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Section 1. NMR Spectra and Mass Spectra of Rotaxanes 
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Figure S1. 1H NMR spectrum of 1⊂α-CD (500 MHz, D2O, 298 K; the assignment of resonances c and d has not 
been rigorously established because it is difficult to detect NOEs b-c and d-e). 
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Figure S2. Selected portion of NOESY of 1⊂α-CD showing the primary interactions between the backbone and 
cyclodextrin (solvent: 60:40 mixture of DMSO-d6 and CD3OD; 500 MHz, 300 ms mixing time, 298 K). The primary 
interactions are CD 5/6/6´ to e and the CD 3 to c and d, demonstrating that the narrow rim resides towards the e/f 
isophthalic group while the wide 2,3 rim is over the middle phenyl ring.  

 
 
 

 
Figure S3. The ESI- LR-MS of 1⊂α-CD (M-H)– with isotopic resolution (top) which is identical to the calculated 
spectrum (bottom) for C62H73O38 the (M-H)– species. 
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Figure S4. 1H NMR of 2⊂α-CD (500 MHz, MeOD-d4, 298 K). The structure shows both positions of the 
cyclodextrin, each of which has about 50% occupancy. 
 

 
Figure S5. NOESY NMR of 2⊂α-CD (500 MHz, d4-MeOH, 298 K, mixing time: 300 ms), showing that there are two 
discrete position of the CD along the dumbbell. CD6 and CD6´, and CD5 show correlation with both proton g, on 
the isophthalic acid ring and proton e on the middle phenyl ring. Strong NOEs are also observed from CD5 to d and 
e (each side of one alkyne) and f and g (each side of the other alkyne). The best evidence that the CD hops 
between two discrete positions is the lack of a significant NOE from CD6/6´ to f. The wide rim of the cyclodextrin 
CD3 shows correlations between b, c and d, which indicates that the large rim must be very close to the tripodal 
end-group. CD3 also shows signals to e and f.  
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Figure S6. The ESI- LR-MS of 2⊂α-CD (M-H)–1 with isotopic resolution (top) which is identical to the calculated 
spectrum (bottom) for C82H87O40. 
 

HO2C

HO2C

CO2H

CO2H

HO2C

A B

a 3

5

6

3

5

6

b

  c  d               e  f                g  h                i

j

 

 
 
 
Figure S7. 1H NMR of 3⊂(α-CD)2 (500 MHz, DMSO-d6, 298 K). The large broad peak at 3.8 ppm is residual H2O. 
The structure shows the pattern of NOEs. 
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Figure S8. A portion of the HSQC spectrum of 3⊂(α -CD)2 (500 MHz 298 K, DMSO-d6). From this spectrum the 
proton region may be assigned by type of proton but it is not possible to determine the specific assignment of each 
proton (e.g. CD A or B). 

 
Figure S9. Portion of the NOESY spectrum of 3⊂(α-CD)2 (500 MHz 298 K, DMSO-d6, 300 ms mixing time) 
showing spin-diffusion through the cyclodextrins. This allows identification of protons as belonging to ring A or B. 
The real NOEs from CD1 to CD2 (in the same pyranose ring) and CD4 (in the next pyranose ring) are much more 
intense than the other signals. 
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Figure S10. The ESI- LR-MS of 3⊂(α-CD)2 (M-2H)2– with isotopic resolution (top) which is similar to the calculated 
spectrum (bottom) for C126H151O70 The (M-2H)2– ion dominates the mass spectrum. A weak peak is also observed 
for (M-H)–. 
 
