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The geometric structure and conformational properties of 4-fluoro(trifluoromethoxy)benzene;H®GT;,

were investigated independently in two laboratories (Moscow State University and Uriiv@igiiagen)

using gas electron diffraction (GED), quantum chemical calculations, and matrix infrared spectroscopy. Both
experimental GED studies result in a perpendicular conformatierQ:€C plane perpendicular to the benzene
ring). Analyses of the GED intensities with a simple two-conformer model cannot exclude a small contribution
of up to 25% (Moscow) or 13% (Thingen) of a planar conformer. Quantum chemical calculations lead to
rather different potenial functions for internal rotation around the §p bond. HF, MP2, and B3LYP
methods with 6-31G* basis sets predict potential functions with a single minimum for perpendicular orientation.
The planar structure is predicted to correspond to a transition statel @ &cal/mol higher in energy. B3LYP/
cc-pVTZ calculations predict an additional very shallow minimum for the planar conformer, about 0.6 kcal/
mol higher than that for the perpendicular structure. Infrared spectra demonstrate the presence of a single
conformer in a Ne matrix at 15 K and no second conformer is expected to be present in the gas phase,
assuming an adiabatic cooling process.

Introduction CHART 1
. . . . R
According to gas electron diffraction (GED)microwave /
spectroscopy (MW3, and high-level ab initio calculatior?s, F—©_O F‘©_O‘R
anisole, GHsOCH, exists in the gas phase as a single conformer
planar orthogonal

with a planar heavy atom skeleton and a torsion angle around ) )
the C(sp)—O bond of p(C—O) = 0°. Earlier photoelectron  1arge basis sets (pc2 and 6-31#&(3df,2dp)) resulted in a
spectrd and dynamic NMR measuremefitqowever, were  Potential function with its global minimum gt(C—0) = 90°
interpreted in terms of a mixture of planar and perpendicular @nd & very flat plateau in the regiorb0° < (p(?zlo) = 50
conformers. Ab initio calculations in the HF approximation also With @ very shallow minimum ag(C-0) = 0°.

predict a potential function for internal rotation around the@@ To obtain additional information about the effect of &H
bond with minima atp(C—0O) = 0° and 90.57 Recently, a CFs substitution on the conformation of anisole, we decided to

conformational study af,ao-trifluoroanisole (trifluoromethoxy-  Perform two independent studies for 4-fluoro(trifluoromethoxy)-
benzene), §4sOCFs (1), was performed independently in two ~ P€nzene, 4-F-&,0CFK (2). It is expected that fluorine
laboratories. Both GED analyses resulted in a main conformer Substitution in para position has only a minor effect on the
with perpendicular orientation of the group ¢(C—0) = conformational properties and that GED intensities are more
90° and a small contribution of 30(21)%and 12(8)9%, chargcteri;tic for th_e o_rientation of the Q@roup due to
respectively, of a planar form. Unfortunately, electron diffraction additional interatomic dlsgances tl)gtween fréuorine atom
intensities depend very little on the orientation of the; Gfoup and the Ck group. From’H and *F NMR spectra of this
and, thus, GED does not prove unambiguously the existence ofcompound in a nematic solvent, a potential function for internal
a mixture of two conformers. IR spectra of gaseous, liquid, and retation around the €0 bond with a minimum ap(C—0) =
crystalline GHsOCF; were interpreted in terms of a mixtute, 20" (Perpendicular conformer) was deriv&dThe data, how-
whereas MW and IR (matrix) spectroscopy lead to the conclu- €Ver, cannot differentiate between a potential function with a
sion that only the perpendicular conformer corresponds to a Single minimum ap(C—0) = 90° and one with two minima
stable structur&The results of quantum chemical calculations at¢(C—0) = 90" and 0, i.e., between a single perpendicular
depend on the computational method. Whereas HF and Mp2conformer and a mixture of both forms. On the other hand, long-
approximations with 6-31G* basis sets predict the presence of 'a19¢ NMR coupling constants are interpreted in terms of a
a single perpendicular conforméthe B3LYP metho#land MP2 planar or nearly planar structure, with the barrier to internal
approximation with cc-pVTZ basis séfpredict the existence rotation Iower_ than that in an_|s_o_lé.Th|s interpretation is in

