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Abstract

Nucleophilic displacements of 1,3- and 1,4-bis(bromomethyl)benzenes with 2-aminothiophenol provide 1,3- and 1,4- bis(2-
aminophenylthiomethyl)benzen8sand 11 which undergo intermolecular cyclodehydrochlorination with thiodiglycolyl
dichloride and isophthaloyl dichloride to give respectiv&l8 and12, 13. The diamine8 and itsN,N’-dibenzyl derivativel

with pyridine-2,6-dicarbonyl dichloride giveand5, respectively. The extraction and transport behaviour of these receptors
have been determined towards alkali(LiNat, K+), alkaline earth (M§", C&t, St, B&"), TIt, Ag™ and PB+
picrates. The participation of various ligating sites in binding have been evaluated tHASLI§IMR studies. The acyclic
receptors3, 4 and11 show higher Ag selectivity than the cyclic analogsand12. In the case of acyclic recept8rthe
organisation induced by the 1,3-phenylene spacer and 2-aminophenylthio units and its flexibility generates optimal binding
and selectivity towards Ag. However, in cyclic receptord and12 though the three thioether units are better organised,

the inward placement of the Nfige Units restricts the entry of Aginto the cavity and lowers both the order of binding

and selectivity. The lack of binding ability fidue to an intramolecular Ndshige—Npy H-bond is restored in th&/-benzyl
derivativeb.

Introduction In the present investigations, based on model lll, the
receptorss—9 12 and 13 possessing two thioether or three

The development of fast estimation, removal and sepdfioether or two thioether and amine unit as soft ligating sites
ation techniques for Af, the use of Ag complexes in and acyclic receptor3 4 and11have been synthesized and
photographic materials and their potential use in cand&eir binding behaviours towards AgPL**, TI*, alkali and
radioimmunotherapy have drawn the attention of Supral.ka”ne earth cations (eXtraCtion and transport) and mode
molecular chemists towards Agselective receptors [2]. For Of participation of the various ligating sites in bindingC
their design, structural parameters such as the presenc&lMR) have been studied.

appropriately placed 2—4 soft ligating sites, the minimal in-

corporation of hard ligating sites (ether, ester etc.) [3-8],

the induction of conformational and stereochemical restric-

tions to avoid 2:1 complexation [9-11] towards?Pband Experimental

cavity engineered complexation [12—-13], have been delin-

eated. In our recently reported silver selective receptors ngy : )

4] (Figure 1, Model | and 1) we observed that in receptors [, nthesis of receptofsand11: A general procedure
segment A induces selectivity of Aginding but segment B ) )

adversely affects the same due to its flexibility. In receptoi’oésomt'on of 1,3-b|s(promc_)methylene)benzene (1) (2.00g,
I, the 2-aminophenylthio unit keeps the thioether lone pa?r6 mmol) and 2-aminothiophena2)((2.3 g, 2.4 mmol)

towards the interior of the cavity for favoured Adinding in DMF (dry, 50 mL) containing Iﬁ(_303 (anhyd) (5 g,
but the preferred binding of the ether units with alkali an§6'23 mmol) and tetrabutyl ammonium hydrogensulphate

alkaline earth cations disfavour binding of Agelectively. (| BA-HSOs) (10mg) was stirred. After completion of the
So, we envisaged that if part B (—S@EH,0—) of model reaction (TLC, _10 h), the solid suspension was flltered_ off
| is replaced by part B (2-aminophenylthio unit) of model ”and washed with ethyl acetate (100 mL). The combined

the resulting receptors Il would show higher complexatio jtrate was distilled L_Jr_1der vacuum. The_reS|due was chrp-
and selectivities towards Ag matographed over silica gel column using hexane and its

mixtures with ethyl acetate as eluents to isolate diamine 3.
* For Part 19, see Reference [1]. A similar reaction for 1,4-bis(bromomethylene)benzer@® (
T Authors for correspondence. with 2 gavell.
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Figure 1. The structures of models I, Il and III.

