





into the cavity of the calix[4]resorcinarene in the Langmuir films. The toluene molecule
might be also inserted between two resorcinarene molecules through = - 7 interaction to

contribute the limiting area increase.
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Figure 46.  Surface pressure-area isotherm of 22 at 15°C.
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Figure 47.  Surface pressure-area isotherm of 22 at 25°C.
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Figure 48. Surface pressure-area isotherm of 21 from 10%
methanol/chloroform solution.
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Figure 49. Surface pressure-area isotherm of 21 from 10% methanol/toluene
solution.

Table 6 presents the limiting areas and collapse pressures of 21 - 29 from 10%
methanol/chloroform solution at 25°C. From a thermodynamic point of view, the
association equilibrium for the interaction between metal cations and the monolayer
would be favored at higher temperature. For this reason the 7-4 isotherms were obtained
at temperature of 25°C.

As expected, in Table 6 the amide derivatives 25 - 28 had larger limiting areas on
the monolayers than the ester derivative 29. Also, the amide derivatives, 26 and 27 and
ester derivative 29 exhibited larger limiting areas with respect to the parent resorcinarenes
21 and 22. This illustrates the functional groups were responsible for the difference in the

limiting area. In the Langmuir films at air-water interface, the hydrophilic functional
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groups such as amide, ester and hydroxy were extended into the aqueous subphase and

the hydrophobic tail alkyl chains were lifted away from the aqueous surface.

Table 6. The limiting area and collapse pressure of 21 - 29 from 10%
MeOH/CHCI; at 25°C.
Compound Limiting area (nm?) Collapse pressure (mN/m)
21 0.76 32
22 1.25 36
22* 1.50 36
23 1.00 28
23* 1.55 32
25 2.75 23
26 2.80 32
27 2.50 36
28 3.30 17
29 2.00 28

* Temperature of the subphase: 15°C.

Moreover, the structure of the tail alkyl chains also has an effect on behavior of
the Langmuir films. C-methylcalix[4]resorcinarene amide derivative (28) has a largest

limiting area in the compressed monolayer from 10% methanol/chloroform solution at
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25°C, compared to those of other amide derivatives, 25 - 27. This illustrates that the alkyl
chain structure such as length and cross sectional area of the alkyl chains greatly
influences the limiting area in the monolayer. The larger limiting area of 28 indicates its
amide groups extended into the aqueous subphase to greater degree, because of relatively
weak hydrophobicity of the short-tail methyl chains to lift into the air. The branched
alkyl chains (larger cross sectional area) in 27 and long alkyl chains in 25 and 26, have
strong hydrophobicity and prevent the hydrophilic amide groups to further extending.

The limiting area of the octa-tailed resorcinarene (22) was slightly larger than the
tetra-tailed resorcinarene (23), Sut much smaller than the amide and ester derivatives 25 -
29. Unlike theoretical calculation, the modification of the tetra-tailed alkyl chains to
octa-tailed alkyl chains did not greatly increase the limiting area of the parent
calixresorcinarene (22). The limiting area of 22 (A = 1.25 nm?) was smaller than the
theoretical data of the eight methylene chains (A = 1.92 nm’). This might be due to
aggregation of the eight alkyl chains in the Langmuir films. In the case of the limiting
area of 22, the limiting area value at 2.38 nm’ was observed, but it was not possible to
obtain the reproducible isotherm under our experimental conditions.

With the same alkyl tails, the amide derivative, 26 exhibited the collapse pressure
of 32 mN/m and the ester derivative, 29 exhibited the collapse pressure of 28 mN/m from
10% methanol/chloroform solution. When the monolayer collapsed the molecular layers
lift from the water subphase. The difference in the collapse pressure indicates that the
hydrophilic amide groups of 26 had a stronger interaction with the water than the ester

groups of 29.
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Table 6 also clearly presents that 21 - 23, 26, 27, 29 with longer alkyl chains in
the tail section exhibited a higher collapse pressure than 25 and 28 with a short tail
section. The collapse pressure varied from the solubility of these materials. The length
of the tail alkyl chains may have an effect on the molecular arrangement on the Langmuir
Slms. At the air-water interface, the longer tail alkyl chains the film-forming molecules
-ontain, the better the film-forming molecules pack as the surface pressure increases.
This observation is consistent with previous work for CALOL, CALAM and CALES, in

which their collapse pressure was up to 40 mN/m %

2.3.2 The Characteristics of Langmuir-Blodgett Films

Metal ions incorporated into well-ordered multilayers (LB films) can be
transferred onto substrates by LB deposit technique. Previous work has already shown
terbium ion (Tb*") encapsulated into C-undecylcalix[4]resorcinarenes in LB film based
on their spectral propf::rties.62 Therefore, the LB films hold great promise for the
development of molecular sensors.

