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We describe herein a novel, efficient and practical synthetic approach to access pyrrolo[3,4-b]pyridines
from dihydropyridones in three steps, in which a pyrrole unit is generated from a dihydropyridone using
TosMIC reagent. Protection of the resulting pyrrole, Grignard addition followed by oxidative aromatization
afford substituted pyrrolo[3,4-b]pyridines. These underutilized structures are subsequently transformed to
novel pyrrole-fused 2-pyridones via N-alkylation and then oxidation.

1. INTRODUCTION

Pyrrolo[3,4-b]pyridines, also known as azaisoindoles, are 10z heteroaromatic systems hosting
fused pyrrole and pyridine rings. As these systems are isosteric to indoles, they have attracted much
attention for a broad spectrum of applications in biology, organic chemistry and material sciences.' Even
though they are reported to be relatively unstable, there are a number of available methodologies, which
are mainly developed for the synthesis of an isoindole ring." Among them are 1,3-dipolar cycloaddition of
azides onto alkenes,” the intramolecular ring closure of benzylic amines by means of a 1,4-addition to a,p-
unsaturated esters,’ condensation of o-phthalaldehyde with primary amines,” ring closure of nitrones onto
alkynes in the presence of a gold catalyst,” and 1,3-dipolar cycloaddition of arynes with munchnones.®
Interestingly, most of the current methodologies focus on the formation of the pyrrole unit from substituted
pyridines and, more notably, have drawbacks in terms of step number and overall yields, mainly due to
employing highly advanced starting materials. Moreover, these heteroaromatics have solely been employed
as a diene partner in Diels-Alder reactions as they possess o-quinoid motif in their structure, which is also
applied to prove their existence in some methods. Due to inherent instability and limited availability, no
other synthetic use has been reported on these heteroaromatics. Therefore, novel, efficient, and practical
methods are highly desirable not only to quickly access azaisoindoles from simple and readily available
starting materials, but also to study them for further synthetic transformations. Particularly, pyrrole and
pyridine rings offer additional functionalization and modification to generate novel and unique
heteroaromatic scaffolds, which could find potential applications in various fields.

In continuation of our research program to develop new methods for the synthesis of substituted
pyridines by oxidative aromatization,” we have become interested in developing a facile and general route
to generate azaisoindoles and then investigate their synthetic utility. As indicated in Scheme 1,
azaisoindoles (2) can be accessed in three steps from the dihydropyridone 1; a) pyrrole formation using
tosylmethyl isocyanide (TosMIC) under basic conditions, b) protection of the resulting pyrrole with a robust
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protecting group, ¢) Grignard addition followed by oxidative aromatization, which is the key step in this
protocol. It is expected that the corresponding alcohols without isolation, after a nucleophile addition, could
generate 2 in a single operation under acidic, basic, and neutral conditions.

As this protocol allows facile access to azaisoindoles (2), their synthetic exploitation will also be
possible to generate novel fused heterocycles. As such, the pyridine ring in these compounds can readily
be N-alkylated using alky halides to form quinolinium-type salts.® Subsequently, the oxidation of these salts
can result in the formation of structurally novel and intriguing scaffolds, pyrrolo[3.4-b]pyridine-2-ones (3),
containing pyrrole and 2-pyridone rings. Especially, 2-pyridones are significant class of heteroaromatic
scaffolds and building blocks that are observed within natural products, pharmaceuticals, agrochemicals
and materials.” Additionally, 3 resembles another privileged motif 2-quinolones, benzene-fused 2-
pyridones,'® as the benzene ring is replaced by a pyrrole ring. Similarly, 2-quinolones are prominent
heterocyclic core located in compounds that exhibit remarkable pharmacological properties such as
anticancer, antibacterial, antifungal, anti-inflammatory, antiviral, antitumor and other activities (Figure 1).
As functionalization and decoration of 2-pyridone and 2-quinolone ring systems play a key strategy in
generating molecules with improved biological profile and material-related properties, these unique
frameworks (3) are expected to display promising applications in synthetic and medicinal chemistry.

Scheme 1. Synthesis of 4-substituted Azaisoindoles and their conversion to 2-Quinolone Derivatives
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Figure 1. Selected examples bearing 2-pyridone and 2-quinolone skeletons
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2. RESULTS and DISCUSSIONS

According to literature reports, toluenesulfonylmethyl isocyanide (TosMIC) has proven to be a
versatile reagent for providing ready access to substituted pyrroles from electron-deficient olefins under
basic conditions.'" Thus, the pyrrole formation with 1 using TosMIC reagent under basic condition was
realized in 58% yield. As pyrroles are prone to polymerization and oxidation, tosyl chloride, as a robust



electron withdrawing group, was chosen for the protection with the intention of enhancing the stability of
the final product azaisoindoles. Moreover, this group can prevent side reactions that can take place due to
high level reactivity of the pyrrole unit in 2 as a diene in cycloaddition reactions. After facile tosylation of
the pyrrole product in 83% yield, phenylmagnesium bromide was added to furnish a mixture of the
corresponding alcohol and alkene 5, which was observed by TLC. The crude mixture of this reaction was
treated with p-toluenesulfonic acid in acetonitrile to force the formation of 5, which was obtained in 96%
yield (see Scheme 2). The oxidative aromatization of 5 was investigated using various conditions as shown
in Table 1 to find optimal yield for the formation of 6a.

Scheme 2. Azaisoindole Synthesis
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Oxidative aromatization conditions were screened using neutral, acidic and basic reagents and
solvents.” Basic conditions such as sodium methoxide in refluxing methanol (entry 1) gave no product and
potassium tertiary butoxide in DMSO (entry 2) yielded 6a in trace amount. These reagents led to
decomposition of 6a, probably due to the cleavage of the tosyl group. Neutral reagents, selenium dioxide
(entry 3) in refluxing dioxane, also, did not form the product, but, sulfur (entry 4) furnished 6a in 10%
yield. It looked like acidic conditions (entry 5, 6 and 7) worked better and gave the desired product in higher
yields. Among the reagents employed in refluxing acetic acid, cerium (IV) sulfate tetrahydrate provided the
highest yield, 56%.'> We also investigated Lewis acids TiCls (entry 8) and AlCl; (entry 9) and obtained 6a
in 5 and 38% yields, respectively.

