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Field of the Invention
[0002] This invention relates to mnovel salt forms of 3-0-(3'3-

dimethylsuccinyl) betulinic acid, also known as "DSB". This invention also
relates to methods of treating HIV and related diseases using pharmaceutical
compositions comprising salt forms of DSB. The invention further relates to

dosage forms of pharmaceutical compositions comprising salts of DSB.
Related Art

[0003] Human Immunodeficiency Virus (HIV) is a member of the lentiviruses,
a subfamily of retroviruses. HIV infects and invades cells of the immune
system; it breaks down the body's immuﬁe system and renders the patient
susceptible to opportunistic infections and neoplasms. The immune defect
appears to be progressive and irreversible, with a high mortality rate that

approaches 100% over several years.



is trophic and cytopathic for T4 | ynphocytes, cells of
the i nmmune systemthat express the cell surface
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between the viral envel ope glycoprotein, gpl20, and
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inavir Inavir, |lopinavir, anmprenavir an
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monocytes, tissue macrophages, Langerhans cells of the skin and dendritic
reticulum cells within lymph nodes. HIV is also neurotropic, capable of
infecting monocytes and macrophages in the central nervous system causing
severe neurologic damage. Macrophage/monocytes are a major reservoir of
HIV. They can interact and fuse with CD4-bearing T cells, causing T cell
depletion and thus contributing to the pathogenesis of AIDS.

[0006] Considerable progress has been made in the development of drugs for
HIV-1 therapy. Therapeutic agents for HIV can include, but not are not
limited to, at least one of AZT, 3TC, ddC, d4T, ddI, tenofovir, abacavir,
nevirapine, delavirdine, efavirenz, saquinavir, ritonavir, indinavir, nelfinavir,

lopinavir, amprenavir and atazanavir, or any other antiretroviral drugs or



of CD4 or anti-CD4, or as additionally presented

herein. Conbinations of these drugs are particularly
wetdosorisse and can reduce | evels of viral RNA POI/US2005/008935

undet ectable I evels in the plasnma and sl ow t he

devel opment of viral resistance, wth resulting

i nprovenents in patient health and life span. [0007]
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Prod. 57:243-247 (1994)). Esterification
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[0009%005/ O% tu%mcpe%% Ua% 01912{3919:8233 ha_vg been isolated from Syzigium

claviflorum and were determined to have anti-HIV activity. Betulinic acid and
platanic acid exhibited inhibitory activity against HIV-1 replication in H9
lymphocyte cells with ECsy values of 1.4 uM and 6.5 pM, respectively, and
therapeutic index (T.1.) values of 9.3 and 14, respectively. Hydrogenation of
betulinic acid yielded dihydrobetulinic acid, which showed slightly more
potent anti- HIV activity with an ECsy value of 0.9 and a T.I. value of 14
(Fujioka, T., et al, J. Nat. Prod. 57:243-247 (1994)). Esterification of
betulinic acid with certain substituted acyl groups, such as 3'3'-
dimethylglutaryl and 3',3'-dimethylsuccinyl groups produced derivatives
having enhanced activity (Kashiwada, Y., et al., J. Med. Chem. 39:1016-1017
(1996)). Acylated betulinic acid and dihydrobetulinic acid derivatives that are
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[0012] Chan, in British patent 1,425,601, discloses that carboxylated

derivatives of dihydrobetulinic acid can be included in pharmaceutical
compositions, but there is no hint as to what use these compounds have.

[0013] Japanese Patent Application No. JP 01 143,832 discloses that betulin
and 3,28-diesters thereof are useful in the anti-cancer field.

[0014] U.S. Patent No. 6,172,110 B1, hereby incorporated herein by reference
in its entirety, discloses betulin and dihydrobetulin derivatives which have the

following formulae or pharmaceutically acceptable salts thereof,



Betulin and D hydrobetulin Derivatives yR3 HOR2 Rl

O~ wherein R is a C2-C20 substituted or unsubstituted
w@arbosscyl , R2 is a C2-C20 substituted or PCT/US2005/008935

unsubstituted carboxyacyl; and R3 is hydrogen,

hal ogen, am no, optionally substituted nono- or

di -al kyl am no, or --OR4, where R4 is hydrogen, Cl 4

al kanoyl, benzoyl, or C2-CG208-substituted or

unsubstituted carboxyacyl; wherein the dashed line

represents an optional double bond between C20 and
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Chem Lett. 11:3115- 31I8 (2001); Kashiwada Y. et  al.

J. Nat. Prod. 61:1090- 1095 (1998); Kashiwada Y. et
al., J. Nat. Prod. 63:1619-1622 (2000); and Kashi wada
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carboxyacyl Whereln the dashed line represents an optional double bond

between Cyg and Cao.

[0015] Derivatives in U.S. Pat. No. 6,172,110 B1 are formed by introducing a
C, to Cyp substituted or unsubstituted acyl group at the C3-hydroxy or C28-
hydroxy group of betulin and dihydrobetulin to produce the corresponding 3-
O-acyl and/or 28-O-acyl derivatives. These compounds were described as
useful for treating a subject infected with a retroviral infection, particularly
HIV, by administering at least one of the aforementioned betulin derivatives
optionally in combination with one or more known anti-AIDS therapeutic or
immunostimulant.

[0016] U.S. Patent Application No. 60/413,451 discloses 3,3-dimethylsuccinyl
betulin and is herein incorporated by reference. Zhu, Y-M. et al, Bioorg.
Chem Lett. 11:3115-3118 (2001); Kashiwada Y. et al., J. Nat. Prod. 61:1090-
1095 (1998); Kashiwada Y. et al, J. Nat. Prod. 63:1619-1622 (2000); and
Kashiwada Y. et al, Chem. Pharm. Bull. 48:1387-1390 (2000) disclose

dimethylsuccinyl betulinic acid and dimethylsuccinyl oleanolic acid.
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Brief Summary of the Invention

[0020] The present invention relates to particular salt forms of 3-0-(3',3'-
dimethylsuccinyl) betulinic acid ("DSB"), their preparation, pharmaceutical
compositions thereof, and methods of use thereof. Particularly, this invention
relates to amine salts, such as the N-methyl-D-glucamine (NmG) salt form of
DSB. This invention also relates to pharmaceutical compositions and dosage
forms comprising these salt forms of DSB. These compositions and dosage
forms can be used in methods of treating HIV and related diseases. Methods
of making the salts of DSB and the pharmaceutical compositions are also

provided.



(3',3" -dinethyl succinyl) betulinic acid, hereinafter
'"DSB'. DSB has the following formula: CH2 H H COOH
wW@2H5/0M3BC O [ 00221 A second aspect of the preBEnUS2005/008935

invention is drawn to an NnG salt of DSB. In one
enbodi nent the glucam ne salt of DSB is the

-(Nnethyl-D- glucam ne) salt of DSB (di-NnG salt).
The di-(NinG salt of DSB <an have two NnG nol ecul es
bi nd per DSB nol ecul e, has a nol ecul ar fornul a of
C50H90N2016, a nol ecul ar wei ght of 975.28 and has the
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[0022] A second aspect of the present invention is drawn to an NmG salt of

DSB. In one embodiment the glucamine salt of DSB is the di-(N-methyl-D-
glucamine) salt of DSB (di-NmG salt). The di-(NmG) salt of DSB can have
two NmG molecules bind per DSB molecule, has a molecular formula of

CsoHgoN,016, a molecular weight of 975.28 and has the following formula:
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glucam ne) salt of DSB, and a pharmaceutical carrier
or diluent. [0024] A fourth aspect of the present
WO poosf9i3em i s drawn to a nmethod of prepari ng PCT/NRIB05/008935
salt of DSB. In one enbodi nent of the invention, the
nmet hod of preparing the salt conprises m xing NnG and
DSB i n an aqueous solution to provide
3-0- (3", 3 -di met hyl succi nyl®-betul i nic acid,
N-net hyl -D- glucam ne salt. The m xing can occur in
the presence of a cyclodextrin, such as
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ammonium salt of DSB can be used in the present invention. These salts can
be prepared in situ during the final isolation and purification of the compounds
or by separately reacting the purified compound in its free acid form with a
suitable organic base and isolating the salt thus formed. These include
nontoxic ammonium, quaternary ammonium and amine cations including, but
not limited to ammonium, tetra-methylammonium, tetracthylammonium,
methylamine, dimethylamine, trimethylamine, ethylamine, N-methyl-
glucamine and the like.

