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ABSTRACT: Nitrogen-containing heterocyclic compounds
are important motifs of pharmaceuticals and functional mate-
rials, and there has been a growing interest in new synthetic
methods for their preparation. In this paper, we report a direct
cross-coupling reaction of heteroarenes with N,N-dimethyla-

N-Het(Ary=H i \O

5 mol % CuBr
__airorO;

50 °C, CH;,CN

N-Het(Ar)\/r!j N

N-Het(Ar): indolizine, indole, imidazole, aniline up to 93 % yield

nilines in the presence of copper catalyst. Oxygen and/or air are successfully used as the oxidant, which is of great importance to the
industrialized economies. The reaction is compatible with a wide range of heterocycles, including indolizines, imidazoles, indoles, and
aniline, to enable the formation of various alkylated heteroarenes under very mild reaction conditions.

B INTRODUCTION

In the past years, great outcomes have been made in the
discovery of novel methods for the construction of C—C bonds
through the C—H activation." Various conventional coupling
reactions of two functionalized starting materials have been
replaced by the improved cross-coupling reactions involving
C—H activation/C—C bond forming processes that use one
unfunctionalized material” or two unfunctionalized materials.>*
In particular, the functionalization of heteroarenes via the
selective cross-dehydrogenative coupling (CDC) process has
attracted much attention because it greatly increase the overall
efficiency and improve atom economy (Scheme 1).**™ %" Eor
instance, Li and co-workers reported an impressive example of
copper-catalyzed indolation of tetrahydroisoquinolines, in which
carbon—carbon bonds Jare constructed dlrectly through the
selective coupling of sp> C—H bonds and sp® C—H bonds.*
The crucial point for the success of this type of reactions is the
employment of oxidants.**~** However, the need of hazardous or
toxic oxidants such as TBHP and DDQ limits their further applica-
tion. From an economical and environmental viewpoint, catalytic
oxidation processes employing molecular oxygen or air as terminal
oxidants are thus extremely valuable and will be more applicable
to industrial catalysis. The development of CDC processes by the
use of air/oxygen as oxidant has attached much attention in the
past few years, and it remains the great challenge in this field.#~*™°
To the best of our knowledge, only a few examples of catalyzed
cross-dehydrogenative coupling reaction between sp> C—H and sp>
C—H bonds were reported by the use of aerobic oxidations.” The
development of practical catalytic methods by using O, as oxidant
under mild conditions is highly desired (Scheme 1).

The oxidative transformations of tertiary amines with molec-
ular oxygen under mild reaction conditions is a difficult and
attractive research objective not only in bioinorganic chemistry
but also in the diverse array of catalytic oxidation reactions for
organic synthesis.® The mechanistic studies have indicated that
the oxidative transformations involve a nucleophilic attack on
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iminium ion complex.” *™"*">” For instance, Klussmann et al.

reported a copper-catalyzed aerobic oxidative couphng of tertiary
amines with silyl enolates and ketene acetals.”® We also reported
the applications of silyl enol ether in the reaction with various N,
N-dimethylanilines for the synthesis of 3-arylamino ketones in
the presence of TBHP.'® We envisioned that the electron-rich N-
fused heteroarenes might be employed as nucleophiles to access
to nucleophilic reaction with the iminium ion complex 1nter-
mediate, which wﬂl result in the direct cross-coupling of sp”
C—H bonds and sp> C—H bonds. Herein, we report the efficient
aeroblc copper- catalyzed oxidative cross-coupling of heterocyclic
sp” C—H bonds with sp> C—H bonds of tertiary amine to effi-
ciently give nitrogen-containing heterocyclic compounds under
mild conditions.

B RESULTS AND DISCUSSION

We initially selected 4-methyl-N,N-dimethylaniline (1a) and
indolizine-1-carbonitrile (2a) as model substrates to probe the
reaction conditions (Table 1). To our delight, the use of similar
reaction conditions previously applied in the reaction of silyl enol
ether'® resulted in the desired direct sp> C—H and sp> C—H
cross-coupling product in excellent yield (Table 1, entry 1).
Although remarkable efficiency was obtained for the reaction, 1
equiv of hazardous TBHP was required as oxidant. Thus, we
decided to investigate the aerobic cata1y51s for the coupling
reaction. On the basis of previous reports,’~*™>">? we exam-
ined the reaction using iron, ruthenium, and copper salts as
catalysts. The desired cross-coupling product 3a was obtained in
11% yield when FeCl; was used as catalyst, while RuCl; was
almost inactive (Table 1, entries 2 and 3). Significant aerobic
cross-coupling occurred by the use of copper catalysts such as
Cul, CuCl, Cu,0, CuBr,, and Cu(OTf),, and CuBr was found
to be the most effective catalyst for this reaction (Table 1,
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Scheme 1. The CDC Transformations with Various
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Table 1. Optimization of Reaction Conditions”

| CN
CN
/©/N\ + PN Catalyst ,L | N\ )
N7 /©/ =
1a 2a 3a

solvent, air, 50 °C

entry catalyst solvent yield (%)

1° CuBr CH;CN 92

2 FeCl, CH,CN 11

3 RuCly CH;CN trace

4 CuCl CH,CN 85

S Cu,O CH;CN 80

6 CuBr, CH;CN 77

7 Cu(OTf), CH,CN 67

8 Cul CH;CN 35

9 CuBr CH,CN 90
10° CuBr CH;CN trace
11 CH,CN NR
12 CuBr CH,Cl, trace
13 CuBr toluene 14
14 CuBr THF 72

“Reaction conditions: indolizine-1-carbonitrile 2a (71 mg, 0.5 mmol),
4-methyl-N,N-dimethylaniline 1a (338 mg, 2.5 mmol), catalyst (0.025
mmol), solvent (S mL), air, S0 °C, 12 h. *0.10 mL of TBHP (5—6 M in
decane) was added. “ Reaction under nitrogen atmosphere.

entries 4—9). The reaction was sluggish under nitrogen atmo-
sphere, and no product was detected in the absence of catalyst
(Table 1, entries 10 and 11). Acetonitrile was superior to other
solvents such as CH,Cl,, THF, and toluene (Table 1, entries
12—14). Thus, a quite efficient sp” C—H and sp> C—H cross-
coupling reaction was developed: treatment of two unfunctionalized
substrates with S mol % of CuBr with stirring at S0 °C in air
generated the cross-coupling product in 90% yield.

We next explored the reactivity of various heteroarenes under
the optimized reaction conditions as shown Table 2. In general,
the substituted indolizines could be successfully used in this
direct cross-coupling reaction to give the desired products in
moderate to good yields (Table 2, entries 1—8). Notably, the
electronic properties of the indolizine-1-carbonitrile substituent
influenced the efficiency of the reaction. The electron-donating
substituted indolizine-1-carbonitriles exhibited very good reac-
tivity to afford the products in excellent yields (Table 2, entries
2—4), and in contrast, indolizine-1-carbonitrile with the elec-
tron-withdrawing substituted chloride group showed relatively
lower reactivity (Table 2, entry S). Moreover, substrates with
substituents at the C-2 positions of indolizines could be smoothly
transformed into the corresponding cross-coupling products,

Table 2. The Reaction of 4-Methyl-N,N-dimethylaniline 1a
with N-Heteroarenes”
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“Reaction conditions: heteroarenes 2 (0.5 mmol), 4-methyl-N,N-
dimethylaniline 1a (338 mg, 2.5 mmol), CuBr (4 mg, 0.025 mmol),
CH;CN (5 mL), air, S0 °C, 12 h.

indicating the substantial tolerance of steric hindrance of the
reaction (Table 2, entries 2, 3, and 7). Furthermore, 2-phenyli-
midazole and N,N-dimethylbenzenamine underwent the reac-
tion as well to give the corresponding Mannich bases (Table 2,
entries 9 and 10). This result supports the Friedel—Crafts-type
reaction. The structure of this direct cross-coupling product was
further confirmed by the X-ray crystallography of 3g (see the SI).

