much more
selective reaction (higher E). The same effects were seen with the ethyloxalamate,
but solidification of the substrate complicated the comparison of the restilts a bit
(table 10). ' ‘ '

Table 9: Effect of pH-control on methy! oxalamate
bH confrol e (16h) pH (40n) e (40h) Yield ee(R-prod) E
A pHstat7.0 74 % 6.6 100 % 42% 71 % 48
B none 87 % 5.5 100% A7 % -84 % 68
Conditions: 10 mmal solid 1-methyl-3-phenylpiperazine methyloxalamate, 25 mi

water, 25 mi MTBE, 50 mg S. griseus protease (2 wi%). Exp A pH control during the
first 24h of reaction.



Et 10 ng Fl uke bact. Protease H20 6.6 11 % (S) 13 Et
25 ng proteinase A nelleus H20 6.5 56 % (S) 14 Et 10
ng protease B. polynyxa H0 7.0 0 15 Et 10 ngy
protease A saitoi 1120 7.0 0 16 Et 100)U B.

WA VIgHeT aci ens 1120 6.5 0 17 Et 100RI A Wi%’éﬂﬁ'”“sm“
protease 1120 6A 57% (S) 18 Et 10Qul Esperase H20 6.8
0 Cbndltlons 18 vials afe filled with 28 ng oily

of a O 1 Msolution of the
solubmmcmmpi Vﬁtﬁﬂﬂis ad@e@SIo aaﬁm réactlon vol une

%takl&% into aggpunt theggqluneggﬁ thg 59 €enzyne).

*Exp

ndi catéd anount. of enzymne 10 contain 1

B 0.70R pH 8 9 61946} f e9-2 W)%G’w 143109 10 Table
8 Scpieemf 2gotherro eass candbdategsin eth

Hé . mmol o:ly 2 .." -9?31%%@21@ ethyioxalama’ce 50 ml water,

~-me
50 mg S. griseus protease (2 wt%). Exp C pH control during the first 24h of reacfion.

5 Afinal solvent screen was repeated using the best conditions known at much higher

concentration than before. As both oxalamates had solidified a cosolvent was

-needed for both. Surprisingly, the optlmum conditions were again not identical (table
11).

10 Table 11: Final solvent screen for the (m)ethy! oxalamates

15

Start material Solvent T pH ee (all 3)
1 methyi ioluene 2th 99.3 %
~ 24h 5.3 99.85 %
2 methyl MTBE 21h 94 %
24h 6.5 48 % (1)
3 methyl cyclohexane ©  21h 39 %
‘ . 24h 556 82 %
4 ethyl foluene 2th 75 %
24h 53  82%
5 ethyl MTBE 2th 82 %
24h 5.3 89 %
) ethyl cyclohexane 21h 95.89 %

24h 5.4 99.92 %
Conditions: 2.6 or 2.8 g (10 mmol) solid (m)ethyl oxalamate, 10 ml water, 5 ml
solvent, 50 mg (ca 2 wi%) S. griseus protease. Sfirring at 1T, 2,3 and 6 were
suspensions. After 24h these were homogenised using EtOAG, pH adjusted jiag] and
analysed using chiral GC.

As the selectivity for the ethyloxalamate was quite high, the melting point guite low
and the described optimurn temperature for S griseus protease is quite high, a single
higher temperature reaction was iried for the crude ethyloxalamate using a
cycloehexane co-soivent.
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material was increased to 1.5 %.
A scale-up of much smalier magnitude using the recrystallised methyloxalamaie
provided a more pure sample, as the 0.5 % impurity in the starting material is not

20 concentrated in the final product.

Additional experimental detaiis

Materials

| Methyl chlorooxalate | Aldrich

' Ethyl chiorooxalate Acros
Triflucroacetic anhydride Actos
Aceilc anhydride Mearck
Propionyt chioride Aldrich
Butyroyl chloride Aldrich
Benzoy! chioride Aldrich
S. griseus protease Sigma
Solvenis ' D.a.