C-undecylcalix[4]resorcinarene amide derivative showed a strongest binding
ability towards silver ion (Ag") based on logarithm of association constant.’® Thus, in
our project the Ag™ was selected as metal ion for incorporation with the octa-tailed
calix[4]resorcinarenes in the LB film.

The LB films complexed with Ag™ were transferred onto quartz at a temperature

of 25°C. The monolayer of 26 in liquid-condensed phase was at surface pressure of 28
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mN/m, thus efficient transfer (transfer ratio t = 1) of the floating films on quartz was
performed at 28 mN/m where the monolayer was well packed.

A single LB film (01 LB, monolayer LB film on each side of the substrate) was
obtained on quartz from 26 complexed with Ag’ (26eAg") in 10% methanol/chloroform
solution at 25°C. The singie monolayer LB film of 26eAg” on quartz substrate were
prepared from 2 x 10~ AgNO; subphase. The quartz slide started in the downward
direction and there was not layer transferred onto the slide. The first LB film was
transferred from the 26eAg” solution onto the quartz slide in the upward direction. This
type of transfer orients the amide head group complexed with Ag™ towards the quartz
surface and the hydrophobic alkyl tail section away from the surface, in a Z-type
deposition (Figure 12). The second LB film was not transferred onto the quartz on the
subsequent downstroke, instead, the first LB film on the quartz came off (t = 0) on the
downstroke. This illustrates the second layer could not be deposited as tail-to-tail fashion
with the first layer. It might indicate the hydrophobic-hydrophobic interaction of the two
layers was not compete effectively with the interaction of the hydrophilic head group with

the water subphase.62

In addition, it was not possible to form multilayer LB film of
26eAg” on quartz even at 15°C. Our observation indicates the modification of the tetra-
tailed section to octa-tailed section did not improve the interaction between the
hydrophobic-hydrophobic alkyl chains enough to form multilayers on quartz.

However, a 10-layer LB film (10 LB, 10-layer LB film on each side of the

substrate) was obtained on quartz from 29 complexed with Ag’ (29¢Ag") in 10%

methanol/chloroform solution at 25°C. The Langmuir film of 29 was transferred onto the
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quartz at surface pressure of 25 mN/m where the film was in liquid-condensed region.
Unlike previous work,®* these ten layers were always transferred onto the quartz slide on
the upstroke of the dipping device. It was not possible to transfer the layers onto the
quartz on the downstroke. This type of transfer orients the head group complexed with
Ag” towards the quartz surface in the first layer, and the head group with Ag” in the
second layer orients towards the tail section of the first layer. Thus, the 10-layer LB film
was fabricated in a head-to-tail fashion. Formation of the multilayers of 29 in air-water
interface indicates that the ester head groups of 29 has a weak interaction with the water
subphase compared to the amide head groups of 26 and a relatively strong interaction
between the hydrophilic ester groups and the hydrophobic alkyl groups.

The above observations are different from the results of CALOL and CALES.
The multilayer LB films of CALOL and CALES were obtained on the downstroke®* and
the formation was in a tail-to-tail fashion. This structure indicates a relatively strong
interaction between the tails as result of their longer tail alkyl chains and better package
compared to 29. Aromatic compound with long alkyl chain was likely to form
multilayers in X-type deposition (tail-to-tail) and aromatic compound with short alkyl
chain was likely to form multilayers in Z-type deposition (tail-to-head). However, it is
unclear at this time the exact nature of the interaction between the hydrophilic groups and
the water, interaction between hydrophobic (tail) and hydrophilic (head) groups and

hydrophobic and hydrophobic groups or hydrophilic and hydrophilic groups.”
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2.4. Characterization in Langmuir-Blodgett Films

In order to completely understand the interaction between calixresorcinerene and
metal ions in LB films, it is necessary to study the conformation of the calixresorcinarene
incorporated with metal ions. As described above in solution one flattened cone
conformation of the resorcinarene was interconverted with the alternative flattened cone
conformation. In the solid-like LB films the conformation may be different from that in

solution.

Absorbance (arbitrary units)

b
a
200 360 460 500
Wavelength / nm
Figure 50. UV-visible spectra of 01 LB of (a) 26 and (b) 260Ag".
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Figure 50 shows the UV-visible spectra of monolayer LB film of 26. The UV-
visible spectra (Figure 50a and b) are the LB films on quartz obtained from pure aqueous
subphase and aqueous subphase containing Ag”. The spreading solvent was 10%
methanol/chloroform solution at 25°C. There were two absorptions observed in the UV
region centered at 286 nm and 247 nm. The absorptions at 286 and 247 nm were
assigned to two different conformations in LB film, cone (C,,) and flattened cone (Cv),
respectively, based on the study of distinctly different adsorptions at 286 nm from toluene
and at 247 nm from chloroform.®*  This indicates that 26 existed in the cone and
flattened cone conformation in the LB film. In the flattened cone conformation two of the
benzene rings disposed across the macrocycle from one another are approximately
parallel to the aqueous subphase surface and the other two are approximately
perpendicular.®® It is hard to point out which conformation was preponderant since the
247 nm band rose into the allowed 7 - n* transitions.

