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Conformational Preference of 2-(Halomethyl)- and 2-(Oxymethyl)pyridines:
Microwave Spectrum, Ab Initio, and MM 3 Studies of 2-(Fluoromethyl)pyridine

Christina Moberg,* Hans Adolfsson, Kenneth Wirnmark, Per-Ola Norrby,
Karl-Magnus Marstokk, and Harald Mellendal*

Abstract: One single conformer was as-
signed from the microwave spectrum of
2-(fluoromethyl)pyridine, investigated in
the gas phase in the 26.0—39.0 GHz spec-
tral region at about —10°C. Its Ca—F
bond was found to be coplanar with the

were backed up by ab initio calculations
at the MP2/6-31 G** (frozen core) level.
These calculations predict that the as-
signed conformer is the only stable form
of the molecule. The transition state was
calculated to have the CH,F group 180°

from the stable anti conformation. The
energy of the transition state was comput-
ed to be 20.2 kJ mol ! higher than the en-
ergy of the anti rotamer.

The results are interpreted in terms of a
stereoelectronic effect, and the orbital

ring and anti to the N-C2 bond (syn to
the C2—-C3 bond). There was no indica-

overlaps responsible for the observed ef-
fect are discussed. It is shown that 2-

tion in the microwave spectrum of the .lhlT‘lIIIOL'&liu'llil\:[.‘l::ITIq\cllIlIIHI'IH.IIIUH : (fluoromethyl)pyridine serves as a good
presence of other rotameric forms of the O S A E e S YRS model for 2-(alkoxymethyl)pyridines, pre-

. : viously found to show the same confor-
mational preference.

molecule.
The results of the spectroscopic study

stercoclectronic effect

Introduction

A variety of 2-(alkoxymethyl)pyridines (1) have been shown by
X-ray crystallography to prefer an anti-periplanar conforma-
tion, with a N-C-C-O torsional angle close to 180°.I" The ten-
dency to adopt this conformation turned out to be quite pro-
nounced, and it has important consequences for the structure,
and thereby the properties, of a number of compounds contain-
ing this structural element. This is observed, for example, in
1,1-bis(6-carboxy-2-pyridyl)-1-methoxyalkyl derivatives. The
conformational preference results in a bowl-like shape for
macrocyclic amides 2;['¢) it determines whether donating
groups present in pendant arm-substituted derivatives, such as
3, will take part in apical coordination to the metal ion or not,!*?
and it permits bimetallic complexes of crown ether-substituted
derivatives such as 4 to adopt an appropriate conformation for
simultaneous coordination of the two metal ions to the two
functional groups in suitable w-carboxyolefins.?!

Ab initio calculations on 2-, 3-, and 4-(hydroxymethyl)-
pyridine gave results in accordance with the observed conforma-
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tions,!*! and suggested that the effect originates from orbital
overlap between the antibonding carbon—oxygen o-bond and
the carbon—nitrogen o-bond (A, or carbon—carbon o-bond in
3- and 4-substituted isomers) and, in the 2-substituted isomer,
between the antibonding carbon-

oxygen o-bond and the nitrogen lone g
pair (B).[* 3 The conformational ef-
fect was shown to be quite strong,
with a rotational barrier of 20—

25kJmol 1. It is interesting to note 7 N
that for (hydroxymethyl)benzene, a
conformation with the oxymethyl A B
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group situated perpendicular to the plane of the phenyl ring was
instead found to be the most stable one.!*!

The observed effect is expected to have consequences also in
other situations, since 1 is a common structural element in var-
ious types of compounds. Examples are provided by 2-
(oxymethyl)-substituted calixarenes,!®! by 2,6-disubstituted
pyridine moieties (5) in pyridine containing crown-ether-type
compounds,!” and by 2,2'-disubstituted bipyridines (6) present
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in double-helical complexes made up from oligobipyridine
strands'® and in bipyridine containing crown ethers.!”! The
same tendency to prefer a planar conformation was found ex-
perimentally also in a 3-substituted oxymethylpyridine
group,!!f! a structural element present in, for example, crown
ethers incorporating 3,3'-disubstituted bipyridine residues.!°!

