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Figure 1-1. Schematic representation of ATPase.
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Figure 1-2. Artificial rotary molecular motor using asymmetric reduction.
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Figure 1-3. Artificial rotary molecular motor using photoisomerization
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Figure 1-4. Kinesin—microtubule system
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Figure 1-5. Hand-over-hand model in kinesin—microtubule system
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Figure 1-6. A ratchet: (a) gear (b) pallet (c) spring to keep pallet

ERE RV UEHBLERYZRTF L E— XA MUNEICES S, By b E



=i

&

o
£

PO

AWTE =X EWUNEITATICT 7 A6, & DWW T~ A T RS AICEI< L 9 ICAm 2
RTI2E ZAWINET 7 2L b~ A F R0 OIE ) BRILAMERELS TR L&
WNEOMEAEAOKRE SIEIMMNEDOREICE L TN L oo TP, ZoF R v
—NERBERORT oy VOIERFE L 7T v iR (AR LX) LA
BB LTS EFET LD, Biased Brownian 7F =~ hEFT /L TH 5,

BIHOITHEI AV U RT 7 F L=V EEZEOL BV TWEInE, KBy
N &2 HWTRRGEE LTz, OGS, B 43 U IXATP—[E O HK 53 f# T —#224 Y £95.5 nm
DAT v T @EBMOELIZObL—HFH~OBB&ZER L TSI 2RI LEY, 722
bbb, HEI I AV IXZOMET, VA7 T 0 VEE L THWDOTIEARL, FHZ
Roobor77 Y EEEZ L TEY, ZOME—HFRBENs R IND, HIEI AV
YO—HB ) OB TH D55 nmiE T I/ F U DORESTRDLT I F T 4T A
N EDOEMICHYS L, HREIORT v TORRT 7 F L 2~5\ 00BN BE 5, Z O
RiZ, IROMAKGRIZE S THIEF X RNIZnFa—7 258 L35
Hand-over-hand=& 7 /L CIIFRBA N D720,

ADP

ATP

AG

Figure 1-7. Biased Brownian ratchet model of single kinesin on microtubule
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Figure 1-8. Feynman's ratchet
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Figure 1-9. (a)molecular ratchet 1-11 (b) Calculated energy diagram for clockwise rotation

around the triptycene/[4]helicene bond in 1-11.
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Figure 1-10. Molecular walker.
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Figure 1-11. Light-driven transport of molecular walker 1-15.
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Figure 1-12. The uni-directional transport of wheel component using photoisomerization
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and silylation.
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Figure 1-14. Schematic representation of DNA—based molecular walker and origami.
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Figure 1-15. Schematic representation of acylative active translation on rotaxane.
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Figure 1-16. Active transport on rotaxane using acylation.
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Scheme 1-1. Hypothetical uni-directional movement of wheel mover on flat periodical rail

by alternative protection—deprotection sequence.
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Scheme 1-2. Schematic representation of artificial liner motor.
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% % Rapid and Efficient Acylative Active Transport on Rotaxane
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Me

Q.

Me
d:Rl= >—CH2— R2= —CH,CH,CH,CH,CH,0
Me

Me

Me
e:Rl= _>7CH2— R2Z= —CH,CH,CH,CH,CH,0

Me
f:Rl= }CHZ— R2= —CH,CH,CH,CH,CH,0

g:Rl= Qf R2Z= —CH,CH,CH,CH,CH,0

< i << i << i <
© oo [T )

Me

h:RL= QCHZ—CHZ— R2=  —CH,CH,CH,CH,CH,0
i'Rl= O—CHz_ R2= —CH2_C>

Scheme 2-3 12773 X 912, BMHEHOMH WS 2-6a-H OARIEEZSEIC, V7 a~F L
XU FLIEICBER L 2-6b-H 2 AR LT,

el

e
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Scheme 2-3

1) LiAIH,

G/\NH2 N 2) Boc,0
Me 549 @ /\@
2-13

213 + CHZCIZ

57% 2-9b-Boc

1) TFA +
22 %
2-6b-H*

TNATER212%7 I 211 TPV ALEH, KFMETALI=0U L) FT
ATEILL, BT DT I /% Boc A CHRETHZ L TT L a—)L 2-13 257,
DMAP % filifft & U CHW, 73— 1 2-13 2Bk 2-14 T AT T HZ LT
2-9b-Boc #1%7=, 2-9b-Boc % TFA T Boc Difri# % L=k, XA 4> % PFg 1T
it 252 LT 2-6b-H 2157,

2 AR—R o MEIT BV MEOEAOEESSIZEN S DHITE 2-7T T Al
ICEh T RdEBEXOND, I T, TUyE=ULED ] filE AF L 8HIC
TR, Kk BRE A2 D REB AN FNC /2D & B 2 7=, & T, Scheme 2-4 [Z/R
FTEOW, RISy 7 uaRvFALEEEHOT Vv E=Y A 2-6¢-H 2GR LT,

Scheme 2-4
o} . o] K,CO3
1 _mowno 3,5-dimethyiphenol J\/\% /@\
R
" 2-15 > Moo e 2-16 o acetone MeO
X 9 -1
90 % 100 %
1) (COCI),
KOH 2) 2-11
—_— o
96 % 0 J\/\/\
HO o e
2-18 2-19c¢

1) LiAH, 1) TFA PFy
2)Bc0 2)INH{PFe NN
/\/\/\O
55 % G/\ T2w H,

2-9c-Boc 2-6¢-H"
ANVAR W 2-15 & p- VT U ZANVR B EMEE L LT, AF AL AT AL T AT

L 2-16 57, IRWT, 3,5-PAF )N T x /) —)L% 2-16 TT L F /LT T/l 2-16
BE, TNEIAKSEL ., HLR R 2-18 157, 2-18 & b AFH VLTI o
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URELEH, 7I02-11 TP IV VRARTHIETT I R2-19c 2572, Tz, K
FTNI=gL)FUyLTETL, EKT D7 I /%L Boc AThi#ETHZ LT
2-9c-Boc % %372, TFA T Boc ZMifRi# L7-t&., XfA A4 % PFe IR THZ & T
2-6b-H" % 15%7-,

Wiy r7maXeFLEREFAREDSEIZFOLHfFESNLA Y e s b o
T =y A 2-6d-H DAL % Scheme 2-5 12779 K 9 124T- 7=,

Scheme 2-5

(0]
Me o —» Me JK/\/\ /@\
NHy 4 W N o
\,\l/:\ MeO 0 ?V:\H

150 °C
78%

2.20 217
1) LiAH, )
2) NH,PF e /@\

—_— Me Vi P et
44% YN °
Me 2
2-6d-H+

TATIV2-17 %7 2 2-20 CTHEHET IV U ALT X K221 257, Zhvw, KE
7N =LY FUATETLL, PRJIEICE Z & T2-6d-H 2157,

WIZ, 4V 7Ta bV EORIZEEWEZZBND sec-7 FE L 3-XUFLEEE D
T =T L 2-6e-HTEB L 2-6f-H DA k% Scheme 2-6 1273 K 9 1247 - 72,

Scheme 2-6
) (COCI),
NHs aq L|AIH4
J\/\/\ o THF AN
T 103%  HN o
223
1) R'CHO
2) NaBH, 1) TFA PFg
3) Boc,O ~ 2) NH4PFg °
> R1 N/\/\/\o ————————> g /\N WO
2
Boc  5.9e-Boc, 32% 2-6e-H*, 32%
2-9f-Boc, 35% 2-6f-H*, 30%
Me Me
e:R'= wﬁ f:R1 = }
Me Me

HVR g 2-18 & WA b A XY UL TR 0 K& L7, Schotten-Baumann £ C7
VEST EIGEE, TI K222 #5, IhvE, KERETAI=TLY FULATIET
L, 730 223%%57, 22513 2-AF VT FATNALTE RHDLWL2-mF LT F LT )L
TERTAI L, KFEMATVFEFT I TATETL L, M7 I % Boc THR#EL T
2-9e-Boc & 2-9f-Boc & L T/ 6 Boc fi%& p- M= 2V U IV TIARFE L, xF
A A% PR ICAHT % Z & T 2-6e-H" & 2-6f-H % 57,
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Fio, vraRXvFARET U= MO A 2 72 2-6g-HTE 2-6h-H O G k&
fTo72, £, Scheme 2-7 2" T X 51T 2-6g-H DA AT T,

Scheme 2-7

) (COCl),
cyclopentylamme O\ ]
M\ H J\/\/\ o

54°/
2199

1) LiAIH,4
2) B 1)TsOH-H,0O PFg
_ 2)BocO O\ /@\ 2) NH4PFe O\ e
NN [ .
84% ’Tj O B6% N /\/\/\o
Boc Ha

2-9g-Boc 2-6g-H*

HNKR U AT U AT e ReLE®%, v ZaXrFA7r Iy Ter/
JvAL, 782199 #1572, vz, KFELTAVLI=ULIFTULTELL, Boc T
#9252 L T2-99-Boc #157=, T p- MV ALK VR THRELL T B A 4
% PF¢ \ZA5H#A L C 2-6g-H 2 4537-,

Scheme 2-8 |27 & 912 2-6h-H &2 ARk L 7=,

Scheme 2-8

) (COCI),

1
2) 2-23, Et3N
3) LiAIH,4
—
OH 65% N/\/\/\O
2-24 Boc
2-9h-Boc

PFe
1) TSOHH,0 O\/\
2) NHPFg N >0

—_— H,

72%

TR VR 2-24 & A A XY LTI e KEL, 2-23 TV UV AL,
Nz, KFEE7NVI=0v L FULTEILL, Boc TIRi#T 5 Z & T, 2-9h-Boc ZHHK
L7, Boc k%, p- MV U A NVE U EE W CIRGE LToth, xtA A4 v % PR ICAZHT
% Z & T 2-6h-H %2157,

-
—
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o RugE AL R O E

2-7*T DB24C8 2 47 {lic@h < #HE k,<° 2-7 T DB24C8 23T T < B ky % B 12
WD Z LI TERY, 22T, il B—xr b & LT 2 RERLEZESIEGHT
VE= T LM 2-6-H A FUN T DB24C8 & OS5 2-7-H™IZ DU TEEFRIER 7 $ kg 2 3R D |
ky X0 kg OFHAHI R RIE L5 2 L & L7z °Y, JBIEIX CDsCN : CDCly = 1 : 3 OMEF
[2-6-H"], = [DB24C8], = 0.01 M THT\ , '"H-NMR A7 L TR E 3 K, & S5 ROE
ﬁ?kf%ﬁw’)\ T I D EEMRBEREE kg B RO T2, BONIAERE 2-6i-HNIC oW THE S
TV T Table 2-1 12777,

Table 2-1. Association Constants K, and rate Constants of Association (k,) and Disassociation

(k) of 2-7-H".2

PF¢ PFe
k
RI—N R2 + DB24C8 ::::E“"Rl——ﬁ— R?2
H, Ky H,
2-6-H*
2-7-H*

2 7-H: R ke M'sh k(s K, (M
i® : c-CgH11CHo— 48 x107 4.4x10° 110
b : c-CsHgCH,— 42x10% 1.1x10* 400
C : c-CsHoCH,— 50x 102 1.2x10* 420
d : (CH3),CHCH,— >4.5x 10° <3.2x 1072 140
e : (C2Hs)(CH3)CHCHy—  >1.1 x 10" <4.5 x 107? 250
f : (CoHs5),CHCH,— ~0 - -
g : c-CsHo— >2.8 x 10" <2.2x 10" 130
h : c-CsHeCH,CH,— 6.0x 107 8.8x10° 670

At 23 °C and [2-6-H"], = [DB24C8], = 0.01 M in CD;CN/CDCl; (1:3, v/v). °Reference 5a. Temperature
is 20 °C.

SETERE S K, (X 2-6-H O EIZ Ko TRE S E L LAanoiTxh LT, SEiR#EH L & 4K
ko1& 2-6-H" O K ig@E IR SRR LTz, 7 B XU T EE K EREdE & 2 2-6b-H”
& 2-6¢-H'% DB24C8 LiRAT 2 LHEIT 2-7-H 2 AL L, 23 °C T 1.5 R LAINIC
iz Lz, S5, 2-7b-H" & 2-7c-H O REEEE T ka 1T 7 BT UL EEFFD
2-Ti-H* O SEAR BT EEL kg ICHEAR TR 104 R E o Too A Y 7 BV A 52 2-7d-H”
&osec-7 TV A FF0 2-Te-H TIISET BGE B k, WIER IC K E WD IEMICHIET 5
T EIXTE R oD, BEMREEEEE EEL ke 1 2-7i-H O S5 BEE FE 2L kg 12T 107
L RENoTz, 3-_XUFNEEEFD 2-6f-H M Didn X XV 3Bk S o7, L
oz Enb | RBEREDORE L 3-RUFAE>ST T u~F k> 7 a0 Fu
H>sec- T TFNHA~A Y TR ENVETHLZ ER DT,

IO R F VIR T =y AHICHERE LTV D 2-60g-H O SR B T E R ke 1
2-6¢C-H DSEMHERE EH ke L0 b 1005 K& hoTe, —FH, =F L 8% > 2-6h-H”

O B AR IR B TEHL ka1 2-6C-HT DSEMREERE EH ke LV b 1075/ M & rote, Tbb,
AF U UEN DR D T L ICEMRBMERE ER kX2 r ¥ T oW LIz, ALy 7 m~Xy
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FNAETH-TH, T E=U LEHANGIEIS N DI > TE Y REVKIERL S L
TEDIE->TND, Thbb, RIEBRLIIS 7 o X0 FLEET TR, ThiaEkT
DAFLUVHETEZED TEDOEE S EZET LLERDHY . LRV ATF L U BHIT R
EREERESREL9RDH 5,

RN 2-T-H DK &5 2-6-H &2 AW IIT RS 72 REB S A IR S D 28, 88
fREEREE R kg b RELSRD T LB FDEWVEEN R0 2 X5 2-7 2 T s
T T 22 EBRETHLEEZLND,

32



B R AEEhE R OB

HET Bl T RIS X D SRR EEEh ot o B 3

FP. kg DB/ NES WS 7 o R F LA RIRE L L 45 2-6b-H L 2-6¢-H % 7
W CHEBYE LG 2 /T L 72 (Table 2-2),

Table 2-2. Effects of Acylation Agent, Temperature and Stoichiometry on the Efficiency of

Active Transport.!*!

