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Provisional Applications Serial Number 60/125,507 Filed
5 March 19, 199%9 and U.S._Provisional Serial Number

60/174,882 filed January 7, 2000.

The present invention relates to compounds which
inhibit IMPDH. This invention also relates to
10 pharmaceutical compositions comprising these compounds.
The compounds and pharmaceutical compositions of this
invention are particularly well suited for inhibiting
IMPDH enzyme activity and consequently, may be

advantageously used as therapeutic agents for IMPDH-

15 mediated processes. This invention also relates to
methods for inhibiting the activity of IMPDH using the

compounds of this invention and related compounds .

BACKGROUND OF THE INVENTION

The synthesis of nuclectides in organisms is
20 reguired for the cells in those organisms to divide and

replicate. Nucleotide synthesis in mammals may be

achieved through one of two pathways: the de novo

synthesis pathway or the salvage pathway. Different cell

types use these pathways to a different extent.

25 Inosine-5’-monophosphate dehydrogenase (IMPDH;

EC 1.1.1.205) is an enzyme involved in the de novo

synthesis of guanine nucleotides. IMPDH catalyzes the

NAD-dependent oxidation of inosine-5'-monophosphate {IMP)
to xanthosine-S'-monophosphate (XMP) [Jackson R.C. et.
30 al., Nature, 256, pp. 331-333, (197%)].



NAD- dependent oxi dati on of inosine-5"-nonophosphate (IMP) to

xant hosi ne-5' - nonophosphate (XMP) (Jackson R C. et. 30 al., Nature, 256, pp.
331-333, (1975)3. 5 SEP 70113 WO 00/56331 PCTIUSOCO 07129 2 | MPDH i§SEP 2003
ubi qui tous in eukaryotes, bacteria and protozoa [Y. Natsunmeda & S.F. Carr,
Ann. N.Y. Acad., 696, pp. 88-93 (1993)]. The prokaryotic forns share

30-40% seqyrifdisisgdentity with the human enzyne. Two i sof QHRys@drRehunman
| MPDH, designated type | and type Il, have been identified and sequenced

(F.R Collart and E. Huberman, J. Big@d. Chem, 263, pp. 15769-15772,
295

(1988); Y. Natsuneda et s J..Biol. Chem, .265 . 195292-5
(1990)]. Each is 514 ani&ﬁggﬂéc]isdél,blgﬂﬁt?‘hsey”%ﬁgg%r}é%%[)%’ob§5 GEhe e Yentity.
Both | MPDH t yperdtcamd fypeNatdsumedm &astif vecdret r aner N.ivh dekdti o6ge W t h
subunit nol ecul ar 1,0 f. 56, kDa [Y, Yanmada_.et. al... Bipc 1 stry, 27,
b 2737 2745 T0SE) P20 ThEX B noTho P H IR LT EGUT GLRE HOCREb: | dea, 15
and thus the agiguenty o0fehtdiHwith plas thwominakehyymapormwant sof orms anil
T-1 ynphocyt e¢s., Thes | s, depen n_the de noyo, rather than sal vage
pat hway to gemf’e%géﬁfli c‘?eesrftgnaggge?%peofldﬁ&gl g‘tﬁ?a@s %8383 Y to initiate
a proliferatiidentegpedsand Gatuenged (F.RNCodeart Ard E20HAbermwam, et. al .,
Lancet |1, 1179, (1975), and A.C Alli 2 al,. i bg Found. Synp., 48,
207, (1977)]. #h&é’?—?'—M'i ?ng BYt ract |9\7§5?r§%ge{19{‘8§ ’sgr ectively
inhibiting thatsmede systam,wit hbidl alchem. nh2é8t ippg ERE2-5295,

{(1990)]1. Each is 514 amino acids, and they share B84%

10 sequence identity. Both IMPDH type I and type IT form
active tetramers in sclution, with subunit molecular
weights of 56 kDa [Y. Yamada et. al., Bicchemistry, 27,

pp. 2737-2745 (1988)1.
The de novo synthesis of guanosine nuclecotides,

15 and thus the activity of IMPDH, is particularly impertant
in B and T-lymphocytes. These cells depend on the de
novo, rather than salvage pathway to generate sufficient
levels of nucleotides necessary to initiate a
proliferative response to mitogen or antigen [A.C.

20 Allison et. al., Lancet II, 1179, (1975) and A.C. Allison
et. al., Ciba Found. Symp., 48, 207, (1977}]. Thus,

IMPDH is an attractive target for selectively inhibiting
the immune system without also inhibiting the
proliferation of other cells.

25 Immunosuppression has been achieved by
inhibiting a variety of enzymes including for example,
the phosphatase calcineurin (inhibited by cyclosporin and
FK-506); dihydroorotate dehydrogenase, an enzyme involved
in the biosynthesis of pyrimidines (inhibited by

30 leflunomide and brequinar); the kinase FRAP (inhibited by
rapamycin}; and the heat shock protein hsp70 (inhibited
by deoxyspergualin). [See B. D. Kahan, Immunological
Reviews, 136, pp. 29-49 (1993); R. E. Morris, The Journal




proliferation of other cells. |Inmunosuppression has been achi eved by

inhibiting a variety of enzynes including for exanple, the phosgt}ﬂﬁﬁiﬁ
calcineurin (inhibited by cyclosporin and FK-506); dihydroorotate?

dehydr ogenase, an enzyne involved in the biosynthesis of pyrimdines
(inhibited by 30 | eflunom de and brequinar); the kinase FRAP (inhibited by

rapanycin); and the heat shock protein hsp70 (inhibited by
deoxysper gusto ®yse3iSee B. D. Kahan, | mmunol ogi cal Revi ews FCTAS00HRY 29. 49
(1993); R E. Morris, The Journal 5 SEP 2003 WD 00/ 56331 PCT/ US00/ 07129 3

of Heart and Lung Transplantation, 12(6), pp. S275-S286 (1993)].
I nhibitors of | ar 0@l Sithk R spliaht 8¢ orSit a2l )pabent S255380§B79 and
5,444,072 and ns 105 and WD 94/ 12184 descri be

nycophenol i ¢ dar&3§MPA) and sone of its derivatives as potent,

unconpetitive, reversi b%&iﬁgcﬂjst QS TRbpRULEN aldPRidokyipe Un{ted33 nM and
type Il (Ki=9 nM. MPA has een denonstrated to bl ock _the response of B

and T-cel | s 1@theesi pageors.380.§38 ¢pd ©. 4441972042 P4 ., Ann. N V.

Acad. Sci., 696, 63 199 I u 65§ Y Si219UCReasr M4, are useful
drugs in the PPE&%ﬁéﬁ’go%sf G 2 gﬁtg fgg]aection and a&t_oi mrune di seases.
[R E. Mrrismykbgheyol it lacicAgMPas Sufpsomes L 536 derivabives @fever, MPA

' CharaCteriéggenEy éﬁggﬁgééi h%e?h§£0@f§dﬁﬁﬂ(ﬁﬂhiB&QB§§t5§$mnﬁH§h as
MPA has

IMPDH type I (K;j=33 nM) and type II (Kj=9 nM)}.
been demonstrated to block the response of B and T-cells
10 to mitogen or antigen [A. C. Allison et. al., Ann. N. ¥.
" Acad. Sci., 696, 63, (1993}.
Immunosuppressants, such as MPA, are useful

drugs in the treatment of transplant rejection and

autoimmune diseases. [R. E. Morris, Kidney Intl., 49,
(1996)). However, MPA is characterized

15 Suppl. 53, S-26,
by undesirable pharmacological properties, such as
gastrointestinal toxicity. [L. M. Shaw, et. al.,
Therapeutic Drug Monitoring, 17. ppP. 690-699, (19%5)].

Nucleoside analogs such as tiazofurin,

ribavirin and mizoribine also inhibit IMPDH (L. Hedstrom,
. These

et. al. Biochemistry, 29, pp. 849-854 (1990)].
however, suffer from lack of specificity to

compounds,

IMPDH.
Mycophenolate mofetil, & prodrug which quickly

liberates free MPA in vivo, was recently approved to
t acute renal allograft rejection following kidney
(.. M. Shaw, et. al., Therapeutic Drug
(1995); H. W. Scollinger,

preven

transplantation.

Monitoring, 17, pp. 690-699,

Transplantation, 60, pp. 225-232 (1995)1].
however, limit the therapeutic

Several

30 clinical observations,
potential of this drug. [L. M. Shaw, et.

Drug_Monitoring. 17, pp. 690-659, (19985)].
rapidly metabolized to the inactive glucuronide in vivo.

al., Therapeutic

MPA is

[A.C. Allison and E.M. Eugui, Immunological Reviews, 136,



gastrointestinal toxicity. (L. M Shaw, et. al., Therapeutic Drug
Monitoring, 17, pp. 690-699, (1995)J. Nucl eosi de anal ogs such as
tiazofurin, 20 ribavirin and m zoribine also inhibit I MPDH [L. Hedﬁp_‘pmg
et. al. Biochem stry, 29, pp. 849-854 (1990)]. These conpounds. however,
suffer fromlack of specificity to |MDH Mcophenolate nofetil, a prodrug

which quickly 25 |liberates free MPAin vivo, was recently approved to
prevent acuweo8eal all ograft rejection follow ng kidney FFE mh’t’at i on.
[L. M Shaw, et. al., Therapeutic Drug, Mnitoring, 17, pp. 690-699,

(1995); H W Sollinger, Transplant at? on, 60, pp. 225-232 (1995)]. Several
30 clinical oppergazdonsg9siidwevdhe ginteronraie Héveapapndergepdtential of this
drug. [L. M Shaw, et. al., Therapeutic..Dr HLOELNG,. ¢ 1dpa PR, 690- 699,
(1995)]. MPA F’gtq%]ﬂ?%"l”i/uf’reqeﬁgﬁﬂggdc?%sJf%ua%nacé |l%gmg3 ucéarl(z)lr)ﬁL e in vivo.
[A.C. Allisoncpadg&stdofugstinkininat ogileate Revicewspt188ers B:£ P 2003 WO
0066331 PCT/ USQ0/ 07129 4 . pp. 5-28. 1993)4. The %ucurgni de ,E,ﬁ]lesn under goes
ent er ohepat i cT¥BRE c}iikP | AGEREE TR SBPURBASY R  he

gastroi nt est i pafed¢ Afd1 YRSt tRaNMAlg exeld wive pbbEREY ) nbivhid¢ ory activity
on the imune system This 5 effectively |lowgrs the drug;s in vivo potency,
whil e i ncr ealheReasing idss MpAHF 3R rg(ﬁsr’ﬁtr&}f‘itﬁﬁf:lg?{ieg’e‘?? SREES o e

recently, | MPDH inhibitprs eaceﬁaig,gm asnebiboye dpead faaritbed in PCT

publications WO 97/40028 and WO 40381. ) )
classes have been described in PCT publications WO

97/40028 and WO 98/40381.

{1} It is also known that IMPDH plays a role in
cther metabolic events. Increased IMPDH activity has
been observed in rapidly proliferating human leukemic
cell lines and other tumor cell lines, indicating IMPDH
as a target for anti-cancer as well as immunosuppressive

15 chemotherapy [M. Nagai et. al., Cancer Res., 51, pp.
3886-3890, (19921)]. IMPDH has also been shown to play a

| role in the proliferation of smooth muscle cells,
indicating that inhibitors of IMPDH, such as MPA or
rapamycin, may be useful in preventing restenosis or
20 other hyperproliferative vascular diseases [C. R. Gregory
et al., Transplantation, 59, pp. 655-61 (1985); PCT
publication WO 94/12184; and PCT publication WO

94/01105].
Additionally, IMPDH has been shown to play a

25 role in viral replication in some virus-infected cell

lines. [S.F. Carr, J. Biol. Chem., 268, pp. 27286-27290

(1993)]. Analogous to lymphocytes and lymphocytic and
tumor cell lines, the implication is that the de novo,
rather than the salvage, pathway is critical in the

30 process of viral replication.
Thus, there remains a need for potent IMPDH
inhibitors with improved pharmacological properties.

Such inhibitors would have therapeutic potential as

immunosuppressants, anti-cancer agents, anti-vascular



to It is also known that IMPDH plays a role in other netabolic events.

I ncreased | MPDH activity has been observed in rapidly proliferating human
| eukemic cell lines and other tunor cell lines, indicating IMPDH as a
target for anti-cancer as well as inmmunosuppressive 15 chenot herapiP

Nagai et. al., Cancer Res., 51, pp. 3886-3890, (1991)]. I MPDH has al so
been shown to play a role in the proliferation of snooth nuscle cells,

i ndi cating t{plea/sfddhbi tors of I MPDH, such as MPA or rapanyeCnusesiise
useful in preventing restenosis or 20 other hyperproliferative vascul ar
diseases [C. R Gegory et al., Transpdantation, 59, pp. 655-61 (1995);
PCT publication WO 94/12184;. and PCT _publ|cati 4 )

Addi tionally, 3WWBﬁpﬁ§§1 SR EOWTT spl3§Lga{égﬂ?¥$%xgwlg%%gﬁkieplication
in some Virus-igpeehedatehfehtneantipsbrifaie, add Bitol-viChémage26s, pp.
27286-27290 (1993)). Anal ogous to |ynphocytes and | ynphocytic and tunor
cell lines, the inplication is that the de nova, rather than the sal vage,
pathway is critical in the 30.p¢{RReRE OF M alnvENIlTomati on. Thus, there
remains a need for potent IMPDH innibitors with | nproved hsr rracoé ogi cal
properties. 5 Such inhi bi The 9xesend RaventHdt é?:féi}f’idc?spGP@ﬂf’gﬁ S g

| NMunosuppr ess '—gﬁ]ﬁ,er | - MASGHsA hBr SoE, R0 30

00/ 56331 PCT/UéB%?ﬁ?%ggét ypgfgggFéﬁéﬁg?%vg%gbents, anti-inflamrmatory
agents, antifusgfil agentuhikitorssof | BIFRE anFhehGompPrEfs o9 s

invention can be used alone or in combination with other

therapeutic or prophylactic agents, such as anti-virals,

10 anti-inflammatory agents, antibiotics, and

immunosuppressants for the treatment or prophylaxis of
transplant rejection and autoimmune disease.

Additionally, these compounds are useful, alone

or in combination with other agents, as therapeutic and

15 prophylactic agents for antiviral, anti-tumor, anti-
cancer, anti-inflammatory agents, antifungal agents,
antipsoriatic immunosuppressive chemotherapy and

restenosis therapy regimens.
The invention also provides pharmaceutical

compositions comprising the compounds of this invention,

20
as well as multi-component compositions-comprising
additional IMPDH compounds together with an
immmosuppressant. The invention also provides methods
of using the compounds of this invention, as well as

25 other related compounds, for the inhibition of IMPDH.

DETAILED DESCRIPTION OF THE INVENTION

In order that the invention herein described

may be more fully understood, the following detailed

description is set forth. In the description, the

30 following abbreviations are used:

Designation Reagent or Fragment

Ac acetyl
Me methyl



SUMVARY OF THE | NVENTI ON 5 The present invention provides conpounds, and
phar maceutical |y acceptabl e derivatives thereof, that are wuseful as

i nhibitors of | MPDH. The conpounds of this invention can be used qh&nﬁnpr
in combination with other therapeutic or prophylactic agents, suem s
anti-virals, 10 anti--inflanmmatory agents, antibiotics, and

I mmunosuppressants for the treatnment or prophylaxis of transpl ant

rej ecti on argp geedizmmune di sease. Additionally, these conpd§iAdsSesPE2Ysef ul ,
alone or in conbination wth other agents, as t herapeutic and 15

prophyl actic agents for antiviral, antr-tunor, anti cancer,
anti-inflammatory nts, antifungghyagents, antipsoriatic

i mmunosuppr essi ve chenot herapy and restenosis therapy regi nens. The

i nvention al so provimes pharmaceubf®&Yl 20 conpositions conprising the
conpounds of this i % ntion, as uell,as MuldigagerBonent conpositions
conprising additio | MPDH conpounds together with an i munosuppressant.
The invention al so gmwvi des net hotis8-dfazahiimyclindSebdnPHRRC of- 991 s
invention, as well as 25 other related t he inhibition of

| MPDH. DETAPLED DESGRPTI ON OF Tké‘%ﬁfﬁgﬁ%r%%%ﬂgig?%’g% that the invention
herei n described mMage nore fuldimertdrastinogyrifiend ol | owi ng detail ed
description is set forth. In the description,_ _the 30 follow ng

abbrevi ations are #%d: Designat W%&@W?’Qﬁagmnt Ac acetyl Me

met hyl DMSO dimethylsulfoxide
DPPA diphenyl phosphoryl acid
10 EDC 1-(3-

dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride

EtOAc ethyl acetate

IPA isopropyl alcohol
15 MeCN acetonitrile

THF tetrahydrofuran

TEA triethylamine

t-bu terc~butyl

BOC butyloxycarbonyl

The following terms are employed herein:
Unless expressly stated to the contrary, the

terms "-S0p-* and "-S5(0)z-" as used herein refer to a

sulfone or sulfone derivative (i.e., both appended.groups
linked to the S), and not a sulfinate ester.
25 The terms "halc®" or "halogen" refer to a
radical of fluorine, chlorine, bromine or iodine.
The term *immunosuppressant” refers to

compound or drug which possesses immune response

inhibitory activity. Examples of such agents include

30 cyclosporin A, FK506, rapamycin, lefluncmide,
deoxyspergualin, prednisone, azathioprine, mycophenolate

mofetil, OKT3, ATAG, interferon and mizoribine.



5 SEP 2003 WO 00/56331 PCT/US00/ 07129 6 Et ethyl Bn benzyl CD
car bonyl di i m dazol e DBU 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene 5 DI EA

di i sopropyl et hyl am ne DVAP di net hyl am nopyri di ne DM di net hyl forgpﬂg ﬂm
DMSO di net hyl sul f oxi de DPPA di phenyl phosphoryl acid t0 EDC 1 2
di met hyl am nopr opyl ) - 3- et hyl carbodi i m de hydrochl ori de Et OAc et hyI acetate

| PA i sopropyl alcohol 15 MeCN acetonitrile THE tetrahydrofuran TEA
triethylam ﬁoé' tert-butyl BOC butyl oxycarbonyl 20 Theedravdoowiiz®y ter ns
are enpl oye ereln: 25 Unless expressly stated to the contrary, the terns
"-802-" and "-S(0)2-' as used herein refer to a sulfone or suit one

derivative (i.e., both appended roups | i nked_to the ,
sul finate ester. The tef “-ﬁ’f?t’!‘o'9 inferfezrggeht e 10 th & '}9,15_ cal of

fluorine, chlofjiNg rd¥oddl NEnOIudAY MRt not limited to alpha, beta and

gamma forms.
IH@DH-mediated disease refers to any disease

s state in which the IMPDH enzyme plays a regulatory role

in the metabolic pathway of that disease. Examples of

IMPDH-mediated disease include transplant rejection and

autoimmne diseases, such as rheumatoid arthritis,

miltiple sclerosis, juvenile diabetes, asthma, and

10 inflammatory bowel disease, as well as inflammatory
diseases, cancer, viral replication diseases and vascular
diseases.