Table 1. Studies for Azaisoindole (6a) formation™®

Temp Time Yield

Entry Reagent (equiv.) Solvent ©C) (h) (%)
1 CH;ONa (1.2) CH;0H 65 16 0
2 t-BuOK (1.2) DMSO 25 16 <5
3 SeO; (1.2) Dioxane 101 16 0
4 Sulfur (2.0) Toluene 110 48 10
5 Chloranil (2.0) AcOH 118 16 26
6 Cu(OTf) (2.0) AcOH 118 16 30
7 Ce(504)2.4H:20 (2.0) AcOH 100 16 56
8 TiCl4 (2.0) CHCl, 25 16 5
9 AlCI; (2.0) CHCl, 25 3 38

2 Yields were determined after purification on silica gel chromatography. ® All reactions were run open to air.



To further demonstrate the efficiency and applicability of this protocol, we turned our attention
toward the synthesis of azaisoindoles with various groups at the C-4 position on the pyridine unit, as
indicated in Scheme 3. After treatment of 4 with aryl and heteroaryl Grignard reagents, the corresponding
alcohols were obtained, which were employed without purification for our optimal oxidative conditions. 4-
methoxyphenyl (6b), 4-fluorophenyl (6¢) and 3,4-dicholorophenyl (6d) groups were introduced efficiently
in two steps in yields of 53%, 45%, and 42% respectively. Additionally, 2-thiphenyl (6e) and naphthyl (6f)
groups were introduced in 51% and 56% yield, respectively. Interestingly, alkyl and allyl Grignard reagents
afforded the desired products in low (less than 5%) or no yields under this condition. Nevertheless, as seen
from the results, the generation of 4-aryl- or heteroaryl-substituted azaisoindoles can be smoothly realized
in an efficient manner with this protocol. It should also be noted that, dehydration of alcohol, Cbz group
cleavage and oxidation took place in one pot with a single operation after the addition of a nucleophilic
reagent to 4, which furnished the desired azaisoindole unit (6).

Scheme 3. Synthesis of 4-susbtituted Azaisoindoles
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After obtaining the azaisoindoles 6a-6f, they were readily N-alkylated on the pyridine nitrogen to
form the salts (7) as indicated in Table 2. Methyl (7a), benzyl salt (7b) and methylene ester (7¢) salts from
6a are generated using the corresponding iodides at room temperature. The other azaisoindoles 6b-6f with
aryl and heteroaryl substituents were smoothly methylated in moderate to high yields to produce the salts
7d-7h. In these studies, the azaisoindoles (6a-6f) were isolated and purified with column chromatography,
which indicated that they did not decompose under the reaction conditions and during work-up. However,
they seem to slightly decompose in solution, as observed in NMR solvent. Apparently, in the case of the
salts 7a-7h, the stability is further increased as the reactivity of the pyrrole is diminished by both the tosyl
group and the quaternary nitrogen, which is also demonstrated by the earlier reports indicating that electron
withdrawing groups on the pyrrole unit increase the stability of azaisoindoles.' Notably, these novel salts
are structurally derivatives of quinolinium salts (i.e. benzene-fused pyridinium salts), which have been
found to possess a variety of applications in biology and material science.®



Table 2. Salt Formation from Azaisoindoles?

Salts R R’ Yield® (%)
7a Phenyl CH; 88
7b Phenyl Bn 86
7c Phenyl CH,CO,Et 92
7d 4-Methoxyphenyl CH; 87
7e 4-Fluorophenyl CH; 76
7f 3,4-Dichlorophenyl CH; 75
7g 2-Thiophenyl CH; 77
7h 2-Naphthyl CH3 72

@ Reaction conditions: All iodide salts were formed from the corresponding halides at rt for 24h. ® Isolated yields.

In the literature, there are methods available to oxidize pyridinium and quinolinium salts to generate
2-pyridones and 2-quinolones, respectively. As indicated in Table 3, many of these conditions were
investigated to obtain pyrrole-fused 2-pyridones (8) by using 7a as a model substrate. Unfortunately, several
oxidizing conditions (entry 1-4) did not result in the formation of 8a.'’> Base-mediated aerobic oxidation
using dimethyl phosphite gave 8a, but in poor yield (5%, entry 5).'* In entry 6, -BuOK-promoted aerobic
oxidation of 7a generated 8a in 13% yield."” The yield for 8a (20%, entry 7) is slightly improved when the
same condition was applied under ultrasonic irradiation.'® Interestingly, 5 is obtained as a side product,
probably via intramolecular hydride shift from the adduct that are formed from the addition of #-butoxide
to the salt. Using potassium ferricyanide under basic conditions as the oxidant, which is the most traditional
condition to oxidize pyridinium and quinolinium salts, resulted in the product formation in 22% yield (entry
8).!” The low yield can be attributed to the base, which could lead to the removal of the tosyl group on the
pyrrole. Aerobic oxidation of 7a using N-heterocyclic carbene under basic condition produced 8a in 20%
yield (entry 9)."® Pleasingly, the highest yield (36%) for 8a is obtained when potassium permanganate is
used as an oxidant (entry 10)."

Table 3. Studies for the oxidation of the salts

Ph Ph
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Temp Time  Yield

Entry Conditions © 0 (h) (%)
1 H,0,, K,COs3, CH;CN 1t 48 0
2 Oxone, NaHCOs, H,O, CH3CN t 24 0
3 K>Cr,07, H,O, CH;CN 1t 24 0
4 m-CPBA, NaHCO;, CHCl; rt 24 0
5 0O; (1 atm), (CH30),P(O)H, CH;CN 40 48 5
6 KOt#-Bu, air, DMSO rt 48 13
7 KO#-Bu, -BuOH, sonication rt 0.5 20
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8 K3[Fe(CN)s], KOH, H,0 rt 24 22
9 0: (1 atm), NHC®, K,COs, THF rt 24 20
10 KMnO4, CH;CN rt 4 36

2 All reactions were run under air. ° Yields are obtained after purification on column chromatography. °N-heterocyclic carbene
(NHC) from 2-Mesityl-6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-2-ium tetrafluoroborate was applied.

