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Abstract Palladium-catalysed aminocarbonylation of 7-iodimle derivatives (the
parent compound and 5-bromo-7-iodoindole), as wasll5-iodoindole with various
primary and secondary amines, including amino askgrs and chiral diamines, was
carried out. In this way, a highly selective doubsbonylation reaction at the C-7
was performed resulting in the formation of the responding indol-7-
ylglyoxylamides when monoamines were used. The beyene moiety remained
intact, so bromo-substituted glyoxylamides of padt importance have been
synthesised in moderate to high yields. The usehofl alkyl and aryl diamines as
nucheophiles allowed the synthesis of a new familgimeric 7-indole derivatives
under moderate reaction conditions (10 bar, 100 PRg aminocarbonylation at the C-
5 position led to much lower chemoselectivitiesaoavindol-5-ylglyoxylamides under
similar conditions (40 bar CO, %D).

The aminocarbonylation of iodoindoles shows a stgly different chemoselectivity
depending on the basicity of the amine while prynand secondary amines of high
basicity gave 2-ketocarboxamides in up to 98% clsseactivity, aniline resulted in

almost exclusive formation of the correspondindoaamide product.

Key-words carbonylation2-ketocarboxamidgpalladium carbon monoxide, iodoindole.



1. Introduction

Carbonylation reactions are among the most widsgdithomogeneous catalytic reactions with several
practical applications reportéd.In addition to the parent hydroformylation used thee functionalization of
alkenes:® aminocarbonylatio® has also gained several synthetic applications.

In this reaction, alkenyl and aryl triflates or itheorresponding synthetic surrogates (iodoalkeares
iodoaromatics, respectively) served as substrafese. seminal work of Heclet al. showed that this
methodology provides an excellent route to carbodamof varying structure using carbon monoxide and
primary/secondary amines as N-nucleophifeloreover, Yamamotet al. published a double carbonylation
process, where aromatic triflates and iodides insgo molecules of carbon monoxide resulting in the
formation of 2-ketocarboxamidés.

Among the number of substrates tested in aminocgtation,® the functionalization of the indole
nucleus has been the topic of interest for manysyéa> Special efforts have been devoted to the intradoct
of functionalities at C-2. The palladium-catalysdkloxycarbonylation and carbonylation (in the preseof
tributylstannane) of 2-iodoindole resulted in tharnfiation of the corresponding 2-ester and 2-formyl
compounds, respectivel§. N-Protected and unprotected 2-iodoindole derivativasderwent
aminocarbonylation with variousN-nucleophiles. This way, the efficiency of palladicatalysed
aminocarbonylation for the introduction of amidedeschain was demonstrated.A carbonylative
alkoxycarbonylation-cyclocondensation reaction sege based on 3-iodoindoles was developed leading t
compounds with protein kinase inhibitor activifyAs direct preliminary work to our present researitie
aminocarbonylation of 7-iodoindole with piperidiirethe presence of palladium(l)-diméfsas well as the
high-yielding palladium-catalysed aminocarbonylataf unprotected bromoindofshould be mentioned. In
the latter work, carboxamide functionalities wem&raduced at all positions within the benzene fragtrof
the indolesj.e., 4-, 5-, 6- and 7-carboxamides (among them anaphiae derivatives) were synthesised.

Furthermore, the synthesis of indole dimers is m@&ag importance, sinckis-indole derivatives are
relevant compounds that can be found in many napmaducts and pharmaceuticaisin particular, the
synthesis of bis-indole carboxamides remains alatgeé for which the use of diamines as nucleophiles
aminocarbonylation reactions was recently descritsed promising synthetic appro&th.

Although the double carbonyl insertion providingk@ocarboxamides is general in palladium-
catalysed aminocarbonylation of iodoaromaticsnly the selective formation of carboxamides whasenved
using iodo-N-heteroaromatics with an iodo substitueadjacent to the ring-nitrogéh. 2-
Carboxamidopyridines and carboxamidopyrazines i@raed, while the corresponding 2-ketocarboxamides
were not observed. The aim of the selective symhafsindoleketocarboxamidesge., a prevailing double
carbonylation in C-7 position being far from thadble nitrogen’, seemed to be quite plausible, ticthe

primary aim of this work.



Prompted by the previous investigations of our grouthe aminocarbonylation of iodoareri&é’ a
systematic study was carried out imploying unpriete@dodoindoles. The most important achievemenhisf
work was the direct one-step synthesis of functisad indoles bearing 2-ketocarboxamide functidiesiand

the synthesis of chiral dimeric indole carboxamides

2. Results and discussion
2.1. Aminocarbonylation of 7-iodoindole in the mese of various N-nucleophiles

Palladium(0) catalytic systems, formedsitu in the reaction of Pd(OAgxand two molar equivalents
of triphenylphosphine, have been used for the acairimnylation of 7-iodoindolel) (Scheme )1 Primary &,

b, e-h) and secondary amines ¢) including functionalised amines (amino acid mégtkters) have been used
asN-nucleophiles.

According to the generally accepted mecharfifipalladium(0) catalysts are necessary to oxidativel
add the starting iodoalkene substrate. As in séeases before, instead of the coordinatively sadar ‘pre-
formed’ Pd(0) catalyst, Pd(PBk a highly active ‘phosphine-deficient’ Pd(OAQ PR—typein situ catalyst
has been used. In fact, the catalytically activeadaum intermediates contain one £Igand only, since one
of the two equivalents of phosphine ligands is zdd to the corresponding phosphine 0Xitie.

The aminocarbonylation of 7-iodoindol&) (Scheme), carried outat atmospheric carbon monoxide
pressureresulted in the formation of indol-7-ylglyoxylad@s @) and the corresponding carboxamid®s in
case of all the amine3#ble 1, entries 1, 2,7, 9, 10, 14)]18&xcept for anilinely). As observed previously,
the less basic anilind) and the sterically crowded methyl prolinate €xhibited lower reactivity, so no
reasonable conversion was obtainedtiy 4 and entry 2Q0respectively). Surprisingly, the 2-ketocarboxagnid
type products 3), formed by double CO insertion, prevail in allsea. The chemoselectivity towaBdwas
found to be in the range of 60-90%, depending emMthucleophile. In spite of the formation of carboxdes
as minor products, we have been able to is®ate2c, 2d, 2g and characterise them as analytically pure
compounds.

The aminocarbonylations carried oat high (40 bar) carbon monoxide pressusbowed high
chemoselectivity towards ketocarboxamid8y (e., the ketocarboxamide/carboxami@#2] ratios observed
at atmospheric pressurdde supra were substantially improved. These chemoseldgtixalues fall typically
in the range of 70-90%, in some cases up to 97ectpaties towards ketocarboxamidenfries 3, 8, 11, 13,
17, 27). A strikingly different behavior was observed forin spite of the high CO pressure, the high-yreidi
formation of carboxamid@b was observed,e., the ketocarboxamide-type product formed via douO

insertion was detected in trace amounts by GC-8ffiies 5 and 6



HNR'R"

\ CO (1-40 bar), 50 °C= \ .
N Pd(OAc), / PPh3 N
! b
R'R" O O
NR'R"
2 3
R R
a tBu
b Ph
c -(CHy)s-
d  ~(CH2)20(CHz),-
e H CH,COOCHS5
f H CH(CH3)COOCH;
g H CH(CH(CH3);)COOCH
h H ~CH(COOCHs)(CHa)s-

Scheme 1Aminocarbonylation of 7-iodoindole

I/Z P



Table 1. Aminocarbonylation of 7-iodoindold)in the presence of Pd(OAc) 2 PPh 'in situ' catalys®

Entry Amine Reaction p(CO) Conv.”  Ratio of the carbonylated produéts
time [bar] [%6] (isolated yield) [%)]
[h] Carboxamide Ketocarboxamide
? ©)
1 t-BuNH, (a) 24 1 70 172a) 83 (3a)
2 t-BuNH; (a) 48 1 >08 33%a); (25) 67 Ba); (36)
3 t-BuNH; (a) 24 40 >98 57a) 95 (a); (58)
4 aniline p) 48 1 <2 n.d. n.d.
5 aniline p) 24 40 95 >992b) <1 (3b)
6 aniline p) 94 40 >08 >992b); (51) <1 @bh)
7 piperidine €) 24 1 >98 40Zc); (33) 60 B0); (40)
8 piperidine €) 24 40 >98 64c) 94 (30); (66)
9 morpholine d) 24 1 71 72d) 93 3d); (65)
10 morpholine d) 48 1 82 22%d); (12) 78 Bd); (51)
11 morpholine d) 24 40 94 3Zd) 97 3d); (52)
12 GlyOMe €) 24 40 81 62e 94 3¢
13 GlyOMe @) 46 40 >08 626 94 Be); (68)
14 AlaOMe ) 24 1 2 352f) 65 (3f)
15 AlaOMe ) 94 1 61 3317f) 67 3f)
16 AlaOMe §) 24 40 82 207f) 80 (3f)
17 AlaOMe §) 94 40 >08 217f) 79 @f)
18 ValOMe @) 24 40 89 4220) 58 39)
19 ValOMe ) 94 40 >98% 4520); (39) 55 Bg); (45)
20 ProOMe () 48 1 <2 n.d. n.d.
21 ProOMe [§) 24 40 95 3Zh) 97 3h); (57)

a) Reaction conditions (unless otherwise stated)mbl substratel), amine nucleophile: 3 mmol af(or 2
mmol ofb / 1.5 mmol ofc, d / 1.1 mmol ofe, f, g, h), 0.025 mmol of Pd(OAg)2.5 mol%), 0.05 mmol of
PPh (5 mol%), 0.5 mL of BN, 10 mL of DMF, 50°C

b) determined by GC-MS

c) yields of the isolated target compound (basethersubstratelf)



