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Swaringen [0001] This application clains the benefit

of priority of provisional U S. Provisional Patent

Application No. 60/750,805 filed 16 Decenber 2005,

which is incorporated herein inits entirety
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BACKGROUND OF THE INVENTION

Field of the Invention

[0002] This invention relates fb novel processes for making 3-O-(3',3'-
dimethylsuccinyl)betulinic acid ("3-0-3',3'-DSB"}. This invention also relates
to methods of treating HIV and related diseases using pharmaceutical
compositions comprising 3-0-3",3'-DSB salt forms prepared according to the
processes of the present invention. The invention further relates to dosage
forms of pharmaceutical compositions comprising 3-0-3',3'-DSB salts made

using the processes of this invention.

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 immune system and renders the
patient susceptible to opportunistic infections and neoplasms. The immune
deféct appears to be progressive and irreversible, with a high mortality rate
that approaches 100% over several years.

[0004] HIV-1 is trophic and cytopathic for T4 lymphocytes, cells of the
immune system that express the cell surface differentiation antigen CD4, also
known as OKT4, T4 and leu3. The viral tropism is due to the interactions

between the viral envelope glycoprotein, gp120, and the cell-surface CD4
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HIV-1 therapy. Therapeutic agents for HIV can include, but are not limited to,
at least one of AZT, 3TC, ddC, d4T, ddl, tenofovir, abacavir, nevirapine,
delavirdine, efavirenz, saquinavir, ritonavir, indinavir, nelfinavir, lopinavir,
amprenavir and atazanavir, or any other antiretroviral drugs or antibodies in
combination with each other, or associated with a biologically based
therapeutic, such as, for example, gp4l-derived peptides enfuvirtide
(FUZEON; Trimeris-Roche), or soluble CD4, antibodies to CD4, and
conjugates of CD4 or anti-CD4, or as additionally presented herein.
Combinations of these drugs are particularly effective and can reduce levels of
viral RNA to undetectable levels in the plasma and slow the development of
viral resistance, with resulting improvements in patient health and life span.
[0007] Despite these advances, there are still problems with the currently
available drug regimens. Many of the drugs exhibit severe toxicities, have
other side-effects (e.g., fat redistribution) or require complicated dosing
schedules that reduce compliance and thereby limit efficacy. Resistant strains

of HIV often appear over extended periods of time even on combination
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3D§B()3- ,Kgashlwada et al. mentions that the ECsg of 3-0-3",3'-DSB is about
four orders of magnitude lower than that of 3-0-2',2'-DSB.

[0011] U.S. Pat. No. 6,172,110 mentions betulin derivatives comprising a
3-0-acyl and a(?) 28-0O-acyl moeity. .

[0012] U.S. Patent Application No. 10/870,555 (claiming priority to U.S.
Provisional Patent Application No. 60/413,451 through U.S. DPatent
Application No. 10/670,797) mentions monoacylated betulinic acid
derivatives.

[0013] Pokrovskii ef al. mention that esterification of the 3-position carbon of
betulin with succinic anhydride or a succinic acid derivative produces a
compound capable of inhibiting HIV-1 activity (Pokrovskii, A.G. et al., Gos.
Nauchnyi Tsentr Virusol. Biotekhnol. "Vector,” 9:485-491 (2001)).

[0014] U.S. Patent Application No. 11/081,802 mentions the N-methyl-D-
glucamine and alkali metal salt forms of 3-0-3',3'-DSB.
[0015] U.S. Patent Application No. 11/401,960 mentions crystalline

polymorphs of N-methyl-D-glucamine ("NMG") salts of 3-0-3',3-DSB.
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[0019] A process yielding 3-O-(dimethylsuccinyl)-betulinic acid with a purity
of at least about 90% relative to the starting material betulinic acid would
satisfy a further long felt need in this art.

[0020] A process yielding 3-O-(dimethylsuccinyl)-betulinic acid with a purity
of at least about 95% relative to the starting material betulinic acid would
satisfy a further long felt need in this art.

[0021] A process yielding 3-O-(dimethylsuccinyl)-betulinic acid with a purity
of at least about 99% relative to the starting material betulinic acid would

satisfy a further long felt need in this art.

BRIEF SUMMARY OF THE INVENTION

[0022] One embodiment of the present invention relates to an improved
process for preparing 3-0-3',3-DSB with a regioisomeric purity of at least
about 85%. Another embodiment of the present invention relates to an

improved process for preparing 3-0-3',3'-DSB with a regioisomeric purity of
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I EIET R IR R, T
ithe tptedenBliivention comprises preparing a mono- or di-cationic salt of
betulinic acid by reacting a suitable mono- or di-cationic base with betulinic
acid, e.g., by reacting betulinic acid with an equivalent amount or more of an
alkali metal or alkaline earth metal hydride. Preferably, the alkali metal
hydride is lithium hydride (LiH), sodium hydride (NaH) or potassium hydride
(KH). More preferably, the alkali metal hydride is NaH. In some
embodiments, the alkaline earth metal hydride may be calcium or magnesium
hydride.

{0025} In another aspect, the process of the present invention comprises
preparing an alkali metal or alkaline earth metal salt of betulinic acid by
reacting betulinic acid with an equivalent amount or more of an alkali metal or
alkaline earth metal alkoxide. In particular embodiments, the alkali metal or
alkaline earth metal alkoxide may be lithium, sodium, potassium, magnesium
or calcium alkoxide. In other embodiments, the alkali metal or alkaline earth
metal alkoxide may be any linear or branched alkali metal or alkaline earth
metal C;-C;o alkoxide, more preferably, any linear or branched lithium,
sodium, potassium, magnesium or calcium C,-C,o alkoxide, more preferably,

lithium, sodium or potassium C;-Cj4 alkoxides, even more preferably, lithium,
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Rweie g t}(é\lﬁﬁlkﬁﬁmﬁ’ﬁgsay%ﬁh%im% téHSerhttils ndB' & below room
preferably, the alkali netal hydride is NaH In sone
temperature (e.g. trimethylamine, N, N-dimethylethylamine and
N,N-diethylmethylamine) may become useful solvents for the process of the
present invention if their volatility during the reaction is controlled by, for
example, applyihg suitable pressure or mixing with a polar aprotic solvent.
Other trialkylamines that are solid at or above room temperature may also be
suitable for the process of the present invention if used as a mixture with a
suitable polar aprotic solvent. For example, a sodium betulinate salt was
reacted with an excess of DMSA in refluxing tricthylamine. Other solvents
that may be suitable for the process of the present invention are
tetrahydrofuran, tetrahydropyran, 1,4-dioxane, dimethoxyethane, and
combinations thereof. Those of skill in the art recognize that multi-solvent
systems may be used where appropriate. This invention contemplates the use
of multi-solvent systems. \

[0027] In one aspect, DMSA 1s prepared by reacting 2,2-dimethylsuccinic
acid with a slight excess of acetic anhydride. The acetic acid and the slight
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LT-di et hyl - _"BEBOLP'W am ne.

[0034] The term as used herein means diazabicycloundecene.

[0035] The term "DMSA" as used herein means 2,2-dimethylsuccinic
anhydride.

[0036] The term "slight excess" as used herein in connection with reaction

stoichiometry refers to the use of one equivalent of one reagent with from 1.05
to 1.15 equivalents of the second reagent. Thus, the second reagent is said to
be in slight excess.

[0037] As used herein, the term "mono-cationic base" includes bases with a
mono-cation, such as Li*, Na*, K, tetraalkyl ammonium (e.g., N(CHs)4") etc.
NaH, KOC(CH,3)3;, LIN(CH(CHj3),),, (CH3)sNOH and NaOCH3 are illustrative
examples mono-cationic bases. The term "di-cationic base" includes bases
with a di-cation, such Ca®*, Mg?*, Zn**, etc. CaH,, Mg(OH), and Zn(OCHsx),
are illustrative examples of di-cationic bases.

