
1 A process for the preparation of(3aR,45,6R,6aS)-6-amino-2,2-
dimethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-ol
dibenzoyl-L-tartrate and to products of said process Field of the
invention     The present invention is directed to a process for the
preparation of a diastereomerically 5 pure dibenzoyl-L-tartrate salt
of a compound of formula (III) NH2 (III) to products of said process
and the use thereof. to Background Ranganathan, S. and George, K. S.
Tetrahedron, 1997, 53, 3347 describes the synthesis of compound (I).
0 oit-CL0O)7 - Jung, M. et at Hely. Chim. Ada, 1983, 66, 1915 and
Ranganathan, S. and George, K. S. Tetrahedron, 1997, 53, 3347
disclose the synthesis of the racemic compound (II). HO?rioNH2 0,0 20
In W099/05142, Shireman, B. T. and Miller, M. J. Tetrahedron Lett.,
2000, 41, 9537 and in Rajappan, V. P. et at Synth. Commun. 2001, 31,
2849 the syntheses of either the free amine or the hydrochloride salt
of compound (III) are described.  WO 2009/064249POISE2008/051305 



2    (III) Description of the invention 5The present invention is
directed to a process for preparing a diastereomerically pure
dibenzoyl-L-tartrate salt of a compound of formula (III) HO  NH2 6 b
(III) comprising the steps of (a) mixing a compound of formula OD
HO...Cr NH2 C\,0 



1001) with enantiomerically pure dibenzoyl-L-tartaric acid or its
monohydrate to form a diastereoisomeric salt and (b) crystallising
said salt. 15The process according to the present invention is
particularly useful for large-scale production of a
diastereomerically pure dibenzoyl-L-tartrate salt of a compound of
formula (III). The process for preparation of a diastereomerically
pure dibenzoyl-L-tartrate salt of a 20 compound of formula (III) may
start from a compound of formula (II), which may be prepared as known
in the art. The compound of formula (II) is then resolved to make the
desired (3aS,4R,65,6aR)-enantiomer by crystallisation of a
diastereomerically pure salt using enantiomerically pure
dibenzoyl-L-tartaric acid or its monohydrate to give the  WO
2009/064249PCT/SE2008/051305 3 corresponding diastereomerically pure
dibenzoyl-L-tartrate salt of the compound of formula (I11).
Alternatively, the process for preparation of a diastereomerically
pure dibenzoyl-L-tartrate 5 salt of a compound of formula (III) may
start from a compound of formula (I), which may be prepared as known
in the art. Compound (I) is converted to compound (II) as known in
the art. Subsequently, the compound of formula (II) is resolved to
make the desired (3aS,4R,6S,6aR)-enantiomer by crystallisation of a
diastereomerically pure dibenzoyl-Ltartrate salt using
enantiomerically pure dibenzoyl-L-tartaric acid or its monohydrate to
ingive the corresponding diastereomerically pure salt of the compound
of formula (III). The following scheme illustrates the process for
preparation of a diastereomerically pure 1:1-salt between
dibenzoyl-L-tartaric acid and the compound of formula (III):  0 Ph 



