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Syntheses of Tripodand and Cage-Type Hosts, 
and Their Binding Properties with Alkali Metal 
and Ammonium Ions
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The construction of a well defined host is the most diffi

cult but important work in molecular recognition chemistry. 

Design of metal ion host is 1•이가iv셔y simple due to the 

spherical shape of metal ion with the positive charge. Studies 

for the selective recognition of a metal ion have been focused 

on the two or three-dimensional cyclic arrangement of elec

tron donor atoms such as oxygen and nitrogen.1 It has been 

little studied for the contribution of the donor atom basicity 

to the stability of complex. We report here syntheses and 

complexation properties of three tripodands having oxygen 

atoms with different basicities, that is, amide, sulfonate, and 

phosphinate groups. In addition, we also describe the synthe

ses of the cage-type hosts based on a new molecular building 

block derived from tripropyl Kemp triacid.2 Several Ca-sym- 

metric molecules have been employed for the syntheses of 

cage-type artificial hosts. The representative examples are 

tren, 1,3,5-substituted benzene,3 and cyclotriveratrylene/ etc.

Syntheses of molecular building blocks 2a, 2b and tripoda

nds 4-6 are summarized in Scheme 1. The building blocks 

2a, 2b were derived from the reduction (85-90% yield) of 

triesters la, lb which were prepared by following a literature 

procedure2 from the commercially available 1,3,5-trimethyl 

cxs,ds-cyclohexanetricarboxylate. Reaction of tripropyl triol 2b 
with chloroacetic acid in presence of /-BuO-K+ gave triacid 

3 in 61% yield.5 Amide tripodand 4 was obtained in 81% 

yield from activation of 3 with oxalyl chloride followed by 

treatment with excess diethylamine. Additionally, reaction 

of tripropyl triol 2b with n-butyllithium //>-toluenesulfonyl 

chloride or diphenylphosphinic chloride afforded the corre

sponding tripodand 5 (58% yield) or 6 (82% yield), respec- 

tiv이 y.

Instead of trimethyl triol 2a, tripropyl triol 2b has been 

used for the preparations of hosts in this study by the fol

lowing reasons. First, tripropyl triol 2b is highly soluble in 

organic solvents (CHCI3, CH2CI2, and EtOAc etc.) but tri

methyl triol 2a is sparingly. Secondly, bulkier propyl group 

may increase the population of the conformation in which 

methanolic groups are located in the axial positions.

Syntheses of cage-type hosts 9-12 are outlined in Scheme
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Table 1. The Percentages of Liquid-Liquid Extractions of Metal 

and Ammonium Picrates by Hosts at 290± 2 K*

host Li+ Na+ K+ NH4+

4 1.1 (3.2) 4.8 (12) 4.1 (6.5) 5.4 (5.7)

5 4.8 (15) 7.1 (18) 8.8 (15) 9.6 (11)

6 26 (130) 16 (51) 17 (37) 20 (30)

9 2.6 (7.6) 2.8 (6.6) 2.7 (4.2) 2.9 (2.9)

10 20 (90) 23 (86) 13 (25) 22 (33)

11 4.1 (12) 2.7 (6.3) 2.1 (3.1) 2.7 (2.7)

12 1.6 (4.5) 2.0 (4.6) 5.1 (8.3) 2.7 (2.7)

•Extractions have been performed by employing 1.5 mL of 0.05 

M host in CHC13 and 0.3 mL of 0.01 M guest in deionized water. 

All extractions have been triplicated and the errors in extraction 

percentages are within 2%. The values in parentheses are the 

stability constants (KaX 10~3, M^1) calculated by assuming 1: 1 

complex of host and guest.

2. The reaction of pentafluorophenol ester 8 with tris(2-ami- 

noethyl)amine (tren) provided host 9 in a surprisingly high 

yi이d (60% yield) without a high dilution (~ 0.014 M in THF) 

and a template assistance.6,7 This might be due to the forma

tion of intramolecular hydrogen bonds during the reaction. 

Once the first amide bond is formed, the resulting amide 

hydrogen might intramolecularly hydrogen-bond with the 

oxygen of an adjacent group, and thus two reaction partners 

of the amine and ester are closely located each other in 

order to occur an intramolecular reaction. It seems, however, 

that intramolecular hydrogen bond does not help the forma

tion of 11 on the coupling with more spacious and rigid 

mesitylenetriamine. Among the various reaction conditions 

we examined for the preparation of the mesitylene-capped 

host 11, the highest yield (21%) was obtained from the reac

tion of acid chloride 7 with mesitylenetriamine trihydrochlo

ride in presence of excess triethylamine.8 Methylation of 

hosts 9, 11 was performed with NaH/MeOTs to afford the 

corresponding hosts 10, 12, respectively.

The binding abilities of hosts with alkali metal ions and 

ammonium ion have been determined by the Cram's liq

uid-liquid extraction method9 and the results are summari

zed in Table 1.

The phosphinate tripodand 6 extracts much more effec

tively metal picrates and ammonium picrate from aqueous 

to chloroform layer than does the amide 4 or sulfonate tripo

dand 5. This may reflect the difference in the electron-dona

ting abilities of three functional groups. The three phos

phinate groups in 6 may cooperatively bind cations as shown 

in a proposed structure of complex 14, in which the metal

。斗岛I
6

13 

ion is completely surrounded by highly hydrophobic attach

ments. This structure is supported by the fact that the 

momo-phosphinate analogue 13 does not extract any cation 

at all under the same condition. It is also worthwhile noting 

that the phosphinate tripodand 6 shows a moderate selec

tivity toward lithium cation.

As shown in Table 1, binding affinity of the tren-capped 

host 9 is negligible probably due to the divergence of three 

carbonyl oxygens and/or the intramolecular hydrogen bonds 

between the amide bonds. When the amide NH protons are 

removed by methylation, the complexation abilities are dra

matically increased as shown in host 10. Compared with the 

amide tripodand 4, three amide groups in the methylated 

host 10 seem to be preorganized for the binding of the metal 

ions, and entropic penalty is reduced on the binding event. 

The cage-type host 10 shows much stronger extractabilities 

of cations than does tripodand host 4. Finally, mesitylene- 

capped host 11 and its methylated analogue 12 do not show 

an appreciable complexation with any cation, suggesting that 

mesitylene cap is too spacious for the three amide groups 

to bind cations simultaneously.

In conclusion, the phosphinate tripodand 6 binds most 

strongly alkali metal ions and ammonium ion among the 

amide, sulfonate, and phosphinate tripodands. The tren- 

capped host 9 has been synthesized efficiently and its meth

ylated host 10 binds strongly with Li+ and Na* with a mo

derate selectivity. Further modifications and binding studies 

of cage-type hosts with other guests are in progress.
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