The UV-visible spectrum of LB films of 26 from aqueous subphase containing
silver ion was similar to the 26 taken from pure aqueous subphase. The presence of silver
ion in the aqueous subphase did not cause the conformation change in the LB films. It is
consistent with the observation for the tetra-tailed resorcinarene derivative, CALAM.%

Both cone and flattened cone conformations present in the LB film are different
from the observations for the tetra-tailed resorcinarenes (CALAM and CALES), which
only exhibited flattened conformation (247 nm) in the LB films.®* The difference might

be due to the modification of the tetra-tailed to the octal-tailed. A larger cross sectional
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area of the octa-tailed makes possible to form cone conformation at the head groups in

Langmuir films.

0 ”\

5

el

2

5

g

)

0

c

©

2

S a,b

e

<

c
200 300 400 500
Wavelength / nm
Figure 51. UV-vis spectra of 01 LB of (a) 29 and (b) 29¢Ag" and 10 LB of (c)

29eAg" .

UV-visible spectra in Figure 51a, b and ¢ are monolayer LB film of 29, monolayer
LB film of 29 incorporated with silver ion (29¢Ag") and 10-layer LB films of 29e¢Ag” on
quartz, respectively. Two absorption bands at 286 nm and 247 nm were observed in the
three cases. Both cone and flattened cone conformations were present in the LB films.
The fact that the spectrum (Figure 51a) of 29 obtained from an aqueous subphase

containing silver ion is identical to the spectrum (Figure 51b) from pure aqueous
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subphase illustrates that the addition of Ag” in the subphase did not have effect on the
conformation of 29 in the LB films. As we expected, in the UV-visible spectrum (Figure
51c) 10-layer LB films of 29eAg” showed much stronger absorption bands at 286 and 247
nm than the monolayer LB film of 29e¢Ag". The observation confirms that the multilayer
LB films were successfully ransferred onto quartz from the aqueous subphase containing
silver ion, and the conformations of 29 in the floating monolayer were not modified

during the transferring process.

2.5  Conclusion

The octa-tailed resorcin[4]arenes, 21 and 22, and the resorcinarenes
functionalized with pendant a-(diethyl acetamide), 26 or a-(methyl acetate), 29 were
synthesized. Compound 22 was prepared by the cyclooligomerization of resorcinol and
a,a-dihexyl acetaldehyde under acid-catalyzed conditions with 20% yield. Good yields
of a,a-dihexyl acetaldehyde were obtained through the reaction of dihexyl ketone with a
phosphonate reagent. Subsequently, 22 was functionalized using 2-bromo-N,N-diethyl
acetamide) or methyl bromoacetate under basic conditions.

With the help of variable temperature '"H NMR technique, the flattened cone
conformation of the functionalized resorcinarenes was determined in solution. The
functionalized resorcinarene acting as a host molecule incorporated with silver ion was
also given a flattened cone conformer for the metal complex. The free energies of
activation were calculated from the coalescence temperature for the pseudorotation of the

free host 26 and bound 26 in CD,Cl.
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Langmuir films and LB films of the octa-tailed resorcinarenes and their amide and
ester derivatives were fabricated at the water/air interface. The 74 isotherm varied with
a change in the spreading solvent, subphase temperature and the resorcinarene structure.
When toluene was used as spreading solvent, it significantly affected the limiting area of
the resorcinarene relative to chloroform. A smaller limiting area was observed at 25°C
compared to 15°C as a result of more defined liquid-condensed region exhibited at 25°C.
As expected, the modification of four tail chains to eight tail chains of the resorcinarene
increased approximately 20% in the limiting area, but it was not large enough to meet the
limiting area of the amide or ester derivatives.

One-layer LB film of 26 incorporated with Ag” was obtained on quartz. It was
not possible to form multilayer LB film of 26eAg” on quartz. Ten-layer LB film of
29¢Ag” was fabricated on quartz. The multilayer LB film was transferred onto the
substrate when the substrate was in the upward direction, and believed to be in a head-to-
tail fashion.

