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Selective complexation of anions is more demanding thamacetate. In proton NMR experiments a large downfield shift
that of cations due to the several aspeEtgen though Beér  of broad singlet NH proton resonancé@t51 and the mod-
and Reinhoudtreported several examples of anion receptorserate downfield shift of doublets ortho protonat.27 of
recently, much less successful receptors than those of catiotiee phenyl group were observed upon addition of TBA
are reportedn recent years, however, increasing attentionanions to host solution. Also the slight shift of three singlets
has focused upon anion complexation because of the impoof calixarene aromatic and quinone protons was noticed.
tant environmental consequences of the presence of exceRarticularly a singlet ai 7.51 for the amide NH signal shifted
nutrients such as nitrate and phosphate well as the rapidly at around 8.3 upon addition of 1 equivalent TBA
extreme importance of anionic substrate in biochenfistry. HSQ,". Further addition of HSO caused an only slight
pursuit of developing anion receptor we synthesized severalownfield shift. Any further significant change was not
bisurea derivatives of calixarene and investigated their anionbserved after one equivalent of TBA HSOsuggesting
binding propertie§.Also redox switchable receptors which that 4 complexed with hydrogen sulfate ion 1: 1 solution
have anion binding urea units as well as quinone moietiestoichiometry. Large chemical shift change of the NH pro-
was also developddParticularly we reportéch bisurea deri- tons in the presence of anion suggests that the anions bind
vative of calix[4]diquinone recently and it showed a selecthe urea protons directly. Calixarene aromatic and quinone
tive binding property toward HSOion. In a series of work  signals changed a position slightly upon addition of anions,
of anion binding urea derivatives of calixarene, we syntheindicating that the anions bind at the opposite side of aro-
sized a trisurea derivative of calix[4Jmonoquincheand  matic protong.e. at the lower rim of calixarenes. The associ-
studied complexation behavior with anions. Even thoughation constants of the various anions to the receptors are
this neutral anion receptor does not show a particular seleobtained from the resulting titration curves using EQ-NMR
tivity among anions, a high binding stability is observedand these values are presented in Table 1. Surprisingly the
through hydrogen bonding.

Results and Discussion

The urea derivative calix[4]arer®&ewas obtained by the

reaction of tris(aminoethyl)calix[4]arergeand phenylisocy- 7 5 10/ g
anate in high yield as shown in Scheme 1. Tris(amino <° <0 OH O> g g 2
ethyl)calix[4]arene2 was prepared by the BHeduction of CN e NC HNHN NH,

the corresponding cyano compouhdvhich was obtained
selectively by the reaction gb-t-butylcalix[4]arene and 2
bromoacetonitrile in the presence of GAH Oxidation to

guinone was conducted successfully with TTFA(thallium tri- CeHsNCO
fluoroacetate) in trifluoroacetic acid to afford a trisurea deriva:

tive calix[4]Jmonoquinone4 in 20% yield. The'H NMR

spectrum of3 shows two pairs of doublets at3.3 and 4.2
for the bridge methylene protons, two triplet®at.40 and
5.88 and a singlet at 7.85 for the NH protons, and a singlet
06.72 and two doublets &i6.57 and 6.49)(= 2.1 Hz) for the

calixarene aromatic protons, and a singled &t25 for the g Q TTFA/TFA 0 cr> OH Q
OH proton, indicating thad exist as a cone conformation. g 2 g g 2
The *H NMR of 4 shows a similar spectrum as observed HN HN NH HN RN NH
from 3, but calixarene aromatic protons appear as three sit >Q° >:° O=< HNE,%/&O ~ H

N
glets atd 6.68, 6.57 and 6.56.
The anion coordination properties were investigated b
the proton NMR titration in CD@Glsolution in the presence

