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Part 1: General information

All reagents and solvents were used as obtained from commercial suppliers, unless
otherwise stated. Dry solvents, EtsN and DIPEA were purchased dry and stored under an
inert atmosphere. Petrol refers to the fractions of petroleum that boil between 40°C and
60°C. Deionized water was used in all cases. All agueous solutions are saturated unless
otherwise stated.

Silica gel with a 60 A particle size was used as the stationary phase for column
chromatography. Analytical TLC was used to monitor the progress of column
chromatography, with analytical TLC plates examined under short wavelength (254 nm) UV
light or staining with potassium permanganate and/or phosphomolybdic acid solutions.
Preparatory TLC was carried out on silica gel possessing a fluorescent indicator to allow for
examination with short wavelength UV light.

IR spectra were recorded on an Agilent Technologies Cary 630 FTIR spectrometer. NMR
spectra were recorded on Bruker AVANCE Il 400 or Bruker Neo 400 spectrometers at 298 K
(unless otherwise stated). Mass spectra were recorded on Bruker Compact ToF coupled to
an Agilent 1260 Infinity LC and Shimadzu LCMS-8040 instruments. Melting points were
recorded on a Gallenkamp capillary melting point apparatus and are uncorrected.

Dimethyl 5-tert-butylisophthalate,* compounds 5,2 7,2 8, and 24-crown-8 (24-c-8)° were
synthesized by adaptation of previously reported procedures.

In addition, ESI-3® was synthesized by adaptation of previously reported procedures.
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Part 2a: Experimental procedures for main article

Compound 1

1 A solution of dimethyl 5-tert-butylisophthalate (3.5 g, 13.9 mmol) in CH30H
2 (150 mL) was cooled to 0 °C under nitrogen. NaBH4 (26.4 g, 699 mmol) was
added in 50 mmol portions every 30 minutes until the total amount was
added. The reaction was stirred for a further hour then quenched with
7 NaHCOs (aq). Excess CH3OH was removed in vacuo. The remaining aqueous

solution was extracted with CH;Cl, (3 x 100 mL). The combined organic
layers were dried (MgS04) and concentrated in vacuo. The crude material was purified by
silica gel column chromatography (Petrol:EtOAc 4:1) to afford the title product (1.63 g,
53%) as a colourless solid.

m.p. 111-113 °C.
Ry: 0.36 [EtOAc:Petrol 1:4].

Su (400 MHz, CDCls): 8.02 (1H, s, H%), 7.87 (1H, s, H8), 7.62 (1H, s, H11), 4.76 (2H, s, H1°), 3.94
(3H, s, H7), 1.37 (9H, s, HY).

8c (100 MHz, CDCls): 167.4 (CF), 152.0 (C3), 140.9 (C?), 130.2 (C%), 128.6 (C11), 125.9 (C%),
125.3 (C8), 65.2 (C°), 52.1 (C7), 34.9 (C?), 31.3 (CY).
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Synthesis of Compound 2

(1) SOCl, Boc,0, J<
Cat. DMF L|AIH4 DIPEA )k
2) NH,OH CH OH

95% 92% 2%
ESI-1 ESI-2

Compound ESI-1

Q To a flask containing 3-hydroxy-5-(trifluoromethyl)benzoic acid (500 mg,
8°NH; 2,42 mmol) was added SOCI; (7 mL) and a catalytic amount of DMF. The
flask was connected to a reflux condenser fitted with a CaCl, drying tube

7CF3

and the reaction was refluxed with stirring for 5 hours. The reaction was
cooled to room temperature and excess SOCI; was then removed by vacuum distillation.
The crude material was redissolved in dry THF (7 mL) and cooled to 0 °C. Conc. NH4OH (aq)
(2 mL) was then added dropwise. The reaction was allowed to warm to room temperature
and stirred for a further 5 hours. Excess THF was then removed in vacuo. The crude
material was then redissolved in water (10 mL) and stirred for 5 minutes. The resulting
precipitate was collected by vacuum filtration and washed with water to afford the title
product (472 mg, 95%) as an off-white solid.

m.p. 187-189 °C

Su (400 MHz, ds-DMSO): 10.37 (1H, bs, HOM), 8.12 (1H, bs, H%), 7.64 (1H, s, H%), 7.54 (1H, s,
H2), 7.52 (1H, bs, H*), 7.19 (1H, s, H®).

8c (100 MHz, d-DMSO): 166.9 (C8), 158.4 (C1), 137.4 (C3), 130.6 (q, J = 32 Hz, C5), 124.3 (q, J
=274 Hz, C7), 119.0 (C?), 114.9 (g, J = 4 Hz, C%), 114.6 (q, J = 4 Hz, C5).

8¢ (377 MHz, dg-DMSO): —61.2.
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Compound ESI-2

Ho 1 2.3 %« To aflask containing dry THF (20 mL) cooled to O °C was added LiAlH4 (739
mg, 19.5 mmol) portion wise. The flask was then placed under an argon
atmosphere. To the above solution was added a dropwise solution of ESI-1
(800 mg, 3.90 mmol) in dry THF (5 mL). The reaction was then heated to
reflux with stirring for 6 hours. Upon cooling to room temperature, the excess LiAlHs was

7CF3

guenched with water (5 mL). The reaction mixture was filtrated through cotton and sand
and washed with CH30H (10 x 5 mL). The filtrate was concentrated in vacuo to afford the
title product (687 mg, 92%) as an off-white solid.

m.p. 167-169 °C.

o1 (400 MHz, CD30D): 6.73 (2H, app s, H>* & H®), 6.66 (1H, s, H*), 3.67 (2H, s, H®).

8c (100 MHz, CD3OD): 167.8 (C'), 143.9 (C3), 130.9 (q, J = 32 Hz, C%), 123.5 (q, J = 270 Hz,
C7), 120.8 (C?), 113.5 (g, J = 4 Hz, C5), 108.3 (q, J = 4 Hz, C%), 45.5 (C?).

Or (377 MHz, CD30D): —63.8.
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Compound 2

o To a solution of ESI-2 (840 mg, 4.39 mmol) in CH30H (25 mL) cooled

o 2t L 16 .09C was added DIPEA (339 mg, 4.58 mL, 26.3 mmol), followed by
6 s Mo a solution of Boc,0 (1.00 g, 4.61 mmol) in CH30OH (5 mL) dropwise.
7c5F3 The reaction was stirred at 0 °C for 3 hours, then all volatiles were

removed in vacuo. The crude material was re-dissolved in CHCIs (50
mL) and washed with 1M HCI (aq) (2 x 30 mL). The organic layer was dried (MgS0a4) and
concentrated in vacuo to afford the title product (923 mg, apparent yield 72%) as an off-
colourless crystalline solid. Impurities were detected in NMR spectra but material was
deemed to be sufficiently pure to be used without the need for further purification.

m.p. 139-142 °C (dec).

Su (400 MHz, CDCls): 7.05 (1H, s, H%), 6.97 (1H, s, H), 6.93 (1H, s, H?), 5.03 (1H, bs, H%), 4.32
(2H, bd, J = 5.6 Hz, H8), 1.50 (9H, s, HY).

8c (100 MHz, CDCls): 156.6 (C1), 156.3 (C%), 141.6 (C3), 132.2 (g, J = 32 Hz, C%), 123.5 (g, J =
271 Hz, C7), 117.4 (C?), 115.7 (C%), 111.6 (C), 80.4 (C1°), 44.0 (C8), 28.4 (C).

Or (377 MHz, CDCI3): —62.8.
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Compound 3

Methanesulfonyl chloride (843 mg, 0.57 mL, 7.31
mmol) and EtsN (975 mg, 1.35 mL, 9.74 mmol) were
added to a solution of 1 (1.08 g, 4.87 mmol) in dry
CHCl; (20 mL) under argon cooled to 0 °C. The reaction
was stirred for 3 hours then quenched with NaHCOs
(ag) (20 mL). The organic and aqueous layers were

separated, and the aqueous layer washed with CH;Cl;
(30 mL). The combined organic layers were dried (MgS04) and concentrated in vacuo to
afford the mesylated alcohol. To a separate flask containing 2 (1.42 g, 4.87 mmol) dissolved
in dry CH3CN (20 mL) was added K,COs (807 mg, 5.84 mmol). The solution was stirred for
10 minutes then a solution of the mesylated alcohol in dry CH3CN (5 mL) was added. The
reaction was then refluxed with stirring under argon for 16 hours. Upon cooling to room
temperature, the reaction mixture was filtrated under gravity and concentrated in vacuo.
The crude material was purified by silica gel column chromatography (Heptane:EtOAc 3:1)
to afford the title product (1.58 g, 72%) as a clear gel.

Ry: 0.23 [EtOAc:Heptane 1:3].

IR Vmax (neat): 3375 (N-H), 2967 (C-H), 1709 (2 x C=0).

Su (400 MHz, CDCl3): 8.09 (1H, app t, H!8), 7.95 (1H, app t, H2°), 7.66 (1H, app t, H4), 7.17
(1H, s, H6), 7.15 (1H, s, H%), 7.13 (1H, s, HY), 5.12 (2H, s, H!2), 4.94 (1H, bs, H%), 4.36 (2H, bd,
J=5.6 Hz, H%), 3.95 (3H, s, H?2), 1.49 (9H, s, H1), 1.39 (9H, s, HY7).

8c (100 MHz, CDCls): 167.1 (C?), 159.0 (C9), 155.9 (C3), 152.2 (C'5), 141.9 (C5), 136.1 (C3),
132.1 (q, J = 32 Hz, C7), 130.4 (C%), 129.3 (C4), 126.6 (C8), 126.1 (C2°), 123.7 (q, J = 278 Hz,
C8), 117.2 (C*Y), 116.5 (q, J = 4 Hz, C8), 110.5 (g, J= 4 Hz, C%), 79.9 (C?), 70.2 (C'2?), 52.2 (C?2),
44.2 (C*%), 34.9 (C'®), 31.3 (CY7), 28.4 (CY).

8¢ (377 MHz, CDCls): —62.6.

m/z (ES): 518.2130 ([M+Na]* C26H32FsNNaOs requires 518.2125).
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Compound 4

To a solution of Boc-amine-ester 3 (1.55 g, 3.12 mmol) in
CH3O0H (15 mL) was added a solution of KOH (2.27 g, 40.6
mmol) in water (0.5 mL). The reaction was stirred for 5
hours then acidified to pH 3 with 1M HCI (aq). Excess
CHsOH was then removed in vacuo and the resulting

precipitate was collected by vacuum filtration to afford
the title product (1.15 g, 76%) as a colourless solid.

m.p. 188-190 °C (dec).

