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Preparation of isoquinazolines via metal-free
[4 + 2] cycloaddition of ynamides with nitriles†

Hao Wu,‡a Yu Liu,‡a Ming-xing He,a Hao Wen,a Wei Cao,a Ping Chen*a and
Yu Tang *a,b

TfOH-mediated [4 + 2] cycloaddition of ynamides with nitriles to construct 1,2-dihydroquinazolines is

realized by a direct reaction in moderate to excellent yields (up to 93%) in a stereospecific manner. A rapid

and efficient strategy has been employed for the syntheses of alkyl-substituted 1,2-dihydroquinazoline

derivatives, and it exhibits good functional group tolerance, has a short reaction time, shows excellent

diastereoselectivity, and is a simple and high-yielding reaction.

Introduction

Quinazoline alkaloid is an important scaffold ubiquitously
present in many natural products, agrochemicals and other
pharmaceutically active ingredients.1 Its diverse pharmacologi-
cal activities such as anticancer, antifungal and anti-hyperten-
sive activities have attracted extensive attention.2 In particular,
quinazolines represent a relevant class of derivatives that have
been studied as potent pan-KIT mutant kinase inhibitors,
transmembrane voltage-gated sodium channel Naν1.7 inhibi-
tors, and potent inhibitors lipid kinase phosphoinositide-3-
kinases (PI3Ks) (Fig. 1).3

Because of the great demand for quinazolines and their
derivatives, a multitude of synthetic methods have been devel-
oped.4 Ynamides, owing to their special reactivity, are regarded
as extremely prominent and versatile N-containing building
blocks in numerous organic reactions.5 The cycloaddition reac-
tion of ynamides is the most widely used method for the con-
struction of various heterocyclic compounds. Herein [4 + 2]
cycloaddition of ynamides and nitriles has been extensively
studied to prepare N-containing compounds.6 The Maulide
group reported TfOH-mediated regioselective formal [4 + 2]
cycloaddition of ynamides and nitriles for the synthesis of iso-
quinoline products.6e The Skrydstrup group further developed
[4 + 2] cycloaddition of ynamides with imines to form iso-

quinoline derivatives.6f Recently, considerable heterocyclic
compounds have been synthesized by a catalytic [2 + 2 + 2]
cycloaddition reaction between ynamides and nitriles.7 Our
group reported the syntheses of 4-aminopyrimidine and
δ-carboline derivatives via TfOH-mediated [2 + 2 + 2] cyclo-
addition of ynamides and nitriles and a direct metal-free pro-
tocol for the synthesis of quinazolines from common N-alkyl-
N′-arylamidine under photoredox conditions (Scheme 1).8,4c

Herein, we report the syntheses of 1,2-dihydroquinazoline
derivatives through TfOH-mediated regioselective [4 + 2]
cycloadditions between various ynamides and nitriles.

Results and discussion

Our initial attempt to obtain 1,2-dihydroquinazoline 3a
involved using starting material 1a (0.125 mmol), benzonitrile
2a (0.125 mmol) and 4 Å MS in the presence of TfOH
(0.125 mmol) in CH2Cl2 under N2 at −40 °C. Delightfully, the
expected product 3a was obtained in a yield of 78% within
1 minute (Table 1, entry 1). Afterward, we examined different
Brønsted acids such as HPF6 and Tf2NH and Lewis acids
including BF3·Et2O, Fe(OTf)3, AgOTf and Sc(OTf)3, but these
acids were not able to improve the reaction (entries 2 and 4–7),
even with a prolonged reaction time of more than 24 h.
Notably, Tf2NH could also facilitate this reaction affording the

Fig. 1 Important quinazoline bioactive molecules.
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product in 45% yield (entry 3). Furthermore, attempts to
increase the reaction temperature to room temperature
resulted in a lower yield (entry 8). The solvent effect was also
examined. DCE and toluene exhibited less efficiency (entries 9
and 10), and there were no desired products obtained in other
solvents, such as THF and DMF (entries 11 and 12).
Interestingly, we found that the yield could not be improved by
increasing the acid loading to 1.5 equivalents (entry 13).
Moreover, the impact of ynamide 1a loading and concen-

trations on the reaction was then investigated, and 1.2 equiva-
lents of 1a were identified as the optimal loading, which furn-
ished 3a in the highest yield (entries 14, 15 and 17). The yield
of product 3a was slightly reduced under an air atmosphere
(entry 16).

Scheme 2 depicts nitriles 2a–q which were compatible with
our cycloaddition. To our delight, various functionalities on
the aromatic rings were compatible, giving the corresponding
products in good to excellent yields (3a–3l). For the 4-substi-
tuted benzonitriles 2b–d, bearing electron-donating groups
(for example, OMe, Me and CH2Cl), the corresponding pro-
ducts 3b–d were obtained in 78%, 71% and 83% yields,
respectively. A group of halogen atoms, including fluorine,
chloride, and bromide (3e–3h), were compatible to produce
satisfactory outcomes, which provide valuable opportunities
for further late-stage derivatizations. Electron-withdrawing
groups were well tolerated to afford the expected products
smoothly. Strong electron-withdrawing groups, such as tri-
fluoromethyl and nitro groups, also gave good results (3i and
3j). Additionally, disubstituted substrates were well-tolerated
(3k and 3l). For 3-thienylnitrile and 4-nitrophenylnitrile, the
resulting products 3m and 3n were obtained in 80% and 67%
yields. This method was also compatible with the aliphatic
nitriles (3o–3q), thus yielding the desired isoquinazolines 3o,
3p and 3q, respectively, in 62%–79% yields.

Scheme 1 Cycloadditions between ynamides and nitriles.

Table 1 Optimization studiesa,b,c

Entry Acid (eq.) 1a (eq.) T (°C) Solvent Yield (%)

1 TfOH (1.0) 1.0 −40 CH2Cl2 78
2 BF3·Et2O (1.0) 1.0 −40 CH2Cl2 —
3 Tf2NH (1.0) 1.0 −40 CH2Cl2 45
4d HPF6 (1.0) 1.0 −40 CH2Cl2 Trace
5e Fe(OTf)3 (1.0) 1.0 −40 CH2Cl2 —
6e AgOTf (1.0) 1.0 −40 CH2Cl2 —
7e Sc(OTf)3 (1.0) 1.0 −40 CH2Cl2 —
8 TfOH (1.0) 1.0 r.t. CH2Cl2 64
9 TfOH (1.0) 1.0 −40 DCE 71
10 TfOH (1.0) 1.0 −40 Toluene 72
11 TfOH (1.0) 1.0 −40 THF Decomposed
12 TfOH (1.0) 1.0 −40 DMF Trace
13 TfOH (1.5) 1.0 −40 CH2Cl2 76
14 TfOH (0.8) 0.8 −40 CH2Cl2 74
15 TfOH (1.2) 1.2 −40 CH2Cl2 92
16 f TfOH (1.2) 1.2 −40 CH2Cl2 89
17g TfOH (1.2) 1.2 −40 CH2Cl2 87

aUnless noted otherwise, all reactions were conducted using ynamide
1a, benzonitrile 2a (0.125 mmol), 4 Å MS and acid in 2 mL of solvent
under a N2 atmosphere. b Isolated yield. c Time (within 1 min). d Time
(0.5 h). e Time (over 24 h). fUnder an air atmosphere. gCH2Cl2 (4 mL)
was added.

