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Abstract

Benzo-11-cromn-3 (B11C3) and dibenzo-22-crown-6 (DB22C6) were
synthesized for the first time and characterized using elemental analysis, mass
spectrometry (MS), and solution 'H and '*C Nuclear Magnetic resonance (NMR).
B11C3 and DB22C6 were obtained in 19.1% and 5% yields respectively.

Benzo-11-crown-3 ether was trimerized in the presence of FeCl; and H2SO4
to produce tris(11-crown-3)triphenylene via a radical oxidative coupling reaction in
0.5% yield. It was studied by solution NMR, MS and X-ray crystallography. This
molecule crystallizes along with a molecule of diethyl ether and CHxCI; in the
triclinic p1 space group. The X-ray crystaliography showed two of the three 11-
crowmn-3 ether units of the tris(11-crown-3)triphenylene possess essentially
identical geometries, while the third has a significantly different conformation.

The first observed complex of 11-crown-3 ether, (B11C3).. LISCN was
synthesized and characterized using MS and solution NMR. The '*C CP/MAS
(Cross Polarization Magic Angle Spinning) NMR and X-ray crystallographic data
were also obtained. The complex crystallized in the monoclinic P2,/c space group.
The '>)C CP/MAS NMR of the complex shows a degree of symmetry that is in
agreement with the X-ray crystallographic data, ie. there are two inequivalent
complexes.

Two complexes of DB22C6.NaSCN (1:1), and DB22C6.KSCN (1:1) were

synthesized and characterized only by MS.
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Introduction

1.1: Crown Ethers

The family of macrocycles has now grown so broad that it is impossible to
characterize its full extent in a single introduction. Generally, the crown ethers are
classified as macrocyclic polyether compounds composed of oxygen, nitrogen, and /
or sulfur heteroatoms separated by two carbon atoms or their equivalent.
Considering the vast number of structures and structural variations of crown ethers,
probably the most adequate definition presently is that they are macrocyclic systems
containing at least one macrocyclic ring. In order to be crown ether, a compound
must be cyclic and must contain donor groups such as oxygen. Replacement of
oxygen by other heteroatoms such as sulfur and nitrogen has been explored
extensively and has led to synthesis of thiacrown ethers, azacrown ethers, and other

derivatives. A few examples are shown in figure 1{1].
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12-Crown-4 Benzo-12-Crown-4 21-Crown-7



Azacrown Ethers
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monoaza-18-Crown-6 1.10-diaza-18-Crown-6 (15)-N5
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(9)-S3 (18)-S6 (18)-S204
Figure 1:The structure of some typical Crown Ethers

In 1937, Luttringhaus [2] reported the first macrocyclic polyether but it was
not until the work of Pedersen thirty years later that the compounds he called crown
ethers were found to strongly bind to alkali and alkaline earth metals [3].

in an attempt to find new ways of incorporating vanadium with different

ligands for potential use as a catalyst, Charles J. Pedersen working at E.I. Dupont



de Nemouurs Company in the sixties isolated the crown ether, dibenzo-18-crown-6

(Fig. 2) and presented its complexing potential.

s Q4 CUO
+ Ether
OH o OH

0 0 1.NaOH/n-BuOH

+ /“o/_\ -

OH cl Ct 2H,0m*

H H —\

| : i /_\

O O (o 0

Figure 2: The synthetic scheme of Dibenzo-18-Crown-6 (DB18C6)

Pedersen’'s method has been used to synthesize majority of crown ethers
from glycol or catechol and a dihalide. By using an appropriate sized cation via a
“Template Effect” [4], yields have been greatly improved. The synthesis of cyclic
materials is achieved by joining the ends of a compound that is nucleophilic on one
end and electrophilic on the other end [1]. Pederson observed that the ring closing

step in the synthesis of 15-crown-5 was greatly improved by the use of sodium



ions. This is achieved by ion dipole interaction between the lone pairs on the
oxygens and the positively charged cation [5].