25
Ahé]yses

Samples were analysed on a chirasi-DEX CB GC column (heltum carrier, 1:20 split).
Temperature program: 140 °C for 2 min.; 5°C/ min to 180°C; 180 °C for 10 min.
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pH (40h) ee (40h) Yield ee R-prod) E B pH stet 7.0
none 74%87% 6.6 5.5 100% 100% 42% 47% -71% - 84% 48
68 Conditions: 10 mmol "solid :

1- met hyl - 3- phenyl pi perazi ne nmet hyl oxal amate, 25 nil -
“ﬁb"ﬂ\}\'ﬂt‘%l’f’, 25 m MIBE, 50 ng S. griseus pr CaZEo7/essom
w% . Exp A pHcontrol during the first 24h of
reaction. WD 2007/ 1444098CT/ EP2007/ 055914 11 Tabl e

P A R R A
Ve DBeiep igRiievea goqCg PR IQPT e sganlipmnereoA splsgraquitoly
pihetezBl® (18-50-md) Wad Bissoived in CH-Cly 'and treated with triethylamine and
frifluoroacefic anhydride. Basification after the reaction using 10 % sodium

carbonate. The sample was dried before analysis.

TLC was performed using silica plates, CH,Cl/MeOH mixtures (typically 90:10) as
eluent and both UV fluoresence and b detection.

Synthesis of acylated racemates

{-Methyl-3-phenylpiperazine methyloxalamate

1-Methy!-3-pherylpiperazine (17.6 g; 0.1 mol) was dissolved in 100 dichloromethane.
Triethylamine (5 mi; ca 0.03 mol} was added. A solution of methyl chiocrooxalate (10
mi; 0.10 mol) in dichloromethane was slowly added under cooling. After the total
addition a white suspension was formed. TLC showed complete conversion. The
mixture was quenched with 10% sodium carbonate. The organic layer was washed
again with carbonate, dried and evaporated fo an off {25.5 g; 97 %).

TLC: quite pure, some minor polar impurities. GC: chiral separation possible
15.7/16.0 min {contains ca. 0.4% of 3.8 min impurity (present in starting piperazine)
that can be used as internal standard).

The material solidifies on standing. Attempt fo recrystallise from CH,Cls/hexane. This
gives 20 g of light-brown solid (76 %). mp 103-5°C.

. GC: 3.8 min impurity is removed.

25

30

35

1-Methyt-3-phenyipiperazine ethyioxalamate

1-Methyl-3-phenylpiperazine (123.2 g; .70 mol} was qissoived in 500
dichloromethane. Triethylamine (30 mi; ca 0.2 mol) was added. A solution of ethy!
chicrooxalate (107 g; 0.78 mal} in dichioromethane was slowly added under cooling.
At 2/3 of the total addition a thick suspension was formed. Even after addition of
more solvent, stirring remained difficult. The mixture was guenched with 10% sodium
carbonate. The organic layer Is washed again with carbonate, dried and evaporated
to an orange oil (181.2 g; .69 mol; 88 %). Crystallisation with see;ling' proved
difficult. Deep evaporaﬁon and storage as ofl. TLC: very pure, a small amount of
coloured polar material on baseline. Noe trace of the dioxamide {prepared from
oxalylchioride and pipsrazine). GC: 18.0/18.2 min, 0.36 area% of 3.8 min impurity.
A small sample (20 g} was stirred with water {o induce crystalfisation.
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Condi tions: 10 mml oily 1-nethyl-3-phenyipiperazine
et hyi oxal amate, 50 ml water, 50 ng S. griseus
protease (2 W% . Exp C pH control during the first

woipludeaction. 5 A final solvent screen peggpoe7055914
r epeat ed usi ng the best conditions known at nuch

hi gher concentration than before. As both oxal amates
had solidified a cosol vent® was needed for bot h.
mPds PS PSITRE Imain Sueot Gatdil BUdiied réetd fowsiaysenf staadjed - Malfog
w[asdi%n%uc efog'ix Ie 11). 10 Table 11: Final solvent
reen meth | oxalamates Start materi al
SoI vent TpH ee (all 3) 1 methyl toluene 21h 99.3 %
AN 1 ety @ phényidipdrazaehyl MIBE 21h 94 % 24h 5.5 48%

