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BLILYRATE-_PRCDRUGS OF | ACTIC. ACLD TECHNLCAL. FlI ELD _
OF THE | NVENTI ON This invention relates to butyrate
prodrugs 5 derived fromlactic acid and pharmaceuti cal conpositions
and net hods enploying them either alone or in conbi nation with
ot her agent j.nCcreasi ng gamma gl obin and fet al plhendy ilnin a
patient. Thgvs(_)e;"'(?{m;5 conmpounds, conpositions and nethods are par%@%ularly
10 effective in treating [err]-henpgl obi nopat hi es, including
sickle cell syndromes and [err]-thalassem a syndrones. In
BUTYRATE PRODRUGS OF LACTIC ACID

IECHNICAL FIELD OF THE INVENTION

This invention relates to butyrate prodrugs

5 derived from lactic acid and pharmaceutical compositions
and methods employing them, either alone or in
combination with other agents, for increasing gamma
globin and fetal hemoglobin in a patient. These
compounds, compositions and methods are particularly

10 effective in treating B-hemoglobinopathies, including
sickle cell syndromes and B-thalassemia syndromes. In
addition, this invention relates to the use of these
prodrugs, alone or in combination with other agents, to
stimulate cell differentiation which prevents

15 proliferation of malignant cells. These methods are
particularly useful in treating cancer, especially
nmalignant hematological disorders.

BACKGROUND OF THE INVENTION
B~hemoglobinopathies are a group of inherited
20 disorders of B-globin biosynthesis. Although efforts

have concentrated on a variety of therapeutic regimens,
feasible clinical treatments for these debilitating
diseases remain scarce.
Various therapies have been utilized in the
25 treatment of B-hemoglobinopathies, each accompanied by
drawbacks. G.P. Rogers et. al., "Current and Future
Strategies for the Manégement of Hemoglobinopathies and

Thalassemia”, Hematology 1994, Education Program American
Society of Hematology, pp. 9-20 (1994). Although the

30 chemotherapeutic agent hydroxyurea stimulates fetal
hemoglobin production and reduces sickling crisis in



addition, this invention relates to the use of these prodrugs, al one

or in conbination with other agents, to stinul ate cel
differentiation which prevents 15 proliferation of malignant cells.
These net hods are particularly useful in treating cancer, especially
mal i gnant hemat ol ogi cal di sorders. BACKGROUND OF THE
| NVENTI ON  wo 97/12855 [ err]-henogl obi nopat hi es are aPrPgruse/18660

i nherited 20 di sorders of [err]-glob[g?piosynthesis. Al t hough efforts
have concentrated on a variety of therapeudtic reginens, feasi bl e

clinical treatgBRhgef Qé%i hé‘r?é‘mfif.‘ﬂdﬁ&te%tisngit use fH $RARheSPY DsSCArCe.
Vari ous therapi es have been utilized in fhe 35 t reat nent
[ err]-hemagl obPRSSREAALLY bheited dhpwelegoricity and dhewdéks oG P. Rogers
o) bl noper SLSSIEILE.  poten Lot gebe cimaymiony 9!
E?ggga% kggfﬁc&h%% a gra%%?’ét%}qg'qmltg%ﬁ?j'bw g—%qua(l)]‘}g’g@ . Reft hough
the 30 5 cheilobdr epklit trarmgfindidnsdexppsecpatiemts aiccthiecpditential
herogl obi n prOQQCLiQEd@”Qa£§§“§¥*iﬁ¥é§ﬁikﬂg gikgisa&éhts, as well as
alloimmunization. Bone marrow transplants are not a
readily available option for a large number of patients.
Erythropoietin-based therapies have not proved consistent
10 among a range of patient populations. Such varying
drawbacks contraindicate the long term use of such agents
or therapies.
It is clear from multicenter studies involving
numerous patients with sickle cell disease that increased
15 blood levels of fetal hemoglobin are associated with
lower events of sickle cell crisis and longer survival
time [0. S. Platt et al., "Pain in Sickle Cell Disease,
New Eng., J. Med., 325, pp. 11-16 (1991}; O. S. Platt et
al., "Mortality ion Sickle Cell Disease", New Eng. J.
20 Med,, 330, pp. 1639-44 (1994)]. Accordingly, in an
effort to avoid the disadvantages of conventional
therapies for B-hemoglobinopathies, therapies have
centered around ways to increase fetal hemoglobin
production. Recent clinical trials have used butyrate
25 analogs, including arginine butyrate and isobutyramide,
to stimulate fetal hemoglobin production as a means of
treatment [S. Perrine et al., A Short Term Trial of
Butyrate to Stimulate Fetal-Globin-Gene Expression in the
B-globin Disorders”, N. Eng. J. Med., 328, pp. 81-86
30 (1993); S.P. Perrine et. al., "Isobutyramide, an Orally
Bioavailable Butyrate Analogue, Simulates Fetal Globin
Gene Expression In Vitro and In Vivo", British J.
Haematology, 88, pp. 555-61 (1994); A.F. Collins et al.,
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potentially limted by nyelotoxicity and the risk of car ci nogenesi s.
Potential long termcarcinogenicity is al so a drawback of
5-azacyti di ne- based therapies. Red 5 bl ood cell transfusions expose

patients to‘&?ﬁ,,ﬁggsent i al of a wide range of infectjOpgsot1fedd
as

agents, as we al | oi nmuni zati on. Bone nmarrow transplants are not
a readily available option for a Farge nunber of patients.
Eryt hr opoi eti n-based_t herapi es have not proved consistent 10 anong a

range of pati enPTRLpEPEI® Rhenydbutyraks; TRerary in BOmeg¥gRYS Rni rai ndicate

the | ong term ghalafsenid: Fgaliinical Trisl"; IElapi,e85, pp. 43-49 It
is clear fron1gggééfenter studi es invol ving nunmerous patients with
sickle cell di that increased 15 bl ood | evel s of fetal henogl obin
are associated with Followimyg ¢hentbsefvatiokl ¢hadl butyricsaadd | onger

survival g induces cell differentiation in yitro [A. Leder and P.
. Leder, "Butyric Acid, a Potent Inducer of Erythroid
bifferentiation in Cultured Erythroleukemic Cells™, Cell,
5, pp. 319-22 (1975)}], that compound was found to
demonstrate promising effects in leukemia patients, by

10 inducing cell differentiation [A. Novogrodsky et al.,
"Effect of Polar Organic Compounds on Leukemic Cells",
Cancexr, 51, pp. 9-14 (1983)]. Aside from their use in
treating p-hemoglobinopathies, butyrate derivatives such
as arginine butyrate, an arginine salt of butyric acid,

15 have been shown to exert anti-tumor and anti-leukemia
effects in mice [C. Chany and I. Cerutti, "Antitumor
Effect Of Arginine Butyrate in Conjunction with
Corynebacterium Parvum and Interferon”, Int. J. Cancer,
30, pp. 489-93 (1982); M. Otaka et al., "Antibody-

20 Mediated Targeting of Differentiation Inducers To Tumor
Cells: Inhibition of Colonic Cancer Cell Growth in vitro
and in vivo", Biochem. Biophys. Res. Commun., 158, pp.
202-08 (1989)].

Although butyrate salts have the advantage of

25 low toxicity as compared with conventional
chemotherapeutic agents, their short half-lives in vivo
have been viewed as a potential obstacle in clinical
settings [A. Miller et al., "Clinical Pharmacology of
Sodium Butyrate in Patients with Acute Leukemia", Eur. J.

30 Clin. Oncol., 23, pp. 1283-87 {1987}; Novogrodsky et al.,
Supral]. The rapid clearance of these agents results in
an inability to deliver and maintain high plasma levels
of butyrate which necessitates administration by




time [O S. Platt et al., "Pain in Sickle Cell D sease, New Eng. J.
Med., 325, pp. 11-16 (1991); O S. Platt et al., "Mortality ion
Si ckl-e Cel |l Disease”, New Eng. J. 20 Med, 330, pp. 1639-44 (1994)].
Accordingly, in an effort to avoid the di sadvantages of conventi onal
t herapies for [err]-henogl obi nopat hies, therapies have centered
around ways woyi/nessease fetal henogl obin pr oduct i onPCHES96/4%66€| | ni cal

trials have used butyrate 25 anal ogs, d ncl udi ng argi nine butyrate and
I sobut yram de, to stimulate fetal henogl obin production as a nmeans

of t rea&%?&v& %ug e{x{fcgﬁbcﬁ; all!notﬁ‘eghﬁéﬁeﬂ-@fﬁ -Uﬁs%ac‘ita to the

Butyrate to Stinu I n- Ge preSS|on In
[err]-gl obi n Dus6r @&r Butyraterialts %aaltszgerw "86“’@0 (1993) ;

S.P. Perrine ebhygkologiégmngéqﬁgmgta an Orally Bi oavai | abl e
But yrat e Anal ogue, Slnul es Fet

and In Vivo", British J. In view éiuﬁ%ﬂﬁﬁ 88§er§§tl?ﬁf' -r%%?§3§2¥§g¥kfé?

Collins 5 al. of butyric acid have been proposed for use in
B-hemoglobinopathy and leukemia differentiation
therapies. Such prodrugs include tributyrin and n-
butyric acid mono- and polyesters derived from
monosaccharides [Z. Chen and T. Breitman, "Tributyrin: A

10 Prodrug of Butyric Acid for Potential Clinical
Application in Differentiation Therapy", Cancer Res., 54,
pp. 3494-99 (1994); H. Newmark et al., "Butyrate as a
Differentiating Agent: Pharmacokinetics, Analogues and
Current Status", Cancer Letts., 78, pp. 1-5 (19%4); P.

15 Pouillart et al., "Pharmacokinetic Studies of N-Butyric
Acid Mono- and Polyesters Derived From Monosaccharides",
J. Pharm. Sci., 81, pp. 241-44 {1992)]. Such prodrugs
have not proved useful as therapeutics, however, due to
factors such as short half-life, low bioavailability, low

20 Cpaxs ©r lack of effective oral deliverability. Other
prodrugs, such as AN-9 and AN-10 [A. Nudelman et al.,
"Novel Anticancer Prodrug of Butyric Acid", J. Med.
Chem., 35, pp. 687-94 {1992)], elicit metabolites that
may produce formaldehyde in xiwva, leading to toxic

25 effects in patients.

To date, conventional methods and therapeutic
agents have not proved to be safe and effective for all
patients in the treatment of f-hemoglobinopathies. This
is also the case for diseases characterized by

30 neoplastic, tumorigenic or malignant cell growth, or
malignant hematological disorders. Accordingly, the need
exists for alternatives having advantages over, and
avoiding the disadvantages of, such conventional methods
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-3 eSS h—tA-Rhe Ryl Bty at o Therapydun Honnzygous [err] —
Thal assemia: A Clinical Trial", Blood, 85, pp. 43-49 (1995).
Fol I owi ng the observation that butyric acid 5 i nduces cel
differentiation in vitro [A Leder and P. Leder, "Butyric Acid, a

Pot ent | nducgis yt hroi d Differentiation in Cult
Erythroleukeﬁ@gﬂ&gﬁ%s", Cel I, 5, pp. 319-22 (1975)]?k?ﬂ§?m%ngound

was found to denonstrate prom sing&®ffects in | eukem a patients, by
10 i nducing cell differentiation [A Novogrodsky et al., "Ef fect
of Polar O gani®®dcaesstadswhbhie rpasidingeeffective thergpw dior shospp. 9- 14
(1983)]. Asidadrgen Biskasalse in treating [err]-henogl obi nopat hi es,
butyrate derivatives such as arginine butyrate, an arginine salt of

butyric acid, 15 have beﬁ@H%ﬁﬁﬁﬁﬁﬁﬁfﬁfﬁﬁhnﬁ@bhﬁ%ﬂﬂPr and anti-| eukem a
effects in mce [C Chany a . Effect O

Argi ni ne Butyrate in Con | it . teri and

Interferon”, Int J. Canc%ﬂ}'?%f@%ﬁ% égveﬁﬁmﬁ8g8£§é§%%f)% Ip%{&ggéégggét al .,

"Anti body? 20 Providdng:utyeate mnegragsDeff backic¢ @dish andducers To Tunor
pharmaceutical compositions comprising them. These

butyrate prodrugs demonstrate good biocavailability,
effective oral deliverability, good half-life and
surprisingly high Cpay.

10 When administered to a patient, the butyrate
prodrugs in these compositions release butyrate more
efficiently than prior art butyrate prodrugs. This
produces a higher plasma level of butyrate relative to
the amount of prodrug administered as compared to the

15 prior art butyrate prodrugs.

Butyrate released from these prodrugs increase
gamma globin synthesis, increase red blood cell hydration
and stimulate cell differentiation. Increased gamma
globin synthesis causes an increase in fetal hemoglobin

20 formation which, in turn, increased the oxygen carrying
capacity of red blood cells and prevents sickling.
Increased hydration of red blood cells also prevents
sickling. The ultimate result of these cascades is the
increased survival of red blood cells.

25 This makes the pharmaceutical compositions of
this invention particularly useful in methods for
treating p-hemoglobinopathies, including sickle cell
syndromes and f-thalassemia syndromes.

In addition, the ability of the butyrate

30 prodrugs of this invention to stimulate cell
differentiation has an anti-proliferative effect on
malignant cells, particularly malignant hemopoietic



Cells: Inhibition of Colonic Cancer Cell Gowh in vitro and in

vivo", Biochem Biophys. Res. Commun., 158, pp. 202-08 (1989)].

Al t hough butyrate salts have the advantage of 25 |l ow toxicity as
conpared with conventi onal chenot herapeuti c agents, their short

hal f-1ives in vivo have been viewed as a potential obstacle in
clinical woorrResstings [A. MIller et al., "Cinical Pharpremossgsseof
Sodium Butyrate in Patients with Acute Leykem a", Eur. J. 30 Cin
Oncol ., 23, pp. 1283-87 (1987); NovogrodsRy et al., supra]. The rapid

oo oo o SPLER2Or e S GonpPupy andphfilldaietcag, I ver and
adni ni strati oncpppositions of thjy dprvenbicn may be employed in methods
PCT/ US96/ 15660for treating cancer, particularly malidmant hematological
disorders.
5 Because a patient can be treated with lower
doses of the present prodrugs in crder to achieve a
desired serum butyrate concentration, toxicity associated
with the non-butyrate portion of the prodrug is less of a
concern.

10 All of these features facilitate the chronic
therapy regimens often prescribed for patients suffering
from P-hemoglobinopathies or cancer. At the same time,
they also facilitate convenient dosing schemes for and
patient compliance with such therapy regimens.

15 Furthermore, the methods and compositions of this
invention are not beset by the variety of side effects
which typically characterize conventional therapy
regimens.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 depicts the time course of plasma
butyric acid concentration following administration of
the various doses of compound IIIc in individual monkeys.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
25 The following definitions are used throughout
the application.
As used herein, the term "alkyl”, alone or in
combination with any other term, refers to a
straight-chain or branched~chain aliphatic hydrocarbon
30 radical containing the specified number of carbon atoms,
or where no number is specified, preferably from 1 to 10
carbon atoms, which may contain one or more unsaturated



i ntravenous infusion. Another potential obstacle to the use of
butyrate salts is salt overload.and ifs physial ogical sequel ae..
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Potential dinical Application in Differentiation Therapy", Cancer

Res., 54, pp. 3494-99 (1994); H. Newrark et al "Butyrate as a
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bi oavai l abi l ity *(MN 20 Cerr], or lack of effective oral
deliverability. Qher The tepno’bhlwylé‘uchlweAﬂrglmr@mmiPm Nudel man
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Chem , 35 pp. 687-94 (1992)], elicit netabolltes th% % groduce
fornaldehyde i Fadiral conkpiRing 2 hg A0 and more preferably from

6 carbon atoms. Examples of alkenyl radicals include,

10 but are not limited to, vinyl, zallyl, E-propenyl,
Z-propenyl, E,E-hexadienyl, E,Z-hexadienyl,
Z,2-hexadienyl and the like.

The term "alkynyl", alone or in combination,

refers to a straight-chain or branched chain alkynyl

15 radical containing from 2 to 10 and more preferably from
2 to 6 carbon atoms. Examples of such radicals include,
but are not limited to, ethynyl (acetylenyl), propynyl,
propargyl, butynyl, 1,4-hexydiynyl, decynyl and the like.
*Alkynyl”, as used herein, also refers to radicals

20 containing both carbon-carbon double bonds and
carbon-carbon triple bonds, such as Z-pent-2-en-4ynyl.

The term "carbocyclyl”, alone or in combination

with any other term, refers to a carbocyclic radical,
which may be saturated, partially unsaturated or

25 arocmatic, containing the specified number of carbon
atoms, preferably from 3 to 14 carbon atoms and more
preferably from 5 to 10 carbon atoms. The term
"carbocyclic" as defined include radicals of
"ecycloalkyls®™, "cycloalkenyls" and carbocyclic "aryls".

30 Carbocyclyl also refers to radicals containing several
carbocyclic rings, which are fused or spiro-fused,
comprising from 4 to 14 carbon atoms.



25 effects in patients. To date, conventional nethods
and t herapeutic agents have not proved to be safe and effective for
all - patients in the treatnment of [err]-henogl obi nopathies. This

is al so the case for diseases characterized by 30 neopl asti c,
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refers to a cyclzc alkyl radical contaxnxng from to 8,
preferably from 3 to 6, carbon atoms. Examples of such
cycloalkyl radicals include, but are not limited to,
5 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the
like.

The term "cycloalkenyl"”, alone or in
combination, refers to a cyclic alkyl radical containing
from 4 to 8, preferably from 5 to 6, carbon atoms and one

10 or more double bonds. Examples of such cycloalkenyl
radicals include, but are not limited to, cyclopentenyl,
cyclohexenyl, cyclopentadienyl and the like.

The term "heterocyclyl" refers to a
carbocyclyl, preferably of 5 to 7 atoms, containing from

15 1-4 heterocatoms independently selected from oxygen,
nitrogen and sulfur in place of an equal number of carbon
atoms. That term also refers to substituted or
unsubstituted, 8-~11 membered bicyclic ring systems, which
may be aromatic or non-arocmatic containing in either or

20 both rings from 1-4 hetercatoms independently selected
from oxygen, nitrogen and sulfur and wherein the terms
nitrogen and sulfur may include any oxidized form of
nitrogen and sulfur and the quarternized form of any
basic nitrogen. A heterocyclyl group may be connected to

25 a structure through any atom of the group which results
in a stable chemical bond.

