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Calix(6]arenes are selectively dialkylated at the lower rim and further functionalized by the aminomethylation and
Claisen Rearrangement reactions. Dialkylation was conducted by the reaction of calix[6)arene and alkyl halides such
as benzyl bromide, allyl bromide, ethyl bromoacetate, propyl bromide, and methyl iodide under the carefully controlled
reaction conditions. Aminomethylation was carried out with the treatment of disubstituted catix{6Jarene and secondary
amine in the presence of formaldehyde. Claisen rearrangement reaction of the (-diallylcalix[6]arene produced the

p-diallylcalix(6]arene.

Introduction

Calixarenes' are cavity-containing macrocyclic compounds
which have a tremendous attention recently as an attractive
host molecule. Particularly calix[6]arenes have a very suita-
ble cavity for the complexation of various aromatic compou-
nds such as anthracene, pyrene,® and fullerene® and also the
functionalized calix[6]arenes were found to bind certain me-
tal ion* selectively. Functionalization of calix[6]arene usually
is more complicated than that of calix[4]arene due to several
factors including the bad solubility and the variety of confor-
mational isomers, Particularly selective functionalization of
calix[6]arene could be difficult task to achieve. So far a few
examples® 7 were reported as a reliable selective functionali-
zation procedure of calix[6Jarene.

Here we report a selective functionalization of calix{6]
arene. We expanded Gutsche’s dibenzylation of p-fert-butyl-
calix[6]arene to the general dialkylation procedure of p-fert-
butylcalix[6Jarene as well as calix[6]arene. Also aminome-
thylation® and Claisen rearrangement reactions® of dialkyla-
ted calix[6]arenes were carried out.
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Scheme 1. Dialkylation of Calix[6]arene.

that p-fert-butylcalix{6larene la is selectively dibenzylated
with the reaction of p-feri-butylcalix[6]arene and benzyl bro-
mide in the presence of Me;SiOK as a base. We found that
1a reacted not only with benzyl bromide but with the various
alkyl halides such as allyl bromide, ethyl bromoacetate, and
propyl bromide in the presence of base to give a correspon-
ding disubstituted calix[6]arenes. Also calix[6]arene 1b was
found to react with the various alkyl halides in the presence
of base to yield the dialkylated calix[6]arenes. The various
dialkylated calix[6larenes were prepared in moderate to
high yield as shown in Scheme 1.

Typical dialkylation procedures are as followed. Treating
la with 2.8 equivalents of allyl bromide in the presence of
6 equivalents of Me;SiOK in THF-DMF for 3.5 h produced
the diallylated 2a in 61% yield after recrystallization from
CHCls-hexane. The '"H NMR spectrum of 2a showed a singlet
at 8.13 ppm arising from the 4 hydroxy protons, three sing-
lets at 7.07, 7.00, and 6.98 ppm arising from the 12 aromatic
protons, 2: 1 ratio of two singlets at 3.83 and 3.75 ppm ari-
sing from the 12 bridge methylene protons, and 2:1 ratio
of two singlets at 1.20 and 1.10 ppm for the 54 feri-butyl



154 Buil Korean Chem. Soc. 19985 Vol 16, No. 2

protons and also three multiplets at 5.80, 4.80, and 4.32 ppm
arising from three allylic protons. The 'H NMR pattern of
2a clearly indicated that the alkylation was occurred at the
1,4-dihydroxy position of 1a. Two sharp singlets of the bridge
methylene protons showed that the conformation of 2a is
very flexible as expected from Gutsche's dibenzylated calix
(6]arene’ Under the similar condition 2b was obtained in
40% yield after the fractional column chromatography. When
ethyl bromoacetate was used for the dialkylation, BaO/Ba
(OH), was used as a base'? because Me;SiOK produced va-
rious side products. The 'H NMR of 2b and 2¢ showed the
similar spectral pattern as that of 2a such as two singlets
for the f-butyl protons, three singlets for the aromatic pro-
tons, two singlets for the bridge methylene protons, and one
singlet for the hydroxy protons.