Table 3 shows that a range of N,N-dimethylanilines participate
in the direct cross-coupling reaction. The electron-rich N,N-
dimethylanilines such as 1b and 1c worked well in air to give
excellent yields (Table 3, entries 1-2). N,N-dimethylanilines 1d
and le showed low reactivity in air, but worked well under an
oxygen atmosphere to afford the corresponding cross-coupling
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products in moderate to good yields (Table 3, entries 3—6).
4-Chloro-N,N-dimethylbenzenamine gave the desired product
in 86% yield under oxygen atmosphere (53% in air, Table 3,
entry 7). The reaction of 1b with indolizine ester 2f provided the
cross-coupling product in air in 73% yield (Table 3, entry 8).
However, the use of 1d and 1e in this reaction with indolizine 2f
led to the generation of both the desired cross-coupling products
(3sand 3t) and the corresponding benzyl indolizines (4s and 4t)
(Table 3, entries 9 and 10).

Table 3. The Reaction of Anilines with Indolizines”

i
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The production of 4s and 4t might take place through a retro-
Mannich reaction of 3s and 3t by the second nucleophilic attack
of anilline substrates on the direct cross-coupling products.”*”*"!
Thus, we attempted the reaction of indolizine coupling products
(3a, 3f) with N,N-dimethylbenzenamine (1d) in the presence of
CuBr in air. Indeed, the benzylic product 4s was obtained in 16%
yield and the product 4a was undetected. Since 3-benz?7hndoli-
zines are the key structures of many bioactive molecules, > we are
interested in the development of general processes to synthesis
benzylic indolizine 4s and 4a. We found that the deamination
reaction occurred smoothly in the presence of 10 mol % of
anhydrous FeCl; to give the benzylic indolizines 4s and 4a in
good yields (Scheme 2).

Indoles are important building blocks of natural products and
pharmaceuticals.® Encouraged by the successful oxidative cross-
coupling of N,N-dimethylanilines with the above heterocycles,
we studied the cross-coupling reaction of indoles (Table 4). It
was found that N-methyl indole was inactive. To our delight,
the desired cross-coupling product Sa was formed when N-free
indole was used as the substrate under the optimal reaction
conditions (Table 4, entry 1). Interestingly, we isolated the
N-alkylated product 6a, which might be formed by nucleophilic
attack of Sa on iminium cation complex of aniline. The elec-
tron-deficient indoles tolerated the reaction conditions well to
give the products smoothly (Table 4, entries 2—4). However,
the electron-rich indoles showed lower reactivity probably due
to the instability of the products (Table 4, entry 5).** Methyl
1H-indole-3-carboxylate participated in the reaction to give
N-alkylated product 5f in 42% yield (Table 4, entry 6). Ethyl
indole-2-carboxylate 2p carried out the reaction to give the
product 5g in lower yield, showing that the steric hindrance
played a role in the reactivity (Table 4, entry 7).

On the basis of mechanism proposals in previous
studies, '~ *™7>7"%10 3 plausible mechanism for the formation
of coupling product is illustrated in Scheme 3. The oxida-
tion of the a-C—H bond adjacent to nitrogen in aniline by
the molecular oxygen under the assistance of copper catalyst
leads to the formation of iminium cation intermediate A, which
undergoes a Friedel—Crafts-type process with indolizines

8 b 2 \)@/»‘.V% 73 2 to deliver the cross-coupling product 3 and regenerate the
=3 catalyst.
£OOMe A COOMe. 70
L, B
Ny N
9 1d 2f (j;;fb Gib (3stas=s6+14) I CONCLUSIONS
© In summary, we have demonstrated an efficient copper-
] cooMe . . . 2
©r5 £y % ca.talyze3d direct cross—coupl%r?g of N: —heteroc.ychc sp"C—H bf)nds
10 le 2f =~ (3tHe70+12) with sp” C—H bonds of anilines. The reaction employs environ-

“?Reaction conditions: indolizine 2 (0.5 mmol), N,N-dimethylanilines 1
(2.5 mmol), CuBr (4 mg, 0.025 mmol), CH;CN (5 mL), air, S0 °C, 12 h.
® Reaction under 1 atm oxygen atmosphere.

mentally benign molecular oxygen or air as oxidant under very
mild reaction conditions. A wide range of hererocycles, includ-
ing indolizines, pyrolines, indoles, and aniline, participate in the
reaction to afford the valuable alkylated nitrogen-containing

Scheme 2. The Synthesis of Benzylic Indolizines

R R
=
e /10 mol % M -
N 50 °C, CH3CN N
\ \
3a, 3f 1d 4a, 4s
M=CuBr M=FeClj
R=CN, 12h, N.R R=CN, 4h, 79% 4a

R=COOMe,12 h, 16 %

R=COOMe, 2 h, 65% 4s
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Table 4. The Reaction of 4-Methyl-N,N-dimethylaniline 1a
with Indoles®
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6d: 12%
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6 A ° b
) 0 o0
H N
20 /NJ
5f: 42%
o \
N\ N
7 N oJ o O
3 é/I j
\_d N
2p
5¢g: 30%

“Reaction conditions: indoles 2 (0.5 mmol), 4-methyl-N,N-dimethyla-
niline 1a (338 mg, 2.5 mmol), CuBr (4 mg, 0.025 mmol), CH,CN
(5 mL), air, 50 °C, 12 h.

Scheme 3. Plausible Mechanism
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\
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heterocycles. The extension of this method to oxygen-contain-
ing substrates is currently ongoing.

B EXPERIMENTAL SECTION

General. Unless otherwise stated, all reactions were carried out in
an oven-dried flask in air. CH;CN were distilled over calcium hydride
(CaH,). "H NMR spectra were recorded at 400 or 500 MHz and the
chemical shifts were reported in parts per million () relative to internal
standard TMS (0 ppm) for CDCl; or DMSO-dg. The peak patterns are
indicated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; dd, doublet of doublet. The coupling constants, ], are reported
in hertz (Hz). *C NMR spectra were recorded at 100 or 125 MHz and
referenced to the internal solvent signals (center peak is 77.00 ppm in
CDClI,; or 39.90 ppm in DMSO-dy). Mass spectroscopy data were col-
lected on an HRMS-EI instrument. N,N-Dimethylaniline compounds
1b, 1c, and 1f'° were prepared by known methods. Indolizine com-
pounds 2a—h>""* were synthesized following the reported procedures.
Other materials were purchased from common commercial sources and
used without additional purification.