Examples of non—-aromatic heterocyclic radicals
include, but are not limited to, 2-pyrrolinyl, 3-
pyrrolinyl, 1,3-dioxolyl, 2H-pyranyl, 4H-pyranyl,

30 piperidyl, 1,3-dioxanyl, 1,4-dioxanyl, morpholinyl, 1,4-
dithianyl, thiomorpholinyl, thiomorpholinyl sulfone,
tetrahydrofuryl, piperazinyl and quinuclidinyl.
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phar maceuti cal conpositions conprising them These but yrate prodrugs
denonstrate good bioavailability, effective oral deliverability,
good half-life and surprisingly high Cferr]. 10 When
adm nistered_to a patient, the butyrate prodrugs in
conpositionéwp@V@ butyrate nore efficiently thanﬂgﬁﬁﬁb%??)
butyrate prodrugs. This produces a=%+gher plasnma | evel of butyrate
relative to t he amount of prodrug adm ni stered as conpared to the 15

prior art butyrate prodr Bysmples of aromatic heggroeyekic gradicaddsirom t hese

prodrugs increaggeinde, puAERE ALELLfhSteY RS 2-£ubel paserug bl ood cel |
hydrati on and stimulate cell differe tlgtlon.6$ﬂcr ased4¥¥pna
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i so prevents. Prrazoiipyrasgiiali AN KAV, PROASN 0] B2 B

i ncreased surviVva2, Dfoxastiazbodyd, ct)2s3-25azolyl, 1,3, 4-thindiagodad t he

phar maceut i cal SOPRASIIAANS pPimtdiny1 | (hyrd ANGAL | PapSLELLab sy, Useful in
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo([b]furanyl, benzo[blthiophenyl,

10 1H-indazolyl, benzimidazolyl, benzthiazolyl, purinyl, 4H-
quinolizinyl, quinolinyl, isoquinolinyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 1,8-
naphthyridinyl, pteridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl and the like.

15 The term "aryl" refers to an aromatic
carbocyclic group, preferably of 6 atoms, or an 8-14
membered aromatic polycyclic aromatic ring system;

Examples of "aryl" groups, include, but are not
limited to, phenyl, l-naphthyl, 2-naphthyl, indenyl,

20 azulenyl, fluorenyl and anthracenyl.

When substituted, each "“carbocyclyl" and
"heterocyclyl” may independently contain one to three
substituents that are independently selected from
hydroxy; halogen; C(1-6}-straight or branched alkyl,

25 alkylamino or alkoxy; C({2-6)-straight or branched
alkenyl, alkenylamino, alkynylamino, alkynyl, alkenoxy or
alkynoxy; nitro, NHy; thiol; alkylthio; carbocyclyl;
carbocyclylalkyl; carbocyclylalkenyl; carbocyclylalkynyl:
heterocyclyl; heterocyclylalkyl; heterocyclylalkenyl;

30 heterocyclylalkynyl; methylenedioxy; carboxamido;
alkylcarbonylamino; carbocyclylcarbonylamino;
heterocyclylcarbonylamino; carbocyclylalkylcarbonylamino;
heterocyclylalkylcarbonylamino; sulfonamido;
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a and arylsulfonamido. The substituents listed above may

be attached to either a ring carbon atom or a ring

hetercatom.

5 The term "alkoxy”™ refers to an 0-C(1-6)-
straight or branched alkyl radical. Examples of alkoxy
radicals include, but are not limited to, methoxy,
ethoxy, n-propoxy, iso-propoxy, n-butoxy, iscbutoxy, sec-
butoxy and tert-butoxy.

10 The term "alkenoxy" refers to an O-C(2-6)~-
straight or branched alkenyl radical. Examples of
alkenoxy radicals include, but are not limited to,
allyloxy, E and Z-3-methyl-2-propenoxy.

The term "alkynoxy" refers to an O-C(2-6)-

15 straight or branched alkynyl radical. Examples of
alkenoxy radicals include, but are not limited to,
propargyloxy and 2-butynyloxy.

The term "alkylamino™ refers to a C(1-6)-
straight or branched alkyl-NH radical or a C{1-6)-

20 straight or branched alkyl-N-C{1-6)=-straight or branched
alkyl radical where the alkyl radicals may be the same or
different. Examples of suitable alkylamino radicals
include, but are not limited to, methylamino, ethyl
amino, propylamino, isopropyl amino, t-butyl amino, N,N-

25 diethylamino and N,N-methylethylamino.

The term "alkenylamino" refers to a C(2-6)-
straight or branched alkenyl-NH radical, a C{2-6)-
straight or branched alkenyl-N-C(l-6)-straight or
branched alkyl radical, or a C(2-6)-straight or branched

30 alkenyl-N-C{2-~6) -straight or branched alkenyl radical
where the alkenyl radicals may be the same or different.
An example of a suitable alkenyl amino radical is, but is
not limited to, allylamino. Alkenylamino also refers to
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suitable alkynyl amino radical is, but is not limited to,

10 propargylamino and the like.

The term "amido” refers to a -C(O}NH, radical.

The term "alkylamido” refers to a -C(O)NH-C(1-
6)-straight or branched chain alkyl radical or a -C(O)N-
[C(1~6) ] ,-straight or branched chain alkyl radical,

15 wherein the two C(1-6)-straight or branched alkyl chains
may be the same or different.

The term "alkylsulfonamido" refers to a C(1-6)
straight or branched chain alkyl-S(0)pNH- radical. An
example of alkylsulfonamido is ethanesulfonamido.

20 In order that the invention herein described
may be more fully understood, the following detailed
description is set forth.

The compounds of this invention are butyrate
prodrugs derived from lactic acid, which are represented

25 by the Formula I:

/\)‘Qﬂ(‘

wherein A and D are independently selected from the

(1)

group consisting of hydrogen, alkoxyalkyl,
carbocyclylalkoxyalkyl or C(1-4)-straight or branched
30 alkyl, C(2-4)-straight or branched alkenyl or alkynyl,

This Sheet Has Been Rei
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30 radi cal containing the specified nunber of carbon atons, or

where no nunber is specified, preferably from1 to 10 car bon at ons,
whi ch- nay contain one or nore unsaturated WO 97/ 12855

PCT/ US96/ 15660 bonds.

Exanpl es of al kyl radicals include, B’iﬂs %’F"@ETnHﬂS BEEN limted to, nethyl,
ethyl, isoprwoyinseityl, pentyl and REPLAGED i ke. |The t BCVDSHHEGE0", as
used herein al so includes t he termi2 arkenytand "al kynyl ", which
are defined 5 bel ow. The term "al kenyl", alone or in
conbi nati on, 5@%3%% éﬁ&éﬁ Siti ¢ Eegrﬁggﬁmﬁ&dgyyg1 al kenyl
radi cal contalnlngib re pr erab y from?2 6 carbon

at ons. Exanpl esaldmaﬂ:kwboxaalws 3Heylapd do, arylamldo,
heterocyclylamido, aralkylamido, heterocyclylalkylamido,

alkoxycarbonylamino, alkenoxycarbonylamino,

5 carbocyclyloxycarbonylamino,
heterocyclyloxycarbonylamino, carbocyclylalkoxycarbonyl-
amino, heterocyclylalkoxycarbonylamino,
alkoxyalkoxycarbonylamino, amino, amido, carboxyl, thiol,
thioalkyl, thiophenyl, aryl and heterocyclyl; provided

10 that A and D are not simultaneously hydrogen;

R is O, NH, NC{l1-5)-straight or branched alkyl or
NC(2-5)~-straight or branched alkenyl, any of which may be
optionally substituted with a carbocyclyl or heterocyclyl
moiety:;

15 Z is hydrogen, C{l-4)-straight or branched alkyl,
C(2-4)~-straight or branched alkenyl or alkynyl,
carbocyclyl, or heterocyclyl, any of which may be
optionally substituted with 1 or 2 groups independently
chosen from C(1-3)-alkyl, C{(2-3)-alkenyl or alkynyl,

20 alkoxy, alkenoxy, alkynoxy, amido, thioalkyl, carbocyclyl
or heterccyclyl; and

each stereogenic carbon may be in the R or S
configuration;

provided that said compound is not

A~ A o

25 .

According to a preferred embodiment, D is
methyl and A is hydrogen in the compound of formula I,
yvielding a compound of formula II:

is Sheet Has Been Reﬂlaced
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10 but are not limted to, vinyl, aIIyI, E- pr openyl , Z- propenyl,
E-E-hexadienyl EZ-hexadi enal Z-hexadienyl and the |ike.

The téerm "al kynyl", alone or in conblnatlon refers to a

strai ght-chain or branched chai di cal containing from2
to 10 and nore preferably from | THIS SBERTg %S£%$§cn atons. Exanpl es of such

radi cals inc but are| not IREM-AGED {0 t hynyl mérﬁ
propynyl , ‘aagsn%?%pargyl but yhyt=—T1, 4- hexydlynyl, decynyﬁ$an e |ike.
"Alkynyl", as used herein, also refers telBadicals 20 contai ni ng both
car bon-car bon doubl e bonds and car bon-car bon triple bonds, such as

Z- pent - 2-en-4ynyl . The term "carbocyclyl"”, alone or in
conbi nati on with any other ter :SZers to a carbocyclic radical,

whi ch may be sat urat ed, partial o~ 25 aromati c,
contai ning the speC|f|ed nunber of carbon at ons, preferably from3
to 14 carbon atons and nore preferably from g4y 10 carbon atons.
The term "carbocyclic" as defined include ra cals of

"cyel oal kyl s", Pmafidrabliyenihsformmulla Ao®ydlsi O, "HHyInC(l—?ﬂ) alkyQCar bocycl yl

al so refers to ﬁ@@-—%'—%&%@bﬁk”&f‘%%ﬁ{e@i alkenyl ?gﬁ%ﬁﬂd}lb anld! Sls""h' ch

are fused or spiro-f on a
C(1- 4)-stra1ght or branched alkyl optionally substltuted
5 with one group selected from a 5 to l0-membered

carbocyclyl or heterocyclyl. Most preferably, R is O, Z
is an unsubstituted C(1-4)-straight or branched alkyl,
and the stereochemistry at the methyl-bearing carbon is
S.

10 According to another preferred embodiment, R is
oxygen in formula I, producing a compound of formula III:

/\/u\ ><n/ ~
(LII)

Preferably, in formula III, A and D are independently
selected from hydrogen, methyl, ethyl or allyl; provided
15 that A and D are not both hydrogen; and Z is C{1-3)-alkyl
optionally substituted with one group selected from C(5-
10) -carbocyclyl or -heterocyclyl.
More preferably, D is hydrogen or methyl, A is
unsubstituted C(1-3)-alkyl and Z is unsubstituted C{1-3)-
20 alkyl.
The more preferred pharmaceutical compositions
of this invention comprise a compound selected from:

/\)J\ ~

{I11a):;

“’ﬁiiiim’i‘iilﬂm )
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- 8- The term "cycl oal kyl ", alone or in conbination,
refers to a cyclic alkyl radical containing from3 to 8, preferably
from3 to 6, carbon atons. Exanples of such cycl oal kyl radicals

I nclude, but are not limted to, 5 cycl opropyl, cycl obutyl,

cycl opent yl wogpaksskexyl and the li ke. PCT/USSEIESG6CT M
"cycl oal kenyl ", alone or in conmbi nation, refers to a cyclic alKkyl
radi cal cont ai ni ng from4 to 8, preferably from5 to 6, carbon atons
and one 10 or nore double bonds. Exanples of such cycl oal kenyl

radi cal s include, butyareinot limted to, cyclopentenyl,
cycl ohexenyl , gynggg&Ladﬁ nyl ggd the |ike. The term
"het erocycl yl " “refeéfs to/gajr/ carbocyclyl, preferably of 5 to 7 atons,
containing from

(IIIb); and

~A Jﬁ( ~ THIS SHEET HAS BEEN

(IIIC). REPLACED

The most preferred prodrug is compound IIIc.
The prodrugs of Formula I contain one or more
5 asymmetric carbon atoms and thus occur as racemates and
racemic mixtures, single enantiomers, diastereomeric
mixtures and individual diastereomers. All such isomeric
forms of these compounds, as well as mixtures thereof,
are included in the pharmaceutical compositions of the
10 present invention.
This invention also encompasses prodrugs of
Formula I that are quarternized at any of the basic
nitrogen-containing groups. The basic nitrogen can be
quarternized with any agents known to those of skill in
15 the art including, for example, lower alkyl halides, such
as methyl, ethyl, propyl and butyl chloride, bromides and
iodides; dialkyl sulfates, including dimethyl, diethyl,
dibutyl and diamyl sulfates; long chain halides, such as
decyl, lauryl, myristyl and stearyl chlorides, bromides
20 and lodides; and aralkyl halides, including benzyl and
phenethyl bromides. Water or oil-soluble or dispersible
products may be obtained by such quarternization.
Prodrugs are hydrolyzed in vivo to release the
active ingredient. In the case of the present invention,
25 the disclosed prodrugs release butyric acid. Without
being bound by theory, we believe that a threshold
concentration of butyric acid in the plasma is required

This Sheet Has Been qulaced
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15 1-4 heteroatons independently sel ected from oxygen, ni t rogen

and_sulfur in place of an ofuad—=adberof carbon rm

also refers to substituted or unsubstituted, 8-11 nenbered bicyclic
reng systems, which may be aromatic or non-aromatic containing in

ei ther or 20 both rings from 1-4 heteroatons independently sel ected
fron1oxygen gen and sul fur and wherein the terns o gen and
sul fur may |ncP%g§ any oxidi zed form of ni t rogen angcgu#?hggand t he
guarterni zed form of any basi ¢ ni tkbgen. A heterocyclyl group nay be

connected to 25 a structure through any atom of the group which results
in a stabl e chdi¥ #8 mpépfained for a period ofyakpleastofSeysTadr BREEFC

geterocycl ic raﬂ:&absme da éwﬂ t#iemmlw&: ate?apé td NiddRtel produb¥ié®! i nyl,
pi peri dyl , 31/r E%O(f (éﬁ‘h‘?l §§ bi.‘r? : ngEXPMyF‘% i%g:mglndl t hi anyl ,
t hi onor phoI [ nyliomdaltchan; pbol tmyindndef (dliix'erent.\.atitm riah yevidgnank,
pi perazinyl andqyisnusLLdif¥'to an anticancer effect. The compounds
. that characterize the compositions of this invention are
metabolized in the body in such a way as to produce a
high maximal concentration (Cpux} of butyric acid
following oral administration. These compounds are also
10 characterized by a sufficiently long half-life (ti) that
ensures good exposure of the patient to butyric acid.

bue to the surprising and unexpectedly high Cy,y, less of
these prodrugs need to administered to produce effective
plasma concentration of butyric acid than conventional

15 agents. This, in turn, results in lower potential for
toxicity due to the carrier portion of the prodrug, as
well as easier administration.

The butyrate prodrugs of this invention may be
synthesized by standard organic routes. Many o-hydroxy

20 acids, oa-hydroxy esters and oa~hydroxy amides are
commercially available {e.g., Aldrich Catalog Handbook of
Fine Chemicals, 1994-1985). In the case of a-hydroxy
esters or a-hydroxy amides, derivatization of the hydroxy
group may be carried out using an activated form of

25 butyric acid, such as an acid chloride; symmetrical acid
anhydride; mixed carbonic, phosphonic, or sulfonic acid
anhydrides; and activated esters such as phenyl, 4-
nitrophenyl, pentafluorophenyl, hydroxybenzotriazolyl or
N-hydroxysuccinimidyl.

30 Preferably the derivatization is carried out
using a base such triethylamine, diisopropylethylamine,
1,8-diazabicyclo[54.0) undec-7-ene, pyridine or
tetramethylguanidine; or aqueous buffers or bases such as
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-9- Exanpl es of aronatic heterocyclic radicals

i nclude, but are not limted to, 2-furyl, 3-furyl, 2-thi enyl,

3-thienyl, 2-pyridyl, 3-pyridyl, 4-py lgyéHEET HAS E@Nr rolyl, oxazolyl,

t hi azolyl, i mdazolyl, pyrazolyl, 2- ﬁﬁ P , pyrazolidinyl,
20X

i soxazol yl , woeradsszol yl , 1,2 2, 3- PCTAR15660
1, 3, 4-t hi adi azol yl, pyri dazi nyl, Q¥F|n1d|nyl pyra2|nyl
1,3,5-triazinyl, 1, 3, 5- trlthlanyl ndol i zinyl, indolyl, isoindolyl,

3H I nd | f bggﬁgy | enyl .. 10
1H i ndazol yl , g%%%ﬁ#lgazo?ﬂ%éebenz Q#%%bpyﬁgxéen xﬁk#p(%gg E.q.

qui nol i zi nyl, &ui HEBAADY g Wﬁ%?PmeéFnhBI¥?ﬁh°ds for thent hal azi nyl ,
qui nazol i nyl, q:sn:aeulmayian larit ProtectiBAPOEké ahboxyll Srictpmy!

fﬁ;b?fﬁgyl15acﬁkgkg££ﬂ:nn %ﬂephenﬁﬁbgygﬂaghzggéggazugﬁlgpphenoxa2|nyI and
carbocycﬁic gr egents; ebechbiy nf3-@iatyalvhesylaareodilimide or nenBer ed
T o o e AREA 1) Sk Pcappont inigo byope RIBUAES O
2- napht hyl , ,ng@ﬁyplso be emploved. The inclusion of a hyperacylatxon
catalyst, such as 4-dimethylaminopyridine, may improve
the efficiency of the reaction [A. Hassner et al.,
10 "Direct Room Temperature Esterification of Carboxylic
Acids", , 46, pp. 4475-4478 (1978)).
Additional methods are well known in the art and may be
readily substituted for those listed above.
If a~hydroxy acids are used, derivatization of
15 the carboxylic acid group may be carried out by first

converting the hydroxy group to a butyryl group. This is
followed by esterification or amidification of the
carboxylic acid, or alternatively by performing a
sequence comprising the steps of:
20 1) transiently blocking the hydroxyl with a
removable protecting group:;
2) derivatizing the carboxylic acid as an ester or

amide;
3) removing the hydroxyl protecting group; and

25 4) converting the hydroxy group to a butyryl group
as above.,

The butyrated or hydroxyl-protected oa-hydroxy
acids may then be converted to their corresponding esters
of formula I {wherein R = 0) by carboxyl activation,

30 similar to that described above for butyric acid,
followed by reaction with an alcohol in the presence of a
suitable base. Reaction of the activated butyrated or
hydroxyl-protected a-hydroxy acids with primary or

Sheet Has Been Reﬂlaced ,
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20 azul enyl, fluorenyl and anthracenyl. When

substituted —each ~“carbocyelad—wand ~heterocyclyl ™ may independently
contain one to three substituents that are independently sel ected
from hydr oxy; hal ogen; C(1-6)-straight or branched al kyl, 25

al kyl am no or al koxy; C(2-6)-straight or branched al kenyl ,

al kenyl am nq,, < | am no, al kynyl, al kenoxy or a'&%ﬁﬁ eddh 1O,
NH[ err]; thﬁ%??h§¥§glthio; car bocycl yl; car bocycl yla y%%nsé%

car bocycl yl al kenyl ; carbocycl yl al kynyl ; =17~ het er ocycl yl ;
het erocycl yl al kyl ; heterocyclyl al kenyl); 30 het er ocycl yl al kynyl ;
met hyl enedi oxy Sesapgakx¥namines yieldsyppipesrobnfiea@ylgol (wherein R =

carbocycl yl car gy Nagi 195) -straighte o8’ BEXAENES MY laa%Y1Q: or N-C(2-
carbocyclylalk%Icarbon | am nQ; he eroc%chylalKylcarbonylan1no;
sul f onami do; )-straight omdyrgnched-ghain alkenyl which may be

PCT/ US96/ 15660 substituted with a carbocyclyl or heterocyclyl moiety).
5 A wide variety of primary, secondary and tertiary
alcohols and primary and secondary amines are
commercially available or readily produced by methods
known in the art. Therefore, this process provides
access to compounds of Formula I where R-Z may vary
10 greatly.

Some particularly useful methods for
synthesizing compounds of formula I are shown in Scheme
I I 3 below.

