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r

famly nmenbers play pivotal roles in a variety of
physi ol dhalamimidngV-o-phthalimidoglutarimide) is a glutamic acid derivative that

was introduced onto the market as a sedative hypnotic in 1956, but was withdrawn in
1961 due to the development of severe congenital abnormalities in babies born to
mothers using it for morning sickness. Interest in the agent was reawakened after
thalidomide was found clinically effective in the treatment of erythema nodosum
leprosum (ENL) and in the treatment of HIV wasting syndrome and various cancers.
Mechanistic studies of its ENL activity demonstrated an anti-tumor necrosis factor
alpha (anti-TNF-0) action. Specifically, thalidomide enhances the degradation of TNF-
o RNA, and thereby lowers its synthesis and secretion. Further studies have defined it
to be a co-stimulator of both CD8+ and CD4+ T cells, an inhibitor of angiogenesis via
its inhibitory actions on basic fibroblast growth factor (bFGF) and vascular endothelial
growth factor (VEGF), and an inhibitor of the transcription factor, NF«kB.

TNF-o and family members play pivotal roles in a variety of physiological and
pathological processes, which include cell proliferation and differentiation, apoptosis,
the modulation of immune responses and induction of inflammation. TNF-a acts via
two receptors, TNFR1 and 2. The former is expressed in all tissues and is the
predominant signaling receptor for TNF-o.. The latter is primarily expressed on

mmmune cells and mediates more limited biological responses. The exposure of cells to
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and hydrolysis metabolites as inhibitors of angiogenesis or tumor metastasis have been
reported. Although extensive studies exist regarding the structure-activity relationships
between thalidomide and TNF-a, very little is known about the contribution of the four

amide carbonyl groups of thalidomide to its biological activity.
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and safely modulating angiogenesis and TNF-a. activity without injection, for
example, by oral administration. This is in contrast to many currently available

agents used for such purposes.

Brief Description of the Drawings
FIG. 1 is a bar graph showing the TNF-o, inhibitory action of several
disclosed thalidomide analogs in murine cells having a luciferase reporter element
plus the 3°-UTR of human TNF-o relative to their action in cells lacking the 3°-
UTR.
FIG. 2 is a bar graph showing the relative angiogenic modulating activity of
1,3-Dioxo0-2-(2-hydroxy-6-methoxypyridin-3-yl)-isoindoline hydrobromide at

several concentrations.
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FIG. 9 is a bar graph showing the relative angiogenic modulating activity of
2,3-Dihydro-3-thioxo-2-(2,6-dithioxo-3-piperidinyl)- 1 H-isoindol-1-one at several
concentrations.

FIG. 10 is a bar graph showing the relative angiogenic modulating activity of
2-Acetoxy-N-(2,6-dioxopiperidin-3-yl)benzamide at several concentrations.

FIG. 11 is a bar graph showing the relative angiogenic modulating activity of

1,3-Dioxo-2-(2,6-dimethoxypyridin-3-yl)-isoindoline at several concentrations.
Detailed Description of Particularly Disclosed Embodiments

L Abbreviations

TNF-a —tumor necrosis factor alpha

CDI - carboxyamidotriazole

ARE - adenylate/uridylate (AU)-rich element
UTR - untranslated region

THF — tetrahydrofuran

NMR - nuclear magnetic resonance

LR — Lawesson’s Reagent
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The term “subject” refers to animals, including mammals (for example,
humans and veterinary animals such as dogs, cats, pigs, horses, sheep, and cattle).
An “R-group” or “substituent” refers to a single atom (for example, a
halogen atom) or a group of two or more atoms that are covalently bonded to each
other, which are covalently bonded to an atom or atoms in a molecule to satisfy the
valency requirements of the atom or atoms of the molecule, typically in place of 2
hydrogen atom. Examples of R-groups/substituents include alkyl groups, hydroxyl
groups, alkoxy groups, acyloxy groups, mercapto groups, and aryl groups. |
“Qubstituted” or “substitution” refer to replacement of a hydrogen atom of a
molecule or an R-group with one or more additional R~groups such as halo gen,
alkyl, alkoxy, alkylthio, trifluoromethyl, acyloxy, hydroxy, mercapto, carboxy,
aryloxy, aryl, arylalkyl, heteroaryl, amino, alkylamino, dialkylamino, morpholino,
piperidino, pyrrolidin-1-yl, piperazin-1-yl, nitro, sulfato or other R-groups.
"Alkyl" refers to a cyclic, branched, or straight chain group containing only
carbon and hydrogen, and unless otherwise mentioned typically contains one to

twelve carbon atoms. This term is further exemplified by groups such as methyl,

ethyl, n-propyl, isobutyl, t-butyl, pentyl, pivalyl, heptyl, adamantyl, and cyclopentyl.
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or substituted alkyl. Examples of alkoxy groups include methoxy, ethoxy, propoxy
and butoxy groups. “Lower alkoxy” groups are those that contain one to six carbon
atoms.

The term "halogen" refers to fluoro, bromo, chloro and iodo substituents.

"Aryl" refers to a monovalent unsaturated aromatic carbocyclic group having
a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl),
which can optionally be unsubstituted or substituted.

The term “amino” refers to an R-group having the structure -NH,, which can
be optionally substituted with, for example, lower alkyl groups, to yield an amino
group having the general structure ~NHR or —NR,.

“Nitro” refers to an R-group having the structure —-NOs.

The term “aliphatic” as applied to cyclic groups refers to ring structures in
which any double bonds that are present in the ring are not conjugated around the

entire ring structure.
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A “therapeutically effective amount” of the disclosed compounds is a dosage
of the compound that is sufficient to achieve a desired therapeutic effect, such as
inhibition of angiogenesis or an anti-tumor or anti-metastatic effect, or inhibition of
TNF-a activity. In some examples, a therapeutically effective amount is an amount
sufficient to achieve tissue concentrations at the site of action that are similar to
those that are shown to modulate angiogenesis or TNF-a activity in tissue culture, in
vitro, or in vivo. For example, a therapeutically effective amount of a compound
may be such that the subject receives a dosage of about 0.1 pg/kg body weight/day
to about 1000 mg/kg body weight/day, for example, a dosage of about 1 pg/kg body
weight/day to about 1000 pg/kg body weight/day, such as a dosage of about 5 pg/kg
body weight/day to about 500 pg/kg body weight/day.

The term “stereoisomer” refers to a molecule that is an enatiomer,
diasteromer or geometric isomer of a molecule. Stereoisomers, unlike structural
1somers, do not differ with reépect to the number and types of atoms in the
molecule’s structure but with respect to the spatial arrangement of the molecule’s
atoms. Examples of stereoisomers include the (+) and (-) forms of optically active

molecules.
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about 500 ng/ kg body weight/day. The term
"stereoi soner"” refers to a nolecule that is an

enati ongr,  Overview of Particularly Disclosed Embodiments

Disclosed are thalidomide analogs that modulate TNF-a activity and/or
angiogenesis, and as such can be used to treat a wide variety of pathological
conditions that are linked to angiogenesis and/or TNF-o, activity. Pharmaceutically
acceptable salts, stereoisomers, and metabolites of all of the disclosed compounds
also are confemplated. In some embodiments, the thalidomide analogs are
thiothalidomide derivatives in which carbonyl groups in corresponding non-sulfur-
containing thalidomide derivatives are replaced by one or more thiocarbonyl
groups.

In the structures that follow, all valency requirements are understood to be
satisfied. Thus, for example, carbon atoms have four bonds to other atoms, even if
all such bonds are not shown. As is understood by those of ordinary skill in the art,

where all four bonds to a carbon atom are not shown, additional bonds to hydrogen

atoms are implied. Further substitution of such implied hydrogen atoms is possible.



di asteronmer or geonetric isomer of a nolecule.

St ereoi soners, unlike structural isoners, do not
wa@lpdobee8496 t h respect to the nunber and types OPCHUS2UB4/030506

in the nolecule s structure but with respect to the

spatial arrangenent of the nolecule' s atons. Exanpl es

of stereoisoners include the (+) and (-) fornms of

optically active nol ecul es. The term "nodul ate" refers

to the ability of a disclosed donpound to alter the

anount, degree, or rate of a biological function, the

pr ogr es §1 eroimbodineriasibe diseloagrddngroamisimeyide gompounds having

co k%&gﬂ?lﬁg&uﬁ§anple, nmodul ating can refer to the

abiTity of a conmpound to elicit an increase or

decrease in angi ogenesis, to inhibit TNF-a activity,

or to inhibit tunor netastasis or tunorigenesis. The

term"angiogenic activity" refrfers toxthe ability of a

di scl osed conmpound or a @grtic l'ar concentration of a

di scl osed conpound to sti ate angiogenesi s.

vitro. Angi ogeni c conmpounds-o AgQgeni ¢
concentrations of disclos¥d conmpounds stinulate

angi ogenesi s, and such conpou andXor concentrations
may be readily identified by those of ordinary skill

in the. art, ing,, for exanple, the methods descri bed
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wherein W aﬁd Z are each independently oxygen or sulfur, Rg and R are each
independently hydroxyl, alkoxy or substituted alkoxy, and‘ each of Rg-Ry; are
independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino,
halogen or nitro, for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl,

amino or nitro such as hydrogen, acyloxy or hydroxyl.



acceptabl e salts, stereoisoners, and netabolites of
all of the disclosed conpounds al so are cont enpl at ed.
wo poosozsa3enbodi ments, the thalidom de anal ogs BCEUS2004/030506
t hi ot hal i dom de derivatives in which carbonyl groups
i n correspondi ng non-sul furcontaining thalidom de
derivatives are replaced by one or nore thiocarbonyl
groups. In the structures that follow, all val ency
requi renents are understood tol®e satisfied. Thus, for
exanpl e, carbon atons have four bonds to other atons,
even i f Imparticdatengnsdiments Rnist shown. As i s under st ood
by those gf ordinary skill in the art, where all four
bonds to gﬂ%arbon atom are not Yhown, additional bonds
to hydrogAn atons are inplied. 1urthq()suk§;itutpgg of

such inplied Qydr ogen atons posgf bi'e. I n ot hey
[ N [ D ds includ pounds
RQ N R ¥ —Ri7

ér sul f .

enbodi nent

havi ng Rer mul a
and Y are pendent |y axyigen and at
| east ope 17 ¥ 'dtes n

nd Yis sulfu ﬂﬁ e a
sul fur aftem eggﬁ of R2-R5 are intlependent!y hydrdgen,
hydroxyl, acyl, substituted acyl, acyloxy, substituted’
acyl oxy, al kyl, Rumbstitldted al kyl Rigl kenR1s

substituted al kenylh—af kynyl, substit al kynyl ,

al koxy, substituted koxy, aryl, s ut&ﬁ aryl,
am no, substituted o,lﬁﬁlogen, ‘ Tnked to
forma five- or si ber ed, unsubsp ted or

substituted, ali 1ati C,R@/omatic ﬁqg hetcycl ic ring,
for exanple, hydrogen, | r ,adrkyl |~ acyl o>29, hal ogen,

S v R B i S0 B REHRY ol

al {ribpdridentdy lgitli@g'ﬁﬁl hgyh&tsabaniel alkyl; R is BRirogen, hydroxyl, alkyl

unsubstituted or substituted cycloal kenyl ring, or W

| | or substituted alkyl such as aryl substituted alkyl; and R;5-Ry9 are each
independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino,
halogen or nitro, for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl,
amino or nitro such as hydrogen, acyloxy or hydroxyl. In some embodiments, at
least one of Ry, Rs3, Ry, Rs, Rg, Ro, Ryg, Ri1, Ris, Ris, Ry7, Rig and Ry is hydroxyl. In
other embodiments, at least one of X, Y, W and Z is sulfur, at least two of X, Y, W
and Z are sulfur, or at least three of X, Y, W and Z are sulfur. For example, in more
particular embodiments, X or Y is sulfur, and both W and Z are oxygen if present;
both X and Y are sulfur and both W and Z are oxygen if present; X and Y are both
oxygen and W or Z is sulfur if present; both X and Y are sulfur and W or Z is sulfur
if present; or X or Y are sulfur and both W and Z are sulfur if present. Alternatively,
where W and Z are present the following are possible: X=S, Y=0, W=0, Z=0;
X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0, Z=S; X=S,
Y=S, W=0, Z=0; X=S, Y=0, W=S§, Z=0, X=S, Y=0, W=0, Z=S; X=0, Y=0,
W=S, Z=S; X=0, Y=S, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=S, Y=S, W=S, Z=0;



C -R wherein Wand Z are each i ndependently oxygen or

sul fur, and R7 are each independently hydroxyl, al koxy
w@eoosiomsé t ut ed al koxy, and each of are i ndepePdBN$1094/030506

hydr ogen, hydroxyl, acyl, substituted acyl, acyl oxy,

substituted acyl oxy, alkyl, substituted al kyl,

al kenyl, substituted al kenyl, al kynyl, substituted

al kynyl , al koxy, substituted alkoxy, aryI substituted

aryl, amino, substituted am noll hal ogen or nitro, for

exa hydr oge | ower al kyl, acyl oxy, hal ogen,
hygrrfgxyfs %‘@B Xﬁﬁt Y505 WS, &= yar@g6rs, WEW B3, wiX=S,

hygr n e t S,  1..R20 17
?SgRWQ S%Q%Sg h? | n%a%boglwlré]t &%mdnl%étlé{ﬁdent 'y

o xygen brmstéd ﬁaﬂiculail&dlbédﬁﬁ@ltﬁ Aeddibe16RaRBABLAIS have the formula

hydr ogen, al kyl or substituted al kyl; is hydrogen,

hydroxyl, al kyl or subsfat ut edxal kylysuch as aryl

substituted al kyl; i ndependent |y

hydr ogen, hydroxyl, , iRzt ed—alByl , acyl oxy,

substituted acyl oxy, subN R

al kenyl , substitut gd_&f¥ al kyny stituted

al kynyl , al koxy, suBistit ted al kopy Zsubstituted

aryl, am no, substltuteaaan1noY ha Rﬂqﬂntro for

o B LR ak Bl |r° b A TRy ongrof X, Y,

hyWramd;Z is sh[fuﬁ Qﬁ@R‘é‘-ﬂi}? Qﬂefﬁﬁ BEfore. abor afld) ﬁfv‘m@ic‘e IBI‘ZICLEQ’
R9, R 0, Ri8 and is hydroxyl

oL OB Fren i SeHhi ekt NG Ad Zytre Tiyoen I doth X and
S u‘i(fai“g sulftl abFBSth W%ﬁd gfaréf\? a)z/ﬁf ﬁ@%gen% %Zuel}gfg ﬁoth oxygen and

l'east three of re sulf
exWrm'IEm sutfurifipeesent; both X and Y are sulfur and W or Z is sulfur if present;

or X or Y are sulfur and both W and Z are sulfur if present. Alternatively, where W
and Z are present the following are possible: X=S, Y=0, W=0, Z=0; X=0, Y=S,
W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0, Z=S; X=S, Y=S, W=0,
Z=0; X=8, Y=0, W=S, Z=0; X=S, Y=0, W=0, Z=S; X=0, Y=0, W=S, Z=S;
X=0, Y=8, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=S, Y=S, W=S, Z=0; X=S, Y=S,
W=0, Z=§; X=8, Y=0, W=S, Z=S; X=0, Y=S, W=S, Z=S; or X=S, Y=S, W=S,
Z=S. In more particular embodiments, at least one of R,-Rs and Rs-Ry; is hydroxyl.

Specific examples of such compounds include:

COOMe HO COOMe
N—«_/coo:\/le N—LCOOMe
S S

and



particul ar enbodi nents, X or Y is sulfur, and both W

and Z are oxygen if present; both X and Y are sul fur
wa@eashozssbe W and Z are oxygen if present; X andPMT/HEB04/030506

bot h oxygen and Wor Z is sulfur if present; both X

and Y are sulfur and Wor Z is sulfur if present; or X

or Y are sulfur and both Wand Z are sul fur if

present. Alternatively, V\,here and Z are present the

foll ow ng are possible: X=S, O WEQ, Z=0 X—O Y=S,

WO, Z=0, X=0, Y=0, WS, Z=0Q X=0, Y=0O, WO, Z=S

Y=S, V\ﬂﬁ.)oﬂmt@ore(pgtmu&ﬁ@mws@nez@ohe isslosed eympguals E%‘@, the

X_cge gf . X=0, Y=S, WO, Z=S; X=0, Y=S, WS,

zSgpmigatfonpugt W:S, Z=0 11 X S Y-S, WO, Z=S; X=S,

Y=0 WES, Z=S; X=0 Y=S,RWS, Z47S; or X=S, Y=S WS,

Z=S. In other particular enbodipirents X=S and Y=CH . In

nore particular e B 21 Qe di scl oged conpounds
have the formula WII NS Z Y Rljwhergin X Y, W
andZ are independently @ oxygen and | east
one of X, Y, Wand Rgis S Ifur,\ q@ 27 as before.
For exanple, in nore pargl cul arY entfog S, X or Yis
sul fur, and bothWand Z aPe oxygeRgf! pr@sen?; both X
and Y are sul fur and bot hWandZ are o‘?&gﬂgrRﬁf present;
X and Y are both oxygen and Wor Z is suRfar if

P r\%ﬁe%rg]'l%x Wbﬁt 2 r%éicﬂraﬁs Hbdeblerd Rk oZoi%gﬁ whd b lehdt one of

rese are s f'ur and bot hW an are
SUWf X, Yi indrE mmﬂur abtl ReRyeenidRab-Roo swsas befprainprzxaipgle, in more

S S B R B 250 o1y
\\/(\#g’arezsu%ur %ﬁ@bct%“ﬁ anM‘EQre xg enXXSnd YERe B&lﬁox@%@and(%pr Zis

O, Z= S, X=0, _Y=5, WO, Z=S
X=@lfiyith Wedd Var su}ﬁisandYWs)r Anssulfye o Xerdy axg-sglfur and both

W and Z are sulfur. Alternatively, the following are possible: X=S, Y=0, W=0,
7=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0, Z=§;
X=8, Y=8, W=0, Z=0; X=S, Y=0, W=8, Z=0; X=S, Y=0, W=0, Z=S; X=0,
Y=0, W=S, Z=S; X=0, Y=S, W=0, Z=S; X=0, Y=S, W=S§, Z=0; X=§, Y=S,
W=S, Z=0; X=S, Y=8, W=0, Z=S; X=8, Y=0, W=S8, Z=S; X=0, Y=8, W=S, Z=5;
or X=S, Y=S, W=S, Z=S. In more particular embodiments, at least one of Ry-Rs

and R;s-Ryo is hydroxyl. Specific examples of such compounds include:

S S O S
/ N\ NH / NH
S S
\O OH o HO
and



WO, Z=S; X=S, Y=0, WS, Z=S; X=0 Y=S, WS, Z=S; or

X=S, Y=S, WES, Z=S. In nore particul ar enbodi nents, at
wo emso2sape of R2-R5 and is hydroxyl. Specific BPXEDIPI008030506

of such conpounds include: COOve COOVe N COOVe - COOwe

andl2 In other nore particular enbodi nents, the

di scl osed conpounds have the chem cal fornula: W

wherein WX Y and Z each are |51dependently sul fur or

oxygen and at | east one of WXY and Z is sulfur; and

R2-R5 and are as before. For exanple, in nore

parti cdihgdissigsed cormpeunds xse includescosponds hayis the formpla

and Z are oxygen; both X and Y are sulfur and both W

and Z are oxygen; X and Y arg both oxygen andWor Z is

sul fur; both X and Y are sul#r "2#4fddWor Z is sul fur;

or X or Y are sulfur are sul fur.

Al ternatively, the fol 5 ¥Ssi bl e: X=S, Y=0,

WO, Z=0 X=0, Y=S, WO X—O Y=0, WS, Z=0 X=0,

Y=0, WQ Z=S; X=S, YeSr W ’&@6 Y=0 WS, 7=0

X=S, Y=0 WO, Z=S; X=O, VY=0 5, Z=S;” X=0, Y=S, WO

Z S, X-O, Y-S, WtS, Z:O, )&28 Y-S( WS, Z=0, X=S, Y=S§,

0] S, X=S, Y=0 Z=S; X=0, Y=S, WES, Z=S; or

Shelar M e R i SRS BB Sepertenty

othyéroghn, dodpoiyh dieyl, subistithted acyl\ldcylSxpHubifituted acyloxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,

substituted alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro,
for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl, amino or nitro such

as hydrogen, acyloxy or hydroxyl; and Rys is

R1s .
W Rao R4 Rig
—N N
Z—Ryy 19 Rar
\_/ Rig z
R47\ Rys
R1é R1s R1e R4¢ Ris
R1 R1e R1 R16
’biRw ’%j}*l?ﬂ
R1g Rig or M9 Rig .

wherein W, Z and R3-Ry are as before. For example, in more particular
embodiments, T or V is sulfur, and both W and Z are oxygen if present; both T and
V are sulfur and both W and Z are oxygen if present; T and V are both oxygen and
W or Z is sulfur if present; both T and V are sulfur and W or Z is sulfur if present; or
T or V are sulfur and both W and Z are sulfur if present. Alternatively, where W
and Z are present the following are possible: T=0, V=0, W=0, Z=0; T=S, V=0,



andl13 The di scl osed conpounds al so i ncl ude conpounds

having the fornmula wherein T and V are independently
wo@oegees4e¢ sul fur, R21- 25 are independentl|y hRCF/O§04/030506

hydroxyl, acyl, substituted acyl, acyloxy, substituted

acyl oxy, al kyl, substituted al kyl, al kenyl,

substituted al kenyl, al kynyl, substituted al kynyl,

al koxy, substituted al koxy, aryl, substituted aryl,

am no, substituted am no, hal éen or nitro, for

acyl 0X hal oge

exa droge | ower al kyl,
B ron Sabnes: Wi oG04y Y-Sty 6r7O: 9. B O =0,
h f - . T
wé%f%h VST, ML AR, VeoE W08 206, PSS RPLO - 25 -0,
Sdg#%rW—SDﬂ—?‘?Tmy‘&;P@gﬂ;‘? sv SX%?Q?DVFS Wﬁiﬁﬂ T@St W=F, W=S,
are su ur _ an 0 an are ox

S”zegz;m—s ¥ VA0 A8 DS Vo SRS s, S8, s £38 or
SU|Afgr @s%nw_é‘) %JS -Ené&ge ym@[)ﬁn?éﬁltsf H{ ?ﬁu%ng\épk ]ﬁ%w R22-R26 1S

ar if présent; or or are su and
Zhgdwxglul fur if pr esent Al ter natively, where Wand Z

are pr n he f o Wi a ossible: T=0 .\/=

7=, Tal Efmev%? %E% wé% AW@P"Zﬂ@ﬁh&Y% 3
vaghuyfs Z=0 Z= S T=S, V=S, WO Z=0
T=S, V=0 WS, Z O, T S, V:O, WO, Z= S, T=0 V=0, WS,
Z=S; T=0, V=S, WO, Z=S; T=0, V=S, WS, Z=0O T=S, V=S,
WS, Z=0 T=S, V—S, Rép, Rzpy 1=S, V=0 WS, Z=S; T=0
V=S, WS, Z=S5; —S,;¥¢S Z=S. In sone

enbodi nent s, at ea %nd R22-R26 is hydr oxyl .
Still further, thesdisc e(!lq onpounds i ncl ude

R Nyt Y are each

conpounds havi ng th
i ndependent|y oxygen or -ﬁvv X land %ﬂe as
i ndepen dgen,
substituted

before; R27-R33 are eacly
hydroxyl, acyl, substituted acyl,
acyl oxy, alkyl, substituted al ky?,
substituted al kenyl, R1g

wherein X, Y are each independently oxygen or sulfur; W, X and Rys-Ryg are as
before; R;7-Ra; are each independently hydrogen, hydroxyl, acyl, substituted acyl,
acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl,
amino, substituted amino, halogen or nitro, for example, hydrogen, lower alkyl,
acyloxy, halogen, hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxyl;
and Rs4 is hydrogen, alkyl or substituted alkyl. For example, in more particular
embodiments, X or Y is sulfur, and both W and Z are oxygen; both X and Y are
sulfur and both W and Z are oxygen; X and Y are both oxygen and W or Z is sulfur;
both X and Y are sulfur and W or Z is sulfur; or X or Y are sulfur and both W and Z
are sulfur. Alternatively, the following are possible: X=0, Y=0, W=0, Z=0; X=S,
Y=0, W=0, Z=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0,
W=0, Z=S; X=S5, Y=S, W=0, Z=0; X=8S, Y=0, W=S, Z=0; X=S, Y=0, W=0,
Z=S; X=0, Y=0, W=, Z=5; X=0, Y=S, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=S,



al kynyl, substituted al kynyl, al koxy, substituted

al koxy, aryl, substituted aryl, am no, substituted
W@pi0n0284@l ogen or nitro, for exanple, hydrogePCT/U824e4/030506

al kyl, acyl oxy, hal ogen, hydroxyl, amno or nitro such

as hydrogen acyl oxy or hydroxyl; and R34 is hydrogen,

al kyl or substituted al kyl. For exanple in nore

particul ar enbodi ments, X or Y is sulfur, and both W

and Z are oxygen; both X and Yl3re sul fur and both W

and Z are ox X and Y are bhoth o andWor Z is

sulfer Whoth' &%%r‘sd W%Né‘@uﬁ%rxaﬁfﬂ@v%f S €=8§UKEQr Y=S, W=S,

or zXg0f, ¥=@re-gultyryagd both Wand Z are sulfur.

