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5 The invention relates to nucleoside analogs of this kind, having zero

substitutions or two substitutions at the C-4" position of the furanose (sugar)

moiety. The invention also relates to the preparation and use of these adenosine

kinase inhibitors in the treatment of cardiovascular, and cerebrovascular

diseases, inflammation and other diseases which can be regulated by increasing
10 the local concentration of adenosine.
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BACKGROUND OF THE | NVENTI ON Adenosi ne i s an endogenously
produced nol ecul e that plays a najor role in a variety of inportant
cellular processes. It is a vasodilator, can inhibit i mune function,
enhance activation of mast cells (associated with allergic éﬁ%ﬁﬁm}

i nhi bit neutropXP P %gen free-radical production, is antlarrﬁéf ¢ g

S an inhibitory neurotransmtter. Adenosine is phosphorylated to
adenosi ne tri phosphate (ATP) which is2used by all cells to store
energy for use in future energy- utilizing nmetabolic reactions or
mechani cal work (e.g. nuscle contractlon) Extracellular aden05|ne
frequently prouced by breakdoRlRisRN ir THEINVENTIOND! s evokes a

vari ety of pharnmacol ogi V. | ul ar
adenosiyne r gcept ors | 88@" ﬁ@@%ﬁ@‘é@ﬂéﬁ%@éggﬁﬁé %%hgl?fﬁgéﬁ@s&%ﬁoé or
exanpl e, relédnaes variety rof dmpertant cellulartprocdsseay dit ds/aatasbdilatmelcahadhlbnt
ef fects inclugi e | hlb lon, of platele Le |on,
and negative %Q@Péaﬁ@%ﬁ Sﬁﬁm@pﬁf}“ﬁ r’rﬂﬁsbpﬁe@g F qegg%ghg
heart. Aderfs rem:txeﬂ\s)qnhbit ne!f:ﬁopﬁl éﬁte”e-ihhl%amﬁﬂﬁﬁlomﬁ aﬁtl#irlﬁtrﬁﬁl@,r&nﬁs
(CNS) includi g i %Pltlon neu. otra smtter releas om presynaptic
neur ons and INAOBY + RGO BRosing, J§ BhosA ilqﬂﬁteﬂntcb Rosing the

spinal cord ampmspmte lcmsusea anraéuswstowalierﬁffdrwmumeéh%
neut r ophi | ad |onto othellal | s and bition of neutro h|l
oxygen free- r gg lﬁg i [eactions or mechanical worlk{ ﬁ@umgcbhmmmpg se

extracel | ul ar Exgesenes Blu%e %a{( nﬁ;é&g
particul ar]y under Cgﬁﬁ?h%'&?ndl |ong For&g& 4o oun Sl'afﬁ'i?pools

i ncrease atfen8YPkRs 3 wariaty of phamnacelpgical sesponses rough Hetl\(atloatclfremamﬂular

I schem c

benefitted by agﬁﬂ%:ﬁ%g@&ﬁﬂ@ﬁ%eg %@hﬁ%vsgﬁaws uc a ?? lfsomﬁ Poe%gﬁ'p le,
arthritis, seprdenasine preduces avariety afcardiovascularrelated mctsahcludmglvasodﬂatlon'l'he

compounds. g HERtbrtGF Blatbiet regafBh, &H il Alrafic Sofbrbront 8y HBpFupie
enzyne whi ch eﬂecngame heart. Adengsinesaiso haé effeatsmthxrawlemeatramémw\@stem
the cei 1 115 (GHSNABLAR Kifkish GrbuRAERIDIE: tleans rom HESKBRRIS néons iid
of the cell winhibition of poqblsyna;ﬁmoiemonﬁhhgzmbmlwmdﬂ-bvspirwcotdlﬁld Stsitediof ON
Sdenosi ne. ot MEMORRED sueh s lohbifclTR Rt fhesioR o oniithelish pelisARd o
and mechani sninhiffitioregfineatriophil oxyger/fresradici pratiuctibno be deam nated to

ne by adenosine d m nase (A
:3?:%5 IUS96 / {0 404 ! ompoun s‘h ll)"br"lcrease extracellular adenglgi?'le cargbe genef cial to

condensed 201 t livihg brgamnisms| particuldrly Undaf eartsy Coriitions S Fat anipié\dompbundd that
increase adenosine levels have been associated with the treatment of ischemic
conditions such as stroke, as well as other conditions benefitted by enhanced
adenasine levels, such as inflammation, arthritis, seizures, epilepsy and other
neurological conditions. The compounds are also useful for treating pain, as muscle
25 relaxants, and for inducing sleep.

Adenosine kinase is a cytosolic enzyme which catalyzes the
phosphorylation of adenosine to AMP. Inhibition of adenosine kinase can potentially
reduce the ability of the cell to utilize adenosine, leading to increased adenosine
outside of the cell where it is phannacologically active. However, the regulation of

30 adenosine concentration is complex and involves other adenosine-metabolizing
enzymes each with different kinetic properties and mechanisms of regulation.
Adenosine can also be deaminated to inosine by adenosine deaminase (ADA) and



hydr ol ase. The role of each of these enzymes in nodul ati ng adenosi ne

concentration is dependent on the prevailing physiological conditions, is
ti ssue specific and is not well understood. 5 A nunber
of nucl eosi des _including pyrrol o[ 2,3-d] pyrimdine and

pyrazol of 3, 4- MR 4N ne anal ogs have been eval uated for inHi BT oA G

adenosi ne ki nase but were reported to have K's of greater than 800 nM
Cal dwel | and Hender son, Cancer Chenot8er. Rep., 2:237-46 (1971); .
MIller et al.,.J. Biol. Chem 254: 2346-52 (1979). Afew conpounds have

been reported as potent inhibitors of 10 adenosine kinase with K's of |ess
than 100 nM m nseck withe Lhomonysieine dosSdasdenosylhomocysteine (SAH) by SAH

5' 5" d

15" bi o( adend BLOREE, T 88 &%’adﬁﬁsﬁgﬁ & thesh"Suzumes dp mpcuisiing, adnosine o
Nucl §o~t i ges ézman(ram)s) dependentien the rpmévagqng phyﬁi&legicaIRcondiﬁgmffts'zﬂme
5-i odot uberci di.n e ncer enot her a ep. ar .
3:71-85 (1972)%PeR ﬁﬂ%né’&@fm&qﬁt&?ﬁ Nat | . ~Acad. SC|py USR 80: 2829- 33
(1983)% 15 5Davies et aA. nuabar:rnfnnu&reas'mmhcluduaé ﬁﬂﬂo@%w&m@%d

23 gigxﬁ' (5'198 Mﬁ%g ga(n%iqg et an evaluatad. for | |nh|b|t|cr> "o géﬁﬁpsg}e

these conmpounddndsy bubwere wpadteumceha\bmqe 6418F than soamoscaﬁvdénr&ﬁe

i nhibition mght | ead 0 in reased ext racel | ul ar_adenosi ne
concentratlons'I 28 Champetner.dier R@Bﬁﬁl(wwf Mﬂ%’rﬁiﬁiné_ﬁiﬂbﬁm-e by
2' - deox fmw Aas 1RR.

rel ease from %%l cells, @9’1@)3 AIW%%’? aés't [ nhlt{)&ép%éu&ﬁdﬁ a@oge er WI t h

adenosi ne 19 nadenpgingkinase with /s of less thes HOP-nMn Fbeseanedbe pudne nucleosides, d

Gar o1 -, 20; Z5e0in R Fhost B 8 Kind, 1,17 30 gl yikBcecane

i nhi bitor aI or(E‘rewobemiI. golides, 8:2971(1989)): and theopyrreldpyrimidine

| at ed ddi t
5 % no- o - danielHelides crRboh erp@m BERBeBby & el e RanBheramyRep. 22 of
EHNA t o i nhi bi3:7t85n(1972); Bontemps emgmw_, 80282%3@1!83)
| ncrease o{ ﬁgom ne rel w% ul atory Function
Adenosi ne: 1¥B 1'391&3@ 8)r @pds SNQP@‘M’I%T
appar ent 30 nwdtweraamqnﬁﬂeeét é}DéldQPB% ﬁgﬁﬁao@fn, éa@ﬁ*?ﬁs bsd) §5:3091-

I sol ated rat hearts ferfuse erci one ave
reported no i R&E@886))i n perfusate adenosine concentration under

nor moxi ¢ condi ti ns Newgl! oPlnesebdiilsifds nave? dder? e 38 evalyate ehsiver V2,

96/ 40705
4 ( 1983)adecmosmedls|naa9 dokibitionamightclead tos incceasedc exttacellular, aderasineber g

L ke nalShBrosnisichs, R rukinie RO eriSLUC bt fon IR 1Y
conpared with dawcaﬁdmcmwasaeportbﬂfto baeeno eﬁect on adenosine release from the cells.
In contrast, inhibition of ADA together with adenosine kinase by 5'-amino-5'-

deoxyadenosine resulted in a 6-fold increase in adenosine release. Zoref-Shani et

al., J. Mol. Cell, Cardiol., 20:23-33 (1988). The effects of the adenosine kinase

25 inhibitor alone were not reported. Similar results were reported in isolated guinea pig

- hearts; in these studies addition of 5'-amino-5'-deoxyadenosine to the perfusion

medium, in the presence of EHNA to inhibit deamination, was reported to result in a

15-fold increase of adenosine release. Schrader in Regulatory Function of

. Adenosine; (Beme et al.) eds. pp. 133-156 (1983). These effects were not apparent

30 inthe absence of ADA inhibition, and other studies using isolated rat hearts perfused

with 5-iodotubercidin alone, have reported no increase in perfusate adenosine

concentration under normoxic conditions Newby et al., Biochem. .., 214:317-323




adenosi ne kinase (AK). The AK cells used in this study were said to rel ease
5 adenosine at an accelerated rate; the concentrati on of adenosine in the

growt h nediun1mas reported to be el evated conpared.to the nor mal
cells. Geen, Supranol . Structure, 13:175-182 (1980). 4%@@%?1
gui nea pig bra.ﬁ“&%ﬂg@g adenosi ne upt ake was reportedly | by
t he adenosi ne ki nase |nh|bitors 5- -1 odot uberci din and

5' - deoxy-5-iodotubercidin. Davis et al., Bigochem Pharmacol., 10 33:347-55
(1984). However, inhibition of uptake and intracellular trapping via

phosphoryl ation does not necessarily result in increased extracellular
adenosi ne, (19883); or under hypiic; @hnxdc ovisthiemiciconditioriss Achienbérg étal.p Bidrivers or

e oy el cd za e THARRE' Foer Bhate) 3R Ricind baidatsing botih measured in
The effects of neureblzstoma zelis irectitire anmcdnnparea Wiih Hsktrofsd Varidritt défieient i
o " AT 15, SRR e S
5-i odot uber @i dademsmé avan lagtelbfited ratehmeemﬁe@ﬁﬂauéﬁ Sf‘bdéﬁcf]

al., Cytobios 50:7-12 (1987) e a enos

ki nase i nhi bi tB\eg“"B was{eported tﬁé&(?'&&@@@mqu tarthe momdocelberaream dbave
b del t

5 oo 5! - dosdpiaindl SHULRE! $4:175182°1980F | In et WARE Glink i Hraf] pices,
short hal f |ifadenrgsine uptake wasoepoitedly inhilsitacbioy thebaderiosine kindse mhrbntors 5-

| | util t t b t
cl i nfcal 9t ool B and - R B3l b B! Blangas Brafaddios®
5' deoryf i‘3-1Dod33 :84&:55 (1984ha\Hovmven, inhibitidre of Uptalké amzbintraceliulaotrapgiflg via
ner tan t or ty in
e, i nt er pr ePiPRPBRARE st TRERSRY BRORIS insheaRy SlrmcegAdsnosies
in nice; and tsnndettheadendﬁlmdoﬂdwaheﬂméwt 1[57 e (1984)9$érgémagé'of
an

rats. Daves et al Bi oc col
35:3021- 29 ( 19%4§nesipg, being p °SP"P§5§ﬁHB Id E%Bﬁ'@l@ﬂm TREPsrad &9 dhe dotat) o
effects of theadermimumheaave been 30 poorl y docunented, while the other

effects wer,e consi dered ﬁ1l %ﬂl ficant toxicities. WD 96/ 40705
PCT/ US96/ 1630 ects of adenosine and certain inhibitors of adengsine catabolism,

Mor e recent reﬁ\@ﬁﬂﬂ%ld‘dﬁ%ﬁ@ﬁl%@b\kﬂ%@?ﬁhé?e &ﬂ‘gﬂg“é@{‘éq&ﬁﬁ%’ dog

adenosi ne kinase inhibitors are Kell et
(1992): Zhang “SWTSMM%F%% angreRarfusions -lodpébegyidin waserepoded o

gglr lelr §| e}BI glod Fl ow NEt a WSWED? ?4%%@%& Of t ISogt ?lor >
Neur osci ence Abs. 20: 14WMWM)adelWﬁlnealgnﬁmnhlm,(ﬂmmwbweoxyademlIﬁ)8 9
ol ca [ 020", 45 Sl hmyd TERRP. Ok, Phad Iy Bhphtdil mdE.on .
have a rol e sUsceptlbnhty of 5-amino-5'-deoxyadenosine to deamination, and henoe its potentially
short half life, and the cytotoxicity of S-iodotubercidin make their clinical utility limited
and may limit interpretations based on these compounds. The known pyrrolo]2,3-
dlpyrimidines, S-iodotubercidin and 5'¥deoxy-5-iodotubercidin have been reported to
25 cause pronounced general flaccidity and much-reduced spontaneous locomotor
activity in mice, interpreted to be skeletal muscle relaxation; to cause hypothermia
in mice; and to decrease blood pressure and heart rate in anesthetized rats. Daves
et al., Biochem, Pharmacol,, 33:347-55 (1984) and 35:3021-29 (1986); and U.S.
Patent No. 4,455.420). The skeletal muscle effects of these compounds have been
30 poorly documented, while the other effects were considered significant toxicities.



in brain functions, and show prom se in connection with the treatnent of

neur ol ogi cal condi tions such as seizures. One reference, Phillis et
al., indicates that the known 10 adenosi ne ki nase inhi bi tor

5-i odot uberci din apparently does not protect against i,ﬁ,g‘hebr
injury. Keil elw‘h?"“g'ﬂﬁscl ose that adenosi ne ki nase pl ays a k mgF

the nedi ati on of nervous systemresponses to stinulus, particularly pain
(anti nociception), but notes that the contgol of endogenous adenosi ne
concentrations by such neans is a conplex process requiring further
study. 15 Thus, there is a need for selective, potent, and
bi oavai | abl e adenosi ne Moreredemmencésmnbﬂnedmthheamadﬁnﬁmslahdeffedtspfl .e

comounds " iSRRI e ot IRt A BB el

adenosi ne | evgl, ﬁfﬂﬁaﬁmwm) 1418111998); Rhitlissetiall, agiféégclences, 53:
adenosi ne klnase L nhi t hese characteristics.
SUMVARY OF T -R02 (188 MM@W bral 8 %-WK&%&%

TG e y———ry i
nucle05|de anal og's Vi enosi hase

V\ﬂer (Ca:l 2 t hgs}‘ EQM(MM 9ndeetahMWH5ﬂmas%€tﬁﬂyeﬁhesmt I
and 25 mot nyPLBiBied BphstAL N bet alerBlife Bt IS B dlerr R RRlg L
-the sane, hb;ts in bralnfamchonf)tanuwhbwrpam;rggln'; clzogrr]\bcttm‘tﬁgh?emm of ?eutlrobgk:aatll
LTt i onal acGARRIGREE0R: s saRuras, Qi rbiefll, Fhulic S oL, 3AEEER FakeThd kngem
present | moenhdémslﬁ@hneseﬁmlblmn‘ﬁ-ﬁdﬂbtwdﬂht appatentty dosx et prbtect against
25Ul t 1 ng' 30 schomiscarebeni iy b Kefl et o o %%kﬁé@@é%%%ﬁ@émw%?%
fall within tif e Rediation of ndrisusPispStent rdspvAsés 26 - stimulus, partlcularl ain -
96/ 40705 PCT/ US96/ 10404

6 (antinocicepfina); butnates hatthe spptral of erdqoprous adenosing cRneaiiations
i nhibitors wi b? such meﬂﬁ‘s Wb@ﬁp@%ﬁ%‘r@q&tﬂn@furﬁiegﬁﬂdycam l'y higher than
ot her known adenosi ne ki nase i nhi bitors. The conpounds_are al so

nont oxic, Warticularly Th\‘scfbﬁi’?e't??lﬂﬁ?d\ﬁ?ﬂ-‘#$|qq|%i’°te“t anﬂ@mva&gble?ﬁgnosme
[ nvent i on CONRga el WL USe REIIe!£8. conlSoub AR b b expBitbd 15

conpounds e lnvitro an In vivo aden05|n I nase I nhi
activity of beneficiglly influengasncantrol andogerious egengsing kinase activibia andtherefore,

directed to t@ﬁtrﬁiﬁ%l:ﬁla?aédéﬁ% ing' levels. GI'E@ &?ﬁ%ﬂag%ft@g iﬂ@érﬁﬁ:’?\eaﬁdgﬁ%lé‘e

concentrations I n oglca syste In vivo I n tion
of adenosi ne ladamq)klaaammlmﬂmbamngﬂmse@hatactenstlcs

20 SUMMARY OF THE INVENTION
The invention is directed to novel pyrrolo[2,3-d] pyrimidine or
pyrazolo[3,4-d] pyrimidine nucleoside analogs having activity as adenosine kinase
inhibitors, wherein the furanose moiety has zero substituents or two substituents at
the C-4' position. Preferred substitutents are hydroxymethyl, aminomethyl, and
25 methyl. Most preferred are compounds where both substituents are the same, but
are not both methyl, or both substituents form a small ring, such as cyclopropyl. In
addition to the furanose moiety, additional asymmetric carbons may be present in
compounds of the present invention, for example in the substituted heterocyclic
pyrrolo[2,3-d] pyrimidine or pyrazolo[3,4-djpyrimidine ring. All of the resulting
30 isomers, enantiomers, and diastereomers are considered to fall within the scope of
the present invention.



adenosine resulting in higher |ocal concentrations of endogenous adenosi ne.
10 : The conpounds of the invention possess advantages for
pharmaceuti cal use such as enhanced pharnacol ogi cal selectivity, efficacy,
bl oavail ability, ease of manufacture and conmpound stability.

The conpounds oWO3640708yention may be used clinical ly to treafGTAEPHFL04
conditions where an increased |ocalized adenosi ne concentration is
beneficial. 15 Accodingly, the invention i directed to the treatnent of
~ischem c conditions such as stroke, as well as other conditions
benefitted by enhanced adenosine | evels, such as I nfl ammati on,
arthritis, seizures, ep|Thgseycqnuoundsearenseledivngadanommmsenahlbifbs with

d : | t
compountds ar e ghRabSRkHbarktl th PBGHAE AR o BN HEHE kPl AP Suo Bl
gr odr gg sdand gh{hibitmﬁeuﬂ'he @b{npounds arecalso ?bhbxmabhmcufarlyh?! c@?ﬁﬁbﬁgﬁﬁﬁth I:vetr

escribed, and,to.phacmageut 0 ons e for differen
routes of dr ugf%ﬁ FYQWI'%H G\fnf)f?'ﬁﬁh% gﬂxgppg%ds(j'lems ves, tearreperatien of
effective aﬁoumesebompdwsr athe 4P ARO bRd _@Léﬂdud&nﬁ@ kl'hasa mhnbmon activity of

har macol o |caII acce le carrier
IIgCT/ US96/ 18 4041 pgundg Another aspect of the invention is dlrected to the qlmlcal use of

Definitions the compounds to incredé&adétdsil Eshdeiriio 6% For
fol |l owi ng neani ngs. The term ™ary reférs to arorratlc

groups, which ®XAraple; ingdva inhibition ef adenosmm\hnageap@yﬁm;gahwmrylaﬂimtorf on
system i ncl udagghdeife .%samﬁb i 9%@@Pﬁ¥£l'doﬁc§ﬁﬁt¥éhsou s of enBBhéHdU HenBsiRbY | 2N

bi aryl groups, e optiona
Car bocycli d0aryl groups Biee compgundshef cithe allmvantlenr mogsessonadvamtagas for

opt 1 onal Iy sqbRnemaclied] st buh °&F enffided bHanHK o cal Belodfvti B,
phenyl subst|thfoawallapxlmy;eaaseofmaaufas:tuneandmrnpmundstabmtw eferably | ower
perhal o Lover al kyl . 1 ot eompeii orthe igticR ey 02 st i AR test medical
al kyl a][n' no, conditienshwhere do inareasexliccalizetbadénodgiriee cohteritrationl mlbenaﬁdawl

t
o bocyor i 45| Adboanal dnBinveriiony s Hrcia 18156 TEatig bffsdiemt cBniiiatt suen e
gt S v byt b aoivipntoeipot finiaptria i 2‘#%"’“? ic
g and the. r BTN, ariifs, BirEre, sRBned anstpthebedrolodieal Gandens

het er oat ons | nedmpbundsmealso&usbfull for tasating phinp as Imus%Mellé%‘ah&dQn& Hralﬁduclng
thienyl, pyrid leéppyrrol yl, pyrimdyl, pyrazinyl, imdazol yI' and the |TKke,

all optionall substi t ut ed.
20 The invention is also directed to prodrugs and pharmaceutically

acceptable salts of the compounds described, and to pharmaceutical compositions
suitable for different routes of drug administration and which comprise a
therapeutically effective amount of a described compound admixed with a
pharmacologically acceptable carrier.




Optionally substituted furanyl represents 2- or 3-furanyl or 2- or 3- 20
furanyl preferably substituted by | ower al kyl or halogen. Optionally

substituted pyridyl represents 2-, 3- or 4-pyridyl or 2-, 3- or
4-pyridyl preferably substituted by |ower alkyl or hal

Optional ly subsVP 8 %E thienyl represents 2- or 3-thienyl, or __%ynuuu
3-thi enyl preferably substituted by |ower alkyl or hal ogen.

The term "biaryl" represents phenyl substiTuted by carbocyclic aryl or 25
het erocyclic aryl as defined herein, ortho, neta or para to the point of
attachnment of t he phenyl ri ng, advant ageously para; biaryl is also
r epr esent ed as theDjfpé.lQﬂ;H[err] substi.tuent where Ar is aryl.

The term "aral kyl" refe cﬁﬁhﬁe}‘ﬁ‘n i ryl
group. Suitable aral kyl Fl-iggr?)dtips | %g@b%yf\ﬁpﬁﬂ&fﬁﬁfﬁny%rﬂ@% ke, and
may be: 30 optionally Fboetermt“atyldefers to aromatic groups)\@hix haveoat least one ring
PCT/ US96/ 104

The Lo "1 ondiaving. A.SanHgales! Ri.pIBFon SYRET nsluding fir xasmels sabacysiic and

or fcorrpg:mob rieterocycliccaryl drd ibiaryl gmﬂpsyvall lof wehitto maydbe I’ophudallygsﬂbstltuted
preferably up

ncl udi n ad eo0 one or t car bon
atons. Such gréﬂM? a[ygglroupsuag?p r}lq'iﬁ' ll %PSM%O"%?F”""W"’ ring
The terms (a) arlckibontonie) suck bs phaml Fdinciuded ard saotuorfauybbuétm%henyl
respectively, refer to t he %P? & - wherei n respectivel

al kyl and R |groups, beingprefg &yl er pheny| substifiiteqkby ong tg thraﬁ(au tituents,
hydrogen or arpfeferaBg 16wer dikyl, Sh)gqéﬂat%wer alkosd/) fowar dll?aﬁb\ﬁl&?gﬁ‘élogén gyahky! -

The term"acylam no" 'refers to

" car bonyl| " 19 efRarhaioolower @jkyl, lower acylamino, Iower alkgxyecarhaonyl, "amipo; aﬂwlaswao.t 0
RC(O) - where Rdriso@hviidd, m&é@#arrbéé al’-‘l‘iﬁhqr i *.lded a@ﬂ@é&(@gs sedwithafiveor

The term "car boxam-de" ar boxam efers to - erein
Ris.i ndependeﬁl’ﬂ'ﬂ? @#WOWWMIWWOWIIQWQB@PMUY cariaining one or more

The term "al kyggt rro'éf dﬁ ﬁ ﬁlrl&m r.Igr oups i ncl uding
strai ght - chai n, ran I C gr optionally containing one
or nore het er oat orrt;leterocycllc aryl lroups are gmdmmgrhmi ka4 heteroatoms=as o

oo o poodd i BRI Bt B rompiefhe 9 RS BRE dihe
optional l'y corSlatahlen gieteteatomsnnclade xygery t sulfar, sanmnmgeu,ym 1ncmdd furanyl,r
glr E)nge\r/]\hi ch Ctlo"omng ,?YQ?V' pyrrome )} H‘yl BiAssh n)f(l |m|deaz§1yls ana the ﬁl?et uarllaotp?'ongli <y
substituted.
Optionally substituted furanyl represents 2- or 3-furany| or 2- or 3-
20 furanyi preferably substituted by lower alkyl or halogen. Optionally substituted pyridyl
represents 2-, 3- or 4-pyridyl or 2-, 3- or 4-pyridyl preferably substituted by lower alkyl
or halogen. Optionally substituted thienyl represents 2- or 3-thienyl, or 2- or 3-thienyl
preferably substituted by lower alkyl or halogen. b
‘Theterm "biaryl" represents phenyl substituted by carbocyclic aryl or
25 heterocyclic aryl as defined herein, ortho, meta or para to the point of attachment of
the phenyl ring, advantageously para; biaryl is also represented as the -C,H,-Ar
substituent where Ar is aryl.
The term "aralkyl" refers to an alkyl group substituted with an aryl
group. Suitable aralkyl groups include benzyl, picolyl, and the like, and may be
30 optionally substituted. '



| east one carbon-carbon triple bond and includes strai ght chain, branched,

or cyclic groups, optionally containing one or nore heteroatons such
as oxygen, sulfur, or 25 ni trogen. The term "am di no"
refers to -C(NI—Q'v The term "am dOXIITD refer

- C(NOH) NH[ er r] . WO 96/40705 The term "guani di no" refers &
-NR[err]CN(R[err])NRlerr]R err] where Rerr], Rerr], Rerr] and R4
are independently hydrogen, alkyl or aryl @ oups. 30 The
term "am noguani di no" refers to the group
-NR[err]NR[err]CN(Rlerr])NR[err] R err] where R err], Rerr], Rerr],

Rlerr] and Rierr] are i fhedenmi¥ower réforadioderein lik gonrisction withorgatis radicals

\é\lc::)T? 3/832/788 4040" compounds respectively defines such with up to and including 7, pgeferably up to

The term" ureldahnclaﬁ’ngﬂamadvanﬁgml el sritwb CafBohditermns] Bueh gloupehdy be

Rerr], R2 and ndently hydr ogen, al kyl or aryl groups.
The term "car bmsh‘&%é to the group - COOH. The
term "acyl ggani di no" r ef‘l‘?kste aﬂ(ypdﬁnno" (b “arylamlno" anclJ (© ;'Qal 5am|no"

Rrer!] are | notasesrbl e rln%ﬁmwﬁ@@%ee@mrsée@wgb @ Risalkyl and R s
The t o
The tor m " al ky kogerh ST e 16) Ris Bl BRARTE icrofidbl 551 SR el

saturated al i paad Rclsrh!dl’mh or aralkyl. The term "sul f onam do" neans
-SCIerr]NHRWnere Ris I ’ The
Icmg t@%%@ﬁ{e@%ﬁ%ﬁe&@pg.f | uor 0, | ower

term "N sul fonyl am ne" nmeans
perfl uoroallRyl or | ower Thieldetm "carbonyl" refers to -C(0)-.The term " N-acyl at ed

sul fonam de" refers to ere al kyl
or | ower perfluoroal kyl tﬁl‘% Fﬁu@wﬁ%ﬁg J\%) ‘gpﬁ’{e\,\gd&%kyrlﬂ ?WL&E%I"YI’ or
general |y refealkenyh the nitrogen atom of an al kyl amine and inplies a
conpound whose conj ugat CI d.,l us_spl ytion Qﬂaj,s t he
range of 9 to 11. rb°’&ﬁ‘f§et%rr ﬁ?’%ﬂ"éﬁ“ Tefars Qiﬁ&w&amn
conpound t hat mmmdémemymumgen lower alid/l ot lowet &g the “drug” but
when adm ni gtered to a ca,lI ﬁs mgene tes the 20 "dru subst ance
either as d%result of s Bﬁt alky éég'!rﬁ iphgtic g including
catal yzed or nambhﬁnrmmhearchaﬁeimw@gr@psadmdrﬁuy%bhﬁnﬁn@bﬁé%#ﬂﬁré uch
as acyl eéqters car bonat es, and urethanes, included herein as

The

exanpl es. illustrated are exerrpl ary, not exhaustive and one

skilled in the art coul gheté&R™akeny! refél%*i@bngélgwedaﬂ(y%rbﬁﬁs Ghich'caritaid at
~Such- prodrugs fall within the sco%
least one carbon-carbon double bond and includes straight-chain, branched or cyclic
20 - groups, optionally containing one or more heteroatoms such as oxygen, sulfur, or
nitrogen.
The term "alkynyl" refers to unsaturated alky! groups which contain at
least one carbon-carbon triple bond and includes straight chain, branched, or cyclic

groups, optionally containing one or more heteroatoms such as oxygen, sulfur, or
25 nitrogen.

The term “amidino” refers to -C{NH)NH,_
The term “amidoximo” refers to -C(NOH)NH,,
The term “guanidine” refers to -NR,CN(R,)NR,R, where R,, R,, R, and
R, are independently hydrogen, alky! or aryl groups.
30 -~ Theterm “aminoguanidinc” refers to the group -NR,NR,CN(R,)NR R
whereR,, R, R, R, and R, are independently hydrogen, alkyl or aryl groups.



25 invention. The term "pharmaceutically acceptabl e
salt" includes salts of conpounds descri bed herein derived fromthe
conbi nati on of a conpound of this i nvention and an organic or

i norgani ¢ acid. The caonpounds of the present invention ¥ g1 N
both free base W45 form A water sol ubilizing group is a grl%%gli#

WD 96/ 40705

PCT/ US96/ 10404 9 10 I ncr eases
the solubility of an inhibitor by a factor of at least 10 and preferably at
| east 100 at pH values suitable for intravenous adm nistration H4 to

pH 10). In practice Thetems &ureido eeifars taothe groupNRyC(Q)NR:R; wheneR ¢ R, @neh
both forns ar i1 hi i nvention. 5

The termtr ea%%%%@%ﬂ@%@&g&gﬁ% ac ig&oérw élpeut i c adm ni stration

of compounds of the i nVEme feom “carboxyliccacidirefers tcaﬂmlgrwlat-ceﬁl'bf di sease or
synpt ons associ at ed ease, . ol b ' ' or
derived fromthe rﬁ?ﬁgeﬁ" Fﬁﬁu%q'gﬁer%géﬁsﬁﬁ%g%&ﬁéﬁlﬁh éﬁ&? ﬁﬁ,‘ﬁ,
WO 96/4070% where R,, R, R, and R, are independently hydrogen, alkyl or aryPgroup&96/ 10404

ilﬁvention relates to C%TQHEE‘D ms?mfﬁIgﬁé?%rﬂwwh%%n%ﬁed o The

pyrazol of 3, 4-d] pyri m di meeuﬁi'ﬂaﬁeﬁb? réfers e gsdivdlerit etraightchhin dribramghedchaini t y
as adenosi ne ki nase_ i nhibjt [err]
saturated aliphatic radlca
The term “sulfonamido” means -SO,NHR where R is hydrogen or lower
10 alkyl. .

The term “N-sulfonyl amine” means -NHSO,R where R is fluoro, lower
perfluoroalkyl or lower atkyl.

The term °N-acylated sulfonamide” refers to the group -SO,NHCOR
where R is lower alkyl or lower perflucroalkyl. '

16 The term “basic nitrogen” generally refers to the nitrogen atom of an
alkyi amine and implies a compound whose conjugated acid in aqueous solution has
apKaintherangeof 9to 11.

The term "prodrug” refers to any compound that may have less intrinsic
activity than the "drug” but when administered to a biological system generates the

20 "drug" substance either as a result of spontaneous chemical reaction or by enzyme
catalyzed or metabolic reaction. Reference is made to various prodrugs such as acyl
esters, carbonates, and urethanes, included herein as examples. The groups
illustrated are exemplary, not exhaustive and one skilled in the art could prepare
other known varieties of prodru's Such prodrugs fall within the scope of the

25 invention.

The term “"pharmaceutically acceptable salt" includes saits of

“compounds described herein derived from the combination of a compound of this
invention and an organic or inorganic acid. The compounds of the present invention
are useful in both free base and salt form. A water solubilizing group is a group that



FORMULA 1 wher ei n: A and B are both hydrogen, or are each

i ndependent |y al kenyl, the group (CHerr])[err]Q where nis fromlto
4 and Q is hydrogen, hydroxy, alkyl, al koxy, am no, azi do, or hal ogen;
or A and B together forma ring of from3 to 6 carbons, the ring 10
contai ni ng 0 t V@9{#78% oat ons sel ected from oxygen and nitrogEﬁﬂyﬁﬂmm“"
optionally substituted by Q as defined above; D i s hal ogen
aryl, aral kyl, alkyl, alkenyl, al kynyl optfi@onal |y contai ni ng- one or

nore heteroatons such as nitrogen, oxygen or sulfur, haloal kyl, cyano, or
car boxam do; 15 E is_nothing when Y is nitrogen; and is hydrogen

hal ogen, or al RgIeaspsthe solubility of an irhibilas Ry a factor of at least 10:and preferably at least
aral kyl, halo \ i ! qﬁhﬁq | ko | i Y,
aryl oxy, aral gklypﬁemvg%%ﬁééﬂér y Yﬁr;id(g’s ar al f(t{ﬁ?iéﬁl(éﬁ ﬁB‘di?m). In(g?léét%
hydr ogen or haheyseof sall form amourits tousexf base formn bothdgams are within the sépe of]
and Z[err] areg.i eptly hydrogen, acyl, or taken together forma
cyclic caiﬁ%ﬁ%&gspﬁxﬁ&ﬁﬁarnaceuticaIIy accept abl e salts thereof.

WO 96/ 4070% The term treatment includes prophylactic or therapeutic administration
PCT/ US96/ 10404

Preferably, AChRMREUNds of the invantion,for the qure oF amsfieratien R&pi,sea%gmptoms

preferably ar asbyciategewity dise@bé,eand irichides QriyBsrAib obtaided 8 detived frosY BsY .
or am no. Also refered are coggpunds where A and B forma ring of

from3 to 4 c&dmipistration ¢f4ne described,compounds.oat oms. Where A and B are not
the sane, they are each chosen fromthe 5 group consisting of nethyl,
CHerr]OH CHerr]OCH err] and CH err] NHerr] . Zis preferably
hydrogen, or in prodrug formis preferably acyl or carbonate ester.

Dis preferably hal ogen, heterocyclic aryl, phenyl or substituted phenyl;
E is nothing when Y is nitrogen and is preferably hydrogen when Y is



carbon; 10 Gis preferably hydrogen; and

F is hal ogen, am no, arylam no, or heterocyclic arylam no, nost

preferably phenyl am no or substituted phenylam no. Preferred substitutions
are hal oge aI Kk al koxy, or alkylam no or other gr ouw&,ﬁ?m ng a
basi c or aci di (‘,’Vd ‘?gunctl onality that inproves water solubility e nost
preferred substitution is at the 15 para position of phenylam no. For
exanpl e, prefered conpounds of the inventitdn include those where F is
phenyl am no, substituted at the para posi tion with hal ogen (e.qg.
fluorine) or a water-sol ub|I|2|n Exenpl ary
substitutions of the aryl BEIA s whi ch i nprove
wat er sol ubili-ty h )noE er E}”ﬂn d 20
Tis an al kyl chai ?ﬁgf H@@PLR%WQ(@F% 'g}ms c{)ﬁr%(teal ‘g nore nitrogen
at ons, N-pyniazalof3|4d)pyrinidine nuabosdexamalogs\loﬁrﬁamylaam having activily as,
guani di no, acy, yclic derivative of am dino, guanidino, or
anm noguani di noédegoﬁgg%%ﬁ%tor& aryl group, or a 5 or 6 nembered
alicyclic r§ng containing at |east one l?;a5| C nitrogen and optionally
one or nore oxygen atons, and optionally substituted by CONVW , 25 where
each V is independently an al kyl chain, JQt | east @ne of which cont ai ns one
or nore basic nitrogen atonms, an } H y oxygen atons, or V and V
toget her form a six-nmenbered rin g at | east one basic

ni trogen and optionally one or A’gw BEONS. Addi tionally the
PCT/ US96/ 10404

WD 96/ 40705
13 group such
as sulfonic acid, carboxylic acid, sBuar(y cid derivatives, 5-tetrazolyl
and ot her b|0|soster|c replacenen
but not limted to, those descr|

oni

carboxylic acid group such as,
|n Carini et al, (J. Med. Chem

34,2525 (1991)) and references Ci te herein. Simlar substitutions can
al so be made at G oup Dto irrprove solubility. It
wi |l be understood that conpounds accar di ng%zo the invention, when made

according to the nmethods set fortBRORMOIA 1or by ot her nethods, may be
provi ded i n bogkerdimast ereoneric fornms. Usually, one formw || predom nate
in the reaction m xture, however, bothformsmase wi thin the scope of

the invention. 10 AandB are both iydmasgs 0pArq #ach: Bﬁ'ﬁﬂﬁ!‘ﬂbﬁa“fw ghe geup
| nvention are ('(?"I-Ev %érép i€ from 1 téﬁ ers hﬁ?]ré RinfiA6,u9S

may be prepare gsterrficatlon I’OX g ‘on ?%e sugar

ring. Speci al | 32i¢9,&r halogani®n A apd E meﬂzﬁr@merrmaffrwsii to 6 carkans; therringe
‘the water §§! Uidthihig® 88 HetdiBatoms selected from oxygen and nitrogen and optionally

substituted by Q as defined above;

D is halogen, aryl, aralkyl, alkyl, alkenyl, alkyny! optionally containing one or
more heteroatoms such as nitrogen, oxygen or sulfur, haloalkyl, cyano, or
carboxamido;

15 E is nothing when Y is nitrogen; and is hydrogen, halogen, or alkyl when Y is
carbon;

F is alkyl, aryl, aralkyl, halogen, amino, alkylamino, arylamino, aralkylamino,
alkoxy, aryloxy, aralkyloxy, alkylthio, arylthio, aralkylthlo

G is hydrogen or halogen;

20 Y is carbon or nitrogen;

Z, and Z, are independently hydrogen, acyl, or taken together form a cyclic

carbonate; and pharmaceutically acceptable salts thereof.



SYNTHESI S OF ADENCSI NE Kl NASE | NHI Bl TORS 15 The conpounds of
the invention can be made by several reaction schenes. Exenpl ary
synthetic routes are given bel ow. The synt hesi s of -

conpounds of th [ t invention can be viewed as consi §td 9%{ e
fol |l ow ng steps%‘f’»&f‘g’@?eparation of the carbohydrate 2, (B) S‘;cll%&e a{'fg{i o]
of the heterocycle 3, (C coupling of the carbohydrate and the 20

het erocycle to provide a protected internedRate 4, (D) nodification of

substituents on t he heterocycle and carbohydrate; and (E) renoval of

the protecting groups Schenme 1). Each step is discussed bel ow [err]
[err] [err] [ rablypA and B aregthe same, but aremot both methyl, and most

SCHEME 1 . ) _
PCT/ USO8/ 10404 preferably #&9&6&9& 9|5(CH,),,Q wherenis1and Qis hngxy, or amino. Also (A
PREPARATI ON  OF prefired arescpmprunts where A and B form a ringloffidm @ o4 eatbons having 0

bohyd ' f hesi f f
Formila 1. Sfe%bk%%%"% D0y A S B I B Iy He.ersh ees from the
f hyl , rolspreohsisting:raf methyl) YCH,OH, kS HOTRD raridh k 5
h;gpogﬁre%/hyl ag%w%g%%ﬂngl .yl'llrﬁHf r gI a@& car%ﬁféﬁg’t egz}aﬁra?rbrr?é:b'?rom
t he known 2, ﬁmlﬂﬁlr?fg?g%? QnGER9Rate @sieh o e 2) . See,
Leonard N. J. et alD islprefdedbly halygen, helefsdyciit arfiBphéryP6rsubstitife pXy

oph

group is introduced to to. . make 6, by the ,rretﬁod' of Snyder J. R’ et
~al . Carbohydr. Res. 163?Em‘q‘&@%%ky'eﬂﬁ@'meén%EW?%MW%WB,GHY'S
al kyl am no, al lggtdohi o and alternatively al koxy carbohydrates 10 - are nade
by first trgpsformng the 5-hydroxy into a |eaving group L, preferably
mesyl ate, tUSylate, trifPlHP Blyhydregeshand or halide. Treatment of "7

with a nucl eophi | e, .ig.halgr, Uinind| H/idHinGS or hétefoty a8 BRvlamino, most
al kynmer capt an, al cohol or other
preferably phenylamino or substituted phenylamino. Preferred substitutions are
halogen, alkyl, alkoxy, or alkylamino or other groups containing a basic or acidic
functionality that improves water solubility. The most preferred substitution is at the
15 para position of phenylamino. For example, prefered compounds of the invention
include those where F is phenylamino, substituted at the para position with halogen
(e.g. fluorine) or a water-solubilizing group.
Exemplary substitutions of the arylamino or phenylamino (Group F)
which improve water solubility have the formula (CH,),T where r is from 0 to 3 and
20 Tisanalkyl chain of O to 16 carbon atoms containing one or more nitrogen atoms,
N-sulfonylated amino, admidoximo, N-aminoguanidino, amidino, guanidino, acyl
guanidino, cyclic derivative of amidino, guanidino, or aminoguanidino, a heterocyclic
aryl group, or a 5 or 6 membered alicyclic ring containing at least one basic nitrogen
and optionally one or more oxygen atoms, and optionally substituted by CONVV’,
25 where eachV is independently an alkyl chain, at least one of which contains one or
more basic nitrogen atoms, and optionally oxygen atoms, or V and V' together form -
a six-membered ring containing at least one basic nitrogen and optionally one or
more oxygen atoms. Additionally the water solubilizing groups T can be an anionic



precursors of am nes such as azides or protected am nes provides

I nt ermedi at es of formula 8. The isopropylidene is then replaced for

| ess reactive protecting groups, 15 preferably benzyl, according to

met hods wel |l known to those skilled in the art. For exa &m&ﬁ@g

W, Protecti ve QWML n O ganic Chenmistry, John Wley & Sons W Yor k
(1981). [err] SCHEME 2

Car bohydrates for conpounds of Forrml al dBere Ais hydroxymat hyl 20 are
made by the nethod of Barker R et al. J. Org. Chem 26, 4605(1961), to give
conpounds of formula 9 where A" is preferably benzyl protected

hydr oxynet hyl group such as sulfonic/mid) @anmxglic acid, squaric acid derivatives, S-tetrazolyl and

PCT/ US96/ 1040

The car bohydr §Pl?' 8 fo ii"éf‘?ﬁjﬁ rgplfc?@emsepfe§ )l b)?xﬂpei?éq grc?uB);upﬁ %sn@fm limited

11 | Est-lrat ed ifo, Sﬂ@dwn:glanb&macmmalg (Jrﬁxédzlcrwnvsaszm (1991)) hnfdréhréﬂcegr a
ithio er edi t hi the p ese ce of an acid or
a Lewi s acid, °E?€ %lmllar sgé%ﬁ@ﬂp %8‘? P8 ?free?t foup F%Wmﬁ\f’@

di t hi oacet @ §g|ubmgydat|on of the generated 5 alcohol using well
descri bed net hods and reagents, e.g ‘Eél’l di ni um di chr omat e, pyridi ni um
chl orochromat e, Mffat Bmibaurvﬁrstgqﬂ mnqgndﬂecq&y#lnaltm&e ipventidn Whensyem

oxi dation, gi m&s&e&annblto tﬁb%éﬂ'bﬁﬁ s%??éﬁwbbm i By bhBr HetRdls, Jnay be

organonretal lic B - preferably organolithium stereoselectiV
provi des tert pa:p\gdgql inbbeth diasterepmeric forms. Usually, one form will predominate in the

reaction mixture, however, both forms are within the scope of the invention.
10 Prodrugs of the compounds of the present invention are included in the
scope of this application. Such prodrugs may be prepared by esterification of the

hydroxyl groups on the sugar ring. Specially preferred will be the ester derivatives
that improve the water solubility properties.

