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Supplementary information

Highly selective ion probe for AI** based on Au(I)---Au(l) interactions in a
bis-alkynyl calix[4]arene Au(lI) isocyanide scaffold

Franky Ka-Wah Hau, Xiaoming He, Wai Han Lam and Vivian Wing-Wah Yam*

Experimental Procedure:

Ligand synthesis and characterization
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Calix[4]arene-(OCH,CH,;NH-C¢Hyl),

To a suspension of calix[4]arene-(OCH,CONH-C¢H,I),' (1 g, 0.85 mmol) and NaBH,4
(1.2 g, 32 mmol) in THF (30 mL) in an ice-water bath was added acetic acid (2 g, 33
mmol) in THF (10 mL). The reaction mixture was stirred at 0 °C and then refluxed for
6 h. The solvent was removed and the residue was dissolved in dichloromethane (50
mL). The solution was washed with water, dried over anhydrous MgSQO, and filtered.
The filtrate was concentrated and purified by column chromatography over silica gel
(CH,Cly-hexane, 1:1 v/v) to give the product as a white solid. Yield: 0.45 g, 46 %. 'H
NMR (400 MHz, CDCls, 298 K, MeySi): § = 1.18 (18H, s, -'Bu), 1.25 (18H, s, -'Bu),
3.32 (4H, t,J=4.7 Hz, -OCH,-), 3.45 (4H, d, J=13.4 Hz, -CH,-), 4.17 (4H, t, J= 4.7
Hz, -OCH,CH>-), 4.33 (4H, d, J = 13.4 Hz, -CH»-), 6.28 (4H, d, J = 8.7 Hz, -CcHs-),
7.04 (4H, s, -C¢Ha-), 7.07 (4H, s, -C¢Ha-), 7.36 (4H, d, J = 8.7 Hz, -C¢Hs-), 8.67 (2H,
s, -OH). Positive-ion FAB-MS m/z: 1139 [M]". Elemental analysis, Anal. Found (%):
C, 63.47; H, 6.66; N, 2.31. Calcd. For CsoH721o0N204-THF: C, 63.27; H, 6.37; N, 2.46.

Calix|[4]arene-(OCH,CH;NH-CcH,C=CTMS),

Into a 100-mL  two-necked  round-bottomed  flask  was  added
Calix[4]arene-(OCH,CH,;NH-C¢Hy4l), (0.7 g, 0.61 mmol), copper(I) iodide (12 mg,
0.065 mmol), and dichlorobis(triphenylphosphine)palladium(II) (45 mg, 0.065 mmol),
followed by a mixture of tetrahydrofuran (30 mL) and triethylamine (10 mL). After
the mixture had been stirred for 5 min, trimethylsilylacetylene (0.30 g, 3.05 mmol)
was added to the flask under a nitrogen atmosphere. The mixture was stirred for 24 h
at room temperature. The mixture was filtered, and the filtrate was evaporated to
dryness. The brown residue was purified by column chromatography on silica gel
(CH,Cly-hexane, 1:1 v/v) to afford the product as a white solid. Yield: 0.55 g, 85 %.
'H NMR (400 MHz, CDCl;, 298 K, Me4Si): & = 0.26 (18H, s, -SiMe3), 1.21(18H, s,
-'Bu), 1.25 (18H, s, -'Bu), 3.23 (4H, t, J = 4.7 Hz, -OCH>-), 3.42 (4H, d, J = 13.4 Hz,
-CHy-), 4.15 (4H, t, J = 4.7 Hz, -OCH,CH;-), 4.33 (4H, d, J = 13.4 Hz, -CH»-), 6.40
(4H, d, J = 8.7 Hz, -C¢Hy-), 6.99 (4H, s, -C¢H»-), 7.07 (4H, s, -C¢H»-), 7.31 (4H, d, J =
8.7 Hz, -CsHy-), 8.83 (2H, s, -OH). Positive-ion FAB-MS m/z: 1079 [M]". Elemental
analysis, Anal. Found (%): C, 77.23; H, 8.38; N, 2.39. Calcd. For
C70H9oN204S1,-0.5H,0: C, 77.21; H, 8.40; N, 2.59.

