WD 99/ 32436

PCT/ US98/-260&4y 90/32436  ° | NHI Bl TI ON OF RAF Kid¥&EnsklsishiG
SYMMETRI CAL AND UNSYMVETRI CAL SUBSTI TUTED DI PHENYL UREAS
10 Field of the Invention Thi s
I nvention relates to the use of a group of aryl ureas in treating raf

nmedi at ed di seases, and pharnmaceutical conpositions for use in such

t her apy. 15 Background of the Invention
The p2l[err] oncogene is a major contributor to the devel opnent and
progressi on of human solid cancers and is nutated in 30% of all
human cancers (Bolton et al. Ann. Rep. Med. Chem 1994, 29, 165-74;
Bos. Cancer Res. 1989, 49, 4682-9). In its normal , unmutated form
the rasSprotein is a key el ement of the signal transduction 20 cascade
directed by growmh factor receptors in alnost all tissues (Avruch et al.

Tr ends Bi ochem Sci. 1994, 19, 279-83). Biochemcally, ras is a
guani ne nucl eoti de bi ndi ng protein, and cycling between a GIP-bound
activated and a GCORNHIBITIONSOFRAFXINASE USING SYMME%REC&IANBI | ed by
ras' endogenous GIPa e hl? A O LATRE, In
the ras nutants in c%%*aﬁl&l%gen (')Igenousﬁg?gg{se activi tAys S

al l evi d&0ed and, 25 therefore, the protein delivers constitutive growth
signals to downstreameffectors  Field of thednventiothe enzyne raf kinase. This

it ant s (MagEDERtcR T3 the HiE oF HESpb fouyl usees in R0 it Eifated
been shown t lygdeadedirdl pHaPSiatdt@ic Sl doRfjosiions frinsein’ ush ierapyhi bi ting the raf

ki nase st ghal i'ng pat hway by "adm ni stration of deactivating
anti bodies to raf kinase or by co- 30 expressi on of dom nant negative

raf Ki e or dom nant negative %ﬁ: r&nﬁ éf‘ﬁﬁtlﬁg#n%on of raf kinase,

| eads tO the reversion of transf rmal growth

phenot ype (seme pRIPModkogtne if laehdfor Roaaitawor tocthe de9elépmift, artd/ prdpdessioni afiran
et al. J Bi ol . em 1994, 269, 3(31051-*2. Kol ch et % %Natijrﬁ 1991,
349, 426-28) Hvaes solidtaeers and is mufated B30 of Athbuman caRgersiBalion el al. Ann.
Sxpr ossl on by SNSE ERen (00, % 163914, BYsOICahEEREL 1989, 49, 4682-9Cln its
PCT/ US98/ 260&ibrmal, unmutated fonmgnthe ane proteinds atkeyt ebemerg exfdbe signal transkygtion

' nhi bl ti(? & Ofca[sgde Iéiiirggtseg b(}rbg%% i‘a%&)g ?gceptors in almost all tissues (Avruch et al. Trends
Biochem. Sci. 1994, 19, 279-83). Biochemically, ras is a guanine nucleotide binding
protein, and cycling between a GTP-bound activated and a GDP-bound resting form is
strictly controlled by ras’ endogenous GTPase activity and other regulatory proteins.
In the ras mutants in cancer cells, the endogenous GTPase activity is alleviated and,

25 therefore, the protein delivers constitutive growth signals to downstream effectors
such as the enzyme raf kinase. This leads to the cancerous growth of the cells which
carry these mutants (Magnuson et al. Semin. Cancer Biol. 1994, 5, 247-53). It has
been shown that inhibiting the effect of active ras by inhibiting the raf kinase
signaling pathway by administration of deactivating antibodies to raf kinase or by co-

30 expression of dominant negative raf kinase or dominant negative MEK, the substrate
of raf kinase, leads to the reversion of transformed cells to the normal growth
phenotype (see: Daum et al. Trends Biochem. Sci. 1994, 19, 474-80; Fridman et al. J.
Biol. Chem. 1994, 269, 30105-8. Kolch et al. (Nature 1991, 349, 426-28) have further

indicated that inhibition of raf expression by antisense RNA blocks cell proliferation



ol i godeoxynuebeetsisdes) has been correlated in vitro and in vi rOTASY8R6081

I nhi bition of the gromh of a variety of human tunor types (Monia et
al ., Nat. Med. 1996, 2, 668-75). 5 Sunmary
of the Invention The present invention provides corrpounds whi ch are

i nhi bi tors df némbrene-gssociatel oncogenes.k Similarly, Snhibitionref 1afi kipsse (by amtisense

d t ffect f th ful
" Dhar macedtiedroansSesE s tesh CRHAREIP Vit L o8 vAEFinnibiton ofBE. ]
of the raf kigafifofavdHeyof umdtufiak Gthes Monia et al.{ Mer. Meela1996(12, 668-75)/10r S

and/ or 10 cancerous cell growth nedi ated by rafkinase. In particular,
t he conpounds are useful in the treatnent of human or ani nal

cancersg e.g., nmurine, solid CaRGel S, bG&s thPéation progressi on of these
cancers”i s dependent upon the ra‘s—p'r'opg'l‘ﬂr'g'h%—ﬁ ansducti on

cascade and Tﬁtﬁg&%@{tﬁn’&mmwbﬂd&s compowaisnehich taye inhikitors mf ithe enfymé eaf
cascade, i.e

of the i nverkinass. MQ@EF%QS%O%@;%‘Q &°§8€Pg a‘hﬁgfsiam i‘ﬁ'@?\‘ O:‘Jg(rjs
exanpl e, car,gg ﬁ%qg%&(@, eutil {;Bﬁigoé;ﬂ&%s or! G%ﬁ*svetermary usd RHER! 19h1bfﬁoidder

or colon), ers eukem a) or adenomnas
(e.g., vill oust}(eokafhkmqu)ammy is mdlcated]'reeg ,pmesthclttrﬂatmmtt oH tumenseangfarr e,

DT o e S T b Kaaf oy, gy A0
invention al ﬁPthQ%Pééhﬁ@& &r Hiﬁﬁiipgr bifinal cBiderd) &2, friinePSH1RE Efhceliss Siace tifel at e

I n humans or hus, the invention is directed to conpounds
and met hods progression of thb&e ¢aneasnerdepcxfdemanpm thesraseprotein signal frarsduction by

raf Ki nase[ quSI:nEC{I Sldnt%ere&;e susc %12%3&%&%% By SHIROSsh OF mEYa0H4E ile, v5P

wher ei n

2 ﬁﬁé%ﬁﬁnase Accordmgly, the compounds of the invention are useful in
PCT/ US98t 26081 wher ei
15 treating solid cancers, such as, for example, carcinomas (e.g., of the lungs, pancreas,

thyroiﬂ, bladder or colon), myeloid disorders (e.g., myeloid leukemia) or adenomas

(e.g., villous colon adenoma).

The present invention, therefore, provides compounds generally described as aryl

20 ureas, including both aryl and heteroaryl analogues, which inhibit the raf pathway.
The invention also provides a method for treating a raf mediated disease state in
humans or mammals. Thus, the invention is directed to compounds and methods for
the treatment of cancerous cell growth mediated by raf kinase, comprising
administering a compound of Formula I

25 ° wherein

NH H—A

30



Ais 3, [err] [err] are each,

i ndependently, H halogen, [err]- alkyl, optionally

substit ut ed WP 398RH§en up to perhal oal kyl, [err]-al koxy, opti 8FAMUSY8/2E081
substituted by hal ogen up to perhal oal koxy, [err] aryl, optionally
substituted bywHesein] al kyl or [err] al koxy, or [err] het aryl, optionally
substitut ed by [err] alkyl or [err] alkoxy, and one of [err] can be
-X-Y (r‘)é tvvo adj acent [err] can together be an aryl or hetaryl ring
with 5-12 ato optionally substituted by [err]-al kyl, [err]-al koxy,
[err]-cycl oal kyI [err]-al kenyl , [err]-al kanoyl, [err]-aryl,
[err]-hetaryl; [err]- al kyl, [err]-al karyl, halogen; [err] [err] in
which R err] i's H or [err] al kyl an<1R[er is [err]-al kyl,
optionally substitutef byF\b‘?aI ogen, to R per hal o/wsth S(O[err])
optionally incorporgted

étaryl ring; A5 “Rlasf], Rerr]
and Rlerr] are indg¢pendently H, [err] oal kyl , qptil(nally
substituted by hal ogen

Eerhal oal kyl , “er—Ry [err]
ionally substiRuUted by hal ogen up to
and either one of Rerr], Rerr] or

20 [err]al koXy o
per hal oal koxy or -X-Y

Rlerr] is -X-Y or t adj acent of [err] and R err] t oget her
gr e a hetaryl %ng‘g i ;%gnx%r@ms ifiepérealy, VH ShiSgdn WY QY- BRAT, loptibliatly.
PCT/ US8/ 26081 substituted by halogen up to perhaloalkyl, C,.,-alkoxy, optionally

5 substituted by halogen up to perhaloalkoxy, Cg,, aryl, optionally

substituted by C,,, alkyl or C, ,, alkoxy, or Cs,,, hetaryl, optionally
substituted by C,.,, alkyl or C,,, alkoxy, '

and one of R*-R®can be —X-Y;

or two adjacent R*-R® can together be an aryl or hetaryl ring with 5-12 atoms,
10 optionally substituted by C, -alkyl, C, ;;-alkoxy, C, ,-cycloalkyl, C,.,,-alkenyl,
C,...-alkanoyl, Cq.;-aryl, Cs ,-hetaryl; Cy,,-aralkyl, C.,-alkaryl, halogen; NR'R';
-NO,; -CF,; -COOR'; -NHCOR'; -CN; -CONR'R'; -SO,R?; -SOR% -SR% in which R'
is H or C, -alkyl and R? is C, ,-alkyl, optionally substituted by halogen, up to
perhalo with —S(0, )- optionally incorporated in the aryl or hetaryl ring;
15 R*, R® and R® are independently H, halogen, C, - C,, alkyl, optionally substituted by
halogen up to perhaloalkyl, or by |

or —NYNH
o
20 C, —C,, alkoxy optionally substituted by halogen up to perhaloalkoxy or -X-Y,

and either one of R¥, R® or RY is -X-Y or two adjacent of R¥, R® and R®
together are a hetaryl ring with 5-12 atoms optionally substituted by C, ;, alkyl,



[err] al koxy, [err] cycloalkyl, [err] alkenyl, [err] al kanoyl, [err] aryl,
[err] WO 9 ,3243f|et aryl or [err] aralkyl; R err] | pepdiddconal | Y
-NHCOR[ err], - ferr or NJerr]; Rl err] is [err] alkyl optionally
substituted by hal ogen up to perhalo; 5 Rlerr] is H halogen, [err]

al kyl optionally substituted by hal ogen up to perhal oal kyl,

[err] al koxy, optson Sgbst i 1be, habeedn, @n, | aikefsalcoal Y

X is [err] Td"(5°r Qi_ﬂgk,y, g’ﬁ'&? yetdaeyL X1 ig@nadd"lwt i onalslhy 5'"5%1 e Bond
where Y is pyri dyetarghat Cg,, aralkyl;Y i s phenyl, pyridyl, naphthyl, pyridone,

pyrazi ne, -pyrd m di ne,..benzodi e, ' 1 . benzopyridine or
benzot hi azolRe, eé%ﬁ&iﬁ?’i‘%@ﬂ%é@@bﬁmgg ?)&/:Nf)é?rr] -al kyl ,

[err]-al koxyg! haljpgen anoptiSkatfyaubititutel83 Halogehiptepdfhate; phenyl , by

or a pharmaceuticall'y acceptabl & salt thereof, ' with the proviso

that if5X i R B Hrhalcgen, &-«C,; hlkarhaptiynally substitutediby halogen up te perhaloalkyl,
bstituted b t r] | Pt ef e abl i
o ogen o err] Gy stk pavcnalty Subisiied by badgen mafcpEhRtikong 1 1S

per hal oal kyl ; R err]_is H hal ogen_or Ncgee ] erg.] i , hal ogen, or
[err] al kyl :Xand IR[Jé‘ﬂzj, -8 “N(eH)- -NHC( rﬁ*z’%&‘ .2‘M§r$(95|'pr‘§ 'gB'P‘il,

Rlerr] is [err]-alkyl, d, For CFlerr]; Rerr] is H d, For NJerr];
Rlerr] is H+d, : uk[; 5 lbon@Whel 1§ byridylrhgdr OCH err]. Still nore
pref erably, ’&[ er r‘Fag{h %IE#T%E%&M bluiyg/ﬂll&yk is preferably -CH err] -
or -S- and Y is phenyl or pyridyl, or Xis -O and Y is 20 preferably
phenyl , pyriYyls pheidnziymdykonaphthyl, pyridonghpyragingnmysmiflines bsazedioxa@eed to

i T oot 3l Lo a mot psHOPYIen o Rt iagplooreach opifidly SBENED by CLrliy |

ZEdi ated by raf KkEnasSkox§ORAbaen, OHASTH] SNOY, bf)sviRre ¥iipphenyl,dy Formula |1:

or a pharmaceutically acceptable salt thereof,

with the proviso that if X is ~O- or -S- , R¥ and R® are H, and Y is phenyl
unsubstituted by OH, then R® is alkoxy.

15 Preferably, R® is halogen or C, - alkyl, optionally substituted by halogen, up to
perhaloalkyl; R* is H, halogen or NO,; R® is H, halogen or C, ;- alky]; and RéisHor
C,..- alkoxy. More preferably, R® is C,q-alkyl, Cl, F or CF;; R*is H, CI, F or NO,;
R®is H, Cl, F or C, ,,alkyl; and R®is H or OCH,. Still more preferably, R* or R* s t-
butyl. X is preferably ~CH,- or —S- and Y is phenyl or pyridyl, or X is ~O-and Y is
20 preferably phenyl, pyridyl or benzthiazole.

The invention is also directed to 2 compound of the formula

cl : j\: | cl
T oo

The invention is further directed to a method for the treatment of a cancerous cell
growth mediated by raf kinase, comprising administering a compound of Formula II:



[err] Ars -~ Terr] 5 ~ B is a substituted ogr>*vrsoevved
unsubstituted, up to tricyclic aryl or heteroaryl noiety of up to 30
carbon atons with at | east one 6-nmenber aronatic structure containing

0-4 nenbers of the group consisting of niUogen, oxyggp and sul fur, wherein

iIf Bis substituted it is substitut by one or nore substituents
sel ected fromthe group 10 consistin hal ogen, up to per-halo, and
Werr], wherein n is 0-3 and each V-3 N—i'néependently sel ected from
the group coggiesdihng of -CN, -[err], -Ct"O)NFt[‘err], -C(O-Rerr],
-NJerr], -ORerr], - SRerr], - NRerr]Rerr], -NRerr]CCOORerr],
-NRlerr]C(O Wisrr], [err] alkyl, [err] alkenyl, [err] al koxy, [err]

., |err] alkaryl, [err] het eroaryl, [err] :
uted [err] alkyl, substituted [err] 15 cycl oal kyl ,
enyIR4'subst_i tut e [erﬁl} al koxy, substituted [err]

cycloal kyl, [err] ar y%
al khet eroaryl, substR
substituted [err] al

al khet eroaryl and AN einif Wis a_sub®Ntut gr oup,
it is substituted e or npre substituents ind ntly sel ected
fromthe group g of -CN, -fer 5 -C(OR el C(ONRerr]
and 20 hal ogen up toR)r’er-haI 0; R wherein each Rerr] is

i ndependently selectgfl fromH, [err] al kenyl, [err] al kyl, [err]
cycloal kyl, [err] aryl, [err] hetaryl, [err] alkaryl, [err]
al khet eroaryl, up to per-hal osubstituted [err] alkyl up to

per - hal osubst i t ut egl j 4 -substituted &[&B&s@hﬂeawﬂ% to WcycHcPayt balhesrbayl moidy
[ ERR] cycl oal kyl, up to per-hal osubstituted 25 [err] aryl and up to

per - hal osubstdftupt ted3( earbpn latanas With at least one 6-memhbe argmMAtQ stouctue, con@ining
R ) Stk of the gPoup conustiag) of nifrogan, oxyght ahd Sitfir, wherein if Bifsq |
T F by and E6blma S RGbidnet ty ppe o pore sl (PBUEH( 88 kg
0-2 nmenbers Qonkisngoftalogen, upclonpérshidlogand Wij,t wherein noisyQ<n andeachi W uis,
opt i onai 1y S bdenendersly tsjecsyickom the gream cqneisipe pE- 80O Rna CONRKE *
-C(0)-R’, -NO,, -OR’, - SR’, - NR'R’, -NR'C(O)OR’, -NR’C(O)R’, C,-C,, alkyl,
C,-C,, alkenyl, C,-C,, alkoxy, C;-C,, cycloalkyl, C,-C,, aryl, C;-C,, alkaryl, C;-C;,
heteroaryl, C,-C,; alkheteroaryl, substituted C;-C,, alkyl, substituted C;-C;,
15 cycloalkyl, substituted C,-C,, alkenyl, substituted C,-C,, alkoxy, substituted C,-C,
alkheteroaryl and Q-Ar;
wherein if W is a substituted group, it is substituted by one or more
substituents independently selected from the group consisting of -CN, -CO,R’,
-C(O)R’, -C(O)NR'R’, -OR’, -SR’, -NR'R’ , NO,, -NR’'C(O)R’ , -NR'C(O)OR’ and
20 halogen up to per-halo;
wherein each R’ is independently selected from H, C,-C,, alkenyl, C,-C,,
alkyl, Cy;-C, cycloalkyl, C¢C, aryl, C;-Cy; hetaryl, C,-C, alkaryl, C,Cyp
alkheteroaryl, up to per-halosubstituted C,-C;, alkyl, up to per-halosubstituted C,-
C,, alkenyl, up to per-halosubstituted C;-C,, cycloalkyl, up to per-halosubstituted
25 C¢-C,, aryl and up to per-halosubstituted C,-C,; hetaryl,
wherein Q is -O-, -S-, -N(R"-, -(CH,)-,, -C(0)-, -CH(OH)-, -(CH,),0-,



each Z is i tly selected fromthe group consisting of -
-CJerr], W&&%}%{err] -[err] alkyl, [err] cycloalkyl PCF@JSPW@H/I
[err] het aryl, [err] 10 al karyl, [err] al khet eroaryl, substituted [err]

al kyl , subst i-NR 6601}&)&11 cm’&@ky FC(O)NR'-, GH), St HEH, ) NR])- - AlO@Ry,,-and

i T AR O B oy [

and [err], 15 ey, aﬁ&g{arl%ﬁﬁgéﬂb are each i ndependently H,

hal ogen, [err] - alkyl’, “optiona stituted - by hal ogen up to

per hal oal kyl , [A&r is|a 5-10 member aromaud; strudture domxammgrﬂ-i! osthbers 8P fetdrbay ed
by hal ogen up t o perhal pal koxy or - ei't her
one of R err]|CONSIfYRg P} NYFogeNe PXY gqnsandxsu}ﬂg, whigh &d?%émmtfvﬂ 9y sybstitutedPer r |

bsty ot b iqes APy per 05 Banhhity il By 20 SAERUR OB 69 b

al kenyl, [er re]acmmmdépcm{lmtw]se&meh frdxﬁrﬂrd ﬂaﬁp%ﬁéxsmr o6£LON, -co%z’ar al kyl ;

Rlerr] is addltlon ]1 err]
Rl err] is [& I-C(@t |Ni?an-N92.51QEt. |-tSR7ele&/R71a-[Ni§€l(Ol(be o-QE@)R3| o;
6

7
PCTI US98/ 2608 8%)71%43(?%[(&{0@‘@1’&3’?”%&%@% G- Gie a8) oG P%‘F“Fb]l Gt |
optionajdy sulmedril, o0, AIKNGREOAFT siBstituted C,-C,, alk10 sikibibP el % 0a
koxy, optionally sub?zl:t ut ed by? hal ogleneup to o alkf19 sRSAA d) er haf 94‘%1 ;
5 X i supggitnted CaCq) alkaryl andDspbstituted C,-C,, alkheteroaryl; wherem the one or
more substituents of Z is selected from the group consisting of ~CN, -CO,R’,

-C(O)NR'R’, -OR’, -SR’, -NO,, -NR'R’ , -NR’C(O)R’ and -NR’C(O)OR’,

15 R¥,R¥and R® are each independently H, halogen, C, ,, - alkyl, optionally substituted
by halogen up to perhaloalkyl,

—N or —N/)F\NH
20 O o)

C, -C,, atkoxy, optionally substituted by halogen up to perhaloalkoxy or —X-
Y, and ' '
either one of R* , R or R¥ is —X-Y or two adjacent of R* , R* and R®
together are a hetaryl ring with 5-12 atoms optionally substituted by C,.,, alkyl, C,,
25 alkoxy, C,,, cycloalkyl, C,,,alkenyl, C, ;, alkanoyl, C,,, aryl, Cq,, hetaryl or C,
aralkyl;

R¥  isadditionally -NHCOR!, - NR'COR' or NO,;

30 R! is C,.;o alkyl optionally substituted by halogen up to perhalo;



X Is additionally a single bond where Y is pyridyl; and Y
phenyl, pyri " thyl, pyridone, pyrazine, pyrimdine, benzi%jll n
benzopyri di n(ej%obrgg}égﬁgot hi azol e, each optionally substituted by [erfﬁ%@ggm
[err]-al koxy, halogen, OH -SCHerr], or N(err] or, where Y is phenyl, by

i's
I,

10 or a pharmaceutically acceptable salt thereof.

Preferably, gohpousdsieptndeafii®, daldgedE, ,p ngt[id)ﬁal?'l sabstituted by halogen up

R3 [err] wherei n R’l[_err , err R{gerr] and erf] are
each i ndependent | ytomerhalna¥gdnC,.niejkexy; optiosally substitued by balogemup o, 15

substituted by hal Q981 0 atkBicy: © per hal oal kyl, or [err]al koxy, optionally
substituted by P ?na g’&én, up to perhalo; and one of [err] can be -X-Y;

or two adjacent [err] can toget her be an aryl or hetaryl ring with
5-12 atons, optionally substituted by [err] al kyl, [err]-al koxy,
[err]-cygloalkyl, [RrgH,al-BenX(CH)er rﬂrﬂetéﬁ,nmz'-sloec:((})-,aébdo-;[ err] _
hetaryl, [err]-al karyl, halogen; -[err] ;" -CN, "~ 2 -CONR[err] in which
Rlerr] is Hor [err]-alkyl, optionally . substituted by hal ogen, up
to perhal o, aXd R[ismadgitionallya single bopd whese Yomayridylsamdt i t ut ed by

hal ogen, up to perhal o. 7

WD 99/ 32436 Y is phenyl, pyridyl, naphthyl, pyridone, pyrazine, pyrimidine, benzodioxane,

PCT/ US8Q 26081 ..ln formula | . suitable bhetar u B.i ncl ude,
but are not I mi ¢ cbpregpyidingor Suaote, 25t Ao bl By Fyratiolr | ng
systems contai ni ngC,l_;ofallfdx?gﬁalog”én OIRSSCPN Rr MO, dt} $MleresY is phenyl, byt omatic, in
whi ch one or nore, e.g., 1-4 carbon ‘atons in one or nore of fthe ri ngs can

10 or a pharmaceutically acceptable salt thereof .

Preferably, compounds of formula II are of formula Ila:
R3
R4 _ R4'
OG-
NH 5
R 6 R
R

R}, R R’ and R® are each independently H, halogen, NO,, C, - alkyl, optionally

15 . substituted by halogen, up to perhaloalkyl, or C, ,,-alkoxy, optionally substituted by
halogen, up to perhalo; and one of R’-R® can be —X-Y; or two adjacent R*-R® can
together be an aryl or hetaryl ring with 5-12 atoms, optionally substituted by C, o~
alkyl, C,p-alkoxy, C,,-cycloalkyl, C,-alkenyl, C,-alkanoyl; Cg,,-aryl, Csi,-
hetaryl, Cg,,-alkaryl, halogen; -NR'; -NO,; -CF,; -COOR!; -NHCOR'; -CN;

20 -CONR'R’; -SO,R% -SOR?* -SR% in which R' is H or C,,alkyl, optionally
substituted by halogen, up to perhalo, and R? is C,.,-alkyl, optionally substituted by
halogen, up to perhalo.

wherein



5 be repl@spsdy oxygen, nitrogen or sulfur atonms. Each r,gd:m@g,%ogplly

has 3-7 atons. For exanple, B can be 2- or 3-furyl, 2-
3-thienyl, 2- or 4- tria2|nyl 1-, 2- or 3- pyrr ol yI 1-, 2-, 4- or
5- |mdazolyl 1-, 3-, 4- or 5 pyrazol yl, 2-, 4- or b5- oxazonI 3-, 4-

> ’ |
Zr pyr : 3§T<az Oiny*'ozmala L ZEmtgﬁle ?eﬁ%‘la%&hd;ér 3 inc] ude4‘bu9 Ere%dtqgﬁ?ﬂéécggd)_sﬁz c;% ?n

5-yl, 1, 2aténi anoamlc ﬁngs eraang)sysﬁems ponltammg 53 xilms, at least pne of Wwhich is
2 3- oxadl azol -

dj a
504 thi ad af?matléﬂn ‘which bne e s, 2, 114 S550n, Jams da g7 4 mafe ofhe ings can
‘;’ g tEI adi gg o ‘%?' )§'g¥11|;, mﬂ-og"mﬁﬁrtéﬂlf_ﬁfjht%ﬁ@ @ach ring ta’plc has53¥7| atoms.
41

i adi azo - or 6-2Ht yranyl, 2-, 3- or
H- Fot bxamylc,aByéap t$2-oor 3,~fpyi,| 2 a0n 3r;&nen)ﬂy?.-agr Asﬁnazmyl 13.- 2-ar 3 5.

S O, T Dot - B s Bt 13- 3 o SRl EDACK S BB 42

3-, 4-, 5, Br SQ§onz$l9P20Wbﬁ§%iﬁolyﬁsv, 4or 5550t1uﬁzol9r 27 - onagriaed, gl 4-,
3-, 4-, 5- 6- or 7-ben2|soxazolyl, 3- or 7-benzot hi azol yl,

2-, 4-, 5-, &-opf-pyrimidinyl, ’x%ﬁwebl—m%mr—?wl 122 4-tua-"!°15b -3gor p9-yl, 1- or 5-
7-b 3- oxadj azol.y
1 enz, JU Ox%r : @?P L’i %ad‘@éa‘(]féﬁa ]|§4 ondx?%l For <L, 3§$§lggﬂgizbf‘ﬁl

%' , 2- . or —|5:§r1,, 1, Qﬁoﬁdaagﬂ{-} Hr-i-Sl-ﬁl- 1;&4—9&1@3101429)&" 59}1 23, t’;—&na,dtlﬁgl-&G-
- or ui nazol i'n or_ additijona stifute
phenyl , g olor 335 %Ylei-,gfﬂnagxago LA~ 10F i »a?zo:f'yft' 53%6‘9&3&“ E ﬁ’y?r 4-4H-
U O R SO s 747,&%% Lehend,

5- met hyl - i en thi enyl 1~ met hy ry :
1- net hyl - 3 p)ﬁr-asolqtl 7-1:&nm!hie;tyl -, 2 3-, 4- tﬁ-l a&-oloyl?-mdolyl 1- 2- or 5-

oorti onkS of - BeBHalg 1+ & Hoss, 66 I-OTRPOIRIRLE - 3 3 6960 A8 a”‘gwixky'
ethyl, propyls. DUsyg. off fsenzléosksid;ﬁ' ng 33/ 4- bsl rsabsbtbeﬁﬂﬁhmaw zb ansh@dor

i somers such “as | sopropyl, isobutyl, 'sec- utyI tert-butyl
Sui tabl e ar y|7-benaispthiazodyl2e 4-,fSy 6ema71=bbm-1 Braxadiazelyl 24, 3-akd 52, faghongt . 30

Sui t abl | | op t
b &yl o o) e Sl el b I
structures w3.fy0s. ‘8‘-t7108110r® ¥¥idinyl, or 2-, 4-, S-UBSt'Z—ToblBEtﬂﬁﬁazaﬁm bhadditidnally

1
1
1,
1,
4-
6-

('

exanple, "(er r] cycl oal kyl ™ incl udes et h substi tuted

8 20 optiond mguted phenyl, 2- or 3-t1neny 1 3,4-thiadiazolyl, 3-pyrryl, 3-pyrazolyl,

PCT/ US982608 0 I I $. The
term "cycl oahwazogfl $6 5%&4;88:’1 éri:%:(l I?f?%\t@% o erg‘éh?ﬁeﬁexg?‘%

Sui t abl e hal ofRR; Drmhjdrmﬂndgl Fl-rﬁithyl&-pyﬂw;l/ Dmdthyl-f:!r pyrazolgl, tﬁ)-methyl-Z-
per-substitution (i H atqons on a group replaced by a hal ogen

aton) bei ng ﬁb@@vlylermtbylés{l,éﬁlvewml—%yl group is substituted by hal ogen,
m xed substitution of hal ogen atomtypes al so being possi ble on a
gi ven noi ety.
25 Suitable alkyl groups and alkyl portions of groups, e.g., alkoxy, etc. throughout
include methyl, ethyl, propyl, butyl, etc., including all straight-chain and branched

isomers such as isopropyl, isobutyl, sec-butyl, tert-butyl, etc.

Suitable aryl groups include, for example, phenyl and 1- and 2-naphthyl.

30
Suitable cycloalkyl groups include cyclopropyl, cyclobutyl, cyclohexyl, etc. The term

“cycloalkyl”, as used herein, refers to cyclic structures with or without alkyl
substitutents such that, for example, “C, cycloalkyl” includes methyl substituted



The present invention is also directed to pharmaceutically acceptable salts
of Fornul a 10~¥C9982438ui t abl e pharmaceutically accept abl e sal t sParaSysidost
known to those skilled in the art and include basic salts of

i norgani ¢ and organi ¢ acids, such as hydrochloric acid, hydr obr om ¢

id, ph hor i i d, th l.phonij o, trifl h f qpi
201 d. Sul phonPearioey gREeY csatell o ApFiofophsalesy 18F AR HERAE" deo
tartaric aci dincRided sdturated heterésiice gtowpb ¢ acid, oxalic acid, succinic acid,

fumaric acid, maleic acid, benzoic acid, 15 salicylic acid, phenylacetic
acid, and mandelic acid. In addition, pharmaceutically accept abl e

salts include,aci lts of inorgani es. .su as salts_contaj ning.

al kal i ne S“‘%é’g% ﬁ%ﬂgﬂ’( goyps “’Eﬂ’?&"ﬁ ]‘HKET é"P?/]%’ 3?&%{{‘ ladi Petzsubshiution fi., 1
cations §e. g.all Fyptems| on a)groutheeplaced by ahatogénuatomd being, possibleivheresamn alikgl
salts of orgagi ‘] | | bt L OFR b Lt uted
ammoni um _ andETUR AL pRinhar by Rl bR hiRiAion of halosed SRR tyfes WBReNd, O\,
protonati on OpoSSBIGPI¢ISINENAROIBY. t ri et hyl armi ne, NN-di et hyl ani ne, NN-

di cycl ohexyl am ne, pyridi ne, NN-di nethyl am nopyri di ne (DVAP), 1, 4-

di azabi cycl o[ 2. 2. 2] oct.ane .. DAB .1 5-digzabicyel ol 4. 3. on-5-e N)
and oS inepebaicans el SRERa iy sclepi Tars S Korata oy
t he compoundsy, 0§yiMdbhambcdiBicalBF ScceftdblRRbNS fre 4ANINRSMABhEsREkilled in the art
therefore exist in racem c and optically active forns. Methods of

separ ati on of and include basithsltsnef inorganic and rganico aeids, csush asuydsochleriguarid,
known to one gkilled .i h . . Nt . & N | asses
any 1 sol at ed PLrEREmnisbeid Bpdigbpri acie, metfif AR eid WAk FRERITRIRE
described in feldsulphdnisvacid) ageriesaidy thiffubioacaie dcid)irhalioasidaaitand bid, Sfric
The conmpounds of Fornula | nmay he prepared by use of known chem cal,
reacti ons acid, lagtig apidoexalicr acid, suecinict 3rad, ymaric iRgids maleigiasisl, benzgie jacid,

pr epar atjicve . -ai.d: 0N sk | Ly | ) in
Synt hesilg)i ng zﬂfewlﬂcr?] ﬁ?:{)dlf Phenylacetic Earcﬁgfagxhqqaﬁ&he aHidoNfh QAdifikh, prdrhabdifficai

9 HfacPAbRZZARE include acid salts of inorganic bases, such as salts containing alkaline

PCT/ USC8&26081 . I Il e xappl.es bei ng.presented.in_the -
experi nent al E%tlﬂnﬁcfﬁ'ﬁ'}eg’gr&?%i‘?{ h LAHRK SRR célidns é)ga geis’. Can or Ba”)gdher a
Preparative MabliRfisum catiod 8 wRIPAUAME Qlts %@r&g&ac lbaB3Y iftGudihg RARSt Ynd he

use of known chem cal reactions and procedures, some fromStarting
mat eri al s whi etonzatic sbstiwted athinpnium, andaquetératiycamidonium [catienss suchexsethmse

' .had i ded bel .0 ai.d. . .| I
Syt LS 21 AR Jun asBRce: airevisloe 3 e iaming, A rdishghmige TN
provided in tBRyelReXyIAMEHeal PPH&IneN WN N-Qirhéth)iaMEnopyrifine SERVAPY Ut g 4-

anilines may be generated using standard net hods (March. Advanced

Organi ¢ Cheni diazgbicpilef2:2 2ieetane IBABOD).c §.5-dipmbieyeie[4.3.9f®p-5-e0¢ (DBN) and
Conprehensi vey ¢ siazabicyclofs.4.0Jundec-7-ene (DBU).

25 A number of the compounds of Formula I possess asymmetric carbons and can
therefore exist in racemic and optically active forms. Methods of separation of
enantiomeric and diastereomeric mixtures are well known to one skilled in the art.
The present invention encompasses any isolated racemic or optically active form of
compounds described in Formula I which possess Raf kinase inhibitory activity.

30
The compounds of Formula I may be prepared by use of known chemical reactions
and procedures. Nevertheless, the following general preparative methods are
presented to aid one of skill in the art in synthesizing the inhibitors, with more



Organi ¢ Transformations; VCH Publishers: New York (1989)). As shown in
Schene wolossfzyl am nes -are commonly synthesized by redugicrandbeos:
nitroaryls using a netal catal yst, such as Ni, Pd, or Pt, and H2 or
a hydride transfer agent, such as for mate, 15 cycl ohexadi ene, or a

bor ohydri de (Ryl ander dro enat| t hods; Ac S:.
London, UK dewds )examplp;%gpg °Sﬁ'ét§7 Focumen Vnpﬁgﬁm%&d’vﬁk@grong
hydri de sour g‘gmpﬁych as Li AMH err] (Seyden-Penne. Reductions by the

‘Al um no- & Bor ohydrides in Organic Synthesis; VCH:-Publishers: New
Yor k (1991)) or using a zero val ent netal, such as Fe, Sn or Ca,
often in acidic ‘ et hods exi st 20 for the syntheS|s of
nitroaryls (GEREEH ITERALMIVENBII0Si ¢ Chenmistry, 3[err] Ed.: John

Wiey: glew MafeKcdriSsinds &aFeﬁifulaqomyeBerp%p&eﬁbgameCuaa af SR bhaizal VCH
Publ i shers: New York (1989))

Herr] / catredofions andr pocedures, some fromsatasting |materigls whichosreogommercialhy | s
to Aryl Am nes.

Nitroaryls &t éil%bdmvﬂ%?%ée'f?f/aleﬂrg%atr?%vehmﬁhg ds, pre provided helow to ﬁljdggsxlleng
HNO[ err], orskilled in tidarfid §yniledsizivg; tNekedomipounds, oxith ote detaijddsexampldscheiny t her

el abor at ed prior to reduction. Thus, nitroaryls substituted with
[err] 5  previded thheleﬁh‘mm@t@ﬁ@@&)@’(’@ﬁhf OW§-, Br, etc.) may undergo
substitution reactions on treatment with nucl eophi | es, such as

Lmjce)lr 3:1)6 UI( f’%@{dyg&f%&l}ﬂ 5B géﬁerﬁéd g Oﬁﬂuﬁfard methodsNNI&r@R Y dvanBed al so
p I ng“reacti ons
Organic Chemistry, 3™ Ed.; John W11ey New York (1985) Larock. Comprehensive
Organic Transformations; VCH Publishers: New York (1989)). As shown in Scheme
I, aryl amines are commonly synthesized by reduction of nitroaryls using a metal
catalyst, such as Ni, Pd, or Pt, and H, or a hydride transfer agent, such as formate,
15 cyclohexadiene, or a borohydride (Rylander. Hydrogenation Methods; Academic
Press: London, UK (1985)). Nitroaryls may also be directly reduced using a strong
hydride source, such as LiAlH, (Seyden-Penne. Reductions by the Alumino- and
Borohydrides in Organic Synthesis; VCH Publishérs: New York (1991)), or using a
zero valent metal, such as Fe, Sn or Ca, often in acidic media. Many methods exist
20 for the synthesis of nitroaryls (March. Advanced Organic Chemistry, 3™ Ed.; John
Wiley: New York (1985). Larock. Comprehensive Organic Transformations; VCH

Publishers: New York (1989)).