of a mixture, with the perpendicular form prevailing. Recent agreement with low-level ab initio calculations (HF/STO-3G

quantum chemical calculations with the B3LYP method and &nd HF/3-21G}?
Quantum Chemical Calculations
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4-F-C_H,OCF, TABLE 1: Experimental and Calculated Geometric

209 HF/6-31G(d) 2.0 Parameterst of Perpendicular Conformer
GED  B3LYP/ GED MP2/
Moscow  cc-pvtz Tubingen 6-31G*
_ %7 mp2es1c@) 15 (C—Clar 1386(3) 1386 1389(3) pl  1.393
2 C1-C2 1.386(3) 1.386  1.3838(3) pi 1.392
3 C2-C3 1.388(3) 1.388  1.391(3) p1 1.395
12 1.0 L 1.0 C3-C4 1.384(3) 1.384 1.387(3) pl 1.391
£ C1-0 1.416(28) 1.406  1.405(14) p2 1.409
4 B3LYP/cc-pVTZ o-Cc7 1.362(28) 1.352  1.354(14) p2 1.358
C7-F1 1.333(18) 1.329  1.321(5) p3 1.334
0.5 0.5 C7-F2 1.350(18) 1.346  1.336(5) p3 1.349
B3LYP/6-31G(d) C4—F4 1.354 1.347  1.343(5) p3 1.356
(C—H)ay 1.115(21) 1.085 1.077(15) p4 1.085
Cc-Ci-C 122.8(15) 121.7  120.8(17) p5 122.2
0.0 - y " " 0.0 C-C4-C 121.2(16) 122.2  123.3(14) p6 122.5
0 30 60 90 c-0-C 114.8(15) 117.1  117.2(14) p7 114.8
¢ (C-0) F-C—F 106.7(9) 106.8 107.5(6) ps8 108.1
tilt (CF3)P 3.~ 3.2 3.7 3¢ 31
Figure 1. Calculated potential functions for internal rotation around oop (C1-O) 3.9 35 3.2 3.2 3.2
the C(sp)—O bond. #(C—0) 90.¢¢ 90.0 90.6 90.0'  90.0

. . . . arydistances in Aryy angles in degree; uncertainties arevalues;
- * _ g ’ Il
calculations with 6-31* basis sets and additional B3LYP/cc- ¢ i bering see Figurerais the equilibrium paramete® Tilt

pVTZ calculations were performed. The calculated potential angle of C group, away from the GO bond.¢ Out-of-plane angle
functions for internal rotation about the-@® bond depend on  of the C+0O bond. The direction is such that the ©C7 distance
the computational method and on basis sets (see Figure 1). Allincreases? Not refined.
methods with 6-31* basis sets result in a single minimum
corresponding to perpendicular orientation. Calculated geometric ]
parameters are very similar. The B3LYP method with cc-pVTZ
basis sets, however, results in a second very flat minimum for
the planar structure, about 0.6 kcal/mol higher in energy. Very
recent calculations with the B3LYP method and with basis sets
that have been developed especially for DFT methods [pcl, pc2, 1
and 6-31%#+G(3df,2pd)] predict a potential curve that is 1 . ET
extremely flat in the region-50° < ¢(C—0) < +50° and
possesses a very shallow minimum at the planar orientétion.
This minimum is only 0.07 kcal/mol deep and about 0.5 kcal/
mol above the global minimum for the perpendicular conformer.
If the energies are corrected by the zero point vibrational energy
(ZPE), the minimum at the planar structure disappears in the
potential function obtained with the B3LYP/cc-pVTZ method
and is only 0.01 kcal/mol deep in the potential obtained with
the B3LYP/6-31%+G(3df,2pd) method.