P
1 M%hyﬁ&pﬁefng}é{ge&% % P@%%}f'ﬂet ra%ﬁvli%s cﬁé’sé?ved m%@ d%hi@r'?/?% fe.
Acetic anhydncie and triethylamins were added. Aqueous wark-up yle¥ ed > % of
smelly ol (excess Ac20). Kugelrohr distillation at 160 °C/0.05 mbar yielded 20.6 g oil
{94 %). Chiral GC: 10.3/10.6 min '

Propicnyl 1-methyt-3-phenyipiperazine

1-Methyl-3~-phenylpiperazine (17.6 g; 0.1 mol) was dissolved in 100 dichloromethane.
Triethylamine (15 mt; 0.1 mol) was added. A solution of propionyl chioride (10 g; 0.11
mol) in dichloromethane was stowly added under cooling. After the fotal addition a
while suspension was formed. The mixture was quenched with 10% sodium
carbonate. The organic layer was washed again with carbonate, dried and
evaporated to an off (23.34g; 100 %). Kugelrohr distiftation at 187 *C/0.05 mbar
yielded 21.8 g oil {93 %). Chiral GC: 10.25/10.39 min

Butyryl 1-methyl-3-phenylpiperazine

1-Methyl-3-phenyipiperazine (17.6 g; 0.1 mol) was dissolved in 100 dichloromethane.
Triethylamine (5 mi; 0.05 mol) was added. A solution of butyroyl chioride (11.6 g;
0.11 mol} in dichioromethane was slowly added under cooling. After the total addition
a white suspension was formed. The mixture was quenched with 10% sodium
carbonate. The organic layer was washed again with carbonate, dried and
evaporated to an oil (24g) Kugeirohr distiliation of 22.5 g at >200 °G/0.05 mbar
yielded 22.0 g oil (95 %]}. Chiral GC: 12. 87/12.98 min, severe overiap

Benzoyl 1—methyi-S-pheny]piperazine

1-Methy-3-phenyipiperazine (17.6 g; 0.1 mol)} was dissoived in 100 dichioromethane.
Triethylamine (15 mi; 0.1 mol) was added. A solution of benzoy! chloride (16 g; 0.1 14
mol) in dichioromethane was slowly added under cooling. After ine fotal addition a
white suspension was formed. The mixture was guenched with 10% sodium
carbonate. The organic iayer was washed again with carbonate, dried and
evaporated to an oil (cé 30 g). Purification by silica filtration using CH2Cla/MeOH
(95:5). Evaporation of the appropriate fractions yielded 26.2 g of {94 %} Chiral GC:
no separation using various methods.
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21h 82 % 24h 5.3 89% 6 ethyl cycl ohexane 21h 99. 89
% 24h 5.4 99.92 % Conditions: 2.6 or 2.8 g (10
nmmol) solid (n)ethyl oxalamate, 10 m water, 5 m
solvent, 50 ng (ca 2 w% S. griseus protease.
wHAeI40p at rT. 2,3 and 6 were suspensi onsSECTAIRR@T/ oMl
t hese were hormgenl sed using EtOAc, pH adjusted to 9
and anal ysed using chiral 16C. 15 As the selectivity
for the ethyl| oxal amate was quite high, the nmelting
THbHoREcRY) ey RARBY RIPRES S cr i bed opt i num t enper at ur e
HdethnB3-phenyiinesazpre@l.8 as@01 sioljuiat disduhvgh in 58 didhfvgdnesthane.
Tlﬂétﬁﬂ{ﬁgmé PITRED 8% i vJaga&ﬁédOﬁnfweﬁm&e&.b%ye o (b1 Rlsude

usi'n exane CO- vent 12 At
Egh ?%’QE‘F%%W""W"%‘WM“EH@ﬁ“tSDF“B’P CE‘BH’?ﬂt%tT ge organic
iayemasrumsbeﬁ dgzir0@thSafiioeste Uulied gnd ataporbtedtderSil (Bbigs8U%).
Tp@qg,gg,g,% Cﬂ'gqagg £9di fihons were used for nmaking the
following large scale sanple. 5 preparation of final
sa,n'pl e (S)-1-nethyl-3-phenyl pi perazine A 170 g sanpl e
Sofeetingreectinde et hyl oxal amate was resol ved using 1 w%

