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The synthesis of 2,9-bis{4-[(4-pyridyl)methyl]phenyl}-1,10-phenanthroline

N CHaznCl
\ 7

Pd(PPh;).Cl;
THF, reflux, 3 day _

Yield 70%

To a THF (80 mL) solution of diisopropylamine (3.7 mL, 26.4 mmol), n-BuLi (16.5
mL, 26.4 mmol, 1.6 M iﬁ hexane) was added at 0 °C over 5 min. After the reaction
mixture was stirred for 10 min at 0 °C, 4-methyl pyridine (2.3 mL, 24 mmol) was added
at that temperature, then the mixture was stirred for 15 min at 0 °©C. A THF solution of
ZnCly (53 mL, 26.4 mmol, 0.5 M in THF) was added at 0 ©C, then unsoluble material was
formed. To this mixture, PdCly(PPh3); (350 mg, 0.5 mmol) and 2,9-bis(4-
bromophenyl)-1,10-phenanthroline (1.96 g, 4.00 mmol) were added, then a coIvor of the
solution turned into purple. The reaction mixture was stirred for 3 days at reflux

temperature (85 ©C). After the mixture was cooled down to room temperature,
ethylenediamine (5 mL) and H»O (10 mL) were added and stirred for 3 h. The solution

~ was extracted with chloroform (100 mL x 2) and then the combined organic layer was
dried over MgSOy, filtered, and evaporated to .driness to give a crude pro'duct (3.64 g).

The crude product was pﬁriﬁed by column chromatography (silica gel, CHCI3 : 2%
MeOH) to give the titled compound as pale yellow crystal ( 1.44 g, 2.8 mmol, 70%
yield). -

Iy NMR (500 MHz, CDCl3, TMS as internal standard) & 8.53 (d, J = 5.9 Hz, 4 H,
PyHa), 8.40 (d, J= 8.3 Hz, 4 H, PhHm), 8.31 (d, J=8.3 Hz, 2 H, Hy and H7), 812 (d, J
=83 Hz, 2 H, H3 and Hg), 7.79 (s, 2 H, Hs and Hg), 7.39 (d, J=8.3 Hz, 4 H, PhHo),
7.16 (d, J=5.9 Hz, 4 H, PyHp), 4.08 (s, 4 H, CH»); 13C NHR (126 MHz, CDCl3, TMS
as internal standard) & 156.50 (Cq), 149.92 (CH), 149.90 (Cq), 146.14 (Cq), 140.18 (Cq),
138.14 (Cq), 136.96 (CH), 129.67 (CH), 128.08 (CH), 127.94 (Cq), 126.04 (CH),
12430 (CH), 119.93 (CH), 41.03 (CHp); IR (KBr, em-1) 36462, 3586.4, 3333.7,
3282.6, 1621.1, 1608.5, 1586.3, 1490.9, 1435.9, 840.9, 739.7, 558.4.; mp 89.0 - 91.5
OC; HR-MS (EI) Calcld for C36H26N4(M+), 514.2178. Found 514.2171.
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Synthesis of Doubly Interlocking [2]Catenane

CU(CH3CN)4PF5 (05 EQ)

CH3CN, 25 °C

= cu() |

H,0

To a aéetonitrile solution (0.5 mL) of 1,10-bis(4-(4-pyridylmethyl)phenyl)-
phenanthroline 1 (31 mg, 0.06 mmol), tetrakis(acetonitrile)copper(I) hexafluoro-
phosphate (11 mg, 0.03 mmol) was added at 25 °C under Argon atmosphere. This red
brown solution was stirred for 20 min to give the catenane precursor 2. To the reaction
mixture, an aqueous solution (1 mL) of ethylenediamine palladium nitrate (18 mg, 0.06
mmol) was added at 25 °C. The mixture was stirred for 20 min. To thevreaction
mixture, an aqueous KPFg (0.3 M, 2 mL) was added to give red-brown precipitates,
and then it was stirred for 4 h at room temperature. The red-brown solids were filtered,
dried to give the titled compound (60 mg, 92%).