IR Vmax (neat): 2967 (C-H), 1690 (2 x C=0).

Su (400 MHz, CDCls): 8.15 (1H, s, H!8), 8.02 (1H, s, H2), 7.71 (1H, s, H4), 7.18 (1H, s, H9),
7.15 (2H, bs, H® & H), 5.14 (2H, s, H'2), 4.95 (1H, bs, H*), 4.37 (2H, bd, J = 5.2 Hz, H%), 1.49
(9H, s, HY), 1.40 (9H, s, H?).

8c (100 MHz, CDCl3): 171.3 (C?Y), 159.1 (C9), 156.0 (C3), 152.3 (C'5), 141.9 (C°), 136.3 (C23),
132.1 (q, J = 32 Hz, C7), 130.0 (C%4), 129.7 (C2°), 127.2 (C8), 126.6 (C2°), 123.8 (q, J = 271 Hz,
C8), 117.2 (CY), 116.6 (C8), 110.6 (C), 79.9 (C?), 70.1 (C*?), 44.3 (C*), 34.9 (C6), 31.2 (C7),
28.4 (CY).

8¢ (377 MHz, CDCl3): -62.7.

m/z (ES): 504.1976 ([M+Na]+C25H30F3NNaO5 requires 504.1968).
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Compound 6

To a solution of 4 (1.09 g, 2.26 mmol) in dry
CH3CN (20 mlL) was added DCC (513 mg,
2.49 mmol) and N-hydroxysuccinimide (286
mg, 1.49 mmol). The reaction was then
stirred at room temperature under argon
for 16 hours. The reaction mixture was

filtrated under gravity and concentrated in
vacuo. The crude material was redissolved in dry CH2Cl; (20 mL) and placed under argon.
To the solution was added 5 (406 mg, 2.49 mmol) and EtsN (272 mg, 0.37 mL, 2.71 mmol).
The reaction was then stirred at room temperature for 16 hours. The reaction mixture was
then washed with 1M HCI (aq) (2 x 20 mL), NaHCO3 (aq) (2 x 20 mL) and water (1 x 20 mL).
The organic layer was dried (MgS0a4) and concentrated in vacuo. The crude material was
purified by silica gel column chromatography (Heptane:EtOAc 3:1) to afford the title
product (941 mg, 67%) as a sticky colourless solid.

Ry:. 0.36 [EtOAc:Heptane 1:3].
IR Vmax (neat): 3304 (N-H), 2967 (C-H), 1690 (C=0), 1638 (C=0).

31 (400 MHz, CDCls): 7.87 (1H, app t, H'1), 7.62 (1H, bs, HY), 7.59 (1H, bs, H'®), 7.31 (2H, d,
J=8.5Hz, H®), 7.15 (1H, s, H*3), 7.12 (2H, bs, H?° & H?°), 6.92 (2H, d, J = 8.5 Hz, H>), 6.52 (1H,
bs, H%), 6.12-6.02 (1H, m, H?), 5.43 (1H, dq, /= 17 Hz, 1.5 Hz, H'), 5.30 (1H, dq, J = 11 Hz, 1.5
Hz, HY), 5.09 (2H, s, H8), 4.98 (1H, bs, HP), 4.62 (2H, d, J = 5.6 Hz, H8), 4.55 (2H, dt, J = 5.2
Hz, 1.5 Hz, H3), 4.33 (2H, bd, J = 5.2 Hz, H?®), 1.48 (9H, s, H?°), 1.37 (9H, s, H?).

8c (100 MHz, CDCl3): 167.4 (C%), 158.9 (C%), 158.1 (C*), 155.9 (C?7), 152.2 (C?), 141.9 (C?4),
136.1 (C%), 134.7 (C°), 133.1 (C?), 132.1 (g, J = 32 Hz, C?1), 130.5 (C7), 129.3 (C?), 127.9
(C%5), 124.2 (C1), 123.7 (q, J = 278 Hz, C2?), 123.1 (CY7) 117.7 (CY), 117.1 (C*5), 116.5 (C23),
114.9 (C®), 110.6 (C2°), 79.9 (C%8), 70.2 (C?), 68.8 (C3), 44.2 (C?5), 43.6 (C?), 34.9 (C®3), 31.2
(C14), 28.3 (C?9).

8¢ (377 MHz, CDCl3): —62.7.

m/z (ES): 649.2879 ([M+H]* C3sH41FsN2NaOs requires 649.2860).
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Half Axle HA-1

Boc-amine-alkene 6 (600 mg, 0.95 mmol) was
dissolved in dry CH,Cl; (15 mL) under argon and
cooled to 0 °C. To the solution was added TFA (1.08
g, 0.73 mL, 9.57 mmol). The reaction was allowed to
warm to room temperature and stirred for 4 hours.
All volatiles were then removed in vacuo. The crude

material was redissolved in EtOAc (20 mL) and
washed with NaHCOs (aq) (25 mL). The aqueous was then extracted with EtOAc (2 x 20 mL).
The combined organic layers were dried (MgS04) and concentrated in vacuo to afford the
title product (500 mg, 99%) as a clear gel.

IR Vmax (neat): 3285 (N-H), 2957 (C-H), 1634 (C=0).

Sn (400 MHz, CDCl3): 7.85 (1H, app t, H%), 7.64 (1H, s, HY7), 7.58 (1H, s, H'S), 7.29 (2H, d, J = 8.5 Hz,
HE), 7.20 (1H, s, H23), 7.17 (1H, s, H?5), 7.11 (1H, s, H°), 6.91 (2H, d, J = 8.5 Hz, HS), 6.58 (1H, bs,
H%), 6.11-6.01 (1H, m, H2), 5.43 (1H, dq, J = 17 Hz, 1.5 Hz, HY), 5.30 (1H, dq, J = 17 Hz, 1.5 Hz, HY),
5.10 (2H, s, H'8), 4.59 (2H, d, J = 5.6 Hz, H8), 4.54 (2H, dt, J = 5.2, 1.5 Hz, H3), 3.92 (2H, s, H%), 1.36
(9H, s, H4).

8c (100 MHz, CDCls): 167.5 (C9), 159.0 (C'°), 158.1 (C%), 152.4 (C'2), 144.9 (C?*), 136.3 (C6), 134.8
(C19), 133.2 (C?), 132.0 (g, J = 32 Hz, C2%), 130.5 (C7), 129.3 (CF), 127.8 (C*5), 124.2 (CY1), 123.7 (g, J =
278 Hz, C?2), 123.1 (CY7), 117.8 (CY), 117.1 (C%), 116.6 (q, J = 4 Hz, C?3), 115.0 (C%), 110.3 (q, J = 4 Hz,
C29), 70.2 (C'8), 68.9 (C3), 45.7 (C26), 43.7 (C?), 35.0 (C3), 31.2 (C™4).

Or (377 MHz, CDCl3): -62.6.

m/z (ES): 527.2519 ([M+H] * C30H34F3N202 requires 527.2516).
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Compound 9

To a solution of 7 (230 mg, 0.973 mmol) in dry CH2Cl> (5 mL)
was added oxalyl chloride (370 mg, 0.25 mL, 2.919 mmol) and
a catalytic amount of DMF. The solution was stirred for 2
hours, then all volatiles removed in vacuo. The resulting
yellow oil was redissolved in dry CH,Cl, (5 mL), placed under
argon, and cooled to 0 °C. A solution of 8 (189 mg, 1.07 mmol)
and EtsN (117 mg, 0.16 mL, 1.16 mmol) in dry CHxCl; (3 mL) was added dropwise. The
reaction was then allowed to warm to room temperature and stirred for a further 2 hours.
The reaction mixture was washed with 1M HCI (aq) (2 x 10 mL), NaHCOs (aq) (2 x 10 mL)
and brine (1 x 10 mL). The organic layer was dried (MgS0a4) and concentrated in vacuo. The

crude material was purified by silica gel column chromatography (CH»Cl,:CH3OH 99:1) to
afford the title product (364 mg, 95% as a 1:1 mixture of rotamers determined by *H NMR
in CDCl3 at RT) as a yellow oil.

Ry: 0.50 [CH,Cl2:CH30H 99:1].
IR Vimax (neat): 2952 (C-H), 2864 (C-H), 1720 (C=0), 1628 (C=0).

Su (400 MHz, CDCl3): 8.12 (1H, s, H'6), 7.99 (0.5H, s, H12°r 18), 7.92 (0.5H, s, H1? °r 18') 7.69
(0.5H, s, H12°r 18) 7.66 (0.5H, s, H12 °r 18) 7.32 (1H, bd, HE), 7.08 (1H, bd, H?), 6.93 (2H, bs,
HS5), 6.08 (1H, bs, H2), 5.43 (1H, d, J = 17 Hz, HY), 5.31 (1H, dd, J = 11 Hz, 1.5 Hz, HY), 4.71
(1H, s, H8), 4.56 (2H, s, H3), 4.43 (1H, s, H¥), 3.93 (3H, s, H29), 3.07 (1.5H, s, H%), 2.87 (1.5H, s,
HY), 1.38 (4.5H, s, H'%), 1.29 (4.5H, s, HS).

8c (100 MHz, CDCls): 171.7 (C0 o 10') 170.9 (CL0 or 10') 166.7 (C19), 158.2 (C*), 152.1 (C13),
136.2, 133.2 (C?), 130.1, 129.7 (C?), 128.7 (CH@7-69 or H@7.66) 128 5 (CH@7.69 or H@7.66) 128 4,
128.0 (C%), 127.8 (C6), 125.3 (CH@7:99 & CH@792) 117.8 (C1), 115.1 (C°° %), 115.0 (C° °r %),
68.9 (C3), 54.6 (C¥), 52.3 (C%°), 50.3 (C?), 36.8 (C¥), 35.0 (C*4), 33.3 (C°), 31.2 (C5).

m/z (ES): 418.1993 ([M+Na]* C2aH20NNaO4 requires 418.1989).
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Compound 10

To a solution of 9 (1.32 g, 3.33 mmol) in CH30H (20 mL) was
added a solution KOH (936 mg, 16.6 mmol) in water (2 mL).
The reaction was then refluxed with stirring for 3 hours. After
cooling to room temperature, the CH3OH was in vacuo. The

crude material was redissolved in water (15 mL). The solution
was acidified with conc. HCl (aq) and the resulting precipitate
was collected by vacuum filtration to afford the title product (1.14 g, 90% as a 1:1 mixture
of rotamers determined by 'H NMR in CDCls at RT) as an off-white solid.

m.p. 156-158 °C.
IR Vmax (neat): 2959 (C-H), 2866 (C-H), 1720 (C=0), 1604 (C=O0).

