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The conformations of (*)-trans-2,3-Bis(1-naphthyl)-15-
crown-5 (1) and -18-crown-6 (2) are investigated by MM?2
and dynamic 'H-NMR spectroscopy. The most stable confor-
mation is the diequatorial one in both the free ligands and
the alkali metal complexes 1-NaClO, and 2-KClO,. Three
rotamers, pseudo-aa, pseudo-ee, and pseudo-ae, with re-
spect to the spatial arrangement of the naphthyl groups,

were found as calculated minima by MM2 and experimen-
tally by low-temperature NMR, with fair agreement of the
rotational barriers. In the cation-reinforced crowns the rota-
tion rates are significantly diminished. The distribution of the
rotamers depends on the size of the crown and its state, free
or complexed.

The conformations of crown ethers are quite different in
their free states and complexes. Well known examples are
the oblong shape of 18-crown-6 and the typical crown ar-
rangement in the potassium complex. ! In 2,3-disubstituted
crown ethers the substituents can be located at gauche or
anti sites of the oblong macrocycle, and the resulting sub-
conformations for the trans arrangement of the substituents
are the diequatorial (A), diaxial (B), and axial-equatorial
(C) ones (Scheme 1). The trans substitution is particularly
interesting due to the chiral C, symmetry,[?'P’l and analog
conformations apply for the cis substitution patterns. The
relative importance of the conformations A and B depends
on the nature of the substituents. If, for instance, transan-
nular interactions or synergistic effects with guest molecules
are possible, the diaxial arrangement will be preferred.®
The X-ray crystal-structures of the trans-syn-trans and
trans-syn-cis isomers®! of the 2,3,11,12-tetraphenyl-18-
crown-6 series of stereoisomers®! provide an example of the
behavior of noninteracting substituents in both free ligands
and sodium complexes.

Here we report on the conformations of (%)-trans-2,3-
bis(2-naphthyl)-15-crown-5 (1) and the homologous 18-
crown-6 derivative 2. In these two crown ethers there is an
additional conformational bias, namely the mutual rotation
of the vicinal 1-naphthyl groups, a phenomenon which we
have previously investigated for the corresponding 2,3-di-
hydro crown ethers.[] The question was to which extent
complexation would influence the rotation rate of a single
naphthyl group and the equilibrium distribution of pos-
sible rotamers.
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Although, in the crystal,[’l 1 has an axial-equatorial ar-
rangement of the naphthyl groups at a close-to-anti confor-
mation (Wo-c—c—o0) = 21°) of the crown site (Figure 1),
we can show that the only significant conformation in solu-
tion is the diequatorial one in both the free ligands and the
complexes of 1 and 2.

Syntheses

1-Naphthaldehyde was converted into (E)-2-naphthostil-
bene by the McMurry reaction!® and subsequently oxidized
by the catalytic Sharpless oxidation with OsO,/NMO! to
give the racemic diol 3 whose (R,R) enantiomer was re-
cently obtained by asymmetric Sharpless dihydroxyl-
ation.['%1 The (R, R)-acetonide 4 was investigated by CD
spectroscopy, and its most stable conformation was calcu-
lated by force-field (MMX) methods.!'M'T The ring closure
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Figure 1. PLUTON presentation of the structure of 1 in the
crystalldl

[ Selected bond lengths [pm], bond angles and dihedral angles
[°]: C1-C2 1.549; C1—-C16 1.518; C1-015 1.424; C2—-03 1.427,
C2-C26 1.520; C1-C2-03 105.3; C2-Cl1-0O1 106.0;
015—-C1-C2-03 21.5; C16—C1—C2—-C26 86.55. The crystals of
1 shows a thermal disorder in the range of C4 to O10, of which
only the major structure is shown.

of 3 with the corresponding oligoethylene glycol dimesyl-
ates in THF/KOH gave crown ethers 1 and 2 in 54 and 40%
yield.['?l The dimethyl ether 5 was prepared as a reference
compound by reaction of 1 with dimethyl sulfate.

