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Ah&met-Procedures are described for the removal of the pt-butyl groups from p-t-butyladix[4Jarene, 
p-t-butylealix[~arene, and pt-butykalix[8]arene and the introduction of functional groups in their place. 
Although attempts to hmctionalixe the p-positions of the eahxarenes have generally fw the corresponding 
methyl ethers are amenable to facile acetylation to provide syntheses of the pacotyl-, p-carboxy-, and 
pcarbomethoxyatlix[6]arenes and atlix[8]arenes. Aoetylation and benxoylation of calix[4]arene and 
calix[6larene m at the phenolic oxygens rather than the p-positions. leading under moat reaction 
conditions to the completely O-substituted product Calix[4]arene reacts with benxoyl chloride in the 
presena of pyridine, however, to yield the tribenxoate. Conversion of the tribenxoate to the correspond- 
ing tribenxoyloxy monoailyl ether followed by a Claisen rearrangement and hydrolysis yields 
monoallykalix[4]arene, a compound of particular interest because of its potential for the synthesis of 
atliiarenes containing a single substituent on the “upper rim”. 

Calixarenes, which are basket-shaped compounds of 
potential interest for host-guest complexation studies,’ 
have been synthesixed in a variety of ways. Those 
methods of synthesis that can be grouped under the 
heading of “one-step” procedures (involving the base- 
catalyzed reactions of p-substituted phenols and 
formaldehyde) oger the advantage of the ease with 
which the calixarene framework can be obtained. In 
practice, however, only a few palkyl-substituted 
phenols give products from which pure calixarenes can 
be isolated in reasonable yield.2 Furthermore, 
calixarenes so obtained are constrained, by the nature 
of the reaction, to be symmetrically substituted. Those 
methods of synthesis that cOme under the heading of 
“multi-step”, originally devised by Hayes and Hunter’ 
and more recently exploited by Kiimmerer et al_,* offer 
theadvantageofconsiderablygreaterflexibilityand the 
potential for the construction of unsymmetrically 
substituted calixarenes. However, they suffer the 
disadvantages of being long and tedious and of 
generally giving rather low overall yields. One solution 
to this problem has been the development of 
convergent “multi-step” routes, as exemplified by those 
devised by Bohmer et d5 and by No and Gutsche.6 The 
purpose of the present work is to exploit the possibility 
ofadapting the“one-step” synthesis to the preparation 
of functional&d calixarenes, including those in which 
the pattern of functionalixation is unsymmetrical. 

Among the several palkyl-substituted phenols that 
undergo “one-step” condensation with paraform- 
aldehyde and base to produce calixarenes, p-t- 
butylphenol yields the most tractible products in a 
process that can be controlled through adjustments 
of the reaction conditions.2 Thus, pt-butylcalix[4)- 
arene (l), p-t-butylcalix[6]anme (2), and pt- 
butylcalix[8]amne (3) are all readily accessible 
materials, and these compounds provide the starting 
points for the present investigation. The removal ofthe 
t-butyl groups from 1 has been shown to proceed 
smoothly’ to afford calixf4larene (4) in reasonably 
good yield, and this compound would appear to be 
perfectly adapted to functionalixation in the aryl ring at 

the positions para to the hydroxyl groups. However, 
our initial attempts to achieve p-substitution by means 
of conventional electrophilic substitution reactions 
failed to yield products that could be purified, and 
character&d. Therefore, a more circuitous route 
involving the preparation and subsequent rearrange- 
ment of the tetra-ally1 ether was developed,* 
represented by the sequence 1 + 4 + 15 + 18. The 
possibility of employing electrophilic substitution 
reactions remains attractive, however, and some 
success with this approach is demonstrated in the 
present work. 

Acetylation and benzoylation of caiixurenes 
Treatment of phenols with acetic anhydride in the 

presence of a small amount of a strong acid is the 
conventional method for producing aryl acetates and 
was first described for cahxamnes by Zinke and 
Ziegler.’ Treatment of calix[4]arene (4) under these 
conditionsyieldsamixtureoftetraacetates,10 oneinthe 
*partial mne” conformation (7a) and one in the Y,3- 
alternate” conformation (7b).‘r Because of the 
conformational mobility of the larger ring system, 
calix[6]arene (5) and calix[8]arene (6) yield the 
hexaacetate (8) and o&acetate (9), respectively, as 
single, pure compounds rather than mixtures of 
conformers. 

Acylation or aroylation in the presence of pyridine 
can be used as an alternative to the acid-catalyzed 
procedures. Benxoyl chloride in the presence of 
pyridine, for example, reacts with calix[6]arene to 
afford a high yield of the hexabenxoate (11) as a single 
compound. r’ To our surprise, however, caIix[4]arene 
yields only a tribenxoate (29) under these conditions, 
even upon prolonged exposure to the henxoylating 
agents. This unexpected but easy access to the 
tribenxoate aIfords a means for the selective 
functionalixation of a calixarene, as discus& in a later 
section of this paper. 

