e

o)

PCT

WORLD INTELLECTUAL, PROPERTY ORGANIZATION
Intemational Burean

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 (11) International Publitation Number: WO 99/51617
A2

CO7H 19/052, AGIK 31/70 (43) International Publication Date: 14 October 1999 (14,10.99)

(21) International Application Number: PCT/EP99/02213 | (81) Designated States: AE, AL, AM, AT, AU, AZ, BRA, BB, BG,

BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB,

(22) International Filing Date: 1 April 1999 (01.04.99) GD, GE, GH, GM, ER, HU, ID, 1L, IN, 1S, JP, KE, KG,

KP, KR,KZ LC,LK,LR, LS, LT, LU, LV, MD, MG, MK,

MN, MW, MX, NO, NZ, PL, PT, RO, RU, 8D, SE, S8G, 81,

(30) Priority Data: SK, SL, TI, T™, TR, TT, UA, UG, US, UZ, VN, YU, ZA,

9807355.4 7 April 1998 (07.04.98) GB ZW, ARIPO patent (GH, GM, KE, LS, MW, 8D, SL, S§Z,

UG, ZW), Eurasian patent (AM, AZ, BY, KZ, MD,

(71) Applicant (for all designated States except US): GLAXO
. GROUP LIMITED {GB/GB}]; Glaxo Wellcome House,
Berkeley Avenue, Greenford, Middlesex UB6 ONN (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CARTER, Barry, Howard
[USAUS];” Glaxo Wellcome Inc., Five Moore Drive, Re-
search Triangle Park, NC 27709 (US). HODGSON, Anne
{GB/GB); Glaxo Wellcome plc, Temple Hill, Dartford,
Kent DAL 5AH (GB). HUANG, Lian-Feng [CN/US]; Glaxo
Wellcome Inc., Five Mcore Drive, Research Triangle Park,
NC 27709 (US).

(74) Agent: THORNLEY, Rachel, M,; Glaxo Wellcome plc, Glaxo
Wellcome House, Berkeley Avenue, Greenford, Middlesex
UB6 ONN (GB). :

G,
RU, T, T™M), European patent (AT, BE, CH, CY,

B DE, DK,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR,
NE, SN, TD, TG).
Published

Without international search report and to be republished
upon receipt of that report.

(54) Title: FORM VI 5,6-DICHLORO-2-(ISOPROPYLAMINO)-1-(8-L-RIBOFURANOSYL)-1H-BENZIMIDAZOLE

(57) Abstract

‘The invention relates to Form VI 5,6-dichloro—2—(isopropylamino)-1-8-L-ribofuranosyl-1H-benzimidazole, pharmaceutical com-

positions, and their use in medical therapy.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications wder the PCT.

Albania

Armenia

Austria

Australia

Azerbaijan

Bosnia and Herzegovina
Barbados

Belgium

Burkina Faso

Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic

Cango
Switzerland
Ctte d'Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark

~ Estonfa

ES

b3

¥R
GA
GB
GE
GH
GN

[2]
=

FRERRE RER9IERREE

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

BHBEBIIRSEARIESR RS8R 4ESE

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

Slovenia
Slovakia
Senegal
Swaziland
Chad

Togo
‘Tajikistan
Turkmenistan

Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam

‘Yugoslavia

Zimbabwe




«y

10

15

20

WO 99/51617
1

FORM V1 5,6-DICHLORO-2-(ISOPROPYLAMING)-1-
" (B-L-RIBOFURANOSYL)-1H-BENZIMIDAZOLE

BACKGROUND OF THE INVENTION

The present invention relates to a crystalline form of the antiviral compound 5,6-
dichloro-2-{isopropylamino)-1-(B-L-ribofuranosyl)-1H-benzimidazole (also known as
1263W04; the compound of formula {})), pharmaceutical formulations comprising this

crystalline form of the antiviral compound, and their use in therapy.

S:BQDichloro»Z—(isopropylamino)-1-[B-L—ribofuranosyl)-TH-benzimid azole is a
benzimidazole derivative useful in medical therapy. W096/01833 discloses the
corhpound of formula (I) and its use for the treatment or prophylaxis of viral
infections such as those caused by herpes viruses. The compound as disclosed in

W096/01833 is in the form of an amorphous, non-crystailine material.

The structure of 5,6-dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyl)-1H-

benzimidazole, the compound of formuta (1), is shown below:
N /L
\%N
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We have now found that the compound of formula (I} can exist in various crystalline
forms and solvates. Moreover we have discovered a particular crystalline form of the
compound of formula (l), Form Vi, which is anhydrous and crystalline and which
surprisingly has particularly good pharmaceutical properties. Form Vi is the most
thermodynamically stable form of the' compound of formula (I). It may be easily
prepared and may be manufactured on a commercial scale. It is particularly stable
and essentially non-hygroscopic. Batches of this crystalline form can be consistently
made to a high crystal form purity i.e. where the proportion of other amorphous and
crystalline forms of the compound of formula (I) is limited. Furthermore this
anhydrous crystalline form has good storage properties and can be readily formulated
into pharmaceutical compositions such as tablets and capsules. The crystalline forms
and solvates of the compound of formula (i) may be characterized by their X-ray

powder diffraction patterns,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. X-ray powder diffraction pattern of Form | of the compound of formula (i).

‘This pattern was obtained in accordance with the procedures set forth in Example 22.

Figure 2. X-fay powder diffraction pattern of Form Il of the compound of formula (1).
This pattern was obtained in accordance with the procedures set forth in Example 22.
Figure 3. X-ray powder diffraction pattern of the ethanol solvate of the compound of
formula (1) (hereinafter "ethanolate”). This pattern was obtained in accordance with
the procedures set forth in Example 22.

Figure 4. X-ray powder diffraction pattern of Form IV of the compound of formula (1).
This pattern was obtained in accordance with the procedures set forth in Example 22.
Figure 5. X-ray powder diffraction pattern of Form V of the compound of formula (l).
This pattern was obtained in accordance with the procedures set forth in Example 22,
Figure 6. X-ray powder diffraction pattern of Form VI of the compound of formula (I).

This pattern was obtained in accordance with the procedures set forth in Example 22,




10

15

20

25

30

WO 99/51617 PCT/EP99/02213

Figure 7. TGA thermo;ram for Form VI of the compound 3$%$ormu|a (1). This TGA
thermogram was obtained in accordance with the procedures set forth in Example 22.
Figure 8. Moisture sorption isotherm for Form VI of the compound of formula {l).
Figure 9. DSC Thermogram for Form VI of the compound of formula (1). This TGA
thermogram was obtained in accordance with the procedures set forth in Example 22.
Figure 10. Single Crystal X-Ray Diffraction Pattern for a single crystal of Form VI of
the compound of formula {l). This pattern was obtained in accordance with the

procedures set forth in Example 22.

DETAILED DESCRIPTION OF THE INVENTION

According to a first aspect of the invention there is provided the compound of
formula {}) in a thermodynamically stable crystalline form (hereinafter referred to as
Form V1), Form VI is defined by the X-ray powder diffraction pattern illustrated in
Figure 6, which is obtaiﬁed by a properly aligned diffractometer equipped with a
diffracted beam graphite monochromator using copper Ko. X-radiation. Form VI may
be prepared from the ethanol solvate of the compound of formula () at certain
refative humidities. Form VI may also be prepared from seeding slurries of Form Il or
ethanol solvate in water with Form V1. Other solvent systems that may yield Form VI

on seeding include ethyl acetateftoluene, isopropanolftoluene, 2-butanoneftoluene.

In 3 further aspect of the invention, there is provided the compound of formula (I) as
a mixture of Form VI with any one or more of Forms|, I, IV, V or solvates or as a
mixture of Form Vi and amorphous material, or as a mixture of Form VI, amorphous

material and one or more other crystalline forms or solvates.