NH2 0 y "o HO ResolutionboOH step    ---L 0 Ph 0 compound (III)
dibenzoyl-L-tartrate  One embodiment of the present invention is a
process for preparation of a dibenzoyl-Ltartrate of the compound of
formula (III). A further embodiment of the present invention is the
1:1-salt between dibenzoyl-L-tartaric acid and the compound of
formula (III). Said salt can also be named
(3aR,4S,6R,6aS)-6-amino-2,2-dimethyltetrahydro-3aH-
20cyclopenta[d][1,31dioxo1-4-ol
(2R,3R)-2,3-bis(benzoyloxy)-3-carboxypropanoate,
(3aR,4S,6R,6aS)-6-amino-2,2-dimethyltetrahydro-3aH-cyclopenta[d][1,3]
dioxo1-4-ol (2R,3R)-2,3-bis(benzoyloxy)succinate or
(3aR,4S,6R,6aS)-6-amino-2,2-
dirnethyltetrahydro-3aH-cyclopenta[d][1,3]dioxol-4-ol
dibenzoyl-L-tartrate. 25The cnantiomerically pure acid suitable for
use in the resolution step is dibenzoyl-L- tartaric acid also named
(2R,3R)-2,3-bis(benzoyloxy)-3-carboxypropanoic acid or (2R,3R)-
2,3-bis(benzoyloxy)succinic acid.  WO 2009/064249PCT/SE20081051305 4
Solvents useful for the resolution step giving a diastereomerically
pure salt of a compound of formula 011) may be selected from
aliphatic alcohols (such as methanol, ethanol, npropanol, i-propanol,
n-butanol, i-butanol and t-butanol); nitriles (such as acetonitrile);
polar ethers such as tetrahydrofuran, 2-methyltetrahydrofuran,
diethyleneglycol 



5monoethers like cellosolve (ethoxyethanol), methoxyethanol,
isopropoxyethanol; aliphatic esters (such as ethyl acetate, butyl
acetate or isopropyl acetate); polar aprotic solvents (such as
N-methylpyn-olidinone, /V,N-dimethylacetamide or
7V,N-dimethyl-lommmide); and mixtures thereof Also, the resolution
step may be performed in water or in a solution comprising water and
any one of the above-listed organic solvents. 10 In one embodiment of
the present invention, the solvent in step (a) is selected from
aliphatic alcohols; nitriles; ethers; aliphatic esters; polar aprotic
solvents; water and mixtures thereof ISIn a further embodiment of the
present invention, the solvent in step (a) is a mixture of water and
an aliphatic alcohol or water and a polar ether solvent or a nitrile.
In a further embodiment of the present invention, the solvent in step
(a) is a mixture of water and methanol, ethanol, n-propanol,
i-propanol, n-butanol, i-butanol, cellosolve 20(ethoxyethanol),
methoxyethanol, isopropoxyethanol, tetrahydrofuran or acetonitrile.
In a further embodiment of the present invention, the solvent in step
(a) is a mixture of water and ethanol. 25The resolution step giving a
diastereomerically pure salt of a compound of formula (III) is
initially performed at temperatures from 0C to the boiling point of
the solvent to fully dissolve the components or the formed
diastereoisomeric salts. When the components have been dissolved, the
temperature of the solution is adjusted to a temperature of from -50C
to +50C, to obtain a crystalline salt of the compound (III). The salt
can thereafter be 30 recrystallized from a solvent similar or
different to the one used above to improve the optical and chemical
purity.  5 A further embodiment of the present invention is the use
of the dibenzoyl-L-tartrate of the compound of formula (III) in in
the preparation of {1,541a, 2a, 313 (18*,2R*),513]}-3-(7-
{[2-(3,4-difluorophenyl)cyclopropyl]aminol-5-(propylthio)-3//-1,2,3-t
riazolo[4,5-
d]pyrimidin-3-y1)-5-(2-hydroxyethoxy)cyclopentane-1,2-diol. The term
"diastercomerically pure salt" is defined as a salt between an
enantiomerically pure cation (amine III in the present invention) and
an enantiornerically pure anion (dibenzoyl-L-tartaric acid monoanion
III in the present invention). EXAMPLES 



