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Combinatorial synthesis of substituted 3-(2-indolyl)piperidines
and 2-phenyl indoles as inhibitors of ZipA—FtsZ. interaction
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Abstract—The ZipA-FtsZ protein—protein interaction is a potential target for antibacterial therapy. The design and parallel synthe-
sis of a combinatorial library of small molecules, which target the FtsZ binding area on ZipA are described. Compounds were dem-
onstrated to bind to the FtsZ binding domain of ZipA by HSQC NMR and to inhibit cell division in a cell elongation assay.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

The prokaryotic tubulin analog FtsZ is an essential pro-
tein involved in the process of cell division in both Gram-
negative and Gram-positive bacteria. Cytoplasmic FtsZ
becomes localized in the medial division site of the septal
ring at an early stage in the division cycle and remains
associated with the leading edge of the ingrowing septum
during cytokinesis.! Impairment of septal ring assembly
and consequent failure of the thermosensitive ftsZ84
mutant of Escherichia coli to divide above the restrict-
ive temperature demonstrates the importance of FtsZ
in cell division.>? FtsZ is nearly universally present in
Gram-positive and Gram-negative bacteria and has
also been identified in plants and moss.3
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A search for proteins that bind FtsZ in E. coli led to the
discovery of a previously unknown membrane-anchored
protein called ZipA.* ZipA is localized at the site of cell
division at a very early stage of the division cycle and
tethers the FtsZ protofilaments to the membrane during
invagination of the septum. The structure of the C-ter-
minus of ZipA and its interaction with FtsZ has been
elucidated by X-ray crystallography.’ The binding of
FtsZ protein to the membrane bound ZipA is necessary
for septum formation in E. coli, as demonstrated by the
formation of nonseptate filaments after the overexpres-
sion or depletion of ZipA.* Sequence analysis indicates
that ZipA homologues are present in Haemophilus influ-
enzae, Salmonella typhimurium, and Pseudomonas aeru-
ginosa®® and a study of the H. influenzae genome
using high-density transposon mutagenesis identified
genes encoding both ZipA and FtsZ as essential for
growth and viability.” However, proteins with signifi-
cant homology to ZipA have not been found in Gram-
positive bacteria and also appear to be absent in the
Gram-negative bacteria Helicobacter pylori, Borrelia
burgdorferi, and Treponema pallidum, indicating that
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ZipA is conserved in only a subset of Gram-negative
genomes.®

Illnesses caused by respiratory pathogens, in particular
H. influenzae, Streptococcus pneumoniae, and Moraxella
catarrhalis, are major global public health problems.’
These pathogens are the causative agents of a variety
of life threatening infections and disease states such as
bacteremia, chronic bronchitis, Gram-negative bacillary
bacteremia, epiglottitis, endocarditis, bacterial meningi-
tis, pneumonia, and sepsis. The appearance of strains of
respiratory pathogens resistant to the antibiotics com-
monly used to eradicate them is becoming more frequent
and is a cause of growing public and professional con-
cern.'® Because ZipA is required for cell division in sev-
eral Gram-negative bacilli, inhibition of the ZipA-FtsZ
interaction represents a promising new target for anti-
bacterial action. We elected to pursue small molecule
inhibitors of the binding of FtsZ by identified bacterial
ZipA’s while at the same time searching for ZipA ana-
logues in Gram-positive pathogens.

The complex between the C-terminal FtsZ binding
domain of ZipA (ZipAgs_328) and the C-terminal frag-
ment of FtsZ (FtsZsg7_333) has been elucidated both by
X-ray crystallography and by NMR,>!! facilitating the
discovery effort. In this complex, the C-terminal FtsZ
peptide forms an o-helix and fills a solvent-exposed
hydrophobic cavity on the surface of ZipA. The a-helix
conformation of the FtsZ;¢7_333 peptide directs only six
amino acid sidechains toward important interaction with
ZipA. Furthermore, alanine mutagenesis of the FtsZ3¢7_333
peptide showed that just three peptide sidechains,
contiguous in space in the X-ray structure, account for
the bulk of the binding to ZipAgs_3»g. These results sug-
gest that a small molecule might interfere with this inter-
face. The location at which molecules bind to the
C-terminal domain on ZipA can be determined without
resort to X-ray crystallography using 2-D HSQC NMR.'?
Recently, we have reported the discovery of a drug-like
small molecule inhibitor of ZipA-FtsZ interaction,
1,2,3,4,12,12b-hexahydro-indolo[2,3-a]quinolizin-7-one
(1; ICsp = 1170 uM).3-14 Derivatization of 1 on the in-
dole nitrogen atom afforded interesting compounds,
exemplified by 2, which we were able to co-crystallize
with ZipA but were not significantly more potent than
1. Here we describe the application of combinatorial syn-
thesis and structure based design to aid our efforts in
finding potent inhibitors of the ZipA-FtsZ interaction.
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2. Chemistry
The interaction between ZipA and FtsZ is mainly the

product of complementary hydrophobic contacts.’
Binding of FtsZ by ZipA is rather strong, with a Kp, esti-

mated to be 0.2 uM.!> Molecules 1 and 2 were found by
X-ray crystallography to occupy one of the same shal-
low hydrophobic depressions on the surface of ZipA
used to bind FtsZ. Inspection of the crystal structures
also showed that these small molecule ligands could
make hydrogen bonds through bound water molecules
to backbone residues in the binding pocket. Our design
strategy was to (i) continue to make hydrophobic con-
tact with the FtsZ binding cavity using a lipophilic aro-
matic scaffold, (ii) include substituents with hydrogen
bond donating groups, which would anchor the mole-
cule to the binding surface in a manner of our own de-
sign, and (iii)) introduce substituents with ionizable
groups at their termini to improve the solubility of the
molecules. To satisfy our design criteria, the molecules
would need to have two or more substituent groups.
Because the indoloquinolizinone scaffold provides only
one site for synthetic diversification, we decided to mod-
ify or replace the indoloquinolizinone scaffold. Deletion
of the C ring and repositioning or deletion of the nitro-
gen atom in the piperidine ring offered the more easily
accessible 2-(piperidin-3-yl)-1H-indoles and 2-phenyl-
1 H-indoles. These scaffolds were anticipated to cover
the hydrophobic pocket in the FtsZ binding domain of
ZipA and provide greater synthetic flexibility. Substitu-
ents on the piperidine ring or on the indole nucleus
would potentially be oriented in the correct direction
for making hydrogen bonds to the tightly bound water
molecule previously mentioned or be able to cover near-
by hydrophobic areas.

/
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The desired target compounds were obtained by way of
the following synthetic routes. Phenyl hydrazine was
condensed and cyclized with selected acetophenones
3(a—e) to afford the 2-phenyl-1H-indoles 4(a—e) (Scheme
1). Compounds 4(a—e) were claborated to the desired
1-substituted 2-phenyl-1H-indoles using standard meth-
ods. Amines used in making the final products were se-
lected using the following experimental design process.'®
Molecular property descriptors [molecular weight (mw),
(unaligned) dipole moment, clog P (both Hansch and
Leo fragment method), SlogP (both Ghose and Crippen
atom based methods), globularity, Van der Waals vol-
ume, and Van der Waals surface area] were calculated
for a large set of commercially available amines. Exam-
ination of the resulting data set using multivariate data
analysis tool SIMCA-P!7 revealed that of these proper-
ties, mw, clog P, Slog P, volume and surface area were
highly correlated. Amines were selected using a D-opti-
mal design of the three-dimensional property space
made up of the clog P, dipole moment, and globularity
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Scheme 1. Synthesis of 2-phenyl-1H-indoles. Reagents and conditions: (i) phenyl hydrazine, EtOH; (ii) polyphosphoric acid, 130°C; (iii) methyl
acrylate, potassium ferz-butoxide, toluene; (iv) NaOH, MeOH; (v) amine R? [see Table 1], EDCI, HOBY, i-Pr,EtN; (vi) methyl bromoacetate, NaH,

DMF.

to arrive at a design set having 23 members. This gave a
set of amines that was optimally distributed in lipophi-
licity, polarity, and deviation from sphericity.
Intermediates 5.a, Sb, 7.a, and 7.b, synthesized from 3-
chlorobenzophenone (3.a) and 4-methoxyacetophenone
(3.b), were coupled with the entire set of amines to afford
a library of 92 compounds. Intermediates 5.(c—e) and
7.(c—e) were coupled with a subset of this larger building
block set to give a more narrowly focused library of 24
compounds.

Novel 2-(piperidin-3-yl)-1H-indoles 15.a.(1-28) and
15.b.(1-20) were prepared as shown in Scheme 2. Con-
densation and cyclization of phenyl hydrazine with 3-
acetylpyridine (9) gave indole 10. The pyridine ring of
10 was selectively reduced by hydrogenation over plati-
num and subsequently protected with di(zerz-butyl)di-
carbonate to give 11. Compound 11 was alkylated
with N-(3-bromopropyl)phthalimide (12) to give 13,
which was deprotected and sulfonylated with either
methyl or isopropyl sulfonyl chloride to give 14.a and
14.b. Intermediates 14.a and 14.b were deprotected with
TFA and either alkylated or acylated in parallel on the
piperidinyl nitrogen to give N-(3-indol-1-yl-propyl)-alk-
ylsulfonarmdes 15.a.(1-28) and 15.b.(1-20). Alkyl bro-
mides (R?CH,Br) and acid chlorides (R*COCI) were
selected from sets of commercially available reagents
and from simple substituted benzyl bromides known in
the literature. 1-(3-Aminopropyl)-1H-indoles 16.a.(1-
17) and 3-(indol-1-yl) propionamides 19.a.(1-20),
19.b.(1-21), 19.c.(1-21), and 19.d.(1-22) were synthe-
sized by similar routes from intermediate 13 and 11
(Schemes 3 and 4) using the same sets of alkyl bromides
and acid chlorides used in the synthesis of alkylsulfona-
mides 15.a.(1-28) and 15.b.(1-20). The four amines cho-

sen for use in the synthesis of propionamides 19.a.(1-
20), 19.b.(1-21), 19.c.(1-21), and 19.d.(1-22) (Scheme
4) were a subset of the 23 diverse amines used in the syn-
thesis of aryl indoles 6.a.(1-23) and 6.b.(1-23) and were
selected based on the observed effectiveness of 6.b.19
(vide infra) in inhibiting binding of FtsZ by ZipA in
our fluorescence binding assay.

Synthesis of the desired 1,3-disubstituted-2-phenyl in-
doles 26.a.(1-4) began with 4-benzoylbutyric acid 20
(Scheme 5). Fisher indole synthesis with phenyl hydra-
zine using the procedure of Hutchins and Chapman'®
gave the propionic acid intermediate 21. Functional
group interconversion, protection, alkylation on nitro-
gen, and Boc-protection on nitrogen gave intermediate
23. Compound 23 was sequentially deprotected and
functionalized to give indoles 26.a.(1-4). The amines
used in the synthesis of 26.a.(1-4) were the same as those
used in the synthesis of the 3-(indol-1-yl)-propionamides
(Scheme 4). 3-(3-Aminopropyl) substituted indoles
28.a.(1-21) were also synthesized from intermediate 23
(Scheme 6). In this case, a new properties-based experi-
mental design was done on a large set of commercially
available amines to select a different diverse set of
amines for use in the synthesis of 28.a.(1-21).

