A SYNTHETIC METHODOLOGY FOR THE REDUCTIVE ALKYLATION AT THE C-3 POSITION OF
INDOLES FIELD OF THE INVENTION This invention relates to synthetic methodology for the
reductive alkylation at the C-3 positron of indoles, BACKGROUND C-3 alkytabon of indoles in general
is a facile process, as shown in 10Comprehensive Organic Chemistry, 1979, V. 4, Chapter 17, "indoles
and Related Systems'. This aikylation can occur under basic or acidic reaction conditions. 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 incioles under acidic reaction conditions can
often proceed with catalytic amounts of 15acid catalysts. An examination of the literature reveais a
large number of acid catalysts that have been used for the C-3 alkyiation of indoles. Its convenient
to achieve both alkylation and reduction transformations simultaneously when 'nobles with C-3
saiurated substituents are desiredy2oHmiethyisilans, i lent reducing agent under acidic
reaction conditions, and trifluoroacetic acid @ﬁﬂﬁiethgy%ﬁ;lgm%%ﬂ‘g%%ﬁ%y% &‘%T@ngm
combination tc accomplish simultaneous alkylation and reduction at the C-3 position of indoles; Steele,
et al. Tet Left 1993, r%)155_&%rﬁ‘Bﬁﬂﬁ<’9I’dé*z(lf§",\ﬂ“ﬁFﬂf[xloroacetic acid is incompatible with some acid sensitive
functional groups, ard, in fact, ifinoracetiaacicl Jgwetk a reagent for the cleavage of
benznydryl protecting groeess ERRAS ARGV ULS, %roteﬁ@}%e{g&g%e ergg%c?*‘ff% yiikess r ed., John
Wiley & Sons, 1999. SUMMARY The present invention comprises a process for the reductive
alkylafion at the 30C-3 ofan 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
particulariy useful for alk Iatip "ﬁnaé“&%%%a@nmw igRisiesithatopiaissacidssansitive substituents at
the N-1 position. In particUIBFRIBGEIHveNsS theisndolerhas therdgmula Gl N OHI 2)22,666-NH
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O<I" wherein the variables R, 51,R3, R, Rs, R6, XI, rk. and r12 are defined as described herein.
Acid-sensitive groups that may be present at the N-1 position of the indole 5include, for example,
those having the formula X3J-- wherein. X3 and X4 are defined as described herein. Particular
examples of acid-sensitive groups include, for example, benzhydryl, 2,4-dimethoxybenzyl, 2-
hydroxybenzyl, 5-dibenzosubery.1, triphenylmethyl, and the like. 10 DETAILED DESCRIPTION
Methods of the present invention for the reductive alkylation at the 0-3 position of an indoie compound
comprise treating the indoie with an aldehyde in the presence of a Lewis acid and a silicon hydride
reducing agent. The methods are 15particularly useful for alkylating the 0-3 position of indoles that
contain acid-sensitive subsfituents. AN, Nyl RO ha&%it%prl_‘%lsilicon hydride reducing agents
include, for example, phenylmethylsn%ge, diphenyisiiane, trip enylsﬁane, and tri(131-C alkybsitanes,
such 20as trimethylsilane and triethylsilane. Suitable Lewis acids include salts comprising a cation
selected from boron, aluminum, anfi ‘ny n re earth metals such as scandium or lanthanum,
particularly in combination with a halogen or'*riflaf%“hhib‘hﬁﬁOther suitable Lewis acids include
pentafluorophenylmetallic acids in which the etal is barow; (@fifinant aftimony or a rare earth metal.
Preferably, the Lewis acid 25 comprises a flyoride, chloride, or triflate salt of boron, aluminum,
antimony or a rare eattff ATefS1 V&iR1I6: “dinptisBs PefialiubrephengtbortmicacieicBxamples of suitable
Lewis acids include, f¥&kairigtectsiirsymife drtdeBRIydseron ties(trifuoromatbanesulfonate),
aluminum trichloride (#104.3); etamikunveflaonicie (BHa), pentafluorophenylboronio acid, and
lanthanum trifluoromethanesulfonate. In some embodiments, after the reaction has begun (i.e. after
combination of 5the indole, aldehyde, silicon r>1<¥ fi #9g agent, and the Lewis acid) a suitable

organic acid, e.qg.. trifluoroacetic acid, CO12:1-1340021- &re X is 0-3), or an aryl sulfonic acid

(e.g., p-toluenesulfonigagichor-henzenesulionic acid),may, be added to the reaction mixture to increase

) , : les of acid- .
the rate of conversion, gf the J%%Ctaﬁctﬁ dté) m% Igrg%i eprb%q%% The organic acid ma&f%% added some time

after the reaction hashb un, forpféexamp e, approxim qvifoﬁwm’@%‘ﬁﬁ@r the reaction has
begun. The reaction i BrETRrARY TERaTRRGRY abwipitra A tirdirange of approximately -WC; to
+26C.

DETAILED DESCRIPTION

Methods of the present invention for the reductive alkylation at the C-3
position of an indole compound comprise treating the indole with an aldehyde in the
presence of a Lewis acid 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 inciude, for example,
phenyimethylsilane, diphenyisilane, triphenyisitane, and tri(C+-C, alkylsilanes, such
20 as trimethyisilane and triethyisilane. Suitable Lewis acids inciude salts comprising a
cation selected from boron, atuminum, antimony and rare earth metals such ags
scandium or lanthanum, particularly in combination with a halogen or trifiate anion.
Other suitable Lewis acids include perviafiuorophenyimetallic acids in which the metal
is boron, aluminum, antimony or a rare earth metal. Preferably, the Lewis acid
25 comprises a fiuoride, chioride, or triflate salf of boron, aluminum, antimony or a rare

earth metal, and/or comprises pentafiuorophenylboronic acid, Examples of suitable
Lewis acids include, for example, boron triflucride (BF3), boron

b2



Embodiments of the invention include those where the indole has the fo 4 R "-ry"fiTh (OH2)nt-N\H 16:
0 b 15wherein R is selected from Inc group consisting of -(Ofti2)i3-A, and -(CH2)1-0-0-A, wherein A is
selected from the group consisting of: wherein 20E is selected from the group consisting of H.
arCelalkyl, alkoxy, -CF2, and -(OH2)0443F3; and D and G independently are selected from
the group consisting of phenyl, pyriciinyl, pyrimidinyl, fury[, thienyl and pyrrolyl, each optionally
substituted by from 1 to 3, preferably to 2, subsfituents selected 25independently fromhalogen, -ON,
-CHO, -OF3, -00F3, -OH, -0/-06 alkyl, OI-C6 alkoxy, -NH2 ,-N(C1-06 allfy1)2, -NH(C1-36 alkyl),
-Ni-0(0;i-(0,-C6 alkyl), -NO2, and a 5- or 6-membered heterocyclic or heteroaromatic ring containing 1
or 2 neteroatoms selected from 0, N or 3; )(' is selected from the group consisting of a chemical bond,

-3-, -0-, -3(0)2-,-NHC(0)-, (P).-Oc alkyl) (gree alkyl

10

15

20

tris(triﬂuoromethanesulfonate), aluminum trichloride (AICl), aluminum trifluoride

{AlF3), pentafiuorophenylboronic acid, and lanthanum trifluoromethanesulfonate

- In some embodiments, after the reaction has begun (i.e. after combination of
the indoile, aldehyde, silicon hydride reducing agent, and the Lewis acid) a suitable
organic acid, e.g., trifluorcacetic acid, CClHy xCO,H (where X is 0-3), or an aryl
sulfonic acid (e.g., p-toluenesulfonic acid or benzenesulfonic acid) may be added to
the reaction mixture to increase the rate of conversion of the reactants to the final
product. The organic acid may be added some time after the reaction has begun, for
example, approximately 30-80 minutes after the reaction has begun. The reactio;r is

preferably conducted at a temperature in the range of approximately -30°C to +25°C

Embodiments of the invention include those where the indole has the formu
RS

X
Né (CHa)n—NH

\
O//S\\O“‘(CRE’Re)nz"“XL’"R1

la

wherein
R is selected from the group consisting of ~(CH,)-A, ~(CHy)na-S-A
and ~(CHa)ns-0-A, wherein A is selected from the group consisting of:

wherein

E is selected from the group consisting of H, C:-Ce-alkyl,
C-Cs alkoxy, -CF,, and ~(CHzjne-CF3: and

DandG independently are selected from the group
consisting of phenyl, pyridinyl, pyrimidiny!, furyl, thieny! and pyrrolyl, each
?ptionatiy substituted by from 1 to 3, preferably 1 to 2, substituents selected
independently from H, halogen, -CN, -CHO, -CFs, -OCF,, -OH, -Cy
C+-Cs alkoxy, -NH, , =N(C4-Cy alkyl),, -NH(C,-C, alkyl),
-NH-C(O)-(C+-Cy alkyl), -NOy, and & 5- or 6-membered heterocyclic or

heteroaromatic ring containing 1 or 2 heteroatoms selected from O, N or &:

