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Abstract:
The purpose of this proposal is to

synthesize a series of calix[4]arene

derivatives for the enzyme mimic studies.

The synthetic route started with chlorine
dioxide oxidization of calix[4]arene
benzoates, and the calix[4]quinones were
then protected by ketal moieties. The
ketal formation step protected only the
“upper rim” carbonyl group, and the
protected calix[4]quinone monoketals
was then served as a starting material for

the various calix[4]arene derivatives.
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The Synthesis of p-Hydroxycalix[4]arenes by Wolff-Kishner
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Abstract: The Wolff-Kishner reduction of the half-protected ketal
calix[4]monoquinone 3 and its basic hydrolysis product 4 produced a partially
reducing product 5. When the same reduction conditions were applied to the
calix[4]quinone benzoates 1 and 2, the corresponding title compounds,

p-hydroxycalix[4]arenes (6 and 7), were afforded in one-step.

Introduction

The calixarenes are divided into two sub-classes, endo-calixarenes and
exo-calixarenes, based on the position of their phenolic hydroxy groups. The
endo-calixarenes, which possess hydroxy groups on their “lower rim”, are well demonstrated
in the literature'”; whereas, only a few research studies reported on the “upper rim” hydroxy
containing exo-calixarenes®™.

It is well understood that, due to the strong ortho- and para- directing ability of the
phenolic hydroxy group, the exo-calixarenes which had their phenolic hydroxy moieties meta
to the methylene linkage were unable to be prepared in either a simple one-step condensation
or in a stepwise condensation procedure’. However, we have demonstrated in our earlier

work that an oxygen atom was able to introduce onto the calixarenes’ para-position in



chlorine dioxide oxidation reaction, and the mono-substituted p-hydroxycalix[4]arenes was
derived following a six-step conversion®. In this paper, we report that the transformation of
calix[4]quinone benzoates to the partial p-hydroxy substituted calix[4]arenes can be

simplified into a single step procedure by way of Wolff-Kishner reduction conditions.

Results and Discussion

In our earlier work® we established a six-step synthetic route for the
mono-substituted p-hydroxycalix[4]arene. =~ Unfortunately, due to the intramolecular
Michael-addition, the p-1,3-dihydroxy-calix[4]arene could not be produced according to the
same synthetic route’. During the course of the synthesis, we noted that the two carbonyl
groups on the quinones moieties were differentiated, in which only the less hindered “upper
rim” carbonyl groups were protected in the ketal formation step®’. Therefore, it is
reasonable to propose that the Wolff-Kishner reduction following by a removal of “upper

rim” ketal protecting group may transform the calix[4]quinone monoketals into
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Scheme 1. A propose synthetic route for exo-calix[4]arenes

non-substituted exo-calix[4]arenes, as shown in scheme 1.

/_\
O
Wolff-Kishner
CHy Reductlon CH
OR X OR




Partial reduced Calix[4]quinone 5. When the Wolff-Kishner reaction conditions
were performed on monoketal 3, a reddish solid material was attained after a chromatographic
separation. All of the spectral data of this reddish solid material, instead of the expected
totally reduced product, was shown to be a known partially reduced compound 5.
Compound 5, which was prepared differently in our earlier work®, was fully characterized and
possessed a partially reduced “lower rim” tetrahedral carbinol structure. It is believed that
the formation of the “lower rim” hydrazone moieties was hindered by the steric structure of
monoketal 3, and subsequently, the possibility of producing the totally reduced product as
well as the exo-calix[4]arene in this Wolff-Kishner reduction condition was negated.
However, the reaction conditions of hydrazine with strong base (which supplied the reducing
power for the “lower rim” carbonyl groups) and the basic refluxing conditions (which
removed all the benzoate moieties from the starting materials) provided the reaction
conditions for the formation of the partially reduced compound 5.

