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The title compounds will be classified into the following three types
according to the positions of fusion of the heterocycle and quinazoline

rings:

(1) Condensed heterocyclo[n,m-a]quinazolines (1)
(2) Condensed heterocyclo[n,m-b]quinazolines (2)
(3) Condensed heterocyclo[n,m-c]quinazolines (3)

(n,m are the numbers indicating positions of linkage of the heterocycle to
the quinazoline ring). The presence of one nitrogen bridgehead is a com-
mon feature of the three classes. Accordingly, this review will not cover
the synthesis of heterocyclo-quinazolines of the types 4-6.

(1)

~

N N N
c_N c N c_N
(3)

2)
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T §O
(4) (5) (6)

In this review, the synthesis and biological activities of the title com-
pounds are systematically arranged according to the complexity of the
heterocyclic ring directly fused to the pyrimidine ring of the quinazoline
nucleus (irrespective of other rings which might be fused to it), starting
with those having one nitrogen atom in a three-membered ring and going to
more complex ones. The heterocycles have been arranged according to the
type of their heteroatom in the following order: nitrogen, oxygen, sulfur,
and selenium. Consideration has been given to the alternative nomencla-
ture of some heterocyclo-quinazolines, also known as quinazolino-
heterocycles, in order to comply with the nomenclature rules of the IU-
PAC. The literature has been searched up to the end of June 1990.

It is not unusual to find that some of the various possible structures of a
particular heterocyclo-quinazoline ring system have not been synthesized.
The absence of some of these possible structures in this review indicates
that, to the best of our capability, they have not been synthesized as yet.

The diverse biological activities of the title compounds have certainly
contributed to the extensive efforts directed towards their synthesis.

II. Condensed Azirino-quinazolines

A. AZIRINO[],2-a] QUINAZOLINES

\’/CHZC' t- BuOK
NAr o NAr

(0]
@ ®"

Cyclization of 3-substituted 2-chloromethyl-4-0x0-1,2,3,4-tetrahydro-
quinazolines (7) with potassium tert-butoxide in zert-butanol afforded 8
[66TL2609; 74CPB601, 74JAP (K) 7431687, 74JAP (K) 7431697]. Blocking
N-3 of the quinazoline nucleus is necessary to direct the cyclization to-
wards N-1.



Sec. 111.A] CONDENSED HETEROCYCLO-QUINAZOLINES 7
B. AZzIRINO[2,]-b]QUINAZOLINES
Cyclization of 2-bromomethyl-6-chloro-1-methyl-4-phenyl-1,2,3,4-tet-

rahydro-quinazolines (9) with sodium hydroxide gave the azirino [2,1-b]
quinazolines (10) (72BRP1279842).

rfe
N CH,Br
\l/ aOH \'>
-HB
a NH r
Ph
(9) (l(_))

C. AZIRINO[],2-C]QUINAZOLINES

A reported example (12) of this ring system was prepared by Woerner et
al. (71CB2789) by the cycloaddition of the ketenimine 11 to 3-phenyl-2H-

~Ph

= Con _pn D
Ll T s @<

m) (12)

—

azirine. All of the aforementioned azirino-quinazolines were obtained
as intermediates by ring expansion during the synthesis of 1,4-
benzodiazepines.

III. Condensed Azolo-quinazolines
A. PYRROLO-QUINAZOLINES
1. Pyrrolo[1,2-a]quinazolines

In an approach to synthesizing these compounds, both of the diazine and
azole rings were formed when anthranilic acid derivatives were cyclized
with four-carbon cyclizing compounds such as y-chlorobutyraldehyde
(61APS556), y-oxocarboxylic acids (68J0C2402, 68USP3375250; 69G715,
69USP3441566; 74USP3843654; 75USP3883524), +vy-chlorobutyroyl
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chloride (68JOC1719; 69G715), y-butyrolactone [761JC(B)879; 86MI6],
v-halobutyronitriles (77UKZ711; 79KGS1427), y-bromocrotononitriles
[SOEGP (D) 142337; 81JPR647], 2-formylsuccinonitrile (60JCS4970), suc-
cinic anhydride (68JHC179; 69USP3475432), 4,4-dimethoxybutyronitrile
(68JHC179; 72USP3707468), benzoin (82H249), ethyl 3-ethoxymethylene-
2.4-dioxovalerate (78H1729; 80JHC945), or levulinoyl chloride (67Z2C456)
(13) to give pyrrolo [1,2-a] quinazolines (e.g. 14).

—HCL ‘IZ
c ,NHR' Cl H20 Nog!

0% “Me
(13) (]fa)

Reaction of anthranilonitrile or methyl anthranilate with 3-hydroxy-2-
butanone followed by malononitrile gave the pyrrolo [1,2-a] quinazoline 16
(79APS552). Both of the diazine and azole rings of pyrroloquinazolines were
also simultaneously formed by cyclization of the anilide 17 derived from
3-chloropropionic acid and 2-aminobenzophenone with potassium cyanide
to afford the pyrrolo [1,2-a] quinazoline 18 (68JHC185; 71USP3595861).

Me Me Me M
OH AN r e
/\ Me
NH2 Me~ N~ NH O N~
© . nCCN CN
OMe OMe NH
2 0
(15) (16)
0 0
NH I——CI N ]
KCN |
Cl /O Cl N
Ph OH

17) (18)

The anilide 19 was also cyclized with ethyl cyanoacetate to give 20
(68JHC185; 69USP3459754). Acid-catalyzed cyclization of suitably 2-
substituted anilides such as 21 gave 22 [761JC(B)705; 88M1405]. The
pyrrolo [1,2-a] quinazolone 24 was obtained by double ring closure of the
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succinic acid anilide (23) derived from l-aminobenzylamine [35JCS1277;
36CB(B)2052].

~ COMe HO HNCOMe

N
Oﬁ—/ ~ COMe -

NH N: /::
S
NC COOEt _ 20En
Cl 0 NaH Cl ZN

Ph Ph
(,13) (EQ)
s
NH CORZ
i 1
NHR
\Rl
(0]
(21 (gg)
0\
HO
0
S
NH2 AcOH or ;
NH NaOAc
29 (2)

In another approach, the pyrrole ring of the title compounds (e.g. 26)
was formed by acid- or base-catalyzed cyclization of suitably func-
tionalized quinazolin-2-yl derivatives (71JIC743; 72JIC1185; 73JMC633)
such as 2-(2-cyanoethyl)quinazoline-3-oxide (25) (70USP3506663). When

NH
NC r—j
N N
R \; NaOH R ﬁ
_.~—+
R! R!
(25) (/23)

N-3 of the quinazoline derivative was not blocked, a mixture of the angular
pyrrolo[1,2-alquinazoline and the linear pyrrolo[2,1-b]quinazoline was ob-
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tained (73JMC633). Yamada er al. (83CPB2234) used a Dieckmann-type
reaction to prepare the pyrro[1,2-a]Jquinazoline (28) from the diester 27.

_COOMe COOMe
N N
\erOOEt NaOMe |; 0
[0} [0}

(27) (28)

In a third approach, the title compounds were prepared through the
formation of the pyrimidine ring by starting with an appropriately N-
(substituted phenyl)pyrrole. Thus Garcia et al. (68JOC1359) cyclized the
anti oxime 29 to the pyrrolo[1,2-a]quinazoline-4-oxide (30) with bromine.
Thermal cyclization of the N-(substituted phenyl)pyrrole (31) gave 32
(84TL4309). Moehrle et al. (78AP586; 79AP838) obtained the pyrrolo-
quinazoline 34 by the oxidative cyclization of 33 with Hg(I)-
ethylenediaminetetracetate (EDTA).

] N /]
St Brys ACOH
B e
Cl ~NOH Cl ~NO

Ph Ph
(29) (30)
N ] N j
R _ 8 5 R D
__NAr NAr
Ch CF3
(31) (32)
N ] N
Hg(I1)-EDTA |
NH2 N
0 0

(33) (34)
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2. Pyrrolo[2,1-b]quinazolines

Synthesis of these compounds (e.g. 35) through the formation of both of
their diazine and azole rings was achieved by cyclocondensation of anth-
ranilic acid derivatives with y-aminoaldehydes [361LA1; 851JC(B)789] or
y-aminoacids (57CLY2122; 68P307) as well as by cyclocondensation of
anthranilamides with y-ketoacids (67ZC456; 82CPB1036).

NH; HaN _~_CHO NS
R i = |
or! -H20s -RTOH N
0

0

(35)

The pyrrole rings of this system were formed by cyclization of
2-(3-substituted propyl)quinazolines. Whereas cyclization of ethyl
3-(quinazolin-2-yl)propionate  (78H1375) or 2-(3-bromopropyl)-3,4-
dihydroquinazoline 36 (35JA921) was reported to afford only the corre-
sponding pyrrolo[2,1-h]quinazoline (e.g. 37), dehydrative cyclization of
2-(3-hydroxypropyl)-3,4-dihydroquinazoline (38) gave (73JMC633) the
logically expected mixture of pyrrolo[1,2-a]quinazoline and pyrrolo[2,1-
b]quinazoline (37 and 39) in the ratio of 2 : 1, respectively.

N N
N NaQH =
NH -HBr N

Br

(36) (3n
N N: j
N
POCI3 | 37 + |
NH -HZO ~ N
OH
&Y (39

Base catalyzed cyclization of [-substituted-2-(3-haloacetonyl)quinazoli-
ne-4-ones (40) gave only pyrrolo[2,1-b]quinazolinones (41) [35JA951;
T1JAP(K)77144697]. A Japanese group (80CPB702) found that allowing a
chloroform solution of 2-(3-chloropropyl)-1-phenyl-4(1H)-quinazolin-4-
one (42) to stand at ambient temperature afforded a quantitative yield of
the mesoionic pyrrolo[2,1-b] quinazolinone (43).






Sec. I11.A] CONDENSED HETEROCYCLO-QUINAZOLINES i

68Z0B2030; 71TL4387; 76H1487, 761JC(B)354, 76JA6186; 77JA2306,
77JPR919; 78H1375; 79JCS(P1)1765; 80MI3; 86JHCS53] or pyrrolidones
[35CB(B)2221; 67TL2701; 68JCS(C)1722; 74KPS681; 75KPS435;
76KGS1564; 77JAP(K)7777093; 78] AP(K)7877075; 82KPS498].

2
<@[NHZ R“0O 3 N\ !
R + | R> ——>—R R
¢ ~OR' N N l
Il
0]

2-Alkoxy-1-(2-nitrobenzoyl)pyrrole (50) (74FES579; 78FES271) or 1-(2-
nitrobenzyl)pyrrolidones [35CB(B)497, 35CB(B)699, 35Ml11; S8JA1168;
72YZ1184; 7SKPS809; 88JOC1873] underwent reductive cyclization to
pyrrolo[2,1-b]quinazolines (e. g. 51).

OEt ’-I‘
NO, . N
1-Reduction .
N 2 -Fusion N
EtOOC COOEt EtOOC COOEt
(¢} (0]
(50) (s

In a series of publications, by Moehrle and his group (70TL997,
70TL3249; 73AP541; 79CZ266; 80M627, 80PHA389), a number of pyrrolo-
[2,1-b]quinazolines (53) were synthesized via formation of their 1,3-
diazine ring by oxidative cyclization of 1-(2-aminobenzyl)pyrroles (52)
with Hg(II)-EDTA. The two nitrogens of the pyrimidine ring of 56 origi-
nated from 2-amino-3-cyano-4-phenylpyrrole (55), which, upon cyclo-
condensation with 2-acylcyclohexanones (54), gave 56 (7T0KGS428).

NH32 N
H I

R R‘ g (1) R = RI
N EDTA N

(52) (53)

) HyN CN N CN
SIS | " & ——— -
0 HN__pn ~_N_Z~pPh
R
(’5\9

(55) (56)
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3. Pyrrolo[1,2-c]quinazolines

Compounds of this type were synthesized by constructing the pyrrole
ring onto a quinazoline nucleus, as exemplified by the reaction of 4-
methylquinazolines with «-haloketones to give 57 (78USP4129653;
79JHC623, 79JHC1497). The parent quinazoline reacted with 4-
nitrophenacyl bromide to give the ylide 58, which gave §9 upon cycload-
dition to dimethyl acetylenedicarboxylate (DMAD) (81RRC109;
86RRC365). DMAD was also added to 3-benzoyl-4-cyanoquinazoline to
give the corresponding pyrrolo[1,2-c]quinazoline (85CPB950, 85SRRC611).
Cyclization of the dianion 60, derived from 2,4-diphenylquinazoline with
1,3-dihalopropanes, gave the pyrrolo[1,2-c]quinazoline 61 (76JOC497).

X

N i
. \j R'COCHR?
/N —HX, —HZO

CHj
COOMe
©/\/\| Br CHp COAr COOMe
/N\/COAr
(s8)
Nx_-Ph
Na Ph Y
N THE
Ph
(60) (61

Alternatively, pyrrolo[1,2-c]quinazoline (63) was prepared through
formation of the pyrimidine ring by cyclocondensation of 2-(2-amino-
phenyl) pyrrole precursors (e.g. 62) with one-carbon cyclizing agents
(69M11).
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(62) (63)

Spiro{1-methylsulfonyl-3H-indoline-3,2'-[3’,5'-di(ethoxycarbonyl)-4’-
methyl-2' H-pyrrole]} (64) underwent molecular rearrangement with
100% H5PO5, 60% H,S0,, or by heating at 200° to 1,3-di(ethoxycarbonyl)-
2-methyl-6-methylsulfonyl-4,5-dihydropyrrolo[1,2-c]quinazoline (65)
(70AJC781).

?OzMe ?OzMe
N
100% H3PO3 »
—_
/N\ COOEt 60°/e H'ZSO[, 3
or 200°
Et00C~ Me

(64)

Various biological applications have been reported for pyrroloquina-
zolines such as being antihypertensive [73JMC633; 77JAP(K)7777093;
78USP4129653; 81JMC1455], antiarrhythmic (78USP4129653), antibiotic
(69USP3459754), central nervous system depressant [66USP3271400;
69USP3459754, 69USP3475432; 70USP3506663; 77JAP(K)77144697,
77JAP(K)7777093], antihistaminic [77JAP(K)77144697; 78USP4129653;
851JC(B)789], antiinflammatory [74USP3853858; 77JAP(K)77144697,
T7JAP(K)7777093], analgesic [75USP3883524; 77JAP(K)77144697],
antipyretic [75SUSP3883524; 77JAP(K)77144697], antitussive [77JAP-
(K)77144697], diuretic [77JAP(K)77144697], hypnotic [SOEGP(D)142337],
and anticonvulsant agents [SOEGP(D)142337].

B. INDOLO-QUINAZOLINES
1. Indolo[1,2-a]quniazolines
Indolo[1,2-alquinazolines (67) were prepared through the formation of

their diazine rings, by cyclizing 2-acylamino-1-phenyl-indoles (66) with
phosphoryl chloride (81KGS844).
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0
MeOOC N
HCONHZ E
N
0
(’Zﬁ) (75)

3. Indolo[1,2-c]quinazolines

Acylation of 2-(2-aminophenyl)indoles (76) gave the 6-substituted-
indolo[1,2-c]lquinazolines (77) [S6JCS1319; 71GEP(0)2051961; 7SURP-
481613]. The 12-acylaminoindolo[1,2-c]quinazolines (79) were synthe-
sized by heating the 1,3-diacylindoles (78) with arylhydrazines in acetic
acid followed by acetic anhydride (79KGS832, 79MIP1). Reductive re-
arrangement and cyclization of l-acyl-3-(arylazo)indoles by treatment
with zinc and a mixture of AcOH-Ac,O-NaOAc also afforded 79
(74URP451698; 75KGS1096; 76URPS515836, 76URP539885; 77KGS377).

Nttr’R]
YO
|
(77)
COR‘
NHNHZ J-ACOH
R 2-A0
(78)

Some indoloquinazolines have been patented for their sedative [71GE-
P(0)2051961] and antifugal activities [80JAP(K)8047684].

C. ISOINDOLO-QUINAZOLINES
1. Isoindolo[2,1-a]quinazolines
Dihydroisoindolo[2,1-a]quinazoline (e.g. 82) was claimed (54JCS2354;

80AP729) to be the product of the reaction between 2-aminobenzylamine
and phthalaldehyde (80AP729) or phthalaldehydic acid (54JCS2354). The
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angular structure 82 rather than the linear isoindolo{1,2-b]quinazoline 80
was assigned on the basis of its identity with the product resulting from the
cyclodehydration of 2-(2-carboxyphenyl)quinazoline 81. Obviously, this
rationale is unsatisfactory since 81 may dehydrate to 80 or 82 or both.

H
[}
NH N
2 + LHERE ACOH’A >
NH2 OHC 'ZHZO N
\ (0]

(80)
HOOC 0 r
i | I |
Np Conc. HS04 > A\ &
@i/”” =R N @/NH
(81 (82)

Synthesis of the title compounds from isoindole precursors was also
reported (85KGS1368). According to this route, l-aminoisoindole was
cyclocondensed with 2-ethoxycarbonylcyclohexanone to give a 2 : [ mix-
ture of the isoindolo[1,2-b]- and -[2,1-a]quinazolinones (83 and 84), respec-

tively.
0 HaN A
Jen ™ N -EtOH, -H20 '
0
N
N
O;‘:Cl ]+ ]
N N
0 ¢
(83) (0g)

The two heterocyclic rings of 85 were formed during its synthesis
from anthranilamide and 2-benzoylbenzoic acid or its chloride (7OUSP-
3509147; 71USP3609139) or from anthranilamide and phthalic anhydride
(69JOC2123). Heating anthranilic acid and 2-cyanobenzyl chloride also led
to the formation of both heterocyclic rings of 86 (76URP527423).
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Cycloaddition of 4-phenyl-1,2,3-benzotriazine (94) to diphenylcyclo-

propenone gave, among other products, the pyrazolo[1,5-a]quinazoline
(95) (80CCB808).

o '.“?[P“
N % N -
N
j B . B PR | Other
ZN A 2 products

Ph Ph
(94) (95)

2. Pyrazolo[5,1-b]quinazolines

Synthesis from quinazeline precursors was achieved by carrying out a
Vilsmeier—Haack reaction on 3-amino-2-methyl-4-quinazolone (96) to give
the intermediate diformyl derivative 97 that cyclized to 3-formylpyra-
zolo[5,1-b]-quinazolin-9-one (98) [731JC532; 841JC(B)161].

N
S _omF.socy, CHO
b ie NNH2

0
Qﬁ) (97)
@( I -H20 l
(’9\8’)

Synthesis through the formation of the pyrimidine ring was made
by condensation of 2-hydroxymethylenecyclohexanone with 3-
amino-4-cyanopyrazole (99) in the presence of 4-toluene sulfonic acid
(TSA) to give 3-cyano-5,6,7,8-tetrahydropyrazolo[S, 1-b]quinazoline (100)
[79ICS(P1)3085]. Reaction of isatoic anhydrides with 2-ethoxycarbonyl-
1,4-dihydropyrazol-5-one (81JHC117, 81JMC735, 81USP4261997) as well
as reaction of anthranilic acids with 3-amino-1,4-dihydropyrazol-5-one
(101) [73GEP(0)2305172] gave the title compounds (e.g. 102].



22 MOHAMMED A. E. SHABAN et al. [Sec. IV.A

20 H2
X CHOH \N EZTEE ]

H
(59) (100)
NH?2
. + HZN _AcOH,8 o
OH N \0
0
(101 (102)

Formation of both heterocyclic rings of 104 was accomplished upon
reaction of acetonylbenzoxainones (103) with hydrazine (62GEP1139123).

H H
N N
R HPNNH2 » AcOH ol R —
0 0/1 Me -2H70 N <P “Me
(0] 0
(103) (104)

A general method for synthesizing pyrazolo[S,1-b]quinazolin-9-ones
(e.g. 105), which involves the formation of both heterocyclic rings, is the
cyclocondensation of anthraniloylhydrazines with B-ketoesters [60GEP-
1111505; 61GEP1120455; 80EUP15065; 81JMC735, 81USP4261996;
84M12; 88IJC(B)342], diethyl malonate [831JC(B)496], or diethyl
acetylenedicarboxylate (79JHC957; 82FES719). The 4,9-dihydropyra-
zolo[5,1-b]quinazolines (107) were prepared by the reaction of phenyl
isocyanate with the a-substituted phosphoranes 106 (84JOC1964;
87JOC1810).

R! R
' " ; ]
N
. R*0COCHCOR? A —R
NHNH2 -R“0OH, -H20 NL P~ R2
0 0
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H

N=C=0 Ph3P NS R T‘IJ 2]
+ 1} ==
CéN\N/ Me N\N/ Me
Ph” “COPh Ph COPh
(106) (107)

3. Pyrazolo[1,5,c]quinazolines

Cyclization of 3-(2-aminophenyl)pyrazoles (108) with triethyl orthofor-
mate [62AG249; 67USP3313815; 80GEP(0)3019019), phosgene
(67USP3313815; 81EUP23773), or carbon disulfide [67USP331815;
70USP3531482; 79GEP(0)2916992; 81USP4282226] gave the correspond-
ing pyrazolo[1,5-c]quinazolines (109).

o NH2 HC(0Et)3, COCly o
H
N or CS2
N
| ]
R]
(108) (109), Y=H,OH, or SH

Reaction of 2-isothiocyanato-trans-cinnamaldehyde (110) with hydra-
zine gave the pyrazolo[1,5-c]quinazolines (111), presumably via the corre-
sponding hydrazone and conjugate addition to the pyrazoline followed by
cyclization [76JCS(P1)653].