Unlike in solution and the tetra-tailed resorcinarenes, 26 and 26eAg” were present
as both cone (Cs) and flattened cone (Cs,) conformers in the solid-like LB film according
to absorption bands at 286 nm and at 247 nm in UV-visible spectra of the monolyer LB
films. 29 and 29eAg" also present as cone and flattened cone conformers in monolayer
LB film and 10-layer LB films which exhibited much stronger absorption intensity in

UV-visible spectra than the monolayer LB film.
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3. EXPERIMENTAL
3.1  General Procedures/Instruments

Nuclear magnetic resonance (NMR) spectra were recorded on an Avance Bruker
AC Spectrometer at 300 or 500 MHz for 'H and 75 or 125 MHz for *C. The low
temperature experiments were performed using a Bruker Variable Temperature Unit.
Chemical shifts are reported in ppm on the § scale using the solvent line relative to Me,Si
as an intemal standard. Infra-red spectra were run on Bomem Michelson 100 and
recorded with Win-Bomem. Liquid samples were performed as neat films on potassium
bromide plates, and solid samples run as pellets in potassium bromide powder. Mass
spectrometry was performed on a high resolution, double focusing mass spectrometer.
UV-visible absorption spectra were obtained on a Response UV-visible
Spectrophotometer interfaced to an IBM PC in a wavelength range of 200 to 500 nm.
Elemental analyses were performed by Galbraith® Laboratories, Inc., Knoxville,
Tennessee. The melting points were determined on a Fisher-Johns hot plate melting point
apparatus and were not corrected. Column chromatography was performed using silica
gel 60 (70-230 mesh) and thin layer chromatography (TLC) was carried out on Merck
aluminum backed plates coated with 0.2 mm silica gel 60 with 254 nm UV indicator.

Spots were visualized under UV light or with dip solution.

3.2  Materials
All chemicals were purchased from Aldrich or from BDH and were of ACS

reagent grade. Most chemicals were used without further purification unless noted.
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Tetrahydrofuran (THF) was distilled from sodium and benzophenone ketyl.
Dichloromethane was distilled from calcium hydrnde. 1,2-Dihyropyran and
isobutyraldehyde were both distilled under a dry nitrogen atmosphere immediately prior

to use.

Diethyl[(2-tetrahydropyranyloxy)methyl]phosphonate (18)’'

Paraformaldehyde (5.93 g, 197 mmol) and triethylamine (1.96 g, 19.4 mmol) were
added into a 250-mL round bottom flask under stirring, and then diethyl phosphite (27.3
g, 198 mmol) was added. The mixture was heated at 120°C for 12 hrs, and then
evaporated at 60°C under reduced pressure for 2 hrs. Diethyl ether (100 mL), freshly
distilled 1,2-dihydropyran (16.4 g, 195 mmol) and phosphorus oxychloride (10 drops)
were added to the above mixture which was stirred at room temperature for 30 min.
Another part of the dihydropyran (8 g) and phosphorus oxychloride (5 drops) was then
added. The reaction solution was stirred for 4 hrs. When TLC (50% ethyl
acetate/petroleum ether) showed the reaction to be completed, the mixture was diluted
with diethyl ether (200 mL), and then was washed with 5% sodium bicarbonate solution
(50 mL) and brine (50 mL). After being separated the ether layer was dried over
anhydrous magnesium sulfate and evaporated under reduced pressure to give a slightly
yellow oil (40.5 g). This crude material was purified by column chromatography using
50% ethyl acetate/petroleum ether to give pure compound 18 as a colorless oil (36.4 g,
76%, R¢=0.15 in ethyl acetate).

'"H NMR (CDCl3): 4.63 (t, 1H, J = 2.8Hz), 4.12 (m, 4H), 3.93 (q, 1H), 3.73 (q,
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1H), 3.65(q, 1H), 3.45 (m, 1H), 1.58 (m, 6H), 1.67 (t, 6H, J = 7.1Hz).

3C NMR (CDCls): 99.1, 62.4, 61.5, 59.3, 29.9, 25.2, 18.6, 16.4.

2-Hexyl-octenyl 2-tetrahydropyranyl ether (19)

Diisopropylamine (420 mg, 4.00 mmo!) and THF (200 mL) were added into a 3-
neck 500 mL round bottom flask under a nitrogen atmosphere. The solution was cooled
to -78 °C in an acetone/CO- bath. A hexane solution of n-butyllithium (2.90 mL, 1.40M,
4.06 mmol) was added at once by a syringe. The above phosphonate 18 (1.00 g, 3.96
mmol) was added into the mixture solution over 2 min via a syringe. Dihexyl ketone
(674 mg, 3.30 mmol) in THF (20 mL) was added dropwise from a constant addition
funnel. After completing the addition the dropping funnel was replaced with a reflux
condenser, and the cooling bath was replaced with a heating mantle. The mixture was
heated to reflux overnight. The mixture was diluted with diethyl ether (200 mL), and
then was washed in turn with hydrochloric acid (10%, 20 mL), water (50 mL) and
saturated sodium bicarbonate solution (50 mL). After being separated the ether layer was
dried over anhydrous magnesium sulfate and evaporated under reduced pressure to give a
slightly yellow liquid, and further purification was carried out by column chromatography
with 2% ethyl acetate/petroleum ether to give pure compound 19 as a colorless liquid
(580 mg, 68.2%, R¢= 0.7 in 5% ethyl acetate/petroleum ether).

