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Two new azobenzene crown ether calix[4]areil®snd11, were synthesized by two pathways. In the first
pathway, two ethoxy nitrobenzene groups were attachieblutylcalix[4]arenes in a 1,3 position. Subsequent
reduction of the nitrobenzene groups by metallic zinc in an alkaline solution afi@rdad11in 8% and 12%,
respectively. In the second pathway, an azobenzene containing two glycolic units was prepared prior connect-
ing to t-butylcalix[4]arenes. The yields from the second approach (5%, 8¥fand11, respectively) were

lower than those from the former approach. Single crystél® stiitable for X-ray crystallography wab-

tained by recrystallization in methanol. Both the X-ray structure arttithR spectrum oflOindicated that

the stereoisomer of the azobenzene moietytraas and the calixarene platform wasdoneconformation.

'H NMR spectroscopy suggested thatunderwent an observabtis-transisomerization in CDGlunder

room light and upon UV irradiation wittistransratios of 33:67 and 36:64, respectively. Compogiadhich

was the precursor dfl showed fluxional behavior and was found to have mixed conformations of cone and
partial cone with a ratio of 47:53 at -30 %6. NMR spectrum ofl 1 suggested thdtl was initially isolated as

cis azobenzene with calix[4]arene in cone conformation and underwent conformational interconversion
through calix[4]arene annulas in a similar fashiof tgon exposing to light. The complexation studie$0of

with picrate salts of Naand K using'H NMR spectroscopy suggested that Weeferred to bind theis form

of 10while K" preferred to bind thieansform. The sterecisomer of the azobenzene ufit thanged partially

from cis to transupon complexing with K

Introduction ger and coworkers, it was found that bithiophene calix[4]-
arenes containing 6 ethereal oxygen donors can biharida
Large and complex molecular systems can be constructeid to different extent8We therefore synthesized two azo-
utilizing various synthetic techniques. Attaching functional benzene crown ether calix[4]aren&6 &nd11) in which the
moieties into specific molecular frameworks can result inazo benzene unit was connected to the glycolic chains of the
interesting molecular or supramolecular devicégoben-  calix[4]crown and studied their isomerization and inclusion
zenes make up an interesting class of compounds thatoperties. It is anticipated that azobenzene crown ether
exhibit photoresponsive properties. They have been incorpazalix[4]arenes will form complexes with both Nand K,
rated into a number of supramolecular frameworks to proand the binding abilities can then be switchable by external
duce ionophores for transports and photo-switchable recestimuli.
tors? Calix[n]arenes have been of particular interest as
molecular platforms for synthesizing selective ionophores in Experimental Section
inclusion complexatioR.Yamada et al. have shown that an
azobenzene-capped calix[4]arene possessed a higher bindMaterials. All materials and solvents were standard analy-
ing ability to metal ions such as N&K", Ni?*, Cu**, Zré*, tical grade, purchased from Fluka, J. T. Baker or Merck, and
Cd** and AP* in thetrans form than incis isomer* Later,  used without further purification. Commercial grade sol-
Vicens and colleagues have synthesized a serteansfand  vents such as acetone, dichloromethane and methanol were
cis azobenzene crown calix[4]arerfredirom the crystal distilled and stored over 4 A molecular sieves. Acetonitrile
structure, an azobenzene calix[4]arene containing one glywas dried according to the standard technt§@aromato-
colic unit existed irtisisomer® Azobenzene crown calix[4]- graphic separations were performed on silica gel columns
arenes that contained more than one glycolic unit exhibitegkieselgel 60, 0.063-0.200 mm, Merck). Thin layer chroma-
allosteric properties. Changes have been observeil/in  tography (TLC) were carried out using silica gel plates (kie-
transratio from 70/30 for the free ligand to 80/20, 80/20, 75/selgel 60 Ess, 1 mm, Merck) p-tert-Butylcalix[4]arene 1,
25 and 85/15 for K R, CS and NH', respectively. and 26,28-dimethoxp-tertbutylcalix[4]arene, 2, were
We are interested in constructing a switchable moleculaprepared according to methods described in the literature.
system which can selectively bind Nar K* to mimic the  Unless otherwise noted, all reactions were carried out under
biological N&/K* ion pump? According to a report by Swa- nitrogen.
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Analytical Instruments. Elemental analyses were carried 6.95 (2H, t,J = 8.0, nitrobenzene), 7.03 (4H, s, R®kr
out on a Perkin EImer CHON/S analyzer (PE2400 series I1)7.24 (2H, d,J=8.0, nitrobenzene), 7.46 (2H, 3=7.0,
Melting points were taken on an Electrothermal 9100 appanitrobenzene), 7.7 (2H, dJ=8.0, nitrobenzene). Anal.
ratus. UV-visible spectra were recorded on a Spectroni€alcd for GoH7oN2010: C, 73.60; H, 7.21; N, 2.86. Found:
3000 array spectrophotometer. Tiié-NMR spectra were C, 73.62; H, 7.27; N, 2.73.
recorded on a Bruker ACF 200 MHz or a Bruker AM 400 Preparation of 25,27-[di(2-ethoxy)nitrobenzene]-26,28-
MHz nuclear magnetic resonance spectrometer. Variabldimethoxy-p-tertbutylcalix[4]arene, 6. Compound6 was
temperature NMR experiments were carried out on a JEOkynthesized from the reaction betw@gi.37 g, 2.03 mmol)
500 MHz NMR spectrometer. UV-visible spectra were and3 (1.0 g, 4.06 mmol) in the presence afd0; (1.12 g,
recorded on a Spectronic 3000 spectrophotometer. In a8.11 mmol) as well as KOH (3 pellets) in a similar fashion to
cases, samples were mixed in deuterated chloroform arttie preparation &. The desired product can be separated by
chemical shifts were recorded using a residual chloroforntolumn chromatography using 10% ethyl acetate/hexane as
signal as internal reference. eluent. Upon addition of methanol into the solution6of

