PROCESS FOR THE SYNTHESI S C-2, C 3 SUBSTI TUTED N- ALKYLATED | NDOLES USEFUL
AS CPLA2 | NHI BI TORS FI ELD OF THE I NVENTION This invention relates to a
process fwo 20mi2B@1substituted indol es useful as CPLA2 ipglmiuskéosnsssagnd

i nt ernmedi ate conpounds in that process. BACKGROUND Processes for al kyl ating
the C-3 position of indoles are well known in the art. The effect of
different netal cations, base concentration, and catal ysts for the phase
transfer al kyl ati on BROGRES EQRUPYNAHESIST 6rkiiG-3 SYBITAEUDERN st udi ed.

Al kyl ation of indol ed-BlafYIATED VRIS USEFWLAS aPifi NHIBOIORS of aci d.
Trifluoroacetic acid and triethylsilane have been used in conbination to

si mul taneously al kyl ate and reduce at the C 3 position of indoles. However,
trifluoroacetic acid is inconpatible with some acid sensitive functional

groups, %uch:,gF RENFREINVENSTIEONIPS. Known net hods for produci ng N-al kyl ated
i ndol es genera Py require expensive materials and processing. An efficient

and economi cal nethv@veRiongelatesde agrogess fofmaking supaiiied indolesseds gse
desirabl e. SEVMARGidiGrsTaie ihEMRATAEN orpBuRIER Mt praleggt | on provi des net hod

for maki ng a conpound of fornula 1: 1 conprising the steps of reacting
conpounds of formulas 2 and 3:to produce an internedi ate conpound of
formul a 4: vépresROBND R2, R3, R4 and RS are defined as described herein.

The reaction occurs ) N .
10 Processes for alkylating the C-3 position of indoles are well known in the art.

The effect of different metal cations, base concentration, and catalysts for the phase
transfer alkylation of indoles under basic conditions has been studied. Alkylation of
indoles can also proceed with catalytic amounts of acid. Trifluoroacetic acid and
triethylsilane have been used in combination to simultaneously alkylate and reduce at

15  the C-3 position of indoles. However, trifluoroacetic acid is incompatible with some
acid sensitive functional groups, such as benzhydryl groups.

Known methods for producing N-alkylated indoles generally require
expensive materials and processing. An efficient and economical method for:
20 producing N-alkylated indoles is therefore desirable. '

SUMMARY OF THE INVENTION

The present invention provides method for making a compound of formula 1:

O
HO
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comprising the steps of reacting compounds of formulas 2 and 3:



in the presence of a base, a palladiumcatal yst, and a copper catalyst. The
conpound of fornula 4 is then converted to the conpound of fornmula 1. The

i nvent i onwbunédnassiconpri ses conpounds of fornul as 3 andpérasdoosmrdsesis for
maki ng conpounds of fornulas 3 and 4. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The coupling reaction of a conmpound of fornula 3, above, with
N-substituted 2-iodo, 4-chloro anilines requires different reaction
conditions depending on the identity of the aniline am no substituent. Wen
the ami no substituent is a fjrif) uoroacetyl group, for_exanple, the reaction
is facile with relatively | 6w Fevels of cataﬁé\ﬁt/s\(/e./., about 1 nole % Pd
catalyst and 2 nole % Cul) at| noderate tenperatjures (e.g., less than 50 Q).
However, when the am no sGisstTyent is a benzbp@yl group, nore Pd catal yst
(e.g., about 5 nole % or e) lis necessary, whi ch increases the cost and
conplexity of the synthes d Yyt fi catf Ras been discovered that
the coupling reaction of conpaungds of fornu 2 and 3 will proceed
efficiently to produce the conpound of formiyd 4Rtn hi gh yield when the
amount of pall adi um catal yst i ireduced (e.g.r3 about 0.5 nole % to about
1.5 nmole %, provided that the copper catalyst is present in at |east about
5 nole %and at | east about 2 ui valents (i.e. 3 about 200 nol e % of a
base i s usedprodiic® aSiptedinetiatscamidundotifrmaka: yst makes the nethod of the
invention nore efficient and econom cal. The present invention provides

met hod for making a conpound of'formula 1: 1

R! R?
NH N—SO,
b S
g S

S 4
wherein R', R?, R®, R* and R® are defined as described herein. The reaction occurs
in the presence of a base, a palladium catalyst, and a copper catalyst. The
compound of formula 4 is then converted to the compound of formula 1.

10 The invention further comprises compounds of formulas 3 and 4 and methods
for making compounds of formulas 3 and 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The coupling reaction of a compound of formula 3, above, with N-substituted
15  2-iodo, 4-chloro anilines requires different reaction conditions depending on the
identity of the aniline amino substituent. When the amino substituent is a
trifluoroacetyl group, for example, the reaction is facile with relatively low levels of
catalysts (e.g., about 1 mole % Pd catalyst and 2 mole % Cul) at moderate
temperatures (e.g., less than 50 °C). However, when the amino substituent is a
20  benzhydryl group, more Pd catalyst (e.g., about 5 mole % or more) is necessary,
which increases the cost and complexity of the synthesis and purification.



conprising the steps of reacting conpounds of fornmulas 2 and 3: 2 3 to
produce an internedi ate conpound of formula 4:wherein Rl, R2, R3, and R4
each is iwdependsntly sel ected fromthe group consi sti ngcefuskhoshadsegen,

-CN, -CHO, -CF3, -OCF3, -OH, -NO2, -Cl alkyl, -C alkoxy, -NH2, -NH(C -6

al kyl), -N(C 1-6 a'kyl)2, and -NHC(O-C 1-6 alkyl, and R5 is selected from
the group consisting of Hand -C(O O Cl-6 alkyl. The reaction occurs in the

presence of a basﬂqasaod%ald.@gvmmmeyaiupm@rwaammwmmpeawofscsrmuﬁaez
conmpound of formula 4 is then converted to (oY) ?ﬂ?f formula 1.
D e

In
some enbodi ABABWill RIOCERD eﬁﬁ@"t'éfﬂi’@ﬁucﬁé%c?’?p? {p ugh ¥elded from
t fr:g gr OU|0t C%fehm%é B&o@ﬁt dfh, paha"du@ﬁ%ﬁtalysﬁEiﬂedLﬁéd (e. @laﬁomokslhwolel R t6abdwi n
enbodi nent s (S
enmbodi ment s, 1.5mojeg %), @f@wdqéthiagthpl cog&er cgap{s?‘ ar%eq_eeﬁ{ linsat ﬁasg?bquégé?olgb/but 2
equi val eBt s gn@-al leasB&Yt 22qdivaRrtis\(ee. eaﬁcﬁut 200 male0u) ofa bags iv akemt The ofe base

may be present in the reac ure. ita ases in

exanpl e, trichfesyPaliadiue cata yé?ma\%%t&ug mgt OfH'é%'”Xerg'ogiP%rgﬁ%éCf%ﬁEnguch as

di i sopropyl edcbydraigane or triethylamne), alkali earth netal carbonates
(e.g., lithium carbonate, sodium carbonate, potassium carbonate, or cesium
carbonate), alkali earth nmetal bicarbonates (e.g., lithium bicarbonate,

sodi um bi car bonatThe fresens Hiventidn gravitenatitpd for neakiigarcdmpeurioofdorejula &l kal i ne
earth nmetal carbonates (e.g., magnes'um carbonate, cal cium carbonate, or
bari um carbonate), and al kal i ne RALL et al bicarbonates (e.g., magnesium
bi car bonat e, cal ci um bi carbonat e, ~“or\ bari um

R3

10

comprising the steps of reacting compounds of formulas 2 and 3:

O R~

o
;soz
2 3

15  to produce an intermediate compound of formula 4:



bi carbonate). The pall adium catal yst may be present in about 0.5 nole %to
about 1.5 nole % Any pall adium catal yst useful in Sonogashira-type

coupl i ng weaoddmBa1nmay be used, including, for exanple, rEad@s2¢BBR33L,
Pd(PPh3) 4, Pd(CN)2Cl 2, Pd(OAc)2, andPdCl 2 with appropriate phosphi ne

| i gands such as PPh3, P(cyclohexyl) 3, or P(f-butyl) 2methyl. The copper
catal yst may be present in at |east about 5 nole % (e.g., 5 nole %to about
15 nole % or about 10 nole % . &ny copper catalyst useful in
Sonogashira-type coupling reactigns may be used, including, for exanple,
copper iodide (Cul). Organic ba (e.g., trialkylam nes) may be renoved by
distillation of the produc ' 3. typically under reduced pressure. An
al cohol, such as isopropa may beSsdded to keBp nRAor i mpurities

di ssol ved whil e the conmpouw i ) ated by addition of an
anti-solvent, such as water, I ch obvi atesgt h *separate the
product from water-soluble inefgani c bases (e.g., kal ai and al kal i ne
earth nmetal carbonates and bi onates). Using ®he process of this

i nvention, conpounds of forrmul & 4 may be obtained in yields of at |east
about 90% and at purities of at |east abBout 95% The conpound of fornula 4

may be reacted wt [3) [ ipdide to produce a co und of fornmula. 5: The
conpound of %errﬁ'ﬂlg' % ’%aﬁ%ﬂr 83?9!} '85‘#?’?1&&%38%8%&%05”@&% congisting Ky |
of H, halogen, -CN, -CHO, -CF3, -OCFj3, -OH, -NO,, -C, alkyl, -C1 alkoxy, -NH,,
5 -NH(Cis alkyl), -N(C. alkyl),, and -NHC(O)-C, alkyl, and R® is selected from the
group consisting of H and -C(O)O-C, alkyl. The reaction occurs in the presence of

a base, a palladium catalyst, and a copper catalyst. The compound of formula 4 is
then converted to the compound of formula 1.

10 In some embodiments, R, R?, R%, and R* each is independently selected
from the group consisting of H, halogen, -CF;, and -C, alkyl. In certain
embodiments, R' is H, R?is Cl, R®is Cl, and R*is H. In other embodiments, R’ is
-CF3;, R?is H, R*is H, and R* is H.

15 At least about 2 equivalents (e.g., about 2-4 equivalents, or about 3
equivalents) of base may be present in the reaction mixture. Suitable bases include,
for example, trialkylamines (e.g., where alkyl has 1-6 carbon atoms such as
diisopropylethylamine or triethylamine), alkali earth metal carbonates (e.g., lithium
carbonate, sodium carbonate, potassium carbonate, or cesium carbonate), alkali

20  earth metal bicarbonates (e.g., lithium bicarbonate, sodium bicarbonate, potassium
bicarbonate, or cesium bicarbonate), alkaline earth metal carbonates (e.g.,
magnesium carbonate, calcium carbonate, or barium carbonate), and alkaline earth
metal bicarbonates (e.g., magnesium bicarbonate, calcium bicarbonate, or barium
bicarbonate).

25

The palladium catalyst may be present in about 0.5 mole % to about 1.5 mole
%. Any palladium catalyst useful in Sonogashira-type coupling reactions may be
used, including, for example, PdClx(PPh;),, Pd(PPhs)s, Pd(CN).Cl,, Pd(OAc),, and



to produce a conpound of fornula 7: The conpound of fornmula 7 may be reacted
with a base to renove the ester C -6 al kyl group and produce the conpound
of for nulwolooslingsigonpound of fornmula 7 nmay be isol at ed Poy/useyosin2d3zs zat i on
prior to reacting with the base, or alternatively, the conpound of fornula
7 may be reacted with the base without prior purification. The conpound of
formula 1 may be purified, for exanple, by recrystallization from an

al cohol, su et ot H 8¢ PPhA Plcyefe epared by
reacting 2?§8§§Aﬂ§) %ﬁré(yr”gf'fné}ﬁsglgﬁ?g tais%téjgi, for égxglcrryr%l e,b)g)ﬁp(iﬁodi nati on of
p- chl or oani Pitraitylbmeiyl. any ot her nethod known in the art) with benzhydrol
in the presence of an acid such as an organic sulfonic acid (e.qg.,
benzenesul foni ¢ acid, p-toluenesulfonic acid, or the lik rotic

. e), in an
solvent (e.g., adbe&apraricrialyst gy oREressat ‘Pt?é'qaﬁk%)q“t?ﬁ“c’é%}{%(eegm%moﬁgnts
this reagti aniiReeesoll aubyaiiil 10 6w %ssany esperiditiyerusafulime benzhydr ol

(0)

to the 2-iodo-4-chloroaniline to achieve a goo, ield Addition and
reaction ti $o8ogshirBdyRecAYRlNg RREIARSMAYRALIS Hg'"F'ﬁQ'”?*i far exapPIBOPPS of t he
product by h%@c;éém”)t he reaction, for exanple, to at |east about 75C, or at
| east about 0C, or to the reflux tenperature of the solvent. The conpound
of fornmula 2 thus produced may be purified by precipitation and filtration,

fol lowed by trit gghhi®BPasdst(B.g2 teaky@ihed)amaly be rEpidvan ol Mistiationnas e
impurities. The conpound canh be obtained in augurlg]tox Iof %t |.east about 90 %
A2GP POt

(e.g., ABoupramcbuogurs,lypicaly UndenEduasPredise 197 'SORIBRAS
prepared by pfa5d ddiddao keepr@itae irfduritios dsscivell whileithé comppundof fofndi@diul a 9:

Ie )r(] aﬁrgf}ef)r ©s %peccei}pitg];edabyba%sdietfonvg?grrm %lrw{ilsolzivslar?t, §u%?s?va éLr_, \%h%k\ i<o¥)|via{ess%\er,-] n8&d tof or
separate the product from water-soluble inorganic bases (e.g., alkalai and alkaline
earth metal carbonates and bicarbonates). Using the process of this invention,
15  compounds of formula 4 may be obtained in yields of at least about 90%, and at

purities of at least about 95%.