Scheme 2

MM2 Calculations on the Naphthyl Rotations at the Free
Ligands 3 and 4

A schematic representation of the subconformations, or
rotamers, of the diequatorial main conformation of 2 is
given in Scheme 3. It was assumed that each of the naphthyl
rings could, by rotation, assume either an “out-of-plane” or
an “in-plane” position with respect to the mean plane of
the crown ether. We may call these pseudo-axial (a) and
pseudo-equatorial (e) rotation states. Hence there are two
C,-symmetric rotamers, pseudo-aa and pseudo-ee and an
asymmetric pseudo-ae rotamer in which the two naphthyl
rings are in different spatial environment. All three rota-
mers are inherently chiral [shown here in the (R) configura-
tion]. Starting from the ae rotamer in Scheme 3, the ro-
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tation of the a-naphthyl group (in front) around the bond
to the crown ether leads to the ee rotamer, and likewise the
rotation of the e-naphthyl group (in the back) gives the aa
rotamer. A direct interconversion of aa and ee in a single
rotational process is not possible.

Scheme 3

As in our previous work[® the conformations of crown
ethers 1 and 2 were MM2-optimized in the diequatorial
conformation at the hydronaphthoin moiety for all three
rotamers. Then, beginning with the ae rotamer each of the
two naphthyl groups was stepwise rotated until the tran-
sition state leading to aa or ee was reached. The second
naphthyl group was allowed to yield but it did not invert
during this process. At the transition states the
Naph—CH—-CH—Naph dihedral angle at the hydrobenzoin
moiety is widened from 60 to ca. 80°.

Table 1. MM2-calculated enthalpies of formation for the three rota-

mers of 1 and 2 and their mutual transition states in comparison

with experimental free enthalpies from dynamic 'H-NMR experi-
ments

energies [kcal/mol]

rotamer ada ae ee aa ae ee
AH; —103.89  —10437 —104.67 —144.07 —14444 —14507
AH; (TS) 9262 —90.24 —13535  —131.90

AH* o 14.13 12.54

AG* 4o e 13.3£0.5 12.840.5

AH* o e 11.75 8.89

AG* e 11.620.51 102£0.5
AG* 1o 133+0.5 12.8+0.51

[al Data for the ae-to-ee transition of 1-NaClO,4 and 2-KCIlO,.

The data obtained from the MM2 calculations in terms
of enthalpies of formation are given in Table 1. As may be
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anticipated from the schematic drawing in Scheme 3, the
transition state for the ae — aa conversion is significantly
higher than for the ae — ee one, for both crown-ether sizes.
Furthermore, the barriers are substantially higher in the
smaller crown ether 1. For the five-membered ring of ace-
tonide 4, a close-to-eclipsed C,-symmetric conformation
with an inward naphthalene rotation state similar to the ee
was calculated by MMX.[11]

Variable-Temperature 'H-NMR Spectroscopy

Due to the MM2 results the three rotamers should be
detectable by low-temperature 'H-NMR spectroscopy, and
the free activation energies for the ae — aa and ae — ee
interconversions should be accessible. This is indeed the
case for 1 and 2, and even more distinct for the complexes
1-NaClO, and 2-KClO,.

these displays two different sets of naphthalene protons and
two separate o protons with a vicinal coupling of 9.5 Hz.
These findings correspond to the two C,-symmetric aa and
ee rotamers with homotopic naphthyl rings, and one asym-
metric ae rotamer with heterotopic ones. As predicted by
the force-field calculation there are two subsequent freezing
processes at low temperature: At first the aa rotamer is
separated from the ae/aa equilibrium and at fairly low tem-
perature the ae and ee rotamers can be distinguished. The
low-temperature spectra are particularly well developed for
1-NaClO, (Figure 3).

The identity of the subconformations with respect to
both the main diequatorial conformation and the three rota-
mers is unequivocally proved by the chemical shifts of the
naphthyl ptotons and the multiplicity of the o protons
(Table 2):

Table 2. Chemical shifts of the o and naphthalene protons of averaged spectra and single rotamers of 1 and 2 and their complexes in
comparison to 4 and 5