Scheme 2 Cycloaddition of ynamide 1a with various nitriles. Unless
noted otherwise, all reactions were carried out using ynamide 1a
(0.15 mmol), nitriles 2 (0.125 mmol), TfOH (0.15 mmol) and 4 Å MS in
2 mL of solvent under a N2 atmosphere. Isolated yield.
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After exploring the scope of nitriles, the other reaction
partner, the ynamides were then probed. The results are
depicted in Scheme 3. Functional groups such as OMe, Me, Cl
and Br presented good compatibility (4a–4d). For example, 4b
was generated from 1c in 67% yield. Additionally, ynamide
incorporating the electron-withdrawing sulfonyl group (e.g.,
Ns) tended to decrease its reactivity (4f ). Besides, the tert-
butyl-like-substituted substrates 1i–1l also undergo cyclo-
addition, producing the corresponding products 4h–4k in
good yields.

The structures of all [4 + 2] cyclization products 3 and 4
were determined by 1H NMR, 13C NMR, 19F NMR and HR MS.
In addition, the absolute configuration of 3k was confirmed by
X-ray single-crystal analysis (Scheme 4).

According to the above experimental results, a plausible
mechanism is elucidated (Scheme 5).6a,8,9 Ynamide 1a was
activated by TfOH to form keteniminium ion I. The benzo-
nitrile attacked keteniminium ion I to obtain intermediate II,
and subsequently II was cyclized by 6-endo-dig cyclization to
obtain intermediate III. Finally, 3a was formed through
β-elimination. When the benzonitrile attacked intermediate I,
the steric hindrance effect of the tert-butyl was detrimental to
the subsurface attack of the benzonitrile, whereas the steric
hindrance effect of the hydrogen atom was low, which was
favorable for the attack of the benzonitrile from the surface
(hydrogen atom side) to obtain the Z-type product 3a.

Conclusions

In summary, we have developed a direct approach for the
preparation of isoquinazolines, by the treatment of ynamides
and nitriles in the presence of TfOH. Accordingly a possible
accompanying mechanism of the reaction is proposed. This
strategy may show promise in the synthesis of useful pharma-
ceuticals and bioactive molecules. Additionally, this method-
ology is environmentally friendly and atom economical,
because of using inexpensive and non-toxic TfOH instead of
the metal-catalyzed pathway. We anticipate that the ynamides
will continue to be explored and utilized.

Experimental section
General experimental method

Unless otherwise noted, all reactions were performed in flame-
dried glassware under air. Solvents were distilled prior to use.
Reagents were commercially available and used as purchased
unless otherwise noted. Chromatographic separations were
performed using a Kangbino 48–75 Å SiO2.

1H and 13C NMR
spectra were obtained on 400 MHz or 500 MHz spectrometers
using CDCl3 with TMS or a residual solvent as the standard
unless otherwise noted. Melting points were determined using
melting point apparatus and were uncorrected/calibrated. TLC
analysis was performed using Kangbino glass-backed plates
(60 Å, 250 μm) and visualized using UV and iodine stains.
High-resolution mass spectra were obtained using a Thermo
Fisher Exactive APCI-orbitrap spectrometer.

Substrate preparation

General procedure 1 for the syntheses of ynamides (1a–1h).10a

To a flask were added CuCl2·H2O (20 mol%), benzenesulfona-
mide (5.0 eq.) and Na2CO3 (2.0 eq.). The reaction flask was
purged with oxygen for 15 min. A solution of pyridine (2.0 eq.)
in dry toluene (0.2 M) was added. A balloon filled with oxygen
was connected to the flask and the flask was heated at 70 °C.
After 15 min, a solution of 3,3-dimethylbut-1-yne (1.0 eq.) in
dry toluene (0.2 M) was added over 4 h using a dropping
funnel. Upon completion, the reaction mixture was cooled to
room temperature and diluted with EtOAc and filtered through
Celite, and the filtrate was concentrated in vacuum. The

Scheme 3 Cycloaddition of benzonitrile with ynamides. Unless noted
otherwise, all reactions were carried out using ynamide 1a (50 mg,
1.2 eq.), benzonitrile 2a (1 eq.), TfOH (1.2 eq.) and 4 Å MS in 2 mL of
solvent under a N2 atmosphere. Isolated yield.

Scheme 4 X-ray single-crystal structure of 3k.

Scheme 5 Proposed mechanism.
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residue was purified by flash chromatography on silica gel
with petroleum ether/ethyl acetate.

General procedure 2 for the syntheses of ynamides (1i–1l).10a–d

Step 1: LiAlH4 (2.0 eq.) was suspended in THF at 0 °C, and
then the carboxylic acid (1.0 eq.) dissolved in THF was added
dropwise within 15 minutes. The resulting suspension was
refluxed overnight. The reaction mixture was quenched with
water at 0 °C and treated with (5%) aq. HCl. The aqueous layer
was extracted with EtOAc. The combined organic layers were
dried over Na2SO4 and the solvent was removed under reduced
pressure. The product was used without further purification in
the next step.

Step 2: Pyridinium chlorochromate (1.2 eq.) and moderate
silica gel were combined and ground with a mortar and pestle
until a fine, light-orange powder resulted. The powder was
transferred into a flask and suspended in DCM, and then
alcohol (1.0 eq.) was added via a syringe, and the resulting
mixture was stirred overnight at room temperature. The
mixture was filtered through Celite, and the filter pad was
washed with DCM. The solvent was evaporated under the
reduced pressure. The residue was purified by flash chromato-
graphy on silica gel with petroleum ether/ethyl acetate.

Step 3: CBr4 (2.0 eq.) and PPh3 (4.0 eq.) were stirred at 0 °C
in DCM, and then aldehyde (1.0 eq.) was added dropwise to
the reaction mixture at 0 °C. The ice bath was removed, and
the reaction mixture was stirred at room temperature over-
night. The reaction mixture was quenched with pentane and
filtered through Celite, and then the organic layers were
washed with sat. aq. NaCl and dried over MgSO4 and the
solvent was removed under reduced pressure. This product
was used without further purification directly in the next
reaction.

Step 4: To a stirred solution of dibromide (1.0 eq.) in DMSO
was added Cs2CO3 (2.5 eq.). The reaction mixture was stirred
for 12 h at 115 °C. Upon completion, the reaction mixture was
cooled to room temperature and diluted with pentane and
filtered through Celite and the layers were separated, and the
organic layers were washed with sat. aq. NaCl and dried over
MgSO4 and the solvent was removed under reduced pressure.
The product was used without further purification in the next
step.

Step 5: To a flask were added CuCl2·H2O (20 mol%), sulfo-
namide (5.0 eq.) and Na2CO3 (2.0 eq.), and then the reaction
flask was purged with oxygen for 15 min. A solution of pyri-
dine (2.0 eq.) in dry toluene (0.2 M) was added. A balloon
filled with oxygen was connected to the flask and the flask was
heated at 70 °C. After 15 min, a solution of alkyne (1.0 eq.) in
dry toluene (0.2 M) was added over 4 h using a dropping
funnel. After this addition, the reaction mixture was allowed to
cool to room temperature. Upon completion, the reaction
mixture was cooled to room temperature and diluted with
EtOAc and filtered through Celite, and the filtrate was concen-
trated in vacuum. The residue was purified by flash chromato-
graphy on silica gel with petroleum ether/ethyl acetate.

