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Fused pyrimidines can be easily synthesized from the corresponding ortho-aminobenzyl-
amine derivatives or their heteroanalogues. ortho-Nitrobenzaldehydes, ortho-amino-
benzaldehydes, anthranilic acid derivatives, ortho-isocyanatobenzoates, ortho-amino-
benzonitriles, ortho-isocyanatobenzonitriles, N-substituted anilines, ortho-halobenzo-
ates, benzenediazonium salts, (2-nitroaryl)methylisocyanides, and derivatives of the all
above compounds were also used for this purpose. Often the limiting factor for the above
syntheses is the difficulty encountered in obtaining the key intermediates or their precur-
sors. Recently, this problem was successfully solved in several ways by the use of Vicari-
ous Nucleophilic Substitution of Hydrogen (VNS). As a result, many quinazolines and
new bicyclic and tricyclic heteroaromatic compounds and their mono-N-oxides were ob-
tained, when starting from aromatic nitro compounds. These approaches were also suc-
cessfully applied to the synthesis of purines with the use of 4-nitroimidazole derivatives.

Key words: fused pyrimidines: purines, quinazolines, perimidines, pteridines;
N-oxides; Vicarious Nucleophilic Substitution

1. Introduction

Fused pyrimidine chemistry began in 1776, when Scheele isolated uric acid (1)
(K.W. Scheele, Opuscula, 2, 73 (1776)). However, more systematic investigations
were undertaken around 100 years later, when the works of well-known chemists
such as Bischler, Riedel, Niementowski, Gabriel, and Bogert established significant
progress in this field [1]. Particularly, numerous papers on chemistry of pyrimidines
(2) and purines (3) have been published since the discovery of the presence of some
purine bases in double-stranded nucleic acids.
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Since the early years of this century several studies on the synthesis and struc-
ture-activity relationships of pyrimidine derivatives have been reported [1–8].
Among them, chemical and biological aspects of purines were successfully devel-
oped. The most important preparation methods of these compounds, by the pyrimi-
dine ring construction, include their synthesis from ortho-nitrobenzaldehydes,
ortho-aminobenzaldehydes, ortho-aminobenzylamine derivatives, anthranilic acid
derivatives, ortho-isocyanatobenzoates, ortho-aminobenzonitriles, and N-substi-
tuted anilines. However, because of the incessant interest in this field, new efficient
syntheses of these compounds are still sought. Thus, the investigations described in
the second part of this review (Chapter 4) [9–15] were also undertaken.

This problem can be successfully solved in several ways by the use of Vicarious
Nucleophilic Substitution of Hydrogen (VNS, Scheme 1) [16,17]. The efforts de-
scribed in that chapter via the VNS were oriented towards the synthesis of fused py-
rimidines, particularly en route to the synthesis of purines.

2. Fused pyrimidines – a short review on synthesis and biological activity

The pyrimidine nucleus is embedded in a large number of alkaloids, drugs, antibi-
otics, agrochemicals, and antimicrobial agents [5]. Many simple fused pyrimidines
such as purines (3) and pteridines (4) are biologically active by themselves [2,3], or
are essential components of very important naturally occurring substances (i.e., nu-
cleic acids). Some pteridine derivatives are also used as anti-leukemic drugs [18,19],
or potassium-conserving diuretics [18,20]. In addition, several quinazoline alkaloids
exhibit hypnotic [7,21,22], bronchodilatory [21,23], and antimalarial [8,21,24] activ-
ity. Some fused thieno[3,2-d]pyrimidines serve as anti-allergy drugs, some act as fun-
gicides.

A very important biologically active pteridine system (fused pyrazino[2,3-d]py-
rimidine) is present in folic acid (12), as well as in several antibiotics and diuretics
[7]. Pteridine was also found in riboflavin (6,7-dimethyl-9-(D-1-ribityl)iso-
alloxazine, vitamin B2; 13) [7], a growth-regulator for microbes and animals. Exam-
ples of some biologically active pyrimidine derivatives are listed in Figure 2.

1662 S. Ostrowski

NO
2

z

CHRY

NO
2

X

R

Y NO
2

H

z

X

R

Y

z

5 8

+ C

6

C

1. B- (- HX)

2. H+

7

+
isomer
para-

cyclizible
intermediates

Vicarious Nucleophilic Substitution of Hydrogen

X = leaving group

Scheme 1



Of particular importance is the bioorganic chemistry of fused pyrimidine deriva-
tives, hence substantial attention should be paid to their synthetic methods. From the
historical point of view, three general methods are well known in the literature –
Bischler’s, Riedel’s, and Niementowski’s [1–4].

