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Part| :

Strategies for rotaxane synthesis such as  “slippage”, “clipping”,
“threading-followed-by-swelling”, “threading-followed-by-stoppering” and
“threading-followed-by-shrinking” are reported. We hope to demonstrate that the
“threading-followed-by-shrinking* can also be achieved by metal-ion assisted through
tandem reaction.

Part 1l :

The complexation of host and guest are influenced by the environment such as
ion strength of counter-ion, polarity of solvent etc. We hoped to find suitable reaction to
synthesize rotaxane in a weak hydrogen-bond system. A mild reaction was applied to
interlock the macrocycle with the thread-like guest in the weak hydrogen-bond system
to avoid possible interference accompanied by the reaction. Having this unique rotaxane
in hand, we could study the bonding of the structure and discuss the application of the

rotaxane.
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“Threading-Followed-by-Shrinking”
Strategy for Rotaxane Synthesis
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Diol 4

©:O (0] OH
(0] O OH
\_/\/
4

A mixture of 2-(2-hydroxyethoxy)ethyl 4-methylbenzenesulfonate (50.77 g,
195.039 mmol), catechol (8.948 g, 81.264 mmol), and K,CO; (67.40 g, 0.549 mol) in
MeCN (407 mL) was stirred and refluxed under N, overnight. The solvent was removed
under reduced pressure. The residue was partitioned between CH,Cl, and H,O three
times. The organic layer was collected, dried by MgSOs, and concentrated. The crude
was purified by column chromatography (SiO,, CH,Cl,: MeOH = 97:3) to give the pale
yellow oil (61 %, 14.08 g). '"H NMR(400 MHz, CDCls, 298 K): 8= 3.10-3.30 (br, 2H),
3.61-3.69(m, 4H), 3.69-3.77(m, 4H), 3.88 (t, J = 4 Hz, 4H), 4.14 (t, J = 4 Hz, 4H),
6.84-6.93(m, 4H ); >C NMR (100 MHz, CDCls, 298 K): 8= 61.7, 68.5, 69.3, 72.8,
113.7, 121.5, 148.5; MS (ESI) : C14H2,04Na" [M+Na]" caled m/z 309.1309; found m/z

309.1145.
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Alcohol 5
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Compound 4(3.094 g, 10.806 mmol) was dissolved in CH,Cl, (54 mL) and
triethylamine (4.5 mL, 32.375 mmol) was added . The solution was cooled to 0 °C and
tert-Butyldimethylsilyl chloride (1.79 g, 11.876 mmol) was added. The mixture was
stirred overnight at room temperature. The mixture was partitioned between CH,Cl, and
H,O three times. The organic layer was collected, dried by MgSQOy, and concentrated
under reduced pressure. The residue was purified by column chromatography (SiO»,
ethyl acetate: hexane = 1:3) to give yellow oil (1.582 g, 37 %). '"H NMR(400 MHz,
CDCl3, 298 K): 6= 0.03 (s, 6H), 0.86 (s, 9H), 2.89-3.03(m, 1H), 3.59 (t, J = 6 Hz, 2H),
3.61-3.66(m, 2H), 3.66-3.72(m, 2H), 3.74(t, J = 6 Hz, 2H), 3.80-3.86(m, 4H), 3.83(m,
4H), 4.08-4.14(t, J = 4 Hz, 4H), 6.84-6.91(m, 4H); °*C NMR (100 MHz, CDCl;, 298
K): 6=-5.4,18.2,25.8, 61.6, 62.6, 68.5, 68.7, 69.4, 69.7, 72.6, 72.7, 114.3, 114.5, 121.4,
121.6, 148.6, 148.8; MS (ESI) CH360sSiNa’ [M+Na]" calcd m/z 423.2173; found m/z

423.1890.
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Ditosylate 7
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Compound 5(1.0928 g, 2.728 mmol) was dissolved in dry THF (7 mL) and cooled
to 0 °C. NaH (60 % in mineral oil, 0.1309 g, 3.273 mmol)) was added to the solution
and stirred for 30 minutes. Then compound 3 (0.4256 g, 1.367 mmol) was added at 0
°C. The mixture was stirred overnight at room temperature. The solvent was removed
under reduced pressure. The residue was dissolved in MeOH (14 mL) and HCI1 (6 N in
water, 7 mL) was added. The mixture was stirred overnight at room temperature. The
HCI1 was quenched by saturated NaHCOj;(aq) until it was neutral. The solvent was
removed under reduced pressure. The residue was partitioned between CH,Cl, and H,O
three times. The organic layer was collected, dried by MgSQy, and concentrated. The
crude of diol 6 without further purification was dissolved in CH,Cl,(4 mL) and
triethylamine (460 uL, 3.309 mmol) was added. After the mixture was cooled to 0 °C,
the 4-Toluenesulfonyl chloride(0.78 g, 4.091 mmol) which was dissolved in CH,Cl,(4
mL) was added slowly by addition funnel. Then it was stirred for 2 days. The mixture
was partitioned between CH,Cl, and H,O three times. The organic layer was collected,
dried by MgSO,, and concentrated under reduced pressure. The residue was purified by
column chromatography (Si0,, CH,Cl,: MeOH = 99:1) to give brown 0il(0.3185 g, 38
%, three steps). 'H NMR (400 MHz, CD;CN, 298 K): 8= 2.37 (s, 6H), 3.63-3.71(m,
16H), 3.75(t, J = 4 Hz, 4H), 4.01(t, J = 4 Hz, 4H), 4.08(t, J =4 Hz, 4H), 4.12(t, J = 4 Hz,
4H), 4.36(s ,4H), 6.85-6.98(m, 8H), 7.31(t, J = 8 Hz, 1H), 7.36(d, J = 8 Hz, 4H), 7.40(d,
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J =8 Hz, 2H), 7.48(s, 1H), 7.76(d, J = 8 Hz, 4H);">*C NMR (100 MHz, CD;CN, 298 K):
8= 22.0, 59.7, 69.8, 69.9, 70.5, 70.8, 70.8, 71.4, 71.6, 85.9, 87.9, 115.7, 115.7, 122.8,
122.8, 124.3, 129.2, 130.3, 131.4, 133.0, 134.2, 135.6, 146.7, 150.1, 150.2; MS (ESI):