Section 2. Solution-Phase Synthesis 
Aryl iodide 10a. 4-(Diethyltriazenyl)-1-iodobenzene 9[1](0.167 g, 0.83 mmol), copper(I) 
iodide (3.2 mg, 17 µmol), triphenylphosphine (4.5 mg, 17 µmol), and 
tris(dibenzylideneacetone)dipalladium(0) (4.0 mg, 4.4 µmol) were added to a solution of 
iodoisophthalic acid 5a (0.22g 0.75 mmol) in DMF/triethylamine (9:1, 15 mL). The mixture 
was stirred under N2 for 1.5 h, then partitioned between CH2Cl2 (50 mL) and water (50 mL). Dilute hydrochloric acid 
(2.0 mL) was added to the aqueous phase and it was washed with CH2Cl2 (3 × 50 mL). The organic fractions were 
dried over MgSO4 and evaporated. The brown residue was dissolved in acetonitrile (30 mL) and treated with iodine 
(1.00 g, 3.4 mmol)[2] at reflux for 4 h. The volume of the solution was reduced (5 mL) and diluted with CH2Cl2 (30 
mL). The solution was washed with a dilute aqueous solution of Na2S2O5 (100 mL), water (2 × 50 mL), dried over 
MgSO4 and evaporated to dryness to yield 10a (0.205 g, 70%). M.p. (dec.) 275°C; 1H NMR (400 MHz, (CD3)2SO): δ 
8.44 (s, 1H), 8.24 (d, J = 1.5 Hz, 2H), 7.82 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.3, 2H); 13C NMR (101 MHz, CD3)2SO, 
ppm): δ 166.7, 136.5, 136.4, 134.2, 133.0, 130.8, 124.0, 122.0, 97.0, 90.9, 89.6; HR-MS (ESI– for M–1) calc’d for 
C16H8O4: 390.9462, found 390.9467; m.p. 290–292 °C. 

Dumbbell 1. A solution of aryl iodide 10a (10 mg, 25 µmol), ethynyl 
isophthalic acid 6a[3] (5.8 mg, 31 µmol), palladium(II) acetate (0.3 mg, 1 
µmol, in 100 µL DMSO), TPPTS (1.4 mg, 2.5 µmol) and copper(I) iodide 
(0.2 mg, 1 µmol) in water (0.9 mL) and triethylamine (0.1 mL) was stirred 
under N2 for 1.5 h at 20 °C. The solution was acidified with dilute hydrochloric acid to pH 1 and centrifuged (3200 
rpm, 4 min). The precipitate was washed with water and dried under vacuum to give 1 (95%, 11 mg). M.p. (dec.) 
270°C; 1H NMR (250 MHz, (CD3)2SO): δ 8.45 (t, J = 1.5 Hz, 2H), 8.25 (d, J = 1.5 Hz, 4H), 7.69 (s, 4H). 13C NMR 
(125 MHz, (CD3)2SO): δ 166.7, 136.5, 133.0, 132.8, 123.9, 123.2, 91.2, 90.5 ppm; HR-MS (ESI– for (M-H)–) calc’d 
for C26H14O8: 453.0689, found 453.0605. 

Rotaxane 1⊂α-CD. Aryl iodide 10a (0.15 g, 0.38 mmol), 6a (0.87 g, 0.46 
mmol), palladium(II) acetate (4.3 mg, 19 µmol), TPPTS (22 mg, 38 µmol), 
copper(I) iodide (7.3 mg, 38 µmol) and α-CD (1.45 g, 1.49 mmol) in water 
(20 mL) and triethylamine (2.0 mL) was stirred under N2 for 1.5 h at 20 °C. 
The solution was acidified with dilute hydrochloric acid to pH 1 and 
centrifuged (3200 rpm, 4 min). The supernatant was ultrafiltered with 5 L of water through a 1000 NMWCO 
membrane and evaporated to give pale yellow powder 1⊂α-CD (60 mg, 11 %). 1H NMR (250 MHz, (CD3)2SO): δ 
8.32 (s, 2H), 8.22 (s, 2H), 7.93 (d, J = 8.2 Hz, 2H), 7.90 (s, 2H), 7.76 (d, J = 8.2 Hz, 2H), 5.04 (d, J = 3.1 Hz, 6H), 
4.03 (d, J = 9.8 Hz, 6H), 3.89-3.87 (m, 6H), 3.76–3.72 (m, 12H), 3.69–3.65 (m, 6H), 3.59–3.56 (m, 6H); 13C NMR 
(125 MHz, (CD3)2SO): δ 174.1 173,4, 134.1, 133.6, 132.3, 131.2, 129.6, 129.5, 123.4, 122.1, 121.7, 121.1, 101.9, 
91.5, 90.7, 89.2, 88.8, 80.9, 73.5, 72.2, 71.8, 59.7 ppm; λmax (MeOH), (log ε) 322 nm (4.57) 344 nm (4.45); LR-MS 
(ESI–) m/z 1425.4 (M-H)–. 
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Bulky aryl iodide stopper 11. A solution of CrO3 (12.0 g, 120 mmol) in conc. H2SO4 (16 
mL) was added slowly with cooling to acetic acid (120 mL) and acetic anhydride (48 
mL) at 10°C. A solution of 1-(4-iodophenyl)-1,1,1-tri(p-tolyl)methane[4] (5.9 g, 12.2 
mmol) in CH2Cl2 (15 mL) was added slowly to this mixture, and stirred for 30 min before 
precipitating the product with water (300 mL). The product was repeatedly precipitated 
by dissolving in 1% NaOH and precipitating with 1% HCl to yield a white solid 11 (3.95 
g, 55%). M.p. (dec.) 258°C; λmax (H2O)/nm 238 (ε = 21,100); 1H NMR (400 MHz, 
D2O/NaOH) δ 6.87 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 8.5 Hz, 6H), 7.31 (d, J = 8.5 Hz, 
2H), 7.57 (d, J = 8.5 Hz, 6H); 13C NMR (100 MHz, D2O/NaOH) δ 65.6, 94.0, 129.7, 
130.1, 131.3, 133.4, 137.9, 145.8, 150.8, 167.8; m/z (TOF MS ES–) 577.0142 (C28H18O6I, [M]–, requires 577.0148). 

