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ASYMMETRIC REDUCTION OF 1,1,I-TRIFLUOROACETONE

The present invention relates to the preparation of enantiomerically pure
(S5)-1,1,1-trifluoro-2-propanol (> 99 % enatiomeric excess) with a biocatalyst by an

asymmetric reduction of 1,1,1-trifluoroacetone.

The enantiomerically pure (S)-1,1,1-tritluoro-2-propanol 1s an important
building block for the preparation of 1somerically pure active pharmaceutical ingredients
(APIs), used for the treatment of neurological and neuropsychiatric disorders.

For the preparation of APIs it 1s absolutely necessary to use isomerically pure building
blocks and/or highly stereoselective procedures, because side components in APIs may
have adverse etfects in the treatment of 1llnesses. Theretore, a high purity 1s requested for
all APIs.

The object of the present invention 1s the preparation of enantiomerically
pure (S5)-1,1,1-trifluoro-2-propanol with an enantiomeric excess (ee) of > 99 %, which
may be used as a key building block for the preparation of enantiomerically pure APIs as,
for example, as described in WO 2005/014563. As neither the enantiomeric purity of the
building block (S)-1,1,1-trifluoro-2-propanol nor that of its subsequent intermediates 1n
the syntheses towards the respective APIs can be enriched it 1s paramount to use 1n the
synthesis (S)-1,1,1-trifluoro-2-propanol of > 99 % ce.

J W. C. Crawford (1967), J. Chem. Soc. (C) 2332-2333, described a method
for producing (S)-1,1,1-trifluoro-2-propanol, where
(£)-1-(trifluoromethylethoxy)propionic acid (the adduct of the alcohol and acrylic acid)
was separated 1nto 1ts optical iIsomers through 1ts quinine salt, and pure (S)-1,1,1-
trifluoro-2-propanol was obtained from the enantiomeric pure alkoxy-acid by alkaline
hydrolysis and distillation. Allthough this method atfords (S)-1,1,1-trifluoro-2-propanol
of high enantiomeric purity (optical rotation: -5.65°), the method 1s not suitable for large
scale production.

T.C. Rosen et al. (2004), Chimica Ogg Suppl., 43-45, prepare both (R)- and
(S5)-1,1,1-trifluoro-2-propanol by asymmetric reduction of 1,1,1-trifluoroacetone using

alcohol dehydrogenases (ADHSs) either 1n their natural hosts or as recombinant enzymes
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expressed 1n E. coli. Resting whole cells or crude cell free extracts may be used and in the
latter case addition of a cofactor regenerating system 1s necessary. The resulting (S)-1,1,1-
trifluoro-2-propanol 1s available for purchase at Jilhich Fine Chemaicals, but the material
offered 1s of insufficient enantiomeric purity (> 92.5 % ee) for our needs.

M. Buccierelli et al. (1983), Synthesis 11, 897-899, describe the preparation of
(S5)-1,1,1-trifluoro-2-propanol by reduction of 1,1,1-trifluoroacetone using (resting)
Baker's yeast on lab scale. Although the reaction proceeds fast (4 hours), a 300 times
excess of yeast with respect to substrate 1s required, the substrate concentration 1s only 2.5
g/ kg yeast suspension, and (S)-1,1,1-trifluoro-2-propanol 1s obtained only with approx.
30 % ee (as calculated from the optical rotation of -4.5° for the 1solated alcohol,
compared with -5.6° for the pure alcohol), a value which 1s far too low for our needs. In
addition, the 1solation protocol, based on repeated solvent extraction in combination
with distillation, 1s not applicaple economically on large scale.

There are several methods used 1n literature to optimize the stereoselectivity
of microbial reductions, e.g. acetone treatment of the microbial cells or pertorming the
biotranstormation in organic solvents. Both methods have the disadvantages that using
solvents makes a process more costly and, more important, the solvent used further
complicates the already demanding procedure for the 1solation of (S)-1,1,1-trifluoro-2-
propanol, which possesses a boiling point ot 76-77 °C.

Another method to increase the stercoselectivity 1s using inhibitors to block
the enzyme(s) affording the unwanted 1somer. A.C. Dahl et al. (1999), Tetrahedron:
Asymmertry 10, 551-559, reported the reduction of ethyl-3-oxopentanoate with non heat-
treated Baker’s yeast and allyl alcohol to ethyl-3(R)-hydroxy-pentanoate (100 % yield and
92-93 % eec). When heat-treated Baker’s yeast (48 °C for 60 min) was used 1n
combination with allyl alcohol the product was obtained in 80-95 % yield and the ee was
increased to 98 %. However, tor the successtul reaction a substrate concentration of
approximately 1 g/LL was used and 250 times yeast relative to substrate, respectively 4
times inhibitor relative to substrate were required.

