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Direct Sulfanylation of 4-Quinazolinone via C—OH Bond Activation:
An Efficient Route to 2-Aryl-4-sulfanylquinazolines
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Abstract: The direct sulfanylation of 2-aryl-4-quinazolinones with
thiols via C—-OH bond activation under mild conditions is described.
The method affords the corresponding 2-aryl-4-sulfanylquinazo-
lines in good to excellent yield.
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The quinazoline ring is a frequently encountered moiety
in organic syntheses as well as in medicinal chemistry.! In
addition, many alkaloids containing a quinazoline skele-
ton in the molecule exhibit remarkable biological activi-
ties such as anticonvulsant, antibacterial, antidiabetic, and
anticancer activities.> Among this class of molecules, 4-
functionalized quinazolines,’ especially 4-alkyl(aryl)thio-
quinazolines,* have been demonstrated to be effective
fungicides, anti-inflammatory, anticancer, antimicrobial
and antihypertensive agents. Besides the applications in
pharmaceuticals and agrochemicals, 4-alkyl(aryl)thio-
quinazolines are often used as intermediates in the prepa-
ration of fused heterocyclic compounds.’ Consequently,
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many methods have been developed for the synthesis of 4-
functionalized quinazoline derivatives.®

A literature survey reveals that 4-functionalized quinazo-
lines mainly stem from 3H-quinazolin-4-one (4-
quinazolinone) 1. Three protocols have been developed
for the synthesis of 4-functionalized quinazolines: (1) Ac-
tivation the C—OH bond (carbonyl group) by halogenation
with reagents such as SOCl,, POCl;, and PCls, and then
animation of the 4-haloquinazoline 2, affording the corre-
sponding 4-functionalized quinazolines 3 (Scheme 1,
equation 1).%7436 (2) Thionation of quinazolinones 1
with Lawesson’s reagent or P,Ss in pyridine to give
quinazolinethiones 4, and then alkylation of 4 with ha-
loalkylanes in the presence of sodium hydroxide to gener-
ate the corresponding 4-alkylthioquinazolines 5§
(Scheme 1, equation 2).4¢3 (3) Activation of the C-OH
group with phosphonium reagents such as benzotriazol-1-
yloxytris (dimethylamino)phosphonium hexafluorophos-
phate (BOP), and then nucleophilic substitution with nu-
cleophiles or coupling with boronic acids to form 4-
functionalized quinazolines 6 (Scheme 1, equation 3).
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Nevertheless, some drawbacks associated with these
methodologies, namely, harsh reaction conditions (such
as relatively high reaction temperature, use of toxic re-
agents, or expensive phosphonium reagents, and low
yield), multiple synthetic steps and complex workup pro-
cedures have not been overcome until now. Furthermore,
most reported 4-substituted quinazolines are alkyl(ar-
yl)amino, alkyl(aryl)oxy and alkylthio substituted
quinazolines, and only relatively unusual methods have
been reported for the preparation of 4-arylsulfanyl
quinazolines.*>8 Therefore, the development of novel and
efficient routes for rapid access to functionalized 4-ar-
yl(alkyl)sulfanyl quinazolines under mild conditions is of
high demand, due to their wide range of biological prop-
erties and importance in pharmaceutical science.

In a continuation of our interest in sulfanylation of hetero-
cyclic ring molecules,”'* we envisioned that 4-quinazoli-
nones might also be suitable starting materials for the
synthesis of 4-sulfanylquinazolines in the presence of p-
toluenesulfonyl chloride as C—OH bond activator, despite
the fact that some literature reports have revealed that the
activation of the C-OH of amides is difficult.” To verify
the practicality of this projected route, we started to inves-
tigate the feasibility of this transformation.

