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Cu(OTf)2/HFIP catalyzed regioselective
cycloisomerization of indole-C3-functionalized
alkynols to carbazoles†

Srinivasarao Yaragorla, * Tabassum Khan and Sayonika Chakroborty

We report here a simple and atom economic cycloisomerization

reaction of indole-tethered alkynols for constructing diverse car-

bazoles using Cu(OTf)2/HFIP as the excellent promoter system.

The reaction proceeds through a one-pot, domino process of spiro

cyclization and 1,2-migration followed by aromatization to deliver

carbazoles.

Introduction

Carbazole structural frameworks have received overwhelming
attention from the scientific community due to their rich
natural abundance and broad range of biological activities
such as anticancer, antipsychotic, antibiotic, anti-inflamma-
tory, antioxidative, and antimicrobial activities (Fig. 1).1

Moreover, carbazole templates serve as useful platforms for
the design of new organic materials because of their efficiency
in hole-transporting and their light-emitting and photocon-
ductive properties.2 Therefore, the development of efficient
and economical synthetic methods for carbazoles continues to
be a desirable task in organic synthesis.3 Despite several classi-
cal and elegant synthetic methods, the benzannulation of a
C-2 or a C-3 alkyne tethered indole moiety is considered as one
of the most accessible means for synthesizing carbazoles due
to its efficient conversion and atom economy;4–7 most of
these methods are catalyzed by platinum,4 gold,5 or silver
complexes.6 In particular, the annulation of C3-alkynol teth-
ered indoles becomes more interesting for the construction
of carbazoles via spiro-cyclization. Based upon the nature of
substitutions, electronic and steric effects, and also the
carbon chain length, they undergo either an endo- or exo-
cyclization to form intermediate X, as shown in Fig. 2.8

Subsequently, the spirane intermediate can undergo a 1,2-
alkenyl migration9 to form carbazole Y or carbazole Z via
1,2-alkyl migration.10 For example, the Min Shi group devel-
oped an intramolecular cyclization of 1-(indol-3-yl)-3-alkyn-1-
ols (alcohol being on the a-carbon) in the presence of a cat-
ionic gold(I) complex to form a substituted carbazole
through a 1,2-alkyl migration and aromatization (Fig. 2, eqn
(i)).11 The Unsworth group developed an Ag(OTf) mediated
carbazole synthesis from indole-C3-tethered propargyl alco-
hols (alcohol being on the b-carbon, Fig. 2, eqn (ii)).12 Next,
a detailed study on a 1,2-migration of a gold(III)-catalyzed
cycloisomerization of α-bis(indol-3-yl)methyl alkynols to
afford 1-(indol-3-yl)carbazoles was reported by the R. Sanz
group.13 Baire’s group reported a silver triflate-mediated
cycloisomerization of (indol-3-yl)pentyn-3-ols to produce tet-
rahydrocarbazoles, which underwent a dehydrative aromati-
zation to form carbazoles in the presence of pTSA.14 In con-
tinuation of our research aimed at developing nitrogen het-
erocycles15 from propargyl alcohols, recently, we developed
an iodo-cycloisomerization of indole-tethered propargylic
alcohols to furnish 3-iodocarbazoles via selective 1,2-alkyl
migration8b and 2-iodocarbazoles via 1,2-alkenyl migration.8c

Though elegant approaches are available, there is still a
need to develop a sustainable method that avoids excess sol-
vents, inert conditions and expensive catalysts.

Fig. 1 Selected examples of functionalized, biologically active carba-
zole natural products.
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Results and discussion

In continuation of our pursuit to study and understand aryl
migrations during 1,2-shifts of indole-tethered propargyl alco-
hols to furnish carbazoles,8b,c we chose compound 1a as the
model substrate. Therefore, we commenced our study by treat-
ing 1a with 10 mol% pTSA in 1,2-dichloromethane (DCE) at
room temperature; after 24 h, we isolated the desired product
2a in 10% yield (entry 1, Table 1). Encouraged by this obser-
vation, we then screened some more Brønsted acids, such as
triflic acid (entry 2), methanesulfonic acid (entry 3) and trifli-
mide (entry 4) in DCE at rt. All these reactions led to the for-
mation of a complex TLC along with a trace of 2a. Next, we
switched to Lewis acid catalysts, like BF3·Et2O (entry 5), Ca
(NTf2)2 (entry 6) and Mg(OTf)2 (entry 7) and found only Ca
(NTf2)2 catalyzed the reaction for the formation of 2a in 12%
yield. Then, we performed the reaction with Earth-abundant
transition metal catalysts; FeCl3 did not catalyze the reaction,
but Cu(OTf)2 furnished 2a in 43% yield. With this, we identi-
fied Cu(OTf)2 as the right catalyst and started screening
various solvents. 45% 2a was formed in toluene, but no
product was observed in DMSO, and acetonitrile gave only
25% product yield. In recent years, HFIP showed excellent
results in catalysis; therefore,16 we used HFIP as the solvent
(2 mL) in our reaction, and to our surprise, HFIP/Cu(OTf)2 pro-

moted the formation of 2a in 82% yield at rt (entry 13). When
we used 2 equiv. of HFIP (twice the total weight of 1a + cata-
lyst), i.e. 0.2 mL, a quantitative yield of 2a (96%) was observed.
Looking at the sharp rise in the reaction yield due to HFIP, we
were curious to know if the catalyst is really required for this
transformation. Therefore, we stirred 1a with only HFIP and
found that no reaction was initiated, which confirms the role
of HFIP. Further attempts with protic solvents (methanol,
ethanol, water) and mixed solvents (MeOH/DCE, MeOH/
CH3CN) were not encouraging (entries 16–20). Copper acetate
was catalysed to furnish a moderate yield of 2a (entry 21), but
no reaction occurred with copper iodide (entry 21). Finally, we
concluded that 10 mol% Cu(OTf)2 and HFIP (0.2 mL) at rt
were the best reaction conditions for the cycloisomerization
(entry 14, Table 1).

With the optimum reaction conditions in hand, we were
keen to check the generality of the protocol (Table 2). Initially,
we studied the scope of N-substituted indoles with methyl,
ethyl, benzyl, allyl, and isopropyl groups; all reacted smoothly
to yield corresponding carbazoles 2a–2e in excellent yields.
However, it was observed that N–H indoles gave moderate
yields when compared to N-alkyl indoles. Next, we noticed that
p-tolyl and p-biphenyl substitutions on the alkyne terminus
also furnished carbazoles 2g and 2h in excellent yields.

