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| NTERVEDI ATES FOR MAKI NG NON- NUCLEGSI DE HI V-1 REVERSE TRANSCRI PTASE

| NHI BI TCRS 5 TECHNI CAL FI ELD OF THE | NVENTI ON The invention relates to a
novel g)g a}and novel internediates for the synthesis of certain

non- nucl'@F8Hd&Pever se transcriptase inhibitors. BREKERYRPIOBE THE

| NVENTI ON 10 The di sease known as acquired i nmune defici ency syndrone
(AIDS) is caused by the human i mmunodeficiency virus (HV), particularly
the strain known as HHV-1. In order for HV to be replicated by a host
cell, the information of the viral genone nust be integrated into the host
cel I s DNApRUBREANDINY ERVEBDI£TES FORMMAKIBRONON-N OB HOSIDEIRL-1 C

informatiom rs tn the tormof RNA. The HTV replicatlon cycle, therefore,
requires a step of 15 REMERSE Bl J BITQARD e (RNA) into DNA. The
transcription of the viral RNA into DNA is acconplished by an enzyne that
has been aptly dubbed reverse transcriptase (RT). The H V virion includes
a copy of RT along with the viral RNA Reverse transcriptase has three

known enz ¢ f Ian n RNA- dependent 20 DNA pol yner ase,
as a r?bomgé,i%&ﬁgwm ent DNA pol ynerase. Acting as an
RNA- depenggginvéaNon mdtwmaasm f3desk amﬁﬁélnmeﬁneaxasasrf@meghﬂaﬁdeﬁbem copy of
the viral RNA. Acting as a rj ease, RT destroys the original viral

RNA, and ﬂ?@wlmﬁéeremﬂsmﬁnp&%ﬁ@%amf romthe original RNA. Finally,
acting as a DNA-dependent DNA pol ynerase, RT nmakes a second, conplenentary

DNA strand, using the first DNA strand 25 as a tenplate. The two strands
form doudeCmaﬂ\lﬁHE\lNPEWTI@Nl ntegrated into the host cell's genone

by an cal | ed n enzymatic
fﬁnct ﬁé 5{2 WRE &Y I rggtﬁuzlgfl ?f%? g%ﬂﬁ:ﬁéﬁm%ﬂ? wirs‘gedp catléﬁ ofI
HV-1in hﬁlﬁaﬁﬁhﬁﬂmﬁ@ﬂc&mﬁd@b (IéMmu[wmﬂgltle mmﬂmbwnmﬁﬁélphmré«m ion or 30
t t t of HV-1 ' d t d by k RT
i, bi  or &7 FY dnbésplsaicd by gaots el S ApioR oG oR e RBHEFRORE BB deonyi nosi ne
(ddl), 2" jfegratdd ifth drERNERArs TRORSHoWR 2 A4 100 ZRBVinRChe A hgOB /18 oretid

information is in the form of RNA. The HIV replication cycle, therefore, requires a step of

15  transcription of the viral genome (RNA) into DNA. The transcription of the viral RNA
into DNA is accomplished by an enzyme that has been aptly dubbed reverse transcriptase
(RT). The HIV virion includes a copy of RT along with the viral RNA.

Reverse transcriptase has three known enzymatic functions. It acts as an RNA-dependent
20 DNA polymerase, as a ribonuclease, and as a DNA-dependent DNA polymerase. Acting

as an RNA-dependent DNA polymerase, RT transcribes a single-stranded DNA copy of

the viral RNA. Acting as a ribonuclease, RT destroys the original viral RNA, and frees the

DNA just prodhced from the original RNA. Finally, acting as a DNA-dependent DNA

polymerase, RT makes a second, complementary DNA strand, using the first DNA strand
25  asatemplate. The two strands form double-stranded DNA, which is integrated into the

host cell’s genome by another enzyme called integrase.

Compounds that inhibit the enzymatic functions of HIV-1 reverse transctiptase will inhibit
replication of HIV-1 in infected cells. Such compounds are useful in the prevention or

30  treatment of HIV-1 infection in human subjects, as demonstrated by known RT inhibitors
such as 3*-aziod-3'-deoxythymidine (AZT), 2',3'-dideoxyinosine (ddI}, 2',3'-

: N




di deoxycytidi ne (ddC), d4T, 3TC, nevirapine, del avirdi ngq p_tambdrennsand
abacavir, the RT inhibitors thus far approved as drugs for use in the
treatnent of HIV infection. As with any antiviral therapy, use of RT
inhibitors in the treatnent of HV infection 5 eventually |eads to a virus
that i VPN Hsitive to the given drug. Resi stand’ET(qsé‘éE{B’éﬂls sensi tivity)
to these drugs is the result of nutations that occur in the reverse
transcri ptase segnment of the pol gene. Several nutant strains of H 'V have
been characterised, and resistance to known therapeutic agents.is due to
mutations in the RT gene. Sone of the nost commonly observed nut ant

clinical |did&ik?cytﬁﬂﬁ6 (6L, HATIBIIC2 Rvirabine, WRiatiidide, bRk REnz¥ad Yoackfir, alie RDdon 181,
has been nuta to a cysteine C residue, and K103N wher.e t he | ysine K at

posi tion lmblt%&mbévéﬁpnr@wﬂaééﬂlgb@rageplaﬂlygw@lwofdllWem ati®thint s whi ch ener ge
with- increasing frequéncy during treatment with known antivirals include
the single nutants V106A, Gl90A, Y188C, and P236L: and the double mutants
K103N Y18ACwith HylaNviR2 ﬂﬁprKlB@@RRViﬂﬂﬁtomid theiaamient OV, inf&®tions t her apy of

H V infection i ant.i vi cont i.nu rgen pew,r esi st ant
‘straims i¥° %?ﬂ@i?% %"Tﬁé@é??&ss S?ﬁéurvg?q @eéﬁgl}@grgg%%&gg st lirel(;{q:dneed for new
i nhi bi torﬁnﬁﬁwwﬁ% thWeHﬁgﬁl isftheresult oiﬁﬁitﬁtﬁ;hmzam‘ccﬂflﬁ efetmmemsmasmst t he

various nutants. part i CE| ar rel evance 10 resent jnvention are
the H V- F@Fgmﬁﬁloﬁﬂ‘ﬁﬁﬁ”sgeﬂ? seqvekabppuizgt strpingo havg bg %enﬁerqe@g conpounds,

whi ch ar g.gl %gcg'td)ﬂl{dwﬂ%éal;%u{?c en§ 1scﬁ|]e to hﬁtaﬂc]nﬂhﬁﬁn%ﬂl’lﬂ He0B6me HBEE I Ng a

2- (qU|noI|ny oxyet hyl -{1-oxid qU|noI|nyI)oxyethg group in the

8- posi t i angst bermmonlp hbserved mutank clinigally grer the fY 18EE matant, di Which a1tyr9sing Yni f i cant
mut an stra i S t I on to
oo S eRRIsR e b Rl d b MO R b KBRS ARR e RRERACE 1 | s
Pat. 6, 42&5%&1(}3 ﬁd%&ﬁhfplﬁﬁd’ﬁb’lﬁsﬂawm Ol)thé‘: T wa&hembrﬁr\mhl des a process

;86 4?35 |2 Sggggsgé%/ mg &%&S&g&hﬁ@wtmmj[s mcl(l:lsme smg% mutants

V106A, G190A, Y188C, and P236L: and the double mutants K103N/Y181C,
K013N/P225H, K103N/V108I and K103N/L100L

[

15
As therapy of HIV infection using antivirals continues, the emergence of new resistant
strains is expected to increase. There is therefore an ongoing need for new inhibitors of

RT, with different patterns of effectiveness against the various mutants,

20  Of particular relevance to the present invention are the HIV-RT inhibitors disclosed by
U.S. Pat. 6,420,359, These compounds, which are all dipyrido[3,2-5:2,3’-¢]
[1,4)diazepin-6-ones bearing a 2-(quinolinyl)oxyethyl or a 2-(1-oxido-quinolinyl)oxyethyl
group in the 8-position, have enhanced activity against certain clinically significant mutant
strains of HIV-1. It is the object of the present invention to provide an alternative method

25  for making the compounds disclosed by U.S. Pat. 6,420,359.

SUMMARY OF THE INVENTION

A first aspect provides a process for making a compound of the formula I -




634760 2'M10 NN R2 R11 (I) wherein: R2 is selectadnd@ast he
group consisting of H F, d, Cl4 alkyl, C3.4 cycloalkyl and CF3; 5 R4 is
Hor Me; RSis H M or Et, with the proviso that R4 and R5 are not both

Me, and_jf .S, M2 then R5 cannot be Et; R11 is cl opropyl ,
propyl ,“40528@?{]8%3?, or cyclobutyl; and Qis select 2%“%’1%%%93%‘?(9 15group
consisting of. crNN / and/ M N+ O0- O 10 which process conprises the
following steps: (a) reacting a starting conpound of the formulall O R 4
NX NNNRzZI1t R -3 21 Decenber 2006 wherein R2, R4, R5 and R' are as
her ei nbefore defined wth respect to the conpound of the

@

wherein:

R? is selected from the group consisting of H, F, Cl, Cy4 alkyl, C3¢ cycloalkyl and CF3;
5 R'isHor Me;
R’ is H, Me or Et, with the proviso that R* and R® are not both Me, and if R* is Me then R’
cannof be Ef;
R'! is Me, Bt, cyclopropyl, propyl, isopropyl, or cyclobuty}; and

Q is selected from the group consisting of:

=N

10 ’

which process comprises the following steps:

(a) reacting a starting compound of the formula IT




formula | and wherein X is a chlorine, iodine, or brom@sc&fibé 2006
fluorosul fonate noiety selected fromthe group consisting of -OSQ2F and
-0SQ@2(CF2)" CF3 wherein n is an integer between 0 and 10, with a mal onate
or malonate surrogate of the fornula Il RL R13 {Ill) wherein, R12 is a
cyan group or a group of the fornula -COOR14, wherein R14 is a C- 1-4-alkyl
group, a G 1.4-alkyloxy-C1.4-alkyl group group phenyl, naphthyl,

t hi Ophenyv:che{[efnlﬂzlé’k‘ﬁ, R’ alawli'datb aslnge%m @ﬁaéFgl dgﬂp@yﬂeet éa?ﬂzgﬁ l?hfs ofth€yano group,
a group @ rmul a_- COOR wherein RI5is a C1-4-alkyl group, a

