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Molecular Design of Crown Ethers. 22. Synthesis of
Benzocrown Ether Derivatives and Their Solvent
Extraction with Univalent/Bivalent Metal Picrates’
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Three novel benzocrown ether derivatives have been synthesized and their cation binding behavior with uni-
and bi-valent metal ions was evaluated by the solvent extraction of agqueous metal picrates. The obtained results in-
dicate that the size-fit of crown ether and metal cation, and electron effect of the side arm attached to benzocrown

ethers affect their cation binding ability and selectivity.
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Introduction

Crown ethers containing hydrophobic exteriors are
lipophilic hosts, which can include cations, especialy
alkali and akaline earth metal ions, into their cavities
via an ion-dipole interaction.”® In general, oxygen
crown ethers are effective for the extraction of akali
and alkaline earth metal cations but not transition metal
cations. Conversely, their nitrogen analogs are effective
for transition metal ions but not alkali metal cations.®’
As a valid method, the solvent extraction was exten-
sively used to evaluate the cation binding abilities of
crown ethers.**# Uncommon complex stoichiometry,
substitution effect, ring size effect, sandwiching com-
plexation of a series of crown ethers by solvent extrac-
tion experiments have also been reported.*! In the pre-
sent study, we synthesized three novel benzocrown ether
derivatives (Chart 1) and investigated their cation bind-
ing behavior with uni- and bi-valent metal ions. The
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*  E-mail: yuliu@public.tpt.tj.cn; " For part 20 and part 21, see: Ref. 1.

obtained results, when compared with the relevant data
for compounds 1—3 and 5—7, will promote further
understanding of the complexation behavior of the ben-
zocrown ether derivatives with alkali metal ions, alka-
line earth metal ions, transition metal ions and heavy
metal ions.

Experimental

General procedure

Melting points, measured with an XT-4 apparatus,
are uncorrected. *H NMR spectra were recorded at 300
MHz in CDCIl3 solution on a Varian Mercury VX300
instrument, using tetramethylsilane as an internal refer-
ence. Infrared and ultraviolet spectra were recorded on
Bio-Rad FTS 135 and Shimadzu UV-2401/PC instru-
ments, respectively. Elemental analyses were performed
on a Perkin-Elmer 2400C instrument. Mass spectra were
obtained on a VG ZAB-HS instrument.

Materials

Starting materials were commercially available
unless noted otherwise. The commercially available
reagents were used without further purification. Benzo-
15-crown-5 (1), 4'-iodo-benzo-15-crown-5 (2), 4'-nitro-
benzo-15-crown-5,4'-amino-benzo-15-crown-5 (3),*
dibenzo-18-crown-6 (5)? and 2,14-dinitro-6,7,9,10,17,18,
20,21-octahydro-5,8,11,16,19,22-hexaoxadibenzo[b,K]-
cyclooctadecene; 2,13-dinitro-6,7,9,10,17,18,20,21-0c-
tahydro-5,8,11,16,19,22-hexaoxadibenzo[ b,k] cycloocta-
decene; 2,14-diamino-6,7,9,10,17,18,20,21-octahydro-5,
8,11,16,19, 22-hexaoxadibenzo[b,k]cyclooctadecene (6);
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Crown ether

2,13-diamino-6,7,9,10,17,18,20,21-octahydro-5,8,11,16,
19,22-hexaoxadibenzo[b,K]cyclooctadecene (7)™ were
prepared according to the reported procedures.

Synthesis
The synthetic routes of compounds 4, 8 and 9 are

shown in Scheme 1.
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Synthesis of 4 Benzocrown ether derivative 4
was prepared by the following procedure: 0.57 g (2
mmol) of 3 was dissolved in 40 mL of ethanol at room
temperature, 0.42 g (2 mmol) of 9-anthracenecarboxal-
dehyde was added to the solution under stirring. Then
the mixture, saffron yellow, was refluxed with stirring
for 12 h under nitrogen protection. After being cooled
down to room temperature, the solution was stirred for
another 2 h, and then the precipitates were filtered and
recrystalled twice in ethanol to give 0.75 g of product.
Yield 79%, m.p. 146.0—147.5 “C; 'H NMR (CDCls,
300 MHz) d: 9.69 (s, 1H, An H-10), 8.71 (d, J=4 Hz,
2H, An H-4, H-5), 8.56 (s, 1H, ArN=CH) 8.06 (d, J=8