Synthesis. orange needles precipitated (0.41 g, 20%). mp 18991

Preparation of 2-(2-bromoethoxy)nitrobenzene, 3In a H NMR (200 MHz, CDCJ) &, 0.84 and 1.05 (9H each, br
500 mL two-necked flask equipped with a magnetic bar and, CHOArt-Bu), 1.28 (18H each, br s, ROABU), 3.00-3.40
a reflux condensen-nitrophenol (4.45 g, 32.0 mmol), 1,2- (4H, br, ArCH.Ar), 3.47 (6H, s, OB3), 3.60-4.60 (12H, br,
dibromoethane (60.11 g, 320.0 mmol) angCR; (8.85 g,  ArCH.Ar and OGH,CH,0O-), 6.40-6.69 (4H, br, C¥DArH),
64.0 mmol) were mixed in GIEN (150 mL). The mixture 6.92-7.30 (8H, br, nitrobenzene and RBNr7.51 (2H, tJ
was refluxed for 24 hours and then allowed to cool to room= 7.0, nitrobenzene), 7.81 (2H,J 8.0, nitrobenzene). Anal.
temperature. The solid was separated by filtration andCalcd for GoH74N2Oq0: C, 73.93; H, 7.40; N, 2.78. Found:
washed with CkLCl,. The combined solution was then eva- C, 73.92; H, 7.46; N, 2.76.
porated to dryness to obtain a yellow residue. Methanol was Preparation of 2-(2-hydroxoethoxy)nitrobenzene, 7In
subsequently added to dissolve this residue, and the soluti@similar fashion to the synthesis3fthe reaction between
was chilled in an ice bath to precipitate white solid identifiedo-nitrophenol (2.78 g, 20.0 mmol) and 2-bromoethanol (7.50
as ethoxy dinitrobenzend, The white precipitate was fil- g, 60.0 mmol) in the presence of®O; (2.90 g, 21.0 mmol)
tered and washed with cold methanol (0.55 g, 7%). Theyave7 as a yellow liquid. (2.3 g, 63%).
supernatant was evaporated to dryness. The residue was thetH NMR (200 MHz, CDCJ) &4 3.83 (2H, t,J=4.5,
dissolved in diethyl ether. Hexane was added and the mixOCH,CH,OH), 4.10 (2H, tJ=4.5, -OG1,CH,OH), 4.41
ture was cooled in an ice bath. The desired proBuctys-  (1H, s, -QH), 6.91 (1H, tJ=7.0, aromatic), 7.01 (1H, d,
tallized as a bright yellow solid (5.80 g, 74%). mp 164-165J = 8.0, aromatic), 7.40 (1H, d,= 7.0, aromatic), 7.68 (1H,

°C. d, J=8.0, aromatic). MS (m/z): 183 (87), 139 (ML00),
'H NMR (200 MHz, CDCJ) & 3.65 (2H, t,J=6.0, 122 (67).
-OCH,CH2Br), 4.40 (2H, t,J=6.0, -OCH,CH,Br), 7.02- Preparation of 2,2-di(Z-hydroxoethoxy)azobenzene,.8

7.10 (2H, m, aromatic), 7.52 (1H,X= 8.0, aromatic), 7.81 A mixture of 7 (2.01 g, 10.92 mmol) in methanol (10 mL),
(1H, d,J=8.0, aromatic). Anal. Calcd forsdsBrNOs: C, sodium hydroxide (4.37g ,109.3 mmol ) in®(6 mL) was
39.05; H, 3.28; N, 5.69. Found: C, 39.07; H, 3.21; N, 5.65. stirred in a 50 mL round bottom flask, and zinc (2.86 g,

