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In the presence of the [Cp*IrCl,]2/NaOH system, the direct N-alkylation of 2-aminoquinazolines and
2-aminopyrimidines with alcohols afforded the N-exosubstituted 2-(N-alkylamino)quinazolines and
2-(N-alkylamino)pyrimidines with 71-96% yields and complete regioselectivities. The protocol is highly

attractive because of easily available starting materials, high atom efficiency and environmental

www.rsc.org/njc friendliness.

Introduction

2-Aminoquinazoline and 2-aminopyrimidine are ubiquitous
structural motifs of many natural products and pharmaceuti-
cally active compounds. In particular, 2-(N-alkylamino)quina-
zolines and 2-(N-alkylamino)pyrimidines exhibit a wide range
of biological properties.' Selective examples include potent p38
inhibitors (A),"* lymphocyte-specific kinase (Lck) inhibitors
(B),"? dual orexin receptor antagonists (C),' cyclin-dependent
kinase inhibitors (D)," N-methyl-p-aspartate receptor antago-
nists (E)' and histamine H4 receptor antagonists (F) (Fig. 1).
Traditionally, 2-(N-alkylamino)quinazolines and 2-(N-alkylamino)-
pyrimidines were prepared by SyAr reactions of 2-haloquinazo-
lines and 2-halopyrimidines with alkylamines." These methods
suffer from the multistep synthesis of starting materials, the
use of excess amount of hypertoxic phosphorus oxychloride in
the conversion from quinazolinones and pyrimidinones to
2-haloquinazolines and 2-halopyrimidines, and the formation
of stoichiometric amount of halogen acids as side products
(Scheme 1). In the past few years, solid-phase synthesis** and
intramolecular cyclization?” have been developed for the
synthesis of 2-(N-alkylamino)quinazolines. However, these two
procedures are only available for the preparation of 2-(N-alkyl-
amino)-4-aminoquinazolines®® and 2-(N-alkylamino)-4-phenyl-
quinazolines,” and thus the synthetic potential is highly
restricted.
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t Electronic supplementary information (ESI) available: Copies of the 'H NMR
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Fig. 1 Biologically active 2-(N-alkylamino)quinazolines and 2-(N-alkylamino)-
pyrimidines.

The direct N-alkylation of 2-aminoquinazolines and 2-amino-
pyrimidines provides one of the most simple and ideal routes to
2-(N-alkylamino)quinazolines and 2-(N-alkylamino)pyrimidines.
However, such reactions using alkyl halides as alkylating agents
afforded the N-endosubstituted products due to the endocyclic
nitrogens being more basic than the exocyclic ones (Scheme 2,
top line).? In recent years, much attention has been paid to the
N-alkylation of amines with alcohols as alkylating agents based
on “hydrogen autotransfer (or hydrogen-borrowing) process”,*
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Scheme 1 Traditional methods for the preparation of 2-(N-alkylamino)-
quinazolines and 2-(N-alkylamino)pyrimidines.
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Scheme 2 Regioselective N-alkylation of 2-aminoquinazolines and 2-amino-
pyrimidines with alkyl halides or alcohols.

using iridium,” ruthenium® or other transition metal catalysts.”
In this process, alcohols are first dehydrogenated to form
aldehydes, followed by the condensation of the resulting alde-
hydes with amines to afford imine intermediates, which
are hydrogenated to give the final N-alkylated products. The
methodology is attractive because of high atom efficiency and
the formation of water as the only side product. Very recently,
we reported transition metal-catalyzed direct N-alkylation of
2-aminoazoles with alcohols to the corresponding 2-(N-alkyl-
amino)azoles, exhibiting the potential of alcohols rather than
alkyl halides as electrophilics in regioselective reactions.® We
also demonstrated iridium-catalyzed regioselective N3-alkyla-
tion of N-monosubstituted ureas with alcohols for the synthesis
of N,N'-alkylarylureas and N,N’-dialkylureas.’ As part of con-
tinuing interest in this field, we herein wish to describe our
efforts towards direct N-alkylation with alcohols as alkylating
agents for the preparation of 2-(N-alkylamino)quinazolines and
2-(N-alkylamino)pyrimidines. (Scheme 2, bottom line).

Results and discussion

Initially, the N-alkylation of 2-aminoquinazoline 1a with 1-butanol
2a was chosen as a model. The reaction was carried out in the
presence of commercially available [Cp*IrCl,], (Cp* = penta-
methylcyclopentadienyl) (0.2 mol%) at 150 °C for 12 h and no
product was detected (Table 1, entry 1). In the presence of a
base such as K,CO; and Cs,COj;, the reaction afforded the
desired product 3aa with 53% and 72% yields, respectively
(entries 2 and 3). Further, the product 3aa was obtained with
almost quantitative yield in the presence of the strong base
such as NaOH, KOH or NaOtBu (entries 4-6). Among them,
NaOH was selected as the base for further research. Using
[Ir(cod)Cl], (cod = 1,5-cyclooctadienyl) as an alternative catalyst,
the product was obtained with 51% yield (entry 7). It was also

This journal is ©@ The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2013
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Table 1 N-Alkylation of 2-aminoquinazoline 1a with 1-butanol 2a under

various conditions®
N Catalyst (0.2 mol%) N
| )\ EE NN Base (20 mol%) ©‘\A
7 OH —m@@8@88™— 7z
N~ “NH, ] N H/\/\
3aa

Solvent-free, Temp.

