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Twelve crown ethers containing one or two arms were
synthesized. Two methods were used to attach arms to
the azacrown ethers. Ligands 4–12 were prepared by a
nucleophilic substitution of secondary macrocyclic
amine functions on RX (X 5 bromide or tosylate groups).
Ligands 13–15 were obtained via a Mannich reaction of
secondary macrocyclic amines with 5-chloro-8-hydroxy-
quinoline or a substituted-phenol. Diaza-18-crown-6 was
treated with 2-bromomethyl-9-methyl-1,10-phenanthro-
line at the same conditions in which 4–8 and 10–12 were
prepared. In this case, the main product was the
diazacrown ether containing one arm.

Keywords: Lariat ethers; Syntheses; Substitution and Mannich
reaction

INTRODUCTION

Contamination of water supplies by toxic metal ions
is a major environmental concern [1]. The high
toxicity of many transition and post-transition metal
ions, especially Hg2þ and Pb2þ, is well-recognized
[2]. There is a great need for monitoring the level of
these metal ions in the environment. Currently, the
methods to measure metal ion concentrations in
waste streams are usually spectroscopic and wet
chemical analysis techniques on samples removed
from waste streams [3]. It would be an attractive
alternative to monitor the concentrations of specific
metal ions in a complex matrix continuously and
remotely by using ion-selective sensory devices.

8-Hydroxyquinoline (HQ) has been used exten-
sively as a chromogenic, extraction, and precipitation
reagent in analysis and as a fluorescence reagent
[4–7]. Introducing HQ fragments into the macro-
cycle framework can increase the rigidity of those
ligands and improve their complexation ability
and selectivity for metal ions or organic molecules
[8–14]. In macrocyclic ligands containing HQ side-
arms, ion coordination with the HQ fragments and
the macrocyclic ether can provide interesting new
metal ion complexation and fluoroionophoric
properties.

Recently, chemical sensors based on the synthetic
fluoroionophores and chromoionophores capable of
signaling complexation of metal ions have been
reported [15–20], however, most of them lacked
metal ion selectivity. Many crown ethers have been
found to interact selectively with metal ions, and
some of them have been used to develop metal ion
sensors [20 – 24]. 5-Chloro-8-hydroxyquinoline
(CHQ) appended azacrown ethers in which CHQ
was attached through its 7-position (1, Fig. 1) or its
2-position (3, Fig. 1) [25,26] demonstrated a much
greater selectivity than their parent diaza-18-crown-6
ligand for metal ions. Compound 1 exhibited a
stronger complexing ability for Mg2þ than for Ba2þ

(log K value in methanol is 3.60 for Ba2þ and 6.82 for
Mg2þ) and 3 has a strong complexing ability for Ba2þ

(log K value in methanol is 12.2 for Ba2þ) and does
not interact with Mg2þ [25]. Indeed, 1 is a very
effective sensor for Mg2þ [27]. Diaza-18-crown-6
containing two 5-nitro-8-hydroxyquinoline units
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connected through their 7-positions (2) has been
shown to have high affinity and selectivity for Hg2þ

ion and to be an effective chemosensor for Hg2þ [15].
The complexing ability and selectivity of the lariat

crown ethers for metal ions can be varied by
changing parameters such as the size of the crown
ether ring and the type, number, and position of the
complexing heteroatoms [28–36]. We now report the
preparation of a series of new diazacrown ethers
bearing substituted pyridine, 2,3-dihydroxypropane,
8-hydroxyquinoline and 2-amino-1-hydroxybiphe-
nyl sidearms in order to investigate their affinity for
metal ions and to further develop chromophoric and
fluorophoric sensors. The metal ion affinities of these
new ligands will be reported when that work is
finished.

FIGURE 1 5-Chloro-8-hydroxyquinoline (CHQ)-substituted
diaza-18-crown-6 ligands 1–3.