-Cs alkyl,



N andO R1 is selected from the group consisting of Cy-C6 alkyl, CI-Ce fluorinated alkyl, 033-C6
cycioalkyl, tetrahy.dropyranyl, camphoryl, aciamantyi, ON, -N(01-06 alky02, Phenyl, pyridinyi,
pyrimidinyl, furyl, thienyl, napthyl, morpholinyl, triazoiyl pyrazolyl, pipericiinyl, pyrrolidinyl, imidazolyi,
10piperizinyl, thiazoliciinyf thiomorpholinyl, te,trazole, indole, benzoxazole, benzofuran,
imidazolidine-2-thione, 7,7,dimethyl-bicyclo[2.2.1Jheptan-2-one, benzo[1,2,5]oxadtazole,
2-oxe-5-azadpicyclo[2.2.11heptane, piperazin-2-one and pyrrolyt, each optionally substituted with 1 to
3 substituents independently selected from the group consisting of H, halogen, -CN, 15-CHO, -CF3,
-0052 -OH, C1-C2 alkyl, -(C1-C6 alkyl)-R7, C1-06 alkoxy, -(C-T-Ce alkoxy)-1R7, -C(0)-(CNCe. alkyl),
-NH2, -N(C--C3 -NH(C)-C6 alkyl),alkyl)-NH2,-(CI-C8 alkyl)-N(C1-C6 alky1)2, alkyINNH(CN36 alkyl),
-NH-C(0)-(Ci-C6 alkyl), -NQ2, 05 alk i)2 SOZNHZ SOZNH(Cl -C6 alkyl), -SO2N(CI-C.
alkyhz, 20-COON, c%)g Q% %é%'ea?%%g%? géﬁ%"a VB S ERIEH St propylthioalkyl,
-(Ct-Ce alkyl)C(0)(31- ( 3 Ak yI) NH2 phenyl, benzyl, benzyioxy, morpholino,
pyrroliciino, piperidine, plperlzme furanH thloph *|ﬁf|6’552>ole tetrazole, pyrazine, pyrazolone,
pyrazole, imidazoie, oxazolémlsséig%blé ﬂfﬁzme/i\!n@thyl thiazole, iiiill0 -S-N, 10 -S-N,SX 1-1 -NC\
8r8r-N N-1\__/and R”Is selected frém #ie grodp consisting of H, halogen, -ON, -CHO, -CF2,
-00F3,-CI-06 alkyl, Ci-C6 alkoxy, Ci-Oothioalkyl, -N1-12, -N(C1-C2 allty1)2, -NH(CI-C6 alkyl), -NH-C!"
WC-C2 alkyl), and -NO2: gt

is selected from the group consisiing of C4-Cs alkyl,

C+-Ce fluorinated alkyl, C;-Cs cycloalkyl, tetrahydropyrany!, camphoryl,
adamantyi, CN, -N(C4-Cy alkyl),, phenyl, pyridinyl, pyrimidinyt, furyl, thienyl,
napthyl, morpholinyl, triazolyl, pyrazoiyl, piperidiny!, pyrrolidinyl, imidazolyl,

10 piperizinyl, thiazolidinyl, thiomorpholinyl, tetrazole, indole, benzoxazole,
benzofuran, imidazolidine-2-thione, 7,7 dimethyl-bicycto[2.2.1 lheptan-2-one,
benzo[1,2,5)loxadiazole, 2-oxa-5-aza-bicyclo[2.2. 1Jheptane, piperazin-2-one
-and pyrrolyl, each optionally substituted with 1 to 3 substituents
independently selected from the group consisting of H, halogen, -CN,

15 -CHOQ, -CFs, -OCF; -OH, C4-Cs alkyl, ~(C4-Cg alkyl)-R7, C+-Cs alkoxy,
«(C4-Cy alkoxy)-R’, -C(O)-(C+-Cs alkyl), -NHs, -N(C4-Cs alkyl),,

-NH(C+-Ce alkyl), -(C:-Cs alkyl)-NH;, ~(C+-Cp alikyl)-N(C1-Cy atkyl),
~(C+-Cy alkyh-NH(C:-Cy alkyl), -NH-C(O)-(C4-Cs alkyl), -NG,,
-S02(C4-Cy alkyl), -802NH,, -SO,NH(C -Gy alkyl), ~SO,N(C1-Cq alkyl)s,

20 -COOH, -C(0)O-(C+-Cs alkyl), {C+-Cq alkyl)-COOH, ‘-chioro-2-methyi-
propyl, -C+-Cs thioalkyl, -(C-Cs alkyhC(OYCH,, -(C1-Cs alkyOCH;,
C(O)NHZ} phenyl, benzyl, benzyioxy, morpholing, pyrrolidine, piperidine,
piperizine, furan, thiophene, imidazole, tetrazole, pyrazine, pyrazolone,
pyrazole, imidazole, oxazole, isoxazole, thiazole, 2-methyl-thiazole,

0 0 0
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Ft4 is selected from the group consisting of H, halogen, -ON, -OHO, -OH, -001=2, -OH, -C-C8
alkyl,alkoxy, O1-C.)/2thloalityl, -NH2, -N(Ci-Oe alky1/2, -NH(C1-05 alkyl), -NH-C(0)-(01-C6 alkyl),
-NO2, -NH-0O(0)-NH(CI-C.6 alkyl)2, -NH-C;(0)-NH(C1-02 alkyl), -NH-C(0)-0-(0,1-C6 alkyl),
-SO?-(C1-05 alkyl), -S-(0,3-Cécycloalkyl), -S-C1-12-(C2-06 cycloalkyl), -802-(0,-32 cycloalkyl),
10-302-0Ohi2-(Ozree cycloalkyl), 02-Oe cycioalkyl, -OH2-(C8-36 CyCIOEilkyi), -0-(Ca-CB cycloalkyl),
-O-CH2-(0-2-Cie cycloalityl), phenyl, benzyl, benzyloxy, morpheiino, pyrroildinc, piperidine, piperizine
furan, thiophene, imidazole, tetrazole, pyrazine, pyrazolone, pyrazoie, imidazole, oxazole and
isoxazole, the rings of each of these R4 groups each being optionally substituted by from Ito 3
substituents 15selected from the group consisting of H, halogen, -ON, -OHO, -CF3, -OH, Ci-CE alkyl,
CI-C6 aikoxy, -NH2, -N(01-06 alkyl), -NH(CI-Oc. alkyl), -NH-C(0)-1,31-0,-NO2, -302(OHOE alkyl),
-302NH(C1-06 alkyl), -802N(Cg<178asze%n§/é) an e-or(())RS; - R5 and P,” independently are selected
from the group consisting.of H and . S6C12D alkytP consitetRbtivislyorE-ahddRA together with the
atom to which they are borided form 03:06 &YéiSaiky R 9BRE 6 Sekedted-fram the group consisting of
phenyl, benzyl, benzylosy CriforplhelimtHiyriolrtidc;tipendinecpinerizine.Naran, thiophene, imidazole,
tetrazole, pyrazine, pyrazoione, pyrazole, imidazoie, oxazole, isoxazole, thiazole, 2-methyl-thiazole,
(haach being optionally substitured bystiom-dnitSpubtMRNES Selecte é‘rircgyhﬁ% rqg{g consisting of H,
alogen, SC-ON, -OHO06F - odHg -Cl-G0aKW, 9i-Q6 gllﬁo)% ';9#1\?)' -Cb alkyt), -O{0)0-(Ci-C., alkyl).

“NH2, -N(C1-06 alky1)2, 16%%;;2@1 N ._%i;%-%fz 5 agf(yi;%- 105" : 327E: 2lWe alkyl),
-302NFil(ai-0.2 alkyl), 3[3%@{?@ . a‘_k;?ll 2 ahe 8B 1s rHitedEl Seleatet:from 1, 2, or 3; N2 is
an integer selected from 0. 1.2 3. i f5/ls N -frifeer Sefested fem(0;-¢, 2nor 3; and n4 is an integer
selected from 1, 2, or 3."S"<CBIPW\HYFBé"iXh'déétbtﬁ@sﬂemh@@mOﬁdjuoﬂoai%@%yj groups in the definition
of P.' may be any aikyl g?’%uﬁ"bf(ﬂﬂ@ﬁcmwm,a?temswiibn@nwam@y@;@g,ﬁg%pe substitution including,
but not limited to, -CF3,~@N@é}@wmml)I@Wbp@swmﬁpﬁmln%ﬁgl%%}ﬂﬂ#oromethytgroup,
-OF2CF3, etc., morpboilno, pyrroiidino, piperidine, piperizine furan, thiophene, imidazole, tetrazole,

pyrazine, pyrazolone, pyrazole, imidazole, oxazole and isoxazole, the rings of each

§ :i::iiz i; iﬂ:::s :;a:h ::ing tt.thionaHy substituted by from 1 to 3 substituents
C+-Cs alkoxy -NHS -N?c gSI:t:iOf:;jalogen] oM, “CHO, -CFs, -OH, G+-Cs alky!,
-80,(C+-Cs alkyl) »éo N;—{ o e 2ol NEG(OHCCe alky), NO
1 » ~SO2NH(C+-Cy alkeyl), -SO,N(C:-Cg alkyl),, and -OCFy:

