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25  above 40°C. Acetonitrile is an expensive solvent, that is also environmentally
undesirable to use due to its' toxicity. The cost of production utilizing such a process
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utilization in the preparation of optically pure tetralone. Consequently the search
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30  and with optimized productivity.

Summary of the Invention
A process for chromatographically obtaining substantially enantio-

merically pure chiral tetralone from a mixture of two tetralone enantiomers comprises
providing a liquid mobile phase comprising at least one solvent; providing a solid

35  stationary chiral phase comprising an inorganic carrier loaded with an optically pure
metal-organic complex; and, chromatographically separating the mixture to obtain at

least one substantially enantiomerically pure tetralone. The solvent used may be
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t he production opti cal ure sertra
P the mixture is an unde%re antiomer, the solhd s‘?atlonary phase having a chiral

orientation for retaining the undesired enantiomer.
Using a mobile phase preferably free of acetonitrile and containing

methanol reduces cost and eases environmental concerns. The use of a clay carrier

30  having an interlayer of optically active metal-organic complex cations therein, enables
processing at higher temperatures, of from about 40 to 80°C, which leads to higher
solubility and higher productivity without detrimentally affecting the enantiomer
separation. According to the present invention, optically pure or enriched tetralone can
be obtained in an environmentally acceptable fashion at higher yield with reduced cost,

35  as compared to the prior art, enabling the production of optically pure sertraline with

less process steps.
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such as diethyl ether dnspropyl ether, tertbutylmethyl ether; tetrahydrofuran; dioxane;
25  alkane such as pentane, hexane, heptane, cyclohexane, cycloheptane, benzene, toluene,
xylene; halogenated lower alkanes such as methylene chloride, chloroform, chloro-

benzene, fluorinated lower alkanes, and combinations of these. While acetonitrile may

be used, in certain circumstances, it is generally not a preferred solvent.
Of the various solvents, a methyl acetate based liquid mobile phase is
30 preferred which may comprise methyl acetate alone or methyl acetate in combination
with one or more of the solvents listed above. More preferably, methyl acetate or a
methanol/methyl acetate mixture is used. The most preferred liquid mobile phase is
methanol/methyl acetate having a ratio in the range of 0 to 100, more preferably 70 to
30 and most preferably 85 to 15.
35 This particular liquid mobile phase has the advantage of being of low
cost relative to acetonitrile, is less toxic and is fully compatible with the selected solid

chiral phase and temperature.
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25  complex is based on a ruthenium complex. For example, a spherical clay chiral
separation material known as Ceramosphere RU-1, available from Shiseido may be
used. A hydrophobically treated spherical clay chiral separation material that may be
used is Ceramosphere RU-2, also using ruthenium metal complexing cations. RU-2 is
preferred because it is more water resistant, and thus more tolerant of processing

30  variations.

The spherical clay material should have a particle size of at least 5
microns, more preferably up to about 50 microns, with a range of about 10 to 30
microns preferred. Also, it is preferred that the material be processed to have a chiral
orientation selected to strongly retain the least preferred enantiomer of the tetralone so

35  that the preferred enantiomer is recovered in the raffinate, as this promotes higher
purity of the preferred enantiomer which is also the first to exit the column. Insuch a
case, the less retained/desired enantiomer may be recovered at the desired optical
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with a conventi qnal rocess. |l n_an r - ' t pnvention, a

i quid pARdErals dispise . QR ay ?eﬁp%a%?lﬂlg{%%;ﬁ@%%c Elrei {}?C%I fluid and

a lool ?r ds?hpﬁa?uesfam or #hoaerdDRC.s mp@zm?ls Niﬂc’gh leapgth dl&qﬁm& Qﬁgef@pggﬂﬂ angidiaye AR

sel ected from : fanSkle. Atr iment,

di chl oro&vﬁrgﬁ%faqg%%%h%?ﬁmlzw Qag_lgtggf%@and_ etr‘l3 | acet artee. Génr}(é? aEIlI y a

sol vent thisacalumimigrderveriable zpae Baugal pustent isiused: agygemwhieh 63008 Bhe of t he

sol veRt s \@i1y€fin a SMB process, as at least four columns with four zones are necessary to
simulate the true moving bed system. In the three or five column systems, the quantity
of solid phase material is reduced yet yields and through-puts obtained that are
comparable to or better than those achieved with a conventional SMB process.
In another embodiment of the invention, a liquid phase is chosen which
30 is a mixture of a supercritical fluid and a polar solvent, for example supercritical CO,
and a polar solvent selected from the group consisting of methanol, ethanol, THF,
dichloroethane, acetone, methyl acetate and ethyl acetate. Generally a solvent
containing from 20 to 60% supercritical CO, mixed with one of the solvents given
above provides a suitable liquid mobile phase. Using such a mixture eases product
35  recovery and solvent reclamation.
EXAMPLES
The following 4 examples were undertaken using an SMB process,



