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The structure and electronic structure of drugs determine their mechanism of action. Correct
structural representation of drugs helps in the proper identification of pharmacophoric features.
Biguanide derivatives are a very important class of drugs, but their electronic structure was
not clearly understood. Ab initio MO and density functional studies revealed the structure of
the most stable tautomer of biguanide. (i) Electron delocalization, (ii) 1,3-H shift, (iii) 1,5-H
shift, (iv) protonation, and (v) deprotonation processes, etc., have been investigated for
biguanide. The molecular electrostatic potential (MESP) surfaces of neutral, protonated, and
deprotonated biguanide have been shown to be similar in their most stable arrangements.
The electrostatic potential of the complementary surface where these systems may bind also
could be identified. Finally, the most stable structure of the important biguanide derivatives
has been given after performing a conformational search.

Introduction

Biguanides are an important class of compounds that
have extensive medical applications. Metformin1 (1) (a
blockbuster antidiabetic compound) and proguanil2 (2)
(an antimalarial agent) are biguanide derivatives, which
are available as drugs. Other important compounds in
this series are phenformin3 (3), buformin4 (4), chlo-
rophenylbiguanide5 (5), chlorhexidine6 (6), etc. (Figure
1). Apart from the well-established antidiabetic and
antimalarial effects, biguanide derivatives have been
shown to exhibit antimicrobial,6 antiviral,7 antiplaque,8
etc. effects and also have been known to influence
gastric acid secretion.9,10 The molecular mechanism of
the therapeutic action of these systems is poorly un-
derstood. For example, the understanding about the
molecular mechanism of metformin is still at a specula-
tive stage. Holland et al. reported the tyrosine kinase
stimulation by metformin.11 More recently, evidence is
being gathered to show the adenosine monophosphate
kinase (AMPK) activation by metformin.12-14 Sweeney
et al. reported that phenformin and proguanil act as
cysteine protease inhibitors, showing that the metal
complexes of biguanide derivatives are more potent
scaffolds for protease inhibitory activity.15 Ruggiero-
Lopez et al. and Mišur and Turk reported the advanced
glycation end products (AGE) formation-inhibitory ac-
tivity of biguanides.16,17 Glennon et al. have reported
5-HT3 (Serotonin) receptor agonistic activity of aryl-
biguanide, and quantitative structure-activity relation-
ship (QSAR) studies have been reported on this se-
ries.5,18

Biguanides are highly basic; they form HCl salts quite
readily. This aspect is being exploited in the preparation
of oral formulations of metformin.19 Biguanides also are
known to form dibasic salts such as biguanide‚2HCl,
biguanide‚H2SO4, etc.20 Biguanides also show acidic

character. The anionic biguanides form complexes with
transition metals.21 Some of the metal complexes of
biguanide include [Mn(big)3]4+, B(big)2Cl, [TcO(big)2]3+,
[ReO(big)2]3+, Co(big)3‚2H2O, [Cu(big)2]2+, etc.22-25 The
crystal structures of neutral biguanide,26 biguanide‚
HCl,27 biguanide‚2HCl,28 and several metal complexes
with biguanide derivatives are available.21-25 The X-ray
crystal structure of biguanide shows that structure 7
(Scheme 1) should be the most preferred structure,26

without hydrogen on the bridging nitrogen (N4). The
crystal structure of the HCl salt of biguanide (8) also
does not show hydrogen on the bridging nitrogen (N4).27

However, in the medicinal chemistry literature, bigu-
anide derivatives are always represented as structure
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Figure 1. Various medicinally important biguanide com-
pounds.

Scheme 1
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9, which leads to a misleading perception. Especially
when molecular modeling-based studies are being in-
creasingly employed for the study of molecular mecha-
nism, it is important to identify the appropriate struc-
tures and the detailed electronic charge distribution in
biguanides.

The chemical, biochemical, and therapeutic activities
of the biguanide derivatives and their variations can be
attributed to the electron distribution in these systems.
For example, the highly basic nature of biguanide
derivatives is due to the increased electron delocaliza-
tion upon protonation. Similarly, the complexation of
the anionic biguanides with metals is due to the
localization of charge density on the terminal nitrogens,
which helps in the formation of chelating complexes.
However, the electronic distribution in biguanides has
not been studied in detail. In this paper, we report the
electronic structure of the neutral, cationic, and anionic
forms of biguanide. The protonation and deprotonation
energies have been estimated using high-accuracy ab
initio calculations. Natural bond orbital (NBO) analysis
has been carried out to study the electron delocalization
in various isomers of biguanide. We also report the
tautomeric forms of biguanide, the most important
1,5-H and 1,3-H shift in biguanide.