compound rotamer (%) o-H (s/d) 2-H (d) 3-H (1) 4-H (d) 5-H (d) 6-H (dt) 7-H (dt) 8-H (d)
2 [ab] 5.48 7.16 7.05 7.45 7.59 7.26 7.21 8.44
5 [be] 5.34 7.15 7.10 7.53 7.66 7.33 7.26 8.14
51 aa 5.38 6.42 6.78 7.52 7.81 7.50 7.59 8.92
1 aa (20) 5.65 6.55 6.81 fe] 7.81 fel [e] 8.98
ee (42) 5.72 7.11 7.14 le] [e] [e] [e] 8.04
a ring ae (38)M1  6.14 6.64 6.66 [e] [e] [e] [e] 9.21
e ring aeM 5.02 7.40 7.20 fel [el lel lel 7.91
2 aa (55) 5.64 6.33 6.75 7.57 7.82 fe el 9.15
ce (5) 578 72 el 6] [e] [e] e el
a ring ae (40)™ 6.04 6.52 6.58 [e] [el [el [el 9.31
e ring aelM 5.03 7.36 7.09 le] [e] [e] [e] 7.92
1 NaClO, 1 aa (24) 5.69 6.37 6.82 [e] 7.86 [e] [e] 8.99
ee (24) 5.71 7.12 7.14 fe] fel fel [el 8.13
a ring ae (52)h] 6.15 6.51 6.60 fe] [e] [e] [e] 9.17
e ring aeM 5.06 7.35 7.05 fe] fel fel fel 7.97
2-KCIO,  aa (40) 5.69 6.28 6.74 7.55 7.82 [ [ 8.90
ce (12) 5.80 722 fe fe fe [ [ 8.05
a ring ae (48)M  6.15 6.52 6.61 [e] [e] [e] [e] 9.17
e ring ael 5.12 7.38 7.10 fe] fe] fe] fe] 7.90
4 bl 5.74 7.81 7.49 7.79 7.71 7.22 6.88 7.20

["‘]Avera1ged spectrum in C,H,Cl, at 383 K. — ™ Confirmed by 'H-'H-COSY and/or NOE. — [l Averaged spectrum in [Dg]THF at 295
K. — [4'In [Dg]THF at 183 K, other rotamers not resolved. — [l Signals not discernable due to peak overlapping or low signal intensity.
— 1 Spectra in CD,Cl,/CDCIl; mixture. — [& In CDCl,: §(CH3) = 1.84. — M 37 [(Ha(a),Ho(e)] = 9.40 * 0.15 Hz.

The general temperature behavior is illustrated by the
high-, medium-, and low-temperature spectra of the free li-
gand 2. An averaged '"H-NMR spectrum of 2 in C,D,Cl, is
obtained at 383 K (Figure 2a, Table 2), with sharp naphtha-
lene proton signals and crown ether protons with two
ABCD parts due to the C, symmetry, and a singlet for the
far ethylene protons. Signal broadening well above room
temperature begins at the 2-H, 3-H, and 8-H resonances.
On further cooling, in CD,Cl,, at ca. 265 K a complete
broadening of all naphthalene protons signals occurs and
at 245 K a new sharp naphthalene spectrum emerges from
the background (Figure 2b). Further cooling down to 183
K brings forth two new additional naphthalene spectra
(Figure 2c, shown for the KCIO, complex of 2). One of
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1. One can rule out any conformations with diaxial naph-
thalene positions because in this case strong mutual aniso-
tropic magnetic influences of the vicinal naphthalene rings
should be fairly absent.

2. A conformation with axial-equatorial standing of the
naphthyl groups (see C in Scheme 1) would require hetero-
topic o protons for «ll rotamers, with coupling constants
between 3 to 6 Hz and not a large one of 9.4 £ 0.15 Hz as
observed for all ae cases (see Table 2).

3. The same types of spectra appear in the free ligands
as they do in the complexes, thus there are no different sets
of conformers and rotamers.

4. The shielding or deshielding of particular naphthalene
protons are in accordance with the geometry of the postu-
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Figure 2. 'H-NMR spectra of 2; a: in C,H,Cl, at 383 K, b: in
CD,(l, at 213 K, ¢: 2:-KCIO, in CD,Cl, at 203 K
solv.
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lated rotamers (Scheme 3 and Table 2). Typical for the aa
forms is the upfield shift of the 2-H signal and the strong
downfield shift of the 8-H signal. In comparison, in the ee
form, the 2-H signal is shifted 0.5 ppm downfield and that
of 8-H is shifted ca. 1 ppm upfield with respect to the aa
one. In the ae rotamers both types of naphthalene rings
are present. Furthermore, in these rotamers, the coupling
constant of the vicinal a protons clearly indicates their diax-
ial positions.

From the integration of the final low-temperature spectra
the ratio of the three rotamers can be determined for each
case. Even in the dimethoxy compound 5, the aa form can
be detected at 173 K, the ee and ae rotamers being unre-
solved, however.