N-(3,3-Dimethylbut-1-yn-1-yl)-4-methyl-N-phenylbenzenesul-
fonamide (1a). Following the general procedure 1; purified by

using silica gel column chromatography (13.1 g, 71%); white
solid; mp: 75–76 °C; Rf = 0.55 (PE/EA = 90 : 10); 1H NMR
(500 MHz, CDCl3) δ 7.55 (d, J = 8.3 Hz, 2H), 7.34–7.23 (m, 7H),
2.44 (s, 3H), 1.24 (s, 9H); 13C{1H} NMR (125 MHz, CDCl3)δ
144.6, 139.5, 132.7, 129.1, 128.8, 128.4, 127.7, 125.9, 78.5, 73.1,
31.0, 27.5, 21.7; HRMS (APCI–orbitrap) m/z: calcd for
C19H22NO2S [M + H]+ 328.1366, found 328.1363.

N-(3,3-Dimethylbut-1-yn-1-yl)-N-phenylmethanesulfonamide (1b).
Following the general procedure 1; purified by using silica gel
column chromatography (1.09 g, 34%); white solid; mp:
86–87 °C; Rf = 0.5 (PE/EA = 90 : 10); 1H NMR (400 MHz, CDCl3)
δ 7.52–7.48 (m, 2H), 7.43–7.37 (m, 2H), 7.35–7.29 (m, 1H), 3.05
(s, 3H),1.28 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 139.3,
129.4, 128.0, 125.3, 79.2, 72.4, 35.8, 31.1, 27.7; HRMS (APCI–
orbitrap) m/z: calcd for C13H18NO2S [M + H]+ 252.1053, found
252.1054.

N-(3,3-Dimethylbut-1-yn-1-yl)-4-nitro-N-phenylbenzenesulfon-amide
(1c). Following the general procedure 1; purified by using silica
gel column chromatography (604 mg, 15%); pale yellow solid;
mp: 144–146 °C; Rf = 0.55 (PE/EA = 95 : 5); 1H NMR (400 MHz,
CDCl3) δ 8.33 (d, J = 8.8 Hz, 2H), 7.83 (d, J = 8.8 Hz, 2H),
7.38–31 (m, 3H), 7.24–7.19 (m, 2H), 1.24 (s, 9H); 13C{1H} NMR
(100 MHz, CDCl3) δ 150.8, 140.9, 138.8, 129.6, 129.3, 128.6,
125.9, 123.9, 79.4, 72.2, 31.0, 27.6; HRMS (APCI–orbitrap) m/z:
calcd for C18H19N2O4S [M + H]+ 359.1060, found 359.1060.

N-(3,3-Dimethylbut-1-yn-1-yl)-4-methyl-N-(p-tolyl)benzenesul-fon-
amide (1d). Following the general procedure 1; purified by
using silica gel column chromatography (837 mg, 21%); white
solid; mp: 90–91 °C; Rf = 0.5 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.57–7.53 (m, 2H), 7.28–7.24 (m, 2H), 7.10
(s, 4H), 2.44 (s, 3H), 2.34 (s, 3H), 1.22 (s, 9H); 13C{1H} NMR
(100 MHz, CDCl3) δ 144.6, 138.0, 137.0, 132.8, 129.6, 129.2,
128.5, 126.1, 78.1, 73.4, 31.1, 27.6, 21.8, 21.2; HRMS (APCI–
orbitrap) m/z: calcd for C20H24NO2S [M + H]+ 342.1522, found
342.1521.

N-(3,3-Dimethylbut-1-yn-1-yl)-N-(p-tolyl)methanesulfonamide (1e).
Following the general procedure 1; purified by using silica gel
column chromatography (1.12 g, 25%); white solid; mp:
78–79 °C; Rf = 0.45 (PE/EA = 90 : 10); 1H NMR (400 MHz,
CDCl3) δ 7.39–7.34 (m, 2H), 7.22–7.18 (m, 2H), 3.03 (s, 3H),
2.36 (s, 3H), 1.27 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3)
δ 138.2, 136.8, 130.0, 125.4, 78.7, 72.7, 35.6, 31.1, 27.7, 21.1;
HRMS (APCI–orbitrap) m/z: calcd for C14H20NO2S [M + H]+

266.1209, found 266.1209.
N-(3,3-Dimethylbut-1-yn-1-yl)-N-(4-methoxyphenyl)-4-methyl-

benzenesulfonamide (1f ). Following the general procedure 1;
purified by using silica gel column chromatography (1.93 g,
19%); white solid; mp: 96–97 °C; Rf = 0.45 (PE/EA = 90 : 10); 1H
NMR (400 MHz, CDCl3) δ 7.57–7.52 (m, 2H), 7.29–7.25 (d, J =
7.9 Hz, 3H), 7.13–7.08 (m, 2H), 6.83–6.78 (m, 2H), 3.80 (s, 3H),
2.45 (s, 3H), 1.22 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3)
δ 159.2, 144.6, 132.7, 132.3, 129.2, 128.6, 127.7, 114.1, 77.9,
73.6, 55.6, 31.1, 27.6, 21.8; HRMS (APCI–orbitrap) m/z: calcd
for C20H24NO3S [M + H]+ 358.1471, found 358.1471.

N-(4-Chlorophenyl)-N-(3,3-dimethylbut-1-yn-1-yl)-4-methyl-benz-
enesulfonamide (1g). Following the general procedure 1; puri-
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fied by using silica gel column chromatography (1.64 g, 28%);
white solid; mp: 98–99 °C; Rf = 0.6 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.56–7.52 (m, 2H), 7.30–7.25 (m, 4H),
7.20–7.16 (m, 2H), 2.44 (s, 3H), 1.23 (s, 9H); 13C{1H} NMR
(100 MHz, CDCl3) δ 145.0, 138.2, 133.6, 132.5, 129.4, 129.1, 128.5,
127.2, 79.1, 72.8, 31.1, 27.6, 21.8; HRMS (APCI–orbitrap) m/z:
calcd for C19H21ClNO2S [M + H]+ 362.0976, found 362.0975.

N-(4-Bromophenyl)-N-(3,3-dimethylbut-1-yn-1-yl)-4-methyl-benz-
enesulfonamide (1h). Following the general procedure 1; puri-
fied by using silica gel column chromatography (2.07 g, 17%);
white solid; mp: 112–114 °C; Rf = 0.55 (PE/EA = 90 : 10); 1H
NMR (400 MHz, CDCl3) δ 7.56–7.52 (m, 2H), 7.45–7.40 (m, 2H),
7.30–7.25 (m, 2H), 7.14–7.10 (m, 2H), 2.44 (s, 3H),1.22 (s, 9H);
13C{1H} NMR (100 MHz, CDCl3) δ 145.0, 138.7, 132.5, 132.1,
129.4, 128.5, 127.5, 121.6, 79.1, 72.7, 31.0, 27.6, 21.8; HRMS
(APCI–orbitrap) m/z: calcd for C19H21BrNO2S [M + H]+

406.0471, found 406.0472.
N-(((1S,3S)-Adamantan-1-yl)ethynyl)-4-methyl-N-phenyl-benzene-

sulfonamide (1i). Following the general procedure 2; purified by
using silica gel column chromatography (1.15 g, 28%); white
solid; mp: 110–112 °C; Rf = 0.4 (PE/EA = 95 : 5); 1H NMR
(400 MHz, CDCl3) δ 7.57–7.52 (m, 2H), 7.33–7.22 (m, 7H), 2.44
(s, 3H), 1.95 (s, 3H), 1.88–1.83 (m, 6H), 1.73–1.63 (s, 6H); 13C
{1H} NMR (100 MHz, CDCl3) δ 144.7, 139.6, 132.7, 129.3, 128.9,
128.5, 127.8, 126.0, 78.4, 73.5, 43.0, 36.4, 29.7, 28.1, 21.8;
HRMS (APCI–orbitrap) m/z: calcd for C25H28NO2S [M + H]+

406.1835, found 406.1834.
N-(((1S,3S)-Adamantan-1-yl)ethynyl)-N-phenylmethanesulfon-amide

(1j). Following the general procedure 2; purified by using silica
gel column chromatography (441 mg, 12%); white solid; mp:
111–112 °C; Rf = 0.35 (PE/EA = 90 : 10); 1H NMR (400 MHz,
CDCl3) δ 7.52–7.48 (m, 2H), 7.42–7.37 (m, 2H), 7.34–7.29 (m,
1H), 3.05 (s, 3H), 1.97 (s, 3H), 1.94–189 (m, 6H), 1.74–1.65 (m,
6H); 13C{1H} NMR (100 MHz, CDCl3) δ 139.3, 129.3, 127.9,
125.3, 79.1, 72.8, 43.0, 36.4, 35.7, 29.8, 28.1; HRMS (APCI–orbi-
trap) m/z: calcd for C19H24NO2S [M + H]+ 330.1522, found
330.1523.