Diatkylation of calix[6larene 1b was conducted under the
similar reaction conditions described above. 1b might be
more useful host compound because it can be further func-
tionalized after dialkylation as shown later. 2d, 2e, 2f, 2g
and 2h were obtained in relatively high yield by the reaction
of 1b and the corresponding alkyl halides such as benzyl
bromide, allyl bromide, propyl bromide, ethyl bromo acetate,
and methyl iodide in the presence of base. 14-Dialkylation
of calix[6Jarene was confirmed by the 'H NMR spectra of
each compound. For example, the 'H NMR spectrum of
2g showed a singlet at 8.12 ppm for the 4 hydroxy protons,
a muitiplet at 624-7.11 ppm for the 18 aromatic protons,
a singlet at 4.51 ppm for the O-methylene protons, 2 : 1 ratio
of two singlets at 3.96 and 3.90 for the 12 bridge methylene
protons, and a quartet and triplet at 3,80 and 1.05 ppm for
the 10 ethoxy protons.

Claisen Rearrangement of Allyl Group. The Claisen
Rearrangement™” has been known as a means for introdu-
cing a functional group into the p-positions of calix[6]arene.
In the present work this process was extended to the cyclic
hexamer particularly preparing diallylcalix[6)arene. Treat-
ment of 2¢ with refluxing N,N-diethy] aniline for 3h produ-
ced a 17,35-diallyl-37,38,39.40,42-hexahvdroxycalix[6 Jarene 4
in 81% yield as shown in Scheme 3. The 'H NMR of 4
showed a doublet at 7.16, a singlet at 6.97, and a triplet
at 6,84 ppm arising from the 16 aromatic protons, a broad
singlet at 3.8% ppm arising from the 12 bridge methylene
protons, two multiplets at 5.90 ppm and 5.10 for the 6 vinylic
protons, a doublet at 3.25 ppm arising from the 4 methylene
protons between aromatic and vinyl group.

Aminomethylation of Dialkylcalix[6]arene. Ami-
nomethylation® has been known to the one of the most useful
reactions for the functionalization of calixarene. Various cali-
xarenes such as tetramer, pentamer, hexamer, heptamer, and
octamer without substituents at the para positions reacted
with secondary amine and formaldehyde to yield the corres-
ponding Mannich bases. But certain aroylated and alkylated
calix(4Jarenes such as tri- or di- benzoylated calix[6]arene
as well as dibenzylated calix[4]arene did not react with se-
condary amine and formaldehyde even under the vigorous
reaction conditions. Disubstituted calix[6]arenes such as 2d
and 2e, however, reacted with the various secondary amines
and formaldehyde in THF to yield the corresponding Man-
nich bases in high yield without difficulties as shown in
Scheme 2. The 'H NMR spectra of 3a through 3h showed
two sharp singlets for the bridge methylene protons, indica-
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Scheme 2, Aminomethylation of Diatkylcalix[6Jarene.
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Scheme 3. Cilaisen Rearrangement and Aminomethylation of
Diallyicalix(6)arene.

ting that the conformation is very flexible. On the other hand
di- or tri- substituted calix(4Jarenes have been known to be
very rigid and did not react with secondary amine and for-
maldehyde. Conformational flexibility could effect the acidity
of the hydroxy protons of calixarene, so it could be determi-
ning factor for the aminomethylation. It was confirmed alse
by the aminomethylation of calixarene with substituents at
the para positions. 4 reacted smoothly with secondary amines
and formaldehyde as shown in Scheme 3. Two p-allyl groups
in 4 do not effect the conformational flexibility on the calixa-
rene and aminomethylation proceeded without difficulties.

Experimental
The melting points of all compounds were taken in sealed

and evacuated capillary tubes on a Mel-Temp apparatus. 'H
NMR and ™C nuclear magnetic resonance spectra were reco-
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rded on a Bruker AMX-300 spectrometer. Chemical shifts
are reported as a & values in parts per million relative to
tetramethylsilane. Infrared spectra were determined on a Ni-
colet 520-FT spectrometer. Column chromatography was car-
ried out with E. Merck silica gel (230-400 mesh ASTM).
THF was dried over refluxing with Na-benzophenone.

