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Molecular Design of Macrotricyclic Ammonium Cage Hosts and
Novel Halide Ion Inclusion Complexes : Complexibility, Selectivity
and Structure
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Four macrotricyclic quaternary ammonium cages having tetrahedron skeletons were
designed with systematic variable intramolecular space designated as RMQAS 555,
RMQAS 556, RMQAS 566 and RMQAS 666 (where, R = H, CH3, CH3(CHy)3, C¢HsCHp>,
Cy0H7CHy) for the capture of fluoride, chloride, bromide and iodide ions. Executing the
appropriate synthetic plan, the parent cage amines MA 555, MA 556 and MA 566 and MA
666 were synthesized by three successive cyclizations under high dilution conditions.
Crystal structures of two macrotricyclic amines, MA 555 and MA 566 have been
determined to provide the structural information on the cavity. The results thus obtained
from the crystallographic studies support that these intramolecular spaces are well fitted for
ﬂuoride and chloride ions. The amines were then quaternized by selecting the appropriate
candidates to assemble a number of ammonium cage hosts. The unique feature of these
cages is that each bears four positive binding sites converged to the core. In these study nine
hosts including one reported one were synthesized. The binding interactions between
these hosts and halide ions were investigated in detail using 1H, 19F and 35Cl NMR
techniques. The stability and selectivity of the anion binding were described in terms of the
structural complementarity between the hosts and the guests.

The best selectivity of metylated MQAS 555 (MMQAS 555) was achieved for
fluoride ion based on !19F NMR spectroscopy. The cavity of MMQAS 555 was suitable for
only this anion among the series of halide ions. The very high stability constant of the [F~ ¢
MMQA4+ 555] was accounted on the fact that the guest ion was well fitted into the cavity
of the host, and the cavity was free from the larger solvent molecules. The other hosts with
relatively higher dimensions like MMQAS 556 and MMQAS 666 also encapsulated a
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fluoride ion. The bigger size of the hosts gave rise to a new environment of fluoride ion
which was described as partially encapsulated and partially solvated state. The cavity of the
host MMQAS 555 is inaccessible to bigger anions like chloride, bromide or iodide ion.

On the other hand, the host MMQAS 566 was observed to show better selectivity
for chloride ion over bromide ion in aqueous solution. The compet‘itive experiments based
on 'H NMR and 35C] NMR suggested that this cage host discriminated the two guests
showing higher affinity toward the chloride ion. The thermodynamic data for the inclusion
of this guest reveal that the complexation was driven by the change of enthalpy with
negative entropic contribution. The iodide ion was too large to enter into the cage host's
cavity, and consequentlsf complex formation with this anion was not occurred. In the
fluorescent spéctroscopic measurements the fluorescence of naphthylated MQAS 566
(NMQAS 566) was quenched by the addition of chloride ion in methanol, and suggested
the formation of intramolecular complex of the anion.

The cavities of RMQAS 666 were well suited for the iodide ion among the series of
halide ions. These hosts performed better selectivity for iodide ion over chloride ion in both
water and methanol. The 35C1 NMR proved that the occluded chloride ion can be easily
replaced by iodide ion. The supramolecular stability of iodide complexés of RMQAS 666
was investigated by 1H NMR. The results reveal that the stability of the host guest
complexes is also enhanced by the attached groups as well as the electrostatic forces of
attraction. The much higher stability of the host-guest complexes was achieved by
benzylated MQAS 666 (BMQAS 666) and NMQAS 666 due to the presence of bulky
groups -at the end of the exocyclic chains which shield the encapsulated guest from the
shower of dipolar molecules of solvent.

Finally, a novel ionic crystal structure of [Cl- ¢ PMQA4+ 566] has been explored
and shown that one chloride ion is centrally encapsulated into the spherical intramolecular
cavity of the macrotricyclic cage PMQA4+ 566. The chloride ion is held in place by
electrostatic potential of the four positively charged nitrogen sites arranged at the vertices of
a distorted tetrahedron. The distances from the central guest ion C1(1) to N(2), N(3) and
N(4) vary from 4.27 to 4.45 A, while CI(1)-N(1)is 3.83 A.