Upon examining the structure of compound 3, we noted that either the structure of
calix[4]arene itself or the three bulky benzoate groups could cause the failure of the “lower
rim” hydrazones formation. In order to identify the origin of this failure, the basic
hydrolysis compound 4 was chosen for the same reduction conditions. This resulted in a
similar quantity of product 5 and indicated that the structure of calix[4]arene itself possessed a
highly hindered “lower rim”, and the tetrahedral carbon structure with larger substituents on

the “lower rim” was not possible even in the intermediate stage.

p-Hydroxycalix[4]arenes 6 and 7. On the Wolff-Kishner partial reduction of
monoketal 3, both the removal of the benzoate groups and the reduction of the “lower rim”
carbonyl moieties were achieved in a simple one-step reaction. We speculated that the same

reaction conditions may also transform the calix[4]monoquinone tribenzoate 1 into a partial
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Scheme 2. The reaction paths of the calix[4]quinones

reduction with a benzoate removing product. When compound 1 was treated under
Wolff-Kishner reaction conditions, a reddish solid material was produced as in previous cases.
The spectral data indicated that the reddish solid product was the expected compound,

p-monohydroxycalix[4]arene (6). The color of the product, which was not agreed with the



literature reported’, was maintained through out the recrystallization process. However, the
reddish color material possessed a very low Ry value, and a short column chromatography
revealed the off-white appearance of the product 6. In the original six-step synthetic route,
NaBH,4 was applied to reduce calix[4]monoquinone to yield product 6 in the final stage, the
same product was attained in higher yield when the Wolff-Kishner reduction reactions were
employed instead. Nevertheless, the partially reduced Wolff-Kishner reaction conditions
were able to modify and reduce the original synthetic route for p-monohydroxycalix[4]arene
(6) to three-steps.

As mention earlier, calix[4]diquinone 2 underwent an intramolecular
Michael-addition in basic conditions and the original six-step synthetic route for
p-1,3-dihydroxycalix[4]arene (7) was disturbed. Therefore, the Wolff-Kishner reduced
reaction conditions, which simultaneously removed the benzoate groups and reduced the
“lower rim” carbonyl moieties in the calix[4]Jmonoquinone case, were preformed on
calix[4]diquinone 2 and were expected to generate the partially reduced product 7. In the
actual reduction reaction, a very fine pinkish powder was obtained during the worked-up
procedure. Unlike its monohydroxy counterpart 6, this pinkish solid was soluble in
methanol and the recrystallization was achieved in acetone and n-hexane. The 'H-NMR
spectrum of this pinkish powder 7 displayed two broad singlets, which vanishing upon
treating with D,0, at 9.89 and 7.72 ppm at the ratio of 2:1, respectively. This spectral data
indicated that a total of six phenolic hydroxy moieties were presented, and the four “lower
rim” phenolic hydroxy groups were different from the other two “upper rim” hydroxy groups.
With the support of other spectral data, the structure of pinkish powder 7 was assigned to be
the title compound, p-1,3-dihydroxycalix[4]arene (7).

The same 'H-NMR spectral feature was also observed in the

p-monohydroxycalix[4]arene (6) case, in which two broad singlets at 10.09 and 4.40 ppm



with 4:1 integral ratio were displayed. This chemical shift could possibly indicate the
overall strength of the calixarene’s intramolecular hydrogen bond. We believe that these
"H-NMR spectra would provide a valuable information for the structure of calix[4]arenes, if
one could establish a correlation between the chemical shift and the distance between the

phenolic hydroxy groups.
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Experimental8

Gerenal Procedure: A protion of 5 mL of hydrazine hydrate was added to a
solution of 1.00 mmol of sample in 15 mL of diethylene glycol, and a solution of 2.30 g of
KOH in 20 mL of ethylene glycol was then added. The reaction mixture was refluxed for 4
hours with a Dean-Stark trap to remove an excess hydrazine. The solution was cooled to
room temperature, and a large excess of diluted HCl was added to induce a solid material.

The purification procedure for individual product was described separately.

28-Hydro-25,26,27,28-tetrahydroxycalix[4)monoquinone-17-ethylene ketal (5).
Method A: from 25,26,27-Tribenzoyloxy-28-calix[4]monoquinone-17-ethylene ketal (3).
A deep red solid was collected from a sample of 0.80 g (1.00 mmol) of 3. Chromatographic
separation (eluent: EtOAc:n-hexane = 1:2) following by recrystallization from CHCI; and
CH;OH afforded 0.18g (37%) of deep red solid 8: mp 300-302 °C (Lit.® 274-276 °C; after

recrystallized from CHCl; and n-hexane); 'H-NMR’ (CDCly) 010.10 (s, 4H, ArOH),
7.01-7.06 (m, 6H, ArH), 6.68-6.75 (m, 3H, ArH), 6.60 (s, 2H, ArH), 4.25 (bs, 4H, ArCH,Ar),
3.90-3.93 (m, 2H, OCH,-C), 3.81-3.86 (m, 2H, OCH,-C), 3.51 (bs, 2H, ArCH,Ar), 3.47 (bs,
2H, ArCH,Ar); PC-NMR (CDCL,) & 153.0, 149.0, 148.6, 142.7, 139.7, 129.2, 129.0, 128.9,