]0038] As used herein, the term "salt of betulinic acid" or "salts of betulinic

acid” includes mono- and di-anionic salts, mono- and di-cationic salts,
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of a#edic ' arg Tepgpvgthfrom t he product by
co-distiJflation or aZéotrgpicidistillation. DETAILED

Tl O¢H 0028] The term
" . . O . . " . 1
regi oi someric purity" as used herein neans the
{oo40] " el at 'A(I?otﬁélob}s?’tect_oéf tHaptdsan abedthn Besisesl (eQi Bosaeelor
C

in the produ m xture. Thus, a _
preparing 3-0-3',3'-DSB by providing a compound of Formula II:

I A
[

| ghg

m "

n

|
where M™ is a cation with n oxidation state and nis 1 or 2,
and converting it to 3-0-3',3'-DSB.
[0041] A further aspect of the present invention is directed to a process for

preparing 3-0-3',3'-DSB by providing a compound of Formula IIL



regi oi sonmeric purity of 85% neans the product m xture
contains no nore than 15% of all other undesired

w0 e@rorssesrer s. [ 0029] The term "regi osel ect i vePCDUS2006/047749
"regi osel ectively" as used herein neans that a desired
product, for exanple 3-C>3' 3'-DSB, is produced in
greater yield than other §S|ble products, for
exanpl e 3-<9-2',2'-DSB. [0030] The term "DABCO' as
used herein neans 1, 4-di azabi cycl o[ 2, 2, 2] oct ane.
[0031] The tern1"sodan1de" as used hereln means NaNH2.
[0032] The term "LDA" as used, herein medns |ithium
di i sopropyl am de. [0033] Th % term "DBN'} as used
herei n nepans di azabi cycl ne. [0034J [The term " DBU
as used herein means di azabi cycleundecene. [0035] The
term "DVMSA" as used herei nyre 2-di met hyl succi ni c
anhydridg. [0036] The te s" .as used

herein ip connection ohetry
refers tp the use pf ne reagent
wth fro B ggut: e second
reagent. sqfond Eeagent i § saild to be in
slight e I37] Asl used herein, the term

"nmono- cal-
nono cat

kNcl udes bases mnth a
s Li+ Na+, K+, tetragl kyl ammoni um
etc. NaH, KOC(CH 3) 3—'Li N( CHIICH

(e -CH3) )

3)2 ANCH t r.at

r%n% cvgﬁ%ﬁ* I Rsaion PRE T Gy g sathrby Akl B AR &

| 0¥ prdeRich @5R svhish =1 ke2-madtvwigh msAdk=1Ca2+, M2+, Zn2+

ete. Cg'l'gzéon\l\r/glgigébitzto%rjg{&zg(-%) 2

[0042] A further aspect of the present invention is directed to a process for

preparing 3-0-3",3'-DSB by providing a compound of Formula 1V:

— ———

o[ (M) (@™

L e v
wherein each of M*" and Q™ may be independently a mono- or a
di-cation and therefore each of k and n may be independently 1 or 2; each of a
and b may be between 0 and 2; and ¢ may be either 1 or 2, provided that the
electroneutrality of the salt is not violated. Mixed salts comprising a mono-
cation and a di-cation, two different mono-cations, or two different di-cations
may also be prepared and are contemplated by the present invention.
[0043] A further aspect of the present invention is directed to a glucamine salt
of DSB, wherein DSB is made according to the process of the present

invention. In one embodiment the glucamine salt of 3-0-3'3-DSB is the



are illustrative exanples of di-cationic bases. [0038]
As used herein, the term"salt of betulinic acid" or
wO sa7nwssed betulinic acid" includes nono- and PCT/US2006/047749
di -anionic salts, nono- and di-cationic salts, m xtures
of salts, di-anionic salts with nore than one type of
cation and nono-anionic salts with nore than one type
of cation. [0039] One aspe‘cltO of the present invention
is directed to a process of naking
3-0 (3", 3" -di net hyl succi nyl ébetul inic acid IéMDSB" or
Hg(omghyBD- @S@tn)nne)aseli of' DEB. (3368-3's"-SH AWM The di-
[ Y '
TSR 4l orPBS L PR Y ARG SMGIRGRERSERLy 0.9,
DB 3nql€culE}SBnhgleqil\ﬂa‘v\/ﬁodmnig o Ehfhoie0oh Roleouibaweight of

\#}gr% + 1S t‘?@ n oxidation state and nis
r28And s depigied dn PH’@“F‘t ‘to 3-(9-3',3 -DSB. [0041] A
further aspect of the presgnt invention is directed to
a process for preparing B-O-3",3 -DSB by providing a
conpound of Fornul a H2PF; Where Mk+ is a cation with k
oxi dation state, and eagh and mis 1 or 2

provi ded that when d when m=2, k=I; and
converting it t og,3; &3~ 0042] A further
aspect of the Qre Sk is directed to a

, 3°HDSB by providin

Yo a
:“Wherein ea¢h of ang M+
2\ ' fex a nono- or *& (lin@at i a -
therefore % h' k and n may be i pdependently 1 or 2N

O; each of a ang B may be between Ojand 2; angnc ey be

either 1 or 2, provided that the efectroneutrality of

the salt is not violated.YM xed salts conprising a
nonocati on and a di-cation, two different

[0044]m)no cht ifgrber oaspesio ofi fher BRFECRY -RYFIUORs Fagliigpted iR 2
HieRAL&SRMd *bmpeSBbEPERLSkIRY H®-BIPIRIB-INMG  made

I'nventi on.
according to the process of the present invention, and a pharmaceutically

acceptable excipient.

[0045] A further aspect of the present invention is directed to a dosage form,
such as an oral tablet, comprising a pharmaceutical composition of an NMG
salt of 3-0-3',3-DSB, in which the 3-0-3',3'-DSB is made according to the
process of the present invention. The dosage form can be used for treating a
retroviral or lentiviral infection such as HIV in a subject.

[0046] A further aspect of the present invention is directed to a method of
using a pharmaceutical composition comprising an NMG salt of 3-0-3',3'-
DSB, in which the 3-0-3',3'-DSB is made according to the process of the
present invention, for treating a retroviral or lentiviral infection such as HIV in
a human subject.

[0047] In some embodiments of the present invention, the process comprises
reacting betulinic acid with DMSA under conditions that favor the formation
of 3-0-3',3"-DSB over its regioisomer 3-0-(2',2'-dimethylsuccinyl)betulinic
acid ("3-0-2",2'-DSB") by a ratio of at least about 80:20, at least about 85:15,

or at least about 90:10. Thus, reacting betulinic acid with an excess of DMSA



[0043] A further aspect of the present invention is
directed to a glucam ne salt of DSB, wherein DSB is
wora@e/0z8seor di ng to the process of the present PCT/US2006/047749
i nvention. In one enbodi ment the glucam ne salt of
3-0-3'",3VDSB i s thedi-(/V-nbthyl-Dglucam ne) salt of
DSB (3-0-3',3"'-DSB -2NMG). The di- (NM3 salt of
3-0-3",3 -DSB has about t viol INVG nol ecul es per
3-0-3',3 - DSB nol ecul e, a nolecular formnula of
C50HO0N20OL6 , a nol ecul ar wei ght of 975,28 and is
dephctmrsehpp PSrabebh ove §romeny epuivgleptiepl aspeiebleobasehiam a
Rr n | S @kt armpc
suﬁst?l StO!I\{)aé? §é18{138(§ r? gl_’v Bﬁ% 31% Iggh %Ia ﬁ@ %gﬂep‘ﬁl}an about
as%bdlga@témthhhmbpnoee%s anfl Hiple regiesemerit rpueity i(@p, gentkr

T Aot STt EiRir R AROO0 R4 B Brf €O P EaRIopese

% FARS BlSerlt Qﬂ\?’éntnéﬁ%l% R%-B&i 1AL Wrtihinghes. cmmmpregomch a
phar maceuti cal conposition of an NMG sal

Fobuegt is3triefhsiaming. whree pases suitabls for thE)gBOq%S R e present
gﬁsa{t%n&cfuaetdiﬁagp LREQSS %<9de Sudil &S RHOCTY GRE | M T

osage formcan be used for treatin aretroviral or
| reydirides rsath i asf &t onSuiiadtie seonpitigng nfgoa splurjtively, spabasying
5D NP a0 e ﬁéautng mgrrgs»c%auwglg.%t eo%c;gg S8 LCES Bbbut
cmmr:; & tngba\ut NG madbbuofoagcoexsro aBout m;g; tq abqwh7&°|€ t he

3-0-3,3'- acco roc
[0048] esen]'tn PR/ @Fﬁﬁcg r?z}ekgg P rfsreg "8“8’“ r e?f o@. lgaﬁ o oo by
I[xggkiu ngl Ral-dinidtRelbh @inis usdid aﬁuthll ¥ slﬁg}a s, sighj ddis-1.15
. I n one. e of the ent inventi .
i By DS o b g b S5 a1 s, 7 prvride
%@exﬁ&dﬂ r&ANHE preht bhakedtryps distiBatial BEd-aittilhtion with
3'-DSB over its regioisoner

3.0013(12, yeldigg RYIRY sidbcr Rrypef atilppst about 97%. The present

invention contemplates the use of multi-solvent systems where two or more
solvents are present. In some embodiments, where the plurality of solvents
form an azeotrope, azeotropic distillation is suitable. In some embodiments,
where the plurality of solvents do not form an azeotrope, co-distillation is
suitable. While certain examples in the present application may refer to either
azeotropic distillation or co-distillation, one of ordinary skill in the art would
recognize that changing one component of the multi-solvent system could
require employing a different distillation technique.