Initially, a set of experiments was carried out using 2-phe-
nyl-4-quinazolinone (1a) and 4-methylbenzenethiol (2a)
as model substrates. At the outset, p-toluenesulfonyl chlo-
ride (p-TsCl, 1.5 equiv) was utilized as an activator and a
catalytic amount (5 mol%) of 4-N,N-dimethylpyridine
(DMP) was employed as an additive (Table 1). The reac-
tion was performed in different solvents with potassium
carbonate (3 equiv) as the base at ambient temperature.
When the reaction was performed in water and PEG400,
no product was detected (Table 1, entries 1 and 2). Fortu-
nately, in a mixture of tetrahydrofuran and water (1:1), the
desired product 2-phenyl-4-p-tolylsulfanyl-quinazolinone
(7a) was isolated in 20% yield (Table 1, entry 3). When
the reaction was conducted in acetonitrile, the yield was
increased to 65% (Table 1, entry 4). Further screening
demonstrated that dichloromethane was the best choice of
solvent (Table 1, entry 5; 72% yield). Subsequently, the
effect of bases was tested. Moderate to good yields were
observed when K;PO, or NaOH was used as the base
(Table 1, entries 6 and 7). No product was detected when
pyridine or imidazole was employed (Table 1, entries 8
and 9). Finally, we found that the reaction worked effi-
ciently in the presence of triethylamine, with 81% isolated
yield (Table 1, entry 10). Control experiments showed
that no reaction occurred without the addition of DMP
(Table 1, entry 11), p-toluenesulfonyl chloride (Table 1,
entry 12), or base (Table 1, entry 13). It is also noteworthy
that this reaction could be carried out under an air atmo-
sphere without loss of yield.

The generality and scope of this reaction were then inves-
tigated under the optimized conditions [p-TsCl (1.5
equiv), Et;N (3.0 equiv), DMP (5 mol%), CH,Cl,, r.t.];
the results are summarized in Table 2. For most cases, the
corresponding products were obtained in good to excel-
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Table 1 Optimization of the Direct Sulfanylation of 4-Quinazoli-
none la
L
(0]
SH S S
| A NH
P _ + TsCl, base NN
N DMP (5 mol%) _
N
1a 2a

7a
Entry Solvent Base Yield (%)*
1 H,0 K,CO;, -
2 PEG400 K,CO; -
3 H,O-THF (1:1) K,CO, 20
4 MeCN K,CO;, 65
5 CH,Cl, K,CO; 72
6 CH,Cl, K;PO, 69
7 CH,Cl, NaOH 59
8 CH,Cl, pyridine -
9 CH,Cl, imidazole -
10 CH,Cl, Et;N 81
11° CH,Cl, Et;N -
12¢ CH,Cl, Et;N -
13 CH,CH, - _

2 Isolated yield based on 4-quinazolinone (1a).
® Without the addition of DMP.
¢ Without the addition of p-toluenesulfonyl chloride.

lent yields when 2-aryl-4-quinazolinones were used as
substrates. For the reactions of 2-phenyl-4-quinazolinone,
benzenethiols with electron-withdrawing groups or elec-
tron-donating groups on the aromatic backbone were all
good partners under the optimum conditions, which af-
forded the desired product 7a—e in excellent yields
(Table 2, entries 1-5). Similarly, aliphatic thiols such as
benzyl thiol and n-propyl thiol, also worked well, with
good yields being obtained in the reactions (Table 2, en-
tries 6 and 7). Other aryl groups on the 2-position of 4-
quinazolinone were also examined, and it was found that
all reactions proceeded smoothly to generate the corre-
sponding products 7h—s in good to excellent yields
(Table 2, entries 8-19). Subsequent investigations indi-
cated that the group on the 2-position of 4-quinazolinone
was crucial in the reactions. Neither the corresponding in-
termediate (4-p-toluenesulfonyl-2-alkylquinazoline) nor
the desired product was detected when 4-quinazolinone 1f
was treated with p-TsCl under the optimized conditions
(Table 2, entry 20). Reaction of 2-alkyl-4-quinazolinones
1g or 1h also failed (Table 2, entry 21), probably because
the corresponding 4-tosylate intermediates failed to form
(indicated by TLC). More reactive sulfonating agents

© Thieme Stuttgart - New York
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such as MsCl and Tf,0 were tested in the reaction of 1f,  quinazolinone 1i with 4-methylbenzenethiol was explored
however, the corresponding product was not detected by  subsequently, which gave rise to the desired product 7t in
TLC. Reaction of fluoro-substituted 2-phenyl-4-  82% yield (Table 2, entry 22).

Table 2 Direct Sulfanylation of 4-Quinazolinone via C—-OH Bond Activation
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Table 2 Direct Sulfanylation of 4-Quinazolinone via C—OH Bond Activation (continued)
R2
o S/
= NH TsCl, base X
X—:/ /)\+F{28H4>X_!\ N
N R? DMP (5 mol%) — P
N R'
Entry Substrate Thiol Base Yield (%)?
S/\©
HS
SN
6 la 80
p
N
7t
N
HS SN
7 1a j\ 71
7
N
7g
' r
SH IS
NH
8 _ NN 79
N /)\©\
N
1b
7h
SH S
9 1b NN 81
N | A
4
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10 1b © S 85
pz
N)\@\
F
7j
jon
SH S
11 1b XN 80
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7k

Synthesis 2012, 44, 1237-1246

© Thieme Stuttgart - New York

Downloaded by: University of Pittsburgh. Copyrighted material.



