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ABSTRACT: Structural information about the bis(benzo crown ethefyd and their complexes with alkali metal
cations was deduced from th&C NMR chemical shifts, the salt-inducétl and*3C chemical shifts and the vicinal

'H,*H coupling constants. Especially the isomerism with respect to the ans@-ONH bonds and imine fragments

were assigned by various useful NMR parametéesd, *Jy, “Je) and proved to bé&, E-antianti. Furthermore,
stereochemical information about preferred conformations about flexible bonds was obtained from 2D ROESY NMR
experiments. The complex formation (2:1 complexes and ‘sandwich-like’ 1:1 complexes, respectively) were
determined also by*Na NMR spectroscopy. The conformational study of the crown ethers was accompanied and
corroborated by molecular dynamics and quantum chemical calculations. Copgyr2§it0 John Wiley & Sons, Ltd.
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INTRODUCTION time-scale at ambient temperature; accordingly, averaged
signals for an unknown number of conformers were

Bis(benzo crown ether)s have been widely studied owing obtained in each case. Moreover, only one setband

to their ability to form complexes selectively with alkali *3C signals was detected for these compounds without

metal cationg.? These compounds consist of two crown any line broadening. From single resonances of espe-

ether units in the same molecule; therefore the usual 2:1cially H-12 and NH protons up to-50°C and the

but also ‘sandwich-like’ 1:1 complexation is possible.  configurational behaviour of similar bis(benzo crown

It was the objective of this work to assign the ether)s on the existence of only one configuration of the

isomerism of the bis(benzo crown ethel}d/I along amide bonds was concluded (cf. SchemeEZ with

the linking chain (amide &C—NH bond and imine  respect to the amide bond =8C—NH). The same

fragment) of a series of heteroarylene-bridged carbonyl- information came from only one signal for the carbonyl

hydrazone bis(benzo-15-crown-5 ether)s (cf. Scheme 1)resonances C-10 in tH€C NMR spectrum.

by NMR spectroscopy and accompanying molecular

modelling. Furthermore, aim to determine the solution 'H NMR spectra. The *H NMR spectra exhibit five

conformation of the bis(benzo crown ether)¥|1 andthe  characteristic absorption ranges: the NH protons at

variation of the conformation during complexation of 11.81-12.21 ppm (H-11), the OGldrown ether protons

alkali metal cations by means of NMR spectroscopy. (H-19-H-22 até = 3.76—4.20 ppm), the H-12 methine
protons ab = 8.21-8.42 ppm, the H-5 methylene protons
(3.78-5.08 ppm) and the aromatic protons (H-1-H-4, H-

RESULTS AND DISCUSSION 6-H-9 até = 7.36-8.45 ppm). Proton chemical shifts and
relevant coupling constants are given in Tables 1 and 2.
Stereochemistry of bis(benzo crown ether)s The aromatic protons H-14, H-15 and H-16 can be readily

differentiated by the vicinal and long-range H,H
The ring inversion of the macrocyclic polyether rings in  coupling; H-16 was found at higher field due to the
the bis(benzo crown ether)sVI is fast on the NMR  ortho-OR substituent.
The multiplets of the crown ether protons H-19-H-22
o _ _ can be readily differentiated, owing to the aromatic ring
o o, S0P b GaTen D 5haS e, CurTent effect they are low field shifted the nearer they
Germany. are positioned to the benzo ring H-19 > H-20> H-21,

E-mail: kp@serv.chem.uni-potsdam.de H-22).
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Table 1. 'H chemical shifts §("H) (ppm), of the bis(benzo crown ether)s I-VI in CDCls—CD50D (80:20)
Compound H-1 H-2 H-3 H5 H6 H-7 H9 H-11 H-12 H-14 H-15 H-16 H-19 H-20 H-21,22
| - - — — 749 799 827 1185 821 755 7.11 6.84 4.18 392 3.75
Il - - - - 8.12 8.45 - 12.21 842 766 7.21 6.87 420 394 3.78
11 - — - 3.78 - 748 7.81 1187 821 751 7.11 6.86 4.19 391 3.77
v 739 7.39 7.39 4.96 - 755 7.79 1187 821 7.48 7.09 6.83 4.16 390 3.77
Vv - 7.36 7.36 4.93 - 753 7.81 1181 821 7.48 7.08 683 4.15 391 3.76
VI - 8.24 7.60 5.08 - 756 7.86 11.85 822 7.47 7.08 6.82 416 390 3.76

