METHODS OF USI NG AND COMPOSI TI ONS COVPRI SI NG PDE4 MODULATORS FOR TREATMENT,
PREVENTI ON AND MANAGEMENT OF TUBERCULOCSI S 1. FIELD Provided herein are
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exists for effective treatnments for TB and rel ated disorders. 2.2 PDE4
MODULATORS Conpozinds BECKGROUND as PDE4 nodul ators have been synt hesi zed
and tested. These compounds potently inhibit TNF-a and IL- 12 production,
and exhi bit nodest imhiMImﬂggkfﬁecﬁﬁ son LPS induced ILIB. L.G Corral, et
al, J. | munol,
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"]'1§bercu 0S18 (’%E?IS gron ¢, recurrent infection by mycobacteria, most commonly
in the lungs. Once infection is established, clinical TB may develop within months or may
not occur for years. TB generally refers only to disease caused by M. tuberculosis, M.

10 Bovis, or M. africanum, although other mycobacteria may cause diseases similar to TB.

TB progresses through the stages of primary or initial infection, latent or dormant
infection, and recrudescent or adult-type TB. A great portion of primary TB infections go
unrecognized, producing a latent or dormant infection. Primary TB may become active at
any time, producing clinical signs of TB in any organ.

15 TB is generally treated with a chemotherapy, using bactericidal or bacteriostatic
drugs. However, TB treatment is complicated, requiring 6 months or longer to clear the
infection. In addition, the strains that cause TB generally include population that are
resistant to the drug therapy, resulting in initial improvement followed by recurrence of the
symptoms. Therefore, a need still exists for effective treatments for TB and related

20  disorders.

2.2 PDE4 MODULATORS

Compounds referred to as PDE4 modulators have been synthesized and tested.

These compounds potently inhibit TNF-a and IL-12 production, and exhibit modest
inhibitory effects on LPS induced IL1B8. L.G. Corral, et al., J. Immunol., 163: 380-386
25 (1999).
PDE4 is one of the major phosphodiesterase isoenzymes found in human myeloid
and lymphoid lineage cells. The enzyme plays a crucial part in regulating cellular activity

by degrading the ubiquitous second messenger cAMP and maintaining it at low intracellular
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stereoisomer, or prodrug thereof, optionally in combination with one or more other

therapeutic agents.

4. DETAILED DESCRIPTION
Compounds provided herein can work alone or in combination with other drugs to
20  effectively treat, prevent, and/or manage various types of TB and other related disorders.
Without being limited by a particular theory, PDE4 inhibitors are believed to exert their
effects by elevating intracellular cAMP levels in various leukocytes, including T cells, B
cells, NK cells, neutrophils, monocytes, macrophages, basophils, eosinophils, and mast
cells. PDE4 is also expressed in non-leukocytes such as endothelial cells, smooth muscle
25  cells, fibroblasts, and neurons, which are also believed to contribute to inflammation.

The currently available anti-TB drugs work through their ability to inhibit and/or kill
actively growing organisms, and thus, are less effective against non-replicating bacilli.
Without being limited by a particular theory, it is believed that a strong host immune
response may drive some bacilli into a non-replicating state, thereby inadvertently rendering

30  the organisms more able to withstand the activities of anti-TB drugs. Further without being
limited by a particular theory, it is believed that selective modulation of the host immune
response may alter the environmental pressure on the bacilli, re-directing their physiologic

state towards improved responsiveness to anti-TB drugs.
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As used herein and unless otherwise indicated, the term “PDE4 modulators”
encompasses small molecule drugs, e.g., small organic molecules which are not peptides,
20 proteins, nucleic acids, oligosaccharides or other macromolecules. In certain embodiments,
the compounds inhibit TNF-a production. Compounds may also have an inhibitory effect
on LPS induced IL18 and IL12. In some embodiments, the compounds are potent PDE4
inhibitors.
As used herein, and unless otherwise specified, the term “pharmaceutically
25  acceptable salt” refers to salts prepared from pharmaceutically acceptable non-toxic acids,
including inorganic acids and organic acids. Suitable non-toxic acids include inorganic and
organic acids such as, but not limited to, acetic, alginic, anthranilic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, furoic, gluconic,
glutamic, glucorenic, galacturonic, glycidic, hydrobromic, hydrochloric, isethionic, lactic,
30  maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic,
propionic, phosphoric, salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, p-
toluenesulfonic and the like. In some embodiments, the salts are hydrochloric,

hydrobromic, phosphoric, and sulfuric acids.
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compound that either: 1) does not interfere with the biological activity of the compound but

20 can confer upon that compound advantageous properties ir vivo, such as uptake, duration of
action, or onset of action; or 2) is biologically inactive but is converted in vivo to the
biologically active compound. Examples of biohydrolyzable carbamates include, but are
not limited to, lower alkylamines, substituted ethylenediamines, aminoacids,
hydroxyalkylamines, heterocyclic and heteroaromatic amines, and polyether amines.

25 As used herein, and unless otherwise specified, the term “stereoisomer”
encompasses all enantiomerically/stereomerically pure and enantiomerically/stereomerically
enriched compounds provided herein.

As used herein, and unless otherwise indicated, the term “stereomerically pure” or
“enantiomerically pure” means that a compound comprises one stereoisomer and is

30  substantially free of its counter stereoisomer or enantiomer. For example, a compound is
stereomerically or enantiomerically pure when the compound contains 80%, 90%, or 95%
or more of one stereoisomer and 20%, 10%, or 5% or less of the counter stereoisomer. In
certain cases, a compound provided herein is considered optically active or

stereomerically/enantiomerically pure (i.e., substantially the R-form or substantially the S-
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time that a patient who has suftered from the disease or disorder remains in remission. The
20 terms encompass modulating the threshold, development and/or duration of the disease or
disorder, or changing the way that a patient responds to the disease or disorder.

As used herein, and unless otherwise specified, the term “therapeutically effective
amount” of a compound is an amount sufficient to provide a therapeutic benefit in the
treatment or management of a disease or condition, or to delay or minimize one or more

25  symptoms associated with the disease or condition. A therapeutically effective amount of a
compound means an amount of therapeutic agent, alone or in combination with other
therapies, which provides a therapeutic benefit in the treatment or management of the
disease or condition. The term “therapeutically effective amount” can encompass an
amount that improves overall therapy, reduces or avoids symptoms or causes of disease or

30  condition, or enhances the therapeutic efficacy of another therapeutic agent.

As used herein, and unless otherwise specified, the term “prophylactically effective
amount” of a compound is an amount sufficient to prevent a disease or condition, or one or
more symptoms associated with the disease or condition, or prevent its recurrence. A

prophylactically effective amount of a compound means an amount of therapeutic agent,
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activities, caR4 700 ABERUN 8L thdts and alcohols (for example, 3-phthalimido-3-(3°,4°-
dimethoxyphenyl)propan-1-ol) disclosed in U.S. patent no. 5,703,098; the succinimides and
maleimides (for example methyl 3-(3°,4°,5°6’-petrahydrophthalimdo)-3-(3”,4”-

20  dimethoxyphenyl)propionate) disclosed in U.S. patent no. 5,658,940; imido and amido
substituted alkanohydroxamic acids disclosed in U.S. patent no. 6,214,857 and WO
99/06041; substituted phenethylsulfones disclosed in U.S. patent nos. 6,011,050 and
6,020,358; fluoroalkoxy-substituted 1,3-dihydro-isoindolyl compounds disclosed in U.S.
patent no. 7,173,058; substituted imides (for example, 2-phthalimido-3-(3°,4’-

25  dimethoxyphenyl) propane) disclosed in U.S. patent no. 6,429,221; substituted 1,3,4-
oxadiazoles (for example, 2-[1-(3-cyclopentyloxy-4-methoxyphenyl)-2-(1,3,4-oxadiazole-2-
yl)ethyl]-5-methylisoindoline-1,3-dione) disclosed in U.S. patent no. 6,326,388; cyano and
carboxy derivatives of substituted styrenes (for example, 3,3-bis-(3,4-dimethoxyphenyl)
acrylonitrile) disclosed in U.S. patent nos. 5,929,117, 6,130,226, 6,262,101 and 6,479,554;

30  isoindoline-1-one and isoindoline-1,3-dione substituted in the 2-position with an a-(3,4-
disubstituted phenyl)alkyl group and in the 4- and/or 5-position with a nitrogen-containing
group disclosed in WO 01/34606 and U.S. patent no. 6,667,316, for example, cyclopropyl-
N-{2-[1-(3-ethoxy-4-methoxyphenyl)-2-(methylsulfonyl)ethyl]-3-oxoisoindolin-4-
yl}carboxamide, cyclopropyl-N-{2-[1(S)-(3-ethoxy-4-methoxyphenyl)-2-

-6-



acceptabl e salts, solvates, hydrates, stereoisoners, clathrates, and
prodrugs thereof. In certain enbodi nents, conpounds are known PDE4

nmodul at orwoabio@ebsgene Cor porati on, NJ. Exanpl es of PDE4powdisb@borsss ncl ude,
but are not limted to, the cyclic imdes disclosed in U S. patent nos.

5, 605, 914 and 5, 463, 063; the cycloal kyl am des and cycl oal kyl nitriles of
U S. patent s 8, 281,
the apo am@g@yli@%ﬁ?@e@ nﬁf’ g%lg&n&éﬁg% dylﬁg?o%§%rg%§ anf oA GrERA-NATH] 18R PAE

N- benzoyl - 3<ctokndnBti{a3yphehyl)-Ai(methhloxiyguiy ety 1) 3@p<ol|san®ahnd%yl}wfrbdxlalﬁldepaatde nt

ggz a;S ngél i‘rg%]o Sgd %1}% R,Blllbétlfu%’dﬁ. H%(? %}}@ﬁg ac‘édsz(g)r eﬁample (??1 § moxmsonq}ioql%e—et hers
di met h_ox_ygherwj 3- etlp@;{yal gﬁih)»(qzjjhs@mﬁephnbylaruln& priopdm@are didclosdd,id H3) 098; t he
succi ni m_de ej m des

3-(3',4' 05 ﬁawraaﬂ%’? -GBS ? ﬁ%%@ %@r PpE4 lm%ﬁ%mbﬂ%ﬁlpbwlﬁ&y Bhat e)
di scl osed [ RortbsandPAE@Sed HOU. S%a@éﬁn&%lzlzﬂl dre @Jﬂfbn@@f%wﬁ%&h&&rﬁﬁr@t@d

al kanohydroxam ¢ acids disclosed in U S. patent no. 214,857 and WO

99/ 06041; sbbsiereracdgreyhiefeitaptisty. fOHePREcnpdduers meh@e 5011169&@1@nt nos. 6,01
1,050 and 6, QI%P ﬁé@dlsélé)s‘é&)fm'sk%ém ﬁﬁmﬁaﬁ&n%eﬁbo%/oéz%bx@r B%%gh rAgL

corrpounds disclosed In nt no. 7, 058; substi |mdes (for
exanpl e, 2- @hZQﬁ)élandTUcﬁ;pﬁeI(tsw 74244 Hpn@tthmxgﬂpif@dﬂa% medypéareinchids 24 béed | n
U. S. pategnt 2 i (f X e,

2 T1 - { 310y o T T R Gyt Fos R AR5 ST aRHETRY
yl)ethyl]- SSWEbhylhlblsdierﬁd)@ ie-[ll;(3-cthosynrémcthxgplas @ 2 incthylslfopdttayi]-4no.

6, 326, 388; o _and carboxy, deri vat renes . (for
exampl o, 3, 1Y ErpesgRipg) oﬁ%w?fd Ry SRR nE e EBS o b s
pat ent nOS 0Bth9 PSredts drld pa@anﬂ-%,llzﬁﬁns fleR2d hodinaelinGorfld@icd Bércin by reference.

i soi ndol i ne-1-one and i saoi ndoljine-I|,3-dione substituted in the 2-position
with an a-(3,4- @ddiiget POEE sepdylaisrsbolensig r Tty sumbesizad eeanicll and/ or

5- posi tijgn %&&ﬁd@éﬁxﬂﬁ&ﬁt@p&ﬁ%ﬁb&ihﬁ%%&wﬁ 3Ct'1 %%&&%&zb@ﬂﬁ@n@é#ﬁﬂl@@%ﬁ”d
U S. patent no. 6,667,316, for exanple, cycl 0£r og

N-{2-[1-(3- éfﬂmwmxﬁé‘tlﬁ@kmb?wl)ymEum@hw% (% ﬁymétaﬁwqm@l 8% 50i ndol i n

-4- yljcarb

cycl opr opy! %@?gﬁ%ﬁi‘of‘éﬁ’he{%l) RSt et hoxyphenyl ) - 2- (et hyl sul f onyl ) et hy! ] -
3- 0xo0i soi ndoI i n- @ﬂyelr Pbad h@)dalmowé:;elcmgdo eylessap napydlypép{ide {ﬂC(lﬂ)m(des

et hoxy- 4- met f )L et ] dol | 4-yl }carbo
xam de; and d%sﬁlo dééawno Sljsgésé%z%'ﬂ%,ts‘)éy%)&lc{%%grogigﬁgbg@%éj or exanpl e,
(3-(1, 32di O)@ﬂ/i0$3)48méhnh ofehicR isyihgor@or{tad Betrélﬁ)by f@ferﬂm:teh@ép'tﬁfbﬁt’ayl{fé cyclic amides

pr opanoyl am. no depro an attethgl%scl osed in WO

nc compoun rmula:
O
I o
N ]
R N—CH—(C,Hz,—C—R"2
\C/ [,
R
H/ \H ,

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
25 n has a value of 1, 2, or 3;

R’ is o-phenylene, unsubstituted or substituted with 1 to 4 substituents each selected
independently from the group consisting of nitro, cyano, trifluoromethyl, carbethoxy,
carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino,
alkylamino, dialkylamino, acylamino, alkyl of 1 to 10 carbon atoms, alkyl of 1 to 10 carbon

30  atoms, and halo;



01/ 45702 and U.S. patent no. 6,699,899. O her PDE4 nodul ators include

di phenyl et hyl ene conpounds disclosed in U S. patent no. 7,3 12,241, the
cont ent s wb 204v/Bssar e i ncor porated by reference herein ipoTiUSI /02333 rety.
O her PDE4 nodul ators include isoindoline conpounds disclosed in U S.

pat ent publication no. 2006/ 0025457A1, published February 2, 2006 and U.S.

patent no. 7,244,729, il G lalﬁf} i =17 3-

et hoxy- 4- et hoxprhgsr@ ng@?é%@ﬁwg%’sﬁ (t)dr%l)y eltﬂﬂ%%ie)l-r %Og{:%tb %/t{agér?lﬁ%gf%&ielﬁﬁgl i ne-

1, 3-di one, ankdpsidertlyaifsemtrces frolmahegbup {enpis@ag of nitro, cyano, trifluoromethyl,

1- ( 3- et hoxy-4- h h | ) - 2- hyl sul f l.et hy] ] - 4-

acetyt am noFBTRG FHEeHe ey, SRl Gt o vty osig s
entireties ahimashkylof 1the) pab@ntaEQatopadfand 1appbocabmansd hadenti) baned herei n
are incorpor a%pgd, herei n bﬁgﬁ%gﬁg?nce. Addi tional PDE4 nodul ators belong to

a family>of UBSPRETHEEY olybet Somprbsigentoielagist GRm Yo ionp cusistg Ment s

i ncl ude 3- (hitdy; 6§0%aR8R%EEmEhI Md@lﬂ&k;c%rﬁélrﬂeth%xﬁ Zarbopropoxy, acetyl, carbamoyl,
cycl opent yl oxy- 4- net hoxyphenyf ) propi onam de a

n
3- (1, 3- di ox8cAVYz &AWy nygraw. ymino,alkyt of htodDraibrp R pretiaxy opt &bl bitditnde.

O her PDE4 I 0 non- pol ypeptide cyclic am des
di scl osed iﬁ%%gs@ti%%‘?’éﬁ@"%E%P§’ls?@9@)§§‘%7ﬁ’%¥’s77, 200, 6,075, 041 and

6, 200, 987, and WR 95/@3di®xyeattr b caftien@tonisson ncor por at ed herein by
reference. Representative cyclic am des include conpounds of the formula:
and pharmaceutically acceptable salts, so,R@at es, hydrates, clathrates,
stereoi soners, and prodrugs thereof, wheMein: n has a value of 1, 2, or 3,
R5 is o-lphenyl ene, unsubstituted or substRfuted with 1 to 4 substituents
each sel ected i ndependently fromthe group consisting of nitro, cyano,

trifluoronethyl, rREarketoaaxyt,allg@abborER@bYn aake@r opoxy, acetyl, carbanoyl,
acet oxy, carboxy,,hydroxy, am no, alkylam no, dialkylanm ng, acyl am. no,
al kyl of 1 to 10Rcirydrest gl ofd)tRyp cirpomatprgs. 15ORAr ot OR onkhereimB Hal o: R7

is (i) phen}g,dlgéenpgg{,])@f15‘;6]@@&&]5&'[@&11%;&6 e or nore substituents each
sel ected i ndependently of the other fromthe group consisting of nitro,

cyano, trifl uor ofetamglembedinsatshRixk medryene tiedriovieaedenouapoxy, acetyl,
Fite I T N e e
thereof:
3-phenyl-2-(1-oxoisoindolin-2-yl)propionic acid,
3-phenyl-2-(1-oxoisoindolin-2-yl)propionamide;
3-phenyl-3-(1-oxoisoindolin-2-yl)propionic acid,

20 3-phenyl-3-(1-oxoisoindolin-2-yl)propionamide;
3-(4-methoxyphenyl)-3-(1-oxisoindolin-yl)propionic acid;
3-(4-methoxyphenyl)-3-(1-oxisoindolin-yl)propionamide;
3-(3,4-dimethoxyphenyl)-3-(1-oxisoindolin-2-yl)propionic acid;
3-(3,4-dimethoxy-phenyl)-3-(1-oxo-1,3-dihydroisoindol-2-yl)propionamide;

25 3-(3,4-dimethoxyphenyl)-3-(1-oxisoindolin-2-yl)propionamide;
3-(3,4-diethoxyphenyl)-3-(1-oxoisoindolin-yl)propionic acid;
methyl 3-(1-oxoisoindolin-2-yl)-3-(3-ethoxy-4-methoxyphenyl)propionate;
3-(1-oxoisoindolin-2-yl)-3-(3-ethoxy-4-methoxyphenyl)propionic acid;
3-(1-oxoisoindolin-2-yl)-3-(3-propoxy-4-methoxyphenyl)propionic acid;

30 3-(1-oxoisoindolin-2-yl)-3-(3-butoxy-4-methoxyphenyl)propionic acid;
3-(1-oxoisoindolin-2-yl)-3-(3-propoxy-4-methoxyphenyl)propionamide;
3-(1-oxoisoindolin-2-yl)-3-(3-butoxy-4-methoxyphenyl)propionamide;

-8-



unsubstituted or substituted with 1 to 3 substituents selected fromthe
group consisting of nitro, cyano, trifluoronethyl, carbothoxy,

car bonet hweyp10o@sizepr opoxy, acetyl, carbanoyl, acetoxy, pcaruseny/0235gsr oxy,
am no, alkyl of 1 to 10 carbon atons, alkoxy of 1 to 10 carbon atons, and
halg, (iii) napht hyl , and (iv) benzyloxy; R12 is -OH, al koxy of 1 t? 12
carbon atons at ons;
and RO is hydrogenmptf@(5%m?§TBMg§%ggﬂgqggﬁggg%ﬁ@3n$&%§W%Qmﬁﬁ&gS R10,
wherein R10 is hydm@gbﬁ.m@hhyhomf2yDEb@ﬂﬁquayMenmhmmmmmwbmophemVI In sone
enbodi nents, PDE4 nodu at o n

ohar mceut s cal |y OUELERERBI Sl Fui R EE R Wit Bh B

st ereoi somer, or prodrug thereof:

3- phenyl - 2- (I-ox0|50|ndoI|n 2-yl) propi CI
3- phenyl - 2- (| - oxoi soi ndol i n- 2- yI)propl_Qg%r

3- phenyl - 3- (1 - oxoi soi ndol i n- 2- yI)prop| NNC 8

3- phenyl - 3- (| - oxoi soi ndol i n- 2- yI)proplongh
3- (4- met hoxyphenyl ) - 3- (I - oxi soi ndol i n- yI)proplonlc aci d;

3- (4- net BOX‘!iﬂhﬁlﬂM{léceﬁnc(ally Aotk 510 ks | dtwie), iy BREONRTIERS, stereoisomers, and
3-(3, 4-di net hoxyphenyl ).- 3- (I-OX|SO|ndoI|n 2- yI)proplonlc aci d;

3-(3, 4-dine ﬁ@%&ﬁﬁﬁﬂﬁﬁﬂﬁﬂﬁwbﬁléxo | , 3-di hydr oi soi ndol - 2- yI)proplonanlde
3- (3, 4-di met hoxyphenyl ) - 3- (I-OX|§9|ndoI|n 2-yl ) propi onam de;

3-(3, 4- d|ethoxyphenyl)-3-(|-ox0|qplndolln yl ) propi oni c acid; nethyl

3- (1 -oxoi soi ndolin-2-yl)-3-(3- ethpxy 4- nelhoxyphenyl)proplonate

3- (| - oxoi soi ndol i n-2-yl)-3-(3- ﬁthSXy-4Tﬁe hexyphesty| Rp+opi oni ¢ aci d;

3- (I -oxoi soindolin-2-yl)-3-(3-pr gbxy-4-nethoxypheny|)propionic aci d;

3- (I -oxoi soi ndol i n-2-yl)-3-(3-but oxy-4- net hoxyphenyl ) propi oni ¢ aci d;
3-(I- ox0|30|ndolln glyl) 3-(3- propoxy- 4- et hoxyphenyl ) pr opi onam de;

R! is the divalent residue of (i) 3,4-pyridine, (ii) pyrrolidine, (iii) imidizole, (iv)

10 naphthalene, (v) thiophene, or (vi) a straight or branched alkane of 2 to 6 carbon atoms,
unsubstituted or substituted with phenyl or phenyl substituted with nitro, cyano,
trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamyl, acetoxy,
carboxy, hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, or
halo, wherein the divalent bonds of said residue are on vicinal ring carbon atoms;

15 R?is -CO - or -SO; -;

R’ is (i) phenyl substituted with 1 to 3 substituents each selected independently from
nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl,
acetoxy, carboxy, hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon
atoms, or halo, (ii) pyridyl, (iii) pyrrolyl, (iv) imidazolyl, (iv) naphthyl, (vi) thienyl, (vii)

20 quinolyl, (viii) furyl, or (ix) indolyl;

R* is alanyl, arginyl, glycyl, phenylglycyl, histidyl, leucyl, isoleucyl, lysyl,
methionyl, prolyl, sarcosyl, seryl, homoseryl, threonyl, thyronyl, tyrosyl, valyl, benzimidol-
2-yl, benzoxazol-2-yl, phenylsulfonyl, methylphenylsulfonyl, or phenylcarbamoyl; and

n has a value of 1, 2, or 3.

25 Other representative cyclic amides include compounds of the formula:



3- (| - oxoi soi ndol i n-2-yl) - 3-(3-but oxy-4- nmet hoxyphenyl ) propi onam de; net hyl
3-(1-oxoi soi ndol i n-2-yl)-3-(3-but oxy-4-nmet hoxyphenyl ) propi onate; or nethyl
3- (| - oxoiwoi2nnhal9Bs382- yl ) - 3- ( 3- propoxy- 4- net hoxyphenyl ) propiuspeb®2356% her
representative cyclic am des include conpounds of the formula: and
pharmaceutical |y acceptable salts, solvates, hydrates, clathrates,

st ereoi soners, and prodrugs thereoﬁD in mhlch Zis: in which: RLis the

di val ent residue of (i) 3,4- pyr|d|4§ (||) pyrrolg dine, (iii) imdizole,
(iv) naphthal ene, (v) thlophene,R@f‘ﬁylé tra_qpt1gr branched al kane of 2
to 6 carbon atons, unsubstituted gSub$g Flt phenyl or phenyl
substituted with nitro, cyano, tri IuoanEthyI carbelhoxy car bonet hoxy,
car bopropoxy, acetyl, carbanyl, acetoxy, carboxy, hydroxy, am no, alkyl of

1 to 10 carhgn lﬁhﬁeﬁ@éutm%hiﬂgéﬂépt%le daits Qo Qtet HyBARs A4 ARfStes, Qferé&?s'ofﬁers"‘ﬁﬁr ein the
di val ent bonds of said residue are on vicinal ring carbon atoms; R2 is -CO

- or -SO2 - pr@rygs thereof,prhery: substituted with 1 to 3 substituents each
sel ect ed '“depe“ﬂ8ﬁg§xﬁ%£§ﬂa@'&ﬁ snﬁM%Q%sd%ﬂ%&ﬂ%ﬂ&qmﬁﬁﬁﬁkmn%%%QE?hoxy’
0 amoyl,

car bonet hoxy, carb acetyl, acet ox oXYy, y r oxy,
am no, ab kyIsel@Q‘tedJ_lnﬂﬁtp)eﬂ.C&n‘d)afrbmrmltat, oymp, taklkaxmedyl, Qarbejh(ﬂx@ cardpethoay,ons, or
halo, (ii) p

idyl, (idj rro a i v thw (vi)
thienyt - CRipOGtRdr et TR ashol. Shpo Tt B Py, M PREOL Sy
ar glh nyl, | gl leMJylanﬁﬁtQBWIQhMG,)Hlkyl bf Btd idydarboh @teis) all;]d@@m:m;yo carli)(MSaY({ms or |
met hi onyl , ar,cos onoser t hr eony on tyrosyl,
valyl, benzi o%l(”) e g}wale%téﬁsz%wﬁmﬂiz’myPyrfﬁﬁwyv%wlaﬁwhtmgn or
met hyl phenyItlﬁwhfeg@Whereﬁfthmﬁwﬁt%ﬁ&aa@yﬂ vicidfldind cBdsn &oigl ue of 1, 2, or 3.
O her Bresentat jve cyclic am des include conpounds of the fornul a: and

pharnacé tical | yRaceptratfld-sudl-$Q: sol vates, hydrates, clathrates,
ster eoi somers, apu;sph adiY 1?ﬁ?fsﬁ§(f)z- (M‘ﬁfa?gh@ ‘brdRche, bt dyce ﬂf?ﬁ'&ﬂ W

unsubstituted or substituted with 1 substi tuents each sel ect ed
i ndependent lcgrbér gampi(tin oyridy.divo phenyl ¢ nh@rmb rebistitpied wadirdne phiogig, sukstifusoiret hoxy,

car bopr F’pOX%%phasﬁlg&?!é mdgp%ﬁ’e%ﬁ‘%hhe i, Bl n}tP ?}%%X %rlﬂli%%&ﬁ% bca%‘tﬁ%‘?(

al kyl am no, Ianlno carnon ato , al koxy
of 1 to 10 cabh@ﬂh@tyom;bopwpoxy, acetyl, carbamoyl acetoxy, carboxy, hydroxy, amino, alkyl

15  of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, or halo, (v) alkyl of 1 to 10 carbon
atoms, (vi) benzyl unsubstituted or substituted with 1 to 3 substituents selected from the
group consisting of nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy,
acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy
of 1 to 10 carbon atoms, or halo, (vii) naphthyl, (viii) benzyloxy, or (ix) imidazol-4-yl

20  methyl;

R'? is -OH, alkoxy of 1 to 12 carbon atoms, or

n has a value of 0, 1, 2, or 3;
RY is hydrogen or alkyl of 1 to 10 carbon atoms; and
25 R’ is hydrogen, alkyl of 1 to 10 carbon atoms, -COR'", or -SO, R'*in which R" is
hydrogen, alkyl of 1 to 10 carbon atoms, or phenyl.

Other representative imides include compounds of the formula:

[l
HoN—CH— (CnHzn)—C—R"?
R7

5

- 10 -



hal o, or (ii) the divalent residue of pyridine, pyrrolidine, imdizole,
napht hal ene, or thi ophene, wherein the divalent bonds are on vicinal ring
carbon atwoRp1o0R®33ss - CO -, -CH2-, or -S2-; R7 is (i) hydragemoiot3s®6 is
-S2-, (ii) straight, branched, or cyclic alkyl of 1 to 12 carbon atons,
(iii) pyridyl, (iv) phenyl or phenyl substituted with one or nore

substi tuent e 0,,sCyano,
trlfluorone?ﬁﬁﬁﬁmggghﬁﬁﬂgg??ﬂgﬁg %ﬁg@hk%sqﬁggr éﬁ%@g%§f%9%%§%%s aIlc(:jarb anoyl ,
acet oxy, capboxygs theyaf,oxhereimm no, al kyl of 1 to 10 carbon atons, al koxy of

1 to 10 carbon ateo f 10 carbon
benoyl unauberi ¢ B BapsfriglgRiptd beay M 4rd & P2 iR ien R ER L ¢ ¢ om
t he group ce@haiysbr phgnydkubititutad, WlthCﬁll Or mbfel sﬁbdﬂﬁ[eﬁfi&ﬁdllydelectea[rheﬁdﬁdé@yly of
carbonethox car%p r Qpoxy, ac %> bano acet ox car boxy, hydroxy,
amno, a kyI 0 Yal P C ons, or

Pl Hiether o migo. cxing 'i‘i%élf’f&i?é’t K8 0’8 Cofbqrer Rty CRFBIPPREY

halo, (vii) aé@ﬁhéakwnoyf, Wdtdxy, &%b&ylt%bxy,oarmlﬁé &)kylsmd@aolcalﬁoyamﬁ@tamwxy R12

is -OH al kox 1 to 12 carbon at ons, has a value of 0, 1, 2, or

3; RBis hyérfi;&é}rp gFbog|afeps, grhalp, (i) %Zﬁ&ﬁ%ﬁlt&%pﬁs&ubﬁwemﬂh pee Rykiedgen,
alkyl of 1 kthlReRataofat @i orddPRHisut of BRI BinkBlcRufE QulbSinbiuelr 0gen,
al kyl of 1 tosloecarbon afbnsegﬂ) p eﬁm'éocx eE}représeﬁEagﬁ%ealnlgég

i ncl ude conpobadsthefy, cdﬁboprrmomlaadalmdaﬂpdmymwm% cabdxy, biskept abine, dlgllt s,

sol vate h t | .ath tere
whereln%ORY%?£ﬁ??§ﬁgﬁvg%6%@%8§Fgﬁéﬁé§%%§$gg&%fréqgﬂﬁgﬁ%%ﬂgﬁ(%gﬁﬁgﬂog?bon

at ons, (||)opymmdymanihbmimpﬁenyl or phenyl substltuted mnth one or nore
substituents eac use othe n1n|tro cyano,
trifluoromethyl, cé?ﬁgfﬁﬁyﬁ gg&ﬂg g?@ﬁb?ﬂb @@QT car banoyl ,
acet oxy, carboxy, hydr oxy, am no, aIkyI of‘&ﬁto 10 carbon atons al koxy of
1 to 10 carbon atons, or halo, (iv) benzylythsubstituted or substltuted
with one to three substituents sel ected f romPt he group consisting of nitro,

cyano, trifluoronethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl,
carbanmoyl, acet O%Mereﬁfl’aﬁ?@%a){ue Mo oy 3;ami no,  al kyl
15 RY is hydrogen or alkyl of I to 10 carbon atoms; and

R’ is hydrogen, alkyl of 1 to 10 carbon atoms, -CH,-pyridyl, benzyl, -COR'?, or -
SO,R" in which R" is hydrogen, alkyl of 1 to 4 carbon atoms, or phenyl.