(19) (am

Reaction of acetylenic aldehydes [78GEP(0)2726389], acetylenic esters
(73TL1417; 75USP3897434; 78USP4110452, 78USP41122096, 78USP-
4112098), or acetylenic nitriles (78USP4128644) with 3-diazooxindoles
(112) gave the corresponding polysubstituted pyrazolo[l,5-c]quina-
zolinones (113).
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(12)

Pyrazoloquinazolines have been reported to possess antiinflammatory
[78USP4105766, 78USP4110452; 79GEP(0)2916992], antiallergic [78USP-
4105766, 78USP4110452; 79GEP(0)2916992], parasiticidal (78USP-
4105766), analgesic [SOGEP(0)3019019], diuretic (67USP3313815; 84MI12),
hypotensive (67USP3313815), psychomotor depressant (67USP3313815),
bacteriostatic (67USP3313815), anxiolytic (78USP4110452), platelet ag-
gregation inhibitory (78USP4110452), phosphodiesterase inhibitory
(78USP4110452), and anaphylaxis inhibitory activities (80EUP15065;
81JMC735, 81USP4261996, 81USP4261997, 81USP4282226).

B. INDAZOLO-QUINAZOLINES
1. Indazolo[2,3-a]quinazolines

A reported example (115) of this ring system was prepared by the
reaction of two molar equivalents of 2-cyanocyclohexanone with hydra-
zine to give the azine 114, which underwent base-catalyzed cyclization to
115 [63CI(M)709].

© C N
i
N
(1) ms)

i@ i
' N
CEO e CEN i - Oi(l
2 — 1l —_—
N
N
NH

Thermolysis of the 3-substituted 2-(2-azidophenyl)quinazolin-4(3H)-
ones (116) or deoxygenation of the 3-substituted 2-(2-nitrophenyl)
quinazolin-4(3H)-ones by triethyl phosphite afforded the indazolo[2,3-a]-
quinazolin-5(6H)-ones (117) [791JC(B)125].
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(16 (||7)

(113)

2. Indazolo[3, 2-b]quinazolines

The acid-catalyzed cyclization of the azine 114 gave 1,2,3,4-tetrahydro-
indazolo [3,2-518,9,10,11-tetrahydroquinazol-7-imine (119), which was
also obtained by cyclization of 2-cyanocyclohexanone with 3-amino-
4,5,6,7-tetrahydroindazole (120) [63CI(M)709].

< = OO0~ U010

(,ug) (gg)

3. Indazolo[2,3-c]quinazolines

Cyclization of 3-(2-acylaminophenyl)-4-sulfamoylindazoles (121) with a
mineral acid gave indazolo[2,3,-c]quinazoline-12-sulfonamides (122)
(70USP3505315, 70USP3505333). Some indazoloquinazolines were found
to exhibit antiinflammatory activity (70USP3505333).
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C. IMIDAZO-QUINAZOLINES
1. Imidazo[1,2-aJquinazolines

This class of compounds was prepared from quinazoline precursors by
cyclization of (a) 2-(2-substituted-ethylamino) quinazolines (e.g. 123 and
125), [73NKK1944; 78JAP(K)7823997; 86JHC833]. (b) N-(quinazolin-1-
yl)acetamides carrying a good leaving group at the 2-position of the quina-
zoline ring (e.g. 127) (63CB1271; 65ACH357), or (¢) 2-(aminoquinazolin-1-
ylDacetic acids or their esters (129) (76JOC825; 77USP4020062;
82EUP46267; 83EUP73060). Whenever N-3 of the quinazoline system was
unblocked, a proof was offered, physical and chemical, to establish that
cyclization did take place with N-1 rather than N-3 (63CB1271;
73NKK1944; 86JHC833).

R2
—1
N R! \ N._ =N
/‘ YNH\XRZ Hy Y
S =N ZN
R R
(29 (24)
R2
R]
R v N_~
N N <2 B
N il
NR NR
0 0
(125) (126)
1
H2 COOR
CHCONHR i
NHR
SMe alkal
Cem @Q -y
alkah
0
(2 128) “33)

2. Imidazo[2,1-b]quinazolines

Appropriately, 2,3-bifunctionalized quinazolines with one nitrogen less
than the skeleton of this condensed ring system, such as 2-chloro-3-(2-



Sec. 1V.C] CONDENSED HETEROCYCLO-QUINAZOLINES 27

chloroethyl)quinazolines (130) [60JCS3551; 80CPB2024; 83GEP(0O)323-
3766; 84USP4451448, 84USP4452787], esters of quinazolin-3-yl)acetic
acid (132, LG = Cl1 or SMe) [63ACH457; 65ACH357; 66CB1532;
76USP3983119, 76USP3983120; 77FZ88; 81ZN(B)366; 83HCA148; 84-
EUP129258; 8SJAP(K)60152416], or 3-acetonyl-2-chloroquinazolin-4-
ones (73URP405895; 76KFZ60), were cyclized with ammonia, primary
amines, and hydroxylamine to give the title compounds (e.g. 131 and 133).

R!
|
N LG N N
| S ]
b Y R'NH2 . \r
N _"~16 N
(0]

(6]
(@\q)s LG=Cl (’]3/!)
R
1
NS ! AN N0
N N -
R i RN | g | S0 l
N._-COOR? X N
0 0
(132), LG=Ct or SMe (133)

Alternatively, 2,3-bifunctionalized quinazolines having the total carbon
and nitrogen skeleton of this system, e.g. 1-substituted-2-(2-hydroxy-
ethyl)aminoquinazolin-4-ones (134) [73GEP(0)2257376, 73SZP532068;
76USP3969506, 76USP3982000, 76USP3984556], 2-(2,2-dimethoxyethy-
lamino)quinazolin-4-one (86JHC833), esters of (2-aminoquinazolin-3-
yl)acetic acid (136) (82CP1137474), or 3-(2-aminoethyl)quinazolin-2-ones
(138) [7SGEP(0)2508543; 79CP1057752), cyclized thermally or chemically
to members of the title compounds (135, 137, and 139). Related to the latter
methods is the cyclocondensation of 2-aminoquinazolin-4-ones (140) with
a-haloketones (74URP445665; 77FZ37) to give 141.

R!
|

it
N N N N
- hd \L S0Clz s A B G ]
N OH -Hy0 N
0 0

(134) (135)
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(136) (137)
H F,"
[}
N z N N
z P N
‘SO ot
N NNHR! T2 ' A
Ph Ph
(138) Z=0 or S (139)
)
; & J
N NHR! 2 3 N IR
. %( R“COCHR A \( I
NH -HX,y -H70 N R3
0 0
140 {20

The second general pathway for synthesizing imidazo[2,1-b]-
quinazolines (142) is one through which the pyrimidine ring is formed by
condensing anthranilic acids or isatoic anhydrides with imidazolines
having a good leaving group at the 2-position, such as 2-methylthio-
imidazoline [71USP3621025; 73GEP(0)2234174, 73GEP(0)2257376,
73GEP(0)2319851, 73USP3745216; 74GEP(0)2402454; 75JMC447,
75USP3919210; 76USP3978059; 77USP4025511; 83GEP(0)3220438;
84USP4451464; 86MI2, 86MI3], or 2-methylthioimidazolin-4-one (2-
methyl-thiohydantoin) [63ACH457; 70GEP(0)2025248, 70MI3; 72-
JMC727; 74SAP7302111; 75USP3875160; 80CPB2024; 81ZN(B)366;
82H1375]. Condensation of 2-halobenzoyl chlorides with 2-methylthioi-
midazoles followed by cyclization of 143 with hydrazine derivatives gave
144 (89USP4871732).

H a3
NH LGN NN
Z . e -LGH " S ]
R l + -H20 N
N OH N
0 0

LG=Cl or SR! (142)
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The third approach to synthesizing this ring system consists of the
one-step formation of both the pyrimidine and imidazole rings. Thus,
cyclization of N-(2-aminobenzyl)glycine esters (145) [73GEP(0)2305575;
75IMC224; 76USP3988340; 79GEP(0)2832138; 80USP4208521; 82EUP-
54180; 84EUP129258; 85EUP133234; 86USP4593029; 87USP4670434] or
2-amino-N-(2,2-dimethoxyethyl)benzylamines (81EUP29559) with cya-
nogen bromide, guanidine, or alkyl isothiourea (79MI3) as well as conden-
sation of ethyl N-(ethoxy-carbonylphenyl)thiocarbamates (146) with 1,2-
diaminoethane (82JHCI1117) gave the imidazo[2,1-b]quinazolines 137
and 142.

H
U
NH; N Vw0
R‘©/\/ - R@
NH.___COOE! N—]

(145) (137)
S H
I N r'q
NHCOEt Hon~NH2 \j/ ]
R »— R
OEt N
0 (0]
(,15/6) (142)

3. Imidazo[5,1-b]quinazolines

Sherlock prepared the imidazo[5,1-b]quinazoline (148) by the conden-
sation of 2-(methylaminomethyl)-4-phenyl-6-chloro-3,4-dihydroquinazoli-
ne (147) with formaldehyde [70GEP(0)1932885]. Condensation of anth-
ranilic acids and 4-thiohydantoin afforded 149 (82H1375).
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4. Imidazo[1,2-c]quinazolines
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Compounds belonging to this system (151) wre synthesized from 4-
aminoquinazolines (150) by cyclocondensation with two carbon cyclizing
agents, such as a-haloketones (84M1I3; 85M1I1) or 2-chloroethanol (86 M11).
This cyclocondensation was also performed, in an indirect manner, when
quinazolines with good leaving groups at position 4, such as 4-chloroquina-
zolines (152, LG = Cl) (54JOC699; 64MI1; 74J0C3508, 74URP433-
149, 74YZ417; 75Ml1; 76KGS834) or 4-mercaptoquinazolines (152,
LG = SMe) (82PHA605; 84MI5), were cyclized with 2-aminoethanol or

1,2-diaminoethane.

NSrR O Brorpcoa
r r
: N 2
_N -HBr, -Hp0
NH2
(150)
N R!
7 X
R | Y
NS N
LG

(152) 4 LG=Cl or SMe
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R4<IKN Ar
m

N

(150)

(153)

NH N 1
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Cyclization of either 3-allyl-4-imino-2-mercaptoquinazoline (154)
[771JC(B)751] by heating with polyphosphoric acid or N-(4-quinazolinyl)-
a amino acids (156) (76KGS1268) by heating with a mixture of acetic
anhydride and acetic acid was reported to afford the imidazo[l,2-c]-
quinazolines 155 and 157, respectively.

H
|
N SH N
Y¥ o ees i
N~ | i
NH I
N Me
(154) (159)
= | Nﬁ Ac20s ACOH N\W
> ZN N N o
COOH | ~
HN——-I—R N
R
(l§_§) (157)

An elegant method for synthesizing the title ring system is the iodide ion
catalyzed isomerization of 4-(1-aziridinyl)quinazolines (158). The obtained
2,3-dihydro derivatives (159) were easily dehydrogenated wtih chloranil to
the imidazo[l,2-c]quinazolines (160) [70GEP(0)1946188; 74JOC3508,
74JOC3599; 75IMC447].

N N N
X _Nal S)  _Chioranil 3
ZN N__R N __R!
=t T
N N L N— B

R—LN\_Rl
(158) (159) (160

Imidazo[1,2-c]quinazolines were also prepared from properly substi-
tuted imidazole precursors; thus, cyclocondensation of 2-(2-alkyl-
aminophenyl)-4,5-dihydroimidazoles (161) with one-carbon cyclizing
agents, such as aldehydes (6SNEP6409191; 68SZP452537; 80JHC155), ke-
tones (75FES536; 82EUP46446), acid chlorides (6SNEP6409191), or car-
bon disulfide (7SBSF2118), gave the corresponding compound 162.
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2-(2-Substituted-ureido)benzonitriles and 2-(2-substituted-ureido)thio-
benzamides are very useful starting materials for the synthetic route com-
prising the formation of the two heterocyclic rings of the title compounds.
Cyclization of 2-ureidobenzonitriles (163) with a-aminoacids (83JPRS8S8;
89JPR537), base-catalyzed cyclization of 2-(2-chloroethylureido)benzoni-
trile (165) (80JHC1553; 81JHCS515), enzymatic cyclization of 2-(allylurei-
do)benzonitrile (89CC835), and acid- or base-catalyzed cyclization of 2-(2-
chloroethylureido)thiobenzamide (89JHC595) led to the formation of ex-
amples of imidazo[1,2-c]quinazolines. Also, belonging to this method is
the reaction of 2-isocyanatobenzonitrile with aminoacetonitrile or glycine
methyl ester to give imidazo[1,2-c]quinazolines (87CZ373).

};' NH? "ui
R@[NYO Rl —L_coon - R@(’L\(/O
- NH2  _Hy0s -NH3 N_ gl
T,
(163) (164)
H H
NYO NaOMe NYO
cn HNo~al N
[
(165) (166)

Reaction of 2-acylaminobenzophenones (e.g. 167) [72GEP(0)2141616;
73GEP(0)2166380; 74URP433149; 80PHA256; 81CPB2135], N-alkoxy-
carbonylanthranilic acids (67USP3329679), or N-aryloxycarbonylan-
thranilic acids (70YZ629; 82EUP53767) with 1,2-diaminoethane resulted
in double ring closure to give 168.

3,1-Benzoxazin-4-ones (169, Z = O) [84MI1; 88EGP(D)258232], 3,1-
benzothiazin-4-thiones (169, Z = S) (75BSF1411), or 3,1-benzothiazin-
2,4-dithiones (72ZC289; 79PHA390; 83ZC215) were also cyclized with
1,2-diaminoethane to the corresponding imidazo[1,2-c]quinazolines 170.
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Numerous biological applications have been attributed to imidazo-
quinazolines, such as being narcotic antagonists (80JHC155), antihy-
pertensives [71USP3621025; 73GEP(0)2257376, 73GEP(0)2305575, 73-
USP3745216; 74GEP(0)2402454; 75GEP(0)2508543, 75USP3919210;
76USP3984556; 79CP1057752], blool platelet aggregation inhibitors [73-
GEP(0)2305575; 75JMC224; 79GEP(0)2832138; 80CPB2024; 81EUP29-
559; 82EUP46267; 83EUP73060; 84EUP116948, 84 EUP129258; 8SCPB33-
36, 85EUPI133234, 85JMC1387; 86JAP(K)61115083, 86USP4593029],
blood sugar depressants (76USP3984556; 82EUP46446; 86MI12), broncho-
dilators [70GEP(0)1932885; 73GEP(0)2234174, 73GEP(0)2257376;
74GEP(0)2402454;  75JMC447, 75USP3919210;  76USP3969506,
76USP3978059, 76USP3984556], antidepressants [75GEP(0)2508543,
75USP3919210; 79CP1057752]; central nervous system stimulants
(67USP3329679; 71USP3621025; 75USP3919210; 86MI2); tranquilizers
[75USP3919210; 83GEP(0)3233766; 84USP4451464, 84USP4452787;
88JMC1220], analeptics (76USP3969506), circulatory disease treatments
(82EUPS3767), gastric secretion inhibitors (83HCA148; 84EUP129258);
antiallergics (83HCA148), cancer metastasis inhibitors [84EUP116948,
84EUP129258; 85JAP(K)601512416; 86USP4593029], antiphlogistics [83-
GEP(0)3220438], analgesics [83GEP(0)3220483], cardiotonics [81EUP-
29559; 84EUP129258; 86JAP(K)61115083], vasodilators [81EUP29559;
86JAP(K)61115083], anticonvulsants (86MI2; 88JMC1220), antithrom-
botics (86USP4593029; 87JMC295), cyclic adenosine monophosphate
phosphodiesterase inhibitors (87JMC295, 87USP4670434), cardiovascular
agents (79M13), and antibacterials (77FZ84).
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D. BENZIMIDAZO-QUINAZOLINES
1. Benzimidazof1,2-aJquinazolines
Examples (172) of the title compounds were obtained from the reaction

of 2-chlorobenzoyl chloride and 2-aminobenzimidazoles (171) (89K-
GS272).

2. Benzimidazo[2,1-b]quinazolines

Benzimidazo[2,1-b]quinazolines 174 were prepared by condensing ben-
zimidazoles carrying a leaving group at position 2 (173, LG = Cl, NH,,
SMe, SO;H) with anthranilic acids [71GEP(0)2058185, 71JHCI141;
75JMC447; 76USP3963720, 76USP4000275; 79JCS(P1)3085, 79PHA138;
83JPR88; 85URP1182043; 87KGS1673; 89K(GS272]. N-Anthraniloyl-2-
phenylenediamine (175) gave benzimidazo[2,1-b]quinazoline (176),
through double ring formation, when treated with thiophosgene [811JC-
(B)579].

R =1l
NH LG N N rﬂ
2
" " \“/‘—\© i R@©
OH N N
o} 0

(173) (17)

AT e OO0

(175) (176)
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3. Benzimidazoll,2-c]quinazolines

Cyclization of 2-(2-aminophenyl)benzimidazoles (177) with carboxylic
acids [62JCS945; 63BSB365; 74KGS1405; 77MI1; 811JC(B)579; 82AP866;
83JIC1071; 86FES852, 86KFZ690], aldehydes (62JCS945), or ketones
[7711C(B)1100] gave examples (178) of the title compounds. Iminopho-
sphorane (179) derived from 2-(2-azidophenyl)-benzimidazole and triphe-
nylphosphine underwent aza-Wittig reaction with alkyl isocyanates to give
(180) (89T4263).

N 1
bif2 1-RICOOH R
R 2-P,0 — R
/N 2Y5 | N
N

HN
077 (178)
N=PPh

A == OG0,
(179) (180)

A general method for synthesizing benzimidazo[l,2-c]quinazolines
(e.g. 181) is the cyclocondensation of 2-phenylenediamine with
3,1-benzoxazinones [37JIC411; 62JCS945; 67AG(E)878; 84MII1], their
thio analogues (80PHA293), trichloroacetamidobenzophenone [72GEP-
(0)2141616; 73GEP(0)2166380], or isocyanatobenzoyl chloride (76-
JHC421).

H2N

0
0 =2 .y
N
ay

N

(181)
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(182) (183)

Photolytic molecular rearrangement of the 4-(1,2,3-benzotriazol-1-yl)-2-
phenylquinazoline (182) gave (183) (74JHC737).

Some benzimidazoquinazolines have been reported to possess bron-
chodilating (76USP3963720), tranquilizing (76USP3963720), anticon-
vulsant (86 KFZ690), and immunodepressant (76USP4000275) properties.

V. Condensed Oxazolo-quinazolines
A. ISOXAZOLO-QUINAZOLINES
1. Isoxazolo[3,2-b]quinazolines

Performing a Vilsmeier—-Haack reaction on 3-benzoyloxy-2-methyl-
quinazolin-4-one (184) afforded the isoxazolo[3,2-b]quinazolinone (185)
[861JC(B)709]. This ring system (187) was also synthesized by cyclo-
condensation of anthranilic acids or isatoic anhydrides with the isoxazolin-
3-ones (186) (77AF766; 83MIP1), or by condensation of methyl anthrani-
late with 3-chloropropanoyl chloride followed by cyclization with
hydroxylamine hydrochloride (77AF766).

N\\rCH3 DMF - SOCl, NWCHon
NeOCOPh N—O
0
(184) (185)

2. Isoxazolo[2,3-c]quinazolines

Examples (191) of the title compounds were prepared by the base-
catalyzed cyclocondensation of 4-methylthioquinazolin-3-oxides (189)
with active methylene compounds (190) (87SC1449).




Sec. V.B] CONDENSED HETEROCYCLO-QUINAZOLINES 37

NH?2 0 N
. L e T
OH HN—O0  -2H20 N—O

0 0

186 187
Q (8e) H uen NH,OH
NH2  CiIC~ o~ N
[
OMe -HCI OMe !
(0] (0]
(188)
N R
N o
~NO
SMe
(J_Sj) (IE_Q),X:CN,AC,COOE( (g),Z:NH or 0

Y-=-CN,CONH , COOEt

B. OXAZOLO-QUINAZOLINES
1. Oxazolo[3,2-a]quinazolines

Members of this ring system (194) were synthesized by reduction of the
2-acyloxyquinazolines 192 with alkali metal borohydrides followed by
dehydrative cyclization of the resultant hydroxyalkyl derivatives (193)
[74J1C453; 8511C(B)1035].

2. Oxazolo[3,4-a]quinazolines

Acetylation of 2-(1-hydroxyphenylmethyl)quinazolin-4-one (195) with
refluxing acetic anhydride gave the expected acetate 196. Refluxing the
starting compound (195) or its acetate (196) with acetic anhydride and
sodium acetate gave the oxazolo[3,4-alquinazolinone (197). Spectral as
well as chemical evidence favored the assigned structure(197) rather than
the alternative oxazolo-[4,3-blquinazolinone structure (198) that could

arise as a result of cyclization with N-3 of the quinazoline nucleus
(74J0OC3828).
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H
1
N0
FC oo _PPa_ N
QLA QLY
0
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Bromination of 3-alkylquinazoline-2,4-dione 204 followed by cyclization
of the dibromo derivative (205) with potassium hydroxide led to the forma-
‘ tion of 2-bromomethyl-2,3-dihydrooxazolo[2,3-b]quinazolin-S-one (206)

(74J1C453).
CH2Br
KOH
GQ @Q - UL
(204) (205) (zgg)

A remarkably simple and efficient method for preparing oxazolo[2,3-
blquinazoline (208) is the reaction of anthranilic acids or their esters with
B-haloisocyanates, followed by base-catalyzed cyclization of the interme-
diate urea derivatives (207) [74GEP(0)2252122; 76S469; 80JHC1553].

Br

OCN 3 '? 8r
R R R \f.( R! 2
OMe OMe
0 0

(207)
N 0 R3
R S NH3, EtOH '
N R2 A
R!

(208)

Reaction of isatoic anhydride with a-aminoalkynes gave 209, which
cyclized to a mixture of the oxazolo[3,2-blquinazolines (210) and 2-
aminophenyloxazoles (211) upon treatment with phosgene (89JHC1495).