Su (400 MHz, CDCl3): 8.19 (1H, s, H'6), 8.06 (0.5H, s, H12°7 18), 7.99 (0.5H, s, H'? °r 18') 7.76
(0.5H, s, H12°r18) 7.71 (0.5H, s, H1? °r 18) 7.33 (1H, bd, HS), 7.08 (1H, bd, H?), 6.94 (2H, bs,
HS5), 6.08 (1H, bs, H2), 5.44 (1H, d, J = 17 Hz, HY), 5.31 (1H, d, J = 11 Hz, HY), 4.73 (1H, s, H?),
4.57 (2H, s, H3), 4.44 (1H, s, H¥), 3.09 (1.5H, s, H%), 2.89 (1.5H, s, HY), 1.39 (4.5H, s, HS),
1.30 (4.5H, s, H).

8c (100 MHz, CDCls): 170.7 (C%°), 158.2 (C%), 152.4 (m, C*3), 136.4, 133.2 (m, C?), 129.7 (b,
C6), 129.4 (b, CH@7.76), 129.1 (b, CH@771) 128.4 (C6), 128.0 (CF), 125.8 (CH@806 & CH@7.99),
117.8 (CY), 115.2 (C5°r5), 115.0 (C5°r %), 68.9 (C3), 54.7 (C¥), 50.4 (C?), 36.8 (CY), 35.0 (C14),
33.4 (C9), 31.1 (C).

Three quaternary resonances (including C1°) not observed — attributed to rotamers arising from
presence of N-Me group.

m/z (ES): 404.1847 ([M+Na]* C23H27NNaO4 requires 404.1832).
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Half Axle HA-2

To a solution of alkene-carboxylic acid 10 (900 mg,
2.35 mmol) in dry CH2Cl; under argon was added
DMAP (115 mg, 0.943 mmol), EDCHCI (678 mg, 3.53
mmol) and p-nitrophenol (492 mg, 3.53 mmol). The
reaction was stirred at room temperature for 16
hours. The reaction mixture was then washed with
0.1M HCl (aq) (1 x 25 mL), dried (MgS0O4) and
concentrated in vacuo. The crude material was purified by silica gel column
chromatography (Hexane:EtOAc 3:1) to afford the title product (1.01 g, 85% as a 1:1
mixture of rotamers determined by *H NMR in CDCls at RT) as an off-white gel.

Rys: 0.35 [EtOAc:Heptane 1:3].
IR vmax (neat): 2961 (C-H), 2862 (C-H), 1740 (C=0), 1630 (C=0).

Sk (400 MHz, CDCls): 8.35 (2H, bd, H?2), 8.25 (1H, bd, H12°718), 8.12 (1H, bd, H2°" 18), 7.78 (1H, s,
H16), 7.49-7.30 (3H, m, H2L & HS), 7.11 (1H, bd, H), 6.94 (2H, bs, H%), 6.07 (1H, bs, H2), 5.43 (1H, d, J
= 17 Hz, HY), 5.31 (1H, dq, J = 11 Hz, 1.5 Hz, HY), 4.73 (1H, s, H8), 4.55 (2H, bs, H3), 4.47 (1H, s, H¥),
3.12 (1.5H, s, H9), 2.91 (1.5H, s, HY), 1.42 (4.5H, s, H'5), 1.32 (4.5H, s, HS).

8¢ (100 MHz, CDCls): 171.3 (C©°r 1), 170.5 (C0 °r %), 163.9 (C9), 158.2 (C%), 155.6 (C%), 152.7
(C13), 145.5 (C3), 137.0 (m, C1°"17), 136.7 (m, Citor17), 133.2 (C?), 129.8 (m, C6 & C5), 129.0 (C7),
128.5 (m, C"@825) 127.8 (CF), 126.0 (C"@312), 125.3 (C22), 122.6 (m, C2Y), 117.8 (CY), 115.2 (C5°'5),
115.0 (C5°°), 68.9 (C3), 54.7 (C¥), 50.4 (C?), 36.8 (C¥), 35.1 (C!4), 33.6 (C), 31.1 (C15).

m/z (ES): 525.2006 ([M+Na]* C29H30N2NaOg requires 525.1996).
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[2]Rotaxane R

To a solution of half-axle HA-1
(448 mg, 0.851 mmol) and 24-
crown-8 (24-c-8) (300 mg,
0.851 mmol) in dry toluene
(1.5 mL) was added EtsN (852
mg, 1.17 mL, 8.51 mmol) and
half-axle HA-2 (555 mg, 1.10
mmol). The reaction was

allowed to stir for 4 days under
argon at room temperature.
The reaction mixture was then concentrated in vacuo to afford a yellow gel. The crude
material was purified by silica gel column chromatography (CH2Cl,:CH3sOH 99:1-98:2) to
afford the title product (528 mg, 50% as a ~ 1.3:1 mixture of rotamers by 'H NMR in CDCl3
at RT) as a foaming colourless solid.

Ry: 0.24 [CH:Cl2:CH3OH 99:1].
m.p. 240-242 °C.
IR Vmax (neat): 3362 (N-H), 2950 (C-H), 2871 (C-H), 1634 (3 x C=0).

Su (400 MHz, CDCl3): 8.05-7.88 (5H, m H2%, H23, HB, H25 & H3%), 7.86 (1H, t, J = 1.6 Hz, HY),
7.62 (1H, s, HY), 7.60 (1H, s, H15), 7.49 (1H, bs, H33), 7.30-7.27 (3H, m, H® & H%), 7.15 (1H, s,
H20), 7.02 (1H, bs, H4), 6.90 (2H, d, J = 8.6 Hz, H%), 6.86 (2H, d, J = 8.6 Hz, H*!), 6.70 (1H, t, J
= 5.4 Hz, H%), 6.10-6.01 (2H, m, H2 & H*), 5.44-5.39 (2H, m, H' & H*5), 5.32-5.28 (2H, m, HY
& H*%), 5.20 (2H, s, H18), 4.89 (2H, s, H26), 4.66 (1.1H, s, H38ma°or) 4,59 (2H, d, J = 5.4 Hz, H8),
4.55-4.52 (4H, m, H3 & H*3), 4.38 (0.9H, s, H38 minor) 3,39 (16H, bs, H?), 3.17 (16H, bs, H?),
2.99 (1.3H, s, H37minor) 2 80 (1.7H, s, H37 maior) 1.36-1.27 (18H, m, H & H32).

8¢ (100 MHz, CDCls): 171.6 (C36), 167.6 (C?), 167.1 (C?7), 158.1 (C*), 158.0 (C*2), 157.4 (C9), 152.1
(C2 & C3°), 141.3 (C?), 137.7 (C%), 136.0 (q, J = 27 Hz, C?!), 134.6, 133.2 (C2 & C*), 130.6 (C7),
129.7 (C*), 129.3 (C), 128.1 (C*), 127.3 (CY), 126.3 (C¥), 125.7 (C33), 124.5 (g, J = 271 Hz, C?2),
124.0 (C'Y), 123.6 (C23), 122.8 (CY7), 122.0 (C?5), 117.8 (C! & C*5), 115.0 (C5), 114.8 (C*1), 111.4 (C2),
70.3 (C?), 70.0 (C18), 68.9 (C3 & C*3), 54.6 (C38 minor), 50,2 (C38 maior) 45.3 (C26), 43.6 (C?), 36.7 (C¥7
major) 35,0 (C31), 34.9 (C13), 32.9 (C37minor) 31.3 (C14 & C32).

8¢ (377 MHz, CDCls): -62.6.

m/z (ES): 1264.6311 ([M+Na]* CesHooF3N3NaO14 requires 1264.6267).
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Axle Ax

Axle Ax was isolated from the reaction that
formed rotaxane R upon purification of the
crude reaction mixture by silica gel column
chromatography as a colourless solid (197 mg,
26% as a 1:1 mixture of rotamers by 'H NMR in
CDClz at RT).

Ry: 0.68 [CH2Cl2:CH3OH 99:11.
m.p. 221-224 °C.
IR Vimax (neat): 3296 (N-H), 2957 (C-H), 1634 (3 x C=0).

8n (400 MHz, CDCls): 7.94 (1H, t, J = 1.6 Hz, H?%), 7.87 (1H, s, H!1), 7.64 (1H, s, H35), 7.62 (1H,
s, H'7), 7.56 (2H, bs, HS & H33), 7.30-7.28 (3H, m, H® & H%0), 7.20-7.12 (4H, m, H20.23&25 &
HB), 7.06-7.05 (1H, m, H*"), 6.89-6.87 (5H, m, H4, H5 & H%), 6.10-6.00 (2H, m, H2 & H%*),
5.44-5.39 (2H, m, H! & H%), 5.31-5.28 (2H, m, HY & H*%), 5.02 (2H, s, H!8), 4.67 (1H, s, H38),
4.59-4.57 (4H, m, H2® & H8), 4.53-4.52 (4H, m, H3 & H*), 4.40 (1H, s, H3®¥), 3.06 (1.5H, s,
H37), 2.83 (1.5H, s, H37), 1.34 (9H, s, H4), 1.32 (4.5H, s H32), 1.21 (4.5H, s, H3?).

8c (100 MHz, CDCls): 171.8 (C36 °r 36), 171.0 (C36 °r 36'), 167.5 (C°), 167.2 (C?7), 159.1 (C19),
158.2 (C*°"42), 158.1 (C*°r%2), 152.4 (C12 & C), 141.1, 136.0 (C%), 134.8, 134.2, 133.2 (C2 &
C*), 133.0, 132.1 (q, J = 32 Hz, C?1), 130.7 (C7), 129.7, 129.3 (C?), 127.9 (C%), 127.7 (C* &
C*%), 127.1 (m, C33), 126.0 (m, C?9), 124.5 (C1), 123.8 (g, J = 271 Hz, C??), 123.3 (CY7), 122.4
(m, C35), 117.8 (C20°r230r25) 117.7 (Ct & C*5), 117.1 (C2°°r 23 01 25) 1152 (C*), 114.9 (C3),
111.1 (C2or230r25) 70.3 (Cl8), 68.9 (C3 & C*3), 54.7 (C3¥), 50.4 (C38), 43.7 (C26°78), 43.6 (CB°r
26)36.8 (C37'), 35.0 (C31), 34.9 (C3), 33.6 (C37), 31.3 (C4), 31.0 (m, C32).