As.used herein, the term “solvate” is a complex of variable stoichiometry formed by a
solute (a compound of formula (1)) and a solvent. Solvents, by way of example,

include water, methanol, ethanol, or acetic acid. Hereinafter, reference to a
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compound of formula (I) is to the amorphous form of that compound, unless another

form or solvate thereof is specified.

Hereinafter by "anhydrous crystalline form” according to the invention, we mean a
crystalline form having substantially the same X-ray powder diffraction pattern as
shown in Figure 6 when measured with a properly aligned diffractometer equipped

with a diffracted beam graphite monochromator using copper Ko X- radiation.

The X-ray powder diffraction pattern of the anhydrous crystalline Form V[ of the
preseﬁt invention is determined using conventional techniques and equipment known
to those skilled in the art of physical characterization. The diffraction patterns of
Figures 1-6 were obtained with a Philips X-Pert MPD diffractometer system equipped
with a diffracted beam graphite monochromator using copper Ko X-radiation and an
automated divergent slit. A xenon proportional counter was used as the detector. The .
powder sample used to generate the X-ray powder diffraction data was prepared by
conventional back filled sample preparation techniques using a 16 mm diameter

holder about 2.0 mm thick.

A powder sample of each of Forms |, I, IV, V, VI, and fhe ethanolate were used to
produce the X-ray powder diffraction patterns of Figures 1, 2, 4, 5, 6, and 3,
respectively. The X-ray diffraction patterns for each of the various forms and solvates
are unique to the particular form. Each crystalline anhydrous form or solvate exhibits
a diffraction pattern with a unique set of diffraction peaks which can be expressed in

2 theta angles (°), d-spacings (A) and/or relative peak intensities.

2 Theta diffraction angles and corresponding d-spacing values account for positions of
various peaks in the X-ray diffraction pattern. D-spacing vaiues are calculated with
observed 2 theta angles and copper K1 wavelength using the Bragg equation. Slight
variations in observed 2 theta angles and d-spacings are expected based on the

specific diffractometer employed and the analyst's sample preparation technique.




»)

10

15

20

25

WO 99/51617

§ulen s,

More variation is exﬁéjced for the relative peak intensitié;é;%entiﬁcation of the exact
crystal form of a compound should be based primarily on observed 2 theta angles or
d-spacings with lesser importance place on relative peak intensities. To identify 5,6~
dichloro-2-{isopropylamino)-1-(B-L-ribofuranosyl}-1H-benzimidazole Form VI, the

single most characteristic 2 theta angle peak occurs at 8.53 degrees, or 10.36 Ad-

~ spacing.

Although one skilled in the art can ideﬁtify Form VI from the characteristic 2 theta
angle peak at 8.53 degrees, in some circumstances it may be desirable to rely upon
multiple 2 theta angles or multiple d-spacings for the identification of Form Vi, 56-
Dichloro-2-(isopropylamino)-1-{B-L-ribofuranosyl)-1H-benzimidazole Form VI can
also be identified by the presence of multiple characteristic 2 theta angle peaks
including two, three, four, five, six, seven, eight, nine, ten or all eleven of the 2 theta’

angles which are reasonably characteristic of this particular crystalline form. These

peaks occur at the following positions, expressed in 2 theta angles: 8.53, 10.47, 13.51,

14.95, 15.98, 17.23, 21.41, 21.83, 22.35, 23.07, and 27.49 degrees. in one embodiment
at least five of the foregoing 2 theta angles are employed to identify Form VI. The
crystalline anhydrous Form VI typically exhibits 2 theta angle peaks in addition to the
foregoing peaks. For example, Form VI may exhibit 2 theta angie peaks at essentially
the following positions: 8.5, 10.5, 12.8, 13.5, 14.2, 15.0, 16.0, 17.2, 17.8, 19.2, 21.4,
21.8,22.4, 23.1, 25.0, 25.4, 27.5, 29.2, 30.1, 31.1, and 32.6 degrees.

Some margin of error is present in each of the 2 theta angle assignments and d-
spacings reported above. The error in determining d-spacings decreases with
increasing diffraction scan angle or.decreasing d-spacing. The margin of error in the
foregoing 2 theta angles is approximately £0.05 degrees for each of the foregoing
peak assignments. The margin of error in d-spacing values is approximately +0.05

Angstroms,

PCT/EP99/02213
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Since some margin of error is possible in the assignment of 2 theta angles and d-
spacings, the preferred method of comparing X-ray powder diffraction patterns in
order to identify a particular crystalline form is to overlay the X-ray powder
diffraction pattern of the unknown form over the X-ray powder diffraction pattern of
a known form. For example, one skilled in the art can overlay an X-ray powder
diffraction pattern of an lunidentiﬁed crystalline form of 5,6-dichloro-2-
(isopropylamino)-1-{p-L-ribofuranosyl}-1H-benzimidazole, obtained using the
methods described herein, over Figure 6 and readily determine whether the X-ray
diffraction pattern of the unidentified form is substantially the same as the X-ray
powder diffraction pattern of Form V. If the X-ray powder diffraction pattern is
substantially the same as Figure 6, the previously unknown crystalline form can be
readily and accurately identified as Form VI. The same technique can be used to
determine if the unidentified crystalline form is any of Forms |, Il, IV, V, or the
ethanolate by overlaying the X-ray powder diffraction pattern over Figures 1, 2, 4, 5,
or 3 respectively.

Although 2 theta angles or d-spacings are the primary method of identifying a
particular crystalline form, it may be desirable to aiso compare relative peak
intensities. As noted above, relative peak intensities may vary depending upon the
specific diffractometer employed and the analyst's sample preparation technique. The
peak intensities are reported as intensities relative to the peak intensity of the
strongest peak. The intensity units on th_e X-ray diffraction plot are countsfsec. The
absolute counts = counts/time x count time = counts/sec x 10 sec.

Considering 2 theta angles, d-spacing (A) and relative peak intensity (1), Form V1 5,6-
dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyl)- 1H-benzimidazole exhibits the

following X-ray diffracation pattern characteristics:
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s S
R Form Vi
2 theta angle (%) At I
8.53 1036 14.5
1047 8.45 256
12.80 691 168
12.16 6.25 164
13,51 6.55 214
14.95 592 60.4
15.98 5.54 26.2
17.23 5.14 100.0
19.25 4.61 19.3
21.41 415 26.5
2183 407 60.4
22.35 3.97 383
23.07 3.85 48.7
27.49 3.24 30.9
30.11 2.97 185

! Margin of error = approx. 0.05 degrees.
? Margin of error = approx. £0.05 Angstoms.

Based upon the foregoing characteristic features of the X-ray powder diffraction
pattern of Form VI, one skilled in the art can readily identify Form VI 5,6-dichloro-2-
(isopropylamino)-1-(B-L-ribofuranosyl)-1H-benzimidazole. It will be appreciated by
those skilled in the art that the X-ray powder diffraction pattern of a sample of Form
VI, obtained using the methods described herein, may exhibit additional peaks. The
foregoing and following tables provide the fifteen most intense peaks which are
characteristic of that particular crystalline form or solvate. The tables should not be

interpreted as an exhaustive list of peaks exhibited by the particular form or solvate.
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In contrast to the foregoing X-ray powder diffraction characteristics of Form VI, Forms

L 1l IV, V and the ethanolate each exhibit distinct 2 theta angles, d-spacings and

relative intensities, which can be used to differentiate each of these forms from Form

VI and from each other. Forms |, I, IV, V and the ethanolate are defined by their X-ray

powder diffraction pattern, obtained with a properly aligned diffractometer equipped

with a diffracted beam graphite monochromator using copper Ko X-radiation;

patterns are provided in Figures 1, 2, 4, 5, and 3, respectively.

Form | 5,6-dichloro-2-(isopropylamino)-1-(B-L-ribofuranosyl)- 1H-benzimidazole is

further characterized by the following 2 theta angles, d-spacings, and relative peak

intensities, obtained by the method of Example 22 below.

