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ABSTRACT: The cyclization of (2-bromophenyl)pyrrolyl-
1,2,4-triazoles via copper-mediated intramolecular direct C-
arylation of 1,2,4-triazoles was first accomplished under
triazole-NHC control to give unknown fused heterocyclic
skeletons, pyrrolo[3,2-c][1,2,4]triazolo[5,1-a] or [3,4-a]-
isoquinolines. The primary products underwent a triazole
ring opening under the basic arylation conditions, providing N-
(1H-pyrrolo[3,2-c]isoquinolin-5-yl)cyanamides. The forma-
tion of the cyanamides from isomeric pyrrolo[3,2-c][1,2,4]-
triazolo[3,4-a]isoquinolines involves, besides the triazole ring
opening, the unusual migration of the cyano group. Cyanamides can be easily reduced to 1H-pyrrolo[3,2-c]isoquinolin-5-amines,
the first NH2-substituted derivatives of 1H-pyrrolo[3,2-c]isoquinoline. An insight into the mechanism of the triazole ring cleavage
was achieved by performing a DFT study at the B3LYP/6-31G+(d,p) level. Free radical cyclization of (2-bromophenyl)pyrrolyl-
1,2,4-triazoles with TTMSS/AIBN under neutral conditions allows obtaining pyrrolo[3,2-c][1,2,4]triazolo[5,1-a] and [3,4-
a]isoquinolines, as well two more new heterocyclic systems, pyrrolo[3,4-c][1,2,4]triazolo[5,1-a] and [3,4-a]isoquinolines, in
good yields without triazole ring cleavage. The developed cyclizations provide a concise, atom-economical route to novel
fluorescent fused polyheterocycles containing pyrrole and 1,2,4-triazole moieties.

■ INTRODUCTION

Nitrogen-containing ortho-fused polyheteroaromatic com-
pounds, containing a pyrrole core, have a significant importance
in the development of new perspective materials in particular
for bioimaging applications and chemosensor systems.1 At the
same time, compounds containing 1,2,4-triazole ring demon-
strate wide range of biological activity2 and also are extensively
used in material science.3 Meanwhile, the number of tri- and
tetracyclic aromatic skeletons with series-connected pyrrole,
azine, and 1,2,4-triazole rings is sorely limited. Thus, only
derivatives of 7H-pyrrolo[3,2-e][1,2,4]triazolo[1,5-c]pyrimidine
A,4 8H-pyrrolo[3,4-e][1,2,4]triazolo[1,5-c]pyrimidine B,5 furo-
[2′,3′:4,5]-pyrrolo[1,2-d][1,2,4]triazolo[3,4-f ][1,2,4]triazine
C,6 6H-pyrrolo[2,3-e][1,2,4]triazolo-[4,3-a]pyrazine D,7 and
8H-pyrrolo[3,2-e][1,2,4]triazolo[1,5-a]pyrazine E8 were pre-
viously synthesized (Scheme 1). Approaches to the formation
of polycycles A−E, with a diazine or triazine as the central ring,
are based on condensation reactions. In this work, we set out to
develop a general approach to a series of new ortho-fused
heterocycles F−I (Scheme 1) with isoquinoline core as a link
between the pyrrole and 1,2,4-triazole rings. We suggested that
the recently developed synthesis of pyrrolyl-1,2,4-triazolium
salts,9 based on the general strategy for the synthesis of 3-
heterylpyrroles,10 could be a benchmark for solving this task if
we start from (2-bromophenyl)-substituted analogues J, K
(Scheme 1).

Two approaches for the transformation of compounds J and
K into products F, G and H, I, respectively, could potentially be
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Scheme 1. Known (A−E) and Novel (F−I) Fused
Polyheterocycles Containing Pyrrole and 1,2,4-Triazole
Moieties
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applied. Recently we demonstrated that NHC (N-heterocyclic
carbene) can serve as the guiding factor in a copper-catalyzed
intramolecular C-arylation of pyrrolylimidazolium salts.11 It was
also found that pyrrolyltriazolium salts of J, K type react with
bases under mild conditions to form the corresponding triazole
NHCs L, M (Scheme 1).9 Therefore, we hypothesized that
triazole-NHCs L, M may participate in the formation of Cu-
complexes with Cu(I) followed by the selective intramolecular
C-arylation of the triazole ring by the ortho-brominated phenyl
substituent at the pyrrole ring. This would demonstrate a new
approach to a solution of the selectivity problem of the direct
C−H arylation of triazoles, using generation of triazole NHC
under arylation conditions, and would provide easy access to
the unknown heterocycle frameworks. An obstacle in using the
Cu-catalyzed arylation, which has worked well in the case of
imidazoles, in the case of triazoles may be low stability of
triazolium salts in the basic medium. The second approach, free
radical arylation of the triazole ring in J, K, could be the
valuable alternative for copper-catalyzed reactions, since it can
be performed in neutral medium, although examples of such
reactions have not been published up to now. Herein, our
detailed studies on assembling of F−I skeletons using Cu-
mediated and free radical intramolecular arylation of 1,2,4-
triazoles are described.

■ RESULTS AND DISCUSSION
Two sets of 2-bromophenyl-substituted 4H-pyrrolyl-4H-1,2,4-
and 1H-pyrrolyl-1H-1,2,4-triazolium salts 3 and 4 were
synthesized in good to moderate yields (Scheme 2) from N-
phenacyltriazolium bromides 1 and 2H-azirines 2 by the
published procedure.9

Salts 3 were introduced into Cu-mediated intramolecular
direct arylation (Table 1). It was found that the highest yields
of arylation products could be obtained at an unusually low for

the copper-catalyzed arylation of 1,2,4-triazoles temperature of
50 °C. Typically heating to 120−150 °C is required.12 Use of 1
equiv of CuI, 1 equiv of phenanthroline as a ligand, and 0.8
equiv of K3PO4 as a base leads to the isolation of target
bromide 5a (15%), cyanamide 6a (67%), and starting material
3a (13%) (Table 1, entry 1). Growth of amount of K3PO4
(1.05 equiv) increased conversion of the starting material, but
led to decreasing the yield of bromide 5a and increase the yield
of cyanamide 6a (Table 1, entry 2). And at last, use of 2 equiv
of K3PO4 afforded cyanamide 6a in 98% yield as the only
product (Table 1, entry 3). Compound 6a could be formed via
the triazole ring opening in the primary arylation product 5a.
Cleavage of the triazole ring with the formation of cyanamide
derivatives was earlier observed under the action of a base on
fused 1,2,4-triazolium salts, 1H-[1,2,4]triazolo[1,5-c]pyrimidin-
4-ium iodides,13a and 3H-[1,2,4]triazolo[1,5-a]pyrimidinium
bromides.13b Triazol-1-ium bromide 3b gave two products
under the same conditions, the expected product of arylation
5b and the product of triazole ring opening, cyanamide 6b, the
ratio of the products being dependent on the reaction time
(Table 1, entries 4, 5). In the case of 3c only cyanamide 6c was
isolated. The reaction of 4H-1,2,4-triazol-1-ium bromide 3d
gave complex mixture of unidentified products.
All new compounds were characterized by 1H and 13C NMR,

IR spectroscopy, and mass spectrometry. The structure of 6a
was confirmed by XRD-analysis (Figure 1).
The following scheme of the formation of 5 and 6 can be

proposed (Scheme 3).
Pyrrolyltriazolium salt 3 loses HBr under basic conditions

(K3PO4) and affords betaine 7, which is in tautomeric
equilibrium with carbene 8. The latter forms a complex 9
with Cu(I),14 which cyclization leads to the formation of
product 5. Salt 5 produces cyanamide 6, probably via
dehydrobromination into 10 and formation of anion 11
under the basic conditions, followed by the triazole ring
opening to anion 12 and its protonation. In order to make sure
that the cyclization occurs before the triazole ring opening,
isolated compound 5b was heated in DMF with and without
K3PO4. Salt 5b was quantitatively transformed into 6b in the
presence of K3PO4 in 24 h at 50 °C, whereas in the absence of
the base no reaction was observed. Conversion of the starting
pyrrolyltriazolium salt 3 requires up to 5 days (monitored by
1H NMR). During this time a part of the cyclization product 5
turns into cyanamide 6 through the triazole ring opening under
the reaction conditions. For example, the ratio of 5b:6b after 2

Scheme 2. Synthesis of Pyrrolyltriazolium Salts 3, 4

Table 1. Cu-Mediated Cyclization of Salts 3a−c

entry R 3 K3PO4 (equiv) time (d) 5, yield, (%) 6, yield (%)

1 H a 0.8 1 a, 15a a, 67a

2 H a 1.05 1 a, 13b a, 81b

3 H a 2 1 a, 98
4 Ph b 2 2 b, 42 b, 51
5 Ph b 2 4 b, 8 b, 83
6 2-Py c 2 5 c, 63

aAlong with starting material 3a (13%). bAlong with starting material
3a (3%).
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days was 1:1.2 whereas after 4 days it was already 1:10 (Table 1,
entries 4, 5). To shed some light on the mechanism of the
formation of cyanamides 6 the quantum chemical calculations
of the compounds under consideration were performed. First of
all, the calculated Gibbs free energies of compounds 10a−c and
anions 11a−c were used to evaluate the possibility of the
deprotonation of 10a−c by K3PO4 from the isodesmic eq
(Scheme 4, eq 1). According to the eq (1), the acidity of 10a−c
in DMF should be higher than the acidity of 1-propyl-1H-1,2,4-
triazole (pKa 26.2, THF

15), which could be deprotonated by
K3PO4 in DMF.16

The calculated barriers for transformation of intermediates
11a−c to nitriles 12a−c slightly depend on the substituent and
are only 7.9−8.1 kcal/mol (Figure 2). Therefore, the rate of
this transformation depends only on the rate of deprotonation
of 10a−c under the reaction conditions.

The results described above indicate that a two-step
sequence involving the transformation of the phenacyl
substituent in N-phenacyltriazolium salts into diarylpyrrolyl
moiety by the reaction with arylazirines followed by Cu(I)-
mediated intramolecular C-arylation can be a good two-step
method for the preparation of cyanamides 6. The latter
compounds can be easily reduced to 1H-pyrrolo[3,2-c]-
isoquinolin-5-amines 13, the first NH2-substituted derivatives
of 1H-pyrrolo[3,2-c]isoquinoline, with average to high yields
(Scheme 5). Note that the possibility of application for the

treatment of cognitive disorders associated with Alzheimer’s
disease has been shown recently for some 4-(pyrrolidine-3-yl-
amino)-1H-pyrrolo[3,2-c]quinoline.17

Although unexpected rearrangement of pyrrolo[3,2-c]-
[1,2,4]triazolo[5,1-a]isoquinolines 10 leads to valuable 1H-
pyrrolo[3,2-c]isoquinolin-5-amines 13 we nevertheless searched
for another approach which would allow to accomplish desired
intramolecular C-arylation without any subsequent trans-
formations to obtain compounds 5, possessing a novel
heterocyclic skeleton, as the main product. In our case it

Figure 1. Molecular structure of compound 6a, 50% thermal ellipsoids
are shown.