5 N
R® and R® independently are selected from the group consisting of H and
- 20 Cy-Cs alkyt:

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

[N
n

R’ is selected from the group consisting of phenyi, benzyl,
benzyloxy, morphoiine, pyrrolidino, piperidine, piperizing, furan, thiophene,
imidazole, tetrazole, pyrazing, 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, -CHQ, -CF3, -OH, ~C4-Cy alkyl, C,-Cs alkoxy, ~C(O}-(C4-Cs alkyl),
-C(O)O(Cq-Cy alkyl), -NH, | -N(C+-Cs alkyl);, -NH(C4-Cq alkyl),
-NH-C(0)-(C+-Cs alkyl), ~NO,, -S0,(C-Cy alkyl), ~SO,NH(C4-Cs alkyl),
-S0;N(C+-Cs alkyl);, and OCF,: |

n



In the definition of Y3:tne alkenyl bridging group -C=C- is understood to indicate either the cis or trans
orientation of the indicated compound(s). 15Acid-sensitive groups that may be present at the N-1
position of the indole include, for example, those haying the formula wherein X and X4 incependently
are selected form the group consisting of H. halogen, -ON, -CHO, -CF3, -00F3, -OH, -C-.-06 alkyl,
Gree alkoxy, -NH2 , 20-N(C1-C6 alky1)2, -NH(C1-C3 alkyl), -NH-C(0)-(Ci-C6 alkyl), and -NO2. A
particular example of an acid-sensitive group is benzhyciryl (i.e., wherein X" is H and X4 is H). Other
examples of acid-sensitive groups include, for example, 752,4-dimethoxybenzyl, 2-hydroxybenzyl,
5-dibenzosuberyl, triphenylmethyl, and the like, each optionally substituted with | to 3, preferably 1 to
2, substituents selected independently from H, halogen, -ON, -CHO, -CP3, -CDCF3, -0H, -C-,-Ce
alkyl, C-C alkoxy,aky1)2, Nhg%%eggkgge&e’ldl@og(p)z(CI -C6 alkyl), and -NO2. 30 In particular
embodiments, the indole, hﬁa§ the tructU( egv erein 3 and >01 independently are selected from the
group consisting of H, halogen ([5 Y067 33 HH, c1-06 alkyl, 01-06 alkoxy, -NH2,
-N(C.1-06 alky1)2, NH(Cl”@’é SWiﬁgei\Fﬁeé%éf“(@P 06 alRyh) 2amd -NO2; and X, X, X7, and X8
independently aré selected i theggrelpeiediisisting, of H, halogen, -ON, -OHO, -CF-3, -00F3,C/-Ce.
alkyl, -(0,-C6 alkyl)-R7, C/-C6 alkoxy,alkoxy)-p7, -0(0)-(0/-06 alkyl), -NH2, 10-N(01-06 alky1)2,
-N1-1(C/-C6-(0,-Cs alkyl)- Nt 4 QihoG 6 lkibe (/06 alkyL2q aGQ CG Ak %NF Gl-06.alkyl),

-NH-0(0)-(0/-06 alkylr-NS2e SO2NH2, ~305NH 0 &iky1)2, -000H,
-0(0)0-(C/-06 alkyl), 7 a%Q%@Pg&}@p%}K%QB %C% atorits with any amount of fluorine

substitution including, but not i(msted to, ~CF;, alkyl chains of 1 to 6 carbon atoms
10 terminated by a trifluoromethyl.group, ~CF,CF,, etc.

In the definition of X, the alkeny! bridging group ~G=C- is- understood to
indicate either the cis or frans orientation of the indicated compound(s).

15 Acid-sensitive groups that may be present at the N-1 position of the indole
include, for example, those having the formula

S
e LS
wherein X* and X* independently are selected form the group consisting of
H, halogen, -CN, -CHO, -CF,, -OCF3, -OH, -C,-Cq alkyl, C+-Cy aikoxy, -NH, ,
20 -N(C4-Cq alkyly,, -NH(C;-Cy alkyl), -NH-C(O)-(C+-Cs alkyl), and -NO,. A
particular example of an acid-sensitive group is benzhydryl (i.e., wherein X°
is H and X* is H).

Other examples of acid-sensitive groupsinclude, for example,

25 2 4-dimethoxybenzyl, 2-hydroxybenzyl, 5-dibenzosuberyl, triphenyimethy,
and the like, each optionally substituted with 1 1o 3, preferably 110 2,
substituents selected independently from H, halogen, -CN, -CHO, -CF,,
-OCF;, -OH, -C:-Ce alkyl, C4-Cs alkoxy, -NH, | -N{(C4-C¢ alkyl),,
-NH(C+-Ce alkyl), -NH-C(0)-(C1-C; alkyl), and -NO,,

30

In particular embodiments, the indole has the structure



-(C/-C6 alkyl)-000H, 1-chloro-2-methyl-propyl, -31-CE thioalkyl, - 15(C1-06. alky1)0(0)0OH3, -(C1-36
alkyhOCHs, 0.(01NH2, phenyl, benzyl, benzyloxy, mordhofino, pyrrolidino, piperidine, pipertine, furan,
thiophene, imidazole, tetrazole, pyrazine, pyrazolone, byrazole, imidazole, oxazole, isoxazole,
thiazole, 2-methyl-thiazole, 0 - 0 IIH -S-N C -S-NI-S-N-14 V AW\ \ , N--NAN the rings of each of these
X, X, Xtt and X8 groups each being optionally substitut by from 1 to 3 substituents selected from the
group consisting of halogen, -ON, -OHO, -CS3, -OH, -CI-C6 alkyl, Cr-C6 alkoxy, -O(0)-(0///-Cs alkyl),
-NH2, -N(C/-0.)2 alky1)2, -NH(01-02 alkyl), -NH-C(0)-(0,-C6 alkyl), -NO2, -002(C/-C6
25-SO2NH(C1-0,6-802N(0/-C6 alky1)2, and Ctrs, Examples of these embodiments include
compounds wherein XI'is H. X4 is H, X5 is -CF3, X6 is H. >-.7 is H, and X is H. Other examples
include those wherein X2 is H, X4 is H, X5 is -CH3, X5 is H. X7 is H, and >12 is-OH3.In still other
examples. X2 is H, X4 is H, X5 is H, Xl) is Ci, >17 is Cl, and X2 is H. in some embodiments, the
aldehyde has the formula 0 (CH2),,6-X2-R2 wherein 10X2 is segecifesd from the group consisting of-O-,

-CH2-, -S-, -SO-, SO2. -NH-, -C(0)-, -NHSQWM\I% ;\i/x
R | - / :\Q N
N o=y

O X8
N

X3 x4

¢
»

wherein
a 4 .
X? and X! independently are selected from the group consisting of H
halogen, -CN, -CHO, -CFs, -OCF;, -OH, C4-C, alkyl, C+-Cg alkoxy, -NH,
5 =N(C-Cs alkyl), -NH(C-Cq alkyl), -NH-C(0)~(C4-C, alkyl), and -NO,; and

X8 X8 X7 and X® independently are selected from the group
consisting of H, halogen, -CN, -CHO, -CF;, -OCF;3 -OH, C4-Cq alkyt,
~(C4-Ce alkyl)-R", C1-Cy alkoxy, ~(C-Cs alkoxy)-R’, -C(O}-(Cs-Cs alkyl), -NH,
10 =N(C4-Cs alkyly,, -NH(C+-Ce alkyl), -(C4-Cy alkyl)-NH,, | |
~(C4-Cs alkyl)-N(C4-Cq alkyl),, ~(C4-Ce alkyl)-NH(C,-C, alkyl),
-NH-C(O)~(C1-Cs alkyl), -NO,, -S02(C-Cg alkyl), -SO;NH;,
-S02NH(C+-Cy alkyl), -SO,N(C-Cy alkyl),, -COOH, -C(O)O-(C4-Cg alkyl)
-(C4-Cy alkyl)-COOH, 1-chloro-z-methyl-propyl, -C4-Cy thioalkyl, - |
15 (C:i-Co alky)C(O)CH,, «(C-Ce alkyh OCH;, C(OINH,, phenyl, benzyl,
benzyloxy, morpholine, pyrrotidine, piperidine, piperizine, furan, thiophene,
imidazole, tetrazole, pyrazine, pyrazolone, Pyrazole, imidazole, oxazole,
isoxazole, thiazole, 2-methyl-thiazole,

0O
i I I S
—3—N O S—N —S8—N S — >/O A\
5 N (r); \ TR / N\ N j —N o
i
e
20 N ./, and DO | =

the rings of i XX i
gs 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, -CF3, -OH, -C4-Cy alkyl, C4-Cq alkoxy, -C{O)-(C+-Cs alkyl), -NH, | |
-N(C+-Cy alkyly,, -NH(C,-C; aliyl), -N H-C(O)~(C1-Cs alkyl), -NO,, ~502(C4-Cs alkyl)
~SCNH(C:-Cg alkyl), -SO,N(C1-C, alkyl),, and OCF,, |

B2
L)



, --M7'001-06 alkyn- (.21-08 alkY1)(?_Oc alkyl) 11 alkyl)-, andof/ No P2 is a ring moiety selected
from the group consisting of phenyl, pyridinyi, pyrimidinyl, furyl, thienyl and pyrrolyi, the ring moiety
being substituted by a group of the formula -(CH2)66-0021R2 or a pharmaceutically acceptable
bioisostere, and optionally further substituted by 1 or 2 subsfituents independently selected from the
group consisting of halogen, -ON, -CHO, -CF21 -00F3,alkyl, 01-06 alkoxy, 20thioalkyl, -NH2,
-N(C1-C6 alky1)2, -N H(01-C6 alkyl), -NH-C(0)-(C,-C6 alkyl), and -N 2t Sa is selected from the group
consisting of H and CI-C6 alkyl; 25n5 is an integer selected from 0, 1, 2, or 3; and n6 is an integer
selected from 0, 1, or 2. Pharmaceutically acceptable carboxylic acid bioiscsteres useful in the
cOrnpainds of this invention include, but are not limbed to, the following, which bonded to P.7. 0,0,,

,Ra 0-"r041.. / N41, .,',Nc,ﬁmb,el\sllalf i----q&]— OH .1,,302Nrrs 1 ---

ese €mbodiments include compounds wherein X° is H, X% is H
X% is <CFs, X*is H, X7 is H, and X® is H. Other examples include those wherein X° is |
H, X" is H, X®is -CHg, X% is H, X7 is H. and X° is -CHa. In stili other examples, X% is H
Xis H, XPis H, X0 is G X7 is Cland X% is H. | |

(9}

In some embodiments, the aldehyde has the formula
I
H™ “(CHgjpg—X?—R2
wherein
10 X? is selected from the group consisting of -O-, -CH,-, -8- .S0-
-80g-, -NH-, =C(O}-, -NHSO,-,

; »T"T-Ce aikyl}

(C1-Cg alicyl) N N ;
| g N

N
AN , o o) .7 (GG alkyly—
(C1-Cy alkyl) (Gr-Ce alky)
| New s

N
R (e alkvh— and  J O

S
L)

Riisa ring moiety selected from the group consisting of phenyl, pyridinyl,
pyrimidinyl, furyl, thieny! and pyrrolyl, the ring moiety being substituted by a group of
the formula —(CHy)ne-CO,R® or & pharmaceutically acceptable bioisostere, and
optionally further substituted by 1 or 2 substituents independently selected from the
group consisting of halogen, -CN, -CHQ, -CF,, ~OCF;, -OH, C~Cs alkyl, C4-Cq alkoxy,
20 C4-Ce thioalkyl, -NH, , -N(C4-C, alikyl)z, -NH(C4-Cq alkyl), -NH-C(O)~(C+-Cy alkyl), and
-NG,,

R? is selected from the group consisting of H and C4-Cq alkyt:

25 Ns is an integer selected from 0,1,2,0r3 and

Ns is an integer selected from 0, 1, or2.