2.2. Aminocarbonylation of 5-iodoindolé) (n the presence of various N-nucleophiles
Surprisingly, the aminocarbonylation of 5-iodoinelod) carried out using atmospheric carbon
monoxide pressure gave the corresponding carboxeamd 2-ketocarboxamide in only trace amounts (<1%)
The aminocarbonylations carried out at high (40 lbarbon monoxide pressure showed moderate to
high chemoselectivities toward 2-ketocarboxamid®sfdlling typically in the range of 79-94% &ble 2.
There are two exceptiong: the use of the arylamine with lower basicity resulted in a formation of the
corresponding carboxamidd (entry 3, i.e. no carbon monoxide insertion into Pd-amide bauk fplaceji)
methyl valinate §) gave a mixture dbg and6g with the prevailance of the carboxamid&g)((entries 10, 11
It is worth noting that close to an equimolar mietof carbonylated products was obtained usingdéiaole

(1) as the substrate with thisnucleophile Table 1, entries 18, 19the formation of 2-ketocarboxamidegf
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Table 2. Aminocarbonylation of 5-iodoindold) in the presence of Pd(OAc) 2 PPR 'in situ' catalys®

Entry Amine Reaction Conv.”  Ratio of the carbonylated produéts
time [%] (isolated yield”) [%)]
[h] Carboxamide Ketocarboxamide
©) (6)
1 t-BuNH, (a) 24 95 21%a); (11) 79 6a); (46)
2 aniline p) 24 90 >99 %b) <1 (6b)
3 aniline p) 48 >08 >99 §h); (47) <1 6b)
4 piperidine ¢) 24 95 14 %0); (15) 86 60); (66)
5 morpholine d) 24 95 6 6d) 94 6d); (50)
6 GlyOMe §) 24 51 10%6) 90 (6¢)
7 GlyOMe §) 140 >08 10%€) 90 69); (74)
8 AlaOMe f) 24 63 20 %f) 80 (6f)
9 AlaOMe ) 48 94 36 %f) 64 (©f); (46)
10 ValOMe ) 24 77 65 %0) 35 (60)
11 ValOMe () 96 >98 605%9); (25) 40 69); (24)
12 ProOMe () 24 70 17 %h) 83 (6h)
13 ProOMe ) 72 >98 215%h) 79 @h); (36)

a) Reaction conditions (unless otherwise stated)nibl substrated), amine nucleophile: 3 mmol af(or 2
mmol ofb / 1.5 mmol ofc, d / 1.1 mmol ofg, f, g, h), 0.025 mmol of Pd(OAg)X2.5 mol%), 0.05 mmol of
PPh (5 mol%), 0.5 mL of BN, 10 mL of DMF, 50°C, 40 bar of CO.

b) determined by GC-MS

c) yields of the isolated target compound (basethersubstrated))

d) 1 bar of CO

2.3. Aminocarbonylation of 5-bromo-7-iodoindo® in the presence of various N-nucleophiles

As a part of the systematic functionalization ¢ thdole ring, the aminocarbonylation of 5-bromo-7-
iodoindole ) was carried out. As above (see reactionSacheme 1 and)2a mixture of the corresponding
carboxamide §) and 2-ketocarboxamid®)(was obtainedJcheme B It has been determined by MS and
NMR investigations that the bromoaryl moiety reneginntact under the conditions used. This behav&af
practical importance, since the bromoarene funatigncan potentially be further reacted in otheoss-
coupling reactions, enabling further selective fioralization of the parent indole.

Although aminocarbonylation can be carried out esteatmospheric carbon monoxide pressuiable
3, entries 1,p giving rise to the formation of 2-ketocarboxam@e), in general, high selectivities (>98%)



towards ketoamide®) can be achieved at high CO presserdries 3, 6, 7, 10 Even under these conditions,
methyl alaninateff and methyl valinateg) gave lower chemoselectivitiesentries 8 and 9respectively).
Based on the aforementioned results, the almostigxe formation of carboxamid@&l§) was observed with

as nucleophilegntry 4.
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Scheme 3Aminocarbonylation of 5-bromo-7-iodoindole (for tNenucleophiles used s&heme 1L

Table 3.Aminocarbonylation of 5-bromo-7-iodoindol@)(in the presence of Pd(OAck 2 PPh 'in situ’

catalyst®’
Entry Amine Reaction Pressure  Conv.”  Ratio of the carbonylated produéts
time [bar] [%6] (isolated yield) [%)]
[h] Carboxamide Ketocarboxamide
(8) (9)
1 t-BuNH, (a) 24 1 65 1384) 87 9a)
2 t-BuNH, (a) 48 1 >98 168a) 84 Qa) (53)
3 t-BuNH, (a) 24 40 >08 3%a) 97 ©9) (53)
4 aniline p) 48 40 >08 >988b) (68) <2 @b)
5 piperidine €) 24 40 >98 880 92 @0 (54)
6 morpholine d) 24 40 94 <2&d) >98 Od) (66)
7 GlyOMe €) 70 40 95 <28e >98 Qe) (45)
8 AlaOMe ) 24 40 82 188§f) 82 (9f) (38)
9 ValOMe @) 96 40 >98 2680 74 ©Qg) (46)
10 ProOMe [}) 24 40 >08 <2§h) >98 ©h) (66)

a) Reaction conditions (unless otherwise stated)mbl substrate7, amine nucleophile: 3 mmol af(or 2
mmol ofb / 1.5 mmol ofc, d / 1.1 mmol ofe, f, g, h), 0.025 mmol of Pd(OAg)2.5 mol%), 0.05 mmol of
PPh (5 mol%), 0.5 mL of BN, 10 mL of DMF, 5¢°C.

b) determined by GC-MS

c) yields of the isolated target compound (basethersubstratery)



2.4. Aminocarbonylation of 7-iodoindol&)(n the presence of chiral diamines as N-nuclelgshi

In order to obtain new chiral bis-indole derivasvbearing carboxamide moieties, the scope of the
aminocarbonylation reaction of 7-iodoindol®) (vas expanded to the use of several chiral diamésds-
nucleophiles: $-propane-1,2-diaminei)( (1S29-(+)-1,2-diaminocyclohexang( and the axially chiral
aromatic §-1,1'-binaphthyl-2,2'-diamine] (Scheme ¥ The reactions were carried out under 10 bar &0,
100 °C for 24 h. After work-up, the conversions &ealculated based on NMR analysis of crude misture
and the dimeric-indole derivative$Qj, 10j, 10k) were purified by column chromatography. In ales, the
substrate was fully converted, with the dimericaledderivatives being the main products. It shdaédhoted
that the monomeric productl) was only observed and isolated when the lessaapthilic aromatic diamine
(k) was usedTable 4, entry B

HoN NH, i,J, k o} NH HN o} O _NH  NH;
\ ©© (10 bar), 100 oc‘ H H H
N, Pd(OAc), / PPhy N N
\
| b \ Vi Vi
1 10 11

\A () NH,
H,N NH, ~ H,N  NH, HoN  NH, OCI

i j k
Scheme 4Aminocarbonylation of 7-iodoindole using chiral ghimes (| j, k) asN-nucleophiles

Table 4.Synthesis of 7-carboxamide indole dimeigaminocarbonylation of 7-iodoindol&)( using chiral

diamines as nucleophiles, in the presence of Pd{>A2 PPB 'in situ' catalysf

Entry Diamine Con” Dicarboxamide Monoarboxamide
(10)(isolated (11) (isolated
yields) yields)
1 i >97 46 (10i) (39) -
> j >08 31° (10j) (16) -
3 K >96 40° (10K) (32) 34 (11k) (29)

a) Reaction conditions: 0.9 mmol substrdfg 0.45 mmol amine nucleophilek), 0.025 mmol Pd(OAg)
(2.8 mol%) 0.05 mmol PRI{5.6 mol%), 0.5 mL BN, 9 mL DMF, 100°C, 10 bar of CO; 24 h.

b) determined by NMR on the crude mixture.
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Conclusions

The synthesis of ketocarboxamide-functionalisedlies! with double CO insertion at C-7 and C-5 was
achieved using a highly reactive, low-ligated Pa@glyst generated from Pd(OA@QPPR. The coordination
of the PPB(O) in the catalytically active intermediate torfoPd(PPE(P(O)Ph) species cannot be excluded.
The importance of the coordination of strong andakvedonor ligands was emphasized in the
aminocarbonylation of 2-bromopyridine derivativessing Bedford palladacycle and dppf (1,1'-
bis(diphenylphosphinoferrocene) as catafyst.

The formation of indole-2-ketocarboxamides is ofrtigalar note. The 2-ketocarboxamides were
obtained as major products for most N-nucleophihaf) the only exception being aniline of low batsicin
the latter case, the corresponding carboxamidesedvia simple carbon monoxide insertion, prevaileder
the reaction conditions used (5C, 1-40 bar CO). The aminocarbonylation reactioabéed the facile
preparation of the target compounds.

Considering the high relevance and large bio-afidina of dimeric indole-derivatives theis
aminocarbonylation reaction herein described prewidn efficient and versatile synthetic methodoltyy
obtain a new family of chirddis-indole carboxamide in a one-pot reaction.

3. Experimental
3.1. General procedures

'H and**C NMR spectra were recorded in CR®h a Bruker Avance Il 500 spectrometer at 500 and
125.7 MHz, respectively. Chemical shiisre reported in ppm relative to CHEY.26 and 77.00 ppm foH
and °C, respectively). Elemental analyses were measomed 1108 Carlo Erba apparatus. Samples of the
catalytic reactions were analysed with a HewlettkBed 5830A gas chromatograph fitted with a capilla
column coated with OV-1 (internal standard: naplethe; injector temp 250 °C, oven: starting temp’60
(hold-time 1 min), heating rate 15 °C riinfinal temp 320 °C (hold-time 11 min); detectomfe 280 °C,
carrier gas: helium (rate: 1 mL mf)). The FT-IR spectra were taken in KBr pelletsngsan IMPACT 400
spectrometer (Nicolet) applying a DTGS detectothi@ region of 400-4000 ¢ the resolution was 4 c¢hn
The amount of the samples wes 0.5 mg.