Physical data of catenane 310+ (as PFg salt): 1H NMR (400 MHz, D50, 80 °C, TMS

as internal standard) 6 8.73 (d, / = 6.4 Hz, 4 H, PyHa), 8.53 (d, /= 6.4 Hz, 4 H,
PhHe'), 8.03 (d, J=8.3 Hz, 2 H, Hy),7.57 (d,J=8.3 Hz, 2 H, H3), 731 (, 2 H,



© 1999 American Chemical Society, J. Am. Chem. Soc., Fujita ja992391r Supporting Info Page 7

J=80Hz, Hy), 718 (d, J= 6.4 Hz, 4 H, PyHp), 7.01 (d, J = 64 Hz, 4 H,
PYHP’), 6.99 (d, J = 8.3 Hz, 4 H, PhHm), 6.47 (d, J = 8.8 Hz, 2 H, Hs), 6.30 (d, J
=88 Hz, 2 H, He), 6.20 (d, J = 8.3 Hz, 4 H, PhHo), 6.06 (d, 2 H, J = 8.0 Hz, Hg),
5.60 (d,J = 8.0 Hz, 4 H, PhHm"), 5.50 (d, J = 7.8 Hz, 4 H, PhHo"), 3.58 (d, J =
15.6 Hz, 2 H, CHb), 3.37 (d, 2 H, J = 13.4 Hz, CHa), 3.12 (d, J = 13.4 Hz, 2
H,CHa), 2.89 (d, J = 15.6 Hz, 2 H, CHb’), 2.75 - 2.70 (broad two singlets, 8 H, -

' CHyCHp-); 13C NMR (CD3CN, 126 MHzTMS as external standard); 154.91,
154.85, 151.24, 151.16, 142.37, 142.33, 139.01, 137.03, 136.95, 136.45, 136.28,
136.14, 129.13, 128.13, 127.65, 127.49, 127.32, 127.12, 126.64, 126.52, 126.48,
126.27, 125.42, 124.79, 124.41, 122.73, 39.99, 39.65, 39.47, 39.10. IR (KBr, cor-

ly 3021.3, 29393, 2922.9, 1596.9, 1587.3, 1569.0, 1558.4, 1489.9, 1414.7,
846.7, 792.7, 781.1, 749.3; ESI-MS (CH3CN) m/z (relative intensity) 1289.1 {[3 -

(PF6)313t, 47%}, 930.4 {[3 - (P )14+, 98%1, 715.3 {[3 - (PF6")51°+, 100%.
Anal. Caled for 310+ «(Hp0)3 5, (C76H75CuF3gN 1203 sPsPdy): C, 41.24: H,

3.41; N, 7.59.; Found: C, 40.89; H, 3.05; N, 7.54.
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Synthesis of bpy-protected palladium monomeric ring

OzNO\ N =~
_Pd_
O,NO N

CH;CN:H,0=1:1
rt.,2h

KPF,
H,0

° * (PFg)2

To an acemitrile solution (1.5 mL) of ligand 1 (30.8 mg, 0.06 mmol), an aqueous solution

(1.5 mL) of bpy-protected palladium complex (byp(Pd)(ONOz)z) (23.1 mg, 0.06 mmol) was
added under nitrogen atmoshere. This solution was stirred at 25 OC for 2 h. To the pale yellow
solution, an aqueous KPFg (2 mL, 213 mg) was added to form white precipitate. This reaction

mixture was stirred for 12 h. The precipitate was filtered and dried to give the titled compounds as

‘pale yellow solids (46.4 mg, 0.044 mmol, 73% yield).
Physical data of monomeric ring (as PFg salf): 1H NMR (500 MHz, DMSO-dg, TMS ‘as external
standard) 8 8.76 (d-like, J = 6.1 Hz, 4 H, PyHa), 8.33 (d,J = 8.1 Hz,2 H,bpyH3),8.12 (d,J = 8.3
Hz,2 H, H4 and H7), 8.06 (t-like, J = 8.1 Hz, J =5.4 Hz,2 H,bpyHy), 7.82 (d, /= 8.3 Hz, 2 H,
- H3 and Hg), 7.72 (d,J = 8.1 Hz, 4 H, PhHy,), 7.34 (d-like, J = 6.1 Hz, 4 H, PyHp), 7.29 (t;like, J
=8.1 Hz,J = 5.4 Hz,2 H, bpyHs), 6.84 (d,J = 8.1 Hz, 4 H, PhH,), 6.70 (d,J = 5.4 Hz, 2 H,
bpyHg), 3.87 (s, 4 H, -CHj-); 13¢ NMR (DMSO-dg, 126 MHz, TMS as external standard)
156.16,155.88,155.77,151.44, 149 .44, 144.95, 142.68, 140.00, 138.60, 137.06, 129.10, 128.99,
128.69, 128.35, 127.00, 125.89, 124.67, 119.92. mp 220 °C dec. Anal. Caled for
C46H34F12NgP2Pd+0.5(CHCI3): C, 49.56; H, 3.09; N, 7.46. Found: C,49.22; H, 3.02; N, 7.59.:
ESI-MS (CH3CN) m/z (relative intensity) 921.4 {[M - (PFg")]+, 100%},388.2 {[M - (PF6')2]2+,

