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The syntheses of artificial receptor molecules by the mod HO OH
ification of simple rigid building blocks such as calixarehes, HO, > _ OH
resorcinarenesand cyclodextririshave resulted in various \ | , A/
host molecules with small cavities suitable for the complex- 006 O
ation of alkali metal cations, anions, or small organic mole- R1 Ry R, R

cules. The supramolecular chemistry has been expande
from the combination of calix[4]arenes with other building
blocks such as cyclodextringr porphyring. |

1: R1 = (CH2)50H3

Recently, Reinhouqet gl. have re_ported the supramole—. TSO(CH,),Cl T$O(CH,),Cl
cules by the combination of calix[4]Jarene and resorcin  Cs,CO4 K,CO3
[4]arene moietie&? The [2 + 2] holanél from two calix[4] S%I\{I,Fé EI,%I\@I;

arene and two resorcin[4]arene moieties has a rigid cavity ¢
nanosize dimensions and the [1 +{4, carcerand having

an incarcerated DMF molecules showed the unprecedente X X o o
carcerostereoisomerism owing to the different orientations X [ j X 1 j
of incarcerated guest molecule at low temperature. Thi [ 0 O :’ [ 00 o
[1 + 2] supramolecules from a resorcin[4]arene and twa O 3 - o ° ‘ ‘ =
calix[4]arene moieties as well as their complexation of % | , &% \ ol /
steroids were also reportéddere we report the directed 0 g 5 00 0 ./
synthesis and structural analysis ofCa carceplex and a R1 Ry Ry Ry R1Ry R, R
supramolecule composed of a calix[4]arene and twc
resorcin[4]arene moieties using solvent templation method. 2: (X =Cl, 54%) 3 (33%)

Tetrol 1° obtained fromp-bromocalix[4]arene hexyl ether Nal / MEK [ 4:(X=1,74%)
was treated with TsO(CGHCI-CsCOs-DMF at 50°C to Scheme 1

give tetrachloride in 54% vyield (Scheme 1). When potas-
sium carbonate was used as a base at the same condition, these potential templates are not good enough for the forma-
distal ethylene-bridged produBtand tetrachlorid® were  tion of carcerand.” However, the reaction in pyrazine (1
obtained in 33% and 15% yield, respectively. It seems thamol%)-DMF produced 0O DMF and a supramolecul&in
the Cs templates in the cavity of the calix[4]arene and pro-5% and 2% vyield, respectively. As the reaction condition is
hibits the 1,3-aromatic rings from approaching each othechanged to 1 equiv. of tetraiodideand 2 equiv. of tetrds,
enough to be bridged by ethylene unit. The tetrachldtide the yield of7 was increased up to 15%. When pyrazine (1
was refluxed with Nal in methyl ethyl ketone to give tetraio- mol%)-DMA was used as a mixed solvent, only the 1:2
dide 4 in 74% yield. When tetrol was treated with an host7 was obtained in very low vyield. It is probable that
excess of TsO(CphL,OTs-CsCOs-DMF at 40°C to obtain a  pyrazine-calix[4]arene affinity is larger than that of pyra-
tetratosylate, only a distal bridged analogue 3ofwas  zine-resorcin[4]arene due to the facile squeezability of
obtained due to the high reactivity of a tosylate group. calix[4]arene to give maximumt rrinteractions. This results
Under high-dilution condition, the shell closing reaction in the deformation of calix[4]arene to the pinched-cone con-
between tetraiodidé and tetrob°in CsCO;/ DMF at 55-  former, which prohibits the [1 + 1] shell-closing reaction.
60 °C produced a carcepl®&IDMF in 10% yield (Scheme The structure oBO0DMF was confirmed by spectroscopic
2). When DMA, NMP, MeCN, or 1,4-dioxane were used asand elemental analyses. The FAB(+) mass spectrubnlof
a guest solvent, none of a carceplex or a hemicarceplex wasMF showed a strong molecular ion peak/'£1884, 67%)
observed. and its IR spectrum showeg-o band of DMF at 1674 crh
Pyrazine has been known as the best template in the folts 'TH NMR spectrum shows two singlets for the aromatic
mation of carceplex based on the resorcin[4]atehecase  protons of the resorcin[4]arene and calix[4]arené &i72
of the above reaction in pyrazine (1 mol%)-NMP, anyand 6.43, two doubletslfg = 7.1 Hz) for the bridging
desired carceplex was not isolated, which means both aioxymethylene protons of the resorcin[4]arene moiety at
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Scheme 2