H, / catalyst

/ (eg. Ni, Pd, Pt)\

M) > ANHp

Mo A

{eg. Fe, Sn, Ca)

Scheme I Reduction of Nitroaryls to Aryl Amines
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[err] Schenme Il Sel ected Nucl eophilic Aromatic Substituation
using Nitroaryls 10 Nitroaryls may al so undergo transition netal
medi at ed cross coupling reactions. For exanple, nitroaryl

el ectrophi | gitroatfl§ afs cdthinofBy frmled By éleirophiliti slemadic nitration bsihd HNGS or
undergo pal | adi um nedi ated cross_coupling reactions wth aryl nucl eophiles,
such as arylasosltpmativecNGs" sovmce, kNitreanyls inaas be fughes) elahosated prieno redngtiani ns
(Stille e ncs (Negishi reaction) to afford the
biaryl (5). Thils, %ﬂ?ﬁb‘%ﬁnﬁé&'ﬁh Either nitroaryls or anilines may be
converted into the correspondi ng arenesul fonyl -chloride (7) on
treatnment with chlorosul fonic acid. ReddW®on of the sulfonyl chloride with
a fluoride source, such as KkiH hemartoras surtonyl ANQzor i de (8). Reaction
of sul fonyl fluoride 8 with trinmethylsilyl trifluoronmethane in the
presence of a flu r| de source, such_as 20 tris(di met hyl ami no) sul f oni um
di f | uordt ri reatertialleaving, groups (§8\95) CL (Biagte.) may m#srgo substifution T¢Rotions 9n 436

PCT/ U998f | GC&ZImm Ptfv(\)nrﬁh Pu&ﬁ%ﬂlﬁlﬁegﬁﬂghggt}ﬁéfa{é (REAPRESY in%’r%xeﬁﬁ?)ﬁoz henoxide..

Al ternatively, or reduce arene

(10), for eanxdaeylmdy atsamdengd Ul]manRgpe:d:ouphngteztchond (Stheme ).
CHClI F[err] in the presence of base gives the difluoronethyl nercaptam (11),

whi ch nay be } |zedtothe sul fone (12) with any of a variety of
oxi dants, including Cr ' \ cet ic ArsH anhydride (Sedova et al.
Zh. Og. Khim .

[err]

:>_ Br—Ar 7 2

CuO / base

Scheme II  Selected Nucleophilic Aromatic Substitution using Nitroaryls

10 Nitroaryls may also undergo transition metal mediated cross coupling
reactions. For example, nitroaryl electrophiles, such as nitroaryl bromides, iodides or
triflates, undergo palladium mediated cross coupling reactions with al;yl nucleophiles,
such as arylboronic acids (Suzuki reactions, exemplified below), aryltins (Stille
reactions) or arylzincs (Negishi reaction) to afford the biaryl (5).

ArB(OR)) O,N._.
\ X — N
=/ Pd(0) R =
15 4 5

Either nitroaryls or anilines may be converted into the corresponding arenesulfonyl

chloride (7) on treatment with chlorosulfonic acid. Reaction of the sulfonyl chloride with

a fluoride source, such as KF then affords sulfonyl fluoride (8). Reaction of sulfonyl
fluoride 8 with trimethylsilyl trifluoromethane in the presence of a fluoride source, such as -

20 tris(dimethylamino)sulfonium  difluorotrimethylsiliconate (TASF) leads to the

11



Schene 111 t hods of Fluorinated Aryl Sul fone Synthesis . .
As shown in St‘ﬁggr?eqf non-synmetrical urea formation may invois‘{fér/?%ggeﬂsén
of an aryl |socyanate (14) with an aryl amne (13). The heteroaryl
I socyanate nmay be 10 synt hesi zed from a heteroaryl am ne by treatnent
wi t h phosgenecaresponding gaﬂaoromethylsnﬁfmiev(ﬂ)e nb&ltematﬂvelyassulfohylhblﬂbﬁﬂemniay be

hi f t d b hi
(11 phosgene) UPNR e BN, S5E PRI 19t Aoe Amalgwey HeRBom g thiol 10 wit
al so be deri vegdIFPmR mefiﬂ&s%h@é:wtase g;‘?ésttﬁénhﬂwor@ﬁb&kyﬂﬁfeteéﬁiawm)S%{},ha:ﬁayaﬂe

ester, an aci d de or an anhyd by a Curtius-t

rearr angerrentoxﬂhmé tOr@acnuilfone d12)awiith any Of a mtwatﬂmdm,molndm @rDdacetic
source Eol I O%%dgg}ﬁ Z%edar‘l’genent %{.fords }Lhe bsgcyﬂat.e 1970, 6, (568).

PCT/ US98/ 26081 The corresp®®Cing carboxylic acid (17) may al so be
subj ected to Curpius-typeisosH r angenent s usi ng di phenyl phosphoryl
azi de (DPPA) or @rﬁl ar—r-eadent (—jTRr 11

6 Ky V‘(Hg)
SH

SO,F
2N 2N
\'—.-R 8 \—T—R 10
(Me,N)3S Me;SiF, CHCIF,
Me3SiCF; base
SO,CF; SCHF,

SO,CHF,
= ]
\—;—R 12

Scheme III  Selected Methods of Fluorinated Aryl Sulfone Synthesis

As shown in Scheme IV, non-symmetrical urea formation may involve reaction of an
aryl isocyanate (14) with an aryl amine (13). The heteroaryl isocyanate may be
10 synthesized from a heteroaryl amine by treatment with phosgene or a phosgene
equivalent, such. as trichloromethyl chloroformate (diphosgene), bis(trichloromethyl)
carbonate (triphosgene), or N,N'-catbonyldiimidazole (CDI). The isocyanate may
also be derived from a heterocyclic carboxylic acid derivative, such as an ester, an
acid halide or an anhydride by a Curtius-type rearrangemenf. Thus, reaction of acid

15 derivative 16 with an azide source, followed by rearrangement affords the isocyanate.

12



Schenme 1V Sel ected Met hods of Non-Symmetrical Urea Formation 5

Finally, ured®CA¥y?%8® further manipul ated using methods fanili HCHESHEREL8L
skilled in the art. _ The invention al so includes pharnaceuti cal
conposi tions including a conpound of Formula 1, and a physiologically
acceptabl e carid @bmespPdnding carBoylioREAUYy fRY dleo askristbjebricth Cutihittype
dermal |y, parenterally, by injection, by . i nhal ati gn or spray, or

subl i ngual | y reazangementsusinggliphanylphosphesylagide (MRP A)pra similap reagent. The
term'adm nistration by injection' includes intravenous, intraarticular,

i ntranuscul ar, subcut aneous and,pakgnteral injections, as well as use of

i nfusion 15 t echni ques. Dernmdl adffi ni'stration may include topical
application or transder nal adm ni stration. One or nore conpounds nay
be present in association with oni Clz nore non-toxic
pharmaceutically acceptable carridgrs and if ggsi red ot Q')er active

i ngredi ents. 20 Conposi tions intendgdAdr oral u may, be prepared
according to any suitabl e net hoff “NCO nown o tMes NOF the

manuf act ure of pharmaceutical comgositions. Such H ¢tbnpositions may
contain one or nore agents selected fromthe group congssting of

13 WD 99/ 32436 Na/ DPPA

PCTI US98/ 26081 di l uents, s\weetening agents, flavoring agents,

col oring agents and preserving agents\in order to provide pal atabl e
preparations. Tablets contaign the acti@e ingredient in adm xture

W th non-toxic pharmaceuti qglLI accep,t).bl e excipients which are suitable
for the manufacture of talet3X Thedk ex@Hpients may be, for exanple, inert

di luents, 5 such as cal ci|é|m car bonatﬁ, sodi um car bonat e, | actose,
cal ci um phosphate or sodi um phosphat e; granul ati ng and
di sintegrating agents, for exanple, corn starch, or alginic aci d;

and bi ndi ng aSelndme IVor Seleeter|Methnds of Nom Symmetties]l teadforanatiorl or tal c.

The t abl et s_pay be uncoated or, they | be coated b no

techni quds to del a§ma¥ly, mea%li’%"ﬁnﬁ%d’l‘ﬁ}t“?rowg%‘ggy%lﬁlﬁgiIBﬁthPﬁs ii'ﬁgm]ar to those
gastroi nt esti Qaijed gk agnd t hereby provide a 10 sustai ned action over a
| onger period. For exanple, a tinme delay material such as gl yceryl
nonostearate or glyceryl distearate may be enpl oyed. These conpounds

may al so be p ared..in solid .rapjdly released far.m . . For mul atipons
for oral use Fab myecsonstsg, etuded Bharmackyhyal spmppaitibhs ingluding m pROYRLof 5
active i ngredFgshulk 3, aideSshysloldpicully deedptatiobingiegli | uent, for exanple,

cal ci um car bonat e, cal cium phosphate or kaolin, or as soft gelatin
capsul edOwherein the active ingredient

The compounds may be administered orally, dermally, parenterally, by injection, by
inhalation or spray, or sublingually rectally or vaginally in dosage unit formulations.
The term ‘administration by injection' includes intravenous, intraarticular,
intramuscular, subcutaneous and parenteral injections, as well as use of infusion
15 techniques. Dermal administration may include topical application or transdermal
administration. One or more compounds may be present in association with one or
more non-toxic pharmaceutically acceptable carriers and if desired other active

ingredients.
20 Compositions intended for oral use may be prepared according to any suitable method

known to the art for the manufacture of pharmaceutical compositions. Such

compositions may contain one or more agents selected from the group consisting of

13



s mxed with r an oil nedium for exanple peanut oil, liguid
paraffin or oli ve%“?}a oi | . 20 Agueous suspensi ons confﬁglllﬁs?@zspﬁe
active materials in adm xture with excipients suitable for the

manuf acture of aqueous suspensions nmay al so be used. Such

exci pi ents arﬁu§M§mmkem;a@eﬂ€s,SﬂavfoﬁhF QE &R cBloTRAE d¢Bhts and preserving agents in
car boxymet hyl cel | ul ose, met hyl'cel | ul ose, . o

hydr oxypr opylordast tey praside, palstable proparations. Tablety gontainethe active ingredient in

baents 5" SREC 18 i 6ER AN ARG S BRER g POl it ' "
“lecithin, or fepthéanaifactire of tablets. Mhestuicipigits Bihyaek Yoreaxanpid, derviiilientt t Y

aci ds, for exanple polyoxyethyl ene stearate, or condensation.
product & of &uply peFalcim garbapate, sodivn errhprate laptass, icalciim phesphater o sodium

exanpl e hept Y. Y. tﬁg}@l | r of hv.l ene
oxi de %\%ﬁ@%ﬁ%g ﬁl\z?tﬂfésa?xgr S gﬁa\%ﬁﬁ?@%ﬁ@ﬁﬁ%% cg)gﬁlg{r?? & ?{%%L’such
as pol yoxyet rugidz mad inding agerits, tfol example nexghesiumrsteapate esteatic avid pr ealeiC The of
et hyl ene oxide with rtial esters deriyed fromfatty acids and
hexitol an hyé?‘i’lﬂ‘és‘,nagg?e aReaatade of, dheye My E?l§°§t6¥b1|")f Agpown techmqwng)op%gye_
The aqueous  S41R(epmBASadt kddblnstfont BN (Y aQRSREEP" ack dACHLRIN Y Bibv

for exanple etﬁyﬁgﬂgr n- propy p%?f‘gtrﬂg‘%( enzoate, one. o@am)re 0 1(?'rvlldrﬁ"ga
agent s, 1®ne sustained action over a longer period. For example, a time delay madtdrial such as

WD 99/ 32436 L

PCT/ US98/ 260g8yceryl monostegratg or glygeryl Jistgarate may be employfl Jhes empounds
sweet eni ng agagy slso be prepafed i SSIRE Papidly released fé@chari n.

Di spersi bl e powders and granul es suitable for preparati on of an agueous
suspensi on 5 by the addition of water provide the active ingredient in

oo o1 oo erBufHBE 78 Siyse may w84 pE Bichlify A9 RR o PGBy ARRRI "
suspendifg agfive itdrediencsnlikdd with by inepostidaliluent Yornexainpy) eglcium carboridt€)ve.

Addi tional excipients, for exanple, sweetening, flavoring and coloring
agents, cal¢iam phiosphateonkaokianer asigpft gelatin capgales Yyihsteimthe aetiye ingsedient i n

the form of NSRRGSR & SARINLAL B Garrbidbeantl i iquid paraBHPGRANEC"S

whi ch nmay be Torimu y suspe e ac I ngredi'e

veget abl e oi lgil.f or exanple arachis oil, olive oil, sesane oil or peanut

oil, or in a mneral oil such as liquid paraffin. The oily
suspensi ons nmay contain a thickening 15 agent, for exanple beeswax, hard

paraf fipggor cg Néou@'s%@ﬁéﬂsion%ﬂfaﬁﬁﬂ;%%eagﬁﬂ;esmﬁféﬁgls in admixtid® WiltP SRcipiehts

forth above, and flavoring agents y be added to provide pal atabl e” oral

pr epar at i ons. suftableefarotheomianufacterernf dguequse susponsionsy malyealsol die nsed. of Such
ant i - oxi dant . such as ascorbic i d. 0 .. Pharmaceuti,cal

Conposi 11 ons GRS | F RPN, PESEn Db Pl SPORH By RHOqeslufose,
emul si ons. Thgefiylodllgloage MayhRRoBpr&HAnithfclivlose! OF €xadihe Ol | \agiRdte, OF
arachis oil, or a mneral oil, for exanple liquid paraffin or

m xtures of tpeyeEnylpyrmolidene, gum tragacanth |asd (g acasips idisperaing pe wetting agents
nat ur al by- OCClea{riﬁpagﬁgﬁrall;'-%cmlhgsﬁﬂghé,cﬁ?ié?zaﬂ{plé? Yelithin, or condensation
products of an alkylene oxide with fatty acids, for example polyoxyethylene stearate,

or condensation products of ethylene oxide :with long chain aliphatic alcohols, for

example heptadecaethylene oxycetanol, or condensation products of ethylene oxide

with partial esters derived from fatty acids and hexitol such as polyoxyethylene

30 sorbitol monooleate, or condensation products of ethylene oxide with partial esters

derived from fatty acids and hexitol anhydrides, for example polyethylene sorbitan

monooleate. The aqueous suspensions may also contain one or more preservatives,

for example ethyl, or n-propy!l p-hydroxybenzoate, one or more coloring agents, one

14



tragacant'h, Q& bsgBede/- OCCurring phosphatides, for exanple soy Bep{lges 6081
| ecithin, and 25 esters or partial esters derived fromfatty aci and

hexi t ol anhydrides, for exanple sorbitan nonool eate, and
condensati on products of the said partial esters with et hyl ene
oxide, for .eyppre MAloyiasYaehts] ANE ofiodRithere swuRtmimdhgents]Mack My subR8S or

may al so contain svveetenl ng and flavoring agents. 30 Syrups and
elixirs may BeechamiBal ated with sweetening agents, for exanple glycerol,
propyl ene glycol, sorbitol or sucrose. Such formulations may al so cont ai n a
denul cent, a preservative and flavoring and coloring agents.

15 Disifersiblepbdiaders and granules suitable for preparauon of an aqueous suspensmn

CT/ US98/ 260 | b h spen f
of supposi to%b’eﬂée Pﬁﬁh“P%é‘}éNat%g;BwHQ%f %Pg%;g@aﬁﬁﬁ.ﬁpﬂ%ﬁﬁ{ﬁ € orm
These conposig xRk g?%npﬁusgfepl eg‘agvég fé Bxgmor Opreseﬁ 6" St Hxsﬁ‘ersmg

suitable non-i1rrit |s sol1d at ordinary
t enperatu r es opwettingagahtsand Mpemhn@b.gm@sme rea¢mplkfial by yise alreacb»rmentmuede

and will t he re nelf. he rect um or \ atore se the drug
SHch mat er § atboYohgtigonal Sxoipicsiy, uriensy B ayih 4B G6ipBa agents,
Conpounds of rﬁ%g@y@?&g%' may al so be adm ni strated transdermal |'y using
rret hods known those skilled in the art (see, for exanple: Chi en;
" Tr ansddY rral Controlled 10 System ¢ Medications"; Marcel Dekker, Inc.
1987. Lipp [ 04157 . Var 94 For Bl ol utlon or
suspensi on of °88}ﬂ988ﬁ gy a]fg,bﬁgﬁl g’el f%f’ﬁ oingn-aqueougﬁgﬁ@bfﬁgn%ﬁ%q, F& ?bleent
optional |y cqg$pinsions wiseetmha} benfofihiRRd by sagRitmgChe Mbive ingredich® ™ Red
wi th additional additives known to those skilled in the art, such as matrix
material s andegetabbrmbcfoa@zmnphf waehis todk jolive il sasamen eil r@smapuhgxlnmmae

adi tron, on DB A ficn <8 bt BRle P a5 MM ERIonE iy SHRRE « Bickening o,

Or SUSPENSIi Orageit, aommxywﬁemvax hard pafaffifiner eety] aleyhdle Swédteiling agentéicha
| otion or salve, Sui tabl e sol vents for processing transder mal

del i very systasiRosgrsst farBvsbove, andodavoping agentg mayehe added mepawsde palatablg orglde
| ower al cohol S T8 E&g& 2hedhy S
such as acet ﬁe"w (E)bv\xgr car o%ﬁog{émggl gjgiﬂé?s sgc t}é%a%c%lﬁo?o %qgﬁh%e
pol ar et her s suul bs ascottdt acilydr of ur an, | ower hydrocar bons such as hexane,
cycl ohexane or benzene, or hal ogenated hydrocarbons such as

di chl or onet hane, chl oroform trichlorotrifluoroethane, or

trichl o3ef | uopiaEhBaRRicaI eIt TRnS Bf RThPerkBY niMyAlsd BE LR 8fin of oumlzwfxes _
of one or nore materials séelected fromlower al'cohols, |ower ketones ower
car boxyl i ¢ acémulsionsr The pdyphasemve'rby a Vegetablernil] rfgmampissohmlbgemaﬂnsjoﬂ,
hydr ocar bonsa%_I Pv@ﬂ@“g&gﬁu%g%‘e &Aﬁfq{uadt |pontﬁnhan0| nt%res L gsle's fé)uritable

transder nmal

emulsifying agents may be naturally-occurring gums, for example gum acacia or gum
tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, and
25 esters or partial esters derived from fatty acids and hexitol anhydrides, for example
sorbitan monooleate, and condensation products of the said partial esters with
ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emulsions

may also contain sweetening and flavoring agents.
30 Syrups and elixirs may be formulated with sweetening agents, for example glycerol,

propylene glycol, sorbitol or sucrose. Such formulations may also contain a

demulcent, a preservative and flavoring and coloring agents.
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to those skiwbadszasot he art, and include, for exanple, nonohyd®aIysIereosl
pol yhydr oxy 30 al cohol s such as ethanol, propylene glycol or benzyl
al cohol, saturated or unsaturated [err] fatty al cohols such as

| auryl al cohol or cetyl alcohol, saturated o PL%nsat rated,

fatty aci ds Eneceprapousids maycalse bg adminisieradein the Iame of srppQsitoriss for fé&‘g{s&s

Vi th t : : , |

‘r’]‘”_ but ;ID gec‘f%b%%/ Pd%?‘rggtg%t{%&[}& e QS THEL ¥dmpRitibhs: caR "t peparkd By Mg

16 the drugemithutay | suitableonompiryitatinign ezciptent whichc ds i solidciati, ordinaryni ¢
d | . o > . » Lt d

or i ester s mpsmbuP UG g, ok i resta depeitR i AR tefipelerd and wilf

total of up gxgge?oﬂi'e(iﬁélpgrlf'ﬁléfé%ﬁn?%r %Fﬁx@%%béhs@dﬂep&ﬁga Stichsiabretixls induaat e,

e

di i sopropyl sebacate, i sopropyl maleate, or diisopropyl furmarate.
Addi ti onal 5cocoa puttertandtpotyethyilénerglyends.mat eri al s i ncl ude phosphati dyl
derivatives such as lecithin or cephalin, terpenes, am des, ketones,
ureas and their derivatives, and ethers such as di met hyl i sosorbid

and di et hyl epggibytfils RO fivertioe kg alsoheé admintstRtaitrimdemmnlly using metiodsci ng
formul ati ons may al so include m xtures of one or mpre materjals selected

f r om nonohy dkuown tor these skilled sxthearkispe|for exannle:a Cduery  Traasdernmal ]
fatt | cohol .E d fatt [ { ted
o0 T8, SRR e Sy BB, 8D 7L T B Wooumagrar o

sat urat ed or 3NpSEf)UrRdregkattiple; A sodutidr 6r suspeission of a compauind aftRurmiulaol inip t o
24 carbons, ph.osg;at i qill derivatives, terpenes, am.des,, 6 ketones,
ureas and t hauitabipevelatile selent gptionalh pentainingspenetrafipn Sohanding, aBSs G2 &Fi al s

for transder g@;lnbﬂ@{l LR Xc}cﬁ%@'}sa‘? 'Igclli]%/@s known Ft)% Fhots@ Qﬁxﬁlealiﬁ'tﬁt?grt, such as matfixt he

art and incl ude pol'yacryla I cones, yur et hanes, bl ock polymers,
st yr enebut adipeiteriato @ndy bastariocikded. naAfiem|stexilizatgmt thet iresultingh anixtur€etdnubese

th , deri i zed | yet hyl d silicat | b d
st 1S coffermiated following kRowg araqediess it doraepdonti, iy adiEior sBorRipbll o
or oils may Qﬁtrﬁgﬁgﬁb@g@d iﬁg&ﬁ@%ﬁdt\bﬁteﬁ% solutioACes klispeftfion ¥ ABdohipound of

For all reginens o cl osed herein for conpounds of Fornmula I, the
daily oral Formula Idnaysbpeformylatedrinte 4 lotionersalu®l y be from 0. 01 to 200 ny/ Kg
of total body weight. The dai |y dosage for adm nistration by

i njection, including intravenous, intranuscular, 25 subcut aneous and

parenteral i rgydgbleOddbiventy forUsiocébingnfratfstexndl edeliveryusysteshd arepkndwen 20! those
be fromO0.01 to 200 ng/ Kg of total_ body wei

) . y ?ht. The daily vaginal go age
regi me 20 skilled|in the atte aadinclede lowsn alcahels sichors eigana) QSflS?gRIPaYI 6@%
i ght. Th | | d | 1
0110’ 200 mloRAHSERE ek 18, t5ptoms, IREAToABBVIE aoth syt ekl &7y Soaite™
transder mal GRNERMHerohichns téttahyirofiiran,dbwgr hpdrokarbonsesch me iexame3€yclohexane

maintain a daily does of fromO0.01 to 200 ng/Kg. The _daily .inhalajio

dosage or bengenenonbeloggnated hydrae nFr%‘EﬁO?"‘O %ngwfﬁye#&“ﬁg cﬁ‘)"?fg’t’&

body wei ght . yjchlorotriflucroethane, or trichlorofluoroethane. Suitable solvents may also include
25 mixtures of one or more materials selected from lower alcohols, lower ketones, lower

carboxylic acid esters, polar ethers, lower hydrocarbons, halogenated hydrocarbons.

Suitable penetration enhancing materials for transdermal delivery system are known
to those skilled in the art, and include, for example, monohydroxy or polyhydroxy
30 alcohols such as ethanol, propylene glycol or benzy! alcohol, saturated or unsaturated
C—C,, fatty alcohols such as lauryl alcohol or cetyl alcohol, saturated or unsaturated
C,—C,; fatty acids such as stearic acid, saturated or unsaturated fatty esters with up to
24 carbons such as methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
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17 "It will be appreciated by those skilled in the art™tHat
the particul ar nmethod of admnistration will depend on a variety of
factors, all of which are considered routinely when administering

t her apeut i cs tertbutyll ot meheglyberini esterssifoawetic hcidecapronictagid, lauric acid,reyristisin i ¢

dose |evel for, i i i.ll depend ' f 5
horudi ng.  t REICASERF G, pr bRl At o RS s aeruted B bfphtbrled HBEREIG,
patient, the g qgq Jith gga;ah YELH S 28cattdfs BadH ﬁ]ﬂeiisobi‘tﬁ)ygﬁdi@éﬁl diiebltyD adipatehe

patient, the gender e patient, diet of the patient, tine of
adni ni strat i ahisopropyk sebacathyi diisoprapyi omalentg; ©rodiisopropyl fumarate; oddditiongl

conbi natjons, and the severity of. the WL .kndergoi. r s

Wit b 3 ur: mepspPeeRaree e BHal B R Bho AN REVAAR B B einld or
course of 10 cephilhﬁ%x?éﬁés, ami@es, KetthesDét@aphnd tiesdt derivatizves] dndeethiers Isyicinagrber
of doses of a ctonpound of Formula | or ae&har maceuti%gu y accegt abl e

salt thereof djmethylfispsarbidernd cdicthylapeglyse! monoethy giler. - Spitgple; penetraomed

by those skilled i.n the ar S| | r ST :
The corrpoundseug‘mefPé J?lgmﬁatg‘?ne %&83%@?%@2&# 'ra{(g}?tnluﬁér?om conp%%%ﬁéaf%?ls Flected
starting 15 frofiBBROIRNoM OF Ipolyhydtaxynalcaliols, psatutatei kireurisatumatid) €yFC,, fatty
conpounds) , 0

e.g., .through the eneral preparative, nethods s
above. The acalfehols %F“f&tegiqéwsé@ﬁﬁ%ﬁg'ao &tty acids, spififaled of H?‘sa%?rﬁtﬁg%\@‘én
be routinely %?e?gmﬂ! g§t<9 24 c@ftfo%,%i@&extsotff&raﬁﬁ'ﬁg&' ro?%nSHtﬁﬁiéascﬁS’carboxglic acids
bel ow. The folTow ng anples are tor i1llustrative purposes only and are
not i witkracdethl of mp telBducaibarise phbsphetidyd tdetivatives, terprnes,tamidesy ketonespn
in any way. 20 . The enti reddi closure of all applications, patents
and publ i cat i ¥§3s @4 beirgsgyanvesand ethers. o ow,  are hereby incorporated by
ref erence, including provisional application (Attorney Docket
Nunmber Bayer 6 V1), filed on Decenber 22, 1997, as SN 08/ 996, 344
and cont8r t edSuitabbebinding materials Jostrargermal delivery systems are known to those skilled

EXAMPLES . Al reactions were rforned in fl -dr1ed 0 -dried
gl assware und® the ﬁ%iﬁgvg‘c ude p°{ya88'2§t§ﬁr gﬁ Yaei yo@%%%tﬁﬁ%eg, &’%Ckn;ﬁg f&(‘)%;égﬂ,
and were stirg n@ﬁﬂﬁ@fehé%b%a&yﬁﬂkﬁ%d%&tﬂdﬁaﬁ@ sythetic rublstirs: atGululose restiers,ve
| i qui ds and solutions were transferred via syringe or cannula, and

i ntroduced i nderivasized ipplyefkydendss apfr silieates msedlse A5t Bsedpy Eai% (CREPARGYS.
tated, th . t . Lo
ise of a Buchfdsiionel SAGREP HER"ds Vibhs HRHRE of MHICy Helatibh o, et

18 20 viscosity of the matrix.

For all regimens of use disclosed herein for compounds of Formula I, the daily oral
dosage regimen will preferably be from 0.01 to 200 mg/Kg of total body weight. The
daily dosage for administration by injection, including intravenous, intramuscular,

25 subcutaneous and parenteral injections, and use of infusion techniques will preferably
be from 0.01 to 200 mg/Kg of total body weight. The daily vaginal dosage regime
will preferably be from 0.01 to 200 mg/Kg of total body weight. The daily topical
dosage regimen will preferably be from 0.1 to 200 mg administered between one to
four times daily. The transdermal concentration will preferably be that required to

30 maintain a daily does of from 0.01 to 200 mg/Kg. The dé.ily inhalation dosage
regimen will preferably be from 0.01 to 10 mg/Kg of total body weight.
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Al | tenperatwvez>are reported uncorrected in degrees Cel sius (ftary32eyovsi

Unl ess ot herw se I ndi cated, all parts and percentages are by weight.
5 Commerci al grade reagents and sol vents were used wi thout further
purification. Thin- | ayer chromat ography (TLC) was perfornmed_using
What man[ er r Jt wild-teoaprracigted sky theseeskilled in thgi it dhatgthe pacticplapamethed qferr|m

Py R AL LS B i e B

fol | owi ng tBYH | um™na exposure to I odine

vapor, (C) rdiiRes Wherhdrhiiistérigl thetapedtick0 %t svillufisoobe ahderstosd/lovedvwehdhat aci d
in 10 et hanol "fol | owed by heating, (d) imgﬁrsion of the plate_in a )
ceri um sul f theespesifit dosg level for any, giveRerptisyt Walkdepgpd 4pop Gr"%y phfastatson of -

th | i [ .aci.di . ' .

"0 i 3 £ oBemuRE b oAty SRkt OlnBdund emplayed, the age of the patient, the

(S flash : fod}z:weigmwlgfeqmﬁﬁt, msgqnﬁan hezmnlpusthb ngtia;.ﬁo&ﬁcgmgexinﬂhp patéent, _
cience[err] silica gel. . . ng. poj.nts e. rmined using -

a Thommas- HodWedigheek %PFgPﬁB?IHt t‘&}fpg‘feﬁd&é‘ stration, Ef;"r{g ﬁ%%@g’ Ao teg
mel ting poi %&c@ﬁ&ﬁr&ﬁgﬁo@tﬂgﬁaﬁgﬁ, HE e sRO4rRY -of eI EdiRition undergdihg ARdrady It

infrared sprectra were o using a Mattson 4020 Gal axy Series
spect r ophot avitit be fufthert apprécisfed rbyc boerskittegnist ithe agsthattbe qptinml covesst ph

wer e measured with neral Elegctrigc..G\- a,300 0

spect r Hhet ertr W?Ptsé'ret"\%? “?ge of “%?@PF?%&’(‘(@HY@U‘}%E%? of §g§e5 &Zg 8 %%%?%d

sol vent (C"Kﬂo%ﬁlﬁw & alpiibmad&iakhliyeadckptdbR Galt PAGRedS £ived for a defineduddber 6F
st andard. Carbon (I[ err?C) NVR spectra were nmeasured with a CGeneral Electric
G\ Onmega 30Glays,saivbe pseepained dynthase skilled i Bieastesipgesmyeatippal greatment tegtsop- (3,
[err] 49.0; DVMsO-d[err] [err] 39.5) as standard. Low resol ution
mass spectra (MsS) and high resol uti on mass spectra (HRVS) were

ei t her obt aiTiRCcqaSpcings bf PipuréDag! proficiblediem Xnown cpgmiunds ¢or faemfstatingit om
bonbar dment (FAB) mass spectra. Elecfron inpact nass saﬂg{:“égaﬂl

( EI - MBYS5 wer enaisrials verichyi inHug, egpraducible: QQFIUEB%@,&°E§’§§“§98&€POF e

equi pped wth _a,Vacuneiri | ey | i r

sanpl e geneﬁ%}utpr‘%’d'ﬂ Sﬁeoﬁéthgﬁ%%@%\ﬁ g‘%ﬁ%ﬁmﬁfa‘?kﬁi&i tg?%egggf cggigo?lgc; rt ? C.

El ectron i nuiaBibiti @ ikirgisé @in be routinelyvassaped, feog.reatcording ¢6 @raceduree discipsedf 70
eV and a trap_current of 300 [err]A. Liquids, 30,. cesiumsecondary ion
mass spect r IO %)’,fo"&lﬁwéfb"dﬁ‘%‘&l’éérgi’ gﬁr JHlutative , pyrposes anfy %%r%%ﬂ?ﬁent
were obtain ' : AVERSh i Kagal.

i oni zati on err%gésﬁag&lﬁglg?rsgg cﬁ‘?ﬂg%ﬁf@‘%ﬁ%ﬁﬁ%ﬁdsi ng amHe eta Packard

MS- Eng20e 9

1

PCT/ US98/ 260 . 5989A) wi.t h.net hape, or .8: : as
(1 x10[err] tﬁ‘? eptgezc_hggggﬂ%rg ﬂé;]aﬁz 6?915‘:?'““5’ pa&nﬁgm@%@{:ﬁ}oﬁg eé{élﬁo%b%%%ﬂh ]
desor pti on cHAFWCalre | PEBAALAIpdrktet) bﬂrfyf&eﬁé&lcﬁuﬁﬁiﬂg qstovisiona) applicationwas
ranped fromO0-1.5 anps in 10 sec and held at 10 anps until _all_ traces_gqf

t he seAtpiraeyil3egket MNunbgr-Bayernbn Y 1),Sfiled roa%sﬁ@nbera%ed%%# N800
anmu at 2 sec scan., HPLC - e r ay mass spectra (HPLC ES- M5
were obtain eg?/gé@ﬁeﬂ and converteck_| on Becemtgr%, ©968.2Y P ( )

25

-

EXAMPLES
All reactions were performed in flame-dried or oven-dried glassware under a positive
pressure of dry argon or dry nitrogen, and were stirred magnetically unless otherwise
30 indicated. Sensitive liquids and solutions were transferred via syringe or cannula, and
introduced into reaction vessels through rubber septa. Unless otherwise stated, the
term ‘concentration under reduced pressure’ refers to use of a2 Buchi rotary evaporator

at approximately 15 mmHg.
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Hew ett - Packard 1100 HPLC equi pped with a quaternary punp, a vari-apte-vves
wavel ength detector, a C18 colum, and a Finnigan LCQ ion trap mass

spect r onet er
120- 800 anu using a
ions in the source.

with el ectrospray ionization. Spectra were scanned from

variable ion tine according to the nunber of

Gas chromat ography 10 - ion selective nmass spectra

(GC- MB) wver eAlilxemparmthred ire rapodesd wicoriceied dn degi@ed Cglssus (°C). Unlesscothérogseaph
equi pped with an HP-1 nmeth silicone colunn, (0.33 nM coating; 25
x 0.2 nmm anB‘décaF‘Tgv\P]iP?“%%‘{‘L%‘?’ ages aFpsWeighbct i ve Detector (ionization

ener gy
Mcrolit Labs, Madison NJ. 15 Al'l conpounds di spl ayed NMR iﬁsctra

LRVS and ei tﬁlemnﬁraabgnadt reagerity sid salvents were usekivethout Sirthen purifica
structures.
acetic acid

tert-butoxycghiepp¥l 60A F-254 350 @m plates Visualization of plate® ¥as %‘ffe@ieﬁ%y one or
VPO

dec

70 eV). Elenmental anal yses are conducted by Robertson

layer chrogﬁﬁgratph?/f(T X eV| at ormed &%ware-coatedgéﬁsggcked

econposi t1on

1, 3- di met hy| n®repbtie- following techniguessa)pyitrayioket ilburainagon, (b) pxposure to lodme
_ N N- di rrethylforrra

DPPA

vapor, r(Tcl,)di(;"nmersioaaI ﬁgﬁ: plgﬁ gbﬁ OR/I" sg}ut%%x of phgép%‘éix%ﬁs {6 'agit

E{ [‘W j':lfget at @thanol folloWe®y heating, (d) i unmersmn of theeph&nﬁi a (c&ﬂ@ﬁﬁ sudfdte solution
err

tri et hyl ani néollowed by lmagpmnd/or (e) i xmmersmn of the p@t@m Q;} %@p@)@q@@h selptionef g

MeOH

di et hyl et he Et[er

%—W}Wﬁgl@ﬁ%ﬁ@nﬂlowed by heating. Column chromatography (flash

m

na skhigmed
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1/ Ubj / 4) o] chmmatogrmiy) weispetformed using 230-40( efesh BM Scizhbe® silitgdli ng r ange
30-60 C) t et rahydr of ur an TFA
trifluoroacetic aC| d Tf trifl uoronet hanesul f onyl
5

Al .

1

20

25

30

5 nstAhes I@&;ﬁ g@_&%&ﬁ@%& €]8 eﬁgﬁngﬁgh laofhoil&slfxbsw ask1ARS bb#espparatus

opyrro nes
or a Mettler FP66 automated melting point apparatus and are uncorrected. Fourier

transform infrared sprectra were obtained using a Mattson 4020 Galaxy Series
spectrophotometer. Proton (‘H) nuclear magnetic resonance (NMR) spectra were
measured with a General Electric GN-Omega 300 (300 MHz) spectrometer with either
Me,Si (d 0.00) or residual protonated solvent (CHCI, 6 7.26; MeOH 3 3.30; DMSO 8
2.49) as standard. Carbon (*C) NMR spectra were measured with a General Electric
GN-Omega 300 (75 MHz) spectrometer with solvent (CDCl, 6 77.0; MeOD-d,; &
49.0; DMSO-dg 8 39.5) as standard. Low resolution mass spectra (MS) and high
resolution mass spectra (HRMS) were either obtained as electron impact (EI) mass
spectra or as fast atom bombardment (FAB) mass spectra. Electron impact mass
spectra (EI-MS) were obtained with a Hewlett Packard 5989A mass spectrometer
equipped ‘with a Vacumetrics Desorption Chemical Ionization Probe for sample
introduction. The ion source was maintained at 250 °C. Electron impact ionization
was performed with electron energy of 70 eV and a trap current of 300 pA. Liquid-
cesium secondary ion mass spectra (FAB-MS), an updated version of fast atom
bombardment were obtained using a Kratos Concept 1-H spectrometer. Chemical
ionization mass spectra (CI-MS) were obtained using a Hewlett Packard MS-Engine
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4-tert-Butyl-1-(2,5-dioxo-I|-pyrrolidinyl)-2-nitrobenzene: To a sol ution of
10 4-tert-butyl-2-nitroaniline (1.04 g, 5.35 mml) in xylene (25 nL) was
added succinic anhydride (0.0535 g, 5.35 mml) and triethyl am ne

(0.75 niL, 5. £5980#0| with Theshane or ammonia amtheineagent gamElx183 e ta2.9416™ tertr). ux

TP e 24 e L hetPa GAESSTRAERS imuieR LD LY B

sol ution (50 ws) rarriped dtdih -89 i’ ] Cses fhd/heldnat (190arfipy uatildald tasdsUsoded -
NaCl 15 solution (50 nL), dried (MgSO err]), and_ concentrat ed under
reduced pressample dipappeared (~lelmime Spestrwerd scannas from30n300 amp

60% E /4
(3070 o oy SADCHPEE | eklrbordy Wass specqaliPLE B MRS AR rﬁaif‘%é“gfs% |
(s, Sillzl)b 2. 94{@”196-1{3&31’4"')1100 H!?LC %’tlu{pjmd 1With & Ghatémady (psmp,Ha RridBle8. 19
gfnt ert-Butyl -vzavekenslfml%%% a&r#? aplumnqm afinnigan L$9 iQn $53p Mmass Spestrometes ¢ -

Bl Oh (25 VP eiroley JoBuivl | R e Eaas (ol Mof0C, BRI o

pl aced under \anb[:bnot} time according to the number of ions m the source. Gas chromatoggaphy
Vev; XYYl w4J

i eP L/ 826089“ selective mass speefia(i-MI)verg obtaingd wih lexlett Packard a89Q ascn
protocol and desmatbkRpRq Gﬁpéﬂ With an HP-1 MBE§I sxﬁcdﬂe‘ifoldm@tm B 'cBatid; 28 .