1a 2a
Entry Catalyst Base Temp./°C Yield” (%)
1 [Cp*IrCl,], — 150 0
2 [Cp*IrCl,], K,COs 150 53
3 [Cp*IrCL], Cs,CO; 150 72
4 [Cp*IrCl,], NaOH 150 9%
5 [Cp*IrCl,], KOH 150 92
6 [Cp*IrCl,], NaOtBu 150 90
7 [lr(cod)Cl], NaOH 150 51
8 — NaOH 150 0
9 [Cp*IrCly], NaOH 130 78
10 [Cp*IrCl,], NaOH 110 70

“ Reaction conditions: 1 mmol 1a, 5 mmol 2a, 0.2 mol% catalyst,
0.2 mmol base, 150 °C, 12 h. ? Isolated yield.

found that no reaction took place in the presence of NaOH
alone (entry 8). Attempts to decrease the reaction temperature
resulted in relatively low yields (entries 9 and 10).

Having established the optimal reaction condition (Table 1,
entry 4), the N-alkylation of 1a with a variety of alcohols 2 was
examined and the results are summarized in Table 2. Similar to
the case of 2a, the long-chain aliphatic primary alcohols, such
as 1-hexanol 2b and 1-octanol 2¢, were utilized to afford the
corresponding products 3ab and 3ac with 95% and 92% yields,
respectively (Table 2, entries 1 and 2). The short-chain aliphatic
primary alcohols such as ethanol 2d were also proven to be a
suitable alkylating agent, although the desired product 3ad was
obtained with 71% yield (entry 3). Further, reactions with the
branched aliphatic primary alcohols 2e-g gave the corres-
ponding products 3ae-3ag with 91-96% yields (entries 4-6).
The cyclic primary alcohol 2h and the cyclic secondary alcohol
with high steric hindrance 2i, were successfully converted to
afford the desired products 3ah and 3ai with 91% and 85%
yields, respectively (entries 7 and 8). High activities were also
found in the N-alkylation of 2-phenylethanol 2j and 3-phenyl-
propanol 2k, and the corresponding products 3aj and 3ak were
obtained with 83% and 93% yields, respectively (entries 9
and 10). When benzyl-type alcohols 2l-o were used as sub-
strates, reactions afforded the desired products 3al-3ao with
80-90% yields (entries 11-14).

To further expand the scope of the reaction, the N-alkylation of
a series of 2-aminoquinzolines and 2-aminopyrimidines 1 with 2a
was then investigated. As outlined in Table 3, reactions of
2-aminoquinazolines bearing an electron-donating group 1b and
an electron-withdrawing group 1c afforded the corresponding
products 3ba and 3ca with 80% and 81% yields, respectively
(Table 3, entries 1 and 2). Similarly, the N-alkylation of 2-amino-
quinazolines bearing a halide atom 1d and 1e gave the desired
products 3da and 3ea with 86% and 89% yields, respectively
(entries 3 and 4). The 2-aminoquinazoline bearing a substituent at
the 4 position 1f was alkylated to the corresponding product 3fa
with 83% yield (entry 5). In the case of 2-aminopyrimidine 1g, the
desired product 3ga was obtained with 95% yield (entry 6).

New J. Chem., 2013, 37, 624-631 | 625
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Table 2 N-Alkylation of 2-aminoquinazoline 1a with various alcohols 2°

@N
Z + 277N
N)\NH2 R

1a 2

[CP*IrCly] (0.2 mol%)
NaOH (20 mol%)

Solvent-free, 150 °C

3

)
N//I\H/\RZ

Entry Alcohol

Product

Yield® (%)

SN
Ao |
NN
N N
1 2b H
3ab
)
NN N0
2 N/)\N/\/\/\/\
2c H
3ac
SN
~ OO
3 NN
2d H
3ad
o 9P
4 OH N/)\N/\)\
3ae

OH

o
:
\ § @

N
»

p

29

.

©o
§ ’
N < ? 3
Q
I
o
T

»

}

10
2k
o
11
2|
o
12 Me'

626 | NewJ. Chem., 2013, 37, 624-631

2 _
\
IZ>_

3am

95

92

71¢

96

94

83

Table 2 (continued)
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Entry Alcohol

Product

Yield” (%)

o
FsC

13

14

B
”/*“A@L
N
CF.

3

3an
)
N/)\N/\C‘>
H \
3ao

80

90

¢ Reaction conditions: 1 mmol 1a, 5 mmol 2, 0.2 mol% [Cp*IrCl,],,
0.2 mmol NaOH, 150 °C, 12 h. ? Isolated yield. 1 mmol NaOH.

4 0.4 mmol NaOH.