40 MOHAMMED A. E. SHABAN et al. [Sec. V.B

H
No . RscR NH CH
PO _HpNTcscH 2 =Z
» NH R
(0] 0 E

(209)
0
N 0 NH2 C)J\Cl
~CH2 1
N + .
N R 0~_CHy
R |
R

(210) (21)

——

4. Oxazolo[3,2-c]quinazolines

An example of this ring system (212) was prepared by Sinha and Thakur
(74J1C453) by cyclization of 3-allylquinazoline-2,4-dione (204) with
phosphoric acid. Heating 2-acylaminobenzophenones (e.g. 167) with etha-
nolamine in dimethyl sulfoxide (DMSO) gave the 10b-phenyl-2,3,6,10b-
tetrahydro-5H-oxazolo[3,2-c]quinazolin-5-ones (213) [70YZ629; 72GE-
P(0)2141616; 80PHA256; 81CPB2135].

Some oxazolo-quinazolines have been reported to possess antihyper-
tensive activity [74GEP(0)2252122].

d
N N
\]40 PPA 2
N\A ~_N
0 O—lMe
(204) (212)
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NHCOCCl3 ~_~-0OH, N 0
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5 H2N DMS0,A — \f
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Ph _j
Ph 0

(167) (213)
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C. BENZOXAZOLO-QUIANAZOLINES
1. Benzoxazolo[3,2-a]quinazolines

The benzoxazolo[3,2-alquinazolin-5-ones (216) were prepared in excel-
lent yields by two routes. In the first route, the two heterocyclic rings of
216 were cons:cutively formed when the disodium salts of N-(2-
hydroxypheny janthranilic acids (214) wre cyclized with two molar equiv-
alent< of cyanogen bromide. In the second versatile route, the pyrimidine
rir of 216 was formed when N-(2-benzoxazolyl)-2-fluorobenzamides
(217) were thermally cyclized (81JHC287).

R! r R! T

R
A ONa OCN

0 L 0 d
(214) (219)

.

0

21 (29)

2. Benzoxazolo[2,3-b]quinazolines

Compounds (219) of this class were prepared from anthranilic acids and
2-chlorobenzoxazines (218) (54JPS583; 68JPS1445; 79PHA138).

NH3 Ci 0 Na-©
R + T pelil e Hc(‘) R N
OH N =11 N
o}

0
(218) (219)



42 MOHAMMED A. E. SHABAN et al. [Sec. VI.B

VI. Condensed Thiazolo-quinazolines
A. BENZISOTHIAZOLO-QUINAZOLINES
Benzisothiazolo[2,3-a]quinazolines
Reaction of benzodithiol-3-thione (220) with anthranilamide gave a com-

plex mixture of products from which benzisothiazolo[2,3-alquinazolin-5-
one (221) was isolated (75JTHC1077). :

i
NH s A N
+ |
NH2 S N + Other
products
0 S (0]
(220) (221)

B. THIAZOLO-QUINAZOLINES
1. Thiazolo[3,2-a]quinazolines

Compounds of this ring system were prepared from quinazoline or
thiazole precursors as well as from nonheterocyclic starting materials.
2-Mercaptoquinazolines having suitable substituents at position 1, such
as 1-(2-hydroxyethyl (222) [63JIC545; 78JAP(K)7844593] or 1-allyl
(64JIC715), readily cyclize with acids to the thiazolo[3,2-a]quinazolines
(223.) 3-Substituted(2-quinazolinyl)thioacetic acid (224, R’ = OH) [74-
JIC457; 771JC(B)41; 78J1C928] or (2-quinazolinylthio)ketones (224)
(71J1C443; 74J1C457) also cyclized to 3-substituted thiazolo[3,2-
alquinazolines (226).

OH

N 5
YSH _HCI-ACOH N
or MeSO3H N
0

(222) (223)
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Cyclization of quinazolin-2-ylthioketones (227) that are not blocked at
N-3 afforded a mixture of thiazolo[3,2-a]quinazolines (228) and thia-
zolo[2,3-b]lquinazolines (229) [72CI(L)255]. Thiazolo[3,2-a]quinazoli-
nones (231) were also prepared by cyclization of 2-(3,4-dihydro-4-oxo-
quinazolin-2-ylthio)acylacetic esters (230) (69USP3471497; 70MI2;
75JHC1207).

i S\)KRI @(Y . R«@(YJR‘
0

(227) (228) (229)

(239 (2

The possible linear isomers wre not obtained during these syntheses,
probably because of the greater nucleophilicity of the quinazolinone N-1
compared to N-3. The mesoionic thiazolo[3,2-a]quinazolines (233) were
obtained by the acid-catalyzed cyclization of the (3-substituted quinazolin-
2-ylthio)ethanoic acids (232) [68THC185; 70JIC758; 71JIC395; 771IC(B)41;
791JC(B)39; 80MI2; 82JIC666] or 2-phenacylthioquinazolines (71J1C395).
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clization of 2-ethoxycarbonylanilinium thiocyanate (241) with «a-haloke-
tones (71JIC953) or 1,2-dibromopropionic esters (82JIC666) as well as
cyclization of ethyl thioureidobenzoate with «a-haloketones (53MI2;
54J1C848; 55JICS589, 55J1C644; 60MI2) gave thiazolo[3,2-a]quinazolines
(e.g. 242).

R
r!:COFQ rL—COR N[ SI
SH
_KSCN e hg
OH N -H0 N
(0] (0]

0
(238) (239) (240)
Phj__l/(:N
+ — CN
| N S
NH3 SCN - g lucorn he
OEt N
0 0
(241) (242)

2. Thiazolo[2,3-b]quinazolines

The first general method described for synthesizing this linearly annu-
lated ring system from quinazoline precursors is the cyclization of 2-
mercaptoquinazolines possessing a suitable two-carbon cyclizable substit-
uent at position 3. Thus, acid catalyzed cyclization of 3-allyl- [S7TMII;
61T(14)304; 62T1019; 641JC285; 771JC(B)751; 77Z2C444], 3-(2-hydroxy-
ethyl)- (243, Y = OH) [63JIC545; 6THCA1440; 77ZC444; T8JAP-
(K)7844592, 78PH A 185], or 3-(2-aminoethyl)quinazolines (243, Y = NH»)
(651JC284) afforded examples of the title compounds (244).

N N S
SH +
R ¥ S T S ]
N =7 N
\/\Y
7

(243) Z=0 ors (244)
Y=0H or NH)

2-Mercaptoquinazolines (245) were also reported to react with two-
carbon cyclizing agents such as a-haloketones [691JC765; 72CI(L)255;
81USP4302585; 83AP569; 85AP502; 891JC(B)274], a-haloacids [77ZN-
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(B)94; 781JC(B)537; 78MI1; 83APS69, 83MI2; 84JIC1050; 85APS502,
87MI1], 1, 2-dihaloalkanes (62JOC3701; 78J1C928; 83AP569; 84J1C1050],
1, 2-dihaloalkenes (87MI1), dimethyl acetylenedicarboxylate [83APS569;
86JHC1359, 86USP4588812; 87EGP(D)251983], or maleic anhydride
(83APS569) to give, predominantly, thiazolo[2,3-b]quinazolines (e.g. 246).
It is worth mentioning that though the same synthetic pathway was used,
some of these results [691JC765; 72CI(L)255; 83AP569; 85APS02,
891JC(B)274] are in contradiction with those (69USP3471497; 70MI2;
75JHC1207) described for the synthesis of the-angular thiazolo[3,2-a]-
quinazolines and structural confirmation should be considered. 2-
Mercaptoquinazolin-4-one (247) was also cyclocondensed with the 2-
dichloro compound 248 to give the pentacyclic thiazolo[2,3-b]quinazoline
249 (88RRC291).

SH | R!
XCH2COR ]/
R I{ o = H20 @

(0]
(Zi‘é) (246)
N SN
SH (I
e D eRed
-2HCl N X
N
0 0
(267) (248) (29

The second general synthetic route to the title compounds involved the
cyclocondensation of anthranilic acids with thiazole derivatives having
a good leaving group at position 2, such as 2-methylthiothiazoles
(250) [71BRP1242863; 7SJAP(K)7514699; 82MI1; 83AP394] or 2-chloro-
thiazoles (250, LG = CI) [S5JIC589, SSJIC631, SSJIC647; S6MII,
61MI1; 63JMC450; 64JIC591; 70JIC793, 70MI12; 77GEP(0)2557425; 79-
USP4168380; 80JCS(P1)633; 81EUP27268; 83JMC107; 8SEUP142057;
88GEP(0)3634532]. 2-Aminobenzyl alcohol (661JC527) and 2-amino-
acetophenones (691JC1191) have also been used in place of anthranilic
acids in the latter cyclization.

NH7 LG S
R + X ' _-HG \I/
OH N -H20
L
(250),LG=Cl or SMe (331)
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The third route for synthesizing thiazolo[2,3-b]quinazolines comprised
the consecutive or simultaneous formation of their two heterocyclic
rings in one step. Reaction of anthranilic acids, their esters, or am-
ides with 1-halo-2-isothiocyanoethanes (71BRP1242863; 72M12; 79JHC-
391; 87AP1276), a-thiocyanato-ketones [83GEP(0)3142727], or with
l1-isothiocyano-4-(diethylamino)-2-butyne (78FRP2393001) gave thia-
zolo[2,3-b]quinazolines (244). This reaction was performed in an inverse
manner by transposing the functional groups on the reacting entities.

NH2 P N S
R SCN R Y I
R -HX, -R'OH N
0

(0]

(244)

Thus, reaction of ethyl 2-isothiocyanatobenzoate with a-aminoalkynes
led to the formation of 253 [73GEP(0)2212371, 73GEP(0)2228259,
73S426]. Condensation of 2-carboxyphenylthioureas or their esters (254)
with two-carbon cyclizing agents, such as a-haloketones [52MI1; S3MI1;
55JO0C302; 61T(15)53; 83EGP(D)204095], a-haloacids (83H1549), or 1, 2-
dihaloalkanes (52M11; 55JOC302), afforded 251.

CH»
R R! S~
NCS
e v~ Ta
OEt - g el

(0] (0]
(252)
NYS ~CHy |-EtOH
N R!
R
0
(253)
H
N S )l( N |
R i R' CHCOR? YS R
oR3 M2 1
N R2
e 0

(254) (251)
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3. Thiazolo[4,3-b]quinazolines

Examples of this ring system (263) were prepared by cyclocondensation
of anthranilic acid with the 1,3-thiazole derivatives 262 (82M11; 83AP394).
Reductive cyclization of the 4-ethylamino-3-(2-nitrobenzyl)thiazolidines
(264) was affected by heating with iron filings and acetic acid to give
4H-3,3a-dihydrothiazolo[4,3-b]quinazoline (265) (87JHC107).

R~_-R! R R}

W e N NS
OH HN —-ko -H2S » -H20 N——&O
0 0
(262) (263)
~
NHEt E
NO7
a |—‘| Fe,AcOH R
B xS 3
(264) (265)

4. Thiazolo[3,2-c]quinazolines

Acid-catalyzed cyclization of 3-(2-hydroxyethyl)-2,4-dithioxo-octa-
hydroquinazoline (266) was reported to give the thiazolo[3,2-c]quinazoline
267 together with the linear thiazolo[2,3-b]quinazolines (268) (78PHA185).

The mesoionic thiazolo[3,2-c]quinazolines (271), a resonance stabilized
147r-electron system, were prepared by condensation of the sodium salt of
the 4-mercaptoquinazolines (269) with a-haloketones (701JC1065; 80H3),
a-haloacids (85JOC1666; 89KGS408), a-haloesters [781JC(B)331], allyl
chloride (70MI1; 871.A103), or tosylhydrazones of a-ketoacid halides
(84CC1348) to give 270, which was cyclized with acids to 271.

H
1

N\(S L+ /N\r,s 2 NYS:
N~ oH \I N
S Sj 5

(269) (267 (269)



50 MOHAMMED A. E. SHABAN et al. [Sec. VI.C

\\r CICH2COR \\r 1-PPA \\(
0 -NaCl _N 2-HCIO, Nt

R
SNa S \/U\R‘ Clo4 s——]/

(269) (270) (27

The two heterocyclic rings of thiazolo[3,2-c]quinazolines (273) were
formed in one step when 2-ethoxycarbonylaminobenzaldehydes (272)
were cyclized with 2-aminothioethanol or esters of L-cysteine (631JC318;
65JIC155, 65J1C220).

H H
| |

r!

N N
S — YO
_EtOH, -H0
CHO g =7 N R

sj

(272) (273)

Various biological applications were reported for thiazolo-quinazolines,
such as being useful as fungicidals (83H1549; 84JIC1050), antiinflamatory
agents [71BRP1242863; 75JAP(K)7514699; 78FRP2393001; 86JHC1359,
86USP4588812], sedatives (71BRP1242863; 78 FRP2393001), muscle relax-
ants [77GEP(0)2557425; 78FRP2393001], central nervous system depres-
sants (78FRP2393001), antibacterials (84JIC1050), cholinesterase inhibi-
tors (80MI2), potential metabolite antagonists (661JC527), hypotensives
[78JAP(K)7844593], blood platelet aggregation inhibitors [78JAP(K)-
7844593], analgesics [71BRP1242863; 75JAP(K)7514699], passive cutane-
ous anaphylaxis inhibitors (79USP4168380; 81EUP27268), antiallergics
(83JMC107), antihypertensives (83AP569; 85AP502), hypothermic agents
(71BRP1242863), antiasthmatics [77GEP(0)2557425], herbicidals [83GEP-
(0)3142727], immunomodulators (86JHC1359, 86USP4588812), and im-
munosupressants (81USP4302585).

C. BENZOTHIAZOLO-QUINAZOLINES
1. Benzothiazolo[3,2-a]quinazolines
Acylation of 2-aminobenzothiazoles (274) with 2-fluorobenzoyl chloride

followed by thermal cyclization of the intermediate acyl derivatives gave
the benzothiazolo[3,2-a]quinazolines (275) (81JHC801). Tetrahydroben-
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zothiazolo[3,2-alquinazolines (277) were obtained by condensation of
anthranilic acids with 2-thiocyanocyclohexanone (276) (721JC605).

R

; ? N\(5
I
N\ S -HCI,-HF @[”/N
0 NH2
(274) (275)

NH2 N S
= i
) ‘@{"/OH N Q - " \”/
7 N
0 (0] SCN
(leﬁ) (277)

2. Benzothiazolo[2,3-b]quinazolines

Oxidative cyclization of 3-aryl-4-oxo-2-thioxo-tetrahydroquinazolines
(278) with N-bromosuccinimide and sulfuric acid gave examples of the title
compounds (e.g. 279) (87H2371, 87BSB797). Cyclocondensation of 2-
thioxoquinazolines (280) with 2-chlorocyclohexanone (721JC605) or 4-
chloro-3,5-dinitrobenzotrifluoride (87AP569) also afforded benzothia-
zolo[2,3-b]quinazolines (e.g. 281).

GQ_@R' T
0

278) @79
o
NYS l HzSOz. Y
+
NH O
(0]
(’23\/0) (281)
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Synthesis of the title compounds from benzothiazole precursors has also
been accomplished by cyclocondensation of 2-chlorobenzothiazole (282)
with anthranilic acids or their esters (34JIC463; 53JA712, 53JOC1380;
75J1C886; 79CB3424, 7T9PHA138).

NH Ci S N 5
L DA
OR! N N

2 0

(0]
(282 (28

Double ring formation occured when 2-aminothiophenol cycloconden-
sed with 2-isocyanatobenzoyl chloride to yield (284) (76JHC421). Double
ring formation also took place upon cyclization of 2-(2-aminobenzoyla-
mino)thiophenols (285) with ethyl chloroformate to give 279 (691JC444;
721JC476).

NCO HS NS
+ R 3l
Cl HaN N
0 0

(284)
NH;  HS N S
" gl CICOOEt _ o o gl
NH N
0 0
(282 (23

3. Benzothiazolo[3,2-c]quinazolines

Singh and Lal [731JC959; 761JC(B)685] prepared 8,9,10,11-tetrahydro-
benzothiazolo[3,2-c]quinazolin-7-ium perchlorate (287) by dehydrative
cyclization of 4-[(2-oxocyclohexyl)thio]quinazoline (286) with sulfuric
acid and then perchloric acid. 2-(2-Azidophenyl)benzothiazole (288) reac-
ted with triphenylphosphine to give the iminophosphorane, which cyclized
to 289 on treatment with ethoxycarbonyl isocyanate (89T4263).
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to this synthesis is the reaction of 3-amino-1,2,4-triazoles (294) with 2-
hydroxymethylenecyclohexanone [79JCS(P1)3085] or ethyl 2-oxocyclo-
hexanecarboxylate (890PP163) to yield a mixture of the angular 1,2,4-
triazolo[$,1-alquinazolines (295) and the linear 1,2,4-triazolo[S,1-b]-
quinazolines (296); yields of the latter predominated the former.

N
Me Me qu_N]
(0] HN =
Me z + N -PhNH7 Me Y
X_~NHPh NYN -H20 . ZN
0 NH, 0
(291) (292) (293)
N—:]/R
I N
o) HN R N = N N R
CHOH NYN ZN X N—/N
NH o
(250 (299 (299

A synthesis comprising one-step formation of the two heterocyclic rings
of this system was reported (80HCAT1) in which 2-carboxyphenylhydra-
zine was cyclocondensed with 297 to give 298.

R
N
b L
H R 2
+ = \I [ Y
OH il NH
C
0 . 0
(297 (259

2. 1,2,4-Triazolo[4,3-a]quinazolines

A general method for synthesizing 1,2,4-triazolo[4,3-a]quinazolines
(e.g. 299) is the cyclocondensation of 2-hydrazino-4-substituted quina-
zolines [76JAP(K)76100098; 841JC(B)1293] or 2-hydrazino-3-substituted
quinazolin-4-ones [64Z0B1745; 7SGEP(0)2508333; 78PHA124, 78PHA-
125, 78PHA462, 78PHAS507; 80EGP(D)139715, 80PHAS800; 83EGP(D)-
158549, 83EUP76199, 83PHA2S, 83PHA367; 86JCR(S)232; 86MI5] with
carboxylic acids or their derivatives. Using 3-unsubstituted-2-hydrazino-

i e P
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quinazolines in place of the 3-substituted isomers led to the formation of a
mixture of the angular [,2,4-triazolo[4,3-a]quinazolines (300) and the lin-
ear 1,2,4-triazolo[4,3-b]quinazolines (301) (86JHC833). Oxidative cycli-

2

NH,
N rLH
N
] N _Rlcoy
NR! -HV9 -Hy0 NR]
(0]
(222)
NH2 fi‘
N
Y”” e oy AN
~HY, H20 |
N__J\Rl
(0] (o}
(300) (301)

zation of hydrazones (302), derived from 3-substituted-2-hydrazinoquina-
zolines and aromatic aldehydes, with ethanolic ferric chloride also led to
the formation of (299) (83BCJ1227; 86JHC833).

Rz
1 NYNH-N=CHR2 FeCl
NR! -HZ NR‘
0
(302) ‘2,9&’

In one synthesis [76JAP(K)76100098], 1,2,4-triazolo[4,3-alquinazolines
(304) were prepared from 1,2,4-triazole precursors when 2-(1,2,4-triazol-3-
yl)benzophenones (303, LG = OR,SH, or SR) were cyclized with am-

monia.
R2 RZ

=N —
=) I

N N =

R [ . - Y

_o'C -HLG , -H;0 _N

R! R!

(}_9/3). LG=0OR,SH, or SR (3_9_1;)



56 MOHAMMED A. E. SHABAN et al. [Sec. VIL.B
3. 1,2,4-Triazolo[5,1-b]quinazolines

Cyclization of the two amino functions of 2,3-diaminoquinazolin-4-ones
(305) with acid derivatives gave the 1,2,4-triazolo[5, 1-b]quinazolin-9-ones
(306) [79ICS(P2)1708; 81EUP34529; 82BRP2086903; 84EGP(D)206996;
851JC(B)873, 85PHASS; 86AP188, 86JCR(S)232, 86JHC833, 86MI4; 87-
M12; 88EGP(D)253623].

1 f
° |
N NH 2 N N_ _R2
N
X N Récov 5 N
NNH2 -HYy -H0 N—~N
0 0
(309) (306)

1,2,4-Triazolo[$,1-b]lquinazolines (e.g. 308) may also be prepared by a
Dimroth-type rearrangement of 1,2,4-triazolo[3,4-b]quinazolines (307)
(86JHC833) upon heating with aqueous alkalies.

R2
|
N 1
_NaOHs B \(/N\I(R
N———|\R] N—N
0
<10,7> (308)

Finally, the reduced 1,2,4-triazolo[5,1-b]quinazolin-9-ones (310) were
prepared from 1,2,4-triazole precursors when 3-amino-1,2,4-triazole (309)
was cyclocondensed with 2-ethoxycarbonylcyclohexanones (72MI1;
890PP163).

H
!
_0 H2N N N N
{I{ £ WK dndmy R@q )
OEt tNI==== N—N
0 0
(309) (310)

4. 1,2,4-Triazolo[3,4-b]quinazolines

Reaction of acid derivatives with 2-hydrazinoquinazolines blocked at
position 1 (311) gave members of this ring system (312) [84EGP(D)206-
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F|ﬂ
R@YNHNHZ R2 _ Rlcov @(Y
N -HY, -H20 Rz
0

(3m (312)

555; 86JHC833]. Cyclization of the N-1 unblocked 2-hydrazino-3,4-
dihydroquinazolines (313) with acids was claimed [88EGP(D)258815] to
yield only 1,2,4-triazolo[3,4-b]quinazolines (314); the angular 1,2,4-
triazolo[4,3-a]quinazolines were not isolated.

