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Heterocycles are common important building blocks in medic-
inal chemistry. Quinazolines or quinazolinones are regularly
used in the synthesis of bioactive compounds to inhibit epige-
netic targets," gamma-aminobutyric acid (GABA) receptors,>
phosphoinositide 3-kinase (PI3K) signalling® and many other
biological pathways.* Some typical quinazolin(on)es approved for
use in clinical applications are presented in Fig. 1, like erlotinib,
an endothelial growth factor receptor (EGFR) inhibitor, and ide-
lalisib, a PI3K inhibitor. Indeed the synthesis of quinazolin(on)e
derivatives is of high interest. A conventional synthesis of qui-
nazoline 4 (Scheme 1) starts with ortho-substituted anilines 1
being reacted with carbonyl derivatives 2 to give an amide 3.

The final intramolecular cyclization to 4 needs a nitrogen
atom that can come from the initial substituents (X, R,) or
through an additional reagent. Many methods for synthesizing
quinazolin(on)es are available and were reviewed.?

Our team being involved in sustainable chemistry to produce
key building blocks for various applications, we studied the
preparation of a series of quinazolinones with a greener
approach in the frame of an ongoing medicinal project. The
targeted compounds were quinazolin-2-ylpropanoic acid 8a (R
= H, Scheme 2) and substituted versions (R =/= H) as inter-
mediates toward compounds 9 (Scheme 2). A possible synthesis
of compound 8a under thermal conditions requires two steps:*®
(i) mixing 2-aminobenzamide 5a and succinic anhydride 6 in
toluene with 3 h refluxing to afford a diamide 7a, (ii) cyclization
to quinazolinone 8a by heating 7a in the presence of aqueous
NaOH. Alternative thermal solutions exists for the second steps
with NaOAc/acetic anhydride,” or through benzooxazinone in
formamide/ethanol.® In the first step to prepare compounds 7
toluene is used and, as a fossil-based solvent, its replacement by
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simple and cost effective reported.

pinane as a sustainable solvent that favors the cyclization step. The conditions are some of the most

an hydrocarbon like terpenes such as pinane (Scheme 2), ob-
tained from renewable resources, could give a greener
synthesis.**°

The starting materials 5 and 6 (Scheme 1) used for the first
step of the preparation are all powders not soluble in toluene,
except the anhydride 6 whose partial solubility in toluene
probably favours the first step of the preparation. We though
that keeping a suspension of these finely devised powders could
give better results than performing the reaction neat. Terpenes
like pinene, the major component of the abundant and cheap
turpentine pine tree oil and produced in large quantities
worldwide, are considered as substitutes for fossil-based
hexane." The structure of pinene has some similarity with
toluene, with an additional bridge. In this family of terpene the
2,6,6-trimethylbicyclo[3.1.1]heptane, called herein pinane
(Scheme 1), was selected for it similarity to toluene and no
potential side reactivity as it could happen with the double bond
of the pinene. Pinane is obtained by the catalytic reduction of
the pinene,"” with a price currently at 10 euros per kg, and
around 30 euros per kg for toluene. As toluene, pinane makes
an azeotrope with water (50/50, pEb 120 °C). Beside the possible
uses of terpenes to prepare bioactive compounds, pinane was
often used as solvent for oil extractions*® but to our knowledge
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Fig. 1 Two examples of quinazolin(on)e-based approved drugs.
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Scheme 1 Preparation of pinane and example for the synthese of
quinazolinones 8.

nothing is described with pinane as a solvent for chemical
reactions, whereas pinene is used either as reagent or acid
scavenger.'*

A regular way to transform heating under reflux for hours is
to take advantage of microwave reactors. This strategy was
already applied to the synthesis of various quinazolin(on)es,
starting from various substrates.'>'® A reported green
microwave-assisted synthesis of quinazolinone was performed
in two steps.” A preparation of the derivative 8a in particular in
ethanol with acetic acid under microwave conditions in
a domestic oven without temperature control was reported*® but
the "H NMR chemical shifts in the aromatic region are not
supported by spectra and are different from those reported in
another reference work.® As the combination of microwaves and
pinane alone as solvent for the preparation of compounds such
8a-g (Scheme 1) was never described we report below our results
in preparing selectively the intermediates 7 and/or the expected
derivatives 8 using thermal and microwaves conditions.

