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Abstract: A comparative study on a scries of perltd O- alkylated p—H-calix[S]arenes 1b-e and p-tert-
DUI}’IC&HX[D]BI'CHCS lg'm bﬂOWb that ﬁ'lC [ormer are Hll’lLl'Cﬂlly moouc dl'l(.l dLlOp[ lll SOIU[IOD non-cone
conformations. The 1,2-alternate conformation for penta-O-benzyl ether 1¢ was proven by single-crystal
X-ray analysis. VT-NMR studies on 1lc-e have provided the first experimental evidencie that
conformational interconversion occurs via the p-phenyl-through-the-annuius mechanism with AG* in the
range 17.9-18.8 keal mol™, Unlike the corresponding rert-butylated counterparts, p-H-calix[5]arenes are
unable to form 1:1 endo-calix complexes with primary unbranched alkylammonium cations. ©® 1998 Elsevier
Science Lid. Ali rights reserved.

The conformational characteristics and complexation properties of calix[4]arenes have been extensively

investigated.! On the contrary, little is known about the behaviour of the corresponding calix[SJarenes. Very

recently, we have shown that conformationally preorganized (1,3)-p-tert-butylcalix[5]crown-6 tricthers and
simple penta-{)-alk"lated p-tert-butylcalix[S]arenes are able to discriminate linear from branched
alkylammonium cations, selectively forming 1:1 inclusion complexes only with the former.>?

In order to investigate a possible influence of the upper and lower rim substituents on the observed
selectivities, we have undertaken a comparative study on the conformational and complexation behaviour of a

series of p-H-calix|S]arene 1b-e and p-rert-butylcalix[S]arene 1g-m derivatives and a p-nitrocalix[5]arene

pentaether 1n (shown in the Table). We now wish to present our findings.

New de-tert-butylated calix[5]arene derivatives 1b-e and terr- =Y
butylated ii,m were obtained in 47-80% yieid by exhaustive alkylation of ,:"
the parent calix[5]arene pentols 1a* or 115 with an excess of the appropriate /Q\

electrophile  (MeOTs, BnBr, 'PrOCH,CH,OTs, BrCH,CO,Bu, R'ﬁ OR WR‘
BrCH,CO,Me, and EtOCH,CILOTs, respectively) and K,CO; in refluxing ~ ~7 O R

CH;CN. p-Nitrocalix[5]arene pentaether 1n was prepared (34%) by ipso- 5 (OH RH
nitration® of 1i.7 7 N\ a8
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With the exception of ie, the conformation of all new compoui A -
assigned from distinctive 'H and *C NMR patterns of the bridging 1a:RoR<H
methylencs,® using the signals of the terminal groups of the lower rim 1f:R=H,R = Bu

substituents as an additional diagnostic probe (see Table).
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The 1,2-alternate conformation of 1e¢ was proven by _ c1os Q
f',-_é? c93
X-ray analysis,’ since the NMR data could not rule out th :
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alternative partial cone conformation. The Figure shows the
conformation of 1e¢ in the solid state. Three adjacent s c1o7

aromatic rings (C11-C16, C21-C26, C31-C36) of the 1| Pa—g | &

calix[5Jarene system are oriented with their phenolic O £s7

opposite side of the methylene plane. The interplanar angles
C63 mé\a/‘ CBBM

which the calix[5] aromatic rings make with the bridging

methylene plane are 82.6(1), 139.7(1), 87.6(1), 109.3(1) and

88.4(1)° for rings C11-C16 to CS51-C56, respectively. Figure. A view of molecule 1lc with an
h ’ indication of our number scheme. Aromatic

Interplanar angles <90° indicate that these rings are inclined  ring C atoms are labelled Cil-Ci6 (i = 1-10).

. L ) s .« 4 v ame .1 PFor clarity, anisotropic displacement ellipsoids
1n towards the center o1 the moieculie, and vaiues »yu- snow are drawn at the 10% probability level and H

. . - < . atame ara nat chawn
that the rings are tipped away {rom the calix center. GHUTHS ait HUL SHo v
Compound 1¢ maintains the 1,2-alternate conformation also in solution. However, the presence of

additional peaks of minor intensity strongly suggests the existence in solution of at least one other non-cone

temperature. It is known that the introduction of very bulky substituents at the lower rim of 1f suppresses
the oxygen-through-the-annulus rotation, and affords conformationally immobilized derivatives.® Since the
p-tert-butylcalix[5larene 1h adopts a fixed cone arrangement at ordinary temperatures,®® conformational

interconversion of l¢ must necessarily occur via the p-phenyl-through-the-annulus pathway. Although the

of molecular modelling,® this study provides the first experimental evidence for conformational
o . . vy 1 e o ave oo 13 PO TS T S\ SRR TSI N
interconversion in p-H-calix[5]arenes through this mechanism.~ For this dynamic process, a free energy barrier

of about 18.8 kcal mol™' was calculated (Av = 351 Hz, T. = 408 K). Analogous VT-NMR experiments o

=
i
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and 1e in TCE have shown a similar trend with AG* values of 18.3 and 17.9 kcal mol™!, respectively.
b

and CH,CO,Bu), if not counterbalanced by the presence of -butyl groups at the upper rim, results in the loss
of preorganized cone conformations (i.e., 1¢ vs 1h, 1d vs 1i, and 1e vs 1j). The Table shows also that groups
larger than CH,CH,0Et or CH,CO,Et must be introduced at the lower rim in order to inhibit the
conformational mobility of p-fert-butylcalix[5]arenes. Derivatives 1k-m all show temperature dependent H

NMR spectra, due to cone-non-cone fluxionality.