Pyridine compounds carrying chiral substituents are current-
ly attracting much attention in asymmetric synthesis.'! The
conformation of the chiral ligand has important implications
for the selectivity in the reactions. Since 1 is an important struc-
tural element present in many asymmetric ligands, the confor-
mational preference discussed here may be important, at least in
the free ligand and in cases where the oxygen does not take part
in complexation to the metal ion. A preference for coplanarity
of the oxymethylquinoline system was thus observed in ligands
used in the osmium-catalyzed dihydroxylation (7).[1%!

That the planar anti conformation is also preferred in solution
is indicated by the coordination behavior of pendant arm lig-
ands!'! as well as by "HNMR spectroscopic coupling con-
stants.['9) However, to gain further experimental evidence that
the observed effect is not due to crystal packing forces, we want-
ed to acquire gas-phase data for compounds containing the
structural element of interest. We therefore decided to under-
take a study using microwave spectroscopy, the appropriate
technique for studying the C-C bond rotation. Alkoxy-
methylpyridines were found not to be suitable for this purpose,
owing to their high number of degrees of freedom and their low
vapor pressure. The compound 2-fluoromethylpyridine, how-
ever, was found to be a good model, since ab initio calculations
indicated the same conformational preference as for oxy-
methylpyridines. The results of the calculations and spectro-
scopic studies are presented here.

Results and Discussion

Ab initio calculations: The ab initio computations were per-
formed with the Gaussian 92 program package.!'3 The stan-
dard 6-31 G** basis set, as implemented with the program, was
employed. Electron correlation was treated by the MP2
(Meller—Plesset) procedure,'** which is also included in the
Gaussian 92 program. The atom numbering of the title com-
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pound is given in Figure 1,
which shows the anti ro-
tamer. Dihedral angles are
0° when the four atoms N-
C2-Ca-F are coplanar
and syn, and 180° when
they are anti. A positive di-
hedral angle corresponds
to clockwise rotation.

The geometry of the con-
former with the chain of
atoms in the anti position
(the N-C2-Ca-F dihedral
angle is 180°) was fully optimized. It was not initially assumed
that this conformer has a symmetry plane (C, symmetry), but
the calculations refined to this geometry within the computa-
tional accuracy. No imaginary vibrational frequencies were
computed for this rotamer, which indicates that this conformer
represents a minimum on the conformational energy surface.!' !
The geometry of this rotamer and some other parameters of
interest are given in Table 1.

The potential function for rotation around the C2-Ca bond
was then calculated. These computations, which were also per-
formed at the MP2/6-31 G** level, were carried out at intervals

Fig. 1. Atom numbering of 2-(fluoro-
methyl)pyridine.

Table 1. Structure (bond lengths in A, angles in °), rotational constants (MHz),
dipole moment components (Debye), and energy differences (kJmol™') of two
selected rotamers of 2-(fluoromethyl)pyridine obtained in ab initio computations at
the MP2/6-31 G** (frozen core) level.

Rotamer anti syn anti syn
N-C2 1.345 1.341

C2-C3 1.395 1.400

C3-C4 1.394 1.391

C4-C5 1.394 1.395

C4-Cs 1.395 1.393

C3-H3 1.080 1.084

C4-H4 1.083 1.082

C5-H5 1.082 1.082

C6-H6 1.084 1.084

C2-Cu 1.505 1.512

Ca-F 1.396 1.382

Ca—Hx 1.091 1.093

Co~Ho! 1.091 1.093

N-C2-C3 1238 1233 N-C2-C3-C4 0.0 0.0
C2-C3-C4 118.3 118.9 C2-C3-C4-Cs 0.0 0.0
C3-C4-C5 118.8 118.5 C3-C4-Cs5-Cé6 0.0 0.0
C4-C5-Cé6 118.5 118.4 N-C2-C3-H3 180.0 180.0

C2-C3-H3 119.9 120.4
C3-C4-H4 120.5 120.6
C4-C5-HS 121.3 121.3

C2-C3-C4-H4 180.0 180.0
C3-C4-C5-HS 180.0 180.0
C4-C5-C6-He 180.0 180.0

C5-C6-Hé6 120.6 120.5 N-C2-Ca-F . 180.0 0.0
N-C2-Cx 1143 117.5 N-C2-Ca-Ha —60.0 120.5
C2-Ca-F 110.6 111.6 N-C2-Ca-Ho' +60.0 —120.5
C2-Cx-Ha 110.2 110.0