The geometric arrangement of ligands within the coordination sphere of the
metal ion provides constraints, according to the kinetic coordination template
hypothesis, that can be used to control the structure of a product formed by
reaction of coordinated ligands. In a multistep reaction, the coordination sphere of
the metal ion may specifically serve as a template to keep reactive groups in the
proper position for a sterically highly selective reaction [6].

The word “"crown” ether was used to name the parent member of this class
of polyethers, 18-crown-6, because its preferred conformation resembles a crown.

The trivial names of crown ethers are based on the following concept. They
consist of, in order: 1) The number and kind of hydrocarbon ring, 2) the total
number of atoms in the polyether ring, 3) the class name, crown, and 4) the

number of oxygen atoms in the polyether ring [3].

1.2: Triphenylenes

Liquid crystals have been suggested as candidates for highly oriented thin
films of one-dimensional molecular electronic conductors for the past few years.
Liquid crystals are of interest in fundamental physics as well as for their possible
application in devices such as sensors and displays [7,8,9]. Among a wide range of

liquid crystals available for this purpose, discotic liquid crystals are important



candidates for new one-dimensional conductors, because of their potential of
forming columnar mesophases. Triphenylene compounds are known to exhibit
discotic mesophases. These compounds have received special attention because
of the discovery of their good one-dimensional electronic conductivity as well as
high charge carrier mobility [10,11]. Provided the side chains are of sufficient
length, hexaalkoxy-substituted triphenylenes show liquid-crystal properties, hence
triphenylenes are promising models for discotic liquid crystals {12]. The structure

and columnar packing of Hexamethoxytriphenylene (HMT) are shown in figure 3.

Coiumnar liguid arystals

y . -;._...p"-s,_, = ‘.,'_".fﬂ. S oAt -
2 T AT A T i ™
. 2

Figure 3: Hexamethoxytriphenylene and a schematic view of its columnar

mesophase [13].

A method for making 2,3,6,7,10,11- hexamethoxytriphenylene in near
quantitative yield was reported [12] employing oxidative trimerization of 1,2-

methoxybenzene in sulphuric acid with iron (lil) chloride (FeCls). In addition, the



application of this method was recently used by Buchanan [14] to the synthesis of
a novel tris(9-crown-3) triphenylene.
In this study, the trimer of benzo-11-crown-3 has been prepared and studied

by X-ray crystallography and 'H and *C NMR in solution.

1.3: Complexation by crown ethers

Macrocyclic compounds are inherently beautiful and fascinating structures.
Their sizes, shapes, and surfaces have intrigued chemists for generations.
Although the crowns and cryptands have expanded previously known structural
possibilities, it was the complexation processes that have made these compounds
very important. The important feature of crown ethers and their relatives has
proven to be their ability to capture other species. Pedersen was the first person

that recognized this ability even before he synthesized crown ethers [1].

Because of the absence of donor groups in simple aliphatic macrocycles
such as cyclotetradecane or even adamantane, direct interaction of them with
substrates is prevented except by simple, Van der Waals ( lipophilic - lipophilic or
hydrophobic- hydrophobic) interaction [1].

Crown ethers have been studied as hosts that bind cations or neutral

molecules through dipole-dipole interactions and hydrogen bonding. The term “hole



size selectivity” is generally used to explain the selectivity of crown ethers toward

alkali metal ions [15].

The conditions required for the formation and the stability of the complexes
are: (1) the relative sizes of the ion and the cavity size of the polyether, (2) the total
number of oxygen atoms in the polyether ring, (3) the coplanarity of the oxygen
atoms, (4) the symmetrical placement of the oxygen atoms, (5) the basicity of the
oxygen atoms, (6) steric hindrance in the polyether ring, (7) the tendency of the ion
to associate with the solvent, and (8) the electrical charge on the ion [3].

