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ABSTRACT: A sustainable approach for the synthesis of substituted quinazolines by a sequential acceptorless dehydrogena-
tive coupling of 2-aminobenzyl alcohol with alcohols using new Pd(II)-NNO pincer type complexes as catalysts. The air-
stable palladium(II) complexes with the general formula [Pd(L)(PPhs)] (where L = 4-substituted methyl 2-
pyrrolylbenzhydrazone ligands) have been synthesized and their compositions were recognized by analytical and spectral
methods (FT-IR, NMR and HR-MS). Single crystal X-ray crystallography confirms the tridentate coordination of the ligands
and the existence of square planar geometry around the metal ion. A wide range of substituted quinazoline derivatives has
been synthesized from double dehydrogenation of benzyl alcohols by using 1.5 mol % of the catalyst loading with a maxi-
mum of 93% yield. The formation of an amino-benzaldehyde and benzaldehyde intermediates via double dehydrogenative

coupling reaction was confirmed by control experiments.

INTRODUCTION

Synthesis of N-based heterocyclic compounds contributes
to a wide range of biological applications in extensive fields of
pharmacy and hence they are much engrossed by medicinal
chemists and biologists.! The prevalence of N-heterocyclic
compounds in biological activities is attributed to their stabil-
ity and the operational efficiency in the human body as the
nitrogen atom of the bioactive compound readily binds with
biomolecules via hydrogen bonding.2 Among the numerous N-
heterocyclic compounds, quinazoline has been of much inter-
est in the biological arena and its derivatives show a broad
scale of biological activities (Figure 1).3

NH,
2 cl
-

o NH, NH,
/JN\ CI\@\N¥ /O 0
< N o
o NN 0 N O \ !
N%\\ NN So o

Bunazosin Anagrelide 0O Trimetrexata

NH,
i N)ﬁ«/:[k

|
@*:‘.Mw*"/ o

Alfuzosin

Gefitinib

F. Br
D Wl
A o

- =
0 ~ ‘N \o/\/o N JN\
| ~ N
Oﬁo \N) /0\/\0 SN ) 0 N O‘ Y@
N il Prazosi o
- Vandetanilb Erlotinib razosin I

Figure 1. Representative examples of quinazoline drugs

A huge number of methods were described for the synthe-
sis of quinazolines.* However, they are not withstanding due

to the requirement of strong oxidising agents, inert atmos-
pheric conditions, high catalyst loading, higher reaction tem-
perature and the use of relatively unstable aldehyde. In recent
years, researchers consider an environmentally friendly strat-
egy for the synthesis of N-heterocycless via acceptorless de-
hydrogenation coupling (ADC) of alcohols. Readily accessibil-
ity of low-cost alcohols, the environmentally benign and atom
economical nature of the catalytic reaction are the key charac-
teristics of the ADC process.6 The in situ generation of more
reactive carbonyl compounds further react with a suitable
coupling partner to form the desired products in a sustainable
manner is yet another advantage of this ADC protocol. Fur-
thermore, either Hz gas or Hz0 is generated as the only chemi-
cal waste.

In the last decade, the transition metal catalysed synthesis
of N-heterocycles has drawn great attention for the increasing
efficiency and selectivity towards the large-scale synthesis in
pharmaceuticals.’Specifically, palladium metal is found to be
more effective than several non-precious transition metal-
catalyzed applications as palladium promotes the coupling of
low reactivity substrates (like aryl chlorides). Palladium-
catalyzed reactions furnished larger turnover numbers
(TONs) at lower temperature find applications in large-scale
synthesis.8 Prominently, palladium catalysed C-N cross-
coupling reactions with diverse functional groups has a great
impact on the synthesis of bioactive heterocyclic com-
pounds.9.10

Further, palladium pincer complexes exhibit their outstand-
ing catalytic activities in numerous organic transformation
reactions.!! In the past two decades,!? the transition metal
pincer chemistry is having a larger interest among the re-



searchers, especially, a pincer ligand with three donor sites
coordinated to a metal centre in a meridional fashion which
shows enhanced robustness. Also, the presence of three donor
atoms in a single framework of the pincer ligand provides
tunable electronic and steric properties for metal complexes.
Taken together palladium pincer type complexes will undeni-
ably be suitable for the acceptorless dehydrogenative coupling
reactions.
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Scheme 1 Synthetic strategies for the synthesis of quinazoline

It is worth noting that aqueous ammonia and ammonium
salts are inexpensive are suitable nitrogen sources for catalyt-
ic organic transformation reactions.!3 Especially, ammonium
acetate plays a vital role in the synthesis of N-heterocycles.14
To the best of our search, limited reports are available for the
transition metal-catalyzed synthesis of quinazoline from alco-
hol and ammonia or ammonium salts. Wu and co-workers
reported Cu-catalyzed construction of quinazoline derivatives
from 2-aminophenyl methanol and aldehydes in presence of
ammonium salt as nitrogen source.!> Zhenda and co-workers
described the Ir-catalyzed hydrogen transfer-mediated annu-
lation of 2-nitrobenzylic alcohols with alcohols and ammonia
for quinazoline synthesis.16