The compound of formula 4 may be reacted with copper iodide to produce a

compound of formula 5:

RZ
cl » Rs3
T g
N T R4
H &
20 ‘ ‘
5

The compound of formula 5 may be reacted with a compound of formula 6:

O—C,.g alkyl
o)
H
6

to produce a compound of formula 7:

25



tert-butoxycarbonyl). The invention also provides a nethod for nmaking a
conpound of fornula 4: 4 according to the nethods descri bed above. The

i nvent i onrwbunédnaseipr ovi des conpounds of fornula 4. The ipovasteosn2dsas t her
provi des conpounds of fornmula 3: wherein RlL, R2, R3, and R4 each is

i ndependently selected fromthe group consisting of H, hal ogen, -CN1-CHQO
-CF3, -OCF3, -OH, -N™2, -Cl1-6 alkyl, -Cl1 alkoxy, -NH2, -NH(Cl1 al kyl),
-N(C1-6 alkyl)2, and -NHC(O)-Cl-6 alkyl, and R5 is selected fromthegroup
consisting of Hand -C(OOC -6 alkyl. In sone enbodi nents, Rl, R2, R3,
and R4 each is independentli ﬁgecteo romthe group consisting of H,

hal ogen, -CF3, and -Cl-6 al Kyl® YOz t ai n enbodi nents, RLis H R2is
R3is A, and R4 is H In other enbod; ts, RLis -CF3, RRis H R3is H
and R4 is H 1In still other enbodi nery Rl is CH3, Ris H R3is H and
R4 is CH3. Exanples of conpounds of formyla 3 ing_ude

N- but - 3-ynyl - G- ( 2, 6-di net hyl i enyl)netha'esulfona deRa N- but - 3-ynyl - G (3, 4-
di chl or ophenyl ) met hanesul f onam)ek

N-but - 3-ynyl -C-(2-[trifl uoromet
nol e % as used herein refers to
nol es of the conpound of fornula 2
used herein, the term hal ogen
i odi ne. The term al kyl includeg //ight and branched chai n al kyl
groups, e.g., of 1 to 6 carbon ¥t OIS e termal koxy refers to -Oal kyl,
where al kyl is defined as 7

fonam de. The term

of fbrmyyl a 3,RWhichever is less. As
| uorine, chlorine, bronm ne and

5 The compound of formula 7 may be reacted with a base to remove the ester
C1.6 alkyl group and produce the compound of formula 1. The compound of formula
7 may be isolated by crystallization prior to reacting with the base, or alternatively,
the compound of formula 7 may be reacted with the base without prior purification.

10 The compound of formula 1 may be purified, for example, by recrystallization
from an alcohol, such as ethanol.

The compound of formula 2 can be prepared by reacting 2-iodo-4-
chloroaniline (obtained, for example, by iodination of p-chloroaniline, or by any other
15  method known in the art) with benzhydrol in the presence of an acid such as an
organic sulfonic acid (e.g., benzenesulfonic acid, p-toluenesulfonic acid, or the like),
in an aprotic solvent (e.g., acetonitrile, toluene, or the like). In some embodiments
this reaction proceeds slowly and requires slow addition of the benzhydrol to the
2-iodo-4-chloroaniline to achieve a good yield. Addition and reaction times can be
20 reduced without reducing the yield or purity of the product by heating the reaction, for
example, to at least about 75°C, or at least about 80°C, or to the reflux temperature
of the solvent. The compound of formula 2 thus produced may be purified by
precipitation and filtration, followed by trituration with a solvent (e.g., methanol) to
remove impurities. The compound can be obtained in a purity of at least about 90 %
25 (e.g., about 98-99%) by this method.



descri bed above. An enbodi nent of the present invention is shown below in
Schene 1.Schene 1 In the reaction between the conpounds of forrmulas 2 and
3, about wWwel2hoeaf23é1he pal | adi um cat al yst can be conbi ned peirtus2d408@29388rpound
of formula 3 in a first mxture, and the other half can be conmbined with

t he conpound of fornula 2, the Cul, and the base in a second m xture. The
first mxture can then be added slowy to the second. The conpound of
formula 4 nmay be Theaoimpotad etfoamda Betayver prdpared by seddtidg laycofripotindof on,

| eavi ng t he bul f .the I [ lyst in the nother |iquor solution.
If the pall é&ﬂ‘]ﬁ’:fﬁ @é@i“h@y‘zz"g’ﬁ”&:‘ﬁ%m{gaﬁacu on and indol e cyclization

reacti on are concatenated, the palRRadi um catal yst may be renoved during an
extractive workup, for exanple, by \W&Ehi ng theg o ni ¢ product layer with
an aqueous sol ution of Nacetyl cystejsug re known in the art. The
solid precipitate may al so be washed if additi qtval pall adiumextraction is
needed. Fol |l owi ng extracti on oRd it al yst, the conpound of
formula 4 is reacted with copper otic solvent to induce

i ndol e cyclization. If the R5 groug
terf-butoxycarbonyl), it will be rignmoved during |thi S step. Wien this
reaction is run at higher tenperatures, the rate of cyclization generally
is nore rapid and fewer inpurities8are found i@ the product. Suitable

sol vent s.i ncl yde N CLj | M A un at a
t enper at Or e "bt'!‘el pé%s?mcg%atbgé%&n%é h ;Ef & 'ggl)c?-&% 8%%8'35%&&% %&hﬁﬁ t hough
t he react anttert-batpxpmaronyd al | at once, it is preferable to slowy add the

conpound of forrmula 4 to a hot solution of the copper iodide, especially

when the reaction is carried out on |ar %e scal e.
The invention also provides a method for making a compound of formula 4:

Cl

A N R! R?
: NH “SN—S0,
k .
g ¢
4

10
according to the methods described above. The invention further provides
compounds of formula 4.
The invention further provides compounds of formula 3:
Rs\N /\/
|
SO,
R¢ R!
R2
15 R?
3

wherein R, R%, R%, and R* each is independently selected from the group consisting
of H, halogen, -CN, -CHO, -CF3, -OCFj3, -OH, -NO,, -C4¢ alkyl, -Cy.6 alkoxy, -NH,
-NH(C1. alkyl), -N(C1. alkyl),, and -NHC(O)-C alkyl, and R® is selected from the



The conpound of fornula 6 may be obtained by any nmethod known in the art,
for exanple, by reacting the correspondi ng al kyl 4-iodobenzoate wth allyl
al cohol iwoaossd2861@d suspensi on of sodi um bi carbonat e, tetrnabasybozagmONi um
brom de and palladium (I1) acetate in DMF. The conpound of fornula 6 may be
purified, for exanple, by formng the netabisulfite salt 6a, as shown in
Schene 2 below. Schene 2 al kyl For exanple, the conpound of formula 6 nmay

be di ssol Yefgrédb Sorsittihg Bl B 2PHJ6(1)D-6 Ll M|t In(Rnd embaiments) RAIRE, Rhrvar ted to
the netabisulfite salt 6a bébgﬁqdl tion of anaqueous mnet &?I sul fi t&gsol ution.

Al t hough ScHEmRach is Repprigien eRiehiEeALT&eIoHP fRnsHiag b beialgaen, -¢Eadpdnt
ot her net abi_gyl fik{1e 1% 8értdin EMbBdimenR] RS & IR CAIRCS4IC, ahe R*eaHC iIndther

net abi sul fite) nay be used, Separatipon, of .qQrgani ¢ layer repoves Qgrganic
par 1 cs. STHOSEREBi R e R A HAATLR' el Gt STl manes e
aqueous bkayes _CH%GRZ .Em:rma heHCawRY k@isb@bmbmgbhmmWQWfaﬁwufaw iﬂiﬁlblde 6 by
reacting it with a bas e, g. ot assi um carbonate) in ter-et

acet at egm' xtNJP%t'%TMBVI%é&‘\é'QW?‘?{BVI’F'Tf'é’y@‘?‘ﬁ@‘lan%scyg?'é?rg'dF’ﬂ'é’Pt'S' \'I"?]écg'l(%!g'e %/he
conpound. UsdidhbrbpheényliietradesiiifoaamizapantN-baf-3fyayinCH 2 [tHfluaombdyilshehd) ed

havi ng a puri tx of gr eat.gr t han about 95% In one enbodi nent of the

i nvention, tPHRENRMRYENATYCSBT fornulas 5 and 6 are reacted with boron
trifluoride etherate, trifluoroacetic acid and triethylsilane in nethyl ene

chloride to produgce the c ound qf formula,7, The ¢ ound of formula 7
can be éanertedu’ﬁW e Mo oeff‘n‘t?eafhef%? %?ratolfhwatfor%fgﬁ%gmle c}tq{eﬁggl'élt (e.g.,
a m xture oftoapuaoks oNtettoaipdundibf formalt Ramof formula 3, whichever is less.

As used herein, the term halogen refers to fluorine, chlorine, bromine and
iodine. The term alkyl includes both straight and branched chain alkyl groups, e.g.,
15 of 1 to 6 carbon atoms. The term alkoxy refers to —O-alkyl, where alkyl is defined as

described above.

An embodiment of the present invention is shown below in Scheme 1.



foll owed by | owering the pH (using, for exanple, an acid such as aqueous
acetic acid) to produce the conpound of fornula 1. The product may be

pr eci pi t avedpodiassiexanpl e, by reduci ng the sol vent vol uretasdoos@cusss ng t he
tenperature. Preferably, the conpound of formula 7 is converted to the
conmpound of forrmula 1 without previously isolating the conpound of formula
7. Alternatively, the conmpound of fornula 7 may be crystallized prior to
conver si on, gdhensx@npl e, by evaporating the solvent to produce a syrup, and
then stirring the syrup with ether and seed crysgals. The conpound may al so
be crystallized froman al cohol (e.g., nethanolf, "gthanol, igoprop |, and
the like) or zm%/ ot her suita,QJ,ze sol vent. The corgound of formil a”1l may be
purified by recrfystallizatiof froma variety Qf \solvent syste$fs, for

exampl e, fro | LipNeHCO; o 7 hepP A o xt ir e§, 'fh}/l+ aget at ekhept ane

m xtures, an e H0 kesh RecRyst al Icg‘:gzg-tej on fr et hano]] has been shown
to effectivel ypurify the cogpoun uishddeeut redu yi el d. hee 3
illustrates a route for making a conmpound of fornula 3. Schege 3 As
illustrated in Schenme 3, the conpound of formnul Y may be prepared, for
exanple, by reacting a sulfonyl chloride 10 with aqueousf,gaseous anmoni a
to forma sul fonam de 11, which can then be protected psrdaempbeasvat e, for
exanpl e, by reacting with te/f-butoxycarbonyl anhydride QM8CBNanhydri de).
The reaction may be run at elevated tenperature (e.g.,Yabout 45 0C) in a
sol vent such as toluene and in_the presence of 4-dinethylam nopyridune

(DVAP) and trigthylam ne (Et3l\|)R% Fhe conpound of rmula 9 may be prepared

by reacting 3-b -1-ol with

[1] R“ -—

Cul, DMA O > Rl R?
NH N—SO0,
H A
O ) o

Et;SiH, BF5OEt,,
TFA, CH,Cl,

0
HO

Cl . Ra
MeOH (aq.) R
NaOH, HOAc \ 9
—_—_—m—
N N—

In the reaction between the compounds of formulas 2 and 3, about half of the
5 palladium catalyst can be combined with the compound of formula 3 in a first mixture,
and the other half can be combined with the compound of formula 2, the Cul, and the

base in a second mixture. The first mixture can then be added slowly to the second.