Another method to intluence the stereoselectivity of a microbial reduction 1s
to perform a heat treatment of the microbial cells, to 1nactivate the enzymes atfording the
non-wanted stereoisomer. Y. Yasohara et al. (1999), Appl. Microbiol. Biotechnol. 51, 547-
851, investigated the reduction of ethyl 4-chloro-3-oxobutyrate (COBE) to 4-chloro-(S)-
3-hydroxybutyrate (CHBE) with various yeasts. Acetone treated cells of Candida
magnolia converted COBE 1n 75 % molar yield to (S)-CHBE with 91.0 % ee. When the
cells of C. magnolia were heat treated (60 °C), (S)-CHBE was obtained 1n 75 % yield with
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> 98 % ee. On the other side, when acetone treated cells of Saccharomyces cerevisiae were
used (non-heat treated), (S5)-CHBE was obtained 1n 53 % molar yield and only with

14.8 % ee. After heat treatment cells of S. cerevisiae at 50 °C, (S)-CHBE was obtained 1n
only 10 % yield with 53.8 % ee. (S)-CHBE was obtained with > 98 % ee after heat
treatment at 60 °C (8 % yield). On a preparative scale, using C. magnoliae, 90 g/1. COBE
was converted quantitatively to (S)-CHBE with 96.6 % ee within 60 hours, respectively in
97 % vyield and with > 99 % ee, using heat treated cells. The reaction was performed 1n a
two phase system with n-butyl acetate and required a coenzyme-regenerating system
(glucose, NAD(P) and glucose dehydrogenase). The requirement for a cotactor
regenerating system based on glucose dehydrogenase 1s due to inactivation of endogenous
enzymes by acetone treatment.

Z.H. Yang et al (2004), Ind. Eng. Chem.Res. 43, 45671-4875, described also
the asymmetric reduction of COBE to (S)-CHBE catalyzed by yeast. By heat treatment of
the yeast (50 °C) the ee of (S)-CHBE increased from 84 % to 97 %, with an increase in the
pretreatment time from 30 to 120 min. On the other hand the conversion of COBE
decreased from 96 % to 82 %. Glucose was used to regenerate NAD(P) to NAD(P)H. The
reaction was performed with yeast from dried baker’s yeast. The described procedere 1s

not usetul and economic for using on large scale.
K. Nakamura et al. (1996), Tetrahedron: Asymmetry 7, 409-412, described the

yeast reduction of o-diketones to the corresponding hydroxyketocompounds, where the

heat treatment influenced the regioselectivity of the reaction. Altough, for example, the
reduction of 1-phenyl-1,2-propanedione with heat treated yeast afforded 1-phenyl-2-
hydroxy-1-propanone in 80 % yield and > 98 % ee, the reaction required a relatively large

amount of yeast (30 times relative to the substrate).

The object of the present invention 1s to provide an efficient procedure for

producing (S)-1,1,1-trifluoro-2-propanol of high enantimeric purity (> 99 % ce).

It was found that the stereoselectivity of exceptionally cheap commercial
Baker’s yeast can be influenced by a defined heat treatment such that 1,1,1-
trifluoracetone can be reduced to (S)-1,1,1-trifluoro-2-propanol of high ee almost
quantitatively.

No enzyme inhibitor and no coenzyme-regenerating system 1s required to
achieve the desired high enantiomeric purity of > 99 %. Fortunately, the inactivation of

the biocatalyst by this heat treatment 1s limited sufficiently so that still a technically
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relevant substrate concentration can be employed and the amount of biomass (which has
to be used for compensation of activity losses) 1s still acceptable for an efficient workup.
The ethanol production during the biotranstormation can be kept on a level allowing an
etficient workup. Furthermore, a technically attractive product recovering process was
developed, based on distillation solely.