A complex becomes more stable as the number of its oxygen atoms
increases, provided the oxygens are coplanar and symmetrically distributed in the
polyether ring. An oxygen atom is considered to be coplanar if it lies in the same
plane as all the other oxygens in the ring with the apex of the C-O-C angle centrally
directed in the same plane. Maximum symmetry occurs when all the oxygen atoms
are equally spaced in a circle. When a polyether ring contains more than six
oxygens, the oxygens cannot be arranged in a coplanar conformation, but they can
be arranged around the surface of a right circular cylinder with the apices of the C-
O-C angles pointed toward the center of the cylinder. This conformation, which is
called cylindrically symmetrical, allows the formation of salt complexes. The
stability of the complex increases with the increase in the basicity of the oxygen
atoms; the oxygen that is attached to an aromatic carbon is less basic than the

oxygen that is attached only to aliphatic carbon atoms [3].



Pedersen reported that in general crown ether ligands complex most
strongly with those metal cations whose ionic radii best match the radius of the
cavity formed by the polyether ring [15). Figure 4 illustrates the structures of some
of the simple crown ethers, presenting an estimate of each cavity diameters and
the ionic diameters of some alkali metal ions. Using the simple “lock and key"
approach, it is evident that 18-crown-6 has cavity dimensions of the same
magnitude as the diameter of the potassium ion, while 15-crown-5 and 12-crown-4
have cavity sizes suited for the ionic diameter of the sodium ion and lithium ion,
respectively [16]. Therefore, in principle, particular crowns shoqld be more specific
for particular metal ions than for others. It should be emphasized that this does not
mean that 18-crown-6 cannot solubilize sodium salts. It only means that it is more

specific for potassium ion than sodium ion.

o S ALY
GO R S

12-Crown-4 15-Crown-5 18-Crown-6

Figure 4: Several cyclic polyether cavity diameters[17]

Table 1: The ionic diameters of some alkali metal ions [14,16)

lonic diameters (A) lonic diameters (R)
K* 2.66 Mg?* 1.44
Na* 1.94 Ca® 2.00

Li* 1.36 Ba®* 2.72



Stoichiometry and crystalline structure of crown ether complexes are not
always easy to predict. If the difference in cavity size and cation diameter is not too
big, 1:1 (ligand : salt) complexes may nevertheless be formed. The cation then is
either shifted from its ideal position (centered in the ring-plane of the crown ether,
type | Fig. 5, or in the middle of the cavity of the cryptand) or the ligand is wrapped
around the cation in a nonplanar way, type lla, and type llia in figure 5.

If the cavity is much too large for a cation, then two of them may be
embedded therein (type lib, Fig. 5); on the other hand, if the cation is much too
large, a sandwich-type complex may be formed, where the cation is trapped
between two ligand units (type Ilib) [18]. The stability of sandwich complexes is
higher with respect to the monocyclic analogues owing to the so-called ‘bis-crown
effect’. Bourgoin et al., and Handyside et al. reported the first evidence for the

existence of sandwich complexes {19].

- O =

lype B
Hpe Mo oo ke hreld

Figure 5: Schematic representation of several types of crown ether complexes.
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1.4: Applications of crown ethers

Crown ethers have found a place in many facts of chemistry, especially
synthetic organic and physical organic fields. An enormous amount of work has
been reported using ligands in catalyzing synthetic organic reactions and probing
reaction mechanisms [17]. They are used extensively as phase transfer catalysts
because complexation with alkali and alkaline earth cations yields large lipophilic

complexes, which are readily extracted into organic solvents.

Crown ethers show high selectivity in complexation because the
macrocycles contain cavities of fixed sizes. This has resulted in a number of
potential applications in ion transport [20] and generation of strong bases by
charge separation of pairs [21].

