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Abstract: The phase transfer catalysed nucleophilic displacements of 1,5-dibromo-
3-oxapentane, 1,8 dibromo-3,6-dioxaoctane and 1,11-dibromo-3,6,9-trioxaundecane
with thiophenol and 2-aminothiophenol provide respective acyclic receptors w,w-
bis(phenylthio/2-aminophenylthio)oxaalkanes (6-11). 1,8-Bis(2-aminophenylthio)-
3,6-dioxaoctane (10) reacts with acetic anhydride and isophthaloy! chloride to
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Aminophenylthio) oxaalkanes (9-11) undergo intermolecular cyclodehydro-
chlorination  with  thiodiglycolyl dichloride and pyridine-2,6-dicarbonyl
dichloride.HC! to provide respective macrocycles 16-18 and 20-22. The acyclic
receptors 6-11 show strong complexation with Ag" and Pb>" with poor specificity
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complexation but increases Ag” / M™' selectivities. The organisation of ligating sites
by converting acyclic receptor 12 to its cyclic analogs and the presence of
additional ligating sites in cyclic receptors 16-18 and 20-22 not only restores the
extraction abilities but aiso leads to high Ag’' /M*" slectivities. The ‘macrocycles 17
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silver complexes in photographic materials and their potential use in cancer radioimmunotherapy has drawn

the attention of supramolecular chemists® towards the design, synthesis and evaluation of silver selective

appropriately placed -S-, minimal incorporation of hard ligating sites (ether/amine); availability of 2-4 ligating

sites,*® induction of conformational and stereochemical restrictions to avoid 2:1 (L : M) complexation to
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cavity based metal ion complexation in a receptor possessing such a unit and if an array of different types of
wil

ligating sites is built around these two heteroatoms, the resulting receptor will have at least partially

s, 2-aminothiophenol bas

preorganised ligating sites. So, in the present i
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cyclic receptors (14, 16-18, 20-22) possessing some additional structural feature such as amide, -O-, pyridine
N etc. have been designed and synthesized. Also, to evaluate the role of NH,, in acyclic receptors, in
complexation *with Ag®, acyclic receptors 6-8 have been synthesized. The ionophore behaviour of these
receptors towards alkali (Li’, Na’, K"), alkaline earth (Mg*", Ca®*, Sr**, Ba®"), Ag", TI* and Pb’* cations has
been studied through extraction and transport studies.

Synthesis: The phase transfer catalysed (K;CO; -DMF - TEBA Cl) nucleophilic displacements of a,m-
dichlorooxaalkanes 3-5 with thiophenol (1) and 2-aminothiophenol (2) provide the respective acyclic
receptors a,®-bis(phenylthio)- and o,w-bis(2-aminophenylthio)- oxaalkane 6-11 (54-85%) (fig. 1).
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The podand 10 on refluxing in acetic anhydride - acetic acid mixture gives 12 (90%), MS m/z 448
(M. In its "Hnmr spectrum, the appearance of COCHj; as two singlets in 1:4 ratio and SCH, as three sets of