[0028] Of particular interest is the NmG salt form of DSB, namely 3-O-(3',3"-
dimethylsuccinyl)betulinic acid, N-methyl-D-glucamine salt and the alkali
metal salt forms. These salt forms have been prepared by combining DSB

with NmG or with an alkali metal hydroxide to provide mono- and di-salts of



DSB. The salt forns of the present invention possess

enhanced bioavailability. [0029] The salts of the
wWEe@somi3so nventi on have anti-retroviral activiPgT/Us1005008935

provi di ng suitabl e conpounds and conpositions for

treating retroviral infections, optionally wth

addi tional pharmaceutically active ingredients, such

as anti-retroviral, anti-H9 and/or

I mmuno-stimul ati ng conpounds or antiviral antibodies

or fragnents thereof. [0030] By the term
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Howevel, because the salts of DSB of the pr esent
i nvent (9n avmdmaﬂamﬂveﬂy;less or substantlally

non-t oxj.c to rrml their. uti
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bl po pl currently tested for
ant i boéﬁs)es Fgalﬂnﬁﬂﬁéwﬁwiw%e test is

® activity of virus-coded enzymes (such as reverse transcriptase,

integrase and proteases); and/or

) any known retroviral or HIV pathogenic actions, such as, for
example, immunosuppression. Thus, any activity which tends to inhibit any of
these mechanisms is "anti-retroviral activity" or "anti-HIV activity."

[0031] A salt of DSB of the present invention can be used for treatment of
retroviral (e.g., HIV) infection either alone, or in combination with other
modes of therapy known in the art. However, because the salts of DSB of the
present invention are relatively less or substantially non-toxic to normal cells,
their utility is not limited to the treatment of established retroviral infections.
For example, a salt of DSB according to the present invention can be used in
treating blood products, such as those maintained in blood banks. The nation's
blood supply is currently tested for antibodies to HIV. However, the test is

still imperfect and samples which yield negative tests can still contain HIV



still inperfect and sanples which yield negative tests
can still contain H'V WO 2005/ 090380 PCT/ US2005/ 008935
WO 1@5991386. Treating the bl ood and bl ood pr odurCEHUSBZD$008935
the salts of DSB of the present invention can add an
extra margin of safety by killing any retrovirus that
may have gone undetected. [0032] A salt of DSB
according to the present km@ention can be used in the
treatment of HIV in patients who are not adequately
treated by other H V-1 therapies. Accordingly, the
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t hat S
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fanciclovir, acyclovir, cytofovir, ganciclovir,

dwith ma Al Uthbisis ecsidany émpus o mererdsugs ysed delfreah IV infections,
phosphonof ormate, f USJ dj c_aci.
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DB oFSHBRE,  Bin fli HRHe d fedthifom drig: ifidid, NatddhOhe,
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ansanyci h, trinetrexate, suram n, UA001, and
C efabirered, Isaqmnahe,r aofnav{rpﬁlﬁﬁl]lavhm indiiaviromelfmagial tensfovir,
De?n%p%];la\tllp,eagerfg\%? n%talzar}l\églqt Ifc?sgm%?er}la%% %fciﬁlvn% ae hydroxyurea,
AL-721, ampligen, butylated  hydroxytoluene;  polymannoacetate,
castanospermine; contracan; creme pharmatex, CS-87, penciclovir,
famciclovir, acyclovir, cytofovir, ganciclovir, dextran sulfate, D-penicillamine
trisodium phosphonoformate, fusidic acid, HPA-23, eflornithine, nonoxynol,
pentamidine isethionate, peptide T, phenytoin, isoniazid,. ribavirin, rifabutin,
ansamycin, trimetrexate, SK-818, suramin, UA001, and combinations thereof.
[0033] In addition, a salt of DSB of the present invention can be used as a
prophylactic to prevent transmission of HIV infection between individuals.
For example, a salt of DSB can be administered orally or by injection to an

HIV infected pregnant woman and/or fetus during pregnancy or immediately

prior to, at, or subsequent to birth, to reduce the probability that the newborn



prophylactic to prevent transm ssion of H V infection
bet ween individuals. For exanple, a salt of DSB can
wheooami3se stered orally or by injection to an PEK/US2005/008935

i nfected pregnant wonan and/or fetus during pregnancy

or imediately prior to, at, or subsequent to birth,

to reduce the probability that the newborn WO

2005/ 090380 PCT/ US2005/ 008935 -11 infant becones
infected. Also, a salt of DSB can be admi ni stered
vaginally immediately prior to childbirth to prevent
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Bpics¢rslinWiptios c8ycirhirjse at least one other anti-viral agents such as, but
not limited to, AZT (zidovudine, RETROVIR®, GlaxoSmithKline), 3TC
(lamivudine, EPIVIR®, GlaxoSmithKline), AZT+3TC, (COMBIVIR®,
GlaxoSmithKline), AZT+3TC+abacavir (TRIZIVIR®, GlaxoSmithKline), ddI
(didanosine, VIDEX®, Bristol-Myers Squibb), ddC (zalcitabine, HIVID®,
Hoffmann-La Roche), DAT (stavudine, ZERIT®, Bristol-Myers Squibb),
tenofovir (VIREAD®, Gilead), abacavir (ZIAGEN®, GlaxoSmithKline),
nevirapine (VIRAMUNE®, Bochringer Ingelheim), delavirdine (Pfizer),
efavirenz (SUSTIVA®, DuPont Pharmaceuticals), saquinavir (INVIRASE®,
FORTOVASE®, Hoffmann-LaRoche), ritonavir (NORVIR®, Abbott
Laboratories), indinavir (CRIXIVAN®, Merck and Company), nelfinavir

(VIRACEPT®,  Pfizer), lopinavir, amprenavir = (AGENERASE®,




tenofovir (VMIREAD(r), G lead), abacavir (ZI AGEN(r),
d axoSm thKline), nevirapine (VIRAMUNE(r), Boehringer
wo p@slobssor) , del avirdine (Pfizer), efavirenz PCT/US2005/008935
(SUSTI VA(r), DuPont Pharmaceutical s), saquinavir
(I NVIRASE(r), FORTOVASE(r), Hoffmann-LaRoche),
ritonavir (NORVIR(r), Abbott Laboratories), indinavir
(CRIXIVAN(r), Merck and Cengany), nelfinavir
(VI RACEPT(r), Pfizer), |opinavir, anprenavir
( AGENERASE(r), WO 2005/090380 PCT/ U82005/ 008935 -12
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Aventis); nonoxynol; pentamidine isethionate (PENTAM-300); Peptide T
(octapeptide sequence, Peninsula Laboratories); Phenytoin (Pfizer); INH or
isoniazid; ribavirin (VIRAZOLE®, Valeant Pharmaceuticals); rifabutin,
ansamycin (MYCOBUTIN® Pfizer); CD4-IgGG2 (Progenics Pharmaceuticals)
or other CD4-containing or CD4-based molecules; Trimetrexate
(Medimmune); suramin and analogues thereof (Bayer); and WELLFERON®

(c-interferon, GlaxoSmithKline).