Fig. 2 Selected examples of cycloisomerization of indoles bearing C3-
alkynols toward carbazoles.

Table 1 Optimization of reaction conditionsa

Entry Reaction conditionsa Yieldb (%)

1 pTSA (10), DCE, 25 °C, 24 h 10
2 TfOH (10), DCE, 25 °C, 4 h —c

3 MeSO3H (10), DCE, 25 °C, 4 h —c

4 HNTf2 (10), DCE, 25 °C, 4 h —c

5 BF3·Et2O (10), DCE, 25 °C, 4 h —c

6 Ca(NTf2)2/Bu4NPF6 (10), DCE, 25 °C, 8 h 12
7 Mg(OTf)2 (10), DCE, 25 °C, 24 h nr
8 FeCl3 (10), DCE, 25 °C, 24 h nr
9 Cu(OTf)2 (10), DCE, 25 °C, 4 h 43
10 Cu(OTf)2 (10), toluene, 25 °C, 1 h 45
11 Cu(OTf)2 (10), DMSO, 25 °C, 24 h nr
12 Cu(OTf)2 (10), CH3CN, 25 °C, 2 h 25
13 Cu(OTf)2 (10), HFIP, 25 °C, 15 min 82
14d Cu(OTf)2 (10), HFIP (0.2 mL), 25 °C, 15 min 96
15 HFIP, 25 °C, 24 h nr
16 Cu(OTf)2 (10), MeOH, 25 °C, 6 h 43
17 Cu(OTf)2 (10), EtOH, 25 °C, 6 h 48
18 Cu(OTf)2 (10), H2O, 25 °C, 24 h nr
19 Cu(OTf)2 (10), MeOH/DCE, 25 °C, 4 h 54
20 Cu(OTf)2 (10), MeOH/CH3CN, 25 °C, 8 h 50
21 Cu(OAc)2 (10), HFIP, 25 °C, 4 h 60
22 CuI (10), HFIP, 25 °C, 24 h nr

aUnless mentioned, all the reactions were carried out with 1a (100 mg)
in 2 mL solvent at rt under specified conditions. b Isolated yields.
c Complex TLC. dOptimum conditions. nr = no reaction.
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Table 2 Substrate scopea

a All the reactions were performed with 100 mg of propargyl alcohol (1) in 0.2 mL of HFIP.
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Moreover, substrates bearing cyclohexyl and cyclopropyl
groups on the alkyne terminus reacted smoothly to furnish 2i
and 2j. Single crystal-X-ray data of 2j were obtained to under-
stand the regioselectivity of this protocol. Next, we focussed on
understanding the electronic effects on the phenyl ring at the
propargylic carbon. The benzene ring bearing, methyl, fluoro,
and bromo substitutions at the para position showed quanti-
tative yields of carbazoles 2k–2m. However, the yield in the
case of p-cyanobenzene was slightly lower due to the strong-I
effect (2n). We have also obtained the single crystal X-ray data
of 2k to understand the regioselectivity of the protocol.
Besides, we were quite successful in demonstrating the reactiv-
ity of substrates having 2-naphthyl, methyl and hydrogen (a
secondary propargylic system) substitutions at the propargylic
carbon to synthesize carbazoles 2o–2q in excellent yields.
Motivated by this outcome, with bis(indolyl) systems, we
intended to study the indole-phenyl tethered propargylic alco-
hols. Accordingly, we subjected compound 1r to the standard
reaction conditions, and gratifyingly, the reaction gave the
desired product 2r but in a lower yield. Yet, we circumvented
this issue by performing the reaction at 50 °C and obtained 2r
in 80% yield. Furthermore, we found that N-Me, N-benzyl and
N-allyl derivatives of indoles also reacted smoothly at 50 °C to
furnish the desired carbazoles 2r–2t in good yields. N-Hexyl
and n-pentyl substituted alkynols (1u and 1v) also showed
excellent reactivity to furnish 2u and 2v. Similarly, p-phenyl
substituted benzene on an alkyne terminus was also shown to
produce 2w–2y in good yields. Single-crystal-X-ray data of 2y
were obtained. Carbazole 2z was synthesized in 87% yield
from the 5-methoxyindole derivative 1z. Interestingly, 1,3,5-tri-
methoxy benzene substitution was also well tolerated under
the standard conditions to furnish the desired carbazole 2aa
in 84% yield.

From the reaction screening (Table 1), it was clear that
HFIP alone could not initiate the reaction, and Cu(OTf)2

without HFIP furnished a poor yield of 2a. Based on these
observations and previous reports,16 we believe that HFIP acti-
vates both the catalyst and substrate through hydrogen
bonding, as depicted in Fig. 3. The Cu/HFIP activates the sub-
strate via the classical formation of a p-Lewis acid complex (A),
which undergoes a 5-endo-dig spirocyclization to form the
spirane B. A subsequent 1,2-alkyl migration of the spirane
forms intermediate C, and the subsequent protodemetallation
and aromatization furnishes the desired carbazole 2.

Conclusions

In conclusion, we have developed a simple, operationally
friendly protocol for the annulation of indole-C3-attached pro-
pargyl alcohols to construct functionally diverse carbazoles.
The reaction was performed using catalytic Cu(OTf)2 and HFIP
at rt for bisindolyl (2a–2q and 2z) and indolyl-trimethoxyben-
zene (2aa) systems in open air. The indole-phenyl system
required moderate heating (2r–2y). Furthermore, this protocol
does not require inert conditions and solvent media. Broad
substrate scope, high yields, and open-air reactions using a
minimum amount of HFIP are the key highlights of our
method.

Experimental
General information

Unless otherwise noted, all reagents were used as received
from commercial suppliers, and indenols were synthesized by
following the reported procedures. Reactions were performed
in flame-dried or oven-dried glassware with magnetic stirring
and were monitored using thin-layer chromatography (TLC)
with aluminum sheets of silica gel 60 F254 from Merck. TLC
plates were visualized with UV light (254 nm), iodine treat-
ment, or using p-anisaldehyde or vanillin stain. Column
chromatography was carried out using silica gel 60–120 and
100–200 mesh size as the stationary phase. NMR spectra were
recorded at 500 MHz and 400 MHz (1H) and 125 MHz and
100 MHz (13C{1H}), respectively, on a Bruker Avance spectro-
meter. NMR spectra were solved by using the Bruker Topspin
software. Chemical shifts (δ) are reported in ppm, using the
residual solvent peak in CDCl3 (1H: δ = 7.26 and 13C{1H}: δ =
77.16 ppm) as the internal standard, and coupling constants
( J) are given in Hz. HRMS were recorded using ESI-TOF tech-
niques. Melting points were measured with LABINDIA’s
melting point apparatus (MEPA).