24.75,26.37) and SCH; (8 31.61, 35.93) and OCHj (5 68.85.
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chemically equivalent carbons shows that due to restricted rotation
around amide bond, this compound exists as a mixture of cisoid, transoid configurations around an amide
bond (fig. 2).
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containing a suspension of K,CO; (anhyd.) and TBA HSOj (catalyst) gives macrocycle 14 (78%), m.p. 174-
178°C (CHCL); MS m/z 494 (M"). Unlike, 12 the cyclic diamide compound 14 attains only one
configuration around the amide bond. The addition of thiodiglycolyl dichloride (15) to a solution of 9 in
dichloromethane containing KF (anhyd.) as base and TBA HSO, as catalyst provides macrocycle 16 (80%),
m.p. 210 °C, MS m/z 434 (M"). On using K,CO; as base, 15 decomposes and 16 is not formed. The
diamines 10 and 11 react with thiodiglycolyl! dichloride (15) under PTC conditions ( KF-CH>C AT 4
to give the respective macrocycles 17 (75%), m.p. 205°C; MS m/z 478 (M") and 18 (68%) m.p. 180°C, MS
m/z 522 (M") (fig.1). The addition of pyridine-2,6-dicarbonyl dichloride . hydrochloride (19) to a solution of
9 in dichloromethane containing K,CO; (anhyd.) as base and TBA HSOy as catalyst provides macrocycle 20
(85%), m.p. 160-162°C, MS m/z 451 (M"). Similar cyclocondensations of diamines 10 and 11 with 19 give
21 (80%), m.p. 195°C, MS m/z 495 (M") and 22 (75%), m.p. 148-152°C, MS m/z 539 (M), respectively. In
the case of 22, the appearance of two triplets at 6 3.09 and 3.65 and a singlet at 3 3.52 along with aromatic
protons in 'H nmr and the presence of more than one signal for each carbon shows that 22 exists as a mixture
of two isomeric structures. Such isomeric structures could not be observed in the case of other cyclic diamide

derivatives (14, 16-18, 19 and 20). Probably, due to increased ring size and rigidity of the pyridine ring, in 22

a mixture of cisoid, transoid configurations around amide bond could be stabilised.

Extraction'* and transport'’ Studies

to the development of separation techniques for cations, the extraction (complexation) (Tabie 1) and transport
(complexation- decomplexation) (Table 2, 3) profiles of ionophores 6-12, 14, 16-18 and 20-22 towards Ag',
i th cations ( Mg?*, Ca*", Sr**, Ba®") by using

chloroform as the apolar membrane have been determined.



All these ionophores possess two alkyl aryl thioether units and one ether units as common
binding sites along with a combination of additional one or more of ether, thioether, amine or pyridine unii(s)

and show some selectivity towards Ag’. The acyclic ionophores 6-11, due to their enhanced dynamic
structural ada_ptability and possibility of formation of 2:1 ionophore-metal complexes, show high extractions
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and 20-22, in general, leads to remarkably high Ag'/Pb*" selectivity. The effect of nature and organization of
ligating sites in these receptors on Ag'/Pb®* , selectivity, is discussed.
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times more than similar sized Sr*’and Pb*" and nearly 480 times more than TI" picrate (table-1). 6 transports
Ag' nearly 143, 36 and 95 times faster as compared with Sr**, Pb®* and TI" picrates (table -2). Therefore, in
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comparison with extraction results, 6 transports Ag' more selectivel
number of ether binding species by one and two in acyclic ionophores 7 and 8, leads to an increase in
extraction of all the metal picrates and Ag"/M*" selectivities are marginally lowered. In transport experiments,

or all metal l(‘mfPQ except

compared with ionophore 6 the ionophores 7 and 8 show higher order of flux
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Ag’. This decrease in Ag" transport could be attributed to the poor decomplexation of 7.Ag" and 8.Ag"
complexes first formed in the transport phenomenon.

As expected, the presence of an additional two NH; units in 9 as compared with 6 increases
marginally the extraction of Ag’ and also of other cations and hence the selectivities are not affected. In
transport experiments, the increase in extraction is coupled with lower selectivities which could be due to
poor decomplexation of 9.Ag" complex. In analogy with receptors 7 and 8, the increase in number of ether
units in the receptors 10 and 11 also results in lower Ag' binding selectivity, in both extraction and transport
experiments, as compared with the results with receptor 9. The comparison of extraction results of receptors
6-8 with diamine based receptors 9-11 shows that the presence of additional NH, ligating sites does not result
in any significant increase in extraction of Ag" picrate. The '>C nmr titration studies* showed that in receptors
9-11, Ag" binds preferably with the NH, groups over thioether units. Probably the binding of NH, units with
Ag’ leads to the formation of pseudocavity and it shifts the two thioether units out of the cavity and thus
decreases their participation.