It was anticipated that in the presence of aluminum 
chloride the treatment of the calixarenes with acetyl 
chloride or benxoyl chloride might yield the gacetyl or 
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p-benzoyl co~~o~~. Instew& reaction occurs only on 
the ~h~olic fon~~o~ to yield esters. It was then 
antitipated that the e&m, once formed, might undergo 
FriedeIl-Crafts acylation or aroylation on the beuzene 
rings, but such was not the case. Whm calix[4]arene (4) 
is treated with ~u~~~~o~de and a&y1 chloride a 
mixture is oboes that ~~~~~ the same pair of 
tetraacetates that are obtained using acetic anhydride 
and sulfuric acid. The ’ H-NMR spectrum of the lower 
melting isomer (nkp. 405-406”) indicated that it is the 

acetate with acetyl chloride and aitinum chloride 
f&led to yield detectable *amounts of any pwetyl 
products. 
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tribenzoates 30 and 32 would be expected to show no the “1,faltemate” conformation, and evidence in 
conformational mobility even at elevated tempera- support of this is provided by an X-ray crystallographic 
tures, and this proves to be the case. The ‘H-NMR determination of 5 - ally1 - 25 - methoxy - 26,27,28 - 
spectra of these compounds suggest that they exist in tribenxoyloxyadix[4]arene (33).” 
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Fig. 2 ‘H-NMR m (100 MHz) of 25-aUyloxy-26,27,28-trihydroxyalix[4]arene (31) in CDCl, at 60”. 

EXP-AL 

Ihem.pof~~~~maltingabove250”waro~enin 
maJai and evacuated apillary tubes OS a Md-Tcmp 
apparatus (L&mttsry Devioer, Cambridge, h48x8achuw!tts) 
using a 5aY thcrmoIneteraiibratcd agaifut a t.bcrmocouple. 
IR spectra were d&rmix& on a Per&in-Blmer 2%3B 
spoctrometcr. ‘H-NMR rpuztra wcrc raandad on a Hitachi 
Pcrkin-Ehncr R-24B rpadrometa or a IEOL FX-100 
8pWOlIlCt.%chcmid~artrcportCdpsbV8lUeriappm 

rdativctorMs(m.o)a8mintcrnrls-omncmlatric 

mokcular weight detcrminations~ were made on a Wm 
Modd 232A apparatus tiag conccnmtions of co 1Oa3 M in 
CHCI, role MicroanaIysca wcm ti out by Industrial 
Testing Laboratorisq St Louis, Mimouri, and MicAnal 
Laborrrtolic& Tuscan, AliXm& TLC anJyam were carried 
out on siliu gel plater (abeohnt thicknem 250 ~j Flu& 
chromatography’~ was CalTied out with E Mu!& lsu gel 
(23O-4oOma&ASTM)onaJlumnsof8Omm~(formole 
thPasgol~pk),50mmcEirm(Tor1-5gofrrrmplo)lad30 
mm diam (for leer than 1 g of aampk) flllcd to a height of 6 in. 
Elution rat4s wtre 2 in min- ‘; fractions of 50 ml were 
~Uacted~~tbttwo~gcrcotumns~of~30ml~mthc 
smallcat oohunn. Analyticat samples were dried for at lcmt 36 
hr~140”~d1-2mmHgofptrs~Inaoumberof~ 
however, rolvcnt of ayrtllliutioo wa8 rct&la& amlli&ably 
~~gthedemtntrl~y#r.Insuch~bestfitbetnaen 
the analytical valuca and appropriate fractional incrcmentx d’ 
sohrent wcrc sought, kadi.ng somctimcs to aeemiI@y 
adventitious amounts of solvent. 

5,11,17,23 - Term - t - bury1 - 25.26.27.28 - rerrah~oxy- 
-4jurene (I). Compound 1 was synthsized as described 
previously’ and obtained as colorless platslike crystals after 
recrystallization from tolucnc : m-p. 344-346” (lit_’ 344-346”). 

5,11,17$?3,29.35 - Hexa - t - butyi - 37,38,39,4&41,42 - 
hexahyhqcdlx[6]ame (2j Compound 2 was ~ynthesixcd 
as dauibcd pmviously2 and obtaina! ax fine, oolorkm 
crysti: m.p. X&381” (lit.’ lap. 380-381”). 

5,11,17~~~,41,47-0cra-1-bwyl-49,50,51,5~53,54,55,56 

t We arc indcbtal to Alice Guts&e for carrying out the 
ogmomctric mokeular weight dctcrminations. 

oc&ydro~cyculix[8]arene (3j Compound 3 was ayn- 
t.he&ed as described previously’ and obtain& as oolotlass 
nccdks after wtion from CHCI, ; mp. 410-411” 
(‘lit.2 m.p. 411412’j 

25.26.27.2II - Tetrd1y&o~yc&c[4]ar~(4j A slurry of 13.3 
g (20 mmol) of pt-butykalix[4]aranc, 9.02 g of phenol (% 
mm09 and 14 g of AlCls (105 mmol) was 8tirred in 125 ml of 
toluenc at room tcmp for 1 hf in an inert atmorpbm The 
mixturcwaspouralinto25OmlofO2NHCl,thcotganic 
phas was separated, and the tolucne wan evaporated. Upon 
the addition of MeOH a ppt formed, which wax runovod by 
filtration to give 7.54 g of a xolid. Rfxzyxt8llization hrn 
MeOH-CHCl, rdordal 6.77 g (7V/J of colorless crystals: 
m.p. 31>315” (‘EL’ 31s318”j 

