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Abstract—Lower-rim mono- and diacylated calix[4]arenes [acyl gH3CO, 3,5-(NG),CgH3CO] undergo
selective adamantylation with 3-Y-1-adamantanols (Y =-Rr, 4-MeGH,) in trifluoroacetic acid at the free
phenolic fragments of the macroring. The reaction provides a convenient preparative route to di-, tri-, and
tetraadamantylated calix[4]arenes.

Design of new molecular receptors is one of thegive 70% of the corresponding triadamantyl derivative
most important problems of organic chemistry. Fron{7, 8]. Diadamantyl derivatives were isolated only as
this viewpoint, very promising compounds are calix-mixtures of 1,2- and 1,3-isomers. On the other hand,
[nJarenes 1§ usually equals 4, 6, or 8) which have such derivatives with functional groups in the
been extensively studied in the last two decadesmdamantane fragments, especially those with distal
Valuable properties of calixarenes originate from therrangement of the adamantyl substituents, attract
presence of a hydrophobic aromatic cavity and thattention as‘building blocks in supramolecular syn-
possibility for both upper- and lower-rim modification thesis, specifically for creation of selective receptors
by appropriate functional groups. As a result, theséor metal cations and organic molecules.
compounds can be widely used as models for simula- |n all the above cases {B], the adamantylation
tion of biochemical processes, molecular recognitionyas performed with calixarenes having free hydroxy
membrane transfer, and enzymatic catalysis. In th(igroups. We now propose a general procedure for
connection, important problems are both synthesis ddelective adamantylation of calix[4]arenes, which is
new types of calixarenes and development of proceyased on the difference in the reactivity of alkylated
dures for their selective functionalization. (or acylated) and free phenolic fragments in calix[4]-

Prior to our studies, adamantylcalitfrenes were arenes with respect to carbocationic adamantyl inter-
not reported. The first representatives were obtaineshediates in trifluoroacetic acid.

in 1993 [4]. In 1994 we developed a new procedure The reactions were carried out in excess TFA using
for modification of calix[4Jarene via reaction with chioroform as co-solvent. As starting compounds we
1-hydroxyadamantane and 3-alkylhdroxyada- ysed calix[4]arenes selectively alkylated or acylated at
mantanes in trifluoroacetic acid (TFA). This reactionthe lower rim: 25,27-dipropoxy, 25,27-bis(benzyloxy),
gives exhaustively adamantylated derivatives [5]25 27-bis(benzoyloxy), 25,26,27-tris(benzoyloxy),
Later on, the procedure was applied to calix[6]aren@s.(3 5-dinitrobenzoyloxy), and 25,27-bis(3,5-dinitro-
[6]. In 1996-97 we showed that 3-substituted 1-hy-penzoyloxy) derivativesl—-VI with unsubstituted
droxyadamantanes as adamantylating agents provigra positions and 5,17-dert-butyl-26,28-bis(3,5-di-
the possibility for upperim functionalization of nitrobenzoyloxy)calix[4]areneMl ) (Scheme 1).
call_x[4 or 6]arenes by ad_amantyl _fragments containing 1,3-Dipropyl etherl turned out to be resistant to
various groups [6, 7]. Finally, with the use of 1-hy-tpa byt its reaction with 1-adamantanol was not
droxyadamantanes having electrareeptor SUli-  ggjective: it resulted in exhaustive adamantylation at
uents in positior8 we succeeded in finding conditions he para-positions of both phenolic and ether frag-
for selective adamantylation of calix[4]arene. Thements with formation of tetraadamantyl derivative
latter reacted with 3-(4-methylsualfiylphenyl)-1-- v (scheme 2). We did not succeed in selectively
hydroxyadamantane in trifluoroacetic acid/xylene toptaining the desired 5,17-bis(1-adamantyl) derivative
by varying the reaction conditions such as TFA
" This study was financially supported by the Russian Foundaa@mount and temperature; in all cases intractable mix-
tion for Basic Research (project no. 99-03-33071). tures of partially and exhaustively admantylated

1070-4280/01/3705-0612 $25.@2001 MAIK “Nauka/Interperiodica



SELECTIVE UPPER-RIM ADAMANTYLATION OF CALIX[4]JARENES 613

Scheme 1.
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I, R="Pr;ll, R =CHPh;lll, R = X =H; VI, R=N0O, X=H VI, R=N0, X = tBu.