Form |
2 theta angle (%)’ Al |

7.90 1119 58.8
10.39 8.51° 49.7

"~ 14.63 6.05 333
15.79 5,61 46.1
- 1695 523 16.4
19.24 4.61 144
20.75 428 294
21.99 . 4,04 21.0
22.77 - 3.90 100.0
24.14 368 352
2471 3.60 205
25.72 346 1_3.9
2597 343 43.2
29.44 3.03 139
31.09 2.87 14.7
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Form 1l 5,6-dichloro-2-{isopropylamino}-1-(B-L-ribofuranosyl}-1H-benzimidazole is

further characterized by the following 2 theta angles, d-spacings, and relative peak

intensities, obtained by the method of Example 22 below.

Form il
2 theta angle (%)’ Al I
7.91 1117 100.0
10.86 8.14 10.1
12.69 6.97 52
13.65 6.48 4.7
1494 593 84
16.11 5.50 128
17.33 511 17.5
18.23 4.86 18.2
19.60 453 19.6
21.88 406 18.8
23.24 3.82 18.0
23.92 3.72 26.7
25.27 3.52 245
27.70 3.22 349
29.21 3.06 14.2

' Margin of error = approx. £0.09

Form I may also exhibit peaks at essentially the following 2 theta angles: 7.9, 10.9,
16.1,17.3, 18.2, 19.6, 21.9, 23.9 degrees.
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The ethanolate of 5,6-dichioro-2-(isopropylamino)-1-(B-L-ribofuranosyl)-1H-

benzimidazole is further characterized by the following 2 theta angles, d-spacings,

and relative peak intensities, obtained by the method of Example 22 below.

Ethanolate
2 theta angle (°)' Al [
9.07 9.74 452
10.38 8.52 22,7
1595 5.55 404
17.72 5.00 100.0
18.96 468 17.2
19.79 448 18.4
20.75 4.28 304
2137 - 4.16 27.7
21.89 4.06 19.0
2208 402 17.5'
2296 3.87 40.6
2393 3.72 413
2540 3.50 26.7
27.65 3.22 19.8
29.05 3.07 254
5 ! Margin of error = approx. £0.05

The ethanolate may also exhibit peaks at essentially the following 2 theta angles: 6.6,

9.1,9.4,104, 11.0, 14.7, 16.0, 17.2, 17.7, 18.3, 20.8, 21.4, 23.0, 23.9, 25.4, 27.7, 29.1

degrees.
10
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Form IV S,G-dichIoroa’%%%;opropylamino)— 1 -(B—L-ribofuraﬁ%?lﬂ H-benzimidazole is

further characterized by the following 2 theta arigles, d-spacings, and relative peak

intensities, obtained by the method of Example 22 below.

Form IV
2 theta angle (°)' Al |
9.29 9.51 15.6
11.78 7.51 125
16.04 5.52 20.1
18.67 475 251
19.54 4.54 115
22,06 4.03 100.0
22.39 3.97 16
22.68 392 17.9
2334 381 155
23.68 375 100
24.40 3.65 287
2872 311 TR
29.64 3.01 13.0
30.92 2.89 265
3162 2.83 139

' Margin of error = approx. 10.05

Form IV may also exhibit peaks at essentially the following 2 theta angles: 7.5, 9.3,
11.8, 16.0, 18.7, 19.4, 19.5, 22.1, 22.7, 24.4, 29.6, 30.9 degrees.

Form V 5,6-dichioro-2-(isopropylamino)- 1-(B-L-ribofuranosyl)- 1H-benzimidazole is

further characterized by the following 2 theta angles, d-spacings, and relative peak

intensities, obtained by the method of Example 22 below.
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Form V
2 theta angle (°)' A |
9.07 9.76 19.1
8.35 9.46 143
10.74 8.23 14.0
13.30 6.65 26.1
17.04 520 185
18.13 489 39.2
18.78 4.72 57.0
20.41 435 39.5
21.75 4,08 100.0
22.71 3.91 15.8
23.02 3.86 20.3
26.87 3.32 234
28.34 3.15 247
28.55 3.12 51.1
30.22 2.95 39.0

! Margin of error = approx. £0.05

PCT/EP99/02213

Form V may also exhibit peaks at essentially the following 2 theta angles: 9.1, 9.3,
10.7, 13.3, 17.0, 18.1, 18.8, 20.4, 21.8, 26.9, 28.6, 30.2 degrees .

Other methods of physical characterization can also be employed to identify the

anhydrous crystalline Form VI of the present invention. Examples of suitable

technigues which are known to those skilled in the art to be useful for the physical

characterization or identification of a crystalline form or solvate include but are not

limited to melting point, differential scanning calorimetry, and infrared absorption

spectra. These techniques may be employed alone or in combination to characterize a

given anhydrous crystalline form or solvate.
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The invention relates t6 the anhydrous crystalline form Vi bzfc%l in pure form and in
admixture with other forms of the compound of formula (l). For example, Form VI
may be in admixture with any one or more of Forms |, li, IV, V, or the ethanolate.
Alternatively Form VI may be in admixture with amorphous compound of formula (I).
in another embodiment, Form V1 is in admixture with both amorphous compound of
formuta (1) and one or more other crystalline forms or solvates including forms 1, Il, IV,

V and the ethanolate.

The present invention expressly contemplates the foregoing mixtures of Form VI with
one or more of the amorphous compound of formula (1), andfor other crystalline
anhydrous forms and solvates. It should be understood that admixtures of Form Vi
with amorphous compaound of formuta (1) and/or other crystalline forms or solvates
may result in the masking or absence of one or more of the foregoing X-ray powder
diffraction peaks described above for Form VI. Methods are known in the art for
analyzing such admixtures of crystalline forms in order to provide for the accurate
identification of the presence or absence of particular crystalline forms in the

admixture,

In addition to the foregoing forms, Form Vi may also be in admixture with hydrated
crystalline forms. For example in any batch containing the anhydrous crystalline
compound of formula ([} Form VI, there may also be hydrated ctystalline Form VI.
Since the anhydrous crystalline form of the compound of formula (i} Form Vi is
essentially free of water of hydration, the proportion of hydrate forms of the
compound of formula {I) Form V1 in any batch of the compound may be measured by

the overall water of hydration content of each batch.

Accordingly, in a second aspect of the present invention there is provided the
compound of formula () form VI, having a total volatile content of not more than
0.3% by weight (w/w) as determined by a TA instruments Hi-Res TGA 2950

thermogravimetric analyzer {Figure 7).
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Gravimetric water vapor sorption showed that Form VI only absorbed 0.3% water

when equilibrated up to 95% relative humidity at ambient temperature (Figure 8).

According to a further aspect, the present invention provides a process for the
production of the compound of formula (I} in anhydrous crystalline Form VI which
comprises treating the compound of formula (I} with a solubilising solvent serving to
convert an amount of the compound of formula (f) into the anhydrous crystalline
form V1.

The invention also provides a process for the production of the compound of formula

(} Form VL. The process comprises the steps of:

a) forming or providing the compound of formula {l) in solution either in free base or

salt form;

b) isolating the compound of formuia {}) from the solution and optionally removing
unbound (damp, non-solvated) solvent leaving the compound of formula (1) in

substantially dry form;

¢) treating the compound of formula () with a solubilising solvent serving to convert
an amount of the optionally dried compound of formula (l) from step b} into

anhydrous crystalline Form VI; and
d) isolating the anhydrous crystalline form Vi.

In one embodiment of the present invention, the compound of formula () Form VI, is
prepared by recrystallization from ethyl acetate/toluene. According to this process,
compound of formula (1) is treated with a solubilising solvent comprising ethyl acetate

and toluene to convert the compound of formula (i) into anhydrous crystalline Form
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VI and the anhydrous 'én‘:y}stalline Form VI is isotated from thé solution, such as by
removal of the solubilising solvent for example, by evaporation or drying. The

compound of formula (1) may be in either the free base or the salt form.