The invention may be described in more detail as follows:

Scheme 1

J\ Baker's yeast /L

CF HO CF

s (S)

enantiomeric excess: > 99%

O

3

The invention relates to a scalable biocatalytic process for preparation of
(5)-1,1,1-trifluoro-2-propanol by asymmetric microbial reduction of
1,1,1-trifluoroacetone with Baker’s yeast with an enantiomeric purity of > 99 %,
comprising the steps

a) heating a suspension of Baker’s yeast in 0.1-0.4M potassium phosphate buffer to
50-32 °C over a period of 60 min,

b) maintaining this suspension at 50-52 °C over a further period of 90 min,

¢) diluting the heated suspension with buffer to a yeast concentration of 20-30 %
w/v and cooling to 10 °C within 120 min,

d) maintaining the pH constant at 7.4 to 7.5 by automatic addition of 4M KOH
solution over the whole process,

¢) adding 1,1,1-trifluoroacetone to a concentration of 1-5 % (w/v) for performing
the biotranstormation at a temperature below the boiling point of 1,1,1-trifluoroacetone,

) reducing 1,1,1-trifluoroacetone to (S)-1,1,1-trifluoro-2-propanol at a
temperature of 20 °C within 5 to 8 days, and

g) 1solating the (S)-1,1,1-trifluoro-2-propanol by a sequence of distillation steps.

As used herein, the “Baker’s yeast” 1s a cheap standard commercial baker’s yeast,

obtainable in bulk quantities, for example from Kliptel AG, Rheinfelden (Switzerland).

The preferred conditions are as follows:
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1) the biotranstormation 1s carried out at room temperature over a time period of 5—8
days,

11) the buffer used 1s 0.1M phosphate buffer pH 7-8,

111) the substrate concentration 1s 2-4 9% w/v,

1v) the substrate concentration 18 3 % w/v,

v) the last distillation step 1s a rectification,

vl) (S5)-1,1,1-tritluoro-2-propanol 1s used as building block for APIs in psychic disorders,
vil) (S5)-1,1,1-trifluoro-2-propanol 1s used as building block for APIs as described in WO
2005/014563,

viil) the APIs as described in WO 2005/014563 may be prepared with an 1someric purity
of > 99 % ece.

The obstacle of a highly stereoselective asymmetric reduction of 1,1,1-trifluoroacetone by
Baker's yeast 1s — as partly also shown by the cited references — the adverse effect of heat
treatment, on one hand increasing stereoselectivity (by obviously inactivating
predominantly the less selective reducing enzymes) and on the other hand decreasing
activity (by obviously also inactivating the selective enzyme(s)). This obstacle can be
expected to be more pronounced at higher, technically more relevant (but physiologically
less favourable) substrate concentrations.

Surprisingly, it has now been found that an extremely narrow bridge of
conditions for a heat-treatment of Baker's yeast exists (50-52 °C for 90-240 min) to
reduce significantly the activity of the unwanted enzyme(s) without affecting too much
the activity and stability of the selective enzyme(s).

The such preconditioned Baker’s yeast can then be used to prepare (5)-1,1,1-
trifluoro-2-propanol by reduction of 1,1,1-trifluoroacetone — without using an additional
enzyme inhibitor — with > 99 % ee, at a still technically relevant substrate concentration
and an acceptable biomass concentration of 30 % w/v yeast (10 times excess of yeast with
respect to substrate) enabling a workup procedure with excellent yield.

The almost quantitative reduction of the substrate - without requiring a
coenzyme-regenerating system - 1s likewise important tor the process due to the high
price of the substrate. It has been found that there 1s a very narrow temperature range for
the heat treatment between insufficient selectivity and catalyst inactivation.

Furthermore, Baker’s yeast 1s not only commercially available, and therefore no
fermentation equipment 1s required to prepare the biocatalyst to pertorm the process, but

it 18 also exceptionally cheap. This contributes additionally to the economy of the process.
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The process can also be carried out using Baker’s yeast from other
manufacturers, for example from DSM (Dordrecht, The Netherlands), Proofex (Dublin,
Ireland), S.I. de Leuvre Fala (Strasbourg, France), Suomen Hiiva Oy (Lahti, Finland) or
Hefe Fabrik Giegold (Schwarzenbach, Germany). In all cases the enantiomeric excess of
the TFIP produced in biotransformations following heat treatment at 50°C is > 99 % (see
Table below). That the heat treatment had a broadly similar etfect on the selectivity of all

yeasts tested indicates that any commercially available Baker’s yeast can be used 1n the

described process.