of various anions such as tetrabutylammonium (TBA) chlo- 3
ride, bromide, dihydrogen phosphate, hydrogen sulfate, anScheme 1 Synthe3|s of trisurea derivative Calix[4]monoquinone.
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Table 1 Stability constants{,) in CDCh was triturated with methanol to yield 0.38 g (35%Lafs a
K/dms mol™ white solid.'"H NMR (CDCk) 7.19 and 7.13 (two s, 4H,
Anion 3 2 ArH), 6.72 (s, 1H, OH), 6.66 and 6.54 (two d, 4H, Ad;
2.4 Hz), 4.86 (s, 2H, -OGEN), 4.76 (s, 4H, -OCKN),
cr 1425 17200 4.36, 4.20, 3.42 and 3.40 (two pair of d, AsBH J = 13.5
Br 290 6340 Hz) 1.28, 1.27 and 0.86 (three s, 36H, -C{aH*°C NMR
HSQ 1600 15700 (CDCly) 6 151.72, 150.00, 149.93, 148.54, 147.77, 142.63,
HPQ" - 13000 134.95, 131.67, 131.52, 128.68, 126.64, 125.95, 125.47 and
CHCO,” - 17200 125.38 (Ar),6 117.64 and 115.52 (-CNg§,60.03 and 57.90

2Due to the complexicity of spectra stability constant can not be calculated(-OCH,-), 4 34.345, 33.950, 33.826, 32.216, 31.966, 31.685,
31.473, 30.835 (ArChAr, -C(CHs)s and -CHj).

high stability constants of GIHSQ,", and HPQ,™ were 5,11,17,23-Tetrat-butyl-26,27,28-tris(aminoethyloxy)-
observed without much selectivity among them. 25-hydroxycalix[4]arene 2 A 5 mL of 1M BH; solution

Previously we reportédhat a bisurea derivative of calix was added to 0.2 g of 1 undes &tmosphere and refluxed
[4]diquinone showed a high selectivity of HS@Que to the  for 2 hr. The solvents were removed and residue treated with
additional hydrogen bonding between quinone and OH pro10 mL of 2 N HCI and refluxed for 1 h. After cooling down
ton of HSQ™. Here high stability constants of HFGand  to room temperature, 10% KOH solution was added until the
H.POs™ could be attributetb the influence of the additional solution became to basic and extracted with GH&Xlvents
hydrogen bond with quinone moieties. On the other hand aere removed and residue triturated with methanol to yield
strong binding of spherical chloride was not expected. It wa®.16 g (80%) of 2'H NMR (CDCk) & 7.16 and 7.07 (two s,
reported? that chloride binding constant of the trisurea 4H, ArH), 6.57 and 6.52 (two d, 4H, ArH), 4.36 and 4.24 (a
derivative of calix[6]arene was quite low and bromide bind-pair of d, 4H, ArCHAr, J=12.6 Hz), 4.14 (t, 2H, -OCGHI =
ing was stronger than chloride, probably due to the prefers.1 Hz), 3.89 (m, 2H, CiMIH), 3.69 (t, 4H, -OChK J= 5.1
ence of size of calix[6]arene toward bromide. But the trisureddz), 3.28 and 3.24 (a pair of d, ArgM, J = 12.0 Hz), 3.19
derivative of calix[4]arenel showed a high binding with (m, 4H, CHNH), 1.34,1.32 and 0.82 (three s, 36H, -C{Js}
chloride and stronger than bromide. It could be explained*C NMR (CDCk) §153.54, 151.65, 150.93, 150.29, 145.63,
that the size of calix[4]arene preferred smaller chloride140.74, 135.37, 131.77, 131.63, 129.93, 128.65, 125.43,
Even though the urea derivative calix[4]Jquindnghowed a  125.25 and 125.00 (Ar), 72.21 and 70.09 (-Q¢H!1.86
high binding properties with anions, a simple trisurea calixand 41.24 (-CbNH-), 6 34.88, 34.19, 34.13, 33.87, 33.75,
[4]arene3 showed a relatively low binding with anions due 33.70, 32.18, 31.71 (ArGiAr, -C(CHs); and -CH).
to the intramolecular hydrogen bdAtetween OH and urea  5,11,17,23-Tetrat -butyl-26,27,28-tris[(N'-phenylureido)-
groups.. Previously we also observed a similar binding proethyl]-25-hydroxy calix [4]arene 3 To a solution of 0.2 g
perties for the bisurea derivative, that is, a calix[4]quinong0.19 mmol) of 2 in 15 mL of C}Cl,, 0.07 mL (3.4 mmol)
derivativé showed a high binding, but a calix[4]arene deri- of phenylisocyanate was added at room temperature. The
vative not. It is attributed to the intramolecular hydrogenreaction mixture was stirred for 1hrs underadtmosphere.
bond*® between OH and urea groups, which make two uredfter removing the solvents, the residue was triturated with
units less available to the anion binding. methanol to yield 0.12 g (62%) of 34 NMR (CDCk) &