The Preparation of N,N-Dimethylaniline Compounds 1b,
1¢, and 1f'°. To trimethyl phosphate (8.4 g, 60 mmol) was added
aniline (40 mmol). The resulting mixture was stirred at 110 °C for 2 h
and then cooled, then it was neutralized with 25 mL of NaOH (20%).
After additional stirring at 110 °C for 12 h, the resulting solution was
treated with water to dissolve Na;PO,. The organic layer was collected,
and the aqueous phase was extracted with diethyl ether (3 x SO mL).
The combined organic phase was dried over anhydrous magnesium sul-
fate. Removal of solvent under reduced pressure afforded the crude N,N-
dimethylanilines, which was further purified on a silica gel column to
afford the desired product.

4-Ethyl-N,N-dimethylbenzenamine (1b): red oil after purifi-
cation by flash chromatography (eluent: ethyl acetate/petroleum ether =
1/80, v/v); "H NMR (400 MHz, CDCl;) 0 7.24 (d, ] = 7.6 Hz, 2 H),
6.86 (d, ] = 6.8 Hz, 2 H), 3.04 (s, 6 H), 2.73 (q, ] = 7.1 Hz, 2 H), 1.37
(t,J=7.4 Hz, 3 H); *C NMR (100 MHz, CDCL,) 0 148.8, 132.4, 128.2,
113.0, 40.8, 27.7, 15.8.

4-tert-Butyl-N,N-dimethylbenzenamine (1c): red oil after
purification by flash chromatography (eluent: ethyl acetate/petroleum
ether = 1/80,v/v); "H NMR (400 MHz, CDCL;) 6 7.36 (dd, ] = 8.8, 2.4
Hz, 2 H), 6.80 (dd, J = 9.2, 2.8 Hz, 2 H), 2.99 (d, ] = 2.8 Hz, 6 H),
1.38 (d, ] = 2.4 Hz, 9 H); *C NMR (100 MHz, CDCl;) 0 148.3, 139.2,
125.6, 112.5, 40.6, 33.5, 31.3.

4-Chloro-N,N-dimethylbenzenamine (1f): yellow solid after
purification by flash chromatography (eluent: ethyl acetate/petroleum
ether = 1/80, v/v); "H NMR (400 MHz, CDCl;) 6 7.20 (d, ] = 9.6 Hz,
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2 H), 6.66 (d, ] = 8.8 Hz, 2 H), 2.94 (s, 6 H); >*C NMR (100 MHz,
CDCl,) 6 1489, 128.5, 1211, 113.4, 40.3.

The Preparation of Indolizine Compounds 2a— Step
1: To a solution of pyridines (100 mmol) in EtOAc (60 mL) was added
bromoacetic acid (100 mmol). After the mixture was stirred for 3 h at rt, the
solid was filtered and dried in air to give N-(carboxymethyl)pyridinium
bromides as a white solid.

Step 2: A suspension of N-(carboxymethyl)pyridinium bromides
(10 mmol), alkene (50 mmol), Et;N (1.5 mL), and MnO, (80 mmol) in
toluene (80 mL) was stirred at 90 °C for 2 h (monitored by TLC). After the
mixture was cooled to rt, the solid was filtered off and washed with acetone.
The combined filtrates were evaporated to give a residue, which was further
purified on a silica gel column to afford the corresponding indolizines 2a—h.

Indolizine-1-carbonitrile (2a): pale solid after purification by
column chromatography (eluent, ethyl acetate/petroleum ether = 1/6,
v/v); "H NMR (400 MHz, CDCl;) 0 8.00 (d, J = 6.4 Hz, 1 H), 7.56 (d,
J=8.8Hz,1H),7.23(d,J=2.4Hz,1H),7.03 (d,] = 6.8 Hz,1 H), 6.98—
7.00 (m, 1 H), 6.70—6.73 (m, 1 H).

2-Methylindolizine-1-carbonitrile (2b): pale solid after pur-
ification by column chromatography (eluent, ethyl acetate/petroleum
ether = 1/6, v/v); "H NMR (400 MHz, CDCl;) 6 7.86 (d, ] = 6.4 Hz,
1H),7.43 (d,] = 8.4 Hz, 1 H),7.00 (s, 1 H), 6.91—6.95 (m, 1 H), 6.60—
6.63 (m, 1 H), 2.32 (s, 3 H).

2-Phenylindolizine-1-carbonitrile (2¢): light yellow solid after
purification by column chromatography (eluent, ethyl acetate/petroleum
ether = 1/6, v/v); "H NMR (400 MHz, CDCl;) 6 8.00 (d, ] = 6.4 Hz,
1H),7.77 (d,]=7.6 Hz, 2 H), 7.61 (d, ] = 8.4 Hz, 1 H), 7.48—7.43 (m,
3H),7.37 (t,J=72Hz, 1 H),7.06 (t,]=7.2Hz, 1 H),6.75 (t,] = 7.2 Hz,
1 H); *C NMR (100 MHz, CDCl;) 6 139.1, 132.3, 131.7, 129.0, 128.1,
127.3,126.1, 122.6, 117.7, 117.2, 113.3, 111.2, 80.0.

7-Methylindolizine-1-carbonitrile (2d): light brown solid
after purification by column chromatography (eluent, ethyl acetate/
petroleum ether = 1/6, v/v); "H NMR (400 MHz, CDCl;) 6 7.90 (d, ] =
6.8 Hz, 1 H),7.36 (s, 1 H), 7.14 (d, ] = 2.4 Hz, 1 H), 6.93 (s, 1 H), 6.57
(d, J = 72 Hz, 1 H), 2.36 (s, 3 H); *C NMR (100 MHz, CDCl;) 6
138.4, 1334, 125.8, 117.4, 116.5, 116.1, 115.6, 113.2, 79.8, 21.1.

6-Chloroindolizine-1-carbonitrile (2e): light yellow solid after
purification by column chromatography (eluent, ethyl acetate/petroleum
ether = 1/6, v/v); "H NMR (400 MHz, CDCl;) 6 8.09 (s, 1 H), 7.59 (d,
J=9.6Hz,1H),7.25 (d,] = 2.8 Hz, 1 H), 7.06—7.03 (m, 2 H); *C NMR
(100 MHz, CDCl;) 6 135.7, 124.1, 123.7, 121.4, 1183, 117.7, 116.2,
114.3, 83.2.

Methyl Indolizine-1-carboxylate (2f): black oil after purifica-
tion by column chromatography (eluent, ethyl acetate/petroleum ether =
1/10,v/v); '"H NMR (400 MHz, CDCl;, TMS) ¢ 8.13 (d, ] =9.2 Hz, 1 H),
7.92(d,J=6.8Hz 1 H),7.20 (d,J=2.8 Hz,1 H),7.16 (d,J=3.2 Hz, 1 H),
698 (dd, ] = 8.4 Hz, 6.4 Hz, 1 H), 6.62 (t, ] = 6.4 Hz, 1 H), 3.86 (s, 3 H).

Methyl 2-Phenylindolizine-1-carboxylate (2g): light green
solid after purification by column chromatography (eluent, ethyl acetate/
petroleum ether = 1/10, v/v); "H NMR (400 MHz, CDCl;) 6 826 (d,] =
8.8 Hz, 1H),7.93 (d,]J=6.4Hz,1H),7.56 (d,] = 6.8 Hz,2 H), 7.45—7.38
(m,3H),7.23 (s, 1 H),7.07 (t,] = 7.2 Hz, 1 H), 6.70 (t,] = 6.4 Hz, 1 H),
3.82 (s,3 H); *C NMR (100 MHz, CDCL,) 6 165.4, 136.8, 134.9, 132.7,
1299, 127.7, 127.1, 125.6, 122.6, 120.3, 1139, 112.7, 101.1, 50.6.