Fe, Mn, Nj, Ru, Ir based metal complexes were also reported
as catalysts in acceptorless dehydrogenative coupling for the
synthesis of quinazoline using 2-aminobenzyl alcohol/ amine
with benzamides, ketones, (hetero)aryl or alkyl nitriles, alde-
hyde, alcohol and benzylamines as a stable starting material.1”
Exceptionally, Pd-catalyzed reaction for quinazolines from the
reaction of primary alcohols with 2-aminobenzylamine was
demonstrated by kimura et al.. However, these methods in-
volve simple dehydrogenative oxidation reactions with lim-
ited substrate scope (Scheme 1).18 It is worth to note that,
there are no reports available for the synthesis of quinazolines
via alcohol with an ammonium source in the presence of pal-
ladium as a catalyst.

In continuation to our research on the catalytic behaviour
of organometallic complexes for various cross coupling reac-
tions,19-21 herein we report a sequential acceptorless dehy-
drogenation approach for the synthesis of quinazoline deriva-
tives from readily available alcohols and 2-aminobenzyl alco-
hol by pincer type palladium catalysts using ammonium ace-

tate as a nitrogen source for the first time. Our protocol can be
considered as more atom economical and environmentally
benign approach as the present scheme releases water and
hydrogen as the only by-products.

RESULTS AND DISCUSSION

The condensation reaction of methyl-2-pyrroleketone with
benzhydrazides obtained benzhydrazone ligand derivatives
and substituted benzhydrazides in the equimolar ratio in eth-
anol medium as reported in the literature.22 The obtained
ligand derivatives were reacted with an equimolar ratio of
Pd(II) precursor, PdCl2(PPhs)z in presence of EtsN as a base.
The above reaction yielded 85-89% of complexes with the
general formula [Pd(L)(PPhs)](Scheme 2). All the complexes
were soluble in most of the organic solvents like MeOH, EtOH,
CH:zClz, CHCl3, DMF and DMSO. The addition of triethylamine
base to the reaction mixture assisted the tautomerization (am-
ido-imidol) process and coordinates the imidolate oxygen
effortlessly.
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Scheme 2 Synthesis of Pd(II) pincer benzhydrazone complex-
es

Medium to strong bands for vn-u stretching vibrations were
observed near 3420-3450 cm' and 3218-3255 cm! for hy-
drazone (Bz) and pyrrole (Py) moieties respectively of the
hydrazine ligands. These bands were disappeared in the com-
plexes indicating the coordination of pyrrole nitrogen with the
Pd(Il) ion. The IR spectral bands of the ligands near 1608-
1640 cm'! and 1535-1567 cm'! were attributed forve=n and
vc=0 stretching vibrations, respectively. The azomethine vc=n
stretching frequency was shifted to a lower frequency (1530-
1536 cm'1) upon complexation confirming the involvement of
imine nitrogen in coordination. The disappearance of vc=0
bands and appearance of new bands near 1247-1287 cm-! for
complexes confirm the coordination of imidolate oxygen with
metal ions after tautomerization. Thus, the IR spectral data
confirm that imidolate oxygen, imine nitrogen and pyrrole-
nitrogen are coordinated to Pd(II) ion.

The NNO coordination modes of benzhydrazone ligands to
palladium metal in the synthesized complexes (1-3) were
further supported by NMR spectral data. In the proton NMR
spectra of ligands, the -NH protons have appeared as singlets
in the region 6 8.80-9.10 ppm. The absence of -NH protons in
all the complexes (1-3) confirms the ligand coordination to
Pd(II) ion via imidolate oxygen through enolization. Also, pyr-
role N-H protons in all the complexes were disappeared which
dictated the coordination of the N-H with palladium in an ani-
onic manner. In addition to this, a singlet has appeared at §
3.80 ppm attributed to the methoxy protons of complex 3. The
13C NMR spectra showed the downfield shift for imidolate
carbon (-C=N-N=C) at 175.77, 174.63, 175.77 and the upfield
shift for imine carbon (-C=N) at 145.45, 145.32, 145.51 of
complexes 1-3, respectively. The shifts in NMR spectra of
complexes were attributed to the complexation of the pyrrolyl
benzhydrazone ligand with the precursor [PdClz(PPhs)z]. Also,
the additional signal at 55.29 ppm for methoxy carbon (-
OCHs) was observed in the 13C NMR spectra of complex 3.



Thus, the existence of coordination between benzhydrazone
ligands and Pd(II) ion in a tridentate fashion was supported
by the 1H and 13C NMR spectra.

