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Using quantum chemical calculations, we report structures, energetics, natural bond analysis, 
aromaticity and 14N NQR parameters of the irdidapyridine isomers. The MPW1PW91, 
PBEPBE and PBE1PBE calculations indicate the most stability for meta-isomer. Global elec-
trophilicity index shows that iridapyridines are stronger electrophile rather than pyridine. Local 
reactivity descriptors as Fukui functions ( kf � , kf �), local softnesses ( ks� , ks� ) and electrophili-

city indices ( k
�� , k

�� ) analyses are performed to find out the reactive sites within molecules. 
Nucleus-independent chemical shift (NICS) has been evaluated to understand the aromaticity. 
Also, changes in 14N NQR parameters of the molecules are studied.  
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INTRODUCTION

Metallacyclic aromatic compounds with transition metals are a subject of great attention, because 
they combine properties of both aromatic organic and organometallic compounds. For example, metal-
labenzenes are six-membered metallacycles analogous to benzene in which one CH unit has been re-
placed by an isolobal transition-metal fragment [MLn]. A significant number of papers have appeared 
that address synthesis and properties of metallabenzenes [ 1—6 ]. For example, a transition metal in-
corporated into stable metallabenzene complexes is iridium. Synthesis of a series of iridabenzenes has 
been reported [ 1—10 ]. In contrast to the situation with simple metallabenzenes, where there is by 
now an extensive amount of synthetic, structural, spectral, computational, and reactivity data available 
[ 1—3, 11—15 ], examples of heterocyclic ring metallabenzenes are scarce [ 16 ]. For example, syn-
thesis and properties of with metallabenzofuran [ 17, 18 ], metallabenzothiophene [ 18 ], metallaben-
zothiazolium [ 19 ], metallabenzothiazole [ 20 ], and metallabenzoxazole [ 20 ] have been reported. 

From experimental and theoretical examinations one sees that the actual experimental knowledge 
concerning hetero-iridabenzenes is still relatively limited [ 21—23 ]. The key difference between aro-
matic metallabenznes and their usual aromatic kin is that �-bonding in the former involves metal  
d-orbitals. The substitution of one atom of the ring in an aromatic organic molecule by an isoelectronic 
inorganic fragment of a similar shape and energy in their respective frontier orbitals can be illustrated 
by the isolobal analogy [ 24, 25 ]. 

In the present study, the geometries, aromaticity, chemical reactivity parameters and 14N NQR pa-
rameters of iridapyridine and its isomers have been calculated. The NQR spectroscopy can supply a 
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helpful method to study the details of electronic environment around the nitrogen. Also, natural bond 
orbital analysis (NBO) provides a detailed insight into the electronic structure. 

COMPUTATIONAL METHODS 

All calculations were carried out with the Gaussian 09 program suite [ 26 ]. The calculations of 
systems contain C, N, H and P described by the standard 6-311G(d,p) basis set [ 27—30 ]. For Ir ele-
ment standard LANL2DZ basis set [ 31—33 ] was used with effective core potential (ECP) of Wadt 
and Hay pseudopotential [ 31] with a double-� valence from LANL2DZ. Also, the aug-cc-pVDZ-PP 
basis set and effective core potential were used for the Ir atom, for studying of basis set and ECP on 
the stability of the isomers [ 34 ]. Geometry optimization was performed with Modified Perdew-Wang 
Exchange and Correlation (MPW1PW91) [ 35 ]. The results of calculations show that MPW1PW91 
functional gives better results than B3LYP [ 36—39 ]. Hybrid functional PBE1PBE [ 40 ] and 
PBEPBE [ 41 ] methods were used for studying stability of the isomers. Vibrational analysis was per-
formed at each stationary point found, in order to confirm its identity as an energy minimum. 

The population analysis has also been performed by the natural bond orbital method [ 42 ] using 
NBO program [ 43 ] under Gaussian 2003 program package. 

