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density functional methods. There are total 10 rotational isomers on

the potential energy (PE) surface of TAG. The effect of three amino groups substitution on guanidine (Gu) has been
studied in terms of the primary and the secondary electron delocalizations in TAG by employing Natural Population
Analysis (NPA). An increased electron delocalization is observed in protonated triaminoguanidine (TAGP) due to the
three strong intramolecular hydrogen bonds and hence accounts for its extra stability. The increase in the electron
delocalization upon protonation in TAG can be compared to that in guanidine. The absolute proton affinity (APA) of
TAG is less than that of Gu. HOMA and NICS studies have been carried out to understand electron delocalization in
TAGP. Copyright # 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

N,N0,N00-triaminoguanidine (TAG) is known to have
extensive applications in both chemical and biological
systems.1 It was first synthesized by Stollé in 19042 and
since then the chemistry of TAG and its derivatives has
been extensively studied. Due to the advantages like
lower toxicity, lower corrosive product formation, higher
specific impulse and less solid reaction products for-
mation than the conventional composite propellants,
triaminoguanidine nitrate is classified as an environmen-
tally friendly and clean-burning rocket propellant for
commercial applications.3 The nitrate, perchlorate and
carbonate derivatives of TAG are extensively used in fire
extinguishers and vehicle air bags.4 TAG carboxylates
have been investigated for the design of anti-diabetic
agents for the treatment of non-insulin-dependent dia-
betes mellitus (NIDDM).5 As a guanidine derivative,
TAG acts as a reversible inhibitor of cholinesterase and
also demonstrates combined inhibition of monoamine
oxidase.6,7 N,N-dinitramide salts of TAG are used as
solubilizing agents for biologically active agents such as
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medical imaging or diagnostic agents, pharmacologically
active agents and agricultural agents such as pesticides,8

and in the preparation of various biologically significant
compounds.9

It is suggested that guanidine and its derivatives like
aminoguanidine, diaminoguanidine, biguanides etc.
mainly exist in their protonated form under physiological
conditions, which accounts for their high basicity and
also explains their various biological properties.10–12 The
electronic structure, proton affinity etc. on guanidine,
aminoguanidine and diaminoguanidine have been studied
earlier.11,12 It was reported that the presence of an
additional NH2 unit in aminoguanidine is responsible for
the reduction in the toxicity of guanidine.12 Recently
we studied the absolute proton affinities of guanidine,
aminoguanidine and diaminoguanidine (Fig. 1), which
suggest that the increased stabilization of the protonated
species is a result of the strong intramolecular interactions
rather than increased delocalization upon protonation.13

Extensive studies on the electronic structure, isomerism,
electron delocalization, rotational barriers etc. in guani-
dine, aminoguanidine and diaminoguanidine and their
protonated structures were carried out.13 The trends in
the C—N barriers in guanidine, aminoguanidine,
diaminoguanidine, urea, thiourea, selenourea, biguanide,
formamide, thioformamide, selenoformamide etc. can be
J. Phys. Org. Chem. 2007; 20: 1072–1080
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Figure 1. Guanidine (Gu), three different isomers of aminoguanidine (AG1, AG2 and AG3), three different isomers of
diaminoguanidine (DAG1, DAG2 and DAG3) and N,N0,N00-triaminoguanidine (TAG)
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traced to the primary and secondary electron delocaliza-
tions in these systems, which in turn are controlled by
molecular orbital interactions.14,15

The three amino groups substitution on guanidine
moiety yields one basic structure of TAG (Fig. 1) with 10
rotational isomers possible on its potential energy (PE)
surface. In the present paper, the C—N and N—N
rotational PE surface of TAG and its proton affinity has
been studied and compared with that of guanidine using
ab initio MO and DFT methods. The partial p character
across C—N bonds is an important property in guanidine
and its derivatives,13,14 and this determines the confor-
mational surface of these species. A study of the
rotational PE surface in the gas phase provides infor-
mation regarding the extent of electron delocalizations in
this system, which is reported in this paper.
COMPUTATIONAL DETAILS

Ab initio MO16 and density functional (DFT)17 calcu-
lations have been performed using the GAUSSIAN98
package.18 Complete optimizations have been performed
on various isomers of TAG to understand the electronic
structure, N—N and C—N bond rotations, and electron
Copyright # 2007 John Wiley & Sons, Ltd.
delocalization using HF, B3LYP19 and MP2(full)20

methods at the 6-31þG� basis set. To characterize each
stationary point as a minimum or a transition state and to
estimate the zero point vibrational energies (ZPE),
frequencies for all optimized species were computed at
all levels. The calculated ZPE values were scaled by a
factor of 0.9153, 0.9806 and 0.9661 for HF, B3LYP
and MP2(full) levels, respectively.21 Higher accuracy
G2MP222 method, which includes thermal and ZPE
corrections, was employed to obtain more exact relative
energies for all the structures and the G2MP2-free energy
data has been used in the analysis of results (unless
otherwise specifically mentioned).