3. Results

New compounds were evaluated for their effect on the
binding of FtsZ peptide to ZipA using ZipAigs_3»g and
an analog of the C-terminal FtsZ peptide in a fluores-
cence polarization competition assay.!” In an initial
assay, percent inhibition was measured at three
concentrations: 1, 0.5, and 0.125mM. ICsy’s were
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Scheme 2. Synthesis of substituted 2-(piperidin-3-yl)-1 H-indoles. Reagents and conditions: (i) phenyl hydrazine, EtOH; (ii) polyphosphoric acid,
130°C; (iii) H,, Pt/C, AcOH; (iv) di(tert-butyl)dicarbonate; (v) NaH, DMF, cat. (n-butyl),N*I"; (vi) H,NNH,-H,0, EtOH; (vii) R'SO,Cl, NEt;,
CH,Cl,; (viii) trifluoroacetic acid, CH,Cly; (ix) either R*>CH,Br, Na,COs, acetone, cat. (n-butyl),N*I~, or R?COCI, Na,CO, CH,Cl.
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Scheme 3. Synthesis of substituted 1-(3-aminopropyl)-1H-indoles.
Reagents and conditions: (i) trifluoroacetic acid, CH,Cly; (ii) either
R2CH,Br, Na,CO;, acetone, cat. (n-butyl),N*I", or R2COCI,
N8.2CO3, CH2C12, (111) HzNNHszo, EtOH.

determined for selected compounds by serial dilution of
the test compound with 500nM ZipA and 160nM fluo-
rescein-FtsZ peptide. Percent inhibition scores and
1Cs¢’s for only the most potent members of each analog
set are shown.

2-Phenyl-1H-indoles alkylated on nitrogen were synthe-
sized and assayed first (Table 1). No definitive SAR
trends were discernable as few of the compounds inhib-
ited FtsZ binding to a significant extent at the tested
concentrations. However, compounds having sidechains
containing tertiary amines, for example 6.a.6, 6.a.7,
6.a.19, and particularly 6.b.19, were represented dispro-
portionately among the compounds with significant per-
cent inhibition scores at 0.5mM concentration. This
information was used for selecting substituent groups
and designing targets in subsequent iterations.

No hits were found in the library of N-(3-indol-1-yl-pro-
pyl)-alkylsulfonamides [15.a.(1-28) and 15.b.(1-20)]
(Table 2). However, using the information gained from

screening the 2-phenyl-1H-indoles, we modified the syn-
thesis to afford a library of indoles having the basic 3-
aminopropyl substituent group [16.a.(1-17)]. This series
contained one of the most active indole ZipA inhibitors
in this study, 16.a.4.

Screening of the library of 3-(indol-1-yl)-propionamides
[19.(a—d).(1-22)] in the fluorescence polarization assay
also showed that the majority of the compounds did
not inhibit FtsZ binding to a significant extent at the
tested concentrations, with only 15% of the members
having percent inhibition greater than 25% at 0.5mM.
Compound 19.b.15 stood out from the others in the ini-
tial screen (Table 3) and its activity (ICsq = 271 uM) was
confirmed by a dose response curve. Again, SAR trends
were uncertain, but ZipA-FtsZ inhibition was generally
highest with molecules having the basic tertiary amine
(S)-(+)-1-(2-pyrrolidin-1-ylmethyl)pyrrolidine at R
and a lipophilic R? group.

2-Phenyl indoles differentially substituted on the 1- and
3-positions were designed to cover the hydrophobic
FtsZ binding area, display a sidechain of appropriate
length capable of making hydrogen bonds to the bound
water molecule, and display a sidechain with a water sol-
ubilizing group. Only two compounds showed greater
than 25% inhibition at 0.5 mM (Table 4). ICsy’s for these
were not determined.

In order to verify that compounds were interacting with
E. coli ZipA in the FtsZ binding region, selected com-
pounds were evaluated for binding to ZipAigs 33 by
a 2-D HSQC NMR experiment using 50 uM '*N-labeled
ZipAigs 323 and 500 uM compound in an aqueous solu-
tion containing 10% DMSO. Compound 19.b.15 was
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TFA, CH,Cly; (viii) CH3SO,Cl, NEt;, CH,Cly; (ix) NaOH, MeOH; (x) amine a, b, ¢, or d, EDCI, HOBt, i-Pr,EtN.

tested and showed significant perturbation of the nearby
protein residues in the FtsZ binding region, indicating
that it was binding to ZipA at this site.

Selected compounds were evaluated for activity as inhib-
itors of bacterial cell growth, both to correlate in vitro

and in vivo activities and to assure that no potential
leads were missed. Compounds were tested for activity
against bacterial cell growth in two ways. First, com-
pounds were examined by microscopy to see whether
or not they caused cell elongation at sublethal concen-
trations in Bacillus subtilis (a Gram-positive bacteria)
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and in two strains of E. coli 390 (inner membrane per-
meable mutant) and CH4 (a ZipA gene knock-out com-
plemented with ZipA supplied on a thermosensitive
plasmid).* Nalidixic acid, which acts by a ZipA-inde-
pendent mechanism, was used as a positive control for
cell elongation. Mean values were obtained from light
scattering histograms (10,000total counts/sample, for-
ward light scatter, FACSort flow cytometer, BD Bio-
sciences, San Jose, CA) and the percent change in
mean values compared to sample not treated with com-
pound was calculated. Because we have found that per-
cent change values generally reflect the extent of cell
elongation, these values were used as an indirect meas-
ure of change in cell length. Cytotoxic compounds that
caused the formation of cell debris were distinguished
from compounds causing cell elongation in this assay
visually by both microscopy and histogram shape. Re-
sults obtained from testing of 16.a.4 and 19.b.15 in the
cell elongation assay (Table 5) are consistent with cell
division inhibition at the indicated concentrations in
B. subtilis and E. coli CH4. 16.a.4 was tested at too high
a concentration against E. coli 390, causing debris for-

Table 1. Inhibition of fluorescein-FtsZ binding to ZipA (185-328) by 2-phenyl-1H-indoles

N
oﬁ)n

Structure ID R! n R? Inhibition at 0.5mM concn (%) ICso (UM)
N o
6.a.l 3-Cl 2 HW 239 2528
6.2.6 3-Cl 2 2 N/\/(N> 216 >2000
H \
6.a.7 3-Cl S D 20.4 1627
H
H
6.2.12 3-Cl SN0 17.8 —
NTT
6.a.13 3-Cl FLSN ‘ 19.5 3290
Y
6.2.16 3-Cl "{ID_OH 222 >2000
6.2.19 3-Cl - b/ J 2 3226
6.b.6 4-MeO <3 N 18.2 —
H \
6.b.7 4-MeO S D 19.3 —
H
6.b.9 4-MeO f’(u/\/\ 18.3 —
H
6.b.12 4-MeO

S N\ro 19.9 2468
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Table 1 (continued)

Structure ID R! n R? Inhibition at 0.5mM concn (%) 1Cso (LM)
6.b.13 4-MeO 2 <Xy 17.9
S

6.b.19 4-MeO 2 & T:; U 443 o
6.4.5 3-CF;0 2 -~ b/ J 179 -~
8.a.19 3-Cl 1 - b/ J 19 —

JJJ:N
8.2.22 3-Cl 1 Ow 237 >2000

OH

JJJ:N

8.2.23 3-Cl 1 o 19.9 .

HN
R1

Structure ID R! R? Inhibition at 0.5mM concn (%) 1Cso (LM)

<
15.2.19 SO,CH; 93.1 >2000
15.b.17 SO,i-Pr _’_,.r’\)\ 94.9 >2000
15.b.18 SO,i-Pr -~ \/\O 40.8 >2000

% cl
16.2.3 H \C( 237

2
16.2.4 H 26.8 296

mation (observed by both microscopy and abnormally
shaped histogram) and 19.b.15 had no effect on cell divi-
sion at the tested concentration. Second, an MIC was
determined by the microbroth dilution method. Bacte-
rial species in the panel included S. aureus (ATCC
29213), B. subtilis, S. pneumoniae, H. influenzae (ATCC
49247), M. catarrhalis, and E. coli. Results for the most
potent inhibitors of FtsZ binding are collected in Table
6. The MIC values are probably consistent with the po-
tency of inhibition of ZipA-FtsZ interaction measured
using the fluorescence polarization assay. None of the
compounds tested inhibited the growth of E. coli (wt)
at 200 uM.

4. Conclusion

In several species of Gram-negative bacteria, ZipA, a
membrane-anchored protein, must interact with the
key cell division protein FtsZ for septum formation
and subsequent cell division to take place. The wide-
spread phylogenic distribution of FtsZ, and the identifi-
cation of ZipA in multiple Gram-negative organisms,
supports the idea that inhibition of ZipA-FtsZ is a
promising molecular target. Nevertheless, ZipA features
several challenges beyond those typically encountered in
enzyme targets. Crystal structures reveal a relatively
flat and featureless hydrophobic surface that serves as
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Table 3. Inhibition of fluorescein-FtsZ binding to ZipA (185-328) by substituted 3-(indol-1-yl) propionamides

Q
}re
N
N
;
g R
Structure ID R! R? Inhibition at 0.5mM concn (%) 1Cso (UM)
19.a.17 e &% 299 733
NN D
19.a.18 f‘:N/\/(N> o 293 808
H \
Ph
19.a. SN —
9.2.20 <~ /\/(N> Ny 33
H \ Ph
= NO
19.b.12 J;D /J fi@( z 28.2 _
19.b.13 - b/a - \© 258 1070
—N cl
19.b.14 & D . \C( 333
S -
19.b.15 e B 78.1 271
19.5.18 o B/O S 0 37.7 802
19.b.19 < b D % 443 546
19.6.20 I b/ J ;\/Q 27.7
< Ph
19.b.21 s /J #~ he 347 1099
Ph

ZipA’s interface with FtsZ. These surfaces contrast
strikingly with typical enzyme active sites that are deeply
invaginated, with a combination of hydrophilic and
hydrophobic groups lining the surface. Designing mole-
cules with sufficient binding strength is therefore a chal-
lenge, since the maximal affinity of each atom must be
quite small.?® Hence, our challenge was to find optimal
arrangements of atoms. The need to maintain a favora-
ble pharmaceutical profile, solubility, specificity, and cell
penetration still applied, complicating our efforts. Our
best compound, 16.a.4, (IC5y =296 uM, Kp = 105uM)
did not meet our program goal of an inhibitor of
ZipA-FtsZ with a Kp ~ 10uM and in vitro microbial
growth inhibition at <16 pg/mL. However, it was dem-
onstrated by NMR that compounds from this series
bind to ZipA at the FtsZ binding site and, moreover,
cell-based assays indicated that small molecule inhibi-
tors of ZipA—FtsZ could indeed inhibit cell division in

both B. subtilis and E. coli. Cell division inhibitory activ-
ity observed against B. subtilis might be considered as a
hint for existence of ZipA analog(s) in Gram-positive
bacteria. Alternatively, such an activity might indicate
that these compounds are not specific inhibitors of
ZipA-FtsZ interaction in vivo and are acting on other
molecular targets. Further investigation is necessary to
explore these hypotheses. Although the compounds col-
lected in Table 6 are relatively large (mw 437-589), all
were experimentally determined to be at least moder-
ately soluble in water at pH 7.4 (19-50pug/mL) and
highly permeable in an artificial membrane permeability
assay (1.3-7.0Pe x 10~ ®cm/sec).2! The marginally better
MIC’s observed for the inhibitors tested against the
inner membrane permeable E. coli mutant (Table 6,
column 6) relative to the wild type (MIC > 200 uM)
suggest that the weak in vitro activity observed in the
antimicrobial susceptibility testing might be due to
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Table 4. Inhibition of fluorescein-FtsZ binding to ZipA (185-328) by
1,3-disubstituted-2-phenyl indoles

R1
/
NH
L0
N

j\ R! = SO,CHj or H
2
g R
Structure ID  R! R?