Receptor3: (82%), liquid, M™ m/z 352 (M*,100 ), 228 Synthesis of receptoBs-8 12and13: A General procedure
(M+-SGsH4NH_, 89.8);'H NMR (CDClg): § 3.79 (s, 4H, 2
x CHp), 6.52—-6.69 (m, 4H, ArH ), 6.90-7.19 (m, 8H, ArH );Diamine 3 (2.00 g, 5.68 mmol ), KCOs (anhyd.) and
13C NMR (normal/DEPT-135)% 39.39 (-ve, Chb), 114.78 a catalytic amount of TBA-HS® (10 mg) were taken in
(+ve, CH), 117.24 (ab, ArC), 118.37 (+ve, CH), 127.48ry dichloromethane (400 mL) and the reaction was stirred
(+ve , ArCH), 128.23 (+ve, ArCH), 129.31 (+ve , ArCH),at room temperature. Thiodiglycolyl dichloride (2.33 g,
129.97(+ve, ArCH), 136.47 (+ve, ArCH), 138.29 (ab, ArC)12.5 mmol) dissolved in dichloromethane (75 mL) was ad-
148.48 (ab, ArC); IRvmax (CHCl3) (cm1): 3980, 3482 ded dropwise, over 3-4 hrs. After completion of the reaction
(doublet, NH). (TLC, 10 h), the suspended solid was filtered off and washed
with chloroform (2x 10 mL). The combined filtrate was dis-
Receptorll: (60%), m.p. 104-106C (CHCk); M* m/z tilled off. The crude reaction product was crystallized from
352 (M*, 11); *H NMR (CDCl): & 3.63 (bs, 4H, 2x CHClL—CH3OH mixture to isolates.
NH2), 3.82 (s, 4H, 2x CHy), 6.55-6.67 (m, 4H, ArH), Similarly, cyclocondensation of diamiavith pyridine-
6.97 (s, 4H, ArH ), 7.04-7.18 (m, 4H, ArH}3C NMRC 2,6-dicarbonyl dichloride and isophthaloyl dichloride gave
(normal/DEPT-135) (CDG): 6§ 39.26 (~ve, CH), 114.81 receptors/ and 8, and diaminell with thiodiglycolyl di-
(+ve, ArCH), 117.19 (ab, ArC), 118.39 (+ve, ArCH), 128.7&hloride and isophthaloyl dichloride gave receptb?sand
(+ve, ArCH ), 129.98 (+ve, ArCH), 136.48 (+ve, ArCH ),13, respectively. The cyclocondensation of receptaovith
137.06 (ab, ArC), 148.58 (ab, ArC); IRnax (cm~1): 3250 pyridine-2,6-dicarbonyl dichloride gave recepfor
(NH). (Found C 67.9; H5.7; N 7.9; S 17.95.4gH20N2S;
requires C 68.18; H 5.68; N 7.95 and S 18.18%) Receptors: (55%), m.p. 101°C; FAB mass M m/z 664
(Mt + 1); TH NMR (CDCl): 3.66—-4.45 (m, 4H, SC}),
5.44-5.65 (m, 2H, Cb), 5.44-5.65 (m, 2H, C}), 6.31-
6.59(m, 4H, ArCH), 6.82—7.44 (m, 8H, ArH), 7.56-8.38 (m,
3H, PyH). IRvmax (KBr) (cm~1): 1660 (C=0). Found C,
74.1; H 5.0; N 6.6. @1H33N302S, requires C, 74.21; H
Diamine 3 (2.00 g, 5.68 mmol), benzaldehyde (1.33 g4.97; N 6.33%).
12.5 mmol ) and a catalytic amount pftoluenesulphonic
acid were dissolved in dry benzene (150 mL ) and the miReceptol6: (45%), m.p. 238 C (CHCk—MeOH); M™ m/z
ture was refluxed on a water bath. After completion of th66 (Mt, 15);TH NMR (CDCl): § 3.42 (s, 4H, 2< SCHp),
reaction (7 h), benzene (100 mL) was removed by disti8.91 (s, 4H, 2x CHy), 6.87—7.04 (m, 3H, ArH), 7.16 (t,J =
lation. Ethanol (75 mL) was added to the cooled reactioh6 Hz, 2H, ArH), 7.33(t, J = 7.6 Hz, 2H, ArH ), 7.65 (d, J
mixture. NaBH, was added and stirring was continued for 7.6 Hz, 2H, ArH), 8.26 (d, J = 7.6 Hz, 2H, ArH), 8.91 (bs,
6 h. The reaction mixture was diluted with water (500 mL2H, NH); 23C NMR (normal/DEPT-135) (CDG): § 37.55
and extracted with chloroform. Solvent was removed ar{g-ve, CH), 39.84 (-ve, CH), 120.97 (+ve, ArCH), 123.79
the residue was chromatographed over a silica gel colurgab, ArC), 125.09 (+ve, ArCH), 127.65 (+ve, ArCH), 128.03
using hexane and its mixtures with ethyl acetate as el(+ve, ArCH), 129.12 (+ve, ArCH), 130.15 (+ve, ArCH),
ents to isolate4, liquid, (65%), M™ m/z532 ( M*, 6), 135.52 (+ve, ArCH), 138.89 (ab, ArC), 139.50 (ab, ArC),
441 (MT-CHoAr, 19), 319 (MF-SGsH4NHCH,CgHs, 20), 165.66 (ab, C=0); IRmax (KBr) (cm~1): 1655 (C=0), 3450
105 (CHCgH4CHJ, 100); 'H NMR (CDCl): § 3.74 (s, (NH). (Found C 61.4;H 4.8; N 5.8; S, 20.3.88H22N20,Sg
4H, 2 x SCHp), 4.25 (s, 4H, 2x N CHy), 6.47-6.57 (m, requires C 61.80; H 4.72; N 6.01; S 20.6%).
4H, ArH), 6.81-6.93 (m, 3H, ArH), 7.02-7.34 (m, 15H,
ArH); 13C NMR normal/DEPT-135) (CD@G): § 39.77 (-ve, Receptor7: (60%), m.p. 188°C (CHCk-n-hexane); M
CHyp), 47.91 (~ve, CHp), 110.41 (+ve, ArCH), 116.95 (+ve, m/z 483 (M*, 30), 349 (M"-HCOGH4CO, 5), 226
ArCH), 117.11 (ab, ArC), 127.17 (+ve, ArCH), 127.51 (+ve(Ho,CCsH4CH>SCsH4N, 100); 1H NMR (CDCl): & 3.95
ArCH), 128.32 (ab, ArC), 128.62 (+ve, ArCH), 129.33 (+ve(s, 4H, 2x SCH,), 6.92 (bs, 3H, ArH), 7.22 (dt,;J= 7.8
ArCH), 130.39 (+ve, ArCH), 136.62 (+ve, ArCH), 138.35Hz, » = 1.2 Hz, 2H, ArH), 7.37 (dt,sJJ=7.6 Hz, 3 = 1.5
(ab, ArC), 139.16 (ab, ArC), 149.21 (ab, ArC); ax Hz, 2H, ArH), 7.74 (dd,J=7.6 Hz, 3 = 1.5 Hz, 2H, ArH),
(KBr) (cm~1): 1655 (C=0), 3490 (NH). 8.01(dd, 4 = 7.8 Hz, 3 = 1.2 Hz, 2H, ArH), 8.17 (1, J = 7.6