chl orobenzenesul fonyl chloride in the presence of triethylamne in toluene.
In this reaction, it is convenient to keep the reaction tenperature bel ow
about 20 W6,20e202850e triethyl am ne hydrochl oride salt bypcodisesospress pit ates
and is readily separated byfiltration. The product can be precipitated from
the solution, for exanple, by reducing the solvent volunme and addi ng
propanol and cold water. In one exanple according to the invention, the

reaction bet WeenT%Q%oﬁfb%ﬁd’mam‘ﬂjlaﬁ%é\%@&e&pﬁﬁgd gn@Ffdd(/éreb sfam%u@wsence

of potassium carbonate %r anul es or vat e nper at ur es
(e.g., 50-55Itadn, lgavng thutkt(é@Qﬁa"sdlhwt?ﬂyﬂﬂm@er@fb%ilquéifSQ'lH@n If the

terf-but Oxy‘bgf%gf Hilca g Eﬂ;ﬂfﬁ@weéc%oﬂ@% %%lecyél'iz%ﬁ@n Fddclién afeOMpoOUNnd can be

used in the lon I'n The reaction onpounds of fornulas 8

and 9 i s ancercaighatedthepaigdivpt @aialvgiym%m%r@wa@ﬂvm amHextastivpwedyPat i on
general Iy i wrcéxg%leaaéwxzmhs% 6@9nnb‘%fd@ﬂcﬁaﬁé?'mtﬁrd?np§{u%bs BOIBGIH G-

containing a | eaving grou such ‘(,)\g_en or tosylate. The nethods
known in th@CatVlCY#aW\en@Pr%édléfelkﬂa\UPé‘ th@lart @Répllqu@r:@aimm@salsmbwever

especi al Iy Wasﬁ%&?ﬁ%@ﬂ%@aﬂd&ﬂﬂ@%ﬁ@ﬁ% eytive functional groups. The
triflate group -) has been shown to be a good | eaving group, but is

rel atively expensive. A mlder nethod known in the art for introducing the

horopr opar gyl gr dRowiRY @kitsdtiod oMheanadiumickRfy sk, 8 EdrAPouMdldl fetmidsd ¥ - 1- ol
and triphenyl phosphine” This reaction, however, suffers from poor

at om ecdPomyeadted with ePRPemiadiisd8 aB@Patis SB'W%%‘éﬁﬂ”dluﬁ?/mpleo‘i’YC"Z@(\?Ut e Rs
hormopr opar gyldily i dafdhdte (g G Rint- lhﬁo@@@r'b@ﬁfﬂ itWINIBE rérBbldl dUhY ths s@p.
(6]

conditions Dby using the | eavi n%g%g rophenyl sul fonyl . The
hormopr opar g han this Teagtionjispnat mmqgragydqgént@e jate of cyclization generally is

more rapid and fewer impurities are found in the product. Suitable solvents include
DMF, DMA, or the like. The reaction generally is run at a temperature at least about

15 100 °C, preferably about 145-155 °C. Although the reactants may be mixed all at
once, it is preferable to slowly add the compound of formula 4 to a hot solution of the
copper iodide, especially when the reaction is carried out on large scale.

The compound of formula 6 may be obtained by any method known in the ar,
20 for example, by reacting the corresponding alkyl 4-iodobenzoate with allyl alcohol in
a stirred suspension of sodium bicarbonate, tetrabutyl-ammonium bromide and
palladium (1l) acetate in DMF. The compound of formula 6 may be purified, for
example, by forming the metabisulfite salt 6a, as shown in Scheme 2 below.

25 Scheme 2
COZ_’C1_6 alkyl COZ_C1_5 alkyl COQ—'C1_6 alkyl

Na,S,05 (aq.) K,CO; (aq.)

Organic solvent
extraction

H O Ho™ o SO2Na

6 6a 6

For example, the compound of formula 6 may be dissolved in a suitable organic

solvent (e.g., toluene) and converted to the metabisulfite salt 6a by addition of an

10



bel ow, in which Nu represents a nucleophile. Schene 4 In addition to the
advant ages of relatively ow cost and mld conditions, this process al so
has t he aslpanseagssiihat the conpound of fornula 9 is a sekirdstévato2esan
beprepared in high yield and is stable to extended storage at room
tenperature. The selectivity of honopropargyl ation using the conpound of
formula 9 is illustrated by the high yield (-90 %9 of the

honmopr opar gydqatouwnsetabisuliiee solativpl @dthdagcdchees hincledes saium gnedabisulites| i ght

(<10% nol ar,, excess._of th orpoungd_.of roula 9. anmpl es. of ppounds
that pan be SERERELTSR Ui Rl gl & ool ol « hose
i n whi ch t healgium petdisufitblevmay beesasf. Sdparationof thetdrgarsc Elyersienones argahie
follow ng table:. ] f. El 4 H.,. . C HHHD
HoEa H b £ PRESs THSCpby e Sal 5a bt rebhely ke o qdpbs iy ' 1)
C d H 5 canthen be converted back to the compound of formula 6 by reacting it with a base

(e.g., potassium carbonate) in a water-ethyl acetate mixture and separating the ethyl

acetate layer to isolate the compound. Using this method, the compound of formula

6 can be isolated having a purity of greater than about 95%.

10 In one embodiment of the invention, the compounds of formulas 5 and 6 are
reacted with boron trifluoride etherate, trifluoroacetic acid and triethylsilane in

methylene chloride to produce the compound of formula 7.

The compound of formula 7 can be converted to the compound of formula 1
15 by treatment with base (e.g., a mixture of aqueous NaOH and THF in ethanol)
followed by lowering the pH (using, for example, an acid such as aqueous acetic
acid) to produce the compound of formula 1. The product may be precipitated, for

example, by reducing the solvent volume and reducing the temperature.

20 Preferably, the compound of formula 7 is converted to the compound of
formula 1 without previously isolating the compound of formula 7. Alternatively, the
compound of formula 7 may be crystallized prior to conversion, for example, by
evaporating the solvent to produce a syrup, and then stirring the syrup with ether and
seed crystals. The compound may also be crystallized from an alcohol (e.g.,

25 methanol, ethanol, isopropanol, and the like) or any other suitable solvent.

The compound of formula 1 may be purified by recrystallization from a variety
of solvent systems, for example, from toluene, toluene/heptane mixtures, ethyl
acetate/heptane mixtures, and the like. Recrystallization from 100% ethanol has

30 been shown to effectively purify the compound without reducing yield.

Scheme 3 illustrates a route for making a compound of formula 3.

11



KHOA HHL OCF., HH H The foll ow ng exanples are presented to illustrate
certain enbodi nents of the present invention, and should not be construed
as |imtiwg oéw2saepe of this invention. Exanmple 1: PCT/US2005/029338
Benzhydryl - (4- chl or o- 2-i odo- phenyl ) -am ne A solution of benzhydrol (13.5 g,
73.3 mol ) and acetonitrile (56 nL.) was added over 1h to a warm (80 0C),

stirred solution of 2-chloro-4-iodoaniline (16 g, 63.1 mol),
benzenesul f @ahenfacd d (0.323 g, 2.0 nmmol) and acetonitrile (53 nL). The
solution was maintained at 80 OC for an additional 2.5 h. Thgom'xture was
allowed to cool to roomtenperature. Wher (31 nL) was added Sver 1h to the
stirred mxture. The Epglure was stirr for 2h at roomtergperature. The
solid product was cofTetted by filtrafidn. E@@a )b d prodgdct >was combi ned
wi t h nmet hanol (6®&* oRid Way ggd R IRUX mp'(%g,{;p TiRe i Rre was al | oned
to cool to roomte at ure—+e pu

filtration, washed Wit \ e

of benzhydryl - (4-chlgsro- 2-i odo- phenyR}-am ne with 99% purrity (as determ ned
by HPLC). M 107-1 3p. Exanple 2: 4-ghloro-benzenesul fonig @cigdsput - 3-ynyl
ester A solution of 3-butyn-1-ol (365 g, 5.21 nol), triethylamne (526 g,
5.21 nol), and toluene (419 nL) was added to a cooled (0-5 0C) stirred
solution of 4- chlorobenzenesul fonyl chloride ( 1 .0 kg 4 mol) and
toluene (2.10 L). The reaction tenpef@€ure was maintai ngd b€l ow 20 0C
during the addition. Precipitation of i et #he hydr @bl ori de salt
occurred during the reaction. The r fon_mxture,

S0, SO,
R R p-TSA R4 R
Toluene
R? R?2
R3 R3
3 (RS=H) 3 (R°=BOC)

As illustrated in Scheme 3, the compound of formula 8 may be prepared, for
5 example, by reacting a sulfonyl chioride 10 with aqueous or gaseous ammonia to
form a sulfonamide 11, which can then be protected as a carbamate, for example, by
reacting with tert-butoxycarbony! anhydride (BOC-anhydride). The reaction may be
run at elevated temperature (e.g., about 45 °C) in a solvent such as toluene and in
the presence of 4-dimethylaminopyridune (DMAP) and triethylamine (EtsN).
10

The compound of formula 9 may be prepared by reacting 3-butyn-1-ol with 4-
chlorobenzenesulfonyl chioride in the presence of triethylamine in toluene. In this
reaction, it is convenient to keep the reaction temperature below about 20 °C, as the

triethylamine hydrochloride salt byproduct precipitates and is readily separated by

12



was stirred at roomtenperature for 2-4h. The triethylam ne hydrochl oride
byproduct was separated by filtration and washed with toluene (2x350 nL).
The conbiwedoddd2Béiat es were concentrated to renove tol uegg/uspesnzgssgiuced
pressure above 45 OC to nmaintain the residue as a liquid. 2-Propanol (1.20
L) was added to the residue and the stirred solution was cooled to 20-25
0C. Water ( 1.80 L) was added over 15m The slurry of product and sol vent
was cool ed tfotr@lion. 0Beqnaliust can kelpfecipitdthd frotmethekoltitiors dbri ekapipte] by reduaing

col | ected byh{aisl;l%f?\”oﬁ[?x&%\@df%&rﬂ%“@tgﬁaéoqg%@%'lg%?er.z' propanol (v/v), and

vacuum dried 10 grve esultonrc acid but-3-ynyl ester with
99% purity (as determ ned by HPLC. Exanple 3:

3, 4-Di chl - ph - i d sl ML i .
(3. 4-d ohl or o- phaeny SEFRRAEEY AR Ry bl Mo rBuh veveentne ) g
acet one (&470campounds obfdthalas 8 @nd Brpccersdvthiegdesedes cD@)tassivmmagnetencent r at ed

i h [ 0% .90 3 I Li i Xt
has mai nt a R e 8 e 2 B shsd P Bres e JSE Flor T GRS s
| d t o vefiSthemerd) ba resopalrdthe tertdutbxyeesbariyi (B@A Jis oplitdrtaé sinc@00 i
alasoggdedoto thgp Jme anidocgerlpﬁrg a\%g tt Was ylti rF)dg?grr) 1r?.p Thersmi te )
solid was coﬁ'ﬁ c?e’ﬁ&oy M OFat éﬁn %41%'8 w?%’ec 51d wat er (2x500 n.), and

vacuumdried to give 375 g (81% of

(3, & diohy or o- Phopd Lo MR DSRHLIARAT Al S B I bt 1ot o m ned by

[ (3, 4-di chl droomipespargwation reactionf dtoyidprdpatgyihtion gepératihinvoless en SN, sol ut i on of
di-tert-but yrleé&io%%fs%%r]aaﬁcﬁné&ggargyl p}egj?sdﬂrr%&ta%ﬂ% 4 f%%bﬁﬁ&eg‘réu%‘,@uéﬁs a
halogen or tosylate. The methods known in the art may not be suitable for weaker
nucleophiles, however, especially if the compound includes base sensitive functional
15 groups. The triflate group (CF;SOs;-) has been shown to be a good leaving group,
but is relatively expensive. A milder method known in the art for introducing the
homopropargyl group involves a Mitsunobu type reaction with 3-butyn-1-ol and

triphenylphosphine. This reaction, however, suffers from poor atom-economy.

20 Using the methods of the present invention, SN,-type homopropargylation
reactions can be achieved under relatively mild conditions by using the leaving group
p-chlorophenyisulfonyl. The homopropargylation reaction is shown in Scheme 4
below, in which Nu represents a nucleophile.

25 Scheme 4

(S

O\
SO,

0.

