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Abstract. Convenient methods for the synthesis of fluorine-
containing quinazolines and their oxa and thia analogues
are considered. The prospects for using these compounds in
medicine are considered. The bibliography includes 129
references.

I. Introduction

Quinazolines ' 8 as well as their oxa and thia analogues ®~ 13

are important classes of heterocyclic compounds, among
which antagonists of enzymes and of a number of receptors,
compounds with antitumour, antiviral and antibacterial
activity were found. A special place among these com-
pounds is occupied by the fluorine-containing derivatives.
Fluorine-containing heterocycles are widely used in the
medicinal chemistry due to the unique properties of the
fluorine atom, which is included in 20% of pharmaceut-
icals.'* The good prospects of the search for new drugs
among fluorine-containing quinazolines and benzothiazines
are testified by the data published in the recent years in the
scientific papers and patents (see, e.g., Refs 15—-21).

Quinazolin-4(3 H)-ones monofluorinated at the benzene
ring are of great interest. Promising compounds for the
application in the clinical practice have been educed among
them: 6-fluoroquinazolinones are effective for the obesity
and diabetes treatment and are also neuroprotectors and
inhibitors of 2-amino-3-(3-hydroxy-5-methylisoxazol-4-
yl)propionic acid (AMPA) receptor, 5- and 7-fluoroquina-
zolones exhibit antitumour activity and 8-fluoroquinazo-
lones are active against human cytomegalovirus.??~ 2%
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This review generalizes the literature data obtained
predominantly in the past 10—15 years and dealing with
different approaches to the synthesis of the fluorine-con-
taining quinazolines, their oxa and thia analogues. The
biological activity of the most important representatives of
this class of compounds is discussed.

I1. Fluorine-containing quinazolines

Several convenient one- and two-step methods for the
preparation of the fluorine-containing quinazoline deriva-
tives and their analogues based on the cyclocondensation
reaction were suggested. The most important ‘building
blocks’ in these reactions are fluorinated derivatives of
anthranilic acid, viz., nitriles, amides, acyl chlorides and
hydrazides.

1. Cyclocondensation reactions

a. Cyclocondensation involving fluorine-containing anthranilic
acids, their nitriles and amides

As a result of the cyclization of 2-amino-5-fluorobenzoic
(5-fluoroanthranilic) acid (1a) and formamide, 6-fluoroqui-
nazoline-4(3 H)-one (2a) is formed.??-23 A similar reaction of
compound la with ethyl a-cyanoiminothioacetate leads to
2-cyanomethyl-6-fluoroquinazoline-4(3 H)-one (3).2¢

[0} O
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F\C[COzH 2a
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NH, H(SEL |
1a F
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L

5-Fluoroquinazoline-2,4-dione (4) and its thio analogue
(5) as well as 2,2'-dithiobis(3-phenyl-5-fluoroquinazoline-

T Dedicated to the member of the Russian Academy of sciences
O N Chupakhin in connection with his 75th birthday.
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4(3H)-one) (6) were obtained by the fusion of 6-fluoroan-
thranilic acid (1b) with urea, thiourea or phenylthiourea at
the temperature of 160—170 °C. Most easily the reaction
proceeds with phenylthiourea. For the interaction of acid 1b
with unsubstituted urea and thiourea a longer heating is
required, while the corresponding products are obtained in
lower yields. It should be noted that the introduction of the
electron-withdrawing fluorine atom into anthranilic acid
leads to the increase in its reactivity.?”-28

X F ‘C‘)
H>N NH> NH
—
_ ° NS
F 160170 °C Ny
CO,H H
4,5

X = O (4, 50%), S (5, 63%)

@\/LNPh PhNﬁ

6 (70%)

NH;
1b

HZN NHPh

160— 170 °C

The treatment of 2-amino-3-fluorobenzonitrile (7a)
with formic acid in the presence of sulfuric acid leads to
8-fluoroquinazolin-4(1 H)-one (8a) in 88% yield.?° Similarly
5-fluoroquinazolin-4(1 H)-one (8b) was obtained from
6-fluoro isomer 7b.?’

O
_N |
HCOzH, HzSO4 N
_—
F 110°C F J
NH, N
7a,b H
8a.b

Isomers: 3 (a), 6 (b) (hereafter indicate position of substituents in the
initial compound).

The reaction of benzonitriles 7 with cinnamoyl chloride
and subsequent oxidative cyclization of fluorine-substituted
anilides of cinnamic acid (9) in the basic medium lead to 2-
styrylquinazolin-4(3 H)-ones 10.3%:31

0
P N, NaOH, H0,
7 ——————>F —
PhH, 20°C,20 h PN
N Ph
H
@\/\NH
—_— F
M
N Ph

The interaction of benzonitrile 7b with phenyl isothio-
cyanate was studied.?® Heating of the reactants at 100 °C
for 3 h led to 2,2'-dithiobis(4-anilino-5-fluoroquinazoline)
(11), its structure was confirmed by X-ray diffraction data
(Fig. 1). The authors suggest that this reaction proceeds via
intermediates A and B.

Figure 1. Molecular structure of dimer 11.
F F NH
eN - |
Ph—N=C=S NPh
~
NH, N SH
b A
NHPh NHPh PhHN F
—
@d @d Y
11 (95%)
Fluorinated 4-0x0-2-thio-1,2,3,4-tetrahydroquinazo-

lines are formed in the cyclization of fluorine-substituted
methyl anthranilates with isocyanates or 2-(methoxycarbo-
nyl)phenyl isothiocyanates with primary amines.3?

The solid-phase synthesis of 2,4-diaminoquinazoline 12
was described 33 consisting in the condensation of 2-amino-
6-fluorobenzonitrile (7b) with immobilized benzoyl isothio-
cyanate and morpholine. The product is detached from the
polymeric support by the treatment with trifluoroacetic
acid.

1)

b
2) morpholine, Prz NEt )\
3) CF3COH

12 (57%)
@ is polymer, NMP is N-methylpyrrolidone.

The interaction of N,N-dimethyl-N’-(2-cyano-3-fluoro-
phenyl)formamidine (13) with 2-chlorobenzylamine under
microwave irradiation (MW) leads to N-substituted 4-ami-
noquinazoline 14.34

NH» al
cl
F HN
NA N ~Me AcOH MW, 160 °C TN
=
e
13 14

Diamides 16 are formed in the acylation of 6-fluoroan-
thranilamide obtained from benzonitrile 7b with the
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corresponding acyl chlorides or acid anhydrides. Diamides
16 are transformed into monofluorinated quinazolinones 17
by treatment with alkalies.?’

0
T H,SO4 NH: RC(O)Cl or (RCO),0
et RC(O)Clor (RCOX0_
55°C
NH,
15
F ‘(‘) F ?
NH, KOH N
" N
NH N~ R
A H
R0 17a—d (51% —96%)
16a—d

R = Me (a), Ph (b), 4-pyridyl (4-Py) (c), 3-Py (d).

Using 2 equiv. of amide 15 in the reaction with pyridine-
2,6-dicarbonyl dichloride, it was possible to obtain 2,6-
bis(5-fluoro-4-oxo(1 H)-quinazoline-2-yl)pyridine (18).27

18

Monofluorinated quinazolinones containing (het)aryl
substituents in position 2 were synthesized from amide 15
and aromatic or heterocyclic aldehydes. Imine 19e is formed
on heating furfural with amide 15 in ethanol, its oxidation
by the treatment with CuCl, afforded 5-fluoro-2-(2-furyl)-
quinazolinone 17e.?” The reactions with other (hetero)-
aromatic aldehydes proceed in a similar manner. It should
be noted that heating of salicylaldehyde (R = 2-HOC¢H4)
with amide 15 in ethanol gives directly 2-aryl-5-fluoroqui-
nazolinone 17g, while the corresponding Schiff base was not
isolated.

i
R #2-HOC4H, ij\/LNH2
—
F 0 N//\R

I 19¢.f.h.i
NH; RCHO
iCqu

NH»
15

L
— LI
\
N R
H
17e—i

R = 2-furyl 2-Fu) (¢), 2-Py (f), 2-HOCsH, (g).
2-HO-5-N02C6H3 (h), 4-M€OC6H4 (l)

3-Substituted 6,7-difluoroquinazolin-4(3 H)-one 21 was
synthesized by cyclization of 2-aminobenzamide 20 with
trimethyl orthoformate.3> The starting amide is formed in
the reaction of difluoroanthranilic acid 1¢ with 4-fluoro-
phenethylamine (carbodiimide method).

