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ABSTRACT: A tandem synthesis of quinazolinones from 2-aminobenzonitriles is demonstrated here by using aliphatic alcohol-
water system. For this transformation, cheap and easily available cobalt salt and P(CH,CH,PPh,); (PP3) ligand were employed.
Substrate scope, scalability and synthesis of natural products exhibited the vitality of this protocol.

INTRODUCTION
Quinazolinones are one of the versatile heterocycles that are
found in more than 150 natural alkaloids and

pharmaceuticals." 2 Due to the remarkable importance of this
skeleton, numerous synthetic methods of these molecules were
reported in the literature. However, most of these methods
suffer from the usage of expensive or toxic reagents, strong or
excess oxidants or multiple-step procedures etc.3® Recently,
chemists are more focused on the development of sustainable
and economical methods to synthesize fine chemicals and in
this context, alcohol is a perfect candidate due to its easy
availability from viable resources.” 1° In the last few decades,
several reports were immersed for the synthesis of
quinazolinones by acceptorless dehydrogenative coupling of
2-aminobenzamides and alcohols using various transition
metals.!!-16 But in these processes, the use of methanol is very
limited due to the high dehydrogenation energy of methanol
(AH = +84 KJ/mol) compared to other alcohols.!”?° On the
other hand, as methanol is inexpensive and highly abundant
molecule, thus utilization of methanol to construct these
important molecules is a highly attractive protocol. Amides
are easily accessible via hydration of readily available
nitriles.?! Hence, we hypothesized that quinazolinones can be
synthesized directly from subsequent hydration 2-
aminobenzonitriles and dehydrogenation of methanol in the
presence of an efficient catalyst. In literature, few reports are
known for the synthesis of quinazolinones from 2-
aminobenzonitriles. However, these protocols require either
acid/ acid chloride/ aldehydride or stoichiometric amount of
aldoxime or precious metal catalysts or they are limited to
benzyl alcohols.?>?® Hence, to synthesize these molecules,
development of more effective catalytic system based on non-
precious metal is highly desirable.

Development of sustainable processes to synthesize
important diverse molecules using cheap and earth-abundant
metals is one of the major focuses in current research.?’-!
Recently, a combination of simple cobalt salts with
commercially available tris[2-
(diphenylphosphino)ethyl]phosphine (PP;) ligand has become
an attractive catalytic system to synthesize various value-
added products using alcohol dehydrogenative coupling

reactions. In 2017, Liu group independently reported o-
methylation of ketones and arylacetonitriles, C3 methylation
of indoles and N-methylation of amines using this cobalt
system and methanol.’? 33 Afterward, our group conveyed a
tandem transformation of nitrile to N-methylated amide using
methanol and water mixture.’* Inspired by these recent
progress herein, we report cobalt catalyzed direct synthesis of
quinazolinones from 2-aminobenzonitriles using alcohol-water
system (Scheme 1). Recently, we explored this process with
expensive ruthenium-based metal complex.!” However, to the
best of our knowledge, it is the first example of 3d metal-
catalyzed  synthesis of  quinazolinone  from  2-
aminobenzonitriles using alcohol.

Scheme 1. Utilization of [Co]/ PP; System in Alcohol
Dehydrogenative Coupling Reactions
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RESULTS AND DISCUSSION

To optimize this tandem synthesis of quinazolinone, 2-
aminobenzonitrile was selected as the benchmark substrate. At
first, 2-aminobenzonitrile was heated with CoBry/ tris[2-
(diphenylphosphino)ethyl]phosphine (PPs) system at 150 °C in
the presence of 20 equiv. of water in methanol, which afforded
78% yield of the desired quinazolin-4(3H)-one (3a) after 24
hours (Table 1, entry 1). Next, keeping other conditions same,
different cobalt salts were screened (SI, Table S1, entries 2-6)
and among them, cobalt nitrate hexahydrate furnished 98%
yield of quinazolin-4(3H)-one (Table 1, entry 2). Furthermore,
80% yield of 3a was obtained from the same reaction in lower
time (16 h) (Table 1, entry 3). Next, different bidentate and
tridentate nitrogen and phosphine based ligands (L,-Lg) were
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examined (Table 1, entries 4-8). However, they performed
poorly in this reaction. After screening cobalt salts and
ligands, the effect of different bases was vetted (SI, Table S1,
entries 14-21). Among the various bases, Cs,CO; displayed
the superior activity in this reaction. Notably, in the presence
of air, a lower yield of 3a was observed (Table 1, entry 9).
Next, the catalyst loading was decreased, and the reaction time
was increased (Table 1, entries 10-11), and it was observed
that 7.5 mol% of cobalt nitrate hexahydrate with PP; was
sufficient to afford more than 85% yield of the desired product
after 24 hours (Table 1, entry 10). Subsequently, the amount
of Cs,CO; was reduced to 1.5 equiv., which furnished

Table 1. Optimization Data for Synthesis of
Quinazolinones using 2-Aminobenzonitrile and Methanol”

oN Co(NO3),.6H,0 (x mol%) 2
Ligand (x mol%) NH
©: + HO +  MeOH Base (y equiv.) - ©\):
NH, (20 equiv.) 150 °C, time N
3a
Entry | Ligand (mol%) | Base (equiv.) | Time | Yield %

1 PP; (10%) Cs,CO; (2) |24 |78

2 PP; (10%) Cs,CO; (2) |24 |98

3 PP; (10%) Cs,CO;(2) | 16 | 80

4 L, (10%) Cs,CO;(2) | 16 |ND
5 L; (10%) Cs,CO;(2) | 16 | ND
6 L, (10%) Cs,COs(2) | 16 | ND
7 Ls (10%) Cs,COs(2) | 16 | ND
8 L (10%) Cs,COs(2) | 16 | <10

9¢ PP, (10%) Cs,CO;(2) | 16 |35

10 | PP;(7.5%) Cs,CO; (2) |24 |87

11 | PP; (5%) Cs,CO;(2) |24 |60

12 | PP;(7.5%) Cs,CO; (1.5) | 24 |81

13 | PP;(7.5%) Cs,COs (1) |24 |63

149 | PP, (7.5%) Cs,CO; (1.5) | 24 | 74

15¢ PP; (7.5%) Cs,COs5 (1.5) | 24 65

15 | PP; (7.5%) Cs,CO; (1.5) | 24 | 56

dReaction  Conditions: 2-Aminobenzonitrile (0.5 mmol),
Co(NOs),.6H,0 (x mol%), ligand (x mol%), base (y equiv.),
water (20 equiv.) and methanol (3.6 mL) at 150 °C (oil bath
temperature) for specified time under argon atmosphere. *?CoBr,
(10 mol%). cunder air. Ywater (10 equiv.). °water (40 equiv.). /140
°C (oil bath temperature).