For example, the compounds, compositions and

methods of psing them of this invention may be used in

1S the treatment of transplant rejection (e.g.., kidney,
liver, heart, lung, pancreas (islet cells), bone marrow,
cornea, small bowel and skin allografts and heart valve

xenografts), rheumatoid arthritis, multiple sclerosis,

juvenile diabetes, asthma, inflammatory bowel disease

(Crohn’'s disease, ulcerative colitis), lupus, diabetes
mellitus, myasthénia gravis, psoriasis, dermatitis,
eczema, seborrhea, pulmonary inflammation, eye uveitis,
hepatitis, Grave’'s disease, Hashimoto's thyroiditis,
Behcet’'s or Sjorgen’s syndrome (dry eyes/mouth),

25 pernicious or immunohaemolytic anaemia, idiopathic
adrenal insufficiency, polyglandular autoimmune syndrome,

and glomerulonephritis, scleroderma, lichen planus,

viteligo {(depigmentation of the skin), autoimmune
thyroiditis, and alveolitis, inflammatory diseases such

30 as osteoarthritis, acute pancreatitis, chronic

pancreatitis, asthma and adult respiratory distress
syndrome, as well as in the treatment of cancer and

tumors, such as solid tumors, lymphomas and leukemia,

vascular diseases, such as restenosis, stenosis and



The term "i mmunosuppressant™ refers to a conpound or drug which possesses

| mmune response inhibitory activity. Exanples of such agents include 30
cyclosporin A, FK506, rapanycin, |eflunom de, deoxyspergualin, 6r5£8rﬂ]ﬂ§one,
azat hi opri ne, mycophenolate nofetil, OKT3, ATAG interferon and

m zoribine. 5 S E P 2003 WO 08!56. 331 PCT/US0O0/ 07129 7 The term
"interferon" refers to all fornms of interferons, including but not limted
to al pha, beiypaRghs; gamma forns. | MPDH nedi at ed di sease ref ®CTUSHOAITS

di sease 5 state in which the | MPDH enzynme plays a regulatory role in the
nmet abol i ¢ pathway of that disease. Exanpples of | MPDH nediated di sease

I nclude transplant rejection and _autoi rrrgg.lne di seases, such .as rheumatoid

arthritis, nultRpReXeRIIErosis; POTNS A 4D% daX2hsT S 14

i nf| anmat ory bO&Pé%ége%Qa%ch%sV@éér&ﬁﬁﬂ |BEeREeEYy ati $RAGRS. cancer,
viral replication diseases and vascul ar di seases. For exanple, the
conpounds, conpositions additherabbe IMERH £FzyMem e AiSe XPeR it may be
used in 15 the \{r fpaggggt gg gg&p%p%é d RG ha) fEgdhareKidRRbrialll ver,
heart, lung, pancreas (islet cells), bone marrow, <cornea, snmall bowel and
skin al | ograft syrowtbtheans yathe theJMRDE-tighibihex amFcyngsthriti s,

I tipl I IS, . il e.di tes, ' ; di
20 (Cronn' s ai SeaRes it eer praadfify afttiille MRy be Hoericl sease

in treatment or prevention of bacterial infection, alone

or in combination with other antibiotic agents.
The term "treating® as used herein refers to
10 the alleviation of symptoms of a particular disorder in a
patien£ ;r the improvement of an ascertainable
measurement associated with a particular disorder. As

used herein, the term "patient" refers to a mammal,

including a human.
15 The terms "“HBV”, “HCV"” and "HGV* refer 'to

hepatitis-B virus, hepatitis-C virus and hepatitis-G

virus, respectively.
According to one embodiment, the invention

provides compounds of formula A:

H ,

"~ Y

Ry /é o R,
PO W

wherein:

(&)

each of R; and R is
independently selected from hydrogen; -CF;; -{C1-Cg¢) -
straight or branched alkyl; -(C;-Cg¢)-straight oxr branched
>5 alkenyl or alkynyl; -(C;-Ce)-straight or branched alkyl-
Ry; -[{C2-Cg) -straight or branched alkenyl or alkynyl]-Ry
or -R;; and wherein at least one of R; or R; is

-(C;-C¢) ~straight or branched alkyl-R:; ~[(C2-Cg)-straight



mel litus, nyasthenia gravis, psoriasis, dermatitis, eczem, seborrhea,
pul monary inflammation, eye uveitis, hepatitis, Gave's disease,
Hashimoto's thyroiditis, Behcet's or Sjorgen's syndronme (dry eyes@qmpqmn,
25 pernicious or inmunohaenol ytic anaem a, idiopathic adrenal

i nsuf ficiency, polyglandul ar autoi mune syndrone, and gl onerul onephritis,

scl eroderma, |ichen planus, viteligo (depignentation of the skin),
aut oi mmune yWéwdsaslitis, and alveolitis, inflamatory di seaserussoom280 as
osteoarthritis, acute pancreatitis, chronic pancreatitis, asthma and adult
respiratory distress syndrone, as well9 as in the treatnment of cancer and

tunors, such asrsetacHetilkenkyPphoamBeraid lrReWera, vascul ar di seases,
such as restenosis, stenosis and 5 SEP 2D03 WD 001-4331_ PCT/ US0O0/ 07129 B

atheroscl erosis, and DNA and RNA vi r alVHeISiic 4P bR ¢ diNRRass 308K as
retroviral disgasgsy fNdaNer ReRyl Adtikdmnaldry a1k MPDhieh perangyal so

known to be present in bacteria and thus may regul ate bacterial 5 grow h-
As such, the |aFbHIOGaEHeRdEdtlEorPAARRE RoRpds?X i ons and net hods descri bed

herein may be useful in treatnent or uﬂfe%\é‘iﬂt RO rpagtéerial infection,
alone or in conbination with other antibiotic agents. The term "treating'

as used herei rr¥tefmedivelyotaken didgskibeti 6n ébrmy¢qnnﬂh¥dgbfarpayﬁicuIar
associ at ed w L eis bhgh by'Ss ERRRLGERL. oR[ LA CHAPL B E o AR BT
refers to a muwdxloxymethyl, one hydrogen atom in said tetrahydrofuran
| is replaced by -OR¢ or -R;, and wherein when Ry is (S}-
10 methyl, {(S)-ethyl or (S)-hydroxymethyl, one hydrogen atom
" : in said tetrahydrofuran is optionally replaced by -ORg or
Ry . .
wherein when Rs is hydrogen, (R)-
methyl, (R)-ethyl or (R)-hydroxymethyl and each of R; and
15 R; are independently hydrogen, unsubstituted -(C:-Cg)-
straight or branched alkyl, or unsubstituted
- (Ca2-C¢) —-straight or branched alkenyl or alkynyl, then the

portion of the compound represented by -CH{Ri}R:; is a Cs~
Ciz2 straight or branched alkyl, alkenyl or alkynyl;
each R; is independently selected
from halo, CN, -OR,, or -N{Rs)a:
Ry is selected from hydrogen,
L -(C3-Cg) -straight or branched alkyl, -{C;-C¢)-straight or
branched alkenyl or alkynyl, -[(Ci:-Cg)-straight or
25 branched alkyll-R;, -{{C;-Cs)-straight or branched alkenyl
or alkymyl]-R,;, -C(0)-[{C;~C¢) -~straight or branched alkyl],
-C{0)-[ (C3-Cg) ~straight or branched alkenyl or alkynyl],
-C({0)-1{{C;-Cg) -straight or branched alkyl]}-N(Rs)a2, -C(O)-
[ {C2-Cg) -straight or branched alkenyl or alkynyl‘]—N(Rglz,
30 -P{0)} (ORs)2, -P(O) {ORs) (Rg), -C(0)-R;, -[(C1-Cs)-straight or
branched alkyl]-CN, ~S{0)}:N(Rs), or -[(C2-C¢)-straight or

branched alkenyl or alkynyl]-CN:
each Rs is independently selected

from hydrogen, -(C:-Cs}-straight or branched alkyl, -(C-



I ncluding a human. 15 The terns "HBV', "HCV' and "HGVO refer -to
hepatitis-B virus, hepatitis-C virus and hepatitis-G virus, respectively.
According to one enbodi nent, the invention provides conpounds of SEPRMERI a
A. (A) wherein: each of Rl and R2 is independently selected from hydrogen:
-CF3; -(C1l-C6)- straight or branched al kyl; -(C2-C6}-straight or branched
25 al kenyl or al kynyl; -(Cl-C6)-straight or branched alkyl- R7; - [ (C2-C6)
-strai ght orwge@fasfied al kenyl or alkynyl ] -R7 or -R7; andeaumseeori2at

| east one of RL or R is - (Cl-C6) --straight or branched al kyl-R7; - [
(C2-C6) -straight 5 SEP 2003 WO 0015633® PCT/ US00/ 07129 9 or branched

al kenyl or al kggylderBight oR7bieriaid) alkehgldohyalllogen at-dn: -4 -any of
said al kyl, al keny|] .or al kynyl are optjonally nd, | ndependent |’y repl aced
by R3; or 5 wheberighs ofPrrached aQ&Q%&ti\?éf@"&é}(éﬁt He&¥ to form

t et rahydr of ur agyhnched & 18cRAyINER RBiis, y-g; pgen(c,-B)y petdydghd R) - et hyl or
(R) - hydroxynethyl, one hydrogen atomin said tetrahydrofuran is replaced

by -OR6 or - R7allend Wher eild Catfasn -ROTREGRE) 0N PIRRCREH 2Ll K§0¥L 9¥ or
(S) - hydr OXVWW%&Q«WLWEP—@S OBt rdgis@idt tehheh¥dr oikyan-dmf,optional Iy
0

repl aced by - ,
~[{C2-Cg) -straight or branched alkenyl or alkynyl]-OR,, -
C{0) - (C;-Cg) -straight or branched alkyl, -C(0)-[{C;-Cs}~
straight or branched alkenyl or alkynyl], -C{O)-Rs,
-C({0)O-R;, -C{0}O-(C1-Cg)-straight or branched alkyl,
10 -C{0)0-[({C3-Cs) -straight or branched alkenyl or alkynyl],

-5(0)2-(C1-C¢) ~straight or branched alkyl, or -S(0).-Ry; or
two Rs moieties, when bound to the same nitrogen atom, are
taken together with said nitrogen atom to form a 3 to 7-
membered heterocyclic ring, wherein said heterocyclic

15 ring optionally contains 1 to 3 additional heteroatoms

independently selected from N, 0, S, S(0) or S{0)a:;
Rg is selected from -C(0)-CHs,

-CH;-C {0} -OH, -CH,-C(0)-0~tBu, -CHz;-CN, or -CH;-C=CH;

each R; is a monocyclic or

20 bicyclic ring system wherein in said ring system:
i. each ring comprises 3 to 7 ring atoms
independently selected from C, N, O or S;
ii. no more than 4 ring atoms are selected
from N, O or S;
25 iii. any CH; is optionally replaced with C(0};
iv. any S is optionally replaced with S(0) or

S$(0)2;
each Ry is independently selected from hydrogen or

-[C1-C4] -straight or branched alkyl;

30 wherein in any ring system in said compound up to 3
hydrogen atoms bound to the ring atoms are optionally and
independently replaced with halo, hydroxy, nitro, cyano,

{C;-C4) -straight or branched alkyl; 0-(C1-Cy)-

amino,

straight or branched alkyl, (C:;-C4)-straight or branched



wherein when RO is hydrogen, (R)- nethyl, (R)-ethyl or (R)-hydroxynethyl
and each of RL and 15 R7 are independently hydrogen, unsubstituted
-(C1-C8) straight or branched alkyl, or unsubstituted -(C2-C6)-5bkRillfht or
branched al kenyl or al kynyl, then the portion of the conpound represented
by -CHHRI)R2 is a C5- Cl12 straight or branched al kyl, al kenyl or al kynyl;
20 each R3 is independently selected fromhalo, CN, -OR4, or -N(R5)2; R4
i s sel ect edyfy dikdaydr ogen, - (Cl-C6)-straight or branched #CIUSpO7IZY
-(C2-Co)-straight or branched al kenyl or al kynyl, -[(Cl-C6)-straight or 25
branched al kyl]-R7, -[(C2-C6) -straighttior branched al kenyl or
al kynyl]-R7. -C(O-[(Cl-C6)-straight or branched al ky
~OL0) " (C2- Copanbhvl ot mm;amcmdommeﬂw @?r%ﬂgé%m bransheg) .
((C1-C6) -strai ht or ched al -N (R6) 2, -C(O | (C2-C6) -straight
or branched aﬁk f9Y 1 oPT A aﬁwd‘] arif\é(Re) 2i 30 -P (O (OR8)2, -P (O (OR8)
(Rs) , -C(O-R7, -((Cl1-C6)-straight or brwircteda ahkfylr]an:NSYSCg(‘@SZN(RS)Z
-[ (C2-CB) - stralght or branched al kenyl or al kynyll-CN, each R5 is
i ndependent | yopeierakly BerRi®%gen, - (Cl- 08)-straight or branched al kyl,
-(C2 5 SEP 2003 WO 00156331 PCT/ USOCO 0712939 ie éﬁled:tacﬁgfutormr branched

al kenyl or "al kynyl, - Cl-C6) - st h I

(C2- C%) -st rahéﬂgog#n. E)éfb)n@}?éfd‘}’&l iérﬁ‘?]l' Yg'1r th\?P%t ? F%EXLE% 'strai ght
| kyl | - CN, 5 al k I ]-CN,

e iR, o s

-[(C1-CB) - str ed al kyl]- Rm is selected from -C=N or

5-oxazolyl; and

10 R;:, is selected from halo,

-0-(C;~C3) straight alkyl, ox -0-(C2-C3} straight alkenyl

or alkynyl.
Alsoc within the scope

of formula (A) are prodrugs, which are formed by

Is esterifying either or both of R; or R;. Examples of such

prodrugs are compounds 143 to 156 in Table 1, set forth

below.
The term “*monocyclic

ring system”, as used herein, includes saturated,

20 partially unsaturated and fully unsaturated ring

structures. The term *bicyclic ring system”, as used

herein, includes systenms wherein each ring is

independently saturated, partially unsaturated and fully

unsaturated. Examples of monocyclic and bicyclic ring

25 systems useful in the compounds of this invention
include, but are not limited to, cyclopentane,

cyclopentene, indane, indene, cyclohexane, cyclohexene,

cyclohexadiene, benzehe, tetrahydronaphthalene,

decahydronaphthalene, naphthalene, pyridine, piperidine,

30 pyridazine, pyrimidine, pyrazine, 1,2,3-triazine, 1,2,4 -
1,2,4,5-

triazine, 1,3,5-triazine, 1,2,3,4~tetrazine,

tetrazine, l.2,3,4—tetrahydroquinoline, quinocline,

1,2,3,4-tetrahydroisoquinoline, isoquinoline, cinnoline,

phthalazine, gquinazoline, quinoxaline, i,S-naphthyridine,



-[ (C2-CB)-strai ght or branched al kenyl or al kenyl]-OR4. -
C(O-(Cl1l-Co)-straight or branched al kyl, -C(0)-[(C2-C6)- straight or

branched al kenyl or alkynyl], -C(O-R7, -C (O OR7, --C (0)0-5cER2t08)
-straight or branched al kyl, 10 -C(O O [ (C2-C6)-strai ght or branched
al kenyl or al kynyl], -S(O 2-(Cl-C6)-straight or branched al kyl, or

-S(0O2-R7; or two R3 npoieties, when bound to the sanme nitrogen atona are
t aken toget MSY0Oi63I¥ said nitrogen atomto forma 3 to 7- né’ﬁ%@?sgﬂmn
heterocyclic ring, wherein said heterocyclic 15 ring optionally contains 1
to 3 additional heteroatons independenx2y selected fromN, 0, S, S(O or

S(92; R6is Sd‘ié_g%,t ?eﬁ? Eﬁ%ﬁgﬁ%—? 1 13dpn e dene?) 1; Prhaphtiy G dide,- O t Bu,

-CH2-CN, or I'S a nonocyclic or 20 bicyclic ring system
wherein in sai g, 6imaplssisteidine, 2athnaphihwddinesepteridifering at ons

i ndependently selected fromC. N, e I 81 b8 o £ gtons are
sel ect ed fron?’f’\fl‘%’b?' ghepazipe, gh%/)(5 (ﬁ%fﬂlas?rgg?flggal Ty repﬁé%céggvm th C(O;
iv. any S is opthfNtand, cpheaednibting( Qhemox8zi@e, 2thibarthRed,s

i ndependent|ly sel ected from hydrogen or. ..- [Cl-CA], + L ght or branched
al kyl ; 30 mﬁer@?ﬁ‘???‘éfﬂﬂlﬁ’ﬁ’rﬂ's?ggré?ﬁ"ﬁ:fuslgi'dg%‘ce)ﬁﬁ%ﬁ%%%%ﬂ%b 3 hydrogen

at oms bound t opdHshd1 e, 2k BIBmaEShePindn ety ahpdropyaepepdeatt) y repl aced

wi th hal o, hydroxy, nitro, cyano, am ng, rii§01- C4) - tra‘i) htié)r ebranched
al kyl ; 0-(C - GanzZagyrarghi - 8r b5 RAred ol P?‘a?@-%%ﬁ:s‘%ralg ‘or branched

S SEP 7403 dihydropyran, l-pyrindine, quinuclidine,
triazolopyridine, R-carboline, indolizine, quinolizidine,
0 tetrahydronaphtheridine, diazaphenanthrenes, thiopyran,

tetrahydrothiopyran, benzodioxane, furan, benzofuran,

tetrahydrofuran, pyrrole, indole, thiophene,

benzothiopene, carbazole, pyrrolidine, pyrazole,

isoxazole, isothiazole, imidazole, oxazole, thiazole,

15 1,2,3-triazole, 1,2,4-triazole, 1,2,3-oxadiazole, 1,2,4-
oxadiazole, 1,3.4 oxadiazole, 1,2,5-oxadiazocle, 1,2,3-
thiadiazole, 1,2,4-thiadiazole, 1,3,4~-thiadiazole, 1,2,5
thiadiazole, tetrazole, benzothiazole, benzoxazole,
benzotriazole, benzimidazole, benzopyrazole,

20 bénzisothiazole, benzisoxazole and purine.

Additional monocyclic and
bicyclic structures falling within the above description

may be found in A.R. Katritzky, and C.W. Rees, eds.

“Comprehensive Heterocyclic Chemistry: Structure,

25 Reactions, Synthesis and Use of Heterocyclic Compounds,
Vol. 1-8,” Pergamon Press, NY {1984), the disclosure of

which is herein incorporated by reference.
It should be understood

that heterocycles may be attached to the rest of the

30 compound by any atom of the heterocycle which results in

the creation of a stable structure.

The term "“ring atom*, as used herein, refers to

a backbone atom that makes up the ring. Such ring atoms

are selected from C, N, O or § and are bound to 2 or 3




WO 00/56331 11 wherein any ring systemis optionally benzofused; 5 RO is
sel ected from hydrogen, (R -nethyl, (Si, -nethyl (R -ethyl, (S @tﬁml
(R) - hydroxynet hyl or (S)-hydroxynmethyl; R10 is sel ected from - CEANESY
5-oxazolyl; and 10 PCT/USO'7129 al kenyl or al kynyl, or Q (C2-C4)-straight
or branched al kenyl or alkynyl; and R11 is selected fromhalo, -0-(Cl-C3)
straight alkyl, or -0- (C2-C3) straight al kenyl or alkynyl. Also within

t he scope g{ o) la (A) are prodrugs, which are forned bycruspetard fyi ng
ei ther or bo?] 0 1 or R2. Exanples of such prodrugs are conpounds 143 to
156 in Table 1, set forth below The term "nonocyclic ring systeni, as
used herein, includes saturated, 20 paHi ally unsaturated and fully
unsat ur at ed r i RferSkhskt Hims atbae t@r im "theyase ofi f§75§iR et "9 as used
herein, includes systens wherein each_ring s qhjad dept hy sedmm at ed,
partial |y unsatomst&d arie¥fyls *dARYaTYFS Ve, aﬂaérr%%gg of rr%nocycl i c and

bi cyclic rings2a.Syst efifc Uk Hydrbgkhe conmpounds of this invention
i nclude, but are not | I'[r'?:é etder';n%, -E¥%ﬂ%§§'£g€'§aight or branched

s alkyl)-X* and »_[{Cy-Cs)}-straight or branched alkenyl or
alkynyl]l-X", wherein X is anything indicated as being
bound to the alkyl, alkenyl or alkymyl, denotes that one
or more X groups may be attached to the alkyl, alkenyl or
alkynyl chain at any termini.

10 According to one preferred embodiment, the

A compound has the formula (I) :

| N R,
73 Y
- o O R,
| N)L
H H

R; and R; are as defined above, or formula (IA):

T
- R J{jo R
PO Wt

Ry is selected from (R} -methyl, {s) -methyl, (R)-
ethyl, (S)-ethyl, (R) -hydroxymethyl or (8) ~hydroxymethyl;

{1} ;: whe;'ein

{IA); wherein

15

and
R;, Rz, Rip and Ry are as defined above.
According to a more preferred embodiment of

20 formula IA, Rs is selected from (S} -methyl, {S)-ethyl, or

{S) -hydroxymethyl methyl. Most preferably, Rs is
(s)-methyl. Compounds wherein Rg is selected from

{Q) -methyl, (8)-ethyl, or (S)-hydroxymethyl methyl and

wherein the portion of the compound represented by



cycl opent ene, indane, indene, cyclohexane, cyclohexene, cycl ohexadiene,
benzene, tetrahydronaphthal ene, decahydronapht hal ene, napht hal ene,
pyridi ne, piperidine, 30 pyridazine, pyrimdine, pyrazine, 1,2, 3- §§iﬁmjne,
1,2,4 - triazine, 1,3,5-triazine, 1,2,3,4-tetrazine, 1,2, 4,5- tetq i ne,

1, 2, 3, 4-tetrahydroqui noline, quinoline, 1,2,3,4-tetrahydroisoquinoline,

| soqui nol i ne, cinnoline, phthalazine, quinazoline, quinoxaline,

1, 5- napht hy weloess3313 SEP 2003 WO 00/ 56331 PCT/ US00107129 1ZPCT/USMATIZY

1, 6- napht hyri di ne, 1,7--naphthyridine, 1,8-naphthyridine,

2, 6-napht hyri di ne, 2,7-naphthyridine, pteridine, acridine, phenazine,

1, 10- phenatrol i ne, di benzopyrans, 1- béhzopyrans, phenot hi azi ne,

phenoxazi ne, thtahRenes & aii-bemro-agatitork nhrapmdirsk alkyiln, Oph@neai oni ne,

nmor phol i ne, thi onorpholine, tetrahydropya z ,
1, 4- di oxane, 1§EFQﬁQ§%aﬁ§)gﬁ?ﬂ?ﬁ%%y%fkﬁéﬁ; %Td?%ygr%%yﬁéi%‘ﬁ%%%ggiﬁgfne,
qui nucl i di ne, %éﬁﬁs'ﬂdﬁ QRMpbdhas, désasited iineWOi AUH4G03he, Howeveri zi di ne, 10
t et r ahydr onapht heri di ne, di azaphenant es, .thio
t et r ahydr ot hi om@ﬁ%én?éﬂ?oﬁh?@“?ﬁfgig%eﬁ%f %»?%%é:’}{bet SEr B8Ry &Pt ur an,
pyrrol e, ingolgzri 'égpﬁgggty Pengotihbapesesusring andpynexpechk exdly
pyrazol e, Tisoxazole, Isothiazole, imdazole, oxazole, thiazole, 15
1,2, 3-tri azol eincreased IMBPH| inbibitorYoR&8i¥36Ve, 1,2, 4- oxadi azole, 1,3,4
oxadi-azol e, 1,2,5-oxadi§595f?- %3 arlothed preférrdd 2mbodhmedtaadl e,

thia

1,3, 4-thiadiazole, 1,2, | azol e, tetrazol e,  benzothiazol e,
benzoxazol e, fxemmder LAzoRa, iepeleftrRE Airem Héﬁ‘fbwfaz%'lee'fhyz'" ox' 0-

isopropyl.
10 According to a more preferred embodiment of

formulae (I) and (IA), at least one of R; or Ry is
selected from hydrogen, methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl, n-pentyl, phenyl, pyridyl,
-CH;OCH;, -CH.CHN, -CH,0CH,;CH,CN, -CHzC (CH;) 2CH2CHCN,

15 -CH,C (CH;CH;) 2CH,CH,CN, -CH;CHCN, -CHN {CH;CH;CN) 2,
-CH,N (CH3 ) CH;CH.CN, -CH (NH;) CH:CN, -CH,Cl, -CH0H, -CH;CHOH,
—CH,CH,0H, -CH;CH;CH;CH,OH, -CH;CH;0C (0}CHs, )
~CH,CH,0C (O)CH;NH;, -CH;CH;NHCH,, ~CHaCH,N (CH3) 2,
-CH;CHzN (CHCHj) 2, —CHaN (CHCH3) 2, -CH;CH;CHzN (CH3) 2,

20 -CH,CH2CH,N' (CHi)3, -CHOCHCH(CH3)z,
-CH,CH,N (CH;3)C (0)OC (CHa) 3, -CH,N {CH,CH;CN) CH;CH (CH3) 2,
-CH(CH;CN)N (CHa)a, -CH,CH (CH;CN) NHC (0) OC {CH3) 3,

~ ~ X (
X O/SO' X m X «\@ ’H"H:,“\/?,

25 wherein n is 0 or 1.
According to an even more preferred embodiment

of formula IA, one of R; or R is selected from hydrogen,
ethyl or phenyl; and the other of Ry or R; is selected
from —CHpOH, -CHCN, -CH,CHCN or CH,N{CH;CH3)2; or R; and R:
are taken together to form a 3-tetrahydrofuranyl moiety.