C 14- al k%@%{}i@‘g‘i"ggfﬁp%ﬁ 2 SO I9HiBe 5T BIRRYRF OF afligrsHimate fgiBbhenyl , furyl,
pyridyl, sclédidddesaoihe gip E@Riditg)of ~0SOIFOAR —080L(08,)foF, WHtBinnIRRARedWher ei n R16
is a C1l-4-al kyl group, phenyl, furyl, pyridyl or benzyl), a group of
formul a PBYEFY P2(wherein R17 is phenyl, fuuyl or pyridyl) or a group
of the fornula -SOR18 (wherein R18 is a C 1-4-al kyl group, a

C- 1- 4- al kyth exydnatt odmalokatd sufro@didoUhofsfmpENY| , napht hyl, thiophenyl, furyl,
pyridyl, ..imdazole or benzyl), in an organic solvent, in the presence of a
pal | adi um catal yst, a suitable Iigand and strong base, to yield an
internediate of the forrmula IV, $ O iR12 Rs N NN R R19 (I wherein R2,
R4, R5, R11, R12 and R13 are a$ Rece b?{ re defined in this claim -3a 21
Decenber 2006 (b) reductively cleaving'the sul fur or phosphorus-containing
group, if the internediate

wherein,

R' is a cyano group or a group of the formula —COOR"™, wherein R'* is a C-,4-alkyl

-group, a C-4-alkyloxy-C-; 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,

pyridyl, imidazole or benzyl, and

R" is a cyano group, a group of the formula —-COOR' (wherein R" is a C- _4-alkyl group,
a2 C-1.s-alkyloxy-C-; 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,

- imidazole or benzyl), a group of the formula —SO,R'® (wherein R'® is a C-;4-alkyl group,
phenyl, furyl, pyridyl or benzyl), a group of formula -P(O}OR'"),(wherein R is phenyl,
furyl or pyridyl) or a group of the formula ~SOR" (wherein R"® is a C-; ,-alkyl group, a
C-14-alkyloxy-C-_4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,

imidazole or benzyl),

in an organic solvent, in the presence of a palladium catalyst, a suitable ligand and strong

base,

to yield an intermediate of the formula IV

(Iv)

- wherein R?, RY, R>, R"", R"? and R" are as hereinbefore defined in this claim;

-3a-




of the forrmula IV contains a sulfur or phosphorus-conts4 pbeSnier@aps (C)
hydrol yzing the internediate of the fornula IV to yield a further
intermediate of the formula V4 RO RNRI9 NNN RR1 (V) wherein R2,
R4, R5 and R' are as hereinbefore defined in this claimand R19 is - COOH
or, if the reactant of fornula Il was nalonate and m | d hydrolysis
conditions are enployed, wherein R19 may additionally be a group of the
formul a @OORIALMRE RichviRE; the hitfu §r pHOGIHBHBR&TARiSe g%ﬁﬁ, afe infrhdlise Cl ai m  (d)
reduci ng the carboxylic acid or ester internediate of the formula V to

yi el d an°fthf Egnplp Ny Fontaies syt ar ghepphays-conBinmagre® N R2 N R' N (V1)
wherein R2, R4, R5 and R' are as hereinbefore defined in this claim and

(e) cond@)si Ngydrb19zid GO HImediaté Of tHeomMh TWid Jicida hiR@6t iRRimdAfatd dTehed Or mul a  HO
HOHO\ L\ HOr U "\ ry INCNMOOT., NO 3b

(V)

wherein R?, R*, R® and R" are as hereinbefore defined in this claim and R" is <COOH or, if
the reactant of formula III was malonate and mild hydrolysis conditions are employed,
wherein R'” may additionally be a group of the formula —-COOR'* wherein R" is as

hereinbefore defined in this claim;

(d) reducing the carboxylic acid or ester intermediate of the formula V to yield an
alcohol of the formula VI

AN
/ OH

|
RH W[)

wherein R?, R*, R’ and R"! are as hereinbefore defined in this claim; and

(e) condensing the alcohol of formula VI with a reactant of the formula

HO

/ / N o
=N A ] \o_ or \0...




21 Decenber 2006 to yield the final product of the fosBb&nhberPhss! 0sed is
al so a process for nmeking pharmaceutically acceptable salts of the conpound
of formula | as defined above. A second aspect provides a process for
maki ng a conmpound of the fornula IV 0 RA RRe RRs NNz NRI111 (1V)
wherein: R2 is selected fromthe group consisting of H F, d, Cl1_4 alkyl,
C3.4 cycloalkyl and CF3, R4 is Hor Me, Rois H M or Et, with the

provi so {hadid i fiaf Prddactdrhet@inuat h Me, and if R4 is Me then RS cannot be
Et, R is M, Et cycl opropyl, propyl, |sopropyl or cyclobutyl R12 is a

cyano grQup, or group of theforrrula- ein Rl4 is C- 1. 4-al kyl
gr oup, isplosed S Aiareses. fer maldnephagacgislly a@?@sﬁbleaﬂgrﬁ fhe Cﬂlamm
t hi ophengmulh Uaddefingddbb@y! , i m dazole or benzyl, and R13 is a cyano group,

a group of the fornmula - COO?lS (wherein R14 is a C 14-al kyl group, a

C 1. 4-al yI oxy-C-1-4-al k 0 ou n ht t hi ophenyl, faryl,

pyridyl, A% %QS?S‘FBIO %Pf?%i H’Pﬁjgé}’%)gffp “%/Jn‘éf Q%@WH%}V SOPR16 (wherein R16
is aCl. 4 al kyl group, phenyl, furyl, pyridyl or benzyl), a group of the
formula -P(O (OR)2 (wherein Rﬁis f aryl or pyridyl) or a group of

i Iyl group, a

napht hyl , thi ophenyl, furyl,
xanpri ses the foll ow ng

C- 1. 4-al kyl oxy-C 1. 4- al kyl
pyridyl, imdazole or

steps: (a) reacting a st formula Il -3c
R2 ‘ 11
R av)
wherein;
R? is selected from the group consisting of H, F, CL, C,_, alkyl, C;4cycloalkyl and CF,
R*is H or Me,

R’ is H, Me or Et, with the proviso that R* and R’ are not both Me, and if R* is Me then R’
_cannot be Et,

R'! is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl,

R' is a cyano group or a group of the formula —COOR™, wherein R' is a C-,4-alkyl group,
-a C-4-alkyloxy-C- 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzyl, and

R" is a cyano group, a group of the formula -COOR"® (wherein R" is a C-,_4-alkyl group, a
C-i.4-alkyloxy-C- 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzyl), a group of the formula —SO,R'® (wherein R'® is a C-1.4-alkyl group,
phenyl, furyl, pyridyl or benzyl), a group of the formula -P(O)}(OR'"), (wherein R" is
phenyl, furyl or pyridyl) or a group of the formula ~SOR'® (wherein R" is a C-,_;-alkyl
group, a C- 4-alkyloxy-C-,.s-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzyl),

which process comprises the following steps:

(2 reacting a starting compound of the formula IT

-3c-




21 Decenber 2006 4 R ORNXx NNN R$ Rn (u) whergj @e%bel?\éooé% and R
| are as hereinbefore defined in this claimand wherein is a chlorine,

i odine, or brom ne, or a fluorosulfonate noiety sel ected fromthe group
consisting of -OSQ2F and -OSQ2(CF2)" CF3 wherein n is an integer between 0
and 10, with a malonate or nmal onate surrogate of the fornula Il Ru\ fR a
(I'r1) wherein, R12 is a cyano group or a group of the fornula - COOR14,
wherein R14.is a C 1-4-al kyl group, a C 1-4-Ialkyloxy-C-1.4-alkyl group
group phenyl, naphthyl, thi gph yl, uryl, pyridyl, imdazole or benzyl,
and R13 is a cyano group, &\gro off the fornmula -COORL5 (wherein R14 is a
C-14-all kyl group, a GC- 14- yl group group phenyl,

napht hyl , thi ophenyl, furyl ol e or benzyl), a group of the
formul a - SOZR16 (wherein RY6 i -alfkyl group, phenyl, furyl,

pyridyl or benzyl), a grou 4 -P(O(OR 7)2 (wherein R17 is
phenyl, furyl or pyridylgeor y grohp the fornmula -SOR18 (wherein R18 is
a CG1.4-alkyl group, a C1-4-al kﬁoxy C 1. 4-al ky@ilygroup group phenyl,

napht hyl , thiophenyl, furyl, pyridyl, imdazole or benzyl), in an or gani C
sol vent, il gand and

sol vent ok, BY SSsin) Pl & RALARLRE ISy MbiERL el 9210

pr ovi deschéprize.deding of rpmingkiradlugrosubizpaeimdicds setepied from thel ssouy COH@dng

of —OSO,F and —OS0,(CF,),CF; wherein n is an integer between 0 and 10,

with a malonate or malonate surrogate of the formula III

R%Z R13
(L)

wherein,
R" is a cyano group or a group of the formula -COOR", wherein R* is a C-y_4-alkyl group,
a C-y4-1alkyloxy-C-, s-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyi,
imidazole or benzyl, and ‘
R" is a cyano group, a group of the formula —COOR'® (wherein R is a C-,4-allkyl group, a
C- 4-alkyloxy-C-_4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzyl), a group of the formula —SO,R"® (wherein R'® is a C-.4-alkyl group,

~ phenyl, furyl, pyridyl or benzyl), a group of the formula —P(O)(OR'"), (wherein R"’ is
phenyl, furyl or pyridyl) or a group of the formula —SOR'® (wherein R'® is a C-; 4-alky]
group, a C-; ¢-alkyloxy-C-,.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzyl), |

in an organic solvent, in the presence of a palladium catalyst, a suitable ligand and strong

base,
to yield the compound of the formula IV.