Other PDE4 modulators include the imido and amido substituted alkanohydroxamic
acids disclosed in WO 99/06041 and U.S. patent no. 6,214,857, each of which is

20 incorporated herein by reference. Examples of such compounds include, but are not limited

R? C\ /R3
Lol g
2 RS (C,Hy)—C— III— O—R4

R*

to:

5

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:

25 each of R' and R?, when taken independently of each other, is hydrogen, lower
alkyl, or R' and R*, when taken together with the depicted carbon atoms to which each is
bound, is o-phenylene, o-naphthylene, or cyclohexene-1,2-diyl, unsubstituted or substituted

with 1 to 4 substituents each selected independently from the group consisting of nitro,

-11 -



of 1 to 4 carbon atons, al koxy of 1 to 4 carbon atons, or halo, (v)

napht hyl, (vi) benzyl oxy, or (vii) imdazol-4-ylnethyl; R12 is -OH, al koxy
of 1 to MRocardnesssat ons, - O CH2-pyridyl, -O benzyl or - Kcohse@on23sas a
value of 0, 1, 2, or 3; R38 is hydrogen or alkyl of 1 to 10 carbon atons;
and R9 is hydrogen al kyl of 1 to 10 carbon atons, -CH2-pyridyl, benzyl,

- i ]ng[ f bon at oms,
or phenyl &%@%@Ejﬁﬂlew@ F%F%%yi %(r: %arbﬁkg%h)gpgceé' {)b%gl(é étl t ut ed
al kanohydr oneﬁmxy, achas, lmdmlyoamdo |afd<y\]/é®u@n9/d(hﬂifyzﬂahnamdcﬁlhrﬁnom1t}énf 1 tol0

6, 214, 857, gh otf whi.ch fl nGor ora{ ed hg ef n by reference. Exanpl es of
such corrpouﬁ%r on HomyEoxpat! o' RN Fofs @ S and phar maceuti cal |y
accept abl e sal t SR’ 8@h1 ambstitiyedmatheim @Heab bouatestitusiteseboted divel the ganp
prodrugs _t her eof, erein: each of Rl r% R2, when taken i ndependentl|y of

each ot hér, PEIPaPigyEn cyiomkrlugropeihyl 6 ﬁ&ownaarb@netmncaﬁ%mowget her

with the deﬁb&}tle&r& oPpﬁce@Jx?n&rE&yVﬂ}U@iy%ﬁﬂo lafkcyPOUING, 10ic8rbOn RBARIAS
o- napht hyl ene, ohexene- 1, 2-di'yl , unsubstituted or substituted with

to 4 substi pﬁbﬁt 150 @dﬂ@ﬁ atm)sedlfdthiq 9fdé9éﬁ@€h9n gtomp. gy gpysloplkewnefidieiong of
i tro, cyano,hhi Inbllﬂg’@Jﬂ%té}woalkfl?c{ei?éﬁé?%yc3 -6 ahﬁﬁ&én'éﬁ%ﬂﬁ gﬁ'@&{gozﬂﬁixy’

acetyl, carbanoyl, dcetoxy, boxy, Hhydroxy, am no
di al kyI am ndaloacyl anino, alkyl of 1 to 10 carbon at ons, aI koxy of 1 to 10

carbon gpons, ang E%‘aﬁ’wéﬁ%ﬁl &H?QX'car%B'P%}n% %‘h&%l %Q}zyf om one to four

substituents sel ec roup consr's cyano,
trifluoromnet hyl, Rtar tydtdzoxyr, allcyibf)bt’(m Euoboy, ata@a; bopropoxy acetyl, carbanoyl,

acet oxy, car boxy ydr.oxy yl 0 carbon atons, al koxy of
1 to 10 carbon aR oﬁﬁgﬁér 2?(2(})0 ¥t ’Ig r%{%%r% atons, benzyl oxy,

cycl oal koxy of 3nhe Hvatidrdionl,atons, C4-C6-cycl oal kyl i denemet hyl,
C3- Ci o-al kyl i denenet hyl , i ndany| ox and hal o;. R4 is hydrogen, aI kyl of 1
to 6 carbon at onk SOpRERPPd lnﬁPtSBE%%f§F4 medulpigr iyherigheking Forapqup. s 17t o 6

carbon a50nMBharmaceutically acceptable salt, solvate, hydrate, clathrate, stereoisomer, or prodrug
thereof:
3-(3-ethoxy-4-methoxyphenyl)-N-hydroxy-3-(1-oxoisoindolinyl)propionamide;
3-(3-ethoxy-4-methoxyphenyl)-N-methoxy-3-(1-oxoisoindolinyl)propionamide;
N-benzyloxy-3-(3-ethoxy-4-methoxyphenyl)-3-phthalimidopropionamide;

20 N-benzyloxy-3-(3-ethoxy-4-methoxyphenyl)-3-(3-nitrophthalimido)propionamide;
N-benzyloxy-3-(3-ethoxy-4-methoxyphenyl)-3-(1-oxoisoindolinyl)propionamide;
3-(3-ethoxy-4-methoxyphenyl)-N-hydroxy-3-phthalimidopropionamide;
N-hydroxy-3-(3,4-dimethoxyphenyl)-3-phthalimidopropionamide;
3-(3-ethoxy-4-methoxyphenyl)-N-hydroxy-3-(3-nitrophthalimido)propionamide;

25 N-hydroxy-3-(3,4-dimethoxyphenyl)-3-(1-oxoisoindolinyl)propionamide;
3-(3-ethoxy-4-methoxyphenyl)-N-hydroxy-3-(4-methyl-phthalimido)propionamide;
3-(3-cyclopentyloxy-4-methoxyphenyl)-N-hydroxy-3-phthalimidopropionamide;
3-(3-ethoxy-4-methoxyphenyl)-N-hydroxy-3-(1,3-dioxo-2,3-dihydro-1H-

benzo[ flisoindol-2-yl)propionamide;

30 N-hydroxy-3-{3-(2-propoxy)-4-methoxyphenyl}-3-phthalimidopropionamide;

3-(3-ethoxy-4-methoxyphenyl)-3-(3,6-difluorophthalimido)-N-
hydroxypropionamide;

3-(4-aminophthalimido)-3-(3-ethoxy-4-methoxyphenyl)-N-hydroxypropionamide;

3-(3-aminophthalimido)-3-(3-ethoxy-4-methoxyphenyl)-N-hydroxypropionamide;
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R5is -CH2-, -CH2-CO, -SO2-, -S-, or -NHCO-; and n has a value of 0, 1, or
2. In sonme enbodi nents, the PDE4 nodul ator is the follow ng conpound, or a
phar macewvoealdogsmsecept abl e salt, solvate, hydrate, cl arbraisey10/023533

st ereoi somer, or prodrug thereof:

3- ( 3- et hoxy- 4- net hoxyphenyl ) - N- hydr oxy- 3- (| - oxoi soi ndol i nyl ) pr opi onam de;

3- ( 3- et hoxy- 4- net ho nyl ) propi onam de;
N- benzyl oxy- 3- (3§ Zyﬁ%e%%ﬁpwﬁ)é oxypﬂgprﬁ F@ éj pﬁ%ﬁ{a?ﬁl op}r\lopl onani de;
N- benzyl oxy-h@drp8ypedtiannide: net hoxyphenyl ) - 3- (3-ni t r opht hal i m do) pr opi onami de

N-benzyl oxy- 3- ( 3NAPASRY 243 et MRy DBy -4 010isg g B DR8I AY S or opi onari de:
3-(3-et hoxy 4- mespxyaidpetityloky-Mehythlsx@syengh phhfdrbityns -gioproijoindp kil de;

N- hydr oxg 3, 4- di pet hoxyphenyl ) - 3- pht hal i m dopr opi onam de;

3-(3-eth xyp T yPhenyl ) - N- hydr oxy- 3- (3- ni tr opht hal i ni do) pr opi onani de;

N-hydr oxy- 3- ( 3, 4NCHcABIAGXY. )41%etﬁlbx éli bebphitha) iti RDpropid A ki
3- ( 3- et hoxy- 4- net ho%{l}gnyﬁh@% roxg./ q.)(r)rjeﬁl(il %ﬁl ha|(IQﬂlb gl)propl onani de

. 3-(3- cycl opent PthexlDE4 W@@H@tﬁgﬁpwéwt ¢ Nbﬁyerﬁ%ﬁlgensthblﬁlﬂlﬁaps WoEBHedpR Beani de;
3- ( 3- et hoxy 5&61&?%39%%9&@%%12011’1\&1@ QB&B( yEx%m%ies 3 gl'cﬁ%&m?vuﬁdsdiha}f@é’ Batl KGR Z Ol

f]i soi ndol - I onamd
N- hydr oxy- 3difiited 2, fhoepdisajsedtimteShiptand he 62,338, pHti¢hal invbported ficwiveyi de;

g- (3-et %Xy're‘%élgﬁcteh&ﬁ%ﬁ’%f%é }He%lio%?g;di f | uor opht hal i m do) - Nhydr oxypr opi onami
€,
3- (4-am nopht hal i m do) - 3- ( 3- et hoxy- 4- met hoxyphenyl ks N-hydr oxypr opi onam de;

3- (3-am nopht hal i m do) - 3- ( 3- et hoxy- 4- met hoxyphenyl/) - N- hydr oxypr opi onam de;
3- (3-acet oam dopht hal i m do) - 3- ( 3- et hpxy- 4 met h enyl ) - Nhydr oxypr opi onami
%

de; N hydroxy-3- (3, 4-di met hoxypheny prioRi nyl ) pr opi onam de;
3-(3-cycl opent yl oxy- 4- net hoxy pR& | - oxoi soi ndol i nyl)

pr opi onam de; or
N- benzyl oxy- 3- ( 3- et hoxy- 4- met hoxyg ‘ éd(g Wi t ropht hal i m do) pr opi onam de
. Other PDE4 nodul ators includethe subsfltute§H§h§ stHyl sul f ones
substituted on the phenyl group wth,a oxoisoindine group. Exanples of such
conmpounds i nclude, but are not ’

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
the carbon atom designated * constitutes a center of chirality;

15 Y is C=0, CH,, SO,, or CH,C=0; each of R', R%, R®, and R*, independently of the
others, is hydrogen, halo, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, nitro,
cyano, hydroxy, or -NR®*R’; or any two of R, R*, R®, and R* on adjacent carbon atoms,
together with the depicted phenylene ring are naphthylidene;

each of R’ and R, independently of the other, is hydrogen, alkyl of 1 to 4 carbon
20  atoms, alkoxy of 1 to 4 carbon atoms, cyano, or cycloalkoxy of up to 18 carbon atoms;
R’ is hydroxy, alkyl of 1 to 8 carbon atoms, phenyl, benzyl, or NR¥R’;
each of R® and R” taken independently of the other is hydrogen, alkyl of 1 to 8
carbon atoms, phenyl, or benzyl, or one of R® and R’ is hydrogen and the other is -COR'" or
-SO,R"™, or R® and R’ taken together are tetramethylene, pentamethylene, hexamethylene,
25  or -CH,CH,X'CH,CH,- in which X' is -O-, -S- or -NH-; and
each of R® and R’ taken independently of the other is hydrogen, alkyl of 1 to 8
carbon atoms, phenyl, or benzyl, or one of R¥ andR” is hydrogen and the other is -COR'
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limted to, those disclosed in U S. patent no. 6,020,358, which is

i ncorporated herein by reference, which include the follow ng: and

phar macewvoealdogsmsecept abl e salts, solvates, hydrates, etCatuse@nos3ss3
stereoi somers, and prodrugs thereof, wherein: the carbon atom desi gnated *
constitutes a center of chirality; Yis CO CH2, SO, or CH2C=0O each of

RL, R2, R3, ,angh Ré: o ﬁdﬁgfgd%%% %()g%g%rta?eetegﬁrgﬁféﬂeneif gen*ﬂa)ﬁ%'i%%@; hal o, al kyl

of 1 to 4 carbon atons, 0oX 0 4 car atons, nI'tro, cyano,

hydr oxy, or hedR8R§Ienoror afilh,GHvX OF, (Rl irRRhicIRE” isafd -R4ooiNHrdj acent car bon
atons, together wth the depi d .phenyl ene. rin re napht hyli dene:. . each of
R and oo naephidht MRS E P B b e ot e FROF B ¢ RSy bon
at orms, al koxyplahethyls@fohes; dich drhalk eimbonaeit@n @heroR’ i WR*AA] koxy of up to 18

carbon atonms; R7_is hydroxy, alkyl of 1 to 8 carbon, atons, phenyl, benzyl,
or NR8RO”; each BYSORS egﬁﬂd%@ntﬁ’éﬁ‘%ﬁ“%%%é‘ﬁed ACIY WEichiThis Co:pnﬁg K5 hydr ogen,

alkyl of 1 to 8 ﬁ%tﬁl@@m@é&ﬂi@mtsﬁﬁ@&‘{ﬂpouﬁfs aReNE¢lin whlchend AR RE ahdndRR* i s
hydrogen and the other is -CORLO or -SO2R10 , or R8 and Rg taken t oget her

0
ar e t et r ametifgpadentlygd Hieatherhin wdegen dxlanpethyl ehd, methoxycrthopp KEOHRERB- i n
whi ch X1 i S158av0 wS- 9+ - (% 9 i ndent |y of
the ot her i ély%;‘}’éyr’é’ggﬁ%af%w%?fg Ot?lgg %ldgiart%%ﬁ%g%%%?ﬁtgﬁg#yew&g%ebenzyl , or
one of R8 ahgdrRgnics nivjigt ogew cARdandik iphidspgengind GERIGOS -C8CPIRIO , or R8 and
RO t aken,t oget he . e I , t byl 4 or
- CH2CH2 % CH2CHe- fn Oﬁﬁe?mﬁ%@}t%&@g&ggy‘! ‘8%?’09‘%‘% %gt?‘rg & EMQ? ton%/]\ﬁ??gé 'f‘ap%??ci at ed
t hat whil e foiNHand érirendsing heR aBARE, adieunidsirace i dentified as

phenet hyl sul fones, they include sul fonam des when Rg;_i SW 3 I n._some
enbodi ment's,  t he LM SUABLmERS ThremwoaE Bipc Puickoes o Rp Ky 44 her
enbodi nent s js NHCEOHPAUNGScAbRidcRIRE RENRIMAKCR® ga6idredenRl, R2, R3, and R4
i ndependently of the others, is hydrogen, halo, nethyl, etl%g et hgxy,
ethoxy, nitro, cleies cRYetBRYS i comaeBies rhoitit Whisa o 8fR RB - dnd R t aken
i ndependsent iy NoEHE)NEh dthd Rinalrind WH' OB R Qhd FELRYYdRkeONe Of R8 and R9 is
hydrogen and the other is - . In’other enbodi nents, t he conpounds are
those in which oheothsr cRbodiments,pige coappguiRly ayosthosp whieH onhef R eRaifni avg Fof R1,
R2, R3, and iﬁﬂetﬁ\fle&nﬁ'mrrggﬁﬁ'ing of R', R?, R?, and R* are hydrogen.
In other embodiments, the compounds are those in which one of R', R% R® and R*

is fluoro and the remaining of R', R% R, and R* are hydrogen.

20 In other embodiments, the compounds are those in which each of R” and R®,
independently of the other, is hydrogen, methyl, ethyl, propyl, methoxy, ethoxy, propoxy,
cyclopentoxy, or cyclohexoxy.

In other embodiments, the compounds are those in which R’ is methoxy and R® is
monocycloalkoxy, polycycloalkoxy, and benzocycloalkoxy.

25 In other embodiments, the compounds are those in which R’ is methoxy and R® is
ethoxy.

In other embodiments, the compounds are those in which R is hydroxy, methyl,
ethyl, phenyl, benzyl, or NR¥R” in which each of R® and R’ taken independently of the
other is hydrogen or methyl.

30 In other embodiments, the compounds are those in which R” is methyl, ethyl,
phenyl, benzyl or NR¥*R” in which each of R® and R’ taken independently of the other is
hydrogen or methyl.

In other embodiments, the compounds are those in which R” is methyl.
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I n other enbodi nents, the conpounds are those in which one of Rl, R2, R3,
and R4 is -NHCOCH3 and the remaining of RlL, R2, R3, and R4 are hydrogen. In
ot her enbwdi2o@nivsssst he conpounds are those in whi ch onepof/uR010823535k3, and
R4 is -N(CHs)2 and the remaining of RL, R2, R3, and R4 are hydrogen. In

ot her enbodi nents, the conpounds are those in which one of Rl, R2, R3, and
R4 is nethyl andt r k-ni , : rghr . 14 | n ot her
enbodi nent s, thehEg%%Sgﬁgﬁﬂﬁggt@%ﬁgﬁmﬁﬁ%ﬁﬁﬁgﬁwgﬁgh§ﬁR%Tﬁ“@églﬂ%%ﬂgnd R4 is
fluoro and the of &TmndRAgked inRipen@®ly RBthe athdr RAydogenhyydretipén. | n ot her

enbodi nents, the.co ds .are t.hose in ich each qf RS and. Rg,

i ndependent | y ofOﬁﬁgpgﬁﬂgPﬁaWQ“H?g?6dﬁﬁﬁﬂﬁﬁﬁﬁ§ﬁF“%Fﬁ9F?£B¥%%§P?“ﬂ€{hoxy,

et hoxy, pr opoxyoundydibad@edinoX )y, pant ay.Cl, 7B ®EBXyhicH 8 imdbiperatedmbdi tyent s, t he
conmpounds are those in which RS is netq$xg ang R6H%$ nonocycl oal koxy,

pol ycycl dal KgR§ncea RGPIsesAGEs eqgnarrRGpeludeiiee REfor@iBodi nent s, the conpounds
are those in which R5 is nmethoxy and R6 is ethoxy. |In other enbodi nents,

t he conpounds are those in which R7 is hydroxy, XY | et hyl , phenyl,
benzyl, or NRBR9 in which each of R8 and RO tgkeqd i ndependently of the
other is hydrogen or nethyl. In othey i de conpounds are those
in which R7 is nethyl, ethyl, ghenyll  bepzyl ©NRSRO }.n which each of R8
and R9 taken independently of the& f i's hydrogen or?methyl. In other
enbodi ments, the conpounds are thg n WNTA\R7 is nethyl.In other

enbodi nents, the conpounds are 03e”1 n Yhi ch \R#zi s NRBR9 i n which each of
R8 and R9 taken independently éf the other is hydrogen or nethyl. O her
PDE4 nodul ators include fluoroal koxy4asubstituted 1,3-di hydro-isoi ndolyl
compounds disclosed in U 'S. patent no. 7,173,058, which'is incorporated
herein by reference. Representative c oynds include those of fornula: and
phar maceut i aad PRATARCCRIAED PReCRAR ?é%ltsssafve dgdra {f&%‘ﬂ%@?a SErQsAPasedd

st er eoi SOMEh&dnaR theRIoPHWHegSn:t her eof , wherei n:
Y is -C(O)-, -CH,, -CH,C(O)-, -C(O)CHas-, or SO,
10 Z is —H, -C(O)R?, -(Cy.1-alkyl)-SO»-(C).4-alkyl), -C).s-alkyl, -CH,OH, CHx(O)(C.s-
alkyl) or -CN;
R; and R; are each independently -CHF,, -C; g-alkyl, -C;_1g-cycloalkyl, or -(Cy_4-
alkyl)(C;.1s-cycloalkyl), and at least one of R; and R, is CHFy;
R’ is -NR*R’, -alkyl, -OH, —O-alkyl, phenyl, benzyl, substituted phenyl, or
15  substituted benzyl;
R* and R” are each independently —H, -C; s-alkyl, -OH, -OC(O)R’;

R® is —C, g-alkyl, -amino(Cy.g-alkyl), -phenyl, -benzyl, or -aryl;
X1, X», X3, and X4 are each independently -H, -halogen, -nitro, -NH,, -CF3, -C¢-
alkyl, -(Co4-alkyl)-(Cs.¢-cycloalkyl), (Cos-alkyl)-NR'R®, (Co4-alkyl)-N(H)C(O)-(R®), (Co4-
20 alkyl)-N(H)C(O)N(R'R®), (Co.4-alkyl)-N(H)C(O)O(R'R®), (Co.4-alkyl)-OR®, (Co4-alkyl)-
imidazolyl, (Cy.4-alkyl)-pyrrolyl, (Co.4-alkyl)-oxadiazolyl, or (Cys-alkyl)-triazolyl, or two of
X1, Xa, X3, and X4 may be joined together to form a cycloalkyl or heterocycloalkyl ring,
(e.g., X1 and X3, X5 and X3, X3 and X4, X; and X3, X, and X4, or X; and X4 may form a 3,
4, 5, 6, or 7 membered ring which may be aromatic, thereby forming a bicyclic system with
25  the isoindolyl ring); and
R’ and R® are each independently H, C;.o-alkyl, Cs.s-cycloalkyl, (Ci.s-alkyl)-(Cs.¢-
cycloalkyl), (Ci¢-alkyl)-N(R'R®), (C,¢-alkyl)-OR®, phenyl, benzyl, or aryl.
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Yis -C(O-, -CH2, -CH2C(O-, -C(OCH2-, or S Zis -H -C(O R3,
-(Co-i-alkyl)-S0 2-(Ci-4-alkyl), -Cl-8-alkyl, -CHOH, CH2(O (C 1-8- al kyl)
or -CN, Rwvoandyd@2ssare each i ndependently -CHF2, -G -s- alPkyhys2010/023533

-C3_i 8-cycloal kyl, or -(Cl-1Calkyl)( C 3_i 8-cycloalkyl), and at |east one
of R and R2 is CHF2; R3 is -NR4R5, -alkyl, -OH -0Oalkyl, phenyl, benzyl,
substituted phen Lt ut. o N endent |y
T L el kyt Ol POEEHBRMEH R RERE Han R i B BAET L IRRAA

- phenyl, - bé&hgyhtenioro. 6,863;940; MiterXioKal pagnicbuklicatien eesc WO RABHSHGERdYWOH,

- hal ogen, -nj - N\ -CF3, -Gl5 .7, al - -4-al kyl)-(C. .. .

2 6 oyel oal AU ORopRBIS gl iie. et vl Bleityiesfial iy ey Bipticnion e

al kyl) - N( H) CoaayN6R1 0R8) put{lickddaaduktyzk ) 2086 NG Q)HXhRre/ M8)rpora @ hdreiml by | ) - OR 8,
(C0-4-al kyl)-. imdazoly|, (Cg-4-alkyl)-pyrrolyl, (Co-4-alkyl)-oxadiazolyl,
or (Co-42al KSfP¥ader #%%?5911 e,mbgﬁmt%a bF C%ar,%xé% arsat ergionngy Oﬁﬁiflﬁeewyﬁ d

t oget her t o pfeqf ENED oY dul By IR 1R E A6 FhARLKYINdS1INRT, 3-i8ndand ol and X2,
X2 and X , Xear?gh?(lﬂef,yl&i anljg&)%& yXZ%ﬁd S(G%ﬁ or )_(i1 an(_il X4 nlalgl/ a1"oram a3, 4, 5,
6, or 7 nenSerEame; ofg-GHrdimehayy-phenahdrdtore; L3t dbydspipomdeld-Wgr a bi cyclic
systemwi ththe Lsgindolyl ring); and R7 and R8 are each independently H,

C -9-al kyl, -6-cycl oal kyl, (G _6-al kyl)-(C3_6- cycloal kyl),

(G _6-al kyl ) - N( RiizR8)in efnBpdigwenib ki FDERB0OPhemyirovidsdesein argd-(Afyl . Ot her PDE4

nodul at Qis i | h nti oner,i l.v .pur 0 isclosed in U S
pat ent 29 8%&%"?‘31{%?&”%?@'%’%’{ ﬂ%ﬁ%ﬂ%%a iR 1‘%3@%‘%@?%’%‘1%%“& WD 2003/ 080048
an? V\P 20gﬁkﬁBQQdiﬁtneddrtﬁx%lhz@;cgh{fé[;}O(i—e'vhoS)l—Z;rﬂegllﬂgxt)fﬁah?nyi\]w}hie?mg%mf@ig(lﬁandl Iu S];
at en u | caLl.on (0) , I.shne u , , a (0]
o o aPe ey R0 d S 2oL e RS S BB GRES, The

conpounds  am R WerRanN NI OBes 4-0fimethpry-f@2nf)-BAXYxd1 3-dihydro-isoindol-2-yl)-

nmet hoxyphenyl ) - 2- net hyl sul f onyl et hyl ]| - 4- acet yl am noi soi ndol i ne- 1, 3-di one
and an enanPi®isrmisie has the follogingahaBicol SYNEHIFF ) - 3- (1

- 0x0- 1, 3-di hydro-isoi ndol -2-yl)- propionamde. In certain enbodi nents, the
PDE4 nodul ators provided herein are 3-(3, 4-odi et hoxy- phenyl )-3-( 1-oxo-

1, 3-di hydr o-i soi ndol - 2-yl ) - propi onam de and O

o 0
b,
15 .

Other PDE4 modulators include, but are not limited to, the cycloalkyl amides and
cycloalkyl nitriles of U.S. patent nos. 5,728,844, 5,728,845, 5,968,945, 6,180,644 and
6,518,281, and WO 97/08143 and WO 97/23457, each of which is incorporated herein by

reference. Representative compounds include those of formula:

20 R

5

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and

prodrugs thereof, wherein:
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cycl opropanecar boxyl i c acid

{2-]1-(3-ethoxy-4-net hoxy- phenyl ) - 2- net hanesul f onyl et hyl ] -

3- ox0- 2, 3woizhdwess H-i soi ndol -4-yl} -am de, which are acaiusablos23s8omM

Cel gene Corp., Warren, NJ.

3- (3, 4- D met hoxy- phenyl ) - 3- (I - 0x0- |, 3-di hydro-isoi ndol - 2-yl )- propi onam de

has the follow ng g 2 f u A but
are not limted gb(ﬂg%gﬁgbc Pi%ﬁ&ﬁmoﬁ%@ﬁgﬁggga P@gl§§%@h¢%¢€§%§ of U.S.
pat ent nos. cobd@8yByatkoxh a@'@tﬂ, M&md’yl 96@9;@4&rb@y1mrm4armnd, 16y&h8y281, and
WO 97/ 08143, and § 234§%, each of which is incorporated herein by

ref erence. ﬁé i 8SERY ?O ¥ "tohpounds i ncl ude those of fornula: and
pharnaceutlcalIyRésmﬁmb@bkﬁmgabksdoﬁpﬁv&ﬂeﬁamhydﬂ@ﬂeBmgmhakmmaﬁeﬁnm
stereoi sonmers, and prodrugs ttiuaer H wherein:one of RL and R2 is R3-X- and
the other is hyd?(dbg?ﬁrb% arpn 89‘§ 55t 95 -Pruor onet hyl, carbo(l ower)al koxy,

acetyl, CarbanDyR,m%ﬁ%&%ﬁ%ﬂmﬁa&Q@%Mnu&MH%ﬂ%Mm&ﬁﬂhmﬂmoBQM&#m@hﬁ%&m,|0WBF
alkoxy, hal o, or i s nonocycl oal kyl, bicycl oal kyl

benzocycl oa|S¢49qteddﬂdqn>snéeaﬂ>1§0@am% AY P OO, t@ﬂqogor@ﬂtyér%@ﬁﬂe\a@rwfpxw@atyL- CH2- ,
or -O; RS 'o?ca(rwnogl RAGBYHERE or $BIHASE lVEtH‘ic%r ﬁ<?/15 &B%&kgtdé}t%qy,"ﬂgh%x} to 3

substituents each sel ected i ndependently from fro ano
trifl uor ometmmyo, lopar idb:(llamwerlpalsmﬂ)amlrmeltlywer abkoxaa(rﬂbamyially dgivslabygedidugt ed or

ZFE;} Ia}nl’lhgd F\%\z\ginl @@‘foh% %ylhlda%&gtr%éythalg%oQloﬁg%?hg}% al?eé%/m Ih%rﬁ:]\i%?ena]il)(gla ent

resi due of pmmmﬁmmﬂmmgcmb@1dmne(nmmwdambyéwdmamhﬂbahﬂmeg@hﬂ&%yhﬁhane,
wherein the djval ent bonds are on VICIn

Vet nal 1y GEVRIBHETEyRBRT R SerteRFb T dry P R e heTDeEh Tt o,
unsubsti t ut edlepdndsinilStdnt the @ebupicbiisling 6f Btrs Whsdd, halgntiiu@ambihgiel ect ed

i ndependently fromthe group conS|st|Q% of nitro, cyano,. hal o,
trlfluoroneFﬁPPamﬁﬁPHBEYéﬁﬁY)%F a @@@Fmb%%r%6W%v|mma%é9%%y, car boxy,

hydr oxy,15aMafkQtantiMwehikyl %Wef‘ﬁlko;lyog\ﬂfheﬁ’}llkd\l’)zwﬂy@ff(@'ﬂl ankt%éd weth 1jhenyl

(iv) vinylene di- substituted with I'ower kyl’; v yl ene,
unsubst i t ut ekyber oo abslahs upsubstdeeder merpsEstijutadios élSWSflhltqdowé}r lowkiafkyl: R6 i s

_Eﬁ; -CﬁfQ-NH%r BCﬁ2@§> c@%@&~t§F@® -CN, -OR8, lower alkyl, or aryl; Zis
Y is COZ -C=N, -OR®, lower alkyl, or aryl;
Z is -NH,, -OH, -NHR, -R’, or -OR’
20 R® is hydrogen or lower alkyl;
R’ is lower alkyl or benzyl; and
n has a value of 0, 1, 2, or 3.
In one embodiment, one of R' and R?is R*-X- and the other is hydrogen, nitro,
cyano, trifluoromethyl, carbo(lower)alkoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy,
25  amino, lower alkyl, lower alkoxy, halo, or R*-X-;
R’ is monocycloalkyl of up to 10 carbon atoms, polycycloalkyl of up to 10 carbon
atoms, or benzocyclic alkyl of up to 10 carbon atoms;
X is -CHj-, or -O-;
R’ is (i) the vicinally divalent residue of pyridine, pyrrolidine, imidazole,
30  naphthalene, or thiophene, wherein the two bonds of the divalent residue are on vicinal ring
carbon atoms;
(i1) a vicinally divalent cycloalkyl of 4-10 carbon atoms, unsubstituted or substituted
with 1 to 3 substituents each selected independently from the group consisting of nitro,

cyano, halo, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl,
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R8 is hydrogen or lower alkyl; RO is |ower alkyl or benzyl; and n has a
value of 0, 1, 2, or 3. In one enbodinent, one of RlL and R2 is R3-X- and
t he ot herwdotwdsssgen, nitro, cyano, trifluoronethyl, cachaskewsrisas koxy,
acetyl, carbanoyl, acetoxy, carboxy, hydroxy, am no, |ower alkyl, |ower
al koxy, halo, or R3-X-; R3 is nonocycloal kyl of up to 10 carbon atons,

pol ycycl oal Iéélét%?ﬂ; %awoé&%y,li%g&%@?’ s@gsﬁgﬁe(dl a?rﬁ;(uﬁ%ﬁ&?&tylﬁtjgilﬁ ;nggﬁ/ lltPIng a'i’k%xgo 10

carbon at ons; e VI Ci Ival ent residue
of pyri di neof pyr Fodartginnems| onphazyd] e, napht hal ene, or thi ophene, wherein the

two bonds of the .djval ent residue are.on vicinal ring.carbo tons; (ii) a
vicinally dival emq) aé373?S&éﬁtiﬁ‘imyg?neﬂsi“%ﬂlt%tgﬁi B’gﬁngﬁoo%?o’gﬂ@ﬂ%%ql%@ﬂt ed or

subst i t ut ed civbéthoxly, tab@EnEtxs] dakthoprdpsx g acdyls@kteeiopl) carbarpe Bitifuted withom t he
group consi sti of. nitro, cyano, halo, trifluoronethyl, carbethoxy,

car boret Rox§™d Q%lwébﬁ% Ehon HeiBt greionyarasBay Y disat %&19& EHRBVRS Y HHBxy,
am no, substkhhmyed 1308 RYboRhNE, Ayl 4f T @ 41QreaLRAR, AkOFTf 130 K exBoPitohs,t 0 10
carbon atons, or phenyl; (iii) di-substituted vinylene, substituted with

nitro, cyan® halesif| uoromet hyl, carbethoxy, carbonethoxy, carbopropoxy,

acetyl, carbamoyliy) GRGRMpAHRR: Witk fRlihilh 1309 sBhdiklen@lach bRy carbon
atonms, acetoxy, cdrboxy, hydroxy, amno, am no substitut eg with an al kyl of
1 to 3 car bonlepandemsly fednkyitroofyano, tréflubraraatipdreatbcthosy. cabkogthonf, carbepgoppxgar bon
at ons, h v (v hyl.en i t ith ]l to 2
substi t 32 nt géeg}gt‘f(?rbsa)ﬁoﬁ t %rhar}q(ﬁlé 8 pgﬁg‘%ﬁh@%g %lrl’f? {ﬁ)fﬁk{gﬁ C%{S’gltrl\ gtfgmw acQoxy,

trifl uor onmethpbxy, balrtvet, himiag, antias bdredited xwith ao atdybli lop xirboaaein) alkyd af banoyl ,

Car Doy, hydF PO A o GtsHP Bl SRR an al kyl of 1 1o 3 carbon
atons, al kyl of ®°®{s0cé- canbos -ae0®,; al koxy of 1 to 4 carbon atons, or
halo; R6is -CO, -CH2-, or -CHCO-: Y is -COX, -CN, -OR8, alkyl of 1 to 5
carbon atons, or Yds —ﬁ(’)X, -C=N, -OR?, alkyl of 1 to 5 carbon atoms, or aryl;

15 X is -NH,, -OH, -NHR, -R’, -OR’, or alkyl of 1 to 5 carbon atoms;

R® is hydrogen or lower alkyl;

R’ is alkyl or benzyl; and,

n has a value of 0, 1, 2, or 3.

