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A. General methods

All reactions were achieved under an atmosphere of argon unless otherwise indicated. All reagents
were purchased from Aldrich and were used as received without further purification. Dichloromethane was
distilled over P,Os and was degassed by bubbling Ar for 20 min. Analytical thin-layer chromatography (TLC)
was performed on Merck silicagel 60 F254 plates. Compounds were visualized by dipping the plates in an
ethanolic solution of ninhydrine or KMNO,, followed by heating. '"H NMR and “C NMR spectra were
obtained on a Bruker DRX-400 spectrometer (respectively at 400.13 MHz and 100.62 MHz). Chemical shifts
of '"H NMR and C NMR are given by using CHCl;, CH;CN or DMSO as references (7.27 ppm, 1.94 ppm
and 2.50 ppm respectively for 'H spectra and 77.00 ppm, 118.26 ppm and 39.52 ppm respectively for "*C
spectra). Coupling constants (J) are reported in hertz (Hz). Standard abbreviations indicating multiplicity were
used as follows: s (singlet), br (broad), d (doublet), t (triplet), q (quartet), quint (quintuplet), m (multiplet).

Low and high-resolution ESI mass spectra were recorded on a Q-Tof I mass spectrometer (Waters, Milford,
CA) fitted with an electrospray ion source. Data were acquired and processed with the Masslynx software.
The mass spectrometer was calibrated in the positive ion mode using 1% phosphoric acid in water/acetonitrile
solution (H,O/CH;CN, 50/50, v/v). Data were acquired by the Tof analyzer at 1 acquisition/s from m/z 100 to
m/z 3000 with a resolution of 5000. Depending on the sample, 50 acquisitions were summed to produce the
final spectrum. Samples were dissolved in a mixture H,O/CH3;CN (50/50, v/v) and infused into the ESI source
at a flow rate of 10 ul/min. Voltages were set at +3.0 kV for the capillary and adjusted for the sampling cone.
The source was heated at 100°C. Nitrogen constituted both nebulizing and desolvation gas. The latter was
heated at 120°C.

MALDI mass spectra were recorded on an Ultraflex III TOF/TOF instrument (Bruker Daltonics,
Wissembourg, France). A pulsed Nd:YAG laser at a wavelength of 355 nm was operated at a frequency of
100 Hz with a delayed extraction time of 30 ns. The source was operated in the positive mode. Data were
acquired with the Flex Control software and processed with the Flex Analysis software. A solution of the
HCCA matrix in water/acetonitrile (50/50, v/v) at a concentration of 10 mg/ml was mixed with the sample in
equal amount and 1 pl of this solution was deposited onto the MALDI target according to the dried droplet
procedure. After evaporation of the solvent, the MALDI target was introduced into the mass spectrometer ion
source. External calibration was performed with the commercial peptide mixture (Calibration peptide standard
2, Bruker Daltonics, Wissembourg, France). MS data were acquired under the following MS conditions. An
acceleration voltage of 25.0 kV (IS1) was applied for a final acceleration of 21.85 kV (IS2). The reflectron
mode was used for the Tof analyzer (voltages of 26.3 kV and 13.8 kV). Mass spectra were acquired from 500
laser shots, the laser fluence being adjusted for each studied sample. Ions were detected over a mass range
from m/z 400 to 3000 or 4000.

B. Synthesis of the diazido pseudo [c2]Daisy chain 3

1) Preparation of the 1-azido-12-bromododecane 9
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To a solution of 1,12-dibromododecane (3.07 g, 9.356 mmol, 1.5 equiv) in 15 mL of DMF at 60 °C, was
added by portions NaNj; (450 mg, 6.237 mmol, 1 equiv) during 30 min. The mixture was stirred for 4,5 hours
at 60 °C. The solvent was then removed under vacuo, and Et,O (30 mL) and NaOH 1M (30 mL) were added.



The two layers were stirred then separated and the aqueous layer was extracted with Et,0 (2 x 20 mL). The
organic layers were combined, dried over MgSO, and concentrated. The crude was purified by
chromatography on a silicagel column (solvent gradient elution: Petroleum ether, then Et,O/Petroleum ether
3/97) to give the product (869 mg, 48%) as a yellow oil.

R, (petroleum ether /AcOEt 9:1) 0.74

"H NMR (CDCl;, 400 MHz, 298K) : § (ppm) = 3.42 (t, 2H, *J;;;2.1; = 7.0 Hz, Hy), 3.26 (t, 2H, *J;;.,= 7.0
Hz, H)), 1.86 (quint, 2H, *J;;;10= "Ju112= 7.0 Hz, Hy}), 1.65-1.55 (m, 2H, H,), 1.49-1.23 (m, 16H, H; H,
Hs He H; Hg Ho Ho).

JMOD "*C NMR (CDCl;, 100 MHz, 298K) : & (ppm) = 51.4 (C)), 33.9 (C1»), 32.8 (C11), 29.4 & 29.4 & 29.3
& 29.1 & 28.8 & 28.7 & 26.6 (C, C3 C4 Cs Cs C7 Cs Co Cy).

2) Preparation of the 1-phthalimido-12-azidododecane 10
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Potassium phthalimide (832 mg, 4.491 mmol, 1.5 equiv) was added to a solution of the 1-azido-12-
bromododecane 9 (869 mg, 2.994 mmol, 1 equiv) in 20 mL of DMF. After stirring for 5 h at 70°C, the solvent
was removed in vacuo. The solid residue was suspended in dichloromethane and filtered through a layer of
silica gel. The filtrate was evaporated to give the desired product (965 mg) in 90% yield as a yellow solid.

"H NMR (CDCl;, 400 MHz, 298K) : 3 (ppm) = 7.87-7.82 (m, 2H, H,s), 7.74-7.69 (m, 2H, Hy,), 3.68 (t, 2H,
3J[-[]g_[-]]] =73 HZ, H]z), 3.26 (t, ZH, 3JH1-H2: 7.0 HZ, Hl), 1.72-1.63 (m, ZH, Hll)7 1.63-1.55 (m, 2H, Hz), 1.41-
1.22 (m, 16H, H; Hy Hs Hg H; Hg Hy Hyy).

JMOD “C NMR (CDCl;, 100 MHz, 298K) : § (ppm) = 167.8 (C,3), 133.4 (Cy), 131.8 (Cy4), 122.6 (Cys),
51.0 (Cy), 37.6 (C12), 29.1 & 29.1 & 29.1 & 28.8 & 28.8 & 28.5 & 28.2 & 26.5 & 26.3 (C, C; C4 C5 C4 C; Cy
Co CioCi).

MS (ESI): [M+H]" calculated for [CHN40,]": 357.2, found : 357.2

3) Preparation of the 12-azidododecan-1-amine 11

Hydrazine monohydrate (474 mg, 9.475 mmol, 3.5 equiv) was added to a solution of the phthalimide 10 (965
mg, 2.707 mmol, 1 equiv) in 40 mL of ethanol. The mixture was stirred at reflux for 4 h, and then cooled to
room temperature. An aqueous solution of KOH IN (50 mL) was added and the solvent was removed in
vacuo. The solution was extracted with dichloromethane (2x50 mL); then, the organic layers were combined,
dried over MgSO, and concentrated to yield the desired product (563 mg, 92 %).

