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Abstract

Pyrrolo[1,2a]quinazolines have raised some interest as bicadsaffolds but their synthetic
strategies based mainly on the anthranilic aciderbave been rather limited. The last two decades
have brought new approaches to the synthesis @blpjt,2-alquinazoline framework and thus
their potential could be valued in the obtaininghefv lead compounds from the important class of
guinazolines. Herein we present the synthetic egjras towards compounds containing the
pyrrolo[1,2-a]quinazoline scaffold and their biological propesti
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1. Introduction
Pyrrolo[1,24]quinazolinel is a pyrrolo-fused quinazoling-bridgehead aromatic tricyclic system.

The structure and numbering of the atoms in theoiyfil,2-a]quinazoline skeleton are presented in
formulal.
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Quinazolines are known to possess important biodgproperties and thus their pyrrolo-
fused derivatives are good candidates for the desgoof new lead compounds in medicinal
chemistry. The main focus was on their linear pprapndensed natural products (i.e vasicinone)
and consequently on their synthetic anafogs.

However, the angular tricyclic system of pyrrol@-]quinazoline has been rather seldom
investigated regarding its biological properties atudies of its synthesis are quite limited ptoor
the last two decades. Nevertheless, new reportepied herein give reason to expect that efficient
synthetic pathways could renew interest in thislaf pyrrolo[1,2a]quinazolines.

A review on syntheses and properties of these alated compounds was published in 1886,
and a short chapter focused on heterocycles camgathe pyrimidine moiety was reported in
1991% This paper presents an up-to-date classificatibthe synthetic strategies, reviews the
biological properties of pyrrolo[1,dlquinazoline, and covers all the relevant literatavailable.

2. The Synthesis of Pyrrolo[1,2a]quinazolines

There are three known strategies for the synthadgpyrrolo[1,2-a]quinazolines: syntheses starting
from substituted quinazolines, synthetic routesrtisigz from substitutedN-arylpyrroles, and
syntheses by double cyclisation of different staytieagents.

2.1 Syntheses starting from quinazoline and its defatives

2.1.1 From quinazolinium N-ylides. 1,3-Dipolar cycloaddition reactions of the heteomaatic N-
ylides are one of the most versatile syntheticesub pyrroloazines with a bridgehead nitrogen
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atom>” The N-ylide approach to pyrrolo[1,dlquinazolines is versatile in providing series of
compounds by simple procedures. In the literatoeekaown three main routes to these compounds
via quinazolinium N-ylides, starting either from dichloroquinazoliniurglide (2) or the
unsubstitutedd) or a monosubstituted quinazoliniuxaylide (4).

N/) N + Me )
CHCOAr
2 3 4

The pyrrolo[1,2a]quinazoline5 (Scheme 1) was obtained by Khlebnikeval.? in mixture
with other two isomers from the corresponding dicbuinazolinium N-ylide2. Their synthetic
strategy in obtaining pyrrolo-fused compounds wae tl,3-dipolar cycloaddition of the
qguinazolinium dichloromethanides generated situ by the reaction of the quinazoline with
dichlorocarbenes, in presence of different dipgdares such as dimethyl maleate. The result of the
reaction was a mixture of isomeric pyrroloquinaze$, as the dichlorocarbene could also react at
the N3 of the quinazoline generating the correspunll-ylide. In some cases the fully aromatic
compounds were obtained by using an oxidizing agent

R R =
R XN N N/C(j2
NN ca, o+
— _—
@f\/) N+ N)
N _
cal,

Scheme 1

Azouz et al.’ obtained the tetrahydropyrrolo[lgdquinazolines 6 and 7 starting with
carbanion-unsubstituted quinazoliniudi-ylides using activated olefinic dipolarophiléScheme
2). The yields however were not high. When they leygd dimethyl acetylenedicarboxylate
(DMAD) as dipolarophile, aimn situ ring-opening of the pyrroloquinazoline was obserweth the
formation of the correspondinty-arylpyrrole, but no further studies were performiad this
direction?
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Recently, during the investigation on the cycloéiddi reaction between monosubstituted
guinazolinium ylides and symmetrical or unsymmetriacetylenic dipolarophiles with the aim of
obtaining pyrrolo[1,2a]quinazolines?® the formation of substitutedN-arylpyrroles®** was
observed. The dihydropyrrolo[1&quinazoline8 was obtained however by using triethylamine as
base in ethanol as solvent, and was characterige®iMR (Scheme 3). The pyrrolo[14)}-
quinazoline derivative® were observed in mixtures with the pyrroles ontythe case when
dimethyl acetylenedicarboxylate was used as dipplate (R = E = COOMe) and were isolated in
two cases with moderate yieltfs.