C2-Co-Ho' 110.2 110.0

A 50233 51052

B 15128 15039

C 1171.2  1170.2

I+, —L[a] 3165  3.158

4, 1.89 272
" 0.65 3.02
i, 0.00 0.00
AE [b] 0.0 20.2

[a] In uAz. I, I,, and I, are the principal moments of inertia. Conversion
factor: 505379.05 MHzuA2. [b] Energy difference; total energy of anti:
—385.715945 hartree.
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of 30° for the N-C2-Cua-F dihedral angle with full geometry
optimization for the remaining structural parameters in each
case. The potential function obtained in this manner is drawn in
Figure 2. Note that this potential function has only one mini-
mum, which corresponds to the anti conformer as mentioned
above. No other minimum was located at this level of theory,
which indicates that one stable rotamer, the anti, exists for 2-
(fluoromethyl)pyridine. The shape of this curve is very similar to
the one for 2-(alkoxymethyl)pyridine.*!

Energy/kJ mol™!

0 L L . ;

0 60 120 180 240 300 360
N-C2-Ca-F dihedral angle/°
Fig. 2. Potential function for torsion around the C2-Ca bond calculated at the

MP2/6-31 G** level. The shape of this curve is very similar to that calculated for
2-(hydroxymethyl)pyridine.

The transition state was located at the syn (N-C2-Ca-F dibe-
dral angle is 0°) conformation with an energy of 20.2 kJ mol ™!
above the energy of the stable anti form, quite similar to the
transition state for (alkoxymethyl)pyridines,'! which further
supports the choice of 2-(fluoromethyl)pyridine as a model
compound. This represents the maximum of the potential func-
tion drawn in Figure 2. The geometry of the sy» transition state
is given in Table 1. The vibrational frequencies of this conformer
were computed and one of them, corresponding to torsion
around the C2-Cu bond, was calculated to have an imaginary
value. This corresponds to a first-order saddle point, that is, in
this case a transition state.[”!

MW spectrum and assignment: The ab initio calculations predict
that the conformation having the Cx—F bond anti to the N-C2
bond of the ring is the most stable form of the molecule. The
rotational constants calculated (Table 1) for this conformer
were A = 5.02, B=1.51, and C =1.17 GHz, respectively. The
asymmetry parameter x calculated from these constants is
—0.82. The components of the dipole moments along the prin-
cipal inertial axes were calculated by ab initio methods to be
u, =19, u, = 0.7, and (for symmetry reasons) y, = 0 Debye.
This prolate conformer was then predicted to possess the strong
and characteristic a-type R-branch pile-ups of high K_, lines
separated by approximately B +C = 2.68 GHz. Such pile-up
transitions are modulated at low Stark voltages and generally
easy to assign. The microwave spectra taken in the 26-39 GHz
spectral region at low field strengths (about 100 Vem™?) re-
vealed such typical pile-ups very close to their predicted fre-
quencies. The assignments of the a-type ground vibrational state
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transitions were then straightforward with these pile-up transi-
tions as the starting point.

The strongest lines of the b-type are the Q-branch transitions,
and they were searched for next and found with ease. These
transitions were much weaker than the “R transitions. This is
consistent with the ab initio prediction that g, is much larger
than p, (see Table 1). The ®R transitions were then searched for,
but no unambiguous assignments could be made, presumably
because these transitions were too weak to be identified with
certainty. A total of 124 transitions were measured for the
ground state. A portion of this spectrum is listed in Table 2.

Table 2. Selected transitions of the microwave.spectrum of the ground vibrational
state of 2-(fluoromethyl)pyridine (frequencies in MHz).

Transition Vons [A] Vobs — Veated

, s
Jxrotgerr < i gex

10, , - 9 27238.31 —0.09
10, - = 96 27658.69 —0.08
10, ; - 9., 26925.65 —0.06
10, , « 93 26925.65 —0.06
110,11 «— 100_10 26973.43 —0.14
11,56 - 10, 5 28741.39 0.02
115,6 - 105‘5 2974792 —-0.12
11, , - 10, , 29594.00 0.10
11,5 « 10, , 29594.00 0.10
12, 1y “ 11, 10 31958.63 —0.02
125 4 “ 115 , 32488.95 —0.01
125 4 « g 5 32319.92 —0.10
1245 - g, 32319.92 —0.10
13, 12 “ 12, 5, 34248.65 0.08
13,1 « 12, 6 36532.34 0.00
134 10 “ 12,5 3532228 0.00
1354 — 125 4 35004.58 0.08
135 5 - 125, 35004.58 0.08
146,14 « 135,15 33959.00 0.01
145 10 “ 135, 38009.48 —0.01
15, 14 - 14, 15 38798.73 0.04
164, 16 « 150,15 38633.82 0.02
16, ;5 “ 16,4 28680.65 0.06
195 45 - 19, 16 33687.82 0.00
225 45 - 22, 50 33360.69 0.05
256,10 - 255, 20 30003.62 —0.12
31524 « KIPP 33435.74 0.08
347, 27 - 345, 28 31190.97 0.04
374,20 - 37530 36698.13 —0.04
41 33 « 41, 4, 36413.80 —0.03