The host-guest properties and selectivities of the calix[5]arenes shown in the Table were tested by 'H
NMR (CDCL-CD30OD 9:1, v/v), using the four isomeric butylammonium picrates as potential guests. In

agreement with the results previously found for 1i, j.> all p-tert-butylcalix[S]arene derivatives (1g,h and 1k-m)

exhibit a remarkable discrimination for the n-BuNH;* cation, while surprisingly the de-ferz-butylated (1b-e)
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Table. Selected NMR Data (300 MHz, CDCl;, 293 K) and Conformation of Calix[S]arenes 1, and their

Percentage of endo-Cavity Complexation with #-BuNH;" (1 equiv).

Compd R R' 8, ArCH,Ar, ppm & ArCHAr, ppm  §, (terminal groups), ppm Conformation Complex (%)
1b Me H 3.88 (5,10 H) 300 fexible a
1c®%? Bn H 3.15, 4.25 (AX, J= 14.5 Hz, 2 H) 266 1,2-altemate a

3.22,4.38 (AX, J=14.6 Hz, 4 H) 294

3.61,3.67 (AB, J= 133 Hz, 4 H) 360

CH(CH;),

1d%%  (CHp),0Pr H 3.33, 4.29 (AX, J= 14.0 Hz, 2 H) 27.1 0.96 (d, J=6.1 Hz, 6 H) partial cone a

3.24,4.33 (AX, J=14.9 Hz, 4 H) 303 1.19(d, J=6.0 Hz, 12 H)

3.91 (pseudo s, 4H) 363 124 (d, J=59Hz, 12H)
C(CH3)s

1e%’ CH,CO,Bu H 3.33,4.31 (AX, J= 154 Hz, 4 H) 289 1.18 (s, 9 H) partial cone a

340,451 (AX, J=14.5 Hz, 2 H) 20 152 (s, 18 H)

401,411 (AB, J=129 Hz, 4 H) 338 1.55 (s, 18 H)
1g Me 'Bu ) e flexible 6
1h Bn '8y e e fixed cone 3
1i (CHp),OPr  'Bu f fixed cone 68’
1j CH,CO,Bu  'Bu g g fixed cone g0’
1k%  CH,COEt Bu g g cone 2
1 CH,COMe 'Bu  3.34,4.76 (AX, J=14.4Hz, 10 H) 300 cone I)

CH,CH;

1m%?  (CH),0Et Bu  3.19,4.37 (AX, J=14.1Hz, 4 H) 29.1 0.94 (t, J= 7.0 Hz, 3H) partial cone 3

3.31,4.21 (AX, J= 14.0 Hz, 2 H) 272 121(t, J=7.0Hz, 6 H)

3.82,3.90 (AB, J= 135 Hz, 4 H) 370 1.25 (t, J=7.0 Hz, 6 H)
1n (CH,),0Pr NO, 352,4.76 (AX, J=15.0 Hz, 10 H) 038 fixed cone a

“Not observed. ’In CDCLCDCI,. ‘Assignments follow from COSY, HETCOR, and homo-decoupling experiments.
“Spectral data of the predominant conformer. ‘See ref. 8b. ‘Sce ref. 3. #See ref. 14.

rmation

are unable to recognize and/or include any of the RNH;" cations tested, irrespective of the cor
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adopted. p-tert-Butylcalix[5)arene-n-BuNH3" endo-cavity complex formation is attested by dramatic upfield
shifts for the cavity-included n-alkyl chain protons. Free and complexed species are in slow exchange in the
NMR time-scale, and consequently the 1:1 host-guest stoichiometry and percentages of endo-cavity complex

were determined by direct '"H NMR analysis® of equimolar solutions (5 x 10 M) of host and guest (see

6% for the highly flexible compound 1g to 90% for compound 1j locked in a regular cone conformation. It is
remarkable that compound 1m, which is present in solution (CDCl;-CD;0D, 9:1) as a 97:3 mixture of partial
cone and cone conformers, forms 23% of endo-cavity complex with 1 equiv of #n-BuNH;". This result

indicates that the cone conformer is the active species responsible for complexation. This implies also that 1m

undergoes a conformational rearrangement (partial cone — cone)'® - a sort of “guest induced fit* - to
accommodate the incoming alkylammonium cation inside a more suitably preorganized -cavity.

p-Nitrocalix|[5]arene pentaether In, on the contrary, although blocked in a cone conformation, is unable to

form inclusion complexes with any of the BuNH;" isomers presumably because the p-nitro groups drastically
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reduce the 7 electron density of the calixarene cavity. The failure of p-H-calix[5]arene derivatives 1b-e to form
inclusion complexes with alkylammonium cations can then be attributed to both their unfavourable

conformational arrangement (all of them adopt in solution non-cone conformations) and to the lack of an

In conciusion, we have established the minimum size of the lower rim substituents required to inhibit the
oxygen-through-the-annulus rotation in p-fert-butylcalix[5]arenes, and proved the p-phenyl-through-the-
annulus rotation in p-H-calix[S]arenes. Our results emphasize the central role played by the ters-butyl
substituents on the upper rim of calix[5]arenes both in the control of the conformation, and in the recognition

of linear RNH;" cations via endo-cavity complexation,
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