8¢ (377 MHz, CDCl3): —62.5.

m/z (ES): 912.4201 ([M+Na]* Cs3HsgF3sN3NaOe requires 912.4170).
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[2]Catenane C

SRB Synthesis: A flask containing
rotaxane R (150 mg, 0.120 mmol)
in dry CHCl; (100 mL) was placed
under nitrogen and degassed for
30 minutes. Grubbs | catalyst
(19.8 mg, 0.024 mmol) was
added, and the reaction stirred
for 16 hours at room temperature

under dark conditions. The
reaction mixture was then concentrated in vacuo to afford a brown oil. The crude material
was purified by silica gel column chromatography (CH2Cl,:CH3OH 98.5:1.5-96:4) to afford
two fractions containing predominantly title product (one fraction > 99:1 C:R), as a 2:1
mixture of rotamers and 1:1 of olefin isomers, as a foaming off-white solid.

NHE Synthesis: A flask containing rotaxane R (50 mg, 0.040 mmol) in dry CH2Cl> (33 mL) was
placed under nitrogen and degassed for 30 minutes. Grubbs’ | catalyst (6.6 mg, 0.008
mmol) was added, and the reaction stirred for 16 hours at room temperature under dark
conditions. The reaction mixture was then concentrated in vacuo to afford a brown oil. The
crude material was purified by silica gel column chromatography (CH:Cl;:EtOAc:CHsOH
90:8:2-90:6:4) then silica prep TLC (CH2Cl;:CH30OH 98:2 then EtOAc) to afford pure title
product (42 mg, 86%).

NB: Based on earlier work by SRB, we believe it is entirely possible to use the simpler CH;Cl;
/ CHsOH solvent mixture as eluent for the preliminary column (to remove decomposed
Grubbs | catalyst), prior to successfully separating the small amounts of [2]rotaxane R from
[2]catenane C using prep TLC as described above.

Ry: 0.38 [CH2Cl2:CH30H 99:1].

m.p. 251-253 °C.

IR Vmax (neat): 2871 (C-H), 1632 (3 x C=0).

For simplicity, only major rotamer peaks recorded for *H and 13C NMR (apart for 37 and a’).

Su (400 MHz, CDCl3): 8.10 (1H, s, H?), 8.07 (1H, s, H23), 8.02 (1H, s, H1), 7.97 (1H, s, HB),
7.92 (1H, s, H%5) 7.89 (1H, s, H35), 7.61-7.45 (3H, m, HY7, H!5 & H33), 7.32 (2H, d, J = 8.3 Hz,
HS), 7.24 (2H, d, J = 8.3 Hz, H%?), 7.14 (1H, s, H%), 6.92 (2H, d, J = 8.3 Hz, H%), 6.76 (2H, d, J =
8.3 Hz, H%), 6.60 (1H, bs, H%), 6.00-5.95 (2H, m, H? & H*4), 5.10 (2H, s, H'?), 4.84-4.44 (10H,
m, H26, H3 0743 138 {8 H3or43) 337 (16H, bs, H?), 3.18 (16H, s, H¥ ma°r), 3.07 (16H, m, H¥
minor) 2 99 (1H, s, H37 minor) 2.79 (2H, s, H37 maior) 1,34 (18H, app s, H4 & H32).

S16



8c (100 MHz, CDCl3): 171.6 (C36), 167.4 (C°), 167.0 (C?7), 157.8 (C*), 157.6 (C%), 157.3 (C19),
152.3 (C'2°r 30), 151.5 (C!2 °r 30), 141.3 (C?*), 137.2 (C'6), 136.0, 135.8, 134.5, 130.5, 129.8
(C*0), 129.7 (C8), 129.5, 128.3 (C2 & C*4), 128.0, 127.8 (C5°733), 126.4 (C?°), 125.6 (CL5 o' 33),
125.0 (CY), 124.6 (g, J = 271 Hz, C??), 123.7 (m, C23), 123.3 (C3%), 122.1 (CY7), 121.7 (C%),
115.2 (C5), 114.4 (C*), 111.5 (m, C°), 70.3 (C3() maior & C18) 70.1 (C3() minor) 7.6 (C3 or 43),
67.3 (C3°r43), 50.2 (C38), 45.3 (C26), 43.6 (CB), 36.9 (C37 maior) 350 (CI3 or31) 34.9 (CI3or31),
33.0 (C37minor), 31.3 (C14 & C32).

Or (377 MHz, CDCls): —62.2 (singlet, major), —62.3 (singlet, minor).

m/z (ES): 1236.5997 ([M+Na]* Ce7HssF3N3NaO14 requires 1236.5954).
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Part 2b: Spectral data for main article
Compound 1
1H NMR (CDCls, 400 MHz)
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Compound ESI-1
'H NMR (ds-DMSO, 400 MHz) Inset: *°F NMR (ds-DMSO, 377 MHz)
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Compound ESI-2

'H NMR (CD30D, 400 MHz) Inset: '°F NMR (CDsOD, 377 MHz)
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Compound 2
'H NMR (CDCl3, 400 MHz) Inset: *°F NMR (CDCl3, 377 MHz)
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Compound 3

1H NMR (CDCls, 400 MHz) Inset: °F NMR (CDCls, 377 MHz)
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13C NMR (CDCls, 100 MHz)
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Compound 3

IR (neat)
E}-_,._,_,_._..._.."___ i H—"""""‘--,___L‘
- ", = -~ -
J " j;ﬁ" 1, 53.0 ,,m'l f‘||
T ||£9E? 0; 81.388 | |’ I|
= #
@) |
o
= 1 ap4 |
= ] . ﬁ
o
‘E‘ 1 1487 =180 623 | d77 8
E*G"_ T1.8181.178
- 045.5M2
= |J1?IZI'9D. 43221
ra23
Q—‘: 838 5 45814
i 1; 29.018
1182.9; 24.848
120.1. 22100
[
N_I |||||||||||||||||||||g||||||
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intenss. ne0033sb_P1-A-5_01 49105.d: +MS, 1.4min #80
x10
2 5182130
1
519.2162
0 5202213
®102 CagHaaFNNa0s, 518.2125
1+
2 518.2125
1 1+
519.2158 1+
0 J J]l 520.2186
512 514 516 518 530 522 524 526 miz
Meas.m/z # lon Formula mi/z err[ppm] err [mDa] mSigma Mean err [ppm]
5182130 1 C26H32F3NNa05 5182125 -1.0 -05 49 -1.8
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Compound 4

1H NMR (CDCls, 400 MHz) Inset: °F NMR (CDCls, 377 MHz)

17
1 . 4 " 1
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Compound 4

IR (neat)
=4
L WS . /.,m_.mu\_\
- MF“‘“""\.\I /"f—'_q_' i
e i 1
| 7.0, 30240
& 4 'I[\ . A
o
s | | |1e04/6: sa.gp jﬂ:s ‘ll
m
=z 1ap7fk efl7az) | 77 28R ¥R
E::: 51, 41 212
Em hoas s, 77.3
= B Il 79513400075 00
] 850,34/74. 712 | ﬂ; P
&08.9; T5.302
(=0
F—
L 182.9; 66.140
T 123.8; 83 832
T T 1 T 1 1 L L T 1 LI L LI L
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intens. ne0034sb_P1-A-6_01_49106.d: +MS, 1.4min #81
x104
10 5044976
05
00 500.2302 505',11998 506.2015
x4 CasHsoFsNNaO;, 504.1968
1+
10 504.1968
0.5 1+
|l 505.2001 1+
00 i 506.2029
500 502 504 506 508 510 512 miz
Meas. m/z # lon Formula mlz err[ppm] err[mDa] mSigma Mean err[ppm]
5041976 1 C25H30F3NNaO5 504.1968 -15 -0.8 237 -0.0
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Compound 6

1H NMR (CDCls, 400 MHz) Inset: °F NMR (CDCls, 377 MHz)
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Compound 6
IR (neat)

i

1800.9; 78.12

Transmittance

70

700.7, 67.800

60

.3, 81.180
1121.9; 54745

T T T T T T T T T | T T T T T T T | T
3000 2500 2000 1500 1000
Wavenumber (cm-1)

Intens ne0035sb_P1-A-7_01_49107.d: +MS, 1.4min #80

64922879

] 650.2914

0.25 | ‘

0.00 i J 651.2948

*102 CasHaFsN;NaOs, 649 2860

0.75] 1+
649.2860
1

0.507
| 1+
650.2893
0.259 | :

1+
l | 651.2923
0.00 . . . ! 1 A . .

644 646 848 650 652 54 656 miz

Meas. mfz # lon Formula miz err[ppm] err[mDa] mSigma Mean err[ppm]
627.3046 1 C35H42F3N205 627.3040 -0.9 -0.6 414 -3.0
6492879 1 C35H41F3N2NaO5 6492860 29 -1.9 6.2 -3.6
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Half Axle HA-1
1H NMR (CDCls, 400 MHz) Inset: *°F NMR (CDCls, 377 MHz)
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Half Axle HA-1

IR (neat)
— M**W p
328
1 B06.3; B5. 387
= 2570 81,7708
o
@O
- -
|
m e |
= ]
Z
|
=
1607.7; 47.001
=R
=
E 1120.1: 31.238
- 6894 5; 43 293
T 1 1 1 1 L L L L T d T T 1T 1
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intens. | neD036sb_P1-A-E_D1_49108.d: +MS, LAmin 479
x104
51 527:351%
44
2] 528.2552
] 529.2579
x104] CaaHaaFaNa0s, 527.2516
1+
Ly 527.2516
41 1+
24 528.2549 1+
0 . . . . . J||l . A 5292579 . . . .
523 524 525 526 527 528 529 530 531 532 533 miz

Meas.m/z # lon Formula
527.2519 1 C30H34F3N203

miz err[ppm] err [mDa] mSigma Mean err [ppm]

527.2516 -0.6 03 16.0 0.1
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Compound 9
'H NMR (CDCl3, 400 MHz)
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Compound 9