4-Methyl-N-phenyl-N-((1-phenylcyclopentyl)ethynyl)benzene-sul-
fonamide (1k). Following the general procedure 2; purified by
using silica gel column chromatography (829 mg, 34%); color-
less oil; Rf = 0.45 (PE/EA = 90 : 10); 1H NMR (400 MHz, CDCl3)
δ 7.49–7.44 (m, 4H), 7.32–7.15 (m, 10H), 2.40 (s, 3H), 2.23–2.14
(m, 2H), 2.04–1.75 (m, 6H); 13C{1H} NMR (100 MHz, CDCl3)
δ 145.4, 144.8, 139.5, 132.9, 129.4, 129.1, 128.4, 128.3, 128.0,
126.5, 126.4, 126.0, 76.6, 76.4, 47.5, 42.3, 24.4, 21.8; HRMS
(APCI–orbitrap) m/z: calcd for C26H26NO2S [M + H]+ 416.1679,
found 416.1679.

4-Methyl-N-((1-methylcyclohexyl)ethynyl)-N-phenylbenzenesul-
fonamide (1l). Following the general procedure 2; purified by
using silica gel column chromatography (1.22 g, 20%); color-
less oil; Rf = 0.6 (PE/EA = 90 : 10); 1H NMR (400 MHz, CDCl3)
δ 7.56–7.52 (m, 2H), 7.34–7.22 (m, 7H), 2.43 (s, 3H), 1.73–1.50
(m, 7H), 1.23–1.07 (m, 6H); 13C{1H} NMR (100 MHz, CDCl3)
δ 144.7, 139.7, 132.9, 129.3, 129.0, 128.4, 127.8, 126.0, 76.7,
75.3, 39.6, 32.9, 30.5, 25.9, 23.5, 21.8; HRMS (APCI–orbitrap)
m/z: calcd for C22H26NO2S [M + H]+ 368.1679, found 368.1680.

General procedure A for TfOH-mediated reaction of ynamide
(1a) with various nitriles (2a–2q). To a suspension of ynamide
(1a) (50.0 mg, 0.15 mmol, 1.2 eq.), nitriles (0.125 mmol, 1 eq.)
and 4 Å MS in dry CH2Cl2 (2 mL), TfOH was added dropwise
(13.5 μl, 0.15 mmol, 1.2 eq.) via a syringe pump at −40 °C
under a nitrogen atmosphere. Then, the reaction was moni-
tored by TLC. When the reaction appeared to be complete,
saturated aq. NaHCO3 was added to the mixture and the result-
ing mixture was extracted with DCM (2 × 10 ml). The organic
layers were washed with sat. aq. NaCl and dried over Na2SO4.
Filtration and concentration of the mixture in vacuo afforded
the crude product that was purified by flash silica gel column
chromatography (gradient eluent: EtOAc/petroleum ether) to
obtain the corresponding products.

(Z)-2-(2,2-Dimethylpropylidene)-4-phenyl-1-tosyl-1,2-dihydro-
quinazoline (3a). Following the general procedure A; purified
by using silica gel column chromatography (49.9 mg, 91%);
white solid; mp: 118–119 °C; Rf = 0.4 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.84 (d, J = 7.6 Hz, 1H), 7.58–7.51 (m, 1H),
7.39–7.19 (m, 6H), 7.14–7.09 (m, 1H), 7.05–7.00 (m, 2H), 6.87
(d, J = 8.0 Hz, 2H), 5.99 (s, 1H), 2.18 (s, 3H), 1.36 (s, 9H); 13C
{1H} NMR (100 MHz, CDCl3) δ 160.0, 144.0, 142.4, 139.1, 135.6,
134.39, 134.37, 131.7, 129.8, 129.1, 129.0, 128.4, 127.9, 127.1,
126.8, 126.7, 126.3, 34.2, 30.4, 21.4; HRMS (APCI–orbitrap) m/
z: calcd for C26H27N2O2S [M + H]+ 431.1788, found 431.1788.

(Z)-2-(2,2-Dimethylpropylidene)-4-(p-tolyl)-1-tosyl-1,2-dihydro-
quinazoline (3b). Following the general procedure A; purified
by using silica gel column chromatography (44.1 mg, 78%);
white solid; mp: 123–124 °C; Rf = 0.4 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.85 (d, J = 7.9 Hz, 1H), 7.58–7.51 (m, 1H),
7.27–7.20 (m, 3H), 7.16–7.06 (m, 3H), 6.94 (d, J = 8.0 Hz, 2H),
6.88 (d, J = 8.0 Hz, 2H), 5.98 (s, 1H), 2.37 (s, 3H), 2.19 (s, 3H),
1.37 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.9, 143.9,
142.1, 139.9, 139.2, 134.4, 132.8, 131.6, 129.02, 128.99, 128.6,
128.5, 128.4, 127.2, 126.8, 126.6, 126.4, 34.2, 30.4, 21.5, 21.4;
HRMS (APCI–orbitrap) m/z: calcd for C27H29N2O2S [M + H]+

445.1944, found 445.1942.
(Z)-2-(2,2-Dimethylpropylidene)-4-(4-methoxyphenyl)-1-tosyl-

1,2-dihydroquinazoline (3c). Following the general procedure A;
purified by using silica gel column chromatography (41.6 mg,
71%); white solid; mp: 145–147 °C; Rf = 0.25 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.0 Hz, 1H), 7.59–7.52
(m, 1H), 7.24 (d, J = 8.2 Hz, 3H), 7.18–7.13 (m, 1H), 7.03 (d, J =
8.7 Hz, 2H), 6.87 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H),
5.96 (s, 1H), 3.84 (s, 3H), 2.19 (s, 3H), 1.36 (s, 9H); 13C{1H}
NMR (100 MHz, CDCl3) δ 160.9, 159.5, 143.8, 141.7, 139.2,
134.4, 131.6, 130.6, 129.0, 128.4, 128.1, 127.2, 126.8, 126.6,
126.5, 113.2, 55.5, 34.1, 30.4, 21.5; HRMS (APCI–orbitrap) m/z:
calcd for C27H29N2O3S [M + H]+ 461.1893, found 461.1888.