81% yield of quinazolinone (Table 1, entry 12). However, the
yield of quinazolinone was significantly diminished with
further reduction of the amount of Cs,CO; (SI, Table S1, entry
25). In this reaction, the amount of water played a vital role,
20 equiv. of water provided the best yield (Table 1, entries 14-

15). The combination of methanol with other solvents and
lower reaction temperature did not work well with this system
(SI, Table S1, entries 28-31).

After optimization of the reaction conditions, the scope of
this protocol was explored with a variety of 2-
aminobenzonitriles and methanol. In the standard reaction
conditions, various substituted 2-aminobenzonitriles having
both electron-donating groups such as -Me, -OMe, and
electron-withdrawing groups like —Cl and —F at different
positions, afforded the desired products in good to moderate
yields (Scheme 2, 3a-g). Similarly, ethanol and 1-propanol
also effectively coupled with the variety of 2-
aminobenzonitriles (Scheme 2, 3h-p). Notably, with these
three alcohols, this tandem reaction was relatively slower in
the case of electron-deficient 2-aminobenzonitriles compared
to 2-aminobenzonitriles having electron-donating groups.

However, with 1-butanol and other long-chain primary
alcohols surprisingly lower yields of the desired products were
observed (SI, Table S2, entries 1-3). We hypothesized that
probably the formation of the desired PP; bound cobalt
complex was not smooth in these higher aliphatic alcohols.
The

Scheme 2. Synthesis of Quinazolinone Derivatives using 2-
Aminobenzonitriles and Aliphatic Alcohols”

oN Co(NO3);.6H,0 (7.5 mol %)
@ N H,0 R oM PP; (7.5 mol %) ‘ N )N\H
AP = Cs,C03 (1.5 3 NP
R{ NH, (20 equiv.) Ry = H, Alkyl 521503°(c, ZithW) R1/ N"R,
it o [ o o o
)N" NH /@\)LNH M'ojdLNH JIH a )NH
N N’) N’) MeO N/J cl N N
3a; 81% (24 h) 3b; 80% (24 h) 3c; 87% (26 h) 3d; 84% (26 h) 3e; 92% (36 h) 3f; 70% (36 h)
(] o o ]
NH NH NH
N/J N/)\ cl N/)\ N’)\ MeO N)\

39; 69% (36 h) 3k; 78% (26 h)

3h; 80% (24 h) 3i; 60% (26 h) 3j;78% (26 h)

0
NH NH
N/)\/ cr N/)\/

30; 65% (36 h, 10 mol%)

o
MeO. NH
MeO' N/)\/

3p; 76% (36 h)

o o
NH NH
N’)\/ N’)\/

31,81% (36 h) 3m; 78% (36 h) 3n; 75% (36 h)

@Reaction  Conditions:  2-Aminobenzonitrile (0.5 mmol),
Co(NOs3),.6H,O (7.5 mol%), PP; (7.5 mol%), Cs,CO; (1.5
equiv.), water (20 equiv.) and methanol (3.6 mL) at 150 °C (oil
bath temperature) for specified time under argon atmosphere.

possible reason could be the lower polarity of long-chain
alcohols compared to the smaller alcohols. Hence, the reaction
procedure for higher aliphatic alcohols was modified. First, the
cobalt salt and ligand were stirred at room temperature for 30
minutes in the alcohol and subsequently, 2-aminobenzonitriles
and other reagents were added to the mixture and the overall
mixture was heated for the specified time. Following this
protocol, the yield of the desired quinazolinone was increased

Scheme 3. Synthesis of Quinazolinone Derivatives from 2-
Aminobenzonitriles and Long Chain Primary Alcohols”

CN

X
@ * H,0 + Rz/\ou
R‘/ F NH, (20 equiv.)

o

‘ NH
f/ N/)\R,

° o ] o o
NH MeO. NH NH Meo NH
©\);)N\Lz/ /@5:”)\‘92/ MeO' N/)\Hj N/)\Hg MeO N/)\Hf
3q; 74% 3n gg:zu 3s; 67%" 3t; 60%” 3u; 66%"
“Reaction Conditions: Co(NOs),.6H,O (7.5 mol%), PP; (7.5
mol%) and alcohol (3.6 mL) were stirred at room temperature for
30 minutes followed by addition of 2-aminobenzonitrile (0.5
mmol), Cs,CO; (1.5 equiv.), water (20 equiv.); heated at 150 °C

Co(NO3),.6H,0 (7.5 mol%)
PPy (7.5 mol%)

Cs,CO; (15 equiv.)
150°C, 36 h
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(oil bath temperature) for 36 h under argon atmosphere.
bCO(NO3)2.6H20/PP3 (10 mol%).

significantly with 1-butanol (SI, Table S2, entry 5). Other
conditions such as the combination of different solvents and
different stirring time at room temperature were also tested
(SI, Table S2) but all the cases lower amount of yield was
observed. Next, following this modified protocol, a variety of
quinazolinones were successfully synthesized from different
2-aminobenzonitriles and higher chain aliphatic alcohols in
good to moderate yields (Scheme 3, 3q-u).

Next, the synthetic applicability of this methodology was
examined by the gram-scale synthesis of various
quinazolinones (Scheme 4). Additionally, biologically active
schizocommunin was synthesized in a preparative scale
applying this methodology (Scheme 4).% Initially, 2-
methylquinazolin-4(3H)-one (3h) was synthesized from 2-
aminobenzonitrile and ethanol. Afterward, schizocommunin
was prepared in good yield by coupling 3h and isatin in acetic
acid medium.

After successful implementation of the protocol to
synthesize various quinazolinone derivatives from 2-
aminobenzinitriles, different control and kinetic experiments
were performed to understand the mechanism for this tandem

Scheme 4. Synthesis of Quinazolinones in Preparative

Scale
[o] o o
NH MeOI:fLNH NH
N’) MeO N/) N’)\/

0.85g; 70% 0.83g; 72% 0.98 g; 69%

o

9 o
NH
cN NH
[:( EtOH NH  lsatin, AcOH N
—____boH __Isatin, AOH
NH,

Standard conditi z
andard conditions N)\ reflux, 35 h i

0.96 g; 71% Schizocommunin

Exhibit cytotoxic activity Inhibit the growth of tumor cell

transformation. Instead of using cobalt salt and ligand
separately, isolated cobalt complex was synthesized by the
stirring of Co(NO3),.6H,O and PP; in methanol, which
produced a similar yield of quinazolin-4(3H)-one (Scheme
5A). Next, following the literature procedure, [(PP3;)Co!-H]
was separately synthesized, which afforded 82% yield of the
desired product under the standard reaction conditions
(Scheme 5B).3% 37 This result indicated the involvement of
[(PP3)Co!-H] species

Scheme 5. Mechanistic Investigation

o
NH,

1.56 g; 90%

[Co}-PP; (7.5 mol%)

H,0 (20 equiv.), MeOH
Cs,CO; (1.5 equiv.) 150 °C, 24 h

2z

L
N2

Yield = 80%

i CoNO3)26H20 1y MeoH, RT, 30 min !
! . AL AL ANy ()|
i Tii)NaBH,, RT, 2h

o
2-Aminobenzonitrile NH
Standard conditions N/)

Yield = 82%

CN
c) C( + D0 + CDsOD
NH, (20 equiv.)
CN
D) @( +
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B
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150 °C, 24 h Yield = 68%

18
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N
Yield = 74%
C(CONH;
NH,
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o o

NH
N

18 CoBr, (7.5 mol%)
H,0
PP, (7.5 mol%)

Cs,CO;3 (1.5 equiv.)
MeOH, 150 °C, 24 h

Cs,CO;3 (1.5 equiv.)