The ESI-MS spectra of the synthesized benzhydrazone
complexes (1-3) were taken to determine the composition of
complexes, which exhibit molecular ion peaks at m/z 594.092
([M+H]*), 628.052 ([M]*) and 624.10175 ([M+H]*). There
exists a good agreement between the calculated and experi-
mental m/z values for all the complexes. Thus, the spectral
studies of complexes (1-3) were in good arrangement with
the proposed structural composition of the palladium(II) pin-
cer benzhydrazone complexes.

X-ray Crystallographic Studies. The slow evaporation of
complexes at room temperature in DCM/Methanol solution
yielded single crystals of X-ray crystal quality. The complexes
1-3 were crystallized in the triclinic 'P -1, space group, ortho-
rhombic 'P 21 21 21’ space group and monoclinic 'P 21/c’
space group, respectively. The crystallographic data were
provided in supplementary data Tables S1 and S2, respective-
ly. The ORTEP diagrams in Figures 2-4 for complexes 1-3,
show that the ligands coordinate with the metal ion in a tri-
dentate (NNO) fashion via the imidolate oxygen, imine nitro-
gen and pyrrole nitrogen which leads to the formation of two
five-membered chelate rings. The bond parameters of the
complexes reflect ONNP square-planar environment around
Pd(II) ion similar to the other reported palladium square-
planar complexes.23

Figure 2 The ORTEP diagram of the complex 1 with 30%
probability. All the hydrogen atoms are omitted for clarity.
The selected bond distances (&) and angles (°) N(2)-Pd(1) =
1.990(2), N(3)-Pd(1) = 2.003(3), O(1)-Pd(2) = 2.031(2), P(1)-
Pd(1) = 2.2774(8), N(2)-Pd(1)-N(3) = 80.93(10), N(2)-Pd(1)-
0(1) = 78.85(9), N(3)-Pd(1)-P(1) = 102.76(7), O(1)-Pd(1)-
P(1) =97.54(6).

Figure 3 The ORTEP diagram of the complex 2 with 30%
probability. All the hydrogen atoms are omitted for clarity.
The selected bond distances (A) and angles (°) N(2)-
Pd(1)=1.976(5), N(3)-Pd(1)=1.999(4), O(1)-Pd(2) = 2.045(4),
P(1)-Pd(1) = 2.2770(15), N2-Pd(1)-N(3) = 81.3(2), N(2)-
Pd(1)-0(1) = 78.77(19), N(3)-Pd(1)-P(1) = 101.87(14), O(1)-
Pd(1)-P(1) =98.13(13).

Figure 4 The ORTEP diagram of the complex 3 with 30%
probability. All the hydrogen atoms are omitted for clarity.
The selected bond distances (&) and angles (°) N(2)-Pd(1) =
1.987(3), N(3)-Pd(1) = 2.014(3), O(1)-Pd(2) = 2.042(3), P(1)-
Pd(1) = 2.2889(10), N(2)-Pd(1)-N(3) = 80.90(13), N(2)-Pd(1)-
0(1) = 79.06(12), N(3)-Pd(1)-P(1) = 101.55(9), O(1)-Pd(1)-
P(1) =98.52(8).

Table 1. Optimization of reaction conditions2

2 OH
o — C
NH, N/J\© + 2HzT+ 3H,0
1a 3a

Complex 1 (1 mol%),
NH,OAc, Solvent,

Base, T °C
Entry | Solvent Base T Yield®

(20 (%)

1 Toluene NaOH 110 82
2 m-xylene NaOH 140 72
3 Dioxane NaOH 100 48
4 THF NaOH 70 41
5 t-BuOH NaOH 80 60
6 DMF NaOH 150 17
7 Toluene KOH 110 84
8 Toluene KOH 90 80
9c Toluene KOH 90 76
10 Toluene KOH 70 65
11 Toluene t-BuOK 110 73
12 Toluene Naz2CO03 110 35
13 Toluene K2C03 110 39
14 Toluene EtsN 110 10
154 Toluene - 110 NR
16e Toluene KOH 110 NR
17f Toluene KOH 110 14
188 Toluene KOH 110 22
19h Toluene KOH 110 41

aGeneral reaction conditions. 2-aminobenzyl alcohol 1a (1.10
mmol), benzyl alcohol 2a (1.10 mmol) complex 1 (1 mol %),
NH40Ac (1.5 mmol), Base (2.0 mmol), solvent (5 mL) at 70-
150°C for 24 h under Nz atm. bIsolated yield. cOpen atm., dNo
base, eNo catalyst, fPdClz, 8Pd(0Ac)2 and "[PdClz(PPhs)2].