General experimental procedure for the synthesis of carba-
zole 2. Alkynol 1 (100 mg, 1 equiv.), HFIP (0.2 mL) and
10 mol% Cu(OTf)2 were weighed into a small round bottom
flask equipped with a tiny magnetic bead and stirred slowly at
room temperature. The reaction mixture turned reddish immedi-
ately after the addition of HFIP. Slow stirring is required to avoid
the spilling of the reaction mixture onto the walls of the reaction
flask (see the ESI for more details†). The reaction progress wasFig. 3 Proposed reaction mechanism.
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monitored by TLC. After the completion of the reaction, the
crude compound was absorbed into silica gel and purified by
column chromatography on silica gel using a mixture of hexane
and AcOEt as eluents to obtain carbazole 2.

9-Methyl-1-(1-methyl-1H-indol-3-yl)-2,4-diphenyl-9H-carbazole (2a).
Isolated as a pale yellow solid; yield: 96% (0.092 g); mp:
224–225 °C; 1H NMR (400 MHz, CDCl3): δ 7.71 (d, J = 7.0 Hz,
2H), 7.53 (t, J = 7.0 Hz, 2H), 7.49–7.46 (m, 2H), 7.38–7.35 (m,
2H), 7.33 (d, J = 8.0 Hz, 1H), 7.26–7.22 (m, 2H), 7.19 (s, 1H),
7.15–7.13 (m, 2H), 7.08–7.05 (m, 4H), 6.97 (t, J = 7.5 Hz, 1H),
6.70 (s, 1H), 3.72 (s, 3H), 3.25 (s, 3H) ppm; 13C{1H} NMR
(125 MHz, CDCl3): δ 142.9, 141.8, 141.5, 140.9, 136.5, 136.3,
131.2, 129.7, 129.5, 129.4, 128.5, 127.6, 127.3, 125.9, 125.5,
123.6, 122.3, 121.8, 120.5, 120.4, 119.8, 118.7, 115.2, 112.0,
109.2, 108.8, 32.9, 31.4 ppm; HRMS (ESI-TOF): m/z calculated
for C34H27N2 [M + H]+ 463.2174, found 463.2177.

9-Ethyl-1-(1-ethyl-1H-indol-3-yl)-2,4-diphenyl-9H-carbazole (2b).
Isolated as a pale yellow solid; yield: 95% (0.091 g); mp:
181–182 °C; 1H NMR (400 MHz, CDCl3): δ 7.72 (d, J = 7.0 Hz,
2H), 7.53 (t, J = 7.5 Hz, 2H), 7.48–7.46 (m, 2H), 7.37–7.37 (m,
3H), 7.29 (d, J = 7.0 Hz, 1H), 7.23 (t, J = 3.5 Hz, 1H), 7.21–7.19
(m, 1H), 7.11–7.10 (m, 2H), 7.06–7.02 (m, 4H), 6.96 (t, J = 7.5
Hz, 1H), 6.79 (s, 1H), 4.14–4.03 (m, 2H), 3.93–3.85 (m, 1H),
3.84–3.77 (m, 1H), 1.26 (t, J = 7.0 Hz, 3H), 0.86 (t, J = 6.5 Hz,
3H) ppm; 13C{1H} (125 MHz, CDCl3) δ 143.0, 142.1, 141.8,
141.5, 139.8, 136.5, 135.1, 131.2, 129.6, 129.5, 128.5, 127.5,
127.4, 127.1, 125.8, 125.4, 123.4, 122.8, 122.5, 121.7, 120.8,
120.5, 119.6, 118.7, 115.2, 112.0, 109.4, 109.1, 40.9, 38.4, 15.8,
14.3 ppm; HRMS (ESI-TOF): m/z calculated for C36H31N2 [M +
H]+ 491.2487, found 491.2487.

9-Benzyl-1-(1-benzyl-1H-indol-3-yl)-2,4-diphenyl-9H-carbazole
(2c). Isolated as a white solid; yield: 93% (0.090 g); mp:
174–176 °C; 1H NMR (500 MHz, CDCl3): δ 7.76 (d, J = 7.0 Hz,
2H), 7.56 (t, J = 7.0 Hz, 2H), 7.53–7.48 (m, 2H), 7.35 (d, J = 8.0
Hz, 1H), 7.32–7.28 (m, 1H), 7.24–7.22 (m,1H), 7.21 (d, J = 7.5
Hz, 1H), 7.17–7.15 (m, 3H), 7.14–7.13 (m, 3H), 7.12–7.09 (m,
3H), 7.06–6.97 (m, 6H), 6.61–6.59 (m, 2H), 6.51–6.49 (m, 2H),
6.23 (s, 1H), 5.12–5.02 (m, 3H), 4.69–4.65 (m, 1H) ppm; 13C
{1H}(100 MHz, CDCl3) δ 176.1, 164.3, 161.8, 151.4, 149.2,
130.9, 129.2, 127.9, 127.8, 127.4, 127.0, 126.6, 124.9, 121.9,
120.0, 116.3, 116.1, 112.6, 49.5, 31.2, 19.4 ppm; HRMS
(ESI-TOF): m/z calculated for C46H35N2 [M + H]+ 615.2800,
found 615.2790.

9-Allyl-1-(1-allyl-1H-indol-3-yl)-2,4-diphenyl-9H-carbazole (2d).
Isolated as a white solid; yield: 83% (0.080 g); mp: 162–163 °C;
1H NMR (400 MHz, CDCl3): δ 7.73–7.72 (m, 2H), 7.54 (t, J = 7.0
Hz, 2H), 7.48 (t, J = 8.0 Hz, 2H), 7.35–7.32 (m, 2H), 7.27 (d, J =
8.0 Hz, 1H), 7.25–7.21 (m, 1H), 7.20–7.19 (m, 2H), 7.16–7.14
(m, 2H), 7.05–7.02 (m, 4H), 6.97 (t, J = 7.5 Hz, 1H), 6.97 (d, J =
1.0 Hz, 1H), 5.86–5.79 (m, 1H), 5.50–5.42 (m, 1H), 5.05 (d, J =
10.5 Hz, 1H), 4.85 (d, J = 10.0 Hz, 1H), 4.72–4.66 (m, 2H),
4.63–4.57 (m, 2H), 4.45–4.35 (m, 2H) ppm; 13C{1H} NMR
(125 MHz, CDCl3): δ 142.8, 142.2, 141.4, 140.1, 136.5, 135.5,
133.7, 133.2, 130.7, 129.6, 129.5, 128.5, 128.4, 127.6, 127.2,
125.9, 125.4, 123.6, 122.6, 122.3, 121.9, 120.6, 119.8, 119.0,
116.6, 115.5, 115.1, 111.8, 48.4, 46.3 ppm; HRMS (ESI-TOF):

m/z calculated for C38H31N2 [M + H]+ 515.2487, found
515.2487.

