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mobile phase preferably containing acetonitrile.
While an available route to achieving optically pure sertraline, the
process utilizes a solid chiral stationary phase which has limited utility at temperatures
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
is thus high, and may not be sufficiently economically attractive so as to find

utilization in the preparation of optically pure tetralone. Consequently the search

continues for processes for producing optically pure or enriched sertraline at low cost
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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continuous chromatography. In one embodiment, at least one substantially pure
95  tetralone enantiomer is a preferred enantiomer and a second of the two enafitiomers in
the mixture is an undesired enantiomer, the solid stationary 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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methanol, ethanol, propanol, proponal, isopropanol, butanol; acetates, and propionates
of these alcohols; ketones such as acetone, butanone, isopropyl-methyl ketone; ethers,
such as diethyl ether, diispropyl 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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The carrier particles have a metal-organic complex cation interlayer

with the metal selected from the group consisting of nickel, osmium, ruthenium,
platinum, cobalt, iron, copper and chromium. In a preferred embodiment, the metal
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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temperatures at or above 40°C. The zones vary in length during operation, and have an
average rather than fixed length in a given operation cycle. In another embodiment, a
three column-three variable zone VaricoI™ system is used, a system which cannot be
25  utilized in 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,



6, 136,198, incorporated by reference and referred to hereafter as the
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chiral tewoaBosm4wmith |ess columms, reducing the quantitycCafusspbised? phase
yet with higher purity as conpared to a conventional SMB process. In one
enbodi mrent of the invention, a five_tgqa six colum-four variable 20 zone
Varicol TM systemis used together with the selected liquid and solid phase

m’:‘éer i al tﬁoﬁ%l?ﬁlﬁ $SRAtiaPRMRL mmﬂea o SREB p@ﬁ@smgaﬁseﬂsmseﬂ aboveui Hémgenerr ecycl e,
and at erature at. o The..z rin
oper at i oS Tels H‘S\h? 1g¢pd TERE‘S'?GES%WP 8? ﬁ@ bef’?itg[ﬁ t:%?(ngé %Fﬁé% éﬁ&?‘%gg%%en )

oper at i opvepione. | n anot her enbodinent, a three colum-three variable zone

Varicol TM systemis used, a syst?_%éqﬂﬁ‘ﬁﬁpannot be 25 utilized in a SMB
process, as at least four colum ur zones are necessary to

simulsate the true PBYRAJINGPARAMIAERD the three or five col umm systens,

the quantity of selj.gd phadnaseterial Reoresveezy yet yiel ds and
t hrough- put's obtalneé

that are conparab e to r N/ t hose achi eved
with a conventi onaMo8iNBPB#sstess. In anBf F?g%’ah ﬁ’@ﬂ?el gwgphe i nvention, a
l'iquid phase is chogrRmnWdngth: 30 is a Mmtnure of a supercritical fluid and
a pol ar solvent, far ex | e supercriti and a pol ar sol vent
selected fromthe gf’ n5| sting of ﬁg%nol et hanol , THF,
di chier oet hane, acauaibes offEslhgins acet até and et hyI acetate. Generally a
sol vent containi ng from 20.t.0 60% supgﬁgs {cal C2 mixed with one of the
sol vents given above provides a suit qui d nobil e phase. Using such a
m xture eases prodbbengBlowdk#ery and 3 B r ecl amati on. EXAMPLES The
follow ng 4 exanpl gg, mg@,m@lertaken uaOIﬁﬂ/nﬁliﬁ SMB process, WD 03/037840
PCT/ USO02/ 30567 -6 though t gventi og %wot limted to SMB processing,
as di scussed aboveFlagphaigdn O’E“h resul % Bel i eved representative of the
benefsts obtai ned Esirh@ Fidve Raek hod of 2BEmlimuention. EXAMPLE 1 5

OPERATI NG PARAMVETE L |...d Phas lﬁ%? anbda 27 m Mobi | e Phase:
met hyl acet at e/ net %ﬁﬁm lglﬁyvégatvlv um (llaingth 11 cm