PFe PFe RCOX
. DB24C8 EtsN
RI—N RZ_——>R!—N- RZ— > R!—N——|-R?
H, - H, (DMAP) Bs
2.6-H* CHCI3 40 min
2-7-H* 2-8-Bz

entry 2-6-H" temp. (°C) RCOX (equiv) Et;N (equiv) DMAP (equiv) vyield of 3 (%)

1 b 0 Boc,0" (50) 50 1 0
2 b 0 TrocCl° (50) 50 1 5
3 b 0 BzCl‘ (50) 50 1 78
4 c 0 BzCl (50) 50 1 74
5 c -20 BzCl (50) 50 1 65
6 c r.t BzCl (50) 50 1 58
7 c 60 BzCl (50) 50 1 56
8 c 0 BzCl (10) 50 1 38
9 c 0 BzCl (50) 30 1 57
10 c 0 BzCl (50) 50 5 61
11 b 0 BzCl (50) 50 0 63
12 c 0 BzCl (50) 50 0 60

* A mixture of 2.0 equiv of DB24C8 and 2-6-H" was stirred in CHC; at room temperature until the system
became homogeneous before the addition of BzC1, DMAP, and Et;N. The reaction was carried out for 40

min. * di-tert-butyl carbonate. © 2,2,2-trichloroethyl chloroformate. ¢ benzoyl chloride.

vrua~nFUNLEERGERILELE TS 2a-HIZ SO M BEO NV ZF AT I L 1 HED
DMAP F1E T, 50 4 EDEK Boc TEIEICT VLT 5 & 74% DR TREBTRA SN D
ZEBRMBNRTWS Y FIT, £, /e BaRA AP T 2-6b-H L 2 4 ED DB24CS A
LR EET 2-Th-H 2RO KM T CaEEIC T b Lz (entry 1), LML, B H ¥
PriFalBEonrole, 22T, XOVKKRHEOEWNT Y E LT
2,2,2-trichloroethyl chloroformate (TrocCl) Z AW/ & Z A, 5%DINETIEIH LN v ¥ X
P 2-8b-Troc BB (entry2), & HIC, “EFEM 7 1) K (BzCl) A5 & 78%
DR THEE M A 2-8b-Bz L7 (entry 3), DO &b, KRig@E#iL R
LTy uaXrFEERANTYH, Y7 u XU F RO E R S D7, DB24C8 1% 47
FNZE 2T <725 TNT (ki/ky > 1), 2-7T BB IRBREEWEMEZELOZ ENHLNEZ
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S, LML, 27 0FMD I BIZT I EZEHET HOIIIREFHEOmNT 2Lk
Flz RN BERHY | ks 2D TRE < THITREETE N ATRETH D Z L B HMNITA
ST, Fl. FUERMET2-6c-H 2N TH 74% DN R THEEN S S 7= (entry 4),

IR Tl 2-6-H" & 2-7-H I O i i3 = & %9 MW 5., % 2 T.-20°C T 2-6¢-H"
DERT Wb EIT -T2, LovL, 2-8¢-Bz DULEIT 65%IZ& F L7z (entry 5), Z AU,
T U MEEE ks DMK TS REBIE IR OR T A X LzbD B2 bND, £ T,
R CRISEIT 720, R0F 0 iEB LR IFMK T L7z (entries 6 and 7)., Z ALiXm{EM
TIPS 2-6-HNZFH - TL 2720 THHEBEZOLND, TV ALOBE L fEn & 54
VRGN L DT U ADE | 0°C DORFICHR bRRBIRIE RN G D 2 ERH LT
-7,

T UMEBIRCHEIEOBEZH S T L T VAL E ks ME T 5 72 D REER S RN T
L 7= (entries8and9), DMAP @ EZHICHIET 2 ALEE ks 233 < 72 0 | REBhEA )R
WA BT D E R LA, REENRA I RIIL LA T L (entry 10), B _R&EZ LT,
DMAP Z /2 < TH  BEEE DN K E KT T 5 2 Lid7eh - 7= (entries 11 and 12),
TrEoUAEROa X XY OT LTI DMAP BT VMBI ZET 2 2 &0
HHZENMOENTED * DMAP DM ENEMETH S Z L6 REHHMLT 57201,
Z LI OREHE DMAP & W12 o 72,

BLRRN T & 12 2-8b-BZ (X712 2-8¢-Bz L W HEN 2 HIHE L <5 547z (entries 1,
2,9and 10), Z DX 2-7Tb TIINU P U B E DB24C8 DI AEANMH Z & T (4
W), AT O ETOESSN/NEL 2D 2-Th*TIiX 2-7c* X Y ¢ DB24C8 2% 45 MllZEh
SHEKBRELRDIENEBEZLND,

WIZ, 0°CTS504 8D BzCl & U =F LT I TT UL EITV, REBIIRE LRI
NI DL 7 T =T VOB R ZRF LTz, T ORKR % Table 3 (27,

34



B mndRe B R OB

Table 2-3. Effect of Solvent and the Amount of Crown Ether on the Efficiency of Active

Transport.”

PR’ PFg .
° DB24C8 BzCl (50 equiv)
\ + Et3N (50 equiv)
Rl_” R24>‘R1_H_ R? 40 min 1_'|\l -R?
2
22—6-H+ solvent 0°C Bz
2TH 2-8-Bz

entry 2-6-H° solvent DB24C8 (equiv) yield of 2-3-Bz (%)

1 c CHCl; 2.0 60
2 c CH,Cl, 2.0 65
3 c CH;CN 2.0 57
4 C AcOEt 2.0 69
5 c toluene 2.0 72
6 C CHCl; 1.5 77
7 C CHCl; 1.3 62
8 C CHCl; 1.1 46
9 c toluene 1.5 95
10 b CHCl, 2.0 63
11 b toluene 2.0 38
12 b toluene 1.5 36

* A mixture of 2.0 equiv of DB24C8 and 2-6-H" was stirred in CHC; at room temperature until the system
became homogeneous before the addition of BzCl, DMAP, and Et;N. The reaction was carried out for 40

min.

2-6¢c-H % W TR R A2 Gt Lz, b A F L oidZ7madm i A L0 & JWIEE T,
REBY A S 2R 1T 65%I21m L L7= (entry 2), FEHFERDOWE A H =& 2 A, 2-6-H 138
WTHDHN, DB24C8 Z#/MA T 2-7-H' Z WM EE L &, B TIERNE TR, 0°C I
WmRT L 2-T-H' BT L CRE—1he o7z, RBRRE—DFEEBzClE R =ZF LT
LUENEICN 2 oSBT AT L7z, Wi LT b= MU v E W & &I2idRE
gk R BNME T LS, Big =T L2 izt &iciEm b, hrm v Z2HWS EE S
\Z E L7 (entries 3,4 and 5), ¥KIZ, DB24C8 D&% A 2 T/ v u kL AH CHEE)E
DIEFT &7 572, DB24C8 D% 1.5 M &N T W72, REEIMEZIRIL 77%I2F Tl
U7 (entry 6), REBNEGIEDORIRIL 2-7T-H OAERNR L T 2 UALIC L D REBE LR D
CeRDOIND, DB24C8 X REICH WD L RDRMEN EARY | Mz o THrZ X H 0
ERBRNTRDZENMOLNTND P Z e, VD DB24C8 OEZH ST Z LT
2-T-H' OERENR EL=nbThdEBZ2 b5, LovL, DB24C8 DEEZ X HIZF
FoEaZXY o OIHRIZET Lz (entries 7 and 8), DB24C8 D&% Fif 5 & R DOl
TR T4 2508, FIF+&E25 L PN 2-6-HMICHEY TECLE-nLTHDEEEZLN
%, £Z T, DB24C8 % 1.5 HEL LTHEA Mz L LTRIGEIToT2E 2 A, BE
WL IE 95%ICE L, 1ZIXE BN R REE LS ATREIC 72 o 72 (entry 9), —J7. 2-6b-H"
DOREFEE AL b LT P TIT o 7oA, REENERE ) RIIME T L7z (entries 10, 11 and 12),
DB24C8 D&% 1.5 &L L TH, BEEEEOM LIFBH S NroTz, bz h

ERBARE—ThHolzZ b, 2-6b-H" & 2-7Th-H D kL= o 1 CIRARFE DE O AYEE
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B OMRICHEEL WD LI ICEDNS,
X5, WMEOHEEMF LIZ, 2-6¢-H" & 1.5 equiv @ DB24C8 ZH\C b=
TS ZATIR > T2, iRk % Table 2-4 [Z7R T,

Pr

Table 2-4. Effect of the Base on the Efficiency of Active Transport.”

PFg” DB24C8 PFg BzCl (50 equiv)
. (1.5 equiv) . base (50 equiv)
RI—N RZ2 _— R!—N- RZ—— > RI—N—|-R?
H, <7| H, 40 min Bz
n o
2-60-H* toluene 0°C
2-7c-H* 2-8c-Bz

entry base yield of 2-8c-Bz

1 Et;N 95
2 pyridine 6
3 DMAP 0
4 DBU" 0
5 iPr,NEt 68

*A mixture of 1.5 equiv of DB24C8 and 2-6¢-H* was stirred in toluene until the system became
homogeneous at room temperature before the addition of 50 equiv of BzCl, and 50 equiv of base.

Reactions were carried out at 0 °C for 40 min. b1,8—diazabicyclo[5.4.0]undec-7-ene.

WL LT Y Y DMAP B XU DBU # H\W\W e & & OREEIEZRIZENZI 6%
BLR0%TH-7-, YU DMAPX°DBU D KL 9 ICZEH#EN sp? Ik & 72 HHIEICH W
T, 222 DBUDK Y RBIERTCHL T v = AL 7 T v —T bt u X
XY DOT7 UMM SRV ERHRESN TS S, 2T, E€HF sp’ B TH AL L
L CiPLNEtZ HWe & 2 A, RENE TE 208, I EGN I RIT o7z,

Enlz, TR0 REE hrxz v 2-6¢-H" & 1.5 4 5D DB24C8 % W\ THiFt
L7z, fES% Table 2-5 1277,
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Table 2-5. Effect of the Acylation Agent on the Efficiency of Active Transport.”

acylaion agent

PFg DB24C8 PF¢ (50 equiv)
. (1.5 equiv) . Et3N (50 equiv)
Rl_HZ R2 ? Rl_HZ_ RZ W Rl—l}l— _RZ
2-6C-H* toluene 0°C R
2-7c-H* 2-8¢

entry  acylation agent  yield of 2-8¢c (%)

1 3,5-Me,C¢H;COCI 82

2 4-Me-C¢Hy4-NCO 43

3 Bz,0 25

4 CH;COClI 0

5 (CHj3),CHCOCI 49

6 ((CH3),CHCO),0 0

7 (CF5;C0O),0 88

“A mixture of 1.5 equiv of DB24C8 and 2-6¢-H" was stirred in toluene until the system became
homogeneous at room temperature before the addition of 50 equiv of acylation agent, and 50 equiv of

Et;N. Reactions were carried out at 0 °C for 40 min.

NUB VR BICEBRILEFFORY Y A ATOT U ULH & BV T b RE@h RS 1 FER IS
ARBTE o7 T WALBINC A V7 F— b & Wk REEHRRE I RIL 43%ICIR T L7,
T U NMALANC AR R EF B EZ NS L Ry A L0 b REEMERN 20, BEE)
BN RIT 25%ICETIRTF L7z, 7R F sl FEMAWEZRIZIEo 34 2-8¢ 1345
SR 7- . DB24CRITZEHZ LOT v F NV IEEZRGICRVBZ LTS Y,
ZIT, ERWAYTFIAZa ) REHAWTRIEEIToT2E 25, 2-8¢ 2% 49%DILH
THELN, IEIERE 7 v ) RI3EEERE 2 2 Y KX REFENMEW 20, EShR%
DHEMETT 200, EEHREHERIIATRTHD 2 ERPALNRoTo, o, KA
VEEEAEMNWTT vk Lz e 2 A, BRI e I b ot, BNEREKY T
EREFUERMBET 200 THDLEZEZDOND, LoLans, BUIROBEEKYTY .,
U 7 a FEEREE K D X 9 7R RETHEO RN T LA E VTR, REEh %
BRI 8% ThoTe, ZHHLD I LD, RREIIEDIRILT o I ALAIORKEFHED @
FERWE WS Z ENRG0D,
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LR AR R R~ 0 R U i L O 2 R

BEBNH 251253 2 AR E L R ORI 2 BT L 7o, BORIE 1.5 2 50> DB24C8 % IV,
50 4FDT VIALAIOFEET S0 4EZD MY = F AT I 2 AT rrRLLAEIT R

N HWTRRE Lz, fiF % Table 2-6 (27”7,

Table 2-6. Effect of the Terminal Group on the Efficiency of Active Transport.?

PFe (f_ Eze‘;iﬁ) PFe’ BzCI (50 equiv)
Rl—ﬂ R2 Rl—ﬂ— rz EN (S0 eqi) RI—N-——|-R?
2 2
o solvent 48 EE':'n Bz
2-7-H* 2-8-Bz
entry 2-6-H : R’ solvent yield of 2-8-Bz
1 c:.cC- C5 oCH,o— CHCI; 77
2 Cc : c-CsHoCH,— toluene 95
3 d: (CH3)2CHCH2— CHC13 2
4 d : (CH3),CHCH,— toluene 8
5 e : (C,H5)(CH3)CHCH,— CHCly 8
6 e : (C,H5)(CH3)CHCH,—  toluene 10
7 g c-CsHo— CHCl; 4
8 g : c-CsHg— toluene 8
9 h: Cc-C5HoCH,— CHCI, 59

*A mixture of 1.5 equiv of DB24C8 and 2-6¢-H" was stirred until the system became homogeneous at
room temperature before addition of 50 equiv of BzCl and 50 equiv of Et;N. Reactions were carried out

at 0 °C for 40 min.

RIGEHILLE LA Y 7 u a2 2-6d-H" & sec- 7 F /LI & FFo 2-6e-H %
ToREICIE, REEh L AR R 2-8-Bz DIRITIENo7c, ZHHDOFERIL, 4V T r ik
Eosec-7 FOVIITREGEHIL S LT, /ST E D720, DB24C8 A T/ fNCEh 03 <
o TN, 2-7T OFEMBEL . 7T IVMEEE ky & & I EIF 2T X REBEit s ¢ 7
WZEZRLTND,

2-6g-H ZHWnizt &, o XX dENTLIELRZR o T, 2-69-H O SR Bk
JETESR kg 13 2-6¢C-H D SEMRBEHE EI kg ICHART 1O fERENVWZ EnD, MLy 7 aly
FNETHSTH, 7V E=U LM EERT L0 EEmINBLT D LIRS 5
W, EOTOICRBIRENE Z 52 holbDEEX NS, T7bH, DB24C8 b
ATy 7 uaxXvFUEOMI IR ITENTZD, 7V —AR=ZA~DT 7B ANRKHIT/e->
RS ENTED, —J, 2-6h-H ZH 7= & X2k, REER AR =R 1T 59%I2F
o tz, 2-6h-H O SEAREEH FE EEL ka1X. 2-6¢-H" O S5 AR BfEE 4 kg 12T 107
G, v 7R FAETRY ERVERLE L TR2ES TS, ZRICHEDL
T, 2-6h-H 2D DREBRE R NE T LIZDE, 7 u XU FUERT V=0 A
PN L 72D T leDICAN—ANTET kLBRELARY . ZORER K/ B/hESL< 7o
D TEARVWNEZEZONDS, LEDOZ LD, mAREBEEICIIRBERLL LT
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R FNEERNWAREIT TR, 7 uXrF AL T U= A AL ORI A
FLoa 120330 MERHL I ENboT,
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BN RS ARG & o F AR AR

2-8c-Bz OHfES O X MAERFHOMT N b a ¥ 3 U2 8 L7z, 2-8c-Bz
DRGSR A FHICHEFIC IS P mar R A —va o 2 MEOS TR -1,
Figure 1 [IfE b IKAE T D 2-8¢-Bz D H HL DR HZ AT D A F L DIKFE & DB24C8
D & DFIZ 8 KD CH--O KF A NBL S LTz, TDOKFEREGD Y X b % Table
2-712RF, CH---O KFER&H AAMEM Tl T DB24C8 DALE & B E T 5121355+ &
LI, iy R— FOBENI S FEBEERANSAC L8P RERICE S
HOTH L, HERWICEE TS EEXLND,