Preparation of 25,27-di(2-ethoxy)nitrobenzengs-tert 43.74 mmol) was then added. The mixture was refluxed
calix[4]arene, 5 In a 500 mL two-necked flask equipped under nitrogen atmosphere for 48 hours and allowed to cool
with a magnetic bar and a reflux conden&d.48 g, 10.0 to room temperature. The solid was removed by filtration
mmol) and KCO; (1.45 g, 10.5 mmol) were mixed in and washed with Ci&l,. The combined filtrate was evapo-
CH3CN (230 mL) and refluxed for 3 hours. The compo8nd rated to dryness. The residue was dissolved isOGHNd it
(4.92 g, 20.0 mmol) was then added dropwise to the reactiowas then extracted with saturated ammonium chloride. The
mixture, and the mixture was further refluxed for 4 days.combined organic layer was separated and dried over
The mixture was then allowed to cool to room temperatureNaSQu. After removal of NgSQ, the filtrate was evapo-
The solid was separated by filtration. The solution was evarated to give a viscous orange residue. The residue was
porated to dryness. The residue was subsequently dissolveedissolved in minimum C¥l, and chromatographed on a
in water and extracted with 3 portions of £&Hp (50 mL). silica gel column with 15% ethyl acetate/dichloromethane as
Drying and removal of the solvent afforded a yellow solid. eluant. The product crystallized as an orange solid upon
The solid was redissolved in @El,to get a clear yellow addition of methanol and slow evaporation of the solvent
solution in which a small quantity of acetone was then(0.51 g, 30%).
added. Upon slow evaporation of the solvent, sugar-like *H NMR (200 MHz, CDCJ) &, 3.28 (4H, br t, -OCht
crystals of5 were obtained (6.51 g, 66%). mp 205-2G7 CH>0H), 4.25 (4H, br t, -O8,CH,OH), 5.04 (2H, br, -@),

'H NMR (200 MHz, CDCJ) &4 0.94 and 1.28 (18H each, 7.12-7.65 (4H, m, aromatic), 7.38 (2 HJ t 8.0, aromatic),
s, t-Bu protons), 3.28 (4H, d= 13.0, ArGH,Ar), 4.26-4.33  7.70 (2H, dJ = 8.0, aromatic). Anal. Calcd fori§H18N2Oa:
(4H, m, ArCH2Ar and -OCHCH,0-), 4.45-4.47 (4H, m, C, 63.56; H, 6.00; N, 9.27. Found: C, 63.56; H, 6.19; N,
-OCH,CH;0-), 5.19 (2H, sHOAr), 6.75 (4H, s, HOAH), 9.29.
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Preparation of 2,2-di(2Z-mesylethoxy)azobenzene9. 76.62; H, 7.84; N, 2.79. Found: C, 77.21; H, 7.51; N, 2.72.
Into a 100 mL two-necked flask equipped with a magnetidUV/vis [A (nm), £ (dm?® - mol™* - cni?)]: 344, 19233; 446,
bar, methane sulfonylchloride (0.67 g, 5.83 mmol) and tri-3167.
ethylamine (1.07 g, 10.60 mmol) were dissolved in 20 mL of Preparation of 25,27-[di(2-ethoxy)azobenzene]-26,28-
dichloromethane and stirred for 30 min at @5Compound  dimethoxy-p-tertbutylcalix[4]arene, 11
8 (1.21 g, 2.65 mmol) in 5 mL of GBI, was then added Method A: A mixture of6 (0.51 g, 0.50 mmol) in isopro-
slowly into the mixture and it was stirred for 1 hr. After panol (10 mL), NaOH (0.2 g, 5.0 mmol) in®l (2 mL) and
warming to room temperature, the mixture was extracted&n (0.13 g, 2.0 mmol) was placed in a 50 mL round bottom
with 2 portions of 1 M HCI (20 mL) and water. The organic flask. The mixture was refluxed for under nitrogen for 2
phase was separated and dried oveiS®@a Removal of days. The isolation and purification procedures were carried
NaSCQ, yielded an orange solution which was evaporated t@ut in the same manner as compo8n€ompoundll was
give an orange-brown residue. The residue was chromatmbtained as orange crystals in methanol and ethyl acetate
graphed on a silica gel column with 30% ethyl acetate/hex{0.06 g, 12%).
ane as eluant. The product was crystallized as orange Method B: In a 250 mL two-necked flask, compougd
crystals by adding dichloromethane and ethyl acetate (0.4[®.82 g, 1.18 mmol) and MaOs (0.25 g, 2.36 mmol) were
g, 33%). dissolved in CHCN (120 mL). The mixture was stirred for

'H NMR (200 MHz, CDCJ) & 3.04 (6H, s, -SECH3), 24 hours at 40 °C. Compourfdl (0.65g, 1.42 mmol) in
4.44 (4H, t,J=4.0, -OCHCH,OMSs), 4.69 (4H, tJ=4.0, CHiCN (20 mL) was then slowly added. The reaction mix-
-OCH,CH,OMs), 7.05-7.09 (4H, m, aromatic), 7.50 (2H} t, ture was further refluxed for 2 days. The separation and puri-
= 8.0, aromatic), 7.60 (2H, d= 8.0, aromatic). Anal. Calcd fication procedures were carried out in the same manner as
for CigH2oN20sS,: C, 47.15; H, 4.84; N, 6.11. Found: C, compoundlO. The product was crystallized as orange crys-