Because the molecular recognition in drug-receptor
interactions is driven by the stereo electronic effects of
ligands, studies of three-dimensional MESP and its
gradient plots have become important in characterizing
pharmacologically active molecules.29,30 As the drug
action is a result of the complementarity of the elec-
tronic surface of the drug and the active site, it is
important to understand the MESP of biguanides to
comprehend the pharmacophoric features and their
complementary surface. Thus, the comparative analysis
of the MESPs of various isomers of biguanide provides
clues regarding the complementary surface required for
the binding of the biguanide-based drugs. In this paper,
we include studies on the MESP surface of biguanide
and its putative complementary surface.

Computational Details

Ab initio molecular orbital (MO)31 and density functional
(DFT)32 calculations have been carried out using the GAUSS-
IAN03 software package.33 Complete optimizations have been
performed on various isomers of biguanide to understand the
electronic structure, 1,3-H shift, 1,5-H shift, and C-N bond
rotations using HF (Hartree-Fock), B3LYP (Becke3, Lee,
Yang, Parr),34 and MP2(full) (fully correlated Moeller-Plesset
perturbation)35 methods with the 6-31+G* basis set. Frequen-
cies were computed analytically for all optimized species at
all levels to characterize each stationary point as a minimum
or a transition state and to estimate the zero point vibrational
energies (ZPE). The calculated ZPE values (at 298.15 K) have
been scaled by a factor of 0.9153, 0.9806, and 0.9661 for the
HF, B3LYP, and MP2(full) levels, respectively.36 The final
absolute and relative energies were obtained using the high-
accuracy Gaussian2-MP2 (G2MP2) method.37 The protonated
biguanides and deprotonated biguanides have been studied
using the same method employed for biguanide. The NBO
approach has been employed to quantitatively estimate the
second-order interactions.38 The harmonic oscillator measure
of aromaticity (HOMA),39 a geometry-based aromaticity index,
has been applied to quantify the extent of π-electron delocal-
ization of biguanide and related structures. Relative energies
obtained using G2MP239 free energies and geometrical pa-
rameters observed in the MP2(full)/6-31+G*-optimized struc-

ture have been employed in the discussion unless otherwise
specifically mentioned.

The molecular electrostatic potentials were calculated on
the MP2(full)-optimized geometries of selected biguanides and
superimposed onto a constant electron density (0.002 e/au3)
to provide a measure of the electrostatic potential at roughly
the van der Waals surface of the molecules using SPARTAN-
Pro software.40 The color-coded surface provides a location of
the positive (deepest blue, most positive) and negative (deepest
red, most negative) electrostatic potentials. The regions of
positive charge indicate relative electron deficiency (estimated
as a function of the repulsion experienced by a positively
charged test probe), and regions of negative potential indicate
areas of excess negative charge (estimated as a function of the
attractive force experienced by a positively charged test probe).

Results and Discussion

Tautomers of Biguanide. Two different structural
representations, 7 and 9 (Scheme 1), are in use for
biguanide derivatives. Whereas representation 9 is
generally employed in medicinal chemistry literature,
representation 7 is chemically more accurate. Electronic
structure studies showed that biguanide can exist in a
total of 10 different tautomeric forms (Figure 2).41 These
tautomeric forms can be interconvertible using unimo-
lecular 1,3-H shift processes or bimolecular paths
involving protonated biguanide or anionic biguanide.
The relative stabilities of these tautomers are given in
Table 1. These 10 tautomers can be further subdivided
in to two sets (i) those without hydrogen at the bridging
nitrogen N4 (10 and 11) and (ii) those with hydrogen
on the bridging nitrogen (12-19). Tautomers belonging
to the first set (10 and 11) are relatively more stable
compared to tautomers belonging to the second set (12-
19). This clearly indicates that the presence of hydrogen
on the central nitrogen is not a favorable process in