[0049] Upon reaction of betulinic acid with an equivalent amount of a suitable

base, a mono-anionic salt having Formula II is formed:



acid ("3-0-2',2'-DSB") by a ratio of at |east about

80: 20, at |east about 85:15, or at |east about 90:10.
wahewsg/o7esesct i ng betulinic acid with an excess PET/DRIBA6/0MT749

t he presence of about one or nore equivalents of a

sui tabl e base in a suitable solvent yields

3~0-3,3 -DSB in high yield (e.g. greater than about

85% or greater than about 95@@ and hi gh regioi soneric

purity (e.g. greater than about 85%or greater than

about 90% . Solvents suitable for the process of the

presenf_invention are lowbpiling tertijary am nes. An

exanpl g of such a solvent _is triethylanjne. Strong

bases puitable for the procéss of the present

i nvent|on include alkali oxi des such as

NaOCHs| and al kal i such as NaH. Suitable

condit{ons for sele yntNaési zi agjm3+ 0- 3' , 3' - DSB
i ncl ude heating = Am e to| about 50 0OC to
about ) mbout| 1000C, or to

about 0048] fn ong aspect of the

Ai§ first prepared by reacting
fd wwth a slight pxcess, e.g.,
1.05-1 of acetic anhydr)de. The acetic
aci d and excéss\acetic anhydride are rehmwved fromthe
product by azeotropic distillation or po-distilléﬂion
W th. t\gl}g}% v X1 Edafh A Qi MP O Wafibh SaRiHddl Y isOf 0Pd. HRARNer,
about o The present Invention contenplates the use
af betllinic 3@i Ve nactsylswiEmew aloe meore\equivalemby ef & epijabhe base, a
i RE IS S novile BOIRLSTROLIEALS, where the plurality

ven orMm an azeotrope, azeotropic distillation
is suitalfife. In sone enbodinegts, wheré& Tt he plurality

pr esent
2, 2-di

of solvemts do not form an azgotrope, co-distillation

is suitalhle. Wiile certai anpl es in the present

applicatijon may refer to eithé& _—azeotropjc
distillation or co-distillajio e of frdinary skil
in the aft woul d recognize 2 ahgi ngl one conponent
of the mil ti-sol vent ) o} (M),

[T{HETD
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where M*" is a cation with k oxidation state, and k and m may be 1 or
2 provided that when m=1, k=2 and when m=2, k=1. It will be recognized by
those skilled in the art that mixtures of mono- and di-anionic salts will form
when betulinic acid is reacted with between 1 and 2 equivalents of the base
and that excess amount of base may be used.

[0050] In another embodiment of the present invention, bases may be used in
combination with one another such that a salt with mixed cations or mixtures
of salts, and combinations thereof, are prepared. To illustrate how a di-anionic
salt with more than one cation is prepared, betulinic acid may be reacted with
less than two equivalents of a first suitable mono- or di-cationic base in a first

step, followed by less than two equivalents of a second suitable mono- or



require enploying a different distillation technique.

[ 00491 Upon reaction of betulinic acid with an
weowrezseht anount of a suitable base, a nono-BECI/U81006/047749

salt having Fornmula Il is forned:where M+ is a cation

with n oxidation state and nis 1 or 2. However, if

betulinic acid is reacted Mﬁth two or nore eqU|vaIents

of a suitable base, a di- ani'dri ¢ sal t havi ng Formul a

[1l is formed: where M+is a cation with k oxidation

state, and k and mmay be 1 or 2 provided that when

néi-cationse Bang Wikl A ca&@ digferent ﬁtorrv\mel capen me@brgrthz ickt lsgep It .

t |
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r e éldarmpnh equivataan of amredbdde emdl heaé €inS o etp!ih@albﬂis 8f the

a exces anoun f base.may be u n another
%%‘35. MeRt 0 “S%&ei%agf“?waéﬁ?ﬂlﬁrfaﬁbﬁi&tw ped feadbe
| preparedi byausiap otet dyudrigerd RPUHE baseld Ghdt MaL sas SAHE et fhan
n1xed cat%ﬁns or n1xtures of salts, and conbi nations

EAANS nebe PIRared) b tisExZemgesy thand iwa bisssi cFor
S@Aetmlylfet Pormiie I\h@xnlo%efo?@f hﬁfc‘ed PeRiBRALET: s h’ﬁeg&béﬂilﬁg a
acid may be reacted with |ess than two equivale
adirgatiop (§1$r’tMgl)@n¢réﬁ@0n°o¢at@M€8t Q6Ni ¢ base in a first
step, tollowed by less than two equivalents of a
second|sui tabl e nmono- ordi-/g£ationic base with a cation
differgnt fromthe catigg/éged in the ffirst step. It
wi || bge recognized that Thézanmounts of| each base can
be var|ed (for exanple '

base ahd | ess than one_eqi of tjhe second base
may be| used), A SNt Gl Sal t g, %GMP?&M;IHIC
acid cpn be pre ISi Iij sequifval ént Of the
bases and tha S ! 3 types of
cationg ca iy I ng wore |than two bases.
For expanpl ¢ i xed betulinic
acid s%% £ [ [ M2+) and a
nono- cati
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In Formula IV, each of M** and Q™ may independently be a mono- or
a di-cation, each of k and n may be independently 1 or 2, each of a and b may
be from 0 to 2, and ¢ may be 1 or 2, provided that the electroneutrality. of the
salt is not violated. Mixed salts comprising two or more mono-cations, two or
more di-cations and combinations thereof may also be prepared, for example
(AP"); (3-0-3',3-DSB™); or (K*)(Na*)(3-0-3',3-DSB%).

[0051] The skilled artisan will also recognize that the order of addition of the
bases is not critical, that the bases can be mixed i)efore reactton with betulinic
acid and that the bases can simultaneously or sequentially be added into the
reaction vessel. Similarly, salts of betulinic acid may be mixed prior to
reacting them with DMSA.

[0052] Suitable alkali metal alkoxides for the process of the present invention
include lithium, sodium and potassium alkoxide. Suitable alkali metal
alkoxides include any linear or branched alkali metal Ci-Cyp alkoxide,

preferably, any linear or branched lithium, sodium or potassium C;-Cjo



In Formula IV, each of M+ and Qn+ nmay i ndependently
be a nono- or a di-cation, each of k and n may be
w0 pabepessdent |y 1 or 2, each of a and b may be PCDOSDOG/G17749
2, and ¢c may be 1 or 2, provided that the
el ectroneutrality of the salt is not violated. M xed
salts conprising two or rmre nono-cations, two or nore
di - cations and conbi nati oris'%her eof may al so be
prepared, for exanmple (AI3+)2 (3-0-3,3 -DSB 2-) 3 or
(K+)(Na+)(3-O0-3',3 -DSB 2-). [0051 The skill ed
alkokgtenmure prefgreblys b&wgm saslivrp g1 petassisider Coplkgyigiesicyan
0 e h ca
hkaSETRE BuBB Soubbl T pbASi B aSae C Hhef e
b&a&sndmmcﬁst pmtférabﬂerosxsiwmdnethaqdentl ally be added into

the r on v ssel
[0053] 5¢j d éaﬂ%?‘ IEPFC{nJSS r‘%‘é‘é‘ﬁ ﬁg‘lwﬁerﬁcg\/\%t ud%ﬁ?()dmm
[h?@éa& 1@.\141} ;ﬁhﬂ Botadskah hyaRdalkE). kaprefesabloalkbhenquiasdside
the present invention include |ithium sodium and
p@N&§S| um al koxi de. Suitable al kali netal al koxi des
[0054]' ncl uqﬁwﬂmYGCIOFHl é&b?&h&%@ﬁﬂf&@qn it thafBiaal o@xer@h&xo- and
de, preferably, any linear or branched lithium
shrdammo rbaset assiawifalde- firoBick preparationnee hshEmi a?l?ﬂdy salts,
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lt.will re
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His(apdlk AR DAIES @€, SYotabiuen f aﬁs(tmemwmgnamm ofand
betulinjc acid sal ts, | ncl udi n%é‘bases wth t
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metal-carbon bond (e.g., Grignard reagents like methylmagnesium bromide) is
also contemplated. Other organic bases suitable for the preparation of
betulinic acid salts of the present invention include amidine bases (e.g.,
1,8-diazabicyclo[5.4.0Jundec-7-ene and 1,5-diazabicyclo[4.3.0Jnon-5-ene),
guanidine bases (e.g., 7-methyl-1,5-7-triazabicyclo[4.4.0]dec-5-ene and
N,N,N’ N’ N’’-pentamethylguanidine), and organic bases such as imidazole,
1-methylimidazole, 1,4-diazabicyclo[2.2.2]octane, tris[2-(2-
methoxyethoxy)ethyl]amine, and combinations thereof. Inorganic bases that
are suitable for the preparation of betulinic acid salts, include, but are not
limited to, sodium carbonate, trisodium phosphate, and combinations thereof.
[0055] Those of skill in the art recognize that multi-base systems may be used
where appropriate. This invention contemplates the use of multi-base systems.
In some embodiments, processes of the present invention comprise the use of
bases which are not-pharmaceutically acceptable, for example, in the
preparation or purification of a pharmaceutically acceptable compound. All
bases, whether pharmaceutically acceptable or not are included within the

ambit of the present invention.