47.11; H, 4.85; N, 6.12. tals in methanol and ethyl acetate (0.09, 8%). mp 228-230
Preparation of 25,27-di(2-ethoxy)azobenzene-tert °C.
butylcalix[4]arene, 10. 'H NMR (400 MHz, CDCJ) &4 0.82 and 1.28 (18H each,

Method A: In a 50 mL round bottom flask, a mixture®f s, t-Bu protons), 3.10 and 4.23 (4H each, Jdz 12.0,
(0.70 g, 0.71 mmol) in isopropanol (8.0 mL), NaOH (0.28 g,ArCH.Ar), 3.44 (6H, s, -O83), 4.34 and 4.63 (8H, m,
7.0 mmol) in HO (4 mL) and Zn (0.2 g, 3.06 mmol) was -OCH,CH,0-), 6.42 (4H, s, CEDArH), 6.94 (2H, m, azo-
stirred and refluxed under nitrogen for 48 hours. It was themenzene), 7.01 (4H, s, ROAY, 7.08 (4H, m, azobenzene),
allowed to cool to room temperature. The workup proce-7.41 (2H, m, azobenzene). Anal. Calcd fgsHG4N2Os: C,
dures were carried out in the same manner as the synthe3i8.95; H, 7.91; N, 2.97. Found: C, 79.06; H, 7.91; N, 2.97.
of 8. The product was purified by column chromatographyUV/vis [A (nm), e (dnPmolicm™)]: 334, 19385; 440, 7714.

with 15% ethyl acetate/hexane as eluant. Comp@0mwias Isomerization studies Isomerization studies 40 and11
crystallized from hot methanol to obtain orange crystalshave been carried out in NMR tubes. Typically, an NMR
(0.05 g, 8%). tube containindlO or 11 (3.28 mmol) in CDC (0.7 mL)

Method B: In a 250 mL two-necked flask, compoubd was placed in a photo-reactor (quartz) and irradiated with a
(1.02 g, 1.54 mmol) and Mao; (0.16 g, 1.55 mmol) were 180 W mercury low-pressure lamp for at least 4 hours.
dissolved in CHCN (100 mL). The mixture was stirred for Isomerization was followed by4 NMR spectroscopy using
24 hours at 40 °C. Compourtd(0.84 g, 1.84 mmol) in a Bruker AM400 MHz NMR spectrometer (every 30 minute).
CHsCN (20 mL) was then slowly added. The reaction mix-Isomerization ofLl0 or 11 was also studied under room light.
ture was further refluxed for 1 day. After cooling to room All compounds were left standing for at least 4 days. NMR
temperature, the solid was separated by filtration and waslspectra were recorded every 2 hours. All experiments were
ed with CHCl.. The combined solution was evaporated toperformed at 25 °C, and each set of experiments was
dryness. The residue was neutralized with 1 M HCI (50 mL)yepeated at least twice.
and extracted with dichloromethanex80 mL). The organic Isomerization and complexation studies with Naand
layer was separated and dried ovesd@. After filtration, K* ions. Typically, an NMR tube containing0 or 11 (3.28
the solvent was removed by a rotary evaporator to give ammol) in CDC} (0.7 mL) was placed in a phto-reactor
orange oily residue which was further purified by column(quartz) and irradiated with a 180 W mercury low-pressure
chromatography (Si§) with 10% ethyl acetate/hexane as lamp for at least 4 hours. Sodium or potassium picrate (9.84
eluant. The product was crystallized from hot methanol tanmol) was then added as solid into the tube. NMR spectra
give orange crystals (0.07 g, 5%). mp 195-1@T7decomp.). (400 MHz) of the mixture were recorded after 2 days. All

H NMR (400 MHz, CDQ) & 1.03 and 1.20 (18H each, experiments were repeated at least twice.

s, t-Bu protons), 3.20 and 4.15 (4H each,Jds 13.0, X-ray crystallography. Diffraction data of10 - C4HgO;
ArCH-Ar), 4.38 and 4.84 (4H each, br t, B¢CH>0-), 6.86  were collected at 298 K on a crystal of dimension 0.63mm
(4H, s, ROAH), 6.92 (4H, s, HOAH), 7.08 (2 H, tJ=6.0, 0.3 mmx 0.3 mm with a Bruker SMART CCD area detector
azobenzene), 7.16 (2H, #i= 8.0, azobenzene), 7.34 (2H, t, diffractomer usingw rotation scans (scan width of 0.3°) and
J=6.0, azobenzene), 7.61 (2H,HOAr), 7.70 (2H, dJ= graphite-monochromated MaKradiation A = 0.71073) at a
8.0, azobenzene). Anal. Calcd fogdd7gN2OsCaHsO2: C, detector distance of 4.5 cm. A hemisphere of the reciprocal
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Table 1. X-ray crystallographic data fdi0 - C4HsO, ©:Noz
formula GsaH7sN20g Pathway A OH Pathway B
Q\_NK ;(;23222)8 Br\/\nrl K;CO3/ CHyCN Br\/\OHl K;CO, / CHyCN
; O 2
A 0.71073 N NO, . (:[NO Nj@ C[NO
crystal system monoclinic o o_ 2 o
" Br ~on