Estimation of intramolecular hydrogen-bonding inter-
actions has been performed using atoms in molecules
(AIM)23 calculations (wherever applicable). Natural bond
orbital (NBO) approach24 has been employed to quan-
titatively estimate the second-order interactions as:
E 2ð Þ ¼ �2Fij

�
DEij, where E(2) is the energy due to

second-order interactions; DEij¼Ei�Ej is the energy
difference between the interacting molecular orbitals
i and j; Fij is the Fock matrix element for the interaction
between i and j.

The protonated structure of triaminoguanidine (TAGP)
was also optimized using the same methods in order to
J. Phys. Org. Chem. 2007; 20: 1072–1080
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study the protonation energies (Eqns 1 and 2), absolute
proton affinity (APA) (Eqn 3) and evaluate their electron
delocalization.

Eprot ¼ E BHþð Þ � E Bð Þ½ �

þ ZPE BHþð Þ � ZPE Bð Þ½ � (1)

Gprot ¼ G298 BHþð Þ � G298 Bð Þ (2)

APA ¼ �DH298

¼ H298 Bð Þ þ H298 Hþð Þ � H298 BHþð Þ (3)

where Eprot (Eqn 1)12j is the electronic energy of
protonation reaction, Gprot (Eqn 2) is the Gibbs free
energy of protonation and APA is the absolute proton
affinity of a molecule (Eqn 3).10f E(B) and E(BHþ) denote
the total energies of the base and its conjugate acid,
respectively; ZPE is the zero-point vibrational energy
correction; G298 is the free energy at 298.15K of the free
base (B) and its conjugate ionic acid (BHþ); H298 is the
enthalpy of the free base (B), its conjugate ionic acid
(BHþ) and the proton (Hþ) at 298.15K. Equation (1)
includes the changes in total energy and in ZPE, Eqn (2)
includes the changes in total energy, in ZPE, in thermal
energy and entropy change on going from 0 to 298.15K
and Eqn (3) gives the negative of enthalpy change
(�DH298), which includes the changes in total energy, in
ZPE, in vibrational energy on going from 0 to 298.15K,
and in rotational and translational energy and a work term
(RT¼ 0.592 kcal/mol).15c For Hþ, only the translational
energy term is not equal to zero (H298 Hþ¼ 3/
2RT¼ 0.899 kcal/mol at 298.15K) and a work term
(RT¼ 0.592 kcal/mol).10f In the present work, Eprot, Gprot

and APA are calculated using energy, Gibbs free energy
and enthalpy, respectively, obtained at the G2MP2 level
of calculation.

Harmonic oscillator measure of aromaticity (HOMA),25

a geometry-based aromaticity index (HOMA is defined
in such way to give 0 for a model non-aromatic system and
1 for a systemwhere fullp-electron delocalization occurs),
was applied to quantify the extent of p-electron delocali-
zation of guanidinium ion and aminoguanidinium ion.
HOMA is defined as follows:

HOMA ¼ 1� a

n

X
dopt � di
� �2

(4)

where a is the normalization constant (93.52 for CN
bonds), n is the number of bonds taken into account, dopt
is the optimum bond length which is assumed to be
realized when full delocalization of p electrons occurs
(1.334 for CN bonds) and di are the running bond lengths.

Nucleus-independent chemical shift (NICS) index,
introduced by Schleyer et al.26 related to the magnetic
properties of the molecule, was applied to quantify the
extent of p-electron delocalization of triaminoguanidi-
nium ion. It is defined as the negative value of absolute
shielding computed at a ring centre or any other
Copyright # 2007 John Wiley & Sons, Ltd.
interesting point of the system, determined by the
non-weighted mean of the heavy atom coordinates.
Aromatic systems are characterized by negative NICS,
antiaromatic systems by positive NICS, as discussed in
the study of many cyclic systems.26
RESULTS AND DISCUSSION