According to an alternate preferred embodiment



20 benzi sot hi azol e, benzi soxazol e and purine. Additional nonocyclic and
bicyclic structures falling within the above description nmay be found in
A R Katritzky, and C W Rees, eds. "Conprehensive Heterocyclic Chem stry:
Structure, 25 Reactions, Synthesis and Use of Heterocyclic Conpdufigsiil] vol .
1-8," Perganon Press, NY (1984), the disclosure of which is herein

i ncorporated by reference. It should be understood that heterocycles may
be attached woobbesr est of the 30 conpound by any atom of tHME/US0EYERyc| e
which results in the creation of a stable structure. The term"ring atom,
as used herein, refers to a backbone atsomthat makes up the ring. Such
ring atons are selected fromC, N, O or® S and are bound to 2 or 3 5 SEP 21
@B WO 80/ 56331, PANIALO412Q, 3 @b heFe stpled itbge8hofbtd Edim thecase of
certain ring. atons In a bicyclic ring system. The term"ring atonf' does
not include hydeogsdrifuraayhenoigperhes) 1§t FRPgt WD PAncHBE- 5 al kyl ) - X"
and "-((C2-C(,)-straigh y KerpolifentWhenei n X is
anyt hing i ndicated as bréfgéra{)%%ﬁ%?%g%{t %Qa ﬁgf?nffi kenyl or al kynyl,

denot es that orsmpcandofefXmulads isapedected abrmw any e tROR$| §e§| kenyl or

al kynyl chain at any _term ni 0 cording to one preferred enbodi ment, the
conpound ha3 tﬁ%é’or‘%&ﬁg}?)%' Berdif



(') ; wherein HHRL and R2 are as defined above, or formula (I1A): HH
(I'A); wherein HH15 RO ethyl, and is selected from (R)-nethyl,
(S)-methyl, (R - (S)-ethyl, (R)-hydroxynethyl or (S)-hydroxynet hyl5 SERDINIRZ,
Rao and Rai are as defined above. According to a nore preferred enbodi nent
of 20 formula IA, RO is selected from (S)-nmethyl, (S)-ethyl,

(S) - hydroxynet hyl nmethyl. Mst preferably, RO is (S)-net hyI. Conpounds
wherein RO wpadsssited from (S)-nmethyl, (S)-ethyl, or (S)PEYAISesE7X hyl
met hyl and wherein the portion of the conpound represented by or 5 SE P
2003 WO 00/56331 PCTFUSOOQ' 07129 14 -CH(R)R2 is a Cx-C4 straight or
branched al kyl, or a C2-C4 straight oggbranched al kenyl or alkynyl fall

within the gen onp E"Egg cribed in WD 97/ 40028. However, '
-Eeée&eg- e presence o an (o] [Lented onielly at

applicants ha
RO inparts su nexpect edl y i ncr eased | MP 4 nhibitory

activity. Acc her ferr%equl alA RIf is
sel ected from|O net hyl, O pt hyﬁk ﬁﬁk Y
S
W
N MeO

"/:-;n o \l\ -~
9 Ol R e a
¢’}"° NH";F%:%"“ nu’lLo
oﬁ ° O/ 1
4 | o
10




| sopropyl. 10 According to a nore preferred enbodi ment of fornulae (1) and
(I'A), at least one of RlL or R2 is selected from hydrogen, nethyl, ethyl,
n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, phenyl, pyridyl,; 3P0,
- CH2CN, - CH2OCH2CH2CN, - CH2C( CH3) 2CH2CH2CN, 15- CH2C (CH2CH3) 2CH2CH2CN,

- CH2CH2CN, - CH2N (CH2CH2CN) 2, -CH2CH2OH, -CH2N (CH3) CH2CH2CN, --CH (NH2)
CH2CN, - CH2dl , - CH2OH, - CH2CH20H, - CH2CH2CH2CH2OH, - CH2CH2OC (0) CH3,

- CH2CH20C ( Ghv&bigbisix , - CH2CH2NHCH3, - CH2CH2N (CH3) 2 , - CH2CHXN/VUSepsTeR) 2

, - CH2N (CH2CH3) 2 , _CH2 CH2CH2N (CH3) 273 20- CH3CH2CH2NI WHO 3, - CH2OCH2CH
(CH3) 2, -CH2CH2N WHO C (0) OC (CH3) 3 -CHZN (CH2CH2CN) CH2CH (CH3) 2,

- CH(CH2CN) N(CH3) 3, CHRON) NHC{ Q) QO oY 3 o 95—%@#@#»—**9-01 1.
According to ven nore preferred enbodiment of formula IA one of R or
om hydroggn, et hyl or pheny+ and t he her of Rl or {R2

R2 is selecte
is sel ected rom - CH2OH, } CH2CN, ©

) ; Qr R jand
R2 30 are takgn together t)foréna i f r ahydr o nyl noiety. Acsordijng
to an alternate preferred anbo@l et ™0 % 4ANC? SEP 2D03 / 5633
PCTNS00107129)15 of formufa | n-Rl and R2 are taken together to f'orma 3-

" 7 ) é\ﬂ/ L,
- ™o NHJ'LNH ﬁ
1]

16 - onat 0
S L
v =0 i




tetrahydrofuranyl noiety that is substituted by -OR6. According to another
preferred enbodi nent, the conpound of formula Ais selected fromany of
those set 5 forth in Table 1, below. 5 SEP 2003 WO 00/56331 PCT/ SJSE? @élZQ
16 TABLE I. Conpounds. 41 -NH-O~~NI1 NH OT NS5 SEP 2003 WO é ]
13 14 17 NH _NH NH _NH 15 A HN PCTNSOO 07129 O0_ ~NH _,NH HN ~O N 5 SEP

2003

WO 00/56331 PCT/US00/07129
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5 salt shown. Wen stereochem stry is not specifically indicated, the
conpounds of this invention nmay contain one or nore asynmetric carbon
atons and thus may occur as racemates and racenic m xtures, single
enantiomers, 10 diastereoneric m xtures and individual diastereoners. Al
such isoneric fornms of these conmpounds are expressly included in the
present invention, unless otherwi se indicated. Each stereogenic carbon may
be of the RgﬁﬁméF’ﬁonfiguration 15 Conbi nations of substi poeaseemnd

vari abl es Bhed by this inventiopsare only those that result in the
formati on of stable corrpounds The term "stable", as used her ein 5 SEePfEB'_{s
to conpounds tRGET
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useful for thg purposes defailed herein (e.g., therapeutic or
adm nistratior] to a manmal Jor for use in affinity chr
applications).f Typically, Jsuch, é”oounds are stable at Eﬂfenﬁ'
40C or less, iIn the absencg of nsi Y 21

able derivati ve or

or prodrugs tlereof. A 30 pharnaceutlcallyracce
of a‘conpound of this inventlonleQ upo
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WD 00156331 PGINS60//07129 47 5 SEP 2003 of this invention. Particularly
favored derivatives. and prodrugs are those which increase the

bi oavailability of the compounds of this invention when such conpounds are
adm nistered to a mammal (e.g., by allowing an orally 5 adm ni'stered
conpound to be nore readily absorbed into the blood) or which enhance
delivery of the parent conpound to a biological conpartnent (e.g., the
brain or | ywphosést systen) relative to the parent speci es. PCPUSMETIEJ
prodrugs include derivatives where a grgup 10 whi ch enhances aqueou
solubility or active transport through the gut nenbrane is apendegsgglpqqe
structure of t 3 npounds ofg§ thig,l nvention. Pharnmaceutlcally acceptjabl e
salts of the ﬁggunds of thy s invention include those derived f%om| 15
pharmaceutical{y acceptabl e ijnorganic and organic acids and bas
Exanmpl es of suf table acid salfts include acetate, adipate, g/ gin
aspartate, bengoate, benzene] sul fonate, bi§ylf§§e, butyr at itratqg,
canphor at e, fanphor sul f onatje, cycl op pepFophpnate; vehi
dodecyl sul fat g, et hanesul fondte, fung uconeptianoat e,
gl ycer ophosphgte, hem sulfatgq¢, hep te, hexanoate, hydrochloride
hydr obr oni de, { hydr oi odi de, 2-hydroxyethanesul fonate, |actate, naleale,

net hanesul f ondte _2-napht hal énesul fonate, nicotinate, 25 oxal ate, pajoate,
pecti nate, pe te, 3-phegpyl-- propionate, picrate, pivalate,
propi onate, .s te, tartjate,~fhi ocyanate, to 'Hb?ra gcanopt e.
Base ' ndﬁ: a wn
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salts include amonium salts,

potassium salts,
magnesi um sal ts,
sal ts,
| ysi ne,

basi ¢ nitrogen-containing groups can
Wwal aoses)
brom des and i odi des;
di butyl and dianyl sulfates,. |ong chai

| ower al kyl

nmyristyl and s
such as. benzyl
di spersi bl e pr
I nventi on may
Advant ageousl y
avai |l abl e star
I nventi on may
2 wth nodifi

De

al kal i ne earth netal
salts with organic

and salts with am no acids such as arginine,
and so forth. WO 00/56331 48 PCT/ USOCQO 07129 5 SEP 7003 Al so,
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N- et hyl - D gl ucam ne,
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di al kyl

alkali nmetal salts, such as sodi um and
salts, 30 such as cal ci um and
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known in the art and include those which increase biological penetration
into a given biological conpartnent (e.g.; blood, |ynphatic system
central nervous system), increase oral availability, increase 25
solubility to allow adm nistration by injection, alter netabolism and
alter rate of excretion. The novel conpounds of the present invention are
excellent ligands for I MPDH Accordingly, these conpounds are ca aﬁ e of
targeting amnsdoioerb3pi ti ng | MPDH 30 enzyne. | nhibition can beP by
vari ous nethods, including, for exanple, |M dehydrogenase HPLC g%gggﬁa
(measuring enzymatic production of XVP4%hd NADH from IMP and NAD) “an qNP

dehydr ogenase yS—Creasuring enzynati ¢ produckion of
NADH fronlNAD)'1 e WO OOV5eB319PET/ USODJ07129 5 SEP_20Q3 49-°F. tero
et al., dinicp'Ci'mca Acta,} 238, jpp. 169--178 (1995])). é?#%i}io of
this invention| conprise a cdnpoun R wH aesal "t herfof ; an
5 addi tional ent selected fron1i;;3f;:§gsdgpr t, an anti-canc
agent, an antifviral agent, nti-* anfrat ory agent, antifungal aggnt,
antibiotic, or|]an anti-vasculfar yperproliferation conpound; and a

10

or a

phar maceuti cal acceptabl e fcarrier, adiyuvant ol el Guemilt
conposi tions S 1nventidn conprise a conpound of this inventi
salt thereof; é‘ phar maceyt i cey
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acceptabl e carrier, adjuvant or vehicle. Such conposition may optionally
conprise an additional agent selected from an i mmunosuppressant, an
anti-cancer agent, 15 an anti-viral agent, anti-inflammatory agent,
antifungal agent, antibiotic, or an anti-vascul ar hyperproliferation
conpound. Preferably, the conpositions of this invention are

phar maceuti cal conpositions. The term "pharnaceutically acc%gtable carrier
20 or adjuvavotosssiers to a carrier or adjuvant that may bé& er ed
to a patient, together with a conpound of this invention, and mhlmﬂgdmg§
not destroy the pharmacol ogical actividdy thereof and is nontoxic
adm ni stered in doses sufficient to deliver a therapeutic 25 amunt of the

conmpound. Phar AL 2kl G G a i Gt | es
that may be u he Qngrnaceutlcal conpositions of this ifivention

i ncl ude, but limted to, ion exchangers, alum a um num
stearate, 30 ljecithip, self-gnmul sifyi duH AQP: Y, (SEDD$) such
as da-tocopher et hyl enegl 100 sug H surfgctan S us¢d in
phar maceuti cal forns_sut Tweens or=&1 her sinilar polynmefic
delivery matri such as human serum al bum n, buffer WO
00156331 50 P(

gl yci ne, sor bi pot assi um sorbate, partial glyceride m xture§ of

saturated vegq atﬁ?‘aC|ds wat er, saltss.Qr N"7T’

"‘--.
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el ectrolytes, such as protam ne sulfate, disodiumb5 hydrogen phosphate,
pot assi um hydr ogen phosphate, sodium chloride, zinc salts, coll oidal
silica, magnesium trisilicate, polyvinyl pyrrolidone, cellul ose-based
subst ances, polyethyl ene glycol, sodium carboxynethyl cellul ose,

pol yacryl ates, waxes, 10 pol yet hyl ene- pol yoxypr opyl ene- block pol yners,

pol yet hyl ene gl ycol and wool fat. Cycl odextrins such as

y-cycl odext W‘gwsé?‘chem cally nodified derivatives such ad ﬂ%m’@]%
hydr oxyal kyl cycl odextrins, including 2- and

3- hydr oxypropyl - $-cycl odextrins, or otger 15 sol ubilized derivati viSERei3
al so be advantageously used to enhance delivery of conpounds of this

i nvention. The pharmaceutical conpositions of this invention nay be

adm nistered orally, parenterally, by inhalation spray, topically,
rectally, nas : ; }
prefer oral. jJadm n§stration or adm nistration by injection. The
phar maceut i cal sitions of this invention may contain any convgnti onal
non-topi c phaymaceu]i cal leyw acceptable carriers, adjuvgnts or vehicjes. In
sone cases, t P5 of the fornmul ation nay H@ ad) el
phar maceuticajly a,ceptab~e~aC|ds bases or bufferdjto ephapCe the
stability of fJhe fo mul at ed Sogpoiegd or éts ge& »-ry form °The terfn
parenteral asjused perein_incl @ sub tan| nt r acut aneous,

i ntravenous, |ntranpscul . Q Vo lll ntraarteria
intrasynovi al intfrasternal, intrathecal, i ntral esional and |ntraj;anial
i njection or n{gﬂ pn t echni ques. The phar maceut i cal conpositions y be in
t he
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formof a sterile injectable preparation, for exanple, as 5 S E P 2003 WQ
00/ 56331 PCT!'USOO 07129 51 a sterile injectable aqueous or ol eagi nous
suspension. This suspension nmay be formul ated according to techni ques
known in the art using suitable dispersing or wetting agents (such as, for
exanpl e, Teen 80) and suspending 5 agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a
non-toxi c pgoepteasrl | y- acceptabl e diluent or solvent, for mxamgbe7i2ze as a
solution in 1, 3-butanediol. Arong the acceptable vehicles and sol vents
that may be enployed are mannitol, 10 water, Ringer's solution and §sgtgpy C
sodium chloride solution. In add|t|0n4ﬁsterlle fixed oils are conven-
enpl oyed as a sol vent Orlﬁﬂthﬂeaﬂbﬂé &l ¢Mcdraaihi combdynds taties showpose,
any bland fixed oil_may be enp ed i nc udln% thetlc nono- %

[ &

di gl ycerides. R&t&§1eei dLt S?B“é e i R e (o] aE\n'iP‘? 5 Fey &
derivatives argomusehdd ddt EBSLR’ SRR} | iRl ehﬁt'?Cixﬁhi}&S,taMeal’e natural

pharnaceutlcaIFy acceptable oils, such as olive oil castor oj
especi al |y i n coreers polly Soymehgf st d@ié‘r%@én@“%‘é%% Fot J9ekt £BRs or

suspensi ons ¢ dfé é?% contain a |l ong-chain al cohol diluent or dispersant
such as those escribed in Phar macopei a Hel vetica, Ph. Helv. or a

similar alcohol, or car Wbepnetergochemisitaye i6r not | SRECHLIGPIBYr si ng agent s
whi ch are compply 4sed et BGupdidilod! ith2sOfnPliRC B eahtyiAcceptabl e

dosage forns ,
one or more asymmetric carbon atoms and thus may occur as

racemates and racemic mixtures, single enantiomers,

10 diastereomeric mixtures and individual diastereomers.
All such isomeric forms of these compounds are expressly
included in the present invention, unless otherwise
indicated. Each stereogenic carbon may be of the R or §
configuration. '

Combinations of substituents and variables
envisioned by this invention are only those that result
in the formation of stable compounds. The term *stable",
as used herein, refers to compounds that possess
stability sufficient to allow manufacture and maintenance
20 of the integrity for a sufficient period of time to be

‘useful for the purposes detailed herein (e.g., ' ~
therapeutic or prophylactic administration to a mammal or
for use in affinity chromatography applications}).
Typically, such compounds are stable at a temperature of
25 40°C or less, in the absence of moisture or other
chemically reactive conditions, for at least a week.
As used herein, the compounds of this

invention, are defined to include pharmaceutically

acceptable derivatives or prodrugs thereof. A

30 “*pharmaceutically acceptable derivative or prodrug" means
any pharmaceutically acceptable salt, ester, salt of an
ester, or other derivative of a compound of this
invention which, upon administration to a recipient, is

capable of providing (directly or indirectly) a compound



25 such as enul sions and or suspensions O her commonly used surfactants
such as Tweens or Spans and/or other simlar enulsifying agents or

bi oavai l ability enhancers which are comonly used in the nmanufacture of
pharmaceutically acceptable solid, liquid, or other dosage forns may al so
30 be used for the purposes of fornulation. The pharmaceutical conpositions
af this invention my be orally admnistered in any orally acceptable
dosage for mwoetseldng, but not limted to, capsules, tablepcr/usmemstrRdons
and aqueous suspensions, 5 SEP 20D3 WD 00/ 56331 PCT/ US00/ 07129 52

di spersions and solutions. In the case g% tablets for oral use, c%ﬁ&ﬁam%
that are commonly used. i nclude | actose -.and.corn star . rj.catl nRg
agents, such angE§H%§FUWPt§PEara.%ft%§%§a§ﬂ§og?§%fégl%%%%gﬁﬁgié%F%?aoraI 5
admi ni strati onpiéarugRee ehbse whitielivlcrdabeenhe biwdwsdd adiddrgsefand

dried cornstarch. Wien aqueous suspensi ons d/or emul sions are
admi ni st ered ofhf |SPERONPASCPEER1S FIVEREAAR WRGR LTS SRERSERIS: 28Pssol ved

in an oily phasgn: Andereabtoes Nidadhienel. gl ybpda Bk itg suspeadipg agents.
to If desired, certain sweetening and/or flavoring and/or_ coloring agents"

my be addedl. aiminisdersdetemeamd dPpbsi PPERsTBIIHH SPSORPER: FBROmay al so
be admi ni st er gq,d B,16088) f GEMiich wgs.at QL1 B9eiPlof @teabag@rtni stration.

These 15 conpositions can be prepared by m xing a conpound of this

i nvention wi t lcompomidabbea neirliagicedt FAFPRXENSR ente Athi-cfhe brain or
lymphatic system) relative to the parent species.
Preferred prodrugs include derivatives where a group
10 which enhances aqueous solubility or active transport
through the gut membrane is appended to the s;rﬁqture of
the compounds of this invéntion. l
Pharmaceutically acceptable'Salts of the
compounds of this invention include thoSe def;ved from
15 pharmaceutically acceptable inorganic and ofganic acids
and bases. Examples of suitable acid salts include
acetate, adipate, alginate, aspartate, benzoate, benzene
sulfonate, bisulfate, butyrate, citrate, camphorate,
camphor sulfonate, cyclopentanepropionate, digluéonate.”

20 dodecylsulfate, ethanesulfonate, fumarate, ' '
glucoheptanoate,'glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,

25 oxalate, pamoate, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, tosylate and undecanoate. Base

salts include ammonium salts, alkali metal salts, such as

sodium and potassium salts, alkaline earth metal salts,

30 such as calcium and magnesium salts, salts with organic

bases, such as dicyclohexylamine salts, N-methyl-D-

glucamine, and salts with amino acids such as arginine,

lysine, and sco forth.



