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General Methods. All reactions were carried out under an atmosphere of argon unless otherwise
indicated. All reagents were used as received without furtherification. Dichloromethane was
distilled over BOs and was degassed by bubbling Ar for 20 min. Analyticatidaper chromatography

(TLC) was performed on Merck silicagel 60 F254 plates. Compounds were visualized by dipping the
plates in an ethanolic ktion of 10% sulphuric acid, ninhydrine or an aqueous solution of KMNO
followed by heating'H NMR and**C NMR spectra were obtained on a spectrometer (respectively at
400.13 MHz and 100.62 MHz). Chemical shifts'@fNMR and**C NMR are given by usinGHCl,

CH,CI,, CH;OH, CH,CN and DMSO as references (7.27 ppm, 5.32 ppm, 3.31 ppm, 1.94 ppm and
2.50 ppm respectively fdH spectrum, and 77.0 ppm, 54.0 ppm, 49.15 ppm, 118.26 ppm, and 39.51
ppm respectively for*C spectrum).’H assignments were deducewrh 2D *H-'H NMR COSY
experiments*C assignments were deduced from 20-'H NMR HMQC experiments. Coupling
constants (J) are reported in hertz (Hz). Standard abbreviations indicating multiplicity were used as
follows: s (singlet), br (broad), d (doublet (triplet), g (quartet), m (multiplet). Mass spectra (MS)

and highresolution mass spectra (HRMS) were recorded respectively on a ZQ Micromass apparatus, a
MALDI and a QTOF Micromassapparatusupplied with an ESI source (Waters, 2001)

A. Synthesis @ the stoppering azido precursorl

1) Preparation of theanhydride7

o OAc
4 28 o
AcO 5 1
AcO 2 OAc
3
OAc
7

To a suspension @-glucuronicacid (1.97 g, 10.15 mmol, 1 eq.) in 30 mL of acetic anhydxids®C
wasadded slowly in portions iodin@260 mg, 1.015 mmol, 0.1 equiviihe suspension wasirred1 h

at 5°C and then 4 h abom temperatureThe solution was cevaporated with toluene and the solid
residuewastriturated withdiethyl ether. A white powder wsabbtained (3.21g) with a yietsf 78%.

'H NMR (400 MHz, CDCl, 298K): ti= 579 (d, 1H,%}1.12.= 8.3Hz, H), 5.5 (t, 1H,*Jarz = *Jians
=8.3Hz, Hy), 5.27 (t, 1H, *}ian2 = *Jzms = 8.3Hz, Hy), 5.10 (t, 1H, *}ions = Jos = 8.3 Hz, Hy),
4.31 (d, 1H,%)}s14= 8.3Hz, Hs), 2.25(s, 3H,COOCOCH3), 2.29 &2.10& 2.04 & 2.03 & 2.02 (5*s,
5*3H, CH,CO).

%C NMR JMOD (100 MHz, CDCl;, 298K): ti= 169.7 & 169.3 & 169.1 & 168.6COCH;), 164.7 &
162.5 COOCOCH;), 913 (Cy), 72.9 (G), 712 (C3), 700 (Cy), 67.9(Cy), 220 (COOCOCHs), 206 &
20.4 & 204 (CH5CO).

MS (ESI): [M+Na]" calcd for[Cys Ha0012Na] " 427.31 found 427.14
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2) Preparation of thel,2,3,4tetra-O-acetyl-b-D-glucuronic acid 8

o OH
4. X8 o
AcO 5 ’
AcO 3 OAc
3
OAc
8

The anhydrid& (1.40 g,3.46 mmol)was stirrecovernightat room temperaturi@ 60 mL ofa solution
consisting ofTHF / water 2:1 The THF wasthenevaporatedndthe aqueoussolution wasextracted
with dichloromethang€3 x 50 mL) The organic phassasdried overMgSQ,, filtered and evaporated
to afford theacidcompoum 8 (1.23 g) in a quantitative yield.

R¢ (AcOEt/éther de pétrole 4:0)0

'H NMR (400 MHz, CDCl;, 298K): ti= 581 (d, 1H,*Jy1.12= 6.9Hz, Hy), 5.39 (t, 1H, *Jiznz= *hiahia
=8.7Hz, Hy), 5.D (t, 1H,*J}1sns = 3Juans = 8.7 Hz, Hy), 5.13(dd, 1H, Jyp.11= 6.9 HZ,Jo.13= 8.7 Hz,
H,), 432 (d, 1H,%)}s4= 87 Hz, Hy), 2.14 &2.07 & 2.04 & 2.02 4*s, 4*3H, CH;CO).

*C NMR JMOD (100 MHz, CDCk, 298K): &i = 1700 & 169.7 & 169.6 & 169.3 & 168.9 (Cq
COCHy), 91.2 (G), 724 (Cs), 718(C3), 70.0 (G), 68.5 (G), 20.7 & 20.5 & 20.5 & 20.4GH,CO).
MS (ESI): [M+Na]" calcd for[Cy, H150:; Na]*: 385.28, found385.1

3) Preparation of thel-azdo-2,3,4tri-O-aceyl-b-D-glucuronc acid9

o OH
4 28 0
AcO 5
AcO v N3
3
OAc
9

To a solutiorof the 1,2,3,4tetraO-acetytb-D-glucuronic acid (3.93 g, 10.847 mmol, 1 equivip 25

mL of dichloromethanat 5°C were added trimethylsilylazide (3.57 mL, 27.117 mmol, 2.5 equiv) and
tin(IV) chloride (5.4 mL, 5.423 mmol, 1M in CEl,, 0.5 equiv). The reaction was allowed to stir
overnight at 5°CA saturated aqueous solution daHCQO, wasthenadded and the reaction mixture
was stired 20 min before separatitige twolayers. After a second wash with saturated NaHCBe
combined aquags layers were acidified with hydrochloric acidl2M and extracted with
dichloromethane (3 x 30 mL)he combined organic layers were dried over MgSiltered and
concentrated to yield the compoud .85 g, B%, ratioa/b : 17/83 as a colorless solid.

bisomer: 'H NMR (400 MHz, CDCl, 298K): ti = 5.30 (t, 1H, J4s12= *Jusnsa = 9.2 Hz, H), 5.26 (t,
1H, *Jiarz = hans = 9.2 Hz, H), 4.96 (t, 1H Jor1 = 3hions = 9.2 Hz, H), 4.76 (d, 1H )12 = 9.2
Hz, Hy), 4.18 (d, 1H3}514= 92 Hz, H), 2.07 & 2.04 & 2.02 (3*s, 3*3H, CkTCO).

¥C NMR JMOD (100 MHz, CDCl, 298K): ti= 1702 & 1700 & 1694 & 168.3 (G; COCH,), 87.7
(Cy), 73.5(Cs), 719(Cy), 703 (C,), 688 (Cy), 204 & 20.4 (CHCO).