The compound of formula (i) may be prepared by any method known in the art, but
preferably by the methods described in WO 96/01833, incorporated herein by

reference in its entirety.

The synthesis of the compound of formula (I) generally leads to the formation of the
compound in solution in the reaction mixture from which it may be separated and
purified as a solid product. The compound of formula () may then optionally be
dried. A number of factors influence the crystalline form of the solid product and in
accordance with the present invention the conditions of separation andfor subsequent
processing are adjusted to produce the compound of formula (I} as the anhydrous
crystalline form VI or as a mixture of Form VI with one or more other anhydrous
crystalline forms or solvates andfor amorphous material. For example a hydrate form
of the compound of formula (1) can be converted to the anhydrous crystaliine form

using a suitable solvent under appropriate conditions.

Such suitable solvent which is preferably a water-soluble organic solvent, should be
sufficiently solubilising and be employed in an amount to allow partial solubilization
to effect the conversion and precipitation for example from one anhydrous crystalline
form to the desired anhydrous crystalline form of the compound of formula (1).

Advantageously the solvent is eventually removed by drying under vacuum.

The damp compound of formula {I} following the first isolation (as in step b above) is
preferably dried for example at about 30°C to about 70°C to provide substantially dry

compound of formula (}).
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The present invention also provides the compound of formula {I) Form VI for use in
medical therapy, e.g. in the treatment or prophylaxis of a viral disease in an animal,
e.g. a mammal such as a human. The compound is especially useful for the treatment
or prophylaxis, including suppression of recurrence of viral diseases, such as herpes
virus infections, for example, CMV infections, as well as disease caused by hepatitis B

and hepatitis C viruses.

In addition to its use in human medical fherapy, the compound of formula (I) Form Vi
may be administered to other animals for treatment or prophylaxis of viral diseases,

e.g. to other mammals.

The present invention also provides a method for the treatment or prophylaxis,
including suppression of recurrence, of a viral infection, particularly a herpes
infection, CMV infection, or disease caused by hepatitis B or hepatitis C viruses in an
animal, e.g. a mammal such as a human, which comprises administering to the animal

an effective antiviral amount of the compound of formuia (I) Form Vi.

The present invention also provides the use of the compound of formula (1) Form Vi in

the preparation of a medicament for the treatment or prophylaxis of a viral infection.

The compound of formula (I) Form VI may be administered by any route appropriate
to the condition to be treated, but generally the preferred route of administration is
oral. It will be appreciated however, that the preferred route may vary with for

example the condition of the recipient.

For each of the above-indicated utilities and indications the amounts required of the
active ingredient (as above defined) will depend upon a number of factors including
the severity of the condition to be treated and the identity of the recipient and will
ultimately be at the discretion of the attendant physician or veterinarian. In general

however, for each of these utilities and indications, a suitable effective dose will be in
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the range of 0.01 to 250 mg per kilogram body weight of réé%bient per day,
advantageously in the range of 0.1 to 100 mg per kilogram body weight per day,
preferably in the range of 0.5 to 30 mg per kilogram body weight per day, particularly
1.0 to 30 mg per kilogram body weight per day (unless otherwise indicated, all
weights of the active ingredient are calculated with respect to the free base of the
compound of formula (I)). The desired dose is preferably presented as one, two, three
or four or more subdoses administered at appropriate intervals throughout the day.
These sub~doses may be administered in unit dosage forms, for example, containing -
about 10 to 1200 mg, or 50 to 500 mg, preferably about 20 to 500 mg, and most
preferably 100 to 400 mg of active ingredient per unit dose form.

While it is possible for the active ingredient to be administered alone, it is preferable
to present it as a pharmaceutical formuiation. The formulation comprises the active
ingredient as above defined, together with one or more pharmaceutically acceptable
excipients therefor and optionally other therapeutic ingredients. The excipient(s) must .
be “acceptable” in the sense of being compatible with the other ingredients of the

formulation and not deleterious to the recipient thereof.

The formulations include those suitable for oral administration and may conveniently
be presented in unit dosage form prepared by any of the methods well known in the
art of pharmacy. Such methods include the step of bringing into association the
active ingredient with the carrier which constitutes one or more accessory ingredients.
In general, the formulations are prepared by uniformly and intimately bringing in to
association the active ingredient with liquid carriers or finely divided solid carriers or

both, and then, if necessary, shaping the product.

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, cachets, sachets of granules or tablets
{such as a swallowable, dispersible or chewable tablet) each containing a

predetermined amount of the active ingredient; as a powder or granules; as a solution
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or a suspension in an aqueous liquid or a non-aqueous liquid; or as an oil-in-water
liquid emulsion or a water-in-oil liquid emuilsion. The active ingredient may also be

presented as a bolus, electuary or paste.

A tablet may be made by compression or moulding optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-fiowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface
active or dispersing agent. Moulded tablets may be made by moulding in a suitable
machine a mixture of the powdered compound moistened with an inert liguid diluent.
The tablets may optionally be coated or scored any may be formulated so as to provide

slow or controlled release of the active ingredient therein.

In addition to the oral dosage forms described hereinabove, the anhydrous crystailine
form VI of the present invention may also be formulated for administration by topical,
parenteral, and other administration routes using the carriers and techniques
described in W096/01833. It will be appreciated by those skilled in the art that the
preparation of dosage forms as solutions of the anhydrous crystalline form Vi
substantially completely dissolved in a solvent, e.g., for parenteral administration, will
preclude the identification of the particular crystalline form utilized in the preparation
of the solution. Nevertheless, anhydrous crystalline form VI can conveniently be used

for the preparation of solutions by substantially completely solubilizing the crystalline

form or solvate in a suitable solvent.

Preferred unit dosage formulations are those containing a daily dose or unit daily sub-
dose (as herein above recited) or an appropriate fraction thereof, of the active

ingredient.

It should be understood that in addition to the ingredients particularly mentioned

above, the formulation of this invention may include other agents conventional in the
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art having regard to 'f?i"i%ﬁt'ype of formulation in question, for"exampie those suitable

for oral administration may include flavoring agents or taste masking agents.

The following examples are intended for illustration only and are not intended to limit

the scope of the invention in any way.

* Example 1

5,6,-Dichloro-2-(isopropylamino)-1-p-L-ribofuranosyi-1H-benzimidazole Form |

The compound of formula {I) (200 mg) was placed in a Thermal Activity Monitor
{TAM} and a few drops of water were added to make the powder wet. The vial was
sealed and placed in a TAM chamber at 50°C. The mixture was cooled to ambient
temperature and filtered. The damp residue was dried in vacuo at 60°C overnight to

give the compound of formula (f) Form 1.

The X-ray powder diffraction pattern of the product of Example 1 is shown in Figure
1.

Example 2 .
5,6,-Dichloro-2-(isopropylamino)-1-B-L-tibofuranosyl- t H-benzimidazole Form |

The compound of formula (I} (1.5 g) was suspended in water (30 ml) and heated to
85°C with stirring. After approximately 0.5h, stirring became difficult as a gum
formed. After further heating, the gum turned solid and was broken up with a
spatula. The mixture was heated at 65-70°C for Sh. The mixture was cooled to 20°C
and the solid collected by filtration and dried in vacuo at 40°C for 24h to give the

compound of formula (1) Form I.
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The X-ray powder diffraction pattern of the product of Example 2 is shown in Figure
1.

Example 3
5,6,-Dichloro-2-(isopropylamino}- 1-B-L-ribofuranosyl-1H-benzimidazole Form |

The compound of formula () (5 g) and water (1.5 ml) were stirred and heated in an oil
bath at 80°C. The powder turned to a gum and stirring ceased. Heating was
continued for 8h. The solid was loosened with a spatula and stirred occasionally.

