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The design and synthesis of anion receptors can interact 
with biologically relevant anions is prominent research field 
of supramolecular chemistry.1 Steroid nucleus is one of the 
largest rigid and chiral units ubiquitous in nature. Due to the 
rigidity and preorganized structure of steroid, cholesterol 
and bile acid derivatives have been studied and shown novel 
recognition ability for cations, anions, and organic mole- 
cules.2 Chenodeoxycholic acid is ideal for tweezer type 
receptor3 design because it contains two hydroxyl groups at 
3a and 7a that can be functionalized with a variety of 
recognition elements thus creating a binding pocket for 
target guests. Herein we report the first synthesis and anion 
binding study of molecular tweezer urea receptor based on 
chenodexoycholic acid.

The synthesis of the receptor 5 is outlined in Scheme 1. 
The 3a,7a-dihydroxyl groups of chenodeoxycholic acid 
were transformed to 3a,7a-diamines by three sequential 
steps. Allylation of 24-tert-butyldimethylsilyloxy-5Qcho- 

lane-3a,7a-diol 1 prepared from methyl chenodeoxy- 
cholate4 in two steps (LiAlH4 reduction, followed by 
protection with TBSCl) with allyl bromide in the presence of 
sodium hydride in THF resulted in 3a,7a-diallyl compound 
2 in 94% yield. Hydroboration of the latter with 9-BBN 
provided the diol 3 in 93% yield. The 3a,7a-diamino steroid 
4 was accessible via the corresponding phthalimide and 
subsequent hydrazinolysis in 94% yield. Compound 4 was 
immediately coupled with phenyl isocyanate in dry THF at 
room temperature provided cheno-bis(phenylurea) 5 in 77% 
yield.

The anion binding properties of 5 were investigated by 1H 
NMR titrations in CDCl3 solution in the presence of various 
anions such as Cl-, Br-,匚 CH3CO2-, H2PO4-, NO3-, HSO4-, 
and SCN- as their tetrabutylammonium (TBA) salt. The 
addition of equimolar TBACl to a solution of 5 ([TBACl]/[5] 
=1.0) caused significant downfield shifts of both the phenyl 
and alkyl NH protons by up to A8 = 1.79 and 1.08 ppm,

Scheme 1. Synthesis of Cheno-urea receptor 5. Reagents and conditions;⑴ NaH, CH2=CHCH2Br, THF; (ii) (a) 9-BBN, THF; (b) NaOH, 
H2O2； (iii) (a) DEAD, PPhs, Phthalimide, THF; (b) H2NNH2H2O, EtOH; (iv) PhNCO, THF.
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Figure 1. Job plots of cheno-urea receptor 5 with TBA+H2PO4- in 
CDCI3.

indicating anion binding taking place in the vicinity of urea. 
As shown in Figure 1, Job plot suggests a 1 : 1 stoichio
metric complex between 5 and H2PO4— in CDCL.5

Association constants Ka of 5 presented in Table 1 were 
calculated by nonlinear curves fitting program EQ-NMR.6 
Cheno-urea 5 binds strongly oxyanions and halides, showing 
the highest binding affinity (K = 4,270) toward dihydrogen 
phosphate H2PO4-. In addition, 5 binds Cl- substantially 
more stron이y than Br-. The order of binding affinities in the 
series of halides (Cl- > Br- > I-) is in accordance with that of 
the basicities.

The signals of the urea protons of 5 in the 1H NMR spectra 
(on addition of 1 equiv. of salt) appeared at a very low field 
(8 = 9.63 for H2PO4, 8 = 9.04 for Cl-, 8 = 8.66 for Br-, and 8 
=7.39 for I-).

In summary, we have first synthesized and evaluated 
binding affinities towards anion of molecular tweezer urea 
receptor based on chenodeoxycholic acid. Further synthesis 
of other derivatives and binding studies are undergoing in 
this laboratory.