Figure 2. 3D structures of various tautomers of biguanide.
Tautomers 10 and 11 do not have a hydrogen on N4, whereas
tautomers 12-19 do have a hydrogen on N4.
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biguanides. Tautomers 10 and 11 are characterized by
C2-N4-C5-N6(7) conjugation, which is absent in 12-
19. This basic conjugative interaction in 10 is further
supported by delocalization from the lone pairs on amino
nitrogens. The tautomers 12-19 are characterized by
6π-electron delocalization on the NdC2-N4-C5dN
frame of these systems, where two electrons from N4
participate in π delocalization. Tautomer 10 is the most
stable of all the tautomers, with all other tautomers at
least >5 kcal/mol higher in energy (Table 1). The
tautomeric representation generally given in medicinal
chemistry literature is 14; it is about 9.0 kcal/mol less
stable than the most stable tautomer (10). This clearly
indicates that the probability of the existence of tau-
tomer 14 in equilibrium with 10 is almost negligible;
according to Boltzmann formula, the concentration of
tautomer 14 in a solution of biguanide turns out to be
less than 0.001 ppm.

The three-dimensional (3D) structures of 10, 12, and
14 are given in Figure 2. 10 is characterized by a strong
conjugation between C2-N4 and C5-N6 double bonds.
It is also characterized by a strong intramolecular
hydrogen bond, with a bond length of 1.884 Å at the
MP2(full)/6-31+G* level. The combination of strong
conjugation and intramolecular hydrogen bonding is
responsible for the high relative stability of 10. The N1-
C2-N4-C5-N6 frame of 10 adopts an almost planar
arrangement. 12 is also characterized by an intramo-
lecular hydrogen bond (1.958 Å at the MP2 level). 14 is
also characterized by intramolecular hydrogen bonding
interaction; however, it is weaker than in 10 and 12
(2.081 Å at the MP2 level). 11 is 5.16 kcal/mol less stable
than the global minimum 10. In this tautomer, C2-N4-
C5-N7 conjugation is expected, but steric repulsions
due to N1 and N6 are very high and reduce the stability
of this tautomer. Tautomer 13 is 7.78 kcal/mol higher
in energy in relation to 10; the absence of conjugative
interaction is mainly responsible for the same. The other
tautomers are higher-energy tautomers; the only sur-
prising element is the identification of the high-energy
local minimum 19 on the PE surface, which is not
generally expected due to lone pair(N1)-lone pair(N6)
repulsion.

To understand the energetics of the unimolecular
H-transfer processes in biguanide, calculations have

been performed to estimate the 1,5-H shift in 10 and
the 1,3-H shift process between 10 and 12. 10 may
undergo a 1,5-H shift, between N1 and N6; this process
does not lead to any new tautomer but may provide
resonance stability to it. G2MP2 calculations showed
that this process goes through a transition state (20)
(Figure 3), with a barrier of about 4.18 kcal/mol; this
small barrier indicates that there is a dynamical equi-
librium between two resonating structures in 10 (Scheme
2). Such a 1,5-H shift is not practical in any other
tautomer of biguanide (12 or 14) because it leads to the
loss of conjugative stabilization. Hence, 10 gains ad-
ditional stability due to resonance, as in Scheme 2.
Transition state 20 is characterized by 6π-electron cyclic
delocalization, which is responsible for the small energy
barrier. The 1,3-H shift between tautomers 10 and 12
is represented by transition state 21 (Figure 3), with a
H shift barrier of 38.89 kcal/mol at the G2MP2 level.
This barrier is much less than the 1,3-H shift barrier
estimated for acetaldehyde-vinyl alcohol (67.83 kcal/
mol) and methylimine-vinyalamine (65.49 kcal/mol)
tautomeric processes at the same level.42 However, the
barrier is quite high, and the unimolecular path should
not be expected in the tautomerism of biguanides.

Table 1. Relative Energies (kcal/mol, ZPE corrected) of Various Conformers of 10 at 298.15 K Using 6-31+G* Basis Set

structure HF B3LYP MP2 G2MP2a
chemical interpretation

of the energy datab

10 0.00 0.00 0.00 0.00 Global Minimum
11 6.04 6.15 3.89 5.16 ∆E wrt 10
12 7.55 7.62 7.39 5.66 -do-
13 10.20 9.90 9.21 7.78 -do-
14 11.26 11.76 9.67 9.34 -do-
15 11.74 11.49 9.97 9.53 -do-
16 12.65 12.45 11.16 10.07 -do-
17 12.66 12.20 11.18 10.21 -do-
18 13.05 13.43 11.35 10.97 -do-
19 18.67 19.01 16.86 16.17 -do-
20 10.85 3.87 5.24 4.18 1,5-H shift barrier in 10
21 52.45 40.37 41.14 38.89 1,3-H shift barrier in 10
22 11.18 11.41 10.66 10.47 Rot. Bar. across C2-N1 in 10
23 13.93 12.40 12.48 11.09 Rot. Bar. across C2-N3 in 10
24 13.94 13.09 13.08 12.39 Rot. Bar. across C5-N7 in 10

a At the G2MP2 level, the relative energies are based on free energies. b ∆E is energy difference between tautomers, Rot. Bar. is the
rotational barrier.