Table 3 N-Alkylation of a series

dines 1 with 1-butanol 2a“

of 2-aminoquinazolines and 2-aminopyrimi-

R R!
2NN [Cp*IrCl3] (0.2 mol%) NN
H NaOH (20 mol% f N
C A gy ot @mat) |
N NH, Solvent-free, 150 °C SN NN
1 2a 3
Entry  Amine Product Yield” (%)
1 N/)\NHZ N/)\H/\/\ 30
1b 3ba
FSC@N F3C. | N
9 N/)\NHZ N//ku/\/\ 31
1c 3ca
F\@N F\C:FN
3 N//kNHz N/)\u/\/\ 36°
1d 3da
Br\@,\, Br | XN
4 N/)\NHQ N//ku/\/\ 9
1e 3ea
Ph Ph
ssTNe s
c
5 N/)\NHZ N//ku/\/\ 83
1f 3fa
pZ pZ
N
6 N~ NH, NTN 95
19 3ga
PhrN Ph | N
7 N/)\NHZ N/)\H/\/\ 36
1h 3ha
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Table 3 (continued)

Product Yield® (%)

PhO\FN
N//I\H/\/\
3ia

Entry  Amine

91

Ph Ph

o &
9 I /)\ | /)\N/\/\ 71°¢

Ph N NH, Ph N
H
1j 3ja
OH OH
o Cx
d
pZ Pz
10 Ph N)\NHZ Ph N H/\/\ 85
1k 3ka

“ Reaction conditions: 1 mmol amine, 5 mmol alcohol, 0.2 mol%
[Cp*IrCl,],, 0.2 mmol NaOH, 150 °C, 12 h. ? Isolated yield. ¢ 1 mmol
NaOH. ¢ 0.4 mmol NaOH.

Transformations of 2-aminopyrimidines bearing one and two
substituents 1h-1j afforded the corresponding products 3ha-3ja
with 71-91% yields (entries 7-9). The reaction was also applied to
2-amino-6-phenylpyrimidin-4-ol 1k (the tautomerism of 2-amino-
6-phenylpyrimidin-4(1H)-one) and the desired product 3ka was
produced with 85% yield (entry 10).

The N-alkylation of 2,4-diaminoquinazoline with alcohol was
also investigated. As shown in Scheme 3, the reaction of 4
(1 mmol) with 21 (5 mmol) was carried out for 12 h, affording
the corresponding N2,N4-dialkylated products 5 with 81% yield.

It should be noted that apart from the desired N-exosubsti-
tuted products, no isomer (the N-endosubstituted products)
and over-alkylated products were observed in all cases. In
addition, more than 20 mol% NaOH was required in a few
cases to obtain the products with high yields.

Based on the experimental results, a possible mechanism is
proposed to account for the regioselective reaction (Scheme 4).
The alcohols are first dehydrogenated to form the aldehydes
coordinated with iridium hydride species B.'® Obviously, the
exocyclic nitrogens are favored over the endocyclic ones of
2-aminoquinazolines or 2-aminopyrimidines in the condensa-
tion with the resulting B, giving the corresponding imines
coordinated with iridium hydride species C and/or D. The
addition of iridium hydride into the C=N bond of imines
afforded the amido-iridium species E and/or F. Finally, the
N-exosubstituted products were obtained and the catalytically

NH, HN
XN [CPAIrCl,, (0.2 mol%) XN
OH NaOH (20 mol%)
| /)\ * - | /)\
N7 NH, Solvent-free, 150 °C N ”/\©

Scheme 3 N-Alkylation of 2,4-diaminoquinazoline 4 with benzyl alcohol 2I.

4 21 5
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Scheme 4 The proposed reaction mechanism.

active alkoxo iridium species A were generated via amido—
alkoxo exchange reaction."™*?

Conclusion

We have developed a simple, efficient and general method for
the preparation of 2-(N-alkylamino)quinazolines and 2-(N-alkyl-
amino)pyrimidines via direct N-alkylation of the corresponding
amines with alcohols catalyzed by the [Cp*IrCl,],/NaOH
system. From a synthetic point of view, the protocol is highly
attractive because of easily available starting materials, high
atom efficiency, broad substrate scope and environmental
friendliness. Further studies to explore new potential of alcohols
as electrophiles are under way.

Experimental section
General experimental details

High-resolution mass spectra (HRMS) were obtained on a
HPLC-Q-Tof MS(Micro) spectrometer and are reported as m/z
(relative intensity). Accurate masses are reported for the mole-
cular ion [M + H]". Melting points were measured on a X-6
micro-melting apparatus (Beijing Tech Instrument Co., Ltd).
Proton nuclear magnetic resonance (lH NMR) spectra were
recorded at 500 MHz using a Bruker Avance 500 spectrometer.
Chemical shifts are reported in delta () units, parts per million
(ppm) downfield from trimethylsilane or ppm relative to the
center of the singlet at 7.26 ppm for CDCl;. Coupling constants
J values are reported in Hertz (Hz), and the splitting patterns
were designated as follows: s, singlet; d, doublet; t, triplet; m,
multiplet; b, broad. Carbon-13 nuclear magnetic resonance
(**C NMR) spectra were recorded at 125 MHz using a Bruker
Avance 500 spectrometer. Chemical shifts are reported in delta

New J. Chem., 2013, 37, 624-631 | 627
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(0) units, ppm relative to the center of the triplet at 77.0 ppm for
CDCl;. *C NMR spectra were routinely run with broadband
decoupling. All reactions were run under an atmosphere of
nitrogen, unless otherwise indicated. Analytical thin-layer chro-
matography (TLC) was carried out using 0.2 mm commercial
silica gel plates.