Aryl iodide 12. This compound was prepared in the following four steps, 
without fully characterizing all the intermediates: 
(a) Esterification: A solution of 11 (0.40 g, 0.69 mmol) in methanol (44 mL) 
and H2SO4 (0.4 mL) was heated at reflux for 4 h, then partitioned between 
CH2Cl2 (100 mL) and water (75 mL). The organic layer was dried over 
MgSO4 and evaporated to give a pale yellow powder which was used 
without further purification. M.p. (dec.) 85°C; 1H NMR (400 MHz, 
CDCl3/(CD3)2SO (1:1), ppm): δ 7.82 (d, J = 8.0 Hz, 6H), 7.55 (d, J = 8.0 Hz, 
2H), 7.23 (d, J = 8.0 Hz, 6H), 6.90 (d, J = 6.9, 2H), 3.79 (s, 9H). 
(b) Sonogashira Coupling: The methyl ester was dissolved in acetonitrile (10 mL) and triethylamine (5 mL), treated 
with 9 (0.167 g, 0.83 mmol), copper(I) iodide (3.2 mg, 17 µmol), triphenylphosphine (4.5 mg, 17 µmol), and 
tris(dibenzylideneacetone)dipalladium(0) (4.0 mg, 4.4 µmol) and heated at 45°C for 1.5 h under nitrogen, then 
partitioned between CH2Cl2 (50 mL) and water (50 mL). The organic layer was washed with dilute hydrochloric acid 
(2.0 mL), dried over MgSO4 and evaporated to give a dark red solid that was used without further purification.  
(c) Triazene-Iodide Conversion: The triazene stopper was treated with iodine (1.00 g, 3.43 mmol) in acetonitrile (30 
mL) and heated at reflux for 4 h. The reaction mixture was evaporated, redissolved in CH2Cl2 (30 mL), washed with 
dilute aqueous Na2S2O5 (100 mL) and water (2 × 50 mL), dried over MgSO4 and evaporated to yield 12a. 
(d) Ester Hydrolysis: The aryl iodide intermediate 12a was dissolved in a saturated solution of lithium hydroxide in 
THF/water (9:1, 50 mL) and heated at reflux for 4 h, then partitioned between water (50 mL) and CH2Cl2 (50 mL). 
The product was precipitated from the aqueous layer by acidification to pH 1 with dilute hydrochloric acid, isolated 
by centrifugation (3200 rpm, 4 minutes), washed with water (2 × 50 mL) and dried under vacuum to give 12 (0.280 
g, 60% over four steps). M.p. (dec.) 248°C; 1H NMR (500 MHz, (CD3)2SO): δ 7.91 (d, J = 8.5 Hz, 6H), 7.80 (d, J = 
8.5 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H), 7.34–7.32 (m, 8H), 7.25 (d, J = 8.5 Hz, 2H) ppm; 13C NMR (125 MHz, 
(CD3)2SO): δ 166.9, 149.8, 137.6, 133.2, 131.3, 130.7, 130.5, 129.2, 128.9, 90.1, 65.0 ppm; λmax (MeOH), (log ε) 
298 nm (4.63), 316 nm (4.60); HR-MS (ESI– for M–1) calc’d for C36H23IO6: 677.0456, found: 677.0448. 