! "N; HN
HN-4\N-00-NHHN-0,HN-NH /I 0'OH 1cyd JI\IIJ N=NHO )--oH"N N NI}Id-INOI;Ng-g_ll,I\iN,b 0 NO
iS a OH?RPROH ONH200crc."."..NHO, NH Nr4V HN-C-OH41 7,.N,..., ;

Pharmacsutically acceptable carboxylic acid bioisosteres useful in the

compounds of this invention include, but are not limited o, the following, which are
bonded o R%

a
o R o R
N=N S o= Y
HN N N N NH QN
=8”
poo L L soaw T

wn
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O
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ﬁgo
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I
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A
Q
I
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B

0
N=N HO/TN\ \E'MN\N /“N\ NI HN’(
N ~0H J N N N 0
- j} N ‘HO//\( HOJ\( Lo oéz\ry .
0
HN—/(S OH OR® ORe OH
y Ogg-NH2 O NH O UNH O _RH oL fpre
O/I Y 2 Y Y %]/ ﬁ/
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o)
0. O
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wherein R® is selected from —CFs, ~CHs, phenyl, or benzyl, with the pheny! or benzyi
10 groups being optionally substituted by from 1 to 3 groups selected from C4-C, alkyl,
C4-Ce atkoxy, C4-Cy4 thioalkyl, —=CF,, halogen, -OH, or -COOH; R” is selected from
-CF3, ~CHg, -NH., phenyl, or benzyl, with the phenyi or benzyl groups being
optionally substituted by from 110 3 groups selected from C,-C, alkyl, C4+-Cs alkoxy,
C4-Ce thioalkyl, ~CF,, halogen, -CH, or -COOH; and R° is selected from ~CF; or
15 Cy-Cealkyl.

in particutar embodiments of the invention, the aldehyde has the formula



wherein Fla is selected from -CF3, -CH3, phenyl, or benzyl, with the phenyl or benzyl 10groups being
optionally substituted by from 1 to 3 groups selected from 3./-36 alkyl, 3,-06 alkoxy, C,-C6 thicalkyl,
-CF3, halogen, -OH, or -COOK; Rb is selected from -0F3, -OH2, -NH2, phenyl, or benzyl, with the
phenyl or benzyl groups being optionally substituted by from 1; to 3 groups selected from CI-C6 alkyl,
Cl-CG(aIkoxy, ai-0,6 thioalkyl, -CF3, halogen, -OH, Or -COOK; and Rf: is selected from -CF6 or 31-36
alkyl. in particular embodiments of the invention, the aldehyde has the formula O - wherein R8
comprises a C/-02 alkyl group. After the reaction between the indoie and the aldehyde has taken
place, the R8 group may optionally be removed tc form a carboxylic acid, According to an
embodiment of the invention, the acid sensitive group bonded to the N-1 nitrogen comprises
be.nzhydryl, the Lewis acid comprises BF, and the silic \hydride reducing agent comprises
triethylsilane. The reaction may take place at approxinjately -20C. In addition, trifluoroacetic acid may
be added approximately 1030-60 minutes after the reactiom géins. An illustrative embodiment of the
present invention is shown in Scheme I, in which an indole 8 alkylated at the 0-3 position in the first
reaction step and in a secolisfeiadtionrstepshe estetgraumoithef: 3-sbstituant.is,cleaved to produce
a :5carboxylic acid. Thé@cﬂdcstemsiﬁm@rmhpaiﬁbﬁmﬁd@migngm@Woﬁi%,,wﬁggmmgr%i group. In this
example, boron trinuctigesisstbediewis acid and is added in the form of a complex with diethyl ether
(i.e., borontrifluorige diethyl etherate, BF30Et2), and triethyisilane (Et3S1H) is the silicon hydride
reducing agent. Trifluoroacetio acid (TFA) is added 30-60 minutes after the aldehyde, inciole, 6F30E12

and Et3Siln are combined 99an l,”%ﬁe?@f%ré’f) AREY A FdRMRTYPR AR F5igens i SO EMENded /32
55Ni-NH to the N-1 nitrogen comprises benzhydryl, the Lewis acid comprises BF;, and the

silicon hydride reducing agent comprises tristhyisilane. The reaction may take place

at approximately -20°C. in addition, trifluoroacetic acid may be added approximately
10 30-80 minutes after the reaction begins.

An illustrative embodimeni of the present invention is shown in Scheme 1, in
which an indole is alkylated at the C-3 position in the first reaction stepandin a
second reaction step the ester group of the C-3 substituent is cleaved to produce a
15 carboxylic acid. The acid sensitive group in this reaction scheme is an N-benzhydryl
group. In this example, boron trifiucride is the Lewis acid and is added in the form of
a complex with diethyl ether (i.e., borontrifiucride diethyl etherate, BF,OEY,), and
triethylsitane (ESIH) is the silicon hydride reducing agent. Trifluoroacetic acid (TEA)
is added 30-80 minutes after the aldehyde, indole, BF;OEt, and Ets

20 and, therefore, after the reaction has begun.

SiH are combined

10



11: 2: X5 = C113.H ClI, X.7=Cl, Xa. CH?,

CH2C12, -20 550. 2, TFA cerppeeenm=meenn, CD2EL I

" -555- ' - N I
---S-----Xi:X7 , , XS-,47755' C.,.",....-cki,, SO255'75"1\9 ,--5. .1I"-Th/ sXS 5.6-555-55N' -NH ,

10

i..".._.. MeOH, NOON (eq.), HOAG, toluene CO2H

SCHEME 1
X8 57
Xb 1
0 Gl e =
N m A0
ROWE
CO,EL

Z N NH
| \7) TXE= 1, X=X =0l X2
3 2 20 X5 = CHy, X8 = 0, X7 = ¢, X8 =y

- EtsSIH, BF40EL,
CHyCly, 20 O¢
2. TFA

COHEL
O xs X7 X7
e §e)
cl o]
5 ~ \
, N NH N NH
= o S
£X=H X820, X =gl X s N
8 X5= CHg, XE= ¢l X7 =0t XB = CHg

—

MeOH, NaOH (aq.),
HOAe, toiuene

8:X0=H, X=X = Ol XB = H
7:X8= CHy, Xe =l XT = gL XE = CHs

Attempts to react indole 1 with aldehydes such as 3 using trifluoroacetic acid
and triethyisilane in the absence of a Lewts acid such as boron trifluoride, &
Lanthanide trifiate, or pentafiuorophenylboronic acid result in extensive loss of the
benzhydryl group at the N-1 position, which leads to aimost 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
pentafiuorophenylboronic acid and triethylsitane has not previously been reported as
& reagent combination to alkylate the C-3 position of indolas.

Lewis acids such as boron triffuoride, Lanthanide triflates, or
pentaﬂuorophenylboronié acid are effective reptacements for frifiuoroacetic acid in
reductive alkylation at the G-3 position of indoles containing acid-sensitive functioral
groups. For example, referring again to Scheme 1, treating indole 1 or 2 with
aldehyde 3 in the presence of boron trifluoride andg triethyisitane results in greater
than 85% conversion with 80-85% selectivity to compounds 4 or 9, respectively,

11



CF Nh Xe- X1 CI.X7=CL,Xe=Hc==Cl, X8 Attempts to react indole 1 with aldehydes such
as 3 using trifiuoroacetic acid and triethylsilane in the absence of a Lewis acid such as boron
trifiuoride, a Lanthanide trifiate, or pentafluorophenylboronic acid result in extensive loss of the
benzhxdfryl 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 frifluoride, a Lanthanide trifiate, or | Opentafluorophenyiboronic acid and triethylsilane
has not previously been reported as a reagent combination to alicylate the C-3 position of indoles.
Lewis acids such as boron trifluoride, Lanthanide trifiates, or pentafluorophenylboronic add are
effective replacementsidos tefiiasRascsticn, agidinre ivealkyiation at the 0-3 position of indoles
containing acid-sensitiyaerigaqmmkg,rQHpgr.rga%[ioéxg%gj!%ﬁ%g%%esﬁﬁiﬁof‘é’%@ﬁ@’n%_1, treating indoie
1 or 2 with aldehyde 3c@n£%en@£%§%rr'r%ﬁa°§ bo7ron triﬁu HOe Enbeeh ﬂﬁ{)i%ﬁ%‘ﬁ‘é‘ FEQHR(S Hvgreater than 95%
conversion with 80-85% seILéctNlty to com°60dﬁ%?§%"&ﬁ‘ys, respectively, under favorable reaction
conditions. These intermediates can conveniently be carried forward in a further reaction to hydrolyze
the ester functional group td"gd&tenilscandisaitfofmuts aidkuespestiveiuoride iyagdition, the
combination of a Lewisrgmvid surCbuasabotantitifotde with,.an QEQ@P&%ﬁ@QQﬁH& Y ig;i,u orciaceto acid
can exert a synergisticheftecton thesale ofthe rgggmg\éqoaggygatéop areact,i,on. Re]berrlng to Scheme 2, a
reaction performed in ggggggstgrt}%@]%.g]i%t ¥Isilane ives compTete’ cé?l?/cé‘PéiSﬁﬁBf’@ef’drﬁf?-alkyiated
diner 10. When the reggtion is perf med with boron frilSriEa dridahetAlestanemser Without

