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Abstract. A sulfur-promoted three-component reaction
of isatoic anhydride, primary aliphatic or aromatic
amines, and acetophenones leading to densely
substituted 3-substituted 2-aroylquinazolin-4(3H)-ones
is reported. The key step involves a cascade reaction of
selective oxidation of the methyl group of the
acetophenones, followed by a condensation with
anthranilamides. The scope of the reaction is applicable
to the synthesis of tryptanthrin and various 3-
unsubstituted 2-aroylquinazolin-4(3H)-ones.

Keywords: sulfur; anthranilamide; acetophenone,
DMSO; oxidative condensation

Aza heterocycles constitute core  structural
components in a variety of natural products and
biologically active compounds. Quinazolin-4(3H)-one
scaffold in particular are not only ubiquitous in
biologically active molecules™ but also present in a
diverse set of natural products (Figure 1).[
Consequently, an increasing number of new
methodologies have been developed to enhance the
occurrence of the quinazolin-4(3H)-one scaffold in
corporate compound collections for biological
evaluations.®l In order to increase the lipophilicity as
well as the activity of quinazolin-4(3H)-ones, one of
the simplest strategies is to incorporate an alkyl or
aryl substituents to the N-3 position.™!
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Figure 1. Selected 2-Aryl-3-Aroylquinazolin-4(3H)-ones

Herein, we describe a convenient access to 3-
substituted 2-aroylquinazolin-4(3H)-ones 4 base on
three component one-pot two-step reaction of isatoic
anhydride, primary aliphatic or aromatic amines, and
acetophenones 2 promoted by elemental sulfur. To the

best of our knowledge, this is the first report of
general sulfur-promoted oxidative coupling between
weakly nucleophilic and sterically hindered N-
substituted 2-aminobenzamides with acetophenones.
More importantly, we expand this concept to N-
unsubstituted 2-aminobenzamides.

In 2013, Wu et al. reported an 1,/DMSO promoted
oxidative  coupling reaction between  2-
aminobenzamides with acetophenones to provide a
range of 3-unsubstituted 2-benzoylquinazolin-4-ones
(Scheme 1).P! Because of a side reaction between
molecular iodine with 2-aminobenzamides leading to
their 5-iodinated derivatives, the iodination step of
acetophenones should be performed prior to the
addition 2-aminobenzamides. Moreover, it appears
that this approach is working well when the amide
function of 2-aminobenzamides is not substituted
Indeed, the yields of N-methyl amides derivatives
were described to be generally lower than that of their
NH; amide analogues and no other larger substituents
were reported.
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Scheme 1. 2-Aroylquinazolin-4(3H)-ones 4  from

Anthranilamides 3 and Methyl Ketones 2

Here, we propose an alternative strategy based on
the use of elemental sulfur® as an oxidant applicable
to anthranilamides 3 bearing a wide range of alkyl
and aryl substituent on the amide group.

For this purpose, we started the optimization
studies based on the oxidative coupling reaction
between 2-aminobenzanilide 3a with acetophenone
2a in the presence of elemental sulfur (twice the
stoichiometric amount) as oxidant (Table 1). The
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reaction between the three components under neat
condition (entry 1) or in a small amount of DMSO at
100 °C did not lead to the expected product 4a.
Gratifyingly, in the presence of N-methylpiperidine,
which was previously identified as an excellent sulfur
activator,/ we observed the formation of
quinazolinone 4a (entry 3), especially in the presence
of DMSO™ ! (entries 5-7). The reaction worked well
with a slight excess of sulfur (entry 7). However,
although DMSO was thought to act as co-oxidant,
reaction with stoichiometric or sub-stoichiometric
amount of sulfur (entries 8-9) resulted in lower yields.
Finally, we found that the reaction is less efficient
with lower N-methylpiperidine amount (entry 10) or
at lower temperature (entry 11).