Synthesis of gold(I) alkynyl polymer
[{Calix[4]arene-(OCH,CH,NH-CcH4C=C),} Au,].,
To the solution of KAuCly (37 mg, 0.1 mmol) in CH;OH (15 mL) and water (1 mL)

was added dropwise 2,2’-thiodiethanol (0.5 mL). The stirring was maintained until the
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solution turned colorless. KF (29 mg, 0.5 mmol) in CH;0H (2 ml) and
Calix[4]arene-(OCH,CH,;NH-CsH4C=CTMS), (53 mg, 0.05 mmol) in THF (10 mL)
were added. The mixture was stirred for 1 h. The yellow precipitate was filtered,
washed with water and methanol, and dried under vacuum. Caution: The
alkynylgold(l) polymer is potentially explosive and should be handled with great

caution.

Synthesis and characterization of complexes 1-2

Complex 1

To a solution of [{calix[4]arene-(OCH,CONH-C¢H4C=C),} Auz]..' (100 mg, 0.074
mmol) in dichloromethane was added a solid sample of 2,6-dimethylphenyl
isocyanide (20 mg, 0.156 mmol) under a nitrogen atmosphere, and the reaction
mixture was stirred at room temperature for 1 h. The solvent was then removed under
reduced pressure and the residue was recrystallized from dichloromethane-diethyl
ether to give 1 as a white solid. Yield: 65 mg, 54 %. 'H NMR (400 MHz, CDCls, 298
K, MeySi): § = 1.09 (18H, s, -'Bu), 1.28 (18H, s, -'Bu), 2.45 (12H, s, -CH3), 3.51 (4H,
d, J =13.4 Hz, -CH»-), 4.22 (4H, d, J = 13.4 Hz, -CH»-), 4.58 (4H, s, -OCH,C-), 6.90
(4H, s, -C¢H»-), 7.00 (4H, s, -CsH»-), 7.17(4H, d, J = 4.9 Hz, -CsHs-), 7.29 (4H, d, J =
4.9 Hz, -C¢Hy-),7.32 (6H, m, -C¢Hs-), 8.23 (2H, s, -OH), 10.18 (2H, s, -NH). IR (KBr
disk/em™): 1692 w(C=0), 2210 v(N=C). Positive-ion ESI-MS: m/z 1486 [M-L]",
1617 [M]", 1813 [M+Au]". Elemental analysis, Anal. Found (%): C, 58.70; H, 5.51; N,
3.25. Calced. For CgHssAuaN4Og-CH2Cly: C, 58.56; H, 5.21; N, 3.29.

Complex 2

This was prepared according to the procedure for 1 except [{calix[4]arene-(OCH,
CH,NH-CcH4C=C),}Auz]e (60 mg, 0.045 mmol) was used instead of
[{calix[4]arene-(OCH,CONH-CcH4C=C),} Au,]... Recrystallization by the diffusion
of diethyl ether vapor into a dichloromethane solution of the complex gave 2 as a
white solid. Yield: 40 mg, 56 %. '"H NMR (400 MHz, CDCls, 298 K, Me,Si): § = 1.16
(18H, s, -'Bu), 1.24 (18H, s, -'Bu), 2.43 (12H, s, -CH3), 3.19 (4H, t, J = 4.7 Hz,
-OCH,-), 3.42 (4H, d, J = 13.4 Hz, -CH,-), 4.13 (4H, t, J = 4.7 Hz, -OCH,CH>-), 4.35
(4H, d, J = 13.4 Hz, -CH,-), 6.42 (4H, d, J = 8.6 Hz, -C¢Hy-), 6.52 (2H, s, -OH), 7.04
(8H, s, -C¢Hy-), 7.16 (4H, d, J = 8.6 Hz, -C¢Hs4-), 7.33 (6H, m, -CsH3-), 8.90 (2H, s,
-NH). IR (KBr disk/cm™): 2215 v(N=C). Positive-ion ESI-MS: m/z 1589 [M]".
Elemental analysis, Anal. Found (%): C, 60.70; H, 5.75; N, 3.48. Calcd. For
Cg2HooAu,N4O4-2H,0: C, 60.59; H, 5.83; N, 3.45.
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Computational Details

Geometry optimization was performed on 1 and the aluminum ion-bound complex
(1-A’") with C; and C, symmetry, respectively, using the simple local Xo exchange
potential (Slater’s exchange parameter o = 0.7)* with a pruned (99,590) grid. The
Stuttgart effective core potentials (ECPs) and the associated basis set were applied to
describe Au® with two f-type polarization functions ({ = 0.200, 1.190).* For Al, O, N,
C, and H atoms, the 6-31G basis set was used with d-type polarization functions for
the Al (£ =0.325), O, N and the alkynyl, isocyanide and carbonyl carbons ({ = 0.800)
as well as p-type polarization functions for the phenolic and amide hydrogens (
=1.100).° Vibrational frequency calculations were performed for the optimized
structures to verify that each was a minimum on the potential surface. All calculations