The reaction mxture was filtered through a” pad Celite[err] and
the residue wax hAstrodiand 2 kewhet Packajd Sﬂmmlmefll’ttteqtm(QOMOn energy

trated d t d I
o So 1. BBAUGRLGBa sl B e st
(DVMBO-d[err]) 8 1.23 (s, 9H), 262276(m 5.10 (br s, 2H),

6.52-6,56 (m 1H), 6.67-6.70 (m General Met hod for the
Synt hesi® of Altqomnpunds @isplayiedx |spaetz, LRMS and either elemental analysis or

HRMS consistant with assigned structures.

List of Abbreviations and Acronyms:

AcOH acetic acid
20 anh anhydrous
BOC tert-butoxycarbonyl
conc concentrated
dec decomposition
DMPU . 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
25 DMF N, N-dimethylformamide
DMSO dimethylsulfoxide
DPPA ' diphenylphosphoryl azide
EtOAc ethyl acetate
EtOH ethanol (100%)
30 Et,0 diethyl ether
EtN triethylamine
m-CPBA 3-chloroperoxybenzoic acid
MeOH methanol
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1.4-tert-Butyl-1-(3-tetrahydrofuranyl oxy)-2-nitrobenzene: To a sol ution of
4- 10 tert-butyl-2-nitrophenol (1.05 g, 5.4 mmol) in anh THF (25 nl) was

??ld;e)ﬂeﬁ;/I phoé’ﬁﬁl Hédz(ix%/ge;,ragygroftg ““S‘rﬁ%df g%ﬂ%@% §?hyl

azodi car boxylgqe (0.93 nl, 5.9 mMirihyk @ﬁﬁﬁe m xt ure was allowed to

stir at roomtenp. for 4 h. The resultlng m xture was diluted with Et[err]O
(50 mMOFAnd washed with a Edlugrescetit adid err] C1 sol ution (50 nL) and a
saturated Na 15 - solution (50 err]), and concentrated

under reduce fpressure The Hﬁresf'gém&%&%&iﬂfl ed by flash

cromat ogg aphy (30% Et OAC/ 70% hexane) to yield the desired ether as a
yellow solid (1.3 q, t}‘err H-NI\/R(CHCI[ )Jerr] 1.30 (s, 9H), 2.18-
2.24 (m 2H), A-3 91 qnml r§yuﬂleslsefs(lhfﬂ Agilnes (. J=8.8 Hz, 1H),
Z 652 (dd. AL ‘]S)?ntﬁesxéoigz %lo}wyngmﬁﬂlyfaﬂlhﬂksz 6 Hz, 1H). St ep-[ err]

api | i ne: To a solution of 4-tert-
Enzene (1.17 g, 4.4 mol) in EtOAc

2.5-tert-ButyI 2-(3- tetrahydrofuranyl 0X
butyl -1-(3-tetrahydrof uranyl oxy)-2-nitrob

(25 m.) was added 10% Pd/ C (0.1). resulting slurry was placed
under a H err] at nosphere using 3 | es of an evacuat e- quench
protocol and was allowed to stir 5 ung Rob2 atnosphere for 8 h. The
reaction mxture was filtered through a pad of Celite and washed with
CHCl[err]. The conbined filtrate was QWpat ed under reduced
pressure to yield of the desired aniline a yellow solid (0.89 g, 86%:
np 79- 82[err]C "HNWR (CHCI[err]) [err] 1.30 (s, 9H), 2.16-2.20 (m

;%,::?) 3. 1(7)8 ( br 4-t|grt|- %@r} ﬁ é& Sz dl?XéLﬁ J@%ﬁﬁgﬁg&t‘o@enzﬂé ’1% a(.5 ?olgtxc?nz of' m

Trifluoggmet hﬁ?@&bhﬁy@ﬁ%ﬁﬁﬂiﬂhﬂ&@ 04 £r5.35 mmol) in xylene (25 mL) was added succinic
anhydride (0.0535 g, 5.35 mmol) and triethylamine (0.75 mL, 5.35 mmol). The
reaction mixture was heated at the reflux temp. for 24 h, cooled to room temp. and
diluted with Et,0 (25 mL). The resulting mixture was sequentially washed with a
10% HCI solution (50 mL), a saturated NH,Cl solution (50 mL) and a saturated NaCl

15 solution (50 mL), dried (MgSO,), and concentrated under reduced pressure. The
residue was purified by flash cromatography (60% EtOAc/40% hexane) to yield the
succinimide as a yellow solid (1.2 g, 86%): mp 135-138 °C; '"H NMR (CHCL,) 5 1.38
(s, 9H), 2.94-2.96 (m, 4H), 7.29-7.31 (m, 1H), 7.74-7.78 (m, 1H), 8.18-8.19 (m, 1H).

NH,
~r°

20 Step 2. 5-tert-Butyl-2-(2,5-dioxo-1-pyrrolidinyl)aniline: To a solution of 4-tert-
butyl-1-(2,5-dioxo-1-pyrrolidinyl)-2-nitrobenzene (1.1 g, 4.2 mmol) in EtOAc (25
mL) was added a 10% Pd/C (0.1 g). The resulting slurry was placed under a H,

21



Step 1. 2-Metrhexy282¢fl uorosul fonyl)acetanilide: Acetic anhydredeu$sd,286s1ni,
9.6 nmol ) was added to a solution of 4-nethoxynetanilyl fluoride
(1.0 g, 4.8 mol) in pyridine (15 nmL). After being stirred at room

tenp. for 4 h, the reactiqQn njxture was 15 ncent r at ed under reduced
pressure. Thé‘@%%qi‘f’fei g gs‘?y& %%ﬂ%&ﬁ?‘\%ﬁf‘q ; and was alloyeed fp)stir

washed wi th g mta@ﬂomﬁ%&%mm@%é&én%%c%rgn%fi%&% tnBgh a pad of

concentrat ed under feduced pressure to give a
with a Celit¢"c and ahhesesidue swasutwashed wvity €HQL. t et cetbined nfiltated wag. 85

(3285 1o, Eopgprateagisappeafiddprsssuee 1o it tye fesizepitdis s et splidy,

1H), 9.62 (brogs g 198%): Yy 208-211 °C; 'H-NMR! @MSO-d,) & 1.23 (s, 9H),.2.62-2.76 (m,

2. 2- Met hoxy-5- (trifluororet hanesul fonyl’) acétani | I de: ice-co
suspensi on of4H) 54 0dbms2H)) @52-685m, 1 Hi),j 6.167-6i 70| (g 2ED) 1 | rret hyI siliconate
(0.094 g, 0.34 nmml) in THF (4 nL) was added a sol ution of

(trifluoromnet I)t met ilane {1.0 25, 6,88 Mo JHE (3. )
fol | owed by (?%xgaa@%eﬁchﬁ&r ﬁfgg&y%&xesxs °ng1i'hl‘¥‘i"(?§}'5%q.YH’8'ﬁ§‘Plﬁn£Eet ani | i de
(0.85 g, 3.44 mml) in THF (3 nmL). The reaction m xture was stirred
for 2 h on an ice bath, then was allowed g warmto roomtenp. and was

23

PCT/ US98/ 26081 t hen concentrat ed 4pnder reduced. pressure. The
resulting residue was di ssolved in m rl] (25 nm.), washed with water
(25 nmL), dried [err] and concentrated umndegs reduced pressure. The _
resulting material was purified by flash hromitography (3% MeOH 97%
[err] to provide the title conpound White solid (0.62 g): [err]H-NVMR 5
(CDCl[err]) [err] 2.13 (s, 3H 4.00 3H), 7.42 (d, J=8.8 Hz, 1H), 7.81
(dd, J=2.6, 8.8 Hz, 1H), 8.80 (d, J=2.2 Hz, 1H), 9.64 (br s, 1H);
FAB-MS mz 298 ((M+l)[err]). [err] Step

3. 2- Met hoxy- 55t¢p 11i4‘-temaButnﬂ{lh@mmahydrqmym}ilﬁyr)é-nmmhleﬂeoﬂ‘om‘ sobutforit dfaley -
5- tr'f ororret | £ on nI 4 nEt 5 nmL
an((:I aI 1 i’sisgglltrﬁi’?{%g??(@ I 5& i?é%{f ag‘g’ 'h:é Kgm I SH‘3)(3‘4 h)
and the reSU'HYdP&cyEEtiﬁhydx%ﬁ;ran (o4wa§ sanﬁﬁmy aﬁ&d tﬂﬂ% 1;%‘5&5}’&5@ (P55Sgus §-

The resi due was di ssolved in e&rr] (30 ed wth water (30

nm), dried (Namsbpllowediby digthyh azedicagbaxylase (- %mi,e‘d9 mmol) and the mixture was
allowed to stir at room temp. for 4 h. The resulting mixture was diluted with Et,0 (50

mlL) and washed with a saturated NH,Cl solution (50 mL) and a saturated NaCl

15 solution (50 mL), dried (MgSO,), and concentrated under reduced pressure. The
residue was purified by flash cromatography (30% EtOAc/70% hexane) to yield the
desired ether as a yellow solid (1.3 g, 91%): 'H-NMR (CHCL,) & 1.30 (s, 9I-f), 2.18-
2.24 (m, 2H), 3.91-4.09 (m, 4H), 5.00-5.02 (m, 1H), 6.93 (d, /<8.8 Hz, lH), 7.52 (dd,
J=2.6, 8.8 Hz, 1H), 7.81 (d, /=2.6 Hz, 1H).

NH,

go

20
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pressure to afford~the title conpound as a gum (0.33 g): [err] H' NVR"™"**
(CDCl[err]) [err] 3.90 (s, 3H) 5.57 (br s, 2H), 7.11-7.27 (m 3H);
FAB-MS mz 256 ((M+l)[err]). This material 15 was used in urea formation
wi thout furt$rp zoﬂ%ﬁimayl-m&tewdhydmngloxy}ammb f do Ar golutien nef Reerrat i on

Cerr] o buy bl @ teratyiSomy oy umigetments (AT d0 00D FLUORS 83 11 o

acid (3.24 gpy; [ | acpal restaiifg (51 &a@idgﬁe,dta se
to a solution éfw;s %Qded lomd),cb@tgl pﬁfe}%oll. (11 58 ¢ 77.%? T in glli\émm al

HOAC (15 ni) atatosphdre rus}x@ 3 Tyelesiof tanr evaguate-quench pratchhé@rl N@sgllioweétto Gtir

err]C for 15 he med. t o}

\[/vas ]pouﬁed |H’P‘g" Ti% \Rygf“éﬁpi‘f‘fo@ M‘ gﬁn%l nﬁ?’éﬁ%@; aEfL fﬁ% ;ga%&fm_)_
The or gani ¢ Celite® and®WRAhePH/itho BRI, Wi THe Boribinsd dildteNaah coatetiated dridep
m.), dried (Ngsq err]) and 25 concentrated in vacuo. The residue was

purified by fedused presenratoyickdnf thedesired anilineps@ayslioyosolid €h8Y gt 86%):vBp t he

20 o0 PIT b Q@%@ﬁi et 35030 iy 216240 Ghed gy o 2y 285,

J=1.84 Hz, 1llho (fh, 3H -811936.65-6.82 18, 3 10.74 (s, 1H). [err]
Step 2. 2- N|tro( ’t bu y|;§9|350 | e: At%’[ulyr_?/ of 2- n|tro 5-tert-butyl phenol

(3.68 g, 5 18.9 mmo err 3.26 g, 23,6 mmo in anh DVE (100 nl)
was stilOred 3. Genﬁb@hﬁ*t@?{){%dihgﬂmm ﬁéTﬂﬂ“% nesfonylanilings i t h

| odonet hane (2.80 g, 19.8 mmol) vgg Bsyringe. The reaction was allowed
to stir at roomtenp for 18 h., then wa freat ed wth water (100 nm)
and extracted with EtOAc (2 x 100 ni). cOmbi ned organic | ayers
were washed with a saturated NaCd sol m), dried (MgJS™) and 10
concentrated in vacuo to give the desir¢d her (3.95 g, 100%: [err] H NWR
(DIVISOd6) [err] 1.29 (s, 9H), 3MeQ (s, 7.10 (dd, J=1.84, 8.46

o 1 by ol i, bttt o
mmol) was added to a solution of 4-methoxymetanilyl fluoride (1.0 g, 4.8 mmol) in
pyridine (15 mL). After being stirred at room temp. for 4 b, the reaction mixture was

15 concentrated under reduced pressure. The resulting residue was dissolved in CH,Cl,
(25 mL), washed with a saturated NaHCO, solution (25 mL), dried (Na,SO,), and
concentrated under reduced pressure to give a foam which was triturated with a
Ft,O/hexane solution to provide the title compound (0.85 g): "H-NMR (CDCl,) &
2.13 (s, 3H), 3.98 (s, 3H), 7.36 (d, /=8.5 Hz, 1H), 7.82 (dd, J=2.6, 8.8 Hz, 1H), 8.79

20 (d, }=2.2 Hz, 1H), 9.62 (br s, 1H).

SO,CF,
O

X

N
MeO
Step 2.2-Methoxy-5-(trifiluoromethanesulfonylacetanilide: To an ice-cooled
suspension of tris(dimethylamino)sulfonium difluorotrimethylsiliconate (0.094 g, 0.34
mmol) in THF (4 mL) was added a solution of (triflucromethyl)trimethylsilane (1.0
25 mL, 6.88 mmol) in THF (3 mL) followed by a solution of 2-methoxy-5-
(fluorosulfonyl)acetanilide (0.85 g, 3.44 mmol) in THF (3 mL). The reaction mixture

was stirred for 2 h on an ice bath, then was allowed to warm to room temp. and was
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[err] 15 Step 3-~4-tert-Butyl -2-nethoxyaniline: A solution #ft1/US98/26081
2-nitro-5-tert-butyl ani sol e (3.95 g, 18.9 mmol) in MeOH (65 L) and
added to a flask containing 10% Pd/ C in MeOH (0.400 g), then placed

For 1g h ot PhBrHoRBrrate e B prfsiaed, oAk RNER residns nfly fSfugn®" '
concent r at ed d}gggg/ggmﬁpw@g}{dﬂrﬁm hated €35 nfd), ieiiQd4,S8y5), andlarcefitrite ¥nd&! i d

-(3.40 g, 20 : [err]H-NVR (DMSO-d[err]) [err] 1.20 (s, 9H), 3.72 (s,
3H), 4.43 (bredycedpiessuge.s The gesulting matrsg] was purifiedipy ffashsbroraatogeaphy (3%8. 09

Hz, 1H), 6.7 = . : I frar Y\, AR
Formati on vi gd @?Bé?ﬁ?ﬁ %:C %tlncf][ Eus’{d %F‘%ﬁ%%?%ﬁas%ﬁd%%@ O@? éémn
25 S (CDU) 89.B2(38H) 4.00 (s, 3H), 7.42 (d, /=8.8 Hz, 1H), 7.81 (dd, J=2.6, 8.8 Hz,
PCT/ US906081 ié)era;e Step 1. I\/Et&gl .

2-Ni t r 04- (t r TH) o8Otk vigL2)ie 11a3-64 (i, AHIFABIMA nk 298 {M+B Y-
(trifluoronethyl)benzoic acid (4.0 g, 1736)cméml) in MeCH (150 nlL) at room
tenp was added conc [err] (2.5 nl)} “Thd m xture was heated at the
reflux tenp for 24 h., 5 cooled to om tenp and concentrated in vacuo.
The residue was diluted with water 00 nL) and extracted with Et OAc
(2 x 100 nL). The conbined organic | ayerg wiHe washed with a
saturated NaC solution, dried (MyS éMeQ), concentrated in vacuo. The
residue was purified by flash chromatography (14% Et QAc/ 86% hexane) to give

(DVO df er 1] P iy A7 g Bl felfficRo B ARty fimiiind: 4 Befion B 2ol
J=1.11, 8. 09 SHriflddhmethadésulfdnylydcetahilide, (05HY g, 1.7danmpl) in EtOH (5 mL) and a 1
10 N HCl solution (5 mL) was heated at the reflux temp. for 4 h and the resulting mixture
was concentrated under reduced pressure. The residue was dissolved in CH,Cl, (30
mL), washed with water (30 mL), dried (Na,SO,), and concentrated under reduced
pressure to afford the title compound as a gum (0.33 g): 'H-NMR (CDCl,). 8 3.90 (s,
3H) 5;57 (br s, 2H), 7.11-7.27 (m, 3H); FAB-MS m/z 256 (M+1)"). This material
15 was used in urea formation without further purification.

Ad. General Method for Aryl Amine Formation via Phenol Nitration Followed by
Ether Formation and Reduction

NO,
OH

Step 1.2-Nitro-5-tert-butylphenol : A mixture of fuming nitric acid (3.24 g, 77.1
20 mmol) in glacial HOAc (10 mL) was added dropwise to a solution of m-tert-
butylphenol (11.58 g, 77.1 mmol) in glacial HOAc (15 mL) at 0 °C. The mixture was
allowed to stir at 0 °C for 15 min then warmed to room temp. After 1 h the mixture
was poured into ice water (100 mL) and extracted with Et,0 (2 x 50 mL). The organic
layer was washed with a saturated NaCl solution (100 mL), dried (MgSO,) and
25 concentrated in vacuo. The residue was purified by flash chromatography (30%
EtOAc/70% hexane) to give the desired phenol (4.60 g, 31%): '"H-NMR (DMSO-d,) &
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Step 2. Met hyl 2- Amino-4-(trifluoronethyl)benzoate: A solution of "nethyt~-
2-nitro- 4-(trifluoronethyl)benzoate (3.90 g, 15.7 mol) in Et QAc
(100 nL) and added to a flask containing 10% Pd/ C (0.400 ng) in EtQAc
(10 m), the arklEr bl b het h e
reaction wasf]% :(%\%e?g’ ?"ggg{i?’rﬂbsg’ ?gsﬁtlg%lo'm t@?r"g-L 13't8 %2% ’ ﬁ?,“?.s\zﬂgé;, Jﬂslsg' ered -
t hrough Cel i He] By, 1084ds,cldicentrated in vacuo to afford the desired product

as a white crystalline solid (3.20 g, 93%: [err]H NVR (DVBO-d[err])
[err] 3.79 (s, 3H), 6.75 (dd, 1.84, 8.46 Hz, 1H), 6.96 (br s, 2H),
7.11 (d, J=0.73 Hz, 1H), 7.83 (d, J=8 0§ FZ _ 1H). 20 A6. GCeneral

Met hod for Aryl Am ne Formation via Ethe
Saponi fication, Curtius Rearrangenent, an§ rrat e Deprotection
[ er r] OMe St ep 1.

Met hyl 3- Met 5 2 ; R I

nap h%/hoat e ( %ﬂz g 29@8?&'%9}%&?1} ‘Q’ﬁZ‘k#’é ]"k {1‘#}2%?& m%‘?'}ygm{y@ﬁnw ?82%0
) 5 wass.9trhinobdardl K,O00M(3.261%, f23.6 Homél) in dnheDMF ¢R0EEhD)i Wik stirred at

i odonet hane (3.43 ni, 55.1 d% The m xture was allowed to stir at
room tenp ovEIom BmP Withstimingsfor 1§ i dhen treateq wmm@etpmzmg, 1$¢Rzmmol)

resulting m aVhfi (il ] i ned
organic | ayeﬁg%n%@ ﬁié%%i\érfﬂ’ a Sé}g[vgcir ated %lé@rag%ﬁglf%rolns 1(118-5 n&% &&m
dried (MySO edth|waterc100enky addektractedawith Bt@AR(@x he0 aily. 'Dhéc@mbmed‘aeganicg ht)
to give the desired ether as an e, oil (1
(DIVISO de) [ elavprsowers ?Vésehwtﬁza gaurated rﬁ)ﬂ(@ S°§11F}°n 25‘553'2}&&5[ %05R and,
719 (s é i Qdirkl ethbi)3.95 - ;A .

1 7_1@3 (Sf:or?lc%m,ratélgrg %@J%ptf #yéﬁﬁ[&eﬁ%ﬁﬂe&ﬁkw g?ggg%)z;l NM{D&A@@&;}Z
3- Met hoxy- 2- 8428 (3pPH),8:92i (s, A T.10i(dd) .bfl 8 BMa HB 16, [7RQy/(d2~1.84 Hz, 1H),
napht hoate (6..28 g, ) .and water (10 ).in IVEO—| 100 room
tenp eld @Jﬁgééll%zsm e eatsmal bk @3@1641%8693 l?gi%h‘FDf?l}'ﬂ"erl'he
m xt ure vvasg ﬁS at the reflux tenp for 3 h, cooling to roomtenp,
and made acitic Wwth a 10%citric acid solution. The resulti ng
solution was extracted with Et QAc (2 100 m.). The conbi ned organic
| ayers were washed with a saturated ution, dried (MgSOerr])
and concentrated in vacuo. The residue riturated with hexanes and
washed several tinmes wth hexanes NMg t he desired carboxylic

acid as a white crystalline 20 solid (oM g, 92%: [err] H NWR

(Dl\/BOd[err] 8 3.88 (s, 7.34-7.41 (m 2H), 7.49-7.54
Step 3. 4-tert-Bu i-2-methoxyaniline: A solution of 2-nitro-5-terz-butylanisole

(3.95 g, 18.9 mmol) in MeOH (65 mL) and added to a flask containing 10% Pd/C in
MeOH (0.400 g), then placed under a H, atmosphere (balloon). The reaction was
allowed to stir for 18 h at room temp, then filtered through a pad of Celite® and
concentrated in vacuo to afford the desired product as a dark sitcky solid (3.40 g,

20 99%): 'H-NMR (DMSO-d,) 8 1.20 (s, 9H), 3.72 (s, 3H), 4.43 (br s, 2H), 6.51 (4,
J=8.09 Hz, 1H), 6.64 (dd, /=2.21, 8.09 Hz, 1H), 6.76 (d, /=2.21 Hz, 1H).

AS.  General Method for Aryl Amine Formation via Carboxylic Acid Esterification
Followed by Reduction

25



(m 1H), 7.83 (d, J=8.09 Hz, 1H), 7.91 (d, J=8.09 Hz, 1H), 8.19 (s, 1H),

12.83 (br s, wo 9932436 H) . [err] Step 3. PCT/US98/26081
2- (N- (Car bobenzyl oxy) am no- 3- net hoxynapht hal ene: A sol ution of 3-

met hoxy- 2-napht hoic acid (3.36 g, 16.6 nmmol) and Et[err]N (2.59 nL, 18.6

mmol) in anh toluene (70 n) wasttlrred at roomtenp. for 15 mn.,
then treated with a solution of FLF

27 WD 99/ 32436

PCT/ U998/ 26081 di phenyl phosph azide (5.12 g, 18.6 mmol) in

toluene (10 nL) via pipette. The sulting m xture was heated at 80
[err]C for 2 h. After cooling the m xtOfe N®,r oomtenp. benzyl
al cohol (2.06 n, 20 nmol) was added vieogyringe. The m xture was then

warnmed to 80 [err]C overnllg The resulting m.xture was cooled to room
tenp., 5 Staprichweﬂwt itrood(teifiuaromeshiyd) henronten o arsdlution od-nitrovd-t h

Et OAc (2 Th hed with
O (2 nbeypberdi 458 I 2 VRSEIGS i IO A0 RrdoR o et
The resi due wasadded icbh€H,$0, (2.56lL). The miieoraRatedRPihe(réflie éh@%&@%

hexane) to gi ve the benzyl Carbamate as a pal e yel | ow oi |l

1
1009 : § er r ]0aokadRo(TORBOSEReAnd) 9°nFéﬂﬁrqte®rBw9 Thygresidge ws(ds,lutezlﬁyéﬂu Water. 7. 44
10 8
Step 4( r2n A "Pr%o(_) @&%Péoegﬁﬁétg% tvghtg;'d])Eetﬁ)g‘CZ@ x( ur 2 O’Fﬁe Ztgnlglﬁed &ll_g%mc léﬁg 'Jvere

2- <(1| er(() Oc/aL 3??‘8%1% andih armétmted NaCl solition; driedy@MgB 0O ,ato&mmtfdged)zrgvadlﬁ a‘hmml )
Z'? m)fsplhoer i chG(E‘QPF ug &SA rﬂagéﬁg}g%%teﬁﬁpﬁhzﬁ%' ﬁbﬁﬁlﬁ‘;}’eb@é& t;’ré"‘hi?t ure
dosi red an rioied gggra% 8 BhELREY, AT LPEAN ?&m”@ﬁ?ﬁ’%%ﬁ?ﬁ?)

[err] 3086 (809 (d, /~7.723H, 1H), aasmd J%Ii-l)ll 8’094=Iz7lH§ 8(48 (d2JAH1.1VHE31H)Y,

Hz, 1H), 7.56 (d, J=8.0 Hz, 1H); El-M5 mz 173 (Merr]). 27.
General Method for the Synthesis of A r#\m nes via Metal - Medi ated Cross
Coupl i ng Fol | owed by Reducti on :

NH,
COzMe

Step 2. Methyl 2-Amino-4-(trifluoromethyl)benzoate: A solution of methyl 2-nitro-
4-(trifluoromethyl)benzoate (3.90 g, 15.7 mmol) in EtOAc (100 mL) and added to a
flask containing 10% Pd/C (0.400 mg) in EtOAc (10 mL), then placed under a H,
15 atmosphere (balloon). The reaction was allowed to stir for 18 h at room temp, then
was filtered through Celite® and concentrated in vacuo to afford the desired product as
a white crystalline solid (3.20 g, 93%): 'H-NMR (DMSO-d,) & 3.79 (s, 3H), 6.75 (dd,
J=1.84, 8.46 Hz, 1H), 6.96 (br s, 2H), 7.11 (d, J/<0.73 Hz, 1H), 7.83 (d, /~8.09 Hz,
iH).
20 _
A6. General Method for Aryl Amine Formation via Ether Formation Followed Ester

Saponification, Curtius Rearrangement, and Carbamate Deprotection

e

OMe

COMe

26



[err] Step - T T
1.5-tert-Butyl-2-(trifluoronethanesul fonyl)oxy-1-nitrobenzene: To an ice
cold solution of 4-tert-butyl-2-nitrophenol (6.14 g, 31.5 nmol) and

e e e T

The react i onngphthoate (Mé &150c ¥ sunglp and K, (7196@ 57 6 mmol) in DMF (200 mL)
28

BeT! Usosazeodies stited 4t Tom domn or, 1 §,2piy theny trearesl with dadomethang, (343 sbadsh

[err] (100 mgmoljNEhé asiktviré Réhs auowedrfbwrae Y6 tEMPUVEMIEHtY teASWes trdhtbd 2
1M NaCH solution (3 x 100 rrL)m‘ and a 1 HC solutlonéSX 100 m.)
¢

dried (MySQ avith waten(@00mhde msaumgmnupmcr@sagpéé\gﬂwﬁt Ac (2 xtzﬂoaﬂbbr d

gEi)e t '7t '38 Cg'ﬁ%‘é@ﬂ?@efgrggﬁfq%s \Jefcr %eyl\@&( %%fte{i ]P}adlesroﬂtxo% 680 (n?L)

2. 5-tert-But \iried ((\/EgS‘(b,,y,OcEd?ﬂ&Wéd zrﬂvdhubr(abpmiﬁﬂatel (Ag mmHg uv P&)t

fl uor obenzeneboronic acid (3.80

[err] (6.1 the desgredpglesaﬁnnla)nbeand (tQL@@FgDB S©d9, ﬁﬁoﬂ) (SAéH)aZiaéd
toasolutiogﬁi K&%@ i_s ) (app t 0 1 4. -
butyl-2-(tri f &'po n¥EREB U{fo%p)zbg}’ ﬁﬁ’c}@hZéRea?% O‘ng %é-lz4 m’tﬂf I n
di oxanejg ({309, 1}Ij1¢goe(a,cmpazp(§tm)e was heated at 80 C for 24 h,

at which time TLC i ndi cat ed corrp ete reaction. The reaction m xture
was treated with a saturated NH err] Q@ solution (50 nL) and extracted
Et CAc (3 x 100 nL). The conbi ned orga ayers were dried .
(MgSO err]) and concentrated under red pressure. The residue was 15
purified by flash chromat ography (3% Et\S8e™g okt exane) to give the title
conpound (4.07 g, 81%: 'H NWR (CRCI[€rT]) [err] 1.40 (s, 9H),
6.90-7.90 (m 7H). - [err]

Step 2. 3-Methoxy-2-naphthoic Acid: A solution of methyl 3-methoxy-2-
naphthoate (6.28 g, 29.10 mmol) and water (10 mL) in MeOH (100 mL) at room temp
was treated with a 1 N NaOH solution (33.4 mL, 33.4 mmol). The mixture was heated

15 at the reflux temp for 3 h, cooling to room temp, and made acidic with a 10% citric
acid solution. The resulting solution was extracted with EtOAc (2 x 100 mL). The
combined organic layers were washed with a saturated NaCl solution, dried (MgSO,)
and concentrated in vacuo. The residue was triturated with hexanes and washed
several times with hexanes to give the desired carboxylic acid as a white crystalline

20 solid (5.40 g, 92%): 'H-NMR (DMSO-d,) & 3.88 (s, 3H), 7.34-7.41 (m, 2H), 7.49-7.54
(m, 1H), 7.83 (d, /=8.09 Hz, 1H), 7.91 (d, /=8.09 Hz, 1H), 8.19 (s, 1H), 12.83 (brs,

1H).
ey
()Mep'l O/\©

Step 3. 2-(N-(Carbobenzyloxy)amino-3-methoxynaphthalene: A solution of 3-
25 methoxy-2-naphthoic acid (3.36 g, 16.6 mmol) and Et;N (2.59 mL, 18.6 mmol) in anh
toluene (70 mL) was stirred at room temp. for 15 min., then treated with a solution of
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Step 3.5-tert-Butyl-2-(3-fluorophenyl)aniline: To a solution of

5-tert-butyl fl uorophenyl)-1I-nitrobenzene (3.5 g,

and Et OH (24"%?&’9’%43% OAc (96 20 n) was added 5% Pd/ C (O.SEé%ggg%gthe
resulting slurry was stirred under a H2 at nosphere for 24 h, at
which time TLC indicated conplete consunption of starting naterlal
The reacti ondijslmﬁylpleosphsryt iakide r(842t gyr 186 mmol du tofuem1Q mlt)owglwmtneha‘he

29 WJ 99/ 324

SCT/ Usos) 260esulting mixturgas heated at 802G for2 by After-copling the pixiurg o xqomempy - 1 1
8 1.35 (s, 9 i tﬁ&pgy ﬁgis*l)zo ﬁm%?l was added va® siriige! Phe mixture wasA&

CGeneral Metho s of Ntroanlllnes [err] Ste
1.4-(4-(2-Pr mmy@aobmmwmjgmeﬂyb)mnygammmunewasxcgeledtt%rpqm tampt,ert-

ol ) 1 ancnshed wihof o it Rt g fnd SFhARENAE BOAS P oy, 2

cooled to roqpet@mbined organidisyers Wetd wadied Withua %dtm‘atédh N CDAsoltR0 dided
sequentially washed with a saturated 10 N,F{'grr] a (200 mb)

saturated NaQMgS@,t iadd casenmated éncvagueed Thg S P?])Nasm'éﬂﬁJ qby rashdue

was purified flash chr ( gﬁ@ [

desired car bz&gﬁ’rﬂ &PWWA%W/F]%?ﬁ‘;%%P@ E%IP%&%QS%% EQQQH)
3.82 (s, 2H) ’yeﬁo@Qﬁl (51 100929 'HRMRHDMSO0-dg) 8 3.89 (s, 3H), 5.17 (s, 2H), 7.27-74ér r |
15 Step 2.74-(4-(2- Pro oxycar bongl am nogghen\{ﬂ))mat hyl -1 -ni trobenzene: To
an ice 10 (m;BHbl, 7562-Gt75c(m,(3ﬂ),82 (s, 1H), 8.76 (s,

4- (4-(2-propoxycar bonyl am no) phenyl ) mepkg
in [err] (15 nL) was added m CPBA (1.
m xture was slowy allowed to warmto
mn, at which time TLC indicated
The resulting m xture 20 was diluted WthNByOAc (50 nL), sequentially
washed with a 1M NaOH sol ution (50 omMd) and a saturated Nad solution
(50 mL), and dried (MgS err]). The resi due was urified by flash
chr omat ogr aptStep AAEninocY-srthoxynaphihaleneyi Ashurmg oaggNr(ggbobenzyloxy)ammo-

nitrobenzene { O AdoylipnthAGie'B.0"%7 18 38ntP4dd 10% Pa/C (0.5 g) in EtOAc (70mL)

was maintained under a H, atmospheric (balloon) at room temp. overnight. The

laniline (1.05 g, 3.5 nmol )
7.0 mmol ). The reaction

.t enp. and was stirred for 45
fappearance of starting material.

15 resulting mixture was filtered through Celite® and concentrated in vacuo to give the
desired amine as a pale pink powder (2.40 g, 85%): 'H-NMR (DMSO-d,) & 3.86 (s,
3H), 6.86 (s, 2H), 7.04-7.16 (m, 2H), 7.43 (d, /=8.0 Hz, 1H), 7.56 (d, /=8.0 Hz, 1H);
EI-MS m/z 173 (M").

287. General Method for the Synthesis of Aryl Amines via Metal-Mediated Cross
Coupling Followed by Reduction

{ "NO,
oTf _
Step 1.5-tert-Butyl-2-(trifluoromethanesulfonyl)oxy-1-nitrobenzene: To an ice
cold solution of 4-fert-butyl-2-nitrophenol (6.14 g, 31.5 mmol) and pyridine (10 mL,
25 125 mmol) in CH,C), (50 mL) was slowly added triflucromethanesulfonic a.nhyglride

(10 g, 35.5 mmol) via syringe. The reaction mixture was stirred for 15 min, then
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[err] 25 \woehShsd- 4-(4-Nitrophenyl)methylaniline: To a pSRUYshess
of 4-(4-(2- pr opoxycar bonyl am no) phenyl ) net hyl -1 -ni t robenzene
(0.920 g, 2.8 nmol) in dioxane (10 nmL) was added a conc.

solution (4.0 nL) and the resulting m xture wq e t err]C
for 1 h at allosied e N forrapEHeEd- @%éﬁ%ﬁﬁﬁﬁb@%@%l@?ﬁg The fesuan !

m{ﬁ\@l[ J H solution (3 x 100 mL), and
A VA . o U %s@dueﬁmally ""’asthed wxf.h +ﬁdeNragacf°'? gr%OIrln(x%‘ure vva)s agogll% to
roomtenp. THEI selatidd (3g 190xnL), @dried{MgSO,), andi domcentragd wnder @@c@@@rmgm

th hed with a 1M NaCH sol u i 3 x R0, i

(VoS orr]) toatre &he Hie gempouan (B8 En@aa: SO CEBGH) & L3Y 6 iR 730-
CDCI 0 (b 2H), 3.97 (s, 2H), 6.65 (d, J=8.5 Hz,
( [er])aﬁéi‘%gﬂi«z 2H) , 73r2 ?d 50_885(SH2,H)2H), 8.1g(d, j=8.8

FE, GEneraI Met hod for Sy esis of Aryl Anilines via
Alkylatlon of a Nitrophenol Fol | ofed by Reducti on [err] 10 Step
1.4-([err]-Bronpacetyl)norpholine: To a#Adce cold solution of norpholine
(2.17 g, 24.9 mmol) and diisopr ethylamne (3.21 g, 24.9 nmol) in
[err] (70 nmL) was added a sol ut ™A jopronbacetyl brom de (5.05 g,
25 mole) in [err] (8 nL) via syni nge. The resulting solution was

kept at O [err]C for 45 mn, then was (& vved to warmto roomtenp.
The reaction mxture was diluted with & COA¢c (500 L), 15 ‘sequentially
washed with a 1M HO solution (250 nL) and B saturated Nad sol ution

ng’?] M) 12 "Sted2. Sqf»g%gﬁff(ﬂq otng ﬁsﬂ)éi%t_r%&i&% paﬁducgnngtgreg Gof ?2%
AH). 4.11 (sfludidpenzeneborofieracid (3.80 g, 275 sneqd), KBr 3 (343 g 30.4 simol) K PO, (1

of “a-tor i buByPHS oo A RAPTIR e Hiist) i e oy A FBiontbf S Y
in DVF g bu&e,ié -(hfudiemettiahésutn ﬂPoi m&afmzexfep(s a3, lIB.ﬂLtfnﬁﬁal) tmemme
solution of 4- br onoacetyI') phol i ne (4, 1§ :&hZO mol ), i n_D\F

(10 ) was émmemL)TﬁBaerm@mnomxmre was m@e@lat 8%@ ft ¥ atayhich dime dhl
overnight, t h ca\{\ﬁdscompleg t2actioh, N R Pe%et{on ARixtlirk was treated with a saturated NH,Cl

solution (50 mL) and extracted EtOAc (3 x 100 mL). The combined organic layers
were dried (MgSO,) and concentrated under reduced pressure. The residue was

15 purified by flash chromatography (3% EtOAc/97% hexane) to give the title compound
(4.07 g, 81%): '"H-NMR (CDCl,) 5 1.40 (s, 9H), 6.90-7.90 (m, 7H).