H,0 (20 equiv.), MeOH,
150 °C, 30 min

Co(NO3),.6H,0 (7.5 mol%)
PP, (7.5 mol%)
Cs,C0; (1.5 equiv.)

MeOH, 150 °C, 3 h Yield = 86%

in this reaction. Afterward, upon performing the reaction of 2-
aminobenzonitrile with isotope labeled methanol (CD;OD)
and water (D,0), the di-deuterium incorporated product was
formed (Scheme 5C). This experiment confirmed that
methanol was the source of the C-2 carbon of quinazolinone.
O'8-incorporated quinazolin-4(3H)-one was formed when the
standard reaction was performed in the presence of H,O'8
which confirmed that water was the source of the oxygen atom
in the desired product (Scheme 5D). It is worth to mention that
the above two experiments were carried out using anhydrous
CoBr, in the place of Co(NOj;),.6H,O to avoid isotopic
scrambling.

Next, under the reaction conditions in the absence of cobalt
salt and ligand, 2-aminobenzonitrile was converted 2-
aminobenzamide in 85% yield within 30 minutes (Scheme
SE). This outcome indicated that the nitrile hydration step was
quite faster. 2,3-Dihydroquinazolinone is considered as one of
the intermediates in this process. Hence, this molecule was
separately synthesized, and the dehydrogenation of this
compound under the standard reaction conditions was
investigated. Dehydrogenation of 2,3-dihydroquinolin-4(1H)-
one was much faster in the presence of the cobalt catalyst;
86% yield of the desired quinolin-4(3H)-one was obtained
after 3 hours (Scheme 5F), whereas only 16% yield of desired
product was observed after 24 hours in the absence of the
cobalt catalyst (Scheme 5G).

This tandem reaction of 2-aminobenzamide using CH;OH
and CD;OD disclosed a ky/kp of 1.46 (Scheme 6). This
moderate KIE wvalue indicated that dehydrogenation of
methanol might not be the most energy demanding step in this
protocol.!” However, at this moment, it is very difficult to
identify which step might be the rate-determining step in this
multi-step tandem transformation, and for this purpose, DFT
calculations are currently going on in our laboratory.

Scheme 6. Kinetic Isotope Effect (KIE) Experiment for
Synthesis of 3a from 2-Aminobenzamide

[o]
CONH, -
@ + CH,0H/CD,0D Standard conditions /)N\H
NH, ky /kp = 1.46 N"HD
3al 3a-D

Kk, = 146

) PG
@ B Slope - 0.10432 ® CD40D
AR
=
@ Slope - 007116
0.4

Time (h)

Based on mechanistic studies and previous reports, a
plausible catalytic cycle was proposed (Scheme 7).3% In cycle
1, in the presence of base and alcohol, alkoxy bound cobalt
species A would form, which would further undergo B-H
elimination to form corresponding aldehyde and [Co]-H
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species B. Afterwards, the aldehyde would couple with 2-
aminobenzamide which was generated in-situ from hydration
of 2-aminobenzonitrile and subsequently via cyclization would
produce 2,3-dihydroquinazolinone P. Next, in cycle 2, in the
presence of 2,3-dihydroquinazolinone P and previously
formed [Co]-H species, B would transform to species C and
hydrogen was liberated. Later, the dehydrogenation of species
C would produce the desired quinazolinone Q and would
regenerate the [Co]-H species. Afterward, in cycle 1, with the
help of another molecule of alcohol, [Co]-H species would
convert back to alkoxy-bound cobalt species A and one
molecule hydrogen would release.

Scheme 7. Plausible Reaction Mechanism
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In summary, cobalt catalyzed an effective and sustainable
protocol was developed for the tandem synthesis of quinolin-
4(3H)-ones from 2-aminobenzonitriles. Following this
methodology, several quinazolinone derivatives were
synthesized from different short and long chain aliphatic
alcohols. To extend the practical applicability of this protocol,
biologically active natural product schizocommunin and few
quinazolinones were synthesized in the preparative scale.
Several control experiments and kinetic studies were also
performed to understand this tandem process. To the best of
our knowledge, this is the first 3d metal-based catalytic system
for the tandem synthesis of different quinolin-4(3H)-one
derivatives from various 2-aminobenzonitriles using aliphatic
alcohols and water.

EXPERIMENTAL SECTION

1. General procedures and materials: All the experiments
were carried out under inert atmosphere using either standard
Schlenk line techniques or argon filled Glove box. Glass
apparatus were oven-dried overnight at 100 °C before use.
Solvents were dried according to standard literature methods
and deoxygenated with inert gas prior to use. All 2-
aminobenzonitriles derivatives, cobalt precursors and other
commercially available reagents were purchased from Sigma-
Aldrich, Alfa-Aesar, TCIl-India, SDFCL, Avra and
Spectrochem. 'H and *C spectra were recorded on JEOL 400
and 500 MHz spectrometers. All 'H and proton decoupled *C
NMR spectra were reported in ppm relative to residual DMSO
peak (2.5 ppm) and deuterated DMSO (39.5 ppm)
respectively. ESI-MS were recorded on a Waters Micromass
Quattro Micro triple-quadrupole mass spectrometer and
Bruker’s Maxis Impact (282001.00081). Elemental analysis
was carried out on a Thermoquest EA1110 CHNS/O analyzer.

2. General synthesis procedures

2A. Coupling of 2-aminobenzonitriles with short chain
alcohol (methanol, ethanol, 1-propanol): In a pressure tube,

magnetic stir-bar, 2-aminobenzonitrile derivatives (0.5 mmol),
Co(NO;),.6H,0 (7.5 mol%), tris[2-
(diphenylphosphino)ethyl]phosphine  (PP;) (7.5 mol%),
Cs,CO; (1.5 equiv.), water (20 equiv.) and alcohol (methanol,
ethanol and 1-propanol) (3.6 mL) were added under argon
atmosphere. Then, the tube was sealed and dipped in a
preheated oil-bath at 150 °C for specified time. After
completion of the reaction, the tube was allowed to cool to
room temperature and the reaction mixture was concentrated
under reduced pressure. Finally, the desired product was
purified through silica gel column chromatography using
hexane/ethyl acetate as the eluent. The polarity of eluent was
increased gradually from 30% (ethyl acetate/hexane, v/v =
3:7) to 60% (ethyl acetate/hexane, v/v = 6:4) to purify the
desired products.

