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the reductive al kylation at the C3 position of

i ndol es. BACKGROUND C-3 al kyl ati on of indoles in

general is a facile process, as shown in Conprehensive

Organic Chem stry, 1979, V. 4, Chapter 17, "lndoles

and Rel ated Systens". This al kylation can occur under
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protecting groups; eene an ctive G oups
in Organic Synthesis" 3rd ed., John Wley & Sons,

1999. SUMBIR¥ENTEREo RERIER Both AKPatloh AR FLITBIdn:@Rsférmations
prsor%eﬁs EorI t He r ucvtv.kv al hzaltg{ ion_at the dC—,S o
podi t1 oI 8ty Y REST"tonp sante sPrgueaE deyiedr i si ng
20 t redsthyieilandie ai codaen@nivieticing agent under acidic reaction conditions, and
trifluoroacetic acid and triethylsilane have been used as a reagent combination to
accomplish simultaneous alkylation and reduction at the C-3 position of indoles;
Steele, et al. Tet Lett 1993, p1529. Unfortunately, trifluoroacetic acid is incompatible
with some acid sensitive functional groups, and, in fact, trifluoroacetic acid is well
25 known as a reagent for the cleavage of benzhydryl protecting groups; Greene and
Wouts, “Protective Groups in Organic Synthesis” 3" ed., John Wiley & Sons, 1999.

SUMMARY
The present invention comprises a process for the reductive alkylafcion at the
30 C-3 position of an indole compound, the process comprising treating the indole with
an aldehyde in the presence of a Lewis acid and a silicon hydride reducing agent.
The process is particularly useful for alkylating the C-3 position of indoles that contain
acid-sensitive substituents at the N-1 position. |



a n aldehyde in the presence of a Lews acid and a

silicon hydride reducing agent. The process is
w@aoosiosssk@r | y useful for alkylating the G 3 poRCT/US2000641989

i ndol es that contain acid-sensitive substituents at

the N1 position.In particular enbodi nents, the indole

has the formula ' (CH2 n1- NHS (CR5R6)n2- ¢ - RO

wherein the variables R Rl, R3, R4, R5, R6, X1, i ,

and n2 are defined as described herein. Acid-sensitive

groups that ma e t he 1 sition of the

|ndole'Pﬁ8FﬁH%¥”$%F EWEF§M°PH@§QEHQVE' the formul a

wherein X3 and ¥4 are defi ned as descri bed herein.

Particul ar exanpk acidsensitive groups i ncl ude,
for exanple, Béng h 4- di et hoxybenzyl , 2-
hydr oxybenzyl, 5- zo§GB€m_1 trlphenylnethyl and

the |ike. DETAILED DE§CRIPTI 4%%%%8 20fX'tHe present
invention for the reductive aIkyPatlon at the G3
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10l anthanum particularly in conbination with a hal ogen
or triflate anion. G her suitable Lewi s acids include
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anpiesere qﬁa Lawisaeid and a silicon hydride reducing agent The methods are

15  particularly useful for alkylating the C-3 position of indoles that contain acid-sensitive
substituents at the N-1 position.

Suitable silicon hydride reducing agents include, for example,

phenylmethylsilane, diphenylsilane, triphenylsilane, and tri(C,-C, alkyl)silanes, such

20  as trimethylsilane and triethylsilane. Suitable Lewis acids include salts comprising a
cation selected from boron, aluminum, antimony and rare earth metals such as
scandium or lanthanum, particularly in combination with a halogen or triflate anion.
Other suitable Lewis acids include pentafluorophenylmetallic acids in which the metal
is boron, aluminum, antimony or a rare earth metal. Preferably, the Lewis acid

25  comprises a fluoride, chloride, or triflate salt of boron, aluminum, antimony or a rare
earth metal, and/or comprises pentafluorophenylboronic acid. Examples of suitable
Lewis acids include, for example, boron trifluoride (BF3), boron



earth nmetal, and/or conprises pentafl uorophenyl boronic
acid. Exanples of suitable Lewis acids include, for

W@ x@s058820 boron trifl uoride (BF3), PCT/US2004/041989
borontris(trifluoromethanesul fonate), al um num
trichloride (AICI3), alumnumtrifluoride (Al F3),
pent af | uor ophenyl boroni ¢ acid, and | ant hanum
trifluoronmethanesul fonate. In some enbodi nents, after
the reaction has begun (i.e. after conbination of the
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or an aryl sulfonic acid (e.g., p-toluenesulfonic acid
or benzenesul fonic acid) nmay be added to the reaction
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fromthe group consisting of: or . D3 Hand H

wherein
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D and G i ndepenﬁt I y are selected fromthe group

consi sting of ‘f r| dinyl, pyrimdinyl, furyl,

t hi enyl and py ( g thcglnaIIy substltut ed by

from1l to 3, preferab’Ly 1 {-l "2, \Slzggﬁqgtueryts sel ected

15 wherein
R is selected from the group consisting of -(CHz)ns-A, -(CHz)na-S-A,
and -(CHz)n3-0-A, wherein A is selected from the group consisting of:
e o
D H E and D H G;
wherein
20 E is selected from the group consisting of H, C,-Cs alkyl,
C4-C; alkoxy, -CF3, and -(CHy)n4-CFs3; and
D and G independently are selected from the group
consisting of phenyl, pyridinyl, pyrimidinyl, furyl, thienyl and pyrrolyl, each
optionally substituted by from 1 to 3, preferably 1 to 2, substituents selected
25 independently from H, halogen, -CN, -CHO, -CF3, -OCF;, -OH, -C4-Cs alkyl,
C4-C¢ alkoxy, -NH, , -N(C4-Cs alkyl)z, -NH(C1-Cg alkyl),
-NH-C(0)~(C4-Cs alkyl), -NO,, and a 5- or 6-membered heterocyclic or

heteroaromatic ring containing 1 or 2 heteroatoms selected from O, N or S;



i ndependently fromH, hal ogen, -CN, -CHO -CF3, -OCF
3, -OH, -Cl1-C6 alkyl, Ci1-C6 al koxy, -NH2 ,-N(C 1-C6
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-NO2, and a 5- or 6-nenbered heterocyclic or
heteroaromatic ring containing 1 or 2 heteroatons
selected fromQO Nor S X1 is selected fromthe group
consi sting of a chem cal bond, -S-, -O, -SO-,
-S(O2-, -NH, -NHC(O -, -CC, H(C1-C6 alkyl) (C1-Co6
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tri azoI yI pyrazaiyl, pi pé*l Gly '255 pyrrol i di nyl,
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-(C4-Cs alkyl)-NH(C4-Cs alkyl), -NH -C(0)~(C4-Cs alkyl), -NO,,
-S0,(C4-Cg alkyl), -SO:NH,, -SO,NH(C4-Cs alkyl), -SON(C+-Cs alkyl),,
20 -COOH, -C(0)0-(C4-Cs alkyl), -(C4-Cs alkyl)-COOH, 1-chloro-2-methyl-
propyl, -C4-Cg thioalkyl, -(C4-Cs alkyl)C(O)CHs, -(C+-Cs alkyl)OCHs,
C(O)NHZ, phenyl, benzyl, benzyloxy, morpholino, pyrrolidino, piperidine,
piperizine, furan, thiophene, imidazole, tetrazole, pyrazine, pyrazolone,
pyrazole, imidazole, oxazole, isoxazole, thiazole, 2-methyl-thiazole,
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pyrazol e, i m dazol e, oxazole, isoxazole, thiazole,

2-nmethyl-thiazole, / \ / \ ft / \ / \ P, - - S NO-
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selected fromthe group consisting of H halogen, -CN,

-CHO, -CF3, -OCF3, -OH, -C1-C6 al kyl, Ci1-C6 al koxy,

Cl-C6 thioal kyl, -NH2 , -N(Cl-C6 al kyl)2, -NH(Cl-C6

alkyl), -NHC(O-(C 1-C6 alkyl), and -NO2; R4 is

selected fromthe group consisting of H halogen, -CN,

-CHO, -GF3, - -OH,_ -Cl1-C6 al kyl , Cl- | ,
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- NBGEEiGA (/rgzak')lg,spfrlaft)fé,)midaiﬂ@oxa‘z&@%ﬁ@%b@o@! #¥ kings of each
- SOONH( LY CE al kyl ), = SCRN( CL-Ch. al k )2, and - OCF3
being QPraly SepBRa) o © A BBERe

a
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15 ;gesuéaéd fig @e drb@rugnﬁéﬁn@@f B teydgen,aCh ﬁohm Fom| YOH, R5-Caalityl,
t t m
o RAE. e Bub e, ST B2 b SR ALRGRIGR vo.
corSPAE+Geplion). SPNFHC1-Co @y I-SO2N(C1-Co alkyl)z, and -OCFs;

R® and R® independently are selected from the group consisting of H and
20  C4-Cq alkyl;

alternatively, R® and R® together with the atom to which they are bonded form
C3-Cs cycloalkyl;