o) o 0
Me
©jlkN/Me N/ _Me R———E @
P 2 |
— _
W B A )ﬁ
| +1
CH,COAr ~ CHCOAr ArCO

8. R=E=COOMe

'
_Me
NHMe N
Arco R ArCO R

9: Ar = C4H; or 4-MeOGH,
R=E=COOMe

Scheme 3
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2.1.2 From substituted quinazolines.The pyrrolo[1,2alquinazoline skeleton was successfully
constructed starting from the corresponding 2-sugbtd quinazolines, by intramolecular
cyclization®*?°

By intramolecular cyclisation of the 1,2-dihydronazolinepropionitrile 3-oxides in alkaline
media (Scheme 4) the corresponding 1-iminotetradprolo[1,2a]quinazoline-4-oxided0 were
obtained"*

Ar

NN _ NaOHorkOH
R
Nﬁ ;5

NC

T

10
Scheme 4

Another approach to the pyrrolo[la®guinazoline skeleton is by the interlinking of
substituents in the positions 1 and 2 of a dististl quinazolin-4-one in a Dieckmann type
reaction such as is depicted in Scheme 5. Thegguolo[1,2-a]quinazolinesl1-14 were obtained
from suitable substituted starting materidls.

o (0]
CH,0Na N A NH
- | —_—
N 0 N"—on
11
Co,cH, CO,CH,
(0] (0]
A
JN\ | NH
NT R N Ny—co,c,H,
Rl
12 (o)
R! | R?
(CH,),CO,CH, | COCH,
CH,COCH, CH,CO,C,Hg C,H,ONa 1. OH
(CH,),Cl | CH(CH)CO,CH, 2 H
@ b
CO,C,Hy
Scheme 5
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The regioselective intramolecular alkylation of responding 2-substituted quinazolin-4-ones
gave the 2,5-dioxo-1,2,4,5-tetrahydropyrrolo[&]guinazolines15a,b according to Scheme 8.
The pyrroloquinazoliné5awas alkylated at N4 to the 4-ethyl derivatiM@a by ethyl iodide.

EtI/K co3/D|\/|so
N\ﬁ/ NN

CN CI

16a R=H
15%a R=H

15b: R=Me
Scheme 6

Starting from 2-phenacylidene-1,2-dihydrbl-8,1-benzoxazin-4-one, in a two-step synthesis
the pyrrolo[1,2a]quinazoloned 7 were obtained in yields of over 90% (Schem&°7).

o}
Ar _Ar
ArNH, N~ (cocl, N
)j\ Q/coph
o o}
17

Scheme 7

More recently the synthesis of pyrrolo[IaRyuinazolinonesl9 was achieved starting from 3-
amino-2-methylquinazolinonel®) by cyclisation with cinnamonitrile derivatives iethanol at
reflux, in the presence of a catalytic amount qfepidine (Scheme &Y. The compound.8 was
obtained from anthranilic acid.

O
NNH R N
N/)\ C o+ = } N

reflux
Me X —

18

Scheme 8

2.2 Syntheses starting fronN-arylpyrroles
The interest in syntheses of heterocycles staffiogn substitutedN-arylpyrroles has been also
directed on the obtaining of pyrrolo[1le8quinazolines®=°

Noticing the availability of the 2-aminobenzopheasrin the synthesis of certain heterocycles,
Garciaet al.** extended these studies to pyrrole and pyrroloefigerivatives. Thus, starting from
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the oxime of the 2-(1-pyrrolyl)benzophend@the fully aromatic pyrrolo[1,2jquinazolines21
and22 were obtained in moderate yields by reducing theesponding pyrrolo[1,2]quinazoline
N-oxides obtained in the first reaction step (Schéine

