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Variation of the stereoparameters for description geometry
of calix|[4]arenes — more suitable solution for «flat systems»

This article deals with a variation of previously introduced parameters a, 3, and 6 which were used to describ-
ing the all possible conformations of these compounds, cone, partial cone, 1,2- and 1,3-alternate conformers
of methylene- and heteroatom-bridged calix[4]arenes. Usefulness of these parameters o, , 6 have been al-
ready demonstrated, but, it seems, to be more suitable to do any variations them for flat systems.<The back-
ground for the parameters a, f3, d lies in the representation of the scale of the angles of the calix[4]arene rings
towards the reference plane. The original scale 0° — 360° for these angles depicts very well the differences
between the calix[4]arene conformations but has two significant disadvantages. The first one is the disconti-
nuity of the scale. The angles o; range approximately from 0° to 110° and from 250° to 360° because of the
sterical hindrance that would occur should the calixarene phenyl ring enter the cavity.-The second disad-
vantage is the discontinuity at the point o; = 0°, it means the case of flat systems. These flat systems are usual-
ly the ‘transitions states‘ between the calixarene conformations and cannot be observed using parameters o, f3,
8. To eliminate the difficulties in describing the 'transition states' between. the calix[4]arene’ conformations
caused by the discontinuities of the original scale, the new scale should be introduced: New parameters o', B,
& were introduced by subtracting 360° for each 'negative' ring present in the structure (one for partial cone
conformers, two for 1,2- and 1,3-alternate conformers); after the parameters o, 8, o are calculated.

Keywords: supramolecular chemistry, stereochemistry of calix[4]arene, conformation, transition states, tor-
sion angles, distorsion parameters, analysis of structural data from'CCDC, cluster analysis.

Variation of the parameters o, f, o

The background for the parameters a, 3, d lies in the representation of the scale of the angles of the ca-
lix[4]arene rings towards the reference plane [1-3]. The original scale 0°-360° (see Fig. 3 in [2]) for these
angles depicts very well the differences between the calix[4]arene conformations (separation into the distinct
'clusters') [3, 4] but has two significant disadvantages. The first one is the discontinuity of the scale. The an-
gles a; range approximately from 0° to' 110° and from 250° to 360° because of the sterical hindrance that
would occur should the calixarene phenyl ring enter the cavity [3, 4].

The second disadvantage is_ the discontinuity at the point a; = 0°, it means the case of flat systems. This
discontinuity is principally responsible for the distinct separation into the 'clusters' observed in [3, 4] on
Fig. 4-7, but as a result the ‘transitions states‘ between the calixarene conformations cannot be observed.
And mainly these ‘transitions states® are flat systems.

To eliminate the difficulties in describing the 'transition states' between the calix[4]arene conformations
caused by the discontinuities of the original scale, the new scale, depicted in the second part of Figure 1,
should be introduced. Thisscale differs from the first one in the values of the negative' phenyl ring angles;
these angles are calculated from those in the first scale by subtracting 360°. However, the negative values of
some phenyl ring angles might cause difficulties in parameter a, 5, & calculation. Therefore we decided for
transformation of the existing parameters o, B, 0 by subtracting 360° for each 'megative' ring present in the
structure (one for partial cone conformers, two for /,2- and /,3-alternate conformers); after the parameters
a, B, 8 are calculated. The formulae for the resulting parameters o’, B, 6" are given in the next paragraph.

1100 1100

250° -110°

Figure 1. The dual representation of the scale of phenyl ring angles o
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A new set of parameters, o, B’, 6" was therefore introduced to describe the 'transition states' between
the calix[4]arene conformations. These parameters are defined using the original o, B, 6 parameters for four

conformers of calix[4]arenes as follows:
cone calix[4]arenes: o' = a; " =p; 3" = 5;
partial cone calix[4]arenes: o’ = a—90°;, B" = — 360°; 6" =6 — 360°;
1,2-alternate calix[4]arenes: o’ = a.— 180°%, " =B; 8" =6 —720°;
1,3-alternate calix[4]arenes: o = a— 180°%, "= — 720°;, 8" = 4.

Aplication of the new parameters o, ', 0’

(1
2)
3)
“4)

The a'-f" and a'-8" plots for the group of calix[4]arenes with methylene bridges are depicted on

Figures 2 and 3.
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Figure 2. The a’-fplot for the group of calix[4]arenes with methylene bridge groups
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Figure 3. The a’-3" plot for the group of calix[4]arenes with methylene bridge groups
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From the a’-B" plot, it is obvious that two hits from the partial cone group lie within the 7,2-alternate
group. The plot is more transparent and better than using parameters o-f. These structures are ZALGOI
(Fig. 4) and a very open structure KOCQIC (Fig. 5). The similarity of these structures to the 1,2-alternate
group is readily observable. The distinct group separated from the partial cone conformers (‘on the path' to
the 1,2-alternate conformers) is the group of single atom 'triple-bridged' structures which possess very
opened cavities (see structure ABIHIC, Fig. 4). These structures have been already discussed.