The nucleus-independent chemical shift (NICS) index, based on the magnetic criterion of aro-
maticity, is probably the most widely used probe for quantifidation of the aromaticity [ 44 ]. On the 
other hand, opposing assignments of aromaticity by NICS and other methods have been reported, par-
ticularly for inorganic compounds [ 45—47 ]. It is defined as the negative value of the absolute mag-
netic shielding a ghost atom located at the centre of the aromatic ring (NICS(0) [ 48 ]), or at r, Å above 
it (r = 0.5, 1, 1.5, 2.0 [ 49 ]). Negative NICS values denote efficient electron delocalization. We have 
also calculated nuclear independent chemical shifts (NICSzz) to probe the aromaticity [ 50, 51 ]. The 
NICS(1)zz is the zz component of the shielding tensor. The NICS values were calculated using the 
Gauge independent atomic orbital (GIAO) [ 52 ] method with the same procedure and basis sets for 
optimization. 

The electrostatic interaction of a nuclear electric quadrupole moment and the electron charge 
cloud surrounding the nucleus can give rise to the observation of pure NQR [ 53 ]. The Hamiltonian of 
this interaction is given [ 54 ]: 
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where all Is in the denominator are scalar values, while all Is in the square brackets are operators [ 55 ]. 
Quantum chemical calculations yield principal components of the EFG tensor, qii, in atomic units 
(1 au = 9.717365 	 102 V 
m–2), with |qzz| � |qyy| � |qxx|. qxx, qyy and qzz are the components of EFG in the 
directions of x, y and z, respectively. The calculated qii values were used to obtain the nuclear quadru-
pole coupling constants, �ii: 
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where Q is the nuclear quadrupole moment of the 14N nucleus. The standard values of quadrupole 
moment, Q, reported by Pyykkö [ 56 ] were used in Eq. (1), Q(14N) = 20.44 mb. Often experimental 
NQR parameters are reported as the nuclear quadrupole coupling constant, and have the unit of fre-
quency: 
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Asymmetry parameters (�Q) are defined as: 
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since it measures the deviation of the field gradient tensor from axial symmetry. 
For a nucleus of unit spin (such as 14N), we have three energy levels, so we get three nuclear 

quadrupole resonance frequencies [ 54 ]: 
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The quadrupole coupling constant (�zz) and asymmetry parameter (�) are usually calculated from 
the nuclear quadrupole frequencies as follows: 
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RESULTS AND DISCUSSION 

Energetics. Iridabenzene and three isomers of iridapyridines and their arbitrary numbering are 
presented in Fig. 1. Absolute energies and relative energies (�E) of iridabenzene and iridapyridine 
isomers have calculated in four levels of theory and gathered in Table 1. We can see that the meta-
isomer has the most stability at the studied levels of theory. Therefore, iridium appears to prefer the 
soft carbon atom, which is compatible with hard soft acid-base (HSAB) principle [ 57 ]. 

Thermodynamic parameters. Free energies, enthalpies, zero-point correction, relative free en-
ergies, and relative enthalpies of title molecules were calculated at four levels of theory and tabulated 
in Table 1. These values show that addition of zero point energy (ZPE) does not affect the order of 
relative stabilities. 

Geometric parameters. The calculated bond lengths are listed in Fig. 1. According to the theo-
retical results, three phosphine phosphorous, Pa, Pb, Pb�, and two 1 and 5 atoms form a square pyrami-
dal environment around iridium. 

Ir—C and Ir—N bonds. For analysis of these bonds, the model complexes [Ir(CH3)(=CH2)	 
	(PH3)3] were optimized with MPW1PW91 method and the same basis sets were used for the irida-
benzene and iridapyridines. The Ir—C bond length is slightly shorter than that for calculated Ir—C 
single bond (2.149 Å), but longer than that calculated Ir—C double bond (1.892 Å). The bond distance 
demonstrate the delocalization of bonding, a typical feature of aromatic molecules. 

CC and CN bonds. Analysis of CC bond lengths reveals these bonds are intermediate between 
normal single and double bonds, compared with 1.324 Å, 1.522 Å, 1.457 Å, and 1.262 Å, in C2H4, C2H6, 
 

 
 

Fig. 1. Structure and bond lengths of synthesized iridabenzene, model iridaben-
zene, benzene, pyridine and iridapyridine isomers with MPW1PW91 method,  
6-311G** and LANL2DZ basis sets for non metal and metal elements, respectively 
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T a b l e  1  

