1 THALI DOM DE ANALOGS AS TNF- ALPHA MODULATORS Field
The present invention relates to thalidom de anal ogs,
nmet hods of synthesizing the anal ogs, and net hods for
usi ng the anal ogs to nodul ate langi ogenesi s and t unor
necrosis factor al pha activities in a subject. Mre
particularly, the invention relates to

sul fur-cont aj_ni t hal i dom de anal ogs and net hods of
maki ng and ﬁﬂﬁg‘%ﬂ%]aw&&&@ﬁ ASANF-M R HA MODILATORS
"(N-a-phthalimdoglutarimde) is a glutamc acid
derivative that was introduced onto the market as a
sedative hypnotic in 1956, but was withdrawn in 1961
due to the devel opnment of severe congenital
abnormalities in babies bomto nothers using it for

. norning sickness. Interest in the agent was reawakened
after thalidom de was found clinically effective in
“the treatnent of erythema no%%§&n1 | eprosum (ENL) and
in the treatnment of HV wasting syndrone and vari ous
cancer sThe puesehtainvsition relbted k@ thatifforide dabloga Ghéthbdsof

d t.r.ated an, anti-tunor, necrqsis factor alpha
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h&edicylerly by mventipnralptessto sulfat-tontaiatrgrthaliddngtle afilogs and
apebutddd | n i.nhi bi tor of angi ogenesis via .
.Qg?ts ?ﬁ |_|'5§9u%3 F%H?ngh,basrc fibroblast.growth
factor: (1 ,acrd vascular. endothelial growh factor

(VEGF), and an inhibitor ghegfi@upfianscription factor,
NFi B. TNF-a and fam |y menbers play pivotal roles in a

vari et fhslidoptige (pegittaimidnglutpimitic) iogigtuthmis e dedemtive that
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o RNA, and thereby lowers its synthesis and secretion. Further situdies 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 growfh factor (WEGF).and vascular. endothelial
growth factor (VEGF), and an inhibifor of the transcription factor, NFxB.
TNF-a and family memﬁem_ play pivotal roles in a variety of physiological and
| pathological procesSes,‘ which include cell prdliferaﬁon and differentiation, 'apopt‘osis, _
. the modulation of immune responses and induction of inflammation. TNF-o acts via
two rgceptors, TNFR1 and 2. The former is expressed in all ussues and is the |
- predominant signaling receptor for TNF-o.. The latter is primarily expressed-on
immune cells and mediates more limited biological r@onscs. The exposure of cells to
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TNF family of |igands and receptors. For exanple,
deat h-i nduci ng nenbers of the TNF receptor famly
each contain a cytoplasm c 'death donain' (DD), which
is a protein-protein interaction notif critical for
engagi ng downstream conponents of the signal
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t hal i dom de anal ogs wherein at | east one carbonyl
group on the pthal oyl nobiety or on the glutaram de
noi ety (or its open ring form of a thalidom de or a
thal i dom de analog is replaced by a thiocarbonyl
. group. In particular enbodi nents, successive

repl acement of the carbonWy@mawps in thalidomde with

t hi ocaprb | .groups provides thiothalidom de anal ogs

havi ng HHOPRICE ARAIGs having W gio gapesis autdulatig aotivity and TNE-o
Sl dtieMtiVity Liags;) ase in TNF-a inhibpition due to. _
repl acerent g}f’ théﬁdelécg%: ‘o]r§11y oM Sfﬁtsttﬁgﬂ{slgﬁ?%ahdmmde

analngs aresubfubamogsprfdtidoinsde) @k o&EARE leBfBots nd its
g thalidomde and

| it | jrpor oved, net hods for nmakin
%lglﬁq%g Sﬁ{sagﬂgﬁ Hi\;/ E&%‘"‘)’é}fl@e@ ﬁ%@vaﬁd?%)djtwdnd} orgsoranere carbonyl
di e . . | i )
ot el Rom ooz o ibehySbiar 145 SRR D o b amboimens
Eidargalegs mlietejn atlbist dicehiand ghoup dndRBbiHloy] moiety or
éﬁ‘-ﬁie%émigﬁgc' al Ii t.ge di scl gsed 't hi ot hal i dom des, =
can TR Bt Aer 115 apgm iag fomp-afiarthalidomide asethelidomide
i g - . : ) Cvity, .
Sugh s funor e et o) B S DAk shdecssive

feplaperashni dhe ¢asbonh geiupsin thaliddnoide sathaioeadbonyl groups .
. el [:ScCl d .t hi ot ' i.d
O JIeE i thallonki? afISE AR ictoed TaVEG fahibiors et ng

make t hem sul
Snplisoglyetiesnaathe TINENE-cBihibifidry dyd I Q1. Qr
qer&ﬂ)n'pl by aral . gﬁ'&&irstrati oh.@T%Pgﬂ?%énfgﬁ?gggﬁgr%g@tmﬂ
R Shattiondiic b arabamve sronpeinapt asediatadrwithtiioty, -
pur paafpH ' |4 of 1.he . FIG 1is a
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diselnspdyl as 2 methode df cinatitidp thalidomidd Bk 'ihtﬂlﬂlﬁibfh%ﬁ&(%#}g&,

' -2 i f er.ase, orter element plus the 3

]jo]% et anglptlensiis Bag TNE- modulaing astivitsthe disclok¢dsthalidomide
-ahalofd, egpdchfly3he distiBsdd iBoitAlidb S , showi ng ..t he
prelatiyve a.ngi ozle_nj c ngdufh;a?gglgld%g’%\%ib? ;i/;g %ftostmawa S‘g"Je"I}
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oo ... Brief Description of the Drawings
‘ FIG.. 1 is a bar graph showing the TNF-« inhibitory action of several
disclosed thalidomide analogs in murine celis having a Iuciferase 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 mod'ul—an:imgr activity of
1,3-Dioxo-2~(2.-hy_droxy-6—1_nethoxypyridin-3 -yD)-isoindoline hydrobromide at
several concentrations.



concentrations. FIG 5 is a bar graph show ng the
relati ve angi ogeni ¢ nodul ating activity of

3- Canphani ¢ am no- 2, 6- pi peri di nedi one at several
concentrations. FIG 6 is a lgar graph show ng the
rel ati ve angi ogeni c nodul ating activity of

Di t hi 13hak b f : ratl-ons. G 7.1
it baffl’@gr' aph sh%?mp%ght Eegrﬂg% 2132 i ve%g%lé)?%ﬁdgﬁlloguﬁbng activity of

FoHoydehengnidpH-sopindobl,3(2H)-dithione at several concentrations.
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OPNEENI@BNG - t hi oxo- 3- pi peri di nyl ) -1 Hi soi ndol e- 1, 3(277)
-ion | _,concentratipons. FLG 9 is a har _ |

gr ap?{%g%ﬁ %g&?% apiyshoxng é‘e’& ﬁ%ﬁ%@%@%ﬁ@?ﬁ@ activity of
SaCamphdajc shino-2,6-piperidinedione at several concentrations, |

2, 3- %@yg[ 0- 3-t hi 0x0-2- (2, 6-di t hi oxo- 3-pl peridinyl)-IH
-i soitftof 192 R eranh shewingithe relotivemgicgenonaoditatiag dbivits of
.Iﬁtméﬁhtwﬁﬁ Y] 5; ?i i ve angi ogeni ¢ nodul ati ng
activity pf&e- %&ﬁ%@?%%g ﬁ% d '

oxopilipér 7 iabad gydphhsbnwing e rélbtiwriictenie QRSRNAHR cGVEy of
2%? é}l' is.a bar,grap showi_n% the rel ative angiogeni©c

GP Yfi'f?gl-gg?%\-ﬁh? 0g¢4/1-1somdol-2-yl)-pentanedioic acid af several

. conodniphitos@- 2- (2, 6- di net hoxypyri di n-3-yl)-isoindoline at
several concentrations. Detailed Description of

Par t P& &isipangephshewing thodilatbriangiogenic Atutiting tab@¥isy of
(92O a6 itz & = L Uoor rasis fag al pha CDl -
25 s Sills Diagd - MR SR ot NGB b af et
céniehtrationk, el enment UTR - untrauslated region _ 'THF

tet raﬁg rofuran NNIR - nuclear magnetic resonance LR

- La 0 @ dargragh showing|the rekuive angibgerde dmdutating activity of

' 2,%?%?%%?& '%éﬂ'ﬁﬂ@&ﬁﬁ]fdl@ﬁ%ip%&d&?ﬁ-l ‘—IS%%{(E)FH Lone at several
concentrations. '
FIG. 10 is a bar graph' showing the relative angiogenic modulating activity of
.?.«Acetoxy-N-(2,6~dioxopipeﬂdin-S—yl)benzamide at several conééntrations.
FIG. 11 is a bar graph showing the relaﬁve angiogenic modulating activity of

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

L. dbbreviations. .. .. ..
‘TNF-a —~tumor necrosis factor alpha
CDI- carboxyarﬁidotiazole.
ARE - adenylate/uridylate (AU)-rich element
UTR - untrapslated region : .
“THF ~ tetrahydrofiran
NMR - nuclear magnetic resonance

LR — Lawesson’s Reagent



foll owi ng expl anati ons are provided. The singul ar
terns "a," "an," and "the" include plural referents
unl ess context clearly indicates otherw se.
Simlarly, the word "or" is kntended to include "and"
unl ess the context clearly indicates otherw se. The
term"conprises" neans "includes." Al so, "conprising
A or B" neans - including A or B, or A and B unl ess

t he c@int extergdsearly indicates othermnse is to be

further understood that all cul ht _or

ol edBIoRer fa Seiiale FRAgP TG ?mﬂm%@ %f reented, the
jafa m.%q,geglr &.ﬁow ded for. description.

faﬁ%ﬁ@gﬁﬁ nd materials simlar or equivalent
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and not intended.to be |limting. The term 'subj ect"
‘fimfhades.” Alsanfqmtmsmmma“ngemmhmnqé@r By @5 /yAnd B, unless
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ﬁﬁﬁﬁ@pto groups, and aryl groups. Substltut ed" or
- "substitution" refer to repl acement of a hédrogen atfom

of a Thedewe {isubjest” mferRtqgammplswincladingan ((for example,

addi 1 w@g' R'ag?oua'f%ﬁéf% ag%ogsa' ol 813 she&J KR Yattle).

mer ¢ a@ﬁ GR— aiﬂmif}"‘subsﬁmdnﬁw{'ers’lfoyd singlé yﬂoﬁi {ﬁyﬂ cxample a
het eroaryl, am no, al kylam no, dialkyla
halngsn @tqnﬁ)cpr 2 GEPRRLOT QRS MORPAQNS ke cez‘ralenﬂy bonded to each
I
Bl el R i O 8255 B ity
‘ailisic D rguirements of ﬂ1emmg aratoms afthdoolcanld, typanly mplaamf a
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cycl d?Sab&rt;thted’G or “substltutlon” refer to replacement of a hydrogen atom of a

@

... molecule or an R-gronp with one or more additional R-groups such as halogen, -

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 hydrog;n-, and unless otherwise mentioned typically contains one to

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

" ethyl, n-propyl, isobutyl, t-butyl, pentyl, pivalyl, heptyl, adamantyl, and cyclopentyl.



Al kyl groups can either be unsubstituted or
substituted. "Lower alkyl" groups are those that
contain one to six carbon atons. "Acyl" refers to a
group having the structure RO, where R may be al kyl,
or substituted alkyl. "Lower acyl” groups are those

- A3 goapd A LithRELS BnstibXitaRE RP BubsBhREE - <. oY 'aﬁ\gr’ £805E Se
to a group having the structure RCOO-, where nay be.
thosethatmontaibend tosidecarbdikgtbms!' Lower acyl oxy" groups

cont ai ne to. six carbon atongs. " nyl" refers t

o oyo st G e droip tapa i tiemar RS Foters gty e
@ Rhysiitael alkyR eLdwed a8 F1e Frous dre thb &S aloRiNbAE 0 six carbon
mentioned typically contains one to twelve carbon
#9®#s, and contains one or nore doubl e bonds that may
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atiof oasubstinged slkgl XLoakebacyl@tydmBoups contall #36W!six s2b& Stoms.
to a cycli ?58%r anched or_ straight chain group .
cont ai 15 (o PY5de. Biached o skiaiabt dwn grape septaining only

| i : ity O : N
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twkkey wgtbog mtunps andigontiies unsohsodetdobl bonds thasinay ot ey not be
- "Lower calkynyl" groups.are those that contaip one to
cQp R o ARV arot R b prisubBRae o substiited, B itke agkeny!
ghdips Tohtdhi dHedo BixCarbods@s.R may be al kyl  or .

substituted al kyl . Exanples of al kox roups include
et heAJKynArsys tn axsbisybranghed on siesighiohougoup bonisining

oflifton SRRk rd 16 bl S8 MRl SudISpis Ty tagns ome to
tweloevarboh bns, antlcdntans SnEEtmére @18 bondy\ Allcynyightss they

a nonoval ent unsaturated aromatic carbacyclic group
b ypsubstiutedarsybstitted. o “Teewer alkympKgrpypscre Hhese thef eontain one

| t&ﬁﬂ@ﬁﬁ%ﬁ%&ﬁwgs (e.g., naphthyl or anthryl), which
can optionally be unsubstituted or substituted. The

t er m*“Afieixyd tefemsfte r graup laving-the staptite R-0g, wie R thag bel byl
- NH2,. j can be optjonally substjtuted with, for
%'s‘é&’ﬁ‘&“@gg, A Examplfs of Al grobgs {ieRids methai SR GRIORALY
ahBit §leF el aﬂ&d&cﬁ@ 5 | AT 8 six «
refergy o an R -grrOup a_@?@gs ?%@%%%?ﬁ?%tgfﬁ(ecmbm
atogism "al i phatic" as applied to cyclic groups refers to

rin r I . . :
' NOTRE f! 'Jﬂaﬁ)sger'; refers to fluore, bromo, chloro and iodo substituents.

"Aryl" refers to a monovalent unsafurated aromatic carbocyclic group having

a single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl or anthryl),
which can optionally be mnsubstitnted or substituted.
The term “amino™ refers to an R-group having the structure —NH,, which ¢an
be optionally substituted with, for example, lower aikyl groups, to yield an amino
group having the general structure ~NHR or ~NR;. | +
' “Nitro” refers to an R-group having the structure -NO,.
The term “al_iphatic” as appiied to cyclic groups refers to l‘il_lg structures in
which any double bonds that are present in the ring are not conjugated around the
entire ring structure.



whi ch any doubl e bonds that are present in the ring
are not. conjugated around the entire ring structure.
7 The term"aronmatic" as applied to cyclic groups
refers to ring structures whigh contain double bonds
that are conjugated around the entire ring structure,
possi Q -het h_as an. oxygen atom
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Bl Dol boniphSHRRCUL e redor ] by Sbh o BB | o0
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.effective anmbunt is an anount ufficrent to"achieve
%1, 132 crmp@mddhatinsufpientip achieves tesind thatpantictelfiiztt, such as -

L ) h h A dul .
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TNFroactioityd n sonwOexainplesSx teRipButiclly Refee R Yrh &t iy an amount

effective gnmount of a compound may be such that the
S!ﬁﬁéﬁl%ﬁo peligeissuecapseiptions atdhosite of actipn diat grepsuiar to

om0 o DA SRR B e

Vil 9ir i 090. Gikexahmpiy adlirgidutioally eflsitive amoantA@nind
abagut 5 ttglk bodly wei ght / day to about 500 g/ kg bod
SRBr it Yt ubiogh dpotesec daspRamiabont ol avedka bpdy weight/day

- t6RbAE 1060 hipls Bodt %{iﬂ% ' L OBE 4 .
‘geonetric is Srrer yggbz . m#’%ﬁ%@@@%’ﬁ%@f‘%ﬁ%@? ut Lxpfkgbody
vegightiday teaibout 1000 pg/kg body weight/day, such as a dosage of about 5 pg/kg
body weight/day to about 500 pg/kg bady weight/day.

The term “stereoisomer™ refers to a molecule that is an enatiomer,

diasteromer or geometric isomer of a molecule. Stereoisomers, unlike structural
 isomers, do not differ with mépect 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 iﬁclude the (+) and (-) forms of~ Opﬁééﬂy active

molecules.




i soners, do not differ with respect to the nunber and
types of atons in the nplecule' s structure but with
respect to the spatial arrangenment of the nolecule's
atons. Exanpl es of stereoisoners include the (+) and
(,) forns of optically active nolecules. 8 The term

" nodulTht el ‘GhediatkOrdfels txielability 6f a distlos&d
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BRIy legiee, of rte pEA bialegicad fanstienstho pragiessiodios e diseasepor

HEh&AEE] | . ition. Far anmpl e dyl afin
aRheniah b e Hortf P bfite, BB Rt Bt ebitapora
compamgido olicitlas iRacSe bNINGO BriRidgenesia td MM TNFWFachvity,
acti.vity, or to inhibit tunor _ netastasis or
?W%éﬁ%?%@@ﬁ@slﬁéfmm%ﬂﬁp@g%ni c activity" refers
to th gyl € 'ﬁ% 9 [o]¥] r
parti g%?%?ﬁlc‘tgﬁ%{g%t r%?zl" on o? agmg?g% %E‘gtt‘i 0286%81?&6‘1 ¢ggpound
and partienlar congendgtionsif 2 dischisgl cgapiimdas siivitale nesis.
et.ected ‘i.n.vivo or .in vitrao. Angi ogenic conpounds or
gﬂ@‘f’%@%ﬁ P IER DS ARl AR e dABgigeAIG eRspounds or
atigloehit! PnddaHBRGifolosdd ot 5thds GAIFRMM @g@\@%gésgé, 2pd such

concentrations may be readily identi
conyronads/angéen donceniratings may be rasdilyidentificd by dropt of ardbary skill

: S o i_bed | h | h follow Th
P01 B REflale B Rt af eyl dbrt ooy
of a Tiwntpon fshtbangdiogdddy Adtivityaref69 f6 8RR bRt 8f'a 8dmfound or a

di scl osed conpound to inhjbit-angi ogenesis, Anti-
Pﬁ#@%&ﬂ?@ﬂ&%@?w §dislpsadecompontd tyinhibitangiogenesisn Anti-

i . i i ' L-. angdi ogepic. . . .
el Enle ALY PO SRR E AP0 br I Affgiogonic o anti-
aapigeoye nesicairators csfgﬁulosecb@clpnpm?ﬂs &_n?_ﬁofjnglt’)ogenﬁsis, and ?uch

concent rat.l, ons na e reaqlly Ldentifle t hose 0 .
RSl R e pceilaigns i be teadighloneAerthwbprec ondgacy sl
e Gsifl 8 Sfor | ' -

hed SsiflgSfer bRafble, th Hﬁﬂﬁ)ﬂgﬁgcgggd %%% %?Ln%ﬁi(é% tilat foliow.