25 R’ is selected from the group consisting of phenyl, benzyl,
benzyloxy, morpholino, pyrrolidine, piperidine, piperizine, furan, thiophene,
imidazole, tetrazole, pyrazine, pyrazolone, pyrazole, imidazole, oxazole,
isoxazole, thiazole, 2-methyl-thiazole, each being optionally substituted by
from 1 to 3 substituents selected from the group consisting of H, halogen,

30 -CN, -CHO, -CFj3, -OH, -C4-Cs alkyl, C4-Cs alkoxy, -C(0)-(C4-Cs alkyl),
-C(0)O~(C4-Cs alkyl), -NH;, -N(C4-Cs alkyl)z, -NH(C;-Cs alkyl),
-NH-C(O)-(C4-Cs alkyl), -NO,, -SO,(C4-Cg alkyl), -SO,NH(C4-Cs alkyl),
-SO,;N(C4-Cs alkyl),, and OCF3;



benzyl oxy, norpholino, pyrrolidino, piperidine,

pi peri zine, furan, thiophene, im dazole, tetrazole,
W@00805882) pyrazol one, pyrazole, imdazole, oxBZDUS2004/041989

i soxazol e, thiazole, 2-nethyl-thiazole, each being

optionally substituted by from1l to 3 substituents

sel ected fromthe group consisting of H hal ogen, -CN,

-CHO, -CF3, -OH, -Cl1-C6 al kyl, Ci1-C6 al koxy, -C(O-(C

1-C6 alkyl), -C(OO(C 1-C6 al kyl), -NH2 , -N(C 1-C6

al kyl)2, -NH(C1-C6 alkyl), -NHC(O-(C 1-C6 al kyl),

-NO2, -SQ2(Cl-C6 al kyl), -SO2NH(C1l-C6 al kyl),

- SC2N( G isCh iatelgrispReted foMACEIr 3i s an i nteger sel ected

from1, I nt sel ected fromO, 1,

2, 3, onr?sarpﬁtgéersggde&fraﬂo ?zeg{%égf ed fromO, 1, 2, or

3: and s @’S‘“tﬁﬁeﬁsﬁ\eéfﬁéfm@g’b &% 8 PPOM 1, 2, or 3. It
swil | ben,igdleheheedietidatomne2 Gk3C6 fl uorinated al kyl

groups in the definition of RL may be any al kyl group

of 1 to 6 carbon atons with any anmount of fluorine

subst i tluwil ba understoati thef, theoGit-Cafaoringter aliedigtogps in thgRBfinition of

al [y a9bégﬁys »af group & ﬁo%%}%ﬂ a%wmthfaﬁy %B%t??‘m}lmn@

trif uoromst efinition
o seEsUO RS T, ool I i gP kv cbaits of Lo GrraBreisa
10t otdrilatea b a diflibiemethieyrélips-GR,CFE4, &8s ori entati on of the
i ndi cat ed conpound(s). Acid-sensitive groups that may
be present at the N-1 position of the indole include,
f or examiegdefinitionse Xhdbe alkenyhidpiog moup —(¢=8- is Understood to
WNREREE offifor diflis': taRS SRARMBAL tHe AlRaELLAS &.@l%{:pr m t he
group consisting of H hal ogen, -CN,
-OCF3, -OH, -Cl1-C6 al kyl, Cl1-C6 al koxy, - NH2 ,
15- N( C1- C@mcﬁhéﬂ)ﬁ|t|)légrouN'lhﬁhae@63eairée¢ht)at theNH @b <Hion(dEthk-ikdble

I f
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wherein X2 and X* independently are selected form the group consisting of
H, halogen, -CN, -CHOQ, -CF3, -OCF3;, -OH, -C;4-C¢ alkyl, C1-Cg alkoxy, -NH;,

20  -N(C4-Cs alkyl)z, -NH(C4-Cs alkyl), -NH-C(O)-(C4-Cs alkyl), and -NO,. A
particular example of an acid-sensitive group is benzhydryl (i.e., wherein X3
is H and X* is H).

Other examples of acid-sensitive groups include, for example,

25  2,4-dimethoxybenzyl, 2-hydroxybenzyl, 5-dibenzosuberyl, triphenylmethyl,
and the like, each optionally substituted with 1 to 3, preferably 1 to 2,
substituents selected independently from H, halogen, -CN, -CHO, -CF;,
-OCF3;, -OH, -C4-Cs alkyl, C;-Cs alkoxy, -NH, , -N(C;-Cs alkyl)z,

-NH(C4-Cs alkyl), -NH-C(O)-(C4-Cg alkyl), and -NO,.
30
In particular embodiments, the indole has the structure



is Hand X4 is H. Oher exanples of acid-sensitive

groups include, for exanple, 2,4-dinethoxybenzyl,
wQ20vpaisssxy benzyl , 5-di benzosuberyl, triphenyl mettiyk2004/041989

and the like, each optionally substituted with 1 to 3,

preferably 1 to 2, substituents sel ected independently

fromH, halogen, -CN, -CHO -CF3, -OCF3, -OH, -Cl1-C6

al kyl, Cl1-C6 al koxy, -NH2 ,-N(Cl-C6 al kyl)2, -NH(Cl-C6

alkyl), -NHC(O-(C 1-C6 alkyl), and -NQ2. In

particul ar enbodi ments, the indole hag the

structurewherein X3 and X4 |ndepenoe Iy are sel ected

fromthe group copgistin of HN h&Nege -
-CF3, -OCF3, -OH, C B1- o
-N(C1-C6 al kyl)2, - aIO@ﬂ -NH+C(O - (C 1- 5

al kyl'), and -N®; and X5, Xg, XP and®Xg i ndependent |y
are sel ected from)gahﬁ_b ou sting of H, hal ogen,
-CN, -CHO, -CF3, - al kyl, -(Cl1-C6

aIkyI) @h . Cl1- Co alkoxy, (Cl C6 al koxy)-R 7,
al kyl), -NH2, -N(Cl-C6 al kyl) 2, -NH(ClCG
aI kyI ) X é{f@ﬁ"wemmht}%melectQﬁlorwe&IrqwlcanN(tm of 166
al k¥bgeH, -cN, CEHED- cﬁﬂs,Kbbk NId-Co- CQQlk 1y(|36)alk03|\<&:;hﬁ£ O-(C
s ; STPETASE St S p¥
5. SUECETS AFGTFs Ty e &1 Ay 210 -Noeian
-C(OO(C1-C6 alkyl), -(C1-C6 al kyl) - COCH,
1-chl or t hyl (C1l-Co6
al kyl) o% X m?%ﬁd‘g@%ﬁerqﬁ% %ﬁg%ﬁ%ﬁﬁ’ Pohenyl
be ReRsisting itk yialegsn. -Gdr- Qh'él , “Qe. r@i @ Grlkyl,
|t0| f(@quamﬁ) -RRIONLY; lakbX\e -(Cf-BL aqnoxy; RT Ql@(b?J(tl%C dmyggmle
etr yr razol e, im dazol e,
oxa'%@l g?s a‘kgg g@'@: ?'ﬁ){)a%] é"’ ar‘]'@}')rf’@%hyl thiazole, O, M
| W(Ch-Cs AlkYI)-N{C4 !Calaik‘vl)ao (C1-Cs alRyNH(CHCs BlkH),- S- N .S - |
I INM-C(0)-{cCs alkyl), -NO,, -SO(C1-Cs alkyl), ~SONHs,
-S0O,NH(C;-Cs alkyl), -SO,N(C4-Cs alkyl),, -COOH, -C(0)0-(C4-Cs alkyl),
-(C4-Cs alkyl)-COOH, 1-chloro-2-methyl-propyl, -C4-Cs thioalkyl, -
15  (Ci-Cs alkyl)C(O)CHs, -(C-Cq alkyl)OCH3, C(O)NH,, phenyl, benzyl,
benzyloxy, morpholino, pyrrolidino, piperidine, piperizine, furan, thiophene,

imidazole, tetrazole, pyrazine, pyrazolone, pyrazole, imidazole, oxazole,
isoxazole, thiazole, 2-methyl-thiazole

e~
NP OJ—C>=

1 1

20 — _Q N and —</Oj©

1 1

the rings of each of these X5, X®, X7, and X® groups each being optionally substituted

by from 1 to 3 substituents selected from the group consisting of halogen, -CN,

-CHO, -CF3, -OH, -C4-C; alkyl, C4-C¢ alkoxy, -C(0)-(C4-Cs alkyl), -NH,,

-N(C+-Cs alkyl);, -NH(C,-Cs alkyl), -NH-C(O)-(C4-Cs alkyl), -NO,, -SO,(C4-Cs alkyl),
25  -SO;NH(C;-C¢ alkyl), -SO,N(C4-Cs alkyl),, and OCFs.



