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Avrticle history A simple, efficient and general two step procedtiiegugh a sequential Ugi reaction folladve
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1. Introduction heterocyclic skeleton, THBC-based compounds arewknto

bind with high affinity to various receptor sitesuch as the

Multicomponent reactions (MCRs) have emerged as aRenzodiazepine (BzR), serotonin, and dopamine °sies to
efficient and powerful tool in modern synthetic angc chemistry  jhhibit monoamine oxidase AMoreover, some tetracyclip-
due to their valued features to maximize strugtmhplexny carbolines have been reported to act as selecthibitors in the
and convergence, while saving synthetic operatidisce these  ,niicancer field,or to be endowed with antimalarial properfles.
highly step-economic reactions are particularlyegbing in the

context of diversity as well as target-orientedtbgses, they play

an important role in drug discovery and biologigatobe 6 s MeO. s 1 6
chemistry. When coupled with post-MCR cyclizationthgse 7 4 5
reactions can lead to interesting heterocycliéfslts, becoming 8 N\\\3 179 N43 3
particularly useful for the construction of diverseays of drug- N X N2 RTSY0 \ )/R
like molecules in medicinal chemistry. Among thevesal o N11 1 N2

. . . 10 H R2
multicomponent protocols, the Ugi four-componengct®n
(Ugi-4CRY has been, without any doubt, one of the most 1 2
investigated in pharmaceutical industry and in aoad research
over the past two decadés. Fig. 1. The 6,11-dihydro-5H-imidazo[1',5":1,2]pyrido[3,4ikidole and

In this context, we recently focused on tetrahyghzarboline 5,6-dihydroimidazof5,1-aJisoquinoline frameworks.

(THBC)-based compountiss privileged molecular targets, and
on the Ugi reaction, as a powerful tool for thethgsis of related Recently, dihydroimidazo-fused THBC derivatives,which
polycyclic structured.Natural and synthetic products containing the 6,11-dihydro-5H-imidazo [1',5":1,2]pyrido-[3xindole

tryptophan-based pharmacophores exhibit a wide erani  framework 1 has been incorporated (Figure 1), have shown

important  bioactivities, particularly concerning ethcentral  particular _interest because of their potential dpeutic
nervous system. In particular, due to their uniqugid  properties mainly as agonists of 5HT-2 serotonin receptdts,

OCorresponding author. Tel.: +039-02-50314079; @:m@rdano.lesma@unimi.it
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and as inhibitors of Mitogen-activated protein-Kipa2*
Generally, available methods for the synthesis yfetl
compounds capitalized upon a conventional amidé@isohler-
Napieralski sequence which, however, do not allontlie rapid
introduction of different functional groups onto ethcore
structure. Yet, considerable recent progress has bepresented
by Seganish's synthe$fsof the related 5,6-dihydroimidazo[5,1-
aJisoquinolines 2,*® via an efficient Ugi/Bischler—Napieralski
reaction sequence.

Imidazolium salts, which are made up of a disceetion and
anion pair, have found widespread utility as iofiguids*
Several areas of bio-applications, including antiby,
antibacterials, antimicrobial, antioxidant actie#i and
bioengineering applications, have also been regdttéoth
imidazoles and imidazolium salts are ubiquitousnature and
play a critical role in many structures and funeialue to their
ability to interact electrostatically with biologitsystems®

2. Results and discussion

As part of our ongoing interest in the developmeiMCRs-
based heterocycles, we herein report the synthasgiverse
1,2,3-trisubstituted 6,11-dihydro-5H-imidazo[1'152]pyrido
[3,4-blindol-2-ium salts3 and 1-substituted 6,11-dihydro-5H-
imidazo[1',5":1,2] pyrido[3,4-b]indoled, via an Ugi/Bischler-
Napieralski /heterocyclization two steps sequeSahéme 1).

Notably, starting from a tryptamine-derived isodgn and
aldehydes, carboxylic acids and amines as Ugi coems, a
non-conventional degree of chemical diversity coui
introduced at the N-2 nitrogen atom hfto afford imidazolium
salts structures.

dichloromethane at room temperattitét must be noted that any

attempt to dehydrateN-formyl tryptamine by means of

phosphoryl chlorid® at room temperature only led to a fast
decomposition of the starting material.

The Ugi reaction was undertaken following a general
procedure, consisting of the sequential additioralofehyde6
(1.1 equiv), aming (1.1 equiv), carboxylic aci8 (1.1 equiv)
and, finally, isocyanidé& (1.0 equiv) in methanol. The mixture
was stirred for 24-120 hours at 40 °C to providernmediate®
in moderate to good yield§Table 1). An investigation on
temperature and solvent revealed that the use tiiamel at 40
°C gave the optimal results both in terms of yiedthsl reaction
rates. When other solvents, such as,C§ CRCH,OH or
toluene, or higher reaction temperatures were egplyields
decreased significantly. This first multicomponestep was
tolerant with a variety of aromatic (entries 1, ¥abid aliphatic
(entries 2-3, 7-10) aldehydes, having different cietmic
properties. Acid sensible furfural afforded smogptlthe Ugi
adduct in 77%. Notably, the steric hindrance ofrar(ientries 7,
8 and 10) as well as of acid (entries 3, 9) comptmdoes not
play a determinant role in terms of reactivity gndduct yields.

The subsequent Bischler-Napieralski/ heterocygbmatof
Ugi-adducts 9 was carried out in toluene under nitrogen
atmosphere at 80-110 °C, using a large excess a$pbioryl
chloride (15 mol equiv) as dehydrating reagent €f-360
minutes. Following this double dehydration protocalie
obtained the target produ@swhich could be easily isolated by
standard aqueous work-up, followed by conventiofiakh
chromatography as hydrochloride salts.

Napieralski/
_U-4CR R1 Napieralski/ ﬁ/@)
5 hetero-
,N O cyclization
R'CHO 6 L
R2NH, 7 R3
R3CO,H 8
Bischler-
Qg Qﬂ {
Napieralski/
_U-3CR p " \?\l
5 hetero- H
+ 10 NHCHO cyclization 4 R!
R'CHO 6
HCO,NH,4

Scheme 1. Multicomponent Access to Novel Dihydroimidazo[1',5":1,2]pyrido[3,4-b]indol-2-ium Salts and Indoles.

Then, by a careful selection of starting materitilis two step
strategy can, potentially, give access to a mulétof diversified
molecules for testing of biological assays and lgttaligand

properties, with improved synthetic efficiency. To the best of

our knowledge, this represents the first protocbiclv allows to
achieve unique indole-imidazolium structures, byanee of a
multicomponent approach.

The 3-(2-isocyano-ethyl)H-indole precursob was prepared
in 82% overall yield, by formylation of tryptamirfellowed by
dehydration using triphenylphosphine and carbamadétoride in

It should be noted that the reaction time and gi@ldmewhat
depend on the starting components of the Ugi stepich
determine the structure of thé Residues. In general, as for the
Ugi reaction step, also in this case both aliphatid aromatic
residues, having different electronic propertiesweell as those
bearing bulky substituents showed to be suitabi¢hf® reaction.

