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The review surveys methods for the construction of bi� and polycyclic nitrogen�, oxygen�,
and sulfur�containing heterocycles based on reactions of 2�halobenzoyl chlorides with
dinucleophiles.
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The synthesis of fused nitrogen�, sulfur�, and oxygen�
containing heterocycles has attracted increasing interest
in recent years.1—9 Such heterocycles are either pharmaco�
phoric fragments of known drugs or natural biologically
active organic compounds. The most important of them
are heterocyclic systems based on pyridine or its analogs.
As an example we refer to a well known class of fluoro�
quinolones, which are pharmaceuticals exhibiting unique
antibacterial activity.10—36aa

Approaches to the synthesis of fused heterocycles are
generally based on the use of bifunctional building blocks,
among which are 2�halobenzoic acid derivatives. In the
present review, we survey studies on the synthesis of het�
erocycles based on SN—SN tandem reactions of 2�halo�
benzoyl chlorides derivatives with bifunctional nucleo�
philes (Scheme 1).

Scheme 1

1. C,N�Dinucleophiles

Among 1,3�C,N�dinucleophiles, α�azaheterylaceto�
nitriles are of paramount importance. In particular, their

* Hereinafter, the papers marked with an asterisk ✾ are dedi�
cated to Academician Oleg Nikolaevich Chupakhin on the oc�
casion of his 70th birthday.
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reactions with derivatives of 2�halobenzoyl chlorides af�
ford [a]�annelated derivatives of tri� and tetracyclic
fluoroquinolones (Scheme 2).

Acylation of α�azaheterylacetonitriles 2—7 with
2�halobenzoyl chlorides 1a�j in the presence of triethyl�
amine gives C�acyl derivatives 8—13. The latter were dem�
onstrated37 to exist as enamino ketones. Depending on
the structure of the azaheterocyclic fragment, compounds
8—13 were transformed into pyridoquinolones 14a�d,
quinolinoquinolones 15a�d, benzimidazoquinolones 16a�j
and 17a�d, benzothiazoloquinolones 18a�d, and thiazolo�
quinolones 19a�d.8,37—44

In the series of 2�halobenzoyl derivatives 8—13a�d de�
void of other substituents in the benzene ring, compound
8a most readily undergoes intramolecular cyclization (re�
fluxing in DMF for 2 h). 2�Chloro�5�nitrobenzoyl deriva�
tives 8f—13f are transformed into fused quinolones upon
refluxing in DMF for 2—3 h, whereas nonactivated 2�halo�
benzoyl derivatives 8b�d—13b�d undergo transformation
only upon prolonged refluxing in N�methylpyrrolidone or
4�bromophenyl ether.38 Therefore, the presence of an elec�

tron�withdrawing substituent in the para position with re�
spect to the halogen atom facilitates cyclization of halo�
benzoyl derivatives 8e�g—13e�g. Pentafluorobenzoyl�
acetonitriles 8i—13i are more readily subjected to cycliza�
tion than derivatives 8a�g—13a�g (refluxing in DMF for
1 h or in N�methylpyrrolidone for 30 min).38

The reaction of 2�cyanomethylbenzimidazole 4 with
tetra(penta)fluorobenzoyl chlorides 1i,j in toluene pro�
duced 2�(1,3�dihydrobenzimidazol�2�ylidene)�3�oxo�3�
polyfluorophenylpropionitriles 10i,j, whose heating in ac�
etonitrile in the presence of diazabicycloundec�7�ene
(DBU) or in DMF in the presence of amines gave fluo�
rine�containing benzimidazo[1,2�a]quinolone deriva�
tives 16c—i.44

Heating of benzimidazoquinolones 16a,e,f in 85% sul�
furic acid for 4 h is accompanied by decyanation. Evi�
dently, this reaction involves hydrolysis of the nitrile
group, but the resulting acid is unstable and is readily
decarboxylated.39,44

The reactions of azaheterylacetonitriles 2—7 with py�
ridine�3(4)�carboxylic acid chlorides containing the halo�

Scheme 2

 — pyridin�2�yl (2, 8), quinolin�2�yl (3, 9), 1H�benzimidazol�2�yl (4, 10), 1�methylbenzimidazol�2�yl (5, 11),
benzothiazol�2�yl (6, 12), 4�methylthiazol�2�yl (7, 13).