In another embodiment, one of R' and R*is R*-X- and the other is hydrogen, nitro,

20  cyano, trifluoromethyl, carbo(lower)alkoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy,
amino, lower alkyl, lower alkoxy, halo, HF,CO, F;CO, or R>-X-;

R’ is monocycloalkyl, bicycloalkyl, benzocyclo alkyl of up to 18 carbon atoms,
tetrahydropyran, or tetrahydrofuran;
X is a carbon-carbon bond, -CH,-, -O-, or -N=;

25 R’ is (i) o-phenylene, unsubstituted or substituted with 1 to 3 substituents each
selected independently from nitro, cyano, halo, trifluoromethyl, carbo(lower)alkoxy, acetyl,
or carbamoyl, unsubstituted or substituted with lower alkyl, acetoxy, carboxy, hydroxy,
amino, lower alkylamino, lower acylamino, or lower alkoxy; (ii) a vicinally divalent residue
of pyridine, pyrrolidine, imidazole, naphthalene, or thiophene, wherein the divalent bonds

30  are on vicinal ring carbon atoms; (iii) a vicinally divalent cycloalkyl or cycloalkenyl of 4-10
carbon atoms, unsubstituted or substituted with 1 or more substituents each selected

independently from the group consisting of nitro, cyano, halo, trifluoromethyl,

carbo(lower)alkoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, lower
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Xis -NH2 -OH, -NHR, -R9, -OR9, or alkyl of 1 to 5 carbon atons; R8 is
hydr ogen or |ower alkyl; R9 is alkyl or benzyl; and, n has a value of O 1,
2, or 3. woamabbk®ss enbodi nrent, one of Rl and R2 is R3- Xctarsdomhesses her is
hydrogen, nitro, cyano, trifluoronethyl, carbo(lower)al koxy, acetyl,

car banoyl, acetoxy, carboxy, hydroxy, am no, |ower alkyl, |ower alkoxy,

hal o, HF2CO, - I 0 (o] - zocycl o
al kyl of upa%lgﬁ%loégoﬁwbegﬁlkéf %)n“sjgf él?%’&?aﬁyéﬁ%’p@‘b gv#,y’legfg dféé{%%tgrﬁ%gwgp &%é?n; Xis a
car bon- car belkybon@, eth@ieRe, unsuBstjtuted or MbrjosiRstiiuged (oir isobsp gy idnleywer alkyl;
unsubstituted or gubé{)i tahed WISH”l é,to 3 substituents each sel ected

i ndependent | y f r BnPAtPro Eyano, 2 IPo, trifluoromethyl, carbo(lower)al koxy,

acetyl, or carbamaylGoxinsebstORYLRE 61 t8 Bhatboh uiogd, ovatyht; | ower al kyl ,

acet oxy, _carboxy, .hydrox am no,, | ower al kyl am no, | ower acylam no, or

| ower al Roxy: (i{9)® ﬁ\n_% ‘c?%/ﬁ[vaNﬁ% C}jrg‘z/é?l%ﬁ?r a&@’ﬁf’ﬁﬁ?% arbAtishe " pyrrol i di ne,

i m dazol e, napht hdjs@P&oe@f ortii@pigne, wherein the dival ent bonds are on
vicinal ring carbpn atons; (iii) a vicinally divalent cycloal kyl or

cycl oal kenyl of B-#elkyhosAzydtddfs, unsubstituted or substituted with 1 or
more substituent gpeach;selrgct ed,independently fromthe group consisting of
nitro, cyano, halo, trifluordmethyl, carbo(lower)al koxy, acetyl, carbanoyl,
acet oxy, car boxyOthwypesgntatixarernspoundwesladdkpbsmif famulaower al kyl , | ower

al koxy, or phenyl; (iv) vinylene di-substituted with |ower alkyl; or (v)

et hyl ene, unsubstituted or rmnosubsti| uted or disubstituted with | ower
alkyl;, R6is -CO, -CH2-, or -CH2CO-;cY is -COX, -C N, -OR8, alkyl of 1to
5 carbon atoms, or aryl; Xis -NH2R5mN;HHR( FS%YCRE; or alkyl of 1 to 5
carbon atons; R8 is hydrogen or | owergal kyl: &52 s al kyl or benzyl; and, n
has a vdPue of O 1, 2, or 3. Oher |RepreBént ati ve .conpounds i ncl ude those
of fornula: and pharnmaceutically acceptable salts, solvates, hydrates,

clathrates, afd SaBRISOHRIIS accB®MEble salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
Y is -C= N or CO(CH,),,CHj5;
mis0,1,2, or3;

15 R’ is (i) o-phenylene, unsubstituted or substituted with 1 to 3 substituents each
selected independently from nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy,
carbopropoxy, acetyl, carbamoyl, carbamoyl substituted with and alkyl of 1 to 3 carbon
atoms, acetoxy, carboxy, hydroxy, amino, amino substituted with an alkyl of 1 to 3 carbon
atoms, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, or halo; (ii) the divalent

20 residue of pyridine, pyrrolidine, imidizole, naphthalene, or thiophene, wherein the divalent
bonds are on vicinal ring carbon atoms; (iii) a divalent cycloalkyl of 4-10 carbon atoms,
unsubstituted or substituted with one or more substituents each selected independently of
the other from the group consisting of nitro, cyano, trifluoromethyl, carbethoxy,
carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino,

25  substituted amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, phenyl or
halo; (iv) di-substituted vinylene, substituted with nitro, cyano, trifluoromethyl, carbethoxy,
carbomethoxy, carbopropoxy, acetyl, carbamoyl, carbamoyl substituted with and alkyl of 1
to 3 carbon atoms, acetoxy, carboxy, hydroxy, amino, amino substituted with an alkyl of 1
to 3 carbon atoms, alkyl of 1 to 4 carbon atoms, alkoxy of 1 to 4 carbon atoms, or halo; or

30  (v) ethylene, unsubstituted or substituted with 1 to 2 substituents each selected
independently from nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy,
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prodrugs thereof, wherein: Yis -CNor CQCH2)nCH3; mis 0, 1, 2, or 3; R5
is (i) o-phenylene, unsubstituted or substituted with 1 to 3 substituents
each sel ewpadig/mgadpendently fromnitro, cyano, trifl uor egesydiocaEsbet hoxy,
car bonet hoxy, carbopropoxy, acetyl, carbanoyl, carbanoyl substituted with
and al kyl of 1 to 3 carbon atons, acetoxy, carboxy, hydroxy, am no, am no
substi tuted w.th - - \ t ar bon
atons, al ko%égt}})lf Ca%?%&ﬁx%g%(g% 5%8%{56?%?1 g?%(?m(sfilit?b{% %Ilgmglgt\(/)a ’ea(r%%té)r()gsi due of
pyri di ne, pyabotyi, tydiexy, kmind] aohe subsaptet vathenelkyboef 1t thi3apitbenetomafringiofil t he

di val ent bondz? a_{ie gn vi £i nal rti Qﬂ: car bon atg1 . (iii) a divalent

cycl oal kyl & Y LAPH RO N APIBEMPUYEd %r substituted with one or

mor e substit uent R® gacH-,seHect@dcondepsndent |y of the other fromthe group

consisting of nityo, cyano, trifluoromethyl, carbethoxy, carbaonethoxy,

car bopr opoxy, acBt §It) S%aaglﬁézrﬁaweheie@t/ﬁ%,m &%Ffﬂgeewomg gl %ﬁa%{?c

substi t ut ed afil &0, to @b k¥boPitorhs:i(Bi) %Qri@@;r(QQ@hélsfpgﬁ‘Bstitﬁ‘tbK@i‘tﬂ o orlmér@ 10 car bon
atons, phenyl or halo; (iv) di-substituted vinylene, substituted with

nitro, cyan@ubstifupmtp %héé’#@‘%{%ipﬁepéﬁf%@f ROy otheralFdsm rbohdRYyo- EBIpbioxy,
acetyl, car QQI‘BP[MJ&X Fgﬁﬁ&mz &}B&%M b Geke éaPoaﬂﬁgl Ay, Qlbok ,tlﬁ/d?bxg?,ar bon

atoms, acetoxy, ‘boxy, hydroxy, am™o, amno substituted with an al kyl of
1 to 3 car bemimt graght dirdoghedoéyclic.top bigydaralionh ot wnid), cadiiok eteynsofiraitht. o 4 car bon

atons, qp hglgendr cgé{{géé)féigyélhﬁggdgé#nefr':{())lslt&ic%l%%ggto rs,rcglff}i’%&yfgetﬁ%?‘??a Wehiflodt tO 2

substituents eac rom ni

trifl uor omebhytljc atlaid bt tobdycarboa ntvaredrtaloy (v) bardybqubspaxy wabk ehyto threar banoyl |
car banoyl subst.jtuted wt nd al f to 3 carbon atons, acetoxy,
carboxy. hydnolertshstedh Atk Sudbly B Goot R ik niBy 530 3 var bon
atons, al kylrififordmdty1 AafRihbey) calbemBtho:al, ka¥ypréfoxy, debtyd cBARGM, 208t0XK, Or
halo; R6 is -CO, -CH2-, -CH2CO, or -SQ2-; R7 Is (if) strai ght or branched
al kyl of 1 cybe9: byleenamingndkylof i jo 4eacponatesps. pikeypeefi Ido 4P egrporptoms.top 12
carbon atonpy o dvi)inhpHil &g{,ﬁ)t{eh%)o}@bﬁ{ayl substituted with one or nore
substituents each sel ected i ndependently of the other fromnitro, cyano,
trifluoromethyl, nbgrbefuesxy, |.2asbonet hoxy, carbopropoxy, acetyl, carbanoyl,

acet oxy. - car boxyy YL 0K oI the SELHGRaroRiRREAbse 6¥Ehhfa: OF bicyclic
al kyl of 1 to 10 carbon atons, straight,

O
(]
5/C\
RY N—CH—(CH)7Y
R® é7

5

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
20 prodrugs thereof, wherein:

R’ is (i) the divalent residue of pyridine, pyrrolidine, imidizole, naphthalene, or
thiophene, wherein the divalent bonds are on vicinal ring carbon atoms; (ii) a divalent
cycloalkyl of 4-10 carbon atoms, unsubstituted or substituted with one or more substituents
each selected independently of the other from the group consisting of nitro, cyano,

25  trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy,
carboxy, hydroxy, amino, substituted amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to
10 carbon atoms, phenyl or halo; (iii) di-substituted vinylene, substituted with nitro, cyano,
trifftuoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl, carbamoyl
substituted with and alkyl of 1 to 3 carbon atoms, acetoxy, carboxy, hydroxy, amino, amino

30  substituted with an alkyl of 1 to 3 carbon atoms, alkyl of 1 to 4 carbon atoms, alkoxy of I to
4 carbon atoms, or halo; or (iv) ethylene, unsubstituted or substituted with 1 to 2
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branched, cyclic, or bicyclic alkoxy of 1 to 10 carbon atons, CH2R where R
is acyclic or bicyclic alkyl of 1 to 10 carbon atons, or halo; (v) benzyl
substi t utwo 2eidvdo3ssge to three substituents each sel ect egdcrndeponcas |y from
the group consisting of nitro, cyano, trifluoronethyl, carbethoxy,

car bonet hoxy, carbopropoxy, acetyl, carbanoyl, acetoxy, carboxy, hydroxy,

am no, al kylg,Q 1tu%n Qacﬂ sé?l Qf d%teﬁdléﬁ ly bR ‘8{,] n% t‘ilﬁuérgggﬁlgf?g%}b%ﬁ&%?’ 2°r of

hal o; (vi) napht VIl enzy oxy and as a v

3. In anot hearbernttb@ttyﬂ%bqprd;ﬁm&y,laa&ﬂl nzucbhnhcafﬂ @mbamnﬁlsulukemndmmzoﬁaﬂmnﬁﬂl a: and
phar maceut i I table salts vat es. r at

st er eoi some 63& %?’gdﬁ‘ﬁ%"é‘yt %aé?oégfhy Wé’r%’inﬂo’ ol Sélg%[{h}t 4}%} 8]?@1%% aid

resi due of pxy} baibdiﬁatorﬁsmlk(j)l fdi to e caibh aloZe)] adkoxhap htdvatLine, at@is, bhiiad@hene,
wherein the divalent s are n vicinal ring carbon atons; (ii) a

di val ent “cycl oal Ryl 88 45y (?aﬂz O Urd¥Ms, unsubstituted or substituted with

one or nore subsgi fs%i@@&cﬁw%@ﬁﬂdycﬂ@'aﬁ@l@iﬁhﬂoﬂd%%Bﬂ@t@h&)’(np{; Rﬁ(m psyf rom t he
group conS|st|ng of nitro, cyano, trifluoronethyl, car

car bonet hox JubsHaagay hale Ry moksebsfituents gpdhesisgied mderandsnyly Oéﬁxe@&@yfmmydr oxy,
am no, sub Stnltfo %I QO atmlﬁw%m?tgﬁ}’&arﬁgﬂio;ytcgrb%gle%g)b QA @é’rgﬁ&'ye )&frbglfnogi to 10

carbon atons, phenyl ; substitite subst it ut ed
with nitro, a@:ﬁ?@ﬁocarquwf liydorxgnastihgs[straighty bt@tldh@%y:yclmaplﬁnmllh@lkyl ofdde bdpr opoxy,

acetyl, 16ar lggrggﬁllltt)m %Fr?%ﬁ“éﬁl nc‘ch%(@ %1 ugrechy%lé Qlk@)?d fql b & org‘at %}Pﬁr bon
Phouy 2y band {0edboras

atons, aceto 0, "am no ‘an al kyl of
l1to 3 car b(w]neatR)rm cydlcl(yibw@thclalltyd) oﬂl coalmbxarboa'ratmrm, orahla]ooéqy) ehzyl sitatidhtedar bon

2subst { uentunsatie s sPLRG SRED RN RO IR Popdi Bt S © 10

trifluoronmehhyl cysdarthgtdioxythylCaithery) r@mmeﬂﬁkp@mb@p@my, AL, whrbaﬁaylparmyl
car banoyl substituted with and al E‘éﬁl to 3 carbon, atons, acetox
car boxy, hydfdxy; cabRxHoY degy rsniae 58t %It ’é?d‘ SRrtoR a@ﬁlsafrlmy obfl g Iq e)ar@ncar bon

atoms, akkyliafs. & HaR: &) & hlggm(@\q bkoxyqof 1 to 4 carbon atons, or
hal o; R6|sa-OS gv)% Ep&mﬁﬁ R7 is (i) cyclic or blcycllc

al kyl of 4 to 12 duF9%n” QﬂNnQR (@Y} ol toi Sgarbon atanis) onsindiny | substituted with
one or nore subs |%L1@f|t soﬁa&?mse&gqul@sdofﬁg}qgﬁlq%&h oo e other from

nitro, cyano, trifluor ometh car bet hoxy,” car bonet hoxy, c¢ar bopropoxy,
acetyl, car barmyR is hydrogen or lower alky];

? is alkyl or benzyl; and
20 n has a value of 0, 1, 2, or 3.
Other PDE4 modulators include, but are not limited to, the aryl amides (for example,
an embodiment being N-benzoyl-3-amino-3-(3°,4°-dimethoxyphenyl)-propanamide) of U.S.
patent nos. 5,801,195, 5,736,570, 6,046,221 and 6,284,780, each of which is incorporated

herein by reference. Representative compounds include those of formula:

O Ar

JIGPN

Y N R

25 W

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
Ar is (i) straight, branched, or cyclic, unsubstituted alkyl of 1 to 12 carbon atoms;
(ii) straight, branched, or cyclic, substituted alkyl of 1 to 12 carbon atoms; (iii) phenyl; (iv)
30  phenyl substituted with one or more substituents each selected independently of the other

from the group consisting of nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy,
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acet oxy, carboxy, hydroxy, am no, straight, branched, cyclic, or bicyclic
al kyl of 1 to 10 carbon atons, straight, branched, cyclic, or bicyclic

al koxy ofwd 20m/gb8ssgar bon at ons, CH2R where R is a cycli ecorusbilopeissz al kyl
of 1 to 10 carbon atons, or halo; (iv) benzyl substituted with one to three
substituents each sel ected i ndependently fromthe group consisting of

itro, . ,
acetyl Lt BaR e e A AR kRO AR Lo bon
atons, al koxlkybdf 11totl 6 cdrBorc@pianlkakpnt] tooll dadlon ato(ms) orhalohéviritterooycly; vi )

X 1e g, TeEpelrige Mty B o fonfliopty st uGRA SRR gedls &7

hydr ogen or othewesm alktioy byan&Qriflsoramkit)’1, @iibdiienz ydaiboatthoRy, Radopropy@yygcesl, 0, 1,
2, or 3. Oher PDE4 nodul ators._ i ncl ude, bLﬂ(yar? not limted tﬂ’ t he aryl
ami des (]601. cg}gm ACCIQRY, SABEHN Hiéqff)x}bé]inﬁlﬁ’ alkyl of T to 10 carbon atoms, alkoxy otf'1 to

N-benzoyl - 3-18hB6n Aok or flalodi met hoxyphenyl ) - propanami de) of U.S. patent
nos. 5,801,195, 5,736,570, 6,046,221 and 6, 284, 780, each of which is.
i ncor por at ed her Biithylkybefdrtad @ sarbmpgpas Kit0H. (EheHrpdit §3CRE ises £ Kose of

formul a: andnBRAGMBEaYchSah h¥madse | &T@I‘H{tﬁ}%eréﬂi i‘s’ﬁt&%lkygérﬁdﬂtgtl??j

clathrates, stereoisoners, and prodrugs thereof, whereln:
strai ght, braheh&dns;endcyclic, unsubstituted alkyl of 1 to 12 carbon atons;

(ii) strgaight, b h [ .C o bst i | kyl.. t car bon
at ons; (llai i) phe@?%3 a?)l %V?B%%Jneﬁcyglﬁb@%’ ? %%uésgﬁ@mg%%sg%ggmgérd grirlgrogm;oﬁebst ituents
each sel ect substitnd@pentacitdtyd ialcpetdenty ber frdm drotiee frgmaiitpo, cgms) st i ng of

nitro, cyanog, . trifluoro hyl , carbet hox car bonet hoxy, car bopr opoxy,
heetyl - var Ay pte ot s BORS TRy (B DR Ao - SBERRATEE A no,
al kyl of 1 t&bdf, Gpdrbenadindn@kylak kexyo @kboh atons]k&8rd1ano &b eFbon Asmd)at 0; (V)

het erocycle; or (vi) heterocycle substituted with one or nore substituents
each sel ect @ﬂloioﬁﬂbﬁ@}%@%t ly of the other fromnitro, cyano,

trifluongmethyl, ogRr D&HPRX YT the 3ERANBENRAMde halRepsaRRxy, acetyl, carbanmoyl,
acet oxy, carboxy, hydroxy, am no, alkyl of 1 to 10 carbon atons, al koxy of

1 to 10 carbon atons, or halo; RisQH ahkyl ofol to 10 carbon atons,
CH2OH, CH2CH2CH, or CH2CQOZ where 21§ \y—GH—CH,0—2

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
Ar is 3,4-disubstituted phenyl where each substituent is selected independently of
20  the other from the group consisting of nitro, cyano, trifluoromethyl, carbethoxy,
carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, alkyl
of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, and halo;
Z is alkoxy of 1 to 10 carbon atoms, benzyloxy, amino, or alkylamino of'1 to 10
carbon atoms; and
25 Y is (i) a phenyl, unsubstituted or substituted with one or more substituents each
selected, independently one from the other, from the group consisting of nitro, cyano,
trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy,
carboxy, hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms,
and halo, or (ii) naphthyl.
30 Other PDE4 modulators include, but are not limited to, the imide/amide ethers and
alcohols (for example, 3-phthalimido-3-(3°,4’-dimethoxyphenyl)
propan-1-ol) disclosed in U.S. patent no. 5,703,098, which is incorporated herein by

reference. Examples include compounds the formula:
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al koxy of 1 to 10 carbon atoms, benzyl oxy, or NHRlwhere Rl is H or al kyl of
1 to 10 carbon atons; and Y is i) a phenyl or heterocyclic ring,

unsubst i twoediozmssmebst i t ut ed one or nore substituents each/sedoorisds

i ndependently one fromthe other fromnitro, cyano, trifluoromnethyl,

car bet hoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl, acetoxy,

car boxy, hydroxy, am no, alkyl of 1ﬁto 10 car bon at ons, aI koxy of 1 to 10
carbon atons, or halo or ii) naphthyl . CIher exanpl es of the conpounds

i nclude those of fornula: O Ar O d/l\ll NH-_ _RQHZ C Z and
pharmaceutically acceptabl e sal ts gINva(f 'dr ates, clathrates,
st ereoi soners, and prodrugs thereof dtei n Ar is 3,4-disubstituted

phenyl where each substituent is sel ect ed i ndependently of the other from
the group cafdplaimngutidallnbdceptable yaAm0solviatek,fHydiarteoatitinydes, sadoembexand

car bonet hoxy, car bhopr acetyl, carbanoyl, acetoxy, carboxy, hydroxy,
ami no, al kylPragfugs fhegro ?d"q@éﬂrbon atoms, al koxy of 1 to 10 carbon atons, and

hal o; Z is al koxg! @f(l)@trélgltllga&ﬁécb@f‘cﬁh@%suﬂ@@tﬁ?e}iIaﬂbm’of 1a¢m1@@arb&{ataim<yl ani no
of 1 to 10 carbon atons; and Y is (1) Eyen yl, unsubstituted or

subst i tutSed(wserhlgbfnbramheﬁm)rréwé@b%lbﬁtttwéwl leoAd Ho sBsasbaneioms; fieependent | y one
fromthe othgf, heﬁa&l%ﬂtﬁsttﬁﬁecg&zf?ﬁ' SRS LibBuGs ki £e@ecte‘&¥§d&?end%ﬁdﬁ deyqr onmet hyl ,

car bet hoxy, carbomet hoxy, carbopropoxy, acetyl, carbanoy acet oxy,
car boxy, hyathexirom alre gtoup @hiistingef nirot ¢yan@ tehydsencttlorrshettmkk axrpomtthexyt,o 10

carpon at Op%?rbﬁé}?%od@ a%etyf car%ilrhg)yéna?@t&;a%&rbggélﬁg&rmﬁfd i %g%g'a%”g [s include,

but are no he I'm or exanpl e,
3-pht hal i m diyBm(i®, dalky) areinb.otigphehsol 10 qarbop atonik; gicloalitysafl3as ¢l carborl). S.

A A SN NI T TR R T
sol vates, hyds a0 efborcdt@hd) bRt EsalkKlyRIT 6@ SDE®BH, atdi ay 1@a;ugs t her eof ,
wherei n: R”is hydrogen, alkyl of 1 to 8 carbon atoms, benzyl, pyridylmethyl, or
alkoxymethyl;
R’ is (i) ethylene, (ii) vinylene, (iii) a branched alkylene of 3 to 10 carbon atoms, (iv)
15  abranched alkenylene of 3 to 10 carbon atoms, (v) cycloalkylene of 4 to 9 carbon atoms
unsubstituted or substituted with one or more substituents each selected independently from
the group consisting of nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy,
carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, amino substituted with
alkyl of 1 to 6 carbon atoms, amino substituted with acyl of 1 to 6 carbon atoms, alkyl of 1
20 to 10 carbon atoms, alkoxy of 1 to 12 carbon atoms, and halo, (vi) cycloalkenylene of 4 to 9
carbon atoms unsubstituted or substituted with one or more substituents each selected
independently from the group consisting of nitro, cyano, trifluoromethyl, carbethoxy,
carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, amino
substituted with alkyl of 1 to 6 carbon atoms, amino substituted with acyl of 1 to 6 carbon
25  atoms, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 12 carbon atoms, and halo, (vii) o-
phenylene unsubstituted or substituted with one or more substituents each selected
independently from the group consisting of nitro, cyano, trifluoromethyl, carbethoxy,
carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, amino
substituted with alkyl of 1 to 6 carbon atoms, amino substituted with acyl of 1 to 6 carbon
30  atoms, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 12 carbon atoms, and halo, (viii)
naphthyl, or (ix) pyridyl;

R* is -CX-, -CH,- or -CH,CX-;
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Rl is (i) straight, branched, or cyclic, unsubstituted alkyl of 1 to 12
carbon atons; (ii) straight, branched, or cyclic, substituted alkyl of 1 to
12 car borwet20rmie3sssi i ) phenyl; or (iv) phenyl substitut edTwistévoopssspr nore
substituents each sel ected i ndependently of the other fromthe group
consisting of nitro, cyano, trifluoronethyl, carbethoxy, carbonethoxy,

car bopr opoxy, acgqybbrgqgﬁannyl, acet oxy, carboxy, hydroxy, am no,
acyl am no, al kylam no, di (al kyl) am no, alkyl of 1 to 10 carbon atons,

cycl oal kyl of 3 bt 010, Larbon atons, bicycloal kyl of 5 to 12 carbon atons,

al koxy of 1 to 10 ca atanms, .cycl oal kox f.3 10,10 carbagn atons,

bi ye ol koxy of O DR RSt SRilee Py it bt S PRERR o iyt of 1
toh8|carbo?na$mﬂﬁms?ﬁnﬂym?bmmﬂhmykmﬁrbﬁ?ﬁmmfaaﬁhQXMH?kh$HBZR3 is éi)
ethylene, (i) vinylene, (iii) a pranched al kyl ene_of 3 to 10 carbon_ atons,
(iv) a bPanéﬁ%ﬁhwﬁ@ﬁmﬁ@%g@l%@%ﬂdw BB ECo RS S WE?VEFSO‘B‘F%QHT@H% of 4
to 9 car bon By MRRMES tixkbibRY irdfuds WRSsduh Sdoidd) one or more
substituents each sel ected independently fromthe group consisting of

nitro, cyano, trifluoromethyl, carbethoxy, carbonethoxy, carbopropoxy,
acetyl, carbanoyl, acetoxy, carboxy, hyﬁﬁn am no, am no substituted with
alkyl of 1 to 6 carbon atonms, amno s IglLéut with acyl of 1 to 6 carbon
atons, alkyl of 1 to 10 carbon atons, 'al koXy of *1 to 12 carbon atons, and
hal o, (vi) cycl oal kenyl ene of 4 to 9 carbon atons unsubstituted or

subst i t ut ed and phroesutoallyrageeptalb slist sobates, hydtes sddtetca dicravtbepersdandt | y from
t he group COH)%@%R&%%&ﬁwﬂgéﬁo, cyano, trifluoronethyl, carbethoxy,
carbonethoxy, car bopradpoxy, ‘acetyl, carbanoyl, acetoxy, carboxy, hydroxy,
am no, dfi no subgBtistQHed-GHM,CO-alrkgO-;0f 1 to 6 carbon atons, am no

substituted with_acyl sof 1 to.6 carbon atons, alkyl of 1 to 1 ar bon
SLoms 8l koxy of KR Fsed el 4 Gham Bsa R Gulor Rpsdpkugh afidl S
unsubsti t ut ed cabosatbst bit pHerd, W) tiylRREsuBELHIRI &ith WS §ubbtitedtiScatiRédlectal ect ed
i ndependently fromthe group consisting of nitro, trifluoronethyl,

car bet hoxy, M95PBERENIELRE, otheariabihe gE3y conisting pf al@%ﬁiﬁﬁﬁ@%@%&%

carboxy, hydr@xy or 8 1@val&licPQodRSE 5.1 b tGdoMib s, ahkpbiitdkd & fuBstfuc@iheN
atons, am no substituted with acyl of 1 to 6 carbon atons, alkyl of 1 to 10

car bon df omene el Reyr yubstitugnts each selecigdipdepandsniy ofthelother feom theigraup caagittingy| , or
(ix) pyri dylof nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl,

carbamoyl unsubstituted or substituted with alkyl of 1-3 carbon atoms, acetoxy, carboxy,

hydroxy, amino, substituted amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon

atoms, norbornyl, phenyl or halo;

20 R*is (i) straight or branched unsubstituted alkyl of 4 to 8 carbon atoms, (ii)
cycloalkyl or bicycloalkyl of 5-10 carbon atoms, unsubstituted or substituted with one or
more substituents each selected independently of the other from the group consisting of
nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl,
acetoxy, carboxy, hydroxy, amino, substituted amino, branched, straight or cyclic alkyl of 1

25 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, phenyl or halo, (iii) phenyl substituted
with one or more substituents each selected independently of the other from the group
consisting of nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy,
acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, substituted amino, alkyl of 1 to 10
carbon atoms, alkoxy of 1 to 10 carbon atoms, cycloalkyl or bicyctoalkyl of 3 to 10 carbon

30  atoms, cycloalkoxy or bicycloalkoxy of 3 to 10 carbon atoms, phenyl or halo, (iv) pyridine
or pyrrolidine, unsubstituted or substituted with one or more substituents each selected

independently of the other from the group consisting of nitro, cyano, trifluoromethyl,
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R4 is -CX-, -CH2- or -CH2CX-;Xis Oor S; and nis 0, 1, 2, or 3. Qher
PDE4 nodul ators include, but are not limted to, the succinimdes and

mal ei m dewo@bovossssanpl e net hyl PCT/US2010/023533
3-(3,4",5 6" -petrahydropht hal i ndo) - 3- (3", 4"- di met hoxyphenyl ) propi onat e)
disclosed in U S. patent no. 5,658,940, which is incorporated herein by

ref erence. i C o) X h Lcally
sccept abl ¢ ShPRRuSZel BRI, MARBIRLY. Sop i, B B AR AT,
prodrugs t hemgof subsiitetcé rminoRilkyl®f 1 €HR) qarbo@HRGE; alkavy of T 10 REbardo®3 t aken

t oget her areh%ﬂiy} ﬁ{%ﬁ Ie(pe unsubstituted or substituted wth al kyl of 1- 10
carbon aton® %r (%]{Ian (i) vinylene substituted with two substituents
each sel ect ed, i RtigpenremN,yCHEICOXIOH BET to § ¢aptontaliensg iy pCHMISI-SHh frgl, of

al kyl of _1-10 carbon atons and phenyl, or (iii) a divalent cycloal kyl of
5-10 car Bon °4t H.unsubstituted or substituted with one or nore

substituents eachngelxesied dndepangentdy of the other fromthe group
consisting of nitro, cyano, trifluoronethyl, carbethoxy, carbonethoxy,

car bopr opoxy, ac®h§fF Riglosanbyl aghsubstituted or substituted with al kyl of
1-3 carbon at ons, 3¢ Rk QXYeyl GASARHY. hydroxy, am no, substituted am no,

al kyl of 1 to 10 carbon atons, dl koxy of 1 to 10 carbon atons, norbornyl,
phenyl or hal o; Qthei BDE4 jnodlataisgiludsy biyreermohbaitehioutybstitetod eeided (kyl of 4 to

8 carbonjatQps. (i C . ;5 1] I 5- . 0
; 16,2 it 23 (¥ 4Rl okY e 1 200, & QAre
unsubst i Put g}éa c})ré’s s]} i ﬁogidk%\ﬁ tﬁn%)eneo %éiwng r6 %ﬂ% %h?% %Sg% ng{rjga %&se?‘éct ed
i ndependent loy2802 1, hidhtihacorpo@ted hheingryatiferenom sixatipleg imefuda cérmeyundsyaiiog
trifluoromethyl . carbethoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl,
acet oxy, ca ; hydroxy, am no, substituted am no, branched, straight or
cyclic alkyl of 1 to 10 carbon atons, alkoxy of 1 to 10 carbon atons,
phenyl or halo, (iii) phenyl substitutef with one or nore substituents each
sel ected i ndependently of the other fr om t he group consisting of nitro,
cyano, trifluoronethyl, carbethoxy, bgne{mﬁe@?, car bopr opoxy, acetyl,
car banoyl, acetoxy, carboxy, hydroxy, no,,'q1subs’t ituted am no, alkyl of 1
to 10 carbon atons, alkoxy of 1 to 10 carbon atons, cycl oal kyl or
bi cyctoal kyl of 3 to 10 carbon
y y an(? pharmaceutjfcally acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
15  prodrugs thereof, wherein:
R' is (i) straight, branched, or cyclic alkyl of 1 to 12 carbon atoms, (ii) phenyl or
phenyl substituted with one or more substituents each selected independently of the other
from nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl,
carbamoyl, acetoxy, carboxy, hydroxy, amino, straight or branched alkyl of 1 to 10 carbon
20  atoms, alkoxy of 1 to 10 carbon atoms, or halo, (iii) benzyl or benzyl substituted with one or
more substituents each selected independently of the other from nitro, cyano,
trifftuoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy,
carboxy, hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, or
halo, or (iv) -Y-Ph where Y is a straight, branched, or cyclic alkyl of 1 to 12 carbon atoms
25  and Ph is phenyl or phenyl substituted with one or more substituents each selected
independently of the other from nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy,
carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, alkyl of 1 to 10 carbon
atoms, alkoxy of 1 to 10 carbon atoms, or halo;
R”is -H, a branched or unbranched alkyl of 1 to 10 carbon atoms, phenyl, pyridyl,

30  heterocycle, -CHj-aryl, or -CHy-heterocycle;
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atons, cycl oal koxy or bicycl oal koxy of 3 to 10 carbon atons, phenyl or

hal o, (iv) pyridine or pyrrolidine, unsubstituted or substituted wth one
or nore swbiwaesssss each sel ected i ndependently of thepotrhsrobnessss he
group consisting of nitro, cyano, trifluoronethyl, carbethoxy, carbonethoxy,
car bopropoxy, acetyl, carbanpbyl, acetoxy, carboxy, hydroxy, am no,

Stoms.  phenyt or RhiaPE¥lenlifit Rt dEEERRR RhR TR A BTY plborab 1) £ PON
car bO’n at Onbranaheyllalkenﬁbimg te (BB-IQarbmydtqn’asg V) e{@dﬁﬂdyﬂenmh’b‘m Pcartenidyis OH, NHR,
OR6, wh i | kyl : d.where RO i | kyl. b .. Oh PDE4
O bda ot or o iPiiged Bty isin PSR PREE B s e RERE o 1"
exanpl e, 2- phdnbatrifldddoretyl arbéthoxgi captdnaxopaopropoopase)l, ditaglogsed in U. S.