Absolute energies (Hartree), relative energies (kcal/mol), free energies (Hartree), enthalpies (Hartree),  
zero-point correction (Hartree), relative free energies (kcal/mol), and relative enthalpies (kcal/mol)  

values of iridabenzene and three isomers of iridapyridines 

L E Zero-point  
correction E+ZPE �E �E zpe G H �G �H 

Method 1*: MPW1PW91 
IB –1327.805 0.167 –1327.64 — — –1327.680 –1327.623 — — 

o-Ipy –1343.840 0.155 –1343.68 4.61 4.45 –1343.727 –1343.669 4.34 4.50 
m-Ipy –1343.847 0.155 –1343.69 0.00 0.00 –1343.734 –1343.677 0.00 0.00 
p-Ipy –1343.840 0.156 –1343.68 4.05 4.34 –1343.727 –1343.670 4.45 4.24 

Method 2*: PBEPBE 
IB –1327.0485 0.161 –1326.89 — — –1326.930 –1326.872 — — 

o-Ipy –1343.0872 0.148 –1342.94 3.04 2.93 –1342.981 –1342.923 2.99 2.94 
m-Ipy –1343.0920 0.149 –1342.94 0.00 0.00 –1342.986 –1342.928 0.00 0.00 
p-Ipy –1343.0851 0.149 –1342.94 4.33 4.66 –1342.978 –1342.921 4.80 4.52 

Method 3*: PBE1PBE 
IB –1327.117 0.167 –1326.95 — — –1326.992 –1326.935 — — 

o-Ipy –1343.144 0.155 –1342.99 4.90 4.73 –1343.032 –1342.974 4.68 4.78 
m-Ipy –1343.152 0.155 –1343.00 0.00 0.00 –1343.039 –1342.982 0.00 0.00 
p-Ipy –1343.145 0.155 –1342.99 4.03 4.33 –1343.032 –1342.975 4.45 4.22 

Method 4**: MPW1PW91 
IB –1327.679 0.167 –1327.51 — — –1327.554 –1327.497 — — 

o-Ipy –1343.717 0.155 –1343.56 2.65 2.43 –1343.605 –1343.547 2.24 2.50 
m-Ipy –1343.721 0.155 –1343.57 0.00 0.00 –1343.608 –1343.551 0.00 0.00 
p-Ipy –1343.715 0.155 –1343.56 3.89 4.03 –1343.602 –1343.545 3.87 3.98 

 
 

 

             *6-311G** and LANL2DZ basis sets for non-metal and metal elements, respectively. 
           **6-311G** and aug-cc-pVDZ-PP basis sets for non metal and metal elements, respectively. 
 
H3CNH2, and H2CNH respectively, calculated by MPW1PW91 method and with 6-311G(d,p) basis 
set. These data demonstrate the delocalization of bonding, with character of aromatic molecules. 

Ir—P bonds. Ir—P bond distances values are gathered in Fig. 1. These values indicate that the 
Ir—P basal bonds are longer than the Ir—P apical bonds.  

The predicted values are close to the experimental values [ 58 ]. The minor differences may due to 
the fact that the theoretical calculations were applied to the isolated molecule in gas phase, and the 
experimental results were applied to the molecule in the solid state. The calculated geometric parame-
ters represent a good approximation and can be used as foundation to calculate the other parameters. 
 

  T a b l e  2  
Frontier orbital energies (a.u.), frontier orbitals gap (eV), hardness (eV), softness (1/eV),  
chemical potential (eV) and electrophilicity (eV) values of benzene, pyridine, iridabenzene  

and three isomers of iridapyridines calculated with MPW1PW91 method, 6-311G**  
and LANL2DZ basis sets for non-metal and metal elements, respectively 

Molecule HOMO LUMO �E � S � � 

Benzene –0.267 –0.003 7.18 3.59 0.28 –3.66 1.87 
IB –0.184 –0.048 3.69 1.85 0.54 –3.15 2.69 
Pyridine –0.271 –0.026 6.66 3.33 0.30 –4.05 2.46 
o-Irpy –0.192 –0.058 3.65 1.83 0.55 –3.40 3.16 
m-Irpy –0.190 –0.055 3.69 1.85 0.54 –3.33 3.00 
p-Irpy –0.200 –0.063 3.73 1.87 0.54 –3.57 3.42 
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Chemical reactivity. Global 
reactivity descriptors. Global 
reactivity descriptors [ 59—63 ] 
electronegativity (�), chemical po-
tential (�), global hardness (�), 
global softness (S), and electro-
philicity index (�) were determi-
ned on the basis of Koopman�s 
theorem [ 64 ]. Frontier orbital 
energies, frontier orbitals gap, 
hardness, softness, chemical po-
tential and electrophilicity values 
are listed in Table 2. These values 
indicate the most hardness and 
electrophilicity and lowest chemi-
cal potential for para-isomer of 
iridapyridine. 