hydr oxi de (e.g., potassium hydroxi de;
t et ranet hyl ammoni um hydr oxi de); carboxylate (e.g
waeomamsaret at e and sodi um pival ate); al kyl anPCBUS2006/047749
(e.g., sodiumtert-butylam de), dialkylamde (e.qg.,
l'ithiumdiisopropylamde); alkyl (e.g.,
p-butyllithium sec-butylsodium di-H butyl magnesiunj;
bis(trial kylsilyl)am de (e‘.‘SJ’.‘, pot assi um
bi s(trirnethylsilyl)am de), and combinations thereof.
Use of organonetallic reagents conprising a reactive
[0056] net al leapmsenBwdimems.dhe saiqbinbiss coamgent 2 plikpls metal base
esj.u I
SEELE TRORCHE Bolb AP ERlink SRR, Wi $ABKice,
bediuti methadilel salitrs odfetithe spdiese pivalate,esidaoridé,ntisedam
adlnbes(.- oy . . .
Pﬁ‘gs;magez aﬁ%é E{'%df OT'l?r‘fﬁyécm}mélﬂe lghldlm methoxide, lithium
Idan%&bpyladam@y%ﬂ[]fbta?ssi&hﬂneu@xﬁme) guani di ne bases
(e.qg., 7-methyl-|,5-7- trlazablcyclo[4 4. 0] dec- 5-ene
[0057] and . In somgq 6mt19é\m1gpf§,tth?|sWe p%ﬁerpg)-npng%alb? %lntetal base

Q@I%@t%dsﬁ‘&lﬂ he %l@h%%%gi‘étm% -JFedovlh fﬁyéﬁael Sodium methoxide,
I, 4-di azabi cycT o ane, tris[2-(2-
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bet’ Inic ac I nc ut are not limted
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o inations eof [ 0055] Those of skill in the art
rcgg;gmsm e sfoh tI“%l -base systens may be used where
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the preparation or purification of a pharnaceutically
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[0061] Phar mMageddnhL ahawdlﬁfe@@sottﬁblsﬁntme Babe 86:8pHias! ddgutahd Bhrth
the anbit of the present i nvention.[0056] In sone

di ments, the suitable base conprises an al kali
j0062] MEL 2l I*ﬂa@:r‘ne embodiments, the suitable base comprises an alkaline earth

base selected from the group consisting of calcium hydride, cesium hydroxide,
magnesium hydroxide, magnesium methoxide, and methylmagnesium
bromide.

[0063] In some embodiments, the suitable base comprises an alkaline earth
base selected from the group consisting of calcium hydride, magnesium
hydroxide, and magnesium methoxide.

[0064] In some embodiments, the suitable base comprises an organic base.

[0065] In some embodiments, the suitable base comprises an organic base
selected from the group consisting of imidazole, DABCO, 1-methyl-
imidazole, tris(methoxyethoxyethyl)amine, DBN, DBU, and 7-methyl-1,5,6-
triazabicyclo[4.4.0]dec-5-ene.

[0066] In some embodiments, the suitable base comprises an organic base
selected from the group consisting of imidazole, DABCO, 1-methyl-

imidazole, and tris(methoxyethoxyethyl)amine.



selected fromthe group consisting of sodi um hydri de,
sodi um hydr oxi de, sodi um net hoxi de, sodi um acet at e,
w@oai7amss val at e, sodam de, trisodi um phosphatBCT/US2006/047749

[ithium hydride, n-butyl lithium [Iithium nethoxide,
l'ithiumdiisopropyl am de, and potassi um Mt oxi de.
[0057] In sone enbodi nents, .the suitable base
conprises an al kal i met al "H&e selected from the group

. consi sting of sodium hydride, sodium nethoxi de, sodi um
acetate, sodium pival ate, sodam de, trjsodium .
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al kal i ne earth base sel ected fromthe group consisting
bydeoxids, uraopgrRsiute | BEGPYEhy dRSRYIMRENAHEHe s Pipgide,  and
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. In some enbodi ments, the suitable base
[0068] conpr i Bewblnteidcn lapmressghventshiaskids dridkylaminese friqtiydamine,
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ethylamine,  N,N-di-z-propylmethylamine,  N,N-dimethylisopropylamine,
N,N-dimethyl-n-propylamine,  N,N-diethylisopropylamine, N,N-diethyl-
n-propylamine, N,N-dimethybutylamine, N,N-dimethyl-sec-butylamine,
N,N-dimethyl-tert-butylamine, N-methylpiperidine, " N,NN’N°-
tetramethylethylenediamine, N,N'-dimethylpiperazine, N-methylmorpholine,
and combinations thereof. In some embodiments, the solvent system is
anhydrous. A trialkylamine with a boiling temperature near or below room
temperaturé (e.g. trimethylamine, N,N-dimethylethylamine and NN-
diethylmethylamine) may become a suitable solvent if its volatility during the
reaction is controlled by, for example, applying suitable pressure or if it is
used as a mixture with a polar aprotic solvent. In some embodiments, the
solvent system is heated to about 40, 45, 50, 55, 60, 65 or 70°C. A
trialkylamine with a melting point at or above room temperature may become
a snitable solvent is it is used as a mixture with a polar aprotic solvent. Other
solvents that are suitable for the process of the present invention include
tetrahydrofuran, tetrahydropyran, 1,4-dioxane, dimethoxyethane, and
combinations thereof. Those of skill in the art recognize that multi-solvent
systems may be used where appropriate. This invention contemplates the use
of multi-solvent systems. Some embodiments employ binary solvent systems

such as toluene and methylcyclohexane, toluene and ethanol, 2-butanol and



[0064] In sone enbodi nents, the suitable base
conpri ses an organi c base. [0065] In sone enbodi nents,
w0 b@7otEstabl e base conprises an organi ¢ base sSPCBHUSB®O6/047749
fromthe group consisting of imdazole, DABCO
1-nmet hyl i m dazol e, tris(methoxyethoxyethyl)am ne, DBN
DBU, and 7-nethyl-1,5, 6-
triazabicycl o[ 4. 4. O]dec 5-efe; [0066] In sone
enbodi nents, the suitable base conprises an organic

base selected fromthe group consisting of imdazole,
DABGOcydolmxehs i 2rbdtarel eandgrghanol, 2-butanol  and acetonitrile,
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[0071]N N N oﬁfyﬁgkﬁh&%@w&v L&t el ERAS sarHSas 6 Blo-3,3-DSB. One

| per azi ne, JV-nethyl norpholine,
embodxment comprises 3-0-(3',3'- d1methylsuccmyl)betuhmc acid mono-N-

methyl-D-glucamine. Another  embodiment  comprises  3-0-(3',3'-
dimethylsuccinyl)betulinic acid di-N-methyl-D-glucamine. Another
embodiment comprises an alkali metal salt of 3-0-3',3'-DSB. These salt forms
are prepared by reacting 3-0-3',3'-DSB with NMG or with an alkali metal
hydroxide to provide mono- or di-salts of 3-0-3',3'-DSB.

[0072] The 3-0-34,3-DSB salts prepared according to the process of the
present invention have anti-retroviral activity, thus providing suitable
compounds and compositions for treating retroviral infections, optionally with
additional pharmaceutically active ingredients, such as anti-retroviral, anti-
HIV, or immunostimulating compounds or antiviral antibodies or fragments
thereof.