F NH:
1c F
(0]
F ‘
E 1) HC(OMe);
2) POCl;
F NH» 20

F

0
F ‘
s N
.
F N 21

The interaction of fluoro-derivatives of anthranilic acid
(1a,c—f) with amine 22 and the subsequent condensation of
the amide intermediates 23 with triethyl orthoformate lead
to fluoroquinazolin-4-ones 24a,c—f, which contain an
asymmetric centre.3¢

HC(OEY);
_— >
NMP, 110 °C

F 24a.c—f

DCC is dicyclohexylcarbodiimide; HOBT is N-hydroxybenzotriazole;
R = H (a), F (¢), NH> (d), NMe; (e), NHC(O)CF; (f).

Fluorine-containing o-nitroaniline 25 was first con-
verted into nitrile (26) and then into amide (27) of nitro-
benzoic acid.?®> In the reduction of compound 27,
anthranilamide 28 is formed, which is coupled with aro-
matic aldehydes. In the final step, the oxidative cyclization
of 2-arylideneimino-4-fluoro-5-(4-methypiperazin-1-yl)ben-
zamides 29 leads to 2-arylquinazolinones 30 (Scheme 1).

Convenient routes to 3-tert-butoxyquinazoline-2,4-di-
ones 31 were found based on the fluorine-containing
N-alkoxyanthranilamides. The precursors are anthranilic
acids with both free [1; R!' =H (¢), F (g), Cl (h)] and
substituted (32) amino groups, while the key intermediates
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MeN/ﬁ _
ﬁi J@
MeN/\ Me@

O
K/N NH» ArCHO, EtOH N
_ >
A, 3h
F NH» F

28

1) KNO,, H2SO,4
_— >

2) CuCN

Ar = 2-Fu, 2-thienyl (Th), 4-XCgH,4 (X = H, F, Cl, Br, Me, McO).

are the respective hydroxamates 33, 34 (Scheme 2).37 Thus,
the reaction of compounds 1¢,g,h with carbonyldiimidazole
gives anhydrides, which react with O-Bu'-hydroxylamine
hydrochloride in the presence of triethylamine. Hydroxa-
mates 33 react with phosgene with cyclization yielding
quinazolinediones 35. The alkylation of the latter leads to
compounds 31. Thus one can introduce substituents into
position 1, which are present at N(1) in known fluoroqui-
nolone drugs. An alternative route to the synthesis of
quinazolinediones 31 is the treatment of the N-substituted
acid 32 with O-Bu'-hydroxylamine hydrochloride and the
cyclization of the resulting hydroxamate 34 with phosgene
(see Scheme 2).

Scheme 2
OH DCDLTHF NHOBut COC]’
2) Bu‘ONHz HCI,
EtsN
1c,g,h
(0] (0]
F. ‘ _OBu* F. ‘ _OBut
N R2X N
N NaH, DMF /g
F N (6] F N O
H |
R! R! R2
35 31
T COCl,
OH DEDCLTHF NHOBu!
NHR2 2) Bu'ONH,- HCl, NHR2

Et;N

CDlI s Carbonyldnmldazole EDCl is 1-ethy1-3-(3-dlmethylammopropyl)-
carbodiimide; R! = H, F, ClI; R? = H, Me, Et, cyclo-Pr, Bn, 2,4-F,CsH3;

X =Cl, Br.

The synthesis of the fluorine-containing 3-aminoquina-
zolinediones 36 has some similarity with the assembly of the
heterocycle in compounds 31. The reaction of N-(2-amino-
4-fluorobenzoyl)-N'-Boc-hydrazine 37 with triphosgene
with the subsequent removal of the rert-butoxycarbonyl
protecting group in the substituted 3-aminoquinazoline-
2,4-diones 38 leads to derivatives 36.38

Scheme 1
MeN/\ 0
LN |
HoS04 NH, SnCly, HCI
20°C, 24h 20°C
F NO,
27
0 MeN/\ 0
| LN |
NH, CuCl,, MeOH NH
- >
A,3h ~
N7 DAr F N~ Ar
29 30
F | 1
NHNHBoc  CHCx oA CCh
F NHR? PhMe
1
RU 3
0 0
F | _NHBoc CFi:CO.H, F I _~NH>
N CH,Cl N
PN BTN N
F I‘\I o 12h F N \O
R' R? R R
38 36

R! = H, F, CI; R? = H, Me, Et, cyclo-Pr, Bn, 2,4-F,C¢Hs.

Yet another example of the usage of fluorine-containing
anthranilic acid hydrazides (39) for the synthesis of quina-
zolines was reported.?® Thus in the reaction of trifluoro-
substituted hydrazide 39a (R = F) with triphosgene a mix-
ture of quinazolinedione 40a and benzoxazinone 41a in the
ratio of 80:20 is formed. In the case of difluorine-substi-
tuted hydrazides 39b—d the only reaction products are the
corresponding quinazolinediones 40b—d.?°

‘ 0
F Cl;C CCl
NHNHBoc \o)ko/ :
K,COs, THF
F NH
R A
39a—-d NHBoc
NHBOC F.
+
- A i A
40a—d 41a

R = F (a), Cl (b), Me (¢), OMe (d); Boc is tert-butoxycarbonyl.

Fluoro-anthranilic acid was also used to prepare con-
densed fluorine-containing quinazolones. In the reaction of
o-phenylenediamine with 5-fluoroanthranilic acid (1a) in
the presence of polyphosphoric acid (PPA), intermediate
2-(o-aminophenyl)benzimidazole 42 reacts with a second
molecule of la to give 6-(o-aminophenyl)benzimidazo-
[1,2-c]quinazoline (43).4°
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b. Cyclocondensation using fluorine-containing derivatives
of o-halobenzoic acids
One of the approaches to the synthesis of fluorine-contain-
ing quinazoline-2,4-diones 34 is based on the transforma-
tions of polyfluorobenzoic acids 44 (Scheme 3). First, they
are converted to hydroxamates 45, then to ureas 46, which
cyclize in the presence of the sodium hydride yielding
quinazolinediones 34.37

Scheme 3

Bu'ONH, HCI, E

:@\AOH _EGN.EDCI :@?NHOBut RANCO.
E OB I .
u NaH F OBu
— —
F C(O)NHR2 DMF )§
46 R! R

34

R! = H, F, Cl; R? = H, Me, Et, cyclo-Pr, Bn, 2,4-F>CcHs.

A method was proposed for the synthesis of fluoroqui-
nazolin-4-ones from 2-fluoro-substituted benzoyl chlorides
and N,N’-dinucleophiles. Thus coupling of acyl chlorides
47a—d with S-alkylisothiourea afforded the N-aroylic deriv-
atives of 48a—d.?7-28-41 Refluxing of the latter in toluene in
the presence of triethylamine or in dimethylformamide for

R3 (‘) S
»—NH
F N/Q @fN/ 2
R2 N)\s R
R! 53d-g F
R3O R2
r ba) 1
N/\> HoN"TNg R
47d-g
P
R2 N~ S
R! 54d—¢g

R! = R2=F,R3>=H();R' = R = R3 = F(e); Rl = R® = H,R2 = F (f); R = R2 = R3 = H (g).