Ph Ph

cl N0 cl N
Br,/AcOH (H]
Ph OH N NT N

— 21 =

Ph Ph

A\ y cl
Q cHOlAcoH S° 0w SN
H,C

H.C
22

3

Scheme 9

Using a similar strategy, Ishikavehal. succeeded in cyclizing the oxim23 over a catalyst of
NaOH and Raney nickel as shown in Scheme 10, &irob4.>>?°

Ph OH

} Ph
—N
o NaOH-Raney Ni NN
EtOH
N N
24

23
Scheme 10

There is also a report that on flash vacuum pyrel{SVP) of the pyrrole oxim@5 the parent
pyrrolo[1,2-a]quinazoline 26) is obtained (Scheme 11) as the major productrmxiure with the
pyrrole 272" The author also presents a study on the reactemhamism leading to the pyrrolo[1,2-
alquinazoline and extends his work on the reactigftyhis parent heterocycle.

\N/OMe XN CN
S g
— —— NN

25 26 27
Scheme 11

Mohrle et al.?®2° cyclized different hydrogenated pyrroles to forgarplo[1,2-a]quinazolines.

From 28 by cyclization in presence of Hg(Il)-EDTA as oxioig agentthey obtainedthe
corresponding pyrrolo[1,3}quinazolines29and30 (Scheme 12).
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R = CONH, or CH,NH,

Scheme 12

Recent studies on the formation of pyrrolo[a]guinazolines starting from conveniently
substitutedN-arylpyrrole intermediate81 and32 were reported (Scheme 13). The pyrrolo[4]2-
guinazolines33 were obtained (Scheme 13) by two similar synthesithways by two independent
research group®:®

(0]
Rl
EtOH/HCI
NH
R NH or R
= EtONa/EtOH/reflux
N NT N\, —R?
— —
R4 R R4 33 R3

31: R=Re=Re=R‘=H; R'=COOGH,
32 Re=R¢=CN; FB=H,N; RI=CN

Scheme 13

Pyrrolo[1,2a]quinazolin-5-imines and pyrrolo[1,dlquinazolin-5-ones of type34 were
obtained by Abdelrazelet al. via intramolecular cyclisation of the correspondihgaryl-

pyrroles®?33

Other reactions involving pyrrole intermediates eveeported by Schaefer starting fravna
aryl-4-amino-5-cyano-2,3-dihydroHtpyrrol-2-ones™*

2.3 Synthesis by the tert-amino effect

By the cyclisation of thertho substituted anilines of ty&5, also known as tert-amino effect, the
compounds36 were obtained in medium yield3Recently, using the tert-amino effect Akyiaeta
al.*® have isolated the pyrrolo[1&quinazoline36 having as substituents R = H* R H and Ar =
CsHs (Scheme 14).
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Scheme 14

2.4 Syntheses by double cyclisation reactions
Various substituted quinazolines were obtainedva $tep reactions involving in the first step the
formation of the bicyclic quinazoline or Id-arylpyrrole system followed in the second step by
intramolecular cyclisation to the desired tricygigrrolo[1,2-a]lquinazoline system.
2.4.1. Double cyclisation starting from anthranilicacid and its derivatives.The anthranilic acid
route is one of the most facile synthetic route guinazolines’ Pyrrolo[1,2a]quinazolines
derivatives were obtaindt® starting from suitable anthranilic acid derivasiviey reaction with
aliphatic acids, esters or acid halides contaikietg groups, followed by intramolecular cyclisation
of the corresponding intermediates.

Recent reportd™ state that starting with substituted anthranilidaor its derivatives the
pyrrolo[1,2a]quinazolines 37 are obtained by cyclisation with substituted 3-dxbalo-
butanenitriles. (Scheme 15) Most probably the readoesvia aN-arylpyrrole intermediate.

o]
Ar R3
:{:CN (EYHO,C 3 NH
o + -
X H,N R? R? N&Ar
1 Rt
R o]
37

Scheme 15

Starting from anthranilic hydrazides, Zicagteal.”> "2 obtained the pyrrrolo[1,alquinazolines
38 when the cyclisation was made with 2-oxoglutarid-@xopentanoic acid (Scheme 16).

