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Immobilization of Cholesterol Esterase for Use in Multiple Batch
Biotransformations to Prepare (—)- FTC (Emtricitabine)
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Abstract:

2',3'-Dideoxy-5-fluoro-3'-thiacytidine [(—)-FTC], the active in-
gredient in the antiviral drug emtricitabine (Emtriva), was
prepared by a bioresolution process using cholesterol esterase
immobilized on Accurel PP to resolve optical isomers of racemic
FTC butyrate. Cholesterol esterase was immobilized at 1.9-kg
scale. Recycling studies were carried out with racemic FTC
butyrate that indicated a high degree of immobilized cholesterol
esterase stability resulting in 15 successive cycles of use (14
recycles). Racemic FTC butyrate {8 kg, 200 g/L) was resolved
with immobilized cholesterol esterase using a 1-pentanol/
potassium dihydrogen phosphate buffer-solvent system to give
(—=)-FTC-HCI (98% ee, 2.17 kg, 31% molar yield based on
racemic FTC butyrate).

2',3'-Dideoxy-5-fluoro-3'-thiacytidine [(—)-FTC, (—)-1]
is the active ingredient in the antiviral drug Emtriva, a

nucleoside reverse transcriptase inhibitor targeted for the

treatment of human immunodeficiency virus (HIV) and
hepatitis B virus (HBV) infection$.(—)-FTC [(—)-1] is an
optically active drug, the active form being the)( or [1'-
S,4'-R] (numbering as a ribose analogue) form.

o]
-, R_Q >;N
HO Z
Qﬁuu,..N N NH,
S _
(

)1 F

A process for preparing (—)-FTC employing a late-stage
resolution of (4)-FTC butyrate using pig liver esterase (PLE)
(Scheme 1) has been described by Liotta étimlwhich the
desired enantiomer is isolated as an unreacted es)e?,(
which is then chemically hydrolyzed to give (—)-FTC.

However, the use of an animal-derived enzyme in processing
an active pharmaceutical ingredient raises concerns abou

the security of supply and the potential for PLE to introduce

* To whom correspondence should be addressed. Telephord:(0)1223
728068. Fax:+44 (0)1223 506701. E-mail: Itaylor@dow.com.

T Current Address: EKB Technology Ltd, 147 Harwell International Business
Centre, Didcot, Oxfordshire OX11 OTL, U.K.

* Current Address: Pfizer Limited, Ramsgate Road, Sandwich, Kent CT13
9NJ, U.K.

8 Current Address: Accentus plc, 551 Harwell International Business Centre,

Didcot, Oxfordshire OX11 0QJ, U.K.

(1) (a) Liotta, D. C.; Choi, W.-B. PCT Int. Appl. WO 91252418, 1991. (b)
Liotta, D. C.; Schinazi, R. F.; Choi, W.-B. PCT Int. Appl. WO 9214743,
1992. (c) Painter, G. R.; Liotta, D. C.; Almond, M.; Cleary, D.; Soria, J.
PCT Int. Appl. WO 2000009494, 2000.

(2) Hoong, L. K.; Strange, L. E.; Liotta, D. C.; Koszalka, G. W.; Burns, C. L.;
Schinazi, R. FJ. Org. Chem1992,57, 5563—5565.

670 e Vol 10, No. 3, 2006 / Organic Process Research & Development
Published on Web 03/23/2006

Scheme 1. Bioresolution of (+)-FTC butyrate [(£)-2] using
pig liver esterase
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viruses into the process stream and thereby potentially to
contaminate the product and equipment in which the process
was carried out. In this contribution we describe the
development of an alternative transformation using an
immobilized enzyme from a microbial source.

Our route (Scheme 2) for preparing }-FTC directly
generates=)-1 as the HCI salt, racemic butyrate est&){2
(200 g/L) is treated with an immaobilized cholesterol estefase,
which results in the cleavage of the required isomer to the
corresponding alcohol (-1, which when isolated as the
hydrochloride gave 31% yield (98% ee) based on racemic
FTC butyrate.

