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The present invention relates to nucleoside analogues and their use in
medicine. More specifically the invention is concerned with 1,3-oxathiolane
nucleoside analogues, particular physical form thereof, pharmaceutical formulations
thereof and the use thereof in the treatment of viral infections.

The compound of formula (I)
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also known as BCH-189 or NGPB-21 has been described as having antiviral activity

in particular against the human immunodeficiency viruses (HIV’s), the causat_ive

| agents of AIDS (5th Anti-Aids Conference, Montreal, Canada Sth-9th June 1989:
Abstracts T.C.0.1 and M.C.P. 63; European Patent Application Publication No.
0382562). The compound of formula (I) is a racemic mixture of the t\\}o
enantiomers of formulae (I-1) and (I-2):-
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and was described and tested in the form of its racemate. The only compound '
currently approved for the treatment of conditions caused by HIV is 3°-azido-3’-

deoxythymidine (AZT, zidovudine, BW 509U). However, this compound has a
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significant side-effect liability and thus either cannot be employed or, once
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“employed, may have to be withdrawn in a significant number of patients. There is in

consequence a continuing need to provide compounds which are effective against
HIV but with a concomitant significantly better therapeutic index.

Although the enantiomers of the compound of formula (I) are equipotent
against HIV the(-)-enantiomer has considerably lower cytotoxicity than the other
enantiomer and is thus the preferred compound as an antiviral agent. |

The (-)-enantiomer has the chemical name (-)cis-4-Amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yI)-(1H)- pyrimidin-z-one. It has the absolute
stereochemistry of the compound of formula (I-1) which has the name (2R,cis))-4-
amino-l-(2-hydroxymethyl-1,3-oxathiolan.-5-yl)-(1H)-pyl_'imidin-2-one. The
compound is now known as 3TC. |

_ Preferably 3TC will be substantially free of the corresponding (+)-enantiomer,
that is to say no more than about 5% w/w of the (+)- enantiomer, preferably no more
than about 2%, in particular less than about 1% w/w is present.

International application PCT/GB91/00706, publication no WO91/17159
describes the preparation of 3TC, its antiviral activity and its use in medicine. 3TC
is described and prepared in WO91/17150 as a freeze dried powder. |

We have now found that 3TC can be obtained in crystalline form and exhibits
polymorphism. _ ' -

. There is thus provided in a first aspect of the invention 3TC in crystalline

When crystallised from aqueous solution 3TC is obtained in the form of
neédl_e-shaped crystals (heréinafter Form I). In this form the crystals are not
favoured for pharmaceutical formulation into solid dosage forms because of their

physical properties, for example poor flow characteristics. We have further found

. that under certain conditions 3TC may be obtained in the form of substantially

bipyramidyl crystalé (hereinafter Form II). The crystal habit of Form II has
improved flow characteristics and is thus preferred in the manufacture of solid
dosage forms. In addition Form I crystals are a less stable polymorphic forms and

certain pharmaceutical unit operations such as milling may cause conversion of -
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3TC in the form of bipyramidyl crystals has a melting point of greater than
about 1700C, in particular 177-1789C when pure. 3TC in the form of needle-like
crystals has a melting point of less than about 1300C in particular about 124-1270C
in pure form. '

.3TC in Form II exhibits charactefistic absorption bands in its infra red (i.r.)

‘spectrum which are absent from the i.r. spectrum of Form L. In particﬁlat Form II
exhibits strong absorption bands at ~920 and ~850 wavenumbers. Further, a
characteristic band of Form I at 1110 wavenumbers is absent from the spectrum of
Form IL. R |

Form II of 3TC further shows a characteristic .enddtherm with an onsét
temperature at 177-178%C in its differential scanning calorimetry (DSC) profile. By
contrast Form I shows a chamcteﬁstic endotherm in its DSC profile with an onset
temperature at 124-127%.

There is thus provided ina further aspect of the invention 3TC in the form of
needle shaped crystals.

In a further aspect there is provided 3TC in the form of bipyramidal crystals.

In a yet further aspect of the invehtiod there is provided 3TC .in crystailine
form and having a melting point of greater than 1700C, in particular 177-1780C: In
an alternative aspect there is provided 3TC in qrystalline form and having in its DSC
profile an endotherm with an onset temperature of 177-17s°c.

i In a yet further alternative there is provided 3TC ia crystallixie form and
having absorption bands at about 920 and about 850 wavenumbers in its infra red
spectrum. In particular there is provided 3TC in which in addition to absorption
bands at these wavenumbers a band at 1110 wavenumbers is substantially absent.

3TC may be obtained from its racemate by resolution by any method known

in the art for the seéaratio:_i of racemates into their constituent enantiomers. In
particular 3TC may be obtained from the known racemate by chiral HPLC, by

- enzyme mediated enantioselective catabolism wit_h a suitable enzyme such as

cytidine deaminase or by selective enzymatic degradaﬁqn of a suitable derivative
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of the compound from aqueous solution or by azeotropic distillation with propan-1-
.ol |
3TC in the form of the preferred bipyramidyl shaped crystals may be obtained
by recrystallisation from non-aqueous media, in particular a lower (Co_¢) alcohol,
for example ethanol, IMS (industrial methylated spirit) or propan-1-ol. Ina
preferred method 3TC in bipyramidyl fofm may be obtained from 3TC in needle
form by ageing the latter in Industrial Methylated Spirit (IMS) or ethanol at elevated
temperature (e.g. 30-7005 particulaﬂy about SOOC) for an appropriate time (e.g. 0.5-
3hrs, in-particular about 1 hour or more).
Alternatively 3TC in bipyramidyl form may be obtained by heating the
compound in needle form above its-melting point of 124-1 270, in particular above
" about 170°C, for example above about 177-1789C and allowing the melt to cool.
In a further alternative 3TC in bipyramidyl form may be obtained by grinding
or milling the compound in the form of neexle shaped crystals.
Preferably 3TC is in the form of bipyramidyl shaped crystals substantially free
of needle crystals. Where these crystals are obtained by recrystallisation or ageing
- in liquid media the compound will normally be obtained entirely free of needle
shaped ctystals.
3TC in crystalline form may be used as an antiviral agent as described in
W091/17159 which is incorporated herein by reference. |
_ 3TC in crystalline form may be formulated as a pharmaceutical formulation - -
for use as an antiviral agent in described in WO91/17159.
Figure 1 shows 3TC in the form of needle shaped crystals (Form I).
Figure 2 shows 3TC in the form of bipyramidyl shaped crystals (Form II). -
Figure 3 is an infra-red spectrum of Form I crystals. |
Figure 4 is an infra-red spectrum of Form I crystals.
Figure 5 is a DSC thermogram ot" Form I crystals.
Figure 6 is a DSC thermogram of Form II orystals.
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The following examples illustrate the invention but are not intended asa

limitation thereof. All temperatures are in Oc,

INTERMEDIATE 1
S-Metho -1 3-oxath|olane-2-methanol benzoate.

A solution of zinc chloride (1.6g) in hot methanol (15ml) was added to a
stirred solution of mercaptoacetaldehyde, dimethyl acetal (34.2g) and ben_zbyloxy
acetaldehyde (48.3g) in toluene (1300ml) which was then heated to reflux under
nitrogen for S0 min. The cooled mixture was concentrated, diluted with some
toluene, then filtered through Kiesulguhr. The combined filtrates and toluene were
washed with aqueous saturated sodium bicarbonate solution (x2) and brine, .drieci :
(MgSO,) then evaporated to an oil which was subjected to column chromatography
on silica (2kg, Merck 9385 ) eluted with chloroform to give the title product as an oil .
(45.1g) a mixture of anomets (ca 1:1); 1H NMR (DMSO-d¢) 3.1-3.3(4H), 3.42(6H),
4.4-4.6.(4H), 5.41(1H), 5.46 (1H), 5.54 (1H), 5.63 (1H), 7.46 (4H), 7.58 (2H), 8.07

. (4H);ymax (CHBr3)1717.6cm™1.
INTERMEDIATE 2 _
£)-cis-1-(2-Benzoyloxymethyl-1.3-oxathiolan-5-vi)-(1 'midin-2-4-dione

A mixture of finely ground urac:l(9.62g) hexamethyl disilazane (50 ml) and

' ammomum sulphate (30 mg) was heated at reflux under nitrogen until a clear

. solution was obtained. This was cooled and then evaporated to a colourless oil,
which was dissolved, under nitrogen atmosphere, in acetonitrile (100ml). The
solution was added to a stirred ice cooled solution of 5-methoxy-1,3-oxathiolane-2-
methanol, benzoate (intermediate 1) (19.43g), in acetonitrile (600ml) and trimethyl
silyl trifluoromethanesulphonate (14.7ml) was added. The ice bath was removed,

- and the solution wasj heated at reflux under nitrogen for 45 mins. After cooling and
evaporation, the midrxe was purified by column chromatography over 1kg of silica
gel (Merck 9385) eluting with chloroform/methanol 9:1. 'Appropriate fractione were
cooled and evaporated to afford a crude residue. This was fractionally crystalliicd
from the minimum of hot methanol (c.1200ml) to afford the title compound (6.32g)
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as white crystals. 1H NMR( d5DMSO) & 11.36 (1H,bs). 7.50-8.00 (6H,m), 6.20
(1H,1), 5.46 (2H,m), 4,62 (2H, m), 3.48 (1H, m), 3.25 (1H, m).