patent nqQ. 6,429, 221, ich is incorporated herejn by reference. Exanples
i ncl ude conpeRitgse ?OW%#W&%@ S&W&%W%é[}vi%%w CAtbeB BloAw! BREY| t s,

sol vates, hydl & £&bdhl s, 8f R0, vﬁ%ﬁ&l@ﬂk&?l&ﬁé 8t 4 RRkaRoR diodBnbUbetiteRH or
wherein: RL is (i) straight, branched, or cyclic alkyl of 1 to 12 carbon

atoms, (ii) SPNERAL i Inermybstisispiseash relsatedindppea ety tTompHEO.<H#% i t uent s each
sel ected i ndependeninh YeatftblE AbBREhEHO BBk Rxy SLAY0 carbfrhdyl UQLGLEL ! ,

car bet hoxy, car borret}Jh’oCQy,eT cggtgoproptoxf éce&trﬁ%?‘y’cagtgércr&gyl, }Jdcettgé}g,

car boxy, hydebsey, hydroxno amiior sbsfhetcdaminp aatioh et &l ksarbapfatams;, alkdxy afdrtbdn

at ons, ko 0 car hon r I [ e n; benzyl
substi tzik) ed)é%b?ia%nr}gé 06% Qﬂbo?gﬁgﬁgg%n?[éﬁeewﬁgb%%éﬁd %r%Pﬂégél%ué%F‘?’ ndietﬁgndent ly of

t he ot her f sastitktts cacheylanal intlepchidenty Gomtntityd, cyamay tidtibromythylc asrbahedyhoxy,

car bopropoxy, ,acetyl, carbanoyl, acetoxy,  carboxy,, hydroxy, am no, alkyl of
1t 0 0 Car DRSS b cAPRBbreat GraRsAA oAt BRES BROTY Gngr (v)

- Y- Ph wher e sibstitited aglifcab@hl of 106 aReB6H atoME, ay6& i1 €0 akkYdn H6md, of Bald;Zngar bon
atoms and Ph is ﬁp_en | or phenyl substituted with one or nore substituents
each sel ected i nttepe éﬁt‘pgb'of the other fromnitro, cyano,

trifluongnethyl, xgapkgthoxy, carbonmet hoxy, carbopropoxy, acetyl, carbanoyl,

acet oxy, carboxy, hydroxy, am no, al kg/l of 1 to 10 carbon _
Other PDE4 modulators include, but are not limited to, substituted 1,3,4-oxadiazoles

(for example, 2-[1-(3-cyclopentyloxy-4-methoxyphenyl)-2-(1,3,4-oxadiazole-2-yl)ethyl]-5-
methylisoindoline-1,3-dione) disclosed in U.S. patent no. 6,326,388, which is incorporated

herein by reference. Examples include compounds of formula:

R5
1 R6
2 T ?
R ' -
, *
" y N,
R4

20 )
and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
the carbon atom designated* constitutes a center of chirality;
Y is C=0, CH,, SO, or CH,C=0;
25 X is hydrogen, or alkyl of 1 to 4 carbon atoms;

cach of R', R?, R®, and RY, independently of the others, is hydrogen, halo,
triffuoromethyl, acetyl, alkyl of 1 to 8 carbon atoms, alkoxy of 1 to 4 carbon atoms, nitro,

cyano, hydroxy, -CH;NR®R’, -(CH2),NR®R’, or -NR*R’ or
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atons, al koxy of 1 to 10 carbon atons, or halo; R2 is -H a branched or
unbranched al kyl of 1 to 10 carbon atons, phenyl, pyridyl, heterocycle,
- CH2- ar ylwoan10/08s#8shet erocycl e; R3 is i) ethylene, ii) vipoyhmspepoeiss) a
branched al kyl ene of 3 to 10 carbon atons, iv) a branched al kenyl ene of 3
to 10 carbon atons, v) cycloal kylene of 4 to 9 carbon atons unsubstituted
or substituted '#h ] 122 i I - from
nitro, cyano, tr% IuoF%§é§%§$?§%%rﬁggﬁ%§§?8%g§ﬁ%ﬁg%2 egggggﬁgggrlgﬁiy,
acetyl, car bemowd ringarehaphthylidaebpinoeling yidmoxatine dehzimjdagelbdenzodtogdle an2no,
al kyl of 1 to, 4 arbond atons, al koxy of 1 to 4 carbon atons, or halo, vi)
cycl oal keny PEH&EFAMB7Y%car bon at ons unsubstituted or substituted with 1
to 2 substituent sackatR’ salRécin@eendrdapentebihtby isfhyameai, kel ofdyar@arbon
trifluoragnethyl, carbethoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl,
acet oxy, 5ca|at983§ya,1k%9/d>§m,6 CHRIHEOMS GHEIO; RGN, %ﬁ’%&lﬂoxwyﬂp %4 car bon
atons, al koxybef atdmb, Bid1aBoREBE & 10178 carBbn N8MS, tri@llcodikbyy OFUphe Ny LABGh
unsubstituted or substituted with 1 to 2 substituents each sel ected
i ndependent Ripnsy ey elpalkdalkexy{ap t@ +4 ¢arkparaames hyl , car bet hoxy, car bomet hoxy,
car bopr opoxy, ac l¢ REAL i A

propoxy ElcY of R elﬁ'ldli?!‘f'%k’étn 6nﬁe‘ﬁ§ﬁd@f§t¥y of 4R 5}939{% ?J%%Q,?Yrgmgﬁﬂ?r%?&ng%eﬁl

substituted am no, al kyl of carbon atons, car be

atoms, or halksl ofdrid 8 cRéboi stomepheyl, be@rd pyridtyli Byrdybetls], c@ohesf FODEAR” is

?]?g‘r“ Zigpr; gl}rl]((frloge%eahd Bt & BOR Y LIMGER 0 QrIGHPRE kAl iy Fre?- OXadi azol es
2-[1-(3- cycIte,mpmamylenegpeﬂamethjfleneybdsmmyih)z}eﬁe, (CH3NEHeKHd] @zOHeCHYCHet vy | | - 5-
met hyl i soi ndol h’nﬁ p, 3-di neéﬂ\g%scl osed in U S. patent no. 6,326,388, which
i s i ncor por & BHR& L0y PPl ence. Exanpl es incl ude compounds of formil a:

and phar maceut i cRI’liyhyaiespentaidyl 6f S@Ist&rbos alowat @&loafkyﬁbyglﬂ@ﬂthﬁétﬂﬂlblfaﬁ&ﬁ, 4
stereoi soners, and prodrugs thereof, wherein: the carbon atom designate
consti tut es 6&3@@%9@@5@6@% &Y, henzyl, inydazolyimethyl, pyseplmethye et i s
hydrogens oicpgkkel @fNR'RG, 4 carbon atoms; each of Rl, R2, R3, and R4,

i ndependent |y of the_ others, is hydrogen, halo, trifluoronmethyl, acetyl,
al kyl of 1 to 8 wherpaR aandis . inderandgntyrof paghpthpr.casg o ggr.apsshylmthyl.cor

propyl, and
wherein R' and R"2, independently of each other, are hydrogen, alkyl of 1 to 8
carbon atoms, phenyl, or benzyl.

20 In certain embodiments, the compounds include those of formula:

R5
1 R6
2 T ?
R L\I\N
N— \
/
R3 Y O)\x
R4

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and

5

prodrugs thereof, wherein:
the carbon atom designated” constitutes a center of chirality;
25 Y is C=0, CH,, SO, or CH,C=0;
X is hydrogen, or alkyl of 1 to 4 carbon atoms;
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cyano, hydroxy, -CH2NRBR9, -(CH2)2NR8R9, or -NR8R9 orany two of Rl, R2, R3,
and R4 on adj acent carbon atons, together with the depicted benzene ring
ar e naphtwyl2otbanssssqui nol i ne, qui noxal i ne, benzi m dazol ecThBpr@modeszs®l € or

2- hydroxybenzi m dazol e; each of R5 and R6, independently of the other, is
hydrogen, alkyl of 1 to 4 carbon atons, alkoxy of 1 to 6 carbon atons,
cyano, benzocycl 1 6YGJ30 X o} i cyl oal koxy
of up to 18 car b@ﬁéag??r;% ,’ ‘Rt’(ri% téﬂdégé%&%{%}&%ﬁ, gf)&lfg 8&1%’ lgg¥(§%%ﬁglgaé$r)fs, or

cycl oal kyl altdftoyoradthyhjmcttpl, iByloeriboA cabomstpmeattoxp bf RB AeatbdRSfontsakign,

i ndependent |y of the o k 9 Strakght or branched al kyl of 1 to
8 carbon at 8%@,0’ ]f:?'ﬁié%% ﬂggﬁzﬁ &&g{%ﬁﬁg&:% "gycirmet hyl, or one of R8 and R9
i s hydrogen and tihenpiwiesf R'sR* RURLO R’ 61 adjfcRRaon atoms R8gelied Wil thicaken

t oget her _are tetramnet hy| ene, t amet hyl ene, hex t hyl ene, - CH=NCH=CH-, or
- CH2CcH2 X3 cHSeigied &‘r’PZW‘?irElﬁ whfgﬁ rﬁleba{e bosnf,? aTSPanqm%?igw PGSR al kyl
of 1 to 8 carbaRiddtoMIBensbdickA@bKYhydréxbboahigioret hyl of up to 6 carbon
atons, phenyl, pyrid yl, im dazol yl nme pyridyl nethyl, NR1 1R12,

| . benz yl met hyl ,
CH2R14R15, O NRle@I:QPgRS wﬁéﬁr}emﬁepmdﬁnﬁh aif tha gther, jshydioerid el §f Idp 4&adAn ot her ,
are hydroge , i
y g Qtonﬁ'eélmgg of ?tt(gg IEarb&H at&{lhé:,) g%/in’o, @éﬂgoc‘lﬂ)’lt('lg%lﬁg){}, Bjcioa%sé}é% to 18

i ndependent 'y of ea h ot , are ogen, alKky I'to 8 on at ons,
phenyl, or lahayitomp,hicybatkaknoiuniodB eehesatompdricydepplsoxidst upriell §idaberhose of
formul a:;san a i | e |ts, solvates, hydrates,

cl at hr atlgs, Qts? g’r(%o' glgéirf&lgl,%%oﬁ ?%Bé? %&O%taﬁoglrlséof , Wherein: the carbon atom
desi gnat ed const {if kst R® e’ endepbndehily aff the ytherYisihgdiG=6, aliyf 1$OR caborCH2C=0

X is hydrogen, or alkyl of 1.to 4.carh atons; (i) each of Rl, R2, R3, and
R4, i ndepen&g’msi WGWIW%éﬁo@i’i’éngPyr?@%ﬂ?gﬂoﬁen, hal o, trifluoromnethyl,
acetyl, al kyl of (ifh oh®ofRGad ROR hallopE:, andltktlyer &f -COR'Q of-SRRBOM vatiehs' isni t r o,
cyano, hydro ii) any two of Ri1,

%, - CH2ZNRBR9, - (CH2) 2NR8R9, or -NRBR9 or { i)
R2, R3, andlrgrogn allyladdie 8 eatboibiont shgoalindgatnaliycty! iy to 6'carbon
15 atoms, phenyl, pyridyl, benzyl, imidazolylmethyl, pyridylmethyl, NR''R"?, or CH,NR'*R"’,

wherein R''and R'?, independently of each other, are hydrogen, alkyl of 1 to 8 carbon
atoms, phenyl, or benzyl and R'*and R", independently of each other, are hydrogen,
methyl, ethyl, or propyl; or
(iii) R* and R’ taken together are tetramethylene, pentamethylene,
20 hexamethylene, -CH=NCH=CH-, or -CH,CH,X'CH,CH>- in which X! is -O-, -S-, or -NH-.
Other PDE4 modulators include, but are not limited to, cyano and carboxy
derivatives of substituted styrenes (for example, 3,3-bis-(3,4-dimethoxyphenyl)
acrylonitrile) disclosed in U.S. patent nos. 5,929,117, 6,130,226, 6,262,101 and 6,479,554,

each of which is incorporated herein by reference. Examples include compounds of

R*R
) | ]
R Cc—C—Y
5 |
R® H

R1—X ,

25  formula:

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
(a) X is -O- or -(CyHay)- in which n has a value of 0, 1, 2, or 3, and R'is alkyl of one
30  to 10 carbon atoms, monocycloalkyl of up to 10 carbon atoms, polycycloalkyl of up to 10

carbon atoms, or benzocyclic alkyl of up to 10 carbon atoms, or
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depi ct ed benzene ring to which they are bound are naphthylidene, quinoline,
qui noxal i ne, benzi m dazol e, benzodi oxol e or 2-hydroxybenzi m dazol e; each of
R5 and R6woi2onepsssdent|y of the other, is hydrogen, al kycTafs2di0t03543 car bon
atons, al koxy of 1 to 6 carbon atons, cyano, benzocycl oal koxy, cycl oal koxy
of up to 18 carbon atons, bicyloal koxy of up to 18 carbon atons,

tricyl coal koxy o toyl - 0, o 18
carbon atons; (i&ﬂzﬁgﬁggf%ﬁQQEEgﬁﬁ@%Bgﬁggb%Agé%%ﬁg&é%k?héBé%%%@?ﬂﬁgk
hydr ogen, alokyp todf0 cirboo a®ms aortbanyclatloyislengpdfamytb 10 bebaydtompyri dyl ,

pyridyl methyl, of>(ii) one of R8 and.R9 i ydr.ogen and the other is
PRI, Tor  scorion i rofi eitorsgnt S eGSR SHooE B8 car bon at ons,
benzy . Lt dasol vl Mt Ty e By L Oy ety N RIS or T CLENRLARLS,  wher ei
enzyl, imdazolyl methyl, i dyl net hyl, , or : erein
Rn and Riz,akﬁH@B@ﬁﬁ%ﬁtLvmg¥ﬂgabﬁ18Lher, are hydrogen, alkyl of 1 to 8
carbon atons, phrhyl;) pRényDanRwktitaed oRlbstAned Wkk 1 of RERRERERRLIsXadf each

ot her, are hydrogen, nethyl, ethyl, or propyl; or (iii) R8 and R9 taken

t oget her ar &Cledediadpendeneniompdrn, a}ﬁ@pﬁgﬂﬁeﬁ ,uowsé*wétqagbﬁ@ﬁév,a carbpppipCH- | or
- CH2CH2 X1 CHZ (5o dky WL G 1 catharhSy1; Grbanioyt subQituiedNihih alld NG (SPEALOPLAMLAt or' s

i ncl ude, but aréo%og’Iiﬁffedaték’%y§ﬁ€§gﬁd gg?ﬁ%& a%%rivét?%%s of

subst i t ut ed asttgryeralzox@f lrdraxy aanphe an@n@substgutc@wah di ahsylvdt yphearhor) atoms,

acryl onijiril i in U S n 0S. 7 ,
6,262,16? a%%*%%h®g+g@%gbéﬁ%ﬁ%%Fyﬁﬁﬁg%gfu %Aggﬁgégg%g'Eﬂggﬁ%ﬁgﬁé%geference.
Exanpl es i nchiioeatoampedindkoxgfofip taill @rboandnphakyiriestntdtiod bt yp @doepibabl e

AL 2ot VoL o M B ST ol SR P BRIGEAEE LT e

and Rl is abkydin@tuartdd®ydifing yRondiad, anmlizorpRpaialetalokiophnetigiif 0 10
car bon at ons, polﬁcgcloalk of up to 10 carbon atons, or benzocyclic al kyl
(8}

I , [
of up to 10C¥dedei 4—6%@%}f(‘twjlsaxnwstﬂ@firiomstﬁfeé with |l joy mogpeBstidfenisy to 10

car bon alBOﬁ%ach@@@%y&h%h&éﬁlﬂg%ﬂﬁhé’éro cdrRistht SRR By Ab Mo, tHfuoromethyl,
bi cycl oal kyl i dene of up to 10 carbon atons; i s hydrogen, nitro, cyano,

trifluor OﬁEFWP?tPO?G’aﬁ%@l%W}G @gopereth GW},’L carbamoyl, acetoxy, carboxy, hydroxy,
amino, substituted amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms,

phenyl;
each of R* and R” taken individually is hydrogen or R*and R’ taken together are a
20  carbon-carbon bond;
Y is -COZ, -C=N, or lower alkyl of 1 to 5 carbon atoms;
Z is -OH, -NR°R®, -R, or -OR; R® is hydrogen or lower alkyl; and R’ is alkyl or
benzyl.

In some embodiments, ODE4 modulators include compounds of formula:

) L
R C—C—Y

s ]

R® H

25 R1—X ,

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:

(a) X is -O- or (CoH,,)- in which n has a value of 0, 1, 2, or 3, and R' is alkyl of one
to 10 carbon atoms, monocycloalkyl of up to 10 carbon atoms, polycycloalkyl of up to 10

30  carbon atoms, or benzocyclic alkyl of up to 10 carbon atoms, or
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car bopropoxy, acetyl, carbanoyl, acetoxy, carboxy, hydroxy, am no, |ower
al kyl, I ower al kylidenenethyl, |ower alkoxy, or halo; R3 is (i) phenyl,
unsubst i twoediogmssmebstituted with 1 or nore substituent ceasbosebimss ed

i ndependently fromnitro, cyano, halo, trifluoromethyl, carbethoxy,

car bonet hoxy, carbopropoxy, acetyl, carbanoyl, carbanoyl substituted with
alkyl of 1 to 3 N-@k 1. 1 1.n0
Substi fut ed wi ¢ hCan gt e Bt of I e B A B ner BRI o
at ons, cycl o&lkipl10chrbap atoms, 1@ baarloakylateosrst, upab kO xyrbaf ataps;t 0 10 car bon
atoms, cycloal koxy. of .up to. 10 carbon ato al.kyl i denenet hyl of up to 10
car bon at ons, cygl8%??9%?33W@n%@ﬂ?|“@#” gﬁ%,%ﬂx%gp%gﬁ&gg% *¥>phenyl, or
netgyleredi@m&omgp?y,@y@Ldmﬂamoﬁﬁhsmkﬁ?Mﬁd§pyy&?hn?$hPyb?@fMﬂﬁm@wmb

i mdizol e, naphthal ene, or thiophene; (iii) cycloal kyl of 4-10 carbon

at ons, uﬁsuB@WF@ﬁ@@ﬁhﬁrb&ﬁb@?@@h@&éﬁmtr11.or nore substituents each

sel ected indepe nﬂéﬁtpgbfoﬁdiﬁﬁnrﬁiﬁﬁzow QURoSRAS listbstightQf orRubstiQuedsyiaNPor M@k O,
trifluoronethyl, carbethoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl,
acet oxy, casBifienthgash ssdgctedintionendesiinEemitis sraumsansistnZilRiTo. ¥ang. halp, 10

car bon at ong; 1 f nd R5
Faken 1 ndi viLal R A e b e Ry TR g ?

car bon- car bearbrontiydrykyi, gmingG@bstit@cdiminp, dligihef 1 & Kydarhoh atontspalBoxyaf hon at ons;
Zis -CH, - - -OR7; R6 is hydrogen or lower alkyl; and R7 is

al kyl o#obeﬁg?ggm}%gé%ﬁgﬁgm'Odinents, ODE4 nodul ators i nclude conmpounds of
formul a: and phacarhoeRt arclal’| tykeadaipthally és Isatdesn osiavd Re mkehtpdetatrass a
clathrates, s ereo%s ners, and prodrugs thereof, wherein: (a) Xis -O or
-(CnH2n) - i HAATER %ﬂﬁﬁg’a value of 0, 1, 2, or 3, and RL is alkyl of one
to 10 carbon at owss-quMOCY &, ealokit aldfl 0B P td Hcakbbncatsrh@n at ons, pol ycycl oal kyl
of up to 10 carbon atons. . qr henzocyclic al kyl of up to 10 carbon atons,
or(b) X is -CH= 4trOkh -NRR) 1)1 7raORe Rofis hupsirazsn eplowst Bloth: and Brds alkyl or
nonocycligal kylidene of up to 10 carbon atons, or bicycloal kylidene of up to

10 carbon atons; R2 is hydrogen, nitro, cyano, trifluoronethyl, carbethoxy,
car bonet hoxy, In some embodiments, provided herein are compounds of the formula:

R?2 C=CH—C=N
||Q3
1
R2 CHCH,—C=N
|'Q3
1

R'x ,

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:

20 (a) X is -O- or (CyHay)- in which n has a value of 0, 1, 2, or 3, and R" is alkyl of up
to 10 carbon atoms, monocycloalkyl of up to 10 carbon atoms, polycycloalkyl of up to 10
carbon atoms, or benzocyclic alkyl of up to 10 carbon atoms, or

(b) X is -CH=, and R' is alkylidene of up to 10 carbon atoms or
monocycloalkylidene of up to 10 carbon atoms;

25 R? is hydrogen, nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy,
carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, lower alkyl, lower

alkoxy, or halo; and
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car bopropoxy, acetyl, carbanoyl, acetoxy, carboxy, hydroxy, am no, |ower
al kyl, [ ower al kylidenenethyl, |ower alkoxy, or halo; R3 is pyrrolidine,
i m dazol ewvorotoiosgsBene unsubstituted or substituted w trcI/useowDRE33
substituents each sel ected i ndependently fromthe group consisting of
nitro, cyano, halo, trifluoronethyl, carbethoxy, carbonethoxy,

car bopr opoxy, acgt dr oxy
substituted anlng %é)Eﬁ%&P@ﬂ%%ﬁhﬂ?@%%%%ggﬁﬁgtQ%%Mual1g&§&b mggyﬂngncarbon
atons, or plamh}ste],ecte@mkie[&hddﬁﬂlyﬁmdl %o, tegd@nhdlmdiithicderadthyl, ¢asbekhody,ogen or R4
and R5 taken e a car bon.bond: Y is .- oo or, | owner

A kyl ot 1 EB S PGRofFaa e O SRR misboniagy Sorstepes it 8 GG Cgen
or | ower al B)ébrboﬁﬂldm@?acbtﬁxﬁhkﬂébxyohycb&)QZyﬂmno] zﬁnﬁ@@t&)s&ﬂﬂbdd\hmmaﬂqyl @ lorgisded
herein are co ounds f the | a:  and rmaceutically. tabl e salts,
sol vat es;) hy®#pat #8ms. e@m%%@a kexCotop 485 ?%n G %ﬁl&&efﬂag lgepdiotO
wherein: ( a):arxoﬂ ﬁomQunﬁfbsntﬁQH bRaubstithdd With ©he & @S s@bsMAbME cRh sfectdd 2, or 3,
and Rl is alk up to 10 carbon atoms, nonocycloal kyl of up to 10 carbon
atoms, pol yd P@émévl fropy thg group caupistiag B ratcymy, nde, BEIeRgBY| erbathapy, of up
to 10 carbo 0 to 10

car bon atongmgéﬁaﬁox Em%ﬁ%.ky%?ﬁgﬁgho lﬁﬁﬁb ’ca?%%ﬁﬂg?%%%%n%g’is

hydr ogen, nﬁwnbmkﬁwammpakyhﬁﬂugd@mﬂwaﬁmn@a&bexhbk@J0®ambmm®mhoxphﬂwL

car bopr qpoxy, acetyl, X oXy, hydroxy, amino, |ower

al kyl , ﬁgmer alkgy¥lenﬁgigﬁﬁp%ebgﬁéﬁ&ﬁ Sydffgr‘%fh]gnyl or napht hyl,

unsubstituted or substltuted with 1 or nore sifpstituents each selected

i ndependently fromnitro, cyano, halo, trifl@ronethyl, carbethoxy,

car bonet hoxy, carbopropoxy, acetyl, carba or carbannyl substituted
with alkyl of 1 to 3 carbon atons, ace NeoXd5. hydroxy, ami no, anino
substituted with an alkyl of 1 to 5 | al koxy or cycl oal koxy of
1 to 10 carbon atons; or (ii) cychg 10 carbon atons,

unsubstituted or substituted with one qQr nore ‘ubstituents each sel ect ed

Other PDE4 modulators include, but are not limited to, isoindoline-1-one and
isoindoline-1,3-dione substituted in the 2-position with an a-(3,4-disubstituted phenyl)alkyl
group and in the 4- and/or 5-position with a nitrogen-containing group disclosed in WO

15 01/34606 and U.S. patent no. 6,667,316, which are incorporated herein by reference.

Examples include compounds of formula:

R1

R,

R4 X (CHZ)n_R3
Rs

5

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
20 one of X and X’ is =C=0 or =SO», and the other of X and X’ is =C=0, =CH,, =SO

or =CH,C=0;

nis 1,2 or 3;

R; and R; are each independently (C;-Cy)alkyl, (C;-Cy)alkoxy, cyano, (Cs-
Cig)eycloalkyl, (Cs-Cig)eycloalkoxy or (Cs-Cis)cycloalkyl-methoxy;
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i ndependently fromthe group consisting of nitro, cyano, halo,
trifluoronethyl, carbethoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl,
acet oxy, wenrbmuwp3ssBydr oxy, am no, substituted am no, al lpgir/uskoib/orsz3d0
carbon atons, alkoxy of 1 to 10 carbon atons, or phenyl. In one enbodi nent,
the conpound is of forrmula: OQher PDE4 nodul ators include, but are not

limted to, isoipgdgld i SO} i | +3-¢i.one substituted in the
2-position with g%gasﬁgg};c%‘;bﬁgs}gﬂ @iég‘ﬂg%?’é‘ﬂfﬂ’)“’éﬁ%ﬁw' group and in the 4-
and/ or 5-positi ol infG FCamlkiltteogen: genglai ni ng group di sclosed in WO 01/ 34606
and U.S. patent po. 67,3 ich arge incorporated herein by reference.
Exanpl es i ncl udeE S#@%ﬁﬁcﬁgl'gégq(%lm:mgﬁe(fy[;har maceutical |y acceptabl e
azl ts, solvat efs, ngd{d a@le&)alkyla@darcag)eﬁglogﬂ{ya;r(egbg)ﬁm@l, baﬂi‘z@]l @fphélli}g,ga&cli ber eof
erein: one of X and X is =C=0 or =S2, and the other of X and X 1is
SCo0 ~cfp, whigsa pe ardgppbisubited ith b%raﬂgl,ﬂo %@aﬁ@a@zﬁ%@%ac h
i ndependent |y (CRs & & (Kyloy)alk$i; - C4) al koxy, cyano, (C3- G s)cycloal kyl,
(C3-Cis)cycl oal koxy or (C3-Cis)cycloal kyl -nmet hoxy; R3 is SO2-Y, COZ, CN or
(G - C 6) hydr oxyaRkd1d Ragetelsnrfogethar & greyidedYRiGpRs- DEREA-RororpNehiiRs-z i s
-NR6R7, (G &€)dd- Kyl , benzyl or phenyl; Rbis H (G-C4)alkyl, (C-G
8) cycl oal kyl, (C2-Cs)al kanoyl, benzyl or phenyl, each of which can be
optional | y subst Rt istdt, @i WH, GHFEH, @iFNoord¥=(lCiorC 4) al kyl -amino; R7 is H or

(G -C 4)alkyl; R4 R5. ar r r.ovj -N -R8-_. «NH CO- R
b or Rech R e e R B RN el R BRI ol R o} e
of R4 and Rtfmzblyl, ldr a stndtirdief fotinds (f R4 and R 5 is imdazoyl, pyrrolyl,
oxadi azolyl, triazolyl, or a structure of formula (A, Rg "N (CH2)

Rg
\
N—(CHg), —
/
R1o
(A) ,
wherein:
zisOorl;
15 Ry is: H; (C;-Cylalkyl, (Cs-Cig)cycloalkyl, (C,-Cs)alkanoyl, or (Cy-

Cs)cycloalkanoyl, optionally substituted with halo, amino, (C;-Cs)alkyl-amino, or (C;-
Cy)dialkyl-amino; phenyl; benzyl; benzoyl; (C,-Cs)alkoxycarbonyl; (Cs-
Cs)alkoxyalkylcarbonyl; N-morpholinocarbonyl; carbamoyl; N-substituted carbamoyl
substituted with (C,-Cy)alkyl; or methylsulfonyl; and

20 Ry¢ is H, (C,-Cy)alkyl, methylsulfonyl, or (C;-Cs)alkoxyalkylcarbonyl; or

Ry and R are taken together to provide -CH=CH-CH=CH-, -CH=CH-N=CH-, or
(Ci-Cy)alkylidene, optionally substituted with amino, (C;-Cy)alkyl-amino, or (C;-
Cy)dialkyl-amino; or

R4 and Rs are both structures of formula (A).

25 In one embodiment, z is not 0 when (i) R® is -SO,-Y, -COZ, or -CN and (ii) one of
R*or R’ is hydrogen. In another embodiment, R’ and R', taken together, is -CH=CH-
CH=CH-, -CH=CH-N=CH-, or (C,;-Cy)alkylidene substituted by amino, (C;-Cs)alkyl-
amino, or (C;-Cy)dialkyl-amino. In another embodiment, R4 and Rs are both structures of
formula (A).