2B. Coupling of 2-aminobenzonitriles with other long
chain alcohols (1-butanol, 1-pentanol and 1-hexanol): In a
pressure tube, magnetic stir-bar, Co(NOs),.6H,O (7.5-10
mol%) and tris[2-(diphenylphosphino)ethyl]phosphine (PPs)
(7.5-10 mol%) were stirred in the long chain alcohol (1-
butanol, 1-pentanol and 1-hexanol) (3.6 mL) for 30 minutes at
room temperature under argon atmosphere and subsequently,
2-aminobenzonitrile derivatives (0.5 mmol), Cs,CO; (1.5
equiv.), water (20 equiv.) were added to the mixture. The
overall mixture was subjected to heating for specified reaction
time. After completion of the reaction, the tube was allowed to
cool to room temperature and the reaction mixture was
concentrated under reduced pressure. Finally, the desired
product was purified through silica gel column
chromatography using hexane/ethyl acetate as the eluent. The
polarity of eluent was increased gradually from 30% (ethyl
acetate/hexane, v/v = 3:7) to 60% (ethyl acetate/hexane, v/v =
6:4) to purify the desired products.

Quinazolin-4(3H)-one (3a)'%: This product was synthesized
following the general procedure 2A by reacting 2-
aminobenzonitrile (59 mg, 0.5 mmol) and methanol (3.6 mL).
The title product was a white solid (59 mg, 81% isolated
yield). '"H NMR (400 MHz, DMSO-dg): 6 = 12.24 (brs, 1H),
8.11 (d, /= 8.0 Hz, 1H), 8.09 (s, IH), 7.79 (t, J = 7.1 Hz, 1H),
7.65 (d, J = 8 Hz, 1H), 7.51 (t, J = 8 Hz, 1H). 3C{'H} NMR
(100 MHz, DMSO-d6): & = 160.8, 148.8, 145.5, 134.3, 127.3,
126.8, 125.9, 122.7.

6-Methylquinazolin-4(3H)-one (3b)'®: This product was
synthesized following the general procedure 2A by reacting 2-
amino-5-methylbenzonitrile (66 mg, 0.5 mmol) and methanol
(3.6 mL). The title product was a light yellow solid (64 mg,
80% isolated yield). For 1g scale reaction isolated yield was
70% (0.85 g). '"H NMR (400 MHz, DMSO-dg): & = 8.02 (s,
1H), 7.90 (s, 1H), 7.62 (dd, J = 8.3, 1.9 Hz, 1H), 7.55 (d, J =
8.2 Hz, 1H), 2.43 (s, 3H). BC{'H} NMR (100 MHz, DMSO-
de): 6 =163.1, 160.9, 146.8, 144.9, 136.4, 127.0, 125.2, 122.4,
20.8.

7-Methylquinazolin-4(3H)-one (3¢)!®: This product was
synthesized following the general procedure 2A by reacting 2-
amino-4-methylbenzonitrile (66 mg, 0.5 mmol) and methanol
(3.6 mL). The title product was a white solid (69 mg, 87%
isolated yield). '"H NMR (400 MHz, DMSO-d): 6 = 12.14
(brs, 1H), 8.05 (s, 1H), 8.00 (d, J = 8.1 Hz, 1H), 7.46 (s, 1H),
7.33 (d, J = 8.0 Hz, 1H), 2.44 (s, 3H). 3C{'H} NMR (100
MHz, DMSO-d¢): 6 = 160.6, 148.9, 145.4, 144.8, 128.2,
126.9, 125.7,120.2, 21.3.
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6,7-Dimethoxyquinazolin-4(3H)-one (3d)'®: This product
was synthesized following the general procedure 2A by
reacting 2-amino-4,5-dimethoxybenzonitrile (89 mg, 0.5
mmol) and methanol (3.6 mL). The title product was a grey
solid (86 mg, 84% isolated). For the 1g scale reaction isolated
yield was 72% (0.83 g). '"H NMR (400 MHz, DMSO-dg): & =
12.06 (brs, 1H), 7.98 (s, 1H), 7.43 (s, 1H), 7.12 (s, 1H), 3.90
(s, 3H), 3.86 (s, 3H). BC{'H} NMR (100 MHz, DMSO-dy): &
=160.0, 154.4, 148.5, 144.9, 143.8, 115.6, 108.0, 104.9, 55.9,
55.7.

7-Chloroquinazolin-4(3H)-one (3e)!®: This product was
synthesized following the general procedure 2A by reacting 2-
amino-4-chlorobenzonitrile (76 mg, 0.5 mmol) and methanol
(3.6 mL). The title product was a white solid (83 mg, 92%
isolated yield). 'TH NMR (400 MHz, DMSO-dg): 6 = 8.11 (s,
1H), 8.08 (d, J = 8.6 Hz, 1H), 7.67 (d, J = 1.9 Hz, 1H), 7.52
(dd, J = 8.6, 2.0 Hz, 1H). BC{'H} NMR (100 MHz, DMSO-
de): 6 =160.3, 149.9, 147.0, 139.0, 128.0, 127.1, 126.4, 121.5.

6-Chloroquinazolin-4(3H)-one (3f)'8: This product was
synthesized following the general procedure 2A by reacting 2-
amino-5-chlorobenzonitrile (76 mg, 0.5 mmol) and methanol
(3.6 mL). The title product was a white solid (63 mg, 70%
isolated yield). 'TH NMR (400 MHz, DMSO-d¢): 6 = 12.44
(brs, 1H), 8.12 (s, 1H), 8.04 (d, J= 2.4 Hz, 1H), 7.82 (dd, J =
8.8, 2.5 Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H). BC{'H} NMR (100
MHz, DMSO-dq): 6 = 159.8, 147.5, 145.9, 1344, 131.0,
129.5, 124.8, 123.9.

6-Fluoroquinazolin-4(3H)-one (3g)'®: This product was
synthesized following the general procedure 2A by reacting 2-
amino-5-fluorobenzonitrile (68 mg, 0.5 mmol) and methanol
(3.6 mL). The title product was a white solid (56 mg, 69%
isolated yield). '"H NMR (500 MHz, DMSO-dg): 6 = 12.31
(brs, 1H), 8.06 (s, 1H), 7.73 (dd, J = 8.6, 2.9 Hz, 1H), 7.71-
7.68 (m, 1H), 7.64 (td, J= 8.6, 3 Hz, 1H). BC{H} NMR (125
MHz, DMSO-d¢): 8 = 161.0, 160.2, 159.1, 145.2 (d, J = 93.7
Hz), 130.0 (d, /= 8.2 Hz), 123.9 (d, /= 8.2 Hz), 122.7 (d, J =
23.9 Hz), 110.5 (d, J=23.1 Hz).

