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Abstract

Bis-(20- or 40-carbonyl)phenyl glycols (podands) were synthesized by reacting ortho- and para-vanillin and 20- and 40-
hydroxy acetophenone with mono or diethylene glycol dihalides. The products were characterised using IR, 1H-NMR,
13C-NMR spectroscopy and mass spectrometry. Aromatic carbonyl derivatives of glycols were investigated to determine
the role of Na+ ions, using steady state ¯uorescence spectroscopy.# 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The ability of polyethylene glycols to bind
cations has long been recognised, and many of
these compounds have been synthesized and
investigated as substrates for cation recognition
[1]. They are also known to transport cations
across membranes like the naturally occurring
compounds they mimic [1,2]. However, their fast
ligand±cation exchange rate, while causing limited
binding power, has been used in the design of ion
detectors that work via potentiometry or spectro-
scopy [1±5]. These types of studies have also
shown that cation±ligand interactions are gov-
erned by podand end groups and the ability of the
polyglycol chains to adopt the conformation
required to bind cations [4,5].
Polyethylene glycol group binding of cation by

chelation has been known since the use of pure

polyethylene glycol chains to solvate salts. It is
also known that end groups may play a speci®c
role in the chelation process depending on their
polarity [1±5]. The additional binding sites com-
prising polar end groups may play important roles
[6,7] in enhancing binding e�ciency, mimicing the
role of calixaranes [6±12].
Open chain ionophores have proved to be quite

interesting compounds due to their versatility as
microbiological agents and in ion binding. Their
extraordinary capacity for ion binding is especially
interesting in view of their acyclic and bulky
structures. The acyclic backbone can undergo
conformational changes forming a pseudocyclic
cavity upon metal inclusion. This process is gov-
erned by the energy barriers to conformations
a�ording maximum ion binding enthalpy.
Several types of polyethylene glycols have been

synthesised and shown to be synthetic podands
with oxygen donors. The well-known glymes have
shown interesting behaviour, forming crystalline
complexes that bind alkali metals as well as heavy
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metal cations such as Hg2+, Fe2+, Mn2+, Co2+,
Cu2+ and Ni2+. The bis-end groups of such chains
are believed to in¯uence molecular conformations
and provide additional binding sites for the metals.
We recently synthesised some bis-coumarin

ended glycols and investigated their ion±ligand
interactions, using ¯uorescence spectroscopy as a
method for measuring Pd2+ [6±9]. Structures con-
taining oxyethylene units have been utilised as
potentiometric ion sensors in PVC matrix mem-
branes owing to their binding at a fast metal-
ligand exchange rate [13±18]. Such ionophores
would exhibit a free energy of activation around
45±65 kJ/mol for the cation±ligand exchange
reaction.
The present work deals with the synthesis and

characterization of bis (20-or 40-substituted) phe-
nyl-ended mono and diethylene glycols (podands)
as neutral ligands for binding cations. We also
attempted to make bis-hydroxy aromatic glycol
derivatives; however, the required hydroxylation
step was unsuccessful [10,11].

2. Results and discussion

We investigated primarily the preparation of
short chain glycols with semi-polar end groups
arising from an oxyethylene chain skeleton. This
was our focus because long oxyethylene chains are
not likely to form structures having the conforma-
tions needed to chelate cations [6,7,9]. This con-
clusion is based in part on our experience with
macrocycles, including extensive studies involving
glyme type ionophores.
In the present work the podands were prepared

in good yields from ortho and para vanillins and 2-
and 4-hydroxyacetophenones by alkylating with
1,2-dibromoethane or �; �0-dichlorodiethyl ether
in the presence of Na2CO3/DMF or DMSO
(Scheme 1).
The substitution of hydroxyl groups for carbo-

nyl groups on podands was attempted in acidic
and basic solutions in the presence of H2O2, fol-
lowing Bayer±Williger procedures, but the results
were generally unsatisfactory. Though we did
obtain compound 4a in a moderate yield, other
podands employed this work failed to give the

desired hydroxylated products (see Scheme 2)
[10,11,19].
Results of ¯uorescence studies conducted with

bis-aromatic carbonyl ended glymes were quite
interesting, due to the e�ects of NaClO4 in
CH3CN (see Table 1 and Fig 1). Sodium ions
enhanced the intensity of ¯uorescence emission by
complexing with the carbonyl functional groups.
Insertion of glyme chains into aromatic carbonyl
compounds altered the ¯uorescence life times, in
general. It is possible that such alterations origi-
nated from conformational changes in the chro-
mophore as well as from cation±chromophore
interactions.