) EAD SINE KINASE INHIBI )
15 The compounds of the invention can be made by several reaction
schemes. Exemplary synthetic routes are given below.
The synthesis of compounds of the present invention can be viewed as
consisting of the following steps: (A) preparation of the carbohydrate 2, (B)
preparation of the heterocycle 3, (C) coupling of the carbohydrate and the
20 heterocycle to provide a protected intermediate 4, (D) modification of substituents on
the heterocycle and carbohydrate; and (E) removal of the protecting groups
(Scheme 1). Each step is discussed below. '

F F
D D
N I N I
F | P Y. |
B\ 0 D NN L v e
H N B\ o BL 0
' A + ll\ N — — \
P ibP g NHX\E A 1 A
' ! 2 PO 0P, H(; %)H
2 8 4 1

SCHEME 1



di t hi oacetal protecting group is renoved using a nodification of the
procedure 10 developed by Fetizon M et al J. Chem Soc. Chem Conm 382

(1972), involving treatment of thioacetal with iodonethane and an

i nor gani ¢ base, c??; bly cal cium carbonate. Alternativel

di t hi oacet al ﬁg) éﬁ"gon procedures aré known which use .PX{{ such
as N-hal OSUCCI nimde, cupric, nmercuric and silver salts. However t he

use of these oxidative procedures is preclidled for conpounds bearing 15

i nconpati bl e functional groups such as thioethers, azides or am nes.

[err] 12 2
SCHEME 3 (A) EPARAT CARBOHYDRATE C- substituent may be

49(8) - 1501(1979) wher e Qf@%yﬁéﬁ%%*g@%ﬂ*dﬁ@é%@%gﬁé@;mﬁ%ﬁﬁ
el ect rophi | e BRompouhdseifbrimuiad, whereA andBZérebgth/IWrogmmwhdsetﬁndéisdrﬂth)
odi um per  oddTa gRetiik o AHERmSa seminatv ; slofmipaEethi,* dkogmetiyh

96/ 40705 5 hydraxyme lh?ll or alkylthlomethyl The formula 2 carbohydrEﬁI/a@Wd%Wthe
16 pri mar alcoh furanosi de 14, preferably usin

oxi dation. An ethﬂewm&neﬁaramdﬁéd emgﬂhuSae.(l;L adMN d. use
the procedure gfy, %h@é%by& Chem. & 48 (1966). "Thé 51Ky Grovp fsdMroduelato 51804 -

Lerr] make 6, by the method of Snyder J. R. ef al. Carbohydr. Res. 163, 169 (1987). The
S-deoxy, azido, amino, alkylamino, alkylthio and altematively alkoxy carbohydrates

10 are made by first transforming the 5-hydroxy into a leaving group L, preferably

mesylate, tosylate, triflucromethanesulfonate or halide. Treatment of 7 with a

nucleophile, e.g. hydride, alkylamine, dialkylamine, alkymercaptan, alcohol or other

precursors of amines such as azides or protected amines provides intermediates of

formula 8. The isopropylidene is then repladed for less reactive protecting groups,

16 preferably benzyl, according to methods well known to those skilled in the art. For

example, Greene T. W.,, Protective. Groups in Organic Chemistry, John Wiley & Sons,
" New York (1981).

SCHEME 2

Carbohydrates for compo'unds'of Formula 1 where A is hydroxymethyl
20 are made by the method of Barker R. et al. J. Org. Chem. 26, 4605 (1961), to give
“compounds of formula 9 where A' is preferably benzyl protected hydroxymethyl.



5 SCHEME 4 Car bohydr at es
for conpounds of Fornmula 1 where A=B=H are nade using a suitably
protected carbohydrate of fornula 2 where A =B =H. ThlhsOI lciar bohydrate S
easily obtained from erythrofuranose according to nethods we to
thoseyskl |l ed |Wp?q’1’87°§r¥ described in Greene T. W, Prot ect|v’i,pr@s(gﬂb‘gg%mn 10
Organic Chem stry, John Wley & Sons, New York (1981) Thi s carbohydrate is
al so easi |y obtai ned by reduction of #§be corresponding |l actone as in N
Cohen eta). J. Am Chem Soc. 105, 3661, (1983).

Car bohydrates of fornmula 2, where A and B forma ring, e.g. :
cycl opropyl, are preparfu ¢arbohydratelnd Fermula 2 is prafetablyk praparedivy thetrhethod 7

(Schere 15 @ OB S Sir a2 Tre P bY rﬁéﬂwﬁgﬁhgs@éa énéihue& bz iteinl
H E. et al. Jpreéferabid] ﬁpﬁne&ﬂmol in the'greSerick8fan &did era L@fmé é&d ”B?Eﬁérably
nodi fications. Alter nat | vel %y%h Eropanat fon is acconpl i shed

di azoal kane ab@roR trfloridesd] aiyes difhiopeetali19. Oxigdaliop of the geépr%ted
Tet r ahedr ors L@fdohoRiRg well Gébbribed $iethods and reagents, W&,%?/rﬁﬂf&'ﬁ dichromate,
PCT/ US6/ 10404
pyridinium chiorochromate, Moffat oxidation, sulfur trioxide-pyridine, preferably Swern
oxidation, gives ketone 11. Chelation-controlled addition of an organometaliic B'-M,
preferably organolithium, steréoselecﬁvely provides tertiary alcohol 12. The
dithicacetal protecting group is removed using a modification of the procedure
10 developed by Fetizon M. et al. J. Chem. Soc. Chem. Comm. 382 (1972), involving
treatment of thioacetal with iodomethane and an inorganic base, preferably calcium
carbonate. Altemnatively, other dithioacetal deprotection procedures are known which
use reagents such as N-halosuccinimide, cupric, mercuric and silver salts. However
the use of these oxidative procedures is preclluded for compounds bearing
15 incompatible functional groups such as thiosthers, azides or amines.

0 OH OP, o OP

Al
. R R
RSH, LA A)\s)\(s A AN
P& N or H'.' Pg SR —— 6?1 R
9 10 “
A ;ou oP, B o
B'M SR Deprotection
AN . A
— 3 L
O, P Op,
12 )
SCHEME 3

Altemativély the second 4—C-substitﬁent may be introduced using the
procedure of Youssefyeh R. D. et al. J. Org Chem. 44(8), 1301(1978) where
alkylation of an aldehyde of formula 15 with electrophile B'+ followed by a reduction

20 gives compound 16 {(Scheme 4). ~The aldehyde is obtained from the oxidative
cleavage, preferably with sodium periodate, of hexofuranose 13 or oxidation of the



SCHEME 5 Anot her alternative is to generate a carbene from
a di hal oal kane or trihal omethane with a base in the presence of the
olefin (Von E. Doering W et al. J. Am Chem Soc. 76,6162 (1954))
fol |l omed by dehal ogenation, for exanple according 5 to Jeffo t

al. J. Am CherWO8§#070%, 8905 (1972). Cycl oaddjtion between benisseiback

di azonet hane and conpounds of fornula 17 provides a pyrazoline internediate
whi ch upon photol ysis and deprotection proggces spirocycl opropane 18
(Samano V. et al. Tetrahedron Lett. 35(21), 3445 (1994)). The
deprotection of the anomeric center is’in turn acconplished using one
of the nmany pr primacy aicohel of furanasider 14 preferéblysusing edViofiat bxidation. Angther

Geene, T. W, Protectjve G oups in ani em str Joh || ey&
Sons. New Yor kmelnggiia pbisih canpailinds bt foritil (16§ JKiB.sise 456 PRSSAUIE.CFSMEREN g
by a wide vari Rt gt &f JAORCEABINED(20), 58B33¢494)n of olefin 17 with ketene
under the conditions of Redlich H et al Angew. Chem . 101(6), 764
(1989) gives cyHd
usi ng the procedur
or Romming C. eti0F

utanone 19 (Schene 6), with is then 15 deoxygenated
of Mori K et al. Tetrahedron, 43(10), 2229 (1987)
fchem Scan. B, 40(6), 434 (1986). The free

reduci ng sugar i en obtai ned as nentioned above (G eene T. W
Protective Goups ing— Nalg4 Chemi sppry John Wley & Sons, New York,
1981). [err] PE  OP, ' SCHEME 6 WO
96/ 40705 H 0 R PCT/ USSfg 4Qf1
18 Anqal ternati ve route use ?he peaBechem cal c ' i on
of a carbohydrate of formula 22 to gk cycl obu-ered 23 (Fhane/7,
Paquette L. A et al. J. Am Chem c.§P1_08( 1Redwoti®@B41 (1986) .§ 3
Deoxygenat i on q_fop c%hol 23 occurs ccording to the proceduPé ofP¥Bar t on
u

DD H R et al. Chem 9563, 15 (4981). 5 Precursor 22 is made by
4-al kyl ation of the\co resMal dehyde derived from sel ecygvel y
protected nethyl ripoSy de , %‘ﬂ%‘!ﬂhYoussefyeh R D et al. J. Og Chem
44(8), 1301 (1979)p Py _ . .

14 :
5 SCHEME 4
Carbohydrates for compounds of Formula 1 where A=B=H are made
using a suitably protected carbohydrate of formula 2 where A'=B'=H. This
carbohydrate is easily obtained from erythrofuranose according to methads well
known to those skilled in the art described in Greene T. W., Profective Groups in
10  Organic Chemistry, John Wiley & Sons, New York (1981). This carbohydrate is also
easily obtained by reduction of the corresponding lactone as in N. Cohen ef al. J. Am.
Chem.Soc. 105, 3661, (1983). '
Carbohydrates of formula 2, where A and B form a ring, e.g.
cyclopropyl, are prepared from D-ribose via the well known enol ether 17 {(Scheme
15 5). Inokawa S. et al. Carbohydr. Res. 30, 127 (1973). Cyclopropanation is
performed according to the procedure of Simmons H.E. et al. J. Am Chem. Soc. 81,
4256 (1959) or one of its many modifications. Altematively cyclopropanation is
accomplished with a diazoalkane and a metal salt, preferably palladium. Cossy J.
et al. Tetrahedron Lett. 28(39), 4547 (1987).



[err] SCHEME 7
Al kyl ati on of al dehyde 15 with a two carbon dielectrophile, preferably 10
di i odoet hane, gi ves 4-disubstituted al dehyde 24 (Schene 8, Youssefyeh R D.

et al. J. Chem 44(8), 1301 (1979)). Treatnent of al dﬁ%&ﬂ&lﬁ?‘ﬂﬂwth

a netal or neth 96HO07ES,) ¢ | preferably samarium dii odi de (Ml a
al. J. Am Chem Soc. 109(2), 453 (1987)), or wth an organonetallic
reagent, preferably an al kyllithium (Whderdoes T. et al. Tetrahedron
Left. 27(4), 519 (1986)), achieves the ring closure. 15 The cycl obut anol
i's then deoxygenated and deprotected at the anomeric position usi ng the
procedures prey sloy nentioned to providge s ]Locyclobutylfuranosaozo

An

[err]
make Carbobiydsat e f ornul a RN ) ust 4 in

alternative nethod
Schenme*9. Activat| the two primargghyflg oxyl obeproigionusi ng tp Y 20
o those skilled q7t e art (Larock R C 1t

procedures well k
Conpr ehensi ve WO 96/ 40705

PCT/ US96/ 10404 SCHEME § 19 Or gani ¢
Transformations, VCH Publishers, Inc. New York (1989)) followed by

?nglcgﬁle?t fon with a mal apgirerieAHRE ISl gemeug fbseRb 1RV HMBARE S

trihalomethane with a base in the presence of the olefin (Von E. Doering W. ef al. J.

_ Am. Chem. Soc. 76, 6162 (1954)) followed by dehalogenation, for example according
5 toJefford C. W. et al. J. Am. Chem. Soc. 94, 8905 (1972). Cycloaddition between

diazomethane and compounds of formula 17 provides a pyrazoline intermediate

which upon photolysis and deprotection produces spirocyclopropane 18 (Samano V.

et al. Tetrahedron Lett. 35(21), 3445 (1994)). The deprotection of the anomeric

center is in turn accomplished using one of the many procedures well known to those

10 skilled in the art, e.g. Greene, T. W.., Protective Groups in Organic Chemistry; John

. Wiley & Sons, New York, (1981).

Carbohydrates of formula 20 are made by a wide variety of procedures.

Reaction of olefin 17 with ketens under the conditions of Redlich H. ef al. Angew.

Chem. 101(6), 764 (1989) gives cyclobutanone 18 (Scheme 6), with is then

15 deoxygenated using the procedure of Mori K. et al. Tetrahedron, 43(10), 2229 (1987)

or Romming C. et al. Acta Chem. Scan. B, 40(6), 434 (1986). The free reducing

sugar is then obtained as mentioned above (Greene T. W. Protective Groups in

Organic Chemistry John Wiley & Sons, New York, 1981).

o
OCH, O on
+ O Deomenaﬁon
PO 0P, pd bPz Doprscten . pd  bp,
17
2

SCHEME 6



P. et al. Heterocycles 34(4), 739 (1992)). Decarboxyl ation using the
procedure of Tufariello J. J. et al. Tetrahedron Lett. 6145 (1966)

foll owed by deoxygenation and 5 deprotection of cycl obutanone 19 as

previ ously mentioned gives spirocycl obut ane 20.

Car bohydr at e oprf?ﬁ/mg%l 29 is made by activation of one of thEcB’PPW
hydr oxyl groups of diol 25 (Schene 10, Larock R C. Conprehensive Organic
Transformations, VCH Publishers, Inc. NewM™ork, (1989)). Cyclization occurs
upon 10 treatnment of alcohol 28 with a base (Koll P. et al. Angew. Chem
Int. Ed. Engl 25, 368 (1986)). The anoneric position is then
deprotected as previ ous/Ap aitamativedraute usesafther phaipehesoical cycizatian ock 29.

[err] .
A ternat i vel y, “EeRySmie otigmula 2210 give gyclobutgnel 23 (Sehaie 1 Peduette LA ot gl 5
under the condi.tAmnChem. Bockd08(13),/8841. (18861 Debxygrmtiofhafnalcdtid] @3, octifs
(1987) whi ch gj.ves ,conpound 29_afte r ot | on. As_.another
alternative, | ?‘E"H?‘{'ﬂa to/the progedure °?P?'39H ﬁeﬂﬁgtﬁ% azﬁ%‘ﬂfe P"P’(Qﬂ%ré}e 4541981)cq
fromdiol 2§ f otatish o th ; r i
AU 407055 P}écﬁ'i‘m wsmecﬁfﬂ'% © corfisiRhdh 6%16&10%%04 ivéd from
20 [err] selectively protected methyl riboside 21, e.g. Youssefyeh R. D. et al. J. Org Chem.

' 44(8), 1301 (1979).

H OH '
ok o Ot 0. OCH o OH
e Y e O e O

I'k — ——r
%Pz P 2 P bpzmmn Pg %Pz
2 23

SCHEME 7

Alkylation of aldehyde 15 with a two carbon dielectrophile, preferably

10 diiodoethane, gives 4-disubstituted aldehyde 24 (Scheme 8, Youssefyeh R. D. et al.
~J. Org Chem. 44(8), 1301 (1979)). Treatment of aldehyde 24 with a metal or metal
salt, preferably samarium diiodide (Molander G. A. et al. J. Am. Chem. Soc. 109(2),

453 (1987)), or with an organometallic reagent, preferably an alkyllithium
(Vanderdoes T. et al. Tetrahedron Lett. 27(4), 519 (1986)), achieves the ring closure.

15 The cyclobutanol is then deoxygenated and deprotected at the ariomeric position
using the procedures previously mentioned to provide spirocyclobutyifuranose 20.

o] 0 OH
' OR : OR '
0 Base, o) Mor o, OR _ o, OH
— — Deoxygenation
A RU Deprotection
P 5?, P SP, P Py P P,
15 24 b _ 20

SCHEME 8

| An altemative method to make carbohydrate of formula 20 is illustrated
in Scheme 9. Activation of the two primary hydroxyl groups using the many
20 procedures well known to those skilled in the art (Larock R. C. Comprehensive



- SCHEME 10 The syntheses of the carbohydrates of fornula 32
are illustrated in Schenes 11, 12 and 13. Treatnent of activated
carbohydrate 31 with a base prior to deprotection gives

spi roazeti di nof uranose 32 (Scheme 11, Vaughan W R et al. 5 %P‘(e:hem
26, 138 (1961) WOX#MOM5al cohol 30 is prepared follow ng the P‘%ﬂ? S
used to make carbohydrates of formula 2 (Schene 3). [err]

SCHEME 11 Alternatively, trdq8 nent of diactivated corrpound 26
wi th anmonia, a primary am ne, a protected am ne or an activated am ne
(Schene 12) foll owed by 10 deprotection gives carbohydrate 32. See,

Juaristi E. etOrghanicTéansforobations, NCH Pujtdishers, InGlaw(Yark4(1989)) doligwed by

SCHEME 12 . . o AN her, al ternatiyv feat ' 3

wth s i1 al kyietyietion with B e BrodtoRe Hickba el sbikSRboBIEHR & Betuyety,

J. Org: Chem Pt &l Hetélobiclés 38(1), 739 (1992)yemasaﬂﬁxylaﬁ0n abing tise pmcéduwafup

and M tsunobu_|i ke cycl I zat I_’Q %I ves after ci ection, azetidine 3

WO 96/ 40705 TufarielloJ. J. et al. Tefrahedron Letf. 6145 (19665) followed by desxyganalion ando 4
' 5§ deprotection of cyclobutanone 19 as previously mentioned gives spirocyclobutane

20.

Carbohydrate of formula 29 is made by activation of one of the primary
hydroxyl groups of diol 25 (Scheme 10, Larock R. C. Comprehensive Organic
Transformations, VCH Publishers, Inc. New York, (1989)). Cyclization occurs upon

10 treatment of alcohol 28 with a base (Koll P. ef al. Angew. Chem. Int. Ed. Engl. 25,
368 (1986)). The anomeric position is then deprotected as previously mentioned to
afford spirooxetanofuranose 29.

o O
O
Y — 20 i WO
L > R
Base o J
P P2 PP 0P Ps OF:
2 26 27
Decarboxylation o OR Deoxygenation OCJOH
e e SN . ——
. Deprotection
PSP, Pd P,
' 20
SCHEME ¢

Altemativgly, compound 29 is obtained via Mitsunobu reaction of diol
15 25 under the conditions of Berkowitz W. F. et al. J. Org. Chem. 52(6), 1119 (1987)
which gives compound 29 after deprotection. As another altemnative, lithium chloride
treatment of a cyclic carbonate derived from diol 25 followed by deprotection also
. gives carbohydrate 29.



21 [err] SCHEME 13 (B)
PREPARATI ON OF THE HETEROCYCLE Het erocycl es for conpounds
of formula 1 (Schene 1) where Y=C, F and D are substituted aromatic
groups, preferably para-fluorophenyl, Gis hydrogen, 5 and E is a
hydrogen, al kyl woeaé?es abl y hydrogen, are made via a pyrrol e PRTABHEEHM: o
37 made using the procedure of Gewald, K Z Chem, 1, 349 (1961).

Al ternatively, 37 is made by condensi nzophenone 34, where L is halide .
or sulfonate, with phthalimde 35 in order to introduce the pyrrole,

ni trogen. Knoevenagel condensation . of ketone 36 with malonitrile

fol |l owed by renoval he_ plaghal i nj protgeting group 10 affoms pyrrole
37. atment Wt orth&agster prgf d

triethyl orthof or nat e H i ot el f UM'R condensed
with a substituted anili referably ar 2epeeeidan; | ned tig, gi ve

di aryl - pyrrol opyrim di n(g 9 2Tayl or, EP C.7é al. J. Am Che 2 Soc.

87(9),1995 (1965)). Additiznally, t he py28ol opyri m di ne can begfurther 15
functionalized at the 6 position, whenggHEME®® hy!, by treatnment with N
bronmosucci nimde (Saroja ,B. et al. Tetrahedron Let t 1984, 25(47), 5429).
Tr eat nent of this brononethylene with a nucl eophile or with an

al kylI'ithium and an el ectrophile al | ows easy introduction of functional
groups such as ami no or The=syntheses of the carbohysirainsiof fogmula 32 are illustrated in

PCT/ US96/ 10404St:hemes 11, 12 and 13. Treatment of a@ivated cérﬁ&ﬁ))drate 31 with a base prior
~ to deprotection gives spiroazetidinofuranose 32 (Scheme 11, Vaughan W. R. et al.
5 J. Omg. Chem. 26, 138 (1961)). Aminoalcohol 30 is prepared following the

procedures used to make carbohydrates of formula 2 (Scheme 3).

XY — (Y e O

P,d bp, PS bp, Pd bp,

31 a2
SCHEME 11

Alfematively, treatment of diactivated compound 26 with ammonia, a
primary amine, a protected amine or an activated amine (Scheme 12) followed by
10 deprotaction gives carbohydrate 32. See, Juaristi E. et al. Tetrahedron Lett. 25(33),

3521 (1984).
L o OR
R-NHz
o=
%

SCHEME 12

An other alternative is to treat azidoalcohol 33 with a trialkyl or triaryl
phosphine (Scheme 13, Szmuszkovicz J. ef al. J. Org. Chem. 46(17), 3562 (1981)).

15 Decomposition of the azido group and Mitsunobu like cyclization gives after
deprotection azetidine 32.



SCHEME 14 Het erocycl es for conpounds of fornula 1
(Schenme 1) where Y=N, F and D are substituted aromatic groups, preferably
par a- f | uor ophenyl .

WO 96/40705 PCT/US96/10404

2
-y PR3 .
te
PO &P, Deprotection PS  bP,
33 32
SCHEME 13
(B) PREP 1] HE HET] CYCLE

Heterocycles for compounds of formula 1 (Scheme 1) where Y=C, F’

and D’ are substituted aromatic groups, preferably para-fluorophenyl, G is hydrogen,
5 andE'isahydrogen, alkyl, preferably hydrogen, are made via a pyrrole intermediate
37 mads using the procedure of Gewald, K. Z. Chem., 1, 349 (1961). Alternatively,
37 is made by condénsing phenone 34, where L is halide or sulfonate, with
phthalimide 35 in order to introduce the pyrrole nitrogen. Knoevenagel condensation
of ketone 36 with malonitrile followed by removal of the phthalimidé protecting group

10 affords pyrrole 37.

Upon treatment with an orthoestér, preferably triethylorthoformate, an
imidate is formed which is further condensed with a substituted aniline, preferably
para-fluroaniline, to give diaryl-pyrrolopyrimidine 39 (Taylor, E. C. et al. J. Am Chem.
Soc. 87(9),1995 (1965)). Additionally, the pyrrolopyrimidine can be further

15 functionalized at the 6 position, when E' is methyl, by treatment with N-
bromosuccinimide (Saroja ,B. et al. Tetrahedron Letf 1984, 25(47), 5429). Treatment
of this bromomethylene with a nucleophile or with an alkyllithium and an electrophile
allows easy introduction of functional groups such as amino or guanidino.

-
-



WD 96/ 40705 PCT/ US96/ 10404
23 [err] SCHEME 15
Conmpounds where E is "nothing" are nmade using the procedure of Kobayashi

S. Chem Pham Bull. (Japan) 21, 941 (1973). Knoevenagel gonge

of malonitrile WOSMYMS 2 substituted benzal dehyde, preferably

par a-fl uor obenzal dehyde, foll owed by treatnent with hydrazine gives

5- ami nopyrazol e-4-carbonitrile 40 (Schene 28). The

4-chl oro-pyrazol o[ 3, 4-d] pyri m dine 41 is obtained upon ring closure
reaction with -~ formam de and chlorination using the procedure described
by Cheng, C C J. Og. Chem 21, 1240 (1966). Treat nent of chI oride 41
with anmonia, for th&t4-,nmino 10 series, or a substhiut@d a
preferably para-gku | ipe, as evi ousl y ne ‘
di aryl pyrazol opyri

W TH THE HETERCCYE 5 + coupli n

with pyrrolof 2, 3-d] pggi mdi ne terocycl es RS adco i shed as foll ows
(Schene 16). The sugar is first converted 15 to it&*1- hal o derivative,
preferably chloro, b¥¥ reacting it wit¥ CCl[err] and HWT3y a procedure

described in Wlcox, C. T. et al. RTetrahedron Lett. 27(9), 41011 (1986). The
, R

SCHEME 14

Heterocycles for compounds of formula 1 (Scheme 1) where Y=N, F’
and D’ are substituted aromatic groups, preferably para-fluorophenyl.



hal o derivative is condensed with the anion of the heterocycle 3 (where Y
I's carbon WO 96/ 40705

PCT/ US96/ 10404 24 and E is
hydr ogen) using_a phase transfer catal yst such as TDA-1. Rose HE”'

and Seela, F, gEPWBWW@% Chim ca Acta, 71:1573 (1988). The resgﬁpﬁﬁg ocked
nucl eosi des are deprotected by a variety of procedures well known to those

skilled in the art [err]

SCHEME 16 Coupl i ng of sugars to the

pyrazzol o[ 3, 4-d] pyri m di ne bases is performed by Lewi s acid catal ysis
conditions. Cottom et al., J. Med. Chem. 27, 14210 (1984). In such
cases the sugars are converted to their 1-O acyl for g3 preferably

1- 0-acetyl, by again using one of the many standaisd S | ati on 10
procedures. A m xture tf het erocycle 3 (where Y rogen) and the
acetylated sugar i I ng nitronet haneﬂi S treay wRZ h bor on
trifluoride di qghyl eth {e. Th duc y fied by

chr omat ogr aphy o> ,boﬁi,)s%wa are_deprptef R Qi n the
final conpoundse D. » £ CATI ONJIOF _wUBSTI TUE

HETERCCYCLE 15 Due to the chem k&M cogpati bility between
sonme of the substituenk on the heterocycle 8nd the

gl ycosi dation-reaction conditions, the final functrdnal i zation of the
nucl eoside is done after thd coupling reaction. FoR3exdnpl e, the 5-aryl
group is introduced onto thd pysrol opyrimdine ringy epd usi ngggone of the
many pal | adi um cat al yzedgcr gSs('coupl | pr g@edures (
Ang. 20 Chem, Int.gEd. B 25, 508(\98p)). R
4- substi t ut ed- am no-p- hal o R7 2, 3-d i mdine 44

SCHEME 15

Compounds where E is “nothing” are made using the procedure of Kobayashi, S.

- Chem. Pharm, Bull. (Japan) 21, 941 (1973). Knoevenagel condensation of malonitrile

5 with a substituted benzaldehyde, preferably para-fluorobenzaldehyde, followed by

treatment with hydrazine gives 5-aminopyrazole-4-carbonitrile 40 (Scheme 15). The

4-chloro-pyrazolo[3,4-dJpyrimidine 41 is obtained upon ring closure reaction with

formamide and chlorination using the procedure described by Cheng, C. C. J. Org.

Chem. 21, 1240 (1966). Treatment of chioride 41 with ammonia, for the 4-amino

10 series, or a substituted aniline preferably para-fluoroaniline, as previously mentioned
gives diarylpyrazolopyrimidine 42.

C.  COUPLING OF THE CARBOHYDRATE WITH THE HETEROCYCLE

The coupling of the carbohydrate 2 with pyrrolo[2,3-d]pyrimidine

v heterocycles is accomplished as follows (Scheme 16). The sugar is first converted
15 to its 1-halo derivative, preferably chioro, by reacting it with CCl, and HMPT by a
pracedure described in Wilcox, C. T. et al. Tetrahedron Lett. 27(9), 1011 (1986). The

halo derivative is condensed with the anion of the heterocycle 3 (where Y is carbon



where the hal ogen is iodo, is coupled to an arylboronic acid (i.e. A=B(OH) 2

I n Schene 17) in the presence of a catal yst such as

t et raki st ri phenyl phosphi ne pal | adi um WO 96/ 40705

PCT/ US96/ 10404 : 25 J[err

SCHEME 17 WA WHAWEi vely, in place of aryl boronic acids, P(S‘%rﬁés?mw
activated aryl conpounds such as aryltrialkyltin(A=Sn(al kyl)3 is

successfully used to obtain the final prodgg 45.

and E is hydrogen) using a phase transfer catalyst such as TDA-1. Rosemeyer H.,
and Seela, F, Helvetica Chimica Acta, 71:1573 (1988). The resulting blocked
nucleosides are deprotected by a variety of procedures well known to those skilled

inthe art.
. r'
nl
nﬁj
8! ° k\ﬂ -~ \31
\ oH 1) Activatiom B,
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5 SCHEME 16

Coupling of sugars fo the pyrazzolo[3,4-d]pyrimidine bases is

performed by Lewis acid catalysis conditions. Cottom, et al., J. Med. Chem., 27,
11210 (1984). In such cases the sugars are converted to their 1-O-acyl form, -

‘preferably 1-O-acetyl, by again using one of the many standard acetylation

10 procedures. A mixture of the heterocycle 3 (where Y is nitrogen) and the acetylated

sugar in boiling nitromethane is treated with boron triﬂuoﬁde diethyl etherate. The

products are purified by chromatography or crystallization, and are deprotected to
obtain the final compounds.

D. DIFICATION OF SUBSTITUENTS ON THE HETER E

15 Due to the chemical incompatibility between some of the substituents
on the heterocycle and the glycosidation-reaction conditions, the final
functionalization of the nucleoside is done after the coupling reaction. For example,
the S-aryl group is introduced onto the pyrrolopyrimidine ring system using one of the
many palladium-catalyzed cross coupling procedures (review: Stille, J. K Ang.

20 Chem., Int. Ed. Engl. 25, 508(1986)). '
Typically, a 4-substituted-amino-5-halopyrrolo[2,3-d]pyrimidine 44,
where the halogen is iodo, is coupled to an arylboronic acid (i.e. A=B(OH), in

Scheme 17) in the presence of a catalyst such as tetrakistriphenylphosphine
palladium.



5 Substitution of the aryltrialkyltin by an unsaturated trial kyl stannane
by procedures as described but not limted to the one described in
Stille, J. KAng. Chem. Int. Ed. Engl . 25, 508 (1986) provides the

5-al kenyl derivative which can be hydrogenated in order t the
correspondi ng WRYH40Za| og. Furt her nndificaiﬁ%ﬁ@sg

added to the aromatic rings after cross 10 coupling with the heterocycle
either before or after glycosidation. Redg#ion, oxidation and/ or
deprotection steps are done at this stage. For instance a cyano group is
oxidized to its carboxam de or reduced to its am ne. A N phenylacetamde is
deprotected and kept as its aniline or transforned to its

. : ; R2
trifluoronethanesul fonam de to i rlprove gat er sol gBi . VO
96/ 40705 96/ 10404
26 ‘ [err] ¢l 18
Carbon chain extengion is done atgghi : A_gzgche 4. aromatic
ring substituent sHeﬁed nmedi“at e 45 whelye | s halide or
trifluoronet hanepul fpnatff i s coupl ed a vinyl or a al kyl tin
speci es using on he many pRrl2 adi gk cat al yzed 0ss doupl i ng _Hal
procedures (reviewNd: | eE'supra). The double bond is eprfenat ed
at the term nal positiéﬂﬁ?nd t he—t-esu-t—trg—atashol 46 ||{ ed to a
| eaving group L, preferably iodide (Srivastava, P. C et al Ny 1 \pe
Chem 1975, 18( 12) 1237). Displacenment byan anine conpletes the farbon
chain extension #3%d inproves the water solubility for cmpourﬁ!&afof
formula 48. 10 Q her potent [ aI wat er sol ubilizing groups such

as guani di no derivatives

Pd" ! k

SCHEME 17

Altemnatively, in place of aryl boronic acids, other activated aryl compounds such as
aryltrialkyltin(A=Sn(alkyl); is successfully used to obtain the fina! product 45,
§ Substitution of the aryltrialkyltin by an unsaturated trialkyt stannane by procedures
as described but not limited to the one described in Stille, J. K. Ang. Chem.. Int. Ed.
Engl. 25, 508 (1986) provides the 5-alkenyl derivative which can be hydrogenated in
order to prepare the corresponding alkyl analog.

Further modifications can be added to the aromatic rings after cross
10  coupling with the heterocycle either before or after glycosidation. Reduction, oxidation
, and/or deprotection steps are done at this stage. For instance a cyano group is
oxidized to its carboxamide or reduced to its amine. A N-phenylacetamide is
deprotected and kept as its aniline or transformed to its trifluoromesthanesulfonamide

to improve water solubility. '



can be prepared fromthe correspondi ng am no or hydroxy conpounds by
application of nmethods described in the |iterature such as, but not
limted to, the procedures described by MIler and B| schoff (Synt hesi s
778 (1986)), Dodd and Kozi kowski (Tetrahedron Lett. n{s;@w
Beatty and Nang“PU.s Chem Soc. 12 (1965)), 15 Larson et aI %ﬁ ept
Protein Res. 9, 182(1977)), Brand and Brand (Org. Synth. 22, 59
(1942)), Ichikawa (Tetrahedron Lett 29, 4267(1988)), Katritzky et al

Synt h. Commun. 25, 1173 (1995)), Ariga and Anslyn (J.Og. Chem 57,
417 (1992)), Pal at et al (Collect. Czech. Chem Comun. 57, 1127
(1992)) or M S. Bematowi cz (J. Org. Chem 57, 2497 (1992). A

Acyl guani di nes can be prepared by nethods ESCI’I bed 20 in the Iitwture
such as the nethods described by Bock et al Med. Chem 29, 1540 |

(1986)) and refereKces cited therein. (CHz)n WO 96/ 40705 (CHn
PCT/ US96f / 10402 R4 R R4 27 R2 E. R4
REMOVAL OF THE | NG éhafvkiiefsion Aingliorl abi | e pr¢A i ng
groups such as kg 5, Sivyt—et-irer-s—or et are removed us

dilute acid orR¥ WeGRyer gahydpbamtioni, e. $ pydrochloric agtd By Nps 70%
aqueous trifluoroagetic acid (G eene, T. W PFot ective Groups in Yrganic

5 Chemistry, John"Wley & Sons, New York (H4%381). Base | abile prot&¢ting
groups such as acyls or car barrat es are renoved by treatnent with an

organi ¢ or inorgaMc base, e. g. sodidaRs¥0Kt hoxi de, sodi um hydr d#8i de,
ammoni a (1 d). Benzyl protecting groups gygrsare renoved by hydrogenolysis in
the presence of a netal catalyst, prefg@;?éME 48 palladiumchloride. Shen,

T. Y. et al. J. Og. Chem 30, 835 (1965 Preferred
conmpounds of the invention, which can be nade using the met hods
descri bed, i ncl ude t he catuonv\chgn extension is done at this stage (Scheme 18). The
EXAMPLES e.l Pr rat.ion, of .co d.of farnu . .

> 55Tt - O (OB le Hon pbRRLEN Hng o REREE Syt Bime RS A whee X i s or

"Boron trif | uomﬂbrdnahénésumdm Istooupled vﬁhrﬁmnﬁ%réllymnélkylﬁnsmddedsmg one a

| ut f | 2.3 | et D-r i baf de
mol)  (arck e magy eelladieeslaleerors cilpliog proceruiss (19aev SIS, 80AYn
1, 3- propanedi tThe@louble bohd s thien o%emtdd)atthb teimingl pﬁ%lﬂﬁh@ﬁﬁtﬁﬁ%ul(:ﬂ@ﬂcﬂb&l at

-48[err] C. The reaction. m xtur

and war med t o 48d®Fonveripdioa @P@'"QIQ"?‘FR-:L &B?f?‘?b‘%ggﬂﬁ?s&?g%aéﬂ%beﬁeh ¢
stirring at r Qe 90PS;1R(12)©1237). DRRPIZeEMERt By'dh Sifleboiplétes B earben chain

extension and improves the water solubility for compounds of formula 48.

10 Other potential water solubilizing groups such as guanidino derivatives
can be prepared from the corresponding amino or hydroxy compounds by application
of methods described in the literature such as, but not limited to, the procedures
described by Miller and Bischoff (Synthesis 778 (1986)), Dodd and Kozikowski
(Tefrahedron Lett. 35, 977 (1994)), Beatty and Magrath (J. Chem. Soc. 12 (19685)),

15 Larson etal (Int. J. Pept. Protein Res. 9, 182(1977)), Brand and Brand {Org. Synth.
22, 59 (1942)), Iichikawa (Tetrahedron Left 29, 4957(1988)), Katritzky et al (Synth.
Commun. 25, 1173 (1995)), Ariga and Anslyn (J.Org. Chem. 57, 417 (1992)), Paléat
et al (Collect. Czech. Chem. Commun. 57, 1127 (1992)) or M. S. Bernatowicz (/.
Org. Chem. 57, 2497 (1992). Acylguanidines can be prepared by methods described

20 inthe literature such as the methods described by Bock et al (/. Med.Chem. 29, 1540

~ (1986)) and references cited therein.