®
J

F
Step 3.5-tert-Butyl-2-(3-fluorophenyl)aniline; To a solution of 5-tert-butyl-2-(3-
fluorophenyl)-1-nitrobenzene (3.5 g, 12.8 mmol) and EtOH (24 mL) in EtOAc (96

20 mL) was added 5% Pd/C (0.350 g) and the resulting shury was stirred under a H,
atmosphere for 24 h, at which time TLC indicated complete consumption of starting
material. The reaction mixture was filtered through a pad of Celite® to give the

NH,
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and sequent iwblyysmashed with a saturated NaC solution (4 x 2BOTAS)S/26081 a
1M NaCH 25 solution (400 nL.). The residue was purified by flash

chr omat ogr aphy (75% Et OAc/ 25% hexane) to give the nitrobenzene (2.13
g A PR R RO 0 4. g
(s, 2H) 7. 1250 ¢m, 70§ 8 7.50-7.80 (m 2H). - [err]

Step 3.2-(N l\/brphol i nyl car bonyI ) rret hoxy 5-tert- butylaniline: To a solution
of 2- 5 (N- mor phol i nyl car bonyl ) net hoxy-5-tert-butyl-1-nitrobenzene(2.13

, 6.6 mmol dded 5% Pd/ C
?0 215 g). 2I' reg;ﬁfxf'l'arl]gﬁgﬁ()é%&me)sfn@h&}sqgﬁ‘&regﬁl*})neg\é\?saaH[2rr] at nosphere

for 6 h, at which tinme TLC i ndi ca Yo ™ consunption of starting
material . The reaction m xture wak thr)%ﬁ@ pad of
Celite[err] to give the desiragNproduct % T [err] HNWR -
(DMSO-dPerr]) [err] 1.18 (s, 9H), 10 340 .50 (m 4H), 3.50-3.60 (m
4H), 4.67 (bSt\ﬁyl afdhs(z‘brﬁﬁofﬁarﬂé‘ﬂylaﬁaﬂpﬁemlﬂ Arlildjlme ANddlutiéeofdierers-

y

Met hod for Ar Anmine Fornation via Ni t rophenol I a{ i on. Fol | owed
by Reduct i onbuty! fisartionate (28 g, 9.Zmupol) and 4 4’-methylene aniline (1.8g, 9.2 mmol) in

butyl <o ni tr NGO ) G5 el Ao b it AR 60 % by ol Robied bt el

ﬁ, géZZé g e ghise?ir&t%e][vggl alnélitdm with BtOAe (%J, hg_ggb@e(nhﬁlbf gvashed Ritha samratedvas
separ at¥d beﬂ%&aﬁh %@Q ml) (@4 agafurated W%erﬁ"l‘{t‘?@ d%ﬁ& mﬁ SMMH b ayer
was dried ( Ngifﬁ% &,%Q Bﬁ{ﬁ‘e AEH, &ﬁl&ﬁqt gﬂgﬁg )53?&59%097@,%%&& X %w%oche

resi due was ycol unm rorrato % Et QAc/ 80% h

afford detifed Wﬂiaﬂdglﬂ «gplms%) asimqm)@g)l 8 1.35.(8, ), 3G (s, 719), 6169- NVR
(DVBO-d[err]) [err] , 9H), 3.66-3.69 (m 2H), 4.10-4.14 (t,
J=5.0 Hz, 2H)7.204(mg3H}, J=5.0 Hz, 1H), 7.27 (d, J=8.8 Hz, 1H),

7.60-7.64 (m 1H), 7.75 (d, J:2.6 o
it LI

15 Step 2.4-(4-(2-Propoxycarbonylamino)phenyl)methyl-1-nitrobenzene: To an ice
cold solution of 4-(4-(2-propoxycarbonylamino)phenyl)methylaniline (1.05 g, 3.5
mmol) in CH,Cl, (15 mL) was added m-CPBA (1.2 g, 7.0 mmol). The r_eaction
mixture was slowly allowed to warm to room temp. and was stirred for 45 min, at
which time TLC indicated disappearance of starting material. The resulting mixture

20 was diluted with EtOAc (50 mL), sequentially washed with a 1M NaOH solution (50
mL) and a saturated NaCl solution (50 mL), and dried (MgSO,). The residue was
purified by flash chromatography (20% EtOAc/80% hexane) to give the desired
nitrobenzene (0.920 g): FAB-MS m/z 328 (M").

2NNH2

25 Step 3.4-(4-Nitrophenyl)methylaniline: To a solution of 4-(4-(2-
propoxycarbonylamino)phenyl)methyl-1-nitrobenzene (0.920 g, 2.8 mmol) in dioxane
(10 mL) was added a conc. HCI solution (4.0 mL) and the resulting mixture was
heated at 80 °C for 1 h at which time TLC indicated disappearance of starting
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32 IO OB2436 PGV PEVE LT YPX IV Y
PCT/ US98/ 26081 Step

2.5-tert-Butyl-2-(2-tert-butoxycarbonyl oxy)ethoxy)-I-nitrobenzene: A

sol ution of Rntedal.-Phe Wactor Rl WIS INaE) rodm ek gpbmﬁemﬁmg 1ftikbure wad- 68
mol ), di- tert-butyl di carbonateéo 46 i, nmo)

di net hyl ani ndilyted withEtOA(68 mf.), thepsvashed withw| I)MlNﬁQIéI’SP]u“@!!E@ #30 m&3, and

t d at 30,
consunpt | o SRELPMPEPAS sieapf yired el 0 e ey MR TSR H 70

t 20 nmL d =iRes]
\rlvgs?(rjut(a (brs ZH?Q Sﬂ\?l ed b @%Qnﬁg% gﬁ%g?g% (3%/?62%—})1/ /wferr] to
give thé desHZe%H),Slo(d &%ﬁlbéﬂﬂ% ayellowoil (0.291 g, 51%: 'H NMWR
(DVMSO-d[err]) [err] 1.25 (s, 9H), 1.38 (s, 10 9H), 4.31 (br s, 4H), 7.27

(d, J= 9.2 Hz, 1H) 7.64 (dd, J=2.6, 8.8 Hz, 1H) 7.77 (d, J=2.6 Hz,
1H) . AberrGeneral Method&oeFSynthesm of Aryl Anilines via Alk ?/latxon of a Nitrophenol
3.5-tert-Butyl-2-(2-tert-butoxycarbonyl oxy) et hoxy) aniline: To a m xture of

5-tert - but yl| Follpwed by Redyctioy car bony! oxy) et hoxy) - 1- ni t r obenzene (0. 290 g,
0.86 15 mol ) and 5% Pd/ C (0. 058 g) deEO—l (2 m_) was ammoni um.formate

(0.216 g, 3.42 mmol ), and the |n% m xture was stirred at room
tenp. for 12 h, then was filt re ughapad of Celite[err] with
the aid of EtOH The filtrate was co rat ed under reduced

pressure and the residue was purified by col um chr omat ogr aphy (2%
MeOH 98% [ er S}ep: h4§(uvBramm0§ed)metpmmdu do msica cphl solyeon ofimmirphdlihe324 79,

ST, e AR LR Y g EALE, S0

4.54 (br s, %hﬂed @sé‘lﬁtx&ﬁjgf b?orﬁoa%etg@ bilodﬁ%le (s. 05 2511*115&01@ gich é%gé'ﬁxL Wa

All. General Met hod for Substitut Ani |'i ne” Fornation enat1 on of
25 a Nt r springee The resulting solution was kept at 0 °C for 45 min, then was allowed to

warm to room temp. The reaction mixture was diluted with EtOAc (500 mL),

15 sequentially washed with a 1M HCI solution (250 mL) and a saturated NaCl solution
(250 mL), and dried (MgSO,) to give the desired product (3.2 g, 62%): 'H-NMR
(DMSO-d;) & 3.40-3.50 (m, 4H), 3.50-3.60 (m, 4H), 4.11 (s, 2H).

0 NO,
SR
SN

Step 2.2-(N-Morpholinylcarbonyl)methoxy-5-fert-butyl-1-nitrobenzene: A slurry

20 of 4-tert-butyl-2-nitrophenol (3.9 g, 20 mmol) and K,CO, (3.31 g, 24 mmol) in DMF
(75 mL) was stirred at room temp. for 15 minutes, then a solution of 4-(u-
bromoacetyl)morpholine (4.16 g, 20 mmol) in DMF (10 mL) was added. The reaction
was allowed to stir at room temp. overnight, then was diluted with EtOAc (500 mL)
and sequentially washed with a saturated NaCl solution (4 x 200 mL) and a 1M NaOH

25 solution (400 mL). The residue was purified by flash chromatography (75%
EtOAc/25% hexane) to give the nitrobenzene (2.13 g, 33%). '"H-NMR (DMSO-d,) &

31



33 frer rjoerou 4-(4-Pyridinylnmethyl)aniline: To a selwtiverowh
4-(4-nitrobenzyl)pyridine (7.0 g, 32.68 mmol) in EtOH (200 nL) was
added 10% Pd/C (0.7 g) and the resulting slurry was shaken under a H2
at nosphere ( [ [ r F. L r NVR
of an ali quoltéglsggi%Ha)? ggsgsdﬁ%thf g@’?&%@?éﬁ%ﬁ%%saougbgﬁgﬁ %‘?I((ti’é%?dg %%ough
a shor 1Hpdb0:7.8C4in} 28). The filtrate was concentrated in vacuo to
afford a white solid (5.4 g, 90% : NVR (DMSO-d[err]) [err] 3.74
(s, 2H), 4.91 (br s, 2H), 6.48 (d, J=8.46 4% 2H), 6.86 (d, J=8.09
Hz, 2H), 7.16 (d, J=5.88 Hz, 2H), 8.40 (d, P=5.88 Hz, 2H); El- ME Mz
184 (Merr]). This material was used in ug formation reactions w thout

further 10 purification. - Al2. Gene \et hod for Substituted Aniline
Formation via Dissolving Metal ReBuctYonNBe a Nitroarene 15
4-(2-Pyridinylthio)aniline: To a Nt Qf
4-(2-pyridinylthio)-Il-nitrobenzeng (Menai ST 3355A; 0.220 g, 0.95
mmol) and H20 (0.5 L) in AcOH ( 5 L) was added iron powder (0.317

, 5.68 | il ' [ : ; )
The react | on iRt BRI Doy DlfeRigyy LB Blyknillny To » solugipBOFa) 7P
basified to (Wnidpholinylrtrapybuolettwxlyes-reyz-butybbnitrabenzgpeii3 gné.6fromol)nghd The
oL 20, piih ol iy RS b il USR8 e o,
MPLC (30% Et QRs/s#fed hiadens H,t o Ogg‘/é%e for 6 h, BOWhERSHME OTIOC GAdCAted Tothplétt CK

oil (0.135 g, 70%: TLC (390% \ 0% hexanes) Rlerr] 0. 20.
2A13a. Gener adnshpiption of starttgomaterial ebherveactionempdvneawasofiltered thioughva ped of

Formation ool givethe b %?ohdulcjc &&rg,o %}dqﬂm I(]BM§(9"35) 5 ?Illso(\s/\’/eﬁnl?y

Reducti on
10 3.40-3.50 (m, 4H), 3.50-3.60 (m, 4H), 4.67 (br s, 2H), 4.69 (s, 2H), 6.40-6.70 (m, 3H).

Al0. General Method for Aryl Amine Formation via Nitrophenol Alkylation Followed
by Reduction

NO,
Ho ™0

15 Step 1.5-tert-Butyl-2-(2-hydroxyethoxy)-1-nitrobenzene: A solution of 4-tert-
butyl-2-nitrophenol (30 g, 0.15 mol) and tetra-n-butylammonium fluoride (0.771 g,
3.0 mmol) in ethylene carbonate (10.24 mL. 0.15 mol) was heated at 150 °C for 18 h,
then cooled to room temp. and separated between water (50 mL) and CH,Cl, (50 mL).
The organic layer was dried (MgSO,) and concentrated under reduced pressure. The

20 residue was purified by column chromatography (20% EtOAc/80% hexane) to afford
the desired product as a brown oil (35.1 g, 90%): '"H-NMR (DMSO0-d,) 3 1.25 (s, 9H),
3.66-3.69 (m, 2H), 4.10-4.14 (t, /=5.0 Hz, 2H), 4.85 (t, /=5.0 Hz, 1H), 7.27 (d, /=8.8
Hz, 1H), 7.60-7.64 (m, 1H), 7.75 (d, /=2.6 Hz, 1H).
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[err] WO 99/32436 34 POP 383856
PCT/ US98/ 2608i Step 1. 1-Met hoxy-4-(4-nitrophenoxy)benzene: To a

suspensi on of NaH (95% 1.50 g, 59 nmol) in DMF (100 nlL) at room
tenp. was added dropw se a sol ution of 4- met hoxyphenol (7.39 g, 59
mmol) in DM (50 nmL). The reaction was stirref .1 h, then a sol ution
of 1-fluoro-4-nitrobenzene (7.0 g, 49 mol) iph DV (50 nL) was 5 added
dropwi se to forma dark green solution. The ction was heated at 95

s

[err]C overnight, then cooled to roo ., quenched with Herr] O
and concentrated in vacuo. . The gpesid Npartitioned between Et OAc
(200 m.) and Herr]O (200 m.) . Tﬁ\ )L organi c | ayer was sequentially
washed with Herr]O (2 x 200 nmL), a 9at 19atyd NaHCOB ° sol ution (200

Concent ratod THPgaeis B R (leriuirithBbbyiod S icoldoendli ) A

?f fo ]r d 1 ( ng&xt{onﬁﬂﬂ)ﬁtéét}%tﬁg{-ﬂ-(hh?dx@ﬂ?ﬁhm%lbnilgmgamebggo.ﬂou 5, 169%mal), di-
err err|. . S, , . -[. U . . ,
oG LT DR\ ety idar o Qg ol 20 mmo gt diinetbfaminegisine (0.006 g, 0.05

4- (4- Met | bl A ' - et - EPRI
ni 'E r ophe%gg;)%g‘ﬁ) eneé?idéll.’ gﬁgmqgvﬁm) eﬁgk?%%f&%m%.zgg 398?“’&3%‘”?&&%“’8(%‘& /C
(1.5 g) and tindicated Wonswmgptidruof stasting mitakialn TinslsasuHinig mixtireavasowpstedexith 0

i) f 18 h. he. t] | Xt filt d.th h d, ,of
el b i (a0 mE R AASY o S SER b RS o S

i1 which sl L i 230 i
B L Rk i O N B i

6H); El- prodii asizzyelib® ¢ilfR291 R, 51%): AHINMIGEDMSO-dyed 125 Gp9H), 1.38 (s,
Substi t yt.ed |1 For maf.|.0 | j £ rogre r mapt.i Qn h
Nucl eopE | c%rfgﬁ &bfs%té{)'r 3(}% @n%%m E%"'@éu@'t’%én&s Hz, HB Q’uﬁ G
[err] J=2.6 13t 1.

3-(Trifluor on‘et%yf?i §H24 pyri di nyl thi o) ni trobenzene: A solution of 4-

mer capt opyridine (2.8 g, 24 mmoles), 2-fluor nitrobenzotrifluoride (5 g,
23.5 nmol es), and potassium carbonate|(6.1 g, 44.3 mMmmoles) in
anhydrous DMF (80 nlL) was stirred at m t enper ature and under

argon overni ght. TLC showed conpl ete

>L 0 NH2
O/U\ o/\,O

Step 3.5-tert-Butyl-2-(2-tert-butoxycarbonyloxy)ethoxy)aniline: To a mixture of
5-tert-butyl-2-(2-tert-butoxycarbonyloxy)ethoxy)-1-nitrobenzene (0.290 g, 0.86

15 mmol) and 5% Pd/C (0.058 g) in MeOH (2 mL) was ammonium formate (0.216 g,
3.42 mmol), and the resulting mixture was stirred at room temp. for 12 h, then was
filtered through a pad of Celite® with the aid of EtOH. The filtrate was concentrated
under reduced pressure and the residue was purified by column chromatography (2%
MeOH/98% CH,Cl,) tp give the desired product as a pale yellow oil (0.232 g, 87%):

20 TLC (20% EtOAc/80% hexane) R,0.63; "H-NMR (DMSO-d,) 8 1.17 (s, 9H), 1.39 (s,
9H), 4.03-4.06 (m, 2H), 4.30-4.31 (m, 2H), 4.54 (br s, 2H), 6.47 (dd, /=2.2, 8.1 Hz,
1H) 6.64-6.67 (m, 2H).

All. General Method for Substituted Aniline Formation via Hydrogenation of
25 a Nitroarene
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35 WD 22432436 PUL/USYE/2608)
PCTI US98/ 26081 reaction. The m xture was diluted with Et[err]O
(100 nL) and water (100 nmL) and the aqueous | ayer was back-extracted
with Et[err]O (2 x 100 nL). The organic |ayers were washed with a
saturated NaC solution (100 nL), dried S ey ]), and concentrated
under reduced pressure. The solid resi gturat ed with Et[err]Oto
afford the 5 desired product asHgNT an 8 g, 54%: TLC (30%

Et OAc/ 70% hexane R&err "H-NVR (DVMSO-d[err]) ; 7.33 (dd
J=1.2, 4.2 HA-(4Ryri myheetpal)alaﬂ*sw Taz 2 sqlytios of sd-(4rgitrobenzyl)pyzidmen (7.8 gz

1 8 54- 8. t

SH% Trifl uor o%egtﬁgy - y)l?éptpyr?glbr%)m,%?ddnelﬁl @ﬁ/%%dlc 53979 and the ’Fs%“m%hm

tr :ij I UOE 2 mét Fwyeds sﬁal(eér m7der ngMtiln;osm)em (Mﬁaﬁng a(%hrﬂms};;akeﬁ.%ﬁerrmhj T%(l:l axnf)n
owder . acetic aci and wat er

here stisred HNMEoRt w]}uuommfed complet, reamn rkhermixgirgaeas filteraddhraneh g

Et O (10Qy ted
Fol oH b ¢ 36 by RECHRN® THe Eiflaf¥lglas cBiCetEN Sacuo 1o 3HAAMIARIAG YS! ©
washed wit hdg, sg%)r &EQMa@DMSOI—ng 8074 (802, W9 H(bres] ZEGSAB(G, -8 46k 15
t t unaer ure. resi.dgue was Iltere thr a a
CP T cat e ) E b End Hocaihishl Gldodip SOoh 2t g A0 ds 958 88 i M EL: ©

i o e g e e . e

6.84-6. iy (mpugilkation. 10 (d, J=2.4 Hz, 7.39 (d, J=8.4 Hz,

(d, J=6.3 Hz, 2H). 20 Al13c. Ceneral I\/Ethod for Substituted An|I|ne
Formation via N troarene Formation Thr ough Nucl eophilic Aromatic
Substitution, Followed by Reduction [err] Step 1.

22 CEHer e bl ToP Snipih QHCATR: ol i ifioRiig it
1-fl uoro-4- Reductmmolfadﬁ&mnem (2.3 nm, 21.7 nmol es) foI | owed by [err]

(3.18 g, 23 mml), and the m xture was heated at approximately 65 C
overnight. The reaction m xture was then d| luted with Et OAc (100

m.), sequentially washed with water
36 P

15 4-(2-Pyridinylthio)aniline: To a solution of 4-(2-pyridinylthio)-1-nitrobenzene
(Menai ST 3355A; 0.220 g, 0.95 mmol) and H20 (0.5 mL) in AcOH ( 5 mL) was
added iron powder (0.317 g, 5.68 mmol) and the resulting slurry stirred for 16 h at
room temp. The reaction mixture was diluted with EtOAc (75 mL) and H20 (50 mL),
basified to pH 10 by adding solid K,CO, in portions (Caution: foaming). The organic

20 layer was washed with a saturated NaCl solution, dried (MgSO,), concentrated in
vacuo. The residual solid was purified by MPLC (30% EtOAc/70% hexane) to give
the desired product as a thick oil (0.135 g, 70%): TLC (30% EtOAc/70% hexanes) R,
0.20.

2A813a. General Method for Substituted Aniline Formation via Nitroarene Formation
Through Nucleophilic Aromatic Substitution, Followed by Reduction
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sat urat ed NaWO¥EREAS on (100 nl), dried (MgS err]) and concedCTAHEY2¢M8ter

reduced pressure. The solid residue was triturated with a Et2Q hexane

solution to afford the desired product (6.1 g): TLC (25% Et OAc/ 75%

geggm??) 63R[ erSJegol 491-l\k o}:{jﬂmi@gﬁeﬁﬁwﬂni@é* ITo a suspeﬁsﬁﬁ-o_fm-l (95%3H) ,
(m

90 (d , 8.19 (d, J=9. }err]
5 St epl.30 %SQMM)M&MF)@% d9)| af rgamn tm.wwded dropwxse a solutxon 0

mnner  anal <SGV ERFIRY (agcE 5 T iR B (S HE e B i WaF bictdd £,

(trifluoronegeyla soutich Bfrl-ﬂiuﬂhd-him@mzéner(e 0 §L49 fi2ash) b DMF {50mtlwias)
Rlerr] 0.18; [err]H-NVR (CDCl [err]) [err] 3.89 (br s [2-6.77

(m 2H 3 7. 283dedsgopyiseao)form, @5darkwe% solutiony The geaction ﬂf%&eﬂ)éﬁéP
Met hod for §g%h4gli1 %%édnl% dﬂ)er E ;T ef{dh@ﬁN{ﬁx Qj ‘%ﬂ& cgﬁ’é ﬂeﬂ'?n vacuo

Thr ough Nucl tion [err]
15 Step 1Thé1-é§dﬁéwh;|pa’iﬁ@bﬁdddBMQXﬂOAcr(aﬂﬁ ahb)mnché{,Or(nzoo mi)ut The of -

11" wor o 4- nPiasBisaYEESY %e%%tﬂlﬁgw&wsh 150 0 NP iy apenesd W%

added [err] t Theo mL
heat ed at thééi?tel?ﬁxgzo(?%nﬂ% s??f#ﬁang@fig?mgon (band t)hen alqN d‘to cool

t o roomQt enp corideatrated u‘ntwacgonil‘ke ucs;dumwap duitugated (EOfhgxane) tecdford) and-
t ted 20 th Et OA 3 he

LT NERNT BTN R
| uti 2 0 t

2 ford che ddk +§%9§3°od@étﬁ§s§3§éh LT g BEMS L DA B0 vactl °

—’-1

carriedtothe next step without further purification. [err] 25 Step
2. 4- (6- Met hyl - 3-pyri di nyl oxy) anl li neg, A sol ution of 4-(6-nethyl-

pyri di nyl oxy) - 1-ni trobenzene (4.0 g, in Et OAc (150 nL) was added
to 7 WU} ikl Jb45
Pl CF/ US9S26081 "HaN OMe

15 Step 2. 4-(4-Methoxyphenoxy)aniline: To a solution of 1-methoxy-4-(4-
nitrophenoxy)benzene (12.0 g, 49 mmol) in EtOAc (250 mL) was added 5% Pt/C
(1.5 g) and the resulting slhurry was shaken under a H, atmosphere (50 psi) for 18 b.
The reaction mixture was filtered through a pad of Celite® with the aid of EtOAc and
concentrated in vacuo to give an oil which slowly solidified (10.6 g, 100%): "H-NMR

20 (CDCl,) & 3.54 (br s, 2H), 3.78 (s, 3H), 6.65 (d, /=8.8 Hz, 2H), 6.79-6.92 (m, 6H); EI-
MS m/z 215 (M").

A13b. General Method for Substituted Aniline Formation via Nitroarene Formation
Through Nucleophilic Aromatic Substitution, Followed by Reduction

CF,
jone
N
O,N &

Step 1. 3-(Trifluoromethyl)-4-(4-pyridinylthio)nitrobenzene: A solution of 4-

25
mercaptopyridine (2.8 g, 24 mmoles), 2-fluoro-5-nitrobenzotrifluoride (5 g, 23.5

mmoles), and potassium carbonate (6.1 g, 44.3 mmoles) in anhydrous DMF (80 mL)

was stirred at room temperature and under argon ovemnight. TLC showed complete
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10% Pd/ C (0. 3009932486 47 nmol ) and the resulting m xture was plroTeokognéhet a
H2 at nosphere (balloon) and was allowed to stir for 18 h at room
tenp. The m xture was then filtered through a pad of Celite[err] and
concentrated in vacuo to afford the desired product as a tan solid

(3.2 g, 92% redetioh/S TheZmikbide (s Qlituled: with L8 (100aHE) ahd Watdrquod ﬁﬂ.,) and the

Substituted Aniline Formation via Nitroarene Formation Thr ough

Nucl eophi | i c agpenwsdaxer syashack-gxiranted with B0 (2 Kyi0RaaL:t The organic) layers were

glt ?rgt ﬁoxyp;\eno h%alu}g&hg§%ﬂ%%%¥?r @@ ﬁ%oro zeldl}ﬁt 6 leélﬁéi ?%gﬁtfag?‘frl] L10

6.4 mol) unden redaced phdssur0 The) somlsreaﬁhie(bv&isemﬂlra(eﬂ '&1tg EtjQ.t6 affmikhd n

Por To" 18 ana demend wﬂa%?axééﬁgeﬁ??s 8 ST b BebrbioRe A heransl Kub9S1 o
(F:)glrjﬂr:)?geljng?gam CS \/\é?lglss@ééﬁé%%s: vvas’ﬂ‘}e%%ﬂ) \Zaztse t%&ﬁé’ﬁéﬁgﬁ@) ;-23

a saturated Negl4, SOHZ ﬂHD;&S%—&SBQmUBJ)I) dried [err] and concentrated
in vacuo to afford the desired product 8 g, 54% . The crude product was

carried to ' t he next step w thout ther purification. [err]
Step 2. 4-(3,4-D net hoxyphenoxy) ani | i t|on of 4-(3, 4-di net hoxy-
20 phenoxy)-I|-nitrobenzene (0.8 g, Nn EtOAc (50 ni) was added

to 10% Pd/ C (0. 100 g) and theizmes t| ng xture was pl aced under a
Herr] atrmsphere (baII and was allowed to stir for 18 h at _room

tenp. The mi 8P e2was t%@?ﬂﬂwmféhylaﬂr@mdmylthmyw ‘of &epluy Hiqg3-

(075, 55 CERRR B o ShARal B et g (6011
Substituted Ani7licmaniedy, aedticaoid/ (180 ML) axd water Fomi) twepeistirred at roédmdaergp. for
Nicl eophi ¢ fy ot e Sunety il Pien S210 15 Py afPSu (A8 ey 5L Leons
PCT/ US98/ 260 ase was adj u§E@Eb #H SwitBa WN'NHGH s@Pﬁiﬁm 1Tﬂ§. t6:ABREd SFgnicByés

sol ution of ydr oxypyri di ne
| - br ono- 3- ni twexbemshed @5tho agﬁatﬂﬂltc@ Ml) sqiuhbmdb%rrpl.) dried (MigS9).dend 5. 0

g, 34.8 15 | )concen%rateMeg re%ugé'd) pressure d‘f‘he reL%ue Lvag %ltere% throug& a pad of silica
(gradient from 50% EtOAc/50% hexane to 60% EtOAc/40% hexane) to afford the
desired product (3.3 g): TLC (50% EtOAc/50% hexane) R,0.10; 'H-NMR (DMSO-d,)
8 6.21 (s, 2H), 6.84-6.87 (m, 3H), 7.10 (d, /=2.4 Hz, 1H), 7.39 (d, /=8.4 Hz, 1H), 8.29
(d, /=6.3 Hz, 2H).

20
Al3c. General Method for Substituted Aniline Formation via Nitroarene Formation
Through Nucleophilic Aromatic Substitution, Followed by Reduction

S S
O )
N
OoN

~ Step 1. 4-(2-(4-Phenyl)thiazolyl)thio-1-nitrobenzene: A solution of 2-mercapto-4-

25 phenylthiazole (4.0 g, 20.7 mmoles) in DMF (40 mL) was treated with 1-fluoro-4-
nitrobenzene (2.3 mL, 21.7 mmoles) followed by K,CO, (3.18 g, 23 mmol), and the
mixture was heated at approximately 65 °C overnight. The reaction mixture was then

diluted with EtOAc (100 mL), sequentially washed with water (100 mL) and a
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mmol ) in onewpaBe4®s. The resulting m xture was heated at thePCEUSI26408ND.
wth 5 stirring for 18 h and then allowed to cool to roomtenp. The
m xture was then poured into water (200 nmL) and extracted with Et CAc

(3 x 150 nL). The_ conbi ned. organic ) we sequenti gl |y, washed ,w t.h
water (3 x sewmraed Natd 581‘5".*9&1839«581?}\!&@33‘15@‘1‘%&66r?“gzcg?ce&até’d fﬁ%"rrﬁff‘,‘c ried
(Na2SO4) , and.&onc ' ' WAL Bt Uh&iahe SEKtiBN tb Bl th

by flash chrioma 5@2%%?%5%?&%%%8%1ﬁgxane) Ejtt’o affo?d t he desired ©

product (2. Qeifed product3®.0f): TLQ @5HaEDATSYdwexase)R; (:49;HE-NMR (EDEDB) 5
Wi thout further purificati

3-(3- Pyri di kB dm |3Me7-g§]-ﬂ-63[s(g, bboﬁ%ﬁd’s’?gﬁ%ﬁ?ﬁr §9P £y/9 0 Hz, 2H).

%

ni trobenzene (2.0 g, 9.2 mmol) in EtOAg (800 dg1l) was added to 10% Pd/ C
(0.200 9) and the resulting m e Wis )pl aced under a H2 at nosphere
(bal I oon) and was 15 al l oned t forN#§ h at roomtenp. The mi xture

was then filtered through a pad N"
to afford the desired product as a red oil (1 949 : EI-M5 m z
186 (Mgrr]). Al3g. General Method for Subst ted Aniline Formation via

N 7 oarene P! 20270 ppen AT EARIRA o SRR TS

3- (5- Met hyl - Bspytd dialrb@iced - : tih GHe @bepardtiodr 6IX3-
it hyl pyr g e o e e B P 6
nol ) (ta'ﬂdomupﬂaflx-ﬁ-ﬂ-wddmyh%lgmﬂg; TEE @SHBIQALHTS¥nhexane) R50181)

was added [e[r 3 a9l )b, 0 ' Th ' I S
neat od at 1 REPRR(EDCRN 38 2078 1T R 47 Sl ST B e
to cookgto rgﬂni%frrp. The m xture was then poured into water (200
m.) and extracted with EtQAc (3 x 150 nL). The conbi ned organics

were sequentially washed with water (3 x 100 nL) and a saturated Nad

solution (2 x 100 nmL), dried [err] and concentrated in vacuo . The

ggsul ti 2938] hﬁ‘ﬁ?ﬁ@%ﬁ{f@g%r Substituted Aniline Formation via Nitroarene Formation

PCT/ US98/ 260§ hrough Nuclebjhilic 2o nsiticSubistiprtiun) Followed by Watuctidm hexane) to

afford the desired product (1.2 g, 13% [err] Step 2.
3- (5- Met hyl - 3- pyri di nyl oxy) -1 -ni trobenzened A sol ution of 3-(5-nethyl-3-
N
N
I
O,N Z

15 Step 1. 4-(6-Methyl-3-pyridinyloxy)-1-nitrobenzene: To a solution of 5-hydroxy-
2-methylpyridine (5.0 g, 45.8 mmol) and 1-fluoro-4-nitrobenzene (6.5 g, 45.8 mmol)
in anh DMF (50 mL) was added K,CO, (13.0 g, 91.6 mmol) in one portion. The
mixture was heated at the reflux temp. with stirring for 18 h and then allowed to cool
to room temp. The resulting mixture was poured into water (200 mL) and extracted

20 with EtOAc (3 x 150 mL). The combined organics were sequentially washed with
water (3 x 100 mL) and a saturated NaCl solution (2 x 100 mL), dried (Na,SO,), and
concentrated in vacuo to afford the desired product (8.7 g, 83%). The this material

was carried to the next step without further purification.

¢
H,N Z

25 Step 2. . 4-(6-Methyl-3-pyridinyloxy)aniline: A solution of 4-(6-methyl-3-
pyridinyloxy)-1-nitrobenzene (4.0 g, 17.3 mmol) in EtOAc (150 mL) was added to
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Cel i e, and concentrated in vacuo



5 pyri di MH %392 - ni t robenzene (1.2 g, 5.2 mol) in Et OAc {GDUS2608is
added to 10% Pd/ C (0.100 g) and the resulting m xture was pl aced
under a H2 at nosphere (ball oon) and was allowed to stir for 18 h at

and. concent 1UE G (00015 47 Sineh e abeitis My, S e wnsepim By

0.9 869 (ol Wity I
(Subst ?t ut ed@nRr?lgilhf ne Folré?r@?%gﬁ& Vi a L@??%)gt?ref%glggr%néotﬁ?ﬁﬁ Tﬂg%{]ﬁ%

Nucl eophi | i themfilsaeedi throggh atpad of i GeliteFranid) coneenttapedindvarud do affort tHe desired

Step 1. 5-Ni 4- pheny ?B? di a solution of 2-chloro-5-

15 mtro‘if?alllc iaﬁgq?rbs@g%.,z gaﬁﬁo }Mg"ﬁﬁo?% m.) were added of

4- nethylphenol (5.4 g, 50 mmol, 1.25 equiv) and [err] (8.28 g, 60
uiv). The m xture was stirred overnight at roomtenp. The

resul tﬂﬁf n&ﬂ‘ﬂﬁab Method for Substituted vAnitine Bpmation viarNjtrparepenEormation
Cepar at ed ayratigd FhdledfifiudAomalt rS?’gﬁ{'R‘“‘fq‘v\? R}a@@?" b ReRiskbBs T ) v e

(25 m) 20 and pet ether (25 nL) _AQ \0 MbaS| red product (7.05 g,
769 : np 80-82 [err]C, TLC (3 %pet ether) Rerr] 0.79;
[err]HHNMR (DVBO-d[err]) [err] G 708(d J=8. 46 Hz,
2H), 7.19 (d, J=9.20 Hz, 7.24 (d, '3 8 09 Hz 8.58 (dd, J=2.94,

8.82 Hz, 1Hjtep81.99 6€(3,45Bnn@hoszphdnld)ty)-l%nﬁrmmne( r mo absoloorc &f 232-
MG 1] dimethopcyphghidd (10 g, 6.4 mudof) 4nd 1-fluoro-4-nitrobenzene (700 L, 6.4 mmol)

PCT/ US98/ 268 o) RN X % bRe
Di hydr ochl g‘?.%‘eh DA ?Jt%)ﬁ%-g adaed\m:,w 2(1(8-4 [Tq %@yrret hy %e‘*é’%x%’ﬂ‘y’?.

(6.94 g, 30miwhwe was hegledaay &@tm (terop mLyh stigring for 18 Enod¢hen sllowdd) tovml

i xCur e wasORER stk crtetlegEe 1¥Asshen Reste e Wi W iR sreregted T e 5
for 2.5 h. HiQAd eacw@mm: Xh%@mh&fédf dnfseebre 86 ﬁﬁauay ﬁasheafwﬁ?bvhte?(s A

sol uti on of in Et 20 was added to the Itrate was added

dropwide. THEOD ng)@PtilarFamﬁ?té‘éNﬁg salation (2 x 50 g9, é@?ﬁh@\&z $Q.)asrtl censhrtated ¢ h

(doc); TLE POBRE CREEE. Befdirod e (e, f‘?%yi’z‘hé?mﬁs PRV EEREGEA R 1)

[err] theﬁeﬂ&te{;swltﬁcmtﬁllﬂ:&@uﬁﬂcatm 45 Hz, 7.04 (d, J=8.82 Hz,

1H), 7.19 (d, J=8.09

Step 2. 4-(3,4-Dimethoxyphenoxy)anllme: A solution of 4-(3,4-dimethoxy-

20 phenoxy)-1-nitrobenzene (0.8 g, 3.2 mmol) in EtOAc (50 mL) was added to 10%
Pd/C (0.100 g) and the resulting mixture was placed under a H, atmosphere (balloon)
and was allowed to stir for 18 h at room temp. The mixture was then filtered through
a2 pad of Celite® and concentrated in vacuo to afford the desired product as a white
solid (0.6 g, 75%): EI-MS m/z 245 (M").

(D

-

25

Al13f. General Method for Substituted Aniline Formation via Nitroarene Formation
Through Nucleophilic Aromatic Substitution, Followed by Reduction

N
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O,N oY
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10 2H), 8.46 (dd, J=2.57, 8.46 Hz, 1H), 8.63 (d, J=2.57 Hz, 1H); EI-MS
mz (rel WO 9W%ance) (I\/[ err], 100% . Al3i. General Met FST/YI98/26081
Substituted Aniline Formation via Nitroarene Formation Thr ough

Nucl eophilic Aromatic Substitution, Followed by Reduction [err]

Step 1. 4-(3 | £nyhkiAL a -

PR opﬁ&% y AR l"}n&m?l fxﬁﬁ%gﬁnzem T8 Hc%l’uﬁ&n Q:frfo3n16 %r:aaé%%yéﬁlén 1.0
g, 6.1 mol )(Qa&cg,ca%ﬁemol) 1-bromo-3emmber(:@n5 @,9 %, 72%fommoalj Emldhyapmr,(i) DI\/F

was heat od- aporge S Bre L8 Hmbhg g PR Ghkhdfes ael Bito, B B 37

to room t enpmnddly ik @ne tpoption mrz@s dgtxﬁ&gﬁxrewusenba‘té& @t theteflut’ Rmp. with Of
ice and a 6N HCO " solution (200 niL the resul ti ng;hgqueous m xture was

extract &d wi stirringdipe18 B apd tpn aMpyvedm goRldatsperadenypg dieanixhire was iRenepoured

sequenti al ly, I

Saturat ed Ao g HR ALY ah eRulbedGHE TN fit £ fef s e Kol A tehics
concent r at edwiefe seqaeitial i eashed wdthakater (3 200 BALL) dndedisdnyrattd NaCIdlhétions@2!» ca
gel ; gradient from 10% Et OAc/ 90% hexane to 5% Et OAC/ 95% hexane to

afford of th&0Qek)y deed Madt). @mdogcentimted incacye, nibe T8yt ﬁp&[%zwg purified

H2N o1t dsi
20, oyt PP Pl B0 BOASTIN i 0ttt st proter 2.,

manner 18nal ogp3z%)o Thisamatdeskwaswesediim tlidatelxbsteﬁ“&thousﬁmher punﬁcat:on

41 WD 99/ 32436

PCT/ US98/ 26081 A13j. General Nepfdv fz@bst i tuted Aniline
Formation via Nitroarene For mat i gl THr O ucl eophilic Aromatic
Substitution, Followed by Reducti or’r'zN[ er r] o

£ PV ) b RSORARARE . Oy 2o BRI R

(1.9 g, 13. 7mtrobenzeri§'f(!2|0) wezmnaﬂ)iﬁﬂmcme(lrumy Yasaddhert Fids tPe/G 26@@)] C
for 18 h and at 130 [err]Cfor 48 at which GG M anal ysis |nd| cat ed

sone renai ni #gd @arrpsﬂgnmwwwasm@ce@a@dpm H, atmogpher(baliaen) #3d| was t o

[oom {92 Aoy it 1B R Gi 4y rhe et S3MAT B o) ¥R S
saturat ed NaQelise?! atid eohcetratedth Wlduo d:raﬁ&d(tlldb Hedired protiucoas aned asie(.6 1,

vacuo. The
94%): EI-MS m/z 186 (M).