SCHEME 1 Preparation of Azacrown ethers containing side arms using RCH2X.
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RESULTS AND DISCUSSION

The preparation of ligands 4–12 was accomplished
by normal nucleophilic substitution of the appro-
priate macrocyclic secondary amines on RX where
X ¼ bromide or tosylate groups (Scheme 1). Thus,
refluxing a mixture of the appropriate azacrown

ether, corresponding RX and triethylamine (or
potassium carbonate) in acetonitrile gave the
aromatic ring appended macrocycles 4–12. It was
reported that 10 could not be prepared by this method
[37], however, the synthesis of 10 was accomplished by
dropping a solution of 2-(bromomethyl)-6-(hydroxy-
methyl)pyridine (16) in acetonitrile into a solution of

SCHEME 2 Preparation of some intermediates.

SCHEME 3 Preparation of Azacrown ethers containing side arms by the Mannich reaction.
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tetraaza-15-crown-5 and potassium carbonate in
acetonitrile at 08C over 3 h. After that the mixture
was stirred at room temperature for 4 h and then
refluxed for 6 h.

When the size and rigidity of side arms are large,
introducing them into the diazacrown ether frame-
work gave only monosubstituted products. For
example, attaching 10-hydroxybenzoquinoline to
diaza-18-crown-6 by a Mannich reaction using
bis(methoxymethyl)diaza-18-crown-6 gave only
monosubstituted 7-(10-hydroxybenzoquinolin-
9-ylmethyl)-1,4,10,13-tetraoxa-7,16-diazacycloocta-
decane in 25% yield [36]. The same situation was
found when we prepared 9 by nucleophilic
substitution. Diaza-18-crown-6 was treated with 2.2
equiv. of 2-bromomethyl-9-methyl-1,10-phenanthro-
line under the same conditions in which 4–8 and 10–
12 were prepared. The resulting mixture gave only 9,
the monosubstituted product. No disubstituted
diaza-18-crown-6 product was observed in this
reaction as shown by MS and 1H and 13C NMR data.

The intermediate bromide and tosylate com-
pounds (16, 18, and 21) needed to form 4, 5, 8, and
10–12 were prepared as shown in Scheme 2.
2-(Bromomethyl)-6-(hydroxymethyl)pyridine (16)
was prepared in a yield of 47% by the reported
method [38] except that the mixture was neutralized
at 2158C.

Ligands 13–15 were obtained via a Mannich
reaction of the secondary macrocyclic amines with
5-chloro-8-hydroxyquinoline or 1-hydroxy-2-(tri-
fluoroacetamido)biphenyl (21) followed by hydroly-
sis of the trifluoroacetamido group as shown in
Scheme 3. In general, the yield of nucleophilic
substitutions to form crown ethers containing side-
arms is lower than those using the Mannich reaction.
Thus, all other things being equal, the Mannich
reaction could be the best method for connecting
phenolic sidearms to the azacrown ethers.

EXPERIMENTAL

The 1H and 13C NMR spectra were recorded in
deuteriochloroform, unless specified otherwise,
on Varian NMR instruments. 5-Allyloxymethyl-
1,10-diaza-4,5,13,16,19-pentaoxacycloheneicosane
needed for the preparation of 14 was prepared in the
same manner as the unsubstituted diaza-21-crown-7
[39] from allyloxytriethyleneglycol ditosylate [40]
and tetraethylene glycol. Solvents and other starting
materials were used as purchased.

2-(Bromomethyl)-6-(hydroxymethyl)pyridine (16)
[38]

Ligand 16 was synthesized by refluxing a mixture of
10 g (72 mmol) of 2,6-pyridinedimethanol and 100 ml

of 48% aqueous HBr for 1 h. The mixture was cooled
to 2158C and neutralized by slow addition of 40%
aqueous NaOH keeping the temperature of the
mixture below 2158C. The mixture was then diluted
to 300 ml, and extracted with 500 ml of methylene
chloride in five portions. The residue was purified by
chromatography on silica gel to give 6.76 g (47%) of
16. The mp and NMR spectral data were identical to
those reported in Ref. [38].

