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BACKGROUND OF THE I NVENTION 5 1. Field of the Invention o
The present invention provides the novel crystalline bisulfate salt of
the azapeptide HV pr LTRSAITPOFIIIV PROPEABEANIIBITO
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free base. The bisulfate salt 1s thus useful for pharmaceutical dosage
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dosage forgrs. 20 2. Background Art Publ i shed PCT pat ent
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inhibitors re ’orte@&ﬁmmgree of inhibitory activity
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15  which exhibits unexpectedly superior aqueous solubility/dissolution
behavior compared to other salts, and significantly improved oral
bioavailability in animals compared to the free base. The bisulfate salt is
thus useful for pharmaceutical dosage forms of the above-indicated
protease inhibitor, particularly oral dosage forms.
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2. Background Art

Published PCT patent application WO 97/40029 discloses a series of
25 azapeptide HIV protease inhibitors reported to have a high degree of
inhibitory activity against the HIV virus. One of the agents included
within the scope of WO 97/40029 is the compound having the structural
formula
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5 and the chemical name [3S-(3R*, 8'R*, 9'R*, 12R*)]-3,12-bis(1,1-
dimethylethyl)- 8-hydroxy-4,11-dioxo-9-(phenylmethyl)-6-[[4-(2-pyridinyl)-
phenylmethyl}-2,5,6,10,13-pentaazatetradecanedioic acid, dimethyl ester
and is under evaluation as a possible second genera’clon HIV protease
inhibitor.

10
WO 97/40029 discloses the free base form of azapeptide derivatives
such as compound I and also various pharmaceutically acceptable acid
addition salts. While several organic and inorganic acids are mentioned
as possible salt-forming agents, including sulfuric acid, there is no
15 mention of the particular bisulfate salt which is the subject of the present
application.

SUMMARY OF T NVENTION
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The present invention provides the bisulfate salt of compound I
above having the structural formula

25



20 ! . The present invention provides the bisulfate salt of conpound
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above is a weak organic base with an agepegus solubility of less than 1

[err]g/nm. at 24 3[err] C. The crystalline ﬁ,l"e_lo ~base formas a
suspension in water or oil has poor oral bigeswdilability in ani mal s,
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DETAILED DESCRIPTION OF THE INVENTION

Compound I as disclosed above is a weak organic base with an
aqueous solubility of less than 1 ug/mL at 24 + 3° C. The crystalline free
10  base form as a suspension in water or oil has poor oral bioavailability in
animals, probably because of its extremely low solubility in these vehicles.

For development of pharmaceutical formulations, particularly oral

dosage forms, the active ingredient must have sufficient oral

15  bioavailability. Since the free base form of compound I did not possess
such bioavailability, acid addition salts were explored by the present
inventors. A number of commonly used acid addition salts such as the
hydrochloride, benzenesulfonate, methanesulfonate, p-toluenesulfonate,
phosphate, nitrate, 1,2-ethanedisulfonate, isethionate and sulfate were

20 evaluated, in addition to the bisulfate salt of the present invention. All of
these salts in their crystalline form exhibited lower aqueous solubility (1-3
mg/mL or less at 24 + 3° C) than the bisulfate which had a solubility under
the same conditions of approximately 4-5 mg/mL.

25 Solid state transformation was observed when the other acid
addition salts mentioned above were suspended in water, probably due to
their dissociation to form the free base. In the majority of cases, this
transformation was accompanied by gel formation. Unlike the other salts
mentioned above, the extra proton of the bisulfate salt prevents the

30 conversion to the free base which, as mentioned above, is very insoluble
in water and has poor oral bioavailability. The unusual solubility
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pHerr] (1.9 0.2) of the suspension was greater than the pHerr] and
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sulfonate and hydrochloride salts described above. The solid

phase after at least 24 hours of equilibration was identified by elemental

analysis as a hydrated form of 2:1 salt of the free base form and sulfuric
20 acid (referred to as the sulfate salt). This behavior of the bisulfate salt is

unexpected based on pH-solubility theory.