'H NMR (CDCl): 6.00 (s, 1H), 4.82 (t, 1H, J = 3.0Hz), 3.78 (m, 1H), 3.53 (m,

1H), 2.08 (t, 2H, J = 7.1Hz), 1.85 (t, 2H, ] = 7.4Hz), 1.61 (m, 6H),

1.29 (m, 16H), 0.85 (m, 6H).
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3C NMR (CDCls): 137.5, 120.1, 98.3, 61.9, 32.0, 30.1, 29.5, 28.3, 27.0, 25.5,
22.8,19.0, 14.3.

IR (cm'l): 2926 brs, 2729 w, 2666 w, 1730's, 1680 s, 1455 s, 1354 m, 1202 m,
1037 m.

MS: (EI): M", 296; M - [CH;(CH.)s]-.CH=CH-O, 85.

o,a-Dihexyl acetaldehyde (20)

The above enol ether 19 (5.63 g, 19.0 mmol) was dissolved in THF (50 mL) in a
500 mL 3-neck round bottom flask with a magnetic stirrer under a nitrogen atmosphere,
and water (200 mL) was slowly added until the solution became turbid. Concentrated
hydrochloric acid (6.50 g, 64.0 mmol) was added at once via a syringe. The mixture was
heated at reflux for 24 hrs, and the reaction solution was mixed with saturated sodium
bicarbonate solution (3 x 50 mL), and extracted with diethyl ether (300 mL). The ether
layer was dried over anhydrous magnesium sulfate and evaporated under reduced
pressure to give a crude material (4.03 g). Further purification was carried out by column
chromatography with 5% ethyl acetate/petroleum ether to give pure compound 20 as a
colorless oil (3.14 g, 78%, R¢= 0.4 in 5% ethyl acetate/petroleum ether).

'H NMR (CDCl): 9.56 (d, 1H, J =3.1Hz), 2.23 (s, 1H, J = 2.7Hz), 1.61 (m, 2H),

1.42 (m, 2H), 1.28 (s, 16H), 0.88 (t, 6H, J = 6.6Hz).
3C NMR (CDCls): 205.9, 52.2, 31.8, 29.6, 29.1, 27.2,22.8, 14.2.
IR (cm™): 2928 brs, 2692 m, 1728 s, 1465 s, 1378 m, 1183 m, 724 m.

MS: M, 212; M - CH;0, 182.
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Tetra(C-isopropyl)calix[4]resorcinarene (21)

Resorcinol (5.00 g, 45.4 mmol) was dissolved in anhydrous ethanol (150 mL) in a
250 mL 3-neck round bottom flask with a magnetic stirrer, and isobutyraldehyde (3.27 g,
45.4 mmol) was added under a nitrogen atmosphere. The reaction mixture was cooled to
0°C in an ice bath and concentrated hydrochloric acid (22.3 g, 226 mmol) was added
slowly. After completing the addition, the ice bath was replaced with heat mantle, and
the mixture was heated up to 70°C for 24 hrs. Upon cooling, water (100 mL) was added
to promote precipitation. The precipitant was filtered and evaporated under reduced
pressure to afford a yellow-brown solid (4.38 g) which was recrystallized from a mixture
of cyclohexane and ethyl acetate (10:1) to give a yellow powder (1.50 g, 24%, R¢= 0.45
in 90% ethyl acetate/petroleum ether).

m.p.: >300°C

'H NMR (CDCls): 9.55 (d, 2H), 7.12 (s, 1H), 6.1 (s, 1H), 3.86 (d, 1H, J =
10.4Hz),

2.80 (m, 1H), 0.85 (d, 6H, J = 7.4Hz).
'3C NMR (CDCly): 153.1, 131.7, 125.7, 104.1, 43.3, 31.3, 22.2.
IR (cm‘l): 3382 brs, 2959 brm, 1619 s, 1499 s, 1441 m, 1301 m, 1157 m, 1069m,
838 m.
MS (LSIMS, positive): M, 656; M - isopropyl, 613.
Elemental Analysis: (C4oHs305¢H,0) found C 70.77%, H 7.76%; expected C

71.19%, H 7.47.
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Tetra(C-dihexylmethyl)calix[4]resorcinarene (22)

Resorcinol (6.96 g, 63.1 mmol), a,a-dihexylacetaldehyde 20 (13.4 g, 63.1 mmol)
and anhydrous ethanol (200 mL) were added into a 500 mL 3-neck round bottom flask
with a stirring bar under a nitrogen atmosphere. The mixture was cooled to 0°C with an
ice bath, and concentrated hydrochloric acid (32.8 g, 324 mmol) was added slowly via a
syringe. The ice bath was replaced with a heating mantle, and the reaction solution was
heated to 60°C for 72 hrs. Upon cooling, water (80 mL) was added to promote
precipitation. The precipitate was dried under reduced pressure and purified by column
chromatography with 50% ethyl acetate/petroleumn ether to give pure compound 22 as a
yellow-brown powder (15.2 g, 20%, R¢= 0.7 in 75% ethyl acetate/petroleum ether).

