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Chemistry of Metalloguanines: An Overview of Their Synthesis Routes and Their
Implementations for the Period 2000-2024

Abstract

Guanine has a variety of roles in chemistry, from its basic function in the storing and transferring genetic
information to its usages in synthetic chemistry and other fields. Because of its distinct structure and
biological importance, it is a fundamental component of contemporary study in organic chemistry and
molecular biology.

In this review, we focused on covering the synthetic pathways of various derivatives of guanine from the
year 2000 until the present. As a result of the guanine molecule containing multiple functional groups, this
gives us the ability to prepare several guanines such as 06—alkylating guanines, 06—benzylguanines, 8-aza-
06—benzylguanines, 9-substituted guanines, guanine-azo derivatives, guanine Schiff bases, guanine-
oxazepine derivatives and others.

Also, the guanine molecule and some of its derivatives have proven effective as chelating agents, as they
coordinate with a variety of transition metal ions by behaving as ambi-, di-, and tridentate depending on
the number of donor atoms of the molecules contained that leads to the formation of inorganic guanine
derivatives.

A number of these guanines that have been evaluated for various bioactivities have performed well in
some assays. They could therefore be used in the pharmaceutical sector to develop novel drugs.
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Abstract

Guanine has various roles in chemistry, from its basic function in storing and transferring genetic information to its
usage in synthetic chemistry and other fields. Because of its distinct structure and biological importance, it is a
fundamental component of contemporary organic chemistry and molecular biology studies.

In this review, we focused on covering the synthetic pathways of various guanine derivatives from the year 2000 until
the present. As a result of the guanine molecule containing multiple functional groups, this gives us the ability to
prepare several guanines such as O°-alkylating guanines, O°-benzylguanines, 8-aza-O°benzylguanines, 9-substituted
guanines, guanine-azo derivatives, guanine Schiff bases, guanine-oxazepine derivatives, and other guannies.

Also, the guanine molecule and some of its derivatives have proven effective as chelating agents. They coordinate with
various transition metal ions by behaving as ambi-, di-, and tridentate depending on the number of donor atoms of the
molecules contained, leading to the formation of inorganic guanine derivatives.

Several of these guanines that have been evaluated for various bioactivities have performed well in some assays.
Therefore, they could be used in the pharmaceutical sector to develop novel drugs.

Keywords: Biomolecules, Guanine moiety, Guanines, Organic and inorganic reactions, Purines

1. Introduction

O ne important category of chemical substances
is biomolecules. Biomolecules can be defined
as fundamental organic molecules such as fatty
acids, lipids, amino acids, proteins, enzymes, hor-
mones, carbohydrates, purines, and pyrimidines ...
etc,, that enter living systems in all organisms in
different maintenance and metabolism processes
[1,2].

Biologically, guanine is one of the purines that act
as nucleobases (nitrogenous bases), and it is found
primarily with DNA and RNA as nucleosides and
plays vital roles in organisms' bodies [3,4]. Chemi-
cally, guanine is classified as one of the fused het-
erocyclic organic compounds [5], and as most of
these compounds, guanines have biological and
pharmacological activity [6,7]. One hundred eighty

years ago, German chemist Julius Bodo Unger
discovered a guanine molecule in guano for the first
time [8,9]. Guanine or 2-amino-1,7-dihydropurin-6-
one (the IUPAC name of guanine) [10] is a white
solid powder, and due to its structure, it has poor
and sparingly solubility in aqueous and ethanolic
solutions while can dissolve well in both DMSO and
DMF solvents [11,12]. In addition, ionized guanine
can be dissolved in alkalis such as NaOH and NHj;
and mineral acids [13].

The guanine molecule contains many tautomers,
which are estimated at about 36 structural isomers,
which are produced through exchange at the posi-
tions of the H-atoms on the molecule. Still, the most
abundant tautomer of the guanine crystal is the
keto-amino form (keto-N7H and keto-N9H), Fig. 1.
The last form (keto-N9H) is most commonly
tautomer in the aqueous solution [14—16].
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Fig. 1. The difference in the molecular structure of keto-N9H and keto-
N7H guanine tautomers.

Guanine can be found in nature as nucleosides,
compounds with guanine chemically bound to
either deoxyribose (found in deoxyguanosine) or
ribose (found in guanosine). They also contain
phosphorylated sugar units. Such groups increase
the solubility of guanine in its native state [17].
However, unsubstituted anhydrous guanine crystals
as B-form can be found and isolated from biogenic
systems (like fish, spiders, frogs, nudibranchs, bac-
teria ... etc.) as natural sources [12,18,19].

In this literature review, we focus on guanine
biomolecules and other structures based on guanine
and investigate several previous and recent studies
related to these molecules.