To investigate the best reaction conditions for the synthesis
of quinazolines via double dehydrogenation, the reactions of
2-aminobenzyl alcohol (1a) and benzyl alcohol (2a) using 1
mol% of complex 1 were taken as bench-mark substrates
(Table 1). In solvent screening, it was found that the non-polar
toluene provided good yield than other solvents like m-xylene,
1,4-dioxane, THF, t-BuOH and DMF (Table 1, entry 1-6). This
may be due to fact that toluene stabilizes the palladium com-
plex during the course of the catalytic reaction. Different ni-
trogen sources including NH4Cl, (NH2)2SOs, NH4CO3 and



NH40Ac were used in the catalytic reactions, in which NH40Ac
gave a better yield. The optimization of bases for the catalysis
reaction shown in Table 1 (entries 1, 7 and 11-14) conveyed
that KOH was more effective than the other bases examined.
Hence, the catalytic conditions for coupling reactions were
optimized with toluene /KOH at 90 °C using complex 1 as it
provides a relatively high yield (Tablel, entry 8, 80%). Only a
marginal increase in the yield of the product was obtained
when the reaction temperature is increased to 110°C with the
optimized solvent and base (Table 1, entry 8). It was found
that no reaction has proceeded in the absence of either cata-
lyst or base (Table 1, entries 15 and 16).

Table 2. Effect of the substituent of catalysta

@(\0” . OH Complex 1-3 (1.5 mol%) _
NH, )\©+ 2H, | 31,0

NH,OAc Toluene,

Entry Pd complex Yield (%)P
1 [Pd(L1)(PPh3)](1) 85
2 [Pd(L2)(PPh3)](2) 88
3 [Pd(L3)(PPh3)](3) 93

aGeneral reaction conditions: 2-aminobenzyl alcohol 1a (1.10
mmol), benzyl alcohol 2a (1.10 mmol) catalyst (1.5 mol %),
NH40Ac (1.5 mmol), KOH (2.0 mmol) in toluene (5mL) at 90°C
for 24 h under N2z atm. bisolated yields.

The influences of various substituents in the synthesized
complexes 1-3 on the catalytic reaction were investigated in
the optimized condition. Among them, complex 3 exhibits a
relatively more yield than the other complexes (Table 2, en-
tries 1-3) and this may be due to the presence of the electron-
donating nature of the methoxy group. Therefore, complex 3
was considered as a representative catalyst to investigate the
broad substrate scope using various alcohols. Catalyst loading
experiments indicate that the reaction takes place effectively
in 1.5 mol% among others (Table 3, entries 1-5).

Table 3: Effect of catalyst loadinga

@(\OH ©ﬁou Complex 3 (mol%)
+
NH, NH,4OAc, Toluene,

90°C, KOH, 24h

©\/\L : +2H2 + 3H0

1a 2a
Entry Complex 3 (mol %) Yield %P
1 1.5 93
2 1 80
3 0.5 72
4 0.2 30
5 0.1 20

aReaction conditions: 2-aminobenzyl alcohol 1a (1.10 mmol),
benzyl alcohol 2a (1.10 mmol) catalyst (0.1-1.5 mol%),
NH40Ac (1.5 mmol), KOH (2.0 mmol) in toluene (5mL) at 90°C
for 24 h under Nz atm. bIsolated yield.

Table 4. Double Dehydrogenative coupling of 2-aminobenzyl
alcohol (1a) and benzyl alcohols (2) catalyzed by complex 3ab

©\/\ OAOH Complex 3 (1.5 mol%) ©\/\
+
NH4OAc, Toluene, J\@ + ZHZT + 3H,0

90°C, KOH, 24h P

N OCH,

J\©\ )\©iOCH3 )\Q/

3b (91%)

3a(93/) b, 30(89%) ocH,  3d(84%)

3e (ssi)\©\ 3f (829 /))\©\/ )\©\
3g (71/) 3h (70%)

3 (67/))\3/
& '65/) 3k (69/))\@ 31 (62%)
Cry O
3m (60/))\5:O an (58%)

aReaction conditions: 2-aminobenzyl alcohol 1a (1.10 mmol),
alcohols 2 (1.10 mmol), NH40Ac (1.5 mmol), KOH (2.0 mmol),
toluene (5 mL) at 90 oC for 24 h under Nz atm. bIsolated yield.

With the optimized reaction conditions, the coupling reac-
tions of 2-aminobenzylalcohol with various (aromatic, polycy-
clic and heteroaromatic) alcohols (Table 4) were carried out
via acceptorless double dehydrogenation reaction. The reac-
tion of benzyl alcohol with 2-aminobenzyl alcohol resulted in
the formation of 2-phenylquinazoline 3a with a yield of 93%.
Further, benzyl alcohols containing electron-donating groups
such as 4-methoxy, 2,3,4-trimethoxy, 3-methyl, 4-methyl and
4-isopropyl benzyl alcohols were coupled efficiently with 2-
aminobenzyl alcohol (Table 4; entries 3b-3f) in 82-91%
yields. Similarly, the reaction of benzyl alcohols with electron-
withdrawing groups such as 3-bromo, 4-chloro and 3-fluoro
alcohols with 2-aminobenzyl alcohol under the optimized
condition to provide respective quinazoline (Table 4; entries
3g-3i) in 67-71% yields. The reactions of polycyclic alcohols
were also documented with this current reaction protocol.
Further, we extended our scope of the catalytic reaction to-
wards heterocyclic alcohols including thiophene-2-methanol
and piperonyl alcohol with 2-aminobenzyl alcohol and result-
ed in good yields of quinazolines (Table 4; entries 3j and 3Kk)
with good yields. Notably, polycyclic alcohols such as bi-
phenyl-4-methanol and 1-naphthalenemethanol ended with
corresponding quinazolines (Table 4; entries 31 and 3m) in
62% and 60% yields respectively. Interestingly, in the four-
ring fused system, 1-pyrenemethanol reacts with 2-
aminobenzyl alcohol to give the 58 % yield of quinazoline
product (Table 4; entry 3n). (SI, Figures S14 and S41)
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NH,
1a ?