ON, o-"0.JSf - NN - -NNand the rings of

each of these X5, X6, X7, and X8 groups each being
W@piosossRkd y substituted by from1l to 3 substi tRPEnUS2004/041989

sel ected fromthe group consisting of hal ogen, -CN,

-CHO, -CF3, -OH, -C1-C6 al kyl, Cl1-C6 al koxy,

-C(O-(C1-C6 alkyl), -NH2 , -N(Cl1l-C6 al kyl) 2,

-NH(C1-C6 al kyl), -NHC(O-(C 1-C6 al kyl), -NO2,

-S2(C1-C6 al kyl), -SO2NH(C1-C6 al kyl), -SO2N(C1l-C6

al kyl')2, and OCF3. Exanpl es of these enbodi nents

i ncl ude conpounds wherein X3 is H X4 is H X5 is

- CF3, XBrampled,of Xigs¢ emibddingamts m@udespohipoﬂﬂtdseme@x@ﬁpis HsX*is H,

' ngb i'édéFt R‘Dé*ﬁ WRIERY %gis HS d‘her)&arjnpcie claﬁe th§se VHdRein X6is
{ e

eaniSi 'é§ X% ¢'§s, khxu §H-18n<$<)5 'FsC*fh 'B(Bt"'loéhetﬁxa")(’?eﬁ LisH,
50 x* g XX& H s<6hLC|lx17 isomenexiodi nents, the al dehyde has
the fornula OX H (CH2)n5- X2 - R2 wherein X2 is
selected fromthe group consisting of - O, -CH 2-,

-S-, - S@spme 8ORodimenBtthe aldgbydd has theyfeBaulz- , H (Cl-C6

al kyl) (Cl-C6 alkyl) NHIl NIl 1 OO (C1-C6 al kyl)-

Cl-C6 al kyl) -6 al kyl
( yl) y )JL(CHZ) xer?

wherein
10 X? is selected from the group consisting of ~O-, -CH-, -S-, -SO-,
-SO;-, -NH-, —C(O)-, -NHSO,-,
Ho GrCealky)
(C4-Cé alkyl) /N\[( /NT( H
N<
~N{ , o , 0 .~ (Cq-Cg alkyl)—,
(C4-Ce alkyl) (G1-Ce alky)
. s
~N(C4-Cg alky)— g ¥ :
15 R?is a ring moiety selected from the group consisting of phenyl, pyridinyl,

pyrimidinyl, furyl, thienyl and pyrrolyl, the ring moiety being substituted by a group of
the formula —(CH,),e-CO;R® or a pharmaceutically acceptable bioisostere, and
optionally further substituted by 1 or 2 substituents independently selected from the
group consisting of halogen, -CN, -CHO, -CF3, -OCF3, -OH, C4-Cs alkyl, C4-C; alkoxy,

20  C4-Cq thioalkyl, -NH, , -N(C;-Cs alkyl)z, -NH(C4-Cs alkyl), -NH-C(O)-(C+-Cs alkyl), and
-NO,;

R® is selected from the group consisting of H and C4-Cq alkyl;

25 ns is an integer selected from 0, 1, 2, or 3; and
ns is an integer selected from 0, 1, or 2.



(Cl-C6 alkyl)-, and ' 0 R2is a ring noiety selected
fromthe group consisting of phenyl, pyridinyl,
weeosisssemyl , fury], thienyl and pyrrolyl, theP€T/n§2004/041989

noi ety being substituted by a group of the fornmula -

(CH2) n6- CO2R8 or a pharmaceutically acceptabl e

bi oi sostere, and optionally further substituted by 1

or 2 substituents independently selected fromthe

group consi sting of hal ogen, -CN, -CHO, -CF3, -COCF 3,

-OH, C1;C6 alk a - al koxy, CI1-C6 thioalkyl, -NH2

NG 1P B atco e R pigd biposiotes et e

1- Gompdukys of thigindentiNOCIUERS bubars ebBiited td, therfollolving gwitichpare

co Péﬁd%hlkp,gz of Hand C1-C6 al kyl; n5 is an integer
ected fromo0, 1, 2, or 3; and n6 is an i nteger_

sel ected fromO, 1, oo 2. Pharmaceuticdh} racce ‘e

car boxyl i ¢ aci dNBl r\?l so%t’&' es useful iB the cqyppunds

of this igyenthifgT ncHide!N but sgre n%ﬁ/'i‘”" el-MH, the

f ol | owi ng}..whi chuar e. bopfed. to,wl?é NNV @ O.0¥ R: 0 H

HN NHN Ns g 2NH2 Gy NH U H OHN- N- Oo- NHHN-O

HN N Q OH ORbOUbof WV j
N HO N HN NI\I'NN Wng\t‘
ORC OH N—b R o /R

5 o ; v

=N O NN e HN’/<

N/ —OH ‘ N 0
P \8\ | N Ho/kr HO/H/ O)\fl\l ; O)\l?l ;

HN OH OR® OR® OH

S O _NH, O _NH O« _NH Ow _NH O N-R®
Oﬁ;Iz;i;I;i;I;
H’J

O O
H / /

v

pe

wherein R? is selected from —CF,, —CH3, phenyl, or benzyl, with the phenyl or benzyl
10  groups being optionally substituted by from 1 to 3 groups selected from C;-Cs alkyl,
C-Cs alkoxy, C4-C4 thioalkyl, —.CF,, halogen, -OH, or -COOH; R" is selected from
-CF3, —=CHjs, -NH,, phenyl, or benzyl, with the phenyl or benzyl groups being
optionally substituted by from 1 to 3 groups selected from C4-C; alkyl, C4-C¢ alkoxy,
C,-Cs thioalkyl, —CF3, halogen, -OH, or -COOH; and R° is selected from —CF3 or
15  C4-Cs alkyl.

In particular embodiments of the invention, the aldehyde has the formula



1SS00\VHN. . . Jw' orl.. wherein Rais
sel ected from- CF3, - CH3, phenyl, or benzyl, wth
wao b@spsssey| or benzyl groups being optional |y PCT/US2004/041989
substituted by from1 to 3 groups selected from Cl-C6
al kyl, C1-C6 al koxy, Cl1-C6 thioal kyl, - CF3, hal ogen,
-OH, or -COOH, Rb is selected from-CF3, - CH3, -NH2,
phenyl, or benzyl, with the phenyl or benzyl groups
bei ng optionally substituted by from1 to 3 groups
sel ected from C1-C6 al k}sl Cl1- C6 al koxy, Ci1-C6
t hi oal kyl, - CF3, hal oggn, -OH, or -COCH, and RO is
selected from- CF3 OH Byarkyl . In particular
enbodi nents of the inventioni the akfehyde has the
formul aOR8 O wherein R8 conprises]|a Cl-C6 al kyl group.
After the reaction between the irfdlol e and the al dehyde
has t aketiergih #€ eomprives BE g% akyl groayp. opéd tﬁ)éliklabtlbnkb%tween the

RN el (R e, 8 s B B Fnarpe o

boﬁmm@cmdxkﬂbamdl ni trogen conprises benzhydryl, the
sLewi s acid conprises BF3, and the silicon hydride

reduci ng agent conprises triethylsilane. The_reaction
may t akReTUde 2P eappdimRTtohine I"Ve”t%dﬁe agith Sesive prgHP bonded
t 1 itd thel BIFOBIC&IenComplisks Mazhperylatd edwia ppid gaxr:nmadee BY5, 30d 6@

m . . C . V

B @depolat dsBRTolBRes DRI Th jeiBhorhbilBie pece
1, at appydxinegielnr20P@id ol aglditien, &fflkgroadeticlacid malh ke @@ dppgiokimately
10l ”36'%8 rlifiSd arfePRE ki RAorpbdgheand 10 a second react i on
step the ester group of e C 3 substituent  is cleaved
to produce a carboxylic acid. The acid sensitive group

i E t hi sAk ma@tahmm‘lsdmmt bﬁh@preé\énbmahhwrl_swho@ﬁ ﬁhlﬂbherh81 in
thi s. orrL.ae . t e S ,acCl

0 Whiof 88 TR B, RPP f1he &kl el Bt erelib g B wit8 R
(i second prmctiont sterf tha estedaroeh etitte/C-3 stibrtituatids cIBREAOE Prpduce a

15 an@arboxylic acid. The acid sensitive group in this reaction scheme is an N-benzhydryl

group. In this example, boron triflucride is the Lewis acid and is added in the form of

a complex with diethyl ether (i.e., borontrifluoride diethyl etherate, BF;OEt,), and

triethylsilane (Et;SiH) is the silicon hydride reducing agent. Trifluoroacetic acid (TFA)

is added 30-60 minutes after the aldehyde, indole‘, BFs;OEt, and Et;SiH are combined
20  and, therefore, after the reaction has begun.