The iodoarene substrates, 7-iodoindole, 5-iodomd&tbromo-7-iodoindole, as well as the amine
nucleophiles were purchased from Sigma-Aldrichaede used without further purification.
3.2. Aminocarbonylation of 7-iodoindole in the mese of various amines as N-nucleophiles under
atmospheric carbon monoxide pressure

In a typical experiment Pd(OAc)5.6 mg, 0.025 mmol), triphenylphosphine (13.1 @5 mmol), 7-
iodoindole (243 mg, 1 mmol) or 5-bromo-7-iodind¢822 mg, 1mmol), amine nucleophile (3 mmolaof 2
mmol ofb / 1.5 mmol ofc, d / 1.1 mmol ofe, f, g, h) and triethylamine (0.5 mL) were dissolved in DI

mL) under argon in a three-necked flask equippétl wigas inlet, reflux condenser with a ballorgfllwith
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argon) at the top. The atmosphere was changedhorcanonoxide. The reaction was conducted for theng
reaction time upon stirring at 50 °C and analysg&gk-MS (internal standard: naphthalene). The néxtuas
then concentrated and evaporated to dryness. Bidueewas dissolved in chloroform (20 mL) and washe
with water (3 20 mL). the organic phase was drigdrd\NaSQ,, filtered and evaporated to a crystalline
material or a waxy residue. All compounds were scigid to column chromatography (Silicagel 60 (Mgrck
0.063-0.200 mm), EtOAc/CHgilor EtOAc/toluene, or hexane/EtOAc/MeOH (the exatibs are specified in
Section Characterization (3.4) for each compound).
3.3. Aminocarbonylation of 7-iodoindole in the mese of various amines as N-nucleophiles under high
carbon monoxide pressure

In a typical experiment, Pd(OAc5.6 mg, 0.025 mmol), triphenylphosphine (13.1 @5 mmol), 7-
iodoindole (243 mg, 1 mmol) or 5-bromo-7-iodind¢822 mg, 1mmol), amine nucleophile (3 mmolaof 2
mmol ofb / 1.5 mmol ofc, d / 1.1 mmol ofe, f, g, h) and triethylamine (0.5mL) were dissolved in DM (
mL) under argon in a 100 mL autoclave. The atmosphas changed to carbon monoxide and the autoclave
was pressurized to the given pressure by carboroximb® The reaction was conducted for the givectrea
time upon stirring at 50 °C and analysed by GC-Mte(nal standard: naphthalene). The mixture was th
concentrated and evaporated to dryness and wonked-described in Section 3.2.

The analogous procedures (same molar ratios, @eméaction conditions, similar work-up) were used
in the aminocarbonylation of 5-iodoindole and 5+hoe7-iodoindole.
3.4. Carbonylation of 7-iodoindole using chiral chanes as N-nucleophiles

In a typical experiment, Pd(OAc5.6 mg, 0.025 mmol), triphenylphosphine (13.1 @5 mmol), 7-
iodoindole (224 mg, 0.9 mmol), the desired diammneleophile (0.45 mmol) were placed in a stainksel
autoclave. After degassing the autoclave, triethyhe (0.5 ml) and DMF (9 mL) were added cannula. The
autoclave was then pressurized with 10 bar CO hadréaction was conducted for 24 h at 100 °C. The
mixture was then concentrated and evaporated toedsy with the crude being analysed B{NMR
spectroscopy. The residue was dissolved in chlam{@0 ml) and washed with water (3x20 mL) and BRIN
(3x20 mL). The organic phase was dried oves3@, filtered and the solvent was evaporated. All coonuls
were subjected to column chromatography (Silic&fe(Merck), 0.063-0.200 mm) using EtOAc/CHChe

exact ratios are specified in Section CharacteaadB8.5) for each compound).

3.5. Characterization of the products

7-(N-tert-Butylcarboxamido)indole (2a). Yield: 54 mg (25 %); brown viscous material [lRolu C,
72.26; H, 7.58; N, 12.65;16H16N20 requires C, 72.19; H, 7.46; N, 12.95 %{;(R0 % toluene, 80 % CHg)I
0.72;54 (500 MHz, CDCJ) 10.37 (1 H, brs, indole-NH), 7.80 (1 H, d, 7.8,4z-H), 7.34-7.31 (2 H, overlap,
m, Ar-H and indole-H), 7.12 (1 H, t, 7.7 Hz, Ar-H,58 (1 H, dd, 3.0 Hz, 2.3 Hz, indole-H), 6.21H1brs,
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NH), 1.55 (9 H, s, (CH)s). 8¢ (125.7 MHz, CDGJ) 167.5, 135.5, 129.6, 125.5, 124.4, 118.6, 11815,2,
101.8, 51.5, 29.01. IR (KBw, (cmY)): 3422 (indole-NH), 3336 (NH), 1632 (CON); MS nffel int.): 216 (58,
M™), 201 (2), 185 (2), 160 (33), 144 (100), 116 (®D,(16), 63 (4).

7-(N-tert-Butylglyoxylamido)indole (3a). Yield: 142 mg (58 %); off-white solid materiahp. 104 °C;
[Found: C, 68.70; H, 6.75; N, 11.25;8:6N.0, requires C, 68.83; H, 6.60; N, 11.47 %]}, (RO % toluene,
80 % CHC}) 0.58;5y (500 MHz, CDC}) 10.44 (1 H, brs, indole-NH), 8.79 (1 H, d, 7.8,iAz-H), 7.98 (1 H,
d, 7.8 Hz, Ar-H), 7.86 (1 H, dd, 3.0 Hz, 2.3 Hzddte-H), 7.23 (1 H, t, 7.8 Hz, Ar-H), 6.99 (1 HsbNH),
6.65 (1 H, dd, 3.0 Hz, 2.3 Hz, indole-H), 1.52 (9 (CH)s). ¢ (125.7 MHz, CDGJ) 188.8, 162.1, 135.9,
129.4, 129.3, 129.2, 125.4, 119.3, 116.7, 103.T7,%D.01. IR (KBry (cm™)): 3381 (indole-NH), 3246 (NH),
1656 (CO), 1640 (CON); MS m/z (rel int.): 244 (36,), 144 (100), 116 (36), 89 (14), 57 (14).

7-(N-Phenylcarboxamido)indole (2b). Yield: 120 mg (51 %); brown solid material, mp45 °C;
[Found: C, 76.16; H, 5.30; N, 11.69;48:,N,0 requires C, 76.25; H, 5.12; N, 11.86 %)];(R % EtOAc, 95
% CHCb) 0.53;64 (500 MHz, CDC}) 10.33 (1 H, brs, indole-NH), 8.11 (1 H, brs, NR)39 (1 H, d, 7.5 Hz,
Ar-H), 7.68 (2H, d, 8.0 Hz, Pto(tho)), 7.55 (1 H, d, 7.5 Hz, Ar-H), 7.68 (2H, d, 8.@,HPh Metd), 7.36 (1
H, dd, 3.0 Hz, 2.3 Hz, indole-H), 7.21 (2 H, ovetlan, Ar-H and Pigara)), 6.64 (1 H, dd, 3.0 Hz, 2.3 Hz,
indole-H).oc (125.7 MHz, CD() 166.1, 137.7, 135.6, 129.8, 129.2, 125.9, 12B4,7, 120.6, 119.0, 118.8,
116.1, 102.1. IR (KBry (cm™)): 3418 (indole-NH), 3295 (NH), 1643 (CON); MS nffel int.): 236 (64, M),
206 (3), 144 (100), 116 (47), 89 (19), 63 (5).

7-(N,N-Pentane-1,5-diylcarboxamido)indole(2¢). Yield: 76 mg (33 %); pale brown solid material,
mp. 121 °C; [Found: C, 73.49; H, 7.14; N, 12.05;HGeN2O requires C, 73.66; H, 7.06; N, 12.27 %{;(R%
EtOAc, 95 % CHGJ) 0.46;46y (500 MHz, CDCY) 9.29 (1 H, brs, indole-NH), 7.71 (1 H, d, 7.8 Ha;H),
7.26 (1 H, s, indole-H), 7.22 (1 H, d, 7.3 Hz, A);H.11 (1 H, t, 7.6 Hz, Ar-H), 6.56 (1 H, s, indeiH), 3.69
(4 H, brs, 2x NEH,), 1.73-1.66 (6 H, m, 3x CHl 5c (125.7 MHz, CDGJ) 169.4, 134.9, 129.1, 125.2, 122.8,
120.9, 118.5, 117.6, 102.4, 47.0, 26.3, 24.7. IBr(K (cm‘)): 3244 (indole-NH), 1623 (CON); MS m/z (rel
int.): 228 (87, M), 144 (100), 116 (60), 89 (22), 84 (16), 63 (5).