S@reeﬂﬁé @%ﬁm@weﬂe%ﬁ&ctee 3 deberi¥ @@ﬁ%otmﬂa%f R4t § gier

el
RSP ST 1 TP e AT BRI B bitplon regetons.
Reastannihaipnseevmiot podie welcnayfralishe togtHg toadligiviiree>eraeion er

ofthe badiBiifothzire RERRMAL) per azi ne was obtained in a
crude yield of 47 % Hydrolysis of the ethyl oxal amate

ester by boiling in an excess 15 % HCI gave conpl ete

- Sewpigereprmtion of (EB)-methyel-hyenyBipgtaang | pi perazine in | b,

1Fug td@rmmdﬁd amylydxentbﬂatéfwasuﬁ&:eﬁa ahBiF G RfeAstainic £ Y 1k,
rec e.of unk 0
'BPPEBhSRPLRR Rl AR el SPBAERRRBEL” ol it
gijsedp gotpage- Stidieg aa ‘g onm hﬁﬁtfrtgeol%felfqr d3ht. SeaslyoEpigpIapny
(99). B idHiBS) shoMae >bNb bl &d. THEPH ditsy22 @fas Qdjbstde ord dshing 1 M
Nﬁ? grting material was increased to 1.5 % A scal e-up

much smal | er nagni tude using the recrystallised
TR IR0 X tREs EXtrac"edﬁF@? tigpes WBh pBY! @cqitip < eamRIng ands

-etretperdﬂorso%a drpanid bhask BO & ibeovat aird T %gEmmazsedbtausednmmS 20.

%‘P;{éﬁ%]&%@%géip tJ‘ngH&ﬁ&t OPEPPM% ' oogf"ar ate r&mélar i ch
hE{rﬁW &ﬁr%%waﬂoarf‘é%&faécaﬁ W‘“PDE?:SF'&)J@%PY‘KO%‘%SH de
deéemusedAc bt ioa. S Yicyi Gz Tive redctiely mjpiucyds cobled dweand to
) pqiﬁ\/eﬁatb @%ﬁ kOY >ENHRE 59@30/6&% fiahe Yy aBRRARKL WiR R EbEIR

C 2 . PE: grge am%unt o?‘ msoieglg p?e%%%ata \A%n?ormeds afler neutrahé)a?on and

was removed by filiration. The organic extract was dried and evaporated to provide
41 g of {S)-1-methyl-3-phenylpiperazine as an oil. Further exiraction of the water
phase using ethyl acetate (100 mi}, toluene and ether yielded another 6 g of (8)-1-
methyi-3-phenylpiperazine (about 41 % overall yield). High vacuum distillation on the
Kugelrohr (140°C/0.05 mbar) yielded 41.8 g colourless oif that crystaliised afier

- seeding (238 mmol; 36 % overall). Distillation residue weighad 0.8 g. The meliing

point of the product was 52°C and the es was found o be 89.8%GC showed an
increase of an impurity present in the starting racemate from 0.5% 10 1.5 %.



25 Anal yses Sanpl es were anal ysed on a chirasil-DEX
CB GC colum (heliumcarrier, 1:20 spllt) _
Tenperature program 140 C for 2 mn.; 5C nmnto
WEXsnAR9 C for 10 mm 13 The pi perazine geuhoifssoe
be resolved on the GC. Derivatisation as- '
trifluoroacetanm de was needed to achi eve a good
separation of the enantionérs. A smal | amount of
Qiajper azi ne (1D-50 ngy) was di ssolved in CH2C 2end
treated with triethylamne and trif{uoroacetic
anhydri de. Basification after the reaction using 10%
s dcicamPud @gsadpaiodormiiel.sanpl e was dri ed before

anal ysis. TLC was perfornmed using silica plates,
Cl-12C12/ MeOH mi & ures (typically 90:10) as el uent

and both tlugkesence and 12 detectlon Synt hesi s
of acyl @ racemdt es 10 '
1-1Vi et 3 nyl pi perazi ne net hyl oxal amat e