(o]
¢} HOO! o H
H C\/\f N. _R
_N R -
oty T e

o N
(0]

38

Scheme 16
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Starting from the anthranilic acid amidé&the pyrrolo[1,2a]quinazolinoneglO were obtained
by a gold-catalyzed cascade reaction with suitalidgnoic acids (Scheme 17}/> There were also
obtained more complex structures containing theofyfl,2-aJquinazoline framework® Earlier
studies by Patilet al.”® showed that from alkynes tethered with hydroxybugps, by double
hydroamination with various substituted 2-aminolznies in presence of PiClcompounds
similar to40 were obtained.

/R2

1% o
N R [Au]
R1 H + é OH N
NH, R®

39
Scheme 17

Many syntheses are also known starting from sulbett 2-aminobenzamides with different
acyclic compound$’®' Cyclisations of 2-aminobenzamides with 2,4-dioXexate derivatives
were also investigatéd’® or, as reported by Sué al.,”® by employingy-butyrolactone or succinic
anhydride as in the case of compouaAti&nd42 (Scheme 18).

cﬁ* - Qfé

Scheme 18

More recently, also starting from 2-aminobenzamidanget al.?’®! synthesized carboxylic
acids @4), derivatives of pyrrolo[1,2]quinazoline, using 2-oxopentanedioic acid as sgtion
reagent. The main feature of the reaction is the afsionic liquids (IL) as reaction medium
(Scheme 19).
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o) o N R?
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R H + COOH ———™ N
NH, OH
43

44 O
Scheme 19

An interesting application of rhodium catalyzed fofdrmylation of compounds of typé5,
obtained starting from anthranilamides, was repiobg Campiet al.>*® The reaction led to the
reduced pyrrolo[1,&]jquinazolines6 (Scheme 20).

Br o

CONH, CONH,
H.,/CO
S S S
Rh
45 46

Scheme 20
On reaction with anthranilonitrile or methyl anthilate the enaminoned7 afforded the

pyrrolo[1,2-a]quinazolines48 and 49%* A similar approach was described earlier by Dave an
Upadhyaya (Scheme 2%).

NH (e}
/CH3 COM
e
Sehatisoglio 6
N& o7 | - N&“

COAr

COAr o
48 47 49
Scheme 21

Compoundss0 were obtained by a cyclization reaction startirgrf anthranilic acid and 2-
ethoxypyrroline in ethanol by heating at reflux {8me 22§°

(@]
CH N
COOH 6’5 ethanol, reflux !
- = N
* 7 OCH
NH N
2 2Mg 50 CH

Scheme 22
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2.4.2 Other double cyclisation reactionsDouble cyclisation reactions leading to the pyofb)2-
alquinazoline skeleton are known, starting with #@ely work of Junejat al.” who at that time
were looking for the structure of vasicine, whichfact has a linear pyrroloquinazoline skeleton.
Thus, starting from the succinic acid ami8ig the pyrrolo[1,2a]quinazoline 52 was obtained
(Scheme 23) on heating in acetic acid. Furtheristuly Spathet al. established the correct

structure®
NH, o) N
)k/\ CH,COOH |
—_—
H COOH heating N
52 o

51

Scheme 23

Since these early synthedé&® other synthetic strategies were repofted, until the first
review’ on the pyrrolo[1,2]quinazolines appeared in 1986. Of importance \aasviork of Bell
and We?*** who studied the synthesis of pyrrolo[BRuinazoliness4 by reaction of compounds
53 with nitrile derivatives bearing acid methylen®tons in DMF as reaction medium and in the
presence of sodium hydride (Scheme %4).

Ph
Cl COPh CCHCN cl SN
o OCOMe Hy
W N COMe —
2 HO  NHcowme
53 R=COOEt, PO(OEY) 54

Scheme 24

Henning and Hab&t reported that at room temperature in acetic antgdrianthranilic
derivatives55 eliminate water yielding 2-benzoylmethylene-quimlamnes56, which at 60 °C
cyclize to pyrrolo[1,2a]quinazolin-5-one$7 (Scheme 25). The compounsiswere obtained from
anthranilic acid derivatives and isoxazolium salts.
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55 Rz 56

Rl
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Scheme 25

By condensating 3-(4-chlorobenzoyl)propionic abil with the amine59 the hydrogenated
pyrrolo[1,2-a]quinazoline60 was obtained (Scheme 28)° Studies were made in order to obtain
specific stereoisomers @0 starting from specific stereoisomers of the ant® Some studies
regarding the fragmentation of such compounds bssmspectrometry should be mentiofigd.