5 h results in their intramolecular cyclization to fluorine-
containing 2-alkylthioquinazolin-4(3 H)-ones 49a—d.

RO s Fogoge
2 ~
R TR RS RS
Cl NH N~ §7
H —
R2 F R2 F
R! R!

47a-d 48a-d
R4
R3 ‘
NH
—
— R>
R2 N~ 7
1
49a—d
R!=R3=R*=H, R2=F (a); R'"=R2=R3>=H, R*=F (b);
R'=R*=H,R2=Cl, R®=F (¢); R'=R2=R3=F, R*=H (d);
R3 = Me, Et.

Since 2,6-difluorobenzoyl chloride (47b) is more reactive
in the cyclocondensation than its 2,4-difluoro isomer 47a,
the corresponding quinazolinone 49b was obtained in a
higher yield. The application of this method for the syn-
thesis of fluorine-containing quinazolinones with the use of
2-chloro-substituted benzoic acids (2-chloro-5-fluoroben-
zoyl chloride or 2-chloro-4,5-difluorobenzoyl chloride) was
so far unsuccessful.?!

The fluorine-containing annulated quinazolines are of
great interest as they are analogues of the fluoroquino-
lones — highly active antibacterial agents. A number of
compounds was found in the series of polycyclic fluoroqui-
nolones (e.g., levofloxacin, marbofloxacin), which are
equally promising for medicinal chemistry as the bicyclic
compounds. The most important method for the construc-
tion of the skeleton of [a]- and [h]annulated quinazolinones
is the reaction of the polyfluorobenzoyl chlorides with
N,N'-dinucleophiles.*2

[p]Annulated quinazolin-4(3H)-ones 50-54 were
obtained by the cyclocondensation of 2-aminoazahetero-
cycles with 2-fluorobenzoyl chlorides 47d—g in dichloro-
methane in the presence of diisopropylethylamine at room
temperature (Scheme 4). The linear annulation of the azole
and azine fragments to the quinazolinone core in products

N7 | R3 (‘) Scheme 4
HoN F N NS
—
2 NS
R N
R! 50d-g
AN
N~ N 3
P R
H:N NP g |
Cl N= NN
2 4
R2 N Nprn
R! N=
51d-g
INI ‘ R3 ?
HoN N F. N
A
R2 N N
R! 52d-¢g
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50 —54 was confirmed by '3C NMR spectroscopy and X-ray
diffraction data (by the example of compound 53e).43

Upon the reaction of 2-aminopyridine and 2-amino-5-
methylpyridine with tetrafluorobenzoyl chloride (47d) salts
55 are formed, which are transformed on refluxing in
toluene in the presence of triethylamine into pyrido-
[1,2-a]quinazoline-6(6 H)-ones (56). The angular structure
of the obtained tricyclic derivatives 56 was confirmed by
the '°F, '3C NMR spectra as well as two-dimensional
heteronuclear experiments HetCOR (Heteronuclear chemi-
cal shift CORrelation) and HMBC (Heteronuclear Multi-
ple Bond Coherence).**

F R
F ~ ‘
N NH»
_—
Cl A, 2h
F \
F O 41
—_— —_

56

R = H (70%), Me (72%).

New approaches were developed to the synthesis of

[3,2-a]quinazolin-5-ones (61), benzothiazolo[3,2-a]- (62)
and benzimidazo[3,2-a]quinazolin-7-ones (63) based on
reactions of tetrafluorobenzoyl chloride 47d with N,N'-
dinucleophiles (Scheme 5).4>4% In compounds 57-63, the
fluorine atom situated between two F atoms can easily be
substituted by the amino group in the reactions with
secondary cyclic amines.

We were the first to use tetrafluorobenzoyl isothiocya-
nate (64) for the synthesis of fluorine-containing 1-arylqui-
nazolin-4-ones 65.47 Tetrafluorobenzoylthioureas 66 were
prepared by the reaction of isocyanate 64 with aromatic
amines in acetonitrile at room temperature. S-Alkylation of
thioureas 66 and the subsequent intramolecular cyclization
of intermediates 67 in toluene in the presence of triethyl-
amine for 3 h lead to N-arylquinazolinones 65.

=S RNH NHR Edl
— >
MeCN, 20°C . NaOH
O
F ‘
IS
\
F I‘\I SEt
F R 65

R = Ph, 4-MeC¢Hy, 2-CICcH4, 2,4-C1,CsH3.

NHR Et‘cN
PhMe

2-iminoquinazolin-4-ones (57), imidazo[l,2-a]- (58), tri- Fluorinated 4-aminoquinazolines 68, 69 were synthe-
azolo[1,5-a]- (89), pyrazolo[1,5-a]- (60) and thiazolo- sized from fluorine-containing benzonitriles 70. The reac-
. R2 Scheme 5
HaN~ I
N—N F.
_ NH
F 1\\1 N
F N=
()
HNPh.__NH 60 (82%) R’
F __pn M (#2%)
N NHPh
N HoN—¢ \
F N/kNH ﬁ;J F N
F Ph > /‘K
57 F N" g
HZNT:J ) CN 61 (69%)
NH H CN

(0]
«— 47d —
F \ /N R? F ‘
N HN-K N
S R4 /‘K
CN > F N s
F

58(67%)
N |
F | HN~¢" R
NH N—N
PN i
F ]w\ \N
F Nl<
59 R!

3
62(71%) R R*

R! = H, CF5; R? = H, Ph; R?® = H, F; R* = H, OMg, F.

I

N

w0 Ny
N \
T A

\

63 (72%) /
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tion of 2,6-difluorobenzonitrile (70, F, = 6-F) with forma-
midinium acetate or acetamidinium acetate in N,N-dime-
thylacetamide at 150 °C in the nitrogen atmosphere
afforded 4-amino-5-fluoroquinazolines 68.4% The reactions
of 2,6-difluoro-, 2,5-difluoro-, 2,4-difluoro-, 2,3-difluoro-
and pentafluorobenzonitriles 70 with guanidinium hydro-
carbonate in N,N-dimethylacetamide at 140 °C lead to the
corresponding fluorine-containing 2,4-diaminoquinazolines
69.4°

/NH F NH»
R4 Sn
NH,-AcOH
A
N 150 °C N R
// (Fn = 6‘F) 68

- P NH>
HzN‘<
70 NH,-H,CO;3 >N
Fr Q\
140 °C N~ NH,
69

F, = 3-F,4-F, 5-F, 6-F, 3,4-F>, 4,5-F,, 5,6-F>, 3,4,5,6-F4; R = H, Me.

On the basis of trisubstituted benzonitriles 70 and
guanidinium hydrocarbonate, 5,6-difluoro-, 6,7-difluoro-
and 7,8-difluoro-2,4-diaminoquinazolines 69 were also syn-
thesized. Note that 2,3,6-trifluorobenzonitrile is trans-
formed under these conditions solely into 2,4-diamino-5,6-
difluoroquinazoline, while 3-amino-2,6-difluorobenzonitrile
is transformed into 2,4,8-triamino-5-fluoroquinazoline.°

Quinazoline-2,4-diones 71 are formed upon intramolec-
ular cyclization of ureas 72 obtained from trifluorobenz-
amides 73. Potassium hexamethyldisilazide (KHMDS) is
used as the cyclization agent in the presence of catalytic
amounts of 18-crown-6 ether.3®

NH, (COCI),
R
R2NH,
F F
R! 73
O O (0]
F | i F I
N NHR? NH
H KHMDS )
- - NS
F F 18-crown-6 F 1‘\1 \O
R! 72 R! R2

71(75% —96%)
R' = H, Me, OMg; R?2 = Pr, cyclo-Pr, Ph.

1,3-Dimethyl-1-pentafluorobenzoylurea (74) gave tetra-
fluoroquinazoline-2,4-dione 75 on heating with potassium
fluoride in N,N-dimethylformamide.3!