m.p.:134-136°C

'H NMR (CDCl;): 9.46 (s, 2H), 7.16 (s, 1H), 6.04 (s, 1H), 3.96 (d, 1H), 3.52 (m,

1H), 1.64-2.52 (m, 4H), 1.16 (m, 16H), 0.78 (m, 6H).

C NMR (CDCly): 152.1, 124.7, 123.8, 102.5, 64.8, 32.1, 30.2, 28.2, 25.5, 22.7,

21.0,13.5

IR (cm™): 3290 brs, 2928 s, 1619 s, 1502 s, 1448 m, 1290 m, 843 w.

MS (LSIMS): M", 1216; M - [CH3(CH,)s].CH , 1033.

Elemental Analysis: (CgoH2303¢3HCI) found C 73.10%, H 9.14%;

expected C 72.40%, H 9.95%.
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2-Bromo-N,V-diethylacetamide (24)

Diethylamine (26.6 g, 356 mmol) was diluted in dry dichloromethane (250 mL) in
a 500 mL 3-neck round bottom flask under a nitrogen atmosphere. The solution was
cooled to -10 °C with an ice/NaCl bath and stirred. 2-Bromoacetylbromide (32.6 g. 158
mmol) in dry dichloromethane (50 mL) was added dropwise into the flask from a
constant addition funnel. After the addition, the reaction mixture was stirred for another
1 hr at -10 °C, and the mixture then warmed up to room temperature. After concentration
the product was extracted with diethyl ether (300 mL). The ether extract was washed in
turn with water (50 mL), saturated sodium bicarbonate (50 mL) and brine (50 mL), and
dried over anhydrous magnesium sulfate and then evaporated under reduced pressure to
give pure 24 as a colorless liquid (24.9 g, 81.2%; R¢ = 0.36 in ethyl acetate).

'H NMR (CDCls): 3.75 (s, 2H), 3.29 (q, 4H, ] = 7.1Hz), 1.16 (t, 3H, J = 7.1Hz),

1.04 (t, 3H, J = 7.1Hz).
3C NMR (CDCl3): 165.9, 42.9, 40.5, 26.3, 14.3, 12.4.

IR (cm’l): 2976 brs, 1644 s, 1454 s, 1228 m, 1094 m, 792 m, 609 m.

Tetra(C-isopropyl)calix[4]resorcinarene-3,5,10,12,17,19,24,26-octa-a-V, V-
diethylacetamide (25)

Sodium hydride (500 mg of 60% in oil, 12.5 mmol) was washed with dry n-
pentane (4 x 10 mL) and dried under a nitrogen atmosphere in a 3-neck 250 mL round

bottom flask with a magnetic stirrer. Dry THF (100 mL) was added via a syringe

80



followed 22 (430 mg, 655 mmol). The mixture was stirred for 2 hrs, and then 24 (2.45 g,
12.5 mmol) in THF (30 mL) was added dropwise from a constant addition funnel. The
mixture was heated to reflux for 24 hrs. After concentrated to 50 mL under reduced
pressure, the residue was extracted into diethyl ether (300 mL). The ether layer was
washed with water (3 x 50 mL) and brine (50 mL), and then dried over anhvdrous
magnesium sulfate and evaporated under reduced pressure. The crude product was
purified by column chromatography with a gradient from 10 to 50% methanol/ethyl
acetate to give pure compound 25 as a slightly yellow oil (600 mg, 59%, R¢= 0.6 in 15%
methanol/ethyl acetate).
'H NMR (CDCl;): 7.83 (s, 1H), 6.66 (s, 1H), 6.55 (s 1H), 6.45 (s 1H), 4.62 (d,
1H, J = 10.2Hz), 4.52 (m, 4H), 3.37 (m, 8H), 2.33 (m, 1H), 1.05 (m, 12H),
0.85 (d, 6H, J = 7.3Hz)
'3C NMR (CDCly): 171.4, 158.6, 132.6, 130.1, 102.9, 73.4, 64.4, 45.6, 44.0, 36.0,
25.7,18.4, 16.8.
IR (cm’l): 2970 brs, 1644 s, 1584 w, 1466 brm, 1293 m, 1094 m, 797 w.
Elemental Analysis: (CgsH36NgO¢) found C 67.05%, H 8.77%, N 6.85%;

expected C 67.66%, H 8.78%, N 7.17%.