Al terhatively, the fo ‘owi ng are possible: X=0 Y=0

WEQ, Z=0 additB)n, ¥xe@lisdldead chQ)uﬁdsGllclﬂée&orﬁﬁ@.ndih‘ﬁm%ﬂi@fomula
Y=0, WS, Z=0 X=0, Y=0 WO, Z=S; X=S, Y=S

X=S, Y=0, WS, Z=0 X:%',}G Y:O, WB((), Z=S; X=0, Y=0, WS,

Z=S; X=0, Y=S, ; S, WS, Z=0O X=S, 15

Y=S, WS, Z=0 X=S, ¥ : Z=S;, X=S, Y=0 WS, Z=S;

X=0, Y=S, WS, Z=S; o 3 Y:S, RV&S Z=S. In

addi ti on, the di fzkoses i nchyde conpounds

havi ng the fornula R35 n X and Y are

each independent|y oxyRgn or Sy z,Rm - R20 and

R34 are as before, R35 is al kyf,or ,
and R36-R39 are each independéﬁ"?l‘%/ hydr oxyl ,
acyl, substituted acyl, acyl oxyr acyl oxy,
al kyl, substituted al kyI al kenyiI R&u stIRlith ed

al kenyl , al kynyl, substituted al kynyR16 al koxy,
substituted al koxy, aryl, substituted aryl, am no,
substituted am no, halogen or nitro, for exanple

hyHRSEEY 2pdKeare SPWPdeP&lEW@YWXYEw QBT ZoRysHR20 and Ry, are
andsRFRE, BshS Qlk?l%@ubsﬂtuted alkyl, and R36-Rs are each independently

hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl,

substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro,
for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl, amino or nitro such
as hydrogen, acyloxy or hydroxyl. For example, in more particular embodiments, X
or'Y is sulfur, and both W and Z are oxygen; both X and Y are sulfur and both W
and Z are oxygen; X and Y are both oxygen and W or Z is sulfur; both X and Y are
sulfur and W or Z is sulfur; or X or Y are sulfur and both W and Z are sulfur.
Alternatively, the following are possible: X=0, Y=0, W=0, Z=0; X=S, Y=0,
W=0, Z=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0,
Z=S; X=8, Y=8, W=0, Z=0; X=8, Y=0, W=S, Z=0; X=S, Y=0, W=0, Z=S;
X=0, Y=0, W=S, Z=8; X=0, Y=S, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=S, Y=S,

=S, Z=0; X=8§, Y=8, W=0, Z=S§; X=S, Y=0, W=S, Z=S; X=0, Y=S, W=S, Z=S;
or X=S, Y=S, W=S, Z=S.



as hydrogen, acyloxy or hydroxyl. For exanple, in nore
particul ar enbodi nents, X or Y is sulfur, and both W
w@eesa28se oxygen; both X and Y are sul fur andP@buk2004/030506
and Z are oxygen; X and Y are both oxygen and Wor Z
is sulfur; both X and Y are sulfur andWor Zis
sulfur; or Xor Y are sulfur and both Wand Z are
sul fur. Alternatively, the follow ng are possible:
X=0, Y=0, WO, Z=0Q X=S, Y=0 l¢¢0, z=0 X=0 Y=S, W
Z=0 X=0 Y=0, WS, Z=0 X=0, Y=0 WO Z=S; X=S, Y=S,
WO, Z€GherX¥nBodia@ts mmdezcmpomns havin@ thetfegmuie=S;  X=0
Y=0 WS, Z=S; X=0, Y=S, Z=S; X=0, Y=S, WS, Z=Q
X=S, Y=S, WS, Z=0Q X= 1Y— A0, XZ= SWX=S, RO WS,
Z=S; X=0, Y=S, W4$, Z=S ‘ sz 16
O her enbodi nent s ‘} e iorrml a
atre

i ndependent |y oxy
before; and R40- FS‘S?'

epe n ogen,
hydr oxyl, acyl, substiRy edRacyl, cdilgb%(y 12‘%@4 ituted

af}%hse{ X%{ & ﬁlélw le cl?%?ﬁdq&ngﬁcfeq 19 'o%i%% en sy W, 7 andy Ry5-Ryo are as

stituted al'k

aldeeory; and RO§RIL aﬁe%dclﬁidd@p@ndeml}yﬂlydrsgdnsh}’druxﬁdaca'ﬂ,)substltuted
am no, substitut ed am. no, F‘Vlr% en. aor
Ay

Mlpp@ omgyl e RGHARY sngc}) %yf ﬁgﬁela@eﬁubstltuted
hy%l%e%@’ 'ancyﬁgi' Qt%sﬁ{utfkg 11k On A UAko:85 sﬁﬁéﬁm&ﬁﬂkm@c xfcf@ Xib&iituted

i nore partlcular ment s,
x am afmm sm:lsﬁt]mtqd mmOblmwgemm mitraz foir exazpjey Bbidrose, fower

oA bl B o AR 0

S Uﬁyfdifoy‘P W&‘mx%lé, $n more particular embodiments, X or Y is sulfur, and both
W and Z are oxygen; both X and Y are sulfur and both W and Z are oxygen; X and
Y are both oxygen and W or Z is sulfur; both X and Y are sulfur and W or Z is
sulfur; or X or Y are sulfur and both W and Z are sulfur. Alternatively, the
following are possible: X=0, Y=0, W=0, Z=0; X=S, Y=0, W=0, Z=0; X=0,
Y=S, W=0, Z=0; X=0, Y=0, W=8, Z=0; X=0, Y=0, W=0, Z=S; X=S, Y=S§,
W=0, Z=0; X=8, Y=0, W=S, Z=0; X=8, Y=0, W=0, Z=§; X=0, Y=0, W=S,
7=S; X=0, Y=8, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=S8, Y=S, W=S, Z=0; X=5§,
Y=8, W=0, Z=S; X=S, Y=0, W=S, Z=S; X=0, Y=8, W=S, Z=S; or X=S§, Y=S,
W=§, Z=S.

The disclosed compounds further include compounds having the formula

Ro  x \)V
Rs N
n— N7 Ry,

R4
Rg ! Ri6 R1s

wherein X, Y, W and Z are independently oxygen or sulfur, and R»-Rs and Ry3-Rys
are as before. For example, in more particular embodiments, X or Y is sulfur, and
both W and Z are oxygen; both X and Y are sulfur and both W and Z are oxygen; X
and Y are both oxygen and W or Z is sulfur; both X and Y are sulfur and W or Z is



sulfur; or X or Y are sulfur and both Wand Z are
sulfur. Alternatively, the follow ng are possible:
WO05/02848% WO, Z=0, X=S, Y=0, WO Z=0O X=0 hEBUSMs4)30506

Z=0, X=0, Y=0 WS, Z=0 X=0 Y=0 WO Z=S; X=S, Y=S,
WO, Z=0, X=S, Y=0, WS, Z=0O X=S, Y=0, WO, Z=S; X=0
Y=0 WS, Z=S; X=0, Y=S, WEQ, Z=S; X=0 Y=S, WS, Z=0
X=S, Y=S, WS, Z=0 X=S, Y=S, WO Z=S; X=S, Y=0, WS,
Z=S, X=0 Y=S, WS, z=S; or Xi§ Y=S, WS, Z=S. The

di scl osed conpounds further include conpounds having

t el fifro pidlon Y3arg syifer agd betly W aml Rare sighfar. eAHematlmly,\ﬂl@n d

t f 5 O
2 31 hQURIBISEI WLPRA5yaD sl i, 998 F=57 208 -0,
emta:es;i lwre@t}omeo Y=C§ W=u$ fZQ; Xm0, YeOh WAHQUTT=S 36+S Y=S,

bot h d | f d bat d 7
oRganz-S% K8 Y20 BB r Gyt Y Vi 5 ReCs GLnV=S,

b sdy/ I _
ot R v s o i %uéfa‘%@ S, VRis, 2% x5,
AlY=S, VatOVEaES,, X+$ &7 £0) Wodi, AgSaKeOpisSi H=e8, Z%SOpr X=8) Y=S,
V\#Ng' \%E% X=S, Y=0, WO, Z=0Q X=0, Y=S, WO Z=0O X=0
S Z=0 X=0, Y=0, WO, Z=S; X=S, Y=S, WO Z=0
Yﬁ%o Xﬁéoseé‘lpa tﬁﬁlﬁom}(fe%na%@on@&ld Kathg ¥reQorniie:
Z S, S: S, Z=O X=S, Y=S
WES, Z O X—S Y—S WEQ, Z=S: X=SX Y=0 WS, Z=S: X—O
Y=S, WS, 7=S, or x=S, Y=SR¥ 7
is a thalidom de anal og cqgp

wherein X, Y and Z are independently oxygen or sulfur, and Ry-Rs, Ri5-Rzo and Rag
are as before. For example, in more particular embodiments, X or Y is sulfur, and Z
is oxygen; both X and Y are sulfur and Z is oxygen; X and Y are both oxygen and Z
is sulfur. Alternatively, the following are possible: X=0, Y=0, Z=0; X=S§, Y=0,
7=0; X=0, Y=8, Z=0; X=0, Y=0, Z=S; X=S, Y=S, Z=0; X=S, Y=0, Z=S; X=0,
Y=S, Z=S; or X=S, Y=S, Z=S.

Also disclosed is a thalidomide analog compound having the formula

R X
N [
| N—R
R N7
Rs Y

wherein X and Y are independently oxygen or sulfur, and Ry, Ry, R4 and Rs are as

before. For example, in particular embodiments, R; is



X wherein X, Y and Z are independently oxygen or

sul fur, and R2- 5, R15-R20 and R34 are as before. For
WE@2@spks36 i n nore particul ar enbodi nents, X orPI/US2004/030506

sul fur, and Z is oxygen; both X and Y are sulfur and Z

i s oxygen; X and Y are both oxygen and Z is sul fur.

Alternatively, the follow ng are possible: X=0 Y=0

Z=0 X=S, Y=0, Z=0, X=0, Y=S, Z=0 X=0 Y=0 Z=S; X=S,

Y=S, Z=0, X=S, Y=0, Z=S;, X=0, ¥S Zz=S; or X=S, Y=S,

Z=S. Al so_disclosed is a thalidom de anal og conpound

having thgt¥ormula N R whereinpX and Y are

i ndependgqt |y oxygen or sul fur, jland

as before.\ For, exanple, in r

is1l8 W Zz-

bef or e:

and bot h Rygan ar Zoxygen
present; both and Y are sulRur| & bothwand X are
oxygen Ris presBis: X and Y are bdi oxygdRdand VRes Z
is sulfur if present; BothX and Y are gul fur andWor Z -
is sulfur if prédgnt; X or Y arg; sul f gy, and bot hW
and Z are sul fur iK_présent. :

and Z are pr esent ol | ovv| ng are

Y=0 WO Z=0 X=S ‘

X=0 Y=0O, WS,
Z=0, X=S, Y=0 ,
WS, Z=S; X=0 , ) S,

wherein W, Z, and R;3-Ryg are as before. For example, in more particular
embodiments, X or Y is sulfur, and both W and Z are oxygen if present; both X and
Y are sulfur and both W and Z are oxygen if present; X and Y are both oxygen and
W or Z is sulfur if present; both X and Y are sulfur and W or Z is sulfur if present;
or X or Y are sulfur and both W and Z are sulfur if present. Alternatively, where W
and Z are present the following are possible: X=0, Y=0, W=0, Z=0; X=8, Y=0,
W=0, Z=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0,
Z=§; X=8, Y=8, W=0, Z=0; X=8, Y=0, W=S, Z=0; X=S, Y=0, W=0, Z=S;
X=0, Y=0, W=S, Z=8; X=0, Y=S, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=S,
Y=S, W=S, Z=0; X=8, Y=S, W=0, Z=S; X=8, Y=0, W=S, Z=S; X=0, Y=S, W=S§,
Z=S§; or X=8, Y=S, W=S, Z=S. In more particular embodiments, the compound has

the formula;

| N \ / Z—Ry4
Rs Y R Ris
wherein X, Y are independently oxygen or sulfur, and W, Z, Ry, R4, Rs, and

Ry3-Ry¢ are as before. For example, in more particular embodiments, X or Y is

sulfur, and both W and Z are oxygen; both X and Y are sulfur and both W and Z are



Y=S, WS, Z=0 X=S, Y=S, WEQ, Z=S; X=S, Y=0 WS, Z=S;

X=0 Y=S, WS, Z=S; or X=S, Y=S5, WS, Z=S. In nore
w@200si0zs4b@r enbodi nents, the conpound has the POF/DI81084/030506

I3 XWN - Z- RY Rwherein X, Y are independently

oxygen or sulfur, andW Z, R4, R5, and R13-R are as

before. For exanple, in nore particular enbodi nents, X

or Yis sulfur, and bothWand Z are oxygen; both X and

Y are sulfur and bothwand z d4Pe19 oxygen; X and Y are

bot h oxygen andWor Z is sulfur; both X and Y are

S mygan ¥nahd/¥ are IZoth S)xsgdnfamd Wor Z><1s ovlfve; both X5 and Yrargsigfur and

b S 0] W At
Xtﬁ% fo‘ﬂn&sm%’(!ig,po@@e XLg; Y%(EQW{(@%Z—(Z‘%S X‘Fg) \)vgj@ ZW(QX—O

\\/(\AGS zzfgo £=0; Xrep Y= 3V=356-0x%eD, ¥=5), W0 Zzs§<—5e 36=S
=0y220; feS R WS- D, YR 280%-0 S W-s,
Y“E?sst B R ROt o ALso. 0 ol 0sed tan
o EompRTA i V- P el dsglosed i

be = gfhs ! gfj%i'%'}@@‘@tpﬁﬁlcﬁf&)‘ QﬁBo&ifneﬁ’cél fUEast BRe FPRAMRG, RS Rysand

Rigis hydroxyl.
Also disclosed is a compound having the formula:
R
Rs oG
R4 Rae
Rs D

wherein G and D are each independently oxygen or sulfur, R;-Rs are as before, and

Rys 15
R
W X1
W
N/Rzo N
Rig Z—Ry4
\ /
R4g Z
R17R Ris R =
16 or 16 15

wherein W, Z and R;3-Ry are as before. For example, in particular embodiments, G
or D is sulfur, and both W and Z are oxygen; both G and D are sulfur and both W
and Z are oxygen; G and D are both oxygen and W or Z is sulfur; both G and D are
sulfur and W or Z is sulfur; or G or D are sulfur and both W and Z are sulfur.
Alternatively, the following are possible: G=0, D=0, W=0, Z=0; G=S, D=0,
W=0, Z=0; G=0, D=8, W=0, Z=0; G=0, D=0, W=S, Z=0; G=0, D=0, W=0,
7=S; G=S, D=S, W=0, Z=0; G=S, D=0, W=S, Z=0; G=S, D=0, W=0, Z=S§;



WRUT Z- RRL7 RR or 15 wherein W Z and R13-R20 are
as before. For exanple, in particular enbodi nents, G
wo@eooBoes3cul fur, and both Wand Z are oxygen; BOL/IS1804/030506

andD are sul fur and bothWand Z are oxygen; G and D

are both oxygen and Wor Z is sulfur; both Gand D are
sul fur and Wor Zis sulfur; or Gor D are sulfur and
bothWand Z are sulfur. Alternatively, the follow ng

are possible: G=0, D=0, WO, 280 G=S, D=0, WO, z7=0
GO D=S, WO Z7Z=0 GO D=0 WS, 7Z=0 &GO D=0 WO
Z€5:0,B), W=S, ZrR05=0- OS50, (s D7V =8:5-005cS,

O {7520 G0 D=0 WESH 428 -GG ~ Q. €59) D= W=
ol . G G 0 £S: R DOV S8 s WS
2758, +8=SDp6es, WL, 7455, G0, D=S, WS, Z=S5; or G=S,

D=S, WS, Z7=S. A net hod for nodul ating TNF-a actjvjty

in a submsthoddpemopulating ENEeectivithdn gsueet alseds digglosed. The
adma i ' ' . el .

P HEMRE i BN bl SHeRREHEGAG titctive amount of
C @ipotadse of &l afthdcahpoads disclasaiaipoe, ot alvauripognd having the
formula: RWR20 NY RR R R51 R52 where X and Y are

i fef@plRdent |y oxygen or sulfur; W Z, RI5-R20 are as

before; and R47-R5% are eggh i ndependently hydrogen,
hydr oxyl , acyl, subg$ti t ut g ac)¥l , %yl ox;&
\ 20
s
N Z
)
Y Rig Ri7Rss
Rs1 Rs2

where X and Y are independently oxygen or sulfur; W, Z, R;s-Ra are as before; and
R47-Rs; are each independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy,
substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino,
substituted amino, halogen or nitro, for example, hydrogen, lower alkyl, acyloxy,
halogen, hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxyl;

or a compound having the formula

Ri1s R1e
Ry Rq7
N—-+CH
R / CH, n
3 Rig Rig
N\ Ris Rie
R4 @Hz
n
RS X R17
Ri9 Ris

wherein n=1-5; X is oxygen or sulfur; and R,-Rs and R;5-R9 are as before;

or a compound having the formula:



substituted acyl oxy, alkyl, substituted al kyl,

al kenyl, substituted al kenyl, al kynyl, substituted
wW@Pbdopngd43e al koxy, substituted al koxy, aryl, suPSTL/US200€0B30506

aryl, am no, substituted am no, hal ogen or nitro, for

exanpl e, hydrogen, |ower alkyl, acyl oxy, hal ogen,

hydroxyl, am no or nitro such as hydrogen, acyl oxy or
hydroxyl; or a compound having the fornula RR 9
wherein n=l-5; X is oxygen or 28ul fur; and R2-R5 and R

-R are as before; or a conpound having the fornul a: 21

X 5 wherein each ofRX ande Y are independ&ntly oxygen

or sulfur, n=sl-5,

conmpound havi ANl a: | R whe F

are i ndependent | ogemﬁyg;re @

substituted acyl; oxy, bstit U edwe axy, al kyl,
substituted aMkyl, al kenYl | substi Yut ed 3 kené%,

al kynyl, substitutgd al kyayl, al koky, sukstituted

al koxy, aryl, substituted aryl, am no, substituted
amheogin kadhoefek and Yrdre inslepénstentéy exysica or Kylfitoneh S, ashRarRs are
alkﬁl acyl oxy, hal ogen, hydroxyl, amno or nitro such
adSR§ @ Bgen, acyloxy or hydroxyl :and R is hydrogen,

al kyl', @ cotpsihd bivefls flekyimuler a conpound having the
formula: N R wherein R2-R5 are as before and is

hydr ogen, al kyl or substiRd4t ed 9l ; or

pharmaceutically acceptable S or stereoisoners

t her eof .

wherein Rs; and Rs4 are independently hydrogen, hydroxyl, acyl, substituted acyl,
acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl,
amino, substituted amino, halogen or nitro, for example, hydrogen, lower alkyl,
acyloxy, halogen, hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxyl

;and Rss is hydrogen, alkyl, or substituted alkyl; or a compound having the formula:

R, g
R; /
N—Rsg
Ry
Rs S

wherein Ry-Rs are as before and Rsg is hydrogen, alkyl or substituted alkyl;

or pharmaceutically acceptable salts or stereoisomers thereof.