10



triethylsilane (Et3SiH) is the silicon hydride
reduci ng agent. Trifluoroacetic acid (TFA) is added

w@e06058%2ut es after the al dehyde, indole, BF3BE/BSHNG041989

10

15

Et 3SiH are conbi ned and, therefore, after the reaction
has begun. SCHEME 1 CO2Et 1: X5 = H, X6 =d, X7 =d,
X8 = H2: X5 =CH3,X6 = d,X7 =Cl, X8 =CH3 1. Et3SiH
BF3OEt2 CH2ClI2 , -20 0 C 2. TFA MeOH, NaCH (aq.),
HOAc, toluene X8 X 8 4: X6 = H Xs =d, X7 =d, X8 =
= H X6 =d, X7 Cl, X8 = Hb5:X5 =CH3, X6 =
G%@Edm =CH3 7: X5 CH3 , X6 =d, X7 =d, X8
= CH 3 Attenpts to react indol eX \Mvth al dehydes such
as 3 using trifluoroacetic acix d triethylsilane in
DS boron trifluoride,

t he @bsence of aglewi s acid suc
a lF| de tri fp;ﬁ?ﬁ af | wor ophenyl bor oni c
acid re i n ext eAsiVe T84s of the benzhydryl group
at the N1 §esiti o | ezdsi, tecial’ rose=iconpl et e

renoval 3of the grobp?frowrt heXimsHealCeX ol X* = CH;

rearrangenent to other areas of the indole structure.
The conbi ned §%t €W s acid such as boron
trifluoride, Pbé 2detrlflate or

pent af | uor oph ayﬂp oronic acid and tri et hyl si | ane has
not previously been reported as a reagent conbination
to al kyl ate tpe @oFtposition of indoles. Lewi 3

such as boro i f1¥or.de, Lanthanide triflat
pent af | uor ophenyl & Ic acid are effective
replacenents for tr uor eawetdos aci ¢ _i N r ¢ducti ve
@o at t A& C JeposiPioditf indo Nt aj A%y e

aci d- senisivt i Hunctional groups. For eXanlpl e;—NH
referrg in to Schenme 1, treating i or 2
W th h 3 in the presence of bor triNNduori de
and tr et | s Ian results in greater
4 Igy ? 9 6:X5=H,x8=Cl,X"=Cl,X8=H
5x5 CH3 x6 CI x7 CI x6 CHs 7x5 CHg, X6 =CI, X" =Cl, X8 =CHj

Attempts to react indole 1 with aldehydes such as 3 using trifluoroacetic acid
and triethylsilane in the absence of a Lewis acid such as boron trifluoride, a
Lanthanide triflate, or pentafluorophenylboronic acid result in extensive loss of the
benzhydryl group at the N-1 position, which leads to almost complete removal of the
group from the molecule or rearrangement to other areas of the indole structure. The
combined use of a Lewis acid such as boron trifluoride, a Lanthanide triflate, or
pentafluorophenylboronic acid and friethylsilane has not previously been reported as
a reagent combination to alkylate the C-3 position of indoles.

Lewis acids such as boron trifluoride, Lanthanide triflates, or
pentafluorophenylboronié acid are effective replacements for trifluoroacetic acid in
reductive alkylation at the C-3 position of indoles containing acid-sensitive functional
groups. For example, referring again to Scheme 1, treating indole 1 or 2 with
aldehyde 3 in the presence of boron trifluoride and triethylsilane results in greater
than 95% conversion with 80-85% selectivity to compounds 4 or 5, respectively,

11



t han 95% conversion with 80-85% selectivity to
conpounds 4 or 5, respectively,under favorable
w0 e@snssse0 condi ti ons. These internedi ates can PCT/US2004/041989
conveniently be carried forward in a further reaction
to hydrolyze the ester functional group to give
conpounds of fornula 6 or 7, respectively. In
addi tion, the conbination of a Lewis acid such as
boron trifluoride with an organic acid such as

triflu acetic aci ert, Istic effect on
{ haniel R ORBR R PSP, RS TSI FEa egHenient be
Refcerried fogvdrd irScfuetha r@sctien toehadrbiyzmthp estbofunetbnilgrodpeto give
ab es conpl ete conversi on of
%&ﬂ@ﬁgﬁg iy#@?%%hﬁfh%?&%@&va en the reaction is
perforned Wi th boron trifluoride and triethylsilane

sbut Wi t Qidbitibn, itttd sopibRRES dfé LaRistcidtshen é‘éDtBb/rSﬁ ﬁ’ile&ldeQNlﬂaQ\n
sl ow conv rs on.

[l b )
doSTPBls S slen o tiordheie pellSab A 4 ot ehts pp 4t ete of
r e diet reducticoalklilatioo nsactome Refferiing to Sahenzzizliatreactioofpetfonmed in the

E { iag%%&?% ﬁ%thgs@ngheéﬁg ﬁ'n Rke 6Jﬁdé}glgn 8o t@lb%e%]ﬂ(ﬂgted amtkr 10,

ne cniori as so

f oWt t69ciiga s ArBRTeSEoron dUT BB A dristby siage bivithout
1030+ oyt @sid, thin Betveisids $10CiO Rapidt, Fallbged Byaa alblv\sbmledsion of 10

di rapldly converted to the desired
prggﬁs eﬁﬁﬁlﬂ?#% W't zi ngt he formation of rearranged

byproducts. Preferably, the reaction of the indole and
t hegqleghyde takes place at a tenperature in the
approxi mate range of form -300C to +250C, npst
preferably at about -200C, Wt hout |ntend|H8 o limt

the preseM i on ,t any Bas ti culog chani |®n
this behaV|ot fg >bé‘n§ nstrcarry nad Ry the
activation o al dehyde car bonyl A orjal gg oup

t owar ds alkylatg Bf the G 3 positiep, thp\Jgdole
to form di ner presumabl y t<§ough atﬁbnlc
internmedi ate or transition stat NGh as 12.
Trifluoroacetic acid is K ective than boron
trifluoride at activating o dirfsociation to form
12 and starting material, wth W e né% ef fect of

i ncreasing the Egig//

15
Preferred reaction conditions are an initial addition of boron trifluoride to a mixture of
indole 8, aldehyde, and triethylsilane in methylene chloride as solvent, followed by
addition of trifluoroacetic acid after 30-60 minutes. Under these conditions the
alkylated dimer 10 is more rapidly converted to the desired product while minimizing

12



concentration of 12, and thus the rate of its
reduction, in the reaction m xture. Particul ar

W@ o09p0ssseEs synt hesi zed accordi ng to the i nvent PONUS2004/041989
inhibit cPLA2 activity that is required for supplying
arachi doni c acid substrate to cycl ooxygenase- lor -2
and 5-11i poxygenase, which in turn initiate the
production of prostaglandins and | eukotri enes
respectively In addition CPLA2 activity is essential

for prod the I osp I.d t hat e.

or BELPEIon § TeagEnos i Lliggehe Bt rdetay” phig dnsplg and

| n tﬁde@ddlwﬁblmrﬁ]acarada fefrpeestire Orthe hppildxirests eargjeadf €8mi-B0°C to
gg,leu otele | tlf pgé | andi ns or PAF are

i nv e@°sw5?88 & At 2504 eases where nore than one of

t hese agents plays a role, a cPLA2 inhibitor would be

5EXPECt Sl oAl f i he BRSOHERRR 1b SH/ERHI RS hrochaniem,

rosta n or recep tor anta%onlsts an
rmfﬂus fesf ee&qavéew?&haw'e%@%%@?ﬂa% %ﬁcfeaﬁomﬂigﬁg@ﬁ%wée

I n Bbl*bbrﬁw)f@ctlo_ﬁbl&ﬁ@p&@ﬂ@@é@ﬁkﬂatﬂﬁ)ﬁf ne ce.ssmembrab# meumieub form
n the breatne

o EhRF P SRRl e B el arien SR gl 2 12
nofTrifluondacetit dcil is meteradfiective thantbiordnttiifgioride at activating 10 to

108 p%@a&.eﬁ@ﬁ i L) gHoes?artuggofHetléné? rvwllnrthé het effect of increasing the

osteoarthritis %s em C us er¥t hemat osus and
j ugeRgentEAtap oht3 e thusfg B RURTRGSTOT M SoF ROROSR
may be useful in the treatment of post-operative

I nf| amTBgrlhg narlcg%ea.ﬁwdggy Je%&eé gécopdm Q@th%%%{.‘%ﬂnﬁ.bnt cPLA2

surgery suc arac
suragiévity that is reggited foosHpplyine ace@hp@mm eltsd gibstraie to pxalaexyaanase-

15m3y| op © ada @fll%xybéhatsg e\‘lvrﬁcthﬂuW?mtla@fth@&BMOn MOstaglandlns and
fol | ow ng exa )resen illust certain

iR o pPtvay: i HeBiE FRAERMBHS St R atae te

be ysophbsphelipicatnatlis i reagrsbite PAE0 feusithedeltiompounds may be

- VS0 RoRMEn G presepton of e sptep Iy okl 1
et rpm@giﬂnfhaﬁyq Rah @fg)nvglyqaq” l\_rloreover in diseases where more than one of
201 ""'tl‘lé%@ @berﬁs ME}}S‘&WOQ:P%( kP ARERFBioF waGlH Be expected to be more

N Fictio ke oS pSROL T of BRE Aol S Re S s

m’rtmh@re efflec(i\& txroeyplooxpknash @n 2dpaxygaiace ahlhgdrs .ester (10.5
g, 50.97 mmol ), triethylsilane (12.0 g, 103.5 nmmol),
magnesi um sul fate (0.30 g), and dichl oronet hane (100

nmL) wer &heserebinpeunds staly be esheciatidusefiindiee treptm epioof GBiammatory

25  conditions, such as arthritic and/or rheumatic disorders, including but not limited to
rheumatoid arthritis, spondylo-arthropathies, gouty arthritis, osteoarthritis, systemic
lupus erythematosus and juvenile arthritis. The compounds of this invention may be
useful in the treatment of post-operative inflammation including that following
ophthalmic surgery such as cataract surgery or refractive surgery. In addition, the

30 compounds of the invention may be useful in the treatment of asthma.