128.8, 128.2, 127.9, 122.3, 122.1, 114.9, 69.5, 61.5, 32.0, 31.7; FAB-MS m/z. 484 (M").
Anal. Calcd for C;4H,30¢: C, 74.38; H, 5.79. Caled for C5,H,504 3/2H,0: C, 70.45; H,



6.07. Found: C, 70.70; H, 5.87.

Method B: from 25,26,27-Trihydroxy-28-calix[4]monoquinone-17-ethylene ketal
(4). A deep red solid was collected from a sample of 0.48 g (1.00 mmol) of 4.
Chromatographic separation following by recrystallization from CHCI; and CH3OH afforded
0.12g (25%) of deep red solid. The physical and the spectral properties of this product were
identical to the product which produce in Method A.

5,25,26,27,28-Pentahydroxycalix[4]arene (6). Method A: from 25,26,27-
Tribenzoyloxy-28-calix[4]monoquinone (1). A red solid was collected from a sample of
0.75 g (1.00 mmol) of 1. A short column chromatographic separation (column height 10 cm;
eluent: CHCls:n-hexane = 3:1) following by recrystallized from CHCIl; and n-hexane afforded

0.24g (55%) of pale yellow solid 6: mp 309-311 °C (Lit.6 310-312 °C); 'H-NMR (CDClLy)
510.09 (bs, 4H, ArOH), 7.00-7.06 (m, 6H, ArH), 6.68-6.73 (m, 3H, ArH), 6.50 (s, 2H, ArH),
4.40 (bs, 1H, , ArOH), 4.22 (bs, 4H, ArCH,Ar), 3.51 (bs, 2H, ArCH,Ar) , 3.42 (bs, 2H,
ArCHAr); *C-NMR (CDCL,) & 149.8, 149.0, 148.7, 142.4, 129.3, 129.1, 129.0, 128.9, 128.2,

128.1, 128.0, 122.3, 122.1, 115.5, 31.8, 31.7; FAB-MS miz 440 (M"). Anal. Caled for
C,gH,,05: C, 76.36; H, 5.45.  Found: C, 74.30; H, 5.34.

Method B: from 25,26,27-trihydroxy-28-calix[4]monoquinone. A red solid was
collected from a sample of 044 g (1.00 mmol) of 25,26,27-trihydroxy-28-
calix[4]monoquinone. A short column chromatographic separation following by
recrystallized from CHCl; and n-hexane afforded 0.41g (93%) of pale yellow solid 6. This

product is identical with product produced in method A.

5,17,25,26,27,28-Hexahydroxycalix[4]arene (7). A pink solid was collected from
a sample of 0.66 g (1.00 mmol) of 25,27-dibenzoyloxy-26,28-calix[4]diquinone (2). The

solid material was recrystallized from acetone and n-hexane to afford 0.23 g (50%) of pinkish
powder: mp 222-224 °C; 'H-NMR (acetone-D) 0 9.89 (bs, 4H, ArOH), 7.72 (bs, 2H, ArOH),
7.13-7.14 (d, J = 7.5Hz, 4H, mArH), 6.69-6.72 (t, J = 7.5Hz, 2H, p-ArH), 6.62 (s, 4H, ArH),
3.50-4.10 (bs, 8H, ArCH,Ar); 3C-NMR (acetone-D,) & 152.4, 149.9, 141.8, 129.9, 129.7,
129.1, 122.5, 116.0, 31.7; FAB-MS nVz: 456 (M+). Anal. Calcd for C,¢H,,0,: C, 73.66; H,

5.30. Calcd for C,4H,,O4* 3/2H,0: C, 69.57; H, 5.59. Found: C, 69.57; H, 5.49.
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25 mm diameter filled to height of 150 mm. TLC analyses were carried out on Merck

aluminum back silica gel 60 F_, plates (absorbant thickness 0.2 mm).