The ability of crown ethers to transport biologically significant cations across
membranes and their ability to differentiate in their complexation properties
between related biologically important cations makes them potentially important. To
achieve the goal, crown ethers are normally bonded to a biologically important

fragment like carbohydrates [22].

if the binding ability of crown ethers is changed in response to some
appropriate input, they could function as efficient ion-transfer carriers. So far four
general switching modes have been identified in this regard: “Photoresponse

Switching” [23,23,25] which changes bonding ability in response to the light
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irradiation, “Redox Switching “ [26] which changes the bonding ability in response

to the level of redox potentials, "pH Switching” and finally “Thermal Switching”[1].

1.5: Techniques

NMR has found widespread application in the identification of molecular
level changes during molecule-molecule and ion-molecule interactions.
Nevertheless, when the molecule exhibits many binding sites the analysis becomes
very difficult. This problem can easily be overcome for small molecules by using
different one-and two-dimensional methods and multinuclear NMR. Further, the
molecule should have asymmetry in terms of chemical shifts in order to acquire
knowledge about the conformational changes in the various parts of the molecule.
Simple crown ether structures such as 24-crown-8 (24C8), 18-crown-6 (18C6) and
15-crown-5 (15C5) are highly symmetric in solution owing to rapid tumbling and
segmental motions, and they give a single resonance on the NMR time scale both
for 'H and for 3C. Their mono-and di-benzo counterparts serve as better model
compounds, since the crown protons or carbons in these molecules are made

inherently non-equivalent by the ring current effect of the benzo group [27].

Using 'H and *C NMR, Live and Chan [28] elucidated the structure of the
complexes formed by benzo-18-crown-6 (B18C6), dibenzo-18-crown-6 (DB18C6)
and dibenzo-30-crown-10 (DB30C10), in solution with Na*, K*, Cs*, or Ba® in a
number of solvents such as \;vater, water-acetone, acetone and chioroform, with

different counter ions (CIO4, SCN", I). The 'H NMR chemical shifts and vicinal
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coupling constants of free crown ethers in various organic solvents indicated that
the —O-CH,CH,O- fragments are in an all-gauche conformation with rapid
interconversion between anti- and syn-gauche rotamers. On complexation, both the
3¢ resonances and the spin-lattice relaxation time were found to change. The

latter effect was attributed to the rigidity of the ether fragments of internal motion

when the crown ethers were complexed [28].

1.5.1: Two-dimensional NMR

Two-dimensional NMR is a relatively new technique with a large variety of
applications. The basic theory is that instead of having only one time variable a
second time variable is introduced. The first, and original, time variable is the time
over which the FID is acquired (t2). The second time variable is the delay between
acquisitions (). By varying both time intervals two separate Fourier transforms are

acquired thus yielding a two-dimensional spectrum [29].

1.5.1.1: HETCOR experiment

The 'J-HETCOR (Heteronuclear Correlation) experiments are used to
determine which protons are attached to which carbons. This is accomplished by
the transfer of magnetization between the 'H and ™C nuclei, which is caused by
the use of two 90" pulses separated by the time t,. This spectrum is useful when
either a proton or carbon signal for the same molecule has been identified since
through the detected coupling if one of the nuclei is identified they both are

identified [29).



13

1.5.1.2: NOESY experiment

In the NOESY (Nucear Overhauser Enhancement SpectroscopY)
experiment attention is paid to the nuclear Overhauser effect, [29] and its effect on
signal strengths. Through the use of three 90’ puises, separated by t; and a mixing
period, a two-dimensional spectrum is produced showing which nuclei are relaxing

each other.

1.5.2: Solid State NMR
1.5.2.1: CP/MAS NMR

CP/MAS (cross-polarization magic-angle-spinning) NMR is very useful for
characterizing and quantitatively studying diamagnetic organic solids. The relative
polarization rates of different types of protonated carbon atoms were shown to be a
direct manifestation of the effective magnitude of the '*C -'H dipolar interaction.
Methy! carbons are especially interesting because they exhibit a wide range of
effective dipolar couplings resulting from different degrees of motional freedom.
Conventional cross polarization of a carbon is characterized by the time a carbon
nucleus receives polarization from the coupled protons [30].