With the optimal condition in hand, the oxidation of the obtained salts with various aryl and
heteroaryl groups in the pyridine unit were accomplished as seen in Scheme 4. The benzyl salt 7b was
oxidized to 8b in 24% yield. The yields for the methyl salts (7d-7h) are in low to moderate, and independent
of the substituents at the pyridine unit. Similarly, these products seem to be stable under reaction and
purification conditions, probably due to extended conjugation of the resulting carbonyl group. Remarkably,
these pyrrole-fused 2-pyridones products (8a-8g) are structurally unique and intriguing molecules that
could have potential applications in various fields.

Scheme 4. Pyrrole Fused-2-pyridones
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Lastly, the cleavage of the tosyl group was accomplished by the treatment of 8a with potassium hydroxide
in refluxing methanol, which afforded 9 in the yield of 50 % as shown in Scheme 5. The unprotected pyrrole
9 seems to be stable and can theoretically be protected with various electron withdrawing groups.

Scheme 5. Cleavage of the Tosyl group.
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3. CONCLUSIONS

In summary, we have developed a novel and expeditious protocol for the synthesis of 4-aryl or
heteroaryl substituted azaisoindoles from readily available starting materials. These underutilized
heteroaromatics are then alkylated using various alkyl halides to generate unique pyrrole-fused pyridinium
salts. Moreover, these salts were oxidized to pyrrole-fused 2-pyridones in low to moderate yields. It is
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anticipated this protocol will be useful for the analogue synthesis of quinolinium salts and 2-quinolone in
diverse research areas. Further expansion of the reaction scope and synthetic applications of this
methodology are currently under investigation in our laboratory.

4. EXPERIMENTAL SECTION
General Experimental Information

All chemicals were obtained from commercial sources and used directly without further purification.
Solvents used in the experiment have been purified over molecular sieve. Reactions were monitored by
TLC analysis (pre-coated silica gel 60 F254 plates, 250 pum layer thickness) and visualization was
accomplished with a 254 nm UV light. Flash chromatography was performed using SiO, to purify the crude
reaction mixtures. '"H and *C NMR were recorded in 400 MHz apparatus using CDCl; and acetonitrile-d3
as solvent. The frequency used for measuring '"H NMR was 400 MHz and 100 MHz for “C NMR,
respectively. Chemical shifts were recorded in ppm by employing TMS as internal standard. HRMS data
were obtained under ESI model.

Benzyl 4-oxo0-2,3,4, 6-tetrahydro-1H-pyrrolo[3,4-b]pyridine-1-carboxylate. To a stirred solution of benzyl
4-0x0-3,4-dihydropyridine-1(2H)-carboxylate (5.0 g, 21.62mmol) in THF (0.2 M) was added TosMIC
(8.443 g, 43.24 mmol) and DBU (6.52 mL, 43.24 mmol) at room temperature. The reaction mixture was
stirred overnight (24 h) then quenched with saturated NH4Cl solution. The mixture was extracted with ethyl
acetate (3x) and the combined organic extracts were dried over NaSQs. After evaporation of solvent, the
crude product was purified by silica gel chromatography (Hexane/EtOAc, 2:1 to 1:1 as eluent) to afford the
corresponding pyrrole product (3.4 g, 58% yield) as slightly yellowish white solid. Melting point: 190-192
°C. IR (Vma/em™) 3127.2, 3045.7, 2938.9, 2901.3, 1701.2, 1638.9, 1623.7, 1581.3, 1523.2. 'H NMR (400
MHz, Chloroform-d) 9.32 (brs, 1H), 7.43-7.30 (m, 5H), 7.28 (s,1H), 7.18 (1H, brs), 5.28 (s, 2H), 4.14-4.11
(m, 2H), 2.64 (t, J = 6.4 Hz, 2H). *C NMR (100 MHz, Chloroform-d) 191.20, 153.16, 135.94, 128.70,
128.44, 128.20, 128.14, 118.44, 114.29, 107.66, 67.81, 44.32, 38.13. HRMS (ESI) m/z calculated for
C15H15N203 (M+H)+Z 271.1083, found: 271.1084.

Benzyl 4-oxo-6-tosyl-2, 3,4, 6-tetrahydro-1H-pyrrolo[3,4-b]pyridine- 1-carboxylate (4). To a stirred solution
of pyrrole (3 g, 11.10 mmol) in 100 ml of acetonitrile (0.1 M) was added triethylamine (1,70 ml, 12.21
mmol) and tosyl chloride (2.24g, 11.65 mmol) at room temperature. The reaction mixture was stirred
overnight (24 h) then quenched with saturated NH4Cl solution. The mixture was extracted with ethyl acetate
(3x) and the combined organic extracts were dried over NaSQs. After evaporation of solvent, the crude
product was purified by silica gel chromatography (Hexane/EtOAc, 4:1 to 2:1 as eluent) to afford the
corresponding product 4 (3.9 g, 83% yield) as white solid. Melting point: 202-204 °C. IR (Vimax/cm™) 3144.8,
3063.5, 2966.5, 2925.9, 1707.6, 1686.9, 1588.0, 1512.2. "H NMR (400 MHz, Chloroform-d) 7.79-7.13 (m,
11H), 5.17 (s, 2H), 3.98 (t, J = 6.24 Hz, 2H), 2.53 (t, J = 6.24 Hz, 2H), 2.34 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 190.37, 152.70, 146.05, 135.54, 134.75, 130.30, 129.72, 128.74, 128.61, 128.35, 128.30,
127.47, 119.96,117.53, 108.80, 68.10, 45.72, 38.28, 21.77. HRMS (ESI) m/z calculated for C2,H21N2O5S
(M+H)": 425.1171, found: 425.1176.