Overview of Parti'cularly Disclo
Di scl osed are thalidom de anal ogs that nodul ate TNF-a

actiyty [ar " i 0genesis,, a such can be used

t0't¥§at @%ﬁgﬂgﬁ?ﬁ%@ﬁﬁ%@ a@!ﬁ‘fme’lfﬁnditipns

t hat Digofosed] aleclalidoniide bRASASE LS ERI4R TNING 28 dnwotr.‘/a
S, an

Pharmaceutical |y acceptable salts, stereoi somer

AWBAGHIS a8 agFuch gandre uspibtodtrest b v delvaristy of palologitalo

SR EOTERY BAER b A IAlRRsBE AT T aei Whpiposucaty

acveptibleyshlty stergdsdniers, Qhd @RRODH IR VYA B tHofisclds0i bathBbids
t hal i dom d tgl{fn vatives are replaced by one or nore
a]{s%-gr&f:gp@g}qu ed. In some embodiments, the thalidomide analogs are

. thiothalidomide derivatives in which carbonyl groups in corresponding non-sulfor-

RO SRRV

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 ordinalir skili in the art,
where all four bonds to z_i carbon atom are not shown, additional bonds to hydrogen
atoms are nnphed_ Further substitution of such implied hydrogen atoms is possible.



groups. In the structures that follow, all val ency
requi renents are understood to be satisfied. Thus,
for exanple, carbon atons have four bonds to other
atons, even if all such bon are not shown. As is

under stood by those of ordi nary ski | | in the art,
wher e 4l H& 9 & on at ot shovvn
addi t |I§nhﬂeﬁg %%%h%l ?‘ﬁfﬂ Goggpounds having

Eh&ﬂhﬁnmﬁﬂhﬁﬁﬂiutlon of such |an|ed hydrogen atons is

possible. 9 1n other enbodi nents, the disclosed

~ conpounds include conpounds having the chem ca
formula: R [ RBNR Ra Ry, Y wherein X and Y are

i ndependently CH2, oxygen or @ul fuX and at |east one

of Xand Y is sulfur iH; Rt g i nclude a sul fur

atom each of R2-R5 are ing dentl y _hydrogen,

hydroxyl, acyl, substitutef yi%uy, substituted

acyl oxy, al kyl, substi ; al kenyl ,

substituted al kenyl, al Kynyl, ituted al kenyl ,.

al koxy, substituted al koxyRsaryl, 'substituted aryl,

am no, ‘substituted am no, halogen, nitro or |linked to
WA 2hd & ar® indeb¥id¥h d '
substituted, ali Eatl cﬂyﬁgrsom %Hggﬁ Eﬁugé@g%q% toneof X an_d'

Yiip gulﬁf.r@fRempt;mchhyld la@gh’m; atbmy\aarchanlf Ry{R 5, ara mdep&)deuﬂy

B PR B o A2 i, S SR b g,

mmsnmmwm alledny Ry Rabdtieutd ameRTRAlk fyl ShBERENA! ST, %ﬂmxy,
W?’ nsechl tit ut ed or substi t ut ed cI oal kenyl g,
stitut oEREATyL substitutedpnyl, stltuted amino, halogen, mtro or

linked to form a ﬁve— or six-membered, unsubsututed or subsnmted, aliphatic,
* aromatic or heterocyclic ring, for example, hydrogen, lower alkyl, acyloxy, halocren,
" hydroxyl, amine or nitro such as hydiogen, acyloxy or hydroxyl and R, is an
unsubstituted or substituted, aliphatic or aromatic heterocyclic ring, an unsubstituted
or substituted cycloalkenyl ring, or - ‘

Z
Ri{ R,oRo"8

y' o wherem W and Z are each mdegendenﬂx oxygen or. sulﬁgr,j{i and. g-,- are cach

Pt

independently hydroxyl, alkoxy or substituted alkoxy, and each of Rg-R; 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, halo gen, hydroxyl,
amino or nitro such as_hydrogen, acyloxy nr hydroxyl. -




wherei nWand Z are each i ndependently ox ge or sul iu,
R6, atl d 7 are;each independently hydroxyl, alkoxy
or substituted al koxy, and each of Rs-Rl2 are

i ndependent |y hydrogen, hydrgxyl, acyl, substituted
acyl , acyloxy, substituted acyl oxy, .al kyl,

subst yI substituted al kenyl,
kstll%!l)?m?élnlfse ,

alkyn enyI al koxy, substituted
alkoxyr%@ryl substituted ar%N, am no, substituted
am no, halogen or nitro, foryexanple, hydrogen

| oner &k kyl, acyl oxy, haloge

nitro s Nas hydrogen
part ] nts iss RE3 W W
NW  Z- 9 %7‘7@' 6 R15

R1 Rls 6 R17 R17 I3l

and Rgre eRfy | ndependently (pqé}égen orl:gl
R14 are each independently hy ogena ‘
substitut ed kyl ; R&O |s hydr h roxyl al kyl
or substituted™h It16t ut ed al kyl ;
and R15-R19 are |ndependentl y dr ogen, :
hydr oxyl, acy ')Rwsubstltut ed
acyl oxy, aIkyI ,tltuted al kyl enyl’,
" substituted al knyl N al kynyl, subgtityuted al kynyl,
al koxy, substRtat ed thoxy, arﬁm sub®Rqgt uted aryl,
am no, substituted am no, > Bl ogen or nitro? for

o vdaempl\?'é andy dreagen indepwiRtently byygenan )ﬂﬂ@t}/Rl RIS Are each
ey ioR B ke G RERISS AlGt: Fap seisiiroses, bydmey, aly
Oﬁlﬁg)slﬁﬁﬂmﬁh%I n ot ﬁ?ﬂx&dgﬁ%@l rreﬁjtfﬁ nga%el ﬁt agge
inglepondently hydzogenZhydrosyll eyl substithied atyl} anyledy, ¥ubsditutdd
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, -substlwted
alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino,
halqgen or nitro, for example, hydrogen, lower alkyl, acyloxy, halogen, hyd-roxyl,

| amino or nitro such as hydrogen, acyloxy or hydroxyl. In some embodiments, at

-~ least one of Ry, Ry, Ry Rs, Re, Rs, Rug, Ry, Ris, Ry, Riz, Ryg and Ry is hydroxyl. In
other embodiments, at least one of X, Y, W and Z is'.sulﬁjr, 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 mofe
. 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 erZ is sulfur if present; both X and Y-are sulfur and Wror'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, £=0; X=0, Y=0, W=S8, Z=0; X=0, Y=0, W=0, Z=S; X=S,
Y=8, W=0, Z=0; X=8, Y=0, W=8, Z=0; X=8, Y=0, W=0, Z=S; X=0, Y=0,
W=S, Z=S; X=0, Y““S W=0, Z=§; X=0, Y—S W=§, Z=0; X——S Y=S8, W=§, Z=0;



and Z are sulfur, or at least three of X, Y, Wand Z
are sulfur. For exanple, in nore particular

-enbodi ments, X or Y is sulfur, and both Wand Z are
oxygen if present; both X dhd Y are sul fur and both W
and Z. are oxygen if present; X and Y are both oxygen
Xatvel Yo W= s7=5) 1 =8, |Y=(p,rWs'SnZ*~8mi=t=® Y=8W=8, d=8; GUXE3)r

Ya&?p%vé)%mgzbljﬂs sulf F‘g" %rﬁ%frxgsraé%[_@gizare
Al 't e![x[‘ﬁfok‘é’ﬁirﬁculaﬁ’\ﬁﬁ&ﬂlﬂ%ﬂﬁ Cthgdﬂﬁl%sﬁ &%ﬁ%ﬁg@ﬁg\{e 81e ngula

foll ow ng are possi bl e X=S, Yom W

Wes, Z0; X-0, Yom i 3X=0, %O Wes, Z=S; X=S
Y=S, Wes, Z--Q X=S FS, Z-40, X=S, Y=0, WO,
Z=S; X =0 YO AR R4 Y—S——me Z S X-0, Y=S,

WS, Z0; X=S, Y=S, WO, Z=S;
X=S, Y 0, WS, Z=S: ,uor =S, $ Y=S
WES, Z=S. In oth s X=S and

© Y--C32. In nore parig.cul are ) 8 the discl osed
0 have the formula R R3 X R CR6 NZ-R7 R4
W R aregndgpepdqnilyulfyt ongeygen @daatéeast one of X, Y,
W aen | I e
14 DAL |aid R Y res TR AN b, iPASte Aol
er@mp@ts, Xior ¥ois sulfier and:brhthrw andrZcuié oxypes ;fpfesmt, ﬁoﬂﬁx and

d&ﬁ:@“ gltgcwh nd Z are ox | if es néy; both X
aPL5a Y g 253 BEYHFTIF it X, &7 Bithiopyeen and
erﬁﬁrﬁllfuﬁﬁf pretent; BoE }Dﬁ?ﬁdlY%é/ﬂﬂﬂxrﬁﬂ&jW W E’ ks &Iﬁnc‘ it

present: .both X and Y are sul fur and W

or % of ¥iape pilfe apel babW.and % R o prcsonty Alermatinelyubdre W
¥ pREEnH illomihe B BRIl RGSaF S0, W 03 G s,
WHONZ=0; B=0, 350 W6, z———e X=0 =0} WD, 2§-‘S9X Qny=YWg-0Z
2 SO s o K8 Va0 e, e Vs,
RO R-0s, 525, VIS X Belis 48, WS s

W’?Qszwzfﬁ) W’"S;(ZSS ; X=6), YWBSW=S8, Z=S; or X=§, Y=S, W=S,
. Z=8. In more particular embodi:hents, at least one of Ry-Rs and Rg¢-Ry is hydroxyl.

Specific examples of such compounds include:

COOMe
COOMe

COOMe
COQOMe




Z=S. In nore particular enbodi rents, at |east one of
R2-R5 and Rs-R11 is hydroxyl. Specific exanples of
such compounds include: OHS S COOMe HO )::)4 COOVe N
COOVve NCOOVe S and S 12 IR other nore particular
enbodi nents, the disclosed conpounds have the

che dMeriBa thetisclosddoatapRinhds haRke the

%%eﬁ&ﬂéf@ﬂaﬁiﬁ?gé@w X, Y and Z each are

cheﬁd@ﬂmdﬁﬂaly sul fur or oxygen and at |east one of W
X, Yand Zis sulfur, and R-Rsand R 5-R20 are as
before. For exanple, i X particul ar enbodi ments,
Xor Yis squurR ff and Z are oxygen; both X
and Y are sul fur oxygen; X .and
Y are both oxygen an furf2both X and
Y are sul fur andg Ifur' Nsr Y are

sul fur and both "V

the follow ng are posfRdl e: %
X--0 Y=S, WO Z7=0 X=0, Y=0 SR; _g §<_o Y=0
WO, 7=S; X=S, Y—S Ves, Z-0: syp,@wts Z=0
. X=S, Y=0, WO, Z=S X-0, Y=
whetsin Yo &, Yasl Zypach anza@epsp@nﬂys wgyg%n M%%S@ﬂe of
. foré—For Wampld, i
“YPE% g &)g é‘ﬁ%)@%@%&/@%’%ﬁ% ;tlgl%ucl)rar gfrbodlprrent ;n o
ﬁhcthlﬁﬂéﬁﬂb@diﬂleﬁfs Rarfbis satfor, BadbaihsWi andt%) are oxygen; both X and

Specifie exanples of such Conpounds, | BekiiSyeth @ Sz is
sulfur; both X and Y are sulfur and W or Zis sulfur; or X or Y are sulfur and both
W and Z are sulfur. Alternatively, the following are possible: X=5, Y=0, W=0,
7=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=O, Y=0, W=0, Z=S;
X=S, Y=8, W=0, Z=0; X=8, Y=0, W=S, Z=0; X=8, Y=0, W=0, Z=8; X=0,
Y=0, W=S, Z=8; X=0, Y=S, W=0, Z=8; X=0, Y=, W=5, 7Z=0; X=§, Y=S, -
W=8, Z=0; X=8, Y=S, W=0, Z=S; X=S§, ¥Y=0, W=S, Z=S; X0, Y=8, W=S§, Z~S;
or X=S, Y=S, W=S, Z=S. In more particular embodiments, at least one of Ro-Rs

and Ry5-Rys is hydroxyl. Specific examplés of such compounds inciude:
O S




NHNH S S OHand 0 HO 13 The di scl osed conpounds

al so include conpounds having the fornmula R22 R21 R23

T Rea RR6 R25 V wherein T and V are independently

oxygen or sul fur, R21-R25 ar®e independently hydrogen,

hydroxyl, acyl, substituted acyl, acyloxy, substituted

acy | paydis@bsed! com Hﬁ)&tdﬁdjﬁl@ﬂd@ k&iﬂbmmﬁ% RSP the formula

substituted al keny al kynyl , substituted al kynyl,

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

am no, substituted am noRJhal pggn or nitro, for

exanpl e, hydrogen, | ower {al kylf, aCﬁony, hal ogen,

hydr oxyl, am no orfhgig h~as~hydrogen, acyl oxy or

hydroxyl; and R26 is 4R17R15 R20 R1 R16

R1IR17 Z-R14 R Z 1R16 R16 Rl R16 Rl R16°

R17 R17 R19 R18 , R

are as before. For exa i{y nore particular

enbodi nents, T or Vis s%ﬁfur and both Wand Z are

oxygen if present; both T and V are sulfur and both W
'“&mﬂinz?anﬁvamwﬁﬁkvﬁﬂkmﬂﬁmmaﬁppoﬂsuuirﬂkaﬂksbmnﬂﬂﬂmmwymﬂy '

|.f
s, bty ot S st ah. R Ry BBk teg RO oy B,
substitfited afkyll Apenky, Wikkhtited alkenyd Wikytyl,| subfitetee Blkynyl, alkoxy,

Al ternatively, where W and Z are present_ the

subgitnigtialkgx s vk é@@tlﬁﬂt@ aryb gningg subsgisuted-ampinorhalogepor nitip,
M Byddogth, 195er a1 acyeS, tha&n, Wylox Y i Srnith® Mch

as hydrogen, acyloxy or hydroxy}; and Ras is

wherein W, Z and ng-Rgo‘arc 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 pfesent; both T and V are sulfur and W or Z is salfur if present; or
T or V are sulfur and both W and Z are sulfur if present. Alternatively, where W
and Z are pfc:sent the following are possible: T%O, V=0, W=0, Z=0; T=8, V=0,



Z=S, T=S, V=S, WO, Z=0 T=S, Vim WS, Z=0O T=S, Vim
WO, Z=S; T=0 V0, WS, Z=S; T=0 V S, WO Z=S; T=0
V=S, WS, Z0; T=S, V=S, WS, Z=0O T=S, V=5, WO Z=S;

T=S, V--O WS, Z=S; Tom \3S, WS, Z--S; or T=S
V=S, WS, Z=S. In some enbodi ments, at |east one of
WEb57 R0 Tap0 VRR2WRIS, 7-20; Tworexp, W=, iz-o; Frud, heto, Whe),

di scl osed ¢onpounds include compounds havi ng the

ZSp et} H=B3WRAY, Z-RB I~ V=0,R¥§S R2t01 BaS WHORRE-O. &=§; Re®,

17 RLS . F | _Y_are each i ndependent oy
VB Teh Gt S s B S e B O ireresy s,
7R T=R3 V=8, W-a@,Ch=8; TS aRdy WS, S PS8 V=8VWEGXTES; or

acyl, substituted aryl, . acyloxy, substituted acyl oxy,.
T=3) N7, VETh 5 Jn seme gmppdiments, eﬁvaﬁt 088 BERi+Rivdgd Ra2-Ryg is
hy&[logg{_]yl , alkynyl, substituted al kynyl, al koxy, :
su ituted al koxy, aryl, substituted aryl, am no,
substilitfutthet, theidizelostdbagpounds imdlideconipoiméxkavidgethe
_ l_gﬁ)?rogen, | ower al kyl, acyl oxy, hal'ogen, hydroxyl,
fo tho or nitro such as hydrogen, acyl oxy or hydroxyl;
and R34 is hydrogen, alkyl or substituted al kyl. For
exanple, in nore garticular einbcdunerits, X diYis
sul fur, ani Thot]i 'V 03¥ are oxygen; Both X audY are
sul fur and bot 3% oxygen; X and Y are
"bot h: oxygen akek: Rogul fur; both X and Y are
sul fur and W or mzgor X or Y are sul fur and
_both Wand Z ar N.ur . Wvely, the follow ng
.are possible: X=0 Yg ¥ON z=0 [X=S,Roorom Wes, Z=0
X=0, Y=S Ws, z=0, X=0 Yom 20" -X--0, YO,
Wes, Z=S; X=S, Y=S, Wes, Z=Ryg WES, Z--O X=S,
YO, W, Z=S; X=0O Y=0 V\#SR
X=0, Y=S, WS, Z0; X=S, M8 “Rys

wherein X, Y are each indépendeutly oxygen or sulfur; W, X and Rys5-Ryg are as
before; Ra7-Ras are each independently hydrogen, hydroxyl, acyl, substituted acyl,
acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkmyL substituted alkenyt,
alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl,
am‘iﬁo, substituted amino, halogen or nitro, for exainple, hydrogen, lower a]kﬁ,
acyloxy, hal_oggsn, hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxyl;

. and Ry is hydrogen, alkyl or substituted alkyl. For example, in more particular |
“eibiodingents, X 6t°Y is sulfiir, a6id both W and Z a6 oxygen; ‘Bcﬂi XandYare " &
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 svilfuf and W or Z is sulfur; or X or Y are sulfur and both W and Z
are sulfur. Altem#tivel_y, the following are -boss‘ible: 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=5; X=5, Y=S5, W=0, Z=0; X=8, Y=0, W=8, Z=0; X=8, Y=0, W=0,
Z5; X=0, Y=0, W=S, Z=S; X=0, Y=5, W=0, Z=5; X=0, Y=S, W=S, Z=0; X=5,




15 Y=S, WS, Z=0 X=S, Y=S, WO Z=S; X=S, Yom WS,
Z=S; X=0, Y=S, WS, ZZS; or X=S, Y=S, WS, Z=S. In
addi tion, the disclosed conmpounds include conpounds
having the formula R6 X R3I» R35 R38 R34 W R39
NRzo yRis RI8 .Z R, RI5 R16 wherein X and Y are

eSS e e Ny SOOI/ L 0, WS-SR oW,
ar 0 is alkyl or substituted al kyl
23%}’ ‘?@E’&és‘i%k TP-i ndependent |y  hydr ogen,
hydr o bstitu
acyl o%dddgﬁfgl{buﬁsugst 't uﬁ&g ag%lqﬁ%#%éﬁn?s%mg thé K uta
substituted al kenyl ,R@l kynyl , xsubst ituted ai kynyl,
al koxy, subst i‘__{ 2 a,_@ryl , Substituted aryl :
am no, substi t U¥3éd g R gen or nitro, for
- exanpl e, hydrogen, | al kylRgsacyl oxy, hal ogen,
hydroxyl, am ng,0r d such_ as hydrogen, acyl oxy or
hydr oxyl . For eﬁaanpl e i [ :
X or Yis sulfur, d both, Wnd Zj{ar e Rpgygen; both X

and Y are sul fur and 3Bot h Wan arepdxygen; X and Y
are both oxygen and Wor Z y®sgul{fur;.] both X and Y

are sulfur and Wor Z is suld g , Y are sul fur
and both Wand Z are sulf r. "gpter ﬁ1§%Iy, the
=0; X=S, Y=0

followi ng are possible:” X=O, Yom RA§0,
WO Z=0, X=0, Y=S, WO, 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,

. whegin X eni-Cercliach fsdeitoRfph oMMt ¥57, 2 IG0R i Ry are
. '"W.=S,. Zd3; X=S, Y=S

96" %355‘5 alv‘q’g Wf“?dﬁ"kﬂé*“g Rogis gresaclzigdependenly
h}f&xﬁgeﬂé\?@dro%yﬁacyIPéub&tﬁted\éﬁﬁ, ad{fory, Sabatitutla acyloxy, alkyl,

substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted atkynyl, 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 embodxments X

orY 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 aré sulfur and both Wrand'Z are sulfur.
Alternatively, the following are possible: X=0, Y=0, W=0, Z=0; X=§, Y=0,

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

Z=8; X=8, Y=, W=0, Z=0; X=5, Y=0, W=S, Z=0; X=S, Y=0, W=0, Z=5;

“X=0; Y=0, W=S8; Z=8; X=0; Y=S; W=0; Z=S: X=0, Y=, W=S, =0, %=8,v=8, "

W=S, Z=0; X=8, Y=8, W=0, Z=S; X=S, Y=0, W=§, Z=S; X=0, Y=8, W¥S, Z=S5;
or X=§, Y=S, W=S, Z=S. |



O her enbodi nents include conpounds having the fornul a
Rat Rao X W~R25 R4 NZ R43 R19 RI5 R44 RA5 Y Ri s
R17R16 wherein X and Y each are i ndependently oxygen
or Sulfur, W Z and R15-R2@gsare as before; and

Roo- Ras are each independently hydr ogen, hydroxyl,

acyl g}@@ﬁ e Vavirpuhs Frbiut£d acyl oxy,
al k (P substit ut e al k;lon-ﬁa | kenyl , “substi t ut ed

al kenyl al kynyl, sBpgstitBagd akkynw al kiQ

substitut ed a:‘ﬁlioxy, ryI substfftute aN«y am no,
substi tut ed am‘#. Bahq C (tro or \exanpl e,

hydr ogen, | ower : oxy, N Eroxyl
amno or nitro_such / F@' R15hydroxyl
For exanpl e, iRastore Jpartijcul an\ e s, X or Yis
sul fur, and both d ,i? re oXyg -ma 7 16( and Y are
sul fur and both Wan

bl nptopte Imgepenn o xY BT SRR J o 20 ReeRIHF® 35
o B Ry fre h tbperBbndy Blardadh, Byt bt nib A Rd W

adIRasyIbkg su%t@te&acylmomlﬂn Subeus;ted/ehkwi, whenylz sghstifaed

Y—81 avﬂ\g%yl, gw(_g@tu%%LWWﬁu%@ém%a ;&(a& wbé_’ﬂ-ﬁted
i Sy gl i ol iQirogablover O

S, 72=0 X. . Y=5. W, Z=S:
alkiSacyi6x®, halegn, mmyioamms;r mikeessuch-as hydrogie goyloxy of

Z=S. The. discl osed t &Le dboth
bR RO TS F oy mblh 20 G iR S Sand b
uPéldFﬁ BrefRkG i) 86 X aXd Yiare Wlﬁﬁdmﬂ baﬂeWi a:ﬂe‘bemdmygm; X and

oxygen or Sulfur, and R2- R5 Réf% ar e %
Yiseq both oxpEan a@siawr@:smﬂﬁm Fotd L Pl B A hfds x
mﬁﬁn, ')? or¥ lagc%ulfu? di both W and Z are sulfur. Alternatively, the
following are possible: X=0, Y=0, W=0, Z=0; X=S, ¥=0, W=0, Z=0; X=0,
Y=, W=0, Z=0; X=0, Y=0, W=8, Z~0; X=0, Y=0, W=0, Z=S; X=8, Y=5,
W=0, Z=0; X=8, Y=0, W=8, Z=0; X=8, Y=0, W=0, Z=S; X=0, Y=0, W=S3,
Z=8; X=0, Y=S, W=0, Z=8; X=0, Y=S, W=S, Z=0; X=8§, =8, W=S8, Z=0; X=5,
Y=§, W=0, Z=S; X=S, Y=0, W=S8, Z=S; X=0, Y=5, jW’=S, 7Z=8; or X=§, Y=S5,

The disclosed compounds further include compounds having the -fonmﬂa '

wherein X, Y, W and Z are mdependcnﬂy oxygen or sulfur, and Rz-Rs and Ry3-Rie

| are as before. For example in more pari:lcular embodlments X or Y is sulfir, and
both W and Z are oxygen; both X and Y are sulfur and both W and Z are oxygen; X '7
and Y are both oxygen and W or Z is sulfirr; both X and Y are sulfur and W or Zis -



both Wand z are oxygen; both X and Y are sul fur and

both Wand Z are oxygen; X and Y are both oxygen and
Wor Zis sulfur, both X and y are sulfur and Wor Z

is 17 sulfur; or X or Y argysulfur and both Wand Z

are sulfur. Alternatively, the following are

RERS bPXSr Y@Lsulfan --0O
=S bV‘é B suiflndlioih Wiid 2 SrotR, afEiipnd

RUSinyas, pogng#Mi@O,XHSO ¥=0; XW8SY=2); O/=0- B‘—'OYX@Q

WO -G2-0,5 20,865, 20, ¥, Vo0 S ES Y,

M, Z%SX~§@;OV“&S 72=9); R Y09 W=0-8=SZ%S0, ¥=0 Wi=g,

Al so disclosed i's a thalidon de anal og

Zcﬁniicr@a &"ﬁaWﬁ‘@ Zﬂ FRnYS, W=R, ZRO; K&, Kssezw-—mZﬁ ét—s,

| ndeperfdz‘r#t\ﬁy 0 yge’n oﬁ%%’?{({—bngxﬁ i‘\(z%&g

WR3G, 7=®. e as before For exanple, in nore part| cuI ar
enboglrrents X.or is sulfur, and Z is gen; both
X ‘anélsp discosed s %Fhaaﬁ@mzleu a@abgyag@ﬁouud ma%a
oxygen and Z is sulfur. Al tern%t ively, the foll ovm ng
are possible: X=0O, Y0, ZgpQ. X=S; YO Z0; X—O Y—S