A series of quinazolynylpropanoic acid 8b-g (Scheme 2) was
thus synthesized in two steps with the procedure used to
prepare compound 8a (ref. 6) to have all the reference
compounds and for comparison purposes with the microwave
conditions. Substituted benzamides 5b-g were mixed with
succinic anhydride in toluene and the mixture was refluxed for 3
hours in the case of 5-substituted benzamides. The less reactive
4-substituted benzamides 5e-g required longer heating (12 h for
4-bromo and 2 days for 4-nitro), to have a more complete
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Scheme 2 Possible explanation for substitution-dependent reactivity
of benzamide.
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reaction. After filtration the diamides 5b-g were heated in
aqueous sodium hydroxide to perform the intramolecular
cyclization leading to quinazolinones 8b-g. All the compounds
were characterized by "H and "*C NMR and HRMS. The yields
obtained when preparing compounds 7 and 8 under thermal
conditions are reported in Table 1.

We next evaluate the transposition of the thermal conditions
used for the preparation of the diamide 7 into microwaves
conditions.

We selected the preparation of the diamide 7a as the test
reaction. The equipment we used (Discover 2.0) has an algo-
rithm to convert the thermal conditions to microwave ones.
Converting thermal conditions with toluene at reflux for 3 hours
gave initial experimental conditions of 6 minutes at 180 °C and
150 Watts with stirring. According to the thermal conditions the
molar ratio of benzamide/anhydride to solvent was kept at 1:
1 mmol in 1.25 ml. In a first reaction using a 1 cm diameter
10 ml reactor we observed, with the internal camera, that the
stirring was not efficient, the magnetic bar size possible for this
diameter being too small to be able to mix correctly the
suspension in the pinane. The limitations observed with the
10 ml vial were solved by using a 35 ml one with a bigger
magnetic bar. In these conditions the stirring of the suspension
was slightly more efficient.

The visualization of the ongoing reaction with the camera
indicated two key changes during the reaction: a first one when
the heat reached 110-130 °C with the deposition of a grey solid
sticking to the glass vessel and a second one when 150-180 °C
was reached with a full melting of the solids that was

Table 1 Comparative yields for intermediates 7 and quinazolinones 8
under thermal and microwaves conditions

o 0
Rl N NH, ™ NH a:Rz=H e: Ry =4-Me
3L R b:R3;=5Me f:R3=4-Cl
Z 3
NH & N/)\/\,(OH ¢:R3=5O0Me g:Rs=4-Br
7 OMOH 8 o) d:R3=5-Cl h:R3=4-NO,

o]
Isolated
microwave
yields® (from
benzamide
Thermal yields 5)
R= 5—7 7 — 8 5x7—8 7 8°
a=H 90 (ref. 6) 91 (ref.6)  81.9 99¢ 85
b = 5-Me 95 98.6 93.7 94¢ 88
¢ = 5-OMe 98 91 89.2 99¢ 98.8
d =5-Cl 96 99.5 95.5 96 84.4
e = 4-Me 92 97.9 90.1 93P 79
f=14-Cl 94 qt 94.0 n.d. n.d.
g = 4-Br 92.9 91.2 84.7 90  89.3
h = 4-NO, 94 86 80.8 n.d. n.d.