IR (neat)
=1 e s,
_— m%mﬁmiw% RS Lttt e
i i
] {2804 5; 88,619 noA
A 1
) 2852.1; 75.488 /|
o= 1 TH. V n \
o i
o |
L=
£ |Ilhl 'Lllk | | IIU
Ec
o
a | 3 80 pmg
= 4 170.2; pe.oze 117E.3:)48.508
h =1507.T; 44 172 910.5 30.011
9— 1828 8: 40 454
4 728.7. 27997
g_. |123-_' 5 19.224
T LI R LI L T 1 T 5| T T T T 1T
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intens. ne0038sh_P1-8-1_01_49110.d: +MS, Ldmin 881
x105
5]
4184993
1_
1 419.2027 420.2048
0 .
x10° CaaHzoNNaOy, 418.1989
5]
1+
4181989
" 1 1+
419.2022 1+
0 . . . Il 4202050 . .
414 416 418 420 422 424 miz
Meas. m/z # lon Formula miz err[ppm] err [mDa] mSigma Mean err [ppm]
396.2172 1 C24H30NO4 396.2169 -0.6 -0.2 213 -0.3
4181993 1 C24H29NNa04 418.1989 -0.9 04 7.4 -0.7
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Compound 10
'H NMR (CDCl3, 400 MHz)
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13C NMR (CDCls, 100 MHz)
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Compound 10

IR (neat)
=4
F_WWW*M MWWMM
i - -
. N T
%_' ""\.‘,\ é: N
. " 200.3; 73.148 l] |”
= | fFong 8, 67 go8 I| | i
c
£ ] ’ I \ |
n
5 0 L“ EJBH 3
= 1395(9; 48.0010 lL .
T B0s.8; 40,831 | G185 46,205 I
S 1960 4, 37197
1 H1807T.T. 348
J | 1172.2; 31,13
N 1218.8: 21.300
=
T T 1 1 LI L L 1 1 L L LI L
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intene. ne0039sk_P1-8.2_01_&9111.0: +MS, 18min BED]
i
E 7
1.0
0.5 £05 1875
0.3 A06.1573
i3 TaAaH Ay, 200, 1633 |
1.4 1+
E 404.1837
0.5 | in:;ass 1+
0.0 1! I 4061554
1] 4 i) 4l 45 4% a7 4l 4\ mz
Meas. miz # lon Formula miz err [ppm] err [mDa] mSigma Mean err [ppm]
3B2.2042 1 C23HI2ANO4 382.2013 7T -3.0 283 -30
404.1847 1 C23H2ZTNMaO4 404.1832 -3.6 -1.4 6.5 -18
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Half Axle HA-2
1H NMR (CDCls, 400 MHz)

15

15’

15

16
1

9
5 .
1 214 3g
18 6 1 :
i
N L | -

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0
Chemical Shift (ppm)

22
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Half Axle HA-2

IR (neat)
=1 oA
= s, E——
J 28620, 82008 [ a
- 1.4; 81.028 |
o | n
o -
g J
= | | A
=y
o
5 -1 17907 524 2.29
= J 4B7]2; 4p.9 7.8 4031
A 1B30.7: 44 512 522 8y 42 P57
E_' 13728 38. 782
. 1343, BaS
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o
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T T28. T, 21833
T T T L L L T d T T 1
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intens. ne0040sh_P1-B-3_01_49112.d: +MS, 1.5min #86
x104_
5252006
n
24 526.2037
] 52?.306D
x4 CaaHsoN:NaO,, 525.1996
B 1+
515.1996
n
1+
2 | 526.2029 1+
o Jl | 52?.“2057
5320 522 524 526 528 530 miz
Meas.m/z # lon Formula miz err [ppm] err[mDa] mSigma Mean err [ppm]
5032175 1 C29H31N206 503.2177 0.3 0.2 49 -1.0
5252006 1 C29H30N2NaO6 525.1996 -18 -1.0 104 -36
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[2]Rotaxane R
1H NMR (CDCls, 400 MHz) Inset: *°F NMR (CDCls, 377 MHz)
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[2]Rotaxane R

IR (neat)
W \-"'_H
\2 -II Kr’d |
. 225y 2. 88 384
8 2520
1 \ 43?1 5 81 821 ||'|f'
20, [t T, Wi
L&)
Wl
E ] 1634 4; 71,88 N
=
51 1
= 07T, 882 TO28. 87073
=1 1237.%; 83.393
o
E 1095.8; 45.912
T T 1 L T 1 LI L L L LI L
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intens. | ne0019sh_P1-A-6_01_d47307.d: +MS, Lamin 473
x104
o] 12646311
1265.6376
21 12666404
0 1267.6420 1268.6340
x104] CesHooFsNyNalsa, 1264.6267
1+
4 12646267 1+
fl 1265.6300
||| I“I 1+
2 I I 1266.6331 1+ 14
. ;I \ ] A 1267.6361 12686390
1262 1263 1264 1285 1266 1267 1268 1268 1270 miz
Meas.m/z # lon Formula miz err[ppm] err[mDa] mSigma Mean err [ppm]
12426509 1 CE9HITF3IN3O14 1242 6448 -5.0 -6.2 63.0 -4.5
12646311 1 CEI9HIOF3IN3INaO14 1264.6267 -3.5 4.4 132 -3.8
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Axle Ax
1H NMR (CDCls, 400 MHz) Inset: *°F NMR (CDCls, 377 MHz)
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Axle Ax

IR (neat)
o .8; 90.043 ,\Jgsc.e 3; 89.893
]
578, 88.798
4] n
5 | |
=
£ Jb
| =
s
= 52727
1834.4; 1
o 1808 3; 73.048 10232 71205
= 1633.8; 72.147
700.7: 88.098
- 1188.5; 84.217
3 1121.9;84.018
o 1235.8; 61.883
o T L L 1 1 T 1T T T T 1 LI AL 71 1T 1 1
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
“"191""]54 ne0041sh_P1-B-4_D1_49113.d: +MS, 1.4min #79
x104
24 9124201
IE 913.4228
o 909.4065 910.4143 91"}‘\’355 915.4303
x104 CasHaaFNsNaO,, 912.4170
2]
1+
29 §12.4170 1+
Il 913.4203
1 [ 1+ 1+
0 f l\ | L ‘31“);‘:13" 515.4264
10 912 14 916 918 930 miz

Meas. mi/z # lon Formula

912.4201 1 C53H58F3N3Na06

miz err[ppm] err[mDa] mSigma Mean err[ppm]
912.4170 -3.4 -3.1 38.5 -3.2
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[2]Catenane C
1H NMR (CDCls, 400 MHz) Inset: *°F NMR (CDCls, 377 MHz)

43
5 4 o 2 14[32
6 ~ RN a
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13C NMR (CDCls, 100 MHz)
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[2]Catenane C

IR (neat)
[
(=2
o Jﬂm%muﬂ
H o/
-1 |
- B71.8; 82 327
] \P ‘ JJ‘R " AMA
o 8288 2}
Q Hf 29
= i 1 -
ol 1833 8l g8 o2 "fE-iJ'-| B.
T :.eug‘. )
g B 1 B; BT g85
m = 1807.7. B5.82
i 1241 2 85 47
n 952 3, ZT5
=1
o
-1 1095.8; 7e.008
ra
P T 1 17 T T T [ T T T T [ T T T T T T T T 1T g T T 1 1
3500 3000 2500 2000 1500 1000
Wavenumber (cm-1)
MS (ES +ve)
Intens. T ne0021sb_P1-A-8_01_47309.d: +MS, Ldmin 480
x104
69 12355597
1237.6039
4]
24 1238.6064
0 12396082 12406172
x104] CerHaeFsNsNaDss, 1236.5954
1+
B 12365954 1+
| 12375987
4] II| l 1
2 I f\ 12386018 1+ 1+
0 . . . . Ja . '\ . S . 1239.6048 12406076 . .
1233 1234 1235 1236 1237 1238 1239 1240 1241 1242 miz
Meas. miz # lon Formula miz err[ppm] err[mDa] mSigma Mean err [ppm]
1214 6211 1 CGBTHBTF3IN3014 1214 6135 -63 7T 104 2 -39
1236.5997 1 CE7H86F3N3NaO14 1236.5954 -3.5 -4.3 242 -4.1
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[2]Catenane C

1H NMR (CDCls, 400 MHz) from NHE repeat of synthesis
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Part 3a: Preliminary experimental investigations (Design 1)

DESIGN 1:

The first route investigated intended to make use of the nucleophilic aromatic substitution

variant of CEATS:

(1) MsCl, NEt,, CH,Cl,

o 0~__0O
(2) O~__OH
HO
\©/\NHBOC
oH ESI-3 o KOH (aq) o
NHBoc — . NHBoc
K,CO3, CH3CN CH3OH
63% 93%
1 ESl-4 ESI-5
-
o]
5
(1) Oxalyl chloride HaN
cat. DMF, CH,Cl, EtsN, CH,Cl,
67%
(\ A
o] o]
(1) TFA, CH,Cl,
-
Os_NH (2) NaOH (aq) Os_NH
98%
o) o
NH, NHBoc
HA-ESI-7 ESI-6
(1) Oxalyl chloride, cat. DMF
CH,Cl,
o F @ -~
N
/@/\H o F
HO m\o 8 N
\
EtN, CH,CI W\o
NO, 8 VT2 HA-ESI-
64% S8 No,
X =
(\ O/\/ P
fo) (\ O/\/
o]
O NH 24-c-8
~
¥ N — X O Y
NO, Et3N, Toluene o o™
0 ) NO,
o] 5 0
NH, . Free axle Ax-ESI-10 = 96% o
HA-ESI-7 f /\ N
H
HA-ESI-8 o] o
oo
RESI9 L/
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Compound ESI-4

Methanesulfonyl chloride (384mg, 0.26 mL, 3.37

mmol) and EtsN (451 mg, 0.62 mL, 4.50 mmol) were

o added to a solution of 1 (500 mg, 2.25 mmol) in dry

0 4 )J\ojz<1 CH2Cl; (10 mL) under argon cooled to 0 °C. The
Ho reaction was stirred for 3 hours then quenched with

7 NaHCOs (aq) (15 mL). The organic and aqueous

layers were separated, and the aqueous layer
washed with CH2Cl; (20 mL). The combined organic layers were dried (MgS0O4) and
concentrated in vacuo to afford the mesylated alcohol. To a separate flask containing ESI-3
(502 mg, 2.25 mmol) dissolved in dry CH3CN (15 mL) was added K,COs (373 mg, 2.70
mmol). The solution was stirred for 10 minutes then a solution of the mesylated alcohol in
dry CH3CN (5 mL) was added. The reaction was then refluxed with stirring under argon for
16 hours. Upon cooling to room temperature, the reaction mixture was filtrated under
gravity and concentrated in vacuo. The crude material was purified by silica gel column
chromatography (Heptane:EtOAc 85:15) to afford the title product (604 mg, 63%) as a clear

gel.