(Z)-4-(4-(Chloromethyl)phenyl)-2-(2,2-dimethylpropylidene)-1-
tosyl-1,2-dihydroquinazoline (3d). Following the general pro-
cedure A; purified by using silica gel column chromatography
(43.2 mg, 83%); white solid; mp: 142–143 °C; Rf = 0.4 (PE/EA =
90 : 10); 1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.0 Hz, 1H),
7.60–7.54 (t, J = 7.6 Hz, 1H), 7.32 (d, J = 8.0 Hz, 2H), 7.28–7.21
(m, 3H), 7.12 (d, J = 7.7 Hz, 1H), 7.06 (d, J = 8.0 Hz, 2H), 6.88
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(d, J = 8.1 Hz, 2H), 6.00 (s, 1H), 4.60 (s, 2H), 2.19 (s, 3H), 1.37
(s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.3, 144.0, 142.8,
139.1, 139.0, 135.6, 134.4, 134.3, 131.8, 129.4, 129.1, 128.4,
128.1, 126.93, 126.91, 126.8, 126.1, 45.8, 34.2, 30.4, 21.5;
HRMS (APCI–orbitrap) m/z: calcd for C27H28ClN2O2S [M + H]+

479.1555, found 479.1551.
(Z)-4-(3-Chlorophenyl)-2-(2,2-dimethylpropylidene)-1-tosyl-1,2-

dihydroquinazoline (3e). Following the general procedure A;
purified by using silica gel column chromatography (55.0 mg,
93%); white solid; mp: 138–139 °C; Rf = 0.6 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.0 Hz, 1H), 7.61–7.51
(m, 1H), 7.35 (d, J = 7.9 Hz, 1H), 7.30–7.18 (m, 4H), 7.12–7.00
(m, 2H), 6.96–6.84 (m, 3H), 6.02 (s, 1H), 2.24 (s, 3H), 1.37 (s,
9H); 13C{1H} NMR (100 MHz, CDCl3) δ 158.6, 144.3, 143.4,
139.1, 137.4, 134.3, 134.2, 133.8, 132.0, 129.8, 129.5, 129.1,
129.0, 128.4, 127.1, 127.0, 126.7, 125.9, 34.3, 30.3, 21.5; HRMS
(APCI–orbitrap) m/z: calcd for C26H26ClN2O2S [M + H]+

465.1398, found 465.1396.
(Z)-4-(4-Chlorophenyl)-2-(2,2-dimethylpropylidene)-1-tosyl-1,2-

dihydroquinazoline (3f ). Following the general procedure A;
purified by using silica gel column chromatography (51.4 mg,
87%); white solid; mp: 143–144 °C; Rf = 0.4 (PE/EA = 90 : 10); 1H
NMR (500 MHz, CDCl3) δ 7.86 (d, J = 8.1 Hz, 1H), 7.59–7.54 (m,
1H), 7.29–7.21 (m, 5H), 7.09 (d, J = 7.8 Hz, 1H), 7.00 (d, J = 8.4
Hz, 2H), 6.89 (d, J = 8.1 Hz, 2H), 6.00 (s, 1H), 2.20 (s, 3H), 1.37 (s,
9H); 13C{1H} NMR (125 MHz, CDCl3) δ 158.6, 143.8, 142.9, 139.1,
135.8, 134.4, 131.8, 130.2, 128.9, 128.4, 128.1, 126.9, 126.7, 126.6,
125.9, 34.1, 30.3, 21.4; HRMS (APCI–orbitrap) m/z: calcd for
C26H26ClN2O2S [M + H]+ 465.1398, found 465.1396.

(Z)-4-(4-Bromophenyl)-2-(2,2-dimethylpropylidene)-1-tosyl-1,2-
dihydroquinazoline (3g). Following the general procedure A;
purified by using silica gel column chromatography (51.1 mg,
79%); white solid; mp: 148–149 °C; Rf = 0.55 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.0 Hz, 1H), 7.61–7.54
(m, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.29–7.20 (m, 4H), 7.11–7.06
(m, 1H), 6.96–6.87 (m, 4H), 6.00 (s, 1H), 2.21 (s, 3H), 1.37 (s,
9H); 13C{1H} NMR (100 MHz, CDCl3) δ 158.8, 144.0, 143.1,
139.2, 134.5, 134.4, 134.2, 131.9, 131.1, 130.6, 129.0, 128.5,
127.0, 126.8, 125.9, 124.2, 34.3, 30.3, 21.5; HRMS (APCI–orbi-
trap) m/z: calcd for C26H26BrN2O2S [M + H]+ 509.0893, found
509.0892.

(Z)-2-(2,2-Dimethylpropylidene)-4-(4-fluorophenyl)-1-tosyl-1,2-
dihydroquinazoline (3h). Following the general procedure A;
purified by using silica gel column chromatography (50.2 mg,
88%); white solid; mp: 128–129 °C; Rf = 0.4 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.88–7.84 (m, 1H), 7.60–7.54 (m,
1H), 7.28–7.22 (m, 4H), 7.12–7.03 (m, 3H), 7.02–6.95 (m, 2H),
6.91–6.87 (m, 2H), 5.99 (s, 1H), 2.20 (s, 3H), 1.37 (s, 9H);
13C{1H} NMR (100 MHz, CDCl3) δ 163.7 (d, J = 248.8 Hz), 158.9,
143.9, 142.6, 139.2, 134.4, 134.2, 131.9, 131.7 (d, J = 3.0 Hz),
131.0, 130.9, 129.0, 128.5, 126.9, 126.8 (d, J = 5.3 Hz), 126.1,
115.0 (d, J = 21.5 Hz), 34.2, 30.4, 21.4; 19F NMR (376 MHz,
CDCl3) δ −110.53. HRMS (APCI–orbitrap) m/z: calcd for
C26H26FN2O2S [M + H]+ 449.1694, found 449.1690.

(Z)-2-(2,2-Dimethylpropylidene)-1-tosyl-4-(4-(trifluoromethyl)-
phenyl)-1,2-dihydroquinazoline (3i). Following the general pro-

cedure A; purified by using silica gel column chromatography
(55.2 mg, 87%); white solid; mp: 123–124 °C; Rf = 0.4 (PE/EA =
90 : 10); 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.1 Hz, 1H),
7.61–7.54 (m, 3H), 7.29–7.23 (m, 3H), 7.18 (d, J = 8.3 Hz, 2H),
7.07 (d, J = 7.8 Hz, 1H), 6.90 (d, J = 8.3 Hz, 2H), 6.05 (s, 1H),
2.19 (s, 3H), 1.38 (s, 9H); 13C{1H} NMR (125 MHz, CDCl3) δ

158.4, 143.9, 143.6, 139.1, 138.9 (d, J = 1.1 Hz), 134.4, 134.1,
132.0, 131.5 (q, J = 32.4 Hz), 129.22, 129.0, 128.4, 127.0, 126.8,
126.4, 125.7, 124.8(q, J = 3.8 Hz), 123.9(d, J = 270.9 Hz), 34.2,
30.2, 21.3; 19F NMR (470 MHz, CDCl3) δ −62.80. HRMS (APCI–
orbitrap) m/z: calcd for C27H26F3N2O2S [M + H]+ 499.1662,
found 499.1658.

(Z)-2-(2,2-Dimethylpropylidene)-4-(4-nitrophenyl)-1-tosyl-1,2-di-
hydroquina zoline (3j). Following the general procedure A; puri-
fied by using silica gel column chromatography (35.1 mg,
58%); pale yellow solid; mp: 151–152 °C; Rf = 0.45 (PE/EA =
90 : 10); 1H NMR (400 MHz, CDCl3) δ 8.16 (d, J = 8.7 Hz, 2H),
7.89 (d, J = 7.7 Hz, 1H), 7.65–7.59 (m, 1H), 7.31–7.21 (m, 5H),
7.04 (d, J = 7.7 Hz, 1H), 6.91 (d, J = 8.0 Hz, 2H), 6.09 (s, 1H),
2.22 (s, 3H), 1.38 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3)
δ 157.7, 148.5, 144.7, 144.1, 141.6, 139.1, 134.4, 134.2, 132.3,
129.9, 129.1, 128.5, 127.2, 127.1, 126.2, 125.6, 123.2, 34.4,
30.3, 21.5; HRMS (APCI–orbitrap) m/z: calcd for C26H26N3O4S
[M + H]+ 476.1639, found 476.1636.