Wi th saturated aqueous sodi um bi carbonate, diluted with ethyl acetate and

washed W th saturated aqueous sodi um bi carbonate and saturated aqueous
sodi um chl ori de. The organic | ayer was dried over sodium sul fate and
concentrat ed under reduced pressure. The residue was purlflﬁgg ash
chr omat ogr aphy WEH64pT05ca gel 25 (hexanes/ethyl acetate 90/ 10 B W
Yield 31.9 g, 94 % Rf = 0.3 (silica gel, hexanes/ et hyl acetate

80/ 20) . WD 96/ 40705 27
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Exanpl e 2 Preparati on of conpound of fornula 11 (3S,

4R) - 1. 3. 4- Tri -E.( ph@EMOVAOR THE PROTECTINGIGROWPS Y| ) pent an- 2- one

A sol uti f di met hyl J fqxi d 2.1 31

G ol o omet hane (100 il WtbBineghs 346 S g, A ebers ocettgra are,

of - oxal yl refioved dﬁnﬁ%dnﬁxtﬂhmdﬂbﬂﬁﬂér anicchicid, @. mmmrdenmc(ammt)
at -78[err]C Af ter nf{ugr”n ‘Tcn;utes 7 eHJ' sol,utjon of

t he conpound o?mb?ﬁ‘\’ﬁpﬁsi foagefic agid {Greene, %ﬂW) ‘Fmsdf‘ Rhe

(100 nl) wag aghinisty, 96hh Miish & s&% Nﬁﬁ%@ﬂmr%élabde praa&rng?g%mg%uchs at

-78[err]C. After stlrrlng at -78[err] C for 20 m.nutes, a solutlon of

triethyl ani ne 3AcY! or%@am#ﬁﬁqreremw hyt@#meWMrmﬁgemmrmrgms baseed

10 dropw se oS
addition the i nﬁeﬁg‘fﬂ%a eaéog a'ﬁh?e'ro\k/-adg amv\edemal eto QE?
over 30 mi nut eare removed iyt hxdrogemlym in the presenge of ehmetali catalyst; reéereb

agueous ammoni n I The | ayers
wer e separate angﬂbﬁéﬁlgﬁ%%ogh&?gg?rj e\%vgls"'bgﬁ C”ﬁ”? tﬂ*@g&ﬁéﬁﬁt wice with

di chl oronetiBane. The coPpéferred compoundsofitha invention.cwhich edn beenadecusingrthes

by rash C°@ﬁﬁ§h€?§§$@%ﬁﬁs&vﬂ§qﬁ$ B hexanes) ot iyl “acetat e 90/ 10'to

70/ 30). Yield: 27.9 g, 88 % 0.35 (silica gel, hexanes/ethyl

acet ate 80/ 20). Exanpl e 3 Pr epar ation of corrpound of formula 12

4- C (Phenyl met hyl ) oxy] met hyl -2, 3, 5-tri - O phenyl net hyl -1- (1, 3-di t hi an-2-yl ) -
D-ribo 20 pentane. EFMPLESN of the conpound of Exanple
2 (1 g, 1.97 nmopol) .in dr rof uran (25 nmL) was added dropw se

: )oxy] met hyl i thium (3.94
3 . 1 ®l) in dry
20 m nutes at -
Boron tnﬂuonde diethyl etherate (11 4 mlgJ 92 4 mmol) was added to
a solution of methyl 2,3 5-tr|-0-(phenylmethyl)-D-nbofuranoslde (30 g, 66 mmol)
(Barker, R. and Fletcher, H. G. J. Org. Chem. 1961, 26, 4605) and 1,3-propanedithiol
(10 mL,, 99 mmol) in dry dichloromethane (130 mL) at -48°C. The reaction mixture
was stirred 30 minutes at -48°C and warmed to room temperature in the course of
20 one hour. After stirring at room temperature for one hour, the mixture was quenched
- with saturated aqueous sodium bicarbonate, diluted with ethyl acetate and washed
with saturated aqueous sodium bicarbonate and saturated aqueous sodium chioride.
The organic layer was dried over sodium sulfate and concentrate& under reduced
pressure. The residue was purified by flash chromatography on silica gel
25 (hexanes/ethyl acetate 90/10 to 75/25). Yield 31.9 g, 94 %, Rf = 0.3 (silica gsl,
‘hexanes/ethyl acetate 80/20).

over 5 minut eskX20Ried, Ereragatign
mmol ) (Still ¢ : b
t et rahydrof1gr an



25 78 C, the reaction m xture was quenched with saturated aqueous amoni um
chloride, warmed to roomtenperature, diluted with ethyl acetate and washed
W th sat urat ed agqueous amoni um chl oride. The organic |ayer was dried
over sodium sul fate and concentrated under reduced pres

resi due was puMOSsMdeIOBy f| ash chr omat ogr aphy on silica 3(%&%59%‘
(hexanes/ ethyl acetate 90/10 to 75/25). Yield: 1.05 g, 30 85 % Rf = 0.45
(silica gel, hexanes/ethyl acetate 70/ 30)28 WD 96/ 40705

PCT/ US96/ 10404 ' 29 Exanpl e
4 Preparation of conpound of fornula 2

4- G [ (Phenyl net hyl ) oxy] net hyl - 2. 3. 5-tri - O(phenyl nmet hyl ) - D-ri bof ur anose

A het er ogeneoys,_ 11 of . C na J4« 40 Mol ),

i odonet hane ( F Exarrpl e 3(2.52 g, 4
mmol) 5 .-:-:' eAtans svas refl uxed

ht (Fet = Cherm. “1577. 282
P adomethane. (1 2o L fo%!‘b“ md'ms&v;mg@’éxmg?fﬂ"m Ui. 5 2ol o ¢ o
24 hours. Th edf&mlé?diﬁélh&ﬁé ?:wéé' éddeefhropwns@' dver %hﬁinu&fsetbaé Solatiéh whshed

ueous so |umc | orid he aqueous er was extracted

ith t ted a
x th 3?c ﬁ Ir gr gﬁﬁ'ﬁ ghieride\t1 & @l ctommel) "’b‘l’@&'ﬁ' Noramett EEFSQQB m,L) ab-783F; Aftepy er
di | f at gy ;}ﬁﬁég FrgtelcYs EieEafa
Zﬁr: ?F]ezubyafﬁlﬁy @orrat oégt??% on Stgof'lf'dgg’?@é?gf exanes R@ Hqi‘cgﬁzzte 80120
to 65/ 35) mmai)dn dry dichigromett@pe{100mL)was adq dmmnmlothamgamm;e
tate 70/ 30
Zcﬁl- ?’hgnyl am zﬁ%-r %Hgﬂgﬁ)&g;&(j ?9[ ?‘hﬁgﬁ{"ﬁh‘g%y? oxy mirﬁge%%ﬁlhﬁo Of15

( phenyl net hyl jrigthylamir®- (Smnmuleadmmc))wrdmldiﬂﬂp&mﬁtbgme MQD mi) was added

So ut on dF carBaiey Bror A ies & e Ay compretBiitnd Bt e el

Exanpl e tenjpbtatung was. amﬁmmlb yaise talx40° Caver 36 minutesd The réddotion erixiuiren

O err] G for a0eRakgded wita Skl ciehVs afsihimdeile Afb bty B g
diluted with teniperatareaTide memwemmmnm &pleous layer was baekjexracted

oncent r at ed IGRYHT ARG Fhe U3Ho 8ol Brarhic prdcs ats Hicd e Teium

chl oro-sud@r sulfate awi ¢tnicentrated unditeaduced presstite. TheGésidue was purified by flash

e e oLl S 8 Gevtonf ke 1 5, P 77 L™

tris[2-(2-met Bgmy Rz 354ilva pelThekariedRihyl BEétate 86728)."0l ) and 4 A

A solution of the compound of Example 2 (1 g, 1.97 mmo!) in dry
tetrahydrofuran (25 mL) was added dropwise over 5 minutes to a solution of
[(phenylmethyl)oxylmethyllithium (3.94 mmol) (Still, W. C. J. Am. Chem. Soc. 1978,
100, 1481) in dry tetrahydrofuran (25 mL) at -78° C. After stirring for 20 minutes at -

25 78°C, the reaction mixture was quenched with saturated aqueous ammonium
chioride, warmed- to room temperature, diluted with ethyl acetate and washed with
saturated aqueous ammonium chioride. The organic layer was dried over sodium
sulfate and concentrated under reduced pressure. The residue was purified by flash
chromatography on slica gel (hexanes/ethyl acetate 90/10 to 75/25). Yield: 1.05 g,

30 B85 %, Rf = 0.45 (silica gel, hexanes/ethyl acetate 70/30).



nol ecul ar sieves in dry toluene which had been stirring at roomtenperature
for 2 hours. After stirring overnight at roomtenperature, the
‘reaction mxture was filtered through Celite[err] and the filtering

pad was rinsed with ethyl acetate. The filtrate was di | %ethyl
acetate and waWMRWHTh sat urat ed aqueous sodi um chl ori de. #’éﬁ'&f%% ani c

| ayer was dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by fla2# chromatography on silica gel
WD 96/ 40705

PCT/ US96/ 10404 30

(hexanes/ et hymm Corfy unchﬁf (v 9 nmy, 44 % Rf = 0.6
(silica gel, |, Q).

Preparation of

4- N- Phrenyl am no- 5- pheny{ h‘étérégéhémﬁ mixtor bf/lea[cajm]eibmndtef(urgpdeyin)rm})r rolo

2 e CLDMRLne i Jebl o2d ik the compound of Exinfle .28 aBahd ! ™

phenyl™-7- (& qdédatu?ﬁmbmdw&bmmhm@yd1mg34£mum9rémh@awveﬁﬁml Fefiziy | - D-

ri bof ur anosyl yrroI o[ 2, 3-d] pyrlmdl ne (212 % 0.,26 rrrrgﬁ% LN acetlc aci d/
met hanol : OSQP:.)C’WHS a9; 112 yB2) redgdemetha t&nmts 20 mmolinder

one at nospher f H0n I t

m xture was f?'F?erd&%a'#yougﬁ %e ﬁérea]f . jhbn‘" ¥ i?v%%oﬁ@ﬁﬁ mﬁed
rinsed with hmmeﬁwmmtsarrdwashed aat-.me%aqmmmlwu chloride. ] ueéuﬁlced :
pressure and

30 ng, 25 % wszﬁgéﬁﬁ{ésl I Ca gle&?mé rkgér‘r.‘& ane%Bﬂ%ﬁgﬁggf%?g%
232[err] C10 dried oersqsium Zulfate mldamncanmated wngemneducéd prassurea The resigue

5- Deoxy- 2. 3-dj - e | ) -1z -di t bi.an- 2- - |

The title com%‘g R%M%%Wﬁyg% ﬂg@é;%xﬁ%;@@ﬁ%%&%gﬁ&ﬂm to
the synt hesi s6BRS). Yield! 2.06 8514, Rf £ 0.Zl(silcageliyéxahesiethy) aletatalT0/30).

(phenyl net hyl )-D-ri bofuranoside (7 g, 21.3 mmvl) prepared by a procedure
anal ogous to the synthe5|s of met hyl

2,3,5-tri- z k 5o

H G J. :
“hexanes/ et hyl =

15 Imethyl)-B-D-ribofuranosyl)pyrrolo[2. 3-djpyrimidine
Hexamethylphosphorous triamide (415 pL, 1.95 mmol) was added to
a solution of carbon tetrachloride (250 ul., 2.6 mmol) and the compound of Example
4 (349 mg, 0.65 mmol) in dry toluene at -78° C. The reaction mixture was warmed to
0°C in the course of one hour and stirred at 0°C for 30 minutes. The orange solution
20 was quenched with water, diluted with toluene and washed with water and saturated
agueous sodium chloride. The organic layer was dried over sodium sulfate and
concentrated under reduced pressure to a volume of ¢.a. 5 mL. The chioro-sugar
solution was added to a mixdure of 4-N-phenylamino-5-phenyl-pyrrolo[2,3-
dpyrimidine (370 mg, 1.3 mmol), finely powdered potassium hydroxide {85%, 170
25 mg, 2.6 mmol), tris[2-(2-methoxyethoxy)ethyljamine (420 pL, 1.3 mmol) and 4 A
molecular sieves in dry toluene which had been stirring at room temperature for 2
hours. After stirring overnight at room temperature, the reaction mixture was filtered
through Celite® and the filtering pad was rinsed with ethyl acetate. The filtrate was
diluted with ethyl acstate and washed with saturated aqueous sodium chloride. The
30 organic layer was dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel




Exanpl e 8 Preparati on of conpound of fornula 11

(3S.4R) - 3. 4-Bi s-[ (phenyl net hyl ) oxy] -5- (1. 3-di t hi an- 2-yl ) pent an- 2- one

The title conmpound was synt hesi zed foll ow ng a procedure anal ogous 25 to

the synthesis described in Exanple 2. Thus the conmpound of EX}TZ@#E
wfoats,

g, 19.5 nWe96M4gWse 6.32 g, 80 % Rf = 0.2 (silica gel,
acetate 70/ 30). WO 96/ 40705
PCT/ US96/ 10404 30 : 31 Exanpl e

9 Preparation of conpound of formula 12

5- Deoxy- 4- G- net hyl - 2. 3-di - O (phenyl net hyl ) -

-(1.3-dithi an(héxphys@tl'!yl acetaier@0(H@ to 70/30). Yield: 229 mg, M4 %, BRf =dh6 ¢silicange!,
conmpound of 2 ) in dry tetrahydrofuran (30 nL) was
added dr opw Eée %Wﬁﬁ?ﬁ%ﬂ a solution of 5 nethyllithium (20 muol)
in dry tetraydrofuran (20 nL) at -78[err] C. After stirring for 20

m nut.es at -78 C, the reactlon as quenched by slow addition of a
sol ution 8 c Breparation of compound offgrmulaj, of ur an (10 nL) over 5

TTUuted ernyl "acerate an washed w th saturate

aqueous so§| ugi hitd sat urated aqueous sodium 10 chloride. The

| d ,
Peduced praesur o, TL'ee?eQ‘.Y lre° et hit €8 {p00 i akd-RepHenfhiming-5-
silica gel phenﬂka-ﬁphynymmbexﬂmemylrzx37%#:2&9 (phemrlmetlylmg 98 %
Rf = 0.38 (SI*’I COWWWIO?MW&@&%@Q%&%%mgip?n acetic acidFhidtRdrior 10 |

Prepar ation o
5- Deoxy- 4- C- nt/hy10 el pwes vigofqushnstimad atfopriemperdtureaundar one atmosphere of _

he synt ndd <PHatBfet et el B fiting the B uRLAY RH AR ThtERHTolte0

g 4. 87 mand the filtering rﬂacuwae ginsed Rith-hdd rdethandlj The §ittate nas voncémtrated

acetate 70/ 3 le 11 atjon of co nd, of f [ 2. 20
5 Deoxy - 4- C. nreduos T SRR AR SHRLBHENS whe rerdiRHL Eim eiansl. “Yieid

A m xture of Bgelmgai5LE) RVfIOWOsiﬁea(dél dighlorontéthidne/metmanol8d/pe), mpe2seE° €.

10 (2.62 g, 7.98 mmol) was vigorously stirred at roomtenperature for 3
“hours under one at rmsphere of hydr ogen The reaction m xture was
filtered thro i 1l fffbhﬁgﬂélmg pad was rinsed with hot
nmet hanol . ‘gpe I {essure and
azeot roped‘ - s '

The title compound was synthesnzed followmg a procedure analogous
to the synthesis described in Example 1. Thus methyl 5-deoxy-2,3-di-O-
(phenyimethyl)-D-ribofuranoside (7 g, 21.3 mmol) prepared by a procedure analogous
to the synthesis of methyl 2,3, 5-ri-O-(phenyimethyl)-D-ribofurancside (Barker, R. and

20 Fletcher, H. G. J. Org. Chem. 1961, 26, 4605), gave 7.9 g, 92 %, Rf = 0.35 (silica gel,
hexanes/ethyl acetate 70/30).

Example 8 Preparationo of formula -
38.4R)-3.4-Bis-[(phenylmethyl)oxy]-5-(1,3-dithian-2- -
The title compound was synthesized following a procedure analogous
25 to the synthesis described in Example 2. Thus the compound of Example 7 (7.9 g,
19.5 mmol) gave 6.32 g, 80 %, Rf = 0.2 (silica gel, hexanes/ethyl acetate 70/30).



di ssolved in dinethylformam de (10 nL). p-Tol uenesul fonic acid nonohydrate
(catalytic) and 2, 2-di net hoxypropane (4.6 nL, 32 nmol) were added. After
stirring overnight at roomtenperature, the reaction m xture was
diluted with ethyl acetate and washed with saturated aqu i

bi car bonat e anWOPEMPA%t ed aqueous 30 sodium chl oride. The o?’g'gmséwr
was dried over sodium sul fate and concentrated WO 96/ 40705
PCT/ US96/ 10404 _ 31 ' 32 under
reduced pressure. The residue was purified by flash chromat ography on
silica gel (hexanes/ethyl acet ate 80/20 to 70/30). Yield: 507 ng, 34
% Rf —OS(EMDB_%eI zompoundofiformuds 40 70/30) Exanpl e

12 Preparati o [}¢) u< ! i 4 n .
4- N—Phenyl ani : : ~sw et Te) - [er
r]- ri bof uranos;A )saiutionlaf-ﬂ'\% éomlbwrid ﬂif(Examp!e 8 (2 g, 5 mmol) in dry

ﬁ?ﬁ??éﬂ%?“?ieﬁ%@&é?@& 5 (BB S NES @GS clrpiyise s it iR 10 oSl @ha of
exanpl'e 5 mhbtHyBiturig0 i nﬁraayltét@rg;dﬁ&furambam a%tn@mbfkn ??Bﬁzo

reaction m xture was warnmed Cin the course of m nutes and

stirred at - 10WnNUtes atc/§°&r, thesreaction mixturevasuanghed bys‘%‘b?dﬁ‘ﬁ'%%@'&ﬂ@hc hed
with water, dpfgytat S6id (2 hp) 4eag taﬁwuiéi&%mgg@ LYBlet's fitfites at -789C

aqueous SOdI um chl oride. The organic | ayer over sodi um sul
and concentr aﬂ'é%mbﬁd @'W@M@%W@#QM‘@NESWMIMN vith @mwmand

chl or o- sugar
4-N-phenyl am no- 5 |§IO};%trro uf%%% pyrl | nﬁ@?%ed BAURPUS TS soFISum
{1 nel'y poder chlopde.Ehel oroang daysx was cfisciavessaxivm sulfte and-tonceniratsdunder

whi oh had | TS PRSKLLR. THehBSE wad TmumBd bl nast shrafitograbby B bieR e
1 Ut ed vi th SRl ace ot A umahed mEh e B e agueacs anaoni um
chl ori de. Theﬁ?ﬁ%ﬁ? t‘ ?%]\g%’%| ed over sodium 20 sul fa?e and
concentrated under reduced pressure. The residue was purified by flash

chr omat ographg on Flid .(hexanes/ et ite 70/30 to 50/50). Yield:
223 ny, R P ompo, arres£et hyl acetate 60/ 40).
Exanpl e 135Pr 8{Dd i

4- N- Phenyl am no- 5- hen E 5deox -D-ri bof ur anosyl rrol
of 2. 3- Zé d] pvri ni 8| neyllhe tltlg compound wassynihes}/zed followmga procedure anal%g%:g

to the synthesis described in Example 4. Thus, the compound of Example 9 (2.04 g,
4.87 mmol) gave 1.4 g, 88 %, Rf = 0.4 (silica gel, hexanes/ethyl acetate 70/30).

Example 11 Pregaration of compound of formula 2
20 oxy-4- -2,3- ethylethylidene ibofuranose

A mixture of palladium hydroxide (0.5 g) and the compound of Example

10 (2.62 g, 7.98 mmol) was vigorously stirred at room temperature for 3 hours under

one atmosphere of hydrogen. The reaction mixture was filtered through Celite® and

the filtering pad was rinsed with hot methanol. The filtrate was concentrated under

25 reduced pressure and azeotroped twice with dimethylformamide. The residue was
dissolved in dirhethylformamide (10 mL). p-Toluenesulfonic acid monohydrate
(catalytic) and 2,2-dimethoxypropane (4.6 mL, 32 mmol) were added. After stirring
overnight at room temperature, the reaction mixture was diluted with ethyl acetate

and washed with saturated aqueous sodium bicarbonate and saturated aqueous

30 sodium chicride. The organic layer was dried over sodium sulfate and concentrated



A sol ution of 4-N phenyl am no-5-phenyl -7-(5-deoxy-4-C-nethyl-2,3-0C
(et hyl ethylidene)-[err]-ribofuranosyl)pyrrolo[2,3-d] pyrimdine (220 ng) in

70 % aqueous trifluoroacetic acid (20 nL) was stirred at 0 C for one
hour and at room tenperature for one hour. The reaction
concentrat ed unW@P#¥®iced 30 pressure and azeotroped tw ce wirﬁ% o and
twce with ethanol. The residue was WO 96/ 40705
PCT/ US96/ 10404 32 33

neutralized with saturated aqueous sodi um bi carbonate and the precipitated
nucl eoside was filtered and rinsed with water. The solid was recovered and
recrystal | i zecundepreducedhpressureYThs residue waspurifiax by flagh chrométogeaghyon sjlica

1l oromet v s bl o BRISHC A 574 S 3 i gl

2. 3- O (et hy| ehdxpheslethy) adetatesf0/30)cycl opr opyl - D- er yt hr of ur anosi de
A sol ution of nethyl 5-deoxy-2,3-0 (nethylethylidene)-[err]-Derythro-
pent - 4- enof uranoside (2 g, 10.7 mml) (lnokawa, S. et al. Carbohyd. Res.

1973, 30, &ﬁm%z E@@&m&ﬂ&@ﬁ%ﬁ% ni) was added dropwise
over 4 hourg to . a 1 refl uxing suspen5|on 0 reshl made. zi nc- copper

coupl e i n dPy TabielYial *-;~:!d ) 2= ORI NS 3-Ox{rasthylethylidene D-

cool ed, dil ut egbotiraRo® dhd
chloride. The of gam C over sodium sul fate and

concentrated under r edutééa@ﬁﬁy Phq'ﬁlés triamide {8QR L4835 mreel) wes addedto

i1 e 16" comadiondreanaR g paRtedd geis.3 trich sh il cotpdibdlratatipie "

acetate 90/ 10) 11 (272 mg, 135amp10é) inSirytolienesat -&‘&fThﬂ)lqaotnmmmamm
A mxture of RecICHYE o SR AR Req B A LT AL ARG, Trogrange
eryt hrof ur anomo('lmashuynchéﬂ Wlthmdter dlll.Itbdiqutthdsehqdndesbed withevater(aitd nl)
Feaction m xt (iaelsBledds sctiim BABHdE Th iRmniierd et Fies g ST aAtenge
resin (OH f or ngnd dontentratet amdér reduced pressure\io aivoluméiofitd. .5 mb.cThemtidro-sdgar
o e ARG AB B A phurh R AT B b e o SR ine
di met hyl f od&an(88@ mg] 2.9mhmol),pfirlely powdsrad potassiumtiytraiideqB5%, 380 nig; S&mirridlyX)
and 2,2- and fris[2-(2-methoxyethoxy)ethyllamine (825 pl., 2.9 mmol) in dry toluene which had

been stirring at room temperature for 80 minutes. After siim'ng overnight at room

temperature, the reaction mixture was diluted with ethyl acetate and washed with

saturated aqueous ammonium chloride. The orgahic layer was dried over sodium

20 sulfate and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (hexanes/ethyl acetate 70/30 to 50/50). Yield: 223 mg,
34 %, Rf = 0.3 (silica gel, hexanes/ethyl acetate 60/40).

~ Example 13 Preparation of compound of formula 1

lamino-5-phenyi-7-(5-deoxy-4-C-methyl-B8-D-ribofurano: lo[2.3-
25 imidi '

A solution of 4-N-phenylamino-5-phenyl-7-(5-deoxy-4-C-methyl-2,3-O-
(methylethylidene)-B-D-ribofuranosyl)pyrrolo]2,3-dJpyrimidine (220 mg) in 70 %
~aqueous trifluoroacetic acid (20 mL) was stirred at 0°C for one hour and at room
temperature for one hour. The reaction mixture was concentrated under reduced
30 pressure and azeotroped twice with water and twice with ethanol. The residue was



25 di nmet hoxypropane (4.6 nL, 32 mmol) were added. After stirring 4 hours
at room tenperature, the reaction mxture was diluted with ether and
washed with saturated aqueous sodi um bi carbonate and saturat ed aqueous
sodi um chl oride. The organic | ayer was dried over sodium %{3 o?
concentrated urf¥@P64%¥uced pressure. The resi due was pur §4 | ash
chromat ography on silica gel (pentane/ether 70130 to 30 40/60). Yield: 1.2
g, 50.% Rf = 0.4 (silica gel, hexanes/etlg8 acetate 60/40).

WD 96/ 40705 :

PCT/ US96/ 10404 34 Exanpl e
16 Prepar at i omeuntralizeth withdsatbrafted radusods sodium bicarbonate and the precipitated

gp:\l; f)gysl gg:gﬁg‘{e?ﬁlﬁ m noﬁw%ﬂggéﬁ% %&%ﬂ@%h;‘%et %l dend%ﬁ%vered and
The title comumtasmasmuhwnm fohémwm ang)r 86eeh|r RF anal 6 silicsb gel,0

the synthesis crib e : I ng of
2,3-O (et hyl éfﬁ'a ndmet}(\aﬁgl@ebbl‘tg), | - D- eryt hr of ur anose (450
ny, 2.42 mml)vmth -N-(4-

f1 uorophenyl ) am no-5- phen I rrolof[2, 3-d rimdine (20 1.47 g, 4.84 nmml)
provi ded the tExampleld| Beipara j/compound ‘s 2 1o

hexanes/ et hyl
of formula 1

4- N- (4- Fl uor ophenyl ) am Acﬁ@-ﬂmmeﬁymeﬁy! 5—49%12%@@Qibvbﬁmld?@)fﬁ'nﬁmhf°'

eryt hrof urano ] Th
title conpoun?gwas snbﬁ#ﬂ{gglldgégé gﬁv{nﬂﬁ&“a pro¢§d &épangfmgd Res. 1973 39,
synt hesi s desct27hend dimdﬁnemamamkﬁ'y elﬁars(zumtb)mfdddedcdmm;ebaenﬂheﬁrsnbanyl

15 ] . . . .

7- (2, 3- 0- ( M@t HEfiwdng syspension of Feshly made gingsFoRRAr cpuplp;in gy sther, The reastisgy | ) p

ér rol ?[ 2t 321 m?dd:}@wgs réfitkatiroverfight) ool &Y, @ilamed with ey Iadadvéshl edtwm-.l sHlurated
eprotecte nuc EOSI 11 Cca

di ohi or oot harRdUes arﬂmgnym%ﬂd%me Qi [Gyer wai 218l ovetsodium sutfetends

conmpound of fcﬁdmbﬂtréted under reduced pressure. The resudue was purified by flash
4- Chl or o-5-i odg- 5de -4-C-neth ethlldenezq err]-D- 20

|
ri bof uranosyl) PW Wrﬂebk/ taneleth%r 90/% to 80/29), Bund

was synt hegsz e&rﬁprddnawsq ga4wrwp R?W@3%§ﬁéé’géluﬁexanesiéﬂ'n}l Eeewgd?ﬁm
described in Exanple 12 AUs coupl ing of 5-deoxy-4-C nethyl -
0- (net hyl et hyl i dene) - D-ri bof ur anose (550 ng, 2.9 mmol) with

4-chl or o- 5- |od&mg|e1gyp a?&%r?b g, 4.35 mmol) provided

the titled nucleosi silica gel,
hexanes/ et hyl ene -4-C-spirocycloprog I- -erythrofuranose

A mixture of methyl 2,3-0-(methylethylidene)-4-C-spirocyclopropyl-D-
erythrofuranoside (2.57 g, 12.8 mmol), 1N aqueous hydrochloric acid (20 mL) and
20 tetrahydrofuran (20 mL) was refluxed for 1 hour. The cooled reaction mixture was
neutralized with DOWEX® 1X8-200 ion exchange resin (OH- form), fiitered and rinsed
with methanol. The combined filtrates were concentrated under reduced pressure
and azeotroped twice with dimethylformamide. The residue was dissolved in
dimethylformamide (10 mL). p-Toluenesulfonic acid monohydrate (catalytic) and 2,2-
25 dimethoxypropane (4.6 mL, 32 mmol) were added. After stirring 4 hours at room
temperature, the reaction mixture was diluted with ether and washed with saturated
aqueous sodium bicarbonate and saturated agqueous sodium chioride. The organic
layer was dried over sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica get (pentane/ether 70/30 to

30 40/60). Yield: 1.2 ,'50 %, Rf = 0.4 (silica gel, hexanes/ethyl acetate 60/40).
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Exanpl e 19 Preparation of conmpound of formula 1

4- Chl or o- 5-i odo- 7 3 deoxy 4-C-nethyl -[Terr]-D-ribofuranosyl)pyrrol o[ 2. 3-d] p
yrim di ne The title conpound was synt hesi zedPFHP$AMY a
pr ocedur e anal ogous to the synthesis described in Exanple 13. Thus
4-chl oro- 5-i odo- 7- (5- deoxy-4-C- 5 34

met hyl - 2, 3- O (et hyl et hyl i dene) -[err]-D-ribofuranosyl)pyrrol o-[2, 3-d] pym di
ne (100 ng, 2 ol - titled deprotected nucleoside (14
R F 90/10)

erythrofuran pitocycloprapyl-8 2 § , The title

conmpound was synt hesi z qﬁx gﬁ% P&ﬁfggﬁﬂ'\% ﬁ@gﬁ!&fz%d%@vﬂﬂ& H%roceduré 8nhld§ous

synt hesi s described in Ing O

2, 3- O ( net Ay totie syrnihasiy described in-ezampler 12: bus peunling of 2,8rQ<{metbyletrwlidene)t 500

, 2.66 mol ' d neg._ 11 g,
g? 99 mmol ) pr%i'\#é c@%ﬁﬁ‘g&#&f@%ﬂﬂ@gg&?% ?% rrg'[ Z%éz %@@3 WM&P 24 ‘83(9 )
(silica gel, fusreplenybamino-SqobenylpyrralbZ3-dlpyrimidine E20ph 4729, R4.84ammolpn of
conpound of formy o
4< A - 5- |00Rf°?"c{e% edile, LFEPERP (7Y ME2P ¥h RS 0% (slicR aeb RARFREEML 2. 5
- d] pyr | acetatesF0/3)bl e 4 #175 Uqui d ammonia (15 nl)
was added to a solution of 4-chloro-5-iodo-7- 20
(2,3-0 (net hyl et hyl i dene) - 4- C—sp| rocycl opr opyl [err]-D-erythrofuranosyl)pyr
rol o[ 2, 3- 10 Exdthple'17MF¥aparatian neboffofuia Yn et hanol (15 nm) at -78
C. The reaction mxture vvas '
bonb for 24 el I ODNCHNG )2
and the u“,u.é,._

The residue wasS d % aqueou r uoracetlc 25 acid and
stifred at room terrperaih@rf@e WP@#“W%MW@H@“MEG@MW@ EF‘F,'C‘G&HS

concent r at ed %gﬂﬁé%& 290k H@S?h
twice with ethano ebﬁ"sﬁl ue vvag@neutr fgg%w\ﬁfﬁ?mgatur ated a ueous
sodi um bi d&r bbb%smmethvbﬂwlldm)ﬁr@@ppowQmowhﬂ-laﬁytbeofumosyl)pmo&iz

rinsed with ,dﬂgq;gagh-igdo@ﬁm%p?gfo%ﬁ‘iﬂ@ﬁm dﬁbﬁ’oté@@& hatigbsige¢esd H&“

et hanol . Yiel Si |

di chl or orret haGQ*%)eRﬁaM (M.,dxmlgonmmmmpﬂ@npuwm m.p. 142°C.
Example 18 .EEL@LQD_MMQ.QL&[LTMA_

20 ribofuranosylipyrrolo{2,3-dlpyrimidine

The title compound was synthesized following a procedure analogous
to the synthesis described in Example 12. Thus coupling of 5-deoxy-4-C-methyl-2,3-
O-(methylethylidene)-D-ribofuranose (550 mg, 2.9 mmol) with 4-chloro-5-iodo-
pyrrolof2,3-dlpyrimidine (1.23 g, 4.35 mmol) provided the titled nucleoside (581 mg,

25 44 %), Rf = 0.4 (silica gel, hexanes/ethyl acetate 60/40).
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22 Preparation of conpound of fornula 12

4-C- Met hyl -2.3.5-tri-O (phenyl methyl)-21-(1. 3-dithian-2-yl)-D| xo-%(%?ne

The title conpd¥Aes 4805 synt hesi zed fol | owing a procedure anal

the synthesis described in Exanple 9. Thus the conpound of Exanple 2 (5 g,

9.8 5 mmol) gave the titIe conmpound (3.86 g, 84 % froma separable 1211
epi neric m xture, Rf = 0.38 (silica gel, hexaneslethyl acetate 70/ 30).
Exanpl e 23 Preparatlon of corrpound of formula 2 :
4-C Met hyl - 2. Exemple 19 atioreofoompoDn
title corrpound ' 4 AW 10 ) tO.Ihe
synt hesi s descr™ ROt et B
g, 7.51 mml) gave the U‘hehﬂeomnpmmdvds%yﬁtrﬂsnzB@f&bm apr&eaﬁrdﬁidlagﬁusge'

4 P aration of compound of
P g?ﬁﬂfe:/ it hy| to(‘tﬁcte %&hes:s?@scnbed in Examgle 43 o loro -|odo-7-(5-deon£y -4-C-

4-N-[ 4 (D) gt N meh W&f&@wﬁﬁmy-
) - 1) | d
The brels gﬁfr%% Lwa eddemtie rr%gpaemm{ém%;ﬁmss(sumo

the synthesis SHisrthethariermBitaf )A’u
4- C- et hyl - géuéfc{i“_ - s p%@ny?ﬂnﬁ% ;lﬁgi xofuranose (500 ng, 1.15

mol ) vvith 4-N-[ 4-
(di met hyl am nqggag,
mg, 1.5 20 miD
its NL-isonmer S

86? 40(73I5I ! ‘i& MM’M&MMW 20 10) PCT/ U896>/\?O404
The title compound was synthesized following a procedure analogous
to the synthesis described in Example 12. Thus coupling of 2,3-O«(methylethylidene)-
4-C-spirocyclopropyl-D-erythrofuranose (500 mg, 2.66 mmol) with 4-chloro-5-iodo-
pymroloj2,3-dpyrimidine (1.11 g, 3.99 mmol) provided the titled nucleoside (402 mg,
15 34 %), Rf = 0.7 (silica gel, hexanes/ethyl acetate 70/30).

e 0 | p[ 2, 3-d] pyri mi di ne (593
g of fd o |Q_ of the t|tIe corrpound and

Exa mgie 21 Preparation of comgound of formula 1

dipyrimidine; Table 4 #175
Liquid ammonia (15 mL) was added to a solution of 4-chloro-5-iodo-7-
20 (2,3-O-(methylethylidene)-4-C-spirocyclopropyl-B-D-erythrofuranosyl)pyrrolo]2,3-
d]pyrimidine (200 mg, 0.45 mmol) in methanol (15 mL) at -78°C. The reaction
mixture was heated at 100°C in a sealed steel bomb for 24 hours. Ammonia was
slowly released from the cooled bomb and the resulting solution was concentrated
under reduced pressure. The residue was disolved in 70 % aqueous trifluoroacetic
25 acid and stirred at room temperature. After 30 minutes the reaction mixture was
concentrated under reduced pressure and azeotroped twice with water and twice with
ethanol. The residue was neutralized with saturated aqueous sodium bicarbonate
and the precipitated nucleoside was filtered and rinsed with water. The solid was
recovered and recrystallized from ethanol. Yield: 73 mg, 42 %, Rf = 0.35 (silica ge!,
30 dichloromethane/methanol 90/10), m.p. 232°C (dec).



37 Exanpl e 25 Preparation of formula 1

4-N-[ 4- (D et hyl am nonet hyl ) phenyl ] am no- 5- phenyl -7- (4-CGnethyl -[err]-D

| yxof uranosyl ) pyrrol o[ 2. 3-d]-pyrim dine: Table 2 # 64 An
orange solution of palladiumchloride (400 ng) in anhydrous 6 nethanol (10
nL) was degasseMOR6P78% i rred under hydrogen (1 atm) for 10 ni RGT/US96/10404

sol ution of

4- N-[ 4- (di net hyl am nonet hyl ) phenyl ] am no- 3¢ phenyl - 7- (4- C- et hyl -

2,3,5-tri-O (phenyl methyl)-[err]-D-Iyxofuranosyl)-pyrrol o[ 2, 3-d] pyri m di ne,
|ts N1-i somer and trls[2 (2- rrethyethoxy)ethyl]am ne (786 ng) in
solution in aﬁugnp_tg.zz of co . gnuledd@d to the suspension of
reduced pall agi tHre was .stirred at

roomtenperatu -lyxo-penta 9t hr ough

Celite[err] and the fi I'ﬂmmwomdumwassymmknzudfbudmwarmomdmmhlo bas
conmbined filt re c. ﬁé ed uced pre %F The resi due
was di sso 6 E@Wm R FOTReH mﬂpﬁgﬁ%ﬁﬁll
acetate. The ﬁirhdlj gave Mﬁtlé%ﬁ@é&n& BlM ?"M\% f?érﬁ@?épérﬁb@ﬂmtéblﬂagﬁb

aqueous sodi um h g'g a&ﬁ the 15 Tresulting solution was extracte
times with et Pt Ht @a&ﬁ#quaaesle@aha@tate 0738} r act s were dried
over sodium sul fate and concentrated under reduced pressure. The
residue was purified by flash chromat ograph on si i ca gel

(di chl or onet hExemple2S Preparation o : pime

80/ 2011). St % Bled: v B ' i Rodie s further purified by
HPLC (Cl 8, 50XZ50 nmy Wl € HYIEAR®E acetic acid 95/510. 5)
45155, 16.5 nl/mnute, '[l'lsr’tﬂp somwumdrwas synmaaized?z‘ﬁucﬁmng @ presedure @nalogous

|1 d I I
Yt 1 380 (98 i ol B il o Sl .9,
Prepar ati on of, Zdthmmal)gavecthautite t8mpound (2.6 g, 80 %), Rf = 0.25 (silica gel,

4- C- Met hyl - 2. ﬁegﬁe%*%&'&?%%@'*@{?ﬂy' )-1-(1.3-di thian-2-yl)-D-ribo-pentane

25 e conpound of Exanple 8 (4 g, 10 mmol) in

dry tetrahydrofuran (100 .nL) was added dropw se over 10 mnutes to a

sol ution of . p (1.8 nmol) (Still, W C

J. Am Chem . =S SFE Ty trahydrofuran (50 nL) at

-78[err] C. AliM{4-¢Dimethyie Bylbhervivifansihc -8 CLgthyE2.8(5-810-

mxture g . acird (2.3
in dmﬁ ne 78[err] C. The

q u e nched VEeQﬂé éSr'ﬁﬂEund was synthes:zed followmg a procedure analogous .
PCT/ US96/ 10404 -
to the synthesis described in Example 12. Thus coupling of 4-C-methyl-2,3,5-tri-O-
(phenyimethyl)}-D-lyxofuranose (500 mg, 1.15 mmol) with 4-N{4-
(dimethylaminomethyl)phenyilamino-5-phenyl-pyrrolo[2,3-djpyrimidine (593 mg, 1.5
20 mmol) provided an unseparable mixture of the title compound and its N1-isomer and
tris[2-(2-methoxyethoxy)ethyl]amine (83 mg), Rf = 06 (silica gel,
dichloromethane/methanol 90/10).



38 solution was warnmed to roomtenperature, diluted wth ethyl

acetate and washed W th saturated aqueous anmmoni um chl ori de, saturated
aqueous sodi um bi carbonat e and saturated aqueous sodi um chloride. The
organi c |l ayer was dried over sodium sul fate and concentrated under
reduced pressum96AOBsr esi due was purified by flash 5 chrond®IgSaHM#4N
silica gel (hexanes/ethyl acetate 90/10 to 75/25). Yield: 3.68 g, 70
% Rf = 0.45 (silica gel, hexanes/ethyl aggtate-70/30). : Exanpl e 27
Preparation of conmpound of formula 2 '

4-C Methyl -2.3.5-tri-O (phenyl nethyl)-D-ribofuranose : The
title conpound was synt heS| zed following a procedure anal ogous 10 to the
synthesi s desgribed e 4 Th 1the conmpound of Exanple 26 (3.68

g, 7 mmol) gaé@-@m&é% (SI lica gel, hexanes/ethyl acetate
70/ 30)- H 1 : ;

4- N- Phenyl ani ' 4-C—t_h,|,-2.. . il hyl)-Terr]-D
ri bof ur anosy! %9 S ‘—' lolg.3-dl-pvainidine Table 2#64 * The'tjt| e conpound was
synt he'si zed fol | owi ng a\rpbﬁmy@sauﬁmloewadmm chlbﬁdé &m&%ﬁ)hﬁshﬁhﬁéﬁ' bed
i n Exanpl e _12. Thus coupling -G net hyl -2,

(phenyl met ﬁyl Weﬂjﬂ"PUﬂp O'MM’@§ Segﬁi@dﬁﬁd smrsumﬁﬁmhydmgﬁn (1 atm) for 10 minutes.
4-N-phenyl am gGgop +~ (d.métugéeﬁrs&aetﬁynyﬂrﬂhw a{ﬁnﬂb@pﬁé}%7 94“&1@ ol )

provi ded the tltled nucl eosi d ca gel,

hexanes/ et hyl 2.§z§etla@éplmwlw}hy de@mn%mh[%ﬁ&ﬂmrmmm &&Mpwnq of
formula 1
4- N- Phenyl am no- g‘ Eh-(g-ml - 9’2 Hog)eﬁyﬂarplnfgaﬁ mgi %’%‘8?5?1%%’%%% }haf‘g 3-d]
pyrimdine: (10mLjakaseaddedsto the suspension of reducedipalladiume Theriwterogenasus
synt hesi z fol |l @w [ @,? I t he synt.h ri bed
e 30, afeacfitinte Bag £67e & BORSARBrre undet Bydedert Y el 3brs GG,
m_eéI hyl - (2,13,45 ﬂltére@tlﬁmhglmtbbmgfatng)th? ﬂ{lfﬁn ad ivef ﬂﬁﬁdc?ﬁﬂlh blﬁiﬁh ﬁge!héﬁhé 3Te p% I
m di ne e e title rot.ec nucl eQsi de
09 R <o ascampifbMlsgis Were CORonRISd HORHHRRRA REFRSHTS, JhRppeide e
211-2 13[ err] @issolved in 0.1N hydrdéhiSic 46id @nd washed twice with ethyl acetate. The pH of
PCT/ US96/ 1040#9
aqueous solution was brought to 12 with 1N agueous sodium hydroxide and the
15 resuilting solution was extracted 3 times with ethyl acetate. The combined organic
-extracts were dried over sodium sulfate and concentrated under reduced pressure.
The residue was purified by flash chromatography on _silica gel
(dichloromethane/methanol/30 % aqueous ammonium hydroxide 90/10/1 to 80/20/1).
The- partially purified nucleoside was further purified by HPLC (C18, 50X250 mm,
20 methanol/(water/methanol/acetic acid 95/5/0.5) 45/55, 16.5 mL/minute, A= 299 nm,
Rt= 20.6 minutes) and crystallized from ethanol. Yield: 26.8 mg, Rf = 0.25 (silica gel,
dichloromethane/methanol 80/20), m.p. 205-206°C.