Extended Aryl iodide 13. This compound was prepared from 11 
(0.40 g, 0.69 mmol) using the same procedure as for the 
synthesis of 12 (above) with a second round of Sonogashira 
coupling and triazene-iodide conversion (five steps: a, b, c, b, c, 
d) to give 13 (0.36 g, 68% over five steps). M.p. > 350°C; 1H 
NMR (500 MHz, (CD3)2SO): δ 7.91 (d, J = 8.5 Hz, 6H), 7.81 (d, J 
= 8.5 Hz, 2H), 7.60–7.54 (m, 6H), 7.36 (d, J = 8.5 Hz, 2H), 7.33 
(d, J = 8.5 Hz, 6H), 7.25 (d, J = 8.5 Hz, 2H) ppm; 13C NMR (125 
MHz, (CD3)2SO): δ 166.9, 149.8, 137.7, 133.2, 131.7, 131.4, 130.7, 130.5, 129.3, 128.9, 122.5, 122.3, 121.4, 90.6, 
65.0 ppm; λmax (MeOH), (log ε) 328 nm (4.74), 349 nm (4.53); HR-MS (ESI– for M–1) calc’d for C44H27IO6: 777.0769, 
found: 777.0746. 

Dumbbell 2: Aryl iodide 12 (0.046 g, 73 µmol) was dissolved in 
water (5.0 mL) with sodium carbonate (0.100 g, 0.94 mmol). 
Stopper 6a (0.010 g, 52 µmol), copper(I) iodide (0.6 mg, 3 
µmol), TPPTS (1.7 mg, 3 µmol) and palladium(II) acetate (0.35 
mg, 1.6 µmol, solution in 100 µL DMSO) were added. The 
mixture was stirred under N2 for 30 min, acidified to pH 1 with 
dilute hydrochloric acid and centrifuged (3200 rpm, 4 min). The 
precipitate was washed with water (3 × 5 mL) and dried under vacuum to give 2 as a brown powder (0.047 g, 94%). 
By HPLC (325 nm) the product was 90% pure at this stage. It was further purified semi-preparative HPLC, to give 
an off white powder (5.0 mg, 10%). M.p. (dec.) 272°C; 1H NMR (500 MHz, (CD3)2SO): δ 8.45 (t, J = 1.5 Hz, 1H), 
8.27 (d, J = 1.5 Hz, 2H), 7.92 (d, J = 8.8 Hz, 6H), 7.69 (d, J = 8.2 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.57 (J = 8.2 
Hz, 2H), 7.35 (d, J = 8.5 Hz, 6H), 7.27 (d, J = 8.8 Hz, 2H) ppm; 13C NMR (125 MHz, (CD3)2SO): δ 166.9, 165.9, 
149.8, 132.0, 131.7, 131.4, 130.7, 130.5, 129.2, 128.9, 92.5, 91.3, 89.7, 88.5, 65.0 ppm; λmax (MeOH), (log ε) 324 
nm (4.80), 344 nm (4.63); HR-MS (ESI– for M-H–1) calc’d for C46H28O10: 739.1599, found: 739.1598. 
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Rotaxane 2⊂α-CD. Aryl iodide 12 (0.100 g, 0.147 mmol) was 
dissolved in water (10.0 mL) with sodium carbonate (0.200 g, 
1.89 mmol) and α-CD (1.45 g, 1.49 mmol). Stopper, 6a, 
(0.034 g, 0.177 mmol), copper(I) iodide (2.80 mg, 14 µmol), 
TPPTS (8.35 mg, 18 µmol) and palladium(II) acetate (1.60 
mg, 7.35 µmol, solution in 400 µL DMSO) were added. The 
mixture was stirred under N2 for 2 h, acidified to pH 1 with 
dilute hydrochloric acid and centrifuged (3200 rpm, 4 min). 
The supernatant was ultrafiltered with aqueous ammonia (0.1%, 5 L) through a 1000 NMWCO membrane, reduced 
to 10 mL, acidified and centrifuged. The residue was dried in vacuo to give 2⊂α-CD as a pale brown powder 
(0.031 g, 12.3%). M.p. (dec.) 250°C; 1H NMR (500 MHz, (CD3)2SO): δ 8.65 (s, 1H), 8.19 (d, J = 1.5 Hz, 2H), 8.00 
(d, J = 8.5 Hz, 6H), 7.94 (d, J = 8.0 Hz, 2H), 7.74-7.69 (m, 4H), 7.47 (d, J = 8.5 Hz, 6H), 7.42 (d, J = 8.5 Hz, 2H), 
4.91 (d, J = 3.0 Hz), 4.02-4.01 (m, 6H), 3.92-3.89 (m, 6H), 3.71-3.67 (m, 12H), 3.60-3.56 (m, 6H), 3.46-3.44 (m, 
6H); 13C NMR (125 MHz, (CD3)2SO): δ 168.3, 166.3, 150.6, 135.5, 132.5, 132.1, 131.2, 129.3, 129.1, 128.7, 102.6, 
92.5, 91.3, 89.7, 88.5, 81.8, 73.7, 72.3, 60.3, 29.3; λmax (methanol), (log ε) 329 nm (4.77), 349 nm (4.65); LR-MS 
(ESI–) m/z 1711 (M-H)–. 