2. Synthesis and applications of organic
derivatives of guanine

Guanosine and deoxyguanosine are the most well-
known natural compounds of 9-substituted guanine.
Due to their important physiological and biological
roles [20—23], the researchers have devoted their
attention to designing similar compounds of interest
by conducting scientific experiments to prepare de-
rivatives of guanine by substituting organic groups at
different sites of guanine [24—26], especially after
discovering penciclovir and acyclovir, shown in
Fig. 2, that behave as antiviral.

Clausen F.Pd and Juhl-Christensen J.R [27]. sur-
veyed the synthesis methods of 9-substituted gua-
nines. The review discussed several methods,
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Fig. 2. The structure of penciclovir and acyclovir.

including synthesis from purines, pyrimidines, im-
idazoles, interconversion of adenines, and enzy-
matic transformations.

In 2001, Robert C. Moschel et al. [28] made some
derivatives of 8-substituted O°-benzyl-guanine,
which were examined as tumor inhibitors through
their activities in the inhibition of O°-alkylguanine-
DNA alkyl transferase (AGT) which in turn work as
human DNA repair protein. Inactivation of (AGT)
causes the improvement in tumor cells' response to-
wards chemotherapeutics. This technique involved
giving a mammal an effective dose of prepared
chemicals with the formula to improve the chemo-
therapeutic drug of tumor cells by causing cytotoxic
lesions at the O°-position of guanine due to anti-
neoplastic alkylating agent [29,30]. The structure of
O°-benzyl-8-aza-guanine and the other twelve de-
rivatives is shown in Fig. 3, where various analyses
and spectroscopic techniques characterize the pre-
pared compounds. The antineoplastic alkylating
agent activity of prepared compounds was studied
versus three types of cancer cell lines (human colon
cancer HT29, prostate cancer DU-145, breast cancer
MCF-71) and to increase the toxicity of prepared
guanines, bis-chloro-ethyl-nitroso-urea (BCNU) was
used and the cancer cells were exposed to BCNU
before testing the efficiency of O°-benzyl-8-aza-
guanines. All results were compared with O°-ben-
zylguanine and 8-aza-O°®-benzylguanine. The study
shows that prepared guanines are more effective
than O6-benzyl guanine and may be helpful in
deactivating mutant alkyl-transferase if the correct
intracellular dosage is reached. The activity of these
compounds can be attributed to the presence of
electron-withdrawing groups at the 8-position.

Some of the azo derivatives of guanine, Fig. 4,
were prepared by Yousif H. Khalaf [31] and
examined to know their biological effectiveness
towards five species of pathogenic bacteria that
consist (Sh. Dysenteriae, E. coli; Ps. Aeruginosa, Str.
Viridans and Staphylococcus aureus). Derivatives
were synthesized by a coupling reaction between
guanine (as a source of amine) and a variety
of diazonium salts [(p-chlorobenzene/p-bromo-
benzene/1-naphthalene/p-hydroxyphenyl and o, p-
dihydroxyphenyl) diazonium chloride]. C.H.N.
analysis, FT-IR, and electronic spectra made the
identification of prepared compounds. The anti-
bacterial study evaluated the sensitivity of selected
bacteria vs. prepared compounds and minimum
inhibitory concentration (MIC). To calculate MIC,
eight concentrations (100, 50, 25, 20, 15, 10, 5, 1) mg/
mL were used for each derivative and the results
were as follows [(D1 = 50, D2 = 20, D3 = 50,
D4 = 25, D5 = 25) mg/mL with S. aureus; (D1 = 25,
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Fig. 3. The structure of prepared 8-substituted O°-benzylguanines

D2 =10, D3 = 50, D4 = 20, D5 = 20) mg/mL with E.
coli; (D1 = 25, D2 = 20, D3 = 20, D4 = 20, D5 = 15)
mg/mL with Pseudomonas aeruginosa; (D1 = 20,
D2 = 10, D3 = 20, D4 = 25, D5 = 15) mg/mL with
Staphylococcus typhi and (D1 = 20, D2 =10, D3 =15,
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Fig. 4. The structure of some prepared azo-guanines.

D4 = 20, D5 = 15) mg/mL with K. pneumoniae]. The
Kirby—Bauer method was applied to determine the
inhibition zone, employing six concentrations (100,
50, 25, 10, 1, 0.1) mg/mL for each derivative. The
results showed good activity against bacteria in
high concentrations, and this is attributed to many
reasons, such as the aromaticity of these com-
pounds, which can prevent DNA polymerase III
through the hydrophobic interaction, as well as the
chelation ability of these compounds to capture the
metals present in the bacteria cell by coordination
will kill the bacteria.

In another study conducted by Shireen R. Rasool
and her co-workers in 2020 [32], N-substituted het-
erocyclic derivatives of guanine were prepared by
guanine with phthalic anhydride as starting mate-
rials and followed by an alkylation reaction to yield
N-carboxymethyl substituted derivative which used
to form three derivatives by reacting the N-carbox-
ymethyl moiety (2 mol) once with resorcinol and
another with ethylene glycol (1 mol), in addition to
cyclization reaction to form a ring of thiadiazol.
Followed by a series of reactions to create other
products, as shown in Scheme 1. All produced de-
rivatives were tested as bioactive compounds vs.
selected genera of bacteria (S. aureus and Pseudo-
monas). Some synthetic chemicals exhibited resis-
tance to the growth of the selected bacteria, where
the results were compared with several known an-
tibiotics. In general, the prepared compounds were
more effective against Pseudomonas as compared to
S. aureus.