General procedure for N-alkylation of 2-aminoquinazolines
and 2-aminopyrimidines with alcohols catalyzed by the
[Cp*IrCL;],/NaOH system. To an oven-dried, nitrogen purged
25 ml Schlenk tube were added 2-aminoquinazolines or
2-aminopyrimidines (1 mmol), alcohol (5 mmol), NaOH
(0.2 mmol, 20 mol%) and [Cp*IrCl,], (0.002 mmol, 0.2 mol%).
The mixture was heated at 150 °C for 12 h and was then allowed
to cool to ambient temperature. The reaction mixture was
concentrated in vacuo and purified by flash column chromato-
graphy with hexane/ethyl acetate to afford the corresponding
product.

N-Butylquinazolin-2-amine (3aa). mp 49-50 °C; 'H NMR
(500 MHz, CDCl;) 6 8.95 (s, 1H, ArH), 7.68-7.64 (m, 2H, ArH),
7.58 (d, J = 8.5 Hz, 1H, ArH), 7.21 (t, J = 7.4 Hz, 1H, ArH), 5.21
(br s, 1H, NH), 3.55 (quart, J = 6.6 Hz, 2H, CH,N), 1.66 (quint,
J =7.3 Hz, 2H, CH,), 1.47 (sext, J = 7.4 Hz, 2H, CH,), 0.98 (t, ] =
5.9 Hz, 3H, CH;); "*C NMR (125 MHz, CDCl;) § 161.9, 159.8,
152.3, 134.1, 127.6, 125.6, 122.4, 120.2, 41.4, 31.8, 20.2, 13.9;
HRMS-EI (70 eV) m/z caled for C;,H 6N3 [M + H]" 202.1344,
found 202.1341.

N-Hexylquinazolin-2-amine (3ab). mp 73-74 °C; 'H NMR
(500 MHz, CDCl;) 6 8.95 (s, 1H, ArH), 7.68-7.64 (m, 2H, ArH),
7.58 (d, J = 8.6 Hz, 1H, ArH), 7.21 (t, J = 7.5 Hz, 1H, ArH), 5.24
(brs, 1H, NH), 3.54 (quart, = 6.6 Hz, 2H, CH,N), 1.67 (quint, J =
7.3 Hz, 2H, CH,), 1.43 (quint, J = 7.3 Hz, 2H, CH,), 1.35-1.32
(m, 4H, 2xCH,), 0.90 (t, J = 7.0 Hz, 3H, CH3); C NMR
(125 MHz, CDCl;) § 161.9, 159.7, 152.3, 134.2, 127.5, 125.5,
122.3, 120.1, 41.6, 31.6, 29.6, 26.7, 22.6, 14.0; HRMS-EI (70 eV)
m/z caled for C14H,N; [M + H] 230.1657, found 230.1654.

N-Octylquinazolin-2-amine (3ac). mp 70-72 °C; 'H NMR
(500 MHz, CDCl,) 6 8.95 (s, 1H, ArH), 7.68-7.64 (m, 2H, ArH),
7.58 (d, J = 8.5 Hz, 1H, ArH), 7.21 (t, J = 7.5Hz, 1H, ArH), 5.24
(br s, 1H, NH), 3.54 (quart, J = 6.6 Hz, 2H, CH,N), 1.67 (quint, J =
7.3 Hz, 2H, CH,), 1.43 (quint, J = 7.3 Hz, 2H, CH,), 1.38-1.28
(m, 8H, 4xCH,), 0.88 (t, J = 7.0 Hz, 3H, CHj); *C NMR
(125 MHz, CDCl3) 6 161.9, 159.8, 152.3, 134.1, 127.5, 125.5,
122.3, 120.2, 41.6, 31.8, 29.6, 29.3, 29.2, 27.0, 22.6, 14.1; HRMS-EI
(70 eV) m/z caled for C1cH,4N; [M + H]" 258.1970, found 258.1975.

N-Ethylquinazolin-2-amine (3ad).”® mp 88-89 °C (lit."* mp
96-97 °C); 'H NMR (500 MHz, CDCl;) § 8.96 (s, 1H, ArH),
7.68-7.64 (m, 2H, ArH), 7.59 (d, J = 8.4 Hz, 1H, ArH), 7.21 (t, ] =
7.4 Hz, 1H, ArH), 5.26 (br s, 1H, NH), 3.58 (quint, J = 6.9 Hz, 2H,
CH,), 1.30 (t,J = 7.3 Hz, 3H, CH,); ">C NMR (125 MHz, CDCl;) 6
161.9, 159.7, 152.3, 134.2, 127.5, 125.6, 122.4, 120.2, 36.5, 14.8.