11 L1
F F Me
I‘\I/\NHMe KF, DMF Ng
— >
Me X
F F F Nko
F F Me
74 )

75 (49%

Using cyclocondensation of 2,6-difluoronicotinic acid
(76) with amidine 77, the aza analogue of fluorine-contain-
ing quinazolinones, viz., pyridopyrimidone 78, was synthe-
sized.>?

NH»
CO,H
AN 2 P Cl
Ly
=
F N F F
76 77

i
N NH
s |
P P Cl
F N N
78 F

b. Cyclocondensation using other fluorine-containing synthons

The preparation of unsubstituted 3> and 4-substituted 5*
fluorine-containing 2-aminoquinazolines 79 by heating of
2,6-, 2,5- or 2,4-difluoro-substituted benzaldehydes (80,
R = H) and ketones (80; R = Me, Et, Ph) with guanidinium
hydrocarbonate in N,N-dimethylacetamide was described.

(0] NH R
[ HN4
F F
~
F N NH,
80 79

R = H, Me, Et, Ph; isomers: 2,.4-F», 2,5-F», 2,6-F>.

The key step of the new efficient method for the syn-
thesis of 2-alkylaminoquinazolin-4(3 H)-ones 81 is the intra-
molecular cyclization of N-ethoxycarbonyl guanidine 82.3°

F F
1) EtOC(O)NCS ClISiMes
B
2) Pr*NH,, EtsN, EDCI
NS N—CO,Et PMF:80°C
/
Me Me E
NHPr
82
g
NH
—>
~
N NHPrm
Me
81 (86%)

The original synthon for the formation of the skeleton
of fluorine-containing quinazoline-2,4-diones is N-penta-
fluorophenyl benzimidoyl chloride 83. Its reaction with
phosgene imine 84 in the presence of AICI; yields
5,7-dichloro-6,8-difluoro-1,3-bis(pentafluorophenyl)quinazo-
line-2,4-dione (85).%° Three products were obtained in the
reaction of compound 83 with pentafluorobenzene in the
presence of AICls: quinazolinedione 85, 1,3-bis(pentaflu-
orophenyl)urea and C¢FsNHC(O)C¢Fs. The structure of
compound 85 was confirmed by the X-ray diffraction
analysis.>®

F F al
F F F F F | _C¢Fs
AICI; N
+ £ )\
F F F F cl N )
NYCI NYCI F  CoFs
85
83 C¢Fs 84 Cl
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2-Methyl- and 2-phenylpolyfluoroquinazolin-4(3 H)-
ones (86) were synthesized by the photochemical conversion
of 3-methyl(phenyl)-5-polyfluorophenyl-1,2,4-oxadiazoles
87 in anhydrous solvent (methanol, acetonitrile) in the
presence of triethylamine (at 4 = 313 nm) or pyridine (at
J = 365 nm).>’

R

F N/\< F O
F. I /N hv F H
O —> NH
Y
F F F N R
X 87 X 86
R = Me, Ph; X = H, F.

The condensation of diarylcarbodiimide 88 with 1-(3,4-
difluorophenyl)piperazine (89) and the subsequent hydrol-
ysis of the ester group leads to 8-fluoroquinazoline 90.°%

COzC

S

F

—>

F K/N\@F

920 F
Fluorine-containing 2-benzoyl-3-(hetarylhydrazino)-
acrylates are intermediates in the synthesis of the original
pentacyclic derivatives of fluoroquinazoline. For example,
benzimidazo[1,2-a]pyrazolo[1,5-c]quinazolines 92  were
obtained by cyclization of ethyl 3-[-(benzimidazol-2-yl)-
hydrazino]-2-(polyfluorinebenzoyl)acrylates (91) in boiling
acetonitrile in the presence of potassium fluoride or benzyl-
triethylammonium chloride. The reaction proceeds through

X (0]
F ‘ CO,Et
\ A
F F 1‘\IH N R
F HN—(
N R
91 H
F x CO:Et F
/ \ F F
F N

R
o N X
*>
N MeCN, A Q\
N™ NTN—cosEt
92 N=

X =H,F;R =H,F,CL

the formation of pyrazolyl-substituted benzimidazoles 93 as
intermediates.>* %0 The structure of benzimidazopyrazolo-
quinazoline 92 (X = R = H) was confirmed by X-ray dif-
fraction analysis.®°

d. Transformation of the fluorine-containing 3,1-benzoxazin-4-ones
into quinazolinones

Refluxing of 2-methyl-5-fluoro-3,1-benzoxazin-4-one (94)
with 2-amino-1,3,4-thiadiazoles or a-amino-g-caprolactam
in dry pyridine for 28 h leads to 3-substituted quinazolin-
4(3H)-ones 95 or 96, respectively (Scheme 6).6!

Scheme 6
F
COH o o
—_— —>
P
NH; N Me
1b
_N
H.N- S\ R 1\{ \>*R
Or yl
N-N NG
BN
N Me
95
7] i\
NH» N
0 F ‘(‘)0
NH N
L >
PN
N Me
96

R = Et, cyclo-Pr, Bu!, CFs.

The fusion of sulfohydrazides with 6-fluoro-3,1-benzox-
azines 97 at 130 °C for 30 min yields sulfonamides 98.92 The
reaction proceeds through the formation of open intermedi-
ates 99, which were isolated when the process was carried
out under mild conditions.

i
NHNHSO>Ar

F
ArSOzNHNHz
)\ 130 °C, 30 min NH

—

98 (80%)
R = Bn, Ph(CH.)s, 2-ThCHb.

2-Methyl- and 2-phenyl-6,7-difluorobenzoxazin-4-ones
(100) were synthesized by our group from 4,5-difluoroan-
thranilic acid (1¢) by refluxing with acetic anhydride for 1 h
or by the reaction with benzoyl chloride in the presence of
triethylamine in dry methylene chloride, respectively
(Scheme 7).63

The reaction of benzoxazines 100 with hydrazine
hydrate in boiling ethanol for 3 h leads to 3-amino deriva-
tives of 6,7-difluoroquinazolin-4(3H)-ones 101a,g. In order
to obtain quinazolines with heterocyclic substituents in
position 3, hetarylamines were introduced into the reactions
with benzoxazinones 100 instead of hydrazine hydrate.
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Fusion of reactants at 170—180 °C for 20—40 min gave the
corresponding 3-hetaryl-6,7-difluoroquinazolin-4(3 H)-ones
101b—f,h in 60% —80% yields.®® The fusion of benzoxazi-
nones 100 with ammonium acetate leads to quinazolinones
102 (see Scheme 7).

FD[COJ{
F NH;

Scheme 7

0
P | ]
R!C(0)X, EtsN O RNH,
7 AT
P
F N~ TR!

1c 100
(0] O
F ‘ F ‘ /RZ
NHR? N
—H,0 J\ .
F NH F N R
N 101a—h
F ‘
ACONH4 NH
=
F N R!
102
X = OAc, CI;

R! = Me: R? = NHj; (a), 5-rert-butylisoxazol-3-yl (b),
thiazol-2-yl (¢), triazol-2-yl (d), 5-methylpyrazol-3-yl (e), 2-Py (f);
R! = Ph: R? = NH; (g), 5-tert-butylisoxazol-3-yl (h).

Compounds 101c,e,f were also obtained by refluxing
benzoxazinone 100 (R! = Me) and the corresponding hetar-
ylamines in dimethylformamide for 1 h, but their yields in
this case were lower than upon fusion of the same reactants.
It should be noted that in the reaction of compounds 100
with hetarylamines and hydrazine hydrate, the fluorine
atoms in the benzene ring are preserved.

The condensation of the 3,4,5-trifluoroanthranilic acid
(1g) with acetic anhydride in the absence of a base leads to a
mixture of acyl derivative 103a and benzoxazinone 104a in
which the latter predominates (27 : 73 ratio, according to the
"H NMR spectroscopy data).