An exception is the Ugi adduéf containing a furan moiety:
due to the acidic reaction conditions, we observely a rapid
degradation of the starting material with the pdthn of
unidentified by-products. Importantly, the reactipnoceeded
smoothly in the presence of electron-donating gsoop the
benzene ring (entries 7,8,10), where competition
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Table 1.Ugi-Components, Products and Yields of Ugi-4CR ahthe Bischler— Napieralski/Heterocyclization.

entry RCHO®) R°NH»(7) RCO.H (8) Ugi product 9) (yield %f  Cyclization product3)° (yield %)
)
NH N cl
CHO NH N\ \‘(® 5
1 [ 2 ACOH \f 9 NN 3
P \( (76) N 7/ (94)
N —
¢
S}
NH N cl
) CHO NH, AcOH \/ o ( \j‘N/ca "
V \r (71) N (70)
H
OMe

COLH S

CHO NH, 9 cl 3¢
Sy Y Q Qj% \(@ (64) T ome @79)
v NN
H

CHO N\H\
NH COH 0o NTN/< O MNE
2 2 N 9d N X 3d
4 / / \( H o} (84) H O C|®

(83)
OMe
OMe MeO
o
CHO NH ¥O L2 o
5 NHz AcOH Yo N 9e NN 3¢
/\ \f N T/ (1) N (88)
S H i ‘ N
S J S
S]
NH >:0 N cl
{
A NH, A\ o N of AN N© 3f
6 Q\CHO \r AcOH N j/ 7 N j/ (nd)
Z2Ne) = 0
HoN
CHO CO,H NH\§:O 9 \ N\\Q(B\ ©
[o} Cl 39
7 4\ Q \( '\? o N\@OMe 73) y N N\©:OM9 ©@2)
9; H
MeO  OMe H OMe OMe
HoN
N S
COH NH\ézo oh \ 7\/@< ci 3h
8  (CHO) Q \( @@\/N OMe  (g9) N N OMe (7
N H
MeO OMe H OMe OMe
o
NH2 CO,H NH . N e} f
2 9i N\ V@ ¢ 3i
s (o @B h > O)\/ND (66) N N (77)
r N
H Br H Br
H,oN Br
i COH NH\gzo 9 A N\\(@Lm@ 3
10  (CHO) \( \\ O)\/N OMe  (gg) N NIIOMe ©4)
N H
MeO OMe H Br OMe Br OMe

*Reaction condition: see text and supporting infdiomes.

Plsolated yields.

‘Reaction conditions9, POC} (15 mol equiv), toluene, 60 min, 80 °C, (if ndbherwise indicated).
YReaction time: 180 min.

°Reaction time: 90 min.

Conditions: 300 min, 110 °C.

9Conditions: 360 min, 110 °C
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Table 2.Aldehyde Ugi-Component, Products and Yields of-8GR and of the Bischler—Napieralski/Heterocyclizat

entry RCHO 6) Ugi product {0)® (yield %y Cyclization product4)© (vield %y
CHO NHCOH

1 HCO,NH,¢ ;\; )’b 10a(54) 4a(62)
OMe OMe

NH NHCOH

CHO

2 HCONH,® =~ 0 10b(58) 4b (74)

NH

*Reaction condition: see text and supporting infdioms.
PIsolated yields.
‘Reaction conditionst0, POC} (15 mol equiv), toluene, 60 min, 80 °C.

“Two equiv of the salt HCDNH, were used for the reaction.

of the electron-rich benzene ring to capture thagient Bischler-
Napieralski iminium salt, can, in principle, occ@®n the other
hand, bulkiness seems to play a role in the rattheftandem
reaction, as highlighted by the higher temperatame longer
reaction times required in the presence obdho substituent on
the aniline-derived ring (entries 9,10).

We envisioned that the transformation®fo 3 might occur
affording firstly mono-cyclized productsl (Scheme 2) which,
subsequently, could further cyclize to provide ficampounds3.
To gain support for this mechanistic proposal, elected Ugi-
products9 the reaction was performed using a minor excess o
phosphoryl chloride (5 mol equiv) at 50 °C. No dycl
intermediated.1 were observed, except for the caseSiahnd9j,
which afforded separable amounts of the correspontili and
11j, as stable compoundslli and 11j were then cleanly
converted tai and3j by treatment with phosphoryl chloride, in
toluene, at 80°C.

applied to the synthesis of libraries of heterocycbmpounds,
bearing up to three points of facile chemical dsitgr

4. Experimental section
4.1.General

All solvents were distilled and properly dried, whe
necessary, prior to use. All chemicals were puretiaom
commercial sources and used directly, unless iteficatherwise.
All reactions were monitored by thin layer chrontaephy
?TLC) on precoated silica gel 60 F254; spots wermalized
with UV light or by treatment with 1% aqueous KMp§blution.
Products were purified by flash chromatography (i66)silica
gel 60 (230 - 400 mesh). IR spectra were recordetthe FTIR
mode.'H NMR and**C NMR spectra were recorded with 300
and 400 MHz ¥H NMR) and 75 or 100 MHz{C NMR)
spectrometers. Chemical shif§) @re expressed in ppm relative
to TMS atd = 0 ppm for'H NMR and relative to CDGlat§ =

By employing ammonium formate as a solid source of77.16 ppm for*C NMR. **C NMR spectra have been recorded

ammonia in a three component Ugi reaction, we vahie to
obtain formamide derivativedaand10b (entries 1 and 2, Table
2), albeit in moderate yields. The above descriBésthler-
Napieralski/heterocyclization protocol allowed toneert 10a
and10b into the imidazole derivative$a and4b, thus endorsing
this approach as a valid alternative for the sysitheof 1-
substituted dihydroimidazo[1',5":1,2]pyrido[3,4diles.

9 —> Y No — \ NYRS
NV e
R? e R @RZ
X

Scheme 2Plausible Mechanism.

3. Conclusion

In summary, we have described a two step Ugi/Besehl
Napieralski/heterocyclization sequence, providingratocol for
the synthesis of novel trisubstituted 5,6-
dihydroimidazo[1',5":1,2]-pyrido[3,4-b]indol-2-ium salt
derivatives and substituted dihydroimidazo-[1',2fyrido[3,4-
blindoles, from readily available starting matesialhe proposed
sequence, which could be developed on multigrarte scan be

using the APT pulse sequence; the signals of CHQ@iAgare
positive while CH and quarternary carbons are negative. High-
resolution MS spectra were recorded with a FT-IGRufier
Transform lon Ciclotron Resonance) instrument, pped with

an ESI source, or a standard MS instrument, eqdipgth an El
source.

4.2. Synthetic procedure for compound 5

A mixture of tryptamine (1.6 g, 10 mmol) in ethygrfnate (8
mL) was refluxed for 18 hr. After concentrationgthesulting
crude residue was dissolved in anhydrous dichlotbame (20
mL) and triphenylphospine (14.41 g, 55 mmol), carbo
tetrachloride (5.38 mL, 55 mmol) and triethylamifi.4 mL,
110 mmol) were added in sequence. After beingestiat rt for
4h, the mixture was concentrated and the residsepuefied by
FC with 30% ethyl acetate-hexane, for elution, teeg3-(2-
isocyanoethyl)-H-indole 5 as an off-white solid (1.39 g, 82%):
mp 74-75 °C (lit. 73-74.5 °C§® Melting point and spectral
properties {H and *C NMR) of the product are in agreement
with the reported dat¥”

4.3.General procedure for multicomponent isocyanide-basd
synthesis of compounds 9a-j

To a solution of the aldehydé) (2.59 mmol) in MeOH (4.7
mL), the aming7) (2.59 mmol) and the carboxylic aqi@) (2.59
mmol) were added, followed by addition of 3-(2-iganoethyl)-
1H-indole (5) (400 mg, 2.35 mmol). The resulting mixture was
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stirred at 40 °C, for 24 to 120 h until the comilet of the
reaction, as indicated by TLC. The reaction mixtwmas cooled
to room temperature and concentrated, and the uesidas
purified via FC as indicated below.