Structural parameters for the perpendicular conformer derived
with the B3LYP/cc-pVTZ and MP2/6-31G* methods are 9 5 0. B H B W%
included in Table 1. Vibration frequencies were calculated for

. . . . Figure 2. Experimental (dots) and calculated (full line) molecular
the perpendicular form with MP2/6-31G* approximation and jensities and residuals of Moscow (above) aridifigen (below)

for perpendicular and planar conformers with the B3LYP/cc- analysis (upper curves are for long and lower curves for short nozzle-
pVTZ method. All quantum chemical calculations were per- to-plate distance).

formed with the GAUSSIAN98 program packatfeVibrational

amplitudes and vibrational corrections for interatomic distances leveled intensities in the following-ranges for short and long
were derived from the calculated force fields using the method nozzle-to-plate distance, respectively: 1%.4 < 36.8 A-1and

of Sipachev and the program SHRINKThis method takes 3.0 < s < 18.4 AL, in intervals ofAs = 0.2 A1 (s = (4n/

the nonlinear relation between Cartesian and internal coordinatesi)sin 6/2, wherel, is the electron wavelength ards the scat-
into account and corrects distances tan; values. tering angle). The resulting sig(curve is shown in Figure 2.

Electron diffraction intensities were also recorded at the
University of Tibingen with a Gasdiffraktograph KD-GZ at

A commercial sample d (Aldrich, 99%) was used. Electron 250 and 500 mm nozzle-to-plate distances and with an ac-
diffraction patterns were recorded at nozzle-to-plate distancescelerating voltage of about 60 kV. The sample was cooled to 3
of 169.8 and 375.3 mm on Kodak Electron Image films with °C and the inlet system and nozzle were at room temperature.
the Moscow State University apparatus. This apparatus wasThe Kodak Electron Image plates (3813 cm) were analyzed
reconstructed in 1998 from an ER-100 M commercial unit and with an Agfa Duoscan HiD scanner and total scattering intensity
equipped with arr3-sector. The wavelength of the incident curves were obtained from the TIFF files using the program
electrons (nominal accelerating voltage of 50 kV) was deter- SCAN3!8 Experimental molecular intensities were derived in
mined from diffraction photographs of benzene that were thesranges 218 and 8-35 A~ for the long and short camera
obtained in the same experiment as those2fdrhe data were distances, respectively, in stepsag= 0.2 A1 and are shown
processed with standard procedut&$he experiment yielded in Figure 2.
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Figure 3. Molecular model for perpendicular conformer with atom
numbering.

f(r)

RIA
Figure 4. Experimental and calculated radial distribution functions
and difference curve of Moscow analysis (above) aibifigen analysis
(below). Negative values occur in the curve of the Moscow analysis,
since molecular intensities far< sy, were set to zero in the Fourier
transformation. In the Thingen analysis, calculated intensities were
used for thiss-region.

Structure Analysis

The experimental GED intensities were analyzed independ-
ently in Moscow and in Thingen. Both analyses were based
on geometrically consistemt,, structures. The structure &f
can be described by five independent bond distam¢€s;H)ay,
r(C—C)aw r(C—0)ay, r(C—F)ayin the CF; group, and (C—F4)
and by the angle§ICC1C,[0CC4C,[OCOC, andJFCF, and
tilt(CF3). An additional out of plane angle of-©C1 bond from

Shishkov et al.

low-frequency torsional vibration around the €@ bond, no
distinct peaks that are characteristic for a perpendicular or planar
structure appear in the region> 3 A. The B3LYP/cc-pVTZ
method predicts torsional frequencies of 29 and 14 cfor
perpendicular and planar conformer, respectively. This leads
to very broad peaks for torsion dependent distances, and as a
consequence the RDF is not very sensitive toward the confor-
mational properties of this anisole.