OH Ac0
—
F NH,
F
1g
o)
F | F |
OH 0
> +
~
F NHAc F N “Me
F F
103a 104a

The use of a mixture of acetic anhydride with anhydrous
sodium acetate as the condensation agent results in benz-
oxazinone 104a solely (heating of the reactants for 2 h). The
reaction of trifluoroanthranilic acid 1g with benzoyl chlor-
ide at room temperature in the presence of triethylamine for
4 h leads to benzoxazinone 104b (R! = Ph).

(0]
- ]
R'C(O)X (0] NH>NH, - H,0
g ——> - >
~
N R!
104a,b
|
F
N/NHz
R2 NJ\R1

F 105a,b

R! = Me, R? = NHNH, (a); R! = Ph, R2 = F (b).

Compounds 104a,b were introduced into the reaction
with hydrazine hydrate. In the case of benzoxazin-4-one
104a, the transformation of the benzoxazine ring into the
quinazoline one occurs together with the replacement of the
fluorine atom in the benzene ring by hydrazino group with
the formation of 3-amino-6,8-difluoro-7-hydrazino-2-methyl-
quinazolin-4(3H)-one (105a). Under the same conditions,
benzoxazinone 104b is transformed into 3-amino-2-phenyl-
6,7,8-trifluoroquinazolin-4(3 H)-one (105b).%3

2. Modification of substituents in the heterocycle

4-Fluoroquinazolines 106a,b containing chorine atom or
nitro group in the benzene ring were synthesized by the
fluorination of the corresponding 4-chloro derivatives

107a,b.64
N KF, ethylene glycol
130- 140 °C,20 h )
106a,b

107a,b
R = NO> (a), Cl (b).

2-Fluoroquinazolinones 108 are formed by the electro-
chemical fluorination of sulfides 109.°° Quinazolinones 110
were isolated as by-products.

H N/Ph .
NJ\S/\R —2e, —H”
i
Ph
- @x L
N S)\R

108 (15%) 110 (6%)
R = H, Ac, CO,Et.

Numerous publications are devoted to the modification
of fluorine-containing quinazolines at position 4. For exam-
ple, with 4-arylamino derivative 111 was obtained by
chlorodeoxygenation of 5-fluoroquinazolin-4(3H)-one (2b)
with the subsequent amination of the chloro derivative 112a
with  4-(2-pyridilmethoxy)-3-chloroaniline (113) (Sche-
me 8).9 The transformation of 4-chloro-6-fluoroquinazo-
line (112b) into 4-(N-arylamino)-6-fluoroquinazolines 114
was performed under microwave irradiation.??
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Scheme 8
Cl 7\
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N 111
NHAr

J o O\%)

112b
Ar = 2-CIC¢Hy, 3,4-F>C¢Hs.

As in the series of 4-anilinoquinazolines neuraminidase
inhibitors ¢7 were found, it was of interest to obtain fluori-
nated 4-anilinoquinazolines. Sulfide 49d was chosen as the
starting compound (Scheme 9). Compound 49d was treated
with phosphorus oxychloride and the resulting 4-chlorine-
containing intermediate 115 was introduced into reactions

Scheme 9
I Cl
F POCl3 N N
E—— I
x A
F N SEt
F F 115
49d
HR
> F SN
F SEt
But!
(0]
/A
N
-1 NH
F SN
J\
F N SEt
F 117
Me
N/
C
Z
—

F 118
R = Bn, Ph, 2-CIC¢Ha, 3,4-F>CeH3.

with different amines. Thus compounds 116 (R = Ph,
2-CICeHy4, 3,4-F2C¢H3, Bn) were obtained by the reaction
with arylamines and benzylamine in acetonitrile, and qui-
nazoline 117 was obtained by the reaction with 3-amino-5-
tert-butylisoxazole. The reaction of the intermediate 115
with a C-nucleophile such as N-methylindole was also
successful; this reaction gave 4-(indole-3-yl)quinazoline
118.41

This method was used to prepare analogues of com-
pounds 116 containing substituted indol-5-ylamino group in
position 4 and a 4-[(decahydroxyquinolin-1-yl)carbonyl]-3-
chloroaniline fragment.®8

The treatment of compound 2a with phosphorus penta-
sulfide and the subsequent reactions of quinazoline 119 with
alkyl(aryl) halides lead to 4-alkyl(aryl)thio-6-fluoroquina-
zolines 120.%3

O

F NH P:Ss E > RHal
B .

2a 119
R = All, Bn, 2-chloropyridin-5-ylmethyl.

The synthesis of a large series of 3-substituted fluorine-
containing quinazolines was performed. Thus 3-hydroxy-
quinazoline-2,4-diones 121 were obtained by hydrolysis of
3-tert-butoxy group in the fluorine-containing quinazoline-

diones 122.37
ul
CF3C02H
)\ k

121 (80% - 90%
R! = H, F, Cl; R? = H, Me, Et, cyclo-Pr, Bn, 2,4-F,CsH3;

X

@\I = \CN (X = H, NH», CH,NH,, CHMeNHs, efc.),
N H,N
\Q/ ’ EN, etc.

3-Aminoquinazoline-2,4-diones 123 are formed upon
amination of quinazolinediones 71 with O-(2,4-dinitrophe-

nyl)hydroxylamine (124) in the presence of sodium
hydride.3®
ONH»
0 I 0
| O:N NO; [l
F (124) F R
N
F /k N \O
Rl _ Rl R2
71 123

R' = H, Me, OMe; R2 = Pr, cyclo-Pr, Ph.

One of modification routes for fluorine-containing qui-
nazolines is their condensation involving the methyl group
in position 2. For example, the reaction of 3-(2-chlor-
phenyl)-6-fluoro-2-methylquinazolin-4(3H)-one (125) with
butyllithium leads to a carbanion which reacts with ethyl
a-picolinate and then with methanol to give 2-[2-hydroxy-2-
(2-pyridil)ethyl]-6-fluoro-3-(2-chlorophenyl)quinazolin-4(3-
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H)-one.®® 2-[3-(2-Chlorophenyl)]-6-fluoro-[2-(2-pyridyl)vi-
nyl]quinazolin-4(3H)-one (127) is formed in the reaction of
compound 125 with pyridine-2,6-dicarbaldehyde in diethyl-
amine.”’?~ 7> Welch et al. 7° obtained a series of analogues of
compound 127 containing different substituents in the
pyridine fragment and in the ortho-position of the benzene
ring at N(3) of quinazoline. In the same paper the depend-
ences between the conformation of compound 127 and the
inhibition of AMPA-receptor were studied. It was shown 77
that such derivatives are capable of atropoisomerism.

Cl
(0]
NI
N
A

N Me
125

—>

Cl
)
1) Bu"Li, Pr,NH F

—_— >

[ ]

SN COsE
3) MeOH

Due to the fact that 2-vinyl-substituted monofluorinated
quinazolinones posses high biological activity, a large
number of such compounds were synthesized and their
modifications were studied. 6-Fluoro-3-(2-methylpyridin-3-
yl)-2-[2-(2-methylthiazol-4-yl)ethyl]quinazolin-4(3 H)-one
mesylate (129) was obtained by refluxing 6-fluoro-3-(2-
methylpyridin-3-yl)-2-[2-(2-methylthiazol-4-yl)vinyl]quinazo-
lin-4(3 H)-one (128) with ammonium formate and palladium
black in methanol with subsequent interaction with meth-
anesulfonic acid.”?

Me N
‘ N
F | N 2
1) Pd/C, HCO,NH4, MeOH
P
N | 2) MeSO;H
N
‘ \>*Me
128 S
Me N

O ‘ ~
F 1 _
N
— \©\/\ ‘ MeSO3H
~
N
N

‘ \>*Me
S

129

The ethylthio group in position 2 of quinazolines 130
can easily be substituted by the hydrazine one upon heating
with hydrazine hydrate for 1 h. Product 131 can be used for

the preparation of quinazolines containing heterocyclic
substituent in position 2. For example, its reaction with
acetylacetone (acacH) in boiling acetonitrile in the presence
of acetic acid leads to 2-pyrazolylquinazolinone 132.4!