INTERMEDIATB 3

X{ t)—(asH—Ammo-l(Z-benmxloymethgl-l,3-oxathnolan-5-1 }(1H)-
pyrimidin-2-one
Method (a)

A suspension of cytosine (20.705g) and ammonium sulphate (few mgs) in

hexamethyldisilazane (110ml) was stirred and heated at reflux for 2/2h, under
nitrogen. Solvent was removed by evaporation, and the residual solid was dissolved
in dry acetonitrile (350ml). This solution was transferred using flexible needle
techniques into a stirred, ice-chilled solution of S-methoxy-l,3~oxathiolane-2-‘
methanol; benzoate (Intermediate I) (43.57g) in acetonitrile (650ml) under nitrogen.
- Trimethylsilyl trifluoromethanesulphonate (33ml) was added, the solution was
allowed to warm to ambient temperature (11/h) then heated to reflux for an
ovemigﬁt period. The residue mixture was concentrated, diluted with saturated
aqueous sodium bicarbonate solution (500ml), then extracted with ethyl acetate
(3x500ml). The combined extracts were washed with water (2x250ml) and brine
(250ml) dﬁed (MgSO,) then evaporated to a foam which was subjected to column
chromatography on silica (600g, merck 7734), eluted with ethyl acetate-methanol
- mixtures to give a mixture of anomers (ca 1:1 31.59g). The mixture was crystallised
from water (45ml) and ethanol | |
(9.0ml) to give a solid (10.23g) which was recrystallised from ethanol (120ml) and
water (30ml) to give the title product as a white solid (9. 26g),7tmax (MeOH)
© 229.4mm (E1?® 610); 272.4mm (E1%
lcm lcm
293); 15 NMR (DMSO d6) & 3.14 (1H), 3.50 (1H), 4.07 (2!-[), 5.52 (1H), 5.66 (1H),
6.28 (1H), 7.22 (2H), 7.56 (2H), 7.72 (2H), 8.10 (2H). |

Method (b)



érystals has a nelting point of less than about 130[err]C in particul ar -
about 124-127[err]Cin pure form 3TCin Formll exhibits characteristic
absorption bands—imits infraTed (i.r.) spectrumwhich are absent fromthe
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~onset Phosphorus oxychloride (7.0ml) was added dropwise to a stirred , ice-cooled
suspension of 1,2,4-triazole (11.65g) in acetonitrile (120ml) then, keeping the
internal temperature below 150c, triethylamine (22.7ml) was added dropwise. After
10 min a solution of (+)-cis -1-(2-benzoyloxymethyl-1,3-oxathiolan-5-yl)-(1H)-
pyrimidin-2,4-dione (interme_diate 2) (6.27g) in acetonitrile (330ml)was slowly
added. Stirring was thén contin_ued at room tefnperature overnight. The mixture
was cooled by.means of an ice bath and triethylamine (30ml) was slowly added
followed by water (21ml). The resultant solution was evaporated, and the residue
was partitioned between saturated sodium bicarbonate solutiog (400ml) and
chloroform (3x200ml). The combined chloroform extracts were dried and
magnesium sulphate, filtered and evaporated to give a crude residue (9.7g). The
residue was dissolved in 1,4-dioxan (240ml) and concentrated aqueous ammonia
solution (s.g 0.880, 50ml) was added. After 1'/2h the solﬁtion was evaporated and
the residue dissolved in methanol. This caused precipitation of a solid, which was
filtered off. The mother liquors were purified by column chromatography over silica
gel (Merck 9385, 600g). Appropriate fractions were poolegi and evaporated to give
the title compotmd as a fawn solid (2.18g), idefxticai to that obtained by Method (a).

INTERMEDIATE 4 .
(£)-{cis)-4-Amino-1(2-hydroxymethyl-1,3-oxathiotan-5-y)}-(1H)-
gmgldln-z-one | |

- Asuspension of (cts)-4—ammo-1 (2-benzoyloxymethyl-1, 3-oxath|olan-5-yl)-
(1H)-pyrimidin-2-one (Intermediate 3) (8.19g) and Amberlite IRA-400 (OH) resin
(8.24g) in methanol (250mi) was stirred and heated to reflux for 11/h. Solids were
removed by filtration then washed with methanol. The combined filtrates were

_ evaforated. The residue was triturated with ethyl acetate (80m1).' The resulting |

white solid was collected by filtration to give the title product (5.09g), 1H NMR
(DMSO0-dg) 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18 (1H), 5.29 (1H), 5.73 (1H), 6.21
(1H), 7.19 (2H), 7,81 (1H). '

INTERMEDIATE $



tenperature at 124-127[err]C. There is thus provided in a further aspect of
the invention 3TC in the formof needl e shaped crystals. In a further
aspect there is provided 3TC in the formof bipyramdal crystals. In a yet
further aspect of '"hnhn&hebtmaeﬂéeha idckere is provided 3TC-in crystalline form
‘and ‘having a rreltl ater than 170[err]C, in particular
177-178[err] C. aspect there is provided 3TC in
crystalline forman aV|n s DSC profile an endothermw th an onset
‘tenperature of 177- 178[err]C In a yet furBher alternatlve there is
provided 3TC in crystalljne for and hl?\fl ng abso 0{1 Li)ﬂ ds.at..,ahout 920

and about 850 wéNSAfafnie igo pyrimidin-2-one

(i) Three SOmt flasks of nutrient broth (Oxoid Ltd) were inoculated with a loopful
each of Escherichia coli (ATCC 23848) scraped from a Nutrient Agar plate. The
flasks were incubated overnight at 370C with shaking at 250 rev/min and then each
flask was used to inoculate 41 of CDD medium (glutamic acid, 3g/1; MgSOy,,
0.2g/1: K550y, 2.5g/1; NaCl, 2.3g/1, NazHPO42H20, 1.1g/1, NaH,PO,42H,0
0.6g/1 cytidine, 1.2g/) ina seven litre fermenter. ‘The cultures were fermented at
750 rev/min, 370C with aeration at 41/min. After growth for 24hrs _the cells were -
collected by centrifugation (5000g, 30 minutes) to yield 72g wet weight. The cell
pellet was resuspended in 300ml of 20mM Tris HCI buffer (pH 7.5) and distupted.
by sonication (4 x 45 seconds). The cell debris was removed by centrifugation
(30,000 g, 30 minutes) and the protein in the supernatant was précipitated by
addition of ammonium s.ulphate 1o 75% saturation. The precipitate was collected by
centrifugation (30,000g. 30 minutes) and the pellet was résuspended in 25ml of
HEPES buffer (100mM, pH 7.0) containing ammonium sulphate (75% saturation).
Enzyme solution was prepared by centrifugation at 12,000 rpm for 30 mins. The
supernatant was discarded and the pellet dissolved in Tris HCI buffer (pH 7.0;
100mM) to the original volume.

(ii) Intermediate 4 (115mg was dissolved in water (100ml), and stirred. Enzyme
solution (0.5m{) was added, and the mixture was maintained at a constant pH by the
continual addition of HCI (ZSmM). The conversion was monitored by chiral HPLC,
which showed that the (+) enantiomer of the substrate was preferentially
deaminated. After 22hr the (+) enantiomer of the substrate (RT 12.5min) had been
completely removed, and the solution was adjusted to pH 10.5 by the addition of
conc. sodium hydroxide. '

The solution produced above was eluted through a column of QAE Sephadex
(A2S; Pharmacia; 30X 1.6cm), pre-equilibrated to pH11. The column was washed
with water (200ml) and then with HCI (0.1M). Fractions (40ml) were taken , and |
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analysed by reversed phase HPLC. Fractions 5-13, containing the unreaéted Q]
enantiomer of the substrate, were combined and adjusted to pH 7.5 with HCL.

Fraction 47, containing deaminated product, was adjusted to pH7.5 with dil. NaOH.
Analysis by chiral HPLC showed that this fnaterial was a mixture, consisting of one
enantiomer (RT 10.2min) as the major compo:ient with the other enantiomer (RT

8.5min) as a minor component (e.e ca 90%).

(iii) Stage (ii) above was rt:apcated on a larger scale . The compound of Example 1
(363mg) in 250mi of water was incubated with enzyme solution (0.5ml), prepared as
in Stage (i). Further aliquots (0.5ml) of enzyme were added after 18 and 47 hrs.
The reaction mixture was stirred for 70hr., then left standing for a further 64hr.
Analysis by chiral hplc indicated that the (+) enantiomer of the substrate had been
completely deaminated, and the resulting solution was adjusted to pH10.5 with
NaOH. .

The solution above was loaded onto the same Q_AE éolumn, and eluted as in -
stage (i). Fractions 2-6, containing a mixture of the residual substrate and
deaminated product, were bulked. Fractions 7-13, containing the residual substrate
(O] enantiomer),'were bulked and adjusted to pH7.5. Fractions 25-26, containing
deaminated product, were bulked and neutralised '

Fractions 2-6 above were re-eluted through the same QAE column. Fractions
3-11 from this second column contained unrected substrate ((-) enantiomer).

" Fraction 70 contained the deaminated product. |

(iv) The resolved substrate fractions from stage (ii) and (iii) were combined and
adjusted to pH7.5. This solutibn was eluted through a column of XAD-16
(40x2.4cm), packed in water. The column was washed wnth water, and then eluted
with acetone: water (l :4 v/v). Fractions conmmng the desired (-) enantiomer were
bulked and freeze-dried to give a white powder (l90mg).

" The HPLC methods used above were as follows:-

1. Reversed Phase analytical HPLC
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Column : Capital Cartridge

| '~ Spherisorb ODS-2 (5SuM)

150x4.6mm
Eluant | : Ammonium dihydrogen phosphate (S0mM)+
| 5% MeCN
Flow _ : 1.5mi/min
Detection : UV, 270nm
" Retention Times 3 BCH 189 5.5min

deaminated BCH -189 8.1min

2. Chiral analytical HPLC

Column : Cyclobond I Acetyl
250x4.6mm :
Eluant ¢ 0.2% Triethylammonium acetate (pH7.2)
Flow :  1.0ml/min
Detection -+ UV,270nm
Retention Times . : BCH189 11.0 and 12.5min

: deaminated BCH-189 8.5 and 10.2 min (The bioconversion was
followed by monitoring the loss of the peak at 12.5min., and accumulated of product.
at 10.2min). '

Example 1

A suspension of Intermediate 5 (64.8g) in water (200mL) was heated to 450 to
give a solution. The solution was cooled to 300,

The product crystallised as an unstirrable mass. This was broken up and the
suspension stirred at ca. 100 for 1h. | _

The product was isblated by filtration and washed with ethanol (IMS; 2 x
30mL) then dried in vacuo at 450 t‘or 24h to give 3TC as Form I (fine needle

crystals)



f~orm by ageing the latter in Industrial Methylated Spirit (IMS) or ethanol
~at el eva,eﬂ;emer—&trwe (eg: 30-70[err], particularly about 50[err}C) for

an appropriate t| (e 0 5- 3hrs, in particular about 1 hour or nore).
Alternat|Wb¢ an1dy| forn1nay be obtai ned by heating the
conpound i bove its nelting point of 124-127[err], in
partlcular O[err]C, for exanple above about 177- 178[err]C and
al l owi ng the nelt to cool. In a further alternative 3TC in bipyram dyl form

may be obtained by grinding or mlling thejganpound in the form of needle
shaped crystals. Preferably 3TCis in the formof bipyram dyl shaped
crystal s substanti alThe compoupd hadeuli.s speojmeand DIE dhesmogaph idenficalap Figures
obt ai ned by recrsystdag | i sai oln or agei ng

Example 2 _

A suspension of the compound of Example 1 (10.0g) in industrial methylated
spirits (IMS; 200mL; 20 volumes) was heated to reflux to give a clear solution. The
solution was filtered hot and the filtrate was distilled at atmospheric pressure until
100mL (10 volumes) of solution remained. The solution was seeded with authentic
materialZ and allowed to cool from 800 to 250 over 1h. Crystallisétion began at
799, The suspension was stirred at 159 for-1h. The product was isolated by
filtration and washed with iMS (10mL; 1-volume). Drying in vacuo at 500 gave the -

title compound as aggregates of bipyramides (8.42g) m.p. 179-1810. (-)-cis-4-
amino-1-(2-hydroxymethyi-1,3-oxathiolan-5-yl)-(1H)-pyrimidin-2-one.
Assay Found : C,41.9; H,4.85; N,18.35 '
CgH;1N303S requires : C,41.9; H,4.8; N,18.3%

The compound had an i.r. spectrum and DSC thermogmph identical to Flguws
4 and 6 respectively.