The conversion of amine units of 10 to amides in ionophore 12 resuits in a sharp decrease in
extraction of Ag" picrate to 26.32% as compared with 77.58% in 7 and 70.00% in 9. If it was only due to the
absence of ligation of NH, groups, then the extraction ability of 12 should be of the order of receptor 7

lacking NH; . Evidently, the amide group induced topology of 12 is responsible for the lowering of cation
extraction order which is more drastic in the case of Pb”" and thus 12 extracts Ag" nearly 61 times more than

Pb**. Hence, it was visualised that organisation of ligating sites by cyclization of acyclic receptors 9-11
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Therefore, 14 extracts Ag’ picrate (51.49%) more than the corresponding acyclic receptor 12 (26.32%). Also
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Ag'/Pb”" binding selectivity of 14 is increased to 129 as compared to 61 in case of 12 (table-1). In transport

exneriments aleo. 14 shows relativel
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&

We further envisaged that the presence of additional ligating sites in the cyclic analog 14 would
further increase the extraction and probably the selectivities also. Macrocycle 16 exhibits nearly a 20%

increase in Ag’ extraction relative to 14 (51.49%) though it is still less than its acyclic analog 9 (79.65%) but
the organisation of ligating sites in the cyclic system increases Ag'/Pb* selectivity to 281. Therefore, 16
which possesses three thioether units and one ethereal unit and appropriate organisation of the cavity shows
high order of binding towards Ag" but negligible complexation with alkali, alkaline earth metal io ,Ba
and Pb**. The macrocycle 17, extracts Ag* nearly 148 times more than Pb** and transports Ag* nearly 425
times faster than Pb*". The magcrocycle 18 which possesses two ethereal units along with three thioether units
shows a lowering in extraction of Ag” and an increase in extraction of Pb*", and results in lower Ag'/Pb**
selectivity. Similarly, in transport experiments, the higher flux of Pb** lowers the Ag'/Pb** selectivity.
Therefore macrocycles 16-18 exhibit a slightly lower extraction and transport rates for Ag’ as compared with

their acyclic analogs 9-11, but they show significantly higher Ag"/M*" selectivities in extraction experiments.

Table 1: Extraction (%) profile for receptors 6-12, 14, 16-18 and 20-22

Ligand | Li' | Na' | K [Mg@[Ca™| sr¥ [Pb™ | TI' | Ag' | Ag’
Pb2+

6 | — | — | -—|-— 11315897014 |66.80| 7.4
7 [010[007[0.11[1.08| — [12.56]12.57] 0.10 {77.58| 6.2
8 [018/016[015[019]0.11]4.74 [10.80] 0.44 [89.11] 83
9 [034[055[040[0.17{039] 3.80 [10.11] 0.54 [79.65| 7.8
10 [1.79]1.83]1.93]0300.15]15.00[14.00[ 0.32 [70.00] 5.0
11 |025]028]027]027]024] 5.50 [14.22] 0.57 [88.47] 6.2
12 [017]020{0.17[0.12]0.14] 0.17 | 0.43 | 0.26 [26.32] 61
14 |047]050(050][029]0.32] 027 [040]058[51.49] 129
16 [ 0.15[029]0.23]0.121039] 0.17 [ 0.25 [ 0.21 [70.37| 281
17 [ 0.01 [0.01]0.02]0.08]0.01]0.02]043]0.03 |63.65 148
18 | 0.02]0.02]0.01]0.03[0.01] 001 [ 1.10 | 0.04 [59.22] 54
20 | 0.19 024022015007 0.1 | 0.17 | 0.16 [58.85| 346
21 | 0.07[0.15]0.12]0.08[0.06] 0.09 | 0.12 | 0.15 |67.74| 564
22 | 050050036 [022]032] 020038028 [6877] 180