products were formed. 1,3-Dibenzyl ethdr under- tions of phenolic rings we obtained the corresponding
goes dealkylation in TFA even at room temperaturedibromide whose adamantylation gave 11,23-di-
Its reaction with 1-adamantanol yields-tetrakis- adamantyl derivative X).
(1-adamantyl)calix[4]arengX ) (Scheme 2). The reaction of partially acylated 1,3-bis(benzoyl-
Thus, lower-rim alkylation does not allow us to oxy)calix[4]arene (Il ) with 3-Y-substituted 1-hy-
effect selective upper-rim adamantylation of calix-droxyadamantanes (Y = Hso-C3H,, 4-CH;CgH,) in
arenes. By selective bromination loat thepara-posi- TFA gave calixareneXla—XIc having two adamantyl

Scheme 2.

1-AdOH, CF,COOH/CHCI,

(1) Bry, CHCl; (95%)
(2) 1-AdOH, CF;COOH/CHCl,

X (76%)

I, R =Pr;ll, R = CHPh; VI, R = Pr; IX, R = H.
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Scheme 3.
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NaOH/EtOH—H,0

XVI (91%)

N,R=X=H;VI,R=NG, X =H; VIl, R=NO, X = t-Bu; Xla, R=X =Y = H (90%); XIb, R = X = H, Y =i-Pr (89%);
Xlc, R = X = H, Y = 4-MeGH, (63%); Xl , R = NO,, X =Y = H (76%); XIV, R = NO,, X = t-Bu, Y = H (86%); XVa, X =
Y = H (92%); XVb, X = H, Y = i-Pr (77%); XVc, X = H, Y = 4-MeGH, (81%); XVII , X = t-Bu, Y = H (89%).

groups in thepara-positions of the phenol rings. It with adamantanols below 76, while above that
should be emphasized that the adamantylation waemperature debenzoylation occurred.

selective in a narrow temperature range, from 45 to 3,5-Dinitrobenzoyloxy derivative¥—-VIl are more
55°C. At higher temperature the reaction was accomresistant to hydrolysis in acid medium. No deacylation
panied by partial debenzoylation of the initial esteroccurred in TFA even under reflux. The reaction of
to produce complex reaction mixtures. At lower tem-25,27-bis(3,5-dinitrobenzoyloxy)calix[4]aren&/I()
perature the reaction was very slow. Less active triswith 1-adamantanol gave 76% of upper-rim diada-
(benzoyloxy)calix[4]arenelV almost did not react mantylated calixaren&Il (Scheme 3). Under similar
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Scheme 4.

NaOH/EtOH-H,0 ‘ Imidazole

—————————
-

XVa XVIII (73%)

(1) 3-(4-MeCgH,)-1-AdOH
3-(4-MeCgH,)-1-AdOH CF,COOH/CHCI,

F. H/CHCI
CF;COOH/CHCly (2) NaOH/EtOH—H,0

XIX (75%) XXI (90%)

conditions, from monoacy! derivativé we obtained The product of selective upper-rim 1,3-diadaman-
80% of productXIll having three adamantyl groups tylation, calix[4]areneXIl, was used as starting
at the upper rim. 5,17-Diert-butyl-26,28-bis(3,5-di- compound for synthesis of calix[4]aren&dX —XXI
nitrobenzoyloxy)calix[4]arenell ) obtained by selec- with four or three differently substituted adamantyl
tive dealkylation of the corresponding tetexrt-butyl fragments on the upper rim. In the first case, further
derivative reacted with 1-adamantanol to afford calixadamantylation of calix[4]arenXll was performed
[4]arene XIV with distal tert-butyl and adamantyl after hydrolysis. In the second case, we used a proce-
groups. dure utilizing imidazole [9] to remove one of the two
The acyl protection can readily be removed fromacyl groups inXll, and the resulting monoacyl deriva-
the synthesized adamantylcalix[4]arenes by alkalinéve XVIII was subjected to further adamantylation.
hydrolysis. As a result, compound§V-XVIl were Our results show that the reaction in trifluoroacetic
obtained (Scheme 3). acid of 3-substituted 1-hydroxyadamantanes with
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calix[4]arenes selectively acylated at the lower rimchloroform or methylene chloride. The extract was
provides a selective synthetic route to upper-rimdried over MgSQ and evaporated, and the residue

adamantylated derivatives. was subjected to column chromatography using 1:1
hexanechloroform as eluent.
EXPERIMENTAL 5,11,17,23-Tetrakis(1-adamantyl)-25,27-di-