Local reactivity descrip-
tors. Selected nucleophilic reac-
tivity descriptors kf �, ks� , k

��  for 
molecules, obtained with Mul-
liken atomic charges, are given in 
Table 3. In iridapyridine, the 
maximum values of the local nu-
cleophilic reactivity descriptors 

kf �, ks� , k
��  at C5 atom indicate 

that this site is prone to electro-
philic attack.  

Selected electrophilic reactiv-
ity descriptors kf � , ks� , k

��  [ 65 ], 
are given in Table 3. The maxi-
mum values of local electrophilic 
reactivity descriptors kf � , ks� , k

��  
at Ir atom indicate that this site is 
more prone to nucleophilic attack. 

Nucleus independent che-
mical shift analyses (NICS). 
NICS is an easy and efficient cri-
terion to identify aromatic nature. 
A large negative NICS value at 
the ring center (or inside and 
above the molecular plane) im-
plies the presence of diamagnetic 
ring currents. As shown in Ta-
ble 4, all computed NICS(0.0) va-

lues at the geometrical center of cycles are in the range of –4.5 ppm to –4.2 ppm, suggesting that such 
frames are obviously aromatic. In order to further quantify the aromaticity of the molecules, we calcu-
lated the NICS values (including NICS(0.5), NICS(1.0), NICS(1.5), and NICS(2.0)) by placing a se-
ries of ghost atoms above (by 0.5 Å, 1.0 Å, 1.5 Å, 2.0 Å) the geometrical centers. All these NICS values 
are mainly attributable to the delo- calized � electron current. The most negative of these values are  
 

T a b l e  3

Selected nucleophilic reactivity descriptors ( kf � , ks� , k
�� ),  

selected electrophilic reactivity descriptors ( kf � , ks� , k
�� )  

of three isomers of iridapyridines obtained with MPW1PW91 method, 
6-311G** and LANL2DZ basis sets for non-metal  

and metal elements, respectively 

 Ir 1 2 3 4 5 

f + 
o-Irpy 0.7384 –0.2871 0.0561 –0.2066 0.0286 –0.6152 
m-Irpy 0.8329 –0.7161 0.4313 –0.2742 0.1979 –0.7462 
p-Irpy 0.7960 –0.5868 0.0029 0.0801 –0.0039 –0.5821 

f – 
o-Irpy –0.6437 0.3275 –0.0200 0.2593 0.0280 0.5849 
m-Irpy –0.8856 0.7378 –0.3347 0.4008 –0.1585 0.7431 
p-Irpy –0.8578 0.5830 0.0652 0.0547 0.0660 0.5826 

f 0

o-Irpy 0.0947 0.0403 0.0361 0.0527 0.0567 –0.0304 
m-Irpy –0.0527 0.0217 0.0966 0.1266 0.0394 –0.0031 
p-Irpy –0.0619 –0.0038 0.0681 0.1348 0.0621 0.0006 

�+ 
o-Irpy 3.1567 2.3308 –0.9064 0.1770 –0.6523 0.0903 
m-Irpy 3.0025 2.5007 –2.1500 1.2950 –0.8231 0.5943 
p-Irpy 3.4156 2.7188 –2.0041 0.0099 0.2736 –0.0133 

�– 
o-Irpy –2.0318 1.0338 –0.0630 0.8187 0.0885 1.8463 
m-Irpy –2.6589 2.2152 –1.0049 1.2034 –0.4759 2.2313 
p-Irpy –2.9301 1.9913 0.2227 0.1867 0.2254 1.9901 