Example 3
A suspension of the product of Example 1 (20.0g) in Industrial Methylated
Spirits (IMS; 100mL; S volumes) was stirred slowly at 50° for 1h.
' Asmall sﬁmple (ca 100mg) was removed, dried in vacuo at 50% and examined
by microscopy and differential scanning calorimetry (DSC). |
The sample was 100% Form IY (bipyramidal habit).
The suspension was stirred at 507 for a further 2h and a sample removed.
Microscopy showed no change.
~ The suspension was stirred at 500 for 22h, then cooled to 207 and stirred for
1h. | |
'The suspension was filtered, the product washed with IMS (20mL; 1vol) and
dried in vacuo to give as a white crystalline solid (17.13g) (-)-cis-4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyramidin-2-one m.p. 180-1810.



i n liquid nedia the corrpdund will normally be obtained entirely free of
needl e shaped crystals. 3TC in crystalline formnay be used as an antiviral
‘agent as described in WD1/17159 which is incorporated herein by reference.

3TC in CrySta|’dhis'$ﬁeef1ﬂﬂsf$b4ﬁ¥plh@dforrrul ated as a pharmaceutical fornulation

for use as an in described in WXO1/17159. Figure 1 shows
3TC in the for ped crystals (Form1l). Figure 2 shows 3TC in
the formof bip saped crystals (FormlIl). Figure 3 is an infra-red
‘spectrum of Form | crystals. Figure 4 is aﬁlnfra red spectrum of Form |
“crystals. - Thet '

AssayFound:  C,41.85; H,485; N,18.3
CgHy{N305S Requires : C,41.9; H,4.8; N,18.3%

The product had an i.r. spectrum and DSC thermogram identical to those of
Figures 4 and 6 respectively.

Example 4
X-Ray Crystallography data for Form II
Crystal Data :
CgH1N303S, M = 229.26.
Tetragonal, a = b = 8.749(3), ¢ = 26.523(9)A, V= 2030(2)A3
(by least-squares refinement on diffractometer angles for 14 automatically centred
reflections, 1 = 1.54184A).
Space group P442,2 (No. 96), z= 8, D = 1.50g cm™3
F(000) = 960, m(Cu-Ka) = 27.5 cm™ 1
Dimensions of data crystal 0.48 x 0.32 x 0.30 mm.

_ ‘Single crystals of Form I (colourless bipyramids) were .examined by X-ray .
diffraction. A total of 1651 reflections were measured (3 <2J < 1150) on a Siemens
R3m/V diffractometer with monochromatised Cu-Ka radiation and using 2J/w |
scans. The structure was solved by direct methods and the non-hydrogen atoms

. refined anisotropically. The hydrogen atoms attached to carbon were idealised (C-H
= 0.96A) and allowed to ride on their éarent carbon atoms. Three Hs on -NH, and
-OH groups were located from a difference Fourier map. All H atoms were refined
isotropically. Refinement converged to give R = 0.068, R,, = 0.069, wl= [sz(F) +
0.005[F]2]. Maximum residual electron density was 0.45 eA™3. The absolute
chirality was confirmed using Rogers® eta test [h = 0.99 (9)}. .



Figure 5 is a DSC thernogram of Form | crystals. Figure 6 is a DSC .
t hermogram of —_Form || .crystals. ~ -5 - The followi ng exanples illustrate -
the invention but are not intended as a |limtation thereof. All

t enper at ur es  afis Sheet erRenlag=RVEDI ATE 1 | -
5- Met hoxy-1, 3-0 ' i1 It t hanol , benzoate. _

-13-

Example 5

Pharmaceutical Formulations

a) 100mg Tablets
Ingredients per tablet
3TC (Form IT) | 100.0mg
Microcrystalline Cellulose NF - 189.5mg
Sodium Starch Glycolate NF ~ ~ 9.0mg
Magnesium Stei:ate NF R _1.5mg
Total Weight 300.0mg

The 3TC (Form II), microcrystalline cellulose and sodium starch glycolate
were sieved and blended in a V-blender. for about 15 minutes. Sieved magnesium
stearate was then added and blehding continued for a further 2 minutes.

The biend was compressed in standard tabletting equipment and then film

coated with an aqueous suspension of grey Opadry to produce aesthetically

acceptable tablets.

(b) 300mg Tablets
Ingredients per tablet
3TC (Form II) ~ 300.0mg
Microcrystalline Cellulose NF 279.0mg
Sodium Starch Glycolate NF . 18.0mg
Magnesium Stearate NF _1.5mg
Total Weight - 600.0mg

Tablets were prepared as described in (a) above.



A sol ution of zinc chloride (1.69) in hot nethanol (15m ) was added to a

stirred solution of nercaptoacetal dehyde, dinethylacetal (34.2g) and
henzoyl oxy acefal dehyde (48.3g) in tol uene (1300m ) _ which was then heated

to reflux under g o iin. The cool ed mi xThiyhesthias tdat ed,
diluted with sommm I'Immlllﬂmp' | tered through Kie nbi ned
filtrates and toluerte wer® washed w th aqueous sat ur i ar bonat e
solution (x2) and brine, dried (MgSO err]) _ then evaporated to an oil which
was subjected to col unmm chronat ography on~$%#tica (2kg, Merck 9385) el uted
W th chlor_oformé € the title product as an oil (45.1g) a m xture of

. anoners (ca 1: 1)—% (DVMsO-d[err]) 3.1-3.3(4H), 3.42(6H), 4.4-4.6 (4H),

5 41( 1H) , 5.46 (11H) ,(-Yeis54-Ardinp+1-2-Adrotyhethyl-13-¢xthiolan- S§1)-@EH)-pyfintidin-2-

one in crystalline form.

2. (-)-cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-y1)-(IH)-pyrimidin -2-
one in the form of bipyramidyl crystals.
- 3. The crystaliine form as claimed in claim 1 or claim 2 having a melting point
of greater than 170°C. ‘
4.  The crystalline form as claimed in-any one of claims 1 to 3, having a melting
point of 177-178°C. |
5. The crystall_iné form as claimed in any one of claims 1 to 4 having absorption

bands in its infra-red spectrum of - 920 and - ‘850 wave numbers.

6. The crystalline form as claimed in any one of claims 1 to 5 having no
absorption band in its infra-red speétmm at 1110 wave numbers.

7.  The crystalline form as claimed in any one of claims 1to 6 having an
endotherm with an onset temperature at 177-178°C in its differential scanning
calorimetry profile. '

8. (-)gi§-4—Amino-I{Z-hydmxymethyl-1,3-oxathiolan-S-yl)-.(IH)-pyrimidin-2-
one in the form of needle shaped crystals. | |

9.  The crystalline form as claimed.in claim 1 or claim 8 having a melting poini
of less than about 130°C.

10. The crystalline form as claimed in claim 1, claim 8 or claim 9 having a

* melting point of 124-127°C.

11. The crystalline form as claimed in claim 1, or any one of claims 8-11 having
an endotherm with an onset temperature of 124-127°C in itS differential -
scanning célorimetry profile. _

12. The crystalline form as claimed in claim 1 or any one of claims 8 to 11 having
an absorption band in its infra-red spectrum at about 1110 wave numbers.

13.  (-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5S-yl)-(1H)-pyrimidin-2-
one in the crystalline form as shown in Figure 1.

14. (-)<_:j§_-4~Amino-l.-(2-hydroxymethyl-1,3-0xathiolan-5-j!)-(]H)—pyrimidin-z-'

one in the crystalline form as shown in Figure 2.



(4H);[err]max (CHBr[err])1717.6cnferr]. | NTERVEDI ATE 2
([err])-cis-1-(2-Benzoyl oxynet hyl - 1. 3- oxat hi ol &n—%—yl—-—)—(—}H)——pwhdel n- 24- di
@ne A mixture of finely ground uracil (9.62g) hexane | Si e (50 m)
alnd ammlnl um sul phate (30 ng) was heated at refl m 'me until a
clear solution was s .cool ed and to a

col ourl ess oil, ﬂmﬂwﬂmlummtnm under nit rog

acetonitrile (100rr1) The sol'utison*was added to a sti rred i ce cooI ed

solution of 5-methoxy-1, 3-oxat hi ol ane- 2- m;g hanol , benzoate (intermnedi ate
1) (19.43g), in acetonltrlle (600mM ) and t |rrethyl silyl

trifluoronethanqsul Rt)e&a&-wmé-ﬂ(ﬁ hydiogymesigH 1,310 thiofnksHyl)-WH)-pysimidind2-

one in crystalline form and having an infra-red spectrum as shown in Figure 3.

16. (-)%—4-Amino-l-(2-hydtoxymethyl-1,3-6xat_hiolan—S-yl)-(IH)-pyrimidin-z-

one in crystalline form and having an infra-red spectrum as shown in Figure 4.

- 17. A method for the preparation of (?)-t_:i_s_-4-Amino-1-(2-hydroxymethyl-1,3—
oxathiolan-5-yl)-(IH)-pyrimidin-2-one in crystalline form which comprises
crystallisﬁtion of the compound from aqueous solution.

18. A method for the preparation of (~)-g§_—4—Amino—1-(2-hydroxymethyl-1,3-
oxathiolan-S-yl)-(IH)-pyrimidin—ane in crystalline form which comprises
areotropic distillation of an aqueous solution of the compound with propan-1-
ol.