Aventi s); nonoxynol; pentam dine isethionate
(PENTAM 300); Peptide T (octapeptide sequence,
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[0038] Pharmaceutical compositions of the present invention can also further
comprise anti-cancer therapeutic agents. Suitable anti-cancer therapeutic
agents for optional use include an anti-cancer composition effective to inhibit
neoplasia comprising a compound, or a pharmaceutically acceptable salt or
prodrug of said anti-cancer agent, which can be used for combination therapy
include, but are not limited to, alkylating agents, such as busulfan, cis-platin,
mitomycin C, and carboplatin antimitotic agents, such as colchicine,
vinblastine, taxols, such as paclitaxel (TAXOL®, Bristol-Meyers Squibb)
docetaxel (TAXOTERE®, Aventis), topo I inhibitors, such as camptothecin,
irinotecan and topotecan (HYCAMTIN®, GlaxoSmithKline), topo II

inhibitors, such as doxorubicin, daunorubicin and etoposides such as VP16;



agents for optional use include an anti-cancer
conposition effective to inhibit neoplasia conprising
wa2esopsend, or a pharnaceutical ly accept abl e Bel/USm05/008935

prodrug of said anti-cancer agent, which can be used
for conbination therapy include, but are not limted
to, alkylating agents, such as busul fan, cis-platin,
mtomycin C, and carbopl atild-antimtotic agents, such
as col chicine, vinblastine, taxols, such as
paclitaxel (TAXOL(r), Bristol-Myers Squi bb)
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(HERGERT) Niiognazoane APIEERGN, asldrubiciyxbleamyeiRy TUoXRFInE,
ent.ech d . Bi ogen-l.dec).,. nel phal an, 0 il
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eRIniBRALSIne theagdfar ubi ci n, bl eonycin, m toxantrone,
elliptinium fludarabine, octreotide, retinoic acid,
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[0039] The invention further provigdes t ho for .
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t ORhARAWd Gath aRdcabpbunkdynerRthet ReaRal tthe Sphat@kiceutaliyn
conbi nation with the conpounds of the invention and

pirzeptalcleusalis athiexeof. ac Exanplies eofs anti-baatérial eberapentigapinelyde

of anti-bacterial .therapeutics inclu co nds .such
SCOrBRANER Rifthes DepipRIErT A G ARG, SEPRN LG AN H
e@b&ﬁéihinf); naf0BER Gxhbilith, BRKGéIH, N dicRs@sillid,| Tucloxacillin,
cloxacillTin, dicloxacillin, flucloxacillin, )

cearbaméitlin, | icephaephal espharadiephasfadexik, woéicdetoxickfoxitin,

cefaclor, cefoxitin, . cefotaxi pe, cefti zoxi ..
ceHPIRERR %5}20_&3%rﬁeéi;esﬁlf&mwgﬁ%%nfm’ﬁ#aﬁ@ﬁ% fpenem,
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neonyci n,” gentanycin, streptonycin, netronidazole,
cétteptanydignimeitonidazoled achleiamphéninao nglgidamycin, lincomycin,

quinolones, rifampin, sulfonamides, bacitracin, polymyxin B, vancomycin,
doxycycline, methacycline, minocycline, tetracycline, amphotericin B,
cycloserine, ciprofloxacin, norfloxacin, isoniazid, ethambutol, and nalidixic
acid, as well as derivatives and altered forms of each of these compounds.

[0040] Examples of anti-parasitic therapeutics include bithionol,
diethylcarbamazine citrate, mebendazole, metrifonate, niclosamine, niridazole,
oxamniquine and other quinine derivatives, piperazine citrate, praziquantel,
pyrantel pamoate and thiabendazole, as well as derivatives and altered forms
of each of these compounds.

[0041] Examples of anti-fungal therapeutics include amphotericin B,
clotrimazole, econazole nitrate, flucytosine, griseofulvin, ketoconazole and

miconazole, as well as derivatives and altered forms of each of these



qui nol ones, rifanpin, sulfonam des, bacitracin,
pol ynyxin B, vanconycin, doxycycline, nethacycline,
WOorRowso9380 ne, tetracycline, anphotericin B, PCT/US2005/008935

cycl oserine, ciprofloxacin, norfloxacin, isoniazid,

et hanbutol, and nalidixic acid, as well as

derivatives and altered forns of each of these

conpounds. [0040] Exanpl es16f anti-parasitic

t herapeutics include bithionol, diethylcarbamzine

citrate, nebendazole, netrifonate, niclosam ne,
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deri‘vatives, piperazine citrate, praziquantel,

pyapalcaidipBroat e and t hi abendazol e, as well as

derivatives and altered for of each of .these .
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present invention comprising at least one salt of DSB according to the present
invention in a pharmaceutically acceptable form are optionally combined with
a pharmaceutically acceptable carrier. These compositions can be
administered by any means that achieve their intended purposes. Amounts and
regimens for the administration of the salts of DSB according to the present
invention can be determined readily by those with ordinary skill in the clinical
art of treating a retroviral pathology.

[0047] For example, administration can be by parenteral, such as
subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, or
buccal routes. Alternatively, or concurrently, administration can be by the oral
route. The dosage administered depends upon the age, health and weight of
the recipient, type of previous or concurrent treatment, if any, frequency of

treatment, and the nature of the effect desired.
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trough concentration of DSB in the patient's plasma of about 4 uM (2.34
ng/mL) to about 1000 uM, about 40 pM to about 1000 uM, or about 400 uM
to about 1000 pM. In some embodiments, the dosage amount is one which
provides a trough concentration of DSB in the patient's plasma of about 4 uM
(2.34 pg/mL) to about 200 pM, about 10 pM to about 200 pM, or about 40
uM to about 200 uM. In some embodiments, the dosage amount is one which
provides a trough concentration of DSB in the patient's plasma of at least
about 4 pM (2.34 pg/ml) or greater, at least about 10 uM or greater, at least
about 40 uM or greater, at least about 100 pM or greater, or at least 200 pM or

greater. In some embodiments, the dosage amount is one which provides a

trough concentration of DSB in the patient's plasma of about 400 uM. The
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[005170: 258 h@BpeRR0 adMinis@htiGPOcdi Ao t BRIAET ip¥idr, concurrent,
I ngredi ent "of one or nore salts of the présent

subsequent or adjunctive administration of at least one additional salt of DSB

according to the present invention or other therapeutic agent, such as an anti-
viral or immune stimulating agent. In such an approach, the dosage of the
second drug can be the same as or different from the dosage of the first
therapeutic agent. In one embodiment cJ>f the present invention, the drugs are
administered on alternate days in the recommended amounts of each drug.
[0052] Administration of a compound of the present invention can also
optionally include previous, concurrent, subsequent or adjunctive therapy
using immune system boosters or immunomodulators. In addition to the
pharmacologically active compounds, a pharmaceutical composition of the
present invention can also contain suitable pharmaceutically acceptable
carriers comprising excipients and auxiliaries which facilitate processing of

the active compounds into preparations which can be used pharmaceutically.
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anot her enbodi nent, the preparation can include from
abolltas2findess FEch gpestorehtpasé, wirg, Ver exampde magisy starch, wheat

together with th XCi pi ent . .
st%rcth, rice starch, Ie)oteatoc s%lirceh,t gelatin, tragacanth, methyl cellulose,

hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and/or
polyvinyl pyrrolidone. If desired, disintegrating agents can be added such as
the above-mentioned starches and also carboxymethyl starch, cross-linked
polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, such as sodium
alginate. Auxiliaries are, above all, flow-regulating agents and Iubricants, for
example, silica, talc, stearic acid or salts thereof, such as magnesium stearate
or calcium stearate, and/or polyethylene glycol. Dragee cores are provided
with suitable coatings which, if desired, are resistant to gastric juices. For this
purpose, concentrated saccharide solutions can be used, which can optionally
contain gum arabic, talc, polﬁinyl pyrrolidone, polyethylene glycol and/or

titanium dioxide, lacquer solutions and suitable organic solvents or solvent
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gum arabi c, talc, polyvinyl pyrrolidone, polyethylene
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[0057] Suitable formulations for parenteral administration include aqueous
solutions of the active compounds in water-soluble form, for example, water-
soluble salts. In addition, suspensions of the active compounds as appropriate
oily injection suspensions can be administered. Suitable lipophilic solvents or
vehicles include fatty oils, such as sesame oil, or synthetic fatty acid esters,
such as ethyl oleate or triglycerides. Aqueous injection suspensions that can
contain substances which increase the viscosity of the suspension include, for
example, sodium carboxymethyl cellulose, sorbitol, and/or dextran.

Optionally, the suspension can also contain stabilizers.
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simultaneously to achieve systemic administration of the active ingredient.

[0061] Suitable formulations for oral administration include oral dosage forms
such as, but not limited to, hard or soft gelatin capsules, dragees, pills, tablets,
including coated tables, elixirs, suspensions, syrups or inhalations and
controlled release forms thereof.

[0062] Solid dosage forms in addition to those formulated for oral
administration include rectal suppositories.

[0063] The salts of DSB of the present invention can also be administered in
the form of an implant when compounded with a biodegradable slow-release

carrier. Alternatively, the salts of DSB of the present invention can be
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[0066] Topical prophylactic formulations include those suitable for vaginal,
rectal or topical administration. The formulations can, where appropriate, be
conveniently presented in discrete dosage units, and can be prepared by any of
the methods known in the art of pharmacy. All such methods include the step
of bringing the active agent into association with liquid carriers, gels or finely
divided solid carriers or both and then, if necessary, shaping the product into
the desired formulation.