1, 8—13:  R1 = R2 = R3 = R4 = H, Hal = F (a), Cl (b), Br (c), I (d); R1 = R2 = R4 = H, R3 = NO2, Hal = F (e), Cl (f), Br (g), I (h);
R1 = R2 = R3 = R4 = Hal = F (i); R1 = R2 = R3 = Hal = F, R4 = H (j).

14a—d—19a—d: R1 = R2 = R3 = R4 = H (a); R1 = R2 = R4 = H, R3 = NO2 (b); R1 = R2 = R3 = R4 = F (c); R1 = R2 = R3 = F, R4 = H (d).

16e—i: R1 = R3 = F, R4 = H, R2 = pyrrolidin�1�yl (e), 4�methylpiperidin�1�yl (f), 3�methylpiperidin�1�yl (g),
morpholin�4�yl (h); R2 = R4 = pyrrolidin�1�yl (i).

R = H (16), Me (17).
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gen atom in the ortho position relative to the carbonyl
group give fused systems containing two or three hetero�
cycles.41,42 Acylation of 2�cyanomethyl derivatives of
azaheterocycles 2—6 with 4� and 2�chloronicotinoyl chlo�
rides 20a,b giving rise to cyanoketones 21—25 followed by

intramolecular nucleophilic substitution of the activated
halogen atom in the latter compounds provides the basis
for the synthesis of pyrido�, quinolino�, benzimidazo�,
and benzothiazolonaphthyridines 26—30 (Scheme 3). It
was demonstrated41 that 2�chloronicotinoyl derivatives

Scheme 3

 — pyridin�2�yl (2, 21), quinolin�2�yl (3, 22), 1H�benzimidazol�2�yl (4, 23), 1�methylbenzimidazol�2�yl (5, 24),
benzothiazol�2�yl (6, 25).

20—25: R1 = Сl, R2 = H (a); R1 = H, R2 = Cl (b).

26—30: X = N, Y = CH (a); X = CH, Y = N (b).

Scheme 4

 — pyridin�2�yl (2, 32), quinolin�2�yl (3, 33), 1H�benzimidazol�2�yl (4, 34), 1�methylbenzimidazol�2�yl (5, 35),
benzothiazol�2�yl (6, 36), 4�methylthiazol�2�yl (7, 37).
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21a—25a are much less reactive than the corresponding
4�chloronicotinoyl derivatives of 2�cyanomethylene�sub�
stituted heterocycles 21b—25b. The latter were not iso�
lated in pure form because of higher mobility of the halo�
gen atom at position 4 of the pyridine ring compared to
the halogen atom at position 2 and, all the more, at po�
sition 3.41

Compounds 2—7 react with 3�bromoisonicotinoyl
chloride 31 to give C�acyl derivatives 32—37, respec�
tively (Scheme 4), which are transformed into fused
1,7�naphthyridines 38—43 by refluxing in N�methyl�
pyrrolidine for 2 h. Acyl derivative 37 undergoes cycliza�
tion only in the presence of N,N�dimethylbenzylamine.41

Enaminones can also serve as 1,3�C,N�dinucleophiles.
The reaction of 1,4�diphenyl�3�phenylaminobut�2�en�1�
one (44) with 2�chloronicotinoyl chlorides 20a,c yields
N�acylated products 45a,b, which undergo cyclization to
8�benzoyl�7�benzyl�1,6�naphthyridin�5(6H )�ones 46a,b
in the presence of sodium hydride (Scheme 5).45

Scheme 5

20: R1 = R2 = H (a), R1 = Cl, R2 = F (c);
45, 46: R1 = R2 = H (a), R1 = Cl, R2 = F (b).