Table 1. Optimization of the Reaction Conditions

Sg (x mmol
0 “Ph O N-mz(t(r1¥TI];r)1i1potle)r)idine Q N/Ph 0
d” * HSCJ\Ph B C;: H
NH, DMSO (z mL) N Ph
T°C,16h
3a (1 mmol) 2a (1.2 mmol) 4a
Entry* x vy z Temp (°C)  Yield (%)°
1 6 0 0 100 0°
2 6 0 0.1 100 0°
3 6 1 0 100 25
4 6 1 0.1 100 45
5 6 1 0.2 100 67
6 6 1 0.5 100 70
7 4 1 0.5 100 75
8 3 1 0.5 100 67
9 2 1 0.5 100 35
10 4 05 05 100 45
11 4 1 0.5 80 38

@ Reaction conditions: 2-aminobenzanilide 3a (1 mmol, 212
mg), acetophenone 2a (1.2 mmol, 144 mg), sulfur (x mmol,
32 mg/mmol), N-methylpiperidine (y mmol), DMSO (z
mL), 80-100 °C, 16 h. ° Isolated yield. ¢ Determined by H
NMR.

Next, the optimized conditions (entry 7) were
adapted to the syntheses of other quinazolinones 4
(Scheme 2). Since most of N-substituted 2-
aminobenzanilides were not commercially available,
we developed a convenient access to such compounds
based on thermal, uncatalyzed and solvent-free
reaction  between  isatoic  anhydride  with
stoichiometric amounts of amine.[®]

The decarboxylative coupling with aromatic
amines 1 with isatoic anhydride under solvent free
conditions was performed at 130-150 °C for 1-3 h.
Gratifying, once the process was completed, the CO,
evolution ceased. Acetophenone, sulfur, N-
methylpiperidine and DMSO were subsequently
added and the reaction mixtures were further heated at
100 °C for 16 h. One-pot reaction of unsubstituted
aniline led to the expected product 4a in slightly
lower yield (75% vs 70%). Similarly, p-anisidine
provided the desired product 4b in excellent yield.
Gratifyingly, the optimal conditions were compatible
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with halogeno groups (products 4c, 4d and 4i) and
with sterically hindered substituent at the ortho
position of the anilines (products 4e-g).
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Scheme 2. One-pot Synthesis of Quinazolinones 4 from
Isatoic Anhydride, Amines 1 and Methyl Ketones 2

Importantly, heteroaromatic amine such as 3-
aminopyridine could successfully be incorporated into
the quinazolinone 4i, albeit with a diminished yield.
Subsequently, the one-pot protocol was applicable to
substituted acetophenones and their heteroaromatic
analogues 3-pyridyl and 2-thienyl to provide products
41-40 in reasonable yields. Although the reaction of
alkyl methyl ketones (2-pentanone or 2-heptanone)
seems to be complicated (results not shown), we were
able to obtain the product 4p from pinacolone. In this
case, despite the low yield, the reaction mixture
remained clean, suggesting undoubtedly that the t-
butyl group slowed the conversion process. When o-
phenylenediamine was used as starting amine, fused
tetracyclic compound 4qg was formed in good vyield.
Its structure was confirmed via X-ray crystallography.

Interestingly, our strategy could be applied to the
synthesis of tryptanthrin. For this purpose, o-
aminoacetophenone was used as the amine
component. Due to unfavorable electron withdrawing
effect of the acetyl group as well as its steric
hindrance, the decarboxylative coupling step should
be performed at 160 °C to ensure significant CO;
evolution. Subsequent intramolecular oxidative
condensation  providing tryptanthrin  could be
achieved under the standard conditions. Despite low
global yield in which the first step of formation of the
corresponding anthranilamide could be improved, this
result showed that the reaction could be realized in an
intramolecular version.

When primary aliphatic amines were used as the
amine components, the formation of the
corresponding substituted anthranilamides could be
performed at significantly lower temperatures (rt-60
°C). Subsequent oxidative condensation with
acetophenone led to the final products 4r-4t in high
yields.