Figure 2-1. Molecular structure of 2-8c-Bz. There are two very similar conformations of
2-8c-Bz molecule in the unit cell of the single crystal of 2-8c-Bz. This Figure shows one

of the conformers of 2-8c-Bz. Most of hydrogens have been omitted for clarify.
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Table 2-7. The List of Parameters of the CH---O Hydrogen Bonding Interaction Observed
in One of the 2-8c-Bz Molecules.

interacting atoms

CH---O hydrogen bonding atoms distance (A) angle (deg)
C39-H27.04 €39.0¢ 3362 1047
C39-H28-04 s e 1143
C39-H28-05 82?&22 ;égg 172.9
C40-H111-02 S0z 239 114.0
C40-H112-06 éif;??; 3%;2 125.4
C41-H29-02 oo S 126.8
C42-H31-08 82%&2? ;égg 106.1
C42-H32-08 gg?&gg ;éﬁg 110.0

2-8b-Bz OHfEIISE Do 7o, KB iE L FFor & 42 2-10 O
FREE R S TWVWD S, £ 2T, 2-8b-Bz TEIVWTWA S FRIMHAEIEM % 2-10 7
SHEET HZ LT L7z, 2-10 TiX 8 KD CH---0 721 T/ < ZA®D CH/nfd EAEH 2
fif Ll ORICEN S TWD, 372205, 2-8b-Bz Tilih & g o> I8 < FH A /EH I,
CH/mtH EAEH D53 721F 2-8¢c-Bz LD b b T NN Z EnEZX bbb, ZHET, %)
— R ORI IC BT, 2-6b-H " & OREBIEIE S E L D b 2-6¢-H™ ) D DO HEBh i 5
RO TN E @ o Tes . ZHvE CH/mAH AR M@ < 72912, 2-Tb*dD ky 28 2-7c*
Dk LD BRELRDEDTHDLEEBEZLND,

Chart 2-2.
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HLE w2V UMD 'H-NMR 27 b L&l

2-8c [ZHOWVWT R ZXH U DEHKICEE S 'H-NMR 222 h L D24k % Figure 1 12R
3, 2-6Cc-H' I DB24C8 2 Mz 5 L f& dDE—7 13EHFET D 2-6¢-H D —7 Lign
Z XY 2-Tc-H ORI Lo TIREES > 7 b LT f, & d o # T 5, Zind 2-8¢
275 & £ & d RIS 7 F ARG 720 DD I 1,12 DB24C8 DR B
B OGN TN X D @lsss s 7 MBI S iz,

PFg K m
b d f h j
a N >>">"0

Hz ¢ | . K
2-6¢-H i a,, b, g, h,i
(S B I S ™
Ar| ] B, By H

M Yp

Bz Ph b E
T M ! e ()
vl AN A MU A M
2-8c 8 7 6 5 4 3 2 1
8/ppm

Figure 2-2. '"H-NMR spectra (500 MHz, CDCl;) of 2-6¢-H", 2-7c-H", 2-8c
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KimEHIE L LTy 7 a X FAEEZRMT 52 LT, 7rE=7 LEOD track IZ
77U T —7b® mover ZHRLNIIE Y FTEDLR RS ET TR, TU%E
= LA O TN EEH T VAR K D SR ORRTgEE L W TEDH LIk o
Too 70N TFARLERFEBE L TO2RTHELIS —FHMBEIZID HT 7201
E, REFEOFENT T ALH LR Z RK\FIEANTT b Z @I TR 9 2 &
MEETH-T-, BBIEOEMEEZHWSZ L, 779V 2—TLOREZKRTFEES
ZETHERrAXTUOERDFEERLSTHIELEE ThH o, MNREEZ TIPS L
o2 XY U DAERENEL RDILDODT IMLEENMET L, EL LiF5Ln
XY DERNEMMET L 0°C BRRERE Cholz, 7 X0 F LD /A S
VR S B R LTI DB24C8 mover O fRBEN RN T2 D IZREBIRIE N B X R o 7o, Kl
B L T = U A OB O EEEIRRENR IS RICREEEBEL, v ey
FNEELT VBT MEWMMOBICATF L AP — 2T &t & X ITHEENIRIEL LI 5
RKERDZEEWLMT LT, RIREHRILLE T V=0 AETMOBERITES 72512
ONTT VE= T DEHAOE Y OIENHER KD TN E | 2TV REEN R E%)
FEPETLTWS bDEZEZ BND, X FEHEan A E T 2> & fil & e oo I 58 VAR AR
AIZR LT, EEERELNE I FOCF EREI S TWS 2t a#Em LT,

—MIT . RIGEBREPN R E S RAVTBBIEREN IR LB L IR, 24
IXFIREIZ . A6 5 mover ZREBNIIIE RICE A LIZK K RDZEEZEHRL TS, 2D
. INET, BB RIC T T — T LA EEE AT S D bk, BN
FOHHANTIIAR AR o7z, L L, KETHLMNI LX), RimE#HIEL L
T/ u_UFAEERNT 5 L. EROICEROHDRMN T, 7Y =T Lk
RICHEATESL, ZNICEY, RO 770 EE#EBLTEAHL01220, 2
POLENL—FMBEIZIY TN TEDLLIIChoTe, v rXUFAEER
IMEHRIEL T 5T =T A A track ETHANTL—HAB#RIZ. ALY FE—X
— DRI L L RIS AB AL THA I,
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Alcohol 2-13

To a solution of 2-11 (870.6 mg, 8.78 mmol) in methanol (3 ml) was added 2-12 (1.4770
g, 9.00 mmol), and the reaction mixture was stirred for 15 h. After removal of the solvent,
diethyl ether was added, and the solution was washed with brine, dried over magnesium
sulfate sulfate, and evaporated in vacuo, to obtain a white solid (1.8176 g). Lithium
aluminum hydride (708.0 mg, 18.7 mmol) was dispersed in tetrahydrofuran, and a solution
of imine in tetrahydrofuran (20 ml) was added at 0 °C. After refluxing for 3 h, a saturated
aqueous solution of sodium sulfate was slowly added to the reaction mixture till the gas
evolution ceased. After stirring for 1 h, precipitate was filtered off, and washed with diethyl
ether. The filtrate was washed with brine, dried over magnesium sulfate, and evaporated in
vacuo to give colorless oil (1.5290 g). The crude amine was dissolved in dichloromethane
(3 ml), and di-tert-butyl dicarbonate (2.5 ml, 11.5 mmol) was added. After stirring for 40 h,
hydrochloric acid (1 mol/l), was added, and the reaction mixture was extract with
dichloromethane. The organic layer was dried over magnesium sulfate, and evaporated in
vacuo. The residue was chromatographed with silicagel (eluent : hexane/ethyl acetate, 4:1,

v/v) to give 2-13 (1.5240 g, 4.77 mmol, 54%) as a colorless oil.

'H-NMR (500 MHz, CDCl;): § 7.31 (d, J = 8.0, 2 H), 7.21 (br, 2H), 4.67 (s, 2H), 4.45 (br,
2H), 3.16 and 3.07 (two br, 2H), 2.15 (br, 1H), 1.71-1.55 (m, 2H), 1.55-1.38 (m, 11H), 1.19
(br, 2H) ppm; IR (KBr): 3433, 2952, 2868, 1692, 1463. 1414, 1366, 1247, 1157 cm’';
ESI-MS m/z Caled for CoH,oNNaO;: 342.2045 [M+Na]*, Found: 342.2035 [M+Na] .

N-Protected amine 2-9b-Boc

A solution of 2-13 (718.2 mg, 2.25 mmol), 2-14 (700.9 mg, 1.55 mmol) and
4-(dimethylamino)pyridine (267.8 mg, 2.19 mmol) in dichloromethane (6 ml) was refluxed
for 1 h. After the addition of chloroform, the reaction mixture was washed with a saturated
aqueous solution of sodium hydrogen carbonate (50 ml), dried over magnesium sulfate, and
evaporated in vacuo. The residue was chromatographed with silica gel (eluent :
hexane/ethyl acetate, 4:1, v/v) to give 2-9b-Boc (790.5 mg, 1.75 mmol, 78%) as a colorless

oil.

"H-NMR (500 MHz, CDCl5): § 7.68(s, 2H), 7.40 (d, J = 8.1, 2H), 7.24 (br, 2H), 7.19 (s, 1H),
5.33 (s, 2H), 4.50-4.42 (m, 2H), 3.22-3.04 (m, 2H), 2.35 (s, 6H), 2.15 (br, 1H), 1.71-1.58 (m,
4H), 1.55-1.40 (m, 11H), 1.19 (br, 2H) ppm; IR (KBr): 2954, 1722, 1691, 1308, 1209, 1155,
1115,767 cm'l; ESI-MS m/z Calcd for CogH37NNaOy4: 474.2620 [M+Na]+, Found: 474.2608
[M+Na]".
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Ammonium salt 2-6b-H"

A solution of 2-9b-Boc (658.5 mg, 1.46 mmol) and trifluoroacetic acid (200 1, 2.69
mmol) in dichloromethane (3 ml) was stirred for 11 h. After the addition of
dichloromethane and ethyl acetate, the reaction mixture was washed twice with an aqueous
solution of sodium hydrogen carbonate, dried over magnesium sulfate, and evaporated in
vacuo to give a white solid. The crude ammonium salt was dissolved in methanol (5 ml).
After the addition of hydrochloric acid (1 mol/l, 2 ml) and saturated aqueous ammonium
hexafluorophosphate solution (150 ml), the mixture was poured into water. The precipitate
was collected by filtration, and was recrystallized from ethyl acetate-hexane to obtain

2-6b-H" (159.2 mg, 0.320 mmol, 22%) as a white solid.

"H-NMR (300 MHz, CDCl;): & 7.66 (s, 2H), 7.54 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz,
2H), 7.26 (s, 1H), 5.37 (s, 2H), 4.15 (s, 2H), 2.98-2.96 (m. 2H), 2.18-2.11 (m, 2H),
1.87-1.83 (m, 2H), 1.69-1.53 (m, 4H), 1.25-1.18 (m, 2H) ppm; “C-NMR (125 MHz,
CDCl3): 8 166.68, 138.17, 137.91, 134.91, 130.63, 129.80, 129.72, 128.60, 127.41, 65.72,
51.03,50.91, 36.85,30.91, 25.09, 21.17 ppm; IR (KBr): 2956, 2788, 1718, 1311, 1211, 837
cm™'; ESI-MS m/z Caled for C,3H30NO,: 352.2277 [M-PF4]", Found: 352.2290 [M-PF,]".

Ester 2-16

A solution of 2-15 (4.9695 g, 27.5 mmol) and p-toluenesulfonic acid monohydrate (3.0823
g, 16.2 mmol) in methanol (200 ml) was refluxed for 45 min. After removal of the solvent
in vacuo, diethyl ether was added, and the solution was washed with a saturated aqueous
solution of sodium hydrogen carbonate, dried over magnesium sulfate, and evaporated in

vacuo to give 2-16 (4.8388 g, 24.8 mmol, 90%) as a colorless oil.

"H-NMR (300 MHz, CDCls): & 3.68 (s, 3H), 3.42 (t, J = 6.5 Hz, 2H), 2.36 (t, J = 7.2 Hz, 2H),
1.96-1.58 (m, 4H) ppm.

Ester 2-17

A solution of 2-16 (4.8388 g. 24.8 mmol), 3,5-dimethylphenol (3.2949 g, 27.0 mmol) and
podium carbamate (10.1098 g, 73.1 mmol) in acetone (10 ml) was refluxed for 6 h. After the
addition of hydrochloric acid (1 mol/l, 100 ml) and brine, the reaction mixture was
extracted with hexane. The organic layer was dried over magnesium sulfate, and
evaporated in vacuo. The residue was chromatographed with silica gel (eluent:
hexane/ethyl acetate, 19:1, v/v) to give 2-17 (5.8402 g, 24.7 mmol, 100%) as a colorless

oil.
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'"H-NMR (400 MHz, CDCl3): 8 6.58 (s, 1H), 6.51 (s, 2H), 3.93 (t, J = 6.0 Hz, 2H), 3.67 (s,
3H), 2.39 (t, J = 7.3 Hz, 2H), 2.27 (s, 6H), 1.85-1.75 (m, 4H) ppm; *C-NMR (125 MHz,
CDCI3): 5 173.86, 158.93, 139.09, 122.33, 112.18, 67.04, 51.44, 33.63, 28.67, 21.60, 21.35
ppm; IR (KBr): 2950, 2920, 2871, 1739, 1595, 1330, 1295, 1169 cm™'; ESI-MS m/z Calcd
for C4H,0NNaOs: 259.1310 [M+Na]", Found: 259.1317 [M+Na]".

Acid 2-18

A solution of 2-17 (1.4211 g, 6.01 mmol) and potassium hydroxide (3.3925 g, 60.5 mmol)
in methanol/H,O (1:1, v/v, 14 ml) was refluxed for 2 h. After the addition of hydrochloric
acid (1 mol/l, 100 ml) and brine, the reaction mixture was extracted with ethyl acetate. The
organic layer was dried over magnesium sulfate, evaporated in vacuo to give 2-18 (1.2755

g, 5.74 mmol, 96%) as a white solid.

"H-NMR (300 MHz, CDCl;): & 10.72 (br, 1H), 6.60 (s, 1H), 6.52 (s, 2H), 3.95 (t, J = 5.8 Hz,
2H), 2.45 (t, J = 7.0 Hz, 2H), 2.28 (s, 6H), 1.96-1.81 (m, 4H) ppm; *C-NMR (125 MHz,
CDCl3): & 179.85, 158.91, 139.11, 122.40, 112.22, 67.04, 33.63, 28.57, 21.60, 21.37 ppm;
IR (KBr): 2954, 2877, 1706, 1595, 1324, 1295, 1169, 1065 cm™; ESI-MS m/z Calcd for
C14H,0NNaOs: 267.0973 [M+Na]", Found: 267.0968 [M+Na]".

Amide 2-19c

To a solution of 2-18 (1.5762 g, 7.09 mmol) in dichloromethane (5 ml) was added (COCl),
(1.0 ml, 11.7 mmol) at 0 °C, and the reaction mixture was stirred for 90 min. After the
removal of the solvent, the residue was diluted with tetrahydrofuran (2.5 ml), and a solution
of 2-11 (740.1 mg, 7.46 mmol) and triethylamine (1.0 ml, 7.21 mmol) in tetrahydrofuran
(2.5 ml) was added. After stirring for 1 h, the resulting suspension was poured into water,
and the precipitate was collected by filtration. The crude product was recrystallized from

ethyl acetate-hexane to give 2-19¢ (1.9752 g, 6.51 mmol, 92%) as a colorless crystal.

'H-NMR (400 MHz, CDCl3): § 6.60 (s, 1H), 6.51 (s, 2H), 5.50 (br, 1H), 3.96-3.16 (m, 2H),
2.27 (s, 6H), 1.88-1.46 (m, 6H), 1.24-1.15 (m, 2H) ppm.