[0073] By the term "anti-retroviral activity" or "anti-HIV activity" is intended
the ability to inhibit at least one of:

)] viral pro-DNA integration into host cell genome;

2 retroviral attachment to cells;



and conbi nations thereof. In some enbodi nents, the
sol vent systemis anhydrous. A trial kylamne with a
wWhio7ioT834& enper at ure near or bel ow room t enper BET/U82006/047749
(e.g. trinethylam ne, A, A -dinethylethylam ne and
N, Ndi et hyl net hyl arm ' ne) may becone a suitable sol vent
if its volatility during th reaction is controlled
by, for exanple, applying sditable pressure or if it
is used as a mxture with a polar aprotic solvent. In
some enbodi ments, the solvent systemis heated to
about (0, 44ral egry B8 c@dly; 65 or 700C. A trial kyl ami ne
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di net mpyyetm@nsud@ﬂgjop@ﬁmrﬂmﬂ;ons t hereof. Those of

skill in the art recognize that nulti-sol vent systens
may b (B us@tivie Pt VEBEredid sraymepsich /gy pisg ranscriptase,

%Qéﬁg@&rﬁiﬁ%tgagg);%g of multi-solvent systenms. Sone

enpbodi nent’s enpl oy binary sol vent systems such as
t ol uer® andnyerepinciasioyek anllVi pithagmia Asfiansh sueh as, for
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th ehesndmextvasiyidreim tHad @v@buded Eenetye ab espevett by the skilled
processes of the %resent l,bnventi.on relu§ed to._produc
grtfpan maldng e mggsuGeTs AR HERIGIE B1°F! 6T 5T sompgrere
sdald $hé Wdjediive 60 mdabaerne UindC dte ¢oegitsnh tafotss measuring
Non-t oxi c, pharnaceutically acceptabl e am ne or
GESPEIREr y ammoni um salts of 3-0-3',3'-DSB woul d be

[0075] SUI t abA 8-H Oy 3PDEBHAR Y thLitles® iRARtibh @S be USASPr Grahthfent
%%r;et?c?vi?arl e(g.agr,egl\li)nin%elzc}ti%n elil*;rlxle? %lotng,e or in combination with other
modes of therapy known in the art. However, because the salts of 3-0-3",3'-
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.

[0076] Pharmaceutical compositions of the present invention comprise at least
one salt of 3-0-3',3'-DSB prepared according to the process of the present
invention, optionally in combination with one or more additional agents as
described herein. Likewise, methods of treatment employ a pharmaceutical
composition comprising at least one 3-0-3',3'-DSB salt produced according to
the present invention, as described herein, alone or in combination with
additional agents as further described. Such modes of therapy can include
chemotherapy with at least one additional drug as presented herein.

[0077] The terms "salt(s) of 3-0-3',3'-DSB," and "DSB salt(s) of the present

invention” are used herein interchangeably and are intended to mean that the



final isolation and purification of 3-0-3",3 -DSB or
by separately reacting purified 3-0-3',3' -DSB in its

wo e@e/ozssisl formwi th a suitable organi c base apdI/us2006/047749

isolating the salt thus fornmed. These include nontoxic
amoni um quat ernary ammoni um and am ne cations

i ncluding, but not limted to ammoni um

t et ramet hyl ammoni um tetrae]tghyl amoni um and cations

of net hyl am ne, dinethyl am ne, ethylanm ne,

I V-nmet hyl - D-gl ucam ne_and the |ike. [0071] O
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[0078] r n ono-MnepleirredRngbadiaantnprodicks pheducedbydhepresent invention
ri ses ucci nyl)betulinic acid

cﬁre Vfﬂle‘lnﬁg? gétmeag%l?%anﬁ%p er embodi ment conpri ses

[0079]2n al kphd td¥Rf Bdreatilot nansthe 3dmdniseBBe tdNRBRCRA B-0-3,3"
forms are prepared by reacting 3-0-3",3 -DSB with MG

&Sm sl B8R e i toa RGP | ST, Fa5 R HIBOSTS Thicky Can
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repared according to process of e present
[0080l| nventH@wnBaw amqralbedtfsemwdaﬂlea@wmqry the mge will be more

%Q&quﬁlﬁr&{%é ARb & RRRANRIS tt%“ﬁ’;u‘atl o%é,faﬁﬁﬁé‘ss for

trea oV ¢l ections, o Wt h

addltlonal pharmaceutically active ingredients, such

&X@mlﬁlretrow ral, anti- H'V, or immunostinulating
onpounds or antiviral antibodies or fragne

[00811t her eofs. suspaEsIn &f/2the { &r mebpft 2 2r¢BW§\V?§“ﬁFm§c%‘%‘@/ it 720
%og%llueﬁ! ¥ 1Ratld\b t150°¢ &)(11 ?ﬁ Qﬁﬁléfh@ ggﬁo\%'x{ﬂl 190 eq.) of

Peast one of viral pro- i ntegration
|a¢t:bc robydides lis gddehdropcwiser exaroliSrial Buriag hemdditen the

sperisgo%) be clan% sQ)thm/on. n}xﬁerczﬁ{ {h% anhydride is added, the solution
is stirred for further 1.5 h at 130°C in oil bath. Toluene is removed by

distillation. Addition of 250 mL of toluene and repeated distillation will remove
residual acetic acid and acetic anhydride. 7Yield: 178 g (93 %) slightly
yellowish oil which crystallizes upon standing. Purity by NMR: 97 %, traces

of toluene, acetic acid, acetic anhydride

Example 2:

[0082] A solution of 10 g (22 mmol) of betulinic acid in 42 mL of
triethylamine preheated to 50°C is added drop-wise to a suspension of 0.88 g
(22 mmol) of NaH in 5 mL of triethylamine to form the sodium salt of 3-O-
3',3'-DSB. After addition is completed, triethylamine (23 mL) is distilled off,
DMSA (7 g, 55 mmol) is added at 80°C and the reaction mixture is refluxed.
After 1.5 b HPLC indicates complete conversion and the suspension is cooled
to 30°C before it is carefully added to 75 mL of pre-cooled ethanol. Then, 45
mL of water followed by 30 mL of HC1 (32%) are added and the product
precipitates. The precipitate is filtered, washed with 100 mL of water and
dried in vacuo at 50°C overnight. Yield: 11.7 g (91 %, crystals). HPLC:
Betulinic acid: 0%; 3-0O-3",3'-DSB: 91.5 %, 3-0-2",2'-DSB: 8.5%.



-(4) cellular netabolismwhich permts vira
replication; (5) inhibition of intercellular spread of

W0 b@70788u%s; (6) synthesis or cellul ar expressiPCI/U8§2006/047749
viral antigens; (7) viral budding or maturation; (8)
activity of virus-coded enzynmes (such as reverse
transcri ptase, integrase ang proteases); and (9) any
known retroviral or H V patfhogenic actions, such as,
for exanpl e, imunosuppression. Thus, any activity
whi ch tends to inhibit any of these nechanlsns IS
'EEWPF fétro viral activity" or ant|-I4IV activity.’
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present invention can be
Ltff&dethﬂ)iol;tmethyratanne mfdlstdterdootf r @he (it bgth, iskthér) heanddetot HOOHC

ei t her i n, combi.nation with qther de f ..
St SR Ao AL S PR ottt ee-PrEc T yfheinic
lenh?dx@lé (7Bg; SOChmb1, Reeqy asaddedi atdent isaspedki®n becomes a
relatively ?ess or substantlally non-t oxi

Sefiion: cAbiadnRmal 190 P ARG 16 GOl ol trRiain a

qhtigsé@hld. §%@tu‘ilﬁw Qi“!ﬂdrtﬁteth'ymxﬁﬁéj ongfted B0RSIHPLC indicates
Phar maceuti cal qp03|t|ons of the present invention
&

mmlﬁ@ecoavenswast Hiens {660 gnl-pipaddedzand§B0 gpbpef ejvent
gngﬁ?né Sd BEREPSEEIIMBTed Wdi@ﬁﬁﬁﬁm ARUERELRL 320 mL

I'n conmbination wth one or nore additiona
ggetntugnggre then added and 320 mL of solvent are removed by distillation.

The reaction mixture is cooled to 20°C, and HCI 37% (54 g, 547 mmol, 2.5
eq.) is added slowly followed by 200 mL of water. After the addition of 120
mL of methylcyclohexane, the mixture is stirred for 30 minutes at room
temperature. The crystals are isolated, washed with 120 mL of toluene and
150 mL of water. The crude material is dried in vacuo at 50°C overnight.

Yield: 109.5 g (89%) white powder.

HPLC:
Crystals: Betulinic acid: 0.15%,; 3-0-3.3-DSB: 95.0%;
3-0-2",2"-DSB: 4.4%.
Mother liquor: Betulinic acid: 2.0%; 3-0-3',3'-DSB: 69.5%; 3-
0-2'2-DSB: 20.2%.

Assay:
90% (unaccounted for residual organic solvents and water; no
chloride contamination).