Synthesis of receptar
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Table 1. Extraction (%) profile of receptor3-9and11-13

mn+ 3 4 5 6 7 8 9 11 12 13

Lit 062 024 0.08 0.04 0.04 024 - 0.01 051 0.02
Nat 061 028 0.07 002 004 058 - 0.00 0.40 0.49
K+ 060 028 011 06 0.04 088 -— 0.03 0.39 0.18
TIt 062 026 215 0.04 011 072 - 0.05 053 0.29
Mg?+ 035 018 0.05 012 002 014 - 0.01 042 0.20
cat 0.34 015 080 004 004 086 - 0.05 0.38 0.16
Szt 0.36 018 0.87 0.02 005 038 - 0.01 0.40 0.00
B2t 040 020 0.72 000 005 0.80 - 0.01 042 0.26
PRt 009 027 535 124 046 192 011 028 034 0.87
Agt 97.67 365 56.1 780 690 288 160 59.4 478 1.8

Agt/PRPt 1085 135 1.04 63 15 1.5 145 212 141 2

Hz, 1H, PyH), 8.51 (d, J = 7.6 Hz, 2H, PyH), 10.51 (bs, 2H..5 Hz, 2H, ArH), 7.48 (dt, J= 7.6 Hz, 3 = 1.5 Hz, 2H,
2 x NH); 13C NMR (normal/DEPT-135) (CDG): § 41.72 ArH), 7.62 (t, J = 8.0 Hz, 1H, ArH), 7.76 (ddy ¥ 7.6 Hz,
(—ve, ChH), 122.88 (+ve, ArCH), 125.58 (+ve, ArCH), J = 1.5 Hz, 2H, ArH), 8.07 (dd, 2H,1J= 79 Hz, 3 =1.6
126.21 (+ve, ArCH), 128.07 (+ve, ArCH), 128.38 (ab, ArC)Hz, ArH), 8.52 (dd, g = 8.8 Hz, 3 = 1.5Hz, 2H, ArH),
129.72 (+ve, ArCH), 135.40 (+ve, ArCH), 137.74 (ab, ArC)8.84 (s, 2H, NH):13C NMR (normal/DEPT-135) (CDG):
138.84 (ab, ArC), 139.59 (+ve, ArCH), 148.65 (ab, ArC)§ 42.90 (-ve, CH), 120.26 (+ve, ArCH), 121.55 (+ve,
161.33 (ab, C=0); IRmax (KBr) (cm~1): 1655 (C=0), 3450 ArCH), 124.00 (ab, ArC), 125.05 (+ve, ArCH), 127.85 (+ve,
(NH). (Found C 66.9; H 4.4; N 8.7, S 13.0.42H21N30,S,  ArCH), 129.71 (ab, ArC), 130.13 (+ve, ArCH), 131.70 (+ve,
requires C 67.08; H, 4.35; N 8.69; S 13.25%). ArCH), 135.83 (ab, ArC), 135.07 (+ve, ArCH), 138.94 (ab,
ArC), 140.30 (ab, ArC), 165.02 (ab, C=0); hfax (KBr)
Receptor8: (75%), m.p. 185°C; Mt m/z482 (M, 29); (cm™1): 1682 (C=0), 3500 (NH).Round C 69.3; H 4.6;
1H NMR (CDCl): § 4.02 (s, 4H, 2x SCH,), 6.88-7.25 N 5.7; S 13.0. GgH22N20,S; requires C 69.71; H 4.56; N
(m, 5H, ArH), 7.38-7.46 (m, 3H, ArH), 7.67-7.75 (m, 4H5.81; S 13.28%).
ArH), 8.19(d, J=7.6 Hz, 2H, ArH), 8.34 (d, J = 7.6 Hz, 2H,
ArH), 8.91 (bs, 2H, 2« NH); 13C NMR (normal/DEPT-135) Synthesis of recept®
(CDCl): § 41.65 (ve, CH), 121.50 (+ve, ArCH), 121.72
(+ve, ArCH), 124.62 (ab, ArC), 125.18 (+ve, ArCH), 127.6 A 250 mL two neck round bottom flask was fitted with a
(+ve, ArCH), 128.36 (+ve, ArCH), 128.60 (+ve, ArCH)magnetic stirbar, a reflux condenser, and an addition funnel.
129.61 (+ve, ArCH), 130.15 (+ve, ArCH), 132.49 (+veThe flask was charged with NaBH0.79 g, 20.8 mmol) and
ArCH), 134.50 (+ve, ArCH), 135.57 (ab, ArC), 138.27 (abTHF (50 mL, pre-dried over sodium). Recep®(2.00 g,
ArC), 139.01 (ab, ArC), 165.02 (ab, C=0); lax (KBr) 4.14 mmol) was added in one portion and the flask was
(cm™Y); 1682 (C=0), 3450 (NH).Round C 69.8; H 4.3; cooled to 0°C in an ice bath. A solution of iodine (2.11 g,