Schiff bases and oxazepines derived from guanine
were prepared by Marwa I. Khalil [33]. The study
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involved the formation of four Schiff bases from the
reaction of guanine with diverse carbonyl compounds
(4-carboxybenzaldehyde; p-chlorobenzaldehyde;
p-hydroxyl benzaldehyde and isatine) by condensa-
tion reaction in an acidic medium. Synthetic imines
were mixed with (maleic and phthalic) anhydrides,
respectively, in dry benzene and refluxed for 6 h
under 70 °C to produce eight oxazepine compounds.
All prepared derivatives, Scheme 2, were identified
by "HNMR and FTIR techniques.

Studies are still ongoing to prepare new organic
derivatives of guanine, as we will point out in the
next part of this review.

3. Synthesis and applications of metallo-
guanines

A few studies were conducted after the mid-
nineties, including forming some guanine com-
plexes with different transition metal ions [34—36].
They can be considered among the first articles
devoted to studying the possibility of the occurrence
of the complexation between guanines and metals
and identifying the chelation sites.

A study was conducted in 2002 by Kalyan K.
Mukherjea and Ila Bhaduri [37]; the study used
anionic guanine to prepare complexes with some
metal ions [Fe™? Ni™?, Cu*? Zn*2 Pd*? and UO;5 2,
in addition, to using neutral guanine to prepare
complexes with [Co** and Mn "] ions. All prepared
complexes were isolated and investigated by (IR &
EPR) spectroscopy and (Elemental & T.G.A.) anal-
ysis. The analysis data showed that all prepared
complexes are octahedral except the Pd and Zn
complexes, which are Sq.pl and Td, respectively.

o 0
HN N NH O
)\\|\>+©5<‘<0—><’|/

Used in several reactions to prepare
other derivatives

Scheme 1. Preparation of N-substituted heterocyclic derivatives of
guanine.

Used these derivatives to prepare Guanine-Oxazepine derivatives

Scheme 2. Preparation of Schiff bases and oxazepines derived from
guanine.

Fig. 5 shows the geometry of all complexes. We can
note that the atoms of N(3), and N(9) are determined
as chelation sites in anionic guanine, so it behaves as
bidentate. In contrast, the molecule of neutral gua-
nine behaves as unidentate and may coordinate
either through N(9) or N(3).

In 2004, Mamdouh S. Masoud et al. [38] used Co 2,
Ni*?, and Cu-+2 with guanine to prepare complexes
in the molar ratio 1IM:2L in the complexes of Co+2
and Cu*? and 2M:3L for nickel and the reaction was
carried out in alcoholic-ammoniacal solutions for
2 h to yield three different complexes. All prepared
complexes had the Oh structure and showed a
semiconductor behavior. Fig. 6 shows that the Ni*?
complex involves the coordination of one metal with
two molecules of guanine in addition to metallic
interaction between Ni atoms. The structure of
complexes was confirmed by IR, Uv.—Vis, electrical
conductivity, ESR, and thermal analysis.

The complex of guanine with hafnocene was
prepared, characterized, and applied as an antimi-
crobial in 2006 by Ekta Malhotra et al. [39], the idea
of this work involved the formation of chelation ion
in the formula [(n°-CsHs),Hf(CsHsNsO)]™ which
reacted with five different negative ions. The struc-
ture and behavior of prepared complexes were
studied by 13C,'H NMR, IR, fluorescence, electronic
spectra, and electrical and thermal properties. The
used spectral techniques showed that the guanine
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Fig. 5. The structure of some prepared N, N-guanine complexes.

chelated through O(6), deprotonated N(7) atoms, as
shown in Fig. 7, and all complexes are soluble in the
non-polar solvent (DMSO, DMF, THF) and consid-
ered 1:1 electrolytes. Some of the prepared com-
plexes were tested against some bacteria (Z.mobilis,
P.aeruginosa, and E.coli) and fungi (Aspergillus niger
and A.awamori) and compared with guanine ligand
at two concentrations (25 and 50)ug/mL. The bio-
logical testes data exhibited that the examined
organohafnium (IV) complexes have more ability to
inhibit the growth of microbes than guanine in both
lower and higher concentrations.