37,38,39,40,41,42 - He~&ydmxy&x[6Jr (5). A shy 
ofl0.54g(ll mmol)ofpt-butylcath16)Pnae,6.19g(66mmo~ 
ofphcm&and ll.75g(88mmol)ofAlCl,in 125rnloftohmc 
wasstirredfor I hrinanN,atmorphcrcatroomtemp.lEe 
reaction was quenched by the addition of 100 ml of ioe water, 
and the organic phart was separated. Tbc tolucnc was 
removed by evaporation, and the residue was trituratcd with 
70 ml of MeOH to leave 6.81 g of a crude, colorlaa product. 
This was recrystallize from MeOHXHQ to tiord 6.13 g 
(~/~ofawhi~powda:~p.417-J18°;LR(KBr)3MOan-1 
(OH stretching); ‘H-NMR (CDCl,) b lOA(s, 1, ArOH), 6.7- 
7.4 (m, 3. ArH), 4.0 (c, 2, ArCH,Ar); osmometric moi wt 
(CHCI,, 37”j 655 (talc, 636; with l/3 mol M&H, 647). 
(Found: C, 78.57; H, 5.68. Calc for C41Hl,0,* l/3 
CH,OH : C, 78.52; H, 5.78%.) 

49,50,51,52,53,54,55,56 - OctaI@ox+[8]orcrvene (6). A 
slurry of 10.0 g (7.7 mmol) of pt-butykalix[8Jarcnt, 5.8 g (62 
mm09 of phenol, and 1235 g (93 mmol) of AICI, in 150 ml of 
tolucne wu treated as dacribai above for the cydic hexamer 
andtctrunertogivt11.4gofacnrdcproductcuulonogc 
solid. This w1u washed, in s uaxsaion, with aoetonbHa, 
MeOH, CHCI,, acetone, and ethylcthcr to rirord 6.1og(93%) 

. 
gi X 

t gray solid : m.p. > 450” (lit.” m.p. > 350”). ‘H-NMR 
’ ed~b6.&7.O(m,3 ArH),35(br42,Ar&H Ar) 

25~2728-Tmoocrtox;crJix[4Jm~~~~~A~~ 
containing 241 g (18 mmol) of AlCl, and 3.1 ml (44 mm01) of 
aoctyl chloride in 25 ml of CH2C12 wan rlowly added to a 6oln 
of 0.75 g (1.7 mmol) ofcalix[4]arcne in 25 ml of CH,Cl* at 
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reflux temp.After2 hrofrefluxthemixturewaspouradintoia 
water, and the organic layer was separated and dried over 
NasSG,. Evaporation of the solvent and recrystallization 
from MeGH-CHCl, gave 0.60 g (59yJ of a mixture of 
conformers of the tetraacetate. Passage through a flash 
chromatographic column using a 1: 4 mixture of acetone and 
n-hcxaneas theehrent gave(a)0.39g(380/ofthe 1,3-alternate 
conformer (7b) as almost colorless needles: m.p. 405-406”; 
IR(KBr) 1750 cm-t (C=G stretching); ‘H-NMR (CDCl,) 6 
6.9(s,3.ArH),3.6(s,2,ArCH~Ar),1.4(s,3,CGCHs)and(b)0.19 
g (18%) of the partial cone conformer (71) as colorless plates : 
m.p. 408411”; IR(KBr) 1750 cm-i (0 stretching); ‘H- 
NMR (CD&) 7.2 (s, 6, ArH), 6.6-7.0 (m, 6, ArH), 3.6 (s, 4, 
ArCH,Ar), 3.1-3.6(pair d, 4. ArCH,Ar), 2.3 (s. 6. COCH,12.0 
(s, 3,C@CH,), 1.8 (s 3. CGCH,). - ‘. ’ “‘. 

373839.40.41.42 - Hexoocetoxvcalixr6lm (8). A 1.0 a 
(1.6 t&oljsatnple of calix[6lare& was-&lved’in 26 ml of 
AcsO, treated with 2 drops ofconc HsSO, and reSuxed for 2.5 
hr. The mixture was poured into ice water and worked up in 
the usual fashion to yield 0.45 g (32%) of a white solid after four 
recrystallixations from MeGH-CHCl,: mp. 335-336”; 
IR(KBr) 1760 cm-’ (C=G stretching); ‘H-NMR (CDCl,) 
6 7.0 (s, 3, ArH), 3.6 (s, 2, ArCHsAr), 1.9 (s, 3. CGCH,); 
osmometric mol wt (CHCls. 37”), 890 (talc, 889). (Found : C, 
72.93; H, 5.36. Calc for C,,H,sO,,: C, 72.97; H, 5.41x.) 

