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NMR spectra of isolated compounds
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Rhodium [2]rotaxane 1a
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Figure S-1: *H NMR spectrum of 1a (CD,Cl,, 500 MHz).
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Figure S-2: 3C{*H} APT NMR spectrum of 1a (CD,Cl,, 126 MHz).
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Figure S-3: 3'P{*H} NMR spectrum of 1a (CD,Cl,, 202 MHz).
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Iridium [2]rotaxane 1b

1.2

89'61-
99'61-
89'61- ~ S9'61-
8.2.% @ £9'61-
S96T-~S___= ' 1961l T g7
€96l = 09'6T-~ |
SQ,\ PEBT-~ | I oot
09°61- o z€61- =
i 0£'61-
o 6761~
wm.m”./ LT6T-
- ST61-
oE6l-E __= a
6761~ = ;
R.Q.\
ST6I-
-
a
-
1T # Frosr
wn
o
o
=
~
o
(=)
o
ov'e
o bS'€
” [S°€
85°E T 06
o . .
2 65°€~~ == [- 66
< e/
954,
- T0h . oy
! an €6'€
- 80v7=R L gy
N 6077 ¢ 1 68T
dn .
89%

46 45 44 43

4.7

6.9

7.0

oLy
897
839 €5 —
889
689
069
169
269
26'9 -
€69 .
= |
Nwﬁﬁ _) 406°€T
) = 6'LT
61 ?P e
YL e
mN.m#\
9z'L = 7 0T
wN.Ew — T 1
- 6’1
SbLd
ez 3 Aozt
] b
0524 or'g .
5] 18> z 060
sstd ozg/ 160
e

-18.5 -19.0 -19.5 -20.0

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
Figure S-4: 'H NMR spectrum of 1b (CD,Cl,, 500 MHz).
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Figure S-5: 3C{*H} APT NMR spectrum of 1b (CD,Cl,, 126 MHz).
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Figure S-6: 3'P{*H} NMR spectrum of 1b (CD,Cl,, 202 MHz).
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[Rh(COD)(PPhs),][BAr"s] 2a
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Figure S-7: *H NMR spectrum of 2a (CD,Cl,, 500 MHz).
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Figure S-8: 13C{*H} APT NMR spectrum of 2a (CD,Cl,, 126 MHz).
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Figure S-9: 3'P{*H} NMR spectrum of 2a (CD,Cl,, 162 MHz).



[Ir(COD)(PPhs).][BArfs] 2b
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Figure S-10: *H NMR spectrum of 2b (CD,Cl,, 400 MHz).
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Figure S-11: 3P{*H} NMR spectrum of 2b (CD,Cl,, 162 MHz).

Ammonium salt 3
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Figure S-12: *H NMR spectrum of 3 (CD,Cl,, 500 MHz).
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Figure S-13: 3C{*H} APT NMR spectrum of 3 (CD,Cl,, 126 MHz).
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Pseudo[2]rotaxane 3-db24c8
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Figure S-14: *H NMR spectrum of 3-db24c¢8 (CD,Cl,, 500 MHz).
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Figure S-15: 3C{*H} APT NMR spectrum of 3-db24c8 (CD,Cl,, 126 MHz).
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1.7 Stack plot of 'H NMR spectra of 1a, 1b, 3-db24c8 and 3
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Figure S-16: *H NMR spectra of 1a, 1b, 3-db24c8 and 3.
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Figure S-17: *H NMR spectrum of 4a[BArf,] (CD,Cl,, 500 MHz).
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Figure S-18: 3C{*H} APT NMR spectrum of 4a[BAr4] (CD,Cl,, 126 MHz).
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Figure S-19: 3'P{*H} NMR spectrum of 4a[BArf,] (CD,Cl,, 162 MHz).
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Figure S-20: *H NMR spectrum of 4b[BArf,] (CD,Cl,, 500 MHz).
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Figure S-21: 3C{*H} APT NMR spectrum of 4b[BArf;] (CD,Cl,, 126 MHz).
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Figure S-22: 31P{*H} NMR spectrum of 4b[BAr4] (CD,Cl,, 162 MHz).
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Figure S-23: 'H NMR spectrum of 5a (CD,Cl,, 500 MHz).
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Figure S-24: 3C{*H} APT NMR spectrum of 5a (CD,Cl,, 126 MHz).
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Figure S-25: 31P{*H} NMR spectrum of 5a (CD,Cl,, 162 MHz).
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Figure S-26: 'H NMR spectrum of 5b (CD,Cl,, 500 MHz).
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Figure S-27: 3C{*H} APT NMR spectrum of 5b (CD,Cl,, 126 MHz).
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Figure S-28: 3P{*H} NMR spectrum of 5b (CD,Cl,, 162 MHz).
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Figure S-29: 'H NMR spectrum of 6a (CD,Cl,, 500 MHz).
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Figure S-30: 3C{*H} APT NMR spectrum of 6a (CD,Cl,, 126 MHz).