[a] ¥, = observed frequency; ¥,,., = calculated frequency; +0.10 MHz.

The maximum value of the J quantum number for the R tran-
sitions is 16, and the maximum value of J for the Q transitions
is 41. A least-squares fit involving all the five Watson quartic
centrifugal distortion constants in the 4 reduction I representa-
tion!'% was first made. However, it turned out that the value of
A, obtained in this way was very uncertain. This constant was
therefore preset to zero in the final fit, which has a root-mean-
square deviation comparable to the experimental uncertainty
(£0.10 MHz). Inclusion of sextic centrifugal distortion con-
stants'*® yielded no improvement. The spectroscopic constants
are listed in Table 3.

As observed in Table 3, A = I, +1, — I, = 3.46954(36) uA?
(4,, I,, and I are the principal moments of inertia). This value
is typical for molecules having a symmetry plane and two out-
of-plane methylene hydrogens.!!'”! Two conformations of 2-
(fluoromethyl)pyridine are compatible with this, namely the syn
and the agnti forms, as observed in Table 1, where A is calculated
to be about 3.2 uA? for both syn and anti conformers. The
rotational constants are generally rather different for different
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Table 3. Spectroscopic constants [a,b] of the ground and vibrationally excited states v of 2-(fluoromethyl)pyridine.

Vibrational state vy =0 vp =1 ve =2 vp=3 vp =4 vp=35 Vop =1

no. of transitions 124 108 91 51 46 52 51

r.m.s. dev. {c]/MHz 0.074 0.088 0.091 0.088 0.080 0.082 0.073
A,/MHz 5047.0583(74) 5035.7138(92) 5024.038(14) 5011.89(10) 4999.685(81) 4986.956 (82) 5018.15(11)
B,/MHz 1509.4357 (14) 1508.6457 (18) 1507.8334(21) 1506.9883 (29) 1506.1151 (28) 1505.1961(27) 1509.5352(24)
C,/MHz 1171.2767(14) 1173.0385(19) 1174.9303(21) 1176.9437 (39) 1179.1086 (36) 1181.4366 (34) 1172.0806(32)
4,/kHz 0.1022(40) 0.0975(53) 0.1031(63) 0.0749(86) 0.0821 (87) 0.0866(83) 0.0537(75)
A;x/kHz 0.0 [d] 0.0 {d] 0.0 {d] 0.126(16) 0.136(20) 0.118(16) 0.117(17)
Ay/kHz 1.49(14) 1.93(19) 1.3927) 0.0 {d} 0.0 {d} 0.0 [d] 0.0 [d}

8,/kHz 0.020072(33) 0.02303(45) 0.02007(61) 0.0 [d] 0.0 [d] 0.0 [d] 0.0 [d]
d¢/kHz 0.195(12) 0.169(16) 0.198(25) 0.0 [d) 0.0 {d} 0.0 [d} 0.0 [d}

I, +1, — 1) [e] 3.46954(36) 4.51851(48) 5.62589(58) 6.7936(31) 8.0225(25) 9.3298(25) 4.3202(31)

[a} 4 reduction, I" representation. [b] Uncertainties represent one standard deviation. [c] Root-mean-square deviation. [d] Preset at zero. [e] Conversion factor

505379.05 MHzu A%

conformations and can often be used in a straightforward man-
ner to decide which conformer has been assigned. Fortuitously,
the rotational constants of syn and anti obtained by ab initio
computations do not differ greatly in this case (Table 1) and
some other evidence must be employed in addition to the rota-
tional constants to make an unambiguous conformational as-
signment. One such piece of evidence is the spectral line intensi-
ty, which shows that y, is considerably larger than u,. This is
predicted for anti, while the opposite is the case for syn
(Table 1). In addition, the ab initio predictions (above) indicate
that anti is the only stable form of the molecule, whereas syn
represents a transition state.