49,50,51,52,53,54,55,56 - Octaacetoxycalix[8Jm (9). A 
1.00 g (1.2 mmol) sample of calix[8]arene was dissolved in 26 
ml of Ac,O, treated with 2 drops ofconc H,SO,, and relIuxed 
for 3 hr. The mixture was poured into ice water and worked up 
in the usual fashion to y&Id 0.32 g (23%) of colorless needles 
after three recrysmlhxations from MeGH-CHCI, : m.~. 327- 
3W;IR(KBr)i76Ocm- ’ ; ‘H-NMR (CDCl,) 6 7&s, 3, ArH), 
3.6 (s, 2, ArCIIsAr), 2.0 (s, 3, COCH,); osmomettic mol wt 
(CHCI,, 37”X 1210 (talc 1184; with l/6 mol CHCl,. 1194). 
(Found: C. 71.87; Hi 5.22. C&for C,;H,O,,- l/6-?ZHCl;: 
C. 71.93; H, 5.33X) 

-2SJ6,27--Trib&oyloxy -28 - hydroxycalix[4]arene(29). A 
4.24 g (10 mmol) sample of caIix[4]amnc was dissolved in 50 
ml of pyridine, and 9.4 ml (81 mmoI) of benxoyl chloride was 
added at ice bath temp. The mixture was stirred at 0” for 1 hr 
and allowed to slowly warm to room temp for another hour. A 
300 ml portion of water was added, and the water insoluble 
material was collected by liltration. Reqstallimtion from 
MeGH-CHCls afforded 5.20 g(71yJ of thin, colorless plates : 
m.p. 276-277”; IR(KBr) 3530 (OH stretching), 1730 cm-i 
(c=O stretching); ‘H-NMR (CDCl,) b 6.6-8.3 (m, 27, ArH), 
15.5 (s, 1, ArGH), 3.4-4.1 (pair d, 4, A&II&), 3.8 (s, 4, 
A&H&); osmometric mol wt (CHCl,. 37”). 790 (talc 736: 
with 173 mol CHCls. 776). (Found : C, 75:97 ; h. 4.68 (dried at 
115”for 6OW:C. 75.90: H.4.73ldried at 197” for 72 hr). Calc 
for C,,H,,O;~ C, 79.89; H, 4.86, for C,,Hs,O, * 1/3&C& : 
C, 76.28 ; H, 4.68x.) 

25,26,27,28 - Tetrabenzoyfoxycdix[4larene (lOa and lob) 
(A)Fromculix[4]cr&(4).Toas&of 1.0dg(2.36mmol)of 

calixr4larcnein50mlofCH,CI,aticebathtemr,waeaddcda 
soln of-l.57 g (11.8 mmol) of-Al& and 6.6 ml (7.98 mmol) of 
benxoyl chloride in 20 ml of CHsCl,. The mixture was allowed 
to warm to room temp, stirred for 24 hr. and then worked up 
in the usual fashion to give 1.14 g of crude product. This 
was dissolved in 75 ml of acetone, lIkered, and the liltrate 
concentrated and then treated with MeGH to yield a ppt of 
0.61 g (31yd of 1Oa as pale yellow needles: m.p. 301-303”; 
IR(KBr) 1735 cm-’ (C=G stretching); ‘H-NMR (CDCl,) 6 
6.1-8.1 (m, 8, ArH), 3.3-4.1 (pair d, 1. ArCH,Ar), 3.6 (s, 1, 
ArCHsAr); osmometric mol wt (CHCl,, 37”), 900 (talc 840). 
(Found:C,80.24;H,4.82.CalcforC H 0 *C,79.98;H, 16 40 II- 
4.84X) .“. 

49,50,51,52,53,54,55,56 - Octaallyloxycalix[8]caenc (17). A 
slurry of 2.10 g(2.5 mmol) of calix[8]arene. 205 g of NaH (85 
mmol), and 30 g (248 mmol) of ally1 bromide in 1OOml of THF 
and 10 ml of DMF was refluxed for 12 hr and worked up to 
yield 1.35 g (46.5%) of a white powder after recrystahixation 
from MeGHCHCl,: m.p. 241-242”; IR(KBr) 1650 cm-’ 
(c==C stretching) ; +I-NMR (CDCI,) S 6.8 $3,3, k~), 5.5-6.3 
(111, 1, C-CH=C), 4.8-5.4 (tq 2, C=CH,), 4.0-4.2 (d, 2, 
GCH,-C=C), 4.0 (s, 2, ArCH,Ar); osmometric md wt 
(CHCL. 37”). 1170(calc 1168). (Found : C. 8230: H 6.70. Calc 
for C,&,,Gs : C, 82.19 ; H, 6,85x.) ’ . . 

5,11,17,23,W,35 -HexaaUyl- 37,38,39,40,41,42- hexuhydrox~ 
The acetone-insolubk portion was recrystalhxed from colix[6]orene (19). A soln of 5.0 g of hexaallyloxycalix- 

MeGH-CHCl, to aive 0.18 a (9.5%) of lob as colorless dates : 
m.p. >4W; iR(KBr) 1736 ‘cm’“i (C=G stretching; ‘H- 

[6]arenein25mlofN~~isthyla~~fl~~for4hrin 
an argon atmosphere. The N,Ndiethylanilme was then 

NMR (CDCl,) 6 6.7-8.1 (TV 32, ArGH), 3.6 (s, 8, ArCH,Ar). removed by washing with dilute HCl, and the crude product 
(Found: C, 79.31; H, 4.68. Calc for CJ&,,,Os: C, 79.98; was collected and recrystalhxed from MeGH-CHsCl, to 
H, 4.84%.) give 1.06 g (21%) of sma& white needles: m.p. 373-374”; 

(B) From 25,26,27 - Tribenzoyloxy - 28 - hydroxydx[4]- 
urene (29) A sobt of 1.84 R (25 UUllOll of 29 in 30 ml Of CH-CL 
was cooled in an ice bath. .To this v&s slowly added a~sdin~f 
1.68 g (126 mmol) of AlCl, and 3.5 ml of benxoyl chloride 
in 20 ml of CH,Cl,. The mixture was stirred at room temp 
for 24 hr and then worked up to yield 1.38 g (66%) of colorless 
plates after two recrystallixations from MeGHCHCl,. 
This material was identical in chemical and physical proper- 
ties with the higher melting isomer of the tetrabenxoate 
described above. 

