PREPARAT1ONCF NOVEL SUBSTI TUTED HALOARENE COVPOUNDS
Background of the Invention This invention relates to
wa0ewipsocess for the preparation of novel subST/iR200%@2098

hal oarene conpounds that conprises a novel and

efficient selective mono-lithiation of a dihaloarene

by an organo-1lithium conpound in the presence of an

enol i zabl e carbonyl .reactant. In the process of the
instant invention the newy formed |ithiated hal oarene
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RC) waIEre% %@uk@fﬂﬁh% 08 {or SSmed RixDrdf bHBSkene and ketone under both
pplication 0020

Tet r RAtEY ?Wowézpqdltlonsdf 1T 709@%}33 g%{lcal g\%nggrb? g\én-%]lmmable ketones
0 2 06-tt lvserbpgrtiandbutitivini g - dypegi¢ itenHelEHSEh (CR'C) for enolizable
sel echbysky lithiate in the 2-positionif the sol vent

i's tolueng.gnd.in, 106 2oPRS! 5d098b1b470ANGnE K. YR, et al., Tetrahedron
Lett., 41:4335 (2000), describe reactions of 2,5-dibromopyridine with n-butyllithium which
selectively lithiate in the 2-position if the solvent is toluene énd in the 5-pasition if the solvent

25 is tetrahydrofuran. The lithiation and quench are carried out sequentially at temperatures of -
50°C to —78°C. The concentration of the substrate in solution is 0.085M-0.28M, although at
0.28M the reagents and products are not entirely soluble.

W. Li, et al. J. Org. Chem., 67:5394(2002), describe an n-butyllithium in situ quench
protocol for the preparation of arylboronic acids from the reaction of substrates such as 3-

30  bromopyridine with borates (borates are non-enolizable).

F. D. Therkelsen, et al., Org. Leit., 6:1991(2004), details Barbier-type protocols (in
situ quench) for the metallation of 4-halopyrimidines and in situ quench with electrophiles
such as aldehydes. The metallation agents used were either magnesium ate complexes or
butyllithium. The magnesium “ate” complexes worked effectively at both low (-76°C)

35 temperatures and 0°C. However, with n-butyllithium, the reaction only worked at ~76°C and
no desired product was observed at 0°C. Additionally, with either metallation reagent, the in

situ quench (Barbier) conditions did not work with a ketone as the electrophile.



Is tetrahydrofuran. The lithiation and quench are
carried out sequentially at tenperatures of- 50Q0C to
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is 0.085M0.28M although at 0.28Mthe reagents and
products are not entirely soluble. W Li, et al. J.
Org. Chem, 67:5394(2002), describe an n-butyllithium
in situ quench protocol for the preparation of
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tinme is taught to not be suitable for large scale
synthesis. The present invention describes an in situ
guench protocol wherein n-butyllithiumis added to a
preformed m xture of a dihal oarene and ket one,

i ncludi ng enolizabl e ketones, under both batch and

flow conditions to selectively forma nono-substituted

hal oarene at non-cryogenic tenperatures and rel atively

hi gh concentrations of substrate. The substituted

hal oar enes produced by the process of the present

i nvention are-useful internmediates in the preparation

of N-aryl or N-heteroaryl substituted pharmaceutically
active conpounds that include selective antagoni sts,

i nverse agoni sts and partial agonists of



serotonin 1 (5-HT1) receptors useful in treating or

preventing depression, anxiety, obsessive conpul sive
waele@entwso (OCD) and ot her di sorders for whi ch BCBEIBI005/002098

agoni st or antagonist is indicated. Summary of the

I nvention The present invention_,relates to a process

of preparing a conpound of the Formula | havi ng the

structure: wherein Rl and R2 are i ndependently

sel ected fromthe group consisting of hydrogen,

(C1-C8)al kyl, (CrC bJal koxy-fCrCsJal kyl -,

(C3-C8) cycl oal kyl -, (Cr C8)al koxy-(C 4-C8)cycl oal kyl -,

aryl i arél ;?t r C8g§|I kyl, heteroaryl,
hete y %M?e%rgh ALl of brepdtE B ¥bmfdlind of the formula |
napht hyl , and nhet erotaOH/ | s:( alar50 to°7brr%nb§r edm& reee

hét epdy#eWIe sttfyecont ai ni ng from one to four

heteroatons in the ring sel ected Rf om oxygen, nitrogen

and sul fur, with the proviso that |sai %\xr)i ng cannot

contain two adj acent oxygen adj acent

sul fur atons; or, wherein RIoANfl R2 |together with the
Y a2 4 to 8

carbon to which they arera
whef ei n "sai d cycl oal kyl ring

menbered cycl oal kyl ring,
may be optionally substitutedymth one to three

substituents selected fromthe group consisting of (Cr

(C8C)4?|Cg¥lci,m(xq?%w %%n%l’ng géﬁﬁda%%éé;@y@e%%%%?g%} ecgrgxp%%r%llslt(l%l of hydrogen,

( C" CgdatsJetxyty (E,QB5kYCI-CeIkyly, | (Ca-Caeygloatkydrr YG+{0gialkgxy-(Cs-Ca)cycloalkyl-,
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het erirothe omsselggted ﬁremrquggn,g"étrog@r’[ ay su %WIW% @rﬁ\’llsor]tiletrSBQ &ipe cannot

and shitdidiwo adasdit dxtigenRicaé oo bifiadentssaifd atomagr.cannot

contain t WRergrq {ﬁ gﬁJ‘&z tQ%%P@H\atLQE%bOQ o Mﬂ& tﬁgu AC Sikhed form a 4 to 8

erein , , and R5

sul fur at ons, : 3, | are | nde&e dentl v ot
sl ednegtierry efpalReringr WIS SYLaakd gruraReHPERgE ,s‘l"lﬂﬂ’ ed i
C8) alteyd subbtiiientSS3ecled ipm tHhEigrap faBadistion pf (GiCeldkyl, (Ci-Celalkoxy, (Ci-
fCal ky alk (G ERNE YEL QR oMy, (CL-E4eycloBloiy. SICPBYIDKY(Cy-Caloycloalkyl,
(& C é 3 )i(ox ) Cf 4_’( éB%&%n(e:l roail -|C_ &l E(%le inarr})(ls&)%ngl or naphthyl, and
8) al & aviet r fRtero Ripet daFMk "a- AR )
wher detaroanyhi$ a b 4o bmemlyqredd']etefpafymng}gzpntm frogy Qbp wpgnhetp@atams in the
520t 0 riZg B@r&’&erﬁeﬂ oxygen, nitrogen and sulfur, with the proviso that said ring cannot contain
two adjacent oxygen atoms or two adjacent sulfur atoms;
wherein R®, R, and R® are independently selected from the group consisting of
hydrogen, (C-Cg)akkyl, (Cs-Cs)alkoxy, (C1-Cg)alkoxy-(C4-Cg)alkyl-, (C4-Cg)cycloalkyl-, (Cq-
Cs)cycloalkoxy-,  (Cy-Cg)alkoxy-(C,-Cs)cycloalkyl-,  aryl, aryl(C,-Cg)alkyl, heteroaryl, and
25  heteroaryl(Cs-Cg)alkyl, wherein aryl is phenyl or naphthyl and heteroaryl is a 5 to 7 membered
heteroaryl ring containing from one to four heteroatoms in the ring selected from oxygen,

nitrogen and sulfur, with the proviso that said ring cannot contain two adjacent oxygen atoms

or two adjacent sulfur atoms;
wherein X is a halogen with atomic number less than or equal to the selected Z, as

30  defined below; wherein Y is N;
comprising: (a) forming a mixture of a compound of the formula Il having the

structure:



het er
het er

oaryl ring containing fromone to four
oatons in the ring selected from oxygen, nitrogen

wa@paesuloBur, with the proviso that said ring cRCmB2005/002098
contain two adjacent oxygen atons or two adjacent
sul fur atons; wherein X is a haljogen with atom c
nunber | ess than or equal to the selected Z as
defined bel ow;, wherein Y is N, conprising: (a) formng
a mxture of a conpound of the fornula Il having the

struc
XY,

conmpound of the fornula I1IR
wherein RL and R2 are as defi
a non-coordi nati ng solvent s

treat

ture:-Anherein Z is either brorm or iodo ; and,
R3, R4, and R5 are as defl ned above; with a

Xe structure:
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bt

ggdt E,gg”ggge&égpecf thneI é{res% f JENG % %}é esl‘lg 'a #nﬁﬁo&éqﬁbw process of

OX Y g etieratingrescoppoung,ef tb‘%ﬁO tha‘é'iﬂ thtﬁ*r”%&'rSrrB or, wherein

R1 an
attac

15

20

25

d R2 together with the carborgst o whi ch they are
hed forma 4 to 8 RS X
X
OH |
R1 Y/ R5
R2

wherein R' and R? are independently selected from the group consisting of hydrogen,
(C4-Cg)alkyl, (C4-Cg)alkoxy-(Cs-Cg)alkyl-, (Cs-Cg)cycloalkyl-, (C4-Cg)alkoxy-(C4-Cg)cycloalkyl-,
aryl, aryl(C,-Cg)alkyl, heteroaryl, heteroaryl(C,-Cg)alkyl, wherein aryl is phenyl or naphthyl,
and heteroaryl is a 5 to 7 membered heteroaryl ring containing from one to four heteroatoms
in the ring selected from oxygen, nitrogen and sulfur, with the proviso that said ring cannot
contain two adjacent oxygen atoms or two adjacent sulfur atoms; or,

wherein R' and R? together with the carbon to which they are attached form a 4 to 8
membered cycloalkyl ring, wherein said cycloalkyl ring may be optionally substituted with one to
three substituents selected from the group consisting of (Cs-Cg)alkyl, (Cs-Cg)alkoxy, (Cq-
Cg)alkoxy-(C4-Cg)alkyl-, (Cs-Cs)cycloalkyl-, (C4-Cs)cycloalkoxy-, (C4-Cg)alkoxy-(C4-Cs)cycloalkyl-,
aryl, aryl(C;-Cg)alkyl, heteroaryl, heteroaryl(Cs-Cg)alkyl, wherein aryl is phenyl or naphthyl, and
heteroaryl is a 5 to 7 membered heteroaryl ring containing from one to four heteroatoms in the



menbered cycl oal kyl ring, wherein said cycloal kyl ring
may be optionally substituted with one to three
w@ewshitsent s sel ected fromthe group consi sti PQI/mE2005/002098