MS (ESI): [M+Na]" calcd for[Cy, H1sN30s Na] *: 368.25 found 368.00
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4) Preparation of the entafluorophenol 4azide 2,3,4+tri-O-acetytb-D-glucuronicesterl

To a cooledsolution(0°C) of the 1-azido-2,3,4tri-O-acetytD-glucuronicacid 9 (2.84 g, 8.224 mmol,

1 equiv) in 30 mL of dichloromethane waddedoxalyl chloride (1.44 mL16.449 mmol, 2 equiv)3
mL of DMF wasthenslowly added to the stirring solutiaand evolution of gas was observed. The
pale yellow solution was sted for 30 min at 0°C andhen for 2 h at room temperature.
[ The solution was evaporated to give a solitlich wasdiluted in 30 mL of dichloromethane and
added bypentafluorophenol1.82 g, 9.869 mmol, 1.2 equiv). The mixture wafowed to stir
overnight at room temperature. The solution was washed with a saturated aqueous solution of
NaHCG; (2 x 30 mL). After separation, the aqueous layer was extracted with dichloromethane
30mL). The organic layers were combined, dried over Mg&@d concentrated. The crude was
purified by chromatography on silicagel column (gradient elution petroleum eti@EtAZ:1 to 1:1)

to yield the compoundl as a colorless solid (2.32 ¢8%) and as a ugueb stereocisomer

Rt (petroleum ether /AcOHt:1) 0.68

'H NMR (400 MHz, CDCl, 298K): Ui = 5.44 (t, 1H*Juz12= *Jzra= 9.2 Hz, H), 5.32 (t, 1Hisns
= 33uns = 9.2 Hz, H), 5.05 (t, 1H . %iom1 = *dions = 9.2 Hz, H), 4.83 (d, 1H Ju1n2 = 9.2 Hz, H),
4.54 (d, 1H Jysha= 92 Hz, Hs), 2.11 & 2.06 & 2.05 (3*s, 3*3H, CICO).

3C NMR JMOD (100 MHz, CDCl;, 298K): ti= 170.0 & 169.1 & 169.0GOCH;), 162.5 (G), 88.2
(Cy), 73.8 (G), 71.7 (G), 70.1 (G), 68.7 (G), 20.5 & 20.4 & 20.2CH;CO).

B. Synthesis of the alkyngpseudo[c2]Daisy chain2

1) Preparation of the tride-2-yn-1-ol 10

10

To astirredsolution of tdodecyne (5g, 30.064 mmol, 1 equiv)anhydrousTHF at 5°Cwas 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 was added by portiomke solution wagurther 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/satirated water with NECl. The biphasic solution was separated and the aqueous layer

[1] D. P. Temelkoff, M. Zeller, P. Norri€arbohydrate ResearcB006 341, 10811090.
5
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extracted twice with 100 mL of ethyl acetate. The organic layers therecombined, dried over
MgSQ, and concentrated to afford compoutiin a quantitative yield (5.99) asa yellowail.

R¢ (petroleum ether /ACOEt 9:0.21

'H NMR (CDCl 3, 400 MHz, 298K): Ui (ppm) = 4.25t, 2H,%Jsn2= 20 Hz, Hy), 2.21 (t, 2H,Jisrn =
20 Hz, *Jysns= 7.2Hz, Hy), 1.551.46 (m, 2H, H), 1.421.33 (m, 2H, H), 1.331.20 (m, 2H, H; Hg
Ho Hio H11 Hiz), 0.89 (t, 3H Juizr12= 6.9 Hz, Ha).

*C NMR JMOD (CDCls;, 100 MHz, 298K): i (oppm) = 86.6 & 78.2 (£C3), 51.4 (G), 31.9 & 29.6
&29.5&29.3&29.1 & 28.% 28.68& 22.7 (G Cs C; C5 Cy Cy0 Cy3 Cy10), 18.7 (GQ), 14.1 (Go).

2) Preparation of the tride-12-yn-1-ol 11

To dry ethylenel,2-diamine 80 mL) at 05°C under argon was added NaHL(90g, 0.297mol, 10
equiv,60% in oil) The mixture was allowed to warm slowly at 60°C and stirre@®lido give a deep
blue mixture. Thenit was cooled to 45°C before adding dropwise titidec-2-yn-1-ol 10 (5.84 g,
29.749mmol, 1 equiv). The solution was stirred at 6@6€one nightoefore beingooled to 0°C100
mL of water and 100 mL dfiethyl ethemwere introduced slowly; then HCI 12M was added until pH
1. Agqueous layer wasxtracted with diethyl ether (4x100 mLThe aganic layers were combined,
dried and concentrated. The crude oil was purified by chromatogmaphysilicagel column (solvent
elution: petrdeum ether/AcOEt 1)ito give the desired produ@.66g, 61%) asayellow oil.

R¢ (petroleum ether /AcOHt:1) 0.71

'H NMR (CDCl 3, 400 MHz, 298K): i (ppm) = 3.63 (t, 2H3Jy1.12 = 6.6 Hz, H), 2.18 (td, 2H 11
wo= 7.1 HZ *J11m13= 2.6 Hz, Hy), 1.94 (t, 1H,"Juizn1. = 2.6 Hz, Hi), 1.621.47 (m, 4H, H H,y),
1.431.23 (m, 14H, HH, Hs Hg H7 Hg Hy).

3C NMR (CDCl3, 100 MHz, 298K): U (ppm) = 84.4 (§), 68.0 (Gy), 62.2 (G), 32.4 (G) 29.4 &
29.3& 293 &29.2 & 28.9 & 28.5 & 28.2C; C, C5 C5 C; C5 Cy Cy), 25.6 (Gy).

3) Preparation of the 3-bromotridec-1-yne12

To a solution ofthe tridec12-ynol 11 (2.40 g, 12.226 mmol, 1 equiv) in40 mL of dry
dichloromethanewere added the tetrabromomethaf&ll g, 24451 mmol, 2equiv) and the
triphenylphosphine (81 g, 24.451 mmol, 2quiv). The mixture was stirred miom temperature for

1h; then the solvent was removed under reduced pressure. A solution of petroleuni ethgl
acetate (9:1) was addleand the resulted precipitate was filtered and washed abundantly. The filtrate
was evaporated and the crude was purified by chromatography on a silicagel colutiam: (e
petroleum ether/AcOELt:2) to give thebrominatedproductl2 (3.07 g, 97%) as ayellow oil.

R¢ (petroleum ether /ACOEt 97:8)50
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'H NMR (CDCl 3, 400 MHz, 298K): U (ppm) = 3.42 (t, 2H3Jy1.1> = 6.9 Hz, H), 2.19 (td, 2H3J10.
no= 7.1 HZ %y = 2.7 Hz, Hy), 1.95 (t, 1H, 3413012 = 2.7 Hz, Ha), 1.901.81 (m, 2H, H), 1.57
1.48 (M, 2H, Hp), 1.481.23 (M, 14H, HH4 Hs Hg H; Hg Ho).

%C NMR (CDCl3, 100 MHz, 298K): Ui (ppm) = 84.4(Cy,), 68.0 (Gs), 33.7 (G), 32.7 & 29.3 & 29.3
&29.38&29.0 & 28.6 & 28.6 & 28.4 & 28.0 (; C4 C5 C4 C; C5 Cy Cyp), 18.3 (Gy).