9-Isopropyl-1-(1-isopropyl-1H-indol-3-yl)-2,4-diphenyl-9H-carba-
zole (2e). Isolated as a yellowish solid; yield: 86% (0.083 g); mp:
199–200 °C; 1H NMR (400 MHz, CDCl3): δ 7.70 (d, J = 7.0 Hz,
2H), 7.55 (d, J = 8.5 Hz, 1H), 7.52 (t, J = 8.0 Hz, 2H), 7.49–7.45
(m, 1H), 7.43 (d, J = 7.5 Hz, 1H), 7.37–7.33 (m, 2H), 7.30–7.27
(m, 1H), 7.21–7.18 (m, 1H), 7.16 (s, 1H), 7.08–7.06 (m, 2H),
7.03–6.99 (m, 4H), 6.94–6.91 (m, 1H), 6.84 (s, 1H), 4.96–4.90
(m, 1H), 4.64–4.59 (m, 1H), 1.46 (d, J = 6.5 Hz, 3H), 1.24–1.20
(m, 6H), 1.14 (d, J = 7.0 Hz, 3H) ppm; 13C{1H} NMR (125 MHz,
CDCl3): δ 143.2, 142.3, 141.6, 140.4, 140.3, 136.2, 135.3, 130.0,
129.5, 128.5, 127.5, 127.0, 125.7, 124.6, 123.8, 123.3, 122.6,
121.6, 120.9, 120.6, 119.4, 118.3, 115.6, 112.7, 112.6, 109.3,
46.9, 46.5, 22.9, 22.8, 21.0, 20.0 ppm; HRMS (ESI-TOF): m/z cal-
culated for C38H31N2 [M + H]+ 519.2800, found 519.2805.

1-(1H-Indol-3-yl)-2,4-diphenyl-9H-carbazole (2f ). Isolated as a
brown viscous compound; yield: 67% (0.064 g); 1H NMR
(500 MHz, CDCl3): δ 8.23 (s, 1H), 8.13 (s, 1H), 7.77 (d, J = 7.0
Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.55 (t, J = 7.0 Hz, 2H),
7.50–7.46 (m, 3H), 7.32–7.27 (m, 6H), 7.17–7.12 (m, 4H),
7.00–6.97 (m, 1H), 6.88 (d, J = 2.0 Hz, 1H) ppm; 13C{1H} NMR
(125 MHz, CDCl3): δ 142.2, 141.2, 140.2, 140.0, 139.3, 136.5,
136.2, 130.0, 129.4, 128.5, 127.7, 127.6, 127.1, 126.3, 125.6,
124.8, 123.8, 123.2, 122.5, 120.4, 120.2, 119.6, 119.1, 114.9,
112.2, 111.6, 110.6 ppm; HRMS (ESI-TOF): m/z calculated for
C32H23N2 [M + H]+ 435.1861, found 435.1867.

9-Methyl-1-(1-methyl-1H-indol-3-yl)-2-phenyl-4-(p-tolyl)-9H-car-
bazole (2g). Isolated as a white solid; yield: 87% (0.084 g); mp:
223–224 °C; 1H NMR (500 MHz, CDCl3): δ 7.71 (d, J = 7.0 Hz,
2H), 7.53 (t, J = 7.5 Hz, 2H), 7.49–7.46 (m, 2H), 7.37–7.34 (m,
3H), 7.27 (s, 1H), 7.24 (s, 1H), 7.17 (s, 1H), 7.09–7.06 (m, 1H),
7.04 (d, J = 7.5 Hz, 2H), 6.98–6.95 (m, 1H), 6.87 (d, J = 8.0 Hz,
2H), 6.73 (s, 1H), 3.75 (s, 3H), 3.23 (s, 3H), 2.22 (s, 3H) ppm;
13C{1H}(125 MHz, CDCl3) δ 176.1, 151.4, 150.4, 132.2, 131.2,
130.1, 129.2 (2), 129.1, 129.0, 125.8 (2), 125.4, 123.6, 120.3,
118.5, 116.7, 113.7, 49.4, 31.2, 19.4 ppm; HRMS (ESI-TOF): m/z
calculated for C35H29N2 [M + H]+ 477.2331, found 477.2330.

4-([1,1′-Biphenyl]-4-yl)-9-methyl-1-(1-methyl-1H-indol-3-yl)-2-
phenyl-9H-carbazole (2h). Isolated as a white solid; yield: 89%
(0.086 g); mp: 225–226 °C; 1H NMR (500 MHz, CDCl3): δ

7.82–7.77 (m, 4H), 7.75 (d, J = 7.5 Hz, 2H), 7.63 (d, J = 8.0 Hz,
1H), 7.49 (t, J = 7.5 Hz, 2H), 7.40–7.36 (m, 3H), 7.33 (d, J = 8.5
Hz, 1H), 7.27–7.23 (m, 3H), 7.16–7.15 (m, 2H), 7.08–7.06 (m,
4H), 7.01–6.98 (m, 1H), 6.71 (s, 1H), 3.72 (s, 3H), 3.27 (s, 3H)
ppm; 13C{1H}(100 MHz, CDCl3) δ 142.9, 141.9, 141.0, 140.5,
140.3, 136.3, 136.0, 131.2, 129.9, 129.7, 129.4, 128.9, 127.4,
127.3, 127.2 (2), 126.0, 125.5, 123.6, 122.4, 122.3, 121.8, 120.5,
120.3, 119.8, 118.8, 115.3, 112.0, 109.2, 108.8, 32.9, 31.5 ppm;
HRMS (ESI-TOF): m/z calculated for C40H31N2 [M + H]+