Scheme 3. Proposed Mechanism of Transformations of Salts
3a−c under the Cu-Mediated Conditions

Scheme 4. Isodesmic Equations (1, 2) for the Proton
Transfer in Compounds 10a−c, 16a−c and N-Propyl-1,2,4-
triazolea

aΔG, kcal/mol, 298 K, DMF, B3LYP/6-31G+(d,p).

Figure 2. Relative Gibbs free energies (in kcal/mol, 298 K, PCM
model for DMF) of molecules 11, 12a−c and the transition state 11→
12 computed at the B3LYP/6-31G+(d,p) level.

Scheme 5. Synthesis of 1H-Pyrrolo[3,2-c]isoquinolin-5-
amines 13 from Cyanamides 6
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meant that basic conditions would have to be excluded. Despite
the lack of information on radical intra- or intermolecular
arylation of triazoles we tried to accomplish radical cyclization
with tris(trimethylsilyl)silane/azobis(isobutyronitrile)
(TTMSS/AIBN) system. To our pleasure pyrrolyltriazolium
salts 5 with skeleton G (Scheme 1) were obtained in high yields
under these conditions (Scheme 6). Moreover, salt 3d which

failed to cyclize under Cu(I)-catalysis afforded under radical
reaction conditions the corresponding salt 14d, the derivative
of a new heterocyclic system, pyrrolo[3,4-c][1,2,4]triazolo[5,1-
a]isoquinoline (skeleton I, Scheme 1), in 62% yield.
We expected that the cyclization of the 1-benzyl-4-(2-(2-

bromophenyl)-4-phenyl-1H-pyrrol-3-yl)-1H-1,2,4-triazol-4-ium
bromides 4a−c under Cu(I)-catalysis would lead to the single
product 15 (Table 2) since the triazole ring opening via the

above-mentioned route in this case is impossible without the
loss of aromaticity. To our surprise for all three 1H-1,2,4-
triazol-4-ium bromides 4a−c we obtained the expected
products of intramolecular arylations 15a−c, possessing a
novel heterocyclic skeleton F (Scheme 1), along with the
abnormal products of triazole ring opening, which were
identical to compounds 6a−c (Table 2). The formation of
the latter should apparently involve the migration of the cyano
group to keep the aromaticity of the system. The 1H-1,2,4-
triazol-4-ium bromide 4d did not give the target cyclization
product under Cu-catalyzed reaction conditions (complex
mixture of unidentified products formed).

The acidity in DMF of 16a−c, according to the isodesmic eq
(Scheme 4, eq 2), should be higher than the acidity of 1-propyl-
1H-1,2,4-triazole and, therefore, they could be deprotonated by
K3PO4 in DMF.16 According to DFT calculations (Figure 3),

the barrier for the transformation of anions 17a−c to cyano-
substituted anions 18a−c is only 10−11 kcal/mol. Inter-
mediates 18a−c can rearrange to aromatic anions 12a−c by
migration of the cyano group through the pseudopericyclic
transition states TS18−12 with Gibbs free energies much lower
than those for TS17−18. The driving force for the rearrangement
of compounds 16a−c upon heating under basic conditions is
therefore their lower thermodynamic stability compared to the
stability of the compounds 6a−c.
To suppress the triazole ring cleavage in 15 we tried again

the radical cyclization of bromides 4 under neutral conditions.
Free radical cyclization of pyrrolyltriazolium bromides 4 in
theory may lead to two products 15 and 19 since there are two
nonequivalent positions in the triazolium ring for attack by the
radical species (Scheme 7). Salts 4a,b were introduced into

radical cyclization but instead of two saline isomers 15a,b and
19a,b only pyrrolyltriazolium salts 15a,b were obtained along
with debenzylated isoquinolines 20a,b (Scheme 7). Salt 15b
can be partly reduced to 20b under action of TTMSS (2
equiv)/AIBN (2 equiv) in refluxing acetonitrile with conversion
13% for 5h.

Scheme 6. Radical Cyclization of Salts 3a−d into Salts 5a−c
and 14d

Table 2. Cyclization of Salts 4a−c

entry R 4 time (d) 15, yield (%) 6, yield (%)

1 H a 4 a, 50 a, 48
2 Ph b 4 b, 84 b, 14
3 2-Py c 6 c, 10 c, 34

Figure 3. Relative Gibbs free energies (in kcal/mol, 298 K, PCM
model for DMF) of molecules 12, 17, and 18a−c and the transition
s t a te s 17→18a−c and 18→12a−c computed a t the
B3LYP/6-31G+(d,p) level.

Scheme 7. Radical Cyclization of 4a,b
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Salts 19a,b were not detected in the reaction mixtures even if
low concentration of TTMSS was maintained through slow
addition of reagents. One of the explanations for the lack of
isomers 19 among the reaction products could be their fast
conversion to compounds 20 by debenzylation under the
reaction conditions. To exclude this possibility the methyl
derivative 4e was synthesized, for which such transformation is
impossible, and introduced into radical cyclization (Scheme 8).

Methyl group cannot be eliminated by TTMSS so if two
isomers had been formed we would have detected both of them
but the only product of the reaction was the isomer 15e. The
structure of 15e was additionally confirmed by NOESY and
HMBC spectra (see SI).
The 1H-1,2,4-triazol-4-ium bromide 4d, which cannot be

cyclized under Cu-catalysis, gave salt 21d and its debenzylation
product (22d), both possessing the backbone H, under the
radical reaction conditions (Scheme 9).

To reveal the possible cause of regioselectivity of the radical
cyclization in the case of 1H-1,2,4-triazol-4-ium bromides 4 the
computations of relative Gibbs free energies for the cyclization
of the corresponding model radical-cations 23−26 were
performed (Scheme 10).
The data obtained show that regioselectivity of radical

cyclizations of 4a,b,e, and 4d is probably due to the lower
barriers for the cyclization of radical-cation 24 and 26 (leading
to the formations analogues of 4a,b,e and 4d), than barriers for
the cyclization of radical-cation 23 and 25, leading to the
formation of the corresponding regioisomers. The found

energy differences for the model compounds should lead to
selectivity better than 10:1.
The pyrrolotriazoloisoquinolin-4-ium bromides 5 and 15 can

be quantitatively dehydrobrominated without the triazole ring-
opening by a heterogeneous reaction with aq KOH at rt, and
then debenzylated cleanly into compounds 31a−c in good
yields (Scheme 11).

Compounds 31a−c and 20a,b prepared by the reductive
debenzylation of 10a−c and 16a,b in contrast to isoquinolines
10 and 16 can exist in several tautomeric forms. According to
DFT calculations at the B3LYP/6-31G+(d,p) level with the
PCM model for DMSO at 298 K, the tautomer with a 1H-
pyrrol moiety (7H-31a,b and 7H-20a,b) for all heterocyclic
skeletons is much more stable than others (Table 3). This is in

agreement with NMR spectra of 20a in DMSO-d6 (H
1, HSQC

1H−15N, and HMBC 1H−15N spectra, see SI). The existence of
compounds 10, 16 and 31, 20, respectively, in the different
tautomeric forms, can lead to substantial distinctions in their
photophysical properties (vide inf ra).
Prepared by the intramolecular arylation from pyrrolyltria-

zoles 3, 4 novel fused heterocyclic systems 5, 15 as well as their
dehydrobrominated (10, 16), debenzylated derivatives (31, 20)

Scheme 8. Radical Cyclization of Methyl Substituted Salt 4e

Scheme 9. Radical Cyclization of Salt 4d

Scheme 10. Relative Gibbs Free Energies (in kcal/mol, 298
K, PCM model for MeCN) for the Cyclizations of Radical-
Cations 23−26 Computed at the B3LYP/6-31G+(d,p) Level

Scheme 11. Dehydrobromination of Salts 5a−c and 15a,b
and Debenzylation of Compounds 16a,b and 10a−c

Table 3. Relative Gibbs Free Energies for Tautomers 20a,b
and 31a,ba

aΔG, kcal/mol B3LYP/6-31G+(d,p), PCM model for DMSO at 298
K.
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and products of triazole ring opening (6, 13) are luminescent in
solutions. The preliminary study of photophysical properties
was performed for selected compounds. The corresponding
data are listed in Table 4 and selected examples of absorption
and emission spectra presented in Figures 4−6 (for the spectra
of absorbance, emission, and excitation see Supporting
Information, Figures S1−S14).

As was shown above, the benzyl group fixes isoquinolines 10
and 16 in the form of thermodynamically less stable tautomer,
and its removal by hydrogenolysis leads to a more stable
tautomer of the heterocycle. It significantly affects the
absorption and the emission spectra (Table 4). Thus, the
hypsochromic shift of the long-wave absorption band is 10b
(1H) → 31b (7H) −102 nm (Table 4, entries 5, 14) and 16b
(1H) → 20b (7H) −119 nm (Table 4, entries 11, 13), and the
emission shift is 10b (1H) → 31b (7H) −146 nm and 16b
(1H) → 20b (7H) −158 nm. Pyrrolotriazoloisoquinolinium
bromides 5b, 15b and their dehydrobrominated derivatives
pyrrolotriazoloisoquinolines 10b, 16b have almost identical
spectra of absorbance and emission in methanol with emission
maxima 546 nm for pair 5b/10b and 559 nm for pair 15b/16b
(Table 4, Figures 4 and 5).

Pyrroloisoquinolines 6 and 13 have similar spectra of
absorbance (Table 4, Figure 6) and emission (Table 4) in
methanol with emission maxima lying in the range of 436−480

Table 4. Photophysical Characteristics of Selected Pyrrolotriazoloisoquinolines 10b and 16a,b; Their Derivatives 5b, 15b, 31b,
and 20a,b; and Substituted Pyrroloisoquinolines 6a−c and 13a−c in Methanol Solutions at Room Temperature

entry compound absorbance, λmax, nm (ε, 10−3·M−1·cm−1) emission, λmax, nm (QY, %) excitation, λmax, nm

1 5b 245(37); 317(35); 424(10) 544 316, 390, 430(sh)
2 6a 252(49); 286(46); 328(16) 480 (3) 287, 331, 354(sh)
3 6b 246(73); 257(68); 291(95); 373(28) 460 (9) 288, 369
4 6c 283(35); 336(19); 367(19); 381(18) 437 (13) 285, 337, 365, 380
5 10b 247(24); 317(23); 424(6) 546 318, 389, 429(sh)
6 13a 260(26); 286(26); 364(8) 438 (28) 262, 288, 363
7 13b 290(35); 339(18); 372(15) 438 (32) 290, 339, 370(sh)
8 13c 287(31); 375(25); 388(23) 436 (13) 287, 373, 387
9 15b 257(25); 321(23); 441(8) 559 320, 442
10 16a 257(65.5); 369(12) 468 256, 370
11 16b 257(29), 321(27); 442(9.5) 559 320, 440
12 20a 248(44); 255(43.5); 293(14); 304(17); 329(4); 343(4) 385 254, 292, 344(sh)
13 20b 255(40); 323(32) 401 257, 323
14 31b 230(29.5); 271(26.5), 322(20) 400 273, 323

Figure 4. Absorption spectra of selected pyrrolotriazoloisoquinolines
10b, 16a,b and their derivatives 5b, 15b and 31b, 20a,b in methanol
solutions at room temperature.