. - Wi | on s F&C[b%rg]g 1 wit c%hon rifiuorid | I5ité ithou _
trifluoroacetic amg the conversion 1o 1 B PP RGN By e A6 Wethriviarsion ofttidito the desired

1 ; ; . . .
product 11. SCH R/IE 3 éorrgaceno acid, the conversion to 10 is rapid, followed by & siow conversion of 10
to the desired product 11,

SCHEME 2

EtBSiH/

K
cl R'
N—r
N
ph/kph

11

15
Preferred reaction conditions are an initial addition of boron triflucride 10 @ mixture of
indole 8, aldehyde, and triethylsilane in methylene chioride as soivent, followed by
addition of trifluoroacetic acid after 30-80 minutes. Under these conditions the

alkylated dimer 10 is more rapidly converted to the desired product while minimizing



'_..Cl -.,-c------N12 \ Et3SH z Ph" PhCI, T\\F \geNe \, 10 Ph/ Preferred reaction conditions are an
initial addition of boron trifluoride to a mixture of indole 5, aldehyde, and triethylsitane 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 minimizina
the formation of rearranged byproducts. Preferably, the reaction of the indoie and the aldehyde takes
place at a temperature in the approximate range of form -30C to +25C, most preferably at about -20C.
Without intending to limit the present invention to any particular mechanism, this behavior can be
mechanistically explained by the activation of the aldehyde carbonyl functional group towards
alkylation of the 0-3 position of the inciole to form dime: 10, presumably through a cationic
intermediate or transition state such as 12. Trifluoroacetic acid is more effective than boron trifiuoride
at activating 10 to 10dis§]ogioar1tio, to form 12 and starting material, with the net effect of increasing the
concentration of 12, and thus The TAE BT YT BREISEtSInHste b CtionembGLER the indoRa¥ticular
compounds synthesizedﬁﬁc?&ﬁ’aﬁfgt%ﬁfﬁéﬁmwemﬁmmwmtimi%&@@ﬂé{t@r‘aﬁ@Jﬁfgﬁ,ggéig;eg Jor supplying
arachiclonic acid substrateto vyeloeyganaseol3es=2 and 5-lipoxygenase, which in turn initiate the
production of prostaglanciins and leukotrienes respectively. In addition, cPLA2 activity is essential for
producing the lyso-phospholipj o recursor to PAF. Thus these compounds may be useful in
the treatment and prevw@ggﬁéﬁ%ggémﬁﬁ%imﬁ% ICRIEURGH e, e prestglanetingionPAR are
involved. Moreover, in diseases where TR b RRRTY thdbesaiyetisqrlaysiacigle, a CPLA2
inhibitor would be expe ety BaTRoRcET srstrativdrtive ukotripngogiassaglandin o PAF receptor
antagonists and also mdtesetfeerizrrtiann fhymm«ygemaseeaﬁe%réi@‘axw%é‘ﬁ%{rtlehygic ors..,

Triﬂuoroaceﬁc acid is more effective than boron trifluoride at activating 10 to

10 dissociation to form 12 and starting material, with the net effect of increasing the

concentration of 12, and thus the rate of its reduction, in the reaction mixture

| Particular compounds synthesized according to the invention inhibit cPLAZ
activity that is required for supplying arachidonic acid subsirate t
15 tor-2and 5-lipoxygenase, which in turn initiate the production o

leukotrienes respectively. In addition, cPLAD activity is essentia
lyso-phospholipid that

O cyclooxygenase-
 prostaglandins and

‘ ! for producing the
is the precursor to PAF. Thus these compounds may be

useful in the treatment and preventian of disease states in which leukotrienes

prostaglandins or PAF are involved, Moreover, in diseases wher

e more th
20 these agents plays a role an one of

» @ 6PLAZ inhibitor would be expected 1O be more

efficacious than lsukotriene, prostagiandin or PAF receptor antagonists and aiso

more effective than cyciooxygenase or S-fipoxygenase inhibitors

These compounds may be especially useful in the treatment of inflammatory

- ”

25 conditions, such as arthritic andfor rheumatic disorders, inciuding but not limited to
rheumatoid arthritis, spondylo-arthropathies, gouty arthritis, ostecarinritis 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 sur| [

gery or refractive surgery, | iti
" gery. in addition, the

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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These compounds may be especially useful in the treatment of inflammatory conditions, such as
arthritic andlor 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 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.

EXAMPLE 1 4-(LI.-{1-Renzhydryl-5-chloro-2-[2-(3.4-dichloro-phenyimethanesultonylamino)-ethyl1-
1H-indo1-3--yft-propyl)-benzoic acid

N-f(lZ-(l-Benzhydryt-5-chioro-1H-ind01-27y1)-ett11¥éi<;\(%?-{g3 4-dichlorophenyl)- methanesulfonamide
(20.0 g, 34.25 it-imp!), g_—&g{-%gﬁ%od?fét%nzoic acid et )h% ter (10.5 g, 5e.97 mmol), triethylsilane
(12.091 103.5 mmoh, maghesium SUlTata 0030795, “arighichirorosrestianes (09 migpwargncombined,
stirred, and cooled to -20 'C. A 10solution ‘6t Bésiorvtrifivoridesdiethytietherate (325g, 22.96 mmol) in
dichloromethane (iO mL) was added to the reaction mixture over 2 min. After 40 min, trifluoroacetic
a_lcid (1.95¢g, 17.11) was gddé@t&_}mla&m@@mms&w_wﬁd& € ,gg{,%ﬁ_ggg‘r% tpigrregctio_n mixtl_Jre was
filtered cold through amah%q&aﬂ:iﬁtﬂdawgmpg%_%gt% é }_/1 6"CS"¥RE organic layer was
concentrated to 609, ther d5methang] (k99 mk) v%%goadt%ig . e s (itSRriREEoe etated to 82 g.
Methanol (40 mL) andggghlgglg Osronqg mn droxﬁé .Zg’g. 63f a"gb% Sauige T BORS Matol) were added
to the mixture. The mixture was stirred a ¢ QVQP%BE’IBOBE"(‘P%%W. Afterocleolingetive reaction mixture
to room temperatuire, &CEE 8T8 Berritndietisipivas. 2aided snd s isalvenbid,g)was removed.
Toluene (200 mL) and Water/(Btrdtineywersiaddedte thermixiurasdhe Arganic,layer was separated
and washed with waterc{10-Ailg), then eensesdraied .48 0mLhe. slid. product was collected by filtration
after standing overnightthemecr/sialized UM%Q#&J@ of toﬁlﬁga[gce to give 15:2" (52%) of the title
compound. 'H NMR (RM&h6) g,;(%ﬁ‘g)(brrﬁg rlHr),,C .89r ét 2Ef, J2FEAP BT 1H, ,1=1.5Hz), 7.53
(d,1H, J=61-12), 7:48 (de11-], J=T. )Hé), 7.38 3T§?m, G’ B GReSRIFda0PP edthen H, J=6)9 & 1.5Hz),
6.46 (d, 1M, ..1=6.9Hz), 4.38 (s, 21 "FAE IR 21 LOEAh e RrR, 1B o1 896EmoRH), MS: 744
MW, 99,8%. M) and SERAMPTEYIra(e-(1.2 Benz byunydabochlore-24212.8-dimeth
yl-phenylmethanesulf8ffiaiifioyrithy. 0&iindods3-ykkuepyb-henzaicacd . . N-[2-( 1-B enzhyd
ry1-5-chIoro-lH-indoI@Wﬂ)ﬂaMdﬁ&@x&dW@Uﬁy@mﬁggk g&gmagfg é.llDfonamiSCieA%l3 0 g, 552 mmol),
4-(3-0xo-propyl)-benldie agisl; aﬂaykgscgggm(g;@ggw;gzgn@kp@, L?gghx s<| a0 e fgﬁmg, f%’é )mol), and
dichloromethane(2.9 k) were500hined,stirred, and a?ﬂ?O?ed §'49"6 %20 RYAUHIBAS Horon trifiumide
etnerate. (55.0 g, 322, mmol) in, ig}QIoromgj{mane 1 m?_)a%?ég%ﬁfééf%@%ﬁé@éaﬁthdrwmixture over 9
min. After 35 min, trifiHoroacetlc acid ‘(%:’35, 508 of) WeR salitierddisttives redietiandpmixture. After 40

tration

min, the reaction mixtUre-wa fiite?are st seeefitelipad finto1ageeosSRRAMRIcarbonate (138
9/1.5 L). The organic fdyet (#786) ebheéirtratenhiai1’R INrgRtrm\ng@t_m@%'g%ﬁan) s,added. The solution
was concentrated to Bi2 I=2RHE (650, mi_)-angda 55@@2@@9{,@&9?%{% %(g W ;B@drbxi e (221 g, 2.76
mol) were addemsThwmgtiﬁQowwpswa&gh% yg'%rgng % Zref;IL'Jx (or1 d r~hf£n THe mid&ure was
10cooled to 50c, Tolugpe; (& G hwater (390 ml) c&nd acetic Actf P1B6' g, T&& M) Rére added. The
organic and aqueous phases were séparéte)d an hé%réﬁﬂi@ﬁ#ﬁs@%éé“d@%éﬁﬁwed tol.2 L.
Toluene (600 mL) was added and the mixture was concentrated to 1.2 L The mixture was copied to
room temperature and stirred for 16h. The solid vix&\wBilécted by filtration, washed with cold toluene
Y y
(3x300 mL), and 4-(3-{1-Benzhydryl-5-chloro-2-[2-(