Table 2. Homonuclear coupling constants of the aromatic protons J (Hz), of the bis(benzo crown ether)s I-VI

Compound 3Jortho (H-2,H-3)  3Jrno (H-6, H-7)  3Jortno (H-15,H-16)  “Jneta(H-7, H-9)  “Jpneta (H-14, H-15)
[ - 7.75 8.25 1.25 1.45
I - 7.80 8.30 - 1.40
11} - - 8.30 1.30 1.80
Y (n.o.) - 8.30 1.40 1.70
V (n.0) - 8.30 1.40 1.70
\Y 8.70 - 8.35 1.30 1.60

3C NMR spectra. The assignmenbf the corresponding
13C NMR spectravasestablishedrom theunequivocally
assignedH NMR spectreby meansof both HMQC and

HMBC 2D NMR experiments(Table 3). Stereochemi-

Copyright0 2000JohnWiley & Sons,Ltd.

cally relevantinformationis availablefrom the chemical
shiftsof C-14andC-16in they fragment«-14—C-18—
0—C-19 andC-16—C-17—0—C-19High-field shifts
of the terminal carbonsare significant for in-plane
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NMR STUDIESOF SOME BIS(BENZO CROWN ETHER)S 45
Table 3. '3C chemical shifts §('C) (ppm), of the bis(benzo crown ether)s I-VI in CDCls—~CD0D (80:20)

Compound C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10
| - - - - 129.3 131.5 133.6 126.1 165.0
Il - - - - 139.3 126.1 150.9 - 160.9
Il - - - - - 160.1 117.0 134.9 117.9 164.8
\ 128.3 127.7 128.7 136.3 70.4 159.2 117.9 134.8 117.9 164.9
\Y 134.6 128.5 128.6 133.7 70.1 158.7 117.5 134.6 117.5 164.3
Vi 147.4 123.5 127.4 143.5 70.0 158.3 117.4 134.7 117.4 164.1

C-12 C-13 C-14 C-15 C-16 C-17 C-18 C-19 C-20 C-21 C-22
I 150.0 127.4 110.7 123.6 112.9 151.6 149.6 68.9 69.6 70.5 71.2
Il 148.7 127.4 111.3 123.4 112.9 151.7 149.5 68.9 69.6 70.5 71.1
1] 149.8 127.3 110.4 123.5 112.7 151.5 149.5 68.8 69.6 70.4 71.1
v 1495 1273 110.0 123.6 112.71 1515 149.6 68.7 69.5 70.4 71.1
\Y 149.3 126.9 110.2 123.1 12.5 151.2 149.2 68.5 69.2 70.1 70.8
Vi 1495 126.9 110.2 123.0 1125 151.3 149.2 68.5 69.1 70.7 70.7

Table 4. >N chemical shifts §(">N) (ppm), and coupling constants, J (Hz), of the bis(benzo crown ether)s I-VI in CDCls—CDs0D

(80:20)

Compound 8(—CH=N—NH—) 2J(H-12,N) 6(—CH=N—NH—) LJ(H-11,N) 1J(C-12,H-12)
| 304.40 6.20 153.40 95.1 160.18

I 300.20 6.20 149.51 99.4 158.58

1] - - - - 161.63

v 304.25 6.86 153.40 94.4 162.60

\Y 304.15 8.30 153.28 95.9 160.33

VI 304.40 6.43 153.53 94.4 163.16

interactions.Owing to the high-field position of both «-
OCH, and of C-14/C-16,respectivelythe more or less
in-plane position of thesefragmentsin the bis(benzo
crown ether)s I-VI can be concludec® The same
informationis obtainedfrom ROEsH-14/x-CH, andH-
16/z-CH, (cf. Tableb5). Forassigninghe stereochemistry
of thestudiedbis(benzacrownether)d—VI from boththe
'H and ¥*C NMR spectraa number of useful NMR
parametersvereemployed.