N-Protected amine 2-9c-Boc

To a solution of 2-19¢ (771.3 mg, 2.54 mmol) in tetrahydrofuran (20 ml) was added lithium
aluminum hydride (708.0 mg, 18.7 mmol) at 0 °C. After refluxing for 2 h, a saturated
aqueous solution of sodium sulfate was slowly added to the reaction mixture till the gas
evolution ceased. After stirring for 1 h, precipitate was filtered off, and washed with diethyl

ether. The filtrate was washed with brine, dried over magnesium sulfate, and evaporated in
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vacuo to give a colorless oil (618.6 mg, 2.14 mmol, 84%). The resulting amine was
dissolved in dichloromethane (3 ml), and di-tert-butyl dicarbonate (1.0 ml, 4.58 mmol) was
added before the reaction mixture was stirred for 1 h. After the addition of ethyl acetate, the
reaction mixture was washed with 2.5% aqueous ammonia, hydrochloric acid (1 mol/l),
then brine, dried over magnesium sulfate, and evaporated in vacuo. The residue was
chromatographed with silicagel (eluent : hexane/AcOEt, 4:1, v/v) to obtain 2-9c-Boc
containing substantial amount of di-tert-butyl dicarbonate as a colorless oil (907.7 mg). A
part (785.0 mg) of the crude 2-9c-Boc was further purified by preparative GPC to obtain
2-9c-Boc (432.9 mg, 1.20 mmol, 55%) as a colorless oil.

"H-NMR (500 MHz, CDCl;): 8 6.58 (s, 1H), 6.52 (s, 2H), 3.92 (t, J = 6.4 Hz, 2H), 3.25-3.09
(m, 4H), 2.28 (s, 6H), 1.81-1.75 (m, 2H), 1.70-1.50 (m, 8H), 1.45 (s, 9H), 1.45-1.40 (m,
3H), 1.24-1.17 (m, 2H) ppm; 13C-NMR (125 MHz, CDCI3): 8 159.15, 146.78, 139.15,
122.32,112.29, 85.19, 79.02, 67.61, 51.43, 30.29, 29.16, 28.52, 27.43, 24.98, 23.55, 21.44
ppm; IR (KBr): 2952, 2866, 1693, 1596, 1416, 1365, 1295, 1168 cm™'; ESI-MS m/z Calcd
for CosH37NNaOy: 474.2620 [M+Na]", Found: 474.2608 [M+Na]".

Ammonium salt 2-6¢-H"

A solution of 2-9c-Boc (937.1 mg, 2.50 mmol) and p-toluenesulfonic acid monohydrate
(1.0201 g, 2.50 mmol) in dichloromethane (3 ml) was stirred for 11 h. After the addition of
dichloromethane, the reaction mixture was washed with a saturated aqueous ammonium
hexafluorophosphate solution (150 ml), dried over magnesium sulfate, and evaporated in
vacuo to give a white solid, which was purified by preparative GPC to give 2-6¢-H" (593.1

mg, 1.41 mmol, 56%) as a colorless oil

"H-NMR (500 MHz, CDCl;): 8 6.59 (s, 1H), 6.51 (s, 2H), 3.92 (t, J = 6.1 Hz, 2H), 3.20-3.11
(m, 2H), 3.09-3.02 (m, 2H), 2.32-2.19 (m, 1H), 2.27 (s, 6H), 1.98-1.75 (m, 6H), 1.72-1.52
(m, 6H) 1.28-1.16 (m, 2H) ppm; IR (KBr) 2942, 2796, 1295, 1076, 832 cm™'; ESI-MS m/z
Calcd for CoH3,NO: 290.2484 [M-PF6]", Found: 290.2501 [M-PF¢]".

Active Transport:

Typical Procedure-1: In toluene without 4-(dimethylamino)pyridine

A suspension of 2-6¢-H* (17.1 mg, 0.0393 mmol) and dibenzo-24-crowm-8 (26.5 mg,
0.0591 mmol) in toluene (0.4 ml) was stirred at 0 "C. After the system once turned to
homogeneous, it again turned to heterogeneous. Benzoyl chloride (230 pl, 1.98 mmol) and
triethylamine (260 pl, 1.88 mmol) were sequentially added, and the reaction mixture was
stirred for 40 min. After chloroform was added, the reaction mixture was washed with

hydrochloric acid (1 mol/l), dried over magnesium sulfate, and evaporated in vacuo to give
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a white solid (218.9 mg). A part (200.3 mg) of the crude product was purified by preparative
GPC to obtain 2-8c-Bz (28.6 mg, 0.0340 mmol, 95%) as a white solid.

Typical Procedure-2: In chloroform with 4-(dimethylamino)pyridine

A suspension of 2-6¢-H* (17.8 mg, 0.0409 mmol) and dibenzo-24-crowm-8 (36.7 mg,
0.0818 mmol) in chloroform (0.4 ml) was stirred until the system became homogeneous.
Benzoyl chloride (230 ul, 1.98 mmol), 4-(dimethylamino)pyridine (4.984 mg, 0.0408
mmol) and triethylamine (260 pl, 1.88 mmol) were sequentially added at 0 °C, and the
reaction mixture was stirred for 40 min. After chloroform was added, the reaction mixture
was washed with hydrochloric acid (1 mol/l), dried over magnesium sulfate, and evaporated
in vacuo to give a white solid (113.4 mg). A part (86.3 mg) of the crude product was purified
by preparative GPC to obtain 2-8c-Bz (19.3 mg, 0.0229 mmol, 77%) as a white solid.

2-8b-Bz
"H-NMR (400 MHz, CDCls): & 8.29-8.08 (m, 4H), 7.38-7.20 (m, 4H), 7.18-7.05 (m, 2H),
6.94-6.78 (m, 10H), 6.06-5.92 (m, 2H), 4.68 and 4.31 (two s, 2 H), 4.20-3.94 (m, 8 H),
3.76-3.52 (m, 8H), 3.30-3.16 (m, 5H), 3.01-2.77 (m, 5H), 2.40-2.18 (m, 7H), 1.80-0.79 (m,
8H) ppm; ESI-MS m/z Calcd for Cs4HgsNNaOqi: 926.4455 [M+Na]+, Found: 926.4437
[M+Na]".

2-8c-Bz

"H-NMR (300 MHz, CD;CN/CDCls, 1:3, v/v): & 7.39-7.26 (m, 3H), 7.20-7.06 (m, 2H),
6.96-6.94 (m, 8H), 6.64-6.38 (m, 3H), 4.30-3.88 (m, 10H), 3.86-3.40 (m, 16H), 3.40-3.19
(m, 2H), 3.08-2.87 (m, 2H), 2.23-2.10 (m, 6H), 1.78-0.65 (m, 14H) ppm; ESI-MS m/z Calcd
for CsoHg7NNaO;;: 864.4663 [M+Na]", Found: 864.4613 [M+Na]".

Amide 2-21

A mixture of 2-17 (1.8855 g, 7.98 mmol) and 2-20 (3.5 ml, 2.58 g, 35.2 mmol) were
heated at 150 °C for 24 h. After the addition of diethyl ether, the solution was washed with
hydrochloric acid (3 mol/l), and evaporated in vacuo to give yellow oil (1.7693 g). The
crude product was recrystallized from ethyl acetate-hexane to obtain 2-21 (1.6574 g, 6.29

mmol, 78%) as a white crystal.
m.p.: 65.4-66.1 °C
"H-NMR (500 MHz, CDCl;): 8 6.59 (s, 1H), 6.52 (s, 2H), 5.52 (br, 1H), 3.97-3.93 (m, 2H),

3.11-3.06 (m, 2H), 2.28 (s, 6H), 1.88-1.72 (m, 5H), 0.91 (d, J = 6.7 Hz, 6H) ppm.

Ammonium salt 2-6d-H*
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To a suspension of lithium aluminum hydride (1.9740 g, 52.0 mmol) in tetrahydrofuran
(20 ml) was added a solution of 2-20 (1.9740 g, 7.12 mmol) in tetrahydrofuran (10 ml) at
0 °C. After refluxing for 2 h, a saturated aqueous sodium sulfate solution was slowly added
to the reaction mixture until the gas evolution ceased. After stirring for 1 h, precipitate was
filtered off and washed with diethyl ether. The filtrate was washed with brine, dried over
magnesium sulfate, and evaporated in vacuo to give colorless oil (1.5290 g). After the
addition of hydrochloric acid (1 mol/I, 8 ml) and methanol (15 ml), the reaction mixture was
poured into saturated aqueous ammonium hexafluorophosphate solution (150 ml).
Precipitate was collected by filtration, and dried in vacuo to obtain 2-6d-H" (1.2950 g, 3.11

mmol, 44%) as a white solid.

"H-NMR (500 MHz, DMSO-dq): & 8.16-6.80 (br, 2H), 6.56 (s, 1H), 6.52 (s, 2H), 3.92 (t, J
= 6.2 Hz, 2H), 2.90 (t, J = 7.7 Hz, 2H), 2.75 (d, J = 6.9 Hz, 2H), 2.22 (s, 6H), 1.96-1.87 (m,
1H), 1.76-1.60 (m, 4 H), 1.49-1.40 (m, 2H), 0.94 (d, J = 6.7 Hz, 6H) ppm; IR (KBr) 2939,
2792, 1595, 1465, 1328, 1296, 1168, 1156, 830 cm™; ESI-MS m/z Caled for C;;H3(NO:
264.2327 [M-PF¢]", Found: 264.2319 [M-PF¢]".

Amide 2-22

To a solution of 2-18 (1.5122 g, 6.84 mmol) in dichloromethane (5 ml) was added oxalyl
chloride (1.0 ml, 11.7 mmol) at 0 °C, and the mixture was stirred for 2.5 h. After removal of
the solvent, tetrahydrofuran (10 ml) was added, and the solution was poured into 25 %
ammonia solution (50 ml). Brine was added, and the mixture was extracted with
dichloromethane. The organic layer was dried over magnesium sulfate, and evaporated in
vacuo to give a white solid. The crude amide was recrystallized from ethyl acetate-hexane

to obtain 2-22 (1.0783 g, 4.87 mmol, 71%) as a white crystal.

m.p.: 82.8-83.8 °C
"H-NMR (500 MHz, CDCl5): & 6.59 (s, 1H), 6.51 (s, 2H), 5.57 and 5.48 (two br, 2H), 3.96
(t, J = 5.8 Hz, 2H), 2.38-2.30 (m, 2H), 2.28 (s, 6H), 1,87-1.80 (m, 4H) ppm.

Amine 2-23

To a suspension of lithium aluminum hydride (912.2 mg, 24.0 mmol) in tetrahydrofuran
(20 ml) was added a solution of 2-22 (829.7 mg, 3.75 mmol) in tetrahydrofuran (10 ml) at
0 °C. After refluxing for 2 h, a saturated aqueous Na,SO4 solution was slowly added to the
reaction mixture until the gas evolution ceased. After stirring for 1 h, precipitate was
filtered off and washed with diethyl ether. The filtrate was washed with brine, dried over

magnesium sulfate, and evaporated in vacuo to obtain 2-23 (797.3 mg, 3.85 mmol, 103%)
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as a white solid. The product was used for the synthesis of 2-9-Boc without further

purification.

N-protected amine 2-9e-Boc

To a solution of 2-23 (797.3 mg, 3.85 mmol) in methanol (10 ml) was added
2-methylbutanal (1.0 ml, 9.40 mmol). After stirring for 1 h, sodium tetrahydridoborate
(1.0272 g, 27.2 mmol) was added. After stirring for 1 h, diethyl ether was added, and the
mixture was washed with brine, dried over magnesium sulfate, and evaporated in vacuo to
give a colorless oil (871.3 mg). The crude amine was dissolved in dichloromethane (3 ml),
and di-tert-butyl dicarbonate (1.0 ml, 4.58 mmol) was added. After stirring for 16 h, the
reaction mixture was diluted with dichloromethane, washed with 25% ammonia solution,
dried over magnesium sulfate, and evaporated in vacuo to give a colorless oil (1.2389 g).
The colorless oil was chromatographed using silica gel (eluent: hexane/ethyl acetate, 9 :1,

v/v) to give 2-9e-Boc (456.2 mg, 1.21mmol, 32%) as a white solid.

"H-NMR (400 MHz, CDCls): & 6.58 (s, 1H), 6.52 (s, 2H), 3.92 (t, J = 6.4 Hz, 2H),
3.30-2.88 (m, 4H), 2.28 (s, 6H), 1.84-1.73 (m, 2H), 1.72-1.52 (m, 4H), 1.50-1.32 (m, 11H),
1.16-1.02 (m, 1H), 0.89 (t, J = 7.4 Hz, 3H), 0.84 (d, J = 6.8 Hz, 3H) ppm; IR (KBr) 2964,
1694, 1596, 1467, 1417, 1365, 1324, 1296, 1170 cm’'; ESI-MS m/z Calcd for
C»3H390NNaOs: 400.2828 [M+Na]", Found: 400.2841 [M+Na]".

N-protected amine 2-9f-Boc

"H-NMR (400 MHz, CDCl5) & 6.58 (s, 1H), 6.52 (s, 2H), 3.92 (t, J = 6.6 Hz, 2H),
3.24-3.02 (m, 4H), 2.28 (s, 6H), 1.84-1.72 (m, 2H), 1.64-1.48 (m, 4H), 1.48-1.36 (m, 10H),
1.36-1.22 (m, 4H), 0.87 (t, J = 7.4 Hz, 6H) ppm; IR (KBr) 2963, 1694, 1596, 1467, 1418,
1365, 1324, 1296, 1169 cm'l; ESI-MS m/z Calcd for C,4H; NNaO;: 414.2984 [M+Na]’,
Found: 414.2967 [M+Na]".

Ammonium salt 2-6e-H"

A solution of 2-9e-Boc (456.2 mg, 1.21 mmol) and trifuluoroacetic acid (0.20 ml, 2.61
mmol) in dichloromethane (5 ml) was stirred for 2 days. Trifuluoroacetic acid (0.20 ml,
2.61 mmol) was further added to the reaction mixture, and was stirred for additional 1 h.
The evaporation of solvent in vacuo gave a colorless oil. After the addition of hydrochloric
acid (1 mol/l, (1.5 ml) and methanol (1.0 ml), the resulting solution was slowly poured into
a saturated aqueous ammonium hexafluorophosphate solution (150 ml), and the reaction
mixture was extracted with dichloromethane. The organic layer was dried over magnesium

sulfate and evaporated in vacuo to give a white solid (394.0 mg). A part (332.6 mg) of the
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crude product was purified by preparative GPC to give 2-6e-H" (136.3 mg, 0.332 mmol,
32%) as a white solid.

"H-NMR (400 MHz, CDCls): 8[1 6.63 (br, 2 H), 6.58 (s, 1H), 6.51 (s, 2H), 3.92 (t, J = 6.2
Hz, 2H), 3.12-3.02 (m, 2H), 3.02-2.92 (m, 1H), 2.87-2.75 (m, 1H), 2.38-2.05 (m, 6H),
1.91-1.74 (m, 5H), 1.61-1.49 (m, 2H), 1.49-1.38 (m, 1H), 1.32-1.16 (m, 1H), 1.01 (d,J =
6.8 Hz, 3H), 0.93 (t, J = 7.5 Hz, 3H) ppm; IR (KBr) 3268, 2954, 2810, 1597, 1471, 1325,
1297, 1171, 1156, 831 cm'l; ESI-MS m/z Calcd for C,sH3,NO: 278.2484 [M—PF6]+, Found:
278.2507 [M-PF¢]".