[0067] Prophylactic formulations suitable for vaginal administration can be
presented as pessaries, tampons, creams, gels, pastes, jelly, foams, or sprays, or

aqueous or oily suspensions, solutions or emulsions (liquid formulations)
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such net hods include the step of
h%rmgofngopm Goran dtede witheant aqueons as mmaawoaﬁ bape hommmngj

carriers, gels or finel i ded so carr
Hoenon e Hampers fudus L PERE R, e e fiees
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ns suitable for vaginal adm ni stration can
[0070]be Prophylactic formulations according to the invention can be adapted to

give sustained delivery. Also, the prophylactic formulations can include other
active agents, such as spermicidal agents, antimicrobial agents, and anti-viral
agents.

[0071] The triterpene derivatives of the present invention can also be
administered in the form of an implant when compounded with a
biodegradable slow-release carrier. Alternatively, the triterpene derivatives of
the present invention can be formulated as a transdermal patch for continuous
release of the active ingredient.

[0072] Salts of the present invention are made by mixing a basic or cation-
forming compound, such as NmG, and DSB in an aqueous solution. The

mixing can occur in the presence of a cyclodextrin, such as hydroxypropyl-B-



presented as pessaries, tanmpons, creans, gels, pastes,
jelly, foans, or sprays, or agueous or oily

W@ eapemssons, sol utions or enulsions (liquid PCT/US2005/008935

formul ati ons) WD 2005/ 090380 PCT/ US2005/ 008935 -22
containing suitable carriers known in the art in
addition to the active agent. Liquid fornulations can
contai n conventional additR¥es, such as, suspendi ng
agents, emul sifying agents, non-aqueous vehicles
including edible oils, or preservatives. These
f 10 O-.AneVvaRt: :
PRk Thet e L DA Rl Py dReiBlesty mettod
prs&iegd it ruwgkent Mo, 5/679,828.canal . I n one exanple, the
vagi nal adm nistration can take place prior to. sexua
[0073]; nt er dbawegnowrzenerstly idascaibyd Hhe igventiong He e ¥iil be more

Q0 I ' i lati
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a solid carrier are represented as unit dose

supposi tories. Suitabl e Examplel's i ncl ude cocoa butter
and other materials commonly used in the art.

Supposi tories can_be fornmed, for exagple, . xj on
Jhrepispiéonel dd NometbEDuRTEHY BI Oﬁéf@& S gy lgeciny
W?kﬁﬁgc %%riers followed by chilling and shaping in
e

69] Prophylactic formulations according to
[0074]t he | ny.e9t400p NanetaylsD-gheainmet Was dissolvedfind¥5pmL methyl
formul ated wi th an_aqueous_or non- eous base .
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can be adapted to give sustai ned delivery. Al so, the

pdisssfivel the oilc Siow additien 6A20Qmk digthylfiker do Hisrswigpgngigture
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defrirded 5%889PE chittlieestids. DIiasLF ¢e olids frs2 luers under
adm ni stered n the formof an I nplant when conpounded
wiadnum affordafledp afapivetesicbw r el ease carri er
Alternatively, the triterpene derivatives of the

present invention can beEiéﬁﬁybated as a transder nal
pat ch for continuous

Preparation of di-sodium salt of 3-O-(3',3'-dimethylsuccinyl)betulinic
acid
[0075] 1.35531 g of DSB was dissolved in 50 mL methanol. 0.18758 g of
solid sodium hydroxide was dissolved in 2.0 mL deionized water. The two
mixtures were combined and diluted with an additional 15 mL methanol.
After the mixture became clear, the methanol mixture was concentrated to 25
mL with a stream of nitrogen. 90 mL of diethyl ether was added. Vacuum
filtration followed by vacuum drying at ambient temperatures yielded 1.45986
g of the disodium salt.



rel ease of the active ingredient. [0072] Salts of the
present invention are made by m xing a basic or
W@ 2605090384 or m ng conpound, such as NG and DSBCT/HSZNS/008935

aqueous solution. The mxing can occur in the

presence of a cyclodextrin, such as hydroxypropyl-(3

WO 2005/ 090380 PCT/ US2005/ 008935 -23 cycl odextrin.

The free acid of DSB can be&4cebtai ned by the synthesis

method described in U S Patent No. 5,679,828. [00731

Havi ng now generally described the invention, the sane

wll be nore readily u 1©9d through reference to

thefollovving exanpl es. Exanple 1 Preparation of

-(N-net hyl - D-gl ucam ne) salt of

3 0-PfgparBiondif depbipssiun calngf 3-O-88 wdimetlylaiceidyl) bemhinic

2.09740 N- et hyl - D- gl ucam ne was di ssolved in 250 nL

met hyIaCl‘gI cohol . 3.13295 g DSB was added and while
[OO76E' tting ) gyer g'&*ESB%% ISHRRANA! AP KRB, CO. 95157 Ihe

ol vent was Tenoved a nitrogen gas stream

t ulek85% pbtasdien Shydmobucfemvamﬂssom il O et ﬂylbnaba}: Watdr Was

added . to dissolve the oil a t|o

diver mtuzss e osntiped 4 @111#‘?be %@3@“0% @%‘an&r%aml
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afforded 4.9737 le 2 Preparation of
dpresipiatgn xgglptz% mL d1ethy1 ether rTBacuum fr ltrgt?on fc|>l owed by

3-

278kl g JRBAL SGRLRM R SRHL] e st
Osal8758 g of solid sodi um hydroxi de was di ssolved in
2.0 nL deionized water. The two nl xtures were

conbi ned and diluted with an additional 15 nL

met hanol .  After the ni xE¥¢@lp&came clear, the
met hanol ni xture was concentrated to 25 nL with a

f’/tar eamﬂﬁatﬂh%&‘ggﬁﬁof 0 pHse iR ¥ha ebhphraies FRgdsRs
A. Solubility

[0077] Qualitative results on the solubilities of the NmG, potassium and
sodium salt forms of DSB (respectively, DSB-(NmG),, DSB-K, and DSB-
(Na);) are presented in Tables 1, 2 and 3 respectively.  Attempted
concentrations are reported in mg/mL, except where the excipients were added
by weight. These concentrations are reported in mg/g. The listed
concentrations do not take into account correction factors for purity or
additional molar mass due to the salt. In most cases, a successful formulation
is described as a clear solution. However, some formulations were slightly
tinted or exhibited haziness even when the drug substance was solubilized.
Most of the formulations were mixed at room temperature on a magnetic stir
plate. Formulations containing Vitamin E TPGS (di-a-tocopheryl
polyethylene glycol 1000 succinate) were maintained at 40-45°C in order to

keep the mixture in a liquid state.



filtration foll owed by vacuum drying at anbi ent

tenperatures yielded 1.45986 g of the disodiumsalt.
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Preparation of di-potassiumsalt of

3-0-(3",3 -dinethyl succinyl) betulinic acid [0076]

4.14657 g of DSB was dissolved in 50 nL nethanol .

0.95287 g of solid 85% potZdssi um hydr oxi de was

di ssolved in 10 nL deionized water. The two m xtures

were conbined and diluted with an additional 250 nL

t han ;
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r esisistinggof1iove tgdtdxgpmvpsl-plicsclotiestdn iin Saterl rEhérazsolan
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[ 0077 QJaIitative results on the solubilities of the
&88kum and sodiumsalt forms of DSB
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not take into a cou cor a urit. r
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ution. sonme fornulations were slightly
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subst ance was sol ubili zed. Mbst of the fornul ation

weplenized sgtes and sewyicansleel et hishly priagrlvsres Ges Table 4)
pg,%n%altqﬁg tﬁ% gl‘ilt)ﬁ’l% of %St]?qh@fn@z W 4B helf Wi QS(>18 mg/mL,

dielectric constant = 88.0), in methanol (37.03 mg/mL, dielectric constant =
32.6), and in ethanol (24.99 mg/mL, dielectric constant = 24.3), 1t is evident
that the solubility decreases with dielectric constant. This is consistent with

the ionic nature of DSB-(NmG)s.