D



Macrocycle 20, possessing one pyridine unit in place of thioether in 16, extracts Ag" 346 times more

than D‘-\2+ Marranucla P71 avirants
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all the receptors studied here. 21 transports Ag" nearly 80 times more than Pb>*. Macrocycle 22 extracts Ag*
180 times as cornpared with Pb>*. Receptor 22 transports Ag® nearly 70 times more than Pb** . In all these

+

r 2-8,
0.001M oncentratlons

Ligand | Li' [ Na" | K' | Mg"” | Ca® [Sr* | Ba™ | TI' | Pb™ | Ag'
6 9 4 4 16 | 6 5;2
7 15 8 | 19 10 13 | 246
8 12 9 6 19 [ 10 | 494
9 6 4 | 14 20| 7 | 498
10 8 6 6 34 | 24 | 665
11 11 9 | 34 35 | 16 | 513
12 11215 3 3 3 1 5 3 28
14 1 [ 213 1 4 5 2 1| 7 85
16 3]s 4] 4 1 1 2 [ 25 7 | 355
17 1t 1213 2 2 1 i 1 1| 425
18 1016 ]15] 5 5 4 5 | 46 | 47 | 406
20 s 16 3] 2 2 1 2 7 4 | 331
21 11 (2] 2 2 2 i 8 5 | 398
22 4 [ 311 1 3 3 1 2 5 | 348

s 40

Therefore, both amongst tristhioether macrocycies 16-18 and bisthioether, monoamine macrocycles
20-22, the macrocycles 17 and 21 possessing 21-membered rings show highest extraction and transport

selectivities for Ag’. Further, the observation that the increase in concentration of metal picrates (table 3) by

n aATIN TANSD --...,..._._-__. M 4rararn - -...-... PO ST

ten times in source p hase of tr: 1SpOIt eXperiments, increases the transport rates b'y' u‘:arly ten times points
towards the formation of 1:1 homogeneous cavity based complexes. The transport rates for Pb** picrate could

not be determined under its higher concentration conditions because of its significant leakage.
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towards Ag". The conversion of amine units to amides in 12 significantly lowers the complexation but

increases Ag" / M*" selectivities. The organisation of ligating sites by conversion to cyclic systems and the
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Table 3: Transport rates (x10°moles/24h) for receptors 12,14, 16-18 and
20-22 at Ligand 0.001M, Metal picrate 0.01M concentrations
Ligand |Li" [ Na' | K" | Mg" | Ca*™ | Sr*" | Ba* | TI"| Ag'

12 4 4 6 4 4 3 2 321 517
i4 3 7 4 1 4 7 2 25 1 1222
16 3 11816 12 5 5 6 52 | 2995
17 24 | 33 |28 20 54 46 35 | 18 | 2856
i8 14 1 35 | 18 6 5 8 9 81 | 5708
20 7 7 7 8 3 5 7 50 | 3609
21 3 9 6 2 3 6 2 50 | 2944
22 1013 |2 9 5 5 3 51 | 3472
Experimental:
Melting points were determined in capillaries and are uncorrected. 'H nmr specira were run on

JNMPMX 60 MHz and Bruker AC200 MHz instruments using TMS as an internal standard. '*C nmr spectra
were run  on Bruker AC 200 MHz instrument. Mass spectra were recorded on JEOL JMSD-300, VG
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QP-2000 mass spectrometer at Amritsar. Infrared spectra were recorded on PYE UNICAM SP3-300 infrared
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spectrophotometer by using CHCI; or KBr (solid) as medium. UV spectra were recorde

RSIC, Chandigarh.
Synthesis of o ,o -Bis(phenylthio- /2-aminophenylthio-)oxaalkanes 6-11: General Procedure

