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Abstract—Calculations of molecules PhXMe (X = 0O, S, Se) in MP2(f)/6-31G(d) approximation were
performed. Thestationary points on the potential energy surfagere determined and identified. The
anisole molecule is planar with barrier torotation AH” 7.78 kJ mol". In thioanisole and selenoanisole
(AH” 3.08 and 10.25 kJ mdlrespectively) the energy minimum corresponds to an orthogomal. Analysis

of relation between intramolecular interactions and conformational structure of the moleculggsdtion
was performed by the method of natukaindorbitals. In Xatoms one lone electrgpair is a hybrid orbital
with the following fraction of s-component: 385% (O), 6668% (S), and 7374% (Se). Thesecond lone
electron pair is virtually pure pz-AO.

Anisole, thioanisole, and selenoanisole are tradioverall properties of substituents (with the prevalence
tional objects for the study of interaction betweenof resonance characteristics), and theycorrespond to
atoms O, S, and Se and an aromatitg. Different  efficient (averaged) conformation of the molecule. It
electronegativity (EN) of the heteroatoms and also thevas established that the,z-interaction in the iso-
capability of their lone electron pairs (LEP) to be in structural anisoles decreased in the substitugaties:
resonance interaction with the-system result in OMe> SMe> SeMe>TeMe. Theenergetical char-
significant distinctions in the physico-chemical char-acteristics of then,z-interaction were estimated by
acteristics and reactivity of these compoundsthermochemical methods (measurement of combus-
Experimental and some theoretical results of investigtion heats and enthalpy of complex formatiof2).
ation of aromatic compounds containing elementdata on results of measurements of combustion heats
from chalcogens subgroup were summed up 81  for the series of isostructural anisoles are not avail-
The signs ofn,rn-interaction in anisole, thioanisole, able. Bycomplex formation procedure the energy of
and selenoanisole were detected by virtually alln,z-interaction in anisole is estimated 5.9, and in
physico-chemicalmethods, for instancephotoelec- thioanisole asl5.5 kJ mot! [2]. However it cannot
tron [4, 5], X-ray emission [68], UV, IR [9-13], be stated definitely that the values contain only the
NMR [6, 7, 14, 15] spectroscopy and dipole momentenergy of then,rn-interaction since essentially the
measurement$l6, 17]. As a rule theexperimental discussed figures correspond to the enthalpy of
methods provide a possibility of estimating only complex formation which is affected by quite a
relative energies ofn,z-interaction in isostructural number of factorq2]. For instance, it wastrange
anisoles, such as the values of level splitting in thehat the energies af,n-interaction for diphenyl ether
photoelectron spectra [1, 3, 4], parameters of IR [9and dimethoxy-substituted benzenes turned out to be

13C NMR [13, 14] spectra. Thepectrophotometric significantly greater than the respective interaction in
studles of charge-transfer complex&TC) also only  anisole([2], kJ molY): (Ph)0 36.8,1,4-(MeO),CgH,
permit characterization of general trends in the53.6, 1,3-(CH;0),C¢H, 66.5, and P{P 29.7. The
changes irHOMO energy [1, 3]. Similarly may also efficiency of n,n-interaction essentially depends not
be regarded the values of resonance constiota  only on the electronic nature of the heteroatom but
the correlatlon anaIyS|s that describe the changes ialso on the angle between the symmetry axis of the
shielding of*°F nuclei in the NMR spectra of a series p-component of the LEP orbital and the symmetry
of para-fluorosubstituted benzenes, or are obtainedxis of thep -orbital of the closest carbon atom of
from the other spectral parameters or from reactivitjthe unsaturated moiety,e., on theconformation of
data [18, 19]. In most cases suchesults evidence the molecule. On qualitative level the conformational
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Table 1. Total energy {E,,, a.u.) ofmolecules PhXMe (X = O, S and Se)