2.1. Synthesis from the ortho-aminobenzaldehyde and from the ortho-nitro-

benzaldehyde derivatives. The Bischler’s synthesis. In this method, 2-methyl-
quinazoline (15) was prepared by heating ortho-acetamidobenzaldehyde (14) with
alcoholic ammonia in a sealed tube at 100�C. According to Katritzky classification
[8], this is an N3 insertion type synthesis.

This reaction (first described by Bischler) is of general character and gives high
yields. It has been widely used for obtaining 2-, 4- and 2,4-substituted quinazoline,
and also for derivatives substituted in the benzene ring [1,26]. The use of related ke-
tones as substrates in the reaction with ammonia [27] or with hydrazine [28] also
leads to the desired products in high yield. Reactions of aminoketones (16), with
orthoesters and ammonia, are transformations of a similar type, and undergo step-
by-step process to form quinazolines. The C2 and N3 components were herein added
separately. First, a reaction with orthoesters (in MeOH, r.t., 15 h) gave imidates. The
subsequent reaction, with NH3, led to the quinazoline type product (17) [29].
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On the other hand, ortho-aminoacetophenone derivatives could also react in one
step to give cyclic products. These ketones and amide synthons (e.g .
HCONH2/BF3xEt2O, 130�C) via C2-N3 insertion lead to quinazoline, substituted
with methyl (alkyl) group in position 4- [30].

A convenient and satisfactory method for the synthesis of 2-amino substituted
quinazolines (19) (Scheme 4) is the reaction of ortho-aminobenzaldehydes (or corre-
sponding ketones; while reacting at higher temperature, >150�C) with guanidine car-
bonate or with cyanamide (C2-N3 insertion) [31].

The Riedel’s synthesis. The reductive cyclization of bisformamido derivatives of
ortho-nitrobenzaldehydes (20) leading to quinazoline ring system (21) is known as
Riedel’s synthesis [1] (N1-C2 cyclization). For years, a drawback to this preparation
was the availability of the respective ortho-nitrobenzaldehydes.

2.2. Synthesis from the anthranilic acid derivatives. The Niementowski’s syn-

thesis. In 1895, Niementowski described the synthesis of quinazolin-4(3H)-one (26)
by fusion of anthranilic acid (22) with formamide (S. Niementowski, J. Prakt. Chem.,
51 (2), 564 (1895)). High yields of the desired products were obtained from the
anthranilic acid derivatives [33], as well from their esters [33,34]. In this condensa-
tion, starting materials such as acetamide, propionamide and isobutyramide can be
also used to give the corresponding substituted products. However, those reactions
required heating for long time at higher temperature [35]. The mechanism of this re-
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action was proposed by Mayer & Wagner [36] five decades later. In light of these in-
vestigations, it should be classified as a C2-N3 cyclization.

A particular case of this method is the condensation of anthranilic acid with urea,
leading to quinazoline-2,4(1H,3H)-dione (28). This was described by Griess about
thirty years before Niementowski’s synthesis [1,8].

An extension of the above approaches is the synthesis from ortho-acylamino-
benzamide oximes. These substrates (e.g. 29/29�) gave 4-(hydroxyamino)-2-phenyl-
quinazoline (30, 67%; in boiling dilute aqueous-ethanolic alkali), whereas the same
substrate in boiling aqueous-alcoholic hydrochloric acid gave 4-amino-2-phenyl-
quinazoline 3-oxide (31, 75% yield) [37,38] (Scheme 8).

Amides of anthranilic acid (32) also react with a variety of other synthons to give
the corresponding quinazolinones. In the reaction with carboxylic acids and their es-
ters (C2 insertion), they resulted in the formation of 2-substituted quinazolin-
4(3H)-ones in high yield (34; e.g. R2 = CO2Et, EtONa/EtOH, r.t., 95%) [39].
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The synthesis employing orthoesters [6,40], aldehydes [41,42], ketones [43],
carboxylic acid halides and anhydrides [6], carboxamides [6,44] was also described
in numerous papers. Other synthons, like carbon dioxide, carbon disulfide, phosgene,
thiophosgene, alkyl chloroformate, dialkyl carbonates, urea, chloroformamidine,
and cyanogen bromide in the reaction with anthranilamides were succesfully applied,
as well [45].

Amides of anthranilic acid (upon conversion into ortho-[(arylmethylidene)a-
mino]benzamides, e.g. 35) results (with refluxing in alkali) in the formation of
2-aryl-2,3-dihydroquinazolin-4(1H)-one 36 (55%) [46].