Isomerism of the amide bonds. In orderto provethe
E—Z isomerismof the two amidebonds(cf. Scheme2),
the position of the signalsof both the C=0O carbonand
theNH protonin the NMR spectravereconsideredThe
carbonyl resonanceswere found between 160.9 and
165.0ppm, and thereforeit was concludedthat the E,E
isomer is present(for the correspondingZ,Z isomer
§(C=0) = 169.9-177.@pmis expectedf.

The N chemical shifts’ and the Jy,, coupling
constant have also been successfully employed to
estimatethe configurationat amidebonds(Table4). The
correspondingparameterswere determinedby *°N,*H
HMQC experimentsThe**N chemicalshiftswerefound
between —149.5 and —153.5ppm and —300.2 and
—304.4ppm.The correspondindJy ., couplingconstants
(94.4-99.4Hz) are characteristidor the E,E isomer® in
the Z,Z isomerthey provedto be muchsmaller(90Hz)

Syn-anti isomerism of the imine fragments (Scheme
3). ROEsbetweenthe NH protonsandthe imine proton
H-12 werefoundin I-VI andprovedunequivocallythe
anti position of the NH proton and the imine nitrogen
lone pair. Also the direct coupling 1Jc_12,H_12 can be
employedto assignthe syn-anti isomerism;the experi-
mentally obtainedvalues *Jc.12 1.1 = 158.6-163.Hz
provedcharacteristidor theanti arrangement.In caseof

H
A Tl Ao
0 0 |
</ o o NR
O\/, anti </O\/' syn
Scheme 3
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Table 5. Relative intensity of the ROE cross peaks as obtained from ROESY 2D NMR spectra of the bis(benzo crown ether)s I-VI

M. GROTJAHNET AL.

ROE | I 1 v \Y Vi

H-11 « H-12 ROE? ROE ROE ROE ROE ROE
H-11 — H-7 50% ROE 45% 51% 53% 52%
H-11 < H-9 50% - 55% 49% 47% 48%
H-12 — H-14 51% 51% 44% 51% 51% 46%
H-12 « H-15 49% 49% 56% 49% 49% 54%
H-12 — H-16 ROE ROE ROE ROE ROE ROE
H-6 — H-7 ROE ROE - - - -

H-14 — H-19 ROE ROE ROE ROE ROE ROE
H-15 < H-19 ROE ROE ROE ROE ROE ROE
H-16 «— H-19 ROE ROE ROE ROE ROE ROE
H-19 « H-20 ROE ROE ROE ROE ROE ROE
H-5 « H-7 - - ROE ROE ROE ROE
H-2 & H-3 - - - ROE ROE ROE

#ROE= crosspeakobtainedn the2D ROESYexperimenstill significant;ROE(H-7+ H-11) + ROE(H-9« H-11)=100%,andROE(H-12« H-

14) + ROE(H-12+~ H-15) = 100%,respectively.

the syn position values 1JC_12,H_12> 185Hz would be
expected

Rotation about the C-8—C-10 and C-12—aryl bonds.

In order to study quantitatively the conformational
equilibrium of the rotations about the C-8—C-10 and
the C-12—aryl bonds,ROESY 2D NMR spectrawere
recorded and the ROE cross peaks obtained were
integrated.The ROE valuesare givenin Table5. From

theseresults,andwith the understandinghattherotation
aboutthe C-8—C-10andthe C-12—arylbondsis faston

the NMR time-scale'® the two in-plane conformations
werefoundwith similar populationgcf. ROEsH-7/H-11

andH-9/H-11; ROEsH-12/H-14andH-12/H-15).

Conformational variations during the complexa-
tion of alkali metal ions to I-VI

After assigninghe E,E-anti,anti isomerismof theamide
bondsandtheimine fragmentsof I-VI , in continuatiorof

previousstudies; the complexationof thesebis(benzo
crown ether)swith alkali metal cations was studied.
High-field shifts of the *H resonancegespeciallyof the

aromaticprotons)during complexationwere interpreted
as the formation of ‘sandwich-like’ complexes;from

low-field shifts,conventionatomplexatiorof thecations
within the cavity of the two crown ether moietieswas
concludedandin thelatter casechemicalshifts of nuclei

in the linking chainremainedconstanf

£ —
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o) ——
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“ —a—14
—a—15
‘ —e—16
2,5 3 3,5 4
[KSCNJ : [1]
43
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XX !\‘ —e—19
“ 38 e . —e—20
. . ——21
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Figure 1. "H chemical shifts of I at different [KSCN)/I] molar ratios
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NMR STUDIESOF SOME BIS(BENZO CROWN ETHER)S