2-Methylquinazolin-4(3H)-one (3h)'®: This product was
synthesized following the general procedure 2A by reacting 2-
aminobenzonitrile (59 mg, 0.5 mmol) and ethanol (3.6 mL).
The title product was white a solid (64 mg, 80% isolated
yield). For 1g scale reaction isolated yield was 71% (0.96 g).
'H NMR (400 MHz, DMSO-d¢): 8 = 12.18 (brs, 1H), 8.05
(dd, J=17.38, 1.1 Hz, 1H), 7.74-7.70 (m, 1H), 7.54 (d, J = 8.0
Hz, 1H), 7.40 (t, J = 8.0 Hz, 1H), 2.33 (s, 3H). BC{'H} NMR
(100 MHz, DMSO-d¢): 6 = 161.8, 154.3, 149.0, 134.2, 126.6,
125.8,125.7, 120.7, 21.5.

7-Chloro-2-methylquinazolin-4(3H)-one (3i)*®: This product
was synthesized following the general procedure 2A by
reacting 2-amino-4-chlorobenzonitrile (76 mg, 0.5 mmol) and
ethanol (3.6 mL). The title product was a white solid (58 mg,
60% isolated yield). '"H NMR (400 MHz, DMSO-dg): 8 =
12.33 (brs, 1H), 8.05 (d, J = 8.6 Hz, 1H), 7.60 (d, J = 1.6 Hz,
1H), 7.47 (dd, J = 8.6, 1.8 Hz, 1H), 2.34 (s, 3H). BC{'H}
NMR (100 MHz, DMSO-dg): 6 = 161.1, 156.1, 150.1, 138.9,
127.8,126.2,125.7, 119.5, 21.5.

2,7-Dimethylquinazolin-4(3H)-one (3j)*°: This product was
synthesized following the general procedure 2A by reacting 2-
amino-4-methylbenzonitrile (66 mg, 0.5 mmol) and ethanol
(3.6 mL). The title product was a white solid (68 mg, 78%
isolated yield); "TH NMR (400 MHz, DMSO-d¢): 3 = 12.08
(brs, 1H), 7.94 (d, J = 8.1 Hz, 1H), 7.36 (s, 1H), 7.26 (d, J =

8.1 Hz 1H), 2.42 (s, 3H), 2.32 (s, 3H). BC{'H} NMR (100
MHz, DMSO-d¢): 6 = 161.6, 154.3, 149.1, 144.7, 127.3,
126.2,125.5,118.2,21.4,21.4.
6,7-Dimethoxy-2-methylquinazolin-4(3H)-one (3k)*®: This
product was synthesized following the general procedure 2A
by reacting 2-amino-4,5-dimethoxybenzonitrile (89 mg, 0.5
mmol) (59 mg, 0.5 mmol) and ethanol (3.6 mL). The title
product was a white solid (86 mg, 78% isolated yield). 'H
NMR (500 MHz, DMSO-d¢): & = 12.02 (brs, 1H), 7.38 (s,
1H), 7.04 (s, 1H), 3.87 (s, 3H), 3.84 (s, 3H), 2.30 (s, 3H).
BC{IH} NMR (100 MHz, DMSO-d¢): 6 = 161.1, 154.5, 152.5,
147.9,145.1, 113.4, 107.5, 104.8, 55.8, 55.6, 21.2.

2-Ethylquinazolin-4(3H)-one (31)!®: This product was
synthesized following the general procedure 2A by reacting 2-
aminobenzonitrile (59 mg, 0.5 mmol) and 1-propanol (3.6
mL). The title product was a white solid (70 mg, 81% isolated
yield). '"H NMR (400 MHz, DMSO-dg): 6 = 12.14 (brs, 1H),
8.06 (d, J=17.9 Hz, 1H), 7.74 (t, J =7.4 Hz, 1H), 7.57 (d, J =
8.2 Hz, 1H), 7.42 (t, /= 7.4 Hz, 1H), 2.60 (q, J=7.36 Hz, 2H),
1.23 (t, J =7.88 Hz, 3H); BC{'H} NMR (100 MHz, DMSO-
de): 6 =161.9, 158.4, 149.0, 134.3, 126.8, 126.0, 125.8, 120.9,
27.9,11.4.

2-Ethyl-7-methylquinazolin-4(3H)-one (3m)'*: This product
was synthesized following the general procedure 2A by
reacting 2-amino-4-methylbenzonitrile (66 mg, 0.5 mmol) and
1-propanol (3.6 mL). The title product was a white solid (73
mg, 78% isolated yield). For 1g scale reaction isolated yield
was 69% (0.98 g). '"H NMR (400 MHz, DMSO-dy): & = 12.04
(brs, 1H), 7.94 (d, J = 8.1 Hz, 1H), 7.38 (s, 1H), 7.25 (d, J =
8.0 Hz, 1H), 2.59 (q, J = 7.4 Hz, 2H), 2.41 (s, 3H) 1.22 (t,J =
7.5 Hz, 3H); BC{IH} NMR (100 MHz, DMSO-d¢): § = 161.9,
158.5, 149.1, 144.8, 127.5, 126.5, 125.7, 118.5, 27.9, 21.4,
11.4.

2-Ethyl-6-methylquinazolin-4(3H)-one (3n)'*: This product
was synthesized following the general procedure 2A by
reacting 2-amino-5-methylbenzonitrile (66 mg, 0.5 mmol) and
1-propanol (3.6 mL). The title product was a white solid (70
mg, 75% isolated yield). '"H NMR (400 MHz, DMSO-dy): 6 =
12.04 (brs, 1H), 7.85 (s,1H), 7.56 (dd, J = 8.4, 1.6 Hz, 1H),
7.48 (d, J= 8.3 Hz, 1H), 2.59 (q, J = 7.6 Hz, 2H), 2.40 (s, 3H)
1.22 (t, J = 7.6 Hz, 3H); BC{'H} NMR (100 MHz, DMSO-
de): 6 =161.8, 157.4, 147.0, 135.5, 135.4, 126.7, 125.1, 120.6,
27.8,20.7,11.3.

7-Chloro-2-ethylquinazolin-4(3H)-one (30)'“: This product
was synthesized following the general procedure 2A by
reacting 2-amino-4-chlorobenzonitrile (76 mg, 0.5 mmol) and
1-propanol (3.6 mL). The title product was a white solid (67
mg, 65% isolated yield). '"H NMR (400 MHz, DMSO-dy): 6 =
12.29 (brs, 1H), 8.05 (d, J = 8.5 Hz, 1H), 7.63 (d, J= 1.9 Hz,
1H), 7.47 (dd, J = 8.5, 2.0 Hz, 1H), 2.61 (q, J =7.60 Hz,
2H),1.23 (t, J =7.4 Hz, 3H); “C{IH} NMR (100 MHz,
DMSO-d¢): & = 161.2, 160.1, 150.1, 138.9, 127.8, 126.2,
125.9,119.6,27.9, 11.2.