Hz, 2H, An H-1, H-8), 7.49—7.60 (m, 4H, An H-2, H-3,

H-6, H-7), 7.00—7.07 (m, 3H, ArH), 4.21—4.26 (m,
4H, 2X ArOCHy,), 3.95—3.98 (m, 4H, 2X OCH,), 3.78
(t, J1o=1 Hz, 8H, OCH,CH,0); IR (KBI) Vmax: 1624 (C
=NH) cm % UV-vis (CHzCN) Apna/nm (&/mol *
cm 1): 216.4 (34600), 229.60 (37550), 257.0 (88900),
400.0 (13050); MS (FAB) m/iz. 472.2 [(M+1)", 100].
Anal. cacd for CxHOsN: C 73.87, H 6.20, N 2.97;
found C 73.64, H 6.31, N 2.99.

Synthesis of 8 Benzocrown ether derivative 8
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was prepared similarly as above for 4 to give 0.75 g
(yield 75%) of product from 6 and 9-anthracene-
carboxaldehyde: m.p. 178.0—180.0 ‘C; 'H NMR
(CDCl3, 300 MHZz) d: 9.70 (s, 2H, An H-10), 8.72 (d, J
=10 Hz, 4H, An H-4, H-5), 8.55 (s, 2H, ArN=CH),
8.05 (d, J=8 Hz, 4H, An H-1, H-8), 7.51—7.58 (m, 8H,
An H-2, H-3, H-6, H-7), 7.02—7.08 (m, 6H, ArH), 4.30
(m, 8H, 2 X ArOCH,), 4.11 (t, Jp, =4 Hz, 8H,
CH,OCH,); IR (KBI) Vma: 1623 (C=NH) cm *; MS
(FAB) m/z 767.5 (M+1)". Anal. calcd for CsgHa06N:
C 78.31, H 5.52, N 3.65; found C 78.02, H 5.66, N 3.68.

Synthesis of 9 Benzocrown ether derivative 9
was prepared similarly as above for 4 to give 0.75 g
(yield 81%) of product from 7 and 9-anthracenecarb-
oxaldehyde: m.p. 206.0—208.0 °C; *H NMR (CDCls,
300 MHz) &: 9.70 (s, 2H, An H-10), 8.73 (d, 4H, J=10
Hz, An H-4, H-5), 8.56 (s, 2H, ArN=CH), 8.06 (d, J=
8 Hz, 4H, An H-1, H-8), 7.51—7.59 (m, 8H, An H-2,
H-3, H-6, H-7), 7.02—7.09 (m, 6H, ArH), 4.27—4.31
(m, 8H, 2X OCHy), 4.11 (t, J;o= 4Hz 8H, CH,OCH,).
IR (KBr) Vima: 1622 (C=NH) cm *; MS (FAB) m/z:
767.5 (M+1)". Anal. calcd for C50H4206N: C 7831, H
5.52, N 3.65; found C 78.38, H 5.65, N 3.68.

Solvent extraction

The genera procedures employed were similar to
those described in previous papers.®** The solvents,
CH,Cl, and H,0, were saturated with each other prior to
use in order to prevent volume changes of both phases
during extraction. Equal volumes (5 mL) of a CH,Cl,
solution of the respective crown ether (0.3 mmol/L) and
an aqueous solution of each meta picrate (0.03 mmol/L)
were introduced into a stoppered Erlenmeyer flask, and
the mixture was shaken for 15 min in a Taiyo M100L
incubator thermostated at (25.04-0.1) “C. The equili-
brated mixture was then allowed to stand for at least 2 h
a that temperature in order to complete phase separa-
tion. The concentration of metal picrates in the agueous
phase was determined through measuring the absorb-
ance at ca. 354 nm by UV-vis spectroscopy.

Results and discussion

The compound 4 was synthesized in 79% vyield by
reaction of 4’-amino-benzo-15-crown-5 (3) with 9-anth-
racenecarboxaldehyde in ethanol solution. Considering
the difficulty in the separation of the cis-trans isomers 8
and 9, we firstly prepared dinitro- dibenzo-18-crown-6
mixture, and then separated them to get cis-trans iso-
mers, respectively, through their difference in solubility
in chloroform and benzene. After 5% Pd-C catalyst was
chosen to give perfect pure products 6 and 7 in high
yields, two cis-trans isomers 8 and 9 were synthesized
in 75% and 81% vyields by reaction of 6 or 7 with
9-anthracenecarboxaldehyde in methanol-ethanol solu-
tion, respectively.