4) Preparation of the plmalimide 13

Potassium plmalimide 3.40g, 18.34mmol, 1.5 equiv) was added to a solution of 1Bdromotridee
1-yne12(3.17 g,12.230mmol, 1 equiv) in60 mL of DMF After stirring for4 h at 70°C, the solvent

was removed irvacuo.The solid residue was suspended in dichloromethane and filtered through a
layer of silica gel. The filtrate was evaporated to give the desired pral@8tg) in a quantitative

yield as a yellow oil.

R¢ (Petrdeum ether/AcOEY525) 0.50

'H NMR (CDCl 3, 400 MHz, 298K): U (ppm) = 7.877.81 (m, 2H, Hy), 7.737.68 (m, 2H, H;), 3.67
(t, 2H, 312 = 7.4 Hz, H), 2.17 (td, 2HJ11m10= 7.8 HZ 1J11mis= 2.6 Hz, Hy), 1.94 (t, 1H, 315
hi1= 2.6 Hz, Hy), 1.721.62 (m, 2H, H), 1.561.47 (m, 2H, Hp), 1.421.22 (m, 14H, HH,; Hs Hg H;
Hg Ho).

¥C NMR JMOD (CDCl;, 100 MHz, 298K): i (ppm) = 168.0 (), 133.5 (G;), 131.9 (Gs), 122.8
(Ci), 84.4 (Go), 68.0 (Gy), 37.7 (G), 29.2 & 29.2 & 28.9 & 28.8 &8.5 & 28.3 & 28.2 & 26.6 (€
C3C4 C5C5 C; C5 Cy Cyp), 18.1 (Gy).

5) Preparation of the tride-12-yn-1-aminel4

14

Hydrazinemondydrate 2.14 g 42.805mmol, 3.5 equiv) was added to a solution of ph¢halimide
13(3.989, 12.230mmol, 1 equiv) ir60 mL of ethanol The mixture vas stirred at reflux for 4,fand
then cooled to room temperaturen aqueous solution of KOH 1NL@0 mL) was addedind the
solvent was removed imacuo The solution was extracted with dichloraimene (2400 mL); then,
the organic layers were combined, dried oMgSQO, and concentrated tgield the desired product
(2.109, 88 %) as a yellowsolid.

R: (CH.Cl,/MeOH 9:1)0
'H NMR (CDCl 3, 400 MHz, 298K): i (ppm) = 2.67(t, 2H, *Jy1.2= 7.0 Hz, H), 2.18 (td, 2H 11
h10= 7.2 HZ $311ms= 2.7 Hz, Hy), 1.93 (t, 1H,J1zn11= 2.7 Hz, Hy), 1.561.47 (M, 2H, Hy), 1.47
1.34 (m, 4H, HHg), 1.341.21 (m, 12H, HH, Hs Hg H; Hg).
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3C NMR (CDCl3, 100 MHz, 298K): U (ppm) = 84.6 (&), 67.9 (Gs), 42.0 (G), 33.6 (Q), 294 &
29.4 & 29.3 & 28.9 & 26.7Q; C4 Cs Cs C; Cs Co Cao), 18.2 (Gy).
MS (ESI): [M+H]*; calcd for [GaHeN] " : 196.2 found :196.2

6) Preparation of the crowether15

o AN
3 15

H4 2 -0 Oj@m
17
7 <5 O O™19 18
25&0 o %
24 \_/ 2
23 22
15

This compound has beaynthesized according to the procedure described by S. J. Cantrill, G. J.
Youn, J. F. Stoddarf®

R: (AcOEt) 0.3

'H NMR (400 MHz, CDCl5, 298K):ti ( pp m) = 9,.7.833dd,(163}7.1E 8.2 HzH 703
=1.9 Hz, H), 7.38 (d, 1H 4317 = 1.9 Hz, H), 6.94 (d, 1H3}sn7 = 8.2 Hz, H), 6.906.86 (m,4H,
His Hig Hi7 Hig), 4.244.20 (M, 4H, K H,s), 4.174.15 (m, 4H, Hs Hyo), 3.983.92 (m, 8H, HHy, Hay
H,4), 3.863.84 (M, 8H, Ho Hyy Hao Hao).

3C NMR JMOD (100 MHz, CDCl;, 298K): i ( p p m) % 152.3 1491 &(148.8 (Cs C1s
Ci9), 130.2 (G), 126.9 (G), 121.4 & 113.9 (& Cis C17 Cig), 111.8 (G), 110.9 (Q), 71.5 & 714 &
71.3&69.7 & 69.5 & 69.4 & 69.4 & 69.H,0).

MS (ESI): [M+Na]" calcd for GsH4:0q: 499.52 found: 499.27

7) Preparation of the compourid

U

v
T /\ w
(7O OTx
7 9
PQRO OABC1§I/3\/5\/\/\/11\/13\15
sl osaaasa s
o D
M O O F
N E
'-K/O o\)G 16
K ~—v H
|

J

A solution of the crown ethealdehyde 15 (5.78 g, 12.134 mmol, 1 equiv) and thelec12-yn-1-

amire 14 (2.37 g, 12.134 mmol, 1 equiv) in 200 mL of toluene Wwaated undereflux for 30 husing

a DeanStark apparatud.he 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, gquiv) was added portionwise at 0

5°C. Stirring was maintained at roommteerature for a furthed h. Then, an aqueous solution of HCI

5M (100 mL) was added to the reaction mixture. Methanol was evaporated, and the residue was

[2] S. J. Cantrill, G. J. Youn, J. F. StodddrtOrg. Chem2001, 66, 68576872.
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diluted with dichloromethanelQ0 mL) and washed with an agueous solution of NaOH B\ (nL).
The twolayers were separated atie aqueous layer was extracted vdithloromethane (2x200 mL).
The organic layers were combined, dried oM@SQO, and concentrated. The crud@.73 g) was
directly engaged in the following reaction.

R: (CH.Cl,/MeOH 9:1)0.1

'H NMR (CDCl 3, 400 MHz, 298K): U (ppm) = 6.986.80 (m, 7H, K Hp He Hy Ho He Ho), 4.19
4.10 (m, 8H, K H, Hs Hy), 3.953.89 (m, 8H, K Hx Hr Hy), 3.84 (s, 8H, HH; Hy Hy), 3.70 (s, 2H,
Hy), 2.60 (t, 2H,33uns = 7.3 Hz, H), 2.18 (td, 2H3}1a112= 7.1Hz *Juizms= 2.7 Hz, Hy), 1.94 (t,
1H, “Jisniz= 2.7 Hz, Hg), 1.571.45 (m, 4H, HHyy), 1.441.34 (m, 2H, Hy), 1.331.23 (m, 12HHs
He H7 Hg Ho Hio).

3C NMR (CDCl3, 100 MHz, 298K): U (ppm) = 148.3 & 148.2 & 147.2 (OCr Cy Cr), 132.8 (Q),
120.7 & 120.2 & 113.4 & 113.4 & 113.3 {C; Ce Cy Co Cr Co), 83.9 (G4), 70.5 (GC,Cy Cy), 69.2
(Cq Ck Cr Cuw), 68.6 (G C. Cs Cx), 67.8 (Gs), 52.9 (G), 48.6 (Q), 29.2 & 28.9 & 28.9 & 28.9 &
28.8 & 28.4 & 28.0 & 27.9 & 26.7 ({5 Cs C; C5 Co C19 C11 C12), 17.7 (Gy).