ABIHIC

Figure 5. Structure KOCQIC [5]

From the @’-B’ plot it can be clearly seen that four hits from the partial cone group are close to the cone
group. The structures GUBTAY (no Fig.) and KOCQEY [4] (Fig. 4) belong to this group.

From the two plots it is obvious that several hits from the 7,3-alternate group are very close to both
cone and partial cone group (hits with o” > 10°). The unifying feature of these structures is the presence of
calix[4]arene skeleton strongly deformed towards C,, geometry; close to that of saddle shaped ca-
lix[4]resorcinarenes. The main reason behind this deformation is missing of two opposite phenolic oxygen
atoms at the lower rim and the resulting 7,mt-stacking between the other opposite calix[4]arene phenyl rings
(e.g. structure GUCYUY, Fig. 6). The m,nt-stacking might occur even between calix[4]arene phenyl rings
from different molecules. Representative example of this group of structures is the structure GUCYUY (the
deformation in this case is due to the presence of m,m-stacking between the opposite calix[4]arene phenyl
rings and between one calix[4]arene phenyl ring and the phenyl ring from the crown ether bridge).
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Figure 6. Structure GUCYUY [5]

The a'-B" and a’-3" plots for the group of calix[4]arenes with heteroatom bridges are depicted on Fig-
ures 7 and 8. From both plots, it is obvious that several structures from the partial cone group (structures
with a” ~ 10-20°) are close to the /,2-alternate group. These structures possess relatively opened cavities;
structure SEBZEE [5] is a clathrate with a trimeric structure, the other two structures. possess open cavities
due to the presence of m, m-stacking between one calix[4]arene phenyl ring and an aromatic moiety from
complex ligand molecule (see structure YAQKAD, Fig. 9 and VAVRAM, Fig. 1I-5'in [4]).
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Figure 7. The a’-B’ plot for the group of calix[4]arenes with heteroatom bridges

From the o"-B’ plot it can be observed that several cone structures are 'on the path' to the /,3-alternate
group (structures:with a” ~ 45°). These structures (e.g. structure ACAJAQ see Fig. 10) all exist in a very flat
pinched cone conformation (a remarkable deformation towards C,, symmetry) because of a distal cis- coor-
dination of a metal ion to the four phenolic oxygen atoms. Structure TETQEO [5] also belongs to this group.
In this case proximal cis- coordination of two potassium ions causes a marked opening of the calixarene
cavity. (symmetry approximately C,,) and therefore lower value of the parameter o’. Examples of the distal
cis- coordination are given on the structure ACAJAQ (Fig. 10) and BEPKOX (see [3]).

26 BecTHuk KaparaHguHckoro yHusepcuTeTa



Variation of the stereoparameters for description geometry ...

50 - @%O oo
o yvvv vﬁ 853 °©
8' 0F ﬁ < v < v v 8 @%% C%%ﬁé?@%@@ooo
-50
-100 - . :
+ . o:.
o
-150 F .
200F
- s
-250 §A
300 &
| | ' | ' | ' | ' | ' | ' |
0 10 20 30 40 50 60 70

o

o — cone; ® — partial cone; A — 1,2-alternate; V' — 1,3-alternate conformation

Figure 8. The a’-d" plot for the group of calix[4]arenes with heteroatom bridges

Figure 10. Structure ACAJAQ [5]
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It is obvious from the two plots, that several hits from the 7,3-alternate group are very close to both
cone and partial cone group (hits with a” > 20°). The unifying feature of these structures is the presence of
calix[4]arene skeleton strongly deformed towards C,, geometry; close to that of saddle shaped ca-
lix[4]resorcinarenes. All these structures (e.g. FEZZIU, HAXGAP, NODJOF, SAXJEG [5]) lack at least two
distal phenolic oxygen atoms at the lower rim and with the only exception of SAXJEG (Fig. II-25 in [4])
have distally m- substituted two phenyl rings. The geometry of these structures is governed by the presence
of m,m-stacking between the two other opposite calix[4]arene phenyl rings; sometimes even between ca-
lix[4]arene phenyl rings from different molecules (structures FEZZIU, HAXGAP [5]). The representative
examples of this group are the structures FEZZIU (Fig. 1I-23 in [4] and HAXGAP (Fig. 11).

Figure 11. Structure HAXGAP [5]

The only hit from this group with o'~ 10° close to the 'renegade' group of partial cone structures (struc-
ture TAZMEN, see the a’-f" plot) has a very open structure probably due to m-substitution of two opposite
calix[4]arene rings (Fig. 12).