"H NMR (CDCl;, 400 MHz, 298K) : & (ppm) = 3.26 (t, 2H, *J;;;2.1; = 7.0 Hz, Hy), 2.68 (t, 2H, *J1y;.o= 7.0
HZ, Hl), 1.64-1.56 (m, ZH, H]]), 1.48-1.24 (m, 18H, Hz H3 H4 H5 H6 H7 Hg H9 H]()).

JMOD "“C NMR (CDCls, 100 MHz, 298K) : & (ppm) = 50.6 (C15), 41.5 (C)), 33.1 (Cy;), 28.9 & 28.8 & 28.8
& 28.7 & 28.4 & 28.1 &26.2 & 26.0 (C, C; C4 C5 Cs C7 C5 Cy Cyy).

MS (ESI): [M+H]" calculated for [C;;Hy;N,] " : 227.2, found : 227.2

3



4) Preparation of the crown ether 1
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This compound has been synthesized according to the procedure described by S. J. Cantrill, G. J. Youn, J. F.
Stoddart. "

R/ (AcOEt) 0.3

"H NMR (400 MHz, CDCl;, 298K): & (ppm) = 9.83 (s, 1H, H,), 7.43 (dd, 1H, *Jy7.5s= 8.2 Hz, *J173= 1.9
Hz, H;), 7.38 (d, 1H, *J;;5.,7 = 1.9 Hz, H3), 6.94 (d, 1H, *J;5.» = 8.2 Hz, Hy), 6.90-6.86 (m, 4H, H;s H;s H;-
H]g), 4.24-4.20 (m, 4H, Hg H25), 4.17-4.15 (m, 4H, H13 Hz()), 3.98-3.92 (m, 8H, H9 H12 H21 H24), 3.86-3.84 (m,
8H, Hyo Hi;1 Hx, H23).

JMOD "*C NMR (100 MHz, CDCl;, 298K): & (ppm) = 190.9 (C)), 154.3 & 149.1 & 148.8 (C4 Cs Cy4 Cyo),
130.2 (C,), 126.9 (C7), 121.4 & 113.9 (C;5Cy5 Cy17 Cig), 111.8 (Cg), 110.9 (C3), 71.5 & 71.4 & 71.3 & 69.7 &
69.5 & 69.4 & 69.4 & 69.3 (CH,0).

MS (ESI): [M+Na]" calculated for C,sH3,00Na': 499.52, found: 499.27

5) Preparation of the compound 2
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A solution of the crown ether aldehyde 1 (1.18 g, 2.49 mmol, 1 equiv) and the 12-azidododecan-1-amine 11
(563 mg, 2.49 mmol, 1 equiv) in 100 mL of toluene was heated under reflux for 30 h using a Dean-Stark
apparatus. The solvent was then evaporated to give a yellow oil. The mixture was diluted with MeOH (70
mL), and then NaBH, (471 mg, 12.45 mmol, 5 equiv) was added portionwise at 5°C. Stirring was maintained
at room temperature for a further 5 h. Then, an aqueous solution of HCl 5M (100 mL) was added to the
reaction mixture. Methanol was evaporated, and the residue was diluted with dichloromethane (100 mL) and
washed with an aqueous solution of NaOH 5M (120 mL). The two layers were separated and the aqueous
layer was extracted with dichloromethane (3x100 mL). The organic layers were combined, dried over MgSO,
and concentrated. The crude (1.78 g) was directly engaged in the following reaction.

R, (CH,Cl, /CH;OH 9:1) 0.1

"H NMR (CDCl;, 400 MHz, 298K) : 5 (ppm) = 6.93-6.83 (m, 6H, Hp He Hy Ho Hp Hg), 6.82 (s, 1H, Hp),
4.20-4.10 (m, 8H, Hg H; Hg Hy), 3.96-3.89 (m, 8H, Hy Hx Hr Hy), 3.84 (s, 8H, H; H; Hy Hy), 3.70 (s, 2H,
H)), 3.26 (t, 2H, *Jy105= 7.0 Hz, Hy,), 2.60 (t, 2H, *J5.0.= 7.3 Hz, H3), 1.65-1.55 (m, 2H, Hy;), 1.55-1.45
(m, 2H, Hy), 1.41-1.21 (m, 16H, Hs He H; Hs Ho H,o Hy; Hy,).

['1S. J. Cantrill, G.J. Youn, J. F. Stoddart, J. Org. Chem. 2001, 66, 6857-6872.



JMOD "*C NMR (CDCl;, 100 MHz, 298K) : 5 (ppm) = 148.7 & 148.6 & 147.6 (CA Cr Cy Cy), 133.3 (Co),
121.1 & 120.6 & 113.8 & 113.8 & 113.7 & 113.7 (Cg Cp Cg Cx Co Cp Cq), 71.1 & 69.6 & 69.1 (CH,Opp2acs),
53.4(C)),51.2(Cy4),49.1 (C5),29.7 &29.3 & 29.3 & 29.3 & 29.2 & 29.2 (C4, C5 C5 C; C3 Cy Cyy Cy; Cyp Cy3).
MS (ESI): [M+H]" calculated for [C3;HsoN4O5]" : 687.4, found : 687.4

6) Preparation of the compound 3

A solution of HCI 2M in diethyl ether (12.5 mL, 25 mmol, 10 equiv) was added to the amine 2 (1.70 g, 2.49
mmol, 1 equiv). The mixture was stirred for 30 min, and then diethyl ether was evaporated to give a solid. To
a solution of the previous solid in milliQ water (10 mL) was added NH,PF; (1.22 g, 7.47 mmol, 3 equiv) and
dichloromethane (10 mL). The biphasic solution was stirred vigorously for 30 min; then, the two layers were
separated and the aqueous layer was extracted with dichloromethane (3x10 mL). The organic layers were then
combined, dried over MgSO, and concentrated. The crude was purified by chromatography on a silicagel
column (gradient solvent elution CH,Cl,/Acetone 1/0 to 9/1) to yield the compound 3 (1.45 g, 70% over the
two steps).

R, (CH,Cl, /CH;0H 9:1) 0.57

"H NMR (CDCls, 400 MHz, 298K) : & (ppm) = 6.92 (d, 2H, *J,p.z= 8.1 Hz, Hp), 6.87-6.69 (m, 10H, Hp Hy
HO Hp HQ), 6.61 (S, 2H, HB), 4.53-4.25 (m, 4H, Hl), 4.52-3.56 (m, 48H, CHZODB24C8)7 3.56-3.32 (m, 4H, H3),
3.27 (t, 4H, *Iy1003= 7.0 Hz, Hy4), 1.74-1.64 (m, 4H, Hy), 1.61 (tt, 4H, *Jp15.012="Jp13.14= 7.0 Hz, Hy3), 1.44-
1.14 (m, 32H, H5 H6 H7 Hg H9 H]() H“ le).

JMOD "C NMR (CDCl;, 100 MHz, 298K) : § (ppm) = 147.5 & 147.4 & 146.1 & 146.0 (C5 Cr Cy Cr),
124.7 (Cc), 122.8 (Cp), 120.9 & 120.8 & 112.6 & 112.6 & 111.6 & 111.6 (Cy Ci Cy Co Cp Co), 72.1 & 71.7
& 70.1 & 70.7 & 70.6 & 70.5 & 70.2 & 70.1 (CH,Opg24cs), 52.0 (Cy), 51.3 (Cys), 48.8 (C3), 29.3 & 29.3 &
29.3 & 29.3 & 29.0 & 28.9 & 28.7 & 26.6 (C4 Cs Cs C; C5Co Cio Cy; Ci, Cp3).