2-Ethyl-6,7-dimethoxyquinazolin-4(3H)-one  (3p)'*: This
product was synthesized following the general procedure 2A
by reacting 2-amino-4,5-dimethoxybenzonitrile (89 mg, 0.5
mmol) and 1-propanol (3.6 mL). The title product was a white
solid (89 mg, 76% isolated yield). "H NMR (400 MHz,
DMSO-dg): 8 = 11.99 (brs, 1H), 7.40 (s, 1H), 7.07 (s, 1H),
3.88 (s, 3H), 3.84 (s, 3H), 2.58 (q, J =7.6 Hz, 2H),1.22 (t, J
=7.5 Hz, 3H); BC{'H} NMR (100 MHz, DMSO-d¢): 3 =
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161.2, 156.7, 154.5, 148.0, 145.1, 113.6, 107.7,104.9, 55.9,
55.6,27.7,11.4.

2-Propylquinazolin-4(3H)-one (3q)**: This product was
synthesized following the general procedure 2B by reacting 2-
aminobenzonitrile (59 mg, 0.5 mmol) and 1-butanol (3.6 mL).
The title product was a white solid (69 mg, 74% isolated yield.
'H NMR (400 MHz, DMSO-dg): 8 = 12.15 (brs, 1H), 8.07 (d,
J =79 Hz, 1H), 7.75 (t, J =7.2 Hz, 1H), 7.58 (d, J = 7.1 Hz,
1H), 7.43 (t, J = 7.5 Hz, 1H), 2.56 (t, J =7.4 Hz, 2H), 1.78-
1.69 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H); BC{'H} NMR (100
MHz, DMSO-d¢): 6 = 161.8, 157.3, 148.9, 134.2, 126.8,
125.9,125.7,120.8, 36.3, 20.2, 13.5.
7-Methyl-2-propylquinazolin-4(3H)-one (3r)*': This product
was synthesized following the general procedure 2B by
reacting 2-amino-4-methylbenzonitrile (66 mg, 0.5 mmol) and
1-butanol (3.6 mL). The title product was a white solid (73
mg, 72% isolated yield). '"H NMR (400 MHz, DMSO-dy): 6 =
12.05 (brs, 1H), 7.95 (d, J= 8.1 Hz, 1H), 7.39 (s, 1H), 7.26 (d,
J =282, Hz, 1H), 2.55 (t, J = 7.5 Hz, 2H), 2.42 (s, 3H), 1.77-
1.68 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). BC{'H} NMR (100
MHz, DMSO-d¢): 6 = 161.7, 157.3, 149.1, 144.7, 127.3,
126.5,125.5,118.4,36.3,21.3,20.2, 13.5.

2-Butyl-6,7-dimethoxyquinazolin-4(3H)-one  (3s):  This
product was synthesized following the general procedure 2B
by reacting 2-amino-4,5-dimethoxybenzonitrile (89 mg, 0.5
mmol) and 1-pentanol (3.6 mL). The title product was a white
solid (88 mg, 67% isolated yield). '"H NMR (400 MHz,
DMSO-dg): & = 11.98 (brs, 1H), 7.39 (s, 1H), 7.05 (s, 1H),
3.88 (s, 3H), 3.84 (s, 3H), 2.55 (t, J = 7.8 Hz, 3H), 1.71-1.64
(m, 2H), 1.37-1.27 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). BC{'H}
NMR (100 MHz, DMSO-d¢): 6 = 161.3, 155.9, 154.5, 148.0,
145.1, 113.78, 107.7, 104.9, 55.9, 55.7, 34.0, 29.0, 21.7, 13.7.
LR-MS (ESI) m/z: [M+H]" caled for C;H;oN,O; 263.14;
Found 263.16. Elemental Analysis: Anal. Calcd for
Ci4sHisN,Os: C, 64.11; H, 6.92; N, 10.68. Found: C, 64.45; H,
6.81; N, 10.43.

2-Butyl-7-methylquinazolin-4(3H)-one (3t): This product
was synthesized following the general procedure 2B by
reacting 2-amino-4-methylbenzonitrile (66 mg, 0.5 mmol) and
1-pentanol (3.6 mL). The title product was a white solid (65
mg, 60% isolated yield). '"H NMR (400 MHz, DMSO-dy): 6 =
12.04 (brs, 1H), 7.94 (d, J= 8.0 Hz, 1H), 7.37 (s, 1H), 7.24 (d,
J=28Hz, 1H), 2.56 (t,J= 7.8 Hz, 2H), 2.41 (s, 3H), 1.69-1.64
(m, 2H), 1.35-1.29 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H). BC{'H}
NMR (100 MHz, DMSO-dg): 6 = 161.8, 157.5, 149.1, 144.7,
127.3, 126.5, 125.5, 118.4, 34.2, 28.9, 21.7, 21.3, 13.7. LR-
MS (ESI) m/z: [M+H]* calcd for C;3H;N,O 217.13, Found
217.17. Elemental Analysis: Anal. Calcd for C;3H;(N,O: C,
72.19; H, 7.46; N, 12.95. Found: C, 72.41; H, 7.23; N, 12.69.
6,7-Dimethoxy-2-pentylquinazolin-4(3H)-one (3u)!’: This
product was synthesized following the general procedure 2B
by reacting 2-amino-4,5-dimethoxybenzonitrile (89 mg, 0.5
mmol) and 1-hexanol (3.6 mL). The title product was a white
solid (91 mg, 66% isolated yield). '"H NMR (400 MHz,
DMSO-dg): & = 12.00 (brs, 1H), 7.39 (s, 1H), 7.07 (s, 1H),
3.88 (s, 3H), 3.84 (s, 3H), 2.55 (t, J = 7.6 Hz, 2H), 1.74-1.66
(m, 2H), 1.33-1.26 (m, 4H), 0.87 (t, J = 6.5 Hz, 3H). BC{!H}
NMR (100 MHz, DMSO-d¢): 6 = 161.2, 155.9, 154.5, 148.0,
145.1, 113.6, 107.7, 104.8, 55.7, 55.6, 34.3, 30.7, 26.5, 21.8,
13.8.

Schizocommunin®: In a Schlenk flask magnetic stir-bar, 2-
methyl-4(3H)-quinazolinone (0.96 g, 1.0 mmol) and isatin

(0.88 g, 1.0 mmol) were added, and overall mixture was
refluxed in glacial acetic acid (6 mL) for 4 h. After that,
reaction mixture was allowed to cool to room temperature and
the precipitate was filtered. After that, precipitate was washed
several times with methanol and dried to get final product
schizocommunin as an orange powder (1.56 g, 90% isolated
yield).'H NMR (400 MHz, DMSO-ds): 3 = 14.39 (s, 1H),
11.48 (brs, 1H), 8.17 (dd, J= 6.4, 0.7 Hz, 1H), 7.93 (d, /=6
Hz, 1H), 7.90-7.86 (m, 1H), 7.78 (d, J= 6.4 Hz, 1H), 7.60 (t, J
=6.2 Hz, 1H), 7.56 (s, 1H), 7.36 (t, J= 6.1 Hz, 1H), 7.08 (t, J
= 6 Hz, 1H), 6.92 (d, J = 6.2 Hz, 1H). HRMS (ESI) m/z:
[M+H]* Calcd for Ci;H;,N30, 290.0930; Found 290.0923.

mono-deuterium incorporated product (3a-D)"° This
product was isolated during kinetic isotope effect (KIE)
experiment by reacting 2-aminobenzamide (68.1 mg, 0.5
mmol) and methanol-d, (3.6 mL) for 12 h (see SI). The title
product was a white solid (40.5 mg, 55% isolated yield): 'H
NMR (400 MHz, DMSO-d¢): 8 = 12.24 (brs, 1H), 8.13-8.09
(m, 1H), 7.80 (t, J = 7.7 Hz, 1H), 7.65 (d, J = 8.2 Hz, 1H),
7.53-7.50 (m, 1H). 3C{'H} NMR (100 MHz, DMSO-d¢): 6 =
160.8, 148.8, 134.3, 127.2, 126.7, 126.6, 125.9, 122.7.