37,38,39,40,41.42 - Hexabenzoyloxy[6$rene (11). A soln of 
1.59 g (25 mmol) of calix[6]arene in 20 ml of pyridine was 
treated with 5.2 ml (6.33 mmol) of benxoyl chloride at ia bath 
temp. The mixture was stirred at room temp for 1 hr and 
worked up to give a material that was insolubk in all of the 
common organic solvents. When the crude product was 
washed with CHCl,, MeGH, and acetone 2.19-g of a white 
powder was obtained : m.p. z-400”: IRtKBr) 1730 an- * 
iC=Gstretching). - ’ . ’ 

25,26,27,28 - Tetramethoxycolix[4]arene (12). ‘I Compound 
12 was synthesized as described previously and obtained in 
64% yield as colorless needles after recrystallixation first from 
MeGH-CHCl, and then from n-BuOH: m.p. 234-236” 
(lit. ’ ’ m.p. 234-235”). 

3738,39,40,41,42 i Hexamethoxycalix[6]m (13). A soln 
ofl.lOg(1.7mmol)ofcalix[6Jarene,1.01g(42mmol)ofNaH, 
and 10.25 g (72 mmol) of CHsI in 50 ml of THF and 5 ml of 
DMF was reguxed for 20hr. The solvent was then removed by 
evaporation, water was added to the residue, and the solid that 
WAS cokctal was reayst~llizd from MeGHCHCl, to give 
1.20 g (96%) of colorless needles : m.p. 326-328” ; ‘H-NMR 
(CDCI,) S 6.9 (s, 3, ArH), 3.9 (s, 2, ArCH,Ar), 3.2 (s, 3, CM&); 
osmometric mol wt (CHCl, 37”), 760 (talc, 720). (Found : C, 
79.03 ; H, 6.56. Calc for C,sH,sO, : C, 79.05 ; H, 6.590/,.) 

49.50,51,52,53,54,55$6 - Octcmet~xycu&x(8]c~ne(l4). A 
mixture containing 4.50 g (5.3 mmol) ofcalix[8]arene, 4.50 g 
(188 mmol) of NaH, and 41 g(289 mtnol)of CHsI in 2OOml of 
THF and 20 ml of DMF was relhtxed for 18 hr and than 
worked up as described above to give 4.60 g(9oYJ of coIorkas 
needles after recrystallization from MeGH-CHCIs : m.p. 256 
258” ; ‘H-NMR (CDCl,) d 6.8 (s, 3, ArH), 4.0 (s, 2, ArCHsArA 
3.5 (s 3, GCH,); osmometric mol wt (CHCl,, 37”k 963 (ark 
960).(Found:C,80.28;H,6.73.CalcforC,H,0,:C,80.00; 
H, 6.67x.) 

37.38,39,40,41,42 - Hexadlyloxycalix[6]arene (16). A S&I 
containing 4.0 R (6.3 mmol) of calixf6laren~ 3.9 R (163 mmol) 
of NaH, and 33T8g (280 mtnol) of all;1 bromide in &l of THF 
and 15 ml of DMF was refiuxed for 6 hr and worked up in the 
conventional manner to yield 4.9 g (89%) of a white powder. 
Recrystallixation from MeGH-CHC&-gave a tin& white 
nowder: mu. 267-269”: IR(KBr) 1650 cm-i (C=G 
stretching); ‘H-NMR (&Cl,) a 6.9 is, 3, ArH), 5.r5.9 (m, 1, 
c-c~* 4.7-5.1(& 2 &CH,A 3.9 (9,~ ARCH& 3.6 
3.8 (6 2 OCH,C=C): osmometric mol wt (CHCL. 37”1900 
(c&8?6). (Found: C, 82.56; H, 6.94. Cak for &I-I;bO,: 
C, 82.19; H, 6.85%.) 
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IR(KBr) 3170 {OH gracching), 1640 cm-‘; ‘H-NMR 
(CD&) 5 10.3 (s 1, AfOH), 6.9 (JI 5 Arm U-6.0 (mt 1, 
cH==C$4-8-5.2 W d, 2, G---cy,l? 3-8 @? z mtAt)t 
3.2-3.4 (br d, 2, ArCH,C=C); #mom&c mot wt (CHC13, 
37”), 880 (talc 876j (Fouad: C, 81.99; H, 6.91. Calc for 
C&l,&, : C, 8219; H, 6.85%.) 