Figure 3. 1,5-H shift, 1,3-H shift, C2-N1, C2-N3, and C5-
N7 rotational transition states of 10.

Scheme 2
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Electron Distribution in Biguanide 10. The extent
of electron delocalization can be estimated in terms of
(i) C-N rotations in biguanide, (ii) NBO analysis, and
(iii) HOMA analysis.42,43 The C2-N1, C2-N3, and C5-
N7 bonds are expected to be single bonds with partial
π character. The rotational barriers across these bonds
respectively are 10.47, 11.09, and 12.39 kcal/mol through
the rotational transition states 22, 23, 24 (Figure 3).
These values are slightly larger than the C-N rotational
barriers in guanidine (10.84 kcal/mol);42a all values are
at the G2MP2 level, suggesting that the extent of π
delocalization is slightly greater in biguanide compared
to that in guanidine.

Natural bond orbital (NBO) analysis provides infor-
mation regarding the electron delocalization from any
lone pair. In 10, the occupancy of N1, N3, and N7 lone
pairs are 1.80, 1.87, and 1.87, respectively, indicating
greater delocalization from N1. The energy E(2) associ-
ated with the second-order delocalization nN1 f π*C2-N4
is 83.38 kcal/mol. The E(2) associated with nN3 f π*C2-N4
and nN7 f π*C5-N7 are 51.28 and 50.36 kcal/mol,
respectively. All of these second-order interactions are
larger than the nN f π*C-N delocalization observed in
guanidine (E(2) ) 46.09 kcal/mol),42a demonstrating that
stabilization due to electron delocalization in biguanide
is very high. A quantitative measure of the extent of
delocalization can be calculated using the geometry-
based aromaticity index HOMA. The HOMA parameter
for 10 is 0.819, larger than the same for 13 (0.741) and
15 (0.615), indicating that the electron delocalization
in 10 is greater.

Protonation in Biguanide 10. The partial atomic
charges obtained from natural population analysis
(NPA)38 showed that a large negative charge is present
on N4 (-0.79) and on N6 (-0.95) in 10 (Table S4), which
indicates that the most favored protonation site in
biguanide is N6. The highest occupied molecular orbital
(HOMO) of 10 is mainly based on the N6 lone pair,
supporting the conclusion that protonation is favorable
at the N6 site. Maksik et al. reported that N6 is the
favored protonation site on the basis of protonation
energies.44 The MESP data also supports that N6 is the
preferred site for protonation in 10. The crystal struc-
ture report on protonated biguanide also supports the
N6-protonated structure.27 Mono protonation on 10 at
N6 gives 25, and protonation at N4 gives 26; these two
structures are tautomers. 25 is a C2 symmetric system
(Figure 4) with a 22.4° torsional angle across C2-N4-
C5-N6 at the MP2(full)/6-31+G* level, which is com-
parable to the X-ray report (22.7°).27 26 possesses an
intramolecular hydrogen bond, with a bond length of
1.862 Å; it has an almost planar structure. The double-
protonated biguanide 27 is also a C2 symmetric sys-
tem with a 31.1° torsional angle across C2-N4-C5-
N6.

25 is more stable than 26 by ∼9.0 kcal/mol at the
G2MP2 level (Table 2). This greater preference for N6
protonation is surprising because it causes breaking of
the intramolecular hydrogen bond and also reduces C2-
N4-C5-N6 conjugation. However, there is a possibility
of increased resonance stabilization, as pointed out by
Maksik et al.44 The Gibbs free energy for protonation
at N6 and N4 in 10 is -250.53 and -241.51 kcal/mol
at the G2MP2 level, respectively.45 In comparison to the
Gibbs free energy for protonation in guanidine (-229.42
kcal/mol at the G2MP2 level),42 the protonation is a
much more favorable process in biguanideson a relative
scale, protonation at N4 is less stabilizing and proto-
nation at N6 is more stabilizing in 10. The HOMA
values for 25 (0.985), 26 (0.794), and 27 (0.892) clearly
indicate the greater electron delocalization in 25 (Table
S7). The greater electron delocalization induced is
responsible for the greater stabilization of 25 relative
to that of 26. NBO analysis showed that N4 in 25
contains two lone pairs and that there are two double
bonds, C2-N3 and C5-N7. There are two strong
second-order interactions nN4 f π*C2-N3 and nN4 f
π*C5-N7, both with very high E(2) values of 139.6 kcal/
mol. NBO analysis indicates that 25 should be treated
as a 6π-electron conjugated system N1-C2-N4-C5-
N7, which also gets stabilized by electron delocalization
from N1 and N6 lone pairs (Scheme 3). This is also
supported by the geometric parameters C2-N3, C2-
N4, C5-N4, C5-N7 bond lengths that are in the range
of 1.333-1.336 Å, whereas C2-N1 and C5-N6 bond
lengths are in the range of 1.356 Å in 25.