above provides a suitable liquid nobile phase. Using such a m xture eases
product 35 recovery and solvent reclamation. EXAMPLES The follow ng 4
exanpl es weorog/osrsdert aken usi ng an SMB process, WO 03/ 03782QTAG02/30567
PCT/ US02/ 30567 though the invention is not limted to SMB processing, as
di scussed above. However the resultg.are believed representative of the
benefits obtained using the nethod of the invention. EXAMPLE 1 50PERATI NG
PARANET%%H%@ hveafibn # B BAGeRWZShVBPdacssingasMideubsed Bhawe : Hew éner

n

acet at el nethanol : .50/ 5Q v/v Lum_.Length. 11, cm ; : 10Nunber
of Col unthseestiisareds E‘@%Ir?%ff’?e%twi?.fE%%&tﬁphtéh egﬁ%’%%?@:hog%gmﬁ /min Feed
FIl ow Ratigyeftdnl /mn Flow Rate in Zone 1:425 m/mn 15Extract Fl ow Rate:
237 mM/mn Raffinate Flow Rate: 5 } eriod: 0.95 mn Tenperature: 50C

Qperating Pressure:25 bar SMB P (PILOT SCALE) 20Less retained
enants omer purity OBERMIMMGONERMMEBIBRS% Less retai ned enanti omer recovery

yield (S Tetral one ?@[{ﬂ RliaPsal cul at edueabmpea of pel uent necessary (1/g
enantioner): O. 10%1:@%_ Productivity (kg ea&gti gﬁr{ﬂ;r Rﬁﬁ d%/ gr‘eg,rV kg CSP) 3.0
kg/ kg CSP/ day 25AnYiRRileBhaseeed to be pRSHRLASHYIGHEAUNPYOHEY recover ed)

2.05 kg Column Length: 11 cm

Column I.D.: 48 mm

10 Number of Columns 6
Feed concentration: 12.5% wiv
Eluent Flow Rate: 249 ml/min
Feed Flow Rate: 40 ml/min
Flow Rate in Zone 1: 425 ml/min

15 Extract Flow Rate: 237 ml/min
Raffinate Flow Rate: 52 ml/min
Period: 0.95 min
Temperature: 50°C
Operating Pressure: 25 bar

20

SMB PERFORMANCE (PILOT SCALE)

Less retained enantiomer purity (S-Tetralone %): 98.8%

Less retained enantiomer recovery yield (S-Tetralone %): 97.8%

Calculated volume of eluent necessary (I/g enantiomer): 0.102 l/g
25 Productivity (kg enantiomer per day per kg CSP) 3.0 kg/kg CSP/day

Amount of feed to be processed (kg enantiomer recovered) 2.05 kg

Amount of product to be racemized (kg per kg enantiomer

recovered): 1.05 kg

EXAMPLE 2
30 OPERATING PARAMETERS
CSp RU2-lambda 27 pm
Mobile Phase: methyl acetate / methanol: 50/50 v/v
Column Length: 11 cm
Column L.D.: 48 mm
35 Number of Columns | 6
Feed concentration: 12.5% wiv

Eluent Flow Rate: 261 ml/min



Amount of product to be racem zed (kg per kg enantioner recovered): 1.05 kg
EXAMPLE 2 300PERATI NG PARAMETERS CSP RU2-1 anmbda 27 m Mobil e Phase: net hyl
acet at e /woaBlarsad . 50/ 50 v/v Col unm Length: 11 cm Col unm PCD/USAB30FRT
35Nunber of Col unmms6 Feed concentration: 12.5% w v El uent Flow Rate: 261
m/mn WO 03/037840 -7 PCT/ US02/ 30567 -Feed Fl ow Rate: 501ml/mn Flow Rate
in Zone 1. 435 m/mn S5Extract Flow Rate: 241 ml/mn Raffinate Fl ow Rate:
70 M/ mn Period: RFeB8 FlowRdtenper at ur e: WAA/Moer ati ng Pressure: 25 bar 10SMVB
PERFORMANCE ( PI L S . Less .retaine jomer purity (S-Tetral one%:
98. 1% Less retain o&’#}ﬁ%lp L ecover‘t}Sgiiqlz}llagfjrf (S-Tetralone %: 92. 4%

Cal cul at ed vol une Extraet ElewtRatecessar y ZAlgnkémint i oner): 0.091 1/g
5Productivity (kg i r day £SP) 3.5 kg/ kg CSP/ day Anpunt
of feed to be pr oclg%gg%}k?@gﬁghti orrefﬁ{rgiggl\lllgrsed) 2.16 kg Anmount of feed to
be raceni zed (kg pRariody enantiomer recdY¥2FEY) 1.16 kg EXAMPLE 3 OPERATI NG

