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From the magnitudes of vicinal coupling constants and the paramagnetic
shifts induced by addition of europium shift reagent it was deduced that
trans-2,3-dichlorotetrahydrofuran occurs mainly in diaxial conformation
with C-3 and C-4 carbons puckered above and below the C-5—0—C-2
plane respectively. Population of the energetically favoured conformers
was calculated from the data obtained from the value of energy barrier
to pseudorotation.

Recently, an enhanced attention has been paid to the geometry of five-membered
rings: not only derivatives of cyclopentane [1], but especially substituted tetrahydro-
furans were examined in more detail [2—4]. Nevertheless, the conformation of asym-
metrically disubstituted tetrahydrofurans has not been studied yet. In continuation
of our p.m.r. spectroscopic investigation of trans-2,3-disubstituted tetrahydrofurans [5],
we turned our attention to conformation of trans-2,3-dichlorotetrahydrofuran. To
describe all possible half-chair and envelope conformations of this substance, we used —
in accord with other authors [2] — the so-called ‘“‘phase angle of pseudorotation’ designa-
ted as /. The half-chair conformer with C-3 and C-4 atoms puckered respectively above
and below the plane formed by C-5—0 —C-2 atoms is defined by the parameter of pseudo-
rotation 4 = 0°. The other half-chair conformations in the cycle of pseudorotation are
unambiguously characterized by the phase angles, given as even multiples of 36°. Enve-
lope conformations are described in terms of odd multiples of 36° (Scheme 1).

In the p.m.r. spectrum of trans-2,3-dichlorotetrahydrofuran, similarly as in the spectra
of other trans-2,3-disubstituted tetrahydrofurans under study [5], there is no observable
spin—spin coupling between hydrogen atoms Hy and Hjs and the signal of Hy appears
as a singlet (Fig. 1). Neither the double irradiation of Hy exerts change in the Hp signal,
whereas the simplification of multiplets Hg and H;, brings evidence for a weak long-
-range interaction between the corresponding hydrogen atoms and Ha.. We calculated
the theoretical values of coupling constants Ju, rg using the known torsion angles in
half-chair (39, 32, 12, 12, 32°) and envelope (37, 23, 0, 23, 37°) conformations [2] and
the Karplus equation referring to the dependence of vicinal coupling constant on the
magnitude of the corresponding dihedral angle

3J = 4.22—0.5 cos @ + 4.5 cos 29D.

* Presented in part at the 2nd International NMR Symposium, Guildford, England,
July 1972.
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Accordance has been found between the experimental value and that of calculated for
seven conformers from 4 = —36° to 4 = 180° (Fig. 2, curve 2). It follows that pucker-
ing of the molecule takes place in the proximity of the place of substitution whereby
the substituents occupy axial positions.

Also the signal of Hp, consisting of four virtually equally intense peaks, could be
indicative of the conformation of the molecule under investigation. In the first approxi-
mation, this signal could be considered the X-part of the spectrum of the ABX system
formed by hydrogens Hpg- H,'g H,. Analysis of this system gave |Jug g’ + Jmg Hé'| =
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Fig. 1. The p.m.r. spectrum of trans-2,3-dichlorotetrahydrofuran in CCly.

Chem. zvesti 28 (3) 374 —378 (1974) 375



M. HOLIK, I. BORKOVCOVA

42170 3882799922 %

X
E
©
&
~
12
(- D~oO‘°’0-op’ 7]
1 1 1
-360 _ -180 ‘0 180 360
a [°]
Fig. 2. The dependence of vicinal coupling Fig. 3. Energy barrier to pseudorotation
constants on the phase angle of pseudo- and the population of conformers.
rotation. Vmax — Vmin: 1. 2.90 keal mol-1;
1. IJHﬁ H3/ 4 Jnﬁ H’ﬁl]; 2, JH, Hg- 2. 2.73 kecal mol-1; 3. 2.52 kcal mol-1.

= 4.6 Hz. Similarly as in the foregoing case, theoretical values of the sum of coupling
constants (see Fig. 2, curve I) were calculated for particular conformers. The calculated
value for 4 = 0°, i.e. 4.64 Hz, is nearest to that obtained from the spectrum indicating
thus the half-chair conformer, possessing this phase angle of pseudorotation, to be the
most probable. Considering the approximative character of the Karplus equation, it is
necessary also to take into account the envelope conformers 4 = — 36 and 36°.

Induced shifts of p.m.r. signals, due to addition of shift reagent tris(dipivalometha-
nato)europium to the measured sample of trans-2,3-dichlorotetrahydrofuran, could
provide further information on geometry of the molecule. Since the coordination of
europium to halogen atoms is negligible [6, 7]. the only expected place for labile complex
— substrate —shift reagent — formation is oxygen. The magnitudes of the induced
shifts of p.m.r. signals of the particular protons at the given concentration of the substrate
and shift reagent, characterized [8] by the shift parameter S (I), depend on the vector
distance [9]. of the corresponding hydrogen atom from the atom of europium in the mo-
ment of coordination (2)

[substrate]
[Eu(DPM);]

8§ = (0gu — 9) I

§=2T 2T 2)
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Table 1

Calculated and experimental values of the shift parameter S

4[]
H —36 0 36 180 324 360 396 540  Sexpu.