Ethyl Indolizine-1-carboxylate (2h): black oil purification by
column chromatography (eluent, ethyl acetate/petroleum ether = 1/10,
v/v); "H NMR (400 MHz, CDCl;) 6 8.17 (d, ] = 8.8 Hz, 1 H), 7.98 (d,
J=6.8Hz,1H),7.25(d,J=2.8 Hz, 1 H),7.21 (d,] = 3.2 Hz,1 H), 7.00—
7.05 (m, 1 H), 6.66—6.70 (m, 1 H), 4.38 (q, ] = 6.8 Hz, 2 H), 1.41 (t, ] =
7.2 Hz, 3 H).

Typical Procedure for Cross-Coupling Products 3a—t, 4t,
5a—g, and 6a—e. To a mixture of heteroarenes 2 or aniline 1d
(0.5 mmol), CuBr (4 mg, 0.025 mmol), and CH;CN (S mL) was added
N,N-dimethylanilines 1 (2.5 mmol) at room temperature. The resulting

h 31,14

mixture was stirred at 50 °C for 12 h under air or oxygen atmosphere.
After the reaction, the mixture was filtered and the solvent was eva-
porated under vacuum. The residue was purified by column chroma-
tography on silica gel to afford the desired product.

Typical Procedure for Benzylic Indolizines Products 4a
and 4s. To a mixture of N-(indolizin-3-ylmethyl)-N,4-dimethylben-
zenamine (3a, 3f) (0.25 mmol), anhydrous FeCl; (4 mg, 0.025 mmol),
and CH;CN (2.5 mL) was added N,N-dimethylbenzenamine (151 mg,
1.25 mmol) at room temperature. The resulting mixture was stirred at
50 °C for 2—4 h under air. After the reaction, the mixture was filtered
and the solvent was evaporated under vacuum. The residue was purified
by column chromatography on silica gel to afford the desired product.

3-((Methyl(p-tolyllamino)methyl)indolizine-1-carbonitrile
(3a): 90% yield; white solid; "H NMR (400 MHz, CD3SOCD3) 6
8.24(d,J=6.8Hz,1H),7.65(d,J=8.4Hz,1H),7.20 (t,]=7.8 Hz, 1 H),
7.00 (d, ] = 8.0 Hz, 2 H), 6.97 (s, 1 H), 6.95 (t, ] = 7.0 Hz, 1 H), 6.81
(d,J=8.4Hz,2H),4.71 (s,2 H),2.80 (s, 3 H), 2.18 (s, 3H); '*C NMR
(100 MHz, CD;SOCD;) & 147.8, 138.1, 129.9, 126.5, 125.8, 123.6,
1232, 117.4, 117.2, 116.3, 1144, 113.4, 79.6, 48.2, 38.6, 20.4; HRMS
(EI) caled for CigH ;N3 [M]T 275.1422, found 275.1426.

2-Methyl-3-((methyl(p-tolyl)amino)methyl)indolizine-1-
carbonitrile (3b): 92% yield; white solid; '"H NMR (400 MHz,
CD5SOCD3) 6 8.07 (d, J = 6.8 Hz, 1 H), 7.57 (d, ] = 8.8 Hz, 1 H),
7.15 (t, ] = 7.6 Hz, 1 H), 7.02 (d, ] = 7.6 Hz, 2 H), 6.91—6.85 (m, 3 H),
4.56 (s, 2 H),2.51 (s, 3H), 2.30 (s, 3 H), 2.18 (s, 3 H); ">*C NMR (100
MHz, CD;SOCD5) 0 148.7, 137.0, 129.9, 127.4, 127.0, 125.5, 123.3,
119.8,116.9,116.7,115.6,113.2,81.6,46.1, 37.4, 20.4, 10.6; HRMS (EI)
caled for CioHoN; [M] 1 289.1579, found 289.1590.

3-((Methyl(p-tolyl)amino)methyl)-2-phenylindolizine-1-
carbonitrile (3c): 93% yield; white solid; '"H NMR (400 MHz,
CD;SOCD;) 0 824 (d, ] = 6.8 Hz, 1 H), 7.20 (d, ] = 8.4 Hz, 1 H),
7.53—7.46 (m, S H), 7.28 (t, ] = 8.0 Hz, 1 H), 7.01—6.96 (m, 3 H),
6.78 (d, ] = 8.0 Hz, 2 H), 4.63 (s, 2 H), 2.50 (s, 3 H), 2.17 (s, 3 H); *C
NMR (100 MHz, CD;SOCD;) 6 148.3, 137.8, 132.4, 131.8, 130.0, 129.8,
129.2, 128.6, 127.6, 126.1, 124.2, 119.8, 117.2, 116.9, 115.6, 114.0, 80.8,
464, 37.7, 20.4; HRMS (EI) caled for Cp4H,, N3 [M]1 351.1735, found
351.1749.

7-Methyl-3-((methyl(p-tolyl)Jamino)methyl)indolizine-1-
carbonitrile (3d): 83% yield; white solid; "H NMR (500 MHz,
CD;SOCD;) 0 8.13 (d, J= 7.0 Hz, 1 H), 7.42 (s, 1 H), 7.00 (d, ] = 8.5
Hz,2H),6.89 (s, 1H),6.81 (d,J=8.0Hz, 2 H),6.78 (d,J=7.0 Hz, 1 H),
4.67 (s,2 H),2.77 (s, 3 H), 2.33 (s, 3 H), 2.18 (s, 3 H); '*C NMR (125
MHz, CD,SOCD;) & 147.9, 138.7, 134.1, 130.0, 126.6, 1253, 122.8,
117.6,116.1, 116.0, 115.7, 114.5, 78.1, 48.2, 38.5, 21.0, 20.4; HRMS (EI)
caled for CioH N3 [M] ™ 289.1579, found 289.1578.

6-Chloro-3-((methyl(p-tolyl)amino)methyl)indolizine-1-
carbonitrile (3e): 44% yield; white solid; "H NMR (400 MHz,
CD3SOCD;) 0 8.42 (s, 1 H),7.67 (d,]=9.2Hz, 1 H),7.19(d,] = 9.6
Hz, 1 H), 6.98 (d,] = 7.6 Hz,2 H), 6.93 (s, 1 H), 6.77 (d, ] = 8.4 Hz,
2 H),4.73 (s, 2 H), 2.81 (s, 3 H), 2.16 (s, 3 H); "*C NMR (100 MHz,
CD;SOCD;) d 147.7, 136.1, 129.9, 126.5, 124.8, 123.8, 123.6, 120.4,
118.4,116.8,116.6, 114.3, 81.4, 48.3, 38.7, 20.4; HRMS (EI) calcd for
C5H6N;CI [M] ™ 309.1033, found 309.1034.