N-Isopentylquinazolin-2-amine (3ae). mp 68-69 °C; "H NMR
(500 MHz, CDCl,) 6 8.95 (s, 1H, ArH), 7.68-7.64 (m, 2H, ArH),
7.58 (d, J = 8.4 Hz, 1H, ArH), 7.21 (t, J = 7.4 Hz, 1H, ArH), 5.20
(br s, 1H, NH), 3.56 (quart, J = 6.8 Hz, 2H, CH,N), 1.79-1.71 (m,
1H, CH), 1.56 (quart, J = 7.3 Hz, 2H, CH,), 0.97 (d, ] = 6.6 Hz, 6H,
2XCH3); **C NMR (125 MHz, CDCl;) 6 161.9, 159.8, 152.3, 134.1,
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127.5,125.5, 122.3, 120.1, 39.9, 38.6, 25.8, 22.6; HRMS-EI (70 eV)
m/z caled for Cy3H N5 [M + H]" 216.1501, found 216.1503.
N-(2-Ethylhexyl)quinazolin-2-amine (3af). mp 47-48 °C;
'H NMR (500 MHz, CDCl;) § 8.95 (s, 1H, ArH), 7.67-7.63
(m, 2H, ArH), 7.57 (d, J = 8.4 Hz, 1H, ArH), 7.20 (t, ] = 7.4 Hz,
1H, ArH), 5.26 (br s, 1H, NH), 3.54-3.45 (m, 2H, CH,N),
1.63-1.57 (m, 1H, CH), 1.48-1.30 (m, 8H, 4xCH,), 0.94 (t, J =
7.4 Hz, 3H, CH3), 0.90 (t, ] = 7.1 Hz, 3H, CH3); "*C NMR (125 MHz,
CDCl3) § 161.9, 160.0, 152.2, 134.1, 127.5, 125.5, 122.3, 120.1,
44.3,39.5,31.2, 29.0, 24.4, 23.1, 14.1, 11.0; HRMS-EI (70 V) m/z
caled for C16H,4N; [M + H]' 258.1970, found 258.1971.
N-(2-Methylbutyl)quinazolin-2-amine (3ag). mp 94-95 °C;
'"H NMR (500 MHz, CDCl;) § 8.95 (s, 1H, ArH), 7.67-7.63
(m, 2H, ArH), 7.58 (d, J = 8.2 Hz, 1H, ArH), 7.20 (t, J = 7.3 Hz,
1H, ArH), 5.31 (br s, 1H, NH), 3.50 (quint, J = 6.3 Hz, 1H, CHN),
3.37 (quint, J = 6.2 Hz, 1H, CHN), 1.79-1.70 (m, 1H, CH), 1.53
(sept, J = 6.9 Hz, 1H, CH), 1.26 (sept, J = 7.3 Hz, 1H, CH), 1.00
(d, J = 6.8 Hz, 3H, CH3), 0.95 (t, / = 7.4 Hz, 3H, CH;); >C NMR
(125 MHz, CDCl;) § 161.9, 159.9, 152.2, 134.1, 127.5, 125.5,
122.4, 120.1, 47.3, 34.9, 27.4, 17.5, 11.6; HRMS-EI (70 eV) m/z
caled for Cy3HgN; [M + H]' 216.1501, found 216.1498.
N-(Cyclohexylmethyl)quinazolin-2-amine (3ah). mp 138-139 °C;
"H NMR (500 MHz, CDCl;) § 8.94 (s, 1H, CH, ArH), 7.67-7.63
(m, 2H, ArH), 7.57 (d, J = 8.4 Hz, 1H, ArH), 7.20 (t, ] = 7.4Hz, 1H,
ArH), 5.33 (br s, 1H, NH), 3.41 (t, J = 6.3 Hz, 2H, CH,N), 1.84
(d, J = 6.6 Hz, 2H, CH,), 1.76-1.73 (m, 2H, CH,), 1.69-1.60 (m,
2H, CH,), 1.30-1.15 (m, 3H, CH, and CH), 1.04 (m, 2H, CH,);
3C NMR (125 MHz, CDCl;) § 161.8, 160.0, 152.3, 134.1, 127.5,
125.5,122.2, 120.2, 47.9, 38.0, 31.0, 26.5, 26.0; HRMS-EI (70 eV)
m/z caled for Cy5H,oN; [M + H]" 242.1657, found 242.1660.
N-Cyclohexylquinazolin-2-amine (3ai) (ref. 14). mp 111-112 °C;
'"H NMR (500 MHz, CDCl;) 6 8.94 (s, 1H, ArH), 7.66-7.62 (m,
2H, ArH), 7.56 (d, J = 8.6 Hz, 1H, ArH), 7.19 (t, / = 7.4 Hz, 1H,
ArH), 5.20 (br s, 1H, NH), 4.04-3.97 (m, 1H, CH), 2.12-2.09 (m,
2H, CH,), 1.79-1.75 (m, 2H, CH,), 1.68-1.64 (m, 1H, CH),
1.51-1.42 (m, 2H, CH,), 1.31-1.24 (m, 3H, CH, and CH); *C
NMR (125 MHz, CDCl;) § 161.9, 159.0, 152.4, 134.0, 127.6,
125.5, 122.3, 120.1, 49.7, 33.3, 25.8, 24.9.
N-Phenethylquinazolin-2-amine (3aj). mp 131-132 °C;
'H NMR (500 MHz, CDCl;) & 8.95 (s, 1H, ArH), 7.69-7.64
(m, 2H, ArH), 7.60 (d, J = 8.3 Hz, 1H, ArH), 7.33-7.30 (t, J =
7.5 Hz, 2H, ArH), 7.28-7.26 (d, J = 7.2 Hz, 2H, ArH), 7.23 (t, ] =
7.3 Hz, 2H, ArH), 5.30 (br s, 1H, NH), 3.83 (quart, /= 6.6 Hz, 2H,
CH,N), 2.99 (t, ] = 7.0 Hz, 2H, CH,); *C NMR (125 MHz, CDCl;)
4 162.0, 159.6, 152.2, 139.4, 134.1, 128.9, 128.6, 127.5, 126.4,
125.6, 122.5, 120.2, 42.7, 35.7; HRMS-EI (70 eV) m/z calcd for
C16H16N3 [M + H]" 250.1344, found 250.1346.
N-(3-Phenylpropyl)quinazolin-2-amine (3ak). mp 83-84 °C
"H NMR (500 MHz, CDCl;) 6 8.95 (s, 1H, ArH), 7.68-7.64 (m,
2H, ArH), 7.58 (d, J = 8.3 Hz, 1H, ArH), 7.30-7.26 (m, 2H, ArH),
7.23-7.17 (m, 4H, ArH), 5.32 (br s, 1H, NH), 3.59 (quart, J =
6.7 Hz, 2H, CH,N), 2.76 (t, ] = 7.8 Hz, 2H, CH,), 2.02 (quint, J =
7.4 Hz, 2H, CH,); *C NMR (125 MHz, CDCl;) § 161.9, 159.8,
152.2, 141.7, 134.1, 128.4, 128.4, 127.5, 125.9, 125.6, 122.4,
120.2, 41.1, 33.2, 31.2; HRMS-EI (70 eV) mjz caled for
C;7H15N; [M + H]" 264.1501, found 264.1502.
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N-Benzylquinazolin-2-amine (3al). mp 123-125 °C '"H NMR
(500 MHz, CDCl;) 6 8.95 (s, 1H, ArH), 7.72-7.66 (m, 2H, ArH),
7.62 (t, J = 7.0 Hz, 1H, ArH), 7.42 (d, J = 7.4Hz, 2H, ArH), 7.35
(t,] = 7.4 Hz, 2H, ArH), 7.30-7.26 (m, 2H, ArH), 5.82 (br s, 1H,
NH), 4.79 (d, J = 5.3 Hz, 2H, CH,N); "*C NMR (125 MHz, CDCl5)
5 162.0, 159.6, 152.2, 139.2, 134.2, 128.6, 127.8, 127.5, 127.2,
125.6, 122.6, 120.3, 45.6.