There are three factors, which affect the NMR response of solid samples,
whici do not arise, or are averaged to zero in liquid phase. These are as follows: 1)
line broadening as a result of dipole-dipole interactions; 2) chemical shift
anisotropy, again resulting in rather broad, complex patterns. Both these

interactions occur in solution but are generally averaged to zero as a resuit of the
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random motion of the molecules. 3) Nuclei in solids generally posses extremely

long relaxaiion times [29].

The chemical shift anisotropy and dipole-dipole interactions are proportional
to AX (3 cos® 0 - 1) / R® where AX is the differences between the parallel and
perpendicular susceptibilities, 0 is the angle between the molecule and the applied
magnetic field and R is a bond distance in the molecule. The 3 cos? 0 - 1 term goes
to zero when the angle of 54.44 ° is used [29,31,32).

By application of CP, there is a considerable enhancement of intensity in the
spectrum but no resolution. Dipolar decoupling combined with CP, gives the
recognizable features of a number of overlapping chemical shift powder patterns
and finally, the CP / MAS technique yields the high-resolution spectrum. Sample
spinning can impart an oscillatory time-dependence to the dipolar interaction
between the | and S spins that leads to polarization transfer. Care should be taken
since, if the dipolar fluctuation energy conserving mutual spin flips of the S spin is
close to the spinning rate, the CP process can be affected resulting in appreciable

line broadening of the S spin resonance [33].

Solid crown ethers and crown ether complexes with well determined crystal
structures have been examined by *C CP/MAS NMR. Certain carbon atoms in
most of the compounds gave single lines in the solution-state spectra, but
produced multiplets in the spectra of the solids because of the existence of

crystallographically unique molecules in the solid state [34].
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Solid-state spectra give rise to line multiplicities not observed in solution
NMR. in a single phase (not a mixture of polymorphic forms), peak multiplicities
may arise through a number of different effects. The splitting observed in the solid-
state '3C spectrum of 24-dinitrotoluene arises from the presence of two
independent molecules in the crystal whilst benzo-15-crown-5 shows splitting which
arise because packing within the crystal renders chemically equivalent pairs of
atoms magnetically inequivalent. Peak multiplicities may also arise through the
absence of exchange between different conformers; examples are provided by the
3C spectra of certain trans-azabenzenes and p-alkoxybenzoic acids. Splittings
may also be observed when the resonant nucleus is very close to a quadrupolar
nucleus. This phenomenon is often observed for '°C directly bonded to "N and
occurs because the quadrupole moment prevents magic angle-spinning from

eliminating the dipole-dipole interaction between the resonant and the quadrupolar

nuclei [34].

1.5.2.2: Dipolar Dephasing

Alla and Lippmaa [35] were the first to use dipolar dephasing to distinguish
between carbon atoms with different effective dipolar resonances while producing a
spectrum of only minimally attenuated signals for methy! and nonprotonated carbon

atoms.
Dipolar dephasing studies measure the time for a polarized carbon nucleus

to lose its magnetization after the proton locking field is terminated. Dipolar
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dephasing resuits depend upon the magnitude of the dipolar coupling and generally
may be grouped into three cases: CH and CH: (strong coupling), CH3 (moderate
coupling), and nonprotonated C (weak coupling).