ASSOCIATED CONTENT

Detail reaction optimization, preparative scale reaction, control
experiments, reaction kinetics and mechanism, preparation of
isolated Co (II) complexes, 'H and '3C spectra of all compounds.

AUTHOR INFORMATION

Corresponding Author
*sabuj@iitk.ac.in
Author Contributions

iThese authors contributed equally.
Notes
The authors declare no competing financial interest.

ACKNOWLEDGMENT

The authors are grateful to the Science and Engineering Research
Board (SERB), India, and Council of Scientific & Industrial
Research (CSIR), India for financial support. S.A.S. and B.C.R.
thank CSIR for fellowship.

REFERENCES

(1) Michael, J. P. Quinoline, quinazoline and acridonealkaloids. Nat.
Prod. Rep. 2008, 25, 166-187.

(2) Khan, I.; Ibrar, A.; Abbas. N.; Saeed, A. Recent advances in the
structural library of functionalized quinazoline and quinazolinone
scaffolds: Synthetic approaches and multifarious applications. Eur. J.
Med. Chem. 2014, 76, 193-244.

(3) Potewar, T. M.; Nadaf, R. N.; Daniel, T.; Lahoti. R. J. Srinivasan,
K. V. A Novel One-Pot Synthesis of 2-Aryl-4(3H)-Quinazolinones
Using Room Temperature Ionic Liquid as Reaction Medium as well
as Promoter. Synth. Commun. 2005, 35, 231-241.

(4) Huang, C.; Fu, Y.; Fu, H.; Jiang. Y.; Zhao, Y. Highly efficient
copper-catalyzed cascade synthesis of quinazoline and quinazolinone
derivatives. Chem. Commun. 2008, DOI: 10.1039/B814011A, 6333-
6335.

(5) Dubey, A. V.; Kumar, A. V. Cu(Il)-Glucose: Sustainable Catalyst
for the Synthesis of Quinazolinones in a Bio-Mass Derived Solvent 2-
MethylTHF and Application for the Synthesis of Diproqualone. ACS
Sustainable Chem. Eng. 2018, 6, 14283-14291.

(6) Wu, X.-F.; He, L.; Neumann, H.; Beller, M. Palladium-Catalyzed
Carbonylative Synthesis of Quinazolinones from 2-Aminobenzamide
and Aryl Bromides. Chem. Eur. J. 2013, 19, 12635-12638.

ACS Paragon Plus Environment

Page 6 of 8



Page 7 of 8

oNOYTULT D WN =

The Journal of Organic Chemistry

(7) Jia, F.-C.; Zhou, Z.-W.; Xu, C.; Wu, Y.-D.; Wu, A.-X. Divergent
Synthesis of Quinazolin-4(3H)-ones and Tryptanthrins Enabled by a
tert-Butyl Hydroperoxide/K;PO,-Promoted Oxidative Cyclization of
Isatins at Room Temperature. Org. Lett. 2016, 18, 2942-2945.

(8) Balakumar, C.; Lamba, P.; Pran Kishore, D.; Lakshmi Narayana,
B.; Venkat Rao, K.; Rajwinder, K.; Raghuram Rao, A.; Shireesha, B.;
Narsaiah, B. Synthesis, anti-inflammatory evaluation and docking
studies of some new fluorinated fused quinazolines. Eur. J. Med.
Chem. 2010, 45, 4904-4913.

(9) Dobereiner, G. E.; Crabtree, R. H. Dehydrogenation as a
Substrate-Activating Strategy in Homogeneous Transition-Metal
Catalysis. Chem. Rev. 2010, 110, 681-703.

(10) Obora, Y. Recent Advances in a-Alkylation Reactions using
Alcohols with Hydrogen Borrowing Methodologies. ACS Catal.
2014, 4, 3972-3981.

(11) Zhou, J.; Fang, J. One-Pot Synthesis of Quinazolinones via
Iridium-Catalyzed Hydrogen Transfers. J. Org. Chem. 2011, 76,
7730-7736.

(12) Watson, A. J. A.; Maxwell, A. C.; Williams, J. M. J. Ruthenium-
catalysed oxidative synthesis of heterocycles from alcohols. Org.
Biomol. Chem. 2012, 10, 240-243.

(13) Hikawa, H.; Ino, Y.; Suzuki, H.; Yokoyama, Y. Pd-Catalyzed
Benzylic C-H Amidation with Benzyl Alcohols in Water: A Strategy
To Construct Quinazolinones. J. Org. Chem. 2012, 77, 7046-7051.
(14) Zhang, W.; Meng, C.; Liu, Y.; Tang, Y.; Li, F. Auto-Tandem
Catalysis with Ruthenium: From o-Aminobenzamides and Allylic
Alcohols to Quinazolinones via Redox Isomerization/Acceptorless
Dehydrogenation. Adv. Synth. Catal. 2018, 360, 3751-3759.

(15) Hakim Siddiki, S. M. A.; Kon, K.; Touchy, A. S.; Shimizu, K.-i.
Direct synthesis of quinazolinones by acceptorless dehydrogenative
coupling of o-aminobenzamide and alcohols by heterogeneous Pt
catalysts. Catal. Sci. Technol. 2014, 4, 1716-1719.

(16) Parua, S.; Das, S.; Sikari, R.; Sinha, S.; Paul, N. D. One-Pot
Cascade Synthesis of Quinazolin-4(3H)-ones via Nickel-Catalyzed
Dehydrogenative Coupling of 0-Aminobenzamides with Alcohols. J.
Org. Chem. 2017, 82, 7165-71775.

(17) Zhang, Z.; Wang, M.; Zhang, C.; Zhang, Z.; Lu, J.; Wang, F. A
cascade synthesis of quinazolinones and quinazolines using o-MnO,
catalyst and fert-butyl hydroperoxide (TBHP) as oxidant. Chem.
Commun. 2015, 51, 9205-9207.

(18) Li, F.; Lu. L.; Liu, P. Acceptorless Dehydrogenative Coupling of
o-Aminobenzamides with the Activation of Methanol as a C1 Source
for the Construction of Quinazolinones. Org. Lett. 2016, 18, 2580-
2583.