Example 4:
[0084] Sodium hydride (0.66 g, 60 % in mineral oil, 16 mmol, 2.5 eq.) is

added in portions to a solution of betulinic acid (3 g, 6.6 mmol) in

triethylamine (10 mL). After stirring the suspension for 10 min, DMSA (1.7



descri bed herein. Likew se, nethods of treatnent
enpl oy a pharnmaceutical conposition conprising at
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present invention, as described herein, alone or in

conbination wth additional agents as further
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[0087]610&t I CTQQleldgdrg.l%m%quegctlo}lz%egfoﬂgg’d 0/1‘) a(?éohﬂﬁl&é Yvith Example

5 comprising an organic base.

Table 1
Base Equivalents | Reaction | Betulinic acid: 3-O 2,2-DSB:
of Base Time 3-0 3,3-DSB
DABCO 1.0 24 h 0:15:85
1-methyl-imidazole 1.0 24 h 0:17:83
tris(methoxyethoxy- 1.0 24h 0:19:81
ethyl)amine
DBN 1.0 2h 0:25:75
DBU 1.0 2h 0:34:66
7-methyl-1,5,7- 1.0 2h 0:41:59
triazabicyclo[4.4.0]
dec-5-ene
[0088] Table 2 summarizes reactions performed in accordance with Example

5 comprising a metal-containing base.
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whi ch crystallizes upon standing. Purity
by NVR. 97 % traces of toluene,

acetic acid, acetic
solution of 10 BCT/BER2006/047749

mol ) of betulinic acid in 42 nL of triethylamne
preheated to 500C i s added drop Wi se to a suspension

of 0.88 g (22 mmol) of Na
formthe sodiumsalt of 3

triethyl am ne (23 )
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DVBA (Z-g,
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HOH]
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Example 6:

10089}

Betulinic acid is reacted with base as described in Example 5. After

reaction with the base, 5 mL Et3N is added, the reaction mixture is heated to

reflux and 5 mL solvent is distilled off. This procedure is repeated two more

times. Heat is then removed, 2,2-dimethyl succinic anhydride (0.99 g, 7.75

mmol) is added, and the reaction mixture is then allowed to reflux under Nz'

[0090] Table 3 summarizes reactions performed in accordance with Example
6 comprising a metal-containing base.
Table 3

Base qu?\];alents Reaction | genjjinic acid: 3-0

ot base Time | 2,2-DSB:3-03,3-

DSB

CsOH 1.0 48 h 6:26:68
Mg(Ol\/Ie)2 0.5 4h 0:7:93




[0091]

conpl ete conver

si on.

Tol uene (660 ni)

i s added and 600

nmL of solvent (triethylam ne and toluene) are renoved

whgoodiozssid | at i on.

An addi ti onal

t hen added and 320 nlL of solvent are renoved by

distillation.

and HO 37% (54 g, 547 ninp
foll owed by 200 nL of water”

nmL of methyl cyc
m nut es_at

| ohexane,

3

2.5 eq.)

320 nL of t ol urREIEUS2086/047749

The reaction mxture is cooled to 200C5
is added slowy
After the addition of 120

the m xture is stirred for 30

roaom.t prmpratur e

The

crystals-are

i sol a

ed, washed with 126rje Df tol uene and 150

L of

wat er .
overni
Cryst
3-0-2'

The—TrUu

diase Vi el

1l s: Bet ul
, 2' - DSB:

€
dE
|n|c aC|d

4.4% Mot

ehR

h

er

%zg%c‘%fohaﬂ

0 Tirsey
i quao

M vacuo at
Bﬁ@hﬁammé¢i3pp
32(2-BSB33-08B- ¢
r: Bet DSBhi ¢ aci

500C
C
DS, 0%
d:

2. 0%
Assay:

3-0-3", 3
90% (ung

- DSB: 69.
ccount ed

5
f

DA
Dr

3- O
resid

2',2'-DSB: 20. 2§
ual organic sol

0
ents

and
[ 0084]
mol

ter 1o C

(Bédﬂgﬂrh
2.5 eq. )

htorrde—

i s added

ydPi de (0.

Url
D

i h

TtamTTat
561y, 60

Ton) . _EXanpte

% i ASrdrierlal o

porti

qns to a sol uti of

16

of

H

bet ul i
m). A
(1. 7q,

ITL am U

@R MgBy r
13ﬁg mmo

3—g,— 6.6
r2.8g the
I) i s add

T
S|

e

oty =TT

gpensi

tTiethytamme

n for’510 @4,

10

DVBA

j and the suspen5|on IS

reflu CTIUT T
and ar| raBdlt i on
100851 -Aft-er—L

h—After

al-020 niL
h.

HRLC -+

Z

o
H

Thesjuspension Thicke

ﬁkleth

} cat-as
o J

| ani2rid 3ar® addd

aarlar conmal.ct-o

ns
pd.

conver|sitamaa t h

1.be

T

B A %%

4h

LAYA® Y I | Y UUII’J CT T

4:9:87

(CH3)3CO
ONa

1.0

4h

0:10:90

NaNH2

1.0

24h

0:10:90

Na PO
3 T4

0.33

24h

0:10:90

Having now fully described the invention, it will be understood by

those of ordinary skill in the art that the same can be performed within a wide

and equivalent range of conditions, formulations and other parameters without

affecting the scope of the invention or any embodiment thereof. All patents,

patent applications and publications cited herein are fully incorporated by

reference herein in their entirety.



foll ow ng regioi soneric selectivity: 3-0-3', 3" - DSB:

91% 3-0-2',2'-DSB: 8% (W th 1% unreacted betulinic
wa@ediodp7ssiExanpl e 5: [0086] Betulinic acid (1.4 BCT/BSE06/047749

mmol ) is suspended in 6 nL Et N, and heated to 5Q 55C

under N . When the acid has been fully dissolved, the

pal e yell ow solution is co%l%gd tort. Et N (0.75 nl)

is added to the base (3.1 mMDI") under N, and the

solution of betulinic acid is added over 5 ra in by

Sy he reaction mxture is stirred at rt for 30
Mﬁﬂgjﬁd—}tﬁgﬂEQﬁt ed to 70-750C. At this tenperature,
2, 2-di et hyl succinic anh)(drlde (0. 99% 7.75 mmol) is
altded, ATACEN dOT BRI Flar ¥R X PipParing 3P Bidkd to refl ux

under mrﬁ&%ZﬁccTrﬁh’Jb%tullnwmlfﬂ £ E‘p afef Fetlél fan P8r ZOQ'mEd

in accordance w th Exanple rs ng an orga
base. F@@%wlsﬂ@m@bﬁk@mmd zespnﬂagtmacnsg perfor rred in

et ol - cor e u e eE Ry 3 aP IRE! hilfaSreinin thempprens pge

i s reastitblabdsh. base as descrl bed in Exanple 5. After
reaction with the base, 5 nL Et N is added, the

rf:actl at ed t reflu 5,,m sol vent
di s?ﬂ? F}eéIs asﬁgll sWhreé%lg ’@tl )%Pe@iét%d two nore
t| nes. dmmmylsmctﬂye)bemhnmmﬂu ta23-2-¢' et hyl succinic
anhydrlde added, and the
react | OFG r‘ﬁgﬁf 5%?)36?%‘8}? aéﬂ“% Zméieaé‘os%(h ux under N .
10090] Table 3 summarizes reactions perforned in
accor d"ﬁhﬂ:proaxbssrufﬁieamil evierdio i taib g 380-(3',3'-

net al ai.nin se..Havi WLly described the
|nventcl? RVELS \ﬂg\yﬁg hf}‘r‘i’oaé’f‘g?og%g‘{?ythose of ordinary

skil ahmetmsmmyt)bamthc&amt gk deperformed within
a w de and equi val ent range of conditions,

flf.) rmul 'f'ltlé Srrc])%es%n(%lc a1m aege?n teerratslo \gﬁf g hOo—%B' 3
dimethylsuccmyl)betulinic acid to 3-0-(2",2'-
dimethylsuccinyl)betulinic acid is at least about 90:10.