. Z=0 X=0, Y=0, Z=S; X=S_ S -
Y=S, Z=S; or X=S, Y=S, Also(\m—sz%osed is a :
t hal i dom de anal og CONEoM. avi g the formula R X R4
R Y wherein X and YRHGF_ grideyt | y oxygen

orsulfllr and RIRg R g RS a¥e as
N—Ra4

‘wherein X, Y and Z are independently oxygen or sutfur, and Ry-Rs, Ry5-Rag and Rag
are as before. For example, in more particular embodirnents, X or Y is sulfur, and Z
is oxygen; both X and Y are sulfur and Z is oxygen; X and Y are both oxygeﬁ and Z
| is sulfur. Alternatively, the following 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=8; X=8, Y=S8, 7=0; X=8, Y=0, Z=S; X=0,
Y=S, Z=S; or X=S, Y=S, Z=S. :

Also disclosed is a thalidomide analog compound baving the formula

wherein X and Y are mdependently axygen or. sulfur, and Ry, R, R4 and Ry are as
‘before. For example in particular embodnnents Ry is



before. For exanple, in particular enbodinments, RL is.
18 | W WR20 R, Rig -NZ-R14 :4111117 R15 R16 R15
RlI6 Rg RlI8 RlL Rit RL RlI6 Rl7 R 17 R19 R18 or Ris.
R18 wherein W Z, and R13-R3Q are as before. For
exanple, in nore particular enbodinments, Xor Yis
sul furrp.and both Wand Z are_oxygen if present; both X
and Ylare sul fur and both nd Z -are. oxygen if

prese® X and Y are both oxygen Ragd Rimr Z Rugsul fur
i f pressnty both X and Y suifur and Zis

sul fur. zﬂ or Ryer |Y aré sul fur W
and Z y ative erB\I\T

4pr
resent t he %i‘ﬁfl
= —gS Y=0,  WB0O
. Y80, w7z =g, X=0' Y=0 ,
. WO, Z=0 X= Y-O S, Z=0Q X=S, Yo V\és Z=S;
X=0, Yom WS} 1), v=S, ) Z=516X=0" Y=S, WS,
Z--Q X=S, Y=S, Z=0 X=S, Wes, Z=S; X=S,
Y=0 WS, Z=S; =% WS, _Z 5S, Y=S, WS,
Z=S. In nore pa A ar Hnbodi me he. 1%orrpound has
the formula: R13
wherein X, YRyge |ndE{gendentIyR_ygenR9% sul fur, and
W Z, R2, R4, R5, and R13-%®16 are as, before. For

BRI Z, il RIS, B dsitfofted! FSFORHIIIE Y Sorcpffioofal 5

sul fur, and both Wand Z are oxyg
ergm(h@pntg,rﬁﬂ op&tiA syifignand’beth 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

- WorZis sulfur if present; both X and Y are sulfur and W or Z is sulfur if present;

orXorY 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=, W=0, Z=0; X=0, Y=0, W=§, Z=0; X=0, Y=0, W=0,
Z=8; X=8, Y=8, W=0, Z=0; X=S, Y=0, W=8, Z=0; X=5, Y=0, W=0, Z=S;
X=0, Y=0, W=S§, Z=S; X=0, Y=, W=0, Z=8; X=0, Y=S, W=S, Z=0; X=S,
V=5, W=S, Z=0; X=8, Y=8, W=0, Z=§; X=8, Y=0, W=S, Z=8; X=0, Y=S, W=8,
Z=§; or X=S, Y=8, W=8, Z=S. In more partlcuiar embodiments, the compound has

the formula:

wherein X, Y are independently oxygen or sulfur, and W, Z, Ry, Ry, Rs, and
Riys-Ryg 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 aré sulfur and both W and Z are




19 oxygen; X and Y are both oxygen and Wor Z is

sul fur; both X and Y are sulfur and Wor Z is sulfur;
or Xor Y are sulfur and both Wand Z are sul fur.
Alternatively, the follow pg are possible: X-0 Yom
WQ, .Z-O XS, Y=0 WO Z=Q X~O Y=S, WO Z-0; X=0

Aty W7, idabiurGoth XYand Y Wdsulfur and
’?‘-’8“ %a%d‘\z(m %"\t}é?&’ﬁx%ﬂax_s \1(;0 AP S e (e vt
WS is stHar; ofQX o ¥Sre Mdfur afid BpthXWChnd\Z: 8e swzfg glta-gﬁtwely,

méif%m%zar%&%sﬁ%%«éiﬂ% 2PEFS N0, v H0 o,
Y&Eewép %1(2;@51—3 =0, v h%i@%t@ , Y2D, Weant 7-gyei-e8, YR,

Al 'so disclosed is a

d
WeeDreDOXHSWY 7O, WS, Een:é{%so%@ W30, &=SRE0, . =5

ZER KED! Vs B0 S SR 1 e AR s N Rl s,
Y5191 GRS R WRI0,Swes, FES; RO, Yhe| W=, \'&:szolaﬁés Y=S,

RL3-R2Q are as before. For exanple in part
Werth ddtiSdn exen morepartivylar apbadiments,at lgast onag hz B Basand
R g#ogoth G and D are sul fur and both W_andZare
&yg and D are both oxygen and Wor Z is sulfur
bot h AGoadigtibsedliea compbund lavihgthe forfmils sul fur, or G or
D are sulfur and both Wand Z are sul fur.
Alternatively, the followi g are possible: GO, D=O

WO, Z=0, G=S, Dom =0, . Z=0:
Gam Dom WS, Z=O G=0, FONF7Z=S;, G=S, D=S,

W0, Z=OQ G-S, D=0 WS, -S| ‘Dom WO Z=S: 20
Gam Dom WS, Z=S, G, D& A ‘RGO D=S, WSl

=0 G=S,

Ry is

W
N/R20
Ryg
RWR Ris
16 or

" "Wherein W, Z and Rys-Roo are as before. For example, in particular embodiments, G

or D is sulfur, and both Wand 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
sulfir and W or Z is sulfur; or G or D are sulfur and both W and Z are sulfur.
Alternatively, the Following ate possible: G=0, D=0, W=0, Z=0; G=S, D=0,
W=0, Z=0; G=0, 'D=S, W=0, Z=0; G=0, D=0, W=8, Z=0; G=0, D=0, W=0,
7=5; G=S, D=5, W=0, Z=0; G=S, D=0, W=S, Z=0; G=S, D=0, W=0, Z=S;




D=S, WS, Z=0 G=S, D=S, W, Z=S; r--S, D -0 WS,
Z=S; @, D=S, WS, Z=S; or (i=S, D=S, WS; Z=S. A
nmet hod for nodulating TNF-a activity in a subject also
is disclosed. The nethod iancl udes administering to
the subject a therapeutically effective anount of one
ewnf eld YROUNS; GbEFDSSeWx”S;QS#@ @ws a
G%n‘gg{?n&’?hsa\%g théﬁf:fs‘c:)rrml 2. RA7 WR20. R4S N N
DRSOVREIZROSG=Y, B8, WEIRYSS; RS, %@,M"Sezﬁse@ﬂoYDESe =S, .
|ndependentl or sulfur, W Z, R s-R20 are as
ZiBion S %‘fzzf;})%% are each |ndependently hydr ogen,
hydr @ cgﬁ;l‘ ARG TINI-@ Ao m@mbﬁ&xalsmsdlsclosed The
substﬁlﬂle ac%%/ol oxy, EaI kyl , sug};tltut ed alﬁ, £
mathlsé clydes a&mlmstemmitoethkélﬂmﬁ agherapgytically ¢ Frdive pmongt 0

al kynyl, allc substj t dh the
ong 5 Rqre of 8y 3?@% ‘F‘T‘Bis‘ﬁj (%a?a%((}%@/égr am ngounha aEg)rlgne;"’n
E&l waitro, for exanple, hydrogen, |ower alkyl, acyloxy,
al ogen, hydroxyl, amno or nitro such as hydrogen

acyl oxy or hydrdsd ; orRar compound having the formul a
Rl R16 R17 R2 N--BCH R3 R R|WR18/RQ,[,R1 R16 R4 CH2

n RL7 RSX%gRl

R, R
where X and Y are indepexfcgenﬂy oxy?;en or sulfur; W, Z, Ri5-Rao are as before; and
R47-R52 are each independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy,
substituted acyloxy, alkyl, substlmted alkyl, a]lcenyl substituted alkenyl, alkynyl,
substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino,
" substituted amino, halogen or nitro, for example, hydrogen, lower alkyl, acyloxy,
Thalogen, hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxyl;

Rsg

or a compound having the formula

wherein n=1-3; X is oxygen or sulfiir; and Ro-Rs and Rys-Ryg are as b,efor_e; .

or a compound having the formula:




wherein n=1-5; Xis oxygen or sulfur, and R2-R5 and

R 5-R 9 are as before; or a conpound having the
formula: 21 RZXXRR3/ RB N fCH-N, Rg/ \ Rg
-R5 Y Y R5 wherein each of )&and Y are mdependently
oxygen or sul fur, n=1-5, 01 R2-R5 are as before; or
a conmpound havi n% t he forrrul a: RB3 RS S RS55

wherei n R53 and 54 arx i ndepend¥nt| yRpydrogen,

hydr oxyl ,
substltut ed ', A Kyl , subsyitys 3 ,

. al kenyl, subst Ne@lﬂﬁ‘ Bubst i t ut ed
al kynyl , #g} bstd t uted & ki ar yts ﬂbst i tuted
aryl, am hg, sustlt ed am noY n o itro, for
exan‘pl e, hydrogey, | ovv?,(r al kyl , acyl qx hal ogen,

NICLCIIR G R R ST PR

"‘ﬁ‘ﬁé‘% or a conpound haV| ng the fornul a R2 S R3
. > RS S wherein RVRS areas before and Rmis

hy dr ogecompdung hapingdhs forpulaed, al kyl;  or
pharmaceutical Iy acceptable sghts or stereoisoners
t hereof . Novel thio-suB anal ogs havi ng the
structures described with pect to the nethod above
al so are contenpl at ed ‘For/ , In nore particular
enbodi nents, X or Yis d both Wand Z are
oxygen if present; both X amd

. Rss : _
wherein Rsz and Rsy 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, halegen or nitro, for example, hydrogen, lower alkyl,
acyloxy, halogen, hydrokyl, amino or nitro such as hydiogen, acyloxy or hydroxyl
sand Rss is hydrogen, alkyl, or substituted alkyl; or a compound having the formula:

- whereln Ry-Rs-are as before and R is hydrogen, atkyl orsubstituted-alkyl;- - - - -

or pharmacentically acceptable salts-or stereoisomers thereof.
- Novel thio-substituted analogs having the structures described withlrespect
to the method above also are contemplated. For example, in more particular
embodiments, X of 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;-



Y are sul fur and both Wand Z are oxygen if present; X
and Y are both oxygen and Wor Zis sulfur if

present; both X and Y are sulfur and Wor Z is sulfur

if present; 22 or X or Y argysulfur and both Wand Z

are sulfixr if present. Alternatively, if Wand Z are

G5 ' A 980 2 ROSIP o0 MITRMRy 1 an
Bt 0o gy - ors s Y
Vi), {7201 X0 S W= LSO, Yy Wk -2 0 WD),
528 SR CE7R0 S YRer 6o XD, Wi
MﬂﬂiW&ﬂ,cZﬂMnﬁsSIW&O Zaly;, BesQy¥ed, WS, Iii?'ﬁF(I)1 ; X=8,
v
o PR s s 780, 225 YR e Rreodms. §-S.
| %é\%}ﬁzgﬂ-ﬁr:ﬁg{wézég N~~S O/ OO [/ \ )l
COOVe OO0 VY r NNH O\ 1 0 O COONS S NH
N-* CPaticularly disclosed compounds and compounds that can be used in the

disclosed methods include one or more compounds haVing thé following structures:

S

Qiﬁ Q_} 0‘?@

COOMe
COOMe N\d




00 0SO/ NHHINHO SO0 023 0/ OH3 00
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NHENHO SOOOOM i NH® 04 NO7 00 Me e 14
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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
tomor mgtastasié. In other embodiments, the therapentically effective amount of the
cbmpound js administered to a subject with a pathological angiogenesis.

Alternatively, where stimulation of éngio genesis is desired an angiogenic compound



15 WL s, U W, it R e 2 G a2,

OO0 O0 14N O Still further, a nethod for nodul ating
angi ogenesis in a subject is disclosed. The nethod
i ncludes admi nistering to the subject.a
t herapeutical ly effective arffunt ~of one or nore of
any of the disclosed conpounds. Exanples of conpounds
QG SBFPEIOSFHE coprentrafioroel avampavodis adyomistered tp-assibyect to

' X ere. an anti-angi ogeni c - conpound or an
igﬁﬁﬁ&g%gg%g%ﬁ%@‘concentration of a conpound is
uti | i &edngidbFemesit hditdpes) thedibdlysedichbapbini® AR iRthd he

corrpou% can be admnistered to a subject wth a
treahaentod bathrimary aRd metastatio seld Bmarstincludios carsinomas of

R, R e IR AR oo a8 Bty

panueag, liver, ghidbladienpeiibile dects dinkh it eire furimirptsstifihiding

0 544 S ESE e A s,
ABFLRSRIE a S HIRBLRndtha 2R gé%tﬁﬁgi ﬁl%bgagg@t&g&%j’, a1

of ‘a conpound is adnmi nistered to a
geritahitagt Gnelndjng prostats, seminel vasiplesgtesies aed gerhi dallitomsrs),

[ | d | ,in th t t {,
bRl e GRSt e o, e pplars etanaFn shC g
welirasihRarBgiontas, eleashas, E2bARas RN thobd Shising from bone and

pharynx, esophagus, Stomach,

or gphar ynx, _hypo
: S?Jé HEgusa3s Wﬂ@é%ﬂp‘@é\'ﬁ FreEdeind Awaors qfélll(@b.r@hs ;icfnagges, and
et (PRt P I O bR, SRRblagloRsS

.and “ur
_newpimag, neutablasgymanSchwanacmes and miﬂg:t[]@%alls) Such compounds
phobl asti c.

chori gcarcinoma and gestational tro . .
iy glsgcy sl o treeiag sl amoss priging: P erRptepossficapalignancies
S‘lgjr?:jﬂc? gﬂkr?gﬁ ﬂI %E'?zﬂ?r?ﬁ%%’uidi nggﬁg{a'tg]ﬁg(?yea, iggr ada?lfﬂoésno
ﬂ%@@%$ﬁampkgﬁambgﬁwxanﬁTshHmedmnmﬂﬂmmmkohewamgﬁhnﬁs,

[.CO I ncl.ydi ng t ar,i sing from pone
oL e R it b BTl Prhomagh o
. additien, shab chiBolidsinihy BRAIS¥RSIn BY Plovelich of (RELASILS fom the
(including astrocytomas, glionmas, glioblastonas,
tumors desribed dhexs eitheravirenrmsed alnaeieniv] contbinagion with radiotherapy

: (;pqﬁ% I.hgj.omas). Such conpounds nay
: _aﬂ??so e _us‘ef_ {H@pa%n ir%g{lshg solid tunors arising from
he meFagiair et¢sofidiclogedan-asgiogent voaghdufdiesficasirdtionSinclude
chl or omas, . pl asmacyt omas and t he plaques and tunors of
the reganent pudprop RHawpimpwRs discpsesanirh as theumatoid, immune

anlddSBBAHRAN SHERES 2B 0@ oot ohn@ScAnhidd ¥ used to treat a pathological

(i.e. abl_zorma], harmful or undesired) angiogenesis, for example, varions ocular

B S ATk TR L it e S T PR SRR, A

) .diseasé;su“c‘:il as dlabetlzrctl;lopaﬂly, retmopaihy of prematli;i.t);,«comeal graﬁ “
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 psofiasis; blood
vessel diseases such as hemagiomas, and capiilary proliferation within

atherosclerotic plaques; Oslef-‘-Webber Syndrome; myocardial angiogenesis; plague



treatnment of |ynphomas (both Hodgkin's and

non- Hodgki n's | ynphomas).. In addition, these
conmpounds may be useful in the prevention of
nmet ast ases fromthe tunors2slescri bed above either
when used al one or in conbination wth radi ot herapy

néRRAbA a6, PRRER RS, HRBISphTia8 §SifisSangid HrBRh: dhaSFoudld

di scl osed anti-angi ogeni ¢ conpounds/concentrations
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of RRAREL s el AR - R R BRI Bl

adlitbionl, QoERS diséaseSathedbatPirbais, scleeddetih, 208 hypelRshIie dars,
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kgloids; Aather upeisian ot gontyal egensdvniphibiting ovulation and
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tretmeatsefldisenscaahit havearpidgenesic ad apatheiggio condeq@dhce such as
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cqt g ?‘éﬁ%@%ﬁ@%ﬁ%ﬁ eamhmtvﬁﬁﬁp%%ce@@e@mt%m@%aﬁe
di@&ﬁé’eﬂ%ﬁ:{p%ﬁh&saérb QRo a8l thirdiRe®le bgya%ini%igﬁéﬁon riorto -
di‘'seases such as psoriasis; blood eSsel di seases .
susgeril, epediadifpr dreetssatraend of sgsedtableyupens! i feration'within
at her,oscl er.oti ¢ _pl aques: .0Osl er - Webher. Syndr.oge; .
My G Cép&og?mg ﬁ%‘?’Bg’ﬂﬁg or gl?g%qegﬂ:u%mﬁ%u ho% otd disclosed compound
caRMREE bdithd sl it Reat blaaBg dFebaditions MSREIH bkt from
joints; angiofibroma; and wound granulation. O her
- stijaationof angiopenesis plirawlatien olovasenlagamsds, inerarsad blaod Alay,
| . i 0 e iy Cal
B B T L

“ametblei to ieatn@nd hsihs didélssmismgioabhie cospbatdssdsangiogenic
.such as kel oi ds.
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di scl osed conpounds are al so usefu treat nmen
systemd | Specidicsxamples hfiseh gnpdit generslisassinalude thub hegiot
- _cons ence ,such as cat .scratch di seas .Rochele -
PR AR P oAy ey -t SRt PR 6TV o) arterial
octiive diseaieOpQbHE AR Hisede, Aherdsdledtiy| midntidguce
. Dbl eedl‘a&g by adm ni stration prior _to syric[]ery,
hypepiasiadFrahi ascluctpsasculsasuraey obballecscngivplastytarvesatlar

- j [+0 i C ncentr.ati o £
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-associated with decreased blood flow, and the like. Other tﬁerapeutic uses for
aﬁgiogenesis 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 -heali;lg of surgical anastomoses(such as in re»conne::ting portions of

the bowel afier gastrointestinal surgery); and improving the growth of skin or hair.
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~ or both) to create thermally treated stimulation zones or pockets (optionally
interconnected, at least initially, by small. ehannels) in the tissue for the infroduction
~ ofblood 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 (suclfas cérdiac

tissue) with a concomitant increased supply of 6xygen and nutrients ultimately
resulting in a revitalization of the treated sections the tissue when used in



other arthritic conditioens; inflammatory bowel

di sease, Crohn's disease, ulcerative colitis,

mul tiple sclerosis, system c |upus erythrematosis, ENL
in leprosy, radiation damge, and hyperoxic al veol ar
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_antag'onists inclnde adrenocorticosteroids (such as prednisone), projgestiﬁé (such as

hydroxyprogesterone caproate, medroxyprogesterone acdtate, and magestrol
acetate), estrogens (such as diethylstilbestrol and ethinyl estradiol), antiestrogens




wi th the disclosed conpounds include al kyl ati ng
agents, antinetabolites, natural products, kinase
i nhibitors, hornones and their antagonists, and

m scel | aneous ot her agent g Exanpl es of -al kyl ati ng
agents include nitrogen nustards (such as

chl.ore Iﬁia,ahtamnduram I
A(ng’s }‘1?6% #grag%legﬁo aI kyI su onat es_(such as .