(19) Roy, B. C.; Samim, S. A.; Panja, D.; Kundu, S. Tandem
synthesis of quinazolinone scaffolds from 2-aminobenzonitriles using
aliphatic alcohol-water system. Catal. Sci. Technol. 2019, 9, 6002-
60006.

(20) Moran, J.; Preetz, A.; Mesch, R. A.; Krische, M. J. Iridium-
catalysed direct C—C coupling of methanol and allenes. Nat. Chem.
2011, 3, 287-290.

21 Garcia-Alvarez, R.; Crochet, P.; Cadierno, V. Metal-catalyzed
amide bond forming reactions in an environmentally friendly aqueous
medium: nitrile hydrations and beyond. Green Chem. 2013, 15, 46-
66.

(22) Senadi, G. C.; Kudale, V. S.; Wang, J.-J. Sustainable methine
sources for the synthesis of heterocycles under metal- and peroxide-
free conditions. Green Chem. 2019, 21, 979-985.

(23) Battula, S.; Vishwakarma, R. A.; Ahmed, Q. N. Cu-
benzotriazole-catalyzed electrophilic cyclization of N-arylimines: a
methodical tandem approach to O-protected-4-hydroxyquinazolines.
RSC Adv. 2014, 4, 38375-38378.

(24) Saari, R.; Torma. J.-C.; Nevalainen, T. Microwave-assisted
synthesis of quinoline, isoquinoline, quinoxaline and quinazoline
derivatives as CB2 receptor agonists. Bioorg. Med. Chem. 2011, 19,
939-950.

(25) Zhao, W.; Liu. P.; Li, F. Quinazolinones from
o-Aminobenzonitriles by  One-Pot  Sequential Selective
Hydration/Condensation/Acceptorless Dehydrogenation Catalyzed by
an Iridium Complex. ChemCatChem 2016, 8, 1523-1530.

(26) Wang, Q.; Lv, M,; Liu, J.; Li, Y.; Xu, Q.; Zhang, X.; Cao, H.
Efficient Synthesis of Quinazolinones by Transition-Metal-Free
Direct Aerobic Oxidative Cascade Annulation of Alcohols with
o-Aminoarylnitriles. ChemSusChem 2019, 12, 3043-3048.

(27) Su, B.; Cao, Z.-C.; Shi, Z.-J. Exploration of Earth-Abundant
Transition Metals (Fe, Co, and Ni) as Catalysts in Unreactive
Chemical Bond Activations. Acc. Chem. Res. 2015, 48, 886-896.

(28) Irrgang, T.; Kempe, R. 3d-Metal Catalyzed N- and C-Alkylation
Reactions via Borrowing Hydrogen or Hydrogen Autotransfer. Chem.
Rev. 2019, 119, 2524-2549.

(29) Ai, W.; Zhong, R.; Liu, X.; Liu, Q. Hydride Transfer Reactions
Catalyzed by Cobalt Complexes. Chem. Rev. 2019, 119, 2876-2953.
(30) Das, S.; Mallick, S.; Sarkar, S. D. Cobalt-Catalyzed Sustainable
Synthesis of Benzimidazoles by Redox-Economical Coupling of
o-Nitroanilines and Alcohols. J. Org.Chem. 2019, 84, 12111-121109.
(31) Junge, K.; Papa, V.; Beller, M. Cobalt-Pincer Complexes in
Catalysis. Chem. Eur. J. 2019, 25, 122-143

(32) Liu, Z.; Yang, Z.; Yu, X.; Zhang, H.; Yu, B.; Zhao, Y.; Liu, Z.
Methylation of C(sp?)-H/C(sp?)-H Bonds with Methanol Catalyzed
by Cobalt System. Org. Lett. 2017, 19, 5228-5231.

(33) Liu, Z.; Yang, Z.; Yu, X.; Zhang, H.; Yu, B.; Zhao, Y.; Liu, Z.
Efficient Cobalt-Catalyzed Methylation of Amines Using Methanol.
Adv. Synth. Catal. 2017, 359, 4278-4283.

(34) Paul, B.; Maji, M.; Kundu, S. Atom-Economical and Tandem
Conversion of Nitriles to N-Methylated Amides Using Methanol and
Water. ACS Catal. 2019, 9, 10469-10476.

(35) Uehata, K.; Kimura, N.; Hasegawa, K.; Arai, S.; Nishida, M.;
Hosoe, T.; Kawai, K.-i.; Nishida, A. Total Synthesis of
Schizocommunin and Revision of Its Structure. J. Nat. Prod. 2013,
76,2034-2039.

(36) Federsel, C.; Ziebart, C.; Jackstell, R.; Baumann, W.; Beller, M.
Catalytic Hydrogenation of Carbon Dioxide and Bicarbonates with a
Well-Defined Cobalt Dihydrogen Complex. Chem. Eur. J. 2012, 18,
72-75.

(37) Bianchini, C.; Innocenti, P.; Meli, A.; Peruzzini, M.; Zanobini,
F.; Zanello, P. Reactions of the Trigonal-Bipyramidal Cobalt (I)
Hydride [ (P(CH,CH,PPh,),)CoH] with I-Alkynes. Synthesis and
Reactivity of Acetylide, Alkenyl, and Vinylidene Complexes.
Organometallics 1990, 9, 2514-2522.

(38) Zhang, X.; Ye, D.; Sun, H.; Guo, D.; Wang, J.; Huang, H.;
Zhang, X.; Jiang, H.; Liu, H. Microwave-assisted synthesis of
quinazolinone derivatives by efficient and rapid iron-catalyzed
cyclization in water. Green Chem. 2009, /1, 1881-1888.

(39) Thakur, M. S.; Nayal, O. S.; Bhatt, V.; Sharma, S.; Kumar, N.
Rapid and Efficient Cascade Synthesis of
2-Amino-4(3 H)-quinazolinones over an In  Situ-Generated
Heterogeneous CuCO;-K,CO; Nanocomposite. Asian J. Org. Chem.
2016, 5, 750-754.

(40) Upadhyaya, K.; Thakur, R. K.; Shukla, S. K.; Tripathi, R. P.
One-Pot Copper(I)-Catalyzed Ligand/Base-Free Tandem
Cyclooxidative Synthesis of Quinazolinones. J. Org. Chem. 2016, 81,
5046-5055.

(41) Chai, H.; Li, J; Yang, L.; Lu, H.; Qi, Z.; Shi, D. Copper-
catalyzed tandem N-arylation/condensation: synthesis of quinazolin-
4(3H)-ones from 2-halobenzonitriles and amides. RSC Adv. 2014, 4,
44811-44814.

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

Page 8 of 8

R4

e
/N SNH,

3 1% report with 3d metal

J Commercially available cobalt salt and ligand

Table of Contents

H,0
[Co]

\H,OH
n

 Tandem protocol
1 Alcohol dehydrogenative coupling

ACS Paragon Plus Environment