Example 26 Preg. aration of mmp' ound of formula 12

25 A solution of the compound of Example 8 (4 g, 10 mmol) in dry
tetrahydrofuran (100 mL) was added dropwise over 10 minutes to a solution of
[(phenyimethyl)oxy]methyllithium (1.8 mmol) (Still, W. C. J. Am. Chem. Soc. 100,
1481 (1978)) in dry tetrahydrofuran (50 mL) at -78°C. After stirring for 10 minutes at
-78°C, the reaction mixture was quenched by slow addition of a solution of acetic

30 acid (2.3 mL) in dry tetrahydrofuran (50 mL) over 5 minutes at -78°C. The quenched



39 Exanpl e 30 Preparation of compound of fornula 4

4-N-[ 4( D et hyl am nonet hyl ) phenyl ] am no- 5- phenyl - 7- (2. 3- 0- (net hyl et hyl i dene
)-4

C-spirocycl opropyl -[err]-D-eryt hrofuranosyl)pyrrol o[ 2. 3- O pyrim di ne

The title conpoWP@6MRIES synt hesi zed foll owi ng a procedure anal 855’15’§95"3“{40
the synthesis described in Exanple 12. Thus coupling of

2,3-0O (net hyl et hyli dene) - 4- C-spi rocy@gpropyl - D-eryt hr of uranose (350
ng, 1.88 mmol) with 4-N[4-

(di met hyl am nonet hyl ) phenyl ] am no- 5- phenyl - pyrrol o[ 2, 3-d] pyrimdine (1.1 1
g, 3.99 mndlv.)txqmrwas werinedhtouosrpierperaturs, diluted with bty acdtatecariiwhsivesd de,

its N1-isomer a tris[2-(2- rrethox thox et h am ne
0. 45 (silica“"g'b?a“"@f?d % %%?W%%WUSSO '“méfﬂ%ﬂéf%l

Preparati on ofarRpsaaratst uefdaé Eﬁﬂﬁmﬂchlonde The organic layer was dried over sodium
4-N-[ 4- (D net hyI am norret hyl ) pheny| ] am no- 5- phenyl - 7- ("4- C-spirocyc| oropyl -[ e
-D er yRUlfater ﬁﬂ% OS%P@FWPr e rﬁﬂduenm purified pysflash

xt

Am ur 054:%:{‘ u‘i bméiu élméahléé/ %%Iﬂ: 1oack 'Y.Zrd Bes
ﬂ@P-ta

-
-
—

(2,3-0 (nethyl et hyl i dene) - C—s I rocycl o rofuranosy?) pyr
rol of 2, 3- 0 By Rf i (.sﬂlqatggl m@xaaéﬂe Yh
tris[2-(2-nmethoxyethoxy)ethyl]amne (1.31 g) was di ssol ved i n net hanol
(10 nmL.) and O 1N hydrochl oric acid (10 rrL) The pH was adj usted to
pH=1.5 wi t h 6NExampie2R| Breparaticnofior uny of formutee2 honogeneous sol uti on

was refluxed fOr 3860 -'I_' h’{ﬂ&ﬁ;ﬁ%ﬁécdiluted with 0.1 N
hydr ochl ori c [ Ce etate. The pH of the
aqueous sol ution was . Thefilecompound wes synthesizid fojlowinga prabedurdgnalogous:

o e 10 i BEMHGHF Beben i gl e b Rt b B S

concentr at ed gJemmolgave .22 g F3.%¢ Rf F10:25 (silict gel wexapusiethybdcetate 70780).| ash
chr omat ography on silica gel (dichloronethane/nethanol/30 % aqueous 25 :

ammoni um hydr oxi de 90/10/1 to 80120/ 1) The part lally purified nucl eosi de
was furt IExampks P81 Pregaratidnldf cof nE@X u,

met hanol / (wat e [ g haqol /acetic agid o ) 45/ 55, 18 nl/m nute,
Lerr]= 299 nm&ReE THAQ-2sphen- ‘xh"‘ o -(phemimetngd-Prlize t o
provi de the tigHofurg olo d,(.,gl l'ica gel .

di chl or onet hane/ nmet hano al cul at ed go = 472.23; found =
472 16 VO 9é&ha fitleyepmpound was synthesized Ilowmg a procedure analogous

PCT/ US96/ 104040 the synthesis described in Example 12. Thus coupling of 4-C-nfkthyl-2,3,5-tri-O-
| (phenylmethyl)-D-ribofuranose (500 mg, 1.15 mmol) with 4-N-phenylamino-5-phenyl-
pyrrolo[2,3-d]pyrimidine (494 mg, 1.73 mmol) provided the titled nucieoside (165 mg, .
20 %); Rf = 0.6 (silica gel, hexanes/ethyl acetate 70/30).

20 Example 29 Preparation of compound of formula 1

4-N- ino-5-phenyl- C-methyl-B-D-ribofuranosyl lo imidine;
able 2 #81

The title compound was synthesized following a procedure analogous
to the synthesis described in Example 24. Thus 4-N-phenylamino-5-phenyl-7-(4-C-
25 methyl-2,3,5-tri-O-(phenylmethyl)-B-D-ribofuranosyl)pyrrolo-[2,3-d]pyrimidine (144
mg) provided the titled deprotected nﬁcleoside (63 mg, 73 %), Rf = 0.45 (silica gel,

. dichloromethane/methanot 90/10), m.p. 211-213°C.



Exanpl e 32 Preparation of compound of fornula 4

4- N- Phenyl am no- 5- phenyl -7- (2. 3-O (net hyl et hyl i dene)-[err]-D

eryt hr of uranosyl ) pyrrol o[ 2. 3-d] pyri m di ne Oxal yl chl oride
(.55 n., 6.3 mmol) was added dropw se, keeping the 5 tenperature bel ow
35C, to a sol uWode4eD5 NN- di net hyl for mami de (4.8 L, 63 mol ) PCT/USYYIHY) yene
(5.4 nm) and acetonitrile (1.9 nL). The sl ushy mxture was stirred at room
tenmperature for 15 mnutes then cooled taggg 12[err]C. A solution of 2,3-O
(methyl ethylidene)-[err]-Derythrofuranose (1 g, 6.24 mml)( Cohen, N. et
al. J. Am Chem Soc. 105, 3661 (1983)) in toluene (1.2 nL) was added
to the reaction mxture 10 mintaing the tenperature below -12 C. After

stirring at -12 C f O mnytes, the olutign was cooled to -16[err] C
{reparafion of gompound

and a solutio . YYUENSE) in toluene (1 ni)
was added nmai RiACRLMiméRamitRitRphEnRemRE-SbRermE-742 3109 mstfethjlidens)-4-
was stirred 15 nrnutes at Ol errjC, filtered off_over. a pad of Celte err]
and rinsed wi £spirocyclepropy-f-D-enythrefuranosylipwiole[2 3-dlpyimidinesdded to a

f h I :
st of &IV phery| ool A b RS o .
;[/\III:I: (s:Lzhg(zj gtetuﬂaqayrltbes}s. 0 describddhim Example 1‘&;I'hus couplmﬁ@f &;350)(8 mﬂlywt eldenle)ene
i r1i ng. over AreRpTapRRep S ErRsY| (30 mp, Jf e mmed Wi FHYA
U1, Tt remerreciat e i 88
concent r at ed 868@5 ug% OPM‘ tit%g’ gé ﬁﬁ ﬁ1f 'F%'Eefﬁ"q | ash

chrorrato raph z.ni o amﬁ-{eet BiacalyatRf = 04530siliegas0 .
oS S R togr e (01700 it

ca gel, he anes/ et hyl acetat e
507 40} 10" dichloromethanemeanst S0mgj. 0 " Y ‘

PCT/ US96/ 10404 41 Exanpl e
33 Preparation of corrpound of fornula 1

4- N- Phenyl ani Examplentd Rreparalign of comgoundof feqmulad yI)pyrroIo[23d]pyr|md|
ne: Table i \ | PR 81

following a procedure ana ogous anp e
13. Thus 4- N- epdhrofusanosyls : i

ﬁg et Dyl ethylidene) -ferrg rd&tﬁ‘:%f*mi W@Wytéﬁm&m&tﬁwph“én?i]éwnbrsaﬂhéwylﬂ69
15 (2,3-O-{methylethylidene)-4-C-spirocyclopropyi-f-D-erythrofuranosyl)pyrrolo[2,3-
dlpyrimidine, its N1-isomer and tris[2-(2-methoxyethaxy)ethyllamine (1.31 g) was
dissolved in methanol (10 mL) and 0.1N hydrochloric acid (10 mL). The pH was
adjusted to pH=1.5 with 6N hydrochloric acid (0.5 mL) and the homogeneous solution
was refluxed for one hour. The reaction mixture was diluted with 0.1 N hydrochloric
20 acid and washed twice with ethyl acetate. The pH of the aqueous solution was
brought to 12 with 1N aqueous sodium hydroxide and the resulting solution was
extracted 3 times with ethyl acetate. The combined organic extracts were dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified
by flash chromatography on silica gel {dichloromethane/methanol/30 % aqueous
25 ammonium hydroxide 90/10/1 to 80/20/1). The partially purified nucleoside was
further purified by HPLC (C18, 50X250 mm, methanol/(water/methanol/acetic acid
95/5/0.5) 45/55, 18 ml/minute, A= 299 nm, Rt= 17 minutes) and crystallized from
ethyl acetate to provide the title compound (Rf = 0.25 (silica gel,
dichloromethane/methanol 80/20). MS, calculated (M+H) = 472.23; found = 472.




mol ) provided the title nucleoside (401 ng, 46 %9, Rf = 0.5 (silica gel,
di chl or onet hane/ net hanol 90/ 10), mp. 210.5-211.5[err]C Exanpl e 34
Preparation of conpound of formula 12 10

4-C- [ (Met hoxy) et hyl ]-2.3.5-tri-O (phenyl met hyl )-1-(1. 3-dithi an-ZT?\é}e%-og—lyx
2

0- pent ane WO 96/40705 A sol ution of the conmpound of Exa ,
2 mmol) in dry tetrahydrofuran (40 nL) was added dropwi se over 5

mnutes to a solution of [ (et hyl ) oxylaget hyl lithium (6 mmol) (Still, W
C. J. Am Chem Soc. 1978, 100, 1481) in dry tetrahydrofuran (40 niL) at

-78[err] C. After stirring for 20 mnutes at -78 C, the 15 reaction
m xture was quenched with saturat ed aqueous ammoni um chl ori de, war ned

to room tenpe%mgg,\errsrg plaleapd washed with saturated
aqueous ' ayet—has dried over SOdI um
sulfate and 4 renyig ~ g i

purified by fla g (hexanes/ et hyI
90/ 10 to 75/ 28NANKAIEAQOS = 0.45 (silica gel,

hexanes/ et hyl acetate 704a chlorzd 5551ag.gl 3 SOttt
formula 2 4- C- Met hoxy?r')et hyl - e( 5-1r m(gr@n eﬁdﬁ?\y@é,l ranose

The title npemprraiabalow33aE; t?é)sqh!ﬂ @ﬁNf&ddﬂ %5@9@3 mmol) to
th th f 3.53
25 g 6.5 ) Dldehe 15 i) shaEBlofide (191)" e SRSRPHIRR vy QRIS oorh
gel , hexanes/ éemperature farc d6aminutes 3then cooled to -12°CwWAoeolatiomsof 2,3-O-

PCT/ Us9e6/ 140 " npl e
S oo 2040 tmethylethylidene)-BD-erythrofuranose (1 g, 6.24 mmol) Cohétl N. et al, J. RAf

4- N- (4- FI uor otheny Spe. Q%) 3661 (1888)) Y tojubne({ 12 il wastidded t@the reattion Mixture
(ner, o bl e BB P2 BB T8 B putongre
t he synt hesi s sdkdion Mlascbonted?ma-ﬂﬁ?e ahd.a ﬁmmmmém e (. Crils Tieommontiny | -
f2I 30?0:)L13nyl ) gﬂﬁﬁ%e g%‘pgwg? ﬁ{ﬁ'.léaﬁn@?%éf H’é'f? gelgw% 2 t ceip N£4-
provi ded the was stirtdd>15 eniptes dat (0823 filtred/6if 8er &padt df-Celits® éndiﬁnéhii w:th
hexanes/ et hyl tglﬁgrtwéa t'ﬁ'l 78&% ?ned filtrates were added to a mixture of 4-N-phenylamino-5-
15 phenylpyrrolof2,3-dlpyrimidine (2.85 g, 1 mmol), finely powdered potassium
hydroxide (85%, 1.31 g, 2 mmol) and tris[2-(2-methoxyethoxy)ethylJamine (4 mL,
1.25 mmol) in dry toluene which had been stirring at room temperature for 2 hours.
After stirring overnight at room temperature, the reaction mixture was diluted with
ethyl acetate and washed with saturated aqueous ammonium chloride. The organic
20 layer was dried over sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromgtography on silica gel (hexanes/ethyl acetate

70/30 to 50/50). Yield: 969 mg, 36 %, Rf = 0.55 (silica gel, hexanes/ethyl acetate
60/40).

acetate



Exanpl e 37 Preparation of compound of formula 1 10 :

4- N- (4- Fl uor ophenyl ) am no- 5- phenyl - 7- (4- G net hoxynet hyl -[err] - D

| yxof uranosyl ) pyrrol o[ 2. 3-d] pyri m di ne: Table 3 #372 The
title conpound was synt hesized follow ng a procedure anal ogw the
synt hesi s descwpDi96d07% Exanpl e 25. Thus 4- N-(Fl uor ophenyl)a 82

(4- C et hoxynet hyl -2, 3,5-tri-O (phenyl nethyl)-[err]-DIyxof uranosyl )pyrrol o]
-[2,3- 15 d]pyrimdine (430 ng) provideddf he til ed deprotected nucleoside

Rf = 0.5 (silica gel, di chl or onet hane/ net hanol 90/ 10). MsS, cal cul ated
(MtH) = 481; found = 481. mp. 205- 206[err] C Exanpl e 38
Preparati on of Conpound of fornula 4 -(2. 3-Di-0Oacetyl-

B- D- er yt hr of ranqs ) +3-

phenyl am nopms{éé =P

1, 2, 3-t ri - O agpiBheritaptinG-Biot -D)-¢ ) ‘
according to KlIne, Chem 57 6, 1772 (1992) 3- (4 chl orophenyl) 4- N-
phenyl am nopylﬁgzl 0[3 4- d] pyri m d| ne (809 ng, 2.51 mmol.) obtained

according to the rmgiReeo m ot ésﬁfetl%llo‘iﬁﬁ{é'pré&édu%é_ﬁélégéﬁé),
and boron trifluoride dlethyl etherate (620 [er

ni t r onet hafe Zbeﬁmﬂ'ﬁ#s WM@@’@G\P% & dhis 4-Ay-paenylamin '?e:"%be"R%-Sngm
temperature, ffign Igﬁ'@ﬁ M -5WWHSWWQQWHWHI@ mdng, 2.26

pressure. The‘'res ur flash chromatogra hy silica,
hexanes/ et hy| mmol) pmeded e (titeo mélegélﬂ§0§4q1o"1904$ dsflicg gel,

nocleost de ( SgenBfom@Rehermiihof 00/10), P! ﬁi@&zﬂ%@%/ ethyl acetate

70/ 30).
PCT/ US96/ 10404 43 Exanpl e

39 Preparatio
3-(4-Chl oroohwwm}%nyl am nooyrazol o[ 3 4-
z ) IAA 1 s ' t D g

d] pyri-m di1ge: 4-CMetho _ thiamn: .
e e bl k¥ e 1 500 2 2 5% b o

Chlt ﬁr Oplhe?%) tr{eESdNytai‘tﬂuﬁﬁh AONMRY Mt?a@obade% dcﬂpwse rasvér anirﬁg%b tya Solftiowmf) in
met hano a r irr or
reaction ni xt fmgthyloxylpgeth @'ﬁm )R&é@&v %’ %" 385 1&?

concentrat ed @g tefraRitreRirdt @OHLEat -7s°cherraﬁmmbmr\aasmpuresfat o781, the
chr omat ogr agoh (ctularl! }ncmturea %}a%@u‘éﬁ&%%tvﬁ% sea/tur}g aa%eox.?s%rﬁmomum chloride, warmed

to room temperature, diluted with ethyl acetate and washed with saturated aqueous

ammonium chloride. The organic layer was dried over sodium sulfate and

concentrated under reduced pressure. The residue was purified by flash chroma-

tography on silica gel (hexanes/ethyl acetate 90/10 to 75/25). Yield: 0.48 g, 43 %,
20 Rf=0.45 (silica gel, hexanes/ethyl acetate 70/30).

Example 35 Preparation of compound of formula 2

-Methoxymethyl-2.3.5-tri-O-(phenylmethyl)-D-lyxofuranose
The title compound was synthesized following a procedure analogous
to the synthesis described in Example 4. Thus the compound of Example 34 (3.53
25 g, 6.3 mmol) gave the titie compound (1 g, 34 %), Rf = 0.25 (silica gel, hexanes/ethyl
acetate 70/30).



10 to 90110). Recrystallization from ethanol afforded the pure product.
Rf=0.6, (silica, di chl or onet hane/ net hanol 90: 10), mp. 194-195[err]C
Exanpl e 40 Preparation of compound of formnula 4

4- N- (4- Fl uor ophenyl ) am no- 5- phenyl -7-(2 . 3-O (et hyl et hyl i deng) - %W '
er yt hr of ur anosyWQ p&/40795 o[ 2. 3- d] pyri mi di ne 15 The titl e% was
synt hesi zed foll owi ng a procedure anal ogous to the synt hesi s descri bed
i n Exanpl e 32. Thus coupling of 2,3-0O (negfyl ethylidene)-[err]-D

eryt hrofuranose (5.6 g, 35 nmol) with

4-N- (4-fl uorophenyl)am no-5-phenyl pyrrol of 2, 3- d] pyrimdine (15.9 g,
52.5 mmol ) provided the title nucleoside (4.58 g, 29 %9; Rf = 0.5

(silica gel, xanes | acetate 80/20 anpl e 41 Preparation of
conpound of fwﬁéﬁﬁﬁmm&%i 5- phenyl - 7- ([ err]
-Derythrofur othvk

sol ution of 4- . . yl et hyl i1 dene) -
[err] -D- eryt GRRE 226 g) in 70 % aqueous

25 trifluoroacetic m@ éﬂd”"“’“@?ﬁ"%‘%’?ﬁ?&"@gt i on

m Xture was concentrate re uce }%I‘ essure a
wi th wat er &ando the sythesis descnbe& indrample 1Re Thus spERling Qs yl-py

chromat ogr aph J"Q’Eﬂ%ﬁ n 9 3,95;(
Recrystal | i za?fd ‘f.r ?ﬁe?t"xh’??éﬁ“ﬂ”ﬁ or de Bﬁ@r@bﬁe ur ‘P|08 ﬁ‘ dg4.79
%; Rf = 0.5 (sotopbenyllamine-aphenyipymolol2swdipwiniidins 5)9., ﬁﬂmmdwprowde the

égé‘Tl J tgg%frlg]m thle compound (328 ﬁ‘? ﬁ%élﬁfﬁo B (silica gel, hexaneslethylﬁcetate 70&1‘382aerl .
42 Preparation of conmpound of formula 4
4- N—(4 Fl uor o
rrj - e
corrpound Vi 4 s
synt hesi s desgri ed I n
2, 3- O (et hy | SEFRAREER o aais #&nose (1 g, 6.2 mmol)
with 4-N-(4-fluorophenyhe @@ synthesized following a procedure analogous

. 3-O (et hyl ethylidene)-[e
The title

Exa pl e 3 ..
-.'mv-.- /rim

f1 uorophenyl ) pyrrol O&\?ﬁs r i ne Qg&t)l)'o rovi ded tit
nucl eosi de dfggébe ’F?gxa"“ﬂg%5?§hqﬁ‘g%( W tate
70/ 30) . (4-C-methoxymethyl-2;3,5-tri-O-(phenyimethyl)-8-D-lyxofuranosyl)pyrrolo-[2,3-

15 d]pyrimidine (430 mg) provided the titled deprotected nucleoside Rf = 0.5 (silica gel,
dichloromethane/methanol 80/10). MS, calculated (M+H)= 481; found = 481. m.p.
205-206 °C.

Exampie 38 ration of Compound of formuia

- 20

A mixture of 1,2,3-tri-O-acetyl-D-erythrofuranose (619 mg, 2.5 mmol)
obtained according to Kline, J.Org.Chem. 57:6, 1772 (1992), 3-(4-chlorophenyl)-4-V-
phenylaminopyrazolo[3,4-d]pyrimidine (809 mg, 2.51 mmol.) obtained according to

~ the methods in U.S. application Serial No. 08/014,190, and boron trifluoride diethyl
25 etherate (620 uL, 5 mmol) in nitromethane (20 mL) was refluxed for 1 hour. After
cooling to room temperature, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography (silica, hexanes/ethyl
acetate 80/20 to 50/50) to provide the protected nucleoside (625 mg, 49%), Rf=0.2
(silica, hexanes/ethyl acetate 70/30).



Exanpl e 43 Preparation of compound of formula 1 10

4- N- (4- Fl uor ophenyl ) am no-5-4-fl uorophenyl)-7-([err]-D erythrofuranosyl) pyr
rol of 2. 3- d] pyri m di ne: Table 1 #29 The title conpound was
synt hesi zed foll owi ng a procedure anal ogous to the synt ' I bed
in Exanpl e 41 WORGHOWSN- (41| uor ophenyl ) ani no- 5- (4- Qﬁhj@gﬂﬂﬁ&r

fl uorophenyl)-7-(2,3-O (nmethyl et hyl i dene)-[err]

- D eryt hrof uranosyl ) pyrrol of 2, 3- 15 d] pyr4gi di ne (580 ng) provided the

title conpound (244 ng, ‘41 %9; Rf = 0.7 (silica gel,

di chl or onet hane/ net hanol 80120), m p. 200-202[err]C. Exanpl e 44
Preparat i on ommemmmwmm or opheny!

am no- 5- phenyl -,7- 1, . )

er yt hr of ur anoS3FFEY ‘ oty : s FHE ST Tt 1t eonpotte —nas

synt hesi zed fg]%rﬂﬂd& w anal ogous to the synt he5| S descrl bed
I n Exanple 32 hus cou

. of . nmet hy| et h | i dene
eryt hr of uranose (900 ‘§rﬁ SHH!P‘) of/\ﬂéi”m thaxid F%F@B’l@ﬁ{&s)éhné@md)
phenyl’ pyrr 3- r gdi@é L |é}2ﬂ -
nucl eosi degl( (7){4“1’as ey ltén @ r?uﬁg%?p S 1 &§5| i caé%tglpb anes thy? aget ate
70/ 30). chlorophen;r;lg-\ﬂtj\lmenﬂaamopyrazolo 3,4-d]pyrimidine (308 mg, 0.6 mmol) in

PCT/ US96/ 1040 ° l e
45 Proparat On off "°'§78m'ﬂ (?t c After Stlfl"l{lg at 0 °C for 30 minutes, thé reaction mixttréP

4-N- (4-Chl or owaeqyeodndmdhacphmammﬁ{nb) and concentrated under reduced pressure.
-D-erthrofura ﬁfg‘g%n The
title conpoungﬂévas %@MQW"P oS%é'éalnwp(r océé’ure ana ogousetpgn?]hsea%
synt hesi s 10estar90§tQ). iRectystalijzationifrom®ibanol afforded the pure product. Rf=0.6, (silica,
4-N-(4-chloro ( met hyI ethylidene)-[err]
-D-eryt hrof urgﬁg%ﬁ"g@?ﬁg{"iﬁ@ggﬁé?p@?’ 'ﬁ1pd ﬂé’?%l provided the title
conmpound (500 ngy, 74 %; Rf = 5 (silica gel, d| chI or onet hane/ et hanol
90/10), mp. 212-213]er Exanpl epar ati on of conpound of
formula 4 10 M I-r'pjgg @tlonofmmg unaeofkgrmul _I_fL :
4- Chl or 0- 5- i odNI4LEidrobhanRyDamirid B-blien I f BLD-0l of 2.
3- dlpyrimdin The titl corrpound was synt he5| zed fol |l owi ng
a procedure aﬁﬁ&@ﬁ@%’-‘wm&—
15 The title compound was synthesized following a procedure analogous {o the
synthesis described in Example 32. Thus coupling of 2,3-O-(methylethylidene)-8 -D-
erythrofuranose (5.6°g, 35 mmol) with 4-N—(4-ﬂuorophanyl)amino-s-phenylpyrrolo[z,s-
dlpyrimidine (15.9 g, 52.5 mmol) provided the title nucleoside (4.58 g, 29 %); Rf = 0.5
(silica gel, hexanes/ethy! acetate 80/20).

20 Mﬂzmﬂmﬂmmm&iqmﬂﬂ

4-N-(4-Fluorophenvl)amino-5-phenyl-7- -D-erythrofuranos rrolof2,3-

-dipvrimidine: Tabie 1 #28
A solution of 4-N-{4-flucrophenyl)amino-5-phenyl-7-(2,3-O{methylethylidene)-
B -D-erythrofuranosyl)pyrrolof2,3-djpyrimidine (3.26 g) in 70 % aqueous
25 trifluoroacetic acid (30 mL) was stirred at rt for 1 hour. The reaction mixture was
concentrated under reduced pressure and azeotroped twice with water and twice with
ethanol. The residue was purified by chromatography (silica,
dichloromethane/methanol 95/5 to 90/10). Recrystallization from ethanol afforded the
pure product (2.35 g, 79 %); Rf = 0.5 (silica, dichloromethane/methanol 90/10), m.p.

30 194-195°C.



synt hesi s described in Exanple 32. Thus coupling of

2,3-O (nethylethylidene)-[err] -D eryt hrofuranose (3.8 g, 21.8 mmol)

wi th 4-chl oro-5-iodopyrrol o[ 2,3-d]pyrimdine 15 (Pudlo, J. S. J. Med. Cem
1990, 33, 1984, 2.54 10.9 mml ) provided the title nuc

g, 62 %; Rf = WOPS ica gel, hexanes/ethyl acetate 70/30). k'Eﬁl‘%lsﬁiﬁg&érrpIe
47 Preparation of conpound of fornmula 1 4- Am no-5-iodo-7-(-B

-D-eryt hrofuranosyl ) pyrrol o] 2. 3-dl pyri m di4de: Table 1 #300 The

title conpound was synthesized follow ng a procedure anal ogous to the 20
synt hesis described in Exarrple 21. Thus 4-chloro- 5 |odo 7-(2,3-0

(met hyl et hyl i 2pEraH 0 5 4

ng) gave after R ®
95/ 5 to 85/ 15/ 50 ﬁ'm’
(270 nmg, 40 e aleribia 12.84ioy
PCT/ US96/ 10404 e
48 Preparation of Jyﬁﬂg%%n%qunpmygﬂlpszed following a procedure analogous toEfIS\enp -

4( gp g40§ 2- (§1. %@Sﬁ]&bwmmmmlmﬁwm RlRSHY b EIBENS DY | - 7
-D-eryt'hrof ur a%%ﬁ‘)‘ I gﬁ ?ﬁ/r immeR , with M{*fIUWWDa@IW nd

2L Ral Hbaheppqa e g i) Haref oK st

-D erythr(§§gmﬂr\3§€'5):th'96( cage.d\egtaneslﬁﬂw gceta
4-N-[4-(2-((1,1-

di et hyl et hyI)d| met hyl S|IyI 0X )et hyl)phenyl]am no- 5- phenyl pyrrol o[ 2, 3-d] pyr
|md|ne (L@@M [Epe }’ F uIe03|de(551 ng, 42 %;

Rf 0.7 (50! 1 £R4S , :
Preparatlon 0] OTIp Ol ]

4-N-[ 4- (2- hyd@mmmmam no- 5- phenyl - 7- (2. 3-O (net hyl et hyl i dene) -

err]-D er hro

E)f t]etraet hyl ammnl um %@Qd% %&‘iﬁge%&'&w‘gg 9§rﬂgﬁﬁqegnalogous”{o{he

N[ 4- (2- ((1, 1- ciynthesis! eleboribedi rint [Examiple/| 4Ky [Tty MpNH{4:fiuotaphienghamirioedd-- 7- (
-2 D3erC§1t %?of ur anosé}ﬁ%&b %??%@FB{VJ?‘W‘H%@*& 7 “p-enythgofidrnasyhpyrolol2,3-

T Xt Ure &z‘f‘“""“‘“‘“@: A et T
acetate and Wz?setlt r?ﬁ'e eﬂgéﬂﬂ?%{t@z&g %Qsmﬁr um chl oride. The
aqueous | ayer was back extracted with' et hyl acetate and the conbi ned
or gani c. ext ra% Smw?er&dlgrieégra I\éerofséggl gm‘ u ate ahnd

e furanosyl)pyrrolol2.3-dlpyrimidine

20 The title compound was synthesized following a procedure analogous to the
synthesis described in Example 32. Thus coupling of 2,3-O-(methylethylidene)-g -D-
“erythrofuranose (900 mg, 5.6 mmol) with 4-N-(4-chlorophenyl)amino-5-
phenylpyrrolo]2,3-djpyrimidine (900 mg, 2.8 mmol) pro(rided the title nucleoside (744

mg, 57 %); Rf = 0.7 (silica gel, hexanes/ethyl acetate 70/30).



20 concentrated under reduced pressure. The residue was purified by

chr omat ogr aphy (silica gel, hexanes/ethyl acetate 90110 to 70/30) to
give the title conmpound (2.12 g, 98 %; Rf = 0.2 (silica gel,
hexanes/ et hyl acet ate 70130). Exanpl e 50 Preparation of compound of
formula 4 PCT/US96/10404

4-N-[4-(2-(4- I\/brph0| no) et hyl ) phenyl I am no- 5- phenyl - 7- (2. 3- O- et hyl ethyllden
e)-[err] 25 -D-erythrofuranosyl)pyrrol 482.3-d]pyrim di ne

m xture of 4-N-[4-(2-hydroxyethyl)phenyl]am no-5-phenyl-7-(2,3-0

met hyl et hyl i dene err Der throfuranosl pyrrol of 2, 3-d rimdine (158
( ylethy ) LeRr] D >; ; Syl LBy, [ 1 py (

ng, 1

rrm)l) in o 3
reactlon m 0T €& We [ ead w tr ano

M sol ufi on csﬂmnimm_lﬂls__#z_ WO 96/ 40705

PCT/ US96/ 10404

t hi osul.fate and érhg}lg%%rapouq% st?mtheas(':ze a?léqw'?ﬂg %rgﬁ%qur{g(?ﬁém&gﬁs?%‘gtracts
wer e _ 8assynthesisidescribed in Exainple 44 Hiusd-Aigd-cbiosophadyl)aminoSephiedy-7-(23-ed

Fesi duc was QrEeBM Y IRARRFE  HET RSOl et s R R F 44008 (0. o4
., I9 6 mmlﬁroviﬂ?d tiees utitleé ngormpourid ofS00asng; 7l | 96) eERfonr: lazs hesilica. gél,t er g
cooling tor t he re el with ethy © acetate an
washed with QP'BM%QF’?Z’UE@'@Q Mﬁ)&?ﬂ @ﬂlzc#'it:‘}d dried over sodium -
sul fate and concentrated under reduced pressure. The residue was purified

by chrogt og_rapgy s d|c | o onet hane/ met hanol 95/5) to give

the title Echl or orret hane/ met hanol
90110) . 40l1Q4.CRiGHaIE-R : CEHE B irE ;
4-N-[4-(2- (4. Morphol i no)ethyl) phenyl [ am no-5-p

eryt hr of ur andIRVIMIGING o| o 2. 3- d] pyri mi di ne: Table 1 #301 The

title conpound %ﬁtg&b&ﬁgb%@é@!ﬂ&%ﬁ&@ﬁ@%ﬁﬁ&ﬁ%%@oﬁ@ td i

synt hesi s des

nor phol i no) &Meﬁﬁtﬂsml?dm Euamplpﬁanwusmpphrmm a&-ﬂpetavlewwldem@)ﬁ '[l%'r r
tile conpouSYErEREE! (BB, 313 fuotif WA 4 BhBIS iodophmBlor s bitfficire®

et hano! ABat @rudib, J- 801 Mesh Cieon 4990, 33, 1984, 21840p,0t09 lmamel) peavidatbthedilier 0)
m p. 128- 130k gliddsids (2.64 g, 62 %); Rf = 0.7 (silica gel, hexanesfethyl acetate 70/30).

Example 47 Preparation of compound of formula 1

mino-5-iodo-7-{-B -D-ervthrofu lo[2.3-d]pyrimidine: Table 1 #300
The title compound was synthesized foliowing a procedure analogous fo the
20 synthesis described in Example 21. Thus 4-chloro-5-iodo-7-(2,3-O-
(methylethylidene)-B -D-erythrofuranosyl)pyrrolof2, 3-d]pyrimidine (714 mg) gave after
chromatography (silica gel, dichloromethane/methancl 95/5 to 85/15) and
crystallization from ethanol! the title nucleoside (270 mg, 40 %), m.p. 258°C (dec).



Exanpl e 52 Preparation of compound of formula 4 20
4-N-[4-(2-(1-(4-tert-Butyl oxycarbonyl pi perazi no)) et hyl ) phenyl ] am no- 5- pheny

| -7-(2. 3- O (net hyl et hylidene)-[err]
-D-eryt hrof uranosyl ) pyrrol o[ 2, 3-d] pyri m di ne The 2, {"ﬁ &ﬁmound
was synt hesi zewofoslad710si ng a procedure anal ogous to the %. esl s

described in Exanple 50. Thus 4-N-[4-(2-hydroxyet hyl)phenyl]am no- 5-
phenyl -7- (2, 3-O (et hyl et hyl i dene) -[ err]

-D-erythrofuranosyl)pyrrol o[ 2, 3-d] pyrim d4ﬁe 25 (701 ng, 1.48 nmol) and
substituting tert-butyl 1 -pi pera2| necar boxyl ate (830 nyg, 4.46 mmol )

for norpholin dpihe | §. 45 (C18 nmet hanol /0. 1

N hydrochl ori %@:%ég% O SSOF Y 05

PCT/ US96/ 1040 1 1-D !d‘ ethylsilyloxy)e enyl enyl-7- mpl e
f "

53 Preparatio y . - Pi perazi no)
et hyl ) phenyl ] anr . Ft y
eryt hr of ur anosyl ) p%éﬁﬂ@b&nﬁo@lhmslsmmmédrfbﬁbwihgdﬁmdﬂme anéibgousty thel

ﬁﬁ? yl oxycar‘l-bo ﬁyﬁﬁﬁfﬁ F’ﬁi‘f’ﬁ@? @m%ﬁ%ﬁﬁm%&%@ﬁ%% @fme&%g(lg&ghégnes-B X3
O A v T AT TRl - B e s L
gghour and at q'mefﬁﬁﬁt?wﬁmﬂ’v silylo %?ﬁy )PEQF)EHSHHS#RR%X 10@1%-6’39%1%35’

under reduced (iprf 352 hiindly Brovideaithe BRe nuc!eosfdé' (681 g, 'lzv‘ﬂgﬂf 207 (‘s“fcﬁ‘bél\" th
et hanol . The residue was purified by HPLC (C18, 10 50X2

met hanol / (0. 1 hsxaneslethyl acetate d8R%cet i ¢ acid 50/50, 15 ni/minute, [err]=

260 nm Rt- 15. 7 m nutes) and lyophilized to give the title compound (339
6) 0.75 (C18 met hano/O 1 N hydrochl oric acid 50/50), mp.
150 180 C1 |94 gpagationof o i mulad conpound of fornula 9 15

i S 'hw“%a;%i@%%h%
ge dron

sol ution of nert 1 S
1993, 49(4), € iding net hyl f or mam de (10 L) was

563 mol) in SS&@@% o W&aﬁﬂﬁ SHRRAYOE (058 g, 5178 o)
m nutes, a solNH4-@«(tM -dmaﬂmetIM))dlrmlbmisdﬂo((weﬂwl)pwyﬂamma-&phaeylﬂd&a&o-
dropwi se i i di et EERE B -etibRurarid§t)pyrrolof2,3-dlpyrimidine (2.7 g, 4.6 mmol)
in dimethylformamide (55 mL) was stirred at rt for 18 hours. The reaction mixture was
concentrated under reduced pressurs, diluted in ethyl acetate and washed with
saturated aqueous ammonium chloride. The aqueous layer was back extracted with
ethyl acetate and the combined organic extracts were dried over sodium sulfate and
20 concentrated under reduced pressure. The residue was purified by chromatography
(silica gel, hexanes/ethyl acetate 90/10 to 70/30) to give the title compound (2.12 g,
98 %); Rf = 0.2 (silica gel, hexanes/ethyl acetate 70/30).

Example 50 Preparation of compound of formula 4
4-N-{4-{2 orpholino Dphenyllamino-5-phenvl-7-(2.3-0-{methyvlethylidene)-|
25 -D-eryth osyl -dlpyrimidine

A mixture of 4-N-[4-(2-hydroxyethyl)phenyl]amino-5-phenyl-7-(2;3-0-
(methylethylidene)-B -D-erythrofuranosyi)pyrrolo[2,3-djpyrimidine (158 mg, 3.34
mmol) and methyl triphenoxyphosphonium iodide (460 mg, 1 mmol) in
dichloromethane (6 mL) was stirred overnight at rt. The reaction mixture was

30 quenched with methanol (1 mL) and poured into a 0.5 M solution of sodium



reaction mxture was stirred at rt overnight, quenched wi th nethanol and
concentrated under reduced pressure. The residue was dissolved in ethyl
acetate and washed with saturated aqueous sodi um chl oride. The organl C

| ayer was dried over sodium sul fate and concentrated unde

pressure. The rWQPHEOS\as 25 purified by flash chronmat ograph |ca
hexanes/ et hyl acetate 70/30 to 50/50) to provide the [err] anorrer (2.86
g, 71 %9 and the [err] anonmer (0.86 g, 214%9; [err] anomer Rf = 0:5,
[err] anoner Rf = 0.4 (silica, hexanes/ethyl acetate 50/50). WO
96/ 40705 _ PCT/ US96/ 10404
49 ' Ex anthiesulfatecant axtratted with etbylaretate.ofheé combinad dganic extracts were

The tit1e comyauas WDIERH pifsslinted sguents R BRisfid e chec Bl tRle

synt hesi s desand bertentrated ampdérretiucet pressued. Thie residue was dlssolved in dioxane (30

TP AN b 5K 1y s ™

hexanes/ et tg/| rﬁﬁRé@fo?ZiQ{oﬁﬁ After coolirigta T tifs Rfactioh mwmdmfte@wmw of

formula 11

4R) - 1- Met hoxyas;é tate andiwashed with.sehated agueoys @mmonjumshigride, dried ever-sodiun o
The title Comgwalé mmﬁw%&%hware%swm%&mwauﬁﬁéd)byhe

10 synthesis described in exanple

5- O net hyl - 2, sheamatograpby y{sitisangel) dlcthrpn@thanelmethanol 95/5) to give the ftitle

L1 DA 2! ) gy e gngatice il GorcHeRInGRRISOAG) |2 compound

Exanpl e 57 Preparation of conmpound of formula 12
4- C- Met ho -1 3-dithian-2-yl)-Dribo-pe
ane 15 W@E%g_lj’ﬁ( fe éra%o('\%t?%g Bhid’ f):rn]rulg
anal ogous to 4z&N-[4 {45 | heo i :

foI I ow ng a procedure

(3.32 g, 7.67 mol)
gave the titl Téhetﬂapmmpbt.mﬂw& syntmcxz%ﬂolﬁwmgapn&ce(duré analpgous to the

o 550 PR gt no" BBRBEDTATE! A ) R

15 morpholino)ethyl)phenyljamino-5-phenyl-7-(2, 3-0-(methylethyl|dene)-[3 -D-

erythrofuranosyl)pyrrolo[2,3-d]pyrimidine (1.7 g) provided the title compound (150

mg, 10 %) after recrystallization from methanoliwater; Rf = 0.1 (silica gel,
dichloromethane/methanol 90/10), m.p. 128-130°C.

Example 52 'Preparation of compound of formula 4
20 4N{4L2 - \piperazi enyllamino-5-phenyl-7-(2.3-
methylethylidene)-8 -D- furanosyl lo[2.3 rimidine
The title compound was synthesized following a procedure analogous to the
synthesis described in Example 50. Thus 4-N-[4-(2-hydroxyethyl)phenyllamino-5-
phenyl-7-(2,3-O-(methylethylidene)-B -D-erythrofuranosyl)pyrrolo[2,3-d]pyrimidine
25 (701 mg, 1.48 mmol) and substituting ferf-butyl 1-piperazinecarboxylate (830 mg,
4.46 mmol) for morpholine provided the title compound; Rf = 0.45 (C18, methanol/0.1
N hydrochloric acid 50/50).