The perpendicular conformer reproduces the RDF better than
a planar structure. Least-squares refinements were performed
for both conformers and for mixtures. Initial values for
independent geometric parameters and vibrational amplitudes
were taken from B3LYP/cc-pVTZ calculations. Preliminary
refinements of geometric parameters were performed with an
iterated step-by-step proceddfein which vibrational ampli-
tudes were fixed to calculated values. The step-by-step approach
was chosen to obtain a molecular model that is closer to the
final experimental structure than the B3LYP result. In the next
step a conventional least-squares procedure of Andersen et al.
21 was used. These refinements demonstrated that the perpen-
dicular conformer reproduces the experimental molecular in-
tensities considerably better (agreement fa&er 10%) than
the planar conformelR = 20%). In the final step the vibrational
amplitudes that were collected in 13 groups were included in
the refinement. The agreement factors for both conformers
decreased to 6% and 9%, respectively. The following correlation
coefficients for the perpendicular conformer had absolute values
greater than 0.7r(C—C)/r(C—0) = —0.73,0COCHOFCF =
—0.78 andr(C—C)r(C—F) = —0.93. The results for the
perpendicular conformer are listed in Table 1 (geometric
parameters) and Table 2 (interatomic distances and vibrational
amplitudes).

Furthermore, a step-by-step analysis was performed for
mixtures of perpendicular and planar conformers with different
compositions. The contribution of each conformer was changed
from 0% to 100% in steps of 5%. From the increas® fdictors
and Hamilton’s tegf at the 5% level of significance we
conclude that the electron diffraction data2afan be described
by a mixture of both conformers with the following con-
tributions: 75%-100% for perpendicular and 0925% for
planar.

The same geometric parameters as described above were used
also in the structure analysis performed ifbingen, with the
exception that the C4F4 bond length was included in (€
Fav. The constraints for differences between bond lengths and

the plane of the benzene ring was used for the perpendicularother geometric parameters were taken from the MP2/6-31G*

conformer and the C2C1—0O angle for the planar form. The
torsional anglep(C—0O) around the C1+0O bond was set to 90
(perpendicular) or O(planar).Cs symmetry was assumed for
both conformers. Atom numbering is shown in Figure 3.

In the Moscow analysis the differences betweenr{i@z-C)
bonds, the(O—C) and the (C—F) bonds in the Cwere fixed
to the respective values derived from the B3LYP/cc-pVTZ
calculation. The €F4 bond distance was assumed to be equal
to that in GHsF.1° This bond length could not be refined,
because the value ofC—F4) is close to the mean value of the
bonds in the Cg-group and refinement caused large correlations.

result. Since the MP2 approximation predicts an imaginary
frequency for the planar conformer, this force field could not

be used to derive vibrational amplitudes and corrections for this
structure. Therefore, the Cartesian force field calculated for the
perpendicular structure was transformed to an internal force
field, which was then used to derive amplitudes and corrections
for both structures.

The experimental RDF together with functions calculated for
both conformers is shown in Figure 4. The perpendicular
structure reproduces the experimental curve better in the region
r > 3 A. Least-squares fitting of the molecular intensities was

The hydrogen atoms were assumed to lie on the bisector of theperformed for both conformers. Eight geometric parameters and

OCCC angles and in the plane of the benzene ring. The CF
group was fixed to staggered orientation.