Potential energy surface of TAG

The complete electronic structure calculations have been
carried out on TAG and on its C—N and N—N rotational
isomers to generate a PE surface. TAG1 is the most stable
isomer having the least energy on a PE surface (Table 1).
The C—N and N—N rotational processes in TAG1 lead
to nine additional minima TAG2–TAG10 (Fig. 2). There
are notably two strong intramolecular hydrogen-bonding
interactions observed in TAG1 between N5 and H15 and
between N7 and H12 with distances being 2.161 Å and
2.312 Å, respectively (Fig. 2). However, AIM studies did
not show any bond critical points to support these
stabilizing interactions. The nN5! s�N4—H15 (E(2):
5.33 kcal/mol) (Table 2) second-order interaction in
TAG1 corroborates the possible intramolecular hydrogen
bond stabilizing interaction. In case of the other minima,
only one such stabilizing attractive interaction can be
possible. For example, in the case of TAG2, which is an
N4—N7 rotamer of TAG1 and is only 0.92 kcal/mol less
stable than TAG1 (Table 1), only one such attractive
interaction between lone pair of electrons on N5 and H15
is observed. TAG4 (3.49 kcal/mol) and TAG10
(5.15 kcal/mol) are the C2—N4 rotamers while TAG5
which is 3.57 kcal/mol less stable than TAG3 is the
C2—N3 rotamer, where all these isomers have no
intramolecular H-bonding interactions. TAG3 (2.63 kcal/
mol), TAG6 (4.51 kcal/mol), TAG7, TAG8 and TAG9
(3.12, 4.18 and 4.54 kcal/mol) are not purely N3—N6,
N4—N7 and N1—N5 rotamers, respectively; instead of
N—N rotation these isomers undergo conformational
changes along with C—Nbond rotations to generate these
minima on the PE surface. Though there are several
possible conformations for the TAG, the energy
difference between these isomers are quite small; all of
this fall within a range of about 5 kcal/mol. This indicates
that in solution-state any of these conformations may
exist or all of these might exist simultaneously. This
observation is quite different from that of AG and DAG
where one or two conformers are more energetically
preferred over the others.
Electron delocalization in triaminoguanidine

Electron delocalization in TAG1 can be understood as a
function of N—N and C—N bond rotations. On the
N1—N5, N3—N6 and N4—N7 rotational paths inTAG1,
J. Phys. Org. Chem. 2007; 20: 1072–1080
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Table 1. Relative energies (kcal/mol, ZPE-corrected values, which have been scaled by a factor of 0.9153, 0.9806 and 0.9661
for HF, B3LYP and MP2(full) levels, respectively) of various conformers of triaminoguanidine (TAG) and protonated triami-
noguanidine (TAGP) at 298.15K using 6-31þG� basis set

Structure HF (E) B3LYP (E) MP2(full) (E) G2MP2 (G) Chemical interpretation of the energy data

Triaminoguanidine
TAG1 0.00 0.00 0.00 0.00 Global minimum
TAG2 3.20 2.82 3.07 0.92 DE from TAG1
TAG3 3.77 2.90 2.42 2.63 DE from TAG1
TAG4 4.46 3.38 3.15 3.49 DE from TAG1
TAG5 5.95 4.44 4.03 3.57 DE from TAG1
TAG6 7.70 4.91 4.29 4.51 DE from TAG1
TAG7 7.08 5.39 4.92 3.12 DE from TAG1
TAG8 7.28 5.96 5.11 4.18 DE from TAG1
TAG9 8.91 5.87 5.48 4.54 DE from TAG1
TAG10 8.22 5.79 5.75 5.15 DE from TAG1
TAG1-TS1 11.87 10.52 11.54 9.58 Rot. Bar. across N1–N5 in TAG1
TAG1-TS2 12.58 10.91 11.02 9.05 Rot. Bar. across N3–N6 in TAG1
TAG1-TS3 19.11 16.18 16.36 14.61 Rot. Bar. across N4–N7 in TAG1
TAG1-TS4 12.84 11.36 10.36 9.99 Rot. Bar. across C2–N3 in TAG1
TAG1-TS5 — 9.56 9.34 9.02 Rot. Bar. across C2–N4 in TAG1
Protonated triaminoguanidine
TAGP1 0.00 0.00 0.00 0.00 Global minimum
TAGP2 7.29 6.59 7.44 5.85 DE from TAGP1
TAGP3 14.03 12.67 13.85 11.36 DE from TAGP1
TAGP4 13.86 12.34 13.17 11.65 DE from TAGP1
TAGP5 14.65 13.13 13.91 12.11 DE from TAGP1
TAGP6 19.51 17.64 18.39 16.37 DE from TAGP1
TAGP1-TS1 15.53 13.01 14.26 11.75 Rot. Bar. across N1–N5 in TAGP1
TAGP1-TS2 15.53 13.01 14.26 11.74 Rot. Bar. across N3–N6 in TAGP1
TAGP1-TS3 22.22 18.98 20.98 17.09 Rot. Bar. across N4–N7 in TAGP1
TAGP1-TS4 18.12 17.87 16.79 16.75 Rot. Bar. across C2–N3 in TAGP1
TAGP1-TS5 18.00 14.40 16.16 13.98 Rot. Bar. across C2–N4 in TAGP1
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there are three different transition states TAG1-TS1,
TAG1-TS2 and TAG1-TS3, respectively (Fig. 3). The
N1—N5, N3—N6 and N4—N7 rotational barriers for
TAG1 are 9.58, 9.05 and 14.61 kcal/mol, respectively
(Table 3), which are higher than the N—N rotational
barriers in hydrazine (7.8 kcal/mol) and aminoguanidine
(AG1: 8.2 kcal/mol)13 (Table 3). These rotations lead to
the corresponding minima TAG7, TAG3 and TAG2,
respectively.