When an excess amount of the sulfate salt, in turn, was equilibrated

in water a modification occured in the solid phase in equilibrium with

25 solution. The undissolved solid from this suspension was isolated, air-
dried, and characterized. Thermal and.elemental analysis of this
undissolved solid phase was similar to that of the free base although the
conversion of the sulfate salt to the free base was not as definitive as that
of the methane sulfonate and hydrochloride salts. From a pharmaceutical

30 point of view the propensity of salts to convert to the free base in an
aqueous environment is not desirable due to the low oral bioavailability
of the free base. Thus, the bisulfate salt due its unique solubility behavior
in water offered unexpected superiority. |

35 The solubility behavior of the bisulfate salt in water was also
unexpected considering the interaction of compound I free base and
sulfuric acid in water. For example, the free base exhibited a solubility of
less than 1 mg/mL in water at a pH of ~1.8 adjusted with sulfuric acid,
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di f f erenti alstate phvyisival stability when stored at 40°C/75% relative humidity (RH) for
20  as long as 9 months as shown in Ila below. Differential scanning
calorimetry revealed no significant changes in the thermal behavior of
the stressed sample of the bisulfate salt compared to that of the unstressed
sample (stored at 2-8°C in a closed container). The methane sulfonate,
hydrochloride, and the sulfate salts, on the other hand, showed significant
25 changes in their thermal behavior when stored at 40°C/75%RH for as
little as two weeks as shown in II b, ¢, and d. While differences in physical
stability of salt forms is not unusual, the propensity of a particular salt to
form solvates (or crystal modifications) and its ability to retain the solvent
of crystallization (the physical stability of crystal modifications) under
30 storage/stress conditions cannot be predicted apriori.

35




~calorimetry are undesirable. The bisulfate salt exhibited excellent solid-
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5 I Physical stability of the bisulfate salt. The solid line represents the
unstressed material. The dotted line represents the material stressed at
40°C/75% RH for 9 months.
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IIb. Physical Stability of the hydrochloride salt. The solid line represents

the unstressed material. The dotted line represents the material stressed at
40°C/75% RH for two weeks.
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Ilc. Physical stability of the methane sulfonate salt. The solid line
represents the unstressed material. The dotted line represents the material

5 stressed at 40°C/75% RH for two weeks



Ilc. Physical stability of the methane sulfonate salt. The solid line"
represen stressed material. The dotted |ine represgitSsdsBpsant eri al
5 st rei%égg‘i‘HQO[ err] C/ 75% RH f or 1towo weeks :
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Iid. Physical stability of the sulfate salt. The solid line represents the
5 unstressed material. The dotted line represents the material stressed at
40°C/75% RH for two weeks.

The bisulfate salt may be prepared by forming a solution of free base
10  of compound I with sulfuric acid in solvents such as acetonitrile,

isopropanol, ethanol, or acetone and then isolating the so-produced
bisulfate salt.

Because of its high bioavailability as well as its good crystallinity
15  and stability, the bisulfate salt is very useful in preparing oral dosage
forms of compound I. The examples which follow illustrate preparation
of representative oral formulations.

The bisulfate salt, and formulations thereof, are used as described in
20 WO 97/40029 for the treatment of diseases caused by viruses, especially
retroviruses such as the HIV virus.




I1d. Physical stability of the sulfate salt. The solid line represents the
5 ’unstresg,sc%g%?@ rial. The dotted line represents the mat eigraisestriessed
~4o[err % RH for two weeks.yy The bisulfate salt |
may be prepared by form ng a solution of free base 10 of conpound | with~
sul furic acid in solvent G PSP ECIFIE EMBODIME anol, ethanol,
or acetone and then isol - rsultate salt.
Because of its high bioavailability as well as its good crystallinity 15
and stability, the bisulfate salt is ng%mppﬁim in preparing oral dosage

forms of conpound |I. The exanples whic offow illustrate preparation

of representative oral fornulations. The bisulfate salt, and
formul atiogs thereof, are I £ Bidul€ste iSalPFro 6140029 for the
treatment of di seases caused by viruses, especially retroviruses such
as the HV virus. 11

DESCRI PTI ON OF SPEQid-h GOEMEDRhideNIétked round bottomed flask equipped with an
CHeLE Lo e o Sopb PRSI O e i Feoma nanol
overhhead sti r reempouhdii apdi 1§ mbrfd00 proob ethagol svare rdded) withgttirringe Tase
CorEn e oy sl dareicsda il da dropame o 1
over 90 secondeverA0isgconde Adteritheadditianpf srifurig arid, aeﬂ%ﬁ"e%‘?‘b%ﬁ@m‘é‘gl or ed

solution was obtained. The solution was polish filtered using #1

Whatman filter paper and washed with 5 mL of 200 proof ethanol. To

this solution was added 58 mL of heptane and 37.5 mg (0.25 wt %) of seed

15  crystals of the compound of formula II followed by 55 mL of additional

heptane. The resulting mixture was stirred for 6 hours at 300 rpm. The

resulting crystal slurry was filtered and washed with 50 mL

ethanol/heptane (1:1) solution and dried under vacuum at 60° C

overnight to afford 15.11 g of the desired crystalline bisulfate salt (88.4

20 mole % yield) having formula II above.