Long dumbbell 3. Extended aryl iodide 13 (50 mg, 
64 µmol) was dissolved in water (5.6 mL) with 
sodium carbonate (0.220 g, 2.07 mmol). Stopper 6a 
(6 mg, 32 µmol), copper(I) iodide (0.6 mg, 3 µmol), 
TPPTS (1.7 mg, 3.0 µmol) and palladium(II) acetate 
(0.3 mg, 1.5 µmol), solution in 200 µL DMSO) were 
added. The solution was stirred under nitrogen for 2 
h at 45° C, acidified to pH 1 with 2 M hydrochloric 
acid and centrifuged (3200 rpm, 4 min). The precipitate was washed with water (3 x 5 mL and dried under vacuum 
to give a brown powder (0.049 g, 92%). By HPLC (325 nm) the product was 80% pure at this stage. It was further 
purified by semi-preparative HPLC to give 3 as an off white powder (4.0 mg, 8%). M.p. > 350°C; 1H NMR (500 
MHz, (CD3)2SO): δ 8.46(s, 1H), 8.27 (d, J = 1.3 Hz, 2H), 7.90 (d, J = 8.5 Hz, 6H), 7.70 (d, J = 8.2 Hz, 2H), 7.65-
7.59 (m, 6H), 7.56 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.5 Hz, 6H), 8.26 (d, J = 8.2 Hz, 2H) ppm; 13C NMR (125 MHz, 
(CD3)2SO): δ 166.9, 165.9, 149.9, 135.5, 132.0, 131.8, 131.8, 131.8, 131.4, 130.7, 130.5, 129.3, 128.9, 122.6, 
120.1, 92.2, 88.5, 65.0 ppm; λmax (methanol), (log ε) 334 nm (4.93); HR-MS (ESI– for M-H)–1 calc’d for C54H32O10: 
839.1912, found: 839.1905. 