space group Cc 3 4 7
a(A) 15.1260 (3) e .
b (A) 311347 (3) S PrOH/H »0{ Zn / NaOH
c(d) 12.6692 (3) RO/ AN | 3 w1
5(°) 98.4970 (10) b, )
V(A% 5900.99 (19) C[NQN
Z 4 O ~on
o (calcd) (Mg/nd) 1.129 8
abs coeff|g, mni?) 0.073 CH,l; | HyCS0,01/ (CiHs)N
Final R indices [l > @&(1)] R1=0.0731

wR2 = 0.1663 CHOSO A~y
R indices (all data) R1=0.1178 ‘< ]@

WR2 = 0.1982 N

O\g/\osozcus

space was covered by combination of three sets of expc
sures. Each set had a differgmangle (0°, 88°, 180°) and
each exposure lasted 30 seconds. The collected data we
reduced using the program SAINTEmpirical absorption
correction was done by the program SADAB®ith Ty
and Tnax Of 0.6302 and 1.0000, respectively. A total of
21,214 reflections were measured withifin2 of 61.05°.
The structure was solved by direct methods and refined wit
anisotropic thermal parameters for all non-hydrogen atom
by full matrix least square using SHELX-97 pack&yall
hydrogen atoms were found in different Fourier maps ancScheme 1 Synthetic procedures @b and1l
were included in the refinement. Due to vibrational disorder
of the solvent of crystallization, refinement converged withstituted compoundi.
rather highR and R values (0.731 and 0.1663, repectively). A nitrobenzene derivative of calix[4]arene, 25,27-di(2-
Detailed crystallographic data are described in Table 1. ethoxy)nitrobenzenp-tert-butylcalix[4]arene,5, was pre-
pared by alkylation op-tertbutylcalix[4]arene,1 with 2.0
equiv.of compoun@ in acetonitrile in the presence of 1.05
equiv. KCQO;. Compound5 was crystallized in dichloro-
Synthesis and characterization The synthesis of com- methane and acetone to give sugar-like crystals in 66%. The
poundsl0andll was conducted in two different pathways. same reaction also produced needle-like crystals which were
In pathway A, two ethoxy nitrobenzene groups were attacheharacterized as the trisubstituted prodii2t, The'H NMR
ed to the calix[4]arene framework by a nucleophilic substitu-spectrum ob showed the signals of nitroaromatic protons at
tion reaction betweeo-nitrophenol and 1,2-dibromoethane. 6.95-7.74 ppmThe product has intra-molecular hydrogen
A reductive coupling of nitrobenzene groups was then carbonds indicated by a singlet peak of OH proton at 6.85 ppm.
ried out to afford the azobenzene crown ether calix[4]arened he spectrum also consists of two doublet signals due to the
Alternatively, in pathway B the ethoxy nitrobenzene moi- methylene bridge protons at 3.50 ppm and 4.25 ppm and two
eties were subjected to reductive coupling prior attaching

Zn/ NaOH for?
'PrOHH 0 NayCO3 / CHy;ON

Results and Discussion

them to the calix[4]arene units. The synthesis of compound C(Ng;gﬂ“
10and11 can be summarized in Scheme 1.

Alkylation of o-nitrophenol with 10.0 equiv. of 1,2-dibro- (0 °
moethane in the presence of exces€® in acetonitrile ‘”‘Xo

0 Jo

gave yellow needle-shaped crystals3afs a major product

(74%) and4 as a minor product (7%). The reaction needec
excess 1,2-dibromoethane in order to produce the mono-su
stituted product. If the equimolar amount of 1,2-dibromo-
ethane was used, the major product would be the disuk

: NO,
0

12 13

I
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signals due tdert-butyl groups at 1.28 ppm and 0.94 ppm mesylation of8 with 2.2 equiv. methane sulfonylchloride
indicating that the calix[4]arene unit is in cone conforma-and excess triethylamine in dichloromethane ¢ave33%
tion. after purification. The nucleophilic substitution @fvith 1