A solution of 1,5-dichloro-3-oxapentane (3) (1.0g, 0.007 mol) in dimethylformamide (20ml) containing
thiophenol (2.17g, 0.019 mol ), potassium carbonate (anhyd.) (2.9g, 0.02 mol) as base and TEBA Cl as

catalyst was stirred at room temperature. After completion of the reaction (4h, tic), the solid was filtered and
the filtrate was distilled off under vacuum. The residue was chromatographed over silica gel to isolate 6.
Similarly, reaction of 3 with 2-aminothiophenol (2) gave 9
(4) and 1,11-dichloro-3,6,9-trioxaundecane (5) with thiophenol and 2-aminothiophenol gave receptors 7, 8
and 10, 11, respectively. |

tane (6) (7

i,5 -Bis{phenyiihio)-3-oxapent
t,J=6Hz, 2 x OCH,), 6.76-7.40 (10H, m, ArH) ; *Cnmr (CDCl;-DMF,

6 Hz, 2 x SCH,), 3.53 (4H,

s
UJ
~
o]
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30.86 (t, SCHy), 67.50 (t, OCH,), 124.03 (d, ArCH), 126.90 (d, ArCH), 127.12 (d, ArCH), 134.60 (s, ArC)
Vaax ( CHCL; ): 1100 (C-O) cm”!

1,8-Bis(phenyithio)-3, 6-dioxaoctane (7) ( 54%), liquid; MS m/z 334 (M"); ‘Hnmr (CDCl;): 6 2.92 4H,t,J
=7 Hz, 2 x SCHy), 3.40-3.90 (8H, m, 4 x OCH,) , 6.79-7.46 (10H, m, ArH) ; Cnmr (CDCl;-DMF, 1:3): 3

30.81(t, SCHy), 67.77 (t, OCHy), 68.30 (t, OCHy), 123.96 (d, ArCH), 126.80 (d, ArCH), 127.14 (d, ArCH),
134.69 (s, ArC) ; Vmax (CHCL3): 1110 (C-O) cm™

1,11 -Bis(phenylthio)-3, 6, 9-trioxaundecane(8) ( 84%), liquid; MS m/z 378 (M"); '"Hnmr (CDCL): § 3.00
(4H, 1, J = 6 Hz, 2 x SCH;), 3.30-3.72 (12H, m, 6 x OCH,) , 7.00-7.45 (10H, m, ArH ) ; "Camr (CDCls-
DMF, 1:3): & 30.85 (t, SCH;), 67.88 (t, OCH,), 68.35 (t, OCH,), 68.54 (t, OCH;), 123.94 (d, ArCH), 12

(d, ArCH), 127.15 (d, ArCH), 134.69 (s, ArC) ; Vmax (CHCl3): 1100 (C-O) cm’!

1,5 -Bis(2-aminophenylthio)-3-oxapentane (9) ( 85%), liquid; MS m/z 320 (M"); 'Hamr (CDCL): 8 2.73
(4H, t, J=THz, 2 x SCHy), 3.30 (4H, t, ] = 7Hz, 2 x OCH,) , 4.00 (4H, s, 2 x NH,, exchanges with D,0) ,
6.18-7.12 (8H, m, ArH) ; *Cnmr (CDCl;-DMF, 3:1): & 32.15 (t, SCHy), 67.32 (t, OCH;), 112.71 (d, ArCH)

D

114 (c AN
114.06 {8, AL,

3480, 3360 (NH>), 1105 (C-O )em
1,8 -Bis(2-aminophenylthio)-3, 6-dioxaoctane (10) (58%), liquid; MS m/z 364 (M +)‘ 'Hnmr (CDCL): &
J

YO AT f T=& > 72 v QLI 27720 QU s A v NN 2085 74 7 v NI avshamaas uath T

LT (11, |, J T O IZ, £ X OUT12), J3.47-53.07 (611, I, & X ULT1), 5.75 (411, 8, £ X INI1, €XCNaANZes will LU ),
6.40-7.43 (8H, m, ArH ); *Cnmr (CDCL3-DMF, 1:3): § 32.22 (SCH,), 67.64 (OCH,), 68.14 (OCH,), 112.72
(ArCH), 114.14 (ArC), 114.98 (ArCH), 127.79 (ArCH), 133.99 (ArCH), 148.19 (ArC); vmax ( CHCI;): 3460