Al3g. General Method for Substituted Aniline Formation via Nitroarene Formation
20 Through Nucleophilic Aromatic Substitution, Followed by Reduction

Ly
O,N o7

Step 1. 3-(5-Methyl-3-pyridinyloxy)-1-nitrobenzene: To a solution of 3-hydroxy-
S-methylpyridine (5.0 g, 45.8 mmol), 1-bromo-3-nitrobenzene (12.0 g, 59.6 mmol)
and copper(I) iodide (10.0 g, 73.3 mmol) in anh DMF (50 mL) was added K,CO,
25 (13.0 g, 91.6 mmol) in one portion. The mixture was heated at the reflux temp. with
stirring for 18 h and then allowed to cool to room temp. The mixture was then poured
into water (200 mL) and extracted with EtOAc (3 x 150 mL). The combined organics
were sequentially washed with water (3 x 100 mL) and a saturated NaCl solution (2 x
100 mL), dried (Na,SO,), and concentrated in vacuo . The resulting oil was purified
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resi dul ar soMQ@¥/4Edsee purified by MPLC (50% Et OAc/ 50% hexanes)PQTauSys2en8t he
desired am ne (0.650 g, 38%. 1A13k. Ceneral Method for Substituted
Aniline Formation via Nitroarene Formation Through Nucl eophilic
Aromati c_Subgl iffadl EX¥omak@iragh %")’ Hexdrf2) §d afford the desxr?.ﬁ

5- Br ono- 2- rret%oxypyrr di ne \ﬁgxt ure o °5-di brormpyrl di ne 5?’20‘1(}11?“1'2
23.2 mol ) agdlMNapve (3.76g, 69.6 mmol) |n MeO—| (60 m.) was heated at 70

[err] C 20 in a seal ed reaction vessel for then allowed to cool to
roomtenp. The reaction mxture tr with water (50 nlL) and
extracted with EtQAc (2 x 100 ni). ined organic layers were

dried (Na2SO4) and concentrated ur‘fb@r redueed pressure to give a pale

Herr) o 57 Sty - el Sighil gt pteob it B oIol o 2. (5-meg e

stirredssol upyndmgtox@)hrrﬁﬁnbe&zene (i2g, mnhmayixymmimes«mms adde®tort®®b ) in
THF (175 i) 3‘?@ @(Serr]Cwas ded an n- |'i t hi um sol ution
(2.5 Min heFdffe (0-5¢0 g) and the resultingmixture spa8 @eceérmdez atmosphere{hallqon)

I Xt
?17)( Ogr e vas ghy QUEd1bRedtd Stirdbr 18] ak F8dnh Qtﬁ)?rTﬁesm%Gr e wid tHEh B:!'t,%agwg% 36
PCT/ US98| 2608@1pad of Celitetrind éshcentrated jn wasioatd cifbrd thee degired geodantias seed oil

resulting m additional 2 h. The bright
or ange react?@g W@ré@é@ﬂ%‘ﬁéﬁ@‘a [err] C and was treated with a
m xtureggf a 3 N NaCH solution (25 nm, 71.77 mmol) and a hydrogen

peroxi de solution (30% approx. 50 rrL). The resulting yellow and slightly
t ur bi d #13h. GeneraloMeathod Lime Suhbstitntedrddiline Foomatienyvia (Nitradpens Formdtiomen

heated to th refl for Lhe cti Il xture was then
allowed to c ﬁ}'ﬂﬁ%’g %atxc S&bsq%{aﬂg&go‘iﬁ g&’ E&(‘fﬁgm‘r alized with
a | N HC solutionthen extracted W th (2 X 100 m.). The
conmbi ned organic |ayers were dried [ef|r] a%ntrat ed under

reduced pressure to give a viscou oi g, 60% . 10

[err] Step 3. 4-(5-(2-Methoxy)pyridyl)oxy-I|-nitrobenzene: To a
stirred sl uriStewfl. rﬁ-Nxtro-Z-(@Mhylpﬁ)ex@xy}t@rmmé) To zarsbluﬁbﬁ ¢f1ACthidry-swas

%ﬁ,ﬂe?l °' u“mn o 5A%tydr° r)énmgﬁ'ii&oni%m 81 P adeth oot (3.4’ "

g, 50 mmol, 1.25 equiv) and K,CO, (8.28 g, 60 mmol, 1.5 equiv). The mixture was

stirred overnight at room temp. The resulting mixture was treated with water (600
mL) to generate a precipitate. This mixture was stirred for 1 h, and the solids were
separated and sequentially washed with a 1 N NaOH solution (25 mL), water (25 mL)

20 and pet ether (25 mL) to give the desired product (7.05 g, 76%): mp 80-82 °C; TLC
(30% EtOAc/70% pet ether) R, 0.79; '"H-NMR (DMSO-d) & 2.31 (s, 3H),” 7.08 (d,
J=8.46 Hz, 2H), 7.19 (d, J/=9.20 Hz, 1H), 7.24 (d, /~=8.09 Hz, 2H), 8.58 (dd, /=2.94,
8.82 Hz, 1H), 8.99 (d, J=2.95 Hz, 1H); FAB-MS m/z (rel abundance) 231 (M+H)"),
100%).

C‘o
I .
CI HaN* #NH Ci
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allowed to stir at roomtenp. for 1 h, 4-fluoronitrobenzene (3 nL, 28 mmol)

was 15 - a La.Syringe. The reaction m xture was heated trg:@é?
' ?ﬁ@ﬁ”&&; W 9%”&?8&)6\0

over ni ght, treated with water (25 nlL) and extracte
(2 x 75 nL). The organic |ayer was dried (MgS™4) and concentr at ed
under reduced pressure. The residual brown oil was crystalized

O i st o] £ e
nitr obenzen@iﬂmg-(ﬂmﬁgﬂﬂh?@xﬂ_ g (64 8n 3é 'H‘é’r‘?hgf e%éﬁ%%@? ﬁﬂ Fﬁétm
gﬁ;g: : '? 5? ei:l%lgfo‘lci(rlugao g?’ r?'[jﬁgssﬁg&\?? g}i ﬁﬁ%ﬁ%&%&?iﬁ%{ﬂgﬁ Ih%dj(wﬁgu 'st'Iihteut I on
usi ng a Hal egactionintigturg evas]then placed ufder4 By amibspheretand) wag vigarouslyostirred
o o 1 U SRR L B o gl TR BP0

fol I oned by 4EfhIEdQvas fided o tHEBIRR) wasTEtRleﬁQﬁféﬁWiA’s:g. mlfétl’éilﬂtiﬂglg\gég%t/ragegg 3gt
room
PCT/ US98/ 26 separated and tweashed with EtOBchp giveshe desitedeagoduct K7.56 @\82%):00m1.)

<100 i) . BOBBE (e diga baus EIDAelsDYE bt el K LBV HIMR Mo R e

NaCl | uti ' . t
14 o 10 o 2 AR 4 ke, S G O

reduced press ered through f silica b5

0
(gradi tit f raib), 3046 BOHAFHESIP, Sdadin 1H),7868 HAOIEL30% e EDe EIME mize(rel

resul ting mat.eri al triturated with a Et[err] O hexane solution to
afford the dAb8pdange}; dL}QWéﬂ.G g, 66%: TLC (100 % ethyl acetate)
Rlerr] 0.29; "HNWR (DVsO-d[err]) [err] 5.41 (s, 2H), 6.64-6.74 (m

3H), 7.01 (d, J=4.8, 2H), 7.14 (t, J=7.8 Hz, 1H), 8.32 (d, J=4.8, 2H).
1A14b. AX3ierGendviat Methpdrfos Shstituted cAnibing | Fornmtinm gig Nityparengc¥ on c

2 (22 Mt hy! - TonspebavagRentilic ApReR SyBsGRNion; Fhflowef b Reguction . 1 (53 6
32.8 mmol ) and 4-chl oropi col i ne 9.3 mmol) in anh DVPU (50
nm) was added 15  potassiumtert- butesj@ﬁ g, 65.6 mmol) in one
porti orll.5 The reaction mxture was o,N
Step 1. 4-(3-Thienylthio)-1-nitrobenzene: To a solution of 4-nitrothiophenol
(80%pure; 1.2 g, 6.1 mmol), 3-bromothiophene (1.0 g, 6.1 mmol) and copper(Il)
oxide (0.5 g, 3.7 mmol) in anhydrous DMF (20 mL) was added KOH (0.3 g, 6.1
mmol), and the resulting mixture was heated at 130 °C with stirring for 42 h and then
20 allowed to cool to room temp. The reaction mixture was then poured into a mixture
of ice and a 6N HCl solution (200 mL) and the resulting aqueous mixture was
extracted with EtOAc (3 x 100 mL). The combined organic layers were sequentially
washed with a 1M NaOH solution (2 x 100 mL) and a saturated NaCl solution (2 x
100 mL), dried (MgSO,), and concentrated in vacuo . The residual oil was purified by
25 MPLC (silica gel; gradient from 10% EtOAc/90% hexane to 5% EtOAc/95% hexane)
to afford of the desired product (0.5 g, 34%). GC-MS m/z 237 (M).

O
H,N

Step 2. 4~(3-Thienylthio)aniline: 4-(3-Thienylthio)-1-nitrobenzene was reduced to
the aniline in a2 manner analogous to that described in Method B1.
30
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heat ed at 10@oG@eme43h stirring for 18 h, then was all owed to c®cir/uses/zéo8m
tenp. The - resulting mxture was poured into water (200 niL) and
extracted with Et OAc (3 x 150 The conbi ned extracts were
sequentially h P fd Affind ormatiofi Vi %ﬁ'ﬂ) Qﬁ’;ﬁ
solution (2 X A\fﬁoeénfwatldrl ed&{ e{ror §“ﬂ’%j)&)tcl:loncentrlate I n vacuo. 2 e
resul.ti ng oi FomastignThiowgh Nyclébpinhc Aromaticipimtitytiqs 6 dlomd)ho'llﬁmmtmu ane)

to afford the desired product as a yellowoil (0.7 g, 9%: C-M5s nmz
201 ((MtH)[err]). Al4c. General Method for Substituted Aniline
Synt hesi s via Nucl eophilic | tution using a

Hal opyri di ne [err] 25 St epj@/

Met hyl (4-ni trophenyl) - 4-pyri dyl am as éjn5| on of N-nethyl-4-

nitroaniline (2.0 g, 13.2 mmol) an err] (7. 2 g, 52.2 mml) in DWU (30nl)

was 5 adftsli’ﬁnﬁi’ﬂlﬁ)j‘lﬁﬁy)hhmnae pydnigepheriol (8.0(2. RS rgmol)5wis diwssived inThe
reacti on m xture

44
VO 99132436 DMF (20 mL) then 5-bromopyrimidine (1.46 g, 9.2 mmol) and K2COp S g:d376081

aeul ing. m et were addeq o Tng ixhuee Meg heatabpaPOCEUBE T p R B30 SE i h, ¢
Et OAc (100 rmy whitheGeIM8 tndlysis indich@d SbméaBmaRERE staviighmartial. ThO Peattion

dried (Na2SO4) and concentrated under reduced pressure. The residue

was purifi edniyturowasnsoelad derseary tempy a@dr diluted with wager (S0ymlai chhe wpWtng0%

) A A L BB RS g g i

Met hyl (4- ani 3gfesy NG sohitichyRanshml), dnezeg\ugs;coz) aid amharmc) infwacuo. The
pyridyl am ne was reduced in a pmanner anal o oq’s toMIz?(ﬁ described in thod
B 1. 10 residtal®s salidsevare MEliRokibyMELGS (30 B9 YonexapeR) Hosgiye

Phenol Al kyl d by Reduction of a Nitroarene: [err]
Step 1. 4- (4%&?0@%}} &y?@éﬁ o-1” ni trobenzene: To a solution of

4- (4-nitrophenyl - 15 t hi o) phenol (1.50 g, 6.07 mml) in anh DMF (75 m)

The br oW Sk pmmettloMeshed o1 Prbisiated Angif &6rfanin gia Nircardhe FormalGR )

Through Nucleophilic Aromatic Substitution, Followed by Reduction

Br—Q—OMe

Step 1. 5-Bromo-2-methoxypyridine: A mixture of 2,5-dibromopyridine (5.5 g,
23.2 mmol) and NaOMe (3.'76g, 69.6 mmol) in MeOH (60 mL) was heated at 70 °C
20 in a sealed reaction vessel for 42 h, then allowed to cool to room temp. The reaction
mixture was treated with water (50 mL) and extracted with EtOAc (2 x 100 mL). The
combined organic layers were dried (Na,SO,) and concentrated under reduced
pressure to give a pale yellow, volatile oil (4.1g, 95% yield): TLC (10% EtOAc / 90%

hexane) R,0.57.
HO—@—OMe
N

Step2. 5-Hydroxy-2-methoxypyridine: To a stirred solution of 5-bromo-2-
methoxypyridine (8.9 g, 47.9 mmol) in THF (175 mL) at -78 °C was added an n-
butyilithium solution (2.5 M in hexane; 28.7 mL, 71.8 mmol) dropwise and the
resulting mixture was allowed to stir at -78 °C for 45 min. Trimethyl borate (7.06

25
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evol ution. stopped (15 mn), then a solution of iodobutane (1. 1%‘3%{% 690 ,
6.07 P9/32436 anh DMF (20 L) was added dropw se over 1 9%(?6051
[err] C. The reaction was stirred at roomtenp. for 18 h at which
time TLC indicated the presence of 20 unr eact ed phenol, and additi onal

i odobut ane (?éf &2 ;szg(ﬁﬂ?g%dgeégﬁ %HB e afld $Re resulting RO w a0 shineddr g M0,

0. 334 mol) e add react S stirred an addl tional 6 h
roomtenp., talidiionals2 hucThhbrightyorahge reidficr mrixwie was evarpedtoni0) °Crnd was

el 00, M S W SAAT 1 bR [SCIE, T T p R S

concentrat ed Jupdede §EHGE 03B, apprX. CSTHILS. tmegtesmta;gdjamw wed stighty Iturbiml ch
was purified®by silica ge chrorratograp (gradient. from 20%

Et OAC/ 8(% hereavtion miZ0ye MaONaBedhrooah te;nn cforgwgnn Héd then heatgd othe refiux 5
N lid 67 C (20% Et OAC(,80% H
AWR (DVBO o 4Py ok hy Flecpsaetion ixeytes vl tne8 ARFETE) cddh 36 Tort 1, | Fd

2H), 1.70 ( Maqueous layer was neutralized with a 1IN HCI solution then extracted w4ﬁ1 Et,0 2 x
WD 99/ 32436 PCTI US98/ 26081

2H), 4.01 (t,100-mE).6The combijned prepmiq leyeryvgers drigd MiggSO,y ang ceacenjmt}dpw eDH)
7.5

.51 (d, J=.8.7 ( [err] Step
2. 4-(4-But Mﬁ%‘ﬁéﬂyrﬁsfﬁ%? %iibel %grsg% )%ll v&toégsl_%ég thio-1-nitrobenzene was
5 reduced to the anlllnelnama us to that used in the
preparation of 3- (trifluoronet ﬁ?ﬁéz}c;é‘r”ﬂtf:l|nylthlo)anlllne
(Met hod,B3b, Step 2): TLC (33% O,N CAc/ e) Rlerr] 0.38

A16. Geh®ral Method for Synt hesi s 0f Substituted Anilines by the Acyl ation
of 10 Di ar§tep3t e#¢5-(2-Methoxy)pyridyl)oxy-1-nitrobenzene: To a stirred slurry of NaH

4,5 ot hyl or@avaiQ B2 mmoD in dsfloMy’ (ipg L fa e Erdlusiopof shbypryz-
room tenp wasp, ﬁﬁﬁ,ﬁ?@o 5@ PAb) in DMF (11©0tmh9't yihélessathenaiiaute3wdd 9d.

15.1 nmol ) |n an The reaction m xture was heated at t he
reflux tenp. dllwed fo, sta‘tatwhomhtemméorrlcb,|4ﬁﬂu@awéu>bﬁh%ene (3 mL, Z8cmmnll wes

o 57 0s ol seBEnanes. he redktieh A e BRS¢ ph AR bl b
temp. for 16 with water'”ﬁ] STHE) muﬂ:&am With (BtOAcv@sx 05 Ly d This tobgrti¢ eayet @a 200

m.), sequentlall ed wmth a sat ur at ed NaH errkqﬂc_)&utlon 100
), water (1¢me MgSg and saneanireted undey redugadipressusy The yes TOW} piL

(MySO4) . and COW%ﬁ&drﬁEﬁ&/ﬁQ}QSé) th GRUEEFIRPATHAR (5 DB, F884! L ng

O
2N N OMe

20 Step 4.  4-(5-(2-Methoxy)pyridyDoxyaniline: 4-(5-(2-Methoxy)pyridyl)oxy-1-
nitrobenzene was reduced to the aniline in a manner analogous to that described in

Method B3d, Step2.

Alda. General Method for Substituted Aniline Synthesis via Nucleophilic Aromatic
25 Substitution using a Halopyridine '

Qf»

3-(4-Pyridinylthio)aniline: To a solution of 3-aminothiophenol (3.8 mL, 34 mmoles)
in anh DMF (90mL) was added 4-chloropyridine hydrochloride (5.4 g, 35.6 mmoles)
followed by K,CO, (16.7 g, 121 mmoles). The reaction mixture was stirred at room
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white solidwe@sesisé fied by silica gel chromatography (gradi eRCTiUS98260800

Et QAc/ 67% hexane to 50% Et QAc/ 50% hexane) to afford the desired product as
a white solid ( 2.09 g, 46%: TLC (50% Et OAC/ 50% hexane) R[err]
0.45; [err] HHNWR (DMsO-d[err]) [err] 1.43 (s, I—P 3.63 (s, 2H),

4.85 (br s, tedy. for6l.84, (tn dilu@ddwith EtQAE (10GmL) mdseat@u( 09=d.)1 The aqeedus 7. 00

(s 3on o e e v S mias B D 88 e rineg el G 15

Xls a El ectroa}eb\ol ?‘5‘32 rvgthQ saturated N OyGidyy (Rooluml),odried (MgSO,), and

PCT/ US98/ 2 66aicentrate@ andgr reduced présurs. {The residue wvagjfilterndcthsapgh ppadpf silicap

UL, O BB SRR Mo o 70% RO ATERDY el i i

al l oved t0 GOMria YasAAratedRvith 1 BEOMMKaAE solation weffmtme desitddl profluct A6 5
aqueous m xture then made basic with a 1IN NaOH sol ution, then extracted

with Et20 g 66%)4TLCLO00nY) ethyhacetatehRn 029 HMNMR: MMSO-ddfu 8l G 23D,

washed W L 6Bt €ha 13, Yo st R T AR AL i85 GOl 3 (2 * 100

purified by MPLC (silica gel; 50 % Et OAc/ 50% hexane) then
recrystallization (EtQAc/ hexane) to afford the desired_product, %
2299 : Wbl@?eneralgMﬂthgdzprSémquuted Antiline] Synthesis fia Nycleophilic Aroma c

3-(4-Pyridi net ani | i i trobenzyl)pyridine was reduced to the
aniline in ?‘Wﬁ &ﬁa‘hsé?%agg%log%ﬁé‘- Et descrl bed in Method B 1. 1A18.
General Met hod for Synthesis of Aryl A Q_Substi-tution with
Ni t r obenzyl Hal i des Fol | owed b ucti On'ﬂ [err] Step 1.

FhOt i

4- (1-1m dazol yl net hyl ) -1- n|trobeq§; 2 o a ¢ on of imdazole (0.5 g,
7.3 mol ) and 4-nitrobenzyl bro e (1.6 g, 7.3 mol) in anh acetonitrile
(30 nmL) 20 4-Qnfethylasgyfidinyloxy)asilige: 7T6 armﬂut}on ofid-angipophengly (368 I28 was

LB 2R an oS Bl 1o Mk BAVERHot5H ) e A ™)

15 potassium tert-butoxide (7.4 g, 65.6 mmol) in one portion. The reaction mixture was

heated at 100 °C with stirring for 18 h, then was allowed to cool to room temp. The
resulting mixture was poured into water (200 mL) and extracted with EtOAc (3 x 150
mL). The combined extracts were sequentially washed with water (3 x 100 mL)anda
saturated NaCl solution (2 x 100 mL), dried (N2,SO,), and concentrated in vacuo.

20 The resulting oil was purified by flash chromatography (50 % EtOAc/50% hexane) to
afford the desired product as a yellow oil (0.7 g, 9%): CI-MS m/z 201 (M+H)").

Aldc. General Method for Substituted Aniline Synthesis via Nucleophilic

Aromatic Substitution using a Halopyridine
Me

e

O
7 N\
N
Step 1. Methyl(4-nitrophenyl)-4-pyridylamine: To a suspension of N-methyl-4-

nitroaniline (2.0 g, 13.2 mmol) and K,CO, (7.2 g, 52.2 mmbl) in DMPU (30mL) was
added 4-chloropyridine hydrochloride (2.36 g, 15.77 mmol). The reaction mixture

25
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wasextract ed wo3IE3®AC (3 x 50 nL). The conbi ned organi c | ayBE€T/USRS/26081
sequentially washed with water (3 x 50 nL) and a saturated NaCl solution (2
X 50 m), dried (MgSderr]), and concentrated in vacuo. The residual

| f by .2 o Ll ; (V 5 ff d
Phe dosi roq rodheaEd@ 9p ° 1ot 50 b hed S5y to by bk Lt hE Sitne ket o'
47 wabQiRBR4tBOwater (100 mL) and extracted with BtOAc (100 mL). The organic

PCT/ US98/ 26081 1- 1 md t hyl |
4-(1-1m dazo|lwmwag[/ﬁvragllemmﬁbmeﬁ80vm@,( m azﬁeﬁanngcf%%%giﬁdi Egéeru n a

manner anal o 1 ha
Substi tut ed &wﬁ‘?cgéﬁ)rlfé “hyT a ?%%@b‘é/’%oﬁ@ qﬁg[ajbgﬁ%mf"ﬁﬁ?ogﬁ %&C@llﬁg gel,
Conpounds F0|grﬂdi6ﬁt ﬁ%nRGdWB@Ac /20% hexanes to  100% EtOAc) to afford methyl(4-

[err] roxysz 1- (4-pyridyl)nethyl -1-nitrobenzene:
To a stirred @BPEhWﬁ""PYﬂdY go{‘ﬁ@n trobenzyl )pyridine (6.0 g, 28 nmol)

in[err] (90 nm.) was added m CPBA 10 .80mMg, 33.6 nmmol ) at 10 [err]C,
and the mxture was stirred at roony I ni ght. The reaction
m xture was successively washed with a Na err] solution (50 n),.

a saturated [err] solution (50 nL) and a satufat®d NaC solution (50 ni),

dried (MyST err]) and concentrat ed unde=N educed pressure. The
resulting yellow solid (2.

| ved t
anhydri de (305tR) %rndMR?HY’éﬂ'aH%m?WW BX“&I P ?\:/:te urle%yq( a’%&@i’?ﬁ%ﬁr"' The

m xture was C HPM&T%
di ssolved in WE%Q%E% ﬁ%@gﬁ&%ﬁsgﬁg&uﬁgﬁg@bﬁm sol ution (30

m.) . 10 The m xture was stirred at roomtenp. for 1 h, then was

N o ot “vekiS{ oSty Wtrodcrs s B GRS an 5 l pHER R lbet
dried (MySq eﬁmawed:ggﬁ%a},m&@gfymf,a,regguced pressure, and 20 purified

by col unm chronmat ogr 0% Et OAc/ 20% hexane) to afford the desired

product as a white solid. (0.53 g, rr]C TLC (80%
Et OAc/ 20% hexane) R[err]O 1 ((MH—l)[err] 10099 .
[err]

Step 1. 4-(4-Butoxyphenyl)thio-l-nitrobenzene: To a solution of 4-(4-nitrophenyl-
15 thio)phenol (1.50 g, 6.07 mmol) in anh DMF (75 ml) at 0 °C was added NaH (60% in
mineral oil, 0.267 g, 6.67 mmol). The brown suspension was stirred at 0 °C until gas
evolution stopped (15 min), then a solution of iodobutane (1.12 g, .690 ml, 6.07
mmol) in anh DMF (20 mL) was added dropwise over 15 min at 0 °C. The reaction
was stirred at room temp. for 18 h at which time TLC indicated the presence of
20 unreacted phenol, and additional iodobutane (56 mg, 0.035 mL, 0.303 mmol, 0.05
equiv) and NaH (13 mg, 0.334 mmol) were added. The reaction was stirred an
additional 6 h room temp., then was quenched by the addition of water (400 mL). The
resulting mixture was extracted with Et,0 (2 x 500 mL). The combibed organics were
washed with water (2 x 400 mL), dried (MgSO,), and concentrated under reduced
25 pressure to give a clear yellow oil, which was purified by silica gel chromatography
(gradient from 20% EtOAc/80% hexane to 50% EtOAc/50% hexane) to give the
product as a yellow solid (1.24 g, 67%): TLC (20% EtOAc/80% hexane) R,0.75; 'H-
NMR (DMSO-d,) 8 0.92 (t, /= 7.5 Hz, 3H), 1.42 (app hex, J=7.5 Hz, 2H), 1.70 (m,
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25 St ep 2wO 9942436- Hydr oxy- 1- (4- pyri dyl ) met hyl ani | i ne: PCT/US98/26081

4- (1- Hydroxy- 1- (4-pyridyl)- nethyl-l-nitrobenzene was reduced to the
aniline in a manner anal ogous to that-- described in Method B3d,
St ep2.

> 0% K oDy 401 (LGS LD, 7.08 (& 8B, 20y, k7 (B 9(HEz, 280, 751 (4

2- (N-net hyl cardaepybppysodides ovHa 2 Meni sci .reaction [err]
Step 1. 2- (I\l-netﬁy?/c?'}?banogll -4-chl orpgp ridine. (Cautlon this is a highly

5 hazar dous, potentially expl n a solution of
4- chloropyridine (10.0 9) de (250 nL) under argon
at anbi ent tenp was added concHﬂier 55 m.) (exothern) To this

was added [err] (17 nmi, 30%w in H20 foIIowe FesSO err] 7H20
(0.55 g) to ﬁtﬂb@ucﬂe(%ﬁumphénymhml p@aét(ﬂrﬁwm@hsmyl)th@dl -Ri{robRRZeRR Mas

at anbignt te r \When
bubbl i ng 10 reHch.dq |"&1'5cf&’pﬁle reag{}ﬁg%re%az é\%?% err?%*&{l&igfﬁ The
opaque br OV\ﬁ'(u‘&Mdibmeﬁzy‘na‘&(4-pyndmyllt}hu)aﬁﬂm (Methfbﬁ (Bm»o Step 201 . TR @Iy a
10% NaCH soI ut | on 250 %"H% g aqueous m xture was extracted with

Et OAc (3 x Rppa nic layers were washed separately wth
a saturated NaCI soI utlon (3 x 150 M L. The conbi ned organi cs were
dried " (MgSO err]) and filtered through a pad of silica gel eluting with 15
Et OAc. The sgigenGen@aal Méthuedor Synthesio of Substitatedr Auilines by dhie Avglationroff i ed
by silica gel chromatography (gradient from50% Et OAc / 50% hexane
to 809 &t OACDjaminoarenep09% hexane). The resulting yellow oil crystallized at
O [err]C over 72 h to give 2-(N met hyl car hanoyl ) - 4- chl or opyri di ne
inyield (0.61 g, 5.3%: TLC (50% E 50% exane) Rlerr] 0.50; M5
[err]H NVR (CDCl [err]): d 8.44 (d, .

1H CHCCO, 7.96 (bs, 1H NH), /A4 HAN

8.21 (s, 20
z& 4, 54Hz CICHN), 3. 04

(d, 3H J = 5.1 He, nethgh); C|-iv5 rr12ﬂ71((M+H)+)

Ge | met hod for th th of - Syl f h .
TR T A=A Y AN A A S AL EY egu#ﬁmeon of
4- ( 4- ' g

(75 ac oS By 13 TaRBn IR aKh TS0 ﬁ%ﬁ%ﬁ%&%“’???z sag%mm‘,“b‘gﬁm e

reaction m xteuﬂmtyhdlmbomated(mo gooi5.1 mmol) ineayhe T3LHI(L0 fnol). 5 The reagsion
CHAE RN IR e T E P
presence of unreacted methylenedianiline. Addltlonal di-tert-butyl dicarbonate (0.664
g, 3.03 mmol, 0.02 equiv) was added and the reaction stirred at the reflux temp. for 16
h. The resulting mixture was diluted with Et,0 (200 mL), sequentially washed with a
saturated NaHCO, solution (100 m!), water (100 mL) and a saturated NaCl solution
20 (50 mL), dried (MgSO4), and concentrated under reduced pressure. The resulting
white solid was purified by silica gel chromatography (gradient from 33%
EtOAc/67% hexane to 50% EtOAc/50% hexane) to afford the desired product as a
white solid ( 2.09 g, 46%): TLC (50% EtOAc/50% hexane) R, 0.45; 'H-NMR
(DMSO-dy) & 1.43 (s, 9H), 3.63 (s, 2H), 4.85 (br s, 2H), 6.44 (d, /=8.4 Hz, 2H),
25 6.80 (d, J/=8.1 Hz, 2H), 7.00 (d, /~8.4 Hz, 2H), 7.28 (d, /~=8.1 Hz, 2H), 9.18 (brs,
1H); FAB-MS m/z 298 (M").

Al7. General Method for the Synthesis of Aryl Amines via Electrophilic Nitration
Followed by Reduction
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49 VA BOAIP 436 PCT/US98/26081
PCT/ US98/ 26081 water (25 nmlL) and a saturated NaCl solution (25 nl),
dried (MgSJerr]), and concentrated under reduced pressure to give

4- (4- met hyl sul f onyl phenoxy) - 1- i 3.y ob e as a solid (2.1 g). 5
Step 2. 4-(4-Methyl sul fonyl phenoxy) -1 -

4- (4- Met hyl sul f onyl phenoxy) - 1- Obenk was reduced to the
aniline in a manner anaol ogous to ?ﬂ%{t described in Met hod B3d, step
2. A22. Ceneral Method for Synthesis of

[err]-Al koxySf[e?rlr] Carquwwhzﬁwﬁms Al 86lidion of 3-benz§11;%d}ne (40 g,

4- ( 3- Met hoxyca n

bonyl - 4- met hoxyphen 36/ -ni trobenzene: sol ut1
of -(3-car bo&#émwmyﬁ%emwﬂd( nﬂdb@smntsd(qvﬁmt@@ 50ﬁCaThamelting

anal ogous d. in tho B3a, . sit.

acet one. (50 Tisretraeds pafyaSs bR oo it thes usell B0 1 v AT Q. T )
The resgl ti ngqugbud mﬁ;&u%emﬁﬁaeﬁaﬁa&aﬁaa 18EN20H! douticnf khon éxerapea vWath RO .
overnight, then cooled to roomtenperature and fil t er ed through pad

of Celite. Tifex186mI) nEhesenmbined extmacts weresearentially washed withuweten (3 x 100
E’ggos/os ure, a‘é@@%ﬁé}’ a%%{y?ﬁéc}( gﬁgf s@‘& ion @?Q 1061thl §, BB NE R O e HoR B QM GARY

4- ( 3- met hoxywdsoub O Mhle-rdsidueil hWﬁ}ﬁnfﬁeA)by MPLC (silica gelpiIBWEtGAGISO% BekbheW
powder (3 g);. np 115 118 |

4- ( 3- Car boxyﬁlﬁﬁéﬁmﬁlﬁiﬁ@%@&)&cﬂ}eﬁ%éﬁégﬁ@ ﬂ%&@?ﬁ%‘h?’é’daﬁ (4.9 g-22%): GC-
nmet hox? rb%ﬁ@&mhenoxy)-l -ni trobenzene (1.2 g), KOH (0.33 g), and

wat er m.) was stirred at roomtenperature overni ght and
t hen heated at the reflux tenperature for 4 h. The resulting m xture

was cooled to room 25 tenperature nat ed under reduced
pressure. The residue was dissol ved i er (50 nL), and the
aqueous m xture was nmade acidic w HiN'a ol uti on. The

r58$ul ting m é%e r2e %B(E lgyﬁc{mClSmethyl;[urx]ililtExteQj&“@—&\ﬁtrogérzzyl);?reldl% %v%rs“recdtlch ?or thvé/as

aniline in a manner analogous to that described in Method B1.

(D

1A18. General Method for Synthesis of Aryl Amines via Substitution with Nitrobenzyl
Halides Followed by Reduction

Step 1. 4-(1-Imidazolylmethyl)-1-nitrobenzene: To a solution of imidazole (0.5 g,
7.3 mmol) and 4-nitrobenzyl bromide (1.6 g, 7.3 mmol) in anh acetonitrile (30 mL)

20 was added K,CO, (1.0 g, 7.3 mmol). The resulting mixture was stirred at rooom
temp. for 18 h and then poured into water (200 mL) and the resulting aqueous solution
wasextracted with .EtOAc (3 x 50 mL). The combined organic layers were
sequentially washed with water (3 x 50 mL) and a saturated NaCl solution (2 x 50
mL), dried (MgSO,), and concentrated in vacuo. The residual oil was purified by

25 MPLC (silica gel; 25% EtOAc/75% hexane) to afford the desired product (1.0 g,
91%): EI-MS m/z 203 (M").
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dried (MgSQ err]) and concentrated under reduced pressure to give

4- (3-car boxy-4 met hoxyphenoxy)- 1 -nitrobenzene (1.04 g). B.
General Methods of Urea Formation 5 Bl a. General Method for the Reactio
of an Aryl Amne with an Aryl lFOoyyany [err]
N-(5-tert-Butyl-2-(3-tetrahydrof uran) )pthen¥! ) - N[ err] - (4- et hyl phenyl ) ur
ea: To a solution of 5-tertHdty -2-(3-@et r ahydr of ur anyl oxy) ani |l i ne

(0.078 g, 0,33 mTDl% i n, 10 olhuene (2 add -tol.yl isocyanate
(0048 o, 0S8 (s infreiyimpbdhaEfs! 7-0-MifetBTrBtiE R Polimpenegias - o
roomtenp. fefiiced t& tHeCanMii GSmanmief ﬁfdl&%du@ft@thaﬂ'hétcribedinmﬁﬁﬂ'ﬂm m xture was
filtered and the residue was sequentially washed with tol uene and
hexanes to give the desired urea as a white solid (0.091 g, 75%: np

229- 23 er o ' [ er . : 9 . 1.,99- 2. 03
(m 14185 Rermation of, sulsfibited Efarouibitvlanififlel vy, Oftghiinn Pripyipopenyy |
4.98-5. 01 (QompbindSFSlowedby Reduetibn 7. 06 (d, J=8.09 Hz, 2H, 7.32
(d, J=8.09 Hz, 2H), 7.84 (s, 1H), 8.22 (d,, J=2.21 Hz, 1H), 9.26 (s, 1H).
Blb. General Method for the Reaction of aHAryI Amine with an Aryl

| socyanat e [err]

N (2- Met hoxy-5-(trifl uoromet hanesul f phe yl i N (4- et hyl phenyl )urea: p-
Tolyl isocyanate (0.19 ni, 1.55 roghl) “as add to a solution of

2- met hoxy- 5- rét rifluoromnethanesul fonyl)aniline (0.330 g, 1.29 mmol)
in EtOAc (5S%R): 4 -Hydroxy-1-(4-pyridyl)methyl-1-nitrobenzene: To a stirred solutipn

of 3-(4-nitrobenzyl)pyridine (6.0 g, 28 mmol) in CH,Cl, (90 mL) was added m-CPBA
10 (5.80 g, 33.6 mmol) at 10 °C, and the mixture was stirred at room temp. ovemnight.

The reaction mixture was successively washed with a 10% NaHSO, solution (50 mL),
a saturated K,CO, solution (50 mL) and a saturated NaCl solution (50 mL), dried
(MgS0,) and concentrated under reduced pressure. The resulting yellow solid (2.68
g) was dissolved in anh acetic anhydride (30 mL) and heated at the reflux temperature

15 overnight. The mixture was concentrated under reduced pressure. The residue was
dissolved in MeOH (25 mL) and treated with a 20% aqueous NH, solution (30 mL).
The mixture was stirred at room temp. for 1 h, then was concentrated under reduced
pressure. The residue was poured into a mixture of water (50 mL) and CH,CI, (50
mL). The organic layer was dried (MgSO,), concentrated under reduced pressure, and

20 purified by column chromatography (80% EtOAc/ 20% hexane) to afford the desired
product as a white solid. (0.53 g, 8%). mp 110-118 °C; TLC (80% EtOAc/20%
hexane) R,0.12; FAB-MS m/z 367 (M+H)", 100%).