Example 1. Preparation of
(3aS,4R,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydro-3affcyclo-pentaid][1
,3]dioxol-4-aminium (2R,3R)-2,3-bis(benzoyloxy)-3-
15carboxypropanoate (compound (III) dibenzoyl-L-tartrate). Procedure
via isolation of compound (III): Compound (1) (415 g, 1.36 mole) was
dissolved in 1.8 L of methanol and the resulting solution was
transferred to a reactor together with a slurry of Pcl/C (25 g of
paste 20 containing 62% water w/w) in water (50 mL). The temperature
was set to 50C and the reactor was flushed with nitrogen. A hydrogen
pressure was applied (3 bar). The reaction was monitored by HPLC.
After 3 h the reaction was complete. The methanol suspension was
filtered and concentrated under reduced pressure to give 230 g (98%
yield) of compound (II) as a beige-white solid that was used directly
in the following step. The GC- 75 purity for this material was >97%
and the assay by titration was 95% w/w. Compound (II) (227 g, 1.31
mole) was dissolved in 1641 g of ethanol/water-mixture (70/30 by
volume) at 26C. Dibenzoyl-L-tartaric acid monohydrate (493 g, 1.31
mole) was added allowing the inner temperature to reach 32C during
addition. The crystallization 30 was left for 18 hours at room
temperature. The obtained crystals were filtered off and washed with
2 x 300 mL ethanol/water-mixture (70/30 by volume). After drying at
44C under vacuum for about 5 h, 272 g (39% yield or 78% of the
theoretical yield) of  WO 2009/064249PCT/SE2008/051305 6 compound
(111) dibenzoyl-L-tartrate was obtained as white crystalline solid.
The optical purity was 99% de (diastereomeric excess) as determined
by gas chromatography on the free amine. 5 Example 2. Preparation of
(3a5,4R,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydro-3aHcyclo-pentald][1,
3]dioxol-4-aminium (2R,3R)-2,3-bis(benzoyloxy)-3- carboxypropanoate
(compound (III) dibenzoyl-L-tartrate). Procedure via isolation of
compound (II): 10 Compound OD (3.21g, 92% purity, 17.0 mmole) was
dissolved in a mixture of ethanol/water (21.6 g, 70% v/v ethanol in
water) at 22C. Dibenzoyl-L-tartaric acid (6.23 g, 17.4 mmole) was
added to the clear solution. Initially, a clear solution was formed
but crystallisation started after about 10 minutes. The resulting
slurry was left for 2 h before the crystals were isolated by
filtration and washed with an ethanol/water mixture (70% v/v 15
ethanol in water, 2 x 5 mL). The crystals were dried at 40C under
vacuum resulting in 3.31g (37% yield) of pure compound (III)
dibenzoyl-L-tartrate. The optical purity was 97.6% de as determined
by gas chromatography on the free amine.   Example 3. Preparation of
(3aS,4R,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydro-3a11-
20cyclo-pentad][1,31dioxo1-4-aminium (2R,3R)-2,3-bis(benzoyloxy)-3-
carboxypropanoate (compound (III) dibenzoyl-L-tartrate). 