were performed with the use of the Gaussian 03 package.’
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Fig S1 Excitation spectra of 1 (1.4 x10™* M) in the absence (—— ) and in the

presence (— ) of AI’" (2.4 x107° M) monitored at 450 and 640 nm, respectively

Li* Na* K* Cs* Mg Ca*BaCo® Ni* Cu®*Pb? Cd¥ Zn?* Fe? Fe® APF* In**

Fig S2 Responses of 1 (1 x 10 M) containing 3 equiv AI’" in CH,Cl-MeCN (1:1 v/v,
0.1M "BusNPFy) upon addition of 3 equiv of different metal ions
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Fig S3 Emission spectral changes of 2 (1.5 x 107 M) in CH,Cl,-MeCN (1:1 v/v,
containing 0.1 M "BuyNPFy) in the presence of a large excess of Al(C1Oy);

pRm

Fig S4 Partial 'H NMR spectra (acetone-de) of 1 before (bottom) and after (top)
addition of 20 equiv of Al(ClO4);
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Cartesian coordinates for the optimized geometries

COOND O A WN =
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIO0OO0OO0ONNO0000000ZO00000000000000Z00000000000000000000000000000O0

2.883523
2.516685
1.242774
0.358857
0.770884
2.031912
3.452502
3.017085
2.337287
1.871091
2.079506
2.721596
3.194868
1.061378
-0.358857
-1.242774
-2.516685
-2.883523
-2.031912
-0.770884
-3.452502
-3.017085
-2.337287
-1.871091
-2.079506
-2.721596
-3.194868
-2.031912
-2.953247
-2.252274
-0.896517
-0.000788
-0.421219
0.526192
1.908261
2.313263
1.373688
2.862308
3.700900
-2.868540
-1.061378
-0.794543
-2.400186
2.031912
2.953247
2.252274
0.896517
0.000788
-1.373688
-2.313263
-1.908261
-0.526192
0.421219
-2.862308
-3.700900
2.868540
0.794543
2.400186
-2.938949
2.938949
-1.495689
0.201075
3.385317
1.687314
-1.687314
-3.385317
-0.201075
1.495689
-3.692352
-1.670500
-4.465699
-3.542990
-0.063538
-3.883972
1.496776
1.098342
3.692352
1.670500
3.542990
4.465699
0.063538
3.883972
-1.098342
-1.496776
-3.791353
-3.386635
3.791353
3.386635
0.479163
-0.479163

3.197282
2.246521
2.328990
3.357155
4.291862
4.234790
1.112092
-0.191591
-1.166557
-2.348760
-2.553696
-1.606749
-0.433560
-3.343076
-3.357155
-2.328990
-2.246521
-3.197282
-4.234790
-4.291862
-1.112092
0.191591
1.1565557
2.348760
2.553696
1.606749
0.433560
0.847732
1.335559
1.538103
1.583010
1.636163
1.704910
1.695890
1.615190
1.5657997
1.579692
1.591637
1.570311
1.785080
3.343076
-1.449100
-5.256081
-0.847732
-1.335559
-1.538103
-1.583010
-1.636163
-1.579692
-1.5657997
-1.615190
-1.695890
-1.704910
-1.591637
-1.570311
-1.785080
1.449100
5.256081
1.660863
-1.660863
1.743118
1.737583
1.486372
1.5652922
-1.5652922
-1.486372
-1.737583
-1.743118
-0.340924
3.470271
-1.374417
-0.988297
-5.090578
-3.109150
-4.358601
-3.089712
0.340924
-3.470271
0.988297
1.374417
5.090578
3.109150
3.089712
4.358601
0.620814
2.299383
-0.620814
-2.299383
-1.486120
1.486120

-6.010221
-5.047664
-4.457975
-4.839585
-5.788723
-6.400994
-4.717471
-5.344975
-4.587056
-5.142614
-6.512989
-7.317969
-6.707869
-4.341942
-4.839585
-4.457975
-5.047664
-6.010221
-6.400994
-5.788723
-4.717471
-5.344975
-4.587056
-5.142614
-6.512989
-7.317969
-6.707869
-3.258844
-2.262887
-0.933475
-1.018000

0.057941

1.397744

2.413635

2.133854

0.780493
-0.238672

3.175118

4.084953
-8.827104
-4.341942
-3.511448
-7.473117
-3.258844
-2.262887
-0.933475
-1.018000