PAPER Direct Sulfanylation of 4-Quinazolinone 1241
Table 2 Direct Sulfanylation of 4-Quinazolinone via C—OH Bond Activation (continued)
R2
o S/
= NH TsCl, base X
X—:/ /)\+F{28H4>X_!\ N
N R? DMP (5 mol%) — P
N R'
Entry Substrate Thiol Base Yield (%)?
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Table 2 Direct Sulfanylation of 4-Quinazolinone via C—OH Bond Activation (continued)

R2
(0} g

= NH TsCl, base XN

X—: 2
+ RSH ———— = i
)\ DMP (5 mol%) XU A =
N

Entry Substrate Thiol Base

Yield (%)

NH
18 _

OMe

\ /
: %
:

1d

SH IS
NH
19 — OMe SN
//K@OMG
N
OMe
le OMe
20 NH _
> { j
N
1f

SH

: oL :
Z SN R
1g: R =n-Pr

1h: R =n-Bu

N\ /

FoQ |

NH
22

A
m
=2

1i

78

71

82

? Isolated yield based on 4-quinazolinone.

A possible mechanism is proposed in Scheme 2. 4-
Quinazolin-4-ol A would isomerize to quinazolinone 1.

Treatment of quinazolinone with p-TsCl in the presence ()\)\

of base would lead to the formation of tosylate B. Nucleo-

philic addition of thiols and subsequent elimination would

generate the desired 4-arylsulfanylquinazoline 7. The aro-

matic ring in the 2-position allows better n-electron delo-

calization, which may stabilized the tautomeric lactim { OTs
form, and also enhance the nucleophilicity of the OH
group. Thus, the tosylate, a key intermediate, can be readi-
ly formed when the 2-position is substituted with an aro-
matic group.

4>

Scheme 2
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In conclusion, we have described a facile and efficient
route for the synthesis of 4-sulfanylquinazoline via direct
sulfanylation of 4-quinazolinone with thiols under mild
conditions. The highly effective transformation is per-
formed at room temperature under an air atmosphere. The
efficiency of this method combined with its operational
simplicity makes it attractive for further library construc-
tion.

All reactions were performed in round-bottom flasks at r.t. Flash
column chromatography was performed using silica gel (60 A pore
size, 32—63 pm, standard grade). Analytical TLC was performed us-
ing glass plates pre-coated with 0.25 mm, 230—400 mesh silica gel
impregnated with a fluorescent indicator (254 nm). Solvents were
re-distilled prior to use in the reactions. Other commercial reagents
were used as received. NMR samples were run in CDCly and 'H
NMR was referenced to TMS; 13C NMR was referenced to CDCl,.
All chemical shift values are quoted in ppm and coupling constants
are quoted in Hz.

Quinazolines 7; General Procedure

Quinazolinone (0.1 mmol), EtN (0.3 mmol), and DMP
(0.005 mmol) in CH,CIl, (2.0 mL) were added to a round-bottom
flask. After 2 min stirring, TsCl (0.15 mmol) was added, then, after
30 min, the thiol (0.12 mmol) was added. The mixture was allowed
to stir at r.t. for 5 h. After completion of the reaction, the mixture
was removed under reduced pressure. The residue was purified by
passing through a column of silica gel (petroleum ether—EtOAc,
100:1) to give the desired compound 7.

2-Phenyl-4-p-tolylsulfanylquinazoline (7a)
Yield: 26.6 mg (81%); white solid; mp 116-117 °C.

IR (KBr): 1952, 1899, 1822, 1639, 1612, 1558, 1539, 1482, 1454,
1442, 1375, 1336, 984, 762, 701, 687 cm™.

'H NMR (400 MHz, CDCl,): & = 2.49 (s, 3 H), 7.34-7.40 (m, 5 H),
7.55-7.60 (m, 3 H), 7.83-7.87 (m, 1 H), 8.01 (d, J = 8.4 Hz, 1 H),
8.18-8.20 (m, 1 H), 8.20-8.26 (m, 2 H).