19. A method for the preparation of (-)-cis-4-Amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-y1)-(IH)-pyrimidin-2-one in crystalline form which comprises
'recrysmllisat'ion from non-aqueous medium.

20. A method as claimed in claim 19 wherein the non%queous_meﬁium isaCy g
alcohol.

21. A method as claimed in either claim 20 or claim 21 wherein the non-aqﬁeous
medium is selected from ethanol and industrial methylated spirit. |

22. A method for the preparation of (-)-cis-4-Amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yl)-(IH)-pyrimidin-2-one in the form of bypyramidyl crystals

* which comprises aging the compound in the form of needle shaped crystals in
"ethanol or industrial methylated spirits at elevated temperature.

23, A pharmaceutical formulation comprisin'g'(-)-ﬂs_—«i-amino-l-(z-

hydtoxymetﬁy1-1,3-o_xathiolan-5-yl)—(lH)‘pyrimidin'-z-one in crystalline form -
- and a pharmaceutically acceptable carrier therefor.

24. A phamaceutfcal formulation as claimed in claim 23 in a form suitable for
oral administration. |

25. A pharmaceutical formulation as claimed in claim 23 or claim 24 in the form

of a tablet or capsule.



and the solution was heated at reflux under nitrogen for 45 nins. After
cool i ng and evaporation, the residue was purified by colum chronatography
gver 1kg of silica gel (I\/ErJg 9385) eluting with chloroform nethanol 9:1.
Appr-opr i ate fraetions were cool ed and evaporated to afford a crude residue.

This was fracti onaﬁaggeegwﬁicai lized fromthe mninumof hot nethanol

(c.1200ni) B r‘“‘\ ‘m t1 & conpound (6.329) -6- as white crystals.
1H NVR( dewéﬁii\ m

bs) . 7.50-8.00 (6H. ), 6.20

ABSTRACT

(-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(IH)-pyrimidine-2-one in
crystalline form, in particular as needle-shaped or bypyramidyl crystals,
pharmaceuticai formulations thereof, methods for their preparation and their use in

medicine.



(1H,t), 5.46 (2H, M, 4,62 (2H, m, 3.48 (1H, m, 3.25 (1H, m. | NTERVED ATE
3 ([err])-(cis)-4- An1no 1- (2- benzoyl oxynet hyl - 1. 3- oxat hi ol an-5-yl )-(1H) -
pyrimdin-2-one Method (a) A suspepsffgn of cytosine (20.705g) and anmmoni um
sul phate (few ngs) in hexanethyl disilaZane (110m ) was stirred and heated
at reflux for 2[err]h, under nitrogen. Solvent was renoved by evaporation,
and the residual solid was dissolved in dry acetonitrile (350m ). This
solution-was transferred using flexible needle techniques into a stlrred

i ce- Ch'”/’ef}é’&&llon of 5- Wane 2-

This Sheet Has

™

28Ky WD 1 3MH $:00008 P:08000




met hanol , benzoate (Internmediate 1) (43.57g) in acetonitrile (650m) under
nitrogen. Trinmethylsilyl trifluoronmethanesul phonate (33m ) was added, the
ol ution was allowed to warmto anbi &nf Y enperature (1[err]h) then heat ed
to reflux for an overnight period. The residue nmixture was concentr ated,
diluted with saturated aqueous sodi um bi carbonate sol ution (500m ), then
extracted th eth acetate (3x500m ). The conbi ned extracts were washed
W th waten}# ) nd brine (250m) drled (N@SC{err]) t hen evaporated to
a foam which was subj ected t oThoSheentiasPee
7734), eluted with ethyl acetat

-anoners (ca 1:1 31. 59g) The m

et hanol

aphy on silica (600g, merck
tures to give a m xture of
t&llsedfromvmter(4SM) and

S:0pBBs P:-BBOL1




(b. OmM) to give a solid (10.23g) which was recrystallised from et hanol
(120m ) and water (30m) to give the title product as a white solid

(9. 26g) [W%%M&Amn(ﬂerr] 61% 272. 4mm (E[err] 1cm 1cm 293);
[err} dlerr [err] 3.14 (1H) 760(1H) 4.07 (2H), 5.52 (1H),
- 5. 66 ('lH) Iﬁﬁ cen d(2H) 7.56 (2H), 7.72 (2H), 8.10 (2H). Method
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P‘hosphorus oxychloride (7.0mM) was added dropwise to a stirred, ice-cooled
suspension of 1,2,4-triazole (11.65g) in acetonitrile (120m ) then, keeping

t-he |nternal‘hnst$ HiiscHebl ta&how 15[err]C t 'éet hyl am' ne (22.7m) was added
dropvmse Iutlon of ()- cﬁg

-1-(2- benzoy -oxathloTan 5-yl)-(1H)- pyrimdin-2,4-dione .
(L ntermedi ate n acetonitrile (330m)was slowy added Stirring

was then conti nued at room tenperature overnight. The m xture was cool ed by
means of an ice bath and triethylam ne (30m) was slowy adéd followed by
wat er Lerﬁ). The rgsultgnt sqlutign wag, evapprat gd, agd the resi due was

partitgndd beﬂ/veen"’sat uffat edSsodi n bi &ar boffat e §pl ut iHn (4P0M ) sand
chl or ofprm (3x200n1) The corrbl ed chloroformextracts were ed :gand
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fragnesi um sul phate, ' nd evaporated to give a crude residue (9.79).
The resi dueThiEshed HaSY), in 1,4-dioxan (240m ) and concentrated aqueous

d, i
anmmoni a sol u Ak '} 50m ) was adde After 1[err]h the solution
\ivas‘;evapor at ﬂ“ due di ssol ved _éj‘et hanol . This caused
precipitation ich was filtered off. The nother |iquors were

purified by columm chromatography_ over silica gel (Merck 9385, 600g).
Appropriate fractions were pool ed 8RE&V5porated to give the title compound
as a fawn solid (2.18g), identical to that obtained by Method (a). '

| NTERVEDIATE 4 (),*d ci 3a4- Agi N0l - ( % hydg OXyset hgl - 1,53- oxat hi § an-5-yl - (1H) -
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A suspension of (cis)-4-anino-1-(2-benzoyl oxymet hyl -1, 3- oxat hi ol an-5-yl ) -
(1H) pyrlmdln 2-one (Intermediate 3) (8.19g9) and Anberllte | RA-400 (OH)

Shieet Hael lac 250m ) Wagi tirred and heated to reflux for
1[err]h Sol ed by fil on then washed wi th nethanol. The
‘conbi ned fil m"wl aporated The residue was triturated with ethyl
actetate (80 e resulting wpitesohed was collected by filtration to
give the title product (5.099), 1H NVR (DI\/BOdG) 3.04 (1H), 3.40 (1H, 3.73
(2H), 5.18 (1H), 5.29 (1H, 5 73 (1H), 6.21 (1H), 7 19 (2H) .. 7,81 (1H).
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(- )-cis-4-Am no- 1- (2- hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl) - (1H)
pyrimdin-2-one (i) Three 50nl flasks of nutrient broth (Oxoid Ltd) waygp 47634
Y noculated with a | oopful each of Escherichia coI I (ATCC 23848) scraped

froma Nutrient Agar plate. The flasks wer ¢ TTIEHS s St | C
wi th shaking at 250 rev/nin and then each {lgsk.d Stl R | &G 41} of
CDD nedi um (glutam c acid, 3g/1; MgSJ err] ik ?{'[el? Gi'éPrl}a,geQ '@g 11;

NaCl , 2.3g/1, Na[err]HPCIerr]ZH[err]O 1. 1¢g/
0.69/l cytidine, 1.2g/1) in a seven litre
fernmented at 750 rev/mn, 37[err]C with ae
for 24hrs the cells were -1-

, ; )'I’] I’1‘ |toHpaged 11D
r%{g{” HE(S)TiRaged |- 4. e pagek 12
et 41ynaRed . Mfto qpaged omt

DATE OF RECEIPT 15)3(4%

CRYSTALLINE OXATHIOLANE DERIVATIVES

The present invention relates to nucleoside analogues and their use in
medicine. More specifically the invention is concerned with 1,3-oxathiolane
nucleoside analogues, particular physical form thereof, pharmaceutical formulations
thereof and the use thereof in the treatment of viral infections.

. The compound of formula ()

NH,

N~ ‘
N M
HOCH '
’\(o
: S— :
also known as BCH-189 or NGPB-21 has been described as having antiviral activity
in pamcular against the human immunodefi iciency viruses (HIV’s), the causative
agents of AIDS (Sth Anti-Aids Confercnce, Montreal, Canada 5th-9th June 1989:
Abstracts T.C.0.1 and M.C.P. 63; European Patent Application Publication No.
0382562). The compound of formula (I) is a racemic mixture of the two
enantiomers of formulae (I-1) and (I-2):-

NH, | NH,
N &
S -2 - 1
Q,J\N & ,,,J\N @a-1)
HOCH, O' HOCHz

[ 9]

and was described and tested in the form of its racemate. The only compound
currently approved for the treatment of conditions caused by HIV is 3°-azido-3'-

deoxythymidine (AZT, zidovudine, BW 509U). However, this compound has a



colTected by centrifugation (50009, 30 minutes) to yield 72g wet weight.

Jhe cell pellet was resuspended in 300m of 20mM Tri gl .bpffer (pH 7 5)
and disrupted by sonication (4 x 45 seconds). The cg IREQEME' L
by centrifugation (30,000 g, 30 minutes) and the prd i

pell et was resuspended in 25m of HEPES buffer (100 , :
anmoni um sul phate (75% saturation). Enzyne sol utionjwas prepare
centrifugation at 12,000 rpmfor 30 mins. The super
the pellet dissolved in Tris HC buffe~ (pH 7.0; 100mV to the ori gi nal
vol une.

sngmfxcant side-effect liability and thus either cannot be employed or, once
employed, may have to be withdrawn in a significant number of paiients. There is in
consequence a continuing need to provide compounds which are effective against
HIV but with a concomitant significantly better therapeutic index.

Although the enantiomers of the compound of formula (I) are equipotent
against HIV the(-)-enantiomer has considerably lower cytotoxicity than the other
enantiomer and is thus the preferred compound as an antiviral agent.

