1 THALI DOM DE ANALOGS AS TNF- ALPHA MODULATORS Fi el d
The present invention relates to thalidom de anal ogs,
nmet hods of synthesi zing the anal ogs, and net hods for
usi ng the anal ogs to nodul at e jangi ogenesi s and t unor
necrosis factor al pha activities in a subject. Mre
particularly, the invention relates to

sul fur-containing thalidon de anal ogs and net hods of
maki ng and THARFDOMIDEENABRORYASUINF-ALPHA MODULATORS
Thal i dom de (N-a-phthalimdoglutarimde) is a glutank
acid derivative that was introduced onto the market
as a sedative hypnotic in 1956, but was withdrawn in
1961 due to the devel opnent of severe congenital
abnornalities in babies bdrn to mothers using it for
nmorni ng sickness. Interest in the agent was
reawakened after thalidom de was found clinically
effective in the treatnentngﬁ grythena nodosum | epro
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A nunber of thalidom de anal ogs optim zed to reduce
TNF-a synthesi s have been desi gned and synt hesi zed.
Primarily, these anal ogs include structural

nodi fications of the phthal oyl ring or glutarimde

ring of .thalidomde. In addition, follow ng the
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A number of thalidomide analogs optimized to reduce TNF- syntliesis have

been designed and synthesized. Primarily, these analogs include structural

- modifications of the phthaloyl ring or glutarimide ring of thalidomide. In addition,

following the demonstration that the anti-angio genic -pm‘perty of thalidomide is
associated with its hydroxylated, 6pen-—1ing_ metabolites, syntheses of the hydroxylated
and hydrolysis metabolites as .inhl;.bi'tors of angiogenesis or tumor metastasis have been
reported. Although extensive studies exist regarding the structure-activity relationships
between thalidomide and TNF-q, very little is known about the contribution of the four
amide carbonyl groups of thalidomide to its biological activity. |
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provi des thiothalidom de anal ogs havi ng i ncreased
TNF-a inhibitory activity. Surprisingly, the increase
in TNF-a inhibition due to replacenent of the
car bonyl groups of thalidom de with thiocarbonyl
groups is not associated with toxicity.
| nproved met hods for maki ng thal i domi de and
t hal i dom de anal ogs are al so disclosed, as are
met hods of converting thalSugkenizdge anal ogs into
thiotq%%%gﬁﬁgdes. Due to their angi ogenesis and
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having a disease or condition relaied to angiogenesis or TNF-g activity, such as a
tumor or unwanted neoviascularization. Furthermore, the physical and toxicolo gical

properties of the disclosed thiothalidomide analogs make them suitable for potently

and safely modulatin g angiogenesis and TNF-« activity without inj ection, for
example, by oral administration. This is in contrast to many cmrently available
agents used for such purpeses.

According 1o a first aspect of the disclosure, there is provided a compound, the compound

having the formula;

wherein X and Y are independently CHZ, oxygen or sulfur, and at least one of X and Y is

sulfur if Ry does not include a sulfur atorn; each of Ro-Rsare independently hydroger,



wherein Wand Z are each i ndependently oxygen or
sul fur and further wherein at |east one of X, Y, W
and Z are sulfur; R6 and R7 are each independently
hydr oxyl, al koxy or substituted al koxy, each of
‘R8-R12 are independently hydrogen, hydroxyl, acyl,
substituted acyl, acyl oxy, @hbstltuted acyloxy

al kyl , substi t ut ed al kyl, al kenyl, substituted

al kenyl , alkynyl substi t ut ed alkynyl al koxy,
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FIG 2 is a bar graph showi ng the relative angi ogenic

nmodul ating activity of

1, 3- Di ox0- 2- ( 2- hydr oxy- 6- net hox3pyri di n-3-yl)-i soi ndo
| i ne hydrobrom de at several concentrations. 4 FIG
3 is a bar graph showi ng the relative angi ogenic

nodul ating activity of 3b
2- (3-cycl ohexenyl) - Hi soi ndol-1, 3(21/)-dithi one at
several concentrations. FIG 4 is a bar graph show ng

the relati Ve angi ogeni ¢ nodul at i ng act ivity of
oi ndol e-1, 3(2H) -
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treating a pathological angiogenesis, a tumor, an autoimrmune disease or a neurodegenerative

disease.

Brief Descnptmn of the Drawings
rIG 1 s a bar graph showing the TNF-a inhibitory action of several
disclosed thahaozmde analogs in murine cells having a Iuciferase reporter element
plus the 3°-UTR. of human TNF-o. relative to their a;ction in cells lacking the 3°-
TR
FIG. 2 is abar graph showing the relative angiogenic modu}:aﬁng activity of
1,3-Dioxo-2-(2-hydroxy-6-methoxypyridin-3-yl)-isoindoline hydrobromide at

several concentrations.



FIG 10 is a bar graph showing the relative

angi ogeni ¢ nodul ating activity of .

2- Acet oxy- N- (2, 6-di oxopi peri di n-3-yl)benzam de at
several concentrations. FIG 11 is a bar graph
showi ng the rel ative angi ogeni ¢ nodul ati ng activity
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FIG. 5 is a bar graph showing the relative angiogenic modulating activity of
3-Camphanic amino-2,6-piperidinedione at several concentrations.

FIG. 6 is a bar graph showing the relative angiogenic modulating activity of
Dithiophthalimide at several concentrations.

FIG. 7 is a bar graph showing the relative angiogenic modulating activity of
2'—(1,3-Dihyd‘rm1ﬂxo-3«th:ioxo—ZH——isoinddI—Z‘—yl)—pentaneﬂioic acid at several
. concentrations. ' '

FIG. 8 is a bar graph showing the relative angiogenic modulating activity of
2~(2—Oxo~6—th10xo—3-plpendmyl)—IH—lsomdole-l 3(2H)—dlene at several
concentrations.

FIG. 9is a bar graph showing the relative angiogenic modulating écﬁvity of

‘ 2,3-Dihydro-3-thioxo.-z-(z,6~dithioxo—3-piperidiuyl)— 1H-isoindol-1-one at several
concentrations. |

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

FIG. 11 is a bar graph showing the relative angiogenic modulating activity of
1,3-Dioxo-2-(2,6-dimethoxypyridin-3-yl)-isoindoline at several concentrations.

Detailed Description of Particularly Disclosed Emabodiments

L - Abbreviations. . ... .

TNF-a ~tumor necrosis factor alpha

CDI - carboxyamidotriazole

ARE - adenylate/uridylate (AU)-rich element

UTR - unirapslated region -
“THF — tetrahydrofuran

NMR — nuclear magnetic resonance

LR - Lawesson’s Reagent



In order to facilitate an understandi ng of the
enbodi nents presented, the foll ow ng explanations are
provi ded. The singular terns "a," "an," and
“the" include plural refereBts unl ess context clearly
indicates otherwise. Simlarly, the word "or" is
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be conjugated. Al kenyl groups may be unsubstituted or
substituted_ "Lower al kenyl"™ groups contain one to
si x carbon atons.




"Al kynyl" refers to a cyclic, branched or straight
chai n group containing only carbon and hydrogen, and
unl ess otherw se nmentioned typically contains one to
twel ve carbon atons, and coptains one or nore triple
bonds. Al kynyl groups may be unsubstituted or
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atoRRTPOsi tions" are conpositions that include an anmount

(for exanple, a unit dosage) of one or nore of the
di sdhedenh Gulngsuiiders dy&ubrey budmd, chlezo and ipdo gubstituents.

oo BB FRRE e8RS BB ST BTL Sapppavine
a sl {d.4., Fich9N obinpllg@e Cahdansat i eig) YBRIMONGSanthryl),

d
Such pharnaceutical conpositions can be prepared by

highageaptiopsilit braunsubstibuled posuhstitutbn t echni ques. such, . .
S N Y T

be Egﬁdﬂa@lsv)suhsﬁmted with, fdrerRpRUIdvedlatikyl 8folifs ith Erﬁal@ﬁ@ Hftiino
0 e
£rogp

t he di scl osed conpounds Is_a dosage of t
mpwingdhe penerdl straefprd dYERort-NRechi eve a desired
t he eutie eff e SUCHh hnhj bi.tio f
angi ogen e‘?.ﬁ“%s %)r&%'%lfp&%vﬁi?ﬁ)r e%trr{? éét%fei_?qw(g% astatic
ef f Thé terf “aliphitly”tak @PplRdd thyclic goupyiefars td fing SiR:tures in
-exanpl es, a therapeutically effective amunt is an
oghlertoadsthet a1 Pessnicndhe Fing are nobeerawgated wronad the
[ action that are simlar to those that are
ensﬁgﬁgs%gm%%ﬁulate angi ogenesis or TNF-ct activity in
tissue culture, in vitro, or in vivo. For exanple, a
therapeutically effective anmount of a conpound may be
such that the subject receives a dosage of about 0.1
jig/kg body weight/day to about 1000 ngy/ kg body
wei ght/day, for exanple, a dosage of about 1 jig/kg
body wei ght/day to about 1000 ji g/ kg body wei ght/day,
such as a dosage of about 5 jig/kg body weight/day to



The term "stereoisoner” refers to a nolecule that is

an enationer, diasteroner or geonetric isoner of a

nol ecul e. Stereoi somers, unlike structural isoners,

do not differ with respect-tg t he nunber and types of

atons in the nolecule' s structure but with respect to

the spatial arrangement of t'he nol ecule's atomns.

Exan‘gll%l?§°16‘f APWAEG| SrHpHed fherdigerers refergiogring tructures
’ . . | Al

A Carlli SPAYE Pobd, Bty SRR offid i entingrinl Mnatyre,

posaty tndugloa Attesratdrh suanasumt ox ygen aten oo nitaigen @fonf Aryl

e 56 5 B Sl o o
cOifigted SysidiR of Aeardhidtic Yol contHRSR eHAdekAsR! ﬁlgﬁger oy

i ncrease or decrease in angl ogenesl s, to 1 nhibi )
elesirons, furaxomple, 6 or 10 slachbndibet ccmpy thetlesttasc erbitals making

' Lgenesis. .. . o The term"angi ogenjc gctivity"
up B LAERRN Sy, pti o B G ERRHE ofitdy
© par t FRhdrfaceiesledtintptfsi tRMs Oaredofippeitidns that MBAINE dnbunt (for
stinmul at e angi Qgenesis. Angiogenic activity may be.
exfmRes et dosgge)iope prmpre phihe disslesgd apwpowndsdogatseroyith
i ' ' S5 . ounds .
o e ol R e e S R R coris,
dthmd_ abd/at i@uml |. : ynﬁepiﬁmdly' -|eyhérm§>'glfchﬁgda&ﬁn1etihg%ﬁieﬁ{s. Such
r di nar ill in the art, using, faor exanple, the
plrEaLcatommosn 1 fepiRaRp i stniad pragutical -
fob@latieh Rchaffukbs ARGl b Qi Rdsbd rd Btk el
Dy e AR il o S @il
§@ﬂ£&ﬁd%@@kB@@ﬁhmﬁﬁﬁbdﬁ@ﬂﬂnPVnﬁEﬂiEdﬁhg}ogenesis.
Ant | gngil i VLY R e detect.ed .in vivo, or ijJ
Vi t r% %%g%@%@v%?mgﬁﬁbgﬁ g?eoglgﬂ?%edcompomdsm a dosage
oftthecampowid tharss siffidicationmhibve QTN thelpRIEE Lifect, such as
esis, and such conmpounds_and/ or

m%g)fwge_ . 17 o1, i
%bféh? BEIBRRCSHLRF enfrdygaior or patbmatasiadig affect lsoghilgtion of

A 5ty e B4 i B B o

suficentite aclubvatinsne carlcantrytidiis a¢ thesitd ofazthaoiharst Similar to

fhu %ﬁéfse are thalidom de anal ogs that nodulate TNF-a
WP A S&?ﬁm- Gruatrie Jamegrresis g I NI asigHKit: htissee paleue, in

Vi i a | : : 3 I vind

vikr8, dr'if Bhvod POk S8nYRE,| Sth¥raf Eutﬂﬁhg %%W gk‘ L 88 Bound

that are |inked t'o ‘angi ogenesi

majchq sichyhatithrasubiecraceives b yosage ef bbdiid). 5l body weight/day
al] of the

_ hsO S nd .met.abolites o

o G B B0 el st b b
weégiadiyn® Bbsut 10068 ub/k3bodp We‘i’@tﬂﬁ%s%gﬁ a8'h Qosage of about 5 pefk

t hi ot hal i dom de derivatives In I ch carboryl group -

borly weight/day inehonb Adhug/i body smighitddayg t hal i doni de
O oI bk S bGib REAEES, B Roleottk 4B i o Bhgtiogier,
diasmr@NEYor RablctrRYBEher G EmbRIRES KRG itenbe, &ﬁ}yg%&haﬂmx

.. Thus, for exanple,-.carbon atons have four bonds to
1sogofta o 1ob fiffer ityrespectiol the pumbironddypeseofiatoms htha.  As

i1 S| by ..L hose qf .ordi skill | he art._ |
md ool SRR PN ith 1898016 B PR drbipmrnt ofhe Gt
awaddEkmﬁ@mk{b@ﬂﬁﬁﬁ&ﬂmﬁyﬁkﬁﬁﬁﬁh@%@ﬁ&dSgﬁbhﬁpbﬂﬁﬁhaﬂyamhm

Furt her substitution of such inplied hydrogen atomns
mojesulesssi bl e, 9 I n ot her enbodi nents, the

di scl osed conpounds i ncl ude conpounds having the

chem cal fornmul a:




wherein X and Y are independently CH2, oxygen or

sul fur, and at least one of X and Y is sulfur if Rl
does not include a sulfur atom each of R2-R5 are

i ndependent |y hydrogen, hydrgxyl, acyl, substituted
acyl, acyl oxy, substituted acyl oxy, alkyl,

o o A AR S A gt o

ambluitxgegres, pr rate obs bidlegiesl faotion, theipiegressitisdfid diserge, or
nitro or |jnked forma five- or

mg&i@ @#% nda%% b eecawelf degifggg FRyFeder to the ability of a

ccﬁﬁﬁcﬂﬁﬁttb %hcl@ﬁﬁ’ HRirkdSe OF dlif ekl do ﬁgﬁ&t 'INF—a activity,

exanpl e, hydrogen, [ower a k oxY,
Oﬂiydmluhgiltumgnmnbzstamsmhnm@wbsms hydrogen acyl oxy or

QY?Lﬁﬁﬁy tegmS Pogiogmi PERID 3Ry oithe it ot Agisctosed oommpound

lad dn@entRition TSl didcltsed coMpbam ottt 9%1 %E’neélg
R11 RIO RoR8 wherein Wand z are each i.ndependen

Apgiggnc petolityunay ba detaeted it v pQnevitreh Angliepeic @empbynds or

e onadlolfibts RERABSH Bl Sl oBRigis, an s

coﬁ]{iﬂ;ﬁhﬂsﬁ aridior cumigbntrationk ey begtdilily iHertEbdaBMheseYof ordinary skill
g} - sub titut ei:l al kyI al kenyl , substituted

ip Ysmeafonsrgmples theapethodsedpsaniedithe Examaplps that follow.
substiid tdff G afdh- lfiﬁ%)ﬁg%rﬂf} XJ:twn%f*" l?éfe{‘sttﬂttﬁéj?lﬁﬁw of arrp und or a

substituted amn ogen-or nitro or “ex
parjcl e gencenitation ofib Kisclosed me(qundrta lichlin an iygbnosiy. Anti-

LR 2 il e

éﬁb%ﬂ&@&%&@éﬁ&ﬁ&d&db sﬁﬁt&%ﬁﬂ)}t aREbEEE |
ulfur, R13 and R14 are eagﬁlﬁl ndependentFDé hyggoanednmch

WHPRWWMEPQQR@QH&M@ be readdly iidentificgd bgelmse of ordmary skill
in B e, B KBl SRSt ot st ormils by
hydr ogen, hydroxyl acyl, substituted acyl, acyl oxy,
SV bl e
aglulkjst i ec?If ﬁfl &Eéﬁr%gno ?Egmilh?} ?yaée am no Na %@ﬁr

angipgeresispand asrsuela ampbe usdd}td tegenwideomeietyed figthological
I T
m%tab |t17’ o S, gl mtipo 1&5 ﬁf% of e gﬁh%&"%ﬁ%“ds

alse ateortintmplefedafn beme mendmr&ts}(the\fhal‘iﬂoaﬁde Znalegsswd f ur,

ool g il e UL o et
mﬂtﬁhﬁgﬁﬁiﬁd&ﬂﬂéﬁeﬁmk HRMeplaced BY onk r%%ggglﬂnaé'b%ﬂg e

both Wand Z are oxygen-if" preséent;
grogpd.f ur and both Wand Z are oxygen if present; X and

bot 11 S uHe e v ey hpdironans wbpidresiptd t be

satiBfi&B €THhuis, £t eXaple) cabSn SdnfsHava BslrtRhlls iW cﬁEé} Cven'if

sulfur if present. Alternatively, where W are

all gich bends aemof Shavomi Ag mmlepm Wyl thos@@f@;dma@)skﬂnn, the art,
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11 X=S, YS, W), Z=S; X=S, YrO WS, Z=S; X17), Y=S,
WES, Z=S; or X=S, Y=S, WES, Z=S. In other particular

enbodi ments X=S and Y-112- In nore particular

enbodi nents, the discl osed c&npounds have the formul a
X WRi zC- R6 R5 wherein X,°Y, Wand Z are

i ndependent |y sul fixr, of. oxygen and at. | east one of i

X V18 e odidheaty e pompasn G esIdes prmphds baving
HOthel@MRIGuld:N nore particul ar enbodi nents, X or Y -
is sulfur, and both Wand Z are oxygen if present;

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

sul fur if present; both X an@ Y apé sulfur and Wor Z
is sulfur if present; Ry X Q
and Z are sulfur if presen
and Z are present the foll
YO0, WEO, Z:); X0, Y=Sp W :
X=0,W: 4, Z=S; X=S, Y=5, W) X=S, Y=0, WS,
Z=0; X=S, Y=0 W0, Z=S; X&Rg, Y:a WS, Z=S; XO),
Y=S, Z=S; X---0, Y=S, WS, Z0; X=S, YS, W3, Z:1);

witerein X and Y are independently CH,, oxygen or sulfur, and at least one of X and.