- 2,6-d imethyl-phenylmethanesulfonykamino)~ethyl}—

1 H-indol-S-yl}~propyI)—benzoic acid

N-[2-(1-Benzhydryl-5-chiore-1 H—indol—2~yl)-ethle—C-(

2,6-dimethyl-phenyl)-
methanesulfonamide (300 g, 552 mmol), 4-{3-Oxo-

propyl}-benzoic acid ethy! ester

14



15dried to give 317 g (81 A) of the title compound. Many variations of the present invention not
illustrated herein will occur to those skilled in the art. The present invention is not limited to the
embodiments illustrated and described herein, but encompasses all the subject matter within the
20scope of the appended claims. LI..P Claims 51.A method for the reductive alkylation at the C-3
position of an *Jolt said method comprising treating the indole with an aldehyde in the presence of a
silicon hydride reducing agent selected from the group consisting of tri(Ci-C, alkyl)silane,
triphenytsilane, diphenylsilane and phenylmethylsilane, and a Lewis acid selected from the group
consisting of salts of boron, aluminum, antimony or a rare earth metal and a halogen or Inflate anion,
10and pentafluorophenylmetellic acids in which the metal ic boron, aluminum, antimony or a rare earth
metal; the method further comprising the subsequent addition of an organic acid to the reaction
mixture after the reactioppbhag begun 18 anic acid is selected from the group consisting of
trifluoroecetic acidc CCI&?%%Q%&%%?@?Z%%Eﬁ%%?O agr?é?sﬁ%ﬁ'@'aﬁﬂﬁ?félﬁtf frehzemesulfonic acid.
15 2. The method of claim 1 Wﬁetem {8 Brganic acid 78'4érIe dapproRirraennse®wGMinutes after
the reaction begins. 3. The melHEd'a1mesieaRt 16 Bt enedtedaits rtaand 2pheseindthe indole
20comprises an acid-seSitivé% b stituEhttmneisd ¢ thed\sdanitregens addd e methed of claim 3
wherein the acid-seﬁsitiv@‘%s‘bﬁere‘i@tri@sbhe@hecbﬁamtméqu@rg@éﬁ&ﬁ%@ﬁ%fabc%ﬂtzQy‘égmb
2,4-dimethoxybenzyl, 2-yevoxybenzylchrdibenzasylery), and éfégme%m?gs&nggé IS optionally
substituted with 1 to 3 swb&tgu@mgtﬁg,l,ggtﬁgLgmda%%%}dﬁgﬂ%ﬂgom the group conéigﬁﬁa 6f H, halogen,
-ON, -CFiO, -OF3, -ocpgir_-(gggbrﬁ lGe.alkyl CrCe alk oxg), RS LRETECHIRFEYD, T AH(CI-06 alkyl),
-NH-0(0)-(C1-C6 alkyl), an e QTR SEOPdMY P9 rRRb e3P elalmet-4 wherein the

-NO2.
. A ded. He r i ' .
Lewis acid is eaction mixiure was then warmed to reflux for 30 min, ' The mixture was

10 o '
cooled 10 50 °C. Toluene (1.5 L), water (300 mL) and acetic acid (166 g, 2.76 mol)

were added. The organic and aqueous phases were separated and the organic
phase was concentrated to 1.2 L. Tol

concentrated to 1.2 L

uene (600 mL) was added and the mixture was
. The mixture was cooled to room temperature and stirred for
16h. The solid was collected by filtration, washed with cold toluene (3x300 mL)

. ' | and
5 dried to give 317 g (81 %) of the titie compound.

Many variations of the present invention not iliustrated herein will occur to

those skilled in the art. The present invention is not limited to the embodiments

illustrated and described herein, but encompasses all the subject matter within the
20 scope of the appended claims.



30§elected from the group consisting of a fluoride, chloride, or Initiate salt of boron, aluminum.
arr\]tlmqny or a rare earth metal, and pentafluorophenylbOronic acid. 6. The method of claim 5
wherein the Lewis acid is selected from the group consisting of BF3, boron
trls(trlfluor]?me_tharresulfonat_e), and pentafluorophenylboronic acid. 35 7. The method according to
anyk?ne of claims 1-6 wherein the silicon hydride reducing agent comprises trietN‘;&l’@i\éﬁe. 8.The
met odfa}ccordltrslg to any one of claims 1-7 wherein the reaction takes place at a temperature in the
range of rrom a atmﬁ_OC to gbout +25C, .59.The method according to any one of clai compound of the
formula Ft3, R44Th rein the indole comprises a N /S-(CR4Rv),2-)C-R1 0 wherein R is selected
from (e grogtp 39“S!S&%ﬁ@mtaea@m@mmmmmmmzmmwm?mﬂ% is selected
group c%%%ﬁsmgu%étingwpee IBle with an aldehyde in the prasence of a silicon hydride reducing
agent selected from the group consisting of tri{(C,-C, alkyl)silane, triphenylsilane, |
diphenyisilane and phenyimethylsilane, and a Lewis acid selected from the group consisting
of salts of boron, aluminum, antimony or a rare earth metal and a halogen or triflate anion,
10  and pentafluorophenylmetallic acids in which the matal ic boron, aluminum, antimony or a
rare earth metal; the method further comprising the subsequent addition of an organic acid to
the reaction mixture after the reaction has begun, wherein the organic acid is selected from
the group conaisting of wrifluoraacetic acid, CClHy.xCO.H where X is 0-3, p-toluenesulfonic
acid, and benzenesulfonic acid.
15
2. The method of claim 1 whetein the organic acid ia added approximately 30-60

minutes after the reaction begins.

3. The method accerding to any one of claims 1 aid 2, wherein the indole
90  comprises an acid-sensitive substituent bonded to the N-1 nitrogen.

4. The method of claim 3 wherain 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 with 1to 3 substituents selected

25  independently from the group consisting of H, halogen, -CN, -CHO, -CF,, -OCF;, -OH, -C-Co
alkyl, C4-Cg alkoxy, -NHa, -N(C,-Cq alkyl);, -NH(C,-Ce alkyl), -NH-C({0}-(C,-Cy alkyl), and -
NG,.

5. The method according to any one of claims 1-4 wherein the Lewis acid is
310 selected from the group consisting of a fluoride, chloride, or triflate salt of boron, aluminum,
antimony or a rare earth metal, and pentafluorophenylboronic aeid.

8. The method of claim 5 wherein the Lewis acid is seiected from the group
consisting of BF 3, boron tris(trifiuoromethanesulfonate), and pentafluorophenyiboronic acid.
35
7. The method according to any ene of claims 1-6 wherein the silicon hydride
reducing agent comprises triethylsilane.
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E is selected from the group consisting of H, CI-C6 alkyl, 15C2-00 alkoxy, -CF3, and -(CH2).$-CF,;
and D and G independently are selected from the group consisting of phenyl, pyridinyl,
pyrimidinyl, furyl, thienyl and pyn-olyl, each optionally substituted by from 110 3, preferably 1 to 2,
substituents selected independently fromhalogen, 200N! -CHO, -CF3, -0CF3, -OH, 0,-C6 alkyl,
C1-C6 aikoxy, -NH2, -N(01-06 alkyl)2, - NH(CI-C6 alkyl), -NH-C(0)-(Ci-C6 alkyl), I\@)@,@Qﬁ ab5-or
6-membered heterocyclic or heteroarornatic ring containing 1 or 2 heteroatoms seleéted from 0, N or
S; Xl is selected from the group consisting of a chemical bond, -S-, -0-, -S(0)-,
25-S(0)2-,-NHC(0)-, (01-C6 alkyl) (91-06 alkyl) 0 , and0 R' is selected from the group consisting of
0,-C6 alkyl, C,-C6 fludrinatethalkpth@Ea8rdire tradiylone whiigitroby rairareie 1n pHGHON Bkefmantyl, CN,
41(C,-C6 alky1)g, 30phesmhdmtidimvindigs dimdmibeyl thiroys avapthykemorpholinyl, triazolyl,
pyrazolyl, piperidin.yi, pyrrolidinyl, imidazolyl, piperizinyl, thiazolidinyl, thiomorpholinyl, tetrazole,
indole, benzoxazole, benzofuran, imiclazolidine-2-thione, 7,7,dirnethylbicyclo(2.2.11heptan-2-One,
benzo(1,2,5loxadiazofe, 2-okeemeihad regaingioeny preR5LaMsihEYhRes e dPia SPPORAS Bach
optionally substisipduni bt ik fordaabstituents independently selected from the group consisting of
1-1, halogen, -CN, -CHO, -CF, -0CF3;.-OH, C1-05 alkyl, -1C1-05 alkyl)-R7, 0,-Ce alkoxy, -(C1-C6
alkoxy)-R7, -C(0)-(C1-Ca alkyl), -N»—é\ -Ca alky1)2, -NH(C1-C6 alkyl), -(C1- Ce alkyl)-NH2,
-(C1-C6 alkyl)-N(C1-C6 alky1)2, -Mr@%yﬁ\NH C1-C, alkyl), -NH-C(0)-(C1-C6 alkyl), -NO2,
-S02(C1-C6 alkyl), -602NI-12, -302N1- (Crﬂ:G aiﬁ?é',ﬂiﬁ“\ 02N(C,-03 alky1)2, -COOH, -C(0)0-(CI-Ce
alkyl), -(Cl-c6 alkyl)-C 00H, 1-chloro-2- mettﬁ/l-propyl, S5 CB i‘&aﬂ?;’/i,‘-zécroo alkyl)C(0)CH3,
-(C1-C6 alkyl)OCH3, C(0)NH2i phenyl, benzyl, benzyloxy,omorpholino, pyrrolidino, piperidine,
piperizine, furan, thiopkiemeinimidazole, tetrazole, pyrazine, pyrazolone, pyrazole, ichidazole, oxazole,
isoxazole, thiazole, 2-gethybitisiagalgm theRiospSIRaEaRyTAMTNE) GrouURGIoNsiStRIgand H, halogen, -CM,
-CHO, -CF3, - OCFE3, -QH, -C1-06 alk -(C6 al - ioadkyl, -NH2, -N(C1-Ce alky1)2,
20-NH(C1- alﬁl&y@ﬂﬂ%% em%%%ﬁ%/%&a%g &%@%&%&%}@) ?élected from the group consisting
of H, halogen, -ON, -CHO, -CF3, -0CF3, -OH, -C1-Ca |, C1-C6 alkoxy, C1-C6 thioalkyl. -NH2,
-N(C1-C6 alky1)2, -NH(C1-C6 alkyl), -N1-PG(05- éaaic%ﬁlﬁyl), -NO2, -NH-C(0)-NH(C1-C6 alky1)2 ,
-NH-C(0)-NH(CT-C6 aIWIgé,-NH-C(O)-O-(C,- 25C6 alkyl), -S02-(C1-C6 alkyl), -S-(03-C6 cycloalkyl),