PARAMETERS 20CSP RpGgnlzdtada 17 m Mobi Isp°Bhase: nethyl acetate / nethanol:
70/ 30 v/v :
Operating Pressure: 25 bar

SMB PERFORMANCE (PILOT SCALE)

10 Less retained enantiomer purity (S-Tetralone%): 98.1%
Less retained enantiomer recovery yield (S-Tetralone %): 92.4%
Calculated volume of eluent necessary (I/g enantiomer): 0.091 Vg
Productivity (kg enantiomer per day per kg CSP) 3.5 kg/kg CSP/day
Amount of feed to be processed (kg enantiomer recovered) 2.16 kg

15 Amount of feed to be racemized (kg per kg enantiomer recovered)
1.16 kg
EXAMPLE 3
OPERATING PARAMETERS
CSp RU2-lambda 17 pm
20 Mobile Phase: methyl acetate / methanol: 70/30 v/v
Column Length: 8 cm
Column LD.: 48 mm
Number of Columns 6
Feed concentration: 20% w/v
25 Eluent Flow Rate: 141 ml/min
Feed Flow Rate: 25 ml/min
Flow Rate in Zone 1: 255 ml/min
Extract Flow Rate: 134 ml/min
Raffinate Flow Rate: 32 ml/min
30 Period: 0.85 min
Temperature: 50°C
Operating Pressure: 30 bar
SMB PERFORMANCE (PILOT SCALE)
35 Less retained enantiomer purity (S-Tetralone %): 99.5%

Less retained enantiomer recovery yield (S-Tetralone %): 83.5%

Calculated volume of eluent necessary (/g enantiomer): 0.068 /g



Col um Length: 8 cm Colum |.D.: 48 nmm 5Nunber of Columms 6 Feed
concentration: 20% w v Eluent Flow Rate: 141 ml/m n Feed Flow Rate: 25
m/mn FIwaowRasms40 n Zone 1: 255 m/mn OExtract Fl ow Rat ePCIABRBISRT n
Raffinate Flow Rate: 32 ml/mn Period: 0.85 mn Tenperature: 50C Operating
Pressure: 30 bar 35SMB PERFORMANCE (RBI-LOT SCALE) Less retained enanti omer
purity (S-Tetralone %9: 99.5% Less retai ned enanti omer recovery yield

(S-Tetral one % : 88o&ktiCAY (i ataatomer perdapperdigeSR) h@kekedrSP/day g
t 0. 068 3/ 0 25 30 35
IeDP ggulcf Irrs |r % y (kg é%lﬁﬁ‘frft@ eedQ§%§§QOCe§§Eé H%é@%ﬁﬁ%r re@ov'%récﬁ 2145kjj day Anmount

of feed to be proczémemdo@lf@déabmra@nmedr(kgB@fé?ge@?néome%&cov nt of feed to
be racem zed (kg pfe%:gég enanti onmer recovered) 1.4 kg EXAMPLE 4 OPERATI NG

PARAMETERS Col umm RU2- | anbda _17 m I\/bléi | e Phase: nethyl acetate /
met hanol : 70/30 v/v Col um Lengts: lum |.D.: 48 mm Nunber of
Col ums 5 Feed congppkATINCGPARAMBYBERS El uent Fl ow Rate: 176 ml/mn

Column: CSP RU2-lambda 17 pm
Mobile Phase: methyl acetate / methanol: 70/30 v/v
Column Length: 8 cm
10 Column I.D.: 48 mm
Number of Columns 5
Feed concentration: 20% w/v
Eluent Flow Rate: 176 ml/min
Feed Flow Rate: 35 ml/min
15 Flow Rate in Zone 1: 354 ml/min
Extract Flow Rate: 176 ml/min
Raffinate Flow Rate: 35 ml/min
Period: 0.60 min
Temperature: 50°C
20 Operating Pressure: 35b
SMB PERFORMANCES AT THE PILOT SCALE
Less retained enantiomer purity (S-Tetralone %): 99.5%
Less retained enantiomer recovery yield (S-Tetralone %): 75%
25 Calculated volume of eluent necessary (/g enantiomer): 0.067 I/g
Productivity (kg enantiomer per day per kg CSP) 5.6 kg/kg CSP/day
Amount of feed to be processed (kg enantiomer recovered) 2.65 kg
Amount of feed to be racemized (kg per kg enantiomer recovered)
1.65 kg.
30
EXAMPLE 5 USING A VARICOL™ PROCESS
OPERATING PARAMETERS
Column: CSP RI1.2-lambda 17 um
Mobile Phase: methyl acetate / methanol: 81/19 v/v
35 Column Length: 8 cm
Column LD.: 48 mm

