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Abstract — A general, selective, and practical one-pot synthesis of 2-substituted
4(3H)-quinazolinones by the Yb(OTf)s-catalyzed cyclo-condensation of
2-aminobenzamides with acyclic or cyclic 1,3-diketones (f-diketones) under mild
and neutral reaction conditions has been developed, which involves the highly
selective cleavage of a C-C bond in 1,3-diketones by Yb(OTf)s catalyst. For
example, the Yb(OTf)s-catalyzed cyclo-condensation of 2-aminobenzamide (1a)
with 1-phenylbutane-1,3-dione (2¢) gave 2-methyl-4(3H)-quinazolinone (3a) in
90% yield, together with acetophenone in 65% yield. Ring-opening
cyclo-condensation of 2-aminobenzamides (1a) with cyclic 1,3-diketones (2i and
2k-m), except for cyclopentane-1,3-dione (2j), gave 2-substitued
4(3H)-quinazolinones (3i and 3k-m) with one carbonyl group.

4(3H)-Quinazolinones belong to one of the most important classes of fused heterocyclic compounds and
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have a wide range of biological activities.! Various methods for the synthesis of 4(3H)-quinazolinones
have been developed and reported,? almost all of which are based on the condensation of 2-aminobenzoic
acid (anthranilic acid) with carbonyl compounds (aldehydes or ketones) and amines, i.e., the
Niementowski synthesis.> However, these methods suffer from multi-step and tedious procedures, costly
reagents, and often low yields. Three reactions that have attracted the interest of organic and
organometallic chemists have been reported independently. Manhas reported the pioneering synthesis of
2-methyl-3-aryl-4(3H)-quinazolinones from the reaction of 2-amino-N-arylbenzamides and
pentane-2,4-dione (acetylacetone) under acidic reaction conditions (6% ethanolic hydrogen chloride),
involving retro-Aldol reaction of pentane-2,4-dione,* and Pihlaja reported a three-step synthesis of
2-methyl-4(3H)-quinazolinone from 2-aminobenzamide with 1-(4-substituted)phenylbutane-1,3-dione via
Z-enamine intermediates which underwent cyclization followed by elimination of aryl methyl ketones
under acidic reaction conditions (with trifluoroacetic acid for one week).” Wang developed an
iodine-catalyzed ring-opening condensation of 5,5-dimethyl-1,3-cyclohexadienone (dimedone) with
2-aminobenzamides to give bis-quinazolin-4(3H)-ones.® Unfortunately, the applicable substrates were
strictly limited in the above three reactions,*® and the reactions were generally carried out under acidic

43 or in the presence of 1.6

reaction conditions
As a continuation of our study on the rare earth metal-catalyzed synthesis of heterocyclic compounds,’ we
succeeded in developing a general, selective, and practical one-pot synthesis of 2-substituted
4(3H)-quinazolinones 3 by the Yb(OTf)s;-catalyzed cyclo-condensation of 2-aminobenzamides 1 with
1,3-diketones (fS-diketones) 2 under mild and neutral reaction conditions (Scheme 1). For example, the
reaction of 1a (X = H) with pentane-2,4-dione (R! = R? = CH3) 2a gave 2-methyl-4(3H)-quinazolinone 3a
in high yield. The present reaction is surprising, but can be explained by assuming the formation of
1,2-dihydroquinazolone intermediates and the subsequent decomposition of 1,2-dihydroquinazolones by

the Yb(OTf)s-assisted cleavage of a C-C bond (Scheme 1, vide infra), which is a reminiscent of the

McLafferty rearrangement in mass spectroscopy.

0 o 0
[Yb] = NH [Yb]
= | NH, U . R | R' . “ | NH
5 TR R? JENNSE 4 PN ]
X NH, b O X N~ "R
07 R?
1 2 - - R2 R2 3
\( -
OH O

Scheme 1. Yb(OTf)3-catalyzed synthesis of 2-substituted 4(3H)-quinazolinones 3 from the

cyclo-condensation of 2-aminobenzamides 1 and 1,3-diketones 2 via cleavage of a C-C bond
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First, we examined the catalytic activities of several metal triflates and typical Lewis acids in the model
reaction of 2-aminobenzamide 1a with pentane-2,4-dione 2a in mesitylene at 60 °C for 24 h under an
argon atmosphere. The results are summarized in Table 1. Among the catalysts examined, Yb(OTf); was
the best, and gave 2-methyl-4(3H)-quinazolinone (3a) in 93% yield. In addition to Yb(OTf)3, Sc(OTf)3
showed high catalytic activity (3a, 92%), and other metal triflates showed moderate catalytic activity.
However, YbClz and Yb(OAc)34H>O showed moderate to low catalytic activity to give 3a in respective
yields of 78% and 21%, probably due to the weak coordination ability of chloro- and acetato-ligands to
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the ytterbium center. When the reaction was carried out in the presence of a catalytic amount of Bronsted

acid such as CF3SOs3H in place of Yb(OTY); catalyst, the yield of 3a decreased to 47%.