Ry: 0.20 [EtOAc:Heptane 15:85].

IR Vmax (neat): 3339 (N-H), 2927 (C-H), 1718 (C=0), 1684 (C=0).

O (400 MHz, CDCl3): 8.07 (1H, app t, HY7), 7.96 (1H, appt, H1%), 7.67 (1H, app t, H13), 7.28
(1H, app t, H7), 6.96 (1H, s, H19), 6.93-6.90 (2H, m, H® & H8), 5.09 (2H, s, H!1), 4.85 (1H, bs,
H%), 4.32 (2H, d, J = 5.2 Hz, H?), 3.95 (3H, s, H21), 1.49 (9H, s, H1), 1.38 (9H, s, H16).

8¢ (100 MHz, CDCIl3): 167.2 (C?°), 159.0 (C°), 155.9 (C3), 152.0 (C**), 140.7 (C°), 136.9 (C*?),
130.3 (C28), 129.7 (C7), 129.2 (C13), 126.4 (CY7), 126.0 (C1°), 120.2 (C), 114.0 (C°), 113.6 (C?B),

79.6 (C?), 69.9 (C11), 52.1 (C2Y), 44.6 (C%), 34.9 (C'5), 31.3 (C6), 28.4 (CY).

m/z (ES): 428.10 ([M+H]* C25H3aNOs requires 428.24).

S44



Compound ESI-5

To a solution of ESI-4 (578 mg, 1.35 mmol) in CH30H
(5 mL) was added a solution of KOH (757 mg, 13.5
mmol) in water (0.5 mL). The reaction was stirred for
5 hours then acidified to pH 3 with 1M HCI (aq).
Excess CH3OH was then removed in vacuo and the
resulting precipitate was collected by vacuum
filtration to afford the title product (519 mg, 93%) as

a sticky colourless solid.

IR Vmax (neat): 2965 (C-H), 2870 (C-H), 1686 (2 x C=0).

Su (400 MHz, CDCl3): 8.14 (1H, s, HYY), 8.03 (1H, s, H'®), 7.72 (1H, s, H!3), 7.28 (1H, app t,
H’), 6.98 (1H, s, H9), 6.93-6.91 (2H, m, H® & H8), 5.11 (2H, s, H!!), 4.90 (1H, bs, H*), 4.33
(2H, d, J = 5.2 Hz, H%), 1.49 (9H, s, H1), 1.39 (9H, s, H®).

Sc (100 MHz, CDCls): 171.6 (C?°), 159.0 (C°), 156.0 (C3), 152.1 (C*%), 140.6 (C°), 137.1 (C*?),
130.0 (C*3), 129.7 (C7), 129.6 (C*8), 126.9 (CY’), 126.6 (C*°), 120.2 (C®), 114.1 (C°), 113.7 (C?),

79.6 (C?), 69.8 (C!1), 44.6 (C*), 34.9 (C'5), 31.3 (C16), 28.4 (CY).

m/z (ES): 414.10 ([M+H]* C24H32NOs requires 414.23).
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Compound ESI-6

To a solution of Boc-amine-carboxylic
acid ESI-5 (468 mg, 1.13 mmol) in dry
CHsCN (15 mL) was added DCC (256 mg,
1.24 mmol) and N-hydroxysuccinimide
(143 mg, 1.24 mmol). The reaction was

then stirred at room temperature under
argon for 16 hours. The reaction
mixture was filtrated under gravity and concentrated in vacuo to afford a colourless solid.
The crude material was redissolved in dry CH;Cl; (15 mL) and placed under argon. To the
solution was added 5 (203 mg, 1.24 mmol) and EtsN (136 mg, 0.19 mL, 1.35 mmol). The
reaction was then stirred at room temperature for 16 hours. The reaction mixture was then
washed with 1M HCI (aq) (2 x 15 mL), NaHCOs (aq) (2 x 15 mL) and water (1 x 15 mL). The
organic layer was dried (MgS0O4) and concentrated in vacuo. The crude material was
purified by silica gel column chromatography (Heptane:EtOAc 7:3) to afford the title
product (424 mg, 67%) as a colourless solid.

Ry:. 0.26 [EtOAc:Heptane 3:7].

m.p. 210-212 °C.

IR: Vmax (neat): 3358 (N-H), 3270 (N-H), 2965 (C-H), 1684 (C=0).

Su (400 MHz, CDCls): 7.86 (1H, app t, H1), 7.61 (1H, bs, HY?), 7.59 (1H, bs, H%), 7.31 (2H, d,
J = 8.5 Hz, H), 7.26 (1H, app t, H?Y), 6.97-6.86 (5H, m, H24, H5, H22 & H2°), 6.47 (1H, bs, H%),
6.12-6.02 (1H, m, H?), 5.43 (1H, dq, J = 17 Hz, 1.5 Hz, HY), 5.30 (1H, dqg, J = 11 Hz, 1.5 Hz,
HY), 5.07 (2H, s, H'®), 4.86 (1H, bs, HP), 4.61 (2H, d, J = 5.6 Hz, H®), 4.55 (2H, dt, J = 5.2 Hz,
1.5 Hz, H3), 4.30 (2H, bd, J = 5.2 Hz, H25), 1.48 (9H, s, H?8), 1.37 (9H, s, H'4).

Sc (100 MHz, CDCl3): 167.5 (C°), 158.9 (C'%), 158.1 (C?%), 155.9 (C?¢), 152.3 (C*?), 140.7 (C*),
137.0 (C*®), 134.8 (C*°), 133.2 (C?), 130.5 (C’), 129.7 (C?1), 129.3 (C®), 127.9 (C*°), 124.2 (C*1),
123.0 (CY), 120.1 (C??), 117.7 (C'), 115.0 (C°), 113.9 (C?4), 113.8 (C?°), 79.6 (C?7), 69.9 (C'8),

68.9 (C3), 44.6 (C?5), 43.6 (C8), 35.0 (C'3), 31.3 (C14), 28.4 (C23).

m/z (ES): 559.15 ([M+H]* C3aH43N20s requires 559.32).
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Half Axle HA-ESI-7

ESI-6 (417 mg, 0.74 mmol) was dissolved in dry
CH>Cl; (15 mL) under argon and cooled to 0 °C.
To this solution was added TFA (849 mg, 0.57
mL, 7.46 mmol). The reaction was allowed to
warm to room temperature and stirred for 4
hours. All volatiles were then removed in vacuo.

The crude material was redissolved in EtOAc (10
mL) and washed with NaHCOs (aqg) (20 mL). The aqueous was then extracted with EtOAc (2
x 20 mL). The combined organic layers were dried (MgS0O4) and concentrated in vacuo to
afford the title product (400 mg, 98%) as a clear gel.

IR: Vmax (neat): 3281 (N-H), 2959 (C-H), 2866 (C-H), 1636 (C=0).

Sn (400 MHz, CDCl3): 7.84 (1H, t, J = 1.7 Hz, H'Y), 7.63 (1H, bs, HY7), 7.58 (1H, bs, H15), 7.31-
7.28 (2H, m, HS), 7.25 (1H, app t, H2Y), 6.98 (1H, bs, H?*), 6.92-6.89 (3H, m, H> & H??) 6.87
(1H, dd, J = 8.0 Hz, 2.0 Hz, H%), 6.60 (1H, t, J = 5.5 Hz, H*), 6.11-6.01 (1H, m, H2), 5.42 (1H,
dq, J = 17 Hz, 1.5 Hz, HY), 5.30 (1H, dq, J = 11 Hz, 1.5 Hz, HY), 5.06 (2H, s, H'®), 4.59 (H, d, J =
Hz, H8) 4.54 (H, dt, J = 5.3 Hz, 1.5 Hz, H3), 3.85 (2H, s, H2%), 1.35 (9H, s, H4).

8c (100 MHz, CDCl3): 167.6 (C%), 158.9 (C9), 158.1 (C%), 152.3 (C*?), 143.3 (C?3), 137.1 (C6),
134.7 (C°), 133.2 (C?), 130.5 (C7), 129.7 (C2Y), 129.3 (CF), 127.8 (C*5), 124.1 (C*1), 123.0 (CY7),
120.1 (C?2), 117.7 (CY), 115.0 (C°), 113.9 (C?4), 113.5 (C2°), 69.9 (C'8), 68.9 (C3), 45.9 (C?5),
43.6 (C8), 34.9 (C3), 31.3 (C4).

m/z (ES): 461.10 ([M+H]* C29D2H33N203 requires 461.28).
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Half Axle HA-ESI-8
T To a solution of 2-fluoro-5-nitrobenzoic acid (1.57 g, 8.50
OZNQT(j%gN USS: mmol) in dry CH>Cl> (20 mL) was added oxalyl chloride (3.22
14 16F lf@o/gﬁ2 g, 2.18 mL, 25.5 mmol) and a catalytic amount of DMF. The
| solution was stirred for 2 hours, then all volatiles removed in
vacuo. The resulting yellow oil was redissolved in dry CH,Cl,
(20 mL), placed under argon, and cooled to 0 °C. A solution of 8 (1.56 g, 8.80 mmol) and
EtsN (1.85 g, 2.56 mL, 18.4 mmol) in dry CHCl> (30 mL) was added dropwise. The reaction
was then allowed to warm to room temperature and stirred for a further 2 hours. The
reaction mixture was washed with 1M HCI (aq) (2 x 20 mL), NaHCOs (aq) (2 x 20 mL) and
brine (1 x 20 mL). The organic layer was dried (MgS04) and concentrated in vacuo. The
crude material was purified by silica gel column chromatography (CH2Cl,:CH3OH 99.5:0.5)

to afford the title product (1.87 g, 64%, as a =3:2 mixture of rotamers determined by 'H
NMR in CDClz at RT) as a yellow oil.

Ry: 0.38 [CH2Cl:CH3OH 99.5:0.5].
IR Vmax (neat): 2931 (C-H), 1638 (C=0).