Is solid at roomtenperature but liquid at the rectal tenperature and
therefore will nelt in the rectumto release the active conponents. Such
materials include, 20 but are not limted to, cocoa butter, beeswax and
pol yet hyl ene gl ycols. Topical adm nistration of the pharnmaceuti cal
conpositions of this invention is especially useful when the desired
treatnent involves areas or organs readily 25 accessible by topical

appl i cati on.weoewsedppl i cation topically to the skin, the phreTAsewmIzTal
conposition should be fornulated with a suitable ointnent containin% thﬁ
active conponents suspended or dissolveggin a carrier. Carriers fob EP 200

t opi cal adm nistration 4ﬁ P ?I qqup&ﬁenu%ﬁthmﬁﬁlﬁbd picldage, but

are not limted to, mnera [ trol eum white petrol eum
propyl ene glychb qﬁmmqmnqpaﬁhyhehespohwmxypmbpylénverc%#kxﬁnhﬁlkﬂﬂﬂ .si-fyi ng
wax and wat er. ernatiyvely, phar can be

formul ated wit ﬁ“ﬁ Sa%ﬁe%d?, ﬂEgK/F %Fb@(b’gggpg g% (Hs:éw table lotion
or cream cont abpémfads) aand iodedes p@iuidcyls saiéated, osuah seoldigetigla :
carrier with syuitable enulsifying, agents. .Quitabl carrlers I , but
are not |initetethyl 'mdr'f?F’é'erogPd ‘%’cfﬂ‘@fqt §Hl?5h8§t'e FH & hl%o% ate 60,

cetyl esters Wsxch G @Rtyh, a_l[g@iq_@i myigeigl dﬁdecﬁm}yl hﬂﬂz:gtlldelscohol and
wat er. The pharnaceuti cal q305|t|ons f t a i nven 1121 g

t opi cal |y applPemides: gad| 69&@% 5 AR PRLLEeDy ?‘bc zﬁs é%ﬁf Sas ry
formul ati on orpdhetbydi baBhEaEHEHRI others. Water or oil-soluble or

dispersible products are thereby obtained.

10 The compounds of this invention may be

synthesized using conventional techniques. .
Advantageously, these compounds are conveniently
synthesized from readily available starting materials.
More specifically, the compounds of this invention may be
15 synthesized by the schemes set forth in Examples 1 and 2
with modifications that will be readily apparent to those

of skill in the art.
The compounds of this invention may be modified

by appending appropriate functionalities to enhance

20 selective biological properties. Such modifications are

known in the art and include those which incrgase
-biological'penetration_into~a given biological
compartment (e.g., blood, lymphatic system, central

nervous system), increase oral availability, increase

25 solubility to allow administration by injection, alter
metabolism and alter rate of excretion.
The novel compounds of the present invention
are excellent ligands for IMPDH. Accordingly, these
compounds are capable of targeting and inhibiting IMPDH

30 enzyme. Inhibition can be measured by various methods,

including, for example,
(measuring enzymatic production of XMP and NADH from IMP

IMP dehydrogenase HPLC assays

and NAD) and IMP dehydrogenase spectrophotometric assays

(measuring enzymatic production of NADH from NAD}. [See



10 formul ation. Topically-transdermal patches are also included in this

I nvention. The pharmaceutical conpositions of this invention may be

adm ni stered by nasal aerosol or inhalation. Such conmpositions are
prepared according to 15 techniques well-known in the art of pharmaceuti cal
formul ati on and may be prepared as solutions in saline, enploying benzyl

al cohol or other suitable preservatives, absorption pronoters to enhance
bi oavai | abi | | uorocar bons, and/or other solubilizing |ng 20
agents kno vh@ﬁWgﬁ% art. Dosage | evels of between about O. dﬂégﬁ%ﬁﬂﬁb 100
nmy/ kg body wei ght per day, preferably between about 0.5 and abouth fg'm%ﬁkg
body wei ght per day of the IMPDH_ inhigyg tory conpounds descri bed herein

are useful t her apy Egg ' LNALEQN $4er f1Gig-hhg
preventi on and?treaq%%%EQ%Tg?NP 18cd %hn‘gESEHSET yplggyly, t he

phar maceut i cal {Xeegidsi ti ons of this i nvention wll be adm nistered from
about 1 to about 5 tine r.nat Se ﬁﬂﬁg uous

i nfusion. 30 Such adnlﬁlgPPﬁfE% n%é% belﬁséh¥§é¥%9€hro |cq%%thute
therapy. The amBapound’ oicthie imesmdiceniort hasaluythereatim@med with the
carrier materials to produce a sjngl dosage formw |l vary depending upon
the host tr2at3igitde hEQSHFt?“Ej(ﬁ‘%’E%nEagmog"aw s%l%pﬁrleé‘sn % t?‘/‘ﬁl cal

SEP 2003 WO 0Qn?§33inker/ hgO8E 0 G’ dnv4 -vikapaigénton andi- Mnﬁmhmmatbrpn1about

5% to about 95%
agent, antifungal agent, antibiotic, or an anti-vascular

hyperproliferation compound; and any pharmaceutically
acceptable carrier, adjuvant or vehicle. Alternate

10 compositions of this invention comprise a compound of
this invention or a salt therecf; and a_pharmaceutically
acceptable carrier, adjuvant or vehicle. " Such
composition may opticnally comprise an additional agent
selected from an immunosuppressant, an anti-cancer agent,

15 an anti-vir&l agent, anti-inflammatory agent, antifungal
agent, antibiotic, or am anti-vascular hyperproliferation

compound. Preferably, the compositions of this invention

are pharmaceutical compositions.
The term *pharmaceutically acceptable carrier

20 or adjuvant” refers to a carrier or adjuvant that may be
administered to a patient, together with a compound of
this invention, and which does not destroy the
pharmacological activity therecf and is nontoxic when
administered in doses sufficient to deliver a therapeutic

25 amount of the compound.

Pharmaceutically acceptable carriers, adjuvants
and vehicles that may be used in the pharmaceutical
compositions of this invention include, but are not
'limited to, ion exchangers, alumina, aluminum stearate,

3¢ lecithin, self-emulsifying drug delivery systems (SEDDS)
such as do-tocopherol polyethyleneglycol 1000 succinate,
surfactants used in pharmaceutical dosage forms such as
Tweens or other similar pclymericrdelivery matrices,

serum proteins, such as human serum albumin, buffer



active conmpound (W w). Preferably, such preparations contain from about
20% t o about 80% active conpound. \Wen the conpositions of this invention 5
conprise a conbination of an I MPDH inhibitor of this invention and one or
nore additional therapeutic or prophylactic agents, both the | MPDH

i nhibitor and the additional agent should be.present at dosage |evels of
bet ween about 10 to 100% and nore preferably between 10 about 10 to 80% of
t he dosage no¥@a¥$6331admi ni stered in a nonot herapy regi men. ARUSKEIRS onal

agents may be adm nistered separately, as part of a nmultiple dose 5 PZBE
regi men, fromthe conpounds of this invemion. Alternatively, those 35

may be part of g.8Lpglged %l ageohoa likediAgRENCLo P 1D A&r%cormounds
of this invention Irn a S|n e co or |ng one enbodi nent,
t he pharnaceut|patassrmmx§ﬁﬂhamﬁs pérthab gkyuynmd&nmamnpreseoﬁn addi tional

I mmunosuppr essi on_agent add| n I r pdpnosuppr essi on
agents incl ude, SBtH %ﬁ?glﬂﬁg nghi?ega? Q%ﬁ% o?ﬁ%FFh ifffkéﬁg,'rapanycin,
| ef | unom de, deDeySPsT e, i aucﬂraﬁlrpmm@zawtfaﬁéi n&i ssgsaphenol at e.

nof et i | OKT3, ATAG interferon and n1zor|b|n According to an-al.ternate

enbodi ment, £ hePYIEPYTL PRREBHE FRal PUGHTINM PERTOBED PR t ISORHRY
addi tional 'y cosmid:Siaedn zanki s&ﬁi@ercm@lﬁalEéimﬂbES fdgnedihinr cancer agents
include, but are not limted to, cis- platin, actinomcin D, dagxorubicin,

vincristine, \iHRiddCcake; @mﬂe%ﬁg&eﬁpﬂ@ aet -SRsed3
t eni pasi de, taxQibstepicel ChofyetaledePeivBol, s&BAEOt hi azines, interferon

and t hi oxant heres.
carboxymethylcellulose, polyacrylates, waxes,

0 polyethylene-polyoxypropylene-block polymers,
polvethylene glycol and wool fat. Cyclodextrins such as
a-, 8-, and y-cyclodextrin, or chemically modified
derivatives such as hydroxyalkylcyclodextrins, including
2- and 3-hydroxypropyl-f-cyclodextrins, or other

15 solubilized derivatives may also be advaritageoﬁsly_nsed
to enhance‘delivery of compounds of.this invention.

The pharméceutical compositions of this
invention may be administered orally, parenterally, by

inhalation spray. topically, rectally, nasally, buccally,

20 wvaginally or via an implanted reservoir. We prefer oral

administration or administration by injection. The
pharmaceutical compositions of this invention may contain
any conventional non-toxic pharmaceutically-acceptable

carriers, adjuvants or vehicles. 1In some cases, the pH

25 of the formulation may be adjusted with pharmaceutically
acceptable acids, bases or buffers to enhance the
stability of the formulated compound or its delivery

The term parenteral as used herein includes
intramuscular,

form.
subcutaneous, intracutaneous, intravenous,

3 intra-articular, intraarterial, intrasynovial,

intrasternal, intrathecal, intralesional and intracranial

injection or 1nfu51on technlques

The pharmaceutical compositions may be in the

form of a sterile injectable preparation, for example, as



According to another alternate enbodi nent, the pharnmaceutical conpositions
of this invention may additionally conprise an anti-viral agent. Exanples
of 5 SEP 2063 WD 00/56331 PCT/U500/07129 55 anti-viral agents include, but
are not limted to, Cytovene, Ganciclovir, trisodi um phosphonofornate,

Ri bavirin, d4T, ddl, AZT, and acyclovir. According to yet anothdrSE 8} nate
enbodi nent, 5 the pharnmaceutical conpositions of this invention may
additionaIL% ise an anti-vascul ar hyperproliferative pegastoo7ri2eanpl es
of anti-vasColar yperproliferative agents include, but are not limted
to, HVMG Co-A reductase inhibitors such as |ovastatin, thronboxane A2 10
synt hetase inhibitors, eicosapentanoic5icid, ciprostene, trapidil, ACE

i nhi bitors, |ow nol ecul ar. wei_qht LB, or VGBI sudpkdsisAapanyci n and
5-(3' - pyridi AyFRETH ?)H&%%T‘—%r aen?l %g{rl oxyl ate. Upon irrp?overrent of a
patient’'s coNghtiOBusPendiomaiayt beafoemdbatadfacgozdipeuntl, LEERPLILES on or
conmbi nation of this_invention may be LU S4+ 1 peGeBEdhY -
Subsequently,kPﬁE“dH%d&E*&thP@dégngvgggkﬂgg%%%%gfﬁg%ign, or bp?h, may be
reduced, as a,Lunesi piudd ad,h&osyepbmpbe, tTveen 802 agg @HERARER™I | nproved
condition 20 iS retained when the.s t hayv a8l [ he
desired | evel ageneat nethe St&Tidecel g&%ﬁ? @nteg)agn.gg?oah%évgvg%;ggr%ﬁu% re
intermittent Lfeal{®ni,Utraniengolation basisuspeosianyineaunprreexist disease

S tons.
ym parenterally-acceptable diluent or solvent, for example,

as a solution in 1,3-butanediol.
vehicles and solvents that may be employed are mannitol,

Ringer’s solution and isotonic sodium chloride

Among the acceptable

10 water,
Tn addition, sterile, fixed oils are conven-

solution.
For

tionally employed as a solvent or suspending medium.

‘this purpose, any bland fixed 0il may be employed

inciluding synthetic mono- or diglycerides. Fatty acids,

such as oleic acid and its glyceride derivatives are
as are natural

15
useful in the preparation of injectables,

pharmaceutically-acceptable oils, such as olive oil or

castor oil, especially in their polyoxyethylated

versions. These oil solutions or suspensions may also

contain a long-chain aicohol diluent or dispersant such

as those described in Pharmacopeia Helvetica, Ph. Helv.,

or a similar alcohol, or carboxymethyl cellulose or

similar dispersing agents which are commonly used in the

formulation of pharmaceutically acceptable dosage forms

25 such as emulsions and or suspensions
s Tweens or Spans and/or other similar

Other commonly used

surfactants such a

emulsifying agents or bioavailability enhancers which are

commonly used in the manufacture of pharmaceutically

acceptable solid, liquid, or other dosage forms may also
3% be used for the purposes of formulation.
The pharmaceutical compositions of this

invention may be orally administered in any orally

acceptable dosage form including, but not limited to,

capsules, tablets, emulsions and agueocus suspensions,



As the skilled artisan will appreciate, |lower 25 or higher doses than
those recited above nay be required. Specific dosage and treat nent
reginens for any particular patient will depend upon a variety of factors,
including the activity of the specific conpound enpl oyed, the age, bod
wei ght, general health status, sex, diet, time of 30 adninistrathoﬁﬁEPém%
of excretion, drug conbination, the severity and course of the disease,
the patient's disposition to the disease and the judgnent poiraisterider eati ng
physi ci an. BWOSho3 Wo 00/ 56331 PCTFUS00/ 07129 56 In an alternate

enbodi nent, this invention provides t hods of treating or preventing

| MPDH- nedi at ed di sease in a nmamal ggﬁbrising.the step of admi nistrating
to said mammalg;apkr-ef oh S doTaeddhscal Inonpoaseons aABLe5scEbi nations
descri bed above. If the pharmaceutical conposi.i nls r iy s€coddre | MPDH
i nhi bi tor of w3 ubAYPRTTGHETES EPRE AEE| ﬁé}%%ﬁn%}o%{eér?? , %ﬁgﬁggrre%ﬁpds Ry
additional ly conprise the St epobradathgt agemos .t Gushi 4s magReFl¥h agent
selected froman anti--inflammuatory agent, &O ian&p%ggEressant, an
anti-cancer ageehrate, aane -akscacYPaGeAtY atded antys- Vascul ar

hyperproliferation.c in SUehpaddit Fonm) wgdnl dajubstadimeivdered to
the mamal pPFBfnfﬁgﬂggﬁggffbntlypmﬁth, or_fol | owing the adglf%égratioh of

the | MPDH i nhihitose cambakiiteidogordstarch- prest AR &G0 a1 EN ese

met hods are gﬁgpul LN SUNPreSSieNdafiini SFewel lalaysetha acuivenl .

or emu

ingredient may be suspended or dissolved in an oily phase

and combined with emulsifying and/or suspending agents.

10 If desired, certain sweetening and/or flavoring and/or

coloring agents may be added. |
. The pharmaceutical compositions of this

invention may also be administered in the form of

- suppositories for rectal administration. These

15 compositions can be prepared by mixing a compound of this

jinvention with a suitable non-irritating excipient which

is solid at room temperature but licuid at the rectalr

temperature and therefore will melt in the rectum to

release the active components.

20 but are not limited to, cocoa butter,

cuch materials include,

beeswax and

polyethylene glycols.
Topical administration of the pharmageut1cal

compositions of this invention is especially useful when

the desired treatment involves areas Or organs readily

25 accessible by topical application. For applicatiop

topically to the skin, the pharmaceutical composition

should be formulated with a suitable ocintment containing
nents suspended or dissolved in a

rs for topical administration of the
but are not limited

the active compo
carrier. Carrie

30 compounds of this invention include,

to, mineral oil, liquid petroleum, white petroleum,

polyoxyethylene polyoxypropylene

propylene glycol.
Alternatively, the

compound, emulsifying wax and water.

pharmaceutical composition can be formulated with a



Such met hods are useful in treating or preventing diseases, including,
transplant rejection (e.g., kidney, Iliver, heart, lung, pancreas (islet
cells), bone marrow, 20 cornea, small bowel and skin allografts and heart
val ve. xenografts), graft versus host di sease, and autoi nmune ggsﬁﬁﬁ
such as rheumatoid arthritis, nultiple sclerosis, juvenile dlabeﬁ

asthma, inflammuatory bowel disease (Crohn's disease, ulcerative colitus),
|l upus, 25 dzywisgsy el litus nyasthenia gravis, psoriasis, PCURSOHRATIL S,
eczemn, seborrhea, pulnonary inflanmation, eye uveitis, Gave's disease,
Hashinmoto's thyroiditis, Behcet's or Sjorgen's syndrone (dry eyes/nouth),
perni ci ous or i munohaenol yti c anaeni ap3i di opathic 30 adrenal

i nsuf fici ency,syidlapdleandul an GHHGNEWmunenS§hu¥@9EthegﬂQﬁiﬁﬁuFSHEﬁHF?t|s

scl eroderma |ichen pl anus, V|t e {00 Qficpgeskin),

aut oi mune thf?ﬁ?ﬁpgl oxngs $b§%f19|§ Bégg?%EaLhDS WO 007 56331

PCT/ USOQO 0712%1555}35@ geémeds cuipabie theriewp iofcladeinbutearag to the
manmal a conposition _conprising

ound_of th| and a
phar maceut i cafof 1&@éé§9ab?elﬁﬂfﬁ@&nPnan q9r B?E?%rc”gﬂ%%%&é?%ent this 5
particul ar qrethqd-aPBRELSES, hﬂ&y@ddbtéﬁﬁahaﬁle@etéaryﬁﬁm&nphbérlng to said

mammal a conposi tion conprising an addItIO 4 nosuQ ressant and a
pharnaceutlcaﬁkyctxéé@§§9ﬁ¢%iéi aﬁta1%$?% ‘thi $®met hod conpri ses
the step pharmaceutical compositions of this 1nventlon may also be

topically applied to the lower intestinal tract by rectal
suppository formulation or in a suitable enema

10 formulation. Topically-transdermal patches are also
included in this invention.

The pharmaceutical compositions of this
invention may be administered by nasal aerosol or
inhalation. Such compositions are prepared according to

15 techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bicavailability,

fluorocarbons, and/or other solubilizing or dispersing

20 agents known in the art.
Dosage levels of between about. 0.01 and about

100 mg/kg body weight per day, preferably between about
0.5 and about 75 mg/kg body weight per day of the IMPDH
inhibitory compounds described herein are useful in a

25 monotherapy and/or in combination therapy for the
prevention and treatment of IMPDH-mediated disease.
Typically, the pharmaceutical compositions of this
invention will be administered from about 1 to about 5
times per day or alternatively, as a continuous infusion.

30 Such administration can be used as a chronic or acute
therapy. The amount of active ingredient that may be

combined with the carrier materials to produce a single

dosage form will vary depending upon the host treated and

the particular mode of administration. A typical



10 of admnistering to said mammal a conposition conprising a conmpound of
this invention; an additional imunosuppressive agent and a
pharmaceutically acceptable adjuvant. In an alternate preferred

enbodi nent, these 15 methods are useful for inhibiting viral replication.
in a mammal. Such nethods are useful in treating or preventing &55FR Mitd
RNA viral diseases caused by infection for exanple, by orthonyxoviruses
(influenza wWyp4sg&sf yres A and B), paranyxoviruses (respi retuusoooyneyti al
virus 20 (RSV), subacute sclerosing panencephal itis (SSPE) virus) neasles
and parainfluenza type 3), herpesviruses (HSV-1 HSV-2, HHV-6, HHV-7,
HHV-8, Epstein Barr Virus (EBV), cytonegal ovi rus (H and ari cella
zoster virus (Y2dbhratiehreivil wonsaipl fram apeut S%FO/APOURTIRE flavi-
and 25 pestiviruses (yello ev r.vir 'he_:nﬁ_t}j s g,aum (HC\/)
dengue fever vPFt’}éL"eb\éW‘ﬂ‘é e,- ar?ﬁ%ggﬁgh}g (BV 5 phepat ot rophi ¢
viruses (hepat idon®adnViEFos a(ﬁ:b%\é) 20%he;aa@bm1€ @Wl%VGHFWPO‘F%at itis D
virus (HDV), hepatitis E virus (H I #. 30

Cri mean- Congo hennrrhagl'(!h?’é\éﬂﬁ E\%gsj(g%% 2 étf‘nly\gadﬁfﬁées (Punta Toro
virus, Rift 5Vabh%r§ggeg é’éﬂ}jj_&atﬁa{% aranmEIahdlfrﬂ'ngﬁéOErogl ehis an virus),

Hantaan Vi rus raparu virus), human halitis
viruses (La Crésl!iénWPElsi}nd OB A% ’9?’?%5%%9 luo%grall \él:ln %mfﬁm&p

00/56331 FCTAL&§SE£Qi&g€ﬁé%§gents, both the IMPDH 1nh1b1tor and the
additional agent should be.present at dosage levels of
between about 10 to 100%, and more preferably between
about 10 to 80% of the dosage normally administered in a

10
| The additional agents may be

monotherapy regimen.
administered separately, as

regimen, from the compounds
those agents may be part of a single
with the compounds of this

part of a multiple dose

of this invention.

