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Scheme S1: Synthetic pathway and reaction mechanism for preparation of three tris-urea receptors L, L, and
L.

Characterization of free receptors L, L, and L;:
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Figure S1: ESI-mass spectrum of tris([(4-chlorophenyl)amino]ethyl)-urea receptor L.
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Figure S2: ESI-mass spectrum of tris([(4-bromophenyl)amino]ethyl)-urea receptor L,.
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Figure S3: ESI-mass spectrum of tris([(4-iodophenyl)amino]ethyl)-urea receptor Lj.
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Figure S4: Integrated '"H-NMR spectrum (full as well as expanded) and interpretation of all hydrogen atoms
of free tripodal tris-urea receptor L in DMSO-d¢ at 25°C.
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Figure S5: Integrated 3C-NMR spectrum (full as well as expanded) free tripodal urea receptor L in DMSO-ds
at 25°C.
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at 25°C.
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Figure S6: Integrated 'H-NMR spectrum (full as well as expanded) and interpretation of all hydrogen atoms
of free tripodal tris-urea receptor L, in DMSO-dg¢ at 25°C
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Figure S7: Integrated 3C-NMR spectrum (full as well as expanded) free tripodal urea receptor L, in DMSO-dg
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Figure S8: Integrated 'H-NMR spectrum (full as well as expanded) and interpretation of all hydrogen atoms
of free tripodal tris-urea receptor L3 in DMSO-dg at 25°C.
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Figure S9: Integrated '>3C-NMR spectrum (full as well as expanded) free tripodal urea receptor Lz in DMSO-dg
at 25°C

S-6



Characterization of anion complexes of receptors:
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Figure S10: FT-IR spectrum of fluoride encapsulated complex 1a of L, recorded in KBr pellet.
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Figure S11: FT-IR spectrum of fluoride encapsulated complex 2a of L, recorded in KBr pellet.
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Figure S12: FT-IR spectrum of fluoride encapsulated complex 3a of L3 recorded in KBr pellet.
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Figure S13: FT-IR spectrum of divalent sulphate encapsulated complex 1b of L; recorded in KBr pellet.
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Figure S14: FT-IR spectrum of divalent carbonate encapsulated complex 2b of L, recorded in KBr pellet.
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Figure S15: FT-IR spectrum of divalent carbonate encapsulated complex 3b of L; recorded in KBr pellet.
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Figure S16: FT-IR spectrum of divalent sulphate encapsulated complex 3¢ of L3 recorded in KBr pellet.
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Figure S17: '"H NMR full and expanded spectrum of fluoride complex 1a as recorded in DMSO-d; at 298 K.
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Figure S18: '"H NMR full and expanded spectrum of fluoride complex 2a as recorded in DMSO-d; at 298 K.
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Figure S19: '"H NMR full and expanded spectrum of fluoride complex 3a as recorded in DMSO-d; at 298 K.
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Figure S20: 'H NMR full and expanded spectrum of sulphate complex 1b as recorded in DMSO-d; at 298 K.
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Figure S21: 'H NMR full and expanded spectrum of carbonate complex 2b as recorded in DMSO-d; at 298 K.
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Figure S22: '"H NMR full and expanded spectrum of fluoride complex 3¢ as recorded in DMSO-d; at 298 K.

Solution state anion binding studies:
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Figure S23: Expanded partial "H NMR stack plot of L; upon titration with standard n-TBAF in DMSO-ds.
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Figure S24: Expanded partial "H NMR stack plot of L, upon titration with standard n-TBAF in DMSO-dg.
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Figure S25: Expanded partial "H NMR stack plot of L upon titration with standard n-TBAF in DMSO-dg.
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Figure S26: Expanded partial '"H NMR stack plot of L; upon titration with standard (n-TBA),SO4 in DMSO-ds.
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Figure S28: Expanded partial 'H NMR stack plot of L3 upon titration with standard (n-TBA),SO,4 in DMSO-dg.