The (-)-enantiomer has the chemical name (-)cis-4-Amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)- pyrimidin-2-one. It h3s the absolute
stereochemistry of the compound of formula (I-1) which has the name (2R, cis))-4-
amino-l-(2-hydroxymeihyl-1,3-oxathiolan.-5-yl)-(IH)-pytimidin-z-one. The
compound is now known as 3TC.

Preferably 3TC will be substantially free of the corresponding (+)-enantiomer,

* that is to say no more than about 5% WM of the (+)- enantiomer, preferably no more
than about 2%, in particular less than about 1% w/w is present. °

Intcrnational_application PCT/GB91/00706, publication no W091/17159
describes the preparation of 3TC, its antiviral activity and its use in medicine. 3TC
is described and piepared in WO91/17159 as a freeze dried powder.

We have now found that 3TC can be obtamed in crystalline form and exhibits
polymorphism. _

There is thus provided in a first aspect of.the invention 3TC in crystaliine
form.

When crystallised from aqueous solution 3TC is obtained in the form of
necdle-shaped crystals (hereinafter Form I). In this form the crystals are not
favoured for pharmaceutical formulation into solid dosage forms because of their
physical properties, for example poor flow characteristics. We have further found

. that under certain cenditions 3TC may be obtained in the form of substantially
bipyramidyl crystals (hereinafter Form II). The crystal habit of Form II has
improved flow characteristics and is thus preferred in the manufacture of solid
dosage forms. In addition Fopn I crystals are a less stable polymorphic forms and

_certain pharmaceutical unit operations such as milling may cause conversion of



(ii) Internediate 4 (115ng was dissolved in water (100m), and stirred.

Enzyme solution (0.5m ) was added, and the m xture was at_a

constant pH by the conti nual addi tion of HC (25mM\V). The cﬁEPbAGEMEMTV\sﬁEET
nmoni tored by chiral HPLC, which showed that the (+) enantji of—tire
substrate was preferentially deam nated. After 22hr the (J+) eﬂéW% of
the substrate (RT 12.5m n) had been conpletely renoved, nj bn
was adjusted to pH 10.5 by the addition of conc. sodi um Qhydeexi-de__ _The |
sol ution produced above was el uted through a col um of E Sephadex (A25;
Pharmaci a; 30X 1.6cm), pre-equilibratged to pHll. The col '
wat er (200m ) and then with HCO (0.1M. Fractions (40m ) were taken, and

Form I to Form 1I, an undesirable characteristic for manufacture of solid dosage

forms.

3TC in the form of bipyramidyl crystals has a melting point of greater than
about 1709C, in particular 177-178°C when pure. 3TC in the form of needle-like
crystals has a melting point of less than about 1309C in particular about 124-1270C
in pure form.

3TC in Form I exhibits characteristic absorption bands in its infra red (i.r.)
spectrum which are absent from the i.r. spectrum of Form I. In particular Form II
exhibits strong absorption bands at ~920 and ~850 wavenumbers. Further, a
characteristic band of Form I at 1110 wavenumbers is absent from the spectrum of
Form IL.

Form II of 3TC further shows a characteristic endotherm with an onset
temperature at 177-1780C in its differential scanning calorimetry (DSC) profile. By '
contrast Form I shows a characteristic endotherm in its DSC profile with an onset
temperature at 124-1270C.

There is thus provnded in a further aspect of the invention 3TC in the form of
needle shaped crystals.

' In a further aspect there is provided 3TC in the form of bipyramidal crystals.

In a yet further aspect of the inveﬁtion there is provided 3TC .in'crystalline
form and having a melting point of greater than 1709C, in particular 177-1789C. In
an alternative aspect there is provided 3TC in crystalline form and having in its DSC
profile an endotherm with an onset temperatur;a of 177-178°C.

In a yet further alternative there is provided 3TC in crystalline form and
having absorption bands at about 920 and about 850 wavenumbers in its infra red
spectrum. In particular there is provided 3TC in which in addition tb absorption
bands at these wavenumbers a band at 1110 wavenumbers is substantially absent.

3TC may be obtained from its racemate by resolution by any method known
in the art for the separation of racemates into their constituent enantiomers. In
particular 3TC may be obtained from the known racemate by chiral HPLC, by
enzyme mediated enantioselective catabolism with a suitable enzyme such as

cytidine deaminase or by selective enzymatic degradation of a suitable derivative



-9-:anal ysed by reversed phase HPLC. Fractions 5-13, containing the

unreacted (-) enantionmer of the substrate, were conbi ned an%Eﬁgmé =
(EMEN SHEET

7.5 with HCl. Fraction 47, containing deani nated product,
pH7.5 with dil. NaCH Analysis by chiral HPLC showed that {tHis materi al v?s

a mxture, consisting of one enantioner (RT 10.2m n) as tHe nmaj brMARMPONEMNt
with the other enantioner (RT 8.5mn) as a mnor conponent] (je.e ca 90%.
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usiné a 5’-nucleotide. Suitable methods for preparing 3TC are described in
WO91/17159. | |

3TC in the form of needle shaped cr&stals may be obtained by crystallisation
of the compound from aqueous solution or by azeotropic distillation with propan-1-
ol.

3TC in the form of the preferred bipyramidy! shaped crystals may be obtained
by recrystallisation from non-aqueous media, in particular a lower (C5_g) alcohol,
for example ethanol, IMS (industrial methylated spirit) or propan-1-ol. Ina
preférred method 3TC in bipyramidyl form may be.obtained from 3TC in needle
form by ageing the latter in Industrial Methylated Spirit (IMS) or ethanol at elevated
temperature (e.g. 30-7005 particularly about SOOC) for an appropriate time (e.g. 0.5-
3hrs, in.particular about 1 hour or more).

Alternatively 3TC in bipyramidyl form may be obtained by heating the
compound in needle form above its-melting point of 124-1270, in particular above

- about 170°C, t'dr example above about 177-178°C and allowing the melt to cool.

In a further alternative 3TC in bipyramidyl form may be obtained by grinding
or milling the compound in the form of needle shaped crystals.

‘Preferably 3TC is in the form of bipyramidyl shaped crystals substantially free
of needle crystals. Where these crystals are obtained by recrystallisation or ageing

- in liquid media the compound will normally be obtained entirely free of needle

shaped crystals.

3TC in crystalline form may be used as an antiviral agent as described in
'W091/17159 which is incorporated herein by reference.

3TC in crystalline form may be formulated as a pharmaceutical formulation -
for use as an antiviral agent in described in WO91/17159. |

Figure 1 shows 3TC in the form of needle shaped crystals (Form I).

Figure 2 shows 3TC in the form of bipyramidyl shaped crystals (Form II).

Figure 3 is an infra-red spectrum of Form I crystals.

Figure 4 is an infra-red spectrum of Form Il crystals.

Figure 5 is a DSC thermogram ot: Form I crystals.

Figure 6 is a DSC thermogram of Form II crystals.




(i11) Stage (ii) above was repeated on a |arger scale. The corrpound of
Exanple 1 (363ng) in 250m of water was incubated wth yTaE‘ *:f\n
{(0.5m ), prepared as in Stage (i). Further aliquots (.: EﬁrA EUE re
added after 18 and 47 hrs. The reaction mxture was s{ifred for /Un , hen
left standing for a further 64hr. Analysis by chiral hplc 19 AR t,?}t a
the (+) enantioner of the substrate had been conpl ete|y] deam nate the
resulting solution was adjusted to pH10.5 with NaOH {The sotutter—abd

| oaded onto the sane QAE columm, and eluted as in st (i). Fractions |2- 6,
containing a m xture of the residual -$ubstrate and deam' nat ed products—were

bul ked. Fract| °%Fhe 71"6&g’wincgoer:]cggnlpmsr}ﬁugtpaete El&sllngg:ﬁkonsglptsatre not mtended asa

limitation thereof. All temperatures are in el

INTERMEDIATE 1

5-Met_hoxv-l ,3-oxathiolane-2-methanol, benzoate.

A solution of zinc chloride (1.6g) in hot methanol (15ml) was added to a
stirred solution of mercaptoacetaldehyde, dimethyl acetal (34.2g) and benzoyloxy
acetaldehyde (48.3g) in toluene (1300ml) which was then heated to reflux under
nitrogen for 50 min. The cooled mixture was concentrated, diluted with_some
toluene, then filtered through Kiesulguhr. The combined filtrates and toluene were
washed with aqueous saturated sodium bicarbonate solution (x2) and brine,_drieci :
(MgSO,) then evaporated to an oil which was subjected to column chromatography
on silica (2kg, Merck 9385 ) eluted with chloroform to give the title product as an oil .
(45.1g)a mixture of anomers (ca 1:1)' 1H NMR (DMSO-dg) 3.1-3.3(4H), 3.42(6H),
4.4-4.6 (4H), 5.41(1H), 5.46 (1H), 5.54 (1H), 5.63 (lH) 7.46 (4H), 7.58 (2H), 8.07

. (4H);ymax (CHBr3)1717.6cm™1.

INTERMEDIATE 2 _

is-1-(2-Benzoyloxymethyl-1,3-oxathiolan-5-yI)-(1 rimidin-2-4-dione

A mixture of finely ground uracil(9.62g) hexamethyl disilazane (50 ml) and .

ammonium sulphate (30 mg) was heated at reflux under nitrogen until a clear
g‘olution was obtained. This was cooled and then evaporated to a colourless oil,
which was dissolved, under nitrogen atmosphere, in acetonitrile (100ml). The
sblution was added to a stirred ice cooled solution of 5-methoxy-1,3-oxathiolane-2-
methanoi, benzoate (intermediate 1) (19.43g), in acetonitrile (600ml) and trimethyl
silyl trifluoromethanesulphonate (14.7ml) was added. The ice bath was removed,
and the solution was heated at reflux under nitrogen for 45 mins. After cooling and
evaporation, the residue was purified by column chromatography over 1kg of silica
gel (Merck 9385) eluting with chloroform/methanol 9:1. Appropriate fractions were
cooled and evaporated to afford a crude residue. This was fractionally crystallized

from the minimum of hot methanol (c.1200mil) to afford the title compound (6.32g)



((-) enantioner), were bul ked and adjusted to pH7.5. Fractions 25-26,
cont ai ni ng deani nated product, were bul ked and neutralised Fractions 2-6 .

above were re-eluted through the same QAE colum. Fractt
second col um contai ned unrected substrate ((-) enanti ongr
cont ai ned the deam nated product. (iv) The resol ved subst

T REPERCEMEN SO

rgte fractions

fromstage (ii) and (iii) were combined and adjusted to gH{. 545TMAR 1997
packed i n wat ¢r

solution was eluted through a colunm of XAD-16 (40x2.4cm
The col um was washed with water, and then eluted w th ad
v/v). Fractions containing the desired (-) enantioner wer

et

e bulked and

freeze-dril ed to give a white powder (_169_0rrg).

as white crystals. 1H NMR( dSDMSO0) § 11.36 (1H,bs). 7.50-8.00 (6H,m), 6.20
(1H,1), 5.46 (2H,m), 4,62 (2H, m), 3.48 (1H, m), 3.25 (1H, m).