2-Trifluoroacetamido-6-picoline (17) [36]

To a solution of 2-amino-6-picoline (5.4 g, 50 mmol)
and 7.9 g (100 mmol) of anhydrous pyridine in 80 ml
of CH2Cl2 was added 22.8 g (11.5 mmol) of trifluor-
oacetic anhydride at 0–58C over a 1 h period. The
mixture was stirred at room temperature for 12 h.
When most of solvent was evaporated under
reduced pressure, the mixture was washed with
water three times, and then dried (Na2SO4). The
solvent was removed under reduced pressure to give
17 (96%); 1H NMR (DMSO-d6) d: 2.40 (s, 3H), 6.69 (d,
J ¼ 7:5 Hz; 1H), 6.79 (d, J ¼ 9:0 Hz; 1H), 7.79 (dd,
J ¼ 6:9; 7:2 Hz; 1H), 8.02 (s, 1H, NH). This material
was used without further purification in the next
step.

2-Bromomethyl-6-trifluoroacetamidopyridine (18)

A mixture of 2.04 g (10 mmol) of 17, 1.80 g (10 mmol)
of N-bromosuccinimide, and 0.3 g of benzoyl
peroxide in 80 ml of CCl4 was refluxed for 6 h. The
solvent was evaporated under reduced pressure and
the residue was purified by chromatography to give
1.01 g (36%) of pure 18; 1H NMR (DMSO-d6) d: 4.68
(s, 2H), 6.78 (d, J ¼ 7:2 Hz; 1H), 7.08 (d, J ¼ 8:1 Hz;
1H), 7.98 (dd, J ¼ 6:3; 6.6 Hz, 1H), 8.15 (s, 1H, NH).
Anal. Calcd. For C8H6BrF3N2O: C, 33.95; H 2.14.
Found: C, 34.08; H, 2.08.

2-Hydroxymethyl-6-(5-chloroquinolin-
8-yloxymethyl)pyridine (19)

To a solution of 3.58 g (20 mmol) of 5-chloro-
8-hydoxyquinoline and 9.6 g (70 mmol) of K2CO3 in
150 ml of MeCN was added dropwise 4.5 g
(21 mmol) of 16 in 30 ml of MeCN at room
temperature during 2 h. The mixture was refluxed
for 4 h and the solvent was distilled under
reduced pressure. The residue was purified by
chromatography to give 4.13 g (69%) of 19 as a
low melting solid; 1H NMR d: 4.80 (s, 2H), 5.55
(s, 2H), 6.97 (d, J ¼ 8:8 Hz; 1H), 7.19 (d, J ¼ 7:8 Hz;
1H), 7.47 (d, J ¼ 8:8 Hz; 1H), 7.52–7.63 (m, 2H), 7.71
(d, J ¼ 7:8 Hz; 1H), 8.59 (d, J ¼ 8:8 Hz; 1H), 9.02
(d, J ¼ 3:2 Hz; 1H); HRMS for C16H14ClN2O2

(M þ H)þ, calcd: 301.0744, found: 301.0734. This
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material was used in the next step without further
purification.

2-( p-Toluenesulfoxymethyl)-6-(5-chloroquinolin-
8-yloxymethyl)pyridine (20)

To a solution of 1.49 g (5.0 mmol) of 19 and 2.4 g
(17.5 mmol) of K2CO3 in 60 ml of MeCN was added
dropwise 1.14 g (6.0 mmol) of p-toluenesulfonyl
chloride in 25 ml of MeCN at room temperature
and the resulting mixture was refluxed for 6 h. After
removing the MeCN, the product (33%) was purified
by chromatography; mp 105–1078C; 1H NMR d: 2.52
(s, 3H), 5.16 (s, 2H), 5.42 (s, 2H), 6.91 (d, J ¼ 9:0 Hz;
1H), 7.33–7.38 (m, 3H), 7.41–7.71 (m, 4H), 7.87 (d,
J ¼ 8:0 Hz; 2H), 9.05 (d, J ¼ 10 Hz; 2H); HRMS for
C33H19ClN2O4S (M)þ, calcd. 454.0754, found
454.0747. Ligand 8 prepared from 20 gave a
satisfactory elemental analysis.