37,40-Diallyl-5,11,1 7,23,29,35-hexa-tert-butyl-38,
39,41,42-tetrahydroxycalix[6Jarene (2a). To a solution
of 049 g (0.5 mmol) of 1a in 50 mL of THF and 5 mL
of DMF was added 0.39 g (3 mmol) of Me,SiOK and stirved
for 15 min under nitrogen atmosphere. 0.13 mL of allyl bro-
mide (14 mmol) in 5 mL of THF was added slowly into
the reaction mixture and the mixture was stirred for 3.5
h. The solvents were evaporated and the residue was treated
with 70 mL of 1 N HCI. After stirring for 2 h the precipitate
was collected and dried. Recrystallization from CHCls-hexane
produced 0.32 g (61%) of 2a: mp 193-197 €. 'H NMR (CDCl
» & 813 (br s, 4H, -OH), 7.07 (d, 4H, ArH, J=245 Hz due
to long range coupling), 7.0 (d, 4H, ArH, j=244 Hz), 698
(s, 4H, ArH), 5.8 (m, 2H, -CH=), 520 (d, 2H, =CH,, /=163
Hz), 480 (d, 2H, =CH,, /=106 Hz), 432 (d, 4H, -OCH,-,
/=546 Hz), 383 and 3.75 (two s, 12H, ArCH,Ar), 1.20 and
L10 {two s, 54H, -C(CH;)). *C NMR (CDCL) & 1504, 1494,
147.6, 1424, 1324, 131.8, 126.8, 126.3, 125.7, 1255, and 118.3
(Ar and -CH=CH,), 755 (-OCH,>), 342, 338, 319, 315, and
312 (ArCH,Ar and -C(CH,)s). IR (KBr) 3414 cm™! (OH).

5,11,17,23,29,35-Hexa-tert-butyl-38,39,41,42-tetra-
hydroxy-37.40-dipropyloxy calix{6larene {2b). Follo-
wing the procedure described above 0.49 g (0.5 mmol) of
la was treated with 0.39 g (3.0 mmol) of Me,SiOK and 0.31
mL (3.0 mmol) of propyl bromide for 25 h to yield 0.21 g
{40%) of 2b from column chromatography (eluent; CHCL,),
mp 226-228 T. 'H NMR (CDCly) & 845 (s, 4H, -OH), 7.10
(d, 4H, ArH, =24 Hz), 702 (d, 4H, ArH, J=24 Hz), 6.98
(s, 4H, ArH), 3.87 and 3.80 (two s, 12H, ArCH.Ar), 3.75 (1.
4H, -OCH,-, /=638 Hz), 165 (m, 4H, -CH,-), 1.23 and 1.12
(two s, 54H, -C(CHa)y), 0.64 (¢, 6H, -CH;, /=7.3 Hz). “C NMR
(CDCly) 8 150.3, 1494, 147.3, 1424, 1322, 126.6, 126.3, 125.7,
and 1255 (Ar), 34.2, 336, 32.2, 31.8, 315, 31.2, 228, and 96
(ArCH-Ar, -CH,CHs, and -C(CHa);). IR (KBr) 34125 cm™!
(OH).