Figure 5. Emission spectra of selected pyrrolotriazoloisoquinolines
10b, 16a,b and their derivatives 5b, 15b and 31b, 20a,b in methanol
solutions at room temperature.

Figure 6. Absorption spectra of substituted pyrroloisoquinolines 6a−c
and 13a−c in methanol solutions at room temperature.
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nm. Quantum yields for cyanamides 6 and for 1H-pyrrolo[3,2-
c]isoquinolin-5-amines 13 are up to 13 and 32%, respectively
(Table 4).

■ CONCLUSIONS

In conclusion, pyrrolotriazoloisoquinolines, possessing four
novel heterocyclic skeletons, were synthesized by the first
copper-mediated intramolecular direct C-arylation of 1,2,4-
triazoles under triazole NHC control and free radical
cyclization. The copper-mediated cyclization of the starting
(2-bromophenyl)pyrrolyltriazolium bromides proceeds via the
formation of the corresponding NHCs under basic conditions
of the arylation. The triazole NHCs can react with the Cu(I) to
give the triazole NHC-Cu-complexes, which are the most
probable reactive species providing selective arylation. The
primary arylation products, 1-benzyl-1,7-dihydropyrrolo[3,2-
c][1,2,4]triazolo[5,1-a] and [3,4-a]isoquinolin-4-ium bromides,
in the presence of a base and heating can undergo a triazole
ring opening with formation of N-(1H-pyrrolo[3,2-c]-
isoquinolin-5-yl)cyanamides, which can be efficiently reduced
to 1H-pyrrolo[3,2-c]isoquinolin-5-amines, the first NH2-sub-
stituted derivatives of 1H-pyrrolo[3,2-c]isoquinoline. The
formation of the cyanamides from 1-benzyl-1,7-dihydropyrrolo-
[3,2-c][1,2,4]triazolo[3,4-a]isoquinolin-4-ium bromides in-
volves, besides the triazole ring opening, the migration of the
cyano group to keep the aromaticity of the system. An insight
into the mechanism of the triazole ring cleavage was achieved
by performing a DFT study at the B3LYP/6-31G+(d,p) level.
Free radical cyclization of (2-bromophenyl)pyrrolyl-1,2,4-
triazoles with TTMSS/AIBN under neutral conditions allows
obtaining pyrrolo[3,2-c][1,2,4]triazolo[5,1-a] and [3,4-a]-
isoquinolines, as well two more new heterocyclic systems,
pyrrolo[3,4-c][1,2,4]triazolo[5,1-a] and [3,4-a]isoquinolines, in
good yields without triazole ring cleavage. The primary saline
products can be dehydrobrominated in heterogeneous
conditions at rt with preservation of the triazole ring to give
derivatives of 1-benzyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]-
isoquinoline and 1-benzyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-
a]isoquinoline, which are fixed in the thermodynamically
unstable 1H-tautomeric forms. Debenzylation of these
compounds leads via tautomerization to the more stable
tautomers. The developed cyclizations provide a concise, atom-
economical route to novel fluorescent heteropolycyclic systems,
including compounds that could be used as fluorescent
bidentate ligands.

■ EXPERIMENTAL SECTION
General Information and Methods. Melting points were

determined on a melting point apparatus. 1H (400 MHz) and 13C
(100 MHz) NMR spectra were recorded on a NMR spectrometer in
CDCl3 and DMSO-d6. Chemical shifts (δ) are reported in parts per
million downfield from tetramethylsilane (TMS δ = 0.00). 1H NMR
spectra were calibrated according to the residual peak of CDCl3 (7.26
ppm), DMSO-d6 (2.50 ppm). For all new compounds, 13C {1H} and
13C DEPT-135 spectra were recorded and calibrated according to the
peak of CDCl3 (77.00 ppm) or DMSO-d6 (39.51 ppm). Electrospray
ionization (ESI) mass spectra were recorded on a mass spectrometer,
HRMS-ESI-QTOF, electrospray ionization, positive mode. Single
crystal X-ray data were collected by means of diffractometer at 100 K
using monochromated Cu Kα radiation. Crystallographic data for the
structure 6a have been deposited with the Cambridge Crystallographic
Data Centre (CCDC 1509121). Compounds 1a−d, 3a, and 4a were
prepared by the reported procedures.9

4-(2-(2-Bromophenyl)-2-oxoethyl)-1-methyl-1H-1,2,4-triazol-4-
ium bromide (1e). A solution of 2-bromo-1-(2-bromophenyl)ethan-1-
one (1.006 g, 3.61 mmol) and 1-methyl-1H-1,2,4-triazole (300 mg,
3.61 mmol) in acetone (8 mL) was stirred under reflux for 18 h. Solid
was filtered, washed with acetone (3 × 10 mL) and dried to obtain
colorless product (275 mg, 21%), mp 80−81 °C. 1H NMR (DMSO-
d6): δ 4.20 (s, 3H), 6.13 (s, 2H), 7.57−7.68 (m, 2H), 7.86 (dd, J = 7.8,
1.1 Hz, 1H), 8.07 (dd, J = 7.6, 1.7 Hz, 1H), 9.23 (s, 1H), 10.15 (s,
1H). 13C NMR (DMSO-d6): δ 38.0 (CH3), 55.1 (CH2), 119.7 (C),
128.1 (CH), 131.0 (CH), 134.3 (CH), 134.6 (C), 134.8 (CH), 143.6
(CH), 145.4 (CH), 191.6 (C). HRMS (ESI) m/z: 282.0060 calcd for
C11H11BrN3O

+ [M−Br]+, found 282.0071.
General Procedure (A) for the Synthesis of Pyrrolyltriazo-

lium Bromides 3 and 4. Triethylamine (95 mg, 0.9 mmol, 0.6 equiv)
was added dropwise to a stirred suspension of triazolium bromide 1a−
e (1.6 mmol) and 2H-azirine 2a−d (2.3 mmol, 1.5 equiv) in
acetonitrile (5 mL), and then the reaction mixture was stirred at rt for
24 h. The mixture was concentrated in vacuo and the residue was
diluted with ethyl acetate. The precipitate was filtered, washed with
ethyl acetate and water, and then was dried to obtain product 3 or 4.
Compounds 3c,d and 4c were additionally purified by column
chromatography (silica, eluent: DCM:MeOH, ∼ 20:1).

4-Benzyl-1-(2-(2-bromophenyl)-4,5-diphenyl-1H-pyrrol-3-yl)-4H-
1,2,4-triazol-1-ium Bromide (3b). Compound 3b (216 mg, 51%) was
obtained from 4-benzyl-1-(2-(2-bromophenyl)-2-oxoethyl)-4H-1,2,4-
triazol-1-ium bromide (1a) (300 mg, 0.7 mmol), 2,3-diphenyl-2H-
azirine (2b) (200 mg, 1.0 mmol, 1.5 equiv) and triethylamine (42 mg,
0.4 mmol, 0.6 equiv) according to the general procedure A. Colorless
solid, mp 237−239 °C. 1H NMR (DMSO-d6): δ 5.49 (s, 2H), 7.08−
7.17 (m, 4H), 7.22−7.43 (m, 12H), 7.44−7.50 (m, 1H), 7.56−7.62
(m, 1H), 7.68−7.77 (m, 1H), 9.38 (s, 1H), 10.49 (s, 1H), 12.44 (s,
1H). 13C NMR (DMSO-d6): δ 50.6 (CH2), 116.9 (C), 117.7 (C),
123.3 (C), 127.4 (C), 127.4 (CH), 127.5 (CH), 127.5 (CH), 127.7
(CH), 127.9 (CH), 128.5 (CH), 128.5 (C), 128.8 (CH), 128.9 (CH),
129.0 (CH), 129.7 (CH), 130.9 (C), 131.1 (CH), 131.4 (C), 133.0
(CH), 133.0 (CH), 133.8 (C), 144.7 (CH), 145.2 (CH). HRMS (ESI)
m/z: 531.1179 calcd for C31H24BrN4

+ [M−Br]+, found 531.1189.
4-Benzyl-1-(2-(2-bromophenyl)-4-phenyl-5-(pyridin-2-yl)-1H-pyr-

rol-3-yl)-4H-1,2,4-triazol-1-ium Bromide (3c). Compound 3c (162
mg, 77%) was obtained from 4-benzyl-1-(2-(2-bromophenyl)-2-
oxoethyl)-4H-1,2,4-triazol-1-ium bromide (1a) (150 mg, 0.3 mmol),
2-(3-phenyl-2H-azirin-2-yl)pyridine (2c) (100 mg, 0.5 mmol, 1.5
equiv), and triethylamine (21 mg, 0.2 mmol, 0.6 equiv) according to
the general procedure A. In this case the substance was purified by
column chromatography on silica gel using a mixture of DCM and
methanol (20:1) as eluent. Yellow solid, mp 142−144 °C. 1H NMR
(DMSO-d6): δ 5.47 (s, 2H), 7.05−7.13 (m, 3H), 7.23−7.28 (m, 3H),
7.32−7.41 (m, 7H), 7.42−7.47 (m, 1H), 7.55−7.59 (m, 1H), 7.62−
7.71 (m, 2H), 8.59−8.62 (m, 1H), 9.35 (s, 1H), 10.47 (s, 1H), 12.72
(s, 1H). 13C NMR (DMSO-d6): δ 50.6 (CH2), 117.4 (C), 119.6 (C),
120.7 (CH), 122.2 (CH), 123.3 (C), 127.6 (C), 127.7 (CH), 127.7
(CH), 127.9 (CH), 128.4 (C), 128.9 (CH), 128.9 (CH), 129.0 (CH),
129.6 (C), 129.9 (CH), 131.1 (CH), 131.2 (C), 132.7 (CH), 133.1
(CH), 133.7 (C), 136.6 (CH), 144.7 (CH), 145.2 (CH), 149.2 (C),
149.4 (CH). HRMS (ESI) m/z: 532.1131 calcd for C30H23BrN5

+ [M−
Br]+, found 532.1132.