4-Phenyl-2-trifloroacetamidophenol (21)

Compound 21 was prepared as 17 above to give a
quantitative yield; mp 244 – 2458C; 1H NMR
(DMSO-d6) d: 7.05 (d, J ¼ 8:8 Hz; 1H), 7.30–7.62 (m,
7H), 10.11 (s, 1H, NH), 10.65 (s, 1H, OH); HRMS for
C14H11F3NO2(M þ H)þ, calcd. 282.0742, found
282.0763. Ligand 15, prepared from 21, gave a
satisfactory elemental analysis.

General Procedure a to Synthesize Compounds
4–12 (Scheme 1)

To a mixture of 3.0 mmol of crown ether and
15.0 mmol (2.0 g) of K2CO3 in 40 ml of MeCN was
added dropwise to a solution of 7.1 mmol of RX in
40 ml of MeCN over a 1.5 h period. After the mixture
was refluxed for 6 h, the solid mixture was filtered
and the solvent was distilled under reduced
pressure. The product was purified by chromatog-
raphy using a mixture of methylene chloride,
methanol and ammonia (50:5:1) as eluent.

1-(6-Hydroxymethylpyridin-2-ylmethyl)-1-aza-
4,7,10,13-tetraoxacyclopentadecane (4)

According to the general procedure A, compound 4
(0.47 g, 46%) was prepared from 0.73 g (3.6 mmol) of
16 and 0.66 g (3.0 mmol) of 1-aza-4,7,10,13-tetraox-
acyclopentadecane; mp 126.5–127.58C; 1H NMR d:
2.63 (s, 2H), 2.75 (s, 2H), 3.54–3.69 (m, 16H), 3.84 (s,
2H), 4.96 (s, 2H), 7.02 (d, J ¼ 4:8 Hz; 1H), 7.06 (d,
J ¼ 4:8 Hz; 1H), 7.58 (t, J ¼ 7:4 Hz; 1H); HRMS for
C17H28N2O5 (M)þ: calcd. 340.1998, found: 340.2006.
Anal. Calcd. for C17H28N2O5: C, 59.98; H, 8.29.
Found: C, 60.12; H, 8.18.

1,10-Bis(6-hydroxymethylpyridin-2-ylmethyl)-
1,10-diaza-4,7,13,16-tetraoxacyclooctadecane (5)

Ligand 5 (0.65 g, 43%) was obtained as a low melting
solid according to general procedure A from
3.0 mmol (0.79 g) of diaza-18-crown-6 and 7.1 mmol
(1.43 g) of 16; 1H NMR d: 2.62 (t, J ¼ 16 Hz; 8H), 3.61
(m, 16H), 3.92 (s, 4H), 4.51 (s, 4H), 7.13 (d, J ¼ 6:0 Hz;
2H), 7.18 (d, J ¼ 6:0 Hz; 2H), 7.60 (t, J ¼ 6:8 Hz; 2H);
HRMS for C26H40N4O6Na (M)þ: calcd. 527.2845,
found 527.2831. Anal. Calcd. for C26H40N4O6: C,
61.88; H, 7.99. Found: C, 61.82; H, 8.08.

1,10-Bis(2,3-dihydroxypropyl)-1,10-diaza-
4,7,13,16-tetraoxacyclooctadecane (6)

Diaza-18-crown-6 (3.0 mmol, 0.79 g) 22 was treated
with 7.1 mmol (0.78 g) of 3-chloro-1,2-propanol
according to the general procedure A to give 0.65 g
(53%) of 6 as a viscous oil; 1H NMR d: 2.82 (t, J ¼
4:5 Hz; 8H), 3.60–3.64 (m, 26H); 13C NMR d: 48.3,
49.6, 62.9, 64.4, 66.8, 79.9, 70.3, 70.4, 70.7; HRMS for
C18H38N2O8Na (M þ Na)þ, calcd. 433.2526, found
433.2503. Anal. Calcd. for C18H38N2O8: C, 52.67; H,
9.33. Found: C, 52.82: H, 9.19.