Yeast Supplier Heat EtOH TFIP yield R-TFIP S-TFIP
Treatment (g/L) (%) (%) (%)
Klipfel No 1.1 94.8 2.1 97.9
Klipfel Yes 0.7 73.5 0.2 99.8
DSM No 5.0 33.3 3.1 96.1
DSM Yes 6.3 67.8 0.4 99.6
Proofex No 0.2 31.1 1.5 98.5
Proofex Yes 0.0 33.8 0.4 99.6
Fala No 5.3 96.9 2.2 938.8
Fala Yes 3.1 30.2 0.2 99.8
Suonenhiiva No 3.9 91.7 1.9 938.1
Suonenhiiva Yes 4.2 64.7 0.5 99.5
Giegold No 7.5 70.0 2.4 97.6
Giegold Yes 4] 42.0 0.6 99.4

The results have been achieved as follows:

50 g of each yeast was suspended to a final volume of 100 ml 1n 0.1 M potassium
phosphate buffer pH 7.4 and transferred to 250 ml glass bottles. The suspended yeasts
were subjected to heat treatment at S0 °C for 2 hours in a heated water bath. After cooling
on 1ce the yeasts were diluted to 30 % w/v with bufter. 2.5 ml aliquots were then
transterred to 10 ml serum bottles and 86 ul of a 940 g/L solution of TFAC 1n water added

to give a final concentration of 3 % w/v. After closing with rubber seals the bottles were
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incubated for 6 days with rolling at 20 °C. Periodically samples were removed and
analyzed by GC and chiral GC for quantification of TFAC (1,1,1-trifluoroacetone), EtOH
(ethanol) and TFIP (1,1,1-trifluoro-2-propanol) and determination of the enantiomeric

excess of the product.

Furthermore, and not less important, a simple and unexpectedly efficient
workup procedure for recovering the product 1n high purity and yield out of this high-
density biobroth was found. This process 1s based solely on distillation. No extraction

solvent 1s used for recovering the product.

The complete process tor preparation of (S5)-1,1,1-trifluoro-2-propanol (Scheme 1) may

be subdivided formally into three steps:

1. Pre treatment of Baker’s yeast
The yeast (24 kg) 1s suspended 1n potassium phosphate butfer (pH = 7.4) and the

suspension brought to the desired final volume of 6 L. The suspension 1s heated to 50 °C
over a period of 60 min and held at this temperature for a further 90 min. After 90 min
heating 1s stopped and a further portion of cold potassium phosphate buffer 1s added to
adjust the yeast concentration to 30 % w/v. The suspension 1s cooled to 5-20 °C over a

per1od of 90 min.

2. Biotranstormation

1,1,1-Trifluoroacetone (0.15-0.3 kg) 1s added to the cooled yeast suspension obtained 1n
step 1 and the temperature 1s brought to 20 °C. In order to keep the ethanol
concentration in the reaction broth low, the pH 1s maintained at 7.4 to 7.5 by the
controlled addition of 4M KOH solution. Due to the very similar boiling points of (S)-
1,1,1-trifluoro-2-propanol (bp. 76-77 °C) and of ethanol (bp. 78 °C), a low concentration
of ethanol 1n the reaction mixture 1s essential to 1solate (S)-1,1,1-trifluoro-2-propanol
free of ethanol 1n high yield. This aspect 1s an essential part of this procedure.

Optionally, the substrate can be added 1n a fed-batch type process.

The substrate concentration used in the present process is significantly higher than those
descried 1n the prior art. This higher volumetric productivity results in considerable cost
savings owing to smaller volumes required for reaction and product isolation. A
practically complete conversion of the substrate has been found 1if the reaction time 1s 5-8

days.
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3. Isolation and purification of (5)-1,1,1-trifluoro-2-propanol
(S)-1,1,1-trifluoro-2-propanol is isolated from the biobroth obtained in step 2. In the 1*

batch distillation the product volume 1s reduced by a factor of 10 and an aqueous TFIP
solution of approximately 25 % w/w 1s obtained. Unexpectedly, in spite of the high
biomass content (employed to compensate for the loss of enzyme activity) of the
biobroth, the product can be recovered 1n practically quantitative yield.

In the 2™ batch distillation over sodium chloride the water content of the product 1s
further reduced to afford a product of approximately 90 % m/m. Alternatively, the pnd
batch distillation can be performed without sodium chloride, atfording a product of
approximately 80 % w/w.