5.74 (outer OCED) and 4.19 (inner OCGI®D), and two dou-
blets (Jas = 12.0 Hz) for the bridging methylene protons of (a)
calix[4]arene moiety ad 4.34 (Hng9 and 3.04 (9. Char-
acteristic upfield-shifted guest signals are foudd.@35 for
formyl H, 0.27 forcis-CHs; and -0.45 fotransCHs) due to
the shielding of the aromatic moieties of the hosts. The
incarcerated DMF was not decomplexed at 4Gdor 5 d
and the so-called carceroisomerism was not observed up
-70°C, which is similar tdD4, carceplex composed of two
resorcin[4]arene moiety connected by dioxyethyleneldnit.

The FAB(+) mass spectrum @fgave its molecular ion
peak at m/z 2691 as a base peak, which suggests that it is
trimer consisted of two resorcin[4]arene units and one (b)  HaHy Hy HoHgHn He He
calix[4]arene unit. For this trimer, three kinds of [1 + 2] iso- oy \HFHIH; Vi
mers,endo-endpendo-exacand exo-exoisomers, are possi- —U*—U‘”" 'J”L—’%t—
ble® The endo-endaandexo-exoisomers have &, point _
group, and thendo-exdsomer has & point group. ' P e ' -3

The H NMR spectrum (500 MHz, CDg)l of 7 showed
two singlets for the aromatic protons of the resorcin[4]arene
unit at  6.84 andd 6.61 and two singlets for the aromatic
protons of the calix[4]arene unit &t6.51 andd 6.24. Also .
the dioxymethylene protons of resorcin[4]arene unit : 2
appeared as three kinds of doublet of doubleds6ad3 (as " 5
= 7.0 Hz), 5.97 Jag = 7.2 Hz) and 5.93J4s = 6.9 Hz) for 4
outer OCHO and atd 4.53 (ag = 6.9 Hz), 4451 = 7.0 '
Hz) and 4.34 Jug = 7.2 Hz) for inner OCKED. Also two
kinds of doublet of doublets for methylene of calix[4]arene
unit were appeared 8t4.48 (as = 13.4 Hz) and 4.3 = s
13.0 Hz) for Hngoand atd 3.16 (g = 13.4 Hz) and 3.01 : - C S .
(Jas = 13.0 Hz) for H,, These!H NMR spectral data of ppm 6 5 4 3
shows itsCy, point group, which excludes tego-enddso- ~ Figure 1. Parts of (a) the NOE Connectivity and (b) 2D NOESY
mer. Spectrum (500 MHz) of 7 in CDgat 27°C.

2D NOESY spectrum of shows a connectivity between
the protons (B of the aromatic rings of the calix[4]arene model shows that, if this isomer wasexo-exasomer, the
moiety and the bridging outer methylene protong @fithe =~ 2D NOESY spectrum should show a connectivity between
resorcin[4]arene moiety (Figure 1). The, drotons also the H, protons and the bridging inner methylene protons
show the cross peaks with &d H protons. CPK molecular (Hy). This supports that thendo-enddsomer is obtained

o
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among the three possible 2 : 1 isonfers. taken up in CECl; (100 mL), washed with water X200

In conclusion, a new calix[4]arene-baseq, €arceplex mL) and brine (25 mL) and subsequently dried over MgSO
60DMF and an unexpectethdo-endsupramolecule made After evaporation of the solvent the residue was chromato-
of one calix[4]arene unit and two resorcin[4]arene unitsgraphed on a silica gel gravity column using hexanedGH
were obtained using template effect and their structures wer@ : 1, v/v) and then recrystallized from &E>-MeOH to
determined. Currently the molecular recognition studies asfford the produc# (110 mg, 74%) as a white powder; mp
well as the functionalization of hydroxy groups of this 71.6-73.5°C; 'H NMR (CDCk, 400 MHz)9 6.22 (s, ArH,

supramolecule is in progress. 8H), 4.37 (d,endeArCH, J = 13.2 Hz, 4H), 4.02 (,
OCH,CH;yl, 8H), 3.78 (t, OCH, 8H), 3.22 (t, CH, 8H),
Experimental Section 3.02 (d,excArCH, J = 13.2 Hz, 4H), 1.86 (m, CH8H),

