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Ab6tractz 1.35Risubstitution at the phcmlic hydroxyls of p-rerr-butylcalix[6Ia (1X previcmly oblakd in 
s&able yield only with Mel (Casaati et al. J. Chem. Sot.. Ckm. Commmt. 1991, 1413). haa been mw achicvcd by 
dkcct O-alkylation with auEy1 iodidea (Fit, n-R, n-Bu) and p-X-bemy bromides, (X = m-Bu, Me, Br, NO9 in the 
presemx of a weak base (K$t& or CM). Tbcsc results suggest that 1,35trisubstitution can also bc extended to other 
akylating agents provided that an appmpk& weak base is used. The 1,3,5-ti@-X-beauyl) ethers 6-9, whose 
shucturc have been established by tH-NMR spccbal analysis and chemical conelation, in CDC& solution adopt a 
conformation with only a Zfold symmetry element bisecting hvo aromatic rings. 

In the last few years attention has been paid at the selective functionahzation of calix[6@nes1 because 

of its potential iu the synthesis of new molecular receptors. 2-S At the present time general procedutes for the 

preparation of 1,4- and 1,2,4,5derivatives of p-rerr-butylcalix[6]arene (1) functiodized via rtgioselective 

akylation at the phenolic hydroxyls ate available iu the literatute and many compounds belonging to these two 

famihes have been reported.3 Ou the contrary, formation of 1,3,5-tri-O-substituted compounds seems to be 

exceptional, since a single compound of this type, trimethyl ether 2, has been obtained iu sizeable yield~h~e 
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As nxently we have observed that in the O-alkylation of p-reti-butylcalix[8lame iu the pmence of a 

weak base mthyl iodide behaves %nomalously” with tespect to a vatiety of other electrophiles,~ we wm 

induced to suppose that the near uuicityS of 2 as qnwmative of the 1,3,5derivatives of 1 could be due to a 
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similar anomaly. This prompted us to study in some details the &ll+tion of 1 in the presence of weak bases. 

Reaction of 1 with homologues of Me1 @I, n-RI, n-BuI; 4 equiv) in mfluxing acetone using K2CO9 (3 

equiv) as base, followed by column chromatography of the reaction mixtures, afforded the 1.35~trialkoxy 

derivatives 3-S in 15-25 % yield.9 Assiint of the structures was based on IH-NMR qectml evi&nce. In 

fact, if conformational inkmonversion is fast in the NMR time scale, two singlets are to be expeckd for the rert- 

butyl groups on the substituted and, respectively, unsubstituted aromatic rings, while the bridging methylenes 

and the oxymethylenes should give rise to a singlet and a triplet in a 21 intensity ratio. All these features were 

observed in the ‘H-NMR spectra of compounds 3-5. It is to be noted that all the signals in the spectra of these 

compounds become broader going from 3 to 5, indicating that the dimension of the n-butyl group is close, but 

not enough, to that required for the conformational fmexing in the NMR time scale.sb 

The study of the alkylation of 1 has been successively expanded to other electmphiles. Using p-tert- 

butylbenxyl bromide in mfhuring acetonitrile with CsF as base (I$q gave inferior results), triether 6 was 

isolated in 35 % yield, whose IH-NMR spectrum was too complex to allow a straightforward assignment of the 

structure.9 ‘Ihe presence of five signals for tert-butyl groups at 0.96, 1.11, 1.14, 1.37, 1.38 ppm in a 2:1:2:1:3 

intensity ratio, together with 3 AB systems for the ArCI-IzAr groups (Figure lA), pointed to a structure with a 2- 

fold symmeuy element bkcting two 

opposite aromatic nuclei. Since we had 

previously observed that p-tert- 

butylbenxyl groups are bulky enough to 

give rise to conformational isomers of 

PamallY functional&d p-tert-butyl- 

calix[6]arenes isolable at room 

temperature,9 we supposed that 6 could 

be the 1,3,5-triether, blocked in one of 

C 

-J.JL 

the ten possible up-down conformations 

WL 

and less symmettical than the cone or the 

l,3,!Lalternate.10J1 The correctness of 

this conjecture was proved subjecting 6 

I’ ” * I ‘* ‘0 I’“‘1 I’ 
5.0 4.5 4.0 3.5 

PPM 

to exhaustive methylatio~ that gave the 

mixed trimethoxy-tribenxyl ether 10.9 

whose debenxylation yielded the known 

1,3,Qrimethyl ether 2.12 It is noteworthy 

Fig. 1. Methylene region of the ‘H-NM9 spectra of 6 (A), 8 @I), and 9 (C). that lOdisplays,inthatdiEering from6.a 

highly symmetrical tH-NMR spectrum 

containing, inter alia, a single Al3 system 

(3.27 and 4.53 ppm, J = 15.2 Hz, 12 I-I) for the 6 equivalent ArCI-I+r groups and a single shielded singlet (2.12 

ppm) for 3 methoxyl groups (Figure 2). This spectmm closely resembles that of trimethoxy-triester 11, which 

was assigned aflattened cone conformation; 2a therefore, we suggest that also 10 adopts a similar conformation. 

In the same experimental conditions used for 6, p-methylbenzyl bromide, p-bromobenzyl bromide, and 

p-nitrobenzyl bromide also gave, iu moderate yields (25-35 %> the corresponding 1,3,5-ethers 7-9.9 Their 

structures were assigned on the basis of the close simihuity of the methylene and tert-butyl regions in their 1H- 
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NMR spectra with those of 6 (Piguxe 1). 

Moreover, for compounds 7 aud 8 

confirmetion was obtained via exhaustive 

methylationd&enzylation, which gave in 

both cases aimethyl ether 2.12 It is to be 

noted that the *H-NMR spectra of 12 

andl$‘vexysimilartothoseoflOaud 

11 (Figure 2). indkate also for these 

mixed ethers a jlartened cone 

collf~on. 

In summary. the results above 

demonstrate that the 13.5trisub- 

stitution takes place in the O-alkylation 

of p-tert-butylcalix[6larene, in the 

mnce of weak bases, not only with 

Me1 but also with other electtnphiles. 

I r 1 “1”“I’ I I ’ 

5.0 4.0 3.0 
PPH 

Fig. 2. Mcthylene region of the lH-NMR spectra of 10 (top) and 12 (bottom). 

Therefore. the above procedure seems to be a general methodology for the synthesis of 13.5trisubstituted 

calix[qarenes. Furthermore, the aforesaid data validate the opiuion that alkylation of 1, in the presence of weak 

base, proce& through the formation of monoanions stabilized by two flanking hydrogen bonds and constitute 

au useful groundwork for the understanding calix[6]arene chemistry. The 1,3,5-triethers here described have 

structural characteristic preluding their use as iutermediates in the construction of new calix[6]arene-based hosts 

with C3 symmetry, exemplified by the “super-uranophile” of Shinlrai.13 
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10. A comprehensive list of the possible up-down conformations for partially substituted caliz[6&uenes 
appeared in supplementary material of mf 3a 

11. A conformational study of 6 has been undertaken and will be reported in due course. 

12. The obtained compound was identical in all respect to an authentic sample prepared according to ref 2a. 
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