30 In some embodiments, compounds include those of formula:
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Ri0O () wherein: z is OCor 1; ROis: H (G-C4)alkyl, (C3-C 8)cycloal kyl,
(C2-C5) al kanoyl, or (C4- C6)cycl oal kanoyl, optionally substituted with

hal o, anmiwo,20(0%@93%84) al kyl - am no, or (G - C4)dial kyl - am royr/Usbenpbissbenzyl ;
benzoyl ; (C2-Cs)al koxycarbonyl; (C3- Cs)al koxyal kyl car bonyl ;

N- nor phol i nocar bonyl ; carbamoyl; N-substituted carbanoyl substituted wth

(G -C 4)al kyl; or methylsulfonyl; d RRo is H, -C 4)al kyl,

met hyl sul fonyl, or (C3-CS)aIkoxyaI Icarbonyl' R9 and R0 are taken
together to provide - CH=CH CH=C{/, - GH=CHON= (G -C 2)al kyl i dene,
optionally substituted wi th am no, 3 A) al -am\m}- or (G-

C4) di al kyl -am no; or R4 and RS are stugturegpy of formula (A). In one
enbodi ment, z is not Onen (i) R3 i% R4 Y} Z or -CN and (U) one of R4

or R5 is hydrogen. In another enbodinent, RO andPRﬂO , taken together, is
-CH=CHCH= CH, -CH=CH N=CH, or (G -C 2)al kylidene _substituted by am no,
(d-C 4)al kyl anmino, or (G -C 4)dial kyl-amno. In@n Hher enmbodi ment, R4 and
R 5 are both structures of formula (A). In somef{enbodi nents, conpounds
include those of fornula:and and pharnaceyi skceptabl e salts,

sol vates, hydrates, clathrates, stereqQisg odrugs t her eof . Furt her
exanpl es i nclude, but are not Ilnit : - (35 EtOaxy- 4- met hoxyphenyl ) -
2-met hyl sul fonyl ethyl]-4,5-dinitroi }? di one;

2-[1-(3-Et hoxy- 4- nethoxyphenyI)Noz
2- et hyl sul fonyl et hyl ] - 4, 5- dlan1n0|sommgoﬂ ne-1, 3- H?one 7-11 - ( 3- Et hoxy- 4-
met hoxyphenyl ) - 2- nethylsulfonylethyl] yrroI|n0[3 4- e] benzi m dazol e- 6, 8-d
ione;, 7-[ 1- 0O—CHjs

( 3- Et hoxy- 4- met hoxyphenyl ) - 2- et hyl sul f onyl et ] hydro-3-pyrrolino[3,4 -

e] benzi m dazol e- 2, 6, 8-tri one; o)
2-[1-(3-Et hoxy-4- nethoxyphenyl) 2- nethyls, eth97]-3-

pyrrolino[ 3, 4-f] qui noxal i ne-1, 3-di opé CHs
Cycl opropyl -N-{2-[| - (3- et hoxy- 4- net
H2N \
CH
NH, © o
O—CHgs
0 O,
CHs;
N Qbé)
0O SQ
/; \S¢O
o
7'\
O HsC ,
5 and
O—CHgs
O,
P “CH,
N 0O
0]
N CH
H3C7>_N\ /oo ®
0 7a%
CHj

5

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and

prodrugs thereof.
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2-met hyl sul fonyl et hyl ] - 1, 3-di oxoi soi ndol i n-4-yl} carboxam de; 2-Chloro-N
é?hgxizgi&euhﬂmw&henyl)-2-nethy|sulfonylethyl]-l,3-dioxmbsaﬁndmhhﬁsﬂ-yl}ace
;ﬁrkg?N-?é-[l-(S et hoxy- 4- nethoxyphenyl)-z-nethylsquonerthyI]-I,3-dioxois
S bt e UKLt e it g metbonhen

met hyl sul f oayhcﬁh)hyﬂfo]lylhthﬁlié;Sedqmtrslsomdtﬂined 34d1y1he} ade{&ﬁh@@y 4-methoxyphenyl)-

820 oxor s armeitindrop EhNA SRS o bo RadTRE TRt AT ERORS | (5

- Et hoxy- 4- neteltexyiReyly D mcryiat byl ahyif-8pyirefidoyd 4-c odndmidazole-6,8-dione; 7-[1-
gi_l z)z(g_l 30%3?2}%'{3%?&%‘:%} nelj({;{?/pﬁoxplny]gl -%br{?%}?yq‘%%onylethyl]hydro 3-pyrrolino[3,4 -

et hoxy- 4- ”E%hﬁﬁz&{ﬂhﬁmé DR BhYl] wkfE%xyﬁtrhéthdxgﬁ@nzgqtmaﬁylkul%nﬂbmaga-
4-11-Aza-2- (dinmeth | ani no prop-| oxy-4-nmeth oxy enyI
net hyl sul f oRyIre{ie{d.J-flgeinerdng-he-dioms: é}/@%@pyl -12-[1-3- ethoxy 4- methoxyp enyl)-
2-[1- (13- Et hoxy, tﬁ‘ilﬁﬁfoﬂﬁéﬂﬂgﬂ]"qu(}]%xo%omdohn -4- yl}éarboxamlde 2-Chloro-N- éZ I[

nethylsulfonylethy 4- oxadi azol I soin
2-[1-(3- ethoxy-4- methoxyphenyl) 2- methylsulfonylethyl] 1,3- d10x01somd011n 4- yl}acetamlde 2—

Et {OXY- 4o ML QY REIM b FiolF LRI LRI B Rt stroRYE I AL LRGSR dofl - 3-

(AnlnonethyMbAzw@MﬂkBibNhﬁxymahwamhmxvﬂhémybmeﬂwmmmﬁmkgﬂkﬁﬂnyJethyl]-|50|nd
oline-1,3- di

1- ( 3- Et hoxy ™# aw&*ﬁw@%lﬁféwr% digxqiaindolindnt gRgaidpy {24 1-3-cthoxy-4-

(pyrrol yl metdtokisehylslohioagisulfoddeh@ne 3-dbxoRoindolin-4-yl}-2,2,2-
[ 1- ( 3- et hoxy- 4- met hoxyphe

hydr oxybut yitfi qor%%ﬁ?las@sﬂgdﬁrﬁf& -Fhogy-gimethosyplignyges2-methylsulfonylethyl]-1,3-

N-{2-[1-63- aogl@%éﬁnéﬂolﬁﬁﬁf—ﬂ?ff%ﬂb@}){ﬂbbxamlde 4-[1-Aza-2-(dimethylamino)vinyl]-2-[1-(3-
3-oxobutyl]-1, 3-di oxoi soi ndol i'n-4-vyl acetanld

N-{2-[1 R-( 33@1@1@05{@%@1@@&&@%1%1 gnylethyl]lsomdohne 1,3-dione; 4-[1-Aza-2-
e TR O e D 2 L (2 et oy
N-{2-[ | S- ( 3ntethybxlferddethyl]isoindoline-1,3-dione; 2-[1-(3- Ethoxy. 4-methoxyphenyl)- 2—.

et hoxyphenyl i By UAASIV R bl B3 LRl AR nAR i icd 1652 9

4- netho&gphEMyky43ﬂQMQ®pm¥®DthahﬂmﬂﬁmyBmwndqhmmh4myh¢ﬂmeuanhde 4-
4- Am no- 2

et hoxy- 4- mef ’hé?WHﬁ@Pd)rz) L3 whersyuibgo sy Ndans s Hfosylgihyiidsoindoline-1,3-

4- Am no- 2- [ ldioh3-2t1haXBthox4- m&ﬂn pasNYl hedyRy@ayiatyljisoi ndol i ne-1, 3-di one;
2-[1-(3- Ethoxy 4- et hoxyphen

oxobutyl]-4 WY&@WY%@IW? rllé 410113:_, Nr {gr{é -(3-cthoxy-4-methoxyphenyl)-3-

2- Chl or o- N- {2arb kytlupet, ?9&0&01%13%%@&%%1& N- {2-[1-(3-Ethoxy-4-methoxyphenyl)-
3-oxobut yl ] -1, 3-di 0xoi’soi ndol - 4-yl }acet am d

2- ( Di met2hyl émxn@)tyl[}d.l{32d1{)}¢ms(031dghmé;yy}.aqelamlde N {2 [1IR- (3 ethoxy 4-methoxyphenyl)-3-

th h - b d
Z?An?ﬁgPZ?F¥g¥€%@§' o§§¥ﬁ%om?ﬁ%gyp ﬂh%%ﬂﬂg hyd?ﬂg ﬁﬁ%?gglﬁdollne |, 3-dio
ne; 4- Am nonRtokipheByl)-tohaxyyl i Aelidroisypheingd )/l}aemdmﬁ\y{% [ 1Se ridladxiyrie -

1, 3-dione; %_euhok}%hgr%;l?—g—ng()ﬂ%iﬁ)—utyl]— 1,3-dioxoisoindolin-4-yl}acetamide; N-{2-[1S-(3-ethoxy-

, 3-di one

4-methoxyphenyl)-3-oxobutyl]-1,3-dioxoisoindolin-4-yl} acetamide; 4-Amino-2-[1-(3-

30  ethoxy-4-methoxyphenyl)-3-hydroxybutylisoindoline-1,3-dione; 4-Amino-2-[1-(3-ethoxy-
4-methoxyphenyl)-3-oxobutyl]isoindoline-1,3-dione; 2-[1-(3-Ethoxy-4-methoxyphenyl)-3-
oxobutyl]-4-pyrrolylisoindoline-1,3-dione; 2-Chloro-N- {2-[1-(3-ethoxy-4-methoxyphenyl)-
3-oxobutyl]-1,3-dioxoisoindol-4-yl}acetamide; 2-(Dimethylamino)-N-{2-[ 1-(3-ethoxy-4-
methoxyphenyl)-3-oxobutyl]-1,3-dioxoisoindolin-4-yl}acetamide; 4-Amino-2-[ 1R-(3-
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met hoxyphenyl ) - 3- oxobut yl | - 4- pyrrol yl i soi ndol i ne-1, 3-di one;

2- (D et hyl am no) - N-{ 2-

[ R-(3- etwoxytosssshoxyphenyl ) - 3- oxobut yl ] -1, 3- di oxoi soipodalsceoAh23583 acet ami
de;

Cycl opentyl - N-{2-[1-(3-ethoxy-4-nmet hoxyphenyl)-2- (et hyl sul fonyl)ethyl]-1,3

;L ((:]{’3 O)é\ 1(:) |h SOi @%8!& A: m4etlyolx%rplfeﬂ§15)g)h?lﬂ?og%ut)?lﬁgo%d%ﬁﬁé"}/ b 380 04? Abind 2 1 IR- (3-

met hoxyp he nyth))x324(rmmltdxy1b1$ujzlﬁ6ﬂybbmlh§d1ﬂdollmé§l Aidioei Z-0iRBe¢thaxy4t-yl } pr opanami d
e; 2- (D ne | am.n

(3. et howy PRGTHORY RGN bt PHavyioLtiPbsay T fisphyE {Dimgthglamino-N-(2-
ﬂ:_ ?)2( OI[ ??)IR;ld?[)lR (B- dét?@bly}@ﬁl@maﬂﬁjhiblg&) 3- oxoebi}]ltyl] 1,3-dioxoisoindolin-4-yl}acetamide;
I OX |
NS0t AP RO EEGh oY B D2 gy s e b o) acetani e

; N-(2-[( 18)1I0X01501nd011n 4 yl}carboxamlde 3-(Dimethylamino)-N-{2-[ —f3—ethoxy -4-
| - (3- et hoxy- 4- et hoxy | sul' fonyl') et hyl]-1, 3-di oxoi soi ndol i n-4

2- th
-yl }-2- (di mst y@wﬂgyé@@tﬂlélﬁgl&@yl)eth}% -1,3-dioxoitsoindolin-4-yl} propanamide; 2-
4-{3-[(D mi‘gl Mﬁe%{?lzﬂﬁ)l -QZ-' 1-?345&9;!eyYA}neﬁloLy()ph(e§/gfﬁ ?ﬂé‘tﬁylllu'l%)nyl%ethyl 1-1,3-

nmet hoxyphenyl ) - 2-"( net suI fonyl)eth
Cycl opr opyl dem(s@n@c(lmsy-yh}propanamlde N- {2 (IR) 1-(3-ethoxy-4-methoxyphenyl)-2-

U1} car Hhxa SRS SRl SO b o AR SRR,
pyrrol yl i soiln8ethorg4- rﬂ.e,tlﬁbx@lplmn@l,) ZNme(hg/l-s[llfonyl)ethyl -1,3-dioxoisoindolin-4-y1}-2-

1 é%%%f’?&? %‘ﬂg‘ %f ‘“&Im%%é@ﬁ ‘ﬁmyﬁ%ﬂ %E%Hé‘ﬂﬁy&@lyl}c% GFBRYTEN [ 2- 11

(3 4- methoxyphenyl)-2- (methylsulfonyl)ethyl 1somd011ne 1,3-dione; Cyclopropyl-N- {2 [(1S)-1-
di met hoxyphenyl ) - 2- (net hyl sul f onyl L ¥ 3- di_oxoi soi ndol | n- 4-yl } car boxam
i de; Cycl Opl(%)BQ;wa methoxyphenyl) 2-(methylsul onyl)ethyl -1,3-dioxoisoindolin-4

{2-[1-(3set ggwrb&aﬁﬁ&éﬂQkfweh@Ja}ﬂle)th&y%ﬁéﬁm\le(ﬁfé{hfygenf&&ywﬂgﬂ k- 3-
oxoi soi ndol i n-4 ﬁIS(o car boxam de; 2- | am no) - - I-&S et hoxy- 4-

gt Ihoxyphelnj?IVI)ml)Z e iy 5 dndicamyyied hid.4 dgned%w@@nﬂ&éf(mﬁﬂmlsyl qugbethelli de;
clopro

r 1Py o) - ieisaindglin i 3 dmettyfamingacctapide; QUIon oM N B I5. oy soi ndo
lin-4- yl} dandjh;)((aphedg],) 2@yethg oyl )ethyl]-(1 3-Ji¢dcioindolin-4-y1} carboxamide;

| - (3- et hoxy rreth

(et hyI sul fgsfy’f’?“’P byl %P—ﬁ(—%ﬁh%& nao ho}ﬁypﬁlelwl)}z ém%ﬂ(?klsulfoa%bethyl

(3R) - 3- 28- ( A@@tc}lhc&ﬂﬁhme})l}daﬂjomarﬁﬂb I'ﬂéi(‘[bltnﬂt-hylammo)—N—{Z— 1—(3—ethoxy 4-

2-yl]-3-(3-et h di net.h r R

(nyc} opr f)pylnl? FS%QW’P%#R %?lsﬁ% é?)tl}lﬂgéwf‘ﬂls‘?n%h?‘ 43@? P’I‘f%xé‘i &?@Qﬂg\iypheny

1) - N, Ndi et hyljps ﬂ)fémmbﬁge4 methoxyphenyl -2- (methylsulfonyl)ethyl -3-oxoisoindolin-4-
3-{4-[2- (D et % am_no) acetyl am n%i(t - di oxoi soi ndol i n- 2- gl }-3-
( 3- et hoxy- 4Yhethesapptre FyFIPPRONEN! lﬁ§r|1;5%@ﬁlaﬁaﬂ1rr¢réhoxyphenyl)

(3R)-3-[7-( %m%&l@ﬁl%fﬁétﬂ)hg@no?&gomdohn -4-yl}carboxamide; (3R) 3-[7- (Acetylammo) 1-
| - oxoi soi ndol i n= 2- 3-(3- et hoxy- 4- net hoxy- pheny ) - N, N-di et hyl pr opananm de
(3R) - 35  oxoisoindolin-2-yl]-3-(3-ethoxy-4-methoxyphenyl)-N,N- dlmethylpropanamlde 3R)-3-[7-

{4-12- (di methyh AR AGRINhAR)-1koikoitdHinP4A1- 898 AHBLY Bfeinbidprinfipnag hoxy- 4-
dimethylpropanamide; 3-{4-[2-(Dimethylamino)acetylamino]-1,3-dioxoisoindolin-2-yl}-3-
(3-ethoxy-4-methoxyphenyl)-N,N-dimethylpropanamide; (3R)-3-[7-(2-Chloroacetylamino)-
1-oxoisoindolin-2-yl]-3-(3-ethoxy-4-methoxy-phenyl)-N,N-dimethylpropanamide; (3R)-3-

30  {4-[2-(dimethylamino)acetylamino]-1,3-dioxoisoindolin-2-yl}-3-(3-ethoxy-4-
methoxyphenyl)-N,N-dimethylpropanamide; 3-(1,3-Dioxo-4-pyrrolylisoindolin-2-yl)-3-(3-
ethoxy-4-methoxyphenyl)-N,N-dimethylpropanamide; 2-[1-(3-Ethoxy-4-methoxyphenyl)-
2-(methylsulfonyl)ethyl]-4-(imidazolyl-methyl)isoindoline-1,3-dione; N-({2-[1-(3-Ethoxy-
4-methoxyphenyl)-2-(methylsulfonyl)ethyl]-1,3-dioxoisoindolin-4-yl} methyl)acetamide; 2-
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met hoxyphenyl ) - N, N- di et hyl pr opanam de;

3-(1, 3-Di oxo-4-pyrrol ylisoindolin-2-yl)-3-(3-

et hoxy- 4-wet2bmxgpssenyl ) - N, N- di net hyl propanam de; 2-| PCT/US2010/023533
1- ( 3- Et hoxy- 4- net hoxyphenyl ) - 2- (et hyl sul fonyl ) et hyl ]
-4-(imdazolyl-nmethyl)isoindoline- 1,3-dione; N ( {2- [1-(3-Ethoxy-

4 et oy Beg L TP SHLLRRHASHENL2 o LRI SRAIERSL - -1 b et 1) 2

cet am de;
1-(3-et hoxyd&xns@ihdn@pﬁtmh}lmbtﬁymcewmﬁdwlJslairr[edryydn)ied))ﬁy{12 [13(33thoxy-4-

gl ?)E]O;TZ? L;?gﬁ%hﬁéy ]‘%E% - —( %tlh%lgclg g%gg}%hl 3-dioxoisoindolin-4-yl} methyl)acetamide; 4-

met hoxyphenylls])s@q&tl(yrmlfblyﬁ)ﬁuhﬁd}ny[ll)(EIe’fhyski 4imadhattiypicaiigai ndol i n- 4-yl } net hyl ) ace
e RS e el L a2
2-[1-(3-Et h%&’ﬂ’l Sﬂﬁﬁl??éﬁ%ﬁ][“( 1 e}l‘[y:l?sulfonyl )amlno 1somd011ne 1,3-dione; N-{2- I[ g_dl one:

(et hyl sul fonyl et hy t hyl su ami nol i soi ndol i ne-

N-{2-T1- (3- Ethomprynathorphayl) ﬁﬂyﬁwxypesmﬂfjlaééweéﬁm golpn=4-yljacetamide; N-{2-[1-
3- di oxoi S% EQB!& R- rﬁ%tﬁ’d %,r lﬁe(ﬁﬁt) @rﬂxg 3{(?10;£01§|01nd011n 4- r%/d}acetamlde E(IR) 1-

I,

( 3- Et hoxy- 4- met hoxy 3- 0xop , 3- di oxol soi ndol 1 n-4-yl }acet am de;
2-[(1R) -1 - (3-Ethoxy- 4 methoxyphenyl) 3 hydroxybutyl ]-4-(pyrrolylmethyl)isoindoline- 1_3 dlgne 2- _
g%ﬁ)gg“ A1 ARSAQOENKDAL e BB RO OB 11 2 GPYEY RlHyTRO b4 BdgL; ne- 1.
[ (I R -1 - (3- & byS4Cyokiphaylppndnydtox3plexehad thyldjoxdbutyd i Baligdomeinkylin-4-soi ndol i n
e-1, 3-di one;

N-{2- | - ( 3- & ArSPaAe 65l B A s Ry sy R RY-RY By BGPYH 13- 3- di oxoi soi ndo
lin-4- yl} apebiashdgin-4-yl}lacetamide; 2-[1- (3 Cyclopentyloxy 4- methoxyphenyl) 3 oxobutyl]-4-

N-{2-[I-(3-Cycl or entyloxi/4methox ) - 3- oxobut yl ]

di oxoi soi nd8Virplyhsojndplinet.Anioge 2 Dlmethoxyphenyl) 3- OXObutyl] i

2-[1- (319yclaparinlsaxy aﬁﬁfoﬁl%ﬁ[&hﬁ@y |3)d'1§1603§f2[%51¥ﬂa]ceﬂcally acceptable salts,
pyrronI|50|ndoI|ne |, 3-dione; 2-[1-(3 thoxyphenyl) 3-oxobut yl ] - 4-

[ bi s(net hyl §@JV¢@19Y‘¥§% ﬁb]W%@lSWER@lSPWéfSJ aﬂQ-Pmd@F%t <end phar maceutical ly
accept abl e sal tsg, ]9@4; I and
prodrugs ther eof : St i ?ﬁt ot gl%&%ﬁ&tﬁhﬂéﬁéggs qglz)a%odgg%%ldr?ot limted

to, imdo ambsatm'tetdmﬁhjatomm¢ enldsa(&ylekwntﬂ@@cm & dmspideinddlioe-2e a3l -ethoxy-
(3-(Il, 3-di oxai 3etho

propanoyl amﬁnoejﬁﬁ)oxlyc%ihenmgfo@a 3(9“@&10 BEROA) lf)ci()sg(g%r\gééoﬂ&% LJM}S‘)i n tg' ™o

6, 699, 829, whi&sPoR9L, whnc}oairpmcatpeduddefemlmbyb&fdm&erE;nm@lesrﬁmamplcempoumdkuide
conpounds of. fornmula: and pharmaceutically acceptable salts, solvates,

hydr at es, cI%WW[aates stereoi soners, and prodrugs thereof, V\/nerei n: the
carbon at om desi gnat ed * constitutes a center 7of chirali ty, R4 is hydrogen

or -(CO-R12 ,
7fR1

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and
prodrugs thereof, wherein:
25 the carbon atom designated ~ constitutes a center of chirality,
R* is hydrogen or -(C=0)-R"?,
each of R' and R, independently of each other, is alkyl of 1 to 6 carbon atoms,
phenyl, benzyl, pyridyl methyl, pyridyl, imidazoyl, imidazolyl methyl, or
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each of Rl and R12 , independently of each other, is alkyl of 1 to 6 carbon
at ons, phenyl, benzyl, pyridyl nethyl, pyridyl, imdazoyl, imdazolyl

nmet hyl , owGOHBRI(0es83NNR* R, wherein R*and RO, independent lpgTafS2éloe2z36her, are
hydrogen, alkyl of 1 to 6 carbon atoms, phenyl, benzyl, pyridyl nethyl,
pyridyl, imdazoyl or imdazolylnethyl, and n = 0, 1, or 2; R5is CO CH2,
CH2- CO-, or SCQ;CE%%@%BJNEﬁ#and R7, independently of the other, is nitro,
cyano, trifluoromnet %“carbéthoxy, car bonet hoxy, carbopropoxy, acetyl,

car banoyl , acet owhgreind® bab®/’, indyrbndonyly ofithic pther, atekhytirogén, alkybofdl to &rchibon at ons,

al koxy of 1 to 6 .carbon ato cyel.oal ko f 3,to 8 carbon atons, hal o,
b1 yel ol kyfl Bt TPt LR FUnR gt e red sy SR 5RE ~hfbon
atoms, 1-indanyl oxy, 2-indanyl oxy, C4-C8-cycl oal kylidenemethyl, or C3-Cl0-
al kyl i denenet hyl and R1 1, independently of the

- . each of , ., R10,
others, Ps (i) h§aP :ﬁhfﬂ%r$ﬁbggcfﬁﬁ§% trifluoronethyl, carbethoxy,

car bonet hoxy, Pa&ﬁﬁﬂfﬁpﬁﬁmﬁ,ﬁﬁ@kﬂ&mﬂf@f@@ﬂﬂ%ﬂis@@&k 306, trigR6RAEMy1, hy dr oxy,
am no, al kyl am no, dial kyl am no, acylam no, alkyl of 1 to 10 carbon atons,

al koxy of 1 ctiethoxye e bsvetaxyngrboredprexy. asctyli Gaybagiul. a¢etqrg, cafxy fydroxind R1 1
I's acyl am ng ekl 8 cArBiRTof, Kioxy 8HoidErdof TRl 8Q1ikoRPor B8 RLO
and RL 1 arenhyar%%en, opcfiﬁf)thdrgéén it RBrgnd FB’ggéénogggether are
benzo, qui neibaratoysihalxbicyaeslkybehur trildaabbreatobenianicelkokeot up to 18

2- hyd b p.m l.e hyl i , ~ ai . Lal kyl i
vl ogeni 1R S8R CATn Sl EREEL Rk R Ry e R ¥ Ol ol 1 e
benzi m dazohbylioaetlyloxol e, 2-hydroxybenzi m dazol e, net hyl enedi oxy,

benzo. 5111 ot hEtHBEEa Rt B o Aemveriily oFF o¥B hor T m ted o,
7-am do-i soi ndol i} hyelesBes es cindClridisedmiethyllcHbethddyfirbdd@thoky 034, 052, whi ch
's 1 ncor por %atlr%gprgggxg,i a{lcett})l}: carbamoyl, acetoxy, carboxy, hydroxy, amino, alkylamino,
15  dialkylamino, acylamino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms,
halo, or
(ii) one of R®, R’ R'®, and R is acylamino comprising a lower alkyl, and the
remaining of R®, R, R", and R' are hydrogen, or
(iii) hydrogen if R® and R’ taken together are benzo, quinoline, quinoxaline,
20  benzimidazole, benzodioxole, 2-hydroxybenzimidazole, methylenedioxy, dialkoxy, or
dialkyl, or
(iv) hydrogen if R' and R, taken together are benzo, quinoline, quinoxaline,
benzimidazole, benzodioxole, 2-hydroxybenzimidazole, methylenedioxy, dialkoxy, or
dialkyl, or
25 (v) hydrogen if R’ and R'? taken together are benzo.
Still other PDE4 modulators include, but are not limited to, 7-amido-isoindolyl
compounds disclosed in U.S. patent no. 7,034,052, which is incorporated herein by

reference. Examples include compounds of formula:

0 O—R;
V)L " e Q
R2
N
/
Y Z
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reference. Exanples include conpounds of fornula:and pharmaceutically
acceptabl e salts, solvates, hydrates, clathrates, stereoisoners, and
prodrugs wbenmap3ssgherein: Y is -C(O-, -CH2, -CH2C(O) - @cT882010423533 H; Z i s
(CO0-4-al kyl)-C(O R3, Cl-4-alkyl, (CO 4-alkyl)-CH,

(G _4-alkyl)-O G _4-alkyl), (Cl- 4-alkyl)-S@(C -4-al kyl),

( Co- 4- al kyl rad)aGnactutadaky hceptatfld sadts adokwte},-hixiid es (dCOhrdtes Isteydo)soNEGS) and8akyl ) 2,

(C0- 4- al kyl r CHZNSQ2(C _4-alkyl); R and R2 are |ndependently
G _8-al kyl, )pr%@séﬁ%r SRS 4. al kyl)cycloal kyl: R3is, NR4 R5, OH, or
0-(Ci _s-al kyl ) ; YR4-G(©)-HCHRS-GI,{@Hr S1,; - OC( O) R6; and R6 is Ci_8-al kyl,
amno-(CG -8-al k%I. (G _8-alkyl)-(C3-6-cycl oal kyl), C3-6-cycl oal kyl,
phenyl , benzyl, or gr I n ot her enbodi nents, provided herein is a
colrrpounds(r)]f dt he rol dCQWaHtgl)fCQODRﬁ @lu ﬂkyl@(%h&ﬂm’)m‘ﬂt(CQﬁhlkyl)@"?@ﬁmlﬁ%b} ,ecsal tY
sol vate y te st ereoi soner, clathrate prodru : ereln

o Ve - elvB iSO ol (oS B R bty Ny (CoRmIRANCE NG 2, ' or
-CFS;Zis : Iy-8 ot K¥b)C, -416/19- 4- al kyl ) - CN, (C

0-4-al kyl ) - ikggz[é@w k})) @D%% og{E -a)( ”% . (00 4-al kyl ) 4 al kyl),
( CO- 4- al kyl ) 50( R ang Ry akfgﬂmyiepe(u@ﬂnﬁais R Reqloalkyt oo -agivigyalg

8-al kyl) 2, (CDRnISaIlJKyM d}!()l(—,l)()%g -4 al kyl ) -di chl oropyri di ne or (Co4 -
aIkyI)NSOZ(Cl 4-a a/ Wis - écyc oal kyl, -(C _8-alkyl)-(C
3_6-cycll8al kyl ), R=jsdho- 8- al kyl)-(C 3_6-cycl oal kyI) NR7R8, (Co-8-al kyl)-NR

7R8, (CO 4al kyl) R I{eym-NR 7R8; R and R2 are independently
C _8-al kyl, cycl og{_{%ﬁ—,é -C?@ 4- zgl kyl )cycloal kyl; R3 is G -g-alkyl, NR4R5,

OH, or O(C 1- 8- Bf isﬂ ¥ aH@tl améhoRs) araékyd)mﬁépseafﬂsbéhf@ge CB%IO@YIB%Jekthloalkyl
(C0-8-al kyl bR uiych ggl kvl) . CH or - O(ORS;

In other embodiments, provided herein is a compound of the following formula, or a

15  pharmaceutically acceptable salt, solvate, hydrate, stereoisomer, clathrate, or prodrug

thereof:

O_R1
wherein:

Y is -C(O)-, -CH,, -CH,C(O)-, or SO»;

20 X is halogen, -CN, -NR+Rg, -NO,, or -CF3;

Z is (Co.4alkyl)-SO,(C,4-alkyl), -(Co4-alkyl)-CN, -(Co.4-alkyl)-C(O)R?, C,4-alkyl,
(Co4-alkyl)OH, (Co4-alkyl)O(C,4-alkyl), (Cp_4-alkyl)SO(C,4-alkyl), (Co.4-alkyl)NHs, (Co4-
alkyl)N(C,_g-alkyl),, (Co4-alkyl) N(H)(OH), (Cy.4-alkyl)-dichloropyridine or (Co4-
alky)NSO,(C, 4-alkyl);

25 W is -Cs¢-cycloalkyl, -(C;_s-alkyl)-(Cs_6-cycloalkyl), -(Cy_s-alkyl)-(Cs6-cycloalkyl)-
NR7Rg, (Cos-alkyl)-NR7Rg, (Cosalkyl)-CHRo-(Co-salkyl)-NR7Rs;
R; and R, are independently C,_g-alkyl, cycloalkyl, or (C;_4-alkyl)cycloalkyl;
R’ is C;g-alkyl, NR*R’, OH, or O-(C ¢-alkyl);

- 38 -



R6 is G -8-al kyl, (Co-8-alkyl)-(C3_6-cycloal kyl), amno-(C _8-al kyl),
phenyl, benzyl, or aryl; R7 and Rs are each independently H G -s-alkyl,
( Co- 8- al kyb)re{o@®3®scycl oal kyl ), phenyl, benzyl, aryl, orcras2@e/oczien
together with the atom connecting themto forma 3 to 7 nenbered

het er ocycl oal kyl or heteroaryl ring; RO is G -4 alkyl, (CO0-4alkyl)aryl,
(Co-4al kyl ) - (C3- g+ 50; C de ylc 0
enbodi nment , VV|S§'%%g%oﬁiﬁx&%ﬁggg?H4éf8Mk%’ es%ﬁ? tl%%ngﬁ%gahgﬁghclude
t hose of fo(ﬁﬁoak and pharmaceutical |y acceptable salts, solvates,

hydr at es, clathr IS her ein: R, R
and R3 are indep n](§eﬁ181 E}Q’Ll?@ 8 %‘nﬁ);(scéfﬂfa(’ﬁ%ﬁf ?8@726’1’??@ beaeyly Aast
one of R, B&Land R3 is not H Still other PDE4 nDduIators i nclude, but are

not Iinited to, isoindoline ¢ nds disclosed in U S _publication no.
2006/ 0028457A1. Buﬁ}dul?s%r?éﬁeaﬁ]éﬂﬁdg&nﬂae@y aﬁ%(% -3lig/T)- %éﬁb“d?ai‘%ﬂ herein by

ref erence. Bﬁﬂ&ﬁ%&ﬁ&ﬁ%ﬂﬂ&n@Qﬂ&ﬂﬂ&%&g&ﬂﬁ{wﬁﬁﬂkQﬂ%?ahh&hﬁgﬂbﬁnE@&hﬂai&ﬁ'OW
and pharnaceutlcal acceptabl gé ruP salts, solvates, hydrates

cl at hrat es, amf‘dn@feéﬁﬁé@r%ﬁ@arﬂs‘/lph ety Mghl e 1.1 n anot her enbodi ment, al so
provi ded her ein RIR - bl El@%l‘l 5 Ylod]ky1), (Coqalk

2- met hyl sul fonyl e h(%] kyg%&4 (?ﬁdgﬁ Q%§3 dl%%( om,yg
pharnaceutl@a&ﬂvybbceptable salt sol vate, hydrate, clathrate,

st er eoi ggner h I n one enbodi ment, provided hereinis a
hydrochﬁgrlde sa 18%&%9?}1%3 e?hoxy 4- nethoxyphenyl) 2-

met hyl sul f onyl et hyl ] -4, 5-di ni troi soi ndol i neghz3-di ore. Still other PDE4

nodul at ors i ncl ude, but e not N\ to, |§8|ndoll%e conmpounds di scl osed
in US. patent no. 7,244 , WATCI3Ai S | ncokpgr at edYMEVei n by reference.
Represent ati ve conpounds i ncl ude cl opr opan arboxyllc aci d

{2-]1-(3-ethoxy- 4-

met hoxy- phenyl ) -2-[1, 3, 4] oX® zow/?\w \hylﬁzﬁﬁgxgﬁi aﬁﬁo | Hi soi ndo
| -4-yl}- amide, which hhs the folh\§dp chenilcal ptruct re
pharmaceutically accepta salt & vates/r at es, hr at es,

prodrugs, and stereoi soners thereof:

||?7
N (Coa '?7
8 Y N P N ~
Ro Rse  (Coas -

In another embodiment, representative compounds include those of formula:

O_

R3
\\\ (0]

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and

5

15  prodrugs thereof, wherein:
Ri, Ry and Rj are independently H or C, g-alkyl, with the proviso that at least one of
Ri, Ry and R; is not H.
Still other PDE4 modulators include, but are not limited to, isoindoline compounds
disclosed in U.S. publication no. 2006/0025457A1, published February 2, 2006, which is

20 incorporated herein by reference. Representative compounds include those listed in Table 1
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Still other PDE4 nodul ators include, but are not limted to,

N- al kyl - hydr oxam c¢ aci d-i soi ndol yl conpounds disclosed in U S. patent no.
6,91 1, 4640 20tvio®Bss8Ss i ncorporated herein by reference. Repriss@oiadssye
conmpounds include those of formula:and pharnmaceutically acceptable salts,
sol vat es, hydrat es, clathrates, stereoisoners, and prodrugs thereof,

wher ei n: ent I
wher el Y, bl fﬂﬂ%ﬁl&ﬂﬂ%ﬁ%ﬁ)ﬁ%@%&f ot i Syddpesgent |,
is H G -6- alckeplspmeldRreoNR3R4 or OR5; Z2 is Hor C(OR5; Xi, X2, X3 and X
are each independent H, hal ogen, NO2, OR3, CF3, G -6-alkyl, (Co-4

al kyl ) - (C36cyc|oa|ky|) (CI)4aIkyI) N-(R 8R9), (C0-4-alkyl)-NHC(O-(R
8), (C - alkyl)- Nﬂ&(lO)CH(R8)(R9) (CO-4-al kyl')-NHC(O N(R 8R9),

(Q0- 4- al kyINNeNFCLO QR BRurdekied- al KyT) - 0.8, (00 4- akkyikouré M dazol yl
(Q0- 4-al kylry=pyrrolyl, (C0-4-al'Kyt}, oxadijazol[yr, (Co-4-al Kyl )-§Ffj@gzoly| or
( Co- 4- al kyI)-h=terocycI e; R3 , and R5 |are |each i ndepende Yy H ¢y
i -6-alkyl | OCi-6-alkylyg p ob?r?i'yl, or laryl; R6 and ’
i ndependently H or (-6-lk and R8 and R are eacprirpdepe ntIy H,
G -9-al kyl | €3{6- cff b (Ci - 6-al kyl )|- (C3- 6-cy -: RY /,
(Co-6-al kyl) - N{ R4E } K IN)-CR 5, |pheny¥, Weniz ary C?PI erid| nyl,
pi peri zi nyll, pyr m)rph_l i no, or |C3_1- WCI al kyI 3Stl || pther
PDE4 nodul at or but are not linifted]|t digohenyl et hyl ene conppunds
di scl osed iU S—patent no. 7,3 o2, 241, [ whi¢h |s TMcor por ated nererm py
reference. |Repfesentative conp dS/I_ ¢l ude those of formula: andH,
pharmaceutijcal | y acceptabl e s —oSol vat|es, , cl aly tesrcH,
stereoi songrs, | and pro t of, wherlei n: is |FCNO | | kyl,
-COOH, -C(O)3IN(R9) 2, - N6 rS/,IkyI -|CO) - bénz (DO | over al kyl,
-C(O O benzyl;|Ris -H I- f cyafio substltutedo gN\i_tzdt ed | ower
al kyl, substit pithsfl~ hSubsti t ut ed al koXy, hal ogen, - OHH - @igRi 0) 2
-COCH, -NH2, -{0C(0)-N(oRi o) 2;
0-CH, HsC 0 -CH;
CHy
H4C NH O/—CH3 H3C_?//\NH 0 07
. Hg/\ . H G ~ ;
VAL
$=0 H
\CH3 N =CH,
o -CH,
0-=CH, /—CH3
H3C N H 0 o/_CH3
7 Hj\é:[: 8 <;E:
| N
=\
0
o
0 CH3 O'CHg
O/—CH3 0 O\O
JISN @ e
=\
Hye LNH O
Y
o 0
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R 5 is substituted or unsubstituted | ower alkyl,

unsubsti tuted al koxy,
substi t utwo 20r10/098m8bst i t ut ed phenyl,

or

substituted or

substituted or unsubstituted pyrrolidine,
substituted or

imdizole,

substitute

unsubstituted al kenyl ;
substituted or unsweogtiscubeesspyri di ne,
substituted or
unsubsti t ut ed napht hal ene,

un
substi

d or
Xis

substi t ut ed
tuted or

unsubstituted {hiophene, or substituted gr unsubstituted cycl patkyl; epach
occurrence|of R9 is |ndependently3£Hsor gubst{i tuted or i tatled | pwer
al kyl ; and|each occurrence of i 9 THdependent |y - . uted of
unsubstitute@r ower al kyl n er enfo g%rent, enyati ve conpopnds
i ncl ude those of f@&rmy ! har maceut i lly accsg Salts, solvajes,
hydrates, ¢l athr, . OIS B, and prodrqgﬁ t mhereln Ri | and
R2 are indepenjeﬁtIyH- , substituted or [unsu i"tuted | ower al kyl
substituted or unsubstltuted al kenyl , suljstitjuted ®©r unsubstituted al kynyl,
-CO0H, -C(0O- |ower alkyl, C(O@el-lpwer al kyl|, -© - N(Rg)2 subs;it ted or
unsubsti t uted aryL, A 0§ ed ungubstli t ut NIgleter '/ﬁﬁﬁﬁ
occurrence |of Ra, b, 8 i ndepgndent | S e or
unsubstituteld | ower ; pStituted or hﬁsubsti @  ed
or unsubstituted het & %@Qstituted or |unsub A\

substituted or|unsubstitutied al'k@xy, hal ggen, cyano, -h[Q, H) 2,
-N(R9)2, -(I:( QG, SO0 ""“"‘2, u\u;ld(%ﬁ\ 2, 4

“NHS( O 2- R0, -3&@)2-%0, - NHOL QP Ny ~INHO(0) N( Rit) 2, -NHC((D)CNHSOZ-RIO,
-NHC(O) -R 10- N(RT® RH - pH Rio3(N(R9)|ﬁP H o) Ot R3 is
-H, substituted of cUnsphst{tuled | oner alkyl, SUbBtI ute Substit pt ed
aryl, substiltSuted or bst+£ ut.ed heterdcilie,f:8ub ed or
unsubstituted cycl oal , Syb tfuted or |unsubstitu %alogen
cyano, -NO2, -0OH, -OPQ(OH) 2, -NiFEH) 2, -loC(Q - R10, OC(U) 5. N(Rlo) 2,
-C(O)N(Rio) 2,|-NHC(O-R 0, -NES(O 2-Ri 0, |-S(O 2- RO, - Cf( NH R O,
-NHC(O N(R—0) 2, JWQQM%OZH

10

15

O -R 10-
In another émbodiment, also prov1ded herezn are 2-[1-(3-ethoxy-4-methoxyphenyl)-

2-methylsulfonylethyl]-4,5-dinitroisoindoline-1,3-dione, or a pharmaceutically acceptable

salt, solvate, hydrate, clathrate, stereoisomer, or prodrug thereof. In one embodiment,

provided herein is a hydrochloride salt of 2-[1-(3-ethoxy-4-methoxyphenyl)-2-

methylsulfonylethyl]-4,5-dinitroisoindoline-1,3-dione.