Complex 3 (1.5 mol%)\ T°';g"‘f'79:°cv

©/\°" Complex 3 (1.5 mol%)

Toluene, 90°C,
2 KOH, 7 h

4>
NH,OAc E:C
7-24h
3a=93%
(Isolated yield)

No reaction

NH,0Ac, Toluene, 90°C,
KOH, 24 h

R H
©)<OH

OH 1a
©/R R Complex 3 (1.5 mol%),
©)<OH

Scheme 3 Control experiment for the mechanistic studies



Control experiments indicate that the coupling reaction was
initiated through the formation of aldehydes intermediates. As
represented in Scheme 3, catalyst 3 oxidized benzyl alcohol 2a
to the corresponding aldehyde intermediate 2a' in 7 h (SI,
Figures S10 and S11). Simultaneously, the alcohol oxidation
reaction of 2-aminobenzyl alcohol 1a led to 2-
aminobenzaldehydes 1a' (SI, Figures S12 and S13). Further,
the reaction of 2a' reacted with 1a' from the oxidation prod-
uct 1a, the formation of product 3a was accomplished in the
presence of NH4OAc when the reaction time was extended up
to 24 h (Scheme 3). Hence, the coupling reactions involve al-
cohol dehydrogenation that proceeded through the double
dehydrogenative coupling?4 pathway. Hence, the acceptorless
dehydrogenation of alcohols leads to the formation of ex-
pected quinazolines using palladium catalysts.

Based on the control experiments, a plausible reaction
pathway (Scheme 4) was proposed for the Pd(II)-catalyzed
quinazoline (3a) formation via double dehydrogenative cou-
pling of alcohols. Initially, At first, the formation of palladium
alkoxide (A) from the reaction of palladium complex and ben-
zyl alcohol in the presence of potassium hydroxide. The palla-
dium-alkoxide (A) in turn generate benzaldehyde (2a") with
the formation of Pd-hydride species (B). Further, the oxida-
tion of 2-aminobenzyl alcohol (1a) leads to 2-
aminobenzaldehydes (1a") by use of the palladium(II) cata-
lyst. Next, the intermediate (D) was formed by the condensa-
tion of 2-aminobenzaldehyde (1a') with benzaldehyde (2a")
and underwent dehydrative cyclization to yield quinazolines
3a as the desired product. The intermediates B and B' further
react with benzyl alcohol leading to alkoxides with the libera-
tion of hydrogen gas. During the course of the reaction, the
formation of hydrogen gas was confirmed by Gas chromatog-
raphy (Figure S30)
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Scheme 4 A plausible mechanism for quinazoline formation

Conclusions

Here, we have reported new palladium(II) NNO pincer cata-
lysed the synthesis of quinazolines from 2-aminobenzyl alco-
hol with alcohols. A wide range of quinazoline derivatives has
been constructed via acceptorless double dehydrogenative
coupling methodology from various aromatic, heterocyclic
and polycyclic alcohols with the maximum yield of 93% using
1.5 mol% palladium catalyst loading. Hence, the present envi-
ronmentally benign approach has a great impact on the syn-
thesis of diverse and valuable biologically important hetero-
cycles using palladium(II) NNO pincer type catalysts.

Experimental

Materials, methods, and crystal data collection were given in
the Supporting Information (SI).

Synthesis of palladium (II) NNO pincer methyl 2-pyrrolyl
benzhydrazone complexes

Upon dissolution of the appropriate methyl 2-pyrrolyl ben-
zhydrazone ligands (1 equiv.), [PdCl2(PPhs)2] (1 equiv.) and
EtsN (0.2 mL) the mixture was refluxed in benzene (15-20
mL) for 2 h under air atmosphere. After that, the obtained
orange solution was allowed to cool to room temperature to
form an orange precipitate and filtered, washed with benzene
and dried in a vacuum (Scheme 2). Yield: 85-89%.