Masoud M. S. et al. [40] prepared a series of
complexes by reacting the various metal chlorides
consisting (Co, Ni, Cd, Hg, Cu) with guanine. The
elemental analysis, magnetic measurements, and
spectral studies (Uv—Vis. & IR) were used to
determine the geometry of prepared complexes. A
different molar ratio was recorded for the prepared
complexes between metal and ligand as 1:1 (for Cd
and Hg complexes), 1:2 (for Co and Ni complexes),
and 1:1:3 (for Co—Cu-guanine, where each atom
was chelated with two ligands). All complexes were
stable and insoluble in water, and the geometries of
complexes were either tetrahedral, square planar, or

| r H
HZN/NN H,N/NN
JN(IN) JVN»

0 0

H0—>C—C  [NBGHOR | o—Cae—OH, |05GH0

HN/ NH

.

NH,

Fig. 6. Structure of some prepared O, N-guanine-complexes.

octahedral, as shown in Fig. 8. The chelating atoms
were identified either from O(6) and N(7) in Co, Nj,
Cd, and Hg complexes or from N(9) and N(3) in the
Co—Cu-guanine complex.

One of the studies used guanine to prepare azo
dye as a chelating agent which chelated with Pd(II),
Pt(Il), and Pt(IV) ions [41]. The work consists of
forming 8-[(4-nitrophenyl) azo] guanine and study-
ing the effect of change in the pH value on the
complexes formation. This change led to the
obtaining of four diverse complexes. One can note
from Fig. 9 that the Pd2+ ion gave a square planar
complex with a molar ratio of 1Pd2+: 2L in the
pH = 8 while giving Oh complex with a molar ratio
of 1Pd**: 3L at pH = 4.5. Likewise, Pt*" gave a sq. pl.
complex with the molar ratio 1 Pt**: 2L at pH = 7.5,
and Pt*" gave Oh complex as 1 Pt*": 3L molar ratio
at pH = 6. The prepared ligand and its complexes
were confirmed by spectral and physiochemical
analysis. Job and Molar ratio methods were used to
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Fig. 7. The structure of some prepared O,N-guanine- hafnocene
complexes.

ensure the ratio of metal to the ligand in the pre-
pared complexes, as well as to examine the effect of
time on the stability of prepared complexes. The
ligand behaved as bidentate, and the coordination
sites involved the N atom of the azo group and the
N atom of the imine group in the imidazole ring.
Tests of the ligand and its complexes’ dyeing abili-
ties on acrylic and wool produced fine, bright colors
(grey, red, orange, blue-violet, and light-violet). The
evaluation of antibacterial activity was performed
versus positive and negative grams bacteria (S.
aureus, Bacillus, P mirabilis, E coli) and was compared
with metronidazole as a control. All complexes and
their ligand showed greater ability to deactivate
bacteria growth than control antibiotics except for
Bacillus.

Farideh Abbasloo et al. [42] used a sonochemical
solvothermal method to prepare a bioactive
metal—organic framework based on guanine. The
synthesized Bio-MOF involved a mixture of cupric
cation, guanine, and 4,4*-biphenyl dicarboxylic in the
ratio 2:2:3 respectively, and was identified by FE-
SEM, FTIR, and XRD techniques, Fig. 10. This
framework exhibits good antibacterial activity to-
wards P. aeruginosa due to its high stability and
surface properties, and it may be used further in
medicine.

Anton Petrovich Novikov's coworker recorded a
chelation of the Pd(II) ion with the N-atom of the
imidazole ring of the guanine molecule in 2021 [43].
In this study, guanine behaved as a bidentate and
formed a Sq. planar complex in an acidic medium,
as shown in Fig. 11.

Another study was performed in 2021 by Mangesh
S. Tihile and Gajanan N. Chaudhari [44]. The study
included the formation of Schiff base from guanine
and salicylaldehyde in an ethanolic medium

H,0 ; Cl

o o o

Cl——Ni<—O0H, [H,0

0 H

o || X

N“N” "NH, : NH, |

cl
N—_No_NH,
& 7 2H,0
N NH
H

HN N
< S~nn
N 2
H

0

Fig. 8. The structure of prepared (Co, Ni, Cd, Hg, Cu)—guanine
complexes.

catalyzed by acid and used to yield Schiff base in
complexation reaction with some light metal acetate
[Mn(II); Co(II); Ni(II); Cu(II) and Zn(II)] in the molar
ratio (2 Schiff base: 1 metal acetate). Several spec-
troscopic techniques and all complexes character-
ized the structure of prepared compounds showed
four coordination structures as tetrahedral except
Cu-complex has square planar geometry, Fig. 12.
The coordination atoms were determined through
the N-atom of the imine group and the O-atom of
the deprotonated hydroxyl group. All complexes
were non-electrolytes. The bacterial growth inhibi-
tory were evaluated vs. S. aureus (Gm + ve) and
[Salmonella typhi, E coli, K. Pneumonia, P. aeruginosal
(Gm -ve), according to the antibacterial study the
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Fig. 9. The structure of prepared complexes of Pd(I), Pt(I) and Pt(IV)
with 8-[(4-nitrophenyl)azo]guanine.

metal ion complexes of Ni*", Cu®*', and Zn*"
exhibited the best inhibitory action against all bac-
terial strains. In contrast, the remaining complexes
showed good activity against both gram + ve and
gram -ve bacteria.