. N NHNR2 m2coon @E{Y N
NH RZ

R!
(313) (314)

Synthesis of the title compounds (e.g. 316) from 1,2,4-triazole pre-
cursors was reported as early as 1930, when anthranilic acid was con-
densed with 4,5-dihydro-3-methyl-1-(4-nitrophenyl)-5-oxo0-1,2,4-triazole
(315, R = 4-NO,-C¢Hy) (30J1C899).

R ﬁ‘
1
NH3 Oy~ NN N
S N _PPA, A
OH HN Me Me
0
(315) <349>

5. 1,2,4-Triazolo[1,5-c]quinazolines

Thermal (83EUP80176), acid- (83EUP80176), or base-catalyzed [72GEP-
(0)2146076] cyclodehdyration of 4-hydrazidoquinazolines (317) as well as
thermal cyclodehydrogenation (84BCJ1138) of 4-hydrazonoquinazolines
(319) was accompanied by Dimroth rearrangement to give the 1,2,4-
triazolo[1,5-c]quinazolines 318.

Thermal cyclization of 3-guanidino-2,4-thioxoquinazoline (320) gave 2-
amino-5-thioxo-1,2,4-triazolo[1,5-c]quinazoline (321) (80PHAS82); the
corresponding linear isomer, which might have been obtained through the
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alternative cyclization between the 3-guanidino and 2-thioxo function, was
not isolated.

HN—— NHCOR2 N—J\RZ HN—N=CHR?2
@ 3 29
H H
' N
Wk A e
NH e
N -H25 O
S NH NH2 ] N
S N——'l—NHz
(320) (22

Benzoxazinones (169, Z = O) or benzothiazinethiones (169, Z = S) un-
derwent cyclization with thiosemicarbazide (83MI1), thiocarbohydrazide
(86JHC43), or amidrazones (68CB2106; 76MI11; 85H2357) to give 1,2,4-
triazolo[1,5-c]quinazolines (322). The mesoionic 1,2,4-triazolo[1,5-

S
N _R If N__g!
2 X HaNNHC.NH; R \Y
VA NS
[ NH
N——L
S

Z

(169),2=0 or S (322)
oS

clquinazolines (324 and 326) were prepared from the 3-amino-4-
thioxoquinazolines (323) by cyclization with isothiocyanates (84S881) or
from the 3-(2-aminophenyl)-1,2,4-triazoles (325) by cyclization with cya-
nogen bromide [73TL1643; 79JCS(P2)1708]. Photolysis of the quinazolin-
3-yl thioimidate (327) in the presence of butylamine gave a mixture of the
mesoionic olate (328, Z = O) and thiolate (328, Z = S) [84JCS(P1)1143].

N N
SyPr RNCS SyPe

NNH2 N\N
o1

(329) (324)

:
!
!
:
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R BrCN R Y
/N\N N
I
R!

N
HzN-N—L HZN.N-——'LR,

(325) (326)

BuN—]\

(327) (328), Z=0 or S
A~ e

N Me N<_Me
. Y_-"s hv, BuNHp g \\r
AN oey A=
y
|
.

Synthesis of 1,2,4-triazolo[1,5-c]quinazolines from nonquinazoline in-
termediates is also known. Thus, the two heterocyclic rings were formed
by the reaction of acylhydrazines with 2-ureidobenzonitriles (89JPR-
537), 2-ethoxycarbonylaminobenzonitriles (329) (87USP4713383), or 2-
isocyanatobenzonitrile (87CZ373) to give the title compounds (e.g. 330).

H
A |

|
N 0 N0
TSMaE- e S O
N OEt = s ~H2 |N\N
|
N_kAr

(329) (330)

Ring transformation of the 3-aryl-1,2,4-triazolo[3,4-a]phthalazines (331)
to 1,2,4-triazolo[1,5-c]quinazolines (334) was achieved according to the
indicated reaction sequence (86EUP181282). Replacement of the sulfur
heteroatom of 1,3,4-thiadiazolo[3,2-c]quinazolium iodide (335) by reaction
with butylamine gave the zwitterionic 1,2,4-triazolo[1,5-c]quinazoline 336
[771JC(B)1110]. The 1,2,4-triazolo[1,5-c]quinazolines (338) were obtained
by the base, acid, or thermal isomerization of 1,2,4-triazolo[4,3-
c]quinazolines (337) [70JOC3448; 73GEP(0)2261095; 74USP3850932;
76TL1935].
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S @(
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6. 1,2,4-Triazolo[4,3-c]quinazolines

Cyclocondensation of the 4-hydrazinoquinazolines (339) with car-
boxylic acid derivatives gave the title compounds (340) [65ZOR-
1154; 66KGS130; 72GEP(0)2146076; 73GEP(0)2261095; 74USP3850932;
76TL1935; 81PHAG62; 84BCJ1138, 84CCC1795, 84CIC2570; 90UPI,
90UP2]. The latter compounds (340) were also obtained from hydrazones
(341) derived from 339 and aldehydes upon oxidative cyclization with
bromine, sodium hypochlorite, or ethanolic ferric chloride as well as upon
catalytic dehydrogenative cyclization with palladium-on-charcoal (63N732,
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63T1587; 89M11; 90UPI1, 90UP2). 2-Substituted-3-carbamoylquinazolines
(342) cyclize with hydrazine hydrate to give the corresponding 3,5-disub-
stituted-1,2,4-triazolo[4,3-c]quinazolines (343) (88CCC329, 88RR(C981).

N R! N R!
2
T e T
ZN SO Rl73 N 2
R
o
HNNH?2 N—N
(339) (340)
N R!
\ RECHO, g N Brys NaOCl, T
ZN FeCl3y or Pd/c
HN—N=CHR?
(341)
NH2NH2

N\\rR
N\n/NHR'

S S
(342)

N\\rR
l N\”/NHR‘

N— N
(343)

Cyclization of the 3-(2--aminophenyl)-1,2,4-triazoles (344) with acid
derivatives also afforded the title compounds (345) (72URP334219).

Triazolo-quinazolines were reported to possess the following activit-
ies: fungicidal (83MI1), bactericidal (83MI1), potential bronchospas-
molytic (86JHC833), antiinflammatory [76JAP(K)76100098; 80JAP(K)-
8055188], analgesic [76JAP(K)76100098; 80JAP(K)8055188], antiviral
[76JAP(K)76100098], antihistaminic (81EUP34529; 83EUP76199; 86 EUP-
181282), antiallergic (83EUP80176), anxiety modulator (86EUP181-
282; 87USP4713383), nervous system stimulant (86EUP181282; 87-
USP4713383), hypotensive [72GEP(0)2146076; 86AP188, 86MI4] and
anaphylaxis inhibitor [SOEGP(D)139715; 83EGP(D)158549].
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VIII. Condensed Oxadiazolo-quinazolines
A. 1,2,4-OXADIAZOLO-QUINAZOLINES
1. 1,2,4-Oxadiazolo[2,3-a]quinazolines
Base-catalyzed cyclization of ethyl 2-hydroxyaminobenzoate with three

molar equivalents of methyl isocyanate gave the 1,2,4-oxadiazolo[2,3-
alquinazoline (347) (69CB1480; 70CB82).

OCONHMe o-——fo

o .
N NMe
NH O
_20CNMe _OCNMe K 0contMe
~kon NMe NMe
0 0
(346) (347)

2. 1,2,4-Oxadiazolo[2,3-b]quianzolines

Treatment of 2-methylquinazoline-4-carboxyhydroxamic acid 3-oxide
(348) with dicyclohexylcarbodiimide in dioxane caused its rearrangement
and cyclization to S5-methyl-1,2,4-oxadiazolo[2,3-b]lquinazoline-2-one
(349) (85H623).

(348) (349)

3. 1,2,4-Oxadiazolo[4,3-c]quinazolines

Reaction of 2-aminobenzamidoxime (350) with two molar equivalents of
aldehydes caused the formation of the two heterocyclic rings of the 1,2,4-
oxadiazolo[4,3-c]quinazoline (352) [67CR(C)265; 70BSF2615].

5 H
@: OHCR N\rR OHCR N\(R
NHp ~H20 NH - -H20 N__R
[

(350 (350 (352)
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Reaction of 4-hydroximino-1H,3H-quinazolin-2-one (353) or 2-ethoxy-

carbonylaminobenzamidoxime (356) with alkyl or arylisocyanates fol-
lowed by thermal cyclization gave 355 (81KGS1264).

H H H
' N N<_0
N\#0 0 Z
O _oonR F JAN ¥
NH NH =) N _0
|

NOH NOCONHR N—O
(359) (354) (359)

NHCOOEt NHCOOEt T

OCNR yAN
—
NH2 NH? -EtOH, -RNH3

NOH NOCONHR

(356) (357)

In a detailed thermolytic study, S5-methyl-1,2,4-oxadiazolo(2,3-c]-
quinazolin-2-one (349), has been found to give the isomeric 1,3,4-
oxadiazolo[4,3-c]quinazolinone (358) on heating or on treatment with tri-
ethyl phosphite (85H623).

N__M N _-Me
Y ¢ A or (EX0)3P N
N N
Mo g0

N—l\\o N—~O

(369) (358)

B. 1,3,4-OXADIAZOLO-QUINAZOLINES
1,3,4-Oxadiazolo[2,3-b]quinazolines

The 1,3-diazine ring of this system (360) was formed when anthranilic
acid derivatives were cyclocondensed with 1,3,4-oxadiazoles having a
good leaving group at position 2 (359, LG = Cl, SH, or SMe) (73JPR185;
81FES292; 84J1C436). Some oxadiazolo-quinazolines were found to pos-
sess herbicidal and fungicidal properties (84J1C436).
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NH LG_-O~_R! N 0 _nR!
B AN TR AT L, B N
OH N—N - HOY ) N—N
0 0

(359), LG=CI,SH, (360)
or SMe

IX. Condensed Thiadiazolo-quinazolines

Synthesis of 1,2,3- or 1,2,4-thiadiazolo-quinazolines was not reported in
the literature.

1,3,4-THIADIAZOLO-QUINAZOLINES
1. 1,3,4-Thiadiazolo[3,2-a]quinazolines

Reaction of diazotized anthranilic acid or its esters with a-thiocya-
natoketones gave the intermediate 361, which intramolecularly cyclized to
the 1,3,4-thiadiazolo[3,2-alquinazolines (362) (82JHC73, 82T1527). Reac-
tion of the hydrazidoyl chlorides (92) with potassium thiocyanate afforded
an alternative synthesis of (362) through the same intermediate (361)
[82JHC73, 82T1527; 891JC(B)120].

COAr
N ——T_
+ = SCN i
N3 Ci | NH  SCN
ArCOCHCOMe
OR AcONa OR
0 cl 0
l ArCOC'HCOMe, AcONa _ROH‘ (361)
COAr N —~COAr
o o
NH (o] KSCN \I(
OR N
0 (o]
(2_2/) (362)

The 1,3,4-thiadiazolo[3,2-alquinazolinium perchlorates (365) were pre-
pared by cyclocondensation of 2-chlorocyclohex-1-enecarboxaldehyde
(363) with 2-amino-1,3,4-thiadiazolium perchlorates (364) (73KGS1285).
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N==7R
Cl R N 5
QUi Sy o o)
O NYS.HClOz, ~HCly -H20 _n Q0
NH»
(363) (364) (365)
= 222 oAl

2. 1,3,4-Thiazolo[2,3-b]quinazolines

Compounds belonging to this ring system (367 and 369) were prepared
according to two general routes: (a) via formation of their pyrimidine ring
by cyclocondensation of anthranilic acids or their esters with 2-chloro-
1,3,4-thiadiazoles (366) (73JPR18S; 79FES688; 81FES292), and (b) via
formation of their 1,3,4-thiadiazole ring by cyclization of 2-mercapto-3-
aminoquinazolines (368) with one-carbon cyclizing agents, such as carbon
disulfide, cyanogen bromide, or acid chlorides [701JC710; 861JC(B)489,
861JC(B)957; 87AP166, 8TMI3].

|

NH, Cloa B B N SR
R + \]l/ \lr _‘L)_ R Y \lr
OR2 N—N  _-R20H N—N
0 (0]
(366 (367
RICOCI
N SH Nao-Sz
a Y €S2 or CNBr - \\l/ \]4
NNH, N——NH

(0] 0
(368) (369),Z=S or NH
—~ —~

The approach of synthesizing this ring system through formation of its
fused pyrimidine and 1,3,4-thiadiazole rings was also reported (701JC-
389). Hydrazones (370) derived from anthranilic acid hydrazides and
aromatic aldehydes gave 371 upon cyclization with potassium thiocya-
nate (701JC389). The pyrimidine and thiadiazole rings of 1,2,4-
triazolo[4',3’ : 4,5]1,3,4-thiadiazolo[2,3-b]-quinazolin-6-one (374) were
also simultaneously formed when isatoic anhydride was condensed with
4-amino-5-mercapto-3-methyl-1,2,4-triazole (372), followed by dehydra-
tive cyclization of 373 (83M339).
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(701JC710), antiinflammatory (81FES292), antifungal [87MI3; 891JC-
(B)200] and hypotensive activities (87AP166).

X. Condensed Selenadiazole-quinazolines
1,3,4-SELENADIAZOLO-QUINAZOLINES
1,3,4-Selenadiazolo[2,3-a]quinazolines
Similar to their 1,3,4-thiadiazolo analogues, 1,3,4-selenadiazolo|2,3-
alquinazolines (380) were synthesized by the reaction of diazotized anth-
ranilic acid or its esters with either 2-selenocyano-1,3-diketones or

2-chloro-1,3-diketones, followed by treatment with potassium seleno-
cyanate (82G545; 83JHC719).

N COAI’
. - SIGCN 1
Mg Cl ArCOCHCOMe NH  SecN
OR AcONa OR
o o)
5 (379)
Ar COCHCOMe, AcONa o
-ROH
COAT COAI’
N—l’_ N——r._
NH  Cl N_ _Se
KSeCN Y
OR N
0 o}
(92) (380)

XI. Condensed Tetrazolo-quinazolines
A. TETRAZOLO[1,5-a]lQUINAZOLINES

Two general methods were used for synthesizing these compounds (e.g.
383). (a) Cyclization of 3-substituted 2-hydrazinoquinazolin-4-ones
[64Z0OB1745; 76GEP(0)2539396; 78JAP(K)7837695, 78PHAS507; 80MIP1,
80PHAS800; 83PHA2S5, 83PHA367; 84PHA867] or 4-aryl-2-hydrazino-
quinazolines (381) [77ZOR1773; 78JAP(K)7812893; 79MI12] with sodium
nitrite in acid media. In the latter case, exclusive cyclization witn N-1,
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rather than N-3, of the quinazoline occurred as a result of its higher
nucleophilicity. (b) Reaction of 2-chloroquinazolin-4-ones (63Z0B2334;
78USP4085213) or 4-aryl-2-chloroquinazoline (382) [78GEP(0)2805124,
78JAP(K)7812893] with sodium azide, in which cyclization also took place
with the more nucleophilic N-1 of the quinazoline.

NH<NH : Cl
R \|/ 2NaN 02 Q( \r
~N —ZN

Ar Ar
(381) (3‘§_§) (3}3)

It was interesting to discover that the reaction of sodium azide with
2,4-dichloroquinazoline (384) gave only the S5-azidotetrazolo[l1,5-a]
quinazoline (385) and not the 5-azidotetrazolo[1,5-c]quinazoline (386) or
the tetracyclic product (387) (33JPR9; 63Z0B2475).

N—N
N N N
YO Y
~N
ol N3
(2\8_111 (385)

+ ==

1 1

N N N
S i

N\N N\N

| 1 | 1

N—N N—~N

56) Gen

Synthesis from tetrazole precursors was reported [60LA159;
79JCS(P1)3085], according to which 5-aminotetrazole (388) was cyclo-
condensed with 2-hydroxymethylenecyclohexanone to give tetrazolo
[1,5-alquinazoline (389) instead of the expected tetrazolo[5,1-b]
quinazoline (390).
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N—N~N

N\fN
O;;N
~0 HaN~ 2N~y (389)
(I P G
CHOH HN N

) P

NN ==

(330

B. TETRAZOLO[S,1-b]QUINAZOLINES

The title compounds were obtained by cyclization of 3-amino-2-
hydroxyquinazolin-4-ones (391) (86MI5; 88MI2) or I1-substituted 2-
hydrazinoquinazolin-4-ones (311) [83EGP(D)203545; 84PHA867] with ni-
trous acid. In the latter case, it was necessary to block N-1 in order to
direct the cyclization towards the less nucleophilic N-3 of the quinazoline

ring.
N NH.NH N

. Y 2 NaNO2, H' " \\l/"'w

N-NH? N— NH

(0] (0}
(a9 (392
R! R
N N N
NHNH + 5
a \Ir 2 NaNO2 s H = \f N
\m/N N——N
(0] 0
@w (%)

C. TETRAZOLO[1,5-C]QUINAZOLINES

Compounds belonging to this ring system (394) were prepared by cycli-
zation of either 4-hydrazinoquinazolines (339) with nitrous acid (63N732,
63Z0B2334; 66KGS130; 67KGS1096; 70KGS100, 70KGS855; 84CJC2570)
or 4-haloquinazolines (395) with sodium azide (67KGS1096; 70KGS100,
70KGS855; 90UPI1, 90UP2).
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N R! N<_R! N R!
R S _NaNOz g SNy S
T
HNNH> N—N
(339) (394) (395)
—~— o~ I~

5-(2-Aminophenyl)tetrazoles (396) were also cyclized with acetic
anhydride (70KGS100), aldehydes (74USP3835137, 74USP3835138;
88CZ135), ketones (74USP3835138; 88CZ135), or phosgene (74USP-
3838126) to tetrazolo[1,5-c]quinazolines (397).

H
& X
NH N
o 3 R R2 o g2
ZANY N‘N
1 | 1

HN——N N—-N
(396) (397)
P~

Various biological applications were reported for tetrazoloquinazolines,
including fungicides [78JAP(K)7837695; 83EGP(D)203545; 88MI2], pesti-
cides [76GEP(0)2539396], antiallergics (78USP4085213), antiulcer agents
(78USP4085213), bactericides [83EGP(D)203545]; 88MI2], bronchodi-
lators [74USP3835138, 74USP3838126; 83EGP(D)203545], antiinflamma-
tory agents [S83EGP(D)203545], analgesics [83EGP(D)203545], antian-
phylactics [83EGP(D)203545], and antihypertensives (86MI5).

XII. Condensed Azino-quinazolines
A. PYRIDO-QUINAZOLINES
1. Pyrido[1,2-a]quinazolines

Synthesis of this ring system from quinazoline precursors was reported
by Acheson [75JCS(P1)2322, 75KGS1701; 80H1959]. Reaction of 4-
ethoxyquinazoline (398) with dimethyl acetylenedicarboxylate gave the
1 : 2 molar adduct 399 in high yield. The latter underwent rapid rearrange-
ment in the presence of a strong acid (e.g. trifluoroacetic acid) to give the
isomer 401.
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COOMe
. COOMe

OEt

(399)

COOMe

Me0OC ~_~ COOMe
3 |
— e R COOMe
ZN

OEt

(401)

Diels—Alder reaction of maleic anhydride or N-phenylmaleimide with
2-styrylquinazolin-4-ones (402) gave the corresponding pyrido[l,2-
a]quinazolinones 403 [73MI2; 811JC(B)290]. 3-Aryl-2-methylquinazo-
lin-4-ones (404) reacted with malonic esters to afford the pyrido
[1,2-a]lquinazolinones (405) [81ZN(B)252]. Cyclization of properly func-
tionalized quinazolines, such as 2-ethoxycarbonyl-1-(3-ethoxycarbonyl-
propyl-4-quinazolinone (83CPB2234) or 1-(4-chlorobutanoyl)-1,2-dihydro-
4-phenylquinazoline-2-carbonitrile [86JCS(P1)2295] (406), with sodium

hydride gave pyrido[1,2-alquinazoline (407).

NYCH3

NAr

(404)

Z=0 or NPh

|
RIOCOCHCOOR!

2 0}
0 Ar
N AR
LT
0
(403)
R
08" X OH
S
@(NN

0]
(405)
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OY\/\CI (0]
N<__CN N
YU Naw oN
_N -NaCt _N

Ph Ph
(406) (407)

An alternative synthetic approach for synthesizing pyrido[2,1-
alquinazolines involved using pyridine precursors and the formation of the
quinazoline nucleus. Thus, reaction of 2-aminopyridines or their salts with
methyl 2-chlorobenzoate (681JC758), 1-chloro-2-formylcyclohexene (73-
KGS242), or 2-acetylcyclohexanone (73JHC821) afforded the correspond-
ing pyrido[1,2-a]-quinazolines (e.g. (408). Dehydrogenative cyclization of
2-hexahydropyridobenzamides (410) (78AP586) or 2-hexahydropyri-
dobenzylamines (79AP838) with mercury(II)-EDTA resulted in the forma-
tion of the pyrimidine ring of the title compounds (e.g. 411). Morpholi-
nocyclohexene (412) reacted with 2-isothiocyanatopyridine (413) to give
414 (81CC(C2428).

]
Ci = A N
<t e |
OMe N l -HCly -MeOH N
0 NH»> o)

(408)

@O H20,H" @;ﬂ/ Hg (1) | @;?
NH EDTA
0

(409) (410) (41)

7
= v
O - O—O
NGO X
—/ NSC 5

(412) (43) (414)
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A one-step construction of both of heterocyclic rings of the title com-
pounds (415 and 416) was accomplished when anthranilamides reacted
with 5-oxoalkanoic acids (68JOC2402; 69USP3441566; 75USP3883524) or
when anthranilic acids reacted with 1-cyano-4-haloalkanes (79KGS1427),
respectively. Cyclization of 2-(2-carboxyethylamino)benzamide (417) with
ethyl chloroformylacetate gave 4-ethoxycarbonyl-1,2-dihydropyrido[1,2-
alquinazoline-3,6-dione (419) (83CPB2234).