1 13 propoxycalix[4]arene (VIII) was synthesized from
The "H and *°C NMR spectra were recorded on 199 mg (0.2 mmol) of calixarené, 120 mg

a Varian VRX-300 spectrometer in CDAI75.4 MHz (9 8 mmol) of 1-adamantanol, and 0.6 ml (8 mmol)
for ~°C) using tetramethylsilane as internal referenceys trifluoroacetic acid; reaction temperature-66°C,

Preparative column chromatography was performefh, tion time 8 h. The reaction mixture was evaporat-
on Silicagel 40/6Qum. Silufol-254 and DC Alufolien ed. 510 ml of water was added to the residue. and

Kieselgel 60 B plates (Merck) were used for thin'\}he mixture was left overnight. The precipitate was
layer chromatography; spots were visualized by U filtered off and washed with water and methanol.

irradiation. Initial calixarenes and adamantylating,. 0
agents were synthesized by known methods: calix[ﬁ\-(IeICI of VIl 130 mg (62%), mp 21@12°C, R, 0.59

. 13

arene [10, 11], 25,27-dipropoxycalix[4]arend [12], (chloroform-hexane, 1:2).-°C NMR spectrum
5,17-dibromo-25,27-dipropoxycalix[4]arene [13], (CPCII%)' 8, ppm: Gy: 35.40, 35.26 (§), 43.66, 43.21
25,27-bis(benzyloxy)calix|4Jarend { [14], 25,27-bis-  (C), 29.10, 28.89 (§), 36.92, 36.79 (§; Ceayiy
(benzoyloxy)calix[4]arene 1) [15], 25,26,27-tris- 150.69, 149.64, 146.65141.47, 132.68, 127.83
(benzoyloxy)calix[4]arenelY ) [11], 25,27-bis(3,5-di- (Carom), 124.88, 124.38 (CH,); 31.50 (AICH,Ar);
nitrobenzoyloxy)calix[4]arene 1) [9], 5,7-ditert- Cg: 78.08 (QCH,CH,CH;), 23.36 (OCHCH,CHy),
butyl-26,28-bis(3,5-dinitrobenzoyloxy)calix[4]arene 10.72 (OCHCH,CHj;). Found, %: C 85.31; H 8.57.
(VII) [9, 16], 1-adamantanol [17, 18], 3-isopropyl-1- C74Hg204. Calculated, %: C 85.01; H 8.87.
adamantanol [19]; 3-(4-methylphenyl)-1-adamantanol 5,11,17,23-Tetrakis(1-adamantyl)calix[4]arene
[20]. 25-(3,4-Dinitrobenzoyloxy)calix[4]aren&/§ was  (IX) was synthesized from 100 mg (0.17 mmol) of
synthesized from calix[4]arene and 3,5-dinitrobenzoytalixarenell , 104 mg (0.68 mmol) of 1-adamantanol,
chloride in acetonitrile in the presence of 1-methyl-and 0.5 ml (6.62 mmol) of trifluoroacetic acid; reac-
imidazole by analogy with the synthesis pftert- tion temperature 6@5°C, reaction time 9 h. The
butyl derivative reported in [9]. The yield of was mixture was treated as described above for compound
75%. The solvents used in this work were purified andy||| . Yield of IX 158 mg (99%). The constants and
dehydrated by standard procedures. 'H and ¥C NMR spectral parameters of the product

Typical procedure for adamantylation of calix- were identical to those given in [5].