MS (MALDI): [M-1H-2PF¢]" calculated for [C74H,;7N3O]" : 1373.86, found : 1373.9

C. Synthesis of the dialkyne pseudo [c2]Daisy chain 5

1) Preparation of the tridec-2-yn-1-o0l 12

To a stirred solution of 1-dodecyne (5g, 30.064 mmol, 1 equiv) in anhydrous THF at 5°C was added, under
Argon, n-BuLi (20.7 mL, 33.077 mmol, 1.6 M in THF, 1.1 equiv). After 30 min at 5°C, paraformaldehyde
(1.08 g, 36.077 mmol, 1.2 equiv) was added by portions. The solution was further stirred during 1h at 5°C,
then during one night at room temperature. The reaction mixture was quenched with 120 mL of 1:1
water/saturated water with NH,Cl. The biphasic solution was separated and the aqueous layer extracted twice



with 100 mL of ethyl acetate. The organic layers were then combined, dried over MgSO, and concentrated to
afford compound 12 in a quantitative yield (5.90 g) as a yellow solid.

R, (petroleum ether /AcOEt 9:1) 0.21

"H NMR (CDCls, 400 MHz, 298K) : & (ppm) = 4.25 (t, 2H, T,y = 2.0 Hz, H)), 2.21 (tt, 2H, Ty = 2.0
Hz, *J;1.u5= 7.2 Hz, Hy), 1.55-1.46 (m, 2H, Hs), 1.42-1.33 (m, 2H, H), 1.33-1.20 (m, 12H, H; Hg Ho H,, H,
H),), 0.89 (t, 3H, *J5.02= 6.9 Hz, H}3).

JMOD "*C NMR (CDCl;, 100 MHz, 298K) : & (ppm) = 86.6 & 78.2 (C, C3), 51.4 (C,), 31.9 & 29.6 & 29.5
&29.3 &29.1 & 28.9 & 28.6 & 22.7 (Cs Co C7 C5 Cy Cyo Cyy Cyy), 18.7 (Cy), 14.1 (C3).

2) Preparation of the tridec-12-yn-1-o0l 13
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To dry ethylene-1,2-diamine (80 mL) at 0-5°C under argon was added NaH (11.90 g, 0.297 mol, 10 equiv,
60% in oil). The mixture was allowed to warm slowly at 60°C and stirred for 3h to give a deep blue mixture.
Then, it was cooled to 45°C before adding portionwise the tridec-2-yn-1-0l 12 (5.84 g, 29.749 mmol, 1 equiv).
The solution was stirred at 60°C for one night before being cooled to 0°C. 100 mL of diethyl ether and 100
mL of water were introduced slowly; then HCl 12M was added until pH 1. Aqueous layer was extracted with
diethyl ether (4x100 mL). The organic layers were combined, dried and concentrated. The crude oil was
purified by chromatography on a silicagel column (solvent elution: petroleum ether/AcOEt 1/1) to give the
desired product (3.56 g, 61%) as a yellow solid.

R, (petroleum ether /AcOEt 1:1) 0.71

"H NMR (CDCls, 400 MHz, 298K) : & (ppm) = 3.63 (t, 2H, *J;..o= 6.6 Hz, H)), 2.18 (td, 2H, *J111110= 7.1
Hz 1103 = 2.6 Hz, Hyy), 1.94 (t, 1H, “Jy55.00:= 2.6 Hz, Hy3), 1.62-1.47 (m, 4H, H, H,), 1.43-1.23 (m, 14H,
H3 H4 H5 H6 H7 Hg Hg)

JMOD "C NMR (CDCl;, 100 MHz, 298K) : 5 (ppm) = 84.4 (C},), 68.0 (Cy3), 62.2 (C)), 32.4 (C,) 29.4 &
29.3 8&29.3 &29.2 & 28.9 & 28.5 & 28.2 (C5 C4 Cs C4 C; Cs Co Cyp), 25.6 (Cyy).

3) Preparation of the 13-bromotridec-1-yne 14

To a solution of the tridec-12-ynol 13 (2.40 g, 12.226 mmol, 1 equiv) in 40 mL of dry dichloromethane were
added the tetrabromomethane (8.11 g, 24.451 mmol, 2 equiv) and the triphenylphosphine (6.41 g, 24.451
mmol, 2 equiv). The mixture was stirred at room temperature for 1h; then, the solvent was removed under
reduced pressure. A solution of petroleum ether / ethyl acetate (9:1) was added and the resulted precipitate
was filtered and washed abundantly. The filtrate was evaporated and the crude was purified by
chromatography on a silicagel column (elution: petroleum ether/AcOEt 9/1) to give the brominated product 14
(3.07 g, 97%) as a yellow oil.

Ry (petroleum ether /AcOEt 97:3) 0.50



"H NMR (CDCl;, 400 MHz, 298K) : & (ppm) = 3.42 (t, 2H, *I;;,.2= 6.9 Hz, H,), 2.19 (td, 2H, *J;1;1.110= 7.1
Hz T3 = 2.7 Hz, Hyy), 1.95 (t, 1H, *Jy 5.0, = 2.7 Hz, Hy3), 1.90-1.81 (m, 2H, H,), 1.57-1.48 (m, 2H, H,),
1.48-1.23 (m, 14H, H3 H4 H5 H6 H7 Hg Hg)

JMOD "C NMR (CDCl;, 100 MHz, 298K) : 5 (ppm) = 84.4 (C},), 68.0 (Cy3), 33.7 (C)), 32.7 & 29.3 & 29.3
& 29.3 & 29.0 & 28.6 & 28.6 & 28.4 & 28.0 (C, C; C4 Cs Cs C; Cg Cy Cyp), 18.3 (Cyy).

4) Preparation of the phthalimide 15
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Potassium phthalimide (3.40 g, 18.34 mmol, 1.5 equiv) was added to a solution of the 13-bromotridec-1-yne
14 (3.17 g, 12.230 mmol, 1 equiv) in 60 mL of DMF. After stirring for 4 h at 70°C, the solvent was removed
in vacuo. The solid residue was suspended in dichloromethane and filtered through a layer of silica gel. The
filtrate was evaporated to give the desired product (3.98 g) in a quantitative yield as a yellow solid.

Ry (Petroleum ether/AcOEt 75/25) 0.50

"H NMR (CDCl;, 400 MHz, 298K) : § (ppm) = 7.87-7.81 (m, 2H, Hys), 7.73-7.68 (m, 2H, H,;), 3.67 (t, 2H,
Ty = 7.4 Hz, Hy), 2.17 (td, 2H, *Jy000= 7.8 Hz T35 = 2.6 Hz, Hyy), 1.94 (t, 1H, *J;5.01, = 2.6 Hz,
H13), 1.72-1.62 (m, 2H, Hz), 1.56-1.47 (m, 2H, Hl()), 1.42-1.22 (m, 14H, H3 H4 H5 H(, H7 Hg H9)

JMOD "*C NMR (CDCl;, 100 MHz, 298K) : & (ppm) = 168.0 (Cy,), 133.5 (C}7), 131.9 (C;5), 122.8 (Cq),
84.4 (Cy,), 68.0 (Cy3),37.7(C)),29.2 & 29.2 & 28.9 & 28.8 & 28.5 & 28.3 & 28.2 & 26.6 (C, C; C4 Cs C¢ C,
Cs Cy Cyp), 18.1 (Cy).