Novel thio-substituted analogs having the structures described with respect
to the method above also are contemplated. For example, in more particular
embodiments, X or Y is sulfur, and both W and Z are oxygen if present; both X and
Y are sulfur and both W and Z are oxygen if present; X and Y are both oxygen and
W or Z is sulfur if present; both X and Y are sulfur and W or Z is sulfur if present;



Novel thio-substituted anal ogs having the structures

described with respect to the nethod above al so are
w@onsergaBat ed. For exanple, in nore parti cul arPCT/US2004/030506

enbodi nents, X or Y is sulfur, and bothWand Z are

oxygen if present; both X and Y are sulfur and both W

and Z are oxygen if present; X and Y are both oxygen

and Wor Z is sulfur if present; both X andY are

sul fur andWor Z is sulfur if é?esent 22 or X or Y are

sul fur and bo}h Wand Z are_sul fur if prese

Al PBRAPALY %8sy o both Y ang € ape el il pregeat. féltﬁle@y, if Wand

LG ReBRMS e RhiNg s ik 50 10 WO UK S,

Z=87=0=5:0YX80, V&S, WA Z-C;X=07-D=0yW5:S, Z=Q); X@@,YQ@QN—O,

V= 2-SUESS, $28 Wik 2GR0 M 0s, 720; X SeY ey ~0cksS:
X-i—OYY@;O WiSs, Z=$ X200r=Y"m=05s; 329, RIS, Xv§s 258 X=S,

S, 72=S. Particularly’ discloséd cdnpolnds and
poh‘pﬁSuNﬂ%S tA74); Xceh oS, e, ZRS 1 XeS,dV=0) Wstd Zrst Ketls Y=S, W=S,

ncl ude gQng Gr re gcogpounds having the foll ow ng
?—5 &ﬁ%%& COOME COOH L COOH23 N - V
O Me  HBartioMarlPdisdtdskd cdnpbtiris and comphads it can be used in the

nmodul ati ng angi ogenesis in a subject is disclosed.
disclosed methods include one or more compounds havmg the following structures:

S
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N COOMe N\[i51§
S
J COOH s 8 "
N——<\~_/COOH [:::[:éN__%?:ﬁSczs
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The nethod includes adm nistering to the subject a
therapeutically effective anobunt of one or nore of any
w@Rooshes486 scl osed conmpounds. Exanpl es of conpoR@ES2004/030506
useful for the nmethod are shown above. In sone
enbodi nents, where an anti -angi ogeni c conpound or an
anti - angi ogeni ¢ concentration of a conpound is
utilized, the therapeutically effective anmount of the
conpound can be administered £ a subject with a tunor
to achieve an anti-tunor effect, such as inhibition of
i g&hesis or tunor nmetastasis. In other
enmboeh oSH. & he therapeutu;ably ef fective agount of

ynd J| s adni ni ster ¢d A subj ect_wijt h
i 3gi ogen 5. erngtgve N o)
sti mul atg on angi ogeresi~g i s Sireds qgi o I C

corrpound24 or anoangl ogeni
%pn1n|stered to a subject to stinulate
°As anglogeneswsmxnhlbltors t he
R the treatnent of
i dyt+onet®, incl udi ng
C um | ung, oropharynx,
X, esophagus, stdﬂach pancreas, |iver,

e bil e ducts, srml | intestine, uri na(r)‘}//|
g ki dney, bl 8 r and urotheliup),
genitar tract, di \erV|K

ovaries as well as chg romg—&NdBge Na __ )—OMe
trophobl gstic dssease), malle genital tract (i n% udi ng
pro Y/ senipgal vesicles,®testes and germ cel
tu nddcr inme gl ands (|nclud|ng the thyroid,
adrepal~(and piuitary gl ands)? and skin, as well as

hemangi ogas, nesanomas, sar
arising from bone and sof t
an é}unnrs of the b
(i udi ng ast
?olﬁ_ K nobl H
neurobl Bst omas, SchwannowdsS{ and meni ngi onas). Such
conpoun&% may al so be useful Oin treating solid tunors
arising from hegatopoi etic malignanci es such as

omas, plas gﬁhe

Still further, a method for modulating angiogenesis in a subject is disclosed.

The method includes administering to the subject a therapeutically effective amount
of one or more of any of the disclosed compounds. Examples of compounds useful
for the method are shown above. In some embodiments, where an anti-angiogenic
compound or an anti-angiogenic concentration of a compound is utilized, the
therapeutically effective amount of the compound can be administered to a subject
with a tumor to achieve an anti-tumor effect, such as inhibition of tumorigenesis or
tumor metastasis. In other embodiments, the therapeutically effective amount of the
compound is administered to a subject with a pathological angiogenesis.

Alternatively, where stimulation of angiogenesis is desired an angiogenic compound



mycosi s fungoi des and cut aneous T-cel
| ynphonea/ | eukemi a) as well as in the treatnent of
wo goophzsras (bot h Hodgki n' s and non- Hodgki n''s  PCT/US2004/030506
| ynphormas). In addition, these conpounds may be useful
in the prevention of netastases fromthe tunors
descri bed above either when used alone or in
conbi nation wi th radi ot herapy d/'or ot her
chenot herapeutic agents. Furth uses of discl osed
anti-an |o enlc co aund /conce&%{atlons i ncl ude the

tr8h 19 pE 2 gempeNngt ispdmanseied 42 8 suljertyio

as gt QIR Jdgrune and degenerative arthritis. Such
coﬁpounds cé%ﬁafso be used to treat a pathol ogica

i. . adsengwigendsisinifibitorsy the d&ekxsccbcbmmgdsgnenmsﬁﬂ;m the

I seases such di ahetic
+ elrpARSEE wibot BfinRtam e Biats SFE e eb ety of
r ebRast 8dlon,BELAl R %roﬁheﬂ?ﬁbp IhPbphar IO ¥ADEUA! stomach,
gl aucoma, rubeosis, retina neovascularlzatlon due to
mapuicarasdévrengalladder anbilexuts, wndgl mg@he@; jusinpyy trage (inglading
angﬁgl%ﬁtbﬁgdd\g} %I}d ﬁrp{hgg{g{r} ;}‘8131 le r%% %.ﬁ:%ﬁt élnﬁ aldvnegnctelrxgg,futerus and

t hevaies as Skdiras @h@x@cﬁﬁﬂﬁn@mmacagesmleﬁalaﬁipﬁoblbétmseae@smlale
di seases such_as henmagi omas, and capilla

pr &¢ab fraet (awlwrtgmrﬁsta&ehm%h V@ﬁl@@deﬁﬁ%we%ﬁm@@llé@mors)
V\épﬁﬁfcn%{ g%.:hg{'ﬁnclﬂ&ﬁlﬁg ﬁ'f thloidagage Qﬁcgh%%ha?* g%g&%,sand skin, as

neovascu ation; i edtasi a;’

j owellsis hemgigidinbs, maianomas mumhsg(mmdli@ those ar{Sirtpefrom bone and
uses ncI ude t reatment of di seases .characterized
byS%@( S @%WBIE %%ﬁmshﬁargqm%}mngttwaﬂrsﬁ B BETVES, eyes, and
Ce{ﬂeﬁmgbi‘ﬁhélﬁ&lﬂg aQ%Hcyfb%asl b106rh R ofiGb1hdi6:884, kdtRloblastomas,

adhesi ons, Crohn's di sease, at heroscl er osi s,

sC n@nome$,mur0@iadtoh3qse$ cthmcapmma&; end meningiimasy. Sedhotagspounds
Anot he se is,as a,bhirth troI nt i nhi biti.n )
ov B eisgrpeaeteh Y il o B B g Flinupeopige mitfEhancies
di &fdh%%%lﬂ&ﬁﬁﬂquadﬁﬂcﬁbﬁa@ |p$é%rﬂa§%ﬁias bid tH&%l:lc{u@@hﬁEBMnors of

of di seases that have angi ogenesis as a pathol ogi c

c oRweefie fmgokige hnda@ltwpu%&@ﬂ dymphoyea{lenkermiay pewell as in the

T 0o A S0 U B BE Rl 1

bl eddiiio these admpounrkis Ih&tyl b'.Hustul @ the@revention of metastases from the
tumors described above either when used alone or in combination with radiotherapy
and/or other chemotherapeutic agents.

Further uses of disclosed anti-angiogenic compounds/concentrations include
the treatment and prophylaxis of autoimmune diseases such as rheumatoid, immune
and degenerative arthritis. Such compounds can also be used to treat a pathological
(i.e. abnormal, harmful or undesired) angiogenesis, for example, various ocular
diseases such as diabetic retinopathy, retinopathy of prematurity, corneal graft
rejection, retrolental fibroplasia, neovascular glaucoma, rubeosis, retinal
neovascularization due to macular degeneration, hypoxia, angiogenesis in the eye
associated with infection or surgical intervention, and other abnormal
neovascularization conditions of the eye; skin diseases such as psoriasis; blood
vessel diseases such as hemagiomas, and capillary proliferation within

atherosclerotic plaques; Osler-Webber Syndrome; myocardial angiogenesis; plaque
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occlusive disease, peripheral arterial disease, atherosclerosis, myointimal

hyperplasia (such as due to vascular surgery or balloon angioplasty or vascular
stenting), thromboangiitis obliterans, thrombotic disorders, vasculitis, and the like.
Examples of conditions or diseases that may be prevented using the disclosed
angiogenic compounds/concentrations include, but are not limited to, heart attack
(myocardial infarction) or other vascular death, stroke, death or loss of limbs
associated with decreased blood flow, and the like. Other therapeutic uses for
angiogenesis stimulation according to the disclosure include, but are not necessarily
limited to accelerating healing of wounds or ulcers; improving the vascularization of
skin grafts or reattached limbs so as to preserve their function and viability;
improving the healing of surgical anastomoses(such as in re-connecting portions of

the bowel after gastrointestinal surgery); and improving the growth of skin or hair.
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combination with an anti-angiogenic compound/concentration and then, optionally

the compound/concentration can be further administered to the subject to extend the
dormancy of micrometastases and to stabilize and inhibit the growth of any residual
primary tumor. Alternatively, an angiogenic compound or angiogenic concentration
of a compound can be used in combination with other angiogenesis stimulating
agents. For example, thermal energy (in the form of resistive heating, laser energy
or both) to create thermally treated stimulation zones or pockets (optionally
interconnected, at least initially, by small channels) in the tissue for the introduction
of blood born growth and healing factors, along with stimulated capillary growth
surrounding the thermally treated zones. Such stimulation zones allow increased
blood flow to previously ischemic and/or nonfunctional tissue (such as cardiac
tissue) with a concomitant increased supply of oxygen and nutrients ultimately

resulting in a revitalization of the treated sections the tissue when used in
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C), and enzymes (such as L-asparaginase). Examples of kinase inhibitors include
sméll molecule inhibitors (such as Iressa, Tarceva, PKI-166, CI-1033, CGP-5923A,
EKB-569, TAK165, GE-572016, CI-1033, SU5416, ZD4190, PTK787/ZK222584,
CGP41251, CEP-5214, ZD6474, BIBF1000, VGA1102, SU6668, SU11248, CGP-
57148, tricyclic quinoxalines, SU4984, SU5406, Gleevec, NSC680410, PD166326,
PD1173952, CT53518, GTP14564, PKC412, PP1, PD116285, CGP77675,
CGP76030, CEP-701, and CEP2583), ligand modulators (such as Bevacizumanb,
MV833, Soluble Flt-1 and Flk-1, VEGF Trap, GFB 116, NM3, VEGF 121-diptheria
toxin conjugate and Interfereon-c), and monoclonal antibodies against receptors

(such as Cetuximab, ABX-EGF, Y10, MDX-447, h-R3, EMD 72000, herceptin,
MDX-H210, pertuzumab, IMC-1C11, and MF1). Examples of hormones and

antagonists include adrenocorticosteroids (such as prednisone), progestins (such as
hydroxyprogesterone caproate, medroxyprogesterone acdtate, and magestrol

acetate), estrogens (such as diethylstilbestrol and ethiny! estradiol), antiestrogens
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The disclosed compounds also can be combined with radiotherapy
employing radioisotopes (such as 32p %y, 1257 Bl and '""Lu), particle beams (such
as proton, neutron and electron beams) and electromagnetic radiation (such as
gamma rays, X-rays and photodynamic therapy using photosensitizers and visible or
ultraviolet rays).

Additionally, the disclosed compounds can be combined with
pharmaceutically acceptable excipients, and optionally sustained-release matrices,
such as biodegradable polymers, to form therapeutic compositions. Therefore, also
disclosed are pharmaceutical compositions including one or more of any of the
compounds disclosed above and a pharmaceutically acceptable carrier. The
composition may comprise a unit dosage form of the composition, and may further
comprise instructions for administering the composition to a subject to inhibit

angjogenesis, for example, instructions for administering the composition to achieve
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piperidinedion-3’-yl]-7-amino-2H-1,3-benzoxazine-2,4(3H)-dione; and a
pharmaceutically acceptable carrier. In more particular embodiments, the disclosed
compositions are compounded for oral administration, and such oral dosage forms
can include one or more of any of the disclosed compounds including those
compounds particularly disclosed by their [UPAC names above. Such
pharmaceutical compositions may be used in methods for modulating angiogenesis
or TNF-a activity in a subject by administering to the subject a therapeutically
effective amount of the composition.

As is demonstrated in the Examples that follow, thionation of thalidomide
analogs to replace carbonyl groups with thiocarbonyl groﬁps can provide

thalidomide analogs with increased TNF-a activity, increased angiogenic activity or
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Scheme 1

2,6-Dioxo-3-(t-butoxycarbonylamino)piperidine (3) was prepared and
isolated as follows. A solution of N-(-butoxycarbonyl)-L-glutamine (4.92 g) and
carbonyl diimidazole (1.70 g) in THF (100 mL) was refluxed for 9 h. The solvent
was removed and the crude product was recrystallized from hot EtOAc to give
compound 3 (2.04 g, 45%) as white crystals: mp 214-215°C; '"H NMR (DMSO-dg) &
4.22 (dd,J = 6.2 Hz,J =11.0 Hz, 1H), 2.77-2.65 (m, 1H), 2,45 (m, 1 H), 1.96-1.87
(m, 2H), 1.40 (s, 9H); MS (CVCH,) 227 [M-17".
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crude product was recrystallized fromhot EtOAc to

e Example 2 - Synthesis of Aromatic Thalidomide Analogs

With reference to Scheme 2 below, dimethylether 5 was obtained by

condensation of aminopyridine with phthalic anhydride in refluxing AcOH in the
presence of sodium acetate. On standing with HBr in glacial AcOH solution (30 %)
at room temperature for 18 h, selective ether cleavage of 5 was accomplished to give
compound 6. The structure of compound 6 was determined by mass spectroscopy,
1D NMR and 2D NMR. The molecular ion for compound 6 is 270 amu,
demonstrating that only one methyl ether was cleaved. 2D NOESY showed that
protons on the methoxy group correlated with H-5, indicating that the 2-methoxy
was selectively cleaved and that the 6-methoxy remained. When the reaction

temperature elevated to 70°C, both methyl ethers were cleaved with HBr/HOAc
solution (30%) to give diol 7.
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[MI1] .31 2,6-D oxo-3-am nopi peridine trifluoroacetate
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give 462 ny, 99%: HN&,%‘E(DMSOd) d 1.42 (s, Gmdo
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H Er{w o>?yp§f8|dlunteln(1)(§]no %%@chlto%dg @ISQAa,dll é),lS er'm%%) 'c?nd'\é%c(ﬁum acetate

(0.49 g, 6 mmol) in glacial acetic acid (50 ml) was refluxed for 3 h. The solvent was

removed under vacuum. The residue was dissolved in dichloromethane (200 ml)
and washed with water (100 mlx3), dried over Na,SO4 and concentrated to give the
crude product. The crude product was recrystallized with ethyl acetate to give 5
(1.345 g, 90%) as a pale pink crystals: mp 182-183°C; 'H NMR (CDCls) § 7.96-7.90
(m, 2H), 7.80-7.76 (m, 2H), 7.44 (d, J = 8.1 Hz, 1H), 6.42 (d,J =8.1 Hz, 1H, 3.95
(s, 3 H), 3.91 (s, 3 H); *C NMR (DMSO-ds) § 166.5, 160.6, 156.1, 140.1, 132.8,
129.4,121.4, 104.6, 99.3, 51.7, 51.5; MS (CU/CH,) 285 [M+1]". Anal. Calcd for
C1sH12N;04: C, 63.38; H, 4.25; N, 9.85. Found: C, 63.57; H, 4.18; N, 9.65.
1,3-Diox0-2-(2-hydroxy-6-methoxypyridin-3-yl)-isoindoline hydrobromide
(6) was prepared and isolated as follows. To a flask were added 2,6-dimethoxy-3-
phthalimidopyridine (155 mg, 0.546 mmol) and hydrogen bromide solution in acetic
acid (30%, 6 ml). The mixture was stirred at room temperature under N; for 18 h.
Dry ether was added slowly until the solution became cloudy. White crystals were
precipitated, filtered and washed with ether and ethyl acetate to afford 6 (127 mg,
67%) as white powdery crystals: mp 250°C; 'HNMR (DMSO-dg) 6 7.97-7.94 (m,
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Example 3 — Synthesis of N-Substituted Thalidomide Analogs
With reference to Scheme 3 below, a mixture of N-phthaloyl-DL-glutamic
anhydride and phenethylamine was heated in a 177°C oil bath. The reaction mixture
was purified by chromatography on a silica gel column to afford N-

phenethylthalidomide (8) and N-phenethylphthalimide (9).

0 Q O 0
0 Phenethylamine
N 0 —— N (0] +
" Y
0 O >
8 9

Scheme 3

1,3-Diox0-2-(1-phenethyl-2,6-dioxopiperidin-3-yl)isoindoline (8) was
specifically prepared and isolated as follows. A mixture of N-phthaloyl-DL-
glutamic anhydride (300 mg, 1.13 mmol) and phenethylamine (139 mg, 1.13 mmol)
was stirred in a 177°C oil bath for two hours. The reaction mixture was cooled
down and purified by column chromatography, first using petroleum
ether/dichloromethane (1:5) as an eluent to afford N-phenethyl phthalimide as a pale
yellow solid ['"H NMR (CDCls) & 7.78-7.77 (m, 2H), 7.65-7.62 (m 2 H), 7.22-7.16
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1,3-Diox0-2-(2,6-dioxopiperidin-3-yl)-5-azaisoindoline (11) was prepared

specifically as follows. A mixture of Cbz-aminoglutarimide (302 mg) and
palladium hydroxide on carbon (20%) in 2-propanol (20 ml) was stirred under H, for
one day. The reaction mixture was filtered through celite and washed with 2-
propanol and methanol. The combined filtrate was concentrated to afford crude 3-
amino-1,6-dioxopiperidine as syrup. To the flask containing 3-amino-1,6-
dioxopiperidine was added 3,4-pyridinedicarboxylic anhydride (205 mg),
triethylamine (0.16 ml) and THF (10 ml). The mixture was refluxed for one and a
half days. The solvent was removed under vacuum. The residue was purified by
column chromatography using CH2Cl,:MeOH (10:1) as eluent to afford
azathalidomide (52 mg) in the yield of 17% from Cbz-aminoglutarimide as a pale
purple solid: mp 233-235°C, 'H NMR (DMSO0) & 11.18 (s, 1H), 9.21 (s, 1H), 9.17
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hydr oxi de on carbon (20% ﬁ{‘%rsopanol (20 M) was
stirred under H for one da)gI € ‘reaction m xture was

filtered through celite and washed with 2- propanol

and rretWath@bfere'ﬁbetocmhtlha 8dbbvd, heatbeythdsloondewas pepadd and

t qsoalgtfeg fol{ows Flrst 3-Acetoxyphathalic anhydride was prepared by refluxing
a mixture of 3-hydroxyphthalic anhydride (150 mg), acetic anhydride (2 mL), and
NaOAc (150 mg) for 8 h. The reaction mixture was filtered. The filtrate was
concentrated and washed with dry ether to give a pale yellow solid (127 mg, 68%).
'"H NMR (DMSO) & 8.25 (d, = 7.9 Hz, 1H), 8.18 (dd, J = 0.9 Hz, ] = 7.5 Hz, 1H),
7.97 (dd, J = 0.9 Hz, ] = 7.9 Hz, 1H), 2.59 (s, 3H).

1,3-Dioxo-2-(2,6-dioxopiperidin-3-yl)-4-acetoxyisoindoline was prepared

and isolated as follows. A mixture of 3-acetoxyphthalic anhydride (40 mg),
aminoglutarimide trifluoroacetate (47 mg), and NaOAc (32 mg) in acetic acid (2
mL) was refluxed for 5 h. The solvent was evaporated, water (10 mL) was added,
and the resulting solution was stirred for several minutes. The solid was filtered out
and recrystallized from ethyl acetate to give 1,3-dioxo-2-(2,6-dioxopiperidin-3-yl)-
4-acetoxyisoindoline as pale yellow crystals (35 mg, 66%): '"H NMR (DMSO) &
11.16 (s, 1H), 11.07 (s, 1H), 7.64 (t, T = 7.2 Hz, 1H), 7.22-7.31 (m, 2H), 5.05 (dd, J
=5.4Hz, ] =12.5 Hz, 1H), 2.87-2.92 (m, 2H), 2.48 (s, 3H), 2.08-2.00 (m, 2H).
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Specifically, N-(2,6-dioxopiperidin-3-y1)-1,8-naphthalimide (12) was
prepared and isolated as follows. A mixture of amine 4 (0.877 mmol), 1,8-
naphthalic anhydride (174 mg, 0.879) and triethylamine (1.22 ml) in THF (10 ml)
was refluxed for 20 h. The solvent was removed and the residue was suspended in
acetic anhydride and refluxed for 20 minutes. Ethano! (5 ml) was added at 80°C and
stirred for 30 min. On cooling the product was collected by filtration, and washed
with EtOAc to give compound 12 (227 mg, 84%) as a pale green solid: mp > 300°C;
"H NMR (DMSO0-dg) & 11.03 (s, 1H), 8.61-8.47 (m, 4H), 7.92 (dd, =73 Hz, T =
13.5 Hz, 2H), 5.85 (dd, J=5.4 Hz, J = 11.3 Hz, 1H), 3.01-2.88 (m, 1H), 2.73-2.61
(m, 2H), 2.08-1.99 (m, 1H). MS (DEI) m/z 309 [M+11"; HRMS (DEI) m/z calcd for
C17H13N,04 309.0875, found 309.0874; Anal. Calcd for Cy7H2N204: C, 66.23; H,
3.92; N, 9.09. Found: C, 65.97; H, 3.99; N, 8.91.