In the 3" distillation, rectification on a packed column, unwanted side products such as
traces of non-reacted 1,1,1-trifluoroacetone and ethanol are removed. Puritied (S)-1,1,1-
trifluoro-2-propanol 1s obtained finally as 95 % w/w product, with 5 % water and < 0.2 %
of organic impurities. The content of ethanol 1s critical (as 1t might react in the
subsequent reaction step as well and impair the purity of the API) and should be < 0.5 %
(w/w) which 1s rather a challenge for biotransformation and workup.

Optionally, anhydrous (S)-1,1,1-trifluoro-2-propanol may be prepared by introduction a
drying step with molecular sieve before or after the last distillation step, or by using

extractive distillation or pervaporation.

It has also been shown that increasing the yeast concentration to 60 % w/v
leads to a significant reduction in the reaction time (factor 2) needed to achieve 95 %
yield, which potentially leads to cost savings on production scale. Etfects of doubling the
yeast concentration from 30% w/v to 60% w/v 1in biotranstormations on the 10 L scale are

shown 1n the table below:

Experiment | Yeast con- Reaction time (h) Biotransformation
centration (w/v) yield (%)

A 30 % 66 73
138 94

B 30 % 66 34
138 95

C 60 % 66 96
138 -
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D 60 % 66 938
138 -

As mentioned above, the obtained (S)-1,1,1-trifluoro-2-propanol may be used as building

block for the preparation of pharmaceutically active compounds, having an S-

configurated 1,1,1-trifluoropropan-2-yl ether moiety. As an example, Scheme 2 shows the
5 preparation of pharmaceutically active compounds which are inhibitors of the glycine

transporter using such building block. Such compounds are disclosed in WO
2005/014563.

The compounds prepared 1n Scheme 2 contain an (S)-configurated 1,1,1-
10 trifluoropropan-2-yl ether moiety which is introduced into the molecule via the
(5)-1,1,1-trifluoro-2-propanol building block in the penultimate synthesis step in one

branch of a convergent synthesis (see Scheme 2).

Scheme 2

QO F /L Q O/LCES

3 HO CF R
HO R > HO
R® R* Cs,CO., R R*
LE DMA, R°
120 °C, 48 h
. !
AN~ O 07 CF,
RB
N

(COCI),, toluene Ar'N\) R® R?

NEt,, rt, 2h R’

15

No crystallization procedure has been found so far to enantiomerically enrich the
intermediates through to the API. Therefore, 1t 1s paramount to use (S)-1,1,1-trifluoro-2-
propanol of an enantiomerical purity > 99 % for the synthesis of the APISs.

20
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Examples

[Laboratory scale
Example 1 (Pre-treatment of Baker’s yeast)

3.0 kg of Baker's yeast (Blockhete of Klipfel AG, Rheinfelden, Switzerland; product no.
101010) was dispersed 1n 0.1M potassium phosphate butter pH 7.4 and the volume made
up to 6 L (50 % w/v) with the same buffer. The suspended yeast was then transferred to a
15 L temperature controlled glass reactor. A top mounted stirrer was used for mixing
(200 rpm). The yeast suspension was then heated from ambient temperature to S0 °C 1n a
period of 60 min and the temperature held at this value for a further 90 min. At this point
heating was stopped. A further 4 L of cold buffer (4 °C) was then added to bring the total
volume to 10 L (30 % w/v yeast). The broth was cooled to 10 °C over a period of about 90
min. A pH value of 7.4 to 7.5 was maintained by automatic addition of 4M KOH solution
using a pH-stat.

Heat treatment
Time Temperature 4M KOH solution
(min) (°C) consumed (g/L)
0 24.3 2

20 35.0 2.6

45 47.8 4

60 49.2 D.8

90 49.4 10.4

150 49.4 16.8

160 43.3 n.d.

170 28.9 19.6

195 24.3 21.2

215 18.3 24.2

245 11.2 26.2
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Example 2 (Biotransformation)
304 ¢ 1,1,1-Trifluoroacetone was added to the cooled broth (10 L) and the temperature
was held at 20 °C for the duration of the reaction which was 5 days in this case. The
reaction broth in the vessel was continuously overlaid with nitrogen (safety reasons). The
pH was maintained at 7.4 to 7.5 by automatic addition of 4M KOH solution from a pH-
stat. Periodically, samples were removed and analyzed by GC and chiral GC for
quantification of TFAC (1,1,1-trifluoroacetone), EtOH (ethanol) and TFIP (1,1,1-

trifluoro-2-propanol) and determination of the enantiomeric excess of the product.

