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For the development of advancing chemical sensor techat § 8.32 and 8.20 for the urea NH signals shifted rapidly at
nology considerable interest is being shown in the incorpoaroundd 10.2 and 10.0 upon addition of 1 equivalent TBA
ration of organic and transition metal redox-active center$d,PQ,". Further addition of HPO,” caused an only very
into various macrocylic compounds such as crown ethesslight downfield shift. Any further significant change was
cryptand and calixarert€’. Beer reported several examples not observed after one equivalent of TBAPEY, suggest-
of anion receptors based on cobalticinith@nd ruthenium  ing that5 complexed with dihydrogen phosphate ion 1:1
(1 &7 derivativesQuinones play a key role in photosynthetic solution stoichiometry. Large chemical shift change of the
energy conversiohThey are the ultimate electron acceptors NH protons in the presence of anion indicates that the anions
in the cascade of electron-transfer reaction initiated whetind the urea protons directly. Calixarene phenyl and qui-
photosynthetic reaction centers are excited. none proton signals shifted upfield upon addition of anion,

Several excellent quinone and anthraquinone based redoguggesting that the anions do not bind directly with aromatic
switchable ligands for cations were developed by Gokel angrotons.

Echegoyerf:!* But quinone based redox-switchable hosts

for anions were not reported at all. Recently we first report: NO,NO, NH,NII

ed? a urea derivative of calix[4]diquinone which showed a

high selectivity for HS@. Two urea units were introduced Q
at the lower rim of calix[4]arene. Here we reported the X

second urea derivative of calix[4]diquinone, which was :<° ’ § °>:O in LtOH
utilizing at the upper rim of calixarene for the introduction of o BT

urea groups and studied the electrochemical and comple:®"
ation behavior. This novel neutral anion receptor binds
anions through hydrogen bonding and shows a high selet CHSNCO
tivity with H,PQy” over CHCO;, CI" and HSQ@'. in CHCl;

The urea derivative calix[4]arer®&2was obtained by the
reaction of diaminocalix[4]aren2 which was prepared by O @
the reduction of dinitrocalix[4]aren#>*with SnCh, and
phenylisocyanate in high yield as shown in Scheme 1. Afte
removing benzyloxycarbonyl group with lih the presence
of palladium charcoal, oxidation to quinone was conductec
with TTFA (thallium trifluoroacetate) in trifluoroacetic acid
to afford the urea derivative calix[4]quinoBeén 30% yield.
The *H NMR spectrum o6 in DMSO-¢ shows a pair of
doublets a 3.54 and 2.97 for the bridge methylene protons,
two singlets at 6.85 and 6.78 for the aromatic and quinone

SnCl, 21,0

protons, and two singlets &18.32 and 8.20 for the urea NH

protons, indicating thd exist as a cone conformation. TTEA in TVA
The anion binding properties were investigated by the

proton NMR titration in DMSO-glsolution in the presence “’\NIH[NP

of various anions such as tetrabutylammonium (TBA) chloride 4 o

bromide, dihydrogen phosphate, benzoate, hydrogen sulfa , NHHN 0

and acetate. In proton NMR experiments a large downfielc
shift of two singlets NH proton resonancesda8.32 and
8.20 and the moderate upfield shift of two singled &t85
and 6.78 were observed upon addition of TBARE&,” anion
to host solution as shown in Figure 1. Also the moderate u
and down field shift of phenyl resonances attached directl
with urea nitrogen was noticeable. Particularly two singletsScheme 1 Synthesis of a urea derivative of calix[4]diquinone.
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Figure 1. The partial'™H NMR spectra of5 in the presencefo

TBA H:PO; in DMSO-d. Numbers at the left side indicate the

equivalent amounts of /RQ.” added.
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the quinone/semiquinone redox couple.

In summary, we developed a urea derivative of calix[4]
diguinone from the upper rim and it showed a high selec-
tivity for H.POy™.