Alternatively,
15 dosage form, mixed together
jnvention in a single composition.
According to one embodiment, the pharmaceutical
compositions of this invention comprise an additional
Examples of additional
but are not limited to,

immunosuppression agent.
20 immunosuppression agents include,

cyclosporin A, FK506, rapamycin, leflunomide,

deoxyspergualin, prednisone, azathioprine, mycophenolate

mofetil, OKT3, ATAG, interferon and mizoribine.
According to an alternate embodiment, the

25 = pharmaceutical compositions of this invention may

additionally comprise an anti-cancer agent. Examples of

anti-cancer agents include, but are not limited to, cis-

platin, actinomycin D, doxorubicin, vincristine,

vinblastine, etoposide, amsacrine, mitoxantrone,

30 tenipaside, taxol, colchicine, cyclosporin A,

phenothiazines, interferon and thioxantheres.
According to another alternate embodiment, the

pharmaceutical compositions of this inventlon may

additionally comprise an anti-viral agent. Examples of



Tacari be virus), reovirus, vesicular stomatitis virus, rhinoviruses,
enteroviruses (polio virus, coxsackie viruses, encephal omyocarditis virus
(EMC)), Lassa fever virus, and togaviruses (Sindbis and Semike forest 5
viruses) and poxviruses (vaccinia virus), adenoviruses, rubiola,5 2%?
rubell a. These nethods conprise the step of admnistering to the mra
conposition conprising a conpound of this invention, and a

phar maceut i g acceptabl e adjuvant. in a preferred enRIVURIHOTIZY hi s
particul ar nmethod conprises the additional step of admnistering to said
manmal a conposition conprising an additional anti-viral agent and a

phar maceutically acceptabl e adjuvant. 1% Al ternatively, this nethod
conprises the ghep vidfaladgentst enthgde o i @neannhl LamEBAHOS?t i on
conprising a conpound of this invention;.. ki isviral agent
and a phar naceSNEENS) 5@6&&F$8VéradT{&&31ﬁﬂ% %ﬂgﬁg?ﬁggkgfﬁéﬁ$ku<a preferred
embodi ment, 20pihase-iEt kaes aae, usef uladdradyeioliri ng vascul ar cel | ul ar

hyperproliferation in a manmal. Such netho are | di&fideng or
preventing di seases, inéFGQFﬁ@?grE%t%%%§?§g%?Féﬁ%g§§§gg?therosclerosis and

other hype prtql,PTi é,q{aqga\éguggégyleé \shaishs 2% Théseimeemoton a@Yri se t he

step of admnistering to the manmmal a conposition co | Si ound
of this inventadai,cimalaypnamt%t%mv-"é‘éfféb?’ébﬁ%épn% Iﬁ‘%/fa%ea“ﬁ‘%ggp
preferred enmbodj nent, Eg:g;n? agt | sak Alvaeihest Rgpprpsekitdmatbod tional step
of 30 adm ni st%grelrxr’lr?fg' to sa ée%arrmal a corrpqsi,tign cor%rlés& ng, an :
agents include, but are not limited to, Co

reductase inhibitors such as lovastatin, thromboxane A2

10 synthetase inhibitors, eicosapentanoic acid, ciprostene,
| trapidil, ACE inhibitors, low molecular weight heparin,

mycophenolic acid, rapamycin and 5-(3°
pyridinylmethyl)benzofuran-2—carboxylate.
Upon improvement of a patient’s condition, a
15 maintenance dose of a compound, composition or
combination of this invention may be administered,
Subsequenﬁly, the dosage or frequency of
or both, may be reduced, as a function of

if

necessary.
administration,
the symptoms, to a level at which the improved condition
retained when the symptoms have been alleviated to the
" Patients may,

2 is
desired level, treatment should cease.

however, require intermittent treatment on a long-term

basis upon any recurrence of disease symptoms.
As the skilled artisan will appreciate, lower

or higher doses than those recited above may be required.

Specific dosage and treatment regimens for any particular

patient will depend upon a variety of factors, including

the activity of the specific compound employed, the age,

body weight, general health status, sex, diet, time of

30 administration, rate of excretion, drug combinatiomn, the

severity and course of the disease, the patient’s

disposition to the disease and the judgment of the

treating physician.



addi tional anti-vascular hyperproliferative agent and a pharmaceutically
acceptabl e adjuvant. Alternatively, this nethod conprises the step of

adm nistering to said mammal a conposition conprising 5ZCB3 WD 00/ 56331
PCTAUSOONO7129 59 a conpound of this invention; an additional
anti-vascul ar hyperproliferative agent and a pharmaceutically adbﬁﬁtﬂﬁ3e
adjuvant. In another alternate preferred enbodi nent, 5 these nethods are
useful for i w'g‘tj}dng tunmors and cancer in a mammal. Such PEI/USSHTARe
useful in treating or preventing diseases, including, tunors and

mal i gnanci es, such as |ynphoma, |eukem a and other forns of cancer. These
nmet hods conprise the step of 10 adm ni stéering to the mammal a conposition
conprising a conpound o ntahri1 sali& 110 R b8 A 8mén 1O,N AHTRC ativiesdliboys
acceptabl e adjuvant. In preférred enbodinent., this particular neéhod
conprises the agdivikepahesticls off tavmtdngt eri PECYe tdaidy THERigmegiate
conposition conprising,an 15 addi tional. I £ b fARlgnmisaReehc@gent and
a pharnaceuti qg?sﬁcb%pﬂdﬁ?@“ﬁdfﬁ?&%??qut%%%g$%%gfg, this nethodﬂg
conpri ses the StPRaiafl mashE Nifiye digHeo pbartaceutinala conmesditirps and
conprising a conpound of this i.nvention. an | 11 % r or 20
anti-cancer &g RAt 3oh ASREESRS }'éache%?%H 59% ] U\%%trl]ltn}:ﬁmgnot her
alternate pref gﬁgsgmim@; conmpidsesnehaoIMPRl dnbdbiglorf @f FRAFDI ting

i nfl anmati on an
invention as the active component, such methods may

additionally comprise the step of administering to said
mammal an agent selected from an anti-inflammatory agent,
an anti-cancer agent, an anti-viral

10 immunosuppressant,

agent, or an anti-vascular hyperproliferation compound.

Such additional agent may be administered to the mammal
prior to, concurrently with, or following the
administration of the IMPDH inhibitor composition.

In a preferred embodiment, these methods are
2 mammal.

15
useful in suppressing an immune response in
Such methods are useful in treating or preventing

including, transplant rejection (e.g., kidney,

bone marrow,

-diseases,
liver, heart, lung, pancreas {islet cells),

cornea, small bowel and skin allografts and heart valve .

xenografts), graft versus host disease, and autoimmune

diseases, such as rheumatoid arthritis, multiple
sclerosis, juvenile diabetes, asthma, inflammatory bowel
disease (Crohn’'s disease, ulcerative ceolitus), lupus,

25 diabetes, mellitus myasthenia gravis, psoriasis,

| eczema, seborrhea, pulmonary inflammation,

rave’'s disease, Hashimoto’s thyroiditis,

dermatitis,
eye uveitis, G
Behcet’'s or Sjorgen’s syndrome (dry eyes/mouth),
pernicious or immunohaemolytic anaemia, idiopathic

polyglandular autoimmune syndrome,

viteligo

30 adrenal insufficiency,
glomerulonephritis, scleroderma, lichen planus,

{depigmentation of the skin), autoimmune thyroiditis, and

alveolitis.



I nflammat ory di seases in a mammal. Such nethods are 25 useful in treating
or preventing diseases, including, osteoarthritis, acute pancreatitis,
chronic pancreatitis, asthnma and adult respiratory distress syndrone.
These nethods conprise the step of administering to the manmal a .+ §<gp 2003
conposition conprising a 30 compound of this invention, and a

phar maceutical ly acceptable adjuvant. In a preferred enbodi nent, this
particul ar §gjdaReazgonpri ses the additional step of admi ni NCEYSEYOHNR sai d
manmal a conposition conprising an 5 SEP X503 WD 00/ 56331 PCT/ USOQ' 07129 60
anti-inflammtory agent and a pharnaceutlcally acceptabl e adjuvant. In
order that this invention be nore fully 57 under st ood, the foll ow ng exanpl es
are set forth. These 5 Tﬂﬁgqﬂmethmdg t@m@théepGFQKEﬁ?HbP il lustration only

and are not to he construed as |imti g t SOPE A doR@rikAugnki on in any
way. EXAMPLE f@mgﬁﬁﬁﬁ%§+@9cﬁ°<§§ﬁbgﬁﬁﬂm'1 tggt esis of CA4 Eﬁ To a solution

of gl aCIal aC lnpoatldof 4819 inlemden andnayphamwaessicaldgsmol e) and

2- et hyl - 5- nltroanlsole 10. 0g, 6Qmmol e co H2SO4
(6.9m) |n a dKﬁﬁﬁﬁ jupRn pogncgns%gggrggd &ﬂ%ﬁéﬁt BHis

5 partlcular method comprises the addltlonal step of
administering to said mammal a composition comprising an

additional immunosuppressant and a pharmaceutically

acceptable adjuvant.
Alternatively, this method comprises the step

10 of administering to said mammal a composition comprising

a compound of this invention; an-.additicnal

immunosuppressive agent and a pharmaceutically acceptable

adjuvant. ‘
- In an alternate preferred embodiment, thgse

15 methods are useful for inhibiting viral replication in a

mammal . Such methods are useful in treating or preventing

DNA and RNA viral diseases caused by infection for
example, by orthomyxoviruses {influenza viruses types A

and B), paramyxoviruses (respiratory syncytial virus

20 (RSV), subacute sclerosing panencephalitis (SSPE) virus)

measles and parainfluenza type 3), herpesviruses {(HSV-1,

HSV-2, HHV-6, HHV-7, HHV-8, Epstein Barr Virus (EBV},
. cytomegalovirus (HCMV) and varicella zoster virus (VZv}),
retroviruses (HIV-1, HIV-2, HTLV-1, HTLV-2), flavi- and
25 pestiviruses (yellow fever virus (YFV), hepatitis C wvirus
rhea virus

(HAV),

(HCV), dengue fever virus, bovine viral diar
(BVDV), hepatotrophic viruses (hepatitis A virus
hepatitis B virus (HBV), hepatitis D virus {(HDV) ,
hepatitis E virus {(HEV), hepatitis G virus (HGV),

36 Crimean-Congo hemorrhagic fever virus (CCHF),

bunyaviruses {(Punta Toro virus, Rift Valley fever virus

(RVFV), and sandfly fever Sicilian virus), Hantaan virus,

Caraparu virus), human papilloma viruses, encephalitis

viruses (La Crosse virus}, arena viruses (Junin and



Cr3 (8.08g, 80.8mmvle) was added portion-w se over 60 rains. Follow ng an
additional 15 mains of stirring at 0 20 C, the reaction m xture was poured
over ice and the resulting precipitate was isolated by filtration, rinsing
with cold H2O. Purification by flash chromat ography, eluting w't h£¢m 003
gradi ent of 15-50% Et OAc i n hexanes, provided 8.14g (24% 51% based~dn
recovered starting 25 material) ClL as a white solid. The 1H NVR was

consi stent whbdseddfiat of the desired structure. Meo C2 5 SBRTROSBDAVRS

00/ 56331 -61 PCTIUSOQO 07129 A stirred suspension of O (81.94g, 307nmmol e)

I n di oxane (100m.) was treated with concentrated HGO (20nmL) and heated at
ref |ux overnight. Upon cooling to arfifi ent tenperature, the product C2
precipitated apacafidd ghtrupel | oeoeinss al Ve Her §oPRabl {121 W D5 40. 65¢
(73.19% . The filtrate was concentrated to : f Spd and a
second crop ofr*bﬁfwsfﬁys?’&?%r%%md%éve(fo ?oxigglght?%ﬁs%y t he addition
of hexanes, i@l didid, 8eBtephélbmPdQardBotis beitmisedENET b, | RT3 dHBVEFy 1H NWVR

and TLC .10 anal ysis and were, consi sfent_wt h he,Aesi red

material . The Yistuf. W& §o8RVERIIRSD il%r*ocg)gls( El%"@%ﬁé A"sol ution of C2
(456, 2. 5;@@%535&53555%&&39; spepariinde ¢4908t, adSiomistusesand K203
(347ngy, 251mmole) were dissolved in nmethanol and heated

rubiola, and rubella.

These methods’ comprise the step of
administering to the mammal a composition comprising a
compound of this invention, and a pharmaceutically

10 acceptable adjuvant. 1In a preferred embodiment, this

particular method comprises the additional step of
administering to said mammal a composition comprising an
additional anti-viral agent and a pharmaceutically

acceptable adjuvant.

15 Alternatively, this method comprises the step

of administering to said mammal a composition comprising
a compound of this invention; an additional anti-viral
agent and a pharmaceutically acceptable adjuvant.

— In another alternate preferred embodiment,

these methods are useful for inhibiting vascular cellular .

hyperproliferation in a mammal. Such methods are useful

in treating or prevemting diseases, including,

restenosis, stenosis, artherosclerosis and other

- hyperproliferative vascular disease.
25 . These methods comprise the step of
administering to the mammal a composition comprising a
of this invention, and a pharmaceutically

compound
In a preferred embodiment, this

acceptable adjuvant.
particular method comprises the additional step of

administering to said mammal a composition comprising an
additional anti-vascular hyperproliferative agent and a

pharmaceutically acceptable adjuvant.
Alternatively, this method comprises the step

of administering to said mammal a composition comprising



to reflux for 1.5 hours. The product m xture was then concentrated in
vacuo, redissolved in CH2C12, washed with water and brine, dried over
Na2SO4 and again concentrated 20 in vacuo. Purified product C3 was obtained
through recrystallization (Et2Q hexanes) to yield 375ng (68%.. The 1H NWR
was consistent with that of the desired structure. 5 (SE P- 7003 yX¥p 7003
00/ 56331 -62 PCTIUS00107129 A solution of C3 (4.214g, 19.1mmole) in EtQAc
(150m) was‘%égﬁgﬁ with 10%°d/ C (1.05g, 25 wt.% of C3) angrsusieRtized to
40psi H2(9) arr drogenati on Apparatus) overnight. The reaction m xture
was filtered 5 and concentrated in vacyo. Pure product C4 was obtai ned

t hrough flash chromat ogr aphy, eIuting\SQFIa.gradient of 30-40%
EtCAC/hexanes’aiQofpaﬂﬁﬁ(Lfﬁtﬁis49n08§%@onfnﬁh Edai WWEnsasawohsirsd@tlfami t h’
that of the desired structure. -10 B. Synthesis of Coppound 1113 E1 A

sol ution of 3- hEpeuberlkifdexative 8geny, amd wm?caﬁafgﬂ hyl ani ne
(2.39m., 17.18mmnl e S ted wth di-t-butyldicarbonate (1.50g,

6. 87mmol e) andacf?ﬁg?#ﬁglﬁ' u&égeétirred at anbient tenperature for 2

hours. The reaction was Irhemottheut atiteinateCHrefer r af sePARLH NaHCO3( ag) ,
water and brine, drie 254)  a o LRk I N RGO - ek ANas

obt ai ned by 5f|5§?‘??d"egﬁ&° FSSr%f)%g‘fl efc&f?.%l\%&?ﬂngg% Et Oﬁca% hexanes in a
yield of 200nyink 46%ammbile 1EublyRnetisodorgiesugrfuli iy treating or

including, tumors and malignancies,

preventing diseases,
such as lymphoma, leukemia and other forms of cancer.
These methods comprise the step of
10 administering to the mammal a composition comprising a
| compoﬁnd of this invention, and a pharmaceutically

aéceptable adjuvant. In a preferred embodiment, this

particular method comprises the additional step of
administering to said mammal a composition comprising an
15 additional anti;tumor or anti-cancer agent and a
pharmaceutically acceptable adjuvant.
Alternatively, this method comprises the step
of administering to said mammal a composition comprising
a compound of this invention; an additional anti-tumor or -
ﬁ) anti-cancer agent and a pharmaceutically acceptable
adjuvant. B
In another alternate preferred embodiment,

these methods are useful for inhibiting inflammation and

inflammatory diseases in a mammal. Such methods are

75 useful in treating or preventing diseases, including,
osteoarthritis, acute pancreatitis, chronic pancreatitis,
asthma and adult respiratory distress syndrome.

These methods comprise the step of
administering to the mammal a composition comprising a
30 éompound of this invention, and a pharmaceutically

acceptable adjuvant. In a preferred embodiment, this

particular method@ comprises the additional step of

administering to said mammal a composition comprising an



that of the desired structure. 'l HOyN\ N~ (1113) "~ CH P 2003 WO
00/ 56331 A solution of &4 (150ng, 0.789mmvole) and 1, 1-
di carbonyl i m di azol e (160ngy, 0.986nmole) were conbined in THE (5nm) and
stirred for 6 hours at anbient tenperature. The precipitation of imdazole
was noted. To this was 5 then added S1 (351mg, 1.58mmole).and N, N5 SEP Lo
di met hyl am nopyridine (.97ng, 0.789mmmvle) and the m xture was refluxed
overni ght, rggehkds® i n a homogenous solution. Upon cool i ngcrasemiyiznt
tenperature, the reaction was diluted with Et OAc (20nmL), washed with 10
KHSO4(aq), water, and brine, dried (MgSO4) and concentrated. Pure 1113 was
obt ai ned through flash chromatography,®®luting with .a gradient of
20- 30- 35% acehepE- irff lhexaesyi agenyi ehd »fPhEERRFAiGR1 Y HARFEP CRROMZ
d6-DMSO) b 8.90_(s), 8.75 (s), 8.38 (s), 7.60 15 (d), 7.51 (s), 7.3-7.46
(M, 7.21-7.27283Yyvanto5 (dd), 6.87 (d), 4.12 (d), 3.93 (s),.1.44 (s). Rf
0.21 (5% MeOH CH2Ql 2) 1@ ofyierhemks uhi< iourehtipegbeomeressYiiN suspensi on
of 1113 (250ny, 5.76mmol) in 2.(21m, s dr [ r opyd fashi on
at anbient tenplexgtrcad .withe ggsgf’gf“(‘%q%%a\?"ﬁ?leerﬁ s'-:‘(argﬁE %t@ fi fQ I‘Jﬁggoag?tiiéie

5 examples are for the purpose of illustration only and are

not to be construed as limiting the scope of ;he

invention in any way-

EXAMPLE 1
gsynthesis of Compound 41

C1

To a solution of glacial acetic acid (46émL),

10
A. _Synthesis of C4

.15 acetic anhydride {(46mL, 485mmole) and 2-methyl-5-

nitroanisole (10.0g, 60mmole) at 0°C was added conc. H2504

- {6.9mL) in a dropwise fashion. Upon complete addition,

Cr0O3 (8.08g, 80.8mmole) was added portion-wise over 60

Following an additional 15 mins of stirring at 0
and the

mins.
20 °C, the reaction mixture was poured over ice

resulting precipitate was jsolated by filtration, rinsing

with cold Hp0. Purification by flash chromatography,

eluting with a gradient of 15-50% EtOAc in hexanes,

provided 8.14g (24%, 51% based on recovered starting

25 material) €1 as a white solid. The 1y MMR was consistent
with that of the desired structure.

MeC

H

c2



25 acid and stirred for 90m n. The resulting solution was stripped in vacuo
and titrated with CH2C12 and net hanol. Pure product 168 was isol ated by
filtration in a yield 5SEP203 WO O Ws6331 PCT/ USOQ' 07129 -64 of 25?5@?’ 7003
(99% . The 1H NVMR was consistent with that of the desired product=*~"D.

Synt hesis of Conmpound 41 5 To a roomtenperature solution of 1-nethoxy-2-
propanol (75 ng, 832 pnole) in THE (1.0 nL) was added solid 1,1 -carbonyl
di i m dazol ep&%Zl . 749 unole) in one portion. The resul tpcgudsbriity € was
stirred at nperature overnight, then treated sequentially with TEA
.10 (174 pL, 1.25 nmmle), solid conpound 81168 (376 ny, 832 pnole), and r W
(1.0 mL). The resulting solution was stirred at roomtenperature for one

day, then diluted wth et hﬁyilf%l%égts‘%%ﬁ%nm% q_qqq%qp_igqli,léy;;wi;ﬁuhby@;t er and

brine, dried over MJSO 21 : concentrated in vacuo. The crude
product was then @ibsidhed 1nond))ashs heorst ograpmencsntraiegetiCl 97.5/1. 5

CH2C12). The chromatographed produci. was then tritu d_wi 1
m xture of et hWMhéﬁ%t@%ﬂte&céFa{%ht% g‘?‘vaémcl(ﬂlrlﬁ—'dungggfg c%%%&n% t%56%

/1e10) a5 & Wliicoarselicd, O WONT( S0 i vacateteass) ¢ 8,34
S. . 8. S, ; . S. . . 1.67 (s, : o 7.
(d. 1H): 7547iight wellow grvesallife splid dgy i’ﬁg‘a?."’fog’?agﬁgm; 6. 97
(d, 1H); 6.68 {(m 4. P2 ctMerdtd web Toricentidted £00d YslwdH)af 3.43 (dd,
1H); 3.33 (dd, IH); "3.31 (s, 3H); .

ca. 80mL and a second crop of product crystals was driven

from solution by the addition of hexanes, vielding 8.91g
(16.0%). Both batches were identical by IH NMR and TLC

10 analysis and were consistent with that of the desired

material. The total yield of C2 was 49.56g {89.1%).

MeO NO2

<
C3
A solution of C2 {(456mg. 2.51mmole),

15 tosylmethyl isocyanide (430mg, 2.51lmmole) and K3COj3
(347mg, 251lmmole) were dissolved in methanol and heéte@
to reflux for 1.5 hours. The product mixture was then
concentrated in vacuo, redissolved in CH2Cla, washed with
water and brine, dried over NazSO4 and again concentrated

20 in vacuo. Purified product C3 was obtained through

recrystallization (Etgolhexanes) to yield 375mg (68%).