Table 6. "H chemical shift variations, A&('
complexation with Na* and K* cations

a7

H) (ppm), of the bis(benzo crown ether)s in CDCls—CD30D (80:20) during the

I:Na" Il :Na" Il :Na" IV :Na" V:Na" K

No. 1:1 1:2 1:1 1:2 1:1 1:2 1:1 1:2 1:1 1:2 1:1 1:2

1 - - — - - - 0.02 0.05" - - - -

2 - - — - - — 0.02 0.05 0.04 0.08 - -

3 - - — - - — 0.02 0.05" 0.0G% 0.02 - -

5 - - - - 0.11 0.18 0.21 0.26 0.20 0.27 — -

6 0.02 0.10 0.01 0.05 - - - - - -0.16 -0.23

7 0.01 0.11 -0.01 0.04 0.03 0.15 0.05 0.16* 0.03 0.14 -0.08 -0.11

9 0.21 0.32 - - 0.25 0.37 0.30 0.41 0.26 0.39 -0.03 -0.09
12 0.44 0.66 0.33 0.44 0.47 0.69 0.51 0.71 0.48 0.69 0.23 0.27
14 0.00 0.15 0.12 0.31 0.05 0.22 0.06 0.23 0.04 0.21 -0.20 -0.10
15 0.10 0.20 0.36 0.59 0.12 0.22 0.13 0.23 0.12 0.22 -0.07 -0.21
16 0.04 0.14 0.00 0.15 0.03 0.13 0.04 0.14 0.03 0.14 -0.05 -0.01
19 0.02 0.11 0.05 0.11 0.02 0.11 0.04 0.13 0.04 0.13 —-0.09 -0.03
20 0.01 0.01 -0.01 0.04 0.00 0.02 0.01 0.04 0.00 0.04 -0.09 -0.08
21,22 0.02 0.04 0.01 0.01 0.01 0.03 0.00 0.02 0.01 0.02 —-0.04 -0.05

& Signalbroadingandovercrowding.

"H NMR spectroscopy. The changesin the proton
chemicalshifts of bis(benzacrownether)l subjectto the
molar ratio [KSCN]/[I] are depictedin Fig. 1 (seealso
Table 6). The high-field shift of especiallythe aromatic
protonswith growing complexationwas interpretedas
the formation of ‘sandwich-like’ complexes;therefore,
the conformationof the linking chainhasto be changed.
These shielding variations are mainly causedby the
anisotropyeffectsof the two benzocrown etherunits.

In contrast,the Na™ cation, when addedto CDCls—
CD30D solutionsof thebis(benzarownether)sshift the
resonancesf almostall the protonsto lower field (Table
6). Therefore conventionafixation of the cationswithin
the cavity of the two crown etherunits wasconcluded.

13C NMR spectroscopy. The **C chemicalshifts should
be even more useful for deducing conformational

Table 7. "3C chemical shift variations A§('3C) (ppm) of the bis(benzo crown ether)s I-VI in CDCls-CDs0D (80:20) during