O
F ‘
N NH>NH»-H-»O
e
J\ A, 1h
N N SEt
H
F
130
O
F \
N AcOH
J\ acacH, Ac
N N NHNH» MeCN, A
H
F
131

Examples of the modification of the fluorine-containing
quinazolines at position 3 are mainly represented by the
acylation reactions.*! Quinazolin-4-one 133 is formed upon
N-alkylation of quinazolinone 49d with ethyl iodide in the
presence of NaOH (Scheme 10), while compound 134 is

Scheme 10
O
F | _Et
EtI N
—_—
)\
F N SEt
F 133
OMe
H P r
F NH Br(CH»2).OMe F N
R e
—~ J\
F N SEt F N SEt
F  49d F 134
O
F ‘
Br(CH,),OH )N\/>
e
P
F N~ O
F 135

formed upon the interaction with 2-bromoethyl methyl
ether. As a result of reaction of quinazoline 49d with
2-bromoethanol under the same conditions not only the
alkylation takes place, but also the intramolecular nucleo-
philic substitution of the ethylthio group leading to the
cyclic system, 2,3H-oxazolo[2,3-b]quinazolin-5-one 135.
The structure of compound 135 was established by the
X-ray diffraction method (Fig. 2).

A number of investigations is devoted to the modifica-
tion of the substituents in the benzene ring of fluoroquin-
azolines. Thus 2,4-diamino-8-fluoro-6-nitroquinazoline
transforms, upon treatment with tin chloride, into 2,4,6-
triamino-8-fluoroquinazoline. Similarly, 2,4-diamino-7-flu-
oroquinazoline is nitrated at position 6 and then reduced to
2,4,6-triamino-7-fluoroquinazoline. 2,4,6-Triaminoquina-
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Figure 2. Molecular structure of compound 135.

zolines thus obtained undergo the Sandmeyer reaction
to give 2,4-diamino-6-chloro-8(or 7)-fluoroquinazolines,
while 2,4,8-triamino-5-fluoroquinazoline is thus converted
into 2,4-diamino-5-fluoro-8-chloroquinazoline.>?

On the basis of 6-nitro isomer 136a, 2,4,6-triamino-5-
fluoroquinazoline 137 was synthesized, which can be
regarded as 5,8-didesazaisoaminopterin.’® Catalytic hydra-
tion of compound 136a leads to 2,4,6-triamino derivative
138. Di-tert-butyl ester 139 is formed as a result of the
reductive condensation of quinazoline 138 with di-tert-butyl
N-(4-formylbenzoyl)-L-glutamate in the presence of Raney
nickel; compound 139 is hydrolyzed by trifluoroacetic acid
to acid 137.

NH, F
NO»
H,, Pd/C
k ’
136a o
» OBut
H
NH> F H N
NH, o )= )-oBu
)N\ z > 0 00
—
~ H,/Ni-Ra
H>N N /
138
CO2R
NH, F H\/@)L /K/\COQR
— N~ N

For the synthesis of compound 140, a tyrosine kinase
inhibitor, the replacement of the fluorine atom in 5-fluo-
roquinazoline 111 by the 2-(methylamino)ethanol residue
was used.5¢

Cl = |
O ~
N
F HN HO(CH):NHMe
—_—
N
J
N 111

O >
N
MeHN. _~ | HN/©/

S
N

J

N 140

The heating of 7-fluoro-5-hydroxyquinazolin-4(3H)-one
with 3-(R)-(+)-dimethylaminopyrrolidine in N-methylpyr-
rolidone yields the corresponding pyrrolidinylquinazo-
lone.”®

The replacement of the fluorine atom in 4-arylamino-5-
fluoroquinazolines 141 by fragments of the heterocyclic
alcohols gives compounds 142, which possess antitumour

activity .80
Cl Cl

Het\
HetOH

R l\jj 141 /ij\/k)

R = OMe, 2-methoxyethoxy, 3-(pyrrolidin-1-yl)propoxy;
Het is tetrahydrofuran-3-yl, 1-methylpiperidin-4-yl.

The nucleophilic substitution of the F atom in position 7
allowed introduction, into quinazolindiones 31, of substitu-
ents (cyclic amines) that are present in fluoroquinolone
antibacterial drugs.3’

The reaction of 6,7-difluoro-8-methyl(or methoxy)qui-
nazoline-2,4-diones 36 (R! = Me, OMe; R? = cyclo-Pr)
with 3-cyclopropyl-3-hydroxyazetidine and with the pyrro-
lidine derivative yields 3-aminoquinazoline-2,4-diones 143,
144. 17,18

N

NN

N o
kA

36

_NH>

A

R = MeO
e
N—

QO 144

The replacement of F(7) atom in quinazolinone 21 by
azido group gives azide 145, which was used for the syn-
thesis of compounds promising for the treatment of type II
diabetes (see below).33
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The heating of quinazolinone 49d with pyrrolidine,
3-morpholino-1-propylamine and 3-methylpiperidine in
anhydrous DMF for 2 h allows replacement of F(7) atom
by the amine residue with the formation of compounds
146a,c.d.*! In the analogous reaction with morpholine, a
mixture of 7-morpholino (146b) and 2,7-bis(morpholino)
derivatives is formed (147b).
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N N)\SEt
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147b
7\ N(CH,);NH
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N(a), O N (b) o) (© N (d)
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The nucleophilic substitution of amino, hydroxy and
methoxy groups for the fluorine atoms in 2,4,5,6,7,8-hexa-
fluoroquinazoline (148) was studied.®! As a result of these
reactions, fluorinated 4-amino (149), 2,4-dihydroxy (150)
and 2,4,7-trimethoxy derivatives (151) of quinazoline were
obtained.

F NH,
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F N F
149
F F OH
F.
F SN NaOH, H,0 SN
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OMe
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The introduction of substituents into the benzene ring of
quinazoline was performed using nucleophilic substitution
reactions, first of all, nitration. Thus 6-nitro (153a) and
8-nitro derivatives (153b) are formed in a 4: 1 ratio upon the

nitration of 2-amino-5-fluoroquinazolin-4(3H)-one (152)
with a mixture of nitric and sulfuric acids.?2

P
NH  HNOs HaSO,
~
N~ "NH;
152
F
o ] |
NH NH
N BN
N~ "NH, N~ "NH;
153a NO, 153b

The nitration of 2,4-diamino-8(7)-fluoroquinazolines
(69a,b) proceeds at position 6 with the formation of prod-
ucts 154a,b, respectively.>?

NH2 NHZ
N N HNO}, HzSO4 02N N N
A A
X N NH; X N NH,

Y 69ab Y 154ab
X=HY=F():X=FY=H(®).

At the same time, the nitration of diaminoquinazoline
69c yields a mixture of 6- and 8-nitro derivatives 136a,b in a
2:1 ratio, which were separated by chromatography.’8

F NH,

SN HNO3, H>SO4

—_ >
N
N NH,
69c
F NH» F NHz
O,N SN X SN
- BN N
N NH» N NH>

136a NO, 136b

3. Biological activity of fluoroquinazoline derivatives
Compounds possessing antibacterial activity were found
among fluorinated 3-hydroxyquinazoline-2,4-diones, but
the activity for the majority of them is lower than that of
ciprofloxacin. The highest antibacterial activity was found
for compound 155.37

H 155

Compounds 143, 144, derivatives of 3-aminoquinazo-
line-2,4-diones, were also shown to possess antibacterial
activity.!7-18.83.84

5,6-Difluoro-3,4-dihydroquinazolidin-2(1 H)-one 156
inhibits HIV reverse transcriptase,®%-8¢ this compound is
synthesized by addition of cyclopropylacetylenide to 4-tri-
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fluoromethylquinazolin-2-one 157 in the presence of a
chiral catalyst.??