N-(4-Methylbenzyl)quinazolin-2-amine (3am). mp 142-143 °C;
'H NMR (500 MHz, CDCl;) § 8.93 (s, 1H, ArH), 7.70-7.65 (m,
2H, ArH), 7.61 (d, J = 8.3Hz, 1H, ArH), 7.30 (d, J = 7.7 Hz, 1H,
ArH), 7.24 (t, ] = 7.6 Hz, 2H, ArH), 7.15 (d, J = 7.9 Hz, 2H, ArH),
5.74 (br s, 1H, NH), 4.73 (d, J = 5.7 Hz, 2H, CH,N), 2.34 (s, 3H,
CH,); "*C NMR (125 MHz, CDCl;) § 162.1, 159.4, 152.1, 136.8,
136.0, 134.2, 129.2, 127.8, 127.5, 125.6, 122.6, 120.3, 45.7, 21.3;
HRMS-EI (70 eV) m/z caled for C;sH N5 [M + H]' 250.1344,
found 250.1349.

N-(4-(Trifluoromethyl)benzyl)quinazolin-2-amine (3an). mp
152-153 °C; 'H NMR (500 MHz, CDCl;) 6 8.96 (s, 1H, ArH),
7.71-7.67 (m, 2H, ArH), 7.60-7.58 (m, 3H, ArH), 7.52 (d, J =
8.1 Hz, 2H, ArH), 7.26 (t, ] = 7.5 Hz, 1H, ArH), 5.82 (br s, 1H,
NH), 4.85 (d, J = 6.3 Hz, 1H, CH,N); "*C NMR (125 MHz, CDCl;)
0 162.1, 159.4, 152.0, 143.6, 134.3, 129.5 (quart, Jo_p = 29.2 Hz),
127.8, 127.5, 125.7, 125.5, 124.2 (quart, Jo_p = 270.8 Hz), 122.9,
120.5, 45,1; HRMS-EI (70 eV) m/z caled for C;4H;3N3F5 [M + H]'
304.1062 found 304.1072.

N-(Thiophen-2-ylmethyl)quinazolin-2-amine ~ (3a0). mp
136-138 °C; 'H NMR (500 MHz, CDCI;) 6 8.94 (s, 1H, ArH),
7.71-7.63 (m, 3H, ArH), 7.26 (t, ] = 7.6 Hz, 1H, ArH), 7.20 (d, J =
5.0 Hz, 1H, ArH), 7.07 (d, ] = 2.9 Hz, 1H, ArH), 6.96 (t, ] = 4.3 Hz,
1H, ArH), 5.79 (br s, 1H, NH), 4.94 (d, J = 6.0 Hz, 2H, CH,N);
13C NMR (125 MHz, CDCl;) 6 162.0, 159.1, 152.0, 142.1, 134.2,
127.6, 126.7, 125.7, 125.6, 124.9, 122.8, 120.4, 40.6; HRMS-EI
(70 eV) m/z caled for Cy3H1,N3S [M + H|' 242.0752 found
242.0753.