Experimental Section

General experimental procedures for melting points, FT- 
IR spectra, mass spectrometry, high resolution MS, elemental 
analyses, and TLC analysis have been described previously.7 
1H and 13C NMR spectra were recorded on a Vrian Unity 
Spectrometer (1H, 300 MHz; 13C, 75 MHz) with TMS as an 
internal standard. 1H and 13C NMR assignments were made 
by comparison with spectra of similar sterols.8 Flash column 
chromatography was performed with silica gel Merck silica 

gel 60 (70-230 mesh). Reactions were carried out under 
argon atmosphere, and solution was dried over anhydrous 
sodium sulfate. Chenodeoxycholic acid and other reagents 
were purchased from either Aldrich or Fluka. Dichloromethane 
and chloroform were dried over CaH2 and THF was dried 
over sodium and benzophenone and distilled prior to use. 
NMR titrations were run at 4.5 mM concentrations, with 
aliquots of a 0.25 M (nBu)4N+X- salts solution added. The 
non-linear curve fittings program (EQ-NMR) was used for 
curve fitting.6

Synthesis of 24-伝〃-Butyldimethylsilyloxy-3a,7a-di- 
hydroxy-50~cholane (1). A solution of methyl chenode- 
oxycholate (2.00 g, 4.92 mmol) in dry THF (50 mL) was 
added LiAlH4 (2 eq, 370 mg) at 0 oC, and stirred for 16 h. 
The mixture was treated with 10% HCl and ethyl acetate. 
After the precipitated was removed, the filtrate was dried and 
evaporated to dryness. To a solution of the resulting residue, 
imidazole (500 mg, 7.40 mmol) and catalytic amount of 4- 
dimethylaminopyridine (10 mg) in dry dichloromethane 
(100 mL) and DMF (10 mL) was added tert-butyldimethyl- 
silyl chloride (890 mg, 5.90 mmol) in dry dichloromethane 
(5 mL) at room temperature. After the reaction was complet
ed, treated with 10% HCl and extracted with dichloro
methane, dried, and evaporated to dryness. The residue was 
purified on silica gel chromatography (elution with EtOAc : 
hexane 1 : 3) to give 1: yield 76%; TLC Rf 0.33 (EtOAc- 
hexane 1 : 1); mp 92-94 oC (CHzCL-hexane); IR (KBr) 
3388, 2930, 2860, 1464, 1362, 1216, 1098, 979, 836, 751 
cm-1; 1H NMR 8 3.79 (s, 1H, 3#-H), 3.52 (t, J = 14.7 Hz, 
2H, 24-CH2), 3.40 (m, 1H, 7QH), 0.86 (d, J = 7.2 Hz, 3H, 
21-CH3), 0.85 (s, 9H, C(CH3)3), 0.77 (s, 3H, 19-CH3), 0.61 
(s, 3H, 18-CH3), 0.03 (s, 6H, Si(CH»2); 13C NMR 8 71.9,
68.5, 63.8, 56.0, 50.4, 42.5, 41.4, 39.7, 39.6, 39.3, 35.5, 35.3, 
35.0, 34.5, 32.8, 31.9, 30.6, 29.3, 28.2, 25.9, 23.6, 22.8, 20.5,
18.6, 18.4, 18.3, 11.7, -5.3.

Synthesis of 3,7-diallyl (2): To a solution of 1 (2.00 g, 
4.06 mmol) in dry THF (100 mL) was added NaH (390 mg, 
16.23 mmol), and heated at 60 oC for 30 min. Allyl bromide 
(1.34 mL, 16.23 mmol) was added to the resulting mixture 
and heated for 24 h, after that NaH (4 eq) and allyl bromide 
(4 eq) was added again and heated for another 24 h. Then the 
solvent was removed, and the residue was extracted with 
diethyl ether, washed with brine, dried and evaporated. The 
residue was purified on column chromatography (elution 
with 2% EtOAc-hexane) to give 2: yield 94%: oil; TLC Rf 