Several attempts were made to resolve the Stark effects of
some of the transitions in order to determine the dipole moment.
However, the spectrum was not intense enough to display well-
resolved Stark components that could be used for quantitative
measurements, and only some semiquantitative measurements
could be made yielding dipole moment components of approxi-
mately 2.2 Debye for p, and 0.7 Debye for p,. These values are
in good agreement with the ab initio results (Table 1) and give
an additional indication that the anti conformer has indeed been
assigned and not confused with syn which would have had a
similar value for A, but a rather different dipole moment. The
final conclusion is that the spectrum in Table 2 undoubtedly
belongs to the anti conformer.

Yibrationally excited states: The ground-state spectrum was ac-
companied by several satellite spectra which could readily be
ascribed to vibrationally excited states of the C2—Ca torsional
fundamental vibration. The rotational transitions of the succes-
sively excited states of this mode were shown to be separated by
roughly constant frequency intervals with the intensities de-
creasing by about 25% upon excitation by one vibrational
quantum. This behavior is typical for a nearly harmonic vibra-
tion 118!

Five excited states of the torsion were ultimately assigned, as
shown in Table 3. a- and b-type transitions were assigned for the
first and second excited states, whereas only a-type lines were
assigned for the remaining excited states. Four of Watson’s
quartic centrifugal distortion constants!®! were used in the
least-squares fit of the first and second excited states, while only
two such constants were used for the remaining excited states. A
satisfactory fit was achieved in each case.

In Table 3 it is shown that A increases rather smoothly with
the vibrational quantum number. Again, this is typical for a
near-harmonic out-of-plane mode,® which must be the C2—
Co torsional mode. Relative intensity measurements performed
targely as described in ref. [19] with carefully selected lines of the
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ground and first excited state yielded 53(15) cm™* for the tor-
sional fundamental. This is close to the 57 cm™?! that was pre-
dicted in the MP2/6-31 G** computations (not given in
Table 1).

The changes in A upon excitation can be used to calculate the
torsional vibration frequency, provided it is well separated from
other vibrational modes.[*®! This criterion is met rather well in
the present case, as the second lowest vibration is found exper-
imentally to be 162(20) cm ™! (see below). From ref. {20], we
know that the torsional frequency w; in such cases is approxi-
mated by w;x67.45/0AuAZcm™! where JA is taken as the
change in A between the first excited and ground state. From the
values given in Table 3, the torsional fundamental frequency is
found to be w;x64 cm™?, close to 53(15) cm™! obtained by
relative intensity measurements above. The uncertainty limit of
the torsional fundamental obtained in this manner is hard to
estimate, but + 8 cm ™! seems plausible. Our best estimate of the
torsional frequency wy is thus 64 (8) cm ™', and this frequency is
used below to derive the shape of the potential well for torsion
near the well bottom.

It is seen in Table 3 that in addition to the five excited torsion-
al states, the first excited state of what is presumed to be the
second lowest out-of-plane vibration has been identified. Our
reason for assigning this excited state as an out-of-plane vibra-
tion is the fact that A increases.!!3 2°! Relative intensity mea-
surements'!®) yielded 162(20)cm™! for this vibration, com-
pared with 189 cm™* from the MP2/6-31 G** computations.
The only other vibration with a calculated frequency below
300 cm ™! is an in-plane substituent bending (at 220 cm ™!, or
214 cm ™! from MM 3, videinfra), with §A expected to be nega-
tive.[18]

All the strong lines as well as nearly all transitions of interme-
diate intensities in this spectrum were assigned to the ground
and the six excited states of the anti rotamer. This is one indica-
tion that the anti is much more stable than any other hypothet-
ical rotameric form, because the ab initio calculations reported
above predict that such forms ‘will have comparatively large
dipole moments and would hencg have strong MW spectra pro-
vided they were present in significant amounts. In fact, the
MP 2/6-31 G** prediction that anti is the only stable conformer
is in agreement with the MW observations.