�0 
o-Irpy 0.2990 0.1274 0.1139 0.1664 0.1789 –0.0958 
m-Irpy –0.1582 0.0652 0.2901 0.3803 0.1184 –0.0093 
p-Irpy –0.2113 –0.0129 0.2326 0.4603 0.2120 0.0019 

s+ 
o-Irpy 0.4042 –0.1572 0.0307 –0.1131 0.0157 –0.3368 
m-Irpy 0.4509 –0.3877 0.2335 –0.1484 0.1072 –0.4040 
p-Irpy 0.4263 –0.3142 0.0016 0.0429 –0.0021 –0.3117 

s– 
o-Irpy –0.3524 0.1793 –0.0109 0.1420 0.0154 0.3202 
m-Irpy –0.4794 0.3994 –0.1812 0.2170 –0.0858 0.4023 
p-Irpy –0.4594 0.3122 0.0349 0.0293 0.0353 0.3120 

s0 
o-Irpy 0.0519 0.0221 0.0198 0.0289 0.0310 –0.0166 
m-Irpy –0.0285 0.0118 0.0523 0.0686 0.0214 –0.0017 
p-Irpy –0.0331 –0.0020 0.0365 0.0722 0.0332 0.0003 
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T a b l e  4  

The NICS values (ppm) for the pyridine, iridabenzene and three isomers of iridapyridines obtained with  
MPW1PW91 method, 6-311G** and LANL2DZ basis sets for non-metal and metal elements, respectively 

Parameter NICS (0.0) NICS(0.5) NICS(1.0) NICS(1.5) NICS(2.0) NICS(0.0)zz NICS(0.5)zz NICS(1.0)zz NICS(1.5)zz NICS(2.0)zz

Pyridine –7.57 –10.16 –11.06 –8.22 –5.17 –13.45 –22.74 –29.18 –24.09 –16.74 
IrB –5.33   –7.33   –8.33 –6.8 –4.85   –2.72   –8.66 –16.34 –16.82 –13.04 
o-Irpy –4.54   –6.24   –7.63 –6.5 –4.66   –2.51   –7.73 –15.47 –16.06 –12.77 
m-Irpy –4.22   –6.22   –7.65 –6.34 –4.44   –2.77   –8.12 –15.41 –15.71 –12.22 
p-Irpy –4.52   –6.96   –8.56 –7.08 –4.90   –4.96 –10.55 –17.74 –17.50 –13.42 

 
T a b l e  5  

Occupancy of the �(Ir—P) orbitals and electron configuration of  Ir in iridabenzene  
and irdiapyridine isomers calculated with MPW1PW91 method, 6-311G**  
and LANL2DZ basis sets for non-metal and metal elements, respectively 

Complex Ir—Pa Ir—Pb Ir—Pb� Ir configuration 

IrB 1.8858 1.9100 1.9902 [core]6s(0.47)5d(8.47)6p(1.37)6d(0.02) 
o-Irpy 1.8808 1.9070 1.8948 [core]6s(0.47)5d(8.36)6p(1.26)6d(0.02) 
m-Irpy 1.8893 1.9157 1.9149 [core]6s(0.48)5d(8.48)6p(1.37)6d(0.01) 
p-Irpy 1.8749 1.9139 1.9087 [core]6s(0.47)5d(8.44)6p(1.35)6d(0.01) 

 
1.0 Å above of the ring center. For this reason, aromticity of these iridapyridine isomers increases in 
the ortho < meta < para row. We also calculated NICSzz to probe aromaticity in studied molecules 
(Table 4). The NICSzz is large and negative at the 1.5 Å above the ring center, thus providing additional 
evidence for aromaticity of these molecules. 

Natural bond orbital analysis. NBO analysis has provided detailed insight into the nature of 
electronic conjugation between the bonds in these molecules. According to the NBO results, the elec-
tron configuration of Ir in iridabenzene and irdiapyridine isomers is gathered in Table 5. The electron 
configuration of Ir is: [core] 6sa5db6pc6dd7pe. 

The computed Wiberg bond indices [ 66 ] of all molecules are summarized in Table 6. The sum of 
the Wiberg bond orders in the ring, �BOR, takes on values of 7.929, 7.878, and 7.883, respectively, for 
ortho-, meta-, and para-iridapyridine isomers. For comparison, the corresponding value for pyridine is 
8.584. It should be pointed out that, while �BOR is a good indicator of ionic/covalent character, it is 
not an aromaticity criterion since a hypothetical 1,3,5-cyclohexatriene would have a �BOR value close 
to 9.00 as well. In short, the meta > para > ortho stability order can be explained as an interplay be 
tween ionic bonding and aromaticity considerations. We note from the Wiberg indices that bonding in 
the ortho-isomer is more covalent than in meta- and para-isomers. 
 