5.11,17,23,29,35-Hexa-tert-butyl-37,40-diethyloxy-
carbonylmethyloxy-38,39,41,42-tetrahydroxycalix[6]
arene (2¢). To a solution of 049 g (0.5 mmol) of la in
15 mL of DMF, 0.31 g (2.0 mmol) of BaO, 0.33 g (1.0 mmol)
of Ba(OH),, and 0.12 mL (1.05 mmol} of ethyl bromoacetate
were added and the mixture was stirred for 55 h. Then,
60 mL of water was added and the precipitate was coliected.
The crude product was dissolved with 20 mL of CHCl; and
washed with 2 N HC] three times, The organic layer was
separated and the solvents were evaporated. The solid obtai-
ned was purified by recrystallization from CHCl-hexane to
yield 0.37 g (65%) of 2¢. mp 227-228 €. 'H NMR (CDC)y)
8 821 (br s, 4H, -OH), 7.12 (d, 4H, ArH, J=24 Hz), 7.02
(s, 4H, ArH), 696 (4, 4H, ArH, /=24 Hz), 453 (s, 4H, -OCH,
CO;-), 4.32-350 (br s, 16H, ArCH;Ar and -OCH,C-), 1.22 and
116 {two s, 54H, -C(CHy)y), 1.01 (m, 6H, -CHy), *C NMR
(CDCls) 6 1695 (C=0), 151.8, 149.2, 147.7, 1424, 132.1, 126.9,
125.9, 1258, and 1254 (Ar), 70.9 and 61.3 (-OCH,-, and -CO.
CH:-), 34.2, 338, 32.3, 31.5, 31.2, and 13.9 (ArCH.Ar, -C(CH,),,
and -CHs). IR (KBr) 3335 (OH), 1728 cm™’ (CO,).
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37.40-Dlallyloxy-38,39,4l.42-tetrahydroxycalix[6]
arene (2d). To a solution of 0.64 £ (1.0 mmol) of th in
100 mL THF and 10 mL DMF, 0.78 g (6.0 mmol) MeSiOK
was added under nitrogen atmosphere at 0 C and 0.28 mL
(24 mmol) of benzyl bromide in 10 mL THF was added.
After 1.5 h the solvents were evaporated and 100 mL of
1 N HCI was added. The precipitate was collected and recry-
stallized from CHCl, to yield 0.65 g (83%) of 2d. mp 232-
233 T. 'H NMR (DMSO-d¢) 8 916 (br s, 4H, -OH), 7.
60-7.28 (m, 14H, ArH), 7.02 (d, 4H, ArH, J=60 Hz), 6.82
(t, 4H, ArH, j=6.0 Hz), 650 (1, 2H, ArH, J=60 H2), 6.15
(d, 4H, ArH, /=80 Hz) 505 (br s, 4H, -OCH>), 399 and
386 (two s, 12H, ArCH,Ar). “C NMR (DMSO-dy) & 154.0,
1514, 137.7, 1334, 1302, 129.1, 128.7, 1284, 127.6, 126.4, 125.
4, 123.8, and 1204 (Ar), 72.8 (-OCH.Ar), 31.0 and 30.3 (ArCH.
Ar). IR (KBr) 3426.1 and 32235 c¢m ! (OH).
37,40-Dibenzyloxy-38.39.41.42-tetrahydroxycalix
[6]arene (2¢). Treating a2 32 g (50 mmol) of Ib with 3.9
g (30 mmol) of Me;SiOK and 1.25 mL (14 mmol} of allyl
bromide for 3 h as described for 2d, 342 g (96%) of 2e
was obtained from recrystallization in CHCl;-hexane. mp 188-
190 C. 'H NMR (CDCly) & 8.03 (s, 4H, -OH), 7.09-6.89 (m,
14H, ArH), 6.76 (t, 4H, ArH, /=60 Hz), 595 (m, 2H, -CH=),
540 (d, 2H, =CH,, /=200 Hz), 508 (d, 2H, =CH,, J=120
Hz), 446 (d, 4H, -OCH,- j=6.0 Hz), 394 and 378 (two s,
12H, ArCHAr). ®C NMR (CDC}y) 8 1625, 1524, 151.8, 1332,
1318, 129.1, 1289, 1287, 127.5, 127.1, 1255, 1202, and 1185
{Ar and -CH=CH,), 759 (-OCH,-), 36.4 and 31.5 (ArCH,Ar),
IR (KBr) 3329 em™' (OH).
38,39,41,42-Tetrahydroxy-37,40-dip ropyloxycalix
[6]arene (2f). Treating 2 0.32 g (0.5 mmol) of 1b in 15
mL of DMF, 031 g (20 mmol) of BaQ, 0.33 g (1.0 mmol)
of Ba(OH);, and 0.27 mL (30 mmol) of n-propyl bromide
for 24 h as described for 2¢, 0.32 g (55%) of 2f was obtained
from recrystallization in CHCl-hexane. mp 295-208 C. 'H
NMR (CDCl;) & 8.18 (br s, 4H, -OH), 7.10-6.73 (m, 18H, ArH),
393 and 379 (two s, 12H, ArCHAr), 3.88 (m, 4H. -OCH.-
J=23 Hz), 1.84 (m, 4H, -CH,-, /=60 Hz), 0.88 (1, 6H, -CH,,
J=60 Hz). BC NMR (CDCly) § 1524, 151.9, 133.1, 129.1, 128.
9, 1287, 1275, 127.1, 1254, and 1201 {(Ar), 774 (-OCH),
316 and 314 (ArCH,Ap), 230 and 100 (-CH,- and -CHy).
IR (KBr) 3271.7 cm~! (OH).
37,40-Diethyloxycarbonylmethyloxy-38,39,41,42-
tetrahydroxycalix[6]arene (2g). Treating a 0.32 g (0.5
mmol) of 1b with 0.39 g (3.0 mmol) Me,SiOK and 0.18 mL
(L5 mmol} of ethyl bromoacetate for 4 h as described for
2d, 0.16 g (40%) of 2g was obtained from fractional column
chromatography (eluent; CHCL; : hexane : ethy] acetate=6.5 :
3.0:15). mp 247-249 C. 'H NMR (CDCl3) § 8.12 (br s, 4H,
-OH), 7.11 (d, 4H, ArH, J=9.0 Hz), 696 (m, 10H, ArH), 6.74
(d, 4H, ArH, /=90 Hz), 451 (s, 4H, -OCH,-), 3.96 and 3.90
{two s, 12H, ArCH,Ar), 3.80 (g, 4H, -QCH,-, J=6.0 Hz), 1.05
(t, 6H, -CH; J=6.0 Hz). *C NMR (CDCL) & 170.3 (C=0),
1545, 151.9, 133.5, 1294, 129.3, 129.0, 1280, 127.0, 125.7, and
120.7 {Ar), 71.1 and 618 (~OCH,- and -CO,CH,-), 31.9 and
31.8 (ArCH:Ar), 14.4 (-CHy). IR (KBr) 3325 (OH), 1720 cm™!
(COy).
38,39.4l.42-’l‘etrahydroxy-37.40-dlmethyloxycallx
[6]arene (2h). Treating 1b 032 g (05 mmol) with Me;
SiOK 0.39 g (3.0 mmol) and 0.11 mL (1.6 mmol) of methyl
iodide for 55 h as described for 2d, 0.29 g (88%) of 2h was