“ Optimized condltlons are: 110 °C, 10 min, 300 W, 0.8 mmol m1 ™, ratio
5:6 = 1:2. ” Optimized conditions are: 110 °C, 15 min, 300 w,
0.4 mmol ml™, ratio 5:6 = 1:4. © 110 °C, 10 min, 300 W then 180 °©
C, 15 min, 300 W. n.d.: not done.
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maintained during the rest of the reaction. At the end of the
reaction the mixture solidified with the pinane as the super-
natant, allowing its easy recovery by filtration or a simple
transfer into another flask. The solid was removed with meth-
anol after careful trituration.

We were surprised to see that the "H NMR spectrum of the
crude reaction showed the quinazolinone 8a as the major
product (Fig. S1 left line 2, ESI}). Other compounds observed
were the starting benzamide 5 and another unknown
compound we named 10 whose 'H NMR signals did not corre-
sponded to the initial substrate or the intermediate diamide 7a.
In the same conditions using toluene as the solvent a clean
diamide 7a was obtained. In contrast to pinane that gave
a stable plateau at 180 °C with discontinued irradiation, the
heating of toluene was limited to 176-177 °C with almost
constant irradiation. This observation suggested that toluene
absorbed more energy than pinane lowering the reactivity of the
diamide for the final cyclization. We decided to stop the reac-
tion after 6 minutes at 176-177 °C to match the 180 °C plateau
for pinane. This demonstrated that toluene is superior to
pinane for the first step but is not able to perform the second
cyclization step. The reaction times were then evaluated at 180 °©
C and 150 W (10 and 15 min, Fig. S1 left lines 3 and 4, ESI¥),
showing a minor impact on the final composition.

We then studied both the reaction time, power and temper-
ature to find the best conditions to improve the preparation of
the quinazolinone in pinane while reducing the formation of
compound 10. "H NMR spectra of the crude reactions were used
to monitor the parameters. Typical NMR signals (Fig. S1 left,
ESIt) were a multiplet and a triplet at 2.55 and 7.1 ppm for the
intermediate 7a, two triplets and the doublet at 2.75, 2.85 and
8.1 ppm for the quinazolinone 8a and the overlapping signal at
7.55 ppm for the unknown compound 10. Increasing the time of
reaction was useful to fully transform the starting benzamide but
also increased the formation of the unknown compound. To
limit the formation of 10 that increased after 10 min the
temperature of the reaction was decreased to 150 °C for 10 min.
In these conditions a mixture of intermediate 7a and quinazoli-
none 8a was obtained, along with other unidentified side-
products including product 10. A temperature below 150 °C
gave also mixtures but slightly less side products, and at 110 °C
some unreacted benzamide 5a was observed.

A better approach to limit this side reactions leading to 10
was to ensure a rapid consumption of the benzamide 5a. This
was achieved by two equivalents of the anhydride 6 relative to
the benzamide 5a. Controlling the first step leading to
compound 7a selectively could be of interest for preparing such
compounds and we focused on a protocol to obtain clean
compound 7a. In addition we thought critical to achieve high
initial conversion prior to the second cyclization step leading to
8a. We selected 130 °C for the temperature to reach, this
temperature being a compromise between the conversion to
quinazolinone 8a and the formation of 10. A first method at
130 °C for 5 min at 300 W with a 1: 2 ratio of 5a: 6 gave results
similar to a previous one (150 °C, 10 min, 150 W), e.g. a mixture
of 7a and 8a but with less side products formed (Fig. S1 right,
lines 1 and 2, ESIt). The reaction time was then decreased down
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to 4, 3 and 2 minutes, the best results being obtained for 3
minutes, yielding a clean diamide 7a with some remaining
benzamide 5a (Fig. S1 right, line 3, ESIt). After a couple of
optimizations we found that 110 °C, 10 min, 300 W, 600 rpm
stirring and a 5a: 6 ratio of 1:2 gave 100% conversion of the
benzamide 5a to the diamide 7a with no side products, except
the excess of succinic anhydride (Fig. S1 right, line 4, ESI¥).

The method was then applied to 4- and 5-substituted ben-
zamides 5 and give high conversions for all examples (Table 1).