Y is sulfurif R, does not in;_:lude a sulfur atom; each of Ro-Rs are independently

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

substituted alkyl, alkenyl, substituted alkenyl, afkynyl, substituted alkynyl, alkoxy,

~ substituted alkoxy, aryl, substituted aryl, amino, substituted amino, halo gen, nifro or
linked to form a five- or six-membered, unsubstituted or substituted, aliphatic, '

- aromatic or heterocyclic ring, for example, hydrogen, lower alkyl, aéyloxy, halogen,

ehnatively, where W
BlpBssi bl e: X=S,

" hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxﬂ; and Ry is an
unsubstituted or substituted, aliphatic or aromiatic heterocyclic ring, an unsubstituted
or substituted cycloalkenyl ring, or ‘

... Wherein W and Z are cach independently oxygen or sulfur, R and Ry arc.cach .. ...

mdependently hydroxyl, alkoxy or substituted alkoxy, and each of Rg-Ry5 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 or hydroxyl.



Z=S; Y=0, WS, Z=S; X=0, Y=S, WS, Z=S; or X=S, Y=S,
WES, Z=S. |In nore panicul ar enbodi nents, at |east one
of R2-R5 and R3-R11 is hydroxyl. Specific exanpl es of
such compounds include: 12 In other nore
particul ar enbodinents t he di scl osed conpounds have
the ghem. c [y R20 R19 R17 R15 R16
mher%ﬁ %§Gd®° %?é%%ﬁ are independently sul fur
or oxyggn and at least one of W X, Y and Z is

sul furt and R2-Rs and R15- R2§' are as before. For

exanpl in nore particul rrboment@: X or Rfsi s
sul fur, bot h Wand Z gen: X
are_suyfur bgy h W Rired

both o ag% 3\%

sul fur \\Wor Zis su

bot IR ;gare sulfur. ;

are possible:” X=S, Y4l 1, W: 0, .

Z.); X4), Y=Q, Z; X=0, O W21, ZS, X=S,
Y=S, W0, Z:)¥ Z:3; X8 S 1E0, Z=S; X1),
Y=0, WS, Z=S; ' zS W), Z=S; S WES, Z=0;
XS, Y=S, W =SRy4 =8, W T Y=0,
WES, Z=S; X0, =S, or =S, S ZS In
more particul ar/e d| nment s, ( \ one of R2-Rs

and R15- R19 Rsg hydr &gl . Spog_cilﬂ'i;gc exaRpges of such
~ conpounds i ncl ude; ’ ’ _
wherein W and Z are each independently oxygen or sulfur, Ry3 and Ry4 are each

independently hydrogen, alkyl or substituted alkyl; Ry is hydrogen, hydroxyl, alkyl
or substituted alkyl such as aryl substituted alkyl; and Rys-Ry¢ are each
independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy, substituted
acyloxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, -substitutéd.
alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino, substituted amino,
halogen or nitro, for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl,
ainiilo or nitro such as hydrogen, acyloxy or hydroxyl. In some embodiments, at

-~ least one of R, Rs, R¢ Rs, Ry, R, Rug, Ru1, Rus, Ryg, Riz, Ryg and Ryg is hydroxyl. In
other embodiments, at least one of X, Y, ‘W and Z is sulfur, at least two of XY, W
" and Z are sulfur, or at least three of X, Y, W and Z are sulfur. For example, in moré
particular embodiments, X or Y is sulfur, and both W and Z are oxygen if present;
both X and Y are sulfur and both W and Z are oxygen if present; X and Y are both

-oxygen and W or-Z is sulfur if present; both X and Y-are sulfur-and Wor 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, ¥=0, W=0, Z=0; '
X=0, Y=8, W=0, Z=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; );—S Y=0, W=8§, Z=0; X=8, Y=0, W=0, Z=S; X=0, Y=0,
W=S, Z=S5; X=0, Y—S W=, Z=8; X=0, Y—S W=S, Z=0; X—-S Y=§, W=8, Z=0;



S S OH and 13 The di scl osed conpounds al so i ncl ude
conpounds having the formul a wherein T and V are
i ndependent |y oxygen or sulfur, R21-R25 are

i ndependent|y hydrogen, hydhpoxyl, acyl, substituted
acyl, acyl oxy, substituted acyl oxy, substituted:

2l ,Wa;@gz;;@r_, Batd) tyied7akl weqalh O |l —
X“gfjg%ts.ft ut et a’lgg(ﬁgl . al 'ox;’/?aghgst i’?uﬁég#_gﬁr’%g%’/?rx S,
Y=8; W=S, Z455 thn tothieg gagiicylar eanbodopes s iahd YeCHyi no, :

hal ogen or nitro, foy exanple, drogen, |.ower al kyl,

oy RO Pl b6 Be Gincied otapeiung® Litabe it

hydrogen, acyl oxy orghydroxyl; and R26 is wherein W

Z and R13-R20 are as fbeforg" For ‘{gxanpl e, inmre -

particul ar enmbdij r gis(%_,s_ fur, and both W
I\F and_ .V are sul fur

: T
and Z are oxygen i1 pres$
-and both Wand Z a {ox ge § T ahd V are
bot h oxygen andRaV or i s ® gsent; both T

and V are sul fur and !Wor ?f rRagf present; or
T or V are sulfur a both Wand Z'&r2 sulfur if :

wheeasENY, WhAiideZ nat indeepdenthesudfu¥\baosygén ané apless oft of KEY,
W L:?(J é gsvgun ' _‘-,aarnﬁ 1&91%182 ia?el 4t be-lt-‘én)ei \%(oxp éxa%;&:, 1;1r ?:n%re gz?rct)i’cular
embodiments, X or Y is sulfur, and both W and Z are oxygen if present; both X and
Y are sulfur and both W and Z are oxygen if present; X and Y are both oxygen and
W or Z is sulfur if present; both X and Y are sulfur and W or Z is sulfur if present;
or X or Y are sulfur and both W and Z are sulfur if present. Alternatively, wbere W
and Z are present the following are possible: X=8, Y=0, W=0, Z=0; X=0, Y=S,
W=0, Z=0; X=0, Y=0, W=8, Z=0; X=0, Y=0, W=0, Z=S; X=S, Y=S, W=0,
Z=0; X=8, Y=0, W=S, Z=0; X=S, Y:O, W=0, Z=8; X=0, Y=0, W=8§, Z=S;
X=0, Y=8, W=0, Z=S; X=0, Y=8, W=S, Z=0; X=8, Y=8§, W=8§, Z=0; X=§, Y-S,
W=0, Z=8; X=8, Y=0, W=S8, Z=§; X=0, Y=S, W=8, Z=S; or X=S, Y=S, W=S,
- Z=S. In more particular embodiments, at least one of Ro-Rs and Rg-Ry; is hydroxyl.

Specific examples of such compounds include:




14 Zel); T=0, V=S, W0, ZQo; T=0, 1T1), WS, Z=);V 0,
WAO, Z=S; T=S, W5, WB1, Zr.); TS, WO, WsS, Z=0; T=S,
V=0, WEO, Z=S; T=0, WS, Z=S; T=0, W0, Z=S; T:), W5
WES, Z2r; T=S, W5, W8, Z: 12 T=S, V=S, Z=S; W8, Z=S;
T=0, V=S, WES, Z=S; or T=S, W5, WS, Z=S. In sone
enmhodinent s i 1RRABn&{ts, RS diRIBs@nebriffouRdshas: the
hgg$6§@$?&xeﬁﬁué§?] furtﬁ%r t he d.sc|5§§3

che@Hp stasifiai ncl ude conpounds haV|ng the formula R-16
wherein X, Y are each_ independently oxygen or sul fur;
W X and R15-R2,0 ar &as before; R27-R33 are each
i ndependently h , Substituted
acyl, acyl oxy, s
substituted al kyl, mﬁnyl

bstit ut ed

al kynyl , substi @
ggb g§ubstituted '

al | coxy, aryl,
am no, hal ogen or nlﬂRQ, for zogen, | ower
r nitro

al kyl , acyl oxy, hal ogen, hydr$¥

such as hydrogen, acyl oxy or hydroxyl_ %d R34 |s
.. hydrogen, alkyl or substltuted al | or ex iQof
whmrxewpat,ﬁramdawaelnwan Yo gy enop e%‘i‘n g

ST hp%ﬂx%gzaﬂzﬁam
i sl o § o el
Y e phlie andtodh NAERGERgE TR SR Ry RrLoppel ipf WP 6FZis.
ulﬁu‘l oty%%an%&" Seg' iég‘?m agé W%r ﬂﬁl}s(gléﬁig $£ 2§ %OY ag(efs%ﬁiﬁld both
vaﬁﬁZ&ﬁ&mﬂﬁﬂ,Aﬁﬁ£MthoﬂEdsmwﬂggmmymﬁgggxﬁﬁ, W=
7=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S§, 7Z=0; X=0, Y=0, Wr—(), Z=8;
X=8, Y=8, W=0, Z=0; X=8, Y=0, W=S5, Z=0; X=8, Y=0, W=0, Z=8; X=0,
V=0, W=S, Z=S; X=0, Y=S, W=0, Z=5; X=0, Y=, W=S8, Z=0; X=8§, Y=,
W=S, 7=0; X=8, Y=S, W=0, Z=8; X=8, Y=0, W=8, Z=5; X=0, Y=S, W=S, Z=5;
or X=8, Y=S, W=§, Z=S. In more particular embodiments, at least one of R>-Rs
and Rys-Ryo is hydroxyl. Specific examplés of such compounds include:

O S




Y=S, WS, ZO X=S, Y=S, W0, Z=S; X=S, WS, Z=S; X=0,
Y=S, WES, Z=S; or X=S, Y=S, WS, Z=3. In addition,
t he di scl osed compounds i ncl ude conpounds havi ng t he
formula wherein X and Y ag® each independently
oxygen or sul fur; Z, R15-R20 and R34 are as
befpi Ldisdidsed & Jis Do fieRRte!coHipBEnd He¥ing tBE formula
R36- R39 are eac |ndependently hydr ogen, hydroxyl
acyl, substituted acyl™ acyloxy, substituted acyloxy,
al kyl, substituted al kylRyal lRgnyl, substituted
alkenyl al kynyl, substituted al kynyl, al koxY,
substltuted alkoxﬁkﬁ , ted aryl, am no,
substituted am no, hal nitro, for exanple,
hydr ogen, |ower ayl, 2 Wl ogen, hydroxyl,
amno or nitro su | oxy or hydroxyl.
For exanple, in nore p \A" enbodi nents, X or Y
is sulfur, and both Wa®fd Z are oxygen; both X and Y
are sulfllr and both Wand Z are oxygen; X and Y are
* wherainiT and, Yene mddpatidently ok ygenuir sukfur, Bot-Ressaraindependently

| d . W | £
AN R R R SR R
subétﬁhieawu%m, m@y@msthh&d\éﬂ&nyhj\‘éﬂtynﬂmmﬁﬁl&d Alﬁ)nyl,zam)xy,
, WEQ,” Z=0; X=0, Y=0, WES, X=0,. Y=0, 3s,
subﬁﬁgtedxﬂmyvasi spbsitutpd aryl, agito, whﬁxtuﬁfégm%dﬂalwn or nitro,

e oo sl S5 Syl o

asE@ﬂﬁgd&QBykxyﬁubMdﬁwyK%ﬁdF%&E Y=S, W5, Z=S; or X-S
Y=S, WES, Z=S. 16 O her enbodi nents incl ude

conpounds having the formul a R40 X WR20 Rig \R15

| wherein W, Z and Ry 3-R.2073.I'C as before. For example, in more particular
embodiments, T or V 1is sulfur, and both W and Z are oxygen if present; both T and
V are sulfir 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 sitfur if present; or
T or V are sulfur and both W and Z are sulfur if present. Alternatively, where W
and Z are present the following ate possible: T=0, V=0, W=0, Z=0; T=S, V=0,



R43 R44 RA5Y Rut R17 R16 wherein X and Y each are

i ndependently oxygen or sulfur, W Z and R15-R20 are
as before; and R40-R45 are each independently
hydrogen, hydroxyl, acyl, gubstituted acyl, acyl oxy,
substituted acyl oxy, alkyl, substituted al kyl,

w-g) BER - S, 50 K- 2 S FL Vi w0,

7=53 qbst VES! 9=/ 340; Pa$,e-0sUes, i, ad=sam=mg Wh@L BgBNT=0,
or nitro, for exanple hydr o I over
V=GP Sx S BT OGHAS, T s T e QWi 276! SH8rvas, W=,
| &
- R P B B WS AR I P w S 2R,
T=SaVe-S7 VarS, 53/ gampniaamﬂboﬁlmants Yatdeast end dfiR; s- 30 6l atebRbp-RYs is
and. Z are oxygen; X and Y are both oxygen and Wor Z
hydfoaxyky| fur, both X and Y are sulfur and Wor Z is
SUISHIF furtibr, heisclosdli o ﬁi?hf]ﬂdis @Bhab e&ﬁpm%a%ngrtﬁe
‘sulfur. Altfernatively, the followng are possible:
© formyal®, Y=0, WEO, X=S, Y=D, WE0, Z'at; X=0, Y=S, WeJ,
Z=0; X=0, YO, WS, Z=0; X=0, Y=0; WeO0, Z=S; X=S, Y=8,
WO, Z=0; X=S, Y WES, ZD; X=S, Y=0, Nv=3, Z=S; X0,
Y0, WES, Z=S; X=89¥2Y=831W0, Z=8; X0, Y=S, WS, Z=C;
X=S, Y=S, WES,R#£0; YX=S,R4FS;, X=8, Y=0, WS, Z=S;
: ; =Re=S, WS, Z=8. The
'dl scl osed conpo nds/ f iy _h@lgi,ncl ude conpounds havi ng
the fornmula R13 & o FRIBRIW R5 wherein X, Y, W
and Z are independen plen or jsul lﬁzo and R2-125
and Rts-Ri'ss are as Yoefore. e, in nore
particul ar enbodinents, X @;gY {s suffur, and both W

and Z are oxygen; both X and Y é and both W
and Z are oxygen; X and Y it {T en and Wor Z
is sulfur; both X and Y are sul Wor Zis

wherein X, Y are each indépendently oxygen or sulfur; W, X and Rys-Ryg are as
before; Ro7-Ra; are each independently hydrogen, hydroxyl, acyl, substituted acyl,
.acy.(loxy, substituted acyloxy, alkyl, substituted allcyl, a]kenyl, substituted alkenyl,
alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substitated aryl,
amino, substituted amino, halogen or nitro, for cxaﬁapie-, bydrogen, lower alkyl,
acyloxy, halogen, hydroxyl, amino or nifro such as hydrogen, acyloxy or hydroxyi;
~and Ry is hsfdrogcn, alkyl or substituted alkyl. For example, in more particular
“embodiments, X 61Y s sulfty, and both W and Z are oxygen; 'Botﬁ Xand e~ ©
sulfur and both W and Z are oxygen; X and Y are both.oxygen and W or Z is sﬁlﬁir;
‘both X and Y are sulfor and W or Z is sulfur; or X or Y are sulfur and both W and Z
are sulfur. Alternatively, the following are possible: X=0, Y=0, W=0, Z~0; X=S,
Y=0, W=0, ZSO;,X"—“O, Y=8, W=0, Z=0; X=0, Y=0, W=8, Z=0; X=0, Y=0,
W=0, Z=8; X=8, Y=8, W=0, Z=0Q; X=8, Y=0, W=S, Z=0; X=5, Y=0, W=0,
Z=S; X¥O, Y=0, W=S5, Z=5; X=0, ¥=8, W=0, Z=5; X=0, Y=5, W=, Z=0; X=8,



17 sulftu; or X or Y are sulfur and both Wand Z are

sul fur. Alternatively, the follow ng are possible:

X=0, Y9, WA, Z=0; X=S, YD, W0, Z=0; X=0, Y=S, W0,

ZA; X=0, W8, Z=0; X#D, Z=S; 1%=S, V=3, W), Z:0; X=S,

Y=0, WES, X=S, Y(3, W0, Z=S; 3CBWS, Z=S;Y=S, WO,
Y%SS%E§LG?CViSS WES, “&dﬂiﬁ%ﬁS&%Xi&#)WﬁSﬁ Z=8; XX¥€B Y=S, W=S,

=S; Z=S; X=0, Y=S, WS, Z=S; or X=S,
Z%S_,ng)%fv;g gv %tédg ‘di scl osed is a thalidoni de anal og

compRUprkithaY iHadtisdM6sel 05 iPbehdRIn e ¢ Fggpaﬁndaf hﬁﬂﬂﬁgbe%ﬁnula

i ndependently oxygen or sul fur, and

and R34 are as befdfg. For ewanple, in nore

particul ar e %3 /Y is sulfur, and Z is

oxygen; both d ul kur and Z is oxygen; X

and Y are both oxy ;nd Z iBasul fur. Alternatively,

the foll ow ng e Ct, Y¥Y=0, ZzO Z=0; X=3,

Y=S, Z=0; X=0, : V23S, Y=S, Z=S;

orY=S, Z=3. Also dk@, pgle anal og

conpound having the T

-wherein X and Y are each independently oxygen or sulfur; W, Z, Rys-Rpo and Raq are - :

"asbefore, R is alkyl or substituted alkyl, and Rag-Rag ate each independently -
hydro gen, hydroxyl, acyl, substituted acyl, acyloxy, substituted acyioky, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy,
substituted alkoxy, aryl, substituied aryl, amino, substituted amino, halogen or nitro,
for example, hydrogen, lower alkyl, acyloxy, halogen, hydroxyl, amino or nitro such
as hydrogen, acyioxy or hyd,rbky’l. For example, in more particular embodimcnts, X
or Y is sulfur, and both W and Z are oxygen; both X and Y are sulfur and both W |
and Z are oxygen; X and Y are both oxygen and W or Z is sulfur; both X and Y are
sulfur and W or Z is sulfur; or X or Y are sulfuir and both Wrand'Z are sulfur. -

 Alternatively, the following are possible: X=0, Y=0, W=O',-Z=ﬂ0.;_ X=8, Y=0,
W=0, Z=0; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0,
7-5; X=8, Y=8, W=0, Z=0; X=S, Y=0, W=S, Z=0; X=§, Y=0, W=0, 7=8;

"“X?@?Yﬁo;“ﬁ%ﬁZ?S}X?{X&?S;“ﬁ{ﬁf&%}nglXﬁﬁiVV%S;Z;OExﬁﬁgyeg;“""

W=S, Z=0; X=8, Y=8, W=0, Z=8; X=8, Y=0, W=S, Z=8; X=0, Y=8, W=S, Z=S;
or X=5, Y=S, W=S§, Z=S.