4-Benzyl-1-(4-(2-bromophenyl)-2-phenyl-1H-pyrrol-3-yl)-4H-
1,2,4-triazol-1-ium Bromide (3d). Compound 3d (114 mg, 51%) was
obtained from 4-benzyl-1-(2-oxo-2-phenylethyl)-4H-1,2,4-triazol-1-
ium bromide (1b) (150 mg, 0.4 mmol), 3-(2-bromophenyl)-2H-
azirine (2d) (123 mg, 0.6 mmol, 1.5 equiv), and triethylamine (25 mg,
0.3 mmol, 0.6 equiv) according to the general procedure A. The
substance was additionally purified by column chromatography on
silica gel using a mixture of DCM and methanol (20:1) as eluent, and
then was recrystallized from the mixture of methanol, ethyl acetate and
diethyl ether. Colorless solid, mp 146−148 °C. 1H NMR (DMSO-d6):
δ 5.53 (s, 2H), 7.17−7.24 (m, 2H), 7.25−7.34 (m, 6H), 7.35−7.45 (m,
6H), 7.58−7.65 (m, 1H), 9.48 (s, 1H), 10.53 (s, 1H), 12.38 (s, 1H).
13C NMR (DMSO-d6): δ 50.7 (CH2), 114.1 (C), 118.8 (CH), 120.1
(C), 123.3 (C), 126.5 (CH), 127.7 (C), 127.8 (CH), 127.8 (CH),

The Journal of Organic Chemistry Article

DOI: 10.1021/acs.joc.7b01341
J. Org. Chem. 2017, 82, 7583−7594

7589

http://dx.doi.org/10.1021/acs.joc.7b01341


128.1 (CH), 128.8 (C), 128.9 (CH), 129.0 (CH), 129.0 (CH), 129.5
(CH), 132.2 (CH), 132.4 (C), 132.8 (CH), 133.9 (C), 145.0 (CH),
145.5 (CH). HRMS (ESI) m/z: 455.0866 calcd for C25H20BrN4

+ [M−
Br]+, found 455.0874.
1-Benzyl-4-(2-(2-bromophenyl)-4,5-diphenyl-1H-pyrrol-3-yl)-1H-

1,2,4-triazol-4-ium Bromide (4b). Compound 4b (254 mg, 60%) was
obtained from 1-benzyl-4-(2-(2-bromophenyl)-2-oxoethyl)-1H-1,2,4-
triazol-4-ium bromide (1c) (300 mg, 0.7 mmol), 2,3-diphenyl-2H-
azirine (2b) (200 mg, 1.0 mmol, 1.5 equiv), and triethylamine (42 mg,
0.4 mmol, 0.6 equiv) according to the general procedure A. Colorless
solid, mp 242−244 °C. 1H NMR (DMSO-d6): δ 5.59 (s, 2H), 7.00−
7.13 (m, 2H), 7.16−7.23 (m, 2H), 7.26−7.41 (m, 11H), 7.42−7.48
(m, 1H), 7.50−7.57 (m, 1H), 7.62−7.68 (m, 1H), 7.72−7.81 (m, 1H),
9.31 (s, 1H), 10.50 (s, 1H), 12.47 (s, 1H). 13C NMR (DMSO-d6): δ
54.9 (CH2), 113.4 (C), 117.7 (C), 123.2 (C), 126.8 (C), 127.3 (CH),
127.5 (CH), 127.6 (CH), 127.9 (CH), 128.1 (CH), 128.6 (CH),
128.7 (C), 128.8 (CH), 128.9 (CH), 129.0 (CH), 129.2 (C), 129.8
(CH), 130.8 (C), 131.2 (C), 131.4 (CH), 133.0 (CH), 133.2 (C),
133.2 (CH), 144.0 (CH), 146.6 (CH). HRMS (ESI) m/z: 531.1179
calcd for C31H24BrN4

+ [M−Br]+, found 531.1185.
1-Benzyl-4-(2-(2-bromophenyl)-4-phenyl-5-(pyridin-2-yl)-1H-pyr-

rol-3-yl)-1H-1,2,4-triazol-4-ium Bromide (4c). Compound 4c (750
mg, 88%) was obtained from 1-benzyl-4-(2-(2-bromophenyl)-2-
oxoethyl)-1H-1,2,4-triazol-4-ium bromide (1c) (608 mg, 1.4 mmol),
2-(3-phenyl-2H-azirin-2-yl)pyridine (2c) (405 mg, 2.1 mmol, 1.5
equiv), and triethylamine (84 mg, 0.8 mmol, 0.6 equiv) according to
the general procedure A. In this case the residue obtained after
concentration of the reaction mixture was purified by column
chromatography on silica gel using a mixture of DCM and methanol
(20:1) as eluent. Yellow solid, mp 149−151 °C. 1H NMR (DMSO-
d6): δ 5.58 (s, 2H), 6.99−7.06 (m, 2H), 7.07−7.11 (m, 1H), 7.25−
7.29 (m, 1H), 7.30−7.33 (m, 2H), 7.36−7.46 (m, 7H), 7.48−7.54 (m,
1H), 7.61−7.69 (m, 2H), 7.70−7.75 (m, 1H), 8.58−8.65 (m, 1H),
9.32 (s, 1H), 10.52 (s, 1H), 12.76 (s, 1H). 13C NMR (DMSO-d6): δ
54.9 (CH2), 113.8 (C), 119.6 (C), 120.6 (CH), 122.2 (CH), 123.1
(C), 127.7 (C), 127.8 (CH), 127.9 (CH), 128.1 (CH), 128.8 (CH),
128.9 (CH), 127.9 (C), 129.1 (CH), 129.1 (C), 130.0 (CH), 131.0
(C), 131.4 (CH), 132.8 (CH), 133.1 (C), 133.4 (CH), 136.6 (CH),
144.0 (CH), 146.5 (CH), 149.1 (C), 149.4 (CH). HRMS (ESI) m/z:
532.1131 calcd for C30H23BrN5

+ [M−Br]+, found 532.1157.
1-Benzyl-4-(4-(2-bromophenyl)-2-phenyl-1H-pyrrol-3-yl)-1H-

1,2,4-triazol-4-ium Bromide (4d). Compound 4d (135 mg, 60%) was
obtained from 1-benzyl-4-(2-oxo-2-phenylethyl)-1H-1,2,4-triazol-4-
ium bromide (1d) (150 mg, 0.4 mmol), 3-(2-bromophenyl)-2H-
azirine (2d) (123 mg, 0.6 mmol, 1.5 equiv), and triethylamine (25 mg,
0.3 mmol, 0.6 equiv) according to the general procedure A. Colorless
solid, mp 243−245 °C. 1H NMR (DMSO-d6): δ 5.64 (s, 2H), 7.10−
7.20 (m, 2H), 7.28−7.47 (m, 12H), 7.61−7.69 (m, 1H), 9.38 (s, 1H),
10.52 (s, 1H), 12.39 (s, 1H). 13C NMR (DMSO-d6): δ 54.9 (CH2),
110.7 (C), 118.8 (CH), 120.1 (C), 123.4 (C), 126.6 (CH), 127.1 (C),
128.0 (CH), 128.1 (CH), 128.3 (CH), 128.6 (C), 128.8 (CH), 128.9
(CH), 129.2 (CH), 129.9 (CH), 132.0 (C), 132.8 (CH), 132.8 (CH),
133.3 (C), 144.1 (CH), 146.5 (CH). HRMS (ESI) m/z: 455.0866
calcd for C25H20BrN4

+ [M−Br]+, found 455.0883.
4-(2-(2-Bromophenyl)-4-phenyl-1H-pyrrol-3-yl)-1-methyl-1H-

1,2,4-triazol-4-ium Bromide (4e). Compound 4e (166 mg, 63%) was
obtained from 4-(2-(2-bromophenyl)-2-oxoethyl)-1-methyl-1H-1,2,4-
triazol-4-ium bromide (1e) (200 mg, 0.554 mmol), 3-phenyl-2H-
azirine (2a) (97 mg, 0.831 mmol, 1.5 equiv), and triethylamine (40
mg, 0.391 mmol, 0.7 equiv) according to the general procedure A.
Colorless solid, mp >400 °C. 1H NMR (DMSO-d6): δ 4.08 (s, 3H),
7.21 (d, J = 7.1 Hz, 2H), 7.24−7.29 (m, 1H), 7.32−7.44 (m, 3H), 7.46
(s, 1H), 7.46−7.56 (m, 2H), 7.73 (d, J = 7.7 Hz, 1H), 9.39 (s, 1H),
10.33 (s, 1H), 12.24 (s, 1H). 13C NMR (DMSO-d6): δ 39.2 (CH3),
110.7 (C), 117.4 (CH), 119.7 (C), 123.3 (C), 126.8 (CH), 126.9
(CH), 127.5 (C), 128.1 (CH), 129.0 (CH), 129.6 (C), 131.3 (CH),
131.7 (C), 133.0 (CH), 143.9 (CH), 146.1 (CH). HRMS (ESI) m/z:
381.0533 calcd for C19H16BrN4

+ [M−Br]+, found 381.0535.
General Procedure (B) for the Cyclization of Pyrrolyltriazo-

lium Bromides 3 and 4 under Cu-Mediated Conditions.

Pyrrolyltriazolium bromide 3 or 4 (1 equiv), 1,10-phenanthroline (1
equiv), K3PO4 (2 equiv), and DMF (0.02 mmol/mL) were placed in a
flask with screw-cap. Argon was bubbled through the mixture and then
CuI (1 equiv) was added. Argon was bubbled through the suspension
again and flask was tightly screwed. The reaction mixture was
vigorously stirred for 2 or 4 days (for the derivatives of the 4-benzyl-
1,2,4−4H-triazole and 1-benzyl-1,2,4−1H-triazole, respectively) at 50
°C (temperature of oil bath) and then DMF was evaporated under
reduced pressure. The solid residue was dissolved in 10 mL of DCM
and washed with 5% aq solution of HCl (15 mL) and brine (15 mL).
Then DCM solution was dried under Na2SO4, filtered, and evaporated
to dryness. The residue was subjected to column chromatography on
silica gel (DCM/MeOH from 20:1 to 10:1, if other not specified) to
obtain the product of cyclization 5 or 15 and triazole-ring-opening
product 6.

General Procedure (C) for the Cyclization of Pyrrolyltriazo-
lium Bromides 3 and 4 under Radical Conditions. Pyrrolyl-
triazolium bromide 3 or 4 (1 equiv), TTMSS (2−3 equiv), and AIBN
(2−3 equiv) in CH3CN (0.02 mmol/mL) was stirred at 85 °C
(temperature of oil bath) for 5 h under argon atmosphere. Then the
conversion of starting material was checked by 1H NMR spectrum of
an aliquot of the reaction mixture. If the conversion was complete the
reaction mixture was evaporated and the residue was purified by
column chromatography on silica gel (DCM/MeOH from 30:1 to
20:1). If there was still staring material additional quantity of AIBN
and TTMSS was added and the reaction mixture was stirred at 85 °C
for 5 h and then worked up as described above. In the case of salts 4
cyclized products 15 were obtained along with debenzylated products
20.