4.3.1. N-(2-(1H-Indol-3-yl)ethyl)-2-(N-isopropy! teenido)-2-
(pyridin-3-yl)acetamide 9a). Prepared according to the general
procedure above from nicotinaldehyde, isopropylamiand
acetic acid, for 48 h; FC: ethyl acetate-dichlortmee, 2:1;
yield: 676 mg (76%); off-white solid; mp 129-131;°R; = 0.46
(ethyl acetate-dichloromethane, 7:3);,.,{(CHCl;) 3334, 3309,
1669, 1642, 1516, 1456, 1422, 1373 'criH NMR (300 MHz,
CDCl;) 6 8.47-8.41 (m, 2H), 8.30 (br, m, 1H), 7.56 (brJd; 8.0
Hz, 1H), 7.55 (dJ) = 7.8 Hz, 1H), 7.31 (dl = 7.9 Hz, 1H), 7.16
(br, t,J=7.7 Hz, 1H), 7.11 (ddl = 7.5 and 4.9 Hz, 1H), 7.07 (br,
t,J = 7.7 Hz, 1H), 6.95 (d] = 2.3 Hz, 1H), 6.54 (m, 1H), 4.76 (s,
1H), 4.08 (hept) = 6.7 Hz, 1H), 3.58 (m, 2H), 2.94 G,= 7.0
Hz, 2H), 2.11 (s, 3H), 1.30 (d,= 6.7 Hz, 3H), 1.11. (d] = 6.7
Hz, 3H); ®*C NMR (75 MHz, CDC)) & 171.2, 169.7, 149.0,
148.7, 136.5, 135.9, 132.9, 127.3, 123.4, 122.2,712119.0,
118.5, 112.0, 111.4, 60.0, 50.9, 40.2, 24.8, 2254, 20.8;
HRMS (ESI) calculated for GH,-N,O, [MH"] 379.2134, found
379.2145.

4.3.2. N-(2-(1H-Indol-3-yl)ethyl)-2-cyclopropyl-2-(N-
isopropylacetamido)acetamid®h). Prepared according to the
general procedure above from cyclopropanecarbatiiehy
isopropylamine and acetic acid, for 24 h; FC: ethgktate-
dichloromethane, 2:1; yield: 569 mg (71%); whitéidsanp 115-
116 °C; R= 0.16 (ethyl acetate-hexane, 1:1.5);,(CHCIL)
3470, 3300, 1660, 1644, 1519, 1456, 1358'cthl NMR (300
MHz, CDC}) 6 8.33 (br, s, 1H), 7.61 (d,= 7.8 Hz, 1H), 7.34 (d,
J= 7.7 Hz, 1H), 7.32 (br, m, 1H), 7.17 {t= 7.6 Hz, 1H), 7.09
(t, 3= 7.7 Hz, 1H), 7.06 (br, s, 1H), 3.93 (hept; 6.6 Hz, 1H),
3.59 (m, 2H), 2.97 (1) = 6.9 Hz, 2H), 2.78 (br, m, 1H), 2.09 (s,
3H), 1.16 (dJ = 6.6 Hz, 3H), 1.14 (d] = 6.6 Hz, 3H), 0.55-0.48
(m, 1H), 0.34-0.28 (m, 2H), 0.19-0-15 (m, 2HjC NMR (75

5
acetate-hexane, 3:7Mnma{CHCL) 3432, 3310, 1678, 1631,
1513, 1457, 1418 cih '"H NMR (300 MHz, CDCJ) 5 8.27 (s,
1H), 7.51 (dJ = 7.8 Hz, 1H), 7.32 (d] = 7.8 Hz, 1H), 7.19 (d)
= 7.8 Hz, 2H), 7.14 () = 7.6 Hz, 1H), 7.05 (&) = 7.6 Hz, 1H),
6.91 (br, s, 1H), 6.77 (dl = 7.8 Hz, 2H), 5.88 (br, s, 2H), 5.44
(m, 1H), 4.97-4.90 (m, 2H), 3.93 (br, m, 2H), 3(&7 3H), 3.57
(m, 2H), 2.91 (tJ = 6.8 Hz, 2H), 2.75 (hept] = 6.6 Hz, 1H),
1.11 (d,J = 6.5 Hz, 3H), 1.09 (d] = 6.6 Hz, 3H);"*C NMR (75
MHz, CDCk) & 179.0, 170.1, 159.5, 136.4, 134.8, 130.9 (2C),
127.3, 122.5, 121.8, 119.1, 118.5, 116.0 (2C),A{2C), 112.3,
111.4, 61.3, 55.2, 48.4, 40.0, 31.0, 25.1, 19.76;19RMS (ESI)
calculated for GgH3,N;0; [MH] 434.2444, found 434.2453.

4.3.5 N-(2-(1H-Indol-3-yl)ethyl)-2-(N-isopropylaeenido)-2-
(thiophen-3-yl)acetamide9¢). Prepared according to the general
procedure above from thiophene-3-carbaldehyderdigyamine
and acetic acid, for 24 h; FC: ethyl acetate;dyigB0 mg (81%);
off-white solid; mp 159-162 °C; (R= 0.12 (ethyl acetate-
dichloromethane, 1.5:1y;,,(CHCl;) 3426, 3335, 1668, 1639,
1518, 1452 cih; *H NMR (400 MHz, CDCJ) & 8.21 (br, m, 1H),
7.58 (d,J = 7.7 Hz, 1H), 7.36 (d] = 7.8 Hz, 1H), 7.22 (m, 2H),
7.20 (t,J = 7.7 Hz, 1H), 7.11 (1) = 7.7 Hz, 1H), 7.02 (m, 1H),
6.99 (br, s, 1H), 6.26 (br, m, 1H), 4.84 (br, s)1411 (hept,J =
6.7 Hz, 1H), 3.62 (dg) = 12.9 and 6.4 Hz, 1H), 3.51 (dj=
12.9 and 6.4 Hz, 1H), 2.96 (m, 2H), 2.18 (s, 3H371(d,J=6.7
Hz, 3H), 1.10 (d,) = 6.7 Hz, 3H);**C NMR (75 MHz, CDCJ) 3
170.6, 169.9, 138.0, 136.5, 128.2, 127.3, 126.14.412122.6,
121.7, 119.1, 118.6, 112.4, 111.4, 57.4, 50.6, ,4B429, 22.5,
21.6, 21.0; HRMS (ESI) calculated for,8,N;0,S [MH']
384.1746, found 384.1738.

4.3.6. N-(2-(1H-Indol-3-yl)ethyl)-2- (furan-2-yl)-@-
isopropylacetamido)acetamidedf). Prepared according to the
general procedure above from furfural, isopropytemiand
acetic acid, for 48 h; FC: ethyl acetate-dichlortmee, 1:1;
yield: 664 mg (77%); white solid; mp 98-101 °C;; R0.28
(ethyl acetate-dichloromethane, 1.5:%),.,(CHCI;) 3429, 3333,

MHz, CDCL) 5 171.7, 171.3, 136.6, 127.4, 124.6, 121.6, 118.91674, 1642, 1520, 1456, 1372 ¢mH NMR (300 MHz, CDCJ)

118.6, 112.2, 111.5, 63.7, 49.6, 40.1, 25.1, 22291, 21.0, 11.2,
5.5, 5.2; HRMS (ESI) calculated for ,&,sN;O, [MH']
342.2182, found 342.2173.

4.3.3.  N-(1-((2-(1H-Indol-3-yl)ethyl)amino)-1-oxogan-2-
yI)-N-isopropyl-3,5-dimethoxybenzamide  9c)( Prepared
according to the general procedure above frebutyraldehyde,
isopropylamine and 3,5-dimethoxybenzoic acid, 96r h; FC:
ethyl acetate-hexane, 1:1; yield: 700 mg (64%);e pgbllow
solid; mp 118-122 °C; & 0.22 (ethyl acetate-dichloromethane,
7:3); Vma{ CHCly) 3475, 3294, 1656, 1594, 1543, 1458 criH
NMR (400 MHz, CDC}) & 8.25 (br, m, 1H), 8.14 (br, m, 1H),
7.66 (d,J = 7.8 Hz, 1H), 7.37 (d) = 7.8 Hz, 1H), 7.19 (ddd]} =
7.8, 7.4 and 1.2 Hz, 1H), 7.14 (ddids 7.8, 7.4 and 1.2 Hz, 1H),
7.12 (br, s, 1H), 6.51 (br, m, 1H), 6.39 &= 2.1 Hz, 2H), 3.93
(br, m, 1H), 3.80 (s, 6H), 3.83-3.72 (m, 1H), 3(66J = 6.6 Hz,
2H), 3.03 (t, J = 6.6 Hz, 2H), 2.32-2.09 (br, m, 2H), 1.49-1.30
(br, m, 2H), 1.18 (br, m, 3H), 1.10 (br, m, 3H9D(br, t,J=7.2
Hz, 3H);**C NMR (75 MHz, CDC)) 5 174.4, 173.4, 161.7 (2C),
139.6, 137.1, 128.1, 122.9, 122.5, 119.9, 119.4.511111.9,
105.4, 104.8, 102.1, 62.1, 56.2 (2C), 53.1, 40248,326.0, 21.6,
21.2, 21.0, 14.6; HRMS (ESI) calculated fostsgN;O, [MH™]
466.2706, found 466.2694.