7-(N,N-Pentane-1,5-diylglyoxylamido)indole(3c). Yield: 170 mg (66 %); beige solid material, mp.
125 °C; [Found: C, 70.16; H, 6.41; N, 10.755i¢N20O, requires C, 70.29; H, 6.29; N, 10.93 %}; (R %
EtOAc, 95 % CHGJ) 0.71;3y (500 MHz, CDCJ) 10.34 (1 H, brs, indole-NH), 7.97 (1 H, d, 7.8, Az-H),
7.68 (L H, d, 7.6 Hz, Ar-H), 7.38 (1 H, dd, 3.0 K23 Hz, indole-H), 7.22 (1 H, t, 7.7 Hz, Ar-H)66.(1 H,
dd, 3.0 Hz, 2.3 Hz, indole-H), 3.82-3.76 (2 H, mCMl,), 3.38-3.33 (2 H, m, NGHy), 1.79-1.70 (4 H, m, 2x
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CH,), 1.62-1.55 (2 H, m, CH. 8¢ (125.7 MHz, CDGJ) 193.9, 165.3, 134.7, 129.7, 128.9, 127.1, 12619,4,
116.7, 102.85, 47.2, 42.2, 26.2, 25.5, 24.4. IR(KB(cnY): 3359 (indole-NH), 1661 (CO), 1630 (CON);
MS m/z (rel int.): 256 (42, V), 144 (100), 116 (35), 89 (30), 84 (3), 69 (3B (8).
7-(N,N-Pentane-3-oxa-1,5-diylcarboxamido)indolg2d). Yield: 28 mg (12 %); brown solid material,
mp. 107 °C; [Found: C, 67.76; H, 6.30; N, 12.013HG4N.O, requires C, 67.81; H, 6.13; N, 12.17 %];(B %
EtOAc, 95 % CHGJ) 0.36;64 (500 MHz, CDCY) 9.27 (1 H, brs, indole-NH), 7.75 (1 H, d, 7.8 Ha;H),
7.28 (1 H, s, indole-H), 7.23 (1 H, d, 7.3 Hz, A);H.11 (1 H, t, 7.3 Hz, Ar-H), 6.59 (1 H, s, indeiH), 3.81-
3,76 (8 H, overlap, m, 2x @H, and 2x N€H,), 1.73-1.66 (6 H, m, 3x CHl 6c (125.7 MHz, CD() 169.6,
135.0, 129.3, 125.4, 123.4, 121.2, 118.5, 116.3,61(67.1, 45.6. IR (KBry (cm?)): 3253 (indole-NH), 1615
(CON); MS m/z (rel int.): 230 (65, B, 215 (3), 186 (5), 144 (100), 116 (45), 89 (B8 (5).
7-(N,N-Pentane-3-oxa-1,5-diylglyoxylamido)indolg3d). Yield: 170 mg (65 %); beige solid material,
mp. 166 °C; [Found: C, 65.16; H, 5.40; N, 10.66;-G4N.Os requires C, 65.11; H, 5.46; N, 10.85 %];(B %
EtOAc, 95 % CHGJ) 0.63;64 (500 MHz, CDCY) 10.32 (1 H, brs, indole-NH), 7.99 (1 H, d, 5.6, Az-H),
7.70 (1 H, d, 5.6 Hz, Ar-H), 7.39 (1 H, s, indol§;H.23 (1 H, t, 5.6 Hz, Ar-H), 6.67 (1 H, s, indelH), 3.85
(4 H, brs, 2x OSH,), 3.66 (2 H, brs, NEH,), 3.42 (2 H, brs, NEH,). 8¢ (125.7 MHz, CDCJ) 193.0, 165.3,
134.7,129.8, 129.3, 127.1, 126.3, 119.4, 116.8,0,(6.8, 66.7, 46.4, 41.7. IR (KBr(cni?)): 3360 (indole-
NH), 1661 (CO), 1634 (CON); MS m/z (rel int.): 2680, M"), 144 (100), 116 (35), 89 (12), 63 (4).
7-(N-(1’-Methoxycarbonylmethyl)carboxamido)indole (2¢) (identified as minor component iBe).
MS m/z (rel int.): 232 (76, K), 200 (6), 185 (4), 173 (4), 144 (100), 116 (FH,(22), 63 (7)5y (500 MHz,
CDCls) 10.28 (1 H, brs, indole-NH), 7.83 (1 H, d, 7.8,Hr-H), 7.48 (1 H, d, 7.8 Hz, Ar-H), 7.33 (1 H,
overlapping brs, indole-H), 7.15 (1 H, t, 7.8 Hz-$A), 6.95 (1 H, brs NH), 6.59 (1 H, dd, 3.0 Hz3 2z,
indole-H), 4.31 (2 H, d, 5.6 Hz, BH,), 3.83 (3 H, s, GEHy).
7-(N-(1’-Methoxycarbonylmethyl)glyoxylamido)-indole (3€). Yield: 176 mg (68 %); yellow solid
material, mp. 98 °C; [Found: C, 60.14; H, 4.77;:18,55; G3H1,N,O,4 requires C, 60.00; H, 4.65; N, 10.76 %)];
Ri (5 % EtOAc, 95 % CHG) 0.62;54 (500 MHz, CDCJ) 10.42 (1 H, brs, indole-NH), 8.77 (1 H, d, 7.7,Hz
Ar-H), 7.98 (1 H, d, 7.7 Hz, Ar-H), 7.72 (1 H, bixH), 7.34 (1 H, dd, 3.0 Hz, 2.3 Hz, indole-H), 7 @1H, t,
7.7 Hz, Ar-H), 6.67 (1 H, dd, 3.0 Hz, 2.3 Hz, inddt), 4.24 (2 H, d, 5.6 Hz, ®H,), 3.83 (3 H, s, GEHy). 3¢
(125.7 MHz, CD(J) 186.9, 169.6, 162.7, 135.8, 129.6, 129.4, 1228,6, 119.4, 116.5, 103.2, 52.6, 41.1. IR
(KBr, v (cm%)): 3434 (indole-NH), 3302 (NH), 1771 (COO), 16637), 1636 (CON); MS m/z (rel int.): 260
(33, M"), 201 (2), 144 (100), 116 (46), 89 (15), 63 (4).
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7-(N-(1’-Methoxycarbonylethyl)carboxamido)indole (2f) (isolated in a 2/8 mixture &f/3f). 54 (500
MHz, CDCh) 10.29 (1 H, brs, indole-NH), 7.83 (1 H, d, 7.8,Az-H), 7.48 (1 H, d, 7.8 Hz, Ar-H), 7.34 (1 H,
dd, 3.0 Hz, 2.3 Hz, indole-H), 7.15 (1 H, t, 7.8,Az-H), 6.98 (1 H, d, 5.7 Hz, NH), 6.59 (1 H, &I Hz, 2.3
Hz, indole-H), 4.87 (1 H, qi, 7.2 Hz, 8H) 3.83 (3 H, s, GEHs), 1.58 (3 H, d, 7.2 Hz, CEH,). 5c (125.7
MHz, CDCk) 173.7, 167.4, 135.8, 129.6, 129.3, 125.1, 11918,7, 115.3, 102.0, 52.6, 48.3, 18.6. MS m/z
(rel int.): 246 (48, M), 187 (9), 171 (5), 144 (100), 116 (33), 102 89,(14), 63 (4).

7-(N-(1’-Methoxycarbonylethyl)glyoxylamido)indole (3f) (isolated in a 2/8 mixture &f/3f). Rs (5 %
MeOH, 20 % EtOAc, 75 % hexane) 0.40;(500 MHz, CDC}) 10.43 (1 H, brs, indole-NH), 8.78 (1 H, d, 7.8
Hz, Ar-H), 7.98 (1 H, d, 7.8 Hz, Ar-H), 7.72 (1 H, 6.1 Hz, NH), 7.34 (1 H, dd, 3.0 Hz, 2.3 Hz, ilelbl),
7.21 (1 H, t, 7.8 Hz, Ar-H), 6.65 (1 H, dd, 3.0 F2z3 Hz, indole-H), 4.76 (1 H, qi, 7.3 Hz,GH) 3.83 (3 H,

s, OCHs), 1.57 (3 H, d, 7.3 Hz, CEHs). 8¢ (125.7 MHz, CDGJ) 187.1, 167.4, 162.1, 135.9, 129.6, 129.4,
129.3, 125.1, 119.4, 116.6, 103.2, 52.7, 48.1,. IR AKBr, v (cm?)): 3402 (indole-NH), 3261 (NH), 1745
(COO0), 1664 (CO), 1636 (CON); MS m/z (rel int.):42@B1, M), 215 (4), 144 (100), 116 (36), 102 (6), 89
(15), 63 (4).

7-(N-(1’-Methoxycarbonyl-2’-methylpropyl)carboxamido)in dole (2g), Yield: 107 mg (39 %); pale
yellow viscous material; [Found: C, 65.46; H, 6.87;10.05; GsH1sN.O3 requires C, 65.68; H, 6.61; N, 10.21
%]; Rs (5 % MeOH, 15 % EtOAc, 80 % hexane) 0.64(500 MHz, CDC}) 10.28 (1 H, brs, indole-NH), 7.84
(1 H, d, 7.8 Hz, Ar-H), 7.51 (1 H, d, 7.8 Hz, Ar-H).34 (1 H, dd, 3.0 Hz, 2.3 Hz, indole-H), 7.16H1t, 7.7
Hz, Ar-H), 6.91 (1 H, d, 8.3 Hz, NH), 6.59 (1 H,,d&810 Hz, 2.3 Hz, indole-H), 4.84 (1 H, dd, 8.6 8z Hz,
N-CH) 3.82 (3 H, s, GEH3), 2.37-2.30 (1 H, mCH(CHs),), 1.06 (3 H, d, 6.9 Hz, CEH3), 1.04 (3 H, d, 6.9
Hz, CHCHj3). 6c (125.7 MHz, CDGJ) 172.7, 167.7, 135.4, 129.6, 125.6, 125.1, 11918.7, 115.5, 102.0,
57.2, 52.3, 31.7, 19.1, 18.1. IR (KBr{cm?y)): 3427 (NH), 1734 (COO), 1646 (CON); MS m/z (ire.): 274
(29, M"), 215 (7), 171 (11), 160 (17), 144 (100), 130 (2% (37), 89 (13), 63 (2).