MS (ESI): [M+H]"; calcd for [GgHsgNOg]* : 656.4 found :656.3

8) Preparation of the compourii

A solution of HCI 2M in diethyl ether (20 mL, 0.2 mol, 19 equiv) was adddéldeg@minel6 (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 wat L) was added NKPF; (5.129,
31.77mmol, 3equiv) and dichloromethan&(d mL). The biphasic solution wasiigsed vigorously for

30 min then the two phases werseparated and the aqueous layer was extracted with
dichloromethane (B0 mL). The organic layers were themombined,dried over MgSQO, and
concentratedThe crude wagurified by chromatography on a silicagel column (solvent elution
CH,CI,/MeOH98:2) to yield thecompound (8.40g, 87% over thetwo step} as a white solid.

R; (CH,Cl,/MeOH 9:1)054

'H NMR (CDCl 3, 400 MHz, 298K): t (ppm) = 6.93 (dd, 1H'Jp.ne = 1.5 Hz,*dype = 8.4 Hz, W),
6.87-6.72 (m, 5H, K Hy Ho Hp Ho), 6.60 (d, 1H,"}erp = 1.5 Hz, H), 4.524.28 (m, 2H, H), 4.52-
3.59 (M, 24H, Chpgzace), 3.583.30 (M, 2H, H), 2.19 (td, 2HJ1sm12= 7.1 Hz Yniznis= 2.7 Hz,
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Hig), 1.96 (t, 1H Juisiia= 2.7 Hz, He), 1.731.63 (M, 2H, H), 1.57-1.48 (m, 2H, H,), 1.441.35 (m,
2H, Hu), 1.351.16 (M, 12HHsHg Hy Hg Ho H1o).

13C NMR JMOD (CDCl,, 100 MHz, 298K): &i (opm) = 147.6 & 147.5 & 146.2 & 146.0 {Cx Cy
Cr), 124.7 (), 122.9 (G), 121.0 & 120.9 & 112.9 & 112.5 & 111.7 & Cy Co Cp Co), 72.2 &
71.8 & 70.9 & 70.8 & 70.7 & 70.3 & 63.& 67.0 & 66.7 (CHOpg2cd 68.2 (Gs), 52.1 (G), 48.8
(Cs), 29.3 & 29.0 & 28.6 & 28.4 & 26.6C, Cs Cs C; Cg Co C1o Cyy Cr), 18.3 (Go).

MS (ESI): [M-2PR]?"; calcd for[CreH11dN:014 > : 656.42 found: 656.38

MS (MALDI): [M-1H-2PR]* calcd for[CeH11N,01¢]* : 1311.82found: 1311.8

C. Synthesis ofthe non-interlocked threads 5u and 6u

1) Preparationof the compound7

The compaind 1 (200 mg, 0391 mmol, 2 equiv) and thel,12diaminododecan€39 mg, 0.1%5
mmol, 1equiv)werestirred in5 mL of dichloromethae at reflux for one night.The organic layer was
washed successively with @gyueous solution of HCI 1M (8xmL), and with a saturated aqueous
solution of N&l (2x5 mL), then dried over MgSfQand concentrated undemcuoto afford the
compoundLl? (155 mg, 93%) as a white solid.

R¢ (petroleum ether /AcOEt:1) 0.28

'H NMR (400MHz, CDCl3, 298K): U = 6.49 (t, 2H J7.15= 5.8 Hz, H), 5.24 (t,2H, *Jizn2= *Jisna
= 9.3 Hz, H), 5.08 (t,2H, *Jans= *Juars= 9.3 Hz, H), 4.87 (t,2H, Jon1= *Jons= 9.3 Hz, H), 4.77
(d, 2H, *Ju1mz = 9.3 Hz, H), 3.99(d, 2H, ®}isns= 9.3 Hz, H), 3.21-3.12 (m, 4H, H), 2.03& 2.00 &
1.96(3*s, 3*6H, CH,CO), 1.501.40 (m, 4H, K), 1.291.15 (m, 16H, hy Hy3 Hip Hyg).

%C NMR JMOD (100 MHz, CDCl;, 298K): Ui = 169.7& 169.3 & 169.1 (COCHs), 165.5(Ce), 87.6
(Cy), 74.1(Cs), 716 (Cs), 703 (C,), 69.0(Cy), 39.1 (G), 29.3 & 29.2 & 29.0 & 29.0 & 26.6 (1o
C11C1, Cig), 204 & 20.3 & 20.3 (CH;CO).

MS (ESI): [M+H]"; calcd for [GgHssNgO1¢] " : 855.37 found :855.46

2) Preparation of the compouri8
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To a solution of compoun2 (300 mg, 0374mmol, 1 equiv) in dichloromethan&gmL) were added
Boc,O (245mg, 1122 mmol, 3 equiv) and DIEAO(145 ni, 1.122 mmol, 3 equiv). The solution was
stirred during3 h at room temperatureThe organic layer wawashed successively with an agueous
solution of HCI 1M (2x30 mL), a saturated aqueous solution of NaH2¥30 mL), then dried over
MgSQO, and concentrated undemcua The crude was purified by chromatography on a silicagel
column (solvent elution C}Il,/MeOH 98:2) to yield the NBoc protected compountB (272 mg,
96%) as a white solid.

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

'H NMR (CDCl 3, 400 MHz, 298K): U (ppm) = 6.946.70 (m, 7H, K Hp He Hy Ho Hp Ho), 4.38-
4.27(brs, 2H, H), 4.21-4.09 (m, 8H, K H_ Hs Hy), 3.953.87 (m, 8H, K Hx Hr Hy), 3.83 (s, 8H, H
H; Hu Hy), 3.203.00 (m, 2H, H), 2.18 (td, 2H3Jy13112= 7.1 Hz $h1anis= 2.7 Hz, Hs), 1.94 (t, 1H,
*Jisniz= 2.7 Hz, Hs), 1.571.18 (m, 18H, B Hs Hg H; Hg Hg Hio Hi1 H1y), 1.45 (S, 9H, B).

¥C NMR JMOD (CDCl3, 100 MHz, 298K): Ui (ppm) = 148.8 & 147.9 (CCr Cy Cr), 131.9 (Q),
121.4 & 114.6 & 113.8 (£Cp Ce Cy Co Cp Cq), 79.3 (CQE(CHs)s), 71.1 (G C, Cy Cy), 69.8 (G Ck
Cr Cw), 69.3 (G C. CsCy), 68.0 (Gs), 51.4 (G), 46.3(G), 29.5 & 29.4& 29.4 & 29.3 & 29.0 & 28.7
& 26.8 (C, Cs C5 C; Cg Cy C19 C11 C12), 28.4 ((CH3)sCCO), 18.4 (@).