A third aspect provides a process for making a compound of the formula V

3d-




21 Decenber 2006 R RO NR NNNRZR(V) wherein sRBeismssloaaged from
the group consisting of H F, d, Cl4-alkyl, C34 cycloal kyl and CF3; is |
or Me; R5is H M or Et, with the proviso that R4 and R5 are not both M,
and if R4 is Me then R5 cannot be Et; R' is Me, Et, cyclopropyl, propyl,

i sopropyl, or cyclobutyl; and RO is -COCH or a group of the fornula - COOR14
- wherein R14 is a C1.4-alkyl group, a C 1. 4- alkloxy-C 14-al kyl group group
phenyl, naphthyl, thiophenyl, #guryl o pyridyl, imdazole or benzyl; which
process conprises the foll & \ : (a) reacting a starting conpound of
the formula Il R5° 0 Rg N\ X R2 R1, wherein R2, R4, R5 and R’
are as herei nbefore defined/i | al wherein X is a chlorine,

i odine, or bromne, or af ate nnler sel ected fromthe group

consisting of -OSQZF and - ( wherein n is an integer between 0O
and 10, with a mal onate gt na ona%p surrogate 02 ;he formula I'll Rszls
(ren)

wherein:

R’ is selected from the group consisting of H, F, Cl, Cy4-alkyl, Cs.4 cycloalky! and CF;
R*is H or Me;

R’ is H, Me or Et, with the proviso that R* and R® are not both Me, and if R? is Me then R®
cannot be Ef;

R' is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl; and

R’ is ~COOH or a group of the formula —COOR ™ wherein R'* is a C-,4-alkyl group, a C-1_s-
alkloxy-C- 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl, imidazole or
benzyl;

which process comprises the following steps:

(2) reacting a starting compound of the formula JI

i

wherein R%, R%, R® and R" are as hereinbefore defined in this claim and wherein X is a
chlorine, iodine, or bromine, or a fluorosulfonate moiety selected from the group consisting
of “OSO,F and ~OSO,(CF,),CF; wherein n is an integer between 0 and 10,

with a malonate or malonate surrogate of the formula III

R12 R13
(1)

wherein,
3e-




wherein, -3e 21 Decenber 2006 RI12 is a cyano group Ors@pgsitr9hod he
formula - COOR14, wherein R4 is a C1-0-al kyl group, a

C- 1-4-al kyl oxy-C- 1. 4-al kyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imdazole or benzyl, and R13 is a cyano group, a group of the
formula - COOR15 (wherein R14 is a C 1-4-al kyl group, a

C- 1-4- al kyl oxy- C- 1-4-al kyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, RZiifd lagdéBudr Bl fhe famBQERDOHY, Whseh® M h @ BIS) 7)) 2
(wherein R i Phen@yl , fury! or pyri dyalé}] or a group of the formula - SOR
(wher ei n2 R aﬁ%’ oxy-Erp=riyh gy ergprtisnylaiaphthv. thiophapylo Ryvicpyridyla) kyl  gr oup
group phemidzoleRapdiizitydnd t hi ophenyl, furyl, pyridyl, imdazole or benzyl),
in an orﬁgni c solvent, in tth E{nze}sence of. a_pal | adi um cat al yst, a suitable
li gand aftd 1%t PEHYEO a8 8Oup § @? ula nCPRRe rBeraRe 1Hf Cove b4 1V 5 O R4

R\ N Ri gCRlalkylNCN. -t fRbdp gy ety BphtiRA, thiBBhen$d, furfRlgriapd R13 are as

her ei nbefare defjned.in this clai b). reductively.cleaving the sul fur or
phosphor Fedzglien W’ﬂbaéf‘{?ﬁﬁfthﬁoqnﬂn}é‘% )éq)lﬁg)d[vg{egem f isnhgnyl, Ta 1V

cont ai NSpyidsl) bf Algro@f oMROBRNGL LSOO (iRkdM RY isGr @UPalkPgfRPSECRE3 i n the

react ant f1 thg fo[(yr[ula 11 Wﬁs Fl roug of the fornmula - SO2R15 or

- p(o)(oai%} Ry Coanpf Y@L IERP 8 w’ﬁgphﬂw thipphgp L parigi, iplazale ety a 1V to
yi el d t heeng@yypound of the fornula V. A fourth aspect provides a conpound
of the formula IV -3f 21 Decenber 2006 R O

in an organic solvent, in the presence of a palladium catalyst, a suitable ligand and strong

base,

to yield an intermediate of the formula IV

avy

wherein R, RY, R®, R!", R'? and R" are as hereinbefore defined in this claim;
(b) reductively cleaving the sulfur or phosphorus-containing group, if the intermediate
- of the formula IV contains a sulfur or phosphorus-containing group (because R” in the

reactant of the formula I was a group of the formula —SO,R"* or —P(0)(OR'),); and,

(c) hydrolyzing the intermediate of the formula IV to yield the compound of the

formula V.

A fourth aspect provides a compound of the formula IV




Rg RI2 NRs NNRK Ri werein: RZis selectedfrombggeng(gé?%oa
consisting of H F, d, Cl4 alkyl, C3-4 cycloal kyl and CF3; 1Is or Me; RS
is H M or Et, with the proviso that R4 and R5 are not both M, and if R4
is M then RS cannot be Et; R" is Me, R, cyclopropyl, propyl, isopropyl,
or cyclobutyl; R12 is a cyan group or a group of the fornula -COOR14,
wherein R14 is a C1.4-al kyl group, a C 14-al kyl oxy-C-1.4-al kyl group
group phenyl, naphthyl, thiopgenyl, ofuryl, pyridyl, imdazole or benzyl,
and R13 is a cyano group, r& group the foryjiul a - COOR1L5 (wherein Rl14 is a
C-1.4-alkyl group, a C1-4-allN | kyl group group phenyl,

napht hyl , thi ophenyl, fury @& or benzy), a group of the
formul a - SOZR16 (wherein roup, phenyl, furyl;

pyridyl or benzyl), a gro [ [
phenyl, furyl or pyridyu) grgup N the formula -SOR $ (wherein R$ is

N
a C1. 4 al kyl group, &RC 1-4-al kygltoxy-C-1. 4-al ky roup group phenyl,
napht hyl , thiophenyl, ft "I, pyridyl i m dazol e benzyl). A fifth aspect
provi des a conpound of the formula V wherein: R2 is selected fromthe
group coWB¥&fing of H F, O, Cl.4-alkyl, C34 cycloalkyl and CF3; R4 is H

or M, RR2j §elé¢ted'\?on9ﬂhe up V)él{siigtlﬂ HOF QM éﬁ ah@fﬁrcgg 3 cﬁgﬂyﬁﬁd agg not both M,
and if R4,is hen R5 cannot be Et: R t, cyclopropyl propyl ,

|sopropy3 wé@“é&%lobutyl and R9 is -COOH or a group of the forml a

- COOR14 phgieiMe JREA with 1R drovtsothdd RKXild 107200 b&h Mel and ifR B ke Rop®C- 1. 4- al kyl
group groupt%henyl napht'hyl, thiophenyl, furyl, pyridyl, imdazole or
cannot be E

R'' is Me, Rt, cyclopropyl, propyl, isopropyl, or cyclobutyl;

R is a cyano group or a group of the formula -COOR", wherein R" is a C-,.4-alkyl group,
a C-j 4-alkyloxy-C-; 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzyl, and |

R" is a cyano group, a group of the formula -COOR!® (wherein R" is a C-,4-alkyl group, a
C-4-allkyloxy-C-,_4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
imidazole or benzy), a group of the formula —SO,R'® (wherein R is a C-,_4-alkyl group,
phenyl, furyl, pyridyl or benzyl), a group of the formula ~P(O}(OR '), (wherein R"7 is
phenyl, furyl or pyridyl) or a group of the formula —SOR'® (wherein R'® is a C-y_4-alkyl
group, a C-ys-alkyloxy-C-, 4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl,
tmidazole or benzyl).

A fifth aspect provides a compound of'the formula V

wherein:
.Rz is selected from the group consisting of H, F, Cl, C,_4-alkyl, C;4cycloalkyl and CF;;
R*is H or Me;
R’ is H, Me or Et, with the proviso that R* and R’ are not both Me, and if R? is Me then R®

~ cannot be Et;
R is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl; and
R' is ~COOH or a group of the formula ~COOR" wherein R is a C-, 4-alky1 group, a C-._
s-alkyloxy-C-y.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl, pyridyl, imidazole or
benzyl

-3 2-




benzyl. -3g 21 Decenber 2006 WO 2004/002989 PCT/ US2003/ §ddver PEJAl LED
DESCRI PTI ON OF THE | NVENTI ON The synthetic nethod of the I nvention
cormences froma starting conpound of the formula ll 5 Rp R4 Nx NNN
R2 R wherein R2, R', R5 and R' are as defined above with respect to
corrpour?ﬁ@2 9% fornmula | and wherein X is a chl BET/H&2003PM1Ipe, or

brom ne, or a fluorosulfonate noiety selected 10 fromthe group consisting
of -OS2F and -OSQ2(CF2)" CF3 wherein n is an integer between 0 and 10.
Processes for making starting conmpounds of the fornmula Il wherein X 1is
brom ne are described in U S. Pat. 6,420,359. Conmpounds wherein X is other
than brom ne can be made by anal ogous net hods which will be readily
apparent to those of ordinary skill inthe art. 15 It is preferred to use
a conpounbETAILEER DESCREPEHON ORTERINVBNTENr omi ne. The starting conpound of

the f | t d I t
wher oi n itsybedseRd SARERER plndten At Y SRl Booigifa oF D 10, TERC 00
formul a Ifpbmitd 2 R13 (111) wherein,

5

(D

wherein R%, R*, R® and R'" are as defined above with respect to compounds of the formula
I and wherein X is a chlorine, iodine, or bromine, or a fluorosulfonate moiety selected

10 from the group consisting of -OSO5F and -OSO(CF2),CF3 wherein n is an integer
between 0 and 10. Processes for making starting compounds of the formula II wherein X
is bromine are described in U.S. Pat. 6,420,359. Compounds wherein X is other than
bromine can be made by analogous methods which will be readily apparent to those of
ordinary skill in the art. |

15
It is preferred to use a compound of the formula II wherein X is bromine.

The starting compound of the formula II initially undergoes a palladium-catalyzed
coupling reaction wherein it is caused to arylate a malonate or malonate surrogate of the

20 . formula III
R12 R13
~T

wherein,

-4-




-4 21 Decenber 2006 WO 2004/002989 PCT/ US2003/ 019415 RIZad5tar S¥GN0 group
or a group of the fornula -COOR14, wherein R4 is a C14-alkyl group, a
C- 1. 4-al kyl oxy- C 1A-al kyl group group phenyl, naphthyl, thiophenyl, fury],
pyridyl, imdazole or benzyl, and R13 is a cyano group, a group of the

f or mul aWOCHIHWASY wherein R15 is a G 14-al kyl 5 gr BGHUSH03/019415

C- 1. 4-al kyl oxy- C 14-al kyl group group phenyl, naphthyl, thiophenyl, fury],
pyridyl, imdazole or benzyl), a group of the fornula -SO2R 6 (wherein R 6
is a C1. 4-alkyl group, phenyl, fiuyl, pyridyl or benzyl), a group of the
formula -P(O (OR')2 (wherein R 7 is phenyl, furyl or pyridyl) or a group

of the fognul g %@ & ) -
C1.4-al kyI oxy- %: gﬁ &WF{J {‘Ppg%fr%eo%ﬁmﬁ gCéé,R ngfgéremg( , Htﬁrﬁ e&g?lenyl fury],