Anthranilic acid, its esters, and amides can also be easily converted into deriva-
tives of ortho-ureidobenzoic acid in the reaction with potassium cyanate. The
intermediates obtained, e.g. 38, are readily cyclized (N3-C4 cyclization) to quina-
zoline-2,4(1H,3H)-diones (39). Important application of this procedure include syn-
theses of quinazoline antihypertensive agents. For two of them (Prazosin and
Trimazosin), the procedure was commercially developed on a kilogram-scale
[25,47].

Anthranilic acid esters react also at elevated temperature with a variety of other
reagents (ammonium thiocyanate, alkyl- and aryl- isothiocyanates, imidates) to give
the same or similar quinazoline derivatives [8].

As previously mentioned, a general method for the preparation of quinazolines,
substituted in the heterocyclic ring by aryl or alkyl groups (41, Scheme 12), is the re-
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action of ortho-acylaminobenzaldehyde (40; R2 = H; Bischler’s synthesis), or the re-
spective ketone (R2 = alkyl, aryl), with ammonia or its salts (N3 insertion). On the
other hand, N3-alkyl substituted quinazolin-4(3H)-ones (42) have been obtained in
the reaction between acylaminobenzoic acid derivatives 40 (R2 = OH, OR) and pri-
mary amines with phosphorus trichloride as the condensing agent [8]. 3-Amino-
quinazolin-4(3H)-ones (42, R3 = NH2) are easily formed in high yields by N3 inser-

tion when methyl or ethyl esters of the corresponding benzoic acid derivative (40, R2

= OR) are heated with hydrazine in an alcohol [8].
In these widely used syntheses, either a primary amine or ammonia has been usu-

ally employed as the synthon in numerous reactions to supply the N3 component
[6,48,49]. Heating the starting material with anhydrous formic acid, ethyl ortho-
formate, or acetic anhydride effects the necessary acylation of the amino group in the
above cases.

Synthesis of fused N3-aminated pyrimidines by C2-N3 insertion was realized in
one step by heating of anthranilic acid esters (43) and semicarbazides to yield the cor-
responding quinazoline-2,4(1H,3H)-diones (44). The same effect can be achieved by
thermal C2-N3 cyclization of ortho-(alkoxycarbonylamino)benzoylhydrazides (45) [8].

Fused pyrimidine-2,4(1H,3H)-diones can also be generated by the reaction of
ortho-amino aromatic carboxylic acid esters and isocyanates [50,51]. In a solid phase
version of this synthesis the above dione of type 49 was obtained, via the urea deriva-
tive intermediate 48, in the reaction of the ester 46 with amino-acid derived iso-
cyanates (47), while immobilized on resin [52].
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Anthranilic acid esters can also react with nitriles to give quinazolin-4(3H)-ones
(26) [6,53] (Scheme 14).

In a similar reaction to that presented in Scheme 13, involving the thiourea inter-
mediate 52, the 2-thio-2,3-dihydroquinazolin-4(1H)-one can be obtained. Thus,
2-isothiocyanatopyridine-3-carboxylic acid ethyl ester (51) reacts with aminoalko-
hols to give the thiourea derivative, the treatment of which with sodium hydroxide so-
lution led to the corresponding fused pyrimidine derivative 53 [54].

In this group of substrates, synthesis from the ortho-ureidobenzoyl chlorides
should be mentioned. Conversion of the acid chloride of type 54 gives 3-substituted
quinazoline-2,4(1H,3H)-dione (55) [55].

Aromatic isocyanate intermediates (57), generated in situ by Hofmann type deg-
radation of aromatic amides (e.g. 56), can be trapped by the neighbouring nitrogen
atom of CONH2, CSNH2 or CH2NH2 to give fused pyrimidine moieties, e.g. dione 28
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(C2-N3 cyclization) [8] (Scheme 17). ortho-Isocyanatobenzoates, while reacting
with amines (via N3 insertion) can give the same type of dione as a final product [56].

2.3. Synthesis from the ortho-aminobenzylamine derivatives. One of the best
general synthetic methods for fused pyrimidines is synthesis based on the corre-
sponding ortho-(aminomethyl)arylamines (58) [57,58]. These diamines upon con-
densation with carbonyl compounds or their derivatives, i.e., orthoesters, gave
2-substituted fused pyrimidines 59 (Scheme 18) [1,59].

Heating of these compounds (58) with oxalic acid esters [60] led to the corre-
sponding alkyl 3,4-dihydroquinazoline-2-carboxylate derivative, while heating with
phosgene [1,6] led to 3,4-dihydroquinazolin-2(1H)-one. However, this synthesis also
was limited by the availability of the respective starting materials [61], or their pre-
cursors [62].