7-(N-(1’-Methoxycarbonyl-2’-methylpropyl)glyoxylamido)i ndole (3g), Yield: 136 mg (45 %); yellow
solid material, mp. 71 °C; [Found: C, 63.46; H,B.N, 9.03; GeH1sN.O4 requires C, 63.56; H, 6.00; N, 9.27
%]; Rs (5 % MeOH, 15 % EtOAc, 80 % hexane) 0.62(500 MHz, CDC}) 10.46 (1 H, brs, indole-NH), 8.77
(1 H, d, 7.7 Hz, Ar-H), 7.98 (1 H, d, 7.7 Hz, Ar-H).69 (1 H, d, 8.8 Hz, NH), 7.36 (1 H, dd, 3.0 B2 Hz,
indole-H), 7.21 (1 H, t, 7.7 Hz, Ar-H), 6.59 (1 Hd, 3.0 Hz, 2.3 Hz, indole-H), 4.71 (1 H, dd, 9.2, 8.1 Hz,
N-CH) 3.82 (3 H, s, GEH3), 2.39-2.30 (1 H, mCH(CHs),), 1.06 (3 H, d, 6.9 Hz, CEH3), 1.03 (3 H, d, 6.9
Hz, CHCHa). 6c (125.7 MHz, CD(J)187.3 171.7, 162.4, 135.9, 129.6, 129.4, 129.53,6,2119.4, 116.6,

15



103.2, 57.3, 52.4, 61.5, 19.1, 17.8. IR (KBr(cm?)): 3427 (overlap indole-NH and NH), 3284 (NH), 274
(COO0), 1665 (CO), 1636 (CON); MS m/z (rel int.):23(29, M), 243 (4), 144 (100), 130 (9), 116 (35), 89
(13), 63 (2).

7-(N-(2’-Methoxycarbonylbutane-1,4-diyl)glyoxylamido)indole (3h), (ca. 1/3 mixture of two C(O)N
rotamers). Yield: 171 mg (57%); beige solid maferiap. 94 °C; [Found: C, 64.12; H, 5.40; N, 9.12;
CieH16N204 requires C, 63.99; H, 5.37; N, 9.33 %}, (B % EtOAc, 95 % CHG) 0.68;54 (500 MHz, CDCYJ)
10.33/10.28 (major/minor) (1 H, brs, indole-NH)99-7.94 (major + minor) (2 H, overlap, m, 2x Ar-H),
7.38/7.35 (major/minor) (1 H, dd, 3.00 Hz, 2.34 Hdole-H), 7.26/7.21 (major/minor) (1 H, t, 7.7@ HAr-
H), 6.66/6.64 (major/minor) (1 H, dd, 3.00 Hz, 2134, indole-H), 4.73/4.69 (major/minor) (1 H dd88.Hz,
4.15 Hz, NCH), 3.89/3.43 (major/minor) (3 H, s, OHs), 3.84-3.78/3.64-3.55 (minor/major) (2 H, m, N-
CHyp), 2.39-1.94 (major/minor) (4 H, m, ZH,). ¢ (125.7 MHz, CDGJ) 192.7/191.9 (major/minor), 172.0,
165.3/164.5 (major/minor), 135.2/134.9 (minor/mgjor 129.5/129.4 (major/minor), 129.1/128.9
(major/minor), 128.3/127.9 (minor/major), 126.0/125 (major/minor), 119.7/119.2 (major/minor),
116.5/116.3 (minor/major), 102.9, 59.5/58.3 (min@jor), 52.6/52.3 (major/minor), 47.3/46.4 (majadrior),
31.1/29.2 (minor/major), 24.7/22.4 (major/minofR (KBr, v (cm™)): 3410 (indole-NH), 3410 (indole-NH),
1745 (COO), 1653 (CO), 1636 (CON); MS m/z (rel)ind00 (35, M), 241 (4), 144 (100), 128 (33), 116 (37),
89 (15), 63 (4).

5-(N-tert-Butylcarboxamido)indole (5a). Yield: 25 mg (11 %); brow viscous material, [fFolu C,
72.01; H, 7.30; N, 12.75; 6H1¢N,O requires C, 72.19; H, 7.46; N, 12.95 %];(R % EtOAc, 95 % CHG)
0.28;6y (500 MHz, CDC}) 9.11 (1 H, brs, indole-NH), 8.04 (1 H, s, Ar-H)6 (1 H, d, 8.5 Hz, Ar-H), 7.38 (1
H, d, 8.5 Hz, Ar-H), 7.26 (1 H, s, indole-H), 6.6DH, s, indole-H), 6.1 (1 H, brs, indole-NH), 1.862H, s,
(CHs)3). 8¢ (125.7 MHz, CDGJ) 168.5, 137.5, 132.1, 127.5, 125.8, 120.7, 11118,1, 103.1, 51.5, 29.0. IR
(KBr, v (cm™)): 3357 (indole-NH and NH (overlapping)), 1638 (8D MS m/z (rel int.): 216 (20, K), 201
(2), 160 (20), 144 (100), 116 (34), 89 (14), 63 (4)

5-(N-tert-Butylglyoxylamido)indole (6a). Yield: 113 mg (46 %); beige solid material, ni¥5 °C;
[Found: C, 68.96; H, 6.40; N, 11.25;8:6N.O; requires C, 68.83; H, 6.60; N, 11.47 %]};(R % EtOAc, 95
% CHCEB) 0.60;64 (500 MHz, CDC}) 8.90 (1 H, s, Ar-H), 8.73 (1 H, brs, indole-NH)12 (1 H, dd, 8.7 Hz,
1.5 Hz, Ar-H), 7.40 (1 H, d, 8.68 Hz, Ar-H), 7.28H, dd, 3.02 Hz, 2.35 Hz, indole-H), 7.01 (1 H,,bx$),
6.67 (1 H, d, 1.97 Hz, indole-H), 1.51 (9 H, sH). ¢ (125.7 MHz, CDGJ) 188.3, 162.5, 139.1, 127.4,
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127.1, 125.8, 125.7, 124.6, 111.2, 104.9, 51.65.2& (KBr, v (cm™)): 3357 (indoleNH), 3212 (NH), 1661
(CO), 1647 (CON); MS m/z (rel int.): 244 (7,"M 144 (100), 116 (35), 89 (13), 57 (8).

5-(N-Phenylcarboxamido)indole (5b). Yield: 111 mg (47 %); brown solid material, mp80 °C;
[Found: C, 76.16; H, 5.30; N, 11.75;46;,N,0 requires C, 76.25; H, 5.12; N, 11.86 %{;(B0 % EtOAc, 80
% CHCL) 0.53;64 (500 MHz, CDC}) 8.55 (1 H, brs, indole-NH), 8.23 (1 H, s, Ar-H)93 (1 H, s, NH), 7.77
(1H, dd, 8.51 Hz, 1.65 Hz, Ar-H), 7.70 (2H, d, 718Z, Ph 6rtho)), 7.48 (1 H, d, 8.5 Hz, Ar-H), 7.45 (2H, t,
8.2 Hz, Phifetg), 7.32 (1 H, t, 3.0 Hz, indole-H), 7.16 (1 H/t4 Hz, Phgara)), 6.68 (1 H, s, indole-Hjc
(125.7 MHz, CD{)) 166.8, 138.4, 137.7, 129.1, 127.7, 126.9, 12B28,2, 121.2, 120.3, 120.1, 111.3, 103.7.
IR (KBr, v (cmi™)): 3418 (indole-NH), 3178 (NH), 1643 (CON); MS nfel int.): 236 (26, M), 144 (100),
116 (40), 89 (17), 63 (7).

5-(N,N-Pentane-1,5-diylcarboxamido)indole(5¢). Yield: 35 mg (15 %); brown viscous material,
[Found: C, 73.50; H, 7.23; N, 12.01;8:6N,0 requires C, 73.66; H, 7.06; N, 12.27 %{;(B0 % EtOAc, 70
% CHCE) 0.37;64 (500 MHz, CDCY) 9.41 (1 H, brs, indole-NH), 7.67 (1 H, s, Ar-H)35 (1 H, d, 8.3 Hz,
Ar-H), 7.23 (1 H, s, indole-H), 77.11 (1 H, d, &, Ar-H), 6.52 (1 H, s, indole-H), 3.58-3.56 (2 i, N-
CH,), 3.38-3.29 (2 H, m, NGH,), 1.67-1.59 (2H, m, CH), 1.59-1.53 (4H, m, 2x CHl &c (125.7 MHz,
CDCl3) 172.09, 136.52, 128.59, 127.3, 125.66, 120.99,811 111.19, 102.61, 47.19, 41.74, 26.39, 25.28,
24.37. IR (KBr,v (cm™): 3487 (indole-NH), 1653 (CON); MS m/z (rel int228 (68, M), 144 (100), 116
(47), 89 (18), 63 (5).

5-(N,N-Pentane-1,5-diylglyoxylamido)indole(6¢). Yield: 170 mg (66 %); beige solid material, mp.
198 °C; [Found: C, 70.16; H, 6.41; N, 10.7Q54:eN,O- requires C, 70.29; H, 6.29; N, 10.93 %}; (B0 %
EtOAc, 70 % CHGJ) 0.52;54 (500 MHz, CDC4) 9.03 (1 H, brs, indole-NH), 8.25 (1H, s, Ar-H)8@ (1H, d,
8.6 Hz, Ar-H), 7.40 (1H, d, 8.6 Hz, Ar-H), 7.28 KL, t, 3 Hz, indole-H), 6.65 (1 H, s, indole-H), 3:3.75 (2
H, m, N-CH), 3.35-3.33 (2H, m, N-C}), 1.73-1.71 (4H, m, 2x CH| 1.56-1.55 (2H, m, C). 5¢c (125.7
MHz, CDCk) 192.5, 166.6, 139.5, 127.7, 126.4, 125.7, 12822,6, 111.8, 104.5, 47.2, 42.1, 26.2, 25.5, 24.4.
IR (KBr, v (cmi)): 3172 (indole-NH), 1656 (CO), 1625 (CON); MS nfel int.): 256 (4, M), 144 (100), 116
(35), 89 (14), 69 (7).

5-(N,N-Pentane-3-oxa-1,5-diylcarboxamido)indolg5d). MS m/z (rel int.): 230 (22, K), 144 (100),
116 (43), 89 (17), 56 (5).