10 pyri dygrpup, Mazdnéomcmﬂ(yl groupl groupsahpmsé,fr@plntbﬂ thwpbwl, mal onat e
surrogate_o %hedfo b Rtz~/Rls (Il11) 15 wherein, Rl2 is a cyano
group or H'bl TR e”rzgr’ﬁ{'ﬂa COOR14, wherein R14 is a C 14-al kyl

?L OUph a ?3141@& kmh@muﬁ;a]glrdmaifk}éelfo@fw@mﬁpwmmms1s aneﬂmahqu
i opheny r y azol e or _benz a cyano group,
a groud ofO¥MA dw%‘aﬁ é@'ﬁtk@f%%?eg"e‘fpr? =8 ‘]agﬁ/"gylct%“’phe'g lgwl’ 20 group,

henyl, f FRUP-ST,RIN@héreimRIf B R 7)2
E)Whe?/ei i kuﬂﬂﬁo%rb&fzyﬁei‘?ﬁﬁﬁoft&ﬁ P-SU, R i all-QHIR 7)

yridy or a grou ; efo m,rla -SOR' S
(wher ei n GO, pbenar{)@nll myrigdykgd ben@:,l)@@,grouﬁot&lq ogmahakm&%}g 2 (W group

group phe { ffﬁ&%} 1 r benzyl).
25 The regﬁbenggm J?ﬁgnc(ll)ﬁoﬂ %ﬁ@@f be aors nmu a(lgﬂ%lmnaljr{]gl Sqa@?% gll]égls place in
an organi groq:qh@ﬂt—alkylmxy-(ﬂ-heahy@mmomphan)ﬂaiaphthyluthlwhﬂell,fm’l a suitable

Irgand and st table solvents are, by way of non-limting
exanmpl'®, ?Wdﬁ]; 8“8? F’B‘@{bene xyl ene, DVMF, DVA, NMP, di oxane and THF,

with toluene being preferred Virtually any pal I adi um cat al yst may be

used, such as, for exanple, Pd(QAc)?2 ngéz ba3 and Pd on carbon, wth
Pd( OAc) 2 B mseferesl tp eaploy papplonats spregate of for exanpl e, the metal
hydri des such as, for exanple,

12 13

RNA {1m)

15  wherein,
R is a cyano group or a group of the formula —COOR"™, wherein R is a C-j.4-alkyl
group, a C-14-alkyloxy-C-1.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl; and
R isacyano group, a group of the formula -SO,R' (wherein R'® is a C-1-atkyl

20 - group, phenyl, furyl, pyridyl or benzyl), a group of the formula '-P(O)(OR”); (wherein RY
is phenyl, furyl or pyridyl) or a group of the formula -SOR'® (wherein R'® is a C-4-alkyl
group, a C-1.4-alkyloxy-C-14-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl).

25  The reaction of the compounds of the formulas I and III takes place in an organic solvent,
in the presence of a palladium catalyst, a suitable ligand and strong base. Suitable solvents
are, by way of non-limiting example, toluene, ethylbenzene, xylene, DMF, DMA, NMP,
dioxane and THF, with toluene being preferred. Virtually any palladium catalyst may be
used, such as, for example, Pd(OAc),, PACl,, Pd;dbas and Pd on carbon, with Pd(OAc),

30 being preferred. Suitable bases are, for example, the metal hydrides such as, for example,

-5-




-5 21 Decenber 2006 WO 2004/002989 PCT/ US2003/ 019415 MNahleantes 2684 al

al koxi des such as, for exanple, t-BuCK, t-BuONa and Na-tert-anylate, the

- metal carbonates such as, for exanple, Na2CO3, K2C03 e"d Cs2C03, with Nall
being preferred, and the netal phosphates such as, for exanple, K3PO4 Wen
the red¥PaMo@Ps%t he fornmula 11l is a nmalonate (coRPBURWEIMPESei n R12 and
R13 are both carboxylic acid ester 5 groups) then suitable ligands will be
t-Bu3P, one of the |igands described and claimed in U S Patent 6, 307, 087,
or a ferrocenyl phosphine such as described in U S. Patents 6,057,456 and
USP 6, 072,073. Wen the reactant of the formula Il is not a mal onate, but

h [ bot h
e L P AR S Bt g, Do

car boxyl i'c dci roups nay be enpl oyed
and, in adetaltcarbonates sich as; forexanphn Nt eK L1435, CRy with Nablfbeingn- | i mi ti ng

exanpl e, PPh3,, o-Tol 3P, .p-Tol 3P and q- Fur ak,s0 he In such
case the IHF%‘F@’ P'é‘htﬁF Fﬁ%ﬁhqsgha%ﬁﬁ?h aﬁ,ﬂ’gr ?xglgélltgi lg%\q‘s pre(ral?h & rra%%?%fg?eri ed out
at el evat RgmileIIPRakdléifite poupdsafiRiadR Y ahd Ri*hee bath gaboxdylit wedestabout 50 and

150C. 15 The above described reaction, which coupl es, the co unds of the
for mul s &rPupghigen suitable Jipands wilkbe trBpsByne af the Deds fescrped R FEMEG s 0 R4 R N

Rte R13 ) Oﬂ)!FPI*a §ad7.087, Wst&bdenyTphosPrine Bh alesciiVed iR 0. Bdmar € as defi ned

above. solation of the internediate of the fornmula IV before going on
to the nek@57p56erdUSE 6872,0%3. When thewghctant of thg forpauladllis net@ malaateabne pot
synt hesi s erei,n the |n | . Sp2 i [ | qonveni ent .
e 1 PP e fppA B ik r ah R 08 AlyBB! et Beig o B
hydride, e broags) Nalabove-inanionéd ligandsandydalempldyed ande imciidition, dbase with an
agent los uctt'llar?rfphosphine such as, by way of non-limiting example, PPhs, o-Tol;P, p-Tol;P and o-

‘Fur;P may also be employed. In such case the preferred ligand is PPhs.

The reaction is preferably carried out at elevated temperature, more preferably in the range
between about 50 and 150°C.

15
The above described reaction, which couples the compounds of the formulas I and I1I,

yields an intermediate of the formula IV

R12
R13

Iv)
wherein R%, R*, R®, R'', R'? and R" arc as defined above.
20
Isolation of the intermediate of the formula IV before going on to the next process step is
~optional. It has been found that a one pot synthesis wherein the intermediate IV is not
isolated is quite convenient. If the intermediate IV is not isolated and the residual base is a
metal hydride, such as NaH, then it is advisable to quench the base with an agent such as

25  isopropyl alcohol before going on to the next step.




25 isopropyl al cohol before going on to the next step. 1D€ce%ﬂ‘bep%ﬁ er 2006
WD 2004/ 002989 PCT/ US2003/019415 If the internmediate of the fornula IV
contains sul fur or phosphorus (because R13 in the reactant of the formula
1l was a group of the fornula -SQ2Rt5 or -P(O (OR16)2) then the next

pr ocessWOZENHAPR8Y reducti ve cl eavage of the sul f ur PETUBHBEPAIP us- cont ai ni ng
group. Methods for perform ng such reductive cleavage will be well known
to those of ordinary 5 skill in the art. For exanple, this m ght be
acconplished by the use of Raney nickel or a dissolving netal reaction.
Subsequent to the reductive cleavage or, if the internediate of formula IV

does not nt.aj - ' ' ©fidige formula 1V
i s next hydto fgjée(ﬁﬁs#éog%ee @@Q%Q@g&ﬁsﬁsglfﬁ{b‘zt{) g&h@@{l}g@g&gﬁ;t hle formula VR O
a R N 19 rehbthathif thRBorRuih IIWas a\grosp of the REMuR4A SO and(GI(OR'p) themthedef i ned
above and R19 is -COOH oy, .if the reactant of, formula,ll] a mal onate
and nild PERIPHPFSESEP B gtV eastes 02%’5&65@58? phospfig Sy°°“%‘t‘8‘c‘ﬂgt¥\"\@??a| ly be a
group of hMmoliPfoPpdrformapeih reddevedidavigedvill Se asll taoen iohkee abardivaryThe 15
hydrol ysis nmay be perfornmed in a_manner t_hﬁt vviLI be gonven ional and

readi | § askithinthe art. For exasaple, dis wieht beacgomamlished by fhe pse of Reneypigkelara e © j ¢

may be acgy o igg an aqueous base, such as NaOH, preferably at

anbi ent t%%[lﬂ%rgar%ha ove. The internedi ates of the forrmulas |V and V
are believed to be novel and constitute a part 20 of the invention.

Ipf Ce)':c Zﬁ Ir 235“ fsec}ugr?t th Do GLdT t(ii\}e%tle%va}ée %Efiﬂﬁg in® B2 B FoBmbil B B6%tnoBdiiuid S
' sulfur or phosphorus, the intermediate of the formula IV is next hydrolyzed to yield a

10  further intermediate of the formula V

L

wherein R%, R*, R® and R"" are as defined above and R' is <COOH or, if the reactant of
formula I1I was a malonate and mild hydrolysis conditions are employed, R' may
additionally be a group of the formula ~COOR" wherein R' is as described above. The
15 hydrolysis may be performed in a manner that will be conventional and readily apparent to
those of ordinary skill in the art. For example, it may be accomplished using an aqueous

base, such as NaOH, preferably at ambient temperature or above.

The intermediates of the formulas IV and V are believed to be novel and constitute a part

20  of the invention.
Isolation of the intermediate V before going on to the next step is preferred.

Next, the carboxylic acid or ester intermediate of the formula V is reduced to yield an

25  alcohol of the formula VI

7-




Next, the carboxylic acid or ester internediate of the2{9%gyhgbgéob§ reduced
to yleld an 25 alcohol of the fornmula VI -7 21 Decenber 2006

2004/ 002989 PCT/ US2003/ 019415 RO RNOH NNN RZR11 (V) mhereln R2,
R4, R5 and Rl1 are as defined above. Reduction is carried out in a

convent W&+ 0 ¥8her that will be readily apparent tPETUNNEI#150r di nary
skill in the art. Regardless of whether the internediate of the fornula V
is an acid or an ester, reduction 5 may be acconplished using boranes,

bor ohydri'des or other netal hydrides or dissolving netal reductants, with
boranes being preferred for the acids and borohydrides being preferred for
the esters. If a borane is Lo be gyployed it is preferred to make it in
situ from a borohydridg s 6@ as//sodi um bor ohydri de, and an electrophilic

reagent such as, for 10 Finally, the al cohol of formula VI is
converted to the final ugt of [ZI condensation reaction
with a reactant of the a HO -OHO or 0 This condensati on

may be acconplished in nner escrl bed in U.S. Pat ent 6, 420, 359. 15

R (VD)
wherein Rz, R4, R’ and R!! are as defined above. Reduction is carried outin a
conventional manner that will be readily apparent to those of ordinary skill in the art.
" Regardless of whether the intermediate of the formula V is an acid or an ester, reduction
5 may be accomplished using boranes, borohydrides or other metal hydrides or dissolving
metal reductants, with boranes being preferred for the acids and borohydrides being
preferred for the esters. Ifa borane is to be employed it is preferred to make it ir situ from

a borohydride, such as sodium borohydride, and an electrophilic reagent such as, for

example HCIL
10

Finally, the alcohol of formula V1 is converted to the final product of the formula I by a

condensation reaction with a reactant of the formula

| HO
HO
HO / /
/ o N
=N , ’ 0 o o

This condensation may be accomplished in the manner described in U.S. Patent 6,420,359.