Methyl 3-((methyl(p-tolyllamino)methyl)indolizine-1-car-
boxylate (3f): 72% yield; white solid; "H NMR (400 MHz, CD3SOCD3)
08.18(d,J=6.8Hz,1H),8.08 (d,J=8.8Hz, 1 H),7.18 (t,]=7.6 Hz, 1 H),
7.00 (d, ] =84 Hz,2H),6.92 (s, 1 H),6.90 (t, ] = 6.6 Hz, 1 H), 680 (d, ] =
8.0 Hz, 2 H), 470 (s, 2 H), 3.75 (s, 3 H), 2.81 (s, 3 H), 2.18 (s, 3 H); *C
NMR (100 MHz, CD;SOCD3) 6 164.6, 147.9, 136.0, 130.0, 126.2, 125.3,
123.0,122.7,119.1, 1154, 114.1, 112.9, 102.0, 51.0, 48.2, 38.5, 20.3; HRMS
(EI) caled for C1oH,0N>O, [M] " 308.1525, found 308.1520.

Methyl 3-((methyl(p-tolyl)amino)methyl)-2-phenylindoli-
zine-1- carboxylate (3g): 68% yield; white solid; "H NMR (500
MHz, CDCl;) 6 8.32 (d, ] = 9.0 Hz, 1 H), 8.10 (d, ] = 6.5 Hz, 1 H),
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7.44—7.34 (m, 5 H), 7.15 (t, ] = 8.0 Hz, 1 H), 7.10 (d, ] = 8.5 Hz, 2 H),
6.85(d,J=8.5Hz,2H),6.75 (t, ] = 7.0 Hz, 1 H), 4.45 (s,2H), 3.73 (s, 3
H), 2.56 (s, 3 H), 2.29 (s, 3 H); "*C NMR (125 MHz, CDCl;) 0 165.6,
148.7,136.5,135.0,132.9, 130.6,130.0, 128.3, 127.8, 127.3, 124.8, 123.0,
120.1,119.8,115.5,113.0,102.0, 50.8, 46.5, 37.0, 20.5; HRMS (EI) calcd
for C,sH,,N,0, [M]" 384.1838, found 384.1835.

Ethyl 3-((methyl(p-tolyllamino)methyl)indolizine-1-carbox-
ylate (3h): 72% yield; white solid; "H NMR (400 MHz, CD3SOCD3) &
8.16 (d,J=7.2Hz,1H),805(d,J=9.2Hz,1H),7.16 (t,]= 7.6 Hz, 1 H),
6.98 (d,]=8.0Hz,2 H), 6.89—6.87 (m,2 H), 6.80 (d, ] = 7.6 Hz, 2 H), 4.69
(s,2H),4.20 (q,J=7.2Hz,2H),2.78 (s,3H),2.16 (5,3H), 1.26 (, =72
Hz, 3 H); "*C NMR (100 MHz, CD,SOCD;) 0 164.2, 147.9, 135.8, 130.0,
1262,125.3,123.0,122.7,119.2, 115.5,114.1, 112.9, 102.2, 59.3, 48.2, 38.4,
20.4, 14.9; HRMS (EI) caled for C,0H,,N,0, [M]™ 322.1681, found
322.1677.

N,4-Dimethyl-N-((2-phenyl-1H-imidazol-5-yl)methyl)-
benzenamine (3i): 25% yield; white solid; "H NMR (500 MHz,
CD;SOCD3) 6 124 (s,1 H),7.93 (d,J=8.0Hz,2 H), 7.45 (t, ] = 8.0 Hz,
2H),7.34 (t,]=7.5Hz,1H),6.99 (d,]=7.5Hz,2 H),6.92 (s, 1 H), 6.75
(d,J=7.5Hz,2 H), 443 (s,2H),2.97 (s, 3 H), 2.19 (s, 3 H); *C NMR
(125 MHz, CD;SOCD;) 6 147.8,145.6,139.9, 131.3,129.8,129.2, 128.3,
1252, 124.7, 1154, 113.3, 50.7, 38.9, 20.4; HRMS (EI) calcd for
CisH oN; [M] " 277.1579, found 277.1574.

N-(4-(Dimethylamino)benzyl)-N,4-dimethylbenzenamine
(3)):"° 32% yield; light yellow solid; "H NMR (400 MHz, CDCl;) o
7.16 (d,]=8.0 Hz,2 H), 7.08 (d,] = 8.4 Hz, 2 H), 6.76 (t, ] = 8.0 Hz, 4
H), 4.44 (s, 2 H), 2.97 (s, 9 H), 2.30 (s, 3 H); ">*C NMR (100 MHz,
CDCLy) 8 149.7, 148.1, 129.6, 128.0, 126.9, 125.6, 113.0, 112.8, 56.5,
40.8, 38.3,20.3; HRMS (EI) calcd for C;,H,,N, [M] " 254.1783, found
254.1787.

3-(((4-Ethylphenyl)(methyl)amino)methyl)indolizine-1-car-
bonitrile (3k): 92% yield; white solid; "H NMR (500 MHz, CD;-
SOCD;) 6 824 (d,J=7.0Hz, 1 H),7.65 (d,J=9.5Hz, 1 H), 7.19 (t, ] =
7.8 Hz, 1 H), 7.03 (d, ] = 8.5 Hz, 2 H), 6.99 (s, 1 H), 6.95 (t, ] = 6.5 Hz,
1H),6.83(d,J=8.5Hz,2H),4.71 (s,2H),2.80 (s, 3H),2.48 (q,]=7.6
Hz,2 H), 111 (t, ] = 7.5 Hz, 3 H); ">*C NMR (100 MHz, CD;SOCDj) &
148.0, 138.1, 1332, 128.7, 125.8, 123.6, 123.2, 117.4, 117.2, 116.3, 114.4,
113.4,79.6, 482, 38.6, 27.6, 16.3; HRMS (EI) calcd for C;oH;oN3 [M] T
289.1579, found 289.1576.

3-(((4-tert-Butylphenyl)(methyl)amino)methyl)indolizine-
1-carbonitrile (31): 90% yield; white solid; 'H NMR (500 MHz,
CD5SOCD;) 0823 (d,J=7.2Hz, 1 H),7.64 (d,J=8.8 Hz, 1 H), 7.19—
7.17 (m,3H),7.00 (s, 1 H),6.93 (t,]= 6.8 Hz, 1 H),6.82 (d,J=8.4 Hz,2
H), 4.69 (s, 2 H), 2.79 (s, 3 H), 1.20 (s, 9 H); "*C NMR (100 MHz,
CD;SOCD;) 6 147.7, 140.1, 138.1, 126.1, 125.8, 123.6, 123.3, 117.4,
117.2,116.4, 114.0, 113.4, 79.6, 48.2, 38.5, 33.9, 31.8; HRMS (EI) calcd
for C,H,3N5 [M] 317.1892, found 317.1896.

3-((Methyl(phenyl)amino)methyl)indolizine-1-carbonitrile
(3m): 64% yield; white solid; 'H NMR (400 MHz, CDCl;) 6 7.96 (d,
J=6.8Hz,1H),7.66 (d,]=8.8 Hz, 1 H),7.30 (t, ] = 8.0 Hz, 2 H), 7.09 (t,
J=7.8Hz,1H),6.95(s,1H),6.94 (d,] =84 Hz,2 H), 6.86 (t,] = 7.4 Hz,
1H),6.76 (t,] = 6.6 Hz, 1 H), 4.62 (s,2 H),2.79 (s, 3 H); *C NMR (100
MHz, CDCL;) 6 149.9, 138.7, 129.4, 124.4, 122.1, 121.8, 118.7, 117.9,
117.1, 1169, 1144, 113.0, 80.9, 48.6, 37.5; HRMS (EI) calcd for
C1,H;sN; [M] " 261.1266, found 261.1271.