5,11,17,23,29,35 - ~e~~~ - 37,38,~,~,41,42 - kxu- 
~f~~xyc~~~~~ (21). ckmpound 21 was prepard 
from 1.36 g of hexaallylulix[6Jamnr: and 4.0 ml of CH,I in 
K1mlofTHFandS~afDMFinthemanner~~ 
aloe and obtained as 1.07 g fn?J of colorless plates 
a&r crystallkation from Ml!OH-cH,Cl: ap. 162-166”; 
IR(KBrf 1640 cm- * @=C. stret*@; ‘H-NMR (CRC&) 
d 6.8 (s, & ArH), 5.4-6.f {In, 1, CH==C)# 3.9 (s# 2 ArcH&)$ 
3.2 fbr s, 5, ArCH,C==C and OCH,); osmomctric mol wt 
(CHCl,, 37”), 960 (talc Q60). (Found : C, 82.46; H, 7.57. Calc 
f0rC&,~0~: C, 82.50; H, 7.50%.) 

5,11,1723 - T#W&a&?t~ - 25&27?28 - zeWWkoX3W&c[4]- 
~vene (22). A soln of 1.2 g (2.5 mm&) of 25~,~~t~- 
mcthoxycaiix[4farenc in 60 ml of CH,Cl, was cooled to 
- 10” and treated dropwise with a sola of 2.05 g (I 5 mmol) of 
AICI, and 3.5 ml (50 mmol) ofacctyl chloride in 50 ml of 
CH,Cl,. The mixture was stirred at room temp for 3 hr, then 
treated with 120 ml of cold 1 N HCl, and the two-layer 
system was stirred o%wni&t. The 0rpDnic phase was 
stparatcd,washadd~~andcva~t~andthe~ue was 
recrystallized from acctoubhcxane to give 0.75 g (460/6) of a 
white powder which TLC analysis (2: 1 hcxane-acetone 
&ant) indicated to be a m.ixIurc of three ux?q?omjds. fasb 
~omato~phy on a&a yielded 0.47 g (Pa of the desired 
product as a white powder: m.p. 2B-246’; IR(KBrj 1677 
cm- 1 (CT=0 strtt&iq& 1 H-NMR (CDCI,f d 6.8-8.1 (broad 
m, 2, ArH), 2.24.4 (broad m, 8, ArCH,Ar, COCH,, 0CH3). 
(Found : C, 73.00; H, 6.37. Cak for C,$i,0O1 l l/4 
CH #3CH 3: C, 72.80; H, 6.22%.) 