(0]
0
NH? HOOC\/\/U\RZ N 2
R >— R R
NHR! NR!

0 0
(ﬁ)
€. e XY
- “HX, -H0 N
0 0
(416)
(\COOH (\coon 0
@g’t cl COOE" @;(Y\coosz o @/\:'(/ QOEt
NH3 -HCt, -H20 NH
0 0
) (418) (419)

2. Pyrido[2,1-b]quinazolines

The main approach for synthesizing this ring system comprised the
formation of its pyrimidine ring. 2-Aminopyridines provided the two skele-
tal nitrogens of these compounds when condensed with 2-ethoxy-
carbonylcyclohexanone [70GEP(0)1932885; 71JCS(C)2163; 75J0C2201;
79JHC137, 79MI1; 81MI11], 2,5-dihydroxycyclohexadiene-1,4-dicarboxy-
lic esters [75MI2; 76JAP(K)7643799], 2,5-diaminocyclohexylidene-1,4-
dicarboxylic esters [76JAP(K)7643800], or 2-chlorobenzoic acid [24-
LLA311; 83ZN(B)248] to give pyrido[2,1-b]quinazoline (e.g. 420).
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©/\( Q _Fusion @E”/\(\)L

(420)

Pyridine derivatives having a leaving group at position 2, such as 2-
pyridones, 2-halopyridines, or 2-alkoxypyridines, were also used for
synthesizing this system. In this case, the second skeletal nitrogen of the
title compounds was provided by the other reacting entity. Thus, reaction
of anthranilic acids with 2-pyridones gave the pyrido[2,1-b]quinazolin-11-
ones (421) [62CB2182; 77KPS544; 79JCS(P1)1765; 83NEP8202602]. Isa-
toic anhydrides [35CB(B)2221; 68JCS(C)1722] or cyclic sulfinamides
[76H1487;77JA2306, 77JAP(K)7777093, 77MI2; 78JAP(K)7877075] were
also used in place of anthranilic acids.

NHj o A N\
R + Rl ————R Rl
OH HN -2H;0 N
(o] (0]

@2)

Reaction of anthranilic acids with 2-halopyridines (422) was the most
widely used reaction for synthesizing pyrido[2,1-b]quinazolines (423)
[31JCS2840, 311.A284; 38CB(B)1657; 45JCS927; 55G1210, 55MII;
56JCS4694; 65NEP641471; 77TGEP(0)2645110; 78GEP(0)2812585, 78GE-
P(0)2812586, 78USP4066767; 79GEP(0)2739020, 79IMC114; 79IMC748,
79SAP7804057; 80GEP(0)2845766, 80JMC92; 81USP4261996, 81ZN(B)-
252; 82JMC742, 82MIP1; 83MIP2, 83MIP3, 83MIP4; 84AP824, 84MI4;
85CP1189509; 87MIP1].

NH» X AN
R + 1 gl Cuor Kl __ Cu or Kl
OH N__~

(0]
(422 (423)

2-Alkoxypyridines (424) also react with anthranilic acids to give ex-
amples of this ring system (423) [60GEP1088968; 68Z0B2030;
79JCS(P1)1765; 80MI3; 83JHC93; 851JC(B)336]. An interesting synthesis
of pyrido[2,1-b]quinazolines (e.g. 425) was that in which 2,1-benzo-
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isothiazolin-3-one (84JHC369) or S5-nitroanthranilic acid (72KGS1003,
72KGS1341) reacted with pyridine in the presence of an acid catalyst.

2
NH7 R“0. AN N
R + | _T_é___»_ R S R!
OH N__~ -R40H, -H;0 N_
0 0

(424) (423)
@ ) @;@
(QE)

Condensation of acetanilide with 1-hydroxymethyl-2-piperidone (426) in
concentrated H,SO, gave a mixture of 427 and its para-isomer. Hydrolysis
of the N-acetyl group of 427 and subsequent dehydrative cyclization gave
the pyrido[2,1-b]quinazoline 429 (7SKPS809). In a series of publications
(70TL997; 73AP541; 79CZ266; 80M627, 80PHA389), Moehrle prepared

Ac
|
©/ N O (;onsco ©/\j© + Para-isomer
HO\/N 250,
(426) (e
Aysis
NH2 0 N
_H20 AN
N N

(428) (429)

pyrido[2,1-b]quinazolines (431) by the cyclodehydrogenation of N-(2-
aminobenzyl)piperidines (430) with Hg(II)-EDTA. The same cyclization
was also affected by the use of manganese dioxide [68JCS(C)1722].

N
_Hgun o X Ql
“EptAa N

(430) (431)
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Photoirradiation of the mesoionic 1,2,3,4,5,7,8,9,10,11-decahydro-11-
oxopyrido[1,2-b]cinnolin-6-ium hydroxide inner salt (433) affected clean
intramolecular isomerization to the pyrido[2,1-b]quinazolin-11-one (436,
78% vyield) through the diaziridine and ketene intermediates 434 and 435

N + f:l\
>N Hz Pd/c N hy Non
| | ’
0 5

0]
(432) (433) (434)
CEO"/ +HN§/\:‘—A—>- N\ —— Cﬁbl
oet N OQ(O QC?O
o o I
(437) (436) (435)

(75J0OC2201). The structure of 436 was confirmed by synthesis from 2-
iminopiperidine (437) and 2-ethoxycarbonylcyclohexanone (75JOC2201).
3-(Pyrid-2-yl)-1,2,3-benzotriazin-4-one (438) underwnet loss of a nitrogen
molecule upon thermolysis, giving pyrido[2,1-b]quinazolin-11-one (440)
through the B-lactam intermediate (439) [80JCS(P1)633]. A unique synthe-
sis of the title compounds involved the palladium-catalyzed carbonyl in-
sertion into 2-(2-bromophenyl)-aminopyridines (441) to give 423
(87J0C2469).

N§N A @ N\ AN
Ol y=| Oy |~
o N7 0

(438) (439) (440)
—~ —~

0
N S N X
R ] gl .___CO’—pdy... R = R1
Br N~ N =
0

(441) (423)
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Treatment of 4-hydroxy-1-(2-pyridyl)quinolin-2-one (442) with sulfuryl
chloride gave 3,3-dichloro-1-(2-pyridyl)quinoline-2, 4-dione (443) which,
upon treatment with sodium carbonate, rearranged to pyrido[2,1-
blquinazolin-11-one (440) (79CB3424).

N
N0 S0,Cly 0
—_—
_ Ct
Ci
OH 0
(442) (443)
Nap CO3

|
N N

‘ N -CHCI3 NN
20 N~ N__~

CHCl2 o}
(444) (440)

Synthesis of pyrido[1,2-b]quinazolines through formation of the azole
ring from properly substituted quinazoline precursors is also known
(61APS556). Thus, the cyclodehydrobromination of the 2-(4-bromo-
butyl)quinazolin-4-one (445) with alkali was claimed to give only the lin-
early annulated 1,2,3,4-tetrahydropyrido[l,2-b]quinazolin-4-ones (446)
(61AP556). Oxidation of the 3-amino-2-(butyn-1-yl)quinazolin-4-ones
(447) with lead tetraacetate led to intramolecular addition of the produced
N-nitrene intermediate to the triple bond to give 449 [86JCS(P1)1215].

H
|

B
N\[/\/\/ Br N
KOH
NH -HBr N
0 0

(se5) (446)
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N
Sy NCsCcR __Pb(OAC), j/\/\c— CR
NNH2 Tl

0

(447) w)

3. Pyrido[1,2-c]quinazolines

The pyrido[1,2-c]quinazoline (450) was prepared from a quinazoline
precursor when 2,4-diphenylquinazoline was reduced with sodium metal
in tetrahydrofuran (THF) to the dianion 60, followed by treatment with
1,4-dibromobutane to give 450, together with other products (76JOC497).

Ny Ph

Ph
N " Na THE BN/ Br

Ph
(60) (450)
Cyclization of 2-(pyrid-2-yl)benzenediazonium tetrafluoroborate (451)

with alkyl or aryl nitriles afforded the pyrido[1,2-c]quinazolinium salts 452
[72GEP(0)2043665].

Ny BFj ath
/N
« |
(451) (452)

Formation of both of the azole and diazole rings of 454 was achieved
upon cyclization of S-chloro-2-trichloroacetamidobenzophenone (453)
with 1-amino-4-chlorobutane [72GEP(0)2141616].

Many pyridoquinazolines have been reported to possess analgesic
[6SNEP6414717; 75USP3883524; 79GEP(0)2739020; 80GEP(0)28457-
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66], antiinflammatory [65SNEP6414717; 77JAP(K)7777093; 70GEP(O)2-
739020; 80GEP(0)2845766], antipyretic [7SUSP3883524; 79GEP(0)2739-
020; 80GEP(0)2845766], antiallergic [77GEP(0)2645110; 78USP4066767;
79GEP(0)2739020; 80GEP(0)2845766; 82USP4332802; 87MIP1], gastric
secretion inhibition (83NEP8202602), antianaphylactic [78GEP(0)2812-
586; 83MIP2, 83MIP3, 83MIP4], passive cutaneous anaphylaxis inhibition
[78GEP(0)2812585; 82MIP1], antiasthmatic (85CP1189509; 87MIP1), anti-
depressant [77JAP(K)7777093], hypotensive [77JAP(K)7777093], and
platelet activating factor antagonist activities (88JMC466).

B. QUINO-QUINAZOLINES
1. Quino[2,1-b]quinazolines

The title compounds were synthesized from quinazoline precursors as
exemplified by the dehydrative cyclization of the diformyl derivatives
(456), obtained from 2-methyl-3-phenylquinazoline (455), with phosphoric
acid to give the 6-formylquino[2,1-b]quinazolin-12-one 457 (731JC532).

Quino[2,1-b]quinazolines were synthesized from quinoline precursors
having a leaving group at position 2 (458, LG = Cl or OR’) by cyclo-
condensation with anthranilic acid or its esters [37JGU2318; 56JCS4173;
7911C(B)107].

CHO
|
N N._CH—CHO
Xy M3 DMF=S0C12 Y
N N
0) )

(455) (456)

CHO
N PPA
N N 4_—,—H20
N
(0]

(457)
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NHZ + LG I AN A N\ X
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(458), LG=Cl or OR! (459)

2. Quinof1,2-c]quinazolines

The synthesis of this condensed system by two different approaches was
reported in two publications (80JHC1489, 80JHC1665) from the same
laboratory. According to the first approach, 1,2,3,4,12,13-hexahydro-1-
oxoquino[1,2-c]-quinazolinium perchlorate (461) was prepared (80JH-
C1489) from the quinazoline precursors (460) by acid-catalyzed cy-
clodehydration.

8 X 1-H2 S04
~N O 2-HC1O4

(450) (461)

In the second approach, the quino[l,2-c]quinazolinium perchlorates
463 were synthesized (80JHC1489, 80JHC1665) from the 2-(2-
aminophenyl)quinolines (462) by cyclization with one-carbon cyclizing
agents such as acetic anhydride, formic acid, benzoyl chloride, cyanogen
bromide, urea, or carbon disulfide. Quinoquinazolines have been reported
to show antitumor activity (80JHC1489, 80JHC1665).

1-One-carbon
i cyclizing agent

2-HCIO¢
R!

(462)

C. [SOQUINO-QUINAZOLINES
1. Isoquinof2,1-a]quinazolines

12-Methyl-6 H-isoquino|[2,1-a]quinazolin-5-one (466) was synthesized
from 2-cyano aniline and 3-methylisocoumarin (84CPB2160).
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A synthesis occurred in which the pyridazine ring of this system
was formed, starting with 3-amino-2-(buten-2-yl)quinazolinones (488)
[84JCS(P1)1905]; oxidative cyclization of this compound with lead tetra-
acetate gave 490 through the intramolecular trapping of the corresponding
N-nitrene intermediate (489). The pyridazine ring of 492 was formed upon
cyclization of 3-(2-chlorocarbonylpyrrol-1-yl)-3-methylquinazolin-4(3 H)-
one (491) (84G5295).

N N N
D Pb(OAC),, N X
NNH2 ~ N\f'\l. =
0 R 0 R 0
(488) (489 (430
N CH3 N
= | N coa . X
. N
Y SN A
0 = 0

(49) (482

The two heterocyclic rings of 493 were formed by cyclocondensation of
anthranilic acid hydrazides with levulinic acid (68USP3375250;
74USP3843654; 78MI12). Some pyridazino-quinazolines showed anaphy-
laxis inhibitory (81USP42550177), antiinflammatory (78M12), and analge-
sic activities (78MI2).

H
0 I Me
NH N
. 2 HOOC/\AMe’A - \’/l
-2H50
NHNH?2 2 | N\l]l 0
0 (o} H

(493)

B. QUINAZOLINO-CINNOLINES
Quinazolino[3,2-b]cinnolines

Oxidation of 3-amino-2-(2,5-dihydroxybenzyl)quinazolin-(3H)-one
(494) with acidic ferric chloride or aqueous sodium hydroxide gave a
quinone that spontaneously cyclized to the quinazolino[3,2-b]cinnoline-
2,7(13H)-dione (495) [66JCS(C)2190].
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N N
——— N
NNH2 HO : N\N/ |
0 0

(49¢) (495)

C. QUINAZOLINO-PHTHALAZINES

Publications on the synthesis of these compounds have almost always
referred to these compounds as phthalazino-quinazolines. The title name,
however, conforms better with the IUPAC rule B-3.1 on the nomenclature
of organic compounds (73MI3).

Quinazolino[2,3-a]phthalazines
Cyclocondensation of anthranilic acid with 1-chlorophthalazines (496)

gave examples of the title compounds (497) [61ZC224; 67B875;
781JC(B)689].

NH Cl N
OH N‘N/ R -HCl, -H0 N\N/i o
0 (0]

(1;22) (497)

The pyrimidine and pyridazine rings of 498 were built through its synthe-
sis from anthranilic acid hydrazide and phthalic anhydride (67CB875;
78MI12; 82FES719). Reaction of 2-(2-carboxylphenyl)benzoxazinone
(499) with hydrazine gave the quinazolino[2,3-a]phthalazine (500)
[86EGP(D)234013]. Quinazolino-phthalazines possess antiinflammatory
and analgesic (78M12) properties.

N
_PoCi3 B /I\
NHNH2 -2H20 Non 0
o W

(498)
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N. £ ] N
X Ha N.NH3,RT X
—_— e
COOH _2H
) 00 2H0 NoyAg
|

o} 0 H
(499) (500)

D. PYRIMIDO-QUINAZOLINES
1. Pyrimido[l,2-a]Jquinazolines

2-Aminoquinazolines substituted on the amino function with a three-
carbon cyclizable moiety, such as 2-(3-hydroxypropyl)amino-4-
phenylquinazolines (501) (73NKK 1944) or 2-(2-chloronicotinoylamino-4-
phenylquinazolines (86 H3075), gave, upon cyclization, the corresponding
pyrimido[1,2-alquinazolines (502). Cyclization took place with the quina-
zoline N-1 as a result of its higher nucleophilicity.

Ho\/\

N _NH NN
R Y —E—QEI—L-—-»— R Y
ZN -H20 N
(501 (502)

N-(Butyn-2-yl)isatoic anhydride (503) gave the pyrimido(l,2-d]
quinazolinone (504) on cyclization with 3-allyl-2-methylthiopseudourea
(76JOC825).

\\ Me AN Me
NH
NYO Mes > NH~ CH2 _ NYN
o - \ACHZ
o] 0
(503) (504)

2. Pyrimido[2,1-b]quinazolines

This linear type of pyrimido-quinazoline was synthesized by (a) forma-
tion of the terminal pyrimidine ring, (b) formation of the middle pyrimidine
ring, and (c) formation of both pyrimidine rings.
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Synthesis according to the first approach requires quinazoline pre-
cursors with an appropriate subtituent on position 2 or 3 which, upon
cyclization, forms the terminal pyrimidine ring. Thus, 2-aminoquinazolin-
4(3H)-one (505) underwent cyclization with «,B-unsaturated acids
(78KGS105; 80MII1) or their chlorides (87KGS1527) to the pyrimido

B o H
N NH2 i N ,L
e HOOC-C= C- R Sy g0
NH a N
R2
0 O R R!
(505) (506)

[2,1-b]quinazolin-2-ones (506). 3-(Dimethylaminopropyl)-6-chloro-3,4-
dihydro-4-phenylquinazolin-2(1H)-one or the corresponding thione (507)
was cyclized with phosphoryl chloride to 8-chloro-1,2,3,4-tetrahydro-1-
methyl-6-phenyl-6 H-pyrimido[2,1-b]quinazoline (508). The terminal py-
rimidine ring of 510 was also formed upon cyclization of 2-chloro-3-(3-
chloropropyl)quinazolin-4-ones (509) with primary amines (84USP4451448).

H "fe
| Me Me
N SNE N N
i POCI3, & N
% N -MeZH Cl N
Ph Ph
(§EZ),Z:O orS (508)
Rl
N Cl Nt I\IJ
|
: T ?HNcTZ & YJ
N\/\/Cl N
0 0
(509) (510)

Synthesis through formation of the middle pyrimidine ring was accom-
plished by the reaction of anthranilic acids with 2-halopyrimidines (511) to
give 512 [S9NKZ21181; 68ZC103; 76MI2; 77KGS678; 84BRP2125785,
84GEP(0)3231408; 86URP1235866]. Reaction of isatoic anhydrides with
2-alkylthio-3,4,5,6-tetrahydropyrimidines (513) gave the 1,2,3,4-tetrahy-
dropyrimido[2,1-b]quinazolin-6-ones (514) [68M1499; 70GEP(0)2025248;



Sec. XIII.D] CONDENSED HETEROCYCLO-QUINAZOLINES 89

N N
NH3 a A N
R e O A L AN
OH N__~ -HCl, -Hy0 N_
0

0
(511) (512)
Rl H t?'
i I
N R2S N g M
Tsedms e o0
0 N N
0 0
(513) (514)

76USP3969506]. Reductive cyclization of 2-methylthio-1-(2-nitrobenzyl]-
6-pyrimidines (515) with stannous chloride gave 6,11-dihydro-4H-
pyrimido[2,1-b]quinazolin-4-ones (516) (78JHC77).

H
!
NO2 MeS N N N
R@k/\’\f/\ﬂ};'?] SnC]z R‘EI/QR]
N
0 0

(515) (516)

The two pyrimidine rings of 1,2,3,4-tetrahydro-6H-pyrimido[2,1-b]-
quinazolin-6-one (517) were simultaneously formed when ethyl
N-(2-methoxy-carbonylphenyl)thiocarbamate was cyclized with 1,3-
diaminopropane (82JHC1117). The two heterocyclic rings of 1,2,3,4,5,6-
hexahydropyrimido[2,1-b]quinazolin-2-ones (519) were also concomi-
tantly formed when compounds 518 were cyclized with cyanogen bromide
[73GEP(0)2305575; 76USP3932407].

i "
NHCOEt N N
i Ha N NHy,A Y
OMe -HyS+ -MeOH, -EtOH N
0

0

(517)
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NH2
R COOEt _CNBr Y
NH\/

=1

(518) (519)

3. Pyrimido[6,1-b]quinazolines

The published work on the synthesis of this system involved the reaction
of anthranilic acid with a reactive pyrimidine derivative. Thus, 4-
chloropyrimidines (520) condense with 2-aminobenzaldehyde (47JCS726)
or an anthranilic acid derivative [66T(S)227; 68ZC103; 89MI2] to give the
pyrimido-[6,1-b]quinazolines (521).

NH2 o N
R | = R‘ —%—R le
R2 NN -HCl, -R¢H N =N
0 0

(520) (521)

4. Pyrimido[l,2-c]quinazolines

Synthesis of the title compounds (523) from quinazoline precursors was
carried out by cyclization of 4-(3-hydroxypropylamino)quinazolines (522),
obtained from quinazoline-4-thiones and 3-hydroxypropylamine, with
phosphoryl chloride (74YZ417; 84MI5). Cyclization of 2-(3-chloropro-
pylureido)benzonitrile (524) with ammonia (84JHC1411) or acid-catalyzed
cyclization of 2-(3-chloropropylureido)thiobenzamide (526) (89JHCS95)
afforded the pyrimido[1,2-c]-quinazoline (525). The two pyrimidine rings
of pyrimido(1,2-c]quinazolines (523) were formed upon cyclocondensation
of 3,1-benzoxazinones [88EGP(D)258232] or trithioisatoic anhydride
(73Z2C428; 7T9PHA390) with 1,3-diaminopropane.

o NYR]sz/\/\OH \(R POCly YR]
NH - HS
S

HN

(522 <533>
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H H
' hn
N\r/o NH3,» Hp0 5 A \\40
CN HN\/\/Cl | N
N\j
(524) (525)

H
N\FO H* /

=S HN\/\/CI -HyS, -HCI

NH?2
(526)

N 1

N§rpl HZN/\/\NHZ TR

R R
0 -2H20

|

0 N

(523)

Syntheses from properly substituted pyrimidine precursors were also
described. 2-(2-Aminophenyl-1,4,5,6-tetrahydropyrimidines (527) were
cyclized with aldehydes (65NEP6409191; 67USP3309369; 68SZP452537],
ketones [76BSF1857), or carbon disulfide (82EUP46446), formic acid or
triethyl orthoformate [86JAP(K)6150983] to give pyrimido[l,2-c]
quinazolines (528). 2-Trichloroacetamido- or 2-methoxycarbonylamino-
benzophenones (529) were cyclized with 1,3-diaminopropane to 1,2,3,4,
6,11b-hexahydro-11b-phenyl-6 H-pyrimido[ |,2-c]quinazolin-6-one  (530)
[67USP3329679; 72GEP(0)2141616; 73GEP(0)2166380]. The two pyrimi-
dine rings of the octahydro-6H-pyrimido[1,2-c]quinazolin-6-thione (531)
were formed upon condensation of tetrahydrotrithioisatoic anhydride with
1,3-diaminopropane (79PHA390).