THIS SHEET HAg BEE
REPLACED N
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-10- al kyl sul f onam do; al kenyl sul fonam do; al kynyl sul f onam do;

and aryl sul fonam do. The substituents |isted above may be attached
to either a ring carbon atomor a ring het eroatom 5

The term "al koxy"” refers to an O C(1-6)- straight or branched al kyl
radi cal . Exanpl es of al koxy radi cal s include, but are not limted

t o, net hoxy, WO 97/12855 et hoxy, n-propoxy, i So-propoxy, n-but om/lfsmwooxy,
sec- but oxy and tert-butoxy. 10 The term "al kenoxy"
refers to an O C(2-6)- strai ght or llgranched al kenyl radical.

Exanpl es of al kenoxy radicals include, but are not limted to

allyl oxy, E and Z-3-net hyl - 2- pr openoxy:.

"al kynoxy" refers to an O-C(2-6)- 15 strai ght rTmséﬁEE g%/Eny

radi cal . Exanpl es of al kenoxy rad cal s incljude, BEP not.-Bimted
to, propar gyl oxy and 2-butynyl oxy. The term

"al kyl am no" refers to a 1- 6 strai g\hf\()r branched al kyl -

radical or a C(1-6)- 2@ straight or branched al kyl -N-C(1-6)-strai ght or
branched tﬁ\lé}@/l p3 ositBnMet he al kyl radicals may be sanme or
different. Exanp 2811 sui tfabl e al k;/l am no radicals i ng g, but are

not limted to, methylanm n®, etH¥La

1 |
l 8 (x11a) @/\ >(n,

This Sheet Has Been Replaced
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am no, propylanino, isopropyl amno, t-butyl amno, N N 25

et hyl et hyl aning. The term
"al kenyl am no" refers to a C(2-6)- straight or branched al kenyl -
radical, a C(2-6)- straight or branched al kenyl -N-C(1-6)-strai ght or

branched aIkyI radical, or a C(2-6)-straight or branched 30
al kenyl - rai ght or branched al kenyl radica

al kenyl radl ca ’%n%y be the sane or different. An exa/ﬁgggﬂgf
sui tabl e al kenyl amno radical is, but is19- ROttt

al Iyl ami no. Al kenyl anmino also refers to THIS SHEET HA% BééN

-11- The term "al kynyl am no' refeREP&AﬁEQ C(3-9)-

straight or branched al kynyl-NH radical, a C(3 strai ght or
branched al kynyl - NH C( 1- é}s‘%ﬁ%egﬁ'ﬁtbff’dsf the o rb)fﬂi‘}?é‘éf arckd) of sghedse a

C(3-6) - strai ghisosiBtptéheshsly reacted at the hydroxyl and carboxylate
groups. Reaction with a suitable silylating reagent, for
5 instance tbutyl-dim.ethylsilyl chloride in the presence of
imidazole in dimethyl formamide, yields a bis-silylated
compound of formula XIa or similar silyl derivative.
This compound can be converted to a carboxyl-activated

derivative by a sequence comprising:

10 1) partial hydrolysis of carboxyl silyl group, for
instance by hydrolysis using about 1 molar
equivalent of lithium hydroxide at about -20°C to
about ambient temperature in aqueous dioxane; 2)
concentration in vacuo:;

15 3) careful acidification using for instance citric
acid;

4) extraction into a suitable organic solvent such
as methylene chloride; and
5) carboxyl activation as described above.

20 Removal of the hydroxyl-protecting silyl group
using, for instance, tetrabutylammonium fluoride in
tetrahydrofuran at about 0°C to ambient temperature, or
HF-pyridine complex in acetonitrile, yields the hydroxy
derivative XIV. Conversion to compounds of Formula I may

25 then be effectuated as described above.

Alternatively, the o-hydroxy acid of formula X
is simultaneously reacted at the hydroxyl and carboxylate
groups with an alkyl substituent such as a benzyl
derivative as shown in scheme I. Other alkyl derivatives

30 such as allyl, 4-methyloxybenzyl, 2,2,2-trichloroethyl or
2-trimethylsilylethyl may also be used in this step.

The derivatization step may be accomplished by
reaction of the compound of formula X with excess benzyl

This Sheet Has Been Rerlaced
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5 al kynyl - NH- C( 2- 6) strai ght or branched al kenyl radical, or a
C(3-6)-straight or branched al kynyl - N-C(3-6) - strai ght or branched
al kynyl radi cal where the al kynyl radi cal s nay be the sane or

different. An exanple of a §(E€N amno radical is, but is
not Ilm'ted to 10 propar gyl gm no%ﬁ@@ Pl e The
term"am doywoeghityss to a - QQNWNM PCT/US6/TBEE t er m

"alkylanido refers to a -C(O NH C(1- 6) -strai ght or branched chain

g: ty: ragi ca: or a - O) N [ C(1- Qz]o['er r]-straight or branched chain
radi ca =6 ' ;

ch alyn < %%%e Ag %'ix% ngrgggla%wog&io@t i, Lalght eaﬁlpéf#ﬁfke%efﬁ‘lrﬁ(yl

"al kyl sul f onanstidng dfasmes such @slsedium hydride,apghassium hydnide chain

al kyl -S(Q [er r&#‘ﬁoi&”s@ﬁfﬂ toffoxide, irfe@ Uit abheakikteubdDrene, dauch

et hanesul f onam do d h t ot t
descri bed as "FFE“;/ e W&FPM’HQ@‘?&%{) i Bgl g%/\?e% 3& Qﬁroegn

descri pt pon i sdgpénding lon the particular a-ﬁ?drmm‘rp_cdddam_if this invention
o DUyt aLe serecerBiile0° ARILNET ]! 0L At b retbgbayBic |

represented 25% “For
method using a base such as K;CO3 or NaOH in an inert

solvent, such as toluene or acetonitrile, may be used for

this alkylation. Suitable catalysts include quartenary

10 ammonium salts, such as nBu,;N”Br“, and crown ethers, such
as dibenzo-1l8-crown-6.

Conversion of suitably bis-alkylated compounds
of Formula XIb to those of Formula XIIb may be
accomplished by saponification, for instance in aqueous

15 methanol or dioxane, using an equimolar or greater amount
of alkali metal base, such as hydroxides of sodium,
lithium or potassium, at temperature ranging from about
-40°C to about 80°C. Alternatively, reaction with a
thiolate anion, such as sodium ethyl thiolate,

20 iodotrimethylsilane or with other ester-deprotecting
reagents , will yield the protected carboxylic acid of
Formula XIIb {(see, e.g., R. C. Larock, "Comprehensive
Organic Transformations", pp. 981-985, 1989 VCH
Publishers, Inc., New York, NY).

25 Activation and derivatization similar to that
described for compounds of formula XIIa yield compounds
of Formula XIIIb. The benzyl group may be then
conveniently removed, e.g., by catalytic hydrogenation
using for instance palladium or rhodium metal dispersed

30 on carbon, using a hydrogen scurce such as hydrogen gas
or ammonium formate, or catalytic transfer hydrogenation
using cyclohexadiene or the like. Such methods are well
known in the art of organic chemistry (see, e.g., P. N.
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wherein A and D are independently selected fromthe group consi sting

of _hydrogen__al koxyal kyl - cacrhacyclylalkoxyal kyl or C(1-4).-straight
or branched 30 al kyl, C(2-4)-straight or branched al kenyl or al kynyl,
-12- whi ch may be i ndependently. substitut-ed—pni t h hydr oxy,

al koxy, carboxyal kyl, al kyl am do, 4rpHig§HEET HAS BEEN | het er ocycl yl ani do,
aralkylam’d(é’g het erocycl yl al kyl am do, REPLACE® koxy arbonﬁéﬁﬂgﬁﬁﬂwﬁ

al kenoxycar AV ho, 5 car Beeyetytoxycaroonyl ani no,
het er ocycl yl oxycar bonyl am no, carbocycl y+atkoxycar bonyl - am no,
het er ocycl yl al koxycar bonyl am no, al koxyal koxycar bonyl am no, am no,

am do, carboxyRylahdelr, "Catalytic Hydrogenation in Organic Synthesis”,
©1979 Academic Press, Inc., Orlando, FL). Reducing metal
methods, involving dissolving the substrate in liquid
ammonia and adding an alkali metal, such as metallic
5 sodium, are also known in the art.

If an allyl group is used in place of a benzyl
group, its removal may be effectuated by palladium
transfer reactions using e.g. tetrakis-
{triphenylphosphine)Pd® and an allyl acceptor, such as

10 morpholine or pd’’ acetate and BuzSnH. Methods for
employing these and other alcohol protecting groups are
described in the art (see, e.g., T.W. Greene and P.G.M.
Wuts "Protective Groups in Organic Synthesis", Second
Edition ©1991 Academic Press, Inc., Orlando, FL, pp. 14-

15 120). The resulting compound of formula XII may then be
reacted as described above to produce compounds of
Formula I.

a-Hydroxy acids, a-hydroxy esters and a-hydroxy
amides, when not commercially available, may conveniently

20 be synthesized by a variety of methods which will be
readily apparent to those of skill in the art. For
instance, reaction of a glyoxylic acid ester or amide
with a suitable carbon-based nucleophile, such as a
Grignard reagent, organocuprate or an organolithium

25 reagent, in a suitable inert solvent, such as diethyl
ether or tetrahydrofuran, at about -80°C to about 0°C,
will yield a a~hydroxy ester or amide of formula XIV
where A is the nucleophile and D is hydrogen. Similar
reactions, carried out on a~-ketoesters or amides, yield

30 o, a-disubstituted, o-hydroxyesters or amides (B.M. Trost
and I. Fleming, "Comprehensive Organic Syntheses, Vol. I"
pp. 49-282 ©1989, Pergamon Press, Oxford, England).
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t hi oal kyl, thiophenyl, aryl and heterocyclyl; provided 10 that A and D

are not sinultaneously hydrogen; Ris O NH NC(1-5)-straight
or branched al kyl or NC( 2- 5 ' ched al keny;, any of
whi ch may be optional |y sulfskHi8 SHEETWHASBEEN ar bocycl yl or

het er ocycl yl noi ety; 15 REPIACEYdr ogén, C(1-4)-straight or
branched al ko 97112855 C(2-4)-strai ght orbramched—al kenyl POT/USHGH568Y | |,
carbocyclyl, or heterocyclyl, any of mhic? may be optionally
substituted with 1 or 2 groups independen ? chosen from

C(1-3)-al kyl, C(2-3)-al I ;Hlﬁmy Iﬁ)‘}%“ | kenoxy, al kynoxy,
am do, thlcalkyl carbo§§Q¥¥1&)h 5 ﬁe erot é% aﬁ%dk each
st er eogeni ¢ caF@Bﬁena9nbbY|bNt#ﬂ§Q¥&ag She correann#d%yywmnaMAno acids
provi ded that g3ig SOHPQHQQiifhd“ngnt 1n a poorly nucleophli8fit] medZam.

According to aapreferre enbodi met_hyl, “and A I s hydrogen
in the conpoun °6feFBFHﬂPa.¥aN°2 may b?léﬁﬂ?ﬂgt%.% {enoPLs BRnARLRe |
5 acid in aqueous sulfuric acid (R.V. Hoffman et al.,

"Preparation of {r)-2-Azido Esters from 2-{(p-
Nitrobenzene) sulfonyl)oxy Esters and Their Use as
Protected Amino Acid Equivalents for the Synthesis of Di-
and Tripeptides Containing D-Amino Acid Constituents",

10 Tetrahedron Lett., 48, pp. 3007-3020 (1992)). Since
numerous o-amino acids may be purchased and many others
can be made by known synthetic routes, often in optically
active forms, (H. K. Chenault et al., "Kinetic Resolution
of Unnatural and Rarely Occurring Amino Acids:

15 Enantioselective Hydrolysis of N-Acyl Amino Acids
Catalyzed by Acylase I", J. Am. Chem, Soc., 111, pp.
6354-6364 (1989)), this method provides a ready source of
starting materials of formula I.

Alkyl carboxylic acids and their ester and

20 amide derivatives may be converted to a-hydroxy
derivatives by formation of an anion at the carbon o to
the carboxylate derivative, followed by reaction with an
oxygenating agent, such as N-sulfonyl oxaziradines, yield
the compound of Formula X or XIV {(R. C. Larock,

25 "Comprehensive Organic Transformations”, p. 489, ©1989
VCH Publishers, Inc., New York, NY).

Variations of the methods disclosed above and
other synthetic approaches known in the literature of
synthetic organic chemistry will be apparent to those of

30 ordinary skill in the art. Alternate transient
protection and deprotection of reactive groups and their
further transformation to produce additional compounds of
Formula I, will be readily apparent the skilled artisan.

This Sheet Has Been Repl

T




-13- [err]
( LL) Preferably in formida ll Rjg 0. N Nr‘(l-3)-a|kylﬁ,---
NC(2-4) - strai ght or br anched al kenyl or .
C(-1-4)-strai ght or branched al kyl optio EHKWSBHESHA$WEEN

5 wi th one

group selected froma 5 to 10- nenber ed REEammﬂryC|YI or heterocyclyl
Most prefera s 0, s an ‘@mﬁgﬁ or
branched alkgk%nnﬁuk and the stereochem stry at the methyl-bearing carbon

S -23-

According to one embodiment, the invention

provides a pharmaceutical composition comprising a
prodrug of Formula I (including the n-butyl ester
specifically excluded from the compounds of this

5 invention) in an amount effective to increase the
production of fetal hemoglobin or stimulate cell
differentiation in a patient and a pharmaceutically
acceptable carrier or adjuvant. More specifically, these
compositions are designed to treat a patient suffering

10 from a B-hemoglobinopathy or a malignant disease. The
term "malignant disease", as used herein denotes a
condition characterized by neoplastic, tumorigenic or
malignant cell growth, or a hematological disorder.

An amount effective to increase the production

15 fetal hemoglobin or stimulate cell differentiation in a
patient will depend, of course, on the particular disease
to be treated, the severity of the disease, the physical
condition of the patient and the judgment of the treating
physician. Preferably, the prodrug of Formula I will be

20 present in an amount capable of producing a plasma
butyric acid concentration of between about 0.03 mM and
3.0 mM within 8 hours of administration. More
preferably, the prodrug of formula I is present in an
amount that produces a plasma butyric acid concentration

25 of between about 0.1 mM and 1.0 mM within 6 hours of
administration. Most preferably, the prodrug in the
composition is present in an amount that produces a
plasma butyric acid concentration of between about 0.1 mM
and 1.0 mM within 2 hours of administration and the

30 concentration remains within that range for at least 2
hours. Dosages of between about 25 mg prodrug/kg body
weight and 3 g prodrug/kg body weight administered one or
more times per day are capable of producing the desired

i



10 According to another preferred enbodinent, P, is

oxygen in formula |, producing a conpound of fornula I1]I

[err] (rrn)

Preferably, in formula I1l, A and D are independently selected from
hydrogen, methyl, ethyl or allyl; provided 15 that A and D are not both
hydr ogen; alwbimzsssC( 1-3) - al kyl optional |y substi t uperiusvstisseone
group sel ected from C(5- 10) - carbogyclyl or -heterocyclyl.

Mor e preferably, D is hydrogen or nehyl unsubsti t ut ed

C(1-3) - al kyl 2B 5...% Wuéﬁ%@&h?&h&? p@éé@ﬁfabtl

The nore prefe eut | osifrons N7 s ®PRvent i on
conpri se a conﬁéﬁhﬁngéW¥%i(hPfﬁ@ﬂﬁniStered the prodmg petween 1 and 4

(Ira); times per day.
In a preferred embodiment, these compositions

5 additionally comprise a conventional agent used in the
treatment of p-hemoglobinopathies. The conventional
agent may be present in the same amount or less than that
normally required to treat B-hemoglcobinopathies in a
monotherapy. The normal dosages of these conventional

10 agents are well known in the art. Such agents include
hydroxyurea, clotrimazole, isobutyramide, erythropoietin
and salts of short-chain fatty acids, such as
phenylacetic acid, phenylbutyric acid and valproic acid.
Preferably, the conventional agent used is hydroxyurea.

15 According to an alternate preferred embodiment,
the compositions comprise a butyrate prodrug of this
iqwention and a conventional agent used in the treatment
of diseases characterized by neoplastic, tumorigenic or
malignant cell growth, or a hematological disorder in a

20 patient. This additional agent may be present in an
amount equal to or less than that normally required to
treat such diseases in a monotherapy. The normal dosages
of these conventional agents are well known in the art.
Such agents include, erythropoietin, or cancer

25 chemotherapeutic agents, such as hydroxyurea or 5-
azacytidine. Preferably, the conventional agent used is
hydroxyurea.

Pharmaceutically acceptable salts of the

prodrugs of Formula I {including the n-butyl ester

30 specifically excluded from the compounds of this
invention) may also be employed in any of the above-
described compositions. Such salts may be derived from



-14- [err] The nost preferred prodrug is conpound Illc.

The prodrigs of Formila | coatain.goe or nore 5 asymetric carbon_at ons

and thus occur as racenmates and racem ¢ m xtures, single
enanti onmers, diastereoneric m xtures and i ndivi dual diastereoners.
Al'l such isoneric
WO 97/12855 PCT/US96/15660
-2 5 -

pharmaceutically acceptable inorganic and organic acids
and bases.

Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric, perchloric,

5 fumaric, maleic, phosphoric, glycollie, lactic,

salicylic, succinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, ethanesulfonic, formic,
benzoic, malonic, naphthalene-2-sulfonic and
benzenesulfonic acids.

10 Salts derived from appropriate bases include
alkali metal (e.g., sodium), alkaline earth metal (e.g.,
magnesium), ammonium and N-{Ci.4 alkyl)4+ salts.

The carriers and adjuvants present in the
compositions of this invention include, for example, ion

15 exchangers, alumina, aluminum stearate, lecithin, serum
proteins, such as human serum albumin, buffer substances,
such as phosphates, glycine, sorbic acid, potassium
sorbate, partial glyceride mixtures of saturated
vegetable fatty acids, water, salts or electrolytes such

20 as protamine sulfate, disodium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium,
trisilicate, polyvinyl pyrrolidone, cellulose-based
substances and polyethylene glycol. Adjuvants for
topical or gel base forms may be selected from the group

25 consisting of sodium carboxymethylcellulose,
polyacrylates, polyoxyethylene~-polyoxypropylene-block
polymers, polyethylene glyccl and wood wax alcohols.

Generally, the pharmaceutical compositions of
this invention may be formulated and administered to the

30 patient using methods and compositions similar to those
employed for other pharmaceutically important agents.
Any pharmaceutically acceptable dosage route, including,
oral, topical, intranasal, or parenteral (including



forms of these conpounds, as well as m xtures thereof, are included

I n the pharmaceutical conpositions of the 10 present invention.