Number of Columns 6



Feed Flow Rate: 35 ml/mn Flow Rate in Zone 1: 354 m/mn Extract Flow
Rate: 176 mM/mn Raffinate Flow Rate: 35 m/mn Period: 0.60 mn
Tenper at LWe:03881840 Oper ating Pressure: 35 b SVB PERFORVANCESTATROTBEGPI LOT
SCALE Less retained enantionmer purity (S-Tetralone %: 99.5% Less retained
enantionmer recovery yield (S-Tetralame %: 75% Cal cul ated volume of el uent
necessary (1/g enantioner): 0.0671/g Productivity (kg enantioner per day
gﬁ;nﬁg CSP) 5.6 kgAk@az filnats £Smitay of éstomint pafzoheedl73/0.5829Pbcessed (kg

i omer recover 5 Anmount d to be racem zed (lc er k
enant i omer recoverﬁ?&%‘ CORCCREARON: ExANPL (ngl NG A VAR COLTM PRgJCE%Sp ’
ODEFA;FI N/G PARﬁ\NETFRSGIﬁ(HIQWIRat@SP RL2- | 2¥balmiy urn Mobi |l e Phase: nethyl
acetate / nethano Col um 4epgthn 8 cm Colum |.D.: 48 mm
Nunber of Col ums %e"%%‘g}%g%m 95 10 15 20 Average nunber of colums
per Zone: 0.75/1. 5F]@W21§¢t®111520¢5‘e1ed conc%@ﬁm dn:  25% w/ v EI uent Fl ow Rate:
) e: i na owRate 45 m/min Period: 0.65
mn Tenperature: g@@na é‘?"&%af'?g Pr ess%fﬁ 88 b PCT/ US02/ 30567

Period: 0.65 min
Temperature: 50°C
10 Operating Pressure: 35b

Varicol™ PERFORMANCES AT THE PILOT SCALE
Less retained enantiomer purity (S-TETRALONE %): 99.5%
Less retained enantiomer recovery yield (S-TETRALONE %): 83%

15 Calculated volume of eluent necessary (/g enantiomer): 0.071 l/g

Productivity (kg enantiomer per day per kg CSP) 5.6 kg/kg CSP/day
Amount of feed to be processed (kg enantiomer recovered) 2.4 kg
Amount of feed to be racemized (kg per kg enantiomer recovered)
1.4 kg.

20 Table 1 summarizes the results of various tests using the spherical clay
material as the chiral solid phase, at temperatures from 40-60°C, using methyl
acetate/methanol, from 30-65% methyl acetate, and at pressures from about 5 to 78
bar. A six column SMB process (48 mm diameter) was used for test purposes.



Vari col TM PERFORMANCES AT THE PI LOT SCALE Less retained enantioner purity
(S-TETRALONE % : 99.5% Less retained enantioner recovery yield (S- TETRALONE
% : 83% WwWaloswbmted vol une of el uent necessary (1/g enant ipemarsp2/3@6071 hg
Productivity (kg enantioner per day per kg CSP) 5.6 kg/lcg CSP/day Anount
of feed to be processed (kg enantiongg-recovered) 2.4 kg Anmount of feed to
be racem zed (kg per kg enantioner recovered) 1.4 kg. Table 1 summarizes
the results of various tests usingCABEEdpherical clay material as the

chiral solid phase,  at tepperatures—from40-60C—usimg—rethyd
acet at e/ Mgt Rey10l bR A Ba%iret feasRbaice) pridirall Dossauagsn f [ om about 5
to 78 bar|. A sjxgl um S% rocess (4¢)nm di aefer|) v@acgsad for test
pur poses. WO 03 0’@7@)40 PCT/ 2/ 30567 -10 TABLE 1 5 1&13&&&2@/2)5 Particle
Tenper at urfgeVethyt acetate Pressu € concentrafion Size ( (9% ( bar) of
racpmate (|milnjected (g/L) 14%01 0722801%40307432? QRAOR(&%‘\ 151075200
55405078130 §1055701¢260 710@@6517150 81f)555016209 9275535945 102750355100
5 3 5 40 80 250
4 5 40 75 200
5 5 40 50 78 150
6 10 55 70 17 260
7 10 55 65 17 150
10 8 10 55 50 16 200
9 27 55 35 5 125
10 27 50 35 5 100
11 27 60 30 5 150
12 27 55 30 5 125
15 13 27 50 30 5 100
14 27 40 30 5 90
15 27 60 40 5 175
16 27 55 40 5 125
17 27 50 40 5 100
20 18 27 50 45 5 100
19 27 55 45 5 150
20 27 55 50 5 175
21 27 40 50 5 90
22 27 50 50 5 125
25 23 17 50 65 10 175
24 17 50 60 10 175
25 17 50 55 10 175
26 17 50 50 10 175
27 17 50 45 10 175