13C NMR (100 MHz, CDCl,): § =21.4, 121.9, 123.7, 124.0, 126.8,
128.3,128.4, 129.0, 129.9, 130.4, 133.7, 136.0, 137.8, 139.7, 149.3,
158.9, 171.3.

HRMS (ESI): m/z [M + H]" caled for C,,H;N,S: 329.1112; found:
329.1115.

2-Phenyl-4-phenylsulfanylquinazoline (7b)

Yield: 26.1 mg (83%); white solid; mp 120-121 °C.

IR (KBr): 1639, 1616, 1558, 1537, 1483, 1341, 1309, 1080, 986,
699, 686 cm™!.

"HNMR (400 MHz, CDCl,): § =7.33-7.39 (m, 3 H), 7.53-7.56 (m,
3 H), 7.60 (s, 1 H), 7.70-7.72 (m, 2 H), 7.83—7.87 (m, 1 H), 8.00 (d,
J=8.4Hz, 1H),818-8.23 (m, 3 H).

3CNMR (100 MHz, CDCly): § = 121.9, 123.7, 126.8, 127.6, 128.3,

128.4,129.1,129.2,129.5,130.4, 133.7,136.2, 137.7, 149.4, 158.9,
171.0.

HRMS (ESI): m/z [M + H]" calcd for C,0H,5sN,S: 315.0956; found:
315.0952.

4-(4-Fluorophenylsulfanyl)-2-phenylquinazoline (7¢)
Yield: 28.9 mg (87%); white solid; mp 148-149 °C.

IR (KBr): 3056, 1886, 181, 1614, 1590, 1577, 1538, 1493, 1484,
1340, 1309, 1160, 823, 697, 686 cm™.

© Thieme Stuttgart - New York

'H NMR (400 MHz, CDCl,): § = 7.24-7.26 (m, 2 H), 7.38-7.40 (m,
3H), 7.6 (d, J = 8.4 Hz, 1 H), 7.66-7.69 (m, 2 H), 7.85-7.87 (m,
1 H), 8.01 (d, J=8.4 Hz, 1 H), 8.15(d,J= 8.4 Hz, 1 H), 8.21-8.23
(m, 2 H).

13C NMR (100 MHz, CDCl,): § = 116.3 (d, J=22 Hz), 121.8,
122.8,123.6,126.9, 128.3, 129.1, 130.5, 133.8, 137.6, 138.3, 149.4,
158.9, 162.5 (d, J = 249 Hz), 170.7.

HRMS (ESI): m/z [M + H]" caled for C,,H,4,N,SF: 333.0862; found:
333.0855.

4-(4-Chlorophenylsulfanyl)-2-phenylquinazoline (7d)
Yield: 29.7 mg (85%); white solid; mp 161-162 °C.

IR (Br): 3090, 1891, 1815, 1640, 1613, 1556, 1540, 1482, 1445,
1338, 1310, 1141, 1088, 987, 756, 705, 658 cm™".

'HNMR (400 MHz, CDCL,): 8 = 7.38-7.42 (m, 3 H), 7.50-7.52 (m,
2 H), 7.55 (m, 3 H), 7.84-7.88 (m, 1 H), 8.01 (d, /= 8.4 Hz, 1 H),
8.14 (d, J=8.4 Hz, 1 H), 8.22-8.24 (m, 2 H).

BC NMR (100 MHz, CDCly): = 121.8, 123.6, 126.2,128.4,129.1,
129.3,133.9, 135.9, 137.4, 137.5, 149.4, 158.9, 170.3.

HRMS (ESI): m/z [M + H]" caled for CyH,,CIN,S: 349.0566;
found: 349.0574.

4-(2-Chlorophenylsulfanyl)-2-phenylquinazoline (7e)
Yield: 28.3 mg (81%); white solid; mp 124-125 °C.

IR (KBr): 3057, 1641, 1559, 1538, 1484, 1339, 1309, 1143, 755,
700, 659 cm™!.

'H NMR (400 MHz, CDCly): § = 7.34-7.41 (m, 4 H), 7.51 (d, J =
1.6 Hz, 1 H), 7.59 (s, 1 H), 7.65 (dd, J = 0.8, 8.0 Hz, 1 H), 7.77 (dd,
J=1.6,7.6 Hz, 1 H), 7.86 (s, 1 H), 8.02 (d, /= 8.4 Hz, 1 H), 8.16—
8.21 (m, 3 H).