Cs4sHg016S:Na” [M+Na]" caled m/z 1053.3371; found m/z 1053.3381.
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Macrocycle 1

@o o FZ Xx_0 OD
1

Lo S S

The NaH (60 % in mineral oil, 0.4816 g, 12.04 mmol) was dissolved by dry THF
(440 mL) in round-bottom flask. The mixture of diol 2 (0.4483 g, 2.408 mmol) and
ditosylate 7 (2.4827 g, 2.408 mmol) in dry THF (40 mL) was slowly added to the
heating round-bottom flask by syringe pump. The mixture was stirred and refluxed over
2 days. The solvent was removed under reduced pressure. The residue was partitioned
between H,O and CH,Cl,. The organic layer was collected, dried by MgSO4 and
removed solvent. The crude was purified by column chromatography (SiO,, CH,Cl,:
MeOH = 99:1) to give pale yellow solid (0.1972 g, 10 %). mp 79.9-82.6 °C. 'H
NMR(400 MHz, CDCl3, 298 K): 6= 3.70-3.80(m, 16H), 3.87(t, J = 4 Hz, 8H), 4.15(t, J
= 4 Hz, 8H), 4.38(s, 8H), 6.88(s, 8H), 7.20(t, J = 8 Hz, 2H), 7.33(d, J = 8 Hz, 4H),
7.47(s, 2H) ; °C NMR(100 MHz, CDCls, 298 K): 8= 59.0, 69.0, 69.2, 69.8, 70.7, 85.3,
85.9, 114.7, 121.6, 122.9, 128.4, 131.6, 134.9, 149.0; MS (ESI):Cs;Hss01,Na” [M+Na]"

calcd m/z 895.3664; found m/z 895.3636.
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CD;SOCDs 0
CD3;COCDs 360
CDsCN 420

CDCI3/CDsCN(1:1) | 1700

CDCl; 27000
1 = %% ¥ DB24C8 &2 DBA % & % #c2 £ 5

1.1.3 3k B #3045 gl 3
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FU P ASNA L PR b x TEAFLZ © Ag 2 dp & F J&(Staudinger reaction followed
Arbuzov-type dealkylation) » & @ & & ki & Labfeiedt4h A er[2]d i 1o BT -
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OEt
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DB24C8 +  21C7  + ﬂ@f

self-sorting in threading i heating-and-mixing

self-sorting in stoppering ( o O\ r Oﬁ

& OO —@é*r@( /-W__

ball mill and then heat - | -

Ae = 4 % F4p Diels-Alder F & & = [3]2 #'=
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(bipyridinium, BPM)>DB24C8 + 3k A 3 4| * & 412 % § j7 #& # (charge transfer) s i
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Bk spineteg et 0 7 Z pfiRiRA A 2 1) ch i % (conformational
transformation) » ¥ 3« TR 27 H end 4217 % 4 X33 @ B & 0|7 - LSRR, R o
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L = H,0, solvent or pyridine N
from another [2]rotaxane

\/\/\/QN\/ -_/\/00
TfO OTf U
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e is 4 3 erlA g3 (40 C1 ~Br ~1 ~PF6 %)(& 2 ) & NMR k3@ ,T&QEL
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AT EZ P ATRAT Q0 WA B D g 2D iz o
S
~O\ —at

! D ~—N
A
E ZZ 4 9 o H, s
‘_ s~) Q/ _
TFPB 0~ >_/ o TFPB
12%

AR e A TEAF ORF FEEABEIER LI s

&) o~
>

TBAX S

O + /}
~
N + _
w N s” ol Nt 9 5 Dumbbell H-TFPB
=1 s

o TFPB O—Q—/

AR = LT R YIS BRR A TRAF ORI S A S

X Cl Br I PF
ka(s™) 2.4x10™ 1.4x10™ 2.8x10™ 1.4x10°
AG'(kcal/mol) | 22.4 22.7 23.6 25.4

PHor KBISGBEARATIOFARIGILF BH S E kK
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Boc OH
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N NaTFPB
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3

TFPB" MeOH/CH,Cl,

\ three steps
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2

10-HTFPB 92% 10-H-Cl 90%,

two steps
AR =L RS T s

BAHR-35-2 (% =27 A)F 7 pe(3.5-di-tert-butylbenzaldehyde)? 4-3 ¥ A ¥ 7
fa ¥ fig(methyl 4-(aminomethyl)benzoate); >+ ® ¥ # Dean-Stark 2% ¢ F & (71
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HAfEA s FRAIRGE AL > R HARE S BRSO DFER > FR AP RE
BEFBRT Y o B RIE e s 2 RPL S A T Fa(BocoO) Rtk AL b iRGE 0 ) b

'4‘:)\

Ji

PR b A1 A MY ehEE R % R SRR B 113§ T

|9

F A
#k (triphenylphosphine > #§ # PPhs) » 7k iz ¢ £ 4 » N-& A p e~ p =
(N-chlorosuccinimide » #§ i NCS)12 2 sk d p > ¥ (83 % L4 12 5 it 4 12 &2
WF i 4pat NN-Z ° &9 Aaie(DME)? » 481 9 100°C A3 KK i » @5
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F b4 13 Kdpg VP 133302 & 7 4% 5 B 4o~ = & ¢ f(Trifluoroacetic acid »
i # TFA)2 “,% biedl cdx 7 ¥ B (Boc) AL 0 (B I ¢ AR R A S 100 K¢ 4R R A