After cooling to 20°C, the solid was collected and dried in vacuo at 40°C for 4h.

The X-ray powder diffraction pattern of the product of Example 3 is shown in Figure
1.

Example 4
5,6,-Dichloro-2-{isopropylamino)-1-8-L-ribofuranosyl-1H-benzimidazole Form |

The compound of formula (1) (2 g) in toluene (15 ml) was heated at refiux for 19h.
On heating the suspension turned to a gum that solidified on further heating. The
solid was collected by filtration and dried in vacuo at 40°C to yield the compound of

formula {1).

The X-ray powder diffraction pattern of the product of Example 4 is shown in Figure
1.
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Example 5
Preparation of 5,6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-

benzimidazole Form | from Form il

The compound of formula (1) Form 11 (2 g) in toluene {10 ml, 5 vol) was heated to
60°C, at which point the solid began to stick to the sides of the flask. On continued
heating to 95°C, an oil formed. Heating was continued to 105°C, then toluene (2.5

vot) was added and heating continued. ﬁeﬂux was continued for 3 h with rapid

stirrinig. The oil bath temperature was reduced to 80°C (internal temperature 73°C)

and heating continued for 3h again with rapid stirring. The mixture was heated to
reflux again for 16 h and then allowed to cool to room temperature. The loose solid

was collected by filtration washing with toluene (2 x 5 ml) and dried in vacuo at 20°C
and at 40°C in vacuo to yield a white solid. The residual solid was removed from the
flask, collected by filtration, and dried in vacuo at 20°C. The filtrate was concentrated

under reduced pressure to yield a solid.

The X-ray powder diffraction pattern of the product of Example 5 is shown in Figure
1.

Example 6
Preparation of 5,6,-Dichloro-2-{isopropylamino)-1-B-L-ribofuranosyt-1H-

benzimidazole Form | from Form i

The compound of formula (l) Form il (5 g) was stirred with water (1.5 ml) in an oil
bath at 80°C. When the temperature of the oil bath reached about 60°C, the mixture
became difficult to stir. Heating continued for 8 h with occasional stirring and then

cooled to room temperature. The material was dried in vacuo at 40°C for 4 h.

The X-ray powder diffraction pattern of the product of Example 6 is shown in Figure
1.
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Example 7
5,6,~-Dichloro-2-(isopropylamino)-1-B-L-tibofuranosyl-1H-benzimidazole Form |l

The compound of formula (I) (100 g) was added to stirred toluene/methanol (4:1, 440
ml) and heated to 65°C to give a clear solution. The solution was clarified through a
filter with a line wash (toluene/methanol [4:1, 110 ml, warm]). The solution was
heated back to 65°C and toluene (4.5 vol) was added slowly, maintaining internal
temperature above 65°C. When the addition was complete, the solution was cooled to
40°C over 1h and aged at 40°C. After 0.5h, the mixture was seeded with the
compound of formula (I} Form Il and then aged for a further 4.5h. The suspension
was cooled to 20°C over 1h and aged at 20°C for 12h and then cooled to 5°C over 1h
and aged for 3h. The solid was collected by filtration, washing with toluene (2 x 100

ml). The wet cake was transferred to a dryer and dried in vacuo at 20°C.

The X-ray powder diffraction pattern of the product of Example 7 is shown in Figure
2,

Example 8
5,6,-Dichloro-2-ﬁsopropylaminoL—1-B-L—ribofuranosll-l H-benzimidazole Form ||

The compound of formula (1) (1.0 wt) was dissolved in ethyl acetate (6.0 vol) and
subjected to a finishing filtration. The filtrates were concentrated to approximately 3
volumes. Assuming complete solvent exchange, the solution was reconstituted to 3.5
volumes with methanol. Water (0.5 vol) was added and the solution was cooled to 0 -
5 °C. The crystallization was seeded with a small amount of the pure compound of
formula (I} and the solution was stored at 0 - 5°C for 2h. The product was filtered
(no wash) and dried in vacuo for 24-48 h at ambient temperature. A second crop was
obtained by evaporation of the filtrate to half volume followed by cooling, seeding,

and crystallization in a similar manner as above.
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The X-ray powder diffraction pattern of the product of Example 8 is shown in Figure
2.

Example 9
5,6,-Dichloro-2-(isopropylamino)- 1-B-L-ribofuranosyl-1H-benzimidazole Form I

The compound of formula (1} (10g) was dissolved in methanol (20 ml) with heating to
50°C. Water {5 mi) was added and the mixture cooled to 5°C slowly and was stirred at
5°C for 1h. The solid was collected by filtration and dried in vacuo at 20°C for 15h
and at 40°C for 4h to yield the compound of formula (1).

The X-ray powder diffraction pattern of the product of Example 9 is shown in Figure
2,

Example 10
Preparation of mixtures of 5,6,-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-

benzimidazole forms

The compound of formula (I} may be dissolved in 2N hydrochloric acid (60 mf) and
stirred for 0.5 h and filtered. The filtrate was heated to 60°C and 2N sodium
hydroxide (55 ml) was added stowly, maintaining the internal temperature between
60-70°C during the addition. The mixture was stirred at 65-70°C for 2h and then
cooled to 20°C over 2h. The solid was collected by filtration, washing with water (2 x
30 mi) and dried in vacuo at 40°C for 16h to yield the compound of formula (1) (8.8g,
88%).

PCT/EP99/02213
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Example 11
5,6,-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl- 1H-benzimidazole ethanolate

The compound of formula (I} (1.0 wt) was suspended in ethanolfwater (10.0 vol) at
70°C for 2h. The ethanol/water (v/v) ratios were as follows: 10/90, 15/85, 20/80, 25/75
and 30/70. The resulting solid white free flowing powder was filtered and air-dried.
Ethanol solvate was obtained in similar manner from solutions of ethanol/toluene
(ratios 5/95, 10/90, 15/85, 20/80, 25/75, and 30/70).

Recrystailization of the compound of formula (I) from ethanol/water gave an ethanol

solvate containing 0.5 moles of ethanol per mole of the compound of formula {1).

The X-ray powder diffraction pattern of the product of Example 11 is shown in Figure
3.

Exampie 12

5,6,-Dichloro-2-(isopropylamino}-1-B-L-ribofuranosyl-1H-benzimidazole ethanolate

The compound of formula (I} (20g) was added to stirred toluene/ethanol (7:1, 200 ml)
and heated to reflux (81°C) to give a clear solution. The solution was cooled to 20°C

and crystallization occurred at approximately 50°C. The suspension was cooled to 0 -
5°C and aged for 2h. The solid was collected by filtration, and washed with toluene (2

x 20 ml). The wet cake was dried in vacua at 40°C.

Recrystallization of the compound of formula () from ethanol/toluene gave an

ethanoli solvate containing 0.5 moles of ethanol per mole of the compound of formula

(.

The X-ray powder diffraction pattern of the product of Example 12 is shown in Figure
3.
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Example 13
5,6,-Dichloro-2-{isopropylamino)-1-B-L-ribofuranosyl-1H-benzimidazole Form IV

Water (300 ml) was added to Form | (4 g) as prepared in Example 1 above and stirred
for 20 min. The mixture was then heated at 50°C for 6 days, and then cooled to room
temperature. The solid, grainy crystalline material was filtered and dried in vacuo at
60°C. '

The X-ray powder diffraction pattern of the product of Example 13 is shown in Figure
4,

Example 14
5,6,-Dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-benzimidazole Form V

The compound of formula (1) (2.0g) was added gradually to water {40 m!) at 70°C with
rapid stirring over 2 h. After heating at 65-70°C with stirring for an additional 7h,
the heating and stirring were discontinued. After sitting for 2.5 days at ambient
temperature, the mixture was filtered. the grainy white solid residue was allowed to

air dry overnight affording the compound of formula {I) Form V.