1- Met hyl - 3-pheny] pi perazine (17.6 g; 0.1 not) was

di ssol ved in 7 di chl oronet hane. Triethylamne (5
5 Mm@t 0. 03 mol) was added. A sol ution of methyl

chl orooxal ate (10 n; 0.10 nol) in dichloromethane

R R bRl L. ERREY SRl Jerdl i 2o d s powen

conpl ete conversion. The m xture was quenched with
21906 SR AFHMRE BALRS-1- J&tws@rpda@n&pémracu@ﬁmmbmla
again with carbonate, dried and evaporated to an oi
(25.5g; 97 A} . TLC. quite pure, sone m nor polar

inpurities.' . chiral separation possible 15.7/16.0
SNt ai . 0.4%of 3.8 mn inpurity (present in

i o pl perazine) 20 that can be used as internal -

st and D) e material solidifies on standing.

Attenpt to recrystailise from CH2CE2/ hexane. This

gi ves 2089 light-brown solid (76 %9. np 103-5C. GC

3.8 Mminpurity _is repoved. 25 1

- Met hyl - Lhenylﬁﬁﬁe?32|ne et hyl oxal amat e

1- Met hyl - 3 phenyl pi perazi ne (123.2 g;0.70 nol) was

Sd"l'l§eS Qka‘feﬁl‘ijaté @erﬁgﬁlecﬂf %}@h@ﬂﬁtﬁ%ﬁylgrgérbﬁﬁﬁd%np% forfula

nol ) was added.” A sol ution of ethy

10

' cﬁiorooxalate 107 g; 0.78 nol) in dichloronethane

was sl owy ded under cooling. At 2/3 of the.total

d |0@ hi ck suspension was fornmed. Even after
w ® nore solvent, stirring remained

'ult The m xture was quenched with 10% sodi um
q he organic |layer is washed again with
carbonat rled and evaporated to an orange Oi
(191. 29; 69 nmol; 99% . Crystallisation with seeding
15 proved difficul Foméed evaporati on and storage as
Oith Bl R mgthpl ERyt, A-pfopil isoptpitentf orcthadestiad pol ar
material on baseline. No trace of the di oxam de
(gre ared from 35 oxal yl chl ori de and |pera2|ne%
498 MG 1pY ioprppase () 13‘@8@3”'@3%&67 ipigerazing by eRFUTRiqvdR y§ﬁt9lf I
S aingdompb2Q apbondmg 1S tianrrr B dolwive th bysdparatibroan dxdkevege of the

o?(égrﬁilc ektﬁlaérbngﬁa?m r@? gf]o%u& wh@?&grﬁ?é &o{gggé(opf the

eﬂt@@)ﬁf@a gﬂf‘éeluér’%”%%iéqs eﬂ%yélil f)c/)r the enzymatic hypdgolysls ting
1- met hyl- 3- phenylplpera2|ne 5
1- Met hyl - 3- phenyl pi perazine (17.6 g; 0.1 nol) was
di ssol ved in 100 di chl oronet hane. Acetic anhydride
and triethylam ne were added. Aqueous work-up yiel ded
>100 % of snelly oil (excess Ac20). Kugel rohr
distillation at 160 C/0.05 nbar yielded 20.6 g oi
(94 %9. Chiral GC. 10.3/10.6 mn 10 Proplonyl
1- et hyl- 3- phenyl pi per azi ne
1- Met hyl - 3- phenyl pi perazine (17.6 g; 0.1 nol ) was
di ssol ved in 100 dichl oronet hane. Triethyl am ne (15
m; 0. 1 nDI) was added. A solutlon of proplonyl
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15