-S-CH2-(C3-05 cycloalA)""s02-(C3-00

E is selected from the group consisting of H, C-Ce alkyl,
15 Cr‘Cs alkoxy, -CFa_aﬂd -(CHQ)M-CF;); and

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

20 CN, -CHO, -CFa, ~OCF3, -OH, Cy-Cy alkyl, Cy-Cq alkoxy, -NHaz, -N(C4-Cq alkyl), -
NH(C1-Cs alkyl), -NH-C(O)-(C-Ce alkyl), NO,, and a 5- or 6-membered heterocyclic
or heteroaromatic ring containing 1 or 2 heteroatoms selected from O, N or §;

X' is selected from the group consisting of a chemical bond, -8-, -O-, -§{0)-,
25 -5(0)p-, -NH-, -NHC(O)-, -C=C-,
H (G1-Ce alkyl)

(ﬁvcze alkyl) /NY /N\n/

N ' O ,and 0O

R'is selected from the group consisting of C-Cq alkyl, C1-Cs flucrinated alkyt,
Cs-Cs cycloalkyl, tetrahydropyranyl, camphoryl, adamantyl, CN, -N(C4-Cg alkyl)z,
30 phenyl, pyridinyl, pyrimidinyl, furyl, thienyl, napthyl, marpholinyl, triazolyl, pyrazolyl,
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cycloalkyl), -S02-CH2-(CrC5 cycloalkyl), C3-C6 cycloalkyl, -CH2-(C3-C6 cycloalkyl), -0-(C3-C6
cycloalkyl), -0-C1-12-(C3-C6 cycloalkyl), phenyl, benzyl, benzyloxy, morpholino, p){{;{‘qjiqigo, piperidine,
piperizine furan, thiophene, imidazole, tetrazole, pyrazine, pyrazolone, pyrazole, imidazcle, oxazole
and isoxazole, the rings of each of these R4 groups each being 30optionally substituted by from 1 to 3
substituents selected from the group consisting of H, halogen, -CM, -CHO, -CF3, -OH, -C1-C6' alkyl,

C1-C6 alkoxy, -Npeaidiny(@vuigindlyigazohi-piearicny W isoy. syeyeehotny A0 2, -S02(C1-C6
alkyl), -SO2NH(frdote. GatkythzcRORNEF G BllntdRdiend-+O@E L7 Beethd-R8 independently are

selected from thﬁﬁ%@?ﬁ%ﬁ@ﬂiﬁﬁﬁmﬂ%ﬂ%& 2-Aligyagjively, RS and R6 together with the

atom to which the 1 03-C6_cycloalkyl: 5 F}?? |s,sekﬁcte ftro dth group consisting
of phenyl, benzﬁ'?b%?{%ﬁdmpfﬁﬁ?p%?ﬁ%‘?ﬁy%ﬁiﬂ?ﬁg,yrﬁ?%ﬁaf SPHR8R. Thas furan. thiophene,
imidaaole, tétrazdte3 pybstitirestipvapeidenlyppiecteddamitiagnien eptsiaing 96kd2BeEhiazole,
2-methylethiazolgneagicpedig aptienaly, eilwstiuedbydiemyd-#8, 8 sopstitagnts selected from the
group consisting of H, halogey, - - - , . ~C 3. Ql- Ikexy, -C(0)-(C1-Co
alkyl), -C(O)o-(c'igég*‘éﬂg‘}i?g%HﬁB&i 11%93\@?%;%(%5%@2&% é‘%lﬁgé@( ’)l-?(%CI-CiBaIkyI), -NO2,
-502(C1-C3 alkyf, @PNk (3 -E sl Coa RIRA1-CC sl 9 Y CoEF3 Y is an integer selected
from 1, 2, or 3; LEAIORTiNTegkyiseDie@Crotn-0; dikd), F@NH:.N3PsNIH(ntec@kybelected from 0, 1, 2,

or 3; and nili’P‘ aﬂéﬁgﬁ&?,téﬂ%iﬁgﬂ@md,lé(o%—% ;@Gmg)m@pggamym@mg‘ wieseiiz-R has the formula
wherein X' and X"é

Independently are selec d;or @@E% p.gonsisy (5&11"8@ n, -CN, -CHO,
-CF3, -0CF3,-c{? %ﬂa‘i%y%lgcé% '%?!%’f?-riﬁl' ,“—?@% - |@ﬂky%%@NHﬁC,-CQak)%?%NH-C(O)-(C-OO
alkyl), and -NO2phenyl, benzyl, benzyloxy, morpholino, pyrrolidino, piperidine, piperizine, furan,

thiophene, imidazole, tetrazole, pyrazine, pyrazalone, pyrazole, ichidazole, oxazole,

isoxazole, thiazole, 2-methyl-thiazole,

e~ 9

SN O —8-N ) gN s —N XO] D=
5 o0~ & o o~ .

S
N N
/N
S(E) <0
S \./, and ©O :

R® is selected from the group consisting of H, halogen, -CN, -CHO, -CF3, -
OCFs, -OH, -C1-Cs alkyl, C-Cg alkoxy, C,-Cg thicalkyl, -NH;, ~N{(C+-Cq alkyl),,
20 -NH(C-Cs alkyl), -NH-C(O)~(Cy-Ce alkyl), and -NO;;

R* is selected from the group consisting of H, halogen, -CN, -CHO, -CFj, -OCF3, -OH,

-C4-Cyq alkyl, C;-Cg alkoxy, Cy-Cg thioalkyl, -NH;, -N(C4-Cg alkyl), -NH(C,-Cg alkyl), -NHC(O)-

(C4-Cq alkyl), -NO,, -NH-C(O)-NH(C,-Cs alkyl); , -NH-C{O)-NH(C,-Cs alkyl), -NH-C(0)-0-(C;-
25 Cgalkyl), -80,-(Cy-Cs alkyl), -8-(Cy-Cy cycloalkyl), -S-CHq-(C3-Cs cycloalkyl), -80;-(Cs-Cs

cycloalkyl), -80,-CH,-(C;3-Cy cycioalkyl), C3-Cs cycloalkyl, <CHy-(Cy-Cy cycloalkyl),

-0-{Cy-Cg cycloalkyl), -O-CH;:-(C3-Cq cycloalkyl}, phenyl, benzyl, benzyloxy, morpholine,

pyrrolidino, piperidine, piperizine furan, thiophene, imidazole, tetrazole, pyrazine, pyrazolone,

pyrazole, imidazole, oxazole and isoxazole, the rings of each of these R, groups each being
30 optionally substituted by from 1 to 3 substituents selected from the group consisting of H,

halogen, -CN, -CHO, -CF,, -OH, -Cy-Cq alkyl, C,-Cs alkoxy, -NH, , -N(C,-Cs alikkyl)y, -NH(Cy-Cg

alkyl), -NH-C(Q)-(C,-Cg alkyl), -NO,, -8C5(C4-Cs alkyl), -SONH(C4-Cy alkyl),

-S5O N{C-Cg alkyl),, and -OCF;
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2511.The method of claim 10, wheraini X3 is H; and X' is H. 12.The method of claim 9, wherein the
indole comprises a compound of the 30formula |+/1C S L I.. P wherein X3 and X' independently
are selected from the group consisting of H, halogen, -ON, - CHO, -CF6, -0CF6, -Ok]m(;’-c;@ alkyl,
C1-C6 alkoxy, -NH2, -N(C1-00 alky1)2, -NH(02-06 alkyl), - NH-C(0)-(01-00 alkyl), an ':NO2; and 5
X5, X6, X', and X independently are selected from the group consisting of H, halogen, -ON, CHO, -CF,
-00ES6, -OH, C1-C6 alkyl, -(01-0e alkyl)-R7, 01-06 alkoxy, -(02-06 alkoxy)-W, -C(0)-(02-C6 alkyl),

-NH2, -N(01-05alkyf o Rit-{8p ity bre-¢0ik Elealtiyh-iNd ghip-60AsR6na ki) M@0l 1)2, -(01-00
alkyl)-NH(C1-Co alkyl), 10-NH-0(0)-(02-06 alkyl), -NO2, -S02(CI-C6 alkyl), -S02NH2, -SO2NH(01-06