Ar = 4-CIGH,
58 59 60

Scheme 26

In a one step reaction starting from substituteah®robenzophenones and 2-haloalkylidene
propanedinitriles Dave and Shah obtained (Schemé@pyrrolo[1,2a]quinazoliness1.%’

Ph
>N
—_—
N™ \,—CN
Ri= H; R = Ar Rl R2

R! = R2= cyclohexyl 61

Scheme 27
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Fulop et al.®® synthesized the stereoisomeric pyrrolo[d]@uinazolines62 starting from
racemic diexo-3-aminonorbornane-2-carboxylic acid, condensingvith levulinic or (4-methyl-
benzoyl)propionic acid (Scheme 28) in the preseaifgetoluenesulfonic acid (PTSA).

NH

2 0o Q
o COOR Cene NH NH
+ o —— R + R
NH, N N
R 5 o
62

R=Me, 4-MeGH,

Scheme 28

The compounds63 were prepared in 70-100 gram scale by reaction2-@minoN-
alkyl(aryl)benzamides with 2-oxoglutaric acftl.

O

By reductive cyclization of 2-nitrobenzamides whhloketones or keto acids mediated by
SnCh- 2H,0'° or TiCly/Zn*** systems Shét al. obtained compounds of tyg and 65 in good
yields according to Scheme 29. The authors citeesceports also presented hef&ft’* by
highlighting the disadvantages of these synthétategies compared to the one they proposed.

5
RS

o O

(0] 0] \E\ (0]

R? R4 R? RL R4
- 4
N - - H/ R o oH N/
- —_— RS
aorb
R? N\§ aorb R? NO, - N
R3 R3
64 ¢}

65 R

a: an,EtOH, reflux
b: TiCl,/Zn, THF, reflux

Scheme 29
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By the same strategy of metal reduction-condensatiyclization strategy Bunce and
Nammalwar obtained similar compounds using Fe asalmeatalyst and starting from the
unsubstituted 2-nitrobenzamide in reaction witledinketo bearing compountf3.

Recently a synthedi¥ starting from different substituted anilic estéfswas reported to yield
pyrrolo[1,2-a]quinazoliness7a,h The reaction goes through an isolable cyclic enid

NHBoc
N
Et,N, DCM, r.t. NHBoOC 1FA, DCM, r1t. |
R —— B —
N

o O e) N (0] / R2

N OMe g
H = o
Me R

66 67a R= H, RZ =Me
67b: Rl= Me, R =H

Scheme 30

3. Biological Properties of the Pyrrolo[1,2a]quinazolines

The biological properties of the pyrrolo[1ladjuinazoline system have not been much investigated
perhaps because of the scarcity of preparativeesoat such compounds. However, there are some
reports and patents claiming potentially bioactpgrolo[1,2-a]quinazolines and these will be
presented briefly in this chapter.

3.1 Antibiotic activity

Compound$4 (Scheme 24) are reported as antibiotidsut the author did not mention the specific
antibiotic activity.

3.2 Analgesic, anti-inflammatory and antipyretic ativity

Compounds of structuré8 are known to possess analgesic, anti-inflammasorg antipyretic
properties. The patent contains also the pharmiae¢dbrmulation of the active ingredients as
capsules or tablefs.

R N R =H, X, NH,, NO,
N~ R2=H, X, NH,, NO,
RS R3-R*= H, alkyl

N R RS = alkyl
R X =0, (CH).(m=0,1,2)
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Compounds of typ&9 are reported as anti-edema agents. The testscasied out on mice
which are subjected to strong inflammatory respondaced by carrageenin with 25-100 mg doses
of compounds of typ89.>°

O
N—R _ . :
R R = H, Et, Bu, diethylamino-alkyl
R!=Br, I, F, Me, Et, MeO, EtO, etc
N X=0, NH
X
69

3.3 Cardiovascular potential activity
Compounds of typ24 (Scheme 10) present antihypotensive activity &g possess potential as
cardiovascular therapeutits?®

Compounds of quinazoline class are hypotensive amodchodilatator®* %> Formula 70

presents some compounds with antiarrhythmic pragsebieing therapeutics in treatment of atrial or
ventricular arrhythmias.