INTERMEDIATE 3
(£)-(cis)-4-Amino-1-(2-benzoyloxymethyl-1,3-oxathiolan-5-y)-(1H)-
gxrimi_din-z-one

Method (a)

A suspension of cytosine (20.705g) and ammonium sulphate (few mgs) in

hexamethyldisilazane (110ml) w_és stirred and heated at reflux for 2'/h, under
nitrogen. Solvent was removed by evaporation, and the residﬁal solid was dissolved
in dry acetonitrile (350m!). This solution was transferred using flexible needle
techniques into a siirred, ice-chilled solution-of S-methoxy-1,3-oxathiolane-2-
methanol, benzoate (Intermediéte I) (43.57g) in acetonitrile (650ml) under nitrogen.
Trimethylsilyl trifluoromethanesulphonate (33ml) was added, the solution was
allowed to warm to ambient temperature (1'/zh) then heated to reflux for an
ovemight period. The residue mix@ure was concentrated, diluted with saturated
aqueous sodium bicarbonate solution (500ml), then extracted with ethyl acetate
(3x500ml). The combined extracts were washed with water (2x250ml) and brine
(250ml) dried (MgSOy,) then evaporated to a foam which was subjected to columa
chromatography on silica (600g, merck 7734), eluted with ethyl acetate-methanol
mixtures to give a mixture of anomers (ca 1:1 31.59g). The mixture was crystallised
from water (45ml) and ethanol
(9.0ml) to give a solid (10.23g) which was recrystalhsed from ethanol (120ml) and
water (30ml) to give the title product as a white solid (9.26g); Amax (MeOH)
229.4mm (E1%® 610); 272.4mm (E1%

lcm icm ‘ |
293); 14 NMR (DMSO d6) § 3.14 (1H), 3.50 (1H), 4.07 (2H), 5.52 (1H), 5.66 (1H),
6.28 (1H), 7.22 (2H), 7.56 (2H), 7.72 (2H), 8.10 (2H).

Method (b)



The® HPLC net hods used above were as follows:- 1. Reversed Phase anal yti cal

HPLC -10- Col um Capital Cartridge Spherisorb
ODS-2 (5uM 150x4. 6mm El uant Amvwmﬁﬁr“
phosphate (50m\) + EPLACEM
15 MAR 1997
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Phosphorus oxychloride (7.0ml) was added dropwise to a stirred , ice-cooled
suspension of 1,2,4-triazole (11.65g) in acetonitrile (120ml) then, keeping the
internal temperature below 150c, triethylamine (22.7ml) was added dropwise. After
10 min a solution of (+)-cis -1-(2-benzoyloxymethyl-1,3-oxathiolan-5-yl)-(1H)-
pyrimidin-2,4-dione (Intermediate 2) (6.27g) in acetonitrile (330mi)was slowly
added. Stirring was then continued at room temperature overnight. The mixture
was cooled by means of an ice bath and triethylamine (30mI) was slowly added
followed by water (21ml). The resultant solution was evaporated, and the residue
was partitioned between saturated sodium bicarbonate solutiop (400ml) and
chloroform (3x200ml). The combined chloroform extracts were dried and
magnesium sulphate, filtered and evaporated to give a crude residue (9.7g). The -
residue was dissolved in 1,4-dioxan (240ml) and concentrated aqueous ammonia
solution (s.g 0.880, 50ml) was added. After 1!/h the solution was evaporated and
the residue dissolved in methanol. This caused precipitation of a solid, which was

 filtered off. The mother liquors were purified by column chromatography over silica
gel (Merck 9385, 600g). Appropriate fractions were pooled and evaporated to give
the title compound as a fawn solid (2.18g), identical to that obtained by Method (a).

INTERMEDIATE 4
(t);(cis}_-ti_-Amino-l:(. 2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-
~ pyrim nidin-2-one

- A suspension of (cis)-4-amino-1-(2-benzoyloxymethyl-1,3-oxathiolan-5-yl)-
(1H)-pyrimidin-2-one (Intermediate 3) (8.19g) and Amberlite IRA-400 (OH) resin
(8.24g) in methanol (250mi) was stirred and heated to reflux for 1'/sh. Solids were
removed by filtration then washed with methanol. The combined filtrates were
evaporated. The residue was triturated with ethyl acetate (80ml). The resulting
white solid was collected by filtration to give the title product (5.09g), 1H NMR
(DMSO-dg) 3.04 (1H), 3.40 (1H), 3.73 (2H), 5.18 (1H), 5.29 (1H), 5.73 (1H), 6.21
(1H), 7.19 (2H), 7,81 (1H). '

INTERMEDIATE 5



5% MeCN Fl ow : 1.5m /m n Detection

UV, 270nm Retention Tines : BCH 189 5.5m n deam nated BCH - 189
8.1nmin 2. Chiral analytical HPLC Col um _ Cycl obond | Acetryl
250x4. 6mm El uant . 0.2% Tri et hyl anmoni um acet a eRmW,EﬁéNFIS%‘ET
: 1.0m/mn ,.
15 MAR 1997
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(-)-cié-4—Amino-1-(2-h!drox!meth!l-1,3-oxathiola_|1-5-vl)-( 1H) pyrimidin-2-one

(i) Three 50ml flasks of nutriént broth (Oxoid Ltd) were inoculated with a loopful
each of Escherichia coli (ATCC 23848) scraped froﬁ a Nutrient Agar plate. The
flasks were incubated overnight at 379C with shaking at 250 rev/min and then each
flask was used to inoculate 41 of CDD medium (glutamic acid, 3g/1; MgSO,,
0.2g/1: K80y, 2.5g/1; NaCl, 2.3g/1, Na;HPO 42H0, 1.1g/1, NaH,PO42H,0
O.Gg/l cytidine, 1.2g/1) in a seven litre fermenter. The cultures were fermented at
750 rev/min, 370C with aeration at 41/min. After growth for 24hrs_the cells were -
collected by centrifugation (5000g, 30 minutes) to yield 72g wet wgight. The cell
pellet was resuspended in 300m! of 20mM Tris HCI buffer (pH 7.5) and disrupted.
by sonication (4 x 45 seconds). The cell debris was removed by centrifugation

- (30,000 g, 30 minutes) and the protein in the supernatant was precipitated by
addition of ammonium sulphate to 75% saturation. The precipitate was collected by
centrifugation (30,000g. 30 minutes) and the peilet was resuspended in 25ml of
HEPES buffer (100mM, pH 7.0) containing ammonium sulphate (75% saturation).
Enzyme solution was prepared by centrifugation at 12,000 rpm for 30 mins.. The
supernatant was discarded and the pellet dissolved in Tris HCI buffer (pH 7.0;

| 100mM) to the original volume.

(ii) Intermediate 4 (115mg was dissolved in water (100ml), and stirred. Enzyme
solution (0.5ml) was added, and the mixture was maintained at a constant pH by the
continual addition of HCI (25mM). The conversion was monitored by chiral HPLC,
which showed that the (+) enantiomer of the substrate was preferentially
deaminated. After 22hr the (+) enantiomer of the substrate (RT 12.5min) had been
completely removed, and the solution was adjusted to pH 10.5 by the addition of
conc. sodium hydroxide.

The solution produced above was eluted through a column of QAE Sephadex
(A2S; Pharmacia; 30X 1.6cm), pre-equilibrated to pH11. The column.was washed
with water (200ml) and then with HCI (0.1M). Fractions (40ml) were taken , and



Detection UV, 270nm Retention Tines : BCH 189 11.0 and
12.5mn : deam nated BCH 189 8.5 and 10.2 mn (The biocgnversi on was

followed by monitoring the |oss of the peak at 12.5nin.|, REP é Eq-—d
product at 10.2min). Exanple 1 A suspension of Internedis |
wat er (200mL) was heated to 45[err] to give a solution.f The sol ution
cooled to 30[err]. The product crystallised as an unsti rjabl ® WAR 997rhil s
was broken up and the suspension stirred at ca. 10[err]{ flor _1h.

|
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analysed by reversed phase HPLC. Fractions 5-13, containing the unreacted (-)
enantiomer of the substrate, were combined and adjusted to pH 7.5 with HCI.
Fraction 47, containing deaminated product, was adjusted to pH7.5 with dil. NaOH.
Analysis by chiral HPLC showed that this material was a mixture, consisting of one
enantiomer (RT 10.2min) as the major component with the other enantiomer (RT

8.5min) as a minor component (e.e ca 90%).

(iii) Stage (ii) above was repeated on a larger scale . The compound of Example 1
(363mg) in 250ml of water was incubated with enzyme solution (0.5ml), prepared as
in Stage (i). Further aliquots (0.5ml) of enzyme were added after 18 and 47 hrs.
The reaction mixture Qas stirred for 70hr., then left standing for a further 64hr.
Analysis by chiral hplc indicated that the (+) enantiomer of the substrate had been
completely deaminated, and the resulting solution was adjusted to pH10.5 with
NaOH. |

The solution abové was loaded onto the same QAE éolumn, and eluted asin -
stage (i). Fractions 2-5, containing a mixture of the residual substrate and
deaminated product, were bulked. 'Fractions 7-13, containing the residual substrate

| ((-) enantiomer), were bulked and adjusted to pH7.5. Fractions 25-26, containing

deaminated product, were bulked and neutralised

Fractions 2-6 above were.re-cluted through the same QAE columa. Fracﬁons
3-11 from this second column contained unrected substrate ((-) enantiomer).
Fraction 70 contained the deaminated product. |

(iv) The resolved substrate fractions from stage (ii) and (iii) were combined and
adjusted to pH7.5. This solution was eluted through a column of XAD-16
(40x2.4cm), packed in water. The column was washed with water, and then eluted
with acetone: water (1:4 v/v). Fractions containing the desired (-) enantiomer were
bulked and freeze-dried to give a white powder (190mg).