156 Bull. Korean Chem. Soc. 1995 Vol 16, No. 2

obtained from recrystallization in CHCl.-hexane. mp 270 T
dec. '"H NMR (DMSO-ds) & 7.08 (d, 4H, ArH, J=6.9 Hz),
688 (d, 4H. ArH, /=54 Hz), 660 (m, 6H, ArH), 6.33 (d,
4H, ArH, /=69 Hz), 3.81 and 3.73 (two br s, 12H, ArCH,Ar),
343 (br s. 6H. -CH). “C NMR (DMSO-ds) & 1620, 156.0,
134.1, 129.7, 1292, 128.7, 127.2, 1269, 1235, and 1182 (Ar),
59.5 (-«OCHy), 30.7, and 30.6 (ArCH.Ar). IR (KBr) 34434 cm !
{OH).
37,40-Dibenzyloxy-38,39,41,42-tetrahydroxy-5.11,
23,29-tetra[ (dimethylamino)methyl]calix[ 6]arene
(3a). To a solution of 0.33 g (0.4 mmol) of 2d in 15 mL
of THF was added 0.17 mL (21 mmol, 37%) of aqueous
formaldehyde and 0.28 mL (2.1 mmol, 50%) of dimethylamine
and stirred for 22 h. Then the solvents were removed, and
the residue was triturated with methanol, The solid was col-
lected and dried to give 0.38 g (90%) of 3a. mp 215 T dec.
'H NMR (DMSO-d¢} & 7.59-6.15 (m, 24H, ArH), 5.03 (br s,
4H, -OCH,-), 3.93 and 3.77 (two br s, 12H, ArCH.Ar), 3.32
(br s, 8H, ArCH.N-}, 2.15 {br s, 24H, -NCHy). iR (KBr) 3393
cm ' (OH).
5,11,23,29-Tetra[(diallylamino) methyl]-37,40-di-
benzyloxy-38,39.41,42-tetrahydroxycalix[6]arene
(3b). To 2 solution of 0.33 g of 2d in 15 mL of THF was
added 0.17 mL (35%) of aqueous formaldehyde and 0.25 mL
(99%) of diallylamine and the mixture was stirred for 22
h. The solvents were removed and the residue was dissolved
in 10 mL of chloroform and washed with 0.1 N HC) solution.
The organic layer was dried over Na,SO,, and the solvents
were removed under the reduced pressure to leave 0.46 g
(92%) of 3b. 'H NMR (CDCly) & 7.45-6.87 (m, 24H, ArH),
5.87 (m, 8H, -CH=), 5.19 (d, 8H, =CH,), 5.10 (br s, 8H,
=CHy), 502 (br s, 4H, -OCH»), 391 and 3.70 (two br s,
12H, ArCH,Ar), 347 (br s, 8H, -NCH,-), 3.08 (d, 16H, -NCH.
C=).
37,40-Dibenzyloxy-38,39,41,42-tetrahydroxy-5,11,
23,29-tetra[ (N-piperidino) methyl]calix[6]arene (3c).
Treating a 0.33 g of 2d with 0.17 mL (35%) of aqueous
formaldehyde and 0.21 mL (98%) of piperidine as described
for 3a, 0.36 g (75%) of 3¢ was obtained. mp 166-167 C.
'H NMR (DMSQ-ds) 8 7.58-6.20 (m, 24H, ArH), 5.03 (br s,
4H, -OCH;-), 394 and 3.76 {two br s, 12H, ArCH,Ar), 3.32
{br s, 16H, ArCH;N-), 2.34 (br s, 16H, -NCH;-), 1.47 (br s,
16H, -CH.-), 1.37 (br s, 8H, -CH;-).
37,40-Dibenzyloxy-38,39.41,42-tetrahydroxy-5,11,
23,29-tetra[ (N-morpholino) methyl]calix[6]arene (3
d@). Treating a 0.33 g of 2d with 0.17 mL (35%) of aqueous
formaldehyde and 0.18 mL (99%) of morpholine as described
for 3a, 030 g (78%) of 3d was obtained. mp 184-185 T.
'H NMR (DMSO-dg) 8 7.59-6.21 (m, 24H, ArH), 5.03 (br s,
4H, -OCH;), 4.00 and 3.80 (two br s, 12H, ArCH,Ar), 3.54