1,11 -Bis(2-aminophenylthio)-3, 6, 9-trioxaundecane (11 ) (80%), liquid ; MS m/z 408 (M"); "Hnmr
(CDCl;): §2.90 (4H, t,J =6 Hz, 2 x SCH3), 3.27-3.70 (12H, m , 6 x OCHZ) , 4.3 (4H, s, 2 x NH,, exchanges

N B 32.25

L1 NOL_TMIME 1.2 (t. SCI 67.
H ) ; “Cnmr (CDCl;-DMF, 1:3): 6 32.25 (4,

| B G

YL o
7.30 {(on, in,

TN
“I13), v

E>

with D;0) , 6.36-
(t, OCHy), 68.42 (t, OCH,), 112.88 (d, ArCH). 114.32 (s, ArC), 115.18 (d, ArCH), 127.80 (d, ArCH), 134.00
(d, ArCH), 147.95 (s, ArC) ; Vmax (CHCI5): 3480, 3360 (NH,), 1110 (C-O)em™.

A solution of 10 ( 1.00g, 2.8 mmol), acetic anhydride (4ml) and acetic acid (2ml) was refluxed. After

completion of the reaction ( 2h, tlc), acetic acid was distilled off under vacuum and the residue was

222 (3H, s, CH3), 2.27 (3H, s, CH3), 2.91 (1H, t, J = 6.2 Hz, SCH,),
3.50-3.67 (8H, m, 4xOCH;) , 7.03-7.23 (7H, m, ArH ),

ve, SCH, ), 68.85 (-ve, OCH, ), 69.45 (-ve, OCHj, ), 70.03 (-ve, OCH,), 70.34 (-ve, OCH,), 120.30 (+ve,
ArCH), 123.89 ( +ve, ArCH ), 126.68 ( +ve, ArCH ), 128.25 (+ve, ArCH ), 129.41 (+ve, ArCH ), 129.74
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(+ve, ArCH), 135.65 (absent, ArC), 136.30 (absent, ArC-N ), 172.25 (absent, C=0 ); vma ( CHCl; ): 1716
(C=O)em’.

Synthesis of macrocycle 14 :

The diamine 10 (1.00g, 2.7 mmol), K;CO; (anhd., 5.00g) and TBA HSO4 (10 mg, catalyst) were taken in
dry dichloromethane (100 ml). Isophthaloy! dichloride (13) (0.557g, 2.7 mmol) dissolved in dichloromethane
(dry, 50 ml) was added dropwise over half an hour and the reaction mixture was stirred at room temperature.
After completion of the reaction (tlc, 7h), the suspension was filtered off and the solid residue was washed
with ethyl acetate (2 x 10 ml) and was recrystallised from chloroform to isolate 14 (78% ), m.p. 174-178°C (
CHCl; ); MS m/z 494 (M"); 'Hnmr (CDCl3): § 2.90 (4H,t,J = 6.0 Hz, 2 x SCH;).3.00 (4H, s, 2 x OCH,)
, 338(4H,t,J=6.0Hz,2x OCH,), 7.11 2H, t, ] =6.0Hz, ArH), 7.45 (2H, t, ] = 8.4 Hz, ArH) , 7.64
(2H,d, J=8.4 Hz, ArH),7.71 (1H, d, J = 6.0 Hz, ArH), 8.17 2H , d, J = 8.4 Hz, ArH), 8.42 (1H, s, ArH),
8.55 (2H, d, J = 8.4 Hz), 9.75 (2H, s, 2 x NH, exchanges with D,0 ); *Cnmr (CDCls) (normal / DEPT-135):
8 37.77 (-ve , SCHy), 67.78 (-ve , OCH,), 68.68 (-ve , OCHs), 120.57 (+ve , ArCH), 122.65 (absent ), 124.53
(+ve , ArCH), 125.00 (+ve , ArCH), 129.58 (+ve , ArCH), 130.59 (+ve , ArCH), 131.21 (+ve, ArCH), 136.46
(+ve , ArCH), 136.66 (absent, ArC), 141.17 (absent, ArC), 165.31 (absent, C=0); vmax (KBr): 1595 (C=O)em’
' Found (C, 62.97,H, 5.15,N, 5.83, CasH3N,04S, requires C, 63.15, H, 5.26 and N 5.66%)