ﬂllhi*%ﬁiegt@ﬂﬂae) mlwmmmmwmmammm%cmmﬂn
onusti ne senust) ne t re O ne
comnplpwss ERich ps SRR vt P fs ARGRORAAL"®)

i @l iazian dk
c@ﬁ%%ﬂ 95ub glzt'd%% '(ﬁicﬁ% h9dk 13:;1)O )ﬁeltli? % fgtives

cyt ar abi ne and r| ne anal 01%
Bead sigin

(sBeicdy mscanm@,t xcapunem(sud: as

oo pliEReAGHY G ok ”Ct?cva?ﬁ 3 n%%@%ﬁﬁma“d

ar.ﬁﬁt g@%ﬂﬁﬁé)OMMdiﬁoﬁ,%@ﬁisélSseato@muﬂds @n beeninbosidalh

Iotics~(such as dactlnonyC|n
gahetioeray aipnoachess swghaasithoss targelifs GFZ%%@#"‘% 0,

e R e A

be(s% lFHfll géné fhes:ps, Réfﬂfv@w@asdamwpe therapy3ayd agmzsgemd

IGEHR Al IR 43 DDl s WO pomly ecd

%Aﬂﬁ conibidaibd, willidhe distlebdd tricycli
l%rl cy?&g’ I no pgafulbr?é@é&%MQM SU5406, d eevec, e

SEERRHAL Agent ﬁmmmam}m, Alpgas AradERIEND, Rysplfas £CNU,

PKC4%2 Ppé E%lﬁz% a;g(rzlglbtc%cﬁ’ﬁ?gg%amzunanb

H%u&g, |Iﬁ>sﬁi:ﬁldé MiBolréstetd, Mivirnydinalitof8in]. 16,
VB VEGF 1-diptheria toxin conjugate

Mituxentiameebitrogen WM@LM%N@%@%&@S j Gigpettabine

G i AR PP i "

| Ritear $itl5712 Melxdibrk) ToIE)tedm (Eycaftif)oKeloda (Capeditabine), Zevelin

antagoni sts include adrenocorticosteroids (such as

- apdegdeiitidne) , progestins (such as hydroxyprogest erone

Capf?gé?,’ ﬁog R g?ﬁ&ﬁé&%&ﬁ%@é@mﬁ%&aaeﬁrol

aceta such as_di {hyl stﬁlbestrol and

e@plying ra&xsisbmqu (shoh asTPPE2Yy 6 n Tat)cpartile beams (such

t amoxi f en and_andr ogen as te

%P’@Eﬂﬁ B B FIERPR ggﬁés’%‘i lifufiho ﬁ%&f"g o (such as |
%f(saﬁ %?&&%n@%moﬁyhﬁﬁicltﬁéiaﬁ wiih t6sasidkerakhdnisible or

corrp such "as ci s-di am ne-di chl oropl ati num |1

- ulthivithetirayspl so known as cisplatin), substituted ur eas

(Sucmd%ﬁwn y,%)J(é/ éﬁ &g e.d cg%p%XndshéégﬁJ%Zc:bﬂa n%ﬁr%ﬁ?t | VES

pharmaceutlcally acceptable exclplents and optxonally sustamcd—release matnces,

‘such as biodegradable polymers, to form therapeutic compositions. Therefore, also
disclosed are pharmaceutical compositions including one or more of any of the
. compounds dlSClOSCd above and a pharmaceutically acceptable cartier. The

.composition may compnse a unit dosage form of the composition, and may ﬁlrthe;r

comprise instructions for administering the composition to a subject to inhibit

angiogenesis, for example, instructions for administering the composition to achieve.




(such as procarbazine), vaccines (such as APC8024),
AP22408, BA43-genistein conjugate, paclitaxel, AG538,
and adrenocrotical -suppressants (such as mtotane and
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conmpounds can be conbined wth- gene therapy
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compounds parucularly chsclosed by thelr IU?AC names above, Such
pharmaceutical compositions may be used it methods for modulatmg angiogenesis
-or TNF-o. actmty in a subject by admmtstenng to the subject a therapeutically
effective amount of the composition.
Asis demonstrated in the Examples that follow, thionation of thalidomide
analogs to replace carbonyl groups with thiocarbonyl gIOI;pS can provide
thalidomide analogs with increased TNF-u activity, increased angiogenic activity or
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t hal i dom de analogs with increased TNF-a activity,

i ncreased angi ogenic activity or 30 increased

anti -angi ogenic activity. Thus, although in certain
structures the conpounds arg shown wi th carbonyl
groups, it is to be understood that thionated

i scl o ekoRlarHoppERTREHI B Gloftuf (19 988 plenlsd i isolated
affolfpnais. i Ggmpdmd/ﬂ (59 mg)f wassusperided GeOEREL {5 bl YO WF;COOH (0.5

L PUAERYGR, AR oS5 STl o en o 1. oo
dolvent was RATREH
é/l el dwggm nogl u?%rl mﬂg‘?tﬁlrch? izoacet a@MW# Qte(s
g@(r?neszéragf(ﬂdaldﬁm HzpbmiGlHE) m?ﬁgzr(ag;zﬁggzmlzm (m, 2H) ,
t an e in in e presence
of t?ifh d(:\i“’f"%l’%???fs ‘f W&Fﬂ?@mfago‘!ﬁ A mixéure gf 4

plittedlie aﬁﬁycﬁﬂfé)aﬁﬂ%ﬂ}?m T SyaR HORBAH fgﬁ prcmgghr et e%{m(a:

practical and effrcient than sever

BixhEre #as concsitaled pud puificalion by colimachrémblogtzptip (elﬁknt .

GHPASR =00 p RtlaSdi Mg sdelafivecrionb 1
2, 6- Di ox0- 3-(t-but oxycarbonyl am no) pi peridi ne (3) was
prepared. and _isolated as follows. A solution of
N (t- bu?‘iﬂ%‘ﬁ@mﬁw besis_ofi AromaticcTiatidymidy Amrdogs
- 66b '
oWt gtehdcH @ttt 3 véfdw. Wlmbdlyibiler SR M n s

refl uxed for sol vedt was’Treno
' C@ﬁdm@afwnodmmdmﬂspmmhMydﬁdMnheﬂuﬁhQ%Cﬁpm the

p%%&f%gggﬁﬂﬁd%%ﬁ M 5@&}?@@@%@ GS('):I% sglup.gn (39 %)
a?bggﬂitdggraﬁ(r%n for2. |§|)7hz s?e(&g\regeg;’{br Siie%ag% of% %59 %}?ﬁ]}%d to give
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1D NMR and 2D NMR. The molecular ion for compound 6 is 270 ammn,
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 sclectiirely cleaved and that the 6-methoxy remained. When jthe reaction
temperature elevated to 70°C, both methyl ethers were cleaved with HB/HOAc

,solutiog (30%) to give diol 7.



2, 6- Di oxo- 3-am nopi peridine trifluoroacetate (4) was
prepared and isolated as follows. Conpound 3 (59 ny)
was suspended in CH2Cl2 (5 nL). CF3COOH (0.5 nl) was
added. The reaction solutiod2was stirred at room
tenperature for 4 h. The solvent was renoved to give

4 (6D g, 99%: ' DI\/ISOdG) 8 11.42 (s, ‘

3O A br | 211)@% ,J—l tmeo_.w
-2072+( dO ( -OMe

%S Pf epar ed 5 iNol at ed as f@l&Qﬁ\ﬂs A g€ of

pht ha i ¢ anhydride and Et 3N i n THE was. refl uxed for

two days. The reaction nmnixture was concentratedSand

purification by columm chromatography (@I H@nt
CH2C12/ Et OAc=6: 1) gave thalidom de~&L0H ny, A as
white cry aIs Exarrpl e 2 - Synth OMeHBr

Thal i dom de I QoS erenc fo che 2 bel ow,
di me et _@ bt a| ned-by conder¥at gon of
e

amn % hal i ¢ anhydri de g refl uxi ng
AcOH in t presence o“f\sed%noace at ¢. &andl ng
with HBr in glacial AcOH sol uti OOC?H
tenperature for 18 h, selective e O%Was'

acconplished to give conpound 6. The diructure of
‘conpound 6 was determ ned by nass spectrogcopy, |ID
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(04DN\6 aividiRin gl@n%‘@etlc acid (50 ml) was refluxed for 3 h. The solvent was

removed under vacuum. The residue was dissolved in dichloromethane (200 m1)
~ and washed with water (100 mlx3), dried over Na,SO, and concentrated to give the

crude product, The crude produqtr-was-recrystallized with ethyl acetate to give 5

(1345 g, 90%) as a pale pink crystals: mp 182-183°C; "H NMR (CDCL) §7.96-7.90

(m, 2H), 7.80-7.76 {m, 2H), 7.44(d, = 8.1 Hz, 1H), 6.42 (d, T =8.1 Hz, 1H, 3.95
(5, 3H), 3.91 (s, 3 H); CNMR (DMSO-ds) 8 166.5, 160.6, 156.1, 140.1, 132.3,

129.4,1214, 104.6,99.3, 51.7, 51.5; MS (CV/CHy) 285 [M+1]". Anal. Calcd for

CisHioNaO4:.C, 63.38; H, 4.25; N, 9.85. Found: C, 63.57: H,4.18, N, 865.......... .

1,3-I_)ipxo~2-(2—'hydroxy—6-methoxjpyxidin~3 -yl)-isoindoline hydrobromide

(6) was prepared and isolated as follows. To a flask were added 2,6-dimethoxy-3-
phttialimidopyridine (155 mg, 0.546 mmot) and hydrogen bromide solution in acefic
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; 'H NMR (DMSO—ds) 8 7.97-7.94 (m,
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1, 3-Di oxo-2- (2, 6-di net hoxypyri di n-3-yl)-isoi ndohne (5)
was prepared and isol ated as follows. A m xture of
pht hal i ¢ anhydri de (0. 89g, nmol ), 3-am no- 2, 6-

di met hoxypyri di ne rmnohydroc?wl oride (95% 1 g, 5 mml)
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9ot BY8; MB (CHCHukE7 o4 and concentrated to gl ve the
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63. 38; H..4.25; N,.9.85. Found. . 63. 57,

- supematantliqid wes degaatask mnﬁ&yﬁeeetfﬁy wagrdded, golid precipiteiol;
I e
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forksd $56.0433y ether was added slowy until the solution

becane cloudy. Wiite crystals were precipitated,
filtered and washed with ether and ethyl acetate to
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aulfydrid and ghenetisy g vwasivgled in 4 3270 o4l batby The pepctiod rture
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 phenethylthalidomide (8) and N-phenethylphthalimide (9).

O 0 ’ O 0 |
‘ a Phenethylamine : L :
: N e} ' ' N—-g:%o + O
8 9

_ Scheme3
_ 1 3-D10x0~2-( l—phenethyI-Z 6—d10xop193ndm-3-yl)1somdohnc (8) was
specifically prepared and isolated as follows. A mixture of N-phthaloyl-DL~
glutamic anhydnde (300 mg, 1.13 mmol) and phenethylamine (139 mg, 1. 13 mmol)

was stlrred ina 177°C oil bath for two hours The reaction mlxture was cooled

down and punﬁed by column chromatography, first using petrolenm
ether/dichloromethane (1:5) as an cluent to afford N-phepethyl phthalimide as a pale
yellow solid ["H NMR (CDCls) 3 7.78-7.77 (m, 2H), 7.65-7.62 (m 2 H), 7.22-7.16



1, 3- Di ox0- 2- (2, 6-di hydr oxypyri di n-3-yl ) -i soi ndol i ne
hydr obrom de (7) was prepared and isolated as

follows. To a flask were added 2, 6-di net hoxy- 3-

pht hal i m dopyri di ne (150 0.528 mml ) and hydrogen -
brom de solution in acetic " acid (30% 6 m). The

ofy s gt s 207 2 niihol e beimn e s sl o
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_ xXture of =gl utam ¢ anhydri de and
phenet hyl am ne was heated in a 177C oil bath. The
reaction mxture —was purified by chromatography on a

silica gel cBragplad— WWSM%MHW@WaI i doni de
( 8) n‘g{ﬁ% % RAEOES é%leﬂfégﬂ?éé%v@e%gth%ﬁ&omﬁe pheparddl from

m ne
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was stirred in a 177 bath for two

anhﬁ@@ wagteflweedowith amiriogluterimidg dn &mrwnw@ﬁme@w@mme to

peta?%q]%gdm%%{ﬁe%| gﬁ@%&%? Ir’i%ﬁh%?lﬁ} cg))zsagnﬂ‘zé} uen ?‘ to

affordoN— phenet hyl g pht halimde as a pale yellaqy solid

(CDC13) 5 7.77 (in, 213), A65{7.6 a2
, 7. 22-7+#6 %N. &), 83 (L, 1) N (t,¥
ad t hen usin vVchl or onet hane as e uent

af f or dON- phenet hyl. thal i dormi de as a syrup that was
~then recrystallized fromether to provide wige
crystals [(139 ng, 34% :Scﬂgm%%z' 123C;, 1H NWR (CDCI 3) S
7.84- ' :
1,3-Dioxo-2-(2,6-dioxopiperidin-3-yl)-5-azaisoindoline (11) was prepared

- - specifically as follows. A mixture of Cbz-aminoglutarimide (302 mg) and |
vpalladium 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 Thc combmed ﬁltrate was concentrated to aﬂ'ord crude 3-
- ammo-l 6—d10xop1pendmc as syrup. To the ﬂasL contammgS ammo-l 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 CH2Cly:MeOH (10:1) as eluent to afford
azathahdomlde (52 mg) in the yield of 17% from Cbz-aminoglutarimide as a pale |
purple solid: mp 233-235°C, 'H NMR (DMSO0) 8 11.18 (s, 1H), 921 (s, 1H), 9.17 -




7.81 (dd, J =3.1 Hz, J= 5.4 Hz, 2H), 7.72-7.69 (dd, J
=3.1H, J=5.4H, 2 H, 7.20-7.14 (m 5 H), 4.89
(dd, J = 5.4 Hz, J = 12.5 Hz,1 H), 4.01-3.92 (m 2 H),
2.90- 2.63 (m 5 H), 2.06-2,92 (in, | H); Anal. Calcd

for C21H SN204: C, 69.60; H 5. I01, N, 7.73. Found: C,
4Q;0 vl 513, - 44 - |
RN f- R LR B Qo 2R S
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zaﬂqwagwma Faieditor %Qp&escss@a 3305 86@AcFgmisC, 5536;

}¥\n3t£{h §ptdloyst pal ladium hydroxi de on carbon (109 to
orm ar’mogl utar wide. Pyridine-3,4-dicarboxyic

anhydride was refluxed with am noglutarinide in the
presence of triethylampe to yield azathalidomde 11

in the tdAmBlearPistbesingiAcsidatbalidamidgiAnalogsni de. O
O0 O ~NH N/ O +HN t =O- N/ OO0 71 Schene 4
1, 3- Di ox0- 2- (2, 6- di oxopi peri di n-3-yl)-5-azai soi ndol i ne

(11) was prepared specifi@ally as follows. A npxtgre

<Ch% - am noglot ari m_ge -~ gg) and Ioal(llu'MEt)=
) i -propanol (RO T
ghe~day. The reacti OR=A

8 fltered t hrough q¥ d’t@ and washed wt A% 0
propanol and nethanol. The conbined filtrate was
conceritrated to afford crude 3- _

am no-1, 6-di oxopi pendne Schesye 51p. . To the flask
cont aining 3-amno 1, 6- di oxopiperidine was added

i oV SRRCGESIR ol v ablomict

isolsedraifbiloses Fiasw, 33Reet61%‘ﬁ)hﬂthaﬁébﬁh)@§i}d§ wak %??p%%éi\lﬁ%ﬂﬁﬁﬁg
| e

rermved under vacuum he reS| due was puri

| GroeR apet@-mhydridy (2a:9L), and

BT g ) SO e A
canotntritedqmd28ah2d S4h' dlr!/ Bilvet o0 ple %Ildxﬁ sélid (12img, $8%).
‘I—fﬁlN[l%'fP)MSO)]BSZS (d,Y=17.9Hz, 1H), 8.18 (dd, = 0.9 Hz, J = 7.5 Hz, 1H),
7.97(dd,J =09 Hz, J = 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 resulfmg solut:lon was stlrred for several mmutes The sohd was ﬁltered out

R

| 'and recrystalhzed from ethyl acetate to give 1 3—d1oxo-2—(2 6»d10x0p1pendm—3~yl)
4-acetoxyisoindoline as pale yellow crystals (35 mg, 66%): 'H NMR (DMSO) &
11.16 (s, 1H), 11.07 (5, 1H), 7.64 (t, I = 7.2 Hz, 1H), 7.22-7.31 (m, 2H), 5.05 (dd, J
=5.4Hz,7=12.5 Hz, 1H), 2.87-2.92 (m, 2H), 2.48 (s, 3H), 2.08-2.00 (m, 2H).



(d, 7=4. 8Hz, 1H), 7. 98(d, J=4. 8Hz, 1H), 523(dd, J=5. 4Hz, J=12.
8Hz,1 H), 2.96-2.85 (m 2 H), 2.60-2.51 (m 1 H),
2.12-2.07 On, 1 H; M5 (CUCH4) mz 259 [M+; Anal.
Cal cd for G 2HON204: C, 55.60; H 3.50; N, 16.21.
Found: C,/ 55.36; H, 3.44; N, 15.94. Exanple 5 -

Synt hesis ofgf it aal b Q.0 0O
o~co (H c %ﬁ%ﬁ)&l@g %@'ﬁ %Péf?ﬁoqi‘%?@wg% to schene
5 abwith refgeicety Sbdrele belde, \BsNpplahaicthhgadds sERéaahed
as follows. First, 3 Acet oxyphat hal i ¢ anhydri de was

with apdcdihie pesserse of griethylamirg el BF gaved r Naghibalens-2.3-
R IB wao{Ertp bl B YU Bl deno i
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t.h dr et her t Iowsolld(127
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1 3 Di oxo-2-(2, 6- d| oxopi perldl n-3-yl)-4- acetoxyl soi ndo
i ne was prepared and isolated as follows. A nbxture

et gRypht hal i cQanhydride (40 ny),/ \
tanimde trif 8cetate (47 My _@
i paceti ¢2AG MY~ Was t refI for

‘ {, was evaporated, water (10 m
‘and the resul ti ng sol ut4.on was stirred for several
m nut es The solid was filtered out ......... 1za6d

6% LFONVR (DVBO) 8 10 16%s, 111). 11 07 (s N1H)
7.64 (1, 9= 7.2 M 111). 1?22731(m oH), 5.Q5 (dd.
J =54 H, J=12.5 H, 2.87-2.92 (m 2107 2.48

(s, 31P, 2. 08-2. 00 (m 2I?i]‘e ' 36 Exanple 6 - SyntheS|s
of Benzot hal i doni des W t¥cheBe® ence t o Scheme 6 bel ow,

{he o T, (20 o 250 R niif 06 o' T
preqarsidiand|isolated ag follows. A mixture of amine 4 (0.877 mmol), 1,8-
naphthalic anhydride (174 mg, 0.879) and triethylamine (1.22 ml) in THF (10mb -
was refluxed for 20.h. The solvent was removed and the residue was suspended in
acetic anhydride and refluxed for 20 minutes. Ethanol (5 mi) was added at 80°C and
stirred for 30 min. On cooling the product was collected by filtration, and washed
with BtOAc to give compound 12 (227 mg, 84%) as a pale green solid: mp > 300°C;

HNMR (DMSO-de) £.11.03.(s,.1H), 8.61-8.47 (m, 4H),7.92(dd, I =738z, 1= . .

13.5 Hz, 2H), 5.85 (dd, I =5.4 Hz, T = 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+1]"; HRMS (DEI) m/z caled for

.-C11H13N204 309.0875, found 309.0874; Anal. Caled for C7H2N204: C, 66.23; H,

3.92; N, 9.09. Found: C, 65.97; H, 3.99; N, 8.91. -
_N~(2,6-'diqxopiperidin-3-y1)-2,3-naphthalenedi’calhoxamide.(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



di carboxylic acid was converted to the anhydride 13

which was reacted with am noglutarimde
trifluoroacetate 4 to afford benzothal i dom de 14.

Spectral data, including n#gs spectra and NMR, as
wel | as conbustion anal yses were in accord wth the

retctiont mixtiie 88 cgulediddwn, lahe gie:
e!x_% éﬂ@gg |e| _iy=o N 4. O 12 oﬁga%ﬁgg‘%e&?\ﬁﬁ”mygﬁ% |
X Olp3 &d ﬁ@rﬁs swhHe solid. cBo hgolution of aminoglutarimide

ket IB gL et BTN S

prepar ed and I'sS

a@y@‘?de @By mg), 8hemnmam§mﬂaxmf 68, (I‘iaZﬂfol t was
in THE ( ) was
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s&ﬁﬁi&ﬂ@qﬂé@ﬁs RAFOOD Qcﬁﬁudﬂlmﬁ% 6;{}. ?gﬁ& dr ﬁgitﬂi Theresidue

refluxed for 20 m nutes
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I, 3’1—&9@96 1 A, $BYRET Do pirls o 9 Jenl 5 24 (049 556

l&@ 2.8912.85 (m, sﬂa, H66-2.5 7] 2H3, 2sz-1 9931@% JE). Ms
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- 6%57H12N204 C. 66. 'grsilzﬁ\% @2.%@%0 & é%z@ﬁ&o%%éﬁom
H9BMNS:94 8 91. N (2, 6-di oxopi peridin-3 yl)

prepared and

r-g

2, 3- napht hal enedi car boxam de (14) was

. isolated as follows. A mxture of _ '

2, 3- napmmlﬁeedsﬁﬁnmmuﬁﬁﬂ%ﬂamﬁl g 5 mol ) -
uxe m n.