Aniline derivatives or diphenylamines 47 can be used
as 1,3�C,N�dinucleophiles. Intramolecular photocycliza�
tion of 2�halobenzoanilides 48a—c (cyclohexane as the
solvent, under nitrogen, irradiation at λ 254 nm) af�
fords phenanthridinone derivatives 49 (Scheme 6).46—60

2�Bromo� and 2�iodoanilides 48b,c undergo photo�
cyclization to give products in lower yields than those
obtained in the reactions with 2�chloro derivatives
48a.50—53 The substituents R´ influence the cycliza�
tion path by changing the π�donor properties of the
aniline fragment and the barrier to rotation about the
amide bond.46

4�Ethylaminophenol 50 can act as a 1,2�C,N�di�
nucleophile. Photolysis of 2�bromo�N�ethyl�4´�hydroxy�

benzanilide 51 in an aqueous solution of sodium hydr�
oxide gives rise to spirodienone 52 (Scheme 7)61.

Scheme 7

1�Methylperimidine 53 also exhibits properties of
1,2�C,N�dinucleophiles in the reaction with pentafluoro�
benzoyl chloride 1i in an anhydrous medium in the pres�
ence of two equivalents of triethylamine (Scheme 8). Un�
der the action of triethylamine, the initially formed
N�perfluorobenzoylperimidinium salt 54 loses the H(2)
proton to form ylide 55. Then the carbanionic center
intramolecularly attacks the o�carbon atom of the per�
fluorobenzene ring to give σ�complex 56, which is trans�
formed into final product 57 with elimination of the CH3F
molecule.62

Scheme 6

R = H, R´ = H, Me, Cl, CF3, CO2Et, CO2Pr;
R = 4�R´�C6H4, R´ = H, Me;
48: X = Cl (a), Br (b), I (c).



A versatile approach to fused heterocycles Russ.Chem.Bull., Int.Ed., Vol. 53, No. 6, June, 2004 1141

4�Amino derivatives of 6,7�methylenedioxycinnoline
and quinoline 58a—d were also used as C,N�dinucleo�
philes. Compounds 59, which were prepared by aroylation
of 58a—d with 2�halobenzoyl chlorides 1c,d,k—n, were
subjected to cyclization in DMF in the presence of palla�
dium acetate, tri(o�tolyl)phosphine, and silver carbonate
to form polycyclic products 60 (Scheme 9).63—65

2�Allylpyrrolidines 61a,b serve as examples of
1,4�C,N�dinucleophiles. Their o�iodobenzoyl derivatives
62a,b were subjected to palladium�catalyzed cyclization
to seven�membered heterocycles 63a,b containing the
exocyclic alkenyl group (Scheme 10).66

Finally, 4�allyloxybutylamine 64 provides an example
of 1,9�C,N�dinucleophiles. Cyclization of N�[4�(allyl�

oxy)butyl]�2�iodobenzamide 65 in the presence of tri�
n�butyltin hydride produced lactam 66 (Scheme 11).67

2. N,N�Dinucleophiles

2�Aminoazoles, 2�aminobenzoazoles, 2�aminoazines,
substituted guanidines, etc. can be used as 1,3�N,N�di�
nucleophiles.

Cyclocondensation of 2�aminoazoheterocycles 67—71
with 2�halobenzoyl chlorides 1a,e,i,j,o,p in dichloro�
methane in the presence of diisopropylethylamine at room
temperature produced [b]�annelated 4(3H )�quinazo�
linone derivatives 72—76 (Scheme 12).9,68,69

Scheme 8

Scheme 9

1: X = Br, R1 = R2 = H (c), OMe (k), R1 = NO2, R2 = NH2 (l); X = I, R1 = R2 = H (d), OMe (m), R1 = NO2, R2 = NH2 (n);
58: Y = N, R = Bun (a), CH2CH2NMe2 (b); Y = CH, R = Bun (c), CH2CH2NMe2 (d).
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The linear annelation of the azolo and azine frag�
ments to quinazolinone in products 72—76 was confirmed

Scheme 10

61—63: R = H (a), CO2Me (b).