2-Methyl-3-((methyl(phenyl)amino)methyl)indolizine-1-
carbonitrile (3n): 64% yield; white solid; '"H NMR (500 MHz,
CD;SOCD;) 6 8.07 (d, J= 7.0 Hz, 1 H), 7.60 (d, ] = 9.0 Hz, 1 H), 7.24
(t, J=8.0Hz,2H),7.17 (t,J= 7.5 Hz, 1 H), 7.01 (d, ] = 8.0 Hz, 2 H),
6.89 (t,J=6.5Hz,1H),6.77 (t,]=7.5Hz,1H),4.65 (5,2 H),2.57 (5,3
H), 2.34 (s, 3 H); '*C NMR (125 MHz, CD;SOCD;) 6 150.7, 137.1,
129.6,127.2,125.4,123.4,119.7,118.5,116.9,116.8,115.0,113.3, 81.8,
45.7, 36.9, 10.6; HRMS (EI) caled for C;gH ;N5 [M] 275.1422,
found 275.1428.

7-Methyl-3-((methyl(phenyl)amino)methyl)indolizine-1-
carbonitrile (30): 76% yield; white solid; "H NMR (500 MHz,
CD;SOCD5) 6 8.13 (d, J = 7.0 Hz, 1 H), 7.43 (s, 1 H), 7.19 (, ] = 8.0
Hz,2 H), 6.89 (s, 1 H), 6.88 (d,] = 9.0 Hz, 2 H), 6.79 (d, ] = 7.5 Hz,
1H),6.70 (t,]=7.0 Hz, 1 H), 4.74 (s,2 H), 2.84 (s, 3H), 2.34 (s, 3 H);
13C NMR (125 MHz, CD3SOCD3) § 149.9, 138.7, 134.1,129.5, 125.2,
122.8, 117.7, 117.6, 116.0, 115.9, 115.7, 114.0, 78.1, 47.8, 38.2, 21.0;
HRMS (EI) caled for C,gH,N; [M]" 275.1422, found 275.1430.

3-((Methyl(m-tolyl)amino)methyl)indolizine-1-carbonitrile
(3p): 70% yield; white solid; "H NMR (400 MHz, CDCls) 6 7.93 (d, ] =
7.2Hz,1H),7.60 (d,]=8.8 Hz, 1 H),7.15 (t,] = 7.6 Hz, 1 H), 7.04 (t,] =
7.8 Hz, 1H),6.90 (s, 1 H), 6.73 (s, 1 H), 6.73—6.70 (m, 2 H), 6.65 (d,] =
7.6 Hz, 1 H), 4.56 (s, 2 H), 2.73 (s, 3 H), 2.31 (s, 3 H); ">*C NMR (100
MHz, CDCl3) & 150.1, 139.2, 138.7, 129.2, 124.5, 122.1, 122.0, 119.6,
117.9,117.0,116.9,115.2,113.0, 111.5, 80.8, 48.6, 37.5,21.9; HRMS (EI)
caled for CigH N5 [M]1 275.1422, found 275.1426.

3-(((4-Chlorophenyl)(methyl)amino)methyl)indolizine-1-
carbonitrile (3q): 86% yield; white solid; "H NMR (400 MHz,
CD;SOCD;) 6 822 (d, J = 7.2 Hz, 1 H), 7.65 (d, ] = 8.8 Hz, 1 H),
7.22—7.17 (m, 3 H), 6.96 (t,] = 7.2 Hz, 1 H), 6.94 (s, 1 H), 6.86 (d, ] =
9.2 Hz, 2 H), 479 (s, 2 H), 2.88 (s, 3 H); *C NMR (100 MHz,
CD;SOCD;) 6 148.5, 1382, 129.1, 125.7, 123.3, 123.1, 121.1, 117.4,
1172, 116.0, 115.1, 113.5, 79.7, 47.8, 38.4; HRMS (EI) calcd for
C1,H,4N;Cl [M] " 295.0876, found 295.0890.

Methyl 3-(((4-ethylphenyl)(methyl)amino)methyl)indolizine-
1-carboxylate (3r): 73% yield; white solid; '"H NMR (400 MHz,
CD3SOCD;) 6 8.18 (d,]=6.8 Hz, 1 H),8.06 (d,] =9.2 Hz, 1 H), 7.17
(t,J=7.8Hz,1H),7.10(d,J=8.0 Hz,2 H), 6.91 (s, 1 H), 6.90 (t,] =
64Hz,1H),6.80 (d,J=7.6 Hz,2H),4.70 (s,2H), 3.73 (s,3H),2.80 (5,3
H), 246 (q, ] = 7.6 Hz, 2 H), 1.10 (t, ] = 7.6 Hz, 3 H); '*C NMR (100
MHz, CD;SOCD;5) 0 164.6,148.0,135.9, 132.9, 128.7,125.3,123.0,122.7,
119.1, 115.5, 114.1, 113.0, 101.9, 51.0, 48.2, 38.5, 27.6, 16.3; HRMS (EI)
caled for CooH,,N,0, [M] T 322.1681, found 322.1682

Methyl 3-((methyl(phenyl)amino)methyl)indolizine-1-car-
boxylate (3s): 56% vyield; white solid; "H NMR (400 MHz,
CD5SOCD;) 0 8.19 (d, J = 7.2 Hz, 1 H), 807 (d, ] = 92 Hz, 1 H),
7.21—7.16 (m, 3 H), 6.93—6.86 (m, 4 H), 6.68 (t,J=7.2 Hz, 1 H), 4.78 (s,
2H),3.73 (s, 3 H), 2.88 (s, 3 H); *C NMR (100 MHz, CD5SOCD;) ¢
164.6, 149.8, 136.0, 129.5, 1252, 123.0, 122.6, 119.1, 117.4, 115.3, 113.6,
113.0, 102.0, 51.0, 47.9, 38.2; HRMS (EI) calcd for C;5H;sN,O, [M] ™"
294.1368, found 294.1348.

Methyl 3-(4-(dimethylamino)benzyl)indolizine-1-carbox-
ylate (4s): 14% yield; white solid; "H NMR (400 MHz, CDCl;) 6 8.21
(d,J=9.2Hz,1H),7.76 (d,] = 6.8 Hz, 1 H), 7.05—7.00 (m, 4 H), 6.69—
6.63 (m, 3 H), 4.09 (s, 2 H), 3.89 (s, 3 H), 2.91 (s, 6 H); '*C NMR (100
MHz, CDCl3) 6 165.5, 149.5, 136.5, 129.0, 124.6, 124.5, 1232, 121.5,
119.8,115.5, 113.0, 112.2, 102.4, 50.7, 40.7, 31.4; HRMS (EI) calcd for
C1oH,0N,0, [M] " 308.1525, found 308.1522.