MS (ESI): [M+H]"; calcd for [GaHggNO1g] " : 756.5 found :756.5

3) Preparation ofthe threadl9

J
H /—\ K

G(\O O/\L
E . 5 am N
17 19 21 23 25 E';OCD j@o
\)\/\/\/\/\/\/N CXAAN0 O°R P
4 18 20 22 24 26 28 « Q
Kw/o 0\25

19 vV u

2

In a typical procedureCu(CHCN),;PF; (36 mg, 00966mmol, 1 equiv) and 2,8utidine (1 mg, 0.M97
mmol, 0.1 equiv) were added successively to a solution of the azido compdydd mg, 0.048
mmol, 0.5 equiv) and the alkyne compountB (73 mg, 00966 mmol, 1 equiv) in4 mL of dry
dichloromethane. The mixture was stirred for 24 h at room temperaftee which time the solvent
was evaporated undeacuo.The crude was then directly purified by chromatography on a silicagel
column (solvent gradient elution GEl, /acetor 1:0 to 3:7) to afford thireadl9 (80 mg, 70%)as a
yellow solid.

R; (CH,Cl,/MeOH 9:1)0.63

'H NMR (CD4CN, 400 MHz, 298K): U (ppm) = 779 (S, 2H, Hys), 717-7.05 (m, 10H, He Hy Ho Hp
Ho), 7.02 (br's, 2H, ), 6.94 (dd, 2HJipe= 1.4 Hz,*Jpe= 8.3 Hz, ), 6.84 (t, 2H J7s= 5.7
Hz, Hy), 5.99 (d,2H, *J1.12= 9.5Hz, Hy), 560 (t, 2H, *Jip1 = *Juprz= 9.5Hz, Hy), 5.50(t, 2H, *Ja 2
= hana= 9.5 Hz, H), 5.32 (t, 2H Jsr3= *Juans= 9.5 Hz, H), 4.34 (s,4H, Hyg), 430-4.22 (m, 18H,
Hs He HL Hs Hy), 3.77-3.68 (m, 16H, Hy Hyx Hy Hw), 359 (s, 16H, H, Hy Hy Hy), 3.203.12 (brt, 4H,
Hae), 3.11-3.04 (m, 4H, H), 2.66 (1 4H, %617 = 75 Hz, Hyg), 1.99& 1.97 & 1.78(3*s, 3*6H,
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CH,CO), 1.661.56 (M, 4H, ), 1.51-:1.34 (m,8H, Hy Hzg), 1.45 (s, 18H, C(Chs), 1.33-1.19 (m,
44Ha HlO Hll H12 H13 H18 H19 HZO H21 H22 H23 H24)-

13C NMR JMOD (CD4CN, 100 MHz, 298K): i (ppm) =1707 & 170.2& 169.6 (COCH;), 166.4
(Co), 149.4 & 149.1 & 148.9 & 147.90s Ca Cr Cy Cr), 1353 (Co), 1241 & 124.1 & 117.6 & 117.5
& 117.4 (G Cy Co CpCo), 122.8 (G), 121.5 (Gy), 116.5 (G), 85.4 (Cy), 79.9 C(CHa)3), 75.9(Cs),
72.8(Cs), 708 (C,), 69.8 (Cs), 69.5 & 69.4 & 69.2 & 68.3 & 68.2 & 68.2 & 67.9 & 67.8 & 67.8
(CH2Opgzacd), 50.0 (Gg), 47.5(Cze), 39.7 (G), 30.2 & 30.1 & 30.1 & 29.9 & 29.9 & 29.8 & 29.8 &
29.6 & 27.4 (G Cyp Cy3 Cy2 Ci3Cy7 Cig Cig Cop Ca1 Cop Coz Cos Css), 28.5 (CH3)3C), 25.9 (Ge), 20.8 &
20.7 & 20.3 CHCO).

MS (ESI): [M+H]"; caldd for [CyzoH1sgN160s¢ *: 2365.29, found 2366.40

4) Preparation of thehread20

27 FO
21 23 25 IT:’OCD Do
P
N0 0Rg

vV U

Thethreadl19 (75mg, 0.817mmol, 1 equiy was suspended BimL of iodomethane and stirred fér

daysat room temperature. Then, iodomethane was evaporated under reduced pressure and the obtained
solid was washed with diethyl ether to give a yellow solid R (31 mg, 01901 mmol, 6 equiv)

and5 mL of dichloromethane were added to a suspension of theopis product irb mL of milliQ

water. The resulted bilayer solution was vigorously stirred for 30 min. After separation, the aqueous
layer was extractetivice with 5 mL of dichloromethane. The organic layers were combined, dried

over MgSQ and concentrat to obtain théhread20 (71 mg, 84%) as a yellow solid.

R; (CH,Cl/MeOH 9:1)051

'H NMR (CD4CN, 400 MHz, 298K): Ui (ppm) = 8.53 (s2H, H.4), 7.0%6.85 (m, 14H, HHg He Hy
Ho Hp Ho), 6.81 (dd, 2H{Jp.ne= 1.4 HZ,*}pre= 8.1 Hz, B), 6.156.11(m, 2H, H), 5.565.51 (m,
4H, HyH3), 5.4%5.34 (m, 2H, H), 4.32 (d, 2H3}s1s= 10.0 Hz, H), 4.31 (s, 4H, H), 416-4.09 (m,
16H, Hg H. Hs Hy), 4.14 (s, 6H, H), 3.80-3.75(m, 16H, H, Hx Hr Hy), 3.65 (s, 16H, HH; Hy Hy),
3.183.07 (m, 8H, Hg Hazg), 2.79 (t, 4H, 3}er17 = 7.7 Hz, Hig), 1.99 & 1.9 & 1.91 (3*s, 3*6H,
CH;CO), 174164 (m, 4H, Hy), 1.521.34 (m,12H, Ho Hyg Hys), 1.4 (s, 18H, C(CH)3), 1.331.17
(m1 40—'1 HlO Hll H12 HlS H19 H20 H21 H22 H23 H24)-

¥C NMR JMOD (CD4CN, 100 MHz, 298K): Ui (ppm) =1706 & 170.1 & 170.0(COCH), 165.4
(Co), 149.4 & 1494 & 149.3 & 148.4 & 146.9(Cys Ca Cr Cy Cr), 133.9 (Co), 127.8 (G, 122.8&
121.6& 115.7& 115.6& 115.5 & 114.8(Cs Cp Ce Cy Co Cr Cq), 87.8 (Cy), 798 (C(CHs)s), 76.2
(Cs), 72.1(Cs), 707 (Cy), 692 (Cy), 70.4 & 69.7 & 69.6 & 69.5 & 69.4CH,Opgz4ce), 50.0 (Gg), 474
(Csg), 398 (Cs), 38.9 (Gy), 303 & 30.2 & 30.2 & 30.1 & 30.0 & 29.9 & 29.9 & 29.7 & 29.3 X .4 &
27.2(Cq Cyo C11 C1 Cy3 Cy7 Cig Cpg Cop Cpp Cop Cp3 C4 Css), 286 ((CH3)3C), 23.8 (Cye), 20.8 & 20.7 &
205 (CH5CO).
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5) Preparation of the threa8u

A suspension ofhe NBoc protecteccompound20 (71 mg, 0.281 mmol, 1 equiv) in3 mL of HCI

2M in diethyl ether was stirred for hour. The mixture was theavaporated and washed with diethyl
ether to give a solidNH4PF; (27 mg, 01686 mmol, 6 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 extraiceedith 5 mL

of dichloromethane. The organic layers were combined, dried over May8{concentrated to obtain
thethread5u (68 mg, 78 %) as galeyellow solid.