5-(N,N-Pentane-3-oxa-1,5-diylglyoxylamido)indolg6d). Yield: 129 mg (50 %); beige solid material,
mp. 187 °C; [Found: C, 65.19; H, 5.30; N, 10.71;HG4N.Os requires C, 65.11; H, 5.46; N, 10.85 %};(R0
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% EtOAc, 60 % CHG) 0.40;564 (500 MHz, CDCY) 8.81 (1 H, brs, indole-NH), 8.28 (1 H, s, Ar-H)84 (1
H, dd, 8.61 Hz, 1.38 Hz, Ar-H), 7.45 (1 H, d, 888, Ar-H), 7.31 (1 H, t, 2.6 Hz, indole-H), 6.69 H, s,
indole-H), 3.85 (4 H, s, 2x @H,), 3.67 (2 H, t, NEH,), 3.43 (2 H, t, NEH,). 8¢ (125.7 MHz, CDCJ) 191.6,
166.6, 139.5, 127.7, 126.4, 125.6, 125.3, 122.8,8,1104.7, 66.8, 66.7, 46.4, 41.6. IR (KBr(cm})): 3260
(indole-NH), 1664 (CO), 1631 (CON); MS m/z (rel.)n258 (3, M), 144 (100), 116 (40), 89 (15), 63 (5).

5-(N-(1’-Methoxycarbonylmethyl)carboxamido)indole (5€) (identified as a minor component ).
MS m/z (rel int.): 232 (42, K), 200 (3), 144 (100), 116 (28), 89 (19), 63 §7)(500 MHz, CDC}) 8.85 (1 H,
s, Ar-H), 8.65 (1 H, brs, indole-NH), 8.36 (1 H,&I8 Hz, Ar-H), 8.31 (1 H, d, 8.7 Hz, Ar-H), 7.3 H, brs
NH), 7.29 (1 H, s, indole-H), 6.70 (1 H, s, indé#¢-4.23 (2 H, d, 5.6 Hz, NKGH,), 3.84 (3 H, s, GEHy).

5-(N-(1’-Methoxycarbonylmethyl)glyoxylamido)indole (6€). Yield: 196 mg (74 %); brown solid
material, mp. 117 °C; [Found: C, 60.17; H, 4.70;18,55; GsH1,N,O4 requires C, 60.00; H, 4.65; N, 10.76
%]; Rs (40 % EtOAc, 60 % CHG) 0.57;64 (500 MHz, CDCJ) 8.91 (1 H, s, Ar-NH), 8.58 (1 H, brs, indole-
NH), 8.15 (1 H, d, 8.7 Hz, Ar-H), 7.62 (1 H, brs NH.43 (1 H, d, 8.7 Hz, Ar-H), 7.28 (1 H, s, inedH),
6.70 (1 H, s, indole-H), 4.23 (2 H, d, 5.6 Hz,O¥,), 3.83 (3 H, s, GBHs). 5¢ (125.7 MHz, CDG)) 186.4,
169.5, 163.1, 139.3, 127.5, 127.3, 125.8, 125.8,52111.3, 105.1, 52.5, 41.1. IR (KBr,(cm™)): 3376
(indole-NH), 3337 (NH), 1739 (COO), 1670 (CO), 1680N); MS m/z (rel int.): 260 (10, &, 144 (100),
116 (49), 89 (19), 63 (5).

5-(N-(1’-Methoxycarbonylethyl)carboxamido)indole (5f). MS m/z (rel int.): 246 (12, K), 187 (7),
144 (100), 116 (33), 89 (12), 63 (4).

5-(N-(1’-Methoxycarbonylethyl)glyoxylamido)indole (6f). Yield: 126 mg (46 %); brown solid
material, mp. 135 °C; [Found: C, 61.20; H, 5.41;19,01; G4H14N,0O4 requires C, 61.31; H, 5.14; N, 10.21
%];Rs (30 % EtOAc, 70 % CHG) 0.60;8y (500 MHz, CDC4) 8.89 (1 H, s, Ar-H), 8.73 (1 H, brs, indole-
NH), 8.12 (1 H, dd, 8.70 Hz, 1.5 Hz, Ar-H), 7.63H1d, 7.02 Hz, NH), 7.41 (1 H, d, 8.7 Hz, Ar-H)28 (1
H, t, 3.0 Hz, indole-H), 6.67 (1 H, s, indole-H)73 (1 H, qi, 7.26 Hz, NGH) 3.81 (3 H, s, GEHj3), 1.56 (3 H,
d, 7.2 Hz, CKCH3). d¢c (125.7 MHz, CDG186.7, 172.6, 162.6, 139.3, 127.5, 127.2, 125.9,.5,2124.5,
111.3, 104.9, 52.6, 48.2, 18.1. IR (KBr{cm%)): 3363 (indole-NH), 3289 (NH), 1733 (COO), 1662Q),
1646 (CON); MS m/z (rel int.): 274 (7,1} 144 (100), 116 (37), 89 (14), 63 (4).

5-(N-(1’-Methoxycarbonyl-2’-methylpropyl)carboxamido)in dole (5g), Yield: 70 mg (25 %); brown
viscous material; [Found: C, 65.77; H, 6.40; N,08).GsH1sN>O3 requires C, 65.68; H, 6.61; N, 10.21 %}; R
(20 % EtOAc, 80 % CHG) 0.47;64 (500 MHz, CDCJ) 9.52 (1 H, brs, indole-NH), 8.15 (1 H, s, Ar-H)65
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(1 H, dd, 8.53 Hz, 1.5 Hz, Ar-H), 7.38 (1 H, d, 8.8z, Ar-H), 7.25 (1 H, t, 2.8 Hz, indole-H), 6.81L H, d,
8.65 Hz, NH), 6.59 (1 H, s, indole-H), 4.84 (1 W, 8.56 Hz, 5.17 Hz, \GH) 3.77 (3 H, s, GEHg), 2.27-2.34
(1 H, m,CH(CHs),), 1.04 (3 H, d, 6.87 Hz, OEH3), 1.03 (3 H, d, 6.9 Hz, CEHs). 5c (125.7 MHz, CDG))
173.9, 168.9, 137.9, 127.5, 126.1, 125.5, 120.8,2211.3, 103.1, 57.6, 52.1, 31.6, 19.1, 18.1(KRBr, v
(cm®)): 3341 (indole-NH), 3217 (NH), 1737 (COO), 168N); MS m/z (rel int.): 274 (9, K), 215 (3), 160
(28), 144 (100), 116 (37), 89 (12), 63 (3).

5-(N-(1’-Methoxycarbonyl-2’-methylpropyl)glyoxylamido)i ndole (6g), Yield: 74 mg (24 %); brown
viscous material; [Found: C, 63.78; H, 5.80; N,59.01¢H1sN20O,4 requires C, 63.56; H, 6.00; N, 9.27 %k R
(20 % EtOAc, 80 % CHG]) 0.68;54 (500 MHz, CDC}) 10.04 (1 H, brs, indole-NH), 8.88 (1 H, s, Ar-18)11
(1 H, dd, 8.69 Hz, 1.53 Hz, Ar-H), 7.61 (1 H, d3®z, NH), 7.39 (1 H, d, 8.7 Hz, Ar-H), 7.24 (1 H12.86
Hz, indole-H), 6.65 (1 H, s, indole-H), 4.67 (1 ¢4, 9.02 Hz, 5.08 Hz, K&H) 3.80 (3 H, s, GEH3), 2.37-
2.27 (1 H, mCH(CHs),), 1.05 (3 H, d, 6.86 Hz, OBHs), 1.01 (3 H, d, 6.88 Hz, OBHs). 5c (125.7 MHz,
CDCl3)186.8 171.6, 163.0, 139.4, 127.5, 127.1, 126.8,8,2124.4, 111.4, 104.9, 57.4, 52.3, 31.4, 19717.1
IR (KBr, v (cmY): 3332 (indole-NH and NH (overlapping)), 1742 (O 1652 (CO), 1636 (CON); MS m/z
(rel int.): 302 (9, M), 144 (100), 116 (30), 89 (9), 63 (2).

5-(N-(2’-Methoxycarbonylbutane-1,4-diyl)carboxamido)indole (5h).MS m/z (rel int.): 272 (16, V),
213 (12), 144 (100), 116 (30), 89 (11), 63 (3).

5-(N-(2’-Methoxycarbonylbutane-1,4-diyl)glyoxylamido)indole (6h) (ca. 1/3 mixture of two C(O)N
rotamers). Yield: 112 mg (36%); brown viscous matefFound: C, 64.17; H, 5.40; N, 9.11;d816N2.O4
requires C, 63.99; H, 5.37; N, 9.33 %}; R0 % EtOAc, 80 % CHG) 0.34;5y (500 MHz, CDCY) 9.78/9.71
(minor/major) (1 H, brs, indole-NH), 8.40/8.36 (m&minor) (1H, s, Ar-H), 7.86/7.84 (1 H, d, 8.5 Hw;-H),
7.38/7.36 (1 H, d, 8.6 Hz, Ar-H), 7.20/7.15 (mé&poinor) (1 H, m, indole-H), 6.61/6.58 (major/mindf) H,
s, indole-H), 4.71/4.54 (major/minor) (1 H dd, 83, 4.24 Hz, NEH), 3.82/3.75 (major/minor) (3 H, s, O-
CHj3), 3.73-3.69/3.63-3.50 (major/minor) (2 H, m,Q¥H,), 2.35-1.86 (minor/major) (4 H, m, 28H,). 6c
(125.7 MHz, CDG) 191.7/190.9 (major/minor), 172.1, 166.8/165.9 jborianinor), 139.8/139.6
(major/minor), 127.8/127.5 (major/minor), 126.7/126 (major/minor), 126.0/125.7 (minor/major),
125.1/124.9 (minor/major), 123.2/122.27 (minor/mgjo 112.1/111.6 (major/minor), 104.3/102.6
(major/minor), 59.5/58.4 (minor/major), 52.5/52.4ngjor/minor), 47.3/46.4 (major/minor), 31.2/29.5
(minor/major), 24.9/22.4 (major/minor). IR (KBr,(cmi%)): 3292 (indole-NH), 1744 (COO), 1661 (CO), 1636
(CON); MS m/z (rel int.): 300 (3, K, 144 (100), 128 (11), 116 (31), 89 (11), 63 (3).
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5-Bromo-7-(N-tert-butylcarboxamido)indole (8a). MS m/z (rel int.): 294/296 (55, N| 279/281 (5),
238/240 (59), 222/234 (100), 194/196 (19), 115,(88)(9), 57 (12).