Inhibition at
0.5mM concn (%)

26.a.1 S02CH3 JJ":N/\/(N> 15.2
H \

26.2.2 SO.CH 2§ 17
O

26.2.3 SO,CH; fiN/\/NQ 16.5
" Ph

28.a.15 H ﬁHO/ 15.2

28.2.16 H

I
"J{N 61.4
H
28.a.17 H Jr‘iN/© 14.4
H@*
62.7
e

N
H
F
28.2.20 H 2 /©/ 18
H

MeO

28.a.19 H

28.a.21 H 17.5
“‘r‘: N OMe

H

impermeability of the inhibitors but this is not reconcil-
able with the results from the membrane permeability
assay.

Due to the difficult nature of the target site, we hoped
that better starting scaffolds could be found. High
throughput screening of our compound collection using
the fluorescence polarization assay, and similarity
searching using the hits that were found by HTS, af-
forded additional leads. We will report on the discovery
and optimization of these leads in another
communication.

5. Experimental

NMR data were recorded in CDCIl; on either a 300 or
400 MHz Bruker Avance DRX spectrometer equipped
with a z-gradient QNP probe. Typical '"H NMR spectra
were acquired with 64K data points over a spectral

Table 5. Effect of 16.a.4 and 19.b.15 on cell division in cell elongation
assay

Structure ID Concn %Change Microscopy”
(ng/mL) in mean®

B. subtilis, 168

16.a.4 12.5 (uM) 127 20% elong

19.b.15 12.5 (uM) 44 10% fil; 50% elong

Nalidixic acid 5 273 100% elong

E. coli, 390

16.a.4 200 (uM) 72 Debris

19.b.15 25 (uM) —18 5% elong

Nalidixic acid 5 332 100% elong

E. coli, CH4

16.a.4 6.25 (UM) 49 20% elong

19.b.15 100 (uM) 39 20% elong

Nalidixic acid 5 301 100% elong

#Percent change of histogram mean = (mean,— mean,)/mean,. X 100%,
where mean, represents compound-treated cells and mean, repre-
sents untreated cells.

®Visual estimate of the percentage of elongated cells out of total cell
population observed in microscope field. ‘fil" Stands for ‘filamented’
and ‘elong’ stands for ‘elongated’.

width of 8250Hz. 256 scans were acquired for each
spectrum.

High resolution mass spectra (HRMS) were obtained
using a Bruker (Billerica, MA) APEXII FTICR mass
spectrometer equipped with an actively shielded 9.4T
superconducting magnet (Magnex Scientific Ltd, UK),
and an external Bruker APOLLO ESI source. The sam-
ple was prepared in acetonitrile and flow injected into
the mass spectrometer with carrier solvent consisting
of 1:1 (v:v) water—acetonitrile (0.25% formic acid) at a
flow rate of 50puL/min. The mass spectrum was exter-
nally calibrated using HP tuning mix.

High performance liquid chromatography/mass spectro-
metry (LC-MS) was performed on a Hewlett—Packard
1100 MSD with a 254nm DAD detector coupled with
a API-ES detector, scanning a mass range between 150
and 700amu using either a Xterra C;g column (inner
dimensions 30mm X 2.1mm, Spm particle size) at
50°C and a two solvent system of 0.02% aqueous formic
acid and 0.02% formic acid in acetonitrile, flowing at a
rate of 1.0mL/min, (Condition A), or Keystone Aquasil
column (inner dimensions S0mm X 2mm, 5um particle
size) at 40°C and a two solvent system of 10mM aque-
ous NH4OAc and acetonitrile, flowing at a rate of
0.8 mL/min (condition B). Preparative high pressure liq-
uid chromatography with automatic fraction collection
(RP-HPLC) was performed on a Gilson Semi-Prepara-
tive HPLC system with uNipOoINT Software v. 1.71,
using a Phenomenex C;g3 Luna column (inner dimen-
sions 21.2mm x 100mm, 5pm particle size) and a two
solvent system of 0.05% aqueous NH4OH and acetonit-
rile containing 0.05% NH4OH flowing at 22.5mL/min.
All reactions requiring anhydrous conditions and/or an
inert atmosphere were performed under positive nitro-
gen atmosphere. All solvents and reagents were used
as received from commercial suppliers.
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Table 6. Antimicrobial susceptibility testing of selected compounds against Gram-positive and Gram-negative bacteria

S. aureus (+) B. subtilis (+)

S. pneumoniae (+)

H. influenzae (—) M. catarrhalis (—) E. coli (imp) (—)

Structure
MIC (uM)
16.a.4 25 25 12.5
19.a.17 200 200 200
19.a.18 100 200 100
19.a.20 200 200 >200
19.b.15 100 100 50
19.b.18 200 100 100
19.b.19 200 100 100
26.a.16 50 25 50
26.a.19 50 25 50
MIC (ng/mL)
16.a.4 16 16 8
Piperacillin 4 — 2

100 12.5 50
>200 200 200
>200 100 200
>200 >200 200
>200 50 200
>200 100 200
>200 50 200

100 25 50

100 50 50

64 16 32
<0.12 <0.12 <0.12

5.1. Biological methods

The fluorescence polarization competition assay'® was per-
formed as described in the text, as was the cell elongation
assay. Determination of antibacterial activity by the micro-
broth dilution method was performed following the com-
monly accepted procedure as described previously.'>??

5.2. Physiochemical methods

Parallel artificial membrane permeation assay (PAM-
PA) was performed as described in the literature.?! UV
absorptions of compounds in the acceptor wells of a
UV transparent plate were measured with a SPECTRA-
Max® 190 microplate spectrophotometer (Molecular
Device Corporation, Sunnyvale, CA, USA) at absorp-
tion wavelengths between 190 and 500 nm. All the PAM-
PA experiments were performed on the PSR4p robotic
instrument (pION INC., Woburn, MA, USA). PSR4p
Command Software (Version 1.6) was used to control
the instrument and process the data.

5.3. 2-(3-Chloro-phenyl)-1 H-indole (4a)

2-(4-Methoxyphenyl)-1 H-indole (4b), 2-(2,4-difluoro-
phenyl)-1H-indole (4c), 2-(3-trifluoromethoxyphenyl)-
1H-indole (4d), and 2-(3-dimethylaminophenyl)-1H-in-
dole (4e) were prepared via Fisher indole synthesis
following the method reported by Slatt and Bergman
for the synthesis of 2-(4-methoxyphenyl)-1H-indole.?

5.4. 3-|2-(3-Chloro-phenyl)-indol-1-yl]-propionic acid
methyl ester

KO#Bu (0.96g, 7.85mmol) and tetra-n-butyl ammo-
nium iodide (1.32 g, 3.57mmol) was added to a solution
of 2-(3-chloro-phenyl)-1H-indole (4a) (3.0g, 13.18
mmol) in 120mL toluene. The reaction mixture was stir-
red at room temperature for 40min upon which time
methyl acrylate (3.4 g, 39.53 mmol) was added. The reac-
tion was stirred at room temperature overnight, concen-
trated, and taken up in 150mL EtOAc. The solution was
washed with brine and dried over K,COs3, and the sol-
vent was evaporated to afford 4.38g (>100%) of the

crude product, which was used in the next step without
further purification.

5.5. 3-[2-(3-Chloro-phenyl)-indol-1-yl]-propionic acid (5a)

Aqueous NaOH (6.98 mL 10N) was added to a solution
of  3-[2-(3-chloro-phenyl)-indol-1-yl]-propionic  acid
methyl ester (4.38g) in 120mL MeOH. The reaction
was stirred at room temperature overnight. The reaction
mixture was acidified by addition of 6N aq HCI and
then partitioned between EtOAc and water. The organic
phase was dried over K,CO;3 and concentrated to afford
4.51g (>100%) of 5a, which was used in the next step
without any purification.

5.6. [2-(3-Chloro-phenyl)-indol-1-yl]-acetic acid (7a)

2-(3-Chloro-phenyl)-1H-indole (4a) (2.5g, 10.98 mmol)
and tetra-n-butyl ammonium iodide (0.25g, 1.0mmol)
was added to a slurry of NaH (0.63g) in 109 mL anhy-
drous DMF. The reaction mixture was stirred at room
temperature for 30min upon which time the reaction
was cooled to 0°C in ice and methyl bromoacetate
(1.25g, 13.18 mmol) was added. The reaction was stirred
at room temperature overnight, poured into 600mL
water, and extracted with EtOAc. The organic phase
was washed with brine, dried over K,COj3, and evapo-
rated to afford 3.74g of the methyl ester. The ester
was hydrolyzed by the same procedure used to prepare
3-[2-(3-chloro-phenyl)-indol-1-yl]-propionic acid (5a) to
give 3.36g (>100%) of the title compound.

5.7. General procedure for the preparation of compounds
6.(a—e).(1-23) and 8.(a-b).(1-23)

Indole propionic acid 5(a—e) or indole acetic acid 7(a-b)
(0.05g, approximately 0.167mmol depending on
MW), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI; 48mg, 0.251 mmol), 1-hydroxy-
benzotriazole (HOBt; 34mg, 0.251mmol), and
diisopropylethyl amine (DIEA; 65mg, 0.5mmol) were
combined in 2.5mL DMF and shaken for 15-20min
using an orbital shaker. Amine (0.192mmol) was added
and the reaction was left to shake overnight. PS-Car-



L. D. Jennings et al. | Bioorg. Med. Chem. 12 (2004) 5115-5131 5125

bonate resin (0.661 g, 3equiv) (Argonaut Technologies,
Foster City, CA) was added and the reaction was shaken
for a further 5h. Scavenging of excess amine was con-
firmed by TLC. The reactions were filtered and concen-
trated and the crude products were redissolved in either
DMSO or MeOH and purified by RP-HPLC.