44%).
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The synthesis of Doubly Locking [2]Catenane analogue (bpy-protected analogue)

1

ONO_ N~
Pd

o.N0” Sy

CH;CN:H,0=1:1
rt,2h

Cu(CH3CN),PF,

CH;CN:H,0=1:1

r.t.,, 30 min
@ PyHo'2

Under nitrogen atmosphere, was reacted the mixture of an acetonitrile (2 mL) solution of
ligand 1 (20.6 mg, 0.04 mmol) and an aqueous solution (1 mL) of bpy-protected palladium
complex (byp(Pd)(ONO7)y) (15.4 mg, 0.04 mmol). After stirred for 15 min,

tetrakis(acetonitrile)copper(I) hexafluorophasphate (7.4 mg, 0.02 mmol) was added. The reaction
| mixture was stirred for 30 min at 25 °C. This solution was poured into an aqueous KPFg (148
mg, HyO 1.5 mL). Immediately, red brown precipitate was formed. This reaction mixture was
stirred fﬁr 1 h. Then, the precipitate was filtered and dried to give the titled compounds as brown
solids (38.7 mg, 0.0083 ‘mmol, 83% yield), lg NMR (500 MHz, DO, TMS as an external

standard) § 9.46 (d, J=5.9 Hz,2 H,PyHal),9.27 (d,J =5.9 Hz, 2 H, PhH2),9.20 (d, J = 6.1
Hz,2 H,PyHa’ 1), 9.03 (d,J = 5.6 Hz, 2 H, PhHK'2), 8.56 (d,J=9.1 Hz,2 H, bpyH3),8.54 (d, J

=10.7 Hz,2 H,bpyH3"),8.47 (,J = 8.7 Hz,J = 5.4 Hz, 2 H, bpyHs),8.40 (t,J = 8.7 Hz,J = 5.4
Hz,2 H,bpyHs’),8.32 (d,J = 8.6 Hz, 2 H, Hy),7.92 (d,J = 5.4 Hz,2 H, PyHB1),7.85 (d, ] = 8.6
Hz,2 H, H3), 7.84 (broad signal, 2 H, PyHB'2), 7.74 (broad signal, 2 H, bpyHy), 7.71 (d, J = 8.3
Hz,2H,H7),7.58 (,J=74Hz,J=54Hz,2 H, bpyHy’),7.50 (d,J =49 Hz,2 H, bpyHg), 7.43

(d,J= 5.9 Hz, 2 H, PyHB'1),7.26 (d, J = 8.3 Hz, 4 H, PhH,),7.21 (d,J= 5.2 Hz, 2 H, PyHp'2),
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7.11(d, J = 4.9 Hz, 2 H,bpyHg’), 6.58 (d,J= 9.0 Hz,2 H, Hs), 6.55 (d, J = 8.8 Hz, 2 H, Hg),
6.52 (d, J= 8.3 Hz, 4 H, PhH,), 6.40 (d, J = 8.1 Hz, 2 H, Hg), 5.85 (broad singlets, 8 H, PhH
PhHp,0),3.92 (d,J¥ 15.6 Hz, 2 H,CHy),3.74 (d,J = 13.0 Hz, 2 HCH,), 3.46 (d,J = 13.1 Hz, 2
HCHy>),3.32 (d,J = 154 Hz, 2 H, CHy’). High Resolution ESI MS Caled for [M-6(PFg")]
635.9127,F0und 635.9147. +2.0mmu, 3.1 ppm. Anal. Caled for CyggHj48Cl12CusFggNogs-

O4P19Pds: C,43.13; H,2.85; N, 6.42. Found: C,43.14; H, 2.78; N, 6.65.
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The molecular coordinates of compound 310+

The structure of compound 310+ g5 optimized by MM2 force field calculation with Cerius2 Ver 3.5
package software. The molecular coordinates are indicated below.