N 5.7; S 13.7. GgH22oN202S, requires C 69.71; H 4.56; N 8.3 mmol) in THF (20 mL) was added dropwise over 30 min
5.81; S 13.28%). resulting in vigorous evolution of hydrogen. After addition
was complete and gas evolution had ceased, the reaction
Receptorl2: (45%); m.p. 169°C (CHCk—MeOH); M*  mixture was refluxed for 30 h, cooled to room temperature
m/z466 (M*, 16); *H NMR (CDClz): 6 3.30 (s, 4H, 2x and methanol was added cautiously until the mixture became
CHy), 3.89 (s, 4H, 2« CHy), 6.84 (s, 4H, ArH), 7.13 (dt,1J clear. After stirring (30 min), the solvent was removed leav-
= 7.6 Hz, 3 = 1.4 Hz, 2H, ArH), 7.31 (dt, = 7.6 Hz, inga white paste, which was dissolved in 20% agueous KOH
% = 1.4 Hz, 2H, ArH), 7.64 (dd, J= 7.6 Hz, 3 = 1.4 (30 mL). The solution was stirred for 4 h and extracted with
Hz, 2H, ArH), 8.20 (d, J = 8 Hz, 2H, ArH), 8.72 (bs, 2H,chloroform (3x 30 mL). The solvent was evaporated and the
2 x NH); 13C NMR (normal/DEPT-135) (CD@G): § 37.00 crude product was chromatographed over a silica gel column
(—ve, CH), 42.03 ve, CH), 120.95 (+ve, ArCH), 123.89 using hexane and its mixtures with ethyl acetate as eluents
(ab, ArC), 125.05 (+ve, ArCH), 128.45 (+ve, ArCH), 129.940 isolate9 (20%); m.p 161°C (CHCk); M™ m/z454 (M*,
(+ve, ArCH), 135.46 (+ve, ArCH), 138.08 (ab, ArC), 139.7@7) ;: 1H NMR (CDCk): § 3.64 (s, 4H, 2x SCHb), 4.43 (d,
(ab, ArC), 166.10 (ab, C=0); IRmax (KBr) (cm~1): 1698 J = 5.2 Hz, 4H, 2x NCH,), 5.47 (t, 2H, J = 5.2 Hz, X
( C=0), 3500 (NH). Found C 61.7; H 5.0; N 5.8, S 20.2. NH), 6.09 (s, 1H, ArH ), 6.36 (t, J = 8.1 Hz, 2H, ArH), 6.51
Co4H2oN202S3 requires C 61.80, H 4.72; N 6.01; S 20.6%)(d, J = 8.1 Hz, 2H, ArH), 6.89—7.23 (m, 10H, ArH), 7.44 (s,
1H, ArH); 13C NMR (normal/DEPT-135) (CDG): § 36.11
Receptorl3: (80%), m.p. 193C (CHCk); M™ m/z482 (—ve, CH), 48.52 (-ve, CH2), 110.27 (+ve, ArCH), 116.57
(M*, 7); 'H NMR (CDCl): § 3.88 (s, 4H, 2x CHy), 6.74 (+ve, ArCH), 116.95 (ab, ArC), 125.32 (+ve, ArCH), 126.70
(s, 4H, ArH), 7.04 (s, 1H, ArH), 7.23 (dta ¥ 7.6 Hz, 3 = (+ve, ArCH), 127.06 (+ve, ArCH), 128.26 (+ve, ArCH),
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Table 2. Transport profilé of receptor8—6and11-12 Results and discussion
Mot 3 4 5 6 11 12 Synthesis
Lit 293 1.80 106 20.39 80.34 503
Nat 202 167 103 1798 9596 6.71 The phase transfer catalysed(O3-DMF-TBA HSOj)
K+ 204 187 104 16.09 5289 653 nucleophilic displacement of 1,3-bis(bromomethyl)benzene
T+ 321 468 237 1670 6511  8.03 (1) with 2-aminothiophenol2) gives compound (82%),
Mg2t 145 145 103 1133 119.15 355 liquid, MS m/z352 (MT), which on reaction with benzalde-
cét 189 1.83 124 1111 11857 4.47 hyde followed by NaBH reduction givest (65%), liquid,
st 137 210 82 7.3 86.10  2.93 MS m/z 532 (M*). The slow addition of thiodiglycolyl
B2t 123 119 121 1051 7037  1.85 dichloride to a stirred solution & in dichloromethane con-