30



112760305150 122755305125 132750305100 14274030590 152760405175
162755405125 172750405100 182750455100 192755455150 202755505175
21274050580 0327880505125 2317506510175 2417506010175 2517POFABOLIG67
2617505010175 2717504510175 30 WD 03/ 037840 PCT/ US02/30567 - 11 5 10 15 20
25 30 No. BedSMB(*) Specifi cPURI TY Length Production productivity Raffinate
Extract (% (cm (Kg/day)(Kg/ Kg/day) (% 11.503.9023.9399.2699. 37

21. 304. 5832. 4299. 2998. 12 31. 304TABRE H@8AI'd)999. 30 41. 305. 2837. 4198. 9999. 43

51. 303. 482476799} 5399. 89
No. | Bed SMB() Specific PURITY
Length | Production | productivity | Raffinate Extract (%)
(cm) | (Kg/day) (Xg/Kg/day) | (%)
1 1.50 3.90 23.93 99.26 99.37
) 2 1.30 4.58 32.42 99.29 98.12
3 1.30 4.74 33.56 99.19 99.30
4 1.30 5.28 37.41 98.99 99.43
5 1.30 3.48 24.67 99.53 99.89
6 3.80 5.66 13.73 99.00 99.17
10 7 4.00 4.55 10.47 99.12 99.17
8 4.00 5.32 12.24 99.08 99.65
9 12.00 3.70 2.84 99.41 99.43
10| 1225 3.70 2.78 99.13 99.57
11 10.75 4.23 3.62 99.16 99.47
15 12 9.50 3.68 3.57 99.02 98.18
13 12.00 3.65 2.80 99.23 99.45
14 | 10.25 2.88 2.59 99.41 99.15
15| 11.25 4.60 3.77 99.09 99.49
16 | 12.00 3.50 2.69 99.17 99.55
20 17 | 13.00 3.47 2.46 99.16 99.33
18 | 12.75 3.34 2.42 99.06 99.68
19 | 1225 3.35 2.52 99.19 99.48
20 | 14.75 2.48 1.55 99.33 99.55
21 13.50 2.92 1.99 99.32 98.93
25 22| 13.75 2.99 2.01 99.25 99.12
23 5.90 8.30 12.95 99.20 98.93
24 5.50 7.10 11.88 99.16 99.07
25 5.50 8.06 13.50 99.21 99.32
26 5.50 8.17 13.69 99.28 99.41
30 27 5.10 6.66 12.03 99.35 98.95

As seen from Examples 1-5 and Table 1, high purity enantiomer is



63. 805. 6613. 7399. 0099. 17 74. 004. 5510. 4799. 1299. 17 84. .

912. 003. 702. 8499. 4199. 43 1012. 253. 702. 7899. 1399. 57 005, 3212, 2499, 0599 65
1110. 754.2833628% 1699. 47 129. 503. 683. 5799. 0298. 18 PCT/US02/30567

1312. 003. 652. 8099. 2399. 45 1410. 252. 882. 5999. 4199. 15

1511. 254. 603. 7799. 0999. 49 1612. 003. 502- 6999. 1799. 55

1713. 003. 472. 4699. 1699. 33 1812. 753. 342. 4299. 0699. 68

1912. 253353 bwhA rdRQE1 ddved® ¥dluitis2nd Bilcrss0 pREDEI vy, while operating at

21

235. 908, 13BN3E 30! S0us U1 12060 o HHE e state Varcol™

355 508. 6dRabeePhi2 keRaraRDnAGECHO Biay Tasylien gtipggyreases in productivity as

75. 106. 8612, 0392¢ 33083 0ndry ThEEindy 5ORKuH VIR AR MABBRASE coli@nfiCT/ USO2/ 30567
obt ai nedt ﬁﬁﬁn ggucelgi ﬁv%ﬁ,}ﬁ ol u%rye andul ncreased productivity, while
oper &t i neptanized-el ati vel y hi gh tenperatures, above 40C. Utilizing a
non-steady state Vel divddts @ﬁrw@b@mﬁlﬁm\&nﬁe@ﬁbe&ssamlmumémﬁﬁy resul t
in further |rllcre%§ 2 in productivity as the quantity of solid stationary
phase nefpllo®mElied with the number of colums 5 optinized. Qther sol vents

can be used in the |nvent|ve r oceBAB | :
5> TABLE.2 10 15 20 \Wid proceBABBEZ | | ustrated in the follow ng Table