Biotranstormation
Reaction TFAC EtOH TFIP R-TFIP | S-TFIP
Time (h) (g/L) (g/L) (gL (7%0) (%)
1 23.0 2.3 0.7
2.5 19.5 2.8 2.8
71 4.6 2.4 21.5 0.4 99.6
90 2.5 2.5 24.1
96.5 3.1 2.2 24.0
117 2.7 2.3 24.7
144 2.4 2.0 24.0

Example 3 (Isolation of (S)-1,1,1-trifluoro-2-propanol from the biobroth and 1ts
enrichment)
10.9 kg biobroth was transterred to a Biich1 R152 rotavapor with 20 Lround bottom
flask, equipped with a cold trap (dry ice). The distillation was performed at 60 °C bath
temperature at 140 mbar vacuum and at 15 °C condenser temperature. The observed
distillation temperature was 55 °C. Fraction 1 (see below) was combined with the product

obtained 1n the cold trap (biphasic solution). The composition of the products was
analyzed by GC .
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Ist distillation

Product description Weight TFAC EtOH TFIP
(&) (8) (8) (&)

Biobroth 10919.0 26.2 21.8 262.2

Fraction 1 & Cold trap product 1001.9 20.7 4.7 258.8
Fraction 2 548.4 4.3 34 1.0
Distillation sump 9539.0 1.2 13.8 2.5

To the product from the 1* distillation (fraction 1 and product from cold trap) was added

300 g sodium chloride and the mixture was stirred for one hour. A mixture of TFIP,

aqueous phase and sodium chloride was obtained. The whole mixture was transterred to

a Biich1 R124 rotavapor with a 2 Lround bottom flask. The distillation was performed at

90-98 °C bath temperature at ambient pressure and at 15 °C condenser temperature. A
first TFIP fraction was obtained at 82-85 °C, a second fraction at 85-98 °C.

2nd distillation

Product description Bp. Weight TFAC EtOH TFIP
(°C) (&) (&) (&) (&)

Product 1st distillation/ 1301.9 20.7 4.7 258.8

Na(Cl

Fraction 1 82-85 287.1 12.2 7.8 254.6
Fraction 2 85-98 9.2 0.3 0.5 7.5
Distillation sump 1003.1 0.1 6.9 3.8

The product obtained by combining fractions 1 and 2 was used for the final distillation.

Example 4 (Final purification of (S)-1,1,1-trifluoro-2-propanol)
625 g enriched (S)-1,1,1-trifluoro-2-propanol obtained after the 2" distillation from two
biotransformation reactions on the 10L scale, was used for the final fractional distillation.

The distillation was carried out using a 1 L round bottom flask connected to a 5 x 150 cm
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distillation column (Sulzer packing BX). The column was equipped with a reflux divider
on the top. The distillation was performed at 150 °C bath temperature at ambient
pressure and at 5 °C condenser temperature. The selected reflux ratio (1:20to 1:99) was
dependant on the obtained product quality (by monitoring on GC). The time for

distillate withdrawal was 1 second.

3rd distillation

Product RLV Bp. Weight | TEFAC EtOH TFIP

description (°C) (&) (&) (&) (&)
Starting material - 624.6 9.11 37.58 546.6
Fraction 1 1:20 | 59.0-764 36.0 3.69 0.08 76.0
Fraction 2 1:20 | 76.4-776.7 49.5 0.61 0.00 49.1
Fraction 3 1:20 | 76.7-76.8 49.1 0.28 0.00 50.3
Fraction 4 1:20 | 76.8-76.9 514 0.15 0.00 4.4
Fraction 5 1:20 76.9 47.7 0.08 0.00 50.9
Fraction 6 1:20 76.9 46.9 0.035 0.00 48.99
Fraction 7 1:40 76.9 26.4 0.02 0.02 27.56
Fraction 8 1:40 | 76.9-77.0 28.3 0.04 0.04 28.62
Fraction 9 1:40 | 77.0-774 33.7 0.03 0.18 35.01
Fraction 10 1:40 | 77.4-778.2 22.7 0.02 0.49 23.51
Fraction 11 1:40 | 78.2-778.3 3.26 0.01 0.14 2.88
Fraction 12 1:99 [ 78.3-79.1 31.8 0.04 242 27.36
Fraction 13 1:99 [ 79.1-79.3 23.1 0.02 3.27 16.81
Distillation sump - 108.4 0.35 35.87 64.39

The final product obtained by combining fractions 2 to 8 (299 g) showed following

analytical data:
Identity by NMR (CDCls) and HPLC/MS: 1n accordance;

composition (GC): 94.8 % w/w TFIP, 0.4 % w/w TFAC, 0.02 % w/w ethanol;
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water content (Karl-Fisher): 4.8 % w/w;

enantiomeric excess (chiral GC): 99.3 %.