¢, deg

Compound
0 15 30 45 60 75 90

PhOMe 345.6831291 .6827475 .6817110 [ .6804153 | .6796587 .6795371 .6795188
PhSMe 668.3024735 .3025569 3027167 | .3029312 | .3033128 .3035414 .3035681
PhSeMe 2668.4157576] .4158972 4162850 | .4169517 | .4180682 4192233 4196979

influence on n,zn-interaction were demonstrated by sdfunctions [30]. We used standard convergence
13CNMR [6, 14, 15], photoelectron [1,4,5], X-ray criteria for density matrix and energyradient. The
emission [6, 7], IR and UV [913] spectroscopy in the calculations were performed in the range of changes
studies of compounds PhXAlk (X= O,S,Se;Alk= of the torsion anglep (between the planes of the
Me, Et,i-Pr andt-Bu) where the molecular conform- benzenering and bonds C-S-G3) from 0 to
ation varied due to the change in spatial parameter80 degrees with a step of 1l#egrees. The refining
of alkyl groups. In theearly works great attention was of positions of stationary points (minimum and
directed to the participation of the vacatdorbitals maximum points) on the potential function of internal
of the atoms from the third and lower periods in therotation of fragments around the bondg €X was
formation of the chemical bonds [2P2]. However done with complete optimization of the geometrical
the modern quantum-chemical studies show that thparameters, including the torsionangle ¢. The
d-orbitals mostly play some role in polarization, andnature of the stationary points was identified by solv-
even here the antibonding-orbitals may be better ing oscillatory problems. Thanalysis of occupancy
electron acceptors [226]. of the wave functions wasarried out in the frame-

Thus the available experimental data do notWork of formalism of NBO method [3133] with the

provide complete quantitative information on LEP of l(J;stSO;ASI\?ﬂS\;\éaVrVe) [:I),\I4E]30 Version 3.1 (link607,
0O,S, and Seatoms and on their interaction with the '

aromatic ring in the isostructural anisoles. The The decisive contribution into the solution of
modern quantum-chemical methods give suchumerous problems related to the nature of intra-
opportunity. Thegoal of this investigation is the molecular interactions make the data on the spatial
analysis of intramolecular interactions in the mole-structure of molecules.

cules of anisole, thioanisole, and selenoanisole
proceeding from nonempiricgjuantum-chemical cal-

culations with accounting for correlation energy in 10
MP2(f)/6-31G(d) approximation followed by trans-
formation of the obtained canonical molecular orbitals

by means of the method of natural bond orbitals | 8
(NBO) into orbitals corresponding to common g
chemicalterms (bond, core orbitalpne electromair). = 6
The calculations provided guantitative characteristics )
of hybridization, energy, andccupancy of LEP of g 4
O, S, and Se atoms, the energylues of their H

resonance coupling with the antibonding-orbitals
of the ring, and theatural charges on tregoms. 2

Nonempirical quantum-chemical calculations were
carried out in approximation of bller-Plesset per- *
turbation theory of the seconorder (MP2)[27, 28] 1530 45 6075 90
with the use of software GAUSSIAN 98W (Revision ¢. deg
A.7) [29]. Correlation correction was taken into  Potential functions of internal rotation around bondg™€x
account for allorbitals: MP2(f). In allcalculation was in molecules of anisolelf, thioanisole ), and seleno-
used doubly split basis set 6-31G(d) with six-lobe anisole B).
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Table 2. Optimized values of bond angles (deg) and bond lengijsn molecules PhXMe (X = O, S and Se)

Compound ® CXC angle CCX angle I (Csz—X) I (Cs—X) I (Cye—H)/3
PhOMe 0 116.79 124.86 1.371 1.422 1.093
45 115.24 123.04 1.377 1.427 1.093
90 111.94 119.68 1.385 1.429 1.094
PhSMe 0 102.58 124.61 1.770 1.802 1.091
45 100.80 122.43 1.775 1.810 1.091
90 98.56 120.26 1.781 1.813 1.091
PhSeMe 0 100.36 124.02 1.905 1.941 1.090
45 98.29 121.86 1.908 1.949 1.090
90 95.98 120.08 1.910 1.951 1.090