0

H
|
NH M N_R
N N
N

N

(527 (529
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. "

R‘@:;COR HIN"NHp g N~po
0 -R'H, -H0 » N
o @ 4]

(529) R'=CCl3 or OMe (530)

K ’.*
\f HaN“"“NH) \fS
S N
: i
(531)

Various biological activities have been attributed to pyrimidoquinazo-
lines; they showed blood sugar level depressant (82EUP46446), analeptic
(65NEP6409191; 68SZP452537; 76USP3969506), bronchodilating [70GE-
P(0)2025248; 76USP3969506], antipyretic [84GEP(0)3231408], analgesic
[84BRP2125785, 84GEP(0)3231408], antiinflammatory (84BRP2125785),
adrenomimetic (6SNEP6409191; 67USP3309369; 68SZP452537), central
nervous system depressant (67USP3329679), fungicidal (80MI1), and hy-
potensive [70GEP(0)2025248; 76USP3932407] activities.

E. QUINAZOLINO-QUINAZOLINES

One should be aware that, in the literature, some members of the quina-
zolino-quinazolines are described by either one of two fusion locants as a
result of numbering either of the quinazoline moieties.

1. Quinazolinof1,2-a]quinazolines
Amidation of N-(2-carboxyphenyl)anthranilic acid (532) gave the 2,2'-

dicarbamoyldiphenylamines (533), which were then cyclized with chloro-
acetyl chloride to the quinazolino[1,2-a]quinazolines (534) (81JOC1571).
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©\c00H Q\CONHR O 20
NH NH NR
1-S0ClIp CICOCHCl CHoC1
oH 2-RNH2 NHR NR

0 0 0
(532) (533) (534)

Katritzky et al. [76CC48; 77JCS(P1)1162] synthesized the quina-
zolin[1,2-a]-quinazoline (536) by the reaction of 2,2’'-bis(chloroformyl)
diphenylamine (535) with N,N-diphenylbenzamidine.

(535) (536)
2. Quinazolino[3,2-a]quinazolines (or Quinazolinof2,1-b]-
quinazolines)
Examples of this ring system (539) were prepared by cyclization of
2-(2-carboxyphenyl)aminoquinazolin-4-one (537) (59JCS1512; 83AP702)

or 2-amino-3-(2-carboxyphenyl)quinazolin-4-one (538) (59JCS1512). Al-
ternatively, cyclodehydration of 3-(2-benzamido)quinazoline-2,4(1H,3H)-

HOOC/© o@ 0@
N NH N_ __N NN
A\ ! -H20
\ g H20 2 \L/Hz
NH NH OH
0 0 0

(537) (539) (538)

—~—
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3. Quinazolino[3,4-a]quinazolines (or Quinazolino
[1,2-c]quinazolines)

The reported examples of this ring system were obtained by the reaction
of 2-ureidobenzonitrile (89JPRS537) or 2-alkyl-4H-3,1-benzoxazin-4-one
(84CPB2160) with anthranilic acid nitrile to give 6-alkyl-13H-
quinazolino[3,4-a]quinazolin-13-ones (546).

4. Quinazolino[2,3-b]quinazolines

Contrary to the cyclization of 2-(2-carboxyphenyl)aminoquinazolin-4-
one (537), which gave only the quinazolino[3,2-alquinazoline (see Section
XIII.E.2), cyclization of the corresponding methyl ester (547) gave a
mixture of quinazolino[3,2-a]quinazoline (539) and quinazolino[2,3-b]
quinazoline (548) (59JCS1512). 5-Chloroanthranilic acid or its amide re-
acted with thiophosgene to give a mixture of the 2-mercaptoquinazolinone
(549) and the quinazolino[2,3-b]-quinazoline (550) (70USP3501473;
75JHC1207).

H
|
N\\|/N\r\7/© ' @p
NH MeO -MeOH

0 0

(547 (548)

pe et veili vy

(549) (550
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F. PYRAZINO-QUINAZOLINES
Pyrazino[2,1-b]quinazolines

Synthesis of the pyrazino[2,1-b]quinazoline (557) was achieved by oxi-
dative cyclization of the 1-(2-aminobenzyl)-4-methylpiperazine (556) with
manganese dioxide [68JCS(C)1722], the pyrimidine ring of 557 was formed
during this synthesis. The pyrimidine ring of 559 was also formed upon
cyclocondensation of anthranilic acids with the cyclic imidate ester (558),
followed by removal of the protective group (66USP3280117).

H
|

NH; (\NMe _MnO2 ©i/ NMe

(556) (557)
NH E\O OoCOBZl
. : j/\ 1-TSAs B Y\NH
OH \/l 2-HBr, ACOH
0
(558) (559)

Simultaneous formation of the pyrimidine and pyrazine rings of 562 was
affected when 2-(N-methylglycylamino)-5-chlorobenzophenone (560) was
chloroacetylated to 561, followed by cyclization with ammonia
(81JOC4489). Deblocking of the N-benzyloxycarbonyl protective group of
563 with hydrogen bromide in acetic acid took place with simultaneous
dehydrative cyclization to give the pyrazino(2,1-b]quinazoline (564)
(84KGS983).

H

H

i

N\[/\N/Me cicHacoCt | \]/\N/Me
0

|
0 H -
Cl 0 X Z r/Lto

Ph Ph e
gﬁa)

SELE —=—

(562)

(560)







Sec. XIV.C] CONDENSED HETEROCYCLO-QUINAZOLINES DS
B. QUINAZOLINO-2,3-BENZOXAZINES
Quinazolino[3,2-c]2,3-benzoxazines
Condensation of anthranilic acid or its methyl ester with the 2,3-

benzoxazine imidoyl chloride or imidate ester (569) gave the SH,8H-
quinazolino(3,2-c¢]2,3-benzoxazin-9-one (570) [74CI(M)492].

NH2 LG N
T ] — L . N }
OR N<g - LGH N
0 0

(,5\6_2), LG=Cl or OPh (§\7JO)

C. 1,3-OXAZINO-QUINAZOLINES
1. 1,3-Oxazino[2,3-b]quinazolines
3,4-Dihydro-2H,6H-[1,3]oxazino[2,3-b]quinazolin-6-one (572) was ob-

tained by the base-catalyzed cyclization of the urea derivatives (571)
(84JHC1411).

A~ NH
7 | 2 oca Cl K03 \|/
NN OR OR HN

0]
(571) (§\73)

2. 1,3-Oxazinof3,2-c]quinazolines
10-Chloro-3,4,7-11b-tetrahydro-2H,6H,11b-phenyl-1, 3-oxazino[3,2-c]-
quinazolines (574) were obtained by the reaction of 2-acylamino-5-

chlorobenzophenones (573) with 3-aminopropanol [70YZ629; 72GEP-
(0)2141616; 8OPHA256; 81CPB2135].

NHCOR N
HaN-"N0H,A Sy R
ol 20 o il
Ph J

Ph 0

(573) (574)
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D. QUINAZOLINO-3,1-BENZOXAZINES
Quinazolino[3,2-a]3,1-benzoxazines
2-Isocyanatobenzoyl chloride reacted with isatoic anhydride
(76JOC2728) or nitromethane in benzene [831JC(B)485] to yield SH,12H-
quinazolino[3,2-a]3,1-benzoxazine-5,12-dione (540) (76JOC2728). Cy-

clodehydration of 3-(2-carboxyphenyl)quinazoline-2,4(1H,3H)-dione
(575) (66ACH77;67M11) also afforded the same compound (540).

0y 90
HN
NCO 0
20
+ = o b
Ci N
° 0

(540)

H

| 549
N
)
“F° coon 50CI2 +
N -Hzo
0

(575)

E. 1,4-OXAZINO-QUINAZOLINES
1,4-Oxazino[3,4-b]quinazolines

Oxidative cyclization of the 4-(2-aminobenzyl)-1,4-oxazine (576) with
manganese dioxide gave the 1,4-oxazino[3,4-b]quinazoline (577) through
the formation of its pyrimidine ring [68JCS(C)1722]. Cyclocondensation of
anthranilic acids with the thioimidate ester (578) gave 3,4-dihydro-1,4-
oxazino[3,4-b]quinazolin-6(1H)-ones (579) [791JC(B)107].

(576) (§1Z)
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NH2 Mesj/\ 0
RQOH + N\/l _MeSH, -H20 @g;/\

0

(578) (579)

The title compounds were also synthesized from quinazoline precursors
through the formation of their 1,4-oxazine rings. N-Methylisatoic an-
hydride was first condensed with ethanolamine to give N-(2-
hydroxyethyl)-2-methylaminobenzamide (580). Cyclization of the latter
with ethyl pyruvate gave quinazoline derivatives 581 which, upon hydroly-
sis and dehydrative cyclization with 1-methyl-2-chloropyridinium iodide,
afforded the 1,4-oxazines[3,4-b]quinazoline (582) (80JHC1163).

hl/le h?e
N
\fo HZN/\/OH Y NH
0 NH
I TN0H
0 0
MeCO. COOEL (580)
bIAe Me
l
N Me N Me
“NCOOEt 1-NaoH ! 0
: N\/\OH 2- Dehydration i |
0 (o)
(581) (582)
_—— —~—

F. QUINAZOLINO-1,4-BENZOXAZINES
Quinazolino[2,3-c]1,4-benzoxazines
The title compounds (584) were synthesized from 1,4-benzoxazine pre-

cursors carrying a good leaving group at position 3 (583, LG = Cl or SMe)
by condensation with anthranilic acids [791JC(B)107; 88S336].

LGY\O

NH2 N o
RQOH + \© —ioH, %
-H0

(0}

(583)y LG=Cl or SMe (51%)
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On the other hand, the two heterocyclic rings of the title compounds

(587) were formed upon synthesis from anthranilic acids and 2-
nitrophenoxyacetyl chloride (585) followed by reduction and cyclization

(84J1C721).
Cl \n/\o

2 N
NH2 02N A o \j/\o
+ S
R a “HCls -H20 0 O3N
0 o (6]
(585) (§_§§)
N
R \\|/\0 1- Reduction
N 2- _H20
(0]
(EEZ)

XV. Condensed Thiazino-quinazolines
A. 1,3-THIAZINO-QUINAZOLINES
1. 1,3-Thiazino[3,2-aJquinazolines
3H,6H-1,3-Thiazino[3,2-a]quinazolin-6-ones (588) were synthesized by

Gakhar (651JC44) through the formation of both the diazine and thiazine
rings by condensation of anthranilic acid with B-thiocyanatoketones.

R\'/\
0

NH N S
OH -2H20 N

(0] 0

2. 1,3-Thiazino[2,3-b]quinazolines

Reaction of methyl isocyanatobenzoate (67HCA 1440) or trithioisatoic
anhydride (711JC647; 73JMC633; 77ZC444; 80PHAI124) with 3-
aminopropanol gave 3,4-dihydro-2H,6H-1,3-thiazino(2,3-b]quinazolines
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(e.g. 590). The same compounds (590) were also obtained from the reaction
of anthranilic acid esters and 3-chloropropylisothiocyanate (79JHC391).

H
|
NCS N
HN""S0R \fs OR
OMe OMe HN\\/J/

0
(589)
~NH2 SCN- (I \|/
OMe
(0]

(590)

2-Mercaptoquinazoline 247 was cyclized with three-carbon cyclizing
agents such as 1,3-dibromopropane (73JMC633; 84JIC1050; 85AP502),
3-bromopropanoic  acid  (78MI1), ethyl 2.,4-dibromobutanoate
[85JAP(K)6075488], or ethyl 3-chloro-2-butenoate (83AP379) to the corre-
sponding 1,3-thiazino[3,2-b]quinazoline (591).

N R
X SH Br \T/
NH -ZHBr

0
(247) (23))

A synthesis during which the pyrimidine ring of this system was formed
involved the fusion of 2-mercapto-4,4,6-trimethyl-4H-1,3-thiazine (592)
with anthranilic acids to give 593 (62JOC4061).

NH3 HS N S M
R{ :] YQ a{ [ Ue
N
'HZO Me”SMe
0

Me

(592) (59)
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3. 1,3-Thiazino[3,2-c]quinazolines

The tetrahydrothioisatoic anhydride reacted with 3-aminopropanol to
give the quinazoline 594 which, upon acid-catalyzed cyclization, gave the
two structural isomers 1,3-thiazino[2,3-b]quinazoline (595) and 1,3-
thiazino[3,2-c] quinazoline (596 (78PHA185). Some biological applications
have been reported for thiazinoquinazolines such as bactericidal
(62JOC4061), and antihypertensive (83AP379; 85AP502).

n* ;
N
N\';S HaN""N0H P
S -st N\/\/OH
S S
(596)
N S N
/S 4
S + “F H
N N -Hy0
(59) (599

B. QUINAZOLINO-3,1-BENZOTHIAZINES
Quinazolino[2,3-a]3,1-benzothiazines

Reaction of N-(2-aminobenzoyl)-2-aminobenzyl alcohol (711JC647) or
anthraniloyl anthranilic acids (897) (76J1C382) with carbon disulfide gave
the 3-(2-carboxyphenyl)-2-mercaptoquinazolin-4-ones (598), which under-
went cyclodehydration to the title compounds 599 (76J1C382).

NH N -SH
2 cooH sy S cooH
NH N
R
R 0

0

(597) (598)
Y soc:z
-H20

(599)
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C. 1,4-THIAZINO-QUINAZOLINES
1. 1,4-Thiazino[4,3-a]quinazolines
(Quinazolin-2-ylmethyl)thioacetic acid (600) gave the 1,4-thiazinof4,3-

al-quinazoline (601) when heated with acetic anhydride and pyridine
[881JC(B)578].

(OB S
Y\SACOOH A0, & @E{
NPh -HZO NPh
(0]
(600) (601)

2. 1,4-Thiazino[3,4-b]quinazolines

3,4-Dihydro-1,4-thiazino[3,4-b]quinazolin-6(1 H)-ones (603) were pre-
pared by cyclocondensation of anthranilic acids with 3-methylthio-1,4-
thiazine (602) [791JC(B)107].

NH» MeS N
S
R + \’l/\ —A—*-R N S
OH N\) -MeSH, -H0 N\)
o]

0
(602) (603)

D. QUINAZOLINO-1,4-BENZOTHIAZINES
Quinazolino[2,3-c]1,4-benzothiazines

The pyrimidine ring of the title compounds (605) was formed when
3-methylthio- [791JC(B)107] or 3-chloro-1,4-benzothiazines (604)
(60JOC853; 88S336) were cyclocondensed with anthranilic acids. Cycli-
zation of 2-(chloroacetamido)benzoic acids (606) with 2-aminothiophenols
also gave the same compounds (691JC881).
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Ring contraction of the triazepine ring of 6-aryl-6,7-dihydroquinolino-
[3,2-d]1,3,4-benzotriazepin-9(SH)-ones (616) was affected with lead
tetraacetate to give quinazolino[3,2-c]1,2,3-benzotriazin-8-one (615)
[871JC(B)983].

e e
@;{ NH Pb(0AC)4 ©;(

-ArCH (0Ac);

B. 1,2,4-TRIAZINO-QUINAZOLINES
1. 1,2,4-Triazino[2,3-a]quinazolines

The 1,2,4-triazino[2,3-a]quinazoline (618) was prepared by thermal cy-
clization of the 2-(2-carboxamidophenyl)-1,2,4-thiazine precursor (617)

(74JPR943).
R

R
0
N)\(/o T)Y

' N_ _NH
N_ _NH
~ A g
0 -H20 N
NH2

0 0

(617) (618)

2. 1,2,4-Triazino[4,3-a]quinazolines

Hydrazones (619) derived from 3-substituted-2-hydrazinoquinazolin-
4-ones and pyruvic acid were cyclized by heating with acetic acid to give

the 1,2,4-triazino[4,3-a]quinazoline-1,6-diones (620) [83EGP(D)160343;
84PHA717; 90JOC344].

Me
COOH Oﬁ/%rxll
N\\rNH—N:(‘,oMe AOH, 8 NYN
NR -H20
0 5
(§J_§) (6}_9)
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3. 1,2,4-Triazino[3,2-b]quinazolines

The 1,2,4-triazine ring of 3,4-dihydro-2-methyl-1,2,4-triazino[3,2-b]-
quinazoline-3,10-dione (622) was formed when 3-amino-2-(substituted
amino)quinazolin-4-one (621) was cyclized with ethyl pyruvate in acetic
acid (86JHC833).

? COOEt
NYNH O//J\Me. AcOH @ir( I
NNHz  -EtOH, -Hy0 .
0 (0]
(621) (622)

Synthesis was also achieved from 1,2,4-triazine precursors when 4-
amino-3-methylthio-1,2,4-triazinones (623) were cyclocondensed with
anthranilic acid to give 624 (84CB1077, 84CB1083).

NHy NHy
N N
NH? MeS N -0 AN 20
+ \“/ tI: jq__él__6>— \T/ :[
OH N\N/ R eSH, -Hj N\N/' R
0 0
(623) )

4. 1,2,4-Triazino[3,4-b]quinazolines

When the 3-methylthio-1,2,4-triazine (625) was cyclocondensed with
anthranilic acid, it afforded the 1,2,4-triazino[3,4-b]quinazoline (626)
(84CB1077); cyclization with N-4 of the 1,2,4-triazine ring was possible as
a result of blocking N-2.

Me h;le
1
NH3 MeS\]/N\N JAN NYN\N
] Lo MeSH, -H20 !
OH N\H/I\Ph x »-h2 N Ph
0 0 0 0
(625) (626)

—_—

5. 1,2,4-Triazino[6,1-b]quinazolines

Reaction of 3-isonitrosopyrazolo[5,1-b]quinazoline-2,9-dione with Vils-
meier reagent (627) followed by hydroxylamine gave the 1,2,4-triazino([6,1-
b]lquinazolin-10-one (628) [771JC(B)335].
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NH2
N\\yj/"’o” 1- DMF - POCI3 N\j/*No
N\'I\‘ Lo 2-NHz OH N\N)
o H o
(627) (628)

6. 1,2,4-Triazino[1,6-c]quinazolines

The 3-alkylthio-6,7-dihydro-1,2,4-triazino[1,6-c]quinazolin-5-ium-1-
olates (630) were prepared through the formation of their pyrmidine
rings by cyclocondensation of 3-alkylthio-6-(2-aminophenyl)-1,2,4-triazin-
S5S(2H)ones (629) with aldehydes, ketones or acetals (74T3997; 76T1735;
80ACH107; 86SC35).

0 i

r!
NH N
2 Rl/U\RZ, e a2
N -Hzo +N
2 NH Z SN
|
0 NASR ° \N/I\SR
(§_3§) (63_9)

Treatment of the 1,2,4-triazino[5,6-d]3,1-benzoxazepine derivatives
(631) with an excess of methyl iodide affected methylation and intra-
molecular rearrangement to give the mesoionic 1,2,4-triazolo[1,6-c]
quinazolinone (632) (73MI1).

N R
= N
\(O Excess Mel \\(R
NG
— Z2AN
i |

N
N N
N/(SMG (0] rld SMe
e
(E?)) (§\3/2)

7. 1,2,4-Triazino[2,3-c]quinazolines

Reaction of  3-(2-aminophenyl)-1,2,5,6-tetrahydro-1-methyl-1,2,4-
triazine (633) with phenyl isocyanate gave the urea derivative (634), which
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was cyclized by heating with polyphosphoric acid to 2,3,4,7-tetrahydro-2-
methyl-6H-1,2,4-triazino-[2,3-c]quinazolin-6-one (635) (74JHC747). Cy-
clization of 634 was also affected with benzoyl chloride (75JHC321).

H
|

NHCONHPh N
NH2 OCNPh ¢ PPA O
g g “PhNHy N
' “NMe | “NMe | > NMe
N\) N\/l N\)

(633) (634) (635)
~ —~— ——

8. 1,2,4-Triazino[4,3-C]quinazolines

Two types of precursors were used for synthesizing compounds be-
longing to this system: (a) quinazoline and (b) 1,2,4-triazine precursors.
Synthesis from quinazoline precursors was achieved by cycloconden-
sation of the (4-thioxoquinazolin-3-yl)acetic esters (636) with hydrazine
to give the 6-substituted-1,2,4-triazino[4,3-c]quinazolin-3-ones (637)
(82S853; 83BSF226).