Still other PDE4 modulators include, but are not limited to, isoindoline compounds

disclosed in U.S. patent no. 7,244,259, which is incorporated herein by reference.

Representative compounds include cyclopropanecarboxylic acid {2-[1-(3-ethoxy-4-

methoxy-phenyl)-2-[1,3,4]oxadiazol-2-yl-ethyl]-3-0x0-2,3-dihydro-1H-isoindol-4-yl} -

amide, which has the following chemical structure, and pharmaceutically acceptable salts,

solvates, hydrates, clathrates, prodrugs, and stereoisomers thereof:

Still other PDE4 modulators include, but are not limited to, N-alkyl-hydroxamic

acid-isoindolyl compounds disclosed in U.S. patent no. 6,911,464, which is incorporated

herein by reference. Representative compounds include those of formula:

-4] -



NR O2, -NHC(O)CH(Ri 0)(N(R 9)2) or -NHC(O-R O0-NH2, or R3 with either R
or with R4, together form-0-C(R 6Rn)-O or -O(C(R 6Rp))2-O0; R4 is -H,
subst i t utwo 2010/098m8bsti t uted | ower al kyl, substituted orcunspdsirises ed
aryl, substituted or unsubstituted heterocycle, substituted or
unsubstituted cycl oal kyl, substituted or unsubstituted al koxy, hal ogen,
cyano, -NO2, -OH, -OPQ(OH) 2, -N(R9)2, -0(0O- R®1 -0C(O-R 0-N(R 0)2,
-C(ONR 10) 2, -NHC(O-R 0, -NHS(O_, 2-R 0,/,~O 2- RO, -NHC(ONHR O,
-NHC(O) N( Ri 0)2 -NHC(O) NHSO 2-Ri 0, QR O 2,
-NHC(0) CH(Ri 0) (N(R 9)2) or - NHC(O isRH, substituted or
unsubstituted | ower al kyl, substit r¢ubsRtuted aryl, substituted
or unsubstituted heterocycle S y bstz1t ut ed cycIoaI kyl ,
substituted or unsubstituted al ko?xy, haI ogen, RSYRQ -NO2, -OH, ODO(O—I) 2,
-N(R 9)2, -00(O- RO, -00(O-R 0-N® 0)2, 750 10 2, -NHC(O-Ri 0,
-NHS(O) 2-Ri 0, -S(O 2- RO, -NH((ONHR O, -NHC( N(Ri 0)2, -NHC(O)NHSO
2-Ri 0, -NHC(O-R 10- NC(Ri 02, -NHC(0)CH(Ri 0) (N(R 9)2) or -NHC(O) -Ri
0-NH2; R i sandphasmassuiicaly aetopinble pdisirobitenthadralcsviathraick plereoisgmersi andt ed or
unsubst i t ut f’odﬂf hhercS¥ %ktuyted or unsubstituted heterocycle, substituted
unsubst i ute cyc substituted or unsubstituted al koxy, hal ogen,

cyano, -NO2, -OHYis @?OD{}Q)HQ,CHN(%)OQSO%,OC( O- RO, -OC(O-R O0-N(R 0)2,
“C(ON(R.10) 2, -NHC(O-Ri .0 ) HC(O NHRi 0,
_NHO(O R 0) 2, &1 ﬁ%&g@fﬂﬁ%@eﬁd ﬁsg @&1&% ﬁﬁoﬁﬁ%ﬁz CéS?’QalkyN SO

- NHC( 0) CH( Riab:);()&i(cl%aﬂc)yz) or -NHC(O-R O-NH2; R7 is -H, substituted or
unsubstituted | oyer alkyl e unsubst i t ut ed aryl, substituted
or unsubstitut ed%ﬁ‘ét}gfgﬁwéﬁh‘bﬁﬁ{ﬂﬁ Sor unsubstituted cycl oal kyl
substituted or UZ§1§[HS&11G(@1)IQ5d al koxy, hal ogen cyano, N02 - OH, CPO(G—l) 2,
-N(Rg) 2, -0OC(O) - OC(O-R 0-NRO2, -C(ONRY1 - NH -R 0,
_NHS(O) 2-Ri O, Xsé@) XQandliF@fe cadbideaeiE ki, halog o) 3R?F@ 26 B o@) NHSO

2-R 0, 1p NH@Kk@b (E%&S&cldé‘@ @o%alkyi)'h@@%kwg féh&y'i‘i(ﬁ{@@m%’i (CNHX O - R

O-NH2: R is -H, stltute or unsubstitut | owe sSubstituted or
unsubst i t ut etky ArINHC(O3GB SR )Rk, €eb-sclkyliSHEEDMNBtRedl (Get: @K}dbﬁﬂcé,o)@(ﬁb)st ituted

g;alrjlgsuPStl t(@t ?ﬁkﬁy%@g’ 1kyf)ﬂlﬁn%a%§lylt f@&(gags)}_ﬁ%ﬁ;l,i(bo-rglgyl?l koxy, hal ogen,

oxadlazolyl (Cos-alkyl)-triazolyl or (Cy4-alkyl)-heterocycle;
Rs, R4, and Rs are each independently H, Ci.s-alkyl, O-Ci_¢-alkyl, phenyl, benzyl, or

15 aryl;
R and R are independently H or C¢-alkyl; and
Rs and Ry are each independently H, Ci-alkyl, Cs.s-cycloalkyl, (Cis-alkyl)-(Cs.6-
cycloalkyl), (Co¢-alkyl)-N(R4R5), (C6-alkyl)-ORs, phenyl, benzyl, aryl, piperidinyl,
piperizinyl, pyrolidinyl, morpholino, or Cs.;-heterocycloalkyl.
20 Still other PDE4 modulators include, but are not limited to, diphenylethylene
compounds disclosed in U.S. patent no. 7,312,241, which is incorporated herein by

reference. Representative compounds include those of formula:
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Rio, -OC(0)-Rio-N(Rio) 2, -C(OON(Rio) 2, -NHC(O-R 0, -NHS(O 2-Ri 0,
-S(O2- R0, -NHC(ONHR 0, -NHC(ONR 0)2, -NHC(O NHSO 2-Ri 0, -NHC(O -R
10- N(Ri oyd,20toMel6¥80) CH(Ri o) (N(R 9)2) or -NHC(O -R 0- NHRCcT@s238/008585 ei t her
R or with R7, together form-0-C(Ri 6Rn)-O or -0-(C(Ri 6RnXh-0O; each
occurrence of Ris independently -H, substituted or unsubstituted | ower

al kyl, or s I - Lt vk - n of RO
is independgﬁ?§%&§%%g?%9ﬁgggﬂggggﬁgﬁ%g?%¥&b§%EF5&£?§§§E?ﬁ%ﬁgﬁ%§t%?Uted or
unsubsti t ut ecbdoygs tealokywheresubsti t ut ed or unsubstituted aryl, substituted or

unsubstituted | oyer dr ox yl | a nitrogen,to ich it is
attached forma Eﬁﬁé?ﬁiﬁ?@dﬁgg’ﬁ%§8%§5h?hﬁgghhéggik@%5%%YLé&gkﬁﬁuyg'-H
wher e appr o0 d-Eswea hlttyle aq)Oendyi;ence OF R 6 and Rn is independently -H or
hal ogen. _I n anot her enhodi nent, provided herein. is _

3- (3, 4- dP et hoxy phinfh YN & pyang,sybytited %iuﬁv@ﬁw%ilwaﬁlkzh P EFERPBNI ¢ aci d

net hyl  est eqpaBEtitde® NIRGHREAENCIH, YCADERR) 200D akH,, -00{ YAk ,)st er eoi somer ,
or prodrug thereof. In one enbodi ment, provided herein ar

2-[ 1 - ( 3- et hoxy- 4RnistSHsiiAder yipgubstituted lower alkyl, substituted or unsuk%tituted alkoxy, or

met hyl sul f opylsef .tk nAuBG R ARdHe1 soi ndoline-1, 3-dione and
cyclopropyl-N—{Z-[I-?3- ’

et hoxy- 4- met hoxygheswbtjtued pmetshisstisitddfrbagil)sebdipiidd Guosubisstoicddplidine, 4- y| } car bo
xam de, i : ectiy h . f i LUGE UL ES: .y :
pharnacég?iggﬁpﬁﬁgé%é%?gﬁ%gagéﬁF%B%%f@é%ﬁﬁ%$&ﬁ%%5§@%%9%é?ggkf bﬁ“ﬁﬁgther
enbodi nent , ostsuewinsahmepbthatnd, hésiuedspoisnbisitasdthabbacsncaovgpassied. Conpounds
provi ded herei% can eiihﬁ{.be comercially purchased or prepared according
to the met hdBEPHILE] PYE™Yh the patents or patent publications disclosed
herein. Further, cRpbtdadchdt dfRG & iGQFRQRIIY A6 CBIILNE] @SyiEIRefithica &dv ey

synt hesi zed or_ resol ved usi ng known resol ving agents or chiral columms as
vel | as ot héfvsesthdar d synthetic organic chem stry techni ques. Various PDE4
nodul at gss cont aifdh @R&InRhcc RS, i§ MdbRndGRIPLATS sutdfidic@ BPuRUbStut@blohacem ¢

m xtures of enantioners or m xtures of diastereoners. In one enbodinent,
provi ded heelkyh is the use of stereonerically pure forns of such conmpounds,

as well ‘as the uﬁleangihem aolﬂfn‘f'e?lt,Qéprés@%@vefc%ﬁlgﬁundgﬂ{cluﬂé "EHI)Qé gf’fofﬁildﬁ:ur €s

conpri sing equal or unequ

and pharmaceutically acceptable salts, solvates, hydrates, clathrates, stereoisomers, and

20 prodrugs thereof, wherein:

R; and R; are independently -H, -CN, substituted or unsubstituted lower alkyl,
substituted or unsubstituted alkenyl, substituted or unsubstituted alkynyl, -COOH, -C(O)-
lower alkyl, -C(O)O-lower alkyl, -C(O)-N(Ry),, substituted or unsubstituted aryl, or
substituted or unsubstituted heterocycle;

25 each occurrence of R, Ry, R, and Ry is independently -H, substituted or
unsubstituted lower alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heterocycle, substituted or unsubstituted cycloalkyl, substituted or unsubstituted alkoxy,
halogen, cyano, -NO,, -OH, -OPO(OH),, -N(Ry),, -OC(0)-R 15, -OC(O)-R¢-

N(R10)2, -C(O)N(R10)2, -NHC(O)-R10, -NHS(O)2-R10, -S(0)2-R19, -NHC(O)NH-
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anounts of the enantionmers of PDE4 nodul ators may be used in nethods and
conpositions provided herein. The purified (R) or (S) enantioners of the
speci fi c worrpmungssdi scl osed herein may be used subst antcalusgobmnessof its
ot her enantioner. It should be noted that if there is a di screpancy between
a depicted structure and a nane given that structure, the depicted

structure 'ilt%ﬁﬁ(@&gﬁmﬂ?%}f&bﬁ\lﬁ@bg AAcAgd I[! on, if the

stereochemstr’y 0 tracture o1t i 'on a’structure is not indicated
with, for eXERpheNHUIOICHR daStReH) d>n ﬂﬁi@(ﬁ)ﬂeo dihuct ure or portion of the

structureisto e.ipnte das SSi aII reois rs of 4.3
METHODS OF TREAT ’Rrrﬂsﬁk%\?é RN 8@’56 5 ORI, n”et hods

of treati ngsutptigmwent uigbstaned Iﬂdterﬂ@m&gmbgltiﬁBd aﬂdls(ﬂﬁsh&lltedr o@blﬁﬁlﬁﬁl ﬁibstﬁﬁtd@r s. As
used herein, the treatnent, prevention q O&éor gzerrent of
h

IIT
enconpasses °f WUpstEAtALY: Qg sy ign N mENR et 0§|<<P>forms of TB
and syrmt0@@8@@@)@1@%&92r@oommwlixam@@@@ 1of, Nﬁs«wwes@yt are not

limted to puI nonar extragu non note TB | esions) such as,

but not Ii mRﬂQdNW(O iR o oV HREMN( B)Z(@I}bc(omﬁa?(ieﬁwTBNHC@bﬁwul ous
meni ngi tis, X n%ot A hey gm@eg&aajfzpﬂzm qmm,orw%{hceﬁhaqeop%mrd' tis,

t uber cul ous haden nes d joints, ‘gastrointestinal TB,
and TB of t Iagetheniorm (D'IC(BWBHé‘%Ol:IfQFé(HRIGRpT)b@ <ded herein are nethods of

treating 0. Pr even Lor . (o] . \M TB.
Exanpl es | ncl ude, E %rg % tﬁo %%Hgnedﬁ&wa%r@h ?@9@%@@3}1@%{%&6& erl,
| ynphade nopamm;atutesle)g nenubaitutead Mtﬁodiyale; sibstiwed bt mguistituitddeyolodig, substbated

atel ectasis, caviation, fev e ausea,

dr owsi ness, 5{’) mt arpéoxys]faﬁcfgf’n e - k(ﬁlasgptoéhﬁ%n&? %’eg%ﬁ@)go provi ded
herein are mef tm@@)cﬁm ARAhI 0 MRGYE NHOG)- BN (BI8gLRG)At her  di sor der s
related to TB. Such di sorders often include other mycobacteri al

i nfections, &WNHQ(Q? Bl e INHELDRER )2t ATLL O H SF@RB(aNHICé@) Ritcl ude, but are
not |i mlgedN(RIO)Zdjm(@@ﬁ(méwnfg)igﬁroMH@ﬁ)m seppl ex (MAC; M avium and M

intracel Tular), M kansasii, mari num M ul cerans, M |eprae,
and M ort ui t um cBasl-Bxsubitated t’fLﬂnﬂhﬁlﬁlﬁé Igwer ahel. svhstiyutedm apsybetiuted angl. sor der s

caused by t Q@&ﬁm@ﬂ%ﬁ) Qﬁs(ﬁgﬁftﬁt@d h&&h%& substituted or unsubstituted cycloalkyl, substituted
or unsubstituted alkoxy, halogen, cyano, -NO,, -OH, -OPO(OH),, -N(Ry),, -OC(O)-
Rig, -OC(0)-R19-N(R10)2, -C(O)N(R )2, -NHC(O)-R 19, -NHS(O),-R 0, -S(O)»-
20 Ryp, -NHC(O)NH-R o, -NHC(O)N(R )2, -NHC(O)NHSO,-R19, -NHC(O)-R -
N(Ri0)2, -NHC(O)CH(R10)(N(R9)2) or -NHC(O)-R10-NHo;

Rg is -H, substituted or unsubstituted lower alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heterocycle, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted alkoxy, halogen, cyano, -NO,, -OH, -OPO(OH),, -N(Ry),, -OC(O)-

25  Ryp, -OC(0O)-Ri¢-N(R1g)2, -C(O)N(R ()2, -NHC(O)-R 19, -NHS(O),-R 0, -S(O)»-
Rig, -NHC(O)NH-R 4, -NHC(O)N(R )2, -NHC(O)NHSO,-R19, -NHC(O)-R -
N(R10)2, -NHC(O)CH(R 10)(N(R9)») or -NHC(O)-Ro-NHo;

R5 is -H, substituted or unsubstituted lower alkyl, substituted or unsubstituted aryl,

substituted or unsubstituted heterocycle, substituted or unsubstituted cycloalkyl, substituted
30  or unsubstituted alkoxy, halogen, cyano, -NO,, -OH, -OPO(OH),, -N(Rg),, -OC(O)-

Rio, -OC(0)-Rio-N(R10)2, -C(O)N(R1¢)2, -NHC(O)-R 10, -NHS(O)>-R10, -S(O)e-

Rig, -NHC(O)NH-R 4, -NHC(O)N(R )2, -NHC(O)NHSO,-R19, -NHC(O)-R -

N(R10)2, -NHC(O)CH(R 10)(N(R9)») or -NHC(O)-Ro-NHo;
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but are not limted to, pul nonary diseases, |ynphadenitis, cutaneous

di seases, wounds, and foreign body infections. In sone enbodi nents, the

t r eat nentwopoevmepisson and/ or managenent of other granul eoatuspel0dFTeASES are
al so enconpassed herein. Exanpl es of such di seases include, but are not
limted to: infectious agents caused di seases such as hi stopl asnosi s,

crypt ococcus, - SCR L 0ROkl oAl fLRNTRILARYE suBlibElid) Gl GARLLLAS, CauSed
di seases such as beryl110si s, non-infectious ents cause I seases 'such as
aspi rati on pustitmedioaussutstingeehgerotyolitysubstitated onynsgtstistddeatlbylkylambadutdd seases

such as chroni ¢ gr.anu] omat ous di sease;,.an i of kn causes such
as sar coi dosf gesu%ﬂ%ﬁ%d agkod(i‘y g‘&‘i"%n’acﬁﬁf“’cﬁ@sg?‘gt@ﬁ%?ég‘ r'.N(#E)Z’s@rFEOEnbodi ment s,
met hodﬁ pr O\Ril(ge@_ic(ni?flai)-nﬂ(n@)}pﬂ((lsm(aq?g mllsci@)img -NHS(@%-RM F K OPDE4 m)duldat ors,
or a pharnmaceutic acceptabl e salt, solvate, stereoisomer, or prodrug
Cheront bor KeubFRuovSys NERlGAER o R Bsoskey RIS R sof by v o
TB or ot her N(RI At aehcOSORAENEN(RLP) GEIN A ) SR, IEK, SithichBer RO iRy at or s

are adm nistered in conbination wth conventional chenotherapeutic agents

currently kiRsgier 9Fm AL RrsBap-rbat O-fr@dnvldh; and/ or nanagement of TB and
ot her di sorders. G il - Lnitad to,

i soni azi d, rifan%Fﬁ?&%@ﬁg?ﬁﬁgﬁggg#gg?gg%{gﬂg@#ﬂ%“ﬁ?ﬁgﬁﬁﬁgg@?&gﬁ%ﬁ%%ﬁ?cin,
et hi onam de or sipslitailsé o wspbstibyalfdyolealsyln, ci prof | oxacin, ami kacin,

moxi {1 oxpci n, p?ggcg%%%'n‘eﬁcye'df‘fal aigﬁn%e e%ﬁ&%%ﬁﬁsﬂmt‘éﬂog%}{%ﬁimt%&‘fo'w%%%ﬂ
protionam de, rifabutin, clarithronycrin, Pinezol , I oacetazone,

ar gi ni ne, vistatiuredBr vantstowed tyctatket, cutdstutedror ohdubstitgadadi, sabatitated bhe PDE4
nodul ators are mnjstered in c ination with conventional therapy
Corrent |y kBRSO e ExEonAlRE O R P abA ik SRl RGeHEAE o T8 and
ot her di sor defssitutddDoanuBsginatd Bdigbeylchresamy isi-AGl hegeappkiptia@f hdnot | im ted to,

surgical resection, In one enbodi nent, the PDE4 nodul ator used in
connection with FASEREFEHER Reethd Kot igiinglependently -H or halogen.
{2-[1-(3set hoxy- ﬂl‘dﬁ@ﬁl@%ﬂ%ﬂﬁﬁﬁﬁk,){ﬁ@ﬁd@ﬁ%@ﬂélﬁb‘bf(@,mﬂhrﬁét%bh&yl)—&(l—0X0—1,3—

acetyl am noi soi ndol i ne- 1, 3-dione} , cyclopropyl-N {2-]1I

- ( 3- et hoxy- dihygrokseiylpleryprppignic acid methyl ester:

(et hyl sul fonyl ) et hyl ] - 3- oxoi soi ndol i ne- 4pyl} car boxam de, or a
pharmaceutically acceptable salt, solvate, or stereoisonmer thereof. In one
enbodi nent, the PDE4 nodul at or

0]
OOy
O_

5

@]

or a pharmaceutically acceptable salt, solvate, stereoisomer, or prodrug thereof.
In one embodiment, provided herein are 2-[1-(3-ethoxy-4-methoxyphenyl)-2-
20  methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione and cyclopropyl-N-{2-[1-(3-
ethoxy-4-methoxyphenyl)-2-(methylsulfonyl)ethyl]-3-oxoisoindolin-4-yl} carboxamide,

which respectively have the following structures:

O —
O Oo—
] O\_
e NH o o
i -
~ " 0 0 N e
H S\\
0 , and e}

or a pharmaceutically acceptable salt, solvate or prodrug therecof. In another embodiment,

25  stercoisomers of these compounds are also encompassed.
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is
(+)-{2-[1-(3-ethoxy-4-net hoxyphenyl) -2-net hyl sul fonyl et hyl ] -4-acetyl am noi s
oi ndol i newokoBy@Bs38e}, or a pharnaceutically accept abl epsaius2em/033383 at e

t hereof. I n anot herenbodi ment, the PDE4 nodul ator is

cyclopropyl -N-{2-[ (I S) -1 -(3 et hoxy- 4-

nmet hoxyphenyl ) -2 I i.he-4- oxam de,
or & pharmaveut | Gatry g BB e O R IR B A LR

enmbodi nent , aecoRE)@,tormniubthd)ctsrdemﬂbathmthﬁ sttaarsadt patestl dufli@ndnsi disckjsecglheeeimr

di vi ded dai 0 an a 0 In
it ded dal b HOSERel B AR o Rlod BTN ARR M1 3 R et R R
di vi ded dos&sowil Reséifiag egddedir BRIl colamdaad welldB Sehet atmgRardsdyathbiit d}gaﬂid’ om about
1ng to about 5 000 ny r day, fromabout 10 ng to about 2,500 ng per day,
from abodt f I‘é‘g’ﬁﬁt 800 ng per day, from about 100 ng to about 1,200
ng per day, or fV%@WMn&%u%ri&n@éﬂ%ﬁe&n@@@cﬁﬁﬁl R@ferd 8t cahRxiBBRAJI NY the
patient, the therapg}ﬁ%houl d be initiated at a | ower dose, per haps about 1ng
to about 2, SHOMEGIIXERS of ARMEAEEE Of MiNiEeeef<hasPragpIcto TABRAMPIONGHy t 0 about
> 000 M Pelrlaita fidreflil m%5s@of%te9&hﬁrlgaq§$uperfoﬁhsvaf%&1 AR3BSndsIRRRADE G on the
patient's global response. |In one enbodinent

3- (3, 4-di mvmwlphm@fm$itotm©>f®r kxe@apdid, Inyxins couprvd cq@alyl yneqprlopi onami de
can be mn , 00 or
10, 000 6}6 l&l%ﬁnqg gtq%‘u!: &aﬁporﬁ%@ gf‘[sd%]%{e Iél Cf%[&rcs)%l 9be%96§ in %ﬂeﬁ‘ggs an% 0%918051&09
3-(3,4- d| rretphﬁmgedmélemy IThe amﬁﬂle{d)(m ot (S;Berdtnhgtdesroef tho pedidic c2mydundpdiogosetam de

is admni st%red |nban adgouﬁg ¢ B nﬁg ut to about 1,200 ny/d daily,
every ot her "d&y, M™Br°%He pPrEyhEspat'ed eéﬁl? A n anot her enbodi nent,
2-[1-(3-ethoxy- 4H@EdthDPfé’rwf&ﬂhét)1ftBerBﬁd’k!flbcﬁéﬂaﬁ@rbéhﬁeth]:plcted structure and a
4-acetyl am noi soj ndol i ne-1, 3-di o a st ere0| sorrer thereof, is

adni ni st er edAPHHAN BAGIHEUES thaﬂemfteqsmwre i frobe asperdedspere vesgght. Ip addigion.p 500,

5,000, qk 16 tQ@Qet@&h%ﬂQ%KFOP§ stPcRIrOGH oPliont MR i Md &tholl ARIRSed Withafapt her
enbodi nent, cyclopropy | - (3- et hoxy- 4-nmet hoxyphenyl ) -
met hyl sul f osydnde, fgldjor dashg 11136@! th@i ruchuoRoytioardh Giestiefate ipto by injerereesdios omer

thereof, is H&% LS80 unt of about 1, 10, 100, 200, 400, 800,
1, 200, 2, 508, 5,1%0%%g o%%réoq%)%%mma day as a single or two divided doses.

I n one enbodi mrent, a AFPE“MT??H@SO() FIRELTVENT, PREVENTIGN'@Ng) 1 on. and in

single or divided daily d(MANAGE!ME anourt or_fronrapout g to about
10,000 ng. In one

20 Provided herein are methods of treating, preventing, and/or managing TB and other

related disorders. As used herein, the treatment, prevention, and/or management of “TB”
encompasses the treatment, prevention, and/or management of all forms of TB and
symptoms associated therewith. Examples of TB include, but are not limited to, pulmonary
TB and extrapulmonary TB (remote TB lesions) such as, but not limited to, genitourinary

25 TB (e.g., kidney TB), tubeculous meningitis, military TB, tuberculous peritonitis,
tuberculous pericarditis, tuberculous lymphadentitis, TB of bones and joints, gastrointestinal
TB, and TB of the liver.

In one embodiment, provided herein are methods of treating, preventing, and/or
managing the symptoms associated with TB. Examples include, but are not limited to,

30  cough, dyspnea, hilar lymphadenopathy, segmental atelectasis, swelling of the nodes, lobar
atelectasis, pulmonary caviation, fever, unremitting headache, nausea, drowsiness, stupor,
coma, stiff neck, weakness, and malaise.

Also provided herein are methods of treating, preventing, and/or managing other

disorders related to TB. Such disorders often include other mycobacterial infections,
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enbodi ment, the daily dose is adm nistered twice daily in equally divided
doses. In certain enbodinents, a daily dose range is fromabout 1ng to
about 5, O8O0 20m/Essssday, from about 10 ng to about 2, 500poy/ysesio®d23s33 from
about 100 ng to about 800 ng per day, from about 100 ng to about 1,200 ny
per day, or from about 25 ng to about 2,500 ng per day. In managing the

patient, th .0t d - about 1ng to
bout 2, 500 SRRt B0l thbt BB, Bhort N B e AR 2 bou

5, 000 ng pewdisdalyrsasgused bhéf aeivsicogblex MIAE; &f adimiadéd. dosed|uldepéhdi ng on the
patient's global. response.ln one di ment, .

B BT o ot By SRS a0 S PR e R 51 SemmlS S onan e
can be adm wralimmedd M chddorid BREmPIEs elalieideAlQuse8B0 thele BOEhbadderdidclude, 000 or
10, 000 a day as two divided doses. |In another enbodi pent,

3- (3, 4- dP mePHIGRS Y hEHH jo Peimoparygliseqses Iy kg, sae c{@@wa)ww%ﬁ%am de
i's adm ni st eseidn bidyaRfcamagnt of from about 400 to about 1,200 ng/d daily,
every other day, or in other syncopated reginmen. |In another enbodi nent,

2- [ | - (3- et hoxy- AlmretRERPptiERy) ol spsneny RERNCR BRTANE{oR y1apagement of other

4- acet yl am ) 3RLAMAL 1i8&xds aps Q%ooé?l@omﬁysscﬁ heteS. qgéaﬁlgfgg bt LR ARG es ihdude,
adm ni stered 1n an anount of about 1, 10, 100, 200, 400, 800, 1,200, 2,500,
5,000, or 10u0aOnetdinatedéy inkctivus pgrpkseanyed disoasel seickiachigioeasmosisn anot her

embodi t, |.opr = N-{2-1 ] - (3- et hoxy- t hox 1) 2:2<

ot hyl ol osBERSPRUF RIS d BFROGIG B SOSUARENE] 0iases suehass o rer
t her eof , i s bagthiosis:stoariefdctions agenarpusal doéasedmnui aslaspitddion pEmoARGNnd 466ign 800,
1,200, 2,500, 5,000, or 10,000 ng.a day as si.ngl e or two. divided doses.
251 Conti RAST BRI RS TR S s aF HuRbie Eroap Bl BEREY S T ay o

met hods whi @hefeginESova IS Slchrak Bgcdd iR ronhd Wlisaiseand &t-s@atch fever.

phar maceutical ly acceptable salt, solvate, hydrate, clathrate,

st er eoi somer, or MpPBEEEGoYiREREdRCthods PEIASH R IEAmMRFits AIgHES BHGRIE 8T BCFfer

t her apeyti ¢ pp@QRRlulaforeBPh ffarRhccRREAY IRAPLEIE 9418 s@V e, dicholemed ohsib&up {See,
e.g., section 4.2); and exanpl es of second active agents are al so disclosed

herei n {see thegeogto a sibieet (61, 4 hgman) sgisriigs errlielyon swifery fien PB4 otkstiglatedor s and

2_29 second %ﬁ%}d\éﬁ APERGLRH e%%ogm#%ﬁ’&' tﬁ@?DE@ﬂlOﬁﬁlﬁf&ES aé MHhihRRAAYS Lé’mﬂﬁaﬁion
quentially by the sane or different routes of admnistration. The

sui t abi | i t y vwath canygatidriat cieaotheoptwicagemdenrengdy kietvindor @aptayed, frovengon,

particul ar %ﬁ&/grvrganaaggnrl]etnt ‘(’,‘f’f]& and other disorders. Examples of such agents include, but are

20 not limited to, isoniazid, rifampin, pyrazinamide, streptomycin, ethambutol, capreomycin,
ethionamide, cycloserine, levafloxacin, ciprofloxacin, amikacin, moxifloxicin, p-
aminosalicylic acid, kanamycin, viomycin, enciomycin, protionamide, rifabutin,
clarithromycin, linezolid, thioacetazone, arginine, vitamin B, and corticosteroids.

In other embodiments, the PDE4 modulators are administered in combination with

25  conventional therapy currently known for the treatment, prevention, and/or management of
TB and other disorders. Examples of such therapy include, but are not limited to, surgical
resection.