F 10T EBE & T RB LA 0 LA » BECORBRE T R AR F BT

SIS oo A4S 10-HCl o Bfé B dsdp S 10-HCl 3> fR - 5 7 4%
HUR LAEIY > de x B p § 99 NaTFPB i85 4% » #5128+ 2 TFPB s- &%

4¢3+ 10-H-TFPB -
23FHEE PRARHYF B

Fier hdpg 7o Aenk 7@;)’%’%%? it & (click chemistry)=n 1,3-dipolar 7 i
ded oty R dE A Sl F A TETR M 4o F RS S 1,2,3-= e (1,2,3-triazole)
7 A%k AP EE B 20T

+

N
2 N3

TFPB
10-H-TFPB

o)

: S
/5 Cu(MeCN),PFg —
9 Q oo W N e
SJ CH,Cly, 1t +

(0]

AR = I (DA R 2 AR SR

H & E B sedp (DA it e 1,3-dipolar & Ji > #-= s 4sd 5 10-HTFPB
BATEAF QRfEN I F PR30 48R B A8 B D fhde 7 ad 2T 4 1,3
S (%27 )50 R A F adr(DaET B &) ((Cu(MeCN),PFe) it 7 7 78 1,3-dipolar

HR e R F i 0 A B E R A K ISR LA A3 > R FT AL R A e
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oM fe PRI g+ T 47 < ThA 5 O % - siedps 10-HTFPB gt » @ 7 1)

BLEAXEB ST > [ BHIBIEPLE D o

HZ/\©\/N3

TFPB
10-HTFPB

no reaction

_Q%{ R—

AR 2 RAHL AR F

HOTEREET S S SR RS R P APED S T4

%4@“%ﬁé&%L&@Mu&ﬂﬁ#F@’&Mwﬂ%ﬁﬁwﬂ%:ﬁ: -

7 fin(di-tert-butyl acetylenedicarboxylate) o iefdidt & + @ o+ > ¥ 1Y

TR AR F R MESRAT BT ARG F BRI G

)

BivT e A -

T BN EAPEREBE RITT - BER - HEALBATRAT QL B

&
J,.«

=\
(A §

5 O10-HTFPB 3% § 7 G4 B2 8 P 5 BT fr > 2 (6 4e » 7 Hoo

fa- %2 TR BRERBFRINFEIRFEF PR EETF BE A

B H TG F ol FI AP aig i k2 - B E e o

=~ J

WE e FRE NI RS ek S & £ 6 13-dipolar Bk it 4e X F o 4otk

¥ ‘A (cyclooctyne) 2 H ji74 47 SAIPRRUPE mxﬁ.%&.‘ﬁ:‘ TR A A RIEIARET 2 F 4

Bl it R 3 A F PR REAEAF o o R R D B AAPES
Gk Bk o AigA A PERE v TA F o F Ik 3 % 14(dibenzocyclooctyne) T &

Rk AR B LA R P e g g R S et o T L it
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’ = . NG 3 74 N 2 N 7 [ 2 I g~ A ,,:\
TR F R AH AL S 9 TRE > TEED L F o
OH
©/\¢0 ™SI OQO Li, Naphthalene O. O
- > - -
CH,Cly, 4 °C THF
PDC
CH,Cl,
4AMS
KHMDS
OOO o 0.0
o2
s°c toO°C

AR Z L4 R A4 g A

+

N
e _ N3 = ] /\"'
TFPB CHxCl,
10-H-TFPB Bk O
t
TFPB
0@3 15-HTFPB 15%
/> CH,Cl,
9

Q ———+————— dumbbell 16 and 16-H- TFPB—> dumbbell 16 two steps
J CH,Cl,

KPFg
MeOH

16-H'PFs - 53%

AE w L f)E RAES R S 2 A HAF

BEHABR OISR RAT 10-H-TFPB A - & 7 L E T > 4o r - ¥

BRI UAF Bl SE ARSI F0E R 15%4 F 2] 2 vk 15-H

N

TFPB 11 2 384 4 1+ chd {2 o 50 R @b 34+ AT #

HR L4 B F 1 4F(aluminum oxide) L E g 413 FF b > @I K 56%5
Pl e+ 160 2o (S -H @ BB RBRTY > T F 2 &Kv}kﬁ’xﬁ“’(KPF@f%

B 2 @) A S 16-HPF -
i
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2441 hhip b A LSS RM D

4 %4 s 1S-HETRPB S8 a8+ & TRPB . € W4 hd 2 1§ - Renikh -
Arr) SN g -2 iz 15-H'TFPB 7 TFPB I 8+ % & 5 PFRgladp+ »H - §. %5
PFo & 3 eho 5 Bl dochA 2 T g 3 0 3= 515 PRofRggs v e TFPB 14
B e AR D R 0 X T LR AT O Ml A T bR > @

B+ OF R &GS A pe R A e P i R B hing o

og\ S/g A
I~ ) External additives S /
H;\@ s oo /\©\ ...........
é N‘ “““
o N=N
PFs

A L — o3 B2 TR B

#-2 g5 15-H'TEPB 3302 & 7 =22 ¥ el &% > T 4v » 83 3 4487
IRA-402(CL) » #2455 3 10 4 48 » @i (8 #73 #1454 » £A4F il feL = - % TFPB
A+ B4 L AT 0 2 (84 2 A B9 (KPFe) K3 i % 8+ £ % 3 5 PF