5.7.1. 3-]2-(3-Chloro-phenyl)-indol-1-yl}-/NV-(5-methyl-fu-
ran-2-ylmethyl)-propionamide (6.a.1). (21%); 'H NMR
(CDCl;, 400MHz) 6 2.22 (s, 3H), 2.45 (t, J=7.2Hz,
2H), 4.21 (d, J=5.6Hz, 2H), 4.54 (t, J = 7.2Hz, 2H),
5.65 (br s, 1H), 5.85 (d, J=2Hz, 1H), 5.99 (d,
J=2Hz, 1H), 6.53 (s, 1H), 7.10-7.19 (m, 1H), 7.20-
7.30 (m, 1H), 7.31-7.51 (m, 5H), 7.59-7.64 (m, 1H).
Anal. Caled for Cy3H,,CIN,O,'": 393.13644. Found
393.13579 ((M+H]'", A = —0.65mmu, ESI-FTMS).

5.7.2. 3-[2-(3-Chlor0-phenyl)-indol-1-yl]-N—[Z-(l-methPfl-
pyrrolidin-2-yl)-ethyl]-propionamide (6.a.6). (24%); 'H
NMR (CDCl;, 400MHz) 6 1.40-1.50 (m, 2H), 1.53-
1.70 (m, 3H), 1.78-1.88 (m, 1H), 2.07-2.15 (m, 1H),
2.19 (s, 3H), 2.42 (t, J=7.6Hz, 2H), 2.95-3.10 (m,
2H), 3.25-3.35 (m, 1H), 4.51 (t, J=7.6Hz, 2H), 6.88
(br s, 1H), 7.13 (t, J=7.4Hz, 1H), 7.25 (t, J=7.4Hz,
1H), 7.35-7.50 (m, 5H), 7.61 (d, J=8.4Hz, 1H). Anal.
Caled for CyuH,oCIN;O'™:  410.19937. Found
410.20007 ((M+H]'", A = 0.7mmu, ESI-FTMS).

5.7.3. 3-[2-(3-Chloro-phenyl)-indol-1-yl]- V-(2-pyrrolidin-
1-yl-ethyl)-propionamide (6.a.7). (23%); '"H NMR
(CDCl;, 400MHz) 6 1.72-1.78 (m, 4H), 2.35-2.50 (m,
4H), 2.55-2.75 (m, 4H), 3.19 (q, J = 5.6Hz, 2H), 4.53
(t, J=6Hz, 2H), 6.44-6.50 (br s, 1H), 6.53 (s, 1H),
7.13 (t, J=17.4Hz, 1H), 7.24 (t, J=7.4Hz, 1H), 7.35-
7.42 (m, 3H), 7.45-7.50 (m, 2H), 7.60 (d, J = 8 Hz, 1H).
Anal. Caled for C,3H,,CIN;O!'*: 396.18372. Found
396.18455 ((IM+H]'*, A = 0.83mmu, ESI-FTMS).

5.7.4. 3-]2-(3-Chloro-phenyl)-indol-1-yl]- V-naphthalen-
1-ylmethyl-propionamide (6.a.13). (28%); 'H NMR
(CDCl3, 400MHz) 6 2.44 (t, J=7.2Hz, 2H), 4.57 (t,
J=7.6Hz, 2H), 4.69 (d, J = 5.2Hz, 2H), 5.63-5.71 (br
s, 1H), 6.52 (s, 1H), 7.14 (t, J=7.4Hz, 1H), 7.22-7.29
(m, 2H), 7.32-7.49 (m, 4H), 7.43-7.40 (m, 4H), 7.60 (d,
J=8Hz, 1H), 7.77-7.82 (m, 2H), 7.82-7.87 (m, 1H).
Anal. Calcd for C28H24C1N201+: 439.15717. Found
439.15677 (M+H]'*, A = —0.66 mmu, ESI-FTMS).

5.7.5.  3-[2-(3-Chloro-phenyl)-indol-1-yl}-1-(3-hydroxy-
pyrrolidin-1-yl)-propan-1-one (6.a.16). (12%); '"H NMR
(CDCl;, 400MHz) 6 1.67-1.90 (m, 2H), 2.43-2.53 (m,
2H), 3.0-3.11 (m, 1H), 3.15-3.23 (m, 1H), 3.35-3.47
(m, 2H), 3.48-3.55 (m, 1H), 4.28-4.37 (m, 1H), 4.55~
4.62 (m, 2H), 6.56 (s, 1H), 7.10-7.17 (m, 1H), 7.23-
7.29 (m, 2H), 7.35-7.48 (m, 3H), 7.49 (s, 1H), 7.62 (d,
J=7.6Hz, 1H). Anal. Caled for C,H»nCIN,O,'":
369.13644. Found 369.13603 (IM+H]'*, A=
—0.41 mmu, ESI-FTMS).

5.7.6. 3-]2-(3-Chloro-phenyl)-indol-1-yl]-1-(2-pyrrolidin-
1-ylmethyl-pyrrolidin-1-yl)-propan-1-one (6.a.19). (22%);
'"H NMR (CDCl;, 400MHz) & 1.60-2.05 (m, 8H),
2.18-2.26 (m, 1H), 2.18-2.23 (m, 1H), 247 (1,

J = 5.4Hz, 2H), 2.63-2.73 (m, 1H), 2.90-2.98 (m, 1H),
3.10-3.15 (m, 1H), 3.25-3.30 (m, 1H), 3.31 (4,
J=54Hz, 1H), 4.13 (br s, 1H), 4.56 (t, J=5.4Hz,
2H), 4.60-4.70 (m, 1H), 6.56 (d, J=3.2Hz, 1H), 7.14
(t, J=6.4Hz, 1H), 7.21-7.29 (m, 2H), 7.35-7.50 (m,
4H), 7.62 (d, J=7.6Hz, 1H). Anal. Calcd for
CyH5 CIN;O'™:  436.21502.  Found  436.21363
((M+H]"*, A = —1.39mmu, ESI-FTMS).

5.7.7. N-(2-Acetylamino-ethyl)-3-(2-phenyl-indol-1-yl)-
propionamide (6.b.12). (17%); 'H NMR (CDCl;,
400 MHz) § 1.86 (s, 3H), 2.39 (t, J = 6.8 Hz, 2H), 3.02—
3.08 (m, 2H), 3.10-3.16 (m, 2H), 3.88 (s, 3H), 4.53 (t,
J=6.8Hz, 2H), 5.48 (br s, 1H), 5.7 (br s, 1H), 6.50 (s,
1H), 7.01 (d, J=8.8Hz, 2H), 7.13 (t, J=5.4Hz, 1H),
7.22 (t, J=5.4Hz, 1H), 7.42 (d, J = 8.8Hz, 2H), 7.46
(d, J=7.6Hz, 1H), 7.60 (d, J=7.6Hz, 1H). Anal.
Caled for C,H,6N30;5'™: 380.19687. Found 380.19634
(IM+H]'",A = —0.53mmu, ESI-FTMS).

5.7.8. 2-]2-(3-Chloro-phenyl)-indol-1-yl]-1-(2-pyrrolidin-
1-ylmethyl-pyrrolidin-1-yl)-ethanone (8.a.19). (24%), A
mixture of cis and trans isomers inseparable by chroma-
tography; '"H NMR (CDCls, 400MHz) § 1.6-1.8 (m,
6H), 1.85-2.10 (m, 6H), 2.40-2.55 (m, 2H), 2.55-2.70
(m, 2H), 3.28-3.43 (m, 1H), 3.45-3.55 (m, 0.5H), 3.63-
3.70 (m, 0.5H), 3.95 (q, J = 6Hz, 0.5H), 4.29-4.37 (m,
0.5H), 4.74 (s, 1H), 4.78 (d, J=18Hz, 0.5H), 5.2 (d,
J=18Hz, 0.5H), 6.6 (d, J=5.6Hz, 1H), 7.10-7.16 (m,
1H), 7.19-7.23 (m, 2H), 7.33-7.47 (m, 3H), 7.5 (d,
J=13.2Hz, 1H), 7.63 (d, J = 7.6Hz, 1H). Anal. Calcd
for CzlsH29C1N3OH: 422.19937. Found 422.1982
(IM+H]'", A = —1.17mmu, ESI-FTMS).

5.7.9. 2-[2-(3-Chloro-phenyl)-indol-1-yl]-1-[4-(2-hydroxy-
ethyl)-piperidin-1-yl]-ethanone (8.a.22). (20%); 'H NMR
(CDCl;, 400MHz) 6 1.94-1.06 (m, 1H), 1.10-1.21 (m,
1H), 1.50 (q, J = 6.4Hz, 2H), 1.55-1.80 (m, SH), 2.59—
2.64 (m, 1H), 3.03 (t, J=12Hz, 1H), 3.65 (t,
J=064Hz, 2H), 4.59 (d, J=13.2Hz, 1H), 4.83 (d,
J=2Hz, 2H), 6.62 (s, 1H), 7.10-7.16 (m, 1H), 7.21-
7.23 (m, 2H), 7.36-7.40 (m, 3H), 7.45 (d, J = 1.6Hz,
IH), 7.63 (d, J=7.6Hz, 1H). Anal. Calcd for
C3Ho6CIN,O,'*: 397.16774.  Found  397.16743
(IM+H]'*, A = —0.31 mmu, ESI-FTMS).

5.7.10. 1-{2-]2-(3-Chloro-phenyl)-indol-1-yl]-acetyl}-pip-
eridine-4-carboxylic acid ethyl ester (8.a.23). (25%); 'H
NMR (CDCl;, 400MHz) ¢ 1.27 (t, J=7.2Hz, 3H),
1.50-1.70 (m, 2H), 1.83-2.0 (m, 2H), 2.50-2.60 (m,
1H), 2.90-3.0 (m, 1H), 3.10-3.20 (m, 1H), 3.70 (d,
J=13.6Hz, 1H), 4.17 (q, J=7.2Hz, 2H), 4.36 (d,
J=13.6Hz, 1H), 4.83 (s, 2H), 6.62 (s, 1H), 7.14
(t, J=6.8Hz, 1H), 7.19-7.23 (m, 2H), 7.37 (s, 3H),
7.45 (s, 1H), 7.63 (d, J=8Hz, 1H). Anal. Caled for
Co4sHo6CIN,O5'": 425.16265.  Found  425.16157
(IM+H]"*, A = —1.08 mmu, ESI-FTMS).

