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Two diaza-18-crown-6 derivatives (1) and (2), incorporating methyl 4,6-0O-benzylidene- and methyl

4,6-0-1(S)-phenylethylidene]-«-p-mannopyranosidic residues,

have been shown, by variable-

temperature high-field *H n.m.r. spectroscopy, to form strong anisometric 1:1 complexes with
substituted ammonium cations in CD,CI, solutions. Although there are a few examples of almost equally
populated anisometric complexes, in most cases the major complex is associated with the B-face of the
macrocyclic ring. Relevant thermodynamic data have been obtained from integration of appropriate
signals in the low-temperature spectra. Approximate kinetic data have been evaluated using appropriate
equations for site exchange between unequally populated sites.

The design and synthesis !* of chiral molecular receptors has
been of crucial importance to (i) the growth of the branch of
separation science > concerned with the chiral discrimination of
enantiomers and (ii) the development of novel approaches to
enantioselective synthesis depending on enantiomer® (kinetic
resolution) and enantioface ’ differentiation.

N.m.r. spectroscopy provides®~!° an indispensible means of
probing the nature of complexes. Although advanced tech-
niques (e.g. nuclear Overhauser effect experiments'' and '3C
spin-lattice relaxation time measurements !?) can often provide
a deeper insight into the dynamic stereochemistry associated
with complex formation, dynamic n.m.r. spectroscopy'? is
particularly well suited®!° to investigating the thermo-
dynamics and kinetics of complexation processes. Chiral crown
ether receptors incorporating asymmetric carbohydrate resi-
dues '47!7 are particularly useful for studying their complexing
behaviour with substituted ammonium cations (RNH;* ions)
by variable-temperature 'H n.m.r. spectroscopy. Often,
anisometric '8 complexes ° can be identified at low temperatures
and their equilibrium proportions estimated from integration of
appropriate signals: assuming that the site-exchange processes
are governed '° by a unimolecular dissociative-recombination
mechanism,2° the free energies of activation for dissociation of
the complexes can be easily estimated by dynamic 'H n.m.r.
spectroscopy. Such thermodynamic and kinetic data obtained
for anisometric complexes in solution can be useful'* in
identifying and estimating the quantitative importance of weak
noncovalent bonds (e.g. dipole-induced dipole interactions ! !-2!)
between substrates and their receptors. So far, detailed
investigations ®'* have been carried out on asymmetric ‘all-
oxygen’ 18-crown-6 derivatives incorporating glycosidic resi-
dues with the «- and B-D-gluco-, a- and B-p-galacto-, x-D-manno-,
and «-D-altro-configurations.

In general, the complexing behaviour of chiral aza-crown
ethers has been investigated *22-2% to a much lesser extent than
that of their ‘all-oxygen’ counterparts. In this paper, we report
on the dynamic 'H n.m.r. spectroscopic investigations of the 1: 1
complexes formed between some RNH;* ions and two
asymmetric diaza-18-crown-6 derivatives (1)2¢ and (2),2 in-
corporating methyl 4,6-O-benzylidene-«-D-mannopyranosidic
and methyl 4,6-O-[(S)-phenylethylidene]-a-D-mannopyrano-
sidic units, respectively. The aim of the present investigation was
to discover if complexation of RNH,* ions could be directed

(1) NMe Ph H
(2) NMe Me Ph
3 O Ph H

exclusively to either the a- or the B-face®'* (Figure) of the
macrocyclic rings in receptor molecules such as (1) and (2).

Results and Discussion
From an inspection of the stereochemical representations of
receptors (1) and (2) shown in their probable complexing
conformations (cf. ref. 14) in the Figure, it is obvious that the
main structural difference is associated with the orientation of
the phenyl group on the acetal carbon atom. In (1), the phenyl
group is equatorial and approximately orthogonal to the mean
plane of the macrocyclic ring; in (2), the phenyl group is axial
and oriented over the B-face of the macrocycle.
Low-temperature 'H n.m.r. spectra were recorded for
solutions in CD,Cl, at 220 MHz. The influence of temperature
on the chemical shifts of protons in the free receptors was not
remarkable: nor was there any evidence for conformationally
dictated exchange processes, at least down to —100 °C. The
chemical-shift changes with the temperature for some selected
'H probes in the free receptors are listed in Table 1. The
temperature dependence of the 'H n.m.r. spectra of 1:1
complexes formed between receptors (1) and (2) and a wide
range of RNH,* salts were investigated. The anomeric
(H-1), benzylidene methine (PhCH), phenylethylidene methyl
(PhCH,), and N-methyl (NCH,) protons proved to be highly
convenient 'H n.m.r. probes since they all gave rise to
characterisable signals usually well separated from other signals
in the spectra: their singlet, or near singlet, character was also a
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Figure. The stereochemical differences associated with the acetal ring: «- and B-approaches to the macrocyclic rings of receptors (1) and (2)