Figure 12. Structure TAZMEN [5]

Conclusion

The utility, of parameters o, 3, 6 in describing the conformation of calix[4]arenes and the impact of in-
ter/intramolecular interactions present in the structure on the symmetry of the cone calix[4]arene base frame
has been evaluated in review [3, 4]. These parameters can describe deformations of the scaffold symmetry.
A deformation towards C,, (flattened cone structures) is reflected by the parameter ; a deformation towards
C,s symmetry is best reflected by the parameter d. The parameter areflects the degree of 'opening' of the ca-
lix[4]arene cavity.

The «original» parameters o, 3, o are based on the angles at the scale from 0° to 360° for ; having two
significant disadvantages. The first one is the discontinuity of the scale (see Fig. 1). The angles o; range ap-
proximately from 0° to 110° and from 250° to 360° because of the sterical hindrance that would occur should
the calixarene phenyl ring enter the cavity. The second disadvantage is the discontinuity at the point o; = 0°,
it means the case of flat systems. But these flat systems are usually the ‘transitions states’ between the
calixarene conformations and cannot be acceptable described using the parameters a, 3, 6.

To eliminate the difficulties in describing the 'transition states' between the calix[4]arene conformations
caused by the discontinuities of the original scale, the new scale for o; (see Fig. 1) should be introduced. New
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parameters o, B’, 8" were introduced easily by subtracting 360° for each 'negative' ring present in the struc-
ture (one for partial cone conformers, two for 1,2- and 1,3-alternate conformers); after the parameters a, 3,
darecalculated.

These new parameters are not quite different approach, their properties and connections with a sym-
metry of calixarenescafold are remained. They are able to reflect same effect as the original parameters a, 3,
. It is only small «correctiony», but it seems to be useful for description and modelling flat systems and for
studying transitions between calixarene conformations.
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J. Kimmventosa, 11 Boitumex

Kanukc[4]apenaepain reoMeTpusiCbIH CHIIATTAY YIIIH cTepeonapaMeTpJiepiH
03repTy — «KA3BIK KYHesep» YIIiH KOJIaijbl Iemim

Maxkanana kanukc[4]apenzep 0apiblk MYMKiH OoyiaThlH KOH(OpMauusuiapblH, HaKThUIAN aiiTKaHza,
JKapThUIail KOHYCTBIH, METHJEH[ JKOHE rerepoaroMiabl kemipmienepi Gap 1,2- sxone 1,3-aabpTepHaHTTHI
KOH(epMenepiH, curarTay yIIiH KOJJaHbUIFaH, ajIblHIa SHTI3UIreH o, B *KoHe O mapamerpiepiH e3repTy
KapacTeipbuIasl. Ochl @, 5 O MapaMeTpiepiniy KapaMIbUIBIFbI KOPCETUIreH, 0ipaK onap/bl )Ka3blK JKyhenep
YILIIH KOJJaHFaH JIyphicTay Oonanmsl. o, B, & mapamerpiiepi YUIiH anfblmiapT Kanukc[4]apeHaepnin cakuHa
OypbllITapblHa CANBICTBIPY JKa3bIKTHIFBIHA KaTBICTBHI IKajda YChIHY Oousbin Typ. Ocbl Oypblmitap YIniH
6acranksl MacmTad 0°-360° kamukc[4]apennepaiH KOHGOPMaNUsIIaphl apachIHAAFl ©3TEIICIIKTEPIl KaKChI
Kepcereni, Oipak eki emeymi kemminik Oap. BipiHmici — on mxamanslH y3inyi. KeHicrikTik keneprinep
cannmapbiHad, Oypemmrap o; 0° mam 110° »xeme 250° nmen 360° mexreyinme >kaTelp. Erep Kybicka
KaJIMKCapeHIiK (EeHMI cakuHachl eHCe, OChI icke acaibl. Exinmi kemiuinik — o; = 0° HykTeciHmeri y3iny, 6y
a3bIK KyHenepiHin skargainapel. OCbl JKa3bIK JKyiernep, oferTe, KajauKcapeHaep KoH(pOopMauusiapbl
apachIH/IaFbl «aybICy Kyiiaepi» OoJbIn TabbUIa bl XKoHE @, [, & mapameTpliepiH KoigaHrFaHaa OaifkaaMaibl.
Bacrankpl mikanmaHelH 3Tyl HOTIKeciHae maiima OonathiH, Kaiukc[4]apeHmep KoH(pOpMaLUsIaphI
apachIHJaFbl «aybICTANBI KYWIepai» cumarrayna GailKaiaThlH OCBIH[IAl KHBIHABIKTAP/bl JKOK YINiH KaHa
Macmtab eHrizy kaxer. XKana mapamerpiep o', ', §' KypbuIbIMaarsl opOip «repicy caxuHa ymiH 360° ambm
Tacray apKbUIBI eHri3iuireH (Oipeyl KOHYCTBIH >kapTbUlad KoH(popMeprepi ymriH, ekeyi 1,2- xoHe 1,3-
IBTEPHAHTTHI KOHGOPMEp YIIiH); COHBIHAH 0, 3, § TapaMeTpIepi ecenTenreH.