1-Benzyl-5-phenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[5,1-a]-
isoquinolin-4-ium Bromide (5a). Compound 5a (306 mg, 90%) was
obtained from 4-benzyl-1-(2-(2-bromophenyl)-4-phenyl-1H-pyrrol-3-
yl)-4H-1,2,4-triazol-1-ium bromide (3a) (400 mg, 0.746 mmol),
TTMSS (553 mg, 2.24 mmol, 3 equiv), and AIBN (489 mg, 2.99
mmol, 3 + 1 equiv) according to the general procedure C. Colorless
solid, mp 206−208 °C. 1H NMR (DMSO-d6): δ 6.26 (s, 2H), 7.34−
7.46 (m, 6H), 7.47−7.56 (m, 2H), 7.68−7.75 (m, 1H), 7.80 (d, J = 7.2
Hz, 2H), 8.01 (s, 1H), 8.06−8.15 (m, 1H), 8.46 (d, J = 8.2 Hz, 1H),
8.68 (d, J = 8.0 Hz, 1H), 9.64 (s, 1H), 13.42 (s, 1H). 13C NMR
(DMSO-d6): δ 51.3 (CH2), 111.9 (C), 114.2 (C), 119.0 (C), 121.4
(CH), 122.8 (C), 125.2 (CH), 125.5 (CH), 125.7 (CH), 126.6 (CH),
126.9 (CH), 127.0 (CH), 128.0 (CH), 128.4 (CH), 129.0 (CH),
129.9 (CH), 132.0 (C), 133.3 (CH), 133.4 (C), 138.4 (C), 146.0 (C).
HRMS (ESI) m/z: 375.1604 calcd for C25H19N4

+ [M−Br]+, found
375.1613.

1-Benzyl-5,6-diphenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo-
[5,1-a]isoquinolin-4-ium Bromide (5b). Compound 5b (55 mg, 90%)
was obtained from 4-benzyl-1-(2-(2-bromophenyl)-4,5-diphenyl-1H-
pyrrol-3-yl)-4H-1,2,4-triazol-1-ium bromide (3b) (70 mg, 0.114
mmol), TTMSS (99 mg, 0.400 mmol, 2 + 1.5 equiv), and AIBN
(66 mg, 0.400 mmol, 2 + 1.5 equiv) according to the general
procedure C. Bright yellow solid, mp 171−173 °C. 1H NMR (DMSO-
d6): δ 6.24 (s, 2H), 7.37−7.49 (m, 15H), 7.68−7.73 (m, 1H), 8.10 (m,
1H), 8.46 (d, J = 8.6 Hz, 1H), 8.90 (d, J = 8.3 Hz, 1H), 9.55 (s, 1H),
13.37 (s, 1H). 13C NMR (DMSO-d6): δ 51.3 (CH2), 110.8 (C), 111.8
(C), 121.0 (C), 121.9 (CH), 121.9 (C), 125.2 (CH), 125.3 (C), 126.6
(CH), 126.8 (CH), 127.5 (CH), 128.0 (CH), 128.4 (CH), 128.4
(CH), 128.6 (CH), 128.8 (CH), 129.0 (CH), 130.9 (C), 131.6 (CH),
131.9 (C), 133.1 (CH), 133.4 (C), 136.6 (C), 138.2 (C), 146.1 (CH).
HRMS (ESI) m/z: 451.1917 calcd for C31H23N4

+ [M−Br]+, found
451.1935.

1-Benzyl-5-phenyl-6-(pyridin-2-yl)-1,7-dihydropyrrolo[3,2-c]-
[1,2,4]triazolo[5,1-a]isoquinolin-4-ium Bromide (5c). Compound 5c
(288 mg, 94%) was obtained from 4-benzyl-1-(2-(2-bromophenyl)-4-
phenyl-5-(pyridin-2-yl)-1H-pyrrol-3-yl)-4H-1,2,4-triazol-1-ium bro-
mide (3c) (350 mg, 0.571 mmol), TTMSS (213 mg, 0.858 mmol,
1.5 equiv), and AIBN (186 mg, 1.144 mmol, 2 equiv) according to the
general procedure C. Pale yellow solid, mp 172−174 °C. 1H NMR
(DMSO-d6): δ 6.23 (s, 2H), 7.03 (d, J = 8.1 Hz, 1H), 7.34−7.42 (m,
6H), 7.52−7.58 (m, 5H), 7.66−7.76 (m, 2H), 8.06−8.12 (m, 1H),
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8.46 (d, J = 8.5 Hz, 1H), 8.79 (d, J = 4.1 Hz, 1H), 9.19 (d, J = 8.2 Hz,
1H), 9.52 (s, 1H), 13.66 (s, 1H). 13C NMR (DMSO-d6): δ 51.3
(CH2), 112.2 (C), 112.5 (C), 121.0 (C), 122.26 (C), 122.28 (CH),
122.7 (CH), 123.2 (CH), 125.2 (CH), 125.3 (C), 126.7 (CH), 127.3
(CH), 128.2 (CH), 128.4 (CH), 128.5 (CH), 129.0 (CH), 131.3
(CH), 131.9 (C), 133.2 (CH), 133.3 (C), 134.5 (C), 136.8 (CH),
138.6 (C), 146.2 (CH), 148.9 (C), 149.7 (CH). HRMS (ESI) m/z:
452.1870 calcd for C30H22N5

+ [M−Br]+, found 452.1870.
1-Benzyl-5-phenyl-1,6-dihydropyrrolo[3,4-c][1,2,4]triazolo[5,1-a]-

isoquinolin-4-ium Bromide (14d). Compound 14d (37 mg, 62%) was
obtained from 4-benzyl-1-(4-(2-bromophenyl)-2-phenyl-1H-pyrrol-3-
yl)-4H-1,2,4-triazol-1-ium bromide (3d) (70 mg, 0.131 mmol),
TTMSS (97 mg, 0.392 mmol, 3 equiv), and AIBN (64 mg, 0.392
mmol, 3 equiv) according to the general procedure C. Colorless solid,
mp 184−186 °C. 1H NMR (DMSO-d6): δ 6.19 (s, 2H), 7.36−7.49
(m, 6H), 7.53−7.61 (m, 3H), 7.86 (d, J = 7.2 Hz, 2H), 7.92−7.98 (m,
1H), 8.28 (d, J = 8.4 Hz, 1H), 8.38 (d, J = 3.1 Hz, 1H), 8.55 (d, J = 8.0
Hz, 1H), 9.56 (s, 1H), 13.06 (s, 1H). 13C NMR (DMSO-d6): δ 51.4
(CH2), 112.9 (C), 113.5 (C), 113.7 (CH), 115.2 (C), 119.2 (C),
123.7 (CH), 125.6 (CH), 126.6 (CH), 126.7 (CH), 127.9 (CH),
128.2 (CH), 128.4 (CH), 129.1 (CH), 129.6 (CH), 129.8 (C), 131.3
(C), 133.2 (C), 133.7 (CH), 140.8 (C), 145.8 (CH). HRMS (ESI) m/
z: 375.1604 calcd for C25H19N4

+ [M−Br]+, found 375.1610.
N-Benzyl-N-(3-phenyl-1H-pyrrolo[3,2-c]isoquinolin-5-yl)-

cyanamide (6a). Compound 6a (103 mg, 98%) was obtained from 4-
benzyl-1-(2-(2-bromophenyl)-4-phenyl-1H-pyrrol-3-yl)-4H-1,2,4-tria-
zol-1-ium bromide (3a) (150 mg, 0.28 mmol), CuI (53 mg, 0.28
mmol, 1 equiv), 1,10-phenanthroline (50 mg, 0.28 mmol, 1 equiv),
and K3PO4 (119 mg, 0.56 mmol, 2 equiv) according to the general
procedure B. Colorless solid, mp 179−180 °C. 1H NMR (DMSO-d6):
δ 5.20 (s, 2H), 7.19−7.25 (m, 1H), 7.29−7.35 (m, 1H), 7.36−7.45 (m,
4H), 7.55−7.60 (m, 2H), 7.66−7.73 (m, 1H), 7.89−7.95 (m, 1H),
8.14 (d, J = 2.8 Hz, 1H), 8.16−8.22 (m, 2H), 8.43−8.49 (m, 2H),
12.54 (s, 1H). 13C NMR (DMSO-d6): δ 54.9 (CH2), 115.6 (C), 116.0
(C), 117.1 (C), 121.1 (CH), 122.7 (C), 123.4 (CH), 124.6 (CH),
125.3 (CH), 125.5 (CH), 126.0 (CH), 126.3 (C), 128.1 (CH), 128.4
(CH), 128.5 (CH), 128.5 (CH), 130.9 (CH), 133.6 (C), 134.3 (C),
135.7 (C), 144.0 (C). HRMS (ESI) m/z: 375.1604 calcd for
C25H19N4

+ [M+H]+, found 375.1610.
N-Benzyl-N-(2,3-diphenyl-1H-pyrrolo[3,2-c]isoquinolin-5-yl)-

cyanamide (6b). Compound 6b (45 mg, 51%) and compound 5b (44
mg, 42%) were obtained from 4-benzyl-1-(2-(2-bromophenyl)-4,5-
diphenyl-1H-pyrrol-3-yl)-4H-1,2,4-triazol-1-ium bromide (3b) (120
mg, 0.20 mmol), CuI (37 mg, 0.20 mmol, 1 equiv), 1,10-
phenanthroline (35 mg, 0.20 mmol, 1 equiv), and K3PO4 (83 mg,
0.39 mmol, 2 equiv) according to the general procedure B. Compound
6b is colorless solid, mp 232−234 °C. 1H NMR (DMSO-d6): δ 5.10
(s, 2H), 7.29−7.42 (m, 7H), 7.43−7.48 (m, 2H), 7.50−7.57 (m, 6H),
7.67−7.71 (m, 1H), 7.88−7.96 (m, 1H), 8.46 (d, J = 8.5 Hz, 1H), 8.63
(d, J = 8.3 Hz, 1H), 12.50 (s, 1H). 13C NMR (DMSO-d6): δ 54.7
(CH2), 114.4 (C), 115.4 (C), 117.5 (C), 121.6 (CH), 122.1 (C),
124.6 (CH), 125.3 (CH), 126.1 (CH), 126.1 (C), 128.0 (CH), 128.1
(CH), 128.4 (CH), 128.6 (CH), 128.7 (CH), 128.7 (CH), 129.8
(CH), 130.8 (CH), 132.2 (C), 133.4 (C), 135.1 (C), 135.3 (C), 135.6
(C), 144.2 (C). HRMS (ESI) m/z: 451.1917 calcd for C31H23N4