539.2487, found 539.2481.
4-Cyclohexyl-9-methyl-1-(1-methyl-1H-indol-3-yl)-2-phenyl-9H-

carbazole (2i). Isolated as a white solid; yield: 88% (0.085 g);
mp: 220–221 °C; 1H NMR (500 MHz, CDCl3): δ 8.19 (d, J = 7.5
Hz, 1H), 7.45–7.42 (m, 1), 7.31 (d, J = 3.5 Hz, 1H), 7.29–7.27
(m, 3H), 7.23–7.20 (m, 1H), 7.19 (s, 1H), 7.13–7.11 (m, 2H),
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7.08–7.06 (m, 3H), 7.04–7.01 (m, 1H), 6.64 (s, 1H), 3.70 (s, 3H),
3.66–3.56 (m, 1H), 3.22 (s, 3H), 2.31–2.28 (m, 2H), 1.99 (s, 2H),
1.89 (d, J = 7.5 Hz, 1H), 1.72–1.63 (m, 4H), 1.43–1.36 (m, 1H)
ppm; 13C{1H}(100 MHz, CDCl3) δ 143.6, 142.8, 142.3, 142.1,
140.8, 136.3, 131.2, 129.7, 129.4, 127.2, 125.8, 124.9, 122.7,
122.4, 121.6, 120.6, 120.4, 119.6, 119.1, 118.5, 113.6, 112.3,
109.1, 108.8, 41.0, 33.3, 33.2, 32.9, 31.4, 27.5, 27.4, 26.7 ppm;
HRMS (ESI-TOF): m/z calculated for C34H33N2 [M + H]+

469.2644, found 469.2648.
4-Cyclopropyl-9-methyl-1-(1-methyl-1H-indol-3-yl)-2-phenyl-9H-

carbazole (2j). Isolated as a yellowish solid; yield: 84%
(0.081 g); mp: 246–247 °C; 1H NMR (500 MHz, CDCl3): 8.56 (d,
J = 7.5 Hz, 1H), 7.48–7.44 (m, 1H), 7.32–7.29 (m, 3H), 7.28–7.26
(m, 1H), 7.23–7.20 (m, 1H), 7.11–7.09 (m, 2H), 7.08–7.05 (m,
4H), 7.04–7.01 (m, 1H), 6.64 (s, 1H), 3.70 (s, 3H), 3.23 (s, 3H),
2.67–2.62 (m, 1H), 1.20–1.17 (m, 2H), 1.00–0.96 (m, 2H) ppm;
13C{1H}(125 MHz, CDCl3) δ (ppm) 143.3, 142.7, 141.8, 140.6,
136.6, 136.3, 131.2, 129.6, 129.4, 127.2, 125.8, 125.1, 123.1,
123.0, 122.5, 121.7, 120.5, 120.3, 119.7, 119.0, 114.1, 112.1,
109.1, 108.6, 32.9, 31.3, 15.0, 6.9 (2) ppm; HRMS (ESI-TOF):
m/z calculated for C31H27N2 [M + H]+ 427.2174, found
427.2175.

9-Methyl-1-(1-methyl-1H-indol-3-yl)-4-phenyl-2-(p-tolyl)-9H-car-
bazole (2k). Isolated as a white solid; yield: 96% (0.093 g); mp:
208–209 °C; 1H NMR (400 MHz, CDCl3): δ 7.71 (d, J = 7.5 Hz,
2H), 7.52 (t, J = 7.5 Hz, 2H), 7.47 (d, J = 7.5 Hz, 2H), 7.37–7.32
(m, 3H), 7.25–7.22 (m, 2H), 7.17 (s, 1H), 7.08–7.03 (m, 3H),
6.96 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 7.5 Hz, 2H), 6.71 (s, 1H),
3.72 (s, 3H), 3.22 (s, 3H), 2.21 (s, 3H) ppm; 13C{1H}(100 MHz,
CDCl3) δ 142.9, 141.8, 141.5, 141.0, 139.9, 136.4, 136.3, 135.4,
131.3, 129.5, 129.3, 128.5, 128.0, 127.5, 125.4, 123.7, 122.3,
121.7, 120.5, 120.2, 119.8, 118.7, 115.1, 112.1, 109.2, 108.7,
32.9, 31.4, 21.1 ppm; HRMS (ESI-TOF): m/z calculated for
C35H29N2 [M + H]+ 477.2331, found 477.2329.

2-(4-Fluorophenyl)-9-methyl-1-(1-methyl-1H-indol-3-yl)-4-phenyl-
9H-carbazole (2l). Isolated as a pale yellow solid; yield: 95%
(0.092 g); mp: 234–235 °C; 1H NMR (400 MHz, CDCl3): δ

7.72–7.70 (m, 2H), 7.55–7.52 (m, 2H), 7.50–7.45 (m, 2H),
7.38–7.33 (m, 3H), 7.26–7.23 (m, 3H), 7.14 (s, 1H), 7.11–7.05
(m, 3H), 6.99–6.95 (m, 1H), 6.76–6.72 (m, 2H), 6.71 (s, 1H),
3.75 (s, 3H), 3.25 (s, 3H) ppm; 13C{1H}(100 MHz, CDCl3) δ

162.7, 160.2, 142.9, 141.3, 140.9, 140.7, 138.8, 136.5, 136.3,
131.1, 131.0, 129.4, 129.3, 128.5, 127.6, 125.5, 123.4, 122.3,
122.2, 121.9, 120.5, 120.4, 119.9, 118.8, 115.2, 114.2, 114.0,
111.9, 109.3, 108.8, 33.0, 31.4 ppm; HRMS (ESI-TOF): m/z cal-
culated for C34H26FN2 [M + H]+ 481.2080, found 481.2076.

2-(4-Bromophenyl)-9-methyl-1-(1-methyl-1H-indol-3-yl)-4-
phenyl-9H-carbazole (2m). Isolated as a white solid; yield: 93%
(0.090 g); mp: 200–201 °C; 1H NMR (500 MHz, CDCl3): δ

7.70–7.68 (m, 2H), 7.55–7.52 (m, 2H), 7.50–7.48 (m, 1H), 7.46
(d, J = 8.0 Hz, 1H), 3.84 (s, 3H), 7.38–7.32 (m, 3H), 7.25 (t, J =
9.0 Hz, 2H), 7.18–7.16 (m, 2H), 7.12 (s, 1H), 7.09–7.05 (m, 1H),
7.03–7.00 (m, 2H), 6.98–6.95 (m, 1H), 6.70 (s, 1H), 3.75 (s, 3H),
3.23 (s, 3H) ppm; 13C{1H}(125 MHz, CDCl3) δ 142.9, 141.9,
141.3, 140.9, 140.5, 136.7, 136.3, 131.3, 131.1, 130.4, 129.4,
129.3, 128.5, 127.7, 125.6, 123.2, 122.4, 122.2, 122.0, 120.6,

120.4, 120.2, 120.0, 118.8, 115.1, 111.8, 109.4, 108.8, 33.0,
31.4 ppm; HRMS (ESI-TOF): m/z calculated for C34H26BrN2 [M
+ H]+ 541.1279, found 541.1274.