SO,

e— 0O
Nu

Cl

Ci
9

in addition to the advantages of relatively low cost and mild conditions, this
30 process also has the advantage that the compound of formula 9 is a solid that can be
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was added over 1.5h to a stirred, warm (45 0C) m xture of

(3, 4-di chl oro-phenyl ) - nethanesul fonam de (370 g, 1.54 nol),

4- di met hywerewpysiidi ne (18.8 g, 0.154 nol), triethyl anpog/us28d/og33L. 32
nol), and toluene (3.0 L). The reaction m xture was stirred at 45 0OC for
2h. The reaction m xture was cooled to 0-5 0C. Tetrahydrofuran (185 nL) was
added to the reaction mxture A 10% aqueous sol ution of phosphoric acid was

added to th I QR : gt - TMa) j | .t erature

of <5 ¢ e gRnl haMTYl 4hE UBte 1 ddRAd Ao Bt Rl BB R

sodi um bi casbleniity of homoprpparpii@tienHsing the aeaPernGpifeuruladrie ilmatsated bwi t h

t et r ahydr of 0 i A kG r %qutr-ted

under reducggd@tg?égfs%%r(gb?oﬁ)y@o{@nﬁéﬁﬁ%%g@g%ggﬁgﬁgﬁ O%/eslg%geoo e‘%ﬁ’l n an

i ce bath, angingeptysnelighB(<710%) maekar exaessy theogammporsd of fosmplerhl et e product

precipitgtion. The mixture was stirred at 0-5 OC for 1-2h. The product was

collected by filtration, washed with heptane (2x750nL), and vacuumdried at

< 35 0C to give fBamgles@fopmpeunsdarthateap baeyrthesizest uping the methods of this

di chl or opnefylcARS AN 8RB Wnich InelarBLBPRIIHRE Y of HecdorititdtioRBe Pur i ty

(as determ ned by HPLC). Exanple 5:

N- BOC- N- but SBowmif the Hollawiniddablgr o- phenyl ) - met hanesul f onani de A ni xture of

carbam c acid, [(3,4-dichlorophenylrnethyl)sulfonyl]-, 1,1- dinethylethyl

ester (443 g, 1.13 nol), 4-chloro-benzgnesul fonic acid but:3-ynyl ester

(332.5 g, 1.36 nflempaungdny|Br potassiBm carbond®e (359 g,R2.60 nol), and N

Ndi met hyl f or mam de (p 1. 38 Lgnyas conbiyned stirrgd, and wayned to 55 0C. The

m xture was stirred and naintai ned atHSO- 55 OC|f|or 2 1h. CAI(-jldi tional charges
3

of B CHs
C CF; H H H
D H CF; H H
E H H CF; H
F CF; H H CF;
G H H Cl H
H Cl H H H
I Cl H Cl H
J H Cl Cl H
K H Cl H H
L OCF; H H H
10
The following examples are presented to illustrate certain embodiments of the
present invention, and should not be construed as limiting the scope of this invention.
Example 1: Benzhydryl-(4-chloro-2-iodo-phenyl)-amine
15 A solution of benzhydrol (13.5 g, 73.3 mmol) and acetonitrile (66 mL) was

added over 1h to a warm (80 °C), stirred solution of 2-chloro-4-iodoaniline (16 g, 63.1
mmol), benzenesulfonic acid (0.323 g, 2.0 mmol) and acetonitrile (63 mL). The
solution was maintained at 80 °C for an additional 2.5 h. The mixture was allowed to
cool to room temperature. Water (31 mL) was added over 1h to the stirred mixture.
20  The mixture was stirred for 2h at room temperature. The solid product was collected
by filtration. The solid product was combined with methanol (67 mL) and warmed to

reflux for 30m. The mixture was allowed to cool to room temperature. The purified

14



pot assi um car bonate (about 40 g) were added at 4h intervals. The m xture
was cooled to 30 OC. The potassium carbonate was renoved by filtration. The
pot assi unwoanimnadie cake was washed with DMF (2250 nl) . po&tuseoos60338l) was
added to the stirred filtrates over 30m The m xture was stirred at room
tenperature for 1-2h after conplete water addition. The solid was coll ected
by filtration and washed with 50% v/v aqueous nethanol (2x350 nmlL). The

product was ﬂr@&&ﬁima‘irdoﬁéjctéﬁ bﬁ@a% %slﬁéd’ﬁut%&h@n&lq}&% rﬁf_) and vacuum _
N- BOC- N- but -3-ynyl - or o- en%!ﬂﬁ met hanesul fonam de with 99% purity

(as det er mi ndedgo 9PPL2?)3 E)@éh‘iﬂzéy@)" -8x9dosPhes|)1ampe with 99% purity (as

enzhydryl - af@éié’mﬁh@d‘b)?ﬂﬂéﬂ%ﬁhb?hub Synyl } -
C- (3, 4-di chl or ophenyl anesul fonam de A warm (45 0C) sol ution of

N- BOC- N- but - 3-ynyl - (3, 4-di chl or o- phenyl ) - net hanesul f onam de (347 g, 0.885

mol ), di ghl oephhslela:i REARYS- Ba%aesm@hi@adcldaﬂmrpnwés\er(B 50 g, 4.99 mol),
and DVF (700 m was added ){‘ove stl rred

m xture of benz hy’ﬁls9'P1"€'h9fc?1P@fV'b1 s ﬁr?é'r!??') t%ﬁ*hﬂ%m%"ﬁéézﬁg’ 9288%hp| ),
<(1ll| )chl O:j ogl Sgézrgf tgm@ﬁylgpmapm&eadb;wltadlﬁégeﬂl(mb°C$sétﬁba,soma dmnl ) cogpgR/F

i odi de rj y an
(250 m ). T‘FW@@%P%?P”RWJ@?O@" %&A?@H‘Oﬁﬁa& ﬁ‘aﬁ"?f?eaﬁzn@ds 953"{’Rﬁ°f‘or 30m
after conpl eempatdireiviiz mdi htélrfeﬁéb%tdv@m (0] ammﬂgethwaadmrst Plekipflat®in sfeduced
pressure usi ngtha heatin th tenperat ‘ﬁi 40- 45 0re

0C
bri et hyl B raethyimneoctioriie,salt PEcdiEed diring 1edaaciiono JgR QBN The
pad was washggk sirtddl dDMborh dnprature for Praap aneltridtRgamink hydisaRlofide Bgbrbeudt he

PR SRR TGS N A AR i T e
filtrates were concentrated to remove toluene under reduced pressure above 45 °C to
maintain the residue as a liquid. 2-Propanol (1.20 L) was added to the residue and

15  the stirred solution was cooled to 20-25 °C. Water (1.80 L) was added over 15m.
The slurry of product and solvent was cooled to 0-5 °C and stirred for 1h. The white
solid product was collected by filtration, washed with 33% aqueous 2-propanol (v/v),
and vacuum dried to give 4-chloro-benzenesulfonic acid but-3-ynyl ester with 99%
purity (as determined by HPLC.

20
Example 3: (3,4-Dichloro-phenyl)-methanesulfonamide

A solution of (3,4-dichloro-phenyl)-methanesulfonyl chloride (500 g, 1.93 mol)

and acetone (470 mL) was added over 2h to cooled (0-5 °C), stirred concentrated
ammonium hydroxide (28%, 900 mL, 227 g NH3, 13.3 mol). The reaction mixture

25 was maintained below 12 °C during the addition. The reaction mixture was allowed
to warm to room temperature and was stirred for 1h. Water (300 mL) was added to
the reaction mixture and it was stirred for 1h. The white solid was collected by
filtration, washed with cold water (2x500 mL), and vacuum dried to give 375 g (81%)
of (3,4-dichloro-phenyl)-methanesulfonamide with 99% purity (as determined by

30 HPLC).

15



OC for 30m after conplete water addition. The m xture was cooled to 10 0OC.
The solid product was collected by filtration and washed with cold 1/1
(v/v) | PAVoabero26cx300 nl). The solid was vacuum dri ed aCUTAS0008024388 gi ve
N-f - but oxycar bonyl - N- { 4-

[ 2- (benzhydryl - am no) - 5- chl or o- phenyl ] - but - 3-ynyl }- C- (3, 4-di chl orophenyl ) -
nmet hanesul fonam de (534.5 g, 94% with 98% purity (as determ ned by HPLC).
Exanmple 7: N-[2-(1 -Benzhydryl-5-chloro-i

o e o e b R R PRSI PRI SRyt
but - 3-ynyl } €etef 3, 4- di chl or ophenyl) - met hanesul f onarni de (400 g, 0.585 nol)
00), stirred m xeurau SapRa oI ReRTHE (00 opf Y G RieRe Spdd L f 120
N, N- di meshy lvageidaiet doer 780tod ptirreth evarre 43 1@)rmirture ofr(8,4vatishisrolpheagl)-and
fo 40 00 TR Rl e PR et s oy Scome Bl PR BA (R < hasibas
washed wi t h tlidthyla@inkQ@34rg) 2.32mot)ddnd fotreak (804).gehofeachrh mhiddde wis)stiwad added
Los Dt ¢ SREcc T S A oI L, SR (2 2,0
55-60 OC. Thﬁ.)rv’vastaﬂdedmshehedadioatmiﬁmrém1_D%r ad@nys $dietion df phasphooiclaed t o 5
O o3 R 3o SR Ao bRy B e BB 5
OC to give C. The organic phase was c_ollected and washed with 2.5% aqueous sodium
L2 (1 benhuane L o gl odey st B okt AT
Exanpl e 8: 42@@BmLL The combined organic phases were concentrated under reduced pressure
- Benzhydryl 52 Gl Lo 4 7 Thé Risturd! Y YorRanzNlide Eﬁfﬁ,fa%'aﬁle]p?éﬂe"t@b L) was
15  charged over 15 m to complete product precipitation. The mixture was stirred at 0-5
°C for 1-2h. The product was collected by filtration, washed with heptane (2x750mL),
and vacuum dried at < 35 °C to give 463 g (88%) of carbamic acid, {(3,4-
dichlorophenylmethyl)sulfonyl]-, 1,1-dimethylethyl ester with 98% purity (as
determined by HPLC).
20
Example 5: N-BOC-N-but-3-ynyl-(3,4-dichloro-phenyl)-methanesulfonamide
A mixture of carbamic acid, [(3,4-dichlorophenyimethyl)sulfonyl]-, 1,1-
dimethylethyl ester (443 g, 1.13 mol), 4-chloro-benzenesulfonic acid but-3-ynyl ester
(332.5 g, 1.36 mol), granular potassium carbonate (359 g, 2.60 mol), and N,N-
25  dimethylformamide (1.38 L) was combined stirred, and warmed to 55 °C. The
mixture was stirred and maintained at 50-55 °C for 21h. Additional charges of
potassium carbonate (about 40 g) were added at 4h intervals. The mixture was
cooled to 30 °C. The potassium carbonate was removed by filtration. The potassium
carbonate cake was washed with DMF (2250 mL). Water (600 mL) was added to the
30 stirred filtrates over 30m. The mixture was stirred at room temperature for 1-2h after
complete water addition. The solid was collected by filtration and washed with 50%
v/v aqueous methanol (2x350 mL). The product was vacuum dried at <50 °C to give
412 g (81%) of N-BOC-N-but-3-ynyl-(3,4-dichioro-phenyl)-methanesulfonamide with
99% purity (as determined by HPLC).
35

16



ethyl)-1 Hindol-3-yl]propyl }benzoic acid A solution of boron trifluoride
etherate (50.7 g, 0.357 nol) and nethylene chloride (83 nL) was added over
10 mi n towe 2édmB@d, cooled (-20 0C) mixture of N-[2- (ipclwarszingarosbs
-chloro-I Hindol *-yO et hyl J- C"SM-di chl or o- phenyl ) - net hanesul f onam de (275
g, 0.471 nol), triethylsilane (1.42 nol), 4-(3-oxo-propyl)- benzoic acid
ethyl ester (213.6 g, 1.04 nol), and nethylene chloride (2.6 L). An

exot herm vvasElenaﬂe\ﬁ%d\la-bdtokmrbceablNi{é-mZ (tampmr(myz!mndﬁrﬁscmame;maml]-bu&& oC.

The reaction I i ned at -20 OC.