In aminoguanidine, the N1—N5 rotational barrier was
characterized by the breaking of intramolecular hydrogen
bond.13 In case of TAG1 during the N1—N5 rotation,
there is a loss of the possible intramolecular attractive
interaction. The N4—N7 and N3—N6 rotation also leads
to a loss of the H-bonding interaction.

The C2—N3 rotational barrier (through the transition
state TAG1-TS4 – Fig. 3) has been estimated to be about
9.99 kcal/mol (Table 3), which is comparatively smaller
than the corresponding interaction in guanidine (Gu1:
10.84 kcal/mol) (Table 3). The C—NandN—N rotational
barriers in TAG are not very large. They are only of the
order of 9–14 kcal/mol. This suggests that at equilibrium
interconversions among various conformations are quite
practical. The NPA analysis shows stronger electron
delocalization from N3 (nN3!p�

C2—N1; E
(2): 61.29 kcal/

mol) in TAG1, which is larger than that in Gu1 (E(2):
Copyright # 2007 John Wiley & Sons, Ltd.
41.58 kcal/mol) (Table 2). TAG1-TS5 (Fig. 3) depicts the
C2—N4 transition state with an energy barrier of
9.02 kcal/mol. This barrier is higher in value than that
of Gu1 (6.82 kcal/mol) (Table 3) and also the nN4!
p�

C2—N1 delocalization inTAG1 is (E(2): 50.78 kcal/mol),
which is greater than the nN4!p�

C2—N1 delocalization
in Gu1 (E(2): 46.09 kcal/mol).13 Since both C2—N3
and C2—N4 rotations in TAG1 correspond with the loss
of possible attractive intramolecular interactions, thus
these barriers to rotation in value are higher and the
lone pair delocalization is also greater than that of
guanidine.
Protonated triaminoguanidine

Protonation at the iminic nitrogen of all the isomers of
TAG upon protonation give TAGP, which may exist in
any of the six conformations – TAGP1–TAGP6 (Fig. 4).
Out of these conformations,TAGP1 is the most stable and
TAGP2–TAGP6 are its rotational isomers. TAGP1 is
characterized by three very strong intramolecular hydro-
gen-bonding interactions between N5 and H15, N6 and
H16 and N7 and H12 (which are confirmed by AIM
analysis for bond path) with each of the distances being
2.26 Å (Fig. 5). All the other isomers have either two or
J. Phys. Org. Chem. 2007; 20: 1072–1080
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Figure 2. C��N and N��N rotational isomers of N,N0,N00-triaminoguanidine (TAG)
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only one such intramolecular interaction. The energy
difference between TAGP1 and TAGP2 is 5.85 kcal/mol
at G2MP2 level favouring TAGP1 (Table 1) and these
two are different only by a N3—N6 rotation, however
during this rotation there is a loss of strong intramolecular
hydrogen bonding between N6 and H16. The other
conformers have even higher energy differences owing to
the loss of such attractive intramolecular interactions. The
N1—N5, N3—N6, N4—N7, C2—N3 and C2—N4
rotational barriers in TAGP1 are 11.75, 11.74, 17.09,
16.75 and 13.98 kcal/mol, respectively, at G2MP2 level
(Table 3). It is interesting to note that under protonated
conditions, TAG prefers a specific conformation, unlike
the noted flexibility under unprotonated state. The relative
stabilities of the rotational isomers of TAGP are quite
Copyright # 2007 John Wiley & Sons, Ltd.
less, C—N and N—N rotational barriers are high. The
only possible low energy process is the inversion at N6 in
TAGP1 to give TAGP2, which goes through a barrier of
about 5.85 kcal/mol but the reverse inversion from
TAGP2 to TAGP1 is barrier-less path. Similarly, C—N
and N—N rotations from any of the isomers to TAGP1
are quite low energy processes. This analysis indicates
that the possibility of finding isomers ofTAGP in solution
is quite low, precluding the possibility of interconversion
among conformers. Thus, it may be concluded that there
is only one possible conformation for the TAGP in
solution. In the protonation study of TAG we have
considered only iminic nitrogen as the potential proto-
nation site because there can be complete delocalization
of the electrons upon protonation at iminic nitrogen. To
J. Phys. Org. Chem. 2007; 20: 1072–1080