The appearance of the aliphatic crown-ether protons is
rather complex. The high-temperature spectrum of 2, e.g.,
shows a singlet at 6 = 3.77 for the far —O—[CH,],—O—
group. Due to the C, symmetry the remaining ethylene pro-
tons appear as two ABCD spectra which extend over the
range of & = 3.55—3.85. Typical in all spectra is one upfield-
shifted proton signal in each —OCH,— group adjacent to
the naphthyl substituent, sensing the shielding cone of the
aromatic ring; the next upfield signal is usually one of the
protons in the preceding CH, group. Although changes and
broadenings of the spectra occur at low temperature, differ-
ent conformations are not resolved.

The acetonide 4 displays a completely different set of
naphthalene protons (see Table 2). As proved by COSY-
and NOE-derived spectra, 2-H is the most downfield-
shifted proton signal and the entire chemical-shift range is
very similar to that of 1-(methoxymethyl)naphthalene, a
model compound for a single naphthalene ring with a simi-
lar electronic situation.!!3! A slight broadening of the 8-H
proton signal (the most upfield-shifted in the set) indicates
some hindrance of the rotation of the naphthyl groups ac-
ross the dioxolane ring. A substantial broadening of the
spectrum, albeit without resolution, is beginning only at
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Figure 3. Naphthalene and o protons of 1-NaClO, in the '"H-NMR
spectra in a CD,Cl,/CHCI; mixture from 294 to 203 K

cocl
5 cD.Cl,
204K i ‘.Ul./\“\jp_—-q_ | ] )
283 K A |
| | VAN B L
273K f |
! TR I S S S
23K —N” /\JMJ"“KJLJLJML\_‘WM
253K . |
! NI A
f
243 K | 1] N i N \\
A AN ‘JL.J AL NV .V S .
233K g l
vl A M\V “”JL./J\_JLUL__‘L___. e o
| $l | ‘
223K 0l (| 1 [ , q i .
¥ e mu I .
i 1{
] ’1' 'Ml NI
L ——
203K J ‘
'}']w"‘ A 1 HJ HJ, J JJI‘ M-.wa wd‘w\‘w
100 9.0 80 70 60 5.0ppm

183 K. In conclusion, the naphthyl groups in 5 with a mu-
tual dihedral angle of ca. 120° can rotate quite freely on the
time scale of the 250-MHz spectrum.

Although the processes of conformational and rotational
freezing are too complicated as to yield quantitative data
for activation energies, a semi-quantitative analysis of the
free activation enthalpies for the rotamer conversions is
possible. For simplification both processes have been
treated as a symmetric first-order one-signal case.

For the first rotamer separation the breakdown of the 8-
H signal into a very broad one at & = 8.2 was taken as the
first coalescence temperature 7.1. The frequency difference
of the new signals was 350 Hz when the resolved aa-8-H
signal and the mean frequency of both the later resolved ee
and ae rotamer signals were used. In the second process the
breakdown of the signal at 6 =~ 8 was taken as T.2 and the
high-field 8-H signal of the ea rotamer and the 8-H signal
of the ee rotamer gave a frequency difference of 54 Hz. Un-
der these circumstances AG™ values were estimated to be
acceptable within a 0.5 kcal/mol range. The activation
parameters thus obtained correspond reasonably well with
the results of the MM2 calculations as given in Table 1.

In the two alkali metal complexes the lower temperature
process was readily accessible by dynamic NMR. The aa
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rotamer signals of 1-NaClO4 and 2-KClO, are already
completely resolved in the room-temperature spectra. An
upper coalescence temperature could not be reached. The
reinforcement of the crown ether conformation by cation
complexation thus leads to a significant increase of the ro-
tational barriers.

The ratios of the three rotamers in the final low-tempera-
ture distribution remarkably depend on the crown-ether size
and on its state, free or complexed. The asymmetric ae rota-
mer is present in substantial amount in all four cases with
ca. 40% in the free ligands and ca. 50% in the complexes
(Table 2). This conformation appears to be the optimal bal-
ance of steric and m-stacking effects. Rather striking is the
ratio of the aa and ee rotamers in the smaller and in the
larger crown: The aa/ee ratio in 1 is 1:2 but 10:1 in 2. In
contrast to the distinct minimum of the oblong form of 18-
membered crown ethers!!¥ the 15-crown structures are
much less planar as can be seen in Figure 1. Therefore the
aa form will be disfavored by steric hindrance between the
C-8—8-H part of the naphthalene rings with the oligoethy-
lenedioxy loop of 1 (Scheme 3). On complexation and the
concomitant flattening of the crown the aal/ee ratio in the
15-crown becomes 1:1.