This invention al so enconpasses prodrugs of Formula | that are
quarterni zed at any of the basic ni trogen-cont ai ni ng groups. The
basi c nitrogen can be quarterni zed with any agents known to those of
skill in 15wooewuizessart including, for exanple, |ower alkylPOEUSHase0suUCh
as nethyl, ethyl, propyl and butyl chlorlgﬁ brom des and i odi des;
di al kyl sul fates, including dinmethyl, dielhyl, di butyl and di anyl

sul f at es; long a%ehahgdeﬁ%é diflar, subclBSibous atﬁaqraaw ebyk, and

st earyl chlorl brom | odi des; and aral
i ncl udi ng benzyﬂer&ﬁ?&tean}'r ph%ﬁﬁmtlkﬁ%ﬁrdeéntmﬁﬂmbi‘a i | -sol ubI e or

di spersible  intratadeals IRYrastairia,nNanthiceufballlst tRitalisional)
Prodrugs are hégrobézed ;N vivo to rel ease the active ingredient. In
the case of th effe Fhventlon 25 t he di scl osed prodrugs rel ease

butyric d&id. Wthout The phzmmgpénnﬁutlbpombeeiyiomwadﬁﬂﬁhéﬁe that a

threshol d 1nvRRESBh" @b OB Priiddd An?Sl FakfetPCof! AH¥entiongqui M ed
depot forms. These include, for example, solid, semi-
solid and liquid dosage forms, such as tablets, pills,
powders liguid solutions, dilutions, suspensions,

10 emulsions, liposomes, capsules, suppositories, injectable
and infusible solutions. The preferred form depends upon
the intended mode of administration and therapeutic
application.

For example, oral administration of the

15 pharmaceutical compositions of this invention may be by
any orally acceptable dosage form including, but not
limited to, capsules, tablets, and agueous or non-agueous
suspensions, emulsions, oil dilutions and solutions. 1In
the case of tablets for oral use, carriers which are

20 commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a hard
gelatin capsule form, useful diluents include lactose and
dried corn starch. Soft gelatin capsules incorporating

25 oils and/or polyethylene glycols excipients may also be
used. When aqueous suspensions or emulsions are
administered orally, the prodrug is combined with
emulsifying and suspending agents. Flavoring,
sweetening, or coloring agents may be added, if desired.

30 Preferably, the pharmaceutical compositions of
this invention are formulated for oral administration.
Even more preferred are oral emulsions comprising between
about 5 to 40% {w/w) of the prodrug of formula I
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-15 to be maintained fora-—period of at-least several hours
during the day over a nunber of days to induce production of gamm
gl'obi n chain synthesis and fetal henogl obin formation, or to induce
differentiation in malignant 5 cells, leading to an anticancer effect.
The conpoun . that characterize the conposi tions of ntion
are ﬁ@?ggl zed in the body in such a way as to prodé@%ﬁ% §/1S560

hi gh maxi mal concentration (C[err]) of buaRyric acid foll ow ng oral
adm ni stration. These conpounds are al so 10 characterized by a
sufficiently Icﬁk?Q%ﬂdﬂnBﬁEBe(Pfhﬂ?XQ egter SPeC1f1§%%lNeﬁ#%iﬂﬂ?de§§8§ure of

the patient to ttnay;r oufldd- of this fAiRnitdchfealiyr ah i Sddit ¥ nenexpect edly
high CJerr], less dru s need to adnmnistered.to groduce

effective 1°’131°a§ﬁ&’f86ﬁé§ﬁt‘t’h'i‘f PE SOTRPIHAP. HVARGi BRal 15
agents. This, HLB twalue bfshétceeﬁld4lﬂar Precerrad surfactants tiaxilodey due

to the ca§r|6N ﬂ%ﬁéhda% OEwEQE-QéPQﬁH&bz%E Spam-40w§ﬁé ﬁgiéﬁﬁﬂé?é, such
adm-ni strati on.
as S$-108.
According to another embodiment, the invention
provides methods for treating a B-hemoglobinopathy in a
patient. This method comprises the step of treating the
10 patient with any of the compositions described above.
The term "treating”, as used herein includes reducing the
severity, symptoms or effects of the B-hemoglobinopathy.
Preferably, the method provides a serum butyric acid
concentration of between about 0.03 mM and 3.0 mM within
15 about 8 hours of administration. More preferably, this
produces a plasma butyric acid concentration of between
about 0.1 mM and 1.0 mM within about 6 hours of
administration. Most preferably, the prodrug in the
composition is present in an amount that produces a
20 plasma butyric acid concentration of between about 0.1 mM
and 1.0 mM within 2 hours of administration and the
concentration remains within that range for at least 2
hours. These plasma levels are achieved by administering
the prodrug of formula I tc the patient at a dose of
25 between about 25-3000 mg/kg body weight one or more times
per day. Preferably, the patient will be administered
the prodrug between 1 and 4 times per day.
The f-hemoglobinopathies which may be treated
by this method include sickle cell syndromes, such as
30 sickle cell anemia, hemoglobin SC disease, hemoglobin SS
disease and sickle B-~thalassemia; B-thalassemia
syndromes, such as fi~thalassemia; other genetic mutations
of the B-globin gene locus that lead to unstable



The butyrate prodrugs of this invention may be synt hesi zed by
standard organic routes. Many a-hydroxy 20 acids, [err]-hydroxy esters
and [err]-hydroxy am des are comercially available (e.g., Aldrich
Cat al og Handbook of Fi ne Chem cals, 1994-1995). In the case of

[ err]-hydroxy esters or [err]-hydroxy am des, derivatization of the
hydr oxy wo 97988380 nay be carried out using an acti vat eddrarsas/msk6025
butyric acid, such as an acid chloride;_%%gpetrical acid anhydri de;
m xed car boni c, phosphonic, or sulfonic d anhydri des; and

activated ESteﬁ§m5§%§L§§%,pgﬁﬂﬁlaﬁfﬁga?enitaf“ﬂéfﬂah§§¥&’gggﬁiggIuorOphenyl’

hydr oxybenzot rTazo oxysucclinim <
Preferably thefoekelvin imytangs witbaabhermaltoxygen affiinhpyaardise such

triethyl am ne, sgiiSIRFOP WudaRtsaBENE~globin thetSrdsaiebiayehdlddsdiic
undec- 7-ene, pyridine or t et r amet hyl guani Bne;,or aqueous Buffers or
bases such as Phenotype. These diseases are described in
5 Basis of Blood Disease, vol. II, G. Stamatoyannopoulos et
at., eds., pp. 157-244 (1994).

According to a preferred embodiment, the above-
described method comprises the additional step of
treating the patient with an agent that is normally used

10 to treat such f-hemoglobinopathies, for e.g.,
hvdroxvurea. That agent may be administered prior to,
sequentially with or after treatment with the butyrate
prodrug-containing composition. Of course, if the
composition used to treat the disease is one that already

15 contains such conventional agent, this additional step
can be omitted.

The amount of conventional agent administered
in these methods is preferably less than that normally
required to treat such diseases in a monotherapy. The

20 normal dosages of these conventional agents are well
known in the art. Such agents.include hydroxyurea,
clotrimazole, isobutyramide, erythropoietin and salts of
short-chain fatty acids, such as phenylacetic acid,
phenylbutyric acid and valproic acid. Preferably, the

25 conventional agent used is hydroxyurea.

According to another embodiment, the invention
provides method for treating diseases characterized by
neoplastic, tumorigenic or malignant cell growth, as well
as malignant hematological disorders. Treatment includes

30 prevention of the progression the disease or its
recurrence. Such diseases include carcinomas, myelomas,
melanomas, lymphomas and leukemias. Preferably, the
method provides the same serum butyric acid



sodi um car bonat e or sodi um hydrogen carbonate (see, e.g. E
Easlam “Recent Developnent.n Methods for the Esterification
and Protection of the Carboxyl G.oup', Tetrahedron, 36, pp.
2409- 2433 (1980). Dehydrati ng THIS SHEET HASEBEEN,| such as

1, 3-di cycl ohexyl carbodiinm de or - (3-REPLAGCED

di met hyl am nopr. opyl ) - 3- et hyl car boadi ride may

al so be enpl M"*}?he i nclusion of a hyperacﬂqf‘i’%f{“"é@t al yst,
such as 4- di met hyl am nopyri-gigae, nmay i nprove the efficiency
of the reaction (A Eassner et al., "D rect Room

Tenper at ur e Est eond¢erntatatdonsl iGdibakgd i aboie des' being desirable ThRum ahedr on

Lett., 46, pp. ?é%%%ﬁf%%-%%e%@%).l.z:binopathies.a ~ Addi tional nethods are well

known in the ar . readi | subsgituted for those
| i sted above. According to|3 prefq eskodinent, dfhe ahaye-

derivatizati on gescribed met®bdl BEmSA{ SEXWHE it i8hQYPsEEY HE carried out
OSP4 K6 B AL A I R VR AT
car boxyl i c aci-dtoosuct maliamnianeligsby prsferralilyy thaeqagent Lonprising the
D ot orot iYSroxyrea; Drbtaagbattay B gaa b by oot N 2
renovabl e protecting “group; errvatrzing e carboxylic
acid as an esteseguentially with or aftel dixeatment with the butyrate

prodrug-containing composition. Of course, if the

10 composition used to treat the disease is one that already

contains such conventional agent, this additional step

can be omitted.

The amount of conventional agent administered

in these methods is preferably less than that normally
15 required to treat such diseases in a monotherapy. The
normal dosages of these conventional agents are well
known in the art. Such agents include, erythropoietin,
or cancer chemotherapeutic agents, such as hydroxyurea or
S5-azacytidine. Hydroxvurea is a preferred conventional
20 agept.

Combination therapies with conventional agents
according to this invention {whether part of a single
composition or administered separate from the prodrugs of
this invention) may also exert an additive or synergistic

25 effect, particunlarly when each component acts to treat or
prevent the target disease via a different mechanism.

In order that the invention described herein
may be more fully understood, the following examples are
set forth. It should be understood that these examples

30 are set forth for illustrative purposes only and are not
to be construed as limiting this invention in any manner.

This Sheet Has Been Replaced
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3) renoving the hydroxyl protecting group; and 4)

converting the hydroxy group to a butyryl group as above.
The butyrated or hydroxyl-protected [err]-hydroxy aci ds may
then be converted to their correspondi ng 30 esters of Formula |
(wherein R = 0) by carboxyl activation, simlar to that

descri bed abgg»7figessbut yric acid, followed by rreantseersesn t h an
al cohol in the presence of a suitable base. Reaction of the
activated butyrated or hydro%?PTprotected [err]-hydroxy acids
wth primary or secondary am nes yields

am nes of Formula | (wherein R ME—J‘NH N-C(1-5) -straight or
branched chain alkyl, or [Synthesis of ComptihdilIiat andghillbr branched chain
al kenyl whi ch may be We synthesized compound IIIa as follows. We

combined 6.25 ml of methyl {S)-lactate with 13.75 ml of
5 Et3N and then added that mixture to 50 ml of methylene
chloride. We cooled this mixture to 0°C in an ice bath
and the slowly added 8.2 ml of butyryl chloride. This
mixture was stirred overnight and then filtered through a
Buchner filter. The precipitate cake was then washed

10 with ether and the wash was combined with the filtrate.
The organic layer from the filtrate was isolated, washed
twice with water, once with brine and then dried over
anhydrous MgSO4. The crude yield was 12.48 g.

The material was then dissolved in 90%

15 hexane/ethyl acetate and chromatographed on an MPLC
column. Fractions containing the desired product were
pooled and dried yielding 9.46 g of pure product. NMR
analysis confirmed that the pure product was compound
IXI1a.

20 Compound IIIb was synthesized and purified in
an identical manner, substituting methyl (R}-lactate for
methyl {S)-lactate.

EXAMPLE 2
25 Synthesis of Compound IIIcC
We synthesized compound IIIc by combining 7.4
ml of ethyl (S)—-lactate with 13.75 ml of Et3;N and then
added that mixture to 50 ml of methylene chloride. We
cooled this mixture to 0°C in an ice bath and the slowly
30 added 8.2 ml of butyryl chloride. This mixture was
stirred overnight. TLC analysis of the mixture indicated
incomplete reaction. We therefore added an additional



substituted with a carbocyclyl or heterocyclyl nviety). A w de
V a8y~ af— P y-—s-ec-onda-y—ahe—t-e-t-ar Yy ————— al-cohol-s and

primary and secondary amines are comercially avail abl e or
readi |y produced by nethods known in the art. Therefore, this
process provides access to conpounds of Forrmula | where R-Z
may vary 10wy 2855 greatly. o Sonepdaideksdsba’ | Y
useful nethods synt hesi zi ng conpounds of Formula | are
shown in Schene |, below. =31- - 18- [err]

0.25 mole (2.5ml) of butyryl chloride and allowed the
reaction to continue with stirring for 24 hours.

The mixture was then filtered through a Buchner
filter. The precipitate cake was then washed with ether

5 and the wash was combined with the filtrate. The organic

layer from the filtrate was isolated, washed twice with
water, once with brine and then dried over anhydrous
MgSO,. The crude yield was 15.98 g.

The material was then dissolved in 90%

10 hexane/ethyl acetate and chromatographed on an MPLC
column. Fractions containing the desired product were
pocled and dried yielding 2.97 g of pure product. NMR
analysis confirmed that the pure product was compound
IIIc,.

15 EXBMPLE 3
Oral Availability of Butyrate
Prod ¢ Lactic Acid in Rat
We evaluated oral bicavailability and
sustenance of plasma concentrations of butyric acid in
20 rats receiving either compound IIIa, IIIb or IIIc by oral
gavage at doses of approximately 3g/kg body weight. The
butyrate prodrugs were formulated by simple dilution in
corn oil.
The assay was carried out according to the
25 protocols described in Daniel et al., Clinica Chimica
Acta, 181, pp. 255-64 (1989); Planchon et al., .J. Pharm.
Sci., 82, pp. 1046-48 (1993); Pouillart et al., J. Pharm.
Sci., 81, pp. 241-44 (1992)). Each compound was tested
in five to six rats (Sprague Dawley; Harlan Labs, Inc.)
30 weighing approximately 300 grams each. The relevant Cu,,
for these agents are listed in Table 1, below.



-19- In these nethods, the [err]-hydroxy acid of
choice is sinultaneously reacted at the hydroxyl and

carboxyl ate groups. Reaction with a suitable silylating
reagent, for instance [err]butyl-dinethylsilyl 5 chloride in the
presence of imdazole in dinethyl formam de, yields a

bi s-si | yl at e@Ooausssind of For nul a Xl a or sim lpernusediséeo
derivative. This conmpound can be -32- converted to a

car boxyl -activated derivative by a segence conprising: 1)
parti al hydrol*§b

£ PRGSO P8 Rodrugs oflacic for i nst ance

by hydrol ysis using ﬁ'mamﬁt of |ithium
hydr oxi de at af T fature
i n aqueous di

: alss T M) 53 i)
llla 27 4 1335 £59032 0561031 2101042
iib 25 6 147.0 2 119.1 054+048 0261014
5 llic 3.0 6 456.3 + 80.7 171+ 13 1.68+0.16

These results demonstrate that the compounds of
this invention are able to release butyrate at a suitable
rate and provide a sufficient plasma concentration of
butyrate to be utilized in the treatment of B-

10 hemoglobinopathies and cancer.

EXPMPLE 4
Oral Availability of Butyrate

Compound IIIc was further tested in anemic
15 rhesus monkeys. A single oral dose of compound IIIc
(0.3, 1.0 or 3.0 g/kg body weight) diluted in corn oil
was administered to the monkeys. The Cp,, obtained at
each of these doses is listed in Table II, below.

Table 2. Pharmacokinetic parameters for Compound llic in anemic rhesus
20 monkeys.

SRR

0.3 2 214.4 £ 88.8 0.75 0.30 £ 0.03

1.0 2 509.9 £ 90.9 30 1.3310.09
25 3.0 2 836.1 + 884 4.0 3.41+0.03

The time course of plasma butyric acid
concentration following administration of the various



15 3) careful acidification using for instance

citric acid: 4) j ' ' ani c

sol vent such as nethyl ene chloride; and

5) carboxyl activation as described above. Renoval
of the hydroxyl-protecting silyl group using, for instance,

tetrabutyl ammoni um f 1 uori de
Qerr]C to aWA%2M% enperat ure,
acetonitrile, yields the hydgexy derivative XlV. Conversion to
conpounds of 25 Formula | may then be effectuated as descri bed
above. doses of compound\IErmdn islyyidhal [mmKeysy disodepicted of
Formul a in Fi&? %slsinultaneously reacted at the hydroxyl and
car boxyl at e groups f an al kyl substituent such as a
30

derivative as shown in schene |.

I n tetrahydrofura
or HF-pyridingci%ﬁgﬁgghin

benzyl

O her al kyl derivatives such

as allyl, 4-nmethyl oxybenzyl, 2,2, 2- trichl oroethyl or
2-trinmethylsilylethy] al so be sed ip this ste
The .deri vati zati on ngg? BOY RFuHesh o & ??&?/ﬁy IRFYRESRti on of the

conpound of Forrmula X w t¥“es y
The efficacy of compound IlIc administered in
conjunction with hydroxyurea was tested on six anemic
rhesus monkeys divided into three groups of two each.
Each group was studied in two phases, as shown below.

10 Fetal hemoglobin cells {(F cells), Hemoglobin F level in
total Hemoglobin (3Hb F) and %y globin chain levels were
monitored before and after each of the two phases. &F
cells were measured according to the protocol described
in Betke et al, Blut., 4, pp. 241-9 (1958). &Hb F and

15 %y globin chain synthesis were measured using High
Performance Liquid Chromatography (HPLC) according to the
protocol described in Huisman, J. Chromagtogr., 418, pp.
277 (1987).

Table 1. Phase | of the efficacy study.
20 Study Number of Drug Dose Treatment
Group Animals Period
i 2 Hydroxyurea 50 mg/kg/day 5 weeks
[ 2 Compound llic 1 g/kg/day 5 weeks
Hl 2 Compound lilc 3 g/kg/day 6 weeks
25 Table 2. Phase |l of the efficacy study.
Study | Number of Drug Dose Treatment
Group Animals Period
| 2 Hydroxyurea 50 mg/kg/day 5 weeks
Cmmw;mdnh
| 2 Compound llic 1 g/kg/TID 5 weeks




- 20- brom de in the presence of about 2.2 - 3 equival ents of
a strong base, such as sodi um hydride, potassium hydri de, or
potassium [err]butoxide, in a suitahle inert sol vent, such as
THF or dinethyl formam de, at about| THISSSHEET HAS BEEROG[ err] C t o about

100[ err] C depending on the particular [ ¢BEpLACED hydr oxy acid and
el ectrophi | awo 6pt28senal |y, a phase- ++afsf er cedmEUwshsssoet hod
usi ng a base such as Klerr]CJerr] or NaOH in an inert

sol vent, such as toluene or 3écetonltrlle may be used for this

al kylation. 1 StH-t-gi-e—e-at-a-yst-s—tmetade—guarte UM
salts, M sluch &s [err]MMﬂFerr]Br[\!#ah}O“landich k!thgrs,
such as di benzo- 18- crown- 6. Conver si on
of suitably bis-al kyl at ed conmpounds of Formula XIb to those of

Formula Xl |b may Animal beimcgronn ikhad iy $¥apehl feoumt of &or
nstance in 108 before PRAYBOYS EENEHDledd of 8KaBE. 1UBRE AT MOl ar or
greater amount of al kali .netal base, such as hydroxi
count in Animal 1 increased to 25% At the end of Phase
5 II the $F cell count in Animal 1 increased to 35%.
Animal 2 in group II had a %F cell count of 8-10% before
Phase I. At the end of Phase I the &%F cell count in
Animal 2 increased to 15%. At the end of Phase II the &F
cell count in animal 2 increased to 22%. The increase in
10 the %F cell count in Group I was accompanied by a
measurable increase in the $Hb F and %y-globin chain
levels. Groups II and III showed a small but significant

increase in 3%F cells with no measurable change in HbF or

vy-globin chain levels.