The following examples are presented to illustrate certain embodiments of the
present invention, but should not be construed as limiting the scope of this invention.
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solution of boron trifluoride diethyl etherate (3.26
g, 22.96 mmol) in dichloronethane (10 nL) was added to
W@ b@sossed i on m xture over 2 mn. After 40 m nPCT/US2004/041989
trifluoroacetic acid (1.95 g, 17.11) was added to the

reaction m xture. After three hours, the reaction

m xture was filtered cold through a celite pad into
aqueous sodi um bi carbonate (9 g/ 100 nL). The organic

| ayer was concentrated to 60 g, then nmethanol (100 ni)
was added. The solution was concentrated to 82 g.

Met hanol (40 nli) and aqueous sodi um hydroxide (8.2 ¢
of a 50% sol ution, 102.5 BXMMPLEEre added to the

tE ?ﬁ Be}?ﬁydWl étcHIFn% é’\ﬁs(%ﬁtd'lcrhro?cgi ﬁé?\‘?fll‘f‘(@ﬁéﬁ%gulbﬂylgélngfethyl]-

on'mxture to
tenperature acetléHﬂEPU3W%P@Pﬂ?bTGQWECWnDI) was added
sand the solvent (40 g) was renoved. Tol uene (200 L)

o ant Ntz et BB OB T e Ve ol hepsl
L methanesulficremudn(2p tge 8¢ .2omimdl) gt-(SFAro-probyHbgnzoidrcid eitybester
col{es %%@9‘93&1 6I*Erféﬁﬁtl‘s%e?‘f2t@§ 1%;369%69 reé(ge{ee.wmulfatsg@sb

recrystallize of toluene to give
( 5pne flichipramethene (106 %EWWﬁ compingRlptiref/snd CH@'?d to5 28, §0A
10( bsolgtionlofboerod trififor(dd, dleﬂf]dI_thﬂefatblli’% 26, 52396{ chmol) hh_(:tll-lchloromethane
7 %@5 rﬁzgvvasil%dged]t{)% %(T‘tlog pb'%&r% OWA%IB% ’A{t%}_hq] #\g‘t E%Egrgacetic
. Skeiy (1.85 4.67(1d) WaSHﬂddQﬂD the-pepction, rBBtu(es | Affrfhregghdugs, the
( mrgdé)lon @rx@lﬁa \ﬂlé'g f#tgped cgld ?Iﬁot(dma Eille padi-if0 et odil:
4 P@a{bﬂ?”%% ﬁ:’zq{y@r'})p é' h% HTgaP'S Iazer[\gas( %Onse'af#ﬂtH;@P QpWE‘?\yI m
15et hﬁﬂ%llull ﬂ(ﬂlTlML)&ﬁés%hiecEt'ﬁh}élstJtlon was concentrated to 82 g. Methanol
ISIATAY 0
[(A2d1rgfl)) Be r%héoé' ?%?%41 3ro- (?%I-qa&lc? d':To /QSOI?t}on %ny ﬁnm((}l) 5
6addembtp thel mlplld@mwhy mlwﬁ man stitack andayaraed {R8f°Cofor §B2After
mebaun%ﬂfr?glé?t%@ rn?iu{?@bdl rﬁ(ﬁrﬁé&ﬁrﬁ&ké&u@%&h@h&& ke. @Pt f2(s2@akhol)
G o GO A S ON 5 bt e LR gno Saer (0

20C 0 Le thetetndde @ tA mixfires oThetdrgHm:odéyéwmas iseparatet mod ivdshed with

et %Ee?&‘ﬁo (ﬁ] lt.%sthg?] goncg’l%?atm l7%ngI '?‘hg 'sglp.i %d?.g?&g@gbﬂzété@ b)m‘)

e reaction xture o
mi riltration gflepgtpedingqvemioht then reaysializsg fropmifl Ba%t%ﬁé@? glve
t 0 18hg BERALLAtIRICSTBERd. A NOIR EMSDD: shPeo (&%cmm 89 (d,
meﬂevmsfItaedcddthnngwacelte? h
2H, J=2Hz), 7.59 (d, 1H, J=1.5Hz), 7.53 (d,1H; J=6Hz), 7.48 (d, 1H, J z), 7.38
25 (m, 9H), 7.20 (m, 5H), 6.77 (dd, 1H, J=6.9 & 1.5Hz), 6.46 (d, 1H, J=6.9Hz), 4.36 (s,

2H), 3.18 (m,2H), 2.96 (m,2H), 2.76 (m, 4H), 1.90(m, 2H). MS: 744 MW, 99.8%.

EXAMPLE 2
4-(3-{1-Benzhydryl-5-chloro-2-[2-(2,6-dimethyl-phenylmethanesulfonylamino)-ethyl]-
30 1H-indol-3-yl}-propyl)-benzoic acid

N-[2-(1-Benzhydryl-5-chloro-1H-indol-2-yl)-ethyl]-C-(2,6-dimethyl-phenyl)-
methanesulfonamide (300 g, 552 mmol), 4-(3-Oxo-propyl)-benzoic acid ethyl ester

1
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aqueous sodi um bi carbonate (138 g/1.5 L). The organic
| ayer was concentrated to 1.2 L g, then ethanol (1.5
wa roodasssadded. The sol uti on was concentrat ed tRCT/U2004/041989
THF (450 nL) and a sol ution of aqueous sodi um
hydroxi de (221 g, 2.76 nol) were added. The reaction
m xture was then warned to reflux for 30 mn. The
m xture was cooled to 50 0OC. Toluene (1.5 L), water
(300 nL.) and acetic acid (166 g, 2.76 nol) were added.

or G0 Bl HaCIRBRE LBl B S b TP e C(bBorere

rrL)coM/alﬂecadtﬁmﬂi amblcdoled t07-20 01, &\ sudustiod @f beoh trillettetethetatd (55.0

| :

St | f P4 Jm{lélﬁ Hrﬁ%@ﬁ%& ?0 Jnm)ad}é’soé%‘e‘é @@%@%é'&lgn %%re over 9
fi Imin.adites3> mim dieeroagetip a@f@) (@3 @ 698 @mol)(\@mée@l@)the gaggtion

5dr infieurO AltbAAD n%il. 8 rea8tfonBixtafe disrilfeldal RIdaRIERG A BelitdBdtinto

vari ati ons of vention not illustrated
o o Ui b b B TR g Ly T hedgate aist FE corpfvated to
pr dseng, themvesitetniob(n. 51 LS wae tiddeidimThe dolutiort as eomberdiaeeitd $.2 L.

' 'Tﬁil%tdﬁﬁ &0 a%% s%ﬁ&{ 6fké%9ecl?1§ &!lﬂm @Hk}gﬂ@ W%%%@' Were

cI &Pdad. \Matrea%munmurmwaq f§en wafm&dﬁetr%ﬁd fgr0 rpip, eThe mixture was
10r edy@bd w%oabkyblaém 534) W& (Q&(ﬁnﬂlﬁ&id édéﬂc @éld pis6ign2l o6 fol)

d t
o MR Tfﬁ’%@!‘?é’i@é SFhoueSR R vers sorg R gad Pedthaniey
agehasesedsarnettrbied fn t.ak. Foloens (600 il$ van gdded nGiheCaixture was
al %X c%e%’trét%’i‘f%s' % [' ﬂlibermf({éﬁé ngéq&ole@' Lo Sefde e?’éﬂg ?ﬂ&lstlrred for

phen Lew s aci

gr déb Enzd 'QYVF‘%@O"GF"G% By titations wasgyed yith £PId ie!vgne (3x300 mL), and
15antdriePryyiver31a gr(8r ) eghé etakpburednd a hal ogen or

triflate anion, and pentafl uorophenylnetallic acids in

which the netal is boron, alumnum antinony or a rare

eart h niiany varig2tiorfledthgwrdseot infentidranghillustrajied herein will occur to

C Offr'léHsb Skiléh ik B %@9#&%@& lrﬁr@moh ' |9 Rotinied tcpt'hg @Wbﬁdlﬁ‘i‘éht@
he reaction m xture after he reaction

Wné*l“é‘irﬁe‘i d dsseribgf el Bt e§°‘§*éﬂa§§?%%f' the é'n‘ﬁl?‘ﬁ E’aﬁ?rdﬂwm the
20Cc orsbRLdf i apberided clath@y. oacet i ¢ aci d, CCl xH3. cCO2H

where X is 0-3, p-toluenesulfonic acid, and

benzenesul fonic acid. 3. The nethod of claim4 wherein

the organic acid is added
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approxi mately 30-60 m nutes after the reaction begins.