4-(9-Methyl-1-(1-methyl-1H-indol-3-yl)-4-phenyl-9H-carbazol-2-
yl)benzonitrile (2n). Isolated as a yellowish solid; yield: 79%
(0.076 g); mp: 300–301 °C; 1H NMR (CDCl3, 500 MHz): δ

7.70–7.68 (m, 2H), 7.56–7.53 (m, 2H), 7.51–7.48 (m, 1H), 7.46
(d, J = 8.0 Hz, 1H), 7.41–7.39 (m, 1H), 7.37 (d, J = 8.5 Hz, 1H),
7.34–7.32 (m, 3H), 7.29–7.26 (m, 2H), 7.25–7.24 (m, 2H), 7.12
(s, 1H), 7.08 (t, J = 7.5 Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H), 6.70 (s,
1H), 3.76 (s, 3H), 3.27 (s, 3H) ppm; 13C{1H} NMR (CDCl3,
125 MHz): 148.0, 142.9, 141.0, 140.7, 139.7, 136.8, 136.2, 131.1,
130.8, 130.3, 129.3, 128.6, 127.8, 125.9, 122.7, 122.4, 122.2,
122.0, 121.1, 120.2, 120.1, 119.3, 119.0, 115.0, 111.3, 109.5,
108.8, 33.0, 31.4 ppm; HRMS (ESI-TOF): m/z calculated for
C35H26N3 [M + H]+ 488.2127, found 488.2125.

9-Methyl-1-(1-methyl-1H-indol-3-yl)-2-(naphthalen-2-yl)-4-phenyl-
9H-carbazole (2o). Isolated as a yellow solid; yield: 91%
(0.088 g); mp: 291–292 °C; 1H NMR (CDCl3, 400 MHz): δ 7.77
(s, 1H), 7.75 (d, J = 6.5 Hz, 2H), 7.70–7.64 (m, 2H), 7.55 (t, J =
7.0 Hz, 2H), 7.51–7.47 (m, 2H), 7.46–7.43 (m, 2H), 7.41–7.39
(m, 1H), 7.40–7.35 (m, 3H), 7.33 (d, J = 8.0 Hz, 1H), 7.29 (s,
1H), 7.28–7.27 (m, 1H), 7.14–7.09 (m, 2H), 7.00–6.97 (m, 1H),
6.68 (s, 1H), 3.65 (s, 3H), 3.28 (s, 3H) ppm; 13C{1H} NMR
(CDCl3, 100 MHz): 143.0, 141.6, 141.5, 141.0, 140.8, 136.6,
136.3, 133.2, 131.9, 131.3, 131.0, 129.6, 129.5, 128.5, 128.4,
128.2, 128.0, 127.6, 127.5, 126.3, 125.6, 125.5, 125.4, 123.9,
122.3, 121.9, 120.5, 119.9, 118.8, 115.4, 112.0, 109.3, 108.8,
32.9, 31.4 ppm; HRMS (ESI-TOF): m/z calculated for C38H29N2

[M + H]+ 513.2331, found 513.2330.
2,9-Dimethyl-1-(1-methyl-1H-indol-3-yl)-4-phenyl-9H-carbazole

(2p). Isolated as a white solid; yield: 95% (0.092 g); mp:
88–89 °C; 1H NMR (500 MHz, CDCl3): δ 7.67 (d, J = 7.0 Hz, 2H),
7.54 (t, J = 8.0 Hz, 2H), 7.49–7.46 (m, 1H), 7.44 (d, J = 9.0 Hz,
1H), 7.39 (d, J = 8.0 Hz, 1H), 7.33–7.28 (m, 3H), 7.21 (d, J = 8.0
Hz, 1H), 7.11–7.10 (m, 1H), 7.08 (s, 1H), 7.06 (m, 1H),
6.94–6.91 (m, 1H), 3.94 (s, 3H), 3.21 (s, 3H), 2.26 (s, 3H) ppm;
13C{1H}(100 MHz, CDCl3) δ 142.3, 141.7, 141.2, 137.0, 136.8,
136.4, 129.7, 129.4, 128.4, 127.4, 125.0, 123.1, 122.5, 122.1,
122.0, 120.5, 119.7, 119.2, 118.5, 115.8, 112.5, 109.4, 108.5,
33.1, 31.4, 20.8 ppm; HRMS (ESI-TOF): m/z calculated for
C29H25N2 [M + H]+ 401.2018, found 401.2013.

9-Methyl-1-(1-methyl-1H-indol-3-yl)-4-phenyl-9H-carbazole (2q).
Isolated as a white solid; yield: 95% (0.092 g); mp: 97–98 °C;
1H NMR (500 MHz, CDCl3): δ 7.67 (d, J = 2 Hz, 1H), 7.54 (d, J =
6.5 Hz, 2H), 7.50–7.48 (m, 1H), 7.47 (d, J = 8.0 Hz, 1H),
7.43–7.41 (m, 2H), 7.39 (s, 1H), 7.38–7.36 (m, 1H), 7.31–7.28
(m, 2H), 7.22 (s, 1H), 7.13–7.09 (m, 2H), 6.98–6.95 (m, 1H),
3.93 (s, 3H), 3.45 (s, 3H) ppm; 13C{1H}(125 MHz, CDCl3) δ

142.5, 141.6, 140.2, 136.7, 136.6, 129.9, 129.6, 129.4, 128.5,
127.9, 127.5, 125.5, 122.7, 122.4, 122.1, 121.4, 120.7, 120.5,
119.9, 118.7, 117.2, 114.9, 109.4, 108.8, 33.1, 31.8 ppm; HRMS
(ESI-TOF): m/z calculated for C28H23N2 [M + H]+ calculated
387.1861, found 387.1863.