The present results on a series of macrotricyclic quaternary ammonium receptors
perform a systematic investigation of binding features of halide ions in solutions, provide
insight into the structural features of anion complex, and allow to analyze the selectivity in
terms of receptor-substrate complementarity. This model may be served as guideline in
realizing of modified anion sensory receptors, in designing ionic selective electrodes, in

facilitating ion transport through the bilayer, and in developing components for selective
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extraction and isolation of anionic hazard species. The new cage and intermediates may

also be conceived as molecular binder in constructing the supramolecular aggregates.
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Molecular Design of Macrotricyclic Ammonium Cage Hosts and
Novel Halide Ion Inclusion Complexes : Complexibility, Selectivity
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RAMN=FTZMEERZ. 757 MEMPBAF U 2nFRB# L T#EKREERT A&
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FAMELUTNAMNAEY Fo, C17, Brm LU 17 o RBIRMICH FREB L. $ETEREES
RETELRR MEAIYNT ZHOTHAZEODRKBRT/IZIMIVD R R b4 FEEH S BERER
RITEHT AW REIT> 720 KRB TELSHRD, BE1ETRERA A VICHLTHTFRE
EFRTINEFTRHINTERFAIMNPFROOTER LT, T EDOFEIRY - 85K
DOTOMELSZRE U, PHUBRBTRODERE TE 5. 8RN - BB REE TR
THRAMFFOEEHRIZ OV THEXTIS,

FB2ETR. 2 FRITOHBEEBHAONEIIKOHDESEMEFELEDZFOKRZ XD
BEILTEIZH > 1O TRMALHM T THVEMISRERXADEIERFE LTS BEOK
%éOJP?S‘L’&FFof:i%JkTE v (MA) O&E#*IT-TW3, (CHz)s-, -(CHz)e- DAFV
VHOMERICLL > TR THEHORZXIZHA L TABTEIENTE 7, BIb. AT
DARLIXTSBHMOMAS 55, —AN6BEHORANSHMOMAS 56, 58& 6D
ZAFOOMAS6 6 F L TAIANTXTE6MOMAG 6 6 DFFHRE - BBRELT - 720
INBVLIFh S TREAZFL. ThE0OFERNIMNAY F, Cl°, Br #LT 1 o
THEEIBEITHERBRH I THS, BiZ, H3ETIIMAS555, MA5 6 61220 T
mBEEXREL. BHNOSFRIDVDERINTIB I EEERLT L3,

BABETR. "FA P VIR ULTENCS TR ERINEE - $5TEREZHIFL T,
MAZ4ART/EIMIAL LT ABO EEMHOCADBEICHE X - KRBk 4 L 7/E29iE
RMQAS (1774479753 R) ZE&BKRL T2, EHBUTERII U7<REIT B, CHs, CellsCH: LU
C10H7CH2 —C"y)o?’:o

EOSBTRBBALFDONENS ., BINGE. BEMNELREICHT IMRERET>TH
50 HERBBEOEBKILW T H '°F, °°Cl, NMR O#ZH 5 RMQAS555 i3 F-, RMQAS
566 (2 C1-, RMQAS666 (& I~ I/t L TRER., —BRAOLE#AKORERER LI, &

— 998 —



BEROZERLEMIZ. FET R ¥ 2% CH: OHBAT, 555 & F~ i3 1.2x10° M°', 566
ECIT 3 190 m' F6kTr 666 & 17 43 115 M°' ERE XN, RMQASH66 2 C1- 1o
LT& LT RMQASE66 (3 I ot U THEHICE R BINEERE R LTz, Br A8 L%, C
17 Z&M9 % & RMQAS566 (% Br~ 2BV LT Cl” 28 L TR ENEEKETS, RY
QASB66 (3 C1° Z3Y 7 oBOH LT 17 2HiRT 5, M. R XOr X B3 ®MT 3
ONT, EROREEEHIHUICDIZ, 1A THOENSHBKENMENIAT
HBo M. 666 & 7 EOBEHEKORERLEHIE. RED  CH.CH.CH.CH: D334 122471
CeHsCH: @ /4 235M ' B&K U CiolH.CH: DA 670N FEXNIzZ, R &HE LTHF
VEERFELUTOERHE. MV AIVOBEIZE S - THERB I B, BN IO HEL
L0 S BEEERDLFEICDOOTH ST Uz, M. BB T M & 18 72 R FE B BUINN
RN I S IREI NI fE & ERELEHBHNT - Uik,

HOETIE. BAF  OHBIAEEEkE LT RMQASS66 5 Z O E A8 1 . & 54k
WD U THEBEEZREL TS, LS A DA UEREE S 572, MAS 6
6 DG EHBRM T A I EICE-T ¥R M Cl” NEEINIBETKZ FOE
HERAADPECTHRR FETFZ FPOMOHBHIBEINTOEZEEWO NI L, HTE
TREEDWRINTI S,

X512, RMQAS (F. NN ANV I-TH 5 L RAFICHAR THE 2 Eh s —F T b D
EBUETHIRFELTOZD T, EYMPELF~OBEBNLIN TS, AkZ 3T
IR SF MR-, AR ERERBOHRIEH S TREMENICOHELER LODOH 3,
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FRRBICE I 5T E-OHE BALL & SO HEE NS (HEKEERE) 0% s 2
LDIIHBEEBERTT S0 EHE LI,
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