C.P.S. | Solventl % Solvent2 | % | Temp. | Width | Injected | Productivity
°C) of two (mg) (kg/kg
peak cps/day)
(min)
10 RU-1 | Acetonitrile | 100 - 0 30 34 12.5 1.32
" Acetone 100 - 0 40 2 12 2.16
" Ethyl 100 - 0 40 4.5 50 4.00
Acetate
" Ethyl 100 - 0 60 4 50 4.5
Acetate
" 2-butanone 100 - 0 40 2 10 1.80
15 " Ethyl 75 Methanol | 25 40 4.5 50 4.00
acetate
" Ethyl 50 Methanol | 50 40 8 70 3.15
acetate
RU-2 | 2-butanone 100 - 0 40 1.4 25 6.43
" 2-butanone 75 Methanol | 25 40 2 40 7.20
" 2-butanone 25 Methanol | 75 40 11 112 3.67
20 " Ethanol 100 - 0 40 15 80 1.92
" Ethanol 25 Ethyl 75 40 1.9 25 474
acetate

In utilizing a supercritical fluid mixture as the liquid mobile phase,

further productivity increases are obtained although there are increased requirements
25  for the equipment when handling a supercritical fluid.

An estimate of the productivity increase was made utilizing 140
milligrams of racemate injected into a HPLC column every 5 minutes, with the liquid
phase comprised of 30% superctitical CO,, 70% ethyl acetate. The solid stationary
phase used was Ceramospher Ru-1. It was determined that the quantity of racemate

30  purified would be 7.3 kilograms per liter of support per day, as compared to using
methyl acetate/methanol and Ceramospher RU-2. The HPLC analytical examples are
believed representative and serve as a model for SMB processing, and can be used for



Productivity C. P.S. Sol vent 1%bol vent 2%lenp.

of two Injected (kg/kg (C)peak

(nmg)cps/day) (mn) RU- 1Acetonitril el00-0303.412.51. 32

i f Acet onewO®304B2022. 16 "Et hyl
Acet ate 2-butanonel00-0402101. 80 Et hyl

100- 0404. 5504. 00 Acet at e EPaJIUSaD56604504. 5
75Met hanol 25404. 5504. 00 acetate

Ft hyl 50Met hanol 50408703. 15 acet at e- RR)- 22- but anone100- 0401. 4256. 43
"2- but anone75Met hanol 25402407. 20 " 2- but anone25Met hanol 7540111123. 67
i f Et hanglr3d@RMAPHIRANIY2 Th EsnanaleaBittydd iA5HORIoR5y Tbladet ate | n

utilizing a supercritical fluid m as the liquid nobile phase
further productivity increases areﬂé%{“—%éned al t hough there arg i ner

creased

requi rements 25 for the equi pnent when, handl i ng ercritical fluid. An

estimate of the productivity i nSNRGFEEItiG nmade uﬁ?i—i 2ing-140—mit | | grém; of

racemate | %&ﬁﬁﬁ%&lﬂma& @@W cRlLYM every S mingges, with the liquid

phase conpt Sed—ot 0% supercriti cal—C02, 70% et hyl acetate. The|solid

Zt at ![sp?ar‘ poh&m usegowas C](caramﬁsDWer Ru-1. It| %889 8et erni ned that the
uantity of ragemate purifile uld be 7.3 Ki ans per |i

Tt pliL g o hograns p Iter]dof

Oerarmsphergﬁguﬁ}meﬁiye HPLC anal yuncal exanpl es
CH,COOC,H,CO,
70/30

150 bar

50°C

7.3 kg /kg support/day

af gm
CH,COOCH,/CH,OH
80/20

70 bar

40°C

4.3 kg /kg support/day

Solvent

Ratio

10 Pressure

Temperature

Productivity

Tt can be seen from the comparison that RU-1 can be used with a
supercritical fluid mixture as the liquid mobile phase, just as well as using RU-2 when
not in the supercritical mode. The productivity is at least double when operating in the
supercritical mode, and this is without the further improvements to be achieved with

15

utilization of the Varicol™ process. Consequently, the most economic solution may
lie in utilizing a supercritical fluid mixture. However, supercritical fluids need not be
used to obtain the benefits of the present invention, as a substantial improvement is
achieved by using a spherical clay material such as RU-2 with the liquid phases and

processing described above and where the additional equipment requirements for use

20

of supercritical fluids are not desired.

The present invention provides a process for producing optically pure
75  tetralone as an intermediate in the production of optically pure sertraline, to avoid a
final chiral separation of sertraline, producing optically pure tetralone using a
chromatographic process that is capable of operating at high temperatures, that is
above 40°C, to increase separation efficiency. The inventive process preferably uses a
liquid mobile phase free of acetonitrile, and a solid chiral phase that is less sensitive to
30  the presence of contaminants such as water or acids, and which is free of poly-
saccharides. Optionally utilizing non steady state moving bed chromatography reduces
the amount of solid chiral phase and optimizes processing efficiency by dynamically
varying the bed length during the separation. In another embodiment, optically pure or
enriched tetralone is obtained using a supercritical fluid as a portion of the liquid

35  mobile phase.