4. The nmethod according to any of clains 1, 2, or 3,
wWob@se5882¢ he | ndol e conpri ses an aci d-sensi ti VECT/US2004/041989

substituent bonded to the N-1 nitrogen. 5. The nethod

of claim4 wherein the acid-sensitive substituent is

sel ected fromthe group consisting of benzhydryl,

2, 4- di met hoxybenzyl, 2-hydroxybenzyl,

5-di benzosuberyl, and triphenylnmethyl, and is

optlonall_ sybstituted with 1 to 3 substituents
selhat sflaimgd ndent |y fron1the group consisting of H,
halogen -CN, -CHO, -CF3, - , -OH 1-Cl1-C6 al kyl

al k 1) o) AHR |§-.NFE|¥ b?‘?%f’“ff‘&% é@p% {MC) gpﬂﬁ@ﬂ( gjaﬁﬁgiole said
metmtmd serpistio rﬁrgattn@ thmipdele wi @mmkiemm ipkherrpsenee ef a silicon

5 leeMoﬁldgFédqcm ag%ﬂ{ aidced fnfdnﬁ) fﬁetd'ﬂ&ipgfoﬁéiﬁlr@@ﬁ si(SLE GkyDEilaRe,
uor i

2l fogh ﬁﬁ'afﬁn‘é'm?aw"aa? 2y phenTadpidiene dap 3Ly acd seected
pefrbraftlhagmmmeﬂytlnbcofmitsof hgriod, alumititre, armmoyiom ragd eartim rbetal

V\’hgﬁc?é Fal&ge% o#'ﬁ?gét% afto h %nb%e‘?@ﬂ@%%n@lﬁ@lﬁlﬂc%ldgrrP\HHch the

consi s
t r msal w.bprqno?lwwewneaﬂé@ew ghafasg earyygetal.

10pentaf|uorophenylboronlc acid. 8. The nmet hod accordi ng
to any |ns 1- n the sjl hydri d .
Fedact i agdie TEURBPTIEE T PuphFrErpai R JERER sepiiane
ac enpgianig at:Id)toethq regftioplneikivee dfted thethreaation hahkegup agherein the

t a%@%me Lg% % Blec BRI Gohp 8o %oﬁggt.ha Bt tiftpsacBiic 4 Bci,H Hy.

abo met hod accordlng
anyCesH wipea? fis 3. RR)Hé’F%“M‘me'ﬁ éc'f* rﬂﬂ‘Slbén%%‘ﬁﬁf'ﬁ%'é@C'S
1sconmpound of the forrmula N (CHa)lll- NH R O S-
(CR5R6) 2- X r,ein S ect e fron1 rou
Conai st ing e rEBaBfcighe SnpBupfe SERE L i A4, ° O
2) mBproximnatelui3eB8iminutes aftes decieaetigon beains.t he gr oup
consi sting of:

4. The method according to any of claims 1, 2, or 3, wherein the indole
20  comprises an acid-sensitive substituent bonded to the N-1 nitrogen.

5. The method of claim 4 wherein the acid-sensitive substituent is
selected from the group consisting of benzhydryl, 2,4-dimethoxybenzyl,
2-hydroxybenzyl, 5-dibenzosuberyl, and triphenylmethyl, and is optionally substituted

25  with 1 to 3 substituents selected independently from the group consisting of H,
halogen, -CN, -CHO, -CF;, -OCF;, -OH, -C4-Cs alkyl, C4-Cs alkoxy, -NH;,
-N(C;-Cs alkyl)z, -NH(C4-Cs alkyl), -NH-C(O)-(C+-Cs alkyl), and -NOs.

6. The method according to any of claims 1-5 wherein the Lewis acid is

30 selected from the group consisting of a fluoride, chloride, or triflate salt of boron,
aluminum, antimony or a rare earth metal, and pentafluorophenylboronic acid.
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Hand H; wherein Eis selected fromthe group
consisting of H Cl1-C6 alkyl, G -C6 al koxy, -CF 3, and
WO ¢@sto2ede CF3; and D and G i ndependently are sSPCBUSEO4/041989
fromthe group consisting of phenyl, pyridinyl,
pyrimdinyl, furyl, thienyl and pyrrolyl, each
optionally substituted by from1l to 3, preferably 1 to
2, substituents selected i ndependently from H,
hal ogen, -CN, -CHO -CF3, -OCF 3, -0OH, ClOGaIkyI
Cl1- Co alkoxy -NH 2 C 1-Co6
al kyl ) . Nl—l--%(%j‘e?‘@,d gf q% gmg*ﬁrsm thﬁégzmsar@]ﬁ:ai is s ect%q,from the

6- esubebrsisting o€ BB Yoron drisdrifluivednestioaiesuiivhate), ahd g
co i ' . roatons selected fromQO N or S;
x1%|‘1;"ﬁ‘t "llp‘g’é'% @E?fg“'99§

d?r oup consisting of a chem cal
bond, -& , -The meigpdpccordingtopny ¢ of clais 1-7- vmq@( @)h_e silicon hydride

5" CT&UClnEaéémc%pﬁéééWléthﬁﬁn@ alkyl) Y NY O, and Rl
is selected fromthe group consisting O C 1- G5 al kyl ,
Cl1-C6 fluorinated al kyl, C3-C6 cycl oal kyl,
t et r ahydr opyTlanykthod acqmmmgytb anpdiariams 18, wi(élkbm the(réactioCiakes
I o o
tnivsy e BBl e st roR YOS soaiflee, )
p| peri di nyl, yrrol [ d| nyl, imdazolyl, piperizinyl,

10t hi azol kgli nwhe hBih@B”Qé&bFHMd #B¥%hy oitceé.ﬁ@aqi FheréiRdiliiole
benzoxazol e, 3 ap i m dazol i di ne-2-t hi one,
SageppSem

”F°EH‘PPﬁ§lSI?ﬁ°"m°E Y8 hept an- 2- one, benzo
2 5] oxadi azol e, r2- oxa- 5- aza- bi cycl o[ 2. 2. 1] hept ane,

plpera2|n 2-one rolyl, each optionally
substituted wif bsti t uent S i ndependent 'y
sel ect ed fromthe ro coM&@stNAg of H hal o - CN,
-CHO, -CF3, - , cﬁ Cl- C6 fé\mRSRG)(z@f

al kyl)-R 7, ClCGaIkoxy -(C1- C63alkoxy) R7, -C(O-(C
1- C6 al kybbin - NH21- N(C1- C6 al kyl) 2,

R is selected from the groap consisting of -(CHy)u3-A, -(CH2)ns-S-A,
15 and -(CH2),5-0O-A, wherein A is selected from the group consisting of:
DH E and DH G;

wherein

E is selected from the group consisting of H, C4-Cs alkyl,
20  C4-Cg alkoxy, -CF3 and -(CHj)ns-CF3; and

D and G independently are selected from the group
consisting of phenyl, pyridinyl, pyrimidinyl, furyl, thienyl and pyrrolyl, each
optionally substituted by from 1 to 3, preferably 1 to 2, substituents selected

25  independently from H, halogen, -CN, -CHO, -CF;, -OCF,, -OH, C,-Cg alkyl,
C4-Cg alkoxy, -NH,, -N(C4-Cs alkyl), -NH(C1-Cs alkyl),
-NH-C(0O)-(C1-C¢ alkyl), NO,, and a 5- or 6-membered heterocyclic or
heteroaromatic ring containing 1 or 2 heteroatoms selected from O, N or S;
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-NH(C1-C6 al kyl), -(C 1-C6 87yl)-NH 21-(C1-C6
al kyl)-N(C C6 al kyl)2, -(Cl-C6 81 kVI)-NH(CLl-Ce al kyl),
wo didsa8e (C 1-C6 al kyl ), -NO2, -SO2(Cl-C6 al kpd/psS208(041989
2NH2, - SO2NH(Cl-C6 al kyl), -SO2N(C1-C6 al kyl)2, -COOH,
-C(OO(C 1-C6 alkyl), -(C1-C6 al kyl) - COCH,
1-chl or o- 2- et hyl propyl, -Cl1-C6 thioal kyl, -(Cl-C6
al kyl)C(O CH 3, -(Cl1-C6 al kyl)OCH 3, C(O NH2, phenyl ,
benzyl, benzyl oxy, norpholino, pyrrolidino,
pi peridi ne, piperizine, furan, thiophene, imdazole,
tetrazol e, pyrazine, pyrazolone, pyrazole, imdazole,
oxazol ex'is s@em@frem thmgraup)d:c&lslsﬂng’mtamﬁbmtcbi tmz:dj 8;,-O,r1 -
[ A [ ,0-, /1 v - &