10.1002/adsc.201900371
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Scheme 3. Synthesis of NH Quinazolinones 6

At this stage, with highly general and simple
conditions in place, we focused our attention on the
reaction of N-unsubstituted anthranilamides 6
(Scheme 3). Thus, we employed this substrate in the
reaction with a range of acetophenones.

This approach led to the synthesis of 3-NH-
quinazolin-4-ones 6a-6i in moderate to good yields
(43-75%). In general, acetophenone itself as well as
its analogues p-substituted by an electron donating
group gave better yields (6a-6d). On the other hand,
p-cyanoacetophenone displayed lower reactivity
(product 6e). Although the byproduct of the reaction,
i.e. hydrogen sulfide, is known to add to the nitrile
group to yield thioamide, such a reaction did not
happen under the present conditions. Other m-
substituted acetophenones afforded the expected
quinazolin-4-ones 6f-6i in moderate yields. The
structure of quinazolinone 6g derived from m-
chloroacetophenone was confirmed unambiguously
by X-ray crystallography. Interestingly, the reactior
proceeded in similar  fashion with  other
heteroaromatic methyl ketones.

Introducing an o-chloro group on the aromatic ring
of the acetophenone moiety afforded the products in
lower yield (6j). This observation suggested that the
efficiency of the oxidative coupling process depends
also on the steric hindrance of the methyl ketone
moiety. 1 Additionally, heteroaryl methyl ketones
such as 2-acetylthiophene and 3-acetylpyridine
afforded the corresponding products 6k-61 in
reasonable yields. Once again, pinacolone exhibited a
lower reactivity. It should be however noted that such

3
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an example was not reported with molecular iodine-
promoted method.®!
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Scheme 4. Proposed Mechanism

Based on the results previously reported by our
group,t” we proposed a plausible mechanism depicted
in Scheme 4. The formation of quinazolinone 6 could
proceed via two possible pathways. In the first
pathway,"?l methyl ketone 2 would react with sulfur
activated by N-methylpiperidine according to
Willgerodt type mechanism. While its methyl group
is oxidized and trapped with anthranilamide 5 to form
an amidine moiety, its ketone group is reduced into a
methylene group to vyield quinazolinone A.Y
Oxidation of the benzylic by S/IDMSO would lead to
the final product 6. Alternatively, the methyl group of
ketone 2 could be directly oxidized by sulfur to
aldehyde B, which could subsequently condense with
5 to provide aminal C and then quinazolinone 6. In
both pathways, the oxidation of A and C to 6 could be
favored by the formation of the tautomers A’ from A
and C’ from C.

To confirm the oxidation step of A to 6, Al (Ar =
Ph) was synthesized independently™? and allowed to
react under the same conditions. The formation of 6a
in moderate yield in the presence of both sulfur and
DMSO as oxidants suggested the feasibility of this
pathway.

In summary, we have developed a one-pot two-step
three-component reaction of isatoic anhydride,
primary aliphatic or aromatic amines 1, and methyl
ketones 2 (acetophenones or pinacolone) promoted by
elemental sulfur to provide a range of 3-substituted 2-
aroylquinazolin-4(3H)-ones 4. The wuse of o-
aminoacetophenone as both amine and methyl ketone
component has provided a proof-of-concept of our

10.1002/adsc.201900371

strategy in the one-pot synthesis of natural
quinazolinone tryptanthrin. This new procedure of
sulfur-promoted oxidative coupling of anthranilamide
5 with methyl ketones 2 was also successfully utilized
to prepare NH 2-aroylquinazolin-4-ones 6. Further
exploration of new reactivities of elemental sulfur in
organic chemistry and applications are currently in
progress in our laboratory.