(C1-C8) Sl kv, (Cl-C8Jal kOxy, (Cl- C8)al koxy-(Cr
C8) al kyl -, (C4 C8) cycl oal kyl -, (CA-C8) Cyd CGal kOXy-,
(C1-C8) al koxy-(C 4- C8)cyc|oa|ky| , aryl, aryl(Cr

C8)al kyl, heteroaryl, heteroaryl (Cr CB)aIkyI, wherein
aryl is phenyl or naphthyl and heteroaryl is a5 to 7

”E”’O%ﬁﬁ!elela@& g6 @fyﬁén ﬁi‘tr@@an%@@%@ﬂun Wi thE M@ that daf@ rfng dannot contain
het er oat oms i n ected from oxygen, nitrogen

and A 34 t%yf"ﬁ' ai?%msogmoadacen sald ring cannot

contain t WoereiljRac® n?"‘gﬁy g@qm%ﬁperr?@ntm sefefigd AQNalhe gioup consisting of

Sul f WdrédeRTRC,-OMARYIE I(O-E3Rikok4 , (CROLaINREY- (au-es)anryde p@rEeptdaikyl-, (Cs
(‘C{%)gﬂlogl ogwcts C%QP&P ((9 gq)%yc%talk)f]—g Q{/I (C,O?Qkyl ( @Eteroaryl and

( C4 @81)”@%' 'QP)R )[I wher(ee@ry qraaq B&&d heter; r?l 3/ to' 7 membered
8) al keteparfiGihg CBtaiyind Berh loyé 4o foarr Iyelteroagams i @13. @) lekigd from oxygen,
het er, %ﬁn anaelgfuh %&r%@%M&%%Q sBid Rh&kdnnot WhHRAIEIWD adfdEnt dx§gen atoms

phenyl heteroaryl is a 5 to 7 nmenbered
het er°6%9’r°)7f’1a eﬁ{‘]@ %Sﬁf"gl ning fromone to four

Ht er oat owberein Xtihe halpary Wi ismicaWmperders $1e) g AUahp thegigiepied 2, as
and sjghfeame[othh the proviso that said ring cannot

contain two, Q,gl}{%c,@nt oxygen atons or two adj acent

sul fur atoms wherein X is a hal ogen with atom

nunber | e SYNRIFAH(EhPrmMIRG APIXPTS q%@"%’@!"@c?f&f f%m”'ﬁg

defi ned bel ow ; V\herel nYis N rtonprising (a) formng

a m xture of a conmpound of La Il wherein Zis
either bronmo Oo Ir ' iodo ; ; . R3, R4, and R5

are as defined above, with a ¢onpdgund of the fornula

I11: wherein RL and R2 are i above; wherein

said nmixture, preferably irfa ndn-co rd| natlng sol vent

stich as t ehereing, is Bithengomo i oed ; érr@a@e\htR Ft'r adiff” afags defined above,

f or mMRg aRomSeANst He8s8eRtI: St ream conprising a (G C
8)al kyl 1ithium conpound,; 0

A

wherein R' and R? are as defined above;

R1

wherein said mixture, preferably in a non-coordinating solvent such as toluene, forms

20  afirst reagent stream;
(b) forming a second reagent stream comprising a (C;-Cg)alkyl lithium compound;

(c) combining the first reagent stream with the second reagent stream in a mixing

zone; and,

(d) quenching the mixture formed in (c) with a proton donor so as to form the

25  compound of formula I.

The process of the present invention also relates to a process of preparing a

compound of the formula IV having the structure:



(c) conmbining the first reagent streamw th the second
reagent streamin a m xing zone; and, (d) quenching

wo b@oivBure formed in (c) with a proton donor PEDIES0T@®2098

formthe compound of fornula |I. The process of the
present invention also relates 1o a process of
preparing a conmpound of the fornmula IV having the
structure:wherein RL and R2 are independently sel ected
fromthe group consisting of hydrogen, (CrC b)alkyl,
(C3-C8) cycl oal kyl -, (Cr C8)alﬁgxy & 4-C8)cyc|oa|ky|-
aryl, aryl (G -C 8)al kyl, heterpary et eroaryKCr C
bJal kyl , wherein aryl is ghen apht hyl, and
heteroaryl isabto 7 nmenb eterRbaryl ring
containing fromone to four [
sel ected from oxygen, nitiogenYandR8ul fur, with the
proviso that said ring cannot contain two adjacent

Oxy gen at QRECAR' hivR2afY iReBsHdemy lséibbtedaiomths gréUp, coldis@iiigedf Rydrogen,

att agﬁ«e‘g%ﬂl}gfﬁ?t@%k?g (gh%ﬁ% @fé%@ foglkwn (('[: *?:Jam&& (B)-&,)cycloalkyt-,

wher @nth agé(pdC@yI@m @gqe[p?qyl pptﬁrgarﬁl@ @Ikﬂpwp%ﬂ%pwyls "phenyl or naphthyl,
Substahd hét@barpiid 415 @Temémbetdireeraatybidigi conta@imbs rgebredd &dr heteroatoms

]E 2:2 m&@g HE% &1e Cﬁ%r?h' Céig,lgmtﬂjger( Cnd R \KM’\' the rowso that said ring cannot

oXy-
( Ca- GS')%'S} Mo&&*a@ oxyg%n rrég)'te\é@ nkscgvg) a on‘¥ or,
( Cl1- C8) al kbargin (RCadd Efgtpggﬂ@r witl kg parbonaqa yhlch they are attached form a 4 to 8
oY Kqﬁe@%él%h Kpeloalkyn @Ige\m%ryéald chdid=@y1GiAg yibyf K dpficnkily slibstituted with one to

Wher %2{%7 ln%enlss %leﬁ{é fro%r thQ %p&]l?) h%hsnstﬂ? %f K@t@{a ﬂr Yé d )§Ikoxy (Cy-

er ar con
t 0 f Sulekpert(GreralkyimiCyGacydoa ¥'1 (S @1‘:@6"6%8 Cr gﬁ"‘?"ﬁ?ﬂ/@é sfrelcycloalkyl-,
Ni t 1 Q@@ RINHOAC:TIKYE bistgroan, thiatetobigi((rGa)alkg Onttelsint ard i eyl grgpaphthyl, and

can n%teﬁ)géw ?% B ¢ meﬁgér&ﬁ%fétoam( %Gntzﬁﬁ%n%nettd/\@ur heteroatoms in the

wherei'n

acent

ﬁdeﬁ@ﬁ a%ﬂ){qdjrogméax%g@{\ éﬁrop?rb?ﬂdlstllﬂxé, v&tlh Eiﬁ:d)r%vbsﬁ tha?falc; fing ﬁannot contain

hyd r dgeadjace@roxya8) atbiy br,twg @lacers SetiukaBXys:
(CA- CB) cy@hedinkyd R, LR a@)n@é’;&‘eh@aﬁhh)keéiéﬁe,d from Jthe group consisting of
Ly o b ELRAT o R o ] (G Gommontor. -
wher efaPyeaalkpxt.s (%%WPXYIS?‘*'%&%W#W'T anb Al r‘@é‘%% rleg"méry' and
S2¢ O r%tei’ﬁél‘me#@&lkyl wherein aryl is phenyl or naphthyl and heteroaryl is a 5 to 7 membered
heteroaryl ring containing from one to four heteroatoms in the ring selected from oxygen,

nitrogen and sulfur, with the proviso that said ring cannot contain two adjacent oxygen atoms
or two adjacent sulfur atoms;
wherein X is a halogen with atomic number less than or equal to the selected Z, as
25  defined below;

wherein Y is N or C;
comprising: (a) forming a mixture of a compound of the formula V having the

structure:
R4
R3
S
=
X Y RS

30 wherein Z is either bromo or iodo; and, X, Y, R® R* and R® are as defined above;



heteroaryl ring containing fromone to four

heteroatons in the ring selected from oxygen, nitrogen
waeassulobur, with the proviso that said ring CRCITE2005/002098

contain two adj acent oxygen atons or two adj acent

sul fur atons; wherein Xis a hagogen\Mtrlatonic

nunber |ess than or equal to the selected Z, as

defined bel ow, wherein Y is Nor C conprising: (a)

formng a m xture of a conmpound of the fornmula V

haVI r]g thﬁth%%%@ﬁ&%ggﬁhéﬂﬁﬁr{u@Ilmh%inb%e%’crﬁgﬂﬁé: _br ono or

i odo; and, X Y, , R4, and R5 are as defined above;
with a conmpound of the fornmula S havi ng t he
structure: wherein Rl and R2 are defi ned above; in
ﬁ goordlgating sol vent such asR*t’et rafydrof uran, or a
ydr ocar bgn solvent.m t eof; (b) treating the

Y tor o R R de’ Wilied B0 1 (2 o) R | M

l'i thi um ciBrfptegrating eivent goch d’aé%ﬁfewd%&"%“hér %M‘@/??r@“ solvent mixture
fernuﬂmgn (2} with a proton donor so as to formthe

conpoun YA ; i :

[ vent 1 onCAT e B o e B B e aay o
prepar i ng(cp qesppmautd rmikiure fermed im(H) awith\4 haton rignertre as to form the
strug&MJg]j%@ﬁ&ﬂ;N_Rl and R2 are independently

sel ected ?ron1t e group consisting of hydrogen,

( C1- C8) al knd prode6dl ofGBY atekenk yrvérBorl al&8 Jeddtdsyth -a, continuous flow process of
(464 gfmg' &Wbd ¢ tHeGrinf8 NS A Ve Grucktn&B) cycl oal kyl -,

aryl, ary ? aTkyI, heteroaryl, heteroaryl (Cr

cs)al kyl, wherein aryl is pherfyl oFHnaphthyl, and

heteroaryl is a 5 to 7 megber Waryl ring

contai ning fromone to four oat'gms in the ring

sel ected from oxygen, nitro d sulfur, with the

proviso that said ring ca yont®Fn two adj acent

oxygen atons or two adjacent sulfur atoms; or,

wherein R' and R? are independently selected from the group consisting of hydrogen,

(C4+-Cg)alkyl, (C4-Cg)alkoxy~(C-Cg)alkyl-, (Cs-Cg)cycloalkyl-, (C4-Cg)alkoxy-(C4-Cs)cycloalkyl-,