@(Oss S "W andrs

|s sel ect ed from ll—he gr ouﬁctgﬁ%”“ygtl ng of H, hal ogen,
-CN, - CHO)-Co <B¥B, ;&KCl C6 al kyl, C1-C6

al koxy, K1-C6 thio d-N N(ClOGaIkyI)Z -NH(C
1CGaIkyI) -NH-C(O) (Cl alkyl), and -NO2; R4 is
Ssel ected fromthe group consisti ng of H, hal ogen, -CN,

CHO I@Hgselec@&%omt rou rQ@tl 06 al koxy,

ol e
GRC Ut At G R
1N@6aerkw IONR N(GNHra(IKyO) PRet{yC pYriddy! glykipidjnyl, fulryl thienyl,
%W&%@‘%‘J@ Wi R SRR 'i'd?sdy'

0 SepeyamL @aaze%nﬂa leynoypholingbgettazple  indalebepsrxpznls. ky | ) |
C3b|63€zoﬁyéh| mﬁddz(k)‘ﬂhdlne—ghﬁioﬁ@s mnswllmxiybkmlz) 1]?]epft)ar|( (£oore, C6
cycl oa - 0- - -Ch. C en
SRl Bk s Bt 2 on
pi ped pytiolyk eaghi etidnaiiyebtijvtach with hitod bdsttuentsi dazol e,

t eﬁﬁd@?&’d@nt%@éfléé@dﬁ%ﬂ 1R¥ @ﬁﬁﬁlcgﬁ@stm@ﬂf P Hﬂ@gen‘ mazol e,
oxazol e _and | soxazol e I ngs of eac
15 -CHO, -CF3, -OCF5_-OH, C4-Cs alkyl, -(C4-Cs alkyl)-R”, C;-Cs alkoxy,
-(C4-Cg alkoxy)-R’, -C(O)-(C4-Cs alkyl), -NH3, -N(C4-Cs alkyl),,
-NH(C,-Cs alkyl), -(C1-Cs alkyl)-NH,, -(C1-C¢ alkyl)-N(C4-Cs¢ alkyl),,
-{C4-Cs alkyl)-NH(C 1-C¢ alkyl), -NH-C(O)-(C4-Cq alkyl), -NO,,
-80,(C+-Cs alkyl), ~-SO,NH;, -SO,NH(C4-Cq alkyl), -SO,N(C4-Cq alkyl),,
20  -COOH, -C(O)0-(C 1-C; alkyl), -(C4-Cg alkyl)-COOH, 1-chloro-2-methyl-
propyl, -C4-C; thioalkyl, -(C4-C¢ alkyl)C(O)CHjs, -(C4-Cs alkyl)OCH,,
C(O)NH, phenyl, benzyl, benzyloxy, morpholino, pyrrolidino, piperidine,
piperizinef furan, thiophene, imidazole, tetrazole, pyrazine, pyrazolone,

pyrazole, imidazole, oxazole, isoxazole, thiazole, 2-methyl-thiazole,

BN NN 0
s T 0 RO

18



of these R4 groups each being optionally substituted

by from1l to 3 substituents selected fromthe group
weonsiossseing of H, hal ogen, -CN, -CHO -CF3, - GCT/USDOL611989

al kyl, C1-C6 al koxy, -NH2 ,-N(C 1-C6 al kyl) 2,

-NH(C1-C6 al kyl), -NHC(O-(C 1-C6 al kyl), -N2,

-S2(C1-C6 al kyl), -SO2NH(C1-C6 al kyl), -SO2N(C1l-C6

al kyl )2, and -OCF3; R5 and R6 independently are

selected fromthe group consisting of Hand Cl-C6

| kyl ; N h t
o whi ol AR Rt e 8P Spnand BRT wbesh Rl TPy o
sel-6€1, edCFy, ebil t-Ke-Cqrlsyl pC cCrakayi @thedhlpglméndeg benzyl ,
benKlg'(*T C@‘&’alkyﬂmIQIh@-'d?;%jkylWNHQi(b?' &gf‘%%zégiygeéd adhBg:

pi peri zine, furan, t hi ophene, tetrazol e,
pyrazi ne, pyrazolone pyrazole i m dazol e, oxazol e,

51 sox azo:Ré is $eMcistiGhom thagmab hyﬂmdishnilugaﬂh halogas hCREeiCHD, -CF;,
opt a tlt t o st nt,s
ot ?g?@dbﬁ or’nq:ts ﬁ&‘y 6ub WP ebs %oa{@ Wp h'§ %E@naﬁky'
CH®H(01€§F%3a|kyJ)GNHC(Q)l:(C€@ez§HHY9I NO@]:NG@(@D’N@WVC&QKM (C
1 Qﬁ aé(b&ﬂ_rxbmo Ik | k& Qlkyl(@’d?(o b'ééﬁqib
aep xc@f'% SIS gemmfé @s(CaTq@mIoalka)
10f SCENQ-CHA@ @4 dyplopiRyl), ﬂ:@ﬁe cfdldaikyl, I-CSI‘!{S‘(E:;-CFEWf kyl;%eloect1 ed
ro e
by o8 o RS CBR I GRS, SHEh e RSy,
3 ragrdhalino, pyrralidinon pipgridines piperizinedfufan gthiopheng, imigazge, tattazole,
Th epyFE%tn'@@rQioldﬁbaqbﬂéz%% me%%' SxaPolBBfd IsB;@azEI%rtme”nﬁgs/ of 3ach

gr &g‘eé%ﬁs%"f‘f’?@a%‘f em%%ggqr%&éﬁ}gst?’@%d %e eCt1e’to ér_sg{)stltuents
15- OGkeRcted@dm thErolp candisfihg of T, -hagen, kOMy- ,CHCNH2F3, -OI-N( C

1- I )
al EEIH)% 5@1‘ ¢ Rﬁ%’d&%k % N%rfek%(eng"a'l @@ a&@) wher ei n
&(0)-(C+-Cs alkyl), -NO,, ~SO4(C+-Cs alkyl), -SOgNH(C1-Cs alkyl),

-SO;N(C4-Cs alkyl)z, and -OCF;

20 R® and R® independently are selected from the group consisting of H and
C;-Cs alkyl;

alternatively, R® and R® together with the atom to which they are bonded form
C;-Cs cycloalkyl;
25
R is selected from the group consisting of phenyl, benzyl, benzyloxy,
morpholino, pyrrolidino, piperidine, piperizine, furan, thiophene, imidazole, tetrazole,
pyrazine, pyrazolone, pyrazole, imidazole, oxazole, isoxazole, thiazole, 2-methyl-
thiazole, each being optionally substituted by from 1 to 3 substituents selected from
30 the group consisting of H, halogen, -CN, -CHO, -CF3, -OH, -C4-C; alkyl, C4-Cs alkoxy,
-C(0)-(C4-Cs alkyl), -C(0O)O-(C4-Cs alkyl), -NH; , -N(C4-Cs alkyl),, -NH(C4-C; alkyl),
-NH-C(0O)-(C+-Cs alkyl), -NO,, -SO,(C+-Cg alkyl), ~-SO,NH(C+-Cs alkyl),
-SO,N(C+-Cs alkyl),, and -OCF3;
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X3 is H and X4 is H 13. The nethod of clai m 10,
wherein the indole conprises a conpound of the fornula
WOXB00X/038820 wherei n X3 and X4 independently are Bel/E81084041989

fromthe group consisting of H halogen, -CN, -CHO
-CF3, -OCF3, -OH, Ci1-C6 al kyl, Cl1-C6 al koxy, -NH2,
-N(C 1-C6 alkyl)2, -NHC 1-C6 alkyl), -NHC(O-(C 1-C6
al kyl), and -NO2; and X5, X6, X7, and X8 i ndependently
are selected fromthe group consisting of H halogen,
-CN, -CHO, -CF3, -0OCF3,-0H, Ci1-C6 al kyl, -(Cl-C6

al kyl)-R7, Cl1-C6 al koxy, -(Cl-C6 al koxy)-R7, -C(O-(C
1- C6 al kyl ), nr &l intdf(eCel@Bedfréryl1) 2,0r 3NH(C 1- C6 al ky!),

-(C1-C6 al kyl) = = - I . C6 al kyl) 2,
-(C1-C6 al kyl"%f%ﬁf”&egr&g%'e‘%iﬁ{)@' )E&%( -(C 1-C8

al kyl), -NO2Ms LSS(DZ(@PI%'G‘&P‘{’(%}PT 0, 1,§cpNHNd - SOPNH( C1- C6
=l kyl), -SO2N ©€Eneddr k¥kbdtdd fro@For 3.C(O) O (C 1-C6

al kyl), -(Cl-C6 al kyl)-CO0OH, 1-chloro-2-nethyl-propyl,
-Cr C6 thioalkyl, -(C 1-C6 alkyl)C(OCH 3, -(Cl1-C6

al kyl ) OGH. 3, Tag @etidd of gdhienid, whereinA/has theforglilaxy,

nor phol i no, pyrrolidino, piperjidine, piperizine,

furan, thiophene, im dazol t ol e, pyrazine,
pyrazol one, pyrazole, ixXtirgazol e, | e, isoxazol e,

t hi azol e, 2-nethyl-thiazole O, ,- O- N/ V1 - N
SN wherein X® and X* independently are selected form the group consisting of H,

10  halogen, -CN, -CHO, -CF;, -OCF3, -OH, -C;4-C; alkyl, C,-C; alkoxy, -NH,,
-N(C1-Cg alkyl),, -NH(C+-Cs alkyl), -NH-C(O)-(C4-C; alkyl), and -NO,.