R5 wherein X and Y are independently oxygen or
sulfir, and 121, R2, R4 and R5 are as before. For
exanple, in particular enbodinents, Rl is 18 R a
RI9R18 O RI9R18. |, wheggein W Z, and Roam are as
before. For exanple, in nore particul ar enbodi nents,

érg %‘?‘% ; lf%ﬂ;dﬂcu%a egbu}é?'?ﬁ?mz%g{ebot V\/egnidfz are

oxygen |f present; 1and Rygar e Lpot twoxyge and Wor Z
is sulfur if present] botjh X ad fr and W
or Z is sulfukgi sep 0. or sul fur and

both Wand Z are 4 dvely,
where Wand Z arelg ngossn bl e
X=9, Y=0, Z=CO)Ruz

Ru  Rus Y Rig Rqy7R4s

wherein X and Y each are independently oxygen or sulfur; W, Z and R, 5—R20 are as
before; and Ryg-Rys are each independently hydrogen, hydroxyl acyl, substituted
acyl, anyloxy, substituted acyloxy, alkyl, substituted a]kyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted
aryl, amino, substituted amino, halogen or nitro, for example, hydrogen, lower
alkyl, acyloxy, halogen, hydroxyl, amino or nitro such as hydrogen, acyloxy or
hydroxyl. For example, in more particular embodiments, X or Y is sulfur, and both
W and Z are oxygen; both X and ¥ are sulfur and both W and Z are oxygen; X and
Y are both oxygen and W or Z is sulfur; both X and Y are sulfur and W or Z is
sulfur; or X or Y are sulfur and both W and Z are sulfur. Alternatively, the
following are possible: X=0, Y=0, W=0, Z=0;, X=8, Y=0, W=0, Z=0; X‘—“ﬁO,
Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0, Z=§; X=§, Y=5,
W=0, Z=0; X=S, Y=0, W=S, Z=0; X=8, Y=0, W=0, Z=5; X=0, Y=0, W=S,
75; X=0, Y=8, W=0, Z=S5; X=0, Y=8, W=, Z=0; X=8, Y=S, W=S, Z=0; X=S,
Y=S, W=0, Z=S; X=S, Y=0, W=S, Z=S; X=0, Y=8, W=8, Z=8; or X=S5, Y=5,
W=S, Z=S.
The disclosed compounds further include compounds having the formul_a '

wherein X, Y, W and Z are mdependanﬂy oxygen or sulfur, and Rz-Rs and Ry3-Ris
are as before. For example in more parhczﬂar embodlments X or Y is sulfur, and
both W and Z are oxygen; both X and Y are sulfur and both W and Z are axygen; X
and Y are both oxygen and W or Z is sulfur; both X and Y -are sulfur and W or Z is



Wel), Zta.; X=0, Y=S, W0, Z=0; X=3, Y=0, WS, Z-D
X=0, Y2), W0, Z, X=S, Y=S, W0, ZO X=S, Y=0, WS,
Z=0; X=S, Y=0, W0, Z=S; X=00, Y=0, WS, Z=S; X=D,
Y=S, W0, Z=S; X=0, Y=S, Wi Z=0; X=S, Y=S§, W5, Z=3;
X=S, Y=5, W0, Z=S; XS, Y=0, WS, Z=S; X=21, Y=8,

oA e Bk B ey o
folibwingiare possiblea DE=0,NPeOeREEN IS0 OX 3 £Y=0] Wa0 fZ+#0); 2Rd,

N L I A
WSt FH; x@gdya@i 04 %Q%Zxéseyggy%@o pole h‘x QQYvﬂfse

sul fur’ both "W ai ar e oxygen; ar e
7450 B Q) e W aDJZME pK=D, IVs-Ss W=f=$1,rZ—«€b;oX1aS W:ammsamo X=S,

re,Z i I e.sul and
YRh 0y 200 T E20u D 28 Keth XS NS ST F ooy
wagezsmssi bl e: X=0, YO, W0, Z=0; X=S, YC, WO, ZO
Xr.:), Y=S, W0, Z:Do; WS, ZG X=0, YO, V\#O Z=S:;
X=SAlse-disclpyediis 2 thalidopids anakog comunddpying-ts; fornbla
WE- 0, Z=S; x=9, YOc WS, Z=S; , Y=S,Z=S; XE), Y=S,
WES, Z=0; X=S, Y=S, W:szo

Whercin X, Y and Z are independently oxygen or sulfur, and Ry-Rs, Rys-Rag and R34
are as before.. For example, in more particular embodiments, X or Y is sulfur, and Z
is oxygen; both X and Y are suifur and Z is oxygen; X and Y are both oXyg'éﬁ and Z
is sulfur. Altemnatively, the following are possible: X=0, Y=0, Z=0; X=§, Y=0,
Z=0; X=0, Y=S8, Z=0; X=0, Y=0, Z=S; X=8, Y=S, Z=0; X=S8, Y=0, Z=8; X=0,
Y=S, Z=S; or X=8, Y=S, Z=S. |

Also disclosed is a thalidomide analog conpound having the formula

wherein X and Y are mdependently oxygen ot sulfur, and Rj, Ry, R4 and Ry are as
before. For example in particular embodlments R;is



W0, Z=S;YCQ), WS, Z=S; X0, Y=S, WS, Z.,' or X=S,
Y=S, WES, Z=S. In even nore particul ar enbodi nents,
at | east one of R7, R4, R5, R15 and Ruis hydroxyl --
Al so disclosed is a conpoungg havi ng the fornul a:
wherein G and D are each i ndependently oxygen or

sul fug,,R2-1t5 are as before, and 1246 RI3  Z-Rl4
wher eitn*W Z and R13- R20 ar éMas before. For exanpl e,
in pa¥{icul ar enmbodi nents, '
~ajg oxygen; both

ot Rie S%ff

Zis

sul fur; Gor D are R

sul g re/.natively, the 0 :
o--g‘,u""'D:o, vi?o, GS, , . B’

Rq R

wherein W, Z, and R;3-Ryg are as before. For example, in' more particular
embodiments, X or Y is sulfur, and both W and Z are oxygen if present; both X and
Y are sulfur and both W and Z are oxygen if present; X and Y ‘are both oxygen and

- W or Zis sulfur if present; both X and Y are sulfur and W or Z is sulfur if present;
or X or Y are sulfur and both W and Z are sulfur if present. Alteratively, 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=Q; X=0, Y=S, W=0, Z=0; X=0, Y=0, W=S, Z=0; X=0, Y=0, W=0,
Z=8; X=8, Y=5, W=0, Z=0; X=S, Y=0, W=S8, Z=0; X=§, Y=0, W=0, Z=S:;
X=0, Y=0, W=, Z=5; X=0, Y=S, W=0, Z=S; X=0, Y=S, W=S, Z=0; X=5,
Y=8, W=S, Z=0; X=8, Y=S, W=0, Z=8; X=8, Y=0, W=S8, Z=S; X=0, Y=S8, W=S,
Z=5; or X=8, Y=S, W=S, Z=S. In more particular embodiments, the compound has
the formula: ‘ |

wherein X, Y are independently oxygen or sulfir, and W, Z; R, Ry, Rs, and
Ri3-Rye are as before. For example, in more particular embodiments, X or Y is
sulfirr, and both W and Z are oxygen; both X and Y are sulfur and both W and Z are



WeO, Z=0; 00, D=0, WS, Zii; G=0, D=0, W0, Z=S; G=S,
D--S20; GS, D=0, WS, Z=0;Z=S; 20 &, D=0, WS,
Z=S; GrzOQO D=S, W, Z=S; G=0, D=S, WS, Z-0; G=3,

D=S, WS, 7=0; Ge--S, D=S, D, 7Z=S; G=S, DO, WS,
Z=S;.D=S, WS, Z=S; or GS, D=S, WS, Z=S. A nethod

. . @t i 5 I'WideY, istuBus HeiEX tand s &reistlfur and
oyl o P bl Vot Dlybnilal W dr s Bufius

e met I ncludes administering to the
W stijieailfig; 6iEionYeart isakiut anddidta Y aveé Zanesitifuro A lisreatiyely,

. nore of any of the unds_di,sgl dyggp‘o_.r
thedbHowingars a%%c{%@?g% ﬁ’g=0 Zﬁﬁ’e %%%X arn d@igf %’é’ X=0,
_ nq%Q? Neledt kLo XAEE wWes, 30! =0, W=, WRDD 73-8; Xe-Saies,
¥ gé efore;’ a;nég’)ltﬂ- R52 are each_inde endentl% .
WHYAEoQeR-Sh¥eoW+S, Zel X=8u¥sts 2oy OatyPe XS,
_upsty tut YL0X Yy 8 ¥le vRUDSLIA. ALK Whreg 720 K=
z=§i %&J‘Sg N Biare s %r%/l, aﬂ%ﬁ@ﬁ%ﬁ ttag XS
Y=@|, W:%J 7=8 %eg yyz@yw_szts,w&d(ﬂ,m&,WaEyZﬁ«*S; or X=5, Y=,
substituted aryl, am no, substituted am no.. _h o%enR d
W, Zrikrlo, evin mass apssicalar Rl ts, phliat ogp Rf Re> Re, Ks, Risan
Ragé&%x 2 hal ogen, hydroxyl, amno or nitro such as .
1658098 acyl oxy or hydroxyl; or a compound having
t he Aflsy distlosdd 1§ aFtoSffiogndvhaving thenfetmBla: X i s oxygen or
sul fur; and R2-R5 and R s-R19 are as before; or a

conmpound havi ng the fornul%g.

O_'/

wherein G and D are each independently oxygen or sulfur, Ry-Rs are as before, and
Ragis

" wherein W, Z and Ry3-Rye are as before. For example, i parficular embodiments, G
or D is sulfur, and both Wand Z are 6xygen; 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
sulfor and W or Z is sulfur; or G or D are sulfur and both W and Z are sulfur.
Alternatively, the following are possible: G=0, D=0, W=0, Z=0, G—"—“S, D=0,
W=0, Z=0; G=0, D=S, W=0, Z=0; G=0, D=0, W=S, Z=0; G=0, D=0, W=0,
7=5; G=8, D=8, W=0, Z=0; G=8, D=0, W=8, Z=0; G=S, D=0, W=0, Z~5;



21 R5R5 wherein each of X and Y are independently
oxygen or sulfur, n=1-5, and R2-R5 are as before; or
a conpound having the fornula-. RR5,3 R55 wherein
R53 and R54 are independentdy hydrogen, hydroxyl,
acyl, substituted acyl,

G=0, D=0, W=S, Z=S; G=0, D=5, W=0, 7=8: G=0, D=§, W=S8, Z=0; G=5,
D=S, W=S, Z=0; G=8, D=S, W=0, Z=S; G’"SD=OW“'S Z*SG@OD =5, W=S§, _
7=8; or G=S, D=8, W=S, Z=5.

A method for modulating TNF-o activity in a subject also is disclosed. The
method includes administering to the subject a therapeutically effective amount of
one or more of any of the compounds disclosed above, or 2 compound having the

formula:

where X and Y are independently oxygen or sulfur; W, Z, Ris-Rag are as before; and
R4-Rs, are each independently hydrogen, hydroxyl, acyl, substituted acyl, acyloxy,
substituted acyloxy, alkyl, substituted alkyl, alkenyl, substituted alk@ﬁ, allynyl,
substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl, amino,

* substituted amino, halogen or nitro, for example, hydrogen, Iower alkyl, acyloxy,
‘halogen, hydroxyl, amino or nitro such as hydrogen, acyloxy or hydroxyL

or a compound having the formula )
Rus JAST

wherein n=1-5; X is oxygen or sulfir; and Ro-Rs and Rys-Ryg are as before;

or a compound having the formula:



acyl oxy, substituted acylory, alkyl, substituted

al kyl, al kenyl, substituted al kenyl, allcynyl,
substituted al kynyl, alkoxy, substituted al koxy,
aryl, substituted aryl, Fo substituted am no,

hal ogen or nitro, for exanp hydr ogen, | ower alkyl,
acyl oxy, hal oge hydr oxyl, am no or
hydr ogen, acyl ox}2 or h@droxyl

itro such as
%5 i s-hydrogen,

al kyl, or fl al | cyl; havi ng

t he formul a: - ar g e and R56 is
hydr ogen, al ky 5 Eﬁﬁ%&g’

pharnaceu&%b' v dccept abl e sal ts~0 i SOmMer s

t her eof . qpbstituted anal 4gs ha ing the

structures deatlbed with respect to ti net hod above.

G PE B D pmpeendif SRR By RS and R Rypre

as B8l are oxygen if present; both X and Y are sul fur

. and Both Wand Z are oxygen if present; X and Y are
bot ler axgmperahlpvies the forgm#) fur i f present; both X
and Y are sul fur and sul fur if present; 92
or X or Y are sulfur ‘and Z are sulfiir if
present. Alternatively, and Z are present the
foll owi ng are possi bl e: ¥=0, WC.), Z=0; W0,
Zi); X=0, Y=S, WO, Z.%7 ; 6 WES, Z4);Y=0, W 31,
Z=5; X=S, Y=S, W0, Z=0; XdS Y721, WS, Z=0;
X=S, WJ, z=S; x=0, V;), W&ssz=s; X0, Y=S, W0, Z=S:

wt?é{'dm Rlé-a%d ¥ are ihdBpenteiily hydrogeﬂztﬁydrz:?yn acyKSbstiatsd acyl,

W, Z=S; X=S, YA), Z=S; Xeo, Yaﬁq
- acyloxy, substituted acyloxy, alky]., substituted 1, aﬂs:enyl substituted alkenyl,

alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, aryl, substituted aryl,
amino, substituted amino, halogen or nitro, for example, hydrogen, lower alkyl,
acyloxy, halogen, hydroxyl, amino or mitro such as hydrogen, acyloxy or hydroxyl
sand Rgs is hydrogen, alkyl, or substituted alkyl; or a c_:ompommd having the formula:

- whierein Rs-Rs-are as before and Rig is hydrogen; alkylor-substituted atkyl; -
or pharmaceutically acceptable salts or stercoisomers thereof.
Novel thio-substituted analogs having the structures described with respect
to the method above also are contemplated. For example, in more particular 7
embodiments, X of Y is sulfur, and both W and Z arc oxygen if present; both X and
Y are sulfur and both Wand Z.are oxygen if present; X and Y are both oxygen and '
W or Z is sulfur if present; both X-and Y are su]iﬁrandW or Z is sulfur if present;



Z=S; or X=S, Y=S, WS, Z=S Particularly

di scl osed conpounds and conpounds that can be used in
the di scl osed nethods include one or nore conpounds
having the follow ng struct upes: - Stil
further, a nethod for nodul ati ng angogertesis in a

ozéﬂ)ref’t é &lﬂi’ i?& 8?%;1\)\(8311@62 ﬁ%%ﬁﬂ%] p‘fés%e tﬁr?ahvely, W and

ni stering ject "a apeutic

o firle @RéseME thd FONWingf ard possitle:X0+0, ﬁ#OaMfz#@ﬁX:S Y=0,

éﬂéﬁlosed co a&gq&s =§£§9 f é __o %ﬂf %%gﬁgg)gg;o
AheRe AY_ANY - GNALAYKLLCYCOTRALIY.QS; 55, Y=0, W=0, Z-5;

anti - angi ogertic cohcentration of a conpound I's
Xt YzodW=th E~Ch Xr-ap &S, W0y Zeb f BeQi VesS albth (7=6); X+% -

0 und, c b dm pj 'e t, Wt
YOS PR BNea B oy Se b SO k=0, ¥=5, W=s,
ZHP opixtisonr=gf wimi-genesi s or tunDr netastaS|s h
ot her enbodi nent s, the therapeutical | effectlve
amuﬂm@@h@mmﬂmm t@nshﬁb}sed:mthe

Hilehe BB AR ARG s Nl AL Bl strotecs:

angi ogeni c- conpound or an angloa~w|ctmﬂ{centrat|on
of a conpound i% adm nistered té& ‘ '

“stinulate ge QM% FoQeng
i nhi bi tor heNdi €8M¢ onpo @ ane useful in the
treat ment bt h pr| mary and netast at‘?c solid

tunors, includithg carci nomas of breast,

rectum |ung, orfbpH{rynx, hypophdarynks.,—&soppiadis,
st omach, p.“_*:s, ] Wdr, gallb - o Gct s,
smal | intestikt nagy tract (iAchddi g kidney,

bl adder and uro‘hellun) femal e genital ,

(i ncluding cervi%, uterus, and ovarles as well as
chori ocar ci no estatlonal ophebPasfic

di sease), 4 [
sem nal ve - [
endocri ne gtand (|nclud|ng t he thyr%ld
pituitary gland$), and skin, as well as henmangi onas,
mel anomas, sarconmas (including those arising from
bone and SOft t'l sgies as well a 0osi's sarconmm)
~and tunops~ofLt heldor i n, nerves, es, aid neninges
[ [ tosytomas, glior '