The radial distribution function (RDF) was obtained by
Fourier transformation of the molecular intensities (Figure 4).
Since nonbonded interatomic distances between thay@kip

eight vibrational amplitudes collected in four groups for
distances that do not depend on the torsion around theGC1
bond were refined simultaneously. The agreement factor for the
intensities of the long nozzle-to-plate distanBgng, which is
more sensitive toward conformational properties, is 4.3% and

and ring atoms possess large vibrational amplitudes due to a9.1% for perpendicular and planar conformers, respectively. If
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TABLE 2: Interatomic Distances (r, Values) and Matrix Infrared Spectra
Experimental and Calculated Vibrational Amplitudes o .
(without nonbonded distances involving hydrogen atoms) Matrix infrared spectra were recorded in the range 4000
from Moscow Analysist 400 cnt! with a Bruker IFS 66v spectrometer and with a
amplitude resolution of 1 cml. Mixtures of 2 with Ar or Ne (1:1000)
distance GED BILYP codle were deposited at 15 K on an aluminum-plated copper mirror

in a He-cooled cryostat. Details of the matrix-isolation apparatus

(C-H)a  1.110(21) 0.076 0.076 * have been given elsewheteThe temperature of the mixture
(CCl—_%)av i'_iﬁig)g) %,%189((?) %'.%155 Iii before deposition in the ma;rix was 21 and 33D Only the. .
o-C7 1.360(28) 0.051 0.047 i Ne spectra were analyzed, since the Ar spectra showed splitting
C4—F4 1.354*% 0.049 0.045 i of several bands due to matrix effects.
C7-F1 1.331(18) 0.049 0.045 i Most bands are readily assigned on the basis of calculated
ICZZTIFZZZ %:igggg; 8:822 8:8‘512 i (B3LYP/cc-pVTZ) frequencies and intensities for the perpen-
F2.-F3 2.138(120) 0.056 0.056 N dicular conformer. Shifts of several bands by up t.o.Z(T.tm
O---F1 2.215(27) 0.056 0.056 * are predlcfted for the planar conformer. Such a_sp!lt_tlng is not
O---F2 2.310(10) 0.057 0.057 * observed in the Ne spectra. Furthermore, no significant shifts
C1---C7 2.338(43) 0.064 0.064 * of relative band intensities in the spectra at 21 and°€30ccur.
8‘1"0(?5 gggggég 8-822 8-822 : These spectra demonstrate that only a single conformer is present
: : : in the matrix at 15 K.
C3---F4 2.373(3 0.058 0.058 *
C3--C5 2.390&9% 0.054 0.054 * .
C2---C4 2.410(9) 0.054 0.054 * Conclusions
gigg g‘;iiggg 8'823 8-823 . Independent GED studies of 4-fluoro(trifluoromethoxy)-
C2--C5 2:778(6) 0.061 0.061 * benzene performed in two Ia_lboratorles regglt in e_qu_al geometric
CL-F2 2.829(33) 0.110(30) 0.139 ii parameters and conformational composition within their ex-
C1---F3 2.831(33) 0.114 0.143 ii perimental error limits. The uncertainties for some bond lengths,
C2--F3 3.108(30) 0.163(93) 0.234 v which are reported by the bingen group, are smaller, because
C2--C7  3.168(37) 0.121(91) 0.114 v no vibrational amplitudes for bonded distances were refined in
glchl g:ggig% 8:882(12) 8_‘8223 \\//il this analysis. In the Moscow analysis, however, vibrational
C2+-F4 3.641(6) 0.089 0.059 Vi amplitudes for bonded distances were refined in two groups
C6-F3 3.857(43) 0.283 0.283 * (see Table 2), leading to larger uncertainties due to higher
Cl---F4 4.090(15) 0.072(18) 0.061 vii correlations.
0O---C4 4.096(21) 0.074 0.063 vii. Both investigations demonstrated that £XEF; substitution
gg% j:gg%gg 8:%35(27) 8_'212'[3 ot has a strong effect on the conformation of anisols. The parent
C3--C7 4.396(33) 0.110 0.126 viii compound @HsOC!-t; possesses a pla_mar structure, as pointed
C5--F2 4.837(57) 0.288(45) 0.302 ix out in the Introduction. A recent GED investigation of 4-fluoro-
C4-+-C7 4.904(36) 0.087 0.103 iX anisole also resulted in a planar structtff€hese experimental
C3--F2 5.022(51) 0.220 0.234 ix results are in agreement with high-level quantum chemical
8;_5?1 gggggﬂ g'gggggg 8-28? ii calculations that include electron correlation. On the other hand,
Ca-F1 6:144(20) 0:112(45) 0.085 i anisolsl and 2 in which Fhe methyl group is substituted by a
C7--F4 6.222(39) 0.140 0.113 Xii CFRs group exist predominantly as perpendicular conformers.
F2---F4 6.261(58) 0.286 0.259 Xii For both compounds the analyses of the GED intensities cannot
Fl---F4 7.479(21) 0.173(120) 0.092 xiii exclude some contribution of the planar form. Quantum chemi-
aFor atom numbering see Figure "Refined in groups +xiii: cal calculations result in rather different shapes of the potential
amplitudes with * are not refined. functions for internal rotation around the CfspO bond for