Pt 631 886 361 12250 9953 15859  taining a suspension of4&COz (anhyd. base), TBA HSO
Agt 245 8595 524  209.48 206.99 96.22 (catalyst) at 35C provides white solid (45%), m.p. 238
°C, MS m/z 466 (M"). Similarly, diamines3 and4 with
* x 10-8 mol 24 1. pyridine-2,6-dicarbonyl dichloride an with isophthaloyl
dichloride under PTC conditions givg60%), m.p. 188C,

128.78 (+ve, ArCH), 130.17 (+ve, ArCH), 130.40 (+veMS m/z483 (M"), 5(20%), m.p. 161C , MS m/z 454 (M)

ArCH), 136.98 (+ve, ArCH), 137.10 (ab, ArC), 140.22 (ap2"d8 (75%), m.p. 185C, MSm/z482(M"), respectively.
ArC), 149.32 (ab, ArC).Found C 74.3; H 5.78; N 6.0; Receptor8 on reduction with NaBHl/l, in THF provides

S 13.7. GgHaeN2S, requires C 74.01; H 5.73; N 6.01; s'eceptol —a cyclic analog 08/4.
14.1%) QartzeN2% req The reaction ofL0 with 2-aminothiophenol under PTC

conditions provided1 (90%), m.p. 104-106C, MS m/z
352 (M) which on macrocyclization with thiodiglycolyl
dichloride and isophthaloyl dichloride giv&2 (45%), m.p.
For the extraction experiments, metal picrate solutiod$9°C, MSm/z466(M*) and13 (80%), m.p. 193C, MS
(0.01 mol dnt3) were prepared in deionised distilled water/z482 (M), respectively.