5) Preparation of the tridec-12-yn-1-amine 16
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Hydrazine monohydrate (2.14 g, 42.805 mmol, 3.5 equiv) was added to a solution of the phthalimide 15 (3.98
g, 12.230 mmol, 1 equiv) in 60 mL of ethanol. The mixture was stirred at reflux for 4 h, and then cooled to
room temperature. An aqueous solution of KOH 1IN (100 mL) was added and the solvent was removed in
vacuo. The solution was extracted with dichloromethane (2x100 mL); then, the organic layers were combined,
dried over MgSO, and concentrated to yield the desired product (2.10 g, 88 %) as a yellow solid.

R, (CH,Cl,/MeOH 9:1) 0

"H NMR (CDCl;, 400 MHz, 298K) : 5 (ppm) = 2.67(t, 2H, *J;,..= 7.0 Hz, H,), 2.18 (td, 2H, *J;1.10= 7.2
Hz 3= 2.7 Hz, Hyy), 1.93 (t, 1H, *J;5.00, = 2.7 Hz, Hy3), 1.56-1.47 (m, 2H, H,o), 1.47-1.34 (m, 4H, H,
Hg), 1.34-1.21 (m, 12H, H3 H4 H5 H6 H7 Hg)

JMOD “C NMR (CDCl;, 100 MHz, 298K) : § (ppm) = 84.6 (Cy,), 67.9 (Cy3), 42.0 (C)), 33.6 (C,), 29.4 &
29.4 & 29.3 & 28.9 & 26.7 (C3 C4 Cs Cs C; C5 Co Cyg), 18.2 (Cyy).

MS (ESI): [M+H]"; calculated for [C;3H5N]": 196.2, found : 196.2



6) Preparation of the compound 4
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A solution of the crown ether aldehyde 1 (5.78 g, 12.134 mmol, 1 equiv) and the tridec-12-yn-1-amine 16
(2.37 g, 12.134 mmol, 1 equiv) in 200 mL of toluene was heated under reflux for 30 h using a Dean-Stark
apparatus. The solvent was then evaporated to give a yellow oil. The mixture was diluted with MeOH (150
mL), and then NaBH; (2.30 g, 60.670 mmol, 5 equiv) was added portionwise at 0-5°C. Stirring was
maintained at room temperature for a further 5 h. Then, an aqueous solution of HCl 5M (100 mL) was added
to the reaction mixture. Methanol was evaporated, and the residue was diluted with dichloromethane (100 mL)
and washed with an aqueous solution of NaOH 5M (100 mL). The two layers were separated and the aqueous
layer was extracted with dichloromethane (2x200 mL). The organic layers were combined, dried over MgSO,
and concentrated. The crude (6.73 g) was directly engaged in the following reaction.

R, (CH,CL/MeOH 9:1) 0.1

'"H NMR (CDCl;, 400 MHz, 298K) : 3 (ppm) = 6.90-6.80 (m, 7H, Hg Hp Hg Hy Ho Hp Hy), 4.19-4.10 (m,
8H, Hg H; Hs Hy), 3.95-3.89 (m, 8H, Hy; Hy Hy Hy), 3.84 (s, 8H, H; H; Hy Hy), 3.70 (s, 2H, H)), 2.60 (t, 2H,
3J[-p,t_[-[_g =173 HZ, H3), 2.18 (td, ZH, 3JH13-H12 =17.1 Hz 54JH13-H15 =27 HZ, H13), 1.94 (t, lH, 4JH15-H13 =27 HZ,
His), 1.57-1.45 (m, 4H, H, Hy»), 1.44-1.34 (m, 2H, H,1), 1.33-1.23 (m, 12H, Hs Hs H, Hg Ho Hy).

JMOD *C NMR (CDClLs, 100 MHz, 298K) : & (ppm) = 148.3 & 148.2 & 147.2 (C» Cr Cy Cr), 132.8 (Co),
120.7 & 120.2 & 113.4 & 113.4 & 113.3 (C5 Cp Cr; Cx Co Cp Cy), 83.9 (C14), 70.5 (C; C; Cy Cy), 69.2 (Cyy Cc
Cr Cw), 68.6 (Cg CL Cs Cy), 67.8 (Cys), 52.9 (C)), 48.6 (C3), 29.2 & 28.9 & 28.9 & 28.9 & 28.8 & 284 &
28.0 & 27.9 & 26.7 (C4 Cs Cs C Cy Co C1o Ciy Cia), 17.7 (C13).

MS (ESI): [M+H]"; calculated for [C3sHssNOg] 2 656.4, found : 656.3

7) Preparation of the compound 5
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A solution of HCI 2M in diethyl ether (20 mL, 0.2 mol, 19 equiv) was added to the amine 4 (6.73 g, 10.59
mmol, 1 equiv). The mixture was stirred for 30 min, and then diethyl ether was evaporated to give a solid. To
a solution of the previous solid in milliQ water (50 mL) was added NH4PF¢ (5.12 g, 31.77 mmol, 3 equiv) and
dichloromethane (50 mL). The biphasic solution was stirred vigorously for 30 min; then, the two layers were
separated and the aqueous layer was extracted with dichloromethane (3x30 mL). The organic layers were then
combined, dried over MgSQO, and concentrated. The crude was purified by chromatography on a silicagel
column (solvent elution CH,Cl,/MeOH 98/2) to yield the compound 5 (8.40 g, 87% over the two steps) as a
pale yellow solid.

R, (CH,Cl,/MeOH 9:1) 0.54



"H NMR (CDCl;, 400 MHz, 298K) : & (ppm) = 6.93 (dd, 1H, *Jp.up= 1.5 Hz, *Jypr = 8.4 Hz, Hp), 6.87-
6.72 (m, SH, Hg Hy Ho Hp Ho), 6.60 (d, 1H, *Jy5..p = 1.5 Hz, Hg), 4.52-4.28 (m, 2H, H,), 4.52-3.59 (m, 24H,
CH,Opgascs), 3.58-3.30 (m, 2H, H3), 2.19 (td, 2H, *Jyi5.002= 7.1 Hz *Jy5.05= 2.7 Hz, Hy3), 1.96 (t, 1H, *T;;s.
3= 2.7 Hz, Hs), 1.73-1.63 (m, 2H, H,), 1.57-1.48 (m, 2H, H,,), 1.44-1.35 (m, 2H, H,,), 1.35-1.16 (m, 12H,
Hs Hg H7 Hg Ho Ho).

JMOD “C NMR (CDCl;, 100 MHz, 298K) : § (ppm) = 147.6 & 147.5 & 146.2 & 146.0 (C, Cr Cy Cr),
124.7 (Ce), 122.9 (Cp), 121.0 & 120.9 & 112.9 & 112.5 & 111.7 (Cg Cg Cy Co Cp Cg), 72.2 & 71.8 & 70.9 &
70.8 & 70.7 & 70.3 & 67.5 & 67.0 & 66.7 (CH,Oppaacs). 68.2 (Cys), 52.1 (C)), 48.8 (C5), 29.3 & 29.0 & 28.6
& 28.4 & 26.6 (C4 C5 C4 C; C5 Cy C19 Cyy Cpa), 18.3 (Cy3).