the two trifluoromethoxybenzenes. In the casepHF, MP,

amplitudes for torsion dependent interatomic distances areand B3LYP methods with 6-31G* basis set predict a single
included in the refinement, thie factors decrease to 3.7% and minimum for the perpendicular form and a transition state for
6.1%, but some amplitudes for the planar conformer adopt the planar structure 0-61.8 kcal/mol higher in energy. The
unreasonable values. The following correlation coefficients had B3LYP method with large basis sets [cc-pVTZ, pcl, pc2, and
values larger thaf0.7] in the refinement of the perpendicular 6-311++G(3df,2pd)] predicts a second shallow minimum for
conformer: r(C—C)(C—0O) = —0.86, r(C—O)Ir(C—F) = a planar conformation, about 0.6 kcal/mol above the global
—0.78, andJ(CC1C)[1(CC4C)= —0.80. The final results for minimum for the perpendicular structure. These minima dis-
the geometric parameters are included in Table 1. Interatomic appear or become extremely shallow if the energies are corrected
distances and vibrational amplitudes derived in this analysis areby ZPE.
equal to those obtained in the Moscow analysis within their  Independent of the detailed shape of the potential function,
experimental uncertainties and are not given. whether it possesses a flat maximum or a shallow minimum at

In the refinement of mixtures of both conformers, only the ¢(C—0) = 0°, we expect structures for all torsional angles to
geometric parameters and vibrational amplitudes of the per- be populated at room temperature. Obviously, the adequate
pendicular form were refined. The geometric parameters of the model for analyzing the GED intensities would be a dynamic
planar conformer were set to those derived in the above analysisone, using many pseudoconformers with different torsional
for this structure and vibrational amplitudes were constrained angles and appropriate weight. However, we cannot expect to
to calculated valuesRong has its minimum for pure perpen-  derive the shape of the potential function from such an analysis,
dicular conformer and increases with increasing contribution since even a two-conformer model did not allow for an
of the planar form. Thus, its contribution is between 0% and unambiguous determination of the presence of the second
13%, according to Hamilton’s test. conformer. Referring to the calculated potential functions shown
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in Figure 1, even the presence of a shallow minimurp(E@— (2) Onda, M.; Toda, A.; Mori, S.; Yamaguchi,J. Mol. Struct 1986

0) = 0° would not lead to a stationary planar conformer at 144 47 o o

room temperature. The IR(matrix) spectra demonstrate that no , 2(5?)%1 E)lflilgszs Houjou, H.; Nagawa, Y.; Hiratani, &. Phys. Chem.

such conformer is trapped in the matrix upon deposition of the (4) Friege, H.; Klessinger, MChem. Ber1979 112, 1614.

gas heated to 21 or 330C, respectively. This makes the (5) Schaefer, T.; Sebastian, Ran. J. Chem1989 67, 1148.

existence of a second, high-energy conformer in the gas phase (6) Schaefer, T.; Penner, G. H. Mol. Struct. (THEOCHEM)L987,

before deposition of the sample in the matrix very unlikely. 152 179. _

The possible small contribution of a planar conformer that was gl)l Klessinger, M.; Zywietz, AJ. Mol Struct. (THEOCHEM)L982

derived from the GED intensities with a two-conformer model ™~ (8) Shishkov, I. F.; Geise, H. J.; Van Alsenoy, C.: Khristenko, L. V.