3t OMQS, _omas, neur obl a
Schwannomas, &nd kenifngi omas). Such @onpo nds may
al so be useful in treating solid tunors arising from
i eti i gnanci es such as geubenlas (i.e

| ynphomas (both Hodgki n"s and non-'.dgkln S
| ynphomas) . I n addition, these conpounds be

usef ul =% 2vention of netastasfs fr he
tunors 'bed abve eit her whe rin
conbi na her apy r
.chenDtherape\tlc agent s. Further (ses-of

di s¢l osed ant9 - angi ogeni ¢ conpounds/ concentrati ons

i nclude the treatnent and prophyl axi s of autoi nmrune
di seases such as rheumatoi d, inmune and degenerative
arthritis. Such conpounds can also be used to treat a
pat hol ogi cal (i.e. abnormal, harnful or undesired)
angi ogenesi s, for exanple, various ocul ar



di seases such as diabetic retinopathy, retinopathy of
prematurity, coneal graft rejection, retrol ental
fibropl asia, neovascul ar gl aucoma, rubeosis, retina
neovascul ari zati on due to mgcul ar degenerati on,
hypoxi a, angi ogenesis in the eye associated with

i nfecdion or surgical intervention, and other
neovascularlzatloneondltlons of the eye;

-

3sel

: ge
25 neovascul ari z3ti on: telanglect%sﬁh
p' ?Kn@ joints; ang|8ﬁhorona and wound
tilQn. Qther yses jinc uqF the treatnent of

e¥xcessi _ abnor nal
“GMe €NAS: i

I'ncl udi ng but not
Crohn' s di sease,

sCIeroderna and hypertrophi c scars,

AnotheroQ§ﬁ is as a blrth qpntbﬂ@

ji C conseque@ce such as cat scrf
nﬁle m nalia quintosa) and ul cers
pylori). Theodlsclosed conponuds are

prior to - surgery, espeg
resewst abMe tunors. Angyi ogeni c

' f'N concentratj ong/ ofodi scl od AP O nd £h
i at a variety oft conditions
I'mul ati on d@*analogene5|s
esi s, increased bl ood flow,
and/ or |ncr8ased vascularlty Particul ar exanpl es of
condﬂ%lons and di seases anmenabl e t?;t@eatnent usi.ng

|7 i e
@@ ctgide any
~tond dsociated with an Bbstr of a bl ood
vess& , such as obstruction of an artery, vein, or of
‘a capillary system Specific exanples of such
conditions or dis -ase include, but are not
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26 Yet further, a nmethod for inhibiting INFa
activity in a subject using the disclosed conmpounds
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Exanpl e 1- I nproved Synthesis of Thalidom de

Wth reference to Schenme 1 bel ow, t-Butoxycarbaunte
2, on reaction with carbodiimde in THE, gave im de
3. Inmide 3 was depntected ¥th trifluoroacetic acid
in CH2Cl2 at roomtenperature to yield

am Yeddtihay a meted for idhiliting ThNEt-e aétmw iﬂmsxtb;écu udihgthe

AR QPTG it BIOVAGR i P i sdinleBrieg & ¢
thellgll#éenﬂ?ig% TS e bth kot OF Qdfs&%é@&ﬁlﬂﬁm& th shﬁi%ctttg balkieve a

24% ftrom 2. This procedure is nuch nore

TNIpudohibitaty cdfedt. €Thé diselnsed domposiends hating TNG-o inhjlitarp dffects
are bélgég.et C .rout esl%gl%re arat [ on of Binding ggl a'],da%ﬁ] de.
malignant diseases. These include but are not lnmted to septic shock, sepsis,
endotoxic shock, hemodynamic shock and sepsis syndrome, post ischemic
repefﬁlsion injury, malaria, mycobacterial infection, meningitis, psoriasis and other
dermal diseases, congestive heart failure, fibrotic disease, cachexia, graft rejection,
cancer, tumor growth, undesirable angiogenesis, autoimmune disease, opportunistic
- infections in AIDS, rtheumatoid arthritis, rheumatoid spondylitis, osteoarthritis,
other arthritic conditions, inflammatory bowel disease, Crohn's disease, ulcerative
colitts, multiple sclerosis, systemicvlupus erythrematosis, ENL in leprosy, radiation
damage, and hyperoxic alveolar injury. In addition, the compounds can be used to
treat other neurodegcnerach diseases as exemplified by Alzheimer’s disease,
Parkinson’s disease, head trauma, stroke and ALS.
The disclosed compounds can be used in combination with other _

compositions and procedures for the treatment of diseases. For example, a thmor
~ can be treated conventionally with surgery, radiation or chemotherapy in
combination with an anti-angiogenic compound/concentration and then, optionally -
the compound/concentration can be further administered to the subject to extend the
dormancy of micrometastases and fo stabilize and inhibit the growth of any residual
primary tumor. Alternatively, an angiogenic compound or angiogenic concentration
of a compound can be used in combination ﬁith other angiogenesis stimulating
agcnts For example ﬂ:lermai energy {m the form of res1st1ve heatmg, laser energy
i Aor boﬂ1) to create thermally treated stlmulatlon ZOnes or pockets (optlonally h
mterconnected, at least initially, by small channels) in the tissue for the introduction
of blood bemn growth and healing factors, along with stimulated capillary growth
_surrounding the thermally treated zones. Such stimulation zones allow mcreased
blood flow to previously ischemic and/or nonfimctional tissue (such as cardlac
tissue) with a concomitant increased supply of oxygen and nutrients ultimately
resulting in a revitalization of the treated secﬁons.the tissue when used in



4 Schene 1 :
2, 6- D oxo- 3- (t-butoxycarbonyl am no) pi peri di ne (3) was
prepared and isolated as foll ows. A solution of

N- 0- but oxycarbonyl | -1 egl ut azd ne (4.92 g) and
daitionyitelt (21.70 g)iii Tiff (MO M) Wagrefl uxed
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2, 6- Di oxo- 3-anj nopi peridine _trifluoroacetate (4’) was

comipapRdsean BA ysedia comtnafion with Shesnotieaapsitin @sents snv/on)

s n CH2C12 (5 nL) CF3COCH (0.5 nL) was
= g% d. TEe redction solution was stirred at room
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WIEAtbf&l %gngseﬁmﬁp NLVIR 5% m} 8 11 42, (%algéuH) %ﬂzp

predidis? kﬁ%egnﬁgltéﬁ‘ ho&ﬂ&)&c and then' anf%%@iuk@o | Gi an\Q@c& other

prepared and isofated as fol | ows. "A m Xxture o
agpriis. hExdoeplesmef adieyl dtingngent @Nudmniﬁdgemmstaeisl (srwérhsf or

t, ,. t d d
%u r ?‘ﬁ%%ﬂ ocsrglt?f g%@%%l}d%‘ﬁﬁe ﬁo i gﬁfé éﬁ £ filorambucil),
alkgHa(Tlodhtes (e 85 BhistdAMY, duh aimamed@(sﬁal% Bty 1odfustine,

sen\QQsltltng, sct::rrel);tst’)tzgtlng, or dacarbazine). Examples of antimetabolites include folic
acid analogs (such as methotrexate), pyrimidine analogs (such as 5-FU or
cytarabine), ‘and purine analogs, such as mereaptopurine or thioguanipe. Examples
of natural products include vinca alkaloids (such as vinblastine, vincristine, or
vindesine), epipodephyllotoxins (such as etoposide or teniposide), anfibiotics (such
as dactinomycin, daunorubicin, doxorubicin, bleemycin, plicamycin, or mitocycin
C), and enzymes (such as L-asparaginase). Examples of kinase inhibitors include
small molecule inhibitors (such as Iressa, Tarceva, PKI-166, CI-1033, CGP45923A, o
EKB-569, TAK165, GE-572016, CI-1033, SU5416, ZD4190, PTK787/ZK 222584,
CGP41251, CEP-5214, ZD6474, BIBF1000, VGA1102, SU6668, SU11248, CGP-
57148, tricyclic quinoxalines, SU4984, SU5406, Gleevec, NSC{5.804.I:0, PD166326,
PD1173952, CT53518, GTP14564, PKC412, PP1, PD116285, CGP77675,
CGP76030, CEP-701, and CEP2583), hgand modnlators (such as Bevacizumanb,
MV 833 Soluble Flt-1 and Fik-1, VEGF Trap, GFB 116, NM3, VEGF 121-d1pthené
toxin conjugate and Interfereon-u), and monoclonal antibodies against receptors
-(such as Cetuximab, ABX-EGF, Y10, MDX-447, b-R3, EMD 72000, herceptin,
MDX-H210, pertuzumab, IMC-1C11, and MF1). Examples of hormones and
antagonists include adrenocorticosteroids (such as prednisone), pro_géstiﬁ.é (such as
hydroxyprogesterone caproate, medroxyprogesterone acdtate, and ﬁag%&ol
acetate), estrogens (such as diethylstilbestrol and ethinyl estradiol), antiestrogens



Exanpl e 2- Synthesis of Aromatic Thal i dom de Anal ogs
Wth reference to Schene 2 bel ow, dinethylether 5 was
obt ai ned by condensation of am nopyridine with
phthalic anhydride in refl@%ing AcOll in the presence
of sodium acetate. On standing wth Iffir in glacial
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'd1JcMsed are pharmaceutical compositions mcludm.g one or more of any of the
compounds disclosed above and a pharmaceutically acceptable carrier. The
_composition may compnse ‘a unit dosage form of the composition, and may further
cornprise nstractions for administering the composition to a subject to inhibit

angiogenesis, for example, instructions for administering the composition to achieve
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phas@agically @caltabln caitier3 In ﬁmmm@:laﬁ@nmmemsghq discinsed

composdtlons B 5 %ufidcd i%{ aﬁe a{n?mstran%zn? Eup suc oral glosage formas

can mclude one or more of any of the dlsclosed compounds mcludmg those

S e R e MAR S 2T It e B R T SR e [T it T e

- compounds partlcularly dlSClOSed by theu' IUPAC names above. Such
pharmaceutical compositions may be used i methods for modlﬂatmg angiogenesis
-or TNF-o act1v1ty in a subject by admlmstenng to the subject a therapeutically
effective amount of the coraposition. 7

As is demonstrated in the Examples that follow, thionation of thatidomide
apalogs to replace ﬁarbﬁnyl groups with thiocarbonyl gro{zps can provide
thalidomide analogs with increased TNF-a activity, increased angiogenic activity or



Wth reference to Schene 4 bel ow, azathalidom de was
prepared from am nogl utari m de and commer ci al

pyri di ne- 3, 4-di car boxyl i ¢ anhydri de.

Cbzami nogl utarinmi de was depPot ected by hydrogenol ysis
wi th catalyst palladi um hydroxide on carbon (10% to

incf@ﬁmd ﬁﬂ%ﬁ@@bgﬁnﬂr Wd Ihys,ihadmhn_aglsinlﬁlcedhmgﬂtmm?ﬁheh

an ride was refluxed with am.n ut ar i in.the

compeRE e oYk FYPIRIREONS (o e Ao ot
i (FPRYA : lutarim de.

dﬂ%‘%ﬁ%ﬁ%ﬁggﬁgﬁemhﬁe HEYphi oMiddsaodRg | ut ari m de

4. 1, 3FRmmples2- (2, 6- di oxopi peri di n-3-y1)-5-azai soi ndolin

e (11) was,prepared speckticall f all A

m >(<t u)re oi%d‘}@ﬁrﬁ&g?‘%?ﬁ@. W@'gsiéfgihﬁ‘g oan

pal i krelaiel ©Scemen teiivarByt3RPfarbamale Py ap@action(Rih

m) was stirred under .112 for one day. The reaction .
cathpdiimide ind3E, igpveinede Bhimdg R was Jeprotegied Wik aHugtoagstic

o ARy A HABEP oAl itpisci
Wittitub Qurihed pehi Socaphpestiptume 4wasyeacipd wiih phitteaticlaabjdride in

cetpe b o Aersnae et mions b idieRas Y R the total
Yy lead 8 Th ok Beddin: bl Rode i adtibal anbhh elend thie
ylc&éa‘gpzr@félﬁg)%g' Fg% pcl)'ne anedﬁg&hdgllfﬁoday‘s.. Tha(;1 sol vent was
sevegaipyied rapoded sysdbetiomoutPl dorrthe prrperaiian of thalidpmiticpy
col(;/iﬁ chromat ogr aphy using CH2C12: MeOH (10:1) as
e
d

lu to rd 872-thaljdom de (52 ng) il n Qe yield
,;\ r -am nogLEE';LL@de as;p ytpi
B a ®™35C, 114upM R (DVB0)” 3011 N O

sol
111), 9.21 (s, 111), 9.17 35 (d, | = 4.8 Hz,
-7.98 (d2J = 4.8 Hz, 1 11), 5.23 (dd, | =534 Hz, J =
12.8 Hz, 1 H, 2.96-2.85 (m 2 H), 2.60-2.51 (in, 1

H, 2.12-2.07 (m 1 H,; M (& /Cl14) ink 253{;;—*@@‘0“

Anal . for Cl2119N2Q4 4C, 55.60; H 3.50; N,

55. 36; 4; N, 15.9@., Exanple 5 -

’bo'xﬂ/t‘hél i donPde Anal ogs )~NH
- Hol ¥=0 CF{CO0H

4

‘Scheme 1

_2,@D-ioxo—B-(t—butoxycarbonylamino)piperidine (3) was prepared and
isolated as follows. A solution of N~(t-butoxycarbonyl)-L-glutamine (4.92 g) and
- carbonyl difanidazole (1.70 g iff THF (100 mLy wasteftuxed for 9 h:- Thesolvent™
was removed and the crude product was recrjstallized from hot BtOAc to give
compound 3 (2.04 g, 45%) as white crystals: mp 214-215°C; 'H NMR (DMSO-dg) 3
422 (dd,J =62 Hz, T =11.0 Hz, 1H), 2.77-2.65 (m, 1H), 2,45 (m, 1 H), 1.96-1.87
(m, 2H), 1.40 (s, SH); MS (CVCH,) 227 M-17". - '




Schene 5 Wth reference to schene 5 above,

acet oxyt hal i dom de was prepared and i sol ated as
follows. First, 3-Acetoxyphathalic anhydride was
prepared by refluxing a m x8@ire of 3-hydroxyphthalic
anhydri de (150 ng), -acetic anhydride (2 nL), and

Na0AZ, 6Dkt or34ghirdopipefidite tiifl@oroRedthte ¢4 Whaprdpfred@sd isolated
filtered, The filtrate was concentrated and washed

asfoligwg {-orypeund 8 {5 med was saspenged IdvHClh (ImL)2 TFgOOH (0.5

m?zg‘g@as gt LGRS ool R e 3 7 oo g‘ﬁipﬁaag%r ot 4R The

soltizent Was rétadvedao giield (622ng, 999(/5 ’HINMR (DMSO-dg) 6 11.42 (s 1H)
% ﬁgu QX0- 2- é%k6 dloxoplperl ¥624 acet oxyi soi ndo
8. ‘i’ L5 4t ol hHad 2853 3R gD, 2. - 200K, 2H).

%%Fﬁ%’ 1o P s El aRaleh Blows, A sl

pNﬁﬂhcmyhyﬂmﬂ&uuﬂﬁmﬂﬂacHﬁnidkmﬁbﬂnnaSﬁ&eﬁbum T18 refotidn
was added,

The sol vent por.ated, water (10 nL
i Was CPReeH V"Vi%f%#gmg con s clpmp chppmase sraphvcelyent
TIERS iflaliRsni J o
CIrﬁecr ystérll?gge fclr om et hg'JI3 tfa(%e]tﬁ ’é@}t’)oasg‘?@%jms
1, 3-di oxo- 2- (2, 64i oxopi peri din-3-y1)-

3635: ) RS et oF Sl ppoliaS Analots 1 1
7. 64W(ﬂ1,retbrenZe D 312]161115]211)610% 3&1&11 athes w%&@»tvam@d%?
=54 H = 12. 11 2.87-2.92 (m

| cogepfathl qfaane@opmdwe wzth@éthzhé @nb 1degn yefluxdeg Ac@Hpkdhe

B oA e Of s P P i il Mrn UGS 65 0

at tooat tengpevatale fani&h, ldctive hthepclesmge of §fwdslacedhylished fLgive
3- &carboxyllc aci d was

12.. Napht hal ene-
""%’BH‘é‘aF?g ?B“Y%feéﬁ%*&g?'&e?gie Waidrtermingd by saase sepoiiosdeny,
1DENMIO S DD NVIRD erﬁerm&&m&%ﬁ% uﬁﬁ @Eg%qm

benzot hal i dom de 14. Spectr al dat I ncl'udi ng Ss
dempusirating shat only e naefhyksdtheravasodedvedt RBINAESY showed e

prdgfh e bl B BT @fﬁgjpﬁgsad g that the Z-methoxy
wamsﬁé’ctﬁfew aéﬂmﬂﬁﬂltﬂdt the36- ko ﬂﬁﬁﬁ&h Fiheh tHE1dalfdn

was prepared and i sol ated as [1ows. A m xture of
telwezs(i@faseﬂﬁo RBEC) both hgthyd aﬂmmbareoclmh@ sithdERYHOAC

&ﬂﬁgg @%é%ﬂ%#i éf*ethylanlne (1.22 nil) in 111F (10

or 20 h. The sol vent was renoved

and the residue was suspended in acetic anhydride and
refluxed for .20 mnutes. Ethanol (5 m) was added at
80C and stirred for 30 min. On cooling the product
was collected by filtration, and washed with EtOAc to

- -gi-ve -conmpound--12.-( 227 -my, -84% -as-.a.pale.-green.solid: ..
np >300C;, IR bllva OAM0-d6) a UM (s, 11:0,-3.6178. 47
(ni, 41D. 7S2 ddal = 7.3 Hz, = 13.5 Hz, 211), 5.85
(dd, J =5.4 Hz, | = 11.3 Hz, 111), 3.01-2.88 (m
"111), 2.73-2.61 (m 211), 2.08-1.99 (m 1114. MS
(DEI') ma 309 [N1+11+; FIRMS (DEO cal cd for G 7HnN204
309. 0875, found 309.0874; Anal. Calcd for
C171 1 12N204: C, 66.23; FI, 3.92; N,9.09. Foeund: C
65.97; 11 ,3.99; N, 8.91.



b

N- (2, 6- di oxopi peridin-3-y1)-2, 3- napht hal enedi car boxam
ide (14) was prepared and isolated as follows. A

m xture of 2, 3-naphthal enedi carboxylic acid (199 ny,
0.875 nanol) and acetic antdride (2 nL) was refluxed
for 30 mn. The 37 reaction mxture was cool ed
dow@.and the sol jd VRS collected by filter toagbford.

axhyllri de 13 (0.5L33)qg, 7 as whi t e sohid ==N
ut'Q)n “of @m@éﬁ%em et af M—ﬁ@on&
5) |nd tri é@ehyl amine (1 nL) iMNa@AE (10 ¥

anhy@ride 13 (133 ng). The m xture was reflux@d for

16 h. The solvent was renoved under vacuum andhe

resi due was di ssol ved in. Et 0Ac, washed&wigd saturat ed
aqueous NaHCOB sol ution and 1120, etk ang=N

~concentr g The residue was r Y agirOMeHBr

Chro to t,@ glve}gwptﬁjlum as H whi solid

agoc 11 NVR (DVSO-H6) ¢ 11.3 (s,

111) 830(dd I =3.3Hz, J =6.1
J =.6.