In the anisole molecule in the minimum point of Consequently, the situation in thioanisole is inter-
the total energy« O deg) (Table 1, figure) thmatrix ~ mediate: free rotation around the bond, S or
of second derivatives (Hesse matrix) possesses onhestrained rotation with a lowbarrier and large
positive eigenvalues, and in the maximum pointamplitude of fragments motion in a potential well
(90 deg) one negative eigenvaluetb.56 cmt). The  with a widebottom. Themolecule corresponds to the
corrections for the energy of zero oscillations (hereype of conformationally nonrigicgtructures, and the
and hereinafter with account taken for the scalingexperimental conditions may shift the conformational
factor 0.9661[35]) amount t00.1299839 ¢ 0) and equilibrium. This reasoning is supported by the
0.1293386 Hartree/particlep(@0 deg). The barrier to results of the gas-phase electron diffraction studies
rotation including correction for the zero oscillations[41]: the apparent conformation of thioanisole was
energy is7.78 kJ mot’. estimated as having of 45t10 deg.That means the

The planar conformation of anisole was proved by/'€€ rotation around the bondG-S. The calculation

direct structural studies: gas-phase electron diffractiof?. the selenoanisole molecule shows that in the
[36, 37] and nicrowave spectroscopy [38]. minimum point (p 90 deg) the Hessmatrix has only
positive eigenvalues, and at the maximum poigpt (

Complete optimization of thioanisole geometry g deg) it has one negative value3¢.16 cm?). Cor-
shows that to the energy minimum corresponds a corrections for zero energy oscillations are 0.1254259
formation with¢ 85.64 deg [, -668.3035684.u.), and 0.1253892 Hartree/particle respectively. The
where the Hesse matrix possesses only positivBarrier to rotationincluding the corrections for the
eigenvalues. The correction for the zero oscillationgero oscillations energy is equal .25 kJ mot.
energy amounts to 0.1263533artree/particle. The It should be noted that the above result does not

principal maximum is located at the torsional angle o ; .

® 0 deg. TheHesse matrix has at this point a S‘inglequalltatlve_ly agree with the data on the selenoa_nlsole

negative eigenvalue-9.86 cm?), and the correc- conformation obtained by gas-phase electron-diffrac-
' ; stion. Thelatter evidenced nonplanar conformation of

tion for the zero oscillations energy is 0.126432 .
Hartree/particle. The barriseparating the planar and e molecule but with smallep (4013 deg) [29]
providing a possibility of free rotation of fragments

nonplanar (close to orthogonal) forms including the

corrections for zero oscillations energy amour?ts tgfround the Ge-Se bond.

3.08 kJ moll. Hesse matrix for the structure with ~ As seenfrom Table 2 the bondangles CXC de-

¢ 90 deg has one negative eigenvalu8Q.05 cm').  crease in the series anisole > thioanisole > seleno-
The barrierseparating two nonplandrms, atp 90°,  anisole, but the bondngles CCX weakly depend on

is estimated as purely formal value 6f02 J mol*  the heteroatormature.Bond lengths G2-X and and
close to the calculatiomrror. At room temperature C,3-X as should be expectedrow in the series
the barriers to rotation ofibout 2.5 kJ mol cor- anisole < thioanisole < selenoanisole. The length of
respond to free rotation of fragments [39]. Tha@lue C,.-X bond in each molecule ishorterthan that

we obtained(3.08 kJ mot?) is close to thidfigure. If  of Cspz—X bond. With growing ¢, i.e. attransition

the accounting for the correlation energy is increasedrom the more strained planar conformation to the
to the MP(SDQ) level thebarrier to rotation in less strained orthogonal one the bond angles CXC and
thioanisole would decrease to 2.2 kJ mfo[40]. CCX get smaller, andbond lengths G-X and
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Table 3. Hybridization degrees, %), energy E,, eV), occupancy ®,, ) and energy ofi, x -interaction E,n, kJ mol™)
of LEP of O, S and Se atoms in molecules PhXMe