In pursuit of redox switchable receptors we prepared a tri7.85 (s, 1H, NH), 7.40 (t, 1H, NH), 7.14-6.92 (m, 15H,
surea derivative of calix[4]arene and its corresponding quinonérH), 6.72 (s, 2H, ArH), 6.57 and 6.49 (two d, 4H, AdH;
and investigated their anion binding properties. The trisure@.1 Hz), 5.88 (t, 2H, NH), 5.25 (s, 1H, OH), 4.25 and 4.20 (a
derivative calix[4]quinond showed the high binding stabil- pair of d, 4H, ArCHAr, J=12.6 Hz), 4.14 (t, 2H, -OGHJ =
ity of HSQy", CI', H,PQy™ without much selectivity and 6.9 Hz), 3.94-3.63 (m, 8H, GNH), 3,34 and 3.25 (a pair of
complexed 1 : 1 solution stoichiometry with anions. Redoxd, 4H, ArCHAr, J = 13.8 Hz), 1.36 and 0.83 (three s, 36H,
properties of calix[4]quinond in the presence of anion are -C(CHs)s); *C NMR (CDCh) & 158.05 and 155.51 (-CO-9),

currently in progress. 153.70, 150.94, 148.92, 146.84, 146.42, 143.82, 139.01, 138.43,
135.14, 131.73, 130.81, 129.80, 129.25, 128.77, 126.07, 125.87,
Experimental Section 125.63, 125.15, 123.44, 122.59, 119.44 and 119.125A1).53

and 68.14 (-OCH), 0 41.49 and 40.68 (-GiNIH-), 4 38.67,

5,11,17,23 -Tetrat-butyl-26,27,28-tris(cyanomethyloxy)- ~ 34.25, 34.09, 33.75, 31.68, 31.65, 31.31 and 30.95
25-hydroxycalix[4]arene 1 To a solution 1 g (1.5 m mol) of (ArCHAr, -C(CHs)s, -CHs).
p-t-butylcalix[4]arene in 23 mL of DMF, 0.6 g (14.2 m mol)  5,11,17,23-Tetrat-butyl-26,27,28 -tris[(N'-phenylureido)-
of CaH was added, and stirred for 7 days at 30 under Nethyl]-calix[4]-25-quinone 4 To a solution of 1 g (1 mmol)
atmosphere. The reaction mixture was added to a saturatefi3 in 7.5 mL of TFA, 0.6 g (1 mmol) of TTFA was added.
NH4CI solution, stirred for 30 minute, and filtered. The pre- The reaction mixture was stirred for 2 hrs, under N2 atmo-
cipitate was poured into ice water, and then extracted intgphere. After removing the solvent, the residue was treated
CHCls. The organic layer was separated, then dried ovewith 50 mL of ice/water, and then was extracted with GHCI
anhydrous MgS@© After removing the solvents, the residue The organic layer was separated and then dried over anhy-
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drous. After removing the solvent, the residue was triturated
with methanol. Column chromatography from CkGi-
hexane : ethyl acetate (6:3: 1) gave 0.2 g of yellow prod- 3.
uct. 'H NMR (CDCk) & 7.51 (s, 2H NH), 7.27-6.92 (m,
15H, ArH) 6.68 and 6.56 (two d, 4H, Arbl= 2.4 Hz), 6.70

(s, 2H, ArH), 6.29 (bs, 2H NH), 4.18-3.14 (20H, a pair of d,
ArCH:Ar, t, -OCH, m, CHNH), 1.34 and 0.96 (two s, 36H,
-C(CHg)3); °C NMR (CDCE) 6 188.62 and 186.33 (-CO-),
157.65, 156.74, 153.12, 147.93, 146.49, 145.68, 138.885
135.29, 132.93, 132.48, 129.61, 129.05, 128.89, 126.97,
126.66, 125.86, 125.16, 122.85, 120.05, 119.84 and 119.4G.
(Ar), 6 74.21 and 71.27 (-OCH, & 40.723 and 40.0
(-CH2NH-), 4 34.205, 33.815, 31.921, 31.642, 31.189 and
30.946 (ArCHAr, -C(CHg)s, -CH).
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