Reprinted from “Curr. Sci”, January 5, 1980, Vol. 49, No. 1, 1-3

NMR SPECTRA OF 2-FLUOROPYRIDINE IN NEMATIC LIQUID CRYSTALS
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ABSTRACT
The NMR spectra of 2-fluoropyridine in two nematic liquid crystal solvents have been
investigated. The direct dipole-dipole coupling constants thus derived have been used to obtain the
structural information. The values cf the interproton distance ratios are found to be similar to those
in pyridine. The results indicate negligible anisotropic contributions of *H-'°F indirect couplings.

INTRODUCTION

LTHOUGH secveral papers have been published
on the microwave spectroscopic studies on
2-fluoropyridine, the information on the molecular
structure’>2 has been obtaincd from the two in-
plane rotational constants with the result that several
assumptions on the molecular structure had to be
made and only two geometrical parameters could be

derived. The H-NMR spectrum of 2-fluoropyridine -

oricnted in a nematic solvent, on the other hand,

p——

1000 Hz

(MBBA) and Merck Phase IV, 13-5 and 8:7 mole
per cent solutions in the two phases respectively were
studicd on a WH-270 spectrometcr at 21°C. 25 scans
were accumulated and Fourier transformed with 20k
memory computer.' Typical spectrum in Merck
Phase IV is shown in Fig. 1. The spectrum has lines
with widths varying from 5 Hz to 30 Hz, Such
differential broadening arises because of the quadru-
polar relaxation of the 14N nucleus in 2-fluoropyridine.
Despite large widths of some of the lines, the NMR
parameters could be derived fairly accurately.

—

Fic. 1. The experimental NMR spectrum of 2-fluoropyridine in the nematic Merck Phase IV,

Spectrometer frequency : 270 MHz; Concentration

provides more direct dipolar couplings® than required
for the complctc dctermination of the structure of the
proton and fluorine skeleton - and ‘the molecular
oricntation., In addition, a study of the molecule in
diffcrent liquid crystals may give an idea on the aniso=-
tropic contributions of the indirect H-F couplings.
The results are discussed in the prosent communica-
tion,

EXPERIMENTAL

Commercially available 2-ﬁuoi'opyridine was used
without further purification. H-NMR spcctra were
studied in N-(p-mcthoxybenzylidene -p-n-butylaniline

8:7 mole per cent; Temperature : 21°C, "

v

-Spectral Analyses

The spectra were analysed on an IBM  360/44
computer using the LAOCOONOR programé, In
-the final analysis, only the direct dipolar couplings
(D,s) and the proton chemical shifts (v’s) were
iteratcd upon. Indirect spin-spin coupling constants
+(3,,’s) were given the same values as obtained from the
speotrum in the isotropic phasc®, For both the spectra,
. 50 lincs were assigned and the derived spectral para-
meters are given in Table I. The errors of the
paramvtors (Table T) arc those given by tho LAO-
COONOR program. C B



TasLE 1

The NMR spectral parameters* obtained for 2-fluoro-
pyridine in the nematic phase of MBBA (I) and
Merck Phase IV (II) solutions

@H H@)
(WH- Fes)
~ Parameters  Value in (D) Valuec in (I)
T (Hz) (Hz)

" Dig —212-8140-08 ' —364-32-4+0-09
Dy, 1-5640:33  — 28-1040-20
Dy, —~ 20-1540-28  — 44-0740-16
Dy —100-19+0-16  —137-3640-19
D, —144-97+£0-22  —324-75+0-25
Dy, —100-69+0-22°  —139-454.0-27
Dqs — 79:4740-13  —101-2140-15
Dy, —~700-58+0-10  —893-2040-09
Dy — 89-9540-31  —119-0740-30
Dgs —175:034-0-35  —301-9140-31
- 239-474+0-24 219-094-0-25
- 130-3040-57 113:034+0-40
Va-vy 353-56-+0-56 343-71-£0-40

* Indirect spin-spin coupling constants have buin
taken from the litcrature®. Jy, =4-88, J, =214,
Jua=0-81, J5=0:00, Jp3=716, J,q=0-83,
Jgs=2'49, Ja‘ = 8'18, J35 = 8'19 and J¢5 = —2-63 HZ-

RESULTS AND DISCUSSIONS

The spectral analysis provides 10.differcnt dipolar
coupling constants, Since 2-fluoropyridine has one
plane of symmetry, the molecular order is described by
threo indcpendent S-parametcrs. Six  internuclear
distance ratios suffice for the complete specification of
the geometry of the proton-fluorine skeclcton. Thus,
from the 10 dipolar couplings; six internuclear distance
ratios and three order paramcters should be deter-
mined. The system is overdetermined by one coupling
constant as far as the determination of the structure
of the proton and fluorine skeclcton and molecular
order is concerncd. The computer prograu:
SHAPE® was used to derive the ‘ best fit’ molccular
gecometry and the order parameters. The Root-
moan-square error and the deviation between the

observed and the calculated dipolar couplings were
much less than the experimental error of the coupling
constants in each case. The results are given in Table
II, The agreement of the results in the two liquid
crystals and the internal self-consistency of the direct
dipolar couplings indicatc negligible contributions of
the anisotropy of the indirect couplings.

It is seen from Table II that the interproton distance
ratios in 2-fluoropyridinc do not deviate from those

- in pyridino included within parantheses in Table II,

This justifies the assumption made in the microwave
investigations's?,
TABLE I

Internuclear distance ratios in 2-fluoropyridine in MBBA
(1) and Merck Phase IV (II) and in Pyridine’

Value for 2-fluoropyridine

Paramster

in () in ()

T1a/T2s 0-581 0-577
‘ (0-579)+ (0-579)*
T15/T2q 0-986 0-920

Taa/T2q 0-586 0-581
(0-583)* (0-583)*

Ta5/T24 1-177 1-178

T34/T3q 0-581 0-582
(0-583)* (0-583)+
T45/Fae 0-593 0-595 -
Sea”* 0-0669 0-0926
S,y 0-0233 0-0424
S —0-0902 ~0-1350
S,y —0-0409 - —0-0424

+ Average values for pyridine from the litcrature’.

*r,. =4-3038 A (Assumecd; Pyridine Value®),
The right-handed Cartesian coordinate system used
with X-axis joining protons 2 and 4 and Y-axis per-
pendicular to it in the plane of the ring. '

By fixing the coordinates of the protons 2 and 4
and those of the ring atoms as those in pyridine® and
us;ne the distance ratios given in Table II, the C-F
distance is estimated as 1:270 A in Merck Phase
IV and 1-265 A in MBBA. Those are small



compared to the normal value of 1-354 A%10 for
C(sp?)-F distances, A similar tendency was observed
in the microwave studics ; when the ring was assumed
undistorted (same geometry as that of pyriding), the
C-F bond distance was obtaincd as  1-297 A. The
microwave results were intcrpreted in terms of the
*caving-in’ of the ring. The NMR results are in
agreement with the view,

The molccular orientation of 2-fluoropyridine is
like that of most of the aromatics in the nematic
phascs®. The molecule orients preferentially with its
plane along the magnetic ficld direction. The principal
axis system for the order-parameter tensor is rotated
by —31-0° in MBBA and —29-7° in Mecrck Phase
IV solutions. The largest principal S value then
almost points along the direction F-H(2) with values
of 00915 and 0-1168 in MBBA and Merck Phase
IV solutions respectively. The largest molccular
dimensions arc also along the F-H(2) dircction.
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