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Novel cyclophanes (9a, b) having eight carboxyl groups on the aromatic rings were designed and synthesized.
Macrocyclization of 7a and 7b with 6 was carried out under a high dilution condition to give the corresponding 8a and

8b in 23% and 28% yields, respectively.
Keywords

Molecular recognition by host—-guest complex formation
is known to play a central role in biological processes, such
as enzyme catalysis and inhibition, replication, immunologi-
cal response, transport, drug action, etc. Little is known
about artificial processes involving such recognition, but
this type of complex formation in model systems using
man-made hosts is expected to provide a novel basis for
selective and efficient artificial processes. Organic com-
pounds usually have hydrophobic moieties, and therefore,
hosts capable of forming complexes with organic guests by
hydrophobic interactions are of interest. In this regard,
water-soluble cyclophanes having a hydrophobic cavity are
potential candidates as artificial hosts.®

We have previously reported that water-soluble cationic
cyclophanes (1), having two diphenylmethane units and two
bridging chains that are connected via four positively
charged nitrogens, form inclusion complexes in aqueous
solution with anionic and neutral aromatic compounds, but
not with cationic aromatic compounds.*® Cyclophanes
capable of forming complexes selectively with cationic
aromatic compounds were not known. Since charge in-
teractions in addition to hydrophobic interactions between
the host and the guest are considered to be important for
complex formation,*® we expected that cyclophanes having
similar structures but negative charges at the periphery of
the cavity should be soluble in water and should work as
selective hosts for cationic aromatic guests. Based on the
fact that cationic cyclophanes (1) provide a cavity by the
face conformation® where all aromatic rings are perpendic-
ular to the macrocyclic ring, introduction of negatively
charged groups on the aromatic rings should not interfere
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with the expected cavity. Anionic cyclophanes (2a, b)
designed in the present study have two diphenylmethane
units and two bridging chains that are connected via four
oxygens, and have eight carboxylate groups on the armatic
rings as shown.

We have recently reported that these anionic cyclophanes
(2a, b) form inclusion complexes selectively with cationic
aromatic compounds as guests in alkaline water.? We
describe here the details of the synthesis and characterization
of 9a and 9b,> which exist as 2a and 2b in aqueous KOH.
The complexation properties will be described elsewhere.®

As shown in Chart 2, 9a and 9b were synthesized from
the known benzophenone derivative (3),” which is readily
accessible from phenol. Reduction of the carbonyl group
of 3 with triethylsilane in trifluoroacetic acid (TFA)® gave
the corresponding diphenylmethane derivative (4). Treat-
ment of 4 with boron tribromide gave the acid (5), which
was converted to the corresponding tetracthyl ester (6). The
reaction of 6 with excess tetramethylene dibromide or
hexamethylene dibromide in dimethylformamide (DMF) in
the presence of potassium carbonate afforded the cor-
responding dibromides (7a, b).

Macrocyclization of 7a and 7b with 6 was carried out
under a high dilution condition. The desired 8a and 8b
were isolated in 23% and 28% yields, respectively, after
purification by column chromatography followed by re-
crystallization. Hydrolysis of 8a and 8b gave the objective
octacarboxylic acids (9a, b).? The cyclized structures of 8a,
8b, 9a, and 9b were confirmed on the basis of the molecular
ion peaks in their mass spectra (MS).
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Chart 2
Experimental 68%) as colorless needles of mp 84—85°C. IR (CHCl,): 1720, 1675cm™ 1.

General All melting points were measured on a Yanaco micro melting
point apparatus and are uncorrected. IR spectra were recorded on a JASCO
IRA-1 infrared spectrophotometer. 'H-NMR spectra were recorded on a
JEOL JNM-GSX 400 Fourier transform NMR spectrometer. Chemical
shifts are reported in 6 values using tetramethylsilane (TMS) as an internal
standard except for 9a and 9b, which were measured in a solution of
KOD-D,0O (pD 12.0) using TMS as an external standard. Coupling
constants (J) are reported in hertz. MS were recorded on a JEOL JMS-01
SG-2 mass spectrometer.

5,5’-Methylenebis[ 2-methoxy-1,3-benzenedicarboxylic Acid] Tetramethyl
Ester (4) Triethylsilane (Sml, 31.3 mmol) was added to a solution of 3
(mp 161—163 °C, reported” mp 158 °C) (4.74 g, 10 mmol) in TFA (15ml),
and the whole was stirred at room remperature for20 h. Cold water (200 ml)
was added to the reaction mixture, and the precipitates deposited were
collected by filtration. Purification by column chromatography (silica gel,
CHCI,;) followed by recrystallization from acetone-hexane afforded 4
(4.50 g, 98%) as colorless needles of mp 84—=85 °C. IR (CHCI;): 1730cm ™!,
MS mjz: 460 (M*). 'H-NMR (CDCl,): 3.92 (18H, s, Ar-COOCH,,
Ar-OCH,), 3.95 (2H, s, Ar-CH,-Ar), 7.72 (4H, s, Ar-H). Anal. Calcd for
C,3H,40,44: C, 59.99; H, 5.25. Found: C, 59.81; H, 5.21.