The X-ray powder diffraction pattern of the product of Example 14 is shown in Figure
5,

Example 15
5.6,-Dichioro-2-{isopropylamino)- 1-B-L-ribofuranosyl- 1H-benzimidazole Form VI

The compound of formula () ethanolate (200 mg) was weighed into small vials.
Hydrostats with NaCl saturated solutions and excess NaCl solid were inserted inside

the vials. The vials were then sealed very well and stored at 80°C. The samples were
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removed from the vial and heated to 170°C on a differential scanning calorimeter and
subsequently cooled to room temperature. The powder was collected from DSC pans

and analyzed by X-ray diffraction.

Characterization: The X-ray powder diffraction pattern of the product of Example 15

(Form V1) is shown in Figure 6. DSC thermogram for Form VI is illustrated in Figure 9.
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The TGA thermogram for Form VI is illustrated in Figure 7. The moisture sorption

isotherm for form Vl is shown in Figure 8.

Example 16

Conversion of 5,6-Dichloro-2-(isopropylamino}-1-(beta-L-ribofuranosyl)-1H-
benzimidazole Form |l to Form Vi

About 200 mg of Form || seeded with 5 mg of Form VI were suspended in 1 mL of
distilled water and stirred in a water bath at 45 °C. After 28 hours stirring, the solid
was examined with X-ray diffraction. The results from X-ray diffraction suggested

that Form [l had been converted to form Vi completely.

Characterization: as for Example 15.

Examgle_ 17

Conversion of 5,6-Dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl)~1H-
benzimidazole ethanol solvate to Form VI

About 200 mg of ethanolate seeded with 5 mg of Form VI were suspended in 1 mL of
distilled water and stirred in a water bath at 45 °C. After 28 hours stirring, the solid
was examined with X-ray diffraction. The results from X-ray diffraction suggested
that the compound of formula {I) ethanol solvate had been converted to Form Vi

completely.

Characterization: as for Example 15.
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Example 18

Conversion of 5,6-Dichloro-2-{isopropylamino)-1-{beta-L-ribofuranosyl)-1H-
benzimidazole ethanol solvate to Form VI

Ten grams of ethanolate seeded with 100 mg of form VI made from the above
conversion study were suspended in 50 mL of distilled water at 45 °C. After 5 hours,
all ethanolate converted to form Vi, as determined by X-ray diffraction examination.
The solid was collected by filtration, washing with water (3x5 mL) and dried in a

vacuum oven at 100°C for 3 hours,

Characterization: as for Example 15.

Example 19

Conversion of 5,6-d ichloro-2-(isopropylamino)-1-{beta-L-ribofu ranosyl)-1H-
benzimidazole ethanol solvate to Form Vi

The stability samples of ethanolate stored at 80°C/50% relative humidity (RH),
60°C/75% RH, 60°C/50% RH, and 40°C/75% RH under sealed conditions for 2 months

also partially or completely converted to Form VI.

Characterization: as for Example 15.

Example 20

Preparation of 5,6-dichloro-2-{isopropylamino)-1-(beta-L-ribofuranosyl)-1H-

berizimidazole F‘grm VI by seeding

A solution of 5,6-dichloro-2~(isopropylamino}-1-(beta-L-ribofuranosyl)-1H-
benzimidazole (10 g} in ethyl acetate (25 ml) and toluene (30 ml) was seeded with
5,6-dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl)- 1H-benzimidazole Form V!

(100 mg). The mixture was heated to 50°C for 3h forming a suspension. Further
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toluene (70ml) was added over 30 minutes. The suspension was cooled to 25°C and
aged at 25°C for 2h. The solid was collected by filtration, washing with ethyl
acetate/toluene (1:4, 20 ml). The solid was dried in vacuo at 40°C to yield 5,6-

dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl}- 1H-benzimidazole Form V.
Characterization: as for Example 15.
Example 21

Preparation of 5,6-dichloro-2-(isopropylamino)-1-(beta-L-ribofuranosyl)- 1H-
benzimidazole Form VI by Recrystallization from Ethyl Acetate/Toluene

Sodium hydroxide (2M, 1790ml) was added to a slurry of 5,6-dichloro-2-
(isopropylamino)-1-(2.3,5-tri-0-acetyl-beta-L-ribofuranosyl)- 1H-benzimidazole
(358g) in TMBE (1790mi) containing methanol (179ml). The mixture was stirred at 25-
30°C until the reaction was complete. The layers were separated and the agueous
layer further extracted with TBME (716ml) The combined organic solutions were
washed with 10% brine {2 x 1790ml). The organic solution was concentrated at
atmospheric pressure to about 2.5 vol (895ml). Ethyl acetate (2864ml) was added and
the solution was again concentrated to about 2.5 val. The solution was cooled to 40-
50°C, and the resulting solution was clarified, rinsing with an ethyl acetate (716ml)
line wash. The clarified solution was concentrated at atmospheric pressure to about

3.3 vol (1180ml).

The solution was heated to 60°C. Toluene {3000ml) was heated to 60°C and added
over 1h to the ethyl acetate solution. The resulting mixture was aged at 60°C
overnight before cooling to 0-5°C over 1h then aging at 0.5°C for about 2h. The
slurry was filtered, washed with ethyl acetate:toluene 1:4 (2 x 716ml) and dried in
vacuo at 40°C for 18h to vield 5,6-dichloro-2-(isopropylamino)-1-(beta-L-

ribofuranosyl)-1H-benzimidazole Form VI.
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Characterization: as for Example 15.

Example 22

Experimental Methods for Form VI Characterization

Differential Scanning Calorimetry and Thermogravimetric Analyzer

Differential scanning calorimetry (DSC) was performed on a TA instruments DSC 2920
Differential Scanning Calorimetor equipped with a DSC auto sampler. Samples of 1 to
3 mg were crimped in standard aluminum pans with holes and heated from 25 °C to
250 °C at a rate of 10 °C/minute under nitrogen purge. The percentage of total
weight loss of the drug substance was determined on a TA Instruments Hi-Res TGA

2950 thermogravimetric analyzer (TGA) with a nitrogen purge.

X-Ray Powder Diffraction

The X-ray powder diffraction patterns were determined on a Philips X'Pert MPD
diffractometer equipped with diffracted beam graphite monochromator using copper
Ko X-radiation and an automated divergent slit. The diffractometer was run in the
step scan mode at 0.04° per step and a 1 second count per step. A xenon proportional
counter with a graphite monochromator was used as the detector. Samples were back
filled into 2 16 mm diameter holder having a thickness of about 20 mm. The X-ray
Powder Diffraction Patterns of Forms |, fl, IV, V, VI, and the ethanolate are provided in
Figures 1, 2, 4, 5, 6, and 3, respectively. The following data, measured in 2 theta

angles, d-spacings, relative intensities, and Miller indices were obtained:

Table 1: X-ray Powder Diffraction of Form Vi of 1263W94

2009 A? | h3 k? E
8.53 10.36 14.5 0 0 4
10.47 8.45 25.6 1 0 2
12.80 6.91 16.8 0 0 6
14.16 6.25 164 1 1 2
13.51 6.55 214 1 1 0
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20 (o) 1 A 2 | h3 k 3 E
14.95 5.92 60.4 1 1 3
15.98 5.54 26.2 1 1 4
17.23 5.14 100.0 1 1 5
19.25 4.61 193 2 Q 1
21.41 4.15 26.5 2 1 0
21.83 4.07 60.4 2 1 2
22.35 3.97 38.3 2 1 3
23.07 3.85 48.7 2 1 4
27.49 3.24 30.9 2 1 8
30.11 297 18.5 ° 2 2 6

! Margin of error is approx. £0.05 degrees.