Fegp s > it 2 187 B 3] 85%h @ f'% 15-H-PFe ©

]

Ot ) O (1) Amberlite IRA-402(Cl) /\+
H%@\V (2) KPF5 H,0/CH,Cl,/MeOH \©\, O
j N

o Nt

85%

TFPB ™

A w Lo B R Y
24.1 2 fh'= BHaEH
APEEAI Y & RS NMR R R daip)+ B in 730040 F Wi B g o d
W2 (S Rl T & HY EN ey REBRER DR EAPERET N
(CDsCN) i 2 gl % & n + NMR kzera o (B = ~4 )5 & #'% 15-H-PFs
NMR £ 2§ o
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H,.- Hri
Hfo Hy H"H
% i H,
F%\HE W=M H,) L
15-HPFg
Hy
L |
He He
HmHn
Hi H
Hy l_Ll | la " H#Hk H!
| i Ho/He/NH; i HH Hr | ,
| »k' A U I ud
AN AN~ N NN A
T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 ‘0 35 30 25 Zﬂ 1.5 1.0 ppm

Bl -+ 4 &% 15-H-PFs2 'HNMR 3 §][400 MHz, CD;CN, 298 K]

H, Hq He Hk HkH
'“
H;
O
s N-N i
|
H; Ha/Hy
| f | |
f I '}I
», . '|_‘_ A ﬂ '.___r\k_‘_ ] Al o
IIH; | “ — L
_II__,- Y, '\/'\__q_ A, __U.‘_‘_J.'J Mg .F ‘_-""'.‘q*.,,v.__,-"-,_ i ) "\_‘_J.'"\ e LL-"..___ S

T T T T i T T

T 1
75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 ppm

B = L x4 'HNMR 2 B[400 MHz, CD;CN, 298 K]i& & % (a)rfzé 3] A2 =
16-H-PFq(b) & #%: ~ + 15-H-PF
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(B = L)&E Y Ape ugm 2 #@iss 3 15-H-PR(RI(b) ¢ i & F 2%
&g AELF] G % TR0 TR fr(shielding) ol 18 % 22T o AR e 440 3] 4 F
16-H-PFq(®l(a))2 & 5. % 3 upfield shift> # ¢ £ H F 4&3 ~ 7 ? A (methylene)
S Hefr He W 2 FR e He b 5 P A - B¢ EEIE A T 7 e He 22 He et
PHBET AR Heb o0 Ho:BE 5 > 42 %7+ RE2 X7 %70 & Her Ho 3 >
EI R ITEFLET AH R - IReThFF i .35 (%= 7 A)F A
MR @S SRR A2 LR S R T AR Rt < B LR -

FEABRABRFROPFAREZI VST RSB E > 2 AR 2R
Eprﬂi?ﬁ BL? Aha ¢ upfield # & 3| - ez ¥ o A PR R4 L+ 16-H-
PFgehd Pk fr ki en H/Hp =8 - 2 * B iRA 55 4.15ppm> @ & fizv=z 15-H-
PFg e H, %) 7 3.23 ppm » Hr ¥ t= 1.88 ppm » B3R He &7 Hedk = 2 4 & PF £_a ppm »
He s fef2 & 5 b% » HE e g & % (100-b)% <

Free He/Hf Partially Shielded Partially Shielded FLiIIy shielded

~4.15 ppm He ~3.23 ppm Hf ~1.88 ppm He/Hf a ppm
b% shielding (100-b)% shielding

Bl =+- “EHB7 LR

FEEDb%X E 30% 0 He i FeAz R 5 30% 0 @ He s 70% 0 #7070 % TREEIR AL

Gt o m LB TN He BB RE P ERE B F kA P g

F_
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Ko mad 3 Pgs kX35 NOESY » 2y BRI < Fheh Hp/Hg 2 Hp &2
AR A HE Aae A3 LY A2 HoHr ¥R chHyF NOE bk 4 > %)

CB A fEE 2 BT B AT e b- E RS NMR L3855
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242417 & BAS £

Y
f;fo 407 O=M + \/
HZ S') Q ------------ = H \
O m=cut,znzr KA T KA ‘
j N
o N=N PFs
PFg

T AL UL F S I B 58 5

B iz 15-H-PFs o 8 A ent pBep 4] 2 3 3 5 7 Uk e & e enfe
+ o o E 5 & TR o O (thioether) AR 3+ 14 2 w42 2 F A0 1,2,3-2 vk
(1,2,3-triazole) + 1§ B+ » 2021 1,2,3-2 vk ¥ ?%ﬂﬁﬁﬁﬁﬁiﬁﬁﬁﬁ
b (late transition metal) 3 24F e &4 > FPL AP JLEF £ BT I AR 9
BEF 1,23-Z k> APF BIELFenio] o ERET R SRR - FSERE

g (D) 12 2 4 (D33 (Ep]R o
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Bl = L= & #°% 14-H-PF4r » Cu(MeCN),PFs 2 3%~ "HNMR £ 3§ B][400 MHz,
CDsCN, 298 K] (a)® #5%% 15-H-PF4(b)#-2 #5% 15-H-PFs 27 1 ¥ £ Cu(MeCN)PF,
L (c) #-2 #5% 15-H-PFs &2 2 % £ Cu(MeCN),PF¢ 2 &

#-3 @' 15-H-PFe 3 3t % ¢ % » 1F % titration)en™ 3% 4v » (DA > g
A PFEREe (%) 4 (1) = & Fifh B (Tetrakis(acetonitrile)copper(I)
hexafluorophosphate, # # Cu(MeCN)4PF¢) (% % 4 (DL ek ik » 2 & &4 g 3] &
SLeryR AR B AR 0fEsE o Bl(b) 5 4o~ AR E 5= 15-H-PFe & - % £ ar (DA
+ A NMR Bl > 7 BRI WELAPET B fte 15-H-PFe ¥ 25 P B el 45 >
WEE e r - 5 Eur (DS BI(b) > EREESBBE T PR o KBHY P