4.3.4. N-(2-((2-(1H-Indol-3-yl)ethyl)amino)-1-(4-
methoxyphenyl)-2-oxoethyl)-N-allylisobutyramide
dimethylbutanamide 9¢l). Prepared according to the general
procedure above from anisaldehyde, allylamine a@sdbutyric
acid, for 24 h; FC: ethyl acetate-dichloromethdné; yield: 855
mg (84%); off-white solid; mp 86-88 °C; (R 0.63 (ethyl

5 8.24 (br, m, 1H), 7.67 (d} = 7.8 Hz, 1H), 7.33 (d] = 7.8 Hz,
1H), 7.27 (br, m, 1H), 7.17 (8, = 7.7 Hz, 1H), 7.08 () = 7.7
Hz, 1H), 7.04 (br, s, 1H), 6.58 (br, m, 1H), 6.28,(d,J = 3.9
Hz, 1H), 6.27 (br, m, 1H), 4.87 (br, s, 1H), 4.0wt, J = 6.7
Hz, 1H), 3.63 (dqJ = 13.2 and 6.6 Hz, 1H), 3.51 (d§= 13.2
and 6.6 Hz, 1H), 2.95 (§,= 6.6 Hz, 2H), 2.11 (s, 3H), 1.30 (@,
= 6.7 Hz, 3H), 1.12 (dJ = 6.7 Hz, 3H);"*C NMR (75 MHz,
CDCl;) & 170.6, 168.6, 150.5, 136.5 (2C), 127.4, 122.8, 71,21
119.0, 118.6, 112.2, 111.5, 111.0, 109.9, 55.44,5€0.4, 25.0,
22.3, 21.2, 21.0; HRMS (ESI) calculated fori@sN;0; [MH]
368.1974, found 368.1982.

4.3.7. N-(2-(1H-Indol-3-yl)ethyl)-2-(N-(3,4-
dimethoxyphenyl)isobutyramido)-3,3-dimethylbutardemi Qg).
Prepared according to the general procedure abowen f
pivalaldehyde, 3,4-dimethoxyaniline and isobutyaiwid, for 24
h; FC: ethyl acetate-dichloromethane, 4:1; yiel?s 9ng (73%);
off-white solid; mp 148-149 °C; (R= 0.83 (ethyl acetate-
dichloromethane, 3:1),,(CHCIs) 3310 (br), 1674, 1632, 1513,
1465, 1418, 1386 cfi) 'H NMR (300 MHz, CDCI3)3 8.19 (s,
1H), 7.62 (dJ = 7.8 Hz, 1H), 7.34 (d] = 7.8 Hz, 1H), 7.18 (1)
=7.7Hz, 1H), 7.11 (§ = 7.7 Hz, 1H), 7.07 (br, s, 1H), 6.85-6.67
(m, 3H), 4.86 (br, s, 1H), 3.88 (br, s, 3H), 3.85(k), 3.80 (s,
3H), 3.67-3.53 (m, 2H), 2.99 (§,= 7.1 Hz, 2H), 2.60-2.46 (m,
1H), 1.02 (t,J = 6.9 Hz, 3H), 0.97 and 0.93 (two singlets, 9H),
0.84 (d,J = 6.7 Hz, 3H);"*C NMR (75 MHz, CDCI3)5 171.9,
171.6, 149.8, 149.4, 137.1, 134.7, 127.8, 122.2.612119.8,
119.2(2C), 113.2, 112.0, 111.9, 111.0, 56.6 an8 §&C), 40.1,
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34.8, 31.8, 28.5 (3C), 26.1, 20.3 (2C); HRMS (EQi)culated
for CygHagNsO, [MH™] 480.2862, found 480.2854.

4.3.8.. N-(2-((2-(1H-Indol-3-yl)ethyl)amino)-2-oxbegl)-N-
(3,4-dimethoxyphenyl)isobutyramidehj. Prepared according to
the general procedure above from paraformaldehy®ld;
dimethoxyaniline and isobutyric acid, for 48 h; Fathyl acetate-
dichloromethane, 7:3; yield: 686 mg (69%); whitéidsanp 116-
118 °C; R = 0.33 (ethyl acetate-dichloromethane,
4:1); Vna(CHCL) 3434, 3347, 1668, 1514, 1464, 14197criH
NMR (300 MHz, CDC})) 5 8.30 (s, 1H), 7.57 (d} = 7.8 Hz, 1H),
7.34 (d,J= 7.8 Hz, 1H), 7.19 () = 7.8 Hz, 1H), 7.10 () = 7.8
Hz, 1H), 7.05 (s, 1H), 6.75-6.55 (m, 3H), 6.38 (b1 = 6.5 Hz,
1H), 4.16 (s, 2H), 3.85 (s, 3H), 3.77 (s, 3H), 3G = 6.6 Hz,
2H), 2.96 (tJ = 6.7 Hz, 2H), 2.51 (hepd,= 6.7 Hz, 1H), 0.97 (d,
J = 6.7 Hz, 6H);"*C NMR (75 MHz, CDCJ) 5 178.8, 169.0,
149.6, 148.8, 136.4, 135.6, 127.3, 122.3, 122.8.811119.3,
118.6, 111.3 (2C), 112.5, 110.7, 56.0 (2C), 54925 330.9, 25.2,
19.6 (2C); HRMS (ESI) calculated for ,fEl3oN;0, [MH']
424.2236, found 424.2228.

4.3.9. N-(2-((2-(1H-Indol-3-yl)ethyl)amino)-2-oxbgt)-N-(2-
bromophenyl)isobutyramide 9ij. Prepared according to the
general procedure above from paraformaldehydepgibaniline
and isobutyric acid, for 96 h; FC: ethyl acetatedme, 1:1.5;
yield: 686 mg (66%); pale yellow solid mp 159-161; R=0.75
(ethyl acetate-dichloromethane, 7:),(CHCl;) 3430, 3345,
1668, 1525, 1473, 1423 &H NMR (400 MHz, CDCJ) 5 8.16
(br, m, 1H), 7.65 (br, d] = 7.7 Hz, 1H), 7.62 (d] = 7.8 Hz, 1H),
7.40 (d,J = 7.8 Hz, 1H), 7.28-7.20 (m, 4H), 7.14 Jt= 7.7 Hz,
1H), 7.11 (br, s, 1H), 6.47 (br, m, 1H), 4.68Jcs 15.3 Hz, 1H),
3.74 (dgJ = 13.2 and 6.6 Hz, 1H), 3.60 (dbs= 13.2 and 6.6 Hz,
1H), 3.59 (d,J = 15.3 Hz, 1H), 3.03 (1) = 6.6 Hz, 2H), 2.25
(hept, J= 6.7 Hz, 1H), 1.08 (d] = 6.7 Hz, 3H), 0.94 (d] = 6.7
Hz, 3H); ®*C NMR (75 MHz, CDC)) 5 178.5, 168.7, 141.5,
136.5, 133.7, 130.7, 130.1, 129.0, 127.3, 123.2.412122.1,
119.4, 118.7, 112.6, 111.3, 53.0, 39.5, 31.6, 2598, 19.2;
HRMS (ESI) calculated for GH,sBrN;O, [MH'] 442.1130,
found 442.1136.

