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ABSTRACT

Theoretical studies on the geometries, electronic states, thermodynamic
parameters and vibrational frequencies of new pyridino-1,4-n-2-
methoxycyclohexa-1,3-diene complexes were carried out. The theoretical
ground state geometries el ectronic structure, thermodynamic propertiesand
vibrational frequencies were obtaianed using PM3 method. The
geometries,electronic states, thermodynamic properties and vibrational fre-
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guencies are discussed. The results show that all the complexes studied are

thermodnamically stable.

INTRODUCTION

Thekineticsand synthetic studiesof additon of py-
ridines to 1,5-n-2-methoxycyclohexadienyl iron
tricarbonyl cation have been reported™. intheLitera-
ture. Semi-empirical PM 3 have been known to pro-
duce good and suitable cal culationsfor Inorganic tran-
sition metal complexes and organometallic com-
pounds®. Theoretica chemistry of organometdlic com-
poundsisfast undergoing rapid progressof recent due
to thefact that many novel compoundsarebeingdis-
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covered and many i naccessi bl e organic compounds of
medicina interest are being synthesized through orga-
nometd lic synthetic route®d. Varioustheoretical stud-
ieshave been carried out on anumber of organometal -
liccompoundsinvolvingthefirst row transtionmetals®™
Compuitational chemistry have succeeded in calcul at-
ing the propertiesof compoundswithinlimit of accu-
racy of the experimenta vaues. Theoretical studiesin
chemistry are now in advanced state with the
structures,propertiesof compoundsbeing routinely cal-
culated®9, However, littleisknown in Organometalic
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Figurel: Structureof thenew pyridino derivativesof 1,4-n-2-methoxycyclohexa- 1,3-diene iron tricarbonyl complexes
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Pyridino-1-4- n-2-methoxy-
cyclohexa-1,3-diene irontri-
carbonyl complex
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Figure2: Optimized structuresof. thenew pyridino derivativesof 1,4-n-2-methoxycyclohexa-1,3-dieneiron tricar bonyl

complexes. (the BF, ion isexcluded for clarity)
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Figure3: HOM O-LUM O Ener gy diagram of optimized geometriesof. thenew pyridinoderivativesof 1,4-n-2-methoxycyclohexa-

1,3-dieneirontricar bonyl complexes

sysems.

Inthis paper, the geometries, e ectronic structure,
dipolemoment, thermodynamic parametersand vibra-
tiona frequenciesarereported for anumber of pyridino
derivativesof 1,4-n-2-methoxycyclohexa-1,3-diene
irontricarbonyl complexes. Thestructures of thecom-
plexesareshowninfigurel.

COMPUTATIONAL METHODOLOGY

All the pyridino-1,4-n-2-methoxycyclohexa-1,3-
dieneiron tricarbonyl complexes, (Figure 1), were
modeled. Initial geometrieswerefully optimized using
Semi-empirical method at PM3leve. Thecalculations
were carried out to eval uate the geometries, electonic
structure, dipole moment, thermodynamic parameters
and vibrational frequenciesusing Spartan ‘06111exe
running on intel processor 1.60GHz computer. The

optimized geometries of the new pyridino derivatives
of 1,4-n-2-methoxycyclohexa-1,3-dieneirontricarbo-
nyl complexesareshowninfigure2.

RESULTSAND DISCUSSION

Geometricparameters

For dl organometdlics, thegeometrica parameters
wereobtained after total optimization of theequilibrum
geometries by Semi-empirica PM3. Inorder toinves-
tigatethe effect of the substituent onthepyridinering,
the geometrieswere compared with the parent pyridino-
1,4-n-cyclohexa-1,3-dienerontricarbonyl complex. For
unsubstituted pyridino-1,4-n-cyclohexa:1,3-dienecom-
plex &t PM3level, calculations predict the bond lenght,
bond angles and dihedral angles with remarkable
changes.Theeffect of themethyl group grafted onthe
position 2,3 and 4 of the pyridineringwasclearly ob-
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Pyridino-1-4-n-2-methoxycyclohexa-1,3-diene irontricarbo- nyl
complex

2-methylpyridino-1-4-n-2-methoxycyclohexa-1,3-diene iron-
tricarbonyl complex

3-methylpyridino-1-4-n-2-methoxycyclohexa-1,3-diene
irontricarbonyl complex

4-methylpyridino-1-4-n-2-methoxycyclohexa-1,3-diene
irontricarbonyl

Figure4: Infra-red spectradata showingvirational frequenciesand intensitiesfor thenew pyridinoderivativesof 1,4-n-2-

methoxycyclohexa-1,3-dieneir on tricar bonyl complexes

served with theincreasein bond length adjacent to the
methyl group resulting from the strong e ectron-donat-
ing effect of the substituent.