N R! N Rl
R S HNNH > R N
N R2 OHy —H2$ N
R A
’?J (0]

S  COORZ N

H
(36) (637

Cyclization of the urido-1,2,4-trizine derivatives (634) to the 1,2,4-
triazino(2,3-c]quinazoline (635) by heating with polyphosphoric acid has
already been discussed (see Section XVI.B.7) (74JHC747). However,
pyrolytic cyclization of 634 by heating at 200° afforded the 1,2,4-
triazino[4,3-c]quinazoline (638) as a result of eliminative cyclization be-
tween the urido function and N-4 of the 1,2,4-triazine ring (74JHC747).
The structure of 638 was confirmed by an unequivocal synthesis from
2-0x0-4-thioxoquinazoline (639) (74JHC747).
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NHCONHPh
H 8 \ro
N TPhNby
" e

N

Me
(63 (s38)
?KOH
i Me H
"pO leN/N\/\OH N<go
NH 2-S0Clp o _N
e /rCl
HN
|
Me
(639) (640)

Synthesis from 1,2,4-triazine precursors was described in a series of
papers and patents by Trepanier (74JHC747; 75JHC321, 75USP3919216,
75USP3919219, 75USP3919220, 75USP3922274), in which 3-(2-
aminophenyl)-1-substituted-1,2,4-triazines (641) were cyclized with al-
dehydes, ketones, or acid chlorides. In the hands of other workers
(75USP3919215), treatment of 641 with acid chlorides gave the corre-
sponding acylaminophenyltriazines that dehydratively cyclized to a
mixture of 1,2,4-triazino[4,3-c]quinazolines and 1,2,4-triazino[2,3-c]-

quinazolines.
X
NH2
H R'“RZ, A ~ \|\p2
N -H0 N
i ] | j

(641) (642)

Some medicinal applications were reported for 1,2,4-triazinoquina-
zolines as being antihistaminics [75USP3919220, 75USP3922274;
83EGP(D)160343], blood platelet aggregation inhibitors [83EGP(D)-
160343], inhibitors of reserpine induced ptosis (75USP3919219,
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Me
N

H Me
1
N\]40 HyN < \/I<OH NH2
R Me == [

0 NH\N/\'<

O / (0] Me Me
NaOH
G220 (652)

N S
CcsCi
" 7 _Cstiz Y
SN )
0

|
Me Me 0 Me

(653) (654)

XVIII. Condensed Thiadiazino-quinazolines
1,3,4-THIADIAZINO-QUINAZOLINES
1,3,4-Thiadiazino[2,3-b]quinazolines

3,4-Dihydro-4-methyl-2H,6 H-1,3 ,4-thiadiazino[2,3-b]quinazolines  (655)
were synthesized from isatoic anhydrides and 1-(2-hydroxymethyl)-1-
methylhydrazine (79JHC1339). 1,3,4-Thiadiazino[2,3-b]quinazolines (657)
were also prepared by the reaction of 3-amino-2-mercaptoquinazolinones
(656 with a-haloketones [811JC(B)14; 82M1145].

q Me
il AL 1-H N’N\/\OH
R T 2 szoc
0 - 2 N\N
0
(55,\/5)
0
S ClCHz/U\Ar NYS
el L
\?IJH SN Ar
0 R 0 R
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XXI. Condensed Diazepino-quinazolines

A. QUINAZOLINO-1,2-BENZODIAZEPINES
Quinazolino[3,2-b]1,2-benzodiazepines

The two isomeric 13,14-dihydro-2- and 4-methoxyquinazolino[3,2-b]1,-
2-benzodiazepin-7(SH)-ones (674 and 675, respectively) were obtained by
lead tetraacetate oxidation of 3-amino-2-[2-(3-methoxyphenyl)ethyl]
quinazolin-4(3H)-one (672) [81CC160; 82JCS(P1)2407; 85JCS(P1)335].
The nitrene intermediate (673) underwent intramolecular trapping to 674
and 675 or loss of nitrogen to give the deaminated product 676. The
oxidation was found to be sensitive to the orientation of the methoxy
group, since the para-isomer of 673 gave only deaminated product on
oxidation.

N
] Pb (OAc)y
NNH;
oM
) e

OMe

(672)
-N2
N
)
(I N R
N
;j OMe
o}
RI

(674), R=0Me, RIzH (676)

(675)y R=H, Rl = OMe
—_~—

B. 1,3-DiIAZEPINO-QUINAZOLINES
1. 1,3-Diazepino[2,1-b]quinazolines

Compounds belonging to the title compounds (678) were prepared by
cyclodehydration of 1-substituted-2-(4-hydroxybutyl)aminoquinazolin-4-
ones (677) (73SZP532068). Cyclocondensation of the isatoic anhydride
with the 2-methylthio-1,3-diazepine 679 gave the 1,3-diazepino(2,1-b]
quinazoline 680 [70GEP(0)2025248].
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D. QUINAZOLINO-1,4-BENZODIAZEPINES
1. Quinazolino[3,2-a]l ,4-benodiazepines
Compounds possessing this structure were prepared by thermal cyclo-
condensation of anthranilic acid and the 1,4-benzodiazepine-2-thione (684)
(77JHC1191). Synthesis of the naturally occuring cholecystokinin antago-
nist (687) followed the same approach; methyl anthranilate was fused with

the 2-methylthio-1,4-benzodiazepin-5-one (686) to give 687 (85USP-
4559338; 86USP4576750, 86USP4594191; 87JOC1644).

N
SY\N 1600 Y\N
USSR S, \
+ \ Ph - HZS, HZO N Ph
0
NO7

(584) (685
R H
eS N NH
7>( e *f -
0 -MeSH, - MeOH N
0

(s85) (s87)

(]\—/FCH*
R = e
N

[
H

Cyclization of the 2-halomethyl-3-[2-(methoxycarbonyl)phenyl]quin-
azolin-4(3H)-one (688) with ammonia or primary amines led to the for-
mation of 6-substituted-6,7-dihydroquinazolino[3,2-a]1,4-benzodiaze-
pine-5,13(5H,13H)-diones (689) [77JHC1191; 79GEP(0)2758875].

H
C > Br RNHZ \(\
COOMe

(688) (689)
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XXIII. Condensed Thiazepino-quinazolines
QUINAZOLINO-1,5-BENZOTHIAZEPINES
Quinazolinof2,3-a]l,5-benzothiazepines
6,7-Dihydro-13 H-quinazolino[2,3-a]l,5-benzothiazepin-13-one  (695)

was synthesized by cyclocondensation of anthranilic acid with the 4-
methylthio-1,5-benzothiazepine (694) (88JHC1399).

NH N
2 m ____A*_* ﬁ/\s
OH N S -MeSH, -H;0 N f

0

(694) (698)

XXIV. Condensed Triazepino-quinazolines
QUINAZOLINO-1,3,4-BENZOTRIAZEPINES
Quinazolino[3,2-d]1,3,4-benzotriazepines
Condensative cyclization of 3-amino-3-(2-aminophenyl)quinazolin-4-

one (696) with aromatic aldehydes gave 6-aryl-6,7-dihydroquinazolino
[3,2-d]1,3,4-benzotriazepin-9(S H)-ones (616) [871JC(B)983].

N. NHp T A0

R -

(696) (616)
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XXVIII. Condensed Thiazocino-quinazolines
1,4-THIAZOCINO[S5,4-b]QUINAZOLINES
In a synthesis that is similar to their oxygen analogues, the title com-

pounds 706 were prepared by cyclocondensation of anthranilic acids with
the 5-ethoxy-1,4-thiazocine (705) (66USP3280117).

NH2 Etom ' Nﬂ
R 4 | MeQOH, A !

N _EtOH, -Hy0 N
OH \ /S » -H2 S
0 0

(10%) (198)

XXIX. Conclusion

Taking the number of references as a measure of how extensively the
synthesis of the title compounds were studied, one may conclude that
great efforts have been directed towards this goal. This may plausibly be
rationalized in terms of academic interests as well as diverse biological
activities attributed to these compounds. Nevertheless, much remains to
be accomplished regarding the synthesis of many of the possible, but
unprepared, heterocyclo[n,m-a,b, or c]quinazolines.
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I. Introduction

Of the lactam derivatives of quinoline and isoquinoline, 2(1H)-
quinolinones and 1(2H)-isoquinolinones (carbostyrils and isocarbostyrils)
have long been known. Although over 100 years have passed since Gabriel
discussed the tautomerism of 3(2H)-isoquinolinone derivatives (1) (3-
isoquinolones, 3-hydroxyisoquinolines or 3-isoquinolinols), these com-

NP % = il
o NH — N
(1a) (1b)
0 O
NH s _NH
(2) (3)

pounds have not been the center of interest for many years. The unsubsti-
tuted compound (1) was first prepared by Boyer and Wolford
(56JOC1297); the synthesis of the 1,4-dihydro derivative, lactam 2, was
achieved by Braun and Reich (251.A225). Compound 3, saturated in the
aromatic ring and synthesized by Basu and Banerjee (35LA243), is also
related to the just-mentioned isoquinolinones. (The more saturated deriv-
atives are not within the scope of this review.)

After the previous research, especially the tautomerism studies on 1,
interest in these compounds began to increase only in the last decades.
New synthetic methods have been elaborated, and a number of new
derivatives were synthesized. Our laboratory contributed to this work by
investigating the syntheses and reactions of compounds 1, 2, and 3.

Today almost 300 papers and patents deal with these compounds, proba-
bly because organic chemistry can less and less avoid the demand and
pressure to produce more and new molecules with potential biological
activity. Indeed, among these types of compounds, several molecules also
exist that look promising from this point of view (see Section V,B).

Within the limits of this short review, it is impossible to discuss all the
relevant references; intention is to give a general survey of the most
important results in the chemistry of these heterocyclic lactams.

II. 3(2H)-Isoquinolinones

In the literature, different names are used for the title compounds, but
not without reason (see Section II,A). In this review, however, in most
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cases, the name 3(2H)-isoquinolinones is used for the lactam structure to
emphasize the connection with derivatives saturated in the hetero ring (see
Section I1I) or in the aromatic ring (see Section 1V) of the isoquinolinone
skeleton or both.

A. SPECTROSCOPIC PROPERTIES, TAUTOMERISM

The tautomerism of these compounds has been discussed comprehen-
sively [63AHC(1)352; 76MI111]; the latter reference gives a detailed review
about the tautomeric equilibria of some derivatives of 1. The conclusions
are based largely on UV evidence supported by IR, NMR, X-ray crystal-
lography, and theoretical calculations.

In the course of synthetic work related to laudanosine, which is a
1-benzyl-3(2H)-isoquinolinone, it appeared that four prototropic isomers
are possible (72JHC853), demonstrating the complexity of the problem.
According to the author, the 3-isoquinolone tautomer (4a) with the o-
quinonoid structure predominates over the hydroxy form (4b), and the

0] 0]

Z 0 Z j OH
«_ NH < N _N NH
Ar Ar Ar Ar

(4a) (4b) (4c) (4d)

analogous isochromanone derivative has preference over the 4d structure.
The unsaturated amide (4¢) cannot be regarded as a proven tautomeric
form. Authors from Poland investigated the UV spectra of some 3(2H)-
isoquinolinones substituted in position 1 with aryl and aralkyl groups in
different solvents (77RC691). It has been found that, for example, the
1-B-naphthyl derivative (5) exists exclusively as the lactim tautomer in

cl COOC,Hg

N ~ _N H3c/ ~ NH
O O (7)
kil i
(5)
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diethyl ether, carbon tetrachloride, and sulfuric acid; and in benzene,
ethanol, and chloroform, this form predominates.

In the case of the 4-chloro-1-phenyl derivative (6) (888683), more data
support the lactim structure. The UV spectrum of 7 (76JMC395) in water
has only the lactam band, whereas in diethyl ether, only the lactim struc-
ture is shown. In ethanol, the lactam tautomer predominates, but in
chloroform, the lactim tautomer predominates.

A number of 3(2H)-isoquinolinone derivatives (8) have been synthesized
by Dedk and his research group (Section II,B,3) to make possible a general
evaluation of their lactam-lactim tautomerism [84ACH(116)303;
89ACHS869].

RZ R!
R3 ~ 0] Ar: (substituted) phenyl, pyridyl;
«_ NH R': H, alkyl, aryl, aralkyl, pyridylalkyl;
R[' R2. H,alkyl;
R5 Ar R3, R4 H, OMe;
rZ, R%: benzo (f], R3 R*: benzo [g],
(8) R[', RS: benzo [h] annellation

On the basis of UV spectroscopic data of derivatives with fixed lactam
and fixed lactim structures, it was established that the bands characteristic
of the lactam form appear between 385 and 438 nm, while those character-
istic of the lactim form are found in the range 312-360 nm, depending on
the substituents (in 95% ethanol). Coumpound 9, in which the bands are
shifted to the higher wavelengths because of the linearly annellated ben-
zene ring is an exception. Most of these compounds exist predominantly in
95% alcohol as the lactim tautomer. In compound 8a, the ratio of the

R CHZPh
e - R AN°
~. NH > N >~ NH
CH3
Ph Ph
R=CH,CONH
2 2
(8a) Rr- veratryl (9) (10)
(Sb) R = Me
(8¢c) R= Ph

lactam and lactim forms is nearly equal. In carbon tetrachloride, 8a con-
tains significantly more lactim tautomer than in 95% ethanol. In ethyl
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acetate, benzene, and even in the dipolar aprotic dimethylformamide
(DMF), only the band characteristic of the lactim form of 8a could be
detected. In acetic acid, 8a exists exclusively in the lactam form. In the
case of 8b and 8c, according to the spectra recorded in xylene, the com-
pounds can occur in the lactam form even in this solvent.

In the isoquinolinones annellated with a benzene ring at the [f] and [4]
stites, the lactam tautomer predominates, except for the benzo[g]iso-
quinolinone (9), which exists in the lactim form [89JCR(S)340] similar to
the 1,4-diphenyl derivatives [72JCS(P1)2722]. Cyclopenta[f]-isoquinoli-
none is present exclusively in the lactam form in both water and 95%
alcohol (75JMC399).

IR spectra of the crystalline state and of carbon tetrachloride solutions
can also give information about the structure of tautomers. In the crystal-
line state, the lactim structure is characterized by the vC=N band at
1620 cm ™! and the region between 3200-2100 cm ™' with partial maxima;in
carbon tetrachloride, vOH appears at 3525 cm™!. In compounds annel-
lated with a benzene ring (except for 9), it is possible that the crystalline
state consists of a mixture of the lactam and lactim tautomers (unsaturated
lactam band at ¥C=0 1630-1640 cm~' and »C=N at 1620 cm™!);
however, these bands usually are not distinct.

After investigating a number of compounds of type 1, we can state that
this type of tautomerism depends both on the substituents and on the
solvent and shows considerable variation. Thus, the compounds can be
reliably characterized only by characteristic UV spectra or occasionally
by IR spectroscopy, especially in carbon tetrachloride.

B. SYNTHESIS
1. From o-Substituted Arylacetic Acid Derivatives

One of the most widespread methods of synthesizing 3(2H)-isoquinoli-
nones is the cyclization of esters of o-acyl-phenylacetic acids with appro-
priate amines. These esters with conc. ammonium hydroxide or ethanolic
ammonia (Scheme 1) give 11a and 11b (52JCS1763). With aqueous methyl-
amine, the N-methyl derivative of 11a can be prepared (64CB667). This
type of cyclization has also been achieved with methanolic ammonia
[67JCS(B)590] and with liquid ammonia [69JCS(C)1729]. The reaction
succeeds without the presence of alkoxy groups in the aromatic ring
(77RC691).

In the case of 1-veratryl derivative (11¢), isoquinolinones unsubstituted
at the ring nitrogen can also be synthesized starting from o-acylarylacetic



160 LASZLO HAZAI [Sec. II.B

CH-0 CH,-COOC,H 0 |

3 2 2% NH3 CH3O Z |
0 >~ NH

CH3O % CHBO |

R R
(11a) Rr=Me
(t1b) rR=Ph

(11 c) RrR= veratryl
SCHEME 1

acids by heating them with ammonium acetate in acetic acid. Reactions
with amines give the N-alkyl derivatives (70JGU249, 70JHC1229;
72JHC853, 72IMC1131; 82JHC1319, 82JHC1469; 84GEP3227741).

In addition, the following o-substituted arylacetic acid derivatives are
suitable starting materials for the syntheses of 3(2H)-isoquinolinones:
o-formylphenyl-acetamides [71T4653; 80JCS(P1)2013], o-cyanophenyl-
acetic esters (68BSF3403), and o-cyanophenylacetic acid chlorides
[68AG(E)484].

2. From O-Heterocycles

In preparing 6-alkoxy and 6,7-dialkoxy derivatives, it is convenient to
react esters 12 with an acid anhydride in the presence of a Lewis acid or,
preferably, perchloric acid to produce a benzopyrylium salt (14), presum-
ably via 13 (70KGS200) (Scheme 2). Reaction of 14 with ammonia gives
then the isoquinolinols 15 in high yields, where X = alkoxy, R' = H, Me,
Pr, i-Pr, and R? = H or alkyl group (88JMC1363).

Benzopyrones are also useful starting materials for preparing 3(2H)-
isoquinolinones. Similarly, 15 and its N-substituted derivatives can be
synthesized with ammonia or with amines [70JCS(C)536].

Several authors cited previously (Section I1,B,1) have found that, be-
sides the direct cyclization of o-acyl-arylacetic acid derivatives, a suitable
method of synthesizing the title compounds involves the reaction of iso-
chromanones with amines. This reaction has been investigated in detail
(73JHC317).

3. From 1,4-Dihydro-3(2H)-isoquinolinones

The aromatization of 1,4-dihydro-3(2H)-isoquinolinones resulting in the ‘
corresponding 3(2H)-isoquinolinones is a known but not common proce-
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[ =

2 2
X R X R
1
0
(12) Rl
(13)
2 2
X R X R
~ | OH NH,OH or A OMe
N NH,OA 0° °
Lonc clo,
R R!
(15) (14 )
SCHEME 2

dure. These reactions can be achieved usually by heating the starting
compounds with sulfur or by refluxing them in diisopropyl-benzene with
palladium-on-charcoal (66BSF556; 76JMC395). Some 1,4-disubstituted
derivatives give the unsaturated 3(2H)-isoquinolinones on heating in DMF
or in dimethyl sulfoxide (DMSO) with NaH or with the Avramoff reagent
at an elevated temperature (82JHC49).

Methods frequently used for preparing the title compounds are the
condensations of the methylene group in position 4 of 1,4-dihydro-3(2H)-
isoquinolinones and the subsequent rearrangement (Scheme 3).

R’ H T 1
R2 R2 R2 CH,R
0 0
RICHO 7
NH NH - ~ _NH
3
R Ar R Ar r3 Ar
(16) (17) (18)

SCHEME 3
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NOH NHACc
R 0 R - 0
HCL, AcOH -z
NRZ T 2
1
R R
(19) (20)
SCHEME 4 .

The scope and limitations of these types of reactions were studied in
detail by Hungarian researchers synthesizing a number of derivatives (18)
[73ACH(79)113; 77JHCS583; 79ACH(102)305; 82JHC49] [R! = H, aryl,
heteroaryl; R2,R®* = H, Me, MeO and benzo-annellation; Ar: (substituted)
phenyl, heteroaryl]; the reaction mechanism was also elucidated (Section
II1,B,1).

3(2H)-Isoquinolinones substituted with an amino group at position 4 (20)
(Scheme 4) can be prepared by rearranging 4-oxyimino compounds (19)
under conditions similar to those used for Beckmann rearrangement
[87JCR(S)95; 88ACH289], where R = H, MeO; R! = (substituted) phenyl
and R?> = H, Me. The bifunctional character of these new compounds
could be well used after hydrolysis (Section V,A).

4. Miscellaneous Methods

Diazotation of 3-aminoisoquinoline (56JOC1297; 61JOC803) and the
alkaline hydrolysis of 3-chloroisoquinoline (70TL1209) give 3(2H)-
isoquinolinone (1). Homophthalimides on halogenation can advan-
tageously furnish compounds 1 substituted with a halogen atom in posi-
tion 1 (52MI1). Reactions between substituted phenylacetamides and
chloroacetyl chloride in the presence of a Friedel-Crafts catalyst give
I-halomethyl-3(2H)-isoquinolinones [77JAP(K)77156877]. N-Formyl phe-
nylacetamides are also useful starting materials for synthesizing deriv-
atives of 1 by cyclization in acidic medium (74GEP2330218). Arylacetyl
chlorides react with methyl thiocyanate in the presence of tin tetrachloride
to yield 1-methylthio-3(2H)-isoquinolinones (76CC695). The reaction was
also extended to syntheses of benzo- and pyrrolo derivatives.

A Pomeranz-Fritsch type of cyclization in sulfuric or polyphosphoric
acid (Scheme 5) can be used to prepare many of the desired compounds
listed here (22) (76GEP2623226; 78H1197; 88JMC1363) (R = Me, Et;
R! = H, Me, Bu, Ph; R? = H, Me, C¢HsCH>; R?, R*, R® = H, Cl, Me,
MeO). A new modification of intramolecular amidoalkylation, the reac-
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3
R3 (0] H® R pZ 0
N—RZ —=r S N—R2
o4 70=9% ©C RZ'
R> R! RS R!
(21) (22)
SCHEME 5

tions of arylacetic acids and substituted benzamides with POCl;, gives
initially N-substituted 3(2H)-isoquinolinones (82S486). The latter com-
pounds can also be obtained by a retro Diels—Alder reaction from the
corresponding tricyclic starting derivatives (83H1367) and by Vilsmeier—
Haack cyclization of specially substituted anilides (84S349).

C. REACTIONS
1. Alkylation

Previously, in the course of studies on the tautomerism of the title
compound 1, the syntheses of the fixed lactam 23 and the fixed lactim 24
were carried out because of the importance of their UV spectra, which
allowed precise assignment of the appropriate wavelength values

CH3

P oM 2 0-CH,-CH=CH,
N N-Me S N s~ N
(23) (24) O

(25)

[67JCS(B)590; 69JCS(C)1729; 72JCS(P1)2722]. The usual alkylating agents
(methyl iodide, diazomethane) under normal reaction conditions gave
mixtures of products alkylated on the nitrogen and oxygen atoms. These
mixtures can usually be separated without any difficulty. Reaction with
triethyloxonium tetrafluoroborate and subsequent alkylation, e.g., with
allyl bromide via the silver salt, gives exclusively the O-alkyl derivatives
(e.g.,25) [67JOCS9; 72JMC1131; 77JHCS83; 84 ACH(116)303]. It is worthy
to note that a number of dialkylamino alkyl ethers have been prepared by
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the reaction of isoquinolinones with alkyl halides in the presence of sodium
hydride, and they were separated from the N-alkylated byproducts
(84GEP3227741).