5.8. N-Phenyl-N'-(1-pyridin-3-yl-ethylidene)-hydrazine
3-Acetylpyridine (31.1mL, 277.1 mmol) was added to a

solution of phenyl hydrazine (27.3mL, 277.4mmol) in
ethanol (45mL). The reaction mixture was refluxed with
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stirring for 45min. After cooling to room temperature,
the solid was filtered and washed. The solid was dried
to yield a yellow solid of N-phenyl-N’-(1-pyridin-3-
yl-ethylidene)-hydrazine (52.2g, 247mmol, 89%). 'H
NMR (CDCl;, 300MHz) 6 2.27 (s, 3H), 6.88-6.96 (m,
1H), 7.17-7.33 (m, 4H), 7.46 (s, 1H), 8.12 (dd, J = 8.1,
1.9Hz, 1H), 8.53 (dd, J=4.7, 1.4Hz, 1H), 8.99 (d,
J=2.1Hz, 1H).

5.9. 2-Pyridin-3-yl-1 H-indole (10)

The hydrazine obtained from the previous step (9.1g,
43.12mmol) was mixed with polyphosphoric acid
(PPA) (30mL) to form a paste. The reaction mixture
was heated with manual stirring to 180°C. The mixture
was then removed from heat and cooled to 100 °C before
pouring slowly into water (600mL). At this point, the
yellowish solid was filtered and washed. The solid was
suspended in 1N NaOH (600mL) and the mixture was
extracted four times with ethyl acetate. The organic ex-
tracts were evaporated to give the indole (7.26¢g,
37.4mmol, 86%) as a yellow solid. '"H NMR (CDCls,
300MHz) o 6.88 (s, 1H), 7.13-7.25 (m, 2H), 7.30-7.40
(m, 2H), 7.65 (d, J="7.8Hz, 1H), 7.95 (d, J=7.0Hz,
1H), 8.53 (dd, J=4.8Hz, 1.5Hz 1H), 8.97 (d,
J=1.7Hz 1H), 9.10 (s, 1H).

5.10. 2-Piperidin-3-yl-1H-indole

Acetic acid (210mL) and 2-pyridin-3-yl-1H-indole
(6.14g, 31.61 mmol) were added to 5% wt. Palladium
on carbon (3.00g, 1.847mmol) in a dry par bottle. The
slurry was hydrogenated at 50 psi for 3-4days in a Parr
hydrogenation apparatus. The slurry was filtered
through fluted filter paper to remove the catalyst and
the filtrate was concentrated to give an oil. The oil was
then redissolved in ethyl acetate and 10N aqueous
NaOH was added until the pH of the solution was about
12. The alkaline solution was extracted twice with
600mL of ethyl acetate. The combined organic extracts
were washed once with 800mL water, once with 800mL
saturated aqueous NaCl and dried over K,COj3. The sol-
vent was evaporated to yield 2-piperidin-3-yl-1 H-indole
(4.63 g, 23.1mmol, 73%). "H NMR (CDCl;, 300 MHz) 6
1.55-1.62 (m, 2H), 1.70-1.83 (m, 2H), 2.0-2.14 (m, 2H),
2.85-3.0 (m, 2H), 3.25 (d, J = 9.1Hz, 1H), 6.23 (s, 1H),
7.03-7.14 (m, 2H), 7.30 (d, J=7.8Hz, 1H), 7.54 (d,
J =7.5Hz, 1H), 8.51 (s, 1H); m/z 201.1 [M+H].

5.11. 3-(1 H-Indol-2-yl)-piperidine-1-carboxylic acid
tert-butyl ester (11)

Di-tert-butyl dicarbonate (20.7mL, 20.64mmol) was
added to a solution of 2-piperidin-3-yl-1H-indole
(6.2g, 30.96 mmol) in anhydrous THF (30mL) at 0°C.
The reaction mixture was stirred overnight at room tem-
perature. The mixture was then poured into 400mL of
water and aqueous layer was extracted 3 x 250mL ethyl
acetate. The combined organic extracts were washed
with 1 x300mL water, 1x300mL saturated aqueous
NaCl, dried over K,COs3, and evaporated. The residue
was purified on silica gel using 0-20% ethyl acetate/hex-
ane to yield 2.42g (8.06mmol, 26%) of the ester 11. 'H

NMR (CDCls;, 300MHz) & 1.48 (s, 9H), 1.6-1.8 (m,
2H), 2.10-2.35 (m, 2H), 2.85-3.35 (m, 4H), 3.43-3.80
(m, 1H), 6.28 (s, 1H), 7.04-7.15 (m, 2H), 7.32 (d,
J=173Hz, 1H), 7.54 (d, J=7.3Hz, 1H), 9.10 (s, 1H);
miz 301.1 [M+H].

5.12. 3-{1-|3-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-pro-
pyl]-1H-indol-2-yl}-piperidine-1-carboxylic acid
tert-butyl ester (13)

3-(1 H-Indol-2-yl)-piperidine-1-carboxylic acid tert-butyl
ester (21.1g, 72.9mmol) was added to a stirred suspen-
sion of NaH (4.4g, 109.4mmol) in 110mL anhydrous
DMF at 0°C. After stirring for 10min, tetra-n-butyl
ammonium iodide (6.7g, 18.2mmol) and N-(3-bromo-
propyl)phthalimide (25.4g, 94.8 mmol) (12) were added.
The reaction was stirred at room temperature overnight.
The mixture was then poured into 300mL of water and
the aqueous layer was extracted three times with 150mL
ethyl acetate. The combined organic extracts were
washed 1 x 100mL water, 1 x 100mL saturated aqueous
NaCl, dried over K,CO3; and evaporated. The residue
was purified on silica gel using 0-25% ethyl acetate/hex-
ane to yield 18.62g (38.2mmol, 52%) of 13: '"H NMR
(CDCl;, 300MHz) 6 1.45 (s, 9H), 1.45-1.8 (m, 4H),
2.11-2.22 (m, 3H), 2.7-2.9 (m, 3H), 3.73-3.82 (m, 2H),
424 (t, J=7.7Hz, 2H), 6.27 (s, 1H), 7.05 (d,
J=7.7Hz, 1H), 7.14 (d, J=7.7Hz, 1H), 7.28 (s, 1H),
7.52 (d, J=7.7Hz, 1H), 7.71-7.74 (m, 2H), 7.83-7.86
(m, 2H); m/z 488.1 [M+H].

5.13. 3-[1-(3-Amino-propyl)-1H-indol-2-yl]-piperidine-1-
carboxylic acid zert-butyl ester

Hydrazine (0.46 g, 14.3mmol) was added to a solution of
4.65g (9.5mmol) ester 13 in 15mL n-butanol. The reac-
tion was heated to 75°C for 18h. The solvent was evap-
orated. The residue was partitioned between ethyl
acetate and water. The layers were separated and the
aqueous layer extracted three times with ethyl acetate.
The organic layers were combined and washed one time
with saturated aqueous NaCl, and dried over K,COs.
The solvent was evaporated to yield 3-[1-(3-amino-pro-
pyl)-1 H-indol-2-yl]-piperidine-1-carboxylic acid terz-bu-
tyl ester, 3.84g (10.7mmol, >100%). "H NMR (CDCl;,
300MHz) ¢ 1.46 (s, 9H), 1.66-1.8 (m, 3H), 2.04-2.15
(m, 3H), 2.67-2.87 (m, 5H), 4.10-4.27 (m, 4H), 5.0 (br
s, 2H), 6.27 (s, 1H), 7.03-7.17 (m, 2H), 7.32 (d, J =
8.1Hz, 1H), 7.54 (d, J = 7.7Hz, 1H); m/z 358.2 [M+H].

5.14. 3-[1-(3-Methanesulfonylamino-propyl)-1 H-indol-2-
yl]-piperidine-1-carboxylic acid zerr-butyl ester (14a)

Triethylamine (5.9mL, 42.5mmol) was added to a sus-
pension of 3-[1-(3-amino-propyl)-1H-indol-2-yl]-piperi-
dine-1-carboxylic acid zert-butyl ester (3.8 g, 10.6 mmol)
in dichloromethane (50mL). Methanesulfonyl chloride
(1.65mL, 21.2mmol) was then added slowly to the mix-
ture. The reaction was stirred overnight and was poured
into 100mL of water. The layers were separated and the
organic layer washed one time with 100mL water and
twice with 100mL aqueous NaHCOj, dried over
K,COj3 and evaporated to yield 3-[1-(3-methanesulfonyl-
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amino-propyl)-1 H-indol-2-yl]-piperidine-1-carboxylic acid
tert-butyl ester (4.6g, 10.5mmol, 100%). 'H NMR
(CDCl3, 300MHz) ¢ 1.81-1.27 (m, 1H), 1.51 (s, 9H),
1.55-1.70 (m, 2H), 1.73-1.89 (m, 2H), 1.99-2.09 (m, 1H),
2.1-2.21 (m, 1H), 2.22-2.41 (m, 1H), 2.46-2.62 (m, 1H),
2.79-3.0 (m, 4H), 3.14-3.43 (m, 2H), 4.12-4.45 (m, 4H),
6.02 (s, 1H), 6.31 (s, 1H), 7.09 (t, J= 7.7Hz, 1H), 7.18
(td, /=8.0, 1.0Hz, 1H), 7.30 (d, J= 8.2Hz, 1H), 7.56
(d, J=17.8Hz, 1H); m/z 436.1 [M+H].

5.15. 3-[1-(3-iso-Propylsulfonylamino-propyl)-1 H-indol-
2-yl]-piperidine-1-carboxylic acid zerz-butyl ester (14b)

Compound 14b was prepared by an analogous proce-
dure from 3-[1-(3-amino-propyl)-1H-indol-2-yl]-piperi-
dine-1-carboxylic ~ acid  tert-butyl  ester  and
isopropylsulfonyl chloride.

5.16. N-[3-(2-Piperidin-3-yl-indol-1-yl)-propyl]-
methanesulfonamide

Trifluoroacetic acid (25mL, 325mmol) was added to a
suspension of 14a (4.6 g, 10.6 mmol) in dichloromethane
(25mL) at 0°C. The reaction was stirred at 0°C for
0.5h. The reaction was evaporated and the residue was
partitioned between dichloromethane and water. The
layers were separated and the aqueous layer extracted
once with CH,Cl,. Organic layers were combined and
dried over K,COj3. The solvent was evaporated to yield
the title compound (3.6g, 10.6mmol, 100%). "H NMR
(CDCl;, 300MHz) 6 1.72-2.13 (m, 8H), 2.57-2.76 (m,
2H), 2.88 (s, 3H), 3.07-3.28 (m, 4H), 3.35-3.43 (m,
1H), 4.26 (t, J=7.4Hz, 2H), 6.30 (s, 1H), 7.08 (t,
J=7.1Hz, 1H), 7.17 (t, J=8.0Hz, 1H), 7.27 (d,
J=7.7Hz, 1H), 7.55 (d, J = 7.7Hz, 1H).