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



Colum I.D.: 48 nm 10 Nunber of Columms 6 Feed concentration: 12.5% w v
Eluent Flow Rate: 249 mM/mn Feed Flow Rate: 40 mMm/mn Flow Rate in Zone
1. 425 mwoin/oiB4kextract Flow Rate: 237 mi/mn Raffinat ePETawoRaise7r 52
mM/mn Period: 0.95 mn Tenperature: 50C Operating Pressure: 25 bar 20
SMB PERFORVMANCE (PI LOT SCALE) Less cegtained enantioner purity (S-Tetral one
% : 98.8% Less retained enantioner recovery yield (S-Tetralone %9: 97.8%
Cal cul at ed vol une mkd BloweRatenecessar y J0hmenanti omer): 0. 1021/ g 25

Productivity (kg antj oner,, per.. day pe P) 3.0 kg/ kg CSP/day Anount
of feed to be pr ogﬂ%‘é’gf%(lﬁ‘fdg]ﬁ ft i oner4{3f5lélgvblg§r ed) 2.05 kg Anount of
product to be racdbitmedFloWwRaper kg enddlimWmin recovered): 1.05 kg EXAMPLE

2 30 OPERATI NG P% RU2- | amd@i/sfn M Mobi | e Phase: nethyl acetate
/ met hanol : 50/ 50 VIV ﬁ%@ﬁﬁgﬁ?éngth: 11. cm Colum 1.D.: 48 nm 35 Nunber

of OOl urms 6 Feed Rasiodentrati on: 12. 5%-% P10 E| uent Flow Rate: 261 nmi/min WO

03/ 037840 PCT/ USO2f ure- 7 Feed Flow(Rate: 501m/mn Flow Rate in Zone

1: 435 mM/mn Extract. Flow Rate: 241 igém n
Operating Pressure: ar

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



Raf fi nate Fl ow Rate:
Qperating Pressure:

enant i omrewomas1syo ( S- Tet ral one% :
yield (S-Tetral one %:
enanti oner):

25 bar

92. 4%

70 M/mn 5 Period: 0.95 mn

Tenper at ure:

enanti oner

50C

SMB PERFORMANCE ( PI LOT SCALE) 10 Less retained
98. 1% Less retai ned enamCirarse?/30seTovery
Cal cul at ed vol unme of eluent necessary (Ug

0.091 1/g Productivityg(-kg enanti onmer per day per
kg/ kg CSP/day Amount of feed to be processed (kg

kg’ CSP) 3.5

recover ed)

2.16 kg 15 Anount mbdictieiy (I dentiamenper ddy pirdkeseSPIS bakstGahe® r ecover ed)

1.16 kg EXAVPLE 3

Phase:
.D.:
FI ow Rat e:
m/mn

met hyl acet

141 m/
Extract Fl

Peridd: 0.85 mn
PERFORVANCE ( PI LOToBCRWFINGP ATRAMEERRS ned enantioner purity (S-Tetral one

N :

99. 5% Less ret

Cal cul at ed vol ume
03/ 037840 PCT/ USO2X3086Fhase8

10

15

20

25

30

35

e oL B DI RGSR (G i ad 20 80 ot G

Feed Fl ow Rat e:
134 M/ mn

%v%%ate

Tenperature: 5

i ned

Column Length:
Column I.D.:
Number of Columns
Feed concentration:
Eluent Flow Rate:
Feed Flow Rate:
Flow Rate in Zone 1:
Extract Flow Rate:
Raffinate Flow Rate:
Period:
Temperature:
Operating Pressure:

tiomer

gl u’é‘f“uéﬁ?nnecessar y

25 m/mn
Raf fi nate Fl ow Rat e:
ing Pressure: 30 bar

S RUEgE ke, )T 070681/ g wo

methyl acetate / methanol 70/30 v/v
8 cm

48 mm

5

20% wiv
176 ml/min
35 ml/min
354 ml/min
176 ml/min
35 ml/min
0.60 min
50°C

35b

SMB PERFORMANCES AT THE PILOT SCALE
Less retained enantiomer purity (S-Tetralone %): 99.5%

Less retained enantiomer recovery yield (S-Tetralone %): 75%

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.