254
In the "H-NMR spectrum of compound 5, we were not able to assign the proton signal for
the carbon-28’s hydrogen which was located on tetrahedral carbinol carbon. It was
speculated that a free rotation around the methylene linkage in calix[4]arene system
constantly altered the magnetic environments for 28-hydro-, and therefore, a sharp proton

signal for 28-hydro- was not observed.
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Abstract: Except for the special case of calix[4]arene diethyl ether 1, the chlorine dioxide
oxidation of dialkyl ethers 2-5 yielded only the corresponding calix[4]diquinone dialkyl
ethers 8-11. Chlorine dioxide oxidation of calix[4]arene diethyl ether 1 produced two
isomeric products 6 and 7, which were stable enough to be isolated by column
chromatography. However, a slow conformational interconversion between isomeric pair 6

and 7 was observed at room temperature.

Introduction

Electron transport systems are the vital pathways for energy-producing mechanisms in
all living cells, and the quinone and dihydroquinone (p-hydroxyphenol) pairs are the key
moieties in coenzyme Q for the charge transport process. Based on these known principles,
it is rational to propose that the calixquinone and p-hydroxycalixarene pair may serve as an

enzyme model to probe the charge transport process.



In the literature, two groups of the calix[4]quinones derivatives, e.g. benzoated
calix[4]quin0nes1 and etherated calix[4]quinines,2’3 were reported. The calix[4]quinone
benzoates were synthesized by treating the corresponding calix[4]arene benzoates with
chlorine dioxide at room ‘[ernperature,1 whereas, the oxidation of calix[4]arene ether
derivatives occurred under more severe conditions.”  Although, a milder chlorine dioxide
oxidation condition for calix[4]arene ether derivatives was noted by Gutsche and his
coworkers,” but eventually the oxidation reactions were performed on thallium
tris-trifluroacetate in trifluroacetic acid.> In this paper, we report on the isolation of
calix[4]quinone ether derivatives 6-11 from the chlorine dioxide oxidation of the
corresponding calix[4]arene ethers 1-5, and also describe the result of a slow conformational

interconversion between isomeric pair 6 and 7.

Results and Discussion

Calix[4]diquinone dialkyl ethers 6-11. In our earlier work, we have established a
standard synthetic procedure for converting the benzoated calix[4]arenes to the corresponding
benzoated calix[4]quinones. It would be supportive in calixarenes chemistry if the
converting pathway for the calix[4]arene ethers to their corresponding calix[4]quinones can
be established under the same milder reaction conditions.

Due to the conformational flexibility of the calix[4]arene dimethyl ether, five other
common calix[4]arene dialkyl ethers 1-5 were prepared” for the study of the chlorine dioxide
oxidation as shown on scheme 1. As in a standard procedure for the oxidation of
calix[4]arene benzoated, the calix[4]arene dialkyl ether 1-5 were dissolved in acetonitrile and
oxidized with a portion of yellow aqueous chlorine dioxide solution. The reaction mixture
was stirred at room temperature, and the reaction was monitored by thin layer

chromatography to determine the optimal reaction time for different calix[4]arene dialkyl



ethers. Unlike their benzoates counterpartsl, the oxidization of the calix[4]arene ecther
derivatives proceeded at various pace which ranged from 4 hours to 96 hours. Although the
exact solubility of five dialkyl ethers 1-5 in acetonitrile was not measured, but the solubility,
and hence the oxidation rate, seemed to be decreased as the sizes of the substitutent increased.

Large quantities of yellow solids were afforded for all five oxidative reactions after a
standard worked up procedure. Except for calix[4]arene diethyl ether, all other oxidation
cases produced only one major component. Unfortunately, a simple recrystallization method
was not able to isolate the corresponding oxidative products, and therefore, the
chromatographic separation was applied for all the oxidation reactions to isolate the

corresponding products 6-11.