Naphthalene-1,8-diamines can be regarded as diamines of this type, and, as such,
they react by inserting a one-carbon atom C2 unit with carboxylic acids (or their
equivalents), to give tricyclic fused pyrimidines (perimidines, in this case). Thus,
naphthalene-1,8-diamine or its N-substituted derivatives react under heating by
refluxing with formic acid to form the corresponding perimidine. Other substituted
naphthalene diamines (60) and the use of various reagents, afforded perimidines 62,
substituted in all rings [8] (Scheme 19).

2.4. Synthesis from the ortho-aminobenzonitriles and their derivatives.
ortho-Amino aromatic nitriles (63) are very useful and versatile substrates. They can
act as precursors for the above diamino compounds (58), or they can be used, via

methyleneamino intermediate of type 64, in two alternative ways. Thus, the latter re-
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acts readily with nitrogen nucleophiles (ammonia or amino-type reagents) via N3 in-

sertion to give 4-imino/amino quinazoline derivatives (65/66) [63–65]. On the other
hand, selective addition of Grignard reagents (phenyl- and methylmagnesium bro-
mide) to the cyano group of ortho-(methyleneamino)benzonitriles (64) leads to ad-
ducts 67, cyclization of which (C2-N3) resulted in the formation of 2,4-disubstituted
1,2-dihydroquinazolines (68). Their oxidation by DDQ or O2 gave the alkyl substi-
tuted, fully conjugated fused pyrimidines [66–68].

Cyclizations with the use of acyl derivatives 70 of the above nitriles (63), on treat-
ment with ammonia, or amine type reagents, in acidic conditions, gave also 4-quina-
zolinamine derivatives (71) [69,70].

In the reactions of the above ortho-aminobenzonitriles (63) with phosgeni-
minium chlorides, 2-alkylamino-4-chloroquinazoline (73) was obtained selectively
by C2 insertion, followed by C2-N3 cyclization [71]. The product carries an amino
group in the less electrophilic quinazoline 2-position, and a chlorine in the more
electrophilic position 4-. Preparation of these particularly substituted quinazolines is
usually a difficult task, and involves a multi-step synthesis.

Synthesis from the ortho-ureidobenzonitriles should also be mentioned in this
group of substrates. The cyclization of ureidobenzonitriles (74) proceeds by addition
of the terminal NHR group to the triple bond of the cyano group, thus initially produc-
ing a 3-substituted 4-imino-3,4-dihydroquinazolin-2(1H)-one (75). This may tauto-
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merize to the 3-substituted 4-aminoquinazolin-2(3H)-one derivative (76), or, under
reaction conditions, hydrolyze to a quinazoline-2,4(1H,3H)-dione 77 [72,73]. For R
= alkyl, etc. it can also undergo Dimroth rearrangement to 4-(substituted-amino)-
quinazolin-2(1H)-one (78) [74] (Scheme 23). The thioureido derivatives also cycli-
ze, involving a cyano group in the ortho- position, to 4-aminoquinazoline-2(1H)-
thiones [8].

The same type of cyclocondensation occurs in the reaction with ammonia or
amine of ortho-isocyanatobenzonitriles [6,75]; however, these substrates have not
been widely used for this purpose.

Another example of the use of aromatic ortho-amino- aromatic-carbonitriles is
their reactions with amidines [76], leading to fused amino-pyrimidines (e.g. 80). The
reactions of amidines with some five-membered heterocycles, e.g. the 2-amino-
4,5-dialkyl-3-furonitrile (79; X = O), via unexpected ring transformation, gave rise to
7H-pyrrolo[2,3-d]pyrimidine-2,4-diamine (80, X = NH, R3 = NH2) [77].
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2.5. Electrocyclic reactions. Synthesis from aniline derivatives. A large num-
ber of the elegant synthetic methods of fused pyrimidines can be characterized as ap-
proaches involving electrocyclic reactions. The necessary substrates in these
methods are usually prepared from the aniline derivatives by simple transformations
of NH2 group. For example, quinazolin-4(3H)-one (83) was obtained from the anilide
and urethane in the presence of phosphorus pentoxide on heating in xylene. The last
step of this transformation is the thermal cyclization (C4-C4a) of the reactive inter-
mediate, ethoxycarbonyl amidine 82. The same C4-C4a thermal cyclization was
achieved with N-ethoxycarbonyl-N�-aryl phenylformamidine (84) (R2 = Ph) [8,78].

Electrocyclic ring closure also allows the isocyano group in the �-position of the
side chain of aromatic ring to give the fused heteroaromatic moiety. By this method,
the preparation of the 2-trifluoromethyl-quinazolin-4(3H)-one derivative (86) was
demonstrated [79] (Scheme 26). Isothiocyanato analogues allow the synthesis of
quinazoline-4(3H)-thiones (m-xylene, reflux, 40%) [80,81].