15 aryl, aryl(Ci-Cg)alkyl, heteroaryl, heteroaryl(Cs-Cg)alkyl, wherein aryl is phenyi or naphthyl,
and heteroaryl is a 5 to 7 membered heteroaryl ring containing from one to four heteroatoms

in the ring selected from oxygen, nitrogen and sulfur, ‘with the proviso that said ring cannot
contain two adjacent oxygen atoms or two adjacent sulfur atoms; or,
wherein R' and R? together with the carbon to which they are attached form a 4 to 8
20 membered cycloalkyl ring, wherein said cycloalkyl ring may be optionally substituted with one to
three substituents selected from the group consisting of (C4-Cgalkyl, (Ci-Cg)alkoxy, (Ci-
Cs)alkoxy-(C4-Cg)alkyl-, (C4-Cs)cycloalkyl-, (Cs-Cg)cycloalkoxy-, (Cy-Cg)alkoxy-(C4-Cg)cycloalkyl-,
aryl, aryl(C;-Cg)alkyl, heteroaryl, heteroaryl(Cs-Cg)alkyl, wherein aryl is phenyl or naphthyl, and
heteroaryl is a 5 to 7 membered heteroaryl ring containing from one to four heteroatoms in the
25 ring selected from oxygen, nitrogen and sulfur, with the proviso that said ring cannot contain
two adjacent oxygen atoms or two adjacent sulfur atoms;
wherein R®, R, and R® are indep}endently selected from the group consisting of
hydrogen, (C+-Cg)alkyl, (Cy-Cg)alkoxy, (C4-Cg)alkoxy-(C1-Cg)alkyl-, (C4-Ce)cycloalkyl-, (Cs-
Cs)cycloalkoxy-,  (Cs-Cs)alkoxy-(C4-Cg)cycloalkyl-, aryl, aryl(C-Cg)alkyl, heteroaryl, and
30  heteroaryl(C+-Cg)alkyl, wherein aryl is phenyl or naphthyl and heteroaryl is a 5 to 7 membered
heteroaryl ring containing from one to four heteroatoms in the ring selected from oxygen,



wherein R1 and R2 together with the carbon to which
they are attached forma 4 to 8 nenbered cycl oal kyl
WO pivg/o1mBer ei n said cycloal kyl ring may be optPOnEs20§5/002098
substituted with one to three substituents sel ected
fromthe group consisting of (%-C 8)al kyl, (G-C
8) al koxy, (Cl1- C8)al koxy-(C r CB)al kyl -,
(C4-C8) cycl oal kyl -, (C4-C8)cycl oal koxy-,
(Cr Cral koxy- CGrdCecycl oal kyl -, aryl, aryKCrCsJal kyl ,
het eﬂiﬁ@bre}{ Lind QRSELPARY MSQ 1oad Sdidk Mg, ca%@édﬁiaﬂ\ @b Ydjadeht oxygen atoms
phenyl “or naphthyl, and heteroaryl is a 5to 7
menb&reYaPRPESYYF P™Fi ng containing from one to four
het er oat omterdimX isheehaldgan witehtergic admifer isas B2y gegfualiip the Sefasied £, as
andt 8dthdMelowM th the proviso that said ring cannot
contain t adj acent. oxygen atons or two adjacent
sglfur at%ﬁﬁ%'"%mﬁgfoé}ch R3, R4, and R5 are ianepender@IX,
sel ect ed $oBHsich®@) Mg ac BT e A FOBPOURY dPotg oMy, v having the
C8) akidgglure: (C1- C8) Bl kOXy, (C4-C8)cycl oal kyl -, (C4-
C8) cycl oal koxy-, (CrC 8)al koxy-|£4C 4- C8) cycl oal kyl -,
aryl, aryl (Cr C8)al kyl, heteroaryl, and heteroaryl (Cr
Cs)al kyl, wherein aryl is or Znapht hyl and
heteroaryl is a 5 to 7 nenberfd hédteroaryl ring
containing fromone to four te tons in the ring
sel ected from oxygen, nitrogen aWd sRfur, with the
2;3\(}; 'ej’] Oa: @ﬁérseirz?ﬁs%&f)ér Bdmb %Pi@f&; aﬁbl(?]g,t\aiRpltIi‘,Vﬂﬁd R?\iiﬁraﬁﬁc!f&"med above, with
lj acent ' sul fur at ons; erein X
i1 aaﬁ%’PQi’Q%‘?]of\}\'letf?{mﬁ'f’i\ i ¢ number |ess than or equal to

the selected Z, as defined bel ow, erein Yis Nor C
conprising (a) formng a mxture a compound of the
Lorrrula V having the structurertWherezn Z is either

ronmo or iodo; and, ,X Y, R3 R4, and R5 are as

defined aWBYen RWFNIR 25 HFBEHROGF the formula I11:

wher ei n Rihasiol s8R aixereas defoonipdinabeplvent usbrasi fetrahyprgiuran, or a
m Xt %gﬁoda%oﬁs&\%ﬁf Rkt tHeRBf 15As\aairH: reSgmbist@sm;

tetrahydrofuran, or a ,

15 (b) forming a second reagent stream comprising a (C4-Cg)alkyl lithium, compound;

(c) combining the first reagent stream with the second reagent stream in a mixing

zone; and,

(d) quenching the mixture formed in (c) with a proton donor so as to form the

compound of formula V.

20 The process of the present invention also relates to a process wherein halogen -
flithium interchange and in-situ quench of the newly formed lithium reagent with a carbonyl
reactant are conducted at significantly higher temperatures and significantly higher
concentrations than conventional processes, in which the lithiated arene is separately
generated, usually at about ~78°C and a concentration of about 0.08 M due to solubility

25  constraints, followed by treatment with the carbonyl reactant. In contrast to such conventional
processes, the batch and flow process of the instant invention can be conducted at

temperatures of about -10°C to about 40°C.

The process of the present invention also relates to a process wherein halogen -
lithium interchange and in-situ quench of the newly formed lithium reagent with a carbonyl



hydr ocar bon sol vent m xture thereof fornms a first

reagent stream (b) form ng a second reagent stream
waeeovpni®Bng a (CrC 8)al kyl 1ithium conpound; (BYT/IB2005/002098

conmbining the first reagent streamw th the second

reagent streamin a mxing zone; and, (d) quenching

the mixture fornmed in (c) with a proton donor so as to

formthe conpound of formula IV. The process of the

present invention also relates to a process wherein

hal og@Bctant biletdBhdubibd &tsﬁ]ﬁ%ﬁkgﬁgr@pg)nizé?ﬁr&ioﬁéjthgrg%g tiéat processes, in
roon

e BAAES o LR it f et 008w
t enpefUatte PAWiiransiialisi ollawamby yeatmepheith be nareanyrragdiaphsin contrast to
t han sonveaiveitions lprosés36L 58 @dich iafd bW ﬁbcés@ &f kﬂgt iRdtaH: ?Qention can be
arene . ) t _about. -

e coon R APl ol B b3 Bt o By compound
const F & AR I ang conseRLatiany of ther-Fanlky! (ihitm cerprourdefisbenyP.1 M to about
r eact ahtherebynresgiirorirastimprovesnentin efdcianeynt i onal processes,

the batch _and flow process of the instant invention

can be condfdreessat’ he prsprtitkeaion fsoaBigigs to a1pewEss ¢ produce the
aboutcot@.@d offfaenufari@c Bsgheadn 4 It@und reagen dierivétViRid the® Eonilo&d of formula
red atiesr ‘T/,Q'eébe@cﬁlgﬁel'§Euém%ﬁ%-gtuhﬂh%%pbuddbatf %nﬁﬂ% il gaving enolizable
|nter§9%qgg and i n-situ quench of the newly forne
Iithidn1?eggent with a carbonyl reactant are conducted

at sl gn! f 'Tﬁ@'BFO'cyss*%'f %%GSQI‘R%@E{%E grsh %piffest tE. r~broc§ss for_selective mono-
ponvqm&honggvgroceas%s,m;n mhlghht e|1|t i ated arene

i s sepirat ERAFCYRNEY gitagomyaLar vVyvhareindhelGireing Pk s igiprehanged
aboutforgitthgn i dgteaminasl byghe gdlventt wheteiimibe cempotisd offigrmbiowed V is treated

bis t re@tieRol-cydtyhittilecmpbliany! reactant. In contrast
to such conventional processes the batch and fl ow
process offhe Recesaf tntprésantdveition asareldies o enplo@tedhadin competing

Concesﬂferraidti@ﬁ%uai as% E&iitﬁ@@@\@ﬂdr@?all‘fgpﬁtmhh @orh;lgound to the compound of
conc 0] ou 0 ormul g . ltll a .
Concgﬂbpgtlél,gﬁémﬁf R1t %ngj I'% érr &?%p?(y?boy?, taﬂ? alﬂj}‘u@%or?.pog%adﬂﬁoarene of
about®Uie ligr Y gecdpie aely 2 minof ¢dekby resulting in an

iﬁpr %?ﬁgybegcﬁpt%nféf?hli eI *ioHi The process of the
pres es to a process to produce

t he The process of the present invention for the preparation of the compound of formula |
from the compound of formula 1l and the compound of formula 11l is illustrated and described
in Schemes 1a and 1b and the following discussion, wherein R!, R?, R®, R*, R®, X, Z, and Y
are as defined above, unless otherwise indicated. Unless otherwise indicated reaction
25 conditions include an inert atmosphere commonly used in the art such as nitrogen or argon.