R; (CH,Cl/MeOH 9:1)0.40

'H NMR (CD4CN, 400 MHz, 298K): Ui (ppm) = 8.2 (s, 2H, Hi4), 7.07-6.91 (m, 14H, H Hp He Hy
Ho Hp Ho), 6.89 (t, 2H,%37.1s= 5.9 Hz, H), 6.16-6.12 (m, 2H, H), 5.57-552 (m, 4H, H Hs), 5.4%
5.34 (m, 2H, H), 432(d, 2H,3}sns= 10.0 Hz,Hs), 4.19-4.09 (m, 16H, He H, Hs Hy), 4.14 (s, 6H,
Hao), 4.04 (s, 4H, Hg), 3.84-3.75 (M, 16H, i Hx Hr Hy), 3.67 & 3.66(2*s, 16H, HH; Hy Hy), 3.14-
3.07 (M,4H, Hg), 2.94 (t, 4H Jpp6125= 7.6 Hz, He), 2.80 (t, 4H, *Juigri7= 7.6 Hz, Hie), 1.99 & 1.99
& 1.91 (3*s, 3'6H, CH;CO), 1.741.65 (M, 4H, Hy), 1.651.5 (m, 4H, Hs), 1.46-1.35 (m, 8H, Hy
Hig), 1.35-1.19 (M, 40H, Hi Hi1 Hio Hiz Hig Hoo Ha1 Haz Has Hag).

¥C NMR JMOD (CDsCN, 100 MHz, 298K): Ui (ppm) =170.6 & 170.1 & 170.0GOCH,), 1655
(Ce), 150.3& 1495 & 1494 & 149.4 & 1469 (Cys Ca Cr Cy Cr), 127.8 (G,), 125.0(Co), 124.5&
122.7& 122.7& 116.8& 115.5& 115.4 & 115.0(Cs Cp Ce Cy Co CrCyo), 87.8 (G), 76.2 (G), 72.1
(Cy), 70.7 (G), 69.2 (G), 707 & 70.6 & 70.6 & 69.8 & 698 & 69.7 & 69.6 & 69.5 & 69.4
(CH20pg24c9), 52.1(Czg), 48.5(Cl), 398 (Cs), 38.9 (Gg), 302 & 30.2 & 30.1 & 30.0 &300 & 29.9
& 29.9829.7&296& 29.3& 27.4& 27.2 & 26.9 & 26.6(Cy C1o C11 C1p Ci3 Cr7 Cig Cio Coo Coy Cao
Cu3Ca4 Cos), 237 (Cye), 20.8 & 20.7 & 20.5CH;CO).

MS (ESI): [M-3PR]*"; calcd for Cr1H176F6N1d032] > : 780.74 found :781.08
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6) Preparation of the threa@u
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A solution of thethread5u (68 mg, 2.447.10° mol) in 5 mL of dichoromethanevas washed witls

mL of an aqueous solution of NaOH1 After separation, the aqueous layer was extracted twice with
5 ml of dichlorométhane anché combined organic phase were dried over MO, and then
evaporated to obtain produgéd as apaleyellow solid(61 mg, quantitative).

R; (CH,Cl/MeOH 9:1)0.40

'"H NMR (CD4CN, 400 MHz, 298K): Ui (ppm) = 8.54 (s, 2H, H), 7.026.82 (m, 16H, HHg Hp He

Hn Ho Hp Hg), 6.166.10 (m, 2H, H), 5.585.50 (m, 4H, HHs), 5.425.34 (m, 2H, H), 4.32 (d, 2H,
3usta = 9.9Hz, H), 4.174.07 (m, 16H, Hg H, Hs Hx), 4.14 (s, 6H, k), 3.803.74 (m, 16H, H Hg

Hr Hw), 3.65 & 3.65 (2*s, 16H, HH; Hy Hy), 3.64 (s, 4H, k), 3.143.07 (m, 4H, H), 2.79 (t, 4H,
3ierr= 7.7 Hz, He), 2.51 (t, 4HJuper25= 7.0 Hz, Hg), 1.99 & 1.99 & 1.91 (3*s, 3BH, CH,CO),

1.741.64 (m, 4H, H,), 1.501.34 (m, 12H, B Hyg Hys), 1.341.18 (M,40H, Hyo Hiz Hip His Hig Hag

H21H22 H23 H24)-

¥C NMR JMOD (CDsCN, 100 MHz, 298K): & (ppm) =170.6 & 170.1 & 170.0GOCH;,), 1654

(Ce), 149.6& 149.5& 149.3& 147.0(Cys Ca Cr Cy Cr), 136.1(Cc), 126.6(Cys), 122.8& 122.7 &
122.0& 1157 & 115.6& 1154 & 115.4 (G Cp Ce Cy Co CpCo), 879(Cy), 76.2 (G), 72.1 (G), 708

(C,), 69.2 (G), 70.6 & 69.8 & 69.7 & 69.% 69.6 & 69.5& 69.5 (CH,Opgz4cs), 53.9(Csg), 49.9(Cse),

39.9 (G), 39.0(Cy), 30.8 & 30.3& 30.3 & 30.2 & 30.2& 30.1 & 29.9& 29.7 & 29.3 & 28.1 & 275

& 27.2 (Cg Cip Ci1 Cio Ciz Ci7 Cig Cig Cop Co1 Coo Coz Cos Cs), 23.8 (Cye), 20.8 & 208 & 20.5

(CH5CO).
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D. Synthesis of thedouble-lasso

1) Preparation of theactivatedrotaxane dimef3
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In a typical procedure, Cu(GBN),PF; (73 mg, 01955 mmol, 1 equiv) and 2.8utidine 2 mg
0.01955mmol, 0.1 equiv) were added successively to a solution of the azido compdgufé mg,
0.1955mmol, 1 equiv) and the alkyne compoua@157 mg, 01955mmol, 1 equiv) in2 mL of dry
dichloromethane. The mixture was stirred for 24 h at room temperaftee which time the solvent
was evaporated undgacuo.The crude was then directly purified by chromatography on a silicagel
column (solvent gradient elution GEl, /acetone 1:0 to 3)7o afford the rotaxane dimé&r (239 mg,
93%)asa yellow solid.