2 Margin of error is approx. £0.05 A,

3 The Miller indices, h, k, and | above are used to define uniquely a set of
parallel planes in the crystal.

Moisture Sorption

Moisture adsorption/desorption studies were conducted on a VTl vacuum

microbalance at 26 °C after drying the sample at 60°C under vacuum. Moisture

adsorption was monitored under vacuum from 0 to 95% relative humidity and

desorption was monitored from 95% down to 5% relative humidity. The criteria for

equilibrium at a given relative humidity was less than 3 pg of weight change in 18

minutes,

Single Crystal X-ray Diffraction

The crystal structure of a single crystal of Form Vi 5,6-dichloro-2-(isopropytamino)-1-

{B-L-ribofuranosyl)-1H-benzimidazole was determined using single crystal X-ray

diffraction. Single crystal X-ray diffraction data was determined on a Bruker AXS

SMART diffractometer equipped with a diffracted beam graphite monochromator

using molybdenum Ko X-radiation (lambda = 0.71071A) at 160K. The unit cell

parameters and space group were determined to be tetragonal crystal system,
P4(3)2(1)2, with a = b = 9.1542, c = 41.687 (a, b, c units in angstroms), and alpha =

beta = gamma = 90 degrees. The unit cell parameters at ambient conditions,a=b =
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9.2794, ¢ = 41.593 (a, b ¢ units in angstroms), and alpha = beta = gamma = 80.000

degrees, were calculated by indexing the experimental X-ray powder pattern.

Using the atomic coordinates of the single crystal data and unit cell parameters from
5 indéxing the experimental powder pattern, a theoretical X-ray powder diffraction
pattern was calculated. The X-ray diffraction pattern for a single crystal of Form VI of
1263W94 is provided in Figure 10. The 15 most intense peaks from 2 to 35 two theta
are presented below in terms of 2 theta angles , d-spacing, relative intensity, and

Miller indices.

10
Table 2: Calculated Powder X-ray Diffraction Pattern Based
Upon Single Crystal X-ray Diffraction of Form VI of 1263W94

2009’ A? i h? k3 |3
17.21 5.15 100.0 1 1 5
21.82 4.07 57.4 2 1 2
23.06 3.85 53.2 2 1 4
14.93 5.93 51.4 1 1 3
22.34 3.98 39.9 2 1 3
10.43 8.47 29.2 1 0 2
12.78 6.92 222 1 0 4
850 | 1040 213 0 0 4
15,96 5.65 19.2 1 1 4
3011, 297 17.8 2 2 6
32,61 274 17.7 3 0 7
19.23 4.61 17.6 2 0 1
21.39 4.15 17.1 2 1 0
17.71 5.00 15.5 1 0 7
13.48 6.56 15.5 1 1 0
' Margin of error is £0.05 degrees.

15 * Margin of error is +0.05 A.

* The Miller indices, h, k, and | above are used to define uniquely a set of
parallel pianes in the crystal.
The 2 theta values derived from single crystal data shown in the graph differ from the
20  observed éxperimental powder diffraction values reported above primarily due to
sample preparation errors, such as sample displacement error, minor errors in

diffractometer alignment, and variation in method of peak determination by
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computer.. The relative intensity of the peaks in the calculated pattern is affected not

only by the input single crystal data but also by the peak profile (shape and

broadening) used in the calculation of the simulated powder pattern.

Example 23: Tablet Formulation

The following formulations were prepared as follows using the compound of formula

(1) Form VL.

Formulation A

1263W94 Tablets (form Vi)
Direct Compression
Potency 100 mg
Core Ingredients _
1263W94 (active) 100.0°
Microcrystalline Cellulose, NF 93.5
Crospovidone, NF 40
Colloidal Silicon Dioxide, NF -
Magnesium Stearate, NF 25
Total (core} 200.0 mg
Coating Ingredients
Opadry White YS-1-18034 6.0
Purified Water USP' Qs
Total (core) 206.0 mg

Theoretical Batch Size (cores)

kg
tablets

'"Removed during processing

15.0
75000

2Equivalent to 100 mg of 1263W94 per tablet
* Equivalent to 400 mg of 1263W94 per tablet

400 mg

400.0°
374.0
16.0
0.4
10.0
800.4 mg

24.0
as
824.4 mg

33.0
41254
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Manufacturing Procedure for Direct Compression

All ingredients were screened, except the magnesium stearate, using 20 or 30 mesh.
All ingredients were blended, excluding the magnesium stearate, until uniform. The |
magnesium stearate was screened as above. The magnesium stearate was added to
the other ingredients and blended. The tablets were compressed using a rotary press.
A 10% coating suspension was prepared by mixing Opadry with water. Tablets were

coated to a weight gain of approximately 3%.

Formulation B

1263W94 Tablets (form Vi)
Wet Granulation
Potency 100 mg 400 mg
Core Ingredients
1263W94 (active) 102.0° ' 408.0°
Lactose, anhydrous, NF 60.0 240.0
Microcrystalline Cellulose, NF 20.0 80.0
Crospovidone, NF 15.0 60.0
Povidone, USP, K30 75 30.0
Magnesium Stearate, NF 0.6 24
Purified Water USP' as Qs
Total (core) 205.1 mg 816.0 mg
Coating Ingredients
Opadry White YS-1-18034 6.0 240
Purified Water USP' Qs as
Total (core) 211.1 mg 840.0 mg
Theoretical Batch Size (cores)
kg 0718
tablets 3500

' Removed during processing
*Equivalent to 100 mg of 1263W94 per tablet
Y Equivalent to 400 mg of 1263W94 per tablet
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Formulation B-1

1263W94 Tablets (form Vi)
Wet Granulation
Potency 400 mg
Core Ingredients
1263W94 (active) 400°
Microcrystalline Cellulose 298.0
Lactose, Hydrous : 60.0
Crospovidone, NF 240
Povidone, USP 120
Magnesium Stearate, NF 20
Purified Water USP' Qs
Total (core) 816.0 mg
Coating Ingredients
Opadry White YS-1-18034 24,0
Purified Water USP’ (813
Total (core) 820.0 mg

' Removed during processing
2 Equivalent to 400 mg of 1263W94 per tablet

Manufacturing Procedure for Wet Granulation

The grandle ingredients were screened using a 20 or 30 mesh. The granule ingredients
were dry blended in a high shear granulator until uniform and then granulated in a
high shear granulator using purified water. The granule was dried to a loss on drying
of less than 2%. The granule was screened as above. The remaining ingredients were
screened as above. The granule was blended with the remaining ingredients. The
tablets were compressed using a rotary press. A 10% coating suspension was prepared
by mixing Opadry with water. Tablets were coated to a weight gain of approximately
3%.
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Example 24: Capsule Formulation
The following formulation may be prepared as follows using the compound of formula

(1) Form VL.

1263W94 Capsules {form Vi)

Potency 100 mg
Capsule Fill Ingredients

1263W94 (active) : 101.0'
Lactose, Anhydrous NF 2320
Crospovidone, NF 17.0
Magnesium Stearate, NF 1.0
Total Fill Weight 351.0 mg
Capsule Shell

Gelatin, while opaque cap and 81.1
body

Total Weight 432.5mg

! Equivalent to 100 mg of 1263W94 per tablet.

Manufacturing Procedure for Capsules

The capsule fill ingredients are mixed using a mortar and pestle by geometric dilution.
The combined capsule fill ingredients are filled into the gelfatin capsules by hand.

Capsules are closed by hand.

Example 25: Oral Solution Formulation

The following formulation was prepared as follows using the compound of formuta (1)
Form VI.
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1263W94 Oral Solution {Prepared using Form Vi) .