5. A process for preparing 3-0-(3',3'-dimethylsuccinyl)betulinic acid,

comprising providing a compound of Formula II, IIT or IV:
|

M

s

HO

— )|

i

. + . . . .. .
wherein M™ is a cation with n oxidation states and n is 1 or 2;



affecting the scope of the invention or any enbodi nment
thereof. Al patents, patent applications and

w@oeliozssts ons cited herein are fully incorpor aP@dukz006/047749
reference herein in their entirety. WHAT IS CLAIMED | S:
1. A process for rcgiosclcctivcly preparing
3-0-(3",3 - dinethylsucciny])betulinic acid in a
greater yield than 3-C>(2Vf@rhethylsuccinyI) betulinic
acid conprising reacting 2, 2-dinethyl succinic
anhydride with betulinic acid in the presence of a

| e base. 2. The process of claim1l, wherein the

of 3-0- (3,3 - dinethyl succinyl)betuhnic acid to
, 2 - dinethylsuc i )betullnlc acid is at

80 20. 3. The process “ aim1, wherein the

of 3-(9-(3,3 - dinmeth [ gbetulinic acid

to 3-0-(2',2" - dinet etulijnic acid is at

| east sl ai oL (Miher ei n t he
ratio gucdl nyl ) betulinic acid
to 3- 2 betlulinfc acid is at

| east labou : ﬁiocess f & prepari ng

3-0- (3,3 }dinet ici nyl )betulinic pcid, conprising
provi df pourd-of Forrmula I, 1] or I'V: wherein
M+ is]a cat} i th n oxidation states and n is 1 or
2; wherlei + is a cation with k oxi ion state; eaHh

of k and n1|s or 2. proyvi hat when nxl

when riErepHL’ Era %ﬁ’é’Pé’I"FP gé’é‘ afpRstatey faclnil; agg 1 or

i ndepengd@Rided tRat WG maf, i@2dimiGakdo~2826h @f k and n
i s independently 1 or 2, each of a and b i's fromO0 to

2, andlc is /”4?

”,
2,
e,

o | (M), (Q™),

[ERRILILED

— e v
wherein each of M*" and Q" is independently a mono- or a di-cation,
each of k and n is independently 1 or 2, each ofa and bis from O to 2, and c is
1 or 2, provided that the electroneutrality of the salt is not violated;
and converting said compound to 3-O-(3',3'-dimethylsuccinyl)betulinic

acid.

6. The process of claim 5, wherein said compound is an alkali meta] salt

or an alkaline earth salt.

7. The process of claim 5, wherein said compound is a sodium salt.



1 or 2, provided that the electroneutrality of the
salt is not violated; and converting said conpound to
W@2609078848 3' - di met hyl succi nyl )betul i nic acid. BCT/Ukm®06/047749
process of claimb5, wherein said conpound is an al kali
netal salt or an alkaline earth salt. 7. The process
of claim5 wherein said corrE und is a sodiumsalt.8.
The process of claim5, whéréin said converting said
compound to 3- O (3,3 -dinmethyl succinyi)betulinic
Zéti dc rises contacting said conpound with
3-2- di et PRPES il Sriviraeingaid nvattiag seidaeswyouhd to 3-
claimp., ¥yl Wal el f Fornmula
12 PG RS Rt ERTRAND S et R o
a sui tedsmpoupdseith 22-diffethylswwcbdsardfydedai m 9, wherei n
said suitable base is an alkali netal base. 11. The
oce [ !yvlqﬁg I idalkali nmetal base is
gge'l ectsglaé)l%rro g‘%ﬁgt é:iagrPOlJp cegéﬁgisgﬁ%ipﬁ%\%&ngsao%qrﬁ?ﬁ i de,
sodi unfdrydioi| e or §daompriset duoxdctiag bs@dintaaE QLatL,
sodi urglgi l\allalbat e, sodam de, trisodi um phosphate,
it hi UM AYArEeHE, "-butyl lithium 1ithium methoxi de,
l'ithiumdiisopropyl am de, and potassium/-butoxide.
11D, THEhqyrocess ©fofaiml Qiwhetdn swiengible badcts ah kidali ahAl
base i sasgel ected fromthe group consisting of sodium
hydri de, 'sodi um net hoxi de, sodi um acetate, sodi um
pi val ate, sodam de, trisodi um phosphate, nbutyl
|51t hi ubhe picchssuaf dlaimopd,opktremNii® ali@midnRed] assé Uselected
- ' . ) im10, wherein said
;| Eglt %(Jﬁngte %elgrggghggﬁégf@?f gsfodﬁjlma Ihrgdrid'e, sodium hydroxide,
sodium methoxide, sodium acetate, sodium pivalate, sodamide,

trisodium phosphate, lithium hydride,( n-butyl lithium, lithium

methoxide, lithium diisopropyl amide, and potassium z-butoxide.

12. The process of claim 10, wherein said alkali metal base is selected
from the group consisting of sodium hydride, sodium methoxide,
sodium acetate, sodium pivalate, sodamide, trisodium phosphate, n-

buty} lithjum, lithium diisopropyl amide, and potassium ¢-butoxide.

13. The process of claim 10, wherein said alkali metal base comprises a

sodium cation.

14. The process of claim 10, wherein said alkali metal base comprises a

lithium cation.

15. The process of claim 10, wherein said alkali metal base comprises a

potassium cation.

16. The process of claim 9, wherein said suitable base is an alkaline earth

base.



sodium cation. 14. The process of claim 10, wherein

said alkali netal base conprises a |ithiumcation. 15.
wab@7prsseeess of claim 10, wherein said al kal i PEL/EE2006/047749

base conprises a potassiumcation. 16. The process of

claim9, wherein said suitable base is an al kaline

earth base.17. The process claim 16, wherein said

al kal i ne earth base is seletted fromthe group

consi sting of cal cium hydride, cesium hydroxide,

magnesi um hydr oxi de, magnesi um net hoxj de, and

Bt hyIWWa@ﬁé%ﬁSmﬁ%$‘mn1@eWhi@1“ 148 apralinsLarihrbase As mrleged

wher el i Bloka! LiRishRR! Br AR Sl Bllubt AtidiRde,

group ‘consi stTng o cal crum hydri de,” magnesi um

hydr oxhamesiandhydigridsi oragnetitoxhaboxite, arghmefindwegresgim

claim,9, \I\(:;l;ﬁrel n said suitable base is an organic

base. DHMGhe process of claim 19, wherein said

or gani c base i's sel ected fromthe group consi sting of

i m dazol e, DABCQ met h i m d
t18 s n&%@@%ﬁsfﬁx@@f’h)}pa é/YI}?F l\‘flk%@@ eafhpase is selected

7- et bl the g@c-upt EdR%aRY %a(kﬁﬁ‘m‘hﬁh@@ Cmag@fim dldrokiiee,

process of claim 19, wherein said organic base is
sel ectmmammmﬂgﬂl@ﬁpieeonm sting of indazole,
DABCO, 1-nethyl-im dazole, and

tris(methoxyet hoxyet hyl)anine. 22. The process of
di9ai m Bhe processef chabmy, wdiermgn s4id suitalyle base ipan GEEANRASE
sui tabl e sol vent.

20. The process of claim 19, wherein said organic base is selected from the
group consisting of imidazole, DABCO, 1-methyl-imidazole,
tris(methoxyethoxyethyl)amine, DBN, DBU, and 7-methyl-1,5,6-
triazabicyclo[4.4.0]dec-5-ene.

21. The process of claim 19, wherein said organic base is selected from the
group consisting of imidazole, DABCO, I1-methyl-imidazole, and

tris(methoxyethoxyethyl)amine.

22. The process of claim 5, further comprising the step of introducing a

suitable solvent.

23. The process of claim 22 wherein the solvent is an amine.

24. The process of claim 23 wherein the solvent is a tertiary amine.
25. The process of claim 24 wherein tertiary amine is triethylamine.
26. The process of claim 5, wherein said providing a compound of

Formula II, III or IV comprises contacting betulinic acid with an alkali

metal hydride or an alkali metal alkoxide.



23. The process of claim 22 wherein the solvent is an
am ne. 24. The process of claim 23 wherein the sol vent
WO 200a8/0t88ug | ary ami ne. 25. The process of cl ai nPQEUS2006/047749
wherein tertiary amne is triethylamne. 26. The
process of claimb5, wherein said providing a conpound
of Formula I, IIl or IV c ri ses contacting
betulinic acid with an al Kafi" netal hydride or an
al kali metal al koxi de.27. A process for preparing
3-0 (3,3 -dirnethylsucciriyl)betulinic acid, = .
onpr PsPriegess(fay Prepaing -8 §afltm%hy15@%%wlmeeﬂm #eithi t h
2, 2-di, &HWn ucci ni ¢ anhydride in a suitable solvent;
and (b ecovering the product. 28. The process of
claim27 wherein said salt is an alkali netal salt.
29. The pr dexssctofg ahadl of bzgilinig agidiwitis 22 dlimelhalgucersical
salt is | Wt <al i metal- base. 30. The
proce?gh(ﬁ&%vggﬁﬁgggkaﬁggégghgaid al kali netal base is
sel ected fromthe group consisting of sodium hydri de,
sodi um hydr(bxiedeyerswothapraderhoxi de, sodi um acet at e,
sodi um pi val ate, sodani de, trisodi um phosphate,

Lt hi . Lo b1t i . de.
ot i e B Sbinetdif S b Rt e
31. The process of claim?29, wherein said alkali netal
Base iRhegapesss eficihinoASt Weergingal 2lbak metalsgit & degbygr fram
hydri de, ' hoxi de, sodi um acetate, sodi um
pivalg gyaggggg}g%%'trisodiun1phosphate, nbut yl
[ithium [Iithiumdiisopropyl am de, and potassi um

30but GBhiederocsss. ofThlaimy25e edherein saidhpialiometah bpsg 15 selpged
al kalig TRt @l ARG EQMhEeSr Qodium hydride, sodium hydroxide,
sodium methoxide, sodium acetate, sodium pivalate, sodamide,
trisodium phosphate, lithium hydride, »-butyl lithium, lithium

methoxide, lithium diisopropyl amide, and potassium f-butoxide.