Trifl uoroacé’tn ﬁ%dﬁgmﬁ%nﬁgmﬁ‘fﬁg%l %’/\ﬁs@added to the reaction mxture
30 min after conpAekenddiiQ) sofution ob+BOHC-N-huti3myi-(Be4-dithera-pbertyl)en m xt ure
was stirred at tirred
sol ution of 'E%B?g?ﬁugrlg'&%@goﬁgf JW 8' F&gwiﬁbﬁ aﬁﬁaf?\a&gﬂﬁ%‘)&fﬁﬂ@@ L). The
i ;(}]ulr e Bas t‘iﬂ) (3t 50 @499 mmai)h and DMF 780 p&dma@ddﬁbslpww MBBIU\/thwrrm(?‘h

met hyl ene ¢ 0f aver
was washed w t'gr%fj ("??tg%&c orldtl?ﬂ Xfé@IBWn{%ﬁ%ﬁ%@g)s 1ne gogggﬁggﬁl%grs
wer e concentdlaﬂcﬁfdbiscinnh@ylphawmmaﬂadlUp'r(@t(s'iﬁ9 4.89 mimi) cpp;ler:cB iddjdenas added

The sti rred RoRchoe Qbbb tiinhecpsgs 258Mdp el ot B0 39 [\ P°3G"
50% aqueous reactionmixtuie vrs dterre{dlmi maintairgs a’t@ﬁ)°C\KHs3Qma@%f Comvéetﬁﬁﬁldlufbre was
(1 35 LyT® wakisépbBin mprt Weg BRfIGH A el e BRess0R Rihd Bnerboafl” ™ The
m xture was temperraétd'efonf)|4036 °Gito remuoue triethylamanenddefreagtiongdixiure wagfiteiedel i t e

pad. The | a%ﬁ(oﬁg%r&ht%e&%r %@%a@%smhed with DMF (40 mL). 2-Propanol (280 mL)
was added to the filtrate. The mixture was warmed to 55 °C. Water (280 mL) was
added slowly over 1h to the stirred mixture. The stirred mixture was maintained at 55

15  °C for 30m after complete water addition. The mixture was cooled to 10 °C. The
solid product was collected by filtration and washed with cold 1/1 (v/v) IPA/water
(2x300 mL). The solid was vacuum dried at <50 °C to give N-t-butoxycarbonyi-N-{4-
[2-(benzhydryl-amino)-5-chloro-phenyl]-but-3-ynyl}-C-(3,4-dichlorophenyl)-
methanesulfonamide (534.5 g, 94%) with 98% purity (as determined by HPLC).

20
Example 7: N-[2-(1-Benzhydryl-5-chloro-1H-indol-2-yl)-ethyl}-C-(3,4-dichloro-
phenyl)-methanesulfonamide

A solution of N-t-butoxycarbonyl-N-{4-[2-(benzhydryl-amino)-5-chloro-phenyl]-

but-3-ynyl}-C-(3,4-dichlorophenyl)-methanesulfonamide (400 g, 0.585 mol) and N,N-

25 dimethylacetamide (800 mL) was added slowly over 1h to a hot (150 °C), stirred
mixture of copper (1) iodide (12.2 g, 0.064 mol) and N,N-dimethylacetamide (740 mL).
The reaction mixture was stirred and maintained at 150 °C for an additional 2h. The
reaction mixture was cooled to 40 °C. The mixture was filtered through a celite pad
and the pad was washed with IPA (2x100 mL). An additional charge of IPA (1400

30 mL)was added to the filtrate. The mixture was stirred and warmed to 60 °C. Water
(2.2 L) was added to the mixture over 30m, maintaining an internal temperature of
55-60 °C. The mixture was held at 60 °C for 30m, then it was cooled to 5 °C. The
solid product was collected by filtration and the cake was washed with cold IPA/water
(3/2 viv, 2x200 mL). The solid was vacuum dried at <50 °C to give N-[2-(1-
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aqueous | ayer was washed with a solution of tetrahydrofuran and tol uene
(/1 v/v, 100 nm). The organic | ayer was washed consecutively with 3%
aqueous swoizaew2Baar bonate (100 m ), saturated sodi um clelconisdes©inss L),
and water (2x125 m.). The organic |ayer was concentrated to 1.1 L at

anbi ent pressure. Toluene (550 nL) was added and the m xture was
concentrated to 1.1 L at anbient pressure. The m xture was all owed to cool

to 00  CREhah - Sflo®t {1188 2pIhi It 3 HaRhARTolerd§0 M) vas added to

the stirred mxture after preci ation o solid product was observed. The
solid pr odudﬂeﬁh/a@e%tﬁpl‘%ﬁ@é(ﬂ%ﬁ@ f99I°/t)ﬁ"él‘th|Q§r’(° By mipadbedPHCY ol uene
(2x275 nm.). The product was vacuumdried at 66 OC to give

4-{3-[ 1- benzhydryl - 5-

chl or o- 2- ( 2-§Xfample 8e||"cfﬁ JrRanzhydyh S elerors (3 dsihdisiereperzyrsulfaadianing) | pr opy

| } benzoi Q—,aCIé?{h)ﬂ)'Z?ﬁ ifhol-85/ d&?l‘}tﬁbn&ou@%idty of 99 %(as determ ned by HPLC).
The product can be recrys allized fromethanol in % recover MP 190

0C Bxample o a-R SO Shespn FTNsIdeRSrale, (B0 & 0n 01352 Sualh et g vione

4-i Odobenzoaérﬁorﬁaggs ehlL) Wad 2adéPbyerantniaks ylst.raédzebgbd g% °g) mxt@8of o) are
added to a stirre nate (152 g, 1.812 nol),

sus ensi on of Sodium g'&(a
t et r abut yl - diTRSGENYAR! ‘EJTW’B@"{'“M'YZ ¥)-ehyEEa(3 thaﬁ’d eWDadi um (11) acetate

(3.2 g, 0 ulfBnaMva rU4ﬁ1 Ereét rah@mnxﬁ 8-(BDxWiaF
75-80 OCfoEfﬂ%tﬁghéS nrs g(r(lﬁmg | ed m b] e ﬁﬂg ’(' w%%éjw?dﬁwls added

to the ré’actt?%'ﬁmmaﬂdﬁt@y'\ﬁﬂeﬁ (%39@)9 010.1%4 @Spftaoﬂdl rB‘f'\thﬂﬁﬁe P'Pl'@” be A% stirred

for 15 mn ayofrepmviBiReaktaAd tﬁ&@a&tﬂﬁ“bhb@@tdfémé%edio L1se@rese t hrough a
celite pad. The pad is washed V\nthtoluene(Zx (g HEI Theflltr:%\te and
720 &2 36

wash are corfBRFHOR MixhERWES GPeied (Raand maigtained gt Ugrearefis agigiet-Ant
wei ght at 3@ Q.474n8Swasdddéy g reattién mixuete 3pmeif @eter complete addition of

boron trifluoride. The reaction mixture was stirred at —20 °C for 2h. The reaction
15  mixture was added to a stirred solution of sodium bicarbonate (127 g, 1.51 mol) and
water (1.37 L). The mixture was filtered through a celite pad and the pad was
washed with methylene chloride (50 mL). The layers were separated. The aqueous
layer was washed with methylene chloride (200 mL). The combined organic layers
were concentrated to 1.1 L at ambient pressure. Ethanol (1.38 L) was added to the
20 mixture. The mixture was concentrated to 1.1 L at ambient pressure. The stirred
mixture was cooled to 50 °C and tetrahydrofuran (275 mL) and 50% aqueous sodium
hydroxide (188 g, 2.35 mol) was added. The mixture was warmed to reflux for 30
min. The mixture was cooled to 50 °C and toluene (1.38 L), water (225 mL), and
acetic acid (141 g, 2.35 mol) was added. The mixture was stirred for 30 min. The
25  mixture was filtered through a celite pad. The layers were separated and the
aqueous layer was washed with a solution of tetrahydrofuran and toluene (1/1 v/v,
100 mL). The organic layer was washed consecutively with 3% aqueous sodium
bicarbonate (100 mi), saturated sodium chloride (100 mL), and water (2x125 mL).
The organic layer was concentrated to 1.1 L at ambient pressure. Toluene (550 mL)
30 was added and the mixture was concentrated to 1.1 L at ambient pressure. The
mixture was allowed to cool to room temperature and stirred overnight. Heptane
(110 mL) was added to the stirred mixture after precipitation of solid product was
observed. The solid product was collected by filtration and washed with cold toluene
(2x275 mL). The product was vacuum dried at 66 °C to give 4-{3-[1-benzhydryl-5-
35  chloro-2-(2-{[(3,4-dichlorobenzyl)sulfonyl]amino}ethyl)-1H-indol-3-yl]propyl}benzoic
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147.59 (98.8% 84% by HPLC) of 4-(3-Oxo-propyl)-benzoic acid ethyl ester as
dark brown oil is obtained. 1H NVR (DMSO-de): di1.38(t, 3H), 2.81 (t, 2H),
3.03(t, 2AMp,20eb/@81q, 2H), 7.27(d, 2H), 7.98(d, 2H), 9.8rCsUstidso2dE38anpl e
10: Purification of 4-(3-0Oxo-propyl)-benzoic acid ethyl ester Crude

4- (3- Oxo-propyl )-benzoic acid ethyl ester (52%purity as determ ned by
HPLC) was dissolved in toluene (80 nL) and conbined with water (100 niL).
The m xt ur e a¢idg237 gr 65d) with a(phﬂtyiomﬁge't(asatétanmninedtbabﬂ&lﬂ)f iThe réductcan and

wat er (130 %?ﬁ%aﬁggcggorae% FT é)cob@ ﬂﬁﬁé(?‘% solution. The reaction

m xture was ers were 'separated and the
aqueous | ayer was vvashed with toluene (2x25 nL). The |l ayers were separ at ed.

The- m xt ur e BRAEEE of o QREEEBUF aire e Fo L ot Mhorassium
carbonat& (165 g)Eteyld-ioddbenz¢date (20019, 0W2S reeliant allybalcdiiol (83 ghe08T moh)ed
reaction m rereer® {fed gt g Spiiin SEIBERE 22 & 0 N2l o 2n. e
| ayers were t&abatmmnmmm hemaqméﬁllsg D3¢ mohzand/Zalladitimnflk) Acetatey(3.2ag et at e
gl'ﬁ)(;zgt %I) ace at e%s re ved rfé\g?‘gé&'aﬁ@g u%ﬁ%@%ﬁ%ﬁ {Oméi\géle%ért%x?gl \r/né)
purified 4- h3uandwoofd t) 408€r0IC Tabiede ¢t h)/lls addedto the tea:tign mb!l%er\ﬁtrover y).
e P i VR AR DDA A 1§ 8l oAbl
( 2. 6-di met hyeqnmmgyh)(tunetstfwtnwuhlfougpla celite paf dEhe pEsis gvashed Withiidlyene (2 x

200 mL). The filtrate and wash are combined, washed with water (3 x 1 L),

evaporated to constant weight at 30 °C -40°C and 10 mmHg. The crude product

147.5g (98.8%, 84% by HPLC) of 4-(3-Oxo-propyl)-benzoic acid ethyl ester as dark

15  brown oil is obtained.
'H NMR (DMSO-dg): 51.38(t, 3H), 2.81(t, 2H), 3.03(t, 2H), 4.39(q, 2H), 7.27(d, 2H),

7.98(d, 2H), 9.81(s, 1H).

Example 10: Purification of 4-(3-Oxo-propyl)-benzoic acid ethyl ester

20 Crude 4-(3-Oxo-propyl)-benzoic acid ethyl ester (52% purity as determined by
HPLC) was dissolved in toluene (80 mL) and combined with water (100 mL). The
mixture was stirred. A solution of sodium metabisulfite (65.4 g) and water (130 mL)
was added over 45 min to the stirred solution. The reaction mixture was warmed to
32 °C for 1h. The layers were separated and the aqueous layer was washed with

25 toluene (2x25 mL). The layers were separated. Water (600 mL) and ethyl acetate
(150 mL) were added to the aqueous layer. The mixture was stirred and cooled to 2
°C. A solution of potassium carbonate (165 g) and water (160 mL) was added over
1h to the stirred reaction mixture, maintaining an internal temperature of 0-2 °C. The
reaction mixture was warmed to 20-23 °C in 1h and then stirred for 2h. The layers

30 were separated and the aqueous layer was washed with ethyl acetate (2x20 mL).
The combined organic layers were washed with water (2x50 mL). The ethyl acetate
was removed under reduced pressure at <24 °C to give purified 4-(3-Oxo-propyl)-
benzoic acid ethyl ester (20.6 g, 41% recovery). The purity was 96% (as determined
by HPLC). Mp 109 °C.