Potency

Ingredients

1263W94

Citric Acid, Anhydrous
Hydrochloric Acid 1N
Propylene Glycol USP
Purified Water USP
Hydrachloric Acid 1N
Sorbitol Solution (60% w/v) -
Purified Water USP
Total Volume

30 mg/mi
per 100ml
309
03¢
6.9 ml
20.0 ml
20.0 mi
Qs .
50.0 ml
Qs
100.0 ml

Manufacturing Procedure for Oral Solution

Propylene glycol, water and hydrochloric acid (6.9 ml) were combined and mixed to

uniformity. Citric acid was added and the mixture was stirred until the citric acid

dissolved. The active was added and dissolved by mixing. If necessary, pH can be

adjusted to between 2.0 and 2.5 by adding 1N hydrochloric acid solution or 1N sodium

hydroxide solution. Thereafter the sorbitol solution was added and mixed to

uniformity. The final volume was adjusted to 100 ml by addition of purified water.

. Example 286: Oral Suspension Formulation

The following formulation may be prepared as follows using the compound of formula

(1) Form VL.

1263W94 Oral Suspension (Form Vi)

Potency

Ingredients

1263W94 (active)

Sucrose

Propylene Glycol

Sodium Chloride

Citric Acid

Sodium Citrate
Microcrystalline Cellulose and

30 mg/m|
per 100ml

304¢g
500¢
509
05¢g

oS

as
25¢g
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Sodium Catboxymethyl-
ceHulose
Sodium Carboxymethyl- 025¢
cellulose
Polysorbate 80 02g
Sodium Benzoate 0.1g
Methylparaben 01¢g
Flavorant 0.2 ml
Colorant 0.005 g
Purified Water USP as
Total Volume . 100.0 m!

Manufacturing Procedure for Oral Solution
Sucrose is dissolved in purified water to approximately 70% of total batch volume.
While mixing continuously, sodium chloride, citric acid, sodium citrate, and sodium
benzoate are added and dissovied. If necessary, the pH is adjusted to between 5.0 and
6.0, by adding sufficient citric acid or sodium citrate as necessary. Microcrystalline
cellulose and sodium carboxymethylcellulose (Avicel RC 591) are added while mixing
and mixing is continued until a uniform, smooth dispersion is formed. Polysorbate 80
is added while mixing. In a separate vessel, methylparaben is dissolved in propylene
glycol and sodium carboxy methyl cellulose (0.25 g) is dispersed, and this liquid is
added to the bulk dispersion while mixing. The active ingredient is gradually dispersed
in the bulk liquid while mixing continuously, to produce a uniform dispersion.
Flavorant and Colorant are added and the volume is adjusted to 100 ml by addition of
purified water. The suspension is then homogenized by passing through a pump anda

colloid mili.

The foregoing Examples are illustrative of the present invention and are not to be
construed as limiting thereof. The invention is defined by the foliowing claims

including equivalents thereof.
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CLAIMS

1. Form V1 5,6,~-dichioro-2-(isopropylamino)-1-B-L-ribofuranosyl-t1H-
benzimidazole characterized by an X-ray powder diffraction pajttern expressed in
terms of 2 theta angles and obtained with a diffractometer equipped with a diffracted
beam graphite monochromator using copper Ko X~radiation, said X-ray powder -

diffraction pattern comprising 2 theta angle at 8.53 +£0.05 degrees.

2; Form VI 5,6,-dichloro-2-(isopropylamino}-1 —B-L—ribofufa nosyl-1H-
benzimidazole having substantially the same X-ray powder diffraction pattern as
Figure 6, wherein said X-ray powder diffraction pattern is obtained with a
diffractometer equipped with a diffracted beam graphite monochromator using

copper Ka X-radiation.

3. A crystalline form of 5,6,-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-
1H-benzimidazole characterized by an X-ray powder diffraction pattern expressed in
terms of 2 theta angles and obtained with a diffractometer equipped with a diffracted
beam graphite monochromator using copper Ko X-radiation, wherein said X-ray
powder diffraction pattern comprises 2 theta angles at five or more positions selected
from the group consisting of 8.53 +£0.05, 10.47 +0.05, 13.51 +0.05, 14.95 +0.05, 15.98
+0.05, 17.23 10.05, 21.41 £0.05, 21.83 +0.05, 22.35 +0.05, 23.07 £0.05, and 27.49
+0.05 degrees.

4. A crystalline form of 5,6,~-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-
1H-benzimidazole characterized by an X-ray powder diffraction pattern expressed in
terms of 2 theta angles and relative peak intensities (I) and obtained with a
diffractometer equipped with a diffracted beam graphite monochromator using

copper Ko X-radiation:

—————— e
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312 theta angle (°) |
8.53 +0,05 14.5
10.47 0,05 256
12.80 +0.05 16.8
14.16 $0.05 16.4
13.51 £0.05 214
14.95 £0.05 60.4
15.98 $0.05 26.2
17.23 $0.05 100.0
19.25 10.05 193
21.41 20.05 26.5
21.83 $0.05 60.4
22.35 +0.05 38.3 This Sheet Has Been Replaced
23.07 0.05 48.7 TR T IN Bl T
s 05| mg (]
30.11 $0.05 185

A composition comprising Form VI 5,6,~dichloro-2-(isopropylamino)-1-B-L-

ribofuranosyl-1H-benzimidazole according to any of claims 1-4 and amorphous 5,6,~

dichloro-2-{isopropylamino)- 1-B-L-ribofuranosyl-1H-benzimidazole.

6. A pharmaceutical composition comprising a crystalline form of a compound
as claimed in any one of claims 1 to 4 and at least one pharmaceutically acceptable

carrier therefor,

7. 5,6,~-Dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl- 1H-benzimidazole as

claimed in any one of claims 1 - 4 for use in medical therapy.

8. Use of 5,6,-dichloro-2-(isopropylamino}-1-8-L-ribofuranosyl-1H-
benzimidazole as claimed in any one of claims 1 to 4 in the preparation of a

medicament for the treatment or prophylaxis of a viral infection.

- ——

A
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9. A method for the treatment or prophylaxis of a viral infection in a human
which comprises administering to the human, an effective antiviral amount of
crystalline 5,6,~dichioro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-benzimidazole as

claimed in any one of claims 1 to 4.

10. A process for the production of 5,6,-dichloro-2-(isopropylamino)-1-B-L-
ribofuranosyl-1H-benzimidazole as claimed in any one of claims 1 to 4 comprising
crystallization of 5,6,~dichioro-2-(isopropylamino)-1 -B-L-ribofuranosyl-1H-from

agueous solution.

11. A process for the production of 5,6-~dichloro-2-(isopropylamino)-1-p-L-
ribofuranosyl-1H-benzimidazole in anhydrous crystalline form VI, said process
comprising the steps of:

a) providing 5,6,~dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-1H-
benzimidazole in solution either in free base or salt form;

b) isolating 5,6,-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-
benzimidazole from the solution and optionally removing unbound solvent leaving the
5,6,~dichloro-2-{isopropylamino}-1-p-L-ribofuranosyl- 1H-benzimidazole in
substantially dry form;

c) treating 5,6,~dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-
benzimidazole with a solubilising solvent serving to convert an amount of said
optionally dried 5,8,-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-
benzimidazole into said 5,6,-dichloro-2-(isopropylamino)-1-B-L-ribofuranosyl-1H-
benzimidazole anhydrous crystalline form Vi; and

d) isolating said anhydrous crystalline form Vi.

—————
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12. A process for thé’:'%%duction of 5,6,-dichloro-z—(isop:'%%;ﬁyhmino)-1-B-L—
ribofuranosyl-1H-benzimidazole as claimed in any one of claims 1 to 4 comprising
crystallization of 5,6,-dichloro-2-(isopropylamino}-1-p-L-ribofuranosyt-1H-from a
solution of ethyl acetate and toluene.

13. A pharmaceutical composition according to claim 6 in the form of a powder.
14. A pharmaceutical composition according to claim 6 in the form of a tablet.

15. A pharmaceutical composition according to claim 6 in the form of a capsule.

16. A pharmaceutical composition according to claim 6 in the form of a

suspension.
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