The C, symmetry of 2-(fluoromethyl)pyridine: The nonzigzag-
ging behavior of the rotational constants described in the previ-
ous section rules out a low or intermediate barrier to the planar
form,?% 2! but instead indicates that the torsional mode is
nearly harmonic and that anti 2-(fluoromethyl)pyridine thus has
a planar (with the exception of the two methylene hydrogen
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atoms) equilibrium conformation. Gwinn and co-workers!?!: 22
have given a quantitative treatment of this problem. They have
shown that it is possible to define a potential function for the
torsion of the form given in Equation (1), where z is a dimen-

V=A%) + B<z*)) (1

sionless coordinate. If Bis positive, the molecule has a symmetry
plane; if B is negative a potential hump exists at the planar
conformation and the potential function of the anti conformer
would be of the double-minimum type. The equilibrium confor-
mation would in such a case be nonplanar.

The Gwinn theory'?!" 22V implies that rotational constants can
be expanded in a power series of the expectation values of z2 and
z*, where b, is the 4,, B, or C, totational constant in the nth
excited state of the torsion. b,, ,, and b, are empirical parame-
ters adjusted to give the best fit to the data. The values of (z2),
and {z*>, depend only on the value of B constant of Equa-
tion (1).

The rotational constants of successively excited states of the
torsional vibration were least-squares fitted to Equation (2) em-

b,=b, + b, <22>n + b, <Z4>n ()

ploying the computer programs described in ref. [23] for a series
of B values. It was found that the value B = 2.8 yielded the best
overall fit (Table 4). This positive value of B is further evidence
that the anti conformer indeed has C, symmetry with no poten-
tial hump at the planar form.

Table 4. Comparison of calculated and observed rotational constants (MHz); B is taken to be

600
500 |
=5
400 | X /VT
90
T v_=4
5300 - X a5 / !
‘;’ ve=3
200 - 79
v, =2
100[ ” v =1
0 s . ) vez0 . )
-3 -2 -1 a 1 2 3
z

Fig. 3. Potential function V' =15.7({z*> +2.8¢z*))cm ™" presumed to describe
the bottom of the potential well near its ant/ minimum quite accurately. The ground
state lies 30 cm ™! above the bottom. Eigenstates of the first six torsional states are
indicated. Microwave spectra of these states have been assigned.

agreement seen here is one indication that the MP 2/6-31 G**
structure is close to the “real” equilibrium structure.

Further evidence supporting the anti structure in Table 1 is
the fact that the structural parameters of the pyridine ring are all
close to the highly accurate structure of pyridine.>* The struc-
tural parameters of the -CH,F group are close to their counter-
parts in CH,F.?*7 It is presumed that the structure of anti in
Table 1 will prove to be very close to any experimental structure
that might be determined in the future.

MM 3 calculations: MM 3 is a recent molecular me-
chanics force field developed by Allinger et al.[25! As

opposed to the ab initio approach described above,
the molecular mechanics method, which is based on

2.8,

vr A,[a]l A, caled — obs [b] B,[a] B,caled —obsfb] C,fa}] C, calcd — obs [bj
0 5047.102 0.043 1509.430 —0.005 1171.289

1 5035.665 —0.049 1508.648 0.003 1173.006 —0.032

2 5023.893 —0.145 1507.826 —0.007 1174.939

3 5012.002 0.112 1506.988 - 0.000 1176.966

4 4999.754 0.069 1506.118 0.003 1179.114

5 4986.866 —0.090 1505.197 0.001 1181.432 —0.004

A, [a] = 5052.85(19) —19.66(42) (z*5, — 5.38(13) (z*>,
B, [a] =1509.818(8) —1.297(18) (z2), — 0.404(5) {z*>,
C, [a] =2 233.29(13) +24.20(35) (22>, +4.79(11)<(z*D,

a classic treatment of interatomic forces, requires
specific parameters for each unique structural vnit
appearing in the molecule of interest. As was shown
previously,[*! the «-substituted 2-methylpyridine
motif is not parameterized in MM 3.26! For the
alkoxymethylpyridines, it was found that the com-
mon practice of “similarity parameterization” (i.e.,
copying torsional parameters from similar sub-
units'27l) gave very bad results. New parameters

fa] Calculated rotational constants (MHz) for the vy = 0 through v; = 5torsional states; see text.
[b} Observed values, “obs™, refer to the experimental rotational constants listed in Table 3. The
values of the calculated rotational constants were obtained from the equations appearing at the

bottom of this table.

The A constant [Eq. (1)] was then adjusted to reproduce the
torsional fundamental frequency of 64 cm ™. This was achieved
with A =15.7 cm ™ !. The potential function derived in this man-
neris V' =15.7((z*> +2.8¢{z%}) cm™ L. Itis sketched in Figure 3
and presumed to give a fairly accurate description of the poten-
tial function near the bottom of the potential well (anti).