13C NMR (100 MHz, CDCL,): § = 121.9, 123.7, 127.4, 128.3, 128.4,
129.1,129.6,130.2, 131.2, 133.8, 137.6, 138.4, 140.3, 149.5, 158.9,
169.3.

HRMS (ESI): m/z [M + HJ]" caled for C,,H4CIN,S: 349.0566;
found: 349.0574.

4-Benzylsulfanyl-2-phenylquinazoline (7f)
Yield: 26.3 mg (80%); light-yellow solid; mp 148—149 °C.

IR (film): 3054, 2987, 2305, 1537, 1483, 1421, 1265, 1028, 738,
705 cm ™.

'H NMR (400 MHz, CDCl,): = 4.78 (s, 2 H), 7.26-7.33 (m, 3 H),
7.46-7.52 (m, 6 H), 7.77-7.82 (m, 1 H), 7.99-8.62 (m, 2 H), 8.62—
8.64 (m, 2 H).

13C NMR (100 MHz, CDCL,): § = 33.8, 122.3, 123.8, 126.7, 127.5,
128.5,128.7,129.0, 130.6, 133.7, 137.2, 138.0, 149.0, 158.8, 170.5.

HRMS (ESI): m/z [M + H]" calcd for C,,H,;N,S: 329.112; found:
329.1111.

4-Butylsulfanyl-2-phenylquinazoline (7g)

Yield: 19.9 mg (71%); light-yellow liquid.

IR (film): 3054, 2987, 2305, 1614, 1560, 1536, 1484, 1265, 740,
705 cm™'.

"HNMR (400 MHz, CDCl,): $=1.13 (t,J=7.6 Hz, 3 H), 1.85-1.90
(m, 2 H), 3.42 (t, J= 7.2 Hz, 2 H), 7.40-7.51 (m, 4 H), 7.71-7.75
(m, 1 H), 7.94 (d, J= 8.4 Hz, 1 H), 7.99 (d, J = 8.0 Hz, 1 H), 8.60
(dd, J=1.6, 8.0 Hz, 2 H).

13C NMR (100 MHz, CDCly): § = 13.7, 22.6, 31.6, 122.7, 123.8,
126.5, 128.5, 129.0, 130.5, 133.5, 138.2, 148.9, 158.8, 171.2.

HRMS (ESI): m/z [M + H]" calcd for C;H;N,S: 281.1112; found:
281.1115.

Synthesis 2012, 44, 1237-1246
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2-p-Tolyl-4-p-tolylsulfanylquinazoline (7h)
Yield: 27.1 mg (79%); white solid; mp 173—174 °C.

IR (film): 3057, 2921, 1906, 1642, 1608, 1559, 1537, 1484, 1450,
1376, 1334, 1308, 988, 759, 733 cm™".

'H NMR (400 MHz, CDCL,): & = 2.36 (s, 3 H), 2.48 (s, 3 H), 7.15
(d, J=8.0 Hz, 2 H), 7.31 (d, J = 8.0 Hz, 2 H), 7.51-7.55 (m, 1 H),
7.56 (d, J = 8.4 Hz, 2 H), 7.80-7.84 (m, 1 H), 7.98 (d, J=8.4 Hz,
1 H), 8.12 (d, J= 8.4 Hz, 2 H), 8.15 (d, /= 8.4 Hz, 1 H).

13C NMR (100 MHz, CDCly): § =21.4, 121.9, 123.7, 124.2, 126.5,
128.4,128.9,129.1,129.9,133.6, 135.1, 136.0, 139.6, 140.6, 149.4,
159.0, 171.1.

HRMS (ESI): m/z [M + H]" calcd for C,,H,oN,S: 343.1269; found:
343.1271.

4-Phenylsulfanyl-2-p-tolylquinazoline (7i)
Yield: 26.6 mg (81%); white solid; mp 147-148 °C.

IR (Br): 3060, 2918, 1609, 1559, 1539, 1485, 1450, 1337, 1308,
1177, 756, 687 cm™

'H NMR (400 MHz, CDCLy): 8 = 2.36 (s, 3 H), 7.15 (d, J = 8.0 Hz,
2 H), 7.51-7.57 (m, 4 H), 7.69-7.71 (m, 2 H), 7.81-7.85 (m, 1 H),
7.98 (d, J=8.4 Hz, 1 H), 8.09 (d, J=8.0 Hz, 2 H), 8.16-8.18 (m,
1 H).