P OARURL H IR AR S TRAE it S A 0 Rl (DAES L AT ens

< IR Q4R sk B T 1,2,3-2 ek ik o
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i r' * 1 ‘ * ﬂ “" |
! I | IR W]
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b) : fl:
H H ‘
} : }: |
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I
c) ‘ 1
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7.5 7.0 6.5 6.0 55 5.0 3.5 3.0 25 2.0 1.5 1.0 ppm

Bl =Lz 2 # 15-H PFs4e » Zn(ClOs),-6H,0 2 254 'H NMR 2 §][400 MHz,
CD;CN, 298 K] (2) 2 #s's 15-H - PFg(b)#-2 #:%= 15-H-PFg 2 1 ¥ £ Zn(ClO4), - 6H,0
iR £ (c) #-2 #h' 15-H PFe 22 2 % £ Zn(ClO,),-6H,0 2 &

#-3 e 15-H-PFe i3 *t % ¢ % > — U F 2 (titration) s 3% 4r » (1D &S »
AR PE S R & 1B & 4 (Zine perchlorate hexahydrate, # £ Zn(ClO4), - 6H,0)
T 3+ Rk e 4o » p 330 2 'z 15-H-PFg = — 5 £ P& (D3R » & NMR Bl
(b)T X F BEIINEF PR ORS - 281 v > - § 2HADIES 4o Bl(c) > 5~
R REDRS o FiEF > DS 0L T ARG H X RTFG < RifFR SR

BRI A AT 94 R0 BADAET B 5 E T 1,2,3-2 sk sk o
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2.4.3 4e » B3R T

AR w o I ERER L A B

P % 15-HPFs o3 8 Lo o) A F 611,2,3- 2 w:(1,2,3-triazole) te. % ik ¥ 47 %
SRl A AP R BRI T LB AR T 12,3-2

Mg RF R EAROT ALY 4 h3l B ToRE =Y DS 1,23

a) | |‘
Hg
H, Hy |
il | N l H; 'J_‘ P HgHeMe  HY e | Hi
N i U
- - o ‘:_' ;:‘ i __i__ﬂil;-:_.j--‘- : |_J LI

o | i Il
_ L o - SN S TV
o | ]
Wi l] Il ._,'_- L~ WA ) =
0| |
- '.*_'.'.IJ '_{l_i _'J'J_ |,.v ~_ (- ___' ¥ 1 1 —
I T T T I 1 T T T T T T 1 T T 1

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 ppm

Bl = L1 &% 15-H-PFs4c » TfOH 2. 284 'HNMR 3 2 §][400 MHz, CD;CN,
298 K] (a) @ #'% 15-H-PFy(b)#-# #5'2 15-H-PFg 2 1 & £ TIOH " & (c) #-2 #'z
15-H-PFs2* 2 % ¥ TfOH ;% £ (d) #-# #%: 15-H-PFe 22 4 ¥ € TfOH 2 &
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Bt I5-H-PFs 3 > % ¢ % » @A PER =L 7 BB
(pKa=-15)(Trifluoromethanesulfonic acid, f§ fi TfOH) & fit i* 1,2,3-= vk » 3 12 % b
N 4e r o 4o M AR ¥ D Btk 15-H-PFg 5 — % £ eifk > 2 & NMR Bl i3
PRBLST P MRA R g g R W(D)1,23-2 k3 2 L7 e
Hj 35t A2 Bl(a)F P & <h downfield #h#5 > 1,2,3-2 vk % dh= ¥ 3 7h 3 % i 5L
7 downfield #H A o L Z < Ao 3+ 9 g B I 05 BF DR - A HE Het 5L
B8 TR e BB YD BT > X FAEt A BB OREEL o X

,E' é;é‘f)\zl 4 gﬂmﬁ’x\ lg'ﬁf'g](d) ’ Vﬁ;f’\ ]_Ei nm} Fu‘%’{,# /)sqfi ‘/ - ‘}'bl;’f’l%ﬂ‘ o

2.4.4 4v ™ #k 35 f’r#;_#l]

A S Ul R S F A §

® fte 15-H-PFo ¢ RS 2 5 1 ohs bl foly 7 154 44
AR E T sk FAA R Y SRR SRS hE R H 5 R T
B g T 4 Mg AN RATRAE BTS2 G BB

1,2,3-= vk chzh o

72



a)

eorad o iy |k
LT e I I ST i

fl_" _1 I i _i ,ﬂl i | | .‘ _!‘. .[.”_‘.
2 ‘.,1.__:__:____ """"""""" ‘“ """" i

ﬁj I N ”MJ/km_
0 -

! |

.F|L| ‘ | | .