15

The nature and scope of the invention will be better appreciated from the following

examples.

Example 1: . Arylation of Malononitrile: Formation of Compound of Formula IV where
20 R2=R4=H, R5=Me, R11=ethyl, and R12=R13=CN,

A flask was charged with 10.0g tricyclic bromide {compound of formula II where

R2%=R’=H, R5=Me, R11= ethyl, and X=Br; 30 mmol, 1 eq.), 0.95g triphenylphosphine (3.6

: 5




The nature and scope of the invention will be better apppg&drates@ohsom the
follow ng exanples. Exanple 1: Arylation of Ml ononitrile: Formation of
Compound of Formula IV where 20 R2=R4=H, R6=Me, Rl 1= ethyl, and
R12=R13=CN. A flask was charged with 10.Qg tricyclic brom de (conpound of

f or mul aWOIZHPRPE R2=R=H, R5=Me, Rl 1= ethyl, and XETHS200309% 0|, 1 eq.),
0.95¢g triphenyl phosphine (3.6 -8 21 Decenber 2006 WD 2004/002989

PCT/ US2003/ 019415 mmol, 0.12 eqg.), 0.55 g Pd2dba3 (0.6 nmol, 0.04 eq.), and
40 mL 1, 4-dioxane. To this mxture was then added 2.16g sodi um hydride (90
mmol, 3 eq.) in portions over 15 mnutes, using 40 nL 1, 4-di oxane to

conpl ete qdlieh h Q. | O, 004249, anBb RAONAifdxhi. (1R8OI, 1.3
eq.) in5 ]’?,qg-eé?’gbjasng?%aggohen ad_((j)g)g, Egnag the mi xturxe 5 heated to 90C.

- After 18hmixtege waxther alded2. 16pesidien hysiride{f0anmol; 2epkinporions avfd 1¢aut i ousl y
quenched with 1 f.gat. ' ls@6:1 de | & 575he pH was then
adj ust ed rtnén“%é’ u%%gﬁ%lnﬂ, h%??ox%gﬁ%l%l% g&%’gtég@!{u g(tc)fl %’Qfsﬁ-édi chl or onet hane.
The or ganinglos@litrite (3% mivid, 1. 3eq.)eial 5 fufnbydaivixema wasflene)dedaant thteixakvent s

removed ip vacuo to . qgive 7, 039 (73% of ,the  .product as a,brown oil. NWR
and Wsshkﬁﬁat???%&dégﬂﬁﬁﬁltb‘?@gﬂ%f’ w%ﬁﬂ‘?{?&ﬁ?ﬂ“@%‘t ul_?ﬁ.rﬁt'étr%a%cﬂ Welre
R2=R4=H, RSniRd with180 8ILIbfsat’ GadinSRiaHRRGSE) solubis @ "DheepHR wvadhym £djistud tof

Di et hyl mal onate: Formation of Conmpound of Formula |V where R2=R4=H, R5=M,
R11= et hy$ with AN Helpanddheraiapire extragtedwith dichlorqmghane c khe Sgar SSHLOB ¥R | ask
fitted wi gk ' i , o 3VE 7.0BREMNGPHRI € was

pur ged \M@‘%“3@8@%&?@%{@@’%&‘%g{eesgfvg‘i‘#él’ﬁ“’%ﬁﬂﬁ’g&%é? %&c)z ??g% mml, 0.03
‘eq.), 1. Ofgd®t 4k browioil.y NpRomdhvis shaviep therdgsired Praivctvompounded Fegnula  and

20. Qg trigyclic shpom de.(campound of 063U Il where R2=R4=H, R5=Me, Rll=
et hyl 10 anﬁy%l—mr%}{;z'q{%g:}g—m ,_e?i’yg&péRweofr{e &c‘ﬁ%‘trged. To this mxture in an

I nerted flask was then added 25.5g 20 K3P04 (120 mml, 2 eq.), 100 niL PhMe,

and 13.8 nL diethylnalonate (90.0 mmol, 1.5 eq.) were then added. The
stirred suspension was placed in an oil bath and heated at reflux under

nitrogen folnAdh. Untitacbhr B@YintfoiRS FatioNRY Colpolthdof Réithul£BCt i ON

m xture was cozolgad Q roomtefperature gnhd diluted with water (150 m) and
t ol uene (obenelR=ReH, RicMsdR Tlethyhiagd i &RVl Qftrred for That room

tenpe ity t UASol nrntl .%vlvo l?elci( l'(ﬁl?lh ibgéontf ﬁgskq'itéﬁ QX Gftchanical stirrer, reflux condenser and
" thermocouple was purged with argon for 20 minutes, then 404 mg Pd(OAc); (1.80 mmol,

0.03 eq.), 1.08g 2-(di-t-butylphosphino)biphenyl (3.60 mmol, 0.06 eq.), and 20.0g tricyclic
bromide (compound of formula IT where R2=R4=H, R5=Me, R11= ethyl, and X= Br; (60.0
mmol, 1 eq.) were charged. To this mixture in an inerted flask was then added 25.5g

20 K3PO, (120 mmol, 2 eq.), 100 mL PhMe, and 13.8 mL diethylmalonate (90.0 mmol, 1.5
eq.) were then added. The stirred suspension was placed in an oil bath and heated at reflux
under nitrogen for 24h until the bromide was consumed by HPLC. The reaction mixture
was cooled to room temperature and diluted with water (150 ml) and toluene (50 ml) was
added. The mixture was stirred for 1h at room temperature until all solids had dissolved.

25 The two-phase solution was then transferred to a separatory funnel and the layers were
separated. The aqueous layer was extracted with toluene (50 ml). The combined organic
layérs were filtered through a pad of Celite and concentrated under vacuum to give a
viscous oil, which was evaporated to dryness to furnish an orange solid. Silica gel
chromatography (1:1 EtOAc:Hex) provided 20.5g pure malonate adduct (compound of

30  formula IV where R=R*=H, R’=Me, R"'= ethyl, and R">=R"*=CO,Et), (83%), as a

| colorless solid, m.p. 122-123°C; 'H NMR (400 MHz, CDCl3)d: 8.38 (d, /=2.5 Hz, 1H),

9-




25 The two-phase solution was then transferred to a S%ﬁbéédé?ﬁt}’erfzﬁﬂé‘el and
the layers were separated. The aqueous | ayer was extracted wth tol uene
(50 m). The conbined organic |ayers were filtered through a pad of Celite
and concentrated under vacuumto give a viscous oil, which was evaporated
to dr yn®90HHOPBE ni sh an orange solid. Silica gel PEAASHAHGHAphy (1:1

Et QAc: Hex) provided 20.5g pure mal onate adduct (conpound of 30 formula IV
where R2=R4=H, RS=Me, Rll1l= ethyl, and R12=R13==CQ2Et), (83%, as a
colorless solid, mp. 122-123C; 'H NWR (400 MHz, CDC13)S: 8.38 (d, J= 2.5
Hz, 1H), -9 21 Decenber 2006 WO 2004/002989 PCT/ US2003/019415 8. 19 (dd,

J=1.5, 4 Ay 2t 1428:C) 19, Bod Hz, 1H),
I P S M A N G O

1.25 (t, @d,J= 47,180 HgHH), 4536 HR-20100 68DiA3.43E3IB) .Sm msg%b%&ﬁ,)- 167. 23
()7 130, iR adndEzLGs: (35018, (€ @n bl e B ol sRg @y 0T 0
(cgiiqzjﬁm gﬂ{lé)(d)é?.ZI.%f)(dQ,QB1.61&.),960.(74]1(1}, nza.ﬁgz)( b@o_.swxs.)aulea.zsa(p):az.ﬂbﬁ),G_ .
T b1 > e shB AT AT 70 5196 Ly gt 3p e yinab S T SO Gl G of

- Conpound gf 5 sF:oy Tulse, Fouier &1RATRISES; NR33be, R'= ethyl, and R19=CO2H. 10 An
inerted 800 L reactor was charged with 12.0 Kg 60% Nai /oil (300 mol, 2.5
eq.), 0.27 Kg Pd(OAc)2 (1.2 nol, 0.01 eq.), 1.26 Kg PPh3 (4.8 nol, 0.04

Rds AR e al - A akbE of REAThYEyGETRALRE PorfoRir SobipolffiPLe 2R

R5=Me, R d " , eq..). Ihe reactor was again
i nert ed, Fhmmli@’\mpreﬂﬂw,ﬁés\l&k&r@&yl,amfi% HE'O0:H xt ure heated to 60C. To

thi's mxtuyre hen added SO] Ui, f Ad. [ 0 acetate
(1os Mhr A SpRE a0 ERaBE0FR R it Rl R R o O IREe0RI 0By acE! 2 €,
“hours (CSKgPﬁ(DAdjﬁ(létaﬁcF]lsa@’.ol ?tﬂ, 0.0§ Kg PP, (mmﬁblo@.Ot];eq)),aM?JKgmytltwn heated to
100C and. nmi ntai ne e fo .5 ho EPLC i qQuo wed t he

aryl at i onbspgpde (E‘?Jﬂﬂﬂuéé %&’B“‘H%hﬁéﬁﬁc}p 5 E:fsl'& <y lﬁl\if'%ﬁ%f@d%?éﬁj ’ R5=Me, R
1= ethyl ,B@ﬁt@;egl}!a?ﬁhdma&iﬂr%ia@%ﬂ&enéﬁhmemgkgrofpms wabl GRrgaQindehet 0 35C and

quenched ddition of 19 Kg 20 i sopr opanol (308 nmol, 2.6 eq.) over 20
M nut es ( Oawuebeated2 668%  To thivmixbwy wavthen addedasoluiomnaf §dfkt i on ( 417 nol |

oo St AR PR LR e et T e
: over 2 hours (Caution: H; gas evolution). The reactor contents were then heated to 100°C
-and maintained there for 1.5 hours. HPLC of an aliquot showed the arylation was
complete to compound of formula IV where R%=R’=H, R*=Me, R"'= ethyl, R">=CN and
R®=C0,iPr. The mixture was then cooled to 35°C and quenched by the addition of 19 Kg
.20  isopropanol (308 mol; 2.6 eq.) over 20 minutes (Caution: H> gas evolution). 438 Kg IM
NaOH solution ( 417 mol, 3.5 eq.) was then added, and the mixture heated to 80°C and
maintained there for 8 hours. HPLC of an aliquot showed the hydrolysis was complete to
the desired carboxylic acid. The mixture was cooled to 25°C and the phases separated.
The upper phase was discarded to waste, while the lower aqueous phase was returned to
" 95 the reactor. 218 Kg EtOAc was then charged and the mixture agitated for 15 minutes, then
the phases were allowed to separate. The lower aqueous phase was returned to the reactor
and cooled to 10°C. To this mixture was then slowly added 6N H,SO4 with continuous
- monitoring of pH until a final pH of 3.3 was achieved: this required 133 Kg of H,80,
soiution. The resulting slurry was then warmed to 25°C and maintained there for 1 hour.
30  The batch was then centrifuged and washed twice with 40 Kg H>0. The solid was then
dried at full vacuum at 40°C until LOD <1% to give 36.0 Kg of the carboxylic acid