Characterization of complexes (1-3). Complex 1. Colour:
Reddish-Orange solid. Yield: 77 mg, 85% M.p.:148°C, (with
decomposition); calculated: C31H26N30PPd: C, 62.68, H, 4.41,
N, 7.07% found: C, 62.37, H, 4.40, N, 7.05%. FT-IR (KBr, cm-1):
1530v(c=N), 1287v(c-0), 1504v(c=N=N=c). 1H NMR (CDCls, 6 ppm):
2.36 (s, 3H, Me), 5.36 (s, 1H, Pyrrole CH), 5.65 (m, 1H, Pyrrole
CH), 6.39 (d, 1H, Pyrrole CH), 7.21-7.87 (m, 20H, aromatic).
13C NMR (CDCls, 8 ppm): 175.77, 157.31, 145.45, 135.89,
134.70, 132.51, 131.33, 129.96, 129.73, 129.26, 128.90,
127.89, 115.57, 107.44, 11.84, 11.80. ESI-MS: displays a peak
at m/z 594.09210 [M+H]*(calcd: 593.08483).

Complex 2. Colour: Reddish-Orange solid. Yield: 73 mg, 87%,
M.p: 168°C, (with decomposition); calculated:
C31H2sN3OCIPPd: C, 59.25, H, 4.01, N, 6.69% found: C, 59.17, H,
4.00, N, 6.67 %. FT-IR (KBr, cm-1): 1535v(c=n), 1286 v(c-0), 1573
v(c=N=N=c). tH NMR (CDCl3, § ppm): 2.35 (s, 3H, Me), 5.38 (s, 1H,
pyrrole CH), 5.66 (g, 1H, pyrrole CH), 6.40 (dd, 1H, pyrrole
CH) 7.18-7.79 (m, 19H, aromatic).l3CNMR (CDCls3, 6 ppm):
174.63, 157.60, 145.32, 132.09, 134.67, 131.38, 129.96,
129.61,129.13,128.91,128.07,115.82, 107.61, 11.78. ESI-MS:
displays a peak at m/z 628.05243[M]+(calcd: 628.04922).
Complex 3. Colour: Reddish-Orange solid. Yield: 76 mg, 89%,
M.p: 158¢°C, (with decomposition); calculated: C32H28N302PPd:
C, 61.60, H, 4.52, N, 6.73 % found: C, 61.37, H, 4.50, N, 6.71 %.
FT-IR (KBr, cm1): 1536 v(c=n), 1247 v(c0), 1605 v(c=N=n=c). H
NMR (CDCls, § ppm): Pyrrole ring protons: 2.35 (s, 3H, Me),
5.36 (s, 1H, pyrrole CH), 5.65 (q, 1H, pyrrole CH), 6.37 (dd, 1H,
pyrrole CH), 6.73-7.82 (m, 19H, aromatic), 3.74 (d, 3H, OCHs).
13C NMR (CDCls, 6 ppm): 175.77, 161.15, 156.60, 145.54,
134.71, 131.30, 130.29, 129.76, 129.29, 128.88, 125.08,
115.15, 113.20, 107.27, 55.29, 11.27 ESI-MS: displays a peak
atm/z 624.10175(M+H)*, (calcd 623.09540).

General procedure for the synthesis of quinazoline:

Synthesis of 2-phenylquinazoline (3a), in a 25 mL round-
bottomed flask, a mixture of catalyst 3 (1.5 mol % with re-
spect to 2-aminobenzyl alcohol), 2-aminobenzyl alcohol 1a
(1.10 mmol), KOH (2.0 mmol), benzyl alcohol 2a (1.10 mmol)



and NH4OAc (1.5 mmol) in 5.0 mL of toluene were taken in an
oil bath and the mixture was heated at 90 °C for 24 h under N2
atmosphere. The progress of the reaction was monitored by
TLC and the mixture was concentrated. The product (3a) was
separated by column with silica gel with hexane: ethylacetate
(95:5) as an eluent. This protocol was used as a general pro-
cedure for the synthesis of quinazoline derivatives.

Characterization of the catalytic isolated product of
quinazolines:

2-phenylquinazoline (3a).25 Yellow solid (93%, 156 mg). 1H
NMR (400 MHz, CDCl3) 6 9.46 (s, 1H), 8.62 (dd, ] = 7.9, 1.6 Hz,
2H), 8.09 (d, ] = 8.4 Hz, 1H), 7.93 - 7.88 (m, 2H), 7.62 - 7.49
(m, 4H).13C NMR (100 MHz, CDCI3) § 161.10, 160.55, 150.81,
138.07, 134.17, 130.66, 128.69, 128.61, 127.32, 127.17,
123.64.