T T -0.001 T T 1

0.0 0!5 1IU 1.5 20 0.3 04 ’ Ul.5 i ﬂl.ﬁ i Ul.? I 0?8 ' 049 10 . 11
HCO, equivalents [LVIL]+[HCO,]

Figure S29: Change in chemical shift of —-NH resonances of L, (10 mM) with increasing concentration of

standard HCOj3" solution (50 mM) in DMSO-dg at 298 K and the corresponding Job’s plot.
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Figure S30: Change in chemical shift of -NH resonances of L; (10 mM) with increasing concentration of

standard SO, solution (50 mM) in DMSO-d, at 298 K and the corresponding Job’s plot.
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Caleulations by WinEQNMR2 Version 2.00 by Michael ). Hynes
Pragram run at 004521 on 06132018

V=0 anad 241 compliex
Equilibrium constants are log 10 valses

MOL A PARAMETER DELTA ERROR CONDITION DESCRIPTION
11 419399€400 3.200E-02 1.038E+00 1.879E+03 K11

2 1 7A262BE+00 3600E-02 1.651E+00 9 2B1E+02 K12

31 8595136400 1.000E-02 2ATTE-02 1.421E+01 Froe Ligand

4 1 9491736400 LODOE-0Z 1.251E-01 307T6E+02 complex1l

5 1 D59483E+00 1.000E-02 1.101E-02 5.598E+00 complex2]

ORMS ERROR = B4BE-03 MAX ERROR = 1.05E-02 AT OBS.NO, 5
RESIDUALS SOUARED = 3.60E-04
RFACTOR = 00642 PERCENT

WO A EXPT.DEL CALC.DEL RESIDUAL % DEV WEIGHT C032- L2 pH

11 BF790E400 B.7759E400 3.0832E-03 3.5121E-02 1.0000E 00 2,0000E-03 96000E-03 0.00008+00
21 B9550E+00 BOSSTE+0D 467 76E-03 -5.2236E-02 1.000DE+00 4.0000E-03 9.2000E-03 0.O000E-+OD
31 SAITOE+00 91331E+00 3,9158E-0% 4 2056607 1,0000E+00 6.0000E-03 &S000E-03 Q.O000E+00
41 D2BE0E+00 9IIE2E+00 -1 0157E-02 -1.0935E-01 LOODOE+00 BOD00E-03 BA000E-03 0.00DDE+0D
51 94350E+00 F4245E+00 1.052TE-0Z 1.1157E-01 1.0000E+00 1.0000E-02 BO000E-03 0.0000E+00
61 S5130E400 95115E+400 1.5421E-03 1.6210E-02 10000 +00 1.2000E-07 7.5000E-03 0.0000E+00
71 955106400 S3565E400 -7 5386E-03 -7 6932E-02 1.00G0E+00 1. 4000E-02 7. 2000E-03 0.0000E+0D
81 S5840E+00 G57BOE+00 5.5681E-0% 622T1E-02 1.0000E+00 1.6000E-02 6.B000E-03 0.0000E+00
1 HS850E400 S5R53E+00 31185604 -3, 2535E-03 1.O000E+00 1.8000E-02 6 4000E-03 0.0000E+00
107 95865E+00 9.5E86E+00 -20552E-03 -2.1436E-02 1.0000E+00 2.0000E-02 6.O000E-03 0.0000E +00

TOLERANCE O SUM OF SOUARES  0.0100
TOLERARCE ON EMGEN VALUES  0.0001
CONVERGANCE AFTER 36 ITERATIONS

Figure S31: Change in chemical shift of urea resonances of L, (10 mM) with increasing concentration of

standard HCO;~ solution (50 mM) in DMSO-d, (left) and the output file from WINEQNMR programme of L,-

HCOs" titrations (right).
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Calulations by Win EQNMRAD Version 2.00 by Michael 1, Hynes
Program run at 140800 on 061 372008

131 and 21 complex

1:1; Mnds2E1 eompla Equilibrium constants are log10 values

H 555 = //‘ /"'\\

§ tongd P H_V/A . MO, A PARAMETER DELTA ERROR CONDITION DESCRIPTION
S —e 11 3014036400 3.200E-02 3 841E-01 3434E402 K11

ng 3 —” \\.