Table 1. '"H N.m.r. chemical shifts (8) (solvent CD,Cl,) for the selected probes in the free receptors at various temperatures

Receptor (1) Receptor (2)

r —A— N\ A A
Probe +20°C —40°C —60°C —-80°C —-100°C +20°C —40°C —60°C —80°C
PhCCH, 1.44 1.46 1.48 1.48
NCH, 2.22 2.21 2.20 2.20 2.19 2.17 2.19 2.20 2.18
NCH, 2.30 2.31 2.31 2.32 2.32 2.30 2.28 2.27 2.24
OCH, 3.37 3.38 3.39 340 341 3.27 3.29 3.30 3.30
H-1 4.71 4.76 4.80 4.81 482 4.54 4.60 4.64 4.67
PhCH 5.59 5.62 5.63 5.64 5.65

Table 2. ! H N.m.r. chemical shifts (8) (solvent CD,Cl,) for H-1, PhACH, and PhCCH, at —80 °C, and for NCH; at +20 °Cin the 1:1 complexes of the
receptors (1) and (2) with RNH ;X

Receptor (1) Receptor (2)

P A—o S r N

RNH,X H-1 PhCH NCH, NCH, H-1 PhCCH, NCH, NCH,

MeNH,BPh, 5.00 mjr 5.58 mjr 2.12 2,01 4.93 mjr 1.57 2.24 1.98
4.90 min 5.50 min 4.80 min

Pr"NH,BPh, 4.92 min 1.53 227 2.07

4.82 mjr

Bu'NH,BPh, 5.01 5.50 221 2.07 492 1.52 2.18 2.09

Bu'NH,ClO, 5.03 5.49 2.30 2.13

PhCH,NH;BPh, 5.05 min 4.86 mjr 2.18 2.01 4.86 mjr 1.53 2.27 1.81
5.10 mjr 4.96 min 4.97 min

(R)-PhCHMeNH,BPh, 5.07 mjr 5.31 2.06 1.97 4.84 1.56 2.15 1.88
4.96 min

(S)-PhCHMeNH,;BPh, 5.10 mjr 5.65 205 1.96 4.83 mjr 1.50 2.15 1.85
4.95 min 4.60 min

(R)-PhCH,CH(CO,Me)NH,CIO, 5.13 mjr 5.62 246 2.20 4.77 1.53 2.62 244
4.98 min

MeO[CH,],NH;BPh, 497 br 2.10 2.02 4.98 mjr 1.57 2.26 2.06
490 4.84 min

HO[CH,],NH,BPh, 4.92 mjr 5.83 min 2.08 1.97 4.94 min 1.53 2.30 2.08
5.00 min 5.68 mjr 4.82 mjr

HO[CH,];NH,BPh, 5.00 5.58 2.13 2.04 4.98 mjr 1.57 227 2.06
490 4.83 min

HOCH ,CMe,NH,;BPh, 496 5.59 2.20 203 4.97 mjr 1.54 224 2.12

5.03 4.90 min
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Table 3. Kinetic and thermodynamic data for the dissociation of the more stable complex in CD,Cl, solutions.

Receptor (1)

Receptor (2)
A

~

N al

Complex " Complex N
ratio k‘l‘lljr—-min (T/K) A(;:njr—min ratio k‘l‘njr—mln (T/K) AG!njr—'min