Methyl 3-((methyl(m-tolyl)amino)methyl)indolizine-1-car-
boxylate (3t): 70% vyield; white solid; 'H NMR (400 MHgz,
CD;SOCD;) 6 8.19 (d, J = 7.2 Hz, 1 H), 8.08 (d, ] = 8.8 Hz, 1 H),
720 (t,J=7.8 Hz,1H),7.07 (t,] = 7.6 Hz, 1 H), 6.92 (t, ] = 6.4 Hz, 1 H),
6.90 (s, 1 H), 6.71—6.68 (m,2 H), 6.52 (d, J=7.2 Hz, 1 H), 4.77 (s, 2 H),
375 (s, 3 H), 2.86 (s, 3 H), 223 (s, 3 H); °C NMR (100 MHyz,
CD;SOCD;) 0 164.6, 149.9, 138.5, 136.0, 129.3, 125.3, 123.0, 122.7,
119.1,118.3,115.2,114.2,113.0,110.8, 102.0, 51.0,47.9, 38.2,21.9; HRMS
(EI) caled for C1oH,0N,0, [M] T 308.1525, found 308.1533.

Methyl 3-(4-(dimethylamino)-2-methylbenzyl)indolizine-
1-carboxylate (4t): 12% yield; white solid; "H NMR (400 MHz,
CDCl;) 8 8.25 (d,J = 8.8 Hz, 1 H), 7.80 (d, J = 6.8 Hz, 1 H), 7.07 (t, ] =
7.8Hz, 1H),6.89 (s,1H),6.81 (d, J=8.4Hz,1H),6.73 (t,]=6.4Hz, 1
H), 6.65 (s, 1 H), 6.53 (d, ] = 8.8 Hz, 1 H), 4.03 (s, 2 H), 3.88 (s, 3 H),
2.94 (s, 6 H), 2.31 (s, 3 H); *C NMR (125 MHz, CDCl;) 6 165.5,
149.7,137.1,136.1, 129.6, 124.3,123.1,123.0,121.4,119.8, 115.4, 115.0,
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1122, 110.7, 102.5, 50.7, 40.7, 29.2, 20.0; HRMS (EI) calcd for
CoH2N,0, [M] 1 322.1681, found 322.1679.

N-((1H-indol-3-yl) methyl)-N,4-dimethylaniline  (5a):"* 24%
yield; white solid; "H NMR (400 MHz, CD;SOCD3) 6 10.87 (s, 1 H),
7.50 (d,J=8.0Hz,1H),7.33 (d,J=8.0Hz, 1 H), 7.14 (s, L H), 7.06 (t, ] =
7.6 Hz, 1 H), 6.98—6.93 (m, 3 H), 6.76 (d, ] = 8.5 Hz, 2 H), 4.57 (s, 2 H),
2.85 (s,3 H), 2.17 (s, 3 H); "*C NMR (125 MHz, CD,SOCD;) 6 14822,
136.7,129.7, 127.3, 1249, 124.3, 121.4, 119.2, 118.9, 113.7, 111.9, 111.8,
48.2, 38.4,20.4.

1,3-Bis((methyl(p-tolyl)amino)methyl)-1H-indole (6a): 17%
yield; colorless liquid; "H NMR (400 MHz, CD5SOCD;) 6 7.46 (d, = 7.6
Hz, 1H),740 (d,] =84 Hz, 1 H), 7.06 (s, 1 H), 7.05 (t,] = 7.2 Hz, L H),
698 (d,]=84Hz,2H),695 (t,]=8.6Hz,3H),6.81 (d, ] = 8.8 Hz, 2 H),
6.70 (d,]=9.2Hz,2H),5.63 (s,2H),4.48 (5,2 H),2.77 (s,3H),2.75 (5,3
H), 2.18 (s, 3 H), 2.16 (s, 3 H); "*C NMR (100 MHz, CD;SOCD3)
1482, 146.5, 136.7, 129.9, 129.7, 127.8, 127.3, 127.2, 125.0, 121.7, 119.4,
119.3,115.0, 113.7, 111.8, 110.8, 63.6, 48.2, 38.2, 37.5, 20.4, 20.3; HRMS
(EX) caled for C,6H,oN5 [M]1 383.2361, found 383.2359.

N-((5-Bromo-1H-indol-3-yl)methyl)-N,4-dimethylaniline
(5b):* 28% yield; white solid; "H NMR (500 MHz, CDCL;) 6 8.01 (s,
1H),7.74 (s, 1H),7.31(dd, ] =8.5,2.0 Hz, 1 H),7.22 (d,]=8.0 Hz, 1 H),
7.11(d,J=8.5Hz,2H),7.00 (s, 1H), 6.84 (d,] = 8.5Hz,2 H), 4.51 (s,2
H), 2.95 (s, 3 H), 2.32 (s, 3 H); '*C NMR (125 MHz, CDCl;) 0 148.3,
135.2,129.9,128.9, 126.7, 125.2, 124.1, 122.0, 114.2, 113.3, 113.0, 112.8,
49.3, 38.6, 20.5.

1,3-Bis((methyl(p-tolyl)amino)methyl)-5-bromo-1H-indole
(6b): 24% yield; white solid; "H NMR (400 MHz, CDCl3) 6 7.69 (s 1
H),7.26 (dd,J=82,1.8 Hz,1H),7.12(d,J=84Hz,2H),7.10 (t,]=8.6
Hz,3H),6.89 (s, 1 H), 6.80 (d, ] = 8.4 Hz, 4 H), 5.45 (s,2 H), 4.50 (s, 2
H), 2.86 (s, 3 H), 2.81 (s, 3 H), 2.33 (s, 3 H), 2.32 (5, 3 H); "*C NMR
(100 MHz, CDCl;) 6 148.5, 146.7, 135.5, 130.2, 130.0, 129.8, 129.4,
127.3, 126.8, 125.0, 122.3, 115.9, 114.4, 113.1, 112.5, 111.7, 65.5, 49.4,
38.5,37.5,20.7,20.6; HRMS (EI) caled for C,gH,BrN; [M] 1 461.1467,
found 461.1455.

3-((Methyl(p-tolyl)amino)methyl)-1H-indole-5-carbonitrile
(5¢): 20% yield; white solid; "H NMR (500 MHz, CDCl3) 6 8.51 (s,
1H),7.94 (s,1H),7.43 (t,J=10.0 Hz,2 H), 7.15 (s, 1 H),7.10 (d,] = 8.5
Hz,2H),6.83 (d,]J=8.0 Hz, 2 H), 4.62 (s, 2 H), 2.94 (s, 3H),2.30 (s, 3
H); *C NMR (125 MHz, CDCl;) O 148.2, 138.4, 130.0, 127.1, 127.0,
125.3, 1252, 125.0, 121.0, 114.6, 114.3, 112.3, 102.7, 49.4, 38.7, 20.5;
HRMS (EI) caled for C,gH;,N; [M]" 275.1422, found 275.1423.

1,3-Bis((methyl(p-tolyl)Jamino)methyl)-1H-indole-5-carbo-
nitrile (6¢): 34% yield; white solid; "H NMR (400 MHz, CDCl;) 6
7.89 (s 1H),7.39 (dd, ] = 8.4, 1.6 Hz, 1 H),7.30 (d, J = 8.8 Hz, 1 H), 7.12
(d,J=8.4Hz,2H),7.08 (d,]=84Hz,2H),7.01 (s, 1 H),6.81 (d,J=84
Hz,2H),6.79 (d,]=8.8 Hz,2H), 5.54 (5,2 H), 4.54 (5,2 H), 2.86 (s, 3H),
2.84 (s,3H), 2.33 (s,3H), 231 (5,3 H); *C NMR (100 MHz, CDCl;) &
1482, 146.4, 138.3, 130.3, 130.0, 129.8, 128.3, 127.9, 1274, 125.3, 125.1,
1209, 116.0, 114.7, 113.9, 111.0, 102.8, 65.7, 49.5, 38.7, 37.6, 20.7, 20.6;
HRMS (EI) caled for C,HygN, [M] T 408.2314, found 408.2311.