9-Methyl-1,2,4-triphenyl-9H-carbazole (2r). Isolated as a yellow
solid; yield: 80% (0.077 g); mp: 179–180 °C; 1H NMR
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(400 MHz, CDCl3): δ 7.54 (d, J = 8.0 Hz, 1H), 7.50–7.48 (m, 4H),
7.41 (t, J = 7.0 Hz, 2H), 7.36–7.33 (m, 2H), 7.32–7.30 (m, 5H),
7.28–7.26 (m, 2H), 7.23 (d, J = 8.5 Hz, 1H), 7.14 (t, J = 8.5 Hz,
1H), 7.11 (s, 1H), 7.04 (t, J = 7.5 Hz, 1H), 3.10 (s, 3H) ppm; 13C
{1H} NMR (125 MHz, CDCl3): δ 143.0, 140.5, 138.3, 137.2,
136.2, 135.9, 135.7, 133.8, 132.6, 131.8, 131.2, 130.5, 130.3,
129.9, 129.7, 128.5, 128.4, 128.1, 128.0, 127.8, 127.6, 127.2,
126.6, 125.5, 122.2, 121.8, 120.2, 120.1, 110.5, 34.3 ppm;
HRMS (ESI-TOF): m/z calculated for C31H24N [M + H]+

410.1909, found 410.1903.
9-Benzyl-1,2,4-triphenyl-9H-carbazole (2s). Isolated as a yellow

solid; yield: 75% (0.072 g); mp: 179–180 °C; 1H NMR
(400 MHz, CDCl3): δ 7.74–7.72 (m, 2H), 7.56–7.53 (m, 2H),
7.51–7.48 (m, 2H), 7.31–7.27 (m, 1H), 7.17 (s, 1H), 7.15 (d, J =
8.0 Hz, 1H), 7.12–7.09 (m, 6H), 7.08–7.06 (m, 3H), 7.04–7.02
(m, 2H), 7.00–6.96 (m, 3H), 6.61–6.59 (m, 2H), 5.01 (s, 2H)
ppm; 13C{1H} NMR (125 MHz, CDCl3): δ 142.6, 142.1, 141.2,
140.8, 139.7, 138.1, 137.5, 136.8, 136.1, 135.9, 135.7, 135.2,
134.4, 134.2, 133.2, 131.9, 131.2, 130.5, 129.9, 129.7, 129.5,
129.1, 128.5, 128.4, 128.1, 128.0, 127.8, 127.3, 127.2, 127.0,
126.9, 126.7, 126.6, 126.3, 126.1, 125.4, 122.7, 122.5, 122.0,
121.8, 121.6, 120.5, 120.4, 120.1, 119.8, 111.8, 110.0, 49.9 ppm;
HRMS (ESI-TOF): m/z calculated for C37H28N [M + H]+

486.2222, found 486.2223.
9-Allyl-1,2,4-triphenyl-9H-carbazole (2t). Isolated as a yellow

solid; yield: 60% (0.057 g); mp: 179–180 °C; 1H NMR
(400 MHz, CDCl3): δ 7.71–7.69 (m, 2H), 7.53 (t, J = 7.5 Hz, 2H),
7.49–7.46 (m, 1H), 7.44 (d, J = 8.0 Hz, 1H),7.36–7.33 (m, 1H),
7.30–7.28 (m, 2H), 7.27 (s, 1H), 7.25–7.22 (m, 3H), 7.16–7.10
(m, 6H), 6.97 (t, J = 7.0 Hz, 1H), 5.57–5.49 (m, 1H), 4.96 (dd, J1
= 1.0 Hz, J2 = 10.5 Hz, 1H), 4.65 (dd, J1 = 1.0 Hz, J2 = 16.0 Hz,
1H), 4.32–4.31 (m, 2H) ppm; 13C{1H} NMR (125 MHz, CDCl3):
δ 142.3, 141.2, 139.9, 138.5, 138.1, 136.6, 133.3, 131.7, 130.3,
129.4, 128.5, 127.6, 127.3, 126.0, 125.6, 123.6, 123.2, 122.4,
119.1, 115.8, 109.7, 46.7 ppm; HRMS (ESI-TOF): m/z calculated
for C33H26N [M + H]+ 436.2065, found 436.2063.

4-Hexyl-9-methyl-1,2-diphenyl-9H-carbazole (2u). Isolated as a
yellow solid; yield: 78% (0.075 g); mp: 179–180 °C; 1H NMR
(400 MHz, CDCl3): δ 8.10 (d, J = 7.5 Hz, 1H), 7.40–7.37 (m, 1H),
7.26 (d, J = 8.0 Hz, 1H), 7.21–7.19 (m, 1H), 7.18 (s, 1H), 7.17 (s,
4H), 7.08–7.04 (m, 5H), 7.00 (s, 1H), 3.21 (t, J = 7.5 Hz, 2H),
3.13 (s, 3H), 1.87–1.81 (m, 2H), 1.54–1.47 (m, 2H), 1.34–1.28
(m, 4H), 0.84 (t, J = 7.0 Hz, 3H) ppm; 13C{1H} NMR (125 MHz,
CDCl3): δ 142.7, 142.4, 139.7, 139.3, 138.7, 132.1, 130.4, 127.5,
127.4, 126.9, 125.9, 125.2, 122.6, 122.4, 121.9, 120.9, 108.8,
34.6, 32.8, 31.9, 29.8, 29.7, 22.8, 14.2 ppm; HRMS (ESI-TOF):
m/z calculated for C31H32N [M + H]+ 418.2535, found 418.2537.

9-Methyl-4-pentyl-1,2-diphenyl-9H-carbazole (2v). Isolated as a
yellow solid; yield: 75% (0.072 g); mp: 179–180 °C; 1H NMR
(400 MHz, CDCl3): δ 8.17 (d, J = 7.5 Hz, 1H), 7.48–7.44 (m, 1H),
7.33 (d, J = 8.0 Hz, 1H), 7.29–7.27 (m, 1H), 7.26–7.25 (m, 1H),
7.24–7.23 (m, 4H), 7.17–7.10 (m, 5H), 7.07 (s, 1H), 3.28 (t, J =
8.0 Hz, 2H), 3.20 (s, 3H), 1.95–1.89 (m, 2H), 1.61–1.53 (m, 2H),
1.49–1.40 (m, 2H), 0.94 (t, J = 7.5 Hz, 1H) ppm; 13C{1H} NMR
(125 MHz, CDCl3): δ 142.7, 142.4, 139.7, 139.3, 138.6, 137.1,
132.1, 130.3, 127.5, 127.4, 126.9, 125.9, 125.2, 122.6, 122.5,

122.4, 121.9, 120.9, 119.3, 108.8, 34.5, 32.8, 32.3, 29.5, 22.8,
14.3 ppm; HRMS (ESI-TOF): m/z calculated for C30H30N [M +
H]+ 404.2378, found 404.2377.

