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OBSERVATION OF THROUGH-SPACE SPIN COUPLINGS OF
THE INDIVIDUAL PROTONS IN A METHYL GROUP TO A 19F NUCLEUS

Gaku YAMAMOTO* and Michinori OKI
Department of Chemistry, Faculty of Science,
The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

Summary: TH NMR spectrum of 8,13-dichloro-1,2,3,4-tetrafluoro-9-methyltriptycene at low
temperature, where internal rotation of the methyl group is frozen, shows that 1-F couples to
the ap proton of the methyl group with a coupling constant of 8.7 Hz and to the sc protons
with 6.1 Hz.

Long range spin couplings between proton(s) and nearby 19F nuclei by a through-space
mechanism are well documented.]’2 Importance of proximity and bond orientation of the
coupling nuclei has been c]aimed.3 As for the H-F coupling exhibited by a methyl group,
averaged behavior of three protons in a methyl group has always been observed because of fast
internal rotation of the group on the NMR time scale, and thus experimental verification of
the proximity and bond orientation effects of each proton has been lacking. Our successful
observation of restricted rotation of a methyl group at the bridgehead in suitably substituted
triptycene derivatives4) made us expect that 9-methyltriptycenes carrying a fluorine atom at a
peri-position would be a good model system for such investigations. As 1,2,3,4-tetrafluoro-
9-methyltriptycene (1)2) showed no indication of restricted rotation of the methyl group even
at -80 °C, we were forced to introduce further substituents at peri-positions in order to
raise the rotational barrier of the methyl group. In this letter, we report the first
observation of H-F couplings by the three individual protons of a methyl group in 8,13-
dichloro-1,2,3,4-tetrafluoro-9-methyltriptycene (2).

1: X=H, Y=F
2: X=Cl, Y=F
3: X=C1, Y=H

Compound 2, mp 300-301 °C, was obtained in 21 % yield by reaction of 1,8-dichloro-9-
methylanthracene (4)5) with tetrafluorobenzyne generated in situ from pentafluorophenyl-
1ithium.6’7) In the TH NMR spectrum (CDC13, 90 MHz) at room temperature the methyl proton
signal appears as a doublet at § 3.26 with an H-F coupling of 7.0 Hz, reflecting a rapid
internal rotation of the methyl group.g) The spectrum at -70 °C (CDyCl1,, 400 MHz) indicates
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Figure 1. Experimental (Tower) and simulated (upper) spectra of the methyl proton region of 2.
Signals marked by x are due to impurities.

the restricted rotation of the methyl group: the methyl signal appears as a two proton double
doublet at & 3.02 (|s] =6.1 and 12.6 Hz) and a one-proton double triplet at § 3.46 (|| =8.7
and 12.6 Hz) (Fig. 1).

The high-field signal is assigned from its intensity to two
sc protons (H__ ), which couple to Hap with 12.6 Hz and further to
1-F with 6.1 Hz,9) while the Tow-field one is due to Hap, which
couples to two Hg, with 12.6 Hz and to 1-F with 8.7 Hz. The sign
of the H-F couplings relative to that of the geminal interproton
coupling, which is assumed to be negative, could not be determined
even by use of computer simulation (LAOCN3),11) However the-
averaged coupling of 7.0 Hz observed at room temperature firmly
establishes that the two couplings are of the same sign.

Quite intriguing is the fact that 1-F couples to the remote Hap more strongly than to the
proximate Hsc. Close proximity between the fluorine and the carbon as well as the nearly
linear arrangement of F-~-C-Hap]4 suggests that the interaction between the lone pair orbital
on the fluorine and the rear lobe of the C-H,, bond orbita115) should be responsible for the
large coupling by H,p,.

In the 13C NMR spectrum of 2 at ambient temperature]7) the methyl carbon shows a coupling
of 12.2 Hz with 1-F, while the 9-carbon does not show a splitting due to C-F coupling. This
indicates that the couplings are actually through-space in nature, and further confirms that
the electrons belonging to the methyl carbon orbitals participate in the F-H,, coupling.
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system, in which CH4 and HF molecules are arranged as shown and H-F coupling constants were

Wasylishen and Barfield™’ made INDO-FPT calculations on a methane-hydrogen fluoride
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calculated for each proton as a function of the C--F distance r. Stereochemical relations of
Hy and Hy with F in this system are very similar to those of Hap and Hge, respectively, with
1-F in 2. For r=2.7 ﬁ, which is the distance between 1-F and the methyl carbon in 2 obtained

by molecular mechanics ca]cu1ations,]])

the above calculation predicts H-F couplings of 5.5
and -1.0 Hz for Hy and Hp, respectively. Although the absolute values are considerably
different from the observed ones, the tendency that the remote proton couples with F more
strongly than the proximate one is reproduced by the calculation if the positive sign is
assumed for the observed couplings. Now that the experimental data are at hand, more
sophisticated theoretical considerations are desirable.

Presence of interaction between the lone pair orbital on F and the C-Hap bond orbital is
expected to result in other consequences which are detected by NMR spectroscopy. Such an
interaction, which is considered to be a through-space version of the n-o* interaction]e)
usually postulated between a lone pair orbital and a neighboring ¢ bond in antiperiplanar
arrangement, would increase the electron density around Hap and that would cause the upfield
shift of the H,, chemical shift.

In order to ascertain this point by comparing the chemical shift data of 2 with those in
the absence of such an interaction, we examined the low temperature TH NMR spectrum of 1,8-
dichloro-9-methyltriptycene (3). Compound 3, mp 338-340 °C, was obtained by reaction of 4
with benzyne generated in situ from anthranilic acid.”)

At -70 °C in CDpC12, where the internal rotation of the methyl group is sufficiently slow,
the 400 MHz 1H NMR spectrum of 3 shows a two-proton doublet at & 2.75 (|7] =12.6 Hz) and a
one-proton triplet at & 3.70 (|| =12.6 Hz). Therefore, while H_, in 2 gives its signal at
Tower field by 0.27 ppm than Hg_ in 3, Hap in 2 appears at higher field by 0.24 ppm than Hap
in 3.

The downfield shift of the Hge signal in 2 relative to that in 3 may be caused by a
combination of the electronegativity and the anisotropy (and/or electric field) effects of the
fluorine atoms. The electronegativity effect of the fluorines will be practically the same
for both Hg. and Hzp. The anisotropy (and/or electric field) effect of the fluorines should
be greatly reduced because of the long distance in the case of Hap. No significant geometrical
difference was found between 2 and 3 by molecular mechanics calculations, and thus the effect
of e.g. the chlorine atoms would be the same in 2 and 3. Therefore, the upfield shift of Hap
on going from 3 to 2 seems to be best explained in terms of n-g* interaction. Further study
along this line is in progress.
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