35
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and acetone (2.0 L) was added over 90 mto cooled (0-5 0C), stirred,
concentrated ammoni um hydr oxi de (28% 900 nL, 227 g NH3 13.3 nol). The
reacti on woxbewessas nai ntai ned <10 0C during the addit ipomustés/orsagti on
m xture was allowed to warmto roomtenperature and was stirred for 1h.
Water (2.0 L) was added to the reaction mxture and it was stirred for 1h
at 0-5 0C. The white solid was collected by filtration, washed with cold

water (2x1 [k am@im1/awmrﬂéthﬁﬁné@l)ghytaaﬁé&auf@amm of

(2, 6-di met hyl phenyl ) - et hanesul f onam de with 99% purity (as determ ned by
HPLC). Exanpl e 1 8" sAteiop £f{ %6 g[gnqjhylphenyl) methanesulfonyl chloride (452 g, 2.07 mol)

[ (2, 6-di met Bk RE&BNE 127®Lwhs sddddosuet bo in b c@bl@’@ﬁ@%“@‘} hitre@ SddRberfiratéd uti on of
di -terf-butyl -di carbonat e 490 uene (100 nL) was added

over 3h to anmqm%aydrmp?n e, %m&ﬂ%&mw)‘m 3(32“%' dT%fwmm@ﬁW?

net hanesg| f gaamdiftaindd 210 °c Hufirg thel a)ddmén dlrn@téa\th@nmmwﬁlauswéé% 9 g,
0.163 nol), triethylam ne 248% rr?r) % &edcjlene(z 60 L). The
reaction m Y0P temnertyreAn Wﬁ)ﬁrﬁee o aler (20 k) vamaddedigthe was
cool ed to Ordaclién mhatreamadrwidistiad (65 atlo)5 YR sTIRIWRIE §SlidWies doBagtbd By

t A 10% | ut h 2.6 ded to th
Tenct] on m ARBHGY SRS WD RSP RLC AN Haebh REgec R b SUSAEBaT 2 C The

or gani ¢ phagees-Waaeth@bhatyi)atethatbsofsitmaldevivith 9%t Rty (B Aetdrhined by HFLEHNI C
phase 8 collected and washed with 5%% aqueous sodi um bi carbonate (650
& conbi ned organi ¢ phases were concentrated under reduced pressure
t 0 a V0| unme ERhmple’12:. Caitbamia Adidi €2, srdineatiniphedylimetani-dutfonyijat h-diraetdyibgpt ane
(3.25 L) vvagst(érhar ged over 1 hour to conplete product precipitation. The
A solution of di-i‘ert-butyl-dicarbonate (490 g, 2.25 mol) and toluene (100 mL)
was added over 3h to a stirred, warm (40 °C) mixture of (2,6-dimethylphenyl)-
15  methanesulfonamide (325 g, 1.63 mol), 4-dimethylaminopyridine (19.9 g, 0.163 mol),
triethylamine (248 g, 2.46 mol), and toluene (2.60 L). The reaction mixture was
stirred at 40 °C for 2h. The reaction mixture was cooled to 0-5 °C. Tetrahydrofuran
(650 mL) was added to the reaction mixture. A 10% aqueous solution of phosphoric
acid (2.6 L) was added to the reaction mixture over 1h, maintaining an internal
20 temperature of <5 C. The organic phase was collected and washed with water (650
mL). The organic phase was collected and washed with 5%% aqueous sodium
bicarbonate (650 mL). The combined organic phases were concentrated under
reduced pressure to a volume of 1.7 L. The mixture was cooled in an ice bath, and
heptane (3.25 L) was charged over 1 hour to complete product precipitation. The
25  mixture was stirred at 0-5 °C for 1-2h. The product was collected by filtration,
washed with heptane (2x650mL), and vacuum dried at <35 °C to give 427 g (87%) of
carbamic acid, [(2,6-dimethylphenyl)methylsulfonyl]-, 1,1-dimethylethyl ester with
98% purity (as determined by HPLC).

30 Example 13: N-BOC-N-but-3-ynyl-(2,6-Dimethylphenyl)-methanesulfonamide
A mixture of carbamic acid, [(2,6-dimethylphenyl)methylsulfonyl]-, 1,1-
dimethylethyl ester (415 g, 1.38 mol), 4-chloro-benzenesulfonic acid but-3-ynyl ester
(349 g, 1.43 mol), granular potassium carbonate (382 g, 2.77 mol), and N,N-
dimethylformamide (1.29 L) was combined stirred, and warmed to 50-55 °C. The
35 mixture was stirred and maintained at 50-55 °C for 21h. Additional charges of
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m xture was stirred at 0-5 OC for 1-2h. The product was coll ected by
filtration, washed wth heptane (2x650nlL), and vacuumdried at <35 0C to
gi ve 427 wo(80e3afi carbam c acid, [(2,6-di nmethyl phenyl poetdsydsobdenyl ] -,
1, 1-dimethyl ethyl ester with 98% purity (as determ ned by HPLC). Exanple
13: N-BOC- N-but - 3-ynyl - (2, 6- D et hyl phenyl ) - net hanesul f onam de A m xture of
carbam c acid, [(2,6-dinethylphenyl)nethylsulfonyl]-, 1,1- dinethylethyl
ester (415 gotabsitin Gﬁrbbnaté(éﬁmhm(ﬂ)gmﬂé@deé@bfﬂnin(ér%lé dTIbéJhm&uﬁéMds ester
(349 g, 1.43 npl), 3 é L"E OtaSSI mc r bonat e ég%Z ﬁ and N
Nl et hyi T orcomettd 38 "6 1h8 eBSRE Caire R eeS e b sty fadPedsuias oc
TEe m xt u ][ e cafsonate dfakedxganﬂbshi&d mmalmad(ms@am%v@@(;f(geo &L‘.}Elasédded lof)na| ]
cargesoptaSS| r bonat g) ed at 4h . intervals. The
m xture was E%Btl' é‘ﬂm"éaal D OWRE. 3%%0@5%? ﬁ?mﬁrf% "‘v‘ﬁ@p?@ﬁ‘ﬁ@z‘ﬂ 15@‘
filtratien. aflepcraplaoiater aduitoandhe s@%ﬁayvaalemiwcmwtbh alfwesRy@&ihm _) .
Wat er (560 was added irred filtrates over 30m, Th Xt ure
was stirred rggl) Y’HWF%%?‘&?WIZE%%b )Zﬂ-h CLW%Y%Q“&WA&H%ata%B i ¥i®n. The
sol i d was cqjivesq3eagl (9096 )fdf N-BACHO-buBBHinyd2 Bedimethyiph&Bp méthaaesigfonsmiaet hanol
(2x330 m ). W S _vac e d at <50 0C to give 436 g (909 of
N- BOC- N- but V‘é‘,t Pt‘%‘@“ﬁ%ﬁ?’ﬂ@?‘ﬁ%‘?ﬁ H:Fmet hanesul fonam de with 99% purity
(as determ ned by HPLC). Exanple 14:
N-[2-(1- lIgo &g rﬁ)'-t h 4%
di et hyl E %’“ﬁ% ﬁ E\h u“cberqgﬁ)(d.' q‘g C'ﬁ%& i’é v l"é)ghgfﬁ (ﬂﬁ?on of
N- Boc- N- but dimgthylbhériyl)emethapesuifomeameidy | ) - et hanesul fonam de (44.4 g, 0.106
mol ), dichl orobi S(t whin? Pﬁ)@&lé QB%%R;‘E\EE‘S? IQ-EHolc%-bH{%-ynyl-(Z,G-dimethylphenyl)—
methanesulfonamide (44.4 g, 0.106 mol), dichlorobis(triphenylphosphine)palladium
(I (0.50 g, 0.713 mmol), and DMF (125 mL) was added slowly over 7h to a warm
15 (55 °C), stirred mixture of benzhydryl-(4-chloro-2-iodo-phenyl)-amine (50 g, 0.119
mol), dichlorobis(triphenylphosphine)palladium (Il) (0.50 g, 0.713 mmol), copper (1)
iodide (3.0 g, 15.7 mmol), triethylamine, (42.2 g, 0.418 mol), and DMF (75 mL).
Toluene (250 mL) and water (250 mL) were added to the reaction mixture. The
aqueous phase was separated and washed with toluene (2x100 mL). The combined
20 organic phases were filtered through a celite pad. The filtrate was washed with an
8.3% aqueous solution of N-acetylcysteine (2x150 mL), then again with water (150
mL). The organic phase was washed with 5% aqueous sodium bicarbonate (150
mL), then again with water (150 mL). The organic phase was concentrated to a
heavy oil under reduced pressure. The oil was dissolved in N,N-dimethylacetamide
25 (DMA, 175 mL). This DMA solution was added over 1 hour to a stirred mixture of
copper iodide (2.26 g, 11.8 mmol) and DMA at 150 °C. The reaction mixture was
stirred at 150 °C for an additional 2.25 hours. The reaction mixture was cooled to
room temperature and filtered through a celite pad with a DMA wash (2x25 mL). 2-
Propanol (400 mL) was added to the warmed (45-40 °C), stirred filtrate. Then water
30 (600 mL) was added to the stirred, warm (45-50 °C) mixture over 1 hour. The
mixture was cooled to room temperature and stirred for a minimum of 12 hours. The
solid was collected by filtration and washed with 2-propanol (2x50 mL). The solid
was vacuum dried at 50 °C to give N-[2-(1-benzhydryi-5-chloro-1H-indol-2-yl)-ethyl]-
C-(2,6-dimethylphenyl)-methanesulfonamide (60.6 g, 94%) with 98% purity (as
35 determined by HPLC).
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(rr) (0.50 g, 0.713 mmol ), and DVF (125 nmL) was added slowy over 7h to a
warm (55 0C), stirred m xture of benzhydryl -(4-chl oro-2-iodo-phenyl)-am ne
(50 g, 0.Mo2Boembg11 di chl orobi s(tri phenyl phosphi ne) pal | adirusedosiores69. 50 g,
0.713 mml ), copper (I) iodide (3.0 g, 15.7 mmol), triethylamne, (42.2 g,
0.418 nmol), and DMF (75 nL). Toluene (250 nmL) and water (250 nL) were added
to the reaction m xture. The aqueous phase was separated and washed with
toluene (2x1 00 nmL). The conbi ned organi c phases were filtered through a

(Iil—egl:;tGngSstEggﬁE’f%lﬂ&igdgrﬁ@env\%a ?g th%ﬁ?ﬁﬁ%vgy a&k{ﬁgus Ol uJEI'Ihgno(r)];;ani c
phase was %amgl]w%}éi%mqumsgqﬁbpmmmc hoidat e (150 rrL) t hen again
i veter {190 idion S nar T el ARG Tubo A Rl S ryuer, o
(DMA, 17§ nghioridéi(z6 MM waohddddauvenaS mirdtbealstireel cdolé20 eco) rixgiré bf Rg2-m xt ure
i xt ur 6 was (bPRabanEe-isge St pd 2SR EXBSH S TYERERIF o The react i on
m Xt ure was nfRdrRsduliehantidd( 3001 61552 uit), &Imhyﬂsulah@(m gthsaugin) a-(8ekot e pad
T R
war m (45- 50 Ad@xofHexinwas abserved ahothe reidmnrtembenraajrwaﬁ:rmeh ¢sl-9 6Cr Then
by i1 1101+ s5pctnd e eeibdb Bpd SHioing8 sl 5. TRk ic TR E e b
dried at 50 0XE53traclyivee abddto(tie teactidrymhixiire 30ahih after &irhpletddddiﬂolybﬁ barbhyl ] -
C- (2, 6- di et iyl pRENY REGARGEIL (B AMHEF o S € 1 294 Hhe WabhordRRARY 1 1Y (35
was added to a stirred solution of sodium bicarbonate (138 g, 1.64 mol) and water
(1.50 L). The mixture was filtered through a celite pad and the pad was washed with
15  methylene chloride (150 mL). The layers were separated. The aqueous layer was
washed with methylene chloride (300 mL). The combined organic layers were
concentrated to 1.2 L at ambient pressure. Ethanol (1.50 L) was added to the
mixture. The mixture was concentrated to 1.2 L at ambient pressure. The stirred
mixture was cooled to 50 °C and tetrahydrofuran (450 mL) and 50% aqueous sodium
20 hydroxide (221 g, 2.76 mol) was added. The mixture was warmed to reflux for 30
min. The mixture was cooled to 50 °C and toluene (1.50 L), water (300 mL), and
acetic acid (166 g, 2.76 mol) was added. The mixture was stirred for 30 min. The
mixture was filtered through a celite pad. The layers were separated and the
aqueous layer was washed with a solution of tetrahydrofuran and toluene (1/1 v/v,
25 100 mL). The organic layer was washed consecutively with 3% aqueous sodium
bicarbonate (100 ml), saturated sodium chloride (100 mL), and water (2x125 mL).
The organic layer was concentrated to 1.2 L at ambient pressure. Toluene (600 mL)
was added and the mixture was concentrated to 1.2 L at ambient pressure. The
mixture was allowed to cool to room temperature and stirred overnight. Heptane
30 (100 mL) was added to the stirred mixture after precipitation of solid product was
observed. The solid product was collected by filtration and washed with cold toluene
(3x300 mL). The product was vacuum dried at 66 °C to give 4-{3-[1-benzhydryl-5-
chloro-2-(2-{[(2,6-dimethylbenzyl)sulfonyl]-amino}ethyl)-1H-indol-3-yl]propyl}benzoic
acid (317 g, 81%) with a purity of 96 % (as determined by HPLC). The product can
35  be recrystallized from ethanol/water in 91% recovery. MP 193 °C.
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determ ned by HPLC). Exanple 15: 4-{3-[1