0.70 (5% EtOAc-hexane); IR (neat) 2933, 1466, 1379, 1254, 
1096, 837, 775 cm-1; 1H NMR 8 5.86 (m, 2H), 5.24-5.02 (m, 
4H), 4.08-3.94 (m, 3H), 3.64 (dd, J = 12.6, 5.7 Hz, 1H), 3.52 
(t, J = 6.3 Hz, 2H, 24-CH2), 3.28 (d, J = 2.1 Hz, 1H), 3.1 (m, 
1H), 0.88 (d, J = 7.1 Hz, 3H, 21-CH3), 0.85 (s, 9H, C(CH)3), 
0.82 (s, 3H, 19-CH3), 0.58 (s, 3H, 18-CH3), 0.03 (s, 6H,

Table 1. Association constants of Chen-urea receptor 5a

Anion (X-) Cl- Br- I- CH3CO2- H2PO4- NO3- HSO4- SCN-
Ka (M-1)" 2,750 1,200 260 690 4,270 1,160 1,160 270

aDetermined in CDCh by 1H NMR titration at 298 K, [Host] = 4.5 x 10-3 M, "errors estimated to be < 10%.
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Si(CH)2); 13C NMR 8 135.8, 116.1, 115.6, 78.8, 75.0, 69.2,
68.5, 63.8, 55.9, 50.0, 42.4, 41.8, 39.5, 35.6, 35.3, 35.0, 33.5, 
31.9, 29.4, 28.8, 28.2, 27.2, 26.0, 23.7, 22.9, 20.8, 18.6, 18.3,
11.7, -5.3; HRMS (EI) calcd for C36H64O3Si (M+) 572.4625, 
found 572.4639.

Synthesis of 3,7-di이 (3): To a solution of 2 (1.00 g, 1.75 
mmol) in dry THF (100 mL) was added 9-BBN in THF (0.5 
M, 14 mL) and stirred at room temperature for 12 h. After 
the reaction was completed, 20% NaOH (5 mL) and 30% 
H2O2 (5 mL) was added to the mixture and refluxed for 1 h. 
After the reaction was completed mixture was extracted with 
ethyl acetate, washed with brine, dried and concentrated to 
dryness. The residue was purified on column chromatog
raphy (elution with EtOAc : hexane 2 : 1) to give 3: 93% 
yield: oil; TLC Rf 0.52 (EtOAc-hexane 2 : 1); IR (neat) 
3362, 2934, 1468, 1366, 1253, 1096, 837, 781 cm-1; 1H 
NMR 8 3.71-3.59 (m, 8H), 3.52 (t, J = 6.3 Hz, 2H, 24-CH2), 
3.23 (s, 1H), 3.12 (m, 1H), 0.87 (m, 6H, 19- and 21-CH3), 
0.84 (s, 9H, C(CH)3), 0.58 (s, 3H, 18-CH3), 0.03 (s, 6H, 
Si(CH)2); 13C NMR 8 79.5, 76.3, 67.0, 66.3, 63.7, 62.1,
61.1, 56.0, 50.3, 42.4, 41.7, 39.5, 39.3, 35.5, 35.2, 35.0, 33.6,
32.6, 32.1, 31.8, 29.5, 28.5, 28.1, 27.2, 25.9, 23.7, 22.8, 20.7,
18.6, 18.3, 11.6, -5.3; FAB-MS calcd for C36H68O5Si: 
608.48, found: m/z 609 (M+H)+.