12. The method of claim 11, wherein
X®is H; and
15 X*is H.

13. The method of claim 10, wherein the indole comprises a compound of

the formula
X6
X8 X7
Cl NH
T o
0=}
N o x
AN X
x3_: l _x4
= =
20 wherein

X® and X* independently are selected from the group consisting of H,
halogen, -CN, -CHO, -CF3, -OCF;, -OH, C;-Cs alkyl, C1-Cs alkoxy, -NH,,
-N(C-Cs alkyl)z, -NH(C4-C; alkyl), -NH-C(0O)-(C4-Cs alkyl), and -NO,; and

25 X5, X8, X, and X® independently are selected from the group
consisting of H, halogen, -CN, -CHO, -CF;, -OCF; -OH, C4-Cg alkyl,

-(C4-Cs alkyl)-R’, C4-Cs alkoxy, -(C+-Cs alkoxy)-R’, -C(0)-(C+-Cs alkyl), -NH;,

20



- NN I- 11 A/ , and O ~ the rings of each of these
X5, Xb, X7, and X8 groups each being optionally
waamsosgses ed by from 1 to 3 substituents sel ecP@US$2004041989

t he group consisting of halogen, -CN, -CHO -CF3, -OH,
-Cl-C6 al kyl, Cl1-C6 al koxy, -C(O-(C 1-C6 al kyl), -NH2

, -N(C1l-C6 alkyl)2, -NH(C 1-C6 alkyl), -NHC(O-(C

1-C6 al kyl), -NO2, -SQ2(C1-C6 al kyl), -SO2NH(C1-C6

aI kyl), -SO2N(Cl-C6 al kyI)2, and OCF3. 14. The nethod

3 . an 4 is H 15. The
m@ g&ég‘p)dwﬂg“? Lol ?Cb}_#eaﬁm'@fb or 14, wherein X5
| s ~(CFG; alkil)-N(€ 1185 alkyn).i 4C s akyl)-NKBCi-E: Blkyl]1 6. The et hod
T 1 X5
SRR o INGL AT d o Lo pEren 06 12
acc%NH@w% aéhw §Pz'>£ (CaiGralkyls. GO0 -CENLrEiIRs ¥ s H;
X6 i(s,-€ a|k9|§70®st-chlaﬁ¢ R{Sthylrdpyl, I8- CJEhwauaget hod of

C' a' ée, ZbySI, DG, S HBRYIT bR, SUTposag,of the
benzyloxy, morpholino, pyrrolidino, piperidine, piperizine, furan, thiophene,
imidazole, tetrazole, pyrazine, pyrazolone, pyrazole, imidazole, oxazole,
isoxazole, thiazole, 2-methyl-thiazole

(‘S?N o) (IS?N s C><j
N \__: > N .
0w o6 . & D:

1

/AN )L N
—/ ';J \_/, and —<O :

7

the rings of each of these X°, X%, X7, and X® groups each being optionally substituted
by from 1 to 3 substituents selected from the group consisting of halogen, -CN,
-CHO, -CF;, -OH, -C4-Cg alkyl, C4-Cs alkoxy, -C(Q)-(C+-Cs alkyl), -NH;,

15  -N(C4-Cs alkyl),, -NH(C4-Cq alkyl), -NH-C(O)-(C4-Cs alkyl), -NO,, -SO,(C4-Cs alkyl),
-SO:NH(C,-C; alkyl), -SO,N(C;-Cs alkyl),, and OCF;.

14. The method of claim 13, wherein
X*is H; and
20 X*is H.

15. The method according to any of claims 13 or 14, wherein
X% is -CF3;
X%is H;
25 X" is H; and
X%is H.

16. The method according to any of claims 13 or 14, wherein

X% is -CHs3;
30 X%is H;
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OUHCH- X R2 wherein X2 is selected fromthe group
consisting of - O, -CH2- , -S-, -SO, -S2-, -NH, -
W@LEpA58820NHSO 2- H (Cl-C6 ai kyI) (C1-C6 al kyP()T/NSMOM)4l9s9
H (Cl-C6 al kyl)-, (Cl-C6 alkyl) (Cl-C6 al kyl) (Cl-C6
alkyl)-, and L R2 is aring noiety selected fromthe
group consisting of phenyl, pyridinyl, pyrimdinyl,
furyl, thienyl and pyrrolyl, the ring noiety being
substituted by a group of the fornmula - (CH2)n6- CO2R8
or a phar rracg tically acceptable bioisostere, and
optional ly f BHeP"Subst it ut ed by 1 or 2 substituents
i ndependent | ¥*iseClect ed fromthe group consisting of
hal ogen, -CN, -CHO -CF3, -OCF 3, -OH, Cl1-C6 al kyl,
Cl-C6 al koxy, Cl1-C6 thioalkyl, -NH2 , -N(C 1-C6
al kyl ) 2,17- NH{ & heifigd a¢deyding, to an-pfClam)s ’(?(Drllf’ro&h%ieikyl ),
sand - NO2; R8X¢§Hsel ected fromthe group consisting of
H and C1-C6 atl,k)& n5 is an integer selected fromO, 1,
2, or 3; and®nB8Y's an integer selected fromO, 1, or
2. 19. The nktisat=afl cl aim 18, wherein the al dehyde is
a conpound ofs{he formula O H OR8

10 18.  The method of claim 1-17 wherein the aldehyde is a compound of the
formula
O
H/U\(CHz)ns—XZ—RZ
wherein
X? is selected from the group consisting of —O-, -CH,-, -S-, -SO-,
15  -SO;-, -NH-, =C(O)-, -NHSO,-,
(C4-Ce alkyl)

H

(C4-Cg alky) N N H

oo Y NG .
N , o , 0 , (C1-Cs alkyh)—

C4-Cg alkyl
(©+-Cs aliy) A
/ ~

N<
“"">(C4-Cg alky)—, and Jdo

R? is a ring moiety selected from the group consisting of phenyl, pyridinyl,

20  pyrimidinyl, furyl, thienyl and pyrrolyl, the ring moiety being substituted by a group of
the formula —(CHz)ne-002R8 or a pharmaceutically acceptable bioisostere, and
optionally further substituted by 1 or 2 substituents independently selected from the
group consisting of halogen, -CN, -CHO, -CF;, -OCF3, -OH, C4-Cg alkyl, C,-Cs alkoxy,
C4-Cs thioalkyl, -NH; , -N(C4-Cs alkyl)z, -NH(C4-Cs alkyl), -NH-C(O)-(C4-Cs alkyl), and

25  -NOgy;

R® is selected from the group consisting of H and C4-Cs alkyl;
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O wherein R8 conprises a Cl1-C6 al kyl group. 20. The
nmet hod according to any of clains 18 or 19, further

W@ o0vpissseng t he step of renoving the R8 group POI/U82003/641989
carboxylic acid. 21. The nethod according to any of
clainms 18 - 20 wherein Ris benzhydryl; and the Lew s
acid conprises BF3. 22. The nethod according to any of
clainms 18-21, wherein the silicon hydride reducing
agent conprises triethylsilane. 23. The net hod

according. to.any of clainsl8-22, further conprising
t he addi"t °Sf "8?3/91' F?"F‘f‘%?fgflfoé‘b@e% %Cdrgc? appr oxi mat el y
30- 60 mnpistae dnteder eeledidrefrane@.ct, boh begi ns.

19.  The method of claim 18, wherein the aldehyde is a compound of the
5 formula
0

OR8
O
wherein R® comprises a C;-Cg alkyl group.

20. The method according to any of claims 18 or 19, further comprising
10  the step of removing the R® group to form a carboxylic acid.

21. The method according to any of claims 18 - 20 wherein
R is benzhydryl; and
the Lewis acid comprises BF3.
15
22, The method according to any of claims 18-21, wherein the silicon
hydride reducing agent comprises triethylsilane.

23. The method according to any of claims18-22, further comprising the
20  addition of trifluoroacetic acid approximately 30-60 minutes after the reaction begins.
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