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Abstract: From p-t-butylcalix[4larene bis{diethylphosphate) ester(1),
monodehydroxymonoamino-p-t-butylcalix[4)arene(3) and diamino-p-t-butyl-
calix[4]arene(4) were synthesized in liquid ammonia-co-soclvent in the
presence of KNH,. This 1is the first successful example for the

substitution of the OH group with the NH; group.

‘ix[nlarenes are n-meric meltacvclophanes hearing QH groups on the lower

introduczion of functional

~ir. These OH groups are conveniently used for

ionophoric calixniarenes are readily derived by the reaction with
On the other hand, these OH groups act as an obstacle
the

groups: e.dg.,
ethyl bromoacetate.l-?
wnern one wants to introduce functioral groups other than the OR group. Thus,

calixarene chemistry has been so far 1imited to that of "cyclic phenols®

kecently, Blali et al.” & and Reinhoudc et al.” demonstrated that these OH groups
the treatment of the diethylphosphate

can be depleted (totally or partially) by
The finding provided a

eslers with potassium metal [n liguid ammonia.
‘uncolonal groups onto the lower rim. In fact,

“ity to introduce novel
attempted nitration of the 0H depleted calix[4]larene but failed.®

bstirtuticn of the OH

et al.

.ep Lo "aminocalixarenes" which

poss iy serve as new macrocyc.lc ligands for transition metal cations,
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Bu! But

OH K/KNH 5 OH
Bu O R R Bu! ——— - BU Q R, R, O But
OH OH

By But
1: R = OPO(OEt); 2:Ry=Rg=H
3:Ry=H, Ra=NH>
4: Ry =Ras=NH>

KNH, was prepared from potassium metal and Fe(NO3)3-9H0 in refluxing
armonia(-33 °C). The solution was cooled Lo -78 °C. Potassium metal (in three
sortions) and compound 16:7(in co-solvent) were added simultaneously. This
sosration took about 30 minutes. The reaction was further continued for 1.0-1.2

at -78 °C. After neutra‘ization with NH4Cl, the mixture was left at room
-omperature to remove ammonia. The residue was dissolved in ether-water (100 ml
cach), the ether layer being separated and dried over NazS0s. The ether solution
was evaporated to dryness and the residue was subjected to the column
separationi(silica gel-chloroform). The results are summarized in Table 1: mp
281-283 °C{(14ic.% 270 °C) for 2, 238,5-240.0 °C for 3, and 277.5-278.5 °c for 4.
ine products were identified on the basis of IR, mass, and NMR spectral
evidence? and elemental analysis.

We first attempted the conversion of 2,6-dimethylphenyl diethylphosphate to
2. 6-dimethylaniline according toc the method described above (ammonia:ether =

50:6 v/v). We isolated 2,6-dimethylaniline in 95% yield. In the reaction with
1, on the other hand, compound 3 was isolated only in 19.0% yield. The main
sroduct was didehydroxylated 2(73.2 % vielded). The aminaticn reacticn of phenyl
diethylphosphate occurs according to the following reactlion scheme. Thus,
amination to yield ArNH, basically competes with hydrogen abstraction to vield

On-depleted ArH. Tn amination of 1, amiration becomes disadvantageous because of
olectrostatic repulslon between NH,~ and anionic calixarene radical 1-lor 2=} §f

ane or two OH groups are disscciated. This is the main reason for the low yield.

AOPO(OEY), + €& —8 = [ATOPO(OE)] *
[ArOPO(OER),] * - . Are + (EtO),PO,"
NH, .
— - ArH + NH,- (hydrogen abstraction)
Are
r NH, _ o
e ArNH, + e {amination)
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After trial-and-error experiments, we eventually found that the yield
is significantly improved when the amount of co-solvent is increased. As shown
in Table 1, the mixed solvent of ammonia(40ml)-THF(30ml) afforded not only
3(42.3%) but also 4(4.3%). The yields were further enhanced by the addition of
HMPA. The role of co-solvents is now under investigation from a mechanistic view

point.

Table 1. Reductive dehydroxylation and amination of 12

1 NHj3 Co-solvent K(KNH;)  K(e") Yield /%

/mmol  /ml /mmol /mmol 2 3 4
3.3 150 ether (6 ml) 0 200 74.6 trace 0
1.1 50 ether (5 ml) 25 25 73.2 15.0 trace
2.2 40 THF (30 ml) 50 50 52.2 42.3 4.3
1.1 40 THF (25 ml) 25 25 46.3 44.5 7.8

{HMPA(lO ml)}

a -78 °c, 1.0-1.2 h

\
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Figure 1. IH-NMR spectrum of 4 (CDCly, 25 °C).
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It is known that in lH-NMR spectroscopy, the ArCH,Ar methylene protons in p-
t-butylcalix({4]larene appears as a palr of doublets in CDCly at room
temperature.l? This indicates that the rate of ring inversion is slower than
the NMR time-scale, because the transition state of ring inversion reqguires the
cleavage or rearrangement of the cyclic, intramolecular hydrogen-bonds among OH
groups. The ArCH,Ar methylene protons in 3 and 4 appeared as two singlets and
one singlet, respectively, indicating that the rate of ring inversion is much
faster (Figure 1).? The difference would be altributed to the loss of the cyclic
hydrogen-bonding belt among OH groups or to the weak acidity of the NH; protons
(in comparison to that of the Ol proton). We are currently devoting our research
efforts toward improvement of the amination yield as well as toward further
characterization of novel aminated compounds 3 and 4.
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