4.3.10. N-(2-((2-(1H-Indol-3-yl)ethyl)amino)-2-oxbwgl)-N-
(2-bromo-4,5-dimethoxyphenyl)isobutyramide9j).( Prepared
according to the general procedure above fro
paraformaldehyde, 2-bromo-4,5-dimethoxyaniline aabutyric
acid, for 120 h; FC: ethyl acetate-dichloromethans; yield:
803 mg (68%); off-white solid mp 198-200 °C (ded®)= 0.62

(ethyl acetate)yn(CHCI;) 3435, 3347, 1666, 1506, 1462, 1441

cm™; *H NMR (400 MHz, DMSOd6) & 10.82 (s, 1H), 8.03 (b4,

= 6.5 Hz, 1H), 7.49 (d] = 7.8 Hz, 1H), 7.35 (br, s, 1H), 7.34 (d,
J=7.8 Hz, 1H), 7.31 (br, s, 1H), 7.13 (br, s, 1HN7 (t,J=7.5
Hz, 1H), 6.96 (dJ = 7.6 Hz, 1H), 4.76 (d] = 15.6 Hz, 1H), 3.84
(s, 3H), 3.74 (s, 3H), 3.45-3.34 (m, 3H), 2.81)(% 7.2 Hz, 2H),
2.30 (heptJ = 6.6 Hz, 1H), 0.97 (d) = 6.6 Hz, 6H);*C NMR
(100 MHz, DMSOd6) & 176.8, 168.2, 149.7, 148.9, 136.7,
134.4, 127.7, 123.1, 121.4, 118.7 (2C), 115.7, 6,1413.6,
112.2, 111.8, 56.6, 56.4, 51.3, 40.2, 31.0, 25@3,219.6;
HRMS (ESI) calculated for GH,gBrN;O, [MH'] 502.1341,
found 502.1352.

4.4.General procedure for multicomponent isocyanide-basd
synthesis of compounds 10a,b

To a solution of 3-(2-isocyanoethylHilindole (5) (600 mg,
3.53 mmol) and aldehyd¢s) (3.88 mmol) in MeOH (7 mL),
ammonium formate (7.06 mmol) was added in one @orénd
the solution was stirred for 24 to 48 h until teenpletion of the
reaction as indicated by TLC (eluent: ethyl aceterane, 1:1).
The solvent was evaporated under reduced pressugivé a

residue, which was purified by FC with dichloronsate—ethyl
acetate, 1:3.5, for elution.

4.4.1. N-(2-(1H-Indol-3-yl)ethyl)-2-formamido-2-(4-
methoxyphenyl)acetamide Of). Prepared according to the
general procedure above from anisaldehyde. YieltD éng
(54%); off-white solid; mp 152-154 °C; (R 0.25 (ethyl acetate-
dichloromethane, 7:3)m.{CHCI3) 3479, 3409 (br), 2937, 1674,
1671, 1611, 1512, 1486, 1457 ¢mMH NMR (300 MHz, DMSO-
d6) 6 10.82 (s, 1H), 8.79 (di= 8.3 Hz, 1H), 8.42 (1) = 5.6 Hz,
1H), 8.06 (s, 1H), 7.53 (d} = 7.8 Hz, 1H), 7.35 (dJ = 7.8 Hz,
1H), 7.30 (dJ = 7.8 Hz, 2H), 7.10-7.01 (m, 2H), 6.98 {t= 7.8
Hz, 1H), 6.91 (dJ = 7.8 Hz, 2H), 5.45 (d] = 8.3 Hz, 1H), 3.75
(s, 3H), 3.34 (br, m, 2H), 2.81 @ 7.3 Hz, 2H);*C NMR (75
MHz, DMSO-ds) 0 169.6, 160.4, 158.7, 136.2, 130.9, 128.2 (2C),
127.1, 122.8, 120.9, 118.3 (2C), 113.8 (2C), 1111.,.4, 55.1,
54.1, 39.9, 25.0; HRMS (ESI) calculated fosd,N;O; [MH']
352.1661, found 351.1668.

4.4.2. N-(2-(1H-Indol-3-yl)ethyl)-2-formamido-3,3-
dimethylbutanamide 10b). Prepared according to the general
procedure above from pivalaldehyde. Yield: 616 n58%);
amorphous white solid;;R 0.31 (ethyl acetate-dichloromethane,
7:3); Vima{CHCI3) 3475, 3400, 3332, 2887, 1670 (br), 1614, 1523,
1458 cn; *H NMR (300 MHz, CQOD) & 8.10 (s, 1H), 7.55 (d,
J=7.8 Hz, 1H), 7.31 (d] = 7.8 Hz, 1H), 7.09-7.04 (m, 2H), 7.00
(t, J=7.8 Hz, 1H), 4.24 (s, 1H), 3.49 (m, 2H), 2.95)( 7.4 Hz,
2H), 0.95 (s, 9H)**C NMR(75 MHz, CROD) & 173.0, 169.6,
139.1, 129.6, 124.4, 123.2, 120.5, 120.1, 114.8,1161.8, 42.1,
36.0, 28.0 (3C), 27.1; HRMS (ESI) calculated forH;,N5O,
[MH™] 302.1869, found 302.1876.

4.5.General procedure for preparation of compounds 3a-j
and 4a,b by tandem Bischler-Napieralski/heterocycdhiation

To a solution of the Ugi produd® or 10) (1.0 mmol) in
anhydrous toluene (10 mL) was added POQL37 mL, 15
mmol). Depending on the substrate, the reactionturéxwas
stirred at 80-110 °C for 60 to 360 min until tt@mpletion of
the reaction as indicated by TLC. After cooling rat a 5%
solution of NaCGO; (10 mL) was added and the mixture extracted
with dichloromethane (2 x 25 mL). The combined oiga

pextracts were washed with brine (10 mL) and thefreddr

(N&SQ,) and filtered. The solvent was removed under reduc
pressure and the residue was purified by FC tadyileé pure
compound3 or 4) as indicated below.

4.5.1. 2-Isopropyl-3-methyl-1-(pyridin-3-yl)-6,1ikgdro-5H-
imidazo[1',5":1,2] pyrido[3,4-b]indol-2-ium chloride (3a).
Prepared according to the general procedure alvowe Ja, for
180 min at 80 °C; FC: dichloromethane-ethyl aceta&thanol,
1:1.5:2.5; vyield: 356 mg (94%); foam; ;R= 0.82
(dichloromethane-methanol, 4:1y;,.(CHCl;) 3155, 1641,
1586, 1533, 1456, 1432 ém'H NMR (300 MHz, CROD) &
8.88 (br, dJ = 3.9 Hz, 1H), 8.77 (br, s, 1H), 8.10 (br,Jd= 7.8
Hz, 1H), 7.75 (ddJ = 7.8, 5.0 Hz, 1H), 7.57 (d,= 7.8 Hz, 1H),
7.27 (d,J= 7.8 Hz, 1H), 7.15 () = 7.6 Hz, 1H), 7.08 () = 7.7
Hz, 1H), 4.56 (hept) = 7.2 Hz, 1H), 4.47 (1) = 6.9 Hz, 2H),
3.35 (t,J = 6.9 Hz, 2H), 2.90 (s, 3H), 1.51 @@= 7.2 Hz, 6H);
%C NMR (75 MHz, CQOD) & 153.1, 152.6, 146.0, 141.8, 139.8,
135.6, 133.3, 129.8, 126.9, 126.5, 125.3, 124.82.812120.1,
113.5, 113.1, 53.2, 45.0, 22.0 (2C), 20.9, 12.2;MIR(ESI)
calculated for GH,sN," [M™] 343.4443, found 343.4435.