N-Butyl-6-methoxyquinazolin-2-amine (3ba). mp 86-87 °C;
'H NMR (500 MHz, CDCl;) 6 8.88 (s, 1H, ArH), 7.53 (d, J =
9.1 Hz, 1H, ArH),7.35 (dd, J = 9.3 Hz and 2.7 Hz, 1H, ArH), 6.96
(d,J = 2.6 Hz, 1H, ArH), 5.11 (br s, 1H, NH), 3.86 (s, 3H, OCH,),
3.52 (quart, J = 6.6 Hz, 2H, CH,N), 1.65 (quint, J = 7.3 Hz, 2H,
CH,), 1.46 (sext, J = 7.4Hz, 2H, CH,), 0.97 (t, J = 7.3 Hz, 3H,
CHj,); "*C NMR (125 MHz, CDCl;) § 160.3, 159.1, 154.8, 148.2,
127.1, 126.5, 120.2, 105.1, 55.5, 41.4, 31.8, 20.2, 13.8; HRMS-EI
(70 eV) m/z caled for C;3HigN;O [M + H]' 230.1657, found
230.1654.

N-Butyl-6-(trifluoromethyl)quinazolin-2-amine  (3ca). mp
104-106 °C; 'H NMR (500 MHz, CDCl;) 6 9.00 (s, 1H, ArH),
7.93 (s, 1H, ArH), 7.81 (dd, J = 8.8 Hz and 1.9 Hz, 1H, ArH), 7.65
(s, 1H, ArH), 5.49 (br s, 1H, NH), 3.56 (quart, J = 6.6 Hz, 2H,
CH,N), 1.67 (quint, J = 7.4 Hz, 2H, CH,), 1.46 (sext, J = 7.4 Hz,
2H, CH,), 0.98 (t, J = 7.4 Hz, 3H, CH;); *C NMR (125 MHz,
CDCl;) & 162.5, 160.6, 153.8, 129.7, 126.6, 125.5, 124.1 (quart,
Jor = 33.3 Hz), 124.1 (quart, Jo_ = 270.8Hz), 118.8, 41.3, 31.5,
20.1, 13.8; HRMS-EI (70 €V) m/z caled for C;3H;sN;3F; [M + H]"
270.1218, found 270.1219.

N-Butyl-6-fluoroquinazolin-2-amine (3da). mp 83-84 °C; "H NMR
(500 MHz, CDC13) 0 8.91 (s, 1H, ArH), 7.59 (dd, J = 9.2 Hz and
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5.1 Hz, 1H, ArH), 7.44 (dt, J = 8.9 Hz and 2.9 Hz, 1H, ArH), 7.27
(dd, J = 8.2 Hz and 2.9 Hz, 1H, ArH), 5.26 (br s, 1H, NH), 3.52
(quart, J = 6.6 Hz, 2H, CH,N), 1.65 (quint, J = 7.3 Hz, 2H, CH,),
1.46 (sext, J = 7.5 Hz, 2H, CH,), 0.97 (t, J = 7.4 Hz, 3H, CH,); *C
NMR (125 MHz, CDCl3) § 161.0 (d, Jo_r = 4.5 Hz), 159.6, 157.6
(d,Jo-r = 242.7 Hz), 149.3, 127.8 (d, Jo_r = 7.8 Hz), 124.0 (d, Jc_p =
25.2 Hz), 119.7 (d, Jc_r = 8.2 Hz), 110.5 (d, Jc_r = 21.6 Hz), 41.4,
31.7, 20.2, 13.8; HRMS-EI (70 eV) m/z caled for C;,H;sN3F
[M + H]" 220.1250, found 220.1255.

6-Bromo-N-butylquinazolin-2-amine (3ea). mp 123-124 °C;
'"H NMR (500 MHz, CDCl;) § 8.87 (s, 1H, ArH), 7.78 (d, J =
7.2 Hz, 1H, ArH), 7.70 (dd, J = 9.1 Hz and 2.2 Hz, 1H, ArH), 7.46
(d, J = 9.0 Hz, 1H, ArH), 5.32 (brs, 1H, NH), 3.52 (quart, ] = 6.6
Hz,2H, CH,N), 1.67 (quint, J = 8.1 Hz, 2H, CH,), 1.45 (sext, J =
7.4 Hz, 2H, CH,), 0.97 (t, J = 7.2 Hz, 3H, CH;); *C NMR
(125 MHz, CDCl;) § 160.9, 159.8, 151.2, 137.3, 129.5, 127.5,
121.1, 114.9, 41.6, 31.8, 20.3, 13.9; HRMS-EI (70 eV) m/z caled
for C,,H;sN3Br [M + H]" 280.0449, found 280.0454.

N-Butyl-4-phenylquinazolin-2-amine (3fa). mp 72-74 °C;
'H NMR (500 MHz, CDCl;) 6 7.78 (d, J = 8.6 Hz, 1H, ArH),
7.70-7.63 (m, 4H, ArH), 7.56-7.52 (m, 3H, ArH), 7.16-7.13 (m,
1H, ArH), 5.29 (br s, 1H, NH), 3.57 (quart, 2H, J = 6.6 Hz, CH,N),
1.67 (quint, J = 7.2 Hz, 2H, CH,),1.47 (sext, J = 7.5Hz, 2H, CH,),
0.98 (t,J = 7.4 Hz, 3H, CH;); >*C NMR (125 MHz, CDCl;) § 169.9,
159.1, 153.4, 137.5, 133.6, 129.6, 129.4, 128.4, 127.4, 126.1,
122.1, 118.4, 41.3, 31.8, 20.1, 13.9; HRMS-EI (70 eV) m/z caled
for C1gH,0N; [M + H]" 278.1657, found 278.1661.