N-(2,6-dioxopiperidin-3-yl)-2,3-naphthalenedicarboxamide (14) was
prepared and isolated as follows. A mixture of 2,3-naphthalenedicarboxylic acid

(199 mg, 0.875 mmol) and acetic anhydride (2 mL) was refluxed for 30 min. The
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15 in a yield of 38%. In addition to monothiothalidomide, a trace of dithionimide 16
(1.6%) was also obtained. However, for the preparation of dithionimide, the yield
proved to be very low (less than 2%) when the reaction of monothiothalidomide
with Lawesson’s reagent was performed between 80°C to 120°C. The situation
changed greatly when organic base was added to the reaction mixture. Thus,
thionation of monothiothalidomide 15 with Lawesson’s reagent in toluene was
carried out at 110°C in the presence of pyridine to give dithionimide 16 (45%) and
dithionimide 17 (31%). The structures of these sulfur-substituted thalidomides were
identified by mass spectra, IDNMR and 2DNMR. Thalidomide was heated with

Lawesson’s reagent at 110°C in the presence of morpholine to afford dithionimide

16 and trithionimide 18.
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yield of 38% h addition t §c t’hi ot hal i doni de, a

trace qf, di.thi 69

ot o3l P08 BB 2 BRI s somvsizs
yiagd thopi&vedoliowb.e Ausiixyurk 0fthaliesaidel{ar0 2%) 0.65& fnidlpand
reacti on of nonothi othalidomde with Lawesson's

r dagresronigarsagret {2Prmeg LR ivmeldobenzege (Hpmd, wayfsirred in a 80°C

i tllf)a%h 2 days. The solvent was removed under vacuum. The residue was

purified by column chromatography using CH,Cly/petroluem ether (5:1) as eluent to
afford compound 16 (3 mg, 1.6%) as a red solid and then, using CH,Cl, as eluent, to
afford compound 15 (68 mg, 38%) as a yellow solid: mp 225-226°C; "H NMR
(DMSO-dg) 6 12.83 (s, 1H), 8.00-7.92 (m, 4H), 5.32 (dd,J=5.6Hz,J=129 Hz,
1H), 3.28-3.25 (m, 1H), 2.60-2.54 (m, 2H), 2.17-2.10 (m, 1H); *C NMR (DMSO-
dg) 8 208.7(C-67), 165.3(C-2°), 165.2(C-1 & C-3), 133.1(C-5 & C-6), 129.3 (C-3a,
C-7a), 121.7 (C-4 & C-7), 46.9 (C-37), 38.9 (C-57), 21.79 (C-4’); MS (CI/CH,) m/z
274 [M]+; Anal. Caled for C13HpN,05S: C, 56.92; H, 3.67; N, 10.21 Found: C,
56.89; H, 3.78; N, 10.15.
1-Thioxo-3-0x0-2-(2-0%0-6-thioxopiperidin-3-yl)isoindoline (16) and 1,3-
dioxo0-2-(2,6-dithioxopiperidin-3-yl)isoindoline (17) were synthesized as follows. A
mixture of 15 (146 mg, 0.533 mmol), Lawesson’s reagent (108 mg, 0.267 mmol)
and pyridine (21 pl) in toluene was stirred at 110°C under an atmosphere of N, for
12 h. Thereafter, more Lawesson’s Reagent (108 mg, 0.267 mmol) and pyridine (21



changed greatly when organi c base was added to the
reaction m xture. Thus, thionation of

WOorRwents4ad hal i dom de 15 with Lawesson' s reageneCT/0S2004/030506
toluene was carried out at 110 C in the presence of
pyridine to give dithionimde 16 (45% and
dithionimde 17 (31% . The structures of these
sul fur-substituted thalidom des were identified by
mass spectra, |DNVMR and 2DNVR39Thal i doni de was heat ed

with Lawesson's reagent at HO Cin the presence of
nm\rlmadeiadéect ol tef eastobndnixhire magsdieed Br arfurtheri 12Hi. oPhiersodieent

18.38 9 N L t = + 80C 2 d

137 270 e atan s fotdtn ot puiged by pplomn. ©2Y°

L% Begﬁﬁﬁi ChEC S/ petroRiRShdrre2: 1610113 tReNERBCIS/EtOAC =
- Di 0xX0- 0XO0 th| oxogl( eridin-3-yl ) i soi ndol i ne

( 19)1 )mff@;a}hﬁr(é@mgaas%@nd 33I(5k B¢, 355V Starkng material 15 (83

m_xt.ur e m de (170 ng, 0.658 nmol) and
Ureds g"a&éen (293 ng, 0.724 mmol) in benzene (50

M) vagopduh@d6! (eBowGolid): mp 263-265°C; 'H NMR (CDCls) & 7.78-7.74
(m, 2 H), 7.66-7.63 (m, 2 H), 5.00 (dd, J= 4.9 Hz, 11.9 Hz, 1 H), 3.43-3.35 (m, 1
H), 2.95-2.84 (m, 2 H), 2.08-2.06 (m, 1 H); MS (DEI) m/z 290 [M]"; HRMS (DEI)
m/z caled for C13H19N20,S; 290.0184, found 290.0185; Anal. Calcd for
C13H10N70,8:: C, 53.77; H, 3.47; N, 9.65 Found: C, 53.38; H, 3.29; N, 9.50.

Compound 17: (red solid): mp 240-242°C; "H NMR (CDCl3) & 9.44 (s, 1 H),
8.05-8.02 (m, 1 H), 7.86-7.76 (m, 3 H), 5.75-5.64 (m, 1 H), 3.57-3.52 (m, 1 H),
3.09-2.99 (m, 2 H), 2.19- 2.12 (m, 1 H). C NMR (DMSO): 208.16, 207.98, 166.10,
165.39, 134.32, 133.11, 132.42, 124.30, 122.15, 121.11, 49.64, 21.29; MS(DEI) m/z
201 [M+1]"; HRMS (DEI) m/z calcd for C;3H;1N20,2S; 291.0262, found 291.0264;
Anal. Calcd for C13H;0N20,S5-0.5H,0: C, 52.15; H, 3.70; N, 9.36 Found: C, 52.25;
H, 3.44; N, 9.07.

1-Thioxo-3-0x0-2~(2,6-dithioxopiperidin-3-yl)isoindoline (18) was prepared
and isolated as follows. A mixture of thalidomide (100 mg), Lawesson’s reagent
(157 mg) and morpholine (35 pl) in toluene (10 mL) was stirred at 105°C under the
atmosphere of N for 24 h. The solvent was removed under vacuum and the residue
was purified by column chromatography, using CH,Cly:petroleum ether (1:1) as
eluent, to afford compound 18 (13 mg, 11%) as red crystals: mp 244°C; 'H NMR
(CDCl) 8 10.81 (s, 1H), 8.05-8.01 (m, 1H), 7.91-7.75 (m, 3H), 5.92 (m, 1H), 3.57-
3.52 (m, 1H), 3.13-2.97 (m, 2H), 2.18-2.15 (m, 1H); MS(DEI) m/z 306 [M]"; HRMS
(DEI) m/z caled for C;3H;0N>08S3 305.9955, found 305.9951; Anal. Calcd for
C13H10N,08,-0.5H,0: C, 49.49; H, 3.51; N, 8.88 Found: C, 49.85; H, 3.24; N, 8.88.
Then, CH,Cl; was used as eluent to provide compound 16 (31 mg, 28%) as yellow

crystals.



011 bath for2 days. The sol vent was renoved under
vacuum The residue was purified by colum
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eluent to afford conpound 16 (3 ng, 1.6% as a red
solid and then, using CH2C 2 as eluent, to afford
conpound 15 (68 ng, 38% as a yellow solid: p
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unn atmﬁ@‘r@‘fom reafter, no

Lanwess6?C8 Reagent (108 ng,j Q) 2%? mmol ) and pyri di ne

(2139 m) were added. The reactlon mxture was stijye

for a further 12 h. The solWent was renoved under

vacuum and the residue was purified by colum

chr omat ogr aphy (ehient CH (Schkmet& oI eum et her = 2:1,
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3-265 C; HNWR (CDC ) 4 (m r?

7 taethylam;me( (@03 zlHin clgomfpr(rddo rmLMwags gdgled gthyl ¢lloroforppate (157

1 ThERotEn mire G o o i frioyn GriRidp St
C therbhffer,3ti298s @a8dontinaud tbr 390 . Tht 8blveinads. refial edlufdet vacuum to

HNOS: C _53.77, H 3.47, N, 9.65 Found; C, 53, 38;
H g grode 1. Withgut further purification, crude compound 19 was dissolved in

NH
O

CHCI; and cooled with ice. To the ice cold solution was added amine (95 mg). The
reaction mixture was allowed to warm to ambient temperature and stirred at room
temperature overnight. The white solid precipitated, collected by filtration and
washed with chloroform to give compound 20 (79 mg, 74% ) as a white crystals: mp
264°C; "H NMR (DMSO-dg) & 11.18 (s, 1H), 8.07-7.85 (m, 2H), 7.50 (d, ] = 8.5
Hz), 5.78-5.75 (m, 0.6H), 5.49-5.47 (m, 0.4H), 2.90-2.87 (m, 1H), 2.05 (m, 1H), Be
NMR (DMSO-dg) 6 173.0 (0.6C), 172.9 (0.4C), 169.9 (0.6C), 169.6 (0.4C), 160.8
(0.6C), 159.8 (0.4C), 152.5 (1C), 148.4 (0.4C), 146.5 (0.6C), 137.2 (1C), 128.1
(0.6C), 127.6 (0.4C), 126.1 (1C), 116.8 (1C), 114.5 (0.4C), 113.9 (0.6C), 54.1
(0.4C), 51.4 (0.6C), 31.0 (1C), 21.2 (1C). MS(DEI) m/z 274 [M]"; HRMS (DEI) m/z
calcd for C13H;0N,O5 274.0590, found 274.0582; Anal. Calcd for Ci3H1oN2Os: C,
56.94; H, 3.68; N, 10.22 Found: C, 56.51; H, 3.77; N, 9.95.



Compound 17: (red solid): np 240-242 C, H NWVR (CDC )

d 9.44 (s, 1 H, 8.05-8.02 (m 1 H, 7.86-7.76 (m 3
woH200562843% 5. 64 (m 1 H), 3.57-3.52 (m 1 H), 3rOPuU099030506

(m 2 H, 2.19- 2.12 (m 1 H. C NWR (DwvsO): 208. 16,

207.98, 166.10, 165.39, 134.32, 133.11, 132.42,

124. 30, 122.15, 121.11, 49.64, 21.29; MS(DEl) mz 291

[MH f; HRVS (DElI) miz calcd for C HAN O S 291. 0262,

found 291.0264; Anal. Calcd f68 CHN S 0.5H: C,

52.15; H, 3.70; N, 9.36 Found: C, 52.25; H, 3.44; N,

9. OExample 9 — Synthesis of 1-( 2, 6-Dioxo-3-piperidinylidene) 3-oxois0indoline

| - Thi i.di.ne 3r i d

e (10 HRETPiGb Sehahh dsBi GRSl (G P e
My thB-Brodfogliidit iRNRYEin(tAdPrebhke oE MARSO LM @E@ﬁaﬁﬁ&ser
(157 ng) and rmrphollne(S m ) |ntoluene(10 nm.) was

stcpuplmg rgactions Ehusm ¢emppied 23 Wﬁ% primed byplkylation ofg h.

T or Rt 8e LHION B RL KRR ML AR bl DR RN sulur.

petrol eumether ( :1) as eluent, to afford conpound
18 (13 nmg, 1% as red crystals: np 244 C, H NWVR (CDC
) d 10.81 (s, IH), 8.05-8.01 (m IH, 7.91-7.75 (

3H), 5.92 ( IH), 3.57- 3.52(m IH), 3.13-2.97 H
2H), 2.18-2.[f5 (m |Hy (DEl') m=c896 [M ; HRVB

( DEl) alMgq _,foE[ H 305 found 305. ;
Anal . o~ or C . . C, 49.49; H,

8. 88 Found S 49. 85; 3 24; N, 8.88. The

was used as eluent to p?zow de conpound 16 (
as yel low cflystals. 40 Exanple 8 - Synthesis of O
Benzoxazi ne- 2, 4-di ones Wth reference to Schene
bel ow, sali cyI ic acid was téciat ed wth ethyl

chl orof ormate, and then t hi¥®&ction mi xture was

evapor gt efls Miof £ IYESF I RRRHE)ES-bbi SRR, WhY aeities
et hyl f%roflgrnate Stlsﬁrlﬁé)thelresu tleﬁm)re&%ggl Y

V\nplr¢pamdl and ijolatedhes followsn eéem@ftunerqf 8l 1616 msi ﬂé nampby 2ed 9 mg,
S lf)bISrtnlrﬁolll)t gndd gc)etgszsgjuég %%Ill‘ onate él(ﬁ)l mg) agﬁl |_clirous THF was refluxed for 7

h. Thin-layer chromatography (TLC) showed that the starting materials had
disappeared. Ethyl acetate (20 ml) and water (10 ml) were added. The organic layer
was separated, dried over Na;SO, and concentrated under vacuum. The residue was
purified by chromatography using petroleum ether/ethyl acetate (first 2:1 then 1:2)
to give 23 (14 mg, 58%) as yellow crystals: mp 295°C; "HNMR (DMSO-dp): 11.05
(s, 1H), 10.29 (s, 1 H), 8.13 (d, J=7.6 Hz, 1 H), 7.89 (d,J=72Hz, 1 H),7.80 (m,
1 H), 7.73 (m, 1 H), 3.20 (t, J = 7.0 Hz, 2 H), 2.67 (t, ] = 7.0 Hz, 2 H). BC NMR
(DMSO-dg): 172.6, 169.0, 167.3, 142.7, 136.1, 134.3, 131.7, 130.1, 126.4, 124.1,
104.6, 21.2, 11.7. MS(DEI) m/z 242 [M]"; HRMS (DEI) m/z calcd for C13H1oN,03
242.0691, found 242.0687.



OHCHOCOO ,0COCHHN>o0. - - >COOH 0 19
Schene 8

W@2{03/0884B% oxopi peri di n- 3-yl ) benzoxazi ne- 2, 4- di BCIEUSR0J/030506
was prepared and isolated as follows. To a cold
ice/salt solution of salicylic acid (100 ng) and
triethylamne (303 m) in chloroform (10 nL) was added
ethyl chloroformate (157 ml). The reaction m xture was
allowed to warmto roomtenpefature, and, thereafter,
stirring was continued for 3h. The sol vent was renoved
under vacuum to gExempleitie— $9licyimideuAnslogs her

purification, rude cO i ssol CHCI 3
Dol oSRabilh qtftor R RRRA i oVt s e Biridefe
agalebradtetite WAScATHEd ol givarbiyRalisflxhide@4Rsomid geSdheme
to warmto anbient tenperature and stirred at room

t dfpelost ure overnight. The white solid precipitated,
collected by filtration and washed with chloroformto
gi ve conmpound 20 (79 ny, 74% ) as a white crystals: np
264 C; H\MWR (DVBO- d) d 11 18 (s, IH),08.07-7.85 (m
2H), 7.50 (d, J = d:é 5. 78- d&@HQ 6H) ,
549547(m 5390287( H.y2.85 (m
C NMR ( DI\/SOd 7 666> 1 d-Ng :
(0. GC) 1696(0 , 1608(0 6C). 169.
152.5 (1C), 148.490.4C), 146.5 (o 68,
128.1 (0.6C), 127.6 (0.4C), 126.1 (1C)24 116.8 (10),

114.5 (0.4C), 113.9 (0. 60) gefadmdid 0- 40, 51.4 (0.60),

31.0 (1C), 21.2 (1C). MS(DEI') miz 274 [M ; HRVS (DEl)

m z caMdaefspeciiEalyN2-@cetFxy-05Qm-diogopideridin-0gFrnzangle (24) was
g%lreg)%regl%rs f&lov%s 7 awcéegg gﬁiflon o% acéylsal\ficy}oykﬁ'ﬁon e &QZ mg)

and triethylamine (0.58 mL) in chloroform (30 mL) was added 3-aminoglutaride

trifluoroacetate (207 mg). The reaction temperature was allowed to warm to room
temperature and stirring was continued overnight. The solvent was removed and
recrystallization from ethyl acetate gave compound 24 as white crystals (0.36 g,
98%): '"H NMR (DMSO-dg) & 11.00 (s, 1H), 8.73 (d, = 8.3 Hz, 1H), 7.81 (dd, J =
1.6 Hz, J =7.7 Hz, 1H), 7.72 (m, 1H), 7.54 (m, 1H), 7.38 (dd, J=0.9 Hz, ] = 8.1 Hz,
1H), 4.95-4.82 (m, 1H), 2.96-2.90 (m, 1H), 2.43 (s, 3H), 2.18-2.15 (m, 2H).

Example 11 —Synthesis of Thiothalidomides and Determination of Their TNF-a
Inhibitory Activity

A series of thiothalidomides and analogs were designed to explore their action on
inhibition of TNF-a.. Monothiothalidomide 205 (same as compound 15 in Example 7)
was prepared as shown in Scheme 11. terr-Butoxycarbonyl-L-glutamine 202 was
refluxed with carbonyl diimidazole (CDI) in THF, and cyclized to afford imide 203
(Muller et al., “Amino-substituted thalidomide analogs: potent inhibitors of TNF-o
production,” Bioorg. Med. Chem, Lett. 9, 1625-1630, 1999).

Imide 203 then was treated with trifluoroacetic acid in CH,Cl, to remove the
protective group to generate aminoglutarimide trifluoroacetate 204. Without further

purification, compound 204 was reacted with phthalic anhydride in refluxing THF in
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Scheme 11: Reagents: (a) CDI/THF; (b) CF3COOH/CH;,Cly; (c) phthalic
anhydride, EtsN/THF; (d) Lawesson’s reagent/toluene.

The synthesis of 3-thiothalidomide 212 is shown in Scheme 12 below. N-
Phthaloyl-L-glutamic acid 206 was esterified to afford diester 207. Compound 207 was
thionated with LR at 110°C to give compound 208 as a major product. Concurrently,
compound 209 was separated as a minor product by chromatography.

3-thiothalidomide, 212, could not be prepared through the cyclization of
compound 208 with ammonia or amine as ammonia reacts with the thioamide; reaction
of compound 208 with benzylamine produced the unexpecfed compound 210. In an
alternative approach, compound 208 was hydrolyzed under acidic conditions to give
diacid 211. Compound 211 was then reacted with trifluoroacetamide to generate 3-

thiothalidomide 212 in the presence of 1-hydroxybenzotriazole (HOBt) and 1-[3-
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PrrT T uor e O RGBTt P AT S P Begptamivne; (o
conpound 204CYHOAS agtfe@c;@NHZ, E{@B@EDEIaEﬁNmHQEIZJ n

refluxing THF i n43 the presence of triethylamne to
produce thalidom de 201 (sane as conmpound 1 in

In the synthesis of dithiothalidomide, one method involved the reaction of

ir TNFaS
|%on1des 208 © CH3

monothiothalidomide with LR at reflux in toluene. Under such conditions, 2',6'-
dithiothalidomide was obtained in a yield of less than 2% (Scheme 13a). The yield was
so low that improvement was desirable, and was undertaken by modifying the reaction
conditions. It is believed that the mechanism underlying the reaction between LR and a
carbonyl moiety is that a highly reactive dithiophosphine ylide 214, rather than LR
itself, likely is the active thionating agent (Scheme 4, Cava et al., “Thionation reaction
of Lawesson’s Reagents,” T etrahedf*on, 41, 5061-5087, 1985, the entirety of which is
incorporated herein by reference). The Lewis base may be able to increase the
reactivity of LR as the base may drive the unfavorable equilibrium and elevate the
concentration of the ylide 214. When pyridine was used as a catalyst for thionation,
monothiothalidomide 205 was thionated with LR to produce two dithiothalidomides,
213 (same as compound 16 in Example 7) and 215 (same as compound 17 in Example
7), in yields of 45% and 31%, respectively (Scheme 13 b,c). Dithiothalidomide 213
was further thionated with LR in the presence of the stronger base, morpholine, to give

trithiothalidomide 216 (same as compound 18 in Example 7) in a yield of 65%.
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Scheme 13: Reagents: (a) Lawesson's reagent/toluene; (b) Lawesson's reagent,

pyridine/toluene; (¢) Lawesson's reagent, morpholine/toluene.

Scheme 14. The mechanism of catalysis for Lawesson’s reagent.

Glutarimide 217 was thionated with LR in THF at room temperature to afford
compound 218 as a major product. Glutarimide 217 also was refluxed with LR in
toluene to produce dithioglutarimide 219 (Scheme 15). Reaction of potassium
phthalimide with 3—bromocyqlohexene in a Gabriel reaction gave compound 221.

Thereafter, thionation of compound 221 with LR afforded compounds 222 and 223
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Scheme 16. Reagents: (a) 3-bromocyclohexene/DMEF; (b) Lawesson’s

reagent/toluene.
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Conpounds 224 andp223 were

205:R*=0,R°=0,R=S 208: R*=S, R’ =0, R%= Me
212: R*=S,R’=0,R=0 209: R*=S, R’ =S, R%= Me
213:R*=0,RP=§,R°= S 211: R*=S, R’ =0, R%=H

215:R*=S,RP=0,R°= S
216: R®*=S,RP =S, R°=§

R? Rr®
J
N@ -
Ra Ilq Rb
H RP Rb
218: R*=S,R? =0 222: R*=8,R° =S 224: R: SR: S
219:R*=S,R°=§ 223:R*=S,R°=0 225:R*=8, R’ =0

The action of the these thiothalidomide analogs in inhibiting TNF-o
secretion was assessed in human peripheral blood mononuclear cells (PBMC) and
the results are shown in Table 1. Freshly prepared PBMCs were utilized in all
studies. Blood, 40 ml, was drawn from a volunteer, immediately mixed with 50
U/ml Na heparin and was diluted to 50 ml total volume with sterile PBS. Samples,
20 ml, of this preparation then were layered on 20 ml Ficoll-Paque and were
centrifuged (800g, 20 min). The Ficoll/serum interface, containing PBMCs, was
collected, diluted to 200 ml with PBS, and then was centrifuged (800g, 15 min) to
pellet the cells. Thereafter, the recovered pellet was re-suspended in 37°C tissue
culture medium (RPMI/1 mM Sodium pyruvate/10% heat inactivated FBS/ 2mM
Glutamax) and placed on ice. Recovered cells were counted, pipetted (200 ul of 5 x

105/ml) into 96 well plates, and incubated for an hour (37°C, 5% COy). Thereafter,
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( 208hcBntPdtions ¥n the cellular viability of PBMCs was assessed by MTS assay
(Promega, Madison, WI) of the cells that provided the supernatant samples assayed

for TNF-o levels, described above. It should be understood that this method can be
used to test any of the disclosed compounds as a screening assay for readily
determining their TNF-a modulating activity, and for selecting them for use in the

disclosed method of treating a subject.
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Thalidomide, 201, entirely lacked activity at 30 uM. A concentration of 100
uM was required for significant activity (ICso ~200 pM). The monothiothalidomides,
6'-thiothalidomide 205 and 3-thiothalidomide 212 showed only marginal activity at 30
1M with 31% and 23% inhibition of TNF-o secretion, respectively. In contrast, the
dithiothalidomides, including 2', 6'-dithiothalidomide 213 and 3, 6'-dithiothalidomide
215, exhibited more potent inhibitory activities with ICsp values of 20 uM and 11 uM,
respectively. However, assessment of cell viability by MTS assay showed that 213
induced increasing cytotoxicity at higher concentrations. Trithiothalidomide 216
inhibited TNF-o production with an ICsq of 6 pM, without accompanying toxicity.
Compared with thalidomide, 201, with an ICso of ~200 pM for the inhibition of TNF-o
synthesis, trithiothalidomide 216 is over 30-fold more active. Hence, successive
replacement of a carbonyl with a thiocarbonyl group led to improved inhibitory‘activity

compared to 201, unassociated with toxicity. In this regard, the synthesized
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TNE‘[e@anﬁ’e’@ lolf REh1IBOBRC YA dsEhsinleft dfThéiP MINIFDo, GEHKiRRS aBifon determined

order: trithiothalidom de 216 > dithiothalidomde 215

antha if® momshiotanalog 208, Hamandi€lo @02 pMdwilidut toxicity; demethylation

t hal 19?%33& pgtency The dithio analog, 209, proved 2-fold more potent still than
208, but induced cellular toxicity at lower concentrations. Intriguingly, thio analogs
222 and 223, with a simplified glutarimide ring, were found to be active TNF-a
inhibitors, albeit with some toxicity at 30 pM, with ICs values (15 pM and 16 pM
respectively) that were greater than 212 (>30 uM) possessing a normal glutarimide ring.