?Rg @Fﬁtre ere%gg dS‘Eclthle 2below rgi:?lcnrl %f thahdoxmde 1 with
Lawesson’s reagent, when stirred in benzene at 80°C for 48 h, yielded thionamide
15 in a yield of 38%. In addition to monothxothahdomxde, a trace of dithionimide 16
| (1.6%) was also obtained. Hc_)wever, for the preparation of dithionimide, the yield
proved to be very low (less than 2%) when the reaction of monothiothatidomide
~ with Lawesson’s reagent was perfdrmed between 80°C to 120°C The situation
~ changed greatly when organic base was added to the reaction mixture. 'I‘hus
‘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 (459/) and
dithionimide 17 (31%). The structures of these sulfur-substituted thalidamides 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 &ithionimide

16 and trithionimide 18.



e reaction m xture was cool ed down, and
the solid.-was collected by filter to afford anhydride
13 (0.133 g, 77% as a white solid. To a solution of
am noglutarimde trifluoroggetate (163 ng) and
triethylamne (1 nL) in THE (10 nL) was added

anhy@irl de 13 (133 ng).. The m'o<tu(5e vas refl uxeg, for
9ROl Vﬁﬂ&sﬂm{eaj edl unteryvacuum and t H
sheekswi+t h t ec?r S

. c,

B s¥AdEh an , dH€d and

con(ﬁntrat ed. The residue wad?purified by flas

chr omat ogr aphy to give conpound 38 as a white solied

70% . np > 300C, rH NI\/I%(DI\/BOd6) 8113 '
d

.60 (s; 21#2 830 d
B

2 66%2.57 (m 24 2.12-1.99 (in. '.(DEI 308

Hz, J 2¥idin® Hz, I

LM +; 16RVS (DElI) mz calcd for G 7H 2R204 308. 0797,16
found. 308. 0798; Anal. Calcd for CL7H12N204. 0. 25H20:
C .@8; H 4.03; N, 8.96 Found9 sG 65.42; H,
anplawesson'Sieagehie s | Supfttid Ana

grencelt g & Hél aw,
reacty on of thalidomde 1 with wesson' s reage
when stirred in benzene at 80C for 48 h, yielded
thiondmide 15 in a yield of 38% .1 f6addition to 18
- nmonot hi ot hal i dom de, a trace of dithionimde 16
(1.6% was al so obtai nedscidawerer, for the preparation
of d|th| oninmde, the yield proved to be very |ow

(| eds3-Diiep- %efé’-om&thm@pmdmr%ﬂl)w@mdohne (15) was synthesized

SRR S Reb R Afrleicl b BHBRRRIY 2o BEF S35 ST o

Laglessint 3/renian (mmg; C.700a nolpis RREgEe (5OmWad finfediiRA 80°C
m xture. Thus t hi onati on of nonot hi ot hal i dom de 15

oilhatinfor 2 deys.okhe soleeni aves removed|undavasaum. The residuecias at

L Dot AR SARNBERRY y64E KA1CT ot ol QAL B

affshibsnpamtifier3 s It6%) ket salid saiibe usitRr@H,Cl, as eluent, to
|dent|f| ed by mass spectra, 1DNVR and_2DNMR.
afforigomepavind d 568 me 38%) a6k Hatlow selids sam225-2205G e L NMR

Y 8 ISP B A T e 50 e m g R

1HiReRERB 25 (nl\ 1H)f 2.60 2NN 2. 57-5.10 (m, 1H); *C'NMR (DMSO-
. dg) 8208.7(C-6"), 165.3(C-2"), 165.2(C-1 & C-3), 133.1(C-5 & C-6), 1293 (C-3,
C-74), 121.7 (C-4 & C-7),46.9 (C-3°), 38.9 (C-57), 21.79 (C-47); MS (CI/CHy) m/z

24 [MT; Anal: Caled for € HiNoO58: €; 56:92; H; 3.67; N;1021 Founds €, - - -

56.89; H, 3.78; N, 10.15.
1-Thioxo-3-0x0-2-(2-0x0-6-thioxopiperidin-3-yl)isoindoline (16) and 1,3-
dioxo-2+(2,6-dithioxopiperidin-3-yl)isoindoline (17) were synthesized as follows. A
mixture of 15 (146 mQ, 0.533 mmol), Lawesson’s reagent (108 mg, 0.267 mmol)
and pyridine (21 pl) in toluene was stlrrcd at 110°C under an atmosphere of N for
12h, 'I"hereaﬁer, more Lawesson’s Reagent (108 mg, 0.267 mmol) and pyridine (21



OHOOHO SOC, 2'days O1 15 16 '~-NH tawesson's
Reagent NH NH Pyridine / ~ V=111 1 \\\....JJJ O0OO
16 17 16 Op OS S g ~\' NH tawesson' s. Reagent i O

morpholine S+ ~/ NS 0 1 16918 Schene 7
1, 3- Di oxo0- 2-( 2- oxo6th|oxop|per|d|n3y|)|30|ndollne
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gld |g{@8 E)& oil bath for 2 days. The
uchbHlaChigtplepmeatinn 2rhel O: bohen SHuls EtOAC =

‘%B'&‘i*é/ﬁ%’é‘?’r‘ ﬁguemm‘“?@r”ﬁ??’??m?hy S0 Saing ppatere 15 (63

mErsaing 1e@veRdny, 1:6% as a red solid and then,

1, BB o By TR 85
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mifghaich BNl 30186 e 29@60517835‘ ﬁn%lz%aw?@ s

G337
CHEBISSE G SN 63 oty 5 A5yt

égug'g':'ﬁmﬁou@ B7;(vad solid): 2ap 240:242"CCH NBER §ODH) 59.44(s, 1 H),
o PP LIS G B 5.8 o DP 47534 o
3DEA G H)]lelbtr% 1c‘)’zx(:):n’|l|oI-(le)r [ él;l;]IMR (l?%dlsgc))l %Odgollq %g] ??L? 06-10, _
1‘?%?‘3@( 1§§ ﬁflhfe?% Hed3242 :&%3&@22 1S, m;lmsaﬁ@lew MS(BERp/z
26} A1 TTRRMS E5H6 502 Barta FSFRYQ0 NI 2890282 Z6ind B8 g
Anal. Caled for CysH;oN>0585+0. 5H20 C, 52.15; H, 3.70; N, 9.36 Found: C, 52.25;
H, 344N, 9.07.

1-Thioxo-3-050-2-(2,6-difhioxopiperidin-3-yl)isoindoline (18) was prepared
and isolated as follows. A mixture of thalidomide (100 mg), Lawesson’s reagent
(157 mg) and mozpholine (35 ul) in toluene (10 ml) was stitred at 105°C under the

- atmosphere of N for 24 h. The solvent was removed under vacuum aund the residue

was purified by coluran chromatography, using CH,Clz:petroleum ether (1 :1)- as
etuent, to afford compound 18 (13 mg, 11%) as red crystals: mp 244°C; "H NMR
(CDCl3) 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(DEY) m/z 306 [MJ'; HRMS

- (DED) m/z‘calcd_ for Cl3HmN2083 305.9955, found 305.9951; Anal. Caled for
C13H1oN2087-0.5H20: 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. - . -



and pyridine (21 1) in toluene was stirred at 110C
under an atnosphere of N2 for 12 h. Thereafter, nore
Lawesson's Reagent (108 ngy, 0.267 mmol) and pyri di ne
(21 39 1) were added. The 4(eaction m xture was
stirred for a further 12 h. The solvent was renoved

. under vacugmmpk 8§ h8yi@eiid ¥eBeASoAkInel2, £AidhesCOl urm
- chromat ogr aphy” (el uent CH2C12/ petrol eum et her =

10: 1W1ﬂ1rr@f¢regpe & ety below) galipylie QCIdfwa@ itgated vo@mtbagl

- cifrsloat, o b o8 rcadfont ploeni® 94 GO MBI [BucdFPpicSitie o
reﬁﬁv@@éb' ﬁﬁ’é&ted éﬂz&i\&ltﬁﬁmhﬁ)e SBiiring the rEsilltlﬁ esiiubith amine
7.66-7.63 Jd = 4.9 112, 119HZ 1

T m 2 H,

injthe presepge sg athylgmpe aﬁ?rdezl sybstguwd bengoxazipg-2.4digBed . 06
(m I'"H; Ms (DElI) Mz 290 [M+; HRVS (DEI) mz calcd.
for C 3HLoN202S2 290. 0184, found 290.0185; Anal. Caled
for C13H, ON202S2: C, 53. D? H 3.4q;,.N 9.65 Found: C,

¥ N, 9 C@Qﬂq)oma 1pRo(r iLEP: onp
@ 242(:3—%:-!56-%%% S 9. 44~s+—3—H) 5\:§d-.
GOCH) | 786776 %‘&9—%”55 75-5.64 (ih, X H],
3.57-3.52 (in, 1 H), 3 R2.99 (m 2 H, 2.1 2. 0
(m I M "C NWR (DVSO: #08.16, 207.98, 166.10, 20
165.39, 134.32, 133.11, 132.42,124.30,122.15, 121.11,
49. 64,21.29; MS(DEl) n zgeieQde § MF1] +; HRMVS (DEI) iz
cal cd for CIL3H11N202S2 291.0262, found 291.0264;

An a|3{2eﬁrm@xommen@neﬁry6Mmzm@m®on€(2@ wapprepared and
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st B T D8 ickroq Sptiton sF bl acte (o mmeo
trisiylakine (363 nil) apetlemfoan( 0ish) wheadda <fol bioofodnate (157
m]311xture of thalidomde (100 ng), Lawesson's reagent

The rRIctomRRIHHTe IS afeéémarm)to FOPIR Eﬂnmi@umal f
mﬁ%rea’tedt%%i €W§§ cg&ﬁﬁe& Wh' tlﬁl% er vacuum ar‘{gﬁtuhme VQ,EU.I&&IZO

ent was renoved un

giveasndiiEd. %ﬂlopuﬁ]rﬂaeephrtﬁcatmm emaiecdongroatid 49 &pisyhssuhrbuhgl

'CFfﬁﬁﬁﬂfi iledthac o Begpe cld sRried s aded piRo Y roe)- Tpe
{%}s acﬁo%dst% v&aﬁm t@a ]aﬁbletﬁ té?ﬁ%é%a a(ddrk(tm:%t room

i 91 s (in,
. terBperang: ORIfight. 2I‘haw121te1®l@ pxﬁzlmimted, MO)IecwsbjDEﬂmﬁm b,

. mr | 13H 995 '
ettt Eon S o % o6 it AL R AN 052 508 2RBRs mp
. 26@0 4ﬁ1419£R {dMBOS;) 5N 1. 18 @S0 8RY-7.65 (AP 7.50 (431 245
-Hz) '5. 78 5 75 (1u, 0.6H), 5.49-5.47 (m, 0.4H), 2.90-2.87 (m, 1H), 2.05 (m, 1H); ¥C
NMR (DMSO-ds) § 173.0 (0.6C), 172.9 (0.4C), 169.9 (0.6C), 169.6 (0.4C), 160.8

(060, 159.8 (0.4C), 152.5CICY, 1484 (0.4C), 146.5(0.6C),"137:2 (1€); 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 (DED) m/z
caled for CrsHioN;Os 274.0590, found 274.0582; Anal. Caled for CisHyNyOs: C,
56.94; H, 3.68; N, 10.22 Found: C, 56.51; H, 3.77; N, 9.95. .



Then, CH2Cl2 was used as eluent to provide conpound 16
(31 ny, 28% as yellow crystals. - 40 Exanple 8 -
Synt hesi s of Benzoxazi ne-2, 4-diones Wth reference to
Scheme 8 bel ow, salicylic agh;d was treated with ethyl
chlorof ormate, and then this reactlon m xture was

- CEREOR ST IEH T FETITES raforiRNBIGd oroipoimapyne
resi omml mférbnc&r’fb ISeheihe 9tﬁwma,rmwmep1ﬂhaﬁmid@t(mw vodH shifred

affog%%gfubsu t ut ed. benzoxazi ne- - di ones GcOH
EPNg theprpsenseqf W@%—‘ﬁs@e@l@a o)
c&ﬁal&%rea%ﬁgﬁgg‘}lpé“%?mu%dz? wgséﬁ)znélfg?yﬁle% AP dpone (20)
mmsthiophiriisddewih SFhDhmghﬁammJepfdlbmd byeliaigalod of sulfur.
ice/salt solution of salicylic acid (100 ng) and
triethylamne (303 m) in chloroform (10 nL) was added
ethyl chloroformate (157 m).. The reaction mxtyre
was allowed to warmto roomtenperature, and,

thereafterS stirripg was continued for 3h. The™s grent
s reReved under v to giNpe“@s ude 19. hqut
_ i ' e compound—19 was di gsolwyed

\ and cool wWith ice. To the i
“solution vW&s added amkne (95 ng). The r
m xture vwas allowed to warmto anbi ent tenperafure and
stirred at room tenperature overnight. The whrte
solid precipitated, collected by filtration angs
washed with chl oroformtgcmmegcorrpound 20 (79 ny,
749 white crystals C . ' H NVR(DMSO d6) S
11, 152Dy S periamytidengh i-oxptpindpline (4 was specifslly

oSl S (o s G Wi dRsPab b Ty ot a2 G

0.1 n8n0l);(and pAiassiamatbanteATNO nigh 1 90 Snl{yQAr@E)TEH 64s fefhuxed for 7

e g b B Bt et

djﬂe%geﬁed OEtﬁgD aceﬂa%’@ 21) S(;ﬂb% v@a{f&(@ Eﬂgﬁgg e .61@% g%mc layer
423[2270011

W@lsegal‘@tpd;)dnng(vg':']ﬂﬁz ddtratedrimkiBr YAoRUN. The restink odhs
pulrHled g@%@ﬁ;@r v petral b St emIr S Stard Ykt 2: 1R 4 2)
to give 23 (14 mg, 58%) as yellow crystals: mp 295°C; 'THNMR (DMSO-d): 11.05
G, 1H), 1029 (s, 1 H), 8.13 (d, = 7.6 Hz, 1 H), 7.89 (d, = 7.2 Hz, 1 H), 7.80 (m,
1H),7.73 (m, 1 H),3.20 (t, T = 7.0 Hz, 2 H), 2.67 (t, ] = 7.0 Hz, 2 H). P*CNMR
(DMSO-ds): 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(DED m/z 242 [M['; BRMS (DED m/z caled for CsHigNaQs .

242.0691, found 242.0687.



56.94; H 3.68; N, 10.22 Found: C, 56.51; H 3.77; N,
9.95. 41 Exanple 9 -Synthesis of 1-(

2, 6- Di oxo- 3-pi peri di nyl i dene) - 3-o0xo0i soi ndoline Wth
reference to Scheme 9 bel owy, nonot hi opht hal i mi-de (21)
was stirred wth 3-bronoglutarinide (22) in the

presence of Na2 ' sghennose coupl i ng

reacti on. Thus, COM %u%nggﬁﬁézémf oer%%%loﬁ/ all cyl ation
of  Remdiohiof pbinbeirtial Abetylalibyidybk N Balddehithiinsie,

fol | owed b‘% elimpation of sulfur. O. ONH Ne2603 NH
mf?"évoacsta@ ¥ origd qpt to givio 2peylsaligidarpidg 24 according to Scheme
- 18bkidwb- D 0xo- 3- pi peri di nyl i dene) - 3- oxoi soi ndol i ne (23)
was specifically prepared and isolated as follows. A

m xture of 21(16 ng, 0.1 mol), 22 (19 ng, 0.1
nnnol ), and potassi um carbonate (100 ng) in anhydrous
THE was refluxed@or 7 h.. Thin-laj@r chronatography

(TLC) sho hailcine starting e
di sappeare t hyl acetate g2
wer e added. cefgani c | ayer
over Na2SO4 and@concentrated under gv
was purified by chronmat ography usi ng perT oleum

ether/ethyl acetate (first 2:1 then?®:2) to give 23
(14 ng, 58% as yell ow o¥chemgll®: np 295C,' HNMR -

e : . 29.(S... 1. 8.13. -J
(NGBl e B koS s
Pl aralm. Tt dh ot oo (37
itk amis ('3EA6L) n oy Gh L) wandsed Bgninoslaide,
. 2t 7 m. _ [,
bl o0, B HogEs it S
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, I = 8.3 Hz, 1H), 7.81 (dd,J =
1.6Hz, J=7.7Hz, 1H), 7.72.(m, 1H), 7.54 (m, 1H), 7.38 (dd, J=0.9Hz, J = 8.1 Hz,

 1H), 4.95-4.82 (m, 1H), 2.96-2.90 (m, 1H), 2.43 (5, 3H), 2.18-2,15 (m, 2H).

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

A series of thiothalidomides and analo gswére designed to explore their action on
inhibition of TNF-o.. Monothiothalidomide 205 (same as compound 15 in Example 7)
" s prépared 4§ shown in Scheiie 11 réﬂ;Bmcxyemwﬁﬁrrs;grutamiﬁe 202 was™
* refluxed with carbonyl diimidazole (CDY) in THF, and cyclized to afford imide 203
(Muller et al., “Amino-substitited thalidomide analo gs: potent inhibitors of TNF-a. -
production,” Bioorg. Med. Chem, Lett. 9, 1625-1630, 1999).

Imide 203 thien was freated with -t:if[uoroaceti_c acid in GH;Cl, to remove the
- pr_otectivg group to generate amiino glutarimide iriflnoroacetate 204. Without further

, _puriﬁqation, compound 204 was reacted with phthalic anhydride in refluxing THF in




Exanpl e 10 - Salicylam de Anal ogs Reaction of

comerci al acetylsalicyloyl with am noglutarim de
trifluoroacetate was carried out to give

acetyl salicyl am de 24 accordang to Schene 10 below. O
CKCL ¢ - OCCH3 | cOCHHs ON~ &N 1HI 0 OO O 24
ﬁ%ﬁ@ &8¢ MRIG190RE td poBhle/thaRIRAGEL QY (¥me as compound 1 i
( ,G%Egico_xopi peridi n-3i-)yl ) ben%arﬁe (24)(- was pr gp[zﬁ edm
Exgmphl 7) omthe tdtal pipld of3 166 fidnsaimpouod 202. Thalidomide 201 was
acetyl| sal Lcyl oyl chl ori 2 ahd tr. 1ethylam ne
aissadd §Eh LA SostPh TSR Yt Thinsalion RackortdY
LAwRsBoNRH dab@its, o Ferrbhddrbil 108061 9087, (985, thldntirdth@f which is
_reaction tenmperature was alTowed to warmto room

incorpeeated bereindryderence) inggenaxicosingle new pyoduat b hadrngiructure

.sol.yent . Lemved recrystallizati et hyl
i BilET s $ TRl BA Py B tom S A yller
ic reSoniME2 cdpy. i T3 thi a

fpElicc fotdnhbls dpbbEendy: STE pilitdo i Sbiodhiibiyl prou v
estabilizhedrfromiine hetemmuglagr mylfiplehopd cogelatign GINBI)gross peak of H-
SQCEP}HZ, 1H), 4.95-4.82 (m 1H), 2.96-2.90 (in, 1H),

43 (s, 311), 2.18-2.15 (m 211). Exanple

11- Synphesis of Thiothalidgm des and Determ nati on of

Their T | nhibitory ActYumpy A series of NH
1 By | i domi des—and BaaiegS ® dei?gnedckaoognm e =0
thei I atthon on inhibitibn TNF- a. ,
Monot %ﬂt HeHdom de 205 (2@8e as compound 15 in 204
Exanmpl®€™7) was prepared as showfr in'Schenie 11.1 c

refluxed wi th carbonyl dipPmajazole (CD)
cyclized to afford i g MUl | er. det
- " Am no-substituted t Nride Af@logs—D(
i nhi-bitors of TNF-a Production," Bioorg.
Lett. 9, 1625-1630, 1999)3gkmi de 203 than was tPmated
with trifluoroacetic acid in CH2C12 to renove the
protective group to generate airiinoglutarimde
trifluoroacetate 204. Wthout further

Scheme 11: Reagents: (z) CDI/THF; (b) CF;COQH/CH,Cly; (¢) phthalic
anhydride, Bt;N/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
ﬂﬁonated with LR at 110°C to give compound 208 as a major product. Concurrently,
compouh& ZOQ‘Wassepafated as-a minor product by-chrematography. - -~~~ - -

3-thiothalidomide, 212, could not be prepared through the cyclization of
comp_ound 208 with ammonia or amine as ammonia reacts with the thioamide; reaction
of compound 208 with benzylamine produced the unexpeci-ted compound 210. In an
alternative approach, compound 208 was hydrolyzed under acidic_conditions to give
diacid 211. 'Compoﬁn'd 211 was then reacted with trifluoroacetamide to genefate 3-
thiothalidomide 212 in the presence of 1-hydroxybenzotriazole (HHOBf) and 1-{3- -



purification, conpound 204. was reacted with phthalic
anhydride in refluxing THE in 43 the presence of
triethylam ne to produce thalidom de 201 (sane as
conpound 1 in Exanple 7) ijythe total yield of 31%
from con'pound 202. Thalidom de 201 was thionated with

(‘#%g@gfon' mp vvessg Eé%%erﬁ} &thjrorf Pﬁ aﬂaﬁ&,al “An

@éﬁh&@%&@&&&cyﬂmnﬁmﬂmamrm@h 40,33697—3698 1999).

i'ncorporated herein by reference) to generate a single

new product that had a structure identified as

6' -t hiothal i domi de 205 by masspspectrometry ang b &
The

2 n Ie o magnetic resgnajce ctroscopy. o
] of chhe Lhioca yInggoufcias CHy
he t'eronucl ear ~yef nd c3rr Com!

crossopeak péoH 5 /C6'. Od) O 0
Boc- N-347Boc- N ‘@4z - CF3CR H3 H2 203 2@59 0 CHj
000 \\e-NHd ~-NH S N{ g 0/(SCL Schene 11:
Reagents: (a) CDVTHF; (b) CF 000H CH2Cl Z; ) phthalic

anhydrg dg, . Bt 3N THF; (d) Lavwseon's r eagent QI ueng-

s nt Hs of 3- th| dony 212 is sho ,-\
oyN -glutanic acid Q
fle o0 afford d| 20 _ ound 2(C

t hi onzﬁ ed with Lit at 110C t giv ound 208 asoa !
maj or praoduct. Concurrently, 21.conMPound

209- was-separated as-a m nor product byehromat ograp y
3-thiothalidom de, 212, could not be prepared through
the cyclization of conpound 208 with anmonia or am ne
as aScohemel2:Rangentsd (RhLawessons osageniépluenedb) Benzytamine; (c)
conpound xpect ed
comound%&ﬁr}gﬁﬁ@ég%’;ﬁpgéﬁgéﬁwﬁﬂé fi'pound

208 was hydrol yzed under acidic-conditions to give

In the synthesis of dithiothalidomide, one method involved the reaction of
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 ylcld was
so low that improvement was desirable, and was undertaken by modifying the reaction.
conditions. Tt 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 etrahed}on, 41, 5061-5087, 1985, the entirety of which is
.incorporated herein by reference).. The Lewis base may be able fo increasethe . -
reactivity of LR as the base may drive the unfavorable equilibrium and elevate the
concentration of the ylide 214. When pyﬁdjne was uscd.as a catalyst for thionation,
monothiothalidomide 205 was thionated with LR fo producc two dlth10thahdom1des
213 (same as compound 16 in Example 7) and 215 (same as compound 17 in Example
7), in yields of 45% and 31%, Tespectively (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 2 yicld.of 65%.



diacid 211. Conmpound 211 was then reacted with
trifluoroacetam de to generate 3- thiothalidomde 212
in the presence of 1-hydroxybenzotriazole (HOBt) and
1-[3 44 (di et hyl am no) propyk] - 3- et hyl car bodi i m de
hydrochloride (EDCI, Flaih et al., "An expeditious
synthesis of cyclic imdes," Tetrahedron Left. 40,
3697-3698, 1999). OOSOSO00CH3 a 04 NCH3 / N CH3
D S O 2070CH32089—|32090 CH \ SOS
7 ﬁg,o Schene 12:

0 e, (b)

, HOBt, EDC,
In th nt heS| S (pfzﬂ t hi pgal | doni de,
one rrenhfbd i nvol ved Ae reaction of
nonot hi ot hal i dom de h LR at ref lux in toluene.
Under such conditions, R;,6- dithiothalidom de

obtained in a yield of | 8ss t haps 2% (gche B
yield was so low that inpr oveirent ;4@s de /N
was undertaken by nodi fying the redction. conditions.