3. Experimental

The chemicals used were obtained from Fluka
unless otherwise cited and were used without fur-
ther puri®cation. Melting points (mp) were not
corrected. NMR data were obtained with a 400
mHz Bruker spectrometer, Model Avance 400
DPX. EI mass spectra were obtained with a
Fisons model MD-800 spectrometer using a direct
inlet probe. IR spectra were obtained on KBr pel-
lets using a Jeol FT-IR spectrometer, model 5300.
The synthetic procedures, reaction yields and
analytical data for compounds 3a±3h and 4a are
given below.
Steady-state ¯uorescence emission and excitation

measurements of the free and NaClO4 containing
compounds were carried out using an LS-50 Per-
kin±Elmer luminescence spectrophotometer, in dry
CH3CN with 10 nm spectral width. Excess NaClO4

was used to determine the e�ect of cations in
cation±salt combinations.

3.1. 1,2-bis(2-Methoxy-6-formylphenoxy)ethane (3a)

A mixture of 1,2-dibromoethane (9.4 g, 0.05 mol),
ortho-vanillin (15.2 g, 0.10mol) andNa2CO3 (10.6 g,
0.10 mol) and DMF (90 ml) was stirred for 90 h at
90±95�C. The cooled reaction mixture was diluted
with water (60 ml) and HCl (2 N, 20 ml) was added.
The crude product was ®ltered, dissolved in CHCl3,
dried with Al2O3 (5 g) and the solvent was removed.
Recrystallization from acetone gave 13.2 g (80%)
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3a, mp 119�C; IR �=2953, 1702, 1497, 1193, 1089
cmÿ1; 1H-NMR 400 MHz (CHCl3/TMS) d=3.89
(6H,MeO), 4.52 (4H, s, OC2H4O), 7.16 (4H, m, Ar),
7.46 (2H, m, Ar), 10.56 (2H, s, CHO); 13C-NMR

100 MHz (CDCl3/TMS) d=73.9, 131.2, 119.1,
120.4, 125.4, 154.2, 153.0, 192.0, 56.7; EI MS MW
330.34 for C18H16O6; m/z 330.6, 179.4, 151.3, 108.1,
77.1.

Table 1

Fluorescence data for free and Na+ containing aromatic carbonyl compounds and bis-aromatic carbonyl ended glymes in CH3CN at

room temperature

Compound

no.

Excitemax

(nm)

Emissmax

(nm)

Podand conc.

(mol/l)

Podand spec.

intensity

Podand and salt combination Combination spec.

emiss intensity

Podand conc. Salt conc.

2a 333 474 5.0�10ÿ5 8.3 3.3�10ÿ5 3.3� 10ÿ3 79.7

2b 333 474 5.0� 10ÿ5 8.3 3.3� 10ÿ5 3.3� 10ÿ3 85.5

2c 333 474 5.0� 10ÿ5 6.9 3.3� 10ÿ5 3.3� 10ÿ3 78.4

2d 333 474 5.0� 10ÿ5 8.5 3.3� 10ÿ5 3.3� 10ÿ3 87.2

3a 336 474 5.0� 10ÿ5 9.3 3.3� 10ÿ5 3.3� 10ÿ3 63.3

3b 339 475 5.0� 10ÿ5 14.9 3.3� 10ÿ5 3.3� 10ÿ3 83.3

3c 341 475 5.0� 10ÿ5 13.8 3.3� 10ÿ5 3.3� 10ÿ3 75.0

3d 341 476 5.0� 10ÿ5 73.4 3.3� 10ÿ5 3.3� 10ÿ3 111.7

3e 338 476 5.0� 10ÿ5 82.6 3.3� 10ÿ5 3.3� 10ÿ3 117.2

3f 336 474 5.0� 10ÿ5 21.9 3.3� 10ÿ5 3.3�10ÿ3 89.9

3g 336 473 5.0� 10ÿ5 8.1 3.3� 10ÿ5 3.3� 10ÿ3 82.6

3h 335 474 5.0� 10ÿ5 28.7 3.3� 10ÿ5 3.3�10ÿ3 93.6

Scheme 1. Synthesis of type 3 compounds.

Scheme 2. Oxidation of 3e to target compound 4a.
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3.2. 1,2-bis(2-Methoxy-4-formylphenoxy)ethane (3b)

1,2-Dibromoethane (9.40 g, 0.05 mol), para-
vanillin (15.2 g, 0.1 mol) and Na2CO3 (10.60 g, 0.10
mol) and DMF (60 ml) were stirred for 90 h at 90�C.
The cooled reaction mixture was diluted with water
(60 ml) and HCl (2 N, 20 ml) was added. The crude
product was isolated as described above for 3a and
recrystallized from THF to give 3b, 14.45 g (88%),
mp 180�C; IR �=2944, 1683, 1588, 1266, 1022
cmÿ1; 1H-NMR 400 MHz, (DMSO-d6/TMS)
d=3.30 (6H, s, CH3O), 4.49 (4H, s, OC2H4O), 7.26
(2H, m, Ar), 7.55 (4H, m, Ar), 9.85 (2H, s, CHO);
13C-NMR 100 MHz (DMSO-d6/TMS) d=67.7,
110.04, 131.7, 127.6, 151.3, 155.2, 192.4, 56.7; MW
330.34 for C18H16O6; EIMSm/z 330.6, 179.4, 151.3,
108.1, 77.1.