1.34 (br s, CHl 24H), 0.89 (t, Chl 12H); FAB(+) MS 1440

General details All chemicals were reagent grades and (M*, 100).
used directly unless otherwise specified. All anhydrous reac- Calix[4]arene-based Carcerand &1DMF. Under argon
tions were conducted under an argon atmosphere. Meltingtmosphere, a solution of tetraiod#él€L70 mg, 0.12 mmol)
points were measured on an Electrothermal 9100 apparatasd tetrol51° (114 mg, 0.13 mmol) in DMF (50 mL) was
and were uncorrected. IR spectra were taken with a Mattsoadded dropwise to a suspension of@3% (384 mg, 1.2
3000 FT-IR spectrometer. ThéH NMR spectra were mmol) in DMF (80 mL) for 6 h at 55-6€C and the mixture
recorded on a Bruker Avance DPX300 (300 MHz), JEOLwas stirred for 12 h. Then the temperature was increased into
lambda-400 (400 MHz) or Bruker Avance DPX500 (500 80°C and the mixture was stirred for 3 h. After cooling to
MHz) in CDCk unless stated otherwise. Residual solventroom temperature, the residue was taken up igGQGH250
protons were used as internal standard and chemical shiftsL) and the solution was washed with 2 N HCI (50 mL),
are given relative to tetramethylsilane (TMS). FAB massH,O (3x150 mL), and brine (50 mL), and then dried over
spectra were run on a HR MS (VG70-VSEQ) at Korea BasidMgSQ,. After evaporation of the solvent the residue was
Science Institute usingr-nitrobenzyl alcohol as a matrix. chromatographed on a silica gel column using hexane-
Gravity column chromatography was performed on silicaEtOAc (9: 1, v/iv) and the recrystallization from -
gel 60 (E. Merck, 70-230 mesh ASTM). Flash chromatograMeOH gave the produ@&OdDMF (21 mg, 10%); mp >268
phy was performed on silica gel 60 (E. Merck, 230-400°C dec.; FT-IR (KBr) 1674 cr (vc=0); 'H NMR (CDClB,
mesh ASTM). Thin layer chromatography was done on sil-300 MHz) § 6.72 (s, ArH, 4H), 6.43 (s, ArH, 8H), 5.74 (d,
ica plastic sheets (E. Merck, silica gel 68,70.2 mm). Ele- OCH,0O,J= 7.1 Hz, 4H), 5.31 (s, COH, 1H), 4.61 (t, ArCH,
mental analyses were performed by Galbraith LaboratoriedH), 4.34 (d,endeArCH, J = 12 Hz, 4H), 4.32 (m, OCH
(Knoxville, Tennessee). 8H), 4.19 (d, OCKD, J = 7.1 Hz, 4H), 4.05 (m, OGH8H),