5-Bromo-7-(N-tert-butylglyoxylamido)indole (94d). Yield: 170 mg (53%); yellow solid material, mp.
120 °C; [Found: C, 52.17; H, 4.80; N, 8.55481sN,O,Br requires C, 52.03; H, 4.68; N, 8.67 %} ® %
EtOAc, 98 % CHGJ) 0.90;64 (500 MHz, CDC}J) 10.45 (1 H, brs, indole-NH), 8.95 (1 H, d, 1.60,Ar-H ),
8.06 (1 H, d, 1.60 Hz, Ar-H), 7.34 (1 H, dd, 3.0@,12.34 Hz, indole-H), 7.06 (1 H, brs, NH), 6.58H1dd,
3.00 Hz, 2.34 Hz, indole-H), 1.51 (9 H, s, (§ 5¢c (125.7 MHz, CDGJ) 187.5, 161.3, 134.7, 131.3, 131.2,
131.0, 126.7, 117.6, 112.0, 102,6, 51.8, 28.4.KRr{ v (cm?Y)): 3313 (NH), 1661 (CO), 1649 (CON); MS
m/z (rel int.): 322/324 (34, ), 222/224 (100), 194/196 (25), 115 (48), 88 (F)(43).

5-Bromo-7-(N-phenylcarboxamido)indole (8b). Yield: 214 mg (68%); yellow solid material, m{87
°C; [Found: C, 57.30; H, 3.40; N, 8.03i8::N,OBr requires C, 57.16; H, 3.52; N, 8.19 %];(R0 % EtOAc,
90 % CHC}) 0.90;64 (500 MHz, CDCY) 10.28 (1 H, brs, indole-NH), 7.98 (2 H, brs, 1, ldzerlap NH, Ar-
H), 7.67 (2H, dd, 8.39 Hz, 0,87 Hz, R#rtho)), 7.64 (1 H, d, 2 Hz, Ar-H), 7.43 (2H, t, 7.95 H2h Metd),
7.36 (1 H, t, 2.7 Hz, indole-H), 7.23 (1H, t, 743, Ph para)), 6.57 (1 H, dd, 3.07 Hz, 2.31 Hz, indole-By.
(125.7 MHz, CDGJ) 164.8, 137.3, 134.2, 131.3, 129.2, 127.5, 12125,0, 121.6, 120.7, 117.5, 111,5 101.8.
IR (KBr, v (cm™)): 3409 (indole-NH), 3342 (NH), 1653 (CON); MS nitel int.): 314/316 (64, N), 222/224
(100), 194/196 (30), 115 (69), 92 (9), 88 (7), 3¥, 65 (9), 51 (3).

5-Bromo-7-(N-phenylglyoxylamido)indole (9b). MS m/z (rel int.): 342/344 (36, W 222/224 (100),
194/196 (26), 115 (60), 77 (12), 63 (7), 51 (3).

5-Bromo-7-(N,N-pentane-1,5-diyl-carboxamido)indole(8c). MS m/z (rel int.): 306/308 (100, ™
222/224 (79), 194/194 (40), 115 (88), 88 (12), BY)( 63 (5), 56 (5).

5-Bromo-7-(N,N-pentane-1,5-diylglyoxylamido)indole (9¢). Yield: 167 mg (54%); yellow solid
material, mp. 183 °C; [Found: C, 53.66; H, 4.40;8\)7; GsH1sN>O.Br requires C, 53.75; H, 4.51; N, 8.36
%]; Rr (5 % EtOAc, 95 % CHG) 0.50;5y (500 MHz, CDCY) 10.37 (1 H, brs, indole-NH), 8.07 (1 H, d, 1.25
Hz, Ar-H), 7.76 (1 H, d, 1.55 Hz, Ar-H), 7.39 (1 Hd, 3.00 Hz, 2.34 Hz, indole-H), 6.66 (1 H, dd)BHz,
2.34 Hz, indole-H), 3.76 (2 H, brs, GH,), 3.35-3.27 (2 H, m, NGHy), 1.77-1.72 (4 H, m, 2x ChHi 1.58 (2
H, brs, CH). 6c (125.7 MHz, CDGJ) 192.8, 164.5, 133.5, 131.4, 131.0, 128.9, 12714,7, 111.9, 102.4,
47.3, 42.4, 26.2, 25.5, 24.4. IR (KBr{cm?): 1653 (CO), 1629 (CON); MS m/z (rel int.): 3336(35, M),
222/224 (56), 194/196 (19), 115 (50), 112 (100)(B884 (13), 69 (43), 56 (9).
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5-Bromo-7-(N,N-pentane-3-oxa-1,5-diylcarboxamido)indole(8d). MS m/z (rel int.): 308/310 (75,
M™), 293/295 (5), 264/266 (11), 222/224 (100), 196/(38), 115 (80), 88 (11), 86 (20), 63 (5), 56 (13)

5-Bromo-7-(N,N-pentane-3-oxa-1,5-diylglyoxylamido)indol€9d). Yield: 222 mg (66%); yellow solid
material, mp. 134 °C; [Found: C, 50.02; H, 3.70;8\05; G4H13N,OsBr requires C, 49.87; H, 3.89; N, 8.31
%]; R: (10 % EtOAc, 95 % CHG) 0.50;8 (500 MHz, CDCJ) 10.29 (1 H, brs, indole-NH), 8.09 (1 H, d, 1.23
Hz, Ar-H), 7.70 (1 H, d, 1.55 Hz, Ar-H), 7.39 (1 Hd, 3.00 Hz, 2.34 Hz, indole-H), 6.61 (1 H, dd)BHz,
2.34 Hz, indole-H), 3.85 (4 H, brs, 2x ©H,), 3.74-3.68 (2 H, m, NGH,), 3.48-3.42 (2 H, m, NGH,). d¢
(125.7 MHz, CDCJ) 191.8, 164.5, 133.5, 131.5, 131.4, 129.0, 12¥15,5, 111.9, 102.6, 66.7, 66.6, 46.4,
41.8. IR (KBr,v (cm®): 1669 (CO), 1636 (CON): MS m/z (rel int.): 3388 (30, M), 222/224 (100),
194/196 (23), 115 (50), 88 (7), 70 (25), 63 (4X46

5-Bromo-7-(N-(1'-Methoxycarbonylmethyl)carboxamido)indole (8e).MS m/z (rel int.): 310/312 (89,
M™), 222/224 (100), 194/196 (34), 143 (17), 115 (88)(18), 56 (9).

5-Bromo-7-(N-(1'-Methoxycarbonylmethyl)glyoxylamido)indole (9e) Yield: 152 mg (45 %); yellow
solid material, mp. 166 °C; [Found: C, 46.19; H{(.N, 8.22; GsH1:N,O4Br requires C, 46.04; H, 3.27; N,
8.36 %]; R (10 % EtOAc, 90 % CHG) 0.52;5y (500 MHz, CDC}) 10.41 (1 H, brs, indole-NH), 8.96 (1 H, d,
1.69 Hz, Ar-H), 8.10 (1 H, d, 1.51 Hz, Ar-H), 7.66H, brs NH), 7.37 (1 H, t, 2.76 Hz, indole-H)66.(1 H,
t, 2.91 Hz, indole-H), 4.24 (2 H, d, 5.54 Hz,M,), 3.85 (3 H, s, GEHs). 8¢ (125.7 MHz, CDGJ) 185.8,
169.4, 161.8,134.7, 131.7, 131.3, 131.0, 126.8,311712.1, 102.7, 52.6, 41.1. IR (KBr,(cm?y)): 3408
(indole-NH), 3293 (NH), 1746 (COO), 1663 (CO), 1§&ON); MS m/z (rel int.): 338/340 (26, 222/224
(100), 194/196 (34), 143 (7), 115 (76), 88 (26)(5B).

5-Bromo-7-(N-(1'-methoxycarbonyl-ethyl)carboxamido)indole(8f) (identified as a minor component
in 9f). MS m/z (rel int.): 324/326 (41, | 265/267 (12), 249/251 (6), 222/224 (100), 196/(®4), 115 (49),
102 (2), 88 (6), 63 (2n (500 MHz, CDC}¥) 10.24 (1 H, brs, indole-NH), 7.89 (1 H, d, 0.9Z,lAr-H), 7.55
(1 H, d, 1.43 Hz, Ar-H), 7.31 (1 H, dd, 3.00 HZ32Hz, indole-H), 6.95 (1 H, d, 6.75 Hz, NH), 6 49H, dd,
3.00 Hz, 2.34 Hz, indole-H), 4.84 (1 H, qi, 7.14,H¥CH), 3.84 (3 H, s, GBHy), 1.57 (3 H, d, 7.20 Hz,
CHCHj).

5-Bromo-7-(N-(1'-methoxycarbonylethyl)glyoxylamido)indole (9f). Yield: 134 mg (38%); yellow
solid material, mp. 148 °C; [Found: C, 47.55; HB(.N, 7.70; G4H13N,O4Br requires C, 47.61; H, 3.71; N,
7.93 %]; R (5 % EtOAc, 95 % CHG) 0.71;84 (500 MHz, CDC}) 10.41 (1 H, brs, indole-NH), 8.89 (1 H, d,
1.62 Hz, Ar-H), 8.05 (1 H, d, 1.35 Hz, Ar-H), 7.6 H, d, 7.25 Hz, NH), 7.35 (1 H, dd, 3.00 Hz, 2132,
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indole-H), 6.57 (1 H, dd, 3.00 Hz, 2.34 Hz, indélg-4.74 (1 H, qi, 7.27 Hz, NXGH) 3.84 (3 H, s, GEHs),
1.57 (3 H, d, 7.20 Hz, CEH3). 6c (125.7 MHz, CD() 186.1, 172.6161.4, 134.6, 131.6, 131.1, 131.6,9,2
117.3, 112.0, 102.7, 52.8, 48.2, 18.1. IR (KBfcm™)): 3276 (NH), 1747 (COO), 1664 (CO), 1636 (CON);
MS m/z (rel int.): 352/354 (31, B, 293/265 (4), 222/224 (100), 194/196 (36), 11%)(302 (28), 88 (8), 70
(8), 63 (6).