Synthesis of 3,7-diamine (4): After a mixture of 3 (500 
mg, 0.82 mmol), phthalimide (710 mg, 4.1 mmol) and 
triphenyl phosphine (1.00 g, 4.1 mmol) was stirred in dry 
THF (50 mL) at room temperature, diethyl azodicarboxylate 
(0.63 mL, 4.1 mmol) was added and continued to stir. After 
the solvent was removed, and the residue was extracted with 
ethyl acetate, washed with brine, dried, and concentrated. 
Without further purification, the residue and hydrazine 
monohydrate (410 mg, 8.2 mmol) was refluxed in ethanol 
(200 mL) for 24 h. Then the solvent was removed, extracted 
with diethyl ether, washed, dried, and concentrated. The 
residue was purified on column chromatography (elution 
with CH2CL : MeOH : NH4OH 16:3: 0.5) to give 4: 94% 
yield: oil; TLC Rf0.39 (CHzCL-MeOH-NHqOH 16:3: 1); 
IR (neat) 2934, 2861, 1466, 1364, 1254, 1099, 837, 775, 737 
cm-1; 1H NMR (400 MHz) 8 3.63-3.46 (m, 6H), 3.19 (s, 
1H), 3.05 (m, 1H), 2.75 (m, 4H), 0.87 (d, J = 7.1 Hz, 3H, 21- 
CH3), 0.87 (s, 3H, 19-CH3), 0.85 (s, 9H, C(CH)3), 0.58 (s, 
3H, 18-CH3), 0.03 (s, 6H, Si(CH3)2); 13C NMR (125 MHz) 8 
79.3, 75.9, 66.2, 65.8, 63.7, 56.0, 50.2, 42.3, 41.8, 39.7, 39.5, 
39.4, 35.5, 35.3, 35.2, 35.0, 33.8, 33.6, 33.5, 31.8, 29.5, 28.6,
28.1, 27.3, 25.9, 23.7, 22.8, 20.7, 18.6, 18.3, 11.6, -4.9; MS 
(relative intensity, %) m/z 607 (M+, 3).

Synthesis of cheno-urea (5): A solution of 4 (100 mg, 
0.165 mmol) in dry THF (10 mL) was reacted with phenyl 
isocyanate (0.09 mL, 0.825 mmol) at room temperature for 2 
h. Then the solvent was removed, extracted with ethyl 

acetate, washed, dried, and concentrated. The residue was 
purified on column chromatography (elution with EtOAc- 
hexane 1 : 3) to give 5: yield 92%; TLC Rf 0.50 (EtOAc- 
hexane 1 : 1); mp 95-96 oC; IR (KBr) 3335, 2934, 2863, 
1649, 1559, 1501, 1443, 1312, 1244, 1098, 756, 694 cm-1; 
1H NMR 8 7.85 (s, 1H), 7.66 (s, 1H), 7.37-7.31 (dd, J = 15.3, 
7.8 Hz, 4H), 7.26-7.15 (m, 6H), 6.7 (s, 1H), 6.43 (s, 1H), 
3.72-3.39 (m, 10H), 3.16 (s, 1H), 3.04 (m, 1H), 0.86 (d, J = 
7.2 Hz, 3H, 21-CH3), 0.85 (s, 9H, C(CH)3), 0.78 (s, 3H, 19- 
CH3), 0.58 (s, 3H, 18-CH3), 0.03 (s, 6H, Si(CH°2); 13C 
NMR 8 156.6, 156.4, 139.3, 129.0, 128.9, 123.0, 122.6,
120.1, 119.6, 79.3, 76.2, 66.6, 65.8, 63.8, 56.2, 50.6, 42.5,
41.6, 39.7, 39.4, 38.5, 35.6, 35.2, 33.9, 31.9, 30.5, 30.0, 29.5,
28.8, 28.2, 27.5, 26.0, 23.8, 22.9, 20.8, 18.7, 18.4, 11.7, -5.3; 
FAB-MS calcd for C50H80N4O5Si: 844.59, found: m/z 845 
(M+H)+; Anal. Calcd for C50H80N4O5Si: C, 71.05; H, 9.54; 
N, 6.63. Found C, 70.87; H, 9.57; N, 6.50.
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