TABLE 1: DSB-(NmG);

Solvent System Attempted Appearance
(%) Concentration,
(mg/mlL)
Water 100 2.4 Solution cloudy
Captex 200 100 24.7 mg/g Solution cloudy
Hydroxypropyl-p- 50.0 Solution clear, but foam
cyclodextrin 10 present
(in water)
Water 56 50.9 Very foamy, drug is
PEG 4007 40 apparently undissolved
Propylene Glycol4
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|Son| ﬁt R&lure DS@- NrrG)2 TABLE 1. DSB- ( NmG) 2
SYSTENT AL npted dr drice
ancg\}ﬁ?eﬁ yl on, m_bg( - VQ%’(VI_" 100 1 Sélléﬁ?n %Iear ini %llﬁs‘ld
pt E820¢)0 100 24.% |ry/ g Sol ution clfgﬁﬂ which ¥l
dissipates
Water 75 50.9 Undissolved drug, very
PEG 400 13 foamy, very viscous,
Vitamin E TPGS™ 10 gelling observed
Ethanol 2
Water 75 50.1 Solution clear, very
PEG 400 12 foamy, gelling
Vitamin E TPGS 10 observed.
Ethanol 3
Water 75 50.8 Solution clear, very
PEG 400 11 foamy, gelling
Vitamin E TPGS 10 observed.
Ethanol 4
Water 84 50.5 Solution cloudy, some
PEG 400 11 foam present
Ethanol 4
Simethicone Emulsion
1
Captex 200 g1 25.5 Solution cloudy, some
Vitamin E TPGS 15 gelling present
DMA"™ 4
Water 96 52.2 Solutions clears with
DMA 4 heating
Water 96 71.2 Solution cloudy
DMA 4




Hydr oxypropyl - (3- 50.0 Solution clear, but foam

cycl odextrin 10 present (in water) Water 56 50.9 Very
wo o@w9038r ug is PEG 4001 40 apparently undi sspCTE82005/008935

Propyl ene d ycol 4 WD 2005/ 090380 PCT/ US2005/ 008935

-26 Solvent System Attenpted Appearance (%

Concentration, (m/nL Water 67 50.8 Sol ution clear,

initially PEG 400 29 foamZ7whi ch eventual |y Ethanol

4 dissipates Water 78 51.2 Solution clear, initially

PEG 400 18 foany whi ch event ual ly Ethanol 4

| SSi i on [Cl ear, [
PEG 48 Z:l’u};)\ggy&% ch ven —g Kt hano pﬁeﬂngﬂé:gl pZ\t es
er 83 Sol uti pn CReat, n| tilal |y PEG 400
f oame-which eventual ne-— @& veol 64
Et hakeptes 204t er 9825p. 1 2hPang/an cl eSPluUPﬁP]Piug
Et haVatamdn EJRGS wWhbch eventual ly di s&g@ﬂt@spw r 7%
50, 9Dl ssol ved d2ug, very PEG 400 13 foany, very
Vi 5CQpiter 86 67.3 Solution clear
PEG 400 10
Ethanol 4
Hydroxypropyl-B- 50.0 Solution clear
cyclodextrin 10
(in water)
Water 84 40.4 mg/g Drug appears to be
PEG 400 10 dissolved, but solution
Ethanol 4 is hazy from liquid
Vitamin E TPGS 2 microscopic ‘structure’

1: Polyethylene glycol 400; *: di-o-tocopheryl polyethylene glycol 1000 succinate;
*%. dimethylacetamide



Vitamn E TPGS* 10 gelling observed Ethanol 2 Water
75 50.1 Solution clear, very PEG 400 12 foany,
w@edosiongso Vitami n E TPGS 10 observed. Et hanol PGI/W&10e5/008935
75 50.8 Solution clear, very PEG 400 11 foany,
gelling Vitamn E TPGS 10 observed. Ethanol 4 Water
84 50.5 Solution cloudy, sonme PEG 400 11 foam present
Et hanol 4 Sinethicone Enul-€8en 1 Captex 200 81 25.5
Sol ution cloudy, some Vitamn E TPGS 15 gelling
present DVA** 4 Water 96 52.2 Solutions clears with
DVA 4 heating Water IR 22 $59B4¢} on cloudy DVA 4 WO
2005/ 090380 PCT/ US2005/ 008935 -272 Sol vent System
Attenpted Appearance (9% Concentration, (m/nL Captex
200 82 24.5 ny/g Solution cloudy, sone Vitamn E TPGS

l6getting present Attempted
Solvent System Concentration, Appearance
(%) (mg/mL)
3.5 Solution cloudy

Water 100
Water 84 42.2 Solution cloudy
PEG 400 12
Ethanol 4
Hydroxypropyl-B- 29.0 Solution clear
cyclodextrin 10
(in water)

TABLE 3: DSB-(Na),

Attempted Appearance
Solvent System Concentration,
(%) (mg/mL)
Hydroxypropyl-3- 15.1 Solution clear
cyclodextrin 10
(in water)
Hydroxypropyl-p- 27.7 Solution cloudy
cyclodextrin 10
(in water)
Hydroxypropyl-3- 27.9 Solution clear
cyclodextrin 20
(in water)




DVA 2 Water 86 67.3 Solution clear PEG 400 10 Ethano
4 Hydroxypropyl-(3- 50.0 Solution clear cyclodextrin
waoosiopn3smt er) Water 84 40.4 ng/ g Drug appear SPCDURE®05/008935

PEG 400 10 di ssol ved, but sol ution

Et hanol

4 is hazy

fromliquid Vitamin E TPGS 2 microscopic "structure
di - a-t ocopheryl

t: Pol yethyl ene gl ycol
pol yet hyl ene gl ycol

400;

1000 saéei nat e; * &

di met hyl acet am de WD 2005/ 090380 PCT/ US2005/ 008935
-28 TABLE 2: DSB-K2 Attenpted Solvent System
.m /L) 3.5 Sol ution

Sol ution cloudy PEG
4 Hydroxypropyl-(3- 29.0 Solution clear
cyclodextrin 10 (in water) TABLE 3: DSB-(Na)2

AL b BIRERIUAPRORUMIEEIY VALUES OF DSB-(NmG), AND DSB (FREE
ACID) IN SELECTED SOLVENTS

Concentrati on,

cl oudy Water

400 12 Et hanol

00 vt or BHHE

100 Wat er

Vehicle Solubility of Solubility of DSB | Equilibration

DSB-(NmG); Free Acid Time (Days)
HERG Buffer 17.76 pg/mL N/A 3
gglfé\’gl?ffl; 87.11 ng/mL N/A 3
Propylene glycol” >255 mg/mL N/A 7
PEG 400° 5.12 mg/mL N/A 7
Methanol 37.03 mg/mL N/A 7
Ethanol® 24.99 mg/mL N/A 7
Deionized Water >7 mg/mL N/A 4
PSS* 80.18 pg/mL 1.50 mg/mL 3
PSS + 1% DMSO 107.9 pg/mL 1.63 mg/mL 3
%sl\i;om% 107.7 pg/mL N/A 3
Deionized Water >18 mg/mL 35.1 pg/mL 3

a  Straw/amber solution color. All other samples were colorless or white.
b  Compound may have precipitated out of solution upon removal from the water bath, decreasing

final concentration.

¢ Upon transferring sample from equilibration vial to centrifuge tube, solution became cloudy. Solid
may have precipitated out of solution. Initial visual assessment post equilibration was near
unsaturated. Unsaturated concentration ~33 mg/mL. May be a result of temperature difference from
equilibration bath and room temperature.
*  Physiological salt solution

N/A = Not applicable due to samples not being run with these solvents.




Sol vent System Concentration, (% (ng/nlL)
Hydr oxypropyl - (3- 15.1 Solution clear cyclodextrin 10
W@ 2ovsinei3er ) Hydr oxypropyl - (3- 27.7 Sol ution clpemysS2005/008935

cyclodextrin 10 (in water) Hydroxypropyl-(3- 27.9

Solution clear cyclodextrin 20 (in water) WO

2005/ 090380 PCT/ US2005/ 008935 -29 TABLE 4:

EQUI LI BRI UM SOLUBI LI TY VALBBS OF DSB- (NmG) 2 AND DSB

(FREE ACID) IN SELECTED SOLVENTS Vehicle Solubility

of Solubility of DSB Equilibration DSB-(NnG 2 Free

Aci d T'%.rr?n ava s Buffer 17.76 g/nmL NN A 3 1% DMSO

in 87.11 RG Buf fer Propyl ene glycol'
[0081>255 n@hraralNfidavéilatiiisy #6Bbwas ¢@ndmatedlin Miae, Spradicavaky

37.03 mg/m. YA 7 FEthanolc 24.99 ng/inL NNA 7 . .