¢, deg
X Parameter
0 15 30 45 60 75 90
¢ s; 40.9 40.7 40.2 39.5 38.5 38.8 45.0
s? 0.0 0.3 1.4 3.1 5.3 5.9 0.0
S sp 66.0 66.0 66.1 66.2 66.6 67.8 68.0
s? 0.0 0.1 0.3 0.7 0.9 0.5 0.0
Se sp 72.6 72.6 72.7 72.9 73.2 73.7 74.1
st 0.0 0.1 0.3 0.5 0.6 0.3 0.0
¢) E. -21.42 -21.37 -21.22 -20.99 -20.71 -20.72 -21.89
EZ -13.03 -13.10 -13.31 -13.66 -14.13 -14.28 -13.17
S E; -20.99 -20.98 -20.95 -20.92 -20.94 -21.05 -21.14
EZ -9.22 -9.24 -9.29 -9.36 -9.40 -9.34 -9.26
Se E, -22.12 -22.11 -22.09 -22.07 -22.09 22.18 -22.25
EZ -8.64 -8.66 -8.70 -8.75 -8.78 -8.74 -8.68
O P; 1.94076 | 1.94050 | 1.93958 1.93745 1.93332 1.92778 | 1.92321
P2 1.83212 | 1.83583 | 1.84672 1.86419 1.88456 1.90081 | 1.90926
S P; 1.95307 | 1.95305 | 1.95286 1.95223 1.95119 1.95009 | 1.94952
P2 1.84065 | 1.84460 | 1.85596 1.87290 1.88963 1.90096 | 1.90515
Se P; 1.95916 | 1.95916 | 1.95913 1.95882 1.95816 1.95738 | 1.95688
[ 1.86078 | 1.86426 | 1.87442 1.88937 1.90397 1.91316 | 1.91631
O E;m 0.0 0.0 0.0 4.7 8.8 17.3 30.1
Eln 146.9 139.5 118.9 88.4 54.4 25.9 0.0
S E;m 0.0 0.0 0.0 2.3 3.9 5.7 6.6
Eln 104.0 96.8 77.4 50.3 26.5 7.8 0.0
Se E;m 0.0 0.0 0.0 0.0 2.2 3.1 3.6
Eln 81.1 75.4 59.6 37.8 18.6 5.0 0.0

Ce—X increase. Thecalculated geometrical param- 2 eV). Inanisole the highest-orbital and MO with a
eters are in fair agreement with the results obtained bharge contribution from thesecond LEP of oxygen
gas-phase electron diffraction studi@$,37,41,42]. (third orbital) are less different in energyA (<

: ; 0.5 eV). Theconcepts of nonequivalence of orbitals
With the use of formalism of NBO method we : ;

carried out successive transformation of the initial®f LEP in atoms O, S, and Se characterizedoayd
nonorthogonal sets of canonical MO into natural™Symmetry are widely applied to interpretation of
atomic orbital{NAO), natural hybrid orbital¢NHO), formation mechanism _of charge transfer complexes
natural bond orbitals (NBO), and natural localized[1-3]: Of stereoelectronic nature of anomer effect and
molecular orbitals (NLMO) [3133]. These results Stereoselective formation of hydrogen borjds, to
provide a possibility of interpreting quantum- explanation of conf%rmatlonal distortion ofz-inter-
chemical results (Table 3) in keeping with the clas-2ction observed it°C NMR spectrost%op&[lS], of
sical Lewis representation of molecukstructures. LEP effect ondirect coupling constantsC-""C and