R; (CH,Cl,/MeOH 9:1)0.49
'H NMR (CD4CN, 400 MHz, 298K): U (ppm) = 782 (s, 2H, H,), 6.956.85 & 6.696.56 (m, 4H,
Hao), 6.856.71(m, 12H, Hg Hp Hy Ho He Ho), 6.42 (d 2H,*Juenp = 8.3 Hz,Hg), 6.11(d, 2H, 31 =
9.3 Hz, Hy), 5.77(t, 2H, 3321 = 2Jups = 93 Hz, Hy), 562 (t, 2H, *Jznz = 2Jiana = 93 Hz, Hy), 556
(t, 2H, *dianz = *Juars = 93 Hz, Hy), 4.97 (d, 2Hisna = 9.3 Hz, H), 458-4.40(m, 4H, Hy), 4.33
3.64(m, 48H, CH,Opgz4ce), 3.47-3.34 (M, 4H, Hyo), 2.68 (t, 4H, *Jugni0= 7.3 Hz, Hy), 2.05& 2.00&
1.81(3*s, 3*6H, CH;CO),1.751.67 (m, 4H, Hg), 1.67-1.58 (M, 4H, Hy), 1.40-1.18 (m, 28H, Hy; Hyp
HizHisHis Hie H17)-

3C NMR JMOD (CD:CN, 100 MHz, 298K): U (ppm) =170.6 & 170.3 & 169.6 & 164.0COCHy),
164.0(Cs), 148.6 &147.0 & 146.9Cs Ca Cr Cy Cr), 126.2(Cc), 123.5 &122.9 &120.5& 114.0 &
112.9 & 112.6 & 112.6Cg Cp Ce Cy Co CrCo), 121.5 (G), 856 (Cy), 74.5 (Cs), 72.7(Cs), 703 (Cy),
693(C,),73.0&729&729&721&71.4&71.3&71.2&70.9 & 70.9 & 6%9%69.2 & 68.3 &
68.3 & 68.1 & 67.9 & 67.§CH,Oppo4cy, 52.7(Cz1), 49.7(Cy9), 30.1 & 30.0 & 29.9 & 29.8 & 29.6 &
29.4 & 27.2 & 27.1(Cy0 Cy1 C1 C13 Cis Ci5 Ci Ci7 Cug), 25.9 (G), 207 & 20.6 & 20.3 (CH1CO).
HRMS (ESI): [M-2PR]?*"; calcd for [C1oH14aF10NgOss]** : 1167.4813found :1167.5016
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2) Preparation ofthedoublelassoda-b
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To a stirred solution ofhe rotaxane dimeB (104 mg, 0.0396 mmol, 1 equiilh 80 mL of
dichloromethae (C = 5.1¢ M) was addedhe dodecandl,12diamine (7.92 mg, 00396 mmol,
lequiv). The solution wastirred for4 days at room temperatutben evaporated and the crudas
purified by chromatographgn siligagel column (solvent gradient elution £ to CH,Cl,/acetone
3:7) to give thadoublelassoda-b (32 mg) as a yellow solid in 33% vyield.

R; (CH,Cl,/MeOH 9:1)0.48

'H NMR (CD4CN, 400 MHz, 298K): i (ppm) =7.78(s, 2H, Hy), 7.046.85 & 6.706.54 (m, 4H,
H.,7), 6.846.70(m, 16H, H; Hg Hp Hy Ho He Ho), 6.44 & 6.43 (2*d, 2H,*Juenp = 8.3 Hz, H), 5.99 &
5.99(2*d, 2H, *J}41.42= 95 Hz, Hy), 5.61 & 5.60 (2*t, 2H, *Jypn1 = 3hions = 95 Hz, Hy), 5.49(t, 4H,
3zt = 2dana = 95 Hz, Hy), 532 & 5.32 (2*t, 2H, *Juans = *Juans = 95 Hz, Hy), 4.584.39 (m,4H,
Hag), 423 & 4.22(2*d, 2H,*Jusns = 9.5 Hz, Hs), 434-3.61(m, 48H, CH,0pg24ce), 3.49-3.34 (M, 4H,
Hae), 3.00-2.96 (M, 4H, H), 2.65 (t, 4HJ16m17= 7.4 HZ, He), 1.98 & 1.97 & 1.79 & 1.79(4*s, 18H,
CHsCO), 1.3-1.66 (M, 4H, Hs), 1.66-1.55 (M, 4H, Hy), 141-1.14 (m, 48H, Ho H1o Hi1 Hio His Hig
H1o Hoo Ha1 Hao Has H24)-

¥C NMR JMOD (CDsCN, 100 MHz, 298K): Ui (ppm) =1707 & 170.1 & 169.7 (COCH,), 166.2
(Ce), 149.4 & 148.6 & 147.1 & 146.9Cy5 Ca Cr Cy Cr), 126.2(C), 121.5(C14),123.5 &123.5 &
121.6 & 114.1 & 113.0 & 112.9 & 112.7 & 112(65 Cp Ce Cy Co CpCyo), 85.5(Cy), 760 (Cs), 729
(Cs), 708 (C,), 698 (C,), 72.9& 71.5& 71.3 & 71.3 & 71.2 & 71.0 & 68.4 & 68.2 & 67.9 & 67.9
(CH20pg24ce), 527 (Cag), 49.7 (Cae), 397 (Cs), 30.3& 30.3 & 29.9 & 29.8 & 29.8 & 29.5 & 29.5 &
29.4 & 29.1 & 27.5 & 27.0 & 26.9Cy Cyo Cy11 C12 Ci3 Cr7 Cig Cro Cop Cor Cop Coz Cos Cas), 25.9(Cro),
20.8 & 208 & 20.4 (CH5CO).

HRMS (ESI): [M-2PR]?"; calcd for [C12H170F10055] % : 1083.5991 found :1083.5991
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3) Preparation othedoublelasso5ab

5a 5b

Thedoublelassoda-b (28 mg, 0.14 mmol) was suspended in 3 mL of iodomethane and stirred for
four days at room temperature. Then, iodomethane was evaporated under reduced pressure and the
obtained solid was washed with diethyl ether to give a yellow solidPRH11 mg, 00683 mmol, 6

equiv) and5 mL of dichloromethane were added to a suspension of gheopis product irb mL of

milliQ water. The resulted bilayer solution was vigorously stirred for 30 min. After separation, the
aqueous layer was extractivdce with 5 mL of dichloromethane. The organic layers were combined,
dried over MgS@and concentrat toafford thedoublelasso5a-b (32 mg in a quantitative yielés a

yellow solid.

R; (CH.Cl/MeOH 9:1)0.43

'H NMR (CD4CN, 400 MHz, 298K): U (ppm) = 8.50 (s, 2H, H), 7.006.88 & 6.716.57 (m, 4H,
Hz7), 6.84 (t, 2H3J746= 6.0 Hz, H), 6.886.71(m, 12H, Hg Hp Hy Ho Hp H), 6.42 (d, 2H3)ep =
8.4 Hz, H), 6.15 (d, 2H%}1412= 9.4Hz, Hy), 5.595.49 (M, 4H, HH3), 5.37 & 5.36 (2*t, 2H, *}yans=
3hans = 94 Hz, Hy), 4.584.40 (m, 4H, ), 431 d, 2H, *Jsna = 94 Hz, Hs), 4.36-3.63 (M, 48H,
CH,Obg2ace), 4.13 (S, 6H, bb), 3.48-3.35 (M, 4H, Hy), 3.11-3.02 (M, 4H, H), 278 (t, 4H, *Jurernr =
7.6 Hz, Hye), 1.9 & 1.99 & 1.98 & 1.91 (4*s, 18H, CH,CO), 1.8-1.63 (M, 8H, Hi7 Hys), 146-1.33
(M, 12H, Ho Hig Hzg), 1.33-1.13 (M, 36H, Hyo H11 H1z Hig Hig Hao Hot Hao Hag).