In the same type of six-electron electrocyclic ring closure, 1-aryl-1,3-diazadienes
(87) (prepared from N-imidoyliminotriphenyl phosphorane and the corresponding al-
dehyde) can enter this cyclization in boiling xylene [82,83], to give 3,4-dihydro-
quinazolines 88, which, under reaction conditions, may aromatize spontaneously to
quinazolines 89. This was realized for R = alkyl, aryl, as well as for R = NMe2 [84].
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All the above cyclizations are thermal electrocyclizations in which (C4-C4a)-
bond formation occurred. Cyclizations can also be applied in the synthesis of fused
pyrimidines via N-acyl (90) [85], nitrile (91) [86], methylene (92) [87], and methyl
groups (93) [88] (e.g. compounds below, 90–93; Figure 3).

2.6. Other methods. It is worth mentioning the construction of fused pyrimidine
ring by means of the N1-C2-N3 component. Aromatic benzoates and carbonitriles
bearing the nucleophugal group in the ortho-position are very valuable intermediates
for this synthesis. The first case usually is a reaction between electrophilic ortho-
halobenzoates and amidines (Scheme 28, eq. 1) [6]. In the next, aromatic carbo-
nitriles (e.g., 4-methyl-6-(methylsulphanyl)-2-phenylpyrimidine-5-carbonitrile,
97), in which the SMe substituent can be easily exchanged by the NH2 group of an am-
ide type moiety, reacts step by step with thiourea to give 4-amino-5-methyl-7-phenyl-
pyrimido[4,5-d]pyrimidine-2(1H)-thione derivative (99), in good yield [89]. In both
cases, the molecules exhibit high electrophilic properties, being activated either by
the strong electron-withdrawing NO2 groups or heteroatoms in the rings.

The syntheses of fused pyrimidines from the aniline derivatives also involve
preparation with the use of C2-N3-C4 building blocks (or combination of synthons
thereof). This method is not extensively used. However, it allows one to obtain the
product from the aniline derivatives in one step. One example is the reaction be-
tween para-toluidine and the corresponding dichloro-derivative of type 101 [90]
(Scheme 29).
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Finally, there are known syntheses in which the N1-C2-N3-C4 component is sup-
plied. These attempts are limited to a few examples, e.g., benzenediazonium salts
[91] (Scheme 30).

An interesting synthetic method is the C2-N3 insertion via 4-membered ring ex-
pansion. It can be exemplified by the reaction of benzazetine type substrate with
isocyanate. Thus, tert-butyl-benzazetinone 105 reacts with phenyl isocyanate, in
refluxing 1,2-dichloroethane, to give 1-tert-butyl-3-phenylquinazoline-
2,4(1H,3H)-dione (106), in high yield [92].

3. Purines – a particular case of fused pyrmidines. Synthesis and biological

activity

Among fused pyrimidines, probably the most important class of compounds are
purines. Many structures containing a purine moiety show high biological activity
[93,94]. They usually have potential healing properties. There are dozens of papers
concerning their antitumor [95,96], anti-HIV [97,98], antiviral [96,99,100], anti-
convulsant [101,102], and bronchodilator [103] activity. They can serve as plant
growth regulators [104,105] or herbicides [105]. Purines are also components of nu-
cleotides that are monomeric building blocks of the DNA or RNA nucleic acid
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poly-chains. Therefore, the synthesis and chemical modifications of purines are still
of substantial interest.

The various methods of purine synthesis are described in numerous papers. In the
majority of cases, the syntheses start from the 4,5-diaminopyrimidine derivatives
(the Traube synthesis), and are well documented [106,107]. The cyclocondensation
of these diamines with formic acid, carbonyl derivatives, or orthoesters leads to the
purine moiety. However, direct closure to the purine ring is more often the exception
than the rule, and two-step synthesis is generally executed (Scheme 32). A good ex-
ample of this method is the formation of caffeine (109) in the reaction of a diamino-
pyrimidine derivative (107) with formic acid. The addition of a methylating agent in
alkali before cyclization leads to the desired product 109 [108].

Although the greatest number of purines synthesised to date have been derived
from pyrimidine precursors, the use of alternative intermediates is of growing impor-
tance. However, the synthesis of purines from acyclic substrates or from imidazole
derivatives has not, thus far, been investigated in detail [2,107,109–111]. This was
probably due to the difficulty in accessing key intermediates. Researchers in the
nucleoside field, for whom this approach offered preparation of some glycosides not
readily accessible by other methods, showed renewed interest therein.