The title conmpound was synt hesi zed foll ow ng a procedure anal ogous to the
synthesis described in exanple 4. Thus 4-C nethoxynethyl-2,3,5-tri-0
(phenyl net hyl)-1-(1, 3-dithian-2-yl)-D-ribo-pentane (1.47 g, 2.65 mmvl) gave
the title compound (0.91 g, 74 %; Rf = 0.2 (silica, he

acet at e 70/ 30) WO 96/40705 WO 96/ 40705 WeNdssRhois
PCT/ US96/ 10404 50 Exanpl e
59 Preparation of conmpound of formula 4 48

4- N- (4- Fl uor ophenyl ) ani no- 5- phenyl - 7- (4- C- net hoxymet hyl -2. 3. 5-tri-O

(phenyl met hyl ) - [err] D—I’I bofuranosyl )pyrrol o[ 2. 3-d] pyri m di ne

The title comExemplab3 Brepars . formularbcedur e anal ogous to the 5
synt hesi s desg :

4- G- net hoxyne
1.08 mol) w g

henyt - o[ 2 3.dlpyri "A';” = the t
el vos e (505 A ]py”mﬁ“?'ﬁrn— 9 ﬁsm?m}\')eroéoi'ad fﬂwaa Aefd-
70130). 5 bﬁwma&ye:aﬁaoayweahz ;thmvpauﬁvl]@me-m-BﬂmﬁyW -(2,3-0-

4-N- (4- Fl h henyl - h
ri bo1g ur angg;lo s ge@e)d}- I%é%gy%mldme (831 mg)ip 70 % ¢

conpound was &naé&mmmoé@;bawges ﬁpraselM@amm&%mhﬁdtd@& for 1 hour.

synt hesi s descrlbed i.n exanple 2

4-N- (4-f1 uor o cqmg;,ypnqen@r@t@ under reduced pressure and azeotroped
mehoxymet hyl - HWa@r%HBQ\%b AnbICThe TékibLd Wal pRARSY by MELC(C18, 3-d
] pyri m di ne 15 g, O. provi ded t e depr ecte nuc eosi de
(134 ny, inro methanollw aquewsctﬂﬂ@ar@sgeﬂmmd n8v/6e.nth mldmm;a

Vet hyl 5. 33.95 e 2500, R 1957 RAGS) B P R= LGS Jn AR B (DTS,

5- azi do- 5- deo®By- %) R Ok (G18; mephandd/) N hwdemchloridoadidi 564503 imle. 1804802Cet

al., US. Pat {%c Serial No. 08/812,916, 15..3 g, 70.3 mmol) ‘and
par a-t ol uenesut 3’ni c acid nonohydrate (0.69 g, 3.6 mmol) in nethanol (750
mL) was refluxed fror 18 hours. The reaction m xture was quenched with

pyridine (8.4 er reduced pressure and
purified by f%—ﬁﬂw : i exanes/ et hyI acet ate 50150
to 30/70) 10 MethyldeOtme D Bedi-Ch(phe ‘ Rf = 0.15

(silica, hexanes/ e}khs\élutuac%Ir 7 ¢ 30gthyl-D-nbofuratnosu:le (Dubois L. et al. Tefrahedron
1993, 49(4), 901-910, 2 g, 11.2 mmol) in dimethylformamide (10 mL) was added
dropwise to a suspension of sodium hydride (60 % in oil, 2.25 g, 563 mmol) in
dimethylformamide (54 mL). After stirring at rt for 45 minutes, a solution of benzyl

20 bromide (4 mL, 33.6 mmol) was added dropwise in dimethylformamide (4 mL). The
reaction mixture was stired- at rt overnight, quenched with methanol and
concentrated under reduced pressure. The residue was dissolved in ethyl acetate
and washed with saturated aqueous sodium chloride. The organic layer was dried
over sodium sulfate and concentrated under reduced pressure. The residue was

25 purified by flash chromatography ( silica, hexanes/ethyl acetate 70/30 to 50/50) to
provide the o anomer (2.85 g, 71 %) and the B anomer (0.86 g, 21 %); o anomer Rf
= 0.5, B anomer Rf = 0.4 (silica, hexanes/ethyl acetate 50/50).
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62 Preparation of conpound of fornula 9 Met hyl

5-azi do- 5-deoxy-2.3-di - O (phenyl net hyl ) - D-ri bof ur anosi de

title corrpoundXV\% zfﬁt hesi zed foll owi ng a procedure anal ogous toswﬂ:m

synt hesi s described in exanple 54. Thus net hyl

5-azi do- 5- deoxy-D-ri bof uranoside 5 (8. 1949 43.3 mmol ) gave the title
conpound as a mixture of [err] anoner (2.2 g, 14 % and the [err] -
anoner (12.46 g, 78 %; [err].anorrer Rf = 0.6, a anoner Rf = 0.4 (silica,
hexanes/ et hyl %&é Preparation of compoung pfformular

formula 10

5- Azi do- 5- deoxsr SgY2.8 ) : Tr1i bo- pent ane
10 ° The tltlememmmmymm founwlnmagoeeqmeaaalogeuatmmegous

5 vt do- 5. domdyiBRsS gesdbet i Sahis ¥ TlsTodtw S mERY R4 st Qriphenyimpthy) -

33.7 mol ) §avB-ribblurdridside (372GUI04 triiolygave theditle YomigounEi(3.74 @, 83 %)s R Fca,

h /et hyl 70/ 3 64 P t f d of
noxanes! €011 GAEISIG, Adlaauiony aceaig GBE O 1 °P2T 2t on of “Compound o

4R) - 1- Azi do- 3. 4-di - [ (phenyl met hyl ) oxy] - 5- (1. 3-di t hi an- 2-yl ) pent an- 2- one
The title conmpound was synthesized foll ow ng ocedur e anal ogous to the
synt hesi s des aleRaRIoN-Of compound O formuls

5- Azi do- deoxy-(@3s34R)
(1, 3-dithian-2-y ave e titlhe
conpound (9. 91 T@ﬁ‘ﬂe wmmndwaﬁ sy 'ﬁ@?ﬁ'#@efo"%k‘ﬂ r?d!fgﬁ?q'l-yﬁ a&él@ﬂ&!’%@%m

20 Exanpl K i
4- C Azi dorrg?hy -9-O %%?hoxyphe??&nﬁ%@hmﬁzgdl O—(phenylmeth

-2°3-d

3. di t hi withiEng2 §1)-D- 576 9, 8.61 mmo) gamm'etﬁuqqo @yzvéa
th df th

A .no‘*‘@xan‘;‘?ﬁs'@w A S/t ais 7OR [((4 5" e

nmet hoxyphenyl ) net hyl ) oxy] net hyl i t hi um (prepar ed using a procedure

anal ogous to %xauilggzo fo H&e& uﬁEl'oH‘o W J. Am Cem Soc. 1978,
ethvl PN - .

100, 1481 for t

16 The title compound was synthesized following a procedure analogous to the
synthesis described in example 3. Thus (38, 4R)-1-methoxy-3,4-di-
[(phenylmethyl)oxy]-5-(1,3-dithian-2-yl)pentan-2-one (3.32 g, 7.67 mmol) gave the
title compound (1.47 g, 34 %); Rf = 0.45 (silica, hexanes/ethyl acetate 70/30).

Example §8 Preparation of compound of formula 2
20 C- 0 I i-O-(phenylmethyl)-D-ribofurancse

The title compound was synthesized following a procedure analogous to the
synthesis described in example 4. Thus 4-C-methoxymethyl-2,3,5-tri-O-
(phenyimethyl)-1-(1,3-dithian-2-yl)-D-ribo-pentane (1.47 g, 2.65 mmol) gave the title
compound (0.91 g, 74 %); Rf = 0.2 (silica, hexanes/ethyl acetate 70/30).
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preparation of [(phenylnethyl)oxy]methyllithium 7.78 g. 18.2 nmol) and
(3S, 4R -1 -

azi do- 3, 4- di - [ (yohesmpyeset hyl ) oxy] - 5- (1, 3- di t hi an- 2-yl ) pent an- ZEW("AMB‘Z g,
9. 06 mmol) gave the title conpound (2.07 g, 39 %9; Rf = 0.45 (silica,
hexanes/ et hyl acetate 70/ 30) . 5 Eyanpl e 66 Prepar at i on of conpound
of formula 2 : :

4- C- Azi donet hyI 5- O [ (4- et hoxyphenyl ) met hyl ] - 2. 3- di - G- (phenyl net hyl) - D-

ri bof uranose le 5 Mﬁwt hesi zed follow ng a
procedur e ana synthesi s described in exanple 4. Thus
4- C- azi donet hgtEASSE n"n anvi)amino-5-phenvl-7-(4-C-methoxymethyl-2.3,5-tri-O-
met hoxyphenyl . digvrindidigeed | t hi an- 2-yl ) - D-ri bo-
pent ane Z. g conpound (1.19 g, 68 %; Kf
= 0.4 (silica, Thaauampmmdwasasyatmsgeddqlmlng a procedua angiogoesto the’

RO o SRR BB 2 T g b 225450

et hoxypheny! Xpteryhathyl-B-rbofutaroes ¢500 mg; 1,08 il wih &N-(bofaphansbiamingsge- of o

[ 2. 3- d] pytim.di ne ti,t oun

Foi owi ng a pPoERHYESER dpwimiding B, ' mipRRGed R MeTRTarE 328
12. Thus COUD'MQ’IQOC%} ; RfE @5 i(silies; thexands/éh l(afbetatemlao

nmet hoxyphenyl ) met hyl | -2, 3-di - O (phenyl net hyl )-D-ri bofuranose (1.19 ng, 2.3
nmol) 20 with 4-N-(fl uorophenyl ) am no- 5- phenyl pyrrol o[ 2, 3-d] pyri m di ne
(2.17 g, 71@bﬁle60 Pre? 28mbbiih€ offéfherlst de (656 ng, 35 %; Rf =
0.6 (silica, hexanes et acetate ) [
of conpount¥ of=NcifArrUoropnenying
C- am nonet hyl +ps
met hoxyphenyl J e - 2. -Terr]-D-ribofuranosyl rrol o
[2.3= yP d{pyri m %hg@itle compound vlvoas,csymngsme)é ollowing a procedure analogozs% pt¥|e

4-N-(4-f uororgpr@nﬁ i %&gaéwpéa&ny le 75, (Thus 294 mﬁ% nyl-7{4-C-
met hoxyphenyl) ? henyl net h err]-Dribof uranosyl )pyrrol o
12, 3- d] pysetheameth mgp-(( %17?/ ga&ﬂ Brdlyrimidiveny,
0.11 nmol )44 n (0,69 g, 0.92 mmol)) provided the deprotected nucleoside (134 mg, 30 %), Rf = 0.4

(silica, dichloromethane/methanol 80/10), m.p. 198-199°C.

Example 61 Preparation of compound of formula 8
Methyl 5-azido-5-deoxy-D-ribofuranoside
A solution of methyl 5-azido-5-deoxy-2,3-O-(methylethylidene)-D-

20 ribofurancside (Browne et al., U.S. Patent Serial No. 08/812,916, 15.3 g, 70.3 mmol)

and para-toluenesulfonic acid monohydrate (0.69 g, 3.6 mmol) in methano! (750 mL)

was refiuxed for 18 hours. The reaction mixture was quenched with pyridine (8.4 mL,

10 mmol), concentrated under reduced pressure and purified by flash

chromatography (silica, hexanes/ethyl acetate 50/50 to 30/70) to provide the title
25 compound (8.19 g, 62 %); Rf = 0.15 (silica, hexanes/ethyl acetate 70/30).
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(30 m.) was refluxed for 2 hours. The reaction m xture was quenched with
met hanol and reflux was carried on for 30 m nutes. After cooli %, é/nﬁ“

sol uti on was WOSHAWENt at ed under reduced pressure and puri fied B ash
chromat ography (silica, di chl or onet hane/ net hanol 95/5) to provide the
title conpound (284 ng, 65 %9, Rf = 5 084 (silica,

di chl or onet hane/ net hanol 90/ 10). Exanpl e 69 Preparation of conpound
of formula 1

4-N- (4-Fl uorommﬂmmmwgﬁ_mmghyl [err]-D-

ri bof uranosyl ).p ' d ¥ Table 3 #392
Iodotrlmsthylt &8R9SI 5 sol ution of

4 10 N (4- H Uorﬁﬂll‘\]enﬂées&ddffonbm Im'otéddreﬁnﬁlobbéstothe
met hox en et en

-D-ri bgl‘o ura%oss)'m)"ﬁg' dss&sibedin e mp&%ﬁﬂ%ﬂéﬁé@ﬁ‘deﬁwwamﬁ'de
chloroformg 1Q8be)g asa%rﬁém ba@ thétill€corfpbuind 8€a mixtatesf d aﬁomer (Z29, 19 %)

m nutes and rt hour s he reaction m xture was %UEI’]C ed Wlth

met hanol aml merlta,mmast @a 4acts Pl apamer B 5108, xaneme Kf s 4alica,
purified by fl hy (silica, dichloronethane/ methanol 28%
aqueous ammnlr%?ngnééemgmrom ge 8@/ 20/ 1). HPLC (C18, 50X250 mm

met hanol /0.1 % agueous trifl uoroacet i C ~acid 65/35, 15 nL/mnute,
[err]= 260 n | 1N

hydr ochl ori c mp. 200-220 C
(dec) Drriho-pentane

R g bV %f"é'f%ﬁﬁffﬂ%h,%%e&rg RSP

2, 3- Di chl or o- yhthiasty adescfibdd bisnzxgmpleorte Thag methyd. Sazidoes-Heoxys2 Seidi -
to a solution

4-N- (4-f1 uor o&ﬁéﬂ%"’)"ﬁWkB”?"&Hﬂﬂ%idaz(‘l 2459 33,7 omed gre the i pgmpound (13.48

met hoxypheny | )grgioies), IRf2 G.48i(sificd, Pesandsiethiddetdter70130): r i bof ur anosyl ) pyrrol o
[2,3- 25 d]pyrimdine (212 ng, 0.27 nmol) in dichloronethane/water (2/1,

7.5 m). After stirring at rt over ni ght the reaction m xture was
diluted with t Prapais -- $q4urat ed aqueous sodi um

bi car bonat e_an ur at )
15 Y1 5Azido-2 A-di]

The title compound was synthesized following a procedure analogous to the
synthesis described in example 2. Thus 5-Azido-5-deoxy-2,3-di-O-(phenyimethyl)-1-
(1,3-dithian-2-yl)-D-ribo-pentane (13.48 g, 31 mmol) gave the titie compound (9.91
g. 74 %), Rf = 0.5 (silica, hexanes/ethyl acetate 70/30).

20 Example 65 Preparation of compound of formula 12 .
-Azid -[(4- -2,3-di- pylme -
ithian-2-vi)-D-ribo-pentane
The title compound was synthesized following a procedure analogous to the
synthesis describped in example 3. Thus vreaction of [((4-
25 methoxyphenyl)methyl)oxy]methyliithium (prepared using a procedure anélogous to
the one described by Still, W. C. J. Am. Cem. Soc. 1978, 100,1481 for the
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organi c |l ayer was dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromat ography (sil]

hexanes/ et hyl WO%/#®03te 70130) to give the title conpound (?ﬁ@%‘%;
Rf = 0.35 (silica, hexanes/ et hyl acetate 70/ 30). 5 Exanple 71
Preparati on of compound of formula 4 482 (4- Fl uor ophenyl ) am no- 5- phenyl
-7-(4-C azidonet hyl -5-0O[ (4-

met hyl phenyl ) sul fonyl ] -2.3-di - O (phenyl net hyl') - B- D-ri bof uranosyl ) pyrrol of 2.
3- d] pyri nprﬁpﬁaahonof[(phenylmwmmwmum @A g,c18.2 mimbd) Arvb(38; 4R)-14

I dd
AN 411 uor op R2U A Hehfhelre 5.1, 3itianz viperten2-a0e (. 020 SRB YA hy
1)-[err]-D gave ma)title zomppling ¥2.001gp B8, B);dRw 10.48 (Kiliva, hexares/ethylGitetate! )
pyridine (0. 062?% nmol ) and 4-di nmet hyl am nopyridine (10 ng, 0.08
t hane at 0

nmol ) in dichl [err] C. After stirring at 0C for 30
mnutes, at rt for 3 days and being refluxed for 2 hours, nor e

par a-t ol uenesulf on | oride y I di ne anpd 4-di net hyl am nopyri di ne was
added 15 ang h@mégeéé: eparalign of compound oldgrmula 7 or 2 days

Concentration 4ol
chr omat ogr aphy ( sl
title compoundlRRMIGROSE50 of . Rf 0 5 (silica, hexanes/ethyl acet ate

70/ 30 Exanpiige gﬂga af

4-N-()4- Fl uoropheﬁ I)amﬂu’ryleo&{S hgﬁwlag%y‘?& - Spi r([)b?’éﬁél g%%du ér}é’igg?}]stathe
(phenyl net hyI ) egis D- éﬁsqfnb@dur amosgxamgler olo[ 2TBusl] pytfc-azsdomﬂmyl-s-o-[@-

A m xt 4-
me'[nh§l l;Lgnyl)su ong f)@%ﬁﬁ%@-@ﬁbﬂ@@%ﬂﬂé@b ‘1(?4&1 @ﬂgﬁ'ﬁ%‘%ﬁ")‘%%gol
o[ 2, 3- d] (37 19, dB.4¢ mmpl)rggveaheaﬂlmmpomw(‘l ﬂ9@@3/|%:)hﬁiph%(mm
refl uxed for 1Restan éﬁ\‘}ya%ﬁeta?é)%ﬁﬂ to rt and concentrated under reduced

pressure. The re5| pur ‘fied by flash chromatography (silica,

di chl or omet hane/ net hanol ) to give the title conpound (22 ng, 94 %; Kf
= 0.6 (silica, rEE Eggﬁ EE Egnol / 1! % Hu oEéls anmoni um hydr oxi de

dlpyrimidine
The title compound was synthesized following a procedure analogous to the
synthesis described in example 12. Thus coupling of 4-C-azidomethyl-5-O-[(4-
methoxyphenyl)methyl}-2,3-di-O-(phenylmethyl)-D-ribofuranose (1.19 mg, 2.3 mmol)
20 with 4-N-(ﬂuorophenyl)amino-s-phenylpyrrolo[z,3-d]pyrimidine (2.17 g, 7.1 mmol)
provided the title nucleoside (656 mg, 35 %); Rf = 0.6 (silica, hexanes/ethy! acstate
70/30).

Example 68 Preparation of comgound of formula 4

25 methoxyphenyl)methyl]-2.3-di- enyimethyl)-B8-D-ribofuranos olo[2.3-
dlpyrimidine '

A mixture 4-N-(4-fluorophenyl)amino-5-phenyl-7-(4-C-azidomethyl-5-O-{(4-

methoxyphenyl)methyl]-2,3-di-O-(phenylmethyl)-B-D-ribofuranosyl)pyrrolo[2,3-

d]pyrimidine (448 mg, 0.57 mmol) and triphenylphosphine (300 mg, 0.11 mmol) in
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4- N- (4- Fl uor ophenyl ) am no- 5- phenyl - 7- (4- C-spiro(3-azetidino)-[err]-D

eryt hr of ur anos%ggr rol o[ 2. 3-d] pyrim dine: Table 4a #414

title conpound 40903t hesi zed fol | owi ng a procedure anal ogouPc'f 9flfl1e

synt hesi s descri bed in exanple 69. Thus

4- N- (4- Fl uor ophenyl ) am no- 5- phenyl -7-(4- 83

C-spiro(3-azetidino)-2,3-di -0 (phenylmethyl)-[err]-D erythrofuranosyl)pyrro
| of 2, 3- dlpyrimdine (4.8 ng) gave the title conpound; Rf=0.15
(silica, lushe (30omt) was eefiweddor2 hagrs2The reagtion mixturenwasl quéndaried-with

448.16; found 7ofdf and refiux WsdBahfed dn R ALY ARGr ESSTRG S dBluioR'vad 2 4

421 gl- [O( 1. 1. 2- Tr coneenhitatearunder reducetiipréssure end purifiéd by fiasimohrematagraphyh(silich; 7- (

(met hyl et hyl i (Sirhleromethaneimethanal B/5) la.provide ha title,compound (284,mg, 65 %) Rf =

The title C §MPE.Y41Tsilive dichidtohrtarymémiaherdoMp)a procedure anal ogous to the
synt hesi s described in Exanple 32 Thus coupling of

2,3-0 (net hyl et hyl i dene) - [err] eryt hr of uranose (3.6 g, 22.6

mol ) with F@LTH ound of formuta 1

trimet hyl propy I e y Sl oxyrre y P eny am no-5 henyl pyrrﬂl o[ 2 -d] py
CAMSLY alel= [t Uli%a = }

rim'dine =t

%;. R = 0.65 G5dflrands 0 rfid ISrtc?@/'leéa 3 #3092 EX”F”e 75

Pr epar at i on of ~compoun

4- N- (Hydr oxynet hyl )lmmmmﬂpﬂmhﬂsmnpb v@s@d@adm)pwsa;o aegluugm Péfr]-D

1 uori de hydr absCL SEOrBHSRY feminc tDBREAY LT -(4-C-aminomlytrhTC GHTRE! |
4-N[(1,1,2- trmmwmnw)wllraaswmmhpnmeﬂmhﬁl | pRabfanCsy Py TRIoS;-

e (101 my, - e fRF) £25 OB IO ) MY G Mo sl -

stirring at rtforéenﬁmtesmdﬂﬁqr%ﬂmu%mereadtmmmre(wasqueashadomﬂmeﬂmﬂ

under e00ee0 BEASBILSrHAS ek R preras THRCISELS ot

dri ed over 1Sodchromztdgrapisy Asilicap ndielnibromethansimethaneli28%d aqueousr ammoniam The
residue was purifie h SlLlic xanesl ethyl .
oot ate 70130 MsraRfe el BT HOGRIRY, tllnsbitt PEadiRsts Hiitioacetic -
0.2 (silica, 3gcidBsBEMSMEIniNltepk P60 nth)/RA2)21.64 minutes) and lyophilization with

1 N hydrochloric acid gave the titie compound (64 mg, 32 %); m.p. 200-220 °C (dec).

o]

le 70 Preparation of compound of formula 4.

20 4-N-(4-Fluorophenvi)amino-5-phenyl-7-(4-C-azidomethyl-2 3-di- Im i

2 3-Dichloro-5,6-dicyano-1,4-benzoquinone (122 mg, 0.53 mmol) was added
to a solution of 4-N-{4-fluorcphenyl)amino-5-phenyl-7-(4-C-azidomethyl-5-O-[(4-
methoxyphenyl)methyi}-2,3-di-O-(phenylmethyi)-B-D-ribofuranosyl)pyrrolo[2,3-

25 djpyrimidine (212 mg, 0.27 mmol) in dichloromethane/water (2/1, 7.5 mL). After
stirring at rt ovemight, the reaction mixture was diluted with ethyl acetate and washed
with saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride..
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PCT/ US96/ 10404 56 Exanpl e
76 Preparation of corrpound of formula 4

4- N—(D| et hyl am norret ) phenyl ani no- 5- phenyl - 7- (2. 3- G- (net hyl )-[e
rrj- ﬂﬁ%nosyl )pyrrol o[ 2. 3-d] pyri m di ne ?&M&Mﬁﬂﬁ

Tri phenoxyphosphonl umiodide (1 g, 2.2 mol) was added to a solution of 5
4- N- (hydr oxynet hyl ) phenyl am no- 5- phenyl - 7- §8, 3- 0- (net hyl et hyl i dene)-[err]-D
- eryt hrof uranosyl ) pyrrol o[ 2, 3-d] pyri m dine (500 ng, 1.09 mol) in

di chl or onet hange (4 m) at rt. After stirring at rt for 30 mnutes,

di et hyl ani ne ( @ha@rganic layer was dried.gver sodiura@utfateeanﬂ eancentraigd wndec raduced on

Acetate and wallao: AR so8R WS ELATEEy hab chromet kratih i, fafinatiotny

aqueous sodi unatétate F@i3)eto givecthealitie campound (54qugo@8 %YdRlim 0.35 (silica,

inder - eclieRsre @ SRR RORbL Y DS oL T e by trash

chr omat ogr aphy (silica, hexanes/ et hyI acetate 75/ 25 to 25/75) to
provide the tifle ¢ = 0.1 (silica,

hexanes/ et h;ﬁt EE@FHE;EQ . oY A atlon of conpound of
formula 1 4-N-(4- luor ami 0-5- enyl-7-(4-C-azidomethyl-5-0-[(4-

4-N- (D et hyl am ngnet -- x| 1.NQ- 5-phenyl - 7-(|err -Der thro uranosa/)py.
rrol of 2. 3- =:’i-g-—m Sasli=siDRenyumelnyii-3-B-rinoiuranosyiipyrrolo

4-N- (D et hyl aW)phenyl am no- 5- phenyl -7-( 2, 3- O(rret hyl et hyl i dene) -
[err]-D erythrofuranos pyrrol o 2, 3- |p rimdine (2 mol) was dissolved in

70% 20 aqueous trifPRYBr wifosty] ehle ﬁmgeWzmmaI) wasadded taasolutien of

(2300 ) o0 AN nRAGRRAHETIBEpeNLT. £ CLsRohfitng oSSR H-°'
(C18, 50X250 nfibofuranosyip A-dipyrmidinel(®1tmg,f0. Oamwhmyddneu(apsaonacw 15
oo i th 0. s RO &Fmeiiviaminopyrdiheta By 008 mflh tidHiorohiard i c, ;.
(silica, dichl Aftemhrnagot AR ifieni30 mirgtes; @t ddos3 days and being refluxedrfox 2 dheurs,
80/20/1); m p. 3 AGAIEHEhedtfbAlf Chloride, pyridine and 4%3@19@%@*16 ine was added

PCT/ US96/ 10404
15 and the reaction mixture was stirred at rt for 2 days. Concentration under reduced

pressure and purification by flash chromatography (silica, hexanes/ethyl acetate 95/5
to 80/20) gave the title compound (51 mg, 50 %); Rf = 0.5 (silica, hexanes/ethyl
- acetate 70/30).

Example 72 Preparation of compound of for

20

enylmeth - nosyl o]2.3-d]pyrimidine
A mixture of 4-N-(4-fluorophenyl)amino-5-phenyl-7-(4-C-azidomethyl-5-O-[(4-
methylphenyl)sulfonyl]-2,3-di-O-(phenylmethyl)-B-D-ribofuranosyl)pyrrolo[2,3-
dlpyrimidine (31 mg, 0.038 mmol) and triphenylphosphine was refluxed for 15
25 minutes, cooled to rt and concentrated under reduced pressurs. The residue was
purified by flash chromatography (silica, dichloromethane/methanol) to give the title
compound (22 mg, 94 %); Rf = 0.6 (silica, dichloromethane/methanol/1 % aqueous
ammonium hydroxide 80/20/1).



Exanpl e 78 Preparation of conpound of fornula 4
4-N-[1-(4-tert-Butyl oxycarbonyl pi perazi no) net hyl ] phenyl am no- 5- phenyl 7-(2.
3-0
(met hyl et hyl i dene) -[err]-D-eryt hrof ur anosyl ) pyrrol of 2. 3- d] pyr| ﬁgﬂlﬁﬁu
The title corrpbl(ﬂﬂf/ﬂm& synt hesi zed foll owi ng a procedure anal 854 the 5
‘synthesi s described in Exanple 76. Thus
4- N( hydr oxyret hyl ) phenyl am no- 5- phenyl - 85
7(2,3-O (nmethyl ethylidene)-[err]-D-erythrofuranosyl)pyrrolo[2, 3-d] pyrimdin

e (100 nyg, 0. 22 rrrml) and tert-butyl 1 pi pera2| necar boxyl ate (160 ng,
Breparation ofreormpoliridi6 wlad9 % ; Rf 0.35 (silica,
hexanes/ et hyl 50/ Ehog amino r’ﬁ)ele Pr _epar atlgn Oftlﬁln of

formula 1 10
4-N- ( 1- Pi per agm

| of 2. 3- d d d h I 1 #30
_rl_[]g '?l[ tle corrpou]ng es‘lspnmeﬁ‘?éllgag@ﬂoc '&P&{?ﬁ a 2 u%ﬁ'l‘émt?éh? he
synt hesi s Spithédi¢describéd in eﬁéﬁapl@ 6d. Thids #N{JPM&mpfénQ@érﬁrm@Bhﬁifﬂ-'l-(&
but yl oxycar bo pi pera2| no) met hy | Ehenyl am no- 51_ en ShPTARIL
déﬂ@ Qﬂé' Qféllﬁﬂq LAl ve

(met hyl et hyl i
the title g ennd @fac Ocﬁg Gﬁ% f fgﬁé”")tiﬂe 488mpdund;CUkd=0.148 (silica,

Exanpl e 80 Pr eggr ation o
4- N-( 2 N- Pht hd:diﬁrq@emmmq;ﬁpﬂ@).d%h@aiqulated((w)e%iwpmmﬁHﬂaene) [

err]- erythrof uranosyl ) pyrrol o[ 2. 3-dl pyri m di ne 20 Di i sopr opyl

azodi car boxyl ate (0.75 m_ 3 75 mmol ) was added to a clear sol ution of
4-N-(2- hydrox Brepanatio uu,.m formdad (et hyl et hyl i dene)-[err]-

D-eryt hr of AN étpl | -- eiphatt m\'us'mu I-‘L fla I E: phenyl-7-(2.3-0

triphenylp os- S : T
nmol ) in tetr fnetyis : : at rt for 3

hours, the reactio X ture wa conce trat nder reduced 25 ressyre and
the residue was puﬁﬂ%mpow !ﬂ&'& gg‘?‘ R Progedire &rialogous 13 the
hexanes/ et hyl sméslsdesﬁﬂbe’ﬂ)lnt&am Thus ¢ouplirighsf Z,M—&n@thyhmyﬂdené?fﬁ-B-O 55
(silica, Pﬁﬁ es/ et hyl afféat e 50/ 50226 ngl 96/% ?a

PCT/ US96/ 1040% ranoss mmol)  wi B2anpl e

81 Prepar 8 Omrﬁéﬂwﬂgﬁwﬂ eth st eﬁ'\ hen lammo-5-phen lof2,3 imidine
4-N-(2-am noetgyl )1[% omng 5}%% y‘ﬂg err]- Deryt )r'rcr)?ulran-g]spﬁr@qrro o[.2

3. provided tpue t%le nucleoside (4.21 g, 64 %); Rf = 0.6
hexanes/ethyl acetate 70/30).

Example 75 Preparation of compound of formula 4

20 erythrofuranosyl o[2,3-d]pyrimidin
Triethylammonium fiuoride hydrate (36 mg, 0.24 mmol) was added to a
solution of 4-N-[(1 ,1,2-tﬁmethylpropyl)dimethylsilyloxymethyl]phenylamino-5—pheny|-
7+(2,3-O-(methylethylidene)-B-D-erythrofuranosyl)pyrrolo[2,3-d]pyrimidine (101 mg,
0.17 mmol) in dimethylformamide (2 mL) at rit. After stirring at rt for 30 minutes, the
25 reaction mixture was concentrated under reduced pressure. The residue was
dissolved in ethyl acetate and washed with saturated aqueous sodium chloride. The
organic layer was dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromatography (silica, hexanes/ethy!
acetate 70/30 to 50/50) to pfovide the title compound (68 mg, 88 %); Rf = 0.2 (silica,
30 hexaneslethyl acetate 70/30). '



d] pyri m di ne A m xture of
4- N- (2- N- pht hal i m doet hyl ) phenyl am no-5-phenyl -7-(2,3-O 5
(met hyl ethylidene)-[err]-D erythrofuranosyl)pyrrolo[2,3-d]pyrimdine (2.76

g, 4.5 mmol) n 7% hydrazine (0.8 nL) in ethanol (25 nb)ca_
refluxed for 2 W&??@.% fter cooling to rt, the white preci \ﬁ?si%o%at

formed during the reaction was filtered off and rinsed with ethanol.

The conbined filtrates were concentrated ubBer reduced pressure and

t he resi due was di ssolved in 70% aqueous tri.-fluoroacetic acid. After 10.

stirring at rt for 2 hours, the reaction m xture was concentrated under

reduced p rrepaat [ ' A

et hanol . The r asygde c

di chl-or onet han r F-UX . ; @:

70/ 30/ 1) to pr SNROIUrBNOSYIOVE i p\a 0.3 (silica, .

g:c CPLS:TSF? r11ane/ et Illﬁﬂl? no%hos%zo honiurl'nSiodl ea(qul. 528 r%m%rl)e as.rg éecuqtooe]; sglgtrirgr? gfnd

4- N- (2- guanisdi deN+(hydrorime lamiris-8yphehyl-F Efﬂ-d:hrﬁém etlidenB J pyrr

olor[ 2. 3- egh I m di Dtqughaa%_dk #309 k7 he ?i.trlﬁfe con%gﬁt?\d S

nmade fol | owi ng %@Eﬁl PyTolp yrigtding (84% @mg. 09 mmol) in dichioremngthapge m

57, 2497 (1992)4 mL)at}® Afersining &3t firaormmuted) dieth UBIRLLES

Het er ocycl es t ) . A Het erocycl es, " as Sﬁmggﬁﬁgﬁg,@swowgs

made in the foPfdes Apd stiming uas earried on at rt ovemight, The seagtioni ixtusre washeond

of formila 37 GRael With QU tcdtkd EHY @t i hi

sol uti on of, phenacyl chloride (500 g@%él%eg hiOﬁS{E‘ZqKREuszgodlum ﬂ'nésulfate,

di net hyl f ortRansarated ;aquepus sodivm bicasbenate weteshand:satwrated ameoug, saiica )

in  “small peRibHAGSThel Wi dif | |
68.ThelérgafiB 1aer Wil dFied dyisk s&ngpﬁéuuﬁgé&&&?@gg,hgg@%f,w

t enper at ure over ni ght. o this was a ononrtrile
in one |ot fol resiys@dopressurs. \Theoresidues wiast puifieds by didsh nchremiatograishyi (silica,

geCtT? f‘J gg |6 / (1823 4H§xan§sl%1ﬂ§?§éetetg ?812595 Y5750t pRbvilid I title compoung 4463\8&%?2)7. 05
stirred at rooRfE&bisilica,hexanseletiy]lacetate70/80Rr (10.0 L) was added to the
' 15 Example 77 Preparation of compound of formula 1
4-N-(Diethylaminomethyl i envl-7<{B-D-ervthrofuranos lo[2
imidine dihydrochloride salt: Table 1 #303
4—N—(Diethylaminomethyl)phenylamino-5-pheny|-7_’-(2,3-0—(methylethylidene)—
B-D-erythrofuranosyl)pyrrolo[2,3-djpyrimidine (2 mmol) was dissolved in 70%
20 aqueous trifluoroacetic acid and stired at rt for 2 hours. The volatiles were
evaporated and the residue was coevaporated with water (2X20 mL) and ethanol
(2X20 mL). The residue was purified by HPLC (C18, 50X250 mm,
methanol/(water/0.1% trifluoroacetic acid) 50/50), 15 ml/minute, A= 260 nm, Rt=
23.4 minutes) and lyophilized three times with 0.5 N hydrochloric acid to afford the
25 pure product Rf = 0.3 (silica, dichloromethane/methanol/28% aqueous ammonium
hydroxide 80/20/1); m.p. 80-140°C (dec).



reaction m xture and stirring was continued at roomtenperature overnight
The precipitate formed was collected by filtration and washed with cold
water (4.0 L). The off-white solid was stirred in toluene (3.0 L) and
filtered. The solid was washed with 5 toluene (300 nL) and %M&Wi
vacuum at 60 CWR4¥ht . Yiel d 298.56 g. mp. 172-174[ er

B. Preparation of conpound of fornula 39 (5-Phenyl-4-N(4-

fl uor ophenyl ) am nopyrrol o 2. 3-d] pyri m di ne§7 10 A m xture of

t he conpound of Exami ple 39A (296.0 g, 1.62 nol) and '
triethylorthoformate (3.2 L) was refluxed for 1 h The triethyl ort hof or mat e
V\B.SdIStIHedMJ ' DOk ,
reached 88[er£]%ﬂl v
added with vi

O[ err]C and t hime

T ““é*uﬁ@nocntd Sl il 5

SBet1 ggéyrret By! me%asnesuﬁbe@ml&amblemv{ms LR:; ;s thylprenyiaiido-5-phenyl-
e

di ssol ved in 17%% Wme@ﬁeﬁv@%&sgﬁ'ﬁéﬁ&& b W’&Pl?e?ﬁf?yﬂm’a'ﬂggmp)

was added and 922 mirfisl yénd)t&rt%uy Wﬁ@ﬁsb‘?nc?lm rflﬁbl)babe thwtitle

addi ti onal 985 nL of 2-di chl or obenze reaction

t enper at ur e vva§°mm'-§15’c( P@"ﬂaﬁeﬁ ]Rf69§$(§"¢?. heanes/etbyl 4&? e ’ﬁ% 0 Cthe

title conpound precipitated as a yellow solid which was col | ected by
filtration and dried under vacuum Yield 66.0 g. mp. 215- 218[err] C

C. Preparati onmmmmmma_ o
4-N-(4- N, Noyg "RONIMLSIL A0S hviipfightla ShenRERD-hFdlihaeyTipHrol2 8t di N
e 1 0 WA 10 LS VATARN'S DUl € d O CXAlpl e
39B. Here, ytimi di emchlon e\salt a W|th
gé}\lh(lgl-?ggrret hyl am nafﬁet tl%l c%ﬂl'plohng was s?nthes:zed followmg a Erocehure gnaloggus to Mﬁo?ﬂ
60 eyl ) syrithes?s epaues?erof gnrrpomxdgmleform a 3fhus  4-N-1-(4-terl-
5- Phenyl - 4- phe m nopys rol ol. 2. 3- rinldi,n S
compound was nBUMIBYVERReRuBISaTa Bl athiligRenyiaming:&-phenyl-7-t2}3-0-
15 (methylethylldene)-B-D-erymrofuranosyl)pyrrolo[2,3—d]pyrimidine gave the title
compound; MS, calculated (M+H) = 486.58; found = 487.
Example 80 WMHML
4-N-(2-N-Phthalimidoethy] lamino-5-phe 3-O-(methylethylidene)-!
ervthrofuranosyl)pyrrolo[2, 3-dlpyrimidine
20 Diisopropyl azodicarboxylate (0.75 mL, 3.75 mmol) was added to a clear

solution of 4-N-(2-hydroxyethyl)phenylamino-5-phenyl-7-(2,3-O-(methylethylidene)-B-
D-erythrofuranosyl)pyrrolo[2,3-d]pyrimidine (1.2 g, 2.5 mmol), triphenylphosphine (1
g, 3.75 mmol) and phthalimide (560 mg, 3.75 mmol) in tetrahydrofuran (25 mL) at rt.
After stirring at rt for 3 hours, the reaction mixture was concentrated under reduced

25 pressure and the residue was purified by column chromatography (silica,
hexanes/ethyl acetate 70/30 to 50/50) to give the title compound; Rf = 0.55 (silica,
hexanes/ethyl acetate 50/50).



the fluoroaniline was replaced by aniline. mp. 208-209[err]C. 5 E.

Preparation of conmpound of fornula 39

4- N- (4- Fl uor ophenyl ) am no- 5- (4-f | uorophenyl ) pyrrol o[ 2. 3-d] pyri m di ne

Thi s conpound was nmade by a route simlar to 70A, replacing p

chloride by 4-fVO8¥8&nacyl chloride, followed by treatnment ﬁﬁ&&“"“‘
10 F.

4-fluoroaniline as I n exanple 70B; mp. 245-248[err]C
Preparati on of compound of fornula 39 58
4- N- (4- Chl or ophenyl ) am no- 5- phenyl pyrrol o[ 2. 3-d] pyri m di ne Thi s

conpound was nmade by a route simlar to 70B by repl acing 4-
fl uoroaniline m

of formula 39 1
'I4'h:\|[s4c£)r2rp|c_)zg£io\mmmby a oute simlar t 70B by' reI i ng -

H Preparation ot cammAREE 8 M- Gi-pfiatimiacetipmegdaminb pheayi 2 A1P-

Z |C he5e815,Pa\tf&;] smawbﬁ@gsagagip;u%nwsgppﬁm?lg%%]mmmhb@!76 @iBr@ml)et
Prepar ati on of qg@f@‘j@ﬁyd@z%ﬁrg'@%' etgangilés mL) was refluxed for 2 hours. After
4-N-[ (1. 1. 2- Tr iconRrigytopt, eHamit presipadts tHay formedating the'reastioh Was iRl dfmdried ' 1

out e ai i1 ar TESSBMY eHERohCTie combinedl filiates Were |ERECRISA HBDERGYAd
0. 5 (5111 o8, - hERanan Sl U teatl s Bp8Hie in 70% Bueous o Bber. paR°AneF
PCT/ US96/ 1014 stirring at rt for 2 hours, the reaction mixture was concentgated under Fedugade
84 pressure and azeotroped twice with water and twice with ethanol. The residue was
purified by column chromatography (silica, dichloromethane/methanol/28% aqueous
ammonium hydroxide 90/10/1 to 70/30/1) to provide the title compound; Rf = 0.3

(silica, dichloromethane/methanol 80/20).

15 Example 82 Pre i und of formula 1
4-N-(2-guanidinoethyl)phenylamino-5-phenvl-7-(B-D-¢e! rano: [o)

rimidine : Table 9
The title compound is made foliowing the procedure of M. S. Bernatowicz ef
al. J. Org. Chem. 57, 2497 (1992). '

20 Example B3 Preparation of the Representative Heterocycles
Heterocycles, as shown in Scheme 14, are made in the following
manner.

. A. Preparation of compound of formula 37 (2-Amino-3-cyano-4-phenyipyrrole)
To a solution of phenacyl chloride (500 g, 3.23 M) in dry N,N-

25 dimethylformamide (600 mL) was added potassium phthalimide, (600 g, 3.23 M) in
small portions. The resulting mixture was stirred at ambient temperature overnight.
To this was added malononitrile (256 g, 3.88 M) in one lot followed by a 25 wt %
solution of sodium methoxide in methanol (744 mL, 3.2 mol). The resulting mixture



Representative C4'-Symmetrically Substituted Pyrrolo Pyrim dine Nucl eosi des
Represent ati ve conpounds of the invention, which can be nade accordi ng
to the methods descri bed above, are identified in the fol | ow ng tabl es.

Wth 5 reference to Forrmula 1, preferred conpounds of the i Shof’ €
pyrrol o pyri mYP A4 ~ (v is carbon) where the A and B subsflcuents are

t he sane. I'n one group of preferred conpounds A and B are
both HOCH err]; in another, A and B &Be both hydrogen. Gis preferably
hydrogen, and E is preferably hydr ogen or brom ne, nost pr ef erably
hydrogen. Z[err] and Z[err] are preferably hydrogen 10 or neth nost

preferably hyasostéred at roomeiemperature overnight. ice-water (10.0 L) was a ded to the
FORMULA 1 ﬁ:ﬁ@ﬁbﬁg}e and stirring Wwet contiféd Bt %\feﬁb@gﬂ%l%mo

PYRI M DI NE N
E=G=Z[-er r ] =Z[precipitete foamed-wascnliectad by fikegtion and washed with cold water (4.0 L). The

D . . . ' . .
ohenyl ifwhite Jdid was g&rred in toluene ig L) aﬁg mﬂ t{T'TH8 solid was Yyashed with
29 “4- f | Jiortolpene {300vnbpand dried under vamummtm rwémlght Yield 298 56 g m.0

4-f1 uorophenymw 4- hydroxyphenyl 20 5

4- hydr oxyphe 9 phenyl 32

4- hydr oxymet hyl phenyl am no phenyl 33

4-f1 uor ophenyl am no . 3-pyridyl

3 pyridyl an no B aratio h f8 formul nykd-N-(4-
phenyl et hyl oivlo‘u‘o henviiaminopvrrolo “‘,l(.:g Hyrigidine}l O 36

4- (di met h%am nonet hyl ) phe hen

A mlxtu}'/eI g mpod/nd of Examiple 39A (296.0 g, 1.62 mol) and
triethylorthoformate (3.2 L) was refluxed for 1 h. The methylorthoformate was distilled
off under reduced pressure until the pot temperature reached 88°C. To the cooled
reaction mixture hexane(3.0 L) was added with vigorous stirring. The contents of the
vessel were cooled to 0°C and the off-white solid formed was collected by filtration

15 and washed with hexane (2x500 mL) and dried under suction. Final drying was done

' in a high vacuum oven. Yield of the 2-ethoxymethylene-3-cyano-4-phenylipyrrole was
323.0 g (83%). m.p. 98-100°C.