Benzyl 4-phenyl-6-tosyl-2,6-dihydro-1H-pyrrolo[3,4-b]pyridine-1-carboxylate (5). To a stirred solution of
4 (1 g, 2.36 mmol) in 30 ml of THF (0.1 M) was added phenyl magnesium bromide (5.34 ml, 0.9 M, 4.72
mmol) and at room temperature. The reaction mixture was stirred 3h then quenched with saturated NH4Cl
solution. The mixture was extracted with ethyl acetate (3x) and the combined organic extracts were dried
over NaSQy. After evaporation of the solvent, the crude was dissolved in acetonitrile (10 ml) and then
treated with catalytic amount tosyl acid. After stirring a couple of hours, the reaction mixture was quenched
with saturated sodium carbonate and extracted with ethyl acetate (3x) and the combined organic extracts
were dried over NaSO,4. After evaporation of solvent, the crude product was purified by silica gel
chromatography (Hexane/EtOAc, 2:1 as eluent) to afford 5 (1.09 g, 96% yield) as brownish white solid.
Melting point: 173-175 °C. IR (Vma/cm™) 3064.0, 2922.7, 2897.5, 1704.9, 1651.6, 1595.1. '"H NMR (400
MHz, Chloroform-d) 7.69-7.22 (m, 15H), 6.83 (brs, 1H), 5.62-5.51 (m, 1H), 5.24-5.14 (m, 2H), 4.46 (brs,
2H), 2.30 (s, 3H). >C NMR (100 MHz, Chloroform-d) 152.90, 144.80, 138.01, 136.05, 135.77, 131.43,
129.96, 128.71, 128.66, 128.36, 128.16, 128.08, 127.24, 126.99, 126.43, 119.25, 117.78, 114.93, 109.24,
67.69, 45.94, 21.57. HRMS (ESI) m/z calculated for C2sH2sN>O4S (M+H)": 485.1535, found: 485.1539.

General procedure for Grignard addition and Aromatization. To a stirred solution of tosyl-protected
pyrrole compounds (1.0 equiv.) in THF (0.2 M) was added Grignard reagents (2.0 equiv.) at room
temperature. The reaction mixture was stirred for a couple of hours, which was determined by TLC, and
quenched with saturated NH4Cl solution. The mixture was extracted with ethyl acetate (3x) and the
combined organic extracts were dried over Na,SOs. After evaporation of solvent, the crude product was
refluxed with cerium (IV) sulfate tetrahydrate (2.0 equiv.) in AcOH (0.05 M) for overnight. The reaction
mixture was quenched with saturated NaHCOs solution and extracted with ethyl acetate. The combined
extracts are dried over Na>SO4 and the solvent is removed under vacuum. The residue is purified with flash
chromatography on silica gel using a mixture of hexane and ethyl acetate as an eluent to give the
azaisoindole products.

4-phenyl-6-tosyl-6H-pyrrolo[3,4-b]pyridine (6a). Yellowish foamy solid, 56% yield. Melting point: 123-
124 °C. IR (KBr disk, vma/cm™) 3061.7, 2925.2, 1742.8, 1596.4, 1557.1. "H NMR (400 MHz, Chloroform-
d) 8.42, (d, J=4.2 Hz, 1H), 7.84 (J=2.48 Hz, d, 1H), 7.78 (d, J=8.40 Hz, 2H), 7.63 (d, J=2.44 Hz, 1H), 7.60
(d, J=8.20 Hz, 2H), 7.44 (m, 3H), 7.23 (d, J=8.60 Hz, 2H), 6.85 (d, J=4.20 Hz, 1H), 2.31 (s, 3H). *C NMR
(100 MHz, Chloroform-d) 151.26, 146.11, 143.31, 140.53, 137.53, 135.04, 130.28, 129.66, 129.13, 127.90,
127.55, 118.74, 117.13, 111.71, 109.84, 21.68. HRMS (ESI) m/z calculated for C;0H;7N>0.S (M+H)":
349.1011, found: 349.1014.

4-(4-methoxyphenyl)-6-tosyl-6H-pyrrolo[3,4-b]pyridine (6b). Yellowish foamy solid, 53% yield; Melting
point: 125-126 °C. IR (KBr disk, vma/cm™) 3062.5, 2925.8, 1733.9, 1593.2, 1557.8. '"H NMR (400 MHz,
Chloroform-d) 8.39 (d, J=4.24 Hz, 1H), 7.82 (d, J=2.48 Hz, 1 H), 7.77 (d, J=8.44 Hz, 2H), 7.63 (d, J=2.48
Hz, 1 H), 7.56 (d, J=8.84 Hz, 2H), 7.21 (d, J=8.60 Hz, 2H), 6.97 (d, J=8.84 Hz, 2H), 6.80 (d, J=4.20 Hz,
1H), 3.82 (s, 3H), 2.30 (s, 3H). *C NMR (100 MHz, Chloroform-d) 160.61, 151.46, 146.03, 142.63, 140.93,
135.13,130.24, 129.94, 127.49, 126.99, 118.88, 116.51, 114.00, 111.69, 109.79, 55.45, 21.67. HRMS (ESI)
m/z calculated for C2HoN>O3S (M+H)": 379.1116, found: 379.1106.

4-(4-fluorophenyl)-6-tosyl-6 H-pyrrolo[3,4-b]pyridine (6¢c). Brownish foamy solid, 45% yield. Melting
point: 120-121 °C. IR (KBr disk, Vma/cm™) 3063.1, 2924.7, 1732.6, 1603.8, 1531.1. '"H NMR (400 MHz,
Chloroform-d) 8.41 (d, J=4.16 Hz, 1H), 7.84 (d, J=2.44 Hz, 1H), 7.78 (dd, J-6.72, 1.72, 2H), 7.60-7.56 (m,



3H), 7.22 (d, J=8.0 Hz, 2H), 7.14 (t, J=8.64, 2H), 6.80 (d, J=4.16 Hz, 1H), 2.31 (s, 3H). >*C NMR (100
MHz, Chloroform-d) 164.62, 162.14, 151.35, 146.14, 141.85, 140.88, 135.03, 133.67, 133.63, 130.29,
129.66, 127.53, 118.65, 117.15, 116.29, 116.07, 111.96, 109.48, 21.69. HRMS (ESI) m/z calculated for
C20H16FN202S (M+H)+i 367.0917, found: 367.0905.