15 In all three groups, there was no detectable
difference in the levels of the triglycerides and ALT
prior to or during the two phases of the efficacy study.

The results demonstrated the utility of the
butyrates of the present invention, when used in

20 conjuction with conventional agents, such as hydroxyurea,
for inducing fetal hemoglcbin in B-hemoglobinopathies.

While we have hereinbefore described a number
of embodiments of this invention, it is apparent that our
basic constructions can be altered to provide other

25 embodiments which utilize the syntheses, processes and
compositions of this invention. Therefore, it will be
appreciated that the scope of this invention is to be
defined by the claims appended hereto rather than by the
specific embodiments which have been presented

30 hereinbefore by way of example.
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of sodium I|ithiumor potassium at tenperature ranging from

abDuL__AOLELLLC_LO_abﬂuL_BOPGFF}C—ﬁM%%H4Rﬁ4AM¥%A—J£¥m1¢Dn 20 .. -

with a thiolate anion, such sodi um et h t hi ol ate,

i odot ri met hyl silane or with ﬁuﬁw uﬂiﬂ E ‘)t ecting reagent s
, Wwll yield the protected Formula Xl 1b
(see, e.qg. rock, " rehenS|ve O ga

Tr ansf or mat i §F?*g’“ . 981- 985 1989 VCH 25 Publ i smr?gf”ss"""ﬁ%” New
Yor k, NY). Activa+BBA and derivatization sinlar to
t hat descri bed for conpounds of Formula Xlla npounds

of Formula Xl IIb. The benzyl group nmayCh3IM&en THIS SHEET HAS(&EEN niently
renoved, e.d., wWoy dakakyti c hydrogenati on 30

pal I adi um or rhodi um netal dispersed g a
hydr.ogen source such as hydrogen gas or annDnlun1fornate or
catalytic transfer i. A bdnyﬁam&epabaaugusfrzpnmuahohexadlene or the
i ke. Such nethods are well known in the art of organic
chem stry (see, e.g.,

A

wherein AR and D are independently selected from the
group consisting of hydrogen, carbocyclylalkoxyalkyl or
C{1-4)-straight or branched alkyl, C{2-4)-straight or
branched alkenyl or alkynyl, which may be independently
substituted with hydroxy, alkoxy, carboxyalkyl,
alkylamido, arylamido, heterocyclylamido, aralkylamido,
heterocyclylalkylamido, alkoxycarbonylamino,
alkenoxycarbonylamino, carbocyclyloxycarbonylamino,
heterocyclyloxycarbonylamino,
carbocyclylalkoxycarbonylamino,
heterocyclylalkoxycarbonylamino, alkoxyalkoxycarbonyl-
amino, amino, amido, carboxyl, thiol, thiomethyl,
thiophenyl, aryl and heterocyclyl; provided that A and D
are not simultaneously hydrogen:

R is O, NH, NC{1-5)-straight or branched alkyl or
NC(2-5)~straight or branched alkenyl, any of which may be
optionally substituted with a carbocyclyl or heterocyclyl
moiety;

I)

Z is hydrogen, C{l-4)-straight or branched alkyl,
C{2-4)-straight or branched alkenyl or alkynyl,
carbocyclyl, or heterocyclyl, any of which may be
optionally substituted with 1 or 2 groups independently
chosen from C{1-3)-alkyl, C{(2-3)-alkenyl or alkynyl,
alkoxy,_alkenoxy, alkynoxy, amido, thioalkyl, carbocyclyl
or heterocyclyl; and

i
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Ryl ander5—Cat-atyt+ec-Hydrogenati on in Organic Synt hesi s",

[err 197 ess, Inc., Olando, FL) Reduci ng neta
met h Eﬂ"j ﬁ}i&iﬁﬂi@lﬁ“ssm ving t IS SHEET HAS BEEMUbstrate in |iquid ammonia
and met al , REPLA h asinetallic sodium are also
known in the art. b —a—al [yl group is used in

pl ace of a wooi2sss benzyl group, its renoval nmay be efdTAISIwRs66El by

pal | adi um transfer reactions using e.g. Bgtrakls-
(triphenyl phosphine)Pd[err] and an allyl?3cceptor, such as 10

nor phol i ne or Pd[ et E‘LPﬁg%?%&;%% R ok Iﬁﬁg e Vet NS § ¥ s

enpl oyi ng t hese and ol protect groups are

descri bed i n coenfiguratiense.g., T.W G eene and P.GM Wits
"Protective G oups kgvgg&ntﬁa@ggﬂp%o&pomd is not Second Edition
[err]1991 Academ c Press I nc. | ando, FL, 15 pp. 14-120). The
resul ti ng conpound of For may then be reacted as
descri bed aboyg/&ggpﬁhgu of Fornmula I.
[err]-Hydroxy acids, [err]- y esters and [err]- hydr oxy
am des, when not comrercial I'y avail able, may 20 conveniently be
synt hesi zed by a variety of nethods . which will be readily

apparent to those of Skbtl *ﬂetgﬁiyrate prodrug according to claim 1,

wherein:
A is hydrogen; and
D is methyl.

3. The butyrate prodrug according to claim 2,
wherein:
R is 0, NH, N-C{1-3)-alkyl, NC(2-4)-straight or
branched alkenyl or N-benzyl; and
Z is C{1-4)-straight or branched alkyl optionally
substituted with one group selected from a 5 to 10-
membered carbocyclyl and a 5 to l10-membered heterocyclyl.

4. The butyrate prodrug according to claim 3,
wherein:
R is oxygen;
Z is an unsubstituted C(1-3)-straight or C(1-4)
branched alkyl; and
the stereochemistry at the methyl-bearing carbon is
S.

5. The butyrate prodrug according to claim 1,
wherein:
R is oxygen.

Sheet Has Been Replaced
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art. For-instance—reaction of a glyoxylic acid ester or am de

| a suitable carbon-basaed.nucleophile such as a Gignard
reagen“w"m ﬂ ﬂiﬂulor an 25 organol i thiumreagent, in a
sui tab | ¢t her or
t et r ahydr of uran at about - ﬁ#ﬁ%é‘gl&qugcﬁgﬁy hbout Jerr]C, wll
yield a [err];hydroxy ester or amd of .For ,Uéuxdwgere Ais
t he nucl eopWOI%A2EH D i s hydrogen. Similar reactions, carried
out on a- 30 ket oesters or amstps, yield [err],
[err]-disubstituted, [err]- hydr oxyesters or am des (B. M Trost
and 1. Flening, 6. THeCowuyrhtasprediRrgataerdinghteeslaim|a, " pp.
49- 282 whereln[err]1989 Perganon Press, Oxford, England).
-22- Many [err] - thrOX acids may_b groduced

A and D are independently selected from hy

methyl, ethyl or allyl; and

2 is C(1-3)-alkyl optionally substituted with one
group selected from 5 to 10-membered carbocyclyl and 5 to
10-membered heterocyclyl.

7. The butyrate prodrug according to clainm 6,

wherein:
P is hydrogen or methyl;
A is unsubstituted C(1-3)-alkyl; and
Z is unsubstituted C(1-3)-alkyl.

8. The butyrate prodrug according to claim 1,
selected from the group consisting of:

U
/\/U\/Y\
S

9. The butyrate prodrug according to claim B,
wherein said prodrug is

{Illa);

(IlIc).
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conveniently by reacting the corresponding [err]-am no aci ds
with a diazetizing agent in a poorhty-nucl-eophilic medi um For

exanple, NaN( err] may be added . o JTedium For
mﬁ “il Iﬂm |U“L et al., "Preparation of
c N i ben

i.n aqueous sulfuric acid (R V. bﬁﬁ
zene) sul foryl) oxy

(r) -2-Azido Esters from2-((p--"''% L

Esters and WeRjrhadsse as Protected Am no Aci d Faayossé/eseées f or
t he Synt hesi s of Di - and Tripeptides Containing D Amino Acid
Constituents", Tetrahedron Lett., 48, pp°3007-3020 (1992)).
Since nunerous [err]-am no acids may be purchased and many
ot hers can be nmade by kn synt hetic routes, often in
optically active_forfs, . K. Chenault et gt " Ki netic
Resol uti on of Annattrat “an r\e-l%] THIS SHEET, (HAS\BEEN{ no Aci ds:
Enanti osel ecti ve Hydrol ysi shof N- AcKEPLAGERO  Aci fis Cat al yzed by
Acylase I", J. Am Chem (BpIxc) . 111, pp. 6354-06364 (1989)),
t hi s met hod provi des a ready source of starting materials of _
Formula I. 30 10. A pharflaléplit 884D oxgmpasitdiots cangribthg: est er and
am de derivatives may be converted to rl=h erivatives
by formation of an anion at qne égrﬂaﬂhﬁgr%f ¥§£ﬁ§&ate prOdrPﬂeogarboxylate
derivative, f®bkmuka by reaction with an oxygenating agent,
such as N-sul fonyl oxaziradines, yi el d the conpound of Formul a
X or XIV (R C Larock, i' Coppr ehensi ve Organi c
Transformations", p. 489, [er[Léagng\ jgzjr/u\

(I)

effective to increase fetal hemoglobin in a patient or
promote cell differentiation; wherein:

A and D are independently selected from the group
consisting of hydrogen, carbocyclylalkoxfalkyl or C{(1-4)-
straight or branched alkyl, C{2-4)-straight or branched
alkenyl or alkynyl, which may be independently
substituted with hydroxy, alkoxy, carboxyalkyl,
alkylamido, arylamido, heterocyclylamido, aralkylamido,
heterocyclylalkylamido, alkoxycarbonylamino,
alkenoxycarbonylamino, carbocyclyloxycarbonylamino,
heterocyclyloxycarbonylamino,
carbocyclylalkoxycarbonylamino,
heterocyclylalkoxycarbonylamino, alkoxyalkoxycarbonyl-
amino, amino, amido, carboxyl, thiol, thiomethyl,
thiophenyl, aryl and heterocyclyl; provided that A and D
are not simultaneously hydrogen;

R is 0, NH, NC(1-5)-straight or branched alkyl or
NC(2-5) -straight or branched alkenyl, any of which may be
optionally substituted with a carbocyclyl or heterocyclyl
moiety;

Z is hydrogen, C(1-4)-straight or branched alkyl,
C{2~-4) -straight or branched alkenyl or alkynyl,

This Sheet Has Been Reﬁaoed
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VCH Publishers; I nc., NEM/Ybrk, NY) . Vari ati ons of

t he_net hﬁmmmmmﬂ ve.and ather synthetic approaches
known ‘i n ' i RSRIEIW Nl f synthetic organic chem stry will be
apparent to t hose of ordinary skill jin the art. Alternate
transi ent prot ection anTHiGePHERTEBAS @RENT] reactive groups and
their further transformation to produce | Acgpal ounds
of Formul a |Y“%aﬁ%“55e readi |l y appar'ent ?ﬁgpLAGEH‘ sk?FF@@Ng I'san.

- 23- Accordi ng t<8®ne enbodi nent, the invention
provi des a pharnmaceutical conposition conprising a prodrug of

Formul a | (i nceadbagyedil ndyutpteresyectyl, any of whichpwayfbeal |y excl uded
I:)Oimntcr‘gagg”{)ﬁgﬁéﬁﬂélwisimstituted with V&Y Yibhubs 2RaePRRMMnEf ective
chosen from C{1-3)-alkyl, C(2-3)-~alkenyl or alkynyl,
alkoxy, alkenoxy, alkynoxy, amido, thiocalkyl, carbocyclyl
or heterocyclyl; and
each stereogenic carbon may be in the R or 8
configuration; and
b. a pharmaceutically acceptable

adjuvant or carrier.

11. The pharmaceutical composition according
to claim 10, wherein in formula I:
A is hydrogen; and
D is methyl.

12. The pharmaceutical composition according
to claim 11, wherein in formula I:
R is O, NH, N-C{1-3)=-alkyl, NC(2-4)-straight or
branched alkenyl or N-benzyl; and
Z is C(1-4)-straight or branched alkyl optionally
substituted with one group selected from a 5 to 10-
membered carbocyclyl and a 5 to 10-membered heterocyclyl.

13. The pharmaceutical composition according
to claim 12, wherein in formula I:
R is oxygen;
Z is an unsubstituted C(1-4)-straight or branched
alkyl; and
the stereochemistry at the methyl-bearing carbon is
S.

14, The pharmaceutical composition according
to claim 10, wherein in formula I:
R is oxygen.
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production cf fetal hemoglobin or stinulate cell

differe ' I ent and a pharnaceutically accept abl e
car ri'er”mmammmnmm Iﬂmre speci fi gedty t hese conpositions

are desi §ned t'o tredt & patient I;IH!SJQHEET HASIfHEENi[”Q froma

[err]-henogl obi nopathy or a malignant REPLACED i sease. The term

"mal i gnant dvoenmsss as used herein denot es aperUshelrsdeh
characterized by neopl asti c, tunori genic or malignant cell
growh, or a hemat ol ogi cal ~8PSorder. 15 An

amount effective to i ”Cig?sewﬁgepharmaceutig?}fgéﬂgéjﬁc%‘iﬁ%ghgcﬁgghgéﬁ ent

hermogl obin or stinulate”cell
wi || depend, &P €daimeldprwherein in formpfa Particul ar di sease to be

treated, the severp! ¥n8fp are independent®yds&fasted IHiumP Mirogensondi tion
of the patient %gld 20 ment of the treating physician.

th ud
yi, ethy}h%rp?Jo]cﬂe]ng Formula | will be prarent in an

Preferably, ™€

anount _ f z o‘.spaloi-esp-fa.‘gfyﬁiluﬁﬁigngmygsmmwédl withdone o
concentration et ween, about 0. an . thin
hours of adni ﬁ(}&“%af:égﬁ?t r%ﬁe?gogmoﬂ" gr&%ﬁéarbocyclyi}r 8&% g‘?
Formula | is pilegenberadahetexnoycliat produces a plasma
butyric acid concentration of between about 0.1 nMand 1.0 niM
within 6 hours of adm nistration. Mst preferably, the
prodrug in the 16. ThaRhammaseuticpl camposition assordingat

produces a to claim 15p|vseeiriti iforaald goncentration of between about
0.1 D is hydrogen or methyl:;
A is unsubstituted C(1-3)-alkyl; and

Z is unsubstituted C(1-3)-alkyl.

17. The pharmaceutical composition according
to claim 10, wherein the butyrate prodrug is selected
from the group consisting of:

IS U

i

18. The pharmaceutical composition according
to claim 17, wherein said prodrug is:

(I1Xa):
(IIIb); and

(IIIc).

This Sheet Has Been eﬁlaced
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mM and 1. MM w thin 2 hours of adm nistrati on and the

co-nca-n-t-;at ﬂwmnﬂmﬂum Ret-hat—tange for. at least 2 — hours.

Dosages o 5 ng prodrug/kg body melght and 3 a

prodrug/kg body melghf atim ni st ered GnﬂS%ﬁng_ BEEN r more tinmes per day
ACER

are capabl e of producing the WO 97/ 12855

REPACE
PCT/ US96/ 15660 , - 24- as
butyric aci 3%8?(&’@5% ration. Preferably, the pati ent PW’P%‘()@&%

adm ni stered the prodrug between 1 and 441- times per day. _
In a preferred enbodi nent, these conpositions 5 additionally conprise
a conventional agent usedgin the treat nent of
[err]- heanlObnggiiﬂLSS The conventlonal

(ITIc).

19. A method for increasing fetal hemoglobin
production in a patient comprising the step of
administering to said patient a pharmaceutical
composition according to any one of claims 10-18 or 27~
28.

20. The method according to claim 19, wherein
said method is used for treating a p-hemoglobinopathy in
a patient.

21. The method according to claim 20,
comprising the additional step of administering to said
patient a conventional agent for treating a B-
hemoglocbinopathy in a patient.

22. The method according to claim 20,
comprising the additional step of administering to said
patient hydroxyurea for treating a p-hemoglobinopathy in
a patient.

23. A method for stimulating cell
differentiation in a patient comprising the step of
administering to said patient a pharmaceutical
composition according to any one of claims 10-18.

24, The method according to claim 23, wherein
said method is used for treating a malignant disease in a
patient.
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agent may be present in the same anount or |ess than that nornal |y

nogl obi nopathies in a nonot her apy. The
nor mal nventional 10 agents are well known in the
art. Such*adénﬂs |ncFudé - hydroxyurea, clotrimazole, isobutyranide,
eryt hropoi etin and salts of short-chain fatty acids, such as
phenyl acet i gyop@hshss phenyl butyric acid and val proi c aci d. Pcrtusmﬂmlf erably,
t he conventional agent used is hydroxyurea 15 According to an
alternate preferred enbodi nent, conposi tions conprise a butyrate

prodrug of this % lon al n,used in the
treat nent of di gésra}s L(?hﬁfgfé'g%r? %éc;%gﬂxdng%p éggﬁ 24 tum) eni c or
mal i gnant ceIto@pxwaing(hheaaﬁéﬁaagnoglQ%#PcﬂﬁxﬁdeRStﬁréngotO sk j ent .

Thi s addi tiongl \%ﬂtﬁbﬁﬁ?”&géﬁ‘t afor treatiRGOHNhatogddnt O or |ess
t han t hat nor eqU|re treat such diseases in a nonotherapy.
The nornmal do b@ﬁ%ﬁe in a patieREse conventional agents are well known in
the art. Such agents incl ude, erythrop0|etin or cancer 25

chenot her apeuti ¢ agent LOXYyUur e azacytidine.
Preferably, the convent %‘nalw‘é? ?x geﬂg?%r&ng t° l?lal’"oxyufea

Phar maceut i cabogprising die askililtion&ltaeep of adwisdtegdngf teosamida |
(i ncl udi ng th&pg@&'é Hhy 23 fo ﬁP&&t{ 8Ab'nm gﬂauéedxééagétm a

conmpounds of ventlon may a e enployed in any of the
above- patient.