13C NMR JMOD (CD4CN, 100 MHz, 298K): i (ppm) =1706 & 170.1 & 170.0(COCHs), 165.4
(Co), 148.6 & 148.6 & 147.1 & 147.0 & 146(&;5 Ca Cr Cy Cr), 127.6 (G4), 126.2 (Q), 1235 &
121.6 & 114.1 & 112.9 & 112.7 & 112(€s Cp Ce Cy Co CrCo), 87.9(Cy), 762 (Cs), 721 (Cs), 707
(Co), 692 (Cy), 72.9 & 72.9 & 71.5 & 71.5 & 71.3 & 71.2 & 71.0 & 68.4 & 68.2 & 68.0 & 67.9
(CH.Obg2ace), 52.7 (Gg), 49.7 (Ge), 399 (Cs), 38.9 (Go), 30.4 & 30.4 & 30.0 & 30.0 & 29.9 & 29.8
& 29.7 & 29.3 & 29.3 & 27.5 & 27.1 & 27.(Cs C1o C11 C12 Ci3 Ci7 Cig Cro Coo Co1 Caz Cos Coa Cao),
23.8(Cy¢), 20.8 & 20.7 & 20.5CH,CO).

HRMS (ESI): [M-3PR]*" ; calcd for [11H176FeN:1605P]> : 780.7365 found :780.7440
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4) Preparation ofthe doublelasso6a-b

A solution of thedoublelasso5a-b (22 mg, 7.917.16¢ mol) in 5 mL of dichoromé¢hanewas washed
with 5 mL of an aqueous solution of NaOHVI1 After separation, the aqueous layer was extracted
twice with 5 ml of dichlorométhane andhé¢ combinedorganic phasewere dried over MO, and
then evaporated to obtain prodéetb as a yellow solid20 mg, quantitative)

R; (CH,Cl,/MeOH 9:1)0.46

'H NMR (CD4CN, 400 MHz, 298K): i (ppm) = 9.54 & 9.51 (2*s, 2H, f), 7.04 & 7.00 (2*t, 2H,
3J7.1e= 6.0 & 5.7 Hz, H), 6.966.71 (m, 14H, i Hp He Hy Ho Hp Hg), 6.19 & 6.16 (2*d, 2H> 3111,

= 92 Hz, Hy), 5.585.50 (m, 2H, H), 5.445.29 (m, 4H, HH;), 4.40 & 4.39 (2*d, 2HJus1s= 9.2
Hz, Hs), 4.36 & 4.36 (2*s6H, Hyg), 4.28-3.10 (M, 48H, CHOpgouce), 3.743.56 (M, 4H, Hy), 3.24-

3.10 (M, 4H, Hy), 3.082.95 & 2.732.63(2*m, 4H, H), 253-2.42 (m, 4H, Hye), 2.00& 1.99 (2*s,

18H, CH;CO), 1.76-1.49 (M, 8 H, Hy7Has), 1.49-0.57(m, 48H, Ho Hyo Hiy Hip Hyg Hag Hig Hao Hay Hao

H23 H24)-

5) Reprotonation procedure 6&-b

The doublelasso6ab (20 mg, 7.91710° mol) was suspended in 2 mL of a solution of HCI 2M in
diethyl ether and stirred for 30 min at room temperature. After evaporation, the solid was washed with
diethyl ether. Then, N{PF; (6.4 mg, 3.95910° mol, 5 equiv) and 2 mL of dichloromethane were
adced to a suspension of the previous product in 2 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 combinedddwer MgS®@and concentrated to obtain
thedoublelasso5a-b (20mg, 89%) as a yellow solid.

E. Molecular Modeling

NMR: NMR spectra were acquired on a Bruker Avance spectrometer operating at 500MHz.
For DOSY experiments the standard Bruker sequence wiible stimulated echoes and 3

spoil gradients for convection compensation was employed. Pulse field gradients were
incremented in 64 steps from 2% to 95% of the maximum gradient strength. 48 scans were
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used for each increment with a gradients length ofris&nd a diffusion time of 20@s. The
spectra were processed by using Bruker’s Topspin2.0 software, and the diffusion coefficients
were obtained directly from the spectra. Different solvents (GDTID;CN and DMS(Gd6)

and temperatures (from 298 to 278KEere employedin DMSO and CD(, diffusion
coefficient between the protonated and -4pootonated species does not charjgee for
example figures 1, 2 and.3However, a significant variation was observed in;C® at

278K (figure 4)

Ly

F2 [ppm]

Figure 1.'H and DOSY spectra (500 MHED:CN at 295K). In black: spectra corresponding

to the protonated species and, in red, spectra corresponding to the non protonated species. The
diffusion coefficients of both compounds under these conditions is 1.23%106m value in

the abscise ax6.907).

F1 [log(mz/s)]

TR\

T T T T T T T T T T
F2 [ppm]

Figure 2.'H and DOSY spectra (500 MHZDCI; at 295K). In black: spectra corresponding

to the protonated species and, in red, spectra corresponding to the non protonated species. The
diffusion coefficients of bothampounds under these conditions is 8.00XI@( (from value

in the abscise ax®.097).
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Figure 3."H and DOSY spectré600 MHz,DMSO at 295K). In black: spectra corresponding
to the protonated species and, in red, spectra corresponding to the nont@dotpeaies. The
diffusion coefficients of both compounds under these conditions is 2.088){from value
in the abscise ax®.688).

209w

Figure 4 Partial DOSY spectra (500 MHEZD3CN, 278 K) of the protonated doublasso
macrocycle5 (in blue) and the deprotonated doutdeso macrocycleés (in black) The
diffusion coefficients of protonated compound and deprotonated compoun@ are
respectively 8.93x1010) and 9.66x10{L0) under these conditions.

Modeling: The structures of compoun@g, 5b, 6aand6b were built in Maestro. As a starting
point for the two interlocked DB24C8 units (ba and 5b), we took the crystallographic
structure of a dibenz@4-crown8-ether deposited in the Cambridge crystallograpfbata
Centre (CCDC) with the TEVBEB CCDC code. The structures were submitted to
minimization by use of conjugate gradients and/or Monte Carlo Torsional Sampling
Conformational Search (MCMM) with the OPLS2005 force field with electrostatic treatment
for acebnitrile, and 1500 minimum number of stef$ie modeling of compounds and 6

was carried out in using a continuum solvent model: (GenerdBped/Surface Area,
GB/SA). The actual counterions were not included in the calculations, given the lack of
properparameters of the force field for PF&lowever, we performed several calculations
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employing other simple counterions, such as phosgRagare 5. None effect in the results
was observed.

~

Figure 5 OPLS2005 minimised structure of compoustad with H,PQ, counterions on the
triazolium.
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F. Stack plot and partial zoomed stack plot'*H NMR (400 MHz, 298K) of doublelasso 5 in different solvents
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