1,10-Bis(6-aminopyridin-2-ylmethyl)-1,10-diaza-
4,7,13,16-tetraoxacyclooctadecane (7)

Diaza-18-crown-6 (3.0 mmol, 0.79 g) and 7.1 mmol
(2.01 g) of 18 was treated using Et3N as base to
remove HBr generated in the reaction according to
general procedure A. After MeCN was removed,
50 ml of MeOH–NH3 was added to the residue and
the mixture was refluxed for 12 h. MeOH was
distilled under reduced pressure and the residue
was purified by chromatography to give 0.55 g (39%)
of 7 as a low melting solid; 1H NMR d: 2.87 (s, 8H),
3.75 (m, 20H), 6.16 (s, 4H, NH2), 6.73 (d, J ¼ 6:8 Hz;
2H), 7.00 (d, J ¼ 7:8 Hz; 2H), 7.60(m, 2H); HRMS for
C24H38N6O4Na, calcd. 497.2852, found 497.2855.
Anal. Calcd. for C24H38N6O4: C, 60.74; H, 8.07.
Found: C, 60.71; H, 8.18.

1,7-Bis[6-(5-chloroquinolin-
8-yloxymethyl)pyridin-2-ylmethyl]-1,10-diaza-
4,7,13,16-tetraoxacyclooctadecane (8)

Ligand 8 (0.27 g, 32%) was isolated as a viscous oil
from 0.99 g (2.1 mmol) of 20 and 0.26 g (1.0 mmol) of
diaza-18-crown-6 according to the general procedure
A; 1H NMR d: 2.83 (s, 8H), 3.50 (s, 8H), 3.59 (s, 8H),
3.96 (s, 4H), 5.50 (s, 4H), 7.01 (d, J ¼ 2:0 Hz; 2H), 7.06
(s, 2H), 7.39–7.46 (m, 4H), 7.56–7.60 (m, 2H), 7.79 (d,
J ¼ 8:0 Hz; 2H), 8.52 (dd, J ¼ 1:6; 1.6 Hz, 2H), 9.00
(dd, J ¼ 1:6; 1.6 Hz, 2H); HRMS for C44H48Cl2N6O6

(M)þ, calcd. 850.3012, found 850.3016. Anal. Calcd.
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for C44H48Cl2N6O6: C, 63.84; H, 5.84. Found: C, 63.69;
H 5.97.

1-(9-Methyl-1,10-phenanthrolin-2-ylmethyl)-
1,10-diaza-4,7,13,16-tetraoxacyclooctadecane (9)

2-Bromomethyl-9-methyl-1,10-phenanthroline was
synthesized from 2,9-dimethyl-1,10-phenanthroline
[41]. This compound (3.6 mmol, 1.03 g) was treated
with 1,10-diaza-4,7,13,16-tetraoxacyclooctadecane
(1.5 mmol, 0.39 g) in MeCN according to the general
procedure A to give 9 (0.25 g, 36%); mp 130–131.58C;
1H NMR d: 2.88 (t, J ¼ 2:7 Hz; 4H), 2.94 (s, 3H), 3.00
(s, 4H), 3.50 (s, 4H), 3.56 (s, 4H), 3.63 (t, J ¼ 3:0 Hz;
4H), 3.77 (s, 4H), 4.13 (s, 2H), 7.54 (d, J ¼ 4:8 Hz; 1H),
7.75 (d, J ¼ 4:5 Hz; 1H), 7.79 (d, J ¼ 4:8 Hz; 1H), 7.82
(d, J ¼ 4:5 Hz; 1H), 8.18 (d, J ¼ 4:8 Hz; 1H), 8.34 (d,
J ¼ 4:5 Hz; 1H); HRMS for C26H37N4O4 (M þ H)þ

(Fab), calcd. 469.2815, found 469.2810. Anal. Calcd. for
C26H37N4O4: C, 66.64; H, 7.74. Found: C, 66.69; H, 7.67.