27. The pharmaceutical composition according
to claim 19 wherein said conventional agent is
hydroxyurea.

28. The pharmaceutical composition according
to claim 27 wherein the butyrate prodrug is compound
{II1ic).

29. The method according to claim 23 wherein
said conventional agent is hydroxyurea.

30. The method according to claim 29 wherein
the butyrate prodrug is compound (IIIc).

THIS SHEET HAS BEEN
REPLACED
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descri bed conpositions. Such salts may be derived from WO
RCILUS96/15660 ———-—

07/12855

-25- ° pharmaceutically acceptabl e i norgani ¢ and organi c acids
and bases. Exanpl es of suitable acids include
hydrochl ori c, hydrobrom c, sulfuric, nitric, perchloric, fumari c,
mal ei ¢, phosphoric, glycollic, lactic, salicylic,

t ol uene- p- sSOVOBHIZSS tartaric, acetic, citric, net hanesu#ytsénl C,

benzoi ¢, mal oni c, napht hal ene- 2- sulfonlc and

et hanesul fonic, formc,
Salts derived from appropriate

benzenesulfonic acids. 10
bases i ncl ude

«-eeg-... MODKEY |
(0.3 mg/kg)
g ODKey 2
(0.3 mg/kg)
monkey 3
(1.0 mg/kg)
weon, TOODKEY 4
(1.0 mg/kg)
_ monkey 5
(3.0 mg/kg)
monkey 6
“T4=- (3.0 mg/kg)

nemeddmems

10

’ TIME (HOURS)

SUBSTITUTE SHEET (RULE 26)



“atkali netal (e.g., sodium), alkaline earth netal (e.g., magnesi um ,

“amonium and N-(Cerr] alkyl)[err] salts. The carriers and
adjuvants present in the conpositions of this invention jnci|ude, for
exanpl e, ion 15 exchangers, alumina, aluminumstearate, lecithjn, serum
proteins, such as human serum al bum n, buff{er substances, such as
phosphat es, gl ycine, sorbic acid, potassium sorbate, partial

glyceride mxtures of satlweatefim "alkynyVegiablRcbakt ¥ acicds~-gyater, salts
or electrol ytes_such - w28 Protam ne. sulfate disodiumhydrogen
phosphat e, sodi arén“’c”'ggt0 °-cr%’r‘8F‘?’3%‘,? %@%Y%;ﬂ F4GPE o Y4 {%s"islj ca, nagnesium
trisilicate, pobFywaight pr bobndver aléehyltee (Basbdtzaight osubst ances and

pol yethyl ene gl ¥eoh-ndjaiugnt Sad a1, a c(31PRisE gieﬁtwbb*&aﬁeh Qrms may be
selected fromthe grou consi sting of sodi um carboxynmnet ijll cel | ul ose,

p. 25 1 S ! :
pol yacryl at es, PoFYSYAHRGI@nel FHAIGRT pPoRAAERaes| dtkenyl radpealmer s,
pol yet hyl ene gl yeod @yB-sweedribghialogobeatiched alkynyl-N-C(3-6)Cenerally, the

B st er ed t o P 0% BERTET ALY hoBte st onissr BN si m 1 ar to
t hose enpidiaed st seyobdctheplsameaee iffareyt i npfor eaatrobeert <.
o Do TR R SR AL S Sl g, 56 e 1imscen 68

190 propargylamino and the like.

The term "amido" refers to a -C(O)NH; radical.

The term "alkylamido" refers to a -C{O)NH-C(l-
6)-straight or branched chain alkyl radical or a -C(O)N-
{C{1-6)1,-straight or branched chain alkyl radical,

15 wherein the two C{l-6)-straight or branched alkyl chains
may be the same or different.

The term "alkylsulfonamido" refexs to a C{1-6)
straight or branched chain alkyl-S$(Q),NH- radical. An
example of alkylsulfonamido is ethanesulfonamido.

20 In order that the invention herein described
may be more fully understood, the following detailed
description is set forth.

The c&mpounds of this invention are butyraze
prodrugs derived from lactic acid, which are represented

25 by the Formula I:

(1)

wherein A and D are independently selected frem the
group consisting of hydrogen, alkoxyalkyl,
ca;bocyclylalkoxyalkyl or C(1-4)-straight or branched
30 alkyl, C(2-4)-straight or branched alkenyl or alkynyl,

REPLACEMENT SHEE!
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WO 97/ 12855 PCT/ US96/ 15660

- 26- I ntravenous, iatranuscul ar, subcut aneous, intracutaneous,

veri-osteally, intra-articular, intrasynovial, i ntrathecal., ™. " "

intrasternal, intracranial or intralesional) may be used. 5 ". N

The pharnmaceutical conpositions of this _;5,_ invention may be provided* n*

a variety of conventional depot forns. These include, for exanple,

solid, semi- wmcrsmtaydbanﬂnaemadndmyagﬁos‘tqwseaw%Qﬁ, gyj/ets pills,
ons,

powders liquid s n nsj ons,
| i posones, capsu? w)ljoug%gmt‘z PEYS" FEF%% Ce arﬂam%d i nfusible
sol utions. The p?%ﬁ%@‘?b&m@pendékpbanao, hetetbeydiianded.mgde of

adm ni stration agkd:HeL2pE *éﬁlno, alkéggﬁyd%%gonyl amino, For

exanpl e, ogal admnistratio the
carbocyclyloxycarbonylamino,

_heterocyclyloxycarbenylamino, carbocyclylalkoxycarbonyl-
amino, heterocyclylalkoxycarbonylamino,
alkoxyalkoxycarbqnylamino, aminos, amido, carboxyi, =hiol,
thiocalkyl, thiophenyl, aryl and heterocyclyl: provided

10 that A and D are not simultaneously hydrogen;

R is O, NH, NC(1-5)-~straight or branched alkyl or
NC(2-5) -straight or branched alkenyi, any of which may bes
optionally substituted with a carbocyclyl or heterocyclyl
moiety;

15 Z is hydrogen, C(1l-4)-straight or branched alkyi,
C{2-4)-straight or branched alkenyl or alkynyl,
carbocyclyl, or heterocyclyl, any of which may be
optionally substituted with 1 or 2 groups independeatly
chosen from C(1-3)-alkyl, C{2-3)-alkenyl or alkynyl,

20 alkoxy, alkenoxy, alkynoxy, amido, thicélkyl, carbocyclyl
or heterocyclyl:; and

each stereogenic carbon may be in the R or §
confiquration; ~

provided that said compound is not

/\/u\o' e

25 .

According to a preferred embodiment, D is
methyl and A is hydrogen in the compound of formula I,
yielding a compound of formula II:

IREPLACEMENT SHEET
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15~ pharmaceutical conpositions of this invention nmay be by
orally acceptabl e dosage fermincluding, but not limted to
‘capsul es, tablets, and aqueous or non-agueous suspensi ons,

emul sions, oil dilutions and solutions. In
oral use, carriers which are 20

st arch.

typi cal |y added.
form useful di
gel atin capsul e
exci pi ents may
are adm
emul sifying and
col oring agents
phar maceuti cal
oral admnistra

any

Lubricating agents, such as magnesium stearate, are al so

For oral adm ni stratpon |Qﬂa har d
| uents include | act oselfa
S incorporating 25\\,/ﬂ9h
al so be used. \Wen aq

nistered orally, the prodrug®
suspendi ng agents. Flavori ng,

S cong&ggd wth

weet eni ng, or

Frarebep aflded, fbfm@fé'ﬁeda 30 o, N, NC(1-3 Pre erably, th
n-are fo ated f or

mo% EI orns I nVenti'o
straig eﬂ~ n%tfaé*caﬁéféhﬁwlapé Bri¢nasiukstonsis

T}

gelatin capsule
dried corn starch. Soft
qp pol yet hyl ene gl ycols

ous suspensions or enul si ons

t he case of tablets for.
commonlzy. used include | actose and coin

e

conprising betwedi-4)-straighQubr Sodanch@d0 Yky) RhibRg1 PF adidg; phedprmul a |

S

10

15

20

with one group selected from a 5 to 10-membered
carbocyclyl or heterocyclyl. Most preferably, R is 0, 2
is an unsubstituted C(l-4)-straight or branched alkyl,
and the stereochemistry at the methyl-bearing carbon is
S. _

According to another preferred embodiment, P is
oxygen in formula I, producing a compound of formula IIT:

o D

/\/lkj\
e]
0><[( \Z
0
(ITI)

Preferably, in formula III, A and D are independently
selected from hydrogen, methyl, ethyl or allyl; provided
that A and D are not both hydrogen; and z is C(1-3)-alkyl
opticnally subs;ituted with ons group selected from C(5-
10)-carbocyclyl or -heterocyclyl. .

More preferably, D is hydrogen or methyl, A is
unsubstituted C(1-3)-alkyl and Z is unsubstituted C{(1-3)-
alkyl. '

The more preferred pharmaceutical compositions

of this invention comprise a compound selected from:

//”\\v/JL\o c\\

- {I1Ia};
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-27- (including thé n-butyl ester specifically excluded from _.

*t he -conpounds of this invention) and an ionic or non-- Coolanilc., L e .
surfactant with the resulting conposition having an HLB val,ug of,.* :
bet ween 0-40. Preferred surfactants includ&d-5 Tween- 20, Tween- 80,

Spam 20, Spam 40 and pol oxanmers, such as S-108.

Accordi ng to another enpodi gent, the invention provi des net hods for
treating a [err]-hegogligbi ngpathy in a patient. This nethod
conprises the step oMtr @f?ﬁ%/fﬁe 10 patient wth any of the

conposi tions described above. § The term"treating", as used herein

i ncl udes reducing the severityIiggnptanes or effects of the

[ err]-henogl obi nopat hy.? Preferably, the nethod provides a serum
butyric acid corfcent fati gn of between about 0.03 mMand 3.0 nM
within 15 abeft 0 ati-fi stration. NMore preferably, this
produces a plasma butyric acigd concentration of between about 0.1 nM

and 1.0 MM wi thin about 6 hours of (r1rc)adm nistration. Mst preferably,

the prodrug in the
The most preferred prodrug is compound IIIc.

The prodrugs of Formula I contain one or more
5 asymmetric carbon atoms and thus occur as racemates and
racemic mixturxes, single enantiomers, diastereomeric
mixtures and individual diastersomers. All such isomeric
forms of these compounds, as well as mixtures thereof,
are included in the pharmaceutical compositions of the
10 present invention.
Tais invention also encompasses prodrugs of
Formula I that are quarternized at any of the basic
nitrogen-containing groups. The basic nitrogen can be
quarternized with any agents known to those of skill in
135 the zrt including, for example, lower alkyl halides, such
as methyl, ethyl, propyl and butyl chloride, bromides and
iodides; dialkyl sulfates, including dimethyl, diethyl,
dibutyl and diamyl sulfates; long chain halides, such as
decyl, lauryl, myristyl and stearyl chlerides, bromides
20 and iodides; and aralkyl halides, including benzyl and
phenethyl bromides. Water or oil-scluble or dispersible -
products may be obtained by such quarternization.
Prodrugs are hwdrolyzed in vivo to release the
active ingredient. 1In the case of the present invention,
25 the disclosed prodrugs release butyric acid. Without
being bound by theory, we believe that a threshold
.cdﬁcentration of butyric acid in the plasma is required
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. .conposition is present in an amount that produces a 20 pl asma butyric
acid concentration of between about 0.1 mM . and 1.0 nMw thin. 2 hours
of adm nistration and the concentration renmains within that-, range

v e -

for at |east 2 hours. These plasma | evels are achi eved by," ., W
adm ni stering the prodrug of formylga | to the patient at a dose of
25 bet ween about 25-3000 ny/ kg body wei ght one or nore tines per
day. Preferably, the patient will be admg nistered t he prodrug
between 1 and 4 tines per day. - The

[ err]-henogl obi nopat hi es which may ke ed by this nmethod include
sickle cell syndronmes, such as 30 si gkl e <é’e| | anem a, henogl obin SC

di sease, henogl obin SS di-sease and sickke [err]-thal assem a;
[err]-thal assem a syndronmes, such as [errT-thal assem a; other
genetic nutations a pof the [err] gl obi n gene Iocgs that to

unst abl e . 0$1tBuMe,

taumezSio><g/
(X1} (XIb)

A D

a D
} oH
>ﬂrc‘-{ ©/\o><”/
tBuMe,S10
0
0 (X112} (X11b)
A

»] : A D
R R
:su:«ezsio><ﬂ/ ~z ©/\o>([( ~z
}
o
 IXIIIa) ‘ —
ao%(‘ Nz
(¥IV)
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- 28- s congeni tal Heinz body anem a,
ferr]-globin nu Eﬂ oxygen affinity and : structural
mut ants of [err *g In in thal assem c : phenotype- These

di seases are descri bed |n The Nblecular 5 Basi s of flood Disédse, Vol"
1, G Stamat oyannopoul os et at.,~3&ds. pp. ~157-244 (1994).

According to a preferred enbodi nent,. the ve- 5 I-reqhod
conprises the additional step of —dﬁiggting ' DREN agent
that is nornmal I¥e udedniO to treat such [err]- M 3 ] % hi for
e.g. hydr oxyurea. That agent may be adn1n|stered prior to,

sequentlally with or after treatnment with the butyrate
pr odr ug- cont ai ni ng conpodi t i éhPUEyTeRIRFRITEE PheFormULa Ikonposition used
to treat the disease is one that alrgady 15 contai ns such conventi onal

agent, this additional step cAan onltted The
anount of conventional agent adﬁhnps&e in these nethods is

preferably | ess than that nornmally eqU|red to treat such di seases
in a nmonotherapy. The 20 normal dosages of thegg conventional agents
are wel | known in the art. Such agents include hydroxyurea,

clotrimazol e, isobuwnepeilen agdybhaspdindepondeétit13alsksedfed from the
group consisting of hydrogen, carbocyclylalkoxyalkyl or
C{1l-4)-straight cr branched alkyl, C{2-4)-straight or
branched alkeayl or alkynyl, which may be independently
substituted with hydroxy, alkoxy, carboxyalkyl,
alkylamido, arylamido, heterocyclylamido, aralkylamide,
heterocyclylalkylamido, alkoxycarbonylamino,
alkenoxycarbonylamino, carbocyclyloxycarbonylamine,
heterocyclyloxycarbonylaminoe,
carbocyclylalkoxycarbonylamino,
heterocyclylalkoxycarbonylaminoe, alkoxyalkoxycarbonyl-
amino, amine, amido, carboxyl, thiol, thiomethyi,
thiochenyl, aryl and heterocyclyl; provided that A and D
are not simultapgeously hydrogen:

R is O, NH, NC{l-5)-straight or branched alkyl or
NC{2-5S)-straight or branched alkenyl, any of which may be
cptionally substituted with a carbocyclyl or heterocyclyl
mciety;

2 is hydrogen, C{l1-4)-straight or branched alkyl,
C(2~-4) -straight or branched alkenyl or alkynyl,
carbocyclyl, or heterocyclyl, any of which may be
optionally substituted with 1 or 2 groups independently
chosen from C(1-3)-alkyl, C(2-3)-alkenyl or alkynyl,
alkoxy, alkenoxy, alkynoxy, amido, thioalkyl, carbocyclyl
or heterocyclyl:; and
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phenyl butyric

shor.t -chai n fat t-y- a_ci_ds_ such as phenyl ac
@ 7agent used is
godrT

s T s o s

t, the

i nvention prdvi es"nethdd for treafd arpcterized by - :
neopl astic, tunorigenic or malignant cel Lzgcowm h, as well as
mal i gnant henat ol ogi cal di sorders. Treatnent includes 30 preventi on of

t he progression the deseastemEogehsc carbon meg s emcehe Riadx @i seases i ncl ude
car ci nomas, nyehgg&5gur t4tl mel anomas, | ynphomas and | eukem as.

Preferably, the od provides the sanme serum butyric acid

-29- csﬁ@‘éﬁfﬂﬁchttlhéﬁssﬂﬂj|C@apéﬁn<éb¥i/é‘°és bei ng desirable for
treating [err]-henogl obi nopat hi es. According to a

preferred enbodi nent, {he °
0 NN

2. The butyrate prodrug according to claim 1,
wherein:
A is hydrogen; and
D is methyl.

3. The butyrate prodrug aceording to claim 2,
wherein:
R igs O, NH, N-C(1-3)-alkyl, NC{2-4)-straight or
branched alkenyl or N-benzyl; and
Z is C(1-4)-straight or branched alkyl optionally
substituted with one group selected from'a 5 to 10-
membered carbocyclyl and 2 5 to lO0-membered hetexocyclyl.

) 4. The butyrate prodrug according to claim 3,
wherein:

R is cxygeﬁ;

Z is an unsubstituted C(1-3)-straight or C(1-4)}
branched alkyl: and

the stereochemistry at the methyl-bearing carbon is

5. The butyrate prodrug according to claim 1,
wherein:

R is oxygen.
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above-descri bed net hod conprises the additional step of

‘treating the pat t that—, used to
‘such mal i gnanci MM‘Ml hat agg’@ ééﬁahhg BEEN hydroxyurea .
That agent may @rlor tp, PLAGED S quentlally with ot
after treatnent with the butyrate -37- pr odr ug- cont ai ni ng
conposition. O course, if the conposition used to treat the
di sease is one that 6. The batyeady gzeakad NS-celngORy eAtdignal, agent,
this additional step can be omtted.
The anobunt of CcHWF&HY onal agent adm ni stered in these nethods
is preferably less mhaﬂdtmaér&dhﬁabéry\.:n*ly selected rfeqgni hgdrdgart,r eat such
di seases in a nonethera nor mal dosages of these
conventi onal %ﬁﬁ?*&r E%&ﬁl %llyl, ard known in the art. Such agents
i ncl ude, erytrn’op0|6tna C(1-3)-alkyl optgrnedhreyulstdruthdreffdune agents,

such as hydr OXylRR} selected from 9rt§ 1A RAekbe Al D AL OXYUTRRY 1558

preferred 20 conventi ona] agent.

Conbi nat i on théﬁhﬁ?@@eﬁf?PFQEﬁﬁﬁeﬁF¥%hal agents according to
this invention (whether part of a singl e conposition or
adm ni stered separate fromt r of this.inveption) may
al so exert an additive g Q%e bUt¥fate ﬁe? éf%%ugiF L 41pa.rlln\éuﬁérly when
each conponent wherein: acts to treat or prevent the target disease via
a d|ffgregthggyyagglgfnmpt1yl, I n order that

the invention described here
Ais unsubs*ituted ‘C{1-3)-alkyl:; and

% is unsubstituted C{1-3}-alkyl.

8. The butyrate prodrug according to c¢laim 1,
selected from the group coansisting of:

/\){LO/H("\
/\)\o/%]_/"\

/\/([Loj\ﬂﬁ\/

9. The butyrate prodrug according to claim 8,

(IITa);
(IIIb); and

{(IT1c).

wherein said prodrug is

i
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: .ma'y‘- be nore fully understood, the folcewfr E‘ﬁ“ﬂ% ﬁ?ENS are set

ortn or MmO o e ot o be o

construed as |i't%ing thissinvention I n any manner. oL
WD 97/ 12855 -38- PCT/ US96/ 15660

- 30- Synthesis of Conpound Illa and Illb

We synt hesi zed conpoung Illa as follows. W conmbi ned 6.25 m of

met hyl (S)-Iactate witfh 13.375 rri of 5 Et 3N and then added that m xture
to 50 m of rreth . W cooled this mxture to O[err]Cin
an ice bath and the sI y added 8.2 m of butyryl chloride. This

IIIc).