Deprotonation in Biguanide 10. As discussed in
the Introduction, several complexes of deprotonated
biguanide with transition metal systems have been
reported. Besides, the bimolecular tautomerisation in
neutral biguanide might be taking place via an anionic
species (28-30). For example, the tautomeric proton
exchange between 10 and 12 might involve 30 (Figure
5). In principle, any of the hydrogen atoms (H8-H14)
can be involved in deprotonation. The synthesized metal
complexes indicate that the deprotonation of H8 is the
most prominent. However, H8-deprotonated biguanide
become highly unstable in the absence of metallic
complexation; this is because of the repulsions between
lone pairs of electrons N1 and N6 in such a state. The
deprotonation of H12-H14 is also not favorable due to
a decrease in resonance destabilization. Hence, depro-
tonation of H9-H11 has been considered in this study.
The Gibbs free energies due to deprotonation of H9-
H11 in 10 respectively are 345.44, 344.32, and 349.40
kcal/mol at the G2MP2 level (Table 3). These ionization
energies are less than those of acetaldehyde (366.74),

Figure 4. Protonated conformers of biguanide. 25 is N6-
protonated, 26 is N4-protonated, and 27 is N4- and N6-
diprotonated systems of 10.

Table 2. Protonation Energies of 10 (in kcal/mol)

product of
protonation

HF/
6-31+G*

B3LYP/
6-31+G*

MP2(full)/
6-31+G* G2MP2

25 -247.71 -241.63 -237.28 -250.53
26 -234.72 -230.47 -227.40 -241.51
28 -365.56 -356.94 -351.04 -367.44

Scheme 3
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acetaldimine (377.03), or nitromethane (358.17 kcal/
mol), which are known to be involved in keto-enol,
imine-enamine, and nitro-acinitro tautomeric pro-
cesses. Hence, it may be inferred that biomolecular
tautomerization involving the deprotonation pathway
in biguanide should be more favorable than the same
process in keto-enol, imine-enamine and nitro-acini-
tro tautomeric processes. This relatively high acidity of
biguanides is responsible for the ready formation of
metallic complexes and probably plays an important role
in the biological processes. 29 represents the structure
of the lowest-energy anionic biguanide. This species is
characterized by two lone pairs on N4, according to NBO
analysis. The geometric parameters of 29 as well as the
electronic structure based on NBO analysis show the
presence of a clear C2-N3 double bond. The nN4 f
π*C2-N3 and nN4 f π*C5-N6 energy E(2) with the second-
order interaction in 29 is 67.2 and 105.97 kcal/mol,

respectively, indicating the greater delocalization of
electron density.

Molecular Electrostatic Potential Analysis. Fig-
ure 6 shows the molecular electrostatic potentials
(MESP) of 10, 12, 14, 25, and 29. The electrostatic
potential of 10 shows the concentration of electron
density at N4. Clearly, there is a large difference in the
MESP of 14 with respect to that of 10. Hence, the
representation of biguanides and their derivatives as
14 only lead to misleading expectations about the
complementary surfaces on the biomolecules. Because
10 is the most stable arrangement, a complementary
surface for the same should be similar to that in Figure
6d; such an understanding of the electrostatic comple-
mentarity is particularly important in the wake of
current work on molecular docking of biguanide deriva-
tives in active sites of the cystine protease enzyme,14

etc. The molecular electrostatic potentials of 25 and 29
also are quite similar to that of 10, especially in the

Figure 5. Deprotonated forms of biguanide 10. 28 is H9-
deprotonated, 29 is H10-deprotonated, and 30 is H11-depro-
tonated tautomers of anionic biguanide.