(Z)-4-(2,6-Dichlorophenyl)-2-(2,2-dimethylpropylidene)-1-tosyl-
1,2-dihydroquina zoline (3k). Following the general procedure
A; purified by using silica gel column chromatography
(51.4 mg, 81%); white solid; mp: 183–185 °C; Rf = 0.3 (PE/EA =
90 : 10); 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.1 Hz, 1H),
7.57–7.51 (m, 1H), 7.41 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.0 Hz,
1H), 7.27–7.21 (m, 1H), 7.20–7.13 (m, 2H), 7.05 (d, J = 8.1 Hz,
2H), 6.70 (d, J = 7.7 Hz, 1H), 6.03 (s, 1H), 2.31 (s, 3H), 1.38 (s,
9H); 13C{1H} NMR (100 MHz, CDCl3) δ 155.8, 144.2, 143.4,
138.1, 136.2, 135.9, 134.0, 133.8, 133.7, 132.2, 130.6, 129.8,
128.6, 128.5, 127.7, 126.7, 125.9, 125.4, 124.3, 34.4, 30.1, 21.5;
HRMS (APCI–orbitrap) m/z: calcd for C26H25Cl2N2O2S [M + H]+

499.1008, found 499.1006.
(Z)-4-(3,5-Difluorophenyl)-2-(2,2-dimethylpropylidene)-1-tosyl-

1,2-dihydroquina zoline (3l). Following the general procedure
A; purified by using silica gel column chromatography
(42.2 mg, 71%); white solid; mp: 171–172 °C; Rf = 0.45 (PE/EA
= 90 : 10); 1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 8.0 Hz, 1H),
7.62–7.57 (m, 1H), 7.31–7.25 (m, 1H), 7.22 (d, J = 8.2 Hz, 2H),
7.09 (d, J = 7.8 Hz, 1H), 6.93 (d, J = 8.3 Hz, 2H), 6.86–6.80 (m,
1H), 6.57–6.51 (m, 2H), 6.03 (s, 1H), 2.24 (s, 3H), 1.37 (s, 9H);
13C{1H} NMR (125 MHz, CDCl3) δ 162.5 (d, J = 247.9 Hz), 162.4
(d, J = 247.9 Hz), 157.6 (t, J = 2.9 Hz), 144.3, 143.9, 139.0, 138.8
(t, J = 8.8 Hz), 134.2, 134.0, 132.1, 129.0, 128.4, 127.0, 126.9,
126.3, 125.6, 111.9 (d, J = 7.5 Hz), 111.7 (d, J = 7.5 Hz), 105.2,
104.9 (t, J = 25.3 Hz), 34.2, 30.2, 21.1; 19F NMR (470 MHz,
CDCl3) δ −109.26. HRMS (APCI–orbitrap) m/z: calcd for
C26H25F2N2O2S [M + H]+ 467.1599, found 467.1599.

(Z)-2-(2,2-Dimethylpropylidene)-4-(thiophen-3-yl)-1-tosyl-1,2-di-
hydroquinazoline (3m). Following the general procedure A; puri-
fied by using silica gel column chromatography (44.4 mg,
80%); colorless oil; Rf = 0.4 (PE/EA = 90 : 10); 1H NMR
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(400 MHz, CDCl3) δ 7.84 (d, J = 8.0 Hz, 1H), 7.61–7.54 (m, 1H),
7.36–7.28 (m, 2H), 7.28–7.23 (m, 2H), 7.20 (d, J = 8.2 Hz, 2H),
7.10 (s, 1H), 7.07–7.03 (m, 1H), 6.85 (d, J = 8.0 Hz, 2H), 5.96 (s,
1H), 2.17 (s, 3H), 1.36 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3)
δ 155.2, 143.9, 142.2, 139.1, 137.6, 134.2, 134.1, 131.8, 128.9,
128.4, 128.0, 127.6, 126.9, 126.7, 126.6, 125.3, 34.2, 30.4, 21.5;
HRMS (APCI–orbitrap) m/z: calcd for C24H25N2O2S2 [M + H]+

437.1352, found 437.1356.
(Z)-2-(2,2-Dimethylpropylidene)-4-(4-nitrobenzyl)-1-tosyl-1,2-di-

hydroquinazoline (3n). Following the general procedure A; puri-
fied by using silica gel column chromatography (41.7 mg,
67%); pale yellow solid; mp: 137–138 °C; Rf = 0.25 (PE/EA =
90 : 10); 1H NMR (400 MHz, CDCl3) δ 8.08 (d, J = 8.5 Hz, 2H),
7.84 (d, J = 8.0 Hz, 1H), 7.57–7.51 (m, 1H), 7.29–7.16 (m, 4H),
7.10 (d, J = 8.5 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 5.85 (s, 1H),
3.74 (d, J = 16.0 Hz, 1H), 3.53 (d, J = 16.0 Hz, 1H), 2.37 (s, 3H),
1.33 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 157.7, 146.9,
144.2, 144.1, 142.2, 138.4, 135.0, 133.6, 132.2, 129.9, 129.1,
128.4, 127.1, 126.5, 125.6, 124.5, 123.7, 39.8, 34.1, 30.2, 21.7;
HRMS (APCI–orbitrap) m/z: calcd for C27H28N3O4S [M + H]+

490.1795, found 490.1793.
(Z)-2-(2,2-Dimethylpropylidene)-4-methyl-1-tosyl-1,2-dihydro-

quinazoline (3o). Following the general procedure A; purified
by using silica gel column chromatography (29.1 mg, 62%);
white solid; mp: 121–122 °C; Rf = 0.3 (PE/EA = 80 : 20); 1H NMR
(400 MHz, CDCl3) δ 7.76 (d, J = 8.0 Hz, 1H), 7.55–7.50 (m, 1H),
7.33–7.26 (m, 1H), 7.26–7.21 (m, 1H), 7.18 (d, J = 8.2 Hz, 2H),
7.02 (d, J = 8.0 Hz, 2H), 5.79 (s, 1H), 2.32 (s, 3H), 1.81 (s, 3H),
1.32 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3) δ 158.4,
143.9, 140.7, 138.0, 134.3, 134.2, 131.7, 128.8, 128.4, 127.1,
126.9, 126.5, 124.6, 33.9, 30.4, 21.6, 20.6; HRMS (APCI–
orbitrap) m/z: calcd for C21H25N2O2S [M + H]+ 369.1631, found
369.1628.

(Z)-4-Butyl-2-(2,2-dimethylpropylidene)-1-tosyl-1,2-dihydro-quin-
azoline (3p). Following the general procedure A; purified by
using silica gel column chromatography (37.1 mg, 71%); white
solid; mp: 96–97 °C; Rf = 0.45 (PE/EA = 90 : 10); 1H NMR
(500 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 1H), 7.54–7.49 (m, 1H),
7.32–7.25 (m, 2H), 7.20 (d, J = 8.2 Hz, 2H), 7.02 (d, J = 8.2 Hz,
2H), 5.80 (s, 1H), 2.34–2.25 (m, 4H), 2.15–2.07 (m, 1H), 1.32 (s,
9H), 1.29–1.18 (m, 2H), 1.09–0.95 (m, 2H), 0.86 (t, J = 7.3 Hz,
3H); 13C{1H} NMR (125 MHz, CDCl3) δ 143.7, 140.3, 138.1,
134.9, 131.3, 128.9, 128.2, 126.8, 126.4, 126.2, 124.3, 33.8, 33.5,
30.3, 28.4, 22.8, 21.4, 14.0; HRMS (APCI–orbitrap) m/z: calcd
for C24H31N2O2S [M + H]+ 411.2101, found 411.2099.