N-Butylpyrimidin-2-amine (3ga) (ref. 15). Oil, '"H NMR
(500 MHz, CDCl;) ¢ 8.26 (d, J = 4.5 Hz, 2H, CH, ArH), 6.48 (t,
J=4.8 Hz, 1H, ArH), 5.62 (br s, 1H, NH), 3.40 (quart, J = 6.6 Hz,
2H, CH,N), 1.60 (quint, J = 7.4 Hz, 2H, CH,), 1.42 (sext, J =
7.5 Hz, 2H, CH,), 0.94 (t, J = 7.4 Hz, 3H, CH;); *C NMR
(125 MHz, CDCl;) 6 162.5, 158.0, 110.2, 41.1, 31.6, 20.1, 13.7.

N-Butyl-5-phenylpyrimidin-2-amine (3ha). mp 88-90 °C;
'H NMR (500 MHz, CDCl3) § 8.52 (s, 2H, ArH), 7.47 (d, J =
7.3 Hz, 2H, ArH), 7.44 (t,] = 7.6 Hz, 2H, ArH), 7.34 (t,] = 7.2 Hz,
1H, ArH), 5.25 (br s, 1H, NH), 3.46 (quart, J = 6.6 Hz, 2H, CH,N),
1.63 (quint, J = 7.4 Hz, 2H, CH,), 1.45 (sext, ] = 7.5 Hz, 2H, CH,),
0.97 (t,J = 7.4 Hz, 3H, CH3); ">C NMR (125 MHz, CDCl;) § 161.9,
156.3, 135.7, 129.1, 127.2, 125.8, 123.6, 41.4, 31.9, 20.2, 13.7;
HRMS-EI (70 eV) m/z caled for Ci,Hy N3 [M + H]" 228.1501,
found 228.1502.

N-Butyl-5-phenoxypyrimidin-2-amine (3ia). mp 43-44 °C;
"H NMR (500 MHz, CDCl;) J 8.14 (s, 2H, ArH), 7.31 (t, J =
7.5 Hz, 2H, ArH), 7.06 (t, ] = 7.2 Hz, 1H, ArH), 6.93 (d, J = 7.6 Hz,
2H, ArH), 5.12 (br s, 1H, NH), 3.40 (quart, J = 6.7 Hz, 2H, CH,N),
1.61 (quint, J = 7.4 Hz, 2H, CH,), 1.43 (sext, J = 7.4 Hz, 2H, CH,),
0.96 (t, ] = 7.4 Hz, 3H, CH3); ">C NMR (125 MHz, CDCl;) § 159.7,
158.5, 151.0, 142.6, 130.0, 122.9, 116.5,41.6, 31.7, 20.2, 13.7;
HRMS-EI (70 eV) m/z caled for C14H N30 [M + H]' 244.1450,
found 244.1452.

N-Butyl-4,6-diphenylpyrimidin-2-amine (3ja) (ref. 16). mp
75-76 °C (lit."®* mp 65-66 °C); 'H NMR (500 MHz, CDCIl;) §
8.09-8.08 (m, 4H, ArH), 7.51-7.47(m, 6H, ArH), 7.39 (s, 1H, ArH),
5.25 (t, J = 5.4 Hz, 1H, NH), 3.60 (quart, J = 6.6 Hz, 2H, CH,N),
1.68 (quint, J = 7.3 Hz, 2H, CH,), 1.48 (sext, J = 7.4 Hz, 2H, CH,),
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0.99 (t,J = 7.4 Hz, 3H, CH3); ">C NMR (125 MHz, CDCl;) § 165.7,
163.1, 138.2, 130.2, 128.7, 127.1, 102.8, 41.3, 32.0, 20.2, 13.9.

2-(butylamino)-6-phenylpyrimidin-4-ol (3ka) (ref. 17). mp
166-168 °C (lit."” mp 180-181 °C); "H NMR (500 MHz, CDCl;) §
11.89 (br s, 1H, OH), 8.00-7.98 (m, 2H, ArH), 7.45-7.46 (m, 3H,
ArH), 6.23 (s, 1H, ArH), 6.21 (br s, 1H, NH), 3.55 (quart, J =
6.5 Hz, 2H, CH,N), 1.68 (quint, / = 7.3 Hz, 2H, CH,), 1.48 (sext,
J = 7.4 Hz, 2H, CH,), 0.99 (t, J = 7.4 Hz, 3H, CH;); *C NMR
(125 MHz, CDCl;) § 166.2, 165.3, 154.4, 137.6, 130.3, 128.5,
127.1, 97.1, 40.7, 31.5, 20.1, 13.8.

N2,N4-dibenzylquinazoline-2,4-diamine (5) (ref. 18). mp
148-149 °C; '"H NMR (500 MHz, CDCl;) § 8.43 (s, 1H, NH),
8.00 (d, J = 8.1 Hz, 1H, ArH), 7.47 (t, J = 7.5 Hz, 1H, ArH),
7.33-7.16 (m, 11H, ArH), 7.08 (br s, 1H, NH), 7.03 (t, ] = 7.5 Hz,
1H, ArH), 4.70 (s, 2H, CH,N), 4.50 (s, 2H, CH,N); *C NMR
(125 MHz, CDCl;) § 159.9, 159.4, 152.1, 141.3, 139.9, 132.2,
128.2, 128.0, 127.4, 127.2, 126.6, 126.2, 124.7, 122.7, 120.0,
111.1, 43.9, 43.3.
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