complexation with Na* cations

I I Il Il Il Il \Y v Y Vv VI \
No (1:2) (1:2) (1:2) (1:2) (1:2) (1:2) (1:1) (1:2) (1:1) (1:2) (2:1) (1:2)
1 - - - - - - -0.09 -0.09 0.17 0.25 0.00 0.00
2 - - — - - - 0.02 0.03 -0.03 -0.01 -0.10 -0.05
3 - - - - - - -0.04 -0.04 0.04 0.10 0.01 0.10
4 - — - - - - 0.14 0.13 -0.13 -0.12 0.30 0.22
5 - - - - - - 0.17 0.13 -0.62 -1.42 0.11 0.18
6 0.12 0.27 —-0.08 0.02 0.30 -0.04 0.06 —-0.04 0.05 -0.14 0.08
7 0.55 0.89 0.07 0.16 0.47 0.81 0.41 0.75 1.08 1.53 0.59 0.91
8 -038 -057 -0.27 -067 -035 -049 -034 -053 -024 -046 -051 -0.59
9 0.38 0.32 - - 0.56 0.61 0.53 0.56 0.90 0.76 0.54 0.54
10 -0.22 -0.27 0.04 014 -030 -033 -029 -036 -0.21 -0.21 -0.33 -0.30
12 -035 -0.70 -001 -003 -0.26 -060 -0.23 -0.38 -044 -051 -052 -0.80
13 0.82 1.46 0.78 1.53 0.73 1.43 0.62 1.25 0.47 1.24 1.02 1.65
14 0.49 0.58 1.00 1.99 0.61 0.69 0.58 0.67 0.52 0.70 0.47 0.51
15 0.36 0.61 0.47 0.13 0.32 0.63 0.25 0.25 0.06 0.52 0.41 0.71
16 0.13 0.25 0.14 0.50 0.09 0.21 0.08 0.15 0.07 0.16 0.08 0.18
17 -132 -242 -152 -282 -119 -238 -111 -238 -089 -202 -166 —2.68
18 -113 -205 -130 -235 -104 -199 -098 -187 -0.72 -171 -137 -2.20
19 -078 -133 -053 -095 -062 -124 -056 -117 -045 -114 -094 -1.47
19 -0.67 -127 -084 -146 -0.69 -1.27 -0.63 -1.20 0.13 019 -084 -1.39
20 -08 -147 -074 -132 -065 -126 -0.61 -120 -046 -119 -0.89 -1.39
20 -0.76 -136 -082 -141 -071 -134 -072 -135 -042 -105 -095 -1.49
21 -105 -172 -125 -210 -116 -203 -0.84 -155 -034 -104 -119 -1.73
22 -1.16 —2.07 -101 -189 -0.75 -174 -140 -2.16
22 -125 -208 -101 -168 -166 -180 -096 -179 -069 -163 -131 -2.07

Copyright0 2000JohnWiley & Sons,Ltd.
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Figure 2. 'C chemical shifts of /V at different [Nal/[IV] molar ratios

variations during alkali metal complexationowing to
their more characteristiadlependencen the stereochem-
istry. The °C chemicalshifts for the free crown ethers
andtheir complexeswith Nal wererecordedin CDCly/
CD50D (80:20). The *3C chemicalshifts A§ at [Nal]/
[crown ether]molarratiosof 1:1 and2:1 arecollectedin
Table 7. Typical 6 vs [Nal]/[crown ether] molar ratio
curvesare depictedin Fig. 2. From the shapeof the 6—

7,00

concentration curves it can be concluded that the
complexationproceedsgradually. First, 1:1 complexes
will beformed(only smalllow-field shifts)andlater 1:2

(stronger low-field shifts) host—guestcomplexes.The
changesdn thecarborresonance€-1-C-12of thelinking

chainarevery small,andthereforeit canconcludedthat
thelinking chainwasnot changedduring the complexa-
tion with Na* ions.

4,00 4

§(®Na)/ ppm

1,00 {

—a—
—— TV

8,00

10,00 12,00 14,00 16)00

-2,00

—u

[Nal] : [ether]

Figure 3. 23Na chemical shifts in the corresponding complexes of lll and IV at different [Nall/[bis(benzo crown ether] molar ratios
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Table 8. Isomerism of the amide O=C—NH bond and the
imine fragment in the lowest energy conformations of the
bis(benzo crown ether)s I-VI as calculated

Compound Amide bond Imine fragment
I z z anti anti
Il E E anti anti
Il E Z syn anti
v E E anti anti
\% E z syn syn
VI E z syn syn

23Na NMR spectroscopy. The complexatiorof the Na™
ions by the structurally relatedbis(benzocrown ether)s

was further investigated by means of *Na NMR

spectroscopyln order to study the growing complex
formation, the coronandswere addedto Nal solutions,
and the dependencef the *Na chemicalshifts on the

[Nal]/[coronand] molar ratio was investigated(Fig. 3).

The exchangebetweenthe free and the complexed
sodiumionsis faston the NMR time-scaleandaveraged
shifts werethereforeobtained.