Scheme 12

1, 72—76: R1 = R2 = R3 = R4 = H (а); R1 = R2 = R4 = H, R3 = NO2 (e); R1 = R2 = R3 = R4 = F (i); R1 = R2 = R3 = F, R4 = H (j);
R1 = R4 = H, R2 = R3 = F (o); R1 = R2 = R4 = H, R3 = F (p).

 — pyrimidin�2�yl (77), pyridin�2�yl (78), 9�propyl�9H�purin�6�yl (79), thiazol�2�yl (80), benzothiazol�2�yl (81).

Scheme 11
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91a—d in benzene in the presence of triethylamine
(Scheme 15).72,73

Scheme 15

71, 87, 89: X = S; 88, 90, 91: X = O;
71, 87—91: R = H (a), Cl (b), OMe (c), OEt (d).

We used 3�aminopyrazole (92) and 2�aminoimidazole�
4,5�dicarbonitrile (93) as N,N�dinucleophiles.74 The re�
actions of tetrafluorobenzoyl chloride 1j with aminoazoles
92 and 93 in dichloromethane in the presence of tri�
ethylamine at room temperature for one day produce
monoaroyl derivatives 94 and 95, respectively, whose
heating in acetonitrile in the presence of DBU for
3—5 h affords trifluoro�containing pyrazolo[2,3�a]quin�
azolin�5�one 96 and imidazo[1,2�a]quinazolin�5�one 97
(Scheme 16).

by 13C NMR spectroscopy and X�ray diffraction analysis.
Amides 77—81 were obtained as by�products in the reac�
tions of 2�halobenzoyl chlorides 1a,e,i,j,o,p with 2�amino�
azoheterocycles 67—71.9

The reactions of 2�aminopyridine 68a and 2�amino�
5�methylpyridine 68b with tetrafluorobenzoyl chloride 1j
produced salts 82a,b, respectively, which were trans�
formed into 6H�pyrido�[1,2�a]quinazolin�6�ones 83a,b
by refluxing in toluene in the presence of triethylamine
(Scheme 13). The angular structure of tricyclic deriva�
tives 83a,b was confirmed by 19F and 13C NMR spectro�
scopy and two�dimensional heteronuclear HetCOR and
HMBC experiments.70

Scheme 13

68, 82, 83: R = H (а), Me (b).

Intramolecular thermal condensation (200—210 °C)
of o�chlorobenzamides 85a—c derived from 2�aminobenz�
imidazoles 84a—c afforded benzimidazo[2,1�c]quinazo�
lin�5(7H )�one derivatives 86a—c (Scheme 14).71

Thio and oxa analogs of compounds 86, viz., 5H�ben�
zothia(oxa)zolo[3,2�a]quinazolin�5�ones 87a—d and
88a—d, were prepared from N�[2�benzothia(oxa)zolyl]�
2�fluorobenzamides 89a—d and 90a—d by thermal cycli�
zation (in a melt for 5 min). Amides 89a—d and 90a—d
were synthesized by heating 2�fluorobenzoyl chloride 1a
and 2�aminobenzothiazole 71a—d or 2�aminobenzoxazole

Scheme 14

84—86: R = H (a),Me (b), Et (c).
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N,N´�Diphenylguanidine 98 can also be used as a
1,3�N,N�dinucleophile. We demonstrated74 that its acy�
lation with tetrafluorobenzoyl chloride 1j gave rise to in�
termediate 99, which was transformed into 2�imino�1,3�
diphenyl�2,3�dihydro�1H�quinazolin�4�one derivatives
100 or 101a—c on heating in DMF in the presence or
absence of cycloalkylamines, respectively (Scheme 17).

Scheme 17

101: NR1R2 is pyrrolidin�1�yl (a), morpholin�4�yl (b),

4�methylpiperidin�1�yl (c).

Scheme 16

The tosyl derivative of o�phenylenediamine 102 also
can act as a 1,4�N,N�dinucleophile, which made it pos�
sible to construct the seven�membered heterocycle, viz.,
dibenzo[b,e][1,4]diazepine 103, by cyclization of amide
104 (Scheme 18).75

Scheme 18

3. S,N�Dinucleophiles

Thioamides, phenylthiourea, o�aminothiophenol, and
imidazole�2�thione derivatives, can be used as 1,3�S,N�di�
nucleophiles.