In early attempts, we tried to prepare compo@rfcom or 2 in the presence of Ma0; in acetonitrile gave azoben-
alkylation reaction of the dimethylated compou2dyith 3 zene calix[4]arene$0 (5%) andll (8%), respectively. The
in various conditions. A preparation using potasstent low yield of nucleophilic substitution reactions may stem
butoxide as base in THF gave the elimination produ@, of from the competing polymeric formation during the reac-
compoundl3, instead. Another method, using NaH as basdions. It should be noted that the overall yields of the prod-
gavel3in 24% along with compounglin only 8%. Never-  ucts in pathway A are higher than those in pathway B.
theless, higher yield o can be obtained from alkylating  The crystal structure of 10 We were able to obtain crys-
compound with 2.0 equiv. of compounglin acetonitrile in  tals of bothl0 and11. However, only crystals df0 are suit-
the presence of 4.0 equiv. 0f@&0O; and KOH. The desired able for single crystal X-ray analysis. The X-ray structure of
product was separated on a silica gel column with 10% ethylOillustrated in Figure 1 shows that a molecule of ethyl ace-
acetate/hexane as eluent to afford compdiml20%. The tate has included into the calix[4]arene unitl6fpointing
yield was quite low due to the steric congestion of thethe -CHCH; moiety into the upper rim cavity. The aromatic
methyl group which may decelerate the rate of the substituCs,>Csp2 distances in the molecule vary from 1.333 (15) to
tion reaction and the elimination produt3, was an inevita-  1.449 (10) A with an everage value of 1.396 A while the
ble side reaction under basic condition. Thé¢ NMR CsprCspadistances vary form 1.462 (9) to 1.560 (8) A with a
spectrum ofl1 showed broad signals due to the absence ofmean value of 1.525 A. The aromatig®ond angles are in
intramolecular hydrogen bonding causing in various conforthe range of 116.3 (3)°-123.7 (3)°, angs®ond angles of
mations of the calix[4]arene framework to exist in the solu-103.9 (7)°-112.6 (4)° which are in line with trigonal planar
tion, vide infra and tetrahedral geometry. Bond angles involving bridging

Reductive coupling was carried out with a modified proce-methylenes vary from 110.6 (3)° to 111.9 (3)° which are
dure from the literatur®. Typically, the mixture of dinitro-  slightly larger than the tetrahedral angle. The C-O distances
benzene calix[4]arend, in isopropanol in the presence of vary from 1.377 (4) to 1.443 (4) A with a mean value of
aqueous sodium hydroxide and zinc was stirred and refluxetl.412 A. The distances of N(1)-C(54) and N(2)-C(48) are
under nitrogen atmosphere for 48 hours. The product wa$.515 (7) and 1.431 (8) A, respectively. The azobenzene unit
obtained as orange crystals in 8% yield after an extensivis in transisomer with a N=N distance of 1.179 (6) A. The
purification by chromatography and recrystallization. Therelative torsion angle of C(48)-N(2)-N(1)-C(54) is 178.35°
'H NMR spectrum ofL0 shown in Figure 3a contains two indicating that the azobenzene unit is almost flat. The dis-
doublets of the methylene bridged protons at 3.20 and 4.1&nces between ethereal O atoms are O(1)-O(6)=4.618 and
ppm and two singlets dért-butyl protons at 1.03 and 1.20 O(3)-O(5)=5.813, and the distances between ethereal and
ppm suggesting the cone conformation of the calix[4]arenghenoxy oxygen atoms are O(2)-0O(6)=3.338 and O(4)-0O(5)
framework was retained.

A similar coupling reaction of compourtl gave com-
pound11 which was purified by crystallization in methanol
and ethyl acetate/hexane to give orange crystdl$ @2%).
The signal of aromatic protons of compourid(Figure 3c)
appeared as a pair of sharp singlet peaks at 7.01 ppm a
6.42 ppm unlike the broad peaks of compo@ndihe spec-
trum also showed two pairs of doublets due to the methylen
bridge protons. The results implied that compolthdecame
more rigid and the calix[4]arene framework resumed the
cone conformation.

Compound? was prepared from a nucleophilic substitu-
tion reaction betweenrnitrophenol with 3.0 equiv. of 2-bro-
moethanol in the presence of 1.05 equiv. oC®; in
acetonitrile. After separation and purification, a yellow lig-
uid of 7 was obtained in 63%. A reductive coupling of com-
pound 7 with metallic zinc ini-PrOH in the presence of
sodium hydroxide solution and purification of the crude by
silica gel column chromatography with 15% ethyl acetate;
dichloromethane as eluent ga®@s an orange viscous lig-
uid which was then crystallized as an orange solid upol
addition of methanol (30%).