10, A pharmaceutical composition comprising:
a. .an amount of a butyrate prodrug of

Formula I:

(I)

effective to increase fetal hemcglobin in a patient or
promote cell differentiation; wherein:

A and D are independently selected from the group
consisting of hydrogsn, carbocyclylalkoxyalkyl or C(1-4})-
straight or branched alkyl, C(Z2-4)-straight or branched
alkenyl or alkynyl, which may be independently
substituted with hydroxy, alkoxy, carboxyalkyl,
alkylamido, arylamido, heterocyclylamido, aralkylamido,
heterocyclylaikylamide, alkoxycarbonylamine,
alkenoxycarbonylamino, carbozcyclyloxycarbonylamino,
heterocyclyloxycarbenylamino,
carbocyclylalkoxycarbonylamino,
heterocyclylalkoxycarbonylamino, alkoxyalkoxycarbonyl-
amino, amino, amido, carboxyl, thidl, thiomethl,
thiophenyl, aryl aad heterocyclyl; provided that A and D .
are not simultaneously hydrogen;

R is O, NH, NC(1-5)-straight or branched alkyl or
NC(2-5)-straight or branched alkenyl, any of which may be
opticnally substituted with a carbocyclyl or heterocyclyl
.moiety;

Thﬁﬁ?iﬂ?fﬁ!ﬂﬂlﬁll | EGERTE
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m xture was stirred overni ght and then filtered theqgugh a Buchner

fitter. The pr m‘mmﬁuﬁﬁu g HADBEENWI th ether and the wash
‘was conblnedvm T pg;gggjmlc | gyer fromthe filtrate -
was isol ated, washed * wi ce w 'th brine and then dried

over : anhydrous MySO err]. The crude yl eld was 12.48 g.
The material was then dissolved in 90% 15 hexane/ et hyl acetate and

chromat ogr aphed on ag Mligdrogen, q»p(llulm sﬁ:ﬂg&toa,? gp&{@gé&l RYk{pe desired
product were ool ed ,and "dri ed pure pr oduct. NMWR

yi eI di
anal ysi s confirféé" Fhaﬁtﬁaﬁé‘hﬁu?ﬁ %\ggﬂﬁ’&nﬁouﬁﬁky“y Ly liras 20
Conpound |11b wearsyatdiesi,zed aémla:muylcﬂ.yed arnf of wmcrama»deat i cal manner,

substituting oLyl o fr) agbat ey wirn + SPUMNLLS | AL AhSane BYMPLE 2

25 the
synt hesi zed conpbhosehn |fdam §)flc3)h‘tﬁlmyﬁg Q;21-31~alk°m ofr atlkyhylS) -l actate

with 13.75 ni Oglﬁh&é@lmeﬁggy gnox agded Eﬂ%aﬂ!é)it URgrbOc of

nmet hyl ene chl orid cool e his mxtdre to 0Cin an ice bBath and
the slowy 30 ©SFRRfEFosYsit: Arbutyryl chloride. This nixture was
stirred overnight. Tddchasabkysogerifc theosn Xiayr Bei fidigias @dor S i nconpl ete

reaction. W t hg‘grgag:’pd'u%a@gggd an addi ti onal
b. a pharmaceutically acceptable
adjuvant or carrier.

13. The pharmaceutical composition according
to claim 10, wherein in formula I: '
A is hydrogen; and
D is methyl.

12. The pharmaceutical composition according
to claim 11, wherein in formula I:
R is O, NH, N-C(1-3)-alkyl, NC{2-~4}-straight or
branched alkeryl or N-benzyl; and
Z is C(1-4)-straight or branched alkyl opticnally
substituted with one group selected from a 5 to 10-
membered carbocyclyl and a 5 to l0-membered hetsrocyclyl.

13, The pharmaceutical composition according
to claim 12, wherein in formula I:
R is oxygen:;
Z is an unsubstituted C(1-4)-straight or branched
alkyl; and
the stersochemistry at the methyl-bearing carbon is
S.
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-31: zmlmrlwhm"jm J“L ) THYS BHEE R IHAS; #EGhd al owed the
reaction to cont for 2REMAQED. : - The
‘mixture was then Tiltered” t ht ough Boctmer filter. The. preC|p|tateﬁ
cake was then washed with ether 5 andygg.he wash was combined with tHe °
filtrate. TH®he organic layer fromthe filtrate was isol ated, washed
twice with wat er, @Ace Thd Ipnlalrmaeewtﬁtauheamﬁldsstﬁidhvaecaf@w ous
MgSO err]. The c |eI O¢ - The material was
t hen di ssol ved |%89 5y 19 mg%%é%ﬁ% gtﬁy?m%%%tate and chromat ogr aphed on an
MPLC col umm. ﬁ?&étpﬁhgemontalnlng the desired product were

pool ed and dried yielding 9.97 g of pure product. NWR

15. The pharmaceutical composition according
.to claim 14, wherein in formula I:
A and D are independently selected from hydrogen,
methyl, ethyl or allyl; and
Z is C{l-3)-alkyl opticnally substituted with one

group selected from 5 to l0-membered carbocyclyl and § to
10-membered heterocyclyl.

16. The pharmaceutical composition according
to claim 15, wherein in formula I:
D is hydrogen or methyl:
A is unsubstituted C(1-3)-alkyl: and
Z is unsubstituted C(1-3)-alkyl.

17. The pharmaceutical composition according
to claim 10, wherein the butyrate prodrug is selected
from the group consisting of:

Q
/\)ko
(IIIa);

o 3
//e\\,/u\o//\1¥/°\\
{(IIIb); and

e
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-énérysis confirnmed ure odu t } [11c. 15
o or s [ “mibu‘lﬂiuﬂllw I I Avhﬁﬁ%ﬁ&&%%ﬁéﬁf\grﬁéf ed oral

Prodrugs of Lactic

bi oavailability and sust enance of plasnma concentrations of butyric
acid in 20 rats receiving either compogpd Illa, Il11b or Illc by oral
gavage at doses of approximately 3g/kg body weight. The butyrate

prodrugs were formul ated kng.si TRk eptidmabe@Bi¢dl corposi €W Ricbrdin _
The assay was carr.i € out, _)accgrdl{lrg tqQ the prot ocol s descrl%ed in

Dani el et al., OPnFtaeH) ere saAéith%é? . 255-64 (1989): Pl anchon

et al., J. Pharm oSci ., 82, pp. 1046-48 (1993); Pouillart et al., J.

Phar m Sci, 81, pp. 241-44 (1992)]. Each conmpound was tested
in five to sixr 'y Harl an Labs, Inc.) 30 wei ghi ng

g
approximately 300 grans each. [} The relevant (err] for these agents
are listed in Table 1, below. @ (ITIc) .

18. A method for increasing fetal hemoglobin
production in a patient comprising the step of
administering to said patient a pharmaceutical
composition according to any one of claims 10-18 or 27-
28.

20. The method according to ¢laim 19, wherein
said method is used for treating a B-hemoglobinopathy in
a patient.

21. The method according to claim 20,
comprising the additional step of administering to said
patient a conventional agent for treating a #-
hemoglobinopathy in a patient.

22. The method according to claim 20,
comprising the additional step of administering to said
patient hydroxyurea for treating a B-hemoglobinopathy in
a patient.

23. A method for stimulating cell
differentiation in a patient comprising the step of
administering to said patient a pharmaceutical
composition according to any one of claims 19-18.

w0 e

10 FEB 1998

‘AMENDED SHEET




‘ Y\gz-gw 12855 net i C‘TH\S w& pro Eﬁggl (%1‘56I62ct ic acid ih,
rats. ConpoJMﬂllmanI"ﬂ" Butytate Aeéﬁ%eﬂyrate . ' AUC gz’ kg*

Animals derr]([fertIM * “t[err](hr) mv! hr) lla ,,* @
2.7 -4 1335 [err] 593.2 0.56 [errd420.31 2 10 [err] 0.42

[11b 2.5 6 147.0 [err] 119.1 0.54 [err] 0.49 0.26 [err] 0.14

5 - 1llc 3.0 2¢. The 28Bh&d [amaokd8Og ko clalh §By rgheke3n 1.88
[err] 0.16 es I h t he canpounds
of R el e oty bhe gl L LR

rate and prOV|d@§§l§ﬂFf|C|ent pl asma concentration of butyrate to be
utilized in the treatnment of [err]- 10 henogl obi nopat hi es and cancer.

25. The method according to claim 24,
comprising the additional step of adminstering to said
patient a conventional agent for treating a malignant

disease in a patient.

26, The method according to claim 24,
comprising the additional step of adminstering to said
patient hydroxyurea for treating a malignant disease in a
patient.

27. The pharmaceutical composition according
to claim 19 wherein said conventional agent is
hydroxyurea.

23. The pharmaceutical composition according
to claim 27 wherein the butyrate prodrug is compound
(IXIc).

29. The method according to claim 23 wherein
said conventional agent is hydroxyure=z,

30. The method according to claim 23 wherein
the butyrate prodrug is compound (IIIc).
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EXAMPLE 4 Oral Availabili

[ yREFLRBEME i,

Pfodrugs of Lactic Acid in Mnkeys cq&ggzoq'b
further tested in anenmc 15 rhesus nonkeys A,Si e_oral} dose of
conmpound Il1lc (0.3, 1.0 or 3.0 g/kg bod ngaghdﬁpat djin corn oi
was adm nistered to the nonkeys. The Chegrr] o ed at ach of
these doses is listed in Table 11, bel ow Tabl e 2. Pharjmacoki netic
paranet ers f epdConpoanteidds dflsﬁﬁﬂMhCh?EQ%E%n Vg olenb s se  No.

of Butyratg = =aa-BUtygate. AUC (MM hr) (g/kg) Animal’s ([err]M
tlerr](hr) 9 T‘Q;Basf""‘ 2'"’5%9“2&?."&1{’8?‘?}“—8;— f'“‘gtﬂ?ftﬁ 7mr the 0.30
[err] 0.03 3=scexiiigation and Protel@dod pérthe90athoxyl Tdupe 1.33

lerr] o 03 zetsandafon, 3¢, Tp, 2805838 (GbEY D fenvarchine aciq o
concent r at i oRSEBEF ovF ¥R ddkhinissiizyicdebetylherhedi asie or 1-(3-
dimethylaminopopyl)-~3-ethylecarbodiimide hydrochloride
ray zlso be employes. Thé inclusion of z
hyperacylation catalyst, such as 4-
dinethylaminopyridire, may improve the efficlency of
the reactica (&. Eassner et al., "Direct Roonm

Temperature Esterification of Carboxylic Acids",
Tetrahedron Lett., 46, pn. 4475-4478 {(13578)).
Additional wmethods are well known in the art and may be
readily substituted for those listed above.
If o-hydroxy acids are used, dexivatization
the carboxylic acid group may be carried out by
rst converting the hydroxy group te & butyryl group.
This is followed by esterification or amidification of
the carboxylic acid, or altermatively by performing a
9 sequerce -comprising the steps of: '
’ 1) transiemtly blocking the hydroxyl with a
removable protecting group;
2) derivatizing-the carboxylic acid as an estex or

U

h D
H

amide; )
3} reroving the hydroxyl protecting group; and
© 4) converting the hydroxy group to a butvxyl growp
as above,
The butyrated or hydroXyl-protected o-hydroxy
acids nay then be converted to their corresponding

G

-

i0 esters of Formula I {(wherein R = 0) by carboxyl
activation, similax to that described above for butvric

v
Q
[

4, followed bv reacticn with an alcchol in the
ence of a suitable base. Reaction of tke activated
butyrated or hydroxyl-protected o-hydroxy acids with
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- 33- doses of compound Illc in individual nonkeys is depicted
in Figure 1. EXAMPLE 5 Ef fi cacy Studies of Conpound

I11c/Hydroxyurea 5 Conbi nation In Anem c Rhesus Monkeys
The efficacy of conmpound Illc adninistqr%d I n conjunction with

hydr oxyurea was tested on six anemc 17= I hesus nonkeys divided into

t hree groups : . s.studied_ in tw phases, as
shown bel ow. %eémégglgmﬁgﬁgg%%%;ce 11%3%%( \é@chFEb‘#a%nﬁ@%m R level in
total Hermogl ot AE-o S -Ahastgatglibiar dakohedvehaimes¥kyl, or EoNitored

before and af tef2-e3chtebibhe W RDARS KBin alkeffl lhiBl & 0RASUr ed
according to thgﬂgﬂqtgcgl descri bed c aLke ¥ Ray pe
suostituted with a carbocyelyl or heterocyclyl moiety).

A wide variety of primary, secondaxy and tertiary
alcohols and primary and secondary amines are
commercially available or readily produced by methods
xnown in the art. Therefore, this process provides
access to compounds of Formula X where R-2Z may vary
i0 greatly.

[&]]

Some particularly useful wethods for
synthesizing compounds of Formula I axe shown in Scheme
I, below.
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in Betke et al, Blut., 4, pp. 241-9 (1958). %§ REpquhrio: Ng% tobin chain
synt hesis were neasured using Hi gh Per f or ce Liquid’ o t ogr aphy
(HPLC) according to the prot ocol describgd |2bHU|snan

Chr omagt ogr., 418, pp. 277 (1987). of the
efficacy study. 20 Study Nunber of Df ug Dos

Tr eat nent G oup Aninals. ~18- " fPeriod

I 2 Hydr oxyug b-eeks I 2
Corpound I11c 1 g/kg/ 'd‘eatheseﬁgem e a-hydrpxy achd of Conpound
Illc 3 g/ kgraagee is smwkmeozaﬁy rebatded At Ehasgva,to,ggl ]au% ef fi cacy

F eat ment

st udy. carﬁéﬂdyat Nygg§5 of :
Goup Aninmals ¢ React et i thpérﬁg@table 2

Hydr oxyur ea s%byﬁﬁF%Eﬁcﬁﬁﬁqeﬁﬁmwﬁﬂéslnstance butyl- dzwehhylszlvlcoﬁpound
| Bl chloride #h the 6¥Eﬁﬁﬁﬂﬂjdr|h&zda}oﬂékﬂﬁT&i%ethvl 5 weeks

formamide, vields a biz- silylated compound of Formula

XTa or gimilar silyl derivative. This compound ¢an be

converted to a carboxyl-activated derivative by a

segquence CO’m‘DI’lSlnd ¢

X 1} -partial hydrolysis of carboxyl silyl group,

for instance by hydrolysis using about 1 molar
equivalent of lithium hydroxide at about -20°C to
about ambient temperature in aqueous dioxane; 2)
concentration in vacuo;

.5 3) careful acidification using for'instance
citric aeid;
4) extraction into a puitable organic solvent

such as methylene chloride; and
5§}  carboxyl activation as described above.

10 Removal of the hydroxyl-protecting silyl
group using, for instance, tetrabutylammopium fluoride
in tetrahydrofuran at about ¢°C to ambient temperature,
or HF-pyxidine complex in acetonitxile, yields the
hydroxy derivative XIV. Convexrsion to compounds of

15 Formula I may then be effectuated as described above.

Alterxnatively, the a-hydroxy acid of Formula
X is simultanecusly reacted at the hydroxyl ard
carboxylate groups with an alkyl substituent such as a
benzyl derivative as shown in scheme I. Othker alkyl

0 derivativesg such as allyl, 4-methyloxybenzyl, 2,2,2-

trichloroethyl or 2-trimethylsilylethyl may also ke

used in this step.

The derivatization step may be accomplished
by xeaction of the compound of Formula X with excess
benzyl

[8;}

- s



‘ _ R
- 34- 111 2 Conpound 111c¢ EPLA T SHEET | 4 weeks
Animal 1 in group | had a % cell count of 8- 10% 7} hefore

Phase |I. At the end of Phase | the % cell O 1APRI999 iin{Animal 1
increased to 25% At the end of Phgsg || the % celfl jcount in
Animal 1 increased to 35% Animal 2 in grouptt— h % cel
count of 8-10% bef ore Phase.}). At i

é f Phase ||the %
cel | count in Animal 2 incréased to 15% At the end-of

Phase |1 the %régide CRURthd DraieiBl 25 B5E6RSEM 1O 3 22%  The
increase in the % ceII count in G oup o 69’5%5 3 =qui v&@@dﬁﬁaﬁred by a

l,
measur abl e i nct e3SE1h aRE 1045iCe &ﬁdscm-um hydrlde, potassium
hyd “lde, or potassium “butoxide, in a suitable ipert

solvent, such as TRF or dimethylformamide, at about -

5 30°C to about 100°C depending on the particular o-
hydroxy acid and electrophile. Optionally, a phase-

ransfer catalytic method using a base suck as X,C0; ox
NaOH in an inert zolvent, such as toluene or
acetonitrile, may be used for this alkylation.
Suitable catalysts include quartepary ammonium salts,
such as nBu4N*Br', and crown ethexs, guch as dibanzo-18-
crown-§,

st
o

Conversion of suitably bis-alkylated

compounds of Formula XIb to those of Formula XIIb pmay

i5 be accomplished by saponification, fox instance in
agueous methanol ox dioxane, using an eguimolar ox
greater amount of alkali metal base, stch as hydroxides
of sodium, lithium ox potassium, =zt temperature ranging
from about «40°C to about 80°C, Alternatively, reaction

20 with a thiolate anion, such as sodium ethyl thiolate,
iocdotrimethylsilane or with othex ester-deprotecting
reagents , will yield the protiected carboxylic acid of
Foxmuia XIIb (see, e.g., R. C, Larock, "Comprehensive
Organic Transformations", pp. 981-~985, 1985 VX

25 Publishers, Inc., New Yoxrk, N¥}.

Activation and derivatization similar to that
described for compounds of Pormmla XTIz yield compounds
of Formula XIIIb. The benzyl group may be then
convenlently removed, e.g., by catalytic hydrogenation
using for instance palladium or rhodium metal disperszed
on carbon, using a hydrogen source such as hydrogen gas
or ammonium formate, or catalytic transfer

L
o

hydrogenation using cyclohexadiene oxr the like. Such
methods axe well known in the art of organic chemistry
(see, e.¢4., B. M.

LY

(811



%-gl obin chain levels. Goups Il and Il showed a {IREPLACEMENT Sl | but
significant increase in % cells wth no [measur-abt nge in
HoF or y-gl obin chain | evels. I I e grpups,
there was no detectable difference in §h¢ Irbe\?épsﬁgéﬁth
triglycerides and ALT prior to or duripg+~he—tama. phases pf the
ef fi cacy 20 study —~21= The results
denonstrated th but yr at €~ prourugs—ei—tha

utilit t he
present |nven§§§ﬁ' ¥G§E31Ytlc RydrogenagiconflocOrganid t h conventi ona

agents, such &@nbhe51s" @1shydm9%%ﬁhﬁﬁ@xgg@ IHQECIrﬁkiégé% E&ﬁD?|Oblnhln
e we nave

[err]- 25 radueids I nopat h

her ei nbef or e éggfﬁggg% gh% Tnoas, 1nv°1V1n5fdéﬁﬁ%ﬁ?*ﬁﬁnﬁﬁaof this
i nvention, it sudshippirehe 1hatid ammonia andowddbagi &n consfiUelir@ds can be
algered o previ-desgtfgEallie sodium, SHROQIDBNSMN £h il ze the

synt heses, processes angd ; nMpoSitions Frent i on.
Therefore, it will be If an =~1Y~aﬁﬂﬂ%h#§tbéeﬁh€m E¥R¢%Gﬁpe of this
invention is benkel group, its xefdwaadmly bheegfébtmsanpended hereto rather

t han by {7 a e 4 1] G dinents mhlch ave béen presented

her ei nbef or e Ba-_*dlﬁg tégﬁ% & ”¥901s using e etr EE
(trlbnenylphosphlne)Pd9 and an allyl acceptor, such as

10 morpholine or PA™" acetate and BujSnH, Methods for

ewploying these and othexr alcohol protecting groups are
described ir the axt (see, @.g., T.W. Greene and
2.G.M. Wuts "Protective Groups in Organic Synthesis®,
Second Edition ©1991 Academic Press, Inc., Orlando, FIL,
1E TD. 14-120). The resulting compound of Formula XII may
then bé reacted ag depcribed above t¢ produce compounds
of Formula I.
a~-Hydroxy aclds, c-hydroxy esters and o-
hydroxy amides, when not commexcially available, may
20 conveniently be synthesized by a varxiety of methods
which will be readily apparent to those of skill in the
art. For instance, reaction of a glyoxylic acid ester
or amide with a suitable carbon-based nuclecphile, such
as 3 Grignard reagent, organocuprate or an
crganolithium reagent, in a suitable inert solvent,
such as diethyl ether or tetrahydrofuran, at about -
80°C to about 0°C, will yield a o~hydroxy ester or amide
of Formula XIV where A is the nucleophile and D is
hydrogen. Similar reactions, carried out on -
ketoesters or amides, yield o, o-disubstituted, o-
hydroxyesters or amides (B.M. Trost and I. Fleming,
*Comprehensive Organic Syntheses, Vol. I® ©p. 45-~282

N
n

(V3
<

fAY
~19839, Pergamon Pxressz, Oxford, England),



-357 CLAIMB 1. A pharmaceutical co LACEME Mng:
a. an anount of a butyrate prodrug of Formul a {: NP ShEE?

effective to increase fetal henoglobin in a patigntf o 1 r t el
differentiation; wherein: A and D are indge engené?g e¢te¢d from
the group

~22- o

L Cw

¥any o-hydroxy acids may be produced
convaniently by reacting the corresponding ¢-amino
acids with a diazetizing agent in a poorly rucleorhilic
medium., For example, NaNO,; may be added to & solution

Lt
Q
[z}

f an amino acid in agqueous sulfuric acid (R.V. Hoffman
1., "preparation of (r)-2-Azido Esters from 2-(({(p-

itrobenzenea)sulforyl)oxy Esters and Their Use as

rotected Amino Acid Equivalents for the Synthesis of

Di- and Tripeptides Contaiﬁing D-Amino Acid
Constituentg®, Tetrzhedyron Lett., 48, pp. 3007-3020
(1992)). Since numerous a-amino acids way be purchased
znd many cthers can be made by known synthetic routes,
often in optically active forms, (H. K. Chepault et
al., "Xinetic Resolutioxn of Unnatural and Rarely
Ccourring Amino Acids: Enantioselective Hydrolysis of

. N-Acyl Rmino Acids Catalyzed by Acylase I, J. Am.
Chem. Soc,, 111, pp. 6354-5364 (1%89)), this method
provides a ready source of starting materials of
Formula I.