- -10-




the desired carboxylic acid. The m xture was cool ed t0212 ﬁﬂ%r@@gaphases
separated. The upper phase was di scarded to waste, ower agueous
phase was returned to 25 the reactor. 218 Kg Et OAc was then charged and the
m xture agitated for 15 mnutes, then the phases were allowed to separate.
The | owPAHMEBBY phase was returned to the react oPCTANYOFHIED to 10C. To
this mxture was then slowy added 6N H2ZSO4 with conti nuous nonitoring of
pHuntil a final pH of 3.3 was achieved: this required 133 Kg of H2S04
solution. The resulting slurry was then warnmed to 25C and mai ntained there
for 1 hour. 30 The batch was then centrifuged and washed twice wth 40 Kg

H2O. - The (?Qllnham%? f&rﬁiﬁﬁlVQBér@ﬂzﬁi"—Hqu—MeaRUWm@I aff @R HODIH; 916@!/3 ®1%to give
36.0 Kg o e carboxylic acid -10 Décenber ‘2006 WO 2004/ 002989

PCT/ 1J szomeafﬁwbmq@h(ic 61388°6% WI(&OW&MSQﬁzméﬂs, H:R82 (R 1=
t hyl . H NVR
C500Me Dt L8700 s- 8,1 £8235h, 18 (2 Figth MR 78I Rag 880 o T 4 6
1.5 Hz, 1HpHz/1H67.04 (m, U= 46,3 .0z, L HM087q.8% 1Mz, 235, B630(s, 3H), 6.434s, 1H), 7.24

L e TR

: Egg 1%)?71152747(@215315563(5)9@51(352)@) 154106%@)(1@,59@}4131612%(&!% 1311¥1t1(sﬁ9%(§§l}) 36153%.47(2 )
S . )
36. 34 (t)(sh 150 592(604)20 1Aﬁ°d440)4éé1)c3t§ e, 3@?’6%\%6&% £)- éna %galsgf 'Y, 5.16; N, :

'17.94. Fod VﬁéNﬁ?ony 285 5,16 947.9%, F&ﬂld5@ 6132% Bp0phe 1456 Ayl ation of

Met hyl phen acdet'ate’ Formation of Conpound of ~ Fornula |V where
R2=R4=H, R5=Me, R'= et hyI R12=CO2Me and R13=S2Ph. A flask was charged

W h 65 2db hi 2.2

S A el el AR
at rmspherEol‘frmﬂa 1% vvlli\efBR’&R.“-Eéﬁs—Mje, REH Y1, RYet0,Me aud R#86;Ridded i n

e omoundAdesh wisazed Mibaes e Rshan hy 8 R @S and o Br: 9. 00

mol , 1 egisheny{phbd H@‘b @Mm?oli)ougaq()%dzbml 4-dloxa@neS A fler stitking in an inert 1

met hyI phenyl suI fony acetate. m xture was then heated at 60C for 18h,

cool ed t catmasbicxsrfor kSemiputes 64T @gm @ amdhcteamyvas pdded dripartions. Jo thiss ni H20.
solid¥ Xa@&t‘?@%ﬁﬁﬁ%ﬁ% D05 RS 5l Kbl AR AR RIE RN, KRBT Y sauct
( CompoundR d:RH‘mdﬂgrl lakd WireBre9. GWmmRbE M eq.), followed by 2.50 g (11.7 mmo} 1.3 eq.)

of methylphenylsulfonyl acetate. The mixture was then heated at 60°C for 18h, cooled to

ambient temperature and quenched by the addition of 0.5 mL H,0. The dioxane was

removed in vacuo to give the crude product as a grey solid, 3.5g (~90%). NMR and MS

20  indicated the desired arylation product (Compound of Formula IV where R*=R"=H,
R%=Me, R"'= ethyl, R">=CO,Me and R"*=S0,Ph).

Example 5:  Arylation of Diethylphosphonyl acetonitrile: Formation of Compound
of Formula IV where R%=R‘=H, R’<Me, R''= ethyl, R"’=CN and R"=P(O)(OEt)..
25 A flask was charged with 1.00g tricyclic bromide (compound of formula I where

RE=R*=H, R’=Me, R"!= ethyl, and X=Br; 3.00 mmol, 1 eq.), 55 mg Pdadbas (0.06 mmol,
0.02 eq.), 95 mg triphenylphosphine (0.36 mmol, 0.12 eq.), and 0.69g diethylphosphonyl
acetonitrile (3.90 mmol, 1.3 eq.). To this mixture was then added 15 mL 1,4-dioxane,
followed by 216 mg NaH (9.00 mmol, 3 eq.). The resulting mixture was then heated at

"~30  70°C for three hours. The mixture was cooled to ambient temperature and quenched by the
cautious addition of 25 mL H;0, and 20 mL dichioromethane was added. The pH was

-11-




RS=Me, R'= ethyl, R12=CO2Me and R13=S02Ph). Exanple 5:

Di et hyl phosphonyl acetonitrile: Formation of Conpound 26P¥éﬁﬁﬁﬁﬁgﬁ$v wher e
R2=R=H, RS=Me, R'= ethyl, R12=CN and R 3=P(O (Oet)2. 25 A flask was
charged with 1. OO0y trlcycllc brom de (conpound of fornula Il where R2=R4=H,
RS=Me, YWO2UORIBS “and X= Br; 3.00 nmmol, 1 eq.), 55 P&F/USEIHHLES(0. 06 mol ,
0.02 eq.), 95 ny trlphenylphosphine (0.36 mmol, 0.12 eq.), and 0.69g

det hyl phosphonyl acetonitrile (3.90 mmol, 1.3 eq.). To this m xture was

t hen added 15 nL 1, 4-di oxane, followed by 216 ng NaH (9.00 mmol, 3 eq.).
The resulting m xture was then heated at 30 70C for three hours. The

m xture wagn Ecgﬁﬂtﬁdco b3 VAR ﬁ%mmlﬁﬁé&vﬁﬂ%&uﬂmmtﬁ% RY)idde cautious |
addition of 25 nL H20, and 2 di chl oronet hane was added. The pH was -11
21 Decenbéichlopesthanyi25 gd./ ShopRsespeEr epwpaped suhte praric BStst ed to 2.5

. wth N a gr@atc g(g Biljo%thoq_hdl'ﬁ@'cﬁthﬁ%ntthﬂ P w0 + 1 1 ether to
_dlchlorone ane ases were then separate the organic
phase cogmelpfea:pede oftheprodwntywioet was'lfﬂteredmh giva .95 hpnoduat ag amrceff whiteni th 10 niL

t- butylnet er,t re i.tate was

i rera ta N Sl indale e SRR R o b’ BB S hpmt v

i ndi cat edwhé}eRél@hHeﬂsﬁejR&Hemyl R BT ind(CEP0) 08O ~ For mul a I V where
R2=R=H, RS=Me, R 1= ethyl, R12=CN and R13=P(O) (OEt)2). -12 21 Decenber
2006 WD 2004/ 002989 PCTI US2003/ 019415 What is clained is: 1. A process for
maki ng a conpound of the formula I: RSOR4ANG6 s\34' 760 2NI10N
N _ _ _

-12-




R2 1 nR 5 (1) wherein: R2is selected fromthe groupseeBshséistgsof H F,
ad, Cl1 4 alkyl, C34 cycloalkyl and CF3; R4 is Hor Me; 10 RS1s H M or
Et, with the proviso that R4 and R5 are not both Me, and if R' is I\/E t hen
RS cannot be Et: R11 is Me, Et, cyclopropyl, propyl, isopropyl

cycl obutXA 2004002988 5 i s sel ected from the group consiRETYSGOBPIRISN P and C N+
N+ \O O 1s which process conprises the follow ng steps: (a) reacting a
starting compound of the formula Il -13 21 Decenber 2006 WO 2004/ 002989
PCT/ US2003/019415 S0 RRNx NN R2 R11 (Il1) wherein R2, R4, R5 and R’
are as hereinbefore defined with respect to the conpound of the 5 formula
| and whemgiabis Slaihedischl ori ne, iodine, or bromne, or a fluorosul fonate

noi ety selected fromthe group consisting of-0S02F and - OSQ2( CF2) " CF3
wherein n is an integer between 0 and 10,

L. A process for making a compound of the formula I:

)

wherein;

R? is selected from the group consisting of H, F, Cl, Cy_4 alkyl, C3.4 cycloalkyl and CF3;
R*is H or Me;

10 R®is H, Me or Et, with the proviso that R* and R® are not both Me, and if R* is Me then R’
cannot be Et; ‘
R is Me, Et, cyclopropyl, propy), isopropyl, or cyclobutyl; and
Q is selected from the group consisting of:

15 which process comprises the following steps:

(a)  reacting a starting compound of the formula II

-13-




with a nmalonate or nmalonate surrogate of the formula |34 peddnidtdofd3 ~ ~
(') wherein, R12 is a cyano group or a group of the fornula - COOR14,
wherein R4 is a C1-4-alkyl group, a G, A-alkyloxy-C 14-al kyl group group
phenyl , napht h;/l t hi ophenyl, furyl, t5 pyridyl, imdazole or benzyl, and
R13 is WOX g oup, a group of the formula COO?lPSTT(‘W?’@PﬁlSR 5is a