4.5.2. 1-Cyclopropyl-2-isopropyl-3-methyl-6,11-dihy-5H-
imidazo[1',5":1,2] pyrido[3,4-b]indol-2-ium chloride (3b).
Prepared according to the general procedure alvowe b, for
180 min at 80 °C; FC: dichloromethane-methanol; gidld: 239
mg (70%); pale yellow foam; (R= 0.15 (dichloromethane-
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methanol, 4:1);vma(CHCIls) 3299 (br), 1647, 1503, 1458, 1388 yield: 442 mg (92%); pale yellow wax; R0.40 (ethyl acetate-

cm; 'H NMR (300 MHz, CQOD) 8 7.58 (d,J = 7.8 Hz, 1H),
7.51(d,J = 7.8 Hz, 1H), 7.22 (t) = 7.7 Hz, 1H), 7.12 (tJ =
7.7 Hz, 1H), 5.25 (heptJ = 6.8 Hz, 1H), 4.28 (t,J = 6.8 Hz,

methanol, 4:1)vm(CHCIl3) 3138, 1655, 1576, 1563, 1455, 1413
cm®; *H NMR (300 MHz, CDCJ) & 10.83 (s, 1H), 7.82 (dl =
7.8 Hz, 1H), 7.51 (d) = 7.8 Hz, 1H), 7.19 (br, 1 = 7.7 Hz, 1H),

2H), 3.23 (t,J = 6.8 Hz, 2H), 2.79 (s, 3H), 2.01 (m, 1H), 1.69 (d, 7.11 (t,J = 7.7 Hz, 1H), 7.08 (m, 1 H), 6.98 (br, s, 2H), A(in,

J = 6.8 Hz, 6H), 1.37 (m, 2H), 0.84-0.74 (m, 2HC NMR (75

2H), 3.97 (s, 3H), 3.90 (s, 3H), 3.18 (m, 2H), 3(Bept,J = 7.0

MHz, CD;OD) & 144.5, 139.9, 128.7(2C), 127.0, 125.0, 123.6,Hz, 1H), 1.38 (d,J = 7.0 Hz, 3H), 1.37 (s, 9H), 1.34 @@= 7.0

121.6, 120.0, 113.4, 111.4, 52.1, 44.7, 21.9, A, 20.9, 12.3,
9.1 (2C); HRMS (ESI) calculated for,gEl,Ns" [M*] 306.1965,
found 306.1973.

4.53.  3-(3,5-Dimethoxyphenyl)-2-isopropyl-1-propyl 1-
dihydro-5H-imidazo[1',5"1,2]pyrido[3,4-b]indol-2eim chloride
(3c). Prepared according to the general procedure afipore9c,
for 90 min at 80 °C; FC: dichloromethane-methafol,; yield:
354 mg (76%); pale yellow solid; mp 248-250 °C (Jie& =
0.72 (ethyl acetate-methanol, 4:0).(CHCl;) 3164, 1635,
1597, 1541, 1460, 1424, 1368 ¢mMH NMR (400 MHz, CDCY)
6 12.0 (br, m, 1H), 7.87 (dl = 7.8 Hz, 1H), 7.46 (br, d = 7.8
Hz, 1H), 7.19 (dddJ = 7.8, 7.6 and 1.1 Hz, 1H), 7.08 (ddd+
7.8, 7.6 and 1.1 Hz, 1H), 6.77 Jt= 2.2 Hz, 1H), 6.68 (d] = 2.2
Hz, 2H), 4.58 (hept) = 6.9 Hz, 1H), 3.97 (1) = 6.9 Hz, 2H),
3.93 (s, 6H), 3.39 (br, § = 7.5 Hz, 2H), 3.11 (1) = 6.9 Hz, 2H),
1.72 (sext]J = 7.5 Hz, 2H), 1.52 (d] = 6.9 Hz, 6H), 1.14 (1) =
7.4 Hz, 3H);"*C NMR (100 MHz, CDGJ) 5 162.7 (2C), 145.7,
142.5, 139.6, 132.0, 131.5, 124.8, 124.0, 122.6.612118.6,
114.5, 110.1, 109.3 (2C), 105.0, 56.6 (2C), 52542426.3, 23.8,
23.2 (2C), 20.7,14.7; HRMS (ESI) calculated fosHG,N;O,"
[M?] 430.2489, found 430.2495.

4.5.4. 2-Allyl-3-isopropyl-1-(4-methoxyphenyl)-6dihydro-
5H-imidazo[1',5":1,2]pyrido[3,4-b]indol-2-ium  chlade 3d).
Prepared according to the general procedure alyowe dd, for
60 min at 80 °C; FC: dichloromethane-methanol, #iétd: 360

mg (83%); white foam; R= 0.42 (dichloromethane-methanol,

4:1); Vna{CHCL) 3156, 1643, 1567, 1512, 1457, 1328"¢crH
NMR (300 MHz, CDC})  8.14 (s, 1H), 7.49 (d} = 7.8 Hz, 3H),
7.26 (d,J = 7.7 Hz, 1H), 7.16 () = 7.6 Hz, 1H), 7.13-7.04 (m,
3H), 5.81 (ddtJ = 16.6, 10.7 and 4.9 Hz, 1H), 5.26 (b 10.7
Hz, 1H), 4.97 (dJ = 16.6 Hz, 1H), 4.81 (br, d} = 4.9 Hz, 2H),
4.50 (t,J = 6.8 Hz, 2H), 3.88 (s, 3H), 3.70 (hept 7.2 Hz, 1H),
3.28 (t,J = 6.8 Hz, 2H), 1.53 (dJ = 7.2 Hz, 6H);"*C NMR (75

Hz, 3H);*C NMR (75 MHz, CDCJ) & 151.1, 149.7 (2C), 138.7,
136.5, 127.5 (2C), 124.8, 123.4, 122.8, 121.3, 2,2018.3,
113.9, 112.1, 111.4, 111.0, 56.7, 56.3, 45.1, IB), 29.6,
25.9, 20.4, 19.0 (2C); HRMS (ESI) calculated foEHG,N:O,"
[M] 444.2646, found 444.2640.

4.5.7. 2-(3,4-Dimethoxyphenyl)-3-isopropyl-6,11ydito-5H-
imidazo[1',5":1,2] pyrido[3,4-b]indol-2-ium chloride (3h).
Prepared according to the general procedure alyowe $h, for
60 min at 80 °C; FC: ethyl acetate-methanol, 9iéldy 295 mg
(76%); off-white solid; mp 271-273 °C (dec.); R0.68 (ethyl
acetate-methanol, 4:1);,.(CHCl;) 3122, 1601, 1516, 1463,
1421, 1334 ci;, *H NMR (300 MHz, CDCJ) 3 12.41 (s, 1H),
8.27 (s, 1H), 7.46 (d] = 7.8 Hz, 1H), 7.21 (d) = 7.8 Hz, 1H),
7.14 (t,J= 7.6 Hz, 1H), 7.06 (br, s, 1H), 6.98 Jt= 7.7 Hz, 1H),
6.88 (dd,J = 8.8 and 2.0 Hz, 1H), 6.80 (d= 8.8 Hz, 1H), 4.37
(t, J= 6.8 Hz, 2H), 3.92 (s, 3H), 3.84 (s, 3H), 3.35pthé = 6.7
Hz, 1H), 3.11 (tJ = 6.8 Hz, 2H), 1.40 (d) = 6.7 Hz, 6H);"*C
NMR (75 MHz, CDC}) 6 151.4, 150.1, 149.6, 137.9, 127.8,
126.2, 125.3, 123.5 (2C), 121.5, 120.0, 119.3, 9,1812.6,
111.5, 110.4, 108.4, 56.6, 56.6, 45.0, 26.3, 220 (2C);
HRMS (ESI) calculated for &H,6N;O," [M?] 388.2020, found
388.2029.