While preferred embodiments of the present invention have been shown



bel i eved representative and serve as a nodel for SMB processing, and can be
used for WD 03/037840 -13 PCT/ US02/ 30567 predicting productivity. The
results aweoslobssirated in the follow ng Table 3: TABLE ®CI/US02/30567
Supercritical HPLC Col um Solid Phase (CSP)Ru-1Ru-2 Dianeter4.6 m#. 6 mm
Lengt h25 cnm25 cm Granul onetry5 nb m §pl vent CH3COOC2H5CO2 CH3COOCH3/ CH3COH
Rati 070/ 3080/ 20 Pressurel50 bar70 bar Tenperat ure50C40C Productivity7.3 kg
1 kg suppgidtded@ittd3it kel bk gndeispat by thoye sitilledin thears tahvinamchirges ohpar i son

that RU-1 can b ith a 1 it o Hi e the |iquid
mobi | o pRagEoag e be Waff W Rud SHREE0L! Gf Eop b oELE AT B2 (TP el

node. The productivity is at |east double when operating in the
supercritical node, and this is without the further inprovenents to be
achieved with wutilization of the Varicol TM process. Consequently, the npst
econom c solution may lie in utilizing a supercritical fluid m xture.
However, supercritical fluids need not be 20 used to obtain the benefits of
the present invention, as a substantial inprovenment is achieved by using a
spherical clay material such as RU-2 with the |iquid phases and processing
descri bed above and where the additional equipnent requirenents for use of
supercritical fluids are not desired. The present invention provides a
process for producing optically pure 25 tetralone as an internediate in
the production of optically pure sertraline, to avoid a final chiral
separation of sertraline, producing optically pure tetral one using a
chromat ographi c process that is capable of operating at high tenperatures,
that is above 40C, to increase separation efficiency. The inventive
process preferably uses a |iquid nobile phase free of acetonitrile, and a
solid chiral phase that is |ess sensitive to 30 the presence of

contam nants such as water or acids, and which is free of poly-
saccharides. Optionally utilizing non steady state noving bed
chromat ogr aphy reduces the amount of solid chiral phase and optim zes
processing efficiency by dynamcally varying the bed |ength during the
separation. In another enbodinent, optically pure or enriched tetralone is
obt ai ned using a supercritical fluid as a portion of the liquid




35 nobil e phase. While preferred enbodi nents of the present invention have
been shown WO 03/037840 -14 PCT/US02/ 30567 and described, it wll be

under st oowOlwg/0s13ese skilled in the art that various chang®€Tars02/30567

nodi fications can be made w thout varying fromthe scope of the invention.
WO 03/037840 -15 PCT/ US02/ 30567 CLAI-NKS - 1. A process for

chromat ographically resolving substantially enantionerically pure chiral
tetralone froma mxture of two t€tltAllMe& enanti oners conprising: 5

providing a tlaul d iRkl f&*@ﬁ&n%%@h&m RrBlvingbsiifing O vent . provi ding

a solid stationary c hase co I Sl an 1 anic carrier having an
opt i cal | ynyicearisely pwgbmaléeteaém@mam W%Hf%@%@ﬁ’&%ﬁm@ﬁpwmsepar ating
the m xt Wpky hgingbt ain at |east one substantially enanti orrerl cally pure
tetral one. f The pr.ocess of cl 1, wherein telhe solv is selected
further corrprl si n@reefisg g lﬂﬁldtrﬁebl% hEOTRTETRG 3 doa5t SRfsO ‘@r‘i‘é’l sting of

| ower al cohol s suctpr@&dmgfetshmabuomtﬁamrﬂl phgseepmpribing ias dgrgaancdrriebut anol ;
acet at eshand pr o q es oftiheseIC i)‘l)e Qlat?d ket ones such as acetone,

but anone, at’@%&?c?ﬁbfa MRAPR B SIREN O stch as diethyl ether,

di i spropyl et her toeromtanntgrapmtaﬂyflsemrhfmgthsetlxmtdrobfma‘frﬂea&ﬂp@@(ane al kane

15 such @ﬁbs? LAYS ﬁt%ﬂ@all { 8o QKCI ohexane, cycl oheptane, benzene,
t ol uene, ene ﬁ ogena ower nl anes such, as rret yl.ene chl ori de,

chl ol Bf or2m chl or dhemrecses ofrqlajey §, rdicaain thssefveny ik splected Bnitrile, and

conbi nat icghpriking/sEleting the soﬂﬂ@ltﬂ’ﬂ’oﬁ?ﬁt%%r&fp dﬂnﬁbﬂilﬂgloflwef dtsholhechepar at i on of
the m xture'is condluct ed t a about 40C glo about 80C.