arenes. A flask was charged with required amounts 5 17-Dibromo-11,23-bis(1-adamantyl)-26,28-di-
of calixarene, adamantylating agent, and Cthl’OfOfmpropoxyca|ix[4]arene (X) was Synthesized from
The flask was filled with argon, and trifluoroacetic 100 mg (0.15 mmol) of 5,17-dibromo-26,28-di-
acid and lithium perchlorate as catalyst were addechropoxycalix[4]arene, 91 mg (0.6 mmol) of 1-ada-
The reactant ratio calixarer@damantylating ageAt mantanol, and 0.48 ml (6.4 mmol) of trifluoroacetic
TFA was as a rule 1:31:40-60. The amount of acid; reaction temperature 706°C, reaction time
chloroform (by volume) was the same as the amounf2 h. After removal of the solvent, the solid residue
of TFA. Lithium perchlorate was taken in an amountyas washed with boiling methanol and was subjected
of 6x10“ mol per mole of calixarene. The reactiontg column chromatography using 1:9 carbon tetra-
mixture was heated (oil bath) to a required temperach|oride-hexane as eluent. Yield 6 106 mg (76%),
ture in a stream of argon. The progress of the reactiomp 365-367°C, R 0.54 (chloroformhexane, 1:2).
was monitored by TLC, following the disappearance!4 NMR spectrum (CDG), §, ppm: 8.26 s (2H, OH),
of the initial calixarene. When the reaction was com<.13 s (4H, H,), 6.86 s (4H, H,,), 4.24 d.d
plete, the mixture was evaporated to dryness. (4H, ArCH,Ar), 3.91 t (4H, OGH,CH,CH,), 3.28 d.d
Typical procedure for removal of acyl protection  (4H, ArCH,Ar), 2.05-1.95 m (7H, OCHCH,CHj,
from adamantylated calixarenes XEXIV and XX. CH, adamantane), 1.60.75 m (24H, CH, adaman-
A mixture of acylated calixarene (0.15 mmol), sodiumtane), 1.21 t (6H, OCKCH,CH,). 13C NMR spec-
hydroxide (1 g), THF (30 ml), ethanol (10 ml), and trum (CDCL), 5., ppm: Gy4: 35.61 (G), 42.81 (C),
water (4 ml) was refluxed for 2&0 h and evaporated. 28.74 (C), 36.55 (C); Ceaviy 152.26, 149.94,
Dilute hydrochloric acid, 15 ml, was added to thel147.87, 132.02, 130.51 (CH,), 130.33 (G,om:
solid residue, and the products were extracted int@25.33 (CH,,,), 110.41 (G, ). 31.50 (ACH,Ar);
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Cg 78.16 (GCH,CH,CH,), 23.29 (OCHCH,CH,), (C?, 36.80 (C), 42.39 (¢, C'9, 29.47 (C, C"),
10.72 (OCHCH,CH,). Found, %: C 69.19; H 6.84; 35.71 (@), 42.04 (&, C%; C.uiw + Cr 164.51
Br 16.91. G,HgBr,0,. Calculated, %: C 69.38; (OCOPh), 150.54, 145.40, 142.24, 133.60.{(.
H 6.68; Br 17.09. 132.43, 130.30 (CHym, 129.09 (G0, 129.01,
5,17-Bis(1-adamantyl)-25,27-bis(benzoyloxy)- 128.85 (CH,), 127.30 (Gyon), 126.57, 125.37
calix[4]arene (Xla) was synthesized from 1 g (CHaon, 33.14 (ACHAr). Found, %: C 84.78;
(1.6 mmol) of calixarendll , 0.98 g (6.4 mmol) of H 7.01. GgH;,06. Calculated, %: C 84.41; H 6.71.
l-adamantanol, and 5 ml (66 mmol) of trifluoroacetic 5,17-Bis(1-adamantyl)-25,27-bis(3,5-dinitroben-
acid. Reaction temperature %5 reaction time 10 h. zoyloxy)calix[4]arene (XII) was synthesized from
After removal of the solvent, the solid residue was0.81 g (1 mmol) of calixaren&/1, 0.45 g (3 mmol)
refluxed with methanol, and the precipitate was fil-of 1-adamantanol, and 3.9 ml (50 mmol) of trifluoro-
tered off and dried. Yield ofXla 1.3 g (90%), acetic acid; reaction temperature°65 reaction time
mp 318320°C, R 0.61 (chloroforrmhexane, 2:1). 30 h. After evaporation of the reaction mixture, the
13C NMR spectrum (CDG), 8., ppm: Gg: 35.22 residue was washed with boiling methanol and was
(CY), 43.13 (C), 28.86 (C), 36.63 (C); Ceayity + Cr! SﬁlbjeCfted to col?mntcfypmato%?pfiyél gsingwgg/X)ane
chloroform as eluent. Yield o 45 g 0),
igggg ((glgosh)ﬁ?gf%g 1354{20 31,;’12'(%3@53’ mp 243-245°C, R 0.62 (chloroformhexane, 2:1).
: rony» . rony: . rony» 13
129.10 (Goy), 129.04, 128.84 (CH,y), 127.17 —~C NMR spectrum (CDG), 8¢, ppm: G 35.61
(Carom): 126.57, 125.35 (Cklyy), 33.27 (ACH,AN).  (C'), 4351 (C), 29.01 (C), 36.78 (C); Ceayity + Cri