Experimental Section

5,17-Dinitro-25,27-bis(benzyloxycarbonyloxy)-26,28-bis-
(tosylsulfonyloxy) calix[4]arene (1) Following the proce-
dure previously reported,1 was prepared from calix[4]-
arene by the three step reaction sequence. mp. 21%218
5,17-Diamino-25,27-bis(benzyloxycarbonyloxy)-26,28-
bis(tosylsulfonyloxy) calix[4]arene (2) To a 0.98 g (0.9
mmol) of1 in 50 mL of ethanol, 2.0 g S&2H,0 (9 mmol)
was added and the mixture was refluxed for 12 h. Neutra-
lized with NaOH solution and extracted with &Hp. After
removing the solvent, the residue was triturated with MeOH.
Recrystallization from CHGICH;OH gave 0.57 g (61%) of
2. mp. 218-220C; *H NMR (CDCk) 67.76 (d, 4HJ = 7.14
Hz, ArH) 67.48 (t, 4HJ = 14.6 Hz, ArH)67.39 (t, 4HJ =
7.11 Hz, ArH)$ 7.30,6 7.07 (a pair of d, 8H] = 8.3 Hz,
TsH) §6.99-6.90 (m, 8H, ArHP 5.95 (s, 4H, ArNE) 65.55
(s, 4H, OCHAr) 63.79,62.67 (a pair of d, 8H] = 13.6 Hz,
ArCH,Ar) 6 2.38 (s, 6H, Ch). *C NMR (CDCh) 6 155.3

The association constants of the various anions to théCO) 6 148.0, 144.6, 143.6, 136.7, 136.5, 135.1, 135.0,
receptors are obtained from the resulting titration curved32.6, 129.5, 129.2, 129.0, 128.6, 128.5, 128.2, 125.74 and
using EQ-NMR® and these values are presented in Table 1116.0 (Ar) 70.8 (OCBAr) §31.0 (ArCHAr) §21.7 (CH).

A high selectivity for HPQ,~ was observed for the urea

5,17-Di(N'-phenylureido)-25,27-bis(benzyloxycarbonyl-

derivative of calix[4]diquinoné. The influence of quinone oxy)-26,28-bis(tosylsulfonyloxy)calix[4]arene (3)lo a 1.0
moieties for the anion binding might be the important factorg (0.97 mmol) of2 in 50 mL of chloroform, 0.23 g of

for the selectivity of dihydrogen phosphate through thephenylisocyanate was added and the mixture was stirred for
hydrogen bond with carbonyl oxygen with OH proton in overnight. Additional 50 mL of CH@was added and wash-

H.PQ,". But we do not have the evidence at this point.

The electrochemical property 6fwas investigated using

cyclic voltammetry. Calix[4]diquinoné is initially reduced

ed with water three times. After removing the solvent, the
residue was triturated with MeOH. Recrystallization from
CHCI3-CH30H gave 0.87 g (71%) & mp. 202-204C; 'H

to semiquinone-quinone by one electron transfer, and theNMR (DMSO-&) & 8.52 (s, 2H, NH)d 8.47 (s, 2H, NH)
reduced to semiquinone-semiquinone at more negativé.74 (d, 4HJ=7Hz, ArH)$7.52-7.41 (m, 8H, ArHY 7.29

potential. The addition of anions to calix[4]diquinobe

(d, 8H,J = 8.43 Hz, ArH)5 7.24-7.17 (m, 12H, ArHJ 6.99

solutions occurred cathodic shifts of quinone/semiquinondgs, 4H, ArHN) d 6.97-6.90 (m, 4H, ArH)} 5.49 (s, 4H,
redox couple with the relative magnitudes following the OCHAr) 6 3.67, 2.87 (a pair of d, 8H] = 13.3 Hz,

order HPQr™ > CHsCOO > CH;COQU, CIT, HSQ/, Br.
The most significant results were observed witfP@Gh~

ArCH:Ar) 2.38 (s, 4H, Ch). *C NMR (CDCE) & 155.0,
152.7 (-CO)§ 148.1, 145.1, 139.2, 138.5, 136.8, 136.6,

anion. Cathodic shifts of calix[4]diquinoddn the presence 135.4, 134.9, 132.1, 129.7, 128.9, 128.7, 128.6, 128.2,
of anions are summarized in Table 1. The addition 0fl26.0, 122.4, 118.5 and 118.2 (&Y0.6 (OCHAr) 4 31.0
dihydrogen phophate anion caused a 94 mV cathodic shift itArCH2Ar) 6 21.7 (CH).