The chemical shift variations of the sodium ion
representchangesin the Na' solvation shell because,
during complexationthe solventmoleculesarereplaced
by the macrocyclicligands®* This is demonstratedy
growing low-field shifts with increasingNa" complexa-
tion of the bis(benzocrown ether)slll andIV in Fig. 3

Figure 4. The lowest energy conformations of I, lll, IV and VI

Copyright0 2000JohnWiley & Sons,Ltd.
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Table 9. Infrared frequences v (cm~") of the bis(benzo crown ether)s I-VI in KBr

I Il 1] \Y \% VI
v(NH) 3200 3200 3200 3190 3200 3200
V(CHy) 2865;2915 2855;2915 2855;2910 2855;2910 2860;2915 2860;2915
v(amidel) 1645 1660 1640 1635 1650 1650
v(C—O—C)aliph. 1125 1125 1125 1120 1125 1125
v(C—O—C)arom. 1260 1260 1260 1260 1260 1260

with respectto the Na" resonancef the free, solvated
sodiumion. The ¢ vs[salt]/[coronandjmolarratio curves
show a single sharp bend when the molar ratio is
approximately1:2. Accordingly, the formation of 1:2
host—guestomplexesvascorroborated.

Molecular modelling studies

In orderto find the preferredconformersof lowestenergy
for thebis(benzacrownether)sd—VI, moleculardynamic
(MD) simulationsat 500K were carried out, and also
Grid searchcalculationswere performed.As a result,
differentground-stateonformergMD, 500 conformers;
Grid search]—Ill 1024conformersandIVV-VI ca20000
conformers)vereobtained After theMD simulationand
Grid search,all of these structureswere used as the
starting geometry for a subsequentTRIPOS energy
minimization. After this procedure the most stable 60
conformerghusobtainedwerefurtheroptimizedby PM3
energyminimization. Thesecalculationsveredonewith
molecular mechanical correction of the O=C—NH
bonds(keyword:mmok).

The preferredisomerismfound in the experimental
NMR study,i.e. the E,E isomerwith respecto theamide
O=C—NH bondsandthe anti position with respectto
the imine fragment, were found generally along the
lowestenergyconformationof the calculatedstructures
(seeTable 8), but not with generallythe lowestenergy.

Thecorrespondingtructurewith E,E configurationn | is
atleast5.5kcalmol ™! lessstablethanthe lowestenergy
conformationjin Ill 1.1kcalmol™?, in V 3.6kcalmol™*
and in VI 6.7kcalmol™*. The difference in energy
between the lowest energy conformation and the
correspondingstructure in the anti,anti configuration
were found to be at least 2kcalmol™ in Il and
3.6kcalmol™tin V.

The lowestenergyconformaions of I, 11, 1V andVI
obtained with the present calculation procedure are
depictedn Fig. 4. Thegeneraliscussiorof thecalculated
structuresobtainedcan be summaized asfollows:

(i) The amide fragment (generally planar, however,
both E and Z isomers have been found in the
energeticallymoststablestructures)s not in-plane
with the adjacentaromaticmoiety: for the C-7—C-
8—C-10—N-11dihedral angle syn but also anti
conformationswverefound.

The amidinemoiety wasfoundto be planarandthe
dihedral anglesC-10—N-11—N—C-12provedto
preferthe anti conformation;however,gaucheand
eclipsedconformationsverealsocalculated.

The calculated structures show no remarkable
preferencefor the N—C-12—C-13—C-15frag-
ments;the gauche,anti and alsothe synconforma-
tions expectedwere found; the sameis true for the
relevantconformationsof substituenty in Il =VI.
(iv) In addition,both stretchedype (I, 1I, IV, VI) anda

(ii)

(iii)

Table 10. Electron ionization mass spectrometer data for the bis(benzo crown ether)s 1-VI

m'z I (%) Il (%) (%) IV (%) V (%) VI (%)
M 3 0.2 0.4 0.5 - -
588 6 10 3 6 15 26
293 8 4 10 10 10 8
M —293 22 20 6 7 3 -
178 4 7 16 3 5 7
161 100 100 100 100 99 38
146 36 40 36 40 45 31
105 22 30 20 23 24 12
45 55 92 42 54 100 100
91 (tropylium ion) - — - 94 - -
125/127 - - - - 92 -
136 - - - - - 14

Copyright0 2000JohnWiley & Sons,Ltd.