In one embodiment, the PDE4 modulator used in connection with methods provided
herein is {2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-

30  acetylaminoisoindoline-1,3-dione}, cyclopropyl-N-{2-[1-(3-ethoxy-4-methoxyphenyl)-2-
(methylsulfonyl)ethyl]-3-oxoisoindoline-4-yl} carboxamide, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof. In one embodiment, the PDE4 modulator
is (+)- {2-[1-(3-ethoxy-4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-

1,3-dione}, or a pharmaceutically acceptable salt or solvate thereof. In another
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depend on the active agent itself {e.g. , whether it can be adm ni stered
orally w thout deconposing prior to entering the blood stream) and the

di sease beongiwmsesged. | n one enbodi ment, the route of admiustenadsson for
PDE4 nodul ators is oral. In another enbodi nent, the route of adm nistration
for PDE4 nodul ators is nasal. Routes of admnistration for the second

active. agent Qi AOREILRILR LAY LISANRRALR, A sKROMbQ EhoSE of or di nary

skill in the a sicran nce 4-597 (57th ed.,
2003). In omt}@quﬁxdny’rbﬁ{(metﬂlyﬂeulﬁcmgbﬂhlylhaiokvieoia@éim—4i}é}caﬂbnkm1d¢,e>r ed orally,
i nt ravenousl intr.a scu mucosal |y, or transdermally

b ly,
and once or PPYIMREYsd )?C?eﬁgék%%lﬁ%utfﬁ V%(S’f mgbout 1 to about 3,500 ny,

from about 5 to Bh@WtmBo&tentyPDES ﬁdedﬁllbl@hlfs adRidigeraboully H0n s@gle@F from
mount of the ond _active agent

about 25 to ab The specific S

will depénddbi eﬁﬁ%&%&&% injag amgup et ﬁg@&gmﬁﬂéﬂ%w@%lo&ﬁ@a@s@eﬁram sor der
being treat %ﬁb@dlm@ﬁﬁaﬁiﬁ&hﬂy'fdbﬁ 1§%ﬁ1&isfe¥ed&@@e%ﬁlﬁgﬁ gﬁallty@vﬂjéd%%e IP6ne

di sorder, and the am)unt( of PDE4 nodul ators and any optional additional

active agent8bedimens# &bidpsagngaringeld bedomsbed mpatoiabart 5,188 mean don dlom
anmount s of faﬁcﬁﬁgﬁ%ﬂ?a@dﬁw‘ﬁ@oﬁ E‘Jcﬁa\é% Qﬁ‘ou%@dﬁ%‘id JuPR™H %egﬁ%, ﬁgmg-DiE

Physi ci ans ' erence 2003 one enbo ,
nmodul at or arbbuh 18kwetwateot | %9 ragpertdapros ﬁadlmbnuts%engtsb aboutgd, 5@@1111%11 dfe.g., a

mamal jHCh g?ﬁqafag%%ﬁé‘ a’tle]ilt Mg thseﬁ%gr%ﬁ'(gﬁ(% %nghmeh hLA‘lo%ert 4IE o peﬂlta { 38l dﬁ%{gg that

t he PDE r°ca er agen rovi
i ncr eased bengfout 2,500ang,iahd tﬂaeaysed/eﬁ&:cesdary mpsctabroedzoomh@irowb&e 5 ,080 megxadpl e,

t he second act.ive a nt, ca m ni stered at, t

sequent 1 al | 3 FHYERGT ¥ PAEVGTAEIBEr BT RC AP EP e E O BTERe: ot
admi ni stered at th@eeaBBditieas-(3,namahay!ptles)-RdNoR-B8-atgdrositdihdot2em)-| y
close intinme so as to provide the desired therapeutic or %oghyl actic
effect. |n SRPIBABEREICAHRRR adnipgespyanypnbefaPout 804598 5Eord 4 cti00 8 agent

exert their 18hbemk a%lta)( bd tRK%%\Vi@écF&@)s&V@ﬁ B&%mﬂ%@ﬁﬁbn%f(@ﬂ%ﬁ&hb;&{ﬁp}ﬁgﬁgg (¢an be
adm ni stered separate in ang/ appropriate form and by any ‘suitabie route.

| n ot her emnowetil Aediltygiro- tSh’@ deeE)-pespisnamie 1§ alnpgipieigil 4t @y arpupedidrom about
concurrent| MWOBAB utqrzo%frﬁ &dél \%ﬁo%c}ﬂ Sy, 2 PG yﬁc'agat&?%gl%nacu ve agent.

In various e ITEI’I'[S at or and the second~active agent are
adni ni stered | esk anhther caiﬂnﬂtmeht Relur3-ahaky-4-nethcalppheny 11-2oathy lsabianylethelf- about
1 hour to aqoaléétyl%minoisoindoline—1,3—dione, or a stereoisomer thereof, is administered in an amount
20  ofabout 1, 10, 100, 200, 400, 800, 1,200, 2,500, 5,000, or 10,000 mg a day as a single or
two divided doses.

In another embodiment, cyclopropyl-N-{2-[1-(3-ethoxy-4-methoxyphenyl)-2-
methylsulfonyl)ethyl]-3-oxoisoindolin-4-yl} carboxamide, or a stereoisomer thereof, is
administered in an amount of about 1, 10, 100, 200, 400, 800, 1,200, 2,500, 5,000, or

25 10,000 mg a day as a single or two divided doses.

In one embodiment, a PDE4 modulator is administered by inhalation, and in single
or divided daily doses, in an amount of from about 1 mg to about 10,000 mg. In one
embodiment, the daily dose is administered twice daily in equally divided doses. In certain
embodiments, a daily dose range is from about 1 mg to about 5,000 mg per day, from about

30 10 mg to about 2,500 mg per day, from about 100 mg to about 800 mg per day, from about
100 mg to about 1,200 mg per day, or from about 25 mg to about 2,500 mg per day. In
managing the patient, the therapy may be initiated at a lower dose, perhaps about 1 mg to

about 2,500 mg, and increased if necessary up to about 200 mg to about 5,000 mg per day

as either a single dose or divided doses, depending on the patient’s global response.
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hours apart, at about 2 hours to about 3 hours apart, at about 3 hours to
about 4 hours apart, at about 4 hours to about 5 hours apart, at about 5
hours to wbauto/®3dseurs apart, at about 6 hours to about péThRes/0293a3t, at
about 7 hours to about 8 hours apart, at about 8 hours to about 9 hours
apart, at about 9 hours to about 10 hours apart, at about 10 hours to about
11 hours apart, at hpur s ap: no..lmr e Lkhan 24
hours apart or ngl Orlr]%rgfe?l% &l%nt4g%%1%3¥1§eﬂgo%g#%e%%)n?§t éfgor ﬁg%ggﬁoggoﬁ@} §t}ﬁ?he PDE4
nodul at or amcbpidmemsieccambb aa;lunmvteredgEMammt efcibpurti460,680001, 3102 50@rg00st y usi ng

the sane or .differe rout es n, ot h odi S e, PDE Ia or and
the second A0PP B dane e it Rt & bR BBy, HSy T TRl P!

about 4 to 6- (da))(&lap(ﬁh}td,ro-@bmabl@llyl) Prepidnapitetis acﬁkhm@tbﬁdﬁné‘nzhﬁouﬁt&ﬁfﬁjﬁs apart
or nore than 2 eks ertain enbodi nents, the PDE4 nodul at or and
the secord beu§d ’Qg’éﬂ‘ft 8%82%5 Jlyafey %@%dm SF Byl s9caPaied PEAEN: Oycl i ng
t herapy invol vesptfhgtheddrhididihdnabl@n3 @fhody- ﬁlnﬁe‘iﬁox§ﬁl@ﬁ§')b%etl@ylﬁ%hﬁ&hﬂﬂ tine,
foll owed by the adm nistrati on of a second agent and/or th agent for a
period of tfArisctalminoisidelinggl. Hl%ea%QQ@WplsameréBW?ﬁ is peyinisgried ioypg pmagnt
therapy canoFagee odRieharasnt. 80, £ 8%l SHANGE10,Q00RE, By IS ort N
therapi es, avoi uce’ thé si’'de effects of oné of tThe therapies, and/or
i nprove thet\mﬂlwrdaésiosmﬁ the treatnent.In certain enbodi nents, the PDE4
modul at and optj.on o [ nt, are ed in a
cycle 01Ei E)I ess thfaltlna%a Sllu %’Iaﬁne% C%g%g 11\?’?]20@9@ éth(%(yt“v\%gt\ixﬁ%e‘/IPs‘I’neyg?g%ut once
every 10 daystlgtsubollicthglSeox@seindolivedl]} cihexaoyd, era:adsre@mmmrlt}&ﬁfof he

adm ni stration. of a PDE4 nodul.at o d. aptional l S n ti ve agent
by | nf usi on "GV sEbtar SoR Ease byl IPEel AR, it e F RN SaBEky oy o
about 45 m nopesmeveky acyh@e obaohiGye ®s@an conprise at | east 1 week of
rest, at |east 2 weeks of rest, at |east 3 weeks of rest. The nunber of

cycles adm nistered is frampabodmbinationaberdpyl2 cycles, nore typically from
about 2 to about 10 cycles, and nore typically from about 2 to about 8
cycles. 1Pn yet ol M&Fai8E8adimspeProvivRd et TFBIOY BFich Someif ATEVEIERE | n
netronom ¢ d@$EAGndRBIFER S phEintal&lticRY a‘é@é};‘tdb'll%‘&l%ssolv@feu@d?die Qlatfritgquent

admini stration without ext ended rest “periods. Such metronom c

admi ni st r at SgrPosamern prsPdisg th@gepﬁgn eambigion ath ope @remvra loghepiheiapetic pgants.
periods. Ty |%] r

dosi ng regi lr%%ns %%%fgj%a ss t E‘Jregas}gfége g%gﬁag%érng%{\?g%%? re gé[éﬁ)@el y

| ow doses f etconkativdegbnts are also disclosed herein (see e.g., section 4.3).

20 Administration of the PDE4 modulators and the second active agents to a patient can
occur simultaneously or sequentially by the same or different routes of administration. The
suitability of a particular route of administration employed for a particular active agent will
depend on the active agent itself (e.g., whether it can be administered orally without
decomposing prior to entering the blood stream) and the disease being treated. In one

25  embodiment, the route of administration for PDE4 modulators is oral. In another
embodiment, the route of administration for PDE4 modulators is nasal. Routes of
administration for the second active agents or ingredients provided herein are known to
those of ordinary skill in the art. See, e.g., Physicians’ Desk Reference, 594-597 (57" ed.,
2003).

30 In one embodiment, the second active agent is administered orally, intravenously,
intramuscularly, subcutaneously, mucosally, or transdermally and once or twice daily in an
amount of from about 1 to about 3,500 mg, from about 5 to about 2,500 mg, from about 10

to about 500 mg, or from about 25 to about 250 mg.
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periods of time. In preferred enbodi nents, the use of |ower doses can
mnimze toxic side effects and elimnate rest periods. In certain

enbodi nenve,20tome3§8BE4 nodul ator is delivered by chroni cpcowsdas®23353
continuous infusion ranging fromabout 24 hours to about 2 days, to about 1
week, to about 2 weeks, to about 3 weeks to about 1 nonth to about 2

ont hs, Lo 00Ut 15k R0 Dngl 0 AALULofy TROL N L @RAEnBALRSuechp aPOUL €

nont hs. The schedul rng of suc ose regl nen optim Ze

skil | ed art wusanthe kypeof tiscaseohbabirdee htisg treaet s amnadedt the stveBtytandistege of the
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such that theivRREghthaatirahay adainiswssddo tirgatiéier Coavehtidrlabas@aend trctdone
agent. For exanple, one conponent can be adm ni stered once per week in
Conbi nat Pon 6 e HETIE B PR éF B ERPBIEES %aé’hyéawnbel)%gﬁff%egfeefﬁé es-ng%o_%ver y
two weeks or oncg @¥emhbodikRCa WBEL SrodhiBtoPhYET scWeHIAStivel d38nt ARSI ABNiEEAH MENS
are carried out concurrently even if the therapeutics are not adm nistered

si mul t aneoud? yPBIENERT: A2 Suehhas ARYMamHE aSeLISAY 26 tNIE aliifenincEh subt
additively gf, th'é@b%mﬁc%ﬁg&:a&)’act ﬁ%@tﬁé%biﬁ}ﬂhggﬂhleryalc%\%tttg'gltobﬁlegpﬁ'ﬁre’a&qu' ator. In

one enbodi nent, a PDE4 nodul ator i's adm nistered concurrently with one or
nor e second beistit then ddleaytveeré adniihistesedrmthephise. nfie sxanigalthacgapdsictiveagent ican

anot her |60 ad R Alrerd LREATPANE 81 Qb iaRAM AL SIET S4iG0FHLRENS [ifei th one
or nore Second active agen?s I'n sepgra{]te p armaceutical ¢ npositions. In
still anot hévwerhadfliaredhiniseerddRiEersati liak oheyi shoald sk Admingsteeel gpfficdantlyo or
subsequent tp adninistration.o secgnd active agent. so . provi ded herein
e e adn st AR P AR HT dowe e & eaasi <Besh Ve Rgent by t he
sanme or di f tebedinefitptht @DEAmoaditon asd thakdcond activgagenddxatt tinckfRargies al . 1 n
certai nenbodi nents, when a PDE4 nodul ator is admni stered concurrently with
a second actihd oygém Fapnteopsashys agenirap beadiiaisicrd papascly; ig anpipapriate

i ncluding, bt HAbylahyTiidi@Ble téhte. LAMHRE EibRINHeE R FIIBRE duRitor i €aInShidREAR, T he
second active agen%’ can advant ageously be adm nistered at a dose that falls

bel ow t he t Reletsh etnguireivly wiweor@d%ﬂlged@in&&a@w%he ﬁegonélapfgt\ietaémt- 4.3.2 Use
Wth Qher ManaggnenhuComamdRNak pﬁﬁg@mdgﬁs& afdl ﬁg%&gﬁym@g%@{ ghn are

met hods of treating, preventing, an r managi ng and ot related
di sorders, whnoistaahlpssitbmsibadr hustertj sigbeut PDEYr apad,uit altcwt | haur t@about 2

phar maceut | ol 4o SRR 1903 boou? ShYAL G M4 & hoh® B! £hours apar
20  atabout 4 hours to about 5 hours apart, at about 5 hours to about 6 hours apart, at about 6
hours to about 7 hours apart, at about 7 hours to about 8 hours apart, at about 8 hours to
about 9 hours apart, at about 9 hours to about 10 hours apart, at about 10 hours to about 11
hours apart, at about 11 hours to about 12 hours apart, no more than 24 hours apart or no
more than 48 hours apart. In other embodiments, the PDE4 modulator and the second
25  active agent are administered simultaneously using the same or different routes.

In other embodiments, the PDE4 modulator and the second active agent are
administered at about 2 to 4 days apart, at about 4 to 6 days apart, at about 1 week part, at
about 1 to 2 weeks apart, or more than 2 weeks apart.

In certain embodiments, the PDE4 modulator and the second active agent are

30  cyclically administered to a patient. Cycling therapy involves the administration of a first
agent for a period of time, followed by the administration of a second agent and/or third
agent for a period of time and repeating this sequential administration. Cycling therapy can
reduce the development of resistance to one or more of the therapies, avoid or reduce the

side effects of one of the therapies, and/or improve the efficacy of the treatment.
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thereof, in conjunction with (e.g. before, during, or after) other
conventional therapies for TB and ot her di sorders. Exanples of other
convent i omel2otdnes®pi es i nclude, but are not limted to, peunge@@dlo2ssesecti on.
The conbi ned use of the PDE4 nodul ators and ot her conventional therapies
may provide a unique treatnent reginen that is unexpectedly effective in

certain patients A i i g ri t ot ]
bel i cved that POEF Ro ol b SFERE bt POES G ARBLGHITIIRRNent g ey o
when gi ven ecndomimgetd in adycl o tdsethaic srmuehtveduadbottracapicestwodyetks, about
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about 3 months, to about 4 months, to about 5 months, to about 6 months. The scheduling

of such dose regimens can be optimized by the skilled artisan.

20 In other embodiments, courses of treatment are administered concurrently to a
patient, i.e., individual doses of the second active agent are administered separately yet
within a time interval such that the PDE4 modulator can work together with the second
active agent. For example, one component can be administered once per week in
combination with the other components that can be administered once every two weeks or

25  once every three weeks. In other words, the dosing regimens are carried out concurrently
even if the therapeutics are not administered simultaneously or during the same day.

The second active agent can act additively or, more preferably, synergistically with
the PDE4 modulator. In one embodiment, a PDE4 modulator is administered concurrently
with one or more second active agents in the same pharmaceutical composition. In another

30  embodiment, a PDE4 modulator is administered concurrently with one or more second
active agents in separate pharmaceutical compositions. In still another embodiment, a
PDE4 modulator is administered prior to or subsequent to administration of a second active
agent. Also provided herein is the administration of a PDE4 modulator and a second active

agent by the same or different routes of administration, e.g., oral and parenteral. In certain
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enul sions), solutions, and elixirs; liquid dosage forns suitable for
parenteral adm nistration to a patient; and sterile solids (e.g.,
crystal | iwe 20r0/@Bas8phous sol i ds) that can be reconstit utred/useolpnessssie

i quid dosage fornms suitable for parenteral admnistration to a patient.
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"l actose-free" means thaft the anount of | actose présent, if any, is

i nsuf fi ci entherapiesubst antially i ncrease the degradation rate of an active

44 PHARMACEUTICAL COMPOSITIONS
AND SINGLE UNIT DOSAGE FORMS

20 Pharmaceutical compositions can be used in the preparation of individual, single

unit dosage forms. Pharmaceutical compositions and dosage forms provided herein
comprise a PDE4 modulator, or a pharmaceutically acceptable salt, solvate, hydrate,
clathrate, stereoisomer, or prodrug thereof. Pharmaceutical compositions and dosage forms
provided herein can further comprise one or more excipients.

25 Pharmaceutical compositions and dosage forms provided herein can also comprise
one or more additional active ingredients. Consequently, pharmaceutical compositions and
dosage forms provided herein comprise the compounds provided herein (e.g., a PDE4
modulator, or a pharmaceutically acceptable salt, solvate, hydrate, clathrate, stereoisomer,
or prodrug thereof, and a second active agent). Examples of additional therapeutic agents

30  are disclosed herein (see, e.g., section 4.3).

Single unit dosage forms provided herein are suitable for oral, mucosal (e.g., nasal,
sublingual, vaginal, buccal, or rectal), or parenteral (e.g., subcutaneous, intravenous, bolus
injection, intramuscular, or intraarterial), transdermal or transcutaneous administration to a

patient. Examples of dosage forms include, but are not limited to: tablets; caplets;
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i ngredi ent. Lactose-free conpositions can conprise excipients that are well
known in the art and are listed, for exanple, in the U S. Pharnacopei a
(USP) 25-wb2010(028438) . I n general, |actose-free conpositipomase@ope3sse active
ingredients, a binder/filler, and a lubricant in pharnmaceutically

conpati bl e and pharnmaceutically acceptabl e anounts. Preferred | actosefree
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Principl es &% psfeh nd A&ile §flids (MRrSRkallRIE 8forphbs sNYds? #9Pan ep. 379-80. In

effect, water and heat accelerate the deconposition of some conpounds.
Thus, the efdceptitwed pgreidediquid dosrembpransis q’@afﬁf precrdggralgdaipistetighiord cance

si nce noi stggtgengnd/ or humdity are commonly encountered during manufacture,
handl i ng, packagi ng, storage, shipnment, and use of fornulations. Anhydrous
phar maceut i cal cohpesipositns skapd, aidsage! floragsloanploridpd kysein edll bpicaldy

anhydro or w i st ur.e. t ai_ni i i S i [ r | ow
num di £y cond AR B iTRE, At RS AR ATl OISR
conpri se | adtsese napdo@dinll@gstamomés aCdnc\we morgsfeldh erite ddeatk iteonprises @mna

rimary or secondar ine are.preferab anhydrous . f. subst ant i cont act
L hri ot U B R E s R Sy G R SIS SHREoT REo ety or
storage i s @¥PeetRsl.mAroa@dmysealetSanflak FRERUr Nt oOBORASE hdcaR iSdoaiprigesbe
prepared and stored such that its anhydrous nature is maintained..

Accor di ngl y ha8aRyHY dereeciorpassdite Grat thesamp dispase-abhisye pl kb sy Wicat er i al s
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suitable forhulary Kits. Exanples of suitable packagi ng include, but are
not |i m ted thegut. Ree west.ikeatngyonseBiasdadesiiqad Scigncgs tl Plsed., Yhick Peldsbingdimsi@nner s
{e.g., vialgy) ’(1§’§d).5t er packs, and strip packs.
Typical pharmaceutical compositions and dosage forms comprise one or more
excipients. Suitable excipients are well known to those skilled in the art of pharmacy, and
20  non-limiting examples of suitable excipients are provided herein. Whether a particular
excipient is suitable for incorporation into a pharmaceutical composition or dosage form
depends on a variety of factors well known in the art including, but not limited to, the way
in which the dosage form will be administered to a patient. For example, oral dosage forms
such as tablets may contain excipients not suited for use in parenteral dosage forms. The
25  suitability of a particular excipient may also depend on the specific active ingredients in the
dosage form. For example, the decomposition of some active ingredients may be
accelerated by some excipients such as lactose, or when exposed to water. Active
ingredients that comprise primary or secondary amines are particularly susceptible to such
accelerated decomposition. Consequently, provided herein are pharmaceutical
30  compositions and dosage forms that contain little, if any, lactose other mono- or di-
saccharides. As used herein, the term “lactose-free” means that the amount of lactose
present, if any, is insufficient to substantially increase the degradation rate of an active

ingredient.
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Al so provided herein are pharmaceutical conpositions and dosage forns that
conpri se one or nore conpounds that reduce the rate by which an active

i ngr edi enwvownidosgssonpose. Such conpounds, which are refernsdoo23ses ei n as
"stabilizers,” include, but are not limted to, antioxidants such as
ascorbic acid, pH buffers or salt buffers. Like the anpbunts and types of
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10, 25, 50, shRA, andQPagndin si8Qe. 1, 200, 2,500, 5,000 or 10,000 ngy. In a
partl cul ar enbodi nent, a preferred dosage form corrprl ses

3- (3, 4- di met hoxyApRERYyided Berein asanhydrouyphagercsuticabsontpepitionsyany dosseefrshani de
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forns corrprlsethe secon act|veaent I n an anpunt of form about 1t0
about 3, SOOngpomd@rﬁcabmmnpléstlte(ﬁdétblompf@atm(egrré%)ﬁsr\mdﬁlatamwteglmthe about 500

ng, or flbom R‘B&%euﬁ?al Elﬁ? ?sborgc—t:ang gp suq?lﬁtm 10 %}Erﬁ%tora&e nr% §18§rct' (l:tgrhnﬁﬁ%) unt of the

second acti use pe of
di sease or dha&mﬁencstmcm@ slheléafee[ﬂ tlmrsta’nsﬂnﬁgfeﬁdrmﬂmbns becraineu m‘ke( )., dénsl’—'IDE4

i i st er ed s rdhe DR e H i n TR Sk Bl Pl RSSO dpos.
conposi ti ongplITatsoaneefiddt, tv@thlr encf Ivat Qcabrakdhd dicshp@iticanf cane hmmppuasent ed as

di screte dosage forms, such but are not I|mted to, tablets (e.g. ,
chewabl e t adngt §)° cfigehoff spier O%aﬁgm}l@gon sdeof gignigpigniticagee sinop w&%ﬁa@% ups) .

Such dogage nfiRfds afe%hﬁadawn@aﬁﬁ&édmﬁg nRRRHALR, RindRed bé’&a?ﬂ@@fo@ageand may
be prepared by nethods of "‘pharmacy wel ' known to those skifled in the art.

See gener al ByipmpEnpndgsoef fogmpiipngraceut i cal Sci ences, 18th ed., Mack
PubL S g Cat R R Ko IBOR0E: Y TRRTOH RO BRI I b
at | east onenlgxdoiupeltv mastoredionigining icgedierns andriel moisture or low humidity
conditions. Pharmaceutical compositions and dosage forms that comprise lactose and at
20  least one active ingredient that comprises a primary or secondary amine are preferably
anhydrous if substantial contact with moisture and/or humidity during manufacturing,
packaging, and/or storage is expected.
An anhydrous pharmaceutical composition should be prepared and stored such that
its anhydrous nature is maintained. Accordingly, anhydrous compositions are preferably
25  packaged using materials known to prevent exposure to water such that they can be
included in suitable formulary kits. Examples of suitable packaging include, but are not
limited to, hermetically sealed foils, plastics, unit dose containers (e.g., vials), blister packs,
and strip packs.
Also provided herein are pharmaceutical compositions and dosage forms that
30  comprise one or more compounds that reduce the rate by which an active ingredient will
decompose. Such compounds, which are referred to herein as “stabilizers,” include, but are
not limited to, antioxidants such as ascorbic acid, pH buffers, or salt buffers.

Like the amounts and types of excipients, the amounts and specific types of active

ingredients in a dosage form may differ depending on factors such as, but not limited to, the
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phar maceuti cal conpoundi ng techni ques. Excipients can take a wi de variety
of fornms depending on the formof preparation desired for adm nistration.
For exanpwe,2omxossents suitable for use in oral |iquidpor/serosedssziosage
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can be pr eP?fo%?on%ld%“ﬁ’mpém&dﬁ?oﬁ%&%ﬁ D PNBHTREY in ée'i‘taﬂﬁe% @lments, dosage

phar maceut i conposi tions and dosage forns ar€ prepared by uniformly and
intimtely é@imsxpmgﬂ&ehlee soandvetiYerageedi enasount pffolm gedutl 1 eagboiried, 500 mig,nel y

di vi ded oI i ]

desired pr esﬁgﬁnt At osﬁtO%Pouggégeh%f er’lllﬁ[{l%b&ﬂewto ;h%mg&n{lgabf e ng(?\&tl%g b &?Dé)ﬁar ed by
conpr essi on 260 mgolOdicogse, %mmaMd»uhaWtMSc@ﬂmcm qarE et debony ondnspr essi ng
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bowier or - gPUaStm Gt B ey bR Reiah LR lE $Sb et s can
be nade by mRb@iiRYof PDRY SUdilablks @nd@®ENipfienakadditdndl £1i0f adeh cpudesBd conmpound
noi stened with an inert liquid diluent. Exanples of excipients that can be
used in or aPiREeskge PdheRatific| ude, but are not linmited to, binders,
fillers, disintegrants, and lubricants. Binders suitable for use in

phar maceéditi cal conpositi oféh-hn@ralddesage Foymss  ncl ude, but are not |imited
to, corn starch, ppehatai&i @Jrﬁgbsm@ﬁs @LNEY suthiSiE ‘Pd?%?al a@finRirhfbn ARbMral and
synthetic guns such as acaci a, sodium al gi nat e, inic acid, other

al gi nat es, oW discrialosractiorngusch gfuhvt agenqt ullmcbt@ toafdletst(s 2d ehaviahlei ves
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cel | ul ose, predetgeﬂuad;d amaets of heive hgents, and may be prepared by methods of pharmacy well
20 known to those skilled in the art. See generally, Remington’s Pharmaceutical Sciences,
18th ed., Mack Publishing, Easton PA (1990).

Oral dosage forms provided herein may be prepared by combining the active
ingredients in an intimate admixture with at least one excipient according to conventional
pharmaceutical compounding techniques. Excipients can take a wide variety of forms

25  depending on the form of preparation desired for administration. For example, excipients
suitable for use in oral liquid or aerosol dosage forms include, but are not limited to, water,
glycols, oils, alcohols, flavoring agents, preservatives, and coloring agents. Examples of
excipients suitable for use in solid oral dosage forms (e.g., powders, tablets, capsules, and
caplets) include, but are not limited to, starches, sugars, micro-crystalline cellulose, diluents,

30  granulating agents, lubricants, binders, and disintegrating agents.

Because of their ease of administration, tablets and capsules represent the most
advantageous oral dosage unit forms, in which case solid excipients are employed. In some
embodiments, the dosage form can be a rapid dissolving oral tablet or film, which dissolves

quickly after getting in contact with saliva. Such dosage forms are particularly useful for
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20 and mixtures thereof.

Suitable forms of microcrystalline cellulose include, but are not limited to, the
materials sold as AVICEL-PH-101, AVICEL-PH-103 AVICEL RC-581, AVICEL-PH-105
(available from FMC Corporation, American Viscose Division, Avicel Sales, Marcus Hook,
PA), and mixtures thereof. An specific binder is a mixture of microcrystalline cellulose and

25  sodium carboxymethyl cellulose sold as AVICEL RC-581. Suitable anhydrous or low
moisture excipients or additives include AVICEL-PH-103™ and Starch 1500 LM.

Examples of fillers suitable for use in the pharmaceutical compositions and dosage
forms provided herein include, but are not limited to, talc, calcium carbonate (e.g., granules
or powder), microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol,

30  silicic acid, sorbitol, starch, pre-gelatinized starch, and mixtures thereof. The binder or
filler in pharmaceutical compositions is typically present in from about 50 to about 99
weight percent of the pharmaceutical composition or dosage form.

Disintegrants are used in the compositions to provide tablets that disintegrate when

exposed to an aqueous environment. Tablets that contain too much disintegrant may
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provi ded herein include, but are not limted to, calcium stearate,

magnesi um stearate, mneral oil, light mneral oil, glycerin, sorbitol,
manni t ol ,wpabyeatbgskene gl ycol, other glycols, stearic aecaussadiopssss auryl
sul fate, talc, hydrogenated vegetable oil (e.g., peanut oil, cottonseed
oil, sunflower oil, sesane oil, olive oil, corn oil, and soybean oil), zinc

stearat e, ePﬂﬁJteg?Atgﬁts?dr%%t lelle ?slértﬁ tcgntalﬁ%rlitﬂ@ﬁ?y >Eﬁs i&tatk thalr&g’ifred

Addi ti onal Icants | exanple, a sylo |ca

( AERCSI L200 xatﬂmluﬁardhud@decbgon\i%ﬁns Gasa sGficicnf arBaint DﬁrbmetpgmAD)thatéas reghgul at ed
aer osol of nthetic si ed. b ussa, Co. . of Pian T

can o i b (BREghicR P SRR G A iestine SDur g BN e sost on,
MA), and m xltddlrtesc)rmhemolfal ddsflgelféﬁ'ﬁls auaeainbuntloﬂblrsinfbgfhmusad earicy phsealipoh used in
an anmpbunt of, | ess than about

ght percent of hay maceut i cal
conposi t PondedyP R SgRlaigh. ﬁ@de%fﬁ%dlmseﬁﬂtb ﬂ}%o{ 9@8? HiRl ath one
enbodi ment, T§9kﬂ%h&hﬁbmﬁ@§%@§T$§ﬁ&%6&ﬂﬂﬁk$@ﬁ1ﬁ%ﬁﬁ)ﬁﬁﬂmb@h@Rﬁmgﬁ@QMQﬁOUS
| actose, mcrocrystalline cellul ose, polyvinyl E%£olldone stearic acid,

col | oi dal anh§isintsasns prefeably fem ageitdte pous wem drantesiad: Dosage For s
Active agents cap;hf..ad tﬂét%f%ﬁfﬁisel?}’n @ﬁﬂh&c%ticﬁﬂc E@bﬁﬁé& Hgaﬁﬁ?{fmﬁé’

delivery devices that are wel nown hose of ordi nar Inthe art.
Ex arrpl es i notaydied hprgin ingledenbit atd not timded o, agehage, adigsic acld,ecdlcuum tarl®napat ent

45 7 5,674, 533,
5 050, o0 BEErSulAC R BB SRRt sy Ytfolia b RiBddRun? O ]
5, 733, 566, e@cmhmetfarc\hﬁgﬂ}ccblatespomoor fapived edclherer stalblyesnﬁ*égelemmeed sbudl)y dosage
forms can be_used to rOVI trolled-r f ope or nore
ot el aor ogr et &5 465 RSl SRS A ESystRRs Brfhr one. "ot her
pol ymer matri cesLutghss tﬂaedfamalalsea ipRivmactatical OSHEYsitionSytsitdesape ot i | ayer
coatlngs m croparticles, posones, .m crospheres, or a conbination thereof
to provide PHY! éé?rre@dnql%qee@&éreﬁ%hmrt%d 'ioncamfyP%ratarlaﬁ%lﬁflwaﬁgem@ul tabl e
control ljed- Leh&8a%%, figt H]%ﬁe@él'oﬁ(z@%&ﬁﬁ%r&@l hﬁaﬁeolqi J@ﬂgleﬂ@?wﬁkahér in the

art, including t hose descri be erein, can be rea écted for use with
the active ighgeledicarie acidhsediiarderreitp, taltrﬁwérogw&siwagqﬂabﬁ@@lbﬁerg AU Pikg| e

uni t dosagecgt%ng&d%ﬂl guﬁm)\@er o se%n% 019@ @61?%5 Hloﬂld%U alg;&e)dgﬂ% ?tgﬁ?&te,l imted

to, tablets, capsules, gelcaps, and caHYe ts that are a
controll ed- leéllylad%e ethyl laureate, agar, and mlxtures thereof. Additional lubricants include, for

example, a syloid silica gel (AEROSIL200, manufactured by W.R. Grace Co. of Baltimore,

20  MD), a coagulated acrosol of synthetic silica (marketed by Degussa Co. of Plano, TX),
CAB-O-SIL (a pyrogenic silicon dioxide product sold by Cabot Co. of Boston, MA), and
mixtures thereof. If used at all, lubricants are typically used in an amount of less than about
1 weight percent of the pharmaceutical compositions or dosage forms into which they are
incorporated.