In the solvent extraction experiment, uni- and
bi-valent metal cations were extracted by crown ether
from a water phase into an organic phase (methylene
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dichloride). The extractability of ammonium cation
(NH; ) and univalent metal ions (alkali metal cations,
Li",Na', K", Rb", Cs', and heavy metal ions, Ag", TI")
by crown ethersis listed in Table 1, and that of bivalent
metal ions (alkaline earth metal cations, Mg?*, Ca&", S,
Ba?', transition metal cations, Co?*, Ni?", Cu*", zZn?",
and heavy metal ion, Pb?") islisted in Table 2.

Table 1 Solvent extraction of aqueous univalent metal picrates
with benzo-15-crown-5, single-armed 15-crown-5, dibenzo-
18-crown-6 and double-armed dibenzo-18-crown-6 2

Extractability /%

NHf Li* Na~ K" Rb™ Cs* Ag" TI*
044 055 123 113 156 180 067 1.86
022 166 149 045 022 067 067 0.67
066 055 098 181 200 180 179 279
044 055 123 181 111 <01 022 0.70
022 110 098 113 067 112 022 233
437 691 934 905 467 742 381 7091
306 387 737 928 378 382 583 860
022 110 074 091 089 180 224 <01

9 175 138 246 339 200 157 314 349
& Temperature (25.0+0.1) C; agueous phase (5 mL), [picrate] =
0.03 mmol/L; organic phase (CH,Cl,, 5 mL), [Ligand]=0.3
mmol/L. ® Defined as percent of picrate extracted into the organic
phase. Average of two or three independent runs; error<<0.2.

Ligand
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Table 2 Solvent extraction of agueous bivalent metal picrates
with benzo-15-crown-5, single-armed 15-crown-5, dibenzo-18-
crown-6 and double-armed dibenzo-18-crown-6 2
Extractability °/%

Mgz+ ca2t St B2t cott Ni2t cu®t zn?t PpRt
0.48 0.30 0.73 0.48 041 037 036 024 053
0.12 030 021 012 010 <0.1 0.09 <0.1 0.11
060 091 0.73 0.24 0.30 <0.1 045 0.36 0.63
<0.1 0.30 0.31 <<0.1 <<0.1 <<0.1 0.18 <<0.1 0.11
0.48 091 010 <0.1 020 1.23 <0.1 <0.1 0.32
263 486 178 326 173 147 341 513 347
323 9.10 387 181 244 098 431 513 599
0.24 091 052 <0.1 041 <0.1 0.81 <0.1 116

9 132 137 157 097 122 098 206 143 231
& Temperature (25.0%0.1) ‘C; agueous phase (5 mL), [picrate] =
0.03 mmol/L; organic phase (CH,Cl,, 5 mL), [Ligand] =0.3
mmmol/L. ® Defined as percent of picrate extracted into the or-

ganic phase. Average of two or three independent runs; error<<
0.2.

Ligand
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As can been seen from Table 1, al of the crown
ethers give relative higher extractabilities to Na', K"
and TI'" because of their size-fit. In the series of crown-
5 compounds, 3 and 4 reversed the selectivity of Na'/K "
to give higher binding ability toward K" than Na' as
compared with parent crown ether 1, which is attributed
to the introduction of electron-donating substituent
groups. On the other hand, cis isomer 8 gives the high-
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est heavy metal cation Ag'/TI" selectivity up to 22
while low selectivity isfound in the case of trans isomer
9. Interestingly, trans isomer 9 gives higher extractabili-
ties to univalent cations, except for Cs', than cis isomer
8. These results indicate that electron effect of the side
arm attached to benzocrown ether alters not only the
cation binding ability, but also cation selectivity.

In the solvent extraction of bivalent metal picrates,
crown ethers 1—9 generally show low extractability as
expected. Modified single armed 15-crown-5 4 shows
hardly any extraction effect, indicating very weak com-
plexation between 4 and bivalent cations. For transition
metal cations, the crown-6 compounds give the same
extractability trend: Cu?~Zn®*>Co*' >Ni®". Similar
to the case of univalent cations, trans isomer 9 gives
relative higher extractabilities to bivalent cations than
cisisomer 8. It is noteworthy that cisisomer 8 gives ca.
4 times Ca?*IMg®" selectivity and 7 gives ca. 4 times
Ca’'/Ba" selectivity.

In conclusion, possessing electron-donating amido
group, benzocrown ethers 3, 6 and 7 give the highest
extractability but the lowest selectivity toward both uni-
and bi-valent cations than other systems. On the other
hand, although novel benzocrown ether derivatives 4, 8
and 9 give the moderate extractablity, they show en-
hanced distinct cation selectivity.
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