Found, %: C 82.91; H 6.99. GHgO. Calculated, %: 163.55 (OCOAr), 149.96, 148.75, 144.52, 144.21
C 82.64; H 6.71. o (Carom)s 132.75 (CH,om), 131.81 (CH,opn), 129.35
25,27-Bis(benzoyloxy)-5,17-bis(3-isopropyl-1- (C,.om), 127.67, 127.53 (CH,,), 125.70 (G.om),
adamantyl)calix[4]arene (XIb) was synthesized as 123.08 (CH,,,, 32.01 (ACH,Ar). Found, %:
described above for comound Xla from 0.1 g C 68.71; H 5.50; N 5.01. £HsN,O;,. Calculated,
(0.16 mmol) of calixarendll , 0.12 g (0.62 mmol) of %: C 68.88; H 5.22; N 5.18.
3-isopropyl-1-adamantanol, and 1 ml (13 mmol) of 5 11,17-Tris(1-adamantyl)-25-(3,5-dinitroben-
trifluoroacetic acid. Yield ofXlb 140 mg (89%), zoyloxy)calix[4]arene (XIll) was synthesized from
mp 323325°C, R 0.70 (chloroformhexane, 2:1). .15 g (0.2 mmol) of calixaren¥, 0.21 g (1.5 mmol)
C NMR spectrum (CDG), 8¢, ppm: Gg: 37.55  of 1-adamantanol, and 0.3 ml (3.8 mmol) of trifluoro-
[(CHy),CH], 16.40 [CH,),CH], 35.01 (@), 45.43 acetic acid; reaction temperature°6l) reaction time
(C?), 36.37 (G), 42.81 (¢, C9, 29.25 (&, C7), 12 h. After evaporation of the reaction mixture, the
35.39 (&), 38.21 (G, C%; C.w * Cr 164.71 residue was washed with boiling methanol. Yield of
(OCOPh), 150.47, 145.49, 142.92, 133.61,4Q, XlIl 0.20 g (80%), mp 26@62C, R, 0.38 (chloro-
132.54 (CH,oy), 130.35 (CH,,), 129.13 (G,,), form-hexane, 2:1):°C NMR spectrum (CDG), 3,
129.04, 128.89 (CH,,), 127.24 (G, 126.63, ppm: G, 35.52, 34.92 (&), 43.04, 42.80 (6),
125.42 (CH,,). 33.24 (ACH,Ar). Found, %: 29.01, 28.54 (&), 36.80, 36.41 (&); Ceavity * Cr:
C 82.61; H 7.58. ggH,,04. Calculated, %: C 82.89; 159.82 (OCOPh), 149.11, 148.53, 148.42, 143.83,
H 7.37. 132.65, 132.16 (G, 130.34, 129.50,128.91
25,27-Bis(benzoyloxy)-5,17-bis[3-(4-methyl- (CHyon), 127.57, 127.41 (L), 125.61 (CH,qp),
phenyl)-1-adamantyl]calix[4]arene (XIc) was syn- 125.46 (G, 124.38, 122.30, 122.02 (CH,).
thesized as described above for compodtid from  35.40, 31.72 (1:1, ABHAr). Found, %: C 76.71;
0.25 g (0.4 mmol) of calixarenl , 0.39 g (1.6 mmol) H 6.51; N 2.91. GgH¢gN,O,. Calculated, %: C 76.45;
of 3-(4-methylphenyl)-1-adamantanol, and 2 m/iH 6.71; N 2.74.
(26 mmol) of trifluoroacetic acid. After evaporation 11,23-Bis(1-adamantyl)-5,17-dtert-butyl-26,28-
of the reaction mixture, the residue was washed witlvis(3,5-dinitrobenzoyloxy)calix[4]arene (XIV) was
boiling methanol and was subjected to columnsynthesized from 0.92 g (1 mmol) of calixarewd ,
chromatography using hexarhloroform as eluent. 0.45 g (3 mmol) of 1l-adamantanol, and 3.9 ml
Yield of Xlc 270 mg (63%) (500 mg before chrom- (50 mmol) of trifluoroacetic acid, following the proce-
atographic treatment), mp 20810°C, R; 0.65 dure described above for compoupd! . Yield of
(chloroform-hexane, 2:1).13C NMR spectrum XIV 1.03 g (80%), mp 21&18C. Found, %:
(CDCly), 8¢, ppm: Gy 20.79 (PICH;), 147.62, C 70.70; H 5.85; N 4.98. £H,.,N,O,,. Calculated,
134.99, 128.73, 124.68 (GB¢H:); 36.37 (C), 49.08 %: C 70.45; H 6.08; N 4.70.
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5,17-Bis(1-adamantyl)calix[4]arene (XVa)was (ArCH,Ar). Found, %: C 83.71; H 8.75. {gHggO,.
obtained by alkaline hydrolysis of compounfla. Calculated, %: C 83.54; H 8.51.
Yield of XVa 92%, mp 241243C, R; 0.51 (chloro- 5,17-Bis(1-adamantyl)-25-(3,5-dinitrobenzoyl-
form-hexane, 1:2):°C NMR spectrum (CDG), 8¢,  oxy)calix[4]arene (XVIII). A solution of 0.3 g
ppm: Gy 35.46 (C), 43.15 (C), 28.87 (C), 36.65 (4.4 mmol) of imidazole in 8 ml of acetonitrile was
(CH; Ceavity 148.51, 146.63, 144.84 ((;,), 128.86 added to a solution of 0.4 g (0.37 mmol) of calixarene
(CH,om), 128.37, 127.37 (Gom), 125.28, 122.16 XII in 8 ml of chloroform. The mixture was stirred
(CHaom)» 32.12 (ACH,Ar). Found, %: C 83.55; for 30 min at room temperature, 3 ml of 1 N hydro-
H 7.90. GgHs,0,. Calculated, %: C 83.20; H 7.56.  chloric acid was added, and the mixture was stirred