157 156

(8-Fluoro-3,4-dihydroquinzaolin-4-yl)acetic acid deriva-
tives 90, 158 are active against human cytomegalovirus.?*

HOzC MCO:©\
N CF3

NA\X

F QN\@R
90, 158 F
X = CH (158), N (90); R = Me, F.

4-Arylamino derivatives of 6,7,8-trifluoro-2-methylthio-
quinzaolines (of 116 type) exhibit activity towards the
family of pox viruses.?”

8-Fluoro, 7-fluoro and 7,8-difluoro derivatives of
5-amino-2-methylquinazoline 159 in which the amino
group contains 2-hydroxy-4,4-dimethyl-2-trifluoromethyl-
1,2,3,4-tetrahydronaphtalene residue as a substituent as
well as spiro-compounds 160 possess antiinflammatory
activity.88-89
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N Me
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_N (‘)‘
NH Y
FsC H N~ R
3 X N.
HO
_N
F
Me Me OR F NH»
159 160

X = Me, CI; R = H, Me;
F, = 7-F, 8-F, 7,8-F.

Y = H, F; R = 2-Th, 4-NCC¢Hj.

2-Styryl-6-fluoroquinzaoline-4(1 H)-ones 161 and 162,
which contain a heterocyclic substituent in position 7,
exhibit antitrypanosomal activity.%®

161 Ph
X = CH, (161), NMe (162).

4-(N-Arylamino)-6-fluoroquinazolines and fluoroquina-
zolinones 30 are active against some lines of tumour cells
(PC3, BGC823, BCap-37, etc.).?*>?> The activity of 5-flu-

oro-5,8-didesazaisoaminopterin 137 against leukemia
L1210 is comparable to activity of methotrexate.”® The
antitumour activity was found also for compounds 50e,
52e and 2-mercaptoquinazolin-4-ones 163.43-°1
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R = H, CL F, Br, Me.

Derivatives 92a—d exhibit high antitumour activity,
especially against SK-Mel-5 (melanoma) and ACHN (renal
cancer) tumours.”?

R/
F F

R
Y w Y
P CO,Et
R NTONTS 2
N

92a—-d
Y=R=HR =F(),Y=R=R =F();Y =H,R = Br,
R’ = F(c); Y = R = H, R’ is 4-methylpiperazin-1-yl (d).
4-Amino-5-fluoro-2-(2-thienyl)quinazoline 164 contain-
ing 3-methyl-1-pyrroline-2,5-dione fragment at the amino
group is effective for the arthritis treatment.!>
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F HNT 7\
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>N
~
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164 S /

165

Compound 165 obtained in the reaction of 5,6-difluoro-
N-(3-methoxyphenyl)methyl-4-oxo-(3 H)-quinazoline-2-carbox-
amide with 4-(2-hydroxyethyl)benzoic acid can be used for
the treatment of osteoarthritis and rheumatoid arthritis.!®
2-(2-Hydroxyphenyl)-3-phenylethyl-7-fluoroquinazolin-4(3 H)-
one is recommended for the treatment of osteoporosis.®?

Quinazolinones 24 possess antifungal activity against
Aspergillus fumigatus due to the fragment in position 3. The
same fragment is contained in the antifungal drugs flucona-
zole and itraconazole.’® 6,7-Difluoroquinazolinones 166
and their analogues can be used for the treatment of fungal
infections caused by Candida albicans and C. glabrata.®*—°°
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4-Alkyl(aryl)thio-6-fluoroquinazolines exhibit fungici-
dal activity, these compounds are highly effective for the
suppression of Fusarium oxysporum cell growth. 4-Ethyl-
thio-6-fluoro-quinazoline and 3-ethyl-6-fluoroquinazolin-
4(3H)-one surpass hymexazol in the inhibitory action.?3°7

5(6)-Fluoro- and 5,6-difluoroquinazolin-4(3 H)-ones 167
possess antimalarial activity.”® The derivative of 7-guiani-
dinoquinazolinone 168 can be used for the treatment of
obesity and type II diabetes.?>

? H
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F N HO
167

F, = 5-F, 6-F, 5,6-F>.

Me 168
5-Fluroquinazoline diethylphosphonates (169, 170)

lower the triglyceride and overall cholesterol levels in
blood.”®
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6-Fluoro-7-pyperazinoquinazoline derivative 171 inhib-
its the production of o-TNF and the proliferation of
T-cells.'®  4-Arylamino-7-fluoro-6-nitroquinazolines 172
are inhibitors of tyrosine kinase.'%%-1°1 Among 7-fluoro-4-
piperazinoquinazolines, antagonists of PDGFR-tyrosine
kinase were found.'0?

g}

s
)=z
Z; 2
o._°
=,

HN :
_ 02N X
SRS &6,
P

HNJ 171 F N 172

R = H,F; R’ = Me, Cl, Br.

5-Fluoroquinazoline-2,4-dione 173 inhibits poly(adeno-
sine diphosphate ribose) polymerase-1.103

Qi

NH

N*\o “_-Ph
AT

173

Fluorine-containing quinazolin-4(3 H)-ones 174
(X = 5-F, 6-F) inhibit dipeptidyl peptidase-4, the binding
of  3-cyanobenzyl-2-[3-(R)-aminopiperidine]quinazolin-4-
one 174 (X = H) to the active site of the enzyme is shown
in Fig. 3.104

9 S
| N

N
= \\\\NHz
174

X = H, 5-F, 6-F.

It was shown that 6,7-difluoro-4-[(1S)-1-methyl-2,2-
diphenylethylamino]quinazoline (175) inhibit scytalone
dehydratase. The investigation of the inhibitor—enzyme
complex led to the conclusion about the formation of a
hydrogen bond between quinazoline and the amine group of

Figure 3. The binding of 3-cyanobenzyl-2-[3-(R)-aminopiperidino)-
quinazolin-4-one 174 (X = H) with the active site of dipeptidyl
peptidase-4.104
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the Asnl31 residue of the peptide chain.!3 4-Pyperazino
derivative of 6,7-difluoroquinazoline 176 inhibits the phos-
phorylation of the growth factor PDGFR.10¢

OY \Q
: N) ]@é

Fluorine-containing derivatives of diaminoquinazoline,
which inhibit dihydrofolate reductase, are described.!0?

2-(Hetarylvinyl)-3-(2-chlorophenyl)-6-fluoroquinazolin-
4(3H)-ones  including compounds  12779-75  and
17730-108-110  are neuroprotectors and antagonists of
AMPA-receptor. They are of interest as a basis for the
creation of pharmaceuticals for epilepsy and Parkinson’s
disease treatment. Compounds 178 possess neuroprotective
properties,!!'! while derivatives 179 are antagonists for the
5-hydroxytryptamine (5-HT5) receptor.!!?

oR S
F P
N N)\
N ‘ HN
N
HO
‘ \}Me
177 S C/N
178

X =CH,N;R =CLF.

(0]
L
H
JVN\/\/\
F N H N
ol LN
SAr

Fluorinated quinazolines, which contain substituted
indol-5-ylamino group or 4-[(decahydroquinolin-1-yl)car-
bonyl]-3-chloraniline fragment in position 4 are antagonists
of CB1-receptors.8°

A number of fluorine-containing quinazolines (6, 49, 92,
101, 116, 132, 149) exhibited tuberculostatic activity against
Micobacterium tuberculosis H37Ry. The minimum inhibiting
concentrations (MIC) are 0.36—0.75 pg ml—! (Refs 113
and 114).