The 13 NMR was consistent with that of the desired

structure.

J



25 1.18 (d, 3H. O her conpounds of this invention nay be prepared in a
simlar manner substituting the appropriate alcohol for

| _net hoxy-2-propanol [i.e.. HOCHR )(R2)] in step C 5 SEP Zog%gﬁqmg
00/ 56331 PCT/ US00107129 -65- EXAMPLE 2 Preparation of Conpound 169 A
preparation of the left hand side coupling 5 internediate (Rla = ¢ ano):
OH EtOAc/50 C 150 CI H | BOAc/H2O RT IV Copper(l)cyanide (7.2 g, 80.8
mol e) was §¥§Q& with 2 bronp--5-nitroanisole (lI) (15 g,PAAASHAT2HTDI €)
in NWP (70 an eated to 150C overnight under an N2 atnosphere. The
m xture was treated with Celite, cooledto roomtenperature, then dil uted
with EtOAc and 1.0 N NaOH and allowed to stir for 15 mnutes. The

het er ogeneous m xture MBAssfgllngggﬁdof hepugh 2a4pad1ef 1mridi efeliint €t@Rch Et OAc,
t he phases were separated, and the aqueous phase_was é/vasth%d % E'hgres W th
Et OAc. The (150mL) was treated with 10%Pd/C (1.03g, 25'wk.% o

and subjected to 40psi Hp(g) {Parr Hydrogenation

Apparatus) overnight. The reaction mixture was filtered

5 and concentrated in vacuo. Pure product C4 was obtained

through flash chromatography, eluting with a gradient .of

30-40% EtOAc/hexanes, in a yield of 3.4g (93%). The 1lH

NMR was consistent with that of the desired structure.

10 B. synthesis of Compound 1113

" Ik

H

1
A solution of 3j-aminobenzylamine (826émg,
17.18mmole) was

6.87mmole) and triethylamine {2.39mL,
6.87mmole) and

15 treated with di-t-butyldicarbonate {1.50qg,

the mixture was stirred at ambient temperature for 2

hours. The reaction was then diluted with CH5Clz, washed

with NaHCO;3{aq), water and brine, dried (Na;S04)} and

concentrated in vacuo. Pure El was obtained by flash

20 chromatography, eluting with 25% EtOAc in hexanes in a
yield of 200mg (46%). The 1} NMR was consistent with

that of the desired structure.

GOt

(I113)



conbi ned organics were washed sequentially with 1.0 N NaCH water, and
brine, then dried over Na2SO4, filtered and concentrated in vacuo. The
crude product was 20 dissolved in CH2Cl2, filtered through a shortf $rpd00¥
silica gel to renove solids and nost colored inpurities, then concentrated
in vacuo to give Il (10.41 g, 90% as a brownish-orange solid. 1H NVR (500
MHz, CDC13): 7.90 (d, 1H); 7.84 (s, 1H); 7.77 25 (d, 1H); 4.07 (s.. 3H . To
a room t enpeicsdosssmd sol ution of 1 (7.2 g, 40.4 mol es) i n PEFERROEIP
(220-15 nL) was added 10% Pd/C (1.8 gh-resulting in a heterogeneous bl ack
m xture. The reaction was placed under 1 atnosphere (balloon) of H2,
5USLP2GGE WD 00/ 56331 PCTI USOO' 07129 -66 warned to 50C, and stirred
overni ght. Reaction vwas si@tdént ofr 6am(iedper &Jﬁé‘“"ﬂ%’c&f‘él §7s ~was
renoved via filtration, and the filtrate fHGEN edomBidaéguUinto
give 111 (5.56ig¢rnmm@1¥m§q&aéP9§tdﬂﬁbﬂg'sgr?%f 5 %ﬁ.kkﬁ#?5oo MHz, CDd 3):
7.29 (d, 1H) b 22l ankilsti@rEa fo¥, 61hpurst R0 Aibvicad SETPEFFLUBTES (s,
3H). To a roomtenperature, biphasic¢ m xture of é%enyl,roclgh%o{,g_gnate (1.6
mL, 12.82 nmofrbe)precinidaticpo ointPigRgosg WA NS (- 1M 16 ml) was added
I (950 g, %g?,%-%mlesmsaa.g@ 30EBfinobe) raxiet AF-( 10 nL) over a 10

) e

m nut e peri‘od resul ting heterogeneou t ur.e r Gfe F OOM
t enper ature fdiméﬂlyﬂmﬁrmmﬁélﬂﬁerﬁg?ﬂg' 5. Thgtintine)"dha the' htkcdte

was refluxed overnight, resulting in a homogenous

Upon cooling to ambient temperature, the

solution.
OmL), washed with

reaction was diluted with EtOac (2

10 KHSO4(aq), water, and brine, dried (MgSO4} and

concentrated. Pure I113 was obtained through flash

chromatography. eluting with a gradient of 20-30-35%

s in a yield of 164mg (47%). 1y NMR
8.38 (s), 7.60

acetone in hexane
(500MHz, dg-DMSO) & 8.90 (s), 8.75 (s),

7.3-7.46 (m), 7.21-7.27 (t), 7.05 (dd),
Re 0.21 (5%

1s (a), 7.51 (s),
6.87 (d), 4.12 (4}, 3.93 (s), 1.44 (s).

MeOH/CH2C12)

C. synthesis of compound I1é68

{1168)

A suspension of I113 (250mg, S5.76mmol} in

CHpClz {(1lmL) was treated in a dropwise fashion at ambient

temperature with several equivalents of trifluoroacetic

25 acid and stirred for 90min. The resultin
d with CHpClp and methanol.

g solution was

stripped in wvacuo and titrate

Pure product I168 was isolated by filtration in a yield



phases were separated. The organi c phase was washed with brine, dried over
Na2SO., filtered through a pad of silica 1S gel with Et OAc, and
concentrated in vacuo to give a thick oil. The resulting oil wash €7 &4
in toluene (30 nL) and treated with hexanes (30 nL) resulting in a thick
precipitate. This m xture was stirred for 30 mnutes, filtered, solids
washed with 1:1 tol uene: hexanes, then 20 hexanes al one, and dried to
constant wej er high vacuumto give IV (1.65 g, 96%PCEAISBOATII% e
powder. 1H 500 MHz, dnmso-d6) ; 10.76 (s, 1H) ; 7.69 (d, 1H) ; 7.44
(d,” 1H); 7.40 (d, 1H); 7.26 (m 3H); 7#6ia5 (d, 1H); 3.85 (s, 3H) 5 SEP 2Ca3
WO OW64331 Preparation of the right hand side coupling internediate (RO =
S-meth 1): -67 B e NaBH S R e R Q94 0¥eR0 wiBPAthdRidf - PhMei e
1i) Pt bPFI HFH2OE 358m%H 338 1 GTh?—iCﬂwOKgg%% 3) L-(+)-$wtaft ack MOH W6

4) 23 reduyst aiphdagdsIFed product.

D. Synthesis of Compound 41

To a room temperature solution of 1
832 umole) in THF (1.0 mL) was added
749 umole) in

-methoxy-2-

propanol (75 mg,
solid 1,1’-carbonyl diimidazole (121 mg,
The resulting mixture was stirred at room
then treated sequentially with TEA
solid compound I168 {376 mg, 832
The resulting solution was
then diluted

one portion.

temperature overnight,
16 (174 pL, 1.25 mmole},

umole), and DMF (1.0 mL).

stirred at room temperature for one day.

with ethyl acetate, washed sequentially with water and

brine, dried over MgSOq.
The crude product was then purlfled by flash

97.5/1.5 CH;Cla). The
n triturated with a 9/1

filtered, and concentrated Jn o

15 wvacuo.
chromatography (silica gel,
chromatographed product was the
mixture of ethyl ether/ethyl acetate to give compound 45

(65 mg, 56% yield) as a white, powdery solid.

20 1B NMR ({500 MHz, acetone-d6): 8.34 (s, 1H); 8.21 (s, 1H);

; 8.12 (s, 1H); 7.67 (s, 1H); 2.65 (ad, 1H); 7.50 (4, 1H);
‘ 7.47 (4, 1H); 7.43 (s, 1H); 7.25 (ad, 1H): 7.10 (44, 1H);

6.97 (d, 1H); 6.68 (m, 1H); 4.92 (m, 1H); 4.32 (d, 2H);
4.01 (s, 3H); 3.43 (dd, 1H); 3.33 (dd, 1H); 3.31 (s, 3H);

25 1.18 (4, 3H).

Other compounds of
manner substituting the appropriate

HO-CH{R;) (Rz)} in

this invention may be

prepared in a similar
alcohol for 1-methoxy-2-propanol [1.e..

step C.




5 V1 -tartrate 11 NaOH EICAC-bV! R .. 2) H211Pd(OH}rC NH3- MMOH V1) D( To
a roomtenperature solution of V (200..9g, 1.21 noles) in EtOH (2 L)ﬁc\ﬁ?i\w
added NaBH4 (50.3 g, 1.33 noles) portionw se over 30 m nutes, not “al ng
the internal tenperature to rise over 40C. The reaction was allowed to
stir at roomtenperature for 4 hours. It was 10 then quenched wi th water
(-100 nmL), concentrated in vacuo, diluted with Et OAc; washed twice with
wat er, once wieddgasat . NaHCOB, dried over MySO4, filtered, BSTgSoon712s
concentrated in vacuo to give VI (191.7 g, 95% as a yellow sh power 15 1H
I (500 MHz, CDC13) : 8.21 (s, 1H) ; 8.0%.(d, 1H) ; 7.70 (d, 1H); 7.49 (dd.
1H); 5.01 (dd, 1H); 2.45 (s, 1H); 1.52 d, 3H. To a roomtenperature .
solution of VI (181 g, 1.08 noles) DPPA (250 L, 1.16 noles) at
a rate 20 sl ow enough to kee th rggggﬁl@pd at use under 45C. Once the
addi tion of DPPA was conpl et Was reated with .DBU (177 ni,
1.18 noles) at a rale sbeupasanimgh dfo theepefhehPactidh CMRIEPS: ure under
45C. Upon conplete addition, the reaction was warned to 60C and 25

mai ntai ned at that t enpep kLR nMar niRght= cHandlasul ting bi phasic mixture
was cooled to roomtenperature, washed sequentially with water, then.0.5 M
HC1. The organic

m%@»mw

Copper {I)cyanide (7.2 g. 80 8 mmole) was
combined with 2.bromo-5-nitroanisole (I) {15 g, 64.6
(70 mL) and heated to 150°¢C overnlght under

10 mmole) in NMP

an N; atmosphere. The mixture was treated with Celite,

cooled to room temperature, then diluted w1th EtOAc and

1.0 N NaOH and allowed to stir for 15 minutes. The

heterogeneocus mixture was filtered through a pad of

15 Celite with EtOAc, the phases were separated, and the

agqueous phase was washed 3 times with EtOAcC. The

combined organics were washed sequentially with 1.0 N

NaOH., water, and brine, then dried over Na;SO4, filtered

and concentrated in vacuo.
filtered through a short pad of

d most colored impurities,

The crude product was

20 dissolved in CH2Clz,

gilica gel to remove solids an

then concentrated in vacuo to give II (10.41 g, 90%) as a

brownish-orange solid.
14 NMR (500 MHz, CDCli): 7.90 (&, 1H); 7.84 (s, 1H); 7.77
25 (d, 1H); 4.07 (s, 3H). 7
To a room temperature solution of IT (7.2 g,

40.4 mmoles) in EtOAc-EtQH {220-15 mL) was added 10% P4/C

(1.8 g) resulting
reaction was placed under 1 atmosphere (balloon)

in a heterogeneous black mixture. The
of Ha,



5 SEP 2003 WD 00/56331 PCT/USOQ 07129 -68 phase was dried over Na2S(41
filtered, and concentrated in vacuo to give a yellowgreen oil tgz@tp%‘p‘
not purified further. 2H NVR (500 Mz, CDC13)- 8.21 (s, 1H); S.18%td“%H)
7.68 5 (d, 1H); 7.56 (q, 1H); 4.76 (dd, 1H); 1.59 (d, 3H). To a room
tenperature solution of VII (8.17 g, 42.51 mmles) in THE-water (80 nL-10
m) was added Ph3P (12.3 g, 46.76 ma-oles) as a solution igey A4Sy L)
over a 10 WOMSe33beri od. N trogen evolution was i nmedi ate an 0 const ant
t hroughout the addition. The reaction was then heated to 65C overnight,
then cooled to room tenperature. The crude m xture was concentrated in
vacuo, diluted with Et OAC, washed with brine, dried over Na2SO», and
filtered. The resulting filtrate was tre&t®ed 15 with | N HCl/Et2a at room
tenperature over a 10 minute period resulting in precipitate formation.
The m xture was stirred at roomtenperature for 15 mnutes. then
filtered. The waineds teb0°Gashed skirred 2yEsighle aRS3eriBh “ouder. The
crude am ne hydrac ri de_sa usendadal psbrwae/ fHkdAed arde t reat ed
with 10 N NaoF% e%&o 580%0% S aé%ers'oom terrpergtur e. The resulting

m xture was stfiXtacrdons,oandt checf Biunase was| COPFEREIFRA IR EHU%ES ved.
The phases were, separated_.the GEHAE RRISealASnuaSsELA W t h Et OAc twi ce,
t he conbi ned (ﬁ’d’ﬁiléuzégp 88 V\erec&mglzsahed vvietah brine, dried over Na2SO4,
filtered, apd QORERN{SOO adidi.n COMub: THRO cididdHdri fe2daéd. 1H): 6.1

(s, 1H); 4.20 (broad s, 2H}; 3.85 (s, 3H).
To a room temperature, biphasic mixture of

phenyl chloroformate {1.6 mL, 12.82 mmoles) in EtOAc (20

mL) and sat. NaHCO; (~1M, 16 mL) was added III (S50 mg,

10 6.41 mmoles) as a solution in EtOAcC (10 mL) over a 10

minute period. The resulting heterogeneous mixture was

stirred at room temperature for 30 minutes and then the

phases were separated. The organic phase was washed with

dried over Na:S50;, filtered through a pad of silica-
a thick

brine, .
15 gel with EtOAc, and concentrated in vacuoc to give

0il. The resulting oil was diluted in toluene (30 mL)

and treated with hexanes (30 mL) resulting in a thick

precipitate. This mixture was stirred@ for 30 minutes,

filtered, solids washed with 1:1 toluene:hexanes, then
and dried to constant weight under high
) as a white powder.

20 hexanes alone,
vacuum to give IV (1.65 g, 96%
Iy NMR (500 MHz, dmso-d6); 10.76 (s, 1H); 7.69 (d, 1E};
7.44 (d, 1H); 7.40 (4, 1H); 7.26 {(m, 3H); 7.15 (4, 1H);

3.85 (s, 3H).




diluted in McOH (50 xL) and added to a refluxing solution of
L-(+)-tartaric acid (5.33 g, 35.33 mmpoles) in McOH (450 M). A pr%qigiﬁﬂte
formed i nmediately and was then 30 dissolved in the MeCH m xture uﬁ 4
refluxing for 15 mnutes. The internal tenperature was |owered to 50C and
mai nt ai ned there overnight. The internal tenperature 5 S E P 2003 WO

00/ 56331 -69 PCT/USOO 07129 was then |l owered to 30C and nuai nt ai ned for

anot her 24 vemowsafiol | oned by another 24 hours at room t enf&TAHEMEI2? The
resulting crystals (spikes) were filtered, washed wth MOH and Et20, and
the nother liquor discarded. The 5 resulting crystals were dissolved in 200
m. of refluxing MOH cooled slowy as_gescribed above, filtered, and
washed with McOH, then Et20 to give- the first crop of VIIl (2.21 g, 20%
as a white solid. The nother |iquor was concentrated in vacuo, solids

di ssol ved in 50 migof éQr AL G tVehl, r L6iot athreb siliey eouplLingr ed, and
washed w th MeCH and 2 to give a second crop of VIIl (1.50 g, 13@@ as
a white solid. The optiggal  AydibyeVqR, detemdthgd) :on the correspondi ng
phenyl carbamat e pf  ea . 15 Enantioneric excesses were
determ ned usi ng Chiralgs . 46cnx25cmpeamrle by Dai cel '
Chem cal | ndust rg and ral Tech®®ei es. The nobile
phase enpl oyed 70: 30 hexane: | P. re in an isocratic run out to
65 minutes at- 3.8 mM/mn flow 20 rate uswng a 3-4 ul injection of a 1-2

mg/ M sol ution of _
tn:?wnﬁ;wo
&) JO/ETOAC amonmxuwa
édzgigowmumn 2Nkmd0HhC
3} L-{+)-tartarnc ackMeOH

4) 2.3 rechrystalizations

v TO a room temperature solution of v {200 g,

1.21 moles) in EtOH (2 L) was added NaBH, (50.3 g, 1.33

moles) portionwise over 30 minutes, not allowing the

internal temperature to rise over 40°C. The reaction was

allowed to stir at room temperature for 4 hours.
concentrated in

It was

10 then guenched with water (~100 mb),

vacuo, diluted with EtOAcC; washed twice with water, once
with sat. NaHCO;, dried over MgSOq, filtered, and
95%) as a

concentrated in vacuc to give vi (191.7 g,

yellowish power.
s I NMR (500 MHz, CDCly): 8.21 (s, 1H);
(d, 1H); 7.49 (da, 1H)}; 5.01 (ad, 1H);

(d, 38H).

8.09 (4, 1H); 7.70
2.45 (s, 1H); 1.52

Te a room temperature solution of vI (181 g.

1.08 moles) waé added DPPA (250 mL, 1.16 moles) at a rate

20 slow enough to keep the reaction temperature under 45°C.

Once the addition of DFPA was complete, the mixture was

treated with DBU (177 mlL, 1.18 moles) at a rate slow

enough to keep the reaction temperature under 45°C. Upon

the reaction was warmed to 60°C and

complete addition,
The resulting

25 maintained at that temperature overnight.

biphasic mixture was cooled to room temperature, washed

sequentially with water, then 0.5 M HCl. The organic



t he phenyl carbamate di ssol ved in above nentioned hexane:lPA m xture. The
desired S-nethyl enantioner elutes first at -47.2 mnutes while the
undesired R- nethyl enatiomer cones off at -51.7 mnutes while 25 & SEP 2003
nonitoring at 214, 254, 280nm wavel ength. Al sanples were run on a Hew ett
Packard Series 1050 HPLC with a di ode array detector. To a heterogeneous
suspension of VIII (1.11 g, 3.51 mmoles) in EtOAc 120 nL) and brine (20
M) was addegqepeadf N NaOH (0.77 ni, 7.72 mmoles) at r oom PETHEWATIR%e. The
resulting mxture was stirred at roomtenperature wuntil all salts had

di ssol ved. The phases were then 5 SEP 2003 WO 00/56331 -70 PCT/11S00107129
separated, and the aqueous phase washed éh Et CAc. The conbi ned organic
phases were washed with brine, dried ovet  Na2SO4, filtered, and
concentrated in vacuo. The cr ude ni tro-benzylamne was diluted in 7M

NH3- MeOH (20 5 nl), 20% Pd( ethntdincéntpatedf iz  for
5 hours. The rEbQﬁ%lﬁﬁf ﬁggﬁ?ergggggiéfennve t he catg%g&t,
concentrated i, é@g éﬁgep@rgaedowegreennwiﬂ(Hh@@i??stH@ﬁ BPEtEY Under hi gh
vacuumto give ? (45 , 95% as a waxy white solid. 10 1H NWR (500 MHz-,
dnso-d6) : 6. 9fuxtheriH) ; 6.56 (s, 1H) ; 6.50 Q 6 38 (d EED 4.90
(broad s, 2H) ;133,82 (Goo Mik; Ep@k)(bsoad ss, 214)1}. B1F (‘@ &858 A

s (d, 1H); 7.56 (g, 1H); 4.76 (ad, 1H); 1.59 (d 3H)

To a rcom temperature solution of VII (8.17 g.
42.51 mmoles) in THF-water (80 mL-
46.76 mmoles) as a solution in THF (20 mL)

Nitrogen evolution was immediate and

10 mL) was added PP

over
{12.3 g,

a 10 minute period.

10 constant throughout the addition.
then cooled to room

oncentrated in

The reaction was then

heated to 65°C overnight,

The crude mixture was C

temperature. .
ed with brine, dried over

vacuo, diluted with EtOAcC, wash

Na;SO., and filtered. The resulting filtrate was treated
2 ’

15 with 1 N HCl/Et,0 at room .
precipitate formation. The mixture

then

temperature over a 10 minute

period resulting in

was stirred at room temperature for 15 minutes,

filtered. The sclids wexe washed with Etz:0 to give a

yellow powder.
20 suspended in brine/EtOAc,

mL, 50 mmoles) at room temperature
erature until all solids

The crude amine hydrochloride salt was
and treated with 10 N NaOH (57

The resulting

mixture was stirred at room temp
were dissolved. The phases were separated, the aqueous

phase was washed with EtOAC twice, the combined organic

dried over Na;SO4.