25 In one embodiment, solid oral dosage form comprises PDE4 modulators, anhydrous
lactose, microcrystalline cellulose, polyvinylpyrrolidone, stearic acid, colloidal anhydrous

silica, and gelatin.

4.4.2 Delaved Release Dosage Forms

Active agents can be administered by controlled release means or by delivery
30  devices that are well known to those of ordinary skill in the art. Examples include, but are
not limited to, those described in U.S. Patent Nos.: 3,845,770; 3,916,899; 3,536,809;
3,598,123; and 4,008,719, 5,674,533, 5,059,595, 5,591,767, 5,120,548, 5,073,543,
5,639,476, 5,354,556, and 5,733,566, each of which is incorporated herein by reference.

Such dosage forms can be used to provide slow or controlled-release of one or more active
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Al'l controll ed-rel ease pharmaceutical products have a conmon goal of

i nproving drug therapy over that achieved by their non-controlled

count er pavbo10/desBl y, the use of an optimally desi gnedpcontsealboloesdss el ease
preparation in nmedical treatnent is characterized by a mninmum of drug
subst ance being enployed to cure or control the condition in a m ni num
amount of ti I f e
ext ended act (héﬂﬂgaéﬁ%?%gﬁil ﬂ%ﬁ&%@ﬁ%mﬁ (% ?ghﬁéaﬂkﬁﬁﬁg Fk%%ggged
pati ent conphmwddenmhmnadﬂDMnmnsyaan$mmﬂmeﬂxCGﬁmgsen@ommmﬂ@immm@naan be
used to affect the ti onse ac tIOH &F ? arafﬁerlstlcs such
as bl ood | eVE{'EPEFTH ﬁ’éaa?fﬁ%ma %%’%&heée"rfa TR éiést“e Fﬁeéeac%%%} SNEEYEE side
(e.g., advepspprtehi ediitable Mastolle®niidasd foatnltittdng as@vif Orthask af dramaryaksl ideisd gned
toinitially release an nt of. dru acti redi en ) that pronptly
pr oduces” S haradhdiag e %a%@a@ hereigs g8 o Feagiys %@&& afmswg eAGHYS nual |y

rel ease of Aficnd PO RFcidr tifhst O\H@édrlfe?éu{‘arE Binglc gl 8bsalf fokResARBIdC OF
prophyl actic effect over an extended period of tinme. In order to maintain

t hi s const antal pdyigistrgffongpeipsi butmpilipigagyio. tithets, gprpylepesicapseandegaplglsdipt ficom t he

dosage form,al, & fhalGubinatcid] replace the amount of drug being
met abol i zed and excreted fromthe body. Controlledrel ease of an active

i ngredi ent can béﬂ9@Mnﬁkéf@dmbymwmwmom@lm@ﬁmmimwnsc@nmbmé@ﬁgfhﬁmnvmgn
limted lbo’ de thér%gp Iatﬁl&%%ﬁlege%é;&r{ﬁe% no ogtbollearcogr&ggirtsp e%dl tl?&s% %k an

conditions oOr<co rentera ar efit eral dosage
fornms can bepmﬂﬁwnkggmﬂbﬂnﬁmkpaum&ab&mhynmammmmmﬂmmummummhhudmm@dbbut not

limted to, subcut ous, int avenou ncl udi n us |n ection

i+ amuscol APTRGHLOTR Shr R PR SRERutkE Ser i ko n SRl 1
bypasses patmemitsf tidl Kdadnted ensesolrgatIesE fcﬁ@lntaaaﬂsnamc&,exaaﬂeelrhmﬁgi ofdosage
fornms are preferabl sterlle or capabl e of bein sterlllzed rior to

admi ni st r at isrires refuppdrdogase e@@&%laéél%?eaﬁérpéﬁ*ﬁ FogRp ’(S‘B“sead’éa‘i‘gﬁl% i ncl ude,

but are 150t chirBik@ekidae foPRbHGdrRRS BLALY tof fect i GHE bOhset D YctRNQHHGES ready
to be dissol ved orsuspended in a pharmaceutically acceptable vehicle for

i nj ection, stapdsiesnsuchaaplpod lsiels pf the diugrand sptheyaffost Bagccuggnacbbide
vehicles th b gd to provide parenteral dosage forns are well known
to those sk?% E%an%t#% art. Exanples include, but are not limted to:

Wat er for Most controlled-release formulations are demgned to initially release an amount of

drug (active ingredient) that promptly produces the desired therapeutic effect, and gradually
20  and continually release of other amounts of drug to maintain this level of therapeutic or
prophylactic effect over an extended period of time. In order to maintain this constant level
of drug in the body, the drug must be released from the dosage form at a rate that will
replace the amount of drug being metabolized and excreted from the body. Controlled-
release of an active ingredient can be stimulated by various conditions including, but not
25 limited to, pH, temperature, enzymes, water, or other physiological conditions or

compounds.

4.4.3 Parenteral Dosage Forms

Parenteral dosage forms can be administered to patients by various routes including,
but not limited to, subcutaneous, intravenous (including bolus injection), intramuscular, and
30 intraarterial. Because their administration typically bypasses patients’ natural defenses
against contaminants, parenteral dosage forms are preferably sterile or capable of being
sterilized prior to administration to a patient. Examples of parenteral dosage forms include,

but are not limited to, solutions ready for injection, dry products ready to be dissolved or

- 58 -



| nj ecti on USP; aqueous vehicles such as, but not limted to, Sodium
Chloride Injection, Ringer's Injection, Dextrose Injection, Dextrose and
Sodi um CWorntebssgect i on, and Lactated Ringer's | njectipomuse@ber3sss sci bl e
vehi cl es such as, but not limted to, ethyl alcohol, polyethylene glycol,
and pol ypropyl ene glycol; and non-aqueous vehicles such as, but not limted

to, corn oil i) L Lan - L :

i sopr opyl _ypPEREH BE AR feluctf Rl Len QERRMEebh sy ShMiin SLB01S: |
solubility dfjetios, aod emolsenof the active ingredients provided herein can

al so be incorporat.ed into the parenteral dosage forms provided herein. For
exanple,  Cycl baestFrls Bheer PG GRP Uit C e BR AHGn Bl B Rl T

sol ubility ahoWiD4hssedkilled @rtise @nExatnpled @iciundattiuy @8 not3aeitfed@o:gWatedfdd. Pat ent
No. 5,134,127, which is incoyrporated herein by referenc 4.4.4 Topical and
Micosal Dosdyectes v %f?wﬁﬁlalﬁasw‘fﬁewaﬁ oyl or S Sﬁ&@a@aeqt}@?aeg n

i nclude, buRRigkes Hpctibh,MekB6ketiBectRl BY:Sros@@1d0AlE CRIBHWH TnRBSon, &I Si ons,
suspensi ons, or other forns known to one of skill in the art. See,

ner . . . e €.g.,

Rem ngt on ' $appiad Riwelt infsglionsiaiiadseibl ihiclegsachast bt aadimitedieletholibl i shi ng,
Easton PA (1R86 o 1| "R RRe E9cdNALMBE GiilcoG&lch RS 2016 JFOT 115,
4th ed., Lea &Oﬁgbtg)il}%g&ml%%ﬁ?%ael hig}gﬁ%y%%%?c Dosage f%&ms seui_tab%‘ag’or
treating nubolsat limiteieesrrmpl iviotortskel aak péanglanl, soparpanil.lvthyt deatellispegyhs

nmout hwashes Qr. ral . itable excipients {e.g., carriers and

di | uent é? arr{lg'ng@%é?ndar%e Zg}r?lhgﬂzg%{hat can be used to provide topical and
nmucosal dosage f Gompouatethaehtredsadwrsolubilitshafame skinbieed theractivvenghdicwmceut i cal

arts, and depen n the particular tissue to which a given pharmaceuti cal

compos, 11 on POk e RR b froBieis 37t B boebie® d bt wP R Rt o

i ncl ude, buFoaE@MPRY cylclodbitafl addits Wal ffves G AR to @icharnothe sa@tdiltyenepghycol ,
propyl ene glycol, butane- 1,3-diol, isopropyl nyristate, .isopropyl

pal mtate, modulaors adiits degigtingsy e €& {h rPéE?Pt Yo ¥ Bt dorhieh s omaRiAdsi ons
or gel s,|sWhihgRindfygeRRA:L OXi ¢ and pharmaceutical Iy acceptable. Misturizers
or humectants can al so be added to pharmaceutical conpositions and dosage

forms if desired. Exanpl eg f @gﬁl@alaﬁqm&&;gﬁll)ds%ﬁ;}hﬁnt s are well known in
the art. See, e.g., Remington 7S ar maceut1 cal Scrences, 16th and 18th
eds., Mack Publi %miﬁaé andanyeasy dpgmge 1@@e PRvVIdgd brein include, but are not limited to,
sprays, aerosols, solutions, emulsions, suspensions, or other forms known to one of skill in
the art. See, e.g., Remington’s Pharmaceutical Sciences, 16" and 18" eds., Mack
20  Publishing, Easton PA (1980 & 1990); and Introduction to Pharmaceutical Dosage Forms,
4th ed., Lea & Febiger, Philadelphia (1985). Dosage forms suitable for treating mucosal
tissues within the oral cavity can be formulated as mouthwashes or as oral gels.
Suitable excipients (e.g., carriers and diluents) and other materials that can be used
to provide topical and mucosal dosage forms are well known to those skilled in the
25  pharmaceutical arts, and depend on the particular tissue to which a given pharmaceutical
composition or dosage form will be applied. Some examples of excipients include, but are
not limited to, water, acetone, ethanol, ethylene glycol, propylene glycol, butane-1,3-diol,
isopropyl myristate, isopropyl palmitate, mineral oil, and mixtures thereof to form solutions,
emulsions or gels, which are non-toxic and pharmaceutically acceptable. Moisturizers or
30  humectants can also be added to pharmaceutical compositions and dosage forms if desired.
Examples of such additional ingredients are well known in the art. See, e.g., Remington’s
Pharmaceutical Sciences, 16™ and 18" eds., Mack Publishing, Easton PA (1980 & 1990).
The pH of a pharmaceutical composition or dosage form may also be adjusted to

improve delivery of one or more active ingredients. Similarly, the polarity of a solvent

-59 -



The pH of a pharmaceutical conposition or dosage formnmay al so be adjusted
to inprove delivery of one or nore active ingredients. Simlarly, the

pol arity wb 2a1080B38ent carrier, its ionic strength, or torceTiusyoioarssse
adjusted to inprove delivery. Conpounds such as stearates can al so be added
to pharmaceutical conpositions or dosage fornms to advantageously alter the
hydr ophi i ci .ty i i city. re. i.vernd ngredi as to
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active ingrggients provi ded _herei n are not adniniiﬁﬁred fo a patient at the

sane tinme ofoBHafiRg a8 angmplgiiyies grentysiiaciant 4bd gip defiNer - cnbpigPe @ed herein are
ki ts which, pyheaticis@Making d38ntMBRHT&Eat sPIEAR kbIVAtO W Tthe &8 SbiBichi Yarl e

adm ni stration of appropriate anmpbunts of active ingredients to a patient.

I n one embodpadenfurtheradiyst the prppitics eldheregddngeoningsiiPbf a PDE4 nodul at or, or
a pharmaceutically acceptable salt, solvate, hydrate, clathrate,

st ereoi somer, or prodrug thfet eBdts Kits can further conprise additional

active agents orya .okl BakieMs eV AR aEXpRVASd Ririh R REMILHRRA gt i ve

;
agents include, but are not linmted to, those therapeutics discussed herein
(see, e.lf., pstewt tdhe shn@ timeKir by theaamé rutchdradmongiraiise theyiceddedirteimare used
to adm ni st t active d.ngfedient . l.es..of.. h devi.ces | pclude, but
are not |iW?P%gnﬁ%)%§§ﬁgﬁg’gﬁe%Fﬁgﬂﬁgﬁé%gﬁgfaﬁ%§?“§ﬁ@3%ﬁﬁa@%ﬁ§?° its can
further conppprs@igphanommcedhetoalingredateptabtietvehi cl es that can be used to

adm ni ster one of nore. active,_ ingredi ents., For.exa if an active
e ent 1o TR ERor e e RS EP R R e piorn gok PRES ot RGE el o1 or
parent eral aH4FvAtSEEAlia0fbptabRBalk isblved hydRmdp tlahent@ s&edlsetleG ongradiagr of a

suitable vehicle in which the active . ingredient can be dissolved to forma
parti cullat eflieré Kiteean farthes popppriss additienal active pgeals| o 2 ropbipatios theasods

adm ni st r at iEQfimp XSGR &RlitRhaRRANTREAY e R@d, I 26 RERINARY S0, VIRRL HeRPeliies! ude,
but are not limted to: Water for Injection USP;, aqueous vehicles such as,

but not | i nidiseessedheredip@eqmeCheadiondé)-l nj ecti on,

Kits can further comprise devices that are used to administer the active ingredients.

Examples of such devices include, but are not limited to, syringes, drip bags, patches, and
20  inhalers.

Kits can further comprise pharmaceutically acceptable vehicles that can be used to
administer one or more active ingredients. For example, if an active ingredient is provided
in a solid form that must be reconstituted for parenteral administration, the kit can comprise
a sealed container of a suitable vehicle in which the active ingredient can be dissolved to

25  form a particulate-free sterile solution that is suitable for parenteral administration.
Examples of pharmaceutically acceptable vehicles include, but are not limited to: Water for
Injection USP; aqueous vehicles such as, but not limited to, Sodium Chloride Injection,
Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chloride Injection, and
Lactated Ringer’s Injection; water-miscible vehicles such as, but not limited to, ethyl

30  alcohol, polyethylene glycol, and polypropylene glycol; and non-aqueous vehicles such as,
but not limited to, corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate, isopropyl

myristate, and benzyl benzoate.
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Ringer's Injection, Dextrose Injection, Dextrose and Sodi um Chl ori de
Injection, and Lactated Ringer's Injection; water-m scible vehicles such
as, but mwD 2biomss®md to, ethyl alcohol, polyethylene glyeclrusamd 023533

pol ypr opyl ene gl ycol; and non-aqueous vehicles such as, but not limted to,
corn oil, cottonseed oil, peanut oil, sesanme oil, ethyl ol eate, isopropyl

nyri state, and bgnzyl REAate- 5. EXAMPLES Certain enbodi nents are
illustrated by the fol‘rﬁggvrn'g—non-l imting exanples. 5.1 PHARMACOLOGY

STUDI ES M ce or Caiti trsbatirecraearo § bktrataf gcthe thlloyingnon dinetiggdxesplks.accor di ng
to the follow ng procedures. In a control group, upon infection by M

tubercul osis, the ani,)rrial fﬁi&RMA%’EQG\V. §f‘U§¥ESﬁnti biotic agent {e.g.,

i soniazid or rifanpin). foll owi ng regi mens of PDE4
nodul at or adm ni Bliceatrirabbitaare acrosd infdcfeditye¥ oubdna e avadrding tethp fdtovéat ed wit h

PDE4 dul at i t he i nfecti f d A tibioti
st oot PR i he el 8fub SbSEinehon weMREEE Bl Mgl iSieurd o
si mul t aneousvithah Antidietid 23E@Ge k. ORonikHd boneaiphy. Rnitsebindtercipatiatdliosingat i on upon

infection; and 3) wher ninals are treaﬁig? Vﬂf]trh a PDE4 nodul ator after
. W.

the a
the i nfecti & M§Hs of RB@WQW&%%@WM@%W Jvherethe primals drefretfeated ppea

modul at or - akifi@r: HOTe hétu@kd gidr tolthein Rk, TRRWeabebntibotRATMMit86LEhoaef or e,
si mul taneous_lt%/ﬁvm th, or after the treatnent by the antibiotic agent.

Accel er at i omnfetiopsinyhaze the PIBE4 podelpipr iicaaelit st seulianequs anbdhoinfoctieler cul osi s
I's deteng “‘?ﬁlo%@%ga iQicAlimiM§rA00YSHnGRARA dnl Sy wABK RO imd T MRated
parameters that correlate the changes in M tuberculosis physiology that
are associ ated aliDE modquladereder the pdevsipy.emabssubgroam vihire dliei aninal ezt treated | ess

ti ssue danage mar | v l.ess. granul ”fbcrE I nd. after antibiotic
t r eat ment a?vgfhia en L‘irfl?(iélzagorlggrer t§§39n%ﬁ81?{ ﬂ%:e ergn%ﬂ%@%(&%s g%r%tn%s%\%e eﬁoé?’ enhanced
killing of Msinuitencouslp siith, @attur the hecanus by dfe aatikibiid 4gechtn t he nmetabolic state

of the total bacillary. populati.on or. a.shift in the r tive proportion of
o i s i var OpssiioR aB s e bR § Mt Jbfed gL At RS

t uber culigsi Yetemhited @deAtTBt the abdhvé caidition§ ap@h&DismuiRdaittctaPBhi @atiagns and
publications referred to in this application are incorporated herein in

| D Cor .
their entir &8y Uoyls culesis RIWBIPLY Fhaf e ATSPEirtedyvith fmiFpvediigsponsiveness

to antibiotic treatment, less tissue damage, and markedly less granulomas during and after
antibiotic treatment are identified.
For example, determination as to whether enhanced killing of M. tuberculosis occurs
20  because of a shift in the metabolic state of the total bacillary population or a shift in the
relative proportion of organisms in varying metabolic states is made using lungs from M.

tuberculosis infected animals.

All of the patents, patent applications and publications referred to in this application
25  are incorporated herein in their entireties. Moreover, citation or identification of any
reference in this application is not an admission that such reference is available as prior art.

The full scope is better understood with reference to the attached claims.
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reference in this application is not an adm ssion that such reference is
avail able as prior art. The full scope is better understood wth reference
to the atwechad9sisai ns. CLAIMS What is clained is: 1. A mrerhsdowof2isseati ng,
or managi ng tubercul osis conprising adm ni stering to a subject
a therapeutically or prophylactically effective amount of a PDE4 nodul ator,
or a pharmaceutically acceptabl e saCLAIMS| vate, or stereoi sonmer thereof,

preventi ng,

comnbi nati on
wherei n the
st rept onyci
| evaf | oxaci
kanamyci n,

with an anti-tuberculosis agent. 2. The nmethod of claim
Véint is-daipet sul osi s agent is isoniazid, rifanpin, pyrazina
n, ethanbutol, capreonycin, ethionam de, cycl oserine,

1,
m de,

in

ot B o BIRRCAES| Ry L, i T TGR Y 2

Vi onycli n, enclonycln

onyci n,

i nezolid, taﬂmmmmgmmmbjearzgihmapmtica,llytcmmqphﬁactmalbaef&@ﬁvd aosnerfai RDEQB. The
lm%l.iiﬁla%r \tf\'%% ae}mgcetuPlcal aicep V?Iﬁer alt, 3 %oltcv)%l S 6%6%%01%1”1] re(r;'tl aZI d or

met hod of c
rifanpin.

(H)-2-T1-(3
4- met hoxyph
5. The meth

cahbiaxtjon with an anti-tuberculosis agent.

enyl ) - 2- net hyl sul fonyl et hyl ] - 4-acet yl am noi soi ndol i ne-1|, 3-di one.

od of claim1, wherein the PDE4 nodul ator is cycl opropyl

-N-{ 2-

[(I'S)-1-(3-ethox¥- 4- mBtchosthqadeiain 1 2wifaren ylag titdtorepl opie byt Js-ignaxesi soi ndol i n

-4- yljcarbg
cycl opropan
{2-T1-(3-et
3-oxo0- 2, 3-di
wherein the"
di met hoxyph

ester. 8. The nmethod of claim 1, wherein the PDE4 nodul at or

(1):0C Il

ecar
ﬂﬁyxﬂe;@emmlh@ﬂyxapmemyﬂk)eﬂ -nced fihexindis, tpLa‘numgslahnyﬂIy h{id, kanamycin,

! %&%n%n&uqmaftcm prloglo%antlé ﬁlfabuml c?arlthromycm llnezo?gthoace azonem

1,

arpyrline, Sit4rhin @x or 4 c@tichisteyedd.oi soi ndol - 2-yl ) propi oni ¢ acid net hyl

RN CH (CH2)- G R12 CR
3. The method of claim 2, wherein the anti-tuberculosis agent is isoniazid or

rifampin.

4. The method of claim 1, wherein the PDE4 modulator is (+)-2-[1-(3-ethoxy-
4-methoxyphenyl)-2-methylsulfonylethyl]-4-acetylaminoisoindoline-1,3-dione.

5. The method of claim 1, wherein the PDE4 modulator is cyclopropyl-N-{2-
[(1S)-1-(3-ethoxy-4-methoxyphenyl)-2-(methylsulfonyl)ethyl]-3-oxoisoindolin-4-

yl}carboxamide.
6. The method of claim 1, wherein the PDE4 modulator is
cyclopropanecarboxylic acid {2-[1-(3-ethoxy-4-methoxy-phenyl)-2-methanesulfonyl-

ethyl]-3-ox0-2,3-dihydro-1 H-isoindol-4-yl}-amide.

7. The method of claim 1, wherein the PDE4 modulator is 3-(3,4-
dimethoxyphenyl)-3-(1-oxo0-1,3-dihydroisoindol-2-yl)propionic acid methyl ester.

8. The method of claim 1, wherein the PDE4 modulator is of formula (I):
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HH(l) or a pharmaceutically acceptable salt, solvate, or stereoisoner

thereof, wherein: n has a value of 1, 2, or 3; R5 is o-phenyl ene,

unsubst i twoediogmssmebstituted with 1 to 4 substituents each/isedoorssds

i ndependently fromthe group consisting of nitro, cyano, trifluoromnethyl,
car bet hoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl, acetoxy,
carboxy, hydroxy, amno, al kylan®no, dialkylan no, acylam no, alkyl of 1 to
10 carbon atons, alkyl of 1 to 1é car bon atons? and halo; R7 is (i) phenyl
or phenyl substituted with Onﬁyér\ﬂnkﬁpsggﬁ%LLdﬂﬂ§ﬁ each sel ected

i ndependently of the other fromthe group consisting of nitro, cyano,

trifluoronethyl, carbethoxy, ca;%@nef%oxy, car bopr opoxy, acetyl, carbanoyl,
acet oxy, carboxy, hydroxy, am Ho, Hlkyl of 1 to 10 carbon atons, al koxy of
1 to 10 carbon atoms, and halo, (ii) benpyl unsubstituted or substituted

with 1 to 3 substituents selected fromthe group consisting of nitro,
cyano, trifbuspemebdeylicallg acdepiablexylt, scladth oretiokymerairbdpriopany, acetyl,

car banoyl, acetoxy, carbox hydroxy, am no, alkyl of 1 to 10 carbon atons,
al koxy of 1 to 10 carfglbaﬁaa%%‘ﬁﬁ?(?&n&y%m o, (iii) naphthyl, and (iv)

Eegzyl oXy; R1|2ki|s -fOI-Ii5 iablp%ml@fe,bullsﬁt@titll%d@>agdwmd1 laam# tgm substSBFEaBF; ifs .
ydrogen or al kyl o 0 ar bon atons; an, i's hydrogen, a o]

to 10 carbon at o??ée,cteﬂeﬁ%}delafyé EEPUP CRREYIEE E?ﬁfea YEGFHMOEERE YA Kyl of
1 to 10 carbon atphEhox9! calid@itoxy, LarbdpepsBt N1, hrbemayiMcbioxWhefieky) t he PDE4
nodul ator is of formula (I11):(H) or a pﬁarnaceutically acceptabl e salt,

sol vate, or ster Beiregnpingdlpdapino.firdkdimino gigrlama. )ity ohd LRI cafppdn t aken
i ndependent Iy of y6a¢hgi Berf 1o loTab¥HL@e8Mndheiwer al kyl, or Rl and R2, when
taken together with the depicted carbon atons to _
R" is (i) phenyl or phenyl substituted with one or more substituents each
selected independently of the other from the group consisting of nitro, cyano,
trifluoromethyl, carbethoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl,
acetoxy, carboxy, hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10
carbon atoms, and halo, (ii) benzyl unsubstituted or substituted with 1 to 3
substituents selected from the group consisting of nitro, cyano, trifluoromethyl,
carbothoxy, carbomethoxy, carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy,
hydroxy, amino, alkyl of 1 to 10 carbon atoms, alkoxy of 1 to 10 carbon atoms, and
halo, (iii) naphthyl, and (iv) benzyloxy;

R'? is -OH, alkoxy of 1 to 12 carbon atoms, or

R® is hydrogen or alkyl of 1 to 10 carbon atoms; and
R’ is hydrogen, alkyl of 1 to 10 carbon atoms, -COR'®, or -SO,R", wherein
R'% is hydrogen, alkyl of 1 to 10 carbon atoms, or phenyl.

9. The method of claim 1, wherein the PDE4 modulator is of formula (II):
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whi ch each is bound, is o-phenyl ene, o-naphthylene, or

cycl ohexene-1,2-diyl, unsubstituted or substituted with 1 to 4 substituents
each sel ewpadig/mgadpendent|y fromthe group consisting ofcmiusee/og3sano,
trifluoronethyl, carbethoxy, carbonethoxy, carbopropoxy, acetyl, carbanoyl,
acet oxy, car boxy, hydr oxy, am no al kyl am no, dial kyl am no, acyl am no,

al kyl of 1 to 10 carbon atons koxy of 1 to 10 carbon atons, and hal o; R3
i s phenyl substituted withRf omé)ne torbour substituents selected fromthe
group consisting of nitro, cydpo, trbffl uor ones hyl , car bet hoxy,

car bonet hoxy, carbopropoxy, a %%gi, cwbamyll aceto>§{y car boxy, hydroxy,
anmino, alkyl of 1 to 10 caRBon atons, a&Pkexy O NTPoRI0 carbon at ons,

al kylthio of 1 to 10 carbon atons, benzyl oxy, cyel oal koxy of 3 to 6 carbon
atons, C4-C6-cycl oal kylidenenethyl, C - G o-al kylidenenethyl, indanyl oxy,
and halo; R4 is hydrogen, alkyl of 1 to 1% carbon atons, phenyl, or benzyl;
R4 is hydrogen or alkyl of 1 to 6 carbo atons; RS is -CHZ-

- CH2- CO-, S%)? P{%ﬁa?nacv\ﬁﬁcallpuigggt’ab%% 49010 % o?stgl%hﬂ&né}fth%eoflwlfe%l?2 10. The

met hod of cla; l'ator 1s of forhu 111): (H)or a
phar maceuti cal |y acceptlabiR aslélth,,wlgoltakan mdepﬁnd@ttleroéeacéwﬁer, it Inelreoh,,

wherein: the car at d* cOnsLi L ut es hlrallty Y
is C=0O CH2, Sozpweraéﬂl?&—q% ﬁc’h ofltq’-lifn ﬁnheg ,(Fcarbé)élﬁeo cfently of

the others, is hydicbgah,is llsra;lnd,,1s alpkstlylcat, olnatphth&leﬁarobo)rclcmbm,1,2ad11kk)xy of 1 to

gngangognagg anc eﬁ]is% gl;t% argﬁ o Oéé L{Suwt{nheﬁ%ﬁéahi?g“%fii%&%%gﬁalene ring
are napht hyl i dengomecdrogf coBﬁstaigd)f Rro, tynde panaeohdtiylpdarbdixot her, is
T 0er, o o SR S SR Sy s RN 1
to 8 carbon at ongkylplBBYdialkPeRzw! acyRimidRBIRYI 6f 1 to 10 carbon atoms, alkoxy of 1 to
10 carbon atoms, and halo;
R’ is phenyl substituted with from one to four substituents selected from the
group consisting of nitro, cyano, trifluoromethyl, carbethoxy, carbomethoxy,
carbopropoxy, acetyl, carbamoyl, acetoxy, carboxy, hydroxy, amino, alkyl of 1 to 10
carbon atoms, alkoxy of 1 to 10 carbon atoms, alkylthio of 1 to 10 carbon atoms,
benzyloxy, cycloalkoxy of 3 to 6 carbon atoms, C4-Cs-cycloalkylidenemethyl, Cs-
Cio-alkylidenemethyl, indanyloxy, and halo;
R* is hydrogen, alkyl of 1 to 6 carbon atoms, phenyl, or benzyl;
R* is hydrogen or alkyl of 1 to 6 carbon atoms;
R’ is -CH,-, -CH,-CO-,-SO;-,-S-, or -NHCO-; and

n has a value of 0, 1, or 2.
10. The method of claim 1, wherein the PDE4 modulator is of formula (III):
RS

R’ O R6

R2
N—CH*
/ \
R3 Y CH,—SO,—R7

(I1I)
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each of R8 and RO taken independently of the other is hydrogen, alkyl of 1
to 8 carbon atons, phenyl, or benzyl, or one of R8 and RO is hydrogen and

t he ot herwD=0t0/0963380 or - SO2R10, or R8 and R9 taken togeChars2@e0®23533
tetramet hyl ene, pentanet hyl ene, hexanet hyl ene, or -CH2CH2X1CH2CH2- in which
X1 is -0-, -S- or -NH; and each of R8 and R9 taken independently of the
other is hydr mglmm;nawhkgalllyaéceﬁtable s@t, sdvhamratbmnisoqurhdef wloreibenzyl , or one
of R8 and R9 is hydrogen * , or R8 and
R9' taken together arg aé? rtr%l?ﬁyﬁlgélﬁ%d 681?1“ tahC)?PtgrOfd?%%rret hyl ene, or

- CH2CH2X2CH2CH2- in V\mSo(h:O@stSO@ -or CH5¢-00r -NH. 11. The net hod of claim

1, wherein the PDE4 ul har mac i C acce bl e S

sol vate, or stereoi soﬁ’?g]? ﬁl a dﬂ?ﬁpﬁ’i“gfl@ %ﬁL?)gﬁh%rF 't E"(g Oercul osi s
infection. 12. Theylret hed czﬁf)orﬁdtathmaﬂ(oxy\ﬂer ®i4cattde afdRfsdnitrodyhiad, ﬁj’fdro@r a
pharmaceutically accgﬁ; able salt,.  sqglvate, pr stereoi %orrer t hereof, is

admi ni stered sub%edelt of g% Ha of Bb el 8 B O b ET GHDon SOmTGETHSE HR of

claim 1, wherei nhRREfcBPH IR rindre Raphiiglin@eeuti cal |y acceptabl e salt,
sol vate, or stereoisoner thereof, is administered prior to the

adni ni stration of theaghefiR a8 & dodepsidsnthyelithe ather, Fhadretnelyler 1dp 4i m 1,

wherei n PDE4 ”Dd&‘elr@én%oms%lkéxypmrt%(‘c%% Qt%hﬂsycy%%%ﬂmaﬁ‘m;?y%ﬁup tsQkvate, or
st ereoi soner thereof, is adm™nistered simul taneousl

anti-tubercul osi @afh@eﬁmms 15. The net hod of claim 1, wher e| n PDE4 nodul at or,
or a pharmaceutical |l qugﬁﬁggﬂgldlg 5&'1%8%810&?&81’11? %ﬁ‘?‘ %%98)1 soRgrrhereof , is

admi ni st ered subsequent to0 m nistration o P uber aul osi s
agent. 16. The met hodadh ofdk zintRY fakehawdeend RDFEAT the dthcnis dydrogm, alkyl of 1 to

pharmaceut i cal | vy ageaptahl 61531 b a0l YA G ok SHEE0HSRTED ohRBEGR and t he
AR o BT RIS hea! T pterse

anti-tuberculosis a usi ng e sa Sut'e.
met hod of cl ai m COR r&@;rR”PDEE armldl?ltd{eonqgemler ae pﬁhlamerthgzken& peathhgthdermept abl e

salt, solvate. ofsteherl SRty hELRat o il £ 0! Wber aYhoshs agent i
each of R® and R” taken independently of the other is hydrogen, alkyl of 1
to 8 carbon atoms, phenyl, or benzyl, or one of R and R” is hydrogen and the other
is -COR' or -SO,R'”, or R* and R” taken together are tetramethylene,
pentamethylene, hexamethylene, or -CH,CH,X*CH,CH,- in which X” is -O-, -S-, or
-NH-.

11. The method of claim 1, wherein the PDE4 modulator, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof, is administered prior to the tuberculosis

infection.

12. The method of claim 1, wherein the PDE4 modulator, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof, is administered subsequent to the

tuberculosis infection.
13. The method of claim 1, wherein PDE4 modulator, or a pharmaceutically

acceptable salt, solvate, or stereoisomer thereof, is administered prior to the administration

of the anti-tuberculosis agent.
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adm ni stered using different routes.

WO 2010/093588 PCT/US2010/023533

14. The method of claim 1, wherein PDE4 modulator, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof, is administered simultaneously with the

anti-tuberculosis agent.

15. The method of claim 1, wherein PDE4 modulator, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof, is administered subsequent to the

administration of the anti-tuberculosis agent.

16. The method of claim 1, wherein PDE4 modulator, or a pharmaceutically
acceptable salt, solvate, or stereoisomer thereof, and the anti-tuberculosis agent is

administered using the same route.
17. The method of claim 1, wherein PDE4 modulator, or a pharmaceutically

acceptable salt, solvate, or stereoisomer thereof, and the anti-tuberculosis agent is

administered using different routes.
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