Défonilpe Phigstize of thisgtvdy Neg tg coppare Hig. plprpagqkinetics of
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forms: NmG, Na, or K. A solution or suspension of the free acid or salt was
administered by oral gavage using a feeding needle to provide a nominal oral
dose of 25 mg/kg. For each salt administered, the dose administered was
based on free acid equivalents. The group number and formulations are listed
below.

Group Number and Formulation

Group 1: 25 mg/mL DSB free acid in 2% DMA (dimethylacetamide), 14%
Vitamin E TPGS, 84% Captex (a diester formed from selected
high purity vegetable fatty acids and propylene glycol
(triglyceride))

Group 2: 25 mg/mL of the DSB free acid in 4% Vitamin E TPGS and 96%
carboxymethylcellulose (CMC) (0.5%) suspension in water.

Group 3:  41.7 mg/mL of DSB—(NmG); salt in 84% water, 4% ethanol, and
12% PEG 400 (equivalent to 25 mg/mL of free acid)

Group 4:  41.7 mg/mL of the DSB—(NmG), salt in 84% water, 4% ethanol,
and 10% PEG 400, 2% Vitamin E TPGS (equivalent to 25
mg/mL of free acid)

Group 5:  41.7 mg/mL of the DSB—(NmG), salt in 10% hydroxy-p-
cyclodextrin in water (equivalent to 25 mg/mL of free acid)

Group 6: 25 mg/mL of the micronized DSB free acid in 0.5% CMC
suspension

Group 7: 25 mg/mL of the micronized DSB free acid in 0.5% CMC
suspension and Vitamin E TPGS

Group 8:  28.3 mg/mL of the DSB-K, salt in10% hydroxy-B-cyclodextrin
in water (equivalent to 25 mg/mL of free acid)

Group 9:  13.5 mg/mL of the DSB-(Na), salt in 10% hydroxy-f3-
cyclodextrin in water (equivalent to 12.5 mg/mL of free acid)

Group 10: 25 mg/mL DSB free acid in 96% Captex 200, 4% Vitamin E
TPGS
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PCT/ US2005/ 008935 -31 [0082] Bl ood sanples were
fa¥a |or\for*| h\/ c vaet--e /n =2
Group ats,(ffadmﬂailedtl onQgiae  [plaimt ) AU(Iahe f ol AG@ig tiAmsuent | F
Numbér. P5, ®dse 1, |AngAnlp, | @3° | acbh/@i)h| (ngeh/mL)® | k. 0" | (%)®
Bi oavg{,g/ﬁgjal I t]i es of the oral formulptions were
cdal vcurdtctu aos I.IIC Id.l.l U Uf t:IC Ul d.: dUDU' d.d] u~tcd
1 auct NF2883uni g prdporlt Adnal i t10-0f the db%8 0.3327 | 10.6
ad) ustnents td the dose adj ui@e@lﬂuc NF reported after
o Intravengys —admpynhgtriablon (AKENE = 635869 Nmgrgs | 165
frpma study df HB%? ratf‘.T{g_ ’)%] The result< of
this study. arg presentled | =) The-resultls of
3 th]s Qt)uﬂy arle |dr2€9sen éd in T&bbe 5 Theo.MnG gal@®4675 54.2
fornul ations Had the hli[ ghest (0orzh) bj oavail abi ljity, |
rapgi ng . f.pom 49% Tt fata oup . 8 jand
4 showt%(c)rfl,Eg at eq |§\J7 np‘%d )sesggghe rankg%?der o;b%(?w 717
bi bavai l abilitly of the sal{s Psl2h)
5 18.15 11.4 4.0 543 54.5 0.6496 49.3
(0-12h)
6 21.08 0.570 4.0 3.28 3.82 0.0837 2.98
(024 h)
7 21.80 2.00 6.0 10.2 10.2 0.7486 7.69
(0-12h)
8 19.87 7.28 4.0 44.1 44.7 0.1971 37.0
(024 h)
9 20.22 11.0 4.0 39.1 39.2 0.5496 31.9
(0-12h)
10 24.54 1.32 2.0 6.05 6.63 0.0876 6.70
(0-12h)

o [ ) a o [ )

Time to peak concentration

Measured concentration from dose solution analysis
Peak mean measured plasma concentration.

Area under plasma concentration vs. time curve

Elimination rate constant; half-life = 0.693/k,

Area under plasma concentration vs. time curve extrapolated to infinity

DSB (dose = 10.4 mg/kg, AUCpr = 63.3 mgeh/mL). Intravenous data were obtained from a study of DSB in rats.
F (%) =100 x (D 0SCintravenous ¥ AUCINForal) / (Doseora] X AUCINFimravcnous)

Bioavailability was calculated as the dose-adjusted ratio of AUCpyr obtained after oral versus intravenous administration of




NG > potassium > sodiumin a solvent of 10%
hydr oxypropyl - (3- cycl odextrin in water. WO
wQo@50988880 PCT/ US2005/ 008935 -32 TABLE 5  PCT/US2005/008935
PHARVMACOKI NETI C PARAMETER VALUES FOR DSB I N PLASVA OF
RATS G VEN SI NGLE ORAL DOSES OF 25 Md KG Group
Cal cul ated Crax tam AUCall AUCI NF Apparent F Nunber
Dose (g/mL)b (h)" (gh/m)d33pgh/m)e ke (h-")" (%g
(my/kg)a 1 26.05 5.52 1.0 16.6 16.8 0.3327 10.6 (0-12
h) 2 22.45 0.419 2.0 1.36 2.26 0.2051 1.65 (0-6 h) 3
20.12 12.0 4.0 65.3 66.4 Q%@%% 54.2 (0-12 h) 4 20.48
13.7 4.0 88.9 89.4 0. 6018 . (0-12 h) 5 18.15 11.4
4.0 54.3 54.5 0.6496 49.3 (0-12 h) 6 21.08 0.570 4.0
3 Ch8radte@2atthnQf3e 2.19@ antiBHPM effjcady @1DSB-(XnlG), 6o he VL ID-

10.2.0, 7486 7.69. (Q-12 .h) 8 19.87 7.28 4.0 44.1 44.7

o%&@#l’lekusilﬁ%ﬂogiﬂfé@%?%% 11.0 4.0 39.1 39.2

0.5496 31.9 (0-12h) 10 24.54 1.32 2.0 6.05 6.63
[00849- 0876 T‘ﬁis7sQudy was conducted to evaluate the antiviral activity of the NmG

salt of DSB (DSB-(NmG),) at doses of 100 and 300 mg/kg/day in male SCID-
hu Thy/Liv mice (7/group) treated twice daily by oral gavage for 22 days.
(Dosages refer to free acid equivalents, i.e., the amount of DSB present in the
dose.) At 300 mg/kg/day dose level, a group of uninfected SCID-hu Thy/Liv
mice were dosed to assess the tolerability of this dose level. Once daily oral
gavage of 3TC (lamivudine) at 30 mg/kg/day for 22 days was used as a
positive control. Male C.B-17 SCID mice were obtained at 6 weeks of age
and implanted with human fetal tissue from a single donor. At 14 weeks, mice
were implanted with fragments of human fetal liver and human fetal thymus
under the mouse kidney capsule to create the SCID-hu Thy/Liv mice. When
the implants reached approximately 30 mm’ the animals were entered into the
experiment. Inoculations of SCID-hu Thy/Liv mice with HIV-1 were
performed on anesthetized mice in a restricted animal barrier facility under
BSL3 guidelines. Each Thy/Liv implant was injected with 50 pL (1,000
TCID50) of NL4-3 batch JK WS1 D3 (diluted 1:2) or with RPMI 1640
medium in 1 to 3 places with a 250-pL Hamilton glass syringe and 30-gauge x
1/2-inch blunt needle. For this study, implants were inoculated 18 weeks after
tissue implantation. All implants were collected 21 days after inoculation.

[0085] The dosing vehicle was 10% hydroxypropyl-p-cyclodextrin in sterile
PBS (phosphate buffered saline). Dosing solutions were prepared fresh before
each administration at concentrations of 12 and 38 mg/mL for dosing at 100
and 300 mg/kg/day of DSB free acid.