25 phases were washed with brine,
The crude amine was

filtered, and concentrated in vacuo.

diluted in MeOH (50 mL} and added to a refluxing solution

of L-(+)-tartaric acid (5.33 g, 315.33 mmoles) in MeOH

(450 mL). A precipitate formed immediately and was then

30 dissolved in the MeOH mixture upon refluxing for 156

The internal temperature was lowered to 5
The internal temperature

oeC
minutes.

and maintained there overnight.



| X Preparation of Conmpound 169 n~orZ 1) COUPWin MOGPMI ORs 0 Y
TEA/EIOCAc/ A 0O NF14 HXI 15 To a roomtenperature solution of 5 SEP 2003
3-(R) -hydroxy pentanitrile (212 ng, 2.14 nxnal es) was added CD (521ng,
3.21 nntoles) in one portion. The resulting m xture was stirred at room
tenperature for 1 hour, then treated with solid silica gel. The
het er ogeneous m xture was stirred 20 vigorously for 10 mnutes, filtered
through a sQgjéesgdd ©Of silica gel with 4:1 EtQAc: | PA, con®EA(USedeEd2q n
vacuo, azeotroped twice with MeCN, then conbined with Ix (350. ng, 2.57
mmoles) in MeCN (2 nL) and stirred at roomtenperature for 1 day. The
resulting mxture was diluted 25 with E%gﬁc, washed with water and then
brine, dried over 5 SEP 2003 WO OO 5633I°PCTI USOQ 07129 -71 Na2SO4,
filtered, concentrated, and flash chromat ographed (silica gel, 1/2?1/3?0'1
hexanes/ Et CAc?4/ 1 Et OAC/ I PA ( %o,_asa,ﬁ,tchleeaea; t hi ck
oil. IHNWR (366 MASD Hoe ﬁi%%’g f}‘%i%—n’)“egz'éngﬁ(olol 1H) :

hours followed by another 24 hours at room temperature.

The resulting crystals (spikes} were filtered, washed

with MeOH and Et;0, and the mothex ligquor discarded.
s were dissolved in 200 mL of refluxing
filtered, and

The

5 resulting crystal

MeOH, cooled slowly as described above,

washed with MeOH, then Et;0 to give the first crop of VIIX

{(2.21 g, 20%) as a white solid. The mother ligquor was

concentrated in vacuo, solids dissolved in 50 mL of

10 refluxing MeOH, cooled as above,

with MeOH and Et;0 to give a second crop of VIIT
The optical purity was determined

filtered, and washed
(1.50 g,

13%) as a white solid.

on the corresponding phenyl carbamate of each crop to be

>97% ee.

15 Enantiomeric exc
| 46cmx25cm) made by Daicel Chemical

esses were determined using a

Chiralcel OD column (0.

Industries and purchased from chiral Technologies. The

mobile phase employed was a 70:30 hexane:IPA mixture in
an isocratic run out to 65 minutes at 0.8 ml/min flow

20 rate using a 3-4 pl injection of a 1-2 mg/ml solution of

the phenyl carbamate dissolved in above mentioned
The desired S-methyl enantiomer

e the undesired R-

hexane: IPA mixture.

elutes first at ~47.2 minutes whil

methyl enatiomer comes off at ~51.7 minutes while

25 monitoring at 214, 254, 280nm wavelength.

All samples were run on a Hewlett Packard

Series 1050 HPLC with a diode array detector.

To a heterogeneous suspension of VIII (1.11 g,

3.51 mmoles) in EtOAc (20 mL)} and brine (20 mL) was added

3 10 N NaOH (0.77 mL, 7.72 mmoles) at room temperature.

The resulting mixture was stirred at room temperature

antil all salts had dissolved. The phases were then



56.51 (s, 1H) ; 6.47 (d, 1H); 6.38 (d, 1H) ; 4.98 (broad s, 2H); 4.67 (m
IH); 4.49 (m 1H); 2.82 (m 2H); 1.62 (m 2H); 1.27 (d, 3H); 0.89 gtdﬁgzp
3H). To a roomtenperature solution of X (470 ng, 1.80 nmoles) in c™
m.) was added. 1V (440 ng, 1.63 10 unuoles) and TEA (0.23 nL, 1.63

mmol es). The resulting mxture was heated to reflex and stirred at that
tenperature for 6 hours. The resulting crude m xture was cooled to room
tenperature,y, g d with Et OAc, washed wi th brine/lN HCL, PEGUSWMEI by
brine alone, dried over 15 Na2S04, filtered, concentrated in, vacuo, and
flash chromat ographed (silica gel, 1/1?1/2?1/3?1/4?0/1 hexanes/EtOAc?4/1
Et CAc/ I PA) to give 169 (740 ng, 100% as a white, foany solid. IH NWR (500
MHz. dnso-d6) : 9.21 (s, 1H); 8.84 (s, 11:6{1 20 7.93 (d, 1H ; 7.29 (d,
1H; 4.69 (m 1H); 2.62 (m 2H) ; 7.59 (d, 1H); 7.51 (s, IH; 7.41 (s,
1H); 7.23 (dd, 7,01 4 (BroAK); Theé9 (s,
3H) : 2.82 (m SSPEF?'“ Q‘f&h"%ﬁ“ efogpidse ué)smd g witn(Brodsl . the
Activity Inhi bbbhgmé@maﬂﬂwpﬁabydmgemmm withybrigae gsdaied

foll owi ng an adaptation of Ihe rreé hod fi rgé%é%p%etég%rp»acmgasgﬂgk. [B.

Magasani k et apver NaxS0y £ the di scl osure of
which is hereip, 38e lm&%ﬂahﬁnéaﬁﬁ ehideltedEnny #¥ BE+MEOH, (&8s measur ed

s mbL), 20% Pd(OH),-C added, and placed under 45 psi of H;
for 5 hours. The resulting mixture was filtered to
remove the catalyst, concentrated in vacuo, azeotroped
once with CH,Cl.,, then placed under high vacuum to give IX
{(455mg, 95%) as a waxy white solid.

10 ’H NMR (500 MHz, dmso-d6): 6.91 (ad, 1H); 6.56 (s, 1H);
6.50 (4, 1H); 6.38 (4, 1H}; 4.50 (broad s, 2H); 3.82 (q,
1H); 3.31 (broad s, 2H); 1.18 (d, 3H).

C. P:_Egyation of Compound 169

e TEAEIOAC/ &
munpnenu.cmm Rs v

X1
15 : To a room temperature sclution of 3- (R)—hydroxy

pentanitrile (212 mg, 2.14 mmoles) was added CDI (521mg,

3.21 mmoles) in one portion. The resulting mixture was

stirred at room temperature for 1 hour, then treated with

solid silica gel. The heterocogeneous mixture was. stirred

20 vigorously for 10 minutes, filtered through a short pad

of silica gel with 4:1 EtOAc:IPA, concentrated in vacuo,

azeotroped twice with MeCN, then combined with IX (350

mg, 2.57 mmoles) in MeCN {2 mL) and stirred at room

temperature for 1 day. The resulting mixture was diluted

25 with EtOAc, washed with water and then brine, dried over
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spectrophotonetrically, by nonitoring the increase in absorbance at 340 nm
due to the formation of NADH (?340 5 SEP 2033 WD 00156331 PCTI USOKF @fl29
-72 is 6220 M1 cm1). The. reaction mxture contained 0.1 M potassi-um
phosphate 8.0, 0.5 nmM EDTA, 2 MM DTT, 200 pM | M and enzyne (I MPDH human
type Il) at a concentration of 15 to 50 nM This solution is incubated at
3700 for 5 10 mnutes. The reaction is started by adding NAD to a final
concentratio&og&ﬂégp pMand the initial rate is neasured bycfukdamizag t he

| i near increase 1n absorbance at 340 nmfor 10 mnutes. For reading in a
standard spectrophotoneter (path length 1 cm the final volune in 10 the
cuvette is 1.0 m. The assay has al so been adapted to a 96 well mcrotiter
plate format; in this case the concentratdons of all the reagents renain
the same-and, the final volune is decreased to 200 U . For the analysis of
i nhibitors, the conmpoupd in .15 questiqn_i,s di | ved | I na
concentration BpaStg gﬁfﬁ?ﬁ%ﬂo‘e"g’c’i&é} & %(ta:efihi gisﬁf\séglafh%o)%rggkggéﬂ

prei ncubati on yiifydheyaanzuyeay3aof i naéxadaBE0dk?2/15860R¢/ TBR) Tire :
reaction is started by the addition of N@D %%gckhgi%nitial rates neasured
as above. Ki 28ivetRrif7?amoondsd! el ty redsuring the initial

velocities in thenar R860CARLT &méy1idd :amyust $dof 1H) nid 84 oiddandHi;tting the

(1972)" B oghe 59, (a2 A3 8 47340mB0E: (et (8- ol s huee | oSt &2
Cat egory 2H): 4.67 (m, 1H); 4.49 (m, 1H); 2.82 (m, 2H); 1.62 (m,
2H); 1.27 (4, 3H); 0.89 (ad, 3H).
To a room temperature solution of X (470 mg,
1.80 mmoles) in EtOAc (5 mL) was added IV {440 mg, 1.63
10 mmoles) and TEA (0.23 mL, 1.63 mmcles). The resulting

mixture was heated to reflux and stirred at that

temperature for 6 hours. The resulting crude mixture was

cooled to room temperature,
with brine/1N HCl, followed by brine alone, dried over

1S Na;S0,, filtered, concentrated in vacuo, and flash

diluted with EtOAc, washed

chromatographed (silica gel, 1/171/221/3?1/4720/1
hexanes/EtOAc?4/1 EtOAc/IPA) to give 169 (740 mg, 100%)
as a white, foamy solid. ,
gy NMR (500 MHz, dmso-d6): 9.21 (s, 1H); 8.84 (s, 1H);
20 7.93 (d, 1H); 7.59 (4, 1H); 7.51 {s, 1H); 7.41 (s, 1H);
7.29 (@, 1H); 7.23 {d4d, 1H); 7.01 {4, 1H); 6.92 {(d, 1H);
4.6% (m, 1H); 4.63 (m, 1H); 3.8%9 {s, 3H); 2.82 (m, 2H);
2.62 {m, 2H); 1.31 (4, 3H); 0.9C {t, 3H)

EXAMPLE 3
25 IMPDH Activity Inhibition Assay

IMPp dehydrogenase activity was assayed
following an adaptation of the method first reported by
{B. Magasanik et al., J. Biol. Chem., 226, p.

Magasanik.
339 (1957}, the disclosure of which is herein

30 incorporated by reference]. Enzyme activity was measured

spectrophotometrically, by monitoring the increase in

absorbance at 340 nm due to the formation of NADH (7?7340
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"A" indicates a K, of 10 nMor less, category "B" indicates a Kl of
greater than 10 and less than 50 nM category "C' indicates a Kx g% ﬁg EM
or greater, "ND' indicates inhibitory activity was not determ ned: g E
- 2093 WD 90/56331 -73 Table 2. IMPDH inhibitory activity. HM2 a 49 A .
i 96 W wSl pl 9 4A69%~-- A55.. .. A. 10A-11 12 A5 AMWA 63 a
i 110 5 A 112 16 18- A 20 A 22 .A 69 A 116 24 118 73 a. 28 A 75 -A 122 30 A
. 77 ....... - ~w0w5633]124 PCT/US000T7129
-72-

is 6220 M-1 cm~1). The reaction mixture contained 0.1 M

potassium phosphate 8.0, 0.5 mM EDTA, 2 mM DTT, 200 uM

IMP and enzyme (IMPDH human type II) at a concentration

of 15 to 50 nM. This solution is incubated at 37°C for

s 10 minutes. The reaction is started by adding NAD to a

final concentration of 200 pM and the initial rate is

measured by following the linear increase in absorbance

at 340 nm for 10 minutes. For reading in a standard

spectrophotometer (path length 1 cm) the final volume in

10 the cuvette is 1.0 ml. The assay has also been adapted

" to a 96 well microtiter plate format; in this case the
concentrations of all the reagents remain the same and’
the final volume is decreased to 200 nl.

For the analysis of inhibitors, the compound in
question is dissolved in DMSO to a final concentration of
20 mM and added to the initial assay mixture for

preincubation with the enzyme at a final volume of 2- 5%
vhe reaction is started by the addition of NAD,
Kj

15

{v/v).
and the initial rates measured as above.

20 determinations are made by measuring the initial
velocities in the presence of varying amounts of
inhibitor and fitting the data using the tight-binding

equations of Henderson (Henderson, P. J. F. {1972)

Biochem. J. 127, 321].
These results are shown in Table 2. Category

“A* indicates a K; of 10 nM or less, category "B
indicates a K; of greater than 10 and less than 50 nM,
category "C” indicates a Ki of SO_nM or greater, “ND*

indicates inhibitory activity was not determined.



32 A79 A ..-... .. 126 34 40 136 PCT/USCb/ 07129 :,. s 14 . ND B. X47ND BND
ND 1153'ND C. 15ND C4..1 7:..B COA Cx....161A C163B Cnl6. 7C C159A C171C C172
..C Cl74C 176...... C C 180 B 182 C 184 B 100 5 SEP 2003
WO 80/56331 PCTAIS00/07129
-73-

IMPDH inhibitory activity.
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1.06 A ........ 10$ 14 A 61 81 B...... 128 5 S E P 7003 WO 90156331 -74 46
A 93 B 140 186 PCT/ USOOL07129 C O her conpounds of this |nvent|qn w@kln @l so
have | MPDH i nhibitory activity. EXAVMPLE 4 5 Cel | ul ar Assays A éla ion of
peri pheral bl ood nononuclear cells (PBMCs): Human venous bIood was drawn
fromnormal healthy volunteers using heparin as an anti-coagul ant. PBMCs
were.isolated. fromblood by centrifugation over 10 Ficoll-paaue ﬂradient
or CPT t ubeswOB&843h- Di cki nson) using standard conditions. e
harvest ed, washed and re-suspended in conplete RPM, counted and dil uted
to 1x10'6 cells/nL. 15 B. PBMC and spl enocyte proliferation assays: 5x104
cells (for human PBMC T cells) or.1x105 eglls (for human PBMC B cells) were
added per well of a

Other compounds of this invention will also

have IMPDH inhibitory activity.

EXAMPLE 4
5 Cellular Assays
A. Isolation of peripheral blood mononuclear cells

(PBMCs): Human venous blood was drawn from normal

healthy volunteers using heparin as an anti-coagulant.

PBEMCs were. isolated from blood by centrifugatioq over.
10 Ficoll-paque gradient or CPT tubes (Becton-Dickinson)

using standard conditions. PBMCs were harvested, washed

and re-suséehded in complete RPMI, counted and diluted to

1x10® cells/ml.

15 . B. PBMC and splenocyte proliferation aésays:
| 5x10° ceils (for human PBMC T cells) or 1x10°
cells (for human PEMC B cells) were‘added per wel; of a
96-well plate. .For T-cell assays, phyto-hemagglutinin
(PHA) was added to a final concentration of 10-20 pg/mhL
20 per well for cell. Fox B-cell assays, Staphylococcal
protein A (SPAS) was added to a final concentration of 2
pg/mL per well.
Serial 4-fold dilutions of inhibitor stocks
were made in complete RPMI and added to cells such that.
25 the final concentration of compounds ranged from 20 pM to
20 nM, while DMSO was maintained at a final concentration
of 0.1%. The cells were then incubated for 3 days. All

samples were tested in triplicate. Tritiated thymidine

(0.4 pCi/well) was added for the last 24 hours of the



96-wel | plate. For T-cell assays, phyto-hemagglutinin (PHA) was added to a

final concentration of 10-20 lig/nm 20 per well for cell. For B-cell
assays. Staphyl ococcal protein A (SPAS) was added to a final concefift #ion
of 2 pg/m per well. Serial 4-fold dilutions of inhibitor stocks were

made in conplete RPM and added to cells such that. 25 the final

concentration of conpounds ranged from20 pMto 20 nM whi F&Wﬂ@s
mai nt ai ned WOes63Bhal concentration of 0.1% The cells we N IMcubat ed

for 3 days. All sanples were tested in triplicate. Tritiated thym di ne
(0.4 pG/well) was added for the last 24 hours of the 5 SEIll 2333 WD

00/ 56331 -75 PCT/ USOQ 07129 assay. The c¢gdds were harvested onto Betapl ate
filters and counted in a scintillation counter. Concentrations. of
conpounds required to inhibit proliferation of cells by 50%_5-1C50 val ues)
ver e cal cul at e@sagi ngridiecdaid Mexe baPrentéd/bintuBatapdeteest LEBRPuULt er

software package. The results of. these,_ass shwa detc 1830k ns 3
Category "A iaRdi £9pREeS Irsh s&flnfﬁgiﬂklf%? %’lsrg{&'cat egory "B Tndi cat es a

| C50 of great gf LBapoddls ardpdiesd@ tohanhifD) pivdlideregdop c€ocehli®cates a
| C50 of 1000 nMor 10 greater, "ND' indigatle idPQ:is Hgo'i;}éeaﬁbk ' was not
det er mi ned i nb¥Yh&O0% R @ IMES) UFEF e aS3WH-%dbT 6 3. Cel | u ctivity
BB112 CC160G5 NpBR1ids(dchfiarBpevices) computer software package.

The results of these assays are shown in Table

3. Category “A* indicates a ICso of 100 nM or less,
category V‘B' indicates a ICs¢ of greater than 100 and less

than 1000 nM, category “C” indicates a ICso cof 1000 nM or
.10 greater, “ND” indicates inhibitpry lactivity was not

determined in the indicated cellular assay.

Table 3. Cellular Activity




BB116 CCl64 B WD 80/56331 -76 28 B B 175 B,.. B 122 C PCTNS00/071129 170 B
k r 18 3B131 B 178 ND~ ND 40 C 42 BB 89 A- A 46 B B 93 ND ND 133 ND ND
13-5 ND h ND 13 7 ND ND 141 ND ND 180~B 184 -B B 186 ND ND EXANPEEr51m3
Anti-Viral Assays The anti-viral efficacy of conpounds may be 5 éval uated
in various in vitro and in vivo assays. For exanple, conpounds may be
tested inin vitro viral replication-assays. In vitro assays may. enpl oy
whol e cel | ¥Q/3634| at ed cel | ul ar conponents. In vivo assaﬁ%ﬂﬂﬁwéFﬂgg
animal nodels for viral diseases. Exanples of 10 such ani mal nodel s
include, but are not limted to, rodent nodels for HBV or HCV infection,

t he Wbodchuck ~-76-

EXAMPLE 5
Anti-Viral Assays

The anti-viral efficacy of compounds may be

s evaluated in various in vitrc and in vivo assays. For

example, compounds may be tested in in vitro viral

replication .assays. In vitro assays may employ whole

cells or isolated cellular components. In vivo assays

include animal models for viral diseases. Examples of
10 such animal models include, but are not limited to,
rodent models for HBV or HCV infection, the Woodchuck

model for HBV infection, and chimpanzee model for HCV

infection.



nodel for HBV infection, and chi npanzee nodel for HCV infection. WO
00/ 56331 PCT/VS00l 07129 -77 Wile we have herei nbefore presented a nunber
of enbodi ments of this invention, it is apparent that our basic crq 7
construction can be altered to provide other enbodiments which utt Pf% ghe
met hods of this invention. 5 Therefore, it will be appreciated that the
i scope of this invention is to be defined by the clains appended hergt
. rather than waewsaici fi c enbodi ments whi ch have been preséﬁ?
her ei nbefore by way of exanple. 78 CLAIMS W claim 1. A conpounds of
formula (A): H (A wherein: 5 rILP HHMeach of RL and R2 is independently
. selected from hydrogen; -CF3; - (Cl-C6) -g-atraight or branched al kyl;
' -(C2-C6)--straight or branched alkenyl or alkynyl; -(Cl-C6)-straight or
. .branched al kyl R7; -[ (C2-C6)-straight or branched al kenyl or al kynyl]-R7
or -R7; and wherein at kpask Qéeh@tf'eﬁieﬁir%ﬁc&'e- pré€antiad a gtumdetht or

branched al kyl - R7; - ( -stra or branched algenythacl: .
al kynyl ] - R7 orof WM?%F@Fﬁsuﬁ t phys h’gfg\‘%‘i’l’at difs 15 APRAECTT WK 9 Alkyl |
al kenyl or al kytwi. ¥ <pRhEe@h! ¥an be altered to provide other
embodiments which utilize the methods of this invention.
5 Therefore, it will be appreciated that the scope of this
invention is to be defined by the claims appended hereto

rather than the specific embodiments which have been

presented hereinbefore by way of example.




and i ndependently replaced by R3; and wherein one or both of RL or R2 are
optionally esterified to forma prodrug; or wherein RlL and R2 are
alternatively taken together to formtet¥ahydrofuranyl, wherein R@g
hydrogen, (R -nmethyl, (R)-ethyl or (R)- hydroxymethyl, one hydrogeh* 6
said tetrahydrofuran_ is replaced by -OR6 or -R7, and wherein when R9 S
(S) - methyl, (S)-ethyl or (S)-hydroxynethyl, one hydrogen atom79 C 1"- O
fi LUin said tetrahydrofuran is optionally replaced by -OR6 or -R7;
wherein when R9 is hydrogen, (R)- nmethyl, (R) -ethyl or (R)-hydroxynethyl
and each of Rl and R2 are independently hydrogen, unsubstituted - (Cl-C6)
straight or branched al kyl, or unsubstituted -(C2-C6)-straight or branched
al kenyl or alkynyl, then the portionSCsAIMSe conpound represented by
-CH(R1)R2 is a C5- C12 straight or branched al kyl, alkenyl or alkynyl; each
R3 is independently selected fromhalo, CN, -CR4, or -N(R5)2; R4 is

sel ected frd¥8 hhioeren, - (Cl-C6)-straight or branched al kyl,
-(C2-C(,)-straight or branched al kenyl or al kynyl, -[(Cl-C6)-straight or
branched al kyI) --R7 [ (C2 C6) -straight or branched al kenyl or al kynyl
| “R7, QO - [ (Cli&) - & Comgmungs pfafermulal ki,