It is believed that the nechani underlying th 15
reacti on between LR and a carbgnyl noiety is tha? a
hi ghly reactive dithi ophosphi nevylide 214, rather than
LR itself, likely is the active thionating agent
(Schemme 4, Cava et aI " Thi onajfi 0\ reactl on of
Lawesson' s Reagents, "' CTetr _ 5061 5087, 1985,
t he entirety of which is r erei n
byee~enee) - . Ttle LeW 1?ae.n -13e7l e, gbs, ease?e.
Cee react|V|ty of LR as the,hase may drive the -
unfavorabl e equilibriumand el evat'e the concentration
of the ylide 214. \Wen pyridine was used as a catal yst
for thionation, rmnot hi ot hal i dormi de 205 was t hi onat ed

' Laioth : .
ViS58 848506 1Ry LR IR IR B s,
17 in mehhdtolﬂem, (cm Lylwebsdﬁ's edagéhQmasholihYolnene,
respectively (Schene 13 b,c). Dthiothalidomde 213

@H’S\ —@ = wo Y

214

“Scheme 14 The miechanism of catalysis for Lawesson’s ré‘a'gént' T

31%

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"dithipglutaﬁmide 219 (Scheme 15). Reaction of potaésium

~ phthalimide with 3-‘bromocyglohexcne ina Gabriel f,_eaétion gave compound 221.
Thereafter, thionation of compound 221 with LR afforded compounds 222 and 223




was further thionated with Lit in the presence of the
stronger base, norpholine, to give,

trithiothalidom de 216 (sane as conpound 18 in Exanple
7) in ayield.of 65% 45 S 44NH HS a OO0 213 1.6%
205 S 213 + S 45%31% c 215 S-H "~.. 65% 216

PP o PO okl N e

grgieparittagefiomprnddZid ad/223l uene. S _ S MO
J/\\ S Ove MeO -S- 214 .. Schenme 14. - Ther nechaui sm of
catal ysis for Lawesson's- reagent: utari m de 217
was thionated with LR in THE at roomkt epperature to

afford conpound as a ngj or r@du Q utarim de
h/IfR/erp t ol uene to produce

217 al so was refl
di t hi ogl ut ari mi g€ bScheme 15). Re¥&tion

of pot'assi um pht hald ni de wi .3-brom)c cl ohexene in a
Gabriel reaction ggye conpound hyreafter,
thi onation of conmpound 221 with LR %d conpounds
222 and 223 46 SN '

219

Scheme 15. Reagents: (a) Lawesson’s reagent/THF, room temperature; (b)
Lawesson’s reagent, reflux/toluene

of-otoroto-olo

- Scheme 16, Reagents: (a) 3-bromocyclohexene/l)lvﬂ? (b) Lawesson’s

reagent/toluene.



(Schenme 16). Conpounds 224 and 225 were prepared in a
simlar procedure to that wused in the preparation of
compounds 222 and 223. S'N' ~O H 218 O 217 S NS
H 219 Schene 15. Reagents:4Ta) Lawesson's
reagenti THF, room tenperature; (b) Lawesson's reagent,
r ef | uRhd situchnes 6f the Sriothaliddriida cMﬁpom)idsb)ﬁhi@.)]EQaﬁpQ aré20

221 222 )29‘3 Schene 16. Reagents
Fasd PeloBhexene/ DNE; (b) Lawesson' s -

reagent/tol uene. 47 The structures of the
t hi ot hal i dE ‘irgle corrpounds of this Exanple &}

Su
0 , Rh=0, R =S 208: R4
212 9 Ra=S, Rb=S, R
213 211: Ra=S, Rb=0, 0=
0
205:R*=0, R’ =0, R%= § 208: R*= S, R?= 0, R% Me
212: R*=8,R"=0,R=0 209: R®*=8,R’=§, R%=Me

.Da. b_
213: Ra 0,1_1b S, R°=§ 211: R®=8,RP =0, REH
215:R*=§,RP =0, R°=§ S : '
216:R*=S8, RV =8 R°=§

Ra
L OO
R g Rb )
| A\§
| H RP
218:R*=5,R°=0 222:R*=§,RP=§ 224:R*=8,RV=§
219:R*=§,R°=§ 223:R*=8,R¥ =0 ~ 25:R*=S,R°=0

The action of the these thiothalidomide analogs in inhibiting TNF-o.

- secretion was assessed in human peripheral 5100d-mononuclcar cells (PBMC) and

the results are shown in Table 1. Freshly prepared PBMCs were utilized in all
: studles Blood, 40 -ml, was drawn from a Volunteer 1mmediately mixed with 50 |
U/ml Na heparm and was diluted to 50 ml total volume with sterile PRS, Samples
20°ml, of thiis preparation thehWwere layéred i 20' il Ficoll: -Paque and were
centrifuged (800g, 20 min). The Ficoll/serum interface, containing PBMCs, was
colleoted, diluuted to 200 ml with PBS, and then was centrifaged (800, 15 min) to
pellet the cells. Thereafter, the recovered pellet was re-suspended in 37°C tissue
culture medium (RPMY/1 mM Sodium pyruvate/10% heat inactivated FBS/ 2mM
Glutamax) _and placed on ice. Recovered cells were counted, pipetted (200 ul of 5 x
10%%nl) info 96 well plates, and incubated for an hour (37°C, 5% CO,). Thereafier,



- 215: Ra=S, Rb=0, R =S 216: Ra=S,Rb=S,R =S Ra Ra CgN-0
(:)gNI'l b 218: Ra=S, Rb=0 222: Ra=S, Rb=S 224: Ra=S, Rb=S
219: Ra=S, Rb=S 223: Ra=S, Rb=0 225: Ra=S, Rb=O The action
of the these thiothalidom dé8anal ogs in inhibiting
TNF-a secretion was assessed in human peri pheral bl ood

@m 46 L&RIen@aidng of REMImptRds bheehicls (10 ¢ DVSO) hasradded
e 1. Freshly prepared PBMCs were utilized in all
Plyamply of

tasdupdicete webls o Hallowime ¢ furtherdhoyr ghimcabaionga 19,

g Bt L o el ORGo 8 aie

tSRIAREERimulA6d khd undiniutited plsprspiciody] aritheeells wayer ed
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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 margmal activity at 30
uM with 3 1% and 23% inhibition of TNF-o secretmn, respectively. In contrast, the
dithiothalidomides, including 27, 6’-d1th_10thal1dom1d§ 213 and 3, 6'dithiothalidomide
. 215, exhibited more potent inhibitory activities with ICs values of 20 pM and 11 pM,

. -Trespectively. However, assessment.of cell viability byMI'S,.as'say-.shewed thax: 213. .
induced increasing cytotoxicity at higher concentrations. Trithiothalidomide 216
inhibited TNF-o production with an ICsq of 6 pM, without accompénying toxicity.
Compared with thalidomide, 201, with an ICsp of ~200 M for the inhibition of TNF-o
synthesis, trithiothalidomide 2186 is over 30-fold more active. lHenc.a successive
replacement of a carbonyl with a thiocarbonyl group led to improved inhibitory act1v1iy
compared to 201, unassociated wﬂ:h toxicity. In this regard, the synthemzed
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(208) and Dimethyl 2-(1 ,3-dihydro~1,3-dithioxo-ZH—isoindol-z-yl)-pentanedioate
(209). A mixture of compound 207 (144 mg, 0.47 mmol) and LR (191 mg, 0.47 mmol) B
.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 CHCl, as
the eluent, ‘to‘obtain compound 209 (17-mg, 11%) as a dark red oil. Thereafter, usiilg



21.79 (CA'); Ms (CJ/CH4) ralz 274 (M; Anal.
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oL ALG RIS Y ihhion gS R g 04 ol st etiaine (021 L.,
1.51 mmol) i CHzCL, (1.5 mL) was stirred at ambient temperature for 3 days. Water
.. (10mL) and CH;Cl (10 mL) were added. . The.dichloromethane. layer was.separated, .~ ..
washed with water, dried over Na,SQ, and evaporated under reduced pressure.
Purification by_chromato graphy, with EtOAc:CH,Cl, (1:10) as the eluént, gave
compound 212 (48 mg, 63%) as a red solid: mp 255°C; 'H NMR (CDCl;) 5 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
~ (CV/CHy) m/z 274 M); Anal. (C1sH;oNz05S) C, L, N.



glacial and conc. HCl in a 100C oil bath for 2.5 h.
Et hyl acetate (100 nL) and ice water (30 nlL) were
added. The ethyl acetate |ayer was separated, washed
with ice water, dried overshNa2SO4 and concentr at ed.
The resulting syrup was crystallized with ether to
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(CDCl;) 5 10.81 (s, 1H), 8.05-8.01 (m, 1K), 7.91-7.75 (m, 3H), 5.92 (m, 1H), 3.57-3.52 e

(m, IH); 3.1'3—2._97 (mn; 2H), 2.18-2.15 (m, 1H); MS(DEI) m/z 306 (M"); HRMS (DED)
caled for C13HoN,083 305.9955 (M), found 305.9951; Anal. (C13H;oN,083-0.5H,0)
CHN L

@Thioxm?apiperidinone (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



(m 2 H,; 7.66-7.63 (m 2 H), 5.00 (dd, 7 = 4.9 Hz,
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Compound 222: mp 93°C; "H NMR (CDCls) 8 7.65-7.60 (m, 2), 7.49-7.42 (m,
2H), 5.92-5.88 (m, 1H), 5.66-5.63 (m, 1H), 5.47-5.43 (o, 1H), 2.40-2.35 (m, 1H), 1.99-
1.95 (m, 2H), 1.75-1.59 (m, 3H); MS (CUCH;) m/z 259 (M*); Anal. (C1eH;3NSy) C, H,
N. i | .
Compound 223: mp 67-68°C; "H NMR (CDCl)  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, TH); MS (CVCHL) m/z 243 (M*); Anal. (C14H3NOS) C, H, N,
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Di t hi oph#?¥al i mi de (225). A mixture of phthali'mde (

436 ng, 3.40 mmol ) and Lawesson's reagent (1.199 g,

3.40 mmol ) in toluene (& s refluxed ( oil
bath 120C) under nitroge CPSF)eé\Qﬁours The solvent was

r e nDE e ahod AGHMAD)sahE 1icheid (@36)wie prasared 4epillbws. To a
chromat ographed ( silica gel, petroleum et her :
mixture of 4-aminosalicylic acid { 306 mg, y) mmol } and di-t-butyl dicarbonate ( 655
“mig, 3 wEol Y i MO 'was added NaOF ¢ 2Nin HyO Y at 0°°C: This reaction mixture -
‘was allowed to warm to room temperature and then was stirred for 5 hours. 2N HC]

was added dropwise until the mixture was neutralized. The reaction mixture was

. then extracted with BtOAc, dried and evaporated to give product (336 mg , 66%) as

a dark gray solid: "HNMR (DMSO-d¢) 5 11.50 (s, 1H),765(d, 1H),6.23(d, 1H
), 6.07 (s, 1H), 170(s,9H)



met hyl enedi chioride / 2: 3) to give dithiophthalimde
as bl ack red needle crystals (240 ny, :
39.4% : 1IHNVR(CDC 3) S 9.80 (br, 111), 7.95 (d, 211 ),
7.80 (d, 2H); M5 ( C / CH4) mz 179 (M). Exanple
12-Synthesis and TNF-a Inhibitory Activity of
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. THF) was stied at room temperature overnight. Evaporation of solvent gave a-
residuc which was stirred with a mixture of BtOAc and a saturated aqueous solution
of NatHCO;. The precipitated white solid was collected by filtration as the product;
1E[NMR(DMSC)—d‘;)8 11.3 (br, 1H),785(d, 1H),6.80(d, 1H), 6.60 (s, 1H),
3U5(L2H), 2.15(t, 2H). _

Evaluation of compound 228 in the TNF-q assay described above in Example
11 showed that it possessed potent inhibitory action on TNF-a, having an ECsp-0f 0.4
- .




dry ice in acetone. Et3N ( 0.166 nm) was added, and
then ethyl chloroformate (108 ng, 1.135 mmol) was
added dropwi se over a period of 30 mn. The reaction
m xture was stirred at the ggane tenperature for 5
hours, and then was allowed to warmto room
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There 5rle,n %ﬁ%lt%{go%gogcggs?soéo%ﬂ ﬂaac\fm &2 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

possﬂ)Ie therapeutic optlons for vanous cancers.
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The angiogenesis modulatmg activity of representatlve compounds was assessed

in a rat aortic ring microvessel growth assay. Briefly, iwelve-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 DlineY rats. After carefill removal of ﬁbroadipt_)_se tissues, the aortaé

were cuf 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



angi ogenesis is inportant include nost solid tunors
and benign tunors, such as acoustic neurona,
neur of i broma, trachonma, and pyogeni c granul onas.

I nhibition of angiogenesis gpuld halt the growth of
these tunors and the resultant damage due to the
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FIG. 4 shows the angiogenic modulatmg 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.
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The dosage unit involved depends, for example, on the coﬁditiqn treated,
nature of the formulation, nature of the cdndition, embaodiment of the _c:]laimed
pharmaceutical con;positions, mode of administration, and condition and weight of

the patiént. ‘ Dosage levels are typically sufficient to achieve a tissue concéntratioﬁ at
| the site of action that is at least the same as a concentration that has been shown to
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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. P:athe:r, the scope of
 the invention is defined by the following claims. We therefore claim as our inventioﬁ, _

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



66 be active in vitro, in vivo, or in tissue culture.
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"shoul d not be taken as a limtation on the scope of
the invention. Rather, the scope of @the invention is
defined by the following clains. W therefore claimas
our invention, all that coggs within the scope and
splrlt of these claing. ---->-- R L 67 W

T Ttiq 2 AR PRy SRR sl R s Broi i)™
nd@i(t‘l’},gﬁiﬂ:ﬁi 1salkéxy or sabslitaded! , ORB TRRBBEE Y IS

.sulfur if oes not include a sulfur atom each of

@slemsehydi@gﬂ@e Rukrpxylyacyhysybeitaied anyld peslgxy, sabsjituted

G i tbfeg R RN SRR iy Rl o Bicitien

a]kjnkjﬂmlkoxﬁ mmmw Ao, kipdydubstitutedayyl, aminds baistibéld amino,

am no, substituted

, b |
bl it Rya And Raare Sash IngeniRdentiooninamaslky s substituted
alﬁjdx %?@Jﬂ Hﬁ%e 1: 'allléﬁ SP S&%ﬁ%ﬂi’(&]? é&(g %1 5%.19%@ éflcﬁ )

aromati1 c”or het rocyél1¢ ring,

fmdﬂmﬂslti){hwidogm, kydvetyils acyh dubsiitited at yicaoyloxya swbstitited

ac g}t er ll'g}fsh M%&nsabsﬁi tug %d or iauBSt [ Lg@gdm&d

A Sttt mino

6 .. RI"_,..... R6 RL ..:...: ‘R17 RL7 R17/
hqi@g}nmgm,@rmfomgams or 68 V\,herel n Wand Z are

each mdependently oxyge& or ﬁulfur R6 and R7 are
each 21 ‘

!

Rz

Ro4

wherein T and V are independently oxygen or sulfur, Ryj-Rys are independently

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

for example, hydrogen, lower aikyi, acyloxj, halogen, hydroxyl, amino or nitro such
as hydrogen, acyloxy or hydroxyl; and Rag is '




i ndependent |y hydroxyl, al koxy or substituted al koxy,
each of R8-Rl2 are independently hydrogen, hydroxyl,
acyl, substituted acyl, acyloxy, substituted acyl oxy,
al kyl, substituted al kyl, alkenyl, substituted

al kenyl , al kynyl, substitute al kynyl , al koxy,

substi tmut ed alkoxy aryl, substituted aryl, am no,
substludﬁed am no, halogen d¥ nitro; R13 and R14 are

each i Mdependent|y hydrogen, IkyIR%%r TR tituRféj
' tut ed

al kyl s hydrogen, N~ alkyl o 3s

al kyl 5-R19 are i ndependent | rogen,
hydrox - Zsiiteat i {ut / acylo v@ iRyt ed
acyl oxy, yl, substi a Lal keny

substg L | kenyl , al kynyt? §tit ut '
~al koxy'? substituted al koxy, |F§1I6 subs 119ut ed Ayl |
am no, substituted anino, hal ogen or nitro; or the ’
formul a: R22 f29 RoReT Re4 BB R25 Rygwherein T and
-V are independenptty{oxygen or sulf R21- R25 are
i ndependent | y gen, hydroxyl |, F§Ub3t ituted
acyl, acyl oxy, 8 turizé"’d acyl oxy y
substituted al ky/7—&l kenyl , subst ittuted alkenyl,
al kynyl', subsRjd ut edral kynyl , p§1oxy, R%ubstitut ed
al koxy, aryl, substituted,s Qlfyl am no, “substituted
am no, hal ogen or nitro, for exarrpl e, hydrogen, | ower
al kyl, acyl oxy, hal ogen, hydroxyl, am no or nitro such

eweaach anlgpendently hydrdpan wiky! anshtRfitddSalBg: RBJ@ W
hﬁ&::ZO é@ %é%§§%35§ﬁ6 R15 R16 R19 Rl6 Rl R1
Ogeh, l;ly %Y. or aflq:;fg alkyl; and Rjs-Ryg are each mdependenﬂy
| 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 tiitro;

2

or the formula:

wherein X, Y, W and Z are each independently oxygén or sulfuar; Ry is hydro gén,
hydroxyl, alkyl or substifuted alkyl; R@-Rig are each independently hydrogen,
hydroxyl, acyl, suﬁsﬁmted 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; Ry;-Ra;



, R13 and R14 are each independently hydrogen, alkyl
or substituted alicyl;1R20 is hydrogen, hydroxyl,

al kyl or substituted al kyl; and R15-R19 are each

i ndependently hydrogen, hygyoxyl, acyl, substituted
acyl acyl oxy, substituted acyl oxy, alkyl,

| k b
Eoh e VR b By,
srﬂrjs{‘iﬁ’t’ééﬁ ac?‘fo\fzka alkDSIstitt Akl ydlkerfli sibstitGieh alkichyl, amynyl,

am no, en or nitro; or the formula: R3 R31

substituted aﬂmz alm subatitpjed alkopeyparyl, sulstituted anyk aﬂF&"?a

. ra
bR e DS08Rttty sovios
—hﬂﬁgﬁﬁhtmnxﬂl&Mhm&kn&ubakhmshﬂmngakmbwoﬁiﬁrEmﬁomy@amakbum
|ndependently hydrogen oxy], acyl, substituted
hydspgen, ally! epdpbsttuted alieviitos eaé’ﬂ'él?y al kyl , substituted
al kyl, al kenyl, substituted ai kenyl, alkynyl,
substituted alkynyl, al koxy, substituted al koxy,
aryl, substituted aRyl, am ng substituted am no,
hal ogen or nitro; R27-R33 Zﬁ( are each i ndependently
hydr ogen, hydr&sdy ) stituted acyl, acyloxy,
substituted acyl ox) , SRpstituted aIkyI
al kenyl , subsi4t ' vl , substltuted
al kynyl , al koxy? . aryl, substituted
aryl, am no, subst ut ed anm_ng, an%zpr nitro, for
exanpl €, hydrogen, I%Mer al acyl oMy, hal ogen,
hydr-gen acyl oxy or
78\ 'Z substituted

hydr oxyl, amno or nitro sup%ﬂﬁs
hydroxyl; and R34 is hydroqqm_ 3
al kyl; or the formul a: R4t

wherein X, Y W, and Z are independently oxygen or sulfirr, R is hydrogen,. '
hydroxyl, alkyl or substituted alkyl; Ris-Ryo are each independently hydrogen,
‘hydroxyl, acyl, substituted acyl, aeyloxy, substituted acyloxy, alkyl, substituted .
alleyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted
alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro; R dnd
Rss are alkyl or substituted alkyl, and Rss-Rso are each independently hydrogen,
hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, é]kynyl substituted alkynyl, alkoxy; substituted
alkoxy, aryl, substltuted aryl amino, substituted amino, halogen or nitro; or the

' formula:




Rs X R3 0-- R35 R3a Ra~4 WN R20 Ras 1R19 R18 R15
R17R1s wherein X, Y W and Z are independently oxygen
or sulfur, Rzo is hydrogen,. hydroxyl, alkyl or
substi tut ed al kyl; Ri 5-R19 lg each i ndependently
hydr ogen, hydroxyl acyl, substituted acyl, acyloxy,