3C NMR (100 MHz, CDCl,): § =21.4, 121.8, 123.7, 126.5, 127.7,
128.4,129.0,129.1, 129.4, 133.7,135.0, 136.2, 140.6, 149.5, 159.0,
170.8.

HRMS (ESI): m/z [M + H]" calcd for C,;H,;N,S: 329.1112; found:
329.1115.

4-(4-Fluorophenylsulfanyl)-2-p-tolylquinazoline (7j)
Yield: 29.5 mg (85%); white solid; mp 196-197 °C.

IR (KBr): 3053, 2917, 2855, 1887, 1818, 1631, 1591, 1451, 1380,
732,691 cm™.

'H NMR (400 MHz, CDCl,): 6 = 2.37 (s, 3 H), 7.17-7.24 (m, 4 H),
7.54 (d, J=7.2 Hz, 1 H), 7.65 (dd, J= 6.4, 7.2 Hz, 2 H), 7.82 (d,
J=172Hz, 1 H),7.98(d,J=8.4 Hz, 1 H), 8.09-8.13 (m, 3 H).

3C NMR (100 MHz, CDCl,): § =21.4,116.2 (d, J=22 Hz), 121.7,
122.9,123.6,126.7,128.4,129.0, 129.1, 133.8, 134.4, 138.3, 140.8,
149.4, 159.0, 162.5 (d, J =248 Hz), 170.5.

HRMS (ESI): m/z [M + H]" caled for C,,H,(FN,S: 347.1018; found:
347.1012.

4-(4-Chlorophenylsulfanyl)-2-p-tolylquinazoline (7Kk)

Yield: 29.0 mg (80%); white solid; mp 206208 °C.

IR (KBr): 3050, 2917, 1898, 1818, 1607, 1576, 1557, 1542, 1478,
1451, 1377, 1324, 1094, 818, 732 cm™".

"H NMR (400 MHz, CDCl,): § =2.37 (s, 3 H), 7.18 (d, J= 8.0 Hz,
2 H), 7.48-7.56 (m, 3 H), 7.61 (d, J = 8.4 Hz, 2 H), 7.83 (s, | H),
7.98 (d,J=8.4 Hz, 1 H), 8.10-8.12 (m, 3 H).

13C NMR (100 MHz, CDCl,): § =21.4, 121.7, 123.5, 126.3, 126.9,

128.4,129.0,129.2,129.9, 133.8, 134.8, 135.9, 137.4, 140.8, 149.5,
159.0, 170.1.

HRMS (ESI): m/z [M + H]" caled for C,H,(CIN,S: 363.0723;
found: 363.0732.

4-(2-Chlorophenylsulfanyl)-2-p-tolylquinazoline (71)
Yield: 27.9 mg (77%); white solid; mp 159-161 °C.

IR (KBr): 3057, 2917, 1925, 1810, 1608, 1558, 1541, 1482, 1456,
1379, 1335, 987, 753 cm™.

'H NMR (400 MHz, CDCly): 8 =2.36 (s, 3 H), 7.14 (d, J= 8.0 Hz,
2 H), 7.39-7.41 (m, 1 H), 7.50 (d, J = 1.6 Hz, 1 H), 7.56-7.58 (m,
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1 H), 7.65 (dd, J= 1.2, 8.4 Hz, 1 H), 7.77 (dd, J= 1.6, 7.6 Hz, 1 H),
784 (d, J = 12Hz, 1H), 7.99 (d, J=8.4Hz, 1H), 8.04 (d,
J=8.4Hz, 2 H),8.16 (d, J= 8.4 Hz, 1 H).

3C NMR (100 MHz, CDCly): § =21.4, 121.9, 123.7, 126.5, 127.5,
128.4,129.0,129.9,130.9,133.7, 134.9, 138.5, 140.3, 140.7, 149.6,
159.0, 169.2.

HRMS (ESI): m/z [M + H]" caled for C,;H;(CIN,S: 363.0723;
found: 363.0724.

4-Benzylsulfanyl-2-p-tolylquinazoline (7m)
Yield: 26.4 mg (77%); white solid; mp 136-137 °C.

IR (KBr): 1815, 1608, 1539, 1450, 1376, 1316, 1249, 1000, 868,
760, 700 cm™!.