o
CHz@CHZ ClO, CHz@CHZ
OH OR 2 o OR 2

1 R= -CH,CH3 6+7 R=-CH)CH;

2 ~CH,CH,CH3 8 -CH;CH;CH3

3 -CH2CH,CH,CHgz 9 -CH,CH,CH,CH;
4 -CH,CH=CH, 10 -CH,CH=CH,

5 -CH,Ph 11 -CH,Ph

In the chlorine dioxide oxidation conditions, only the free phenol moieties were
oxidized into quinones and the alkylated phenol moieties were not affected. Therefore, the
oxidated products 6-11 retained the structural C,, symmetry, and the products were easy to
identify by their '"H-NMR spectrum. Of all the "H-NMR spectrum of products 6-11, a
singlet for quinone hydrogens appeared, whereas, the signals for the phenol moieties, which
composed: one singlet for phenolic hydroxy hydrogens, one triplet for para-aromatic

hydrogens, and one doublet for meta-aromatic hydrogens, vanished. The characteristic



signals of the different alkoxy groups, which were also not affected by the chlorine dioxide,
were the labels for each oxidative product 6-11.

Conformational interconversion of calix[4]diquinone diethyl ether isomeric pair
6 and 7. As mentioned previously, two major components were observed on the chlorine
oxidation of calix[4]arene diethyl ether 1. Using a TLC analysis, two colored fractions with
very different Ry value (0.29 and 0.13) were displayed, and the corresponding products 6 and
7 were easily isolated by column chromatography. The first fraction, compound 6, displayed
a clean "H-NMR spectrum (Fig. 1) for the oxidated structure of calix[4]diquinone diethyl
ether, and the FAB-MS confirmed the molecular weight of the diquinone structure. The
second colored fraction, which took a longer period to elute, displayed an overlapping
'H-NMR signal (Fig.2) with a contamination of the first colored fraction material. It was

puzzling as a small amount of compound 6 always appeared on the 'H-NMR spectrum even
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Fig. 1. 200 MHz '"H-NMR spectrum of anti-25,27-diethoxy-26,28-calix[4]diquinone (6).
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Fig. 2. 200 MHz '"H-NMR spectrum of syn-25,27-diethoxy-26,28-calix[4]diquinone (7).

with a careful selection of the eluted fractions for the product 7. The molecular weight
determination and the "H-NMR spectral analysis indicated that the product 7 also possessed a
molecular structure of calix[4]diquinone diethyl ether as the first colored fraction product 6.
The exact structures for each compound were determined by comparing the chemical shift of
the quinone hydrogens’ singlet. All other syn-1,3-dialkylated calix[4]quinones 8-11 displayed

a singlet betweend 6.45-6.55 for the quinone hydrogens. Based on this observation, a
singlet atd 6.21 was the basis for assigning product 6 as the anti-isomer.

The syn-1,3-diethylated calix[4]arene (1) was not conformational mobiled,” but an
oxidation process with a flexible intermediate was able to explain the formation of the anti-
and syn-isomers (6 and 7). However, when products 6 and 7 were sent for a high field NMR

spectrum,” after a long waiting, two identical '"H-NMR spectra were obtained, as shown in

P



Figure 3. It was soon realized that the identical "H-NMR spectrum resulted from the
conformational interconversion between the anti- and Syn-isomers (6 and 7) at the ambient
temperature, and the earlier flexible intermediate scheme for the formation of the isomeric
pairs 6 and 7 was excluded. This “interconversion” phenomenon was also able to clarify the

existence of the “contamination” during a long elution time for the second colored fraction 7.
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Fig. 2. 500 MHz "H-NMR spectrum of a mixture of calix[4]diquinones 6 (@) and 7 (A).

It was known that the conformational interconversion arose from the
“through-the-annulus-rotation” in the calix[4]arene system, and the rotation could be
suppressed by introducing an ethoxy or other larger alkoxy moieties in the “lower rim”. A
simple structure analysis indicated that the oxidation on the diethylated calix[4]arene 1 would

not only reduce the size of the “lower rim” substitutents but also remove the “lower rim”



hydrogen bond. The result created a suitable space for the ethoxy moieties to slowly rotate
through the “lower rim” annulus, and produced two stable isomers 6 and 7. Both isomers
were stable enough to be isolated from the reaction mixture, but the slow
“through-the-annulus-rotation” of the ethoxy moieties would enable the two isomers to
convert to one another. The rate of the interconversion between two isomers 6 and 7 was in
the order of days, and a kinetic study to determine an exact rotation rate and the free energy

barrier is still under investigation.