OH

R

H N N

25 Step2.  4-(1-Hydroxy-1-(4-pyridyl)methylaniline: 4-(1-Hydroxy-1-(4-pyridyl)-
methyl-1-nitrobenzene was reduced to the aniline in a manner analogous to that
described in Method B3d, Step2. |
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reaction mxture was stirred at roomtenp. for 18 h. The resulting

preci pitate was collected by filtration and washed with Et[err]Oto
give a white solid (0.28 g). This .material was then purified by HPLC

(G 18 colum, 50% CH3CN 50% H err] O and th ... resylting, solids were
L o aoed wheR thomnstion pls-gVgurtgloanbampy Deyridings i thedoaistipeactioy &
NVR (CDCl[err]) [err] 7.08 (d, J=8.5 Hz, 2Hp, 7.33 (d, J=8.5 Hz, 2H), 7.40
(d, J8.8 Hz, 1H), 7.71 (dd, Jgg.6,. 8. 8 Hz, 1H), 8.66 (s, 1H), 8.90
(d, J=2.6 Hz, 1H), 9.36 (s, 1H); FAR- MNig z 389 ((M+l)[err]).

Blc. Ceneral Method for the Reaction o N Aryl Amne with an Aryl 10

| socyanat e [err]

R bttt o i . >
| ! : . . S, a e (0] uti on,o

201t odve Lo Bafichs) patentialy sxaioRyR Seatioha TS a-foriied fA- Bl aRs 1008, 1

Et OAc (0.5 my) yadhylfimhmide (250SHLY iritier Hgbhlat s?mfem ﬁﬁc}i Waﬁedrc@ﬁéUHZSF-

for 3 d. The resulting precipitate was iltered and washed w't

Et[err] O to (&%vindd (exasherm) docthipwasndddes H,Oh(17emEo|3036 v0.ipF20) followed)

"H NVR ( CDCl 2 3 4.0 , - (6] 7.54
(dd, J :(2. 4, by E:‘[’éé’ﬁéﬁ%é k&%s §?2-6°( PS‘%?.‘*%Q ?’%‘?’m%ﬁ()"‘,s’" 8 35?71‘§°Q‘§‘¥% %‘Wﬁ@fﬂlfﬁﬁkiﬂ%. 33
(s, 1H; El - Marfibient3tethp( fdr ' thin wasHeated stwlly 6¥rer hlat Mst Td Wisen bitbling

Reaction of an Aryl Amne with an Aryl | socyanate - .
CF3 [dPr] subsided,the reaction was heated af 60 °C for 16 h. The opaque brown solution was

(2 O Uty 0 OO IGVBLH Mo ST BB EE e,

2, 4- di met hoxyqieou®mixture was éxtraotedneithy BtQA0i(3 xriH0(ALY andjthelorghicriaye)s were

I8 h. A rosuNER (PeEIaY rich haumisdBaChispiuon (°x 10°mE! 18 Sorbilea '

52 organics were dried (MgSO,) and filtered through a pad of silica gel eluting with

15 EtOAc. The solvent was removed in vacuo and the brown residue was purified by
silica gel chromatography (gradient from 50% EtOAc / 50% hexane to 80% EtOAc /
20% hexane). The resulting yellow oil crystallized at 0 °C over 72 h to give 2-(N-
methylcarbamoyl)-4-chloropyridine in yield (0.61 g, 5.3%): TLC (50% EtOA¢/50%
hexane) R, 0.50; MS; '"H NMR (CDCL,): d 8.44 (d, 1 H, J =5.1 Hz, CHN), 8.21 (s,

20 1H, CHCCO), 7.96 (b s, 1H, NH), 7.43 (dd, 1H, J =24, 5.4 Hz, CICHCN), 3.04 (d,
3H, ] =5.1 Hz, methyl); CI-MS m/z 171 (M+H)+).

A21. Generalmethod for the Synthesis of ®-Sulfonylphenyl Anilines

0L
O,N g:Me
)

LN

0

25 Step 1. 4-(4-Methylsulfonylphenoxy)-1-nitrobenzene: To a solution of 4-(4-
methylthiophenoxy)-1-ntirobenzene (2 g, 7.66 mmol) in (Z‘;H,Cl2 (75 mL) at 0 °C was

slowly added mCPBA (57-86%, 4 g), and the reaction mixture was stirred at room
temperature for 5 h. The reaction mixture was treated with a 1 N NaOH solution (25

mL). The organic layer was sequentially washed with a 1IN NaOH solution (25 mL),
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Et[err]Oto give the title corrpound as a white solid (0.36 g): 'H NWR
(CDCl[err]) [err] 221(5 3.97 (s, 3H), 3.86 (s, 3H), 688(5

B 55 (5, 1D G5 ml) wig s Jedie 5 SeRons @ iy ks DSl el

General Met h a o] r ney.

| socyanat e a{}feér r?‘ﬁe& findt %dl\ul-Q(e%- %/beg&géy% giavgh? h(ﬂ ﬁle@&? ?B%%Ip%?nﬁﬁ ur ea:
" To a sol ut i nitrobénZ2nens mselBl (2.1 g). net hoxynapht hal ene (0.253 g, 1.50 mmol)
in[err] (3 nL) at roomtenp. was added 10 a solution of I|-naphthyl

i socyanate (0.247 g, 1.50 mml) in [err] (2 nL) and the resul ting

m xt ur ¢ wasggdyl 2V\’ﬂct‘tf-Meﬁi}‘lJulfbh?IﬂHeﬁB&y)-ﬂBﬁxlfn@ﬁU|¢Q4Weﬂ@@éﬁl@h§l§h&dﬁ?}il-
separated and"washed with [err give the desired urea as a white powder

(o 450 nitypbepny wamed_wsd 2@ thecaniling VRI(ADRGNEOINZONS tg that Heseribed [y

7.28-7 7.:38 1 7.44-7.72 6 7.90-7.93
(m "1H), ng%?é‘g%:"fw‘*’l% 8.21-8. (22 (mH)15 1H), 8. gT(s,H)lH), 9.03 (s,
1H), 9.44 (s 1H); FAB-M5S miz 343 ((MtH)[err]). B1f. General

Met hod for the Reaction of an Aryl Amne with an Aryl | socyanat e
[err] A28. General Method for Synthesis of o-Alkoxy-w-carboxyphenyl Anilinés

N-(5-tert-Butyl-2-(2-tert-but oxycarbonyl oxy)etfoxy) phenyl)-N - (4-

met hyl phenyl ) ur ea: A “m xtur 0 5-tert-butyl-2-(2-tert-
but oxycar bonyl oxy) et hoxy) ani |l i ne ( o'aM2 g, 0.75 nmmol) and
p-tolyl | socyanate (0.099 .79 é in EtOQAc (1 nL) was stirred
at roggtenp. for 3 d t ®2Nr odlce a sol i Mewhi ch was separated. The

UIEN A S T e e S I R TR
53 of -(3-carboxy-4-hydroxyphenoxy)-1-nitrobenzene (prepared in a manner analogous
to that described in Method B3a, step 1, 12 mmol) in acetone (50 mL) was added
K,CO, (5 g) and dimethyl sulfate (3.5 mL). The resulting mixture was heated aaaaaat
15 the reflux tempoerature overnight, then cooled to room temperature and filtered
| through a pad of Celite®. The resulting solution was concentrrated under reduced
pressure, absorbed onto silica gel, and purified by column chromatography (50%
EtOAc / 50% hexane) to give 4-(3-methoxycarbonyl-4-methoxyphenoxy)-1-
nitrobenzene as a yellow powder (3 g): mp 115 118 °C.

o}
O.N OMe

20
Step 2. 4-(3-Carboxy-4-methoxyphenoxy)-1-nitrobenzene: A mixture of 4-(3-
methoxycarbonyl-4-methoxyphenoxy)-1-nitrobenzene (1.2 g), KOH (0.33 g),and
water (5 mL) in MeOH (45 mL) was stirred at room temperature overnight and then
heated at the reflux temperature for 4 h. The resulting mixture was cooled to room
25 temperature and concentrated under reduced pressure. The residue was dissolved in

water (50 mL), and the aqueous mixture was made acidic with a 1N HCI solution.
The resulting mixture was extracted with EtOAc (50 mL). The organic layer was
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PCT1US98126081 the desired product (0.262 g, 79%: np 155-156 C
TLC (20% Et QAc/ 80% hexane) Rlerr] 0.49; [err]H NVR (DMSO-d[err])

err] 1.22 21 4.22-4. 23.

45550 4. 35 (S Meg0sD hnf Gonbifuaidd Smgderyeaitde sigsisp %”h-@cs@owﬁ
J=8.1 Hz, methox%;bﬁenoiyﬁﬁ-nﬁﬁoheﬂt&w(ﬁoa g).(d, J=.5 Hz, .9.22 (s, 1H);
FAB- NS i z (rel undance) 5 443 ((MrH)[err], 69%. "'B2a. General
Met hod for Reaction of an Aryl Amine with Phosgene Fol | owed by

o hether B Sec&lﬂfﬂl%etﬁghPﬁgUﬁeaF?xjmﬂ;mn(3 (4-pyridinylthio) phCF3 s

N- ( 2- Met hoxy=5- (trirTlruoronet enyl ) urea:
To a sobkutioBlalf GenerklnMethod Iforthe/ Reattion . of3afl Aayvi \Ambred witlo sarenferyi20%
in toluene; 2.65 n, 5.0 mol, 2.0 equiv) in [err] (20 nL) was added
2- met hoxy- 5-ISPSY3“atEtr|fIuororrethyl)anlIlne (0.48 g, 2.5 mol) at 0 [err]C
The resulting m xture was allowed warmto roomtenp. stirred for 3
h, then treated with anh. toluene (1Q0 nl) and concentrated under
reduced pressure. The residue was s ended in a m'xture of [err]
(10 nL) and anh. pyridine (10 nl) an treat ed

3-(4-pyridinylthio)aniline 1.0 equiv). The

m xture was stirred overni ght at ro 'Q'pu\ﬁ poured into water
(50 nmL) and extracted with [err] (3 254 L The conbl ned organic
| ayers were dried (MgSd err]) an entrated under reduced pressure. The
resi due was dissolved in a mni anmount of [err] and treated with pet.
ether to " give the desiredproduct as a white precipitate (0.74 g,
7099 : np 202 [err]C TLC (5% acetone/95% [err] Rerr] 0.09; "H NWR

DVBO- d - Cetrk -R5.(4- Hz,
(2 A gclar E gt)jv (ij_ei-ﬂéBlzt)@-Q -(3cktetr ﬁ?dﬁ,mea%abﬁy)?iengﬁ) B&(4 métﬁ lphénilg&reaél fo

1H). 7.79 (da sphion szS-tqH?utYHfﬂ-te%ahmﬁxraayb@yxaadmeJ(Q@  2:90.33 mmoan
9.63 1
B2b. glr(\)ergl) tﬁ%%o ) or %eac |od¥ﬂo?ly %?tmﬁmoﬁé%ééw%oggen %pﬁé?l w§d by

30 Addi t i prixtufe vaSedtionaddAoystir/ariroem temp. for 8 h to produce a precipitate. The
54 WD 99/.32436

PCTI US98/ 2608%action mixture was filtered and the residue was sequentially washed with toluene

and hexanes to give the desired urea as a white solid (0.091 g, 75%): mp 229-231 °C;

'H-NMR (DMSO-d,) § 1.30 (s, 9H), 1.99-2.03 (m, 1H), 2.19-2.23 (m, 4H), 3.69-3.76

15 (m, 1H), 3.86-3.93 (m, 3H), 4.98-5.01 (m, 1H), 6.81-6.90 (m, 2H), 7.06 (d, /=8.09 Hz,

2H, 7.32 (d, J=8.09 Hz, 2H), 7.84 (s, 1H), 8.22 (d, /=2.21 Hz, 1H), 9.26 (s, 1H).

Blb. General Method for the Reaction of an Aryl Amine with an Aryl

Isocyanate
GFa
0=8=0
SN
20 MeO

© N-(2-Methoxy-5-(trifluoromethanesulfonyl)phenyl)-N’(4-methylphenyl)urea: p-
Tolyl isocyanate (0.19 mL, 1.55 mmol) was added to a solution of 2-methoxy-5-
(trifluoromethanesulfonyl)aniline (0.330 g, 1.29 mmol) in EtOAc (5 mL), and_ the
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N- (2- Met hoxy-5-(trifluoronethyl)phenyl)-N -(4-(4- pyr|d| nyl t hi o) phenyl ) ur ea:
To a solution of pyridine (0.61 nL, 7.5 mmol, 3.0 equiv) and phosgene
(20% in tol ugHBlion mixture wad sﬁired 8t fookieém mp. %o 2fo@ IGQUI eersdlmiig bre{cﬁﬁtafé—w)vay\/as
added 4-(4- 5 pyridinyl thio)aniline ( nmol )., at [err C
After stirrinojldcted by filmationoend washed with Etzo tt‘h@‘fﬁ it"dhl? slid €Q- %@aiﬁéd
anh. tol uene e o1 he

j eitph §ah et Buribar ) BT 8 FBluply 056 €I, ONISOR T el ﬂs%rd. ne

resi due was
(10 n) and Eés&hin@ckoﬂﬂi Wert-thitiried with Et,0itb providetht ftigle)cempouné (Q. ®983Q) QH- 2.5
mmol, 1.0 equiv). After stirring the m.xture overni a_gz’@ib roomte It

was pourSed 1 (CR@:)D 17-68 (h sétﬁ%»tm@n%@ddn'lﬁsé r 4A40dd, &7 I'?err]

Convent  at b HRNILT! (36 /520 83 YATRE GYE] BARGTYTI 638, ﬁ%ﬁsﬁﬁéa{%ﬂm 0

SR

71%: np 215P{Ag3.Mg}n/zT339((§B|61y9etone/ 95% [err] R err], 0.08;
[err]H—Nl\/R(DMSOd[err]) 8 3.96 (s, 3H), 6.94 (dd, J=1.1, 4.8 Hz, 2H),
7.19 (d, J=8.4 Hz, 7.32 (dd, J=2.2, 9.3 Hz, 1H), 7.50 (d, J=8.8 Hz,

2H) , 7 62 (d 5 2 J i 3. ( =9 7
He., ?1% (iﬂh 9%%5‘?" L :i&a%ﬁlﬁ’ ?gigﬁ mﬁ}%%g(v(ﬁﬁrﬁ erej).
B3a. GeHBraI IMﬁyhnaiefor the Reaction of an Aryl Am ne with Phosgene wth

| solation of the Isocyanate, &ﬁ?l | owed by Reaction with a Second Aryl
Amine J[err] Step 1. 5- (_ Fuororret hanesul f onyl ) - 2- met hoxyphenyl

| socyanate: To a solution osgene (1. 95 Min toluene; 3.0 nL, 5.9

mmol) in [err] (40 nL) at O [err] QS adgetsa sol ution of
5- (di fl uor omet hanesul f onyl ) - 2- et aniw 70 g, 2.95 mol ) and
371 [N dropW| se. After being 25

pyridine (0.44 nL, 8.85 mmwol) in
stirred at O [err]C for 30 m n aljgcat HooM tenp. for 3 h, the reaction

m xture was concentrated under reduced pressure, then treated with
tol uene (50 MYY2-Methoxy-Sc(diflypyomethanesulfonyl)phenyl)-NV’- -(4-methylphenyDurea: p-

g?:w USO8 2608&31% 8%%&%%0.058 mL, 0.46 mmol) was added to a solution of 2-methoxy-5-
(difluoromethanesulfonyl)aniline (0.100 g, 0.42 mmol) in EtOAc (0.5 mL) and the

15 resulting mixture was .stirred at room temp. for 3 d. The resulting precipitate was

filtered and washed with Et,O to provide the title compound as a white solid (0.092

g): '"H-NMR (CDCl;) 8 2.22 (s, 3H) 4.01 (s, 3H), 7.02-7.36 (m, 6H), 7.54 (dd, /=24,

8.6 Hz, 1H), 8.57 (s, 1H), 8.79 (d, J=2.6 Hz, 1H), 9.33 (s, 1H); EI-MS m/z 370 (M").

N

20 Bld. General Method for the Reaction of an Aryl Amine with an Aryl

Isocyanate
CF;

L L
N N

Meo " H
N-(2,4-Dimethoxy-5-(trifluoromethyl)phenyl)-N’-(4-methylphenyl)urea: p-Tolyl
isocyanate (0.16 mL, 1.24 mmol) was added to a solution of 2,4-dimethoxy-5-

25 (trifluoromethyl)aniline (0.25 g, 1.13 mmol) in EtOAc (3 mL) and the resulting

mixture was stirred at room temp. for 18 h. A resulting precipitate was washed with
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m xture was cowneestrat ed under reduced pressure, then was treaf'edvnd{za0sl
Et[err]O (50 M) to produce a precipitate (pyridinium
hydrochl oride). The resulting filtrate was concentrated under

duced the titl

(0.33 g) pr?ﬁ%iibﬁtatsévé’ P e S RRRHES0 &5 o, PENMR IEPER 5 221 6
purificati 0”3@ f(& 3H), 3.86 (s, 31‘%? 288 &, lH), 7.05 (d J=8.5 Hz, 2H), 7.29 (d, J=8.5
N ( 2- Met hoxy- (dl I"Uor ofret hanesu

fonylg) eny@) -(2-fluoro-4-

met hyl phenyle;%H), 821 3 (su UHp -8B kst BED), &) (g:n APMSw/z H51E@HY)) was added

to a solution of 5-(difluoronethanesul fonyl) 2- met hoxyphenyl

- isocyanate (0.046 g, 0.17 nmml) in EtOQAc (1 nL). The reaction m xture
was stired gfel OCenepslP Méthod 3fdd tHd Rehdtion ofaml Argh Awmimd witlntan agl

washed with Et20to provide the title conpound as a white solid

(0.055 9): [&sacymmR(CDCI[err]) [err] 2.24 (s, 3H), 4.01 (s, 3H), 6.93

(d, J=8.5 Hz, 1H), .01-7. 36 3H), 56 (dd, J=2.4, 8.6 Hz, 1H),

7.98 (app t, J=8.6 Hz, 1H) 8.79( 2 Hz, 1H), 9.07 (s, 1H),

9.26 (s, 1H); FAB-Ms n12 389 ((MFIN . > General Method for the

Reaction of an Aryl Am ne with Phosg i gt i on of the

| socyanate, Followed by Reaction w thya ®cod Ayl Amne [err]

Step 1. 2- Met hoxy-5-trifl uoronet hylgneﬁﬂll ll*socyanate To a sol ution of

phosgene (1.93 Min toluene; 16 ni, 31.4 movol) in Jerr] (220 n_) at, O

[err]C was 2w-(s-mwy-a-mhshywuﬂ-@m)ﬂmwms (Ko jaf P%P%eqﬁﬁrmm% ne

((j?ogvvlgse15 7@%@%%&‘0u%%y€hpswm)ﬁqﬁ ’e@ rll{"%errt?r&bfor 9 rrL)

and at f®om taegihutic of814ma; mhymsecymmt(omecg Ui mmicdylirc €H,Cl, (2 mL)pmdsmar e
The residue was dil uted W|th t ol uene L gglonc trat d under .r educed -
pressure, andesulting saixire was plpvEd. t°TﬁH Pﬁém bng g, PECIS §YaSi um

nyar ochl of | dekodated ¢ Wasﬁ?(ﬂw{ﬁ(tﬁ@ td'give ithe &é&lr’é‘d‘ﬁ?ei &Oi‘ﬁﬁiﬂé paw&st oager

redeuced press
56 \WIH0Yajt /rxhlﬂags-lzsé °m’,|3H418MR (DMSO-d];)l & I4e!)4c(snﬁbl)nﬂ2&é7 r» (mJ 2Hyy oi |

éﬁyg 9) whieh Y e, 1359 76, &80 P08 {m! T 6.6B.08 (m, 150), €518 24%,

15 1H), 8.64 (s, 1H), 9.03 (s, 1H), 9.44 (s, 1H); FAB-MS m/z 343 (M+H)").

Blf. General Method for the Reaction of an Aryl Amine with an Aryl

Isocyanate
QL
i NN
SL L o
0o 0O )
20 N-(5-tert-Butyl-2-(2-tert-butoxycarbonyloxy)ethoxy)phenyl)-V’-(4-
methylphenyDurea: A mixture of 5-tert-butyl-2-(2-tert-

" butoxycarbonyloxy)ethoxy)aniline (Method A10, 0.232 g, 0.75 mmol) and p-tolyl
isocyanate (0.099 mL, 0.7 mmot) in EtOAc (1 mL) was stirred at room temp. for 3 d
to produce a solid, which was separated. The filtrate was purified by column

25 chromatography (100% CH,CL,) and the residue was triturated (Et,O/hexane) to give
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[err] Step 2. N-(2-Methoxy-5-(trifluoronethyl)phenyl)-

N - (4-fl uorophesyydaasy ea: 4- 5 Fl uoroaniline (0.24 nl, 2.53 gpRlukodMiks:
added to a solution of 2-nethoxy-5- (trifluoronethyl)phenyl

I socyanate (0.50 g, 2.30 mml) in EtOAc (6 m.) and the reaction
m xture was stirred at roo . The resultin &emgitate was
of

washed with the [dé$1¥‘]d@f9€“‘§|(9853 I8e79°/°04 @Pc’(ﬁm :aElG (P o(hexE®) g)

Mot G ok B Qi B, indsh By 07 b, 157, 981220 Jm i g gl
FAB- M5 nfz 329),@(38:4.35 Qm; PH), 6. 8934‘00 (=3 ram)av ObRaNBS.S iz, m;;az FD(d) 58, Qer/I a

Curtius Rearran errent wi th_an Am ne

T R (5 BN R Gy IR AR (6 Tt 5 kD 0 o D) AB MY 57 (58 plprdnech
3-net ho y- %%(%mz’pggﬁmlc acid (Method A6, Step 2; 0.762 g, 3.80 mml)

and Et3 mmol ) in anh tol uene (20 m.) at room tenp.
was added a sol ution of di phenyl phosphoryl azide (1.16 g, 4.2 mol)
in toluene (5 nmL). The resulting m xture was heated to 80 C for 2 h,

cooled to roomtenp., and p-toluidine (0.455 g, 4.1 20 mol ) was added.
The MM Xpype MiEthiod! fHORESEHidr" of T WramfROWEE PRSART FAllBved b
quenche 2 ﬁ.@ﬁel%g% cﬁlto?l C alczlkd chl?tlon nd extracted \?\Agééﬂ Et CAc X 2 ?(t 25
m.). The Additioondfi nSetondghryl Amimger s were washed with a saturated Nad
solution (25 nmL), dried (MaSO err]), and concentrated in vacuo. The
residue was triturated with [err][ to give the desired urea as white

powder (0.700 g, 61%: np 171- . 't N dlerr]) 8 2.22 (s,
3H), 3.99 (s, 3H), 7.07 (d, J: Hz J| 2H .2 \ 6 (m 5H), 7.67-7.72
(m 2H), 8.43 (s, 1H), 8.57 (s, NQ.ﬁS , AB- M5 nfz 307

((M+H) [1err]) . MeO . 57 WO

99/ 32436 PCT/ US98/ 26081
B5. General Method for the Reaction of Substituted Aniline with N N -

Car bonyl di i myd@zletn J3314-0IH 0Py mRBRA) PR YLV (R(4pFRBEhyHiS)Phenifireh:

To a solution of pyridine (0.61 mL, 7.5 mmol, 3.0 equiv) and phosgene (20% in
toluene; 2.65 mL, 5.0 mmol, 2.0 equiv) in CH,Cl, (20 mL) was added 2-methoxy-5-

15 (trifluoromethyl)aniline (0.48 g, 2.5 mmol) at 0 °C. The resulting mixture was
allowed warm to room temp. stirred for 3 h, then treated with anh. toluene (100 mL)
and concentrated under reduced pressure. The residue was suspended in a mixture of
CH,C], (10 mL) and anh. pyridine (10 mL) and treated with 3-(4-pyridinylthio)aniline
(0.61 g, 2.5 mmol, 1.0 equiv). The mixture was stirred overnight at room temp., then

20  poured into water (50 mL) and extracted with CH,CL, (3 x 25 mL). The combined
organic layers were dried (MgSO,) and concentrated under reduced pressure. The
residue was dissolved in a minimal amount of CH,Cl, and treated with pet. ether to
give the desired product as a white precipitate (0.74 g, 70%): mp 202 °C; TLC (5%
acetone/95% CH,CL) R, 0.09; 'H-NMR (DMSO-dy) & 7.06 (d, /=5.5 Hz, 2H), 7.18

25 (dd, J=2.4, 4.6 Hz, 2H), 7.31 (dd, /=2.2, 9.2 Hz, 1H), 7.44 (d, /=5.7 Hz, 1H), 7.45 (s,
1H), 7.79 (d, /=2.2 Hz, 1H), 8.37 (s, 2H), 8.50 (dd, /=2.2, 9.2 Hz, 2H), 9.63 (s, 1H),
9.84 (s, 1H); FAB-MS m/z 420 (M+H)™, 70%).

B2b. General Method for Reaction of an Aryl Amine with Phosgene Followed by
30 Addition of a Second Aryl Amine
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N- ( 5- Chl or 0-¥2OHY334dxy- 4- ni t r ophenyl ) - N - (4- (4- pyri di nyl et hyl ) pteoyds)iéoga:
A5 solution of 4-(4-pyridinylnethyl)aniline (0.300 g, 1.63 nmol) and
N, N - car bonyl dii m dazole (0.268 g, 1.65 muol) in [err] (10 nlL) was
stirred at room tenmp. for 1 h at which time TLC anal ysis indicated no
starting aniline. The reaction Fs m'xture was then treated with

2- am no- 4- chl or o- 5- ni trophenol £%,31840, and stirred at
ng t was| co ed to roomtenp. and
I ng p pitate was separated

40-45 [err]C for 48 h. The res

10 diluted with Et OAc (25 mL)Y

to give the. desired proqusd 41 g, 649 : TLC (50% acet one/ 50%
[err] Rerr] 0.40; [err]H NWR (DIVISOd6) [err] 3.90 (s 2H) 7.18 (d,
J:8.4Hz,2HN% 7.21(d, _J=6_Hz, é H%754 S,
1H), 8.43-8MB- Mﬁthwi(ylﬁ@r@@ﬂ wPh@YE)BN(’*@'(‘i'IP}V"dHYEhIPlﬂh@ Durga: To
FAB- M5 ni z A t hod
for the Sy n'% hgisulngg§? ggﬂamﬁr%t(rér%géf‘f‘ Bﬁgﬁl{éﬁy ] %@%aﬁépggsgeneeﬁﬂ% ﬁrle ﬁﬁ?& s of

Ur e<(51 Forlm ng. 65eanL1 05:0 merol] 2.0 he.quwl) in CH,CI (20 mL) was fadded 4-(4-
Bi s(4-chl or o- 3-4 t uor enyl ) urea; a solutjion o
5- ani no- 3- t 8YRd %%«% )*l‘dbé%) T SRENEJPT 3 Reat Foomtgmiyg

added 4-chl %é)m?xture was tredtéd bvfiﬂhué?ﬂmofﬂiﬁéﬂél ()lﬁb?ﬁm %ie?%‘r&ﬁgﬂﬁﬁ?e éﬁ?g’ecﬁ& ed. o The

reacti on vessel was seal ed, heated , coo0
room tenp. Pressureadhe mcsxdu«twasesmendaddnd at mna:ure of CHIlu(19 mL) Badeanher r]

vas st rrea OTEF GAGGE) Bt FSiRd vt ooyl methaiine (A0 29 o o

was 25 C%ﬁ@lntlr(ﬁé YR SHESWE B RLESR il @éﬁg; d by
col um chrona @(gnaph; (gradi ent form 100/o[§tr{°]%§%o % Me %‘%{r%ferr]

to gi vk into 31 T NeGHosadution (50 ML)oanshrextrackedomatiny CHyCL (3 x 251 mb)eThe by
N-(3-tert-b

i soxazol yl) %k?ﬁlb %dcﬂﬁ) s I Y (Y9G o%‘?ﬂet%s)%%em cqpesntratedpnder. edyged ¢ oy

t he pressure to give the desired urea (0.74 g, 71%): mp 238 °C; TLC (5% adeténéfisd;$IU
rL UY8i 26081 yrrrretrlcal urea fractions was triturated

(Et[err]Qh Qs VH-NIVR (PMSQ-dlad #46 €5, 3H), 6.944d4, 1.1, M(Hzg)zH)ILc

Y R,
Gonbi nat or | 4114 %@%]lrﬁﬁ%ﬁ?%@ %fa‘z‘éﬂgwmaé 58t 2, 762 @

Tri pholsyene /=8.8 Hz, 2H)98320§ e8] e, 12H)e 8. 58 AP E=0.9 dp2 WQSSCtb B, \%e7h (s
di chl or oet hane (0. 10 sol ution was ad to an 8 mi vial
(0.5 n) codﬁ-ﬁ;mwlmblllat)((m{&bﬁ)'é) (1 nm). To th| s was added a

tri phosgene solution (0.12 Min dichloroethane, 0.2 nL, 0.4 equiv.), 10
foll owed by diisopropylethylamne (0.35 Min dichloroethane, 0.2 n_, 1.2
equi v.).

B3a. General Method for the Reaction of an Aryl Amine with Phosgene with Isolation

of the Isocyanate, Followed by Reaction with a Second Aryl Amine
SO,CHF,

NCO
20 MeO

Step 1. S-(Difluoromethanesulfonyl)-2-methoxyphenyl isocyanate: To a solution
of phosgene (1.95 M in toluene; 3.0 mL, 5.9 mmol) in CH,Cl, (40 mL) at 0 °C was
added a solution of 5-(difluoromethanesulfonyl)-2-methoxyaniline (0.70 g, 2.95
mmol) and pyridine (0.44 mL, 8.85 mmol) in CH,Cl, (10 mL) dropwise. After being
25 stirred at 0 °C for 30 min and at room temp. for 3 h, the reaction mixture was
concentrated under reduced pressure, then treated with toluene (50 mL). The resulting
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The vi al waswg?”and heated at 80[err]C for 5 h, then all O\Ap@lr,bgs,ﬁgg] to
0 dde

room tenp. r approximately 10 h. The second aniline was a
(0.10 Min dichloroethane, 0.5 m., 1.0 equiv.), followed by
di i sopropyl et hylam ne (0.35 Min dichloroethane, 0.2 m, 1.2

equi v.l) . Thamixess wiais eoneentrated andersetivcsiquiessured tearwdsQrefated Withy ELE(50anL) o
room 15 tenperature and.treated,Wmth 0 . .Jhe resul tin

m xture was produce, ¢, PEFFRiLaie APYRdinfurp e%ggﬂﬂé?‘ggs% 5??8““%%3%5 u%?%
were purifi %n@éﬁtfa?ééle{l\}?&r REfRREd pressure tbrbvide the title cofipound/a8a@ white solid

| nt er conver si ons an sc. Reactions 20 Cl. General Method for

Al kyl ation dD.33yg)r Ghisxhaterial whsaused in the next step without further purification. SCF3

[err] Step
1. N- ( 2- Hydroxy-5-(trifl uoromet hy %guti;aphenyl )-N - (4- met hyl phenyl ) ur ea:
g-pl'oljyl isgcyanate ((().06;5I m., O. Mol ) was addgﬁ to a solution of

- hydr oxy- 5- trifluorone hi g) an} e~(®.100 g, 0.48 mol) in

Et OAc (2 nlL) and the reaction 25 I xflur e § stirred at roomtenp? for 2
d. The resulting precipitate was shﬁ\ Et OAc to provide the
title cgnpound (0.13 g): [err]H ( I ) [err] 2.24 (s, 3H). 7.44-
1) FAB- - Step e o AAEMeEpoRy T GilygtometfancplionyDpRend-ptd pmreds
ESXt step W@@gw%%ydrﬁﬁt H ¥huoro-4-methylaniline (0.022 mL, 0.19 mmol) was added to

PCTf US98/ 26084olution p£ 5r({diflucrometh@pasplfonyl)-2-methoxyphenyl isocyanate (0.046 g, 0.17
i' SN;)|( 3{ :\/g;hgigﬁoﬁ)_ i(rxtétg.blcu(qrrgff A feR PRSI Y stifrda TPhdoH: E)e%pr])f'cl)l) 34 %he

N- (2- hydr oXYre3nking iprécipitRewiab Washé W R fo Brovide Rl tityd ediapoindudseRwhit

(0. 125”8, O.EGu%T%Ip},&?{odonet hane (0.045 rrLc,’ly(S?‘(;S mmt:i? and K2CQO3 ‘(”108 ny
&73 5 msdljd (0r058@)t FhAIMR (EDCls2.2é 43, 38D o4-01 6e 3EDf 6.93 (def8.5 Har 1), h,
pressur e. - Thé Stk e RO veus: Bodin 1) eR Gop b RS HE TSR 0
absorbed ont g—s$hIH .07 BN UHY, ey @UITHD; OB /2 1Y% hromat ogr a

(3% Et 20 97%%%??%29?139’3%\/?(1?? he tleit I“éIB conp%ﬁd agg%(%-i*-t)epsol i d orapy 68

(
ng): '"H-NVR (CDCl[err]) [err] 2.22 (s, 3H), 3.92 (s, 3H), 7.05-7.32 (m
23)7 ( ?I\’éﬁ}’% Zﬁp%x%al 1\;i|e_ph’od8i'ox5 ?he(ﬂeac‘%i%%' t?f J#Ar&l'ﬁmix?e %;th(lshoskmé v&tﬁ%’saﬁﬁ%z
of the Isocyanate, Followed by Reaction with a Second Aryl Amine
CF3

NCO
MeO

Step 1. 2-Methoxy-5-trifluoromethylpheny! Isocyanate: To a solution of
phosgene (1.93 M in toluene; 16 mL, 31.4 mmol) in CH,Cl, (120 mL) at 0 °C was
20 added a solution of 2-methoxy-5-(u'iﬂuorbmethyl)aniline (3.0 g, 15.7 mmol) and
pyridiné (2.3 mL, 47.1 mmol) in CH,C}, (30 mL) dropwise. The resulting mixture was
stirred at 0 °C for 30 min and at room temp for 3 h, then .concentrated under reduced
pressure. The residue was diluted with toluene (30 mL), concentrated under reduced
pressure, and treated with Et,0. The resulting precipitate (pyridinium hydrochloride)

25 was removed and the filtrate was concentrated under redeuced pressure to give the
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C2. Ceneral™"¥BtHoeP for the Reduction of N tro-Containing U efst \pey4opsi
N-(5-tert-Butyl - 2 met hoxyphenyl ) - N - (2- am no- 4- net hyl phenyl )urea: A
solution 15

N-(5-tert- bﬁﬁyho avdil 1 fve ﬁf ﬁrh&'htcrx?stﬂh%& G%érp&aﬁmh% of Fa%ngt%@?af ed

in a nanne ana o ous to 0 g, (100
m.) was addfmtatfewdays. a slurry of 10% Pd/C (0.40 g) in EtO—| (10 nm.), and
the resulting m xture was stirred under an atnosphere of Herr]
(bal l oon) at roomtenp. for 18 h. th’e m xture was filtered t hrough a
pad of Celite and concentrated i uoot o the desired product (3.42
20 g, 94% as a powder: np 16 CJL (DVMsO-d6) 8 1.30 (s, 9H),
2.26 (s, 3H), 3.50 (br s, ,E&S.? (s? 3H), 6.39 (br s, 1H), 6.62
(s, 1H), 6.73 (d, J=8.46 Hz, MeO 1 99 (dd, J=2.21, 8.46 Hz, 1H)

1.05,L0: =Buittn e e o5 (Sinc el Rmute sV oo e st

ggr mat ison bmor&ﬁﬁﬁiel gmm Whth 2.58 mmol) widia@i&Pa¥adadofution of 2-methoxy-5-

PCT/ US98/ 2603tﬂu01[omqﬂ}yl)phenyl isocyanate (0 50 g, 2.30 mmol) in EtOAc (6 mL) and the

57O et AT R o o R 20 4 SR eBind beRiffub e )
was added 1washed with mh) i&)@wé ﬂieftitlﬂlfo)&mh& aé Q vait @hdZtOCBD gWNMRa'ﬂ d4qde

resul ting mXxture was roduce

O bl POt AaE) i 38 (R ST 80 4 i So B A ED). T 44dEm 2D 8455 MDSB3A i L1

beodertd o A2, S G IO FABSSHANS OIM BT D i e 1) [err) a1
(s, 9H), -73.59 (s, 3H), 6.74 (d, J=8.46 Hz, 1H), 7.13 (dd, J2.21,

8 46 Igz By ( lﬁen;raSl%)%th gu',\}érqﬂ Eoggggmn Ha %urtms léearranl_gement, Followed ‘)SD

Trapping with an Amine
‘ e
)
OMe

15 N-(3-Methoxy-2-naphthyl)-/V>-(4-methylphenylurea: To a solution of 3-methoxy-
2-naphthoic acid (Method A6, Step 2; 0.762 g, 3.80 mmol) and Et,N (0.588 mL, 4.2
mmol) in anh toluene (20 mL) at room temp. was added a solution of
diphenylphosphoryl azide (1.16 g, 4.2 mmol) in toluene (5 mL). The resulting mixture
was heated to 80 °C for 2 h, cooled to room temp., and p-toluidine (0.455 g, 4.1

20 mmol) was added. The mixture was heated at 80 °C ovemight, cooled to room temp.,
quenched with a 10% citric acid solution, and extracted with EtOAc (2 x 25 mL). The
combined organic layers were washed with a saturated NaCl solution (25 mL), dried
(MgSO0,), and concentrated in vacuo. The residue was triturated with CH,C}, to give
the desired urea as white powder (0.700 g, 61%): mp 171-172 °C; 'H-NMR (DMSO-