[3]Rotaxane 3⊂(α-CD)2. Extended aryl iodide 13 
(0.046 g, 59 µmol) was dissolved in water (5.6 mL) 
with sodium carbonate (0.220 g, 2.07 mmol) and α-
CD (1.46 g, 1.5 mmol). Stopper 6a (0.011 g, 58 
µmol), copper(I) iodide (1.2 mg, 6.3 µmol), TPPTS 
(3.6 mg, 6.3 µmol) and palladium(II) acetate (0.71 
mg, 3.1 µmol), solution in 200 µL DMSO) were 
added. The solution was stirred under N2 for 2 h at 
45° C, acidified to pH 1 with 2 M hydrochloric acid and centrifuged (3200 rpm, 4 min). The supernatant was 
ultrafiltered with ammonium hydroxide (0.1%, 5 L) through a 1000 NMWCO membrane. The solution was acidified 
to pH 1 and reduced in volume to 2 mL. Acetonitrile was added (2.0 mL) and the suspension centrifuged (3200 
rpm, 4 minutes). The supernatant was collected and evaporated to dryness to give 3⊂(α-CD)2 as a white powder 
(4.0 mg, 2.4%). M.p. > 350°C; 1H NMR (500 MHz, (CD3)2SO): δ 8.47 (s, 1H), 8.00 (d, J = 7.9 Hz, 2H), 7.93-7.91 (m, 
8H), 7.85 (d, J = 7.9 Hz, 2H), 7.68-7.65 (m, 4H), 7.45 (d, J = 8.5 Hz, 6H), 7.42-7.38 (m, 4H), 4.77 (d, J = 2.2 Hz, 
6H), 4.72 (d, J = 2.2 Hz, 6H), 3.83-3.73 (m, 18H), 3.68-3.63 (m, 6H), 3.51-3.36 (m, 30H), 3.23–3.22 (m, 12H) ppm; 
13C NMR (125 MHz, (CD3)2SO): δ 167.5, 165.7, 150.4, 145.5, 134.7, 132.9, 132.3, 132.0, 131.4, 131.3,130.5, 
130.3, 129.5, 128.4, 122.8, 122.6, 122.5, 121.6, 120.9, 102.1, 101.9, 92.2, 88.5, 82.1, 82.0, 81.3, 73.3, 73.1, 72.2, 
72.1, 71.9, 71.7, 65.3, 60.0, 59.6, 48.6 ppm; λmax (DMSO), (log ε) 348 nm (4.79); LR-MS (ESI–) m/z 1392 (M-2H)2–. 
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Section 3. Solid-Phase Synthesis 
Alcohol-functionalized controlled-pore glass (CPG-OH) 
A solution of 4[5] (0.500 g, 2.1 mmol), HBTU (0.945 g, 2.5 mmol), DMAP (0.304 g, 2.5 mmol) and DIPEA 
(0.578 mL, 3.3 mmol) was added to controlled-pore glass (2.20 g, 0.196 mmol/g aminopropyl silylated, 
pore size of 500 Å, Prime Synthesis Inc., dried under vacuum at 100° C for 6 h). The suspension was 
agitated occasionally for 18 h, then the solid was filtered off, washed with DMF (3 × 50 mL), methanol 
(3 × 50 mL), water (2 × 50 mL), methanol (2 × 50 mL), and CH2Cl2 (3 × 50 mL). A few milligrams of 
CPG was then subjected to the ninhydrin test (beads suspended in 6% ninhydrin in ethanol and heated 
at 120 °C for 10 min) for primary amines and was found to be negative (no color change). The 
remaining CPG was then suspended in a 3:1 solution of methanol:CH2Cl2 (4 mL) with p-toluenesulfonic 
acid (0.018 mg, 9.5 × 10-5 mol). The suspension was agitated occasionally for 3 h, filtered and washed 
with methanol (3 × 100 mL), water (2 × 100 mL), and CH2Cl2(3 × 100 mL) and dried in vacuo to give 
CPG-OH (2.0 g). 

Support-bound Aryl Iodide 12b. This intermediate was synthesised in three 
steps from CPG-OH: 
(a) Attachment of stopper 11 to the support: CPG-OH (0.80 g, 0.16 mmol) was 
added to a solution of 11 (0.158 g, 0.28 mmol), isophthalic acid (0.081 g, 0.48 
mmol), pyBOP (0.346 g, 0.76 mmol) and DIPEA (0.188 mL, 1.08 mmol) in DMF 
(1.0 mL) and the suspension agitated occasionally for 18 h. The solid was then 
filtered and washed DMF (3 × 50 mL), methanol (3 × 50 mL), water (2 × 50 mL), 
methanol (2 × 50 mL), and CH2Cl2 (3 × 50 mL), then dried under vacuum at 40° 
C for 4 h to give an off-white powder (0.80 g). 
(b) Sonogashira Coupling: The solid-phase intermediate (0.70 g) was treated with a solution of 
tris(dibenzylideneacetone)dipalladium(0) (0.024 g, 20 µmol), triphenylphosphine (0.028 g, 0.11 mmol), copper(I) 
iodide (0.010 g, 53 µmol), and 9 (0.265 g, 1.3 mmol) in DMF /triethylamine (9:1) (3.4 mL) under N2 for 6 h at 20 °C. 
The solid was then filtered and washed DMF (3 × 50 mL), methanol (3 × 50 mL), water (2 × 50 mL), methanol (2 × 
50 mL), and CH2Cl2 (3 × 50 mL), then dried under vacuum at 40° C for 4 h to give an off-white powder (0.70 g). 
(c) Triazene-Iodide Conversion: The solid-phase intermediate (0.70 g) was treated with a solution of iodine (0.100 
g, 0.40 mmol) in acetonitrile (4.0 mL) under N2 at 68° C for 5 h. The suspension was filtered and washed with 
acetonitrile (3 × 30 mL), methanol (2 × 30 mL), water (2 × 30 mL), and CH2Cl2 (2 ×30 mL) then dried under vacuum 
at 40° C for 4 h to give 12b as an off-white powder (0.70 g). (A small sample of this material was analysed by 
cleavage of the ester-link with LiOH, followed by HPLC, showing 
complete conversion to 12.) 