Tetra(C-dihexylmethyl)calix[4|resorcinarene-3,5,10,12,17,19,24,26-octa-at-/V,/V-
diethyl-acetamide (26)
Sodium hydride (500 mg of 60% in oil, 12.5 mmol) was washed with dry »-

pentane (4 x 10 mL) and dried under a nitrogen atmosphere in a 3-neck 250 mL round
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bottom flask with a magnetic stirrer. Dry THF (100 mL) was added with a syringe
followed by 22 (750 mg, 0.617 mmol). The mixture was stirred for 2 hrs, and then 24
(2.45 g, 12.5 mmol) in THF (30 mL) was added dropwise from a constant addition
funnel. The mixture was heated to reflux for 24 hrs. The solvent was partially removed
under reduced pressure and the product was extracted with diethyl ether (300 mL). The
ether layer was washed with water (3 x 50 mL) and brine (50 mL), dried over anhydrous
magnesium sulfate, and evaporated under reduced pressure. The crude product was
purified by column chromatography with a gradient from 0 to 40% methanol/ethyl acetate
to give pure 26 as a slightly yellow oil (1.00 g, 76%, R¢ = 0.5 in 15% methanol/ethyl
acetate).
'H NMR (CDCl;): 6.80 (s, 1H), 6.30 (s, 1H), 4.59 (m, 1H), 4.40 (s, 4H), 3.86 (q,
1H, J = 6.6Hz), 3.22 (s, 8H), 1.74 (m, 2H), 1.51 (m, 2H), 0.97 (m, 28H),
0.74 (t, 6H, J = 6.6Hz).
3C NMR (CDCl3): 167.8, 154.8, 127.5, 126.1, 99.1, 69.4, 65.0, 41.7, 40.4, 32.3,
30.3,29.1,24.7, 23.0, 21.3, 14.7, 14.5, 13.2.
IR (cm™): 2934 brs, 1643 s, 1580 w, 1502, br's, 1266 m, 796 w.
Elemental Analysis: (C,238H216N30160KCl) found C 69.00%, H 9.61%, N 5.78%,;

expected C 69.95%, H 9.91%, N 5.10%.
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Tetra(C—hexyl)calix[4]resorcinarene-3,5,10,12,l7,19,24,26-octa-a-N,N-
diethylacetamide (27)

Sodium hydride (500 mg of 60% in oil, 12.5 mmol) was washed with dry n-
pentane (4 x 10 mL) and dried under a nitrogen atmosphere in a 3-neck 250 mL round
bottom flask with a magnetic stirrer. Dry THF (100 mL) was added via a syringe
followed by the C-hexylcalix[4]resorcinarene (720 mg, 1.00 mmol).*® The mixture was
kept stirring for 2 hrs, and then 24 (2.45 g, 12.5 mmol) in THF (30 mL) was added
dropwise from a constant addition funnel. The mixture was heated to reflux for 24 hrs.
After concentrated to 50 mL, the reaction solution was mixed with diethyl ether (300
mL), and the diethyl ether layer was washed with water (3 x 50 mL) and brine (50 mL),
and then dried over anhydrous magnesium sulfate and evaporated under reduced pressure.
The crude material was purified by column chromatography with a gradient from 10 to
50% methanol/ethyl acetate to give pure 27 as slightly yellow oil (820 mg, 50%, R¢= 0.4
in 20% methanol/ethyl acetate).

'H NMR (CDCly): 6.81 (s, 1H), 6.46 (s, 1H), 4.62 (t, IH,J = 7.0Hz), 4.17 (s,

4H), 3.44, (m, 8H), 1.82 (s, 2H), 1.21 (m, 12H), 1.09 (m, 12H), 0.85 (t,
3H, J = 6.6 Hz).

13C NMR (CDCls): 171.4, 158.5, 130.4, 130.2, 103.8, 73.1, 45.4, 44.0, 40.0, 39.3,

36.0, 34.0, 33.4, 32.3, 26.6, 18.3, 18.1, 16.8.
IR (cm™): 2934 brs, 1642 s, 1584 m, 1467 brs, 1296 s, 1101 s, 796 m.
Elemental Analysis: (CisH16sNgO16) found C 69.66%, H 9.72%, N 6.12%,