5,11,17,23,29,35 - &~~~efyi - 37,38,39,~,41,42 - has- 
~~~~~~c~~6~~e~ (23). A slurry of 2.94 g (22 tnmol) 
of AlCl, in 6.3 ml (89 mmo1) of se&y1 chkridt and 20 ml 
of CH&& was slowly addal to a soln of 1.72 g (24 mmol) 
of hexamethoxycalix[6]arcnc in SO ml of CH,Cl, at rmrn 
temp with stirring, After 1 hr the reaction was quenched 
by the edition of 300 ml of ice water, the organic layer 
was separated and evaporated, and the residue was tritur- 
atcd with 50 ml of MGOH to leave 2.00 g of crude, col- 
orless product. Recrystaiiizuion from aoetone-CHCl:, and 
then from MeOH-CHCl, prodwad 1.48 g (64%) of a white 
powder : m-p. 320-322”; IR(K3r) 1670 cm- * (C==O stretch- 
iog); ‘H-NMR (CDCl,) 6 7.7 {s, 2 ArH), 4.1 (s, 2, ArCH,Ar), 
3.5 (s, 3, WH 31r2.5 (s, 3, COCHJ; osm& mol wt (CHCI,, 
37*x. 1020 {talc 970; with H1O, 9QO). (Found: C, 7270; H, 
6.15. Calc for C60H,,0 1 1 l H 2O : C, 72.73 ; H, 6.26x.) 

5,11,17~3,29,35,41,47-0c~fyi-49,50,51,5~53,41,55,56- 
uc&mer!w~t&x@?@ne (24). A slurry of 11.69 g (83 mmol) 
of AlCl, in 30 ml (422 mmol) of acetyl chloride and 30 ml of 
CH,Cl, was slowly added to 8.40 g (8.4 mmoi) of 
octamethoxycaiix[8]arene in 75 ml of CH,Cll at iac bath 
tcmp, and stirring was continued for 1.5 hr. The mixture was 
allowed to warm to room temp, stirred for an additional hour, 
and worked up as described above to give 10.44 g of crude 
product. Four ~ys~l~tio~ from M~H~H~~ gave 
7-~g{6~~}ofaw~te~wd~:m.p.31~318~~IR(KBr~l~ 
cm - ’ (C=O stretching); ‘H-NMR (CDCI,) 6 7.6 fs, 2, ArH), 
4.1 (a, 5 ArCH,Ar), 3.6 (s, 3, OCH,), 2.4 (a( 3, COCHj); 
osmometric mol wt (CHCI,, 37”), 1370 @ale, 1298; with l/2 
mol MeOH and l/2 mot CHCl,, 13’721, (Found : C, 7lB8; H, 
6.1f.CafcforCdoH,o0,,* I,‘2 CH,OH - 1,‘2 CHCl, : C, 70.85 ; 
H, 6.01x.) 

5,11,17,23,29$5 - &xucu&~xy - 37+38,39,40,41,42 - Iwxa- 
nuthoxyc~lix[6]~e~ (XV). A soln lnzpar& by the ad- 
dition of 2.0 ml (6.24 &I 39 mmol) of Brl to 10 ml of water 
containing 4.41 g of NaOH was cooled in an ioe bath and 
added dropwise to a sob prepand by dissolving 1.62 g (1.67 
mmol) of 23 in 70 ml of hot DMF and then cooling the soln to 
04Themixture wasallowed to warm to room tempand stirred 

for 1 hr and was ti poured iato dilute HCl. T&e yullow ppt 
was removad and &adved in luxt~ the aofn was titezcd, 
and tbt sdvunt ~88 #qmratd. Trituration with Water, 

CHCl,,n-bexaagandGthaleft l.lBg(72/Jofrii@tyeUow 
powder: alp. >4W’; IR(KBr) 3&d (OH -a 1700 
an-‘(~~;‘X_NMR@yridinad~)S7,5Ibrs,2, 
ArH), 3.4 (br, 42, MIX&), 27 fbr s, 3, OCHsL (Found : C, 
63.57; H, 4.82 C&c for C54H11011*Wz0: C, 63.53; H, 
S.lW/,.) 

5,11,17_23JQ35 - Hexacrrrinrmakoxy - 37$8JQ@,41,42 - 
ke~~~fhoxyurfix~6]iar~me (rr). A suspension of0.64 g of the 
hexacarboxy-hcxam&oxya&.x[6Janm: dacnibed above in 
so~orditthyl~w~trutadwith5omlorao~~soln 
0~~~~ rt ioe be tamp. The mixnlrc was dlowod to 
standfor16hrand~tbmtraat#iwithAcOHtod~oythe 
GXCCSS dhllll~ d WOrlrad Up in CUWdOIMi m=lLlM 

to yield 0.42 g ofa light yellow powder. This was subjec&d to 
flash chromatography @ccto~-~-hcxane, 2:3b and 0.06 g 
(~~~ofproducr~~b~~Macolortcse~w~:~p.264- 
267”; IR (KBr} 1720 cm-’ (G=0 stretching); ‘H-NMR 
~CDG1,)G7.6(~,2,~~4.0(~,2,M=rH,Ar),3.8(9,3,C~,), 
3.31 (s, 3, CO&H,). (Found: C, 66.49; H, 5.72. Calc for 
Cb,,HdOOll l l/YiCHCl, ; C, 66.3; H, 5.53Z.j 

5,11,1733~9,35,41,47 - Otioc&oxy - 49,50,51,52,53,54,55, 
56 - ~i~~x~~~[8]~~ (Wy A 0.81 g sample of 24 
was treated in the ~~~a~~~or~e~~~d- 
ing hCX#UXlG~ to yield 058 g (71%) of product as a palu ydlow 
solid : u~p. > 4W ; tR(KBr) 3300 (OH strekhing), 1700 
cm-l {c=o stretch&& ‘H-NMR (pyridineds) 
S 7.5 {br s, 2, ArH), 3.4&r e, 2, bCH,Ar), 29 (br s, 3, CK&). 

5,13,17~3JQ~541,47 - ~~~~~xy * 4Q$O$r;;&53, 
54,55,56 - a~umethoxyc&k[8]~e~ (a). A 1248 g sample 
of 2a dcecribnd above was converted to the methyl ester 
by treatment with ethereal diahe as dcschbcd for 
the oomspooding hexamer and obtained as 0.68 g (53.5%) 
of a WhitG powder ; m.p. 343-346’ ; IR (KBf) 1720 an - ’ 
(C==O s~t~~~; *H-NMR {CDCl,) 6 7.5 {s, 2, ArH), 4.0 
{s, 2, ArCH&), 3.7 f4 3, CJCH,X 3.4 {s, 3. CO&H& (Found : 
C, 43.83; H, 5.42. Calc for Cl&,,,01,*3/4 CHCI>: C, 
64.02; H, 5.33%.) 

25 - AUyloxy- 26+2?,28 - ~uyiox3~&~[4]urene(3U). A 