Experimental7

General Procedure: A slurry of 5 mmol of calix[4]arene dialkyl ethers 1-5" was
dissolved in 150 mL of CH3CN, and a portion of 100 mL of aqueous C1O, solution® was then
added. The reaction mixture was stirred at room temperature for a specific time, and the
organic solvent was removed to leave a yellow and/or orange solid. The solid materials
were collected and the purification procedures for the individual product were described

separately.

anti-25,27-Diethoxy-26,28-calix[4]diquinone (6) and syn-25,27-diethoxy-26,28-
calix[4]diquinone (7). The reaction mixture was stirred at room temperature for 6 hours,
and a yellow solid was collected from a sample of 2.40 g (5.00 mmol) of 1.
Chromatographic separation (eluent: EtOAc:n-hexane = 1:4) of the first colored fraction (R=

0.29), which was recrystallized from CHCl; and CH3;OH, afforded 0.69¢g (18.5%) of oxidized
product 6 as yellow crystals: mp 125-127 °C; "H-NMR (CDCl,) §7.13-7.16 (d, J= 7.4Hz, 4H,
ArH), 6.87-6.95 (t, J= 7.5Hz, 2H, ArH), 6.21 (s, 4H, quinone-H), 3.70-3.77 (d, J= 13.4Hz, 4H,
ArCH»Ar), 3.40-3.50 (q, J= 7.1Hz, 4H, ArOCH,CHj3;), 3.22-3.29 (d, J= 13.4Hz, 4H,
ArCH,Ar), 0.97-1.04 (t, J= 7.1Hz, 6H, ArOCH,CH3); FAB-MS m/z: 509 (M'+1). Anal’
Calcd for C5,H,40¢: C, 75.59; H, 5.51; for C5,H,30¢- 1/4CHCl5: C, 71.94; H, 5.25. Found:
C,71.84; H, 5.13.

A second colored fraction (Ry= 0.13), which was also recrystallized from CHCI; and

CH;0H, yielded 0.86 g (42.5%) of yellow crystals 7: mp 125-127 °C; "H-NMR (CDCly)



86.72-6.76 (d, J= 7.6Hz, 4H, ArH), 6.54-6.60 (m, 6H, ArH and quinone-H), 3.66-3.76 (m, 8H,
ArCH,Ar and ArOCH,CH3), 3.22-3.29 (d, J= 13.2Hz, 4H, ArCH,Ar), 1.28-1.35 (t, J= 7.0Hz,
6H, ArOCH,CHs); FAB-MS mVz 510 (M™+2).  Anal. Caled for C3,H,gOg: C, 75.59; H, 5.51;

for C3,H,50, H,0: C, 73.00; H, 5.70.  Found: C, 73.03; H, 5.79.

25,27-Dipropoxy-26,28-calix[4]diquinone (8) The reaction mixture was stirred at
room temperature for 36 hours, and a yellow solid was collected from a sample of 2.54 g
(5.00 mmol) of 2. Chromatographic separation (eluent: EtOAc:n-hexane = 1:4) following by
recrystallization from CHCl; and CH3OH afforded 1.16g (43%) of orange color crystals 8: mp

178-180 °C; '"H-NMR (CDCl,) 86.76 (bs, 4H, ArH), 6.57-6.61 (m, 6H, ArH and quinone-H),
3.78 (bs, 4H, ArCHAr), 3.60-3.63 (t, J= 7.4Hz, 4H, ArOCH,CH,CH3), 3.26-3.30 (bd, 4H,
ArCHAr), 1.75-1.82 (m, 4H, ArOCH,CH,CHs), 0.96-0.99 (t, J= 7.4Hz, ©H,
ArOCH,CH,CH;); 3C-NMR (CDCl,) o 188.3, 186.0, 156.4, 148.0, 132.0, 129.9, 129.5,

123.3, 76.3, 31.6, 23.6, 10.6; FAB-MS m/z: 537 (M'+1). Anal. Calcd for C;,H;,0¢: C,
76.12; H, 5.97. Found: C, 75.94; H, 5.83.