4-(3,4-dichlorophenyl)-6-tosyl-6 H-pyrrolo[3,4-b[pyridine (6d). Yellowish foamy solid, 42% yield.
Melting point: 146-147 °C. IR (KBr disk, Via/cm™) 3059.9, 2920.4, 1734.05, 1594.1, 1541.5. '"H NMR
(400 MHz, Chloroform-d) 8.47 (d, J=4.05 Hz, 1H), 7.96 (d, J=1.95 Hz, 1H), 7.81 (d, J=8.38 Hz, 2H), 7.67
(dd, J=15.62, 2.10 Hz, 2H), 7.56 (d, J=8.29 Hz, 1H), 7.47 (dd, J=2.10, 8.30 Hz, 1H), 7.26 (d, J=8.10 Hz,
2H), 6.92 (d, J=4.17 Hz, 1H), 2.32 (s, 3H). '*C NMR (100 MHz, Chloroform-d) 149.58, 146.69, 143.22,
137.65, 136.85, 134.44, 134.26, 133.70, 131.31, 130.49, 129.69, 127.77, 127.13, 118.23, 116.93, 111.46,
109.96, 22.66. HRMS (ESI) m/z calculated for C20HisCoN>0>S (M+H)": 417.0231, found: 417.0227.

4-(thiophen-2-yl)-6-tosyl-6 H-pyrrolo[3,4-b]pyridine (6e). Dark brownish foamy solid, 51% yield. Melting
point: 119-120 °C. IR (KBr disk, vma/cm™) 3064.0, 2960.7, 1733.0, 1594.4, 1574.6. "H NMR (400 MHz,
Chloroform-d) 8.41 (d, J=4.72 Hz, 1H), 7.94 (dd, J=6.88, 2.24 Hz, 2H), 7.82 (d, J=8.44 Hz, 2H), 7.75 (d,
J=8.3 Hz, 1H), 7.62 (d, J=3.68 Hz, 1H), 7.50 (d, J=5.08 Hz, 1H), 7.26 (d, J=8.16 Hz, 2H), 7.08 (d, J=4.68
Hz, 1H), 2.33 (s, 3H). *C NMR (100 MHz, Chloroform-d) 148.20, 146.83, 143.53, 138.73, 134.30, 130.55,
129.70, 128.81, 127.86, 126.47, 126.08,117.41, 114.52, 111.25, 110.61, 21.76. HRMS (ESI) m/z calculated
for CisHisN20»S, (M+H)": 355.0575, found: 355.0566.

4-(maphthalen-2-yl)-6-tosyl-6H-pyrrolo[3,4-b]pyridine (6f). Yellowish foamy solid, 56% yield. Melting
point: 107-108 °C. IR (KBr disk, vmax/cm™) 3053.8, 2956.6, 1746.8, 1593.6, 1553.0. "H NMR (400 MHz,
Chloroform-d) 8.57 (d, J=4.33 Hz, 1H), 8.20 (d, J=1.14 Hz, 1H), 8.02 (m, 2H), 7.96 (m, 2H), 7.88 (d, J=8.44
Hz, 2H), 7.84 (d, J=2.45 Hz, 1 H), 7.79 (dd, J=8.44, 1.74 Hz, 1H), 7.61 (m, 2H), 7.31 (d, J=8.05 Hz, 2H),
7.10 (d, J=4.32 Hz, 1 H), 2.39 (s, 3H). *C NMR (100 MHz, Chloroform-d) 150.49, 146.30, 144.52, 139.27,
134.83, 134.66, 133.74, 133.35, 130.34, 129.04, 128.53, 127.85, 127.62, 127.52, 127.18, 126.91, 125.35,
118.97, 117.23, 111.48, 110.24, 21.70. HRMS (ESI) m/z calculated for C24H9N>O,S (M+H)": 399.1167,
found: 399.1158.

General procedure for Salt formation. The azaisoindoles are stirred with methyl iodide in excess amount
(10 eq.) at room temperature for 24 h. In case of benzyl iodide and methylene ester iodide, acetonitrile
(1M) was used as solvent. The salts were precipitated and washed with diethyl ether and dried under
vacuum.

1-methyl-4-phenyl-6-tosyl-6H-pyrrolo[3,4-b]pyridin-1-ium iodide (7a). Orange solid, 88% yield. Melting
point: 149-150. IR (Vmax/cm™) 3041.7, 3016.0, 2972.8, 2915.1, 1577.2, 1538.9. '"H NMR (400 MHz,
Acetonitrile-ds) 8.69 (d, J=8.44 Hz, 1H), 8.40 (d, J=2.48 Hz, 1H), 8.32 (d, J=2.48 Hz, 1H), 8.13 (d, J=6.76
Hz, 2H), 7.91 (dd, J=8.24, 1.36 Hz, 2H), 7.74-7.65 (m, 3H), 7.54 (d, J=5.88 Hz, 1H), 7.50 (d, J=8.64 Hz,
2H), 4.34 (s, 3H), 2.43 (s, 3H). *C NMR (100 MHz, Acetonitrile-d;) 155.24, 150.22, 148.84, 134.86,
133.43, 132.68, 131.32, 130.72, 130.28, 129.56, 129.08, 119.90, 116.72, 116.42, 107.86, 44.92, 21.36.
HRMS (ESI) m/z calculated for C2H9IN>O>S (M-1)": 363.1162, found: 363.1149.