+ [M
+H]+, found 451.1924.
N-Benzyl-N-(3-phenyl-2-(pyridin-2-yl)-1H-pyrrolo[3,2-c]-

isoquinolin-5-yl)cyanamide (6c). Compound 6c (69 mg, 63%) was
obtained from 4-benzyl-1-(2-(2-bromophenyl)-4-phenyl-5-(pyridin-2-
yl)-1H-pyrrol-3-yl)-4H-1,2,4-triazol-1-ium bromide (3c) (150 mg,
0.245 mmol), CuI (47 mg, 0.245 mmol, 1 equiv), 1,10-phenanthroline
(44 mg, 0.245 mmol, 1 equiv), and K3PO4 (104 mg, 0.49 mmol, 2
equiv) according to the general procedure B. Colorless solid, mp 223−
225 °C. 1H NMR (CDCl3): δ 5.10 (s, 2H), 7.13−7.19 (m, 1H), 7.23−
7.32 (m, 3H), 7.42−7.67 (m, 10H), 7.76−7.82 (m, 1H), 8.17 (d, J =
8.2 Hz, 1H), 7.60−7.65 (m, 2H), 10.35 (s, 1H). 13C NMR (CDCl3): δ
55.0 (CH2), 118.2 (C), 118.8 (C), 120.6 (CH), 121.6 (CH), 122.1
(C), 122.2 (CH), 125.3 (CH), 125.6 (CH), 126.1 (C), 127.3 (CH),
128.1 (CH), 128.5 (CH), 128.6 (CH), 129.1 (CH), 130.5 (CH),
130.8 (CH), 131.9 (C), 133.5 (C), 135.5 (C), 136.5 (CH), 136.7 (C),

144.8 (C), 149.1 (CH), 150.0 (C). HRMS (ESI) m/z: 452.1870 calcd
for C30H22N5

+ [M+H]+, found 452.1873.
1-Benzyl-5-phenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[3,4-a]-

isoquinolin-4-ium Bromide (15a). Compounds 15a (81 mg, 50%)
and 6a (64 mg, 48%) were obtained from 1-benzyl-4-(2-(2-
bromophenyl)-4-phenyl-1H-pyrrol-3-yl)-1H-1,2,4-triazol-4-ium bro-
mide (4a) (190 mg, 0.35 mmol), CuI (68 mg, 0.35 mmol, 1 equiv),
1,10-phenanthroline (64 mg, 0.35 mmol, 1 equiv), and K3PO4 (150
mg, 0.71 mmol, 2 equiv) according to the general procedure B.
Compound 15a was recrystallized from a solution of DCM/diethyl
ether. Yellow solid, mp 184−187 °C. 1H NMR (DMSO-d6): δ 6.40 (s,
2H), 7.34−7.41 (m, 5H), 7.49−7.55 (m, 1H), 7.61 (m, 2H), 7.69−
7.76 (m, 3H), 7.86 (s, 1H), 8.11 (m, 1H), 8.56 (d, J = 8.5 Hz, 1H),
8.71 (d, J = 8.0 Hz, 1H), 9.28 (s, 1H), 13.55 (s, 1H). 13C NMR
(DMSO-d6): δ 56.3 (CH2), 110.9 (C), 114.1 (C), 115.4 (C), 121.8
(CH), 124.6 (CH), 126.1 (C), 126.1 (CH), 126.8 (CH), 127.1 (CH),
127.9 (CH), 128.3 (CH), 128.9 (CH), 129.2 (CH), 129.3 (CH),
131.8 (C), 133.5 (C), 133.9 (CH), 134.7 (C), 134.7 (CH), 140.3 (C).
HRMS (ESI) m/z: 375.1604 calcd for C25H19N4

+ [M−Br]+, found
375.1615.

Compound 15a (15 mg, 25%) and product of subsequent
debenzylation 20a (25 mg, 52%) were obtained from 1-benzyl-4-(2-
(2-bromophenyl)-4-phenyl-1H-pyrrol-3-yl)-1H-1,2,4-triazol-4-ium
bromide (4a) (70 mg, 0.131 mmol), TTMSS (97 mg, 0.392 mmol, 3
equiv) and AIBN (64 mg, 0.392 mmol, 3 equiv) according to the
general procedure C.

1-Benzyl-5,6-diphenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo-
[3,4-a]isoquinolin-4-ium Bromide (15b). Compounds 15b (87 mg,
84%) and 6b (12 mg, 14%) were obtained from 1-benzyl-4-(2-(2-
bromophenyl)-4,5-diphenyl-1H-pyrrol-3-yl)-1H-1,2,4-triazol-4-ium
bromide (4b) (120 mg, 0.20 mmol), CuI (37 mg, 0.20 mmol, 1 equiv),
1,10-phenanthroline (35 mg, 0.20 mmol, 1 equiv), and K3PO4 (83 mg,
0.39 mmol, 2 equiv) according to the general procedure B. Bright
yellow solid, mp 202−204 °C. 1H NMR (DMSO-d6): δ 6.38 (s, 2H),
7.33−7.45 (m, 8H), 7.46−7.53 (m, 2H), 7.54−7.64 (m, 5H), 7.73 (m,
1H), 8.12 (m, 1H), 8.57 (s, J = 8.5 Hz, 1H), 8.65 (s, 1H), 8.88 (d, J =
8.2 Hz, 1H), 13.33 (s, 1H). 13C NMR (DMSO-d6): δ 56.3 (CH2),
110.9 (C), 110.9 (C), 117.7 (C), 121.9 (CH), 125.8 (C), 126.2 (CH),
126.8 (CH), 127.0 (CH), 128.2 (CH), 128.3 (CH), 128.3 (CH),
128.6 (CH), 128.7 (CH), 128.9 (CH), 129.5 (CH), 130.9 (CH),
131.5 (C), 133.4 (C), 133.7 (CH), 133.7 (C), 133.9 (CH), 135.5 (C),
140.2 (C). HRMS (ESI) m/z: 451.1917 calcd for C31H23N4

+ [M−
Br]+, found 451.1904.

Compound 15b (28 mg, 46%) and product of subsequent
debenzylation 20b (21 mg, 42%) were obtained from 1-benzyl-4-(2-
(2-bromophenyl)-4,5-diphenyl-1H-pyrrol-3-yl)-1H-1,2,4-triazol-4-ium
bromide (4b) (70 mg, 0.114 mmol), TTMSS (56 mg, 0.229 mmol, 2
equiv), and AIBN (38 mg, 0.229 mmol, 2 equiv) according to the
general procedure C.

1-Benzyl-5-phenyl-6-(pyridin-2-yl)-1,7-dihydropyrrolo[3,2-c]-
[1,2,4]triazolo[3,4-a]isoquinolin-4-ium Bromide (15c). Compounds
15c (17 mg, 10%) and 6c (50 mg, 34%) were obtained from 1-benzyl-
4-(2-(2-bromophenyl)-4-phenyl-5-(pyridin-2-yl)-1H-pyrrol-3-yl)-1H-
1,2,4-triazol-4-ium bromide (4c) (200 mg, 0.326 mmol), CuI (62 mg,
0.326 mmol, 1 equiv), 1,10-phenanthroline (59 mg, 0.326 mmol, 1
equiv), and K3PO4 (138 mg, 0.653 mmol, 2 equiv) according to the
general procedure B. Yellow solid, mp 220−222 °C. 1H NMR
(DMSO-d6): δ 6.37 (s, 2H), 7.05 (d, J = 8.1 Hz, 1H), 7.32−7.42 (m,
6H), 7.60−7.80 (m, 7H), 8.08−8.16 (m, 1H), 8.48 (s, 1H), 8.58 (d, J
= 8.4 Hz, 1H), 8.77 (d, J = 4.4 Hz, 1H), 9.14 (d, J = 8.1 Hz, 1H), 13.63
(s, 1H). 13C NMR (DMSO-d6): δ 56.3 (CH2), 111.6 (C), 112.3 (C),
117.9 (C), 121.2 (C), 121.6 (CH), 122.7 (CH), 123.2 (CH), 125.7
(C), 126.3 (CH), 126.8 (CH), 127.6 (CH), 128.3 (CH), 128.9 (CH),
129.4 (CH), 130.0 (CH), 130.7 (CH), 131.2 (C), 133.3 (C), 133.4
(C), 133.6 (CH), 134.0 (CH), 136.9 (CH), 140.4 (C), 148.7 (C),
149.7 (CH). HRMS (ESI) m/z: 452.1870 calcd for C30H22N5

+ [M−
Br]+, found 452.1858.

1-Benzyl-5-phenyl-1,6-dihydropyrrolo[3,4-c][1,2,4]triazolo[3,4-a]-
isoquinolin-4-ium Bromide (21d) and 5-Phenyl-6H-pyrrolo[3,4-
c][1,2,4]triazolo[3,4-a]isoquinoline (22d). Compound 21d (149 mg,
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53%) and product of subsequent debenzylation 22d (41 mg, 18%)
were obtained from 1-benzyl-4-(4-(2-bromophenyl)-2-phenyl-1H-
pyrrol-3-yl)-1H-1,2,4-triazol-4-ium bromide (4d) (330 mg, 0.583
mmol), TTMSS (434 mg, 1.75 mmol, 3 equiv), and AIBN (287 mg,
1.75 mmol, 3 equiv) according to the general procedure C. Compound
21d, pale yellow solid, mp 213-215 °C. 1H NMR (DMSO-d6): δ 6.32
(s, 2H), 7.34−7.44 (m, 5H), 7.55−7.70 (m, 4H), 7.77 (d, J = 7.2 Hz,
2H), 7.93−7.99 (m, 1H), 8.29 (s, 1H), 8.37 (d, J = 8.4 Hz, 1H), 8.48
(d, J = 8.0 Hz, 1H), 9.29 (s, 1H), 12.92 (s, 1H). 13C NMR (DMSO-
d6): δ 56.4 (CH2), 111.9 (C), 112.1 (C), 112.6 (C), 113.8 (CH),
119.4 (C), 123.7 (CH), 126.4 (CH), 126.82 (CH), 126.85 (CH),
128.3 (CH), 128.9 (CH), 128.9 (CH), 129.0 (CH), 129.5 (CH),
129.6 (C), 131.3 (C), 133.3 (C), 134.2 (CH), 135.6 (CH), 142.2 (C).
HRMS (ESI) m/z: 375.1604 calcd for C25H19N4

+ [M−Br]+, found
375.1612. Compound 22d, pale violet solid, mp 264−266 °C. 1H
NMR (DMSO-d6): δ 7.47−7.54 (m, 2H), 7.57−7.64 (m, 2H), 7.64−
7.72 (m, 3H), 7.95 (d, J = 3.1 Hz, 1H), 8.18 (d, J = 7.9 Hz, 1H), 8.45
(d, J = 7.7 Hz, 1H), 8.76 (s, 1H), 12.22 (s, 1H). 13C NMR (DMSO-
d6): δ 111.9 (C), 113.2 (CH), 114.0 (C), 117.9 (C), 118.3 (C), 122.8
(CH), 124.1 (CH), 126.1 (CH), 127.8 (C), 128.2 (CH), 128.9 (CH),
129.1 (CH), 130.3 (CH), 130.8 (C), 135.5 (CH), 147.8 (C). HRMS
(ESI) m/z: 285.1135 calcd for C18H13N4