The ground state geometrical parameters were
compaired with those of the unsubstituted 1,4-n -
cyclohexa1,3-dieneirontricarbonyl complex.There-
placement of hydrogenwith themethoxy group resulted
intheincreasein bond length withinthe cyclohexa-1,3-
dienering. For instance, thebond length of C,-C_ gen-
erally increased when compared to the unsubstituted
diene derivatives. For each compound, there were
remarkables changesin bond length with thebond dis-
tances of C- H occuring within therange of 1.088A°-
1.126A°. Whilethe C-C and C = C bonds are within
therange of 1.373A°-1.545A° and 1.373A°-1.488A°
respectively. Themetal - carbon bond distancesrange
from 1.736A° to 1.806A°, whilethe meta-ligand bond
appear to beunchanged at 1.663A°. However, thebond
anglesand dihedral angles exhibit changeswhich de-
pend onthe position of themethyl. (TABLE 1).

Electronicproperties

To beableto explain the electronic properties of
thesenovel compounds, it isexpedient to visudizethe
HOMO andthe LUMO for these new organometallic

compounds becausetherelative ordering of occupied
andvirtua orbitasprovideareasonablequalitativein-
dication of both ground and excited state properties.
TheHOMO of these complexes possessesanr-bond-
ing character within subunit and = -antibonding charac-
ter exited State properties between the consecutive sub-
units. On the other hand, the LUMO possesses a -
antibonding character within the subunit and ar -bond-
ing character between the subunits, In practice, the
HOMO and LUMO energieswereobtained fromfrom
an empirical formulabased on the onset of oxidation-
reduction of peaks measured by cyclic voltametry.
Theoretically theHOMO and LUMO energiesarecal -
culated using Semi-empirical PM3.Thesecaculations
however, do not have solid-state packing effect and
ageuous stateisnot taken into consideration.Evenif
theseenergy levelsarenot accurate, itisstill possibleto
usethemto obtaininformation by comparing themwith
other compounds. TABLE 2, liststhetheoretical el ec-
tronic parametersfor these new organometallics. The
calculated electronic properties (energy band gap
LUMO-HOMO) of the X-substituted pyridino-1,4-n-
2-methoxycyclohexa-1,3-dieneirontricarbonyl com-
plexesare7.21eV,7.20eV, 7.18eV and 7.24eV respec-
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TABLE 1: Geometrical parameters of 1-4-n-2-methoxy-
cyclohexa-1,3-dieneiron tricarbonyl complexesshowing se-
lected bond length, bond anglesand dihedral angles

Bond length/A’ H 2-Me 3-Me 4-Me
Ci-C, 1417 1417 1417 1417
C»Cs 1.486 1.487 1.486 1.486
Cs-Cs 1.488 1.487 1.488 1.488
CsCs 1.545 1.535 1.545 1.545
Cs-Cs 1.489 1.490 1.489 1.489
Ce-Cy 1491 1.492 1491 1491
C-0O, 1.375 1.376 1.375 1.375
0:-Ci2 1414 1414 1414 1414
Cs-N 1.529 1.535 1.528 1.528
C-N 1371 1.382 1.370 1.373
Cu-N 1.374 1.383 1.372 1.375
Cr-Cs 1.393 1.406 1.398 1.373
Cs-Co 1.393 1.386 1.400 1.400
Co-Cio 1.395 1.396 1.392 1.402

Ci0-Cu 1.391 1.385 1.393 1.388
Fe-Lig 1.662 1.663 1.662 1.662
Fe-Cyis 1737 1.796 1.796 1.796
Fe-Cyiy 1.804 1.804 1.736 1.736
Fe-Cis 1.797 1.796 1.806 1.806
Ci5-0, 1.157 1.157 1.157 1.147
C14-Os 1.145 1.147 1.147 1.147
Ci5-O4 1.147 1.145 1.145 1.145
Bond anglesin degrees
Angles/® H 2-Me 3-Me 4-Me
Ciz-Fe-Cuy 94.63 96.52 96.63 96.63
Cu-Fe-Cys 92.49 96.04 94.62 94.67
Ci-Fe-Cys 96.63 96.52 92.55 92.53
Lig-Fe-Cis 118.38 118.34 118.59 118.59
C-0:-Cp2 114.96 114.67 114.94 115.00
Fe-lig-C, 103.69 103.30 103.65 103.66
Fe-lig-C, 80.55 80.63 80.56 80.56
Fe-Ci5-O4 174.77 177.13 177.18 177.14
Cs-N-C; 120.12 124.74 119.91 120.09
Cs-N-Cpy 119.84 116.14 119.85 120.01
(c) Dihedral anglesin degrees
Angles/® H 2-Me 3-Me 4-Me
Cis-Fe-lig-Cs 101.09 101.11 101.67 101.69
C1-01-C-Cy -67.14 -68.39 -67.45 -66.83
C4-Cs-N-C; -41.78 -51.62 -43.51 -43.70
Ci10-C11-N-Cs 179.61 179.47 179.69 179.70
C11-N-C7-Cg -0.32 -1.13 -0.26 -0.28
C,-Cs-lig-Fe -104.85 -104.44 -104.81 -104.83