(Z)-4-(tert-Butyl)-2-(2,2-dimethylpropylidene)-1-tosyl-1,2-di-hydro-
quinazoline (3q). Following the general procedure A; purified by
using silica gel column chromatography (40.2 mg, 77%); white
solid; mp: 130–131 °C; Rf = 0.65 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.86–7.81 (m, 1H), 7.63–7.58 (m, 1H),
7.50–7.44 (m, 1H), 7.30–7.21 (m, 3H), 7.03 (d, J = 8.0 Hz, 2H),
5.74 (s, 1H), 2.29 (s, 3H), 1.32 (s, 9H), 0.97 (s, 9H); 13C{1H}
NMR (100 MHz, CDCl3) δ 166.4, 143.9, 139.1, 138.9, 135.5,
134.3, 130.5, 129.2, 128.4, 126.8, 126.2, 125.9, 125.3, 37.9, 33.8,
30.4, 29.2, 21.4; HRMS (APCI–orbitrap) m/z: calcd for
C24H31N2O2S [M + H]+ 411.2101, found 411.2099.

General procedure B for TfOH-mediated reaction of yna-
mides (1b–1k) with benzonitrile. To a suspension of ynamide
(50.0 mg, 1.2 eq.), benzonitrile (1.0 eq.) and 4 Å MS in dry
CH2Cl2 (2 ml), TfOH was added dropwise (1.2 eq.) via a syringe
pump at −40 °C under a nitrogen atmosphere. Then, the reac-
tion was monitored by TLC. When the reaction appeared to be
complete, saturated aq. NaHCO3 was added to the mixture and
the resulting mixture was extracted with DCM (2 × 10 ml). The
organic layers were washed with sat. aq. NaCl and dried over
Na2SO4. Filtration and concentration of the mixture in vacuo
afforded the crude product that was purified by flash silica gel
column chromatography (gradient eluent: EtOAc/petroleum
ether) to obtain the corresponding products.

(Z)-2-(2,2-Dimethylpropylidene)-6-methoxy-4-phenyl-1-tosyl-1,2-
dihydroquinazoline (4a). Following the general procedure B;
purified by using silica gel column chromatography (37.6 mg,
70%); white solid; mp: 135–136 °C; Rf = 0.3 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 8.8 Hz, 1H), 7.40–7.34
(m, 1H), 7.28 (m, 4H), 7.10 (m, 1H), 7.05 (d, J = 7.2 Hz, 2H),
6.90 (d, J = 8.0 Hz, 2H), 6.62 (d, J = 2.7 Hz, 1H), 5.99 (s, 1H),
3.73 (s, 3H), 2.19 (s, 3H), 1.37 (s, 9H); 13C{1H} NMR (100 MHz,
CDCl3) δ 159.7, 157.9, 143.9, 142.4, 135.5, 134.6, 134.3, 132.0,
129.8, 129.1, 128.9, 128.5, 128.0, 127.9, 127.1, 117.2, 112.1,
55.7, 34.2, 30.4, 21.4; HRMS (APCI–orbitrap) m/z: calcd for
C27H29N2O3S [M + H]+ 461.1893, found 461.1891.

(Z)-2-(2,2-Dimethylpropylidene)-6-methyl-4-phenyl-1-tosyl-1,2-
dihydroquinazoline (4b). Following the general procedure B;
purified by using silica gel column chromatography (36.3 mg,
67%); white solid; mp: 148–149 °C; Rf = 0.3 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.2 Hz, 1H), 7.40–7.34
(m, 2H), 7.33–7.23 (m, 4H), 7.06–7.02 (m, 2H), 6.93–6.87 (m,
3H), 5.97 (s, 1H), 2.30 (s, 3H), 2.19 (s, 3H), 1.36 (s, 9H); 13C{1H}
NMR (100 MHz, CDCl3) δ 160.0, 143.8, 142.2, 136.7, 135.7,
134.5, 134.5, 132.5, 129.7, 129.0, 129.0, 128.5, 127.9, 127.3,
126.6, 126.1, 34.2, 30.4, 21.4, 21.3; HRMS (APCI–orbitrap) m/z:
calcd for C27H29N2O2S [M + H]+ 445.1944, found 445.1942.

(Z)-6-Chloro-2-(2,2-dimethylpropylidene)-4-phenyl-1-tosyl-1,2-
dihydroquinazoline (4c). Following the general procedure B;
purified by using silica gel column chromatography (22.5 mg,
42%); white solid; mp: 142–143 °C; Rf = 0.65 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.6 Hz, 1H), 7.54–7.48
(m, 1H), 7.42–7.36 (m, 1H), 7.34–7.23 (m, 4H), 7.25 (d, J = 7.9
Hz, 3H), 7.10 (d, J = 2.1 Hz, 1H), 7.01 (d, J = 7.2 Hz, 2H), 6.92
(d, J = 8.0 Hz, 2H), 6.01 (s, 1H), 2.19 (s, 3H), 1.35 (s, 9H); 13C
{1H} NMR (100 MHz, CDCl3) δ 158.7, 144.3, 143.4, 137.6, 135.0,
134.2, 134.0, 132.5, 131.7, 130.0, 129.2, 128.8, 128.4, 128.3,
128.1, 127.4, 126.8, 34.3, 30.3, 21.5; HRMS (APCI–orbitrap)
m/z: calcd for C26H26ClN2O2S [M + H]+ 465.1398, found
465.1396.

(Z)-6-Bromo-2-(2,2-dimethylpropylidene)-4-phenyl-1-tosyl-1,2-
dihydroquinazoline (4d). Following the general procedure B;
purified by using silica gel column chromatography (19.3 mg,
37%); white solid; mp: 142–143 °C; Rf = 0.65 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.75–7.65 (m, 2H), 7.43–7.37 (m,
1H), 7.35–7.24 (m, 5H), 7.03 (d, J = 7.3 Hz, 2H), 6.93 (d, J =
8.0 Hz, 2H), 6.03 (s, 1H), 2.21 (s, 3H), 1.36 (s, 9H); 13C{1H}
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NMR (100 MHz, CDCl3) δ 158.6, 144.3, 143.5, 138.2, 134.9,
134.7, 134.1, 133.8, 130.1, 129.8, 129.3, 128.9, 128.6, 128.4,
128.1, 127.7, 120.4, 34.3, 30.3, 21.5; HRMS (APCI–orbitrap)
m/z: calcd for C26H26BrN2O2S [M + H]+ 509.0893, found
509.0891.

(Z)-2-(2,2-Dimethylpropylidene)-1-(methylsulfonyl)-4-phenyl-
1,2-dihydroquinazoline (4e). Following the general procedure B;
purified by using silica gel column chromatography (47.6 mg,
81%); white solid; mp: 144–145 °C; Rf = 0.3 (PE/EA = 90 : 10);
1H NMR (500 MHz, CDCl3) δ 7.75–7.70 (m, 3H), 7.59–7.54 (m,
1H), 7.52–7.46 (m, 4H), 7.37–7.33 (m, 1H), 6.01 (s, 1H), 2.64 (s,
3H), 1.30 (s, 9H); 13C{1H} NMR (125 MHz, CDCl3) δ 160.4,
142.3, 139.4, 135.9, 133.6, 132.1, 130.3, 128.9, 128.6, 127.6,
127.0, 126.6, 125.3, 37.1, 34.1, 30.1; HRMS (APCI–orbitrap)
m/z: calcd for C20H23N2O2S [M + H]+ 355.1475, found 355.1476.