5,5’-Methylenebis[ 2-hydroxy-1,3-benzenedicarboxylic Acid] (5) A solu-
tion of BBr; (1.0 ml, 10.8 mmol) in CH,Cl, (6 ml) was added dropwise to
asolution of 4 (2.30 g, S mmol) in CH,Cl, (20 ml) at —78 °C during 30 min,
and the whole was stirred at —78 °C for 2 h and then at room temperature
for 24 h. Water (50 ml) was added to the reaction mixture, and precipitates
deposited were collected by filtration, and dissolved in AcOEt (500 ml).
The AcOEt solution was extracted with 5% aqueous Na,COj,, and the
aqueous extracts were combined. Acidification with 10% aqueous HCI to
pH 1 deposited precipitates, which were collected by filtration and dried.
Recrystallization from acetone—-CHCI; gave 5 (1.60 g, 85%) as colorless
needles of mp 298 °C (dec.). IR (KBr): 3070, 1717, 1677cm ™~ *. 'H-NMR
(DMSO-d¢-D,0): 3.89 (2H, s, Ar-CH,-Ar), 7.81 (4H, s, Ar-H). Anal.
Calcd for C;,H,0,,-H,0:C, 51.82; H, 3.58. Found: C, 51.67; H, 3.26.

5,5’-Methylenebis[ 2-hydroxy-1,3-benzenedicarboxylic Acid] Tetraethyl
Ester (6) A solution of 5§ (5.0g, 13.3mmol) and p-toluenesulfonic acid
monohydrate (4.0g, 21.0mmol) in ethanol (60ml) and benzene (40ml)
was heated under reflux for 8 h. Evaporation of the solvent gave a residue,
which was dissolved in AcOEt. After washing with 8% aqueous NaHCO,
and water, the AcOEt layer was dried over MgSO,, and evaporated to
dryness. The residue was purified by column chromatography (silica gel,
AcOEt) followed by recrystallization from AcOEt-hexane to give 6 (4.4 g,

MS m/z: 488 (M *). '"H-NMR (CDCl,): 1.40 (12H, t, /=7, COOCH,CH,),
3.91 (2H, s, Ar-CH,-Ar), 4.41 (8H, q, /=7, COOCH,CH;), 7.84 (4H, s,
Ar-H). 11.75 (2H, s, Ar-OH). A4nal. Caled for C,sH,40,,: C, 61.47; H,
5.78. Found: C, 61.22; H, 5.62.

5,5’-Methylenebis[2-(4-bromobutyl)oxy-1,3-benzenedicarboxylic Acid]
Tetraethyl Ester (7a) A solution of 6 (2.44 g, 5mmol) in DMF (100 ml)
was added dropwise to a stirred suspension of 1,4-dibromobutane (10.8 g,
50 mmol) and K,CO; (6.9 g, 50 mmol) in DMF (200 ml) at 60 °C during
3 h, and the whole was stirred at 60 °C for 1 h and then at room temperature
for 12h. The reaction mixture was filtered using Celite. The filtrate was
mixed with saturated aqueous NaCl (1 1), and the whole was extracted with
ether. The ethereal extracts were combined, washed with water, dried over
MgSO,, and then evaporated to dryness. The residue was purified by
column chromatography (silica gel, ether—hexane) to give 7a (2.84 g, 75%)
as a colorless oil. IR (neat): 1720cm ™ *. MS m/z: 756, 758, 760 (1:2:1)
(M™*). '"H-NMR (CDCl,): 1.39 (12H, t, J=7, COOCH,CH,), 1.9—2.1
(8H, m, OCH,CH,CH,CH,), 3.51 (4H, t, J=6, CH,Br), 3.97 (2H, s,
Ar-CH,-Ar), 4.03 (4H, t, J=6, OCH,CH,), 437 (8H, q, J=7,
COOCH,CH,;), 7.68 (4H, s, Ar-H). 4nal. Caled for Cy;H,,Br,0,,: C,
52.24; H, 5.58. Found: C, 51.98; H, 5.41.

5,5’-Methylenebis[ 2-(6-bromohexyl)oxy-1,3-benzenedicarboxylic Acid]-
Tetraethyl Ester (7b) This compound was prepared from 6 (2.44g, 5
mmol) and 1,6-dibromohexane (12.2g, 50 mmol) in DMF (500 ml) in
the presence of K,CO; (6.9 g, 50 mmol) by a similar procedure to that de-
scribed above for the synthesis of 7a. After column chromatography
(silica gel, ether-hexane), 7b (2.25g, 55%) was obtained as a colorless
oil. IR (neat): 1720cm™'. MS m/z: 812, 814, 816 (1:2:1) (M*). 'H-
NMR (CDCl,): 1.39 (I12H, t, J=7, COOCH,CH,;), 1.4—1.9 (16H,
m, OCH,CH,CH,CH,CH,CH,), 342 (4H, t, /=7, CH,CH,Br), 3.97
(2H, s, Ar-CH,-Ar), 3.99 (4H, t, /=7, OCH,CH,), 436 (8H, q, J=7,
COOCH,CH,), 7.66 (4H, s, Ar-H). Anal. Calcd for C3,Hs,Br,04,-H,0:
C, 53.37; H, 6.30. Found: C, 53.61; H, 6.11.