1.13 [Ir(bipy)(COD)][BArfs] 6b
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Figure S-31: *H NMR spectrum of 6b (CD,Cl,, 500 MHz).
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Figure S-32: 3C{*H} APT NMR spectrum of 6b (CD,Cl,, 126 MHz).
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1.14 [Rh(bipy)(PPhs);][BArfs] 7
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Figure S-33: 'H NMR spectrum of 7 (CD,Cl,, 500 MHz).
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Figure S-34: 3C{*H} APT NMR spectrum of 7 (CD,Cl,, 126 MHz).
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1.15 [Rh(PPhs)z]z[BArFalz 8
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Figure S-36: *H NMR spectrum of 8 (CD,Cl,, 500 MHz).
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Figure S-38: 31P{*H} NMR spectrum of 8 (CD,Cl,, 162 MHz).
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1.16 5-phthalimidomethylbipyridine
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Figure S-41: *H NMR spectrum of 5-aminomethylbipyridine ((CDs),SO, 400 MHz).
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Figure S-42: 3C{*H} APT NMR spectrum of 5-aminomethylbipyridine ((CD3),SO, 101 MHz).
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Figure S-43: 'H NMR spectrum of 10 (CD,Cl,, 500 MHz).
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Figure S-44: 3C{*H} APT NMR spectrum of 10 (CD,Cl,, 126 MHz).

100

110

120

130

140

150

160

170

16



2. Selected in situ reaction data

2.1 Hydrogenation of 2a+bipy @ 50 °C
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Figure S-45: Selected *H NMR spectra recorded during the hydrogenation of 2a+bipy (400 MHz, CD,Cl,).
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Figure S-46: Selected 3'P{*H} NMR spectra recorded during the hydrogenation of 2a+bipy (400 MHz,
CDCl,).
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Figure S-47: Relative concentration of species observed during the hydrogenation of 2a+bipy over 18 h,
determined by integration of *H NMR data.
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Figure S-48: GC trace obtained following hydrogenation of 2a+bipy.

2.2 Hydrogenation of 2b+bipy @ RT
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Figure S-49: *H NMR spectrum obtained following hydrogenation of 2b+bipy (400 MHz, CD,Cl,). Signals
belonging to COA and COE integrated.
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Figure S-50: 3P{*H} NMR spectrum obtained following hydrogenation of 2b+bipy (162 MHz, CD,Cl,).
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Figure S-51: GC trace obtained following hydrogenation of 2b+bipy.
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2.3 Reaction between 2a and bipy
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Figure S-52: Selected *H NMR spectra recorded during the reaction between 2a with bipy (400 MHz,

CD,Cly).
t=200h Ll
",
t=175h J
t=150 h N
t=120h 11 A.
t=48h JJ L
t=24h A
A "
t=12h ’
A, 1
t=8h
o | }\
t=4h JL
=3 I
t=2h ‘\
t=1h A
t=5min LL A
T T T T T T T T T T T T T T T T T
60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -10 -15 -20

Figure S-53: Selected 3'P{*H} NMR spectra recorded during the reaction between 2a and bipy (162
MHZ, CD2C|2).
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Figure S-54: Relative concentration of species observed during the reaction between 2a and bipy,
determined by integration of *H NMR data. Approach to equilibrium modelled using rates of formation
of 7 and depletion of 5b.

2.4 Reaction between 2b and bipy
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Figure S-55: Selected *H NMR spectra recorded during the reaction between 2b and bipy (400 MHz,
CD,Cl).
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Figure S-56: Selected 3'P{*H} NMR spectra recorded during the reaction between 2b and bipy (162
MHZ, CD2C|2).
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2.5 Hydrogenation of 2a
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Figure S-57: Selected *H NMR spectra recorded during the hydrogenation of 2a (400 MHz, CD,Cl,).
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Figure S-58: Selected 3'P{*H} NMR spectra recorded during the hydrogenation of 2a (162 MHz, CD,Cl,).

2.6 Hydrogenation of 2b
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Figure S-59: *H NMR spectrum of in situ generated 9 at 298 K (500 MHz, CD,Cl,).

21



£V ET—

-15

-10

Figure S-60: 3'P{*H} NMR spectrum of in situ generated 9 at 298 K (202 MHz, CD,Cl,).