-C(O-[(C2-Cp) - stralght or branched al kenyl or al kynyl], -C (O - [

(Cl-C6) -straight or branched alRyl] - )2 C(O);(r1
R“D\ /E i
Ryq
A (A)
wherein:

each of R; and R; is
independently selected from hydrogen; —CF;I; - {C1-Cg) -
straight or branched alkyl; -(C;-Cs)-straight or branched
alkenyl or alkynyl; -{C1~C¢) -straight or branched alkyl-
Ry; —[(Cz—Cs} -straight or branched alkenyl or alkynyl}-R;
or -R;; and wherein at least one of Ry or Ry is
~{C1-C¢) -straight or branched alkyl-Ry; -[(Cz-Cs)-straight
or branched alkenyl or alkynyi]-R—,- or -Ry -

wherein up to 4 hydrogen atoms
in any of said alkyl, alkenyl or alkynyl are optionally
and independently replaced by R;3; and

wherein one or both of R; or Ry -
are optionally esterified to form a prodrug; or

' wherein R; and R, are _

alternatively taken together to form tetrahydrofuranyl,
wherein when Ry is hydrogen, (R)-methyl, (R)-ethyl oxr (R)-
hydroxymethyl, one hydrogen atom in said tetrahydrofuran
is replaced by -OR¢ or ~-Ry, and wherein when Ry is (S)-

methyl, (S)-ethyl or (S)—hydroxyméthyl, onie hydrogen atom |



(C2-C6) -straight or branched al kenyl or alkynyl]-N(R9)2, -P(O (ORB) 2,
-P(O (ORB)'(RB) , -C(O-R7, -S(0)2N(RS)2, -1 (C- ©CB)-straight or branched
al kyl]-CN, or -[(C2-C6)-straight or brdifthed al kenyl or al kynyl]- ga@ﬁ
R5 is independently selected from hydrogen, -(Cl-C6)-straight or brarwehé

al kyl, -(C2- C6) -straight or branched al kenyl or al kynyl, -[(Cl-C8)-
straight or maﬁﬁ@i}@dtatkyhj’dﬂﬁurarﬁ i@&aﬁﬁz)onaslt]r}alxgdjﬂadﬁd By apgedral kenyl
- or alkynyl]-F -[(Cl-C6)-straight al kyI ] --CN, - [ (C2-C6) -straight or
~ - branched al KeWjl or alkynyl ] -cN, - (O C6) -straight or branched al kyl

~OR4, -[(CZ -C6)-straight or branghfd- k C (O
](CI-CG) -s“ai ht ZJr br anched  al kyl, —C (@’) mf&‘(% %%)Mp&%)?al ghfRbT
branched al Yr Rkyesil OIC(((@)%GI&GQ&IeSE?lXQM <Bch) 0f- R{, and

0)O (Cz- t Al han C6) -strai ght or
b?gnz:hec(j al Ifgggfior%éﬁ%%ﬁ%lrepl% %@%}’gg EefugéFiFﬁg?dor(%réhéhed al kyl ,
or -S(0)2- R&tarightoRbrEridid®S1xeN d&oqﬁﬂuhgttﬂ&%téaﬁe nitrogen atom
are taken to&ether with said nitrogen atomto forma 3 'to 7- nenbered

het er ocycl i ¢ {Mznfs) WhEFRighE 0% hranched alkenyl my Gadlhwmil I y:hemttanens 1to

3 addi tionalp el cte fr , S O) or
S(0)2; R6 i sdgggltlg{:r??dpf rom%%%eﬂ%ﬁf% %}' (H )éir?zlé @0MsT- Ot Bu,
- CH2- CN, or CafHExQht eax Hofandlsed aqulc,yc}illkér@l’l dt Gkrg1;i NG System

wherein in said ring system is each ring conprises 3 to 7 ring atons
i ndependent |y selected fromC, N, 0 §PCE Rs 1S independently selected

from halo, CN, -OR;, or -N(Rg):;

Ry is selected from hydrogen,
- {C1~Cs) -straight or branched alkyl, ~-{C3-C¢)-straight or
branched alkenyl or alkynyl, -[ (C1-Cg) -straight 6r
branched alkyl]-R;, -[(Cz;-C¢)-straight or branched alkenyl
or alkynyll-R;, ~C(0)-[(C)-C¢)-straight or branched alkyl],
-C(0) ~{ (C2~C¢) ~straight or branched alkenyl or alkynyl],
~C(O)—[(C1-*Cs)-—straighf or branched alkyl)-N{Rs);, -C{0)-
[ (C2-Cg) -straight or branched alﬁenyl or alkynyl]-N(Rg)a,
~P{0) (ORg)2, -P(0) {ORs) (R}, -C(O)-R;, -S(0):N(Rs)z, -[(Ci-
Cgs) ~straight or branch'éd alkyl]-CN, or -| (CZ—CS)-straiéhf
or branched alkenyl or .alkynylj—cn; -

each Rs is independently selected
from hydrogen, - (C;-C¢)-straight or branched alkyl, -(Ca-
Ce¢) -straight or branched alkenyl or alkynyl, -[{(Cy-Cg) -
straight or brarched alkyl]-R;, -[{C;-Ce)-straight: or
branched alkenyl or alkynyll-R,, -[(C;-C¢)-straight
alkyl]-CN, -{(C;-Cg)-straight or branched alkenyl or
alkynyl]-CN, -[(C;-Cg)-straight or branched alkyl]-ORy,
- [{C3-Cs) -straight or branched alkenyl or alkynyl]-oORr,, -
C(0) - (C;~-C¢) -straight or branched alkyl, -C{O)-[{Cy~C¢)-
straight or branched alkenyl or alkynyll, -C(O)-R,, |



ii. no nore than 4 ring atons are selected fromN, Oor S; iii- any CHa is

optionally replaced with C(O; iv. any Sis optionally' replaced with S(O
or S(O2; each R8 is independently sel eBbed from hydrogen or - .
[ C1- Csl -straight or branched al kyl; wherein in any ring systemin sabgEtP 1003

conmpound up tg 3. hydrogen atons bound to the ring atons are optionally and
i ndependent | y{@3Pa8ed nf {B) Oral & -Caydsbrgight t o0, braredited EMRIO,

(Cl-A4)-straL r. nehed . al kyl; O 1C1-CA4)- .straight or branched al kyl ,
(C2- C4) -strai&gﬁt)gor[qgggﬁ h%&r“‘éﬁk‘énw gFaQF%ﬁyP,lkﬁwb@czaMnu},ai ght or
branched al kBiigD ;- 0tCaldey Rgtta gl Woer B fn&hya r&ﬂﬁuzy%remg )gpﬁéfn}ﬂﬁw ly

ydr ogen - :

benzof used, 5 E P 2003 81 R9 is selected from , ‘
(S)-nmethyl, E¥P-BeHPretigsotham baurad tytdey sameyhi orob&h- Byehoxaret hy! ;

RIDis selec r =Ge « O 0xazolyl., and Rl1 is selected fromhalo, -O

(Cl-C3) st rafgﬁ?{’a?%*?ﬁ&%%%%(%@lm%ﬁm o Eon T8y aaPk&ryP- 2. The

conpound accoeembeyedohet et oryicl hder gid), ﬁ%&i@%@?ﬁe‘%@%o@%ﬁgrnm a (1);
m 1.

H((l) ; mherPi Rx_and are as defined in cla

1£§ optionally contains 1 to 3 additional heteroatoms
independentiy selected from N, 0, S, S{0) or S(0);;
~ Re is selected from -C(0)-CH,,
~-CH,-C(0) -0OH, -CH,-C(0) -0-tBu, -CH;-CN, or -CH,-C=CH:;
each R; is a monocyclic or
bicyclic ring system wherein in said ring system:
| i._ each ring comprises 3 to 7 ring atoms
independently selected from C, ﬁ, 0 or §;
ii. no more than 4 ring atoms are selected
from N, 0 or s;
iii. any CH;, is optionally replaced with C{0);
iv. any 8§ is optionally replaced with S(0) or
S(0}a; |
each Rz is independently selected from hydrogen or
~[C1~Cs)-straight or branched alkyl;
wherein in any ring system in said compound up to 3
hydrogen atoms bound to the ring atoms are obtionally and
independently replaced with halo, hydroxy, nitro, cyano,
amino, {C1-C4)} -straight or branched alkyl; 0-{C1-Cy) -
straight or branched alkyl, (C3-C4)-straight or branched
alkenyl or alkynyl, or 0-(C;-C4} -straight or branched
alkenyl or alkynyl; and
wherein any ring system is

optionally benzofused;



3. The conpound according to claim1, wherein said conpound has téﬁ?ZMB
formula (I1A): HHH(lIA); wherein RO is selected from (R)-nethyl ,5“
(S)-nmethyl, (R -ethyl, (S)--ethyl, (R) £Bydroxynethyl or (S)-
hydroxynethyl; and Rz and R2 are as defined in claiml1l. 5 Sip IM82 4. The
compound according to claim3, wherein RO is selected from(S)-nethyl,
(S)-ethyl, or (S)- hydroxynethyl nethyl 5R9Tim sehpored! facmording to claim
4, vvhereln e co according to claim 3,

wher ei n |s°§’ éct(gfﬂ%kﬂy& rTE‘E"HyF‘Et t'h R)oetBYlsop? bp§tayY, The
conpound acqmn@mmmﬁuxyﬁeﬁﬁpllOrwhgnehpdroﬁ&mbgﬁ§i one of RL or R2 is

sel ected from hydrogen, methyl, ethyl, n-propyl, [sopropyl, n-butyl,
t-butyl, n- pentyl, phenyl, pyr idyl , --EtQ@SI—ISeleeIEIEGI\I;EreﬁI-IQCEﬂZ&lZCI\I,
-- CH2C (CH3)_ %Qg%%g%g\lcﬁg?ﬂc (CH2CH3) 2CH2CH2CN, - CH2CH2CN, - CH2N

(CH2C1i 2CN) 2 CH2CH2CN, -CH (NH2) CH2CN, -CH2Cl1l, - CH2OH,

- CH2CH2OH, - CH2CRR(Olis W@dloﬂﬂmﬂ&g‘cﬂo)stgﬁghr G2 CC (0)

CH2NH2 |, - CH2CH NégHS - CH2CH2N (CH3) 2, - CH2N ( CH2CH3) - CH2CH2N
(CH2CH3) 2, TFONStERRo alkepyl o1 atkyRwl(CLB) 3 . - CHzoCHch
(CH3) 2, -CJ-lZCJ—lZN(CJ—B)C(O)OC(CJ—B) 3, - CH2N( CH2CH2CN) CH2CH( CH3) 2,

- CE( CH2CN) N( CH3) 2, CHZCH( CHZCN) NHC( O) OC( CH3) 3,
. The compound according to claim 1, wherein

said compound has the formula (I):

H
N g
== o O Rz
N/lL'N

wherein R; and R; are as defined in claim 1.

MeO

3. The compound according to claim 1, wherein

said compound has the formula (IA):

A H
_ Ro NYO\'/R1
Ry . o R
PO ;O
R11 NJLN )
H H (1a);

wherein Ry is selected from (R) -methyl, (S)-methyl,
(R) -ethyl, (S)-ethyl, (R)-hydroxymethyl or (S)-
hydroxymethyl; and

R1 and R, are as defined in claim 1.



43N40. s r n"\N,/ . whereinnis Oor 1. , ONJ SO"'"'. "NJ or HngﬁﬂW
conpound according to claim2, wherein Rl and R2 are taken together5

forma 3-tetrahydrofuranyl noiety that g5 substituted at*the 5 position by
-OR6. 5 SEP IM 83 9. The conpound according to claim3, wherein one of R
or R2 is selected from hydrogen, ethyl or phenyl and the ot her of Rl or

R2 is selected from - Ce20H, The Mana 2CH£) .
wherein R1L and Rz are taken toget ernto forn1a tetrg¥ gﬁdf gﬁfpnnolety.
10.. The conpoulfl seleftet hfrap clsi-merhwiher(s) rethgll g e@nwgpnd i s selected

fron1any onenPhr SRR Hﬂgf 187 in Table 1. 11. The conpound accordi ng
to claim 10, ~ wherelin d&coﬁﬁound Is selected-fromany one of conpounds

1, 23, 26, 27, 29, 32, 76, 80, B7, 89, 98, 101, 103, 104, 106, 108, 110,
157, 163, 169, 171, 18, 18fe d@indStddia .
e g: I%BI%O CI%lmn 4 aREELR

conposi ti on- conpr|5|ng a conpound according to-cl
effective td9 difi i) ~methyl

6. The compound according to claim 3, wherein

Ry, is selected from O-methyl, O-ethyl or O-isopropyl .

| 7. The compound aécording to claim 1,

wherein: '
at least one of R, or Rz is selected from hydrogeﬁ,

methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n;

pentyl, phenyl, pyridyi, —CH,0CH;, ~CH;CN, -CH,OCH,CH,CN .

—CH;C (CH») ;CH,CH,CN, -CHC (CH,CH; ) ;CH,CH,CN, -CH,CH:CN,

—CHzN (CH;CH,CN) 5, ~CHN (CH;3) CH;CH,CN, -CH (NH2) CH,CN, -CHiCl,

—CH;OH, -CH,CH,;0H, -CH,CH20H, -CH2CH,CH,CH;0H,

—CHCH;0C (0)CH3, -~CH,CH,0C (O)CH;NH;, ~CH,CH,NHCH,,

~CH;CH:N(CH3);, ~CH;N(CH,CHj);, -CH,CH,N (CH;CHa ) 5,

~CH;CH,CHN (CH;3) 2,  -CHCH,CH,N' (CH; ) 5, -CH20CH;CH (CH3) 2,

~CHzCHyN (CHy) C(0) OC (CHy )3, ~CHyN (CH,CH,CN) CH;CH (CHs ) 2,

~CH(CHCN)N{CH3)2, -CH,CH (CH,CN)}NHC (0)OC (CH,),,

o O o .0 o
SN e N 8
’\fdn ’ /\fa’n ’ :""LN\/,, :H.,_N\) N :Hl'!‘/\ 0;

wherein n is 0 or 1.

8. The compound according to claim 2, wherein
Ry and R, are taken teogether to form a 3-tetrahydrofuranyl
moiety that is substituted at' the 5 position by -ORg.



| MPDH and a pharnaceutically acceptable carrier, adjuvant or vehi ﬁ%?ﬁi’ m
The conposition according to claim12, ----further --conprising a
_additional - agent- -selected from-an- 83-=Unosuppressant, an anti-cancer
agent, an anti-viral agent, anti-inflamuatory agent, antifungal agent,
antibiotic, or an anti-vascular hyperproliferation. conmpound. 14. Use of a
conposi ti on accordi ng %0 clBhemcozpoondl accordihg manctadkude whebein

medi canent f I in r . preventi n- | nmedi at ed di sease or
condi tion i r?%;e torrfg(;i‘ng’raf)gl gz St tt?%’gl °m|"t¥gf e c Sy oo cl ai m 14,

wher ei n  saipthehlydRDidnge diral @¥hdirS8FSR; Obr CRIAId iR det 37 Bl byl
t ranspl ant r%égctlon, graft versus host disease, an autoi rmune di Sease.
16. The. useCHeEVr dir GH2THCN @rnCHAN [CHBhivbi natt | wiremé itth RanaaddRy | ol

I Mmunosuppr @g&aRt ¢l epar at e_dosag or r as part of, said conposition
for the rranu?(%gt ttJ:Pge?)the% %gd?c?ﬁrﬁ'eﬁts E?.Lrﬁg]gaﬁ?gﬁrg@ﬁ%dgﬂ?ﬂﬁ- according to
claim12 or 13 for the manufacture of a nedicanent for inhibiting viral

replication in a mammal 18. The use accordi ng_to claim17, wherein said
mamal .is suffering ff8m aTRer sPPapadt feaoTdilnadtdyclaimiy usvsatedat ed from

ort honyxovi kH$a B8 Vi LU 2, v p LI LS, royirus. flavivirus,
pesti virus, 18[‘;epat oa{)opﬁi %gv?}aﬁgc{g%nggé#r%zy éﬁ%t(g%n&%}m%%? arp?ar u.
in Table 1.

. 11. The compound according to claim 10,
wherein said compound.is selected from any one of
compounds 1, 23, 26, 27, 29, 32, 76, 80, 87, 89, 98, 101,
103, 104, 106, 108, 110, 157, 163, 169, 171, 181, 185,
186 or 187 in Table 1.

12. A composition’ comprising a compound
according to claim 1 in an amount effective to inhibit

IMPDH and a pharmaceutically acceptable carrier, adiuvant

or vehicle.

13. ‘The composition according to claim 12,
—furthex compxising an -additional. agent selected from.an. —
immunospppressént, an anti-cancer agent, an anti-viral
agent, anti-inflammatory agent, antifungal agent,
antibiotic, or an anti-vascular hyperproliferation.

compound.

14. Use of a composition according to claim 12
or 13 for the manufacture of a medicament for treating or
preventing an IMPDH-mediated disease or condition in a

mammal .



virus, human papilloma virus, encephalitis virus, arena Vvirus, q.\/%g PURN
vesi cul ar stomatitis virus, rhinovir-us, enterovirus,-Lassa fever ,
togavirus, poxvirus, _ adenovirus, rubi®da, or rubel la. 19. The use
according to claim17 in conbination wth an additional anti-viral agent
In a separate dosage formor as part of said conposition for the

manuf acture of a. nedi éanenThe @9e akeondimg coymasii an ,a¢eRLdiRg to claim
12 or 13 fo e facture of .a nedi cament for |nh|b|t|ng vascul ar

cel lul ar hyp%r%?of@@#a’?e%h 2t d eeARe OBrapdition is zeleTheduseom

accordi ng t otxhmsl 20t f 66§ ééE€RENH Nogr HF e RFSMEIY ']-H;% ¢ Bl nosi s, _stenosis,
artherosclerosis, or other hyperproliferative vascular Fgeaé 22. The use

according to Futaimmere | fiseaFgnation with an additional anti-vascular
hyperproliferative agent in a separate dosage formor as part of said

conposition for the ure of a medicanent. 23. Use of a conposition
according to claim 12 C%‘%d'}s RESHE GG ter s18imaldeicanent for

i nhi biting thmrrmtamhwuleraﬂ BERIEORN ifhund rding to claim
23 to treat or Eﬁpr event nphoma, | eukem alangno?§8#§§%$grr§80 N ncer. .25.

The use accS &GS Qq%% ZHrm, oxc @sbbaati off wail aompoish tiemafornt i -t unor
or anti-canégye n@gﬁﬁtad %%pgrgl%% ggmaﬁg formor as part of said
a

conposition for the manufacture ment .

17. Use of a composition according to claim 12
or 13 for the manufacture of a medicament for 1nh1b1t1ng

viral replication in a mammal .

18. The use according to claim 17, wherein
said mammal is suffering from a viral infection caused by
a virus se}ected from orthomyxovirus, paramyxoviras,
herpesvirus, retrovirus, flaﬁivirus, pestivirus,
hepatotrophic virus, bunyav1rus, Hantaan v1rus, Caraparu
virus, human papilloma v1rus, encephalitis virus, arena
virus, reovirus, vesicular stomatitis virus, rhinovirus,
enterovirus, Lassa fever virus, togavirus, poxvirus,

adenovirus, rubiola, or rubella.

19. The use according to claim 17 in
comblnatlon with an additional anti- -viral agent in a
separate dosage form or as part of said composition for

the manufacture of a. medicament.

20. Use of a composition according to elaim 12
or 13 for the manufacture of a medicament for 1nh1b1t1ng

vascular cellular hyperproliferation in a mammal .



26. Use of a conposition according to claim12 or 13 for the' manufacture
of a nedicament for inhibiting inflammtion or an inflamatory dlﬁbﬁﬁbﬂm
a manmal . .27. The use according to clai®h 26 for treating or preventing
osteoarthritis, acute pancreatitis, chronic pancreatitis, asthma or adult
respiratory distress syndrone. 28. The use according to claim?27 in
conbination with an additi Jb8 U&® iAqGemddrgater plagBne0i for atsepking e
dosage for My giewiiiixef AR dHedBs48) 3 hErd003eB8et oor
manuf acture of "a nedi canent.

other hyperproliferative vascular disease.

22. The use according to claim 20 in
comination with an additional anti-vascular
hyperproliferative agent in a separate dosage form or as
part of said composition for the manufacture of a

medicament .

23. Use of a composition according to claim 12
or 13 for the manufacture of a medicament for inhibiting

tumors and cancer in a mammal.

24. The use according to claim 23 to treat or

prevent lymphoma, leukemia and other forms of cancer.

25. fThe use according to claim 24 in
combination with an additional anti-tumor or anti-cancer -
agent in a separate dosage form or as part of said

composition for the manufacture of a medicament.

26. Use of a composition according to claim 12
or 13 for the manufacture of a medicament for inhibiting

inflammation or an inflammatory disease in a mammal.

-27. The use according to claim 26 for treating
or preventing osteoarthritis, acute pancreatitis, chronic
pancreatitis, asthma or adult respiratory distress

syndrome.

28. The use according to claim 27 in
combination with an additional anti-inflammatory agent in

@ separate dosage form or as part of said composition for
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the manufacture of a medicament.