&1 (400 MHz, CDCls): 8.37-8.27 (2H, m, H2both & H4 both), 7.32-7.28 (2.2H, m, H'S both &
H® major), 7.05 (0.8H, d, J = 8.7 Hz, H® minor), 6.94 (1.2H, d, J = 8.7 Hz, H®> major), 6.90
(0.8H, d, J = 8.7 Hz, H® minor), 6.12-6.00 (1H, m, H? both), 5.43 (0.6H, dq, J = 17 Hz, 1.6 Hz,
H! major), 5.41 (0.4H, dq, J = 17 Hz, 1.6 Hz, H! minor), 5.33-5.27 (1H, m, HY both), 4.72
(1.2H, s, H® major), 4.56 (1.2H, dt, J = 5.2, 1.5 Hz, H3 major), 4.53 (0.8H, dt, J = 5.2, 1.5 Hz,
H3 minor), 4.36 (0.8H, s, H% minor), 3.05 (1.2H, s, H® minor), 2.83 (1.8H, d, J = 1.2 Hz, H®
major).

8¢ (100 MHz, CDCls): 164.3 (C° minor), 164.2 (C!° major), 161.6 (d, J = 257 Hz, C® minor),
161.5 (d, J = 257 Hz, C® major), 158.5 (C* minor), 158.3 (C* major), 144.5 (d, J = 3 Hz, C*3
major), 144.4 (d, J = 3 Hz, C*3 minor), 133.2 (C? major), 133.0 (C? minor), 129.5 (C® major),
128.4 (C® minor), 128.2 (C’ major), 127.3 (C’, minor), 126.8 (d, J = 10 Hz, C* major), 126.7
(d, J=10 Hz, C** minor), 126.1 (d, J = 21 Hz, C*!* major), 126.0 (d, J = 21 Hz, C*! minor), 125.4
(d, J = 6 Hz, C'?2 major), 125.2 (d, J = 6 Hz, C*2 minor), 117.8 (C* minor), 117.7 (C* major),
117.3 (d, J = 24 Hz, C*®> minor), 117.1 (d, J = 24 Hz, C*®> major), 115.2 (C> minor), 115.0 (C°
major), 68.9 (C3), 54.2 (C® minor), 50.2 (C® major), 35.6 (d, J = 3 Hz, C° major), 32.8 (C°
minor).

Or (377 MHz, CDCls3): -104.2 (minor), —-104.7 (major).

m/z (ES): 344.95 ([M+H]* C1sH1sFN204 requires 345.13).
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[2]Rotaxane R-ESI-9

In an attempted synthesis of
rotaxane R-ESI-9, to a solution of
half-axle HA-ESI-7 (62 mg, 0.135
mmol) and 24-crown-8 (24-c-8) (47
mg, 0.135 mmol) in dry toluene
(0.25 mL) was added EtsN (118 mg,
0.18 mL, 1.35 mmol) and half-axle
HA-ESI-8 (69 mg, 0.202 mmol). The
reaction was stirred for 4 days under
argon at room temperature. The

reaction mixture was then concentrated in vacuo to afford a yellow oil. The crude material
was purified by silica gel column chromatography (CHCl;:CH30H 99:1) to afford the
corresponding free axle Ax-ESI-10 and unreacted starting material.
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Axle Ax-ESI-10

Axle Ax-ESI-10 was isolated from the reaction to form
rotaxane R-ESI-9 upon purification of the crude
reaction mixture by silica gel column chromatography
(CH2Cl2:CH30H 99:1) as a yellow glassy solid (101 mg,
96%).

Ry 0.61 [CH2Cl2:CH3OH 98:2].
IR Vmax (neat): 3334 (N-H), 2957 (C-H), 2864 (C-H), 1623 (2 x C=0).

Su (400 MHz, CDCls): 8.11-8.07 (2H, m, H30 & H28), 7.85 (1H, s, HY), 7.63 (1H, s, HY), 7.56
(1H, s, H'%), 7.32-7.28 (3H, m, H2! & H®), 7.17 (2H, bs, H3), 6.95-6.88 (7H, m, H?*, H?2, H%,
H5 & H37), 6.69 (1H, bs, HP), 6.62 (2H, m, H?7 & H%), 6.11-5.99 (2H, m, H2 & H%), 5.45-5.39
(2H, m, H! & H*!), 5.32-5.28 (2H, m, HY & H%Y), 5.04 (2H, s, H'8) 4.63 (2H, bs, H34), 4.59 (2H,
d, J = 5.6 Hz, H8), 4.54 (2H, dt, J = 5.2 Hz, 1.5 Hz, H3°"39), 4.51 (2H, bd, J = 5.4 Hz, H3 °r 39),
4.44 (2H, s, H?5), 2.99 (3H, s, H33), 1.34 (9H, s, H4).

c (100 MHz, CDCls): 169.3 (C32), 167.5 (C?), 159.2 (C1%), 158.3 (C*°r38), 158.1 (C*°" 38), 152.3
(C12), 151.9 (C26), 138.9 (C?3), 136.9 (C16), 136.7, 134.8, 133.2 (C2°"4°), 133.1 (C2°" 4°), 130.6,
130.1, 129.3 (Cf), 129.0 (b, C3%), 128.2, 127.8 (C'°), 127.4 (C%8), 124.8 (C°), 124.2 (C1Y),
123.1 (CY7), 119.7 (C??), 117.8 (C) or410), 117.7 (CL" or41(9) 115.2 (C5°r37), 115.0 (C° °F 37),
114.0 (C2°), 113.6 (C?%), 110.9 (C?7), 69.9 (C'8), 68.9 (C3 & C39), 47.3 (C®), 43.6 (C?), 34.9
(C13), 31.3 (C1).

Resonances C33 and C3* not observed.

m/z (ES): 805.3606 ([M+Na]* CazHsoN4NaO7 requires 805.3572).
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Part 3b: Spectral data for preliminary experimental investigations (Design 1)
Compound ESI-4
1H NMR (CDCls, 400 MHz)
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Compound ESI-4
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Compound ESI-5
'H NMR (CDCl3, 400 MHz)
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Compound ESI-5
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Compound ESI-6
'H NMR (CDCl3, 400 MHz)
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Compound ESI-6

IR (neat)
[ ]
[
hn _._...,._..,......-_.-.a-.-q-*-'—--.\ o _-H-*‘PHH’WMM\\
T 870.1; 91,950
3; 80,478 i
&1 2270.7; 89 246 4.1 80.173 |
2905.1; 87.383
@O
oy
=
iy
= o Te{sT0
E A 1
wn
=
T 1687.2; 70.91 1
=
i 1884 8 83,981

60
28
i

4 1288 0; 55 41 1172 2, 55,042
1243.1; 50 254
(=1
Ly
T T T T I T T T T I T T T T I T T T T | T T T T T T T T T T
3500 3000 2500 2000 1§uu 1000
Wavenumber (cm-1)
MS (ES +ve)
Intefs10,000,000)
2 15
1. 581.10
N 578.30
0. 15 58710
o 80420
5500 555.0 §60.0 565.0 §70.0 575.0 §80.0 585.0 560.0 505.0 800.0 605.0 'miz

S56



Half Axle HA-ESI-7
1H NMR (CDCls, 400 MHz)
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Half Axle HA-ESI-7
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Half Axle HA-ESI-8

'H NMR (CDCl3, 400 MHz) Inset: Decoupled °F NMR (CDCls, 377 MHz)
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Half Axle HA-ESI-8
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Axle Ax-ESI-10
1H NMR (CDCls, 400 MHz)
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Axle Ax-ESI-10
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Part 4a: Preliminary experimental investigations (Design 1 - Model)

DESIGN 1 MODEL:

To confirm that the allyl arm of HA-ESI-8 was not preventing rotaxane formation (through
steric clash with 24-c-8), a simplified model system was investigated. Rotaxane was now

formed, but in only very low yield, implying that the presence of the allyl arm on HA-ESI-8
was not significantly detrimental.

s S
(0] (0]
o [ :
O NH NO, 24-c-8 O NH I—\ \O
. o - . (’o o,
Et;N, Toluene 0 NO;
F 6% O (e)
(0]
NH, f N
HA-ESI-7

Free axle Ax-ESI-12 = 90%
1
SI-11 k—O 0.’
R-ESI- v
|
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Model [2]Rotaxane R-ESI-11

. 2\ To a solution of half-axle HA-ESI-7

] 5, (\1 (30 mg, 0.065 mmol) and 24-crown-
8(7©( oj_\o 8 (24-c-8) (23 mg, 0.065 mmol) in
s o(\ /> dry toluene (0.15 mL) was added

30 4, 30 [ j EtsN (66 mg, 0.1 mL, 0.654 mmol)
NO, .
29 and 2-fluoro-5-nitro-

(6] O
N Lo o\) methylbenzoate (20 mg, 0.0982
B \__/ . .
mmol). The reaction was stirred for

3 days under argon at room
temperature. The reaction mixture was then concentrated in vacuo to afford a yellow oil.
The crude material was purified by silica gel column chromatography (CH;Cl,:CH3OH 99:1)
to afford the title product (3.8 mg, 6%) as a yellow oil.

Ry: 0.41 [CH,Cl2:CH30H 99:1].
IR Vimax (neat): 3337 (N-H), 2868 (C-H), 1690 (C=0), 1650 (C=0).

Sn (400 MHz, CDCl3): 9.04 (1H, bt, J = 5.7 Hz, HP), 8.88 (1H, d, J = 2.8 Hz, H3°), 8.31 (1H, s,
HY7), 8.14-8.08 (3H, m, H28, H* & H1), 7.91 (1H, s, H'S), 7.31-7.27 (3H, m, H2! & H®), 7.25
(1H, bs, H2%), 7.18 (1H, d, J = 8.0 Hz, H2°), 6.88 (1H, d, J = 8.0 Hz, H??), 6.85 (2H, d, J = 8.8 Hz,
HS5), 6.70 (1H, d, J = 9.8 Hz, H?7), 6.10-6.00 (1H, m, H2), 5.46 (2H, s, H'8), 5.40 (1H, dq, J = 17
Hz, 1.6 Hz, HY), 5.28 (1H, dq, J = 11 Hz, 1.5 Hz, HY), 4.58-4.50 (6H, m, H&, H25 & H3), 3.92 (3H,
s, H33), 3.40-3.31 (16H, m, H?), 3.26-3.18 (16H, m, H¥), 1.38 (9H, s, H4).