25 d,) 6 2.22 (s, 3H), 3.99 (s, 3H), 7.07 (d, /=8.49 Hz, 2H), 7.27-7.36 (m, SH), 7.67-7.72
(m, 2H), 8.43 (s, 1H), 8.57 (s, 1H), 9.33 (s, 1H); FAB-MS m/z 307 ((M+H)").
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10 ( ( MtHwW 59732136 C4. General Method for DeprotectiPOTAE98/26081
tert-Butyl Carbonate-Contai ni ng Ur eas [err]

N-(5-tert-Butyl - 2 (2- hydr oxyet hoxy) phenyl ) - N - (4- net hyl phenyl )urea: A
solution 15

N (5- B8t - b bme;abm (Methodt -fout Sk c Repetinn ogf)) SuheiipfeheApibney with NN
e en
y'P y u ea Hm%'a%%}ﬁ%‘gllmpe @Rgacé%%tMQcoﬂH%ﬂFﬁ (0 21 m., 2.7

nmol ) _ was G roomtenp 18 h, then was
washed with a saturated NeHCO err] solution (2 nL). The organic

| ayer was dried by passing tduNQUQR_1PS filte x\haper (Whatman[err])
and concentrated under reduced 3 esu|t| g white 20 f oam was
triturated (Et[err] O hexane), t g zed err]O to give the
desired product (3.7 ng): HLCI-(SOI% Et OQAc/ 50% hexane) R err] 0.62;
[err]H-NVR (DVSO-d[err]) [err] 1.22 (s, 9H), 3.75-3.76 (m 2H),

?dOOJ 4803 (W—(%Ebhlor@-iégy?xguxy?:gnfbﬂtknyw -(@(@ﬁy;ﬁdmlmethyl)phenyl)w; X. 06
01147 (8 1 ppluing. o A mFdmpaRa bR 210508 g e | lnmdeffogmd )
61 é%@fﬁ?fdﬁ&ﬁé&ole (0268 g, 1.65 mmol) in CHLCJ, (10 ml) was stirred at room

k' Cl /US9812 OW Nng orrpounds have been synt hesi zed
accor di ng t erhpefof teatalhibk tinedELC analysisiisdiested mo\atarting anilingh| Eheireaction

S R Gaiish vas ths Gedicd With 2-Eeo-b Eldoho-s-nitrophenol (9318, &, 1.65mped
fg;E em SR&E- stlrre% gpw -&5°C flbéﬁ%m.d The Eﬁsgltmg nhixture A cooled to roomHemp-and
10 diluted with EtOAc (25 mL). The resulting precipitate was separated to give the
desired product (0.416 g, 64%): TLC (50% acetone/50% CH,CL) R, 0.40; 'H-NMR
(DMSO-d,) & 3.90 (s, 2H), 7.18 (d, /=8.4 Hz, 2H), 7.21(d, /=6 Hz, 2H), 7.38 (d, /~8.4
Hz, 2H), 7.54 (s, 1H), 8.43-8.45 (m, 3H), 8.78 (s, 1H), 9.56 (s, 1H), 11.8 (br s, 1H);
FAB-MS m/z (rel abundance) 399 (M+H)*, 10%).
15
B6. General Method for the Synthesis of Symmetrical Diphenyl Ureas as Side-

Products of Urea Forming reactions
FaC H)k” CF3
Bis(4-chloro-3-(triflucromethyl)phenyl)urea: To a solution of 5- amino-3-tert-
20 butylisoxazole (0.100 g) in anh toluene (5 mL) was added 4-chloro-3-
(trifluoromethyl)phenyl isocyanate (0.395 g). The reaction vessel was sealed, heated
at 85 °C for 24 h, and cooled to room temp. The reaction mixture was added to a
slurry of Dowex® 50WX2-100 resin (0.5 g) in CH,Cl, (40 mL), and the resulting
mixture was stirred vigorously for 72 h. The mixture was filtered and the filtrate was
25 concentrated under reduced pressure. The residue was purified by column
chromatography (gradient form 100% CH,Cl, to 5% MeOH/95% CH,CL) to give

bis(4-chloro-3-(trifluoromethyl)phenyljurea  followed by  N-(3-fert-butyl-5-
'1soxazolyl)-N (4-chloro-3-(mﬂuoromethyl)phenyl)urea The residue from the
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194 v ”"("M""H) + 2 Ove [ er r] raJi/uSYs/26080 1 -

90 FAB 2 rr 20 3 Ove
lerr] %gnengxcgl urea fractions was gyiturated (Bt;&&xexlme) tgfgéve the urea as a white
200 i - ; FAB- o7
206 ogolid (6.%@% TLC (3045021\6e6m97% E¥E.CL,) R, 0.55; FAB-MS m/z 417 (@R
acetone / (M-H) + 95%

cict 2 . B 5CombiSMrial Method for the, Iﬁ,)]nthfsésr 9 ﬁﬁp{am Ureas Using
95% 5 gho%%ene [err] CH2C12 6

O\e [err] 180 .5 FAB  Ba

acet one ( MHH) + 2%
CH2Cl 2

FAB BS One bf the a@f{ﬁesd\%be ct)%?,lﬁi was dissolved in dich]loroeﬂTane (0.10 1\(638[‘his

06 FAB BS solution was added to an 8 mL vial (0.5 tiE) containing diBhloroetfad® (1 mL). To
.54  50% 92 HPLC
Et OAC (?\/HrH) +thispwas agided a tnphosgene solution (0.12 M in dichloroethane, 0.2 mL, 0.4 equiv.50%

hexane 12\14 fogg&,@d by %propylethylamn%b(o[% ll’l g%cﬁ'orogthgx?e 0. f’ Qrif. 1.2 equfl\??'fl

HPLC

Et OAc  (M+H) +TheEﬁaNﬁas capped and heated at 80°C for 5 h, then allowed to cool to room temp/ 0%
hexane Ove 408 FAB
B5 for approxxmately 10 h. The ggcppd aniline wasg zlgded (0.10 M in dichloroethapg,H).5
% Bl & [err] mL, 1.0 eq\[ﬁ'j }ollggveﬁ?b@ diisopropylethylamine (0.35 M ?ﬂxéﬂygl)oethlgne 0.2

62 WO 99324 Ibequiv.). The resulting mixture was heated at 80°C for 4 h, cooled to room
PCT/ US98f | 6081
temperature and treated with MeOH (0.5 mL). The resulting mixture was

concentrated under reduced pressure and the products were purified by reverse phase
HPLC.

C. Urea Interconversions and Misc. Reactions

20 Cl. General Method for Alkylation of Hydroxyphenyl Ureas
SCF,

SEPen

Step 1. N-(Z-Hydroxy-s-(tnﬂuoromethylthno)phenyl)—N -(4-methylphenyl)urea:
p-Tolyl isocyanate (0.066 mL, 0.52 mmol) was added to a solution of 2-hydroxy-5-
(trifluoromethylthio)aniline (0.100 g, 0.48 mmol) in EtOAc (2 mL) and the reaction
25 mixture was stirred at room temp. for 2 d. The resulting precipitate was washed with
EtOAc to provide the title compound (0.13 g): 'H-NMR (CDCl,) § 2.24 (s, 3H). 7.44-
7.03 (m, 6H), 8.46 (s, 1H), 8.60 (d, /=1.8 Hz, 1H), 9.16 (s, 1H), 10.41 (s, 1H); FAB-
MS m/z 343 (M+1)"). This material was used in the next step without purification.
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13 W5 99/32436A7, Bl a [err] PCT/US98/76881r |

14 _ 14356k A7, Bla
15 H 3. 77 50% CH 378 FAB
Bl a o ( EtOAc (MHH) +
[err] [err] am ne) 50% ) ,lL et her 16 H

. 376 FAB B5 ' [err ]
62 HPLC B5 [ er rile0 “\/I+I—B'+ ES-MB 18 H

err . 30 9
% err % Step 2, ﬁ’-(z-l}g;%fgy-s-gtmtﬁbogomeggl%)pgenyl)-%—(‘i-methylphenyl)urea'
38?2 pe 26 A solut;:on of N- E’Z—h%droxy—’é9(tnﬂuorbkneﬂ1ylthxo)phenyl)-N t:methylp}ﬁ%ﬁ)ureéﬁ
Et OAc (M239)gs 0.36 mmol), iodomethane (0.045 iy, 10.734pmol), and s (0 me,)0.73
20 H 2 P BS
[err] 5 mmol) in acetone (%tn&a:waf Ibﬁ?—tlf’@ a? ﬂﬁge@g){otemp for h, then wabTchSied to
[Oezfrl] S5y, OO temp> @@ conc;gu'ated ulr_llg?—r cg'ed'.xcechI pressure. Ehearegidue wit dissolved in a
. () 5
[err] minimal mast of WePH, absnrigd onto silica gel, and thenypurified by flash
[Zg r/(; ] chroma&o&apy (3§%Et20é907% CH,CL) to 9By éq/?d@ﬂﬂ@ lﬂgl—%ﬂmound bk a white solid
%éz/ Et QAgs8 mgH-NMIESCHIEL,) § 2.22 (s, 3H), 3.92 (5, 3H) 7 05 7.32 (m, 6H), 8.37 (s,
() H
46 HOLC 1HR=R.52 (d,/~2.2Hz, 1H), 9.27 (5, WD{)EAB%SWZ 3572C£M 1§§H |
0.14 [err] .14 50% 376 HPLC  B5 [err]
Et OAc ES- VB 50%
hexane 25 C2. Meeneral Mefbodribr the Reduction of Nitro-Cb&€ainihgIoreas 75% 455
I(_|II\D/+I;IC-:|) BES [err] [err] 195 Et CAc
+ - VB ' 25%

[err] h xane [err] 26 Me
[err] 194- 0.55 75% 5 [err]
[err] 197 Et OAC 25%
hexane '

N-(5-tert-Butyl-2-methoxyphenyl)-/V’- (2-am1no-4-methylphenyl)urea A solution

15 of N-(5-tert-butyl-2-methoxyphenyl)-N’-(2-nitro-4-methylphenyljurea (prepared in a
manner analogous to Method Bla; 4.0 g, 11.2 mmol) in EtOH (100 mL) was added to
a slurry of 10% Pd/C (0.40 g) in EtOH (10 mL), and the resulting mixture was stirred
under an atmosphere of H, (balloon) at room temp. for 18 h. The mixture was filtered
through a pad of Celite® and concentrated in vacuo to afford the desired product (3.42

20 g, 94%) as a powder: mp 165-166 °C; '"H-NMR (DMSO-d,) 5§ 1.30 (s, 9H), 2.26 (5,
3H), 3.50 (br s, 2H), 3.71 (s, 3H), 6.39 (br s, 1H), 6.62 (s, 1H), 6.73 (d, /=8.46 Hz,
1H), 6.99 (dd, J/=2.21, 8.46 Hz, 1H), 7.05 (d, J/=8.46 Hz, 1H), 7.29 (s, 1H), 8.22 (4,
J=2.57 Hz, 1H); FAB-MS m/z 328 ((M+H)").

25 C3. General Method of Thiourea Formation by Reaction with a

Thioisocyanate
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63 WD 99/ 32436

PCT/ US98/ 26080 99/32436b1 e 2. 2- Substituted-5-(trifl uoromet hyROT URI826081
Ureas [err] np TLCT Sol vent
Mass Synt h. Entry Rl err] (O Rerr]
System Spec. Source Met hqd 27 [err]
184- 401
[err] 185 (M- ok [err]
231- 361 F S
233 . ( M+H) + 29 198
417 FAB Bl e ( M-H) + 0 N o [err]
206 0.58 5% 437 M

err . :
g5%] N-(S-tert~Butyl-2-methoxypheﬁ§ﬁ:[]9"3ﬁ-nz(mmhmuxaﬂé C}? a soétinon oi('ﬁé

98- ?9 0. 50 grfftyl-2-methoxyaniline (0.372 g, B0¥ mmol) in toluene (S mL) was added [lerr]
acet one

CH2C12 3-naphthgihioisocyanate (0.384 g, 2.07 mmol) andcthe yesujting qpxture wag@gllowed AB
ggoa/o 5 to stir at room temp. for 8 4 19 drg&?&tggﬁclpﬁﬁém'{me solids were separated and
190 0.65 Sgquentially washed with toluene anBZexane to give the desxreq praduct as an off-
acet one
CH2C12 white pwoder (0.364 g, 48%): mp 158-160 °C; "H-NMR (DMS(? 55 8 1.31 (s, 9H),
3.59 (s, 3H), 6.74 (d, /=8.46 Hz, 1H), 7.13 (dd, J/=2.21, 8.46 Hz, 1H), 7.53-7.62 (m,
4H), 7.88-7.95 (m, 4H), 8.06-8.08 (m, 1H), 8.09 (br 5, 1H); FAB-MS m/z 365

10 (M+H)".

C4. General Method for Deprotection of terr-Butyl Carbonate-Containing

Ureas

0 /©/
W
Ho ™~~°

N-(5-tert-Butyl-2-(2-hydroxyethoxy)phenyl)-N’-(4-methylphenyljurea: A solution

15 of N-(S-tert-butyl-2-(2-tert-butoxycarbonyloxy)ethoxy)phenyl)-N ~(4-
methylphenyljurea (Method B1f; 0.237 g, 0.54 mmol) and TFA (0.21 mL, 2.7 mmol)
in CH,Cl, (2 mL) was stirred at room temp for 18 h, then was washed with a saturated
NaHCO, solution (2 mL). The organic layer was dried by passing through 1PS filter
paper (Whatman®) and concentrated under reduced pressure. The resulting white

20 foam was triturated (Et,O/hexane), then recrystallized (Et,0) to give the desired
product (3.7 mg): TLC (50% EtOAc/50% hexane) R, 0.62; .‘H-NMR (DMSO0-dy) &
1.22 (s, 9H), 3.75-3.76 (m, 2H), 4.00-4.03 (m, 2H), 4.80 (t, /=5.0 Hz, 1H), 6.88-6.89
(m, 4H), 7.06 (d, J=8.5 Hz, 2H), 7.33 (d, J/=8.1 Hz, 2H), 7.97 (s, 1H), 8.20 br s, 1H),
9.14 (s, 1H); FAB-MS m/z (rel abundance) 343 ((M+H)", 100%).
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34 Ove WO spRz43p 194 0.76 5% 464PCT/USIS 2603
B2a acetone (M+H)+
95% CH2C12 35 OVe [err]
210- 0.07 5% 402 FAB B2a
[err] 211 acetone (M+H)+ )
95% The following compounds have been synthesized according @pitlss General JpethodsOnve
202 0.09 NaEV b 420 FAB B2a
acetone ( ed above: [err] 95%
CH2C12 3able 10\Ve  2-Substituted-5-ter-butylphenyl 2rgas 0. 08 5% 420
FAB B2a [err] acetone (M+H)+
95% CH2C12 :
64 WD 99/ 32436 o R2
PCT1US98126081 39 Oove f Nﬁ?ﬂ' 60-62 0.86 5%
433 5 FAB Bl a R' H
acet one ( M+H) + 95%
CH2C12 40— qQve VE I73F 0. 8] 5% 417
FAB Bl a mp {TLCR{ Solvent|6Mass acel oSyath.
(MtH) + Enty | R R? (°C) System | S@69| Source | Method
CH2Cl 2 41 OMe H, — 192- 389 FAB 42pB1d
FAB BS —O-c CN | 104 (M+H)+
(MeH) + 2 OMe | 1 %Hz 2 253 W30 FAB | B2aLU0-
0.75 5% 431 K BB
200 Frpt; ne &'\\f T @ C—gj t125(:92 o FAB, | B2y,
95% e 2 N Ch
[err] 169- 0. 0?7@%2/3@ £ EAR m% BS
[err] 4171 OMe —WM 110 P07 [5% 08 FAB B2b
50% \ acetone +H)+
95%
. CH2C12
5 OMe 207 P.56 |5% 8 FAB B2a
_Q N acetone +H)+
o~ :O 95%
S CH2C12
( > 180 P.5S6 5% 21 FAB B2a
‘ ome O-@-OMe acetone AM+H)+
95%
CH2C12
38 FAB BS
7 OMe _Q_s _@_ OMe tM+H)+
= 06 FAB BS
Me =
= D.54 |50% 392 HPLC 5
? OMe _QTO‘CN EiOAc AM+H)+ | ES-MS
. 50%
: hexane
10 OMe Me 132- P39 130% 34 HPLC Alé4c, BS
-O-N OMe | 133 EtOAc +H)+ | ES-MS
70%
hexane '
11 OMe 121- 08 FAB BS
_ 125 +H)+
5 N FM
12 = 134- 43 (M+) | EI A7,Bla
~s -Q'O AN | 136 r
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hexane 44 . Owe F 0.18 5% 456
FAB B3VO 99/32436 PCT/Hg8 2608
(MtH) + 95% [err]
CHz2Cl 2 45 Ove [err] 161- 0.73 5%
417 AR B3 = - [CI t ] [CI 1 ] 162
deaore (RIS Qe B o
CH2C12 46 dve S'CN 0.44] 5% 418
FAB B3b . acetlone
(M+H) + 14 s |- MH2 = 145- 95% A7,Bla
CHoCl2 47 ow ) =N | 447 FAE
B3b (MEHD +
H 77 % 378 . |FAB [|'Bla
EiCB: 8 BBbtiv‘9 Q Lerrll O SYeee Jfionc M+ adet oﬁzz
S—C 1 ine) | S0% pey
( M-H) + [err] No ig ather [drr]
CH2C12 49—7CVE T : 57 =9 5
455 Fag'® HBB O—O acetfone (I\/I(-,{;lﬁ.ﬁ)+ B
95% eIUIE] CcH2Cl 2 50 ove
0.78 5% 7o H [T B62 HPLC | B3
acetone (T | B | )oK ZN [rr] sy | Beais 9500
E;é012 5 g 18 _9ve g 0.80 | 50%- O2k0$ 70 | BPLC '|B5
EtOAc AM+H)+ | ES-MS
acetone (NkH)+ OA@O CF3 50% pe 5%
52 ove 189-1 0.76 [z#er 471 FAB
B3b 19 H 210 A3 |30%  &C&t ond FABMVKH)B5S
F3C . o (free |EtOAc AM+H)+
CH2Cl 2 o N Ha fmine) ngreawt W) 99/ 32436
1
PCTI US98/ 26@8*20 H .94 [50% P62 HPLC |B5
_ EtOAc AM+H)+ | ES-MS
o4 N 50%
hexane
21 H e 041 |75%  PB76 HPLC | BS
B §:> \_\/ EtOAc AM+H)+ | ES-MS
Me 25%
- hexane
22 H Me 114- p38 |30% {04 HPLC | Aldc,
— N )-ome | 117 EtOAc AM+H)+ | ESMS
70%
hexane
23 H = 346 HPLC |B5
¢ (M+H)+ | ES-MS
24 H p.14 |50% P76 HPLC |BS
"@'0 \_/~Me EtOAc ES-MS
50%
hexane _
25 Me = 190- .56 |75% WSS HPLC | BS
- “O‘O‘CN 195 EtOAc AM+H)+ | ES-MS
_ 25%
Me hexane
26 Me Me | 194- p.55 |75% W69 HPLC | BS
-~ = 197 EtOAc AM+H)}+ | ES-MS
Ne O O'CN 25%
Me hexane
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53 ove WO 99/32436 She 186- 0.30 20% 449 Pdiafses 260885
188 Et OAc  (M#H) +  ES-MS
80% CH2C12 54 Owve
0.53 100% 434 HPLC B5
Et OAc ( M+HYfable 2£S- VS2-Subsitted-Seftrifluoromethyl)phenyl Ureas 223-  0.22 5%
427 HPLC Bl e CF3 [err] 224
MeOH (M+H) + ES- M5 [err] 45%
Et OAc 2 50% pet
eth er 56 Ove N 0.21 5% 418
HPLC B5 B OH[ eirlr] 204 MeCH
( MHH) + ES- M5 [err] 45%
Et QAC 509% pet
. 50,
igzer o7 EA ove 5 Lerr] mp | TLC %?lgent - Zk?ass %0 Synth.
I?%m;y 15 R? °C) | R, | System Spec. | . Soyrce | Method -
MeOH (M=t 5 =5
OVE 27 OMe 1503(84‘ 434 _@rl FAR Bla
[err] ( I\/E@_ s ‘%)4'
50% pet 28 OMe Q 231- 3@t her | FAB 59| Bla
O\e : 210-)=0.19 |18% 418 M+H)ysp| C B5
[err] 212 Q Et OAc (MrH) + ES- Mb
[err] 60200V oMm, TTAES <1V A BT FABOZ [ BI
HPLC Bb © —Q‘O-Ol\fqar r] 205 MAEORC  (MF)
ES- M5 30 | OMe e 0T 208W858 | 5% | 437 FABT T | B2a
235- 0.51 | 10% 448 -.cc Bf acetone 4 (M+H)+
236 Mp OH MrH) 4 ES- VB 95%
90% , CERICID 62 Ove
[err] 31 | OMe[205/\0,5 Doc 698-99 | 0.545[05% HPLC B5B2a
207 WO—I q M+H) 4 _@T\g—{l acetone /
90% 9%l 2 $3 o
[err] 214 18% 44gGH2C2 | o) o B
0,
[err] o164 32 OMs Néza 0.49 :c/.e.me / ?M66+H)+ FAB B2a
207 ) 44 |OVB |osy err]
&egﬁ' ( ﬁ/ﬁ‘l’fg 422 CH2CI2 [err]
E33VD | OMe 190 [ 0.65 | 5% J0B2a
CH2C12 45 Ok °O‘°M° 409- | Reoi | 10%
B5 211 95%% OH
CH2CI2
34 OMe O O 194 | 0.76 | 5% 464 FAB B2a
§ NO, acetone | (M+H)+
95%
CH2CI2
35 OMe H, 210- | 0.07 | 5% 402 FAB B2a
—O'C \ N 211 acetone [ (M+H)+
95%
CH2CI2
36 OMe _Q 202 | 0.09 | 5% 420 FAB B2a
o acetone A (M+H)+
s—-QN 95% |
' CH2CR
37 OMe O = 215 | 0.08 | 5% 420 FAB B2a
S_<\:N acetone [ (M+H)+
95%
CH2CI2
38 OMe O = 206 | 0.05 | 5% 404 FAB B2a
O'CN acetone 4 (M+H)+
95%
CH2C12
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0, . .
oo o YOS et PCT/USOR6051
PCT/ US9S, 26081 66 OVe [err] 196- 0.54 10%
418 (M+) Cl B5 198 Me OH
90% 39 OMe Me T 60-62] 0.86 | 5% 2C1433  O7 FAB 53‘}5]'}
215- 0. (11 El‘))/o 4B4 FAB BSS_Q acetone / (M+H)+95ty
Me OH MHH) + 95% 0
CH2C12 58  OVE  [eérr] 226- 013 29 4gg2c12 [FAB B5
228 VEOMO | (OME]) + Me 173- | 0.83 | 5% 417 FAB B198%
CH2C12 659 ‘O —@ld) _@ 176 E%one AAMFE+ 2% 404
Med WVH) +
5’250 > oz} £H2C12 4, o\ﬁ (e
[err] 41 | OMsig “¢h3  100% 4}/28 rr%@}m FABg; | BS
5411; 0. 20 Et?goc/ (M+H)126 e \— él O'és Lerri Ht OAc  (M+H) +
. 0 4 C
ES- M5 42 OMe Me 198- | 0.75 | 5% 70%431 FAB B3b
hexane 72 o]ve _Léyo@ 200 §§»§’5° 1 (M+H)+ ety 420
FAB 35 +
73 OVe el Mé  0l14 Hoon | CHAGCH EAB. B5
Et OAc  (Mf) + 43 OMe H, — 169- | 0.03 | 50% 402 G5(JORAB B5
hexane 74 [erﬂ@’c \_\/ 1M 0. ‘QA%GW“H)*‘ 402 FAB
B5 [err] Bt OAc b °e
50% 44 OMe F 0.18 sg.,'g xer 456 FAB B3b
- acetone 4 (M+H)+
R W 95%
cl CH2CI2
45 OMe 161- | 0.73 | 5% 417 FAB B3b
_Q_OO 162 acetone | (M+H)+
Me 95%
CH2C12
46 OMe = 0.44 | 5% 418 FAB B3b
_Q_O N\ acetone 4 (M+H)+
Me 95%
CH2CI2
47 OMe 487 FAB B3b
Q S—Q (M+H)+
F,C
48 OMe = 035 | 5% 472 FAB B3b
_QO \ 1& acetone ] (M+H)+
CF; 95%
CH2CI2
49 OMe F 091 | 5% 455 FAB B3b
acetone 4 (M+H)+
-‘Q’S'@ 95%
F CH2C12
50 OMe Q 0.78 | 5% 437 FAB B3b
S—O acetone | (M+H)+
F 95%
CH2Cl2
51 OMe 0.82 | 5% 4n FAB B3b
‘Q‘O@ acetone ] (M+H)+
CFs ?:ﬁ/;cn
52 OMe 189- | 0.76 | 5% 471 FAB B3b
—Q-O-@ 190 acetone ] (M+H)+
FiC 95%
CH2Cl2
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7 _ 0
HgLC Ove SN0 99/32436 Lerr] 0.08  50% Eﬁ'&g%aaﬂm
ES- M5 50%
hexane 76 Ove [err] .0.05 50% 404 FAB
B5 169 Et OAc
[err] 53 OMe‘EOfVO 186- | 0.30 | 20% | 449 HPLC | BS
hexane 7Y ; * O—Q_r?lm 188 EtOAc AOMrED+ BEBMS 419
HPLC 35 ?:2;/5012 B OAc  (|MHH) +
ES- M5 ¢
et her 78  wve| OMe rr-]-<' >-\ 0.53 | 100% SPURLC | Ba
HPLC B35 1 S-{‘:\N Et GROA® + ES¥E. s
- 50% pet etie 182 SIVE erTi g7
55 OMe | 2232VF0.22 |Is% "1 | 427 HPLC -{Ble
0.18 5% 430 NHPLC | 224 BS | MeOH [ (M+H)+ | ES-MS rl?re”]
127 MeQH ( M+ @\/5 45%
95% CHACl 2 N EtOAc 67
WO 99/ 32436 50% pe flt
| / US98/ 2608 0 ove ether 107-
B5 56 OMe |[ er 202- | QBB | 5% g1|418  H HPLC |Bfr]
142-  0.30 {100% | 374 HPeZ | B304 MeOH | (M+H)+ | ESHMS
EtOAc  (MB) +  ES-MS| 82 O M [frr] 4% 149- D. 48
100%  408$ HPLC B5 | S0%. o 152
EtOAc  (Mol+ ES{MS |83 F whed OTT 1 185-] 0.28
100% 32757 | oG BS 166 | 040 | 5% 10P4s4a CIFR®  (BETD T
ES- M5 0'% MeOH [ (M+H)+
- 95%
CH2CI2
58 OMe O 0.67 | 0% | 434 HPLC | BS
§ TN EtOAc [ (M+H)+ | ES-MS
\ 22'/0 pet
er
59 OMe iy 210- | 0.19 | 100% | 418 HPLC | BS
¢ 212 EtOAc | (M+H)+ | ES-MS
o+« N
60 OMe 203- | 0.80 | 50% | 404 HPLC | BS
-C 205 ?(t)gm A M+H)+ | ES-MS
0 N 6
\ hexane
61 OMe Cl 235- | 0.51 | 10% | 488 HPLC | BS
7\ 236 MeOH /A (M+H)+ | ES-MS
S cl 90%
CH2C2
62 OMe |7\ 205- | 0.59 | 10% | 450 HPLC |BS
_Q'O’O'SN“ 207 MeOH [ (M+H)+ | ES-MS
90%
CH2CI2
63 OMe | __ 7 \ 214- [ 059 | 10% | 418 HPLC | B5
—Q—o—@—m 216 MeOH 4 (M+H)+ | ES-MS
90%
CH2CI2
64 OMe 7\ 0.56 | 10% | 422 HPLC | B5
_QO'O'F MeOH 4 (M+m)+ | BS-MS
90%
CH2C12
65 OMe Cl 200- | 0.63 | 10% | BS
A\ 211 MeOH
| CH2CI2
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68 W 0 g ) 3U00 PCT/US98/26081
66 OMe = 196- | 0.54 | 10% | 418 (M#) | CI BS
—Q—o 7 Me | 198 MeOH /
90%
CH2CR2
67 OMe _Q_o _@__OM 215- | 0.11 | 2% 434 FAB BS
¢l 217 MeOH /4 (M+H)+
98%
CH2CI2
68 OMe _QO ‘@'C’ 226- | 0.13 | 2% 438 FAB BS
228 MeOH A (M+H)+
98%
CH2CR2
69 OMe 7N o _@ 211- | 0.08 | 2% 404 FAB BS
_Q‘ 213 MeOH (| (M+H)+
98%
CH2CI2
70 OMe Cl 216- | 0.53 | 100% | 488 HPLC | BS
_@_ 217 EtOAc | (M+H)+ | ES-MS
e
71 OMe Me | 147 | 020 | 30% | 446 HPLC | BS
—{ % OMe EtOAc | (M#H)+ | ES-MS
70%
hexane .
72 OMe = 215- 420 FAB BS
_Q'O N 1 290 (M+H)+
)
73 OMe . OH 0.14 | 50% | 419 FAB BS
_@_ o _@ EtOAc /| (M+H)+
50%
_ hexane
74 OMe H, — 0.07 | 50% | 402 FAB BS
—@—c—(} EtOAc 4
N 50%
hexane
75 | OMe = 0.08 | 50% | 418 HPLC | BS
—O'° \_,/Me EtOAc ES-MS
50% .
hexane
76 OMe "‘@'o == 165- | 0.05 | 50% | 404 FAB BS
N\ 169 EtOAc
50%
hexane
77 OMe "HO 026 | 50% | 419 HPLC | BS
_@_0 _@ EtOAc 4 (M+H)+ | ES-MS
50% pe{
ether
78 OMe 020 | 50% | 421 HPLC | BS
"@‘S \ 1@ EtOAc | (M+H)+ | ES-MS
: 50% peq .
ether
79 OMe = | 125- | 0.18 | 5% 420 HPLC | BS
—O‘O 0| 17 MeOH [ (M+H)+ | ES-MS
95%
CH2CI2
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Tabl e 3. WO DBBIMst i t ut ed-5- (trifluoronmethyl)phenyl Ureas rLi/usy826081
[err] np TLC  Sol vent Mass
Synth. Entry R Rl err] Rl err] System
Spec. Squr cso d 84 a Terrl] 197- T99- [ g% ©
20% 423 FAB B5 198 201
Ve CH H) + o—@ [drr 8p%
SS"ZC' 2 8T = _@_ o 'C 142- 1030 l%i')g%ﬁ Hl":L%:R[ B9
o0 g " N 143 422 EtOAC ’| (VsH)+ | ES-M§

82 | Cl \ = 149- { 0. 100% |4 BS
(M) + s §§¢'CN 152 Foae | (e mm

F 185- & | 100% 92 HPLC BS

FAB H5 —< >- rr 4 1 P92 ¢
ferr] 0‘@’5 ] 186(! Cnp| EtOAc 8‘ MH)* | BSMS |~
[err] 168- 0.30 20% 453 HPLC ES-
170 Et CAc/ (M+H) + MS 80%
CH2Cl 2 91 d 0. 38 100% 422 HPLC
ES- B5 Et OAC (MH) + VB
M e 92 d 209- 0.24 5% 431 HPLC
ES-Bl e [err] N 212 MeOH | (M+H) +
\%S3 Et QAc/
50% pet 93 d [err] 0.44 50% 438
HPLC ES- B5 [err] EtCAc  (MrH)+ MB
50% pet et her 94 d [err]
0.43 50% 458 HPLC ES- B5
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Et OAc  / (MPHY#774NB S0% petr<ovos
eth er 95 d 0. 33 50% 442 HPLC
ES- B5 EtOAc | (MeH)+  MB
50% pet Table 3.6t her2-Sub&ttuted-Si(trifluorometh$l)phenyl Ureas 0. 56
50% 440 HPLC ES- B5 | CF
EE EAC f (W | ) % R? VO 99/ 32436 SOvopel
e er R
PCT/ US98/ 26091 97 [err] BN 0.51 50% o
419 HPLC ES- B5 ' t OAC
[ (MtH) + [VB— [ er % et ettret
98 a [err] mp | TLCY. 46ivent 0% Mass 425 V&gﬂ.ﬁ.
HPLC ES- B% Entry | R R? [leec) | R, | System Spec.Et] OASource - ar
VB 84 Cl F\ = 199- | 0.66 | 20% SU’42pel | FAB BS
et her 99 a O\ #™Me | 50 Me&H HQMy+ | 423
HPLC ES- B# [err] [ err|]8o% . Et DAC
(MrH) + MS : CH2C2 50% pot
et her 190 8 ¢} ¢ Z 169- | 0.14 |H30% |[FAB24 |[B5S FAH
B5 [érr] s-41 7= EMOER: | (MeH) ¢
101 C1 S MNo- | o. 26 100% 422 HPLC ES- B5
180 HGE | dWH + Mo 4B €TT][FAB 102 B3 C
[err] 181@0_. =\ 5% 408 M+HNB
El)gg; MeOH (MEH) =+ 02@ . o B
0 87 Cl 1454 < FAR® BS'
[err] 1, 14@%’@7@?3 R Rk 8BS BS
[38:;/0" ] 1 e 88 Cl | - \v3 o 1A' 1L Il L TV he){@ FM4 r%
[err) o juas- .“'.2 ab8 CHERY ds
|VEL@ GIIV I_I) VDO e 422 - FAB ﬁBS
C N
50 Cl 168- | 0.30 | 20% 453 HPLC EsS-
_<:>"°‘< >‘SM° 170 l;(t)gAc | M)+ | Ms
0
CH2CI2
91 a = 038 | 100% | 422 HPLC ES-[BS
_Q_o, \ }f EtOAc | (M+H}+ |Ms
Me
92 Cl ~ 209- | 024 | 5% 431 HPLC ES-[Ble
_< §:NI 212 z/éi/on /| M+Ey+ | MS
o .
C?J EtOAc /
50% pet
ether
93 Tl |7\ 0.44 | 50% 438 HPLC ES-|BS
_Q?'°‘< >‘°M° : E(t)gAc /| )+ | Ms
50% pet
ether
94 cl 7\ < 043 | 50% 458 HPLC ES-|BS
_Q_S <:> a - ?t(;Ac /| i+ | Ms
0% pet
ether
95 cl 7\ 033 | 50% 442 HPLC ES-|B5
‘Cr}'°‘< >‘Cl gtg/m /| a+E)y+ | Ms P
o pet
cther
96 a ClI 0.56 | 50% 440 HPLC ES-[BS
6( EtOAc /| (M+H)+ | MS
O'O 50% pet
ether
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CH2C12 10§0 99738436 [err] 0. 21 PCTARS6/26081

420 HPLC ES- B5 Et OAc
( MHH) + VS [err] 70% pet
ol L . | 120 Lz 4.00L

et her 10f—575 T o LS Tost [50% THfc B3 422
FAB B5 - [ err EtOAc / + | MS H
I (MH) + O O 50% pet AC12 107
d 1834~ O0F11 [10% Adgizr FAB B5
[err] 9818 Cl N/ ( MtH] 8.24 | 50% 425 HPLC ES-|Bserr
CHz2Cl 2 1p8 d [e 4\ };) 126-| EOATO/| MXE% |MS  4p8
FAB B5 50% 1peg MeCOH
( M"‘H) + ether QN4
CH2C12 109 9 g €1 [E@ O_Q 035 | 500 54 0 HPLELHOES-IBS
HPLC ES- B5 EtOAc ,ﬁﬁ * Bt¥RC (MH) +
VB HO % SR
hexane 40— M= T TH 2330 436

100 Cl . 169- | 0.14 | 100% 42 5
HPLC ES- B5 171 EiOAc (M+H)-Et 6&(123 ﬁ\/H'H) +
VS [erT S_CN _ 50%
hexane \ 70 99/ 32436
PCT/ US98/ 26§81 101 chy Me Lerpl79- {026 |100% | 422 1971 HPLE ES-B5S 5%
B5 EEYPAC || M+H)+ | MS
95% 112 d err]
207-0.43 MHGRYET o | 5% 408 F B
209 E Q“\g ('Vl”‘ MeOH /] @K+ AP ’
0.28  100% 435 95% ery]
Et OAc  (M+H|+ MBS 11 CH2A53| 0:58 | 40% 450

HPLC ES- Aldc, 185 | CI [ 1. 1p642- | 0.27 | 70% 437 EEICOB6-B5
(MeH) + VS - <:>'°‘< >‘ bMe 144 ?(t)(;Ac /| (+HE)+ | Ms
(1]

hexane
104 cl _@_o N | 18- 1017 [5% 458 HPLC ES-[BS
7 'y | 120 | MeOH /| (M+H)+ | MS
= 95%
CH2CI2
105 Cl o) 0.21 | 30% 420 HPLC ES-[B5
N EtOAc /| (M+HM+ | MS
|,N 70% pet
ether
106 Cl 172- [ 0.17 | 10% 422 FAB [Bs
 _Me |47 MeOH /| (M+H)+
CH2C12
107 cl 184- | 0.11 | 10% 408 FAB rss
185 MeOH /| (M+H)+
O—CN 90%
CH2CI2
108 cl —O—o = 126- | 0.70 | 20% | 408 FAB [B5
\_y 128 MeOH /| (M+H)+
80%
: CH2CI2
109 Cl S _CN 0.54 | 50% 424 HPLC ES-|B5
— <:> \ EtOAc /| (M+H)+ | MS
50%
hexane
110 Cl Me Me 0.11 | 50% 436 HPLC ES-[BS
o EtOAc /| (M+H)+ | MS
\_f 50%
hexane
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60%