Coordinates of compound 310+

1 H -10.293 8.567 -3.579
2 Pd -13.369 14.456 -2.635
3 H -16.351 -1.250 -8.194
4 H -11.476 ~8.000 -2.395
5 H -9.643 -1.342 -1.147
6 H -11.123 -2.253 -0.849
7 Pd -23.023 -1.091 -7.982
8 C -14.355 4.543 -9.713
9 C -14.064 5.464 -8.692
10 C -13.489 5.022 -7.489
11 N -13.253 3.694 -7.338
12 C -13.474 . 2,782 -8.330
13 C -14.034 3.188 -9.548
14 "H -14.809 4.888 -10.635
15 H -16.524 0.330 -8.990
16 H -14.289 6.514 -8.839
17 C -12.277 7.090 -6.796
18 H -14.660 2.544 -11.510
19 C -13.350 0472 -9.133
20 C -13.129 1.425 -8.127
21 N -12.581 1.045 -6.946
22 C -12.292 -0.237 -6.635
23 C -12.497 o -1.227 -7.609
24 H -9.455 2.626 -12.113
25 C -13.010 -0.867 -8.869
26 H -9.309 4.381 -12.141
27 H -14.079 0.167 -11.147
28 C -11.777 7.944 -5.806
29 H -12.253 -2.264 -7.400
30 H -13.152 -1.633 -9.623
31 C -14.245 2.236 -10.560
32 C -12.058 7.707 -4.451
33 C -12.867 6.610 -4.107
34 C -13.365 5.756 -5.099
35 C -13.057 5.976 -6.448
36 C -13.517 2.799 -1.435
37 H -12.019 7.274 -7.833
38 H -11.134 8.761 -6.099
39 C -14.565 2.380 -2.282
40 H -13.100 6.405 -3.068
41 H -14.013 4.947 -4.810
42 C -11.854 -0.555 -5.271
- 43 C -12.595 -1.446 -4.485
44 C -12.261 -1.646 -3.143
45 C -11.183 -0.954 -2.572
46 C -14.347 2.317 . -3.665
47 N -13.141 2.668 -4.147
48 C -10.426 -0.082 -3.368
49 C -10.758 0.111 -4.712
50 H -13.453 -1.959 -4.902
51 H -12.839 -2.346 -2.551
52 H -9.549 0.407 -2.957
53 H -10.125 0.735 -5.324
54 C -11.924 9.927 -3.242
55 C -11.506 10.939 -4.118
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56 C -12.098 -3.029 -3.361
57 C -11.930 © 12254 -3.913
58 N -12.724 12.566 -2.853
59 C -12.252 3.101 -1.974
60 C -13.140 11.606 -1.984
61 C -12.751 10.273 -2.162
62 H -10.842 10.719 -4.940
63 H -11.629 13.028 -4.604
64 H -13.784 11.871 -1.157
65 H -13.087 9.520 -1.462
66 C -10.288 0.535 0.541
67 C -10.706 1.291 1.637
68 N -12.013 1.288 2.014
69 C -12.953 0.616 ~ 1292
70 H -13.686 2.860 -0.367
71 C -12.574 -0.151 0.185
72 C -11.221 -0.230 -0.170