1,7-Bis(6-hydroxymethylpyridin-2-ylmethyl)-
10,13-dimethyl-4-oxa-
1,7,10,13-tetraazacyclopentadecane (10)

According to the general procedure A, compound 10
(0.23 g, 32%) was obtained as a viscous liquid
from 0.15 mmol (0.37 g) of 10,13-dimethyl-4-oxa-
1,7,10,13-tetraazacyclopentadecane [37] and 0.78 g
(3.6 mmol) of 16 except the addition of 16 at 08C
during 3 h and stirring for 4 h at room temperature;
1H NMR d: 1.97 (s, 6H), 2.12–2.42 (m, 8H), 2.73 (m,
4H), 2.88 (m, 4H), 3.43–3.78 (m, 8H), 4.69 (s, 4H), 7.16
(d, J ¼ 8:0 Hz; 2H), 7.39 (d, J ¼ 7:4 Hz; 2H), 7.63 (t,
J ¼ 7:6 Hz; 2H). Anal. Calcd. for C26H42N6O3: C,
64.17; H, 8.70. Found: C, 64.02; H, 8.77.

12-Hydroxy-1,7-bis(6-hydroxymethylpyridin-
2-ylmethyl)-1,7-diaza-4-oxa-
10,14-dithiacyclohexadecane (11)

According to general procedures A, compound 11
(0.32 g, 41%) was obtained from 1.5 mmol (0.42 g) of
12-hydroxyl-1,7-diaza-4-oxa-10,14-dithiacyclohexa-
decane [37] except the addition of 16 at 08C during
3 h and stirring for 4 h at room temperature, mp 106–
1078C; 1H NMR d: 2.61 (m, 2H), 2.68 (d, J ¼ 3:9 Hz;
4H), 2.78 (m, 14H), 3.80 (s, 4H), 3.91 (m, 1H), 4.71 (s,
4H), 7.11 (d, J ¼ 4:5 Hz; 2H), 7.35 (d, J ¼ 4:5 Hz; 2H),
7.64 (t, J ¼ 4:5 Hz; 2H). Anal. Calcd. for
C25H38N4O4S2: C, 57.44; H, 7.33. Found: C, 57.32; H,
7.25.

1,7-Bis(6-hydroxymethylpyridin-2-ylmethyl)-
1,7-diaza-4-oxa-10,13-dithiacyclopentadecane (12)

This compound (0.69 g, 47%) was obtained as a viscous
oil from 3.0 mmol (0.75 g) of diazadithia-15-crown-5

and 0.71 mmol (1.58 g) of 16 according to the
general procedure A; 1H NMR d: 2.81 – 2.92
(m, 12H), 3.06 (m, 4H), 3.61 (t, J ¼ 4:6 Hz; 4H),
3.89 (s, 4H), 4.70 (s, 4H), 7.13 (d, J ¼ 6:3 Hz; 2H), 7.37
(d, J ¼ 6:0 Hz; 2H), 7.63 (t, J ¼ 6:0 Hz; 2H). Anal.
Calcd. for C24H36N4O3S2, C, 58.51; H, 7.36. Found: C,
58.35; H, 7.50.

General Procedure B for the Preparation of
Compounds 13–15 (Scheme 3)

A mixture of 2.0 mmol of crown ether, 4.5 mmol
(0.85 g) of 5-chloro-8-hydroxyquinoline and
6.0 mmol (0.19 g) of paraformaldehyde in 60 ml of
anhydrous benzene was refluxed in an N2 atmos-
phere for 12 h. The solvent was distilled under
reduced pressure and the residue was isolated by
chromatography.