. o _ 18c-H [44, 45] etc.
A different hybridization of LEP in the atoms from

chalcogengroup was established by photoelectron It was possible with the use of NBO analysis to
spectroscopy. The highest-orbital in all isostruc- characterize quantitatively the hybridization of LEP
tural anisoles is an orbital belonging to one of LEP ofof O, S, and Se atoms. lkeeping with the results
heteroatom [1, 3, 4]. In thioanizole and selenoanisol@btained (Table 3) one LEFhJO is a hybrid orbital,
the HOMO is characterized by large contributionand the otherrf) is a virtually pure p-orbital. The
from thesecond LEP originatinfom n,z-interaction. contribution from thes-component in the hybrid LEP
These orbitals are very dissimilar in energye( > n' grows in the series O << S < Se. It should be
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noted that the deformation electron density distribudevel consists in theoretical approaches. Analysis of
tion charts obtained by X-ray diffraction study show donor-acceptor interaction in the formalism of NBO
relatively uniform electron density distribution in the method is performed by means of perturbatibaory.
region of LEP of O and S atong3, 46]. This may Diagonal elements of NBO Fock matrix are regarded
be due to a fact that theoretical considerations aras unperturbedpart, and nondiagonal elements as
related to static situation and equilibrium nuclear conperturbation. Therewith areanalyzed all possible
figuration, and the experiment registers ftihgnamic  interactions between occupied (donor) and unoccupied
pattern of electron density distribution averaged ovefacceptor) naturalorbitals, and the energy of the
all possible configurationd47]. Consequently the interactions is evaluated. THg, , values quantitative-
thermal“erosiori of the deformation electron density ly characterize the donor-acceptor interaction of LEP
may hamper observation of fine difference in then® andn® of O, S, and Se with antibonding -orbitals
hybridization of LEP in heteroatoms. of the aromaticring, thus the efficiency oi,=-con-
jugation in anisole, thioanisole, and selenoanisole.
In the planar conformation the hybrid LE® of O,
S, and Se virtually do not interact with the-orbitals
of the ring whereas the resonance interaction of
LEP n? is maximal: 146.9 (O), 104.0 (S), argl.1
(Se) kJ mol'. With growing torsional anglep the
interaction ofn® with the =" -orbitals of the ring sharp-
ly decreases, but at similar conformatiorfsave
orthogonal) the interaction of LER? with aromatic
ring in anisole molecule is alwaystronger than in
Fhioanisole and selenoanisole. It is interesting that
calculated in the corresponding approximations for
the vinyl methyl chalcogenides of the general formula
CH,=CHXMe in planars-cis ands-transconforma-
tions the energy of interaction of nonhybridized LEP
The occupancy of! by O, S, and Se atoms is of O, S, and Se atoms with the -orbitals of the
higher than that ofi? (Table 3), and by O it is sig- double bond is alway$igher: 182 (O), 139 (S) and
nificantly more sensitive to conformationahanges 109 (Se) kJ mot in the s-cisform, and 155 (O), 120
than by S and Se. The occupancy of LBPdepend- (S) and 95 (Se) kJ mdl in the s-transform [48].

ing on conformation alters in wider range than the In the molecules CHCXMe the nonhybridized

occupancy of LEPh!. The increase in occupancy of . . . .
the nonhybridized LER? at O, S, and Se atoms with LEP interacts with only one of the antibonding

o .. _m -orbitals of the triplebond. Theenergy of this
transition from planar to orthogonal conformation s . -
due to the distortion of tha,r-conjugation and con- interaction 132(Se) < 159 (S) < 192 (O) kJ rfol

sequently to the greater localization of LEP on the[49] IS s[gnlfl_cantly r_ugher than the energy of the cor-
heteroatom. However the hvbrid LER* are also responding interaction between LEP of the hetero-

o ' S yb! . atoms in question with a double bond and an aromatic
sensitive to conformation: with growingp the