expected C 69.92%, H 9.84%, N 6.27%.
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Tetra(C-methyl)calix[4]resorcinarene-3,5,10,1 2.17,19,24.26-octa-a-IVUV-
diethylacetamide (28)
Sodium hydride (1.18 g of 60% in oil, 24.9 mmol) was washed with dry n-pentane
(4 x 10 mL) and dried under a nitrogen atmosphere in a 3-neck 250 mL round bottom
flask with a magnetic stirrer. Dry THF (100 mL) was added via a syringe followed by the
C-methylcalix[4]1'esorcinarene:49 (550 mg, 1.0 mmol). The mixture was stirred for 2 hrs,
and then 24 (5.72 g, 29.5 mmol) in THF (30 mL) was added dropwise from a constant
addition funnel. The mixture was heated to reflux for 24 hrs. After concentration the
product was extracted into diethyl ether (300 mL), and the ether extract was washed with
water (3 x 50 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, and
evaporated under reduced pressure. The crude product was purified by column
chromatography with a gradient from 0 to 50% methanol/ethyl acetate to give pure 28 as
a slightly yellow oil (707 mg, 42%, R¢=0.5 in 50% methanol/ethyl acetate).
'H NMR (CDCL): 6.36 (s, 2H), 4.60 (q, 1H, J = 7.0Hz), 4.35 (s, 4H), 3.26 (d,
SH, J = 6.6Hz), 1.36 (d, 3H, J = 7.1Hz), 1.01 (m, 12H).
13 NMR (CDCL): 171.6, 158.4, 131.8, 129.7, 103.0, 73.0, 45.4, 44.0, 346,242,
18.3, 16.8.

IR (cm™): 2973 brm, 1642 s, 1586 w, 1499 m, 1267 m, 1119 m, 799 w.
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MS: M", 1448.
Elemental Analysis: (CgoH120N30160H,0) found C 65.55%, H 8.56%, N 7.40%,

expected C 65.46%, H 8.38%, N 7.63%;

Tetra(C-dihexylmethyvl)calix(4]resorcinarene-3,5,10,12,17.19.24.26-octa-methyl
acetate (29)

Sodium hydride (400 mg of 60% in oil, 10.0 mmol) was washed with dry n-
pentane (4 x 10 mL) and dried under a nitrogen atmosphere in a 3-neck 250 mL round
bottom flask with a magnetic stirrer. Dry THF (100 mL) was added with a syringe
followed 22 (750 mg, 0.617 mmol). The mixture was stirred for 2 hrs, and then methyl
bromoacetate (1.53 g, 10.0 mmol) in THF (30 mL) was added dropwise from a constant
addition funnel. The mixture was heated at reflux for 24 hrs. After concentration, the
reaction solution was extracted with diethyl ether (300 mL). The ether layer was washed
with water (3 x 50 mL) and brine (50 mL), and then dried over anhydrous magnesium
sulfate and evaporated under reduced pressure. The crude product was purified by
column chromatography with a gradient by 50% ethyl acetate/petroleum ether, 100%
ethyl acetate, 1% MeOH/ethyl acetate and 5% MeOH/ethyl acetate to give pure 29. Two
isomers of 29 were obtained as brown oil (200 mg, 18%, Ra = 0.7 in 75% ethyl
acetate/petroleum ether, Rp = 0.5 in 5% methanol/ethyl acetate).

'H NMR (CDCl): 7.1 (m, 1H), 6.2 (m, 1H), 4.48 (m, 4H), 431 (d,

1H), 4.04 (s, 1H), 3.70 (m, 6H), 1.64 - 2.12 (m, 4H), 1.24 (m, 16H), 0.87

(m, 6H).
85



BC NMR (CDCl3): 172.7, 156.7, 129.2, 127.5, 105.1, 69.8, 68.4, 56.6, 44.0, 40.2,
35.9, 33.6, 28.6, 24.9, 18.0.

IR (cm"): 2930brs, 1755s, 1613 m, 1496 s, 1439 m, 1224 brm, 723 w.

Elemental Analysis: (Ci0sH160024) found C 69.61%, H 8.65; expected C 69.64%,

H 8.93%.

33 Preparation of Langmuir films and Langmuir-Blodgett Films

The solvents used to prepare the spreading solutions were UV-grade chloroform
and toluene and HPLC-grade methanol from Aldrich. Silver nitrate (assay 99.98%) from
Aldrich was used without further purification. The resorcinarenes or their derivatives
were prepared in concentration of 2 x 10* M in 10% methanol/chloroform or 10%
methanol/toluene solutions. Langmuir films of these compounds were spread via a 100-
puL syringe onto a Lauda Langmuir Film Balance equipped with a Lauda FI-1
electronically controlled dipping device. The subphase was double-distilled water which
was passed through a Milli-Q Plus filtration system, with a final resistivity of 18.2 MQcm
or solution of 2 x 10° M AgNO; in Milli-Q filtered water. The monolayers were
compressed at a rate of 2 mm/min after a waiting period of 30 min for the solvent
evaporation and/or interaction between the resorcinarenes and the subphase. All =4
isotherms were recorded at 15 or 25°C (x 0.1°C) controlled by Lauda temperature
controller. The Langmuir-Blodgett films were transferred onto quartz in the vertical
mode at a deposition rate of 2 mm/s. The surface pressure was kept constant during the

transfer process by using the Lauda Fl-1 electronically controlled dipping device.
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