Ammonium salt 2-6f-H"

A solution of 2-9f-Boc (490.2 mg, 1.25 mmol) and p-toluenesulfonic acid monohydrate
(384.6 mg, 2.02 mmol) in dichloromethane (1.5 ml) was stirred for 2 days. Trifuluoroacetic
acid (0.20 ml, 2.61 mmol) was added to the reaction mixture, and was stirred for additional
25 h. The evaporation of the solvent in vacuo gave a white solid. After the addition of
methanol (3.0 ml), the resulting solution was slowly poured into a saturated aqueous
ammonium hexafluorophosphate solution (150 ml), and the reaction mixture was extracted
with dichloromethane. The organic layer was dried over magnesium sulfate and evaporated
in vacuo to give a white solid (458.2 mg). A part (364.3 mg) of the crude product was
purified by preparative GPC to give 2-6f-H" (130.9 mg, 0.299 mmol, 30%) as a white solid.

"H-NMR (500 MHz, CDCl;): 871 6.78-6.20 (m, 5H), 3.92 (t, J = 6.0 Hz, 2H), 3.18-3.08 (m,
2H), 3.04-2.93 (m, 2H), 2.27 (s, 6H), 1.92-1.75 (m, 4H), 1.60-1.50 (m, 3H), 1.47-1.36 (m,
4H), 0.91 (t, J = 7.4 Hz, 6H) ppm; IR (KBr) 2941, 2871, 2790, 1594, 1462, 1326, 1297,
1154, 1071, 826 cm'l; ESI-MS m/z Calcd for C;9H3sNO: 292.2640 [M—PF6]+, Found:
292.2644 [M-PF¢]".

Amide 2-18g

To a solution of 2-17 (1.7126 g, 7.70 mmol) in dichloromethane (5 ml) was added oxalyl
chloride (1.0 ml, 11.7 mmol) at 0 °C, and the mixture was stirred for 1 h. After removal of
the solvent, tetrahydrofuran (20 ml) was added, and 2-11 (2.3 ml, 23 mmol) was added to
the solution. After stirring for 1 h, the mixture was poured into H,O, and the white
precipitate was collected by filtration. The crude amide was recrystallized from ethyl

acetate—hexane to obtain 2-18g (1.2142 g, 4.20 mmol, 54%) as a white crystal.
"H-NMR (500 MHz, CDCl5): & 6.58 (s, 1H), 6.51 (s, 2H), 5.39 (br, 1H), 4.27-4.13 (m, 1H),

3.97-3.91 (m, 2H), 2.27 (s, 6H), 2.21 (t, J = 7.3 Hz, 2H), 2.04-1.90 (m, 2H), 1.84-1.75 (m,
4H), 1.70-1.54 (m, 4H), 1.44-1.25 (m, 2H) ppm
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N-protected amine 2-9g-Boc

To a suspension of lithium aluminum hydride (595.1 mg, 15.6 mmol) in tetrahydrofuran
(5.0 ml) was added a solution of 2-19g (609.0 mg, 2.10 mmol) in tetrahydrofuran (5.0 ml)
at 0 °C. After refluxing for 2 h, a saturated aqueous Na,SO, solution was slowly added to
the reaction mixture until the gas evolution ceased. After stirring overnight, precipitate was
filtered off and washed with diethyl ether. The filtrate was washed with brine, dried over
magnesium sulfate, and evaporated in vacuo to obtain a crude amine (487.6 mg, 1.77 mmol)
as a colorless oil. The crude amine was dissolved in dichloromethane (2.0 ml), and
di-tert-butyl dicarbonate (0.6 ml, 2.78 mmol) was added. After stirring for 1.5 h, the
mixture was diluted with dichloromethane, washed with 25% ammonia solution, dried over
magnesium sulfate, and evaporated in vacuo to give a yellow oil (672.3 mg). A part (575.0
mg) of the crude product was purified by preparative GPC to give 2-9g-Boc (568.9 mg,

1.51 mmol, 84%) as a colorless oil.

"H-NMR (500 MHz, CDCls) § 6.57 (s, 1H), 6.52 (s, 2H), 4.40-4.00 (m, 1H), 3.92 (t,J =
6.4 Hz, 2H), 3.15-3.00 (m, 2H), 2.28 (s, 6H), 1.86-1.74 (m, 4H), 1.72-1.64 (m, 2H),
1.63-1.48 (m, 6H), 1.48-1.39 (m, 11H) ppm; IR (KBr) 2951, 1689, 1596, 1467, 1415, 1364,
1324, 1296, 1168 cm™; ESI-MS m/z Calcd for C,3H3;NNaOs: 398.2671 [M+Na]", Found:
398.2692 [M+Na]".

Ammonium salt 2-6g-H"

A solution of 2-9g-Boc (937.1 mg, 2.50 mmol) and p-toluenesulfonic acid monohydrate
(1.0201 g, 5.36 mmol) in dichloromethane (3.0 ml) was stirred overnight. The reaction
mixture was diluted with dichloromethane, washed twice with a saturated aqueous
ammonium hexafluorophosphate solution, dried over magnesium sulfate, and evaporated in
vacuo to obtain white solid. The residue was dissolved in methanol (2.5 ml), and the
resulting solution was slowly poured into a saturated aqueous ammonium
hexafluorophosphate solution (150 ml). The precipitate was collected by filtration, and dried
in vacuo to obtain a white solid. The residue was purified by preparative GPC to give

2-6g-H" (593.1 mg, 1.41 mmol, 56%) as a white solid.

"H-NMR (300 MHz, CDCl5): 6 6.58 (s, 1H), 6.50 (s, 2H), 6.18 (br, 2H), 3.90 (t, J = 6.1 Hz,
2H), 3.65-3.48 (m, 1H), 3.20-3.00 (m, 2H), 2.26 (s, 6H), 2.20-2.02 (m, 2H), 1.94-1.44 (m,
12H) ppm; IR (KBr) 2941, 2782, 1596, 1324, 1170, 831 cm'l; ESI-MS m/z Calcd for

C15H30NO: 276.2322 [M-PF4]", Found: 276.2318 [M-PF¢]".

N-protected amine 2-9h-Boc
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To a solution of 2-24 (0.600 ml, 4.78 mmol) in dichloromethane (5 ml) was added oxalyl
chloride (0.600 ml, 7.00 mmol) at 0 °C, and the reaction mixture was stirred for 6 h. After
removal of the solvent, tetrahydrofuran (3.0 ml) was added, and a solution of 2-23 (0.9127
g, 4.40 mmol) and triethylamine (1.5 ml, 10.8 mmol) in tetrahydrofuran (3.0 ml) was added.
After stirring for 1.5 h, the reaction mixture was poured into water (50 ml). Brine was added,
and the reaction mixture was extracted with dichloromethane. The organic layer was dried
over magnesium sulfate and evaporated in vacuo to give a white solid (1.4269 g). Lithium
aluminum hydride (1.2523 g, 33.0 mmol) was suspended in tetrahydrofuran (15 ml), and a
solution of the white solid (1.4269 g) in tetrahydrofuran (15 ml) was added at 0 °C. After
refluxing for 2.5 h, a saturated aqueous sodium sulfate solution was slowly added to the
reaction mixture until the gas evolution ceased. The precipitate was filtered off and washed
with diethyl ether. The filtrate was washed with brine, dried over magnesium sulfate, and
evaporated in vacuo to obtain a white solid (917.0 mg). The crude amine was dissolved in
dichloromethane (5.0 ml), and di-tert-butyl dicarbonate (1.2 ml, 5.6 mmol) was added.
After stirring for 21 h, the reaction mixture was diluted with dichloromethane, washed with
hydrochloric acid (1 mol/l, , dried over magnesium sulfate, and evaporated in vacuo to give
a colorless 0il (1.6493 g). A part (1.3144 g) of the crude product was purified by preparative
GPC to give 2-9h-Boc (401.9 mg, 2.28 mmol, 65%) as a colorless oil.

'"H-NMR (500 MHz, CDCls): & 6.58 (s, 1H), 6.52 (s, 2H), 3.92 (t, J = 6.4 Hz, 2H),
3.22-3.10 (m, 4H). 2.28 (s, 6H), 1.84-1.1.66 (m, 5SH), 1.66-1.47 (m, 8H), 1.47-1.38 (m,
11H), 1.16-1.05 (m, 2H) ppm; IR 2945, 2866, 1694, 1596, 1468, 1416, 1364, 1324, 1296,
1169, 1076 (KBr) cm'l; ESI-MS m/z Caled for C,5sH4NNaOs: 426.2984 [M+Na]+, Found:
426.3001 [M+Na]".

Ammonium salt 2-6h-H"

A solution of 2-9h-Boc (401.9 mg, 1.00 mmol) and p-toluenesulfonic acid monohydrate
(652.0 mg, 3.43 mmol) in dichloromethane (3.0 ml) was stirred overnight. After removal of
the solvent in vacuo, the saturated aqueous ammonium hexafluorophosphate solution (150 ml),
and the mixture was extracted with dichloromethane. The organic layer was dried over
magnesium sulfate and evaporated in vacuo to give a white solid (355.0 mg). The white
solid was again dissolved in methanol (3.0 ml), and the solution was slowly poured into a
saturated aqueous ammonium hexafluorophosphate solution (150 ml), and the mixture was
extracted with dichloromethane. The organic layer was dried over magnesium sulfate and
evaporated in vacuo to give a white solid (355.3 mg). A part (257.2 mg) of the crude product
was purified by preparative GPC to give 2-6h-H" (165.9 mg, 0.371 mmol, 72%) as a white
solid.
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'"H-NMR (400 MHz, CDCls):  6.95 (br, 2H), 6.58 (s, 1H), 6.50 (s, 2H), 3.91 (t, J=6.2 Hz,
2H), 3.15-2.95 (m, 4H). 2.27 (s, 6H), 1.91-1.70 (m, 9H), 1.70-1.42 (m, 6H), 1.19-1.06 (m,
2H) ppm; IR (KBr) 2952, 2802, 1597, 1325, 1172, 1077, 832 cm’'; ESI-MS m/z Calcd for
C20H34NO: 304.2640 [M-PF¢]", Found: 304.2626 [M-PF¢]".
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HRMS of Rotaxane 2-8
Rotaxane formula Calcd Found
2-8d C43HgsNNaO o ([M+Na]") 838.4506 838.4462
2-8e C49Hg7NNaO o ([M+Na]") 852.4663 852.4650
2-8¢g C49HgsNNaO o ([M+Na]") 850.4506 850.4465
2-8h Cs1HgNNaO o ([M+Na]") 878.4819 878.4845

Evaluation of kinetic and thermodynamic parameters in the formation of 2-7-H":
General procedure.

In a 1 ml volumetric flask, 0.0200 mmol of 2-6-H" was dissolved in CD;CN-CDCl; mixed
solvent (1:3, v/v) to prepare 0.02 M solution. In another 1 ml volumetric flask, 0.0200
mmol of DB24C8 was dissolved in CD;CN-CDCI; mixed solvent (1:3, v/v) to prepare 0.02
M solution. In an empty NMR tube, 0.300 ml of each solution was mixed to start the
complexation. "H-NMR spectra were measured periodically to monitor the formation of
2-7-H" from the integral of methylene protons attached to the ammonium group. The rate
of association (k,) was evaluated from the slope of the time—[2-7-H*] curve: When the
conversion of 2-6-H" is small enough (< 5%), the slope is close to k,-[2-7-H"]o-[DB24C8],
= k10 M?.  After the system reached equilibrium, association constant (K,) was
evaluated directly from the integral ratio of methylene protons assigned to 2-6-H" and

2-7-H". The rate of dissociation (kq) was evaluated from the equation kq = K,./K,.
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X-ray Crystallographic Analysis of 2-8c-Bz

A single crystal of 2-8c-Bz was prepared by the recrystallization from toluene.

Figure S1. Molecular packing of 2-8¢-Bz in unit cell. Hydrogens were omitted for clearly.

Table S1. Parameter list of the X-ray crystallographic analysis of 2-8c-Bz
formula CsoHe7NO 1

formula weight 842.05

crystal system triclinic

space group _P1

a(A) 16.027(4)
b (A) 17.547(5)
c(A) 19.252(5)
o (deg) 72.398(19)
B (deg) 73.125(18)
Y (deg) 65.336(16)
V(A% 4605(2)

4 4

d (g/cm?) 1.215

R, 0.1280

Ry 0.3565
GOF 1.250
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Table 3-1. Active Transport of DB24C8 mover in 3-4-H". *

PFe PFe"  BzCI (50 equiv)
. DB24C8 . Et3N (50 equiv)
Rl_” R24>R1_H_ RZWRl_N -R2
2 2
3-4-H* CHCl3 CHCl, Bz
3-5-H* 40 min 3.6-Bz

0°C

entry 3-4-H" DMAP (equiv) yield of 3-6-Bz (%)

1 3-4b-H* 1 0
2 3-4c-H" 0 48
3 3-4c-H* 1 68

* A mixture of 3-4-H" and 1.5 equiv of DB24C8 was stirred in CHCl; at room temperature until
the system became homogeneous before the addition of BzCl, DMAP, and Et;N at 0 °C. The

reaction was carried out for 40 min.

F9 3-4b-H'Z H T 1 Y 8D DMAP OFFfE F TR 7 v Wb L7z, tert-butyl &
725 DB24C8 mover 2345 1T 72 K 5 12T X0 S ALEE L7228 3-6b-Bz 134 < 5§ H 172
7z (entry 1), 24X, BEEIREN B X 72 H DD, 3-6b-Bz NN ARZE T, DB24C8 mover
MPETHORHEL, B X F Y UEELZHIECE R0t WO FREERD D, HDIT
DB24C8 DT A Y v 7HE X, WD tert-7 F ALV b 4tert-T F L7 = = )L H %
HWEROLREBNZ E2RELTWD Y, 22T, [ floKMEE 4-tert-7 F L7
= VEE LT, TRY BT OREEMZ 7z 3-4c-H % W T RIEEEBIHE L B
Zlpolz, £ DMAP ZHWTICEET b L, TIEOS KIGMEE L= 2 A
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3-6¢c-Bz 23K 48% T b 4L/ (entry 2), % Z T, DMAP % 1 &M W TRAERIZK
JGEAT -T2 8 2 A, 3-6¢0-Bz DULRIT 68%I21H L L7z (entry 3), REEhiREDLh=RIL

TEORBENOHFSNDMED LKMo, ZhuE, 3-5-H EEEICT Vb T
B ERETHRIGBUCL > THROBEEN EH L, DB24C8 mover 28 tert-7 F /L % i
ZATCTHITTLEIZERNBEZOLND, 3-4-H —3-5-H"—=3-6-H D il T, DB24C8
mover (X /2] 26 T IZIEIZHEZE S TWVWD,

Figure 3-2 {2, 3-4c-H*7> & 3-6¢-Bz ~DZAEHHEHFE TD '"H-NMR 222 kL DAL
DERA %77,

N
DB24C8 ﬂ ) (a)
— . e .