This work was supported by the Fonds der Chemischen Industrie.
We thank Dr. T. Burgemeister and F. Kastner for extensive NMR
work.

Experimental Section

General: The following analytical instruments were used:
Beckman Acculab 1 or 2 (IR), Hitachi U 2000 (UV/Vis), Bruker
WM 250 or Bruker ARX 400 (‘H-NMR and '3C-NMR spectra;
TMS as internal standard in CDCl; unless noted otherwise);
Varian MAT 112 S [EI-MS (70 eV)]; Biichi 510 apparatus (melting
points, uncorrected). — Elemental analyses were performed by the
Analytical Laboratory of the University of Regensburg.

(E)-1,2-Bis(1-naphthyl)ethene: To a refluxing McMurry reagent
prepared from TiCly (7.5 ml, 69 mmol), Zn/Cu (10.3 g, 0.16 mol)
in THF (750 ml), 1-formylnaphthalene (11.15 g, 68.5 mmol) in
THF (150 ml) was added dropwise for 30 min. After 3 h, 10%
aqueous NaCOj3 (400 ml) and diethyl ether (400 ml) were added to
the cooled mixture and the organic phase was separated, washed
with brine and dried with Na,SO,. The residue obtained after evap-
oration of the solvent was recrystallized from 2-methoxyethanol:
8.75 g (90%), colorless crystals, m.p. 162—163°C (ref.['% 163°C).
— 'H NMR (250 MHz, CDCI;/TMS): § = 7.46—7.55 (m, 6 H,
naphthyl-H); 7.74—7.87 (m, 6 H, naphthyl-H); 7.90 (s, 2 H,
—C,H,—ethylene); 8.22—8.25 (m, 2 H, naphthyl-H).

(%)-1,2-Bis(1-naphthyl)-1,2-ethanediol (3): A mixture of 1,2-
bis(1-naphthyl)ethylene (760 mg, 2.7 mmol), N-methylmorpholine
N-oxide monohydrate (348 mg, 2.5 mmol) in H,O (2 mml) and
0s0, (1.7 ml of a 40 mm solution in tBuOH!'?)) in THF (25 ml)
was kept at 4°C for 2 d under occasional shaking. After addition
of Na,S,0s5 (1 g) in water (50 ml), the product was obtained after
extraction with ether: 510 mg (60%), colorless crystals, m.p.
173—175°C (ref.1%1 174—175°C). — IR (KBr): ¥ = 3390, 3050,
3010, 1600; 1070, 805, 780 cm~!. — 'H NMR (250 MHz, [Dg]ace-
tone/TMS): 6 = 2.88 (br. s, 2 H, OH); 5.72 (s, 2 H, CHOH);
7.17—17.35 (m, 6 H, naphthyl-H); 7.59—7.73 (m, 6 H, naphthyl-H);
7.98 (d, 2 H, naphthyl-H). — EI MS (70 eV); m/z (%): 314 (4) [M*],
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296 (14) [(CyoH7)2CH07], 267 (68) [(CioH7)CH™], 157 (76)
[C10H7CH20+]7'129 (100) [C10H7+]~

2,3-Bis-(1-naphthyl)-15-crown-5 (1) and 2,3-Bis-( 1-naphthyl)-18-
crown-6 (2). — General Procedure: The mixture of diol 3 (322 mg,
1 mmol), the corresponding dimesylate (1 mmol), and powdered
NaOH (10 mmol, for 1) or KOH (10 mmol, for 2) in THF (15 ml)
was refluxed for 48 h. The cooled suspension was filtered and the
solids were washed with CH,Cl, (30 ml). The combined organic
phases were washed with 2 N HCI and brine and dried with MgSO,.
The semicrystalline solids which were obtained after removal of the
solvents were purified by recrystallization with CH;OH.