5,17-Bis(3-isopropyl-1-adamantyl)calix[4]arene for an additional 20 min. The product was extracted
(XVb) was obtained by alkaline hydrolysis of com-into chloroform, and the extracts were washed with
pound Xlb. Yield of XVb 77%, mp 237239C. water until neutral reaction, dried over MggCand
13C NMR spectrum (CDG), 3, ppm: G 37.55 evaporated. The residue was washed with boiling
(CHg,CH, 1640 [Cr.CH, 3901 (&) s ettane g oBIl 240 mo (19 m et

2 1 7 ) . , £01)1
(C), 36.37 (C), 4281 g(d’ "), 2025 (G, C), spectrum (CDG), 8¢, ppm: Gg: 35.01 (C), 42.91
35.39 (C), 38.21 (C, C%); Ciuyy: 148.55, 146.33,

14455 (G 128.26 (CHm, 128.38, 127.23 (€9, 28.58 (C), 36.42 (C); Ceaury + Cri 159.90
(Coy, 125580, 122.00 (CHLS. 32.32 (ACH.AD,  (OCOPh), 149.11, 148.53, 148.42, 143.83, 132.65,

Found, %: C 83.21; H 8.51.4H,,0,. Calculated, %: (135{16”9 (%é°7r")é7 13;2-731,1 %59950’12;2681'9(1(’:@133'19
C 83.46; H 8.30. arony S : o/ : rom/>
. . 125.46 , 124.38, 122.30, 122.02 ,
5,17-Bis[3-(4-methylphenyl)-1-adamantyl]calix- 35.40, 3(197”2”‘)(1:1’ ATH,AN). Found, % C(Q?E}TI%S;

[4]arene (XVc) was obtained by alkaline hydrolysis . O :
of compoundXic. Yield of XVc 81%, mp 243 | Gon N gl 520y Calculated, %6 C 74.47;