2-(4-methoxyphenyl)quinazoline (3b).10i Pale yellow solid
(91%, 175 mg). 1H NMR (400 MHz, CDCI3) § 9.41 (s, 1H), 8.57
(d, J = 8.8 Hz, 2H), 8.04 (d, ] = 8.4 Hz, 1H), 7.87 (t, ] = 8.1 Hz,
2H), 7.56 (t, ] = 7.5 Hz, 1H), 7.04 (d, J = 8.8 Hz, 2H), 3.90 (s,
3H). 13C NMR (101 MHz, CDCl3) 6 161.86, 160.89, 160.46,
150.85, 134.10, 130.73, 130.24, 128.42, 12791, 127.18,
126.85,123.34,114.02, 55.45, 55.41.
2-(2,3,4-trimethoxyphenyl)quinazoline (3c).26 Pale yellow
solid (89%, 214mg). 'H NMR (400 MHz, CDClz) & 9.50 (s, 1H),
8.08 - 8.10 (m, 1H), 7.95 - 7.89 (m, 2H), 7.69 - 7.61 (m, 2H),
6.83 (d, ] = 8.8 Hz, 1H), 3.96 - 3.93 (m, 9H). 13C NMR (100
MHz, CDCI3) & 161.69, 160.20, 155.20, 153.18, 150.69, 142.87,
134.07, 12857, 127.40, 127.10, 126.79, 126.53, 123.01,
107.47, 61.83, 61.10, 56.14. m/z 298.5833 [M+2H+]+(calcd:
296.1200).

2-(m-tolyl)quinazoline (3d).11 White solid (84%, 150 mg). H
NMR (400 MHz, CDCI3) § 9.36 (s, 1H), 8.32 (d, ] = 9.1 Hz, 2H),
7.99 (d,] = 7.9 Hz, 1H), 7.80 (d, ] = 7.5 Hz, 2H), 7.51 - 7.48 (m,
1H), 7.36 - 7.32 (m, 1H), 7.23 (d, ] = 6.6 Hz, 1H). 13C NMR (101
MHz, CDCls) 6§ 161.25, 160.50, 150.80, 138.33, 137.99, 134.15,
131.49,129.16,128.64, 127.25,127.17,125.83,123.60, 21.60.
2-(p-tolyl)quinazoline (3e).27 Pale yellow solid (86%,154 mg).
1H NMR (400 MHz, CDCl3) § 9.45 (s, 1H), 8.51 (d, ] = 8.2 Hz,
2H),8.07 (d,] = 8.5 Hz, 1H), 7.92 - 7.88 (m, 2H), 7.60 (t,] = 7.3
Hz, 1H), 7.35 (d, ] = 8.1 Hz, 2H), 2.45 (s, 3H). 13C NMR (100
MHz, CDCls) § 161.19, 160.50, 150.84, 140.92, 135.34, 134.10,
129.46,128.58,128.55,127.17,127.10,123.55, 21.54.
2-(4-isopropylphenyl)quinazoline (3f).11d Yellow solid (82%,
165 mg). tH NMR (400 MHz, CDCl3) § 9.43 - 9.24 (m, 1H), 8.54
(d, J = 8.3 Hz, 2H), 8.00 (dd, J = 8.4, 0.7 Hz, 1H), 7.74 (ddd, ] =
8.9, 5.2, 1.7 Hz, 2H), 7.44 - 7.36 (m, 3H), 2.96 (dt, ] = 13.8, 6.9
Hz, 1H), 1.28 (d, J = 7.0 Hz, 6H). 13C NMR (100 MHz, CDCI3) §
161.14, 160.48, 151.77, 150.80, 135.74, 134.09, 128.78,
128.55,127.17,127.06, 126.84, 123.49, 34.19, 23.97.
2-(3-bromophenyl)quinazoline (3g).11i Yellow solid (71%,163
mg). 'H NMR (400 MHz, CDCls) § 9.41 (s, 1H), 8.77 (s, 1H),
8.53 (d,/ = 7.8 Hz, 1H), 8.05 (d, ] = 8.8 Hz, 1H), 7.89 (dd, J = 7.6,
4.0 Hz, 2H), 7.60 (t, ] = 7.5 Hz, 2H), 7.38 (t, / = 7.8 Hz, 1H). 13C
NMR (100 MHz, CDCI3) § 160.56, 159.53, 150.63, 140.09,
134.33, 133.48, 131.59, 130.16, 128.69, 127.68, 127.17,
127.12,123.75,122.96.

2-(4-chlorophenyl)quinazoline (3h).28 White solid (70%, 136
mg). 'H NMR (400 MHz, CDClI3) 6 9.39 (s, 1H), 8.50 (d, ] = 8.6
Hz, 2H), 8.01 (d, ] = 8.4 Hz, 1H), 7.88 - 7.86 (m, 2H), 7.57 (d,] =
7.6 Hz, 1H), 7.43 (d, ] = 8.6 Hz, 2H). 13C NMR (100 MHz, CDCls)
6 160.58, 160.10, 150.74, 136.88, 136.56, 134.31, 129.94,
128.87,128.64,127.51,127.20, 123.67.
2-(3-fluorophenyl)quinazoline (3i).28 Gray solid (67%, 122
mg). 1H NMR (400 MHz, CDCls) 6 9.38 (s, 1H), 8.35 - 8.33 (m,