- ring. In theorthogonal conformation in the isostruc-
oclcupancydecreases. The larger rangeabfanges in tural analogs LEPn? of the O, S, and Se atoms
P,” for O atom as compared to those of S and S Hh 1

atoms apparently may be due to higher fraction o ctually does not interact with theing by the
p-component in the hybrid orbital of LERm of esonancemode. However innonplanar conforma-

oxygen _tions (s_tarting with_cp ~45 olleg) appears a resonance

: interaction of hybrid LEPn~ with the = -orbitals of

We already mentioned that experimental method¢he aromatiaing; therewith the LER* of oxygen are
provide mainly relative evaluation af, wn-conjuga- more efficiently involved into the resonance interac-
tion. Thequantitative estimations obtained by measurtion than those of sulfur and selenium. These distinc-
ing the heat evolution at compleximgquire applic- tions are especially clear in the orthogonal conforma-
ation of various empirical rules accounting fortion. Thus the oxygen atom to a certain extent con-
inductive, hyperconjugation, and steric effects, anderves the possibility of the resonance interaction
numerous other factor§2]. Therefore the most with the aromatic ring in the orthogonal conformation

informative way for study of interaction between LEP (E3 . 30.1kJmol'), but with S (6.6) and Se
of heteroatoms and unsaturated fragments on orbitg8.6 kJ mot!) atoms the resonance interaction is

The hybrid LEPn! with respect to energy is situat-
ed a lot deeper tham®. The energy of the non-
hybridized LEPn? grows in the series O < S < Se,
and energy characteristics of the hybrid LBP are
affected besides the principal quantumamber also
by hybridization degree. In the plananisole con-
formation theE,! value at oxygen atom is slightly
deeper than the vaIueEn1 at S atom in any thio-
anisole conformation. Thedeepest position with
respect to energy belongs Egl at Se atom. The LEP
n? belonging to O, S, and Se considerably stronge
differ in energy. Then? orbital of oxygen is notably
deeper situated with respect to energy that tfe
orbitals of S and Se.
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Table 4. Natural charges (cg.u.) onatoms in molecules PhXMe (X = O, S, Se)
¢, deg  oX aC; 2aCJ2 | ZIgHJ2 | ZqC,/2 | ZgH,/2 aC, aH, 0Cye | OHye/3
PhOMe
0 -0.5306 | 0.3061 | -0.2880| 0.2427 | -0.2298| 0.2361 | -0.2515| 0.2358 | -0.3095| 0.2092
45 | -0.5489| 0.2990 | -0.2768| 0.2430 | -0.2306| 0.2366 | -0.2466| 0.2362 | -0.3037 | 0.2065
90 | -0.5656| 0.2896 | -0.2675| 0.2449 | -0.2321| 0.2372 | -0.2403 | 0.2368 | -0.2965 | 0.2037
PhSMe
0 0.3038 | -0.2060 | -0.2483 | 0.2377 | -0.2259 | 0.2376 | -0.2420 | 0.2368 | -0.8395 | 0.2483
45 0.2742 | -0.2109 | -0.2395( 0.2411 | -0.2257 | 0.2378 | -0.2367 | 0.2374 | -0.8266 | 0.2447
90 0.2507 | -0.2171| -0.2324 | 0.2460 | -0.2270| 0.2391 | -0.2310| 0.2379 | -0.8183| 0.2421
PhSMe
0 0.3734 | -0.2431 | -0.2477| 0.2371 | -0.2257 | 0.2379 | -0.2403| 0.2370 | -0.8838 | 0.2513
45 0.3461 | -0.2492 | -0.2405| 0.2416 | -0.2258 | 0.2386 | -0.2355| 0.2375 | -0.8704 | 0.2479
90 0.3262 | -0.2571 | -0.2345| 0.2469 | -0.2267 | 0.2392 | -0.2307 | 0.2379 | -0.8626 | 0.2456
Table 5. Charge differenceAq, a.u.) on theatoms of aromatiaing in molecules PhXMe (X = O, S, Se) and in
unsubstituted benzenag = gq(PhXMe)- q(CgHy)
¢, deg s[@ 2qC,/2 2qH,/2 2qC,./2 2qH,./2 qC, qH,
PhOMe
0 0.5411 -0.0530 0.0078 0.0053 0.0011 -0.0165 0.0008
45 0.5340 -0.0418 0.0080 0.0045 0.0016 -0.0116 0.0012
90 0.5246 -0.0325 0.0099 0.0029 0.0022 -0.0053 0.0018
PhSMe
0 0.0290 -0.0133 0.0027 0.0091 0.0026 -0.0070 0.0018
45 0.0241 -0.0045 0.0061 0.0093 0.0028 -0.0017 0.0024
90 0.0179 -0.0026 0.0110 0.0080 0.0041 0.0040 0.0029
PhSMe
0 -0.0081 -0.0127 0.0021 0.0093 0.0029 -0.0053 0.0020
45 -0.0142 -0.0055 0.0066 0.0092 0.0036 -0.0005 0.0025
90 -0.0221 0.0005 0.0119 0.0083 0.0042 0.0043 0.0029