5.17. General procedure for the preparation of compounds
15.a.(1-28)

(Condition A) Sodium carbonate (20.67mg, 0.2mmol),
tetrabutylammonium iodide (5.54mg, 0.02mmol), and
0.2mmol of the requisite alkyl halide was added to a
solution of N-[3-(2-piperidin-3-yl-indol-1-yl)-propyl]-
methanesulfonamide (0.15mmol) in acetone (2mL).
The reaction was stirred at 50°C for 18h. The solvents
were evaporated. The residue was dissolved in 1.5mL
DMSO and purified by RP-HPLC. (Condition B) To a
solution of N-[3-(2-piperidin-3-yl-indol-1-yl)-propyl]-
methanesulfonamide (0.15mmol) in dichloromethane
(2mL) was added sodium carbonate (63.6mg,
0.6mmol), and 0.3mmol of the requisite acid chloride.
The reaction was stirred at 50°C for 18h. The solvents
were evaporated and the residue was dissolved in
1.5mL DMSO and purified by RP-HPLC.

Compounds 15.b.(1-20) were prepared by an analogous
procedure using 3-[1-(3-iso-propylsulfonylamino-pro-
pyD)-1H-indol-2-yl]-piperidine-1-carboxylic acid rert-
butyl ester (14b).

5.17.1. N-(3-{2-[1-(Naphthalene-2-carbonyl)-piperidin-3-
yl]-indol-1-yl}-propyl)-methane sulfonamide (15.a.19).
(28%); '"H NMR (CDCl;, 400MHz) § 1.59-1.72 (m,

1H), 1.72-1.81 (m, 1H), 2.02-2.15 (m, 1H), 2.22 (d,
J=14.9Hz, 1H), 2.25-2.38 (m, 1H), 2.75 (t, J = 14Hz,
2H), 2.99 (s, 3H), 3.11-3.30 (m, 3H), 3.31-3.42 (m,
1H), 3.98 (d, J = 14Hz, 1H), 4.30-4.40 (m, 1H), 4.50—
4.60 (m, 1H), 4.83 (d, J=14Hz, 1H), 6.39 (s, 1H),
6.52 (br s, 1H), 7.10 (t, J=7.9Hz 1H), 7.20 (t,
J=179Hz, 1H), 7.36 (d, J=8Hz, 1H), 7.54-7.63 (m,
4H), 7.89-7.94 (m, 3H), 8.10 (s, 1H). Anal. Calcd for
CosH3oN3058'™: 490.21589.  Found  490.21458
((M+H]'", A = —1.31 mmu, ESI-FTMS).

5.17.2. Propane-2-sulfonic acid (3-{2-[1-(3-methyl-but-
yryl)-piperidin-3-yl]-indol-1-yl}-propyl)-amide (15.b.17).
(17%); 'H NMR (CDCl;, 400MHz) 6 0.96 (d,
J=4.8Hz, 3H), 1.00 (d, J =4.8Hz, 3H), 1.37-1.40 (m,
6H), 1.68-1.80 (m, 1H), 1.85-2.0 (m, 2H), 2.10-2.45
(m, 5H), 2.90-3.02 (m, 1H), 3.09-3.40 (m, 4H), 4.0 (d,
J=14Hz, 1H), 4.20-4.32 (m, 1H), 4.38-4.48 (m, 1H),
4.77 (d, J=14Hz, 1H), 6.22 (d, J=7.4Hz, 1H), 6.30
(s, 1H), 7.07 (t, J=79Hz, 1H), 7.17 (t, J=7.9Hz,
1H), 7.30 (d, J = 8 Hz, 1H), 7.55 (d, J = 8 Hz, 1H). Anal.
Calcd for C,4H33N3058'": 448.26284. Found 448.26155
((M+H]'*, A = —1.29mmu, ESI-FTMS).

5.17.3. Propane-2-sulfonic acid (3-{2-[1-(3-cyclopent-
yl-propionyl)-piperidin-3-yl]-indol-1-yl}-propyl)-amide
(15.b.18). (14%); '"H NMR (CDCl;, 400MHz) § 1.06-
1.18 (m, 2H), 1.37-1.40 (m, 6H), 1.50-1.80 (m, 10H),
1.83-2.0 (m, 3H), 2.18-2.30 (m, 2H), 2.30-2.40 (m,
3H), 2.90-3.05 (m, 1H), 3.10-3.40 (m, 4H), 3.98 (d,
J=14Hz, 1H), 4.20-4.30 (m, 1H), 4.40-4.50 (m, 1H),
4.75 (d, J=14Hz, 1H), 6.40 (d, J=9Hz, 1H), 6.30 (s,
1H), 7.07 (t, J=7.9Hz, 1H), 7.17 (t, J=7.9Hz, 1H),
7.30 (d, J = 8Hz, 1H), 7.55 (d, J/ = 8 Hz, 1H). Anal. Cal-
cd for C,7H4N;05S'": 488.29414. Found 488.29299
(IM+H]', A = —1.15mmu, ESI-FTMS).

5.18. 2-[3-(2-Piperidin-3-yl-indol-1-yl)-propyl]-isoindole-
1,3-dione

Trifluoroacetic acid (25mL, 325mmol) was added to a
solution of 13 (4.65g, 9.5mmol) in dichloromethane
(25mL) at 0°C. The reaction was stirred at 0°C for
0.5h. The reaction was concentrated and the residue
was partitioned between dichloromethane and water.
The layers were separated and the aqueous layer ex-
tracted once with dichloromethane. The organic layers
were combined and dried over K,COj;. The solvent
was evaporated to yield the title compound. 'H NMR
(CDCl;, 300MHz) 6 1.57-1.81 (m, 3H), 2.04-2.21 (m,
3H), 2.34 (s, 1H), 2.64-2.76 (m, 2H), 2.82-2.89 (m,
1H), 3.12 (d, J=12.1Hz, 1H), 3.29 (d, J=11.6Hz,
1H), 3.78 (t, J=7.1Hz, 2H), 4.20 (d, J =7.7Hz, 1H),
6.26 (s, 1H), 7.06 (t, J=1.0Hz, 1H), 7.12 (4,
J=7.1Hz, 1H), 7.25 (d, J=9.1Hz, 2H), 7.51
(d, J=7.6Hz, 1H), 7.70-7.73 (m, 2H), 7.82-7.85
(m, 2H).

5.19. General procedure for the preparation of compounds
16.a.(1-17)

(Condition A) Sodium carbonate (80.55mg, 0.76 mmol)
and 0.38 mmol of the requisite acid chloride was added
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to a solution of 2-[3-(2-piperidin-3-yl-indol-1-yl)-pro-
pyl]-isoindole-1,3-dione (73.62mg, 0.19 mmol) in dichlo-
romethane (0.75mL). The reaction was stirred at 50°C
for 18h and the solution was concentrated. The crude
phthalimide was dissolved in n-butanol (1.5mL) and
9 uL (0.29 mmol) hydrazine was then added. The reaction
was heated to 75°C for 18 h. The solvent was evaporated
and the residue was dissolved in 1.5mL DMSO and puri-
fied by RP-HPLC. (Condition B) To a solution of 2-[3-
(2-piperidin-3-yl-indol-1-yl)-propyl]-isoindole-1,3-dione
(73.62mg, 0.19mmol) in dichloromethane (2mL) was
added sodium carbonate (63.6mg, 0.6mmol), and
0.3mmol of the requisite acid chloride. The reaction
was stirred at 50 °C for 18 h and the solution was concen-
trated. The crude phthalimide was dissolved in n-butanol
(1.5mL) and 9 pL (0.29 mmol) hydrazine was then added.
The reaction was heated to 75°C for 18 h. The solvent
was evaporated and the residue was dissolved in 1.5mL
DMSO and purified by RP-HPLC.

5.19.1. {3-[1-(3-Amino-propyl)-1H-indol-2-yl]-piperidin-
1-yl}-biphenyl-4-yl-methanone ~ (16.a.4). (29%); 'H
NMR (CDCL;-CF;CO,D 300MHz) 6 1.60-1.78 (m,
1H), 1.80-2.05 (m, 3H), 2.06-1.37 (m, 2H), 2.74 (t,
J=12Hz, 1H), 2.95-3.17 (m, 2H), 3.24 (t, J=12Hz,
1H), 3.83-3.87 (m, 1H), 3.95 (d, J = 14Hz, 1H), 4.20—
440 (m, 2H), 4.75 (d, J=14Hz, 1H), 6.36 (s, 1H),
7.07-7.25 (m, 3H), 7.35-7.50 (m, 5H), 7.54-7.62
(m, 5H), 7.72-7.9 (br s, 2H). Anal. Calcd for
CaoH33N;0'": 438.25399. Found 438.25405 ((M+H]'*,
A = 0.06 mmu, ESI-FTMYS).

5.20. 3-[1-(2-methoxycarbonyl-ethyl)-1 H-indol-2-yl]-
piperidine-1-carboxylic acid zerz-butyl ester

Potassium tert-butoxide (3.29mL, 26.94mmol) and a
catalytic amount of tetra-n-butylammonium iodide was
added to a solution 11 (13.49g, 44.91 mmol) in 150mL
of toluene. The mixture was stirred at room temperature
for 20min, at which time methyl acrylate (12.13mL,
134.72mmol) was added and the reaction was stirred
at room temperature over three nights. The reaction
mixture was then heated to 65°C for 4h, upon which
time the reaction mixture was concentrated and the res-
idue redissolved in ethyl acetate. The organic layer was
washed with water and aqueous NaCl, dried over
K,COs3, and concentrated to give the title compound
(14.76 g, 38.2mmol, 85%) as a brown oil which solidified
overnight when stored under vacuum: 'H NMR
(300MHz, CDCls) 6 1.45-1.52 (m, 2H), 1.52 (s, 9H),
1.60-1.73 (m, 3H), 1.73-1.86 (m, 1H), 2.10-2.19 (m,
1H), 2.72-2.90 (m, 3H), 3.68 (s, 3H), 4.10-4.33 (m,
1H), 4.42-4.57 (m, 2H), 6.29 (s, 1H), 7.06 (t, J = 7Hz,
1H), 7.18 (t, J = THz, 1H), 7.32 (d, J = 8Hz, 1H), 7.54
(d, J=8Hz, 1H), m/z 387 [M+H].

5.21. 3-[1-(2-Carboxyethyl)-1 H-indol-2-yl]-piperidine-1-
carboxylic acid tert-butyl ester (17)

Aqueous NaOH (10N, 19.10mL) was added to a solu-
tion of 3-[1-(2-methoxycarbonyl-ethyl)-1H-indol-2-yl]-
piperidine-1-carboxylic acid tert-butyl ester (14.76¢g,
38.19mmol) in 300 mL methanol. The solution was stir-

red for 4-5h at room temperature. The reaction mixture
was acidified to pH ~ 2 with 6N HCI and partitioned
between ethyl acetate and water. The organic layer was
washed with 1.5 L of water, 400mL aqueous NaCl, dried
over K,CO3;, and concentrated to give 17 (14.9 g, quanti-
tative): 'H NMR (300 MHz, CDCl5) d 1.35 (s, 9H), 1.39—
1.50 (m, 3H), 1.50-1.72 (m, 2H), 1.95-2.02 (m, 1H),
2.41-2.52 (m, 1H), 2.55-2.72 (m, 1H), 2.72-2.89 (m,
1H), 3.91-4.02 (m, 1H), 4.02-4.18 (m, 1H), 4.18-4.33
(m, 2H), 6.135 (s, 1H), 6.94-7.03 (m, 2H), 7.26 (d,
J=17.1Hz, 1H), 7.46 (d, J = 7.1 Hz, 1H); m/z 373 [M+H].