-Benzhydryl -5-chl oro-2-(2-{[ (2, 6-di net hyl benzyl)- sul fonyl]am no}ethyl)-1
H- i ndol - 3wgl2h@vepsth } benzoi ¢ acid A sol ution of boron tripClruseedezessher at e
(55 g, 0.387 nmol) and nethyl ene chloride (75 nL) was added over 10 min to a
stirred, cooled (-20 0C) m xture of N[ 2-

(1- benzhydryl -5-chl oro-1H i ndol - 2-yl)-ethyl ] -C (2, 6-di net hyl phenyl ) -

met hanesul f onam de (300 g, 0.552 nol), triethylsilane (192 g, 1.66 nol),

4- (3-oxopropyl )- benzoic acid ethyl ester 8-250 , 1.21 nol), and nethyl ene
chi ori de (2.Example AR EXoA HepHs-RBISTH GollRaimibeazy IbadianaliaiBrisAL r ¢

i ncreased t Qgiphchyitfrethyilg HIREGILARrdPyibaHz8ats@s cool ed to and maintai ned at
-20 OC. Tri 1? IBoroacet |§“():\L acid (G@B dayg.SSS nol ) was added to the reaction

m xture 30 nin affiost sEEadyntuEe aﬁ}iﬁ?{%ﬁh'@pb@nﬁwr\vlmem»owwpl-a‘w&ethﬁhct i on
m xture was 1Spig bifktiprefP)REihbAdsubrimideg 35 90 Gt 6@.'34%%63;:!% BRg Aggled 1o a
stirred solution of sodium bicarbonate (138 g, 1.64 nol) and water ( 1 .50

L). The i xoueRIoRKIPeNZpate (@24 ar tiigh mMobin dihipramaihrne (RE0phYCaRed RaBhed
wi th nethyl e@%v%@dﬁeh@ﬁetﬁ%é@n@k@‘r mtb&d.ﬁgsemd@@m)%a{éhﬁ% of he aqueous
h w th methyl | 0 nL). I

| ayer was washe yl'ene chloride (30 The co ned organic

| ayers wer e dighlecemethane (1 G0mL). Sopling wasmdsindnteditoed® 6 e A slutionof bgron. 50 L)
was added to. ] ] %t anbi ent
raseure. ThIVAMELEEHIE S 0RL B 42 5 M5 AR ab R JiT e B 31 250
m.) and 180%addert dropwisecivend myiolr Die tenpe2atlregps@to/4 51101 \Whnerstha detaperatline

m xt ure was ed to 50 0C

and tol uene h\ég.rdf)n%%f%?o\[/ﬁ(gjé?{?%or%esh?rg'ﬂagﬂgQf?h)étbﬁcﬁht\p@'i%%%g%th%?‘%”%I ) was
added. The mhxédint tasesdtionveskel aith dRhidrametA&re (30 mL). The temperature was

maintained between -15°C and -20 °C for 40 min. Trifluoroacetic acid (5.0 mL,
d=1.48, 64.90 mmol) was added and the stirred mixture was kept at -15°C and -20

15 °C for 3 hours with monitoring with HPLC [85.89% yield (at 220 nm and excluding
excess ethyl 4-(3-oxopropyl)benzoate)]. The mixture was poured into a stirred
aqueous solution of sodium bicarbonate (20 g in 220 mL water) and stirred for 5
hours, allowing the mixture to warm to room temperature. The mixture was
refrigerated overnight. The mixture was filtered and the layers were allowed to

20 separate in a separatory funnel (100 mL rinse to complete transfer). The light blue
aqueous phase was separated and the organic phase was washed with water (3 x
100 mL) until the washings were pH 7 (pH paper). The volume was made up 650 mL
with dichloromethane. A 200 mL portion at room temperature was removed and
distilled to a volume of 160 mL. The stirred solution was then distilled while adding

25 dropwise 2B ethanol (260 mL) at such a rate that the level of liquid in the distillation
flask remained at the 160 mL mark. The final boiling point of the solution was 80-
80.5 °C. The solution was allowed to cool. It was seeded at 68°C, allowed to cool to
50 °C and placed in a water bath at 50 °C. The slurry of crystals was ailowed to cool
slowly to 26 °C, and then to 5-10 °C with an ice/water bath. Further cooling to -10 °C

30 was achieved using a dry ice/acetone bath. The stirred slurry was kept at -20 °C for
15 min and then filtered. The filter cake was washed with cold (-20 °C) 2B ethanol (3
x 20 mL). The mother liquor and washings deposited more product on standing. The
wet cake weighed 17.68 g. After drying overnight in a vacuum oven at 54 °C tﬁe

crushed product (weighing 9.52 g) was dried once more overnight to provide 9.46 g
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m xture was filtered through a celite pad. The |ayers were separated and

t he aqueous | ayer was washed with a solution of tetrahydrofuran and tol uene
(1/1 v/ v,wdQ0en2)611The organic | ayer was washed consecutricralsyoosiotdss8%o
aqueous sodi um bi carbonate (100 m), saturated sodiumchloride (100 ni),
and water (2x125 nmlL). The organic |ayer was concentrated to 1.2 L at

anbi ent pressure. Toluene (600 nL) was added and the m xture was ‘
concentrate 1 ghi-e cool
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t he stirredwiihtbepeodict er precipitation of solid product was observed. The
solid product was collected by filtration and washed with cold tol uene

(3x300 nmL). The product was vacuumdried at 66 C to give
4-{ 3- [ 1- benzhydr YMarigtions of the present invention not illustrated herein will occur to those

chl oro-25( 2+ s&hé@ nﬁmeIaﬁetmlda@gwin),&wohwuéﬂnm%h m@}r@té?ﬂsamﬁbhtg nﬂedratéa yl ] pr op

yl } benzoi ¢ aci wth a purit ééas det er m ned LO) .
The product Q@ﬁrﬁ’eﬁ@t}e@%%ﬁaqqtﬁﬂ‘éﬂnﬂaﬁéﬁﬁ %'f%&ﬁéplﬁﬁ’df‘ ermthgmlhﬁ)@,s@@;aﬁ,@frt . I\/P
193 0C. Exanplpgeddtd drimg!

4-{3-[5-chloro-2-(2-{[ (2, 6-di met hyl benzyl)-sul fonyl ] am no}ethyl) - 1-

(di phenyl methyl)-1 Hindol -3-yl ] propyl } benzoate To a stirred m xture of
N-{2-[5-chl oro- 1- (di phenyl nethyl)-1 Hindol -2-yl]ethyl}-

1- (2, 6-di net hyl phenyl ) met hanesul f oni m de (35.00 g, 64.44 mol) and et hyl

4- (3- oxopropyl)benzoate (29.24 g, 141 .77 mmol) in dichloromethane (2501)
cooled to -5 0C was added triethylsilane (31 ni, d=0.728, 194.08 nmmol) wth
a rinse of dichloronethane (1001). Cooling was continued to -20 0C. A
solution of boron trifluoride etherate (5.50m. d=1.12, 43.40 nmol) in

di chl oronet hane (40 nL) was added dropwi se over 5 mn. The tenperature rose
to -15 0C. When the tenperature
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had dropped to -20 OC once nore, the remants of the boron trifluoride
etherate were rinsed into the reaction vessel with dichloronethane (30 ni).
The t enpewet2usc@29as nai nt ai ned between -15C and -20 0C fom/uoosiona3ss
Trifluoroacetic acid (5.0 nL, d=1.48, 64.90 mvl) was added and the stirred
m xture was kept at -15C and -20 OC for 3 hours with nmonitoring with HPLC
[85.89%vyield (at 220 nm and excl udi ng excess et hyl

4- ( 3- oxopr o¥hatisclaimed)is: The ni xture was poured into a stirred aqueous
sol ution of sodium bicarbonate (20 g in 220 nL water) and stirred for 5
hours, allowing the mxture to warmto roomtenperature. The m xture was
refri gerat ed!.overAimgthod fpheaking auognpeesd pifofedled: and the |ayers were
allowed to separate in a separatory fdmnel (100 nL rinse to conplete
transfer). The |ight blue aqueoug,fphhAse was separated and the organi c phase
was washed with water (3 x 100 niL \ t he washi ngs were pH 7 (pH paper).
The vol une was made up 650 nmL with oronet hane. A 200 nL portion at
roomtenperature was renoved and dis ed to a volune of 160 nL. The
stirred solution was then distilled whiNe addi ngRdr OIQWI se 2B et hanol (260
nL) at such a rate that the Glgvel of liguid i e distillation flask

remai ned at the 160 niL mark. boi li nﬂ of the solution was
80- 80.5 OC. The solution was \l I/ owad tag cooﬁ. s seeded at 680C,
allowed to cool to 50 OC and placeg”i sat 50 0C. The slurry of
crystals was allowed to cool slowy to 26 0@ and then to 5-10 OC with an

i ce/water bath. Further cooli 0 %0 BC was achi eved using a dry

i ce/ acetone bath. The stirred rrylwagg’ kept at -20 OC for 15 min and then
filtered. The filter cake was washed wltr11 cold (-20 0C) 2B ethanol (3

said method comprising the steps of:

a) reacting compounds of formulas 2 and 3:
O RS\T/\/
NH SO,
| R4 R1
R2
Cl R3
2 3
to produce a compound of formula 4:
Cl
R!  R?
NH N—SO,
,l;s R3
g «
4
wherein:
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x 20 mL). The nmother |iquor and washi ngs deposited nore product on

standi ng. The wet cake weighed 17.68 g. After drying overnight in a vacuum
oven at 5#0QG¢d2ssier ushed product (weighing 9.52 g) was pgTitadosnes3sOr €
overnight to provide 9.46 g(65% . HPLC purity (area %9 of the material was
97.84% NMR data was consistent with the product. Variations of the present
invention not illustrated herein will occur to those skilled in the art.
The present inverRi 8 RSandR* badh is érdiependdndly saibetdil frent the igrdupsdonsistish énd

descri bed herei but .. en e I e bj ect tter within, the scope
of the appeﬁ'&gﬁpd&egi '@fﬁ%&?@é%?%&n%aéps?@: C%Jdﬁg‘ﬁ’ 0 ’ﬁ%‘?o%ﬁlﬁg a
conpound of -Ne@ud alky), -N(Cs aiatkyie bho eNHO@)C sialkyl; tahe steps of : a) reacting
conmpounds of for as 2 3: roduce.. a 0 or a 4:
wherein: Rl, R2, ,'s§ﬁ|8°%§¢r851ctﬁg%?Dlﬁpnccﬁ)gﬁ'@m?e‘ﬁ%i@Qgéécgi'efaﬂ% t he group
consi sting of H, daid egetion ecCliring GHBe prédedce o base, a@d)ladioZatalyst,-dmdal kyl ,
-Cl-6 al koxy, -N - 1-6 alkyl), -N(C* alkyl)2. and -NHC(O-C 1-6

al kyl ; and ﬁgpP%rlis%’é?I%%':_gén fromthe group consisting of Hand -C(OOC 1-6
al kyl , sai d tx)eactdooverting tirerdongroiind bhfermule ddo tfe aimppubd séformulaal. | adi um
catal yst, and a copper catalyst; and b) converting the conpound of formula
4 to the conpound of forrmula 1. 2. The nethod of claim1l, wherein Rl, R2,
R3, and R4 &@ach iTheimetbpdnbidaiti 4, wherein R', R? R®, and R* each is independently

selected from the group consisting of H, halogen, -CF3;, and -C, alkyl.
3. The method of claim 2, wherein R' is H, R2is CI, R®is Cl, and R* is H.
4, The method of claim 2, wherein R' is -CF3, R?is H, R%is H, and R* is H.

5. The method of any one of claims 1 to 4, wherein at least about 2 equivalents
of the base are present.

6. The method of claim 5, wherein about 2-4 equivalents of the base are
present.
7. The method of any one of claims 1 to 6, wherein the base is selected from the

group consisting of a trialkylamine, an alkali earth metal carbonate, an alkali earth
metal bicarbonate, an alkaline earth metal carbonate, and an alkaline earth metal

bicarbonate.