3.3. 1,5-bis(2-Methoxy-6-formylphenoxy)-3-
oxapentane (3c)

�; �0-Dichlorodiethylether (3.6 g, 0.025 mol),
ortho-vanillin (7.6 g, 0.05 mol) and K2CO3 (6.91 g,
0.05 mol) and DMF (50 ml) were stirred for 100 h at
95�C. The cooled reaction mixture was diluted with
water (60 ml) and HCl (2 N, 20 ml) was added. Iso-
lation of the crude product as described above for 3b
and recrystallization from hot EtOH gave 3c, 5.43 g

(58%), mp 75�C; IR �=2953, 2902, 1702, 1472,
1268, 1089 cmÿ1; 1H-NMR 400MHz (CDCl3/TMS)
d=3.79 (4H, t, J=4.2, CH2O), 3.88 (6, s, CH3O),
4.31 (4H, t, J=4.2, CH2O), 7.12 (4H, m, Ar), 7.31
(2H, m, Ar), 10.51 (2H, s, CHO); 13C-NMR 100
MHz (CDCl3/TMS) d=71.1, 73.9, 119.1, 120.1,
125.2, 131.3, 152.7, 154.2, 192.3, 56.8; MW 374.39
for C20H22O7 ; EI MSm/z 374.6, 223.4, 179.4, 151.3,
109.1, 108.2, 77.2.

3.4. 1,5-bis(2-Methoxy-4-formylphenoxy)-3-
oxapentane (3d)

�; �0-Dichlorodiethylether (3.6 g, 0.025 mol),
para-vanillin (7.6 g, 0.05 mol) and K2CO3 (6.91 g,
0.050 mol), DMF (40 ml) were stirred for 90 h at
95�C. The cooled reaction mixture was diluted with
water (60 ml) and HCl (2 N, 20 ml) was added. The
crude product was isolated as described above for 3c
and recrystallized from MeOH to give 3d, 8.13 g
(81%), mp 126±129�C; IR �=2927, 1702, 1446,
1268, 1089 cmÿ1; 1H-NMR 400 MHz (CDCl3/
TMS) d=3.92 (6H, s, CH3O), 4.03 (4H, t; J=4.2,
CH2O), 4.30 (4H, t; J=4.2, CH2O), 7.02 (2H, m,
Ar), 7.43 (4H, m, Ar), 9.86 (2H, s, CHO); 13C-NMR
100MHz (CDCl3/TMS) d=70.6, 69.4, 113.1, 110.0,
131.7, 127.6, 155.2, 151.3, 192.4, 56.7; MW 374.39
for C20H22O7, EI MSm/z 374.6, 223.4, 179.4, 151.3,
108.2, 77.2.

3.5. 1,2-bis(2-Acetylphenoxy)ethane (3e)

1,2-Dibromoethane (4.69 g, 0.025 mol), ortho-
hydroxyacetophenone (6.8 g, 0.05 mol), Na2CO3

(5.3 g, 0.05 mol) and DMF (45 ml) were stirred for
60 h at 95�C. The mixture was cooled with ice (70 g)
and acidi®ed with HCl (2 N, 20 ml). The crude pro-
duct was collected by ®ltration and dissolved in
CHCl3. The solution was dried with Al2O3 (5 g) and
recrystallized from acetone to give 3e, 5.26 g (71%),
mp 120±121�C; IR �=2953, 1676, 1472, 1242, 1043
cmÿ1; 1H-NMR: 400 MHz (CDCl3/TMS) d=2.59
(6H, s, Ac), 4.48, (4H, s, OC2H4O), 7.04 (4H, m,
Ar), 7.48 (2H, m, Ar), 7.73 (2H, m, Ar); 13C-NMR
100 MHz (CDCl3/TMS) d=67.7, 113.5, 131.8,
122.5, 134.8, 158.9, 130.0, 208.0, 32.4; MW 298.34
for C18H18O4; EI MSm/z 298.2, 257.2, 241.2, 181.2,
91.2, 77.2.