1: 257 mg (54%), colorless crystals, m.p. 100—101°C. — IR
(KBr): v = 3060, 2840—2980, 1590, 1450, 770 cm~!. — EI MS (70
eV); mlz (%): 472 (100) [M™*], 156 (72) [C,,H,CO*], 128 (67)
[C1oH; 1], 45 (44) [C,H4,OF].— "TH NMR (400 MHz, CD,Cl,/TMS,
294 K): 6 = 3.41—3.45 (m, 2 H), 3.60—3.68 (m, 4 H), 3.69—-3.75
(m, 2 H), 3.75—3.82 (m, 10 H), crown-H; for naphthyl proton sig-
nals see Table 2. — C33H;3,05 (472.2): caled. C 76.27, H 6.77; found
C 75.87, H 6.84.

2: 195 mg (40%), colorless crystals, m.p. 109—110°C. — IR
(KBr): ¥ = 3050, 2800—3000, 1590, 1450, 1460, 770 cm~!. — EI
MS (70 eV); m/z (%): 516 (20) [M ], 156 (34) [C,(H,CO™], 128 (34)
[C1oH; "], 45 (100) [C,H,O0%]. — '"H NMR (400 MHz, CD,Cl,/
TMS, 294 K): 6 = 3.33—3.36 (m, 2 H), 3.48—3.52 (m, 2 H),
3.57-3.78 (m, 16 H), crown-H; for naphthyl proton signals see
Table 2. — C3,H3404 (516.2): caled. C 74.39, H 7.02; found C 74.19,
H 6.67.

Crown Complex 1-NaClOy4: From the combined solutions of 1
(100 mg, 0.21 mmol) and NaClO, (26 mg, 0.21 mmol) in THF (1
ml each) the complex precipitated overnight at 4°C: colorless crys-
tals, m.p. > 300°C (decomp.). — IR (KBr): ¥ = 3050 w, 2880—2930,
m, 1600 w, 1050—1190 ss, 780 cm~' s. — FAB MS (glycerol); m/z:
495 [M — ClO47]. — '"H NMR (400 MHz, CD,CL/TMS, 294 K):
8 = 3.41-3.45 (m, 2 H), 3.60—3.68 (m, 4 H), 3.69—3.75 (m, 2 H),
3.75—3.82 (m, 10 H), crown-H; for naphthyl proton signals see
Table 2. — C5oH;3,05-NaClO4 (594.6): caled. C 60.56, H 5.38;
found C 60.68, H 5.61.

Crown Complex 2-KClOy: 2 (100 mg, 0.19 mmol) and KCIO,4 (27
mg, 0.19 mmol) in THF (4 ml) were refluxed until a homogeneous
solution was obtained (24 h). The complex precipitated as a micro-
crystalline powder: 102 mg (96%) m.p. 229—230°C. — IR (KBr):
¥ = 3050 w, 2800 w, 1450, 1470 s; 1090 s, 780 cm~ ! s. — FAB MS
(glycerol); m/z: 555 [M* — ClO,7]. — 'H NMR (400 MHz,
CD,CL/TMS, 294 K): 6 = 3.21-3.24 (m, 2 H), 3.33—3.38 (m, 2
H), 3.50—3.52 (m, 2 H), 3.59—3.63 (m, 4 H), 3.65—3.87 (m, 10 H),
crown-H; for naphthyl proton signals see Table 2. —
C3,H3¢04- KClOy: (639.0) caled. C 60.14, H 5.05; found C 60.01,
H 4.98.

2,3-Bis-(1-naphthyl)-2,3-dimethoxyethane (5): Diol 3 (0.5 mmol)
was treated with 2 equivalents of dimethyl sulfate in boiling dry
THF (5 ml) with excess KOH for 24 h. After aqueous work-up, the
product was extracted with CH,Cl,: yield 68 mg, 40%, m.p. 120°C.
— 'H NMR (400 MHz, [Dg]THF): § = 3.23 (s, 6 H, OMe), 5.33
(s, 2 H, —CHO-), for naphthalene proton signals see Table 2. —
MS (EI, 70 eV); m/z (%): 342 (2.3) [M*], 171 (100) [C|,H;,0], 156
(6) [C11H50], 128 (13) [CoHs]-

11 B. G. Cox, H. Schweiger, Coordination and Transport Properties
of Macrocyclic Compounds in Solution, Elsevier, Amsterdam,
1992, esp. pp 298—301 and 309—314, and references given
there.
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