Also, an azo derivative of (guanine + p-hydroxy aniline),
its Zn-complex, and ZnO nanoparticles were prepared by
Sanbul H. Jerwan and his teamwork [45] in 2021. A
chelating reaction between 2 mol of prepared 8-[(4-

B ]
/f\o 0/¢\
0o N

H, BN

Fig. 10. The structure of prepared Cu(Il)-organic framework based on
guanine.

Cl

A 2
__ — H,0
0 N N 0

Fig. 11. The structure of prepared bis guanine-Pd(Il) complex.

hydroxyphenyl) azo] guanine with 1 mol of ZnCl, at pH = 8
led to producing Zn-complexes by the coordination of Zn
ion with azo-N atom and imine-N atom in imidazole ring,
as shown as in Fig. 13. Spectrophotometric identification
was carried out on the produced azo ligand and its complex
by utilizing infrared, and UV—Visible spectra and micro-
elemental analysis. After this, nanoparticles of ZnO were
made using a thermal breakdown technique, and by using
an XRD, AFM, and SEM, researchers were able to deter-
mine the structural properties. The study involved the
evaluation of the bioactivity of both prepared Zn(Il) com-
pounds against S. aureus, Ps. aeruginosa, and E. coli; when it
came to these bacterial genera, we found that the nano-ZnO
outperformed Zn-complex.

In 2022, Saif Din K. Alzamili and Mohammed H.
Shamran prepared an azo compound derived from
guanine and 4-amino antipyrine in an alkaline me-
dium [46]. The prepared compound was used as a
ligand to prepare some complexes of Cobalt and
Zinc divalent ions. According to different spectrum
analyses and physical characteristics, Co2+ and
Zn2+ seemed to have an Oh structure, and the azo-
guanine appeared at three sites for chelation, as
demonstrated in Fig. 14. Complexes were produced
in the ratio of 1 metal:2 ligand and had an electrolyte
nature. In addition, the prepared compounds

H [0}
N
<\ I NH
N
HZO\\M/O
o—

M = Mn(II); Co(II); Ni(II); Cu(II) and Zn(II)

Fig. 12. The structure of some complexes of guanine Schiff base.
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Fig. 13. Show the structure of Zn(Il) with 8-[(4-hydroxyphenyl) azo]
guanine.

showed crystalline patterns and nano-sized parti-
cles. The antibacterial test and MTT-assay assay
were applied to all prepared compounds, and the
ligand and its complexes were examined against E.
coli and S. aureus when the results revealed that the
complexes were more effective than their ligand.
The MTT-assay of ligand and Zn-complex results
versus HdFn and MCF-7 cell lines showed that both
compounds had a low potential for cytotoxicity vs.
HdFn cells and a significant capacity for toxicity
towards MCF-7 cells. Compared to ligand, the zinc
complex had a greater potential for cytotoxicity vs.
MCEF-7 cells.

A solvent-free reaction was conducted in 2023 by
Jamilu Jaafar et al. [47]; the reaction involved the
formation of tris[guanine]chromium (tm by coordi-
nating the N(imine) in pyrimidine ring and

N/N_<\

\/

x/N

YNHz
NH

Cl,

HZNA

M = Co*' and Zn2*

Fig. 14. The structure of complexes of Co*" and Zn*" with 8-(4-(anti-
pyrinyl)azo)-guanine.

deprotonated N(amine) in imidazole ring and show
the octahedral geometry, Fig. 15, in the ratio of 3L:1M
and did not conduct any electricity. The sites of
chelation and structure were confirmed by FTIR and
electronic spectra in addition to other physi-
ochemical measurements. Some in vitro biological
tests were performed on the ligand and its complex
(antioxidant, and antimicrobial), the result of anti-
microbial tests on a number of pathogenic organisms
including the bacterial strains (K. pneumoniae, S.
typhi, B. subtilis, and Staphylococcus pyogenes) and the
fungal isolates consists (C. albicans and Aspergillus
fumigatus) by using two concentration [500 & 1000]

pug/mL of examined compounds, it appeared that the
Cr'"™-complex was more effective to inhibit the
growth of selected microbes than guanine. Both were
more effective than controlled drugs. Moreover, the
antioxidant test results showed a little bit of action of
both guanine and its complex.

Hamad. M. A. Hasan et al. prepared additional
complexes with guanine [48]. Preparing guanine
complexes with metal ions (Pb>", Mn**, Fe*", Cu®",
Zn**, Cd**, Cr*", and Fe®") was the work's main
objective. Physical-chemical and spectroscopic
methods, including: UV—visible spectra, infrared,
metal content, and molar conductivity were used to
characterize the complexes. The molar ratio
approach yielded a molar ratio (1:2) for the guanine
to metal ion conversion. Using spectrophotometry,
the dissociation constants of guanine ligands were
found. Contrarily, polar solvents were used to
investigate the impact of solvents on the electronic
spectra of guanine ligands. According to the FTIR
spectrum, the coordination was done through the
exocyclic NH; nitrogen atom.