8. The method of claim 7, wherein the base is diisopropylethylamine,

triethylamine, or a combination thereof.

9. The method of any one of claims 1 to 8, wherein about 0.5 mole % to about
1.5 mole % of the palladium catalyst is present.

10. The method of any one of claims 1 to 9, wherein at least about 5 mole % of
the copper catalyst is present.
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selected fromthe group consisting of H halogen, -CF3, and -Cl-6 al kyl. 3.
The nmethod of claim2, wherein RLis H R2is d, RBis O and R4 is H 4.
The net howoahoe23éim 2, wherein Rl is -CF 3, R2 is H, R3pcs/ud2008n0364 i s H.
5. The method of any one of clains 1 to 4, wherein at |east about 2

equi val ents of the base are present. 6. The nethod of claim5, wherein
about 2-4 equivalents of the base are present. 7. The nethod of any one of
claims 1 to16, Maé@henhddwdagmeiosclsehect@m vitieggim bbeut@ aole % tnsb@ititeg of a
trial kylamn gnfﬁé eart&ﬂg rbonate, an alkali earth netal

bi car bonat e MO%h 79 ?F?Pé’eéﬁ?t? S Péﬁsee rbonate, and an al kaline earth netal
bi carbonate. 8. The nethod of claim7, wherein the base is

di i sopropyl et hyl hyl am_ne onbi natj on.t her eof
et hod of” ang ond et oy g B SEmel 1 1 SPRtA b8 BsPER Gk neish 1. 5
mol e % of t bereaslingitie compatad yiformuda givetbesopperiddide tueprogtideoal cahpaund afne  of

clains 1 tof9 %rei n at | east about 5 nole % of the copper catalyst is
present. 11. H¥Et hod of any one of claims 1 to 9, wherein about 5 nole %

to about 15 nole % of the copper catalyst is presdent 12. The nethod of any

one of clains 1 to 11, wherein step b) corrprlses t
conpound of formJIa4vmth co |od|deto
5:

g3step of reacting the
& a conpound of formula

O
il
—S
il

‘*‘ O

13. The method of claim 12, wherein step b) further comprises the step of

R4

reacting the compound of formula 5§ with a compound of formula 6:

_C1 6 alkyl

to produce a compound of formula 7:

C1-6 alkyI—O

S

Ci "
Ps
N

g
A0



5. 13. The nmethod of claim 12, wherein step b) further conprises the step
of reacting the conpound of fornmula 5 with a conpound of fornmula 6: alkyl
t o produowoaceanpaund of formula 7: 7.14. The nethod of pciraispeos®zozsher ei n
t he conpound of fornula 6 is purified by: a) treating the conmpound of
formula 6 with agueous netabisulfite solution to forma netabisulfite salt
of the fornmula 6a: wherein Mis Na or K, and b) treating the netabisulfite
salt of formal a Gaewdthodoftohs® 1B3pwhenein thb eospowalioidomdulé 6risyplrifie8 byl5. The

met hod of claim 13 or claim 14 erein.step h) further hi.S the ste
of reacting® he i’Sﬁ%‘ﬁa CBpr"ér?drmgmwl%et“ﬁtﬁf%é%ug T%tas'é;H@\%e@chﬁgﬁzgter Cl-g
al kyl gr oup forita metabisufitdsalt offthefomnotalém; wherein t he conmpound of fornula 7
is not isolated prior to reacting w g_t e Ra]se. 17. The method of claim
15, wherein the conpound of formula 7 1s'§oVated by crystallization prior
to reacting with the base. 18. The od of any one of clainms 1 to 17,
further conprising the step of rec I1izing the conmpound of fornula 1
froma solvent conprising an al coho 19. The nmethod of claim 18, wherein
t he al cohol is ethanol.

Ho o SOM

6a
wherein M is Na or K, and
b) treating the metabisulfite salt of formula 6a with a base to form the compound

of formula 6.

15. The method of claim 13 or claim 14, wherein step b) further comprises the
step of reacting the compound of formula 7 with a base to remove the ester C, alkyl

group.

16. The method of claim 15, wherein the compound of formula 7 is not isolated

prior to reacting with the base.

17. The method of claim 15, wherein the compound of formula 7 is isolated by

crystallization prior to reacting with the base.

18. The method of any one of claims 1 to 17, further comprising the step of
recrystallizing the compound of formula 1 from a solvent comprising an alcohol.

19. The method of claim 18, wherein the alcohol is ethanol.
20. The method of any one of claims 1 to 19, wherein the compound of formula 2
is prepared by reacting 2-iodo-4-chloroaniline with benzhydrol in the presence of an

acid.

21. The method of any one of claims 1 to 20, wherein the compound of formula 3
is prepared by reacting a compound of formula 8 with a compound of formula 9:
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20. The nethod of any one of clains 1 to 19, wherein the conmpound of
formula 2 is prepared by reacting 2-iodo-4-chloroaniline with benzhydrol in
t he presewoeo@fo2asriacid. 2 1. The nethod of any one of elaiuseoosobas3f0,
wherein the conpound of forrmula 3 is prepared by reacting a conpound of
formula 8 with a conpound of formula 9:8 9 in the presence of a base,
wherein R5 is -C(OOCl1-6 al kyl. 22. A conmpound of fornula 3: wherein: R1,
R2, R3, and R4 each is independenR{}GHsel ected fromthe group consisting of
H, hal ogen, -CN, -CHO -CF3, -OCF3, |-OH, -NO2,[ - 6 al kyl, -Cl-6 al koxy,
-NH2, -NH(C1-6 alkyl), -N(Cl-6 al kybpz, and -NHG(O-C 1-6 alkyl; and R5 is
sel ected fromthe group consisting of Hand -C(®©C 1-6 al kyl. 23. The
conpound of claim 22, whereinmR R2-RR3, and Raseach is i ndependent |y
selected fromthe group consi sti -CF3, and -Cl-6 al kyl.
24. The conmpound of claim 23, whev&InRRL is H R is d, R3is O, and R4
is H 25. The conpound of claim2&s wherein RL g -CF 3, R2 is H R3 is H,
and R4 is H 26. The conpound of claim 22, selected fromthe group

consi sting of: N but-3-ynyl -C (2, 68di met hyl phenyl ) met hanesul f onam de,
N-but - 3- ynylj5 thel stederde Or b @8 hieréin BB aN6501d, Qragl. de. and

N-but-3-ynyl -G (2-[trifluoronethyl]phenyl) nmethanesul f onam de. 27. A net hod
for maki ng a conpound of fornula 4: conprising the step of reacting

conmpounds  ofzof or kG RpcurdY fodmula 3:
R{N/\//

|
SO,

R¢ R!

R2
R3

wherein:

R', R?, R? and R* each is independently selected from the group consisting of
H, halogen, -CN, -CHO, -CF,, -OCF3, -OH, -NO,, -C4. alkyl, -C alkoxy, -NH,,
-NH(C,.s alkyl), -N(C, alkyl),, and -NHC(O)-C, alkyl; and

R® is selected from the group consisting of H and -C(O)O-C, alkyl.

23.  The compound of claim 22, wherein R', R? R®, and R* each is independently
selected from the group consisting of H, halogen, -CF3, and -C,5 alkyl.

24.  The compound of claim 23, wherein R' is H, R%is Cl, R%is Cl, and R* is H.

25.  The compound of claim 23, wherein R' is —CF3, R%is H, R%®is H, and R* is H.

26. The compound of claim 22, selected from the group consisting of:
N-but-3-ynyl-C-(2,6-dimethylphenyl)methanesulfonamide,

N-but-3-ynyl-C-(3,4-dichlorophenyl)methanesulfonamide, and
N-but-3-ynyl-C-(2-[trifluoromethyl]phenyl)methanesulfonamide.
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2 3 wherein: R. 2, R3. and R4 each are independently selected fromthe
group consisting of H, halogen, -CN, -CHO -CF3, -0OCF3, -OH -NO&2, -C1

al kyl , Ciwé6 2aécdzen; - NH2, -NH(C1-6 al kyl), -N(Cl-6 al kylpr2usasna/o29886( O) - Ci
6 alkyl; and R5 is selected fromthe group consisting of Hand -C(OOGC 6
al kyl, said reaction occurring in the presence of a base, a palladium
catal yst, and a copper catalyst. 28. The nethod of claim 27 wherein Rl, R2,
R3, and R4 each issmethdapentigiind ¥ compe@idest férivuml 4:he group consisting of H
and hal ogen. 29. The method of claim 28, wherein RLis H R2is d, R3is
Cl, and R4 is H 30. The nmethod of claim?28, wherein RL is -CF 3, R2is H,
R3is H and R4 is H 3 1. The_sethod of any one of clains 27 to 30,
wherein at | east about 2 equiva ts of base are present.32. The nethod of
any one of clainms 27 to Wl he base i iselgeted fromthe group

consisting of a trialkyl 3 eq-tdp ey-al/ carbonate, an al kal i
earth nmetal bicarbonate, aline earth Ipet\a bopat e, and an al kal i ne
earth netal bicarbonate. 33. TRe nethod of Rel ai m\32/ wherein the base is

di i sopropyl et hyl am ne, triet ne, or a conbigiation thereof. 34. The
met hod of any one of clains 0 33, wherein about 0.5 nole %to about 1.5
nol e % of the palladiumcatalyst is pres‘?nt .

comprising the step of reacting compounds of formulas 2 and 3:

Q Rs\/\//

|
' R4 R!
RZ
Cl R3
2 3

wherein:

Ri, Rz, R3, and R, each are independently selected from the group consisting
of H, halogen, -CN, -CHO, -CF3;, -OCFj3, -OH, -NO,, -C, alkyl, C, alkoxy, -NH_,
-NH(C . alkyl), -N(C,.¢ alkyl),, and -NHC(O)-C, alkyl; and

Rs is selected from the group consisting of H and -C(O)O-C, ¢ alkyl,

said reaction occurring in the presence of a base, a palladium catalyst, and a

copper catalyst.

28. The method of claim 27 wherein R,, R, Rs, and Ry each is independently
selected from the group consisting of H and halogen.

29.  The method of claim 28, wherein R' is H, R?is CI, R®is Cl, and R* is H.

30. The method of claim 28, wherein R' is —CF3, R%is H, R®is H, and R* is H.

31. The method of any one of claims 27 to 30, wherein at least about 2

equivalents of base are present.
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35. The nethod of any one of clainms 27 to 33, wherein about 5 nole %to
about 15 nole % of the copper catalyst is present 36. A conpound of fornula
4: wher eiwo 206/022611R3. and R4 each are independently selpettisdoosnoysss he
group consisting of H,£ halogen, -CN, -CHO 1-CF3, -OCF3, -OH, -NO2, -Cl-6

al kyl, C1-6 al koxy, -NH2, -NH(C1-6 alkyl), -N(C 1-6 al kyl)2 and

-NHC(O) -C1-6 alkyl; and R5 is selected fromthe group consisting of H and

- C( O O C 1- goal kyhe methodldtaang @np @uBidin® 2o @1 whéreinvthe basa isRkleckd frdfd, and

R4 each is independently selected fromthe gra onsisti of H. hal ,
s “and - 5.0 KgTeistle of a e amon D A BPah Rresal CoRel ARkl 58 B
C, R3 is Cpetabital¥bnite, Bh aklinclégticmspocHiboralte, cindiam akalinelearteimetdRl is - CF

3, RisH R3isH and R4 is H.
bicarbonate.

33. The method of claim 32, wherein the base is diisopropylethylamine,

triethylamine, or a combination thereof.

34. The method of any one of claims 27 to 33, wherein about 0.5 mole % to about

1.5 mole % of the palladium catalyst is present.

35. The method of any one of claims 27 to 33, wherein about 5 mole % to about

15 mole % of the copper catalyst is present

36. A compound of formula 4:
Cl

A N R!' R?
NH N—SO;
ke R
g R4

wherein:

R:, R,, Rs, and R, each are independently selected from the group consisting
of H, halogen, -CN, -CHO, -CF3, -OCF3, -OH, -NO, -C1 alkyl, Cy. alkoxy, -NH,,
-NH(C alkyl), -N(C1. alkyl),, and -NHC(O)-C. alkyl; and

Rs is selected from the group consisting of H and -C(O)O-C, alkyl.

37.  The compound of claim 36, wherein R, R?, R%, and R* each is independently

selected from the group consisting of H, halogen, -CFs, and -C.¢ alkyl.
38.  The compound of claim 37, wherein R is H, R?is Cl, R® is Cl, and R* is H.

39.  The compound of claim 37, wherein R' is -CF3, R%is H, R*is H, and R* is H.
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