C 1. 4-al kyI group, a G1 4-alkyloxy-C1.4-al kyl group group phenyl,

napht hyl , thiophenyl, furyl, pyridyl, imdazole or benzyl), a group of the
formula - SO2R16 (wherein R16 is a C,.4-al kyl group, phenyl, furyl,

pyridyl or benzyl), a group of the fornula -P(O (OR17)2 (wherein R7 20 is
phenyl, furyl or pyridyl) or a group of the formula -SOR s (wherein Rs is
a G 1l-4-alkyl group, a C la-alkyloxy-C 14-alkyl group group phenyl,

napht hyl , thiophenyl, fury], Riyridy¥, imdazole or benzyl), -14 21
Decenber 2006 WO 2004/ 002489 P&TI 003/ 019415 in an organic solvent, in
the presence of a palladi um catAlyst ui table ligand and strong base,
to yield an internedi ate of/Fh¢ K4 RNRI2 RI3 NRZNNS5 R
(1V) wherein R2, R4, RS, R13/are as hereinbefore defined in
this claim (b) reductivel , | fur or phosphorus-contai ni ng
group, if the internediate g th‘forrﬁhlaIVcontalnsasulfur or

phosphor us-cont ai ni ng dfoup; 10 g! @

wherein R%, R*, R® and R!! are as hereinbefore defined with respect to the compound of the

5  formula I and wherein X is a chlorine, iodine, or bromine, or a fluorosulfonate moiety
selected from the group consisting of ~OSOZF and -OSOy(CF2),CF; wherein n is an integer
between 0 and 10,

with a malonate or malonate surrogate of the formula III
10

R1 2 R1 3
T

wherein,
R'?  is a cyano group or a group of the formula ~COOR', wherein R is a C-;4-alkyl
- group, & C-ys-alkyloxy-C-1.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
15  pyridyl, imidazole or benzyl, and :
R  isa cyano group, a group of the formula -COOR'® (wherein R* is a C-j.4-alkyl
group, a C-1.¢-alkyloxy-C-,4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl), a group of the formula -SO;R'S (wherein R is a C-j.4-alkyl
group, phenyl, furyl, pyridyl or benzyl), a group of the formula -P(O)(OR"); (wherein RY
20  is phenyl, furyl or pyridyl) or a group of the formula -SOR'8 (wherein R'*®is a C-4-alkyl
group, a C-14-atkyloxy-C-14-alkyl group group phenyl, naphthyl, thiophenyl, furyi,
pyridyl, imidazole or benzyl),

.14~




(c) hydrolyzing the internediate of the formula IV to 2/1| @é&n@o&%@@er

I nternmedi ate of the formula VRA RO N19 NNN (V) wherein R2,
R4, R5 and R' are as hereinbefore defined in this clalmand R19 is - COCH
or, 15 if the reactant of fornula IIl was a nmalonate and m | d hydrolysis

condi t i B4l oyed, wherein R 9 may additi onaPLyUBHOH S up of the
formula - COOR14 wherein R14 is as hereinbefore defined in this claim (d)
reduci ng the carboxylic acid or ester internediate of the formula Vto
yield an 20 al cohol of the fornula VI -15 21 Decenber 2006 WD 2004/002989
PCT/ US2003/ 019415 RO R Nzzz OH NNN R2 R11 (VI) wherein R2, R4, RS

and R arg aﬂ%réaﬁfc%bwaﬁflﬁ it R&EARSSa billaﬂii&hﬁcaﬁa'lﬁt msu;%ﬂz I_%ﬁm arﬁ%&d@s ing the

al cohol 011; formmula VI Wwith a reactant of the fornul a
ase,

to yield an intermediate of the formula IV

l11

5 _ ' R (Iv)

wherein R, R*, R®, R'!, R'? and R" are as hereinbefore defined in this claim;

(b)  reductively cleaving the sulfur or phosphorus-containing group, if the intermediate
of the formula IV contains a sulfur or phosphorus-containing group;

10
{¢)  hydrolyzing the intermediate of the formula IV to yield a further intermediate of the

formula V

N" N
:Lﬁ
(V)
‘wherein R, R* R® and R"" are as hereinbefore defined in this claim and R'"® is ~COOH or,
15 if the reactant of formula III was a malonate and mild hydrolysis conditions are employed,
wherein R'® may additionally be a group of the formula ~COOR™ wherein R' is as

hereinbefore defined in this claim;

(d)  reducing the carboxylic acid or ester intermediate of the formula V to yield an

26  alcohol of the formula VI

-15-




iN~NN or N 5 toyield the final product of the foynplanberbfo2- A
process for making a conpound of the fornula IV R5 OR4 R12Z N ARI3 N R2
N R11 (IV) wherein: R2 is selected fromthe group conS|st|ng of H F, d,
Cl-4 al kxl C3.1 cycloalkyl and CF3, 15 R4 is H or Sis H M or Et,
with t REOFPMIIEY that R4 and RS are not both Me, aﬁg'rmfszopam;)cgswe then R5
cannot be Et, -16 21 Decenber 2006 WD 2004/002989 PCTI US2003/ 019415 R' is
Me, Et, cycl opropyl, propyl, isopropyl, or cyclobutyl, Rl2 is a cyano group
or a group of the fornula -COOR14, wherein R4 is a C 14-al kyl group, a
C- 1-4-al kyl oxy- G 14-al kyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imdazole or benzyks and¢p R 3 is a cyano group, a group of the
fornmul a - COOR1L5 (wher eigt C-14-al kyl group, a

C- 1. 4-al kyl oxy- C 14-al kyk groW oup phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imdazole or formul a - SO2R16 (wherein R16
is a C14-al kyl group,s pher i I"[benzyl), a group of the
formula -P(O(OR 7)2 ( i furyl or pyridyl) or a group
of: the fornmula -SCOR 8 [ C- 1-4-al kyl 10 group, a

G- 14- al kyl oxy- C- 14- ak f,oup phenyl, naphthyl, thiophenyl, furyl,
pyridyl, im dazole or i ch process conpri s€¥)t he foll ow ng steps:

benzyl),

* wherein R? R%, R* and R"' are as hereinbefore defined in this claim; and

| (&)  condensing the alcohol of formula VI with a reactant of the formula

P L

to yield the final product of the formula L.

10 2.  Aprocess for making a compound of the formula IV

1v)

wherein:
R? is selected from the group consisting of H, F, Cl, C.4 alkyl, C;4 cycloalkyl and CF;,

15 RYisHor Me,
R® is H, Me or Et, with the proviso that R* and R’ are not both Me, and if R4 is Me then R®

cannot be Et,

-16-




(a) reacting a starting conpound of the formula Il 15%D&QenfterBoodN X N N
N R2 R11 (Il) wherein R2, R4, RS and R' are as herei nbefore defined in
this claimand wherein Xis a chlorine, iodine, or brom ne,

fluorosul fonate noiety selected fromthe group 20 consistin of %02F and
- 0502( O herein n is an integer between 0 aﬁEiT’féms"%g‘{lﬁ a nal onat e
or mal onate surrogate of the fornmula Il R12 R13 25 wherein, -17 21
Decenber 2006 WD 2004/002989 PCTI US2003/ 019415 R12 is a cyano group or a
group of the fornmula -COOR14, wherein R14 is a C 14-al kyl group, a

C- 1. 4-al kyl oxy-C 1. 4-al kyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, Rm;@m%tecﬁrophw ﬂopylaeabr@y% dr@y@ommno group, a group of the
formil a - 4-al kyl .

C 1- 4- al kBl oxyis e:cnanngaqunyragwumftb?@aﬁulﬁh{;ﬁ)w W&Eﬁﬂ@l is aGr-oplkdnyl |, furyl,
pyridyl, 2 207 @p%.lﬁ%, (wherel n R6
is a C-l Wal?i 45%8%% 1% %ﬁb@{ﬁ%mm%lr&gaylﬁﬂg{%lﬁ)@rl}%y 1y, g group of the
formul a B(rtﬁy(mdiaokt(r\mmﬂyélandRV is phenyl, furyl or pyridyl) or a group

of the_forpula -9 wher 18 1 15 .
CC1. 4Bk oxyB Sy Ryﬁgfg“l’oﬁg}“’gff’%%“plg p(?%(%lél i\"ﬂé‘ﬂﬁhy? #Chtlkyl vl furyl
10 pyri dygroup, BicGiazalkgonrChgaikyl group growpnplengaumiphthglothiephenyl,ifaryt,he presence of

a.l paI | adi gyr;}dg t ajdazo&e oral‘ae i)f f ftg)rlo&p cl:tl tgéa E)gmt?lg 9382&(ﬁp(r\1913r61bnalfleis a C-14-alkyl

group, phenyl, furyl, pyridyl or benzy}), a group of the formula -P(O)}OR""), (wherein R"
is phenyl, furyl or pyridyl) or a group of the formula -SOR'® (wherein R'® is a C-1.4-alkyl

10 - group, a C-14-alkyloxy-C-14-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl),

which process comprises the following steps:

(a)  reacting a starting compound of the formula I

I5

(I)

wherein R%, R, R® and R!" are as hereinbefore defined in this claim and wherein X is a
chlorine, iodine, or bromine, or a fluorosulfonate moiety selected from the group
20 - consisting of —0SQ,F and -0S0»(CF2),CF3 wherein n is an integer between ¢ and 10,

with a malonate or malonate surrogate of the formula II¥

R12 R13
>~ @

25  wherein,

-17-




15 to yield the conpound of the formula IV. 3. A procegﬁDggém@@,lgong a
compound of the formula V.s ORA RN19 NNN R2 20 wherein: R2
is selected fromthe group consisting of H F, d, Ct 4 aI kyI C34

cycl oal and CF3; R4 is Hor Me; R5is H, Me or Et, with the provi so

that R4 “yé’r?ﬂ 04482983 &' not both Me, and if R4 is Me t h@STRS2009819Ennot be Et :
R 1is M, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl; and -1% 21
Decenber 2006 WD 2004/ 002989 PCT/ US2003/ 019415 R19 is - COCH or a group of
the formula -COOR 4 wherein R14 is a C 14-al kyl group, a
C 1-0-al kyl oxy- C-1-0-al kyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, gim qéze&a%ogfoup%ﬂmoup w%sﬁrﬁﬁma@mmbmwe&m”tsmecmhm@w ng steps:
5 (a) reacting a starti n8 npound of the formila Il R 0 R4 NX NNN
R2 Rn group, a C-1.4-alkyloxy- -1_4-a]kyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl, and
R?  isa cyano group, a group of the formula -COOR" (wherein R* is a C-1.4-alkyl
5  group, a C-j4-alkyloxy-C-1.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl), a group of the formula -SO,R' (wherein R'® is a C-1.¢-alkyl
group, phenyl, furyl, pyridyl or benzyl), a group of the formula -P(O)(OR"7), (wherein R"
is phenyl, furyl or pyridyl) or a group of the formula -SOR'® (wherein R'® is a C-14-alky!
group, a C-j4-alkyloxy-C-1.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
10 pyridyl, imidazole or benzyl),

in an organic solvent, in the presence of a palladium catalyst, a suitable ligand and strong
base,