(br s, 16H, -NCH;-), 3.30 (br s, 8H, -ArCH;N-}, 231 (br s,
16H, -NCH,-).
37.40-Diallyloxy-38,39,41,42-tetrahydroxy-5,11,23,
29-tetraf (dimethylamino) methyl]calix{6]arene (3e).
Treating a 0.22 g (0.3 mmol) of 2e with 026 mL (3.12
mmol, 35%) of aqueous formaldehyde and 042 mL (312
mmol, 50%) of dimethylamine for 24 h as described for 3a,
027 g (96%) of 3e was obtained. mp 191 T dec. 'H NMR
(DMSO-dg) 8§ 7.18-6.33 (m, 14H, ArH), 6.17 (m, 2H, -CH=),
547 (d, 2H, =CH,, f=18 Hz), 528 (d, 2H, =CH,, /=80
Hz), 450 (br s, 4H, -CH,C=), 395 and 3.85 (two br s, 12H,
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ArCH:Ar), 354 (br s, 8H, -NCH:Ar), 2.20 (s, 24H, -NCH,).
5,11,23,29-Tetra[(diallylamine) methyl]-37,40-dial-
Iyloxy-38,39.41,42-tetrahydroxycalix[6]arene (31).
Treating a 0.22 g of 2e with 0.26 mL (35%) of aqueous for-
maldehyde and 04 mL (99%) of diallylamine for 24 h as
described for 3a, 0.33 g (96%) of 3f was obtained. mp 92-
95 C. 'H NMR (CDCly) & 7.03-6.92 (m, 14H, ArH), 589 (m,
2H, -CH=), 582 (m, 8H, -CH=), 546 (d, 2H, =CH,, /=18
Hz), 518 {m, 18H, =CH,), 4.46 (d, 4H, -CH,C=, /=18 Hz),
3.92 and 3.72 (two br s, 12H, ArCH.Ar), 345 (s, 8H, ArCH;N-),
3.03 (d, 16H, -NCH,C=, /=60 Ha2).
37.40-Diallyloxy-38,39,41,42-tetrahydroxy-5,11,23,
29-tetra[(N-piperidino) methyl]calix[6]arene (3g).
Treating a 0.22 g of 2e with 0.39 mL (35%) of aqueous for-
maldehyde and 048 mL for 20 h as described for 3a, 0.3
g (91%) of 3g was obtained. mp 129 T dec. 'H NMR (DMSO-
dy) 8 7.00 and 6,79 (two s, 8H, ArH), 6.29-6.14 (m, 8H, ArH
and -CH=), 5.49 (d, 2H, =CH,, /=16 Hz), 523 (d, 2H, =CH,,
J=10 Hz), 447 (br s, 4H, -OCHC=), 3.79 and 353 (two
br s, 12H, ArCH.Ar), 3.23 (s, 8H, ArCH,N-), 2.28 (br s, 16H,
-NCH;-), 144 and 135 (two br s, 24H, -CH.-).
37,40-Diallyloxy-38,39,41,42-tetrahydroxy-5,11,23,
29-tetra[ (N-morpholino) methyl]calix[6)arene (3h).
Treating a 0.22 g of 2e with 0.39 mL (35%) of aqueous for-
maldehyde and 0.42 mL of morpholine for 20 h as described
for 3a, 0.26 g (80%) of 3h was obtained. mp 142 T dec.
'H NMR (CDCiy) 8 7.04-6.89 (m, 14H, ArH), 6.02 (m, 2H,
-CH=), 546 (d, 2H, =CH,, /=180 Hz), 5.14 (d, 2H, =CH,,
J=12.0 Hz), 448 {d, 4H, -OCH,-), 392 and 3.73 (br s, 12H,
ArCH,Ar), 3.68 (br s, 16H, -NCH;C-), 337 (s, 8H, -NCH;-},
240 (br s, 16H, -OCHz-). ¥C NMR (CDCly) & 1528, 1514,
1336, 1324, 1306, 130.2, 1294, 129.2, 127.8, 1274, 125.5, and
1188 (Ar and C=C), 76.3 (-OCH,C=), 674 (-OCH,C-), 634
(-NCHz-), 53.9 (-NCH;-), 319 and 318 (ArCHAr).
17,35-Diallyl-37,38,39,40,41,42-hexahydroxycalix
[6]arene {4). 0.72 g (1.0 mmol} of 2e in 10 mL of diethyl
aniline was refluxed for 3 h, then the solution was cooled
and 30 mL of conc. HCl was added. The insoluble solid was