Refluxing of polyfluorobenzoyl chlorides 1i,j with
thiobenzamide 105a, thio�2(4)�toluylamides 105b,c, or
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thio�2(4)�pyridinecarboxylamides 105d,e in toluene af�
forded fluorine�containing [1,3]�benzothiazin�4�one de�
rivatives 106 (Scheme 19).76

Scheme 19

1: Y = F(i), H(j);
105: R = Ph (a), 2�MeC6H4 (b), 4�MeC6H4 (c), pyridin�2�yl (d),

pyridin�4�yl (e);
106: R = Ph, Y = F (a), H (b); R = 2�MeC6H4, Y = F (c), H (d);

R = 4�MeC6H4, Y = F (e), H (f); R = pyridin�2�yl, Y = F (g),

H (h); R = pyridin�4�yl, Y = F (i), H (j).

Refluxing of acid chloride 1j with phenylthioureas 107,
which can serve both as 1,3�S,N� and 1,3�N,N�di�
nucleophiles, in toluene for 1—2 h affords N�acylated
products 108. Compounds 108 undergo two possible cy�
clizations to form the thiazine or pyrimidine ring giving
rise to derivatives 109 and 110, respectively (Scheme 20).76

2�Chloronicotinoyl derivatives of phenylthiourea 111
were subjected to cyclization by refluxing in toluene or
ethanol to form pyridothiazines 112. Under alkaline con�
ditions (triethylamine, 1 M NaOH, lithium hydride in
DMF or a 1 : 1 methanol—ammonia mixture), substi�
tuted thioureas 111 give the corresponding pyridothio�
uracils 113 (Scheme 21).77

Scheme 21

R = Me, Et, EtCH2, Ph, p�MeC6H4, o�MeC6H4, p�OMeC6H4,

p�BrC6H4, p�NO2C6H4, m�NO2C6H4, p�NMe2C6H4, α�naphthyl.

Cyclization of phenylthiourea derivatives 114 in DMF
in the presence of LiOH or in benzene in the presence of
triethylamine affords pyrido� and benzothiazinones 115
(Scheme 22).77,78

Scheme 22

X = N, CH; R1 = H, NO2; NR2R3 = NEt2, NPh2, NMeC6H5,

pyrrolidin�1�yl, piperidin�1�yl, morpholin�4�yl.

We developed procedures for the synthesis of fluori�
nated imidazo[2,1�b][1,3]benzothiazinones 116a—h and
117b (Scheme 23) by the reactions of polyfluorobenzoyl
chlorides 1i,j with benzimidazole�2�thiones 118a—d and
imidazolidine�2�thione 119, which act as 1,3�S,N�di�
nucleophiles, in toluene or pyridine.79 Compounds 116a

Scheme 20

R = H, Me; R´ is pyrrolidin�1�yl, 4�methylpiperazin�1�yl.
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and 117a were also synthesized80 through bis�benzoyl in�
termediates under conditions of basic catalysis.

Imidazo[2,1�b][1,3]benzothiazin�4�ones 120 were
synthesized by heating 4,5�disubstituted 2�mercapto�
imidazoles 121a—c with o�halobenzoyl chlorides 1a,b,e,f,i
in pyridine (Scheme 24).81 The reaction of pentafluoro�
benzoyl chloride 1i with the dianion generated from

perimidine�2�thione 122 under the action of n�butyl�
lithium gave fused benzothiazinoperimidine system 123
(Scheme 24).80

The reaction of 2�chloronicotinoyl chlorides 20a,d
with thiones 124 in benzene in the presence of triethyl�
amine yielded 11H�pyrido[3,2�e]pyrido[3´,2´:4,5]imid�
azo[2,1�b][1,3]thiazin�11�ones 125 (Scheme 25).82

Scheme 25

20: R3 = H (a), NO2 (d); 124, 125: R1, R2 = H, Me.