15  toyield the compound of the formula IV,

3. A process for making a compound of the formula V

R19

V)

20  wherein:

R? is sélected from the group consisting of H, F, Cl, Ci4 alkyl, Ca.4 cycloalkyl and CF3;
R*is H or Me;
R’ is H, Me or Et, with the proviso that R* and R® are not both Me, and if R4 is Me then R5

25  cannot be Et;
R is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl; and

-18-




(I'l') 1o wherein R2, R4, RS and R' | are as hereinbef ogﬁogggmg@qob@ this
claimand wherein Xis a chlorine, iodine, or bromne, or
fI uorosul fonate noiety selected fromthe group consisting of OS02F and
ﬁ CF3 wherein n is an integer between 0 and 10, wth a malonate
or rral oA 2040%bgate of the formula I11 15 RIRla RIS i s a cyano
group or a group of the fornula -COOR14, wherein R14 is a C 1. 4-alkyl
group, a C 14-al kyl oxy-C- 14-al kyl group group phenyl, naphthyl, thiophenyl,
furyl, 20 pyridyl, imdazole or benzyl, and R13 is a cyano group, a group
of the fornmula -COORL5 (wherein R14 is a C 14-al kyl group, a

G- 14- al ky R®ny-codH4%ralghothp ogﬂfelf&nﬁraamawé%bmmq&bmawIm—alkimgwipeﬂyl furyl,
pyridyl, imdazole or "benzyl), a ‘VE of the fornula SOZIﬁyIZS1 (vvherel n RL6

is a Gl 6 lafaﬂMOXY&wﬂkylpﬂﬁWO‘ipfpl}P naﬂjﬁhfldi}wp’éﬁn%@ﬁ,’ilymj" group of the
formula - Fﬁ Z%) % V\,hereln R'1 25 is phenyl, furyl or pyridyl) or a
group of orrrua “SOR1 s (wherein Rs is aC—14 al kyl  -19 - -

----------------------- cenber 2006 WD 2004/ 002989

PCT/ USZOOgPBEQAPfESS com nses thcg)l!lowﬁg;ﬁt%% oxy- G 14-al kyl group group phenyl,
napht hyl , thi ophenyl f aryl, pyridyl, imdazole or benzyl), 5 in an
organic soplvent, .in the. presenc al l.adi um catal yst, a suitable |igand
and st ronga) bef%“mg&S{}Fg’lgﬁoﬂﬂoqnﬁfg%ﬁgoaﬁ'?l{aéﬁof the formula IVRO RRL2 N
R13 N NN '

an

10 wherein R4 RY, R® and R"" are as hereinbefore defined in this claim and wherein X is a
chlorine, iodine, or bromine, or a flucrosulfonate moiety selected from the group
consisting of -OSO,F and -OSOz(CFz)nCF3 wherein n is an integer between 0 and 10,

with a malonate or malonate surrogate of the formula III
| 15 _
12 13
RNR am
wherein,
R'? s a cyano group or a group of the formula —COOR™, wherein R™ is a C-1.4-alkyl
group, a C-14-alkyloxy-C-;.s-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
20 yndyl imidazole or benzyl, and
R ' isacyano group, a group of the formula -COOR" (wherein R" is a C-14-alkyl
group, a C-1.4-alkyloxy-C-1.-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl), a group of the formula -SO,R'® (wherein R'® is a C-y.4-alkyl
group, phenyl, furyl, pyridyl or benzyl), a group of the formula -P(O)(OR'"), (wherein R"
25 is phenyl, furyl or pyridyl) or a group of the formula -SOR'® (wherein R*® is a C-14-alkyl

-19-




R2Z R (1V) 10 wherein R2, R4, R5, R', R12 and R13 are #sphaLghdehere
defined in this claim (b) reductively cleaving the sul fur or
phosphorus-contai ning group, if the internmediate of the fornula IV
contains a sul fur or phosphorus-containing group (because R13 in the

react ant O3P8 ornula 111 was a group of the for RGIASHGHPRAIS of
-P(O(OR16)2); and, 15 (c) hydrolyzing the internediate of the fornmula IV
to yield the conpound of the forrmula V. 20 4. The process according to
claim3, wherein the reactant of the formula IlIl is a nalonate and the

| i gand enpl oyed is t-Bu3P or a ferrocenyl phosphine or one of the |igands
. descri bed X j -§lk§13%r SuphénfiSfaphfyl, thitpheyd according to
claim 3, gmﬁggg?nﬂﬂgﬂ??;gfgnt 0 @.ﬁ]ger f%%nu?a ?I Iyi sﬁtg gg(fﬁzlﬁonate
sur r ogat epyaidal, imidagolerbanzyhpl oyed is t-Bu3P a ferrocenyl phosphine or a
triaryl phosphi ne. -20 21 Decenber 2006 WD 2004/002989 PCT/1JS2003/ 019415
6. The process of claim5 wherein the ligand is PPh3, o-Tol 3P, p-Tol 3P or
o-Fur3P. 5 7. A conpound of the formula IV5 ORR,2 NRRI3 NNN R2

" wh in: i.s. sel d h .SL f , d, C
SI k§/: \Q c3if agl;pgéaggls%':ﬁt;ﬁ}%ﬁ%%}r%c Pgarl %ﬂ}a&lﬂg} %éa%lflse a%ﬁﬁ&%iesl}g'aﬂwan(a str'Sl'lg F 14

base,

to yield an intermediate of the formula IV

av)

10 wherein R?, R*, R3, R'', R and R" are as hereinbefore defined in this claim;

(b) .rcductively cleaving the sulfir or phosphorus-containing group, if the intermediate
* of the formula IV contains a sulfur or phosphorus-containing group (because R in the

reactant of the formula I1I was a group of the formula -SO,R"® or -P(O)(OR'),); and,

15
~ (¢)  hydrolyzing the intermediate of the formula IV to yield the compound of the
formula V. :
20 4.  The process according to claim 3, wherein the reactant of the formula Ill is a

malonate and the ligand employed is t-Bu;P or a ferrocenyl phosphine or one of the ligands
described and claimed in U.S Patent 6,307,087.

5. The process according to claim 3, wherein the reactant of the formula Ill is a
25  malonate surrogate and the ligand émployed is t-BusP a ferrocenyl phosphine or a

triarylphosphine.
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RSis H M or Et, with the proviso that R and RS are 9nopeptder®gs and if
RRis Me then RS cannot be Et; R' 1 is M, Et, cyclopropyl, propyl,
isopropyl or cyclobutyl; R12 is a cyano group or a group of the formula
COOR14 whereln R4is a C,.4-alkyl 15 group, a

 L- al FAZBUNPOB8 _ 5 ol kyl group group phenyl, naphGFUS2OMIBMeny! , furyl
pyr| dyl , |mdazol e or benzyl, and R13 is a cyano group, a group of the
formula -COOR 5 (wherein R14 is a G, _4-alkyl group, a
C-, . 4-al kyl oxy-C, 44-al kyl group group phenyl, naphthyl, thiophenyl, fruyl,
pyridyl, imdazole or benzyl), a group of the fornula - SO2R16 (wherein R16
is a G, 4-alkyl 20 group, phenyl, furyl, pyridyl or benzyl), a group of the
formula -P(O(OR 7)2 (wherein Rn is phenyl, fury] or pyridyl) or a group
of the formula -SOR s (wherein Rs is a C,.4-alkyl group, a
G-, ' 4-al kyl ox enyl, furyl,
pyri dyl , |m d;ghglpgocgsrs Egpré]ién ?We‘g?gré@hh%“%?gguﬁm?h‘% Egmf, 8%%??V 21 21
Decenber 2006 WD 2004/ 002989 PCT/ US2003/019415 4 R O RN 19 N N N RZ
R17 ( wherein: R2 is selected fromthe group consisting of H F, O, Cl4
al kyl ,”C3.4 cycloalkyl and CF3; is Hor Me; 5 RSis H M or Et, wth the

proviso that Récafsbubopthefomblalivth Me, and if R4 is Me then RS cannot be
Et ;

R12
R‘!S

(Iv)
wherein:
R? is selected from the group consisting of H, F, Cl, Cy4 alkyl, C3.4 cycloalkyl and CFs;
10 R*isHorMe;
- R®is H, Me or Et, with the proviso that R* and R® are not both Me, and if R* is Me then R’
cannot be Et;
R!! is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl;
R s a cyano group or a group of the formula ~COOR ", wherein R'* is a C-14-alkyl
15 - group, a C-j4-alkyloxy-C-j.4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl, and
R®  isacyano group, a group of the formula -COOR'® (wherein R' is a C-1.4-alkyl
group, a C-1.4-alkyloxy-C-14-alkyl group group phenyl, naphthyl, thiophenyl, furyl, .
pyridyl, imidazole or benzyl), a group of the formula -SO;R'® (wherein R'® is a C-14-alkyl
20 - group, phenyl, furyl, pyridyl or benzyl), a group of the formula -P(O)(OR'"), (wherein R
is phenyl, fury! or pyridyl) or a group of the formula -SOR'® (wherein R'® is a C-14-alky]
group, a C-j.4-alkyloxy-C-;4-alkyl group group phenyl, naphthyl, thiophenyl, furyl,
pyridyl, imidazole or benzyl).

25
8. A compound of the formula V
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R11 is Me, Et, cyclopropyl, propyl, isopropyl, or cycl . 9is
-COOH or a group of the fornula -COOR14 wherein Rl14 isﬁghgéﬂ?ég%gﬁlgroup,
a C 1 4-alkyloxy-C 1 s-alkyl group group phenyl, naphthyl, thiophenyl,

| . 10 i m dazol e or benzyl. -22

furyl, rid
‘% 2004¥0€Ii989 _ PCT/US2003/019415

R'™
V3
wherein:
R? is selected from the group consisting of H, F, Cl, Cy.4 alkyl, C3.4 cycloalkyl and CF3;
R*is H or Me;

5 R®is H, Me or Et, with the proviso that R* and R’ are not both Me, and if R* is Me then R?
cannot be Et; '
R is Me, Et, cyclopropyl, propyl, isopropyl, or cyclobutyl; and
R" is ~COOH or a group of the formula -COOR'* wherein R is a C-1.4-alkyl group, a
C-14-alkyloxy-C-14-alkyl group group phenyl, naphthyi, thiophenyl, furyl, pyridyl,

10 imidazole or benzyl.
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