The above material (100 g, 0.42 mol) was dissolved in 1,2-

_ dichlorobenzene. 4-Fluoroaniline(60 mL, 0.62 mol) was added and the reaction

20 mixture was heated to 125°C for 1 h. An additional 985 mL of 1,2-dichlorobenzene
was added and the reaction temperature was raised to 140°C for 3 h. Upon cooling
to 0°C the title compound precipitated as a yellow solid which was collected by
filtration and dried under vacuum. Yieid 66.0 g. m.p. 215-218°C.

C. Preparation of compound of formula 39
25 4-N-{4-N N-Dimethvlaminomethylphenyl)amino-5-phenyl-pyrrolo[2,3-d]Pyrimidine
This compound was made by a route similar to Example 39B. Here,

the fluoroaniline was replaced with 4-N,N-dimethylaminomethylaniline. m.p. 208-
209°C.
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TABLE 1 C-4' - SYMVETRI CALLY SUBSTI TUTED PYRROLO PYRI M DI NE
NUCLEGCSI DES : Y=C E=G=Z[err Lm_ker r ]M=0I;I 15
A=B=HOCH err] ANG96/40785 D S96/1

H (. 37 4- (NN-di et hyl et hyl enedi am no phenyl

et hy) - phenyl am no 12 38 g6- f | uor ophenyl am no

4- (2- di et hyl am noet hyl ) phenyl 13 39 4- cyanophenyl am no
phenyl 14 40 4-f 1 uor ophenyi am no

4- cyanophenyl 5 ﬂ5wmmt hyl am noet hyl ~ phonyl

car banoyl ) pho g_ m_no ia ].6 ol2 42 fimidi 4- (4- mor phol i nonet hl ) phenyl

am no phenyl
4- (2- (1- pi per azi no) et hymﬁ‘&mﬁcﬁmd\ﬂas ﬁhﬁlé)ﬂyaroutes:irﬁlarto Example89B. Here,
4-f | uor ophenyl am no pera2| g%get hyl ) phenyl 1_9

45 4- (sul 158 m?}wﬁ@r%sarﬁp!ﬂ?ed by an“"% 9°C20 46

4-(N-triflugroneth £y ula39 _
ani no) - phenyl ani no uor ophenyl am no
4- (N-tri f | uor ofdtd=Rivorophenyllamino-5-{4-fluorophenylpyrrolo dlpyrimidine

no) phenyl ’3 22rnis compggné%vas m]aﬁggifé'rﬂﬁt@oﬁm&’ t*70A replacing phenacyl

phenyl henyl am no
4- guani di nophechitride by 4-flaerophenacyl chiotide, follomqmumtmmwﬁh 4yflucppaniinesas no

phenyl 15 25, . &/ di nophenyl am no phenyl .
26 52N examg_lg ?ﬂ%’r’g‘khgﬁlzg% ?0 4- am di nophenyl

267 299 4- chl or ophenyl am no phenyl 268
300 . I odo 269 301
4-(2-( 4_ ’18 F. Eregar?a;!gn of compo %ggpmﬂa 39

nor phol i no) et haiN-Gheh

4-(2-(1- th JIm
(i et iyl 2 nonet byl yﬁ&%#nwas raﬁamv a route ﬁﬁar to 70B by ggplacing 4-

4
4- (1- pi per azi nfucrbéniling grytiicicanllinepheny | 273 305
4- (1- pi peri di noet hyl ) phenyl am no phenyl 274 306
4- (1-pyrrolidinoethyl)phenyl ami no phenyl :

G. Preparation of compound of formula 39
16  4-N-[4-(2-Hydroxye henvllamino-5-phe
This compound was made by a route similar to 70B by replacing 4-
fluoroaniline by 4-aminophenethyl alcohol; m.p. 206-208 °C

H. Preparation of compounds of formula 42
Heterocycles as shown in scheme 15, were made according to the procedures

20 described in Browne et al. U.S. Patent Application Serial No. 08/812/916.

1. Preparation of compound of formula 39
4-N-{(1,1.2-Trimethylpropyl)dimethylsilyloxymethyfph in enyl 3
dipyrimidine

The title compound was prepared by a route similar to 70B by replacing 4-

25 fluoroaniline by 4-aminobenzy! alcohol followed by silylation with dimethy! thexyl
chiorosilane; Rf 0.5 (silica, hexanes/ethyl acetate 50/50).



25 275 307 4- (di et hyl car boxam do) phenyl am no phenyl

276 308 4- (guani di nocar bonyl ) phenyl am no phenyl 277

309 4- (2- guani di noet hyl ) phenyi am no phenyl WO 96/ 40705
PCT/ US96/ 10404

TABLE 1 WO 96/§8705 _ SYMVETRI CALLY SUBSTI TUTED PYRROLO PYRTﬂ’B?ﬁém“
NUCLECSI DES Y=C E=G=Z[err]=Z[err] =H
15 A=B=HOCH err] A=B= F ' 61 D ' :
H - 278 310 4- (1- pi perazi noacetyl ) phenyl am no phenyl

279 311 4- (guani di noacet yl ) phenyl am no phenyl 280
312 4-(2- (E@Mﬁol yl )et hyl )phenyl am no phenyl 281

313 4-f | A 5 R v 5
282 ; Oy 1

283 - 315 4Répresentam pd:mpmllnds) pmheyimntim whspheuaml be made 284
316 4- et h 317

4- et hoxyphen OW?/ ltﬁ maﬂ'\odsdescnbedehg\fg,,aré)%eﬂﬁ?egg%thefofommtabpf8Wth

g( WE: EW et EW TefefBidioFonmiliact, preferred cdﬁiwﬂs éfthe lrﬂr%ﬁtlon are pyrrolo pyﬁﬂrﬁ’dmes
met hoxyphenyl am n

4- fuorop%gnylénﬁsrﬂ?r on)wheretheAanstuppsygeﬁgﬁ@ﬁ g,§pme 289

321 4-f1 uor ophenyl anhdhe group of preferred mmﬁoﬁﬁﬂ@ﬂéﬂﬂaﬂ)dre both HO@@ in

322 4- met hoxyphenyl am no 4- met hoxypheny

323  4- et hof¥erAierdiEhare both hydrogen. G is prejerﬁbmw%eaﬁhynd E5s prgfs;zably

324 3,4 m@%@é}?&‘ %%e&%%i‘éﬁ&by %r%%?np f% faqd Z, are pr&&?abxy hydrogen ggg

4- et hoxyphenyl‘a

4- met hyl pH#ényermethyl, most preferably hydrogesheny | 295 327
3- et hyl am nophenyl am no pEenyI 296 : 328
4- (et hyl et hyl ) phenyl am no

phenyl 20 297 329
4-f | uor ophenyl am no D
4-f| uor ophenyl
467 3, 4- di met hoxyphenyl ani no

330
447

FORMULA 1
TABLE 1
C4'-SYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES
Y=C E=G=Z,=2Z,=H
16 |A=B=HOCH, |A=B= |F D
H
1 27 phenylamino phenyl
2 28 4-fluorophenylamino phenyl
3 29 4-fluorophenylamino 4-fluorophenyl
4 30 4-fluorophenylamino 4-hydroxyphenyl
20 |s 31 4-hydroxyphenylamino phenyl
6 32 4-hydroxymethylphenylamino phenyl
' 7 33 4-fluorophenylamino 3-pyridyl
8 34 3-pyridytamino phenyl
8 35 phenylimethylamino phenyl
25 110 36 - | 4-(dimethylaminomethyl) phenylamino { phenyl




448
469
470
451
472
96/ 40705

PCT/ US96/ 10404
TABLE 1

4-f|
4-f|

468
uor ophenyl am no
uor ophenyl am no
4- (2- met hoxyet hyl oxy) phenyl am no
3- et hoxywﬁ’-wgﬁ ophenyl am no

471

3,4,5-trimet hoxyphenyl am no
3, 4- di met hoxyphenyl

phenyl
25

3, 4- et hyl enedi oxyphenyl

phenyl
62

phe ri’yl'lUS9ﬁll\%94

64

C-4' - SYMVETRI CALLY SUBSTI TUTED PYRROLO PYRI M DI NE

449

450

452

NUCLEQSI DES Y=C E=G=Zerr]=Z[err]=H
A=B=HOCH[ err] vABLE1F D 453
473 3- am nophenyi am no phenyl 454 474
3-am no- 4-f | uof optHRSYMMETRICALLY SUBSTITUTED PYRRGLO PYRIMIDINE NYCLEOSIDES
4-f 1 uor ophenyl pmi no 3- am nophenyl 456 476
3- et hyl am nophgnyT am no NS —a sy 20 = aTT
3- di et hyl ani_nophery-t—aigre \gh;&gyp g Z”'g H 473
4-f1 uor ophdiy| HARBIHOCH, |A=B= |F cycl ohexyl B59 479
5- benzi m dazol lanina | pheny| 460 480 4- (2
phenyl 1 37 4-(N,N-diethylethyieriedizming| pphedybheny| anmi no
461 481 4- (12-car yRPBAeny| ani no phenyl 462
482 4- (2- caftzoxyet hqig| ) phituptophenglemingheny| 10 | 48bimethylaminoethyl)diteyl
4- car boxypheny[gm no 39 4-cya Hé}ﬁlgéﬁino a6% 84
4-fl uorophenyl ““E]&@ eat-boxyeteny mﬁwgnzl 465
485 4- (car b&m’at..h.)dﬁﬂh.e.n?ﬂﬂ"me aming e ny | 4Syppophenyl 486
4- (2- N- 5 |15 41 4-(2-ghwoethylaminoethyl | phonyl
am noguani di nokthyl) phdny| anjSgthamoyphenylamino When E is bronine ahd
Aand B are botI6HOCH2 g4Rr ef pr{anbrpholinomethyl)phehyiaminowphesyl 15 (53) F i s
4-fl uorophenyl g no andgd ' s T¥iberaginol it aAHOE nrrrons ror D, E
F, G and Z[ erf—Zferi ﬁi.gk’?. ! :ﬁe!&g?ﬁ:%cd WTQ‘@%(} S—oRe—whee—{ 54)
Aand B are b EE bd _Jéﬁ UOrO| enﬁam 0 J:ﬁ-plperazmomethyl)phenyl
19 145 4~(sulfonamido)phenytamino phenyl
10 |20 46 4-(N-trifluoromethanesuifony! |phenyl
amino)-phenylamino : .
21 47 | 4-fluorophenylamino 4-(N-trifluoromethanesulfonylami
no) phenyl
22 48 4-guanidinophenylamino phenyl
23 49 | 4-fluorophenylamino 4-guanidinophenyl
24 50 4-(guanidinomethyl)phenylamino phenyl
16 |25 51 4-amidinophenylamino phenyl
26 52 4-fluorophenylamino 4-amidinophenyl
267 299" | 4-chlorophenylamino phenyl
268 300 amino iodo
269 301 |4-(2-(4- phenyl
morpholino)ethyl)phenytamino
20 270 302 |4-fluorophenyl 4-(2-(1-piperazino)ethyl)phenyl
an 303 4-(diethylaminomethylphenylamino | phenyl
272 304 4-(1-piperazinomethylphenylamino) | phenyl
273 305 4-(1-piperidinoethyl)phenylamino phenyl
274 306 4-(1-pyrrolidinoethyl)phenylamino phenyl
25 |275 307 | 4-(diethyicarboxamido)phenylamino | phenyl
276 308  |4-(guanidinocarbony))phenylamino | phenyl
277 308 4-(2-guanidinoethyl)phenylamino phenyl




Exanpl e 76

Reprsentative C 4

Pyri m di ne Nucl eosi des

O her

Unsymmetrical ly Substituted Pyrroio

prefered pyrolo pyrimdine
conpounds of the invention are those where A and 20 B are not the sane, as

shown in Tables 2 and 3. TABLE 2 C4' - UNSYI\/I\/ETRIP(% 9Y6110404
SUBSTI TUTED PYWRRGEMITPS/RI M DI NE NUCLECSI DES
Y=C E=G=Z[err] =Z[err] =H A=HOCH err] B=HCCH err] F
D 25 B=CH[ err] A=CH err] 55 @3 81 phenyl am no
phenyl ' WO 96/ 40705
PCT/ US96/ 10404 . 65
TABLE 2 TABLE'1- UNSYMVETRI CALLY SUBSTI TUTED PYRROLO PYRI M DI NE
NUCLECSI DES Y=C E=G=Z[err] =Z[err]FH
A=HOCH err] |B=Id¥IdYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES
B=CH err] A=CH err] 66 82 4-f| uor ophenyl am np
phenyl 57 83 Y= LIEEIéJL_)ZU%IglyI_Il a0 .
4-1| uqr Ophen\ ] 58 S?ZP lLiuiar nphnn\][l Va2l a¥a)
4- hydr oxy pder] WB=HOCH, | p5B= | F 85 4- hyl® oxypheny! ani no
phenyl 5 60 H g 4-hydr oxynetihyl phenyl ani no
gl-f | Upgorhenhbn 9310 | 4-(1-piperSAnoacetyl)phenylarfiind | Upharigheny! am no
-pyriay CZ o0 . 9 Pyl T Oy 110
phenyl a2 311 gd 4-{guanidinoacety)pherylamioon y | oo
pﬂeny: 260 312 99 4-(2-(1-etrazolyifbiyfineRyidiido2 f pheryP t Ny )
pneny ey enTTo—ror —UJ IJT
4- (N, N- di et hyl28t hy| end@#%ni jfdluorophenylamipmeny | 4-(S-tetrazolyimethyl)phenyl
it h)2/| ) phegyliags no 314 66 4-(1-triazolyimetRBphenylamino 4 phbyPr OPhenyl ani no
di met hyl ani nd@Bhy| ) phddl | 4-(1-imidazglyimethyllphenylagigo | phenyl 4. cyanopheny| &ni no
phenyl 284 316 | 4-methoxyphenylamino phenyl
285 317 4-ethoxyphenylamino phenyl
286 318 4-(methylethyloxyphenylamino phenyl
10 |287 319. | 3-methoxyphenylamino phenyl
288 320 4-fluorophenylamino 4-methoxyphenyl
289 321 4-fluorophenylamino 3-ethoxyphenyl
290 322 4-methoxyphenylamino 4-methoxyphenyl
201 323 4-ethoxyphenylamino 3-methoxyphenyl
16 |292 324 3,4-methylenedioxyphenylamino phenyl
293 325 4-ethoxyphenylamino 4-methylphenyl
204 326 4-methylphenylamino phenyl
285 327 3-ethylaminophenylamino phenyl
296 328 4-(methylethyl)phenylamino -phenyl
20 |297 329 4-fluorophenylamino 4-methyl
298 330 4-fluorophenyl 3-guanidinophenyl
447 467 3,4-dimethoxyphenylamino phenyl
] 448 468 3,4,5-timethoxyphenylamino phenyl
' 449 469 4-fluorophenylamino 3,4-dimethoxyphenyl
25 |450 470 | 4-fluorophenylamino 3,4-ethylenedioxyphenyl
451 471 4-{2-methoxyethyloxy)phenylamino phenyl
452 472 3-ethoxy-4-fluorophenylamino phenyl




68
69
car banoyl ) -p
4- (4- mor phol
4-(2-(1-pipe
4-f 1 uorophen
73 )

74

am no) - pheny
4-(N-trifluof
| am no) pheny
phenyl
4- guani di nop
4- (guani di no

4- am di nophe Voo
4-f| uor ophen ~BHRGH:
IS brom ne, gs HOCH
where (107) ' = ‘

definitions

94 4-fl uor ophenyl am no 4- cyanophenyl
95 4- ( 2-di met hyi am noet hyl phenyl
henyl am no 15 70 96

in henyl am no phenyl 71

ragﬁﬁg?é% | ) phenyl am no phenyl 72 rcrﬁ%@auwm4

yl am no 4- (1 - pi perazi nonet hyl ) phenyl

99 4- (sul f onam do) pagnyl am no _ phenyl

100 4- (N—trlfluoronethanesulfonyl phenyl

1U1l

W!\n e-sul f o ny
'-smﬁé'rmcﬂ,kv SUBSTTTUTED rmgébﬁm@hﬂﬁg Wﬁlﬂﬁs

Z=ftooropteryt a'rn"rro"

envl 104
met hyl ) phenyl amno Y=¢C Ejﬂsrtyz =Z,=H 79 105
pllFlyl 25 v +66

F

4-an di nophé

en E

454

ne

PCT/ US96/ 10445 475 4-ﬂuorophenylanuno 3-aminophenyl 66 :
for D, E, F, a2z T T T oL ter pret wher e
(108) Ais Odlecrc] 1478 ieg;‘l? '*‘W ] hw;armle i '
Addi tional 467 Unsynfayuri ¢akdiethyiSvinaphertylatming Pyrroﬂpheﬁylrl m di ne Nucl esi|des
5 - ol PYTOr o pYJLI Qi TTeconmpourds-—of] t he
i nventi on 5ar 458 thi &'!Fa gA and B is aﬁ'o V and the otHer is
CH err] NH er{459 or onpa78f inlblazalylamino net hoxy dml CH err] OH, jor
one of A and 480" > CH Flgol )ﬂ(ﬁnu CH[err] NH errJ hery e 3.
diethylaminoethyloxy)phenylamino
461 481 4-(2-carboxyethyl)phenylamino phenyl
462 482 4-(2-carboxyethenyl)phenylamino phenyl
10 |463 483 | 4-carboxyphenylamino phenyl
464 484 4-fiuorophenyl 4-(2-carboxyethenyl)pheny!
465 485 4-(carboxymethyl)phenylamino phenyl
466 486 4-2-N- phenyl
aminoguanidinoethyl)phenylamino
When E is bromine and A and B are both HOCH, a preferred compound is one where
15 (I)Fls4-ﬂuorophenylamino and D is phenyl. Using the same definitions for D, E, F, G, and Z,, Z,,

another preferred compound is one where (54) A and B are both hydrogen.

Other prefered pyro!o pynmldlne ocmpounds of the invention are those where A and

~ 20 B are not the same, as shown in Tables 2 and 3.
TABLE 2
C-4-UNSYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE NUCLEOSIDES
Y=C E=G=Z,=Z,=H
A=HOCH, | B=HOCH, | F D
25 |B=CH, A=CH,
55 81 phenylamino phenyl

SUBSTITUTE SHEET (RULE28) -



TABLE 3 10 MORE C-4' - UNSYMVETRI CALLY SUBSTI TUTED PYRROLO

PYRI M DI NE NUCLEQGSI DES Y=C
E=G=Z[err]=Z[err]=H A=CH err] A=H err] NCH F
D B=H[ err] NCH err] B=CH err] 15 109 1
phenyl am no WO 96/40705 phenyl 110 1292}%1'IUS96110404
4- chl or ophenyl am no phenyl 111 130
4-f 1 uor ophenyl am no 4-f 1 uor ophegygl 112 131
4-f| uor gphenyl am no 4- hydr oxyphenyl 113 132
4- hydr oxypherr %g%EléU prenytr—20 TIZ 133
4- hydr oxynet h enyl amn phenyl o]
ﬂg cl-%@usvmmemlcn@i?%gﬁﬁﬁreo PYRROLO PYRIMlDlN%WéL@UéIDES 17
136 - phenyl net hyl ani no Y=C E=6= ghEdy=H 1I18 137
4- cyanopheny phenyl 25 119 D 138
4-f uo_lrjophen 4- cyanophenyl 1p0 139
4- car banoyl . 2T TZ0
4- (sul f onani @w@éﬁenylammo 192 phenyl T
4-( !\'I—t rifl uol flypopRenylamino 4-fluorophenyl
| am no) phenyllgg1 no |84 12 3!-ﬂuorophenylam|n6.42 4-hydirexyphesyii NO
4-(N-trifluo W&gphenylammo phenyl
o) phenyl 30 124 4—gretah ,}1 FHEPERH-E
phenyl =~ & 6825 86 Yehydroxymethylphenylamipg ;o op h&TKARPRIWE
4hgua|n| di nopheny! 87 124 4-fluorophenylamifiel> - 3pwridyldi nophenyl am o
pheny ' A SARCLoYA 12 :
PCT/ US96/ 104( §2 88 %lammo phenyl 67
TABLE 3 63 89 -| phenylmethylamino phenyl
64 g0 4-(dimethylaminomethyl) -~ phenyl
. phenylamino
10 65 91 4-(N,N-diethylethylenediamino phenyl
' ethyl)phenylamino
66 92 4-fluorophenylamino 4-(2-
] d:methylamlnoethyl)phenyl
67 a3 4-cyanophenylamino phenyi
68 94 4-fiuorophenylamino 4-cyanophenyl
69 95 4-(2-dimethylaminoethyl phenyl
' carbamoyl)-phenylamino
15 {70 o6 4-(4-morpholinomethyl)phenyl amino | phenyl
471 97 - 4-(2-(1-piperazino)ethyl)phenylamino | phenyl
72 o8 4-flucrophenylamino 4-(1-piperazinomethyl)pheny!
73 99 4-(sulfonamido)phenylamino phenyl
74 100 4-(N-trifluoromethanesulfony! phenyl
' amino)-phenylamino
20 75 101 4-fluorophenytamino 4-(N-trifluoromethane-sulfony
1 amino)phenyl
76 102 4-guanidinophenylamino phenyl
77 103 4-fluorophenylamino 4-guanidinophenyl
. 78 104 4-{guanidinomethyl)phenylamino phenyl
79 105 4-amidinophenylamino phenyl
.+ 25 |80 106. 4-flucrophenylamino 4-amidinophenyl

When E is bromine, A is HOCH, and B is CH,, a preferred compound is one
where (107) F is 4-flucrophenylamino and D is phenyl. Using the same definitions

SUBSTITUTE SHEET (RULE26)



10 MORE C-4' - UNSYMVETRI CALLY SUBSTI TUTED PYRROLO PYRI M DI NE

NUCLECSI DES Y=C E=G=Z[err] =
Z[err] =H A=CH err] A=H err] NCH err] F

D B=H[ err] NCH err] B=CH err] 127 14

4-f 1 uor ophenyl (96/40705 4- am di nophenyl 331 P“'?’Us"’w‘o%Z
4-f | uor ophenyl am no phenyl A=CH[ err] OCH A=HOCH err]
F D B=HOCHg@r r ] B=CH err]OCCH err] 5
333 353 phenyl am no phenyl
334 354 4- chl or ophenyl am no phenyl

335 for BRE, F, G, and Z,, Z,, afother prafeired vomponed is one where (108) A is CH,
4-f | uor ophenyl . 356 4-f | uor ophenyl am no
4- hydr oxpheny| @ndBisH 357 _ 4- hydr oxyphenyi ani no
phenyl 10 338 : 358 ' 4- hydr oxynet hyl phenyl am n
phenyl o] 339 359
phenyl anino  Example 77 3-pyri dyl 340 360

2;,2%;1 ?%( { ﬁ;r} Noagditional C-4' UnsymmetriB8 Shbstit Q@Emmm@%%;

4- cyanophen®l ami no Still other prefgreshpyrolopyrimiding compounds of the isahtion are
4-f 1 uor ophenyl gm - I .

4 car banoy! ph eﬁﬁsgm%'e one of A aéh}aﬁ%@#‘&?ﬂ%ﬂ& the gifer is cANH,, or onggf A andBis

4- (sul f onan doimetisoymethyl or CH,OHe 07 bne of A and B4$CH OH and CH NHG6és shown in

4-(N-trifluoro esul fony phenyl _
| am no) phenyl aﬁﬁl}é@ 347 367 phenyl am no

4-(N-trifluoronethanesul fonyl amn

O) phenyl 20 368 - = guaui ch ||up;TC||yi ST
phenyl -@&3 369 4-f | uor ophenyl am no
~4-guani di n enyl ' A
o Qe o nhery JloRE o UNSYMMETRICALLY SUBSTITUTED PYRROLO PYRIMIDINE |
4-f| uor ophenyl pm no 4- am di nophenyl 352 373
4-f | uor ophenyl &m—ne———phevt—%——%[—e—ﬂ—N%&e#H——A;H%[—eﬁ ]
F D Y=C pE5@H% T4 =H B=H err I NCH er ]
373 A A=H,NCH, jdhenylamino D phenyl
374 BEHINCH, | B=CH, - chl or ophenyl ani np phenyl
271‘5I -h 15 | 10895 128 AphenyiddiseONenyl am Nbphenyi , .
- uor opneny oS/ Z- 11 gor opienyr arfrino
4- hydr oxypheny o _76129 #chlomp‘ﬁgrﬁdamino phenyl
111 130 4-fluorophenylamino 4-fluorophenyl
112 131 4-fluorophenylamino 4-hydroxyphenyl
113 132 4-hydroxyphenylamino phenyl
20 |14 133 4-hydroxymethyiphenylamin | phenyl
o
115 134 phenylamino 3-pyridyl
116 135 3-pyridylamino phenyl
117 136 phenylmethylamino phenyl
118 137 4-cyanophenylamino phenyl
25 | 119 138 ~ | 4-flworophenylamino 4-cyanophenyl
120 139 4- carbamoylphenylamino phenyl
121 140 4-(sulfonamido)phenylamino | pheny!
122 141 4-(N-trifluoromethanesulfony | phenyl
| amino)phenylamino
123 142 phenylamino 4-(N-trifluoromethanesulfonylamin
: o) phenyl
30 |124 143 4-guanidinophenylamino phenyl
125 144 4-fiuorophenylamino 4-guanidinophenyl
126 145 4-amidinophénylamino phenyl




WD 96/ 40705

PCT/ US96/ 10404 68 25
A=H err] NCH err] A=HOCH] err ] F D )
B=HOCH[ er r] BH[err]NCH[err] 377

4- hydr oxyphenyWa6(48705 phenyl 378 Pc:i@égmom
4- hydr oxynet hyl phenyl am n - phenyl o]
379 399 ' phenyl a@fno 3- pyridyl

380 400 3- pyddyl am no phenyl 5
381 401 phenyl neyl anm no pheny| 382
402 TABLE3nophenyl am no phenyl 383

403 4-f | uor ophenyl am no 4- cyanophenyl . 384

404 10 4- MORBCHAYUNSYMMEIRICALLY SUBSTPIUNED PYRROLO PYBRIMMIDINE

405 NUCLEOSIDES M do) phenyl am no phenyl 10 386 406
4- (N—t rifl uor@met hanesul fony phenyl

| am no) phenyl @M no 387 = =G=740% =H . phenyl am nd
4(|\|—tr'if|uoro$=e-&-h-nes-u-l—-e-ﬁaﬁl-a-m.. Y=C E=G=2Z/%7=H

0) phenyl A-t:lm tc"c"'l F 408 D,. guani di nophenyl anijno
pheny| H‘ 400 A L uAar fa¥!

4- guani di nophqém 146390 4-flucrophenylamino/ 1 0 4-amidinophenyl

4- am di nophenyhkam no 332 amdroﬂ:'énylamiml phenyi 411

4-f| uor ophenyl anopnenyl 92 a2
4-f1 uor ophenyl AECHOCH | A=HOCH, rpnyl v Wen E is

br om ne,

S
i S. one wher%

definitions f§R3P, E, F354G and1

i S one where

Exanpl e 78

Nucl eosi des
ring. Prefere

Z[err]

SPI ROCCYCLI C P

15

20

25

30

gﬂ H, B-cﬁocup
A = Ll uard

39$) 20]a85 1S CH|

c red uunpuunu
all [N

3ol g |37 cony A‘M’MW“Q" kin

336 REPIE3Qesg Al rve &_ﬁomaﬂw“m'yCI IC ug{_\wuﬁné\[&ll m CII ne

LI %Y L,_ybl UMNT' UMY

P re E_G Zlerr]l bnd
ar e1@l || 388/ dr ogef358r e shdwrhydroxymethyighefyiamin | phenyl TABLE 4 C W
'RROLO PY%I M DI NE _NOCLECSI DES . ' A& B
FORM A RI NG Y3@3&=G=Z[ ¢1B5¢ =Z[ er r|]|phénylamino 3-pyridyl
340 360 3-pyridylamino phenyl
341 361 phenyimethylamino phenyl
342 362 4-cyanophenylamino phenyl
343 363 4-fluorophenylamino 4-cyanopheny] -
344 364 4- carbamoyliphenylamino phenyl
345 365 4-(suifonamido)phenylamino | phenyl
346 366 4-(N-triflucromethanesulfony | phenyl
. | amino)phenylamino
‘347 367 phenylamino 4~(N-trifluoromethanesulfonylamin
o) phenyl
348 368 4-guanidinophenylamino phenyl
349 369 4-flucrophenylamino 4-guanidinophenyl
350 370 4-amidinophenylamino phenyl
351 3n 4fluorophenylamino 4-amidinophenyl
352 372 4-fluorophenylamino phenyl
A=H,NCH, | A=HOCH, F D
B=HOCH, B=H,NCH,
373 393 phenylamino phenyl
374 394 4-chiorophenylamino phenyl
375 395 4-fluorophenylamino 4-fluorophenyl
376 396 4-fluorophenylamino 4-hydroxyphenyi




is one where (147) F is 4-fluorophenylamino and D is phenyl.
definitions for D, E, F, G, and Z,, Z,, another preferred compound is one where (148)

F D 149 phenyl am no
phenyl 150 4-fluorophenyl am no phenyl
WD 96/ 40705
PCT/ US96/ 10404 6 ABLE
4 C-4" SPI ROCYSIQ4MMEROLO PYRI M DI NE NUCLEOSI DES "QCWS”"‘“‘“’I
B FORM A RING Y=C E=G=Z[ err] =Z[err] =H F
D 151 4-fluordphenyl am no - 68 4-f| uor ophenyl
152  4-fl uorophenyl ani no 4- hydr oxphenyl 153
4- hydr oxyphenyl am no : phenvl 154
4- hydr oxy @6t =p¢nmy| 4W=HOCH, |F 4-f1 uoropbenyl 5 155
4-f1 uor opheny] B=H,NCH, 3-pyridy 156
3hpyr: dylt ﬁ”} Qm 397 4-hydroxyphenyl@fifidy | | phenyl 127
pnenyl net ny O =4 I J0
4- (di met hyl ani*fidnet hyl fﬂ%enyl ar14ﬂ8dwmwgﬁ@ﬁ{ﬂ“ phenyl 159
4- (N, N- di et hyj-ettiH-ergciarireetH ﬁl HpheryH—phery —E = o—+0—
160 4-fl uor @nvl an ﬁﬂs pheriylamino” S-pyridyl
4- (2- di met hyl noet hyl4ppheny! | 3-pyridylain®®@ 4- cyanopprengtl am no
phenyl 5 HF?F =TT 149{ ophenyrlpﬁgqymy[am phenyl 4-cyanophenyl
163 4-(2-di 2T . ' '
pheny| a|(fri no 2 164 = ( Zaxr I%d"m P“C;ﬂ{aeml no ohemdd 15
165 4-(2- (1-[A88er azi 1d9%t hy! ) [ifcfvorophendamine ~ o chd-pyanophenyl 163
4-f 1 uor ophenyj 41 no 404 4- carbamoylpheftyiéritingi pEpteionet hyl ) phenyl
POV R U . A L

I X CAT T O |U||y| T Aarrmr Iy
169 a1 dbrof ¥yl ani - o)"ggyl:m;‘:s"“'{y phenyl
4([\|.tr|f|u0r hanedu n'r‘\"snp nh&nnl 20 170 -
4- guandi nophefB# ani no phenyiamino pheny| *iN';%'meeth'“s“m"Y'a““"
4- | uor ophenylanina 4-guani d| B8 172
4- (guani di nonfe38Ay| ) phd98 ani no | 4-guanidinophenykming| | pheny!

389 409 4-fiuorophenylamino 4-guanidinophenyl

390 410 4-amidinophenylamino phenyl

16 |39 411 4-fluorophenylamino 4-amidinophenyl
' 382 412 4-fluorophenylamino phenyl

When E is bromine, A is NH,CH, and B is CH,, a preferred compound

20 Ais CH,;and B is NH,CH,.
Example 78
epresentative C-4' Spi i imidine Nucleosi

25 4.

A and B can together form a cyclopropyl ring. Prefered pyrolo
compounds of this kind, where E, G, Z, and Z, are all hydrogen, are shown in Table

‘Using the same

TABLE4 C-4' SPIROCYCLIC PYRROLO PYRIMIDINE NUCLEOSIDES

A&BFORMARING Y=C E=G=Z,=2,=H
F D
149 | phenylamino phenyl
150 | 4-fluorophenyiamino phenyl




173 4-am di nophenyl am no phenyl 174

4-f | uor ophenyl am no 4-am di nophenyl 25 175 amno
| odo TABLE 4a C-4' SPI ROAZETI DI NO PYRRCOLOPYRI M DI NE
NUCLEQCSI DES Y=C E=G=Z[ errl= —
A& B Fornma ri ny096/40705¢ D 30 CMS%%J&UJ;
nitrogen 413 phenyl am no . phenyl
414 4-f | uorophenyl am no - Gshenyl WO 96/ 40705
PCT/ US96/ 10404 70 TABLE
4a C-4' SPI ROAZETI DI NO PYRROLOPYRI M DI NE_NUCLEQSI DES
Y=C E=G=Z[ err |[ TafLl&4 | €' SPIROCKERIG-PYRROLO PYRIMIDINE RUCLEOSIDES
D 30 cont ai rrng-a—nrl-mgﬁg z LR oT opnenyT am no
4-f | uor ophenyl E‘PRMAR!NG Y ﬁ Tara nnhnzriu 22«1 l'P
4- hydroyphenyl - 417 4- hyd! Bxyghenvl am no phenyl
418 -5y d rm&rﬁﬁfehﬂdnn&benyl ani no phe hyliuordphenyl 419
phenyl am no VARECSVAI
3_ pyr I'dyl am n 152 4-ﬂuor0p|'leny|anﬁ Ogmll W&WI
phenyl net hy| arfi 158 4-hydroxyphenylageiao v | phenyl >
4- cyanopheny| amsad 4-hydroxymethyighesiyino 4-fikitéphenyl
4-f | uor ophepyl T AscyanopnenyT 10 3-pyridyl 12T
4- car banoyl gh F %ﬂ?amphenylan:,..u.y. nﬁu
4- (sul fonam d f?ﬁ FRvidylamino pheny| phenyl ;55
4- (N-tri f1 uor o7 HHaphenylmethylamino pheny| phenyl
Z‘m( no) phfeln)" a“t 1% 4~(d‘methylammomethyﬂﬁ13nylammo phemsnytani no
-(N-trifluoro
0) phenyl amlno Wﬁdfﬁmmoetﬂyl)shenﬂ di rlngmhenyl am no phenyil
10 | 160 | 4-fiuorophenylamino . 4-(2-dimethylaminoethyl)phenyl :
‘161 | 4-cyanophenylamino phenyl
162 | 4-fluorophenylamino 4-cyanophenyl
163 | 4-{2-dimethylaminoethylcarbamoyl)- phenyl
phenylamino
164 | 4-(4-morpholinomethyl)phenylamino phenyl
15 | 165 | 4-(2-(1-piperazino)ethyl)phenylamino phenyl
166 | 4-fluorophenylamino 4-(1-piperazinomethyl)phenyl
167 | 4-(sulfonamido)phenylamino phenyl
168 | 4-(N-trifluoromethanesulfonylaminc)phenyl phenyi
amino
\ 469 | 4-fluorophenyiamino . - 4-(N-trifluoromethanesulfonylamino)
' phenyl
20 | 170 | 4-guanidinophenylamino phenyl
171 | 4-fluorophenylamino 4-guanidinophenyl
172 | 4-(guanidinomethy)phenylamino phenyl
173 | 4-amidinophenylamino phenyl
174 | 4-fluorophenylamino 4-amidinophenyl
25 | 175 | amino iodo
TABLE 4a
C-4' SPIROAZETIDINO PYRROLOPYRIMIDINE NUCLEOSIDES
Y=C E=G=Z,=2Z,=H
A&B Formaring F D
30 | containing a nitrogen .
413 phenylamino phenyl
414 4-flucrophenylamino phenyl




15 429 4-fl uor ophenyl am no 4- guani di nophenyl
430 4- am di nophenyl am no phenyl 431

4-f1 ubrophenyl am no 4-am di ophenyl When E is
bronmi ne, and A and B forma cyclopropyl ring, a preferred conmpound i s
one where (176)WR940705 { | yor ophenyl amino and D is phenyl. 2 %f“é 79
Representative C4' Symetrically Substituted Pyrazolo Pyrimdine

Nucl eosi des An addi ti onalgggroup of prefered conmpound are
t he pyrazol o pyri m di nes, where Y is nitrogen and E i s nothing.
Representative gem pyrazol o conpounds, where A.and B are the sane (in
this case bot ! fagiEQ@en) are shown 1 n Table 5. WO 96/ 4070p
PCT/ US96/ 10404
TABLE 5 . ‘ ‘ NS - 2
NUCLECSI DES Y=C E=G=Z = ZQY'N G—Z[err] =Z[ err]=H
A=B=H R . 177
phenyl am ng A&B-I'-:ormafmg F - phenyl ?78
4- 1 | uor oph8Ry || £RFARIng a nitrogen phenyl 179
4-f| uor ophenyljam no 415 4-flucrophendiadhino or opheny| [4-fluorophenyl 80
4-f 1 uor ophenylfam No 44g &ﬂuompherrﬂl‘gm‘nﬂrOxyphemlhxdroxyphenyl-sl
4- hydr oxyphenyp-emne ;..cn ‘EL
4- hydr oxynet hwl nhpn\/ﬂlxmﬂn wwﬂ ﬁpnnhpnyl phenyl 183
4-f 1 uor ophenyl am no 418 4-hydroxymethylphenyldmino Phen!|84
Shpyr: dyl ﬁmﬁnc' 419 phanylamtnophenyl
phenyl net hyl anrTmo TeTTyt §3|
4- (di met hyl am muu—hﬁ%phew& am"*ah?m" 15 P
4- (N, N-di et hyllet hy! eff®Yi ani no ﬂ?W'S'eﬂ‘YhMWI phenyl
422 4-cyanophenyiamino phenyl
423 4-fluorophenylamino 4-cyanophenyl
10 424 4- carbamoyiphenylamino phenyl
425 4-(sulfonamido)phenylamino phenyl
426 4-(N-trifluoromethanesulfonyl phenyl
" amino)phenylamino
427 phenylamino - 4-(N-triflucromethanesulfonylamin
o) phenyl
428 4-guanidinophenylamino phenyl
15 429 4-fluorophenylamino 4-guanidinophenyl
430 4-amidinophenylamino phenyl
431 4-flubrophenylamino 4-amidinophenyl

When E is bromine, and A and B form a cyclopropyt ring, a preferred
compound is one where (176) F is 4-flucrophenylamino and D is phenyl.