Cholesterol esterase was chosen from a panel of enzymes
to demonstrate the enantioselective hydrolysisdof-FTC
butyrate to access—)-FTC directly. Immobilisation and
recycle of the cholesterol esterase was a preferred option
for the benefit of future process scale economics. A robust
method for enzyme immobilization was found to be pre-
cipitation of cholesterol esterase onto the Accurel PP support
using acetone, followed by cross-linking with glutaraldehyde
(0.25% v/v)> Optimisation of the bioresolution with#)-

FTC butyrate (200 g/L) was then performed with a SK 233
(Gilson) automated workstation. Various solvent systems
ere tested with effort focused on bioresolution systems
consisting of 50% v/v aqueous buffer in either 1-butanol or
1l-pentanol and 20% v/v water in 2-propanol. Further
experiments were then performed to test the thermal stability
and solvent tolerance of the immobilized cholesterol esterase.

Thermal and Solvent-Stable Immobilization of Cho-
lesterol EsteraseImmobilized cholesterol esterase (10 g)
was washed five times with a 50:50 solvent/ buffer mixture.
The washings and the washed immobilized enzyme were then
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Scheme 2. Bioresolution of (+)-FTC butyrate [(+)-2] using immobilized cholesterol esterase
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Chart 1. Successive recycles of immobilized cholesterol esterase with){FTC butyrate bioresolutions?
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aReaction conditions: (+)-FTC butyrate (200 g/L), 2-propanol/water mixture (80:209C30

tested for cholesterol esterase activity. Washing did not much reduced cost contribution of the enzyme to the desired
appear to cause loss of activity from the immobilized enzyme process.

into the solventbuffer mixture. The immobilized enzyme Scale-Up of the {&)-FTC Butyrate Bioresolution Pro-

was stored at 4 and 2%, and cholesterol esterase activity cess.(+)-FTC butyrate (7.85 kg) was resolved with im-
was measured in duplicate after 1, 5, 7, 9, 15, and 27 days.mobilized cholesterol esterase (738 g) using a 1-pentanol/
There was no discernible loss of activity compared to a potassium dihydrogen phosphate (5 mM, pH 7.0) buffer
control of lyophilised cholesterol esterase (nonimmobilized). solvent system, to give material of 91.2% ee at 52%

E?Cyc(;lei (I)f Imrr:obilized Cholesterc:l dEsteraselm- I conversion. No problems were encountered in the scale-up,
rll]'l?CltI)Z? Ct 0 estelrc:_ esteraje W?S r((jac;:jc N ov:?r Se\te)j‘.t.( and material of excellent enantiomeric excess and chemical
utyrate resoiutions under standard operafion cond IonSpurity was isolated through the formation of the hydrochlo-

with a final reaction mixture volume of 10 mL. This work . C . .
was carried out using a SK 233 automated workstation ride, which improves enantiomeric excess at the expense of
" yield; (—)-FTC-HCI (2.17 kg) was isolated as an off-white

Immobilized cholesterol esterase was shown to be robust an . . .
able to undergo at least 15 recycles, each cycle comparableCryStaIIIne solid (98% ee, 31% molar y|eI_d baged 61)—(-

to the lyophilized enzyme. There were apparent drops in "1 butyrate). (-)-FTC-HCI could be dissociated using
activity between cycles 6 to 7, 10 to 11, and 13 to 15. The Amberlite LAZ liquid ion-exchange resin to affore}-FTC
other cycles, however, show a high level of consistency IN excellent recovery and enantiomeric excess (>99%).
(Chart 1). The apparent decrease in activity over the 14 In conclusion robust chemical processes for the prepara-
successive recycles was attributed to mechanical loss at smafiion of immobilized cholesterol esterase and its use in the
scale and, as previously shown, was not likely to be due to bioresolution of {)-FTC butyrate were developed which
thermal denaturation or desorption of the enzyme from the could be performed in standard chemical manufacturing
support. The excellent recycling properties of the im- equipment. The immobilised cholesterol esterase can be
mobilized cholesterol esterase indicate the possibility of a recycled at least 14 times, allowing the cost contribution of

Vol. 10, No. 3, 2006 / Organic Process Research & Development o 671



the enzyme to the biotransformation process to be signifi- 7.0 with potassium hydroxide (50 g, 1.1 mol) and stirred at

cantly reduced. 300 rpm. When the internal temperature of the vessel reached
30°C, cholesterol esterase immobilized on Accurel PP (738
Experimental Section g) was charged to the vessel. The reaction was monitored

General. Reagents and anhydrous solvents were pur- By removing an aliquot and analyzing by chiral HPLC
chased from Aldrich and used as receivétiNMR spectra  (column= Chiralpak AS, eluent= 1:1 2-propanol/ethanol,

were acquired on a Brucker Advance NMR spectrometer at flow rate= 1 mL/ min, detection by UV spectrophotometry
400 MHz. at 254 nm, retention times:—()-FTC = 4.4 min, (+)-FTC