Kinm co30ep: cynpaMosekynanblK XHMHS, KaluKc[4]apeHAepaiH CTepeoXHMHUACH, KOH(pOopManusiap,
aybICTINIbl KYMiep, TopcuoHabl Oypsimitap, aybiTKy mnapamerprepi, CCDC KypbUIBIMIBIK MATIMETTEePiHIH
TaJjaybl, KIACTEPIiK Taaay.
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N3meHeHne cTepeonapaMeTpoB IJisl ONMCAHUA FTeOMETPHUH KaJnKc[4]apeHoB —
0oJiee moaxoAsiiee pemeHne 1 «IJIOCKUX CHCTeM»

B craTtbe paccMOTpeHO M3MEHEHHE paHee BBEACHHBIX MapaMeTpoB 0, § M 8, KOTOpBIE OBUIM MCIIOIb30BAHBI
JUISL ONHMCAHWSI BCEX BO3MOXKHBIX KOH(OpMAalHii, a MMEHHO: KOHyca, 4acTHYHOro Kkouyca, 1,2- u 1,3-
AITEPHAHTHBIX KOH(GOPMEPOB KalUKc[4]apeHOB ¢ METHICHOBBIMHM M I'eTEpOATOMHBIMH MOCTHKaMu. [Ipu-
TO/IHOCTb IIapaMeTpoB o, 3, & OblIa MPOJEMOHCTPUPOBaHa, HO, MO-BUIMMOMY, O0JIee 11e1eco00pa3HO UCIIOb-
30BaTh MX JUIS IUIOCKUX cucTeM. IIpeanochuika a1 napameTpoB o, B, O JeKUT B NPEICTABICHUH ILIKaJIbl yT-
JOB KoJel| Kauukc[4]apeHOB 10 OTHOLIEHHIO K IDIOCKOCTH cpaBHeHHs. lcxomueli Macmrad
0°-360° I 3TUX YIJIOB OYEHH XOPOIIO MOKa3bIBACT PA3IHUMs MEXIY KOH(opMarmsMu Kanukc[4]apeHos,
HO MIMEET JIBa CYIIECTBEHHBIX HefocTaTKa. [1epBhlii — 3TO pa3phIB MIKaJIbl. YTIHI 0; Jexar B pezaeax ot 0°
10 110° 1 ot 250° no 360° u3-3a cTepUUECKUX MPEIATCTBUHA, KOTOPbIC IPOU3OUIYT, €CIIU B MI0JOCTh BOKIET
KaJIMKCapeHOBOe (heHIIbHOE KOJIbIo. BTopoil HepocTaTok — paspeiB B Touke o, = 0°, 3TO 03HA4YaeT Ciydai
TUIOCKMX CHCTeM. OTH IUIOCKHE CHCTEMBI OOBIYHO SIBISIOTCS «COCTOSTHUSIMU MEPEXOAOB» MEXKIY KOH-
(dbopManusaIMH KaJTMKcapeHa W He MOTYT HaOJI0aThCsl C UCIOIBb30BaHUEM MapaMeTpos o, B3, 8. YroOsl ycrpa-
HUTb TPYAHOCTH NPU OMHCAHUHU «IIEPEXOAHBIX COCTOSHHI» Mexay KOoH(opMauusMu Kanukc[4]apeHa, BbI-
3BaHHBIMH Pa3pbIBAMH MCXOJHOW LIKANbI, ClieAyeT BBECTH HOBbI Macuitab. HoBble mapamerps! o; f3's 0’ ObI-
T BBEIEHBI ITyTeM BhIIUTaHUS 360° Ui KaXKJOT0 «OTPUIATEIBHOT0» KOJIbIA, HPUCYTCTBYIOMIETO B . CTPYK-
Type (OIMH — ISl YaCTHYHBIX KOH()OPMEpOB KOHYca, 1Ba — A 1,2- u 1,3-anbTepHaHTHBIX KOH(GOPMEPOB),
Jaee OBUTH PacCYMTAHBI ITapaMeTpHI a, f3, J.

Kniouesvie crosa: cynpaMonekyisipHas XHMHsI, CTEPEOXUMUSI KaTUKC[4]apeHOB, KOH(pOpMauy, Iepexo/THbIe
COCTOSIHUSI, TOPCHOHHBIE YTJIbI, TAPAMETPhI OTKIOHEHHS, aHaIu3 CTPYKTYpHbIX AaHHbIX CCDC, knacTepHsIit
aHaIN3.
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