Table 1. Catalytic activity of
several metal triflates and

typical Lewis acid for the
synthesis of 3a from 1a and 2a®

Table 2. Synthesis of 2-methyl-4(3H)-quinazolinones 3b-e
by Yb(OTf)s-catalyzed cross-condensation of 2-amino-
benzamides 1b-e with pentane-2,4-dione 2a®

entry Lewis acid yie'((;)(;l‘) 3a
1 o 2
2 Yb(OTf) 93
3 Sc(OTf), 92
4 Y(OTf) 66
5  Sm(OTf)s 70
6 AI(OTf), 69
7 Fe(OTf) 65
8  Cu(OTf), 66
9 Zn(OTf), 68
10 AICly 56
11 FeCly 33
12 YbCly 8
13 Yb(OAc)z4H,O 21

14 TfOH 47

‘ 2-aminobenzamides isolated yield of 2-methyl
entry 1 4(3H)-quinazolinone 3 (%)
(0] 0]
Cl Cl
1 \©\)LNH2 1b )Ni 3b, 81
—
NH, N
F (0] F (0]
2 @NHZ 1c )Ni 3c, 92
—
NH, N
O O
3 ﬁNH2 1d )Ni 3d, 85
—
NH, N
(0] 0]
MeO MeO
—
NH, N

¥ 1a (1.0 mmol), 2a (1.5
mmol), catalyst (0.050 mmol)
in mesitylene (2.0 mL) at 60
°C for 24 h under an Ar
atmosphere. ° Determined by
GLC.

1 (1.0 mmol), 2a (1.5 mmol), Yb(OTf); (0.050 mmol) in
mesitylene (2.0 mL) at 60 °C for 24 h under an Ar
atmosphere.
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The present reaction occurred smoothly in several organic solvents such as mesitylene (3a, 93%),
acetonitrile (90%), ethyl acetate (75%), THF (72%), and methanol (69%), and mesitylene was used as the
best solvent for the following reactions.

Under the optimum reaction conditions, 2-aminobenzamides bearing several electron-withdrawing and
electron-donating substituents on an aromatic ring (1b-e) were treated with 2a and Yb(OTf)3 catalyst in
mesitylene at 60 °C for 24 h under an argon atmosphere to give the corresponding
2-methyl-4(3H)-quinazolinone derivatives (3b-e) in high isolated yields (Table 2).° All reactions of
2-aminobenzamide (1a) with various acyclic 1,3-diketones (2a-c and 2e, R! = Me) by Yb(OTf); catalyst
gave 2-methyl-4(3H)-quinazolinone (3a) in high yields with high selectivity (Scheme 2). Similarly,
methyl acetoacetate (2d), a p-keto ester, can be wused in the present reaction to give

2-methyl-4(3 H)-quinazolinone (3a) quantitatively.

O 0]
@f‘\'\% M Yb(OTf); 0.050 mmol _ NH i
TR R? . A7 R?
NH, mesitylene 2.0 mL N R1
at 60 °C for 12 h
1a 1.0 mmol 2a (R' = Me, RZ = Me) under Ar 3a 93%
2b (R' = Me, R2 = 1Bu) 3a 96%
2c (R' = Me, RZ = Ph) 3a 90(87)%
2d (R' = Me, R2 = OMe) 3a 99%
2e (R' = Me, R? = CF;) 3a 68%
2f (R'=Et, R2=FEt) 3fF (35)%
2g (R' = 'Bu, R? = 1Bu) 3g 66%
2h (R' = Ph, RZ = Ph) 3h  (53)%
1.5 mmol GLC yield (Figures in the parentheses are

Isolated yield.)