2. Reduction, Catalytic Hydrogenation

Several unsaturated 3(2H)-isoquinolinone derivatives have been hydro-
genated in ethanol in the presence of PtO, catalyst, resulting in the corre-
sponding 1,4-dihydro-3(2H)-isoquinolinones (71T4653) (where R! = H,
Me; R? = R3 MeO or R?, R® = methylene group) (Scheme 6). In the
case of compound 26 (R' = Me), the reduction takes place also with
zinc-hydrochloric acid or NaBH,. In the course of the synthesis of lauda-
nosine, the intermediate compound 27 (R! = R? = R® = Me, substituted
with a veratryl group in position 1) was prepared under similar reduction
conditions (72JHC853). Hydrogenation of the 1-methylthio-3(2H)-
isoquinolinone in the presence of Raney-Nickel catalyst gives the unsub-
stituted parent compound 2 (74FRP2207720).

NRE s N-R'
30 = rR30
(26) (27)

SCHEME 6

1-Aryl-3(2H)-isoquinolinones (28) can be readily hydrogenated in acetic
acid in the presence of palladium-on-charcoal (Scheme 7). The end prod-
ucts are mostly the 5,6,7,8-tetrahydroisoquinolinones (29), saturated in the
homoaromatic ring (77JHC583; 89JHC609), where R = alkyl or aralkyl
group. The stereochemistry of the 1,4-dihydro-3(2H)-isoquinolinones (30),

R
A _Ha-Parc_
N NH acetic acnd

(28) (29) (30)

SCHEME 7
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isolated as byproducts, was elucidated by means of NMR spectroscopy
(88T6861). The derivatives with a fused benzene ring can be hydrogenated
analogously. In the case of benzo{flannellation, the 9,10-dihydroiso-

CH,Ph

(31)R=H P
(32) R=CH,Ph x> NH

(33)

quinolinones (31 and 32) are obtained, in benzo[/]annellation, the 5,6-
dihydro compound (33) is the main product. In both cases, small amounts
of compounds saturated in the hetero ring are also formed (89JHC609).

(@]

3. Diels—Alder Reactions

Reactions between 3(2H)-isoquinolinones and substituted maleic an-
hydrides, after hydrolysis of the adducts and oxidative decarboxylation,
result in derivatives bridged with an unsaturated carbon chain (34)

-6 R2 R! = H, alkyl, aralkyl etc.;
5 RZ,R3,R® = H, Me;
R* R*= H, Me, Ph:
5
RON=r RE= H, Me, MeO ,F,Cl
R3
(34)

(73FRP2111765). The Diels—Alder reactions of unsubstituted and 1-
methyl-, 1-veratryl-6,7-dimethoxy-3(2H)-isoquinolinones were studied
with N-phenylmaleimide, maleic anhydride, and tetracyano-ethylene die-
nophiles [64CB667; 69JCS(C)1729; 70TL1209; 71DIS(B)5268; 72THC853];
also the stereochemistry of some of the adducts was investigated
[69JCS(C)1729].

A number of adducts of substituted 3(2H)-isoquinolinones (35) have
been synthesized by refluxing the starting compounds (heterodienes and
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(35)

dienophiles) in xylene for several hours [83ACH(113)237; 84ACH(117)99].
The substituents can be of various kinds; R! = (substituted) phenyl, het-
eroaryl; R? = H, alkyl, aralkyl, heteroarylalkyl; R® = H, Me; R*,
R’ = H, MeO; R3-R® = benzo[f]-, [g]-, [h]-annellation. Isoquinolinones
substituted on the lactam nitrogen are also suitable as heterodienes
[86ACH(121)263]. Contrary to the foregoing reactions, 1,4-additions of the
4-benzyl-1-phenylbenzo[g]isoquinolin-3-ol, existing exclusively in the lac-
tim form, give the 5,10-adducts. The endo and exo isomers were separated
[89JCR(S)340]. Detailed stereochemical investigations of the adducts were
done by NMR spectroscopy (85CJC1001).

With the well-known dienophile dimethyl acetylene-dicarboxylate,
which contains a C=C triple bond, the product isolated was that of a
Michael addition at the nitrogen atom of the hetero ring [8SACH(120)271].

4. Miscellaneous

The N-methyl derivatives of 3(2H)-isoquinolinones (36) are sensitive to
oxidation: this reaction takes place via an endoperoxide intermediate (37)
(70TL1209; 71T4653).

Rearrangement of the oxygen atoms can lead to the formation of prod-
ucts 38 and 39 or, by further oxidation, 40 (82JHC1319; 82JHC1469)
(Scheme 8).

3-Allyloxyisoquinoline is rearranged on heating into the 4-ally-3(2H)-
isoquinolinone (67JOC59). Other substituted 3(2H)-isoquinolinones (ex-
cept those with the substituent in position 4) can be nitrated
(87USP4714705; 89JMC990) or brominated to 4-nitro- or 4-bromo deriv-
atives.

Some derivatives have also been subjected to photodimerization reac-
tions [69JCS(C)1729; 82JHC1319].
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III. 1,4-Dihydro-3(2H)-isoquinolinones

1,4-Dihydro-3(2H)-isoquinolinones (2 and its derivatives) (Section I) are
structural isomers of the well-known dihydrocarbostyril and dihydro-
isocarbostyril nitrogen heterocycles. However in 2, the —CO—NH—lac-
tam group is separated from the aromatic benzene ring by two methylene
groups. The effect of this is apparent in the limitation of synthetic methods
and even more so in the differences in reactivity.

A. SYNTHESIS
1. Cyclization of N-Substituted Benzylamines

N-Benzylmandelic acid amide (66BSF556) or its O-acyl derivatives
(56USP2759936; 57USP2809969) can be converted to the corresponding
4-aryl-1,4-dihydro-3(2H)-isoquinolinones under the conditions of acidic
cyclization (H,SQy, polyphosphoric acid: PPA). This reaction is also suit-
able for the syntheses of 4-aryl derivatives condensed with a pyrrole
heterocycle (78KGS1279). The same principle was followed in the cycli-
zation of more heavily substituted, for example, cyclic benzylamines (41)
(84JM(C943), where Ar is a substituted phenyl group (Scheme 9).
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This type of cyclization extended to properly substituted a-aryl mande-
lic acid amides results in 4,4-diaryl-substituted isoquinolinones
(52Z0B697; 57Z0B1901; 66KGS734; 68KGS1033; 70KGS954).

N-Chloroacetylbenzylamines (43) were subjected to photocyclization
by Japanese researchers (Scheme 10). In these examples, the aromatic ring
has one or more hydroxy substituents (74TL1181; 77H251, 77T489;
81CPB128). Some chloroacetyl derivatives could be cyclized in the
presence of ZnCl, (87S637).

ortho-Haloaralkyl amines are also used to prepare 1,4-dihydro-3(2H)-
isoquinolinones (67JHC149; 81CC1074). N-Trimethylsilyl amide (45), un-
der the conditions shown in the Scheme 11, gives compound 2 (85JA435).
By this method and its modifications, derivatives of 2 with different sub-
stituents can be synthesized.

N-Benzyl-a-chloro-a-methylthioacetamides reacting with tin tetrachlo-
ride (81S534) and N-benzyldiazoacetamides under acidic cyclization con-
ditions (88TL2643) are also appropriate starting materials for synthesizing
the title compounds.

Other possibilities are available for achieving the cyclization of N-

cl
OH C/ OH
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GO hy
NH &——— NH
HO HO
(43) (44)

ScHEME 10
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substituted benzylamines, resulting in isoquinolinones with moderate sub-
stitutions. One of these methods was used to synthesize cheryllin
(781 A1548).

2. From Arylacetic Acid Derivatives

Most possibilities and most examples in the syntheses of 1,4-dihydro-
3(2H)-isoquinolinone (2) and its derivatives involve the cyclization of the
corresponding arylacetic acid derivatives. The opportunity arises from the
lactam structure of compound 2. With suitable reagents, different o-
aminomethyl-, o-hydroxymethyl-, or o-chloromethyl-phenylacetic acid
derivatives (25LA225; 66JPR12; 69CJC864; 84JHC297) and o-
hydroxymethyl phenylacetonitriles (85S114) can be cyclized.

A number of 1-aryl derivatives of 1,4-dihydro-3(2H)-isoquinolinones
with different substituents were synthesized, by Hungarian research-
ers, via the cyclization of aromatic aldehydes and arylacetonitriles (or
amides) through corresponding bisamide intermediates [68ACH(55)125;
69ACH(59)119, 69ACH(60)177; 76ACH(88)87; 86ACH(121)237]. Investi-
gation of the reaction mechanism revealed the details of the cyclization
[73ACH(76)299, 73ACH(77)217]; the reaction steps are shown for the
example of the parent compound (47) (Scheme 12). In some cases, the
intermediate bisamides (46) can be isolated [7SACH(84)477, 75S393]. The
method was extended to the synthesis of derivatives substituted in po-
sition 1 with a heteroaryl group [79ACH(102)305] and to the preparation of
isquinolinones annellated with a benzene ring [81 ACH(108)255]. The N-
methyl derivatives of the lactam can be obtained in a similar manner
(67JHC315). Using essentially this procedure, another research group
synthesized compounds with various substituents (74GEP2309367).

The synthesis of isoquinolinones by amidoalkylation may also be
achieved from other starting materials. N-Substituted derivatives were
synthesized by the reaction of arylacetyl chlorides and azomethines in the
presence of A1Cl1; to obtain a number of new compounds, such as 48
(Scheme 13) [75MI1; 78ACH(98)315; 81MI1; 82S216].
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phenylacetamide and formaldehyde (or N-hydroxymethylphenylace-
tamide) (e.g.. 81H609; 85CPB340; 87H2385), though this reaction had been
known previously (70JHC615).

3. Other Special Methods

3-Isochromanone reacts with amines to give the corresponding 1.4-
dihydro-3(2H)-isoquinolinones [66JPR12; 67JHC315; 80JCS(P1)2013;
84T4383]. o-Acylphenyl acetic acids can also be used as starting materials
for the synthesis of the title compounds (77RC691), as in a reductive
amination reaction (71NKZ878; 76BCJ3365).

The Schmidt reaction starting from 2-indanone [70JCS(C)2245: 82T539],
and the Beckmann rearrangement of 2-indanone oxime (78JHC321) also
gives the isoquinolinones substituted as the starting indanones. Reduction
methods are also known for the preparation of 1,4-dihydro-3(2H)-
isoquinolinones, e.g., from the unsaturated 3(2H)-isoquinolinones (Sec-
tion II,C,2). Reduction of homophthalimides initially gives the parent
compound 2 or its simple derivatives (69CJC3259; 70JHC615).

B. REACTIONS
1. Reactions on the C<4 Methylene Group

The C-4 methylene group of 1-aryl-1,4-dihydro-3(2H)-isoquinolinones
can be regarded, to a certain extent, as an activated methylene group
because of the presence of the adjacent lactam carbonyl group and the
benzene ring. This is supported by the observation that these compounds
react with aromatic aldehydes in the presence of sodium hydride or with
dimethylformamide-sodium hydride reagent, upon which they are con-
verted to the unsaturated 3(2H)-isoquinolinone derivatives through the
corresponding 4-arylidene or 4-alkylidene intermediates (Section 11,B,3).
The 4-arylidene intermediates (49) could be isolated in many cases, and the
stereochemical structures were elucidated (78LA1103). The role of com-
pound S0 as an intermediate was supported by studies with deuterium
labeling (82JHC49). The condensation and rearrangement reaction with
pyridinecarboxaldehydes also took place in an acidic medium, in poly-
phosphoric acid, depending on the anhydride content of PPA
[79ACH(102)305]. The mechanism of the rearrangement was elucidated: in
the presence of sodium hydride, the hydrogen from position 1 migrated as
a hydride anion in an intermolecular reaction to the a-position of the
4-arylidene group. In acidic medium, however, a proton-loss—proton-gain
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mechanism was proved (82JHC49; 85JHC1491). The latter mechanism
was established by means of reactions carried out in perdeuterated poly-
phosphoric acid.

The N-methyl derivatives of 1-aryl-1,4-dihydro-3(2H)-isoquinolinones
(e.g., 54) can be lithiated in position 4 with butyllithium. The subsequent
reaction, e.g., with p-nitrobenzaldehyde, gives the 4-p-nitrobenzylidene
derivative. In this case, the condensation reaction is not followed by H-1
rearrangement [86ACH(121)263].

Compound 51 was synthesized by the interaction of the isoquinolinone
unsubstituted in position 4 and dimethylformamide diethyl acetal
(81KFZ44, 81KGSS511).

A great number of 1,4-dihydro-3(2H)-isoquinolinones react with butyl
nitrite in the presence of potassium tert-butoxide to give 4-hydroxyimino
derivatives (19) (Section II,B,3) [81ACH(106)83; 83ACH(114)355]. The
corresponding  O-substituted compounds were also synthesized
[83ACH(114)69]. These isoquinolinones were converted by further reac-
tions to the corresponding unsaturated 4-amino-3(2H)-isoquinolinones
(20) (Section II,B,3); these compounds were useful starting materials for
synthesizing 1,4-dihydro-3(2H)-isoquinolinones carrying an oxo group
[84JCS(P1)619] or amino substituent [86ACH(121)255] in position 4.

The Vilsmeier—-Haack reaction on C-4 of l-aryl-1,4-dihydro-3(2H)-
isoquinolinones, followed by an oxidation process (885680, 88S683), re-
sulted in the key intermediate 3-chloro-4-formylisoquinoline (5§3) (Scheme
14). A number of new isoquinoline derivatives have been prepared from a
variety of reactions that use both the halo and aldehyde functions (89H691,
89H707). Compounds 47 and 54 react with dichloromethyleneiminium salt
(Scheme 15) to give the corresponding intermediate salts 55 and 56
(86MI1). Further reactions of these salts with aniline or 2-amino-pyridine
lead to more condensed heterocycles containing two or three nitrogen
atoms (Section V,A). In addition, the reaction of 47 with phosphorus
pentachloride gives the 4,4-dichloro derivatives (88S683).
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2. Lactam Carbonyl Substitutions

A number of new tetrahydroisoquinoline derivatives can be prepared
when effecting the C=0 — CH, transformation by reduction (67JHC315;
70JHC1229; 72JHC853; 77RC691; 78JA1548; 87TACH195). The reduction
is usually carried out with LiAlH, or with borane-tetrahydrofuran. In a
special case, the reaction with LiAlH4 gave the 3-hydroxy derivative
[84JCR(S)282].

In the course of O-alkylation with triethyloxonium tetrafluoroborate,
the lactim ethers of 1,4-dihydro-3(2H)-isoquinolinones were obtained
(75JMC395). These are useful starting materials for reactions with amines
resulting in 1,4-dihydro-3-isoquinolylamines (85SEUP139296). By means of
bifunctional amines, further condensed hetero-ring compounds could be
synthesized (73JMC633).

The conversion of a lactam carbonyl to a thiolactam was achieved with

(0] @ e
2 Cl,C=NMefl
N-R

(47) rR=H (85) r=H
(54) R=Me (56) R =Me

SCHEME 15

Cl
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phosphorus pentasulfide (88MI1). The thiolactam offers possibilities of
further reactions resulting in derivatives similar to those mentioned
earlier.

3. Lactam Nitrogen Substitutions, Ring Opening Reactions

In the case of, for example, 1-aryl-1,4-dihydro-3(2H)-isoquinolinones,
N-methylation takes place with dimethyl sulfate without difficulty
[86ACH(121)263]. Acylation can also be carried out under the usual re-
action conditions; the derivatives 58, 59, and 60 are thus obtained in

0 (B7) R = Me
N-R (58) rR= Ac
(59) rR= coOEt
( 6()) R = (substituted) carbamoyl

group

satisfactory yields [78ACH(98)247; 79ACH(100)37; 81GEP2948472;
84ACH(116)89; 90ACH607]. In the case of 60 the reactions of the unsubsti-
tuted lactam with various isocyanates were used.

The reaction of the N-ethoxycarbonyl derivative (5§9) with amines does
not give 2-N-carbamoylisoquinolinones, but ring opening takes place and,
for example, urethane 61 is obtained [78ACH(98)247]. A similar ring open-
ing reaction was found when carbamoyl compounds of type 60 reacted
with primary amines to give products such as 62. In connection with this

@CHZCONH—Pr ©:CH2CONH—P1'
CH-NH—COOE1 CH—NHCONH—@

(61) (62)

latter reaction, kinetic measurements were also made [79ACH(100)37].
Reactions with sterically hindered or secondary amines resulted in the loss
of the carbamoyl side chain instead of ring opening.
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IV. 5,6,7,8-Tetrahydro-3(2H)-isoquinolinones

A. SYNTHESIS
1. From Cyclohexane Derivatives

The most widespread methods of synthesizing 5,6,7,8-tetrahydro-3(2H)-
isoquinolinones involve the use of cyclohexane derivatives as starting
materials. Accordingly, the reaction of 2-aminomethylcyclohexanone (63)
with cyanoacetic esters (351.A243; 47THCA1339; 64CPB1296) or the reac-
tion of 2-acylcyclohexanones (64) with malonitrile or cyanoacetamide
(53LA110; 68JOC3648; 89IMC351) furnish the products 65 and 66 (Scheme
16). Many varieties of these syntheses are known and patented for com-
pounds with different substituents both in position 1 and on the car-
bon atoms of the saturated ring. The C-4 nitrile group also offers sev-
eral possibilities of further reactions (hydrolysis and decarboxylation,
preparation of amides, etc.), and these have been used to synthesize
a number of derivatives. Instead of a 2-acylcylohexanone (64), a 2-
hydroxymethylenecyclohexanone, substituted in the methylene carbon
atom, can also be used as starting material (74JMC1272). The reaction of
B-acylenamines derived from 64 is similarly a suitable method of synthe-
sizing 5,6,7,8-tetrahydro-3(2H)-isoquinolinone derivatives, using, for ex-
ample, cyanothioacetamide to obtain isoquinolinone thiones (82JPR933;
847Z0R2432, 84Z0R2442). Cyanoacetamide containing a cyclohexylidene
substituent in the methylene group also reacts with dimethylformamide
dimethylacetal to give compounds of type 65 (83KGS1279).

2. Hydrogenation of 3(2H)-Isoquinolinones

As discussed previously (Section II,C,2), a great number of 1-aryl-
3(2H)-isoquinolinones furnish 5,6,7,8-tetrahydro-3(2H)-isoquinolinones

CN
0 0
NCCH ,COOEt 7 NCCH,CONH,
Ny ol
NS
CH,~ NH; NCCH,CN o
R H
3
63! (64)
(65) R = H
(66) R= Me

SCHEME 16
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under the conditions of catalytic hydrogenation. A possible advantage of
this method is the absence of a cyano group in the product, a group that is
eliminated in many cases (Section IV,A,1). This result, however, can also
be regarded as a limitation because the absence of such a functional group
reduces the possibility of further transformations.

B. REACTIONS

By reactions of the lactam carbonyl group, the title compounds can be
transformed to the corresponding 3-chloro-5,6,7,8-tetrahydroisoquin-
olines; suitable reagents are phosphorus pentachloride (68JOC3648),
phosphorus oxychloride (47THCA1339; S3LA110), or phenylphosphonic
dichloride (74JMC1272; 90ACH601). Bromination takes place similarly
(64CPB1296). In one case, when phosphorus oxybromide was used, an
aromatization reaction in the saturated ring was observed in addition to
bromination in position 3 (58JCS2038). Halo derivatives can be routinely
hydrogenolyzed to yield the corresponding 5,6,7,8-tetrahydroisoquin-
olines, but this reaction is outside the scope of this review. The exchange
of the halogen for an amino group is more useful because new heterorings
can be synthesized in this way (Section V,A).

In addition to these reactions, methylation of the lactam carbonyl group
via its silver salt (75TL623), and acylation on the oxygen atom can be
achieved (77JHCS583). The reaction with phenol at an elevated temperature
gives the corresponding phenol ether (90ACH®601).

V. Applications
A. PREPARING OTHER OR MORE COMPLEX HETEROCYCLES

Some 1-aryl-1,4-dihydro-3(2H)-isoquinolinone derivatives can be con-
verted to the corresponding isoindolinones by ring contraction; oxidation
with potassium permanganate [86ACH(121)237] of compounds 47 and 54
(Section III,B,1) and treatment with polyphosphoric acid (88ACH289) of
several 4-hydroxyimino derivatives (19) (Section II,B,3) give the pre-
viously mentioned products.

Several compounds discussed in this review are also suitable for
synthesizing more complex heterocycles, as illustrated by the following
examples.

Oxazolo- and oxazino-isoquinolines 67 and 68 (88JHC273) can be ob-
tained when 4-amino-1-phenyl-3(2H)-isoquinolinone, prepared by the
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hydrolysis of 20 (Section II,B,3), is treated with acetic anhydride and
chloroacetyl chloride, respectively. Inner alkylation of 4,4-dimethyl-1-(2-
chloroacetylaminophenyl)-1,4-dihydro-3(2H)-isoquinolinone in the pres-
ence of sodium hydride gives the isoquino-benzodiazepine derivative 69
(84JHC1045). Compounds 70 and 71 are the end products of the reactions
of the 1,3-dichlorotrimethine cyanines 55 and 56 (Section III,B,1) with
aniline and 2-aminopyridine (86MI1). 1,4-Dihydro-3(2H)-isoquinolinone
(2) (Section I), when reacted with the appropriate bifunctional amines,
give, via the lactim ether or thioether and subsequent cyclization of the
intermediate enamines, new condensed heterocycles (e.g. compounds 72
and 73) (73JMC633; 88MI1). Variously substituted 1,4-dihydro-3(2H)-
isoquinolinones are also used to synthesize some alkaloids. For example,
74 was prepared by the cyclization with phosphorus oxychloride of the
7,8-dialkoxyisoquinolinone substituted on the lactam nitrogen with an
arylethyl group, followed by a reduction step (79H1327). The starting
material of the synthesis leading to 75 is also a properly substituted
1-benzyl-1,4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>