Compound was converted into a methane sulfonate estelFigure 1. The crystal structure af0-C4HgsO,. Hydrogen ator
9, to facilitate the nucleophilic substitution reaction. Thewere omitted for clarity.
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=5.073 A. The ethereal and hydroxy oxygen atoms are, Partial'H NMR spectra ofl0 before and after irradiation
therefore, preorganized for binding alkali cations. depicted in Figures 3a and 3b show discrete features. The
Solution behavior of compound 6 Due to the lack of signals belonging to theis isomer,t-Bu (1.21 and 1.19
intramolecular hydrogen bonding compoufidpossessed ppm), ArGHAr (3.31 and 4.35), ROAf (6.97), HOAH
conformational interconversion through the calixarene annu¢7.06) and Ar® (8.41)2° of 10 distinctively appear in the
las. TheH NMR spectrum o6 in CDCk at room tempera-  spectrum after irradiation. Compouh@ reached the photo-
ture (Figure 2a) shows complicated broad signals whictstationary state after 24 hours, and the raticioandtrans
indicate mixed conformations of the calix[4]arene frame-was then able to be estimated from the integral area of the
work. Upon decreasing temperature, the broad signals becarsignals to be 36 : 64. Interestingly, we found that upon stand-
sharper. However, signals due to protons on nitrobenzenieg under room light for several days, compoudd@sin
rings do not change significantly when compared to othe€CDCl; also underwent isomerization to give ttisitrans
signals. This implies that the movement of the calix[4]areneatio of 33 : 67. This result correlates with the observation of
unit occurred on the aryl rings containing methoxy groupsVicenset al. in which azobenzene calixcrowns containing
The 500 MHZ'H NMR spectrum o6 at -30 °C (Figure 2b) one glycolic unit were stable as isomers.However, thus
reveals that in solution (CDgI6 existed as a mixture of two far, we cannot isolate thoésisomer of10. Thetransform is,
conformers: partial cone and cone conformations. The mixetherefore, still thermodynamically more stable.
conformations of cone and partial cone were also found in Interestingly, when CECN (10 uL) was added into the
tetramethoxycalix[4]arenes bridged by a polyether chain aCDCl; solution of10 after isomerizationthe signals due to
the upper rint’ The cone conformation possesses two planesert-butyl, aromatic, ethereal and hydroxy protons shifted
of symmetry. Thd-butyl protons appear as two singlets at dramatically. The signal due to methyl protons of included
0.78 and 1.29 ppm, and the methoxy protons appear as a sibH;CN appeared at 2.05 and 2.10 ppnxisandtransiso-
glet at 3.81 ppm. On the other hand, the partial cone confomers of compoundO. The results suggest that baik and
mation has only one plane of symmetry. Teityl protons  trans forms of 10 can include CECN into the cavity of
appear as three singlets at 1.04, 1.18 and 1.28 ppm (ratgalix[4]arene.
2:1:1). The methoxy protons appear as two singlets at 3.01 *H NMR spectrum ofl1 also changed remarkably after
and 3.18 ppm (ratio 1:1). The spectrum also consists of Bradiation and upon standing under room light for several
peaks due to the aromatic protons of the calix[4]arene unit diours. However, we cannot conclusively say thatdbe
7.09, 7.04, 6.91, 6.58 and 6.43 ppm. There should be at leasans isomerization has occurred since we do not have a
5 pairs of signals due to methylene bridge protons in therystal structure ofll to substantiate the isomer of the
spectrum; however, some signals are superimposed on tleobenzene moiety before irradiation. It is found that the
glycolic proton signals which appear as 4 sets of multiplet@aromatic protons iis-azobenzene are more shielded than
between 4.0-4.5 ppm. The ratio of cone:partial cone can bihose intrans-azobenzen&:?'*H NMR spectra 08, 9, 10
calculated from the integration ratio of eitldautyl protons  and compounds containitigins-azobenzene grouf3é! con-
or methoxy protons of each conformation to be 43:57. sist of doublet signals at ~7.6-7.9 ppm while thosdlof
Isomerization studies of compounds 10 and 1Naka- before and after irradiation, do not have signals in this
mura and colleagues have demonstrated use of UV spectraegion. In addition, théH NMR spectrum ofl1in Figure 3d
photometry to study photoisomerization of azobenzocrowrshows complicated signals of aromatic, methylene bridge
ethers'® Unfortunately, bottirans andcis + trans forms of ~ andtert-butyl protons which could result from various con-
10 and11 gave almost the same UV spectra. This may stenformations of the calix[4]arene unit. The bithiophene ana-
from the fact that after isomerization ttie:transratio of 10 logue of compoundl was also found to have a complicated
became 36 : 64 in which the amount of deform was not
enough to influence the alteration of absorption bands in th
UV spectra. NMR spectroscopy was then used in the invest
gation of isomerization.
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Figure 2. H NMR (500 MHz, CDGCJ) spectra of compoun@l at Figure 3. Partial*H NMR (400 MHz, CDCJ) spectra of10 (a)
(a) 25°C and (b) -30C. * and # denote signals of the solvent and before, (b) after UV irradiation andl, (c) before, (d) aft
trace of water, respectively. irradiation. * denotes signals of the solvent.
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NMR spectrum due to fluxional behavfowe suspect that
11 stays in thecis form and just undergoes the conforma-
tional change of the calix[4]arene framework in the same
manner as its precurs@; rather than theis-transisomeri-
zation.

Effects of Complexation of Nd and K* ions. The picrate
salts of N& and K ions were employed in complexation
studies. Normally, the picrate salts were not soluble ir @

CDCl; and were added as solid into NMR tubes containing l ‘

solutions ofL0 and11 The inclusion of cations into ligands —_—k

can be notified by the appearing of a singlet signal of aro_,
matic protons of the picrate anion around 8.6-8.9 ppm whicl®?
is well separated from the signals of the ligands. The met¢
salts were added into the ligands before and after UV irradi
ation??'H NMR spectra of complexes b0 after addition of
sodium and potassium picrates possessed two doublet sig-

nals at 3.26 and 4.20 ppm (J~13 Hz) indicating1Bahain-  plex with thetransform of 10 and increased the percentage
tained the cone conformation of calix[4]arene after com-of thetransform. Later, the thermdiansto cis isomeriza-
plexation with the metal ions. tion took place and increased the amount ofcikdorm.