5.22. 3-(1-{2-[3-(1-Methyl-pyrrolidin-2-yl)-propyl-
carbamoyl]-ethyl}-1H-indol-2-yl)-piperidine-1-carboxylic
acid zert-butyl ester (18a)

1-Ethyl-3-(3-dimethylamino-ethyl)carbodiimide (EDCI;
1.77g, 9.22mmol), hydroxybenzotriazole (HOBT;
1.25g,  9.22mmol), and  diisopropylethylamine
(3.21mL, 18.44mmol) was added to a solution of 17
(2.29g, 6.15mmol) in 55mL of DMF. The solution
was stirred for approximately 20-25min at room tem-
perature, upon which time 2-(2-aminoethyl)-1-methyl-
pyrrolidine (0.90g, 7.07mmol) was added. The
reaction was stirred overnight at room temperature.
The reaction mixture was poured into 600mL of water
and extracted three times with ethyl acetate (100mL).
The combined organic extracts were washed twice with
300mL water, 1x300mL aqueous NaCl, dried over
K,COs3, and concentrated to give the title compound
which was dried under vacuum overnight (2.85g,
96%): LC/MS Data (Condition A, molecular ion and
retention time): m/z 483 [M+H], 2.00 min.

Compounds 18b, 18¢c, and 18d were prepared by an
analogous procedure from acid 17 using (S)-(+)-1-(2-
pyrrolidinylmethyl)pyrrolidine, pyrrolidine, and 5-meth-
ylfurfuryl-amine.

5.23. 3-{1-]|3-Oxo0-3-(2-pyrrolidin-1-ylmethyl-pyrrolidin-
1-yl)-propyl]-1H-indol-2-yl}-piperidine-1-carboxylic acid
tert-butyl ester (18b)

(2.74 g, 88%): LC/MS Data (Condition A, molecular ion
and retention time): m/z 509 [M+H], 2.29 min.

5.24. 3-[1-(3-Oxo-3-pyrrolidin-1-yl-propyl)-1 H-indol-2-
yl]-piperidine-1-carboxylic acid zerz-butyl ester (18c)

(2.68 g, quantitative yield): LC/MS Data (Condition A,
molecular ion and retention time): m/z 426 [M+H],
3.19min.

5.25. 3-(1-{2-[(5-Methyl-furan-2-ylmethyl)-carbamoyl]-
ethyl}-1H-indol-2-yl)-piperidine-1-carboxylic acid zert-
butyl ester (18d)

(2.87g, quantitative yield): LC/MS Data (Condition A,
molecular ion and retention time): m/z 466 [M+H],
3.39min.

Compounds 19.a.(1-20), 19.b.(1-21), 19.c.(1-21), and
19.d.(1-22) were prepared from 18a-d by a procedure
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analogous to that used for the preparation of com-
pounds 15.a.(1-28).

5.26. 3-{2-[1-(3-Cyclopentyl-propionyl)-piperidin-3-yl]-in-
dol-1-yl}-N-[2-(1-methyl-pyrrolidin-2-yl)-ethyl]-propiona-
mide (19.a.17)

(18%); "H NMR (CDCls, 400 MHz) & 1.06-1.18 (m, 2H),
1.40-2.23 (m, 21H), 2.30-2.90 (m, 7H), 3.0-3.05 (m, 1H),
3.10-3.20 (m, 2H), 3.25-3.30 (m, 1H), 3.35-3.40 (m, 1H),
3.98 (d, J = 14Hz, 1H), 4.20-4.34 (m, 1H), 4.37-4.58 (m,
1H), 4.58-4.70 (m, 1H), 4.78 (d, J = 14Hz, 1H), 6.29 (s,
1H), 7.07 (t, J=7.9Hz, 1H), 7.18 (t, J=7.9Hz, 1H),
7.38-7.50 (m, 2H), 7.52 (d, J = 7.6 Hz, 1H). Anal. Calcd
for CyHaN4O,'*: 507.36936. Found 507.36816
(M+H]'*, A = —1.2mmu, ESI-FTMS).

5.27. 3-{2-[1-(Biphenyl-4-carbonyl)-piperidin-3-yl]-indol-
1-yl}-1-(2-pyrrolidin-1-ylmethyl-pyrrolidin-1-yl)-propan-
1-one (19.b.15)

(14%); '"H NMR (CDCl;, 400MHz) & 0.78-0.95 (m,
2H), 1.2-1.45 (m, 2H), 1.50-2.00 (m, 6H), 2.05-2.18
(m, 4H), 2.20-2.33 (m, 1H), 2.80-3.10 (m, 4H), 3.20-
3.35 (m, 2H), 3.40-3.53 (m, 1H), 3.65-3.80 (m, 2H),
3.85-4.05 (m, 2H), 4.07-4.17 (m, 1H), 4.20-4.27 (m,
1H), 4.30-4.40 (m, 1H), 4.50-4.67 (m, 2H), 4.83-4.93
(m, 1H), 7.10-7.35 (m, 4H), 7.38-7.55 (m, 4H), 7.55-
7.65 (m, 3H), 7.65-7.75 (m, 2H). Anal. Calcd for
CagHusNLO,! 2 589.35371. Found 589.3534 ((M+H]'",
A = —0.31 mmu, ESI-FTMS).

5.28. 1-(2-Pyrrolidin-1-ylmethyl-pyrrolidin-1-yl)-3-{2-[1-
(2-thiophen-2-yl-acetyl)-piperidin-3-yl]-indol-1-yl}-pro-
pan-1-one (19.b.20)

(7%); "H NMR (CDCls, 400 MHz) 6 1.55-2.0 (m, 10H),
2.05-2.80 (m, 9H), 2.80-3.05 (m, 2H), 3.08-3.25 (m,
3H), 3.25-3.40 (m, 2H), 3.95-4.05 (m, 1H), 4.15-4.25
(m, 1H), 4.38-4.80 (m, 4H), 6.27 (s, 1H), 6.85-7.0 (m,
2H), 7.05-7.23 (m, 3H), 7.26-7.38 (m, 1H), 7.5-7.55
(m, 1H), 7.65-7.75 (m, 1H). Anal. Caled for
Cy HyN4O-S'™: 53320448, Found  533.29306
(IM+H]'", A = —0.42mmu, ESI-FTMS).

5.29. 3-(2-Phenyl-1H-indol-3-yl)-propionic acid (21)

Phenyl hydrazine (1.54g, 14.28mmol) and ZnCl,
(3.78 g, 26.99 mmol)was added to a solution of 4-ben-
zoylbutyric acid (2.74g, 14.28mmol) in 33mL acetic
acid. The reaction was heated to 70°C for 4h and al-
lowed to cool. The ZnCl, was removed by filtration
and the reaction solution was concentrated. The residue
was dissolved in EtOAc and washed four times with
water and four times with brine and dried and concen-
trated to afford 3.84g (>100% yield) of the title com-
pound as an orange solid: 'H NMR (CDCls,
300MHz) 6 2.70-2.80 (m, 2H), 3.21-3.30 (m, 2H),
7.12-7.25 (m, 2H), 7.33-7.41 (m, 2H), 7.42-7.58 (m,
4H), 7.65 (d, J =7.5Hz, 1H), 8.05 (s, 1H), 10.5 (br s,
1H); m/z 266 [M+H].

5.30. 3-(2-Phenyl-1 H-indol-3-yl)-propionamide

Thionyl chloride (0.44mL, 6.036mmol) was added
dropwise to a solution of 21 (0.62g, 2.33mmol) in
20mL CH,Cl,, cooled to 0°C in ice. The reaction mix-
ture was stirred at 0°C for 45min and allowed to stir
at room temperature for 2h. The reaction solution was
recooled to 0°C and 30mL aqueous ammonium hydrox-
ide was added slowly. The reaction was again stirred at
0°C for 45min and allowed to stir at room temperature
for 1h. The reaction was poured into water, extracted
with CH,Cl,, washed with water and brine, dried, and
concentrated to afford the title compound (0.51g,
1.92mmol, 82.5 yield) as a yellow solid: 'H NMR
(CDCl;, 300MHz) 6 2.70-2.80 (m, 2H), 3.21-3.30 (m,
2H), 5.25 (br s, 2H), 7.10-7.25 (m, 2H), 7.33-7.40 (m,
2H), 7.40-7.58 (m, 4H), 7.65 (d, J = 7.5Hz, 1H), 8.08
(s, 1H).

5.31. 3-(2-Phenyl-1H-indol-3-yl)-propylamine

LiAlH4 (11.5mL of a 1 M solution in THF) was added
over a Smin period to a solution of 3-(2-phenyl-1H-in-
dol-3-yl)-propionamide (0.51g, 1.925mmol) in 10mL
anhydrous THF at 0°C. The reaction was stirred at
0°C for 40min and then heated to reflux for 4h. The
reaction was cooled in ice and 3mL of water was added,
followed by 3mL 15% aqueous NaOH solution, and an
additional 3mL of water. The reaction was filtered and
the filtrate was partitioned between EtOAc and water.
The aqueous phase was extracted two times with EtOAc
and the combined organic extracts were washed with
water and with brine, dried over Na,SO,, and concen-
trated to give the title compound (0.47g, 1.88mmol,
98% yield) as a brown gum: 'H NMR (CDCls,
300MHz) ¢ 1.86 (quintet, J=7.5Hz, 2H), 2.74 (t,
J=7.1Hz, 2H), 2.94 (t, J=7.1Hz, 2H), 7.10-7.25 (m,
2H), 7.33-7.43 (m, 2H), 7.47 (t, J=7.5Hz, 2H), 7.56
(d, J=7.5Hz,2H), 7.64 (d, J = 7.5Hz, 1H), 8.03 (s, 1H).

5.32. [3-(2-Phenyl-1 H-indol-3-yl)-propyl]-carbamic acid
tert-butyl ester (22)

A solution of di-zert-butyldicarbonate (2.07mL, 1 M) in
THF was added to a solution of 3-(2-phenyl-1H-indol-3-
yl)-propylamine (0.47g, 1.88mmol) in 10mL THF at
0°C. The reaction was stirred at room temperature for
45min and poured into water. The aqueous phase was
extracted with EtOAc and the organic phase was washed
with brine, dried over K,COj3, and concentrated to give
an oil. The crude product was chromatographed on
silica gel using 20% EtOAc-hexane, to afford a yellow
solid, 0.35g (Immol): '"H NMR (CDCls, 300 MHz) ¢
1.42 (s, 9H), 1.86 (quintet, J=7.5Hz, 2H), 2.93 (t,
J=7.1Hz, 2H), 3.10-3.17 (m, 2H), 4.40 (br s, 1H),
7.10-7.25 (m, 2H), 7.33-7.39 (m, 2H), 7.41-7.58 (m,
4H), 7.60 (d, J = 7.5Hz, 1H), 8.02 (s, 1H).