50 45 40 35 30 25 20 15 10

55

LE°L
8€°L
ov'L
L
WL
€L
St'L
WL
L
€LL

$1°82- —

££'92- —
P52

[ 9 :.mN.WL

T 80'se-

6€°€C- ——

-17

-15

T5ET- r TS~ |
?.Q.W " ?.MTW
el P obber-d |
- N [ erel-7
-
r
(S
F®
SN
L
Lo
Y
87— 4 F? 8T —
wr—L Y wur—
-

Fero
Faro
F 190

% 6£°0

F so0
W LE°0

P8¢
9TV
A 00°8

-15 -17 -19 -21 -23 -25 -27 -29
Figure S-61: *H NMR spectrum of in situ generated 9 at 185 K (500 MHz, CD,Cl,).
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Figure S-62: 31P{*H} NMR spectrum of in situ generated 9 at 185 K (202 MHz, CD,Cl,).
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Figure S-63: 'H NMR spectrum obtained following reaction between 9 and bipy (400 MHz, CD,Cl,).
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Figure S-64: 3P{*H} spectrum obtained following reaction between 9 and bipy (162 MHz, CD,Cl,).

2.7 Reaction between 3 and db24c8
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Figure S-65: *H NMR spectra following reaction between 3 and db24c8 (400 MHz, CD,Cl,).
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2.8 Attempted hydrogenation of COD mediated by 4a[BArf,]
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Figure S-66: GC trace obtained following the reaction of 4a+COD under dihydrogen.

2.9 Reaction between 5a and PPhs
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Figure S-67: 'H NMR spectra demonstrating reaction between 5a and PPhs in CD,Cl: 2a+bipy (400
MHz), 6a+2PPh; (500 MHz) and, for comparison, isolated 5a (500 MHz).
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Figure S-68: 3'P{*H} NMR spectra demonstrating the reaction between 5a and PPhs in CD,Cl,: from
2a+bipy (162 MHz), 6a+2PPhs (202 MHz) and, for comparison, isolated 5a (202 MHz).
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2.10 Hydrogenation of 7
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Figure S-69: 'H NMR spectrum obtained following hydrogenation of 7 (400 MHz, CD,Cl,).
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Figure S-70: 3'P{*H} spectrum obtained following hydrogenation of 7 (162 MHz, CD,Cl,).
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Figure S-71: *H NMR spectrum obtained following reaction between 8 and bipy (400 MHz, CD,Cl,).
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Figure S-72: 31P{*H} spectrum obtained following reaction between 8 and bipy (162 MHz, CD,Cl,).
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3. HRESI-MS spectra of new compounds
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Figure S-73: HR ESI-MS spectrum of 1a (positive ion, 4 kV).

Intens. +MS, 2.3-2.4min #135-146
1554,6401

8000 -

1555.6428

6000 -

4000 -
1552.6363 15536396

1556.6454

2000 -

1557.6471
L ﬂ 1558.6486
0 A

1+
1554.6384

CagHayIrN;OgP2, 1554.6375
8000 -

1+
1555.6411

6000 -

1+

4 1552.6351
4000 1553.6385

1556.6442

2000 -

1557.6473

1+
1558.6504
A

1550 1552 1554 1556 1558 1560 mz

Figure S-74: HR ESI-MS spectrum of 1b, [M-H]* (positive ion, 4 kV).
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Figure S-75: HR ESI-MS spectrum of 1b, [M]?* (positive ion, 4 kV).
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Figure S-76: HR ESI-MS spectrum of 2a (positive ion, 4 kV).
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Figure S-77: HR ESI-MS spectrum of 3 (positive ion, 4 kV).
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Figure S-78: HR ESI-MS spectrum of 4a (positive ion, 4 kV).
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Figure S-79: HR ESI-MS spectrum of 4b (positive ion, 4 kV).
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Figure S-80: HR ESI-MS spectrum of 5a (positive ion, 4 kV).
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Figure S-81: HR ESI-MS spectrum of 5b (positive ion, 4 kV).
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Figure S-82: HR ESI-MS spectrum of 6a (positive ion, 4 kV).
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Figure S-83: HR ESI-MS spectrum of 6b (positive ion, 4 kV).

itens. S, 0,11 Imin #7-66
x10 8154452

816.1484

054

817.1511

A
x?ﬁgi 1+ CagH3sN202P2Rh, 815.1458
815.1458

1+
1.0 816.1491

054

1+
817.1523

1+
818.1556
A

0.0 T T T T T T
813 814 815 816 817 818 819 820 miz

Figure S-84: HR ESI-MS spectrum of 7 (positive ion, 4 kV).
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Figure S-85: HR ESI-MS spectrum of 8 (positive ion, 4 kV).
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Figure S-86: HR ESI-MS spectrum of 5-phthalimidomethylbipyridine (positive ion, 4 kV).

Intens. +MS, 1.1-1.2min #68-69

5
x10 208:0846

054

209.0874

A 1+ CuHuNsNa, 208.0845
208.0845

054

1+
209.0879

0.0

206 207 208 209 210 211 mz

Figure S-87: HR ESI-MS spectrum of 5-aminomethylbipyridine (positive ion, 4 kV).
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Figure S-88: HR ESI-MS spectrum of 10 (positive ion, 4 kV).
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