5,11,17,23-Tetrakis(2-chloroethyloxy)-25,26,27,28-tetra  3.72 (t, OCH, 8H), 3.04 (dexoArCH, J= 12 Hz, 4H), 2.08
(hexyloxy)pentacyclo[19.3.13".1%13 115 9octacosa-1(24), (m, CH, 8H), 1.96 (m, Chl 8H), 1.57-1.29 (m, CHK 48H),
3(28),4,6,9(27),10,12,15(26),16,18,21(25),22-dodecaene (2)0.84 (m, CH, 24H), 0.22 (s, NCk} 3H), -0.49 (s, NCHl
To a solution of tetrol® (1.0 g, 1.2 mmol) and cesium car- 3H); FAB (+) MS, m/z 1884 (1@ DMF*, 67), 1906 (191
bonate (3.9 g, 12 mmol) in DMF (60 mL) was added 2-chlo-DMF+Na, 100); Anal. Calcd for GgHi5:021N1-CHCly-
roethane tosylate (4.3 g, 18 mmol) and the reaction mixtur®a;: C, 69.97; H, 7.74. Found: C, 69.64; H, 7.48.
was stirred for 3 d at 58C. After cooling to room tempera-  2:1 Supramolecule (7) Under argon atmosphere, a
ture the mixture was partitioned between,CH (300 mL)  solution of tetraiodid& (150 mg, 0.10 mmol), tetr&@ (193
and 2 N HCI (2150 mL). The organic phase was separatedmg, 0.22 mmol), and pyrazine (650 mg) in DMF (50 mL)
washed with water and brine, and subsequently dried ovewas added dropwise to a suspension g€0s (339 mg, 1.0
MgSQ,. After evaporation of the solvent the residue wasmmol) and pyrazine (650 mg) in DMF (80 mL) for 6 h at 50
chromatographed on a silica gel gravity column using 5%¢C. The mixture was stirred for another 1 d and then cooled
EtOAc/hexane to give the produ€0.69 g, 54%); mp 87.5- to room temperature. The mixture was taken up inGIH
88.6°C; IH NMR (CDCk, 500 MHz)$ 6.26 (s, ArH, 8H), (250 mL), washed with 2 N HCI (50 mL), water<(®0
4.40 (d,endeArCH, J= 13.1 Hz, 4H), 3.99 (t, O€,CH,CI, mL), and brine (50 mL) and dried over Mg&S@fter evapo-
8H), 3.81 (t, OCH, 8H), 3.64 (t, CHCI, 8H), 3.04 (dexo ration of the solvent the residue was chromatographed on a
ArCH, J=13.1 Hz, 4H), 1.89 (m, Ck8H), 1.38 (br s, CH silica gel column using hexane-EtOAc (5: 1, v/v) and then
24H), 0.93 (t, CH, 12H); Anal. Calcd for €H;60sCl,Cs- the recrystallization from C}l,-MeCN gave the produdt
Hy4H,0: C, 67.68; H, 7.92. Found: C, 67.41; H, 8.05. (42 mg, 15%); mp 266.9C; FT-IR (KBr) 3462 cm! (Vop);

5,11,17,23-Tetrakis(2-iodoethyloxy)-25,26,27,28-tetra *H NMR (CDCk, 500 MHz) d 6.84 (s, resorcin-ArH, 4H),
(hexyloxy)pentacyclo[19.3.137.1913115190ctacosa-1(24), 6.61 (s, resorcin-ArH, 4H), 6.51 (s, calix-ArH, 4H), 6.24 (s,
3(28),4,6,9(27),10,12,15(26),16,18,21(25),22-dodecaene (4)alix-ArH, 4H), 6.02 (d, OCKD, J = 7.0 Hz, 4H), 5.95 (two
A solution of sodium iodide (155 mg, 1.0 mmol) in MEK d, OCHO,J=7.0 Hz, 4H), 5.63 (br s, OH, 4H), 4.78 (t, CH,
(30 mL) was refluxed for 1 h. To a refluxing solution was 2H), 4.70 (t, CH, 6H), 4.53 (d, OGH, J = 7.0 Hz, 2H),
added tetrachlorid2 (110 mg, 0.10 mmol) and refluxed for 4.48 (d,endeArCH, J = 13.1 Hz, 2H), 4.45 (d, 0GB, J=
3 d. After evaporation of the solvent the crude mixture was7.0 Hz, 2H), 4.39 (dendeArCH, J= 13.1 Hz, 2H), 4.34 (d,



760 Bull. Korean Chem. Sot999 Vol. 20, No. 6

OCH;0,J=7.0 Hz, 2H), 4.18 (two t, O>CH,0, 8H), 3.94
(two t, OCHCH,0, 8H), 3.83 (t, lower-OCkl 8H), 3.16 (d,
exoArCH, J = 13.1 Hz, 2H), 3.01 (gxcArCH, J = 13.1
Hz, 2H), 2.18 (m, Ckl 16H), 1.90 (m, Ch 8H), 1.43-1.35
(m, CH, 72H), 0.93 (m, Ck 36H); FAB(+) MS, m/z 2691
(M+, 100).
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