5.33. 3-[3-(3-tert-Butoxycarbonylamino-propyl)-2-phenyl-
indol-1-yl]-propionic acid methyl ester (23)

A solution of 22 (50mg, 0.143mmol), n-BuyNI (5mg),
KO#-Bu (10 uL of a 1.0 M solution in THF), and methyl
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acrylate (52pL, 0.574mmol) in 1.4mL toluene was
heated in a microwave reactor (Smith Synthesizer, Per-
sonal Chemistry, Foxboro, MA) at 150°C for 540s.
The reaction was checked for completeness by LC-
MS. The reaction was concentrated and the crude prod-
uct was dissolved in CH,Cl, and washed with water.
The organic phase was concentrated to give the title
compound (61 mg, 0.140mmol), which was used in the
following step without further purification. '"H NMR
(CDCl;, 300MHz) 6 1.39 (s, 9H), 1.74 (quintet,
J=7.5Hz, 2H), 2.53 (t, J=7.5Hz, 2H), 2.68 (t,
J =7.5Hz, 2H), 2.95-3.05 (m, 2H), 3.57 (s, 3H), 4.22
(br s, 1H), 4.32 (t, J =7.5Hz, 2H), 7.10-7.19 (m, 2H),
7.20-7.28 (m, 1H), 7.33-7.40 (m, 3H), 7.41-7.52 (m,
2H), 7.61 (d, J = 7.8Hz, 1H).

5.34. 3-[3-(3-Amino-propyl)-2-phenyl-indol-1-yl]-
propionic acid methyl ester

A solution of 1.0mL TFA in 1.6mL CH,Cl, was added
to a solution of 23 (0.287 g, 0.657mmol) in 3mL CH,Cl,
at 0°C. The reaction was stirred at 0 °C for 20min and at
room temperature for S0min. The reaction was concen-
trated and the crude product was dissolved in CH,Cl,
and washed with 1N NaOH and with brine and dried
over K,COj5. The solution was concentrated to afford
0.184 g (0.545mmol) of the product, which was used in
the following step without further purification. 'H
NMR (CDCls, 300MHz) 6 0.96 (t, J=7.25Hz, 2H),
1.81 (quintet, J=7.25Hz, 2H), 2.52 (t, J=7.8Hz, 2
H), 2.66 (q, J=7.8Hz, 4H), 3.55 (s, 3H), 4.32 (t,
J=7.6Hz, 2H), 7.12 (t, J=7.0Hz, 1H), 7.20-7.25 (m,
1H), 7.28-7.39 (m, 3H), 7.40-7.52 (m, 3H), 7.61 (d,
J=17.8Hz, 1H).

5.35. 3-[3-(3-Methanesulfonylamino-propyl)-2-phenyl-
indol-1-yl]-propionic acid methyl ester (24)

Methanesulfonyl chloride (63 uL, 0.81 mmol) was added
to a solution of 3-[3-(3-amino-propyl)-2-phenyl-indol-1-
yl]-propionic acid methyl ester (0.184 g, 0.54 mmol) and
triethylamine (74 pL, 0.53mmol) in 2.5mL CH,CI, at
0°C. The reaction was left to stir at 0°C for 1.5h and
then poured into water and extracted with CH,Cl,.
The organic extracts were washed with brine, dried
and concentrated to afford 0.225g (0.54mmol) of the
product as a gum. It was carried on to the next step
without further purification. 'H NMR (CDCls,
300MHz) 6 1.68 (br s, 1H), 1.81 (quintet, J = 7.0Hz,
2H), 2.53 (t, J=7.8Hz, 2H), 2.70-2.78 (m, 2H), 2.77
(s, 3H), 2.99 (t, J=6.75Hz, 2H), 3.56 (s, 3H), 4.34 (t,
J=7.6Hz, 2H), 7.16 (t, J=7.0Hz, 1H), 7.20-7.30 (m,
1H), 7.3-7.41 (m, 3H), 7.43-7.56 (m, 3H), 7.59 (d,
J =7.8Hz, 1H); m/z 415 [M+H].

5.36. 3-[3-(3-Methanesulfonylamino-propyl)-2-phenyl-
indol-1-yl]-propionic acid (25)

Sodium hydroxide (2.72mmol, 0.27mL of 10 N solution
in water) was added to a solution of 24 (0.225g,
0.54mmol) in 2.5mL MeOH. The mixture was stirred
at room temperature overnight. The reaction was acidi-
fied to pH2 using 6 N HCI and extracted two times with

EtOAc. The combined organic extracts were dried and
concentrated to afford 0.319g of the product (>100%
yield) as a beige solid. It was characterized by 'H
NMR and MS and carried on to the next step without
further purification. '"H NMR (D,0O, 300MHz) 6 1.25
(br s, 1H), 1.65 (quintet, J=7.8Hz, 2H), 2.26 (t,
J=7.8Hz, 2H), 2.63 (t, J=7.8Hz, 2H), 2.68 (s, 3H),
2.70-2.78 (m, 2H), 4.20 (t, J=7.8Hz, 2H), 7.11 (t,
J=7.5Hz, 1H), 7.22 (t, J=7.1Hz, 1H), 7.35-7.50 (m,
6H), 7.64 (d, J = 7.8Hz, 1H); m/z 401 [M+H].

Compounds 26.a.(1-4) were prepared from 25 following
the procedure used for the preparation of compounds
6.(a—e).(1-23) and 8.(a-b).(1-23).

5.37. 3-[3-(3-Methanesulfonylamino-propyl)-2-phenyl-in-
dol-1-yl]-N-[2-(1-methyl-pyrrolidin-2-yl)-ethyl]-propiona-
mide (26.a.1)

(15%) 'H NMR (CDCls, 400 MHz) & 1.30-1.55 (m, 3H),
1.60-1.70 (m, 2H), 1.75-2.05 (m, 3H), 2.05-2.16 (m,
2H), 2.165 (s, 3H), 2.32 (t, J=7.2Hz, 2H), 2.70-
2.80 (m, 2H), 2.78 (s, 3H), 2.94-3.04 (m, 4H), 3.25
(sextet, J=6Hz, 1H), 4.34 (t, J=6Hz, 2H), 6.58
(br s, 1H), 7.14 (t, J=7.0Hz, 1H), 7.23 (t, /= 7.0Hz,
1H), 7.38 (d, J=7.0Hz, 2H), 7.41-7.55 (m, 4H),
758 (d, J=7.6Hz, 1H). Anal. Calcd for
C28H39N4O3SI+Z 511.27374. Found 511.27209
(IM+H]'*, 4 = —1.65 mmu, ESI-FTMS).

5.38. 3-[3-(3-Methanesulfonylamino-propyl)-2-phenyl-
indol-1-yl]-N-(2-pyrrolidin-1-yl-ethyl)-propionamide
(26.2.3)

(16%) '"H NMR (CDCls, 400MHz) 6 1.72 (br s, 2H),
1.75-1.85 (m, 2H), 1.92 (br s, 2H), 2.31-2.40 (m, 7H),
2.70-2.80 (m, 2H), 2.73 (s, 3H), 2.94-3.04 (m, 2H),
3.16 (q, J = 6Hz, 2H), 4.37 (t, J= 6Hz, 2H), 6.10 (br
s, 1H), 7.14 (t, J=7.0Hz, 1H), 7.24 (t, J=7.0Hz,
1H), 7.40 (d, J=7.0Hz, 2H), 7.42-7.55 (m, 4H), 7.58
(d, J=7.6Hz, 1H). Anal. Caled for C,;H37N,05S'*:
497.25809. Found 497.25688 (IM+H]'", 4=-1.21
mmu, ESI-FTMS).

5.39. 3-[3-(3-tert-Butoxycarbonylamino-propyl)-2-phenyl-
indol-1-yl]-propionic acid methyl ester (27)

Compound 27 was prepared from 23 following the pro-
cedure used for the preparation of compound 25. 'H
NMR (CDCl;, 300MHz) 1.39 (s, 9H), 1.73 (quintet,
J=72Hz, 2H), 2.57 (t, J=7.2Hz, 2H), 2.68 (t,
J=72Hz, 2H), 3.00 (q, J=6.3Hz, 2H), 4.32
(t, J=17.5Hz, 2H), 7.10-7.18 (m, 1H), 7.15-7.25 (m,
1H), 7.3-7.40 (m, 3H), 7.42-7.55 (m, 3H), 7.61 (d,
J=1.6Hz, 1H); m/z 421 (M—H).

5.40. General procedure for the preparation of compounds
28.a.(1-21)

Acid 27 was coupled to amines using the same proce-
dure used for the preparation of compounds 6.(a—
e).(1-23) and 8.(a-b).(1-23). Following aqueous wash
and prior to purification by RP-HPLC, solutions of
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the crude products in CH,Cl, were treated with 1.25mL
TFA and mixed at room temperature for 2h. Volatiles
were removed in vacuo and the residue of each reaction
was redissolved in DMSO and purified by RP-HPLC.

5.40.1. 3-[3-(3-Amino-propyl)-2-phenyl-indol-1-yl}-/N-phe-
nyl-propionamide (28.a.17). (17%) 'H NMR (CDCls,
400MHz) 6 1.74-1.84 (m, 2H), 2.53 (t, J=6.8Hz,
2H), 2.65-2.92 (m, 4H), 4.37 (t, J=5.4Hz, 2H), 7.01
(t, J=7.0Hz, 1H), 7.09 (t, J=7.0Hz, 1H), 7.19 (t,
J =7.2Hz, 2H), 7.32-7.45 (m, 9H), 7.58 (d, J = 7.6Hz,
1H), 8.0 (s, 1H). Anal. Caled for C,sH»sN;O,'":
398.22269. Found 398.22126 (IM+H]'", A= —-1.43
mmu, ESI-FTMS).

5.40.2. 3-[3-(3-Amino-propyl)-2-phenyl-indol-1-yl]- V-(4-
fluoro-phenyl)-propionamide (28.a.20). (17%) 'H NMR
(CDCl;, 400MHz) ¢ 1.74-1.84 (m, 2H), 2.52 (t,
J=6.8Hz, 2H), 2.60-2.90 (m, 4H), 4.35 (t, /= 5.4Hz,
2H), 6.82 (t, J=8.4Hz, 2H), 7.08 (t, J=7.0Hz, 1H),
7.16 (t, J=7.0Hz, 1H), 7.267 (t, J = 5.6Hz, 2H), 7.37-
7.45 (m, 6H), 7.58 (d, J = 7.6 Hz, 1H), 8.25 (s, 1H). Anal.
Caled for Co6H»FN3O,'™: 416.21327. Found 416.21137
(IM+H]"", A = —1.9mmu, ESI-FTMS).
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