25,27-Dibutoxy-26,28-calix[4]diquinone (9). The reaction mixture was stirred at
room temperature for 72 hours, and an orange solid was collected from a sample of 2.68 g
(5.00 mmol) of 3. Chromatographic separation (eluent: EtOAc:n-hexane = 1:4) following by
recrystallization from CHCl; and CH3OH afforded 1.37 g (48.5%) of orange color crystals 9:

mp 76-78 °C; '"H-NMR (CDCl,) 96.76 (bs, 4H, ArH), 6.57-6.61 (m, 6H, ArH and quinone-H),
3.79 (bs, 4H, ArCH,Ar), 3.64-3.67 (t, 3= 7.0Hz, 4H, ArOCH,CH,CH,CH3), 3.29-3.30 (bd,
4H, ArCHyAr), 1.72-1.77 (m, 4H, ArOCH,CH,CH,CHs), 1.38-1.45 (m, 4H,
ArOCH,CH,CH,CHj), 0.92-0.95 (t, J= 7.4Hz, 6H, ArOCH,CH,CH,CH3); >C-NMR (CDCl,)
0 188.2, 185.9, 156.6, 148.0, 132.0, 129.9, 129.5, 123.3, 74.6, 32.4, 31.7, 19.3, 13.9; FAB-MS
Mz 566 (M'+2). Anal. Calcd for C34H;404: C, 76.60; H, 6.38; for C34H;,0, 1/3H,0: C,
75.79; H, 6.32. Found: C, 75.72; H, 6.32.

25,27-Dibenzyloxy-26,28-calix[4]diquinone (10). The reaction mixture was
stirred at room temperature for 96 hours, and a yellow solid was collected from a sample of

3.02 g (5.00 mmol) of 4. Chromatographic separation (eluent: EtOAc:n-hexane = 1:4)



following by recrystallization from CHCI; and CH3;OH afforded 1.96 g (62%) of yellow
crystals 10: mp 234-235 °C; 'H-NMR (CDCl,) 87.33-7.34 (m, 6H, Ar’H), 7.26-7.28 (m, 4H,
Ar’H), 6.77 (bs, 4H, ArH), 6.62-6.65 (t, J= 7.5Hz, 2H, ArH), 6.44 (s, 4H, quinone-H), 4.77 (s,
4H, OCH,Ar’), 3.63 (bd, 4H, ArCH,Ar), 3.14 (bs, 4H, ArCH,Ar); *C-NMR (CDCl,) 6 188.1,
185.9, 155.8, 147.8, 136.6, 132.1, 130.2, 129.6, 128.6, 128.5, 128.3, 128.2, 123.6, 76.3, 31.7,
31.5; FAB-MS m/z 634 (M'+2). Anal. Calced for C4oH3,04: C, 79.75; H, 5.06; for

C4,H3,0¢ 1/2H,0: C, 78.63; H, 5.15.  Found: C, 78.69; H, 4.81.

The yellow crude product can also be purified by recrystallized four times from CHCl;
and CH;OH to afford 1.35 g (42.5%) of the yellow powder 10. The physical and the spectral
properties of this yellow powder were identical to the product which was purified from the

chromatographic method.

25,27-Diallyloxy-26,28-calix[4]diquinone (11). The reaction mixture was stirred at
room temperature for 4 hours, and an orange solid was collected from a sample of 2.52 g
(5.00 mmol) of 5. Chromatographic separation (eluent: EtOAc:n-hexane = 1:4) following by
recrystallization from CHCl; and CH30H afforded 1.82 g (67.5%) of orange color crystals 11:

mp 186-188 °C; 'H-NMR (CDCl,) 36.82-6.83 (bd, 4H, ArH), 6.63-6.66 (t, J= 7.6Hz, 2H,
ArH), 6.55 (s, 4H, quinone-H), 5.99-6.07 (m, 2H, ArOCH,CH=CH,), 5.30-5.34 (dd, J= 17.1,
1.3Hz, 2H, ArOCH,CH=CH,), 5.23-5.25 (dd, J= 10.4, 0.9Hz, 2H, ArOCH,CH=CH,),
4.22-423 (d, J= 5.5Hz, 4H, ArOCH,CH=CH,), 3.69 (bs, 4H, ArCH,Ar), 3.33-3.34 (bd, 4H,
ArCH,Ar); *C-NMR (CDCl,) 3 188.2, 186.1, 156.0, 147.6, 133.4, 132.2, 130.1, 130.0, 123.6,

118.0, 74.6, 32.2; FAB-MS m/z: 533 (M++1). Anal. Calcd for C54H,404: C, 76.69; H, 5.26.
Found: C, 76.62; H, 5.04.
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