I T ] 1 ] ] I T J I ] 1 I 1 I ]
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Bl = L= %4 "HNMR 3 B|[400 MHz, CD;CN, 298 K](a) & #%= 15-H:PF4(b)
B #5'x 15-H-PFg R £ i £ BuOK(c)” [egs 4] A 3 16(d) =43~ + 16-H:PFg

AP F 7 FR 49 (potassium tert-butoxide o f§ A BuOK) ¥ 5 g 384 » fe £.d 3%

B Az ez fd R & o 3WEF R L o8 Btz 15-H PFe e » & dx ™
R4 %o fdk 1t 0 NMR EFEBl(b)A B > & gz A+ ¢ dvefliTand
MEL A2 Rl(a)d 3 P A chupfield (iR A 0 ¥R eS| 4+ 16-H-PFo(RI(d)) £ 44
4 FF end Pl s+ 16 ch NMR %35 (Bl(c) > $#EE B+ s(He
Hpupfield ##5 cif & » 273 hik chd B 3 4 > 30 £A Pl B this b 4 ~
PR FH ik T L a2 S e PRI HRAS T A RE A
WE S RGN 2T o X G P RO Jep| AR e H A I
205 ARG RAFERA TR 4 N[5 BRAFELEDEEF AL o FY

AR - AP R F PO NOESY ki< Tk hadh it 2 (Sehim g o
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L = & #72 15-H-PFg R & i £ ‘BuOK 2 'H-'H NOESY - 3 F][400 MHz,
CD;CN, 298 K]

AN R & E fh'e 15-H-PFe4p e o> Tk eh Hp/Hp 2 v 41 8 <ol
% %2 He#? HpsBH 3 NOE i % » 27 e end_» < e Hp/Hp 2403 H = %

e Hg 1 2 ¢ & ¥ k2 Hij NOE ek % > J80R] + Th G &2 WAL F5iag 18 % 4 40
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B P RA

B & Py R R #(PCNMR - 'THNMR)E_#¢ * Varian Mercury Plus 400 MHz
NMR % Bruker Avance II1 400 MHz NMR - i* ¥ i= # (chemical shift) ¥ i+ 5 ppm >
"% ¢ 3 (CD;CN,CDHCN:6=194) 7 %2 # % # (CDCl;, CHCl;: 6=7.24) %3
AR 5 g & B 2 38 (splitting patterns ) & mdc T s A B o d & BE ot £
ZMoqieE o om#A % brARE o BEVEM I AT Hizi Hzo Fifd
RAFLE s F ke < ipl > @ 1@ BSIH 3 o %3 8:d Fargo MP-2D %3 Bhip| %k #7ip
o &5 & 47(TLC)# * Merck Art. 5715 0.25 mm precoated sheet o ¢ +14 7 25 *
# %% 60 (70-230 mesh) 2 60 (230-400 mesh) 12 % ¥ i* 484k 1+ 90 (0.063-0.200
mm) °
TR T ABEEEREFF TR FREFRARFEE > RAF I L AR

FT GRS FAFBE T F AR B F BT D F TR E P R Ed LC
Technology Solutions Inc. 2 & 2. 3 /3 &/ it ki Agr S it s g * o - 7 A7 fig

MRL B R Y Y Merck eniEE R A o & AT T B Aldrich ~ Merck ~

n>i

ki

Acros ~ TCI # Strem % Z i #14 & 2 3§
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Benzyl alcohol 11

N
Boc OH

11

The mixture of 3,5-di-tert-butyl benzaldehyde(1.4614 g, 6.693 mmol) and methyl
4-aminobenzoate hydrochloride(1.35g, 6.695 mmol) was dissolved in toluene( 70 mL ).
The reaction was stirred and refluxed overnight. The solvent was removed under
reduced pressure. The residue was dissolved in THF at 0°C and LiAlH4 (0.56 g, 14.755
mmol) was added by several portions. The reaction was quenched by H,O, dried by
MgSO4 and the solvent was evaporated by rotavapor. The crude was dissolved in
MeOH(70 mL) and Di-tert-butyl dicarbonate ( 2.44 mL, 10.621 mmol) was added at
0°C. The mixture was stirred overnight at room temperature. The solvent was removed
by rotavapor. The residue was partitioned between CH,Cl, and H,O three times. The
organic layer was collected, dried by MgSO,4 and purified by column chromatography
(S10,, ethyl acetate: n-hexane=1:9) to give pale yellow oil (1.7889 g, 59 % three steps).
'H NMR (400 MHz, CD;CN, 298 K): &= 1.30 (s, 18H), 1.47 (s, 9H), 3.20-3.35 (br, 1H),
4.27-4.50 (br, 4H), 4.55 (s, 2H), 7.08 (s, 2H), 7.20 (d, J = 8 Hz, 2H), 7.28 (d, J = 8 Hz,
2H), 7.35 (s, 1H); 13C NMR (100 MHz, CD3CN, 298 K); 6= 29.2, 32.2, 35.9, 50.8/51.3,
51.3/51.8, 65.0, 80.8, 122.5, 123.2, 128.3, 129.0, 138.7, 139.2, 142.4, 152.3, 157.1; MS

(ESI): C3H4/NO3;Na" [M+Na]" caled m/z 462.2979; found m/z 462.2938.
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Benzyl chloride 12

N
Boc Cl

12

The compound 11(1.7889 g, 4.069 mmol) and PPh; (3.2018 g, 12.207 mmol) were
dissolved in CH,Cl, (80 mL). N-Chlorosuccinimide (1.6301 g, 12.207 mmol) and
NaHCO; (3.4188 g, 40.695 mmol) was added to the mixture at 0 °C. The reaction was
stirred at room temperature overnight. The mixture was partitioned between H,O and
CH,CI, three times. The organic layer was collected, dried by MgSO4 and removed
solvent. The residue was purified by column chromatography (SiO,, ethyl acetate:
n-hexane = 3:97) to give pale yellow oil (1.5698 g, 84 %). '"H NMR (400 MHz, CD;CN,
298 K): 6= 1.31 (s, 18H), 1.48 (s, 9H), 4.32-4.49 (br, 4H), 4.62(s, 2H), 7.10(s, 2H),
7.17-7.30(br, 2H), 7.32-7.40(m ,3H); >C NMR (100 MHz, CD;CN, 298 K): &= 29.2,
323, 359, 47.4, 50.9/51.4, 51.7/52.2, 80.9, 122.5, 123.3, 129.4, 130.3, 138.1,
139.1 ,140.5, 152.3, 157.1; MS (ESI): C,5H4CINO,;Na" [M+Na]" m/z 480.2640; found

m/z 480.2613.
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Benzyl azide 13