conpound of forrmula | or IV wherein a |lithiumreagent

derived fromthe conpound of formula Il or V,
wo empectBvel y, is quenched in-situ with a conppOntB2065/002098
formula Il having enolizabl e hydrogens. The process

of the present invention also relates to a process for

sel ective nonolithiation of a co .
or V wherein the halogen X or Z that is

d ound of the fornul a

i nterchanged for lithiumis determ ned by the sol vent

wherein the conpound of formula Il or Vis treated
wth the (G -C bJal kyl Iithium conpound. The process
of thechpmegent invention also relates to a process

wherei n conpeting side reactions such as addition of
the (CrC 8)al kyl |ithiumconmpound to the conpound of

for
and

'ﬁ#{%+?“a_ﬁn”m09mﬁw nd R2 are as defi ned above,

at i on o %hloarene of formula Il or V

occur to only a minor extent. Detailed Descriptign of

the I nvention Th ocess of the present |nvgpt|onxfor
t he preparat%& he c;g%?und bl a | \p t he
conpound of f Il amd the compound of P RL |

is illustrated and describgd in Schenes la %nd*lb and
tie foll owing difcussion, wherein Rl, R2, R3, R4] RS,
X, Z,schRdisb 1%_a¢c@,rda,,§t,,gq;fo|vg,§d above, unl ess ot her wi se

i ndi cated. Unl ess otherw se indicated reaction
conditions include an inert atnosphere commonly used
in the art such as nitrogen or argon. Schene 1 Schene

la - hbn-coordfhatlng Solvent |l Schene 1b - R
CoordinatiH&:EéZEgnt I'n %ﬁafne 1&CRbbHpound ot
formula | i red by, form ng a m xture]in acH
noncoordinating i hért sol yent, §ﬁ§%???%ﬂlly KOl vene,
of the di hal oaMene of fornula Il wherein Yis Nv Z is
Br or I, and X is a halogen with an atom c nunber | ess
than or equal to the selected Z,
10 In Scheme 1a, a compound of formula | is prepared by (a) forming a mixture in a non-
coordinating inert solvent, specifically toluene, of the dihaloarene of formula Il wherein Y is N,
, Zis Bror |, and X is a halogen with an atomic number less than or equal to the selected Z,
and the compound of formula i1l wherein R' and R? are as defined ébove, preferably wherein
R' and R? are independently selected from (C;-Cg)alkyl and (C5-Cs)cycloalkyl-, or wherein R’
15 and R® together with the carbon to which they are attached form a 4 to 8 membered cycloalkyl
ring, wherein the concentration of the dihaloarene of formula li is about 0.1M to about 2.0M,
preferably about 0.6M to about 0.8M, and the concentration of the compound of formula Ill is
a multiple of about 0.9 times to about 1.1 times the concentration of the compound of formula
ll, preferably about 1 times the concentration of the compound of formula Il and (b) treating
20  said mixture at about -10°C to about 40°C with a solution of a (C;-Cg)alkyl lithium compound,
preferably n-butyl lithium, wherein the molar concentration of the alkyl lithium compound in
the reaction mixture is a multiple of about 1 to about 1.2 times the concentration of the
compound of formula II, preferably about 1 to about 1.1 times the concentration of the
compound of formula Il and (c) quenching with an alcohol such as methanol, ethanol or
25  isopropanol, or methanol acidified with HCI.

A compound of formula | may also be prepared according to Scheme 1a by use of a
continuous flow process wherein (a) a first reagent stream is formed in a non-coordinating



and the conpound of formula Il wherein RL and R2 are
as defined above, preferably wherein RL and R2 are
wo nabependent |y sel ected from (G C8)al kyl and PCT/IB2005/002098

(C3-C8)cycl oal kyl -, or wherein R1L and R2 together with
the carbon to which they are attgched forma 4 to 8
menber ed cycl oal kyl ring, wherein the concentration of

t he di hal oarene of fornmula Il is about 0.1Mto about
2.0M preferably about 0.6Mto about 0.8M and the

conceiért ﬁiv’eﬂnprg’feraﬁlh %Iu@ﬁkmﬂ% quﬁure Eﬂﬁ%héfoalrénle o\‘ f%rn‘ffhla 1, wherein Y is
concelti P o5 B0 sl A5 s o or e o e seactea 2
pr ef etdtifleycompeing Offoﬁﬁuhé‘é wherein ) arseiRitareas definedfaboveepreferably wherein
conporinghd &F afeanidepdrdertly sasdted(fn (bﬂ @Qélkyn%ds(@:l @a)&lfé%ﬁkylr ®r wherein R’

?té;r (a: b%?]Htlﬁ( Tog&ﬁ&%ﬁ% %Ign %%rgcw to &/%Qhear ar? at?ache]% form ab%]teglmembered cycloalkyl

lithiTHY tB? FP"FW@”a‘fPBI%?‘e eﬂaﬁ'eafmewéfqrrewa tbﬂs bRt OgiVkip about 2.0M,
[ i t hi eferelgygioutcbM to abéue 0.8@&ad the Bondeitialithef ths canpgbuhd df ﬂ:lrrﬁma Nis a

of abﬁ&lﬁple]of E&U?@@Mﬁes% gbou ﬂﬁﬁnésf&fe CSP%Q%BJ aﬁﬁeoﬁgggutna T‘eformula i,
10T riepLateif Cin e puRotiplepind v BB OB o) 2 socond
| 10 arfaa%t)strqmwﬁchtmg figint & (QurCaRlkp dithoim sanplourals preitdbiynebuty! lithium,
et hanHereithé HOIRT dPERBtion Gfrsam%“@laﬂfﬂ.lm éﬁdpgurfd A6 dMnBinmg with the first

accorlﬁ?g%&'@l%&gc%gﬁbsgcgf F‘t‘é&ép gcé is ¥ mult| c?eaﬁ) eﬁ ?c* ?%W 1.2 times the

pr ocecggceafhaé?'b Phthe £pmpoupg r°§t‘°°r Pida e ﬁ'lefesélblye%mtl & tof ghoed1 times the
i N a cmueatcger ditredompgind ef formixal IVie e, firsd Feagedt skaih and (c) combmmg the

t Q' Ufmﬁreaéefn@me@m Rt e rs@coﬁ& reta&ﬁxt Qlleglﬂllrpéaﬁ&ms zc%fe aft ?JOW &*C to about

Wit hVX'BECr gEe ra%(lly %a%e(rz and (g)s‘th?rhté%tl@rth%aﬁgq! st[eamf Wéh an alcohol such as
sel edteigngt, ethanel of lh@rqpemb@umelth@fol dcifindivigh HGLl | wher ei n

Rl and R2 as_defined above, preferabl V\,herei_n R1. o
and R2_ar & THABE M AHIPYILST eV BitPed bOB) Briga = mixure i a
and (ce3diTshe yrertosdvient] spectiicallwtieirabydrofiRdn, anf dhdR2lihbiogretehefr formula V

vdot h whbeincas Renc s N%rq |'an ReYa I@eﬁc%erﬂvﬁl@éﬁ% b rqrnmreﬁes% = or equal
2 meqpfﬂg @ ﬁ?éécé gr@cl t]ﬁg ]por?po (ffw'}rinvla hanhgbeb'h S%Ma e(.fs deﬂxed above,

oar ene,
aboutPFB?’%hM Whe'EiR e aBrd, Rab%tmot?p@mrtﬂw wlsgtad forg Wa?ra)alkyl and (Cs
t he ©anckalkyl-adrivberenfR’ tieRCegepetM tf calbor @whah thky ark SttzBhed form a

mul t I4IQ$ g n@&b@&%ﬁloéﬂnyﬁnnﬁ | WHersi nttRe ?Jﬂ?éﬁttrat{]of\ %f %F mﬁg’logrpn% of formula Il is

ound

3P 8P Y0 SRy 200 pRBEALDITO G AR F-aL § ih S eifencentaton ofhe
conp@gm@u@ﬁ offiesmpta lllbis laImudiinlg of #oui0.$ traesita about 1.1 times the concentration

of the compound of formula I, preferably about 1 times the concentration of the compound of
formula Il and (b) treating said mixture at about -10°C to about 40°C with a solution of a (Cy-
Cg)alkyl lithium compound, preferably n-buty! lithium, wherein the molar concentration of the

30  alky! lithium compound in the reaction mixture is a multiple of about 1 to about 1.2 times the
concentration of the compound of formula II, preferably about 1 to about 1.1 times the
concentration of the compound of formula Il and (c) treating with an alcohol such as
methanol, ethanol or isopropanol, or methanol acidified with HCI.

A compound of formula [V may also be prepared according to Scheme 1b by use of a
35  continuous flow process wherein (a) a first reagent stream is formed in a coordinating inert

solvent, preferably tetrahydrofuran, from a mixture of the dihaloarene of formula V, wherein Y



reagent streamis fornmed froma (CrC 8)al kyl Iithium

conpound, preferably n-butyl lithium wherein the
wodoaniwencent rati on of said al kyl |ithium conpormgo0s/002098

after conmbining with the first reagent streamin

subsequent step (c) is a multi p{ of about 1 to about

1.2 tines the concentration of %e conpound of formula

Il, preferably about 1 to about 1.1 tinmes the

concentration of the conpound of formula Il in the
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ti nes entr
COﬁ‘p(ﬁEﬁﬁ&” FeGPijr $HSRDQS MRy gﬁ({pdfwgang )ééarlieﬁ c@% &elaﬂve rate of flow of the
at abtedms ©heY @st de cdiveted 49 @Qdydet in tee Q‘!B‘f ngt300¢) 20y dgsnrect;]_atlo of the
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wherein nol ar concentration of the al kyl [ithium

conpo‘i‘.??i‘amiﬁ the reaction mixture is a nultiple of

about 1 t @n@@@&ﬁen@se&n&éa@s’th& P8dueOdig@tidnd tdpbrfedQite Unb&rected GC/MS
corrpound of formula I, preferably about 1 to about

t'P¥8s t he co_ncentratl on of the conpound of fornmula
II a afple st reating with an al cohol such as

25  2-(3-hydroxy-pentane-3-yl)-5-bromo-pyridine - (Batch Process)
A toluene solution (24 mL) containing 2,5-dibromopyridine (21.11 mmoles) and 3-
pentanone ( 21.11 mmoles) were placed in a 125 mL jacketed flask under N, at 20 °Cin an
ice bath. n-BuLi in hexanes (17.2 mL, 1.3 M, 22.36 moles; 1.06 equiv) was added via a
syringe pump delivering at 0.25 mL/min. The mixture was stired for 5 min and then
30 quenched with 30 mL of MeOH. The reaction mixture was diluted with EtOAc (10 OL in 1 mL
EtOAc) and analyzed by GC/MS. The major product was 2-(3-hydroxy-pentane-3-yi)-5-
bromo-pyridine (55.33%) indicating selective lithiation at the 2 position. The major product

was isolated and purified by column chromatography to afford 33% isolated yield.




met hanol , ethanol or isopropanol, or nethanol

acidified wwth HCl. A conpound of fornmula IV may al so
wheoopepar ed according to Schenme 1b by use of BCT/IB2005/002098

continuous flow process wherein (a) a first reagent

streamis forned in a coordinati ng i nert solvent,

preferably tetrahydrofuran, froma mxture of the

di hal oarene of fornula V, wherein Yis Nor C, Zis Br

or I, and X is a halogen with an atom c nunber | ess
than or equal to the selected Z, and the conpound of
for mJ,I=_ I;I wherein R1 and R2 are as defi ned above,
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I nde et daatrajsr praducwksan Brob8-(8-Bydadxi- ﬁ&wt&r@h@l)%pnomeqyﬁ #4) indicating
the %EIE& A RnidRBY algllle%)pogg q‘#’wg gllbglg, %%ntRl[lon IS v n ln atbg n of

m xi ng zone any desire conc
al kylExhmpiBaum conpound to the concentrati ons of

di hal oarene and car bonyl
25 Example 2 was repeated using tetrahydrofuran (THF) as the solvent The flow rate of