In this regard, thalidomide is composed of two distinct moieties: the glutarimide

and phthalimide rings. Thioglutarimides and thiophthalimides were thus synthesized
and evaluated to assess the effect of thio-analogs of these two moieties on TNF-o
levels. Monothioglutarimide 218 minimally inhibited TNF-o secretion at a
concentration of 30 uM, however dithioglutarimide 219 exerted a potent inhibitory
effect with an ICsq of 8 uM and a lack of toxicity. Surprisingly, such a simple structure,
dithioglutarimide 219, proved to be 25-fold more active than thalidomide 201. In
contrast, 2',6'-dithiothalidomide 213, a phthalimido substituted dithioglutarimide, is less
active than dithioglutarimide 219, and induces toxicity at high concentration.
Monothiophthalimide 225 showed marginal TNF-o. activity at a concentration of 30
uM without toxicity. Interestingly, however, dithiophthalimide 224 was found to
possess potent activity with an ICso of 3 pM. Although it was associated with toxicity
at 30 puM, its inhibition of TNF-a occurred at an order of magnitude lower

concentration that was well tolerated.
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tzg%ﬁ‘%vgésﬁé?so% g&dﬁ{og %f{aétgl%vXS aslgé)s\évee&{ “thie r%lsn}lgl a %ol%varl fanIg? 1. This cell-
based assay utilized two stably transfected cell lines derived from the mouse
macrophage line, RAW264.7. One line, designated “luciferase only” expressed a
luciferase reporter construct without any UTR sequences. The other line, designated
“luciferase + TNF-o. UTR” expressed a luciferase reporter construct with the entire 3°-
UTR of human TNF-o inserted directly downstream of the luciferase coding region.
Compounds were added in a concentration-dependent manner, and at the end of the
incubation period (16 h, 37°C, 5% CO,) the media was removed, cells were lysed and
luciferase activity was assayed with Steady-glo luciferase assay reagent (Promega)
according to the supplier’s directions. Background was subtracted and data from this
assay was expressed as a ratio of the +3°-UTR to —-3’-UTR (control) values, and was

expressed as a percent as shown in FIG. 1. In this manner, compounds that show a
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cel |l based assay utilized two stably transfected cel ¥

| i nEgrovgh factuds.f Incoontrhst, difiesat nystokmﬂsh agpduding @NF-o., and iron can up

EQ\MG@%%%P p(l?otlellnnsynthgéalg Ia{’]‘c g Eevel of it C§ f[?{“ﬁsx?vhgr% 1¥1terest1ngly, the
anticholinesterase, phenserine, that is currently in clinical trials for AD, lowers APP
protein levels with concurrent maintenance of mRNA steady-state levels through
translational modification within the same 5’-UTR element. A further example is that
of the human immunodeficiency virus 1 (HIV-1) Trans-activating transduction (tat)
protein, which binds trans-activation-responsive region (TAR) RNA. Tat is brought
into contact with the transcription machinery after binding the TAR element, which is a
59-residue stem-loop RNA found at the 5° end of all HIV-1 transcripts. Finally,
thalidomide (201) has been reported to lower cyclooxygenase-2 (Cox-2) biosynthesis
via its 3’-UTR that appears to likewise contain an ARE that can regulate Cox-2 mRNA
stability. The studies of analogs 215, 216 and 219 confirm regulation of TNF-a protein
levels by thalidomide (201) via its 3’-UTR, but whether or not the 5’-UTR contains a
similar element that is accessible to pharmacological manipulation remains to be

determined, as does action against Cox-2.
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3-(tert-Butoxycarbonylamino)-2,6-piperidinedione (203). A mixture of N-
(tert-butoxycarbonyl)-L-glutamine (4.92 g, 20 mmol) and carbonyl diimidazole (3.24 g,
20 mmol) in THF (100 mL) was refluxed for 16 h. Thereafter, solvent was removed
and the crude product was recrystallized from hot EtOAc to give compound 203 (2.04
g, 45%) as white crystals: mp 214-215°C; "H NMR (DMSO-dg) 8 4.22 (dd, J=6.2 Hz, J
=11.0 Hz, 1H), 2.77-2.65 (m, 1H), 2,45 (m, 1 H), 1.96-1.87 (m, 2H), 1.40 (s, 9H); MS
(CUCHy) m/z 227 [M-1T".
2-(2-Oxo0-6-thioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione (205).
Compound 203 (1.14 g, 5 mmol) was suspended in CH,Cl; (100 mL). To the mixture
was added CF3COOH (10 mL) and this then was stirred at room temperature for 4 h.

The solvent was evaporated to give crude 204 (1.25 g): 'H NMR (DMSO-ds) 5 11.42 (s,



el ement acts as an nRNA destabilizer whose function

can be inhibited by the presence of growmh factors. In
weonsoase di fferent cytokines, including TNF-BCT/ES2004/030506
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However, both of these drugs are
(100 mL), and then washed with saturated aqueous Na;COj3 solution (2x30 mL) and

water (2x30 mL). The ethyl acetate layer was dried over Na;SO4 and then evaporated,
leaving an oil, which upon purification by silica gel chromatography, using
CH,Cl:EtOAc (1:1) as the eluent, gave compound 7 (161 mg, 73%) as an oil; "H NMR
(CDCls) & 7.87-7.84 (m, 2H), 7.75-7.72 (m 2H), 4.91 (dd, ] = 5 Hz, J = 9 Hz, 1H), 3.73
(s, 3H), 3.62 (s, 3H), 2.67-2.56 (m, 1H), 2.51-2.44 (m, 1H), 2.41-2.35 (m, 2H).
Dimethyl 2~(1,3-dihydro-1-oxo-3-thioxe-2 H-isoindol-2-yl)-pentanedioate
(208) and Dimethyl 2-(1,3-dihydro-1,3-dithioxo-2 H-isoindol-2-yl)-pentanedioate
(209). A mixture of compound 207 (144 mg, 0.47 mmol) and LR (191 mg, 0.47 mmol)
in toluene was stirred in a 110°C oil bath for 10 h. The solvent was then evaporated
and the residue was purified by column chromatography, (silica gel) using CH,Cl, as

the eluent, to obtain compound 209 (17 mg, 11%) as a dark red oil. Thereafter, using



| arge macronol ecul es and hence require injection. In
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CopIpal 89 (o) Ib%orf% AHS2MR%MS (BRI 285 v, HRMS (DED)
calcd. for C13H11N05S 293 0358 (M), found 293.0363; Anal. (C;3H;;NOsS) H, N; C:
calcd, 53.24; found, 53.88.

2,3-Dihydro-3-thioxo-2-(2,6-dioxo-3-piperidinyl)-1H-isoindol-1-one (212).

A mixture of compound 208 (81 mg, 0.276 mmol), trifluoroacetamide (57 mg, 0.50
mmol), 1-hydroxybenzotriazole (145 mg, 1.07 mmol), 1-[3-(dimethylamino)propyl]-3-
ethylcarbodiimide hydrochloride (200 mg, 1.04 mmol) and triethylamine (0.21 mL,
1.51 mmol) in CH,Cl, (1.5 mL) was stirred at ambient temperature for 3 days. Water
(10 mL) and CH,Cl, (10 mL) were added. The dichloromethane layer was separated,
washed with water, dried over Na,SO4 and evaporated under reduced pressure.
Purification by chromatography, with EtOAc:CH,Cl, (1:10) as the eluent, gave
compound 212 (48 mg, 63%) as a red solid: mp 255°C; '"H NMR (CDCl13) 6 8.00-7.98
(m, 1H), 7.80-7.71 (m, 3H), 5.63 (br, 1H), 2.98-2.70 (m, 3H), 2.18-2.15 (m, 1H); MS
(CUCHy) m/z 274 (M"); Anal. (C13H;oN205S) C, H, N.
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TIMES 01 FBMS (RED) chied ferapdndbOeS9d. 0268 (Meh Tonnd 0264; Anal.
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2,3-Dihydro-3-thioxo-2-(2,6-dithioxo-3-piperidinyl)-1H-isoindol-1-one
(216). A mixture of compound 213 (29 mg, 0.1 mmol), LR (22 mg, 0.054 mmol) and

morpholine (9 pl, 0.1 mmol) in toluene (10 mL) was stirred at reflux under an
atmosphere of N, for 16 h. The solvent was removed under vacuum and the residue
was purified by column chromatography using CH,Cly:petroleum ether (1:1) as the
eluent to afford compound 216 (20 mg, 65%) as a red solid: mp 244°C; "H NMR
(CDCl3) & 10.81 (s, 1H), 8.05-8.01 (m, 1H), 7.91-7.75 (m, 3H), 5.92 (m, 1H), 3.57-3.52
(m, 1H), 3.13-2.97 (m, 2H), 2.18-2.15 (m, 1H); MS(DEI) m/z 306 (M"); HRMS (DEI)
caled for C13H;oN,083 305.9955 (M), found 305.9951; Anal. (C13H;ioN,OS3-0.5H,0)
C,H,N.

6-Thioxo-2-piperidinone (218). The mixture of glutarimide (0.45 g, 4 mmol)
and LR (0.809 g, 2 mmol) in THF (30 mL) was stirred at room temperature for 2 days.

The solvent was evaporated under vacuum and the residue was purified by column



the eluent, to obtain conpound 209 (17 ng, 1% as a
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mer sl rdane t SIS (ags) Sararbo (5, 28), 7622 58 tm, 2,
5.85-5.82 (m, 1H), 5.47-5.44 (m, 1H), 4.80-4.78 (m, 1H), 2.14-2.00 (m, 3H), 1.86-1.78
(m, 2H), 1.64-1.58 (m, 1H).

2-(3-Cyclohexenyl)-1H-isoindol-1,3(2 H)-dithione (222) and 2,3-dihydro-3-
thioxo-2-(3-cyclohexenyl)-1H-isoindol-1-one (223). A mixture of compound 221 (68
mg, 0.3 mmol) and LR (121 mg, 0.3 mmol) in toluene was refluxed under N, for 10 h.
The solvent was removed under vacuum and the residue was purified by column
chromatography using petroleum ether as the eluent to obtain compound 222 (37 mg,
48%) as a dark green solid. Then, using CH,Cly:petroleum ether (1:1) as the eluent, the
more polar component 223 (23 mg, 32%) was obtained as a red solid.

Compound 222: mp 93°C; "H NMR (CDCl) & 7.65-7.60 (m, 2H), 7.49-7.42 (m,
2H), 5.92-5.88 (m, 1H), 5.66-5.63 (m, 1H), 5.47-5.43 (m, 1H), 2.40-2.35 (m, 1H), 1.99-
1.95 (m, 2H), 1.75-1.59 (m, 3H); MS (CUCHy) m/z 259 (M"); Anal. (C14H13NS;) C, H,
N.

Compound 223: mp 67-68°C; "H NMR (CDCls) § 7.94- 7.91 (m, 1H), 7.73-7.64
(m, 3H), 5.92-5.88 (m, 1H), 5.60-5.51 (m, 2H), 2.27-2.10 (m, 3H), 1.96-1.76 (m, 2H),
1.81-1.70 (m, 1H); MS (CVCH,) m/z 243 (M"); Anal. (C1sH;3NOS) C, H, N.
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Scheme 17

4-(t-Butoxycarbonyl amido)salicylic acid (226) was prepared as follows. To a
mixture of 4-aminosalicylic acid ( 306 mg, 2 mmol ) and di-t-butyl dicarbonate ( 655
mg, 3 mmol ) in H,O was added NaOH ( 2N in H,0 ) at 0 °C. This reaction mixture
was allowed to warm to room temperature and then was stirred for 5 hours. 2N HCl
was added dropwise until the mixture was neutralized. The reaction mixture was
then extracted with EtOAc, dried and evaporated to give product (336 mg , 66%) as
a dark gray solid: "THNMR (DMSO-ds) & 11.50 (s, 1H), 7.65 (4, 1H), 6.23 (4, 1H
), 6.07 (s, 1H), 1.70 (s, 9H ).
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residue which was stirred with a mixture of EtOAc and a saturated aqueous solution

of NaHCOs. The precipitated white solid was collected by filtration as the product:
"HNMR (DMSO-dg) § 11.3 (br, 1H), 7.85 (d, 1H ), 6.80(d, 1H), 6.60 (s, 1H),
3.15(t,2H),2.15(t,2H).

Evaluation of compound 228 in the TNF-a assay described above in Example
11 showed that it possessed potent inhibitory action on TNF-«, having an ECsp of 0.4
uM.



DMF (15 mL) was stirred in a 100 C oil bath for 12 h.

The cool ed reaction m xture was poured into ice water.
wab@sezi4el was col |l ected by filtration and purPET/E82004030506

flash chromat ography with CH2C 2 as the eluent to

afford conmpound 221 (1.6 g, 72% as pink crystals; np

4 C HNW (CDA ) d 7.73-7.69 (m 2H), 7.62-7.58 (m

2H), 5.85-5.82 (m IH), 5.47-5.44 (m |IH), 4.80-4.78

(m 1H, 2.14-2.00 (m 3H), 1986-1.78 (m 2H),
1.64-1.58 (m |H)
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diitnporptttiintlo stagks od surhdraroktasteds. nEegifist stagewhérs angiogenesis
stimulation is important is in the vascularization of the primary tumor, which allows
tumor cells to enter the blood stream and to circulate throughout the body. After the
tumor cells have left the primary site, and have settled into the secondary, metastatic
site, angiogenesis must occur before the metastasis can grow and expand.
Therefore, inhibiting angiogenesis could lead to the reduction or elimination of
metastasis of tumors and possibly contain the neoplastic growth at the primary site.
These observations have led to the investigation of anti-angiogenic agents as
possible therapeutic options for various cancers.

The angiogenesis modulating activity of representative compounds was assessed
in a rat aortic ring microvessel growth assay. Briefly, twelve-well tissue culture plates
were coated with 250 pl of Matrigel (Becton-Dickinson, Bedford, MA) and allowed to
gel for 30 min at 37°C and 5% CO,. Thoracic aortas were excised from 8- to 10-week-
old male Sprague Dawley rats. After careful removal of fibroadipose tissues, the aottas
were cut into 1-mm-long cross-sections, placed on Matrigel-coated wells, and covered

with an additional 250 ul of Matrigel. After the second layer of Matrigel had set, the
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, 3- benzoxazi ne- 2, 4( 3H) - di one was prepared as shown

bel ow i n Scheme 17. COOH . COOHPDIi -tert-butyl

di carbonat e Et hyl chl orof ormate BocHN BocHN H 226 BocHN

2 2ringsewesgecoyered with-EoMoN yaod itsuhgted amérdighs af 37€¢| dnd 546 CO?2. EGM-
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2N.in ) at 0 C This reaction m xture was
al ‘F‘H%?jnieél%}vﬁﬁ’ subseasily erpaedtuEBVaRGupplemented w1th 2% fetal

t s, added dr ele unt,i
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|ve sadakgr solid
e}ﬂ{j%}a ttjﬂldomﬁeg ’ é é&gml)ZO 6e/p) for 4 da|y§ and photographed
6
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But oxycar bony

é%ag \;2?%0@5 agggg gﬁxﬁf%one ?%{f %ere@t 189 1ge prea pippgiogenic
0 sprdmﬂ@@@ﬂb@ﬁ sgut : p‘ijiéls{ h'v»%@ qh%ltﬁfeapeﬁ%x@b "f*h%m%h%ﬁ%urther
was added, en e chl orof or
etalls of the method are provided in Luzzio et al., J Med Chem ; 46:3793-9, 2003,
which is incorporated by reference herein. It should be understood that this method can
be used as an assay to rapidly select compounds having a desired angiogenic or anti-
angiogenic effect, for example, for use in the disclosed methods of treaﬁng a subject.

Bar graphs showing the results of the angiogenesis assay for several
compounds are shown in FIGS. 2-11. For convenience, the structures of the assayed
compounds also are presented in these figures.

FIG. 2 shows the angiogenic modulating activity of 1,3-Dioxo-2-(2-hydroxy-
6-methoxypyridin-3-yl)-isoindoline hydrobromide at several concentrations. This
compound exhibited anti-angiogenic activity in the rat aortic ring assay at all
concentrations tested.

FIG. 3 shows the angiogenic modulating activity of 2-(3-cyclohexenyl)-H-
isoindol-1,3(2H)-dithione at several concentrations. This compounds exhibited anti-
angiogenic activity at higher concentrations and angiogenic activity at lower
concentrations.

FIG. 4 shows the angiogenic modulating activity of 1-(2,6-Dithioxo-3-
piperidinyl)-1H-isoindole-1,3(2H)-dione at several concentrations. This compound
exhibited anti-angiogenic activity at all concentrations tested.

FIG. 5 shows the angiogenic modulating activity of 3-Camphanic amino-2,6-

piperidinedione at several concentrations. This compound exhibited potent

angiogenic activity at all concentrations tested, making this compound promising for



ng, 1.135 mmol ) was added dropw se over a period of
30 min. The reaction mxture was stirred at the sane
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to roomtenperature. Thereafter, the reaction m xture
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FIG. 10 shows the angiogenic modulating activity of 2-Acetoxy-N-(2,6-
dioxopiperidin-3-yl)benzamide at several concentrations. At all concentrations
tested, this compound exhibited potent angiogenic activity.

FIG. 11 shows the angiogenic modulating activity of 1,3-Dioxo-2-(2,6-
dimethoxypyridin-3-yl)-isoindoline at several concentrations. This compound exhibited
angiogenic activity at all concentrations tested.

In summary, the disclosed compounds exhibit a range of angiogenic modulating
activities ranging from potent inhibition of angiogenesis (anti-angiogenic activity) to
potent stimulation of angiogenesis (angiogenic activity). Some compounds exhibit both
angiogenic and anti-angiogenic activity in a dose-dependent manner. Those
compounds (or particular concentrations thereof) having angiogenic activity are useful
for treating conditions or diseases where increasing angiogenesis is desirable (for
example, wound healing) and those compounds (or particular concentrations thereof)
having anti-angiogenic activity are useful for treating conditions or diseases where
decreasing angiongenesis is desirable (for example, cancers, diabetic retinopathy or

corneal neovascularization). Persons of ordinary skill in the art can use the assay
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CUlsbair of FXagp@s13ver e coated with 250 m of Matri gel
(Bect on- Di cki nson, Bedford, MA) and allowed to gel for
30 mn at 37C and 5% Thoraci c aortas vvere exci sed from
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Wer e CUA solation f DithétBpicR-Cl, MﬁwﬂﬁﬁlJoQBSﬂhRi)@ﬁ?ﬁ—lQﬁndol—Z—yl)
Matrij gel.-coated wel |l s, and covere
pentaiiedioate (compound 208 of Example 11, 100mg, 0.311 mmol) and

benzylamine was stirred in a 50 °C oil bath for 5 hours. The reaction mixture was
partitioned between water and ethyl acetate. The organic layer was washed with
water, dried, and concentrated. The residue was purified by chromato graphy ( silica
gel, CHCly ) to give product as white crystals ( 60 mg, 59.0% ): 'HNMR (CDCl) 6
7.10-7.90 (m, 10H), 5.18 (s, 2H ), 4.95 (s, 2H ); *C NMR ( CDCL; ) & 167.8,
151.3, 140.6, 138.2, 133.5, 133.3, 132.1, 130.4, 130.1, 129.1, 128.8, 128.7, 128.5,
128.4,127.9,127.6, 127.5, 127.2, 126.0, 124.1, 53.9, 42.5; FAB-MS m/z 327
(MH"). This compound exhibited angiogenic activity in the assay of Example 13.
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Pharmaceutical compositions can be administered syster{gcally or locally in
any manner appropriate to the treatment of a given condition, including orally,
parenterally, rectally, nasally, buccally, vaginally, topically, optically, by inhalation
spray, or via an implanted reservoir. The term "parenterally” as used herein
includes, but is not limited to subcutaneous, intravenous, intramuscular, intrasternal,
intrasynovial, intrathecal, intrahepatic, intralesional, and intracranial administration,
for example, by injection or infusion. For treatment of the central nervous system,
the pharmaceutical compositions may readily penetrate the blood-brain barrier when
peripherally or intraventricularly administered.

Pharmaceutically acceptable carriers include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum proteins (such as human
serum albumin), buffers (such as phosphates), glycine, sorbic acid, potassium

sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or
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2- Acet %’pﬁ%&ﬁa?ceéﬁcal compositions can also be administered parenterally in a
sterile aqueous or oleaginous medium. The composition can be dissolved or
suspended in a non-toxic parenterally-acceptable diluent or solvent, e.g., as a
solution in 1,3-butanediol. Commonly used vehicles and solvents include water,
physiological saline, Hank's solution, Ringer's solution, and sterile, fixed oils,
including synthetic mono- or di-glycerides, etc. For topical application, the drug
may be made up into a solution, suspension, cream, lotion, or ointment in a suitable
aqueous or non-aqueous vehicle. Additives may also be included, for example,
buffers such as sodium metabisulphite or disodium edeate; preservatives such as
bactericidal and fungicidal agents, including phenyl mercuric acetate or rﬁtrate,
benzalkonium chloride or chlorhexidine, and thickening agents, such as
hypromellose.

The dosage unit involved depends, for example, on the condition treated,
nature of the formulation, nature of the condition, embodiment of the claimed
pharmaceutical compositions, mode of administration, and condition and weight of
the patient. Dosage levels are typically sufficient to achieve a tissue concentration at

the site of action that is at least the same as a concentration that has been shown to
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17§’as@ mtrogen-contalmng groups can be quatermzed for example, with such agents

as C1-8 alkyl halides (such as methyl, ethyl, propyl, and butyl chlorides, bromides,
and iodides), dialkyl sulfates (such as dimethyl, diethyl, dibutyl, an diamyl sulfates),
long-chain halides (such as decyl, lauryl, myristyl, and stearyl chlorides, bromides,
and iodides), aralkyl halides (such as benzyl and phenethyl bromides), etc. Water or
oil-soluble or dispersible products are produced thereby.

Pharmaceutical compositions can be included in a kit accompanied by
instructions for intended use, for example instructions required by a pharmaceutical
regulatory agency, such as the Food and Drug Administration in the United States.

In view of the many possible embodiments of the invention that exist, it should
be recognized that the illustrated embodiments are only examples of the invention and
should not be taken as a limitation on the scope of the invention. Rather, the scope of
the invention is defined by the following claims. We therefore claim as our invention,

all that comes within the scope and spirit of these claims.