collected and dissolved in 15 mL chloroform and washed
with 2 N HCI 15 mL to remove the remaining diethyl aniline.
Then organic layer separated, dried over Na;SO,, and evapo-
rated the solvents. The crude products were purified from
recrystallization in CHCls-hexane to give 0.58 g of 4 (81%).
mp 296 T dec. '"H NMR (CDCl;) 6 7.16 (d, 8H, ArH, /=60
Hz), 697 (s, 4H, ArH), 684 (t, 4H, ArH, J=80 Hz), 590
(m, 2H, -CH=), 5.10 (d, 2H, =CH,, /=40 Hz), 506 (s, 2H,
=CH,), 3.89 (br s, 12H, ArCHAr), 3.25 (d, 4H, -CHy-, J=6.0
Hz). BC NMR (CDCls) & 150.1, 148.2, 138.1, 133.7, 130.0, 1299,
127.8, 127.7, 1276, 1221, and 1159 (Ar), 39.8 (ArC), 326
and 32.0 (ArCH;Ar). IR (KBr) 31656 cm™' (OH).
17,35-Diallyl-37,38,39,40,41,42-hexahydroxy-5,11,
23,29-tetra[ (dimethylamino)methyl]calix[6]arene
(5a). Treating a 022 g (0.3 mmol} of 4 with 0.39 mL (4.7
mmol, 35%) of aqueous formaldehyde and 0.68 mL (4.7 mmol,
50%) of dimethylamine for 24 h as described for 3a, 0.23
g (82.1%) of 5a was obtained. mp 235 C dec. '"H NMR (CDCls}
& 710648 (m, 12H, ArH), 6.11 (m, 2H, -CH=), 496 (m,
4H, =CH,), 4.12 (br s, 4H, -CH,C=), 3.62 (br s, 12H, ArCH,
Ar), 3.12 (br s, 8H, ArCH;N-), 2.28 (br s, 24H, -NCH,).
17,35-Diallyl-37,38,39,40,41,42-hexahydroxy-5,11,
23,29-tetra[(N-piperidino)methyl]calix(6Jarene (5b).
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Treating a 0.22 g of 4 with 0.39 mL of aqueous formaldeh-
yde and 048 ml of piperidine for 24 h as described for
3a, 025 g (75.8%) of Sb was obtained. mp 172 T dec. 'H
NMR (DMSO-dg) & 6.90-652 (m, 12H, ArH), 5.79 (m, 2H,
-CH=), 5.00-4.88 {m, 4H, =CH,), 4.11 (br s, 4H, -CH.C=),
353 (br s, 12H, ArCH:Ar), 3.09 (br s, 8H, ArCH:N-), 2.62
(br s, 16H, -NCH-), 150 and 1.38 {two br s, 24H, -CH,-).
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The adsorption and decomposition of NO on a stepped Pt(111) surface have been studied using thermal desorption
spectroscopy and Auger electron spectroscopy. NO adsorbs molecularly in two different states of the terrace and
the step, which are distinguishable in thermal desorption spectra. NO dissociates via a bent species at the step sites
on the basis of vibrational spectrum data reported previously. The dissociation of NO is an activation process : the
activation energy is estimated to be about 2 kcal/mol. Increase in the NO dissociation with adsorption temperature
is explained by a process controlied by diffusion of the dissociated atomic nitrogen from the step to the terrace
of the surface. In addition to NO and N,, the desorption peak of N;O is observed. We conclude that the formation
of NoO is attributed to surface reaction of NO and N adsorbed on the surface.