4.5.8. 2-(2-Bromophenyl)-3-isopropyl-6,11-dihydnd-5
imidazo[1',5":1,2]pyrido[3,4-b]indol-2-ium chloride  (3i).
Prepared according to the general procedure alrowne i, for
300 min at 110 °C; FC: dichloromethane-methandl, $ield:
341 mg (77%); pale yellow solid; mp 280-282 °C (fle& =
0.10 (ethyl acetate-methanol, 4:0).(CHCl;) 3178, 1645,
1597, 1541, 1460, 1427, 1375 ¢m'H NMR (400 MHz, CDC),
012.7 (s, 1H), 8.36 (s, 1H), 7.71 @= 7.8 Hz, 1H), 7.53 (br, d,
J = 7.8 Hz, 2H), 7.41 (t) = 7.6 Hz, 1H), 7.36 (d) = 7.8 Hz,
1H), 7.33 (tJ = 7.6 Hz, 1H), 7.19 (1) = 7.7 Hz, 1 H), 7.07 (1
= 7.7 Hz, 1H), 4.53 (t, J = 7.2 Hz, 2H), 3.24)& 7.2 Hz, 2H),

MHz, CDCL) & 162.3, 150.3, 137.8 (2C), 132.7 (2C), 132.0,3.18 (heptJ = 7.0 Hz, 1H), 1.44 (d] = 7.0 Hz, 3H), 1.42 (d] =

125.7, 124.6, 123.4, 122.0, 121.2, 119.3, 119.%.711116.0
(2C), 112.6, 110.7, 55.6, 48.1, 45.5, 26.3 20.67 {2C); HRMS
(ESI) calculated for GH,sN;O" [M*] 398.2227, found 398.2222.

4.5.5. 2-Isopropyl-3-methyl-1-(thiophen-3-yl)-6 dibydro-
5H-imidazo[1',5":1,2]pyrido[3,4-b]indol-2-ium chlade (3e€).
Prepared according to the general procedure abowe e, for
90 min at 80 °C; FC: dichloromethane-methanol, #igtd: 338
mg (88%); light yellow solid; mp 195-198 °C (decR;= 0.22
(ethyl acetate-methanol, 9:1);.(CHCI3) 3301 (br), 1660, 1513,
1454, 1373, 1313 ¢ *H NMR (400 MHz, CROD) & 7.87 (dd,
J=29and 1.2 Hz, 1H), 7.72 (@5 5.0 and 2.9 Hz, 1H), 7.56 (d,
J=7.8 Hz, 1H), 7.36 (dJ = 7.8 Hz, 1H), 7.29 (dd] = 5.0 and
1.2 Hz, 1 H), 7.17 (br, ] = 7.6 Hz, 1H), 7.09 (br, {] = 7.6 Hz,
1H), 4.59 (hept) = 7.0 Hz, 1H), 4.36 (] = 7.1 Hz, 2H), 3.28 (t,
J=7.1Hz, 2H), 2.82 (s, 3H), 1.49 @@z 7.0 Hz, 6H);°C NMR

7.0 Hz, 3H);"*C NMR (100 MHz, CDGJ) 5 159.6, 149.1, 148.3,
138.0, 134.0, 132.8, 132.1, 129.7, 129.3, 129.3.612121.2,
119.9, 118.5, 115.9, 113.0, 108.0, 45.0, 26.3,,20913, 19.2;
HRMS (ESI) calculated for £H,,BrN;" [M*] 406.0919, found
406.0928.

4.5.9. 2-(2-Bromo-4,5-dimethoxyphenyl)-3-isopropylld6
dihydro-5H-imidazo[1',5"1,2]pyrido[3,4-b]indol-2eim chloride
(3j). Prepared according to the general procedure afoorre9j,
for 360 min at 110 °C; FC: dichloromethane-methanrbl,;
yield: 422 mg (84%); off-white solid; mp 298-301 f@ec.); R=
0.38 (ethyl acetate-methanol, 4:0).(CHCl;) 3122, 1656,
1599, 1560, 1511, 1461, 1442, 1390 criH NMR (400 MHz,
CD;0D, 6 7.66 (d,J = 7.8 Hz, 1H), 7.59 (s, 1H), 7.46 (br, s, 1H),
7.45 (d,J = 7.8 Hz, 1H), 7.44 (s, 1H), 7.28 (br,dtF 7.7 Hz,
1H), 7.17 (br, tJ = 7.7 Hz, 1H), 4.73 (m, 2H), 3.98 (s, 3H), 3.90

(100 MHz, CROD) & 144.4, 138.9, 131.1, 129.7, 129.1, 128.3,(s, 3H), 3.43 (tJ = 7.1 Hz, 2H), 3.37 (hepd,= 7.0 Hz, 1H), 1.53

127.7, 126.1, 125.9, 124.2, 121.1, 120.8, 119.@.611112.2,
52.2, 44.0, 21.0 (2C), 19.9, 11.0; HRMS (ESI) chitad for
CyH2oN3S' [M*] 348.1529, found 348.1522.

4.5.6. 1-(tert-Butyl)-2-(3,4-dimethoxyphenyl)-3gsapyl -
6,11-dihydro-5H-imidazo[1',5":1,2] pyrido[3,4-b]ind&-ium

chloride @g). Prepared according to the general procedure above 4.5.10.

from 9g, for 60 min at 80 °C; FC: ethyl acetate-methaSol,;

(d, J = 7.0 Hz, 3H), 1.44 (dJ = 7.0 Hz, 3H);"*C NMR (100
MHz, CD;OD) 5 153.5, 151.8, 150.9, 139.0, 127.1 (2C), 126.2,
124.5, 1215, 120.8, 119.3, 117.1, 115.7, 113.2.311112.2,
110.9, 56.9, 56.8, 45.6, 26.9, 20.2, 18.7, 18.1;MSR(ESI)
calculated for GH,sBrN;O," [M'] 466.1125, found 466.1116.

1-(4-Methoxyphenyl)-6,11-dihydro-5H-
imidazo[1',5":1,2]pyrido[3,4-b]indole 4a). Prepared according
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to the general procedure above frafg for 60 min at 80 °C;
FC: ethyl acetate-methanol, 9:1; yield: 195 mg (H2%hite
foam; R= 0.48 (ethyl acetate-methanol, 4:1);.(CHCI;) 3337,
1646, 1529, 1455, 1412, 1319 tnmiH NMR (300 MHz, CDCJ,
58.29 (br, s, 1H), 7.75-7.62 (m, 3H), 7.51 (o= 7.8 Hz, 1H),
7.29 (d,J = 7.8 Hz, 1H), 7.19-7.09 (m, 2H), 7.02 (br,Jds 7.1
Hz, 2H), 4.24 (tJ = 6.8 Hz, 2H), 3.86 (s, 3H), 3.20 @,= 6.8
Hz, 2H); ®*C NMR (75 MHz, CDC}) & 159.8, 138.6, 129.0,
128.0 (2C), 126.8, 123.0, 120.8 (2C), 118.6, 112a@), 111.9
(2C), 111.7 (2C), 107.9, 55.4, 43.6, 21.8; HRMSI}E3Iculated
for CooH1sNsO" [MH™] 316.1450, found 316.1462.