169.4. 168.6, 165.5, 90.3, 58.3, 53.3, 48.2, 47.6,

29.2, 28.2, 26.9, 22.7, 14.6, 7.6; M5 (I /| CH) mz
w@O®s028¥89 . This conpound exhi bited angi ogeni BCT/US2004/030506

activity in the assay of Exanple 13. Exanple 15 -

Synt hesi s of

3-Benzyl i m no- 2- benzyl - 2, 3- di hydr oi soi ndol -1 -one A

sol uti on of D nethyl

2- (1, 3-di hydro-1 - oxo- 3-t hi oxo-97f -i soi ndol - 2-yl ) -

pent anedi oate (conmpound 208 of Exanple 11, | COny,

0. MeCleimal ) and benzyl anine was stirred in a 50 C oil

bath for 5 hours. ‘The reaction m xture was partitioned

bet ween water and ethyl acetate. The organic | ayer was

washed W dompoandithe eirheslinddAYingARE fithupt ed. The

resi due was purified by chromatography ( silica gel,

CHd ) to give product as white crystals ( 0 ng,

59.0%) : HNMR (CDA ) d 7.105 7.90 ( , 10 H), 5.18

(s, 27), 495 (s, 2); CNBY DX ) d 167.8,

151.3, 140.6, 138.2, 133R3, 138.3, 132.1, 130.4,

130.1, 129.1, 128.8, 128.7, Y, 1R8. 4. 127.9,

127.6, 127.5, 127.2, 126.0, , sNogRu2.5: FAB- M

mz 327 (MH) . This conpouhd~exhibi{ted angi ogenic

activity in the assay of Exa e 13.\64 Exanple 16 -

Thi onati on Al t hough many of t di scl osed conpounds

are illustrated without thionyl groups in their

StwhH&GEHIeand tard S 108

car bonyl grou psré glﬁgg%&?%ﬁ? ﬁgfz’s(%%grtl h?%{slﬁ%%d%fé leaQt one of X and

di ¥ a$ b 1iddingsss ndsinpiage beulforaiens ethiof Re-Rshirotdepa@yhtly

gr nd, t hat spch thi o-derivatives are part_ of

P AR Gen AR ach Ry Sy Achlocabn Sieuony: iy

knawstitre g1, alanti, subsituts®hik i h3h of

se_of {:)ehog%’hor usS’pent asul fi dgﬁhﬁgﬁgg’eﬂggﬁkﬁﬁég@ﬁwQE{OXY’

u
0, Ybfituted plkeryrarplp ehstiived aryhemdno, vabstitutediimhindehalogen, nitro or

Siqhg ' i d nd el enental sul fur in, HVPA., . )
FALERT R iy S SR RS Rl ot fioghtuted, alipharic,

t hirematid @rhetsodyltic ving, fid 12, i4 ah B DsARED SX VR8N alipidtic or
di t hi ad(lclgﬂhosphe_t ane-2,4-disulfide and its deri vati ves

( FEBRChAtgToCYlig RagsymursubE e 08 sybstittfiedkeyclaatipaplt Bng,

are described in Cava and Levi nson, "Thionation

Reacti ons

||?13 W
| W _Rao
Riz C—Rg N < N
_ 7 R 19
% ! \ / 14 Rig 7
R17\ "Rys
Rif RygR,"E Rqg Ris 16
R1 R1s Ri1s Ri1s R4 Ris
\%:}Rw ‘ij?'l?w R17
R1g Ris R1g Rig R1g R1g



of Lawesson's Reagents," Tetrahedron, 41: 5061-5087,

1985, which is incorporated by reference herein.
wEx@sptsa3d7 - Pharnaceuti cal Conpositions The POCBHUF8€080506

phar maceuti cal conpositions can be in the form of

tabl ets, capsul es, powders, granules, |ozenges, |iquid

or gel preparations, such as oral, topical, or sterile

parenteral solutions or suspensions (e.g., eye or ear

drops, throat or nasal sprays,%&tc.), transderma

pat ches, and other forns known in the art.

Phiheisse W ardbl arcorepl didepandsnidnox yeen ad silfiirs Re audiRs yeteach

s S S B P SRR k2
paindapardahily hydregdnghdtox 1asai | svibstRbeaatyly acyi®gl BdstiMrted

opti cal hal ati on spray, "or “via an

topically ! Ia/,b N )
i rr%ly Gt alkyb subsfisited al_*FMﬁe/ alkenyh sybsii kedrly), allgmyly selostituted
hegiRiy1l ARbHASH, stigﬂn%ds%lg?)g&? %r}%l%%ﬁpé’cgt?lgefd%g 5" Englurfo?gu%gtlilt%’ted amino,

i ntravenous,”’intr

I nhalagopnndii@o;, Rk ahd Rijuee edch ihddpeaa@@ityarogen, alkyl or substituted
intral esional, and intracranial admnjstration, for

ex%}k%’ 20 I§\YioBER (hyErpxy a{kml pssubstitutesk alkylpardRtRiopre each

t hig s Ujd i
masaaital, RRENSEHEL o ALTISHUIL R, g
batiaxy, elligh swstitysérbalbyll glkenylj substivtedtallkeny], alldyyyl, substituted

adm.ni.stered. Phar tically acceptable carriers )
el S syBORER ks, B sy PiE Gt aiger wbstiuted amino,
al haloged, or dlitdYion tiv phe@pat e, |ecithin, serum proteins

(such as human serum al bum n), buffers (such as

phosphat es), gl yci ne, sorbi Keaci Roqpot assi um sor bat e
partial glyceride m xtures of saturated vegetable

fatty acids, water, s o 65 €l eckrol yt es such as
dr ogen phosphat e,
N
“Rog

protanm ne sul fate, disodi
wherein T and V are independently oxygen or sulfur, Ry;-Rys are independently

pot assi um

hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro,

for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl, amino or nitro such

as hydrogen, acyloxy or hydroxyl; and Ry is



hydr ogen phosphate, sodiumchloride, zinc salts,

colloidal silica, magnesiumtrisilicate, polyvinyl
w@osotidsone, cel | ul ose-based substances, pol yrRETyEmn€030506

gl ycol, sodi um carboxynet hyl cel | ul ose, pol yacryl at es,

waxes, polyethyl enepol yoxypropyl ene- bl ock pol yners,

pol yet hyl ene gl ycol, and wool fat. Tablets and

capsul es for oral adm nistration can be in a form

suitable for unit dose present®ion and can contain

conventional pharmaceutically acceptabl e excipients.

Exanpl es I8f3 t hese i ncl ude bi ndi agents such as

syrup, aggcia, gelatin, sorbitolj, tragacanth,
h_dgﬂlac

pol yvi nyl’gyrrol i done; fillexs sigar ,
corn starc T—Ualciun1pho§ﬁh , bitol, ci ne;
tabl eti ptsgr, suchl®as| magngsi um 7 .

tal c, pol ene gl ycolR,of
such as p starch; and diBper &Ry or wet

agent s, Rggich afkqgodi um | auryl suRfjate. ORIl | i quRdg
preparations can be inthe formof, for exanple,

-

aqueous or oily penskﬂps, sol ugi ons, | si ons,
syrups or elixirs, \or gan be preseﬁ dry
product for recons ion with wat her

sui tabl e vehiclet 7 The Rgal
conposi tions can al m ni st er eg terally in

a sterile agueous @dr oheagi nous nedi/um \The
conposition can B di ssRisved QU sBspendeR1Bn a

non-toxic parenterally-acceptable diluent or sblvent,
e.g., as a solution in 1, 3-butanediol. Commonly used

veli ¢l and sal vents .include water, physiologica )

s oo e S R e s st B BT atO Ran i
Stigydrbgen, hydiRyl0h1k§} orl sUBdtieted G1kSY. RhA B LR, J BB @achOhdependently
di -gl ycerides, etc. For topical application, the drug

neljydseeemaHEdropyl #eyb sabgiitad re, acyinxyesidistiwtedoacytoxy, alkyl,

| of hi.QF r n ' i4abl.e ueous or
oo Rutc Y SR, Sfece B R R BB e atkon,
f osubstitated| atkoxiyy hifyg IsEbstingbd &1, 3adhe)MubRitaled amif))hhie F@{ or nitro;

disogi m edeat e; preservatives such as bactericida
antf they {8lal agents, including phenyl mercuric

acetate or nitrate, benzal koni um chl ori de or
chl or hexi di ne, and tqickening agents, such as
32, Raq

wherein X, Y, W and Z are each independently oxygen or sulfur; Ry is hydrogen,
hydroxyl, alkyl or substituted alkyl; R;s-R;o are each independently hydrogen,
hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted

alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro; Ry7-Ra3



hypronel | ose. The dosage unit invol ved depends, for
exanple, on the condition treated, nature of the
w0 ooostsasé on, nature of the condition, enbodi MeEL/USE004/030506

the clai med pharmaceutical conpositions, node of

adm ni stration, and condition and wei ght of the

patient. Dosage levels are typically sufficient to

achi eve a tissue concentration at the site of action

that is at |east the same as d0concentration that has
been shown to66 be active in vitro, in vivo, or in

t |ase3¢tafeh¢mdepam®ntlf§<hlydmgam;ﬂﬂyéroxéﬂ dodagistutethasyl aoylexy,

i R S T R

b%q%stl‘t‘@de@ bt A afkBx R Qﬁla'étmit@@ Qnmy gyl abgtindiyy, dmyno

such as a dbosage of ‘about Ig body wei ght/day
abobstitEed amgick al@gdyox/\mtrgmor &rhydEo 68 e mer \a]gyl acy 0xY,

bl hyitond #3hh bR ERRENd:Oln, IRToEPTRAN QOB B Ro i

s alylifogdR dINAGbrklibHnitB@ESN oE therfonmgani ¢ aci ds and
bases, including, but not limted to: acetate,

adi pate, al ginate, aspartate, benzoate,

benzenesul fonate, bisyfate, bu rate, citrate,
canphor ate, canphorsultgnate, | opent anepr opi onat e,
di gl uconate, dod@®gyl sulkate O anesul f onat e,
fumarate, gl ucohepta Gat e gphosphate,
hem sul f ate, heptanoate, exanoat hydr ochl ori de,
hydr obr omi de, hyBeei odivge - hRgg oxy®¥ hanesul f onat e,
| actate, nul eate, netha esul

Rao
‘ k3t e2, panpat e,
pectlnate persul f at e, 3 phen R{

, picrate,
pi val ate, propionate, succinate, ta
t hi ocyanate, tosylate, and undeld ) ade salts
i ncl ude, but are not linited to, Salts,

al kali nmetal salts (such as sodi um analé pot assi um
salts), alkaline earth met al salts (such as cal ci um

BB ECk okl T e Tndiehdentio Ry fo PO s AT R Hatieln
S ail}tfcﬁoﬂlt Ak ABr REbATES alk§l) Bs-Rgo @€ Ghoh mdepeln;imthmydro gen,
Basi C njtrogen-cont ai ni rlg)é‘gr oups

q uhy oxylz@d'l spbstitaied ﬁgﬂleacy},quhs qqteélgagﬁ §y, zHI?yl substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted

alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro; Ra4 and
Rgs are alkyl or substituted alkyl, and Rs-Rsg are each independently hydrogen,
hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted

alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro; or the

formula:

_Rao

N
R19 Ris

R Y R4g R17R4e
Ras  Rus



as 1-8 al kyl halides (such as nethyl, ethyl, propyl,
and butyl chlorides, brom des, and iodides), dialkyl

wa@ iobasass (such as dinmet hyl, diethyl, dibutyl, PErus2004/030506

di anyl sulfates), long-chain halides (such as decyl,
lauryl, myristyl, and stearyl chlorides, brom des, and

i odi des), aral kyl halides (such as benzyl and

phenet hyl brom des), etc. Water or oil-soluble or

di spersi bl e products are produékd thereby.

Phar maceuti cal conpositions can be included in a kit

ac shapanKell, Byandé eadcire anepémientln brygbacdr lSBH’I,lr RQd’ is hydrogen,

"o et PRul R st AL e o Bl praag endy ydrogen,
Ad ﬁy&bﬁlr Qéy'l %ﬁbétﬁuﬂeﬂ %cﬂnaéﬁ&yswasﬁﬁned da;ywx%m 1, Eﬁh%umted

é gos& bi’e enbodi nment he i nvention exi st
l t akshi alk@nﬂesub@bm@ﬁ @é@h}’ﬂ h@{}’m}’h substituted alkiyay:l alkoxy, substituted

dlnent re exa e i nvention
SnanP AR pEs Rl ARy SRt uledy e By and Rao
t hR,4 43 gaxhl 1ﬁﬂbpeﬁ@érﬁ%yd¥6g%nsl€}fﬂﬁ@(}@fac§/h Subsfiviesd A&, dc§loxy,
deflne e/arthefollovvln%]1 cl ai ns. fherefore cl'ai m as

oupubst cyloxyatlkyl phstipgedeadkyli @1kfsrwlx estitsgallennl, alkynyl,

Sp

cormshinfiq HOERE AT kA b, LSRRI ekl
I neidpamtieintrhiyio thajeen odhitgyjlok tire, foanalaat | east one of X
and Y is sulfur if does not include a sulfur atom
each of R2-R5 are independently hydrogen, hydroxyl,
acyl, substituted acyl, acyl oxy substltuted acyloxy
al kyl, substituted alh¥l alken§ﬁ substituted
alkenyl al kynyl , subst#? 3 aMkynyI al koxy,

substit ut ed alkdxy aryl, am no
substituted am no, 1 \ 'qgeggto forma
five- or six-nmenbere SUDS#i t ut ed,
al i phatic, aromggj ing, and is an
unsubsi tuted or substl v qiphatie or aromatic
heterocyclic ring, an Rmsubsy i Tt ed or'Substi t ut ed
cycl oal kenyl ring, R Z- R

wherein X, Y, W and Z are independently oxygen or sulfur, R;3 and Ry, are each
independently hydrogen, alkyl or substituted alkyl; R»-Rs, R;5 and Ry¢ are each
independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino,

halogen or nitro; or the formula:




R11 R OROR; R R18 R18 or R1968 wherein Wand Z are
each independently oxygen or sulfur; and are each

wo pabspzsasent | y hydroxyl, al koxy or substitut edPEl/K82094/030506
each of are independently hydrogen, hydroxyl, acyl,
substituted acyl, acyloxy, substituted acyl oxy, alkyl,
substituted al kyl, al kenyl, substituted al kenyl,
al kynyl, substituted al kynyl, al koxy, substituted
al koxy, aryl, substituted aryl72amino, substituted
am no, halogen or nitro; and are each independently
hymhérgw XiaRrg Z ae caahiadencadenlyaigen of silfayRaodgehydrogen,

al and ar.e. ach
g%pen}gie n‘%’lié% ﬁ‘yﬂs)r%‘%g%gﬁ?{é g{zglg@?ndhglé%g ar&fﬁ%]ﬂ pengontly
aclyydrogahyhshiqyxylsaﬂ;&tstubstitﬁﬁdaeyﬂ @@woxyahWhmt@J&szﬂdﬂyualﬁsh
al k , al ken}gjI substjtuted al kenyl

su ke, substituted alkenyls ﬁ]iki’mffleﬁil 11%W1k3aw |alkoxy,

?] H%{?}gﬁﬁl %@%&@%’&?’1 %Fﬁﬁﬁgemﬁgz?tee{nhﬂ %W%ﬁ ol %%ﬁ)gen or nitro;

[ ndsﬁéﬁdsaaﬂkylwr(sulysmmted) alksilok die, foﬁaﬁ}aRZS are

i ndependent |y hydrogen, hydroxyl, acyl, substituted
acyl, acyl oxy, substituted yl oxy al kyl, substituted
al kyl, al kenyl, substituted lal kenyl, alkynyl,
substituted al kynyl, al koNy, Sii tuted al koxy, aryl,
substituted aryl, am no, dubstjtut ®&Rmi no, hal ogen or
nitro, for exanple, h gen” r al kyl, acyl oxy,

hal ogen, hydroxyl, am tfo or nitro\§uch as hydrogen,
acyl oxy or hydroxyl; and |§@9 and 'are each

L%ﬁ%g@%gg%&gr H{d?ﬂ%{a%}@ or ubs? M?'ﬁt Lﬁ“lai(glf/1 k%%‘aaclhs

arlgdq&:)ﬂinﬂyd@ﬂ?géﬁm}}dyommogg SﬁbStj:;thad g@g&ﬂ aclylilﬁ(yj sublstlituiced
substitu acyl., acy] oxy. s i tuted acyloxy, a

St iE: S el emd pbrtttsa etkevk alyy. substituted
al My, alifoxShibbiuted kSN Hh, Bb4RN¥d aryl, amino, substituted amino,

halogen or nitro; and R; is an unsubsituted or substituted, aliphatic or aromatic

=

heterocyclic ring, an unsubstituted or substituted cycloalkenyl ring,

R

Ris ?
Rqg

wherein W and Z are each independently oxygen or sulfur; Rg and R; are each

Z—R14

8
Ris Rie

independently hydroxyl, alkoxy or substituted alkoxy, each of Rg-R;; are



substituted al koxy, aryl, substituted aryl, am no,

substituted am no, halogen or nitro; or the fornula: N
wohkambersshn X, Y, Wand Z are each independent | pCDK§IP641030506

or sulfur; R20 is hydrogen, hydroxyl, alkyl or

substituted al kyl; are each independently hydrogen,

hydr oxyl, acyl, substituted acyl, acyloxy, substituted

acyl oxy, al kyl, substituted al kyl, al kenyl,

substituted al kenyl, al kynyl, g%bstituted al kynyl ,

al koxy, substituted al koxy, aryl, substituted aryl,

anmislgpensignidy hydrogad, Brdrasyl, heslowbstitotednicyls acyligy7 sBER0ed

i I I )
o BB AP SRERARH ey YR st GV it
sublkyhylpaleox g sitystituted Keoyy, ardubimkiifutddesylahdfidy bubstituted amino,
al ﬁynyl , subs.t ituted al kyn%*l’_, al koxy, substituted )
al RgIQEen orryjiro; Riggad Reaare §adiyipdepeademitly hysagen; alkylea substituted

a . ( ower

a1 17 FAEi AR, UL, 108 oF YR e K BRER R B4 gpon
A A A vt o

a or supstitute yl; or e for a; )
ot aTp atbstigl by (engl sbiiitee kise h by, suostiuted
OXYIRO#K10A1kSH), Eﬁﬁstim%paﬂc&}hﬁpﬁpﬁ%gﬁmg&ﬂ%ﬁfﬁﬂn ald6¥lituld amino,
substituted "al kyl ; are edch ‘I ndependent1y hydrogen,
hybizlegsn qr mifsgs| or thafosmittaut ed acyl, acyl oxy, substituted

acyl oxy, alkyl, substituted alLkyl, alkenyl,

substituted al kenyl, al kynyl,™ubstituted al kynyl,

al koxy, substituted al kogy, aryl, spbstiguted aryl,

am no, substituted am no, h*’6be* ftro; R34 and

R35 are al kyl or substituted alkl d are each
i ndependent |y hydrogen, Rydf ox s

‘ , yI~substitut ed
acyl, acyloxy, substituted acy] oxy,| al ky 46 substituted
Rs D

wherein G and D are each independently oxygen or sulfur, Ro-Rs are each
independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino,

halogen or nitro as before, and Rug is

W 5:3
Ri1g \ / Z—R14
R4g Z
Rq7 R1s
R1s R1s Ris

wherein W, Z are independently oxygen or sulfur; Ry3 and R4 are each
independently hydrogen, alkyl or substituted alkyl; Ry is hydrogen, hydroxyl, alkyl
or substituted alkyl; and Ry5-Ry9 are each independently hydrogen, hydroxyl, acyl,
substituted acyl, acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl,



al kyl, al kenyl, substituted al kenyl, al kynyl,

substituted al kynyl, al koxy, substituted al koxy, aryl,
wGeamsoe4ed ed aryl, am no, substituted am no, hBCDYSW040030506

nitro; or the formula: R41 R20 43 R44 R 71 wherein X

Y,Wand Z each are independently oxygen or sulfur; is

hydr ogen, hydroxyl, alkyl or substituted al kyl; are

each i ndependently hydrogen, hydroxyl, acyl,

substituted acyl, acyloxy, sub%tituted acyl oxy, alkyl,

substituted al kyl, al kenyl, substituted al kenyl,

al kL}hs’gitu,tecBalbenyil talitymg], alibsyimyted alklyiyxyikosy sshstitutedalkoxy, aryl,

st P e G e
. ndepeng%}éoysome%p a@é{ﬁﬁzﬁ’lﬁ?’lwceﬁtﬁml ’saﬁ wRsddst ut ed

acyl, acyl oxy, substituted acyl oxy, al kyl, substituted
al kyl, al kenyl, substituted al kenyl, aIkynyI

SUDStL LA o B Ut R BB TH BE s

nitro; or the fornula £, R mh ein g& Y, Wand Z are

i ndependent |y oxygen or -ulfur and e each
i ndependent |y hydr oge
R2-R5, R 5 and are eac
hydr oxyl, acyl, substi 1
acyl oxy, al kyl, sub&tituted alkyl
substituted al kenyl, {

al koxy, substituted al koXy, aryl, subs Ot Ut ed aryl
anwhereinsXp ¥t W andedl amihdﬂpemﬂmitkyg;elfumr axiygemandat ledseone of X, Y,

EW %@ﬁ? lrf’(rer ansfe)g%qll%&ﬁl%g’é ﬁh%e% ly agqeggﬂ%ijeoga t tﬁereof

substituted al kyl; R2-R5 and are each |ndependently

3. The compound of claim 2, wherein at least one of Ry-Rs and Rg-Ry;
is hydroxyl.
4. The compound of claim 1, wherein at least two of X, Y, W and Z are
sulfur.
5. The compound of claim 1, wherein the compound has the formula:
R X
R

wherein W, X, Y and Z each are independently sulfur or oxygen and at least one of
W, X, Y and Z is sulfur; or a stereoisomer or pharmaceutically acceptable salt

thereof.



hydr ogen, hydroxyl, acyl, substituted acyl, acyl oxy,
substituted acyl oxy, alkyl, substituted al kyl,

w@bdosngd436 substituted al kenyl, al kynyl, substipar/Es2004/030506
al kynyl , al koxy, substituted al koxy, aryl, substituted
aryl, am no, substituted am no, hal ogen or nitro; and
R34 is al kyl or substituted alkyl; or the fornula: N
R wherein X and Y are independently oxygen or sulfur,
R4 and R5 are each independenfy hydrogen, hydroxyl,
acyl, substituted acyl, acyloxy, substituted acyl oxy,
al kyl , 6substItewbegpoahdkyf glaiad keviydrein atilsestj ongof &2-Rs and Ris-Rio
aLkeqﬂl, al kynyl , substituted al kynyl, al koxy,
sblydretifled al koxy, aryl, substituted aryl, ami no,
substituted am no, halogen or nitro; and is an
unsubsituted or substituted, aliphatic or _aromatic

het er odycl i Theioogipoand ofeleibsé. Wharen cash iRsRs aid Bes-Ruo is
cycl oal ke Lin W W Z- " R ' i .
DY Tl P AR Ry, hlaerd oty gl g bice
oxygen or sulfur; and R7 are each independently

hydr oxyl, al koxy or substituted al koxy, each re73
i ndeperfdent | Sherfiparnoyad of ¢ ox¥ypereigdy i/e’aststymsqu,ﬁég and Z are
a%%y?racyloxy, substituted acyl oxy, alkyl, substituted

al * al kenyl, substituted al kenyl, al kynyl,

substituted al kynyl, al koxy, substituted al koxy, aryl,

bstituted |, am bstifut . |
AR AR AR TN T R R S
S %E%%(b-tz%z-%{oa{s-'fmbxo!sfpi AR -5t HA XY bne & K¥.DiBydro-3-
subs al kyl; an h

Itute are ‘each
thioxo-2-(2,6-dithioxo-3-piperidinyl)-1H-isoindol-1-one.