[arge scale preparation
Example 5 (Pre-treatment of Baker’s yeast)

a) Heat-treatment of Baker’s yeast:
An 800 L stainless steel reaction vessel was filled with 240 L. 0.1 M phosphate butter pH

7.5 cooled to 10 °C. The buffer was prepared by dissolving 10.88 kg potassium
dihydrogen phosphate (product no. 60220; Fluka/ Switzerland) and 4.08 kg potassium
hydroxide (product no. 60370; Fluka/ Switzerland) 1n 804 L deionized water. 240 kg
Baker’s yeast (product no. 104020, ,,Sackhefe®; Kliptel AG, Rheinfelden/ Switzerland) was
added with stirring. The mixture was further stirred at 10 °C for 60 min to homogenize
the yeast suspension. A temperature probe dipping into the suspension was installed and
the reactor was inertized. The yeast suspension was heated to 50.3 °C (+/- 0.5 °C) within
33 min and held at 50.3 °C (+/- 0.5 °C) for 90 min. Then 320 L 0.1 M phosphate buffer
pH 7.5 of 10 °C was added and the mixture was cooled to 10 °C within 67 min. During
heat-treatment the pH-value of the suspension was held at pH 7.5 by controlled (pH-stat)
addition of a 50 % potassium hydroxide solution (12.0 kg). The prepared yeast
suspension was stored temporarily at 10° C 1n the reaction vessel for 25 h, maintaining

pH 7.5 control (5.8 kg 50 % potassium hydroxide solution consumed).

b) Use-test of heat-treated Baker’s yeast:

A use-test was performed to verify the desired activity/sterecoselectivity of the prepared
yeast prior addition of the expensive 1,1,1-trifluoroacetone. 2 L of the heat-treated yeast
suspension was placed 1n a 2 L laboratory glass reactor. 60 g 1,1,1-trifluoroacetone were
added with stirring to the cooled (10 °C) suspension. The reaction mixture was
subsequently heated to 21 °C within 60 min. During the biotransformation the pH-value
of the reaction mixture was held at pH 7.5 by controlled (pH-stat) addition of a 25 %
potassium hydroxide solution (16 g added within 20 h). (S)-1,1,1-trifluoro-2-propanol
was obtained 1n 32 % yield and 99.2 % ee after 20 h reaction time (test criteria: >25 %
yield and >98.9 % ee after 15 — 30 h reaction time).
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Example 6 (Biotransformation)
24T kg 1ce-cold 1,1,1-trifluoroacetone was transterred via a dip tube within 55 min to the
cooled (10 °C) yeast suspension with stirring. After stirring for an additional 20 min the
temperature of the reaction mixture was increased to 20 °C within 55 min. During the
biotranstormation the pH-value of the reaction mixture was held at pH 7.5 by controlled
(pH-stat) addition of a 50 % potassium hydroxide solution (16.8 kg consumed within
159 h). (S)-1,1,1-trifluoro-2-propanol was obtained in 96 % yield and 99.4 % ee after
159 h reaction time. 860 kg reaction mixture was obtained. The reaction mixture was
then stored for 1 day at 20 °C and 3 days at 6 °C prior starting distillative product

recovery.

Example 7 (Isolation of (S5)-1,1,1-trifluoro-2-propanol from the biobroth and 1ts

enrichment)

a) First distillation:

The distillation was performed out of the reaction vessel which was equipped with a
condenser. The distillation was run at 60 °C jacket temperature, 140 mbar pressure and 6
— 8 °C condenser temperature. To prevent excessive foaming 0.5 kg Basildon antifoam
(product no. BC 86/013; Basildon chemical Company Ltd/ England) was added. The
product composition was analyzed by GC. The distillation afforded 101 kg step-1
product, incl. product in the dry ice cold trap. The product composition was 19.8 m/m-%

1,1,1-trifluoro-2-propanol, 0.2 % 1,1,1-tritluoroacetone, 2.5 % ethanol and 77.5 % water.