Stream A (n-BuLi) was 1.0 mL/min and for Stream B (2,5-dibromopyridine/3-pentanone/THF)
the flow rate was 1.9 mL/min for a stream of 1.06 eq n-BuLi/1.0 eq 2,5-dibromopyridine and
1.0 eq 3-pentanone. The major product was 2-bromo-5-(3-hydroxy-pentane-3-yl)-pyridine

(60.7%) indicating selective lithiation at the 5 position. The product distribution is given in
30 Table 1.




conmpound. Unl ess ot herw se indicated,

t he product

di stributions reported are uncorrected GC/ MS rati os.
wEx@apl w3l 2- ( 3- hvdr oxy- pent ane- 3-yl ) - 5- br ono- pyT/IR06T002098

pent an

j acketed flask under

one (

in hexanes (17.2 m., 1.3 M 22.36 nol es;
was added via a syringe punp delivering at 0.25

(Batch Process) A toluene solution (24 m.)
cont ai ni ng 2, 5-di bronopyri di ne

1.06 e

21 .1 1 mmol es) and 3-
21.11 mmol es) were placed in a 125 ni
N2 at20 C in an ice bath.

n- BulLi
qui V)

nm./mn. The m xture was stirred for 5 mn and then
quenched with 30 nL of MeOH. Iaflel reacti on m xture was
diluted with FTOA(‘ 10D in 1 m EtQAc) a_n_d__a_n_al_g_z_%iﬁ _
by G/ Ms The Zvaj or | Bt oduct 2R | 243 r 2oaiS | S
2- (3 hyERRy- rtgﬂtm B ) Bl e DS W g | o
i ndi cati'ng sel’'ectivepb allon ataigslg. 2 p,qm,,tyL 3@.y|).The d’ipyridw
maj or product| was i $ol ated|and purbromed Dyentatet [Tpyridine
chromat ographly to afford 33% i sol gbwidingi eBgl)-Exappl e 2
2- ( 3- hydr oxy-{pent ang- 3-yl ) {5- br onp- pyr i d| Rgidine( F| ow
EXipsS 57.0%, o-|@opromppyridi e (5. 0[g; 0. 021 nole$) and
8- pent ppone (|2. 24 nl; 0.021 nol es) were dissolved in
@atchl. pf tol dene to|flen¥h a|0%75 M &al%4t i pAd%as | 0% 2.3%
Belvenehi ned by the total sollution kol une
Bxampley | 3-3%hi A% n heX&A%s fiBRTeAl o8 th walS%it r atél 0%
E ree Limes with di phenylagetic agid in
ﬁi&@pydrofuran and|{the average t|trationh indicated a
Exadimpd COHCENT|Tgg, ON| 3bRe T @&l 1 on| was%r uhes.gioa CPC
gytos flow syistem set at +% OC. The 1.43| M n-BulL
(ataht i pn was |used in Stream A and|the 0.5 M
Tl:"i;- di_br onppy ridi ne, 0. 75 M 3- ngn_p?nnna ‘-r\l ut i oh—\Was
Efample b0%, B |%§%am| ASas sde%%t h1PPow f 816 of | T4 0%

“qin and Stiream B|was set] at 1.3 nmL/mmn to afford a
gacti pn streamof 1.06 eqn-BuLij 1.0 eq
Z, 5-di br onopyri di ne:

Example 5
5 The general procedure of Example 1 was repeated using 1,4 dibromobenzene in

place of 2,5-dibromopyridine. About 1.4% of the desired product 4-(3-hydroxy-pentane-3-yl)-

bromo-benzene was formed. The product distribution is given in Table 2.

Example 6

10

The procedure of Example 3 was repeated using 1,4 dibromobenzene in place of 2,5-

dibromopyridine. The major product was 4~(3-hydroxy-pentane-3-yl)- bromobenzene (57.3%)

indicating selective mono-lithiation. The product distribution is given in Table 2.

Example 7

15

The procedure of Example 4 was repeated using 1,4 dibromobenzene in place of 2,5-

dibromopyridine. The temperature of the flow system was set at + 10 °C. The flow rate of

Stream A (n-BuLi) was 1.0 mL/min and the flow rate of Stream B (1,4-dibromobenzene/3-

pentanone/THF) was 1.9 mL/min to give a reaction stream of 1.02 eq n-BuLi/1.0 eq 1,4-

dibromobenzene/1.0 eq 3-pentanone. The major product was 4-(3-hydroxy-pentane-3-yl)-




1.0 eqg 3-pentanone.

the systemwas allowed to flow for a m ni num of 5-6
wOorReveloefosr e t he reaction fl ow was col | ect ed. TPET/1B2005/002098

reaction flow was coll ected for a total

of 5 mn and

To ensure consistency in sanpling,

quenched into 10 nL of MeOH A portion of the quenched
reaction mxture was diluted with EtOAc (10 DL in 1 nL
Et OAc) and anal yzed by GO Ms. The nmmj or product was
2- (3- hydroxy- pent ane- 3-yl ) - 5- br omo- pyri di ne (58.1%

|l Sahb i, S0 YRkl

roduct

E?Pk%d?uctThﬁvH?pf QE?f’%ﬂt ¥ B9

conplete

maj of

Qlel@t!tn\/@mmﬁ)thtmﬁ@n 2TH3;

ution

af f orsdlatad 8486 | sol at ed yi el d Exanpl e 3 Exanple 1 was
iy repeated using tetrahydrofuran

THF) as the sol vent

dbth!%trle_ 38 is given
Iatstzlbg ﬁ?{urgrh(ﬁhroma?o ra}paxrl)ho af{] % a 35%

and was run at 50C. The rraj or uct was 2-

br orre-5—3Byatoxr-Rentan i pyridie (6878 1,4-di(3-
i ndifcati ng g{, :é'g?i ve Eg;’g‘f,gn 3@% jﬁf@ﬁféL tf‘?ﬂ?jﬁgxy:r’]ﬁydro(xy-
product distributi gi ven i m.&aﬁ €| Henzdnéa 1pérdang- | pentane-
Exanpl e 2 was repeated using t etheptapelriof uran (¥ as3-yl)-

t he [sol vent The fl e of Stlream A {(n- BuLi ) Pipg9- 1| benzene
m./ min_and!for Stn _ _ . benzene

(2, 5ERBRIBNSERYR i di pehi Bnone?® ) tBE% 1 on'hte |

was [£.9 m/mn for eam of 11.06 eql n-Bulif1l 0 eq

2, 5-| dxbnplen Bpich di 1 119%%q BEPent andbe. The’-#aj of 1-7%
prod®ct was

2- bri@xempie (| Sy dr dXyFpent aa®- 3- y106%yr| thale (663.3%) |55%

i ndijdating |sel ectijve lithiationf at thel 5 position. The
pgoduct—distributionm 1S given in lable I. Table I

Exanple 5 , The general procedure of Exanple 1 was

r epe&xadplessd-mty 1, 4 di br onobenzene in place of

2,5-di brormpyrldl ne. About 1.4% of the de |red;g %Eﬁ hich 2.5
4 (3- hydr b3/aepeakrEgredutesAf Fxamples 14 Wsis 9led RAxampRigs el n whic
The pmastspyridie Swasi bititied narids adguvte rfoimed Twithl @ifferentEregigsble  ketones.
6

However, the batch reactions in Examples 8-17were not run in a jacketed flask and the BulLi
10  was added quickly via a manual syringe, instead of a syringe pump. The solution was chilled

in a 0°C ice bath prior to addition. Product distribution was determined by GC/MS
(uncorrected) as described above. The percent of 2 adduct reflects the extent of lithiation at

the 2 position and the percent of 5 adduct reflects the percent of lithiation at the 5 position.




10 The procedure of Exanple 3 was repeated using 1,4
di bronobenzene in place of 2,5- dibronopyridine. The
woregoen1ps®duct was 4- ( 3- hydr oxy- pent ane- 3- yl ) - PCT/IB2005/002098
br onobenzene (57.3% indicating selective
nono-lithiation. The product digfribution is given in
Table 2. Exanple 7 The procedure of Exanple 4 was
repeated using 1,4 di bronobenzene in place of 2,5- 15
di bronmopyri di ne. The tenperature of the flow system
was set at + 10 OC. The flow rate of Stream A
(/7-BuLi) was 1.0 nL/mn and the flow rate of Stream B
(1, 4-di bromobenzene/ 3- pent angaelkBHF) was 1.9 ni/mn

to give a reaction streamof_l.OZQ 7-Buli/1.0 eq
1, 4- | di br onpbenzeHKelpne . of Ragctiome$rivenbne-Addued gguct | A:B
prod JCt was| 4- (31hydroxyr B’ Rt ane- 3- yl Efﬁr ormbp ene

(53 eat+ TG e € 1 4 at ot ke ;
prod J§t "g)ns ri but Er_é“ﬁ"ﬁ”c gllga\‘f/égﬁn in &ﬁ@‘)l 7% The 2r|naj or 47

product wasj i sol ap&fthnb¥e cOl utm chr omat ogr aphy) t o

af f of Bxampidb o 1 SOl abrechylyi fefielv Tabbieen2 Faanpl es| 8- 17 The 8:1

gener al pro&edureg- of Exanples {1-4 were followed in
Examples 8-1 7inl!egtananel 5 di hrionmopvrl dine waks

i thi B¥P'and addgeresv of P wi AU {87 ent el i zabl g 301
ket opes. Hopever | blgtg%ng)ak ch reactions|in Exanpl es

8- 17\VEXdmgiO| T UTT BT hefhyl ACKEN €U [biste pbgl (e BULT Was [1g:]
added1qui ck|y vi aza manual syrijnge, ihstead of a
syringe punp. Thebsadoa¢ipn was chilled in a QOC ice
bat h| pxdmmle { 0 addeycloon. FRatduct | dibvener | Buti on pAs 22:1
det ef M ned py GC| RER"@fclor r ect eh) as fescri bed above.