Hz, 211) 3 782(ad | MO, 211), 524

(dd | ---- 5.6 Hz, 13.0 , . 5@
211), 266257(m 2H) 2.12-1.9 1)
mh 308 [M; PIRMS (DEl) ink calcdfor IIi2N204

-+ 308.0797, found 308.0798; Anal. Calcd for?
Cr71112N204-0. 25H20: C, 65.28; H, 4.03; N, 8.96
Found: C, 65.42; H 3:93; N 8.94. Exanple 7-
Synthesis of Sul fur AnaPS#@meZ Thal i doni de
Wth reference to Schene 7 beI ow reactl on of

ma}agﬂ?gjrgée@ét B0C T o3 |eI SANn W‘%‘S‘J"{l

1soigtediag follayfs. IBopixinge a&ehthalm mdmm(@taﬂgoﬁ haholﬁitﬁmﬂmp«m

5 g i B AU 005E 7. 55 B i
(0APi g Ednmobm gldcind heeticeiid (50wnlf ks seflhan &% h,mffrﬁ@sdﬂ?&t was

n of nonot hi ot hal i dom de with Lawesson'

rempE&Eundr vikue, Ths rekdus s diolgelin «bcla_lgwethams (200m1)

RO B X BB L

crudixpmdth:lt oThatiude pretiuct wrapebfyslalRASHM ShiLRERM tolgive 5
vvas carried out at 110C in the presence “of

(1345 &1 SR8 wpale Pyl mp A 3d SEHLEDRMI DL 5 7.96.7.90

o 331 00 08 R DRI B BT LA s

G, 3s1@e s a(s, 3B AR Nk BBV 5 Thalsi fians %6%?46‘?31‘3?%

awesson' s reagent at 110C i nh the predence 6

129 ﬁolf?plh%ﬂ.@ﬁé 8. 3aﬁiarﬁi .5 MBi(GROFR) 885 ﬂIﬁ+aﬁdAnal Caled for

- OB S s KV, A Ao e

( 153-Divsosi(#-h iﬁ-@«rﬁ&ﬁo _/)gﬁ/hﬁiﬂigj .ygslsgﬁhblﬁk}/&gd@bmmlde

m xt ure of tha dom de
(6) wag pegersd apdiiselgtedias @zlgmnﬂ“o aoﬂask mala)idemz belimethexy-50

th for 2 ~ Th
mx%m%ﬁfn%é P et dol e
acid (3%,16 ai). Theanivtire W‘a@ OB AO8R WmpelaiFe under Ny f%r 184

C12/ petrol uem et her (5:1) as el Jent to

ot ded slowlyyntinthe seluten beoanw clwidyd Wihite ¢rivstals were

iﬂé?eq o aff u

Pm%m SR Ape el il edded 480 o150 IR 10 Wi Bt B

67%)&151)@31&:3)(}(@ erit ddyktals3 513@@2}(@4143@)13 , =
5.6 Hz, J = 12.9 l]ﬁ{%l) 3.28-3."25 é&)i%?)@?ﬁgh@,
2.60-2.54 (m 211), 2.17-2.10 (m 111); 13C NIVIR
(DMSO- 4) 8 208.7(C6% 165.3(C-2"'), 165.2(C1 & C 3),
133.1(CG5 & G0, 129.3 (G 3a, CG7a), 121.7 (G4 &
C,46.9 (C32 38.9 (C5'), 21.79 (C4'); M (C1/CH4)
ink 274 [M+; Anal. Calcd for-GC 3HcoN2038: C, 592;i{,
3.67; N, 10.21 Found: C, 56.89; 11,3.78; N, 10.15.
1- Thi oxo- 3- 0x0- 2- ( 2- 0x0- 6-t hi oxopi peri di n- 3- ypi soi ndo




39 id) were added. The reaction m xture was stirred
for a further 12 h. The sol vent was renoved under
vacuum and the residue was purified by colum
chromat ogr aphy (el uent C11236/petrol eumether = 2:1,
10:1, then Cl112C12/EtOAc = 10:1) to afford 16 (30 ng,
2}15‘5%1-@%@ (ﬁaZ 2£13.17.69 (d,%la §%Hz,5ﬁ%05 by g, Tt §F>'1?i, zﬁ, 186,
yel 'ow

|.so fecovered rrpoun

3}1;%‘ casl\m@me-ezﬁsaﬁ?mz C(%Sﬁ?ﬂ) , B2 §,833.47432.1) 123. 1108 2,
7. 66- 7. 63 700 (dd, | = 4.9 Hz, 11.9 Hz, 1
96141)?‘?@ @W%%)ﬂ\ﬂf 2. 5(95 2.84 (in, 211);
0
2 R E3DRot2. it ar B iBin D%’i‘%%@d% %‘{e@ ¥as
prepavei and:aﬁowbck @rfo@om 20028k -waDp add:d7276-dHnetBokyZ3 N, :

T T N A
amg%gé ,??9 'ﬂﬂzrﬁﬁctm’% e 7sg§1'é39§£4§1 ?@;’dbﬁ‘lﬁsﬁ uilller N%f 34 h.

Thq mmup Ww3s) cooB:ng Too@JeipperaRue)dry zthmwa:zacma( mnd the H) .

@%@%&a& Shewé ettt g gided OB prosinEgsd
ﬁlté{&ﬁ Rl yashed vilhleth hektatERMEDEI (X 26 EJ? 745 ds a%te sohd 'H

Cul111N202S2 291.0262, found 291.0264; Anal .
NMB(CRy QP ReE0757 0 (Bu 450,6.37 (&3 =181 Ha, 18), 1037 N, J 9= &sBHz

11y SO G asonats S B isd PR Py B 250 AR
found 26$4.8283)as prepared and isolated as follows. A
- mxture of thalidom de (100 ng), Lawe son's reagent
(157 ng) and norpholine (35 pl) in toluene (10 ni)

was $ixabdpel3 atsythesis BERLS G RedOANabRIdE ANSIGLET 24

h. The sol vent was renpbved under vacuum and t he

r esWG‘béefﬁﬁ‘éwﬁ i Pehane B helont, amixtme efditnbgradonlyDL ghitamic

m a to,afford
anlfbe A SUIIES WG phdedin SR RLUR b | AnE bl mixture
wasi;hﬁ«mi Silaﬁa]o'iz)at hﬁbn@%mek@el c@u@é‘t& afférd - 111)
92 (m  111), 57- , 152 (m
pheaqthylthallﬁem@eﬁ) N nhqyleﬂlxhwbgmmsdfe fﬂ) 1H); MS(Dli prak
306 [I1VI]+ HEMS (DEl) rn/z catcd for C131110N2083
30%, 9%’55 f ound 305.9951; Anagl. Calcd for

LC1 1 052 C, _A9: 3.51; N, 8. 880
% -%é% '@~§:>¥ben +(:1 .
) DO ( y 2294 g
yel

Iuent to provi de¥cty

6 (31 :
ow 40 Exanple 8- Synthe8i sCof 0
Benzoxazi ne- 2, 4- di ones Weh refee to Schere

8 below, salicylic acid was treated with et hyl
chl onformate, and then % IS react| on m xture was
evapor ated.at reduced. p t.0o renove .any..

| UNneRDiad-2rhyh ﬁrz)é%ya;@mé&a gpﬁemﬁﬁﬁg@g%' ng

resi due with amnelnthep ence triet rnine
specifically pespacadondi isolated dsdolloxazh mxmxmﬂvmhamloﬂm

glutamic anhydride (300 mg, 1.13 mmol) and phenethylamine (139 mg; 1. 13 mmol)
was stirred in a 177°C oil bath for two hours The reaction mixture was cooled
down and purified by column chromatography, first using petroleum
ether/diciﬂoromdhane (1:5) as an eluent to afford N-phenethyl phthalimide as a pale
yellow solid ["H NMR (CDCls) & 7.78-7.77 (m, 2H), 7.65-7.62 (m2H), 7.22-7.16



Schene 8

3-(2, 6- D oxopi peri di n- 3-yQbenzoxazi ne- 2, 4-di one (20)
was prepared and isolated as follows. To a cold
icel/salt solution of salicg4ic acid (100 ng) and
triethylamne (303 nft in chloroform (10 nL) was

(m,%dg? & &f QYL b'%r(ﬁf?_oﬁﬁahﬁl bR sl dichliBretast kO#n eluent to

ure was allowed to warmto roomterrperature and
affard V-pbdrtethy] tlsdldomudegasxmmoﬂxat wae thehgecrgstallizethfom ether to

provRierBle FERHA G ST Frcal P s e db BN o R e
7. si?gtfcg qlvedyi, 7-GHR 3,08 Opﬁiﬁdssvvmahl ieg HIQ < ha HEe 1),
sol ution was addéd am ne ng). The reaction

72647040, SAA) 489 (@deti=t5ot Har hr 8. Saﬁibl leHl 4MrpH 8?2 fumu? &), 2.90-

2640 3Dy 2E0a b Pk GPRE bt By Sheiraah G bl 5%

N, 183 hesimat Cheeho,q1.08. 03,/ 74§l ve conpound 20 (79 ny,
. 749 as a white crystals: np 264C, NWR (DI\/SOdG) 5

11.18 (s, 111), 8.07-7.85 (m 211), 7.50 (d, | = 8.5

Hz 5.78-5. 411
AT ( %ﬁiﬁ*}?*‘ %’8%}'%’“ gﬁ%&i’@@’ﬁf\#( DI\/B)O d6) 8
T A i, e
a@? e@nwcmlmdgw(% &)dmf%@‘ fie eagvé%dy Brs"
am%lo fg%nm%i% @vlaé dbpiotocted iy Bydrbgonolykisivith E4a196pattddidnd -
hydroxide on carbon (10%) to form aminoglutarimide. Pyndme—S ,4-dicarboxyic
anhydride was refluxed with aminoglutarimide in the presence of met_hylamme to

yield azathalidomide 11 in the total vield of 17% from Cbz-aminoglutarimide.

2 Q : O Q
LA 2N~ O L _ -
0 O
11

Scheme 4

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 |

| palladivm hydroxide on earbon (20%) in 2-propanel (20 ml) was stirred under H; for

one day. The reaction mixture was filtered through celite and washed with 2-

_ propanol and methanol The combmed ﬁltrate was concentraied to afford crude 3- 7
ammo—1 6—dloxop1pend1ne as syrup. To the ﬂask contammg 3—ammo-1 6—

- dioxopiperidine was added 3,4-pyridinedicarboxylic anhydride (205 mg),
trdethylamine (0.16 mi) and THF (10 ml). The mixture was refluxed for one and 2
half days. The solvent was removed under vacuum. The residue was purified by
column chromatography using CH2Cl,:MeOH (10:1) as eluent to afford
azathalidomide (52 mg) in the yield of 17% from Cbz-aminoglutarimide as a pale _
purple solid: mp 233-235°C, 'H NMR (DMSO) 8 11.18 (s, 1H), 921 (s, 1H), 9.17 -




(0.4C), 51.4 (0,.6C), 31.0 (10, 21.2 (10 . WMs(DEL)

nth 274 [M; BERMS (DEl1) ni/z calcd for C131110N205

274. 0590, found 274.0582; Anal. Calcd for

C131110N205: C, 56.94; H, 33%8; N, 10 22 Found: C,

56.51; H 3.77; N, 9.95.- 41 Exanple 9- Synthesis
(dpf =k- H2, Bfmm@(cﬁjpémﬁzdilr}yj Bmar(a{)l,ﬁrgmqmdpkimel

Wth reference tao Sche ow, nonothio thallmde
HY 395 545 31 2 EDetioREAT Gl A 7 i ddD M (GHCH a2
n 0 I
250/ [RBPNAG {I:ﬁié'a% co*%%%%r %@9%@ LTt % b?‘kyqungl C. 55.36;
Hcﬂ‘MNrﬁt% ophthalimde with 3- brom)gl ut arl m de,
foll owed by elimnation of sulfur. 23 Scheme 9

1-( 2, 6- D oxo- 3-pi peridinylidene)-3-o0xoi soi ndol i ne
(23) WasEzRApicd CBhd ’
giels CBYh eag%?gcea,@a&ufﬁgddﬁg ??xaﬁ%i (19

follows. A mxture of 21 (16 ny,
ng, 0.1 mmol ), and potassium carbonate (100 ng) in .
anhydrous THF was ref| uxe%for 7 1t. Thin-Ilayer
chro togrﬁ’g@% (TLO showgd that the starti ng O 0
: i al s di g\ _Et hyI acetate £7Z 2

/ (10 I;)Agwere @: :_OThe organi c I

Jepargt ed, d over [Na234 and concentr ,
@PHcuum The residue w&éCpurified by chrormgra%hy
usi ng, petrol eum ether/ethyl acetate (first 2:1 then -

1:2) to give 23 (14 ny, yel |l ow crystals: np
295C; IHNI\/R(DI\/BO-dG): éis%w?i ill), 10.29(s, 1H),
8.13 (d, J = 7.6 Hz, 1.11), 7.89 (d, J = 7.2 Hz,

H), WitBﬁeféwncéL‘toki:hemg 5 8Bovd, Bectdxythaliddatidé was repaI%dQnd
isolaged s lelowg I6fl7rst %-Ac%ztoi’yphgthggc an%aygbnde %v?:;gpple%)ared by refluxing
a mixture of 3-hydroxyphthalic anhydride (150 mg), acetic anhydride (2 ml.), and
NaQOAe (150 mg) for 8 h. The reaction mixture was filtered. The filtrate was
concentrated and washed with dry ether to give a pale yellow solid (127-mg, 68%).
'H NMR (DMSO) 6 8.25 (4, Y="7.9 Hz, 1H), 8.18 (dd, Y=0.9 Hz, J = 7.5 Hz, 1H),
7.97 (dd, T =0.9 Hz, J=7.9 Hz, 1H), 2.59 (s, 3H).

- 1,3-Dioxo-242,6-dioxopiperidin-3-yl)-4-acetoxyisoindoline was prepared
and isolated as follows. A mixture of 3-acetoxyphthalic anhydride (40 mgj,
aminoglutarimide trifluoroacetate (47 mg), and NaOAc (32 mg) in acetic acid @
mL) was refluxed for 5 h. The solvent was evaporated, water (10 mL) was added,

B and the resulfmg solutlon was stured for several mmutes 'I‘he solid was filtered out
aﬁd recrysta;ﬂlzed ﬁom ethyl acetate to give 1 ,3-dloxo—2—(2 6—d£;x01;1pendm-3-yl)
4-acetoxyisomdoline as pale yellow crystals (35 mg, 66%): "H NMR (DMSO) &
11.16 (s, 1H), 11.07 (5, 1H), 7.64 (1, T = 7.2 Hz, 1H), 7.22-7.31 (m, 2H), 5.05(dd, J
=5.4Hz, =12.5 Hz, 1H), 2.87-2.92 (m, 2H), 2.48 (s, 3H), 2.08-2.00 (m, 2H).




(DVB0-45): 172.6, 169.0, 167.3, 142.7, 136.1, 134.3,
131.7, 130.1, 126.4, 124.1, 1046,,212, 11.7. NMS(DED
infz 292 [M+; HRMS (DED ni/z calcd for CullioN203
242. 0691, found 242. 0687. 2 Exanple 10-

Sal i cyl am de Anal ogs action of commerci al

???# ! o ondixaiple S wahena gt BenrqtBaifomides
e@x@ c}%e%gﬁeﬁ%e% BERY, qlﬁﬂﬂ@ﬁhﬁ& SR e Bsheamng

re spelifically, 2-acetoxy-N-(2,6

w1tl; ﬁklhlﬁiéﬂpiﬂ]hé pchsm&qﬂﬂ:lahthmﬁ( 'Eﬁffgms 1pr Mpphibalens-2,3-
T i i . .

dicagbrspficanid Vot SpverpLA the Hpbii g kit v arisoripithe
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Specifically, N~(2,6-dioxopiperidin-3-y1)-1,8-naphthalimide (12) was
prepared and isolated as follows. A mixture of amine 4 (0.877 mmol), 1,8-
naphthalic anhydride (174 mg, 0.879) and triethylamine (1.22 m}) in THF (10 mi) =~
was refluxed for 20 h. The solvent was removed and the residue was suspended in
acetic anhydride and refluxed for 20 minutes. Ethanol (5 ml) was added at $0°C and
stirred for 30 min. On cooling the product was collected by filtration, and washed
with EtOAc to give compound 12 (227 mg, 84%) as a pale green solid: mp >300°C;

... '"HNMR (DMS0-d¢) 8 11,03 (s, 1H), 8.61-8.47 (m, 4H),7.92 4. =13 Wz 1= . ...