The solutions of receptors (0.01 mol dA) were prepared

in chloroform (A.R. grade). An aqueous solution (2 mL) of

Extraction measurements [14]

a metal picrate (0.01 mol dni) and a chloroform solution &, o { 1 Oy X { 1

(2 mL) of a receptor (0.01 mol dnf) in a cylindrical tube - — @[ ]@ 25 C[N,H H.N]@
closed with a septum was shaken for 5 min and kept . = e P No
27 £ 1 °C for 3—4 h. An aliquot of the chloroform layer , 3o I e ooon
(1 mL) was withdrawn with a syringe and diluted with acet: 4 R= o T x= 287y
onitrile to 10 mL. The UV absorption was measured again:

CHCI3—CHsCN (1:9) solution at 374 nm. Extraction of the

metal picrate has been calculated as the percentage of mi C[S SD @S s
picrate extracted in the chloroform layer and the values a ©ﬁ~ N«\@ NH T
the mean of three independent measurements which we A o

within £0.02% error. (Table 1).

5

Transport measurements [15] . ,—Q—\B ~ O 05 X0 CES/—Q—\SD

] ] " C[S S:@ G _c " Hey,
The transport experiments were carried out at constanttel  * o, NH,  EN X
perature (27+ 1 °C) in a cylindrical glass cell consisting @[NH 1 ° X °
of outer and inner jackets by using (i) metal picrate (0.0 =2 ’ BRI

moles dnt3) in water (3 mL) in the inner jacket; (i) water

(10 mL) in the outer jacket; (iii) ligand (10 mmol dm-3) in The SCHCO and NHmide proton singlets in the 1,4-
the chloroform layer (15 mL) with stirring (15 5 r.p.m.) phenylene based receptt? are shifted upfield byas 0.12
at 27+ 0.05°C. After stirring for 6 h the picrate transportedand 0.19 ppm in Comparison with those in the 1,3_pheny|ene
into the receiving phase was determined from UV absorgased receptds. Similarly, the isophthaloyl2H singlet in
tion at 355 nm. Each value is a mean of three experimenggeptorl3 is shifted upfield byAs 0.64 ppm than in re-
which were consistent10% (Table 2). Before determiningceptors, indicating that this proton is directed towards the
the transport rates, blank experiments were performEd in ﬁ@eptor Ca\/ity and the region is shielded by the magnetic-
absence of carrier receptor in the chloroform layer to cheglly anisotopic 1,4-phenylene ring. Thereforelihand13,
the leakage of metal picrates. A significant leakage (50 m@le 1,4-phenylene ring is oriented perpendicular to the plane
24 h™1) was observed only in the case of#b of the macrocycle, whereas the 1,3-phenylene ring-8fs
in the plane of the macrocycle. Further, the downfield shift
(As > 1.50 ppm) of the NHmige Singlet in receptoi” in
comparison with the other cyclic receptd@s8, 12 and13
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Figure 2. Ag*/Pbt extraction selectivities for receptos-9and11-13

Extraction [14] and transport studies [15]

, . , xt. Ag pic 79.65%
As the process of ligand facilitated transport of cations :g,,/P%él Sel = 78

across apolar membrane has relevance to the development of
separation techniques for the cations, the extraction (com-
plexation) and transport (complexation - decomplexatiomg

i — +
ﬂipzlrlt('gﬁ ((Ia_fiiecl\leaertof;)Q :r?c(jjillkaﬁiteog:rr';s(l\'i\%, 2222 .’ picrate from its aqueous solution whereas other cations are

| N xtracted by<0.6%. So3 extracts Ag™ nearly 257 and 1085
Srzc;r ;ndTEé”f) cat|onts ga\ée fleef determlnecti (Tab"I(esl gllmes greater than similar sized®$rand PB*. Recepto3

an ) ese receptor -9 » 3. POSSess two aky transports Ag nearly 179 and 39 times more efficiently than
aryl thioether units as common binding sites alongwith tk}ﬁe similar sized PB and S#*. Therefore, the organisa-
combination of additional thioether, amine (M{tamide or . '