'H NMR spectra (400 MHz, CDg)l of 10 in Figure 4  The result also implies that the stability of thens-10- K
shows significant changes from the spectrum of the freeomplex is not very strong.
ligand (Figures 2a and 2b). The spectrum in Figure 4a shows *H NMR spectra of ligand1 in the presence of Nand
a singlet signal of picrate protons at 8.64 ppm. The broa&™ picrates are shown in Figure 5. The singlet signals of
peak of the glycolic protons tfansisomer at 4.44 ppm sep- picrate aromatic protons are observed at 8.78 ppm. Figure 5a
arates from those afsisomer at 4.40 ppm and the multiplet shows that, upon addition of Nahe spectrum ofl does
signals appear around 6.82-6.93 ppm. Furthermore, doublebt change significantly from that of the free ligand and a
peaks of methylene bridge protons of tfemsform at 3.26  signal due to picrate protons has very low intensity. This
ppm and theisform at 3.32 ppm slightly shift from those of suggests that the presence of Nas no effect to isomeriza-
the free ligand. It was found from the integration that thetion of the azobenzene unit. On the other hand, the presence
amount ofcisisomer increased from 36% to the range of 42-of K* caused significant changes in tii& NMR spectrum
47%. (Figure 5b). A doublet at 7.55 ppm and a singlet peak at 3.33

Addition of potassium picrate inttOresults in an appear- ppm are observed in the spectrum upon addition of potas-
ance of a singlet signal of picrate protons at 8.92 ppm. Theium picrate into the solution @i for only 2 days. The dou-
intensity of the signals corresponding to ttis isomer  blet around 7.55 ppm was generally found in varinass
decreases dramatically. The integration showed that the peazobenzené$? and the singlet at 3.33 ppm was in the
centage oftis isomer decreased from 36% to the range ofregion of methoxy protons. The result implies thstto
10-16%, and the amount &fans isomer increased to the transisomerzation ofil1 occurs partially in the presence of
range of 84-90%. However, upon standing under the roonK*, and this is also in line with the results obtained from
light, the amount of theis form gradually increased to 25% compoundLO.
after standing for 19 days, and reached 42% in 30 days. We
do not have a definite explanation for the increasingiof
isomer. However, it is possible that frstly formed a com-

— A d.JL

- -

6.0 5.0 40

PPM
Figure 5. Partial 'H NMR (400 MHz, CDCJ) of 11 in the
presence of (a) Ngb) K*. * denotes signals of the solvent.

30 70

Conclusion

Two new azobenzene calix[4]crown$0(and 11) have
been synthesized by two different pathways. Compdiind
was isolated asansisomer and was found to undetgans
to cis isomerization under room light and UV irradiation.
Compound®6, the precursor of compountll, underwent
conformational interconversion due to the absence of
intramolecular hydrogen bonding and was found to exist in
mixed conformations of cone and partial cone (47 : 53) at
-30 °C. Compound.l was believed to exist in thas form
and undergo conformational interconversion rather tigan
transisomerization upon exposing to UV or room light. The
complexation studies showed that id); the percentage of

®)

JLL —

9.0

8.0 70 6.0 50 40 3.0

PPM

Figure 4. Partial 'H NMR (400 MHz, CDGCJ) of 10 in the
presence of (a) Ngb) K*. * denotes signals of the solvent.

cisisomer increased in the presence of While the amount
of trans isomer increased in the presence 6f K also
implies that theis form is suitable for binding Navhile the
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trans form is appropriate for K In case of compountl, it

was found thatis to transisomerization occurred somewhat 8.

in the presence of 'K Compared to the azobenzene crown
ether synthesized by Shinkai and coworkers which showed
the extractability of K over N& in both cis and trans
forms?® our compound40 and11 which consisted of 6 oxy-

gen donor atoms from the ethoxy azobenzene unit attaching™

to the calix[4]arene frameworks showed selectivity ofcike
and trans forms towards Naand K, respectively. Com-

receptors or sensors for Nand K ions.

Supplementary Material. The following are available on 13.

request from the correspondent author: tables of crystal data

and structure refinements, atomic coordinates and equivaleé-

isotopic displacement parameters, bond lengths, bond angles,
anisotropic displacement parameters and hydrogen coordi-
nates and isotropic displacement parameterB¥oC,HgO..
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	formula
	C64H78N2O8
	fw
	1003.28
	T, K
	293 (2)
	l, Å
	0.71073
	crystal system
	monoclinic
	space group
	Cc
	a (Å)
	15.1260 (3)
	b (Å)
	31.1347 (3)
	c (Å)
	12.6692 (3)
	b (�˚�)
	98.4970 (10)
	V (Å3)
	5900.99 (19)
	Z
	4
	r (calcd) (Mg/m3)
	1.129
	abs coeff (m, mm-1)
	0.073
	Final R indices [I > 2s(I)]
	R1 = 0.0731
	wR2 = 0.1663
	R indices (all data)
	R1 = 0.1178
	wR2 = 0.1982
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