EXAMPLE 5 USING A VARICOL™ PROCESS

OPERATING PARAMETERS

Column: CSP RL2-lambda 17 um

Mobile Phase: methyl acetate / methanol: 81/19 v/v
Column Length: 8 cm

Column LD.: 48 mm

Number of Columns 6

48 mm Nu@%mo@t@dﬁemgbermm@dhgémkgaﬁna@hommwe&e d25 El uent

Fl ow Rate in Zone 1: 255
32 M/mn 30

SMVB

83. 5%



Productivity (kg enantioner per day per kg CSP) 3.8 kg/ kg CSP/day Anpunt
of feed to be processed (kg enantioner recovered) 2.4 kg Anount of feed to
be racemwedkg4per kg enantiomer recovered) 1.4 kg 5 ERGVRISE2/30567
OPERATI NG PARAMETERS Col um: CSP RU2-| anbda 17 m Mobi | e Phase: net hyl
acetate / nmethanol: 70/30 v/v Colung.length: 8 cm 10 Colum |.D.: 48 mm
Nunber of Columms 5 Feed concentration: 20% w v Eluent Flow Rate: 176
m/mn Feed Fl ow Rargse minbr bfitsluikins ptraxwonRe. €5/1.0/32206.51: 354 m /min
Extract Flow Rate: 176 ml/mn Raffi naéﬁ/@/gw Rate: 35 m/mn Period: 0.60
nmn Tenperature: %‘“(?6"9’6"6@%'%?%&% ng PreSsure: 35 b SVMB PERFORMANCES AT THE
Pl LOT SCALE Less EmtatiFied Rateant i omer BOmbpif S- Tetral one % : 99. 5% Less

retai ned enanti Omﬁeeﬁ%‘f&%%ageyi el d (S-detipliene %9: 75% 25 Cal cul at ed

vol ume of eluent necessary (1/g enantioner): 0.0671/g Productivity (kg
enantsi omer per dayFlewrRatgt €. 6 kg/ Ry ®EBYay Anount of feed to be
processed (kg enangi@erioweraer ed) 2. 865 wPmitinount of feed to be racem zed

(Icg per kg enantiongr recovered 1.65.kg, .30 EXAMPLE 5 USI NG A VARI COLTM
PROCESS OPERATI N@ﬁﬁﬁ%@%@ﬁ %1 um: %%?ﬂfﬂf_’%-l anbda 17 urn Mobile Phase:
met hyl acetate / npgdwnol : 81/19 v/v @85@ohum Length: 8 cm
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.



Colum I.D.: 48 nm Nunmber of Colums 6 WO 03/037840 PCT/ US02/ 30567 -9
Aver age nunber of colums per zone: 0.75/1.5/3.25/0.5 Feed concentration:
25% w v BWoenw3Bhkeow Rate: 220 ml/mn Feed Flow Rate: 30 miCrmisn2/3G6F ow
Rate in Zone 1. 365 m/mn Extract Flow Rate: 205 m/mn Raffinate Flow
Rate: 45 m/mn Period: 0.65 mn Tepperature: 50C 10 Operating Pressure:
35 b Varicol TM PERFORMANCES AT THE PI LOT SCALE Less retai ned enanti oner
purity (S-TETRALONE % : 99.5% LessTABLBilned enanti oner recovery yield

(S— TETRAL IE OA) - 830h 15 Caleculat nrl v-ol-ure—o6 elvent—recessar Y \ g
enant | O”er)g\IoQ'oiaﬂiB@ Rrepehaednin¥i t Woltithosan} PEH@'ﬁIrepeCoﬂ@émrﬁﬁén kg CSP) 5.6
kg/ | cg CSR/ day et | of to be pyagesse ﬁ(lz enagf iacgrmater ecover ed)
2.4 kg Anount of (ﬂrﬁpd to be racem zed (kg pe g erammjec:te@(g/b)acavered)
1.4 kg. 20 TabtEe 1 summarizes the resultfs of var;{zgw tests i ng| the
spherical |cldy | mat erial as $he chiral ¥4id phadé lat fm:%ﬁ atures from
40- 60C, usi ng net hyl; acetat g4 netjhanol , ggrom 30- 62%|net hyl 26etate, and at
pressures f+om "bouL 5+teo—78—bari—A st x colgm—SVB[process (48 (m
di amet er) |was used f%r|test #Urposes. WS8003/ 037840 RCT/ US023B0567 - 10
TABLE 1 No. Partl cle T<=npera%¢:£e Met hyl aget ate Presgqure COQQOE‘I’]U‘ ation  Si ze
(CB) (% (hm4) ratph heeted—{gH)—1-540166+228061 2 5 40 90
74 260 5 5 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