Procedure via isolation of coumpound (II): Compound (II) (3.22g, 92%
purity, 17.1 mmole) was dissolved in a mixture of 25 ethanol/water
(21.6 g, 70% v/v ethanol in water) at 22 C. Dibenzoyl-L-tartaric acid
(6.50 g, 18.1 mmole) was added to the clear solution. The resulting
slurry was heated to 70C to dissolve the precipitate. The solution
was then allowed to cool down to room temperature during 3 h before
isolation of the obtained crystals by filtration. The crystals were
washed with an ethanol/water mixture (70% v/v ethanol in water, 3 x 5
mL). The crystals were 30 dried at 40 C under vacuum resulting in
3.19 g (35% yield) of pure compound (III) dibenzoyl-L-tartrate The
optical purity was 98.4% de as determined by gas chromatography on
the free amine.  WO 2009/064249PCT/SE2008/051305 7 Example 4.
Preparation of
(3aS,4R,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydro-3aHcyclo-penta[d][1,
31dioxo1-4-aminium (2R,3R)-2,3-bis(benzoyloxy)-3- carboxypropanoate
(compound (III) dibenzoyl-L-tartrate). Procedure via non-isolated
compound (11): Compound (I) (500 g; 1.64 mole) and Pd/C (25 g, 60%
water paste) were added to a 5 L jacketed steel reactor at ambient
temperature. The reactor was purged with nitrogen (3 bar). A mixture
of ethanol and water (1750g, 70/30 by volume) was added and the
reactor lowas purged again with nitrogen (3 bar) under agitation.
Hydrogen gas (3 bar) was applied and the jacket temperature was
increased to 50C. After 2 h at 50C no starting material could be
detected and the reaction mixture was filtered to remove the
Pd-catalyst. The solid catalyst was washed with ethanol/water-mixture
(300g, 70/30 by volume) and the washing liquid was combined with the
rest of the solution. Dibenzoyl-L-tartaric acid (588 15g, 1.64mo1.)
was added to a jacketed glass vessel. The above solution of compound
(11) was added at 24C and with slow stirring. The resulting mixture
was left for about 16h at 22C and the obtained crystals were then
filtered off. The filter cake was washed twice with
ethanol/water-mixture (2 x 375mL, 70/30 by volume). The crystals were
then dried until constant weight at 50C in a vacuum oven. This gave
324g (37% yield, 74% of the 20theoretical maximum) of compound (III)
dibenzoyl-L-tartrate as a white solid. The optical purity was 99.6%
de as determined by gas chromatography on the free amine. 



Melting point 150-151C (uncorrected); NMR (400 MHz, Me0H-c14) 5 7.51
(app d, J= 8 Hz, 1 11), 7.50 (app d, J= 8 Hz, 1 11), 7.24 (app t, J=
8 Hz, 211), 4.50 (app dd, J1= 6 Hz, J2= 8 Hz, 1 II), 3.02 (app dd,
J1- 8 Hz, J2= 16 Hz, 1 II), 2.86 (app dd, J1= 6 Ilz, J2= 16 Hz, 1
II), 1.36 (s, 911); 2513C NMR (100 MHz, Me0H-d4) 8 171.6, 167.4,
134.5, 131.1, 131.0, 129.6, 112.4, 86.8, 84.2, 76.7, 75.0, 58.1,
35.0, 26.4, 24.0. MS [Mf 173; [a]0 (c 1.0 in methanol, 25C) -76.6.
Example 5. Preparation of
(3a8,4R,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydro-3aH30cyclo-pentaldi[
1,31dioxo1-4-aminium (2R,3R)-2,344s(benzoyloxY)-3- carboxypropanoate
(compound (III) dibenzoyl-L-tartrate). Procedure via non-isolated
compound (II):  WO 2009/064249PCT/SE2008/051305 8 A solution of
compound (11) (50.0 g, 0.164 mol), water (58 g) and ethanol (104 g)
was treated with 5% Pd/C (1.3 g) under a hydrogen atmosphere (8 bar)
at 50C for 18 h. The reaction mixture was cooled to 30C, filtered,
and the filter washed with a mixture of water (10.5 g) and ethanol
(19.5 g). Dibenzoyl-L-tartaric acid monohydrate (61.6 g, 0.164 mol)
5was added. The mixture was stirred for 2 h at 28C, cooled to 18C and
stirred for another 2 h. Filtration, washing with a mixture of water
(26.3 g) and ethanol (48.8 g) and drying afforded compound (III)
dibenzoyl-L-tartrate as a white solid (31.7 g, 36% yield).  9 Claims
1. A process for preparing a diastereomerically pure
dibenzoyl-L-tartrate salt of a compound of formula (III)   



(Ill) comprising the steps of (a) mixing a compound of formula (II)
H0.0NH2 6;0 (II) with enantiomerically pure dibenzoyl-L-tartaric acid
or its monohydrate to form a diastereoisomeric salt and (b)
crystallising said salt; wherein the solvent in step (a) is 70% v/v
ethanol in water. 2. A mono-dibenzoyl-L-tartrate salt of the compound
of formula (Ill) 