13.5 Hz, 2H), 5.85 (dd,  =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+17; HRMS (DEI) m/z caled for
Ci7H13N;0, 309.0875, found 309.0874; Anal. Calcd for Ci7HoN04: C, 66.23; H,
-392N909Fom.1dC6597H,399N891 | _
N~2,6-dioxopiperidin-3-y1)-2,3-naphthalenedicarboxamide (14) was
prepared and isolated as follows. A mixture of 2,3-naphthalenedicarboxylic acid
(199 mg, 0.875 ramol) and acetic anhydride (2 ml.) was refluxed for 30 mm The



Inhibitory Activity A series of
t hi ot hal i donai des and anal ogs were designed to
explore their action on’'inhibition of TNF-a.

Monot hi ot hal i dom de 205 (sag;a as compound 15 in -
Exanpl e 7) 1;cias prepared as shown in Schenme 11.
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I533 880 ¢ =01 Hz, Wy 4-82(dd) T = 3-21Hr.Irra 6 23¥2, 2B 2o T = 5.6
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' C, 6§39NAaNS93SReEd4 oscopy. The position of the
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het er onucl ear nmul ti pl e bond correlation (HM 3C) cross .
peak of H 5"/ C.6'. Sch 1: Reagents: (a) CD1/THF,
(b) @M%éﬂ@?ﬁ)ﬂ%ﬁﬂééwl%mﬁ&h@épm@@w THF:
(d) VHEVRESBiteIo SERIGSTY { ‘ 1SRl
3-thiothal i dom de 212 biB ol bEeaURE il |
Lawessprals a¢agent, ghen siirial inden266 an86°@ fara8il ivkidddahbhnidd
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is flEEefor3hle BB SumollsontamAe  towecf diblonmide 16
(1.6%) W4 4186 bhidined.OTB YBr3p 5 Bifhi akele
( product brehronat og?g%hég% ég%ﬁﬁf@?ﬂ%%&?em
proyadbito hegigrnlovofiess sham 2ppwhen thereangion pfimonpthistagidopsidef

- d, 208 with anpgoni g, or amne as_anmonia feacts
Wit LR TRl aser sRed bErER 0k o LA Co e tmsion
chaRQsizpre AT RBerSrBsHE 6okl felagelelbiglol . In
~ __an_alt epnat i ve appr ogc‘ﬁ% ég&)}%gﬁ%g?%@gd%%f 'zed
thiogafiu ofmpenthiothelidermiders with Bawessdi'aceabedtli tolGompaudd

1 reacted wth trifluqroacetam de to
canf o B LA e bbatdina s e SRBopREGaHe €i56f) and
thhﬂenhﬁﬂIe@W(g %Oﬁé %Q«Jhﬁ' 645%&6 ﬁ%r—glﬂ)%&tutécﬁ thalidomides were
identified by mass spectra, IDNMR and 2DNMR. Thalidomide was heated with
Lawesson’s reagent af 110°C in the presence of morpholine to afford dithionimide

16 and trithionimide 18.



(di met hyl am no) propyl1- 3- et hyl car bodi i m de

hydrochl oride (EDCI, Flaih et al., "An expeditious
synthesis of cyclic imdes,"” Tetrahedron La.
40, 3697- 3698, 1999). Schems 12: Reagents: (a)

Lawesson' s reagent kol uene; ?b) Benzyl am ne; (c)
HC / HOAc; (d) F3CCONH2, HOBt, EDCL Et 3N CH2C12.
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i ot hal i dormi de was obtaine§y in a yield of
2%(Scherre 13a). The yield s so | ow that 1
i mprdvenent was desirable, and was undertaken by
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Tetrahedron 41, 5061-5087, 1985, the entirety of
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%y ;&)@ ea LR
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el ewat e the concentration of the ylide 214. WenY

pyri ‘1' ne was used as a catalyst f@g thionation, 48

. nonot'hi ot hal i dom de 205 was thionated with LR to
produce two dithiothalidomdes, 213 (same as’ corrpound
16 in Exanple 7) and 215¢h emfd as conpound 17 in

(Sc elrr’%"ﬁ Qb@j{)”yd'%ﬁ ‘ﬁlﬂ%%ﬁﬁﬁ&%ﬁ% s ﬁg’ghemed

andtifvlaed e folldvwdd A Rm:mm bﬁthph&snmbe{l'ﬁf mgh&ﬁé% Immg)aand
base, norphol.ine, ive hi ot hz% m de 213 80°C
Lawesanmss a@g@%ﬁﬁa%%ﬁeﬁ TRSRQ IR SerACp s ftiged gsad

o B, i, TR SRS et At
purifiedbssobian chagens grapioy wivg CHaChgictrelvem cthiy@5:1) as eluent to 7\
afford compound 16 (3 mg, 1.6%) as ared solid aad then, using CH;Cl, as eluent, to
afford-compound 15 (68 mg, 38%) as a yellow solid: mp 225-226°C; "H NMR
(DMSO-d5) 5 12.83 (s, 1H), 8.00-7.92 (m, 4H), 532 (dd, T=5.6Hz, F=129 Hz,
1H), 3.28-3.25 (m, 1H), 2.60-2.54 (n, 2H), 2.17-2.10 (m, 1H); *C'NMR (DMSO-
dg) § 208.7(C-67), 165.3(C-2"), 165.2(C-1 & C-3), 133.1(C-5 & C-6), 1293 (C-3a,
C-7a), 121.7 (C4 & C-7), 46.9 (C-3°), 38.9 (C-5”), 21.79 (C-4); MS (CVCH,) m/z
e 974 (M Amal: Caled for €1sHiNG058: €; 56:92; H, 3.67 N, 1021 Found: €, - - -
56.89; H, 3.78; N, 10.15. ’
1-Thioxo-3-0x0-2-(2-0x¢-6-thioxopiperidin-3-yi)isoindoline (16) and 1,3-
dioxo-2-(2,6-dithioxopiperidin-3-yl)isoindoline (17) were synthesized as follows. A
mixture of 15 (146 mg; 0.533 mmol), Lawesson’s reagent (108 mg, 0.267 mmol)
and pyridine (21 pl) in toluene was stirred at 110°C under an atmosphere of N for
12 h. Thereafter, more Lawesson’s Reagent (108 mg, 0.267 mmol) and pyridine (21




MeOP-S- + 214 Schenme 14; The mechani sm of

catal ysis kir Lawesson' sreAgent. G utarimde

217 was thionated with L12. in THF at room

tenperature to afford conpound 218 as a major

product. Qutarimide 217 al3 was refluxed with Lit

in toluene to produce-dithioglutatimde 219 (Schene
pligyre didadt Thnreagtioporivtesi wan qjmeﬁetbr afudthend? h. The solvent

R LS VS0 P L B BTN, o 720
chidrhlographp{dhaind €H,CYpoden fidr aaq 26&, then CH,CL/EtOAc =
10:1) to afford 16 (30 mg, 45%) and 17 (21 mg, 31.5%). Starting material 15 (83
mg) was also recovered.
Compound 16: (yellow solid): mp 263-265°C; "H NMR (CDCL) 5 7.78-7.74
(m, 2 H), 7.66-7.63 (m, 2 H), 5.00(dd, J= 4.9 Hz, 11.9 Hz, 1 H), 3.43-3.35 (mm, 1
H), 2.95-2.84 (m, 2 H), 2.08-2.06 (m, 1 H); MS (DEI) m/z 290 [M]'; HRMS (DEI)
m/z caled for CyaHoN205S; 290.0184, found 290.0185; Anal. Caled for
Ci3HyoN20,8;: C, 53.77; H, 3.47; N, 9.65 Found: C, 53.38; H, 3.29; N, 9.50.
 Compound 17: (red solid): mp 240-242°C; '"H NMR (CDCl) § 9.44 (s,i H),
8.05-8.02 (m, 1 H), 7.86-7.76 (m, 3 H), 5.75-5.64 (m, 1 H), 3.57-3.52 (m, 1 H),
3.09-2.99 (mn, 2 H), 2.19- 2.12 (m, 1 H). >C NMR (DMSO): 208.16, 207.98, 166.10,
165.39, 134.32, 133.11, 132.42, 124.30, 122.15, 121.11, 49.64, 21.29; MS(DED) miz
291 [M+1T'; HRMS (DED m/z caled for Cy3H;N;0,8; 291.0262, found 291.0264;
Anal. Caled for Cy3H;0N;0,5,-0. 5H20 C,52.15; 1, 3.70; N, 9. 36 Found: C, 52.25;
H, 3.44; N, 9.07.
1-Thioxo-3-0%0-2-(2,6-dithioxopiperidin-3-yDisoindoline (18) was i)repared
and isolated as follows. A mlxtm'e of thalidomide (100 mg), Lawesson’s reagent
(157 mg) and morpholine (35 pl) in toluene (10 mL) was stirred at 105°C under the
- atmosphere of N for 24 h. The solvent was removed under vacuum and the residue
was purified by column chromatography, using CHCly:petroleum ether (1:1) as
eluent, to afford compound 18 (13 mg, 11%) as red crystals: mp 244°C; "H NMR
(CDCly) 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(DELD m/z 306 [MJ'; HRMS
(DED m/z calcd for Cy3H;0N;08;3 305.9955, found 305.9951; Anal. Caled for
Ci3H1oN>082-0.5H,0: C, 49.49; H, 3.51; N, 8.88 Found: C, 49.85; H, 3.24; N, 8.88.
Then, CH,Cl; was used as eluent to provide compound 16 (31 mg, 28%) as yellow

. crystals. . . _



46 (Schenme 16). Conpounds 224 and 225 were prepared
in asimlar procedure to that used in the

preparati on of conmpounds 222 and 223. 219 Schene
15. Reagents: (a) Lavvesson'é reagent/ THF, room _
tenperature; (b) Lawesson' & reagent, reflux/tol uene
Schene 16. Reagents: (a). 3-bronocyg¢l ohexene/ DMF;, (b)
Lawesson' Examplectht Syathesisof Begpgoxazine-2,.¢(Houes ot ur es
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chloroformate, and then this reaction mixture was evaporated at reduced pressure o

" remove any unreacted ethyl chloroformate. Stirring the resulting residue with amme

in the presence of triethylamine afforded substituted benzoxazine-2,4-diones
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Scheme 8
3+(2,6-Dioxopiperidin-3-yl)benzoxazine-2,4-dione (20) was prepared and

isolated as follows. To a cold ice/salt solution of saficylic acid (100 mg) and
triethylamine (303 ml) in chloroform (10 mL) was added cthyl chloroformate (157
ml). The reaction mixture was allowed to warm to room temperature, and,
thercafter, stirring was 6ontinued for 3h. The solvent was removed under vacuum to
give crude 19. Without further purification, crude compound 19 was dissolved in

" CHC; and cooled with ice. To the ice cold solution was added amine (95 mg). The
reaction mixture was allowed to warm to ambient temperature and stirred at room

- temperature overnight. The white solid precipitated, collected by filtration and

washed with chloroform to give compound 20 (79 mg, 74% ) as a white crystals: mp

264°C; '"H NMR (DMSO-dg)  11.18 (s, 1H), 8.07-7.85 (m, 2H), 7.50 (d, I =8.5

Hz), 5.78-5.75 (m, 0.6H), 5.49-5.47 (m, 0.4H), 2.90-2.87 (m, 1H), 2.05 (m, 1H); Bc
NMR (DMSO-dg) & 173-07(.0.6(3), 172.9 (0.4C), 169.9 (0.6C), 169.6 (0.4C), 160.8

(0.6C), 159.8 (0.4C), 152.5(1CY; 1484 (0.4C), 146.5(0.6C), 1372 (1€, 1281 -~ =

(0.6C), 127.6 (0.4C), 126.1 (1C), 116.8 (1C), 114.5 (0.4C), 113.9 (0.6C), 54.1
(0.40), 51.4 (0.6C), 31.0 (1C), 21.2 (1C). MS(DED vz 274 [M]"; HRMS (DEI) m/z
caled for CiaHiN; 05 274.0590, found 274.0582; Anal. Caled for CisH;Nz0Os: C,
56:94; H, 3.68; N, 10.22 Found: C, 56.51; H, 3.77; N, 9.95. g



205 =0, Ro =0, Re=S212: r =S, -=0, Re= 0 2183:
Ra =0, Rb =5, Re= S 215: Ra = S, Ro = 0, Itc= S 216:
R' =S RbSS208 R =S Rb=0 Rd= M 209: r
S, Ro S, Rd= M 211-S, Rb =410 Rd= H Raf X1)

Example 9 — Synthesis of 1-( 2,6-Dioxo-3-piperidinylidene)-3-oxoisoindoline
‘With reference to Scheme 9 below, monothiophthéﬁmide (21) weas stirred
with 3-bromoglutarimide (22) in the presence of Na,CO; in an Eschenmoser
coupling reaction. Thus, compound 23 was formed by alkylation of
monothiophthalimide with 3-bromoglutarimide, followed by elimination of sulfur.

N32003
NH + Br

Scheme 9

1-( 2,6-Dioxo-3-piperidinylidene)-3-oxoisoindoline (23) was specifically
prepared and isolated as follows. A mixture of 21 (16 mg, 0.1 mmoD), 22 (19 mg,
0.1 mmeol), and potassinmn carbonate (100 mg) in anhydrous THF was refluxed for 7
h.. Thin-layer chroniato graphy (TLC) showed that the starting materials had
disappeared. Ethyl acetate (20 mli) and water (10 mli) were added. The 6rganic layer
was separated, dried over N2,S04 and concentrated under vacuum. The residue was
purified by chromatography using petroleum ether/ethyl acetate (first 2:1 then 1:2)
to give 23 (14 mg, 58%) as vellow crystals: mp 295°C; "THNMR (DMSO-dy): 11.05
(s, 1 H), 1029 (s, 1 H), 8.13 (d, = 7.6 Hz, 1 H), 7.89 (&, T =72 Hz, 1 H), 7.80 (m,
1), 7.73 (m, 1 H), 3.20 (t, ] = 7.0 Hz, 2 H), 2.67 (t, T = 7.0 Hz, 2 H). "C NMR
(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]"; HRMS (DEI) m/z caled for CraHiolNoOs

242.0691, found 242.0687.



218: 11, =S, Ro =0 219: 12, =S, Ro =S 222: le =
S, RRJ=S223: Ra=S Ro 0 224: e =s, e -= S 225:
r =S R) =0 The action of the these
t hi ot hal i dom de anal ogs in inhibiting TNF-a secretion
was assessed in human perigferal bl ood nononucl ear
cells (PBMC) and the results are shown in Table I.
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nlhit’brﬁie(gﬁfr']lg@‘@ahg gﬁ})fégﬂnéiﬁﬁldoﬁuﬂg Q(@(s%ﬁlle% EOmPELPes A Example 7
" wds prépared ag shiown in Scheie 11. tert-B’ﬁtoxycazbénle.,—g{ufammE: 202 was ™
refluxed with carbonyl diiridazole (CDI) in THF, and cy_c‘llzcd to afford tmide 203
Muiller et al., “Amino-substitited thalidomide analogs: potent inhibitors of TNE-¢. -
produiction,” Bioorg. Med. Chem, Lett. 9, 1625-1630, 1999).

Tmide 203 then was treated with trifluoroacetic acid in CH>Cl, to remove the
-~ protective gronp to generate aminoglutarimide trifluoroacetate 204, Without further
_puriﬁqatien, compound 204 was reacted with phthalic anhydride in refluxing THF in




49 Table 1. Inhibition of |IPS-induced INF-a
production in PBMC and cell viability Conpound %
Inhibition at 30 pMICso (pM Cell viability
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the presence of triethylamine to produce thalidomide 201 (same as compound 1 m
Example 7) in the fotal yield of 31% from compound 202. Thalidomide 201 was
thiopated with Lawesson’s reagent (LR, Cava et al., “Thionation reaction of
Lawesson’s Reagents,” f’etmhedron, 41, 5061-5087, 1985, the entirety of which is
incorporated herein by reference) to generate a single new product that had a structure
identified as 6'-thiothalidomide 205 by mass spectrometry and 1D & 2D nuclear
magnetic resonance spectroscopy. The posttion of the thiocarbonyl group was
established from the heteronuclear multiple bond correlation. (HMBC) cross peak of H-
5'7C-6".

Q ls) Q
—OH 4 H b - NH
: BOC‘“ﬁ _ Boc'—ﬁr Q0 ———  CF53C0 HzN Q
o CONH2 203 204 :
, 1 o
0 0 : O O
M NH . d e NH
| N YA N =0
| %os %1

Seheme 11: Reagents: (2) CDY/THF; (b) CFsCOOH/CH,Cly; (c) phihalic
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
thionated with LR at 110°C to give compound 208 as a major product. Concurrently,
compound 249 “was-separated as-a minorproduct by-chromategraphy. -~~~ -

3-thiothalidomide, 212, could not be prepared through the cyclization of
compound 208 with ammonia or amine as amnionia reacts with the thioamide; reaction
of compound 208 with benzylamine produced the uncxpem“.ed compound 210. In an
alternative approach, compound 208 was hydrolyzed under acidic.conditions to give
diacid 211. Compound 211 was then reacted with trifluoroacetamide to genefate 3-
thiothalidomide 212 in the presence of 1-hydroxybenzotriazole (HOBf) and 1-{3- -
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(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDCI, Flaih et al., “An
expeditious synthesis of cyclic imides,” Tetrahedron Lett. 40, 3697-3698, 1999).