- . .. tion of ligating sites on replacement of the &BICH, unit
pyridine unit(s) and show some selectivity towardsAayer : ;
. . of 14 [1] with the 1,3-phenylene spacer increases both the
other cations. The acyclic receptds 4 and 11, due to [1] wi pheny sP : SeS

their dynamic structural adaptability, show a higher extragXtraCtion and selectivity towards Ag The 1,4-phenylene
. T i of 1 A A% ly 212 ti
tion order as well as AYPK*" selectivity. In the cyclic ased receptdrl extracts Ag 59.4% and nearly times

N : . more than PB" in transport, but selectivity is not observed.
systems5-8 12and13, the .SOﬁ I|gat|ng sites are approprl-y o iracts Ag 37% nearly one third of the extraction By
ately placed for complexation with Agbut amide protons

filling th itV have 1o be displaced bef lexali In extraction experimentg, shows Ag /Pt selectivity of
t;:;g Igcfaa\gg bi\t/r? tr?e oer delfzfagetrac?oonrilﬁc?mz e)é?egtrl:ﬁg order of 135 which is lowered to only 10 in transport.
SP T X ! S N The cyclization of diamine8 and11 to receptor$ and

ity towards Ag" is lowered (Figure 2). Comparison of the L .
. ) 12 h f I f
extraction and transport results (Figure 3) of "Aghows decreases the number of participating ligating sites from

that the incr d extraction is by and lar led WiI‘E%ur to three. The recepto®and 12 extract 78 and 48%
that the Increased extraction 1s by and large coupie g™ picrate and exhibit a APkt selectivity of the order
increased transport rates, which in the case of receﬁtorg

: ; . f 63 and 140 , significantly lower than their acyclic pre-
andl11could be attributed to their more dynamic nature. Th A
receptors3, 4, 6, 11 and12 which have a similar geometry Cursors3 (1085) and11 (212). The energy minimizations

. . . ) .of macrocycle$ and12 show that for complexation of the
show a nearly linear increase in transport rates with an ke thioether units with Ay picrate, the amide NH units
crease in extraction b, which has a different geometryhave to move out. So, in macrocyc&éndlZa considerable
fro_m_ the other receptors, shows a higher order of transpgﬁange in conformation occurs during complexation which
efficiency. decreases both the extraction and selectivity.

The poor extraction of A§ (6.9%) and other metal ions
(<2%) by 7 could be attributed to the non-availability of
the pyridine N for complexation due to the presence of the
PyN—HNzmige H-bond. Similar poor extraction of metal
ions by macrocycle8 and13 points to the detrimental role
of amide NH in complexation with metal ions.The replace-
ment of the amide NH with Bknzyin receptor5 makes the

Amongst the acyclic receptor8,possessing four ligat-
sites (2x NHaz, 2 x S) extracts 97.67% of the silver
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Agt/Pt selectivity in both acyclic and cyclic receptors.
The presence of amide NH in the cavity also constitutes a

iy major deterimental factor for Ag complexation of cyclic
Y receptors.
gj} “.:'i Complexation studies throudfiC NMR spectroscopy
T § In 13C NMR titrations, the addition of Ag picrate to CD£I
> DMF solutions of these receptors cause significant changes
P in chemical shifts but addition of other metal picrates does
e not cause any change. These results signify the higher bind-
ing orders of receptors with Agin comparison with other
J_‘-;:" 1.3 '-f"‘-' metal picrates which is in consonance with the extraction
: . | "fi‘-‘ and transport results:3C NMR titration (Ag pic. vs.A8)
"J g - Y s - H H H H H
i - 1 b I_ coordination shifts of various carbon signals of recep8rs
v gt v -"MI_ ;i 6, 11and12show that these receptors form 1:1 complexes
Ll -L"‘i with Ag picrate. On addition of Ag picrate in acyclic recept-
g 1 ors3andll, the SCH and 2-aminothiophenol unit carbons
undergo significant changes in chemical shifts but e
La b el or p-phenylene carbons remain more or less unaffected (not
Figure 4. The energy minimized structures of receptors5@aj) 5 shown included in Table 3). Therefore, the 2-aminophenylthio unit
without hydrogens (c) receptérand (d) recepto®. coordinates with Ag. In cyclic receptorss and 12, the