However, if the conversion was 100% for all 5-substituted
benzamide 5a-d, the conversion of 4-substituted benzamides
5e-g did not exceeded 95%. A possible explanation for these
differences lies in the electronic effects where the doublet of the
nitrogen atom in the 2-amino group did not participate in the
mesomeric forms initiated from position 5, whereas it becomes
possible with position 4 (Scheme 2), decreasing the reactivity of
the doublet.

Better conditions were evaluated for a complete conversion
of 4-substituted benzamides starting with 4-methylbenzamide
as test molecule. Increasing the reaction time to 15 minutes did
not improve the conversion. The other possibility was to
increase the ratio of anhydride to 2.5, 3, 4 and 5 equivalents.
The more reliable results were obtained for 4 equivalents.
However, with the initial suspension, an early formation of
blocks of solid in the mixture did not help to achieve comple-
tion of the reaction. To reduce this drawback we used a more
diluted suspension by reducing the amount of substrate 50%
for the same volume of pinane. The stirring was also made
a little more efficient with a smaller magnetic bar and a pre-
stirring for five minutes of the suspension outside the appa-
ratus. In these conditions only a slight increase of the conver-
sion was achieved up to 96% and 93% for 5e and 5f (methyl and
bromo derivatives), respectively. A purification was necessary to
isolate the corresponding diamides from the starting
benzamides.

Having found the best conditions for the initial formation of
diamides 7 we then tried to achieve a direct formation of qui-
nazolinones 8. A second step was added to the method to reach
180 °C for 10 minutes. Using 8a the cyclization occurred with
some remaining diamide 7 and the side product 10. Varying the
reaction time for the second step between 5 and 25 minutes
showed that 15 minutes was the best compromise (Fig. S2, line
3, ESIT). Increasing the temperature gave more compound 10
and below 180 °C more diamide 7 was recovered, with 160 °C
giving low cyclization. The difficulties seen during the reaction
were the lack of solubility and limited stirring of the suspension
and with the use of two equivalents of anhydride, succinic acid
was formed. The best conditions were finally pre-stirring of the
succinic anhydride as fine powder in the pinane during 5
minutes in the reactor without microwave, followed by addition
of the benzamide in one shot and stirring for 5 minutes more.
The reactor was then placed in the microwave equipment with
the following method: pre-stirring 1 min, then 110 °C, 10 min,
300 W, then 180 °C, 15 min, 300 W, with overall stirring at
900 rpm. After cooling the solid was broken down to small
pieces and the pinane filtered off. The solid was then re-
suspended in water and stirred until it formed a fine

© 2023 The Author(s). Published by the Royal Society of Chemistry
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suspension in the reactor. The pH may be adjusted to 5-6 with
saturated aqueous NaHCO;. A final filtration and washing with
water gave the quinazolinone (84% for 8a). Experimental details
are in footnotes.

We finally compared the result for the full sequence for
preparing compound 8a in pinane with the same made in
toluene. In toluene we again did not observed any cyclization,
the major compound being still the benzamide 7a. As previously
mentioned, a major difference between toluene and pinane as
the solvent is the continuous irradiation with toluene to
maintain the temperature just below 180 °C when in pinane
180 °C is readily obtained. Toluene has a dipolar moment (0.375
D (ref. 19)) surely superior to pinane (cyclohexane = 0 D) but
their dielectric constant may be almost the same (toluene 2.4,
hexane 1.9) as well as their low microwave absorbing capability.
As a result we postulate that some part of the energy is spent in
toluene to maintain its evaporation and that its condensation
also consumes some energy. In pinane, with a higher boiling
point, all the energy goes to the substrates, possibly explaining
the observed results. Beside the temperature or absorbing
effect, the mechanism of cyclization may involve proton
mobility in the solvent, and pi-stacking may exist* in toluene
that could contribute to stabilize the intermediate 7,** whereas
the apolar pinane must have low interactions with the
substrates that can react faster. It can be anticipated that other
renewable hydrocarbons with high boiling point could be used
for this reaction.