MS (MALDI): [M-1H-2PF¢]" calculated for [C7¢H;1sN,O 4] : 1311.82, found : 1311.8

D. Procedure for the protonation of a stoichiometric mixture of the amines 2 and 4 in
order to obtain a statistical distribution of the pseudo rotaxane dimers 3, 5 and 6/6’

A suspension of the compound 4 (41 mg, 6.236.10° mol, 1 equiv) and the compound 2 (43 mg, 6.236.107
mol, 1 equiv) in 2.5 mL (2.5 mmol, 40 equiv) of HCI 1M in diethyl ether was stirred for 30 min. The mixture
was then evaporated and washed with diethyl ether to give a solid. NH,PF, (51 mg, 3.118.10™ mol, 5 equiv)
and 3 mL of dichloromethane were added to a suspension of the previous product in 3 mL of milliQ water.
The resulted bilayer solution was vigorously stirred for 30 min. After separation, the aqueous layer was
extracted twice with 3 mL of dichloromethane. The organic layers were combined, dried over MgSO, and
concentrated to obtain the mixture of pseudo rotaxane dimers 3, 5 and 6/6° (100 mg, 98 %)
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Figure 2. MALDI-TOF mass spectra of : (a) the diazido pseudo rotaxane dimer 3, (b) the dialkyne pseudo rotaxane
dimer 5, (c) a stoichiometric mixture of pseudo rotaxane dimers 3 and 5 over time, (d) after protonation of a
stoichiometric mixture of monomers 2 and 4. The detected ions corresponds to [M-2PF¢-1H]".

10



F. Synthesis of the molecular lassoes 7
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In a typical procedure, Cu(CH3;CN),PF¢ (67 mg, 0.180 mmol, 1 equiv) and 2,6-lutidine (2 mg, 0.018 mmol,
0.1 equiv) were added successively to a solution of the azido compound 3 (150 mg, 0.180 mmol, 1 equiv) and
the alkyne compound 5 (144 mg, 0.180 mmol, 1 equiv) in 360 mL of dry dichloromethane (concentration 0.5
mM). The mixture was stirred for 4 days at room temperature, after which time the solvent was evaporated
under vacuo. The crude was then directly purified by chromatography on a silicagel column (solvent gradient
elution CH,Cl, /CH;0H 1/0 to 98/1) then on a LH20 sephadex column (eluent CH,Cl, /CH;0OH 1/1) to afford
the dilasso rotamacrocycle 7 (150 mg, 51%) accompanied by traces of tetralasso 8 which were only detected
by mass spectrometry. Integration of the signals is given here for dilasso 7.

'H NMR (CD;CN, 400 MHz, 298K) : § (ppm) = 7.48 (s, 1H, H,s), 6.90-6.85 & 6.69-6.58 (2*br s, 4H, H,
Hzg), 6.84-6.70 (m, 12H, HB HD HN HO Hp HQ), 6.43 (d, 2H, 3JHE-HD =84 HZ, HE), 4.57-4.39 (m, 4H, H] H29),
4.27 (t, 2H, *Jy.7= 7.3 Hz, Hg), 4.33-3.62 (m, 48H, CH,Oppaucs), 3.47-3.35 (m, 4H, H; Ha,), 2.64 (t, 2H,
3JH13-H12: 7.6 HZ, H13), 1.87-1.78 (m, ZH, H17), 1.76-1.66 (m, 4H, H4 H26), 1.66-1.57 (1'1’1, 2H, H]z), 1.41-1.16
(m, 30H, HsH¢ H; Hg Ho Hyo Hy; Hys Hy9 Hyg Hy Hyy Hoz Hay Hys).

JMOD *C NMR (CD;CN, 100 MHz, 298K) : 5 (ppm) = 148.7 & 147.7 & 147.0 (C14 Co Cy Cy Cr), 1262
(Ce), 122.3 (Cis), 123.5 & 121.6 & 114.1 & 113.0 & 112.7 & 112.7 (Cp Cp Cg Cx Co Cp Co), 71.5 & 71.4 &
712 & 71.0 & 68.5 & 68.2 & 68.0 & 67.9 (CH,Oppa4cs), 52.8 (Cy Cy), 52.1 (Cy3), 50.6 (C5 Cs,7), 30.9 & 30.3
& 30.2 & 30.2 & 30.1 & 30.0 & 29.9 & 29.6 & 29.5 & 27.3 & 27.2 & 27.1 (C4, Cs C5 C; C3 Cy Cg Cy; Cpp Cyy
Cig Cig Gy Cy1 Cpp Cpz Gy Cps Co) 26.2 (Cie).

MS (MALDI): [M-1H-2PFg] calculated for [C;sH;16N5Oy6]: 1342.84 found: 1342.8 (compound 7); [M-3H-
4PFs] calculated for [C;s50H23:N1003,]: 2685.68, found: 2684.7 (compound 8).
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Figure 2. MALDI-TOF mass spectrum of lasso rotamacrocycle 7 and traces of 8 (with zoom of the isotopic clusters)
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G. Synthesis of the uncomplexed compound 7u

1) Preparation of the compound 17
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To a solution of the compound 2 (61 mg, 0.074 mmol, 1 equiv) in dichloromethane (6 mL) were added Boc,O
(48 mg, 0.221 mmol, 3 equiv) and DIEA (2.9 mg, 0.221 mmol, 3 equiv). The solution was stirred during 3 h at
room temperature. The organic layer was washed successively with an aqueous solution of HCI 1M (2x10
mL), a saturated aqueous solution of NaHCO; (2x10 mL), then dried over MgSQO,4 and concentrated under
vacuo. The crude was purified by chromatography on a silicagel column (solvent elution CH,Cl,/MeOH 98/2)
to yield the N-Boc protected compound 17 (56 mg, 97%) as a white solid.

'H NMR (CDCl3, 400 MHz, 298K) : 5 (ppm) = 6.94-6.70 (m, 7H, Hy Hp, He Hy Ho Hp Ho), 4.37-4.28 (br s,
(t, oH, JHMH” 7.0 Hz, H14) 3.21-3.01 (m 2H, H3) 1.75-1.65 (brs, 2H, H4) 1.64-1.55 (m, 2H, H}5), 1.53-
1.18 (m, 25H, Hz H5 H6 H7 Hg H9 H]() H11 H]z).

JMOD C NMR (CDCls, 100 MHz, 298K) : & (ppm) = 148.9 & 148.9 & 147.9 (Cx C¢ Cy Cr, (CHz);CCO),
131.9 (Cc), 121.4 & 114.1 & 113.8 (C Cp Cg Cy Co Cp Cy), 79.3 (COC(CH3)3), 71.1 (C; C; Cy Cy), 69.8 (Cy
Cx Cr Cw), 69.3 (Ci C Cs Cx), 51.4 (Cra), 49.3 (C1), 46.1 (Cs), 29.5 & 29.4 & 29.4 & 29.43 & 29.3 & 29.1 &
28.8 & 26.8 & 26.6 (C4 C5 Cs C; C5 Cy Cy Cy; Cy2 Cy3), 28.4 ((CH;);CCO).

MS (ESI): [M+H]"; calculated for [C4,H¢N4O;0]": 787.5, found : 787.5

2) Preparation of the compound 18
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To a solution of the compound 4 (300 mg, 0.0374 mmol, 1 equiv) in dichloromethane (15 mL) were added
Boc,O (245 mg, 1.122 mmol, 3 equiv) and DIEA (0.145 mL, 1.122 mmol, 3 equiv). The solution was stirred
during 3 h at room temperature. The organic layer was washed successively with an aqueous solution of HCI
IM (2x30 mL), a saturated aqueous solution of NaHCO; (2x30 mL), then dried over MgSO, and concentrated
under vacuo. The crude was purified by chromatography on a silicagel column (solvent elution CH,Cl,/MeOH
98/2) to yield the N-Boc protected compound 18 (272 mg, 96%) as a white solid.