Ee ny#(" 50 b%%y% o%‘%"cfu' %“ﬁé?ﬁﬂd g)fs "%}%g;{‘ 39 §‘U§‘!§ ;( ﬁzouﬁ Byrirogen,

hﬂ’dfw alleyllog %ﬁw syt W SR o B KRNYnd eﬂéientw ﬁydrogﬁz

upsti tut ed ar¥ll am no, substituted a
droxyl, a3l sl tqkscsd,ra@ybmwubmsdtasylnxggtaaqxwmbyﬂmed

de
R e R T SR L e
dk%o anyl, sabdtiphted aryld.sdnhiho! s@Bstitdled Yinind hkl%gé!ﬂ or nitro; and Rg-
ubsti tﬁt ({égnyl al kynyl , substitute cyny:iu1
gﬂ é‘h%g H% bydrggen, hiydroxyl Flcyl,sﬂ!lbsttmtedtaeyl, aryioxy,

f or mul a: Riﬁlj %'Héoﬁdmg %d a%i'i %ﬂéﬂy ]l??ﬁ'g’ . E&ﬁ'&eqﬂgé“yéifik}ﬁl b

svbstitgteRalkmag, ﬂkoxyyfsabmedﬁlk?{xy,‘&ﬁﬂﬂlbzum&ﬂrhrﬁr fmino,

SOASBRRAaRL) KBRS B bt Baaliey) | Lt oS are each

|ndependently hydr ogen, hydroxyl, acyl, substituted
acyl, acyl oxy, substituted acyloxy, al kyl, substituted
al kyl , al kenyl, substituted &4enyl, al kynyl,
substltuted aIIcynyRQ al k xy' substituted al koxy,
aryl, substlt ted afryl, n substituted am no,

halogen or #0;

wherein X, Y, W and Z are independently oxygen or sulfur, Ry and Ry, are each
independently hydrogen, alkyl or substituted alkyl; Ry-Rs, B s and R16 are each -
‘independently hydrogen, hydroxyl, acyl, substituted acyl, ac&loxy, substitutéd
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:




R45 are each independently hydrogen, hydroxyl, acyl,
substituted acyl, acyloxy, substituted acyl oxy,

al kyl, substituted al kyl, al kenyl, substituted

al kenyl, al kynyl, substitut al kynyl , al koxy,
substitufed al koxy, aryl substituted aryl, amno,

sI [ t%edq:gm no lﬁ%feg%gl lﬁgx%%%sg%r he for nuLIiY |

R14 are each |ndependent y hydrogen, alky I
¥ %yl sulpgpinpied acmlscalmrymbsiau@d eayilbxy, alkyl,

' I yl yl titute

S RRRATHN Al AR YA T s oy,

Aoyt ijﬁyb e 1’ % Suliotfuel AhiboMdlogen or nifro;
cyny substitute a al koxy, substitu

a&‘ﬂ%’(? aligyl or substifnéed QIHYleGT ﬂ)rrmgzm no, substituted

am no, halogen or nitrogmor the formula X Rl R16

NR2OO RR77 2 RI8 Y R3 R34 XR4 R5 Z 72 wherein X

Y and Z are each |ndepen oxygen or sulfur, R20

_gggst ituted al kyI ;

nd¥ntly hydrogen,

acyl oxy, substituted

'hydroxyl acyl SUbRY,

acyl oxy, al kyl, substltu.ed al¥yl, al kenyl,
- substituted alkenyl alk yI substituted aIkynyI
veokain ., andsyi b&tmdaﬂeﬁde en & lfur, RYbR] aﬂ&kpﬁe%ﬁaﬂ

mc{n peudenﬁy BS Io}ggnt, d %len gcyl, gllb(s)tltitned %Ly]? Iacfyrk?xy, substituted
acyloxy, alkyl, substitated alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, alkoxy, substituted alkoxy, aryl, substituted 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,

wherein W and Z are each independently oxygen or sulfur; Rg and Ry are each
independently hydroxyl, alkoxy or substituted alkoxy, each of Rg-Ry are



and R34 is alkyl or substituted al kyl; or the formnul a:
RX NRL 5 Y wherein X and Y are independently
oxygen or sulfur, R2, R4 and R5 are each

i ndependent |y hydrogen, hydrexyl, acyl, substituted
acyl, acyl oxy, substituted acyloxy, alkyl,

DR o O ot VR B s ST Mt
e o 1 LT 0 e uted
it aton smbstirylesalkess arsd imitisd an: wpisey BibsGtad gino,
oy A ) SR RL, 0 B thag R S R et

mg@ags mgo%xg hﬁug)x:séli?ﬂ@l 6r msm%muﬁld?@-m frofdlich
. 0 er el an are eac

PR eB BT Spy BEo0H, a3 bstcyied asis ARylosy cbsinied

! , | !

acguﬁg,e?&gg gﬁusuﬁmmgy, al}:ﬁﬁgh,oe%m%tea%&% gﬁg@%ﬁb&%ﬁé&c@d

each o -R12 are 73 ependently h
amybaliroxyasipstitutadadkdxyuandl sabsttuted axyl,cmnino,substitived tagdno,

]ﬁ% -al | , tituted al kyl, al kenyl,

su ggﬁﬁt@dogﬁgefﬂy ,g‘al kenyl, substituted alkynyl,
al I coxy, substituted al koxyg, aryl, substituted aryl,
am no, substituted am no, fal ogen or nitro; R13 and
R14 are each independévs yvdr o @l kyl or '
substituted alkyl; R20 i§ i, hydroxyl, alkyl
or substituted al kyl; and 9 are each

i ndependent |y hydr ogeRa hydioxyl | acyR4s substituted
acyl, acyl oxy, substitut edRacyI oxy, al kyl,
substituted al kyl, alkenyl ,“%Substituted ail cenyl,

all (ynyl, substituted :

wherein G and D are each independently oxygen or sulfiur, Ry-Rs are each
independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted

"~ alkynyl, alkoxy, substituted élkoxy, aryl, substituted aryl, amino, substituted amino,
halogen or nitro as before, and Ry is '

wherein W, Z are independently oxygen or sulfur; Rys and Ry4 are ¢ach

independently hydrogen, alkyl or substituted alkyl; Ry is hydrogen, hydroxyl, alkyl

- or substituted alkyl; and Rys-Ryg are each independently hydro gen;-'hy&roxyl, acyl,
substituted aeyl, abyloxy, substituted acyloxy; alkyl, subsﬁtufed alloyl, z;lkenyl,



al kynyl , al koxy, substituted al koxy, aryl, substituted
aryl, am no, substituted am no, halogen or nitro; or
the formula: RR R3/ G R4 Ras R5 D wherein G and D
_are each independently oxygen or sulfur, R2-R5 are
each independently hydroge ﬁ hydr oxyl , acyl,
substituted acyl, acyloxy, substituted acyl oxy,
sabstipnted alkgnyl, tﬂéh"@d, %%Rtwl, ed gl [alkoxypaibptittied @lkoxy, aryl,

i [l cvny. Tk . ~al koxy,
sJﬁ@@%ﬁBpgﬁm§¥%ﬁ%?$§§?§%#&§%%@kﬁgééﬁﬁ%gf?ﬁ, am no,
Substd teteeidorasi st pharniwkofailly accapidhl ©saksth&ebOr e, and
R46 is wRLI3 W NR20O =NRs Z-Rl4 R18 Rr R15 RIT
or Rls RI5 wherein W Z are independently oxygen or

sul fur, R%% Rida _ | &%&&LE_ .
al kyllf' or su ezéta?ltput ed&g‘?ﬁﬁ?’%ﬁﬁéﬁgﬂfy r oge)r%,hgﬁ%r oXy h,i'
al kyl or substitutedRal kyl 5% and 5-R19 are each

i ndependent |y hydrogen, hydgoxyl, jpcyl, substituted

“acyl, acyl oxy, ) Hed-QCcR9x\C—®gkyl , substituted
al'kyl, al kenyl, 74 i tuped .alﬁ{%nyl ,

substituted al kynyl O subs al koxy, aryl,
substituted arylR4an no Yhst o, hal ogen or

nitro; or a stereoi sqger or Yh RgyRh Cal |y
accept abl e salt th_ereo?. 2, The conpound of claim1l

wheesie Xa Y V€ 286 dserindepradenthesul iy grpsygen ragat leagkgne of X, Y,
W and Z is sulfur; or a stereoisomer or pharmaceutically acceptable salt thereof.

3. The compound of claim 2, wherein at least one of Ry-R5 and Rg-Ry;
is hydroxyl. -

, 4.  - The compound of c¢laim 1, wherein at feast two of X, Y, W and Z are-
sulfur. | |

5. The compound of claim 1, wherein the compound has the formula:

wherein W, X, Y and z each are independently sulfur or oxygen and at least one of
W, X, Yand Zis sﬁlfur; or a stereoisomer or pharmaceutically ac(;eptable salt
thereof. '




RlL"CR6 N-R7 R4 5y R11 RIO RO wherein X, Y, Wand
Z are independently sul fur or oxygen and at |east one’
of X, Y, Wand Z is sulfur; or a stereoisoner or
pharmaceutically acceptable §al t thereof. 3. The
conmpound of claim 2, vvhereir? at | east one of R2-R5 and

Rs-R1L r i.s hydroxyl. 4. The conpound of claim1,

wher & n atﬂﬁéa@povgé,o%ﬁm% NOSH ept Ofiiaﬁaﬂﬂd Bys-Ruo
ig] S,qupound of claim1l, wherein the conpound has the

Y ormira.

RXR WR20 R4 YRIs 4 N*Rz 5 R13 R16
wherein W X, Y and Z each are independently sul fur or

t | t .Of X, Y [ | fur ;.
or” a5y or AP SomEPIS SR Gt R gh Do eBp s Kt
%ﬁg@gﬂﬁﬁg‘?‘mgﬁ’%@%nd 5R’15-S R1 ’hflggér%?%rfy DT, T‘ﬁtenm'
conmpound of claim®6, wherein each of R2-R5 and R15-R19
[ ignd Ly h I
) oS5 TS S AT, R Pl S o

s6lead. M 5, wherein at least two of X, Y, Wand Z are
sul fur. 9. The conpound of claim8, wherein the

. -conmpound is 2,3-dihydro-3- o o
one 50 5" Fheetnbuddbthdins, BiRESih o Bonipokiia 199 5 iRy drd-3-

ohe or 2, ro- 3- ‘ ,
thioxo-2~(2-0x0-6-thioxo-3-piperidinyl)-1H-isoindol-1-one or 2,3-Dihydro-3-

: thioxo-2—(2,6~dithioxe-3—piperidinyl);lH—isoindol-l-one.'

10.  The compound of claim 1, wherein Ry is

R4 R16 R1 7 R16
~Rq7 ‘—b’*Rﬂ “Q’Rﬂ'
8 Rag Rie o Ruag Rig

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

chemical formula:
Ra2 R

Ros \'

or a stereoisomer or pharmaceutically acceptable salt thereof.



t hi oxo- 2- (2, 6-dit hi oxo-3-pi peridinyl)-1Hisoindol -l one
. 10. The conpound of claim1, wherein Rl is : Rl R16
Rl R16 R1 R16 R17 R17 R17 R19 R18 R19 R1.3 or R19
R18 11. The conpound of claisa 1, wherein the conpound
satisfies the chemcal fornula: RR2Z RRP1 R2 T N R24

R26 V [ - Dhargraceutical |y
acceptabl eﬁ{sea(%{'ﬁ{@gelgggggﬂsgl’O‘&Iﬁ&eﬁhﬁr@géso-npound of claim
11, wherein R26 is: WR1I3 W N R20 --N R19 Z-R14 R18
Z R17 R15 R16 or R16 R15 13. The conpound of claim 12,
wherein at |east on f TV, Walﬁijaz is sulfur. 14.
The conpound of clailp1l, wherein e compound

satisfies the f RR,R31 RBNO XR29 R
Rig ~Z—Ry4
R18 Z '
Riz_1 "Rys
R1e or Ri6 Ris

. 13.  The compound of claim 12, wherein at least one of T, V, W and Z is
sulfurr. | |

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

formula:

or a sterecisomer or pharmaceutically acceptable salt thereof.

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



R27 /| 34 W Y NR2O RV~ R g R18 111 R1I5Z R16 or a
st ereoi somer or pharnmaceutically acceptable salt

t hereof 15. The conpound of claim 15, wherein at |east
one of X, Y, Wand.Z is su4fur. 77 16. The conpound
of claim1l, wherein the conmpound satisfies the

forml a: R37 Odg%@swﬁer%\%e g&llol &ﬁl% shfRbfihs the

Rl BRI Rab?® 4900 edbi sorer or pharmaceutical |y
table salt thereof. 17. The conpound of clai m 16,

erein at least one of X, Y, Wand Zis sulfur. 18.
The conmpound of claim 1, wherein the conpound
satisfies the forgylea: 1Ra9(XWR20

o{

Raz
| Ras
Ras Rﬁtg W
: Rzo
| N
vR1g
Ryg_ 1 YA
Ri7. 1 Rys
Rqe

or a stereoisomer or pharmaceutically acceptable salt thereof.

17.  The compound of claim 16, wherein dt least one of X, ¥, Wand Zis

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

formula:

Rus  Rus Y Rig Rq7Res

.. or a stereoisomer.or pharmaceutically acceptable salt thereof.. . TR




Ra NZ Rai RR9 RI5 Rao Ra5 Y R18 R17Rts or-a

st ereoi soneuor -- pharmaceutically acceptable salt
.thereof:.: 78 19. The conpound of claim1l; wherein
the compound satisfies the sformula: RI3 2 X WR3 N
NZ-RA4 R4 RS YR g R5 or a stereoi soner or

phar ceu cal ly acc ab aIt er eof
conp g#‘ f( “n%é’%pmlg Elbe coppoiad Bﬁ%sﬁ
fortaubdd| fur 21. The conpound of claim 1, wher ei n the
conmpound satisfies the fornmula: X Rt R16 NR20O R2
R17 R3 Ress Y N-R34 R4 R5 zRo:; a stereoi somer or
It thereof. 22. fihe

pharmaceutical |y a¢bepta 7
er (n at | east one of X

oonponi nd oi R cl auifi
Yl _l , 1 al ndl ,

N Y—7—Ry4
Rs YR Ry
or a steréoisomer or pharmaceutically acceptable salt thereof,

20.  The compound of claim 19, wherein at least one of X anci 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 olaim 31 wherein at félié'tﬁ'éiié"ii'i"if: Y, andZis
sulfur,




79 23. The compound of claim 1, wherein the conpound
satisfies the chemcal formula: RX NRL R4 RS Y or
a stereoi soner or pharmaceutically acceptable salt
thereof 24. The conpound okgclaim 23, wherein Rl is W
R2a Rls R18 Z R17. R15 RI16 25. The conpound of

cl ai m,24, erein '

cut tap 2a Mo EeEnduRlof ARL 1 Werfh e oolppglafifih e
chafpalfdnaht i sfies the fornula R R3 O G Ra\ R46 R5
D or a stereoisonmer or. pharmaceutically acceptable
salt thereof. 80 27, The conpound of claim 26,
wherein at | east one of and D is sulfur. 28. The
-conpound of claim26, whefein RA6 is WN- R20 R19

AN
| N—R{
=

or a stereoisomer or pharmaceutically acceptable salt thereof.

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

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:

ora stereoisomer or pharmaceutically acceptable salt thereof.



R18R17 R15 Rig 29. The conmpound of claim 26, wherein
R46 is. RI3 W -N Z-R14 R16 R15 30. The conpound of
claim28 or 29, wherein at |least one of G-D, W and Z
is sulfur. 31. The conpoundggef claim 1, wherein the
conpound i s 1-Thi oxo- 3- oxo- _
,2 (2 X0 thz I : :

?oxo%g?g&é&gﬁcpﬁq%xopﬁp%%%% %M%nggjgl(}n 0 lljhses,ulﬁm
1 Th| oxo 3- 0x0- 2- (2, 6-di t hi oxopi peridi n-3-yl)isoi ndol i

d| ox3§| peﬁvlha ﬂmgoqufﬂ%H’f%‘F‘Eﬁéﬁﬁcar boxami de, 1;

3- Di oxo-2- (2, 6- di oxoi pendiy 3-yl) S-

ati ai soi ndofinc, I, 3-Digxo 2jf(1- phenct hyl- 2, 6-

di oxopi peri di n- 3- yI)|sor R2s Acet oxy- N- ( 2;

6- di oxopi peridin-3-y -

2- (2- Ox0- 6- t hi 0x0- 3- sﬁer'

-di one, Dinethyl 2-(R4g

di hydr o-1 - oxo- 3-t hi oxo- Bufj-
“Di methyl 2-(1, 3-Dhydro- 16

1, 3-di t hi oxo- 2H i soi ndol - 2-yl ) - pent ‘anedi oat e,

2-(1, 3-Di hydro- I-oxo 3- t-hi oxo- 2H

iZSgI glydr o¥§31tnﬁl 0XO0- %(]%% g&oxo 5"'% peri di nyl )

1H i soi ndol -1 one, 2-(2, 6-Dthioxo-3
pi peridinyl)-1Hisoindgle-1, 3(2H)- d| one, 2,3 81
Di hydr o- 3-t hi oxo- 2- ( 2-pKo- 6- t hi oxo- 3- pi peridinyl)-1Hi
soi ndol-1-one, 2,3-D kydro-- 3-thioxo-2-(2,6
di t hi oxo- 3- pi peri di nyl.)x 1H.i soi ndol - | one,
2- (3-Cycl ohexenyl ) -1 H 4is0i1\ndol -1, 3(2R) - di t hi one,
2, 3- Di hydr o- 3-t hi ox : @heRepyl ) - 1H- i soi ndol -
one, 3-(2, 6-Di oxopi peri /3-yl ) benzoxazi ne- 2, 4- di.one,
3=Canphani ¢ am no- 2, 6- pevi di nedi one, or
3-[2",6" -piperidi nedRe- 3' -ﬁﬂp- 7-am no- 2H 1, 3- benzoxaz
ine- 2,4(3H -dione. 32. A nethod for nodul ati ng TNF-a
activity in a subject, the nethod conprising .
adm 5.5t ePhd forhfodrir 2ih98lor 30! HELRRFUIEERbAY0F G, D, W
ef f ect’i ve anoun one or . -

and Z is sulfur, :

) - 1H-i soi ndol e- 1, 3(211)

Z
oifdol - 2-yl ) - pent anedi oat e

31.  The compound of claim 1, wherein the compound is 1-Thioxo-3-oxo-
2-(2-ox0-6-thioxopiperidin-3-yl)isoindoline, 1,3-Di0xo-2-(2,6-dithioxopiperidin—'3"—
- yl)isoindoline, 1—Thioxoﬁ-oxo—2—(2,6—difhiox0pi_peridin_-3-yl)isoindoﬁne, N-(2,6-
~ dioxopiperidin-3-yl)-2,3-naphthalenedicarboxamide, 1,3-Dioxo-2-(2,6-

" 'c'IiSk0§ibéﬁﬂiﬁr3¥jri)25:}iiﬁiso_ihiiéi'ihé, 1,3-Dioxo-2-( i:iihéﬁé'thyiiz';g: o
dioxopiperidin-3-yl)isoindoline, 2-Acstoxy-N-(2,6-dioxopiperidin-3-yl)benzamide,
2-(2-0Ox0-6~thioxo-3-piperidinyl)-1H-isoindole-1,3(2H)-dione, Dimethyl 2-(1,3-

dihydre-1-oxo-3-thioxo-2Fisoindol-2-y1)-pentanedioate, Dimethyl 2-(1,3-dihydro-
1,3-dithioxo-2H-isoindol-2-yl)-pentanedioate, 2-(1,3-Dihydro-1-6xo-3-thioxo-2H-
' 'is'oindol-}yl)—pentaned_ipié acid, 2,3-bihydrq—3-thioxo—Z-.(Z,ﬁ-dioxo-3—pipeﬁdinyl)-
1H-isoindol-1-one, 2-(2, 6-Dithioxo-3-piperidinyl)-1 H-isoindole-1,3(2)-dione, 2,3-




nore of a according to clains 1 through 31, and a
conpound having the formula: R4 RA7 X WR20 R4A9 N N
Z R0 Rig Rls Y RIB RlI7Rte Rsl R52 wherein X, Y, W
and Z are independently oxygen or sulfur; W Z,
Ris-R20 are as before;. and R47-R52 are each

{-nd tl dro d A . ti .
TSRy BBt o) W it kb A Piyero-
3athioxb-2-@) daithibxo-SUlp&idiby1pd H-2biedb)1 -oné)| KB ¢Yclohexenyl)-1 H-
.Substituted al kynyl, al koxy, substituted al kgx

|,
 isoinol RN ioye, 2, SRRSTO-S BORP A ey clRHoReRy I arinaol-1-

j - Or i-ng ot I : J
o A2 oy et R 2 b S o Bl 50
pipksidiatGiont e &2’ 6=piperidibedionxd 9@ 7-amisel Hal ,3-benzdXaziRE-
and R15-R19 are each i ndependently hydrogen,

RS acyl, substituted acyl, acyloxy, substituted
acyl oxy, alkyl, 82 substituted allcyl, allcenyl,
substituted al kenyl, allcynyl, substituted al kynyl ,
al'kog9,  duinsthiot doramiodliding TNEroyactivity i & isthjees othe myethod

am na, substituted am no, . hal ogen or. nitro: or a

oBBRg R AR P R4OF Dibiest A DR ve Rhofy of one or

more of a according to claims 1 through 31, and a compound having the formula: -
Ras Ra7

WS
Y R Ri7Ree

R R
wherein X, Y, Wand Z aresiildepmdesllily oxygen or sulfur; W, Z, Rys-Rog are as
before; and R47-Rsy are each independently hydrogen, hydroxyl, acyl, substituted
. acyl, acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyi, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
-ary1, amino, substituted amino, halogen or nitro;

- or a compound having the formula:

R1g R1g :
wherein n=1-5; X is oxygen or sulfur; and Ry-Rs and R;5-R;9 are each independently

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



R5 Y Y5 wherein each of X and Y are independently
oxygen or sulfur, n=1-5, and R2-R5 are each

i ndependent |y hydrogen, hydroxyl, acyl, substituted
acyl, acyl oxy, substituted cyl oxy, al kyl,
substituted al kyl, allcenyl, "substituted al kenyl,

L 1S ituted . al I koxy, bsti tuted.
St St ey serviolediion, S St alimsh aov,
sabitited altok 9 geyl, QibshdtéParyD bmnd; QARGUREE AR)BalbBsh or pitro;
formula: RS Rss S S R55 wherein R53 and R54 aré eac
i ndepéademppyndbaingthe formguaoxyl , acyl, substituted
acyl, acyloxy, suybstituted acyl oxy, alkyl, substituted
al kyl , al kenyl, sthstitlted alkedyl, & kynyl,

substi tut edRal | | koxy, sub oxy,
aryl, substituy® 7 i np, d d&m no,
hal ogen or nit B3 kyl, or
substitutegafk Q@ conpo ef or mul a:
R2. S. R3 erein @ﬂ

i ndependent | y hy@ ogen,” hydroxyl, acyl Rssubstituted

' i Kyl .
aYin eachBOOH Y AP HAAB Rt br s 1o, and B ave
cadhapdependentitydtydtagenthyairdsyylydcyl, shbeituted seySdcliokieshibstituted

SR i S U e LA o e
YR g oot A B ) OB s

salts or ‘stereoi soners
halpggmeraptromher ei n t he conpound is The conpound of

cl ai in the c opnd is

1- Thﬁ%é%q%ﬁ]ogﬁlg-hfy’f’ﬁ%?g{;%ﬁ% oxoPi Peri di n- 3-

yl)isoi ndoline, |, 3- Di 0%0- 2-(2,;Qéadi t bi oxopi peri di n-3-yl
)i soi ndoline; I-Thioxo-3¢

S

|
Rss

‘wherein Rs3 and Rsy 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 anﬁno, halogen or nitro; and Rss is hydrogen, alkyl, or
substituted alkyl; or a compound having the formula:

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



0X0- 2- (2, 6-di t hi oxopi peri di n-3-yl )i soi ndol i ne,

N- (2, 6-di oxopi peridin-3-yl)-2, 3-

napht hal enedi car boxam de,

1, 3- Di ox0- 2- (2, 6- di oxopi perigh n-3-yl)-5-azai soi ndol i ne

agkfnﬁ‘ sﬁﬁ%nti% g4 n@?&%{l@iﬁ% b QititePA ARG L Ltk 450!