Blkyl cazboxylic acids and their ester and
amide derivatives may be converted to «-hydroxy
derivatives by formation of an anion at the carbon o to
the carboxylate dexivative, followed by reaction with
an oxygenating agent, such as N-sulfonyl oxaziradines,

5 vield the compound of Formula X or XIV (R. C, Larock,
*Comprehensive Organic Transformations?, p. 489, ©1389
YVCH Publishers, Inc,, New York, KNY).
variations of the methods disclesed above znd
otner synthetic zpproaches kmown in the literature of
10 svnthetic organic chemistry will be apparent to those
o< crdirary skill in the art. Alternate trangiert

w9

L4

l(n

«Q

protection and deprotection of xeactive groups and
their Fer-her transformation Lo produce additiomal
compounde of Formula I, will be readily apparent the
skilled artigan,

e
{n



consi sting of hydrogen, carbocyclyl al koxyal kyl or
branched al kyl, C(2-4)-straight or branched al
may be independently substituted with hydroxy, gxy ﬁarboxyalkyl,
al kyl am do, arylam do, heterocyclylam do, aral kyl AP

het erocycl yl al kyl am do, al koxycar bonyl am no, 15 enoxycar bonyliarfi no,
car bocycl yl oxycar bonyl am no, het er ocd3&1 yl oxycar bonyl am no,
carbocyclylalkoxycarboq¥lankgg, het er ocyc] yl al ]

al koxyal koxycar bony| CHRCABY ERi ABS eMPRAReIHY hEHAE 1nPRRBLONL hi onet hyl ,
20 t hi ophenyl ;::af:ybearwl d‘r&tz&ra@emewél @év@dd@lﬁﬁdmaiomsﬁaﬂng aD are not

i or BRI o o ihER IR Sy LoP bR en Ty e
optional |y sul§§?f=!-m@®ﬁ-w teircdudadbbrys| Hhe q:om:mil. dsetodr bhysl yl noi ety;
Z 4s hydrogeng n§£4t46nﬁt44”dihhveﬁnéré@f&?ﬁ&éﬂlﬁd’1pcreQE% ﬁthtralght or

branched alkenxl or al yqy carb or heterocyc any of which
may be cdiction cf feral heﬂoclobln or stimulate cel

Gifferentiation in a patient and a pharmaceutically
acceptable carrier or adjuvant. More specifically,

ght or
. {whi ch

these compositions are designed to treat a patient

1C suffering from a B-hemoglobinopathy or a malignant
disease. The terxm "malignant digease®, as used herein
denotes a condition characterized by neoplastic,
tumorigenic or malignant cell growth, or a
hematological disorder.

15 An amount effective to increase the
preduction of fetal hemoglobin or stimulate cell
differentistion in a patient will depend, of course, on
the particular disease to be treated, the sevexity of
the disease, the physical condition of the patient and

26 the judgment of the treating physician. Preferably,

the prodrug of Formula I will be pregent in an amount

capable of producing a plasma butyric acid

conceatration of between about 0.03 mM and 3.0 g

within 8 houxs of administration. More preferably, the

prodriug of Formula I is present in an amount that
produces a plasma butyric acid concentration of between
gbout 0.1 mM and 1.0 mM within 6 hours of
administration. Most preferably, the prodrug in the

composition iz present in am amount that produces a

plasma putyric acld concentration of between about 0.1

m¥ and 1.0 w¥ witkin 2 hours of administrxation and the

concentraticn remains within that range for at least 2

Zours. Dosages of betwsen about 25 mg prodrug/kg body

\)
(1)

N
(42

weight and 2 g prodrug/kg body weicht administered ons
nE or more times per day are capable of producing the

. .
Sagiredc



Foten

-36- optionally substituted with 1 or 2 grou sﬂﬁﬁﬂﬁﬁﬁﬁﬂbﬁﬂEyr
chosen from C(1-3)-al kyl, C(2-3) -al kenyl or al kynylj atkoxy+—allkenoxy,
al kynoxy, am do, thioalkyl, carbocycl yl or hetjerlo ? ﬁﬁ@
each stereogenic carbon may be in the Ror S 0 flgura e ar
b. a pharmaceutically acceptable adj uvant or] carties

2. The pharnmaceutical conposition accekding 10 tfo claim 1, whereip in
Formula I: A is hydrogen; and D i s nethyt=
3. Tlhe phar neeeuentaht tonpoidicit i atiotiengs beihg EdSisaRe Waerein in
Formul a |:

d

treating B-heroglobinopathies.

Baoording to & preferred embodiment, the
akbove-described method comprises the additional step of
treating the patient with an agent that is normally
used to such malignancies., Preferably, that agent is

{n

hydroxyurea. That agent may be administered prior to,

sequentially with oxr after treatmwent with the butyrate

prodrug-containing composition. OFf course, if the
PR composition used to treat the disease is one that

already contains such conventional agent, this

additional step can be omitted.

The amount of comventional agent administered

in trese methods is preferably less than that normzlly
i required to treat such diseases in a monotherapy. Ths
normal dosages of these conventional agents are well
known in the art. sSuch agents include, exythropoietin,
or cancer chemotherapeutic agents, such as hydroxyurea
or 5-azacytidine. Eydroxyurea is a preferred
conventional agent.

Combination therapies with conventional

agents eccording to this invention (whether part of a
single composition or administered separate from the
prodrugs of this invention) may also exert an additive
25 ox synerglstic effect, particularly when each component

acts to treat or prevent the target disease via a

Y
(o]

-

different mechanism.
In order that the invention described bherein
may be more fully understood, the following examples
3% ara seb forth. It shkould be undarstood that these
examples are set forth for illustrative purposes only
ar.d are not to be construed as limiting this invention
in any manner.



15

alkenyl or N-henzyl| .
opti.omal ly
menber ed car bocycl yl
The pharmaceuti cal

4.

Ris 0, NH N C(1-3)-alkyl

and 7 ic

, NC(2-4)-straight or
C(] i

br anched

br ancH&a 284416

Formul a |:

C(1-4)

t he net

R i s oxygen;
-stral ght_P&;'lI)r anc hed@%"m:em
hYoherBRQA 08iE HPRRIATION PEBIISHED UNDER THE PATENT BOOPERAORRREATE @eth cal

D

L

ssubstituted with one group selected froma 5 to 10-
and a 5 to 10-nmenbered 20 heterocyclyl.
conposition according .

A} ta-ght—0r
10053

i °°9-

em stry at

to claim 3,

oy xRSt | UG
Burean e stereocCl

CoNpos
oxyger

I aY
T T

1)
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T ariTiT g,
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(54) Title: BUTYRATE PRODRUGS OF LACTIC ACID ‘/
(57) Abstract

This inveation relates to butyrate prodrugs derived from lactic acid and pharmaceutical compositions ant methods employing them,
either alone or in combination with other agents, for increasing gamma globin and fetal hemoglobin in a patient. These compounds,
compositions and methods are particularly effective in treating S-hemoglobinopathies, including sickle cell syndromes and f-thatassemia
syndromes. In addition, this invention relates to the use of these prodrugs, alone or in combination with other agents, to stimulate cell
differentiation which prevents proliferation of malignant cefls. These methods are particularly useful in treating cancer, especially malignant

hematological disorders.




-37- 6. The pharmaceutical conposit ppg &ﬂh;_géﬁ to
claim5, wherein in Fornula I; A and D are ijn _eJt ed
from hydr ogen, met hyl, ethyl or allyl; and 5 s 1- 3) - alfkyl
optional |y substituted with one group sel ected fro a03 &Rﬁgﬁe

car bocycl yl and a 5 to 10-nenbered heterocyclyl. 8

phar maceuti cal conposition according -340 claimé, mhereln TR oI

10 D is hydrogen_or ne _Ads an uné

O(1-3)-alkyl ;| yand |5 Z(‘:énp?d?znkﬂ&ﬂ?jf”“f@%h%& 3) 18Vetks

8. The phar meeetiteat—eonp aeCOrtHhe

Animal 1 in group I had a %F cell count of 8~
10% Lefore Phase I. ALt the end of Phase I the %F cell
count in 2nimal 1 incereased to 25%, At the end of
Phase II the %F cell count in Animal 1 increased to
35%. 2Animal 2 in group IT had a %F cell count of g8-10%
before Phase I, At the end of Phase I the 3F cell
13 ccunt in Animal 2 increased to 15%. AL the end of
Phase II the %F cell count in animal 2 increased to
22%. The increase in the %F cell count in Group I was
accompanied by a measurable increasa in the %¥Eb ¥ and
$y-globin chain levels. Groups II and IXI showed a
15 small but significant inocrease in %¥ c¢ells with no
measurable change in HbF or y-globin chain levels,

In all three groups, there was no detectable
difference in the levels of the triglycerides and ALT
prior to or during the two phases of the efficacy

20 study.

N

The results demonstrated the utility of the
butyrate prodrugs of the present invention, when used
in conjuction with conventional agents, such as
aydroxyurea, ior inducing feta) hemoglobin in 3-
heroglobinopathies,

While we have herelnbefore described a number
of embodiments of this invention, it is apparent that

ux basic constructions can be altered to provide othex
exbodiments which utilize the syntheses, pioceSSes and
compositions cf this imvention. Therafore, it will be
appreciated that the scope of this invention is to be
defined by the claims appended hereto rather than by
tre specific embodiments which have beenr preseated

[
(S]]

[

o

rereinbefore by way of exanple.



to claim1, wherein saidbutyrate prodrug is $EE?Fr?¥*¥a“?£E¥gr'he gr oup
copnsisting o LACEMENT

f: ]
9. The phar "ﬁmmﬂmlmim!ﬂw i on according 20f{ to claim8, brei n said
butyrate prodrug Ics conpoUNd 0 1 APR 1999
-35-
CLAIMS
i, A pharmaceutical composition comprising:
a. an anount of a butyrate predrug of
Formula I:
G 2
X
i \/ 2

//A\V/)L\C//\1I/‘~\z '

{I)

in

effective tc increase fetal hemoglobin in a2 éatient or
promokte cell differentiation; wherein:
A and D are independently selected from tne gxcup
consisting of hydrogen, carbocyclylalkoxyalkyl or C(l-
10 4)-straight or branched alkyl, C(2-4)-straicht or

. branched alkenyl or alkynyl, which may be independently
substituted with hydroxy, alkoxy, carboxyalkyl,
alkylamido, srvlamido, heterccyclylamido, aralkylamido,
neterocyclylalkylamido, alkexycarbonylamino,

15 alkenoxycarbonylamino, carbocyclyloxycarbonylamine,
heterocyclyloxycarbonylanino,
carbocyclylalkoxycarbonylamino,
heterccyveclylalkoxycarbonylanine, alkoxyalkoxycarbonyi-
awniro, amino, amido, carboxyl, thiol, thiomethyl,

20 thiophenyl, aryl and heterocyclyl; provideq that A and.
D zre not simultaneously hydrogen;

R is O, NH, NC(1-5)-straight or branched alkyl or

NC(2-5)-straight or branched aikenyl, any ¢f which may

be optionally substituted with a carbocyelyl cor
235 heterocycliyl molety;
Z is hydrogen, C(1-4)-straight or branched alkyl,

8
C(2-4)-straickt or branched alkenyl or alkynyl,
czrbosyeclyl, or heterocyeclyl, any of which ray be



[err]

any one of clai

o i%AB
tréating a [err] Immmllgmuﬂﬂgn Iy corrpr;s;)ggl n Nt IS‘HEE['- agint

phar maceuti cal

1$14

10

15

20

30

The phar maceuti cal un OS+-Hen-accqrdi ng

1%

cofrpoSi tt ort accordi ng 0 1 APR 1999

optionally substituted with 1 or 2 groups independently
chcsen Zrom C(i-3)-alkyl, C(2-3)-alkenyl or alkynyl,
alkoxy, alkenoxy, aikynoxy, amido, thicalkyl,
carbocyclyl or heterocyclyl; and

each sterecgenic cavbon may be in the R or §

configquration; znd

o)

b, a pharmaceutically acceptable
adjuvant or carrier.

2, The pharmaceutical composition accerding
to claim 1, wherein in Formula I:
A is hydrogan; and '
- T is methyl.

3. The phammaceutical composition according

to claim 2, wherein in Formula I:

R is 0, NB, N~C({l~-3}=-alkyl, NC{2-4)~straight or
branched alkenyl or N~benzyl; and

Z is C{1-4)-straight exr branched alkyl optionally
substituted with one gxoup selected from a 5 to 10~
rembered carbocyclyl and a 5 to l0-mewbered
neterocyclyl,

4. The pharmaceutical ccmposition according
To clain 3, wherein in Formula I:
R is oxygen;
Z 1s an unsubstirtuted C(1-4)~-straight or branched
alkyl: znd

tre stereochemistry at the methyl-bezxing carbon

e pharmacsutical composition according

in

.

to claim 1, wherein in Formulz I:
=

to
for
The



to any one of clainms 1-9, addltlonally conpri si ngpe convent i onal

for treating a
phar maceut i cal

MR n, o0 o ouAGEe, s

conventional agent i$ t HMydsoxyurea. T, C
conposition according to claim12, wherein saijd bﬁ?Q mqgﬁ)

conpound 15 (Illc): [err] -3 14 The use
phar maceutical conposition according to any ope of clainms 1- 10
inthe  preparation of a nmedicanent for increastng fete—z20
production in a patient.s. 7The pharmaceutical composition according

w

1t
o

20

Yo clzim 5, wherzin in Formula I;

% and D azre independently sslected frox hydrogen,

methyl, ethyl or allyl; znd

Z is C(1-3)-21lkyl cotionally substituted with orne
group selected from a 5 to i0~membered carbecyeciyl and

-

a £ to 1C-membersd heterocyclyl.

7. The pharmaceutical cemposition according
to claim 6, wherein in Fermula I:
D is hydrogen or methyl;
2 is an unsubstituted C(1-3)-alkyl; and
Z is an unsubstituted C{1-3)}-alkyl.

8. The pharmaceutical composition acccrding
to claim 1, wherein said butyrate prodrug is selected
from the group consisting of:

o}

/O

{IIla):
o]

P
/\)\o/\[r ~
/\/ﬁ\¢j\ﬁ/‘°\/

{ITIb); and

{IXIc).

a. The pharmacelticel compositicn accordirg
Lo clain &, wherein said butyrate prodrug Is compound
{I1Ic): )

agent
The
sai d
utlcal

r 12 13

enpgl obi n



: _39J'

medi canent is used for treating a [err] he

Lo 1% S BRI 0.0 5, o e

a patient.

sai d conventional agent is hydroxyurea. ~38-

10

14
(4]

15. The use according to claim14, wherein
gbi nopathy in a p

it
Iaﬂﬁfﬁo
r

(7]

The “use accordi ng

' ¢
//\\¢/ﬁ\o/j\n/p\\//
. & (1

16. The pharmaceutical compositien according

Iic).

te any one of ciaims 1-9, additionally comprising a
convantional agent for ‘ireating a2 f-hemoglobinopathy in
atient

v
g

11, The pharmaceutical composition according
to any one of claims 1-9, additionally comprising a
conventional agent for treating a malignant disease in

a patient.

12. The pharmaceutical composition accordin
to claim 10 or 11, wharein said conventional agent is

hydroxyurea.

13, The pharmaceutical composition according
to clzim 12, wherein said butyrate prodrug is compound
{I1Ic):

/\)kﬁ7 g

2

{ITIc).

14. 7The use 0f 2 pharmaceutical composition
of claims 1=10 or 12-13 in the

cn ¢f & medicanent for increasing fetal

' Ty
-

&

Y
0
0
Q
i
2
'l
-1
=
rt
O
&)
w
]
0

hanoglobin production in a patient.

sai d
atient.
ional ly

athy in



18. . The use according to claim 17, wherein 10 sa ORMME@EW RH?@'}" is

corrpound (rri c) u’iﬂL m 19. hg—ttse—e+- a--phar qaceut i cal
conposi tion ﬂ Llf"ﬁu" one of clainms 1-P pr the
preparation of as I Istinulating cell} 15 Oéﬂﬁéé'@ﬂ? gti in a
patient. . 20 The use according to i.m. 19, mhereln said
medi cament is used for treating a mali gnzaw i sease in a patient.

21. The use according to claim 20, wherein 20 eei-canent
additionally conprises a conventional agent for treating a malignant
di sease in a pat i ent. 15. The use according to claim 14, wherein

said medicament is used for treating a 8-
heroglobinopathy in a patient.

l6. The use according to claim 14, wherein
5 said medicement additionzlly comprises z& conventional’
agent for tTresting a f-hemoglobinopathy in a patient.

17, f%he use according to ¢laim 16, wherein
said conventional agent is hydroxyuresa.

18. The use according to claim 17, wherezn
10 said butyrate prodrug 1s compound (IIXc):

Q
/\/U\o "

(IIIc).

19. The use of a pharmaceutical composition
according to any one of claims 1-9 or 11~13 in the
preparation of a medicament for stimulating cell

15 differentiation in z patient.

20. The use according to claim 18, wherein
szid medicament is used for tx eat;ng a malignant

disease in a patient.

21. The use according to claim 29, wherein

20 ald medicement zdditionally comprises & conventionail

zgarnt fox treating 2 malignant disease in 2 patiernt.

22. ‘The use according tc claim 21, wherein

szid conventional =gant is hydroxyurea.



22..The use according to claim2l, wherein sai d conventional agent is

c\%droxyureaa o -40-7 - - 23 ghﬁlrfe)according to Clain122,[ |
erein sai utyr LS _conpoun C): err
O
~40-

23. The use according to c¢laim 22, whereir
said butyrate prodrug is compound (ITIIc):

/\)’\cfﬂ"\/

(IIIc).
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