\
Boc N3

13

The compound 12 (1.7163 g, 3.747 mmol) and NaN3 (0.61 g, 9.3831 mmol) was
dissolved in DMF. The reaction was stirred and heated to 100 °C overnight. The solvent
was removed and the residue was partitioned between H,O and CH,Cl, three times. The
organic layer was collected, dried by MgSO,4 and removed the solvent. The crude was
purified by column chromatography (SiO,, ethyl acetate: n-hexane = 3:97) to give pale
yellow oil (1.6534 g, 95 %). 'H NMR (400 MHz, CD;CN, 298 K): &= 1.30(s, 18H),
1.46(s, 9H), 4.28-4.48(several overlapping peaks, 6H), 7.09 (s, 2H), 7.20-7.33(several
overlapping broad peaks, 4H), 7.36(s, 1H); B3¢ NMR (100 MHz, CD3sCN, 298 K): 6=
29.1, 32.2, 35.9, 50.9/51.5, 51.8/52.1, 55.3, 80.9, 122.5, 123.3, 129.4, 129.9, 136.0,
139.1, 140.3, 152.3, 157.1; MS (ESI): CpsH4N4O.Na" [M+Na]" calcd m/z 487.3043;

found m/z 487.3022
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Thread 10-H- Cl

The compound 13(1.6534 g, 3.558 mmol) was dissolved in CH,Cl, (40 mL) and
trifluoroacetic acid(1.32 mL, 17.804 mmol) was added to the solution. After stirred at
room temperature overnight, the mixture was partitioned between saturated NaHCO;
(aq) and CH,Cl,. The organic layer was collected, dried by MgSO, and removed solvent
to give neutral thread 10 as pale yellow oil. Thread 10 was dissolved in MeOH (40mL)
and HCI (6 N in water, 10 mL) was added. The mixture was stirred 10 minutes at room
temperature. The solvent was removed by rotavapor. The residue was partitioned
between H,O and CH,Cl,. The organic layer was collected, dried by MgSO4 and
removed solvent to give pale yellow solid (1.28 g, 90 %). mp 137.7-138.2 °C. '"H NMR
(400 MHz, CDsCN, 298 K): 6= 1.30 (s, 18H), 3.93 (s, 4H), 4.33 (s, 2H), 7.33 (d, J =8
Hz, 2H), 7.40-7.47(m, 3H), 7.56 (d, J = 8 Hz, 2H); °C NMR (100 MHz, CD;CN, 298
K): 6= 32.1, 36.0, 50.3, 51.4, 55.1, 124.2, 126.1, 129.9, 132.0, 132.2, 133.1, 138.1,

152.8; MS (ESI): Cp3H33N, " [10-H]" caled m/z 365.2705; found m/z 365.2733.
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Thread 10-H-TFPB

10-H-TFPB e /@\ CF,
FsC CF3

Thread 10-H-CI (503.8 mg, 1.256 mmol) was dissolved in mixture of solvent(13
ml, CH,Cl,: MeOH = 3:10). After the NaTFPB (1.1134 g, 1.256 mmol) was added to
the solution, the reaction was stirred 10 minutes at room temperature. The solvent was
removed by rotavapor. The residue was partitioned between H,O and CH,Cl, two times.
The organic layer was collected, dried by MgSO,4 and removed solvent to give brown
oil (1.4087 g, 92 %). '"H NMR (400 MHz, CD;CN, 298 K): 6= 1.32(s, 18H), 4.21(s,
2H), 4.24(s, 2H), 4.44(s, 2H), 5.55-6.14(br, 2H), 7.32(d, J =2 Hz, 2H), 7.45(d, J = 8 Hz,
2H), 7.51(d, J = 8 Hz, 2H), 7.54(t, J = 2Hz, 1H), 7.68 (s, 4H), 7.72(s, 8H); *C NMR
(100 MHz, CDsCN, 298 K): 6= 32.0, 36.1, 52.6, 53.6, 55.2, 119.2, 125.2, 125.8, 126.0(q,
Yer =270 Hz), 130.4, 130.5(q, “Jcr = 34 Hz), 131.3, 132.0, 132.2, 136.2, 139.1, 153.4,
163.2(q, 'Jcs =50 Hz); MS (ESI): Ca3Hs3N, [10-H]' caled m/z 365.2705; found m/z

365.2725.
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Rotaxane 15-H - TFPB and dumbbell-shape molecule 16-H - PF6
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16-H-PFg

Thread 10-H-TFPB(500 mg, 0.407 mmol) and macrocycle 9 (276.3 mg, 0.610
mmol) was dissolved in CH,Cl, (4 mL) and the mixture was stirred for 30 minutes at
room temperature. The benzocyclooctyne 14 was added to the mixture. The reaction
was stirred overnight at room temperature. The solvent was removed and the residue
was purified by column chromatography (SiO,, CH,Cl,) to give brown viscous solid
(115.2 mg, 15 %). "H NMR (400 MHz, CDsCN, 298 K): &= 1.39(s, 18H), 1.86—1.93(m,
2H), 2.33-2.54(m, 2H), 2.59-2.74(br, 2H), 2.82-3.05(m, 2H), 3.05-3.30(several
overlapping broad peaks, 7H), 3.30-3.45(br, 3H), 3.67-3.77(m, 2H), 5.20-5.36(m, 4H),
5.58-5.79(m, 2H), 6.11(d, J = 8 Hz, 2H), 6.53-6.98(several overlapping broad peaks,
10H), 7.02(d, J = 8 Hz, 2H), 7.16(s, 2H), 7.18-7.28(m, 3H), 7.29-7.46(several
overlapping multiplet peak, 5H), 7.48(s, 4H), 7.61(s, 1H), 7.67(s, 4H), 7.71(s, 8H); °C
NMR (100 MHz, CD3;CN, 298 K): 6=32.2, 34.2, 34.9, 36.3, 36.9, 37.4, 52.4, 52.9, 55.2,
69.1, 70.3, 117.4, 119.1, 125.6, 125.9(q, 'Jcr = 270 Hz), 126.2, 127.5, 127.8, 128.0,
128.8, 129.3, 129.7, 130.0, 130.1, 130.4, 130.4 (q, *Jcr = 31 Hz), 130.7, 130.9, 131.4,