20 4, ThaHERbEBP BIOREIoISONRBR PSSO PiEnEn] BORARFiEs OF BOST et hanol
and net hylcohck] kétenesSuchldsecpioae dssanohie, dsoprafyl-olediyiiecidned cthatsesiehrast he net al

P R R sl By R R B LR TR S SRl MG RS | 19 Of

ni ckel , copper ah romum 25
6. ThS prsodewemancl lmxmdihemh@fr éYQthﬂXGHWV@PhQPGﬂWJ @@Zﬁ@e tduensns are

rut heni u?}&%@%éf eﬂ&e@%&'ﬁﬁ{angs sutB s RleRfyRme cHI%nﬁQ)éhIHroﬁJnﬁ' ”5 1-4, wherein

t he soli atitonary chira e conprise ro hObI treated
spheri cal® hloreRe nﬁ‘é&eeﬁ}l%mateé}i IOWﬁ%qEW&gtO&mgn?C{; nght ?H’é‘s ﬁe }{Wnerel n the

solid stationary chitledkocess of claim 1, wherein the separation of the mixture is
conducted at a temperature of from about 40°C to about 80°C.
20 4. The process of claim 2, wherein the solvent is a mixture of methanol

and methyl acetate.
5. The process of any of claims 1-4, wherein the metal complexing cations
are selected from metals from the group consisting of nickel, osmium, ruthenium,

platinum, cobalt, iron, copper and chromium.

25 6. The process of claim 5, wherein the metal complexing cations are
ruthenium complexing cations.
7. The process of any of claims 1-4, wherein the solid stationary chiral
phase comprises a hydrophobically treated spherical clay material.
8. The process of any of claims 1-4, wherein the solid stationary chiral
30 phase has a particle size of from about 5 to 30 pm.
9. The process of any of claims 1-4, wherein the liquid mobile phase

further comprises a supercritical fluid.

10. The process of any of claims 1-4, wherein the liquid mobile phase

contains supercritical CO, and the solvent is a polar solvent selected from the group
35  consisting of methanol, ethanol, THF, dichloroethane, acetone, methyl acetate and

ethyl acetate.

11. The process of any of claims 1-4, further comprising chromato-



30 phase has a particle size of fromabout 5 to 30 m 9. The process of any
of clainms 1-4, wherein the liquid nobile phase further conprises a
supercri twoaB/osisus d. 10. The process of any of clains 1-4pPCEES0B31361 he

i quid nobile phase contains supercritical CO2 and the solvent is a polar
solvent selected fromthe group 35-té&nsisting of nethanol, ethanol, THF,

di chl or oet hane, acetone, nethyl acetate and ethyl acetate. 11. The process

of any %a iadWBsepardting the iieturcwsipg singlegolinmorheeoatv@apBy.037840 - 16
PCT/ US02/ 30567 gr aphi cal | I:ng 1t ?”@ U85 RErosidAg! € col um
chr omat ography. 1gfhe@{8ce6¥8§%§§5%?51§%>}% C %fc?rls%lﬁrlléigg further conprising

chr omat ogragitiegihyi cpibingsthp ariatirngsing sinlatedimevigs bad chiomaed &@Ynovi ng bed
chromatogfaphy. 1%, é)?ﬂ@esg'E)P&‘I%_Séfd?iinﬁﬁyel,%rtﬁér%bﬁ@riéinéchlfomitdsler conpri sing
chromat o gr aphi ca ef separating the_ mxture usin | ticolum non-steady
stat & cographiod Sepéllﬂm’éﬁﬁ?é@?‘%%k}s.m&muuﬂ?@%ﬁ‘ B%%tga‘gﬁ‘srg%ﬁfiorﬁ?nu@f‘%i s 1-4,
wher ei n @lroln@@staplpe substantially pure tetralone enantioner is a

B undesl e enant 187 HBFEst ARG OF SREP Ehuiraf Agiee BB saballpu Jotre !

an undestf-ed enan rsi gg Fro : _
st at i onafeyrajpnaseattidvieny aprefeired enantiogrer and asechpd of tedvaicagntiomersifdesi r ed
enantiongr. . 15 .The pr Yo i sthe pANEERLR bl
nmet al - o?@ﬁﬁ]ﬁ“é&g%}ﬁ)arne%.eﬁ%gség%ﬁ%}ng%h?@ ﬁuﬁggndgﬁi\ﬁéiscﬁpi S %i trogen containi ng
het el®cysthonaiy phese baNieg & chigtliorightation fo5 rerRngShe Podssysh FRAIUGHST-ex. 16. The
process of clai m 15y WREERIH ah{6f QbR -8, Whaainthd Beldl-drgdhieyoitglee. 15 17.
The process of claim15, wherein the oraqani % Iigar]d ih% hl %
0- phenanh#fr a1 qrggnic ligand which 1s a nitrogen containing heterocycle which conters

chirality to the metal-organic complex.

16. The process of claim 15, wherein the organic ligand is 2,2-dipyridine.
15 17. The process of claim 15, wherein the organic ligand is

1,10-phenanthroline.