0.057941
-0.238672

0.780493

2.133854

2.413635

1.397744

3.175118

4.084953
-8.827104
-3.511448
-7.473117

0.075070

0.075070

1.613001

3.462700

0.551035
-1.294888
-1.294888

0.551035

3.462700

1.613001
-7.315138
-6.963101
-5.087920
-3.614917
-6.070098
-6.460954
-4.459995
-3.262785
-7.315138
-6.963101
-3.614917
-5.087920
-6.070098
-6.460954
-3.262785
-4.459995
-2.102023
-2.611925
-2.102023
-2.611925
-1.965769
-1.965769

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
1M
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
1565
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

ITOIIIOIIIOIIIOIIIOIIIOIIIOIIIOIIIOIIIOIIIOIIIOITIT

I

Au
Au
Cc
Cc
N
N
Cc

(9]

IITOIIIOIIIOIIIOIIIIIOOOOOOIOOOO

-1.372498
1.372498
2.317940
2.555049
1.303097
3.038454
3.812465
4.574937
3.916818
4.039552
1.407126
1.454047
0.362556
1.645672

-2.305516

-2.831974

-1.219317

-2.438049

-2.103142

-2.485646

-2.211141

-1.021243

-4.353302

-4.929276

-4.465323

-4.807063
2.103142
1.021243
2.485646
2211141
2.305516
2.831974
1.219317
2.438049
4.353302
4.929276
4.465323
4.807063

-1.407126

-1.454047

-0.362556

-1.645672

-3.812465

-4.574937

-3.916818

-4.039552

-2.317940

-3.038454

-2.555049

-1.303097

-5.009351
5.009351

-6.302474
6.302474

-7.099696
7.099696

-8.019026

-7.571075

-9.375166

-8.531666

-10.293470
-9.879572
-11.354859
8.019026
7.571075
9.375166
8.531666

10.293470
9.879572

11.354859
8.205649

-8.205649

-10.618583

10.618583
9.782297
9.269069
9.517767

10.873578
6.123290
5.743676
5.496617
5.941593

-6.123290

-5.743676

-5.496617

-5.941593

-9.782297

-9.269069

-9.517767

-10.873578

-0.630313
0.630313
6.674341
7.426658
6.895238
6.798428
5.034660
5.125634
4.034183
5.798362
5.132834
4.117799
5.309653
5.877485
3.123622
3.980756
3.217254
3.207814
0.652747

-0.345554
0.749533
0.691014
1.711025
2.527667
1.808479
0.745453

-0.652747

-0.691014
0.345554

-0.749533

-3.123622

-3.980756

-3.217254

-3.207814

-1.711025

-2.527667

-1.808479

-0.745453

-5.132834

-4.117799

-5.309653

-5.877485

-5.034660

-5.125634

-4.034183

-5.798362

-6.674341

-6.798428

-7.426658

-6.895238

-1.523938
1.523938

-1.472435
1.472435

-1.437084
1.437084

-1.395816

-1.575469

-1.175040

-1.528505

-1.137577

-1.312106

-0.966811
1.395816
1.575469
1.175040
1.528505
1.137577
1.312106
0.966811
1.665723

-1.665723

-1.278782
1.278782
0.991774
0.122619
1.875467
0.829468
1.804238
2.712955
0.959992
1.925529

-1.804238

-2.712955

-0.959992

-1.925529

-0.991774

-0.122619

-1.875467

-0.829468

-3.402846
-3.402846
-6.888346
-7.670985
-6.497235
-6.053502
-8.014271
-7.211905
-8.485730
-8.787016
-8.641836
-9.090905
-8.307846
-9.431539
-9.306986
-8.835647
-9.089248
-10.405737
-9.534217
-9.235179
-10.635831
-9.283174
-9.214510
-8.731547
-10.315452
-8.908913
-9.534217
-9.283174
-9.235179
-10.635831
-9.306986
-8.835647
-9.089248
-10.405737
-9.214510
-8.731547
-10.315452
-8.908913
-8.641836
-9.090905
-8.307846
-9.431539
-8.014271
-7.211905
-8.485730
-8.787016
-6.888346
-6.053502
-7.670985
-6.497235
5.506419
5.506419
6.915760
6.915760
7.788164
7.788164
8.799190
10.126986
8.470591
11.140921
9.523332
10.845838
9.290938
8.799190
10.126986
8.470591
11.140921
9.523332
10.845838
9.290938
12.182361
12.182361
11.658789
11.658789
7.046785
6.581286
6.426583
6.962680
10.406363
9.890945
10.045695
11.491059
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