N,4-Dimethyl-N-((5-nitro-1H-indol-3-yl)methyl)aniline
(5d): 49% yield; light yellow solid; 'H NMR (400 MHz, CDCl;) 6
8.56 (s, 1 H),8.54 (d,]=2.0Hz, 1 H), 8.09 (dd, ] =9.2,2.0 Hz, 1 H), 7.36
(d,J=92Hz, 1H),7.14 (s, 1 H),7.07 (d,] =84 Hz,2 H), 6.81 (d,] = 8.8
Hz, 2 H),4.64 (s,2 H), 2.95 (s, 3H), 227 (s, 3 H); "*C NMR (100 MHz,
CDCly) 0 147.9, 141.6, 139.4, 129.7, 1269, 126.3, 125.7, 117.8, 116.6,
116.0, 114.1, 111.1, 49.1, 38.7, 20.2; HRMS (EI) calcd for C,,H;,N;0,
[M] ™" 295.1321, found 295.1314.

1,3-Bis((methyl(p-tolyl)amino)methyl)-5-nitro-1H-indole
(6d): 12% yield; light yellow solid; "H NMR (400 MHz, CDCl;) &
8.48 (s,J=2.0Hz,1H),8.04 (dd,]=9.0,2.0 Hz, 1 H),7.23 (d,]=9.2
Hz, 1 H), 7.08 (d, ] = 8.4 Hz, 2 H), 7.05 (d, ] = 8.8 Hz, 2 H), 6.98 (s,
1H),6.76 (t, ] = 84 Hz, 4 H), 5.52 (s, 2 H), 4.56 (s, 2 H), 2.86 (s, 3 H),
2.82 (s,3H),2.30 (s,3H),2.27 (s,3 H); *C NMR (125 MHz, CDCl;) &

148.0, 146.4, 141.5, 139.4, 130.1, 129.7, 128.8, 127.2, 127.0, 117.6, 116.8,
115.9, 115.4, 1152, 114.3, 110.0, 65.8, 49.2, 38.7, 37.5, 20.5, 20.4; HRMS
(EI) caled for C,6H,sN,O, [M] 428.2212, found 428.2206.
1,3-Bis((methyl(p-tolyl)amino)methyl)-5-methyl-1H-indole
(6€): 12% yield; colorless liquid; "H NMR (400 MHz, CD;SOCD;) 6
7.26 (d,]=8.4Hz,1H),7.21 (s,1H),7.00 (s, 1 H),6.97 (d, ] = 8.4 Hz,2
H),6.93 (d,]=84Hz,2H),6.86(d,J=82Hz,1H),679 (d,J=9.2Hz,2
H), 6.69 (d,] = 8.8 Hz,2 H), 5.59 (5,2 H), 443 (s,2 H), 2.74 (s, 3H), 2.73
(s,3H),229 (s, 3 H), 2.18 (s, 3 H), 2.16 (s, 3 H); >*C NMR (100 MHz,
CD;SOCD;) 0 1483, 146.5, 135.1, 129.8, 129.7, 1280, 127.8, 127.3, 127.2,
125.1,123.3,119.0,115.1,113.8,111.2,110.6, 63.6,48.3, 38.2, 37.5, 21.5,20.4,
20.3; HRMS (EI) caled for CpH3 N3 [M] 1 397.2518, found 397.2507.

Methyl 1-((methyl(phenyl)amino)methyl)-1H-indole-3-car-
boxylate (5f): 42% yield; white solid; "H NMR (400 MHz, CDCl,) &
8.23(d,J=8.0Hz,1H),7.82 (s,1H),7.35—7.25 (m,3H),7.12 (d,] = 8.4
Hz,2H), 6.81 (d, ] = 8.4 Hz,2 H), 5.58 (s,2 H), 3.91 (s, 3 H), 2.99 (s, 3
H), 2.32 (s, 3 H); "*C NMR (100 MHz, CDCL;) 0 165.4, 145.8, 136.1,
132.9, 130.0, 129.0, 127.0, 122.9, 122.1, 121.7, 114.7, 1103, 107.5, 65.5,
50.9,37.6,20.4; HRMS (EI) calcd for C;oH,0N,0, [M] " 308.1525, found
308.1522.

Ethyl 3-((methyl(p-tolyl)lamino)methyl)-1H-indole-2-car-
boxylate (5g): 30% yield; white solid; "H NMR (500 MHz, CDCl,)
09.04(s,1H),7.72(d,J=8.5Hz, 1 H),7.42 (d,]=8.5Hz, 1 H),7.34 (t,
J=8.5Hz,1H),7.14 (d,] =8.5Hz,2 H), 7.09 (t,] = 7.5 Hz, 1 H), 6.95
(d,J=9.0Hz,2H),4.99 (5,2 H), 449 (q,J = 7.0 Hz,2 H), 2.87 (s, 3 H),
2.33 (s, 3 H), 146 (t, ] = 7.0 Hz, 3 H); *C NMR (125 MHz, CDCl,) 0
162.6, 149.1, 1362, 129.9, 128.0, 1267, 125.8, 124.3, 1224, 121.5, 120.7,
1144, 111.9, 61.3,48.8, 37.8,20.5, 14.7; HRMS (EI) calcd for C,0H,,N,0,
[M]* 322.1681, found 322.1684.

3-(4-(Dimethylamino)benzyl)indolizine-1-carbonitrile
(4a): 79% yield; white solid; "H NMR (400 MHz, CDCl3) 6 7.79 (d, ] =
72 Hz,1H),7.62 (d,] = 8.8 Hz, 1 H), 7.03—6.99 (m, 3 H), 6.80 (s, 1 H),
6.70—6.67 (m, 3 H), 4.09 (s, 2 H), 2.92 (s, 6 H); *C NMR (100 MHz,
CDCly) 6 149.6, 1382, 129.0, 125.2, 123.6, 121.4, 117.9, 117.3, 1159,
113.0,112.9, 112.6, 80.5,40.6, 31.2; HRMS (EI) caled for C;gH ;N5 [M]
275.1422, found 275.1431.

Methyl 3-(4-(dimethylamino)benzyl)indolizine-1-carbox-
ylate (4s): 65% yield; white solid; "H NMR (400 MHz, CDCl;) 6 8.21
(d,J=9.2Hz,1H),7.76 (d,] = 6.8 Hz, 1 H), 7.05—7.00 (m, 4 H), 6.69—
6.63 (m, 3 H), 4.09 (s, 2 H), 3.89 (s, 3 H), 2.91 (s, 6 H); '*C NMR (100
MHz, CDCl3) 0 165.5, 149.5, 136.5, 129.0, 124.6, 124.5, 1232, 121.5,
119.8,115.5, 113.0, 112.2, 102.4, 50.7, 40.7, 31.4; HRMS (EI) calcd for
C1oH,0N,0, [M] " 308.1525, found 308.1522.
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