Experimental Section

One-pot procedure for the synthesis of quinazolinones 4
fromisatoic anhydride, amines 1 and methyl ketones 2

From aromatic amines: A mixture of isatoic anhydride 1
(1 mmol), and aromatic amine (1.05 mmol) was heated
with magnetic stirring at 130-150 °C for 1-3 h in a 7-mL
glass test tube closed with a rubber septum under an argon
atmosphere. The COzdgas formed during the course of the
reaction was evacuated by mean of a rubber argon balloon.
When the evolution of CO. ceased, sulfur §4_ mmol, 128
mg), methyl ketone (1.2 mmol), N-methylpiperidine (1
mmol, 99 mg), and DMSO (0.5 mL) were added and the
reaction tube was closed aﬁam, flushed with argon and
heated at 100 °C for 16 h. The reaction mixture was
purified by column chromatography on silica gel.

From aliphatic amines: Aliphatic amine (1.05 mmol) was
added to a mixture of isatoic anhydride 1 (1 mmol) in
DMSO in a 7-mL glass test tube. The resulting mixture was
stirred at rt for 5-10 min, the tube was next closed with a
rubber septum under an argon atmosphere. The CO; gas
formed duringbthe course of the reaction was evacuated Z
mean of a rubber argon balloon. The tube was heat at 60 °C.
When the evolution of CO, ceased, sulfur (4 mmol, 12¢
mg), methyl ketone (1.2 mmol), and N-methylpiperidine (1
mmol, 99 mg) were added and the reaction tube was closed
a%aln, flushed with argon and heated at 100 °C for 16 h:
The reaction mixture was purified by column
chromatography on silica gel.

Procedure for the synthesis of quinazolinones 6 from
anthraniliamide 5 and methyl ketones 2

A mixture of anthranilamide 5 (1 mmol 136 mg), sulfur (4
mmol, 128 mg), methyl ketone 2 (1.2 mmol), N-
methyélplperu:jme (1 mmol, 99 mg) and DMSO (0.5 mL)
was heated in a 7-mL glass test tube under an argon
atmosphere at 100 °C for 16 h. The reaction mixture was
purified by column chromatography on silica gel.

CCDC-1881910 and CCDC-1881911 (compounds 6g and
4p respect_lve(ljy) contain the supplementary
crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge
Crystallographic Data _ Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Acknowledgements

We thank ICSN-CNRS and Dr. A. Marinetti (ICSN-CNRS) for

helpful support.

References

[1] @) U. A. Kshirsagar, Org. Biomol. Chem. 2015, 13,
9336; b) R. S. Rohokale, U. A. Kshirsagar, Synthesis

2016, 48, 1253 c) Y. Takase, T. Saeki, N. Watanabe, H.
Adachi, S. Souda, I. Saito, J. Med. Chem. 1994, 37,

4

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis

2106; d) M. J. Hour, L. J. Huang, S. C. Kuo, Y. Xia, K.
Bastow, Y. Nakanishi, E. Hamel, K. H. Lee, J. Med.
Chem. 2000, 43, 4479; e) G. M. Chinigo, M. Paige, S.
Grindrod, E. Hamel, S. Dakshanamurthy, M. Chruszcz,
W. Minor, M. L. Brown, J. Med. Chem. 2008, 51, 4620;
f) M. A. Mohamed, R. R. Ayyad, T. Z. Shawer, A. A.
M. Abdel-Aziz, A. S. El-Azab, Eur. J. Med. Chem.
2016, 112, 106; g) J. Kunes, J. Bazant, M. Pour, K.
Waisser, M. Sloséarek, J. Janota, Farmaco 2000, 55,
725; h) K. Waisser, J. Gregor, H. Dostal, J. Kunes, L.
Kubicova, V. Klimesova, J. Kaustova, Farmaco 2001,
56, 803; i) N. P. Peet, L. E. Baugh, S. Sunder, J. E.
Lewis, E. H. Matthews, E. L. Olberding, D. N. Shah, J.
Med. Chem. 1986, 29, 2403; j) S. B. Mhaske, N. P.
Argade, Tetrahedron 2006, 62, 9787; k) L. Orfi, J.
Kokosi, G. Szasz, I. Kovesdi, M. Mak, I. Teplan, G.
Keri, Bioorg. Med. Chem. 1996, 4, 547; I) J. Lin, W.
Shen, J. Xue, J. Sun, X. Zhang, C. Zhang, Eur. J. Med.
Chem. 2012, 55, 39.