Quinazolines that are promising for the application in
agriculture should also be mentioned. For example, 8-flu-
oro-4-(2-{4-[4-(trifluoromethyl)phenoxy]phenyl}ethoxy)qui-
nazoline (180, R = 4-CF3;C¢H4O; F, = 8-F) exhibits
herbicidal activity.!'> Other derivatives of 180 are capable
of preventing wheat mildew.!16

179

N 180

F, = 5-F, 6-F, 7-F, 8-F, 6,7-F»;
R = Bu‘, Ph, CF}CH20, 4-M€C6H40, 4-CF3C6H4O.

I1I. Oxa and thia analogues of quinazolines

1. Synthesis of the fluorine-containing 1,3- and
3,1-benzoxazines

The information on the synthesis of fluorine-containing 1,3-
and 3,1-benzoxazines is very scarce. For example, 5,6,7,8-
tetrafluoro-1,3-benzoxazin-4-one 181 is obtained from the
corresponding 1,2-benzoxazinone 182 upon ring opening in
an alkaline medium and the subsequent cyclization of the
intermediate 183.117

L0 10
F ‘ Ph 160 °C F N/\Ph
N HO~- H
F o F OH
F F
182 183
F O
F ‘
- I
F O~ “Ph
F
181

2-Anilino-6-fluoro-3,1-benzoxazin-4-one (184) was pre-
pared by two routes: by the cyclization of the anthranilic
acid derivative 185 and by the reaction of benzoxazinedione
186 with aniline.!!8

. I

OH
0
NHC(O)NHPh \
185 F o
o oY
| N~ NHPh
F o PhNH, 184
N
N o
186 H

The reaction of protected anthranilic acid hydrazide
(39¢, R = H) with triphosgene gives regioselectively 3,1-
oxazine 41e (R = H) (see Section II.1.a).3°

3,1-Benzoxazin-4-ones that contain different number of
fluorine atoms in the benzene ring were synthesized in our
work and used as intermediates for the synthesis of quina-
zolinones (see compounds 94, 97, 100, 104).
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2. Synthesis of fluorine-containing 1,3-benzothiazines

The reaction of 2-mercapto-4-fluorobenzoic acid (187) with
the substituted pyridine-2-carbonitrile 188 yielded 7-fluoro-
1,3-benzothiazin-4-one derivative 189.2!

O
| NC N
OH N
! \Ej\/\
=
F SH COH
187 188

o]
\
- !
N
F S 2
NS
189 CO:H

A number of polyfluorobenzothiazines was synthesized.
Thus by heating tetra(penta)fluorobenzoyl chlorides (47d,e)
with thioamides 190 in toluene for 3 h we obtained 2-sub-
stituted polufluoro-1,3-benzothiazin-4-ones 191 in 59% —
80% yields.!1%-120 In should be mentioned that we did not
succeed in isolating the intermediate N-acylated derivatives
under these conditions.

S
Y O \ Y
. \ HN R g |
Cl (190) N
PhMe, A, 3 h J\
F F &5 F s” R
F
47de 191

Y = H (47d), F (47e); R = Ph, 4-CIC¢Hs, 4-MeCgH., 2-Py.

Fluorobenzoyl isothiocyanates 196a—d were used as
precursors for the synthesis of the fluorine-containing 1,3-
benzothiazin-4-ones 192—195. The reactions of compounds
196 with amines, as well as with benzimidazoles and
pyridines containing active methylene group, are given in
Scheme 11.119:121-123 Using a similar method it was possi-
ble to obtain also the monofluoro derivatives 193¢ and
194¢.,d.?”

Scheme 11
i
R'R2NH N
o s |
IR2
o - S NRI!R

H
i
N
\ R
S
Fn
HN NH

194a—d, 195a.b

F, = 2,3,4,5-F4(a), 2,3,4-F5 (b), 4-F (¢), 2-F (d);
R'R?2NH = HetNH,, morpholine, ezc.; R* = CN (194), Bz (195).

Fluorine-containing benzothiazinones 197-200 are
obtained by the reaction of tetrafluorobenzoyl isothiocya-
nate 196a with hydrazines and hydrazones (Scheme 12).1%4

We obtained imidazo- (201, R! = F) and benzimida-
zoannulated 1,3-benzothiazin-4-ones (202, R' = F) in the
reaction of polyfluorobenzoyl chlorides 47d,e with imida-
zolidine-2-thione and benzimidazoline-2-thiones as S,N-
dinucleophiles. The reaction proceeds on heating the reac-
tants in toluene or pyridine. A series of derivatives 201, 202
(R' = Nu, where Nu is a fragment of a secondary cyclic
amine) was synthesized by the nucleophilic substitution of
the fluorine atoms in position 7 (Scheme 13).123

Scheme 12

O
N

2

Me

N7 (o)

U - ]
H.NHN N Me N

\ H
F N PhHN-N=(  R!
|
Ph
POGW
- =
F Na
199 R!
R2
- (‘) — 196a —
N
\N \ R?
= 2 H N N
F S N N R u /N4</1\17
F _ N
s” "NH R3>: R>
F ™ <
o
F F
F 200

R! = H, OH; R? = Me, Ph; R? = Ph, 4-MeOC¢Hs.

> /‘L E N Me
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Scheme 13

Cl

F 47d.e

NH

F 201

R2
X~ , 1 3
R2 F. I R?

e N
BN
R! S N R?
F 202

Y = H, F;R' = F, Nu; R? = H, F, Cl, Me.

EZ\H/ZE
7]

Imidazo[2,1-b]-1,3-benzothiazin-4-ones 203 were
obtained by the reaction of 4,5-disubstituted 2-mercapto-
imidazoles with acyl chlorides 47d upon heating in pyr-
idine.'?® The reaction of compound 47d with dianion
generated from perimidine-2-thione under the action of
n-butyllithium, leads to a fused system of benzothiazinoper-
imidine 204.1%7

R
N
23
HS N
H F

F
\ R
T
PN
F 7 ONT R
F 2
w0 v
‘ NH F 0]
N)%S F \
H N
— QS
F s7 N
F 204
R = H, Me, Ph.

Pentafluorobenzyl bromide (205) reacts with benzimida-
zoline-2-thione in the presence of sodium hydride with the
formation of a fused tetrafluoro derivative 206.'27

H
r O, g
F N F
Br H i
F F F N N
F F

205

206

3. Biological activity of the fluorine-containing

oxa and thia analogues of quinazoline

Compounds exhibiting tuberculostatic activity were found
among fluorinated 1,3-benzothiazin-4-ones.!'?® Below the
values of MIC for such derivatives against Mycobacterium
tuberculosis H37Rvy are given.

Compound Substituents MIC /pg ml—!
191 Y = H, R =2-Py 0.3
194b — 0.36
201 Y = H, R! is morpholino 0.1
207 — 0.36
. |
X
\
(\N S N/\
OJ F @o

207

2-Pyridine-substituted 7-fluoro-1,3-benzothiazin-4-one
189 is a promising drug for the treatment of cardiac and
CNS diseases.?!

7-Fluoro—2-(2-iodoanilino)-1,3-benzoxazin-4-one (208)
inhibits protease Clr of the complement and can be used
for curing of inflammatory processes.!!8

208

The application of different fluorobenzoxazine, fluoro-
benzothiazine and fluoroquinoxaline derivatives in agricul-
ture is reported.!??

Data provided in the present review demonstrate that
cyclocondensation reactions based on fluorinated ‘building
blocks’ are effective for the synthesis of fluorine-containing
quinazolines and quinazolinones as well as their aza and
thia analogues. The perspectives of the application of the
fluorine-containing benzazines for the practical purposes,
first of all, as pharmaceuticals, stimulates the development
of the synthetic routes to these heterocycles as well as the
investigation of the ways for their modification.

The work was carried out with the financial support of
the grant for Leading Scientific Schools NSh-9178.2006.3
and the Basic Research and Higher Education Programme,
BRHE (Grant CRDF BP2MO5).
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