212 211 . 210

Scheme 12: Reagents: (a) Lawesson’s reagent/toluene; (b) Benzylamine; (c) |
HCI/HOAC; (d) FsCCONH,, HOBt, EDCI, Et;N/CH;Cl;.

In the synthesis of dithiothalidomide, one method involved the reaction of
monothiothalidomide with LR at reflux in toluene. Under such conditions; 2',6'-
dihiothalidomide was obtained in a yield of less than 2% (Scheme 13a). The yield was
so low that improvement was desirable, and was undertaken by mbdifying. the reaction.
conditions. It is believed that the mechanism underlying the reaction between LR and a
. carbonyl moiety is that a }Jighly reactive dithiophosphine ylide 214, rather thau LR
itself, likely is the active thionating agent (Scheme 4, Cava et al., “Thionation reaction
of Lawesson’s Reagents,” T¢ etmhed}'on, 41, 5061-5087,1985, the entirety of which is

_incorporated herein by reference).. The Lewis base may be abletoincrease the . -
reactivity of LR as the base may drive the unfavorable equilibrium and elevate the
concentration of the ylide 214. When pyﬁdine was usedlas a catalyst for thionation,
monothiothalidonide 205 was thionated with LR to produce two dithiothalidomides,
213 (same as compound 16 in Example 7) and 215 (same as compound 17 in Exam?lc
N, m yields of 45% and 31%, respectively (Scheme 13 b,c). Dithiothalidomide 213

- was further thionated with LR in the presence of the stronger base, morpholine, to give
trithiothalidomide 216 (same as compound 18 in Example 7) in a yield of 65%.
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Scheme 13: Reagents: (a) Lawésson"s reagent/toluene; (b) Lawesson's reagent,

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

Q;ys\ rome —— wod Yo

“Scheme 14:-The mechanism of catalysis for Lawesson’s reagent: ©

Glutarimide 217 was thionated with LR in THF at room temperature to afford
" compound 218 as a major product. Glutarimide 217 also was refluxed with LR in
toluene to produce dithioglutarimide 219 (Scheme 15). Reaction of potaésium
phthalimide with 34bromocyclohexene iﬁ_ a Gabriel reaction gave compound 221.
Thereafter, thionation of can_-lpomd 221 with LR afforded compounds 222 and 223
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(Scheme 16). Compounds 224 and 225 were prepared in a similar procedure to that
used in the preparation of compounds 222 and 223.
(@)

s)\/p}lo
: 218
07 N
H b
' S N 78
H

219

Scheme 15, Reagents: (2) Lawesson’s reagent/THF, room temperature; (b)
Lawesson’s reagent, reflux/toluene

@Qﬁm#@fé@i_ @ . -C>

Scheme 16. Reagents: (a) 3—romo¢yclohexenefDMF; (b) Lawesson’s
reagent/toluene. . '
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The structures of the thiothalidomide compounds of this Example are
summarized below. ' -

205:R*=0Q, RP =0, R%§ 208: R*=S,RY=0, R%=Me
212 R*=8,RP=0,R=0 209: R*=S,RP =8, R%= Me
213: R*=0,RP=§, R°=§ 211: R*=S§, R" O,R=H

215:R*=§,RP=0,R°=§
216:R*=8, RV =58, R°=§

H
218: R*=§,R°=0 222:R*=8,RP=§ 224; R:": S, R-: =8
219:R*=8,RP=§ 223:R*=8,RP =0 . 225R'=S,R°=0

The action of the these thiothalidomide aﬁalogs' in inhibiting TNF-o.
secretion was assessed in human peripheral blood mononuclear cells (PBMC) and
the results are shown in Table 1. Freshly prepared PBMCs were utilized in all

: smdies. Blood, 40 ml, was drawn froni a volunteer, immediately mixed with 50

U/ml Na hepann and was diluted to 50 ml total volume with sterile PBS. Samples

“20°'ml, of this preparation then wére layéred on. 20 mi Ficoll-Pague and were
centrifuged (SOOg, 20 min). The Ficoll/serum interface, containing PBMCs, was
collecied, diluted to 200 ml with PBS, and then was cenirifuged (800g, 15 min) to
peliet the cells. Thereafter, the recovered pellet was re-suspended in 37°C tissue
culture medium (RPMI/1 mM Sodium pyravate/10% heat inactivated FBS/ 2mM
Glutamax) and placed on ice. Recovered cells were counted, pipetted (200 ul of 5 x
16°/mL) into 96 well plates, and incubated for an hour (37°C, 5% CO;). Thereafter,
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appropriate concentrations of test compounds or vehicle {10 ul DMSO) wete added .
to duplicate wells. Following a further hour of incubétion; al0ul sample of
lipopolysaccharide (LPS)100 ng/ml in supplemented medium) or vehicle was added
1o induce stimnlated and unstimulated cells, respectively, and the cells were
incubated ov¢rn_ig11t Sixteen hours later, supernatants were collected for
quantification of TNF-u levels by ELISA assay (Pic‘rce—Endogén human TNF-o
mini kit, Rockford, IL) and the use of specific capture and detection mono_clona}
antibodies, M303E ind M302B (Pierce-Endogen), respectively. ELISA plates were
read at A=450 nm and TNF-a levels were determined from a six-point calibration
curve that was run concurrently with the test samples. The effect of test drug
concentrations on the cellular viability of PBMCs was assessed by MTS assay
(Promega, Madison, WI) of the cells that provided the supefnaiant samples assayed
for TNF-o Jevels, described above. It should be understood that this method can be
used to test any of the disclosed compounds as a screening assay for readily
determining their TNF-o. modulating activity, and for selecting them for use in the’
 disclosed method of treating a subject. '
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Table 1. Inhibition of LPS-induced TNF-a production in PBMC and cell viability

% Inhibition | ICso Cell viability |
Compound | at 30 uyM M) |at30pM at3pM  at 03 M
205 31 =30 >100 90 9%
208 56 20 93 99 96
269 85 10 . 57 86 89
211 - 20  >30 86 93 03
212 | 23 >30 | 94 100 94
213 | 52 | 20 | 69 87 94
215 61 o1 >100 87 94
206 | 79 | 6 | o4 86 90
218 15 C >30 | >100 84 86
219 75 | 8 - > 100 98 99
222 86 15 ] 50 94 9%
23 85 16 | 57 89 .99
24 | 95 1 3 | 54 83 83
225 34 | >30 >100 94 94

Thalidomide, 201, entirely lacked activity at 30 pM. A concentration of 100
pM was required for significant activity (ICsq ~200 pM). The monothiothalidomides,
6'-thiothalidomide 205 and 3-thiothalidomide 212 showed only margmal activity at 30
M wﬂ'h 31% and 23% inhibition of TNF-a. secrehon, respectively. In contrast, the
dithiothalidomides, including 2, 6’-d1th10thahd0m1de 213 and 3, 6'-dithiothalidomide
_ 215, exhibited more potent inhibitory activities with ICsp values of 20 uM. and 11 pM,

respectively. However, assessment.of cell viability hy-msg.as'sayashowed that 213 .
induced increasing cytotoxicity at higher concentrations. Trithiothalidomide 216
inhibited TNF-a production with an ICse of 6 uM, without accompanymg toxicity.
Compared with thalidomide, 201, with an ICse of ~200 uM for the inhibition of TNF-«
synthesis, frithiothalidomide 216 is over 30-fold more active. -Henaea successive
replacement of a carbonyl with a thiocarbonyl group led to improved inhibitory activity
compared to 201, 'unassociated with toxicity. In this i:egard, the synthesized ‘
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me¥bbliRS of @flidomide. Assessment of their TNF-o. inhibltory action determined
that the monothio analog, 208, has an ICso of 20 UM without toxicity; demethyfation
(211) lowered potency. The dithio analog, 209, proved 2-fold more potent stil than
208, but induced cellular toxicity at lower concentrations. Intriguingly, thio analogs

222 and 223, with a simplified ghutarimide ring, were found to be active TNF-o.
inhibitors, albeit with some toxicity at 30 uM, with ICso values (15 piM and 16 pM
respectively) that were greater than 212 (>30 uM) possessing a nommal glatarimide ring.
Tn this regard, thalidomide is composed of two distinct moieties: the glatarimide
and phhalimide rings. Thioglutarimides and thiophthalimides were thus synthesized
and evaluated to assess the effect of thio-analogs of these two moieties on TNF-a
levels. Monothioglutarimide 218 minimally inhibited TN:F—OL secretion at a
concentration of 30 pM, howev& dithioglutarimide 219 exerted a potent inhibitory
effect with an ICso of 8 uM and a Jack of toxicity. Surprisingly, such a simple structure,
dithioglutarimide 219, proved to be 25-fold more active than thalidomide 201. In
“onfrast, 2',6'-dithiothalidoride 213, a phithaliniids substitited dithioglutarimide; is less
active than dithioglutarimide 219, and induces toxicity at high concentration.
Monothiophthalimide 225 showed marginal TNF-a activity af a concentration of 30
pM without tox1c1ty Interestingly, however, dithiophthaﬁﬁlide 224 was found to
possess potent activity with an ICso of 3 pM. Although it was associated with toxicity
at 30 pM, its inhibition.of TNF-a occusred at an order of magnitude lower

concentration that Waé well tolerated.
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- control (at the post-transcriptional level). There is precedence for translational (protein)
control through either the 3°- or §’-UTR regions of a number of critical proteins that are
current drug targets. For example, levels of the beta-amyloid precursor protein (APP)
that is central to the development of AD can be regulated by either UTR. Turnover and
translation of APP mRNA is regulated by a 29-nucleotide instability.element within the
3-UTR, located 200 nucleotides downstream from the stop codon. This 3'-UTR .
element acts as an mRNA destabilizer whose ﬁmétion can be inhibited by the presence
of growth factors. In contrast, different cytokines, including TNF-ct, and iron can up
regulate APP protein syntheéis at the level of its 5°-UTR; where, interestingly, the |
anticholinesterase, phenserine, that is currently in clinical trials for AD, lowers APP
protein levels with concurrent maintenance of mRNA steady-state levels through.
tramslational modification within the same 5’-UTR clement. A further example is that
of the human immunedeficiency virus 1 (HIV-1) Trans-activating transduction (tat)
protein, which binds trans-activation-responsive region (TAR) RNA. Tat is brought |

.. inta contact with the transcription machinery.after binding the TAR element, which isa.

59-residue stem-loop RNA found at the 5” end of all HIV-1 transcnpts Finally,

thalidomide (201) has been reported to lower cyclooxygenase-2 (Cox-2) biosynthesis .

via its 3°-UTR that appears to likewise contain an ARE that can regulate Cox-2 mRNA

stability. The studies of analogs 215, 216 and 219 confinn regulation-of TNF-a protein

levels by thalidomide (201) via its 3’-(Hﬂ, but whether or not the 5’-UTR contains a

similar element that is accessible to pharmacological manipulation remains to be
determined, as does action ‘against Cox-2. |
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purified by col um chromat ography using




CH2C12 as the tent to afford conpound 205 (200 ny,
73% as a yellow solid: nip 225- 226C, NWVR ( DMSO- d6)
8 12.83 (s, 111, NH), 8.00-7.92 (m 411, Ph), 5.32
(chi, I =5.6 H, J =12.9 , 111,11-3% 328-3.25 (m

211, 11-52 2.60-2.54 (in, 111, H4'), 2.17- 2.10 (m
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2.42-2.33 (n, 211), 2.30-2.26 (in, 211); M (DEl) ink
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(M4), found 293.0363; Anal. (C1311nN058) H, N, C
cal cd, 53.24; found, 53.88.
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6- Thi oxo- 2- pi peri di none (218). The m xture of
glutarimde (0.45 g, 4 mol) and LB. (0.809 g, 2
nmmol) in THF (30 nL) was stirred at nmomtenperature
for 2 days. The solvent was evaporated under vacuum
and the residue was purified by colum




57 chromat ography using petrol eum ether: Et 0Ac (1:1)
as the eluent to give conpound 218 as a yellow solid
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Exanpl e 12-Synthesis and TNF-a Inhibitory Activity of
342' ,6' - pi peri di nedi on- 3" -

y1ll-7-am no-211-1, 3- benzoxazi ne- 2, 4( 3Hydi one
342',6'-piperidinedion-3‘-g§]-7-arnino-211-1,3-benzox
azi ne-2,4(3L1)-di one was prepared as shomn belom1in

ggﬂh{ig@pbﬂ:ahmldg I&‘{ et - ou A Wn at ) S a 46%110301 )
anc?févges(sgrgg%e g@xﬁ @I9PF, 9%&)} in@dﬁlcné' G ®Emly wasueﬁuﬁd (oil

4-am nosa ng, mmol ) and
batHi120°)utnyibr mtrogaabfm éth@u(‘s 6833 aqnbg;nt waﬁmm@rimnd&rl‘@@uum

?lr%g %\%ﬁga flﬂ%éh‘%%é%ﬁr%dgtroo%e npera u‘?géagg

{ﬂ}%ea{@mo%mb ypes %f@gwé mmmammsmmmedle crystals
dropwi se unti | e m xture was neutral

(mﬂeag,twm%)ﬂmﬂmﬁms)tmﬁo &or.r 10k €45 \Kﬂde RHée @7&9 ( dg ZHggMS

_ apor. to give product (336 ng, 66% as a
(Cﬁé&kﬁépg{ylié | TINVR (DNISO-d6) 8 11.50 ( s, 111),
765 .( d, 111 ), 6.23 ( d, 111 ), 6.07 (s, 111), .1.70

s, 911
Exgmple 12-)Synthe31s and TNF-¢ Inhibitery Activity of 3-[2°,6’-piperidinedion-3’~

yl]—’]—ammo—-ZH—l,3—benz0xazme-2,4(3]1)—dmne
3-[2’,6’-piperidinedion-3’-yl}-7-amino-2H-1,3-benzoxazine-2,4(3H)-dione was

.prcpared as shown below in Scheme 17.

COOH ' . _COOH
Nm Di-tert-butyl dicarbonate Jijf: Ethylchioroformate
BocH " TOH BocHN” 7 NOH

226
ol S
s aaaiiuaaluy
T Fa ’ ZN/CQ
o’ Q‘Et - H

Scheme 17
4a(t-Butoxycarboﬁy1 amido)salicylic acid (226) was prepared as follows. To a’
mixture of 4-aminosalicylic acid ( 306 mg, 2 mmol ) and di-t-butyl dicarbonate ( 655
g, 3 minol ) iy B0 was added NaOH ( 2N'in ;0 ) at 0°C. This reaction mixture  ~
“was allowed to warm fo room temperature and then was stirred for 5 hours. 2N HCI
was added dropwise until the mixture was neufralized. The reaction mixture was
" then extracted with EiOAc, dried and evaporated to give-product (336 mg , 66%) as
a dark gray solid: IHNM_R (DMSO-dg) 3 11.50 (s, 1H), 7.65 (d, 1H), 6.23 (d, 1H
), 6.07 (s, 1H), 1.70.(s, 9H). '



59 2-[ (Et hoxycar bonyl ) oxy] - 4- (t - but oxycar bonyl
am do) - benzoi ¢ anhydri de with ethyl hydrogencarbonate
(227) was prepared as follows. 44-Butoxycarbonyl

am dosalicylic acid (226) (101 ng, 0399 nmol ) in THF
( 10 M ) was cooled with dry ice in acetone. Et3N (
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tgggerature over ni ght Evaporation of solvent gave a
i“due which was stirred with a m xture of EtOAc and
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_ recipitated white solid was col fected |1tra I on
(228 wesprepared ae followsNVRILONBO D7 (32181mg, (),6826 m@t)

gy o me 1 fi2d mind) it BN 2510 3 el i
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d, that it possessed potent in |b|tory action on

resi N?: chmtﬁlsﬁgeg sVithcsmogpreppif i arpptusated aqueous sofution
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31§§ 2%(;%@ matlon and netastasis, and Is part of
12 el ﬁg process. Pathologlcal anglogene3|s
SO cat.i ens
U LR F Glthborit AR GRS sy BLRHLEL R BRpte
11 shodted fijatiitpossestudiyiotind intibitary gL OGLAETNE -& Hak ThgaMB L, of 0.4
the progression of conditions of inappropriate
I‘L.Manglogenesm Turmor formation, for exanple,
requires a network of blood vessels to sustain the
nutrient and oxygen supply for continued growt h.
Tunmors in which angi ogenesis is inportant include
" ‘nost sol'i'd tunor$ and béni'gntunbrs, such ‘as acoustic’
neur oma, neurofibroma, trachoma, and pyogenic
granul omas. Inhibition of angiogenesis could halt the
grom h of these tunors and the resultant danage due
"to the presence of the tunor. There is a direct
- correlation between tunor microvessel density and the
i nci dence of netastasis. Tunor cells thensel ves can
produce factors that stirmulate the proliferation of
endot helial cells and new capillary grow h.
Angi ogenesis is inportant in two stages of tunor
metastasis. The first stage where angi ogenesis
stimulation is inportant is in the vascul arizati on of
the primary tunor, which allows tunor cells to enter
the bl ood streamand to circul ate throughout the
body. After the tunor cells have left the primary
site, and have settled into the secondary, netastatic
site, angi ogenesis nust occur before the netastasis
can grow and expand. Therefore, inhibiting
angi ogenesis could lead to the reduction or




The angi ogenesi s nodul ating activity of
representative conpounds was assessed in a rat aortic
ringrnicrovessel growh assay. Briefly, twelve-well
tissue culture plates were oated with 250 pl of
Matri gel (Becton Di cki nson, Bedford, MA) and all owed

to gel for;%- t 37G and 5% Tho ci.C aortas
were excis lg EEeRE a# é’
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conpounds aV|n a desired angi ogenic or
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conveni ence, the structures of the assayed conpounds
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several concentrations. This conmpound exhi bited
pot ent angi ogenic activity at all concentrations
tested, making this conpound prom sing for




62 treating conditions where inJ. eased angi ogenesis
is desired, for exanple, as an aid to wound heali ng.
FIG 6 shows the angiogenic nodul ating activity of
Di t hi opht hal i m de at several6 concentrations. This
conmpound exhi bi ted angi ogeni ¢ acti vi ty at all
ncentratians., .t . FIG 7 shows the
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potent inhibition of angi'0” genesis (anti-angiogenic
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piperidinedione at several concentrations. This compound exhibited potent
angiogenic activity at all concentrations tested, making this compound promising for




Exanpl e 14- Synthesis of 3-Canphanic -

ant bi o- 2, 6- pi peri di neclione A m xture of ()-canphanic

chloride (19 ng, 00868 mmol ), am nogjutani m de (21

ng, 0.0868 nmmol) and Et3N (.24 ) in CHC13 ( 1 m )

was stirred at roomten‘peraﬁlzure for 16 hours. The

solution was diluted with CHC13 ,washed with ;
tregting eondilipTs Grhest HICEEPEt IMSORSRCNG EssIred fPTerapple as an aid to

oncentrated and purified by chromatography (
W°su%£%mgél, CH202 ; EtOAc = 10 : 1 ) to give product
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CDCl13:) S 172.6, 169.4, 168.4,. 165.5, 90.3, 583,
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coRnfrafidndtefbd4) mM x 308 (M4). This conpound exhi bited

angl ogenic activity in the assay of Exanple 13.
. ExaiiGe7 thowSihetangmigenio inodulating activity of 2-(1,3-Dihydro-1-oxo-3-
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concentrated. The residue was purified by
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as i~ § I Uiivi : )3-fhioxo-2-
7 1\8@3‘7?5%6‘#% gl ﬁ)éﬁcg%fé&%n %%EW e g’ﬁ_?xoz
(2.p:dith&oNMBiperiGingl 81 H-i®iddl-18one18 Fegralicogc@iraligss. This

co%:gguns,d eéléz%t% po}%inlm?éggggém% gnglity gt%%gh%t cgh%%ﬁéaﬁons and
angiogenic activity at lower concentrations. . '
¥IG. 10 shows the angiogenic modulating activity of 2-Acetoxy-N-+2,6-

dioxopiperidin-3-yl}benzamide at several concentrations. At all concentrations

tested, this compound exhibited potent angiogenic activity.