The HPLC methods used above were as follows:-

1. Reversed Phase analytical HPLC




The- product was isolated by filtration and washed with ethanol (IM5 2 X
30nL) then dried in vacuo at 45[err] for 24h to give 3TC as Form| (fine

heedl e crystals). The conpound had an i.r. spectruma C_t her nogr aph
i dentical to Figures 3 and 5 respectively. Exanple 2 A smg;m
conpound of Exanple 1 (10.0g) in industrial nethylated - - —
15 MAR 1997
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Column : Capital Cartridge
Spherisorb ODS-2 (5uM)
150x4.6mm
Eluant 2 Ammonium dihydrogen phosphate (50mM)+
5% MeCN
Flow : 1.5ml/min
Detection : UV, 270nm

"~ Retention Times : BCH 189 5.5min
' deaminated BCH -189 8.1min

2. Chiral analytical HPLC

Column : Cyclobond I Acetyl
250x4.6mm . .
Eluant :  0.2% Triethylammonium acetate (pH7.2)
Flow :  1.O0ml/min |
‘Detection : UV, 270nm
Retention Times . : BCH 189 11.0 and 12.5min

_ : deaminated BCH-189 8.5 and 10.2 min (The bioconversion was
followed by monitoring the loss of the peak at 12.5min., and accumulated of product

at 10.2min).

Example 1

A suspension of Intermediate 5 (64.8g) in water (200mL) was heated to 45910

give a solution. The solution was cooled to 300,

The product crystallised as an unstirrable mass. This was broken up and the

suspension stirred at ca. 100 for 1h.

The product was isolated by filtration and washed with ethanol (IMS; 2 x

30mL) then dried in vacuo at 459 for 24h to give 3TC as Form I (fine needle

crystals).



spitits (IMS; 200nL; 20 volumes) was heated to reflux to
\_ “The solution was filtered hot and the filtrate Na%tPaAQWﬁﬁaé“ T
at mospheric pressure until 100nL (10 vol umes) of solution emal ned. The
solution was seeded with authentic material 2 and al | owed
80[err] to 25[err] over 1h. Crystallisation began at 79[e r].

sol uti on.

0¢$h gfxm 997

suspension was stirred at 15[ err] for 1h. The product was|i $etatedDy

filtration and washed with IM5s (10n; 1 volune). Drying in vacuo at 50[err].:

gave the title conpound as aggregates of bipyran des (8.423) mp.
179-181[err]. (-)cis-4-

am no- 1- ( 2- hydr oxynet hyl - 1, 3- oxat hi of Bh= 5- yl)-(1H) - pyri m di n-2-one.

Found:

C 41. N%E Hgégo%ﬁd nDl 4.3 8peElrin ahiiDRC thi¥bfigraplidintibat 16 Eieses:

C 41.9;H 4.8,

3 and 5 respectively.

Example 2

A suspension of the compound of Example 1 (10.0g) in industrial methylated
spirits (IMS; 200mL; 20 volumes) was heated to reflux to give a clear solution. The
solution was filtered hot and the filtrate was distilled at atmospheric pressure until
100mL (10 volumes) of solution remained. The solution was seeded with authentic
material2 and allowed to cool from 800 to 259 over 1h. Crystallisation began at
790. The suspens:on was stirred at 159 for-1h. The product was isolated by
filtration and washed with IMS (10mL; 1-volume). Drying in vacuo at 500 gave the

title compound as aggregates of bipyramides (8.42g) m.p. 179-1810. (-)-cis-4-
amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidin-2-one.
Assay Found : C,41.9; H,4.85; N,18.35
CgHy1N303S requires : G41.9; H,4.8; N,18.3%

The compound had an i.r. spectrﬁm and DSC thermograph identical to Figures
4 and 6 respectively.

Example 3

A suspension of the product of Example 1 (20.0g) in Industrial Methylated
Spirits (IMS; 100mL; 5 volumes) was stirred slowly at 507 for 1h.

A small sample (ca 100mg) was removed, dried in vacuo at 500 and examined

by microscopy and differential scanning calorimetry (DSC).

The sample was 100% Form II (bipyramidal habit).

The suspension was stirred at 500 for a further 2h and a sample removed.
Microscopy showed no change.

The suspension was stirred at 509 for 22h, then cooled to 200 and stirred for
1h. '

The suspension was filtered, the product washed with IMS (20mL; 1vol) and
dried in vacuo to give as a white crystalline solid (17.13g) (-)-cis-4-amino-1-(2-

hydroxyméthyl-1,3-oxathiolan-5-y)-(1H)-pyramidin-2-one m.p. 180-181°.




The- conpound had an i.r. spectrum and DSC t hernograph identical to Figures
4 and 6 respectively. Exanple 3 A suspension of the product of Exanple 1
(20.0g) in Industrial Methylated Spirits (IMs; 100nmL; 5 vol umes\ Was.
stirred slomy at 50[err] for 1h. A small sanple (ca 1
dried in vacuo at 50[err] and exam ned by m croscopy an
scanning calorinetry (DSC). The sanple was 100% Form | |
habit). The suspension was stirred at 50[err] for a fur
renoved. M croscopy showed no change.
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Assay Found : C,41.85; H,4.85; N,18.3
CgH{ {N305S Requires : C,41.9; H,4.8; N,18.3%

The product had an i.r. spectrum and DSC thermogram identical to those of
Figures 4 and 6 respectively.

Example 4
X-Ray Crystallography data for Form If
Crystal Data :
CgH;1N303S, M = 229.26.
Tetragonal, a = b = 8.749(3), ¢ = 26.523(9)A, V= 2030(2)A3
(by least-squares refinement on diffractometer angles for 14 automatically centred
reflections, 1 = 1.54184A).
Space group P432,2 (No. 96), z= 8, D = 1.50g cm™>.
F(000) = 960, m(Cu-Ka) = 27.5 cm™1.
Dimensions of data crystal 0.48 x 0.32 x 0.30 mm.

Single crystals of Form I (colourless bipyramids) were examined by X-ray .
diffraction. A total of 1651 reflections were measured (3 <27 < 1150) on a Siemens
R3m/v diffrac_tométer with monochromatised Cu-Ka radiation and using 2J/w
scans. The structure was solved by direct methods and the non-ﬁydrogen atoms

- refined anisotropically. The hydrogen atoms attached to carbon were idealised (C-H
= 0.96A) and allowed to ride on their parent carbon atoms. Three Hs on -NH, and
-OH groups were located from a difference Fourier map. All H atoms were refined
isotropically. Refinement converged to give R = 0.068, R,, = 0.069, wl= [sz(F) +
0.005[F]2]. Maximum residual electron density was 0.45 eA3. The absolute
chirality was confirmed using Rogers’ eta test [h = 0.99 (9)].



The §uspension was stirred at 50[err] for 22h, then cooled to 20[err] and
stirred for 1h. The suspension was filtered, the product washed with I M
(20m_; 1vol) and dried in vacuo to give as a white crystal L Loe.solid

(17.13g) (-)-cis-4-amino-1-(2- REPLACEMENT SHEET
hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl)-(1H) - pyran1d|n 2-one n1*. B Gmed-G3-
-12 -. As Found: C 41.85; H 4.85; N 18.3
Sy o 15 MAR 1997
-13-
Exan;gles

Pharmaceutical Formulations

(a) 100mg Tablets -

Ingredients per tablet

- 3TC (Form II) 100.0mg
Microcrystalline Cellulose NF 189.5mg
Sodium Starch Glycolate NF 9.0mg
Magnesium Stearate NF _1.5mg
Total Weight 300.0mg

The 3TC (Form II), microcrystalline cellulose and sodium starch glycolate
were sieved and blended in a V-blender. for about 15-min'utes.' Sieved magnesium
stearate was then added and blending continued for a further 2 minutes.

The blend was compressed in standard tabletting equipment and then film

coated with an aqueous suspension of grey Opadry to produce aesthetically

acceptable tablets.
(b) 300mg Tablets
| Ingredients per tablet

3TC (Foxm m) : 300.0mg
Microcrystalline Cellulose NF - 279.0mg
Sodium Starch Glycolate NF  18.0mg
Magnesium Stearate NF _1.5mg
Total Weight 600.0mg

Tablets were prepared as described in (a) above.
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one in crystalline form.
(-)-cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yI)-(IH)-pyrimidin -2-
one in the form of bipyramidyl crystals.

The crystalline form as claimed in claim 1 or claim 2 having a melting point
of greater than 170°C.

The crystalline form as claimed in any one of claims 1 to 3, havinga melting
point of 177-178°C. '

The crystalline form as claimed in any one of claims 1 to 4 having absorption
bands in its infra-red spectrum of - 920 and - ‘850 wave numbers.

-The crystalline form as claimed in any one of claims 1 to S having no

absorption band in its infra-red spectrum at 1110 wave numbers.

The crystalline form as claimed in any one of claims 1 to 6 having an
endotherm with an onset temperature at 177-178°C in its differential scanning
calorimetry proﬁle.
(-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(IH)-pyrimidin-2-
one in the form of needle shaped crystals.

~ The crystalline form as claimed.in claim 1 or claim 8 having a melting pomt

of less than about 130°C.

‘The crystalline form as claimed in claim 1, claim 8 or claim 9 having a

melting point of 124-127°C.
The crystalline form as claimed in claim 1, or any one of claims 8-11 having
an endotherm with an onset temperature of 124-127°C ip its differential

scanning calorimetry profile.

~ The crystalline form as claimed in claim 1 or any one of claims 8 to 11 having

an absorption band in its infra-red spectrum at about 1110 wave numbers.
(-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidin-2-
one in the crystalline form as shown in Figure 1.
(-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(IH)-pyrimidin-2-

one in the crystalline form as shown in Figure 2.



Space group P43212 (No. 96), z =8, Dlerr] = 1. 5'Og cnerr].

( REPLACENIAT. Sheer

’\ﬂf\

nm(Cu-Ka) = 27.5 cnferr]. Dinmensions of data crystal 0.48 x O.

Single crystals of Forml1l (colourless bipyram ds) were exam n d X-
diffraction. A total of 1651 reflections were neasured (3 < ?%ﬁﬂé&%

on a Si enens R[err*]—n't-v—th—f—f—ﬁaet—enﬁe%ep wi th monochronati sed - adjation

and using 2J/w sca was sol ved net fods and t he
non- hydr ogen at ons eﬂ"’ﬂm:im iﬁ}) cally. The hydrogen ato ehed-to.
carbon were idealis and al | ovved pQ!IHastBbeni lafegPar ent
carbon atons. Three Hs on -NH err] and - OH groups: ,IH",” ,T

difference Fourier map. Al H atons were refined
-15-
15. (-)@-4—Amino-1-(2-hydroxymethyl-1,3-oxathiolan-S-yl)-(IH)-pyrimidin-z-

roma

one in crystalline form and having an infra-red spectrum as shown in Figure 3.