73 H -15.525 2.099 -1.864
74 H -9.235 0.496 0.294
75 H -9.979 1.839 2221
76 C -15.475 0.344 -4.594
77 H -11.245 3.511 -0.108.
78 C -9.748 3.651 -3.185
79 C -10.858 3.301 -3.964
80 N -10.746 3.197 -5.313
81 C -9.623 3.510 -5.989
82 C -8.483 3.883 -5.259
83 C -8.540 3.931 -3.850
84 H -9.036 3.961 -1.161
85 C -15.993 -0.301 -5.718
86 H -7.554 4.119 - -5.769
87 H -7.651 4.201 -3.289
88 C -11.138 3.444 -1.182
89 C -9.886 3.705 -1.784
90 C -16.357 0.438 -6.853
91 C -16.246 1.833 -6.833
92 C -15.695 2.474 -5.723
93 C -15.288 1.730 -4.608
94 H -15.134 -0.245 -3.750
95 H -16.072 -1.380 -5.720
96 H -16.537 2412 -7.699
97 H -15.557 3.544 -5.753
98 C -9.663 3.512 -7.455
99 C -9.534 4.716 -8.157
100 C -9.678 4.741 -9.548
101 C -9.961 3.561 -10.253
102 C -10.101 2.357 -9.546
103 C -9.957 2334 -8.155
104 H -9.352 5.643 -7.624
105 H -9.570 5.680 -10.075
106 H -10.277 1.429 -10.081
107 H -10.031 1.389 -7.634
108 C -18.321 -0.414 -8.052
109 C -18.896 -1.343 -7.177
110 C -20.279 -1.487 -7.145
111 N -21.062 -0.742 -7.966
112 C -20.532 0.168 -8.825
113 C -19.150 0.355 -8.878
114 H - -18.282 -1.955 -6.533
115 H -20.731 -2.208 -6.478
116 H -21.183 0.738 - -9.473
117 H -18.732 1.089 -9.555
118 C -11.842 2.666 -13.168
119 C -13.007 2.885 -13.909
120 N -13.637 4.090 ~13.854
121 C

-13.191 5.079 ~13.032
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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
155
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
181
182
183
184
185
186
187

C
C
H
H
H
H
C
C
H
H
C
C
H
Pd
H
H
H
C
C
C
N
C
C
H
H
C
H
C
C
N
C
C
C
H
C
H
H
C
H
C
C
C
C
C
Pd
H
H
H
H
C
C
C
C
C
H
C
H
H
H
H
C
C
C
H
N
H

-12.026
-11.323
-11.317
-13.382
-13.723
-11.659
-16.832
-9.952

-13.990
-13.321
-11.383

- -10.751

-19.679
-12.528
-18.770
-17.233
-15.869
-22.337
-22.000
-21.129
-20.654
-20.909
-21.773
-23.020
-22.418
-20.025
-22.698
-20.547
-20.293
-19.460
-18.896
-19.111
-19.920

~-21.632

-19.432
-18.657
-20.078
-22.034
-25.481
-21.420
-19.452
-20.105
-20.705
-20.644
-15.203
-19.969
-18.964
-20.190
-21.262
-18.178
-18.560
-17.959
-16.950
-16.551
-24.898
-17.161
-19.356
-18.313
-15.775
-16.816
-17.605
-17.526
-16.276
-19.897
-15.139
-19.390

4.900
3.691
1.725
2.108
6.021
5.710
-0.254
3.557
0.646
-0.719
8.521
-1.254
14.206
2.174
14.363
6.280
7.010

7.144

8.446
8.627
7.534
6.263
6.033
7.010
9.302
10.789
4.512
3.865
5.181
5.423
4.435
3.103
2.820
2.621
11.988
2.289
1.792
4.711
4.082
3.634
12.364
11.547
10.353
9.954
4.456
10.493
12.624
11.865
9.773
4.766
4.167
4.553
5.530
6.110
3.034
5.730
3.430
4.116
6.867
6.170
13.603
14.011

14.180

5.991
13.945
4.473

-12.278
-12.367
-13.272
-14.563
-12.985

- -11.661
--8.095

-11.757
1.597
-0.355

3371

-1.167
-4.786
3.742

-6.290
1.315

0.457

-8.543
-8.131
-7.044
-6.406
-6.811
-7.892
-9.375

-8.650

-7.585
-9.123
-6.547
-6.138
-5.086
-4.346
-4.738
-5.851
-7.936
-7.180
-4.184
-6.155
-8.292
-4.495
-7.624
-5.829
-4.896
-5.305
-6.645
-15.061
-8.626 .
-1.921
-3.862
-4.587
-3.103
-1.894
-0.691
-0.679

_-1.895 -

-3.206
-3.095
-1.877
0.231

-1.912
-4.014
-4.670
-3.333
-2.735

- -10.540

-3.443

-9.765