R, (CH,Cl,/MeOH 9:1) 0.74

'H NMR (CDCl3, 400 MHz, 298K) : 5 (ppm) = 6.94-6.70 (m, 7H, Hy Hp He Hy Ho Hp Ho), 4.38-4.27 (br s,
3.00 (m oM, H3) 218 (td W, Tyrsmrs= 71 Bz Vs = 2.7 Hz, Hy), L. o4 (t TH, *Typspms = 2.7 Hz, H15)
1.57-1.18 (m, 18H, H4 H5 H6 H7 Hg H9 H]() H“ le), 1.45 (S, 9H, Hz)
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JMOD "*C NMR (CDCl;, 100 MHz, 298K) : 5 (ppm) = 148.8 & 147.9 (C4 Cr Cy Cy), 131.9 (Co), 121.4 &
114.6 & 113.8 (Cp Cp C Cy Co Cp Cy), 79.3 (COC(CH;)3), 71.1 (C; C; Cy Cy), 69.8 (Cy Ck Cr Cy), 69.3 (Cg
CL Cs Cx), 68.0 (Cys), 51.4 (C)), 46.3(C3), 29.5 & 29.4 & 29.4 & 29.3 & 29.0 & 28.7 & 26.8 (C4 Cs Cs C; Cyg
Cy Cyp Cy; C12), 28.4 ((CH3);CCO), 18.4 (Cy3).

MS (ESI): [M+H]"; calculated for [C4;3HNO,o]": 756.5, found : 756.5

3) Preparation of the compound 19
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In a typical procedure, Cu(CH;CN)4PF¢ (22 mg, 0.060 mmol, 1 equiv) and 2,6-lutidine (0.6 mg, 0.006 mmol,
0.1 equiv) were added successively to a solution of the azido compound 17 (47 mg, 0.060 mmol, 1 equiv) and
the alkyne compound 18 (45 mg, 0.060 mmol, 1 equiv) in 2 mL of dry dichloromethane. The mixture was
stirred for 24 h at room temperature, after which time the solvent was evaporated under vacuo. The crude was
then directly purified by chromatography on a silicagel column (solvent gradient elution CH,Cl, /CH;0H 1/0
to 98/2) to afford the compound 19 (48 mg, 52%).

'H NMR (CD;CN, 400 MHz, 298K) : & (ppm) = 7.46 (s, 1H, Hys), 7.13-7.02 (m, 8H, Hg Hy Ho Hp Ho),
7.00-6.97 (bl' S, 2H, HB), 6.91 (dd, 2H, 4JHD-HB: 1.8 HZ, 3JHD-HE: 8.3 HZ, HD), 4.34 (S, 4H, H] H29), 4.28-4.19
(m, 18H, Hg Hy Hs Hx Hye), 3.78-3.70 (m, 16H, Hy Hx Hr Hy), 3.60 & 3.60 (2*s, 16H, H; H; Hy Hy), 3.21-
3.10 (bl' t, 4H, H3 H27), 2.63 (t, ZH, 3JH13-H12 =7.6 HZ, H13), 1.85-1.77 (m, 2H, H17), 1.65-1.56 (m, ZH, le),
1.55-1.37 (m, 4H, Hy Hy), 1.44 (s, 18H, H, Hyg), 1.36-1.16 (m, 30H, Hs Hs H; Hg Hy Hyo Hyy Hys Hig Hap Hyy
Ha, Hyz Hag Hos).

JMOD "C NMR (CD;CN, 100 MHz, 298K) : & (ppm) = 149.2 & 149.1 & 149.1 & 148.1 (C14 Ca Cx Cui Cr),
1354 (Ce), 124.1 & 124.0 & 122.8 & 117.5 & 117.4 & 117.3 & 116.5 (Cg Cp Cg Cx Co Cp Cy), 122.5 (Cys),
80.0 (COC(CHs)s), 69.7 & 69.6 & 69.4 & 68.7 & 68.6 & 68.6 & 68.2 & 68.1 & 68.0 (CH,Oppaucs), 50.6 (C1e),
50.2 (C; Cy), 47.6 (C5 Cy7), 30.9 & 30.2 & 30.2 & 30.2 & 30.1 & 30.1 & 30.1 & 30.0 & 29.8 & 29.6 & 27.5
& 27.0 (C4 Cs Cg C7 Cg Cog Cyg Cyy Ciz Cy7 Cig Crg Cyp Cyy Cyp Co3 €y Cys Cip), 28.6 ((CH;)5C), 26.2 (Cy3).

MS (ESI): [M+H]"; calculated for [CgsH;3,N5O4]" : 1543.9, found : 1543.9

4) Preparation of the uncomplexed compound 7u

o o)%
; o
N
ﬁ\ 4 6 8 10 12 MN 16 18 20 2 24 26 /\@ ﬁ
M OF Fo
QPFee 7u

g IJ

A suspension of the N-Boc protected compound 19 (48 mg, 0.031 mmol, 1 equiv) in 1 mL of HCl 1M in
diethyl ether was stirred for 1 hour. The mixture was then evaporated and washed with diethyl ether to give a
solid. NH4PF; (25 mg, 0.156 mmol, 5 equiv) and 3 mL of dichloromethane were added to a suspension of the
previous product in 3 mL of milliQ water. The resulted bilayer solution was vigorously stirred for 30 min.
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After separation, the aqueous layer was extracted twice with 3 mL of dichloromethane. The organic layers
were combined, dried over MgSQO, and concentrated to obtain the compound 7u (40 mg, 78 %)

'H NMR (CD;CN, 400 MHz, 298K) : 5 (ppm) = 7.50 (s, 1H, Hys), 7.21-7.02 (m, 14H, Hy Hy, Hy Hy Ho Hp
HQ), 4.32-4.20 (m, 18H, H]6 HG HL HS Hx), 4.10& 4.10 (2*S, 4H, H] H29), 3.82-3.70 (m, 16H, HH HK HT Hw),
3.61 (s, 16H, H; Hy Hy Hy), 3.07-2.96 (m, 4H, H; Hyy), 2.61 (t, 2H, *Jy13.00,= 7.5 Hz, Hy3), 1.87-1.77 (m, 2H,
Hi;), 1.70-1.54 (m, 2H, Hy Hj, Hy), 1.40-1.16 (m, 30H, Hs Hy H;, Hg Hy H,o Hy; Hygs Hi9 Hag Hyy Hyy Hys Hog
Hys).