In vitro tests were conducted to assess the bio-
efficiency of metal complexes and their guanine
ligand towards specific fungi (A. niger) and bacterial

o

N

HN
>
H,N )\\ N N
N\ N \\Cr/
NH,
(0] i)\<N / \\ N :<
HN —% N N\ NH
NH; l\\N o

Fig. 15. The structure of tris-guanine chromium (III) complex.
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species (E. coli and Streptococcus). The organisms
under test exhibited satisfactory spectra, according
to the findings.

Additionally, in the research conducted by Hasan
S. Mohammed and Saif D. K. Alzamili, an azo ligand
was produced from guanine and 2-methoxyaniline
[49]. The prepared azo-ligand (8-[2-methoxyphenyl
azo]-guanine) was isolated and identified and then
used to complex with chlorides of Cu(Il) and Zn(II)
in the ratio of 2L:1M by conventional reaction. The
complexes also were isolated and recognized
through various spectral and analysis methods. The
azo-ligand could behave as tridentate, and the
complexes have six-coordinate structures charac-
terized by: they were electrically conductive, nano-
particles, and crystalline. In addition, the azo-ligand
might be used as a colorimetric sensor where it was
tested with some ions (Co(II), Ni(II), Cu(Il), and
Zn(Il)) in an aqueous solution. Fig. 16 shows the
structure of azo-ligand and its complexes. Using
sabouraud agar and the diffusion method, the
compounds' in-vitro antifungal activity was evalu-
ated against A. niger. Compared to azo-ligands, all of
the produced complexes exhibited greater anti-
fungal activity.

Asmaa E. Fadhil and Alyaa Kh. Abbas prepared
two azo dyes derived from guanine with their
different metal complexes, and they were published
in three separate research papers [50—52]. The first
derivative consists of guanine and diazonium salt of
4-amino-2-chlorophenol, this dye is used as a ligand
to produce some complexes by reacting with ZnCl,,
AgNO;, and CdCl, in the ratio (1L:1M) and reacting
with CuCl,.6H,O in the ratio (2L:1M). All prepared
compounds were distinguished by spectral
methods. The ligand and its complexes showed high

NH,

Q< /lj

/\M\@

M = Cu(II) or Zn(II)

Cl,

k

Fig. 16. The structure of Cu(Il) & Zn(Il) with 8-[2-methoxyphenylazo]-
guanine.

thermostability and photostability and can be
employed in the industry of dye wool. The ligand
acted as neutral N,N-bidentate, and all prepared
complexes had Td geometry except Cu-complex,
which showed Oh geometry as shown in Fig. 17 [50].

0
Ho y
NH
A
cl N\ '}V N "NH,
Cl—=Cu—Cl H;0
HZN\r Cl
N OH
H
_ 0 _
_ OH, _
Ag
H20/7 \ N0,.2H,0
HZNYN N // Cl
HN | N>_ OH
H
L 0 _
_ q _
M
a4 \ H,0
HZNYN N // a
Y
p
_ 0 _
M =Zn*, Cd*

Fig. 17. The structure of some complexes of 8-[(4-chloro-3-
hydroxyphenyl)azo]-guanine.
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Both copper and silver complexes and their ligand
were evaluated as fungicide vs. Candida, bactericide
in relation to the two kinds of bacteria (S. aureus, and
Klebsiella pneumonia), and antioxidant [51]. This
investigation demonstrated the presence of greater
biological activity and for all substances (the ligand
and its complexes). Where ligand and its complexes
showed convergent results in comparison with
control. As an antioxidant, the ligand outperformed
the Ag-complex.

The second azo ligand was formed by the reaction
between diazonium salt of m-aminobenzoic acid
and guanine [52]. Zinc (II) and silver (I) ion com-
plexes of this azo-ligand were prepared and inves-
tigated by various spectral and analysis ways, the
ligand behaved as N,N-bidentate and formed
tetrahedral complexes with both metal ions in the
ratio [IM:1L], Fig. 18. The ligand and its complexes

al 7
/Zn
a \
H,0
HZNY/N N //N
HN | \>_N COOH
N
H
— O )
— OH, —
Ag
H20/7 AN NO,2H,0
HN_ N N /N
T | \>—N/
HN COOH
H
L 0 _

Fig. 18. The structure of Zn(Il) & Ag(I) complexes with 8-[1-(3-carboxy)
azo]-guanine.

YN
VAR

a—M—a
AU
0 S &N \
BN N

M = Pd(I1); Mn(IT); Co(II); Ni(II); Cu(IX); Zn(II), and Cd(I)

Fig. 19. The structure of some complexes with N-((6-oxo- 6,9-dihydro-
1H-purin-2-yl)carbamothioyl)propionamide.

showed high thermal stability, and by applying the
dyeing performance test, it was found that they
could be used as good dyes for wool fibers. Both
prepared azo-ligands in the studies mentioned
[50,52] may be utilized as an indicator in acid-base
titration methods.

