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Abstract—A general method was developed to synthesize a class of N-(4-oxo-2-substituted-4H-quinazolin-3-yl)-substituted sulfon-
amides in moderate to good yield. This new method can be applied in both single compound and parallel synthesis. About 90 com-
pounds with a variety of substituents were synthesized using this method in a parallel fashion.
� 2004 Elsevier Ltd. All rights reserved.
Quinazolinone derivatives are known to possess hyp-
notic, diuretic, anti-hypertensive, anti-bacterial, anti-viral,
anti-inflammatory, bronchodilator, anti-HIV, and
tuberculostatic activity.1 In search of anti-infective
agents, we became interested in synthesizing various 3-
sulfonamide-substituted quinazolinone derivatives (1).
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A general synthetic method of broad scope that would
allow for the rapid generation of compounds on a small
scale in a solution-phase parallel fashion was essential to
our program. To date, there are only a few examples of
the title compounds (1) reported. The reported synthesis
of the title compounds (1) involves the sulfonylation of
3-amino-quinazolinones (2) with arylsulfonyl chlorides
in refluxing benzene or ethanol in the presence of a base,
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such as pyridine or NaOH, with yields ranging from
58% to 66% (Scheme 1).2a–c

In our initial efforts we attempted to use the existing
method (Scheme 1) to make the title compounds (1) in
both direct and parallel fashion. The key 3-aminoquin-
azolinone intermediates (2) were prepared in good
yield according to the literature method2a as shown in
Scheme 2.

Initially, the reactions of 2 with various sulfonyl chlo-
rides were tried in refluxing benzene in the presence of
pyridine as base, and with pyridine alone as both base
and solvent at 80 �C on a 100lmol scale. Some reactions
were not always reproducible in our hands. These results
led to the development of a versatile method that al-
lowed the title compounds (1) to be synthesized effi-
ciently with various substituents in parallel fashion on
a lmol scale.

A new strategy was therefore planned, where benzoxaz-
inones (4) and substituted sulfonyl hydrazides (5) would
condense to give the title compounds (1). The sulfonyl
hydrazides (5) were conveniently prepared from the cor-
responding sulfonyl chlorides and hydrazine.2d The first
attempt was to treat an equivalent amount of 4a
(R1 = 6-F, R2 = Ph) with p-nitrobenzenesulfonyl
hydrazide (5a) on a 200lmol scale in anhydrous pyr-
idine (1mL). No desired product was detected by LC–
MS after heating at 100 �C overnight. When the solvent

mailto:vgregor@ 


N

O

R2

O

+ R3
S
OO

NHH2N

melting

130 0C, 30 min N

N

R2

O H
N

S
R3

OO NH

N
H

O

R2O
6

R1
R1

R1

4 5 1

+

major
minor

H
N

S
O O

R3

Scheme 3.

Table 1. Synthesis of 2-substituted, 3-sulfonamide-substituted quinaz-

olinones (1)a

R3 R2 (% yieldb)

Phen-

ethyl

Bn Ph 2-Thiophene-

methylene

4-CO2H-Ph 98 81 67 99

4-NHCOMe-Ph 99 94 58 99

4-OCF3-Ph 96 90 81 74

3,4-Di-Cl-Ph 83 85 40 29

4-CF3-Ph 90 92 87 45

4-CN-Ph 90 88 51 73

4-Cl-Ph 90 90 68 49

Bn 82 96 45 79

3-NO2-4-Cl-Ph 92 89 55 24

3-CO2H-Ph 99 98 98 83

5 0-(N-Thiophen-2-yl-
methyl-benzamide)

83 72 37 51

4-iPr-Ph 86 76 64 32

4-OMe-Ph 85 90 73 71

3,4-Di-F-Ph 92 89 98 75

2-Cl-Ph 95 70 60 80

3,4-Di-OMe-Ph 86 69 90 63

3,5-Di-Cl-Ph 95 92 53 50

4-F-Ph 95 98 99 78

4-NO2-Ph 95 81 99 97

4-tBu 92 82 44 50

2,4-Di-Cl-5-Me-Ph 57 17 26 <5

2,4-Di-Cl-Ph <5 8 15 52

a All of the products (R1 = 6-F) <90% pure by ELSD were purified by

reverse-phase HPLC in automated fashion using Waters MS-trig-

gered purification system using CH3CN and H2O as eluting solvents.
b The yields are estimated by HPLC (ELSD) from LC–MS results of

the reaction mixture before HPLC purification.
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was changed to glacial acetic acid, the reaction gave the
desired product 1a (R1 = 6-F, R2 = Ph, R3 = 4-NO2-Ph)
with <20% conversion as indicated by LC–MS. Under these
conditions, a number of new 3-sulfonamide-substituted
quinazolinone derivatives (1) were synthesized in very
low yield. Some reactions failed to give any desired
products at all; therefore, efforts are taken to improve
both yield and reaction scope.

The next attempt consisted of combining 4a and 5a de-
void of solvent, followed by heating to 160 �C (oil bath),
allowing the resulting melt to stir under a N2 atmos-
phere for 15min. LC–MS analysis of the reaction mix-
ture indicated formation of the desired product (1a) in
<20% yield along with multiple side products. Reducing
the melting temperature to 130 �C while keeping other
conditions constant increased the conversion to 50%
(LC–MS). By extending the reaction time to 30min,
the purity of the desired product increased to greater
than 80% as indicated by LC–MS without work-up or
purification. This improved method was applied to the
parallel synthesis of a variety of new quinazolinone
derivatives (1)3 (Scheme 3).