The following scheme of the synthesis exemplifies
the tandem reaction of 2�halobenzoyl chloride deriva�
tives with dinucleophiles and mononucleophiles. Con�
densation of 1�(o�fluorobenzoyl)�2�methylthio�2�imid�
azolidine 126a or 2�chloronicotinoyl derivative 126b
with N�aminomorpholine or N�aminopiperidine gives
imidazo[2,1�b]quinazolin�5(3H )�ones 127a,b and
imidazo[1,2�a]pyrido[2,3�d]pyrimidines 127c,d
(Scheme 26).83,84 The use of 2�methylthio�3,4,5,6�
tetrahydropyrimidine 128 in an analogous reaction leads to
the formation of pyrimido[2,1�b]quinazolin�6�ones 129.83

The tandem reaction of 2�chloronicotinoyl chloride
20a with methylaminoacetonitrile and carbon disulfide85

giving rise to 6,8�dimethyl�5�oxo�5,6�dihydro�9�thia�1,6�
diazabenzocycloheptene�7�carbonitrile (130) is shown in
Scheme 27.

Annelation of the 1,4�thiazepine ring can be performed
also with the use of 2�aminothiophenol 131. Cyclization
of 2�chloro� and 2,5�dichlorobenzoyl derivatives of
o�aminothiophenol 132 in the presence of alkali gave
dibenzo[b, f ][1,4]thiazepines 133 (Scheme 28).75

4. C,O�Dinucleophiles

Aceto�, benzoyl�, and pentafluorobenzoylacetic es�
ters were used as 1,3�C,O�dinucleophiles in the reactions
with 2�halobenzoyl chlorides.86—90 The reactions of
polyfluorobenzoyl chlorides 1i,r with acylacetic esters in

Scheme 23

1: X = F (i), H (j);
116: R = H, X = F (a), H (b); R = Cl, X = F (c), H (d);

R = F, X = F (e), H (f); R = Me, X = F (j), H (h);
117: X = F (a), H (b);
118: R = H (a), Cl (b), F (c), Me (d).

Scheme 24

1: R1 = R2 = R3 = R4 = H, Hal = F (a), Cl (b);
R1 = R2 = R4 = H, R3 = NO2, Hal = F (e), Cl (f);
R1 = R2 = R3 = R4 = Hal = F (i);

121: R5 = H (a), Me (b), Ph (c).
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benzene were carried out in the presence of magnesium
ethoxide. The reactions produced fluorine�containing

Scheme 26

126: X = CH, Hal = F (a); X = N, Hal = Cl (b);
127: X = CH, Y = O (a), CH2 (b); X = N, Y = O (c), CH2 (d);
129: Y = O (a), CH2 (b).

Scheme 27

Scheme 28

1: R = H (b), Cl (q); 132, 133: R = H (a), Cl (b).

Scheme 29

1: R1 = F (i), H (j), OMe (r);
R = Me, Ph, C6F5; Ar = Ph, 2�MeC6H4, 4�MeC6H4, 4�OMeC6H4.
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3�carbethoxy�2�methylchromones 135 instead of the ex�
pected β,β´�diketo esters 134 (Scheme 29). Chromones
135 can be prepared by heating the corresponding copper
chelates 136 in an acidic medium.90

We prepared fluorine�containing chromone�3�carb�
oxamides 137 by the reactions of tetra(penta)fluoro�
benzoyl chlorides 1i,j with acetoacetamides, which act as
1,3�C,O�dinucleophiles, in dichloromethane in the pres�
ence of triethylamine (see Scheme 29).91

Scheme 31

1: X = H (a), F (t); 143, 144: X = H (a), F (b).

Scheme 32

Scheme 30

1: R = H (b), Cl (s); 139, 140: R = H (a), Cl (b).

Camphor 138 was also used as a 1,3�C,O�dinucleo�
phile. Acylation of 138 in the presence of sodium amide
affords aroyl derivatives 139. Cyclocondensation of com�
pounds 139 in the presence of ammonia gave dimethyl�
methanotetrahydroxanthones 140 (Scheme 30).92

The reaction with the use of thiochroman�3�one 141
as a C,O�dinucleophile93 (Scheme 31) yielded enamine
142, which was subjected to acylation with 2�fluoro�
benzoyl chlorides 1a,t and was transformed into diketone
143 due to hydrolysis. Heating of diketone 143 in toluene
in the presence of K2CO3 resulted in its cyclization to give
6H,12H�[1]benzothiopyrano[3,4�b][1]benzopyran�12�
one derivative 144.