J. Phys.Org. Chem.2001;14: 43-51



NMR STUDIESOF SOME BIS(BENZO CROWNETHER)S 51

‘sandwich-like’ type (lll, V) conformationsof the
bis(benzocrown ether)s studied were calculated;
hence,alsothe complexationof cationslargerthan
sodiumseemto be alreadypre-organized.

EXPERIMENTAL

The bis(benzocrown ether)sl-VI were synthesizedy
condensationreactions of 4-formylbenzo-15-crown-5
etherand the correspondinglicarboxylic acid dihydra-
zidesin benzenegontinuouslyremovingthe water,and
employing catalytic amounts of p-toluenesulfonic
acid!®*® Structural analysis was performed by mass
spectrometry(Table 9), by IR spectroscopy(Table 10)
andthe presentNMR investigations.

N',N"-Bis(2,3,5,6,8,9,11 A-octahydro-1,4,7,10,13-
benzopentaoxapéadecin-15-ylmethylideg)isophtalhy-
drazide,l: m.p.: 247-249C.

N’,N”-Bis(2,3,5,6,8,9,11 A-octahydro-1,4,7,10,13-
benzopentaoxapeadecin-15-ylmethylides)pyridine-
2,4-dicarbohydrade, Il : m.p.: 170-172C.

N’,N""-Bis(2,3,5,6,8,9,11 Zoctahydro-1,4,7,10,13-
benzopentaoxapéadecin-15-ylmethylides)-5-meth-
oxyisophtalhydrazidell : m.p.: 250-252C.

N’,N""-Bis(2,3,5,6,8,9,11 Z-octahydro-1,4,7,10,13-
benzopentaoxapéadecin-15-ylmethylides)-5-benzy-
loxyisophthalhydraide, IV : m.p.: 266—268C.

N’,N"”"-Bis(2,3,5,6,8,9,112-octahydro-1,4,7,10,13-
benzopentaoxap&adecin-15-yImethylides)-5-(4-
chlorobenzyloxyisophtalhydrazidey: m.p.:242—-244£C.

N’,N""-Bis(2,3,5,6,8,9,11 Zoctahydro-1,4,7,10,13-
benzopentaoxaptadecin-15-yImethylides)-5-(4-nitro-
benzyloxy)isopthalhydrazideVI: m.p.: 225-227C.

The *H, C and >N NMR spectrawere recordedat
300.13, 75, 47 and 30.41MHz, respectively (Bruker
ARX 300)in CDClIs/CD30D (4 :1) solution(5 mm probe
tube,ambientemperaturegeuteratedolventsasinternal
lock). Typical conditions for *C: 30° pulses, 2s
repetition time, sufficient number of scans,32K data
points.

The *H, **C and *®N NMR spectrawere assignecby
H,H COSY,HMQC andHMBC 2D NMR experiments
usingthe Bruker standardsoftware.

The moleculardynamicscalculationswere carriedout
with the TRIPOSforce field** at 1000K. The quantum
chemical calculationswere carried out with the PM3
method® within the SYBYL'® (MOPAC 6.0'") software.

Copyright 2000JohnWiley & Sons,Ltd.

The calculationswere performedon Silicon Graphics
IRIS-INDIGO XS24 andIBM RS6000computers.

CONCLUSIONS

The stereochemistryof the studied bis(benzo crown
ether)sl-VI, assignedy NMR spectroscopyprovedto
bethe E,E isomerwith respecto the amideO=C—NH
bonds (6c—o, “Jn 1) and the anti isomer (ROE, *Jc 1)
with respecto theimine fragment.This stereochemistry,
proved unequivocallyby NMR spectroscopygcould be
corroboratedonly in somecasesby the lowest energy
conformationscalculatedby the accompanyingnolecu-
lar modelling.

'H, 13C and**Na NMR chemicalshiftsareimpressive
in indicating the variationsin the conformationsof the
bis(benzocrown ether)sduring their complexationto
alkali metalcations.Thebis(benzacrownether)sstudied
were found to form 1:2 host—guestcomplexeswith
sodiumcationsand 1:1 ‘sandwich-like’ complexeswith
potassiunctations.
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