1-benzyl-4-phenyl-6-tosyl-6 H-pyrrolo[3,4-b]pyridin-1-ium iodide (7b). Orange solid, 86% yield. Melting
point: 174-175 °C. IR (Vmax/cm™) 3076.2, 3019.5, 2989.0, 1633.4, 1573.3. 'H NMR (400 MHz, Acetonitrile-
ds) 8.75 (d, J=6.02 Hz, 1H), 8.32 (d, J=2.43 Hz, 1H), 8.21 (d, J=2.43 Hz, 1H), (d, J=8.52 Hz, 1H), 7.89 (m,



2H), 7.68 (m, 2H), 7.53 (d, J=6.00 Hz, 1H), 7.46 (m, 8H), 5.77 (s, 2H), 2.41 (s, 3H). >*C NMR (100 MHz,
Acetonitrile-ds) 156.39, 149.26, 149.01, 134.89, 133.43, 132.95, 132.64, 131.38, 130.37, 130.17, 129.98,
129.85, 129.74, 129.29, 128.99, 120.59, 116.95, 116.91, 107.63, 60.86, 21.39. HRMS  (ESI) m/z
calculated for C27H3IN>0,S (M-I)": 439.1474, found: 439.1471.

1-(2-ethoxy-2-oxoethyl)-4-phenyl-6-tosyl-6 H-pyrrolo[3,4-b[pyridin-1-ium iodide (7¢). Orange solid, 92%
yield. Melting point: 115-116 °C. IR (Vmax/cm™) 3031.6, 2979.7, 1742.0, 1603.4, 1574.9. "H-NMR (400
MHz, CDCls) 9.60 (d, J=5.87 Hz, 1H), 8,27 (brs, 1H), 8.01 (m, 1H), 7.69 (m, 2H), 7.58 (m, 3H), 7.45 (d,
J=5.88 Hz, 1H), 7.35 (d, J=8.36 Hz, 2H), 6.01 (s, 2H), 4.22 (q, J=7.12 Hz, 2H), 2.23 (s, 3H), 1.24 (t, J=7.12
Hz, 3H). >C NMR (100 MHz, Chloroform-d) 165.30, 156.23, 151.21, 148.17, 134.35, 132.60, 131.12,
129.98, 129.71, 128.82, 128.73, 119.86, 116.36, 115.41, 106.88, 63.40, 58.07, 21.90, 14.13. HRMS (ESI)
m/z calculated for Co4H3IN>O4S (M-I)": 435.1378, found: 435.1371.

4-(4-methoxyphenyl)-1-methyl-6-tosyl-6H-pyrrolo[3,4-b]pyridin-1-ium iodide (7d). Orange solid, 87%
yield. Melting point: 181-182 °C. IR (Vma/cm™) 3023.0, 2921.2, 1631.9, 1598.5, 1575.3. "H-NMR (400
MHz, CDCls) 9.55 (d, J=5.64 Hz, 1H), 8.16 (d, J=2.36 Hz, 1H), 8.03 (d, J=2.36 Hz, 1H), 8.00 (d, J=8.48
Hz, 2H), 7.71 (d, J=8.84 Hz, 2H), 7.40 (d, J=5.76 Hz, 2 H), 7.37 (d, J=8.12 Hz, 3 H), 4.50 (s, 3H), 3.86 (s,
3H), 2.36 (s, 3H). °C NMR (100 MHz, Chloroform-d) 163.36, 154.34, 149.93, 148.11, 132.74, 131.14,
130.74, 130.26, 128.60, 126.68, 119.27, 115.53, 115.48, 115.45, 106.58, 55.78, 44.97, 21.93. HRMS (ESI)
m/z calculated for C22H»1IN>O5S (M-I)": 393.1273, found: 393.1265.

4-(4-fluorophenyl)-1-methyl-6-tosyl-6 H-pyrrolo[3,4-b]pyridin-1-ium iodide (7e). Orange solid, 76% yield.
Melting point: 172-173 °C. IR (Vmax/cm™) 3054.3, 2904.0, 1643.9, 1598.6, 1579.9. '"H-NMR (400 MHz,
CDClIs) 9.59 (d, J=5.86 Hz, 1H), 8.37 (m ,1H), 8.05 (d, J=8.46 Hz, 2H), 7.96 (brs, 1H), 7.73 (m, 2H), 7.46
(d, J=5.87 Hz, 1H), 7.37 (d, J=8.23 Hz, 2H), 7.25 (t, J=8.45 Hz, 2H), 4.57 (s, 3H), 2.34 (s, 3H). °C NMR
(100 MHz, Chloroform-d) 166.36, 163.83, 153.28, 150.09, 148.15, 132.53, 131.15, 131.03, 130.94, 130.03,
128.80, 119.36, 117.40, 117.18, 116.63, 114.89, 107.52, 45.79, 21.92. HRMS (ESI) m/z calculated for
C21HisFIN2O,S (M-I)": 381.1073, found: 381.1064.

4-(3,4-dichlorophenyl)-I1-methyl-6-tosyl-6 H-pyrrolo[3,4-b]pyridin-1-ium iodide (7f). Orange solid, 75%
yield. Melting point: 165-167 °C. IR (vVma/cm™) 3019.4, 2908.0, 1634.8, 1598.5, 1574.7. '"H-NMR (400
MHz, CD3:CN) 8.71 (d, J=5.81 Hz, 1H), 8.32 (s. 2H), 8.07 (d, J=8.52 Hz, 1H), 8.01 (d, J=1.90 Hz, 1H),
7.80 (m, 2H), 7.50 (m, 3H), 4.28 (s, 3H), 2.42 (s, 3H). >*C NMR (100 MHz, CD;CN) 152.72, 150.36,
149.05, 136.23, 135.17, 133.97, 133.42, 132.36, 131.39, 131.21, 130.68, 129.40, 129.10, 119.78, 117.23,
116.51, 107.98, 44.97, 21.40. HRMS (ESI) m/z calculated for C>;H;7CLIN>O,S (M-I)": 431.0387, found:
431.0387.