FIG. 11 shows the angiogenic modulating activiiy of 1,3-Dioxo-2<(2,6- ,
dimethoxypyridin-3-yl)-isoindoline at several concentrations. This compound exhibited
angiogenic activity at all concentrations tested. , 7

In summary, the disclosed compounds exhibit a range of angiogenic modulating
activities ranging from pbtcnt inhibition of angiogenesis (anti-angiogenic activity) to
.. potent stimulation of angiogenesis (angiogenic activity). Some compounds exhibit both
aﬁgiogenic and anﬁ-ang-i-o;gcl;i;': act;wty madose—delgendeni manner 'i‘hose D
compounds (or particular concentrations thereof) having angiogenic acﬁvity are usefol
for treating conditions 6r diseases where increasing angiogenesis is desirable (for
~ example, wound healing) and those compounds {or particular concentrations thereof)
having anti-angio génic activity are useful for treating conditions or diseases where
decreasing angiongenesis is desirable (for example, cancers, diabetic retinopathy or

corneal neovascularization). Persons of ordmary skilt in the art can use the assay



127.4,127.5, 1272,126.0, 124.1,.53.942,5; FAB-M5

/1) &327 (ML14). This conpound exhi bited angi ogenic
activity in the assay of Exanple 13. 64 Exanple 16-
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65 el ectrol ytes such as protam ne sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica,
magnesiumtrisilicate, pol yV| nyl pyrrolidone,

cel | ul ose-based substances, bol yet hyl ene gl ycol ,
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67 W Claim 1. A conpound, the conpound having the
form a: wherein X and Y are independently CHZ2,
oxygen or sulfur, and at |east one of X and Y is
-sulfur if Rl does not incl ?e a sul fur atom each of
R2-R5 are independently hyg ogen, hydroxyl, acyl
substituted acyl, acyl oxy, substi tuted acyl
eleaﬂrtb&ytes saqhiastprelamaee aiifajg, disedanlyd OW?W%@O':&SSM

by &g e osp R ifinun ks tzﬂ%?%h?. BHGRap siftay Smesiun
trisshidasd, pblytvﬁ@l prrsiidodeptadipiize- blasddrsubstandes,r]kéybthﬂexﬁe glyeol,
five- si x- menber ed, unsigst i tuted bst i tuted,

SO@WWWCWMN%C’@P REBRAER JEFFe pPB’ﬁB’y @9d R1 i s
m%g%@ﬁ%&ﬁ%ﬁ BEiyBPY BoRRMNdnd ighitol, 244 4oy k. R17\

Tablets and capsules for oral administration can be in a form suifable for unit
dose presentation and can contain conventional phannaceu‘ucally acceptable .
excipients. Examples of these include binding agents such as syrup, acacia, gelatin,
sorbitol, tragacanth, and polyvinylpyrrolidone; fillers such as lactose, sugar, com
starch, calcium phosphate, sorbitol, or glycine; tableting lubricants, such as
magnesium stearate, talc, polyethylene glycol, or silica; disintegrants, such as potato
starch; and dispersing or welting agents, such as sodium lauryl sulfate. Oral liquid
preparations can be in the form of, for example, aqueous or oily suspensions,
solutions, emulsions, syrups or elixirs, or can be presented as a dry product for
reconstitution with water or other suitable vehicle before use.

The phannacelitical compositions can alsc be administered parenterally in a-
sterile aqueous or oleaginous medium. The composition can be dissolved or
suspended in a non-toxic parenterally-acceptable diluent or solvent, e.g., as a
solufion in 1,3-butanediol. Cbmmonly used vehicles ahd solvents include water,
physiological saline, Hank's solution, Ringer's solution, and sterile, fixed oils,
including synthetic mono- or di-glycerides, etc. For topical application, the drug
may be made up into 2 solution, suspension, cream, lotion, or ointment in a suitable
agueous or non-agueous vehicle. Additives may also be included, for example,
buffers such as sodivin metabisulphite or disodium edeate; preservatives such as
N bactenm@al and ﬁmglcuial agents, mcludmg phenyi mercunc acetate or mtrate
N benzalkoﬁxﬁm chloride or chlorhexidine, and thlckemng agents such as o
hypromeﬂose.

The dosage unit involved depends, for example, on the conditioﬁ treatéd,
nature of the formulatmn, nature of the condition, embodiment of the clalmed
phazmaceutlcal compositions, mode of administration, and condmon and weight of
 the patient. Dosage levels are typically sufficient to achieve a tissue concentration at
the site of action that is at least the same as a concentration that has been shown to



wherein Wand Z are each i ndependently oxygen or

sul fur and further wherein at |east one of X Y, \Wand
Z are sulfur; R6 and R7 are each independently

hydr oxyl, al koxy or substi% ted al koxy, each of

R8- R12 are independently hy rogen hydr oxyl , acyl,
substituted acyl

be gt n vwogt Y’P’ﬂ’t‘gdg%%%% It |3Xg1t§§‘gs? lﬁ{‘l Haff about 0.1
bR B i BB 9000 e athyin! K kample, o
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a0 ot il G A o bt il o
aceBitd) Slfiphaté, Q@xmteglaspﬁmt@ benzoahs behzenedhi it bistlfitedaiyrate,

or nltro 2. The conpound of c¢laim1,
cltfme‘?aéﬁl phorte, “ca&?ﬁ?éi‘{ﬁ#’éfoﬁ% w&opreataﬁlﬁ?rapwxawﬁ @29

'Qﬁ%’}: ﬁﬂgj edl
dodel: epend ently s u‘#?ur’ ?%{rla%t)? y oft g%é%roglrl]%@gatew
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har naceu ce I t t
i Eta tacfls mcel adBres il gmaphipatgpesintonate,
mc&%iaﬁas oﬁﬂl@teR{)hmZ&tel Oﬁ@téulfatg %ﬂéﬁ%ﬁﬂ%&t@ﬁn&h@l m
1, wherein at |eas are sul fur
pivalate, propionate, succinate, tartmte, thlocyanale tosylate, and undecanoate.
Base salts include, but are not limited to, amunonium salts, alkali metal salts (such as
sodium and potassium salts), alkaline earth metal salis (such as calcium and

magnesium salts), salts with organic bases (such as dicyclohexylamine salis), N-

methyl-D-glucamine, and salts with amino acids (such as arginine, lysine, ¢fc.).
Basic nitrogen-containing groups can be quaternized, for example, with such agents
as C1-8 alkyl halides (such as methyl, ethyl, propyl, and butyl chlorides, bromides,
and iodides), dialkyl sulfates (such as dimethyl, diethyl, dibutyl, an diamyl sulfates),
Jong-chain halides (such as decyl, lauryl, myristyl, and stearyl chlorides, bromides,

~ and iodides), aralky! halides (such as benzyl and phenethyl bromides), ete. Water or
- oil-soluble or dispersible products are produced thereby.

| _ Phaxmaceutxcal oomposmons can be included in a klt accompamed hy
Nmstmctions for mtended use, for example mstructlon; reqmred bya pharmaccutlcal
regulatory agency, such as the Food and Drug Administration in the United States.

In view of the many possible embod;ments of the invention that exist, it should
be recognized that the iltustrated embodlments are enly examples of the invention and
should not be taken as a limitation on the scope of the invention. Raiher, the scope of
the invention is defined by the following claims. We therefore claim as our imvention,

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



5. The conpound of claim1, wherein the conpound has
the fonmla wherein W & Y and Z each are

i ndependently sul fur or oxygen and at | east one of W
X, Y and Zis sulfur; or a stereoisoner or

Wepshipmaceut i cal |y acceptable salt thereof. 70 6.
The conpound of claimb5, wherein at |east one of
R2-R5 and R15-R19 is hydroxyl. 7. The conpound

1. of AcbmponnB, thewrenreiund bachg tbé ToRAUIRS and R15-R19 is
“independently hydrogen, |ower alkyl, acyl oxy,
hal ogen, hydroxyl, am no or nitro. 8. The
compound of claim5, wRereinat |east two of X, Y, W
and Z are sulfur. 9. Te conpound of claim 8,
wherein the con'porﬁ €2, 3<dj hydr o- 3-
t hi oxo- 2- ( 2- 0x0- 6-t hi - pi MR} nyl) - 1H-i soi ndol -1
-one or - -
2, 3- Di hydr o- 3-t hildX02- (P, 6- d\t hi oxo- 3- pi peri di ny1) - 1H
-isoindol-1-one. 71 Ghaim 10Y The conpound of claim
5, wherein X, Wand Z are each S, and Y

wherein X and Y are independently CH2, oxygen or sulfur, and at least one of X and Y is
- sulfurif R; does not include a sulfur atom; each of Ry-Rs are independently hydrogen,
hydroxyl, acyl, substituted acyl, acyloxy, substituted acyioxy, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkymy!, alkoxy, substituted alkoxy, aryl,
substituted aryl, amino, substituted amjilo, balogen, nitro or linked to form a five- or six-
membered, unsubstituted or substituted, aliphatic, aromatic or heterocyclic ring, and Ry 1s
selected from the group comprising, ‘




is 0 dai m 11: The conpound of claim5, wherein X is
S, and Y is O. Claim 12: The conpound of claim

5, wherein the conmpound has the-structure: -
Cl aim13: The conpound of &k aimb5, wherein each of

'R2-R5 and R15-R20 is hydrogen, X and Z are each S.
and Y and Ware each O. Claim 14: The conpound

whtrerd Wi aml Z, arsvveh éindepeadentlp bx¥2n Bbsidfud a6 R20 whsrein at
-hydro . d ai m.15; The_ conpound. of claim 8,
IeGHaRe P kol 28 Zrps Rl FREERF3014%S TepBe RSy hydioxyl,
i 160 ﬂﬁléf t icgal cgg@gﬁ' i [ Si at
ai%’?s({p%}%tel hf;f% npodl ﬁbl gic,i & :‘RgerVg to C F %{ldrgnﬁ?{:ﬁg(%aé%" Bardic,

acph aulrtteadtacyloddyiogc adptiaiddacgky,iabiyl, substitute@adyMalienyl,
osition of claim16, wherein thé conmpound is

S G T BB PG e LA SIkox, substEuad mlipaY, arbo
uBRROP Y. 28] ot s B Grint LB oL GETRRN R i o
indepercieat yrhylirogeh el or aiibstinmsat alloheR 9 fs WdRR@n ZhyidsoxyT Zlkyl or
substituted alkyl; and R3s-Ry9 are each independently hydrogeﬁ, hjfdroxyl, 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.



G aim 20: The conpound of claim1, wherein at |east
one of X and Y is sulfur. C aim 21: The conpound
of claim1, wherein R2-R56nd R15-R20 are each
i ndependently hydrogen; X, Wand Z are each S; and Y
is 0. G aim22: The conpound of claim1, wherein
R2- R5 and R15-R20 are each i ndependently hydrogen.
Cl aim 23: Use of a conpound according to any one of
clainms 1-15 or 19-22, or conposition according to any
one of clains 16-18 in the manufacture of a
nedicanent for nodul ati ng angi ogenesi s. daim
4y Userpi, Q¥ B GC Mheeg tHe oty Al Badihe hriiuls
1 15 or 19-2 or -a conposition according to any one
ofclwn51618|nRhermwﬁamMnem a nedi canent
for inhibiting TNF-§ ity. | G ai m 25: Use of
- a conpound ac g L. CofRgl ai ms 1-15 or
©19-22, or a conpos aclg Ry-repe of
[ I nA e uf aHnedlcanent for
treating a pathol ogijcal a Za tunor, an
aut oi nmmune di seaser a n¥UrE§éQ@nﬂR ve dlsease

73 THALI DOM DE ANALGGS AS TNF- ALPHA PQT
wherﬁbéﬂr‘éxwmarémwen@ﬂﬁb@g@ FRORGU L hiE of X ¥,
I 0si fact r_al thereof.
w m@% é)fr 35%%015(?%@ © g %&L}pl)daa]ré icu S%I?/S%ﬁ sel osed
enbodlnents, t he thalldon1de anal ogs are isosteric

sul fur-contai ni ny anal ogs. Al so discl osed are nethods
of treating a subject with the anal ogs.

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

. 4.  The compound of ¢laim 1, wherein at least two of X, Y, Wand Z are:

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

wherein W, X, Y and Z each are mdependently sulfur or oxygen and at least one of
W. X, Y and Z is sulfur; or a stereoisomer or pharmacentically acceptab]e galt h

thereof.
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6. The compound of claim 5, wherein at least one of Rp-Rs and Rys-Ryg is
hydroxyl.
7. The compound of claim 5, wherein each of Ry-Rsand Rys-Ryg is

independently hydrogen, lower alkyl, acyloxy, halogen, hydroxyl, arnino or nitro.

8. The compound of claim 5, wherein at least two of X, Y, W and Z are
sul fur. )

9. The compound of claim 8, wherein the compound is 2,3-dihydro-3-
thioxo-2-(2-0x0~-6-thioxo-3 -pipér_idinyl)— 1 H-isoindol-l-one or 2,3-Dihydro-3-thioxo-
2—(2,6—dithioxo—3—pipeﬂdjnyl)—1H—isoindol—l-0ne'.
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Claim 10: The compound of claim 5, wherein X, W and Z are each S, and Y

is O.
Claim'11: The compound of claim 5, wherein X is S, and Y is O.
Claim 12: The compound of claim 5, wherein the compound has the
structure:

Claim 13: The compound of claim 5, wherein each of Ry-Rs and Rys-Rao is

hydrogen, X and Z are each S, and Y andl W are each O.

Claim 14: The compound of claim 5, wherein each of Rp-Rs and Ry5-Ryo is

“hydrogen.

Claim 15: The compound of claim 8, wherein each of Ry-R;s and Ry5-Rypg is

hydrogen.

Claim 16: A pharmaceutical coniposition comprising at least one compound

according to claim 1, and a pharmaceutically acceptable carrier.

Claim 17: The composition of claim 16, wherein the compound 1s a

compound according to claim 5.

Claim 18: The composition of claim 16, wherein the compound is a

compound according to claim 8.

* Claim 19: The compound of claim 1, wherein at least one of Wand Z is

sulfur.
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Claim 20: The compound of claim 1, wherein at least one of X and Y is

sulfur.

Claim 21: The compound of claim 1, wherein Ry-Rs and R;5-Ryg are each

independently hydrogen; X, W and Z are each S; and Y 1s O.

Claim 22: The compound of claim I, wherein R;-Rs and R;5-Ryg are each

independently hydrogen.

Claim 23: Use of a compound according to any one of claims 1-15 or 19-22,

or composition according to any one of claims 16-18 in the manufacture of a

medicament for modulating angiogenesis.

Claim 24: Use of a compound according to any one of claims 1-15 or 19-22,
or a composition according to any one of claims 16-18 in the manufacture of a

medicament for inhibiting TNF-o activity.

Claim 25: Use of a compound according to any one of claims 1-15 or 19-22,
or a composition according to any one of claims 16-18, in the manufacture of a
medicament for treating a pathological angiogenesis, a tumor, an autoimmune discase

or a neurodegenerative disease.
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THALIDOMIDE ANALOGS AS TNF-ALPHA MODULATORS

Abstract

Thalidomide analogs that modulate tumor necrosis factor alpha (TNF- @ ) aclivity and
angiogenesis are disclosed. In particularly disclosed embodiments, the thalidomide
analogs are isosteric sulfur-containing analogs. Also disclosed are methods of treating a
subject with the analogs.

No Suitable Figure