DOI: 10.1002/poc



Table 2. NBO analysis of the most stable conformer of guanidine (Gu) and triaminoguanidine (TAG) and their protonated
forms at the MP2(full)/6-31þG� level at 298.15 K

Structure Interaction

Second-order interaction Occupancy

E(2)a Ei�Eb
j Fb

ij rn(N) rp�

Gu1 nN3!p�
C2–N1 41.58 0.67 0.153 1.893(N3) 0.212

nN4!p�
C2–N1 46.09 0.68 0.162 1.892(N4)

nN1! s�C2–N4 23.56 1.22 0.152 1.939(N1)
GuP nN3!p�

C2–N1 112.48 0.48 0.220 1.762(N3) 0.443
nN4!p�

C2–N1 112.49 0.48 0.220 1.762(N4)
TAG1 nN1! s�C2–N4 16.11 1.28 0.128 1.949

nN3!p�
C2–N1 61.29 0.61 0.179 1.841 0.276

nN4!p�
C2–N1 50.78 0.65 0.168 1.865

nN5! s�N4–H15 5.33 1.20 0.072 1.975
nN6! s�C2–N3 7.73 1.26 0.088 1.980
nN7! s�N4–H15 7.89 1.21 0.087 1.976

TAGP nN1!p�
C2–N4 118.83 0.49 0.227 1.754 0.461

nN3!p�
C2–N4 118.51 0.49 0.227 1.754

nN5! s�N4–H15 9.58 1.21 0.096 1.969
nN6! s�N3–H12 9.58 1.21 0.096 1.969
nN7! s�N4–H15 9.58 1.21 0.096 1.969

Figure 3. N��N and C��N rotational transition states in TAG1

Table 3. Barriers to rotation (kcal/mol) of themost stable conformers of guanidine (Gu), and triaminoguanidine (TAG) and their
protonated forms of (gup and TAGP) obtained at MP2(full)/6-31G� and G2MP2 level

Structure

C��N3 C��N4 N1��N5 N3��N6 N4��N7

MP2(f) G2MP2 MP2(f) G2MP2 MP2(f) G2MP2 MP2(f) G2MP2 MP2(f) G2MP2

Gu1 12.40 10.84 7.06 6.82 — — — — — —
GuP 11.96 13.18 11.96 13.18 — — — — — —
TAG1 10.36 9.99 6.89 9.02 11.54 9.58 16.36 9.05 11.02 14.61
TAGP 16.79 16.75 16.16 13.98 14.26 11.75 14.26 11.74 20.98 17.09

Copyright # 2007 John Wiley & Sons, Ltd. J. Phys. Org. Chem. 2007; 20: 1072–1080

DOI: 10.1002/poc
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Figure 4. C��N and N��N rotational isomers of protonated triaminoguanidine (TAGP)

Figure 5. Comparative geometric features of guanidine
and triaminoguanidine

Copyright # 2007 John Wiley & Sons, Ltd.
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check the possibility any of the amino nitrogen atoms
compete with iminic nitrogen, we have carried out pro-
tonation study at amino nitrogen also. But all the amino
nitrogen showed quite higher protonation energy (as
expected) than the protonation at iminic nitrogen excluding
the possibility of any close competition between the amino
and iminic nitrogen for protonation under physiological
condition.