[2] @) C. V. Jao, T. H. Hung, C. F. Chang, T. H. Chuang,
Molecules 2016, 21, 1605; b) M. Chen, L. Gan, S. Lin,
X. Wang, L. Li, Y. Li, C. Zhu, Y. Wang, B. Jiang, J.
Jiang, Y. Yang, J. Shi, J. Nat. Prod. 2012, 75, 1167.

[3] For selected recent examples, see: a) F. Li, L. Lu, P. Liu,
Org. Lett. 2016, 18, 2580; b) L. Xu, Y. Jiang, D. Ma,
Org. Lett. 2012, 14, 1150; ¢) Y. Bao, Y. Yan, K. Xu, J.
Su, Z. Zha, Z. Wang, J. Org. Chem. 2015, 80, 4736; d)
W. Xu, X. R. Zhu, P. C. Qian, X. G. Zhang, C. L. Deng,
Synlett 2016, 27, 2851; e) K. Upadhyaya, R. K. Thakur,
S. K. Shukla, R. P. Tripathi, J. Org. Chem. 2016, 81,
5046; f) S. Mohammed, R. A. Vishwakarma, S. B.
Bharate, J. Org. Chem. 2015, 80, 6915; g) Z. Li, J.
Dong, X. Chen, Q. Li, Y. Zhou, S. F. Yin, J. Org. Chem.
2015, 80, 9392; h) X. Jiang, T. Tang, J. M. Wang, Z.
Chen, Y. M. zhu, S. J. Ji, J. Org. Chem. 2014, 79,
5082; i) Y. Feng, Y. Li, G. Cheng, L. Wang, X. Cui, J.
Org. Chem. 2015, 80, 7099; j) F. C. Jia, Z. W. Zhou, C.
Xu, Y. D. Wu, A. X. Wu, Org. Lett. 2016, 18, 2942; k)
F. Tamaddon, F. Pouramini, Synlett, 2014, 25, 1127; I)
J. K. Laha, K. S. S. Tummalapalli, A. Nair, N. Patel, J.
Org. Chem. 2015, 80, 11351; n) Q. Li, Y. Huang, T.
Chen, Y. Zhou, Q. Xu, S. F. Yin, L. B. Han, Org. Lett.
2014, 16, 3672; o) T. B. Nguyen, L. Ermolenko, A.
Almourabit, Green Chem. 2013, 15, 2713; q) T. B.
Nguyen, J. Le Bescont, L. Ermolenko, A. Almourabit,
Org. Lett. 2013, 15, 6218.

[4] @) L. Hudson, J. Mui, S. Vazquez, D. M. Carvalho, E.
Williams, C. Jones, A. N. Bullock, S. Hoelder, J. Med.
Chem. 2018, 61, 7261; b) W.Dohle, F. L. Jourdan, G.
Menchon, A. E. Prota, P. A. Foster, P. Mannion, E.
Hamel, M. P. Thomas, P. G. Kasprzyk, E. Ferrandis, M.
O. Steinmetz, M. P. Leese, B. V. L. Potter, J. Med.
Chem. 2018, 61, 1031; ¢) R. Bouley, D. Ding, Z. Peng,
M. Bastian, E. Lastochkin, W. Song, M. A. Suckow, V.
A. Schroeder, W. R. Wolter, S. Mobashery, M. Chang,
J. Med. Chem. 2016, 59, 5011; d) S. A. Brunton, J. H.
A. Stibbard, L. L. Rubin, L. I. Kruse, O. M. Guicherit,
E. A. Boyd, S. Price, J. Med. Chem. 2008, 51, 1108.