Synthesis of macrocycles 16-18: General Procedure

The compound 9 (1.00g, 3.12 mmol), KF (anhd., 5g) and TBA HSO4 (10 mg, catalyst) were taken in dry
dichloromethane ( 100 ml). Thiodiglycolyl dichloride (15) (0.58g, 3.12 mmol) dissolved in dichloromethane
(50 ml) was added dropwise to this solution over half an hour and the reaction mixture was stirred at room
temperature. After completion of the reaction (tlc, 7h), the suspended solid was filtered off and washed with
ethyl acetate (2 x 10 ml). The combined filtrate was distilled off. The compound 16 was crystallized from
chloroform. Similar cyclocondensations of 10 and 11 with 15 gave macrocycles 17 and 18, respectively.
Macrocycle 16 ( 80% ), m.p. 210°C ( CHCl; ); MS m/z 434 (M"); 'H nmr (CDCL;): § 2.94 (4H,t, J = 6.0
Hz,2x SCH;), 3.47 (4H,t,J=6.0 Hz, 2 x OCHy), 3.68 (4H, s, 2x SCH,), 7.08 2H, t,J = 7.6 Hz, ArH),
7.34 2H, t, J = 7.6 Hz, ArH), 7.53 (2H, d, ] = 7.6 Hz, ArH), 8.30 (2H, d, J =7.6 Hz, ArH), 943 (2H, s, 2 x
NH, exchanges with D,;0); BCnmr (CDCLs) (normal / DEPT-135): § 36.19 (-ve, SCH,), 37.93 (-ve, SCH>),
67.71 (-ve, OCHy), 121.00 (+ve, ArCH), 123.34 (absent, ArC), 124.74 (+ve, ArCH), 129.47 (+ve, ArCH),

135.16 (+ve, ArCH), 146.12 (absent, ArC) 161.72 (absent, C=0); vmax (KBr): 1672 (C=0)em™; Found (C,
55.10, H, 4.91, N, 6.80%, C10H2,N20;S;3 requires C, 55.29, H, 5.06 and N, 6.45%).

Macrocyele 17 ( 75% ), m.p. 205°C (CHCLy); MS m/z 478 (M"); '"H nmr (CDClL): § 2.97 (4H, t,J = 6.0 Hz,
2 x SCHy), 3.58 (4H,1,J = 6.0 Hz, 2 x OCH,), 3.45 (4H, s, OCHy), 3.69 (4H, s,2 x SCH,), 7.07 2H,t,J =
7.6Hz, ArH), 7.37 (2H,t,J= 7.6 Hz, ArH ), 7.58 (2H, d, ] = 7.6 Hz, ArH), 8.44 (2H, d, ] = 7.6 Hz, ArH),
973 (2H, s, 2 x NH , exchanges with D,0) ; *Cnmr (CDCl3) (normal / DEPT-135): & 36.73 (-ve , SCHy),



N, 5.85%).
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(-ve, OCHy), 70.67 (-ve, OCHy), 120.45 (+ve, ArCH), 122.73 (absent, ArC), 124.44 (+ve, ArCH), 130.08
(+ve, ArCH), 136.11 (+ve, ArCH), 140.44 (absent, ArC), 166.74 (absent, C=0
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Synthesis of macrocycles 20, 21 and 22: General Procedure

The diamine 9 (1.00g, 3.12 mmel), K;CO; ( nhd. 5()()0)

filtered off and the solid residue was washed with ethyl acetate (2 x 10 ml) and crystalhzed from chloroform
to give 20. Similarly, diamines 10 and 11 underwent cyclocondensation with 19 to give macrocycles 21 and
22, respectively.