+ [M+H]+, found 285.1142.
1-Methyl-5-phenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[3,4-

a]isoquinolin-4-ium Bromide (15e). Compound 15e (34 mg, 59%)
was obtained from 4-(2-(2-bromophenyl)-4-phenyl-1H-pyrrol-3-yl)-1-
methyl-1H-1,2,4-triazol-4-ium bromide (4e) (70 mg, 0.146 mmol),
TTMSS (109 mg, 0.439 mmol, 3 equiv), and AIBN (72 mg, 0.439
mmol, 3 equiv) according to the general procedure C. Colorless solid,
mp 246−247 °C. 1H NMR (DMSO-d6): δ 4.7 (s, 3H), 7.48−7.54 (m,
1H), 7.57−7.68 (m, 4H), 7.84 (s, 1H), 7.87−7.93 (m, 1H), 8.15−8.21
(m, 1H), 8.64 (d, J = 8.1 Hz, 1H), 8.88 (d, J = 8.4 Hz, 1H), 9.16 (s,
1H), 13.32 (s, 1H). 13C NMR (DMSO-d6): δ 47.8 (CH3), 111.8 (C),
114.1 (C), 115.1 (C), 121.27 (C), 121.34 (CH), 124.4 (CH), 125.7
(C), 126.6 (CH), 127.2 (CH), 127.9 (CH), 129.2 (CH), 129.3 (CH),
131.7 (C), 133.7 (CH), 133.8 (CH), 140.3 (C). HRMS (ESI) m/z:
299.1291 calcd for C19H15N4

+ [M−Br]+, found 299.1300.
General Procedure (D) for Reduction of N-Benzyl-N-(3-phenyl-

1H-pyrrolo[3,2-c]isoquinolin-5-yl)cyanamide 6. Compound 6 (0.40
mmol) was diluted in the mixture of methanol and 1 M hydrochloric
acid (ratio 5:1, 6 mL), 10% Pd/C (10 wt%) was added and the
reaction mixture was allowed to stir overnight in the atmosphere of
hydrogen at the room temperature. After the reaction was completed,
which was monitored by TLC, the mixture was filtered from Pd/C,
concentrated in vacuo, and partitioned between DCM and sat. aq
solution of NaHCO3. The organic layer was separated and the aqueous
layer was extracted with DCM 3 times, then the organic layers were
combined, dried over Na2SO4, and filtered off. The solvent was
evaporated under reduced pressure and the residue was purified by
column chromatography (DCM/MeOH 10:1). The obtained solid
was washed either with DCM/diethyl ether (13a) or with methanol
(13b,c) to give the pure product.
3-Phenyl-1H-pyrrolo[3,2-c]isoquinolin-5-amine (13a). Compound

13a (68 mg, 65%) was obtained from N-benzyl-N-(3-phenyl-1H-
pyrrolo[3,2-c]isoquinolin-5-yl)cyanamide (6a) (150 mg, 0.40 mmol)
and Pd/C (9 mg, 10 wt%) according to the general procedure D. Pale
yellow solid, mp 194−196 °C. 1H NMR (DMSO-d6): δ 6.29 (s, 2H),
7.10−7.17 (m, 1H), 7.31−7.43 (m, 3H), 7.65−7.73 (m, 1H), 7.75 (d, J
= 3 Hz, 1H), 8.16 (d, J = 8 Hz, 1H), 8.21−8.33 (m, 3H), 11.73 (s,
1H). 13C NMR (DMSO-d6): δ 114.2 (C), 115.1 (C), 118.7 (C), 119.9
(CH), 120.5 (CH), 123.2 (CH), 124.5 (CH), 125.3 (CH), 125.7
(CH), 126.4 (C), 128.0 (CH), 129.6 (CH), 135.0 (C), 135.8 (C),
152.7 (C). HRMS (ESI) m/z: 260.1182 calcd for C17H14N3

+ [M+H]+,
found 260.1175.
2,3-Diphenyl-1H-pyrrolo[3,2-c]isoquinolin-5-amine (13b). Com-

pound 13b (46 mg, 84%) was obtained from N-benzyl-N-(2,3-
diphenyl-1H-pyrrolo[3,2-c]isoquinolin-5-yl)cyanamide (6b) (75 mg,
0.17 mmol) and Pd/C (4 mg, 10 wt%) according to the general
procedure D. Pale yellow solid, mp 298−300 °C. 1H NMR (DMSO-
d6): δ 6.28 (s, 2H), 7.18−7.26 (m, 1H), 7.27−7.43 (m, 6H), 7.45−
7.53 (m, 4H), 7.71 (m, 1H), 8.24 (d, J = 8.3 Hz, 1H), 8.37 (d, J = 8.1

Hz, 1H), 11.71 (s, 1H). 13C NMR (DMSO-d6): δ 113.4 (C), 115.7
(C), 118.2 (C), 120.5 (CH), 123.3 (CH), 125.3 (CH), 125.4 (CH),
126.3 (C), 127.1 (CH), 127.9 (CH), 128.2 (CH), 128.4 (CH), 129.7
(CH), 130.2 (CH), 132.4 (C), 133.1 (C), 135.1 (C), 136.5 (C), 153.1
(C). HRMS (ESI) m/z: 336.1495 calcd for C23H18N3

+ [M+H]+, found
336.1497.

3-Phenyl-2-(pyridin-2-yl)-1H-pyrrolo[3,2-c]isoquinolin-5-amine
(13c). Compound 13c (15 mg, 71%) was obtained from N-benzyl-N-
(3-phenyl-2-(pyridin-2-yl)-1H-pyrrolo[3,2-c]isoquinolin-5-yl)-
cyanamide (6c) (28 mg, 0.06 mmol) and Pd/C (2 mg, 10 wt%)
according to the general procedure D. Pale yellow solid, mp 280−282
°C. 1H NMR (DMSO-d6): δ 6.26 (s, 2H), 7.15−7.25 (m, 2H), 7.31−
7.36 (m, 1H), 7.38−7.45 (m, 3H), 7.46−7.52 (m, 2H), 7.56−7.63 (m,
1H), 7.66−7.73 (m, 1H), 8.22 (d, J = 8.3 Hz, 1H), 8.60−8.71 (m,
2H), 11.99 (s, 1H). 13C NMR (DMSO-d6): δ 115.7 (C), 116.5 (C),
118.8 (C), 121.4 (CH), 121.51 (CH), 121.54 (CH), 123.9 (CH),
125.1 (CH), 126.2 (CH), 126.3 (C), 128.2 (CH), 129.6 (CH), 130.7
(CH), 130.8 (C), 135.2 (C), 136.1 (CH), 137.2 (C), 149.2 (CH),
151.1 (C), 153.3 (C). HRMS (ESI) m/z: 337.1448 calcd for
C22H17N4

+ [M+H]+, found 337.1447.
General Procedure (E) for the Synthesis of Pyrrolotriazoloi-

soquinolines 10 and 16. A suspension of compound 5 or 15 (0.088
mmol) in aq solution of KOH (10 mg, 0.176 mmol, 2 equiv, 5 mL
H2O) was sonicated for 30 min in an ultrasonic bath and then
vigorously stirred for 12 h at rt. The precipitate was filtered, washed
with water, and thoroughly dried to obtain analytically pure compound
10 or 16 in almost quantitative yield.

1-Benzyl-5-phenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]-
isoquinoline (10a). Compound 10a (138 mg, 97%) was obtained
from 1-benzyl-5-phenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[5,1-
a]isoquinolin-4-ium bromide (5a) (173 mg, 0.38 mmol) and aq
solution of KOH (43 mg, 0.76 mmol, 2 equiv) according to the
general procedure E. Yellow solid, mp 120−121 °C. 1H NMR
(DMSO-d6): δ 6.18 (s, 2H), 7.16−7.21 (m, 1H), 7.30−7.42 (m, 8H),
7.69 (s, 1H), 7.72−7.77 (m, 1H), 7.79 (d, J = 7.3 Hz, 2H), 8.23 (d, J =
8.6 Hz, 1H), 8.63 (d, J = 8.3 Hz, 1H), 9.46 (s, 1H). Compound 10a is
hardly soluble in DMSO-d6 and moreover it decomposes in DMSO-d6
into 6a especially under heating but all the carbon signals of 10a can
be undoubtedly ascribed if spectrum of mixture with low and high
ratio of decomposition and spectrum of 6a are compared (see SI). 13C
NMR (DMSO-d6): δ 51.0 (CH2), 108.6 (C), 111.8 (C), 119.6 (C),
121.5 (CH), 123.3 (CH), 124.0 (CH), 124.5 (CH), 126.4 (CH),
127.7 (CH), 128.2 (CH), 128.9 (CH), 129.1 (CH), 130.1 (C), 131.1
(CH), 131.8 (C), 134.1 (C), 134.8 (C), 135.4 (C), 137.4 (CH), 144.9
(CH). HRMS (ESI) m/z: 375.1604 calcd for C25H18N4

+ [M+H]+,
found 375.1609.

1-Benzyl-5,6-diphenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]-
isoquinoline (10b). Compound 10b (23 mg, 99%) was obtained from
1-benzyl-5,6-diphenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[5,1-a]-
isoquinolin-4-ium bromide (5b) (27 mg, 0.051 mmol) and aq solution
of KOH (6 mg, 0.101 mmol, 2 equiv) according to the general
procedure E. Orange solid, mp 240−243 °C. 1H NMR (DMSO-d6): δ
6.16 (s, 2H), 7.10−7.16 (m, 1H), 7.18−7.23 (m, 2H), 7.29−7.39 (m,
9H), 7.42−7.46 (m, 2H), 7.53−7.57 (m, 2H), 7.79 (m, 1H), 8.25 (d, J
= 8.5 Hz, 1H), 8.73 (d, J = 8.4 Hz, 1H), 9.35 (s, 1H). 13C NMR
(DMSO-d6): δ 50.9 (CH2), 108.6 (C), 108.7 (C), 121.6 (CH), 122.1
(C), 123.1 (CH), 124.1 (CH), 125.4 (CH), 125.6 (CH), 126.4 (CH),
127.5 (CH), 127.6 (CH), 128.1 (CH), 128.2 (CH), 129.1 (CH),
130.0 (C), 130.9 (CH), 131.8 (CH), 134.2 (C), 134.4 (C), 136.4 (C),
138.6 (C), 145.1 (CH). HRMS (ESI) m/z: 451.1917 calcd for
C31H23N4