Structure of anti-2-(fluoromethyl)pyridine: The experimental ro-
tational constants shown in Table 3 are quite close (better than
1%) to their theoretical counterparts in Table 1. Some dis-
crepancies are to be expected because the theoretical rotational
constants are approximations of the equilibrium structure,
while the experimental rotational constants are “contaminated”
by zero-point vibrational effects. A “methodological” differ-
ence of roughly 1-3% is therefore to be expected. The good
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were developed for the specific 2-oxymethylpyridine
subunit."*! With the calculated rotational profile at
hand, we decided to perform a similar parameteriza-
tion of the torsional parameters for the F-C_,-C_ -
N,,. moiety. It should be noted here that the torsion-
al parameters for the F-C_;-C,.-C,,. moiety,*®
which influences the same rotational profile, are tentative. Any
future update of the F-C,,-C,.-C,,. moiety will require a corre-
sponding change in the F-C,;-C,.-N_. moiety.

A fully optimized rotational profile'*®! was determined at the
MP2 level. Therefore, it was not necessary to utilize the re-
source-saving methodology described in our earlier work.!*! In-
stead, the initial values of the three new torsional parameters
were set to zero, and the fully optimized rotational profile was
calculated by MM 3 with the same resolution as for the ab initio
work. A new set of parameters was calculated by fitting the
difference between the two profiles to the MM 3 torsional energy
function [Eq. (3)].1*%! The procedure was repeated iteratively
until no further improvement in the parameters could be ob-
E, =0.5(@,cosw —v,c052m + vycos3w) 3)
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tained. .The final set of optimized parameters was: v, = 2.8260,
v, = — 0.4920, v; = — 0.5430.

MM 3 has been parameterized to reproduce microwave data
whenever possible.1?®! 1t was therefore expected that calcula-
tions with MM 3 including the additional parameters deter-
mined here would yield results corresponding very well to the
experimental observations. In order to verify this assumption,
rotational constants and vibrational frequencies were calculated
for the anti isomer. The obtained rotational constants were
A=5.09, B=1.50, and C =1.16 GHz. These values are very
close to the experimental results (Table 3), and indeed give an
even better agreement than the ab initio calculated values
(Table 1). It shouid be noted here that part of the better corre-
spondence in the MM 3 calculations comes from the use of r,
bond lengths in the determination of moments of inertia, not the
r, values generally resulting from ab initio geometry optimiza-
tions. The torsional harmonic frequency is calculated to be
57.5cm™!. This of course corresponds almost exactly to the
MP2/6-31 G** calculations used in the parameterization of this
specific potential. The other experimentally determined vibra-
tion, the out-of-plane bending that was observed at 162 cm ™!,
was calculated at 180 cm™* by MM3, as compared with
189 cm ™! from the ab initio calculations. .

Stereoelectronic effects: The strong preference for anti con-
formation in 2-oxymethylpyridines (the homoanomeric effect)
was interpreted mainly in terms of orbital overlap between the
ring nitrogen and the C—O antibonding orbital. Purely electro-
static effects and lone-pair repulsion (disfavoring the syn con-
formation) were found to contribute strongly whereas hyper-
conjugation (favoring out-of-plane conformations) only had
a small influence on the torsional potential. For 2-fluoro-
methylpyridines, a similar analysis was performed by studying
the variation in Mulliken populations along the rotational pro-
file. In addition to the C-symmetrical syn and anti conforma-
tions, the perpendicular conformation (with a fixed N-C-C-F
dihedral angle of 90°) will be discussed.

Compared with the previously studied oxymethylpyridines,
the effect of hyperconjugation seems to be more pronounced in
fluoromethylpyridine. The Mulliken overlap population in-
creases between C2 and Co when going from a planar to a
perpendicular conformation. At the same time, Mulliken elec-
tron density is relocated to fluorine from the aromatic ring,
especially C3 and C5. However, the perpendicular conforma-
tion is not a minimum; the effect of hyperconjugation is only to
widen the potential well, giving a small negative v, parameter in
the MM 3 torsional energy expression [Eq. (3)].