aracterizi ies of Bisulfate Salt
25  Anal. Caled. for C3gHsoNgO « 1.0 H2SO4 : C, 56.84; H, 6.78; N, 10.37; S, 3.99.
Found: C, 56.72; H, 6.65; N, 10.41; S, 3.83.
m.p. 195.0°
H,0 = 0.28% (KF)

30
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sol ution was obt ai ned. The solution was polish filtered using #1

What man f per and washed with 5 nL of 200 proof et W]

this sol u‘&b%?(s%g‘g added 58 nL of heplfzane and 37.5 nmg (0.2 %8;59:?828%(1 15
crystals of the conpound of fornula foll owed by 55 niL of additional

hept ane. The resulting m xture was s{irre or 6 hours at 300 rpm The
resulting crystal slurry was flltere'g“‘gﬁﬂf%vgshed with 50 nL

et hanol / heptane (1:1) solution and dried under vacuumat 60 C

overnight to afford 15. kio B&EERE Sail |4 dafosid SUl fate salt (88 4
20 nol e %yield) having

Characterizing Properties of Bisulfate Sal t 25 Anal. Calcd. for
g:[ Srgr IHsrr] N er Bivﬁizgd%(g[ﬁrﬁﬂl,sﬁh %%M) wgs aé@e&‘ﬂroﬁw@e fPa slis é&l&g E §
Herr]O = Oog §% frggjbasggompouxgéo? ?ormulajl (36' %) g., 422 mﬁl) in ace’coné3 (21%
12 mL) stirred mechanically in a 50°C oil-bdthamlictea? solution was obtained
RSt o SRR FoE SO B S it AL BT (7
conpound of basnf comnpound3ef formyladl. Aftdy)twomdnatespa gr2tipitate formed -
10  which became a paste. The mixture was stirred at 50°C for one hour, at
25°C for 30 minutes and at 0°C for 2 hours. The solid was filtered and the
first filtrate was used to transfer the remaining material in the flask to the
filtration funnel. The product was washed with acetone, then heptane,
and dried under vacuum overnight to give 31.48 g (corrected yield 92%) of
15  the bisulfate salt of formula II, m.p. 198-199°C dec.

Anal. Caled. C3gH5NgO7+1.0 H2S04.0.2 H20 : C, 56.59; H, 6.80; N, 10.42; S,
3.98; HyO, 0.45.
Found: C, 56.66; H, 6.78; N, 10.50; S, 4.20; Hy0, 0.45 (KF).

20
Example 3
Preparation of Bisulfate Salt From Isopropanol
25

Aqueous sulfuric acid (5.0 M, 0.20 mL, 1 mM) was added to a
suspension of the free base compound of formula I (0.704 g, 1.00 mM) in
isopropanol (4.0 mL) chilled in an ice-bath. The ice-bath was removed
and the mixture stirred at room temperature. The suspension had

30 dissolved after 15 minutes. The solution was seeded with crystals
prepared as in Examples 1 or 2 above and stirred for 5 hours. The solid
was filtered and the filtrate was used to transfer the solid from the flask to
the funnel. The product was washed with heptane and dried under
vacuum to give 0.752 g of crystalline bisulfate salt of formula II, yield 90%,

35 m.p.160-190°C, dec.
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A.  Capsules (50 and 200 mg free base equivalent)

Capsules are provided for oral administration in which the
20 capsule is a size #0, gray, opaque, hard gelatin capsule containing the
bisulfate salt of formula II formulated as a wet granulation with lactose,
crospovidone and magnesium stearate.

25 B.  Capsules (100 mg free base equivalent)

Capsules are provided for oral administration in which the
capsule is a size #0, gray, opaque, hard gelatin capsule containing the
bisulfate salt of formula II suspended in Gelucire 44/14. Gelucire 44/14 is a

30 saturated polyglycolized glyceride consisting of mono-, di- and
triglycerides and mono- and di-fatty acid esters of polyethylene glycol.
Capsules are prepared by melting Gelucire 44/14 at 45-70° C followed by
addition of the bisulfate salt with stirring. The molten mixture is filled
into hard gelatin capsules and allowed to cool and solidify.
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2. A pharmaceutical dosage form comprising the bisulfate salt of
Claim 1 and a pharmaceutically acceptable carrier.
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