9-Methyl-1,2-diphenyl-4-(p-tolyl)-9H-carbazole (2w). Isolated
as a yellow solid; yield: 82% (0.079 g); mp: 179–180 °C; 1H
NMR (400 MHz, CDCl3): δ 7.58 (d, J = 8.0 Hz, 2H), 7.53 (d, J =
8.0 Hz, 1H), 7.40–7.36 (m, 2H), 7.34–7.33 (m, 2H), 7.32–7.29
(m, 3H), 7.28–7.26 (m, 2H), 7.24 (s, 1H), 7.16–7.15 (m, 2H),
7.14 (s, 2H), 7.13–7.10 (m, 1H), 7.00–6.97 (m, 1H), 3.23 (s, 3H),
2.49 (s, 3H) ppm; 13C{1H} NMR (125 MHz, CDCl3): δ 142.9,
142.1, 139.6, 139.3, 138.5, 138.2, 137.3, 136.6, 132.0, 130.4,
129.3, 129.2, 127.6, 127.4, 127.1, 126.0, 125.6, 123.5, 123.0,
122.4, 122.2, 120.5, 118.8, 108.7, 32.8, 21.5 ppm; HRMS
(ESI-TOF): m/z calculated for C32H26N [M + H]+ 424.2065,
found 424.2066.

9-Methyl-1,2-diphenyl-4-(4-(trifluoromethyl)phenyl)-9H-carba-
zole (2x). Isolated as a yellow solid; yield: 83% (0.080 g); mp:
179–180 °C; 1H NMR (400 MHz, CDCl3): δ 7.76–7.71 (m, 4H),
7.36–7.32 (m, 2H), 7.26–7.20 (m, 6H), 7.18 (s, 1H), 7.9–7.08 (m,
4H), 7.06 (d, J = 3.5 Hz, 1H), 7.05 (s, 1H), 6.95–6.92 (m, 1H),
3.18 (s, 3H) ppm; 13C{1H} NMR (125 MHz, CDCl3): δ 145.0,
143.0, 141.7, 139.8, 139.4, 138.1, 134.9, 131.9, 130.3, 129.9,
127.7, 127.5, 127.3, 126.2, 126.0, 125.5, 123.9, 123.3, 122.1,
121.7, 120.2, 119.1, 109.0, 32.8 ppm; HRMS (ESI-TOF): m/z cal-
culated for C32H23F3N [M + H]+ 478.1783, found 478.1783.

4-([1,1′-Biphenyl]-4-yl)-9-methyl-1,2-diphenyl-9H-carbazole (2y).
Isolated as a yellow solid; yield: 80% (0.077 g); mp:
179–180 °C; 1H NMR (400 MHz, CDCl3): δ 7.78 (s, 3H),
7.76–7.74 (m, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.50 (t, J = 7.5 Hz,
2H), 7.41–7.37 (m, 3H), 7.33–7.31 (m, 3H), 7.29–7.27 (m, 3H),
7.20 (s, 1H), 7.17–7.16 (m, 2H), 7.15–7.11 (m, 3H), 7.01–6.98
(m, 1H), 3.25 (s, 3H) ppm; 13C{1H} NMR (125 MHz, CDCl3): δ
142.9, 142.0, 141.0, 140.4, 140.2, 139.7, 139.4, 138.4, 136.1,
132.0, 130.6, 130.4, 129.9, 129.0, 127.6, 127.4, 127.2, 126.1,
125.7, 126.1, 125.7, 123.5, 123.2, 122.4, 122.1, 120.5, 118.9,
108.4, 32.9 ppm; HRMS (ESI-TOF): m/z calculated for C37H28N
[M + H]+ 486.2222, found 486.2221.

9-Benzyl-1-(1-benzyl-5-methoxy-1H-indol-3-yl)-6-methoxy-2,4-
diphenyl-9H-carbazole (2z). Isolated as a yellowish solid; yield:
87% (0.084 g); mp: 185–186 °C; 1H NMR (500 MHz, CDCl3): δ
7.77 (d, J = 7.5 Hz, 2H), 7.57 (t, J = 7.0 Hz, 2H), 7.52–7.48 (m,
1H), 7.21 (s, 1H), 7.18–7.12 (m, 6H), 7.11–7.09 (m, 4H),
7.08–7.03 (m, 4H), 7.01–6.99 (m, 1H), 6.98–6.96 (m, 2H),
6.78–6.72 (m, 2H), 6.61 (d, J = 7.0 Hz, 2H), 6.51–6.5 (m, 2H),
6.24 (s, 1H), 5.07 (s, 3H), 4.73–4.60 (m, 1H), 3.69 (s, 3H), 3.61
(s, 3H) ppm; 13C{1H}(125 MHz, CDCl3) δ 154.6, 153.2, 142.8,
142.5, 141.2, 140.8, 139.0, 137.5, 136.6, 131.5, 130.6, 129.7,
129.6, 128.6, 128.4, 128.1, 127.7, 127.3, 127.2, 126.4, 126.2,
125.9, 125.2, 123.1, 122.7, 120.4, 115.3, 114.9, 112.4, 111.0,
110.6, 109.9, 105.3, 101.4, 55.8, 55.6, 49.7, 47.4 ppm; HRMS
(ESI-TOF): m/z calculated for C28H23N2O2 [M + H]+ calculated
675.8520, found 675.8524.

9-Methyl-2,4-diphenyl-1-(2,4,6-trimethoxyphenyl)-9H-carbazole
(2aa). Isolated as a yellow solid; yield: 84% (0.081 g); mp:
186–187 °C; 1H NMR (400 MHz, CDCl3): δ 7.72 (d, J = 7.0 Hz,
2H), 7.52–7.50 (m, 2H), 7.49–7.43 (m, 2H), 7.36–7.33 (m, 1H),
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7.28 (d, J = 8.5 Hz, 1H), 7.19–7.17 (m, 2H), 7.15–7.08(m, 4H),
6.94–6.91 (m, 1H), 6.05 (s, 2H), 3.81 (s, 3H), 3.54 (s, 3H), 3.42
(s, 3H) ppm; 13C{1H} NMR (125 MHz, CDCl3): δ 161.5, 159.4,
143.0, 142.4, 141.7, 141.1, 140.1, 136.2, 129.6, 129.2, 128.3,
127.3, 127.0, 125.9, 125.1, 123.2, 122.5, 122.2, 120.2, 118.3,
114.6, 108.7, 108.3, 90.1, 55.6, 55.3, 30.6 ppm; HRMS
(ESI-TOF): m/z calculated for C34H30NO3 [M + H]+ 500.2226,
found 500.2220.
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