2-aminophenylthio ring carbons and the S@QH unit of
the thiodiglycolyl unit are affected and the 1,3- and 1,4-

pyridine N available for complexation and restores its elehenylene ring carbons again remain unaffected. Therefore,
traction capability for Ag. Howevers extracts PB- with ~ all three —S— units seem to coordinate with’Adn these
nearly similar effficiency as for Ayand Agt/Pk?t selectiv- receptors, the addition of Ag picrate shifts the SCahd
ity is lost. The reduction 08 to diamine derivatived also ArCH signals downfield but the Ar carbons attached to —
results in an increase in the extraction ofAgnd a decrease S— or NH; are shifted upfield. The latter observation again
in the extraction of Ph". The extraction of Ag by 9is less Points to the formation of ArC—S* and ArC"—N* ylids
than for the acyclic diamine3/4. throughsr-electron shift on complexation of S or NHvith

In order to rationalise the loss of Agselectivity in5 and Ag™.
the poor extraction ability 09, the energy minimized con-  In consonance with the observations of computer mod-
formations of receptors, 8 and9 have been computed byelled structures of cyclic receptadsand12that the presence
using PM3 calculations available in the CAChe 3.1 softwa@f amide NH units in the cavity is detrimental to the entry
(Figure 4). The conformation & shows that the amide NH of Ag™ due to their electropositive character and during
fills the cavity and due to the amide C—N partial doublgomplexation with Ag, the NHCOCHSCH,CONH unit
bond character and r|g|d|ty of the isophtha|oy| group, thBaS to undergo considerable conformational Changes. There-
NH groups cannot be moved out of the Ca\/ity_ Recegﬁor fore, only thioether units participate in complexation with
its conformation shows that the amine NH groups also lie féd*, which is quite evident from the marginal coordination
the cavity and to make the nitrogen lone pair to participa@lifts observed for the N—ArC and S—ArC carbon signals.
in b|nd|ng with Ag+, amine hydrogens have to be mo\/ea-he SCh carbon Signals show smaller Changes in chemical
out. But due to the C—N single bond, this rotation is easighifts in cyclic receptorsg 12) than in acyclic receptors
than in the case & and so the Comp|exation order this (3, 11) which is in parallel with the extraction and transport
increased, but it is still lower than that found in the acycligesults.
analogs3 and4. In the case of receptd; during synthesis,  In conclusion the recepto8 6, 11 and12 show binding
the bulk of the benzyl groups on the amide N pushes tgglectivity towards Ag. In the case of recept&the organ-
benzy| groups out of the Ca\/ity_ The energy minimised Co,isation achieved through the combination of a 1,3-phenylene
formations5A and5B (H not shown) (Figure 4) show thatspacer and 2-aminophenyl thio units increase both the order
the cavity is quite open and the lone pairs of two thioethe?f binding and the selectivty towards Agin cyclic recept-
two amide and one PyN unit all point inwards to the cavit@rs though, the organisation of three thioether units takes
and so induce complexation. However, due to the lack of aR{ace, the placement of Nishige units restricts the entry of
restriction and availability of five ligating sites, the binding®g™ into the cavity and lowers both the order of binding
selectivity towards Ag over PB is lost. and selectivity. The replacement of amide NH with N ben-

Therefore, as receptors with two ligating sites are pody! however causes drastic change in the geometry of the
ionophores, three or four ligating sites are essential fégceptor which does not augur well for selective binding.
optimal binding of Ag. As visualized in design lIl, 2-
aminothiophenol and 1,3- and 1,4-phenylene units, due to
a combination of steric and conformational control, induce
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Table 3. Ag picrate (1 eqjiv.) induce3C NMR coordination shifts43. ppm) of receptors, 6,

S. Kumar, |. Kaur and H. Singlndian J. Chem33A, 412 (1994).

1land12

Receptor SCH SCH, ArCH ArCH ArCH S—Car N—Car C=0

3 1.131 - 2.806 2461 0.763 —-0.512 -1.826 -

11 1391 - 1.756 1235 0.341 -0.151 -1.078 -

6 0.506 —-0.055 1784 1.096 0.287 -1.219 -0.152 0.32

12 0.643 0.691 2303 0.314 -0.51 -1.264 -0.46 0.515
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