\
v
! 1 i ‘\
' P weo
' P h " )
| , PN b
H . TR '
| . o Py \ ]
grda P o : D :
ko Hy O] ) ! i :: vl H N .
! ! RN [ ) '
0 O) ho. rr I-{[*ll [1 I. " |l )

RN E TR
3-5c-H* i SN L'Iﬂ'f;'bh’.\[:ﬁ_ﬁ_«_'f_ 4 ©

0°C

BzCl ésoequw{
CDCls

EtsN 50equiv S I v ‘.l !
MAP (1 equiv.) K [ Vo " ' '

il ' ' .l ' v 1
n ¢ ] i ! (] |‘ “
il ' \ Wt i
b o e ) / F S A R

’ 1 1 1 1]
aCr\ Lj ks ; ; | " v \ '
s ; .

g h, i ; P ; o Voo
K‘O 0) 3 .Ir E “:i : : N \
hs'a e 'J = I 'fl BJ f| [;3 Ialnl " I: (d]
3-6¢-Bz N\ : ) L_._JVL_A.' [ N
6 55 5 45500m 4 35 3 25

Figure 3-2. Change in '"H-NMR spectra (CDCls, 500 MHz) during the uni-directional

transport of the DB24C8 mover: (a) DB24C8, (b) 3-4c-H", (c) a mixture of 3-4c-H" and
DB24C8, and (d) 3-6¢c-Bz.

3-5¢c-H*® '"H-NMR 2X7 LTl e, DE— 27 IT7 v E=m AERIO % 24 (2
B iehh N TRE—ER L, 2. 7T U —T IIVOBRETIEO R

2LV e E—27 L0 BB 7 FLTHATWS D, h, DE— 27 TP 8
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ORI RIZL Y, h OV —27 L0 D LETERGICY7 FLTEATHS, L
L. 3-6¢-Bz ® '"H-NMR AX7 MV TiL, 7 7V v =—T LVORFEIC L DMK R
FHEDONRDOTDh,DE— 27 Th, DE— 2 10 HAREIGIZE I TV 5, DB24C8 DI /2
Fl OmOBREIL, 3-5¢c-H TIEy 7 u X F gL 7 ==L |l T, 3-6¢-Bz
TIET 2 RRE 2T VAT, ThENER>TNEH7H, TAFNO 'H-NMR A
N7 RMLVTIE, abBEyOT T F TN T N EHELWESEE 2D KO I 2 DI2h#
LTW%, &5{Z, 3-6c-Bz ® 'H-NMR 27 L TlE, #iOT_XTHOT 1 h i3y
S RDs-cis& strans DAL R A= 9 VOBWARRHIZIL > T37:63 DD THRE
LTW5b, £72, 3-6Cc-Bz D e3> 7 F /1L, DB24C8 DX E B E D CH/n fHA
EH O, 3-5¢c-H' D e, DE—27 L0 {0 L2 @EBSHICEHN TV D,

3-6¢-Bz O DMSO-dg i % 60 °C IZME L 3-6¢c-Bz 7> 5 3-7¢-Bz -~ DB24C8 mover
BT T O "TH-NMR 2227 kLD ZELDO#EF % Figure 3-3 1277,

hy 1

N e FANENT:Y
4 .
s : " @ e
b g, & e:g f, )"-‘ ' g !
a;Q/\N LJ 0 ke .I " |
éj@/" ) .' $ !
> \hy is - 0 .
KO 0 ) ' 0 ‘
@ 3-6¢-Bz i ' }
60°C | - ]
DMSO-ds X ;o b
; A 1 b 1 as
2 S SN A 2 \ L ST AN
Qs hs

3-Tc-Bz

oo
L O
KIO\—JO\{ “

DB24C8 ',

[P €, | (c)
62 6 58 56 54 52 5 48 46 44 42 4 38
3/ppm

Figure 3-3. Change in 'H-NMR spectra (DMSO-dq, 500 MHz) during the dethreading of
the DB24C8 mover: (a) 3-6¢-Bz, (b) after 21 h heating, and (c) after 48 h heating.

3-7¢-Bz ® hy D=7 137 T T —T VOBHEIZ L DMK RS EO RN Kb
Neled, hy O —27 10 6 EEGICEATWD, 3-7Tc-Bz D ey, ODE— 27 [T B
RO R D KoNTZT2D, 3-6c-Bz D esDE—27 L0 H4 LIEITIREES BT
W%, 3-7c-Bz D HEEINERIE 76% T - 727, Figure 3-4 O 'H-NMR 2L kL T
I%. 3-6c-Bz /5 3-7c-Bz ~DHEMAEREMITHEITL TWDLZ LR LNTH D,
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B aaR/lARET 60°C T, 3-6¢-Bz @ DB24C8 mover D31 T < B E %
'"H-NMR %<7 kL TR~ (Scheme 3-4), 'H-NMR A2 LV DRESEN S
3-6¢-Bz DI FFEZ RO, TOREERHICH LTy UL, #R% Figure 3-4
\ORY, BIEFREBENR SN, 3-6c-Bz DF A Y v FiEFEIE 1 S EE ISR
ZEDBHLMNT ol TOEBOEE NG, TAY v B TEBEOHEEES (ko)
B 1.4x 107 (sec) &R B, HREENIT 14 BB TH - 7,

Scheme 3-4
N N
T 08 . o0 0%
60 °C
° CDCl 3-7¢-Bz ©

3-6¢c-Bz

RV AV HIT 3-6¢-Bz O DB24C8 mover BiEIT TW IZIEEmET X570,
DB24C8 mover 1% 4] MO tert-7 FLEEMN S DO L4ETF TV D, Lo T,
DB24C8 mover 1% 3-4c-H" track F%& /2] 6 T4 l~—F It ST\ 5,

time (h)
0 20 40 60 80
0 L L I I L L I
-1
[3-6c-Bz]
"\ 2eemaT 2
[3-6c-Bz]
-3
-4

Figure 3-4. First order plot for the deslippage of DB24C8 mover from 3-6¢-Bz at 60 °C in
CDCls.
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ARETIH, ZhT =0 L5 track ORIGEHRIL L L Ttert-7 F LM L7 X
VFNNEEFWD Z LT, DB24C8 mover DAY v ¥ T H B EF AT LE, V7
BRFNUVEERVBZ DAY v B TN DIE D EEEBERE S, tert-7 F LR A
HO LT 2672 v T HMAEDE T, track £ T mover D— FMBHEI & EZ8 L
7=, 3-4c-H'7» 5 3-6¢-Bz £ T DB24C8 mover DALE % '"H-NMR A7 FLTE=
X — L. mover ®— 5 a2 BH L7,

dtert-7FNV 7 == VA B 3-4c-H Tld e ¥ 9 3-6¢-Bz At TE 7228,
Hifli7e tert-7 F )L M A FF> 3-4b-H" Tl 3-6b-Bz ik T 2o 7z, tert-7 F LAk
tert-7 F N7 2= VHIZTHETRAY v B T OBMERELS 2D Z LA LT
L7053, ZiuiE 3-6 > DB24C8 mover 75 fL.C, 3-6¢-Bz £V % 3-6b-Bz 5 A [H
O] NiEWeHThdEEZLND, £723-6c-BzOT AV v 7k, ZrakiL
L 60 °C TIX IR T 14 BERCTdH - 7248, DMSO H Tl 60 °C T 48 B[] TE &Y

TRV LI, 7AY w77 aa Rl AF LD DMSO 1 TOHFAENZ
LMol

3-5c-H' O @E#ET VU AbIZ Bz-Cl Wb &, —FaBET —m L 242 &n
T&E 7R, 7 AT TFAA O X 9 7 iR rlie 72 7 > /W kAl 2 v AuiE, Scheme
3-5027F L 91T TFAA ZHifRi#T 25 2 & TV IR L— 512 DB24C8 mover % B>
FTIENTEDLLOIITRD EMFFEIND,

Scheme 3-5
—>
Tl j
? 0 GﬂHz
. (0]
3-4cH 3-5c-H*
{ \ TFAA (50 equiv)
hydroyisis EtsN (50 equw)
DMAP (1 equiv)
oy ol
TFA - TFA
3-7c-TFA

3-6c-TFA
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[ BT A (4 % ReEhi L A2 FH U7 — H
550 FERIH
Scheme 3-6
Q 1) NaBH, KOH
G/\NHZ . H 2) Boc,0 Oﬁ
OMe 4206 m T a3
3-8 o)
3-9
HO\><
312
G/\ EDC-HCI O/\N
_bmae Soc OX
C;Zg;o'z 3-7b-Boc O
1) TsOH-H,0 -
o dteg Ao Nt
18%
3-ap-r+ ©
Ester 3-10

3-8 (780.1 mg, 7.87 mmol) & 3-9 (1.4490 g, 8.83 mmol)?® methanol (10 ml)¥&EiE % 10
R Uz, AFELFTFELT F U 7 A(1.0036 g,26.5mmol)% 0 [ THlz 8 HH#
#£ L7z, dichloromethane Z 12, Brine TUiF L., Wi~ 7 R 0 L THME L | I
EREELT, o844 A 1(1.6302 g, 6.59 mmol)?® dichloromethane &1
di-tert-butyl dicarbonate (8.0 ml, 36.7 mmol) % 1 X, =i T 15 FEEE#H L 7=,
Hydrochloric acid (1 mol/l) CYE¥ L, Wifg~ 7 x> 7 ATHREL, WiZHE LT, 15
DO AN(9.2976 )& U B F N AT A7 a~ N7 T 7 —(eluent : hexane :
ethyl acetate =4 : 1) CH5HL L | di-tert-butyl dicarbonate % & ¢ 3-10 % {4 41 /1(1.1439
g LTHE, 2095 852.0 mg (75%)% 47 HL HPLC THHL L | 3-10 Z M A4 1 /L
(857.9 mg, 2.47 mmol, 42%) & L CTH7=,

"H-NMR (500 MHz, CDCl3) & 7.99 (d, J = 8.2 Hz, 2H), 7.28-7.24 (m, 2H), 4.53, 4.47 (two,
br, 2H), 3.91 (s, 3H), 3.22, 3.10 (two, br, 2H), 2.16 (br, 1H), 1.70-1.24 (m, 15H), 1.30-1.23
(m, 2H).

Acid 3-11

3-10 (597.0 mg, 1.72 mmol)?® methanol (5 ml) & 7K (5 ml) DR G KEEIL U o7 A
(736.0 mg, 13.1 mmol) % 1z, 1.5 KffEl4E#: L 7= dichloromethane % Jlll 2. hydrochloric acid
(1 mol/)THHF L, Filk~ 27 207 LA THME L, WHEZBMERE L, 3-11 2 AEEK
(476.0 mg, 1.43 mmol, 83%)& L CTH7=,
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'H-NMR (500 MHz, CDCl53) § 8.06 (d, J = 8.2 Hz, 2H), 7.36-7.30 (m, 2H), 4.55, 4.49 (two,
br, 2H), 3.23, 3.12 (two, br, 2H), 2.17 (br, 1H), 1.74-1.34 (m, 15H), 1.28-1.12 (m, 2H).

N-protected amine 3-7b-Boc

A solution of 3-11 (402.3 mg, 1.26 mmol), 3-12 (520.4 mg, 5.90 mmol),
4-(dimethylamino)pyridine (686.0 mg, 5.62 mmol), and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.0293 g, 5.37 mmol) in
chloroform (3 ml) was stirred for 14 h. The reaction mixture was diluted with chloroform
washed with a hydrochloric acid (1 mol/l), dried over magnesium sulfate, and evaporated in
vacuo to give a colorless oil (750.8 mg). A part (589.1 mg) of the crude product was
purified by preparative GPC to give 3-7b-Boc (258.9 mg, 0.642 mmol, 57%) as colorless

oil

Ammonium salt 3-4b-H*

3-7b-Boc (261.4 mg, 0.648 mmol)® dichloromethane (2 ml)#& % (Z toluenesulfonic acid
monohydrate (460.4 mg, 2.42 mmol)& Mz, 11 B L7, B2 BUERE £ L.
methanol (3 m)IZIAME L, fafi~FH 704wl VET =T AKERICE LS )
LN 5 F L7, 3-4b-H" (37.0 mg, 0.0823 mmol, 18%)% A@E AL L TH-,

Scheme 3-7
DMAP

T L0 e

Boc OH C|'|2C|2

78 %
3-13 3- 14
1) TFA
Boc (0] 22 %
e} 3-4¢-H*

3-7c-Boc
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N-Protected amine 3-7c-Boc

A solution of 3-13 (402.3 mg, 1.26 mmol), 3-14 (427.4 mg, 1.26 mmol), and
4-(dimethylamino)pyridine (42.6 mg, 0.349 mmol) in dichloromethane (3 ml) was stirred
for 16 h. The reaction mixture was diluted with ethyl acetate washed three times with a
saturated aqueous solution of sodium hydrogen carbonate, dried over magnesium sulfate,
and evaporated in vacuo. The residue was chromatographed with silica gel (eluent:
hexane/ethyl acetate, 20:1, v/v) to give 3-7c-Boc (536.7 mg, 0.994 mmol, 79%) as

colorless oil.

'H-NMR (400 MHz, CDCl5): (18.00 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 8.6 Hz, 2H), 7.39 (d,
J=8.2 Hz, 2H), 7.23 (m, 2H), 5.34 (s, 2H), 4.51-4.45 (m, 2H), 3.22-3.04 (m, 2H), 2.16 (br,
1H), 1.71-1.40 (m, 13H), 1.55-1.40 (m, 11H), 1.34-1.14 (m, 13H) ppm.

Ammonium salt 3-4c-H"

A solution of 3-7c-Boc (536.7 mg, 0.994 mmol) and toluenesulfonic acid monohydrate
(1.5555 g, 8.18 mmol) in dichloromethane (5 ml) was stirred for 36 h. After the addition of
5% aqueous solution of sodium hydroxide (20 ml), the reaction mixture was extracted twice
with dichloromethane. The organic layer was dried over magnesium sulfate, and
evaporated in vacuo to give a colorless oil. The residue was dissolved in methanol (3 ml),
and slowly poured into a saturated aqueous solution of ammonium hexafluorophosphate
(150 ml). The reaction mixture was extracted with dichloromethane. The organic layer was
dried over magnesium sulfate, and evaporated in vacuo to give a white solid (431.4 mg). A
part (361.1 mg) of the crude product was purified by preparative GPC to give 3-4c-H"
(183.2 mg, 0.349 mmol, 42%) as a white solid.

"H-NMR (300 MHz, CDCls): 3(18.01 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H),
7.50-7.44 (m, 4H), 6.63 (br, 1 H), 5.37 (s, 2H), 4.34-4.31 (m, 2H), 2.94-2.88 (m, 2H),
2.25-2.11 (m, 1H), 1.93-1.85 (m, 2H), 1.65-1.60 (m, 4H), 1.34 (s, 9H), 1.16-1.07 (m, 2H)
ppm; IR (KBr) 2956, 2795, 1715, 1276, 1115, 1097, 842 cm™; ESI-MS m/z Calcd for
C»5H34NO,: 380.2590 [M-PF6]", Found: 380.2567 [M-PF6]".