JMOD “C NMR (CD;CN, 100 MHz, 298K) : 5 (ppm) = 150.2 & 149.2 & 149.0 & 148.9 & 148.6 (Cy4 Ca
Cr Cy Cr), 126.0 (Cc), 125.8 & 124.0 & 123.8 & 119.0 & 117.4 & 116.9 & 116.9 (Cs Cp Cg Cy Co Cp Cy),
122.2 (Cy5), 69.8 & 69.7 & 69.1 & 69.0 & 68.9 & 68.8 & 68.6 & 68.3 & 68.2 & 68.1 (CH,Opg2acs), 51.9 (C,
Cy), 50.6 (Cyp), 48.7 (C5 Cy7), 30.7 & 30.2 & 30.0 & 29.9 & 29.9 & 29.8 & 29.8 & 29.8 & 29.7 & 29.7 &
295 & 294 & 29.3 & 26.8 & 26.8 & 26.8 & 26.5 & 26.5 (C4 Cs Cs C; C5 Cy Cj Cy; Ci2 Cy7 Cig Cig Cy Cyy
Caz Cy3 Cay Cys Cyp), 26.0 (Cy3).
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"H NMR (400 MHz, CDCl5, 298 K)
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TH NMR (400 MHz, CDCl5, 298 K)

B
1 9 7 5 3 1 A
N3WNH < 0 0 P
14 12 10 8 6 4 2 p o
(0] (0]

2

o T NN 0 M O WO © [e)) A = O
~N AN D nmaoaNmAN n (o)) QO WO
N a®dk TN N 0 nn A
~ O O O T mmm (a2} o — o

vV_Uu
o
Q

E F M N
o ot
H \I_.J/ K

10.0

9.5 9.0 8.5 8.0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 %5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.
f1 (ppn%



8¢'9¢
P0T°LC
¢S5°8¢
$98°8¢
981°6¢
LET6C
£(87°6C
80/°6¢

NGRS

880°6 —
PLTTS —
T0b°€S —

L1T°69
0£9°69 V

I—

£96°0L

00074 —

0S9°€TT
0EL°ETT
618°€TT

6€8°CTT
€65°0CT ~_
P T

9CEEET —

195" /b1
9¢9'8bT S
L9°8PT

JMOD '3C NMR (100 MHz, CDCl;, 298 K)

9

1

N3

190 180 170 160 150 140 130 120 110 10055 90 80 70 60 50 40 30 20 10
f1 (ppn%

200



—7.270
6.911
6.872

—6.691

™-6.607

—4.528

'H NMR (400 MHz, CDCl5, 298 K)

oMo K
¢ O

QROS
oY
@

—4.251
—3.570
—3.323
f 1.742
s 1.608
— 1.442

\-3.272
—1.140

I T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5 5

.0 4.
f1 (ppm)



$5579¢
98T
868'8¢
G86'8¢
€576
86T
(45374
5€°6C

=

¢mm.:ﬁ
6€9°TTT V.
895°CTT a

16£°02T
£68°021
(SL7TTT
969veT

196°SHT
6ET9PT
SOV LbT
Y8y LPT

JMOD '3C NMR (100 MHz, CDCl;, 298 K)

=
4
R — -
|||I.H
2
N4 s o
- T © 3
P PEY &
0B © o
@) [e}e}
' = < w ™
[e/(| =4 m w ||M
o o
OO1HW/_@O o
/Ol\
s
© (3]
& <
(0] 0
©
~
©
(o2}
e 4
- o
@
S
e
P4

190 180 170 160 150 140 130 120 110 100 7 90 80 70 60 50 40 30 20 10
1 (ppd

200



7880 —

99C'T ~—
POE'T —
S0S'T —

169'T —

80C°C —

Sy —

"H NMR (400 MHz, CDCl5, 298 K)

12

10

<

12

J N

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

5
fl (ppn%‘8

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

9.5



vLOYT —

00£'8T —

89 —

6/5'8¢
8¥8'8¢

T11°6C
§8¢'6¢
68v"6¢
¢SS'6¢

998'1€

¢9€'1S —

€€C8L —

§09'98 —

w L2
_ um <
IL Im
L2
L g
L 3
L e
- L2
) L g
&
- S8
=
L2
=
—
X - S
0
»
2 o
i3 -9
O
S B
N v
I = | 3
= ° B
o
o @ ~
0 67 - Im
-
N d e
X "\~
= \ - &
N -
(@]
O T °
© -2
o
Q
(@) =
M i
=
o
LS



~— ™M [=2) (o) O
3 S ? N
(a2} o ~— ~— ~—
(. (I
"H NMR (400 MHz, CDCl5, 298 K)
HOAAA AR A"
1 3 5 7 9 17
13
|
|
J{ LA \
I T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 ‘bs 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
o

5.0
f1 (p|



(o)) (=) o D o O o
= S s &8 =
3 5 g g oag @
(I I 7| I
JMOD '3C NMR (100 MHz, CDCl;, 298 K)
HO. 2. A4 8 8 10 2213 |
1 3 5 7 9 1
13 ! i
| |
U .
|
|
w A o |
T
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100”%1 90 80 70 60 50 40 30 20 10

f1 (pp!



O O ~N o — O
g = 58 RE¥AX
(a2} o — o
L7 I
"H NMR (400 MHz, CDCl5, 298 K)
103 5 7 9 1
14
|
|
|
Ly
| | L |
I T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 ﬁs 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
fl (ppn%



84.449
67.974

33.740
=~ 32.706

29320

JMOD '3C NMR (100 MHz, CDCl3, 298 K)

2 12 _z 13
BrVWW

13 5 7 9 N

14

—_—
_—

28.601
28.044
—18.257

I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 10033 90 80 70 60 50 40 30
fl (ppn%



0TI~ _
€281 —

SIS T —
99T —

8E6'T —

0LTC—

v(9°€ —

£69°L
S0L°L
1142
81/°L
0€8°L
8€8°L
8L
198°2

e =

0.0

1.0

"H NMR (400 MHz, CDCl5, 298 K)

17 16

10 12413
Z

8

15

2.0

LJWLA 1

M

T
4.0

5
fl (ppn;i)‘h

5.0

7.0

JUL

8.0

8.5

9.0

9.5

[
10.0



P0T'8T —
§95°9¢

802'82 W

$0€"8¢
(451414 \‘
€9T°6¢C
wLLe—

946°L9 —

P9EP8 —

¢08°¢eT —

006°TET ~—
90S°€ET —

600'89T —

JMOD '3C NMR (100 MHz, CDCl;, 298 K)

_—

12 13
10 Z

8

5
15

T
90

100
fl (ppn;i)5

110

T T T
160 150 140

T
170




5.0
f1 (p|

o [aV] — —
[ V1
TH NMR (400 MHz, CDCI;, 298 K)
HN 2 4 8 8 1 12218
2 13 5 7 9 11
16
|
|
|
|
|
T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 %5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
pr)



'r:l 'r:l o [} ™M n N ™M o~
o - r & S ¢ I'mBER A/
e A 3 5 § 8 8¢ 3
I = |
JMOD '3C NMR (100 MHz, CDCl5, 298 K)
|
HN AAAAAZ"
13 5 7 9 11 |
16 |
|
|
| |
h | | A
, .
|
I T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 7 90 80 70 60 50 40 30 20 10
fl (ppn%



99¢'T —
€8T —
$0S'T —

EP6'T —

LT —

L6S°C —

P0L'E —
9€8'¢ ——

9ST'Y —

298 K)

11

CDCl,,

TH NMR (400 MHz,
—V\S
(0]
O
<

4.0

38

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

10.0

f1 (pp!