negligible. This statement is experimentally supportedand antibondingr -orbitals of the GH bonds in the
by the analysis of3C NMR spectra of compounds methylgroups.They are estimated at aba2®(O), 25
PhXBut that exist in the orthogonal or similamon-  (S), and 17(Se) kJ moi! and weakly depend on the
formation [14, 15]. In themolecules of PhSBu-and molecular conformation.

PhSeBut the shielding of the carbons in theara
position (128.1ppm) is sufficiently close to that of
carbon atoms in the unsubstituted benz&r®8.5 ppm

Natural atomic orbitals (NAO) form an ortho-
normal set of AO encompassing tlspace of non-
[50]) whereas in the PhOBumolecule the13Cp atom orthogonal basis functions. Naturabccupancies
is significantly more shielded (128pm). TheNBO-  obtained proceeding from NAO amdways positive,
analysis indicates the existence of donor-acceptoand their sum is exactly equal to the numberetdc-
interaction between LER? of O, S, and Se atoms trons in the molecule. Therefore the natural charges
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derived from the naturaloccupancies give better in question and on the atoms in an unsubstituted
description of the electron density distribution in thebenzene:Aq = q(PhXMe;) - q(CgHg) (Table 5).
molecule than the traditional Mulliken analyqis1].  The quantum-chemical calculation of a molecule of
Proceeding from thevalue of charges on atoms unsubstituted benzene MP2(f)/6-31G () approxim-
(Table 4) it is apparently possible to determine theation with subsequent NBO-analysis of the wave func-
direction of the bondnoment. Inanisole because of tion shows that natural charges on every carbon in this
the higher electronegativity of oxygen compared tomolecule are equal t60.2350a.u., and orhydrogen
carbon the bond moment of; GO is directed to O atoms respectively.2350 a.u. Theincrease in the
atom, and on the Gatom a deficit of electron density npegative valueAq (or decrease in the positive value
is observed, an on the &om is present a high excess xq) corresponds to the greater electron charge on the
electron charge. Inthioanisole and selenoanisole the respective atom (C or H) compared to that in the un-
bond moment ¢x-X is directed to Gatom, and on  gpstituted benzene. In anisole the valige; (0.52-

the latter is excess of electrafensity, and on atoms ( 54 g u.)evidence astrong acceptoeffect of OMe

S and Se is deficit of electratensity.Independent of - gr5y5 on’ atoms C In thioanisole and selenoanisole
conformation the bond moments in anisole of-€ o, C atoms exists an excess of electron densiiyd;