Syntheses from acyclic substrates are of minor importance, but the methods deal-
ing with the preparation from imidazole derivatives can be of substantial interest.
Most of the methods reviewed in Chapter 2, by the pyrimidine ring construction,
could also be applied herein, and important representative examples of them will be
presented shortly in this paragraph. However, these syntheses are usually limited by
the availability of the respective starting materials.

Sarasin and Wegmann described the first synthesis of a purine by this route in
1924 [2]. In a multi-step process, they obtained the amide of 4-amino-1-methyl-
1H-imidazole-5-carboxylic acid (111), which was subsequently converted to 7-
methyl-7H-xantine (112) in the reaction with diethyl carbonate (C2 insertion).

This route allows the formation of a wide range of purines. A cyclization of the
5-carbamoyl derivative of type 111 with formic acid [2,107,112], with esters [113]
and orthoesters [2,107,114], with urea [2,107], with cyanates, or isothiocyanates [2],
was also successfully applied. Little use has been made of this 5-carbamoyl type of in-
termediate (111) in the condensation with diethyl carbonate, and with carbon
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disulfide, leading to the 7-alkyl-substituted xantine derivative, or to 2-thio-7H-
purin-6-ones, respectively [2,107].

Synthesis from 1H-imidazole-4,5-dicarboxamides (113), with the use of alkaline
potassium hypobromite, can be considered as a process of similar type to the one de-
scribed above. In the first step, the substrate undergoes a Hofmann rearrangement to
the isocyanato intermediate, from which the xantine derivative is obtained in good
yield [115] by subsequent C2-N3 cyclization.

Instead of an imidazole-4-carboxamide derivative 111, an amidinoimidazole 114

can be also used. Its formylation with a mixture of formic acid and acetic anhydride
followed by treatment of the intermediate 115 with aqueous alkali, provides a useful
method for the synthesis of adenine-type products (116) [2,107]. This cyclization
(C2-N3) occurs more readily than it does with carbamoyl compounds 111.

In recent years, the synthesis from (5-amino-1H-imidazol-4-yl)(imino)aceto-
nitrile derivatives (117) was described [107,116]. They react exothermically with an
excess of carboxylic acids anhydrides (C2 insertion), giving substituted 9H-pu-
rine-6-carbonitriles (118), in good yield.

A distinct advantage over the above-mentioned amidinoimidazole reactions is
demonstrated by the approach to adenine from 5(4)-amino-1H-imidazole-4(5)-
carbonitriles (119). This advantage is due to a much wider range of availability of the
latter. Cyclocondensation involving orthoesters (N3 insertion) [117], or its reactions
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with amide-like reagents (C2-N3 insertion) [118], resulted in the formation of the de-
sired purine ring system 121 (Scheme 36).

Esters of aminoimidazole-5-carboxylic acid of type 122 (Figure 4) also can be
used for the synthesis of purines. They undergo cyclization in the reaction with cya-
nates, isocyanates and ureas to give directly purines or their 2-thio analogoues
[2,107].

Recently reported novel routes to purines starting from imidazole precursors are
thermal electrocyclizations. One of the most representative examples is an approach
to adenine or hypoxantine, which consists of the high-temperature intramolecular
cyclization of imidazole intermediates 124 [107,119]. First, the reaction of 5-amino-
imidazole 123, with ethoxymethylideneuretane (EtOCH=NCO2Et), results in the for-
mation of 124, which, on fusion, give 8,9-dialkyl hypoxantine 125, in excellent yield
(> 90%) (C5-C6 cyclization).
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This short review shows that purines can be synthesised from imidazoles in a va-
riety of ways. Yet, there is still an open question regarding the availability of the
appropriate intermediates. Convenient methods for their preparation are sought, as well.

4. New and efficient approaches to fused pyrimidine ring systems via Vicari-

ous Nucleophilic Substitution of Hydrogen

The chemistry, biological activity, and physical properties of fused pyrimidines is
thoroughly reviewed in many articles and monographs [1–4,6–8,107]. Generally –
ortho-amino(aminomethyl)aromatics of type 58 would be the best starting materials
for their synthesis. However, the limiting factor in the preparative methods presented
in the above two paragraphs is the availability of the key intermediates, which are
usually obtained in multi-step transformations from commercially available chemi-
cals. So, of significant importance is to offer a useful tool for synthesis of intermedi-
ates from easily obtainable starting materials, or from inexpensive commercially
available reagents.