R N R = H, X, NH,, alkyl, etc.
N\§X R! = Phenyl, Thienyl, Naphthyl

The pyrrolo[1,2a]quinazolines71 are claimed to possess hypotensive activity byletimng
the blood pressuf®. The authors propose also pharmaceutical formuistfor the compounds.
Compounds similar t@1 substituted at N4 or possessing a carbonyl atdaelalso claimed to
possess antihypertensive properffeshe inventors also present possible formulatienghblets for
orally administration. The mechanism of action & olearly defined; thus the compounds could
have CNS depressant action also.

NH

71
R =H, F, Cl, alkyl, alkoxy, aryloxy, Nk etc
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3.4 Bioactive compounds acting on the respiratoryystem

Compounds with general formula@2 were tested on guinea pigs and found to possess
bronchodilatator properti¢$® The patent includes a pharmacological formulatioml possible
administration methods. These compounds are clatmdze suited to the treatment of bronchial
asthma.

o]
_R! A =CH,or CO
R N R=H,Cl
R2 Rl=H or Ph
l\\l R2 = alkyl (methyl, ethyl, propyl, isopropyl,
A amyl, hexyl) or substituted benzene
72

There are also other repdffs™® of pyrrolo[1,2a]quinazoline derivatives having broncho-
dilatator properties.

3.5 Central nervous system activity

Compounds with general formukB were tested as CNS depressants. The tests onsimeed
decreased motor-activity, respiration and sedattesic effects’ The compound31 with similar
structure were also claimed to possess CNS depteastivity*° The same authors present some
pyrrolo[1,2-a]quinazolines with potential tranquilizant activitybut the patent lacks details on how
this activity was tested and measured.

73 5
R = H, alkyl, alkoxy, SGNH,

Compounds of formulal0 are reported only as intermediates in obtainingnogycle
compounds as CNS depressditdhe authors don’t seem to provide biological data the
compoundd 0included in the patent.

The pyrrolo[1,2a]quinazoline74 was tested together with other quinazoline strmectelated
compounds as sedatives, having potentiating badbéyroperties and are thus claimed to be useful
as adjuvants in the treatment of convulsions, imsanor mental disorders. This work is a
continuation of a previous report by the same astfioThe patent could refer to other analogs of
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the general formul@5. Pyrrolo[1,2a]quinazolines with anticonvulsant properties asoakported
in a German pateft.

O 0
N/N(CH3)2 X N/NZB
CH
N 3 )\AI
N
Y [
74 75 R
O

R and A= (CH,),
X, Y=alkyl, alkoxy, X, NQ, CF,, etc.
B = pair of two alkyl groups

Compoundss4 (Scheme 23) are also claimed to possess CNS dapteactivity, mydriasis
being one of the effects.

3.6 Anticancer activity
Compounds of formul&6 are claimed as PARP (poly ADP ribose polymerashijpitors®’ and

thus to have potential as anticancer therapeutics.

O
NH
R~©ill\ R = X, CN, NO, OH, RO, alkyl;

NN R2 R?, R =H, X, alkyl;

. R3, R*=H, D, C=0, alkyl;
R _RS R5 and R i.e cycloalkyl, piperazine, etc
N
R? \
Rt RS

76

3.7 Bioactive isoindolo[2,1a]quinazolines
The isoindolo[2,1a]quinazolines are tetracyclic compounds which psssea pyrrolo-
[1,2-a]quinazoline substructure. The structure of suahpounds corresponds to the formula

Y
NTN

—

77
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Isoindolo[2,1a]quinazolines were synthesizZ88'®*'° and studied for a broad range of
medicinal applications including TNé&inhibitors*° antibacterial and antifungal activitjor CNS
depressant®®

4. Conclusions

Pyrrolo[1,24]quinazolines are tricyclic compounds with greattgmtial and combine the
guinazoline substructure, a privileged structurethia medicinal chemistry, with a pyrrole. The
synthetic methods are rather scarce but the pasydars have brought efficient new synthetic
strategies which could lead to an increased inténgsyrrolo[1,2a]quinazolines in the near future,
mainly for their potential applications in medidichiemistry.
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