Recovery of the pinane from
microwave reactions

In the synthesis of diamides 7, the recovery of the pinane can be
made by prior dilution of the reaction mixture with petroleum
ether (PE), filtration and washing with PE. The combined
filtrates were filtered on a pad of silica and the colorless oil
concentrated under vacuum to yield pinane with 'H NMR
spectra identical to the reference. For quinazolinone synthesis
a similar protocol can be applied with or without adding PE.

Conclusions

Originally designed for preparing diamide 7, a practical and
simple microwave-assisted synthesis of quinazolinones 8 or
diamide intermediates 7 is proposed using a common protocol.
The yields are similar to the reported thermal conditions.

The originality of this work is the use of pinane as a renew-
able and recyclable solvent to mix the substrates. Pinane
appeared to have a specific role in the reaction, favouring the
second step of cyclization that give a direct access to our qui-
nazolinones from 2-aminobenzamides. Although the pinane
did not compete with water as a green solvent, the reaction is
performed without the need for K,CO; used in microwave
aqueous conditions. The prepared compounds are intermedi-
ates in a medicinal project leading to N3-methyl quinazolinone
9 (Scheme 2) analogues as potentially improved ZnF-UBP
inhibitors.®

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Experimental section

Example of thermal synthesis of diamide 7d. In a flask equipped
with a condenser, 2-amino-benzamide (10 mmol, 1 eq.) and
succinic anhydride (1 g, 10 mmol, 1 eq.) were mixed in 12.5 ml
of toluene. The suspension was vigorously refluxed for 3 h
(>10 h for 4-substituted benzamides) and then cooled to RT. The
resulting white solid was filtered, washed with Et,O and dried.

Example of microwave synthesis of diamide 7a. In a tubular
35 mlvial equipped with a magnetic stirrer, 2-amino-benzamide
(500 mg, 3.67 mmol, 1 eq.) and succinic anhydride (734.5 mg,
7.34 mmol, 2 eq.) were mixed in 4.6 ml of pinane. The vial was
closed with a pressure cap and put on the auto-sampler system
of the microwave apparatus. After insertion in the reaction hole,
a pre-stirring of 1 minute was followed by irradiation (300 W) up
to 110 °C maintained for 10 minutes and wit stirring at 600 rpm.
The resulting brown solid was poured into a round flask with
methanol and after concentration under vacuum a brown solid
was obtained analyzed by "H NMR to measure the conversion.
The purification was made as previously by washing with Et,O
and dried to yield solids with NMR spectra identical to those
obtained by thermal reactions.

Example of thermal synthesis of quinazolinone 8d. In a flask
equipped with a condenser, compound 7d (9.2 mmol, 1 equiv.)
was dissolved in an aqueous 2 N NaOH solution (15 ml, 3.3
equiv.). The resulting solution was refluxed for 2 h and then
cooled to RT. The pH was carefully adjusted to pH 5-6 with
aqueous 3 N HCl solution under vigorous stirring. The resulting
white powder was filtered, washed with water and then dried to
afford the expected quinazolinone 8d.

Example of microwave synthesis of quinazolinone 8a. In
a tubular 35 ml vial equipped with a magnetic stirrer, succinic
anhydride finely powdered (734.5 mg, 7.34 mmol, 2 eq.) was
suspended in 4.6 ml of pinane. After 5 min stirring 2-amino-
benzamide 5a (500 mg, 3.67 mmol, 1 eq.) was added, followed
by 5 min stirring. The vial was then placed in the microwave
oven with pre-stirring 1 minute, followed by 110 °C, 10 min,
300 W, then 180 °C, 15 min, 300 W, all at 900 rpm. After cooling
the supernatant pinane is filtered on a glass filter 4, and the
solid washed with PE. The solid is suspended in water (5 ml)
and after stirring is filtered again and dried to give 680 mg
(85%) of ivory solid with NMR spectra identical to those ob-
tained by thermal reactions. The pinane can be purified by
rapid filtration on a pad of silica.