20 Example 79
Representative C-4' Symmetrically Substituted Pyrazolo Pyrimidine Nucleosides
An additional group of prefered compound are the pyrazolo pyrimidines,
where Y is nitrogen and E is nothing. Representative gem pyrazolo compounds,
where A and B are the same (in this case both hydrogen) are shown in Table 5.



phenyl am no

4- (2-di met hyl am noet hyl ) phenyl

phenyl
4- cyanophenyl
phenyl

188
190
191
WO 96/40705

4-f | uor ophenyl am
189
4-f | uor ophenyl am no

phenyl

4-(2- (1- pi perazi no) et hyl ) phenyl am no phergg

no
4- cyanophenyl am no

4- (2- di et hyl am noet hyl
car banoyl ) - phenyl am no 20
4- (4- nor phol i nonet hyl ) phenyl am no

192 PCT/US96/10404

193
194

4-f| uor ophenyl am no 4- (1- pi per azi nonet hyl ) phenyl 195
4- (sul f onam do) phenyl am no phenyl 196
4-(N—trif|uorOﬂﬁﬁgﬁpesulronylan1no) phenyl phenyl hm no
25 197 4-f | uor ophenyl am no
4-(N-trifluor Offet W@mﬁém&i&msmbmmn PYRAZOLO PYRIMIDINE NUCLEOSIDES
phenyl” 4- guani di nophenyl am no phenyl
199 A=—ftooropheny arn 1o “Y=N G=2,=Z,=H 4- guan di nophenyl
200 } i . 1|C||y| R T-11o pIICIIyI LUJ.
4- am di nophenyA=8atino | F phenyl 30 P 202
4-f 1 uor oph8&ny| @i no phenylamino 4- ami di nophdmhenyt 432
phenyl am no 117s _ “a-fluorophenylamino 4~ CNI O 0PN giiibnyl 433
- met hoxy phenpy=grrmo - ptremyt
4- et hoxyphenym e Lﬂuomphenylamfno Shonyd #ﬂuﬁ@@l&enyl
4- (et hyl et hy] 188xypheny Wlkpraphenylamino phopy | 4-hydroxyphenyl \\» 95/ 40705
PCT/ US96/ 10404481 4-hydroxyphenylamino phenyl 72
TABLE 5 82 Ol or By Rmno VS T T o0 PRI W D NE
NUCL EGCSI Dég - Sy} O=Z[cCr1 J =
A=B=H 183 4-fluorophenylamino 3-pyyidyl ok
3- net hoxyphenj18ni no 3-pyridylamino phenyl phamyy
“4-f | uor opheny[ & no phenyimethylamino  4- Met hoxy phieihghyi
186 4-(dimethylaminomethyl)phenylamino phenyl
15 |187 4-(N,N-diethylethylenediaminoethyl) phenyl
phenylamino
188 4-fluorophenylamino 4-(2-dimethylaminoethyl)phenyl
188 4-cyanophenylamino phenyl
190 4-fluorophenylamino | 4-cyanophenyl
191 4-(2-dimethylaminoethyl phenyl
carbamoy})-phenylamino .
20 }192 4-(4-morpholinomethyl)phenylamino phenyl
193 4-{2-(1-piperazino)ethyl)phenylamino phenyl
194 4-fluorophenylamino 4-(1-piperazinomethyl)phenyl
195 4-(sulfonamido)phenylamino phenyi
106 4-(N-triflucromethanesuifonylamino) phenyl
phenylamino
25 187 4-fluorophenylamino 4-(N-triflucromethanesulfonylamino)
phenyl
198 4-guanidinophenylamino phenyl
189 4-fluorophenylamino 4-guanidinophenyl
200 4-(guanidinomethyl)phenylamino phenyi
201 4-amidinophenylamino phenyl
30 |202 4-fiuorophenylamino 4-amidinophenyl
432 phenylamino 4-chiorophenyl
433 4-methoxyphenylamino phenyl
434 4-¢thoxyphenylamino phenyl
435 4-{methylethyl)oxyphenylamino phenyl



438 4-fl uor ophenyl am no 3- et hoxyphenyl 439
4- met hoxyphenyl am no , 4- met hoxyphenyl 5 440
4- et hophenyl am no 3- met hoxyphenyl 441
3, 4- net hyl enedi | am no phenyl 442
4- et hoxyphenyl a vﬁéﬁ@m’%y 4- et hyl phenyl 443FCT/USIG/10404
4- met hyl phenyl am no phenyl 444
3- et hyl am nophenyl am no phenéﬁ 10 445,
4- (et hyl et hyl) phenyl am no phenyl 446
4-f 1 uor ophenylaninag 4-net hyl Exanple 80
C-4' Unsymmet | TABLEY Substituted Pyrazol o Pyr| mi di ne Nucl eosi des _
Still other pfjefered pyrazol o pyrim di ne conpounds of the invention arg 15
t hose where ofie of CA EFRICALLY SUBSTITUNRD RYRAZOLG) PYRIMIDINE NUCLEQSIDES | | Jas
shown in Tabl ¢_6. TABLE 6 G4 UNSYMMETRI CALLY
SUBSTI TUTED PYRAZOLO PYRI M DI'NE Y = N\UGI=RZ)8IZDER
Y=N G=Z[err] ——4*_-”2 4y A=CH erT] T:j-berrJNu-i F
D B=H] el et St et - 203
222 4?ﬁ)henyl ahﬁ-n&oxwheﬂvlamlno phephepyl 204
223 fl uorp, phe 205 224
4-f | uor opheny -g-aﬁﬁﬁe———— s klo ey mﬁ%ggééphenyl et
4-fl uor opheny| 438 no 4-fluorophepylamitie ox ypheny| 3-ethoghenyl 226
4- hydr oxyphen) 1 NO 208 227
4- hydr oxynet hi-&gnheﬁy-l—aﬁ‘ g\-rrpeMoxyﬁhE%no - &BM%J-%——
PCT/ US96/ 16404440 4-ethoxyphenylamino 3-methoxyphenyl 73
441 3,4-methylenedioxyphenylamino phenyl
442 4-ethoxyphenylamino 4-methylphenyl
443 4-methylphenylamino phenyl
444 3-ethylaminophenylamino phenyl
10 | 445 4-{methylethyl)phenylamino phenyl
446 4-fluorophenylamino 4-methyl
Example 80 _ _
' Unsymmetrically Substituted Pyrazolo Pyrimidine Nucieosides
Still other prefered pyrazolo pyrimidine compounds of the invention are
15 those where one of A and B is CH; and the other is H,NCH,, as shown in Table 6.
TABLE 6
C-4' UNSYMMETRICALLY SUBSTITUTED PYRAZOLO PYRIMIDINE
NUCLEOSIDES
Y=N G=Z1 =Z2 =H
20 |A=CH, |A=H\NCH |F D
B=H,NCH |, B=CH,
2
203 222 phenylamino phenyl
204 223 4-flucrophenylamino phenyl
25 | 205 224 4-fluorophenylamino 4-fluorophenyl
206 225 4-fluorophenylamino 4-hydroxyphenyi
207 226 . 4-hydroxyphenylamino phenyl
208 227 4-hydroxymethylphenylamino phenyt




TABLE 6 C- 4" UNSYMVETRI CALLY SUBSTI TUTED PYRAZOLO
PYRI M DI NE NUCLEGSI DES Y=N
G=Z[err]=Z[err]=H 20 A=CH err] A=H[ er r] NCH F
D B=H err]NCH [err] B=CH err] 209 228
4-fl uor ophenyl mmm[s 3-pyridl 210 229 PCT/USI6/10404
3-pyridylamno 4-f | uor ophenyl 211 230
phenyl net hyl am no phenyl 73 212 231
4- cyanophenyl am no phenyl 5 213 232
4- car banoyl phenyl am no phenyl 214 233
4-fl uor ophenyl TaBLE 6 4- cyanophenyl 215 234
4- (sul f onam d@) phenyl am no phenyl 216 235
4- (N-trifluor et hanestiUNSNMMETRIGALLY SUBSTITUTED PYRAZOLO PYRIMIDINE
am no)’- pheny| {NUOLEOSIDES 217 236 4-f | uor phenyl am no
4- (N-trifluor¢net hanesul fonyl am n 0) phenyl 10 218
237 4-T"uan'| dr nophenyT am noY N G= I"@ﬂquH 219 238r
4'f| UOF Ophenyl er nn —r guulll u: n p LA DA %ZG 239
4- ami di nop#Rny 0 A;l:gGCH pheny! 221 |P 240
4-f 1 uorophenyl 2B=CH, 4- am di nophenyl am po Exanpl e 81
Representativ CycTf P11 Ol g-dh'uﬂ' €0s1 des
A and B can 1t ”th ch. a—ciy {-’ngﬁﬁbﬁéﬁ{:ﬂnﬂs Pretetret 3 azoto
pyrim di ne nudP8sidek?®¥ 1 hi k> u |
hydrogen, arejgibwn (230 | n [Tpkbhywimethylamino TABLEpPRNYl C-4' SP|I ROCYCLI O
PYRAZOLO PYR! I3 NE NU334=CS! Abphenylamino pheny A & B FORM A R
Y_N G=Z| eré] _ﬁé - II 11232 #-carbamoyiphenylamino phenyl L
4 f1 uor ophenyl|24no | 233 4-fiuorophenylamino oy || 4-cyanophenyb 42 " phenyl an
4- chl or or opherjs 23844 %&hlmmmmwlmﬁimo phenyl
4- hydr oxypheny52a25 5 4f YorHefENas@ishyl O e
phenyl ﬂ% 4- ret hoxy phahivg)-phénAgmino . Phem! phenyl
217 236 4-fluorphenylamino 4-(N-trifluoromethanesulfonylamin
o) phenyl
10 | 218 237 4-guanidinophenytamino phenyl
218 238 4-fluorophenylamino 4-guanidinophenyl
220 239 4-amidinophenylamino phenyl
221 240 4-fluorophenylamino 4-amidinophenylamino
Example 81
15 Representative C-4' Spirocyclic Pyrazolo Pyrimidine Nucleosides

20

25.

A and B can together form a cyclopropyl ring. Preferred pyrazolo
pyrimidine nucleosides of this kind, where G, Z, and Z, are all hydrogen, are shown

15

NG

242
no

in Table 7.
TABLE7 C-4' SPIROCYCLIC PYRAZOLO PYRIMIDINE NUCLEOSIDES
A&BFORMARING Y=N G=Z =2Z,=H
F D

241 | phenylamino phenyl

- 1 242 | 4-fluorophenylamino phenyl
243 | phenylamino 4-chlororophenyl
244 | 4-fluorophenylamino 4-hydroxyphenyl
245 | 4-hydroxyphenylamino pheny!
248 | 4-methoxyphenylamino phenyl




WD 96/ 40705

PCT/ US96/ 10404 74 TABLE
7 C-4' SPI ROCYCLI C PYRAZOLO PYRI M DI NE NUCLEGSI DES 20

A &BFORMARNG Y=N G Z[err]=Z[err]=H F

D 247  4-W98WPhet hyl phenyl am no phenyl  FCT/US%g0404

4-f | uor ophenyl am no 3-pyridyl 249 3-pyridyi am no
phenyl 250 phenyl et hyl am no - 74 phenyl 5 251

4- (di met hyl am nonet hyl ) phenyl am no phenyl 252

4- (N, N-di et hyl et hyl enedi am _noet hyl ) phenyl phenyl am no

253 4-fl uorornautim Q' SPIROCYCLIC PYRAZOLO P‘mmm“eubcuosm hyl ) phenyl

254 4-cy YT anTITo TCT
4-f1 uor op?‘éﬁy | 0 A&BFORMARING A(mﬁ @1 =fa = ﬁ?ﬁﬁ
4- (2-di met hyl alt npBt hl car banoyl ) - phenyl D phenyl am no

257 4-(4-nor phet %@ﬁ%ﬂn@m no phqﬂyﬁy‘ 258
4-(2- (1- pi per PL R0 T TTO ;;ulcnyl sy E 259

4-f | uor opheny |4 - bt
260 4-(sul f onaff HePwEdairoani no pHebe™ 15 261
4- (N-trifl uor ¢asn hpieayméthyamioani no) phenyl | phenyl phenyl am no
4216(2N- t4; T :c l”:ﬁ? 261 Lmé%ﬁlaminoqnemyl)phqnylanﬁno phenyl e — .
- L T L | JIU ATl LILA2 Il_yl UV
4- guani di noph h 'ﬁ#;amm ethylenediaminosthy) pheny| |Pheml 264
4-f | uor opheny }a 4 gua-n-l-d-l-nﬂphem" 265.
4- (guandi nomet B3’ M@mmmw pheny|_|Z(@-dmeshylamingetiybobesyih e ny| ahi no
phenyl 254 | 4-cyanophenylamino pheayT | LI TY
The adenosi ne [BEN g_ﬁud,méﬂa;n%s or The pr esent %%ﬁé,ﬁp ey De USed
in the tre mﬁg% ' . v et g—+pcal
| evel s of i - i Wunds of the i nvent [ onl act
as potent inhiHat A A A e e e
conpounds in ;I&?E ﬁ_ﬂ"ﬁ?m%ﬂ“@"l?ﬂ‘!'?ﬂhe"y"mm avaij | dighenyl
Adenosi ne has Iamw-mf-(cb-mipaazlnd)clhyaaheuﬂamm a nat Urghlensyhnt i convul sant .
259 | 4-fluorophenylamino 4-(1-piperazinomethyl)phenyl
260 | 4-(sulfonamido)phenylamino - phenyl
16 | 261 | 4-(N-trifluoromethanesulfonylamino): phenyl
phenylamino
262 | 4-fluorophenylamino 4-(N-trifluoromethanesulfonylamino)
phenyl
263 | 4-guanidinophenylamine _ phenyl
264 | 4-fluorophenylamino 4-guanidinophenyl
265 | 4-(guanidinomethyl)phenylamino phenyl
20 | 268 | 4-amidinophenylamino pheny!
UTiLITy

The adenosine kinase inhibitors of the present invention may be used
in the treatment of a variety of clinical situations where increasing local levels of
adenosine are beneficial. The compounds of the invention act as potent inhibitors

25 of adenosine kinase in vitro, and the present compounds in particular are orally
available.

Adenosine has been proposed to serve as a natural anticonvulsant.
Compounds of the present invention which enhance adenosine levels are useful in
seizure disorders, as shown in animal models of seizures detailed below. Adenosine

30 kinase inhibitors may be used in the freatment of patients with seizures or epilepsy



Compounds of the present invention which enhance adenosine |levels are
useful in sei zure disorders, as shown in animal nodels of seizures
detail ed bel ow. Adenosine 30 kinase inhibitors may be used in the
treatment of patients with seizures or epilepsy VWD 96/ 40705
PCT/ US96/ 10404 WO 96/40705 | 73 CT/USI
patients who m ght have chronic |low or insufficient adenosine |evels or

m ght benefit from i ncreased adenosi nggsuch as those suffering from
autism cerebral pal sy, insomia or other neuropsychiatric synptons.
Adenosi ne kinase inhibitors of the invention find further utility in the 5
treat ment of | ot patients who gﬂghtuﬁvag:hmnicm.or iméugmhm@gpm?inaw or might.-
post - surgical, an £end- st cancer pain. nds t | nventign
Br e al 5o uset BERBt rom InGiaasH Sdericalie SHES o8 1ee PltHie FHm SUDSTo PoraPHL oo
to pain causegpalty, Msbiihid riotherrisipopsychistiiéyaftoms. neuralgia, nultiple
scl erosi s, neuropathies such as those arisigg fromdi abetes and

and in, addition, |ower HAdaposiReKinase iBWH“@"& _ thriswglaﬁqn ﬁ"ﬂrfyﬁh%\ﬁmﬂrﬁ:ﬁgﬁt e
10 and chrniyeahidr of dcutdBaih! ifididiflg Bﬁttl?di?ﬁgg%@fd perl-Gpkr |\{Jé§ Prﬁg?ﬁelgal&ﬂ%do‘c

the invention In a systemc or ora nion, as | ed by ani nal
model s det ai | @adubagawcancer pain. Compounds of far inventien akesalse usefub iing be
an endogenous fal : o lilnR8E TS ¢ | ' {rfgg}'g n
stinmul at ed neutrophi 'ﬁflﬁﬂ%?ri'%%mgr?gﬁm b&ﬁa%pg%%gggﬁhfﬁs g%ﬁe an ni

pl at el et f unceuralgiageultiplesdearesis, Deullopﬁﬂ"iﬁksmasihoﬂa?ﬁﬂ%gﬁ?mmiebm and
4 treat S . . =t
br eval ent - sucrS S adiien, fydh bfck b’ df Feflidm RS Wredfient of acute

preval ent suc reper on 1njury, an
di sorders.10 and chronic pain can béatreated by administration bfthercompounds of thedhwentionef ul

in the t t . | Js i .

b oo 21 e S YRRt ALARERRBHIR e,
?n(é\lél )DSt denentia. 20 dA?_enosine has beeft rap?:tedrtd beean renidogmclu.:wm]?dulatomofd |
" X raunmg_ are caondi.t| ons . ere tissue,lnpury.r s.fromreduce
bl ood Suppry dRATESERS by e of s, SRS &, 3BiHstel Mol frcson, Fish oo
provi des i ncr ensopopHageclymphdcybsidntslatest fumcidie The confsolngoof thisdnvertionfay | t
S reporte&_rtnﬁt signi f1cant. conponent.. of the . .,  _neurodegeneration
resul ting 19 ofhereiosR &, useslan trealipg sondltions iy Wyich iSRemEmIPTy Processes-21s:
am no acid re|p?é@élem@ﬂlcﬁ%Qsd:rﬁ'nhﬂé-,tr!pemﬁﬂi&’i‘irf@?,%ﬁ@othér nfiamnmator) distiders.
stinulated to death. In_addition to vasodilatory properties, adenosi ne has

been reported to i RABEMPACHNEs ok the invgrtianugrerglse Hpefyl indhadraatmeRrtofand
Nadl er J. _ chbbhié HersdegehSftfive Hsdavel suth by AlPRiterscaReasE) PakiHsoRS { O
excitation. The conpounds of this invention, which increase adenosine

|l evel s, may aldispase, ﬁbg untington’s disease andDSHenemti& t i ons where rel ease
of or sensplivity 10 exgirbRéUnd HMraP nBRIOUE system (TN tratiffa e conditions
‘where tissue injury results from reduced blood supply to the CNS and are thus
amenable to an intervention that provides increased levels of adenosine to the
compromised tissue. It is reported that a significant component of the
neurodegeneration resulting from stroke or CNS frauma is caused by increased
25 excitatory amino acid release and sensitivity, which results in neurons being
stimulated to death. In addition to vasodilatory properties, adenosine has been
-reported to inhibit release of excitatory amino acids (Burke and Nadier J.
Neurochem., 1988, §1:1541) and responsiveness of neurons to excifation. The
compounds of this invention, which increase adenosine levels, may also be used in
30 the treatment of conditions where release of or sensitivity to exéitatory amino acids
is implicated. |



WD 96/ 40705

PCT/ US96/ 10404 76
To assi st in understanding the present inventions and especially their
properties and _. utilities, the results of a series of ex | are
al so incl uded. WRXOM herinents denonstrated that a nu@%w

conpounds of the present invention were potent inhibitors of a purified
cardi ac adenosine 5 kinase. Certain adaposi ne kinase inhibitors were found

to inhibit seizures and exhibit anti-inﬂPannatory activity in
wel | -establ i shed ani mal nodels. The results of these experinents are shown
in Table 8. TABLE 8 .. UTILITY  OF REPRESENTATI VE
COVPOUNDS #  To\gssigt in understanding the present inventions and especially their prppsrties }"‘dAK
Car rageenan j 8 t : .
Lohi breion ubiit, theddtits of 8'3rks B W pdfirments are 2 mcludeEl IﬁvEgjaenments demonstrated that
(nM a numhepnfcnnmpounds of the present. invention were p(tag:idhmnrs of a purified tardiac adenosine
4- N- Pheny he t hyl- 1<
ri bof ur ané ;ﬁ Ev@wﬂén@e cﬂ“w Anbibitass; were foynd g0 kb Seiey %’t antt-'n[lﬁammLmy 3
>1. 00 activity in well-€Stablished dimel) moliéls. The reklif8 of these experiments are shown in Tahle 8.
4-N- (4-Fl uordphenyl)am no-5-phenyl 7-(4-C spirocvclopropyl-lTerr]-
er yt hr of ur arh ok 8 pyrrol o UTILITY OF REPRESENTATIVE COMPOUNDS 80 78
0.23 P 7"”(’[ 2 S—dipyr T = giﬁl(: &p e 1-,._
4- Am no- 5-1i ¢8o- 4- C- 50 rcy 'WP"UH rr 3
- Inhibiti { oy
eryt hr of uraiPosyI )pyrrolof 2, 3- 600 Bhi di he (mp.
232 O 4- N thn\ll am.nh (ﬂlﬂ pheny| p.%_ 4- C- . W
net hyl - B- D- nbgmmgﬂmﬁphmwml of 2, 3- | 2000 d] pyri m dr ne
(mp. 211-2 hydroxymethyk1:884.  4- N-| 44pDifet fpyl arfi no 4 >1.00
met hyl ) pheny! | grfbofsnosyingroloR §diavrimidne . C- 70 :
>5.0 {mp. ﬁgtchyl B- D- | yxof urangsyl ) pyrqol o[ 2, 3-
- 10 | 150 | 4-N-{4-Fiuordphenyl)amino-5-phenyl-
7M~smrr:n=°v:lyl;l:f::::f“' 03 80 78 023

23 dpyrinidine {m.p. 142 C}

175 | 4-Amino-5-ode-744-L-
spiracyclopropyl-5-D- 800
erythrofuranosylipyrrolof2.3-
dipyrimidine (m.p. 232 C)

81 | 4/N-Phenylamino-5-phenyl-7-{4-6-
methyl-B-D-ribfuranosyl). pyrrolel2.3- | 2000
dlpyrimidine Im.p. 211-213 C)

84 | 4M4-{Dimethylamino
methyl)phenyllamino-5-phenyl-7-4-C- 70
methyl-B-B-lyxofuranosylipyrralo[2,3-
dipyrimidine (mp. 205-206 C)

4-NPhenylamino-5-phenyl-7-(5-D-
27 | erythrofuranosylipyrrolof2,3- 4 12 44 <50
dipyrimidine fm.p. 210-211 €)

4-44-FiorophenyHamino-5-phenyl-
7-{8-L-methoxymethyl-8-D-

Iysofurenosylipyrroloi2.3 u >80
dipyrimidine tm.p. 205-206 T}

4-N{4-Fluorophenyljamino-5-phenyl-
352 7-{4-C-methoxymethyl-b-D-
ribofuranosylipyrrolo[2,3-d]pyrimidine
{m.p. 188-199 €)

>50

15 |3

400
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d] pyrimidine (mp. 205-206 C)

4- N- Phenyl am no- 5- phenyl -7-([err] - - 27

eryt hr of uranosyl ) pyrrol o[ 2, 3 4 12 44 <50
d] pyrimdine (m 210-211 Q)

4- N- (4- Fl uor op ™ no- 5- phenyl - 15 372 PCT/US96/10404
7-(4- C net hoxynet hyl -[err] - 24

> 5.0 dl pyrimdine (mp. 20372206 C

4- N- (4- Fl uor ophenyl ) am no- 5- phenyl - 352 7- (4- C net hoxynet hyl - b- D

400

ri bofuranosyl)pyrrol o[ 2, 3-d] pyrim di ne p.
198-199 O

TABLE 8 Qv fry OF FEPRESENTATIVE COMPOUNDS
PCT/ US96/ 1044
77 'FABL‘F!"D ﬁs,ﬁ_t_“ UﬁWW?‘Vd*“%EFI%l VE
COVPOUNDS Narre nhibition I Clerr])
AK Carrageesan |Paw (% nh) Antico M sdnt P> WP | ip. (molkg}
I nhi bition 4-M{4-Fuorophenyljamino-5-phenyl- _ Acfivity (IVES)
(nM 744C aRlinomethyl-b -D- i p. i.p. (my/ kg)
4- N- (4- FI uor ( digrameiilpeiol s yiiund | 1100 7-(4- C- aji nomet hyl -p -D-
392 ri bof urran lgride (mb.@PE22BEC d] pyri m|di ne 1100
di hydr ochl ori 49 p.. 200-220 C deg¢) :
?5( 4- Chl or opt Y m&;&nﬁiﬁ 4872 drythrof \IW anosyl ) - N
phay! ani noﬁ)yr 3% Wmhwmnna 80 off % (m PP 194 195 Q)
4- N- (4- Fl uor gphefpih.[19w188°€)- 5- phenyl 28
7-(b-D—eryth Ufu‘l—fﬂ ﬁY”UIU Z 25 52
=0 28 wm g MPxl¥-1% 9 & <50
dipyrimidine (m.p. 194-185 C)
4-#{4-Fluorophenyllamino-5-{4-
fluorophenyl)-7-{b-D-
2 erytheofuranosylpyrsolol2,3- 4 2 %
dipyrimidine (m.p. 200-202 (]
4-N{4-Chiorophenyl)amino-5-phenyl- - i
299 | 7-{o-D-erythrofuranosylipyrrolo[2,3- 40 28 20
dlpysimidine {m.p. 212213 C)
4-Amine-5-iodo-7-(b-D-
300 § erythrofuranosyllpyrrolol2,3- 6 91 80
dipyrimidine {m.p. 258 C (dac))
4K8244 ,
Morpholinojethyliphenyllaminc-5-
10 301 | phenyl-2- 1 3 21
{b-D-erythrafuranosylipyrrolo]2,3-
dlpyrimidine {m.p. 128-130 C)
4RA241-
Piperazino)ethyl)phenyllamino-5-
phenyi-7-b-D-
43 erythrofuranosylipyrrolo[2,3- 35 i &
dlpyrimidine trihydrochloside (m.p.
150-180 (dec.})
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4- N- (4- Fl uor ophenyl ) am no- 5- ( 4- 29 fl uor ophenyl)-7-(b-D

45 20 46 eryt hr of urannsyl pyrrol o[ 2, 3-
d]pyr|n1d|ne (mp. 200-202 Q)

4-N- (4- Chlorophenyl am no5- phenyl - 299

7- (b- D er yt hr of WPAHBEHS ) pyr r ol of 2, 3- 40 28 PCT/US96/10454
dlpyrimdine (mp. 212-213 O 4- Am no- 5-i odo-7- (b- D

300 eryt hr of uranosyl ) pyrrol [ 2, 3- 78 6 91

90 _ dlpyrimdine (mp. 258 C (dec.))

4-N-[4-(2-(4- Nbrphollno)ethyl)phenyl]an1no 5- 10 301
phenyl - 7- AK INHIBITION 39

8) -D-erythrofur anstll_ %2 A ollne kinase activity was msuréc? Xssentlallyn gsges&be%zn% 130

Pl per azi no) et WMHW ¥., Goto, H., OQQBawarahNn(fISBB)Bbc&m Biophys. Acta

ery throfuranosy%%cggrrol okz 3-
d] pyri ni di ne tﬁqonm&mtbﬁlfﬂ‘ﬂné‘ﬂ?rﬂmd'ﬁcat‘ms Assay mixtures 0on IS-
WD 96/ 40705 14
PCT/ US96/ 10201{naleate buffer, pH 7.0, 0.1% BSA, 1 mM ATP 1 mM MgCl, _?5 M [U-1“C]
AK | NHI BI TI ON adenosine (400-800 mCifmmahiganchanding sivplicate iconesntrationsoh inhikiter.

Coasavara, ! THOBBER ol o SRRy sbrochifR 60, prfi g,

m nor nodi fi céheé nesinakinasexonnecembivanthiuman sgiencsinakingse (Spychalachetal.,

buffer, pH 7

adenosi ne (40%’8@&@%)%9&/%%5\%ﬁéﬁg%@e&)ﬁgéﬁwm%ao#] ﬁt

i nhi bitor.10 amdimt of eazyme requirsd:to phdsphorytatéyl anoliddenosing pepminutendingl y

0.1 [err]U partial ri.fied, pj . hear n ne ki nase or

Feconbi nant | nukaRantafise bRt 20 iptiE(at 3756 e Zessy WES Gulhched upon

Pr oc. 3 Nat IloAc acspBiting :«!fd% dliquots datd 2 837 pne@éﬁ%atmoaﬂmn réxbharlage:tsépened

as that a unt _of enzyne requicr pho ate . rrlpo enosi ne

por m nute. THE PasersGUER syars iasbed 1o 3 iaues h 6.0 affled BeichizRy st e

The assay WaS remeve brlringsted adenosine. The washed squares were rinsed in 95% ethanol

15 and dried in an oven at 100°C for 10 minutes. The amount of *C-AMP was

quantified by scintillation counting. . The concentration of inhibitor required to inhibit
80% of the adenosine kinase activity (IC5) was determined graphically. The results
for representative adenosine kinase inhibitors of the invention are shown in Table 8.

ANTI LSA TiV
20 ~ The anticonvulsant activity of the tested compounds was evaluated in
male SA rats (100-150g, Simonsen) using the maximal electroshock (MES) model
deécribed in Swmyard et al., Anfiepileptic Drugs, 3d Ed. at 85-102 (Levy, et al., eds.),
NY: Raven Press (1989). The rats were maintained on a 12/12 light/dark cycle in
temperature controlled facilities with free access to food and water. For p.o.
25 administration, the animals are fasted overnight, prior to the experiment. One hour
prior to seizure testing, the animals were injected interperitoneally (ip) or orally {per
0s, po) with one of various doses of test compound dissolved in DMSO or PEG 400.

Maximal electroshock seizures (MES) were induced by administering
a 150 mA, 60 Hz current for 0.2 seconds via comeal electrodes using a Wahlquist



spotting 30 [err]L aliquots onto 2 cnierr] pieces of Wiatman DE81 ani on
exchange paper. The papersquares were washed for 3 mnutes in 6 L
distilled/ deionized water to renove the unreacted adenosi ne. The

washed squares were rinsed in 95%ethanol 15 and dried in a
100[ err] C for WO¥4¥PSes. The amount of [err] C-AVP was 3’&%@?‘5 2y by

scintillation counting. The concentration of inhibitor required to inhibit
50% of the adenosine kinase activity (1Cp8r]) was determ ned graphically.
The results for representati ve adenosi ne ki nase inhibitors of .the

I nvention are shown in Table 8. ANTI CONVULSANT ACTIVITY 20
The anti convulvoel Hatiniator.y Tid endpoirit avsastrement wascsuppeessionedfihindlimb tonic

model " deswiensen (FTERNTIgA RS sidastto'cigul Uieh oy PireFiepidersior g

85-102 (Levy, eRéecta 90 Gétites andglewithlﬁé plBaw enthe/sudly. (HIEBSuppréssion of this'kind

mai ntai ned on_a_12112 |ight/dark cycle in ,_ten‘P rature conirgll ed
facilities w indicates thatd8a test competing s the Ability-fp "E‘.’Qﬁ. seizuresnimNeoRLPY on,

the ani mal & afdidifi &l Biophghtion dhfsBreddif hBroyiftig FRleizufd thrbshiid (ie,

prior to selzure testing, e animal s'were I njécted’ nterperitoneal l yd#i p)
or orally (pepreventingseizurg petentialhnEhisrendppintwas expressed as dhe perseptagh

di ssolved in ‘ﬁgﬁ : imhib : gbéqg,yg Qefepkd
sei zures (NES%'%{W n ucégqﬁ?ogéreﬁ%alssip I'e“rb ftﬁ% Typically 1 rg&‘* g%éréHz current
for 0.2 secondnditialiyat one haurfolisiving a dosesof Sanglyg ip. \Inisbmeicases, the effective dose\p
96/ 40705

o TrbSkd 0404
79 Nbdelatﬁhﬁ‘is% gtﬂzﬁt.‘atsmeereeoﬁgtsgtleﬁt(E%Vgﬁsf %erlr%xﬁ?te&ggong %Jérg%g sron %f
hind |imb 1®nicarve. Theresults farrexeripidry compoundsef the inyention are setforthimTable
hind | t ' | ' f
the body. - HTE 5 BPEE 50 valgs; FRF rafooth i Sefd R g vt iudied Ve |

has the abili trysulids listed bs #5 i ¢{TBwasinhibited incfewgr then 50%i of thebanimals is thedotial

propagati on and spread,_J t by .ralsing the, sei hr eshol d. (J_ &,
preventing seisE[ﬁ%v (RS }g‘%owaq-ﬁ?fgbltqddlﬁl%pﬁlp thaa 5@%5&@?6%?@%['% Wefheeinhal
percent age of gsereem@ani mals in which the response was inhibited. Typically,
conmpounds were screened initially at one hourfollowi ng a dose of 5
ng/ kg ip. In some cases, the effective dose at which 50% of the rats

were protegged (ED om a dose response 10 curve. The

%\ was Suspondad fn 28t PS' at 19 (i
autoclaved for 30 minutes, and stored at room temperature. Rats were pretreated
with vehicle or AK inhibitor (10 mg/kg) by oral gavage or i.p. administration and the
volume of the left hind paw was measured using a water displacement

20 plethysmometer (Stoelting Co., Wood Dale, IL). One hour after oral treatment or 30
minutes after i.p. treatment, the rats were briefly anaesthetized, and 0.1 mi of the
carrageenan solution was injected subcutaneously into the planar surface of the left
hind paw. The ensuing paw swelling was measured by plethysmometry after 3

hours. The paw volume in milliliters was subtracted from the pre-injection paw

25 volume. Data are presented in Table 8 as the percent inhibition of paw swelling in
AK inhibitor treated animals, compared to vehicle treated control animals.
Rosengren et al., J. immunoloay 154: 5444-51 (1995).

LIVER TOXICITY :
Female SA rats (150-200 g) were anesthetized with halothane and

30 cannulated via the internal jugular vein. The animals were aliowed to recover for 3



8, expressed as ED[err] values. For conpounds where the ED[err] was not

cal cul ated, the result is listed as >5 if HTE was inhibited in fewer
than 50% of the aninmals in the intial screen, or <5 if HTE was
inhibited in nore than 50% of the animals in the intial [ 4&5
ANTI - | NFLAMVATCRS 9§(¢975/) TY Carrageenan ( TypE CE@S%%&’
suspended in sterile PBS at 1% (w v), autocl aved for 30 m nutes, and
stored at roomtenperature. Rats were pretamat ed wi th vehicle orAK

i nhi bitor (10 ng/kg) by oral gavage or i.p. administration and the
vol une of the left hind paw was rreasured using a water displacenent 20
pl et hysnonet erdayst At thisidtinm,. 37.80 pohollieg cof am ) AK Onbibitor wast dissolved| in 76%

hhast ot i sed PERAOYZTH AR Bid Fused tubddtf W Houid pidior of 6 4o ibfites
subcut aneousl yrﬁl?ﬁ hbors lateu,rarL ?ddltiénat el'l(caﬁt pmbekg n:rtéf infused men@uormmuteﬁd(éotal e
b vorune | oGR8 773 RIOHRG): JeivaL B AHSTTHE 86crd ide, dhe snimaf e

vol une. Datg agrstHetizédivith halothiapecaritl aﬁsédgmnm@ thirbugl the ideseending Rorta.

swelling in AK i nhi bitaor treated ani mal s aredto vehrcletreated
control ani rial Serum was pEER¥RM @pH liver enzymes (s?mﬂb% cefictransamingRg;)

LIVER TOXIC T c%’ﬁgﬂgl nsémi (s@en
anest heti zed t%o-lr?él gﬁ]néngéuigrr% 0 carﬁ%ul at eraﬁsél a the??ﬁ?g?tﬁlglsmﬁjbgljﬁllgpe
vein. The ani reengmsemplesiwesedatermineddhy @ commercial laboratory. Resultpase shown in
PCT/ US96/ 10404?, 80 days. At
this tinme, 37 Ferr]rml/kg of an AK inhibitor was dissolved in 75%
PEG400/ 25% sal i ne and i nfused through the jugular catheter over 40 m nutes.
Twel ve hours later, an additional 37.5 [err] nol kg was |nf used over 40

m nutes (total SHEE g Syl Senel s> CcONA
dose, the 48i 3
t hrough t he ddg

o

ﬁ:r}:;nmglngtsgm c- gkal )ac#uui.mabra sam, nase .y 51 UImL) , am %r uvi c
determ ned by |a commgrci alz2 | abotat orws Resylts ag3e sha e 9.
180 2 $60 1585 1.58
27 5 114 41 0.14
15 ) 28 4 61 23 0.07
29 4 130 30 0.16
43 5 99 58 0.1

RAT SKIN LESION MOD

Rat skin lesions were induced as in Rosengren et al., J. immunology

20 154: 5444-51 (1995). The dorsal skin of male SA rats was shaved and carrageenan
(Type A) or phosphate-buffered saline was injected intradermally. Three hours later, |

the injection sites were biopsied and weighed. Neutrophil content of the skin biopsies

was measured as the quantity of myeloperoxidase (MPO) present in a tissue

homogenate. The_excised, weighed skin pieces were placed in 4 ml 0.5% mixed alky!

25 trimethylémmonium bromide and homogenized at the highest speed for 15 seconds

in a Polytron homogenizer (Brinkmann Instruments, Westbury, NY). Lipids were

extracted by adding 1 ml of dichloromethane to the homogenate, vortexing



10 TABLE 9: AVERAGE SERUM CONTENT OF SGOT, SGPT AND TOTAL BI LI RUBIN

SGOoT SGPT Total Billrubin # #ani nal s

(U n) (U m_) (U n) 1 2

53 0. 150 2 560 5
1.58 2w096l40705 5 114 41 PCTG’.*"!%“’E‘
28 4 61 23 o 07 29 4
130 30 _ 0.16 3 99

58

Rat skin | esﬂggrﬁ& V\%"rdece'?m '“Eeé mnugi n B“gﬁlg‘@ﬁﬁg?w | % n#'ﬁr‘\”o add;d i2“0
154: 5444- 51duflitfi®©fe)a 96 TWell assay plate, alohg wittodilutiond o thrlmlgpemims ptanderd. Patasmm

T
ot 1 ador mat 1 st C o 0" i AR oo B |
vei ghe'd. e UefoRiiftWds afideih (280 (/Wi ahthe hhsﬁrbdnteodislwm was reat aftersomin lnalﬂntmm ot he
quantity of rryel oper oxjdase (MPO) presept .in a,tissu

honoge The
excised, wei igHEHEMEBIRREP. EW@W ﬁ?Pt&‘!? gaph,skin pigpe Wﬁ%"’ﬂé@mélsgﬂg ﬂ‘f"e
trlrrethla FH!:H:H@‘ g&qﬁm t I\W ed for 15
secondsy In a % onmogeni zer (Bri nkﬁa‘ﬂ% *I}Instrusrfret?\itag Vst bury
NY). Lipids were AKi m itors wesecadministerpd erally jusing palyethylensrglyenl-400 asrebwbpnaﬁeentnm%e

E(C)ZEIT'}) %gg g} io 4%%5 Eﬁﬁéﬂyﬂﬁfnxude as vehicle, at indicated Mefgr@/sélp 16 injection. For each experiment, the 8 1

vi gor ous|1p, averdgeatalitvalies i salinecisduckd eSions viap ealculpi@l. This basdinvalue was thensuljteacted 1 of
each supernatant vas .added in ..dupnlicate to.,a..96 .

al ong with d{%‘l"\"ﬁﬁé‘a'@ﬂ Bﬁﬁﬁ“ﬁ%}“ﬂ!’ﬁ@ﬁ%%g%ﬁ‘&“ﬁﬂﬁww @gﬁ@g%%}\cﬁﬁt&
phosphat e bufrénfthest ibiselife-doirected ValGds i The) results @re ¥ibwilin Ddble[ 18 r ] - di ani si di ne

di hydrochl ori de and 0.001% hydrogen 5 per oxi de was added (200

[err]I/well), and the absorbance at 450 nmwas read after 5 mn incubation

e cat oot o TR, PR P oo 55, S WG gl el D1
regression, gMOTEXPTESYEd as upm o ot 10T g Ol LlSSUeE.
# | #aonimals Routs (o) Dose {mglkg) % inhibition SEM
15 27 5 ip. 30 3 2 14
5 ip. 30 10 59 7
5 ip. .30 30 89 2
27 8 ip- 60 10 60 4
27 4 ip. 120 10 14
2 7 4 ip. 180 10 2 2
27 4 ip. 240 10 0
27 4 ip. 380 10 ]
4 ip.. 30 3 18 10
28 12 i 30 10 62 5
25 28 4 ip. 30 30 78 1"
28 8 ip 60 10 7
2 8 ip. 120 10 60 4
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AK inhibitors were adm ni stered orally using polyethylene glyco-400 as

vehicle or intraperitoneally usi ng di net hyl sul foxi de as vehicle, at
indicated tinme before skin lesion injection. For each experinent, the 10
average of all values from saline-induced | esions was cal cul a gﬁﬁaﬁﬁiu

basel i ne val ue WR4HEYH subtracted from val ues obt ai ned
carrageenan-i nduced | esions. Percent inhibition for AK inhibitors were
cal cul-at ed fromthese baseline-corrdted val ues. The results are shown
in Tabl e 10. TABLE 10: Inhibition of neutropbll
accunmul ation jn.rat-skin lesians induced by earrageepnn
Pretreatnent [28Me 8 #. # ani nidos Roux m )
Dose (ng/ kg) %linhibition SEM 15 27 5 i p.
28 83 T 240 10 14 28 P7 8 5
i . p. 20 10 59 7
27 5 28 8 i|p. po 60 30 10 80 1"
89 2 27 8 i A0
10 b 28| 6025 p.o. 4 60 2l 2 4 40 ..
120 10 _ 14 g6l 20 7 4
. p. 2| 180 pe. 120 20 2 8 4 26
27 4 i b 240 10 0
27 4 28 8 i|p. po 240360 20 710 4 0
28 4 D 20 3
18 (0 8 e 12420 2o p. 20 3
10 62 525 8 4 0
30 29 3Q po. 7%0 10 11 ) 2B 8
i.p. 60 : 10 49 7z
28 30 2 41.p. po - 80120 20 %0 15
60 4
29 3 p.o. ] 3 .4 14

ADJUVANT ARTHRITIS
Heatilled Mycobacterium butyricum was ground to a find powder and suspended in

heavy mineral oil at 10 myknl. The suspension was injected subcutaneously into the base of the tail of

" 15 male Lowis rats at 0.1 ml per rat. This immunization procedure induces an agressive arthritis that is

apparent at day 10-12 and rapidly worsens. The volumes of the hind paws were measured before

immunization and on days 12, 156 and 20 after immunization. The baseline paw volume was subtracted

from the arthritic volumes fo yield paw swelling. AK inhibitors were given by daily oral gavage beginning

on day 4 after immunization, using polyethylene glycol-400 as the vehicle. Control rats received vehicle

20 only. Percent inhibition was calculated hased on paw swelling in AK inhibitor treated group compared to
vehicle treated group, and is reported in Table 11.

TABLE 11: PERCENT INHIBITION
s ——————————————————
# Dose . % inh at day 12 % inh at day 15 % inh at day 20
{mglkg) :
28 10 2017 2 4 . -
25 28 20 . 52 + 23 52 x 22 40 + 8

SUBSTITUTE SHEET (RULE 26)



WD 96/ 40705

PCT/ US96/ 10404 82

38 8 - i.p. 120 10 60
28 wo 96!407805 28 . g' D. 0_240 rcgglssfm’m

10 28 11 . 5 28 25 p. 0.