5-Bromo-7-(N-(1'-Methoxycarbonyl-2’-methylpropyl)carboxamido)in dole (8g). MS m/z (rel int.):
352/354 (28, M), 293/295 (13), 249/251 (13), 238/240 (25), 222/2P00), 194/196 (29), 143 (7), 115 (61),
88 (6), 59 (4).

5-Bromo-7-(N-(1'-Methoxycarbonyl-2’-methyl-propyl)glyoxylamido) indole (99g). Yield: 176 mg
(46%); yellow solid material, mp. 115 °C; [Found; &0.19; H, 4.40; N, 7.15; 1¢H1,N,O4Br requires C,
50.41; H, 4.49; N, 7.35 %)];:R5 % EtOAc, 95 % CHG) 0.81;5y (500 MHz, CDCY) 10.45 (1 H, brs, indole-
NH), 8.92 (1 H, d, 1.6 Hz, Ar-H), 8.08 (1 H, d, 14, Ar-H), 7.70 (1 H, d, 8.84 Hz, NH), 7.37 (1 H2.8 Hz,
Ar-H), 6.59 (1 H, dd, 3.1 Hz, 2.2 Hz, indole-H)68.(1 H, dd, 9.1 Hz, 4.9 Hz, BH), 3.83 (3 H, s, GEHy),
2.41-2.28 (1 H, mCH(CHs),), 1.06 (3 H, d, 6.86 Hz, OBHs), 1.05 (3 H, d, 6.89Hz, CBHa). &c (125.7
MHz, CDCk) 186.2, 171.6, 161.7, 134.6, 131.6, 131.2, 12629.8, 117.4, 112.0, 102.7, 57.3, 52.4, 31.5,
19.1, 17.8. IR (KBry (cm)): 3393 (indole-NH), 3298 (NH), 1741 (COO), 1667Q), 1640 (CON); MS m/z
(rel int.): 380/382 (34, V), 321/323 (6), 222/224 (100), 194/196 (34), 11F)(O8 (15), 88 (9), 59 (9).

5-Bromo-7-(N-(2’-methoxycarbonylbutane-1,4-diyl)glyoxylamido)irdole (9h). (ca. 2/5 mixture of
two C(O)N rotamers). Yield: 250 mg (66%); yellowssous material; [Found: C, 50.70; H, 4.12; N, 7.12;
C16H1sN2O4Br requires C, 50.61; H, 3.99; N, 7.39 %} & % EtOAc, 95 % CHG) 0.34;64 (500 MHz,
CDCls) 10.32/10.25 (major/minor) (1 H, brs, indole-NiB)08 (major + minor) (1 H, overlap, d, 1.35 Hz, Ar-
H), 8.05/8.03 (minor/major) (1 H, d, 1.20 Hz, Ar;H).39/7.35 (major/minor) (1 H, dd, 3.00 Hz, 2.34,H
indole-H), 7.26/7.21 (major/minor) (1 H, t, 7.70 H&r-H), 6.60/6.58 (major/minor) (1 H, dd, 3.00 Hz34
Hz, indole-H), 4.74/4.70 (major/minor) (1 H dd, 8.8z, 4.31 Hz, NEH), 3.90/3.49 (major/minor) (3 H, s, O-
CHj3), 3.82-3.76/3.64-3.54 (minor/major) (2 H, m,Q¥,), 2.39-1.96 (major/minor) (4 H, m, 28H,). 6c
(125.7 MHz, CDGJ) 191.5/190.7 (major/minor), 171.9/171.7 (minor/orgj 164.6/163.8 (major/minor),
134.0/133.7 (minor/major), 131.4/131.2 (major/mjnor 131.1/129.9 (major/minor), 130.1/129.6
(minor/major), 127.4/127.1 (major/minor), 117.4/137minor/major), 112.1/111.8 (major/minor), 102.4,
59.6/58.5 (minor/major), 52.4/52.1 (major/minor),7.346.6 (major/minor), 31.1/29.2 (minor/major),
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24.7/22.3 (major/minor). IR (KBs; (cmi): 1757 (CO0), 1742 (CO), 1636 (CON):; MS m/z {rel): 378/380
(23, M), 222/224 (58), 194/196 (20), 156, (3); 128 (1A% (43), 88 (5), 59 (5).
(S)-N,N'-(propane-1,2-diyl)bis(1H-indole-7-carboxamide) (10i).Yield: 63 mg (39 %), beige solid,
m.p. 45-147 °C.d]p*° = -20.0 € 0.25, CHCL,). R (25 % CHCH4, 75 % EtOAc) 0.666 (400 MHz, CDCY)
10.26 (1H, brs, indole-NH), 10.24 (1H, brs, inddleb, 7.74-7.70 (2H, m, indole-H), 7.48-7.30 (4H, m,
indole-H), 7.22 (2H, brs, indole-H), 7.02-6.96 (2, indole-Ar), 6.51 (2H, brs, NH), 4.42-4.40 (1,
alkyl-CH,), 3.69-3.64 (1H, m, alkyl-C}}, 3.52-3.48 (1H, m, alkyl-C#}, 1.29 (3H, d, 6.6 Hz, C§}l ¢ (100.6
MHz, CDCk) 169.5, 168.9, 135.40, 135.43, 129.61, 129.63,71pdouble intensity), 125.00, 125.02, 119.5
(double intensity), 118.80, 118.84, 115.8, 11502.11, 102.13, 47.1, 46.2, 18.5. HRMS (E&#)z calcd. for
Co1H20N4O-Na [M+Na]" 383.1478; found 383.1477.
N,N'-((1S,25)-cyclohexane-1,2-diyl)bis(H-indole-7-carboxamide) (10j). Yield: 39 mg (16 %),
yellow oil. [0]p?® = + 10.0 ¢ 0.5, CHCL,). R; (75 % CHC}, 25 % EtOAc) 0.456, (400 MHz, CDC}) 10.13
(2H, brs, indole-NH), 7.73 (2H, d, 7.8 Hz, indol¢;H.42 (2H, d, 7.4 Hz, indole-H), 7.24-7.20 (2H, m
indole-H), 7.17-7.11 (2H, brs, indole-H), 7.04 (2H7.7 Hz, indole-H), 6.49-6.48 (2H, m, NH), 4.(&H,
brs, alkyl-(CH}), 2.29 (2H, d, 7.6 Hz, alkyl-(CH), 1.86-1.84 (2H, m, alkyl-(CH), 1.45-1.44 (4H, m, alkyl-
(CH),). 8¢ (100.6 MHz, CDGCJ) 168.9, 135.4, 129.6, 125.6, 125.0, 119.4, 11B18,9, 102.0, 54.6, 32.6, 24.9.
HRMS (ESI): m/z calcd. for £H,4N4O-Na [M+Na] 423.1797; found 423.1797.
N,N'-(1,1'-binaphthyl-2,2'-diyl)bis(1 H-indole-7-carboxamide) (10k).82 mg (32 %), beige solid, m.p.
> 250 °C. §i]p?° = - 70.0 € 1.0, CHCL,). R (90 % CHC}, 10 % EtOAc) 0.925y (400 MHz, CDC}) 10.04
(2H, brs, indole-NH), 8.72 (2H, d, 9.0 Hz,), 8.184( d, 9.0 Hz,), 8.04-8.00 (4H, m,), 7.68 (2H, & HAz)),
7.49 (2H,t,J = 7.6 Hz,), 7.35 (2H, t, J = 7.6)HZ,28 (2H, d, J = 8.7 Hz,), 7.23-7.20 (2H, m,826(2H, t, J
= 7.7 Hz,), 6.49-6.45 (4H, mJc (100.6 MHz, CDGJ) 166.4, 135.5, 135.2, 132.5, 131.5, 130.3, 12128,7,
127.9, 125.9, 125.8, 125.5, 125.2, 121.7, 121.9,111118.9, 115.8, 102.2. HRMS (ESI): m/z calcd. fo
CagH27N40; [M+H] " 571.2129; found 571.2131.
N-(2'-amino-1,1'-binaphthyl-2-yl)-1H-indole-7-carboxamide (11k).Yield: 55 mg (29 %), beige solid,
m.p 118-120 °C.d]p*% - 50.0 € 1.0, CHCl,). R (90 % CHC4, 10 % EtOAc) 0.758 (400 MHz, CDCY)
10.20 (1H, brs, indole-NH), 8.90 (1H, d, 9.0 H8)18 (1H, brs, indole-NH), 8.09 (1H, d, 9.2 Hz, 9 (1H,
d, 8.0 Hz,), 7.91 (1H, d, 8.7 Hz,), 7.85 (1H, d) Biz,), 7.68 (1H, d, 7.8 Hz,), 7.48-7.43 (1H, i, 83-7.27
(4H, m,), 7.24-7.16 (m, 2H), 7.02 (1H, d, 8.2 HB,81 (1H, t, 7.7 Hz,), 6.51 (1H, brs, amide-NH}4(1H,
d, 7.5 Hz,), 3.75 (2H, s,Bc (100.6 MHz, CDGJ) 166.1, 156.5, 142.9, 135.5, 135.2, 133.7, 1323..4,

23



130.8, 129.60, 129.64, 128.51, 128.53, 127.7, 12A2%.8, 125.7, 125.3, 125.2, 123.8, 123.1, 121P9,5,
119.0, 118.9, 118.2, 116.4, 110.5, 102.2. HRMS XE8Iz calcd. for GoH»oN3O [M+H]" 428.1757; found
428.1756.
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