7,12,22,27-Tetraoxa[6.1.6. l]paracyclophan ,14,20,29,32,33,36,37-
octacarboxylic Acid Octaethyl Ester (8a) A solution of 6 (0.488g,
1.0 mmol) and 7a (0.758 g, 1.0 mmol) in DMF (40 ml) was added dropwise
to a stirred suspension of K,CO; (1.38g, 10mmol) in DMF (60 ml) at
80 °C during 3 h, and the whole was stirred at 80°C for 6h and then at
room temperature for 12 h. The reaction mixture was filtered using Celite.
The filtrate was mixed with saturated aqueous NaCl (1 1), and the whole
was extracted with AcOEt. The AcOEt extracts were combined, washed
with water, dried over MgSQO,, and then evaporated to dryness. The
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residue was purified by column chromatography (silica gel, AcOEt-hexane)
followed by recrystallization from AcOEt—hexane to give 8a (0.247 g, 23%)
as colorless needles of mp 156—157°C. IR (Nujol): 1725cm ™. MS m/z:
1084 (M*). 'H NMR (CDCl,): 1.34 (24H, t, /=7, COOCH,CH,), ca.
1.9 (8H, m, OCH,CH,CH,CH,), 3.86 (2H, s, Ar-CH,-Ar), ca. 3.9 (8H,
m, OCH,CH,), 4.31 (16H, q, /=7, COOCH,CH,), 7.66 (8H, s, Ar-H).
Anal. Caled for C53HggO,0-H,O: C, 63.15; H, 6.40. Found: C, 63.24; H,
6.21.

7,14,24,31-Tetraoxa[8.1.8.1]paracyclophan-5,16,22,33,36,37,40,41-
octacarboxylic Acid Octaethyl Ester (8b) This compound was prepared
from 6 (0.244 g, 0.5mmol) and 7b (0.407 g, 0.5 mmol) in DMF (50ml) in
the presence of K,CO; (0.345 g, 2.5mmol) by a similar procedure to that
described above for the synthesis of 8a. After column chromatography
(Fluorisil, AcOEt and then silica gel, AcOEt-hexane) followed by
recrystallization from CHCl;-hexane, 8b (0.16g, 28%) was obtained as
colorless prisms of mp 162—163 °C. IR (KBr): 1715¢cm ™. MS m/z: 1140
(M™*). 'TH-NMR (CDCl;): 1.3—1.5 (8H, m, OCH,CH,CH,), 1.30 (24 H,
t, J=7, COOCH,CH,), ca. 1.8 (8H, m, OCH,CH,CH,), ca. 3.9 (12H,
m, OCH,CH,, Ar-CH,-Ar). 431 (16H, q, J=7, COOCH,CH,), 7.64 (8H,
s, Ar-H). Anal. Calcd for C¢,H,¢0,4-H,0: C, 64.23; H, 6.79. Found: C,
64.44; H, 6.65.

7,12,22,27-Tetraoxa[6.1.6.1]paracyclophan-5,14,20,29,32,33,36,37-
octacarboxylic Acid (9a) A warm solution of 8a (0.95g, 0.88 mmol) in
MeOH (30 ml) was mixed with a solution of 5N KOH in MeOH (12 ml)
and water (30ml), and the whole was heated under reflux for 4h. The
reaction mixture was concentrated to half its initial volume under reduc-
ed pressure. Under ice-cooling, the resulting solution was acidified with
IN aqueous HCI to pH 1. The precipitates deposited were collected
by filtration, washed with water, and dried. Recrystallization from
MeOH-H,0O gave 9a (0.56 g 74%) as a colorless powder of mp>300°C.
IR (KBr): 1718cm™". MS m/z: 860 (M*). '"H-NMR (KOD-D,0): ca. 1.6
(8H, m, OCH,CH,CH,CH,), 3.4—3.5 (12H, m, OCH, and Ar-CH,-Ar),
6.87 (8H, s, Ar-H). Anal. Caled for C,,H;40,4: C, 58.61; H, 4.22. Found:
C, 58.33; H, 4.18.

7,14,24,31-Tetraoxa[8.1.8.1]paracyclophan-5,16,22,23,36,37,40,41-
octacarboxylic Acid (9b) This compound was prepared from 8b (0.57 g)
by a similar procedure to that described above for the synthesis of 9a.
Recrystallization from MeOH-H,O gave 9b (0.33 g, 72%) as a colorless
powder of mp>270°C. IR (KBr): 1700cm~'. MS m/z: 916 (M™).
'H-NMR (KOD-D,0): ca. 1.0 (8H, m, OCH,CH,CH,CH,CH,), ca. 1 .4
(8H, m, OCH,CH,CH,), 3.6—3.7 (12H, m, OCH,, ArCH,-Ar), 7.02 (8H,
s, Ar-H). Anal. Caled for C,H,,0,,-H,0: C, 59.10; H, 5.31. Found: C,
58.75; H, 4.67.
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