'"H NMR (400 MHz, CDCL,): 8 = 2.44 (s, 3 H), 4.78 (s, 2 H), 7.26—
7.34 (m, 5 H), 7.47-7.51 (m, 3 H), 7.79 (s 1 H), 7.97 (d,J= 8.4 Hz,
1 H), 8.01 (d, J=8.4 Hz, 1 H), 8.51 (d,J= 8.4 Hz, 2 H).

13C NMR (100 MHz, CDCl,): § = 21.5, 33.8, 122.2, 123.7, 126.4,
127.4,128.5,128.7,128.9,129.2,129.3,133.6, 135.7, 137.3, 140.8,
149.1, 158.9, 170.3.

HRMS (ESI): m/z [M + H]* calcd for C,,H,oN,S: 343.1269; found:
343.1274.

2-(4-Chlorophenyl)-4-p-tolylsulfanylquinazoline (7n)
Yield: 28.7 mg (79%); white solid; mp 136-137 °C.

IR (KBr): 3032, 2921, 1957, 1919, 1893, 1816, 1784, 1614, 1593,
1577, 1493, 1451, 1376, 1335, 1252, 1088, 998, 756, 692 cm™.

'H NMR (400 MHz, CDCL,): § = 2.49 (s, 3 H), 7.31-7.35 (m, 4 H),
7.54-7.58 (m, 3 H), 7.85 (t, J = 8.4 Hz, 1 H), 7.97 (d, J = 8.4 Hz,
1 H), 8.15-8.19 (m, 3 H).

13C NMR (100 MHz, CDCl,): § =21.5, 121.9, 123.7, 123.9, 127.2,
128.5,128.6, 129.0, 129.7, 129.9, 133.8, 136.1, 136.3, 136.6, 139.8,
149.2, 158.0, 171.5.

HRMS (ESI): m/z [M + H]" caled for CyH,,CIN,S: 363.0723;
found: 363.0725.

2-(4-Chlorophenyl)-4-phenylsulfanylquinazoline (70)
Yield: 25.1 mg (72%); white solid; mp 214-215 °C.

IR (KBr): 3048, 1921, 1816, 1614, 1592, 1560, 1482, 1450, 1382,
1335, 1089, 843, 756, 693 cm™.

'H NMR (400 MHz, CDCl,): § = 7.31 (d, J = 8.8 Hz, 2 H), 7.53—
7.59 (m, 4 H), 7.68-7.70 (m, 2 H), 7.86 (d, J = 1.2 Hz, 1 H), 7.99
(d,J=8.4Hz, 1 H), 8.15-8.19 (m, 3 H).

BCNMR (100 MHz, CDCly): § = 121.9, 123.7, 127.0, 127.5, 128.5,
129.0,129.2,129.6, 129.7,133.9, 136.2, 136.3, 136.6, 140.3, 157.9,
171.3.

HRMS (ESI): m/z [M + H]" caled for CyH,,CIN,S: 349.0566;
found: 349.0574.

2-(4-Chlorophenyl)-4-(4-fluorophenylsulfanyl)quinazoline (7p)
Yield: 31.2 mg (85%); white solid; mp 247-248 °C.

IR (KBr): 3056, 2924, 1960, 1922, 1885, 1615, 1592, 1558, 1489,
1451, 1334, 1232, 1089, 1012, 842, 756, 692 cm'.

'"H NMR (400 MHz, CDCly): § = 7.22-7.26 (m, 2 H), 7.34 (d,
J=28.4Hz, 2 H),7.60-7.68 (m, 3 H), 7.87 (t,J= 8.4 Hz, 1 H), 8.01
(d,J=8.4Hz, 1 H), 8.14-8.18 (m, 3 H).

3C NMR (100 MHz, CDCly): 8 = 116.5 (d, J = 24 Hz), 121.8,

123.6,127.1,128.5,128.7,129.0, 129.7, 134.1, 136.0, 136.8, 138.3,
138.4,149.2,157.9,162.9 (d, /=248 Hz), 171.5.

HRMS (ESI): m/z [M + H]" caled for C,,H ;CIFN,S: 367.0472;
found: 367.0474.
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2-(4-Chlorophenyl)-4-(4-chlorophenylsulfanyl)quinazoline (7q)
Yield: 33.8 mg (88%); white solid; mp 230-231 °C.

IR (film): 3053, 2924, 2854, 1921, 1854, 1614, 1576, 1451, 1378,
756, 690 cm™.