2 1 6.26449E+00 3.6006-02 2878E-01 BS55E+01 K12
g 3 1 RAE1GBE+00 1.000E-02 1 SOSE-02 2-T41E+01 Free Ligand
3.8 e 4 1 9732276400 1.000E-02 2 S69E-01 1.186E+03 complex11
5 1 D.ETITHEAD0 1,0006-02 1 S6SE-02 5008401 complex21

5.7
= 9.6+ ORMS ERROR = 4.96E-03 MAX ERAOR = 5. 20E-03 AT DBSMO. 5
R RESIDUALS SOUARED = 1.23E-04
= 8.4 RFACTOR = QU370 PERCENT
.._ 9.3+ NO.A EXPT.DEL CALC DEL REMIDUAL % DEV WEIGHT 5042- L3 pH
i 9,2 - i1 BA3S0E+00 BBITEE+OD 1.3895E-03 1.57206-02 1.0000E+00 2.0000€-03 9.6000E-03 0.0D00E+00

21 B39T0E+00 3.0006E+00 -3 G182E-03 -4 02146602 1.0000E+00 4 0000E-03 53000603 OO00E+00

3.1 31 LIGI0E400 915706400 4.97E-QF 54345602 1.0000E+00 6.00006-03 2.9000E-03 Q.0000E+0Q

E L 4 1 932006400 9.3319E4+00-1.921 7E-03 -20609E-02 1.0000E+00 &0000E-03 BAOD0E-03 O.DOD0E+DD
£ a.94 51 9ABSOE+00 9ATIBE+OD 5.1966E-03 SATEE-O2 1.OOCDE+0D 1.00006-02 B.0000E-03 Q.0000E+00
- 61 SAIIOE+00 96IH0E+00 -4 SEOT1E-0F -5 1544E-02 1.0000E+00 1 2000E-0F TAODOE-03 GO000E+00
8.8+ T AT5I0E400 975046400 2.5911E-03 26568E-02 1.0000E+00 1.40006-02 7.2000E-03 D.0000E+00
#.7 B 1 SB2V0E+00 T8217E+00 -6.5708E-04 -6.6906E-03 1.0000E+00 1.6000E-02 6.E000E-03 0WOO00E+00

91 98550E+00 9851 1E+00 1.B500E-03 3 9066E-02 1.000DE+00 1.8000E-02 6.4000E-03 Q.OHOO0E+00

002 004 . 006 008 010 012 014 016 018 020 101 SBS0SEH00 9B630E00 -24824E-03 -2.5175E-02 1.0000E+00 2.00006-02 S.0000E-03 (LOGOOE+00

Concentration, M

TOLERANCE ON SUM OF SCURRES  0.0N100

TOLERARNCE ON EIGENVALUES QU001

CONVERGANCE AFTER 33 ITERATICNS
Figure S32: Change in chemical shift of urea resonances of L3 (10 mM) with increasing concentration of
standard SO,* solution (50 mM) in DMSO-d; (left) and the output file from WINEQNMR programme of L;-

SO,?* titrations (right).

Table S1. Hydrogen bonding distances (A) and Bond angles (°) in the anion complexes of L:

Complex D-H---A d(D--H)/A  d(H--A)/A d(D-A)/A  <D-H--A/° Symmetry codes
L, N2-H2N---02 0.86 2.15 2.950(3) 156 X,Y,2
N3-H3N---02 0.86 2.13 2.931(3) 155 X,Y,Z
N4-H4N---03 0.86 2.04 2.876(3) 162 1-x,-y,1-z
N5-H5N---03 0.86 2.34 3.102(3) 149 1-x,-y,1-z
N6-H6N---01 0.86 2.25 2.997(3) 145 -x,1-y,1-z
N7-H7N---01 0.86 2.05 2.878(3) 155 -x,1-y,1-z
L, N2-H1N---02 0.86 2.04 2.872(7) 163 -x,1-y,2-z
N3-H2N---02 0.86 2.35 3.111(8) 148 -X,1-y,2-z
N4-H3N---03 0.86 2.29 3.039(9) 146 1-x,-y,2-z
N5-H4N---03 0.86 2.02 2.838(7) 159 1-x,-y,2-z
N6-H5N---01 0.86 2.14 2.946(8) 155 X,Y,Z
N7-H6N---01 0.86 2.12 2.923(9) 155 X,Y,Z
Ls N2-H2N---02 0.86 2.14 2.944(9) 156 XY,z
N3-H3N---02 0.86 2.16 2.960(9) 154 X,Y,2
N4-H4N---03 0.86 2.08 2.901(8) 160 1-x,-y,1-z
N5-H5N---03 0.86 2.30 3.083(8) 151 1-x,-y,1-z
N6-H6N--01 0.86 2.44 3.164(9) 143 %,1-y,1-2
N7-H7N---01 0.86 2.01 2.843(8) 164 -x,1-y,1-z
1a N2-H2N-+F1 0.86 2.17 2.928(4) 147 XY,
N3-H3N---F1 0.86 1.93 2.740(3) 156 X,Y,Z
N4-H4AN---F1 0.86 2.09 2.880(4) 152 X,Y,Z
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N5-H5N--F1 0.86 1.95 2.779(4) 161 XY,z
N6-H6N--F1 0.86 2.26 2.998(4) 143 XY,z
N7-H7N--F1 0.86 1.88 2.719(4) 167 XY,z
C8-H8--F1 0.93 2.41 3.329(5) 168 x,1+y,2
C19-H19A--01 0.97 2.42 3.322(5) 154 x,-1+y,2
1b N2-H2N--010 0.86 2.38 3.144(6) 149 XY,z
N3-H3N-- 010 0.86 2.13 2.965(6) 165 XY,z
N4-H4N---09 0.86 2.28 3.053(5) 149 XY,z
N5-H5N---09 0.86 2.01 2.834(5) 160 XY,z
N6-H6N---07 0.86 2.19 2.985(5) 155 XY,z
N7-H7N--07 0.86 2.19 3.000(6) 157 XY,z
N9-HON---08 0.86 2.09 2.887(5) 154 XY,z
N10-H10N---09 0.86 2.10 2.939(5) 165 XY,
N11-H11N--O8 0.86 2.23 2.909(6) 136 XY,z
N12-H12N--010 0.86 2.30 3.142(6) 168 XY,z
N13-H13N--08 0.86 2.13 2.926(6) 155 XY,z
N14-H14N--07 0.86 2.07 2.911(5) 164 XY,z
C32-H32--09 0.93 2.48 3.266(7) 142 XY,z
C55-H55B---02 0.97 2.46 3.352(6) 152 1+x,y,2
C56-H56A--06 0.97 2.48 3.450(7) 155 XY,
C64-H64A--02 0.97 2.53 3.494(6) 175 1+x,y,2
C83-H83A--03 0.97 2.35 3.258(6) 156 -1/24x,1/2-y,-1/2+z
C83-H83B--01 0.97 2.36 3.326(6) 173 1/2-%,-1/2+y,1/2-2
2a N2-H2N--F1 0.86 2.19 2.935(7) 145 XY,z
N3-H3N--F1 0.86 1.92 2.751(6) 163 XY,z
N4-H4N---F1 0.86 2.09 2.883(6) 152 XY,z
N5-H5N--F1 0.86 2.03 2.837(6) 155 XY,z
N6-H6N---F1 0.86 2.28 3.005(7) 143 XY,z
N7-H7N--F1 0.86 1.92 2.761(6) 166 XY,
C8-H8--F1 0.93 2.40 3.315(8) 167 1+x,y,2
C19-H19B---01 0.97 2.50 3.423(8) 160 -1+x,y,2
2b N2-H2N---05 0.86 2.49 3.347(14) 177 1-x,y,1/2-z
N3-H3N-- 04 0.86 1.98 2.801(17) 159 XY,z
N4-H4N--- 05 0.86 2.30 3.157(14) 178 XY,z
N5-H5N-- 05 0.86 2.01 2.804(14) 153 1-x,y,1/2-2
N6-H6N- 04 0.86 2.40 3.253(11) 172 XY,z
N7-H7N-- 05 0.86 2.03 2.844(13) 159 XY,z
C34-H34B--03 0.97 2.50 3.390(2) 153 XY,