53 5 40 80 250 4 5 40 75 200 5 5 40 50 78 150 6 10 55 70 17 2

65 17 150 10 8 10 55 50 16 200 9 27 55 35 5 125 10 27 50 35 5 ?80 711-02?5
60 30 5 WO 0302782¥ 55 30 5 125 15 13 27 50 30 5 100 14 2PCAMs8R3®B6DBO 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 1751121 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

-11 TABLE 1

0 23.93

i.gng.7gl ﬁ(?) 17 5_0 45 10 175 30 WOBLF DRé8sA) PCT/ US02/ 30567
ggf f2i6ngt e Exttls\fecgct %(:I?élfo) (b eCI(JOIKEJI ngII}e-E{ﬁQIQS/eEgE ?Pﬁl%%/:t |10? Egoguct DA
' .31 52 iér? h4' ?’?ocﬁl%ﬁgl% 981‘0 80'[19\/%?1‘! Raffinate | Extract (%)
(cm) | (Kg/day) (Xg/Kg/day) | (%)
1 1.50 3.90 23.93 99.26 99.37
5 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 | 1375 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



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 WO0B/03783@ 12.24 99.08 99.65 9 12.00 3.70 2.84 9PCAWOY30587 10
12.25 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 2.80199.23 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.dhfaiRed@itl FediBedS IRt valBmb2ndin@eB4d prodactdgtypwhde opgatingat1 2. 25 3. 35

2.52 99.19 99.48 ., 20 14, 75 2. 48 1,55:989. 5 ™92 1.99 99. 32
o6, o3 2oyl tgh Briggrete Al b §9F%@%ﬁ%§g§F§§“§3%8*?%?@%399.zo 98.93 24
5.50 7. 1dudrhatB8radBickepBeicdibroass 51a50elton furthes miergsesin gepdystivissas 50 g. 17
13.69 99,2 - ; it1PBe AambAs oS@AMMAE om Exanpl es
1-5 and‘?8§P%§?§%ﬁ§gﬁ@%ﬁ§9%§I@ﬁ%ﬁ?%%ggﬁﬂ%%ﬂa% 03/ 037840 PCT/ US02/ 30567 - 12
obt aiSnedoptintized-educed sol vent vol une and increased productivity, while
operating at rel apineekotvétgbun rased a the ésventitoprecetd @s illusirhtied imthea
non- st eady state Varicol TM chromat ographi ¢ separati on process may result
in furth&tlowg s %é‘ in productivity as the quantity of solid stationary
phase may be reduced with the nuntdBABBE 2col umms 5 optim zed. Ot her solvents

can be used in the inveptive—process—as—tHHustrated—tnmthe
C.P.S. Solvent 1 % 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



following Table 2. TABLE 2 C. P.S. Solvent 1 % Solvent 2 % Tenp. Wdth

I njected Productivity

(O of two (nmg) (kg/ kg peak cps/day)

(nin) 10 RU-1

Acet oni t rwbe308B46 0 30 3.4 12.5 1.32 Acetone 100 - 0 40PZTABOZ3E67 Et hyl

100 - 0 40 4.5 50 4.00 Acetate Ethyl
2- butanone 100 - 0 40 2 10 1.80 15-hyl
acet ate Ethyl

40 1.4 2%cictRzp

50 Met hanol

100 -

75 Met hanol

0 60 4 50 4.5 Acetate

25 40 4.5 50 4.00
50 40 8 70 3.15 acetate RU-2 2-butanone 100 -
rodbetvayo Mhe Fésulebiedtiodtralil id GhefollowingZlrble3 hut anone 25