   T a b l e  6  

The computed Wiberg bond indices and their sums for benzene, pyridine, iridabenzene  
and three isomers of iridapyridines calculated with MPW1PW91 method, 6-311G**  

and LANL2DZ basis sets for non-metal and metal elements, respectively 

Molecule Ir—1 1—2 2—3 3—4 4—5 5—Ir �BOring 

Benzene 1.436 1.436 1.436 1.436 1.436 1.436 8.615 
Pyridine 1.427 1.428 1.437 1.437 1.428 1.427 8.584 
IrB 1.055 1.505 1.388 1.388 1.505 1.055 7.897 
o-Irpy 0.898 1.711 1.230 1.535 1.356 1.200 7.928 
m-Irpy 1.047 1.513 1.341 1.424 1.459 1.093 7.877 
p-Irpy 1.067 1.485 1.389 1.390 1.484 1.069 7.883 
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    T a b l e  7  

Natural orbital occupancy (number of electrons, or �natural population� of the orbital) of  Ir—C  
and Ir—N bonds in iridabenzene and three isomers of iridapyridines calculated with MPW1PW91  

method, 6-311G** and LANL2DZ basis sets for non-metal and metal elements, respectively 

Molecule Bond Occupancy Hybridation 

IrB Ir—5 

Ir—1 

1.81345 
1.82018 
1.51401 

�: 0.7858 C5 sp 1.78 + 0.6185 Ir sp 1.70 d 1.53  
�: 0.7761 C1 sp 1.85 + 0.6306 Ir sp 1.90 d 1.99  
�: 0.6626 C1 p 50.14 + 0.7490 Ir p 8.46 d 11.74 

o-Irpy Ir—1 1.83813 �: 0.5521 Ir sp 2.18 d 2.27 + 0.8338 N1 sp 3.30
 Ir—5 1.82424 

1.58897
�: 0.7864 C5 sp 1.85 + 0.6177 Ir sp 1.60 
�: 0.6954 C5 p 32.84 + 0.7186 Ir p 7.57 d 10.08

m-Irpy Ir—1 1.82218 �: 0.7770 C1 sp 1.51 + 0.6295 Ir sp 1.72 d 1.56 
 Ir—5 1.82631 

1.53284
�: 0.7802 C5 sp 1.82 + 0.6256 Ir sp 1.83 d 1.90  
�: 0.6533 C5 p 48.62 + 0.7571 Ir p 9.29 d 13.01

p-Irpy Ir—1 1.80518 �: 0.7828 C 1 sp 1.81 + 0.6222 Ir sp 1.68 d 1.51 
 Ir—5 1.81908 

1.50877
�: 0.7749 C5 sp 1.84 + 0.6321 Ir sp 1.85 d 1.93 
�: 0.6948 C5 p 61.28 + 0.7192 Ir p 9.33 d 13.12

 
Table 7 shows calculated natural orbital occupancy (number of electrons, or �natural population� 

of the orbital) and hybridization of Ir—C and Ir—N bonds. It can be noted that for �(Ir—C) bonding 
orbital, the maximum occupancy is obtained for the meta-isomer. On the other hand, �(Ir—N) bond 
orbital occupancy is higher than �(Ir—C). For all molecules, the s and p orbitals of carbon and nitro-
gen and s, p and d orbitals of iridium contribute in the �IrX-bond formation (X = C, N). On the other 
hand, the increasing d-character on iridium NHO �(IrX) results in a lengthening of the Ir—X bond. 

The most important interaction between �filled� (donor) Lewis type NBOs and �empty� (accep-
tor) non-Lewis NBOs is reported in Table 8. This shows that the highest charge transfer energy is BD 
(2) C5—Ir � BD*(2) C4—N in para-isomer. Also, the most important charge transfer interaction of 
LP(N) is listed in Table 8. As Shown in Table 8, there is a strong interactions between LP(N) and anti-
bonding Ir—N and Ir—C orbitals, respectively, in the o-Irpy and m-Irpy molecules. This is indicated 
by a decrease in the population of LP(N). 