4.5.11. 1-(tert-Butyl)-6,11-dihydro-5H-
imidazo[1',5":1,2]pyrido[3,4-b]indole 4b). Prepared according
to the general procedure above fra®b, for 60 min at 80 °C;
FC: ethyl acetate-hexane, 9:1; yield: 196 mg (74&t)ite foam;
R;= 0.68 (ethyl acetate-methanol, 9:1).(CHCI;) 3298, 1638,
1533, 1437, 1424, 1327 €m'H NMR (400 MHz, CDCJ, 6 8.56
(br, s, 1H), 7.48 (dJ = 7.8 Hz, 1H), 7.43 (d) = 7.7 Hz, 1H),
7.40 (s, 1H), 7.15 (tdJ = 7.7 and 1.2 Hz, 1H), 7.10 (td,= 7.7
and 1.2 Hz, 1H), 4.13 (§,= 6.7 Hz, 2H), 3.07 (1) = 6.7 Hz, 2H),
1.48 (s, 9H)**C NMR (100 MHz, CDGJ) & 145.3, 136.5, 134.5,
126.7, 126.3, 122.0, 120.2, 118.5, 118.0, 111.3,31@&3.6, 32.4,
31.0 (3C), 20.9; HRMS (ESI) calculated for/8,0N;" [MH]
266.1657, found 266.1661.

4.6.General procedure for preparation of compounds 11j,

To a solution of the Ugi produ¢®) (1.0 mmol) in anhydrous
toluene (10 mL) was added PQQ.46 mL, 5 mmol). The
reaction mixture was stirred at 50 °C, under a ogin
atmosphere, until the complete consumption of tlertisg
material. After cooling to rt, a 5% solution of }&0; (10 mL)
was added and the mixture extracted with dichlotbaree (2 x
25 mL). The combined organic extracts were washigd bvine

(10 mL) and then dried (N&Q,) and filtered. The solvent was

removed under reduced pressure and the residupwiied by
FC to yield the pure intermediatel) as indicated below.

4.6.1. N-(2-Bromophenyl)-N-((4,9-dihydro-3H-pyri@o}-

blindol-1-yl)methyl)isobutyramideldi). Prepared according to
the general procedure above fr@n FC: ethyl acetate-hexane,

1:1.5; yield: 59 mg (14%); thick syrup; R 0.54 (ethyl acetate-

dichloromethane, 7:3)vma(CHCL) 3318, 1628, 1607, 1526,

1434, 1325 cf;, *H NMR (300 MHz, CDCJ) 5 10.15 (br, m,
1H), 7.70 (ddJ = 7.9 and 1.8 Hz, 1H), 7.63 (br, #= 7.9 Hz,
1H), 7.51 (br, dJ = 7.9 Hz, 1H), 7.37-7.24 (m, 3H), 7.18 (brJt,
= 7.8 Hz, 1H), 6.88 (br, d = 7.6 Hz, 1H), 5.38 (d) = 14.3 Hz,
1H), 4.50-4.36 (br, m, 1H), 3.91 (dt,= 15.8 and 7.3 Hz, 1H),

3.73 (br, dddJ = 15.8, 11.4 and 7.6 Hz, 1H), 3.01-2.81 (m, 2H),

2.28 (hept,) = 6.7 Hz, 1H), 1.20 (d] = 6.7 Hz, 3H), 0.96 (d] =
6.7 Hz, 3H):3C NMR (75 MHz, CDCJ) 3 179.9, 157.9, 141.4,
135.0, 133.1, 130.8, 129.5, 127.7, 127.5, 123.8.52119.8,
119.0, 117.8, 114.4, 111.8, 52.9, 49.7, 32.1,,25918, 19.6;
HRMS (ESI) calculated for £H,sBrN;O" [MH?] 424.1024,
found 424.1029.

4.6.2 N-(2-Bromo-4,5-dimethoxyphenyl)-N-((4,9-ditoy@H-
pyrido[3,4-b]indol-1-yl)methyl)isobutyramide 11j). Prepared
according to the general procedure above fil@mFC: ethyl
acetate-hexane, 1:1.5; yield: 111.5 mg (23%); tloickR;= 0.41
(ethyl acetate-dichloromethane, 7:3)m.,{(CHCIL;) 3278 (br),
1632, 1618, 1512, 1466, 1376 ¢mMH NMR (300 MHz, CDCY)
6 10.00 (br, m, 1H), 7.59 (br, d,= 7.9 Hz, 1H), 7.47 (br, dl =
7.8 Hz, 1H), 7.28 () = 7.7 Hz, 1H), 7.25 (br, s, 1H), 7.13 Jt5
7.7 Hz, 1H), 7.07 (br, s, 1H), 5.31 (¥ 13.7 Hz, 1H), 4.22 (d]
=13.7 Hz, 1H), 3.88 (s, 3H), 3.86 (m, 2H), 3.683), 2.87 (m,
2H), 2.83 (hept) = 6.6 Hz, 1H), 1.18 (d) = 6.6 Hz, 3H), 0.93

(d,J = 6.6 Hz, 3H);®*C NMR (75 MHz, CDCJ) 5180.2, 157.7,
150.2, 149.3, 137.1, 132.5, 127.9, 125.7, 125.@.512120.2,
116.9, 116.0, 114.2, 113.0 (2C), 56.7, 56.5, 581, 32.3, 30.1,
20.5, 19.8; HRMS (ESI) calculated for,£8,,BrN;O;" [MH]
484.1236, found 484.1229.
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Compound 9b: *H NMR (300 MHz, CDCls)
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Compound 9b: **C NMR (75 MHz, CDCl3)
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Compound 9¢c: *H NMR (400 MHz, CDCl5)
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Compound 9d: *H NMR (300 MHz, CDCl5)
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Compound 9e: *H NMR (400 MHz, CDCl5)
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Compound 9e: *C NMR (75 MHz, CDCl5)
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Compound 9f: *H NMR (300 MHz, CDCls)

T T T T
176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Chemical Shift (ppm)



Compound 9g: *H NMR (300 MHz, CDCls)
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Compound 9h: *H NMR (300 MHz, CDCl5)
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Compound 9h: *C NMR (75 MHz, CDCls)
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Compound 9i: *H NMR (400 MHz, CDCl5)
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Compound 9j: *H NMR (300 MHz, DMSO-d6)
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Compound 9j: **C NMR (100 MHz, DMSO-d6)
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Compound 10a: *H NMR (300 MHz, DMSO-d6)
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Compound 10b: *H NMR (300 MHz, CD30D)
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Compound 3a: *H NMR (300 MHz, CD30D)
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Compound 3a: *C NMR (75 MHz, CD;0D)
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Compound 3b: *H NMR (300 MHz, CD;0D)
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Compound 3c: *H NMR (400 MHz, CDCl5)
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Compound 3d: *H NMR (300 MHz, CDCl5)
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Compound 3e: *H NMR (400 MHz, CD;0D)
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Compound 3g: *H NMR (300 MHz, CDCls)
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Compound 3h: *H NMR (300 MHz, CDCl5)
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Compound 3i: *H NMR (300 MHz, CDCl5)
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Compound 3j: *H NMR (400 MHz, CD;0D)
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Compound 4a: *H NMR (300 MHz, CDCls)
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Compound 4a: *C NMR (75 MHz, CDCls)

e S —
6.0 55 5,
Chemical Shift (ppm)

MeO

8
Chemical Shift (ppm)



Compound 4b: *H NMR (400 MHz, CDCl5)

Iz
/A
-

NI 1} -

I e e RN E S En s Emammn T
3.0 25 2.0 15

AR R RRAR R R AR
8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35
Chemical Shift (ppm)

BEREsasmam
9.0 8.5

Compound 4b: *C NMR (100 MHz, CDCl)

R e e B R N BEAREEAREE AN ERRRRRRERSRS!
144 136 128 120 112 104 96 88 80
Chemical Shift (ppm)

24



Compound 11i: *H NMR (400 MHz, CDCl5)

105 10.0 95 9.0 85 8.0 75 70 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 10 05
Chemical Shift (ppm)

Compound 11i: *C NMR (75 MHz, CDCl5)
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Compound 11j: *H NMR (300 MHz, CDCls)
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Chemical Shift (ppm)

Compound 11j: *C NMR (75 MHz, CDCls)
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Chemical Shift (ppm)