Sampl e pfeparation of ‘
(S)-1-net hyl - 3- phenyl pi perazine 15 170 g (0.62 nol)
solid ethyl oxal amate was nolt’en and transferred into
a 1L flask. 180 m cycl ohexane and 700 ml water were
qqud, followed by 1.7 9 (1 W% S. griseus protease.
sh| g"gao%to ﬂg@@r@ rﬁRh1m?wha?>rmnwp@efazineaag%nzgm§}tic hydrolysis of
chrig RN Y cdd ki 99, ee. _
The_ ggg?ba. 22 Was %?%s‘ﬁ’gh f@g‘%}'& d?&%ﬁ@grfﬁﬁh‘ Rﬁ@f?a‘ﬂge of the
The IP2EH drPuR tiera timeastian Riediets. twheeebyt thenpeotsasiehof
et HStreraareyaisyriséiid Blusd Wb BEARNS R WAPGL A
organi ¢ phase 80 g brown oil" (47 EVo;Z%@fggyﬁ&g&gs
obtai ned. This (S)-ethyloxal amate ester (+ 4.7 ¢

Br Derimethokd amnorelangl tb efair Ao $¢ shH aftesiduh itlﬁ)d@}hé’mlrcglysfis is
no or

hy Yepb#g&fink in.400 M 15% HCl (ca 2
1h§kThe y€?%?§§%§g§£§£@5?ernined to be ca. 99.5 % by

GC. The reaction m xture was cool ed down and to 25

T NEhePHethdE 286kl im. 4 B afueous phas S .
extr act eg W t hr @9%2%%9%%24 E %%Faac(l?ed@egﬂb@‘ﬁﬁh\é?‘ydr olysis
i nSot UBFRYIB¥Ie 5Tl Apethyiisphiesy iping radineeandhibe tmediiirs &dritign
andtydralysiseompeidediblfenk tof ettt bRt gani ¢ extract

was dried and evaporated to ‘provide 41 g of

(3)-1-nethy|-3-phenylpiperazine as an oil. Further

E’?lgg}argthmm ag:ford!ih@toqudﬂTmlﬂf%rtga%fék‘iﬁe@ﬁ%héﬁﬁe hydrolysis
er vielded anot her 0

(S BBl Rl RS beiarRE pdBerinednmgomprises

oV hexghe| d). Hi gh vacuum distillation on the

‘Kugel rohr (140C/ 0. 05 nbar) yielded 41.8 g col ourl ess

oil that crystallised after seeding (238 mmol, 36 %
overall). Distillation residue weighed 0.8 g. The
melting point of the product was 52G and the ee was
found to be 99. 8%C showed an increase of an inpurity
present in the starting racemate fromO0.5%to 1.5 %
WO 2007/ 144409PCT/ EP2007/ 055914 16 Clainms t A
conpound according to fornula 1, ORlL 5 Fornmula 1
wherein Rl is methyl, ethyl, n-propyl, isopropyl,
benzyl or 2-hal oethyl. . 2. The oxal am c
derivative of (R)-1-nethyl-3-phenyl pi perazine
according to fornmula 102. OH Fornmula 2 3. The

oxal amat e derivative of ‘
(S)-1-met hyl - 3- phenyl pi perazi ne according to fornul a
3 151 Forrmula 3, wherein lze is nmethyl, ethyl,
n-propyl, isopropyl, benzyl or 2-haloethyl. 4. A

nmet hod to prepare (S)-1-nethyl-3-phenyl pi perazi ne by
enzymati c hydrolysis of the conpound according to
claim1, followed by separation and cl eavage of the
200xal am c ester group fromthe reaction product,

~whereby the protease of Streptomyces griseus is used

as enzyme for the enzymatic hydrolysis. 17 5. A
method to prepare (R)-1-nethyl-3-phenyl pi perazi ne by
enzymatic hydrolysis of the conpound according to
claim1, followed by separation and cl eavage of the
oxal am c acid group fromthe reaction products,

wher eby the protease of Streptonyces griseus is used
as enzyne for the enzymatic hydrolysis. S 6.- The

nmet hod according to claim4 or 5, characterised in
that the hydrolysis is performed in a buffer free
medium 7. The method according to any one of claim
4-6, characterised in that the hydrolysis 10is of

net hyl oxal at e of 1-methyl - 3- phenyl pi perazi ne and the
medi um for the hydrol ysis conprises tol uene or

met hyl -t-butyl ether. 8. The nethod according to any
one of claim4-6, characterised in that the

hydrol ysi s is of ethyl oxal ate of

1- net hy1- 3- phenyl pi perazi ne and the nedi um conpri ses
15cycl ohexane.