For the investigation of the recycling of immobilized = 6.4 min). When the conversion had reachee-80% (48
cholesterol esterase, all experiments were performed at théh at 30 °C), toluene (17.3 kg, 18.7 mol) was added, the
10-mL scale; £)-FTC-butyrate (2 g) was suspended in a Mixture was stirred for 10 min and then filtered. The bulk
mixture of 2-propanol/water (80:20, 10 mL). Immobilized filtrate was transferred to a clean jacketed vessel, which was
cholesterol esterase was added to the reaction mixture at théeated to 50C and stirred at 300 rom. When the internal
equivalence of 2% w/w lyophilized enzyme with respect to jacketed temperature had reached °8) the stirring was
(+)-FTC-butyrate. Using an SK 233 automated workstation, turned off, and the mixture was allowed to settle. The lower
samples (5QuL) of the reaction mixture were taken over aqueous phase was separated, water (8 kg) was charged to
time diluted with ethanol, and dried over magnesium sulfate. the vessel containing the organic layer, and mixture was
Samples were analyzed by chiral HPLC (columiChiralpak stirred and separated at 3Q. This was repeated, and the
AS, eluent= 2-propanol/ethanol (1:1), flow rate 1 mL/ aqueous layers were combined to yield a solution-of-(
min, detection by UV spectrophotometry at 254 nm). FTC in water. To the solution of<)-FTC was charged
Reaction progress (% conversion) was calculated from the 1-pentanol (16 kg, 26.6 mol). The combined aqueous and
enantiomeric excess of remaining substr&beand product ~ 1-pentanol layers were transferred to a vessel set up for
[(—)-1] using the equatior; = ee/(eg + e&).5 Immobilized vacuum Dean-—Stark distillation. The water was removed
cholesterol esterase was recovered and washed using &nder best vacuum via azeotropic distillation; the azeotrope
mixture of 2-propanol/water (80:20), under vacuum using a Was approximately 1:1 at 30—50 mBar. The water was
small glass sinter between recycles. distilled until it was essentially replaced with 1-pentanol. The

Immobilization of Cholesterol Esterase at 1.9 kg Scale.  a@lcohol was recycled. Ethanol (10.45 kg) was cooled and
Lyophilized cholesterol esterase (Boehringer Mannheim, 410added to the jacketed reactor. The jacket temperature was
g, approximately 10% of this is actually protein) was Setto 50°C. The reaction mixture was stirred for 45 min at
resuspended in potagsium phosphate buffer (5 m|\/|, pH 70,50 OC, then filtered and washed with ethanol. Hydrochloric
4 L). Accurel microporous polypropylene (Accurel PP, acid (36%, 1.65 kg, 45.2 mol) was charged to the vessel.
particle size 406-1000um, 810 g) was wetted with ethanol ~ Crystallisation of the {)-FTC-HCI salt occurred at 5€C.

(7 L). Excess ethanol was removed by vacuum filtration. The mixture was stirred and slowly cooled to 2D before
The resuspended cholesterol esterase was added to prewettdt€ing allowed to stir for 16 h. The~)-FTC-HCI salt was
Accurel PP followed by water (3 L) to allow covering of collected by filtration, the filter cake was washed with
the support. The suspension was stirred4d atambient ~ 2-propanol (4 kg), and the product was dried under vacuum
temperature, and excess buffer was removed by vacuumat 40 °C to give (-)-FTC-HCI (2.17 kg) as an off-white
filtration. Acetone (4 L) at 0°C was added to promote Crystalline solid (98% ee, 31% molar yield based &f)-(
precipitation of the protein onto the support. The suspension FTC butyrate). A sample of()-FTC-HCI (100 g) was
was stirred for 1 h before the addition of glutaraldehyde dissociated using Amberlite LA2 liquid ion-exchange resin
(0.25% v/v) followed by 1648 h of stirring to permit cross-  to afford 78.5 g of {-)-FTC (90% recovery>99% ee). 30
linking. The immobilized enzyme was obtained by filtration 9 of this material was recrystallised to provide 25 g of pure
and then dried by rotary evaporation. A final yield of 1.98 (—)-FTC of >99% ee.

kg was achieved; the support was assayed for cholesterol
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