(Z)-2-(2,2-Dimethylpropylidene)-1-((4-nitrophenyl)sulfonyl)-4-
phenyl-1,2-dihydroquinazoline (4f ). Following the general pro-
cedure B; purified by using silica gel column chromatography
(18.2 mg, 34%); white solid; mp: 154–156 °C; Rf = 0.45 (PE/EA
= 90 : 10); 1H NMR (400 MHz, CDCl3) δ 7.92–7.85 (m, 3H),
7.66–7.59 (m, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.40–7.30 (m, 2H),
7.29–7.20 (m, 3H), 7.05 (d, J = 7.3 Hz, 2H), 6.05 (s, 1H), 1.37 (s,
9H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.9, 150.2, 143.2,
143.0, 138.3, 134.87, 133.5, 132.2, 130.5, 129.7, 128.8, 128.6,
128.2, 127.4, 126.8, 126.0, 123.5, 34.3, 30.3; HRMS (APCI–orbi-
trap) m/z: calcd for C25H24N3O4S [M + H]+ 462.1482, found
462.1480.

(Z)-2-(2,2-Dimethylpropylidene)-6-methyl-1-(methylsulfonyl)-4-
phenyl-1,2-dihydroquinazoline (4g). Following the general pro-
cedure B; purified by using silica gel column chromatography
(45.1 mg, 78%); white solid; mp: 136–137 °C; Rf = 0.25 (PE/EA
= 90 : 10); 1H NMR (400 MHz, CDCl3) δ 7.74–7.70 (m, 2H), 7.61
(d, J = 8.2 Hz, 1H), 7.53–7.47 (m, 3H), 7.40–7.35 (m, 1H), 7.26
(s, 1H), 5.99 (s, 1H), 2.63 (s, 3H), 2.36 (s, 3H), 1.29 (s, 9H);
13C{1H} NMR (100 MHz, CDCl3) δ 160.6, 142.1, 137.2, 137.1,
136.1, 133.9, 133.0, 130.3, 129.0, 128.7, 127.9, 126.4, 125.2,
37.0, 34.2, 30.2, 21.3; HRMS (APCI–orbitrap) m/z: calcd for
C21H25N2O2S [M + H]+ 369.1631, found 369.1629.

(Z)-2-((Adamantan-1-yl)-methylene)-4-phenyl-1-tosyl-1,2-dihydro-
quinazoline (4h). Following the general procedure B; purified
by using silica gel column chromatography (37.0 mg, 73%);
white solid; mp: 141–143 °C; Rf = 0.5 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.87–7.84 (m, 1H), 7.60–7.54 (m, 1H),
7.40–7.34 (m, 1H), 7.32–7.21 (m, 6H), 7.15–7.11 (m, 1H),
7.06–7.02 (m, 2H), 6.90–6.86 (m, 2H), 5.80 (s, 1H), 2.18 (s, 3H),
2.12 (d, J = 12.1 Hz, 3H), 2.08–2.03 (s, 3H), 1.94 (d, J = 12.2 Hz,
3H), 1.76 (s, 6H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.8,
143.9, 143.0, 139.2, 135.6, 134.4, 134.1, 131.7, 129.7, 129.1,
129.0, 128.4, 127.9, 127.1, 126.9, 126.7, 126.3, 42.0, 36.9, 36.5,
28.5, 21.4; HRMS (APCI–orbitrap) m/z: calcd for C32H33N2O2S
[M + H]+ 509.2257, found 509.2254.

(Z)-4-Phenyl-2-((1-phenylcyclopentyl)methylene)-1-tosyl-1,2-dihydro-
quinazoline (4i). Following the general procedure B; purified by
using silica gel column chromatography (39.5 mg, 76%); white
solid; mp: 143–145 °C; Rf = 0.3 (PE/EA = 90 : 10); 1H NMR
(400 MHz, CDCl3) δ 7.45–7.41 (m, 2H), 7.38–7.33 (m, 2H),

7.30–7.21 (m, 6H), 7.15–7.08 (m, 3H), 7.03–6.95 (m, 4H), 6.81
(d, J = 8.0 Hz, 2H), 6.38 (s, 1H), 2.65–2.56 (m, 1H), 2.48–2.39
(m, 1H), 2.34–2.25 (m, 1H), 2.18–2.06 (m, 4H), 1.93–1.76 (m,
3H), 1.68–1.54 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3)
δ 156.0, 146.7, 143.7, 141.6, 138.3, 135.5, 135.5, 134.5, 131.2,
129.8, 129.0, 128.9, 128.3, 127.9, 127.4, 126.7, 126.4, 126.0,
125.6, 52.8, 42.7, 37.9, 23.4, 23.2, 21.4; HRMS (APCI–orbitrap)
m/z: calcd for C33H31N2O2S [M + H]+ 519.2101, found 519.2098.

(Z)-2-((1-Methylcyclohexyl)methylene)-4-phenyl-1-tosyl-1,2-dihy-
droquinazoline (4j). Following the general procedure B; purified
by using silica gel column chromatography (45.9 mg, 86%);
colorless oil; Rf = 0.45 (PE/EA = 90 : 10); 1H NMR (400 MHz,
CDCl3) δ 7.84–7.81 (m, 1H), 7.58–7.53 (m, 1H), 7.40–7.35 (m,
1H), 7.33–7.22 (m, 6H), 7.15–7.11 (m, 1H), 7.07–7.02 (m, 2H),
6.91–6.86 (m, 2H), 5.95 (s, 1H), 2.37–2.25 (m, 1H), 2.20 (s, 3H),
1.82–1.74 (m, 1H), 1.58–1.46 (m, 4H), 1.43 (m, 7H); 13C{1H}
NMR (100 MHz, CDCl3) δ 159.7, 144.0, 141.8, 139.0, 135.5,
135.2, 134.3, 131.7, 129.8, 129.1, 129.0, 128.5, 127.9, 127.3,
127.1, 126.8, 126.3, 41.3, 37.6, 36.0, 27.5, 26.3, 23.1, 22.7, 21.5;
HRMS (APCI–orbitrap) m/z: calcd for C29H31N2O2S [M + H]+

471.2101, found 471.2097.
(Z)-2-((Adamantan-1-yl)methylene)-1-(methyl-sulfonyl)-4-phenyl-

1,2-dihydroquinazoline (4k). Following the general procedure B;
purified by using silica gel column chromatography (39.1 mg,
74%); white solid; mp: 103–104 °C; Rf = 0.25 (PE/EA = 90 : 10);
1H NMR (400 MHz, CDCl3) δ 7.75–7.70 (m, 3H), 7.60–7.54 (m,
1H), 7.52–7.45 (m, 4H), 7.38–7.32 (m, 1H), 5.81 (s, 1H), 2.63 (s,
3H), 2.08–1.98 (m, 6H), 1.85 (d, J = 11.9 Hz, 3H), 1.72 (s, 6H);
13C{1H} NMR (100 MHz, CDCl3) δ 160.3, 142.9, 139.6, 136.0,
133.5, 132.2, 130.4, 129.0, 128.7, 127.6, 127.1, 126.7, 125.4,
41.8, 37.1, 36.8, 36.5, 28.5; HRMS (APCI–orbitrap) m/z: calcd
for C26H29N2O2S [M + H]+ 433.1944, found 433.1941.
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