Support-bound Extended Aryl Iodide 13b. This intermediate was 
synthesised from solid-phase intermediate 12b by a second round 
of Sonogashira coupling and triazene-iodide conversion (five steps: 
b and c above). (A small sample of this material was analysed by 
cleavage of the ester-link with LiOH, followed by HPLC, showing 
complete conversion to 13.) 

Solid-Phase Syntheses of Dumbbells 2 and 3: To a suspension of 
12b/13b, respectively (0.030 g) in water (0.75 mL) and sodium carbonate (0.040 g, 3.8 mmol), stopper, 6a, (3.0 
mg, 16 µmol), copper(I) iodide (0.20 mg, 1.0 µmol), TPPTS (1.6 mg, 2.8 µmol, in 50 µL H2O) and palladium(II) 
acetate (0.32 mg, 1.4 µmol, in 100 µL DMSO) were added. The suspension was saturated with N2 and heated at 
45° C for 3.5 h with occasional agitation. The solid was filtered off and washed with water (3 × 20 mL), methanol (2 
× 20 mL) and CH2Cl2 (2 × 20 mL), and analysed by HPLC (see Section 4). 

Solid-Phase Syntheses of Rotaxanes 2⊂α-CD and 3⊂(α-CD)2: The solid-phase intermediate 12b/13b (0.030 g) 
was suspended in a solution of sodium carbonate (0.040 g, 0.38 mmol) and α-CD (0.25 g, 0.26 mmol) in water 
(0.75 mL) under N2 at 45° C for 10 min. Stopper 6a (3.0 mg, 16 µmol), copper(I) iodide (0.200 mg, 1.0 µmol), 
TPPTS (1.6 mg, 2.8 µmol, in 50 µL H2O) and palladium(II) acetate (0.32 mg, 1.4 µmol, in 100 µL DMSO) were 
added. The suspension was heated at 45° C under N2 for 3.5 h with occasional agitation. The reaction mixture was 
filtered and the beads washed with water (3 × 20 mL), methanol (2 × 20 mL) and CH2Cl2 (2 × 20 mL), and analysed 
by HPLC (see Section 4). 
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Section 4. HPLC Traces of Rotaxanes from Solid-Phase and Solution Synthesis 
HPLC analyses were carried out on an HP 1100 series workstation using a Zorbax Eclipse XDB C8 analytical 
column (4.6 x 15 mm, 5 micron). The analytes were eluted using a timetabled two-solvent gradient system and 
monitored using a diode array detector [Solvent A = 0.25% w/v dicyclohexylammonium phosphate (CHAPS) in 
ultra-pure water, Solvent B = MeOH]. At t = 0 the solvent was 70% A, 30% B. At t = 10 min the solvent reached 
100% B and stayed at that composition until t = 12 min. At t =12.1 min the solvent returned to 70% A, 30% B. The 
method ended at t = 15 min. Semi-preparative HPLC was carried out using a Zorbax Eclipse XDB C8 semi-
preparative column (9.4 x 250 mm, 5 micron) using the same solvent gradient. 

 
Figure S11. UV-vis absorption spectra (inset) and HPLC comparison of dumbbell 2 synthesized in solution (red) 
and on the solid-phase (blue). 

 
Figure S12. UV-vis absorption spectra (inset) and HPLC comparison of dumbbell 3 synthesized in solution (red) 
and on the solid-phase (blue). 

 
Figure S13. UV-vis absorption spectra (inset) and HPLC comparison of [2]rotaxane 2⊂α-CD synthesized in 
solution (red) and on the solid-phase (blue). A small amount of dumbbell 2 can be identified at 9.7 min in the 
sample from solid-phase synthesis. 
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Figure S14. UV-vis absorption spectra (inset) and HPLC comparison of [3]rotaxane 3⊂(α-CD)2 synthesized in 
solution (red) and on the solid-phase (blue). 
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