4-((2-Carbamoyl-phenyl)amino)-4-oxobutanoic
Prepared from benzamide 5a (500 mg, 3.67 mmol). Microwave:
499 mg, 99%.

4-((2-Carbamoyl-4-methylphenyl)amino)-4-oxobutanoic acid
7b. Prepared from 5b (600 mg, 4 mmol). Thermal: 945 mg, 95%.
Microwave: 94%.

4-((2-Carbamoyl-4-methoxyphenyl)amino)-4-oxobutanoic
acid 7c. Prepared from 5c¢ (2.49 g, 15 mmol). Thermal: 3.92 g,
98%. Microwave 99%.

4-((2-Carbamoyl-4-chlorophenyl)amino)-4-oxobutanoic acid
7d. Prepared from 5d (1.7 g, 10 mmol). Thermal: 2.6 g, 96%.
Microwave: 96%.

acid 7a.

RSC Adv, 2023, 13, 20646-20650 | 20649
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4-((2-Carbamoyl-5-methylphenyl)amino)-4-oxobutanoic acid
7e. Prepared from 5e (1.0 g, 10 mmol or 550 mg, 3.67 mmol).
Thermal: 2.3 g, 92%. Microwave: 93%.
4-((2-Carbamoyl-5-chlorophenyl)amino)-4-oxobutanoic acid
7f. Prepared from 5f (1.7 g, 10 mmol). 2.54 g, 94%.
4-((2-Carbamoyl-5-bromophenyl)amino)-4-oxobutanoic acid
7g. Prepared from 5g (3.67 mmol). Thermal: 1.07 g, 92.9%.
Microwave: 1.04 g, 90%.
4-((2-Carbamoyl-5-nitrophenyl)amino)-4-oxobutanoic
7h. Prepared from 5h (544 mg, 3 mmol). 2.54 g, 94%.
3-(6-Methyl-4-oxo0-3,4-dihydroquinazolin-2-yl)propanoic acid
8b. Thermal: prepared from 7b (874 mg, 3.5 mmol). 0.80 g,
98.6%. Microwave: prepared from 5b, 3.67 mmol, 85%.
3-(6-Methoxy-4-ox0-3,4-dihydroquinazolin-2-yl)propanoic
acid 8c. Thermal: prepared from 7c¢ (3.6 g, 13.5 mmol). 3.07 g,
91%. Microwave: prepared from 5¢, 3.67 mmol, 900 mg, 98.8%.
3-(6-Chloro-4-oxo-3,4-dihydroquinazolin-2-yl)propanoic  acid
8d. Thermal: prepared from 7d (2.48 g, 9.2 mmol). 2.31 g, 99.5%.
3-(7-Methyl-4-oxo-3,4-dihydroquinazolin-2-yl)propanoic acid
8e. Thermal: prepared from 7e (2.2 g, 8.8 mmol). 2.0 g, 97.9%.
Microwave: prepared from 5e, 3.67 mmol, 79%.
3-(7-Chloro-4-ox0-3,4-dihydroquinazolin-2-yl)propanoic acid
8f. Thermal: prepared from 7f (2.44 g, 9 mmol). 2.28 g, quant.
3-(7-Bromo-4-oxo-3,4-dihydroquinazolin-2-yl)propanoic acid
8g. Thermal: prepared from 7g (0.5 g, 1.59 mmol). 430 mg,
91.2%. Microwave: prepared from 5g (3.67 mmol), 89.3%.
3-(7-Nitro-4-ox0-3,4-dihydroquinazolin-2-yl)propanoic acid 8h.
Thermal: prepared from 7h (655 mg, 2.3 mmol), 527 mg, 86%.

acid
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