'H NMR (400 MHz, CDCL,): § = 7.35 (d, J = 8.4 Hz, 2 H), 7.50 (d,
J=8.4Hz, 2 H), 7.60-7.63 (m, 3 H), 7.87 (t, J = 8.4 Hz, 1 H), 8.00
(d,J=8.4Hz, 1 H),8.14 (d, /= 8.4 Hz, 3 H).

3CNMR (100 MHz, CDCl): § = 121.8, 123.6, 126.0, 128.5, 128.7,
129.1,129.3,129.7,134.1,136.1, 136.8, 137.3, 137.4, 149.3, 158.0,
170.6.

HRMS (ESI): m/z [M + H]" caled for C,yH,;CL,N,S: 383.0177;
found: 383.0182.

5-Fluoro-2-phenyl-4-p-tolylsulfanylquinazoline (7r)
Yield: 27.9 mg (78%); light-yellow solid; mp 161-162 °C.

IR (KBr): 3067, 2921, 1899, 1768, 1625, 1557, 1475, 1450, 1363,
1350, 702 cm™.

'H NMR (400 MHz, CDCl,): § = 2.50 (s, 3 H), 7.22-7.25 (m, 1 H),
7.31-7.39 (m, 5 H), 7.54 (d, J=8.0 Hz, 2 H), 7.73 (d, J= 5.6 Hz,
1 H),7.79 (d, J = 8.4 Hz, 1 H), 8.10-8.13 (m, 2 H).

13C NMR (100 MHz, CDCLy): §=21.4, 111.8, 112.6 (d, J= 15 Hz),
124.7 (d, J = 10 Hz), 125.0, 128.2 (d, J = 21 Hz), 128.6, 129.3 (d,
J=14 Hz), 130.6, 133.1, 136.1 (d, J = 13 Hz), 137.2, 139.8, 151.6,
157.3 (d, J =257 Hz), 159.0, 170.0.

HRMS (ESI): m/z [M + H]" caled for Cy,H,4FN,S: 347.1018; found:
347.1024.

2-(4-Methoxyphenyl)-4-phenylsulfanylquinazoline (7s)
Yield: 27.6 mg (71%); white solid; mp 122—123 °C.

IR (KBr): 2960, 2035, 1903, 1607, 1556, 1452, 1376, 1251, 1176,
746, 696 cmL.

'"H NMR (400 MHz, CDCL,): 8 = 2.49 (s, 3 H), 3.84 (s, 3 H), 6.86
(d, J=8.8 Hz, 2 H), 7.33 (d, J = 8.0 Hz, 2 H), 7.50-7.59 (m, 3 H),
7.78-7.82 (m, 1 H), 7.95 (d, J= 8.4 Hz, 2 H), 8.14-8.19 (m, 3 H).

13C NMR (100 MHz, CDCL,): § = 21.5, 55.3, 113.6, 121.6, 123.7,
124.1,126.3,128.7,129.9, 130.1, 130.4, 133.6, 136.0, 139.6, 149.4,
158.9, 161.6, 171.0.

HRMS (ESI): m/z [M + H]" caled for C,,H,oN,0S: 359.1218;
found: 359.1224.

2-(3,4-Dimethoxyphenyl)-4-p-tolylsulfanylquinazoline (7t)
Yield: 28.4 mg (82%); white solid; mp 142—143 °C.

IR (film): 2998, 2837, 2031, 1899, 1600, 1519, 1378, 1234, 1175,
763 cm™.

'H NMR (400 MHz, CDCL,): & = 2.4 (s, 3 H), 3.77 (s, 3 H), 3.92
(s, 3H), 6.87 (d, J=8.4 Hz, 1 H), 7.32 (d, /= 7.6 Hz, 2 H), 7.53—
7.60 (m, 3 H), 7.69 (s, 1 H), 7.80-7.89 (m, 1 H), 7.97-8.00 (m,
2 H),8.15 (d,J= 8.4 Hz, 1 H).

13C NMR (100 MHz, CDCl,): § = 21.3, 55.5, 55.9, 110.6, 110.9,
121.5,121.6,123.7,124.2,126.4,128.7,129.9, 130.5, 133.7, 136 4,
148.4,139.5, 149.3, 158.5, 161.6, 171.3.

HRMS (ESI): m/z [M + HJ" caled for C,3H,;N,0,S: 389.1324;
found: 389.1326.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synthesis.
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