The study was conducted by Abdullah Sh.
Abdullah Alani et al. [53] involved the preparation of
substituted guanine by reacting its amine group
with propionyl isothiocyanate to make a novel
ligand that is used to coordinate with a series of
metal ions including [PAD; Mn™®; Co™; Ni™; Cu™;
Zn'™ and Cd™]. The ligand behaved as S, O-
bidentate where chelated from the sulfur atom of
the thioamide group (C]S) and the neighboring ox-
ygen atom of the amide group (C]O) to produce
nonelectrolyte octahedral complexes, which was
demonstrated by techniques involving ['H,"*C
NMR; CHNS.; Uv—Vis.; FTIR; FAA; magnetic sus-
ceptibility; melting point; and molar conductivity].
The structure of the ligand and its complexes are
shown in Fig. 19. The bioactivities of these guanines
are summarized in Table 1.

4. Conclusion

Guanine is an important chemical compound
whose structure and function continue to be of great
interest in both basic scientific research and applied
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Table 1. Summary of bioactivity of studied guanines.

Guanine Derivative Bio-application Results Studied by Ref.
8-Substituted O°-benzyl-guanine Antitumor vs. O°-benzyl-8-aza-guanines are more effective Robert C. [28]
(human colon can- than O°-benzyl-guanine by increasing the in- Moschel
cer HT29, prostate hibition of O6-alkylguanine- DNA alkyl et al.
cancer DU-145, transferase (AGT), leading to increased re-
breast cancer MCEF- sponses to chemotherapy.
71)
(D1) Antibacterial vs. D2 is often the most efficacious compound, Yousif H. [31]
2-Amino-8-((4-chloro phenyl) S. aureus with the pattern of ascending inhibition as Khalaf
diazenyl)- 1,9- dihydro -6H- E. coli follows:
purin-6-one P. aeruginosa D2 > D4, D5 > D1, D3 with S. aureus
(D2) S. typhi D2 > D4, D5 > D1> D3 with E. coli
2-Amino-8-((4-bromophenyl) K. pneumoniae D5 > D2, D3, D4 > D1 with P. aeruginosa
diazenyl)-1,9-dihydro -6H-pu- D2 > D5 > D1,D3 > D4 with S. typhi
rine-6-one D2 > D3,D5 > D1,D4 with K. pneumoniae
(D3)
2-Amino-8-(naphthalen-1-yl
diazenyl)-1,9-dihydro -6H-
purin-6-one
(D9)
2-Amino-8-((4-hydroxyphenyl)
diazenyl)-1,9-dihydro -6H-
purin-6-one
(D5)
2-((2,4-dihydroxyphenyl)dia-
zenyl)-1,9-dihydro-6H-purin-
6-one
N-substituted heterocyclic de- Antibacterial vs. The prepared compounds were more effective Shireen R. [32]
rivatives of guanine S. aureus against Pseudomonas than S. aureus. Rasool et al.
P. aeruginosa
Organohafnium (IV) complexes Antibacterial vs. The prepared O, N-guanine-hafnocene com- Ekta Malho- [39]
[(n®-CsHs),Hf(CsHsNsO)] E. coli plexes are more effective than guanine at (25 tra et al.
P. aeruginosa and 50)g/mL in inhibiting the growth of
Z. mobilis microbes.
Antifungal vs.
A. niger
A.awamori
8-[(4-nitrophenyl)azolguanine Antibacterial vs. All complexes and their ligands showed Thanaa ]J. [41]
(L) complexes of Pd(II), Pt(II) E. coli greater ability to deactivate bacteria growth Al-Hasani
and P{(IV). S. aureus than the metronidazole standard except for and
Bacillus Bacillus. Zainab S.
P mirabilis Almaliky
Cu(II)-organic framework based Antibacterial vS. —MIC of (guanine-Cu(II)-MOF) = 400 pg/mL Farideh [42]
on guanine standard and clin- against standard and clinical strains. Abbasloo
ical strains P. —MBC of (guanine-Cu(II)-MOF) = 700 pg/mL et al.
aeruginosa for standard strain only.
—MBC of (guanine-Cu(II)-MOF) = 800 pg/mL
for clinical strains only.
Bis ((E)-2-(2-hydroxy benzylide- Antibacterial vs. The complexes of Ni(Il), Cu(ll), and Zn(II) Mangesh S. [44]
neamino)-1H-purin —6(7H)- S. aureus showed more bioactivity toward bacterial Tihile and
one) (L) complexes of Mn(II); E. coli species than Mn(II) and Co(II) complexes and Gajanan N.
Co(II); Ni(IT); Cu(II) and Zn(II) P. aeruginosa ligands. Chaudhari
S. typhi
K. pneumoniae
8-[(4-Hydroxyphenyl) azo] gua- Antibacterial vs. ZnO nanoparticles exhibited greater bioac- Sanbul H. [45]

nine Zn(II) complex.
Derived ZnO-NPs

S. aureus
E. coli
P. aeruginosa

tivity against bacterial species compared to the
zinc complex.