3a N2-H2N--F1 0.86 2.08 2.867(9) 152 XY,z
N3-H3N--F1 0.86 1.96 2.779(9) 159 XY,
N4-H4N---F1 0.86 2.25 2.988(9) 145 XY,z
N5-H5N--F1 0.86 1.90 2.725(8) 162 XY,z
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N6-H6N--F1 0.86 2.20 2.952(10) 147 XY,
N7-H7N--F1 0.86 1.92 2.738(9) 159 XY,z
N9-HON---F2 0.86 2.05 2.849(8) 155 XY,z
N10-H1ON---F2 0.86 2.05 2.854(10) 156 XY,
N11-H11N--F2 0.86 2.20 2.942(9) 144 XY,z
N12-H12N--F2 0.86 1.99 2.756(8) 148 XY,z
N13-H13N--F2 0.86 2.22 2.984(9) 149 XY,z
N14-H14N--F2 0.86 1.93 2.762(8) 161 XY,z
C10-H10B--03 0.97 2.46 3.318(12) 147 -1+x,y,2
C24-H24--F1 0.93 2.51 3.435(12) 170 1+x,y,2
CA4-Ha4---F2 0.93 2.48 3.404(11) 172 -1+x,y,2
C46-HA46B-F2 0.97 2.47 3.333(10) 149 1+x,y,2
C53-H53--02 0.93 2.52 3.381(13) 155 1-x,1-y,-z
C63-H63A--04 0.97 2.53 3.478(13) 165 -1+x,y,2
C63-H63B--01 0.97 2.50 3.425(12) 160 x,1-y,1-z
3b N2-H2N---04 0.86 2.45 3.301(5) 170 XY,z
N3-H3N---05 0.86 2.06 2.869(8) 156 XY,z
N4-H4N:--05 0.86 2.27 3.125(9) 177 XY,z
N5-H5N---05 0.86 2.01 2.791(9) 150 x,y,1/2-z
N6-H6N:--05 0.86 2.60 3.455(9) 174 XY,
N7-H7N--04 0.86 1.99 2.810(8) 159 XY,z
3c N2-H2N--017B 0.86 2.27 3.050(3) 151 1-x,1/2+y,1-2
N2-H2N--O19A 0.86 2.11 2.920(18) 157 1-x,1/2+y,1-z
N3-H3N--019A 0.86 2.23 3.019(17) 153 1-x,1/2+y,1-z
N3-H3N---020B 0.86 2.03 2.807(3) 165 1-x,1/2+y,1-2
N4-H4N--017B 0.86 2.35 3.120(3) 149 1-x,1/2+y,1-z
N4-H4N---O18A 0.86 2.21 2.990(2) 151 1-x,1/2+y,1-z
N5-H5N---O18A 0.86 2.12 2.933(19) 159 1-x,1/2+y,1-2
N5-H5N---019B 0.86 2.21 3.040(2) 162 1-x,1/2+y,1-2
N6-H6N--0178 0.86 2.25 3.000(3) 147 1-x,1/2+y,1-z
N6-H6N---020A 0.86 2.19 3.000(2) 157 1-x,1/2+y,1-z
N7-H7N--018B 0.86 2.06 2.890(3) 161 1-x,1/2+y,1-2
N7-H7N---020A 0.86 2.21 3.031(19) 159 1-x,1/2+y,1-z
N9-HON---013B 0.86 2.43 3.190(3) 148 1-x,-1/2+y,2
N9-HON---014A 0.86 2.16 2.877(17) 141 1-x,-1/2+y,-2
N10-H10N--O13B 0.86 2.07 2.920(2) 169 1-x,-1/2+y,-2
N10-H10N--O15A 0.86 2.29 3.112(19) 159 1-x,-1/2+y,2
N11-H11N--O14A 0.86 2.11 2.932(16) 158 1-x,-1/2+y,2
N11-H11N--O15B 0.86 2.20 2.940(3) 144 1-x,-1/2+y,-2
N12-H12N--O15B 0.86 2.00 2.810(4) 156 1-x,-1/2+y,2
N12-H12N--016A 0.86 2.14 2.988(17) 170 1-x,-1/2+y,z
N13-H13N--014A 0.86 2.18 2.940(18) 147 1-x,-1/2+y,-2
N13-H13N--016B 0.86 2.10 2.910(3) 156 1-x,-1/2+y,2
N14-H14N--013A 0.86 2.18 3.018(17) 166 1-x,-1/2+y,2
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N14-H14N---
N16-H16N--
N16-H16N--
N17-H17N---
N17-H17N--
N18-H18N--
N18-H18N---
N19-H19N---
N19-H19N--
N20-H20N--
N20-H20N--
N21-H21N--
N21-H21N---
N23-H23N--
N23-H23N--
N24-H24N--
N24-H24N--
N25-H25N--
N25-H25N--
N26-H26N-:-
N26-H26N--
N27-H27N--
N27-H27N--
N28-H28N---
N28-H28N-:-