The pexaeps | of 2| ag@duct [mdw ectistolidre £34 ent of 3 10:1
lithi&ion at th(5p®tc’mg&ﬁti on and the percent pf 5
adduCEdnpid IoPET CEElw Of [ THRT arpom at [ 5 100%B
posHmn Taple 3 .hee 18 quench into MeOH
2, 4- B bropm -ophene—2- E’atéﬁ’ —ABLESREf—S—PeRfarere— 55
(0. 8B3A™PID| 070 MRS g,gne s '
Example cyclo- Flow toldene 52 3 14:1
16 hexanone
Example acetone Batch toluene | 34 3 11:1
17 J :
Example 18
5
5 HO_ Et
nBuLl r
/(S \/U\/ HO » or /@Et
toluene or THF S Br S

+5°C Et" Et
quench into MeOH

2,4-Dibromothiophene (2.02 g; moles) and 3-pentanone (0.88 mL; 0.070 moles) were

dissolved in 11.1mL of toluene or THF to afford a 0.6 M solution. n-Buli in hexanes from

10 Aldrich was titrated three times with diphenylacetic acid in tetrahydrofuran and the average
titration indicated a 2.3 M concentration. The temperature of the CPC Cytos flow system was

set to +5 °C. The 2.3 M n-BulLi solution was used in Stream A and the 0.6 M 2,4-

dibromothiophene solution was in Stream B. Stream A was set at a flow rate of 0.5 mL/min



di ssolved in 11. 1nL of toluene or THF to afford a 0.6
M sol ution. n-BuLi in hexanes from Al drich was
WO 2aoca1wao t hree times with di phenyl acetic aci dPCTIB2005/002098
tetrahydrofuran and the average titration indicated a
2.3 Mconcentration. The tenpergture of the CPC Cytos
fl ow systemwas set to +5 0C. The 2.3 M n- BulLi
solution was used in Stream A and the 0.6 M 2, 4-
di br onot hi ophene solution was in Stream B. Stream A
was Sl stbanBiwa®vétbat.@ mimilio 2fdFl & Md=0fN Gir&int 6FaID &3 MBSI: 1.0 eq 2,5-

et b bulfhlsT0 of 8p8kBHL! Ao LY hADaL LEAMBARM theCh . A porton
3 pen‘tf %&H@whqqfeaqt'@yewwaﬁ P%%d\)oatg EtQdic; @elvesd bivmcd\"%mfforded a

. A pweductarstribitionlo quenched reaction m xture was

dijuted with Et OAc, analyzed by GO Ms and afforded a

produgdr:di stribution of: THF: 4-7%5 7% 29"8% 5 1. 15

/o 8.6% Toluene: 6 -6%9 -2%84.3%In both sol vents,

only %gf‘regl oi somer is observed whigh is the same o g
I

regar ss ol venhew (Tsel W| ty depe dence o Et
dé ot appear—t l e 6“

sol ven j
di br onot fii ophene. What is d ai msd | S §0ce$s of

preparing a conpound of fhe fornyla ﬁaw ng the
structufd wherein RL and°R2 aré |ndependentlgn15%

sel ected fromthe group consisting of hydrogen, (Cr
C8) al kyl, (CrQQCal koxy-fCrCtra }_' Ylg, (C3-C8)cycloal kyl -
(C1- C8)a| koxy- (C 4-C8)cycl oa . aryl, aryl (CrC

8)al kyl, heteroaryl, heterogr KCFrCsJaI kyI wher ei n
aryl is phenyl or naphthy nd heteroaryl isabto7
menber ed heteroaryl ri n& cGht ai ni ng fromone to four
heteroatons in the ring selested from oxygen, nitrogen
and sulfur, wth the proviso that said ring cannot
cht aTMedio adj acent oxygen atoms or two adj acent

sul fur atoms; or, HO_ Et
Wy ﬂx
S HO><U

.69 9.2%
6(0 - ’ 84.3%

in both solvents, only one regioisomer is observed which is the same regardless of solvent.
15 Regioselectivity dependence on solvent does not appear to play a role with 24-

dibromothiophene.



wherein R1 and R2 together with the carbon to which
they are attached forma 4 to 8 nenbered cycl oal kyl

WO pivg/o1mBer ei n said cycloal kyl ring may be optPOnEs20§5/002098
substituted with one to three substituents sel ected
fromthe group consisting of (CL-C8)SIkV,
(C1-C8Jal kOXy, (Ci1- C8)al koxy-(CrC 8)al kyl -,
(C4-C8) cycl oal kyl -, (C4-C8) Cyd Qal kOxy-,
(C1- C8) al koxy-(C 4-C8)cycloal kyl -, ' aryl, wherein
aryl is phenyl or naphthyl, and heteroaryl is a 5 to 7
nmenbered heteroaryl ring containing fromone to four
het emmat ieCmimed ishe ring sel ected from oxygen,'
nitrggen RPI@_Ce%Q bff drdparit 4 ddmbslRd BY th/ foftuiali AddingtAé druttirag
cannot contain two adjacent oxygepsatoms or two ’
adj acent sul fur atoms; wherein R3] R4, and RS are
i ndependently selected fromt R onsi sting of
hydrogen, (G C8)al kyl, (G Cof) @l koxy,

1

gycl oal kyl -,
(C4- C8)cycl oal koxy-, (Cl-C8
4-C8) cycl oal kyl -, aryl, aryl (I r C8)al kyl, heteroaryl,

and het eroar yKCr C bJal kyl , whdr ei n aryl is phenyl or

n&pht hyl and heteroaryl is a 5 to 7 nenbered

het er oar ywhereing' @i’ arerindegeridemirseleriedtiigmitin group consisting of hydrogen,
heg ere a8 MIGI, (E)-dofafkokyL(BHCSEMyE CLo3d:)EycRENDX YT eR)alkmtyt(CAGycloalkyl-,
?gn t }l{'lylg“fa;r'l;(r}\gfé%?tlkg/lcth?}%roB{XP“Etﬁl%gf%l&@ﬁtsca%rﬁh?wﬁéré’frg afyPd rb‘l-’]&nyl or naphthyl,

g e oxygen ) wo adj acent

sul f @nd aqtgml i iog) memperad I"ﬁtefpa[ybr@g ﬁOWl?IPp fé'énbmecto four heteroatoms
mmrrberr thk @R8¢ sdidtan fiom c_&;zgeaj r)iﬂ‘agert hrel sutidrewithettle Brovisgsthat said ring cannot
ge];r: Q:?lﬁ?igﬁjg%\ﬂfgcé{’{g@&é‘én%ao%s}éh%;adjgmuif&iafbgwis; da) formng
st ruct ur e "ie&p &9 ﬁ@%ijtggeér?ef H’@'} tﬁ‘é?é)r%orm‘lf ?“‘Q“L‘H%‘Va%% Q%,c ﬁe@”’" a4tosd
R4, amhbRsd arcealasringetherinisaistsuiasliyiing maybecsiirgalysebsiied with one to
the ftﬂ&@ub@tit%é_nls %&Mea GrofnNe Sgrdiu Cobigicting \oN €T ETofalkRRL (@T@)alkoxy, (Cr-

ar S | - ' i i L
By 0, O e, (28BS PNC DRRE fcm.
(a) Vﬁrxl,f@rng(-@e@gl\,] tq{?,qryl,| qe{efppumq%ﬁﬁﬂm,reinm ,is phenyl or na;ﬁ‘nthyl, and

heteroaryl is a 5 to 7 membered heteroaryl ring containing from one to four heteroatoms in the :
ring selected from oxygen, nitrogen and sulfur, with the proviso that said ring cannot contair -
two adjacent oxygen atoms or two adjacent sulfur atoms; [
20 wherein R®, R%, and R® are independently selected from the group consisting of
hydrogen, (Cq-Cg)alkyl, (Ci-Cg)alkoxy, (C+-Cg)alkoxy-(Cs-Cg)alkyl-, (C4-Cg)cycloalkyl-, (Cs-
Cs)cycloalkoxy-,  (C4-Cg)alkoxy-(Cs-Cg)cycloalkyl-, aryl, aryl(C4-Cg)alkyl, heteroaryl, and
heteroaryl(Cs-Cg)alkyl, wherein aryl is phenyl or naphthyl and heteroaryl is a 5 to 7 membered
heteroaryl ring containing from one to four heteroatoms in the ring selected from oxygen,
25 nitrogen and sulfur, with the proviso that said ring cannot contain two adjacent oxygen atoms
or two adjacent sulfur atoms;
wherein X is a halogen with atomic number less than or equal to the selected Z, as
defined below;
wherein Y is N;
30 comprising: (a) forming a mixture of a compound of the formula II having the

structure:



(c) quenching the m xture fornmed in (b) with a proton
donor so as to formthe conpound of fornmula |I. 2. The

wee@eos®3Of claiml, wherein Y is N and R3, RAPCHIBR0SXH02098

are hydrogen, and wherein Xis Br and Zis Br. 3. The
process of claim1l, wherein thegdrxture formed in step
(a) is treated at a tenperature of about -10 Cto
about 40 OCwith a (Cl1-C Gal kVl lithium conpound. 4.
The process of claim1l, wherein the reaction inert
solvent is an aromatic hydrocarpon selected fromthe
group consisting of toluene and|xylenes. 5. The
process of claim1, wherei R epXa) the
concentration of the conpoundjof flornula Il is about
0.1 Mto about 2.0M and the nc ration of the
conpound of formula 11l isZ mYti pIP\g of about 0.9

ti ITE%vh&rgin Q;ikoéfi'ther:bf lgf 11dnBBS Yt RE REQRERTYré & defiied @!?og?;h e A
conpound of. formu an rein i ep t he
concent r ai""iﬂb%COB’me'ﬁé’} tk 805"8%8'@%'(" Iﬂui s‘ltrp ﬂlﬁ%m conpound

contained in the reaction inert sgfvent is a nmultiple
of about 1 to about 1.2 tinmes thelaforesaid
concentration of the conpound af“forwrila I1. 6. The
process of cl aj