205-
[err]
CH2C12

B5
50%
476
115-
119
ES-
71

WO 99/32436 hexane 115 PCINIS98/26081
424 FAB B5
acetone / (M+H) + 95%
H2 0. 06 50% 406 FAB
— 191- | 0.17 |ESEQOAC B5
T@“’@ 193 MeOH / lerr]
B5 [err] 118 Br95% [errJ
452 HPl CIES 11CH2CR2 | Bt QA (MEH)
Cligrr] £ 12P7- | 043 37100%00p492  HPLC ES-BS Hp|
ﬁé_@quj} 179% | E|dRAe (MR | MRs
\
NH 0.28 | 100% 435 HPLC ES-|B5
"'<:> N EtOAc | (M+H)+ | MS
0
Me 163- | 0.58 | 40% 450 HPLC ES-|Aldc,B5
—O—N OMe| 166 EtOAc /| (M+H)}+ | Ms
60%
hexane
= ] 205-]0.69 |5% 424 FAB B5
_Q—O NH | 507 acetone /| (M+H)+
o) 95%
CH2CI2
H, — 0.06 | 50% 406 FAB [B5
~ Y EtOAc /
N 50%
hexane
e 476 FAB BS
Q \_\ (M+H)+
F,C
_@_0 =\ | 115- 028 | 100% 452 HPLC .ES-
\ 117 EtOAc (M+H)+ | MS
= 171- | 0.31 | 100% 392 HPLC ES-
"@'0 N |12 EtOAc | (M+H)+ |MS
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WO 99/ 32436 WO 99/32436

PCT/US98/26081
PCT/ US98/ 26081 Tabl e 4. 3- Substi t ut ed- 2- napht hyl Ureas .
[err] TLC  Sol vent Mass
Synt h. Ent Table 4. 3-Subst1tuﬂ€ﬂ@’-m}phthyl Ureas ([err]© Rl err]
System Spec. Source Met h Owve [err]
238- 0.25 25% 402 B4 [err]
239 EtOAc (M+H)+ 0 75%
hexane 121 O\e [err] J Rz 199- 0.20 25%
384 FAB B4 . N N 200 Et OAc
( MrH) + R 75% exan
e 122 ove [errl] 209- 40 25% 414 (Vi)
El B4 211 Et OAc
75% , mp | TLC| Sqheeptye Mass 1p3 Sypsh.
[err] Entry R {°C) Sysgni Spec. Source | Method
( M+H) + 120 | OMe NOH 238-| @5 | 25% 402 FAB | B4
0.05 50% 384 FAB Q 239 f;ﬁ}“ 1 Mt ]
Et QAc (MtH) + 50} cx;ne
hexane R RAE N 86 0
415 HpLC e _@_gz o o |2 Bdhe | Ut +| s 424
[err] 50% t 126 OVe| 75%
0.76 50% 402 HPLC BS hexane
Et CAc  ( M+H) + 122 E$- OBde 209- | 0.40 | 25% 414 M+) | EI B450%
pet % -QT(P@O_OMTL:!?ZII OVREtOAc [krr] '
0.39 50% 386 HPLC B5 ' 75%
Et OAc ( M) =3 E :&lh}% hexane 7o Bs..—,m%
hexane 128 ¢ l&@< >_0 0.30 ¥ _ 0
HPLC  B5 (l@ %@m; (NiH) +
ES Mo 124 | OMe H s 0.05 | 50% 384 FAB | B5
hexane an I R °
C A EtOAc /| (M+H)+
"<:>' \_/ vy (M+H)
. hexane
125 | OMe 7N 0.86 | 50% 415 HPLC |B5
‘Q— _ EtOAc [ (M+H)+ | ES-MS
S 50% pe1
ether
126 | OMe 0.76 | 50% 402 HPLC |BS
_ EtOAc [ (M+H)}+ { ES-MS
50% pet
S—CN ether i
127 OMe = 0.39 | 50% 386 HPLC B5
'Q'O‘CN EtOAc | (M+H)+ | ES-MS
50%
hexane
128 | OMe| Me 030 | 75% 400 HPLC |[BS
—Oo = EtOAc [ (M+H)+ | ES-MS
\_pf 25%
hexane
129 OMe Me 130 ] 0.28 | 30% 428 HPLC |B5
— N )-ome EiOA: | (M) | ESMS
70%
hexane
130 OMe Me 0.14 | 50% 400 FAB BS
= EtOAc +;
OQ 50% | oo
hexane
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129 OMe “VPEPtT 130 0.28 30% 428 *-41uorqypE
B5 [err] Et OAc  (M+H) + ES- M5
70% hexane 130 Owve Me 0.14
50% Tahlg §. Additional Hixegs BS
Et OAc ( MHH) + hexane
72 Fedot-e—ts—Adct+t+orret—btreas o
TLC Sol yent NBss Synt h. @r{! C vent| Ma Ur ea
| s S
(()C)57 ?([)/;”iintry EySt em SQR:Q Sourcé h07l ;_d tem | Spec. dz%ourcc Meyt:o P
131 - 0.5
MeOH (MiH) + ES|ve d5% M/zoﬁt gyg{mﬁ ons | Bles09
pet et her 132 | 45% err]
0.21 5% 43 Lg BI e [ e E{OAc 1
MeOH ( MfH) + ES—IVB MeO 45% | 50% pes Et QAL
50% pet et heether 133 ar3
0.34 100% 1324q4 | CFs3 HPLC Bl e 021 | 5% [438 r HPLC |Ble
EtOAc  (MrH) + [EE @e‘?@ 134 ¢OH) | (M+H)+ | ESMs
0.11 100% 374 #'m Et PR (MeH) + | ES- M 1B5
Br MeO B. 32 100% 418 SSHLC Bl e [err
Et OAc (WkH)+ |ES-MB i
133 CF3 034 | 100% | 404 HPLC |Ble
Q o O/O\C' EtOAc | (M+H)+ | ES-MS
e NN N
H H
134 Cl . 0.11 | 100% | 374 HPLC | Ble
020G BoAe |Gy | Esas
N)LN N
H H
135 Br 026 | 100% | 418 HPLC |[Ble
Cl\@ o Oﬂ@ EtOAc | (M+H)+ | ES-MS
NN N
H H
136 o'CFs 033 | 100% | 390 HPLC |Ble
o EtOAc | (M+H)+ | ES-MS
Q 2T Q3
NJLN N
H
137 026 [ 100% | 381 HPLC |Ble
O Q EtOAc | (M+H)+ | ES-MS
MeO
138 No, 0.13 | 100% [ 381 HPLC |Bie
O \O EtOAc | (M+H)+ | ES-MS
N
MeO H
139 o x 042 | 100% | 385 HPLC |Ble
JLN l N EtOAc | (M+H)+ | ES-MS
140 043 | 100% | 370 HPLC |Ble
- N N : EtOAc | (M+H)+ | ES-MS
MeO
141 CF; 021 | 30% 420 HPLC |Ble
o O EtOAc/ | (M+H)+ | ES-MS
2 0
ﬂ pet ether
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H H 136woywszasd err]

0. 33 1069F/USIBBOS1

)

HPLC  BS In Vitro raf Kinase Assay: [err] Et QAc/
(MtH) +  ES- [er et her

. : [ . : pet
Bl OLOG CAln gIxippitrockinase assayprafiwasoingiiated wajamgs@yzo mM Tris-HC], pH 8.2

5

10

15

20

25

containing 2 mM 2-mercaptoethanol and 100 mM NaCl. This protein solution (20
pL) was mixed with water (5 pL) or with compounds diluted with distilled water from
10 mM stock solutions of compounds dissolved in DMSO. The kinase reaction was
initiated by adding 25 uL [y-"P]JATP (1000-3000 dpm/pmol) in 80 mM Tris-HCI, pH
7.5, 120 mM NaCl, 1.6 mM DTT, 16 mM MgCl,. The reaction mixtures were
incubated at 32 °C, usually for 22 min. Incorporation of *P into protein was assayed
by harvesting the reaction onto phosphocellulose mats, washing away free counts with
a 1% phosphoric acid solution and quantitating phosphorylation by liquid scintillation
counting. For high throughput screening, 10 uM ATP and 0.4 pM MEK was used. In
some experiments, the kinase reaction was stopped by adding an equal amount of
Laemmli sample buffer. Samples were boiled 3 min and the proteins resolved by
electrophoresis on 7.5% Laemmli gels. Gels were fixed, dried and exposed to an
imaging plate (Fuji). Phosphorylation was analyzed using a Fujix Bio-Imaging
Analyzer System.

All compounds exemplified displayed IC,;s of between 1 nM and 10 pM.

Cellular Assay:
For in vitro growth assay, human tumor cell lines, including but not limited to

HCT116 and DLD-1, containing mutated K-ras genes were used in standard

proliferation assays for anchorage dependent growth on plastic or anchorage

74

HPLC Ble EtOAc (MrH)+  ES-MS 137
0.26 100% _ 381 HPLC Bl e 00 | save. LE65]
Et QAc ESoNE G H H 138 |00 (&1 | aras [T22 |®

0 0.13 100%  3§1°2 EDL/@/\@ o D (veH) + | ES-M
H 139 [er] NN =N 0.142 1ptern | 385
HPLC | e Ht ddcH (MtH) +  EB-MS 140 [err]
0.43 100% 143 310 O~ Hr4 C 224 | 0.87] 6% 465 FAB | B6
Et OAc (MHH) + ES@/;SO @N@? —@ 38@46,1 Clacetone/ | (M+H)+ 0.21
30% 420 HPLC HBlie %ﬁf%
Et QAc/  (HMekh= 2004 H2CR L o000 gt bor
73 144 V\wES g%g- 3743b 0.107] 50% 394 HPLC |BS
PCTUS98/ 26081 142 [efr] EtOAc/ | (M3H)} | ES-MS | o 4

t O pet ether '

50% 390 | FAC ) B T ) [err
acetone/ | (M+H) +{ . NN 50%
143 [orr] H H 9ok g d7 oip 465 FAB-L 6|
[err] acetone (M+tH) + 95%
CH2Cl 2 144 IOLOGICAL E S "~ 0.10 50% 394



In an in vitr¥d”“KiMdse assay, raf was incubated with MEK in 20 mM TS HCl,
pH 8.2 5 contai ning 2 nmM 2-ner capt oet hanol and 100 mM NaCl. This protein
solution (20 [err]L) was mixed with water (5 [err]L) or with
conpounds dintlefiendenti growthdn soft agandiimmanh twmor cell linesOveriviobtaied forh ATCOS of

addi ng 25 [@eeprile, MiB, eanbated sn 130Mb Aol 5o rassaer Tkl Botize "o
75, 120 mdchaftnd 0B 1M Blbfarh, NS ichia BHebadiRevesiete Gk’ ©

10 i ncubat ed at 32 [err C, usually for 22 mn. _Incorporation of [err]P

i nto prot ei GibraBREk Gathersburg, MD) rxceptsfor nfgtal thovines serien (BRI Biosciences,

er d oo ut 1 SRRl o oA BBtsai Ry B wihibes cpmePredpPEE AR ©
counting. Fp@® h¢ddiz mfs)uwmutm&pr%ewemgxssﬁ& chitiire] MaeeEPa@mdnewéd[ter ittdvh VEK
was used. In one experinents, the kinase reaction was stopped by

addi ng an e@f(ﬁmgb?rﬂhﬁ? °6fin1x 5% GQuemenbaten mGompaungds Werstitgtedsinmedialivi | ed
3 dt t

el s SRt LGS co uPlSE! EUIL O U 6 PRI
Phosphor yl atypmany/athhnal Yeedihg sifn@resh FeompouBdocdntaining) media orAnddyy teee.

YLD Beppbin P S BT SR b hE b s LT 1
assay, hu m&l&f‘ﬂ?ﬂh&ﬂs% gﬁmnﬁém&ﬂﬁéﬂg PiHasiel bg Cf'i’dtf(iﬁfﬁ m&ar 81a§e rebliet116

and DLD-1, contailning ras geneS were us I'n stan
prol i ferat i arfOBRSGS60 or by mehsurings Hithyenidiar ingprportiorninte DAA lfmilumngan 8
anchor age

i ndependent hgriwreRvith 14ey %@meﬁxémem thecgejis Ppwe&l%ﬁlaermtapﬁea 3f r om
ATCC . chifogivddidie W) mégﬁgglg ?1\1/'% i am B B%eﬁtfo?uﬂ)? gﬁﬂt 5bﬁaﬁ£ﬂvat ed

fetal bovine serum an a an

addi t ilSes weountinigt ai ned from G bcol BRL (Gaithersburg, MD) except for
fetal bovine serum (JRH Bi osci ences, 5 Lenexa, KS). In a standard
proliferation assay for anchorage dependent growth, 3 X 10[ err]
cells were FS:GMOM%E%&%EH&%& c%%%?d'b@(h%%ﬁs‘%@relﬂﬁ&&ﬁt PR 0840 DA G Q. 4t ach
overnight at 37 [err]Cin a err] incubator. Conpounds were titrated
in medi a i nSeaplaque agaresei innRBMI| completd mediadovaslaging e bottoml layeutontrining

Cells were al ca wth, a resh

conpound coﬂ?fg % al%g}"gﬂl‘gﬁﬂ rgé\glﬁp&emam}/ﬂ- h ‘?/%S?%F%‘PFSRF’&%FS %lf%r ed

by negguri nehedbd ﬂla@ Idilaties béridstaf conipousdandny sidéd To wells anddadubated®it 37CCassay

(Boehri nger . Mann Qr.B measured by standard ELI SA pl ate reader at OD
2

490/ 560, or by AKaGiP mgupater | for Adridadaes mitoresrtedi fadings SfCfesly Biedipni ng
o 8 PO & 3Lk e ok S PR el T

onto gl ass

cell mass, average colony size and number of colonies were quantitated using image

capture technology and hnage analysis software (Image Pro Plus, media Cybernetics).
25 - y

In Vivo Ass

An in vivo assay of the inhibitory effect of the compounds on tumors (e.g., solid

cancers) mediated by raf kinase can be performed as follows:

30 CDI nw/nu mice (6-8 weeks old) are injected subcutaneously into the flank at 1 x 10°

cells with human colon adenocarcinoma cell line. The mice are dosed i.p., i.v. or p.o.

at 10, 30, 100, or 300 mg/Kg beginning on approximately day 10, when tumor size is
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cell harvester and neasuring [err]Hthym dine incorporation by |iqguid
scintillant W893288ynt i ng. For anchorage i ndependen%lcwg?mg?%vw h,
cells were plated at 1 x 10[err] to 3 x 10[err] in 0.4% Seapl aque
agarose in RPM conplete nedia, overlaying a bottom|ayer containing
onl'y 0.64% agetween 5BAd0 g Rifinals e e idesddfoR 44Vedinkeduti®é deyscondel &g{? Indh&S -
Complete 20 . nedia plus dilution series of conpounds were added to wells
and i ncubat e@izawas maniteredawith calipers twices Wesko{ err] i ncubator for 10-14 days
with repeated feedings of fresh nedia cont ai ni ng conpound at 3-4
day intervals. Colony formati on was nonitored and total cell mass,
average col ofMyednkibiteryceffeatrbf theofongmiuads es rafkinaspuad thereferd anstungrs (eage

capture techngl ogy and i € .analysis software (Jmage Pro Plus, nedia
Cyber netdi cs) Soldcancers) megﬁ PR %ﬁ%ﬁﬁm further be J&WQ%FFQ}FQQ/BI Ty 3§F°gang??e
inhibitory e SEM PN EN Ol Sy (g5sd75). solid cancers)
nmedi at ed by &%ﬁ%hrﬁgi%é can nggr?garth'g%H;!? bf’l owg?:) 30 CDI nu/nu mce
(6-8 weeks old) are injected subcutaneously into the flank at 1 x 10[err]

cells with h n _col.on adenqcarci noma cell Line. ..The mce.are,dosed i.p.,
T Sor o 1He préceaity, SERFG0 R B TRncaied it S et g Shstttng he
?Epr oxi mat el eﬁéﬁézsgl éoz‘é\%lﬁaiﬂcﬂll@ ldeSdrfRd ! 'eactants and/or operating conditions of this
PCT/ US9) 2608nvention for thesewsedindbe pregeding examples.s are dosed for 14
consecutive days once a day; tunor size was nonitored with calipers
tw ce a week: The inhibitory effect of the conpounds on raf kinase
and t her ef or Frem the/forégoifgedébcription, one skilledl it e ey Gah eaEill acelail Yhe skenialnase
can further be dempnstrated in vivo according to . t he techni que of
Moni a et al . chpaeterigiics. of) s invention gndp yvithout” departingrrony, the: spirih and 68oPs es
can be repea 4 L ks Jofs 4t . tcally
or specifi ca}tﬁé}e%yég%} ﬁ)aie% v?‘é%%#%g&a% %&%@%gﬁ% ﬁgﬂ‘%gﬁ‘é?”t“%r%‘s’ ag&lﬁ F1 ?og 10
i nvent i i -f orvatibuswsagsssahdi conditiengr ecedi ng exanpl es. From t he
foregoi ng description, one skilled in the art can easily ascertain the
essenti al characteristics of this invention and, w thout departing
fromthe spirit and scope t hereof , can make various changes and
nodi fications of the invention to adapt it to 15 vari ous usages and
condi tions.

20
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ri. LiuvY)hb 5 WHAT IS CLAIMED | S: 10 1.
A conpound of fornula I:

5
WHAT IS CLAIMED 1IS:
10 1. A compound of formula I:
RS
N Q
I
NH H—A
R RE
wherein
15 Ais
. R3' :
4 4
R N\ R _ S e
; o l l
Rs‘ / Rs' ‘
R®
R3, R*, R® and R® are each, independently, H, halogen, NO,, C, ,,- alkyl, optionally
substituted by halogen up to perhaloalkyl, C,,,-alkoxy, optionally
substituted by halogen up to perhaloalkoxy, Cq,, aryl, optionally
substituted by C, ,, alkyl or C, ,, alkoxy, or C,,, hetaryl,
20 optionally substituted by C, ,, alkyl or C,,,, alkoxy,

and one of R*-Rfcan be -X-Y;

or two adjacent R*-R® can together be an aryl or hetaryl ring with 5-12 atoms,
optionally substituted by C,,q-alkyl, C, j,-alkoxy, C,,,-cycloalkyl, C, ,,-alkenyl,
C,.i-alkanoyl, Cg ,,-aryl, C; ,-hetaryl; C; ,-aralkyl, Cq ,,-alkaryl, halogen; NR'R';

A "



[err 15 Ais

or wo %8435 are each, independently, H, hal ogen, NJ ®COTIUSI8Lé08i |
optionally : substituted by hal ogen up to
per hal oal kyl, [err]-al koxy optionally substituted

by hal ogen up to perhal oal koxy, [err] aryl, optionally
substituted by [err] alkyl or [err] al koxy, or [err] 12 hetaryl, 20

i onal | d | L amo2 an2. - f
Core)"ean be-Nowy: e-CBESR[‘eNﬁ@ oo R O 5 0BL SRS Mg By
or hetaryl rl[xe” h_a ?anaR?'ﬁ;C V-uéy opﬁaahrlpa?ashwt&ywmbggrﬁqu

[err]-al kyl “At%oxy,Terr] - al K [err]-alk
[err]-al kanopbrha[oewﬁ]x—S(QJ_)—oﬁtmma]lyhmbmoyatﬁd{mﬂm}ar)ﬁhoahmlr[nerr] al karyl,

hal ogen;_[err],

4
PCT/ Us9d 2604 » R” and R” afe[lgg)ﬁ?jméen%b’ﬁgvh??%&?n’[‘éw Fro atlyl, ontionplly, pubisipyted by iy
and Rerr] is [err]- ﬂ% (yem?& lsubstltuted by hal ogen, up to
perhalo with -S((err]) r}Pﬁ ally incorporated in the aryl or hetaryl

ring, 5 [err] and Rl err] i ndependent | hal ogen, [err] al kyl,
optionally substituted by-N __{fal ogen up to perhal oal kyl,
[ert] or TNH ,

| 0 O

C, —C,, alkoxy optionally substituted by halogen up to perhaloalkoxy or —
- X-Y, and either one of R¥ , R or R® is ~X-Y or two adjacent of R, R*
10 and R together are a hetaryl ring with 5-12 atoms optionally substituted
by C,...alkyl, C,,, alkoxy, C,,,cycloalkyl, C, ,, alkenyl, C, ,, alkanoyl,
Cs.1; aryl, Cg ,, hetaryl or Cg ,, aralkyl;

R® is additionally -NHCOR!, - NR'COR! or NO,; -
R is C,,, alkyl optionally substituted by halogen up to perhalo;

15 R is H, halogen, C,~C,, alkyl optionally substituted by halogen up to
perhaloalkyl, C,~C,, alkoxy, optionally substituted by halogen up to
perhaloalkoxy;

X is -CH,-, -S-, -N(CH,)-, -NHC(O)- -CH,-S-, -S-CH,-, -C(0)-, or-0O-; and
X is additionally a single bond where Y is pyridyl; and
20 Y is phenyl, pyridyl, naphthyl, pyridone, pyrazine, pyrimidine,

benzodiaxane, benzopyridine or benzothiazole, each optionally substituted
by C,.c-alkyl, C, ,,-alkoxy, halogen, OH, -SCH, , NO, or, where Y is
phenyl, by

N, ) N "
* [~ L M S *



[err] al koxy gpt+eonal |y substituted by hal ogen up to perhal G&i*KEXF2e3!
X-Y, and either one of Rerr] is -X-Y or two adjacent of Rerr], Rerr] 10
and R[err] together are a hetaryl ring with 5-12 atons optionally
substituted ) by [err]al kyl, [err] al koxy,[err]cycloal kyl,
[err] al keny‘Pf,aIf}@FmPce“é‘FRlé)hWthableSallﬁmégf’ [err] aryl, [err] hetaryl
or [err] aralkyl' R[err] is additionally -NHCOR[ err], - [err]
or NJerr]; rBLE‘Brﬂ]lat 1fX1s—05 A ]R’%M AR, QnalY ¥ sHeRgt i tuted by

hal ogen up to perqhp ? H, halogen, [err] alkyl
optional ly suﬁmbstitutedd:ylﬁHmmBéts alkoxyo per hal oal kyl ,

[err] al koxy, optionally substituted by hal ogen up to

per hal oal koxy; X i S,-CHerrl]~, -9, - - s

-CH2-S-, -S-CHerfi-, ﬁcf(%)‘l’-f’,“néﬁc°-°,fd‘aﬁa‘g Halrh 1, hayngap%a%%tgrtgaﬁ E(  onal | y a
singl e bond where Y is pyridyl; and 20 Y i s phenyl, pyridyl,

napht hyk, pyridong, py@@éddi‘;?bunahéctdi‘&ﬂgm@claunl wherein benzodi axane,
benzopyri di ne or benzot hi azol e, each optlonalfy substituted

by [err]-al kgkjdiddendr W\mauksa Lﬁﬂiﬁhaﬂﬂﬁbsﬂﬁﬁédl}y Rilog¥f) @b&o Yeilfaloalkyl;
phenyl, by

Jr 4 Li UybJR6Q3E halogen'%rNO or a pharnmaceutically acceptable salt

t her eof , : h™t he prowso that if Xis -O or -S- , Rerr] and
Rierr] are Hgsqg, %lbg%nm}eey,o alkyl; R* iSO S talkokye %@Mlegé'; pyrBRbrith@nyll i S

al koxy. corrpound accor d| ng to clai'm 1, having a pKa
greater thansﬂlisntutsdpyrole, 3. ° A conpound according to claim1, wherein
Rlerr] is halogen or [err]- alkyl, optionally substituted by hal ogen, up to

P S g K54)of LB Db O, g e, TS 15

nmet hyl substituted pyrole, 10 Rlerr] is H halogen, CH3, or CF3
and Rlerr] is H halogen [err] 4, A conpound
according to claim1l1, wherein Rl err] is [err]-alkyl, d, F or
CFlerr]; . )

[ ! 4, A compound according to claim 1, wherein

R? is C,,c-alkyl, CL, F or CF;;
R* is H, Cl, F or NO,;

15 R*  isH,C|, ForC, ,-alkyl; and
R®  isHor OCH,.

5. A compound according to claim 4, wherein R® or R’ is t-butyl.

6. A compound according to claim 1, wherein X is -CH,- , -N(CH,)- or—
20 NHC(O)-. '

7. A compound according to claim 6, wherein Y is phenyl or pyridyl.
8. A compound according to claim 1, wherein X is -O-.

9. A compound according to claim 8, wherein Y is phenyl, pyridyl
pyridone or benzothiazole.

79
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Rl err] is H d, For NJerr]; 15 R err] is H d, F or

[err]-al kyl ; wared/32436 Rlerr] is Hor OCH3. PCT/USI8R6081 A
conmpound according to claim4, wherein Rerr] or Rerr] is t-butyl.

6. A conpound according to claim1l, wherein Xis [err] -N(CH3)- or - 20
NHC( O) - . 7. A conpound according to claim®6, wherein Y
i's phenyl or pyri dQJ Acompoundaccordmgtgclaum KwheriR 8 -&ccording to claim
1, wherein Xis -O. A conpound according to claim
8, wherein Y is ph ny pyri dyl . yri done or benzot hi azol e.

79 g,« gompound according to cPalm 10, wherein Y is phenyl or pyridy).

PCT/ US98/ 26081 A conpound according to claim1, wherein
Xis -§&. . qﬂﬁggéj ggcording to claim 10, wherein Y is
phenyl or pyridyl .12 A;Léomp&nﬁ fb%.ﬂcg)élrrpound of the formula 5

13. A pharnmaceutical conposition conpr|5|ng conmpound of claim1,
and a phyS|oIog|caIIy acceptable carrier.

OJ@‘ aoVes

5
13. A pharmaceutical composition comprising a compound of claim 1,
and a physiologically acceptable carrier.
14. A pharmaceutical composition comprising a compound of claim 12,
and a physiologically acceptable carrier.
10 15. A method for the treatment of a cancerous cell growth mediated by raf
kinase, comprising administering a compound of formula IT;
0
AN T
B— N—
H H A
wherein
15 Ais
RY
R* N _R*
' or I l
5 Z '
R R®
R

B is a substituted or unsubstituted, up to tricyclic aryl or heteroaryl moiety
of up to 30 carbon atoms with at least one 6-member aromatic structure containing

0-4 members of the group consisting of nitrogen, oxygen and sulfur, wherein if B is

Ay g )



14. A pharnaceutical conposition conprising a conmpound of claim12,

and a physi g{,&gé £354 Y acceptable carrier. 10 15. Apmwjm,zf;@ﬁ
the treatne 1J a cancerous cell growh nediated by raf ki nase,
conprising adm nistering a conpound of formula I1: [err] wherein
15 Ais Jerr] Bis a substituted or unsubstituted, up

to tricycli csuktithtedr ithiet sibstxiated Bpiodkyor more sabstitperits sdlctedr from dieogmoupi t h
at | east one 6-nmenber aromatic structure containing, 0- 4 nenbers of

the group covessisting efdialegen; agetd, Perxhalen apd W, s’ulwﬁlﬁlrem\%é? 91‘31 apd each §N is

W 99/ 32436

substituted Hngeﬁegd%ysﬁleqﬁdegowh&%om cq%}sgngl%'st 11’ uen ldI.’y?e%g f’r omthe

group

0-3 and each

subst i tuted Lzt kexe,, siltsd, Shegden Iccug! amoili skl ccler )

al khet eroary an

q;ve)a?' 0gopf -OR?, QUSK?, -URRI, RNR'CEOYORBNANWE(Q)R’, @4, £ hlky])

i's

i ndependent |y selected fromthe grou consi St i ng of
O [e81] (85, alkenyl{ By G koG Cosycloalhy € G mm,ycrdiealkaryal Coly,

| oal k I | k.
a1 kit o oar yReroA: PriGeotkapioand) afrsSRin CriChn bt s Sl G200 akenfl.”

erein if a substituted-group,

IS substitut aqthhymaryslamﬂ(@mre 10 subst I tuents i ndependently sel ected
fromthe group con5| sti n? of .- CN,

hal ogen up to per whereda i

select
aryl,

al kenyl ,

err] . and
W is & subsihishd; sroupcit i spﬁstm&ép%%qﬁ ey, more

1 TR oy S o 86'BOHy gty IR, et

per - hal osubs fyOyR’edC{GNR'RY] LOR’, -8R’,L-NRIR -, NOQ me(oym’t ,ech[lhI(oDOR’ and

het aryl ,

-(CHerr]O,

15

20

25

30

up to per-hal osubstit ut ed [err] cycl oal kyl, up to
per - hal osubs halpgereup to per-halys; C, 4 aryl

wbﬁ&@ﬁ%&%‘%s}iﬁ?#qc%%fyﬁ%}lﬁéﬂe f:bin I:I,CE?)CH; aﬁcﬁj@-—&{o’
alkenyl, C,-C,, cycloalkyl, C¢-C,, aryl, C;-C,; hetaryl, C,-C,, alkaryl, C,-C,,
alkheteroaryl, up to per-halosubstituted C;-C,, alkyl, up to per-balo substituted C,-
C,, alkenyl, up to per-halosubstituted C,-C,, cycloalkyl, up to per-halosubstituted
C4-C,, aryl and up to per-halosubstituted C,-C,, hetaryl,

wherein Q is - O-, -S-, -NR")-, -(CH)-, -C(0)-, -CH(OH)-, -(CH,),0-,
-NR’C(O) NR'R’-, -NR'C(O)-, -C(O)NR’-, -(CH,),.S-, (CH),NR")-, -O(CH,),,
-CHX?, -CX%-, -S-(CH,),- and -N(R")(CHp),s-,

m = 1-3, and X*is halogen; and

Ar is a 5-10 member aromatic structure containing 0-2 members of the group
consisting of nitrogen, oxygen and sulfur, which is unsubstituted or substituted by
halogen up to per-halo and optionally substituted by Z,;, wherein , is 0 to 3 and
each Z is independently selected from the group consisting of of -CN, -CO,R’,
-C(O)NR'R’, -C(0)- NR’, -NO,, -OR’, - SR’, - NR'R’, -NR’C(0)OR’, -C(O)R’,
-NR'C(O)R’, C,-C,, alkyl, C;-C,, cycloalkyl, Cs-C,, aryl, C;-Cy; hetaryl, C-C,,
alkaryl, C,-C,, alkheteroaryl, substituted C,-C,, alkyl, substituted C,-C,, cycloalkyl,
substituted C,-C,, alkaryl and substituted C,-C,; alkheteroaryl; wherein the one or
more substituents of Z is selected from the group consisting of -CN, -CO,R’,
-C(O)NR'R’, -OR’, -SR’, -NO,, -NR'R’, -NR"_C(O)R" and -NR'C(O)OR’,

A :

It

r]

and up to per-hal osubstituted [err]



m= 1-3, anqy&b&sisbsi s hal ogen; and Ar is a 5-10 peeibakreos:

aromatic structure containing 0-2 nenbers of the group conS|st|ng of
nitrogen, oxygen and sul fur, which is unsubstituted or substituted by

hal ogen up to per-hal o and optionally substituted by Z[err], wherein, is O
to 3 and 25 each Z is independently selected fromthe group consisting

g}‘ kﬁfet -eg(;lér y Frssuatglst It &%ee%; %er rc})enqakﬁffﬁ halgg?l}’t(%’lt'%ﬂk%‘ﬂé?) t?&faﬁl&l ﬁuﬁmfd

substituted [err] al kabylhatogen aplsperhatoaltyl, err] al khet er oaryl ; wher ein the

one or 30 nore substituents of Zis selected fromthe group consisting
of -CN, [err]" ' [err] [err] WO 99/ 32436

PCT/ 1 US98/ 26081 —N] er ]ang Rl ey Eﬁch‘independently H,

hal ogen, [err]-alkyl, optio y su stltute N ’ by

hal ogen up to perhal oal kyl, [err] 5

[err] al koxy, optionally su tituted by hal ¢ggyen up to perhal oal koxy

or -X-Y, and either one of [err] is -X-Y or two adjacent of

opt 1 ond 'y subst i t ut ed byof Sre L HiopayEbRjthiedyidhch hpto berBloaffoxy

cycloal kyl, [err] al kemoy-X-Yeand al kanoyl, [err] aryl, [err] hetaryl or
[err] 10 ar al kyl i di ti on Rl err]

is [err] alkyl op?‘ﬂ’t?ﬁﬁ!‘??f%ﬁg“lﬁfe% h%ﬂ"&’@ LIy '{Qflfgdeir]ﬁséﬁ‘ﬁiw 15
Rlerr] is 'tBQ&H@r”ﬂ@Q%Mm% QZad?szer Flf} H&Bﬁkéﬂﬁ?b?’,a% tC,t,‘Jted by

hal ogen up koxy

substi t ut ed dlyoxtya Cageycloplkyh C,. ,oalkenyl Cl 10 alkapeyh@s,galrjdo@,z hetaryl or CmX is
[err]oi -0-; 91%"1 X is additionally a single bond where Y is pyridyl; and
Y ph *pyridyl, naphthyl, pyridone, pyrazine, pyrimdine,

benzodi oxaneg®  ig addi?i@:ﬁilﬂpélm-l@'m@ ONRRGORDSINEZ0l e, each optionally
substituted by

R! is C,.,, alkyl optionally substituted by halogen up to perhalo;

15 R¥  isindependently H, halogen, C, ,, alkyl, optionally substituted by halogen up
to perhaloalkyl, C, ,, alkoxy, optionally substituted by halogen up to
perhaloalkoxy;

X  is—CH,--S- -N(CH,)-, -NHC(O)-, -CH,-S-, -C(O)-, or -O-;

20 X is additionally a single bond where Y is pyridyl; and

Y is phenyl, pyridyl, naphthyl, pyridone, pyrazine, pyrimidine, benzodioxane,
benzopyridine or benzothiazole, each optionally substituted by
C,..0-alkyl, C, ,-alkoxy, halogen, OH, -SCH, or NO, or, where Y is pheny}, by

or 2 pharmaceutically acceptable salt thereof .

I g



[err]-alkyl, [err] -al koxy, halogen, OH [err] or, where Y is phenyl, by

or a pharnma ' y acceptable salt thereof. WO 9% cEridsfaneost
PCTI US98/ 268\2@‘95/5%1; 16. A met hod according to claiml1l5,
conprising adm nistering a conpound of fornula Ila: [err]
wherein - Ais [err] [err] and R err] are each

i ndependently H[ ets] hal me@idd accdréinglto alaiti!1S, omhphsiag hyministeringabsti t ut ed
by hal ogen up to perhal oal kyl, or [err]-al koxy, optionally substituted by
10 hal ogefPmpound ?fépmllﬂééakoxy, [err] aryl, optionally substituted by
[err] alkyl or [err] al koxy3 or [err] hetaryl, optionally substituted
by [err] alkyl or [err] al koxy, R and one of [err] can be -X-Y,

or two adjacent [err] can togethér be an gypyl or hetaryl ring with 5-12

at ons, optionally sub by [er|t]-al koxy [err]-al koxy,
err]- anoyl ; a
NH “hal ~Alerr] [err] in

[err]-cycloal kyl, [err]-al keny
, optionally substituted by hal ogen,

[err]-aryl,[err]-hetaryl, [er
whi ch err] is Hor i

up to pe€rhalo and Rlerr] isR[errhﬁaI kyl ,
wherein |
Ais
R¥
& 4
R N\ R _-__/S ”
s or I I
RS P RS '
R®

R?, R* ,R® and RS are each independently H, halogen, NO,, C, ;.- alkyl, optionally

substituted by halogen up to perhaloalkyl, or C, ,,-alkoxy, optionally substituted by
10 halogen up to perhaloalkoxy, C,,, aryl, optionally substituted by C, ,, alkyl or C,

alkoxy, or C,,, hetaryl, optionally substituted by C, ;, alkyl or C,,, alkoxy,

and one of R*-R® can be -X-Y;

or two adjacent R*-R° can together be an aryl or hetaryl ring with 5-12 atoms,

optionally substituted by C, ;,-alkyl, C, ,-alkoxy, C; ,-cycloalkyl, C, ,,-alkenyl,
15 C,..-alkanoyl; C, ,-aryl, C, ,-hetaryl, C; ,,-alkaryl, halogen; -NR'R'; -NO,; -CF;;

-COOR}; -NHCOR'; -CN; -CONR'R!; -SO,R?; -SOR?; -SR?; in which R is H or

C,..-alkyl, optionally substituted by halogen, up to perhalo and R*is C,-alkyl,
optionally substituted by halogen, up to perhalo, with - SO,- optionally incorporated
in the aryl or hétaryl ring, and R¥- R are as defined in claim 15.

20 17. A method according to claim 16, wherein
R’ is halogen or C, - alkyl, optionally substituted by halogen, up to perhaloalkyl;
R*is H, halogen or NO,;

N )



optionally substituted by hal ogen, up to perhalo, with - SJerr]-

optionally incorporated inthe aryl or hetaryl ring, and [err] are

as defined wooedmause 15. 20 17. A net hod accor di ngctossslzgbd 16,
wherein Rlerr] is halogen or [err] alkyl, optionally substituted by
hal ogen, up to perhal oal kyl ; Rlerr] is H halogen or NJerr];

WO 99/ 32436 »s . _ . .

PCT[ U898/ Ze&isH,halogen orRFéP'r?]le$ H, hal ogen or [err] alkyl; Rl err]

is H[or] [e&d: | y, thiophen rol.e or hyl subst.ituted pyrole
Rlerr] is Hﬁi Hgﬁiﬁg%"ﬁﬁ?&], %’?‘b&%%’gﬂlf 0 Wﬁ{ﬁ% substity %[Pé’ﬁif is H,

hal ogen, [ err]s . 18 A nmet hod according to claim 16,
wherein X isﬂ_x&iﬁ,mgr},(f%,or@,?n@ N(CH3)- or -NHC(O- and Y is
phenyl or p A met hod according to claim 16,

éd 19.
wherein X |§-’6¥i’§ﬁ{?g@’i@pgﬁﬂp%' pyri done, pyrinidine, pyridyl or

benzot h§ azol e.

18. A method according to claim 16, wherein X is -CH,- , [or] -S-, -
N(CH,)- or -NHC(O)- and Y is pheny! or pyridyl.

19. A method according to claim 16, wherein X is ~O- and Y is phenyl,
10 pyridone, pyrimidine, pyridyl or benzothiazole.

R0 o
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