The results of NBO calculations may also explain the fact that the calculated basal Ir—P bonds 
are slightly longer than the Ir—P bonds to the apical phosphine groups. The NBO calculations show 
that the occupancy on �(Ir—Pbasal) orbital is larger than �(Ir—Papical) orbital (Table 5). 
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The second-order perturbation energies E(2) (kcal/mol) corresponding to the most important charge transfer  
interactions (donor � acceptor) in the compounds studied, and LP(N) � acceptor obtained with MPW1PW91  

method, 6-311G** and LANL2DZ basis sets for non-metal and metal elements, respectively 

Molecule Donor NBO�acceptor NBO E(2) E(j) – E(i) F(i,j) Occupancy 

IrB BD(2) C2—C3 � BD*(2) C1—Ir 30.28 0.25 0.079 — 
o-Irpy BD(2) C5—Ir � BD*(2) C3—C4 21.19 0.26 0.069 1.8826 
m-Irpy BD(2) C3—C4 � BD*(2) C5—Ir 30.53 0.26 0.080 1.8797 
p-Irpy BD(2) C5—Ir � BD*(2) C4—N 34.37 0.23 0.080 1.9158 
Pyridine LP(1) N � BD*(1) C1—C2 9.84 0.93 0.087 1.91831 
o-Irpy LP(1) N � BD*(1) C2—C3 11.49 0.92 0.093 1.88263 
m-Irpy LP(1) N � BD*(1) C1—Ir 11.40 0.67 0.078 1.87968 
p-Irpy LP(1) N � BD*(1) C1—C2 10.43 0.95 0.090 1.91577 
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T a b l e  9  

The calculated NQR parameters and principal components of the EFG tensors for the pyridine and three  
isomers of iridapyridines  

Molecule qxx(a. u.) qyy(a. u.) qzz(a. u.) (e2Q/h)qxx (e2Q/h)qyy (e2Q/h)qzz � �� �– �� 

Pyridine –0.352 –0.777 1.129 1.692 3.730 5.422 0.376 4.576 3.557 1.019 
o-Irpy –0.125 –0.909 1.034 0.602 4.365 4.967 0.758 4.666 2.785 1.882 
m-Irpy –0.370 –0.623 0.993 1.777 2.994 4.771 0.255 3.882 3.274 0.608 
p-Irpy –0.332 –0.841 1.173 1.595 4.038 5.632 0.434 4.835 3.613 1.222 

14N NQR PARAMETERS 

The asymmetry of the charge distributions around nitrogen atoms has been investigated, and in-
terpreted by EFGs. Since the EFG around a nitrogen nucleus is symmetric in N2 free molecule, the 
calculated values of NQR parameters for N2 molecule are �Q = 0 and cal

Q�  = 4.258 MHz. The calcu-
lated NQR frequencies of the nitrogen atoms in pyridine and iridapyridine isomers in the gas phase are 
listed in Table 9. The differences between the frequencies of nitrogens in these species can be attrib-
uted to the direct participation of the electron pairs of some N atoms during chemical bond formation 
or diatropic current in the ring. 

From the results listed in Table 9, it is obvious that the �zz values for nitrogen atoms decrease in 
the row: p-Irpy > o-Irpy > m-Irpy. The electric field gradient around a given nucleus arises from the 
charge distribution of the surrounding atoms, and the contribution of nonbonding electrons is higher 
than of bonding electrons. The decreasing qzz and �zz values are attributed to the contribution of the 
lone pair electrons of nitrogen into of � bond. Whenever the lone pair electrons of nitrogen participates 
in the formation of � bond, the qzz and consequently �zz decrease. This result is compatible with NBO 
predictions. The occupancy of LP(N) NBO decreases in the row: p-Irpy > o-Irpy > m-Irpy. Decreasing 
occupancy for LP(N) NBO shows more contribution of the lone pair electrons of nitrogen into � bon-
ding. 

CONCLUSIONS 

In this paper we have showed that: 
1. The most stable isomer of iridapyridines is meta-isomer. 
2. Structural parameters are compatible with thearomaticity of the rings. Also, these values indi-

cate Ir—P basal bonds are longer than Ir—P apical. The results from NBO calculations explain the 
fact that the calculated basal Ir—P bonds are slightly longer than the remaining Ir—P bonds to the 
apical phosphine groups. 

3. The global elecrophilicity index of iridapyridines indicates them as strong electrophiles. 
4. NICS study showed that diatropic currents exist in the heterocycle rings of all of the three iso-

mers, so these iridapyridines are aromatic. 
5. The quadrupole coupling constant values for nitrogen atoms are reduced compared with free N2 

molecule. 
 
The authors are grateful for the financial support of this work by research and technology deputy 

of east Tehran branch of Islamic Azad University.  
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