1H), 8.25 (ddd, ] = 10.4, 2.5, 1.6 Hz, 1H), 8.02 - 8.00 (m, 1H),
7.85 (ddd, ] = 9.7, 5.0, 1.4 Hz, 2H), 7.56 (td, ] = 7.4, 1.0 Hz,
1H).13C NMR (100 MHz, CDCI3) & 164.53, 162.09, 160.60,
159.90, 150.69, 140.51, 140.44 (d, ] = 28 Hz), 134.34, 130.15,
130.07 (d, ] = 32 Hz), 128.72, 127.66, 127.19 (d, ] = 188 Hz),
124.21,124.18 (d, ] = 12 Hz), 123.79, 117.61, 117.40 (d, ] = 84
Hz), 115.55,115.32 (d, ] = 92 Hz).
2-(thiophen-2-yl)quinazoline (3j).2° White solid (66%, 114
mg). 'H NMR (400 MHz, CDCIs) 6 9.19 (s, 1H), 8.03 (d, ] = 2.9
Hz, 1H), 7.85 (d, / = 8.4 Hz, 1H), 7.70 (t, ] = 8.1 Hz, 2H), 7.39
(dd, J = 9.5, 5.4 Hz, 2H), 7.07 - 7.05 (m, 1H). 13C NMR (100
MHz, CDCl3) 8§ 160.54, 157.83, 150.58, 143.88, 134.38, 130.01,
129.29,128.45,128.15,127.29,127.01, 123.35.
2-(benzo[d][1,3]dioxol-5-yl)quinazoline (3Kk).11i Yellow solid
(69%, 140 mg). 1H NMR (400 MHz, CDCls) & 9.36 (s, 1H), 8.21
(dd,]J =8.2,1.6 Hz, 1H), 8.10 (d, ] = 1.5 Hz, 1H), 8.01 - 7.99 (m,
1H), 7.86 - 7.82 (m, 2H), 7.54 (dd, ] = 11.2, 3.8 Hz, 1H), 6.94 (d,
] = 8.2 Hz, 1H), 6.03 (s, 2H). 13C NMR (100 MHz, CDCI3) &
160.52, 160.36, 160.34, 150.76, 149.92, 148.21, 134.09,
134.06, 132.54, 132.52, 12845, 127.13, 127.12, 126.94,
126.92,123.55,123.40, 108.75,108.34,101.48,101.47.
2-([1,1'-biphenyl]-4-yl)quinazoline  (31).11  White solid
(62%,142 mg). 'H NMR (400 MHz, CDCls) & 9.43 (s, 1H), 8.68
(d, J=8.4 Hz, 2H), 8.07 (d, ] = 8.8 Hz, 1H), 7.87 (dd, /= 7.8, 6.4
Hz, 2H), 7.76 (d, ] = 8.4 Hz, 2H), 7.70 - 7.68 (m, 2H), 7.56 (t, ] =
7.5 Hz, 1H), 7.46 (t, J= 7.5 Hz, 2H), 7.36 (dd, J = 10.6, 4.1 Hz,
1H). 13CNMR (100 MHz, CDCIs) & 160.83, 160.55, 150.83,
143.27, 140.64, 137.03, 134.19, 129.11, 12891, 128.66,
127.74,127.39,127.29,127.25,127.21,123.64.
2-(naphthalen-1-yl)quinazoline (3m).118 Pale yellow solid
(60%, 125 mg). 'H NMR (400 MHz, CDCls) & 9.67 (s, 1H), 9.08
(d, ] =9.4 Hz, 1H), 8.73 (d, ] = 8.0 Hz, 1H), 8.35 - 7.99 (m, 9H),
7.73 (t, ] = 7.4 Hz, 1H), 7.26 (s, 1H). 13CNMR (100 MHz, CDCls)
§ 160.51, 150.79, 134.43, 133.40, 132.47, 131.37, 130.91,
129.08, 128.77, 128.49, 127.83, 127.50, 127.24, 126.05,
125.61,125.35,124.94,123.03.

2-(pyren-1-yl)quinazoline (3n).3° Yellow solid (58% and 156
mg). 'H NMR (400 MHz, CDCls) 9.61 (s, 1H), 8.69 - 8.66 (m,
1H), 8.17 (dd, J = 9.7, 8.2 Hz, 3H), 8.03 - 7.93 (m, 4H), 7.77 -
7.59 (m, 3H). 3CNMR (100 MHz, CDCl3) § 160.49, 150.60,
136.26, 134.47, 134.21, 130.45, 129.67, 128.68, 128.54,
127.85,127.24,126.92, 125.96, 125.90, 125.35, 123.18, 77.39,
77.07,76.75.
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N”~N”O Pincer Ligands Supported Palladium(II) Complexes: Direct Synthesis of Quinazolines via Double Dehydro-

genative Coupling of Alcohols

One-pot synthesis of quinazolines using Pd(II) complexes via double dehydrogenative coupling of readily available benzyl
alcohols and 2-aminobenzyl alcohol has been described. This approach unveiled a broad substrate scope to synthesize a
wide variety of quinazoline derivatives with the maximum yield of 93% at 1.5 mol% catalyst loading.
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Q Low catalyst loading
Q Wide substrate scope

Q Oxidant and additive free
Q Eco-friendly approach