Four 6-fluoro-benzoxazinone intermediates (4) and 22
sulfonyl hydrazides (5) were synthesized using the meth-
ods described above. The remaining challenge was to
determine if the parallel synthesis of the title compounds
(1) under the melt conditions described above could be
performed. The MiniBlockTM XT system3 made this
strategy possible. This system allows for up to 24 reac-
tions to run simultaneously under a N2 atmosphere.
Using multiple systems, 88 reactions were performed
in parallel utilizing the four 6-fluoro-benzoxazinones
(4) and the 22 sulfonyl hydrazides (5) on a 200lmol
scale to give the desired 3-sulfonamide-substituted
quinazolinones (1). The results are listed in Table 1.
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The scope of this reaction is fairly broad, where R2 and
R3 can be alkyl and substituted aromatic/hetero-aro-
matic groups. The methodology can be applied in either
a direct4 or parallel fashion, giving moderate to good
yields of the products.5

During the development of this procedure, a major im-
purity, 2-benzoylamino-N-(4-fluoro-benzenesulfonam-
ido)-5-fluoro-benzamide (6a; R1 = 4-F, R2 = Ph and
R3 = 4-F-Ph) was isolated after purification.6 The isola-
tion of 6a suggests that the melt reaction may initially
proceed via this intermediate, followed by ring closure
upon extended heating to form the title compound (1).
To test this hypothesis, a stepwise approach was ex-
plored. An equivalent amount of 4b (R1 = 6-F, R2 =
2-thiophenemethylene) and benzenesulfonylhydrazide
were combined and dissolved in anhydrous DMF
(0.4M). The mixture was shaken at room temperature
for 22h to give the ring-opened compound 6b (R1 =
4-F, R2 = 2-thiophenemethylene, R3 = Ph) as the major
product along with less than 5% of the cyclized product
1b (R1 = 6-F, R2 = 2-thiophenemethyl, R3 = Ph). This
mixture was heated at 80 �C for 20h to give the cyclized
product 1b in 78% isolated yield after column chroma-
tography purification. These results support our hypoth-
esis about the possible mechanism of the melt reaction,
and warrants further investigation of this method.

In summary, a novel, general and efficient method for
the synthesis of a variety of new 2-substituted, 3-sulfon-
amide-substituted quinazolinone derivatives in both di-
rect and parallel fashion was developed. By
demonstrating the broad application of this chemistry,
this methodology may be very useful in organic
synthesis.
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3. General experimental procedure for parallel synthesis of
N-(4-oxo-2-substituted-4H-quinazolin-3-yl)-substituted sul-
fonamides (1): Caution: It is not recommended to perform
this reaction on a larger scale than shown here due to the
potential uncontrollable decomposition of the sulfonyl
hydrazides. The stepwise process using DMF as a solvent,
described above may have the potential for a safe scale-up.
The reaction should be carried out behind a safety shield.
The benzoxazinones (0.2mmol) and the sulfonyl-hydrazides
(0.2mmol) were mixed as solids. The reaction mixtures were
heated in parallel at 130 �C under a nitrogen atmosphere for
30min in MiniBlockTM XT systems (supplied from Mettler-
Toledo AutoChem Inc.). After cooling, the solids were
dissolved in CHCl3 (4mL) and washed with water (2mL),
aq NaHCO3 (2 · 2mL) and water (2mL) sequentially by
liquid–liquid extraction. The organic layers were dried and
the resulting crude products were further purified by
reverse-phase HPLC in automated fashion. Selected ana-
lytical data for 1c (R1 = 6-F, R2 = 2-thiophenemethylene,
R3 = 4-OMe-Ph) are listed below: 10.8mg, 12.1% isolated
yield after HPLC purification with 100% HPLC purity by
ELSD. 1H NMR (400MHz, DMSO-d6): d 3.84 (3H, s), 4.23
(1H, d, J = 16Hz), 4.67 (1H, d, J = 16Hz), 6.96 (2H, m),
7.06 (2H, d, J = 9.6Hz), 7.40 (1H, dd, J = 4.4, 1.6Hz), 7.56
(1H, d, J = 9.6Hz), 7.69 (4H, m), 11.47 (1H, s). 13C NMR
(400MHz, DMSO-d6): d 35.21, 56.60, 111.85, 115.08,
122.43, 124.40, 126.15, 127.51, 130.63, 130.89, 131.20,
137.45, 143.33, 156.80, 158.80, 159.54, 161.99, 163.83.
LC–MS (ES+): m/z = 446.1 [M+H]+. Anal. Calcd for
C20H16FN3O4S2: C, 53.92; H, 3.62; N, 9.43. Found: C,
53.85; H, 3.62; N, 9.46.

4. Example for single compound large-scale reaction: 1d
(R1 = 6-F, R2 = Bn, R3 = 4-NHCOMe-Ph), reaction scale:
1.6mmol, isolated yield: 71% after recrystallization (3:1
hexanes/EtOAc). LC–MS (ES+): m/z = 467.1 [M+H]+.

5. The isolated yield after HPLC purification (range from 1%
to 99% with average isolated yield of 38%) was much lower
than the yield estimated by HPLC (ELSD) from LC–MS
results, partially because the purification method was set in
such a way to accommodate a variety of products (1) in an
automated fashion giving the high throughput we desired,
but with the disadvantage of losing an amount of product
in many cases.

6. Analytical data for 6a: LC–MS (ES+): m/z=432.2 [M+H]+;
1H NMR (400MHz, DMSO-d6): d 7.27 (2H, t, J = 8.8Hz),
7.44 (1H, t, J = 5.2Hz), 7.53 (2H, t, J = 7.6Hz), 7.60–7.64
(2H, m), 7.74 (2H, d, J = 6.8Hz), 7.87 (2H, dd, J = 8.4,
5.2Hz), 8.50 (1H, dd, J = 9.2, 5.6Hz), 10.23 (1H, br s),
11.12 (1H, br s), 11.37 (1H, br s).
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