Fig. 1. Excitation ¯uorescence spectra of free compound 1a

(....) and its complex (Ð) with Na+ (upper curves). Emission

¯uorescence spectra of free compound 1a (- - - -) and its com-

plex (± ±) with Na+ (lower curves).
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3.6. 1,2-bis(4-Acetylphenoxy)ethane (3f)

1,2-Dibromoethane (4.69 g, 0.025 mol), 4-hydro-
xyacetophenone (6.8 g, 0.05 mol) and Na2CO3

(5.30 g, 0.050 mol) and DMF (45 ml) were stirred
for 140 h at 95�C. The reaction mixture was sub-
jected to the work up described for 3e and the
crude product was recrystallized from THF to give
3f, 2.09 g (28%), mp 115�C; IR �=2954, 2884,
1672, 1249, 1166, 1043 cmÿ1; 1H-NMR 400 MHz
(DMSO-d6/TMS) d=2.51(6H, s, Ac), 4.41 (4H, s,
OC2H4O), 6.97 (4H, d, J=8.7, Ar), 7.90 (4H, d,
J=8.7, Ar); 13C-NMR 100MHz (DMSO-d6/TMS)
d=67.7, 115.1, 127.0, 131.3, 157.0, 194.0, 26.5;
MW 298.39 for C18H18O4; EI MS m/z 298.6,
163.4, 121.2, 92.2, 77.2.

3.7. 1,2-bis(2-Acetylphenoxy)-3-oxapentane (3g)

�; �0-Dichlorodiethylether (1.79 g, 0.0125 mol), 2-
hydroxyacetophenone (3.4 g, 0.025 mol) and NaOH
(1 g, 0.025 mol) and DMF (25 ml) were stirred for
100 h at 95�C. The reactionmixture was subjected to
the work up described for 3f and the crude product
was recrystallized from Et2O to give 3g, 1.68 g
(30%), mp 51�C; IR �=2953, 2902, 1676, 1600,
1497, 1370, 1063 cmÿ1; 1H-NMR 400MHz (CDCl3/
TMS) d=2.51 (6H,s,Ac), 3.90 (4H,t,J=4.5,CH2O),
4.22 (4H, t, J=4.5, CH2O), 7.02 (4H, m, Ar), 7.47
(2H, m, Ar), 7.75 (2H, m, Ar); 13C-NMR 100 MHz
(CDCl3/TMS) d=70.6, 69.4, 113.5, 131.7, 122.5,
134.8, 158.9, 130.0, 208.0, 32.4; MW 342.39 for
C20H22O5; EI MS m/z 342.6, 207.4, 163.3, 121.2,
91.1, 77.2.

3.8. 1,2-bis(4-Acetylphenoxy)-3-oxapentane (3h)

�; �0-Dichlorodiethylether (3.58 g, 0.025 mol), 4-
hydroxyacetophenone, (6.8 g, 0.05mol) andNa2CO3

(5.3 g, 0.05 mol) and DMF (60 ml) were stirred for
140 h at 95�C. The reaction mixture was subjected to
the work up described for 3g and the crude pro-
duct was recrystallized from Et2O to give 3h, 6.41
g (75%), mp 101�C; IR �=2942, 1675, 1599, 1419,
1054, 956 cmÿ1; 1H-NMR 400 MHz (DMSO-d6/
TMS) d=2.51 (6H, s, Ac), 3.91 (4H, t, J=4.5,
CH2O), 4.22 (4H, t, J=4.5, CH2O), 6.97 (4H, d,
J=8.7, Ar), 7.89 (4H, d, J=8.7, Ar); 13C-NMR

100 MHz (DMSO-d6/TMS) d=68.2, 69.9, 115.1,
127.1, 131.3, 157.7, 194.3, 26.5; MW 342.39 for
C20H22O5; EI MS m/z 342.6, 207.4, 163.3, 121.2,
91.1, 77.2.

3.9. 1,2-bis(2-Hydroxyphenoxy)ethane (4a)

HOAc (10 ml, 99%) and 3e (0.42 g, 0.014 mol)
were mixed at 40�C in a ¯ask (100 ml) and a mix-
ture of 33% H2O2 (1.15 ml, 0.011 mol) and HOAc
(3 ml, 99%) was gradually added. The reaction
was stirred for 4 days at 40�C then left overnight
at room temperature, neutralized with NaOH (1
N, 10 ml) and crystallized from CHCl3. This gave
4a, 0.21 g (62%), mp 114�C; IR �=3463, 2928,
1597, 1463, 1271, 1067 cmÿ1; 1H-NMR 400 MHz
(CDCl3/TMS) d=4.41 (4H, s, C2H4O), 6.94 (8H,
m, Ar) 10.19 (2H, s, OH); 13C-NMR 100 MHz
(CDCl3/TMS) d=70.1, 115.1, 117.4, 122.3, 124.7,
147.5, 148.3; MW 246.26 for C14H14O4; EI MS m/z
246.2, 154.1, 136.1.
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