TABLE 2: Valuesof dipolemoment, HOM O-LUM O ener-
gies, Egcalculated for all thecomplexes

X- Dipole HOMO LUMO Band
pyridino-- moment/debye energy/eV energy /eV gap/ eV
H 6.69 -5.08 -12.29 7.21
2-Me 6.62 -5.00 -12.30 7.20
3-Me 5.58 -4.97 -12.25 7.18
4-Me 5.24 -4.99 -12.23 7.24

TABLE 3: Thermodynamic parameter sfor thepyridinocom-
plexesat 298.15K

Heat of Free

pyridin formation s Eneray aG/ GTOREY TR
H -976.54 -420.10 616.03 -237.33
2-Me -1001.90 -371.57 630.71 -183.52
3-Me -1021.94 -398.59 649.75 -204.87
4-Me -1024.46 -401.13 649.26 -207.56

tively for X =H, 2-Me, 3-Meand 4-Me. Thereisno
significant changeinthe opto-e ectronic properties of
these complexes. The LUMO-HOMO diagram are
presentedinfigure3.

Thermodynamic parameter sand stabilities

Theformation of these complexes are spontane-
ous. Thermodynamic stabilitiesare expected when AH
and AG are negative. Themore negative these values
are and the more positiveAS, the more stablewould
bethe pyridino complexes. A closer look at TABLE 3
confirmsthat theformation of 4-methylpyridino-1,4-n-
2-methoxycyclohexa-1,3-dienerontricarbonyl complex
is more rapid than that of 2-methylpyridino and 3-
methyl pyridino organometal lic complexes, hencethe
order of stabilityisH >4-Me>3-Me>2-Me. All the
calculated freeenergy va ues are negativeand the cal-
culated enthalpiesare negativewhileall entropiesare
positivethusconfirming that theformation of thesecom-
plexesisspontaneous. There are no experimental or
theoretical datafor comparison. However, the present
caculationsreved that al thecomplexesarethermo-
dynamicaly stableasshownin TABLE 3.

Vibrational frequencies

Thecd culated vibrationa frequenciesof thecom-
plexesare shown infigure4. According to group rep-
resentation theory in Chemistry,we can deducethat there
are99 and 108 vibrational modesfor thepyridino- and
methyl pyridino-derivatives. Among thesenorma modes,
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TABLE 4 : Vibrational frequenciesand intensities of new
pyridino-1,4-n-2-methoxy cyclohexa-1,3-dieneir ontricar bonyl
complexes

X-pyr'dgggﬁiﬁ oed gong MDY pensity
N-C, 1272 3723
N=Cy, 1727 6384
H 2123 1630
c=0 2176 1301
2244 1261
N-C, 1270 2595
N=Cy, 1713 6849
e C2-0, 1757 3938
2120 1572
-0 2175 1295
2245 1266
N-C, 1285 3906
N=Cy, 1734 1307
e Co-Cro 1746 4193
2122 1640
c=0 2175 1306
2244 1286
N-C, 1298 3667
N=Cy, 1718 5700
e CrCs 1750 1374
2122 1638
=0 2174 1307
2244 1285

the strongest infra-red absorption peaksand their in-
tensitiesaredisplayedin TABLE 4. Thesmulated IR
spectraof thederivativesisca culated by replacing one
of itsHydrogen with methyl group. On replacing the
hydrogenwithmethyl group, thetota vibrationsincrease
from 99to 108.

CONCLUSION

The C1 symmetry point group resulting from
nuclophilic addition of pyridineand itssubstituted de-
rivativesto the 1,5-n-2-methoxycyclohexadienyl iron
tricarbonyl to form new pyridino-1,4-n-2-methoxy-
cyclohexa-1,3-dieneirontricarbonyl complexeshave
been cal culated using Semi-empirical PM 3. Properties
investigated include optimized geometries, dipolemo-
ments, € ectronic structure, thermodynamic parameters
and vibrationa frequencies. Semi-empirical caculaions

—= Fyll Poper

reved that al the complexes arethermodynamically
stable. The HOMO — LUMO energy gaps of these
complexesareabout equa with nosignificant changes.
Thedipole moment decreasesintheorder H > 2-Me>
3-Me>4-Me(TABLE 2). Itishowever interesting to
note that the use of computation hasgiven usthe op-
portunity to takeacritical ook at these complexesat
themolecular level to produce resultswhich are other-
wiseinaccess ble by conventiona experimenta condi-
tions. Appart from theinfra-red spectradata, thereare
no experimental or theoretical dataonthe organome-
talicsinvestigated.

Our result may thereforeform the basisfor refer-
encefor further experimenta and theoretical work.
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