Table 1. Stability constantsKy) and cathodic shifts of calix[4]-
diquinones in the presence of anions in DMSO

Anion K/dm? mor™ AE (mV)
cl 2 53 ~0
Br- 0 ~0
HSQO~ 100 ~0
CH;COO 840 ~0
PhCOO 2430 53
H.PQO,~ 13900 94

aTetrabutylammonium salts. Errors estimated to be < 10%.

5,17-DiN'-phenylureido)-25,27-dihydroxy-26,28-bis(tosyl-
sulfonyloxy)calix[4]arene (4) A 1.0 g of3 in 50 mL of
THF and ethanol mixture (3 :7) was treated withudder
60 psi in the presence of Pd/C. After removing catalyst and
solvent, 0.73 g (92%) off was obtained as a colorless
powder. mp. 198-20%C; '"H NMR (CDCk) 67.7 (d, 4HJ =
7.5Hz, TsH)Y 7.3 (d, 4HJ = 7.5 Hz, TsH)0 7.2-6.4 (br m,
22H, ArH, NH)86.25 (br s, 2H, NH) 5.2 (br s, 2H, OHY
3.9,0 3.0 (a pair of d, 8H) = 12 Hz, ArCHAr) § 2.45 (s,
6H, CHy). °C NMR (CDCE) 6 152.7 (-CO)d 152.6, 146,
139.4, 139, 137.6, 135, 132, 130, 129.8, 128.8, 128.7, 122.5,
120, 118.6 and 118 (ArH)31.6 (ArCHAr) 521.7 (CH).
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5,17-Di(N'-phenylureido)-26,28-bis(tosylsulfonyloxy)calix-

[4]-25,27-diquinone (5) To a 0.30 g (0.97 mmol) dfin 15 2.
mL of trifluoroacetic acid, 0.40 g of TTFA (thallium tri- 3.

fluoroacetate) was added and the mixture was stirred for 12
h under the nitrogen atmosphere. After removing the solvent,

the residue was separated by the column chromatography™

(eluent : chloroform : methanol =100:1) to give 0.10 ¢ 5
(30%) of 5 as a pale yellow powder. mp. 186-1%8 H

NMR (DMS0)58.32 (br s, 2H, NHp8.20 (br s, 2H, NHp ¢,

7.75 (d, 4HJ = 9 Hz, TsH)0 7.50 (d, 4HJ = 9 Hz, TsH)d
7.16 (two s, 8H, ArH) 6.90 (m, 2H, ArH)4 6.85 (s, 4H,
quinone H)d6.78 (s, 4H, ArHN)Y 3.54,5 2.97 (a pair of d,

8H, J = 14 Hz, ArCHAI) 6245 (s, 6H, Ch 'H NMR 7.
(CDCl3) 57.70 (d, 4HJ= 7.9 Hz, TsH) 7.46 (br, 2H, NH) 8.

57.30 (d, 4H) = 7.9 Hz, TsHP 7.27 (s, 2H, ArHp 7.10 (s, -
8H, ArH) 6 6.95 (br s, 2H, NH) 6.68 (s, 4H, quinone H)
6.41 (s, 4H, ArHN) 3.60,56 2.90 (a pair of d, 8H} = 14 Hz,
ArCH,Ar) §2.44 (s, 6H, Ch). **C NMR (DMSO-d) 4188,
184 (-CO)d 152, 147.4, 146, 139.3, 139, 137.8, 132.5,
132.1, 131.9, 130.5, 128.6, 128, 121.7 and 118 §ABP
(ArCH2Ar) 621 (CH).
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