Hq 1.285 1.254 1.250 1.255 1.285 1.296 1.304 1.335 1.34
Hy 0.631 0.616 0.626 0.651 0.802 0.842 0.888 0.734 0.59
Hy 0.888 0.842 0.802 0.651 0.626 0.616 0.631 0.734 0.70
Hjp 0.626 0.616 0.631 0.734 0.888 0.842 0.802 0.651 0.61
Hy 1.250 1.254 1.285 1.335 1.304 1.296 1.285 1.255 1.32
Hs 1.304 1.296 1.285 1.255 1.250 1.254 1.285 1.335 1.32

Experimental values S obtained using eqn (I) are correlated in Table 1 with those
calculated according to eqn (2) for some conformers of trans-2,3-dichlorotetrahydrofuran.
To calculate hydrogen—europium distance (r) and angle H—Eu—O0 (®) we used pub-
lished coordinates of half-chair and envelope models of cyclopentane [10] and the most
used distance O —Eu equal to 2.35 A. The constant k& was chosen so that the sum of
all experimental values S was equal to the sum of parameters S calculated for fundamental
conformation 4 = 0°. The disagreement in absolute values S calculated (eqn 2) and
measured (eqn 1) indicates that the cyclopentane model for calculation has not been
selected properly. It can be, of course, assumed from the relative comparison (Sus >
> Sﬂﬁ _ Snﬂﬂ,) that also in the substrate —shift reagent complex the favoured confor-
mations of tetrahydrofuran derivative are in the region of pseudorotational cycle cha-
racterized by phase angles of pseudorotation 4 = —36, 0, and 36°.

Statistical population of the particular conformers of trans-2,3-dichlorotetrahydro-
furan at room temperature (20°C) was deduced from the potential energy barrier to
pseudorotation. The total torsion energy for single phase angles of pseudorotation 4
was calculated using equations and values already reported [2]. This calculation neglects
dipole—dipole interactions of substituents, so that energies for half-chair diaxial and
diequatorial conformers are equal. As it follows from our experiments, the diequatorial
conformer 4 = 360° and conformations in pseudorotational cycle near to it are unlikely
and their population at room temperature is negligible. In these cases, the contribution
of the dipole —dipole interaction cannot be neglected when calculating the total energy
of the molecule. On the other hand, for diaxial conformers near 4 = 0° the orientation
of dipoles [C-2—Cl, C-3—Cl, C-2—Cl, lone electron pairs of oxygen] favours the
anomeric effect, whereas the vicinal interaction is negligible. Therefore the contribution
of the dipole—dipole interaction does not substantially alter the general feature of the
potential barrier to pseudorotation in the range of pseudorotational cycle with confor-
mations energetically favoured. The value of the barrier to rotation round the CHClI—O
bond used for calculation has so far not been published and that is why we employed
three various values derived from the barrier to rotation for the CH:—O bouad consi-
dering the contribution of the chlorine a) negligible (1.07 kcal mol-1); b) proportional
(1.38 keal mol-1) or c) additive (1.87 kcal mol-1). The minimum of the torsion barrier
to pseudorotation lies between the half-chair (4 = 0°) and envelope (4 = 36°) con-
formations and slightly shifts to conformation with 4 = 36° with the enhancement
of the barrier to rotation of the CHCl—O bond. Also the dépth of the energy barrier
undergoes a small change; it decreases with the increasing effect of the chlorine atom
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(Fig. 3). The population of the single energetically favoured conformations at 20°C
‘was calculated from the Boltzmann distribution law. The result for case a is shown in
the upper part of Fig. 3.

The energetically most favoured conformation of frans-2,3-dichlorotetrahydrofuran
is the half-chair one with the C-3 atom puckered above and C-4 below the C-5—0—C-2
plane. However, the nearest envelope conformations with the C-3 atom above and C-4
below the molecule plane are also present in a relatively considerable extent at room
temperature.

Experimental

The p.m.r. spectrum of trans-2,3-dichlorotetrahydrofuran was recorded with a Tesla
BS 487 C spectrometer at 80 MHz. The sample (39 mg) was dissolved in carbon tetra-
chloride (0.5 ml) containing 5% of tetramethylsilane as internal reference substance.
Chemical shifts of the particular protons, in p.p.m. on the d scale (Fig. 1), were found to be:
H,=6.14, Hy = 4.57, Hy and H . = 4.31, Hé = 2.83, Hgr = 2.19. Induced chemical shifts
were measured with the respective addition of 20, 40, and 60 mg of tris(dipivalometha-
nato)europium; no changes either in the magnitude of coupling constants or in the
multiplet pattern have been observed. For the calculation of the induced chemical
shifts of Hy and Hj the corresponding multiplets were reduced to AB quartet. To find
out the long-range coupling constants by double-resonance method, the degassed sample
was used. The shift reagent — tris(dipive!~-asthanato)europium was prepared accord-
ing to [11].
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