16. (-)@-4-Amino-1-(2—hydroxyﬁethyl-1,3—oxathiolan-S-yl)-(IH)—pyrimidin-2-
one in crystalline form and having an infra-red spectrum as shown in Figure 4.

17. A method for the preparation of (-)-cis-4-Amino-1-(2-hydroxymethyi-1,3-
‘oxathiolan-5-yl)-(IH)-pyrimidin-2-one in crystalline form which comprises
crystallisation of the compound from aqueous solution.

18. A method for the preparation of (-)-cis-4-Amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yi)-(IH)-pyrimidin-2-one in crystalline form which comprises
areotropic distillation of an aqueous solution of the compound with propan-1-
ol

19. A method for the preparation of (-)-cis-4-Amino-1-(2-hydroxymethyi-1,3-
oxathiolan-5-yl)-(IH)-pyrimidin-2-one in crystalline form which comprises
recrystallisation from non-aqueous medium.

20. A method as claimed in claim 19 wherein the non-aqueous medium isa Cy ¢
alcohol.

.21. A method as claimed in either claim 20 or claim 21 wherein the non-aqueous
medium is selected from ethanol and industrial methylated spirit.

22. A method for the preparation of (-)-cis-4-Amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yl)-(IH)-pyrimidin-2-one in the form of bypyramidyl crystals
which comprises agit;g the compound in the form of needle shaped crystals in
ethanol or industrial methylated spirits at elevated temperature.

23. A pharmaceutical formulation comprising (-)-cis-4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yl)-(IH)-pyrimidin-2-one in crystalline form -
and a pharmaceutically acceptable carrier therefor.

24. A pharmaceutical formulation as claimed in clalm 23 in a form suitable for
oral admlmsuatlon.

25. A pharmaceutical formulation as claimed in claim 23 or claim 24 in the form

of a tablet or capsule.




I sotropically. Refinenment converged to give R = 0.068, Rerr] = 0.069,
werr] =([s[err](F) + 0.005[F][err]]. Maxi mumresidual electron density was
0.45 eAlerr]. The absolute chirality was confirmed using Rogers' eta test
[h =0.99 (9)]. - 13- Exanmple 5 Pharmaceutical Fornulations (a) 100ngy
Tabl et s

- 16 -

ABSTRACT OF THE DISCLOSURE
CRYSTALLINE OXATHIOLANE DERIVATIVES

(-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-y1)-(IH)-pyrimidine-2-one in
crystalline form, in particular as needle-shaped or bypyramidyl crystals,
pharmaceutical formulations thereof, methods for their preparation and their use in

medicine.
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| ngtedi ents per tablet 3TC (Form 1) 100. Onyg

M crocrystalline Cellul ose NF 189. 5ng Sodium Starch d ycol ate NF
9. Ong Magnesi um Stearate NF ' 1.5mg Total Weight

300.0ng The 3TC (Form11), mcrocrystalline cellul ose and sodi um starch
gl ycol ate were sieved and blended in a V-bl ender for about 15 m nutes.

Si eved magnesi um stearate was then added and bl ending continued for a
further 2 mnutes. The bl end was conpressed in standard tabletting

equi pnent and then film

FiGulE |

20KY WD:18MH  $:000086 P:00000




co_ét éd Wi th an aqueous suspension of grey Opadry to produce aesthetically
acceptable tablets. (b) 300ng Tablets Ingredients per tablet 3TC (Forml1)

300.0ng M crocrystalline Cellul ose NF 279. Ong Sodi um Starch
G ycol ate NF 18. Ong Magnesi um Stearate NF
1.5ng Total Weight 600. Ong Tabl ets were prepared

as described in (a) above.
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CLAI'MB 1. (-) ci s- 4- Ami no- 1- ( 2- hydr oxynet hyl - 1
,-3-oxat hi ol an-5-yl )- (1H) -pyrim din- 2-one in formof bipyram dyl 4aygtbssy

2. The crystalline formas clained in claiml, having a nelting point
of greater than 170[err]C. 3. The crystalline formas clained in claim
1 or claim2, ha\lé-ng-a—xei-t-i—n%-l?%eﬁ-ﬂt of 177-178[err]C
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4.

absorption bands in.it4
The crystalline form. asg
absorption band in its.
crystalline formas cl 3
Wi th an onset tenperatyrgq at 177-178[efr

“BERLARENENg, ST,
fra-red spectgfu

fed) SMARYIO9PE | 0

calorinmetry profile. .7. t=rcrs—2=Ami
, 3-oxat hi ol an-5-yl ) - (*1H) - pyri mi di n- 2-o0n

h
!

in Figure 2.

The crystalline'forn1as claimed in any one of clainms 1 to 3 having
ym of 920 and 850 wave nunbers. 5.

ne of clainms 1 to 4 having no
mat 1110 wave nunbers.

6. The

claiml to 5, having an endot herm

C
0-

inits differential
1- (2- hydroxynet hyl -1

scanni ng

the crystalline formas shown
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8. ~  (-)cis-Anino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrim din-
2-0ne in the crys ving an infra-red spectrumas shown in
Figure 4. 9. ARERLACEMENGrSHEEE br eparati on of

(-)cis-Am no-1- ( 2-{hydroxymet hyl - 1} 31 oxat hi ol an-5-yl)-(1H)-pyri m di n- 2- one
in crystalline forlm agqm& npg sus recrystallisation from non-aqueous

medi um 10. A netlhod™as clained ijn claim9 wherein the non-aqueous
mediumis a CJerr] cohet- -5 - :
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15 11. A nethod as clained in either claim9 or claim10, wherein the
non- aqueous nediumis selected fromethanol and industrial mnethylated
spirit. 12. A et had for the preparation of

(-)ci s-4- Am nREPLACEMBNTT SHEETet|hyl - 1, 3- oxat hi ol an-5-yl) - (1H) pyri m di n- 2- one

i n the form pfbrpyrantdyt—qr\stal s which conprises aging the conpound in
the form of 1ead|§h§2®ﬁ§§ criyqtal s in ethanol or industrial nethylated
7m -6-

spirits at e elat! {urle.
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—.

13. A method as clainmed in claim12 wherein the needl e shaped crystals
are prepared by a nethod which conprises crystal satlon of the conpound
from aqueous sol ution. 14. A nmet hod as cébbﬁg %n%cl ai m 12 wherein the
needl e shaped crystals are prepared by a nmethod which conprises azeotropic
distillation of an aqueous sol ution of the conmpound with propan-1-ol. 15.
A  pharraceutical fornulation conprising (-)cis-4-amno-1-(2-

hydr oxynet hyl - 1, 3- oxat hi ol an-5-yl ) - (1H) - pyri m di n-2-one i n bi pyram dal
crystalline formand a pharnaceutically acceptable carried thereof. 16.

A pharmaceutical fornulation as cl&Pmed in claim15 in a formsuitable

ABSTRACT OF THE DISCLOSURE

CRYSTALLINE OXATHIOLANE DERIVATIVES

(-)cis-4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(IH)-pyrimidine-2-one in
crystalline form, in particular as needle-shaped or bypyramidyl crystals,
pharmaceutical formulations thereof, methods for their preparation and their use in

medicine.

[ Figure 2 ]
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for eral adm nistration. 17. A pharnmaceutical fornulation as claimed in

claim14 or claim15 in the formof a tablet or capsule.

’ _ : 14
TR

CLAIMS

1. (-)gE-4-Amino-1 -(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidin-

: 2-one in form of bipyramidy! crystals.

2. The crystalline form as claimed in claim 1, having a melting point of

- greater than 170°C.
o 3. The crystalline form as claimed in claim 1 or claim 2, having a melting
. point of 177-178°C.

4. . The crystalline form as claimed in any one of claims 1 to 3 having
absorption bands in its infra-red spectrum of 920 and 850 wave
numbers

5. The crystalline form as claimed in any one of claims 1 to 4 having no
absorption band in its infra-red spectrum at 1110 wave numbers.

6. The crystalline form as claimed in ény one of claim 1 to 5, having an
endotherm with an onset temperature at 177-178°C in its differential

_ scanning calorimetry profi le
NN

7.  (-)cis-4-Amino-1 -(2-hydroxymethy|-1,3-0xathiolan—5-yl).-(1H)-pyrimidin-
2-one in the crystalline form as shown in Figure 2.

8. (~)cis~4-Amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)}-( 1H)-pyrimidin- |
2-one in the crystalline form and having an infra-red spectrum as
shown in Figure 4.

9. A method for the preparation of (-)cis-4-Amino-1-(2-hydroxymethyl-1,3-

: oxathiolan-5-yl)-(1H)-pyrimidin-2-one  in crystalline form which
comprises recrystallisation from non-aqueous medium.

10. A method as claimed In claim 9 wherein the non-aqueous medium'is a

C. alcohol.
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1. A methdd és claimed in eithef claim 9 or claim 10, wherein the non-
aqueous medium is selected from ethanol and industrial methylated

spirit.

12. A method for the preparation of (-)cis-4-Amino-1-(2-hydroxymethyl-1,3-
oxathiolan-5-yl)-(1H)-pyrimidin-2-ane in the form of bipyramidy! crystals
which comprises aging the cempound in the form of needle shaped
crysials in ethanol or industrial methylated spirits at elevated

~ temperature. '

13. A method as claimed in claim 12 wherein the needle shaped crystals
- are prepared by a method which comprises crystalllsatlon of the
compound from aqueous solution.

14. A method as claiméd in claim 12 wherein the needle shaped crystals
are prepared by a method which comprises azeotropic distillation of an
aqueous solution of the compound with propan-1-ol.

15. A phamaceutical formulation comprising (-)cis4-amino-1-(2-
hydroxymethyl-1,3-oxathiolan-5-yi)-(1H)-pyrimidin-2-one in bipyramidal
crystalline form and a pharmaceutically acceptable carried thereof.

16. A pharmaceutical formulation as claimed in claim 15 in a form suitable
for oral administration.

17. A pharmaceutical formulation as claimed in claim 14 or claim 15 in the -
form of a tablet or capsule.