Introduction

The adsorption and reaction of nitric oxide on metal sur-
face are interesting in both fundamental and technological
aspects.! The catalytic reduction of nitric oxide plays an im-
portant role in control of air pollution. NO and CO are two
of the most widely studied adsorbates because of its simplic-
ity. They have similar electronic structures except that NO
has an unpaired electron in the antibonding 2n orbital. This
causes more complex behaviors in chemisorption and reac-
tion of NO than those of CO. CO adsorbs only molecularly

We dedicate this work to Professor Woon-Sun Ahn on the occa-
sion of his retirement.

on noble metals. In contrast, as for NO on nobile metals there
are evidences for dissociative adsorption at low temperatures
as well as molecular adsorption with various geometries, in-
cluding tilt, bent, and linear NO at two-fold and on-top
sites 6

Gorte ef al” reported that the desorption spectra of NO
adsorbed on Pt(111), (110} and (100) show different shapes
and different peak temperatures. In their report, the desorp-
tion activation energies for major tightly-hound states on the
(100), (110} and (111) planes are 36, 33.5 and 25 kcal/mol,
respectively, and the fraction of the dissociation is less than
2% on Pt(111) surface. Ertl et g/® also studied the interaction
of NO with Pt(111) surface using molecular beam technique
and thermal desorption spectroscopy (TDS), and reported