+ [M+H]+, found 451.1925.
1-Benzyl-5-phenyl-6-(pyridin-2-yl)-1H-pyrrolo[3,2-c][1,2,4]-

triazolo[5,1-a]isoquinoline (10c). Compound 10c (14 mg, 87%) was
obtained from 1-benzyl-5-phenyl-6-(pyridin-2-yl)-1,7-dihydropyrrolo-
[3,2-c][1,2,4]triazolo[5,1-a]isoquinolin-4-ium bromide (5c) (19 mg,
0.036 mmol) and aq solution of KOH (4 mg, 0.072 mmol, 2 equiv)
according to the general procedure E. Orange solid, mp 131−132 °C.
1H NMR (DMSO-d6): δ 6.16 (s, 2H), 7.10−7.16 (m, 1H), 7.23−7.30
(m, 1H), 7.30−7.43 (m, 8H), 7.43−7.50 (m, 2H), 7.62−7.74 (m, 2H),
7.80−7.88 (m, 1H), 8.28 (d, J = 8.5 Hz, 1H), 8.39 (d, J = 3.2 Hz, 1H),
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8.80 (d, J = 7.9 Hz, 1H), 9.36 (s, 1H). 13C NMR (DMSO-d6): δ 51.0
(CH2), 109.6 (C), 110.7 (C), 120.9 (CH), 121.76 (C), 121.83 (CH),
122.7 (CH), 124.0 (CH), 124.3 (CH), 125.5 (CH), 126.5 (CH),
127.0 (CH), 128.3 (CH), 128.4 (C), 128.9 (C), 129.1 (CH), 129.5
(C), 130.4 (C), 131.4 (CH), 131.8 (CH), 134.0 (C), 135.5 (C), 135.6
(CH), 145.2 (CH), 148.4 (CH). HRMS (ESI) m/z: 452.1870 calcd
for C30H22N5

+ [M+H]+, found 452.1865.
1-Benzyl-5-phenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-a]-

isoquinoline (16a). Compound 16a (33 mg, 99%) was obtained from
1-benzyl-5-phenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[3,4-a]-
isoquinolin-4-ium bromide (15a) (40 mg, 0.088 mmol) and aq
solution of KOH (10 mg, 0.176 mmol, 2 equiv) according to the
general procedure E. Yellow solid, mp 162−163 °C. 1H NMR
(DMSO-d6): δ 6.30 (s, 2H), 7.28−7.39 (m, 7H), 7.45−7.54 (m, 3H),
7.59−7.65 (m, 2H), 7.73−7.82 (m, 1H), 8.30 (d, J = 8.5 Hz, 1H),
8.50−8.64 (m, 1H), 9.25 (s, 1H). 13C NMR (CDCl3): δ 57.1 (CH2),
107.3 (C), 112.6 (C), 115.9 (C), 122.8 (CH), 123.6 (CH), 123.8
(CH), 126.4 (CH), 126.5 (CH), 129.1 (CH), 129.2 (CH), 129.3
(CH), 129.6 (CH), 131.3 (C), 132.3 (C), 132.3 (CH), 132.5 (CH),
133.2 (C), 135.8 (C), 138.2 (C). HRMS (ESI) m/z: 375.1604 calcd
for C25H19N4

+ [M+H]+, found 375.1600.
1-Benzyl-5,6-diphenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-a]-

isoquinoline (16b). Compound 16b (54 mg, 90%) was obtained from
1-benzyl-5,6-diphenyl-1,7-dihydropyrrolo[3,2-c][1,2,4]triazolo[3,4-a]-
isoquinolin-4-ium bromide (15b) (70 mg, 0.132 mmol) and aq
solution of KOH (15 mg, 0.264 mmol, 2 equiv, 5 mL H2O) according
to the general procedure E. Yellow solid, mp 185−187 °C. 1H NMR
(DMSO-d6): δ 6.27 (s, 1H), 7.02−7.66 (m, 16H), 7.74−7.84 (m, 1H),
8.30 (d, J = 8.4 Hz, 1H), 8.52 (s, 1H), 8.63 (d, J = 7.9 Hz, 1H). 13C
NMR (DMF-d7): δ 57.4 (CH2), 109.2 (C), 110.3 (C), 119.7 (C),
122.9 (CH), 124.3 (CH), 126.3 (CH), 126.4 (CH), 127.8 (CH),
128.0 (CH), 128.7 (CH), 128.8 (CH), 129.3 (CH), 130.06 (CH),
130.14 (CH), 130.7 (C), 132.4 (CH), 132.5 (C), 133.0 (CH), 133.2
(CH), 135.6 (C), 138.0 (C), 139.4 (C), 139.8 (C), 145.6 (C). HRMS
(ESI) m/z: 451.1917 calcd for C31H23N4

+ [M+H]+, found 451.1908.
General Procedure (F) for Debenzylation of Pyrrolotriazo-

loisoquinolines 10 and 16. A suspension of Pd/C (10 wt%)
compound 10 or 16 (0.035 mmol) in dry methanol (5 mL) was stirred
at rt for 12 h under an atmosphere of hydrogen. After the completion
of the reaction (monitored by TLC) the reaction mixture was filtered
off from Pd/C and evaporated to dryness to give the pure product 31
or 20.
5-Phenyl-7H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]isoquinoline

(31a). Compound 31a (56 mg, 93%) was obtained from 1-benzyl-5-
phenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]isoquinoline (10a) (80
mg, 0.214 mmol) according to the general procedure F. Colorless
solid, mp 254−255 °C. 1H NMR (DMSO-d6): δ 7.30−7.35 (m, 1H),
7.42−7.47 (m, 2H), 7.63−7.68 (m, 1H), 7.69 (d, J = 3.0 Hz, 1H),
7.82−7.88 (m, 1H), 7.87 (d, J = 7.1 Hz, 2H), 8.41 (d, J = 8.2 Hz, 1H),
8.43 (s, 1H), 8.56 (d, J = 7.9 Hz, 1H), 12.76 (s, 1H). 13C NMR
(DMSO-d6): δ 113.8 (C), 117.7 (C), 119.6 (C), 120.3 (C), 120.5
(CH), 122.4 (CH), 123.5 (C), 124.7 (CH), 125.8 (CH), 126.2 (CH),
127.8 (CH), 129.5 (CH), 130.1 (CH), 133.2 (C), 147.0 (C), 151.0
(CH). HRMS (ESI) m/z: 285.1135 calcd for C18H13N4

+ [M+H]+,
found 285.1138.
5,6-Diphenyl-7H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]isoquinoline

(31b). Compound 31b (11 mg, 90%) was obtained from 1-benzyl-5,6-
diphenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]isoquinoline (10b)
(15 mg, 0.033 mmol) according to the general procedure F. Colorless
solid, mp 264−266 °C. 1H NMR (DMSO-d6): δ 7.27−7.48 (m, 10H),
7.60−7.68 (m, 1H), 7.81−7.88 (m, 1H), 8.31 (s, 1H), 8.55 (d, J = 7.9
Hz, 1H), 8.63 (d, J = 8.1 Hz, 1H). 13C NMR (DMSO-d6): δ 110.6
(C), 117.9 (C), 119.5 (C), 121.1 (CH), 121.7 (C), 123.3 (C), 124.7
(CH), 125.9 (CH), 126.9 (CH), 127.7 (CH), 127.8 (CH), 128.4
(CH), 128.5 (CH), 130.1 (CH), 131.6 (C), 131.7 (CH), 133.0 (C),
133.3 (C), 147.0 (C), 151.2 (CH). HRMS (ESI) m/z: 383.1267 calcd
for C24H16N4Na

+ [M+Na]+, found 383.1249.
5-Phenyl-6-(pyridin-2-yl)-7H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-a]-

isoquinoline (31c). Compound 31c (5 mg, 71%) was obtained from 1-
benzyl-5-phenyl-6-(pyridin-2-yl)-1H-pyrrolo[3,2-c][1,2,4]triazolo[5,1-

a]isoquinoline (10c) (9 mg, 0.02 mmol) according to the general
procedure F. Colorless solid, mp 226−228 °C. 1H NMR (DMSO-d6):
δ 6.96 (d, J = 8.1 Hz, 1H), 7.25−7.31 (m, 1H), 7.42−7.53 (m, 5H),
7.57−7.64 (m, 1H), 7.64−7.70 (m, 1H), 7.80−7.87 (m, 1H), 8.29 (s,
1H), 8.55 (d, J = 7.9 Hz, 1H), 8.72 (d, J = 4.2 Hz, 1H), 8.92 (d, J = 8.2
Hz, 1H), 13.03 (s, 1H). 13C NMR (DMSO-d6): δ 112.0 (C), 118.4
(C), 120.0 (C), 121.6 (CH), 121.8 (C), 122.0 (CH), 122.3 (CH),
123.3 (C), 124.6 (CH), 126.3 (CH), 127.5 (CH), 128.2 (CH), 130.1
(CH), 131.4 (CH), 131.7 (C), 133.2 (C), 136.4 (CH), 147.0 (C),
149.4 (CH), 149.8 (C), 151.3 (CH). HRMS (ESI) m/z: 384.1220
calcd for C23H15N5Na

+ [M+Na]+, found 384.1233.
5-Phenyl-7H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-a]isoquinoline

(20a). Compound 20a (9 mg, 90%) was obtained from 1-benzyl-5-
phenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-a]isoquinoline (16a) (13
mg, 0.035 mmol) according to the general procedure F. Colorless
solid, mp 356−357 °C. 1H NMR (DMSO-d6): δ 7.42−7.48 (m, 1H),
7.50 (s, 1H), 7.56 (m, 2H), 7.59−7.66 (m, 3H), 7.80 (m, 1H), 8.29 (d,
J = 8.0 Hz, 1H), 8.61 (d, J = 7.9 Hz, 1H), 8.75 (s, 1H), 12.64 (s, 1H).
13C NMR (DMSO-d6): δ 114.0 (C), 116.3 (C), 117.2 (C), 119.4 (C),
120.4 (CH), 121.2 (CH), 123.4 (C), 124.2 (CH), 126.2 (CH), 127.3
(CH), 128.9 (CH), 129.3 (CH), 130.2 (CH), 133.1 (C), 134.7 (CH),
146.9 (C). HRMS (ESI) m/z: 285.1135 calcd for C18H13N4

+ [M+H]+,
found 285.1140.

5,6-Diphenyl-7H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-a]isoquinoline
(20b). Compound 20b (21 mg, 88%) was obtained from 1-benzyl-5,6-
diphenyl-1H-pyrrolo[3,2-c][1,2,4]triazolo[3,4-a]isoquinoline (16b)
(30 mg, 0.067 mmol) according to the general procedure F. Colorless
solid, mp 362−365 °C. 1H NMR (DMSO-d6): δ 7.28−7.33 (m, 1H),
7.34−7.40 (m, 2H), 7.43−7.48 (m, 2H), 7.49−7.59 (m, 5H), 7.60−
7.65 (m, 1H), 7.80−7.85 (m, 1H), 8.14 (s, 1H), 8.52 (d, J = 8.0 Hz,
1H), 8.61 (d, J = 7.4 Hz, 1H), 12.59 (s, 1H). 13C NMR (DMSO-d6): δ
111.0 (C), 117.4 (C), 118.65 (C), 118.68 (C), 121.0 (CH), 123.1
(CH), 124.2 (CH), 126.2 (CH), 127.6 (CH), 127.7 (CH), 128.2
(CH), 128.5 (CH), 129.2 (CH), 130.2 (CH), 131.0 (CH), 131.3 (C),
131.9 (C), 133.0 (C), 133.8 (C). HRMS (ESI) m/z: 361.1448 calcd
for C24H17N4

+ [M+H]+, found 361.1460.
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