In studies whose spectra have overlapping resonances, the dipolar
dephasing technique discriminates between protonated and nonprotonated
carbons. In dipolar-dephased spectra, dipolar and rotational modulation of the
resonances can occur for methane and methylene carbons, because of rapid
methyl rotation that varies depending upon the structural environment. Dipolar

modulation in methyl groups is not observed [29].
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Results and Discussion

Chapter 2
2.1: Benzo-11-Crown-3 / Dibenzo-22-Crown-6

Benzo-9-crown-3 [36), benzo-10-crown-3 [37], benzo-12-crown-4 [38],
dibenzo-15-crown-5 [39], dibenzo-18-crown-6 [40], and similar compounds have
already been synthesized and characterized. A literature search has shown that
Benzo-11-crown-3 and its dimer, Dibenzo-22-crown-6 are unknown. Since these
molecules may show novel complexation properties due to their increased
conformational flexibility, their synthesis was undertaken.

Benzo-11-crown-3 and dibenzo-22-crown-6 were synthesized in the
presence of 1,7-dichloro-4-oxaheptane, catechol, and LiOH.H-O (lithium hydroxide
monohydrate) in an isolated yield of 19.2% and 5% respectively. Benzo-11-crown3
and dibenzo-22-crown-6 were identified by El MS (electron ionization mass
spectroscopy) and 'H and C NMR in solution. The molecular weight was
confirmed to be 208 for B11C3 (Fig. 22) and 416 for DB22C6 (Fig. 23).

2.2: Solution NMR studies of 2

In the 400 MHZ 'H NMR spectrum of B11C3, multiplets observed for the
ether protons are characteristic of AA'MM’'XX’ spin systems. The spectrum (Fig. 7)
shows four sets of peaks as was expected for a symmetric molecule. The peak at
6.97 ppm is quite obviously due to the aromatic protons in the molecule, which are
the most deshielded, and the peak at 1.98 ppm, is due to H8, H11, which are the

most shielded.
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The analysis of 'H and '3C spectra was performed using both the NOESY
and HETCOR experiments (Fig. 8). Assignments of the aliphatic protons 7,12 and
9,11 of B11C3 were made via results from a NOESY experiment. A weak cross
peak was noted between the resonance at 4.13 ppm and the aromatic proton
resonance. Such a cross peak could only arise from the relaxation between the
ortho aromatic protons (H2, 5) and the protons on C7, 12 of B11C3 (Fig.6). No
such correlation was found for the aliphatic muitiplet centered at 3.85 ppm, since
this arises from the more distant (from the aromatic ring) C9, 10. Such a 'H-'H nOe
(nuclear Overhauser effect) also has been found in a number of benzo crown
ethers [41]. As a matter of fact, the closer the crown ring hydrogen to the benzene
ring, the more deshielded they are. The assignment of 'H methylene peaks in the
case of DB18C6, DB24C8, B15C5 [41,28]), B18C6 and some other bis(benzo
crown ethers) [42] supports this statement. This behavior is thought to originate

from an aromatic ring current effect [43,44).

H
H HQ 8
8 7
4 o 9
(o]
3 XS 10 ,, }10
HH 11

Figure 6: Expected long-range nOe in crown ether (B11C3).
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In the proton spectrum, the integration of the three high-field multiplets and
one down-field multiplet are almost the same, indicating that each peak contains 4
protons.

The B11C3 molecule shows a reflection plane along a horizontal axis
through the molecule, therefore the symmetry reduces the 12 carbon signais down

to 6 as seen in the diagram.

7
5 8
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3vLO 10

12 1

The aromatic carbons are the first and easiest to assign. The basic carbon
shift for an aromatic carbon is 115-130 ppm [29]. This means that the 3 peaks, in
group of two, from 118-152 ppm are the aromatic carbons. Carbons 1,6 are
attached directly to the OCH: groups, which cause them to be deshielded by the
largest amount, therefore the peak at 151.1 ppm corresponds to carbons 1 and 6.
Carbons 2 and 5 are both ortho to an OCH; substituent, which shields them the
most among the aromatic carbons, therefore the peak at 118.6 ppm, belongs to

carbons 2 and 5, and the peak at 122.7 ppm corresponds to carbons 4 and 3.
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Figure 7: 400MHz 'H and 100.6MHz '*C NMR spectra of B11C3.
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Figure 8: a) NOESY and b) HETCOR spectra of B11C3 by 400 MHz.
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Efforts to get single crystals of dibenzo-22-crown-6 (DB22C6) for x-ray study

unfortunately failed.