The electronic energy of protonation (Eprot), Gibbs free
energy of protonation (Gprot) and APA of triaminogua-
nidine (TAG1) are estimated to be�232.44,�226.12 and
233.78 kcal/mol, respectively, at G2MP2 level. The APA
value ofTAG is smaller than that ofGu (235.68 kcal/mol)
and both aminoguanidine (AG) (235.94) value as well as
diaminoguanidine (DAG) (239.27) value.13 The increase
in electron distribution upon protonation in TAG is
similar to that of Gu, AG as well as DAG. In the latter
cases, it was concluded that the observed differences in
the proton affinities have no bearing on the increase in
electron distribution upon protonation instead it is a result
of the gain in the intramolecular hydrogen bonds.13

However, there is a gain in the intramolecular hydrogen
bonds in TAG (i.e. two intramolecular hydrogen bond in
free base, TAG1, and three intramolecular hydrogen bond
in the protonated form, TAGP1), the APA value is less
than that of Gu, AG as well as DAG (Table 4).

UnlikeAG andDAG, the protonation in case ofTAG is
more comparable to that in Gu. The presence of three
electron-donating amino groups to the C(N)3 frame-work
does not perturb the existing strong p-electron deloca-
J. Phys. Org. Chem. 2007; 20: 1072–1080
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Table 4. Protonation energies (Eprot, Gprot) and absolute
proton affinity (APA) of triaminoguanidine at G2MP2 level
of calculations (kcal/mol) at 298.15K

Structure Eprot Gprot APA

Gua �234.93 �229.42 235.68
AG1a �234.84 �228.72 235.94
DAG1a �238.54 �231.52 239.27
TAG1 �232.44 �226.12 233.78

a Reference 13.
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lization of guanidiniummoiety, instead their effect further
strengthens the electron delocalization by increased
resonance stabilization due to the formation of tripenta-
cyclic system arising from the three strong intramolecular
hydrogen bonds upon protonation. The C2—N3 and
C2—N4 bond rotations in GuP and TAGP1 (Table 3)
shows a similar pattern. Upon protonation all hydrogens,
that is, three guanidino hydrogens are equivalent and six
amino hydrogens are equivalent, in TAG become equiva-
lent, similar to that in Gu. The NPA analysis (Table 2)
showed that in case of bothGuP and TAGP1, the trend in
electron delocalization is comparable (nN3/4!p�

C2—N1;
E(2): 112.48 kcal/mol in GuP and nN1/3!p�

C2—N4; E
(2):

118.83 kcal/mol in TAGP). The HOMAvalues forGuP13

andTAGP1 are exactly the same value as 0.999, while the
NICS values for GuP and TAGP1 are �44.1 and �39.4,
respectively, which are also comparable and accounts for
aromatic nature of both the ions. The geometric features
also demonstrate a similarity pattern between guanidi-
nium and triaminoguanidinium ion (Fig. 5). All these
results clearly indicate that the presence of three amino
groups on guanidine does not have a major effect on the
electron delocalization of guanidine, insteadTAG itself is
electronically similar to guanidine.
CONCLUSIONS

Ab initio MO and DFT calculations on TAG showed that
there are 10 conformational minima on the PE surface.
TAG1 is the most stable isomer characterized by two
strong intramolecular hydrogen bonds. All other isomers
arise due to C—N and N—N rotations, which lead to the
loss of the attractive intramolecular interactions and
hence have lower stability. The p electron delocalization
upon protonation TAGP is comparatively different from
that of protonated aminoguanidine (AGP) as well as
diaminoguanidine (DAGP), but is comparable to that of
guanidine (GuP) as indicated by differences in the C—N
rotational barriers and the NPA second-order electron
distributions. The effect of the three electron-donating
amino groups to the C(N)3 frame-work can be understood
as the increase in the electron delocalization by increasing
resonance due to the formation of tripentacyclic system
arising from the three strong intramolecular hydrogen
bonds upon protonation. The APA of TAG is 233.78 kcal/
Copyright # 2007 John Wiley & Sons, Ltd.
mol, only slightly smaller than that of guanidine
(235.68 kcal/mol). The HOMA (0.999 for GuP and
0.999 for TAGP1) and NICS (�44.1 and �39.4 for GuP
and TAGP1, respectively) studies also corroborate the
similarity between the aromatic nature of both GuP and
TAGP1 ions.
Supporting information available

Tables S1 and S2 containing the ZPE-corrected absolute
energy data of triaminoguanidine and its protonated form,
the geometrical parameters (Table S3) and HOMA and
NICS (Table S4) for various system is available free of
charge via the internet at http://www.interscience.wiley.
com/jpoc.
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MK. Chem. Rev. 2001; 101: 1385–1420; (h) Krygowski TM,
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