In the past years, several papers were published concerning new and efficient ap-
proaches to fused pyrimidines [10–15] with the use of Vicarious Nucleophilic Substi-
tution of Hydrogen (VNS) [16,17] (Scheme 1), and they are shortly reviewed in this
chapter. The preparation methods of many fused pyrimidines structured on carbo-
cyclic (benzene, naphthalene) and heterocyclic (quinoline, thiophene, imidazole)
rings were described. Starting materials for these syntheses were aromatic or hetero-
aromatic nitrocompounds. In this methodology, among others, the appropriate nitro-
aromatic compounds were transformed into the desired ortho-substituted
derivatives, and the crucial step of these syntheses was realized by VNS. The use of
this reaction has been found to be an excellent tool for the introduction of the
dihalomethyl group [120] and the isocyanomethyl group [12,121], which can give an
opportunity for transformations leading to the cyclizible intermediates.

These approaches to pyrimidine ring construction can be also applied to the syn-
thesis of purines. The starting material in this case is commercially available
4-nitroimidazole. The presence of the nitro group in this compound allows for intro-
duction of the desired substituents at the hydrogen-bearing carbon atom in position
5-. Many compounds of this type, obtained via VNS with appropriate carbanions,
were described in publication [9]. The possible purine syntheses were presented in
papers [10–13].

4.1. Synthesis of fused pyrimidines via oximes and Schiff bases. As starting
material in this methodology, the corresponding nitroaromatic compounds are used.
The principal intermediates in this approach to the fused pyrimidine rings are the
ortho-dihalomethyl (the dichloromethyl, in this case) derivatives of nitroarenes,
which are efficiently prepared via the VNS with haloforms [9,120].

The hydrolysis of the CHX2 substituent in compounds 127 to aldehydes and sub-
sequent transformations into oximes 129 gave the desired intermediates for this
synthesis. Standard transformations of 129, followed by cyclocondensation with am-
monia (N3 insertion), led to the fused pyrimidine ring system 131 (Scheme 38) [14].
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Alternatively, aldehydes 128 can be transformed into Schiff bases 132. Selective
reduction of the nitro group in 132, followed by condensation with various ortho-
esters, resulted in the formation of imidates 133. Heating of these imidates in a sealed
tube with alcoholic ammonia yields quinazoline derivatives 131 [15] (N3 insertion).

The application of these methods is limited, due to moderate overall yields
[14,15]. However, this type of cyclization was later successfully optimized for the
synthesis of purines, giving high yields of the desired products [10,13].

7-Substituted purines can be also efficiently obtained from the 4-amino-1H-imi-
dazole-5-carbaldehyde oximes (135) (easily prepared from 4-nitroimidazole [9,10]).
Condensation of the amino group in oximes 135 with orthoesters resulted in the for-
mation of iminoethers 136. The cyclocondensation of the ortho-neighbouring imino-
ether and oxime groups with ammonia (N3 insertion), thus far unknown, led to the
purine ring system 137 from imidates in good overall yield.
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Transformation, in the known manner, of the aldehydes 139, with the use of aryla-
mine, results in the formation of imidates 140, and the subsequent cycloconden-
asation with an excess of ammonia (in a sealed tube, over 100�C) gives purines 137

(Scheme 41).
If this postulated reaction sequence operates as drawn on Scheme 41, then the last

step of this transformation should be the elimination of aryloamino- moiety from the
dihydro-intermediate 141. Generally, the yields were rather poor. However, for the
reactions of X-substituted anilines ArNH2, a moderate influence of substituent X on
the yield was observed.

This problem was investigated on model compounds, and it was found that the
strong electron-withdrawing groups (X = CN, SO2Ph, 2,4-difluoro, etc.) increased
the reactivity of the imine >C=N double bond, hence in the applied reaction condi-
tions a competitive processess occurred, thus decreasing the overall yields [15].

For the synthesis of purines, the best results were obtained in the case of the mod-
erate electron-withdrawing group X = para-Br, and the optimization of this reaction
increased the yields up to 47% [13].

4.2. Selective synthesis of fused pyrimidine mono-N-oxides. The oximes of
type 129 are also proper key intermediates for the synthesis of fused pyrimidine
mono-N-oxides [122–125]. These substrates, upon reduction of the NO2 group, can
easy cyclize to N-oxides, the preparation of which would be a difficult task, and prac-
tically impossible to realize by direct N-oxidation of the corresponding heterocyclic
bases. However, only a few examples of application of this method (or its modifica-
tions) have been described in the literature [123–129] – probably because of the lim-
ited availability of the proper starting ortho-amino-aromatic carboximes.

Improved access to these intermediates now [9,10] allows us to utilize this very
useful cyclization for the synthesis of many heterocyclic systems [11]. The cycli-
zation reaction of aminocarboximes with the use various orthoesters (C2 insertion

before C2-N1 cyclization) led to the corresponding fused pyrimidine mono-N-oxides.
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This method allows not only the selective introduction of the N�O function into
the desired position in the target compounds having more than one nitrogen atom, but
can be also used for the preparation of compounds in which some substituents are
present (e.g., alkyl, aryl, halogens, or low valent sulphur moieties sensitive to oxida-
tion). Examples of bicyclic and tricyclic fused pyrimidine mono-N-oxides are given
in Figure 5.