131.6, 131.7, 132.5, 132.9, 133.1, 135.2, 136.1, 138.5, 139.3, 139.5, 142.9, 148.3, 153 .4,
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158.2, 163.0(q, 'Jcs = 50 Hz); MS (ESI): CssH73N403S," [15-H]" caled m/z 1021.5119;
found m/z 1021.5055.

The corresponding dumbbell-shape molecule 16/16-H - TFPB mixture was isolated.
The mixture was deprotonated by column chromatography (Al,O3 active basic mix with
2.6% H,0, CH,Cl,: n-hexane =1:1) to give neutral dumbbell-shape molecule 16 (130.2
mg, 56 %). The compound 16 (130.2 mg, 0.229 mmol) was dissolved in CH,Cl, (2 mL).
The TFA (50 pL, 0.687 mmol) was added to the solution. The reaction was stirred 5
minutes at room temperature. The mixture was partitioned between H,O and CH,Cl.
The organic layer was collected, dried by MgSOj,, removed the solvent. The residue was
dissolved in MeOH/CH,Cl»(8 mL/2 mL) mixed solvent. KPFs (0.12 g, 0.6519 mmol) in
H,0 (2 mL) was added to the solution. The mixture was stirred for 10 minutes. The
solvent was removed under reduced pressure. The residue was partitioned between H,O
and CH,Cl, three times. The organic layer was collected, dried by MgSO, and removed
solvent to give pale yellow solid (86.97 mg, 53 %). mp 203.9-204.2 °C. "H NMR (400
MHz, CDs;CN, 298 K): 6= 1.32(s, 18H), 2.76-2.87(m, 2H), 2.96-3.11(m, 1H),
3.14-3.29(m, 1H), 4.14(s, 2H), 4.16(s, 2H), 5.55-5.71(m, 2H), 7.10(d, J = 8 Hz, 2H),
7.16—7.28(several overlapping multiplet peaks, 5H), 7.29-7.41(several overlapping
multiplet peaks, 7H), 7.45-7.79(several overlapping peaks, 3H). °C NMR (100 MHz,
CD;CN, 298 K): 6=31.9, 34.1, 36.0, 37.0, 52.1, 52.9, 53.1, 125.0, 125.8, 127.4, 127.6,
127.9, 129.3, 129.8, 130.5, 131.1, 131.3, 131.5, 131.6, 131.7, 132.0, 132.3, 132.5, 135.7,
139.0, 139.8, 142.8, 148.1, 153.2. MS (ESI): C30HysNy" [16-H]" calcd m/z 569.3639;

found m/z 569.3611.
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Rotaxane 15- H-PF6
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Amberlite ® IRA-402 resin (0.432 g) was added to the solution of Rotaxane 15-H*
TFPB (66.7 mg 35.373 pumol) in MeOH/CH,Cl»(8 mL/1 mL). The suspension was
stirred at room temperature for 5 minutes and then filtered. The same resin
addition/filtration process was applied to the filtrate for another nine cycles. The residue
was dissolved in MeOH/CH,Cl, (10 mL/1 mL) and the KPF; (0.12 g, 0.6519 mmol) in
H,0 (2 mL) was added to the solution. The mixture was stirred for 10 minutes. The
solvent was removed under reduced pressure. The residue was partitioned between H,O
and CH,Cl, three times. The organic layer was collected, dried by MgSO, and removed
solvent. The crude was purified by column chromatography (SiO,, CH,Cl,: MeOH =
99:1) to give white solid(35.4 mg, 85 %). mp 151.3-151.9 °C. 'H NMR (400 MHz,
CD;CN, 298 K): &= 1.39(s, 18H), 1.84-1.91(m, 2H), 2.31-2.52(m, 2H), 2.58-2.71(br,
2H), 2.82-3.03(m, 2H), 3.03-3.29(several overlapping broad peaks, 7H), 3.29-3.46(m,
3H), 3.66-3.78(m, 2H), 5.17-5.35(m, 4H), 5.57-5.76(m, 2H), 6.05(d, J = 8 Hz, 2H),
6.43—6.94(several overlapping broad peaks, 10H), 6.98(d, J = 8 Hz, 2H), 7.14(d, J =2
Hz, 2H), 7.18-7.28(m, 3H), 7.28-7.43(m, 5H), 7.45(s, 4H), 7.59(t, J = 2 Hz, 1H); °C
NMR (100 MHz, CD3CN, 298 K): 6=32.2, 34.1, 34.8, 36.2, 36.9, 37.4, 52.4, 52.9, 55.1,
69.1, 70.2, 117.3, 125.6, 126.1, 127.4, 127.8, 128.0, 128.8, 129.2, 129.7, 130.0, 130.1,
130.3, 130.7, 130.9, 131.4, 131.5, 131.7, 132.5, 132.9, 133.1, 135.2, 138.5, 139.2, 139.5,

142.8, 148.3, 153.3, 158.2; MS (ESI): CgsH73N405S," [15-H]" m/z caled 1021.5119;
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found m/z 1021.5151.
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