Scheme 2. Yb(OTf)3-catalyzed synthesis of 2-substituted 4(3H)-quinazolinones 3 from

2-aminobenzamide 1a and 1,3-diketones (or f-ketoester) 2

To obtain 4(3H)-quinazolinones bearing other alkyl substituents at the 2-position, symmetrically
substituted 1,3-diketones such as heptane-3,5-dione (2f), 2,2,6,6-tetramethylheptane-3,5-dione
(dipivaloylmethane) (2g), and 1,3-diphenylpropane-1,3-dione (2h) without an acetyl moiety (CH3CO) to
give 2-ethyl-, 2-(tert-butyl)-, and 2-phenyl-4(3H)-quinazolinone (3f-h) selectively in moderate to good
yields. In addition, the products obtained by the Yb(OTf)s;-catalyzed cyclo-condensation reaction of
2-aminobenzamide (1a) with 1-phenylbutane-1,3-dione (2¢) were analyzed carefully, and the formation
of 2-methyl-4(3 H)-quinazolinone (3a) in 90% yield and acetophenone in 65% yield was observed. This

result is consistent with the proposed mechanism illustrated in Scheme 1 (vide supra) and Scheme 3 (vide

infra).
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The reactions of 2-aminobenzamide (1a) with several cyclic 1,3-diketones (2i-m) were examined under
the same optimum reaction conditions, and the results are summarized in Table 3. Except for 2j,
ring-opening and cyclo-condensation of cyclic 1,3-diketones (2i and 2k-m) with la gave the

correspondin 2-(oxoalkyl)-4(3H)-
P 8 (oxoalkyl)-4(3H) Table 3. Synthesis of 2-substituted 4(3H)-quinazolinones

quinazolinones (3i and 3k-m) in good to 35 1 by the Yb(OTf)s-catalyzed condensation of
high isolated yields. On the other hand, a 2-aminobenzamide 1a with cyclic 1,3-diketones 2i-m?*

five-membered  cyclic  1,3-diketone,

entry cyclic 1,3-diketones 2 isolated yield of 3 (%)
cyclopentane-1,3-dione (2j), gave a
simple open-chain condensation product, o i
2-((3-cyclopent-1-en-1-yl)amino)benzam- 1 ><>< 9i ©\)‘\/ NH O 3 56
ide 3j, in 49% isolated yield without o) NW

N

ring-opening, because of the high

stability of an enol form of 2j. Oﬁéo 2j ©\)J\NH2 o) 3j, 49
Based on a consideration of all of the H

results obtained above, the most O

plausible mechanism is illustrated in 3k, 75

w
)
@)
N
=
Z g
\ p
T
@)

Scheme 3. We  Dbelieve that the

dissociation of a triflate anion OTf™ from O O

Yb(OTf); first occurs to generate 2l @E‘\w 31,43
catalytically active Yb(OTf),", which N

immediately coordinates to a carbonyl o] 0o

oxygen in 1,3-diketone. Subsequent U 2m ©\)J\/NH 3m, 52
nucleophilic attack of an amino group in N)\/\/\é(

2-aminobenzamide to the activated a1, (1.0 mmol), 2 (1.5 mmol), Yb(OTf)s (0.050 mmol) in
carbonyl carbon in 1,3-diketone proceeds ~mesitylene (2.0 mL) at 60 °C for 24 h under an Ar
atmosphere.

N

(@]

to give a hemiaminal intermediate,

followed by migration of H" and dehydration to give an imine intermediate coordinated by Yb(OTf),".
The intramolecular nucleophilic attack of an amino group to the imine carbon gives an aminal
intermediate. Subsequent migration of H' and cleavage of a C-C bond assisted by coordinated Yb(OTf),"
give 2-substituted 4(3H)-quinazolinone and an enol with the regeneration of catalytically active

Yb(OT),". The generated enol easily tautomerizes to the stable ketone.
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Yb(OTf);
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3

+ (TFO),Yb_ + O
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(TFOYD™ Hy
NH,

0 \&/

e

(TFO),Yb

H,O

Scheme 3. The most plausible mechanism

In conclusion, we have succeeded in developing a general, selective, and practical one-pot synthesis of
2-substituted 4(3H)-quinazolinones 3 by the Yb(OTf)s-catalyzed cyclo-condensation of
2-aminobenzamides 1 with both acyclic and cyclic 1,3-diketones (fS-diketones) 2 via the selective
cleavage of a C-C bond in 1,3-diketones. A wide range of starting materials can be used in the present
4(3H)-quinazolinone synthesis, since the reaction proceeds smoothly under mild and neutral reaction
conditions. Future studies on the use of Yb(OTf); and other rare earth metal catalysts to construct
valuable nitrogen-, oxygen-, and sulfur-containing heterocyclic compounds are in progress in our

laboratory.
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