60 20 40 83 - 7 28~ 10

120 120 20 . 84 4

28 8 p. o. 240 20 77
4 28 FORMALIN PAW p. o. 420 20

20 18y 10 Intié3gsay, injechipn of formalingRfritant, nto the hincPly,pf rats

28 ' typié’ﬁléy evokes a biphasic response of 3iin-relatedbehaviors. Phpse 1 of the

ARTHRITI'S - response which s brief, 'aﬁlE'Qt%OPEN’?’B%?em B éﬁ? B'P?‘JWPB{RAﬁ%WRﬂ?y |
ground to & f I YorePreIBAged Whadl 2PREHRS! abproximately el@\/-mmmﬁpﬁt-nqed:tmt Hl'ﬁase

/m. Th d
2?d15 1ol o Ichahevierisdnoughbionaa diast effest of e latant a0 ARSiGRR Shibe Iniogtion *
I naguces an

aglg is’té wmg p@%%él? Wtéésﬂagqofr ﬁ?&oﬂﬁ@n fo inciuB Iaéﬂysa:talg%%uc%)hpbﬁeﬂﬁnemdted

rapi dly worsen paws were neasured before

i muni zati on dydsensitizatien tP neursnahelepents Wlihlnlthﬁﬁmn?&??@n Stpdiesisen|oth@r paw
vol ume was sURLLAGHACS gavefouﬁmkv&figafﬁgg oFPh (S6Mstinie® réfited B Phase

swel ling. AK i were gl ven ora gava ge begi nni ng on
day 4 aftet0i ma)mbamashrespsnsngetmpmgmlawdgnmulatm as the vehicle.

based on' paw swel |1 ng | KRiEln Sioeo) peipfing Bhwacei 0 -adkly 8 ussd i <

vehi cl e tr eat asfegsnt experimptits. For spreehing purpdseisideugsiare administered orally 90 min
“TABLE 11:. PE

(ng/ kg) | Mﬁg&%?fgtf@alm test. At. quﬁlgg?tegdptei\@@ the anlra}als in gg&up% %/f 42 0

are placed individually in a small animal restrainer with the right hindpaw accessible

15 through a hole in the bottom of the restrainer. The formalin paw assay is initiated by
the injection using a 30G needie of 50 pl of a 5% formalin solution in saline into the
right plantar surface of each hindpaw. The rat is then immediately placed in a
separate plexiglass box and scoring (described below) of the animal’s behavior is
begun at 1.7 min after formalin injection. The instantaneous behavior of each animal

20 inagroup of 4 was observed and assigned a score once in each 20 second interval.
This sequence is repeated over a 30 min period. The scoring protocol is an
adaptation of the method published by Dubuisson and Dennis (Pain 4:161 -174,
1877) which assigns a score from O - 3 as follows:

0 - no discernible favoring of injected' paw, weight evenly distributed
25 1 -injected paw is favored, rests lightly on floor

2 - injected paw Is elevated

3 - injected paw is vigorously licked, bitten or shake

Scores are continuously recorded directly onto an Excel spreadsheet.
For comparative examination of drug effects the data is reported in two different
30 ways: 1) the scores are summed for Phase 1 (1.7 - 5 min post-formalin) and for



28 10 29 [err] 7 22 [err] 4 25 28
20 52 [err] 23 52 [err] 22 40[ err] 8
WD 96/ 40705

PCT/ US96/ 10404 83

FORMALI N PAW WO 96/40705 In this assay, i nj ection of foPGEHP$/10404
irritant, into the hindpaw of rats éj)l cal ly evokes a biphasic response
Phase 1 of th

of pain-rel ated behavi ors.

| asting appr ﬂi&ﬂiﬁﬁbh@m p&tmmgﬁmé

asti ng

ap
1 behavi or wnmahdughmtlta)msssaf

pr ol onged ph

at the injec

ase 2

r oxi

mat

fléaﬁ %lde!? o thé
as Pociphibition pmred)to vehele |cvntmlt o ttheotatahmber bt or s

mn post-inj

Fhase'2nd

response which is brief,

Sumis Qe dRWafhed HonPB differbi! ©

ection. Phase

hyper al gesi ché%%ﬂgﬁnﬁhetoﬁqc g mﬁﬁ“&"@ﬁ@ tl zas[el on @@Hneur (?ﬁ%#' ek’errent S
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15 Compounds of the invention are administered to the affected tissue at the rate of from

25

0.1 to 200 nmole/min/kg, preferably from 1 to 50 nmol/min/kg. Such rates are easily maintained when
soluble compounds are intravenously administered as discussed below. When other methods are used

{e.g.. oral administration), use of time-release preparations to control the rate of release of the active
ingredient may be preferred. These compounds are administered in a dose of about 0.01 mg/kgiday to
20 about 100 mglkgiday, preferably from about 0.1 mg/kg/day to about 10 mgfkg/day.
For the purposes of this invention, the compounds of the invention may be administered

by a variety of means including orally, parenterally, by inhalation spray, topically, or rectally in

formulations containing conventicnal non-toxic pharmaceutically acceptable carriers, adjuvants and vehicles.

The term parenteral as used herein includes subcutaneous, intravenous, intramuscular, and intraarterial

injections with a variety of infusion techniques.

Intraarterial and intravenous injection as used herein

includes administration through cetheters. Preferred for certain indications are methods of administration
which allow rapid access to the tissue or
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Scores are continuously recorded directly onto an Excel spreadsheet.
For conparative exam nation of drug effects the data is reported in two
different 30 ways: 1) the scores are summed for Phase 1 (1.7 - 5 mn
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Phase 2 (10.3 - 30 mn post-formalin) and the nean val ues of the suns are
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25. 5
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76.1 repafed. Compositions intendéd for oral use may b
67.8 prep P ral tse may epreroaéel\/%Lﬁ;ﬁrgQg t15

Conpounds of tMehed\keawRde ﬂéﬁ art ferthaimanifaciure of pharmaseasticalccampesifiong andhe

t f f %ogiﬁb
;ﬁofl(r)n' n/ rkém Ssl‘jlgﬂc?‘g es are easi tﬁﬁ%ﬂﬁ%@gﬁ#ﬁ%lﬁdﬁb%ﬁ?&n n%oﬁlﬁds
are intrav Qomlsamﬁe@ag@geat%ﬂm agentsycoleriog agenisrandiqrbsatvingr e

control the oo % offefAd bRidH & Paletalfg Brétersiof THIBRRENRITHTIE 405, o

These comnpou /n degradlentau atmbdurevsth nen-toxitopharmacauticatly ceeptatié legéipient whichO
bout 100 { t
sbout 10015 il s U ol TR B o,

conpou nds of texamipley énert diluents, Suchndsicalcium carbonate, sodium \carboriate, dactossyns
: Ed udi ng g al daleiun® Bidephéter lstiumpﬂo@Bﬁétg‘tdrgﬁulgtP A dights ra!lnl'\é/ agents, "Shd! Y
as maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and
lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be
uncoated or may be coated by known techniques including microencapsulation to
delay disintegration and adsorption in the gastrointestinal tract and thereby provide
20 asustained action over a longer period. For example, a time delay material such as
glyceryl monostearate or glyceryl distearate alone or with a wax may be employed.
Formulations for oral use may be also presented as hard gelatin
capsules wherein the active ingredient is mixed with an inert solid diluent, for
example calcium phosphate or kaolin, or as soft gelatin capsules wherein the active
25 ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or
olive ail.
Aqueous suspensions of the invention contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions.
Such excipients include a suspending agent, such as sodium carboxymethylcelluiose,
30 methylcellulose, hydroxypropylmethylicelluose, sodium alginate, polyvinylpyrrolidone,
* gum tragacanth and gum acacia, and dispersing or wetting agents such as a
naturally occurring phosphatide (e.g., lecithin), a condensation product of an alkylene



formul ati ons contai ni ng conventi onal non-toxic pharmaceutically acceptable
carriers, adjuvants and vehi cl es. The term parenteral as used herein
i ncl udes subcut aneous, intravenous, intramuscular, and intraarterial 25
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bei ng treated, such as intravenous injections for the treatnent of
myocar di al oxidenfvith i fatty acidi{e.g.,qpolyoxyethylemesstesrate) ba dondensation gradust ot d,

perfusion is preferred.
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m xe
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Aqueous susBENghaBianily hloring AR 185bb SRogeht o1 2l s i
adni xture W th exclpl éhts su tabl factur gueous
suspensi ons. Such €bhe n!naana@eutnel m%ltmpﬁmﬁ nge@tmmaygb@rb%@ the

sodi um carb OnyB%*Bf Ioﬁ Wi!epéﬁulsmns. The oily phase may be a vegetable oil, such as olive
oil or arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these. Suitable
emulsifying agents include naturally-occurring gums, such as gum acacia and gum
25 tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or
partial esters derived from fatty acids and hexitol anhydrides, such as sorbitan mono-
oleate, and condensation products of these partial esters with ethylene oxide, such
as polyoxyethylene sorbitan mono-oleate. The emulsion may also contain
sweetening and flavoring agents. _
30 - Syrups and elixirs may be formulated with sweetening agents, such as
glycero, sorbitol or sucrose. Such formulations may also contain a demulcent, a
preservative, a flavoring or a coloring agent.
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The pharnmaceutjcal .conpositions of the invention nmay al so be in the
formof oil-i n“%@ie%rrul sions. The oily phase may be a vegetable oil, such
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sweet eni ng Rpeifst pharhlcditical composition be prepared which provides easily measurable
: amounts for administration. For example, an aqueous solution intended for
infravenous infusion should contain from about 0.1 to about 15 umoles of the active
ingredient per ML of solution so that infusion of a suitable volume at a rate of about
30 mL/hr can occur.

25 As noted above, formulations of the present invention suitable for oral
administration may be presented as discrete units such as capsules, cachets or
tablets each containing a predetermined amount of the active ingredient; as a powder
or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; or
as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The active

30 ingredient may aiso be administered as a bolus, electuary or paste.

A tablet may be made by compression or molding, optionally with one
or more accessory ingredients. Compressed tablets may be prepared by



gl ycerol, sorbitol or sucrose. Such fornulations nmay al so contain a

denul cent, a preservative, a flavoring or a coloring agent.
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The phar rraceutlwgwé‘yﬂf)osmlons of the invention may be in thé’q{ﬂs 10404 of
a sterile injectable preparation, such as a sterile injectable agqueous or
ol eagi nous suspensi on. This suspensi orB8my be fornul ated according to
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be nade by20onguceadutter orra salicylatg, optionally with one or nore

accessory ingredients. QOHP rlaetlsosn%%u}taaﬁe ?orv r?él agmﬁ'ustp a{o%qna}/ be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in
addition to the ddPN ingredient such carriers as are known in the art to be
appropriate.

25 Formations suitable for parenteral administration include aqueous and
non-aqueous isotonic sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats and solutes which render the formation isotonic with the blood
of the intended recipient; and aqueous and non-aqueous sterile suspensions which
may include suspending agenfs and thickening agents. The formulations may be

30 presented in unit-dose or multi-dose sealed containers, for example, ampotiles and
vials, and may be sorted in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for example water for injections, immediately prior
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aspects of the invention without limiting its scope.
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use. Extenporaneous injection solutions and suspensions may be prepared

from sterile powders, granules and tablets of the kind prew

descri bed. WO 9640705 Preferred unit dosage formul ati oﬁé*@?g"]’]t)éﬂngse

containing a daily dose or unit, daily sub-dose, or an appropriate

fraction thereof, of an adenosi ne kinase 590i nhi bitor conpound. It will be

under st ood, however, that the specific dose |evel for any particul ar
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di et of tw'%'ﬁg_ﬁﬂ!tdual being treated; the tinme and route of

adm ni strati on; {e of excretion; other drugs which have
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hibitor,I5 "i's bl ended with ot her
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preparation: 1500 g of adenosine kinase
i ngredients (as described above) and fi\
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day (1 per 6 hours) to about 8 er y (2 capsules per 6
hours), to an adult human. he conpounds of this
invention and their preparation and use can lfe 20 understood further by the
representative exanpl es above, whichBJ/|ygtrhite the various aspects of
the invention without limting its scodg WO 96/ 40705
PCT/ US96/ 10404 AT .\ _ 90 VWE CLAI M
z0 0z
FORMULA 1
wherein:

A and B are both hydrogen, or are each independently alkenyl, the group
(CH,),Q, where n is from 1 to 4 and Q is hydrogen, hydroxy, alkyl, alkoxy, amino,
azido, or halogen; or A and B together form a ring of from 3 to 6 carbons, the ring
containing O to 3 heteroatoms selected from oxygen and nitrogen and optionally
substituted by Q as defined above;

D is halogen, aryl, aralkyl, alkyl, alkenyl, alkynyl optionally containing one or
more heteroatoms such as nitrogen, oxygen or sulfur, haloalkyl, cyano, or
carboxamido; '

E is nothing when Y is nitrogen; and is hydrogen, halogen, or alkyl when Y is

carbon; .

F is alkyl, aryl, éralkyl, halogen, amino, alkylamino, arylamino, aralkylamino,
alkoxy, aryloxy, aralkyloxy, alkyithio, arylthio, aralkyithio;

G is hydrogen or halogen;

Y is carbon or nitrogen;

I



1. &' -nodifed pyrrol o[ 2,3-d] and pyrazol o] 3,4-d] pyrim di ne nucl eosi de
anal ogs of Fornula 1 [err] FORMULA 1
wher ei n: A and B are both hydrogen, or are each independently

al kenyl, the grou CHerr])[err] Q where nis from1lto 4 a |

hydr ogen, hydr&??"&f’ﬁ%l , al koxy, am no, azido, or hal ogen; wg%oﬁ"
together forma ring of from3 to 6 carbons, the ring containing O to 3

het er oat ons sel ected from oxygen and nitr®&fen and optionally substituted by
Q as defined above; D is hal ogen, aryl, aral kyl, alkyl, alkenyl,

al kynyl optionally containing one or nore heteroatons such as nitrogen,
oxygen or sul fur, HaandiZsare indepaadensly hydrogenaaeyloor taken togethes form acyglicahen
Yis nitrogen;ca?&glnd' hydr ogen, hal ogen, or al kyl when Y is carbon;

Fis alkyl, aryl, aradl kyl, hal ogen, am no, al kylam no, aryl am no,

ar al kyl am no, al koxand phaphacautically-adogptable saltsdheraef.o, aryl t hi o,

aral kyl t hi o; G i s hydrogen or hal ogen; Y i s carbon or nitrogen;
WD 96/40705

PCT/ US96/ 10404 2. A compound of claim 1, where Y is carbon. 91 Z[err] and
Z[err] are independently hydrogen, acyl, or taken together forma cyclic
car bonat e; and pharnmaceutically acceptable salts thereof.

3. A compound of claim 1, where Y is nitrogen.

4. A compound of any of claims 1-3 where A and B are the same.

5. A compound of any of claims 1-3 where A and B are the same, but are not
both methyl.

6. A compound of any of claims 1-3 where A and B are both hydrogen.
7. A compound of any of claims 1-3 where A and B are different.

8. A compound of any of claims 1-3 where D is halogen, aryl, cyano, or
CONRR’, where R and R’ are independently hydrogen or alkyl. '

9. A compound of any of claims 1-3 where F is amino, arylamino,halogen or

alkyl.

10. A compound of claim 1, where G and each Z are hydrogen.
11. A compound of claim 2, where E, G, and each Z are hydrogen.
12. A compound of claim 3, where G and each Z are hydrogen.

- 13. A compound of any of claims 10-12 where A and B are the same.

R
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2. A conpound of claim1, where Y is carbon. 3. A compound of claim

1, where Y is nitrogen. 4. A conpound of any of clains 1-3 where A
and B are the sane. 5. A conmpound of any of clainms 1-3 where A and
B are the sane, but are not both nethyl. 6. A conpoungi-of f
claims 1-3 wheMOXA4WE B are both hydr ogen. 7. A corrpounofggti&aoﬁy of
clains 1-3 where A and B are different. 8. A conpound of any of
claims 1-3 where D is halogen, aryl, cyand@2or CONRR , where Rand R are

i ndependent |y hydrogen or al kyl . 9. A conpound of any of clains 1-3
where F is am no, arylam no; hal ggen or al ky_. 10. A conpound of
claim1, where G aﬂg&@m@lﬁ\d@fﬁmﬁc@ﬁlﬂ 12 where Ajand B a8, AUt @reyi m

2, where E, G 'B%tﬁ'ﬁﬁhﬂ; are hydrogen. 12: A compound of claim 3,
where G and ea%ﬂ are hydrogen. 13. A compound of any of clains
10-12 where A and B are the sane. '

15. A compound of any of claims 10-12 where A and B are both hydrogen.

16. A compound of any of claims 10-12 where A and B are different.

17. A compound of any of claims 10-12 where D is aryl.

18. A compound of any of claims 10-12 where F is arylamino.

19. A compound of and of claims 1-3 where F is arylamino and D is aryl.

20. A compound of any of claims 10-12 where F is arylamino and D is aryl.

21. A compound of claim 1, where A and B together form aring of 3 to 6
carbons, the ring containing 0 to 3 hetercatoms selected from oxygen and nitrogen
and optionally substituted by hydrogen, hydroxy, alkyl, alkoxy, amino, azido or
halogen.

22. A compound of claim 2, where A and B together form a ring of 3 to 6
carbons, the ring containing 0 to 3 heteroatoms selected from oxygen and nitrogen
and optionally substituted by hydrogen, hydroxy, alkyl, alkoxy, amino, azido or
halogen.

23. A compound of ciaim 3, where A and B together form a ring of 3 t0 6
carbons, a ring containing 0 to 3 heteroatoms selected from oxygen and nitrogen and

optionally substituted by hydrogen, hydroxy, alkyl, alkoxy, amino, azido or halogen.

24. A compound according to any of claims 21 and 23, where G and each Z
are hydrogen.

(-



WD 96/ 40705

PCT/ US96/ 10404 92 14. A
conmpound of any of clains 10-12 where A and B are the sane, but are not
bot h net hyl . 15. A compound of any of clains 10-12 V\/S&;lgnsg B
are both hydr oJ¥p26/40705 16. A conpound of any of clains 10- ere A
and B are different. 17. A conmpound of any of clains 10-12 where D
is aryl. 18. A conpound of any of®¥l|aims 10-12 where F is

aryl am no. 19. A compound of and of clains 1-3 where F is aryl am no
and Dis aryl. 20. A conpound of any of clains 10-12 where F is
aryl ani no and D i s2%rAfompound according ta, re£. 6 andgach Z@ehydogeny B

together forma ring of 3 to 6 carbons, the ring containing O to 3
het er oat ons sel ected from oxygen and nitrogen and o tionaIIY substituted by
e

hydr oden, hydr oxy, 26 Agompaund@epording ta@ny abclaimsc?1-B3, whgrn atleast one obb is A
conpound of clLakm.: and B together forma ring of 3 to 6 carbons,
ofighige sHEY & 4y

the riing cont teroatons sel ected from oxygen and nitrogen
and optionally substituted by hydrogen, hydroxy, alkyl, al koxy, am no,

form a ring of 3 t&-¢EAPBaig SeSRRGS Ry Bt piil 21,20 T, 8 Slpnhd aRF" "
sel ected fronDdgegn and nitrogen and optionally substituted by hydrogen,

hydroxy, al kyl, al koxy, am no, azido or hal ogen. 24. A conpound
according to any of clainms 21 and 23, where G and each Z

28. A conipound of claim 1, where A and B are independently HOCH, or CH,,
provided both A and B are not CH,.

29. A compound of claim 2, where A and B are independently HOCH, or CHy
provided both A and B are not CH,.

30. A compound of claim 3, where A and B are independently HOCH, or CH,
provided both A and B are not CH,.

31. A compound of claim 28, where F is phenylamino optionally substituted
at any position by halogen, hydroxy, alikoxy, perhalo lower alkyl, carboxamido, amino,
cyano or lower alkyl, and D is phenyl optionally substituted at any position by
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower
alkyl.

32. Acompound of claim 29, where F is phenylamino optionally substituted
at any position by halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino,
cyano or lower alkyl, and D is phenyl optionally substituted at any position 'by
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower

alkyl.
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are hydrogen. WO 96/ 40705

PCT/ US96/ 10404 93 25. A
conmpound according to claim 22, where E, G and each Z are hydrogen.

26. A conpound according to any of clainms 21-23, where at Iea Fis
aryl anino and (VP8644705 27. A conpound according to any& ? ai ns
21-23, where F is arylamno and Dis aryl. 28. A conpound of claim
1, where A and B are independently HOCH er84 or CH err], provided both A
and B are not CHerr]. 29 A conpound of cl ai m2 where A and B
are independently HOCH err] or err] provided both A and B are not CH3.
30. A conpound of caaammpqumrns im0, phare:Fiis phenyianine optippally substituted

Gt 11, 20" et P ofod! bl Ay, et oy By cSBBRAHRA, G,
o ol kT, Bt R oBt e TS el il vadi
hal ogen, Kyargﬁj y I’F‘%{&l&\ﬂ %&Y' ng& @ﬁ'ﬂo %Y%&%B or
| ower al kyl . 32 A corrpound of claim 29, where F is phenyl am no

optionally substltuted at any position by hal ogen, hydroxy, alkoxy, perhalo
| oner al kyl, carboxam do, am no,

34. A compound of claim 21, where F is phenylamino optionally substituted
at any position by halogen, hydraxy, alkoxy, perhalo lower alkyl, carboxamido, amino,
cyano or lower alkyl, and D is phenyl optionally substituted at any position by
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower

alkyl.

35. A compound of claim 22, where F is phenylamino optionally substituted
at any position by halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino,
cyano or lower alkyl, and D is pheny! optionally substituted at any position by
halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino, cyano or lower
alkyl.

36. A compound of claim 23, where F is phenylamino optionally substituted
at any position by halogen, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, amino,
cyano or lower alkyl, and D is phenyl optionally substituted at any position by
halogen, hydroxy, alkoxy, perhalo iower alkyl, carboxamido, amino, cyano or lower

alkyl.

37. A compound according to any of claims 28-36 where G and each Z are
hydrogen.

38. A compound according to any of claims 28, 29, 31, 32, 34, and 35 where
E, G, and each Z are hydrogen.

39. A compound of claim 35, where D is phenyl and F is phenylamino

substituted at any position by halogen or alkoxy.
-
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cyano or |lower alkyl, and D is phenyl optionally substituted at any
position by hal ogen, hydroxy, alkoxy, perhalo |ower alkyl, carboxam do,

am no, cyano or |ower alkyl. WO 96/ 40705
PCT/ US96/ 10404
conpound of c| MQA6HBISwhere F is phenyl anino optionally substmﬂ{sgéwﬁ@ any

position by hal ogen, hydroxy, al koxy, perhalo | ower alkyl, carbam do,

am no, cyano or |lower alkyl, and Dis phe88l optionally substituted at any
position by hal ogen, hydroxy, alkoxy, perhalo |ower alkyl, carboxam do,
amno, cyano or |ower alkyl. 34. A conpound of claim 21, where Fis

phenyl am no opti ond0] yAmah'mundtufoblacm aa.yvm- Di isrphienyhahd deis plhgnjﬂammp

al koxy, perhal o cyano or |ower alkyl, and
D is phenyl oﬁ"%'ﬁvfeﬂﬁéaﬁefﬁ Z’Mﬁér %@19’% on by hal ogen, hydroxy,

al koxy', perhal o | ower al kyl, carboxam do, am no, cyano or |ower alkyl.

35. A conpound of claim 22 ere F is phenyl am ng optionally substituted
at any. position by# ﬂlaﬁﬂﬂpoq\%&f@k‘y"fﬁﬁa i'lé‘&én?@ EFD'FQJRE?“ ﬂﬁ/?{ﬁu

car boxam do, ami no, cyano or |ower alkyl, and D is phenyl optionally
substituted at any 805|t|0n by hal ogen hydrox alkoxy per hal o | ower

al kyl , carboxani do4 rﬂfawqfs(ms EVER ereDisa 36. A conpound of

claim 23, where Fis phenyl am no optionally substituted at any position by
hal ogen, hydroxy, al koxy, perhal o | ower alkyl, carboxanido, am no, cyano or
| ower al kyl, and D48 sﬁmmqur@mﬂaw&fpgam%s‘iwheneefﬂtSaammprpadammn by

hal ogen, hydroxy al koxy, perhalo | ower al kyl, carboxam do, am no, cyano or
| ower al kyl . 37. A conpound according to any of clains 28-36 where
G and each ‘Z are hydr dyeampound of any of claims 1-3 where F is arylamino.

45. A compound of claim 6 where D is aryl.

456. A compound of claim 6 where F is arylamino.

47. A compound of claim 6 where D is aryl and F is arylamino.

48. A compound of cilaim 15 where D is aryl.

49. A compound of claim 15 where F is arylamino.

§0. A compound of claim 15 where D is aryl and F is arylamino.

51. Acompound of claim 6 where D is pheny! optionally substituted at any
position by 1 to 2 substituents chosen independently from halogen, lower alkyi,
amino, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, (CH,),T where r is from 0
to 3 and T is an alkyl chain of O to 16 carbon atoms containing one or more hetero

atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino, guanidino,
. acyl guanidino, cjrclic derivatives of amidino, guanidino, aminoguanidino, 5 or 6

-
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38. A conpound according to any of clainms 28, 29, 31, 32, 34, and 35 where
E, G and each Z are hydrogen. 39. A conpound of claim35, where D
is phenyl and F is phenylam no substituted at any position by hal ogen or

al koxy. WD 96/ 40705

PCT/ US96/ 10404 WO 96/40705 95 PCT/OZG 108
conpound of claim 36, where Dis phenyl and F is phenyl am no substituted at
any position by hal ogen or al koxy. 9641. A conpound of any of clains
1-3 where D is hal ogen or aryl. 42. A conpound of any of clains 1-3
where Dis aryl. 43. A conpound of any of clainms 1-3 where F is

am no or aryl zmembered ring containing/at deash one dasic nitrggerf and aptionally Dnehenrmeore | s

aryl am no. A conpound | 8 er. ' : 6.

A conpound of ‘E‘Vﬁﬂh Offje A= OPUO Ig‘r‘ﬁgﬁ'g].‘gdey &W“ﬁ‘rﬁ%o\ép%'?ﬂﬁro?é

claim 6 wher e jRjéperdiertly ancalkyl ichain; st dsastene of which contains one or more basic
nitrogen atoms and optionally oxygen atoms, or V and V' together form a 6
membered ring containing at least one basic nitrogen.

52. A compound of claim 6 where F is is phenylamino optionally substituted
at any position by 1 to 2 substituents chosen independently from halogen, lower alkyl,
amino, hydroxy, alkaxy, perhalo lower alkyl, carboxamido, (CH,),T where r is from O
to 3 and T is an alkyl chain of 0 to 16 carbon atoms containing one or more hetero
atomé, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino, guanidino,
acyl guanidino, cyclic derivatives of amidino, guanidino, aminoguanidino, 5 or 6
membered ring containing at least one basic nitrogen and optionally one or more
oxygen atoms, and optionally substituted by CONVV' where V and V' are
independently an alkyl chain, at least one of which contains one or more basic
nitrogen atoms and optionally bxygen atoms, or V and V' together form a 6
membered ring containing at least one basic nitrogen.

53. A compound of claim 6 where D is phenyl and F is phenylamino and
both are optionally and independently substituted at any position by 1 to 2
substituents chosen independently from halogen, lower alkyl, amino, hydroxy, alkoxy,
perhalo lower alkyl, carboxamido, (CH,),T where r is from 0 to 3 and T is an alkyl
chain of O to 16 carbon atoms containing one or more hetero atoms, N-suifonylated
amino, amidoximo, N-aminoguanidino, amidino, guanidino, acyl guanidino, cyclic
derivatives of amidino, guanidino, aminoguanidine, 5 or 6 membered ring containing
at least one basic nitrogen and optionally one or more oxygen atoms, and optionaily
substituted by CONVV’ where V and V' are independently an alkyl chain, at least one
of which contains one or more basic nitrogen atoms and optionally oxygen atoms, or
V and V’ together form a 6 membered ring containing at least one basic nitrogen.

LW N



48. A conmpound of claim 15 where Dis aryl. 49. A conpound of
claim15 where F is aryl am no. 50. A conpound of claim15 where D
is aryl and F is aryl am no. 51. A compound of claim6 where Dis

phenyl optional]yV. tituted at any position by 1 to 2 subst, osen
I ndependent |y Hﬁ/o%# arogen, |ower alkyl, am no, hydroxy, al kéﬂgﬁ per g‘{]o

| ower al kyl, carboxam do, (CH err])[err]T wherer is fromO to 3 and T is
an al kyl chain of 0 to 16 carbon atons coM ai ni ng one or nore hetero atons,
N-sul fonyl at ed am no, am doxi no, N am noguani di no, am di no, guani di no, acyl

guani di no, cyclic derivatives of am dino, guanidi no, am noguanidino, 5 or 6
WO 96/ 40705 54. A compound of claim 15 where D is phenyi optionally substituted at any

PCT/ US96/ 10404 neiti t i oé&mkﬁﬁ&dal /ing
cont ai ni ng at 6?%%%’% b%r?etob%s? iugswlute?tggcgr?sg?lg‘ dSSF pgﬁglfyl g’o@?‘ealo fror e ox%'en
at oms,' and op@mineanydroxi Bikexy: peddle A 0z (@H;T where ris from 0

| ndependent |y ' f ' ' e
basi c \nit rogeﬁ?’g&n?{%ﬁﬁgw?%ﬂé r9@298@%@?&%?%@?@“@%@%@5@ er form
a 6 nenbered atoms, Nesuifcnylated amirios aatidaxineo,ideminoguanidino,. amidino, guaridino, A

d of clai |_am .enal Lv. Jad Ut
bost tion by 1500 Busolil. vbus BetVaReE oY TG, BRNA8, stiredbatiid. 8ok,
?lch{l : i’:l;n[ no, ni_?yﬁbeoed/m ring.!cbnl}aining)gt leabt;oﬁe)basld T’c altrogen andrcrpimﬁaﬂyjmef or mtore e

err err erer is fro 0 ) chajn o
carbon atons P¥EeR &qms. fArd cﬁ'er?B?@’ ﬁé’Pg‘FqUtegt bﬁsewymﬁﬂ %éﬂda}% ﬁge
am doxi no, N- pidlependeitlycar @lkyPohalhnat legstodrel on whichCoontaing ongi sramorybasic
derlvat!ves of _am di no, guani di no, am noguani dino, .5 o N6 merrberéd rin
cont ai ni ng at Niteogen atems,aad optiopally; oxvashjatoms, d?faylﬁn‘{) b togethey, rG‘x?ggn
atoms, and Ophie%%k-l éd'lriﬁglbéﬁthtmﬁq&&l 18st@\Pdsiamigbgeryy and V' are

I ndependently an al kyl chain, a east one of which contains one or nore
basic nitrogen atons and optionally oxygen atonms, or V and V' together form

a 6 nmenbered ring 9Nt g Nigpdtind S ai"$5 RAdre B! s’ RIBRenylamino optionally
substituted at any position by 1 to 2 substituents chosen independently from halogen,
~ lower alkyl, amino, hydroxy, alkoxy, perhalo lower alkyl, carboxamido, (CH,),T where
ris from 0 to 3 and T is an alkyl chain of O to 16 carbon atoms containing one or
more hetero atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino,
guanidino, acyl guanidino, cyclic derivatives of amidino, guanidino, aminoguanidino,
5 or 6 membered ring containing at least one basic nitrogen and optionally one or
more oxygen atoms, and optionally substituted by CONVV’ where V and V' are
independently an alkyl chain, at least one of which contains one or more basic
niirogen atoms and optionally oxygen atoms, or V and V' together form a 6
membered ring containing at least one basic nitrogen.

56. A compound of claim 15 where D is phenyl and F is phenylamino and

both are optionally and independently substituted at any position by 1 to 2
substituents chosen independently from halogen, lower alkyl, amino, hydroxy, atkoxy,
perhalo lower alkyl, carboxamido, (CH,),T where r is from O to 3 and T is an alkyl
. chain of 0 to 16 carbon atoms containing ons or more hetero atoms, N-sulfonylated
amino, amidoximo, N-aminoguanidino, amidino, guanidino, acyl guanidino, cyclic
derivatives of amidino, guanidino, aminoguanidino, 5 or 6 membered ring containing

at least one basic nitrogen and optionally one or more oxygen atoms, and optionally

RN D B



53. A compound of claim6 where D is phenyl and F is phenylam no and both
are optionally and i ndependently substituted at any position by 1 to 2
substituents chosen i ndependently from hal ogen, |ower alkyl, am no,

hydr oxy, al koxy, erhal o | ower al kyl, carboxam do, (CHerr])][ er

is fromO to 3 yﬁ%‘&”ﬁ an al kyl chain of 0 to 16 carbon aton?c%h#mng 7
one or nore hetero atons, N-sulfonylated am no, am doxi no,

N- am noguani di no, am di no, guani di no, acyl88guani di no, cyclic derivatives of

am di no, guani di no, am noguani dino, 5 or 6 nenbered ring containing at

| east one basic nitrogen and optionally one or nore oxygen atons, and
optional |y sutisbslituted By|GONVYIWheraNand \{ asindepengently aryalishchain, Bt least onexy |

chain, at | easdwiith i Qﬁgég @{seartaaé% \ nd
optionally ox%en at%hrrtsam%o%\?an ﬁ?@g@?ﬁ'@? orma fonn%%é?%hr@h@@o@
cont ai ni ng at VaadV togethesform abtmergbered ring contaiming &t k@sbone basic nitrogen.
PCT/ US96/ 10404 : ' 97 54. A
conmpound of claim 15 where D is.phenyl optionally substituted at any

position by 1 to 2&ubstA compband bbsleim rwissre iisrpHenyl optioriily substitutedvisy
al kyl, am no, hydroxy, al koxy, perhalo |lower alkyl, carboxamdo, (CH2)rT"
where r is fr ¥EH 3 and T is an al kyl chain of O to 16 carbon atons
contai ning one or nore hetero atons, N-sulfonylated am no, am doxi no,

N- am noguani di no, 1 di no, quanidj nq, acyl ani di no, cyclic derivalives of
am di no, guani di no,%@am' ﬁé’gﬁ‘gﬁﬁ‘%& ﬂ‘!cﬁ‘a'@ %ﬁ@%mﬁmlﬂ optienally supstityted

| east one basipy HildgeA®? T vitighe PiR3rdny 0 &3S afd Ti@AR afkyy 894 ; o
optionally subt-ss\ytit%g; ed E?/H%O\I\N where V and V are ingeeypendg%flg?glﬁ%‘; knl

chain, at | easitoscoplainifg ene eomMOEs hetermatoms, Nosulfopylated amino gavidax =and
optionally ox : n i gég‘,h ; i :

cgnt ai ni né at %gg@@nmén%%q@?ﬁi g'rléoﬁdcgha' Eﬁaﬁla@@. Q‘&c?érrpoun dg £ 8'm 15
where F is is guasidinaamipogyaniding) §.pr Sumeriberadcbtng contajning et deast obe basico 2

Py oxy. —al Koyogen 4 GRBAARPbhY of fePS BRAomE 0, Fer Y15 T nere 1 s
fromO to 3 and T is an alkyl chain of 0 to 16 carbon atoms containing one
i di o, | guant di no ey SmEg Hr cieiih Rerf D el offictaly SAERCL'EY
guani di no, anihalogeadndifis phenylamihoraptivaallyisubstitutedby haltgen oni{CHg)XE wheres
basic nitrogens 4Q PB'Y Mt isYandhii Shain of 0 to 16 carbon atoms containing one or more
hetero atoms, N-sulfonylated amino, amidoximo, N-aminoguanidino, amidino,
guanidine, acyl guanidino, cyclic derivatives of amidino, guanidino, aminoguanidino,
S or 6 membered ring containing at least one basic nitrogen and optionally one or
more oxygen atoms.

60. A compound of claim 15 where D is phenyl optionally substituted by
halogen.

61.  Acompound of claim 15 where F is phenylamino optionally substituted
by halogen or (CH,),T where r is from 0 to 3 and T is an alkyl chain of 0 to 16 carbon
atoms containing one or more hetero atoms, N-sulfonylated amino, amidoximo, N-
aminoguanidino, amidino, guanidino, acyl guanidino, cyclic derivatives of amidino,
guanidino, aminoguanidino, § or 6 membered ring containing at least one basic
nitrogen and optionally one or more oxygen atoms.
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nore oxygen atons, and optionally substituted by CONVV' where V and V are

I ndependently an al kyl chain, at |east one of which contains one or nore
basic nitrogen atons and optionally oxygen atonms, or V and V' together form
a 6 nenbered ring containing at |east one basic nitrogen. 56. A
conpound of cl HP4¥Fhere D is phenyl and F is phenyl ani no aFfcF/¥RIOAME ¢
optionally and i ndependently substituted at any position by 1 to 2
substituent's chosen i ndependently from hal@@gen, |ower alkyl, am no,

hyd , alk : hal,o | | kvl 1.d LT

L rom 0 1o 3 antZr | & somEpind of daim, TEhgre B 1§ ghebyt ol sibetted By g’
one or more hpiggéh aidFis plerfyiirifb optibaally Sibsttuted Byaiogéh or (CH,),T where r
N-am noguani di no, ami di no,  guani di no, acall uani dino, cyclic derivatives of
ami di no, guanisdom ta:dand Jus an allybehain of0 o reatomsgpniaining one oymere

| cast bne bashGiefl HHHE" AR oMt Hrhio, "B, RAH5laAbRES ariliho,

PCT/ USe6/ 10404uanidino, acyl guanidino, cyclic derivatives of amidino, guanidho, smhibbﬁimlm, by
CONVW' where V and V' are independently an al kyl, charn, at |east one of

whi ch cont ai n8 o Rdnembermddsingcontainingas aﬂ%ﬁésiamrqqm andontionally ans or

atons, or V a :qb@ﬂ forma 6 nenbered ring containing at | east one
basic nit rogeﬁfaryo .. A conpound of claim®6 where D is phenyl -
optionally substituted by hal ogen. 58. A conpound of claim6 where

F i s phenyl am no i onal |y subgtituyted_ by hal Qgen or r err]T where
ris fromO to 3 T §°éW°HP JAf éi?llg' i ‘&'FerFoBl'ﬁ m&gﬂ&ﬁ%ﬁph%aﬂt éﬁ A ng
one or nore hjgiepheriyR™s. N-sul fonyl ated am no, am doxinmo, N

am noguani di no, am di'no, guani di ng, acyl _guanidino, cyclic derivatives of
am di no, guani di nd4. anifn 68WRRURY @ claimo15 whegs: b isBhenylgd-sblerephenylyond-

| east one bas'gﬁorpbﬁ I,Qgen and optionally one or nore oxygen atons.

59. A conpound of " cl'dim 6 where D is phenyl optionally substituted by

hal ogen and F is phenylam no optionally substituted by hal ogen or

T wh is f T i | kyl ' f

(OHferr]) T ownere de ! { EEbGumdarisin baluice Ffa Ainid oS &os ki &nd F1s
one of amino, alkylamino, dialkylamino, guanidino, acyl guanidino, cyclic amidino,
cyclic guanidino, an alicyclic ring containing at least one basic nitrogen and optionally ‘

one oxygen atom.

66. A compound of claim 61 where ris from 0 to 2 carbon atomsand T is
one of amino, alkylamino, dialkylamino, guanidino, acyl guanidino, cyclic amidino,
cyclic guanidino, an alicyclic ring containing at least one basic nitrogen and optionally
one oxygen atom.

67. A compound of claim 6 where D is phenyl, 4-chlorophenyl or 4-
fluorophenyl and F is phenylamino optionally substituted by halogen or (CH,),T
where 1 is from 0 to 2 carbon atoms and T is one of amino, alkylamino, dialkylamino,

R guanidino, acyl guanidino, cyclic amidino, cyclic guanidino, an alicyclic ring
containing at least one basic nitrogen and optionally one oxygen atom.

68. A compound of claim 15 where D is phenyl, 4-chlor6phenyl or 4-
fluorophenyi and F is phenylamino optionally substituted by halogen or (CH,),T

where

SUBSTITUTE SHEET (RULE 26)
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hetero atons, N sul fonyl ated am no, am doxi mo, N-am noguani di no, am di no,
guani di no, acyl guanidino, cyclic derivat¥ves 0f “am di no, guani di no, '

ani noguani dino, 5 or 6 nenbered ring containing ni trogen
and optionally one or nore oxygen atoms. LA RIS Qf ¢l aim
15 where D is phenyl optionally substituted by hhl pgen. 61;.
Aconpourid of claim 15 where F is phenyl am no opt|op ad?fb t+ d by

hal ogen or (CH err])[err]T wherer is fromO to an aIkI chai n

of 0 to 16 carbon atons cont ai ni ng on;%cbr nore h t'*ﬁe—a-t-e-h‘s-—-Hrslulfonyl at ed
am no, am doxi nmo, N am noguani di no, di no, gugni di no, acyl guani di no,
cyclic derivatives of am di no guani di no, am noguani di no, 5 or o6 nenbered
ring containing at |east one basic nitrogen and optionally one or nore

oxygen at ons. WO 96/ 40705
- PCT/ US96/ 10404 99 62. A
conpoundwhéret iaifmnlB tmﬁec;a{bm 'aﬁorphangf T ispneaf amigo.sallnyslahﬁm ehhlbylanmi@g en
and F |59$ ‘B%’ naII ubstifuted b}/ halocﬁn or rr]), T where
is fro @ '?l°-o1°y@|°t [Chiad a?-b@ﬁ‘ éﬂ‘ icc BAgai ni ng

oneor nee&agﬁ.gg?me%%@aﬁe d&sﬁ% xﬁaha%ﬁ%agvnlgt?‘ﬁééyc 0. erivatives of

N- am noguani am di no, guani
am di no, guani di no, am noguanl dino, 5 or 6 nenbered ring containing at

| east one basic nitrogen and o étl onal ly one or nore oxygen atons.
63. A compounf®of & SPMPOURHEePE CIBIMSE pikerp D is- pheayl Oﬂ\-l,%ﬂgrop;\enyl or 4-

Lo oo Sonenyt 3 i BrERUBAYFE. hubtobhBnINE £k ORI 5 e o

ris fromO to 2 carbon atons and T is one of am no, al kyl am no,
di al kyl am no, _guani di no, acyl ftguanl di no, cyclic am dino, cyclic guanidino,
@

an alicyclic 7ng Aosoaipeung of cleimsts where &3 iis phienybgeehlonophenyl miadd y one
oxygen atﬂuorophenyl and F is phenylamino, 4-fluorophenylamino, 4-chlorophenylamino.

71.  Acompound of claim 67 whereris 1 to 2 and T is amino, diethylamino,
1-piperazino, 4-morpholino, guanidino.

72. Acompound of ¢laim 68 whereris 1 to 2 and T is amino, diethylamino,
1-piperazino, 4-morpholino, guanidino.
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66. A corrpoun.c'i of claim6l where r is frﬁn} ot 9 rbon atoms and T is
one of am no,.‘al kyl am no, di al kyl am no, ani di no guani di no, cyclic

am di no, cyclic guanidino, an alicyclic ri @Eméﬂjﬂ:}g at | east_one basic
A conpou "?""A‘L claim6

nitrogen and optlonally one oxygen atom

where D is phenyl chl or ophen or 4- fluorophenyl and F is
P(ETd by hal a'gér? mg ‘?‘?‘?‘ i

0

optionally substi Tere r
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(54) Title: C-4’ MODIFIED ADENOSINE KINASE INHIBITORS
(57) Abstract

This invention relates to adenosine kinase inhibitors and to nucleoside analogs, C-4’ modified pyrrolof2,3-d] pyrimidine and
pyrazolo[3,4-d] pyrimidine nucleoside analogs having activity as adenosine kinase inhibitors. The invention relates to nucleoside analogs
of this kind, havingzerosubsﬁmﬂonsortwosubsutuuonsatthgC-4’posmonofﬂ1efmmose(sugar)mowty The invention also relates to
meprepamuonandusedeMmHanmhMummtofmﬂmﬂu.mmmdm, inflammation
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