The overlap between Co and F is at a maximum in the syn
conformation, and decreases because of hyperconjugation when
going to the perpendicular conformation. The decrease contin-
ues (albeit only slightly) when going to the anti conformation,
showing that electron donation to the antibonding Ca—F or-
bital is even more efficient from the nitrogen than from the
aromatic ring, explaining the low energy of the anti conforma-
tion. In addition to this, there is also a strong electrostatic repul-
sion between F and N, which further destabilizes the syn confor-
mation. This repulsion causes a reduction of the electron density
on the proximal heteroatoms in the syn conformation, in effect
depolarizing the C—N and C-F bonds slightly.

Conclusions

2-(Fluoromethyl)pyridine serves as a good model for 2-(alkoxy-
methyl)pyridines, as shown by the similar theoretical potential
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curve shapes and similar rotational barriers. The compound has
one single stable conformation in which the N-C-C-F dihedral
angle is 180° (C, symmetry), as shown theoretically as well as
experimentally in this work. This conformation is similar to that
observed experimentally also in 2-(alkoxymethyl)pyridines. The
tendency to adopt this conformation is due to stereoelectronic
interactions resulting from orbital overlap between the anti-
bonding carbon heteroatom (O, F) bond and both the C2-N
a-bond and nitrogen lone pair in the anti conformation, as well
as from electrostatic repulsion in the syn conformation, thus
representing a homoanomeric effect. The observed effect has
important consequences for the design of conformationally re-
stricted compounds containing these structural elements.

As expected, MM3 calculations with well-determined
parameters give at least as good gas-phase structures and en-
ergetics as ab initio calculations at the MP2/6-31 G** level.

Experimental Section

General: 'H, '3C, and !'°F NMR spectra were recorded at 400 MHz, 100.6 MHz,
and 376.5 MHz, respectively. The ab initio computations were run on the Cray
Y-MP computer in Trondheim and the IBM-RS6000 cluster in Oslo.

2-(Fluoromethyl)pyridine: To a solution of 18-crown-6 (1.12g, 4.25mmol) in
80 mlL acetonitrile was added potassium fluoride (9.9 g, 170 mmol) and 2-
(chloromethyl)pyridine (10.8 g, 85 mmol) in 20 mL acetonitrile. The reaction mix-
ture was refluxed for 7 d; after cooling, aq. NaHCO, (150 mL) was added and the
mixture was extracted with diethyl ether (3 x 150 mL). The combined ether phases
were washed with H,0 (3x200 mL) and dried (Na,S0,), and the solvent was
distilled off under atmospheric pressure. Distillation of the remaining crude product
yielded 2-(fluoromethyl)pyridine as a colorless oil (993 mg, 11%); b.p. 80°C
(12 mmHg); ‘HNMR (400 MHz/CDC1,/TMS): = 5.48 (d, 2H, Jy ¢ = 47.7 Hz,
CH,), 7.24 (dd, 1H, J =7.7 and 4.8 Hz, S-pyridyl), 7.45 (d, 1H, J =7.7 Hz, 3-
pyridyl), 7.74 (td, 1H, J =7.7 and 1.5 Hz, 4-pyridyl), 8.57 (d, 1H, J=4.8 Hz,
6-pyridyl); }3C NMR (100.6 MHz/CDCl,/TMS): § = 84.47 (d, J, » =169.5 Hz, C-
a), 120.55 (d, J; ¢ = 6.0 Hz, C-3), 123.05 (s, C-5), 136.89 (s, C-4), 149.27 (s, C-6),
156.44 (d, J, r=214Hz, C-2); 'F NMR (376.5 MHz/CDCl;/CFCl,): 6 =
— 203.42 (1, Jp y, = 47.7 Hz). The compound was stored as its hydrochloride salt
and liberated with sodium carbonate prior to use [30].

Microwave spectroscopy : The MW spectrum was studied with the Oslo spectrometer
described in ref. [31}. The 26.0-39.0 GHz spectral region was investigated with the
microwave absorption cell cooled to about —10°C. Some measurements were also
made in lower frequency regions. Lower temperatures, which would have increased
the intensities of the spectral lines, were not employed, owing to the low vapor
pressure of the compound. The pressure was about 3—9 Pa when the spectra were
recorded and stored electronically by means of the computer programs written by
Waal [32]. The accuracy of the spectral measurements is presumed to be better than
+0.10 MHz. The !*N nucleus can display quadrupole interaction with the molecu-
lar rotation. However, no transitions were found to be split by this interaction [33].
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