8c (100 MHz, CDCls): 167.7 (C° & C32), 160.6 (C19), 157.7 (C?), 154.7 (C?%), 150.3 (C*?), 137.9
(C%), 137.8 (C?3), 136.0, 133.3 (C?), 132.7, 131.8 (C7), 131.5 (C%), 129.6 (C?8), 129.5 (C2Y),
129.4 (Cf), 129.0 (C3°), 126.4 (CY7), 124.4 (C'1), 118.1 (C??), 117.6 (CY), 114.8 (C2°), 114.7
(C?%), 114.6 (C®), 111.7 (C?’), 109.3, 70.2 (C?), 69.8 (C'8), 68.8 (C3), 52.1 (C3), 47.4 (C>5), 43.2
(C8), 34.9 (C3), 31.5 (C4).

m/z (ES): 1012.4779 ([M+Na]* C2sH33NOsNa requires 1012.4777).
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Model Axle Ax-ESI-12
, 2 Axle Ax-ESI-12 was isolated from the reaction to form
5 A1 rotaxane R-ESI-11 upon purification of the crude
reaction mixture by silica gel column chromatography
as a yellow glassy solid (37 mg, 90%).

32 0
o 31 NO,
29
25 26 28
23 N
Hp 27

Ry: 0.62 [CH,Cl2:CH3OH 99:1].
IR Vimax (neat): 3326 (N-H), 2953 (C-H), 2864 (C-H), 1690 (C=0), 1640 (C=0).

Sn (400 MHz, CDCls): 9.00 (1H, bt, J = 5.8 Hz, HP), 8.88 (1H, d, J = 2.7 Hz, H%°), 8.14 (1H, dd, J
= 9.4 Hz, 2.7 Hz, H?8), 7.83 (1H, t, J = 1.7 Hz, H!1), 7.64 (1H, bs, H'7), 7.57 (1H, bs, H5), 7.33-
7.28 (3H, m, H2! & H®), 6.96-6.89 (5H, m, H2, H?2, H?* & H%), 6.64 (1H, d, J = 9.4 Hz, H?),
6.50 (1H, bt, J = 5.5 Hz, H%), 6.11-6.02 (1H, m, H?), 5.43 (1H, dq, J = 17 Hz, 1.6 Hz, H), 5.30
(1H, qd, J = 11 Hz, 1.5 Hz, HY), 5.06 (2H, s, H!8), 4.60 (2H, d, J = 5.5 Hz, H8), 4.55 (2H, dt, J =
5.2 Hz, 1.5 Hz, H3), 4.52 (2H, d, J = 5.8 Hz, H25), 3.94 (3H, s, H33), 1.35 (9H, s, H4).

8c (100 MHz, CDCl3): 167.9 (C32), 167.4 (C%), 159.1 (C°), 158.1 (C%), 154.5 (C2), 152.3 (C1?),
138.6 (C?3), 136.8 (C'6), 136.3, 134.7, 133.2 (C?), 130.5 (C7), 130.2 (C?) 129.8 (C?8), 129.3
(C6), 129.0 (C°), 127.8 (C5), 124.0 (CY), 123.1 (C17), 119.7 (C20°r220r24) 117.7 (CY), 115.0
(C5), 113.8 (C200r220r24) 1737 (C200r220r24) 111 4 (C?7), 109.3, 70.0 (C'8), 68.9 (C3), 52.2
(C33), 47.0 (C25), 43.7 (C?), 34.9 (C3), 31.3 (C™4).

m/z (ES): 660.2855 ([M+Na]* C37H39N3NaO7 requires 660.2680).
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Part 4b: Spectral data for preliminary experimental investigations (Design 1 - Model)

Model [2]Rotaxane R-ESI-11

1H NMR (CDCls, 400 MHz)
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Model [2]Rotaxane R-ESI-11

IR (neat)
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Model Axle Ax-ESI-12
H NMR (CDCls, 400 MHz)
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Model Axle R-ESI-12

IR (neat)
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Part 5a: Preliminary experimental investigations (Design 2)
DESIGN 2:

Considering axle formation was the dominant reaction pathway in the above preliminary
experimental investigations, it was hypothesized that the nucleophilicity of the benzyl
amine needed to be reduced to allow for rotaxane formation. An electron withdrawing
trifluoromethyl group was therefore included. However, only very low yield of rotaxane
formation was observed. At this point, the decision was made to switch to the amide
formation variant of CEATS as described in the main article.

~ %
O(\ O/\/ K\ OM
jo o
O NH
24-c-8
. N O NH ~\
o NO, Et,N, Toluene o/_\04 o NO,
o 3% ( )
NH, o !
HA-1 F Free axle Ax-ESI-14 = 90% 5 N
HA-ESI-8 )
CF, 0 0

R-ESI-13 CF,4 ;
o oy
/
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[2]Rotaxane R-ESI-13

To a solution of half-axle HA-1 (81
mg, 0.155 mmol) and 24-crown-8
(24-c-8) (50 mg, 0.141 mmol) in dry
toluene (0.4 mL) was added Et3N (142
mg, 0.20 mL, 1.41 mmol) and half-
axle HA-ESI-8 (72 mg, 0.211 mmol).
The reaction was stirred for 4 days
under argon at room temperature.
The reaction mixture was then

concentrated in vacuo to afford a
yellow oil. The crude material was purified by silica gel column chromatography
(CH2Cl2:CH30H 99.25:0.75-99:1) to afford the title product (5.9 mg, 3%) as a yellow oil.

Ry: 0.42 [CHCl2:CH3OH 99:1].

IR Vmax (neat): 3337 (N-H), 2873 (C-H), 1634 (C=0).

Su (400 MHz, CDCls): 8.14 (1H, dd, J = 9.5 Hz, 2.5 Hz, H?), 8.09-8.08 (2H, m, inc H?%), 8.01
(1H, bs), 7.85 (1H, t, J = 1.6 Hz, HY), 7.66 (1H, s, H7), 7.60 (1H, s, H'%), 7.30 (2H, d, J = 8.4
Hz, H6), 7.17 (1H, bs, H?°), 7.08 (1H, d, J = 9.5 Hz, H28), 6.91 (4H, app d, H® & H38), 6.59 (1H,
bs, H%), 6.13-6.01 (2H, m, H? & H*!), 5.46-5.39 (2H, m, H! & H%), 5.33-5.28 (2H, m, H' &
H%?'), 5.23 (2H, s, H'8), 4.76 (2H, bs, H26), 4.60 (2H, d, J = 5.6 Hz, H8), 4.57-4.53 (6H, m H35, H3
& H*0), 3.45-3.41 (16H, m, H?), 3.23-3.19 (16H, s, H¥), 2.85 (3H, bs, H3%), 1.38 (9H, s, H4).

Resonance H37 broadened into baseline.

8¢ (100 MHz, CDCl3): 167.5 (C9), 158.2 (C%), 157.3 (C9), 152.2 (C12), 150.9, 137.7 (Cl),
134.6, 133.2 (C2°741), 133.1 (C2°"41), 130.5, 129.4, 129.3 (CF), 127.3 (C25), 126.8 (C2), 125.6,
124.1, 123.9 (C11), 123.0, 122.7 (CY7), 117.8 (C* & C*2), 115.0 (b, C5 & C3%), 111.8 (C28) 111.4
(C29), 70.6 (C?), 70.0 (C8), 68.9 (C3 °" 49), 68.9 (C3 ° 40), 48.3 (C25), 43.6 (C8), 34.9 (C13), 31.3
(CH).

Not all resonances observed in particular C3* & C*.

8¢ (377 MHz, CDCl3): —62.1.

m/z (ES): 1225.5606 ([M+Na]* CeaHs1F3NaNaOis requires 1225.5543).
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Axle Ax-ESI-14

Ry: 0.64 [CH2Cl2:CH30H 99:1].

Axle Ax-ESI-14 was isolated from the reaction that
formed rotaxane R-ESI-13 upon purification of the
crude reaction mixture by silica gel column
chromatography as a yellow glassy solid (118 mg,
90%).

IR Vmax (neat): 3330 (N-H), 2959 (C-H), 2868 (C-H), 1600 (2 x C=0).

Su (400 MHz, CDCl3): 8.11 (1H, m, H3!), 8.09-8.07 (1H, m, H?%), 7.85 (1H, t, J = 1.7 Hz, HY),
7.64 (1H, bs, H'7), 7.55 (1H, bs, H!5), 7.28 (2H, d, J = 8.7 Hz, HF), 7.20-7.17 (4H, m, H?3, H2® &
H37), 7.12 (1H, bs, H?%), 6.91-6.89 (4H, m, H38* & H%°), 6.80 (1H, bs, HB), 6.64 (1H, t, J = 5.5
Hz, H%), 6.58 (1H, d, J = 9.3 Hz, H?8), 6.11-5.99 (2H, m, H? & H*!), 5.45-5.38 (2H, m, H! & H*?),
5.32-5.28 (2H, m, HY & H*), 5.07 (2H, s, H'8), 4.64 (2H, bs, H3%), 4.58 (2H, d, J = 5.5 Hz, H?),
4.55-4.51 (4H, m, H3 & H*), 4.49 (2H, bs, H25), 3.00 (3H, s, H34), 1.34 (9H, s, H4).

8c (100 MHz, CDCls): 169.2 (b, C33), 167.4 (C°), 159.4 (C'°), 158.4 (C3°), 158.1 (C%), 152.4
(C'2), 151.7, 140.2, 137.0, 136.0 (C6), 134.9, 133.2 (C2°r41), 133.1 (C2°r41), 132.5 (q, J = 33
Hz, C21), 130.5 (C7), 129.3 (C), 129.0 (b, C3¥7), 127.9 (C5), 127.5 (C2°), 124.9 (C31), 124.4 (C1Y),
123.7 (q, J = 271 Hz, C?), 123.3 (CY7), 117.8 (C1 °" %), 117.7 (C! °r %), 116.8 (C*°), 116.2 (m,
C23), 115.2 (C°°r 38), 115.0 (C°° 38), 111.0 (m, C2°), 110.9 (C?8), 70.3 (C8), 68.9 (C3 & C*),
47.0 (C%), 43.6 (C8), 34.9 (C3), 31.2 (C*4).

Two quaternary resonances plus C3* & C3° not observed.

Or (377 MHz, CDCls): —62.6.

m/z (ES): 873.3479 ([M+Na]* CeaHs1FsN4sNaO1s requires 873.3446).

S72



Part 5b: Spectral data for preliminary experimental investigations (Design 2)
[2]Rotaxane R-ESI-13
1H NMR (CDCls, 400 MHz) Inset: 1°F NMR (CDCls, 377 MHz)
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[2]Rotaxane R-ESI-13

IR (neat)
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Axle Ax-ESI-14
1H NMR (CDCls, 400 MHz)

Inset: °F NMR (CDCls, 377 MHz)
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Axle Ax-ESI-14

IR (neat)
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