6/9°LT —
189°9¢
06/°LC /
9€0°8¢
S0v'8C -
66/°8C
0S8'8¢

798'8¢

6,58y —

L4878 —

188°€8 —

H@N.mz
omm.m: W.
LYPETT

981°07T —
11z0et

69L°CET —

09T°LPT
STC8PT S
PoT8PT

]
-
_
- — —1
—
—=
—
e =
>
N yA
|..w o 21 -—
o =« L
(] WA
& o
N N,
L o
M < <
m ~ ZT
T 9
R < )
Z -0 o
5L 2
L ol T/S\O OINK
5 <
m 4
S

190 180 170 160 150 140 130 120 110 10039 90 80 70 60 50 40 30 20 10
fl (ppn%

200



3.369

— 4.437
~ 4347

14 S 7 5 3 1tcB Ao o’H
15/ 2 10 8 6 4 oﬁqz\dO‘éH

oD F
(6]
8o:© Oer,
5
I
|
|
|
|
|
|
A L | l A

—2.19%
— 1.963
— 1.684
—1.530
—1.3%

1.261

1216

N

I T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 H5 4.0 3.5 3.0
fl (pprﬁ‘)



Y0EBT —

99'92
8/£'82 /
5£9'87

§86'8¢
0ve'6C

L18°8y —
€L07CS —

9999
L1699
VAZA°)
811°89 a\s —

SSTOL~_
0£9°0L
€9£°0L
016°0/
164712
62z'eL

969'TTT
96bTTT X
e v

v68°0ZT
£66°02T

¥68°2¢T
699veT

61091
0TC9vT
68Y° LT
S9S°LYT

K
/\/\/\/\/\/
H

|

3

2

%y

.éH
|

RO
(6]
O

o
0.0

3 dé
H

oz

50
Lo

GPFS
w13 1 9 7 s
2 10 8 & %

JMOD '3C NMR (100 MHz, CDCl5, 298 K)
=K
= om
5

15

100 44 90 80 70 60 50 40 30 20 10
fl (pprﬁ‘)

110

120

130

140

150

160

170

180

190

200



~ O o T ™Mo T Mm MO ()] O-H O ®ON T [oe}
g 38 83 5 A3y BES 2 SEEEZR: B8
~ O O Nete) T < < < ™M O N o~ o o = ~—
R | 1o RN SO
1
H NMR (400 MHz, CD3CN, 298 K) |
|
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0 5
fl (ppfﬁf



@ O N ® © o owmn

[CRGIN T 9 © FToow© LAN®OANO AT N ® O © NOANOUOMT OO
O - N ©& N —OW© NOOMN O = NN NN NMO—TMONMN ©O®© &
BN G Y oS 6 AN et NS N~ NI ANQH
I T N N = o NdH D 08w N [NE=Ke)] SO SSARANNNG
— F S S [ S S NKRNNNOOOO N < AMMMmANNNNNNN

JMOD '3C NMR (100 MHz, CD5CN, 298 K)

200

190 180 170 160 150 140 130 120 110 100 3 90 80 70 60 50 40 30 20 10
ft (pprh



—7.270
—6.895
—6.748

"H NMR (400 MHz, CDCl5, 298 K)

— 4330

3.259
_~1.700
—1.635
™\-1.563
—1.250

52\0 o’%x
o o . N/3\/5\/7\/9\/11\/13\/N3
BOC 8 10 12 14
o) D
" MmO O°F z
N O e} G
K ——~ H
J | 17
|
T
I T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 5
fi (pprﬁb‘21



££9°9C
0089¢

9Th'87
09282
99067 -

0/T6C
£8€°6C
1834074
EbP'6C
€15°6¢

0T¥' 1§ —

b1E'69
bED'69
264°69
T
0002, —
9TE6L —

B6LLETT ~_
S80HTT

60b'TCT —

STOLPT ~_
£88'8pT

JMOD '3C NMR (100 MHz, CDCl3, 298 K)

3 5 7 9 11 13
NN
N
’ 4 6 8 10 12 14
Boc
17

190 180 170 160 150 140 130 120 110 100 5 90 80 70 60 50 40 30 20 10
ft {pprh

200



L9TT—

8bb'T —
ST —

€V6'T —

08T°¢—

6699 —

€V6'9 —

0LcL—

ML

"H NMR (400 MHz, CDCl5, 298 K)

4.0

WU

%0’

AMAA.

5.0

5.5

7 9 11 13
T
7.0 6.5

© ©
< = Ir)..
) o ~
o
m «~
- o o
o w I~ ®
(@] O\JH
wn
C s 5
o o””
o
N o o* e
o = -
g
a O IMJJ
=
L o

f1 (pp



L6€°TS —

£00'89
L6769 /
6169
65269 \
9901/
00022 —
90£'6L —

96L°ETT ~_
9THIT~"

6T TCT —

668°LPT ~_
Pr8'8yT

JMOD '3C NMR (100 MHz, CDCl3, 298 K)

13

15
120 0N

10

18

190 180 170 160 150 140 130 120 110 100 7 90 80 70 60 50 40 30 20 10
ft {pprh

200



91T —
GSET —
86b'T —
1951~
SLLT—
€981

0r6'T

9¢9'C —

P
(6]

s
.
MN

o}
o}

K

L/
J

H

x( O
(0]
v FO
Gko OJL

D

29
Boc
28

N

7019 21 B 25 2
N—"N""NNNNT
| 16 18 20 2 24 2%

7 9 11 13 R
N
19

5

H NMR (400 MHz, CD;CN, 298 K)

| QJuJuu '

L

.

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.0

fi (pprﬁb‘gS

6.0 5.5 5.0

6.5

7.0

9.5 9.0 8.5 8.0 7.5

10.0



[ZAN"T4
§€0°LC
Sy LT
P€9'8C
00962
€08°6¢C
£66°6C
8€0°0¢
680°0€
091°0€
L6T°0€
9€T°0€
088°0¢

919°/y —
679°0S —

96089
8189
6189
¥/5°89
10989

£59'89 \
LEE69

56’6, —

YSPOTT
6EE’LTT
PSELTT
LIS°/LTT
09¢'8TT —

Y6L7CCT —
L20PCT
SL0vCT

€9¢°GET —

850'8bT
8L0°6¥T ./.
80T'6bT W-
STT6YT

.

JMOD '3C NMR (100 MHz, CD5CN, 298 K)

29

17 19 21 23 25 27
N—" NN
' 16 18 20 22 24 26

1w o1 R

14)
0 12 =N
19

9

7

5

190 180 170 160 150 140 130 120 110 100 9 90 80 70 60 50 40 30 20 10
ft {pprh

200



S(T‘o o
P :
Oi:o

H NMR (400 MHz, CD;CN, 298 K)

}J—Y)%X

ﬁ)\/\/\/\/\/\/\(\,\l
D
OFE 2

—7.50
—7.21
—7.02

21 23 25 27@29
\/\/\/\/\/\/\
18 20 22 24 26
H2

——3.81
—3.70

X

4
e

g gs &
M (Sl ~
(WA
) J\ I
~0 O’\S

j:io
O™m

—1.17

M F
N
L\,o o\) ¢ Ic) ¢\lo o\)t
K \J—/I H 2 PFq 7u \I_/ K
J
[
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
10.0 9.5 2.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

5.0 5
fi (ppnsb



00'9¢
JAdrT4
08'9¢
€8'9¢

8¢°6C
9'6¢
04'6C
£€8'6C

91°0€

69'8V ~_
£5°0S —
06’15~

T1°89
89
€€'89
09'89
§8'89
16'89
$0'69
€169
0£'69
£€8'69

09°8pT
€6'811
00°6vT
€T6VT
0C°0ST

S

50 40 30 20 10

90 80 70 60

19 21 23 25
20 22 24 26
110 100
1 (ppry 1

120

7 9 1 13
Tu
170 160 150 140 130

180

190

JMOD '3C NMR (100 MHz, CD;CN, 298 K)

200