soln of 6.72 g IQ.1 mmol) of ~~~7-~~yloxy-~ 
hy&ox~~4]~~.87 g(~~ol~of NaH,and 4.8 ml (55 
mmol) of ally1 brc@de in 200 ml of THF and 20 ml of 
tribenzoyloxycalix(4]a~me was mkxed for 6 hr. The solvent 
was removed by evaporation, and the residue was trituratcd 
with MeOH to leave a light yellow powder which was 
recrystallize from MtOHXHCl, to j$vc 4.13 g @go/,) of a 
White PflWdGr: I&p. 283-284”; IR{K~r~ 1730 fC+O 
stretching), 1645 cm-l (C=C stretching); IH-NNR (ClXl,) 
~6.5-7.9(m,27,ArH),59-6.3(m,4,C-CH=C),5.1-5.6(m,8, 
C==CH2), 4.2-1.5 (p& d, 2, ArCH,Ar), 3.4-4.0 (pak d, 10, 
ArGH,Arand~~~3.6{a,4,ArCH1~~;~omctric, 
ma1 wt (CHCl,, 3T”), 7!Xi(cak, 77~~o~d : C, 80.58; H, 5.35. 
Calc for CS2H400,: C, 80.41; H, 5.164/,.) 

25 - Allybxy - 26,272s - ti~y&oxycu~~x[4]are~ (31). A 
X&I containing 0.78 g of 25-allyloxy-26~27,28-tfi~~yl- 
oxyw4]arenc in 50 ml of THF was treated with a soln of 
248 g of NaOH in 15 ml of water and 35 ml of EtOH, and 
the mixture was zvfluxed for 18 hr. The solvent was 
removal by evaporation, the residue was treated with dilute 
HCI and the organic material was extracted into CHCI,. 
Evaporation of the s&ant and recrystallization of the residue 
yielded O.lQg(410/,) ofa whitesolid: m.p.216217”; IR{KBr) 
3340 (OH sterna 1640 cm- ’ (C=C sticky; ‘H- 
NMR (CT3Cl,} b 9.6 (s, 2, ArOH), 9.2 (a, 2, ArOH), QS-7.5 @n, 
12, ArH), 6-G-6.5 (ra, 1, C-CH=C), S.4-5.9 (m, 2,O=CH,), 
4.8,4.6Id,2,oGH~),4.5,4.3 @,;?ArCH#b),4.4,4.2(d,2, 
ArCH,Ar), 3.5, 3.3 (d, 4, NH&); osmometric mol wt 
(CHC& 37”), 480 (a& with 1 mol H1O, 482)- (Found: C, 
76.83;H,6.11.~cforC,,H,,O,*H,O:C,77,17;~6.220/,) 

5 - Alfyi - 25 - h@r~y - 26,273 - ~oy~~~~4]~ 
(32). A soia of 250 g of 25 - &yloxy - 26,27,28 - 
trikyloxycalix[4]arene in 15 ml of N,Ndi~thyla~~iliut 
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was retluxed for 4 hr in an atmosphcn of Ni. Tbe mixture was 
poured into 200 ml of dil HCI, and the water-insoluble 
material was collected by filtration and re~~~stalli& four 
timea from MeOH-CHCI, to give 1.56 g (62/a of pale orange 
needles (color from a trace impurity Which could not be 
removed):m.p287--289’=;IR(KBr)3540(08stretching), 1730 
cm-’ (C=O stretching); ‘H-NMR (CDCl,) d 6.5-8.2 (m. 27. 
Ar~j.4-6.2(m,i,c~~s.ii~l,Arij~4.7-5.i(~i 
C=CH,), 3.34.0 (tir d. 4. ArCH,Ar). 3.7 (a 4. ArCHmAr). 
3.0-3.2 @r d, 2, A&i&C); o&o&tic h;oi wt (C&l;; 
37”), 745 (talc, 776). (Found: C, 80.50; H, 5.36. Calc for 
CslH,O, : C, 80.41; H, 5.15%.) 

5 - Allyf - 25 - methoxy - 26,273 - bibmzoyroxycoUx[4]o 
(33).compound33waspicparedbymthylationof5-anyl-25- 
hydroxy - 26,273 - tribenzoylox~4jarene with NaH 
and CH,I in THF-DMF and obtained as 0.69 g (58%) of 
colorkss needles after etion from MeOH-CHCl, : 
m.p. 324-326” ; ‘H-NMR (CDCl,) 6 6.4-7.8 (m. 26. ArH), 4% 
5.9(m, 1, C-XIi==C), 4.ti.8 (I& 2, t%&j, 3.2-4.1&, 8. 
ArCH,Ar). 2.%?.7 (m. 2. ArCH,c=cI: osmometric mol wt 
(CHCl~,37”),8lO(c&~~).(Fou~d:C,~~.66;H,5.32.Calcfor 
Cs,H1107 * l/2 CH,OH: C, 79.54; H, 5.460/,) 

5 - Ally1 - 25,26,27,28 - tetrahydroxycalix(4]arene (34) 
(A) From 25 - hydroxy - 26,27,2IJ - tr&nzeybx+[4]- 

arene (32). A solo of 0.30 g of 32 in 40 ml of THF was treated 
with a soln of 1.58 g of NaOH in 5 ml of H,O and 15 ml of 
EtOH, and the mixture was refluxed for 18 hr. The solvent 
was removed on a rotary evaporator, and the residue was 
triturated with dil HCl and taken upin CH2CII. Evapor- 
ation of the solvent and recrystallization of the residue from 
MeOH-CH,Cl, gave 0.13 g (72.5%) of colorleas, smaJl 
platea: lap. -217-519”; IR(K&) 3200 (OH st&ching), 1640 
cm-’ (C=C stretchind: ‘H-NMR ICDCI.) d 6.5-7.3 (m. 11. 
ArH), 3.5-6.2 (m, 1, C%H==C), 4..8-5.3 & d, 2, C&Id; 
3.5-4.3 (br s, 8, ArCH,C=C), 3.1-3.3 (d, 2, ArCH,Ar). 
(Found: C, 79.33; H, 6.28. Calcfor Ca,H,,O,- l/3 C&OH: 
C, 79.15; H, 6.1%.) 

(B) From 25 - aliyloxy - 26,27,2g - tiydroxycalix[4]o 
(31). A soln containing 0.50 g of 31 in 15 ml of N,N- 
ditthylanilinewasrcfl~~for3hrinanatmosphcreofN,and 
worked up. as described above, to give 0.27 g(540/ of material 
after five reaystallizations which was identical in chemical 
and spectral properties with the material obtained from 
procedure A. 
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