[0086] Mice were dosed orally by gavage (200 pL/dose) twice per day and
observed for signs of toxicity. Because toxicity was observed in mice treated

at 300 mg/kg/day, the dosage level was reduced to 150 mg/kg/day beginning 7



(0-12 h) a Measured concentration from dose sol ution

anal ysis b Peak nean neasured plasnma concentration. C
waems/opsspeak concentration d Area under pl asneCT/US2005/008935

concentration vs. time curve e Area under plasma

concentration vs. time curve extrapolated to infinity

f Elimnation rate constant; half-life = 0.693/ke ¢

Bi oavai l ability was cal cul-ad4ed as the dose-adj usted

rati o of AUCMF obtai ned after oral versus intravenous

adm ni stration of DSB (dose = 10.4 ng/ kg, AUOWF =
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2005/ 090380, PCT/ US2005/ 008935 - 33 Exanpl e
Chiat weteeW eighad @isnbd—x daysi Migp Weramorulpiey vethf Nbéc%m@fday
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thedaptiviral activity of the NG salt of DSB
(DSB- (Nn5) 2) at doses of 100 and 300 ny/kg/day in male
[0087CI D- Efwerrvfyyqng ayd cafteg 7 inpeolappnit ribart Ealy/Lwi dmplpaity yw@y

I 2 f to,f
cHRP AL ARG i Farb KR Tnln V. Bt b At e
desia.-sterflt PBED H‘Fﬁ@{r YbSA8Esdr8Mg! A Sngle@en s@épension was
uni nfected SCID-hu Thy/Liv mce were dosed to assess

t rade by plaghigithe 'ym}danttlhioea glersle nylwngheshagesuliaicrging thelbag
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WBE ceR iRl 1esh B e@ wigetescepk. q'a@ celwleﬂeréahﬁcea QthM CBulter

human f et al tlssue froma single donor. At 14 weeks,
rrp@lmtervxemé apmmbrma edmhms tof fce]égweret aiqubted fmaeachetssdy. For

LB PR 2 R o B e shyenethinc gk 2 i
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enteréd into the experinent. [noculations of SC D hu
Thy btanched RN Avistdy, Hi\pelletwarfs x nércémwem ﬁm:en and stored at —

agg%{zh? éﬁglggngﬁlsfs nl O@ cél‘fssgerr Ivs?e levgerg?) aced in a 5g—we{1 plate for
fixation and staining and were analyzed on the same day by four-color FACS
analysis.

[0088] Twice-daily oral gavage of DSB-(NmG); at 100 and 150 mg/kg/day
beginning 24 hr before virus inoculation had potent, dose-dependent antiviral
activity against NL4-3 in this study. At the highest dosage level, p24 was
reduced by 99% (14 versus 440 pg p24 per 10° cells for untreated mice) and
HIV-1 RNA by 97% (10** versus 10°¢ copies per 10° cells), and MHC-I
expression on CD4'CD8" thymocytes was reduced to more normal levels (250
versus 530 in mean fluorescence intensity). There were modest, yet
statistically significant reductions in implant p24 and viral RNA at
100 mg/kg/day (69 pg p24 and 1040 copies per 10 cells), and there were no
reductions after treatment with the 10% hydroxypropyl-B-cyclodextrin vehicle
alone (590 pg 24 and 10> copies per 10° cells). |



BSL3 gui del i nes. Each Thy/Liv inplant was injected
with 50 L (1,000 TCID50) of NL4-3 batch JK W51 D3
w@ diosiopmsso 1: 2) or with RPM 1640 mediumin 1 POI/BS2005/008935
pl aces with a 250-L Ham Iton gl ass syringe and
30-gauge x 1/2-inch blunt needle. For this study,
i npl ants were inocul ated 18 weeks after tissue
i mplantation. Al inplants3fere collected 21 days
after inoculation. [0085] The dosing vehicle was 10%
hydroxypropyl-(3-cyc|odextrin in sterile PBS

(phos e f
1008910 P 00SrORicFal bEL v aR! bESTC HOB00M ARty BOlRE 24 b
dmﬁme ninast immslatién 12d adein @Btrawis ndnufvﬁal da&ntyg iathid Qﬁldy,
of DSB free acid. M ce wer

Bdunara by 15 Cis eges fabos 524 perioe ol ud Hive1 HYA by
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dosegiévd thymbewesy. reduced to 150 ng/ kg/ day begi nning 7

WD 2005/ 090380 PCT/ US2005/ 008935 -34 days after
[0090}; r eat nEipase idatatdertongirate thas DSEQSwmeDy ispepotont iafvi@ mhgbstor
t e observ

%ftnlgﬂgésre 1i él?e ?SB Eﬁ%?ﬁ) ggz(rlquérlls?ray\% otenc r té) 3’1"&{:I in

amiod:l 5 days Nlce wer e |noculated Mﬁth NL4- 3 one

day after the first dose (1-2 hr after the AM dose),

and dosing was perfornmed for 22 days. [00871

Tmenty a]S,ays after inoculation, the Thy/Liv

|nplan surgically excised and transferred into
[0091]6- wel | AflitE®&akibl WSB BXIAbRS ﬁm&”@mﬁw&gh&omteﬁfs@mbin@y

PBS/ 2% FBS (fetal bovine serun). A single cel
sthap desfrem avid ~1 G e/ndy). pTlathgS tshlé of |ﬁﬂ]%1 s dcvmnatrably

il | h PBS/ 2%
AR R T bl St VTP R R PSP s eray e
tBo'iﬁ e &%sﬂﬁ@ Qn(‘l Q@dlﬁ‘ﬁﬁl Qhts.| "’Dﬁ@ rat %E\thﬂfaﬁ’i'h%ﬁ&ﬁdy P8uated

cells mere counted wwth a Coulter counter,
dpprtiope |saht dommsndfelDSBah fowel disferont Eoraduilagiont (rmréeomtb athG,

assa r 24 ELISA, pellets of 2.5 x 106 cells were
r%ls?ué B r9dmL AR, Wik psessTipY o s erepiofogmtptions

%ﬁfﬂlﬂgtth@tfreé Cid, aRfle S§ %@D%&ﬁ?om%q)atlg s FR9l ¢ i ti%nest orgl

quantitation ranch assay, dry pe
YbidHaileklitys m@iﬁg ffromz e@%aftlost i eddiaibn, the SCID-Hu mouse

study demonstrated that DSG-(NmG), is a potent in vivo inhibitor of HIV-1

replication.

[0092] The foregoing description of the specific embodiments will so fully
reveal the general nature of the invention that others can, by applying current
knowledge, readily modify and/or adapt for various application such specific
embodiments without departing from the generic concept, and therefore such
adaptations and modifications are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodiments. It is to be
understood that the phraseology or terminology herein is for the purpose of

description and not of limitation.



80 C. For FACS analysis, 106 cells per well were
placed in a 96-well plate for fixation and staining
wa@r@snenseo anal yzed on the sanme day by four - col PCT/BSI085/008935

anal ysis. [00881 Twi ce-daily oral gavage of DSB- (NG 2
at 100 and 150 ng/ kg/ day beginning 24 hr before virus
i nocul ati on had potent, dose-dependent antivira
activity against NL4-3 in-t36i-s study. At the highest
dosage | evel, p24 was reduced by 99% (14 versus 440
pg p24 per 106 cells for untreated mce) and H V-1
RNA by 87 e