Active Transport

A suspension of 3-4c-H" (21.0 mg, 0.0400 mmol) and DB24C8 (27.1 mg, 0.0604 mmol)
in chloroform (0.4 ml) was stirred until the system became homogeneous. Benzoyl chloride
(250 01, 2.15 mmol), 4-dimethylamino pyridine (4.888 mg, 0.0400 mmol), and
triethylamine (280 [11, 2.01 mmol) were sequentially added at 0 °C to start the reaction.
After stirring for 20 min, the reaction mixture was diluted with chloroform (2 ml), and

purified by preparative GPC to obtain 3-5¢-Bz (25.3 mg, 0.0271 mmol, 68 %) as a white
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solid.
ESI-MS m/z Calcd for CssHgoNNaO,;: 954.4768 [M+Na]", Found: 954.4728 [M+Na]".

Deslippage of 3-5¢c-Bz
A solution of 3-5¢-Bz (6.4 mg, 0.00687 mmol) in DMSO-d¢ in a sealed NMR sample tube
was heated at 60 °C. The progress of deslippage was monitored by 'H-NMR spectra.
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1) M. Baroncini, S. Silvi, M. Venturi, A. Credi, Angew. Chem. Int. Ed. 2012, 51, 4223—
4226.
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BT ST aBE R~ R

HUE LB RBEIRA~O R

W SEHEREGIRR T Y v LR O — B

B R TR L O, EERNOLS T —F —TlE, tracklXI EHETHEBN 2R T
Ty L EREO, moverﬁ\ﬁﬁiﬁﬂ%@ﬁ‘]‘l‘?‘/V&/V%%Otrackh%@]<H%E (51 Hm
OBENE /] FEoBEHTIIAGHTE L, 72, 1HAOBBICEIT5AH=0TH
% (Figure 4-1)', —J5[a724) _%ﬁfé% imuwﬁﬁﬁ@ﬁ? Thbb, ASD
BFRHDLOT, —~FHAB#HETH2DIEZFONOHBET XL -2 LT
TR o9, —HmBH b@%Lf%5 HoEECIET VMR TR AR L LT
REBhER S 2 VT — ﬁm%@%%ﬁbko%_fﬁafi o ATy At A EX
PEAE L. PHEREIINAR T v v v Vi E — F B ENT 5 2B — T B E R O E &
a7,

AHjet = AHyjgne = 0
AGH g = AGH gy

Figure 4-1. Schematic representation of an activation energy for leftward vs rightward

movement.

mIR T VA K D REE RS 2 s SEER A IR AR T v v Vi BT — 0
Bk & LT, Scheme 4-11ZRT K D10, AOHNEEL#EY K L7 — B #B

xE Lz, BTIX £ WMOT B0 AEEMNEZKRE, track FOT =0 A
LA B 72 DR REP L PP CIEICRE S LTV D,

9. DB24C8 moverld [£] WO T7 v E=w Al LIV, ZhExmEmlicry v
b4 % R E DOINEARREE I L Y moverld [ IZE1 &, HHIDO A L—H —R LI ET
5, ZZTP'ERME#EL TS T hfbT 5 L. moverld A Y S u Y F UM A R
Dz T 5] MOXEOT yE=ULE EICBES, 22T, 7=y AEEF
LAaNL@EEIcPYbd b e, 4 Y 7ae ) F ikl o REEICES < fEBhik L v
mover|lZH N 14 ([CEI<, SEIEIPABM#EL TH6 7 hvbT 5 L. moverld &
SICA Y Tu ) FUEERVBZTHL Y —2 ] loXECEEHTS, T, P
XD &P OB #E-PI L D E R #E-P OB HE AR YIRS Z & Tmover
IB L% [ Ic—FHmEISnTcn EHiffsn b,

ZO—FABEBRTIEA Y 7e )T UERKEBEOXRYE ) /NKEED & E LT
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HETHD, I T, KETIE, BOrOEYO2REZRY HL7Z4-12HNTA VT
DEYFUROEXARIEL., BHNRT >y L ETOT VAL EEE ) &5 —
FFIRBE N EBRATRENE 5 hEa e LT,

Scheme 4-1

m R2 = isopropylidene ICHg P! ICHs P2

H2 H2 : 3 | s !

—r\+1 @ I:,'> r\j R 39—CH2¢N—R—:Q—CH2+N—R
\/ A ICHy iCHg

L
excess RCOCI LR% L
excess Et3N B
(\O (0]
N~ O
B VA o o
RCOU o o
l Lo o

+The combination of R' and R2 group allows the uni-directional movement

—N @ O of DB24C8 mover: cyclopentyl group < R and R2 < tert-butyl group.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ICHy | P 'CH,

CHQOCOCHZCHQCOOCHZ%CP—Csz:—lll —}CHQOOCHZCHQOO—HfCHS i

iCHy 1 ! CHy !

R © R | R i Rz
41
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B 4-1oARK

Scheme 4-21CR79 X9, [ MOT oE=T LEEHNIMEEI T D VER B
4-11% ARk LTz, 9. 4-2%4-3TT VXML L4-4% 157, R\\T, 4-4TA4-5% 7T
NFENALL T4-6% 1572, 4-6%4-TCTA X /{blL, KFE(FTVFEST N 7 ATE R
UREBRL, 7 EE2a BT LA TREST S22 & T Vv a—4-9% 157,
fili - % Table 4-1127R7 7,

Scheme 4-2
Br /\/BI' HO
CHO
ch03 2co3
THF THF
OH 57% 60%
4-2 4-4 4 s

HO /><\NH2
R 4-7
2) NaBH, HOYu“@
- O/\/O
MeOH
4-8 \©><
protecting agent Y /\©\ B: P! =Boc
Et3N (1 equiv) Tr:P' = Troc
F: P' = TFA
\©>< Z P! =Cbz
A P! = Alloc

Te:P! = Teoc

Table 4-1. Effect of the solvent, temperature and acylating agent on acylation of 4-8
entry protecting agent (equiv) temp. (°C) yield of 4-9 (%) yield of 4-9PP

1° Boc,0 (1.7) . t. 91 N.D.}
2 TrocCl (1.0) 0 70 14
3 CbzCl (1.3) 0 78 N.D.¢
4 AllocCl (1.1) 0 60° 17°¢
5 TFAA (1.1) 0 43 33
6° TFAA (1.2) -46 1€ 30
7 TeocOSu (1.0) r. t. 97 N. D.

a) Without Et;N. b) Pyridine was used as a base. ¢) Determined by 'H-NMR spectrum. d) Not

determined.

Di-tert-butyl dicarbonate (Boc,0) T7T /b T 5 &, INFKI1% T4-9BE L iz
(entry 1), 2,2,2-trichloroethyl chloroformate (TrocCl) %7 I /Lfb L7 & Z A, TrocCl
ALY ELPHNTOZRWNIZE 20D 5 T4-9Tr R ET0% TH O 21T T, £
Db FaXxvEETT UMb ENTZ4-9TrTrAd, 14%DINETH LN (entry 2), T
/T e Rax v IR TRISERE W=D, 7 /2T va—nLz7 b3 %
EEFITEIRIICT 2V EDOBNT LS N5, 4-9TrTr 1345 5 172 D 1X TrocClOD X
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JEVEDR BN T2 4-9Tr Dy FINAKRER A I L » TiEMfbshice FrE ks T o
fbanizizdThd EEZX LD (Scheme 4-3), 7 /L {b Al & L Tbenzyl
mmmmmmm(cmcn:%%u%J# X, CbzCl% 1.3 4 &M\ T HIULET8% TE4-9Z 73
S A7 (entry 3) 25, 7 2 L{b#l & L T, allyl chloroformate (AllocCl) <°trifluoroacetic
anhydride (TFAA) Z HAWZERCIE, 73V LAIZ LIS E LAV & $4-9D1Y
BIIPRETHR Y OE&D4-9PPHEIAE LT (entries 4 and 5), REFHEOFEWT &~
MMEAZ AWTZR TR, E Fr X il 7 I 2V ROMOT VAL OBIREPE T T 5
lehEEZBND, £ 2T, TFAAZ IV T-46°CT4-8D T v Ak B A7z, LAL,
4-9F DU ME F T2 DA TR 72T P NMALITZER TE 2o 72 (entry 6), 72,
o727 v fbk #l T & 5 N-[2-(trimethylsilyl)ethoxycarbonyloxy]succinimide]
(TeocOSu) ZHWTT b LT & 24, 4-9TeD97% &N HE L <& 5T (entry 7),

Scheme 4-3

protecting agent p1 protecting agent
HO ™ XN @\ EtN H O EtN
P10 N
p1

0 ~O
4-9PP

KIBCRIEZIToTHT 2/ EREBRWICT VLT 522 &8 TEF, HIZT Vb
{ESEENMR T T 57T TholoZ b, EFT e Rax v EE2R#EL THHN-T7
VLT A ETAIBRELLBONDI LD EE 2T, T ) EOHFHETTE ki
FUAZBROCKET T MbETRIEEV, £2T, 482 U kLT
ON-T7 2Lk L, DWTHLY U b 5 Z & T4 9D G A et LTz,

9. b Fu %% tert-butyldimethylsilyl chloride (TBDMSCI) T U Lk L7z
B, AERT DT T LEE N ZF LT I U OIFE FTFAATTFAL L7Z, Z DK
JGIRA W 760 °CTTBAF CALEE L7- & 2 A, 80%FEE DI TA4-8-H N5 5 iz
(Scheme 4-4), ZiUIZTBDMSH: Z i fri# L IZRFICTFAR G fRiES NN D TH D
EEZBLND,
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Scheme 4-4

TFAA (1.8 equiv)

Cl
8 TBDMSCI (1.6 equiv) TBDMSO/><\I\+1 /\©\ Et3N (3.4 equiv)
—_————— > —_———— >
Ha

CHCl, 0 ~O
410

TBDMSO ™ N TBAF - 3H20 e
TFA o ~0 (1.0 equnv HO /><\H \©\
e 2
41 60 °C
~80 % 4-8-H*

ZZ T, TFA7 X RETFAT AT IV ONIKGIRD ST S D EZFIH L T4-9FD
AR ERT LTz, 4-8%BEIEOTFAATUE L, B FexvRELT7 I konTnd
TFAL L7z, ZHETBAFCAEL L= L 2 A, TFAT A 7 /L 8BRS K 3 fif S,
IN#82% T4-9F 2315 H 47 (Scheme 4-5),

Scheme 4-5

1) TFAA(1.9 equw
Et3N (1 equiv)
HO /YHKQ 2)TBAF-3H,0 HO ™ XN @
O/\/O (1. 1eqU|v
THF
48 82 %
r.t.

o7 NV a—Na4-9% FNENEAKaNTBETZ AT AL L, DI/VRiE4-12
%157~ (Scheme 4-6),

Scheme 4-6

. 1 =
succmlc anhydnde N Y B: P' = Boc, 91%
Tr:P' = Troc, 70%

49 — F: P'=TFA, 63%
CHJCl, Z P! =Cbz, 87%
A: P! = Alloc, 67%

Te:P' = Teoc, 84%

Scheme 4-71 2”4 X212, ] MOT vE=7 MEEMNA-19Z2 AR LTZ, BR
VER4-13% AT A= TlE 7 v U F4-14 L L. Schotten-BaumanniET7 2 F4-15%
B, ZTOTIREKRFLTNVI=O L) FVATE RY RELLA-160DT I v 515
72o 4-17%4-18TA 2 /b L, KFEMLT VLI =U AV F U LATE FU RELL, 7TV
F= U LHA-19 LY,
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Scheme 4-7
o]
thlonyl chlorlde NH3 aq. NH LiAIH 4 NH
2t 2
T 7e% o THF
79%
415 4-16
CHO 1) LIAIH,
NH4PF6 ,\]
e " MeoH /\CL e H2 OH
e 0
94% COOMe
COOMe
417

Scheme 4-8IZ7”F L 912, [ MOT »E =0 LFEHAA4-19L TH ] flOR#E S
NET7vE=ZLEEM AR OILVR O BA-11E 7 T o — T IVEET
tributylphosphine (Bu;P) Zfiifft - L T, dicyclohexylcarbodiimide (DCC) THfg# L .
REBEFHIEIC £ 0 4- 12 AR LY,

Scheme 4-8

W@u oy domy ﬂ@ »

CHCl; l DCC
BU3P
PFg

N o]
\Q/\Hz ON B:P! = Boc, 58%
¢ /><\N Tr:PL = Troc, 49%
o] Pl/\©\o/\/o F:Pl=TFA, 16%
41 Z:Pl = Cbz, 28%
A:P1 = Alloc, 16%
Te:P! = Teoc, 9%
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Scheme 4-912 7 X 912, 4-1%2 7 4k L. DB24C8 mover® 45| {Al~DHGik%
BEt L2 Y, TUbHlE L CIEBOP ORMEHED - P e B A RE#EL A
HWBENDH B, il % Table 4-11Z7R 7,

Scheme 4-9

PFg
ﬂ o
2
(0] \H/\)]\ o /><\N /\©\
1
(0] P O/\/O
4-1
R2COX
Et3N B: P = Boc

Tr. P = Troc
F: P =TFA

N (9] Z P=Cbz
p2 0 o N A: P = Alloc
Io) wﬁ,:\@ o Te: P = Teoc
O/\/
J 4-20
p2 (0] +
(¢) N
RO
4-22

Cy
@QN%OQ

LS @ T O

P Cpdoerey,

R s s ST
Oy
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Table 4-1. Acylation of 4-1.

efficiency of

entry time p! RCOX (equiv) base (equiv) DMAP (equiv) acylation® (%)
1 16 day Troc  TeocOSu (10) Et;N (30) 1 76
2 25h" Troc TeocOSu (25) Et;N (30) 5 90°
3 18 h  Troc CbzCl (50) Et;N (50) 1 47
4 60 min Troc CbzCl (50) iProNEt (50) 1 86
5 60min Troc  CbzCl (50) |P]r)2]1;15t((15)0) 0 90
6 60 min Troc Boc,0 (50) Et;N (50) 1 >99
7 60 min Alloc TFAA (50) Et;N (100) 1 >99
8 60 min Troc TFAA (10) Et;N (100) 1 99
9 60 min Boc TFAA (50) Et;N (100) 1 99¢
10 20 min Cbz TrocCl (50) Et;N (50) 1 >99
11 60 min Alloc TrocCl (50) Et;N (50) 1 98
12 60 min Alloc BzCl (50) Et;N (50) 1 98

*Determined by "H-NMR spectra "Reaction was carried out at 60°C. “isolated yield. “Deprotection of 25%

of Boc group was concurrently occurred.

4-20DILHIT'H-NMR A7 b 53R 72, TeocOSuTT Vb LIz Z A, 7
AL IEL . BR300 72 (entries 1and2), CbzCITT vk LizE 2 A, T
MEEZELS LT, 7Y RIF4T% TH - 7= (entry 3), KINRGWFIC~<v
Dnrwa ) RBRERLTHWDZENnD, RPTCozCIRRFET 22 LIk Rido
ETCOTVMEHEENMETL TS0 EExbND, £ T, HEL L TREED
WP NEtZ W2 & 2 A CozClO BRI A Biv, 7 ¥ LRI R D386%IZ £ Tl
EL7 (entry 4), E51Z, DBU%Z 1 ¥ & LiPNEtZSOYEHWTT i Lz & 2
AL T U ALEIEED90%IZ F TR E L7z (entry 5), Boc,0, TrocCl, TFAA, BzCl% 7~
MBI L Lo E &BIIZ T v b Shv7e (entries 6~12), 4-1B%ZTFAATT L /11k
THEHD T ~OmE L EEAICEIT Le)y, BIET S2TFAD -9, Bockd
25%IIMMARESINTEHEY ., 6 ThH) o7 rE=y LM BICE Claimt Ik
4-22F ¥R AL T2 (entry 9),

KIZ, B HNT724-200P' D iR ERFT L7z, Table 4-212F OfERZ =T,

Table 4-2. Deprotection of 4-20.