aim 1, .wherei and R2 are . . .
i ﬁdependewF?r?n §e1”"8 &2 are afs%fﬁ?cf%iye "ﬂ% oy cigglrﬁln%tlrr]l%! re'actlon inert solvent;
( C3- C8) cy 61 ety the mixisre fRmeg fcsteRe)tig a{ Frisio ik fifhiupyrgmpound; and,
carbon to which th are ajtached farma 4 t
menber ed &) APGMRY, ey iRy 'I?fmeﬁ "2 g??tvl’"{rfu%lﬁ?toﬁ %’\?v§rp?°o%se§°sf°rm the
of preepeauntgf famaglahpound of the fornmula | having the
structure;wherein RL and R2 are. in ndentsl v s t .
from? he JPORIFeELAEPL FH’Q”S‘F @{ﬁ/'& P%‘S’gﬁ,ﬁ ’ f’éﬁ é¥ %}Yﬁ#ﬁ% Sn% wherein
(101- G83 Bt dodys BrC 1- C8) al kyl -, (C3-C8)cycl oal kyl -, (Cr
C8) al koxy-(C 4-C8)cycloal kyl -, aryl, aryl (d-C, 8)al kyl
et crdoar e REEH PRI o e AR HrGlelhesy Sgpy ) [Lbestea ot =
phenyémeratunapizbdng [-10 3h b dhettap dawiH a (CsCaalky! litgjuny compound.
menbered heteroaryl ring containing fromone to four
het erfoat orfge PrAcesHef cla'n'hb%@grle@ él}eéaacfl&dpﬁrb%ﬁrg hs’ annalrc%mra(lf){cs;g I'éyrc]irocarbon
and ssleéted fronvihé brotrh@ngistioy ofda@uenk and xyighe$- ri ng cannot
15 5. The process of claim 1, wherein in step (a) the concentration of the compound of
formula Il is about 0.1 M to about 2.0M and the concentration of the compound of formula Il
is a multiple of about 0.9 times to about 1.1 times the concentration of the compound of
formula 1I, and wherein in step (b) the concentration of the (C4-Cg)alkyl lithium compound

contained in the reaction inert solvent is a multiple of about 1 to about 1.2 times the aforesaid

20 concentration of the compound of formula Il

6. The process of claim 1, wherein R' and R? are independently selected from (Cy-
Cg)alkyl and (Cs-Cg)cycloalkyl-, or R' and R® together with the carbon to which they are

attached form a 4 to 8 membered cycloalkyl ring.

7. A continuous flow process of preparing a compound of the formula | having the

25 structure:



contain two adj acent oxygen atons or two adj acent
sul fur atons; or, wherein Rl and R2 together with the
w@a00bomoB® whi ch they are attached forma 4 toPGI/IB2005/002098
menbered cycl oal kyl ring, wherein said cycloal kyl ring
may be optionally substituted wih one to three
substituents selected fromthe group consisting of (Cr
C8)al kyl, (Cr C8)al koxy, (Cl- CB8)al koxy-(Cr
C8)al kyl -, (C4-C8)cycloal kyl -, (C4-C8)Cyd Cal kOXy-,
(C1-C8) al koxy-(C 4-C8)cycl oal kyl -gaaryl, aryl (Cr
C8) al kyl, heteroaryl, heteroaryl( r C8)al kyl, wherein
aryl is phenyl or naphthyl ryl isabto?7
menbered heteroaryl ring conbﬁ romone to four
heteroatoms in the ring gele f oxygen, nitrogen
and sul fur, with the provi sofhat Ysai Rring cannot
contain two adj acent oxygen aLoms or two adj acent
sul fur atons; wherein R3, R4, Rand R5 are i ndependent |y
sel ected from the group conS|st|ng of hydrogen, (Cr
C8) al kyl , whézein eSauaiIR%@wndepéadémlmﬂmdymﬁmﬂ@rgwlOhwstmg of hydrogen,

04 Q&l aTkoxy((@4C )aﬁ@)— C(SCQJCQé\}cK)QIKW ;(C1(CQ)'alkoxy—(C4-Cs)cycloalkyI-

C§) alal%'yl l( égé?léﬂvi\éroargﬁalé%rg?%l i?%&' \&dgej ﬁ{)" is phenyl or naphthyl,
wher end he;«pryqlrylpga @Weﬁquqam@fedﬁlgpfppqumgéﬁ@}alw@q @qnb%ﬂa);}) fqursheéeroatoms
S toi thmﬁfﬁ)@éléiﬂadhﬁtn&fx@%ﬁ,ydltrdgbmgwmmirawm the) plovismthatrsaidtring cannot
four corﬁg E{V\%%tdjgg%% J»&getngfo s'op o%&‘L@aﬁI &fturt afoﬁﬂl dpxygen

ni trogen an rovi so

t ha
cannot coMPePR R 7 5dﬁ°%f‘éf§h’t"'trbql€ grEhPn At WHE %?y Tr?/\BﬁaChegqmm attosd
aj acenbersd bchalkytrgneheranraideyatraiKyliring mayhizel aptipaallywiistiuted with one to

at omyged Qm\%ﬁﬁenltse%cie@ 3fdmOthe BB cohSisth§ @f ISLBRIkAd (FHCoalRoxy, (C-

ge];.nl %%W&%Bﬁgv‘%mﬁ%— d ﬁ)ayclofalﬁyfl-l\tg‘; %gggglro?ll%ox %e%alio% @-&gcycloalkyl-
ei t heryl, Bryl(@eb)alkyl, mﬁoarw( hetqroarp@h qaglkyldmyrepgnéfsé)hgyl or naphthyl, and
defi n@féroa.l@nya,s tOWF BmBeréiiERaiayOring feoritdiend famank o thirlheteroatoms in the

W&er erfng sggtte%qgm%%ygéﬁ i J%ﬁend%fdlsnlﬁp \Aﬁtn%eprom%{a@ kdild ﬁr@' chnot contain

non- coor atin reactl on 1 nert sol vent
f or nstw%\atzqucpgtoxygélé@t@rﬁf or fwo adjacent sulfur atoms; ;

wherein R®, R*, and R® are independently selected from the group consisting of

hydrogen, (Ci-Cg)alkyl, (Cs-Cg)alkoxy, (Ci-Cg)alkoxy-(Cs+-Cglalkyl-, (C4-Cg)cycloalkyl-, (Ca-
Cs)cycloalkoxy-,  (Ci-Cg)alkoxy-(Cs-Cs)cycloalkyl-, aryl, aryl(Cs-Cgalkyl, heteroaryl, and

20  heteroaryl(C4-Cg)alkyl, wherein aryl is phenyl or naphthyl and heteroaryl is a 5 to 7 membered

heteroaryl ring containing from one to four heteroatoms in the ring selected from oxygen,
nitrogen and sulfur, with the proviso that said ring cannot contain two adjaqent oxygen atoms

or two adjacent sulfur atoms;
wherein X is a halogen with atomic number less than or equal to the selected Z, as

25  defined below;
wherein Y is N;
comprising (a) forming a mixture of a compound of the formula Il
. Ré
R® X
X
Z
Y

R5



stream ( (b) form ng a second reagent stream
conprising a (C C8)al kyl lithium conmpound; (c)
w@evbioniopg t he first reagent streamw th the sSPCDIBR005/002098
reagent streamin a mxing zone; and, (d) quenching
the mxture formed in (c) with g,proton donor so as to
formthe conpound of fornula I. 23 The process of
claim7, wherein Yis N R3, R4, and R5 are hydrogen;
and, X is Br and Zis Br. 9. The process of claim?7,
wher ei n t R@ekinSit efiRABLMd ISIERM, RS, FE'OAHaI RiQEk Ad defineti BBove, with a

second rea cont ai ni ng t he (CrC 8)al kyl
it hicﬁ'lji‘?%gﬁ'ﬁnﬂeh%rm”fﬁg] tenperature of about - 10 OC to

about 40 OC. , 10. The process of glaim7, wherein Rl

and R2 are independently sel ected Hrom (Cl- C8) al kyl

and (C3- CS)Q/CIlOaIKyI , or led 2 ogether wth

the carbon to which th tached forma 4 to 8

menber ed (‘,"9‘8@65 RUAR ﬁ"’n do ”fd ® process of claim1

wer ei n t ndrereiorspid mirdure o non-aedrdinafing reaein iprheplvent forms a first reagent

enol igahhe hydrogens. 12. A process of preparing a

compound of the formula IV having the structure:

wher ei n Rib)derdiniR2 senoed ﬁeamp%rndemnhpyisisseﬂi €a1Cadlky! fitium corepound;

(1~ o) al REHTPEna NedfShr g s B JEP L ggRt sioem in & mixing

( C1- Capalakdxy- (C 4- C8) cycl oal kyl -, aryl,

V\Hgll\ Cral kyl , heteroar . heteroar% (CrC "L ? form th
rein ar§i deacnpadiy m ¢ frptt By “iha AR §9 o 4 form the

a 5 tompoumgebiemet thet eroaryl ring containing fromone

to four heteroatonsin the ri sel gcted forom aoxygen, ..

ni troyen diePOEASE grclain ¢ efefe Yq'f) Po@f@fn a'e%%ta'%%ﬁ’@g%? Ay X is Brand

cannat iscntai n two adj acent oxygen atonms or two

adj acent sul fur atoms; or, wherein Rl and R2 to

with $he CAPBBReSE S SHN Chiviierinhe et reaopnt cRAT P B?Wﬂ%ﬁd }t pe second

815  reagent stream containing the (C-Cg)alkyl lithium compound at a temperature of about -10 °C
to about 40 °C. -
10. The process of cléim 7, wherein R' and R? are independently selected from (Cs-
Cg)alkyl and (Cs-Cg)cycloalkyl-, or R' and R® together with the carbon to which they are

attached forma 4 to 8 membéred cycloalkyl ring.