I"ne
ainmpqmbpmtedfamm& -helogee oz aitiogland Rse is hydrogen, alkyl or substituted
2- Oxo- 6-t hi oxo- 3- pi peri di nyl)-1Hi soi ndol e-
{ 2H) - di one, Di et hyl
2- (1, Gryabslifd 1R th1e 8218 of Steked® $k) -
pent anéﬂil oat e, 5 tﬁ%l SRR f’hgrt%k
2-(1, 3- dJ hydr o- 1, 3-di t hi oxo- 2H i soi ndol 72-yl) -

DL BE, nieinethod ofclain Aowhersin the camenndis The compquad of

tﬂﬁhﬂl Gyliéifl the compound is 1-'I‘h10xo—3—oxo—2— (2-0x0-6-thioxopi endm~3-
D|h dr o- 3-t hi'oxo- 2- di oxo- 3- |per|d|nyP)IJ
ﬂ)lmolmeoh%-Dlgxq-z-(?.@«dl oxoplpendm-B-yF)lsomdohne I-Thloxo-3—

(% %ﬁg’ﬁ ﬂgﬁmﬁ%ﬁﬁ% 1din-J? %ﬁlfélﬁa‘!ﬂ%l%l Rl%,!é?dl%x ;&pe’ﬁdl ri)e2,3—

mpmhﬁenémcmb%ﬁ:xﬁd@acs-ml@w -)-(3,6-di@@iptpdsilin-3-91)S5-azaisoindoline,
I, OX
RN (ST 11%,‘?()?910}‘011@%67%%?041@%; 2-Acetoxy-N-2.6-
|
dgm&;élgehydr 0- QS& [ ox%é_gl gb%%g %?( éfﬁyﬁ%ﬂ#@r qu%go?dfn

1@3{3150—310:16, Dimethyl 2-(1 3-d1hydro—1-oxo~3 ~thioxo-2H-isoindol-2-y1)-

?@%@ﬁ%ﬁ hg g 32‘1‘%' %eﬂg‘élﬁﬁ’é’&?(éﬁélsogﬂof) DS)-

pam[aaem&te m es-nmﬁﬁ@msc&z-ﬂubﬁcdﬂage;ﬁuméth}pénﬁ%aﬁ&é adid,

i ne- 2, dione. 34. The nethod of clalm

%@ﬂaﬂ ﬁbloz;@%bﬁwdmm-sznge@wmﬂy @omdol—l—one 2{2 6-
DifHidkt03-9i é l%?l’&ﬁ:ﬁ'@ dﬁ? S%&l&f&‘i’e %3%-&109«3 339 f)lhygo- - ggng-(lZ—

one or
obch—mﬂnmxa Ifiperidiny P 1dkBotdpl-pone,d ﬁﬁﬁycﬂqb‘lﬁl-tﬁmxﬂ@tz di- on
A net hod _for mdul ating angi ogenesis._in

3 5.
j"%‘é‘rPlP? Dﬂk@%laom ehbrei2ng Gmwlrwcgmé}wgsmd@lhe
re of Qn% 2%%&%} accor ?%éf‘%uopgx%gﬁ%ﬁ hs%éxhd%ﬂ?éa & 3-

(éﬁd)laxﬂmmmﬁmaﬁﬁﬁwnngazﬂne-z & tiene,CaCarfipliaanid :&mn342 6—R4Z X

pipeﬁgmemone or 3- [5" g’-p1pen edmn% ~y\i 'ﬁl I§~127E[R:1183—h§nszclnxa§?ﬁ2e-

2,4(3H)-dione.

34. The meﬂlod of claim 33, wherem the compound is 2 3—D1hydro—3—
th10x0~2 (2-0x0—6~th10x0—3-p1pendmyi) IH 1somdol—1-one or2 3-D1hydro—3—
thioxo-2-(2,6-dithioxo-3-piperidinyl)-1 H-isoindol-1-one.

35. Amethod for modulatmg angiogenesis in a subject, the method
comprising admmlstenng to the subject a therapeutically effective amount of one or
more of a2 compound according to claims 1 through 31, and a compound havingthe

 chemical formula:




wherein X. Y, Wand Z are independently oxygen or .

" sulfur; W Z, R15-R20 are as -before; and R47-R52 are
each i ndependently hydrogen, hydroxyl, acyl,
substituted acyl, acyloxy, substituted acyl oxy,
al kyl, substituted al kyl, al%%nyl, substituted
al kenyl, al kynyl,.substituted al kynyl, all coxy,
substituted al |l cdXgs, aryiRg7 substituted . aryl, amino,
substituted am no, pgen ox ni typ;, Orr.g conpound
havi ng the forqul a: RL6 R 7 2 E n Rg R19 Rig
R R16 Ra NECR®R erein n=1-5; X
i s .oxygen or sulfur; d RR-R are each
i ndependent |y Rn dr substltuted

acyl, acyl oxy, &cyl oxy,
, %bﬁwt uR u%@ kenyl ,

substltuted al kyl ,
al kynyl , substltqk.d alhy , al koxy, substi t ut ed

S Xy W R indept fﬂegﬁy%%y%am S Ry g as
BASrUAR RER L aré daciRhd nd'éhi@}li@rblgéh, h?dro@l a63h, sibMiteed
wherei n each of X and are |ndependené ﬁ E%gen or

anyl, eayloxy-subsitutgd acsﬂamgll@i,éub%;%ﬂ@du fFylhptituted

Sd%g?%@§@g2¥g%ﬁﬁ§ v L4 §§$Fﬁ§%%§???%¥%%a@ﬁgﬁ@éﬁnwﬂ

ayiﬁ@mmimmwwwﬁﬂinﬁthﬁbgﬁnyhnﬂalkynyl, substituted .

~al kynyl , al kox substltuted al koxy, aryl, substituted
aryl , orawqwm%bé thedgrmapano, -
Ry R1s

Rig Ris
Wherem n=1-5; X is ‘oXygen or sulfur; and R;-Rs and R1 5-Rqg are each mdependenﬂy

-hydro gen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, atkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substitated alkoxy, aryl, substituted aryl, amino, substituted amino, halogen or nitro;

 or 2 compound haying the formula;

Rg X
Rs
| O N~{Chg— N
Ry _
Rs Y

wherein each of X and Y are independently oxygen or sulfur, n=1-5, and Ro-Rs are
each independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted -



hal ogen or nitro; or a conpound having the fornmula: R
Rea S S | Rss.wherein R53 and R54 are each

i ndependent |y hydrogen, hydroxyl, acyl, substituted
acyl, acyloxy, substituted agyl oxy, al kyl, substituted
al kyl, al kenyl, substituted al kenyl , al kynyl ,

oot ookt oty SR R PLASKY, b

alkcynyk a&oxwmﬁﬁtedanmmm subsaibiieyd Hypfmmﬁél Babiiitb@emino,
E@ﬂé i o2kt a conpound having the fornmula: R2

B OREYE: wherein R2-R5 are each |ndependently
hydrogsﬂcmﬁy&&gn&humgﬁyhnnﬁmpst|tuted aryl, acyl oxy,
substituted acyl oxy, al kyl, substituted aIkyI
al kenyl, substituted a nyI BRkkynyl , substi t ut ed
aIkynyI, al koxy, substitut koxy, aryI, substi tuted
aryl, am no, substituted ani hal ogen or nitro; and
R56 i s hydrogen, alkyl g% 'éuted al kyl; or
pharmaceutically accept &l e | ts@oY" stereotsonets
"thereof 36. The nethod of cha|n135 wherein the

_ 1- Thi -
SRBORS 2 s tesn %ﬁﬁﬁe@mwmm syl sbstved
at”ﬁ REYIoKp, stbitinGaBETRR MRRLABb A dno ol BiS
Nﬂt@n@i sd %wpd pkmu aik&xyz |S)lb£‘2ttt&edtalﬁtbi~jr aryl, substituted

%?ﬂig Di 0X0- é&é 6 di oxop| peridin
aza| 30| ¢ mo O%ené’rﬁ‘%% sy Shydrrgenyalkyd, &

selgstitutied utkyl:pera tﬁhgmﬁn(ﬂl fh@ftetmﬂ

2- Acet oxy- N- (2, 6-di oxopi peri di n- yI ) benzam de,

2- (2 Ox0- 6-t bi oxo- 3- pi peri di nyl)-1Hisoindol e- 1, 3(2f) -

di one, Dinethyl 2-(1,3- .
di hydr o- | - oxo- 3-t hi oxo- 2H'% soi nSlol - 2-yl ) - pent anedi oat e

, Dimethyl 2-(1,3-dRhydro

wherein Ry-Rs are each independently hydmgen, hydroxyl, acyl, substituted
. acyl, acyloxy, substituted acyloxy, alkyl, substltuted alkyl, alkenyl, substituted

- alkenyl, allkyny, substituted alkynyl, alkoxy, subsututed alkoxy, aryl, substituted

~ aryl, amino, substituted amino, halogen or mtro and Rss is hydrogen, alkyl or
substituted alkyl;

-or pharmaceutically acceptable'salts of stérevisoiners thergor, = "~

36.  The method of claim 35, wherein the compound is 1-Thioxoe-3-oxo-
2—(2~0xo-G-thioxopipeﬁdin—B-yl)tsoindoﬁne, 1,3-Dioxo-2+(2,6-dithioxopiperidin-3-
yDisoindoline, 1—Thioxo—3—oxo~2—(2,6—ditbio:iopiperidin—3-yl)isoin‘doline, N-(2,6-
dioxopiperidin-3-yl)-2,3-naphthalenedicarboxamide, 1,3-Dioxo-2-(2,6-
diOxopipen'djn-B-yl)_—S-azais'oindoline, 1,3-Dioxo-2-(1-phenethyl-2,6-




1, 3-di t hi oxo- 2Hi soi ndol - 2-yl ) - pent anedi oat e,

2-(i,3-D hydro- 1-oxo- 3-thi oxo- 2H

i soi ndol - 2-yl) - pent anedi oi ¢ aci d,

2, 3- Di hydr o- 3-t hi oxo-2- (2, 688i oxo- 3- pi peri di nyl) -

1H i soi ndol - 1- one, 2-(2, ]
dﬁx?g Emcﬁﬁ%%i@bhdbhﬁb ByA Jetdiy-NoBiGrdiok epifterBlia-B) yhlicomanide,

2{UQxeH déq(c)o dqtqgérﬁgg £ )(Igisg Xgole— t gﬂZ%—dmnepb?m tildf v H%
d@kg% df Byt ﬂicgeéozaﬁ-ﬁo&cﬁﬂ BLJ1hertian e Bty b)(1 Bthihfso-

-one
1 %ﬂﬂmﬂfyk@mddﬂ-ﬁ-y&pnmetﬁvﬂéﬂ-ﬁl SiDihydynd -oxo-3-thioxo-2H-
dro - t.hi.oxa

wewépg% eg}q_u‘; §‘Bﬁi’§défibql¥q5ﬂ e?-thloxo-Z—(Z 6-dioxo-3-piperidinyl)-
11%3&& &?}Hsﬁ@ @L@eﬁlﬂﬂﬁoﬁ:—ﬂp}ﬁ&m ;Hrwmaddie-lcb(mﬂy-dmne

ani ¢ am no- 2 - pI perl di nedi one,

2,3~IPQ1'Y€1@'3ﬂﬂpmﬁdﬂfm@r@ﬂu@a-%p}pmyl}IH—lsomdol-l-one, 2,3-

AR TR EATRR A Reiloah B 8BGugR fopd TS
C?abﬁéﬁ&ng})(ﬁ:{m&iil m(mdﬂmpn@ermmgdn)amﬁma (Belol

one or ro- 3-

cydiohexenyl)-t B- veomrlt:hm%»?s(zpﬁ Réoxapipgyidin- iﬂﬂhb%%%aarﬁ‘f%'ﬁe
fﬂ i | WBh -51e(1.7-
mﬁ%%’%dgmghnﬁf’g‘g‘gm%@ |ster|(?1}g;et8 2 tF1e£|r;p euh%é‘lﬁi?/ $I-7
amffoe? iy bamonatine, 431)-dionpound to a subJ ect with a
tunor to achieve an anti-tunor effect. 39. The nethod
of claim 15, wherein. the anti-tunor effect conprises

the 3ynhi b iRnddf ot IR 39TRIRIA BleSoonfdund B2, 33iRATo G

claim32 or 35, wherein the nethod conprises

ﬂwmrzn(z,»mm&a@mm@-pmnéwmMl-saonxydoéfif@mrae’i -Biyidit-3of
t.he d to,a.subje wi th hol ogi cal
- thy .%'g%ﬁéﬁ Oxoﬂplpfﬁlginﬁ@_%aml?do?llgﬁim 32, wherein the

met hod conprises admnistering the therapeutically
effective anmount of the conpound to _a subject wth a

neur 3&egede mathad of damst? orgplany3s, whegep o iaethed copprises

S L L N R

with Eltesot tooachievieani satitgmoneffat. nore of the conmpounds
of clains 1-3 1, and a conpound having the fornula: R4
R47 X W 26 .

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 compnses
admmstenng the therapeutlcally eﬂ"ectlve amounf of the compound toa SllbjCGt

with a pathological angiogenesis.

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

‘with a neurodegenerative disease.



Rds N' N Z R50 R19 R15 Y Rls R17R16 Rsl1l R52 wherein
X, Y, Wand Z are independently oxygen or sulfur; W Z
R15- R20. areas before; and R47-R52 are each :
i ndependent |y hydrogen, hydre@gyl, acyl, substituted
acyl, acyl oxy, substituted acyl oxy, alkyl, substituted
al kyl 423l Keny metisodostt kany, - :
substituted al kynyl, Adé&%o%?r:?ubst |%nlljt %@%E%%?O%?rﬁe,som
admunstiatior 6f thgopmpoand.no, substituted amino, hal ogen
or nitro; and a conpound having the fornula: Rl R16
RZ RlL7 NECH2 n R3 R1I8 RI8 N Rl R16 \ECH2 R5 X n
RL7 R.9 Riphawhedeatibalokpasitidnic

and RZ-Rs anpgll R15- R19 arﬁlpgach |Eglgg§% 2)g9'2)§/ﬁ{§r58fﬂle
FRreRds of damsoldt., and@ompaybd havingshe fiopiufa: acy| oxy,

~substituted acylgxy, alkyl, substituted al kyl,
al kenyl, substit ut® A al kynyl , substituted
al I cynyl, al koxy, os{ i t ut &d al W)xy, Rey | ,
substituted arg)g 4 ~Sulystitut a1 no, hal ogen or
nitro, andacorrpou AVi I\fhef : 88 2 XXR
R3/ R3 NCH1 N —=Z
: Rsg Ris

~ Rsj Rsz
lwherein X, Y, W and Z are independently oxygen or sulfur; W, Z, Rys-Ry are as
before; and Rq7-Rs; are each independently hydrogen, hydroxyl, acyl, substituted
- acyl, acyloxy, substituted acyloiy, alkyl, substitnted alkyl, atkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro;

and a compound having the formula:

‘wherein n=1‘-5 ;X is oxygen or sulfur; and Ry-Rs and Rys-Rys are caéh independently
hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyloxy, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,

substituted alkoxy, axyl substituted aryl, amino, substituted amino, halogen or nitro;
and a compound having the formula




R&A n/ ~R4A R5 Y Y RS5 wherein each of X and Y are

i ndependently oxygen or sulfur, n=1-5, and R2-R5 are
each i ndependently hydrogen, hydroxyl, acyl,
substituted acyl, acyloxy, ggbstituted acyl oxy,

al kyl, substituted al kyl, al kenyl, substituted

al kenyl , aIIcynka substltuted .Iken¥i, al koxy,
substituted al kox . aryy, substitfyted gryl, amno,
subst it ut edRam haf ogen or ni I 0, 4 aRgonpound
havi ng the for ﬁﬁi? Nnd R érein R53 and
Rya are each i _ 0 , oxyI acyl ,
substitute acy oxy, subS/ ' XY,
al kyl, substitutedd al k¥, al kenw, sub-tltuted
al kenyl , aIIcyny$$ substit ut ed aIIcynyfﬁiaIkoxy,

vﬁiégeit[ls éﬁcﬂtcﬁ‘g( M P¥e HﬁI]E% dndeSttyPSkget 08 E;'ulﬁﬁfr ﬂ=1=1-5 %Hdrmz-& are

ubstit ut am no, gen or nItTO and

ehghindq:@ndemlyldwdmgm, hystbpeyl] actrl, substitiipd ac)dm@)@xdomb@tm@d

R R L T R LR R el

duB@ithted éﬂg\b&c? suteGhitéd 491 antid, @Kbs,tltlﬁb(kyﬂnmo
subﬂflh%:g{(gd al kyl', al c)e?r%/(]r substltuged al kenyl,

. ‘haloggment nitreubst i t ut ed aI kenyl , aI koxy, substitut ed

al koxy, am no, substituted
am ng}{dﬁ %’88?13%?% éﬁ%? R56 i s hydrogen, alkyl or
substituted alkyl; anqi;; har maReytical |y accept abl e
salts or stereoisoners't ; and 89 a

phar maceutical ly acceptablfe cqrrier. 44. The

phar maceuti cal conpositi gl m 33, conprising one
or nore of S

1- Thi oxo- 3- oxo0- 2- ( 2- ox0- 6- tlﬂioxopl perldln 3-yl)isoindo

l'ine, 1,3-D oxo-2-
wherein R53 and Rs4 are each independently hydrogen, hydroxyl, acyl, substituted

acyl, acyloxy, substituted acyloxy, alkyi, substituted alkyl, a]kcnyL substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substitated
aryl, amino, substituted amino, halogen or nitro; and Rss is hydrogen, alkyl, or
substituted alkyl; and a compound having the formula:

wherein R2-R;s are each independently hydrogen, hydroxyl, acyl, substituted acyl,
acyloxy, substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substitated alkynyl, alkoxy, substimtéd alkoxy, aryl, substituted aryl,
amino, substituted amino, halogen or nitro; and R is hydrogen, aikyl or substituted
alkyl; égd pharmaceutically acceptable salts or stereoisomers thereof; and_




(2, 6-dithi oxopiperidin-3-yl)isoindoline,
1- Thi oxo- 3- oxo0-2- (2, 6-di t hi oxopi peri di n- 3-
yl )i soi ndol i ne,
N- (2, 6- di oxopi peri di n-3-yl) - 293- napht hal enedi car boxam
de, 1, 3-
Di oxoa&ﬁ@ﬁnﬁxdu&ﬂgnu@qﬁgﬁéamﬁayl) 5-azai soi ndol i ne,
1, 3- D ox0- 2- ( 1- phenet hyl - 2,
di oxopi peri di n- 3- yI)|50|ndoI|ne
benzam de,

2- Acelygxy er I di.n-
2-(2- tg)%o 6%3’%0 p| p %??M‘Sn (li?/-cil%‘g’o%-’h geguising CR¢{pr
diogmef 1MMXQ*ZGQT&W@WOXOPIPGHQH-B—yl))lsomdohne, 1,3-Dioxo-2-
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‘medicament for modulating angiogenesis.

' 54.  Theuseofa compound of claims 1-32 and 35 for making a
medicament for inhibiting TNF-a. activity.

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

pathological angiogenesis, a tumor, an autoimmune disease or a neurodcgenérative
disease. |

56. Theuseofa compound of claims 1-32 and 35 for making a
medicament for treating a pathological angio genesis, a tumor, an autoimmune
disease or a neurodegenerative disease. |