We prepared 5,6,7�trifluoro�2,3�dihydro�1H�cyclo�
penta[b]chromen�9�one (149) by heating tetrafluoro�
benzoyl chloride 1j with enamine 145 in dichloromethane
in the presence of triethylamine followed by hydrolysis
and cyclization (Scheme 32).

3�Methoxy�2(1H )�pyridinone (147) provides yet an�
other example of a 1,3�C,O�binucleophilic reagent. Es�
ters 148 were prepared by O�acylation of pyridinone 147
with 2�bromobenzoyl chlorides 1c,k in the presence of
K2CO3 and tetrabutylammonium bromide. Azacoumarin
derivatives 149 were synthesized by the transformation of
compounds 148 in their reactions with tris(trimethyl�
silyl)silane in benzene at 80 °C (Scheme 33).94
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1,3�Cyclohexanedione 150 was also used as a
1,2�C,O�dinucleophile. The reaction of diketone 150 with
2�bromobenzoyl chloride 1c gave enol ester 151, whose
free�radical intramolecular cyclization afforded ketospiro�
lactone 152 (Scheme 34).95

5. N,O�Dinucleophiles

Interesting compounds, including macrocyclic di�
amides, were prepared based on 2�fluorobenzoyl chlo�
ride 1a and amino alcohols, which serve as 1,4� and
1,7�N,O�dinucleophiles (Scheme 35).96,97 2�Fluoro�N�
(hydroxyalkyl)benzamide 153 was synthesized from 1a
and 2�(2�aminoethoxy)ethanol (154) in dichloromethane
in the presence of aqueous sodium hydroxide. Treatment
of a solution of amide 153 in DMF (2.0 mol L–1) with

Scheme 33

1: R = H (c), OMe (k); 148, 149: R = H (a), OMe (b).

Scheme 35

Scheme 34
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sodium hydride (4 equiv.) at 55 °C for 22 h afforded
9,10:19,20�dibenzo�1,4,11,14�tetraoxa�7,17�diazacyclo�
eicosane�8,18�dione (155). In the case of a low concen�
tration of reagent 153 (0.01 mol L–1), the reaction at
55 °C produced (after 4 days) a mixture of compound 155
and 9,10�benzo�1,4�dioxa�7�azepin�8�one (156). Alco�
hol 157 was isolated under milder conditions (room tem�
perature, 20 h). Condensation of an equimolar mixture of
amide 153 and aroyl derivative 158, which was derived
from 1a and 2�aminoethanol, in DMF in the presence of
sodium hydride at room temperature afforded (after
4 days) 9,10:16,17�dibenzo�1,4,11�trioxa�7,14�diaza�
cycloheptadecane�8,15�dione (159).96

o�Aminophenol derivatives 160 are typical 1,4�N,O�di�
nucleophiles. Cyclization of 2�chloro�5�nitrobenz�

amides of o�aminophenols 161 under alkaline condi�
tions gave dibenzo[b, f ][1,4]oxazepin�11(10H )�ones 162
(Scheme 36).75

Pyrido[2,3�f ]oxazepin�5�one 164 was synthesized
starting from 2�chloronicotinoyl chloride 20a and
S�(+)�2�pyrrolidinemethanol 163, which was also used
as a 1,4�N,O�dinucleophile (Scheme 37).98

*                  *                  *

The above�considered examples of cyclization of
2�halogen derivatives of benzoyl chlorides with dinucleo�
philes provide evidence for a high synthetic potential of
these reactions and demonstrate that these reactions can
be used for the synthesis of various heterosystems. In
particular, this approach is a good supplement to the
known procedure for the construction of fluoroquinolones
based on cyclization of polyfluorobenzoyl acrylates.99—103
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