-SO2N(02-06 alky(%g, QO? s-0(0)Q401-06 alkyl), -(01-C6 alkyl)-O00H, 1-chloro-2- methyl-propyl,
-Cl-Céthioalkyl, -( -eé'éaé\fﬁy’/;h)(ﬂg é’?‘l‘i@ﬂ(ﬁ'éﬁé‘ﬁﬁ’@tﬁﬁ@@( NI HKEAR Benzy!, benzyloxy,
morpholino, g;'ﬁeﬁmf?éfkﬁperidine, piperizine, furan, thiophene, imidazole, tetrazole, pyrazine,
pyrazolofie, pyrazoie, imidazole, oxazole, 15isoxazole, thiazole, 2-methyl-thiazole, Th.H/ 0r0 -S-N O

SIN-NS, 8N, ardQ Lo dinbonf fRGRal RS A SRedST uBRS LEGHES SASiRRRg optionally
;yyrrgt%}no. piperidine, piperizina, 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, -CN,
10 -CHO, -CF3, -OH, -C,-Cq alkyl, C-Cq alkoxy, «C(O}-(C1-Cq alkyl), -C(O)YO~(C,-Cq alkyl), -NH,,
-N(C4-Cs alkyl)z, -NH(C-Cq alkyl), -NH-C(O)-(C4-Cq alkyl), -NO,, -S04(C1-Cs alkyl), -
SO,NH(C1-Cq alkyl), -SO,N(C4-Cq alkyl),, and -OCF:

ny is an integer selected from 1, 2, or 3;

15 nz is an integer selected from 0, 1, 2, 3, or 4:
ny is an integer selected from 0, 1, 2, or 3; and
N is an integer selected from 1, 2, or 3.

10. The methed of claim 9, wherein R has the formula

N =
P

wherein X* and X* independently are selected form the group consisting of H,
halogen, -CN, -CHO, -CFy, -OCF;, -OH, -C,-C, alkyl, C;-Cs alkoxy, -NH;, -N(C;-Cs alkyl),, -
NH(C,-Cy alkyl), -NH-C(0)-(C-C, alkyl), and -NQ,.

25 11. The method of claim 10, wherain
X3is H: and
X'is H.

12. The method of claim 9, wherein the indole comprises a compound of the

30 formula
xﬁ
x5 7
Ci NH X
m—r \
N 0=}
0 x8
RS RN
X3 | ——xs
P 2




1 to 3 substituents selected from the group consisting of halogen, -ON, -CHO, -CF3, -OH, 20-01-C6
alkyl, O,-C6 alkoky, -C(0)-(01-00 alkyl), -NH2, -N(01-C6 alky1)2, -NH(C1-C2 alkyl), -NH-0(0)-(C1-C6
alkyl), -NO2, -502(02-06 alkyl), -S02N1-1(01-Ce alkyl), -502N(01-Csalky1)2, and 0O0E6. 13.The
method of claim 12, wherein 25X is H; and X4 is H. 14.The method according to any 8ie bf &laims 12
and 13, wherein X5 is -CF3; 30Xs is H; X7 is H; and Xs is H. 15.The method according to any one of
claims 12 and 13, wherein 20 MOSUP X6 is -CF15; X6 is H; X' is I-1; and X8 is -CH. 5 16.The method
according to any one of claims 12 and 131 wherein X5 is 1-1; X6 is ClI;

10

20

25

30

wherein

** and X! independently are selected from the group consisting of H, halogen, -CN, -
CHO, -CF;, -OCF;, -OH, C4-Cg alityl, Cy-Cq alkoxy, -NH;, -N(C(-Cq alkyl)z, -NH(C4-Cq alkyl), -
NH-C(0)-(C1-Cs alkyl), and -NO,; and

X5 X8, X', and X® independently are selected from the group consisting of H,
halogen, -CN, }CHO, -CF3, -OCF; -OH, Cy-Ce alkyl, -(C+-Ce alkyl)—R7, C-Cg alkoxy,
-(C4-Cq alkoxy)-R7, -C(O)-(C1-Cs alkyl), -NHz, -N(C1-Cs alkyl)z, -NH(C‘~Q6 alkyl), -(C+-
Ce alkyl)-NHz, (C1-Cs alkyl)-N(C-Cy alkyl)z, -(C+-Co alkyl)-NH(C1-Cs alkyl),
“NH-C(O)~(C1-Cs alkyl), -NO2, -SO(C+-Cs alkyl), -SONHz, -8O;NH(C4-Cy alkyl),
-SO,N(C,-Cs alkyl)z, -COOH, -C(O)O-(C1-Cs alkyl), -(C+-Ce atky!)-COOH, 1-chloro-2-
methyl-propyl, -C~Cq thioalkyl, (Cy-Cs alkyC(O)CHs, -(C1-Ce alky)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,

%) 9')'--N —‘g*‘N S °
+0 3O H0-0p-O

S
N N
(€ ) N —<f3©
N \_/, and © :

the rings of each of these X®, X®, X, and X° groups each being optionally substituted by from
1 to 3 substituents selected from the group consisting of halogen, -CN, -CHO, -CF, -OH,
-C-Cq alkyl, C-Cs alkoxy, -C(O)+(C1-Co alkyl), -NHg, -N(C1-Ce alkyl)s, -NH(C1-Cs alkyl),
“NH-C(O)-(C1-Cs alkyl), -NOg, -50(C,-Cy alkyl), -S0NH(C:-Co alkyl), -SON(C1-Cs alkyl)z,
and OCF,.

13, The method of claim 12, wherein
X2 is H: and
X'is H.

14.  The method according to any one of claims 12 and 13, wherein
X%is -CFy;
XPis H,
X' is H; and
X¥is K.

15. The method according to any one of claims 12 and 13, wherein
20



X716 Cl: and 10Xe IS H. 17.The method of any one of claims 1-16 wherein the aldehyde is a
compound of the formula cH2)55- x2-R2 ISwherein X2 is selected from the group consisting of -0-,
-CH2-, -S-, -SO-, -502-, -NH-, -C(0)-, -NHS02-, (91-c5 alkyl) (91-C6 alkyl) ,0 ,0N(Ci-C6 alkyl)-, (Cl 146
alkyl) (C1-C6 alkyl) N **:$ alkyl)-, and01'0 20 R2 is a ring moiety selected from &ﬂeﬁ;ﬁgrﬂyp
consisting of phenyl, pyridinyl, pyrimidinyl, furyl, thienyl and pyrrotyl, the ring moiety being substituted
by a group of the formula -(CH2)n5002R5 or a pharmaceutically acceptable bioisostere, and optionally
further substituted by 1 oy gudstituents independently selected from the group consisting of halogen,
-CM, -CHO, - 25CFI -0CFg, 01, Ci-05 alkyl, Cite alkoxy, C1-05 thioalkyl,-N(CI-00 aiky1)2, -NH(C,-C6
alkyl), -NH-C(0)-(C1-05 alk B and -NO2; Re is selected from the group consisting of Hand C1-C6
alkyl; 30n5 is an integer séf(/é%ﬁ'é&%m 0, 11 2, or 3; and n5 is an integer selected from O, 1, or 2.

X?ig -CHa.
5
16.  The method according to any one of claims 12 and 13, wherein
X¥is H:
X%is CI;
X is Cl; and
10 X?is H.
17.  The method of any one of claims 1-16 wherein the aldehyde is a compound of
the formuia
O
H’]k(cwz)nswxz——aﬁ
15 wherein ,
X2 is selected from the group consisting of —O-, -CHz=, -8+, <80-, -§0z-, -NH-,
{0}, ~-NHSO,-,
| " (G1-Cg alkyl)
(G1-Ce alkyl) N N H
N
N , \On/, 1/ 7 (Cy-C alkyl)—,
Cy-Cg alkyl
(C4-C alkyl) (G1-Ce alky)
r!q /N‘S/
~UNCy-Coalky— and O
20

R?is a ring muiety selected from the group consisting of phenyl, pyridinyl, pyrimidinyl,
furyl, thienyl and pyrroiyl, the ring moiety being substituted by a group of the formula ~{CHz}ns-
CO,R® or a pharmaceutically acceptable bicisostere, and optionally further substituted by 1
or 2 substituents independently selected from the group consisting of halogen, -CN, -CHO, -

25  CFa, -OCFs, -OH, C-Cq alkyl, Cy-Cg alkoxy, C4-Cq thicalkyl, -NH; , -N(C-Cs alkyl)a, -NH(C1-Cq
alkyl), -NH-C{Q)-(C4-Cq alkyl), and -NOy,;

R is selected from the group consisting of H and C,-Cg alkyl;

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

21



18.The method of claim 17, wherein the aldehyde is a compound of the formula 0 0 wherein R8
comprises a G1-C6 alkyl group. 5 19. The method according lo any one of claims 17 and 18,
further comprising the step of removing the R8 group to form a carboxylic acid. 20. The method
according to any one of claims 17-19 wherein 10R is benzhydryl; and the Lewis acig-gomprises EIF3.
21. The method according to any one of claims 17-20, wherein the silicon hydride reducing agent

comprises triethylsilane. 22. The method according to any one of claims 17-21, further
comprising the addition®f triffugraskel eratithapProsieiaini)adentit BindiapaliRrdrsreastian begins.
0] .
H
OR®
0
wherein R® comprises a C,-Cq alkyi group.
5
19.  The method according to any one of claims 17 and 18, further comprising the
step of removing the R® group to form a carboxylic acid. ‘
20.  The method according to any one of claims 17-19 wherein
10 R is benzhydryl: and
the Lewis acid comprises BF,.
21, The method according 1o any one of cldims 17-20, wherein the silicon hydride
reducing agent comprises triethylsilane,
15
22.  The method according to any one of claims 17-21, further comprising the
addition of trifluoroacetic acid approximately 30-60 minutes after the reaction begins.
20
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