represents the population of structures around the planar formvilkov, L. V.; Senyavian, V. M.; Van der Veken, B.; Herrebout, W.;

that occur during internal rotation around the CjspO bond. Lokshin, B. V.; Garkusha, O. Gl. Mol. Struct.2001, 567-568 339.
CHs/CF; substitution has also a strong effect on the@ (9) Federsel, D.; Hermann, A.; Christen, D.; Sander St.; Willner, H.;

bond lengths. In anisol the €D [C(sP)—O] bond [1.361(15)  OPerhammer, FJ. Mol. Struct.2001 567568 127.

) . 10) Klocker, J.; Karpfen, A.; Wolschann, Ehem. Phys. Let200
A]tis considerably shorter than the-@7 [O—C(sp)] bond 36% 5%56 ocker arpren olschann, Ehem. Phys. Let2003

[1.423(15) A]. On the other hand, in the @Substituted (11) Kieninger, M.; Ventura, O. N.; Dierksen, G. H. Ehem. Phys.
compound2 the C+O bond [1.42(3) or 1.405(14) A] is  Lett Submitted.
considerably longer than the-@C7 bond [1.36(3) or 1.354(14) (12) Barnes, M.; Emsley, J. W.; Horne, T. J.; Warnes, G.JMChem.

. . - - Soc, Perkins Trans. 21989 1807.
A]. The short C+0 bond in anisol can be rationalized by strong (13) Schaefer, T.. Penner, G. H.: Sebastian, R.: Peeling, J.; Beaulieu,

conjugation between the p-shaped oxygen lone pair and thec can. J. Chem1991, 69, 1047.
n-system of the benzene ring, which occurs only in the planar  (14) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
structure. The short ©C7 bond in2 can be rationalized by M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A.; Stratman,

PP ; ; R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K.
orbital interactions (anomeric effects) between the oxygen lone N.: Strain. M. C.. Farkas, O.: Tomasi. J. Barone. V.. Cossi, M.; Cammi.

pairs and the™*(C —F) orbitals and by polar effects (O—C). R Menucci, B.; Pomelli, C.; Adamo, C.; Clifford, 'S.;. Ochterski, J.;
Although fluorination of the benzene ring in the para position Petersson, G. A; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K;
has no effect on the principal conformational properties of Rabuck, A.D.;. Raghavachari, K.; Foresman, J. B.; Cioslovski, J.; Ortiz, J.

d<l and2, it increases the barrier to internal rotation V.; Stefanov, B. B,; Liu, G., Liashenko, A.; Piskorz, P.; Komaromi, I
compoun ’ ‘ ) Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
around the C*O bond. According to quantum chemical C.Y.; Nanayakkara, A.; Gonzales, C.; Challacombe, M.; Gill, P. M. W.;
calculations this barrier increases from 0.9 to 1.3 kcal/mol (MP2/ JGOhBSC’”'NEli-? gheln, \IN-?EW%”%M- IW-?J'g‘pC\’[JeSSéIJA,\Lé?Sﬁ%”ZQ"?Sv %?75'93"'

N _ oraon, ., Replogle, E. o.; Pople, J.(Gx evision A./7),
6-31G*) or from 0.4 to 0.6 kcal/mol (BSII_YP/cc.pVTZ). The Gaussian, IncPittsburgh, PA. 1998,
B3LYP/6-311+G(3df,2pd) method predicts an increase from (35) sjpachev, V. A.J. Mol. Struct. (THEOCHEM)L985, 121, 143.
0.21 to 0.55 kcal/mot! This trend is confirmed by the GED  Sipachev, V. A. InAdvances in Molecular Structure Reseaydfargittai,
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