2.3: Solution NMR studies of 3

60 O

In solution, the 3C NMR spectrum (Fig. 9) is consistent with the existence of
rapid conformational averaging since only six resonances are observed (Table 2),
which is similar to the *C NMR spectrum of the 2 (B11C3), with some chemical
shift differences.

The COSY, NOESY and 'J HETCOR experiments were employed to obtain
a partial assignment of connectivities. The combination of COSY and NOESY
spectrum (Fig. 10) shows connections between the protons on the ortho carbons in
the aromatic ring (C2 and C5) with those on C7 and C12, therefore the resonance
at 4.043 ppm is corresponding to the protons on C7 and C12 and the resonance at
3.705 ppm belongs to the protons on C9 and C10. This part of resulits is similar to
the B11C3. The 'H, *C,'J HETCOR experiment (Fig. 10) shows that '*C

resonances at 67.9 and 64.8 ppm connect to the protons on C9, C10 and C7, C12
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respectively. These results are opposite to the B11C3, hence the more deshielded
3C resonance was connected to the protons on C7 and C12. There is an upfield
shift of 5-6 ppm for C2,5 and C7, 12 which suggests a conformation in which the
protons on these carbons are spatially proximate. Such proximity may shield the

bonded carbons via sterically induced charge polarization.

According to the result of the *C NMR spectrum of 3 one can predict that

this molecule is symmetric across a vertical axis and horizontal axis.

Table 2: °C resonances of 2 and 3

2 3
C1,C6 151.1 148.5
C4,C3 122.7 120.7
C5, C2 118.5 112.4
C7,C12 69.6 64.8
C9, C10 66.5 67.9
C8, C11 29.5 29.6

2.4: Solid-state CP/MAS NMR of 3

The solid-phase '*C CP/MAS spectrum (Fig. 11) shows thirteen resolved
lines. If 3 possessed a center of symmetry in the crystal, then twelve lines with
equal line intensity would be expected in the solid-phase C spectrum (6

resonances for the aromatic carbons, 4 for oxygenated carbons and 2 resonances
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for non-oxygenated ether carbons). In the region of 30 ppm 2 resonances were
expected for C8 and C11, while three absorptions are observed for these carbons
at 28.9, 30.0 and 31.4 ppm. In fact these lines are not of equal intensity, reflecting
the lack of overall symmetry in 3. In the case of an asymmetric molecule, one
would expect to observe twenty-four resonances in the *C CP/MAS spectrum. It
appears that there are many cases of accidental peak overlap. In the aromatic
region, twelve peaks are expected, but six are resolved (2:2 for the quaternary
carbons and 2:1:1:4 for the protonated carbons). In the ether region, twelve lines
are expected ( 8 lines for oxygenated carbons and 4 for non-oxygenated carbons),
but seven are resolved (1:3:3:1 and 2:1:1). The accidental overlap may be due to
conformational similarities in the macrocycle.

Since no X-ray structure for this molecule is presently available, we are not
able to assign the resonances.

Non-protonated carbons can be observed, hence identified, in the dipolar-
dephased experiment, while the resonances for protonated carbons normally are
not observed under such conditions. The dipolar-dephased spectrum (Fig. 11b)
shows two strong peaks at 148.5 and 148.0 ppm, which are due to the four
quaternary carbons, and one peak at 31.4 ppm for the protonated non-oxygenated

carbon resonances (CHz-CH,-CH.), indicating large amplitude motion.
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Figure 9: a) 400 MHz 'H and b) 100.6 MHz *C NMR of 3 in CDCl,
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Figure 11: a) 50.3 MHz CP/MAS spectrum and b) dipolar diphased CP/MAS

spectrum of 3