The synthesis of purine mono-N-oxides from 4-nitroimidazole derivatives by this
method is also possible, and, for the first time, selective introduction of the N�O
function into the 1-position in the target purine was achieved [11,13] (Scheme 43).
However, for purine derivatives, this cyclization gives variable yields, because a few
competitive reactions were observed. Thus, for each case of the purine N-oxide prep-
aration, the optimization of the conditions was necessary (100–200�C in EtOH or
CH3CN, heating in a sealed tube).
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4.3. Synthesis of fused pyrimidines via isocyanides. This approach is based on
nitroarylmethyl-isocyanides (150) (Scheme 44), which are readily prepared via VNS
with the use of nitroarenes and phenylthiomethylisocyanide, PhSCH2NC [121]. A
practical application of the above method for the synthesis of fused pyrimidines is re-
ported in [12].

The exhaustive hydrolysis of 150, and subsequent hydrogenation on a palladium
catalyst, gave rise to the diamine derivative 151, which was converted by treatment
with an orthoester into the fused pyrimidine 153 (C2 insertion). The last step – an
aromatization of the dihydro-derivative 152 – usually occurred spontaneously. In ad-
dition to its simplicity, this efficient pathway allowed functionalization at C-2 by us-
ing diverse orthoesters, as well as to stop the condensation at the stage of the
dihydro-compound 152 (via lower temperature and dilution of the reaction mixture
with ethanol). Some of the synthesised products (154–157) are listed below in
Scheme 44.

This approach, via the 5-(isocyanomethyl)-4-nitro-1H-imidazole derivative 158,
gave purines 161 in ca 20% overall yields. An aromatization of the dihydro-
derivative (160, while exposed to air), occurred spontaneously as well (path A) [13].
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When the condensation with orthoesters (159�160) was carried out in boiling etha-
nol (to assure lower temperature, and to avoid the degradation of the unstable diamino
compound 159 [130,131]), considerable higher yields (for R� = H, Me) of the
dihydro-purine 160 were obtained (40–60%, path B).

4.4. Summary. The methods presented in Chapter 4 yield intermediates, which
are valuable for the synthesis of many fused pyrimidines. The development of several
new and efficient approaches to these compounds was illustrated in papers [10–15].

Of significant importance are: (a) The hitherto unknown cyclocondensation of
the ortho-neighbouring iminoether and oxime groups (in imidazole ring) with ammo-
nia, leading to purine rings [10,13] (or other fused pyrimidine derivatives [14]). (b)
The selective introduction of the N�O functionality into the desired position in tar-
get heterocyclic compounds having more than one nitrogen atom [11,13], which has a
wide range of applications in this selective synthesis. This demonstrates the general
character of the presented method: any other process cannot obtain the newly pre-
pared purine 1-oxides [13]. (c) The use of ortho-isocyanomethyl nitro-aromatic/he-
teroaromatic compounds in the synthesis of fused pyrimidines [12]. Many
quinazolines, as well as various bicyclic and tricyclic new heteroaromatic com-
pounds, were obtained by this method.

Starting materials in the above syntheses were either commercially available or
very easily obtainable aromatic nitro compounds. The first synthetic step, the Vicari-
ous Nucleophilic Substitution of Hydrogen reaction, can serve for the introduction of
appropriate substituents into the position ortho- to the nitro group. This creates op-
portunities for transformations to the cyclizible intermediates. If one takes into ac-
count the extensive spectrum of available starting nitroarenes, the outcome of these
methods will considerably broaden the frontiers of the synthesis of these biologically
important compounds.

5. Conclusions

Many fused pyrimidines, such as purines, pteridines, or quinazolines, belong to
the most important heterocyclic systems, and there are numerous synthetic prepara-
tive methods for these compounds. In this short review the well-known methods by
the pyrimidine ring construction are presented. However, in some cases, difficult ac-
cess to key intermediates, or to their precursors, was a serious limitation for the above
syntheses. For this reason, the synthesis of purines from imidazole precursors has not
so far been investigated in detail.

New perspectives in this chemistry open the possibilities of reactions involving
the nucleophilic substitution of hydrogen, in which the starting materials are the eas-
ily obtainable aromatic or heteroaromatic nitrocompounds. Surreptitiously, it also al-
lows the selective preparation of fused pyrimidine mono-N-oxides with the N�O
functionality (in the target moiety) in the desired position.
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