RNH;X mjr: min s! kJ mot™! (kcal mol') mijr:min s! kJ mol! (kcal mot™?)
MeNH,BPh, 83:17
Pr"NH,BPh, 77:23 10.7 (178) 39 (9.3)
Bu'NH,BPh, 87:13 102 (213) 47 (112)
Bu'NH,CIO,
PhCH,NH,CIO,? 82:18 3.67 (208) 48 (11.5) 79:21 69 (213) 48 (11.9)
(R)-PhCHCH,NH,BPh, 85:15 5.02 (193) 44 (10.5)
(S)-PhCHCH ,NH,BPh, 70:30 10.4 (203) 45(10.7) 91:9 10.7 (193) 43 (102)
(R)-PhCH,CH(CO,Me)NH,CIO,  78:22 17.2 (193) 42 (10.0)
HO[CH,],NH,BPh, 59:41 33¢ (223) 47 (112) 70:30 10.7 (193) 43 (10.2)
HO[CH,],NH,BPh, 66:34 10.7 (213) 47 (11.2)
HOCH,CMe,NH,BPh, 57:43 33° 213) 45 (10.7)

“ The exchange rate constant was calculated (J. Sandstrom, ‘Dynamic NMR Spectroscopy,” Academic Press, London, 1982, p. 85) at the temperature
given in parentheses using the approximate expression ky,;; _ min = ®(W* — W), where W* is the bandwidth of the major signal in the region of line-
broadening by exchange and W corresponds to the bandwidth of this signal in the slow exchange limit. The free energy of activation (AG};, __ min) Was
obtained from k., __ i, using the Eyring equation. ® Data were obtained from spectra recorded at 400 MHz with a Bruker WH400 spectrometer.
¢ Since the signals relating to the protons undergoing exchange are almost equal, &, _ min Was assumed to a first approximation to be given by the
expression (ref. 13), k, = nAv/2%, where k. is the rate constant at the coalescence temperature (which is cited in parentheses) and Av is the

frequency separation of the two signals in the slow exchange limit.

useful feature. Other signals with their associated multiplicities
proved far less diagnostic of complex formation. The chemical
shift differences between the 'H probes in the free receptors and
in their 1:1 complexes were invariable significant in all cases,
thus indicating the formation of strong 1:1 complexes. The
most dramatic changes were observed for the H-1, PhCH, and
NCH,; signals. Although the chemical shifts of the NCH,
protons were highly temperature dependent, they were usually
found to be overlapping with multiplets for the NCH, protons
at low temperatures.

Table 2 records the chemical shifts observed in numerous 1:1
complexes for H-1, PhCH, and PhCH, at —80 °C as well as for
NCH, at +20 °C. As in the case of the ‘all-oxygen’ 18-crown-6
derivative (3), incorporating a methy! 4,6-O-benzylidene-a-D-
mannopyranosidic residue, the signals for H-1 in the 1:1
complexes of receptors (1) and (2) were shifted downfield (by
0.16—0.32 p.p.m.). Since the pyranosidic ring oxygen atom
could become involved in the stabilisation of the 1:1 complex
formed to the B-face of the macrocycle, the signal with the
greater downfield shift was tentatively assigned to the 1:1
complex formed to the B-face. Depending on the nature of the
substituted RNH;* ion, significant shifts were also observed for
PhCH in the 1:1 complexes: usually, but not always, these shifts
were to higher field.

Table 3 lists these relative populations as well as the rate
constants for dissociation of the more stable complexes
calculated by an approximate procedure. The derived free
energies of activation for dissociation indicate that the binding
abilities of the receptors (1) and (2) for the RNH,"* ions
investigated are very similar.

The following conclusions can be drawn from these
investigations. The replacement of the two oxygen atoms in (3)
by the two NCH, groups to afford receptor (1) has had little
influence on (i) the strengths of binding of RNH;* ions or (ii)
the selectivity of binding to either the «- or the B-face of the
macrocycle. Altering the orientation of the phenyl group on the
4,6-0-benzylidene ring in (1) and (2) from equatorial to axial
also failed to influence the binding selectivity for RNH;* ions
at the «- and B-faces. Clearly, another receptor design and
synthetic approach is required if binding of RNH; * ions is to be

directed exclusively to either face of 18-crown-6 derivatives
incorporating asymmetric carbohydrate units.

Experimental

Compounds (1) and (2) were prepared according to the
literature procedures.?%-27 Samples (ca. 10 mg) of the receptors
(1) and (2) were dissolved in CD,Cl, (ca. 0.5 ml) and equimolar
amounts of the RNH, * salts were added. Rapid dissolution of
the salts indicated instant formation of the complex. The 'H
n.m.r. spectra, unless otherwise stated, were recorded at 220
MHz with a Perkin-Elmer R34 spectrometer with tetramethyl-
silane as ‘lock’ and internal standard.
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