31. The process of claim 29, wherein said alkali metal base is selected
from the group consisting of sodium hydride, sodium methoxide,
sodium acetate, sodium pivalate, sodamide, trisodium phosphate, n-

butyl lithium, lithium diisopropy! amide, and potassium ¢-butoxide.

32. The process of claim 29, wherein said alkali metal base comprises a

sodium cation.

33.  The process of claim 29, wherein said alkali metal base comprises a

lithium cation.

34. The process of claim 29, wherein said alkali metal base comprises a

potassium cation.



sodium cation. 33. The process of claim 29, wherein
said alkali netal base conprises a |ithiumcation. 34.
wab@7prsseeess of claim 29, wherein said al kal i PEL/EE2006/047749

base conprises a potassium cation.35. The process of

claim 27, wherein said salt is an al kaline earth netal

salt. 36. The process of cl.aim35, wherein said

al kaline earth nmetal salt "is 'derived froman al kal i

metal base. 37. The process of claim36, wherein said

al kaline earth base is selected fromthe group

8bnsi Fhemepasss et lainy Ay My eTFRG2idsdl n A AYHIBR %I@h metal
?ne5| um hydroxi de, magnesi um net hoxi de, and

met hyl magnesi um bromi de. 38. The process of claim 36,

wherein said al kaline earth base is selected fromthe

g6oup Themsocsss aficlein 851 wherminsait alkelinasagiespighsalt is

hydro)&ﬁ é%ﬁg?ja ﬁﬁ;ﬁ? Lé{gl:gtf;&goxi de. 39. The process of

cl ai n sal | e base is an organic
base. 40. The process of claim39, wherein said
87 ganiThelyaseess ofsddiec Bedwherom st aljrabup ceuhdiast imgelesdted

i m dazol e, ,, DABCO, 1rre I . .
11 S TERARE ROy STt e BB Beaide. sedvg. ugide
1, 5, 6-mdghksiaabhedtokednmbghidsilen mhetboreideAdnd hiethybmegressim
of claim39, wherein said organic base is selected
from tbﬁ%m’gj’teoup consi sting of imdazole, DABCO

1-net hyl -i m dazol e, and tris(methoxyet hoxyet hyl)am ne.

38. The process of claim 36, wherein said alkaline earth base is selected
from the group consisting of calcium hydride, magnesium hydroxide,

and magnesium methoxide.

39. The process of claim 27, wherein said suitable base is an organic base.

40. The process of claim 39, wherein said organic base is selected from the
group consisting of imidazole, DABCO, 1l-methyl-imidazole,
tris(methoxyethoxyethyl)amine, DBN, DBU, and 7-methyl-1,5,6-
triazabicyclo[4.4.0]dec-5-ene.

41. The process of claim 39, wherein said organic base is selected from the
group consisting of imidazole, DABCO, 1-methyl-imiaazole, and
tris(methoxyethoxyethyl)amine.

42. The process of claim 28, further comprising the step of introducing a

suitable solvent.

43.  The process of claim 42 wherein the solvent is an amine.

44.  The process of claim 43 wherein the solvent is a tertiary amine.



42. The process of claim 28, further conprising the

step of introducing a suitable solvent. 43. The
wee@eews4of claim42 wherein the solvent i s anPERUSING6/047749

44. The process of claim43 wherein the solvent is a

tertiary am ne.45. The process of claim44 wherein

tertiary amne is triethylayne. 46. The process of

claiml1, 5, 8 or 27, further conprising preparing

2, 2-di et hyl succi ni ¢ anhydride by reacting

2, 2-di nmethyl succinjc acid with a slight excess of

4éet i dhaimoerss abclamy 47 SHSVHIA (£ TH A SIRRE AT SPARP IS et i ¢

acid fromthe reaction m xture. 47.

3-0- (3,3 -D et hyl succi nyl )betulinic acid having at

| east 85%regioisoneric purity relative to .

36<9- (The procegs abelayn éu@x:f? /2 7%, atthgricapprigmePIpR B PRr ed

b e . - e
ot FPREE TR, i SRR iRy Sh.inBhyIRGhIR:
anhydrwittea sligha egcist alf heetsainhpditide anbrefryyingaby@niialdy all
th duct.. . 48. 3-O (3',3'-Dinethyl inyl)betulini
aci " HEoPn i Eomde e PRy B somer ¢ pur )ty rel ative
to 3-(9-(2', 2" -di net hyl succi nyl )betulinic acid

@r7epared-3y3'Dmiabdsscconibiestinigacd deving at legstdf5% ( a)
reacting a sal.t of. betulini Lo with . .
5 s arhepRyrett epHic ety P2 e Hbdvimrdn i
and ( bkid pepmed bR@ pgrbeespcotkigting e4fentihllg opr ocess of
claiml 5, 12 or 22, further conprising contacting

N ot 191 BT Pogt A Ot ey et feuBih e

of 3- Qn@3uitable solvent; and

(b) recovering the product.

48. 3-0-(3',3'-Dimethylsuccinyl)betulinic acid having at least 90%
regioisomeric purity relative to 3-0-(2',2'-dimethylsuccinyl)betultnic

acid prepared by a process consisting essentially of:

(a) reacting a salt of betulinic acid with 2,2-dimethylsuccinic anhydride

in a suitable solvent; and
(b) recovering the product.
49. The process of claim 1, 5, 12 or 22, further comprising contacting said

3-0-(3",3'-dimethylsuccinyl)betulinic acid with N-methyl-D-

glucamine.

50. An N-methyl-D-glucamine salt of 3-O-(3',3'-
dimethylsuccinyl)betulinic acid prepared according to the process of

claim 49.

51. A salt of betulinic acid of the formula:



di met hyl succi nyl )betulinic acid prepared according to

the process of claim49. 5 1. A salt of betulinic acid
w@boorkessiior nul a: where M+ is a cation with n ORCTHEHS10061047749

state and nis 1 or 2. 52. A salt of betulinic acid of

the forrmula: wherein MK+ is a cation with k oxidation

state, and each of k and n1|s 1 or 2 provided that

when nel, k=2 and when me23k=l . 53. A salt of

betulinic acid of the fornmul a: wherei n each of Mk+ and

O+ is independently a nono- or a di-cation, each of k

and n [is independently 1 or/2, each of Ja and b is
between ‘0 and 2, and c is ,,or 2, provijded that the

el ectrioneutrality of thé saf4 not vilol ated. 54. A
pharnﬂceutlcal conp03|t|qm CQ ing the salt of one
of claim49, 52 or 53, Aaceutli cal |y
acceptjabl e exci pi en £ stircal

conposii tion of cgai W el e phar maceutical |y
accept [ 56. A nethod
of tre or|3|%g adn1nistering to

a subj

anount of the phar maceut i cal
conposli :

n

where M™" is a cation with n oxidation state and nis 1 or 2.

52. A salt of betulinic acid of the formula:

o | (M),

D

wherein M*" is a cation with k oxidation state, and each of k and m is 1

or 2 provided that when m=1, k=2 and when m=2, k=1.

53. A salt of betulinic acid of the formula:
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[ (MK, (@)

wherein each of M*" and Q™ is independently a mono- or a di-cation,

each of k and n is independently 1 or 2, each of a and b is between 0 and 2,

and c is 1 or 2, provided that the electroneutrality of the salt is not violated.

54. A pharmaceutical composition comprising the salt of one of claim 49,

52 or 53, and a pharmaceutically acceptable excipient.

55. The pharmaceutical composition of claim 54, wherein the

pharmaceutically acceptable excipient 1s a cyclodextrin.

56. A method of treating HIV infection comprising administering toa

subject an effective amount of the pharmaceutical composition of

claim 54.