0

Met hanol™ 75 40 11 112 3.67 20 Et haflgh%EQO - 0 40 15 80 1.92 Ethanol 25
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Pressure

150 bar

70 bar

Temperature

50°C

40°C

15

Productivity

7.3 kg /kg support/day

4.3 kg /kg support/day

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

utilization of the Varicol™ process. Consequently, the most economic solution may

lie in utilizing a supercritical fluid mixture. However, supercritical fluids need not be

20

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

of supercritical fluids are not desired.

25

The present invention provides a process for producing optically pure

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



- 13 predicting productivity. The results are illustrated in the follow ng
Table 3: TABLE 3 Supercritical HPLC Colum Solid Phase (CSP) Ru-1 Ru-2 5
D amet er WO®3/081840 6 nm Length 25 cm 25 cm G anul onetry PCAEGSB3@BeT vent
CH3COOC2H5CO2 CH3COOCH3/ CH3OH Ratio 70/30 80/20 10 Pressure 150 bar 70
bar Tenperature 50C 40C Productivity47.3 kg /kg support/day 4.3 kg /kg
support/day It can be seen fromthe conparison that RU-1 can be used with
a 15 supgiicdekériveal it fMillbeunderstosEbpthosdekillédynitoe arbthial varivasbangesist as wel |

[ RU}-.2 wh t iLn_t 15 - ductivity i t
east adubrEeafan capay aelny i SRR fohl 2R me AR T T Y L ot

the further inprovenents to be achieved with wutilization of the Varicol T™M
process. Consequently, the nost economic 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

i nprovenent is achieved by using a spherical clay material such as RU- 2
with the liquid phases and processing described above and where the
addi ti onal equi pment 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 chromatographi c process that is capabl e 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 |less sensitive to 30
the presence of contam nants such as water or acids, and which is free of
pol y- saccharides. Optionally utilizing non steady state noving bed
chromat ogr aphy reduces the anount of solid chiral phase and optim zes
processing efficiency by dynamically varying the bed |ength during the
separation. In another enbodi ment, 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 PCT/ US02/ 30567 -14 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 PCT/ US02/ 30567 -15 CLAIYS 1. A process for

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

providing a liquid ‘gﬁ’?’?%S? fm&ngﬂ%Pﬁi%ﬁl?}gre%lvﬁlggﬁﬁstﬁﬂﬁﬂ?0' vent; providing

a solid stationary . phase conprisifg an_ inorgani c carrier having an

opti cal | gnpuiomerisally Plﬁﬁgblﬁﬂléeté%mﬂfé&f}lam,méﬁf%@gwaﬁﬁﬁl@ﬁpwmsepar ating

the m xt ypRpliGingbtain at least one substantially enantionerically pure

tetral one. fo 2. The process of claim1, wherein telhe sol vent is selected

furthér conprisi né’r%"é‘lh%ﬁilﬂlj}ldtfﬁ%bl% EOTRRILTRG eaﬁf%‘%?psoi‘@r'i‘é’i sting of

| ower al cohol s suchr&gdingesbiad sttioreinelied] phise@pmprbing ias dporgpaAa cdrriebut anol |

acet at eshan.d pr o '.oq&:ﬁes oft 1_heseicc%l i)‘l)e olagd ket ones such as acet one,

but anone, a‘(@%&PSﬁ%}F% MR RETORETCEPRENS “Stich as  diethyl et her,

di i spropyl ether, tobrantographecailylscparhigng the stixtargtgrobtaim afleasiionkane; al kane