20 11 The process of claim 1 wherein the compound of formula Il contains enolizable
hydrogens.
12. A process of preparing a compound of the formula IV having the structure:
R* OH
R1
R3
AN R2
=
X Y RS
25

wherein R' and R? are independently selected from the group consisting of hydrogen,
(C4-Cg)alkyl, (C4-Cg)alkoxy-(C4-Cg)alkyl-, (Cs-Cg)cycloalkyl-, (C4-Cg)alkoxy-(C4-Cg)cycloalkyl-,
aryl, aryl(C;-Cg)alkyl, heteroaryl, heteroaryl(C-Cg)alkyl, wherein aryl is phenyl or naphthyl,
and heteroaryl is a 5 to 7 membered heteroaryi ring containing from one to four heteroatoms



menbered cycl oal kyl ring, wherein said cycloal kyl ring

may be optionally substituted with one to three
w@ewshitsent s sel ected fromthe group consi sti PQI/mE2005/002098

(C1-C8) Sl Kyl, (cC1-cC8Jal KoXy, (Cl-

C8) al Koxy- (C1-C8) al Kyl -, ycl oal kyl -

(C4-C8) cycl oal Koxy-, (Ci- CSJaI g(y (C4-C8) C,yCI Cal Kyl -

aryl, aryl(C -C 8)al Kyl, heteroaryl, heteroaryl (CrC

8)al Kyl, wherein aryl is phenyl or napht hyl , and

het efPAE Yihg ééec@d Qo%%xygeméﬁﬁwdl’@tﬁﬁf ikl thid provigtOthat said ring cannot

ggré??{’%%l” g\lro g nJ]acen or}g%etn%t ! %%I[ two%&%aﬁ?s%ﬂ[??tohq@ oﬁ‘ htGhrIt Eg

provi so t Wagreis &/ é"dr‘F ﬁ@g%‘&hﬂgﬂh%%‘f"al"%w'ﬂ ﬁbth%i’oe]r%lét@ﬁ'?ed forma 4 to 8

oxygernmaérecﬂreycleélkyt N, \erifeiCeaidtcyctialkfl ing @iydmeBptiondiig saistitutRByith one to

conS| S?e Bis il %ﬁl@t@&%ﬁ%%é %rﬁjslg%ﬁéls%ﬁb fof e %ﬁm 19(eDakoxy, (G-
i

(C1- @)?51’%%%‘8(3% vl )5¥°£€§'f<¥|' (Cc &C)égal oxy- &icycloalkyl-
C8) cyoll, aal(Bete)aikyl, ife@loalB hatkitany(C{CaalkCaihea amlsmyqanyl or naphthyl, and

ar yl he@FerlyI(IQa 56 'ﬁ%éﬂ‘\ﬁg\’éd heﬁ%@frﬂ@rcyﬂtaml@ﬁ@mr&b & @ hyteloSoms in the
I N ar

h et ernB%F%ieicied i\T'hrg Oéygtarb m}%green n%efég? {1 rov%f) R@YLaloalr}\% cannot contain
cont dvmadiagerft ovgebIeMS & Mmﬂac?f‘éﬁ‘éfﬂbaé‘i%ﬁm int he ring
sel ect ed fwhérehm Ry g€ rand IR° tafeD HEEpendutiys sdidctet , fromi thh drdue consisting of

g;;;lhﬁé}oéenat(m & aﬁLylr '(BQC&SMQM (CC @%ﬂ}x&‘%d ‘&alﬂﬁi qeLBhcycloalkyl-, (Cs
is a %)SY‘%B’@@??‘VV\A f‘ﬁ Ca)la't';’)?ﬁyé ﬁﬁi}%“é‘?‘a'kl"esgw hﬁrﬁltcd aﬁﬁm eﬁémaw' and

t he SeleeetykCl-GRalkylashechirf arvi éscohbl ovwaphiitybandihatetgaryigs a5 dg 7 membered
Gs Cqmrdaﬁ/l n‘@ coh@hindg @61 dAE 6 gt Kététb&orRy inahd AREO SRR Gom oxygen,

telhte hféﬁt{og}?’l ewg SBIFII‘ wtg etppo%l g’ ritus%tydl'll’lrn an\l\géefgﬁ g«%ﬁgﬁg?né oggen atoms
def i rmdvoailg@@tswrtawnﬁ corrpound of the fornmula |11

havi ng t hevhsiei UCib dhaloganhahetomidiundadeds2naar e easl Befid seisdied Z, as
aboveeh{éd%elg\gor di nating reaction inert solvent;

20 wherein Y is N or C;
comprising: (a) forming a mixture of a compound of the formula V having the

structure:

wherein Z is either bromo or iodo; and, X, Y, R3, R“, and R® are as defined above;
25 with a compound of the formula Il having the structure:
(0]

A

wherein R' and R? are as defined above

R1

in a coordinating reaction inert solvent;
(b) treating the mixture formed in step (a) with a (C4-Cg)alkyl lithium compound; and,

30 (c) quenching the mixture formed in (b) with a proton donor so as to form the

compound of formula 1V.



(b) treating the mxture forned in step (a) with a

(C1-C8Jal Kyl lithium conmpound; and, (c) quenching the
worRoost®3d orned in (b) with a proton donor so BGI/IB2005/002098

formthe compound of fornula IV.13. The process of

claim12, wherein Yis Nor Cand R3, R4, and RS are

H, and wherein X is Br and Zis Br. 14. A continuous

fl ow process of preparing a conpound of the forrmula IV

havi ng the structure: wherein Rl and R2 are

I ndepandenthk Brosdak exd=a6l14, wWadreih Ivas 19 60T PnadS) T8 &ldiRA gre®Ff and wherein X

hydro NnaeW 5 C 8)al kyl, (G C8)al koxy-(C r C8)al kyl -

?cycl oa kyI , (Cr C8)al koxy-(C4-C8)cycl oal kyl -

ar yl , 14ar Y A Edntifuo®) fwKprbcesdet gre@mny/ b ,compound of the formula lV having the

heterqg thCrCsJaI kyl, wherein aryl is phenyl or

naphtsnyf and heteroaryl is abto 7 nenbered

he'teroaryl ring containing froRfoneOH o four

heteroatons in the ring s bxygen, nitrogen

and sul fur, with the provis ri ng cannot

contain two adjacent oxygen wo adj acent

sul fur atons; or, wherein st ogether with the

cal bon to which they are attached forma 4 to 8

menbered cycl o sai cl oal k

oy be. optTBHH ST PP e o S pfihestht hycrogen.

subst Ci-Goalky (SeCaatomel(ChCorikitHh éCffsisygioatigin I s €d)apxn(C.-Celeycloalkyl-,

C8) al &y aryi(dFics)aiky3) mkdiday, , hefefakryl(CBE Ay XierbitTaryt is phenyl or naphthyl,

C@lal I, ie‘.l?roQ@A %)t%g ;;198@%,&}’ A%er?wnq%%%ﬁ\% Fllj( ékﬁgé(% four heteroatoms

cs) al iRyhe, ring é?'é?t%’affcgm OvBREY @F?P&P;?P‘E err'fu't:Wé') e Ryavise {igksa fing cannot
aryl dostajphensdiacent oxyggidtdmyd qr tvecrdijaaett eulforatonts; ors a 5 to 7

nmenber ed Wﬁie%rmraxh RP loB&h&Qﬂﬁ %%a& &mm @R ark QttdcAH form a 4 to 8
het eroatons i n cte

and S’U?’Ft{f ed CW'qa{l}y PPPGWB$ %Q/faé CYpIs y r@glmay F%/ %)gorf@gnsH%itlt%%g with one to
ctnt afuee towestinel]is edlerted ooy e greuPBONGiRting vas (BfdabeiCr-Caalkoxy, (Cr-

sul f UCs)a%@f‘(& CM@V BELCRIcloaldly, (@fiﬁ)CR&aM@ imd@ﬂwmidabtycloalkyl-

sel ec
i h&ES: 1 w éir[ & hthyl, and
(o REIE B0, AR ERaR] A BT e s
( C4 dgz}%w @éq q<t9|7 mememd het%()a@y Erpgdrgptglalgg,from ?re to four heteroatoms:in the
C8) al fingxyledtéddirotByxgyen) otedgkry bnd, suiryith the grb\(ls@rthaﬁisalahlbqnta,nnot contain
h% ert@@%éﬁgoenﬁﬂ%en atoms or two adjacent sulfur atoms;
wherein R®, R*, and R® are independently selected from the group consisting of
hydrogen, (Ci-Cg)alkyl, (C:-Cs)alkoxy, (Ci-Cs)alkoxy-(Cs-Cg)alkyl-, (Cs-Cg)cycloalkyl-, (Ca-
Cs)cycloalkoxy-, (C4-Cg)alkoxy-(Cs-Cg)cycloalkyl-, aryl, aryl(Ci-Cg)alkyl, heteroaryl, and

heteroaryl(C;-Cg)alkyl, wherein aryl is phenyl or naphthyl and heteroaryl is a 5 to 7 membered
25 heteroaryl ring containing from one to four heteroatoms in the ring selected from oxygen,
nitrogen and sulfur, with the proviso that said ring cannot contain two adjacent oxygen atoms
or two adjacent sulfur atoms;
wherein X is a halogen with atomic number less than or equal to the selected Z, as
defined below; \
30 wherein Y is N or C;
comprising (a) forming a mixture of a compound of the formula V having the

structure:



het eroaryl (C1l-C8) al kyl, wherein aryl is phenyl or
napht hyl and heteroaryl is a 5 to 7 nenbered

whedeoomBsy| ring containing fromone to four PCT/IB2005/002098
heteroatons in the ring selected from oxygen, nitrogen
and sulfur, with the proviso that said ring cannot
contain two adjacent oxygen atons or two adj acent
sul fur atons; wherein X is a halogen with atomc
nunber | ess than or equal to the selected Z, as
defined bel ow, wherein Y is N ogs C conprising (a)
formng a m xture of a conpoundjof the fornula V

havi ng the structure: wherei i4 her brono or iodo
; and, X, Y, R3, R4, and R5 alje a3 defined above, with
a conmpound of the fornmula I1ILk ein RL and R2 are

as defined above; in a coordi na¥ing RPeaction inert

sol vent, %m&%iﬁ s éiiﬂller%rmwB(BMg& 6,18 va R, iR Sdnd IRE a@estdefined above,
stream ormng a second reagent stream conprising

a (ij‘ﬂ'tb:%g%i%wd‘ifth%‘?"Uﬁl?@onpound; (c) comnbining the

first reagent streamw th the secdhd reagent streamin

a m xing zone; and, (d) guenching the nmi xture forned

in (c) with a proton donor so as”to fmrmthe conpound

of formula IV. 15. The process of claim 14, wherein Y
i § N or CYhefpiRRe?l FRE™e 3R4eiNeqdPO¥E are H and, wherein
X i s Br ainc cBordipatiBp reaction inert solvent,

wherein said mixture forms a first reagent stream;
(b) forming a second reagent stream comprising a (C4-Cg)alkyl lithium compound;

(c) combining the first reagent stream with the second reagent stream in a mixing

10 zone; and,

(d) quenching the mixture formed in (c) with a proton donor so as to form the

compound of formula IV.

15. The process of claim 14, wherein Y is N or C; wherein R RY, and R® are H; and,

wherein X is Brand Z is Br.

15 -