[0093] M—éﬁ réfegg(r%r%% ;}:étlgg nﬁ gﬁls ]é%4éﬁ8:9f8n %g%eb&pﬁm V\gJoi‘aﬁéd by
rmﬁwaﬁﬂ.to nore normal |evels (250 versus 530 in mean
fluorescence intensity). There were nodest, yet
statistically significant reductions in inplant p24
and viral RNA at 100 ng/kg/day (69 pg p24 and 104'0
copi es per 106 cells), and there were no reductions
after treatnent with the 10%
hydr oxypr opyl - (3-cycl odextrin vehicle alone (590 pg
24 and 105.6 copies per 106 cells). WD 2005/ 090380
PCT/ US2005/ 008935 -35 [0089] Once-daily oral gavage
of 3TC at 100 ny/ kg/ day begi nning 24 hr before virus
i nocul ati on had denonstrable antiviral activity in
this study, reducing p24 by 97% (35 versus 440 pg p24
per 106 cells) and H V-1 RNA by 96% (1042 versus
105. 6 copies per 106 cells) and preserving thynocyte
viability (71%1ive thynocytes). [0090] These data
denonstrate that DSB-(Nn3 2 is a potent in vivo
inhibitor of H V-1 replication. DSB-(NTG) 2
denonstrated potency simlar to 3TCin this nodel.
Summary [0091] All three salts of DSB exhibited
significantly higher water solubility than the free
acid (-100 g/nmL). The NnG salt of DSB was denonstrably
nore soluble in a solution of 10%
hydr oxypropyl - (3-cycl odextrin in water than both the
pot assi um and sodium salts. The rat bioavailability
study eval uat ed



the three salt fornms of DSB in five different
formulations (three with NniG; one with sodium and
WO r@s5np3B0 pot assi un) and five different fornmul BECT/ORN05/008935
containing the free acid. The NnG salt formnul ations
had the highest oral bioavailability, ranging from
49% 71% In addition, the SCI D Hu nouse study
denonstrated that DSG (N334 s a potent in vivo
inhibitor of HHV-1 replication. [0092] The foregoing
description of the specific enbodinents will so fully
r ral, nature of the invention that others
cgﬁﬁg*ﬁé Q%P‘&gﬁgﬂwrrent know edge, readily nodify
and/ or adapt for various application such specific
enbodi nents wi thout departing fromthe generic
c bncepAn Nnctiyidr-ghueamirewah of ad2403' At-dmnshydndcinyl)betulinic
nodi fications are intended to be conprehended within
the n#d%ing and range of equival ents of the disclosed
enbodi nents. It is to be wunderstood that the
phraseol ogy or term nology herein is for the purpose
of. deBi(INpih¢thyl-Rrpludaating)fsalt b3 4B{3,8. WO 2005/ 090380
PCT/ US2005/ Q08935 -36 [00931 All references cited in
this spastylseinghbeplnigagidhy i ncor porated by
ref erence. WD 2005/ 090380 PCT/ US2005/ 008935 -37- What
Is Clainmed Is: 1. An N-nethyl-D glucani ne salt of
330- (34, pﬁlandhdmhbaﬂcsmiﬂﬂyh bmbiibihgitlee salicoftlaith 1 or claim
Di - (N-net hyl - D-gl ucam ne) salt of 3-0-(3',3" -
di net h%’l %@@d?h@?ﬂ?%flﬁﬂllaﬁ?e@ta&@ @rriey, Orﬂxﬂbﬁﬁr maceut i cal
conmposition conprising the salt of claim1 or claim
2, and a pharmaceutical acceptable carrier or diluent.
44. TheThb phameRitiilcomPoFaish of ehiaf 3 cvaemin3saitearii ror

said carrier or diluent is an aqueous sol vent.
diluent is an aqueous solvent.

5. The pharmaceutical composition of claim 4, further comprising a
cyclodextrin.
6. The pharmaceutical composition of claim 5, further comprising

hydroxypropyl-p-cyclodextrin.

7. A method of treating HIV infection comprising administering to a

subject an effective amount of the salt of claim 2.

8. The method of claim 7, wherein said salt is administered in

combination with at least one additional active agent.

9. The method of claim 8, wherein said additional active agent is an anti-

viral agent.



5. The pharmaceutical conposition of claim4, further
conprising a cyclodextrin. 6. The pharnmaceuti cal

W@ eoopo%0380 on of claimb5, further conprising  PCT/US2005/008935

hydr oxypr opyl - (3-cycl odextrin. 7. A nethod of treating
H V infection conprising admnistering to a subject
an effective anount of the salt of claim2. 8. The
nmethod of claim7, wherein38aid salt is adm nistered
in conbination with at | east one additional active
agent. 9. The nethod of claim8, wherein said

aggli ti [ n [ t

20051 050555 per) B0 OaBeRaaRI AR ony i i BB i in
cl ai m gomivharosi nwithaiad pamummodmlamgn agestt eangidargat chgent,
salt in conbl natlon th_an i munonmpdul ati ng ent
ant i caftibpcigneent. a1 pEst.F aé’ﬁg%inaﬁﬁﬂtﬂi‘eﬁ gal
agent, or a conbinati on thereof. 11. A nethod of
treating HIV infection conprising admnistering to a
slbj ech muthedfefctreatmgalibVinihfeofion lemphisingeanihisting to a
COMposi tbt on of _claim3. 12. The method of claim 11,
wher ei #0485t d‘npﬁfé?qﬁlé{@ead’{l?%ldc@\‘?p%m%wﬁ%l composition of
adm ni § gfgd in conbination with at |east one

addi tional active agent. 13. The nethod of claim 12,
wherein said additional active agent is an anti-viral
a ent. 14. The method of claim 11, wherein said

i enThq gleﬁlﬁﬁh Hicdargy bl Wharein saishphsamacquticd sepinestion s
W' th %‘%%hﬁ)‘iﬁa%%n%ﬁln&t ’l?asfe‘gﬁe at%ﬁﬂﬁ)%gﬂ ﬁ%%giégent

ant i bact eria agent, antIf
conmbi nation thereof. 15. A rret hod of treating HV

infection conprising adm nistering to a subject an

ef¥ ect Themghadnel oaim He, yharemsaidt addiionsb ﬁ?ﬂi@l 28eshisppn

claim gy viral agent.

14.  The method of claim 11, wherein said patient is administered said
compound in combination with an immunomodulating agent,
anticancer agent, antibacterial agent, antifungal agent, or a combination

thereof.

15. A method of treating HIV infection comprising administering to a
subject an effective amount of the pharmaceutical composition of

claim 4.

16.  The method of claim 15, wherein said pharmaceutical composition is

administered in combination with at least one additional active agent.

17. A method of treating HIV infection comprising administering to a
subject an effective amount of the pharmaceutical composition of

claim 5.



16. The nmethod of claim 15, wherein said
phar maceutical conposition is admnistered in

wa@ ooobiopssd on with at | east one additional actiRET/E§HN$/008935
17. A nmethod of treating H V infection conprising
adm nistering to a subject an effective anbunt of the
phar maceuti cal conposition of claim5. WO 2005/ 090380
PCT/ US2005/ 008935 -39 | S.-3Phe nethod of claim 17,
wherei n sai d pharnaceutical conposition is
adm ni stered in conbination with at | east one
afidli t | PhakneAMd Wl ABPTY - whekdin s%,id'fgﬁé%%é?ﬁio%lr ERpoRfioH! 1Y
infection conprising admnistering to a subject an
ef f ect admingteredin @intitetiop vatingdenst owedddittonabadtive agernf
claim6. 20. The nmethod of claim 19, wherein said
phar maceutical conposition is admnistered in
c i nat i -] e . . It I i t
P\ Rt oF SRRy g8 KokiopRRy AEhpA A .
met hodsubgarprans effertive xamaepni- ofethey phdmgteigiaal bempowition of
3-0-(3",3" - dinethylsuccinyl)betulinic-acid in an
aqueoud2®Pyent to provide 3-0-
(3',3 -dinethylsuccinyl) betulinic acid,
N- net hyl - D- gl ucam ne salt. 22. The nethod of claim 21,
v2ier ei The aiethadi ofl GO LY, Uwisertin salteplpir@sesitiealofomposition is
hydr oxypr op Iéés-cycLodﬁxtnin. 23. A dosage form
conpr i @EW@IS%/% Prrembirationivat atdepshers addgipngl ackiva pasns.
24. The dosage form of claim 23, wherein said dosage
formis a solid oral dosage form a parenteral dosage
form A rhéthed of stosaiag thosal ofalaisus REH Shéhodasagasidgor m
or a rectal suppository. 25. The dosage form of claim
23, wherenaNsapdyhBsse@ntine #id FCOa(3.3bl et .

dimethylsuccinyl)betulinic-acid in an aqueous solvent to provide 3-O-

(3',3"-dimethylsuccinyl) betulinic acid, N-methyl-D-glucamine salt.

22.  The method of claim 21, wherein said mixing occurs in the presence of

hydroxypropyl-p-cyclodextrin.
23. A dosage form comprising the pharmaceutical composition of claim 3.
24.  The dosage form of claim 23, wherein said dosage form is a solid oral
dosage form, a parenteral dosage form, a liquid dosage form, a

suspension dosage form or a rectal suppository.

25.  The dosage form of claim 23, wherein said dosage form is a tablet.