b) Second distillation:

The distillation of the step-1 product was done 1n three batches of each approx. 30 Lon a
Biich1 R187 rotavapor with a 50 L distillation flask. At a bath temperature of 90 °C and a
condenser temperature of 12 — 15 °C a first fraction was taken at normal pressure until
the head temperature dropped to < 60 °C. A second fraction was taken at 700 mbar and a
third fraction at 500 mbar. The quality of the obtained fractions was analyzed with GC
and pooling of appropriate fractions was done according a preset purity criterium using
excel calculation (ratio of 1,1,1-tritluoro-2-propanol to ethanol > 15). In total 28.5 kg

step-2 product was obtained. The product composition was 79.3 m/m-% (5)-1,1,1-
trifluoro-2-propanol, 0.7 % 1,1,1-trifluoroacetone, 4.9 % ethanol and 15.2 % water.
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¢) Third distillation:

The distillation of the step-2 product was carried out in two batches of each approx. 14 kg
on a 5 x 150 cm rectification column (Sulzer packing BX) with a 20 L round bottom flask.
The column was equipped with a reflux divider on the top. The distillation was
performed at 115 °C bath temperature, ambient pressure and 5 °C condenser
temperature. The selected reflux ratio (1: 10 to 1 : 50) was dependant on the obtained
product quality (by monitoring on GC). The time for distillate withdrawal was 1 sec.
Pooling of appropriate pure product fractions was done according preset purity criteria
using excel calculation. Pure (S)-1,1,1-trifluoro-2-propanol, containing 5 % azeotropic

water and < 0.1 % ethanol, distilled at 76.7 °C to 76.8 °C. The distillation in two batches
atforded 20.5 kg step-3 product (criteria: 2 90 % (S5)-1,1,1-trifluoro-2-propanol, £ 0.5 %
cthanol) and 2.2 kg step-3 side product (criteria: 2 80 % (S)-1,1,1-trifluoro-2-propanol, S
5 9% ethanol) that in turn yielded another 1.4 kg step-3 product after redistillation. In
total, the fractional distillation atforded 21.8 kg puritied (S)-1,1,1-trifluoro-2-propanol.

Properties of produced (S)-1,1,1-trifluoro-2-propanol:

The pooled product from the distillations (21.8 kg) showed following analytical data:
Identity by NMR (CDCls) and HPLC/MS: 1n accordance;

composition (GC): 95.1% w/w TFIP, <0.1 % w/w TEAC, <0.1 % w/w ethanol;

water content (Karl-Fisher): 5.2 % w/w;

enantiomeric excess (chiral GC): 994 %.
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CLAIMS:

1. A scalable biocatalytic process for the preparation of S-1,1,1-trifluoro-2-propanol with a
enantiomeric excess of > 99 % by asymmetric microbial reduction of 1,1,1-trifluoroacetone
with Baker’s yeast, comprising the steps:

(a) heating a suspension of Baker’s yeast in 0.1 — 0.4 M phosphate bufter to 50-52°C
over a period of 60 min,

(b) maintaining this suspension at 50-52°C over a further period ot 90 min,

(c) diluting the heated suspension with buffer to a yeast concentration of 20-30% w/v
and cooling to 10°C within 120 min,

(d) maintaining the pH constant at 7.4 to 7.5 by automatic addition of 4M KOH
solution over the whole process,

(¢) adding 1,1,1-trifluoroacetone to a concentration of 1-5% (w/v) for performing the
biotransformation at a temperature below the boiling point of 1,1,1-trifluoroacetone,

(f)  reducing 1,1,1-trifluoroacetone to (S)-1,1,1-trifluoro-2-propanol at a temperature

of 20°C within 5 to 8 days, and
(g) isolating the (S)-1,1,1-trifluoro-2-propanol by a sequence of distillation steps.

2.  Biocatalytic process according to claim 1, wherein the biotransformation is carried out

at room temperature over a time period of 5-8 days.

3. Biocatalytic process according to claim 1 characterized in that the butfer used 1s 0.1M

phosphate butfer pH 7-8.

4.  Biocatalytic process according to claim 1 characterized in that the substrate

concentration 1s 2-4% w/v.

5. Biocatalytic process according to claim 4 characterized in that the substrate

concentration 1s 3% w/v.
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6. Isolation procedure as described in claim 1, wherein the last distillation step 1S a

rectification.
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