R 1rn 104
Macrocy(!le ‘U (8070), M.P.1OVU-10L
J

Hz, 2 x SCHy), 3.50 (4

&=
~

OCHy), 7.17 2H, t,J = 7.8 Hz,
1H, t, J = 7.8 Hz, PyH), 8.22 (2H,

“?
b"

ArCH), 127.08 (absent, ArC), 133.75 (+ve PyCH), 1
C23H21N30;S; requires C, 61.19, H, 4.65 and N 9.31%)
Macrocyele 21 (80 %), m.p. 195°C (CHCl3); MS m/z 495 (M"); 'H nmr (CDCl;): $3.07 (4H,t,J = 5.8 Hz,
2 x SCHy), 3.46 (4H,s,2x OCH,), 3.62 (4H,t,J =58 Hz, 2 x OCHy), 7.20 (2H,t,J =
7.39 (2H, t, J = 7.6Hz, ArH), 7.58 (2H, d, J = 7.6 Hz, ArH), 8.16-8.21 (3H, m, ArH + PyH ), 8.54 (2H, d,J
=7.6 Hz, PyH), 10.65 (2H, s, 2 x NH, does not exchange with D,0) ; *Cnmr(CDCls) (normal /

127.46 (+ve, ArCH), 128.85 (+ve, ArCH), 133.89 (+ve, PyCH), 138.41 (absent, ArC), 139.38 (absent, ArC),
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*Cnmr (CDCl;) (normal / DEPT-135): § 34.36 (-ve, SCHy), 36.36 (-ve, SCHy), 69.35 (-ve, OCH,), 70.36 (-
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PyCH), 127.43 (ArC, absent), 128.53 (+ve , ArCH), 128.85 (+ve, ArCH), 132.80 (+ve, ArCH), 133.91 (+ve,
ArCH), 137.61 (absent, ArC), 138.39 (absent, ArC), 139.40 (+ve, ArCH), 149.14 (absent, PyC-N), 161.60
(absent, C=0), 161.75 (absent, C=0); vma (KBr): 1684 ( C=0 )em™; (Found C, 60.20, H, 5.20, N, 8.00,
C27H20N305S; requires C, 60.11, H, 5.38 and N 7.79% )

Extraction Measurements: '

For the extraction experiments, metal picrate solutions (0.01M) were prepared in deionised distilled
water. The solutions of macrocycles (0.01 M) were prepared in chloroform (A.R. grade). An aqueous
solution (2 ml) of metal picrate (0.01 M) and a chloroform solution (2ml) of the macrocycle (0.01 mol dm™)
were shaken in a cylindrical tube closed with a septum for 5 minutes and kept at 27+1°C for 3-4 h.An aliquot
of chloroform layer (1 ml) was withdrawn with a syringe and diluted with acetonitrile to 10 ml. The UV
absorption was measured against CHCl3-CH3;CN (1:9) solution at 374 nm. Extraction of metal picrate was
calculated as the percentage of metal picrate extracted in chloroform layer and the values reported here are the
mean of three independent measurements which were within + 2% error (Table 2).

Transport Measurements: 15

The transport experiments were carried out at constant temperature (27+1°C) in a cylindrical glass cell
consisting of outer and inner jackets by using (i) metal picrate (0.01 M) in water (3 ml) in the inner phase; (ii)
water (10 ml) in the outer phase; (iii) ligand (10 M) in chloroform layer (15 ml) with stirmng (1505 r.p.m.) at
27+0.05°C. After stirring for 6h the picrates transported in the aqueous receiving phase were determined from
the U.V. absorptions at 355 nm. Each value is a mean of three experiments which are consistent £10% (Table
3,4). Before determining the transport rates, blank experiments were performed in the absence of the carrier
macrocycle in the chloroform layer to check the leakage of metal picrates. Only a significant leakage was

observed in case of Pb®" and so, transport of Pb>* was not determined.
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