1-methyl-4-(thiophen-2-yl)-6-tosyl-6H-pyrrolo[3,4-b]pyridin-1-ium iodide (7g). Orange solid, 77% yield.
Melting point: 198-199 °C. IR (vVma/cm™) 3037.0, 2910.0, 1634.9, 1591.6, 1574.7. '"H-NMR (400 MHz,
CDCls) 9.47 (brs, 1H), 8.25 (d, J=2.19 Hz, 1H), 8.10 (brs, 1H), 8.00 (d, J=8.38 Hz, 2H), 7.92 (d, J=3.28
Hz, 1H), 7.78 (d, J=0.56 Hz, 1H), 7.57 (d, J=4.64 Hz, 1H), 7.38 (d, J=8.18 Hz, 2H), 7.29 (m, 1H), 2,90 (s,
3H), 4.47 (s, 3H), 2.37 (s, 3H). *C NMR (100 MHz, Chloroform-d) 149.73, 148.28, 146.30, 136.54, 133.98,
132.68,132.58, 131.21, 130.40, 129.92, 128.58, 117.73, 115.42, 114.36, 106.58, 44.84,21.97. HRMS (ESI)
m/z calculated for C19H7IN>O2S, (M-1)": 369.0731, found: 369.0720.
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1-methyl-4-(naphthalen-2-yl)-6-tosyl-6H-pyrrolo[3,4-b]pyridin-1-ium iodide (7h). Orange solid, 72%
yield. Melting point: 112-113 °C. IR (Vma/em™) 3053.7, 2920.5, 1634.0, 1590.6, 1574.9. "H-NMR (400
MHz, CD;CN) 8.71 (d, J=5.88 Hz, 1H), 8.48 (d, J=1.67 Hz, 1H), 8.43 (d, J=2.45 Hz, 1H), 8.32 (d, J=2.45
Hz, 1H), 8.14 (m, 2H), 8.09 (d, J=8.53 Hz, 2H), 8.05 (d, J=1.53 Hz, 1H), 8.03 (d, J=1.22 Hz, 1H), 7.92 (dd,
J=1.89, 8.56 Hz, 1H), 7.69 (m, 2H), 7.61 (d, J=5.92 Hz, 1H), 7.49 (d, J=8.04 Hz, 2H), 4.28 (s, 3H), 2.41 (s,
3H). °C NMR (100 MHz, CD;CN) 155.51, 150.05, 148.94, 135.32, 133.67, 133.56, 132.40, 131.37,
130.82, 130.49, 130.18, 129.83, 129.18, 129.06, 128.39, 127.98, 125.82, 120.08, 116.99, 116.86, 107.75,
44.72,21.39. HRMS (ESI) m/z calculated for C2sH»1IN>O>S (M-1)": 413.1323, found: 413.1323.

General procedure for Oxidation of Salts. To a stirred solution of salts in acetonitrile (0.2 M) was added
potassium permanganate (2.2 equiv.) at room temperature. Upon addition, the reaction color changed from
purple to dark brown. The reaction mixture was stirred for a couple of hours and then filtered through celite.
The concentrated mixture was purified with preparative TLC using hexane and ethyl acetate (2:1) as mobile
phase. The products were removed from silica gel by washing with dichloromethane and then methanol.

1-methyl-4-phenyl-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b[pyridin-2-one (8a). White solid, 36% yield.
Melting point: 115-116 °C. IR (Vmax/cm™) 3130.6, 2924.4, 1637.3, 1595.4, 1552.7. '"H-NMR (400 MHz,
CDCl3) 7.72 (d, J=8.42 Hz, 2H), 7.47 (m, 2H), 7.42 (m, 3H), 7.34 (d, J=2.35 Hz, 1H), 7.25 (dd, J=0.52 and
8.52 Hz, 2H), 6.87 (d, J=2.36 Hz, 1H), 6.34 (s, 1H), 3.35 (s, 3H), 2.34 (s, 3H). °C NMR (100 MHz,
Chloroform-d) 162.46, 145.85, 145.21, 136.36, 135.16, 133.09, 130.29, 129.65, 129.09, 127.58, 127.18,
119.02, 115.30, 115.13, 100.35, 30.21, 21.70. HRMS (ESI) m/z calculated for C,H;sN>O3S (M+H)":
379.1116, found: 379.1116.

1-benzyl-4-phenyl-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b[pyridin-2-one (8b): White solid, 24% yield.
Melting point: 74-75 °C. IR (Vmax/cm™) 3136.4, 2952.4, 1647.5, 1590.4, 1542.0. 'H-NMR (400 MHz,
CDCl) 7.57 (d, J=8.41 Hz, 2H), 7.48 (m, 2H), 7.42 (m, 3H), 7.30 (d, J=2.34 Hz, 1H), 7.24 (m, 5H), 7.17
(d, J=8.41 Hz, 2H), 6.79 (d, J=2.35 Hz, 1 H), 6.51 (s, 1H), 5.11 (s, 2H), 2.31 (s, 3H). *C NMR (100 MHz,
Chloroform-d) 162.60, 146.26, 145.80, 136.12, 135.54, 134.99, 131.56, 130.19, 129.88, 129.14, 128.74,
128.51, 127.71, 127.54,127.04, 118.19, 115.63, 115.26, 101.68, 47.47, 21.68. HRMS (ESI) m/z calculated
for Co7H17N,05S (M+H)": 455.1429, found: 455.1424.

4-(4-methoxyphenyl)-1-methyl-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b]pyridin-2-one (8c). White solid,
32% yield. Melting point: 98-99 °C. IR (Vmax/cm™) 3133.7,2921.3, 1629.7, 1605.4, 1551.4, 1508.1, 1171.4.
"H-NMR (400 MHz, CDCl;) 7.72 (d, J=8.41 Hz, 2H), 7.44 (d, J=8.82 Hz, 2H), 7.35 (d, J=2.35 Hz, 1H),
7.24 (d, J=8.05 Hz, 2H), 6.94 (d, J=8.81 Hz, 2H), 6.85 (d, J=2.36 Hz, 1H), 6.29 (s, 1H), 3.81 (s, 3H), 3.34
(s, 3H), 2.34 (s, 3H). *C NMR (100 MHz, Chloroform-d) 162.58, 160.82, 145.81, 144.75, 135.20, 133.18,
130.28, 128.90, 128.69, 127.16, 118.12, 115.31, 115.29, 114.49, 100.28, 55.44, 30.16, 21.70. HRMS (ESI)
m/z calculated for C22H21N2O4S (M+H)": 409.1222, found: 409.1211.