245C. **C NMR spectrum (CDG), 8¢, ppm: Gy 5,17-Bis(1-adamantyl)-11,23-bis[3-(4-methy!-
20.78 - CH4Ph), 1é7'60’ 13??'99’ 128.C7?4’ 124'70phenyI)-l-adamantyI]caIix[4]arene (XIX) was syn-
(CL"3C16H5)’ 36.55 ( )'748'85 (C), 36.80 (C), 42'927 thesized from 0.28 g (0.4 mmol) of calixareX&/a,
(C* CY), 29.46 (C, C), 35.73 (C), 42.27 (C, C’);  0.39 g (1.6 mmol) of 3-(4-methylphenyl)-1-adaman-
Ceaviy 148.45, 146.77, 14417 ((5,), 128.88 tanol, and 2 ml (26 mmol) of trifluoroacetic acid,
(CHyon), 128.24, 127.49 (G,,), 125.32, 122.20 following the procedure described below for com-
(CHyom), 32.12 (ACH,ArN). Found, %: C 85.54; pound XXI. Yield of XIX 0.33 g (75%), mp 223
H 7.18. GHe,O,. Calculated, %: C 85.28; H7.39.  225°C, R, 0.72 (chloroformhexane, 1:2)*C NMR
5,11,17-Tris(1-adamantyl)calix[4]arene (XVI) spectrum (CDG)), 6., ppm: G4 35.47 (@), 43.11
was obtained by alkaline hydrolysis of compound(c?), 28.83 (C), 36.79 (C); Csr1o.1.aq4 20.75
Xl . Yield of XVI 919%, mq3259261°C, R 0.80 (CH,C¢H,), 147.66, 134.90, 128.68, 124.58
(chloroform-hexane, 1:2).-°C NMR spectrum (CH,C¢H,); 36.70 (@), 48.90 (&), 36.56 (), 42.28
(CDCLy), 8. ppm: G 35.45 (&), 43.12, 43.06 (00,20 55 (&, 7, 35.84 (), 42.28 (&, O,
(2:1, C), 28.87 (C), 36.68 (C); Coaury 148.73, Coaviyy 146.71, 146.22, 144.66, 144.18, 127.82,
146.58, 146.24, 144.71, 14465 (G). 12879 15755 (¢ ) 12543 (CH,.), 32.59 (ACH,AN).

(CH,on), 128.45, 127.67, 127.65, 127.28 (C), o . )
12545, 12517, 122.04 (GH,), 32.53, 32.17 (111, (g & 5051 H 7.98.8H50, Caleulated, 56:

ArCH,Ar). Found, %: 4.55; H 7.98. . .
Ca?cufatgd ?/:j C(’: 84.2(:2.8,45304. 98. dHe0 5,17-Bis(1-adamantyl)-11-[3-(4-methylphenyl)-
! ’ . 1-adamantyl)]-25-(3,5-dinitrobenzoyloxy)calix[4]-
11,23-Bis(1-adamantyl)-5,17-diert-butylcalix- 5 ne (xx) was synthesized from 89 mg (0.1 mmol)
[4]arene (XVII) was obtained by alkaline hydrolysis compoundXVIil , 100 mg (0.4 mmol) of 3-(4-

of compoundXIV. Yield of XVIl 89%, mp 186 oty iphenyl)-1-adamantanol, and 1 ml (13 mmol)
188°C, Ry 0.59 (chloroformhexane, 1'2)'C,1C NMR ot trifluoroacetic acid; reaction temperature °60
sp;ectrum (CDG), 8¢, ppm: Gug: 3545 (C), 43.10  (oqction time 12 h. The mixture was then treated as
(C%, 28.88 (C), 36.70 (C); C,p, 33.94, 31.38; described above for compourdill . Yield of XX
Ceaviry 146.61, 146.52, 144.25, 144.18, 127.6481 mg (73%). The product was immediately brought
12753 (G,,), 125.85 12536 (CH,), 32.59 into alkaline hydrolysis.
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5,17-Bis(1-adamantyl)-11-[3-(4-methylphenyl)-1- 7.
adamantyl]calix[4]arene (XXI) was obtained by
alkaline hydrolysis of compoun&X. Yield of XXI
60 mg (90%), mp 26265°C. *C NMR spectrum 8.
(CDCly), 8., ppm: Gyg: 35.44 (C), 43.11 (G), 28.84
(C3), 36.66 (C); Caroiiag 20.77 CHCeH,), 9
147.67, 134.88, 128.64, 124.55 (QEkH,); 36.50
(CY, 48.72 (@), 36.75 (©), 42.31 (¢, 19, 29.52
(C° C), 35.84 (€), 42.24 (&, °); Ceay 148.78, 10
146.57, 146.31, 144.75, 144.06 (), 128.80
(CHyon), 128.48, 127.73, 127.19 (G.), 125.42, 1L
125.14, 121.98 (CH,,), 32.44, 32.18 (1:1,
ArCH,Ar). Found, %: C 85.39; H 8.15. gH,,0,. 12
Calculated, %: C 85.11; H 7.91.
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