[5] @) Y. Zhu, Z. Fei, M. Liu, F. Jia, A. X. Wu, Org. Lett.
2013, 15, 378. For a related work, see: b) S.

10.1002/adsc.201900371

Mohammed, R. A. Vishwakarma, S. B. Bharate, J. Org.
Chem. 2015, 80, 6915; c) S.Ambethkar, M. Kalaiselvi, J.
Ramamoorthy, V. Padmini, ACS Omega 2018, 3, 5021.

[6] For reviews on the use of elemental sulfur in organic
syntheses, see: a) T. B. Nguyen, Adv. Synth. Catal.
2017, 359, 1106; b) T. B. Nguyen, Asian J. Org. Chem.
2017, 6, 477; c) D. L. Priebbenow, C. Bolm, Chem.
Soc. Rev. 2013, 42, 7870; For selected examples on the
synthesis of heterocycles using elemental sulfur as
oxidant, see: d) F. Shibahara, R. Sugiura, E. Yamaguchi,
A. Kitagawa, T. Murai, J. Org. Chem. 2009, 74, 3566;
e) J. Tan, P. Ni, H. Huang, G. J. Deng, Org. Biomol.
Chem. 2018, 16, 4227; f) Y. Xie, X. Chen, Z. Wang, H.
Huang, B. Yi, G. J. Deng, Green Chem. 2017, 19, 4294;
g) T. B. Nguyen, P. Retailleau, Adv. Synth. Catal. 2017,
359, 3843; h) T. B. Nguyen, P. Retailleau, Green Chem.
2018, 20, 387; i) T. B. Nguyen, P. Retailleau, Adv.
Synth. Catal. 2018, 360, 2389.

[7] a) T. B. Nguyen, L. Ermolenko, M. Corbin, A.
Almourabit, Org. Chem. Front. 2014, 1, 1157; b) T. B.
Nguyen, K. Pasturaud, L. Ermolenko, A. Almourabit,
Org. Lett. 2015, 17, 2562; c) T. B. Nguyen, P.
Retailleau, Org. Lett. 2017, 19, 3887; d) T. B. Nguyen,
P. Retailleau, Org. Lett. 2018, 20, 186.

[8] Clark, R. H. Wagner, E. C. J. Org. Chem. 1944, 9, 55.

[9] The reaction of cyclohexyl methyl ketone resulted only
in a trace amount of the expected product, possibly due
to the reaction on the enone form on its cyclohexyl
moiety.

[10] A similar reaction with o-methoxyacetophenone
instead of o-methoxyacetophenone resulted only in @
trace amount of the expected product and confirmed
this hypothesis. No effort has been made to isolate the
product in this case.

[11] We observed frequently the formation of products A
in the reaction mixtures by their characteristic 1H NMR
signals of the methylene groups (singlet at about 3.7-4.0
ppm). We were however unable to isolate such products.

[12] G. S. Chen, S. Kalchar, C. Kuo, C. Chang, C. O.
Usifoh, J. Chern, J. Org. Chem. 2003, 68, 2502.

This article is protected by copyright. All rights reserved.



Advanced Synthesis & Catalysis 10.1002/adsc.201900371

COMMUNICATION

Sulfur-Promoted Synthesis of 2-Aroylquinazolin-

4(3H)-ones by Oxidative Condensation of P . o i lsé . RNER AN
Anthranilamide and Acetophenones ©\)LH . chJLR, _N-methylpiperidine p
NH, DMSO NR
100°C, 16 h
ArNH, 34 examples
Adv. Synth. Catal. Year, Volume, Page — Page or ‘ one-pot R=Ar, Alkyl H
AlkNH, R’ =Ar, t-Bu o)
isatoic anhydride ©\)L/II\I:‘Q
Thanh Binh Nguyen,* Hou Jing-ya, and Pascal N 3
Retailleau . ,
yptanthrin

This article is protected by copyright. All rights reserved.