4-(4-fluorophenyl)- 1-methyl-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b]pyridin-2-one (8d). White solid, 29%
yield. Melting point: 108-109 °C. IR (Vma/cm™) 3134.0, 2918.2, 1633.5, 1603.9, 1555.8. '"H-NMR (400
MHz, CDCls) 7.73 (d, J=8.42 Hz, 2H), 7.47 (dd, J=5.27 and 8.83 Hz, 2H), 7.30 (d, J=2.35 Hz, 1H), 7.25
(dd, J=0.51 and 8.51 Hz, 2H), 7.12 (t, J=8.66 Hz, 2H), 6.87 (d, J=2.36 Hz, 1H), 6.30 (s, 1H), 3.35 (s, 3H),
2.34 (s, 3H). *C NMR (100 MHz, Chloroform-d) 164.78, 162.30, 145.93, 144.15, 135.10, 133.00, 132.40,
132.36, 130.32, 129.43, 129.34, 127.19, 119.05, 116.30, 116.09, 115.06, 100.48, 30.23,21.71. HRMS (ESI)
m/z calculated for C21HisFN>O3S (M+H)": 397.1022, found: 397.1010.

11



4-(3,4-dichlorophenyl)-1-methyl-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b]pyridin-2-one (8e).White solid,
27% yield. Melting point: 146-147 °C. IR (Vmax/cm™) 3068.9, 2915.7, 1648.0, 1600.8, 1559.7. '"H-NMR
(400 MHz, CDCls) 7.74 (d, J=8.31 Hz, 2H), 7.56 (m ,2H), 7.50 (m, 2H), 7.30 (m, 2H), 7.27 (d, J=8.31 Hz,
2H), 6.92 (d, J=2.32 Hz, 1H), 6.45 (s, 1H), 3.39 (s, 3H), 2.35 (s, 3H). *C NMR (100 MHz, Chloroform-d)
162.18, 136.00, 134.89, 134.17, 133.54, 131.21, 130.41, 130.27, 129.40, 128.33, 127.29, 126.82, 118.76,
114.96, 114.88, 114.54, 101.01, 29.71, 21.74. HRMS (ESI) m/z calculated for C2;H;7CbN,Os;S (M+H)":
447.0337, found: 447.0334.

1-methyl-4-(thiophen-2-yl)-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b]pyridin-2-one (8f). White solid, 31%
yield. Melting point: 97-98 °C. IR (vmax/cm™) 3108.2, 2921.4, 1632.7, 1595.4, 1551.2. '"H-NMR (400 MHz,
CDCl3) 7.75 (dd, J=3.68 and 5.08 Hz, 2H), 7.61 (d, J=2.34 Hz, 1H), 7.41 (m, 2H), 7.26 (d, J=8.03 Hz, 2H),
7.11 (d, J=2.92 Hz, 1H), 6.86 (d, J=2.35 Hz, 1H), 6.49 (s, 1H), 3.34 (s, 3H), 2.35 (s, 3H). *C NMR (100
MHz, Chloroform-d) 162.18, 145.92, 138.09, 137.56, 135.13, 133.08, 130.33, 128.15, 127.64, 127.20,
127.17, 117.66, 115.39, 114.21, 100.43, 30.20, 21.71. HRMS (ESI) m/z calculated for CioHi7N>03S;
(M+H)": 385.0680, found: 382.0668.

1-methyl-4-(naphthalen-2-yl)-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b]pyridin-2-one (8g). White solid, 33%
yield; Melting point: 177-178 °C. IR (Vma/cm™) 3005.8, 2956.4, 1654.8, 1618.0, 1555.8. "H-NMR (400
MHz, CDs;CN) 8.17 (d, J=1.27 Hz, 1H), 7.99 (m, 4H), 7.88 (d, J=8.44 Hz, 2H), 7.73 (q, J=8.60, 1.72 Hz,
1H), 7.58 (m, 4H), 7.39 (q, J=8.60, 0.60 Hz, 1H), 7.17 (d, J=2.39 Hz, 1 H), 6.42 (s, 1H), 3.37 (s, 3H), 2.38
(s, 3H). *C NMR (100 MHz, CD;CN) 162.29, 147.05, 145.51, 135.51, 134.28, 134.26, 133.87, 133.84,
130.88, 129.29, 129.10, 128.24, 127.83, 127.75, 127.64, 127.35, 125.87, 119.84, 116.17, 115.46, 101.64,
30.21, 21.23. HRMS (ESI) m/z calculated for C,sH2iN2O3S (M+H)": 429.1273, found: 429.1263.

1-methyl-4-phenyl-6-tosyl-1,6-dihydro-2H-pyrrolo[3,4-b]pyridin-2-one (9). Light yellowish solid, 50%
yield. Melting point: decomposed. IR (Vma/cm™) 3170.2, 3062.1,2923.4, 1615.3, 16, 1556.9. "H-NMR (400
MHz, CDCls) 8.70 (brs, 1H), 7.55 (m, 2H), 7.39 (m, 3H), 6.99 (m, 1H), 6.58 (m ,1H), 6.34 (s, 1H), 3.49 (s,
3H). *C NMR (100 MHz, Chloroform-d) 162.23, 136.66, 129.96, 129.22, 129.01, 127.92, 127.49, 114.09,
111.88, 110.32, 100.45, 31.91. HRMS (ESI) m/z calculated for C14H;3N,O (M+H)": 225.1028, found:
225.1020.
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