1,10-Bis(5-chloro-8-hydroxyquinolin-7-ylmethyl)-
1,10-diaza-4,7,13,16,19-pentaoxa-cycloheneicosane
(13)

According to the general procedure B, compound 13
(1.00 g, 73%) was synthesized as a viscous liquid
from 0.61 g (2.0 mmol) of diaza-21-crown-7 [39] and
0.79 g (4.4 mmol) of 5-chloro-8-hydroxyquinoline; 1H
NMR d: 2.95 (m, 8H), 3.65 (m, 12H), 3.72 (m, 8H), 4.06
(s, 4H), 7.35 (s, 2H), 7.47 (d, J ¼ 3:5 Hz; 2H), 8.46 (d,
J ¼ 4:0 Hz; 2H), 8.91 (s, 2H); HRMS for C34H42Cl2-

N4O7Na (M þ Na)þ, calcd. 711.2328, found 711.2345.
Anal. Calcd. for C34H42Cl2N4O7, C, 59.22; H, 6.14.
Found: C, 59.05; H, 6.20.

5-Allyloxymethyl-1,10-bis(5-chloro-
8-hydroxyquinolin-7-ylmethyl-1,10-diaza-
4,7,13,16,19-pentaoxacycloheneicosane (14)

This compound (0.64 g, 56%) was prepared as a
viscous liquid from 0.54 g (1.5 mmol) of 5-allylox-
ymethyl-1,10-diaza-4,7,13,16,19-pentaoxacyclohenei-
cosane and 0.59 g (3.3 mmol) of 5-chloro-8-
hydroxyquinoline according to the general pro-
cedure B; 1H NMR d: 2.87 (t, J ¼ 3:2 Hz; 8H), 3.43
(d, J ¼ 2:8 Hz; 3H), 3.61 (m, 16H), 3.88 (t, J ¼ 16 Hz;
4H), 4.01 (d, J ¼ 18 Hz; 4H), 5.06–5.30 (m, 2H), 5.71–
5.91 (m, 1H), 7.35 (s, 2H), 7.46 (q, J ¼ 4:0 Hz; 2H), 8.44
(dd, J ¼ 1:6; 2.0 Hz, 2H), 8.90 (dd, J ¼ 1:4; 1.4 Hz,
2H); HRMS for C38H48Cl2N4O8Na (M þ Na)þ, calcd.
781.2747, found 781.2740. Anal. Calcd. for
C38H48Cl2N4O8, C,60.08; H, 6.37. Found: C, 59.95;
H, 6.42.

1,10-Bis(3-amino-2-hydroxy-5-phenylbenzyl)-
1,10-diaza-4,7,13,16-tetraoxacyclooctadecane (15)

According to the general procedure B, a mixture
of 0.79 g (3 mmol) of 1,10-diaza-18-crown-6, 1.77 g
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(6.3 mmol) of 21 and 0.54 g (18 mmol) of paraformal-
dehyde in 80 ml of anhydrous benzene was refluxed
for 12 h to give 1,10-bis(2-hydroxy-5-phenyl-3-tri-
fluoroacetamidobenzyl)-1,10-diaza-4,7,13,16-tetraox-
acyclooctadecane. Benzene was removed from the
mixture under reduced pressure, 50 ml of MeOH–
NH3 was added to the residue, and the resulting
mixture was stirred for 12 h at room temperature.
After the solvent was removed under reduced
pressure, product 15 (1.34 g, 68%) was isolated
from the residue by chromatography; mp 160–
161.58C; 1H NMR (DMSO-d6) d: 2.80 (s, 8H), 3.62
(m, 16H), 3.94 (s, 4H), 7.29–7.44 (m, 8H), 7.59
(d, J ¼ 7:2 Hz; 6H); HRMS for C38H47N4O6Na
(M 2 H þ Na)þ, calcd. 678.3393, found 678.3402.
Anal. Calcd. for C38H48N4O6: C, 69.49; H, 7.37.
Found: C, 69.55; H, 7.52.
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