15 such %ﬁbs??ﬂfaﬂ?%ﬁax{ﬁ%ﬁf%ﬂgaﬂ &%%1"“]%??' ohexane, cycl oheptane, benzene,
a

t ol uene, xylene; ogenat .ower al kanes such as nethyl ene chl ori de,
chl od®f 02m ~ chl or Jhepzesses offqlaigy §, mehicaan thssebvet ik spleeted Bnitrile, and

conbi nat ic8AprikiAgselebting the soliiéht HoRt B Sr&p @haiktiglof Ioier dtshdldenchepar ati on of
the mxture is condluct ed %t. a teg‘gﬁr%&ur?‘ of fronar about 40C glo about 80C.
20 4. Thésihasobsthagpl, propanqloisopiqBaaL PUFIOLAGF GIEH G RIORIGNAEE §f I8¢ et hanol
and met hylcoack} ladtenessuchldzacpione dusanohe, dsoprafyl-aletiyiisctdned ethetse swwhrast he net al
conpl exi t.ons... are s Cl e . gk c | sting of
e T O
6. Thé processpenfane) lzxans henthrs, eydlohdranereyelphapting] kouzeis, &dueisns ar e

rut heni u cORD £ MGked BiviP Afkanes such as methylene chloride, chloroform,

chlorobenzene, fluorinated lower alkanes, acetonitrile, and combinations therein.

3. The process 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-



7. The process of any of clainms 1-4, wherein the solid stationary chiral
phase conprises a hydrophobically treated spherical clay material. 8. The
process oWwoang3mwsho cl ains 1-4, wherein the solid stationarycrhisozBos¢B80 phase
has a particle size of fromabout 5 to 30 m 9. The process of any of
clainms 1-4, wherein the liquid nobilg&phase further conprises a
supercritical fluid. 10. The process of any of clains 1-4, wherein the
l'iquid b%ﬁh@alngb’a SatiGOtht aiiRErsuging singleicomimnGbromatdgtahby.sol vent is a pol ar
sol vent e ect ed mthe ngi et hanol, THF,

di chl oro hane 01?{ Cesﬁgf%w()fé%%{n%ﬁeéafﬁ%ﬁé?goﬁé?ﬁﬁggﬁg?{eato 11 The process
of any ograplinaally&seﬂzaratmg the nhishreesipg igiwaed moving bed peyonsias

PCT/ US02{ 30567 "?h%%@é&b %ﬁhﬁ%ﬁ%ﬁ{sm Torkdi@ofipitipehtsnig o ngl e col um
chr omat ography. rocess urther conprising

chr orfat ographiaghi @aﬂﬂasm&@ﬁé‘iﬂéﬂ’i“ﬁ@ﬁ?&@ %&%n%ftﬁﬁdyﬁt% (e HBvi ng bed
chr omat O&Hrgﬂgﬁ() aph$- The process of any of claims 1-4, further conprising

chr omat 0. 5 g1 aph C@JH? Broges gar aLl é‘ig 1%1%1% 1”{;}&1%‘ 8 451G o Isﬁﬂscf"ﬂti‘zlpgp{ﬁ%n st eady

state COHI nuous rocess o s 1-4,
wher ei n @traloaashammmes wbsprafﬂmedbhgntmee and esmn@néth@ﬁwmenmmqr%ma

preferred enanti oner of . i I i he m xture is
JHXIre IS a0 ang. 3 eﬁgrﬁ?)%jer dnd RN EMBnpREAE! %@Hi%g arsolill

an undes ner, rther conprising proyl a solid 10
st at 10nastytigasphdsahivigs achlmlro@len@tlp@ faraepping the updasye F UOMET-undesi r ed

enantiongs.  15. Thf. BEERST aﬁ;ffoﬁélﬂln%fl @'\ﬂhéi‘&nlhe‘lmewhefgahj% doleplex

net al - organi ¢ conpl ex . has an Qrganl C ]% ?1 t] %con%erggen cont ai ni ng
het er ocybissangipamc bgadgriach iq pl g?fycocn&al fie nglfoﬁyc 8?"3’5 C compl ex. 16. The
process @lfluélitﬁtcfl‘ﬂhé%leta&/@eg&imcdrﬂi;ﬂe}or ganic ligand is 2,2-dipyridine. 15 17.
The pr ocias of claipm I process WNS'CBR 15MGnRARL Sréahﬁq{égn&%ﬂz dHpyridine.

0- phenanthr ol i ne.
15 7. The process of claim 15, wherein the organic ligand is

1,10-phenanthroline.