Jerwan et al.

(continued on next page)
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Table 1. (continued)
Guanine Derivative Bio-application Results Studied by Ref.
8-(4-(antipyrinyl)azo)-guanine Antibacterial vs. The complexes exhibited more efficacy than Saif Din K. [46]
complexes of Co(II) and Zn(II) S. aureus their ligands against the examined bacteria. Alzamili and
E. coli Mohammed
Antitumor vs. The zinc complex had a greater potential for H. Shamran
HdFn and MCF-7 cytotoxicity compared to MCF-7 cells than its
ligand, whereas the ligand and Zn-complex
had a low potential for cytotoxicity compared
to HdFn cells.
N,N- tris[guanine]-Cr(III) Antibacterial vs. The Cr(III)-complex exhibited greater efficacy Jamilu Jaafar [47]
complex S. typhi in inhibiting the development of selected mi- et al.
K. pneumoniae croorganisms compared to guanine at con-
B. subtilis centrations of [500 & 1000] pg/mL.
S. pyogenes
Antifungal vs.
C. albicans
A. fumigatus
Antioxidant Both guanine and its complex exhibited little
antioxidant activity against DPPH radicals.
Guanine complexes of (Pb*, Antimicrobial vs. —In general, the complexes exhibited Hamad. M. [48]
Mn?*, Fe**, Cu?t, Zn?t, A. niger increased  sensitivity to  Streptococcus A. Hasan
Cd*', Cr**, and Fe3t E. coli compared to E. coli, with the products of Cd2+, et al.
Streptococcus Fe2+, and Fe3+ demonstrating superior effi-
cacy against E. coli.
—Mn2+ and Cd2+ complexes have superior
efficacy against A. niger compared to other
complexes.
8-[2-methoxyphenylazo]-gua- Antifungal vs. Cu(Il) and Zn(II)-Complexes showed greater Hasan S. [49]
nine complexes of Cu(Il) & A. niger activity than their azo-guanine ligand. Mohammed
Zn(II) and Saif D.
K. Alzamili
8-[(4-Chloro-3-hydroxyphenyl) Antimicrobial vs. The sequence of increasing inhibition of all Asmaa E. [51]
azo]-guanine complexes of Candida studied microbes is as follows: Fadhil and
Cu?*, Zn*t, Cd**, and Ag" S. aureus Ag*-complex > Cu * -complex > L Alyaa Kh.
K. pneumoniae Abbas
Antioxidant The Ag-complex exhibited more efficacy in

scavenging DPPH radicals compared to the
azo-guanine ligand.

fields. Several previous review studies presented
the importance of guanine, its physiological, phys-
ical, and chemical properties, and innovative prep-
aration methods at that time. In this study, we
complement what has been achieved on this topic
for about 25 years.

However, there is still additional research that
must focus on guanine and its derivatives through
the conducting of experiments related to the detec-
tion of guanine molecules using novel sensors pre-
pared for this purpose, in addition to different
preparation methods and performing different ap-
plications on the preparation products. So, the for-
mation of guanine, its organic and inorganic
derivatives, was found to be an essential subject for
investigation in this review.

Guanine molecules have various functional sites
[N (1); N (2; N 3); O (6); N (7); N (9), and N (10)],
which gives them the tautomeric property. These
molecules are also characterized by their low

solubility in most solvents. These properties make it
difficult to involve guanine directly in reactions,
especially alkylation reactions. As a result, protected
guanines or other purines are always a favourite to
start with preparative methods.

Furthermore, this study displays the metallo
-guanines that initiated their preparation by using
a guanine molecule, while guanine analogs such
as: (guanosine, acyclovir, famciclovir, ganciclovir,
... etc.), that may exhibit guanine-like behavior, are
not discussed. Most previous works used guanine
alone to prepare metal complexes and showed that
it behaves as a bidentate ligand and coordinates
from O(6) and N(7). While a few studies showed
that it coordinates from N(3) and N(9), and as is
known the chelate rings with five or six members
exhibit greater stability in comparison to those
with three, four, seven, or eight members. This is
due to the high strain on the members that are
larger or smaller than five or six members, and this
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supports the coordination from O(6) and N(7) sites.
In addition, the resonance stabilization of N(7)
makes it more donating than N(3). However,
spectral identification remains the basis for deter-
mining coordination sites, donor atoms, and the
behavior of ligands. The other guanines that may
show different donor atoms than the guanine
ligand due to the modification of the structure of
the guanine molecule and the presence of addi-
tional functional groups can coordinate with ele-
ments as we observed in azo derivatives for
example.

These guanines can be used in diverse applica-
tions such as bio-evaluations, industrial, and nano-
science. Also, they may be used as electro-optical
sensors due to their magnetic and optical properties.
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