C, and G,—C, are directed to ortho-carbons, and g 93 ...0.03 a.u.). In theplanar anisole molecule
the bond moments of G~>C, are directed 10 o gjtyation for interaction between LER? of
para-carbon. A similarscheme of bond polarity can v on withn*-orbitals of the ring is the most favor-

l133e deducedrom the chemical shifts values in the able, therefore thealues ofAq on G, and C, are the
C NMR spectrum §G; 159.9, 5C, 114.0, 5C;, 1 most negative. This is also reflected in th€, and
29.5,8C, 120.6 ppm) [14, 15]. In all conformations gative. 3 0
of th’ioarﬁ)isole the directibn of bond moments in theécp values in the”"C NMR spectrum (seabove). In
the orthogonal conformation of anisole the electron-

aromatic ringcoincides with that in anisole and with R
the results of3C NMR spectroscopysC; 138.6,5C, donor effect of the OMegroup is still transferred to

the ortho- and para-positions of the ring as a result
126.1,5Cy, 128.6,0C, 124.5ppm)[14, 15] of the resonance interaction between thdrid LEP

However the difference in charges on the atoms?' and = -orbitals of thering, as hasbeen shown
C—-C, Cy—C, and G,—C, is smaller than in above. The donoeffect of SMegroup to theortho-
anisole. In selenoanisole in the conformations with andpara positions of the aromatic ring is transferred
45 and 90 deg the bond moment gkEC, is directed only in close to planar conformationg ¢0-45 deg).
to C;,, the moment of bond G—C, is directed to G,
and bond moment of G—C, to C,. The signals in
the 13C NMR spectrum are focated &€, 131.9,5C,
128.7,8C, 129.9,6C,, 125.6 ppm [15]. Thenoment

According to the potential function of internal
rotation we constructed and to the results of electron
diffraction studies [41] in the thioanisole molecule

) = in the gas phase occurred free rotation around the
of the bond G—C,,, is directed to oxygen, and the ! 2 gas p © occu ! und.
moments of bonds-SC,,, and Se>C,, are directed Ce-S bond. Taking into agcoupt the difference in
series anisole < thioanisole < selenoanisole, and i the unsubstituted benzene it is presumable that in
54.5(0)< 15.5(S)< 6.7(Se) [14, 15]. The bonds nearly planar conf_orm_atlons. The co'mparlsonAqCo
on the q\/le atoms in th|0an|so|e and Selenoanisole,tlon, but thelghleld"']g Of the Cp nUC|.e| ISStrongel‘
and consequently a great charge difference betweent8an that of “C nuclei in the unsubstituted benzene.
or Se atoms and (¢, (1.1-1.3 a.u.), andilso between We cannot explain these distinctions. In the ortho-
Cuye and H (1.1 a.u.). Inanisole the charge dif- gonal conformation the SMe and SeMe groups
ference between O and,(c atoms(0.2-0.3 a.u.) and Produce on Gand G, an acceptor effect. The groups
between G, and H (0.560.52 a.u.) isconsiderably OMe, SMe, andSeMe exert an accepteffect on the
smaller. C,, and hydrogen atoms of the aromatiog.

The effect ofOMe, SMe, andSeMe groups on the Thus the intramolecular interactions and electron
electron density distribution in the aromatic moiety density distribution in anisole, thioanisole, aseleno-
can be conveniently discussed comparing the difanisole depend on the electronegativity of hetero-
ference in charge values on atoms in the moleculeatoms and of conjugation between LEP of O, S, and
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Se atoms with ther-system of the aromatiang. The  16.
latter is significantly influenced by the conformation

of the molecule. The research performed permitted?.
obtaining on a common level of theoretical calcula-
tions quantitative characteristics af,n-interaction
between LEP of O, S, and Se atoms and antibonding8.
n -orbitals of the aromatic moiety at varying
molecular conformations, estimating the hybridization
extent, orbital energies aramtcupancy of the LEP of
heteroatoms, and also provided information elac-  19.
tronic effect of OMe, SMe, andSeMe groups and on

the distribution of electron density in the molecules.
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