10.  The compound of claim 1, wherein R; is

R1s R1e Rq R1s R4 R1e

R1g R1g R1g R1s or R19 Rig
11.  The compound of claim 1, wherein the compound satisfies the

chemical formula:
Ro2  Rog
Rog T
N
Ro4 “Ros
Ros vV

2

or a stereoisomer or pharmaceutically acceptable salt thereof.



i ndependent |y hydrogen, hydroxyl, acyl, substituted

acyl, acyl oxy, substituted acyl oxy, al kyl, substituted
wW@bdoglo28436 kenyl , substituted al kenyl, al kynyl , PCT/US2004/030506

substituted al kynyl, al koxy, substituted al koxy, aryl,

substituted aryl, am no, substituted am no, hal ogen or

nitro; or the formula: Rc D wherein G and D are each

i ndependent|y oxygen or sulfur, R2-R5 are each

i ndependent |y hydrogen, hydroxy®, acyl, substituted

acyl, acyloxy, substituted acyl oxy, alkyl, substituted

al kyl . éI-ken%h@ cerupuridt aftedadmall 1k wihgitejn Bickiyny| |

substituted al kynyl, al koxy, substituted al koxy, aryl,

substituted aryl, am no, substituted am no, hal ogen or

nitro as before, and is W isT -Z- R4 R17 R 16 16 15

wherein W Z are indep&idently oxygeh or sulfur; and

are each i ndepend tIy| ydrogen, al Kl or substituted

al kyl ; is hydrogen, roxgy! 20al kyl Nbsti t ut ed

al kyl'; and R15- R@are ea¢h independgnt| y\ hydrogen,

hydr oxyl, acyl, éub itu zgcyl, stil4 ut ed

acyl oxy, al kyl, uq§ it d4al kyl , |, 74

substituted al kenyl "Rl kyniA , subsgi

al koxy, substituted al koxy, argf, substitutéed aryl,

am no, substituted am no, hal ogen or nitro; or a

st ereoi somer or pharmaceutically acceptable salt

thereof. 2. The conpound of claim, wherein the

conpound. has_the formula: X W
' P 93. The compound of claim 12, wherein at least one of T, V, W and Z is

sulfur.

14.  The compound of claim 1, wherein the compound satisfies the

formula:

or a stereoisomer or pharmaceutically acceptable salt thereof.

15. The compound of claim 15, wherein at least one of X, Y, W and Z is
sulfur.



Il RRZ Y RRwherein X, Y,Wand Z are independently
sul fur or oxygen and at least one of X, Y, Wand Z is

W@ 06128430 r a st ereoi soner or pharmaceuti cal | yPCT/US2004/030506
acceptable salt thereof. 3. The conpound of claim 2,
wherein at |east one of R2- 5 and 1 is hydroxyl. 4.
The conmpound of claim1l, wherein at |east two of X
Y,Wand Z are sulfur. 5. The conmpound of claim,
wherein the conmpound has the #érnula: R wherein W X,
Y and Z each are independently sul fur or oxygen_ and at
| east dfie offhwconipondefirlani b vehgrdinithe epymppund satisfies the
st.ereqi somer or pharnmaceutically acceptable salt
Iﬁ%‘i‘%ﬁ?'. 75 6. The conpound of claimb5, wherein at
| east one of R2 R5 and R15-R19 is hydroxyl. 7. The
conpound of claim®6, wherein each of R2-R5 and is
i ndependent |y hydrogeRazs | ower aKkyl, acyl oxy, hal ogen,
hydr oxyl, am no Rr nitro. 8~_Tke conpound of claimb5,
wherein at | east {'We of 9 nd Z are sulfur. 9.
The conpound of cl ai er ei Rshe conpound is
2, 3-di hydro-3- R,
t hi oxo- 2- ( 2- oxo- 65t hi o
-one 2,3-Di hydro-3- R
t hi oxo- 2- (2, 6-di t hi oxo fidi
ne. 10. The conpound of clai n¥19

Rig

or a stereoisomer or pharmaceutically acceptable salt thereof.

17. The compound of claim 16, wherein at least one of X, Y, W and Z is

sulfur.

18.  The compound of claim 1, wherein the compound satisfies the

formula:

Rao

Ra4 Rio x W
R4 ~ / N
90 :
Ry3 Ri1g Ris
Y Rig R47R1e

Ras  Rus

or a stereoisomer or pharmaceutically acceptable salt thereof.



R . The conpound of claim, wherein the conpound
satisfies the chemcal fornmula: or a stereoisoner or
w@basoesaaut i cal |y acceptable salt thereof. 76 1PCT/Ukm®04/030506

compound of claim, wherein is: RI3 WW,R20 K N9 Z-
16 or R16 R15 13. The conmpound of claim 12, wherein at
| east one of T, V,Wand Z is sulfur. 14. The conpound
of claim1l, wherein the conmpound satisfies the
formula: WN R 7 R or a stereoiSoner or
pharmaceutically acceptable salt thereof. 15. The
conpoundd-of EThatempamndwielaanr, sthetoatic compouwtid $tisivesihe
ang 'as sul fur.77 16. The conpound of claim 1,
wheréin'the conmpound satisfies the formula: R or a
stereoi somer or pharmaceutical |, acceptabl e salt
t her eof . R, |

X W

R3 N

N / N Z—R14

Rs Y Ris R1s

Ry

or a stereoisomer or pharmaceutically acceptable salt thereof.

20.  The compound of claim 19, wherein at least one of X and Y is sulfur.

21.  The compound of claim 1, wherein the compound satisfies the

formula:

or a stereoisomer or pharmaceutically acceptable salt thereof.

22. The compound of claim 21 wherein at least one of X, Y, and Z is
sulfur.



17. The conmpound of claim 16, wherein at |east one of

X, Y,Wand Z is sulfur. . The conpound of claim,
wob@se2833¢ he conmpound satisfies the formul a: 1PAV/BS04/630506

st ereoi somer or pharmaceutically acceptable salt

thereof. 78 19. The conpound of clai mwherein the

conpound satisfies the fornula: 15 or a stereoisoner

or pharmaceutical ® acceptable _salt thereof. 20. The

conpound of claim 19, wherein’8t |east one of X andY

Is sulfur. 21. The conpound of claim1, wherein_ the

conpound. satTitefdoppotibof daimul .avhexpin fxpcampaund satisfies the

st Er epi Isprrerl or pharmaceutically acceptable salt

t F8YBEF 10583 he conpound of claim 21 wherein at |east
one of X, Y, and Z is sulfur.79 23. The conpound of
claim1, wherein the conpound satisfies the chem cal

formulai RXNRR- YR R X
NT
| N—R1
RS
y
Rs Y

or a stereoisomer or pharmaceutically acceptable salt thereof.

24.  The compound of claim 23, wherein R; is

w
N/RZO
R1g
R4s Z
Rq7 Ris
Rie

25. The compound of claim 24, wherein at least one of X, Y, W and Z is
sulfur.

26.  The compound of claim 1, wherein the compound satisfies the

formula:

R3 O G

R4 Rae
Rs D

2

or a stereoisomer or pharmaceutically acceptable salt thereof.



or a stereoisoner or pharnmaceutically acceptable salt

thereof. 24. The conmpound of claim 23, whereinis W
WORBsRE3R | 25. The conpound of claim 24, whePE&I/OSED4/030506

| east one of X, Y,Wand Z is sulfur. 26. The conpound

of claim1l, wherein the conpound satisfies the

formul a: or a stereoi soner or pharmaceutically .

acceptabl e salt thereof.80 27. The compound of claim

26, wherein at |east one of G &d Dis sulfur. 28. The

conpound_of ¢l aim 26, wherein is W- R20 N R18 29. The

conpound’of dihgcampeundgielaim26, svhemedn st 15asgone FHES and D is sulfur.

compound of claim28 or 29, wherein at |east one of G

D,Wand Z is sulfur. . The conpound of claim, wherein

t he conmpP8undThs cdmpbuinaXsf-cPaiA%, wherein Ry is

2- (2- oxo0- 6- t hi oxopi peridin-3-yl)isondoline, .

|, 3-Di oxo-2-(2, 6-dithioxopi perWdi n-3- yl)isoindoline,

1- Thi oxo- 3- 0x0- 2- (2, 6-di t K

oxopi pergydi n-3-yl )i soi ndol i
ne, N-(2,6- 20

29. The compound of claim 26, wherein Ryg is

||?13
w
—N
Z—R
\ / 14
R1g Ri1s

30. The compound of claim 28 or 29, wherein at least one of G, D, W
and Z is sulfur.

31.  The compound of claim 1, wherein the compound is 1-Thioxo-3-0xo-
2-(2-oxo-6-thioxopiperidin-3-yl)isoindoline, 1,3-Dioxo-2-(2,6-dithioxopiperidin-3-
ylisoindoline, 1-Thioxo-3-o0x0-2-(2,6-dithioxopiperidin-3-yl)isoindoline, N-(2,6-
dioxopiperidin-3-y1)-2,3-naphthalenedicarboxamide, 1,3-Dioxo-2-(2,6-
dioxopiperidin-3-yl)-5-azaisoindoline, 1,3-Dioxo-2-(1-phenethyl-2,6-
dioxopiperidin-3-yl)isoindoline, 2-Acetoxy-N-(2,6-dioxopiperidin-3-yl)benzamide,
2-(2-Oxo-6-thioxo-3-piperidinyl)-1 H-isoindole-1,3(2H)-dione, Dimethyl 2-(1,3-
dihydro-1-oxo-3-thioxo-2H-isoindol-2-yl)-pentanedioate, Dimethyl 2-(1 ,3-dihydro-
1,3-dithioxo-2H-isoindol-2-yl)-pentanedioate, 2-(1,3-Dihydro-1-0x0-3-thioxo-2H- .
1soindol-2-yl)-pentanedioic acid, 2,3-Dihydro-3-thioxo-2-(2,6-dioxo-3-piperidinyl)-
1H-isoindol-1-one, 2-(2, 6-Dithioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione, 2,3-



di oxopi peri di n-3-yl ) -2, 3- napht hal enedi car boxam de,
|, 3-Di oxo-2-(2, 6-

waele@gops4per i di n- 3-yl ) -5-azai soi ndol i ne, PCT/US2004/030506

|, 3- Di oxo- 2- (| - phenet hyl - 2, 6-

di oxopi peri di n-3-yl )i soindoline, 2-Acetoxy-

- (2, 6-di oxopi peri di n-3-yl ) benzam de,

2- (2- Oxo- 6-t hi oxo- 3- pi peri di n)él )-1i7-isoindole-1,3(2i
)-dione, Dinethyl 2-(I,

di hydr o-1 - oxo- 3-t hi oxo- 27|r-|30|ndol 2-yl) - pent anedi o

t )ihPirnstthidxoR2-(3-pRo-GithipaeG-piperidinyl)- -1H-isoindol-1-one, 2 3-D1hydro—

S B B RGhaBr  BRTABE BRI ooy 11

1yd1ﬂdo@qr’5(@Hﬁditmoﬁe ax3-gbihydro-3-thioxo-2-(3- cyclohexenyl) 1H-isoindol-1-
hydr o- 3-t hi oxo- 2- (2, 6-di 0oxq- 3-pi peridin
- mg; 3762@6 Dlompeper@q-é-yl CpRPREIgSE- B4 lﬁpﬁéfpamﬁiv)?'g“’ pino-2,6-
- | 50| do e- ( B B E )
egl%nﬁ %X%[%%’ g)ﬁ}ge[ﬁ%l oﬁi -1 1)/1] g aBT,nB% r2|Hd|1 %yble;qzoxazme

-I284(HH91drdneone 2, 3- Di hydr o-
3-t hi oxo- 2- (2, 6-dithi oxo- 3-pi peridi nyI)-Il’) i soi ndol - |

-one 2- (3 Cycl ohexenyl ) -1 /fisoindol- |, 3(2i
)-dithig thod fi dulating TNF- aact1v1t in a subject, the method
2,3-D hydro %H%ehrlmongm-o(% cly%l ohexenyl y -1 H SJOI ndol - I o

n &:orrii)r(sﬁlg&dﬁlmmnn@m ihdisnbjgetyd t)l@f@p@ﬁwa y affective.agoypkof one or

3- Canphani c er.i |on

S o dprsaireds o A yBog 11 35 a ol bayigg the formla
ine- 2,4(3H)-dioner32. A hod for rmdul ating TNF-
act|V|ty|nasubJec t hé rret risyng

adm nistering to the eutyeally
ef fective anobuntRg Bording to

clains 1 through 31, e
formula: WY R 17R 6 } and Z are
i ndependent |y oxy4 1hef ore;

endem | Rq ydRp;g%ﬂ;, hydr oxyl ,
acyl, substituted afg%/ a ﬁél oxy, substituted acyl oxy,

al kyl, substituted kyl, abkenyl, substituted

aI whmm X AY K¥irand, Z stetindependantly aikkgenor subfiik 9y Z, Ris-Rao ate as

st l%e: %{ 7% ﬁjbe?’éaﬁg F%Aggﬁndg ﬁ% hﬂrrgggn, %‘ﬁﬂo’xyﬁ q&ﬂ?sub stituted

acyl, acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted

and R47- R52_ are each \

aryl, amino, substituted amino, halogen or nitro;

or a compound having the formula:

Ri1s R1e
R47
Ro
R / NCH, n
3 Ri1g Rig
N\ R4 R1e
Ry \ [CHz
n R
Rs X 17
R1g Rig

wherein n=1-5; X is oxygen or sulfur; and Ry-Rs and Rys-Ryo are each independently

hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl,



or a conpound having the formula: R R R R wherein
n=l-5; X is oxygen or sulfur; and R2-R5 and are each
w0 nabepesasent | y hydrogen, hydroxyl, acyl, substPCTIUSH04/030506
acyl, acyl oxy, substituted acyl oxy, alkyl, 82
substituted al kyl, al kenyl, substituted al kenyl,
al kynyl, substituted al kynyl, al koxy, substituted
al koxy, aryl, substituted aryl, am no, substituted
am no, halogen or nitro; or a g%npound havi ng t he
fornmula: X x WR wherein each of X and Y are

i naestiftdedalkyl Pksdrsubstitadrallenyh 2lkysyl, syhstifeped gkpnd, alkoxy,
ki hy di acyl . . .
S SRARRARASS L, K BAY A RS Hesidl ¥ amigo. hgjqggp or itro

subst i t ot £compdunld hagdngahy formalbst i t ut ed al kenyl ,

al kynyl, substituted al kynyl, al koxy, substituted
al koxy, aryl, substﬁbutedxaryl, am o, sBpstituted
am no, hal ogeg. or niitro; /6r a conpound haying the
formul a: wherermR \ R54 _are eagh

hydr ogen, hydroxy
substituted aﬁ% X i ¢
al kenyl , substYt ut Yyl, al kynd/l , substi thu ed

al kynyl, al koxy, s@gstitut'ed al kox 5substituted
aryl, am no, _substituted am no, hal ogen or“nitro; and
Rt G B Ry RyindeRend Y BRer S Lok, aad Ro-Rs are
COERA Baddn I ' - .
each ?ﬂggpendg%??%%ﬁggggggﬁ?LE%g?%%%ﬁﬁﬁgg§§§agaoﬁi%Mmuuumi
sudesioxyualépil, auabgtituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino

o

halogen or nitro;

or a compound having the formula:

Rss
wherein Rs; and Rs4 are each independently hydrogen, hydroxyl, acyl, substituted

acyl, acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro; and Rss is hydrogen, alkyl, or

substituted alkyl; or a compound having the formula:

R, g
R; /
N—Rsg
Ry \
Rg S

wherein R,-Rs are each independently hydrogen, hydroxyl, acyl, substituted acyl,
acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl,



acyl oxy, substituted acyl oxy, alkyl, substituted

al kyl, al kenyl, substituted al kenyl, 83 al kynyl,
waaipsned4es ed al kynyl, al koxy, substituted al kORgT/US2094/030506

substituted aryl, am no, substituted am no, hal ogen or

nitro; and is hydrogen, alkyl or substituted al kyl; or

phar maceutical ly acceptable salts or stereoi soners

t hereof. 33. The nethod of claim 32, wherein the

cornpound is The conmpound of cl & m 1, wherein the

conﬁggnd IS ) )
hyeyle substirdalkynydedkaxyt sibstiapidadkedi, acyl-substituted aryl,

yl :
’ﬂ’faf %, 8558 aryingy ot sl AR oy 9 pdimesiaf i gr substitated
Alkyyx 0- 3-
oxo 2-(2,6-dithi oxopi peridny 3- I)|30| ndol i ne,
JV- (2, Gpﬁpmﬁp%@pﬂﬁ( @pcgptg‘pl)e_sg K01 stereoisomers thereof.
napht hal enedi car boxami de,
|, 3- Di oxo0- 2- (2, 6-di oxopi peridi n-3-yl)-5-azai soi ndol i ne
, 3- Di 8%0- 2The method of claim 32, wherein the compound is The compound of

- ph gﬁghéhpr\gm(t?g{ggﬁ%g 't‘)"ﬁjg‘ﬁ d@ﬂf”&‘?' 'C??;‘IO'S qugg?f?flzlgﬁ]inaéoplpendm-}
Sérgrs@h‘abﬁné h'@%ﬁ-ﬁf?@-ﬁ%’cﬁioﬁﬁfn})eﬁ&ﬁ -3- §1§’1‘s«5‘iﬁ@61ﬁw 1-Thioxo-3-

#) - di one, " Di net
- 0R¥0-2=R1fr-disvoxpinesidimtolisvindoline, fé12, éﬂb@mateedm- -yD-2,3-

g mtl{%ﬁlwg&ﬂbfxﬁ@éy gag(blfx 12)-(_2 %glr?figp]lgalilcggi 2y1)-5-azaisoindoline,

2- (| J&-Ero@bl’welr ﬁ§hdnet<h&1123 dlbxﬁﬁerﬂim- -yl)isoindoline, 2-Acetoxy-N-(2,6-
-i soi ndol - pent anedi oi ¢ aci d

Qloapwelfi@nsi Ylﬂhe@%@n@( (3 Qo g qyB pisreridingt  Hyisoindole-
I
D LR ghe i 30 3-iydio I oxer3 thioogfsisoindgl 24D
2, ﬁe@hﬁeﬁcb“aw Dlmht}xyl(bv(z?,(cﬁhydro 1,3- dlthloxo—2H-1somdol-2—y1)
0X0- 6-t hi ox0-3- plﬁi@ di nyl) -I|7 i soindol -1 -0

2. BGWW -3 d12) -gxe -3-thioxo-2H-isomndol-2- yl)-pentanedlolc acid,

di dignyl b ]

o p3 A PBetd Sl Qheldinid. SRR LE ol 1-one, 2-2. 6

2, Bitbidypel-pipgridiny)xidL BofrBoley LB @B, P;3+Dihydro-3-thioxo-2-(2-
-1 SOl

( 20’60'%%%?68|3p1§P?%43P¥%1§[r‘fB’é‘H9‘o¥< 99573 Dildag-Grfbioxo-2-(2,6-

3 @lﬁlﬁi@@ﬂtﬁi )?Hfisoﬁﬂdﬂef-bﬁ’é Qe(@l-@ﬁ:%he%nyl) 1H-isoindol-
peri di nedi on-3' -yl ]-7-amo-2H |, 3- benzoxaz

&3(2!1)4‘41@1*911@ PSridihydrp- 3ﬂmexwt(ﬁdﬂ’0@hemnal)rﬂaf3$omdol 1-one, 3-
t hf%i-??%’i R DR e AT o wBimcef -
- Op@eﬁdi&e@bﬁé’,@f@ [3%,6’-piperidinedion-3°-yl]-7-amino-2H-1,3-benzoxazine-
2,4(3H)-dione.

34.  The method of claim 33, wherein the compound is 2,3-Dihydro-3-
thioxo-2-(2-0x0-6-thioxo-3-piperidinyl)-1H-isoindol-1-one or 2,3-Dihydro-3-
thioxo-2-(2,6-dithioxo-3-piperidinyl)-1 H-isoindol-1-one.

35. A method for modulating angiogenesis in a subject, the method
comprising administering to the subject a therapeutically effective amount of one or
more of a compound according to claims 1 through 31, and a compound having the

chemical formula:



t hi oxo-2-(2, 6-dithi oxo-3-piperidinyl)-li7-isoindol-I-o0
ne. 35. A nethod for nodul ati ng angi ogenesis in a

WG apezd436 t he nmet hod conpri sing adm ni stering POI/UR®04/030506
subject a therapeutically effective anount of one or
nore of a conpound according to clains 1 through 31,
and a conpound having the chem cal fornmula: 84 WR20
wherein X, Y,Wand Z are independently oxygen or
sulfur; W Z are as before; afHl R47-R52 are each
independently hydr ogen, hydroxyl, acyl, substituted
acyl, acyloxy, subsRikgutedRagyl oxy, al kyl, substituted

al kyl, al kenyl, substi ¢d al kenyl yyal kyp
substituted al kynyl, : I§§s,t|%Nted/al)‘{(Loxy, aryl,

substituted aryl ™M48m \C os‘ltuted am'No, hal ogen or

nitro; or a compound hav t hgN X2V =

wherein n=l-5; Xgds o or /SURf -R5 and

R15- R19 are each PRdedendght | W hydr o hydPoxyl ,

acyl, substituted acyl .\ylox9Y Jitist RiaResl acyl oxy,
yl', ®:kenyl, substituted

al kyl, substituted RLES)

o S g i?r}e%@?fg SRl B R e

S uBsfotd; 4he mﬁm-zr@e ekl ﬂ&%@n@nﬂ 'htyﬂfbgeﬁ rhy@r&?‘l"&@y'ln Substituted

havi ng the fornul a: erein each

ar @Yhﬂ!%’b@@d@*blsﬂ@dt@)@y@]@P{yacﬁ‘lkiduﬁ;lfogﬁtutqqi:ﬂlk}ﬂ; allseryl, Fszb%uted

ar glkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro;

or a compound having the formula:

Ri1s R16
R Ri7
2 /N{CHZ .
Rs Rig Ris
N\\ R4 Ri1s
R4 \ CH2
R5 X I: n R17
R1¢ Rig

wherein n=1-5; X is oxygen or sulfur; and R,-Rs and Rj5-R;9 are each independently
hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro;

or a compound having the formula:

R X X R
Rs \ R3
N—FCHZ—N
~CH
R, R4
Rs Y Y Rs

wherein each of X and Y are independently oxygen or sulfur, n=1-5, and R-Rs are

each independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted



each i ndependently hydrogen, hydroxyl, acyl,

substituted acyl, acyloxy, substituted85 acyl oxy,
w@bdop2843abst i t ut ed al kyl, al kenyl, substit ut eRPCT/US2004/030506

al kenyl , al kynyl, substituted al kynyl, al koxy,

substituted al koxy, aryl, substituted aryl, am no,

substituted am no, hal ogen or nitro; or a conpound

having the fornmula: 53 wherein R53 and R54 are each

i ndependent |y hydrogen, hydrox§?, acyl, substituted

acyl, acyl oxy, substituted acyl oxy, alkyl, substituted

al Reploxyalakkamysubstiuted alkylitalkgnyl kehstitutedaalkgmyl alkynyl, substituted

subst i t.ut | k |, cal koxy, .substituted al kox I .
suB iy bR G ASRE Ay TS led 9 Bl FupBipteg amino
ni hileger@oichitddd i s hydrogen, al kyl, or substituted

al kyl; or a conpound having the formula: SN RR SR
wher ei noRecempaynd hayig thefapakdent | y hydr ogen

hydroxyl, acyl, substituted acyI,Raconxy, substituted
acyl oxy, al kyl, substitut&§4al kyl, &l kenyl ,

substituted al kenyl, al kynyl, stituted al kynyl,

al koxy, substituted al koxy, ~Substituted aryl,

am no, substituted am no, nitro; and is

hydr ogen, al kyl or substitutedlal kyl; or
pharmaceutical |y acceptabl e saRss or stereoi soners

t h@meRin R3Gand HLG afRdab® thdeperdbmilyhiRog M By @oRyT A&/, substituted

conpound Is | -Thi oxo- 3- oxo- _ _
2- el aeyloayt subsiiwpidrsylody ralieylysupstityiadadkylnakenyl, substituted

T ke T -

nearyl-ahdnd; substituted amino, halogen or nitro; and Rss is hydrogen, alkyl, or

substituted alkyl; or a compound having the formula:

R, g
R, /
N—Rsg
Ry
Rs S

wherein R,-Rs are each independently hydrogen, hydroxyl, acyl, substituted
acyl, acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro; and Rsg is hydrogen, alkyl or
substituted alkyl,

or pharmaceutically acceptable salts or stereoisomers thereof.