016B
O17A
019B
O18A
0198
O17A
020B
O19A
020B
O17A
018B
018B
020A
0148
O16A
015B
O16A
O13A
0148
O13A
016B
0148
O15A
013B
O15A

C129-H12A--03
C125-H12G---05

C14-H14--

-0198B

C149-H14H--01
C161-H16D--08
C162-H16K--09

C54-H54---
C63-H63-
C77-H77--
C95-H95--

O13A
O18A
020A
016B

0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.97
0.97
0.93
0.97
0.97
0.97
0.93
0.93
0.93
0.93

2.15
2.17
2.28
2.27
2.07
2.21
2.00
2.06
2.26
2.22
2.13
2.13
2.33
2.35
2.14
2.04
2.24
2.23
2.18
2.04
231
2.38
2.23
2.01
231
2.46
2.50
2.29
2.40
2.32
2.50
2.54
2.40
2.49
2.53

2.960(3)
2.899(18)
3.070(2)
3.068(19)
2.910(3)
3.010(18)
2.810(2)
2.901(16)
3.010(2)
2.948(18)
2.920(3)
2.930(3)
3.064(17)
3.110(3)
2.935(17)
2.900(3)
3.040(17)
3.011(18)
2.960(4)
2.868(17)
3.130(3)
3.130(4)
3.053(19)
2.870(3)
3.120(2)
3.410(2)
3.414(14)
3.130(2)
3.320(16)
3.260(16)
3.457(18)
3.312(19)
3.200(2)
3.300(19)
3.340(3)

156
143
152
155
164
154
155
166
145
142
152
155
162
147
153
176
155
150
149
160
161
146
159
174
156
167
156
151
159
163
170
141
144
145
145

1-x,-1/2+y,-z
X,Y,Z
XY,z
X,Y,2
X,Y,2
X,Y,Z
X,Y,2
X,Y,2
X,Y,2
XY,z
X,Y,Z
X,Y,2
XY,z
X,Y,Z
X,Y,2
X,Y,Z
X,Y,2
X,Y,2
X,Y,2
XY,z
X,Y,2
X,Y,2
X,Y,Z
X,Y,2
X,Y,2
X,Y,2
x,1+y,z
1-x,1/2+y,1-z
X,Y,2
2-x,1/2+y,1-z
X,Y,2
1-x,-1/2+y,-z
X,Y,2
XY,z

X,Y,Z
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Figure S33. The scatter plot of D—H-*A angles vs. H--A distances of the hydrogen bonds in free receptors (a)
L;, (b) Ly, (¢) L3 and in anion-receptor complexes (d) 1a, (e) 2a, (f) 3a, (g) 2b, (h) 3b, (i) 1b and (j) 3c.
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