Table 3. Deprotonation Energies of 10 (in kcal/mol)

product after
deprotonation

HF/
6-31+G*

B3LYP/
6-31+G*

MP2(full)/
6-31+G* G2MP2

28 361.33 354.71 350.00 345.44
29 360.07 352.70 348.88 344.32
30 366.87 358.47 355.13 349.40

Figure 6. Molecular electrostatic potential (MESP) surfaces of selected biguanides and proposed complementary surface for
biguanides plotted onto a surface of constant electron density (0.002 e/au3) showing the most positive potential (deepest blue
color), the most negative potential (deepest red color), and the intermediate potential regions (intermediate shades).

Scheme 4

Scheme 5
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C3-N4-C5 region. Hence, the complementary surface
for the biguanides may not be quite different when the
biguanides exist in their cationic/anionic states.

Pharmacophoric Features and Electronic Struc-
ture. In the introduction, it was shown that structure
9 in Scheme 1 is most often employed in medicinal
chemistry literature for biguanides. Such a representa-
tion masks the pharmacophoric features of biguanide
derivatives. For example, pyrimethamine (31) and
proguanil (2) are dihydrofolate reductase (DHFR) in-
hibitors, and they are being used in the treatment of
malaria. In the medicinal chemistry literature, these
structures are usually represented as in Scheme 4.

According to the above electronic-structure analysis,
proguanil should be more appropriately represented, as
in Scheme 5. Semi-empirical AM1 calculations on the
conformational analysis of proguanil confirmed that the
global minimum arrangement of proguanil shows an
absence of hydrogen on N4, the chlorphenyl substitution
should be on N6, and the isopropyl group should be on
N3 of biguanide. Hence, the most suitable representa-
tion of the structure of pyrimethamine and proguanil
are 32 and 33 (Scheme 5). (32 is only a rotated
representation of 31.) Such a representation brings out
the striking similarities between the two DHFR inhibi-
tors and helps in realizing the pharmacophoric features.
AM1 calculations have been performed on all the other
biguanide derivatives given in Figure 1 to identify their
global minimum conformations. The results indicate
that in all the cases (i) a tautomer with H on N4 is less
stable and (ii) the substituents prefer to be located on
N6. Hence, the structures given in Figure 1 are not the
true representation of the drugs/drug candidates; per-
tinent representations are given in Figure 7, and the
3D structures of the global minima on the respective
potential energy surfaces are given in Figure 8. From
this analysis, it is clear that in metformin the methyl
substituent prefers to be on N3 or N7 but not on N1. In
phenformin and other systems, the substituent prefers
to occupy the N6 position. These differences may be
leading to the observed differences in their antidiabetic
activity. Further work is in progress to verify this
hypothesis.

Conclusions

Electronic-structural studies on biguanide indicate
that the global minimum tautomer is 10. 10 is charac-
terized by the following features: (i) C2-N4-C5-N6
4π-electron conjugation, (ii) N1-H8- - -N6 intramolecu-
lar hydrogen bond, (iii) low-energy barrier for the 1,5-H
shift, (iv) greater stabilization due to protonation in
comparison to guanidine, (v) greater probability of
deprotonation to favor tautomerization in comparison
to acetaldehyde, acetamide, and nitro methane, (vi) a
very characteristic molecular electrostatic potential that
does not effect protonation/deprotonation, etc. All of
these characteristics are important in identifying the
pharmacophoric features of biguanide. This electronic-
structural analysis is useful in more appropriately
representing the DHFR inhibitors pyrimethamine and
proguanil. This study also indicated that the dynamism
associated with the basic biguanide frame is quite high
(due to tautomerism); this leads to the global minima
with substituents at N6 rather than at other nitrogen

centers. This study also helped in realizing the comple-
mentary electrostatic surface of the biomolecules for best
interaction with biguanide derivatives, and hence, this
electronic and structural study is expected to be useful
in identifying the biological targets for biguanide de-
rivatives.
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Figure 7. Correct conformers of important biguanide deriva-
tives. These representations are different from those of Figure
1 in two counts (i) there is an absence of hydrogen on the N4
position, and (ii) the substituent groups occupy the N6 position,
which leads to energy minimum conformations. The 3D
representations of the same are given in Figure 8.

Figure 8. 3D structures of the most stable conformers of some
important biguanide derivatives.
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absolute energies of species under consideration, partial atomic
charges, the second-order energies of various second-order
interactions according to NBO analysis, and the HOMA
analysis results. This material is available free of charge via
the Internet at http://pubs.acs.org.
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