36.  The method of claim 35, wherein the compound is 1-Thioxo-3-0xo0-
2-(2-oxo0-6-thioxopiperidin-3-yl)isoindoline, 1,3-Dioxo-2-(2,6-dithioxopiperidin-3-
yDisoindoline, 1-Thioxo-3-0x0-2-(2,6-dithioxopiperidin-3-yl)isoindoline, N-(2,6-
dioxopiperidin-3-yl)-2,3-naphthalenedicarboxamide, 1,3-Dioxo-2-(2,6-
dioxopiperidin-3-yl)-5-azaisoindoline, 1,3-Dioxo-2-(1-phenethyl-2,6-



di oxopi peri di n-3-yl ) -2, 3- napht hal enedi car boxam de,
|, 3-Di oxo-2-(2, 6-
waele@gops4per i di n- 3-yl ) -5-azai soi ndol i ne, , 3- Di ORGF/BSZ004/030506
- phenet hyl - 2, 6- 86 di oxopi peri di n-3-yl )i soi ndol i ne,
2- Acet oxy-i V- (2, 6-di oxopi peri di n-3-yl)benzam de,
2- (2- Ox0- 6-tl uoxo- 3-pi peridi nyl)-I#-isoindol e-1, 3(2#) -
di one, Dinethyl 2-(I,3- di hydro-
- 0X0- 3- thioxo 2#- i50|ndol 2- yl§-pentaned|oate
D nethyl 2-( ,3 -dihydro- , 3-dithioxo-2i
- é@mpelzdlw% yBléﬂméﬂlem daftastoxy=)(2,63lipx dpjpnrisin-3-yl)benzamide,

R T O
f dﬁ@dﬂ&bbxb%@thﬁlxo&ff—?%nﬁlopﬁtyﬂl) -petarddivians Dn(ﬁbﬂh)ﬂ 2<(1,3-dihydro-

/-isoindole-], 3(2 fti
2, B3rsiyaton? A-isqindalot- o) pgnte%imi% R @xoDahysiprdraxar hihigxo-2H-

is%%rdmj@lyl) &fi‘ﬁle%%zg’a%d &I 3- th —%-tthXO -2-2.6-d djaxor3 3-piperidinyl)-

0-3 th 0XO- pi peri
- éHhsrdndiolH—omﬂ -5 63)1t}ﬁgml-3}p1peadmy)) wmmmaj G(ZH) dione,

3%,5%3%-@%S}’(o-%l(éa[%hg%&nqxoéﬁtgpﬂeg %y% 1'H-isoindol-1-one, 2,3-

3- b&ﬁ;@sqmszb@e(z auﬁmaxcvb ﬂﬁqs@inéol AbRNe.(3-
3- Canphani ¢ _am no- 2, 6- pi peri di nedi one

3 pzclobexepylf)elﬁ ﬁon@gi—d;,ﬁ(Zﬁ). -diftfiore, 2,3- D1hydro-3-th10xo 2-(3- -
o f }g:? hexexéyg)gl 1g§10cylgll- -Rlée g m&oplgegdlg %ymﬁﬂzg(%zmeog 4-

t hilion€)-2€hAphatc Bmind-DBPipridineaiond] 3-J2°|6°-piperidinedion-3’-yl]-7-
-isojndol -1-one 2,3-Di h 3-

t hfgsg-2H-1:3- Beféﬁoﬁﬁ%@(%é}})r(b@m di nyl )- 1i7-i soi ndol -

-one. 38. The nethod of claim 32 or claim 35, wherein

the nmet hod conprises adm nistering the therapeutically

ef f ect i Y& anﬁhamedfodtdfelmﬁﬁpwhekehﬁha cetppwat is B, 3-Dild/dro-3-

tu chi e an anti ef fect, 39. The nethod
ﬁﬁ%xo F’é‘Pr‘?"Plﬁ%“‘iiﬁf(n? 1fyspindgk-1-o0pe of SArPinydie-3-
th@ud;aahz @Bi(ﬂﬂlc&fo éyfg‘ielﬁd Hﬁz qrﬁge tﬁﬁingol f#Qne.The met hod of

claim 32 or conpri ses
adm ni steri ng the therapeutical ly effective amunt of

taE SI 882%2 Pg The meth%lébdf Ci:alm\gﬁZ or cﬁurg%t hevhor% t%le method comprises

administering the therapeutically effective amount of the compound to a subject

with a tumor to achieve an anti-tumor effect.

39.  The method of claim 15, wherein the anti-tumor effect comprises the

inhibition of tumor metastasis.

40.  The method of claim 32 or 35, wherein the method comprises
administering the therapeutically effective amount of the compound to a subject

with a pathological angiogenesis.

41.  The method of claim 32, wherein the method comprises
administering the therapeutically effective amount of the compound to a subject

with a neurodegenerative disease.



The nethod of claim 32, wherein the nethod conprises
adm ni stering the therapeutically effective anmount of
wo b@sozsipound to a subject with a neurodegenerBCT/U82004/030506
di sease. 87 42. The nmethod of claim32 or 35, wherein
adm ni stering conprises oral adm nistration of the
conpound. 43. A pharmaceutical conposition conprising
one or nore of the conpounds of clains 1-31, and a
conmpound having the fornul a: Z8% R 17R16 wherein X,
Y,Wand Z are_independently oxygen or sulfur; W Z
are as Beéf or dhe methadaof chap 33res éaWenem@b@nwmwompﬂses oral
hydi o . vyl , Substituted acyl, acyl oxy,
su%&‘“?@P%§X§£§%é§¥P%§%ty|, substituted al kyl,
al kenyl, substituted al kenyl, al kynyl, substituted
al kynyl, al kgxy, substituted al koxy, aryl, substituted
aryl , ~ afdno, gsmbagflmqufl@% cCamPAY o soBPaTIng Pngen gre of Hep
a CONRA i A r : = i.n n=l-5;
Xis oxyggﬁbgghgg}?E&?h%ﬁgﬁkgyﬁ hgﬁ gFgggg@ﬁ
i ndependent |y hydroBgp, hyRgexyl, acyl, substituted
acyl, acyl oxy, substituted acy oxy,wﬁlkyl substituted
al kyl, al kenyl, substi 5 'ﬁ% ,
substituted al kyRys T8

’5)

al k
dyalkoxy, aryl,

substituted aryl, am b ' Xal ogen or
nitro; and a congound 7 X X N[ CHg
N R 50 15

Rs1 Rs2

wherein X, Y, W and Z are independently oxygen or sulfur; W, Z, R;5-Ry are as
before; and R47-Rs; are each independently hydrogen, hydroxyl, acyl, substituted
acyl, acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro;

and a compound having the formula:

Ri1s R1e
: Ri7
R2 N-feH;
Rs V4 n
R1g Rig
N\\\ Ris R1e
R4 \  [CHg - R
Rs X 17
R1¢ R1g

wherein n=1-5; X is oxygen or sulfur; and R,-R5 and R;5-Ry9 are each independently
hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substituted alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro;

and a compound having the formula:



Y wherein each of X and Y are independently oxygen or

sul fur, n=l-5 and R2- 5 are each i ndependently
whyasozsese hydroxyl, acyl, substituted acyl, argi/U%3004/030506

substituted acyl oxy, alkyl, substituted al kyl,

al kenyl , substituted al kenyl, al kynyl, substituted

al kynyl, al koxy, substituted al koxy, aryl, substituted

aryl, am no, substituted am no, hal ogen or nitro; and

a conmpound having the fornul a: géh53 wherein R53 and R54

are each |ndependently hydr ogen, hydroxyl, acyl,

substituted acyl, substi t utked a-\loxy al kyl ,

substituted al yI

al kynyl , subst¥tuied alkyayl, al kox ;

al koxy, aryl, sub ed NFggﬂjaﬁN ili t ut ed

am no, halogeg2 S ~—~and N s\hydrg al kyl ,

or substitutedal kylJ; and\ a conpounﬁ havi

formula: N R whergygn R2-¥5 are each inde

hydr ogen, hydroxyl, "acyl, substituted acy 5 acyl oxy,

subberein gash 04 &ansky arcaindeendentbysaxyeen @ﬁsmw—l -5, and Rp-R;s are

g: E a§c ﬂ){%l dep%#g ;B/'t ﬁ‘%sﬁ’i *Y%fc)&a,q aa?&fg%p’s 1gurty(}u£)c ljaﬁgltoxy ustugatlmted

ar y&ylo;@n‘alkgl sﬁlblsbﬁlhtbd wlket amﬁhﬁpsuﬁsﬁhmﬁ‘lk@fyl mutyh@l sabutituted
is hydro or substituted. al ky

ph élkmée%k?@a |S1ﬂg/s lalatede plkaxy, @rséambgtﬂafedswr é@u@o pibstuted amino,

thﬁgHgg nordfd89 a pharmaceutical ® acceptable carrier.
e phar nmaceutical conposition of claim 33,

conpr i samba corepamdrimvimgdhe formula:
| - Tt aoxo- 3- 0x0- 2- ( 2- 0X0- 6- thloxoqkperidn}s-yl)isoindo

ine, |, 3-D oxo-2-
(2,6-dithioxopiperidin-3 yI)| Kndol i ne,

| - Thi oxo- 3- oxo0-2- (2, 6-di t hi oxopi geri di n- 3-
yl )i soi ndol i ne, = Ng

i V- (2, 6-di oxopi peridin-3- 5%) ZR% napht hal enedi car boxam
[ de , 3-
2, [ a I hdo
Qrgé'lolé a?ﬁ%sbﬁr%% %ﬁfnldg;%éﬂggnﬁ/}l ﬂyd'i-zoge{i h?cﬁo?}q llé})i] Substituted
acyl acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted

alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro; and Rss is hydrogen, alkyt, or
substituted alkyl; and a compound having the formula:

R, g
R, /
N—Rsg
R,
Rg S

wherein R,-Rs are each independently hydrogen, hydroxyl, acyl, substituted acyl,
acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl,
amino, substituted amino, halogen or nitro; and Rse is hydrogen, alkyl or substituted

alkyl; and pharmaceutically acceptable salts or stereoisomers thereof; and



di oxopi peri di n-3-yl )i soi ndol ne,
2- Acet oxy-i V- (2, 6-di oxopi peri di n-3-yl)benzam de,
WQ@ 20202486 6- t hi 0x0- 3-pi peridinyl)-1li -isoi ndol BeT/PUS{084/030506
)-dione, D nethyl 2-(1,3- dihydro-
- 0X0- 3-t hi oxo0- 2i 7-i soi ndol - 2-yl ) - pent anedi oat e,
D met hyl 2-(l , 3-di hydro-
,3-dithioxo-2kbisoindoI-2-y|)-§8ntanedioate, 2-(
3- Di hydro- -oxo- 3-thi oxo-2

i soi ndol anedi oi ¢ aci d,

2,3-Di h?@ﬁMcﬁﬁ?@i]@aQQ%’?b@%ﬁr’é%) 3- pi peridinyl) -

T-isoi ndol -1-one, 2-(2,

6- Di t hi oxo- 3-pi peridinyl)-1i”-isoindole-I, 3(2i

) - di one44.  The pharmaceutical composition of claim 33, comprising one or

|2 ] }311‘)?%8}}/ ﬂ—g[gioxlo %ﬂgg’( 32(%3)&2-60 oox(?)p}prc]an(c)ﬁl(n(3 -3 1)?slanedrolhr(¥e|: nl f-Sl-})-ioxo-Z-
Di (o Q—Hﬁhf%xbﬁﬂp@ﬁ@m% %lél_s@n@')ﬁr{y, PX%icxd?3 R&b 1M bikmibdpiperidin-3-

-i soi ndol - | - one, o
q/zzl)@nmxaehm W-(2,6 -diosmpmmdinw -gl)-2/3-paphithAermedizarboxamide, 1,3-

R3St DT e

2 Smﬁaﬁh]béxﬁdln%—ylt)ﬂ@bm&@hr?e' LA @MxyaNex 8bopiperidin-3-yl)benzamide,
-i soi ndol -1 - one, 3-(2,6-D oxopi peri di n- 3-

y| %ﬁ%@gy@-ﬁmﬁ@ E—mpqy}d(lmé) 1H-isoindole-1 3(2H) d10ne Dimethyl 2-(1,3-
oDl B¥E33mRIxBSI A ?éo 81—%—%)8) e%engan %?a Iﬁgtfhypf-(l,g-dlhydro-

Th|o 0- 2- pi peri di none,
o h@tdithagut Ditisaindtd-2- ﬂ)-pmt@mﬂalidaaé I2F01§89D1hydro 1-0x0-3-thioxo-2H-

N- ph ht hal d

%8&%95 '%‘E‘)Eﬂbe é’%ﬁl h el‘b%é?‘DH}}i%?’ﬂh’@éiPﬂd@ G-diogad-piperidinyl)-
3 2

?3??‘2‘?%%3% O, Brose Pihae s bR A il L S digue,
H) at]blhydroél%thlﬁmeh(bwoﬁ-Mmm -Ppipetidingl) 447-isohelob il fonk B 3-

R e SR SO R BineB b s nde:1yps 2ndo

| | OfsloBexdnyl)-1H-isoindol-1,3(2H)-dithione, 2-(3-Cycloh 1)-1H-isoindole-
Di ogso 2- 2y - di t hi oxopi |(o<§r)| di n-32yl () sy0|0n§}c()Tny) isoindole

| - HRE25D 1gnq;)2d32Cxcgo}$xeny1) -1H-isoindol-1,3(2H)-dithione, 2 ,3-Dihydro-3-

d\}fh{}]%%?lgj ‘gié%l?%‘g?ﬁ?ﬁ@lé ?éldlgl | n% (2,6-Dioxopiperidin-3-

najdbﬁehﬂd)ﬁ?nﬁﬂl-zgwdhﬁﬁeﬁm@l&moxo -3-piperidinylidene)-3-oxoisoindoline, 6-
I, 3-.Di 0x0-2- (2, 6-di oxapi peridin-3-yl)-5-azai soi ndol i ne
lgoqu %Bpeéu%qlone 2,6-Piperidinedithione, monothiophthalimide,

p&lﬁﬂ@ﬁlﬁﬂe{hn%d% 21@‘ é)ﬂé%?ﬁo}ﬁ@{thﬁiﬁd éﬂd)s‘:‘ %?l;l%g%lhg %CPenzyl 2,3-

2- Acet'oxy - pl peri nzam
2- c(lﬁydmmoﬁ}dbhil@ne -BCpmpeariclamito)2,6-pIperiidieddiong) and 3-[2°,6°-
3(2f1 t hyl i .
2(11119e %Poa]%%ﬁl?:%fﬁ*ﬂ oxpnsexzing HaGED ddigns - 90
pent anedl oat e, Di nethyl
2- (1, 3-di hydro-1, 3-di t hi oxo-2fl -isoindol-2-yl)-
45.  The composition of claim 44, wherein the composition comprises

one or more of 1-Thioxo-3-0x0-2-(2-0x0-6-thioxopiperidin-3-yl)isoindoline, 1,3-
Dioxo-2-(2,6-dithioxopiperidin-3-yl)isoindoline, 1-Thioxo-3-0x0-2~(2,6-
dithioxopiperidin-3-yl)isoindoline, N-(2,6-dioxopiperidin-3-y1)-2,3-
naphthalenedicarboxamide, 1,3-Dioxo-2~(2,6-dioxopiperidin-3-yl)-5-azaisoindoline,
1,3-Dioxo-2-(1-phenethyl-2,6-dioxopiperidin-3-yl)isoindoline, 2-Acetoxy-N-(2,6-
dioxopiperidin-3-yl)benzamide, 2-(2-Oxo-6-thioxo-3-piperidinyl)-1H-isoindole-
1,3(2H)-dione, Dimethyl 2-(1,3-dihydro-1-oxo-3-thioxo-2H-isoindol-2-y)-



pent anedi oate, 2-(l ,3-Di hydro- -oxo-3-thioxo-2
/ -isoi ndol -2-yl)-pent anedi oi ¢ aci d,
wWQ2@s0edayer o- 3-t hi oxo- 2- (2, 6- di oxo- 3- pi peri di npCY/UE1d04/630506
oi ndol -| -one, 2-(2, 6-
Di t hi oxo-3-piperidinyl)-liJ-isoindole-I,3(2i )-dione,
2, 3- D hydr o- 3-t hi oxo-2-( 2-
0X0- 6-t hi oxo- 3- pi peri di nyl) - g,gh soi ndol - -one,
23Dihydr03thiox02(2 6- “di t hi oxo- 3- pi peri dinyl) -

é@lgiq?u!_\qqggqlﬁq: djilg]e?hyl 2( S 3 ﬁydrgple’az( ?i{]tglo%(o Zﬁ-{sfo{nl SP&—y%m X
: g%rét’%%i}f&[t& Bt NoREE1 GRoo i ohRxaNYdinadiid yi) pehasdiot acid,
(3 Z(EIziDgiygxm&hmDQr-(zcﬁ mi;okwqﬁp@)ricﬁnmdféisbmdd-lﬂe@, 2-(2, 6-
oxopj per. -2 A-di
STt RIO: D giopidsts- ATt e & kit igno-2-2-
PIoREIG- @ﬁ&%dﬁk %»é‘im%hﬁ i@ Het-2dnk, B3 siRz@ ez iRo-2(3b)

I one. osition of claim 45, conprisin
omlﬁhmmorﬁapwendmgl)aﬂ-lsomdol -1-one, 2-(3- Cyclohexenyl) 1H-isoindol-

12%%18—61} 1qon|8,?‘z)é? (,pﬁ}a)(c% %)—(t%lo@(oti]t?:oéfd&e&!anﬁf U{q%ﬁ{hal ﬂ bne 1-
D(@,BQDE)X@ iﬁp@ﬂ&nﬁﬁeﬁeﬁsJaxblbma@h& BL(Q,@FIDﬂJixnylbbﬂdhanq s

oi ndol -1 - The conposition of ¢l aim
cwmﬁmw@n&%ﬂmn@ésg&ph@lwmr%@ p&zﬁ?&&e tqnsrﬁndz?’s[z’ 6’
{
é‘)l}?eglr r?ge?izclfn é’oglﬂ ﬁ f%*bfé@&{&?iﬂ%— g!rl&nﬁg Eisﬁge

thaI i dom de, corrprl SI ng. reacting
T- (- but oxycar bonyl ) and car

i i ahol ¢ 15 Srsbrtian o s 43 TSR O B 0ha
t r ko % Hli6x L2821 %th?bxﬁrg PP &%) A fesoMdol 1-one and 2,3-

roaceti1 c aci rovid
2 ]ﬁh@ﬂm@ﬂﬂeﬂrfﬁﬂ@prq:némmmplpbrldmb’l)o]rfémmd@ﬂ-é*Onﬁnd
reacting the 2, 6-D oxo- 3-ani nopi peri di ne
trifluoroacet ate wi th phthalic anhydri de and

tri et hylam nepd QriidRitiod & tlagh 48 @ohipeising Q. unliivsagd foad of the

of claim 26, wherein reacting
i \Gofipositiooxycar bonyl ) - Lgl ut ami ne and car bonyl
di i m dazol e conprises refluxing a solution
of N- (t but oxycar bonyl ) -
48.  The composition of claim 44, wherein the unit dosage is for oral

administration. }

49. A method for making thalidomide, comprising:

reacting N-(+-butoxycarbonyl)-L-glutamine and carbonyl diimidazole to
provide 2,6-Dioxo-3-aminopiperidine;

reacting the 2,6-Dioxo-3-aminopiperidine with trifluoroacetic acid to provide
2,6-Dioxo-3-aminopiperidine trifluoroacetate; and

reacting the 2,6-Dioxo-3-aminopiperidine trifluoroacetate with phthalic

anhydride and triethylamine to provide thalidomide.

50.  The method of claim 26, wherein reacting N-(¢-butoxycarbonyl)-L~
glutamine and carbonyl diimidazole comprises refluxing a solution of N-(z-

butoxycarbonyl)-L-glutamine and carbonyl diimidazole.



L- gl utam ne and carbonyl diim dazole.91 . The net hod

of claim 26, wherein reacting the 2, 6-Di oxo- 3-
wa@piosops4peri dine with trifluoroacetic acid to peDUSZE4/030506

2, 6- D oxo-3-am nopi peridine trifluoroacetate conprises

suspendi ng the 2, 6-Di oxo-3-amno riperidine,in

sol ution and adding the trifluoroacetic acid to the

solution. 52. The nethod of cl ﬁLm 26, wherein reacting

the 2, 6- D oxo-3- am nopi peri di trifluoroacetate with

pht hal i ¢ anhydride and triethyl am ne conprises

refiuxing a m xture of 2, 6-D oxo-3-am nopi peridi ne

trifluokpace n .0 .|

sol uti ng SBW%'EIE}%E?T%%‘ a 2?0%%%%&8@% the 2@:15 °§§'3‘

ssammOpmkldmg vatlntexdlmomeettc dod tormdwjdammpmxo 3-aminopiperidine

enes| The us C ound of clains 1-32
A EBREaf: cominsise THaBFTRAME 20PNt BRTORipeTiRS In soluton
aCiﬂd/addmyiémﬂlhﬁoéb‘éﬁc adid % aRIEBAKIE. of clainms 1-32 and

35 for treating a pathol ogi cal angl ogenesis, a tunor,
an aut oi mmune di sease or a neurodegenerative di sease.

56. Th d_af 1-32 f
raki ng & near CaEEAPOY e, el g Goredpiosss-
anghingpipesidise taflidiometatawith phiaTB U ddids 8RS §idylAnine

neur odegeneyati ve di sease
comprises refluxing a mixture of 2,6-Dioxo-3- -aminopiperidine trifluoroacetate,

phthalic anhydride and Et;N in THF in solution.

53.  The use of a compound of claims 1-32 and 35 for making a

medicament for modulating angiogenesis.

54.  The use of a compound of claims 1-32 and 35 for making a
medicament for inhibiting TNF-o activity.

55.  The use of a compound of claims 1-32 and 35 for treating a

pathological angiogenesis, a tumor, an autoimmune disease or a neurodegenerative

disease.

56.  The use of a compound of claims 1-32 and 35 for making a
medicament for treating a pathological angiogenesis, a tumor, an autoimmune

disease or a neurodegenerative disease.