2 1 .. efficiency of yield of
entry P P condition deprotection 4-21 (%)°
H, (0.1 MPa), Pd—C (10 mol%), d
1 Troc Cbz 14 h, McOH 0 trace

H, (1.0 MPa), PdCl,, (40 mol%), a ~
2 Troc Cbz I M HCL, 2 h, MeOH N. D. 30
3 Boc Troc Zn—Cu (excess), 2 h, AcOH 99° ~60°
4 TFA Troc  Zn—Cu (excess), 11 h, AcOH 99°¢ 85

*Not determined. °Determined by 'H-NMR spectrum. ‘isolated yield. “Deprotection of Boc group was

concurrently occurred.
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FF. 4-20ZTr Z AR HER) 22 Coz D BIRFE SR TR LT o 72 & 2 A, CozlE MG
H94-20ZTr&aEUL L7 (entry 1), £ 2T, KDk L WIIRGESMEE LT, iz
RV L&AV, HBRZEMZI0RETKELZRIMUIEZ & 2 A7, Biigk# e L
e Dtrack D XU DAL RN L b, EfERBARERZ RO L Z LI TE 0o
7228, "H-NMR A7 kL2 54-21D LK 1E30%I1F & & D - 72 (entry 2), &I
4-20TrB D TrocHk D i {7 7# %*ﬁ?ﬂ‘ L7, WEfZH CTZn-Cu coupleZ V2R ALEE L 7= &
Z A, MTrocfbiZ @ &MICEIT LT, L2 L., BE AL L L= 72 DBockk ® i friE
L% LTz, '"H-NMR A2 L TliE4-21D00RIT60%I1E & & RESL b, £
Z T, 4-20TrFDOTrockk D i fri#E %= et L7=, 4- 20TrF%@’F@&“EP“CZn Cu couple® i\
VRFRHALBR L 7= & 2 A BiTrocfbidE &BRIZHEIT L7z, BEBE L L TR T v E
SO LM DOT =AU EPFAIEH LT Z A, DB24C8 moverinA YV ' ut )T KA
FOVBZTIEIO7 v E=TU L RITBE) LT24-21FE A Y T r e F U DT |
fNC e EFE o TWDHA-22FDIREM DI E LT (entryd), ZDIRGEW A 7 v kL A
TS 5 &£ 4-21F : 4-22F = 85 : I5OEAGW L2V . HWIR CTRIFHE < £4-21F :
4-22F=90: 10DIEEWITZL LTz, £z, BHAEL 724-21F =R T LI < HET S
L 4-21F 1 4-22F =90 : 10DREGW & /e o7z, LLEDZ &3 5H4-21F L 4-22F D T
MRS L TVWDH D EZEZ LD,

WRIZ . 4-21F L 4-22F DIRE W % @i Trocft L TA Y 7'm vV 7 B SRR E 2 F
M L7 REBH L 21T - 722, ZOfE%. DB24C8 moverAiTrockid 4] IZHe@higi% X
NTc4-23F A Y 7 a7 VRO ik - 7o £ £ D4-24FDIREM RIS Bz,
fili - % Table 4-312777,

Table 4-3. Active transport of 4-21F*

yield of rotaxane position of DB24C8 mover® efficiepcy of
entry solvent (%) right left active
(4-23F) (4-24F) transport
1 CD;CN 42 90 10 100
2 CDCl; 78 85 15 96

*Reactions were carried out using 50 equiv of TrocCl, 50 equiv of Et;N, and 1 equiv of DMAP at 0 °C

for 60 min. *Determined by 'H-NMR spectrum.

4-21F : 4-22F =90 : 100)?EA¢F@%ﬁHb\TCD3CNE{3T“}iFE\%ﬁo7‘: & Z A, DB24C8
mover23TrocE D 45| I[CREENLE S NT-4-23F & A Y 7 v ) T oo [/£] ANk
ST E EDA-24FH90 : 10DIREGW & L TILHEA2% TH O LT, REBNRIEIT4-21F0 5
B DO TREEEEZFITI00% TH D, KIT4-21F : 4-22F =89 : 11DEEWE AW
TCDCLHF TG EIT -T2 & A, ILHEIE88% & K& [ L L7=AY, 4-23F & 4-24F (%
85 : 15D THE LI, BEENER A XN IT96% & DT IR T L7z,

WIZHF B 724-23FDDB24C8 moverlZ K Dtert-7 F /LI A F 0 i 2 X4, 4-25~
&£ DB24C8 mover& ik S5 Z & ZMaf L%, 4-23F L 4-24FDEA Y % CDCLy
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45 °CCTME LT L Z A, 4-25FDARMMIEFICELS, 200 72> T H4-23F1FFk-> Tk
V. Lavh, MBI TrocEIZ BT 5 ' H-NMR 227 b LD B — 7 [Z4 2B &
L, BE O trackD 3 RIZ K > TA-25FUSN DA B AER LT LEST LD EE 2
bivd, &I T4-23F L 4-24F L DIREWZDMSO-dgH T60 °CIZME L 7= & Z A,
a4 T % 2 &7 < DB24C8 mover® T AU » 7N Z V| 28 H XIS S W72 &
Z A, ULF94% TA-25F 3 BT,

DB24C8 mover D i 5 F T "H-NMR 2 27 )LD S i iR 65 D 25 1k, % Figure 4-2

M a,r
0. |
Ao b\n oF, h de [ i
Q. Troe | oy I k| n i
’“‘/d " ?/ﬁ\g S NN U N WD S 15 G W Y S
x.,’, 0”\‘\”““»1/“ E 2
\o 0/ \I e oi\u Q.. j a.
Y 4-1Tr (> e
N qr
] e .
a d e ob\n | .
S~ { t
oy L% 3, |
2 FA \_/ -~ . Tioe B i
7/\11\[ 9 0 rﬂ“ LY ' L B
% o O " 1 N Moh o ®)
! /”r\ :
4-20TrF
)
a
W
4 0,\{1[; PFy
Q & . .
;/ 'F“Y Ojo,/lx/L K){n m]f/‘j h dear ”—k L n i l (c)
h q
L N 3 5 UNES S WY, W
a21F H VJ*
W
Y
a d e f [
N = .0 o
{ ,\O\, i k nom I p l .
RO L g (0 NP [ I
| e " T s m | | wd |
2 Tl ; I Troe o J,Ju ) LW W)
I L 1V P WP N L A -
4-23T(F Lo o/
!
Y,

aoon
Figure 4-2. Change in '"H-NMR spectra (CDCls, 500 MHz) during the uni-directional
transport of the DB24C8 mover: (a) 4-1Tr, (b) 4-20-TrF, (¢) 4-21-F, (d) 4-23-TrF, and (e)
4-25TrF.

FRE) 22 IR & i 24-1Trdd, ed 71 id, 4-20TrFTIEIHAL L7-, DB24C8D
MREIC L DR AFTEORED-, hdo7 1 bR REL, i07Fa hondb L, &
WGANZ 7 R L TWAR, jo7 e F 3RG> 7 Mg EAER LR, —
Ji. DB24C8 moverD X B VB DR RIZ LD | kDT w1 b BN ETFE#G~Y 7
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FLTWD, ZRHDZ ED, DB24C8 moverlE~_ 2 V)L AT LI HICALE L T
WHLDEEZOND, T REEOTa h i 7 2 RAs-cisks-trans?d =2 7k A —
Va v ERFOLOEMRICHHE L TWD, £7-DB24C8DO H Ol OBREEDE I LV
o, B, YD E—7 N 2RIHHEL TN D,

4-21F Tld n, mD 7' 1 b 2 BFHEI TR THAL, BTrocfb TH L 727 v E =D
L4 EIZDB24C8 moverNFAET B 2 E N D, ZD7d, DB24CSDOELFEIZ X
K[REFVEOHER KDL, hoT v FdRE GBS 7 FL, 4-1TrofbFy
7 FNOMEIZE STV 5

4-23F CIIDB24C8DIEFHEIZ X DR FEDHFEDT=q, rd T 1 b > MK REE ]
I3 7 L TW5, £7-. DB24C8DOR U ¥ U BRIC K DR EN Kb NIZT-0Kk, i, j
D7 h AR TWEEm#ESE Y 7 P REKA L, 2o D &vh, DB24CS
mover|X 7 = = VT —T NVITHICME L THWDHIHDEEZHND,
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HIUE BB E R~ O B

RIEIClEA Y 7 e TV T =y MEOXE A XY 5 Z & C3F i CJE H
M7eRmT Uy /il ECTCO—FRB#NARETHDLZ LE /LT, LML, Scheme
4-1012R T X D 124-10 T ] MO KB I TSR EN3,5- DA F T = = )VER DT,
DB24C8 moverid 5] MBA-TL 52 LIXTERY, 2O, KigsdikTh
572 U®DB24C8 moverz > b L724-10 LD 2 M E R H 7=, LrL, [/
DRMGEHIER' NV 7 a~F LD /S TR, 426H O XS RTvE=D
LHIZK LT, R'ZF VX A L9512 L TDB24C8movera vy hT 32 L MTE 57,
F. RPN 70U F ALY b RETIER & OSRREE 2 F ] L TDB24C8
mover & 4| lIZHREE L CTE 5,

Scheme 4-10

H,p CHg CHs CHs CHsg
CH,— N —R—C CH,— N—R—C CHy —//> CH2 R—C CH,— N—R—C CH,4
CH3 CH3 CH3 CH3

CHy P! CH, CHy P! CHy
‘CHZ N —R—C CH2 N—R—C CH3 - CH2 R—C~CH,~ N—R—C CH,
CH, CHg

4-26-H* 4-27-H*
FIT, REMNBRIE LTy 7 aRUFAERERY 7 a~F L EEE54-26-H"

ERAWT, AV v A2 X5EmoY v b EfEBE % 2 FH L 7-DB24C8 mover® —
FIBENZ OV TS LT,
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WA 4-26-H O ARL

DB24C8 moverz [ /£ | il 6k v R TX 5 —FHmBE ) +F—4% —Dtrack& L T,
R'ZV 7o~y s Liz4-26a-H L o7 o~ F b L1-4-26b-H & 4 3%
L7, 4-26a-H" £ 4-26b-H 131 Y 7o U F oL btert-7 F A HEAFS 5] Mo
Tha—jlvrsuandFUNRETERIE IR F AR RS T OB IVR R
e Lict, ] MoT7 =0 MEORELZBINICHIRET S22 LIk -T
B TE 5,

Chart 4-1

SEa Wl

4-26a-H+ /©><
+ (o]
.l DO
2 O)&/N
(o]

4-26b-H+

ME DT V32— ik, BEICAK L724-9% W5 Z L Lz, £ Z T, Scheme
-1 T X, TE] MO IVKRUEEA2TE AR LTz, 7 a~d o iEasRo
4-28ak v 7 a R F NI EFF04-28bT4-29% 4 2 /b L. KFILARVFELLTFT N T
AT LIE®E, 72/ HEBocflb 5 2 & T A7 /14-30a & 4-30b % N EHILHE
90% & 44% THH7, 4-30D = XA T )VE A TN LMK L, FVR U EE4-2Tak
4-27b % Z I E UL IZ% & 89% THH7-,

Scheme 4-11
OHC 1) NaBH,
R NH, oMe 2)BocO RN
+ [ |
4-28 ) Boc OMe a: 90%
4-29 ) b: 47%
a: R! = cyclohexyl 4-30 o
b : R! = cyclopentyl
KOH REON
— > Boc OH
MeOH:H,0=1:1 a: 98%
4-27 0 b : 89%

WIZ . Scheme 4-1212 "9 XK 51T, 4-27ak P4-27b % 4-9-Z}% (4-9-Tr & L EF 1
EDCHi& L.4-31a-Z L 4-31b-TrxS7-, TNENBock - ifri# L, Xt 7 =4 %PF¢
IR L, T U= AME4-26a-Z-HY & 4-26b-Tr-H ~ & &y 7=
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Scheme 4-12

" e xﬁ

EDC-HCI
DMAP m \)&/ \)@/

4-31a-Z, 48%

4-31b-Tr, 54%
a: R = cyclohexyl Tr:P' = Troc
b: R = cyclopentyl Z:p! =Cbz

1) TsOH*H,0

/\+
2) NH,4PF R?

4-26a-Z-H*, 62%
4-26b-Tr-H*, 32%
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FORE o7~y AEORY v BT nbihE D — B EIR

2w B ZITEERICILEIR CTELAT W, 7 ¥ X AL NIRRT
22XV MR D, Fo. Fsza 2 3 AR 61 5 72 O 1T AR F 0 s R
FECKINEIT) ZEHEETHD, £ 2T, Scheme 4-1312789 K 912, DB24C8 &
4-26a-Z-H' ZHE 7 nak/LAad, 40°CTEHEL, AU v 7 %842 H-NMR A<
MV TELIIL 72,

Scheme 4-13
N Cbz o\/\o/<j><
o)
DB24C8 4-26a-Z-H*

[4-26b-H*]y = 120 mM
[DB24C8]o = 240 mM

Cf@@yow@‘)”@

4-27a-Z-H*

DB24C8% 2 M EMAW/= L Z A, AU v BV FIEIEFICDP - D LT L, 80H [
R L7 ZATT =0 AMEDI5%HDB24C8 & 3K L 7= (Figure 4-3),

100 | e T
9
83 / /
70

Slippage (%)
o

oo
el

b
o=

u)//(
0

0 500 1000 1500 2000
time (h)

Figure 4-3. The progress of slippage using 2 equiv of DB24C8 in CDCIl; at 40 °C.
[4-26a-Z-H"], = 120 mM [DB24C8], = 240 mM
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Scheme 4-14

ﬂ Chz 0o
: o MK
o)

4-27a-Z-H*
i )
+ OR
O/\N )&/sz Q/
2 +
(0] NH H,C
(0]

4-32

g

T CHISIREWMZ S IGPCTHR L= 2 A, 4-27a-Z-H" 136% Lo T,
4-32 8L HK6% T H ATz, 4-321%. Scheme 4-14127R79 K 912, 4-27a-Z-H" DSy iR
L0, pDOMBBECTRENMSNTIEN DA FF U WERTH L TERLELD
EEZOND, AR EMZD Z LT LW, DB24CSOEAHLT 2L TAY v
VU EHLSTHIEIETED, £ 2T, DB24C8ESY BV, AV v BV IR
ICET D E TORMZENT 5 Z L T4-27a-Z-H OIER D\ E % K - 7= (Figure 4-4) ,

40

oo oo
] o

= 25
o
220
& .
*

10

%

5] V

0

0 100 200 300 400 500 600 700

time (h)
Figure 4-4. The progress of slippage using 8 equiv of DB24C8 in CDCIl; at 40 °C.

[4-26a-Z-H"]y = 60 mM, [DB24C8], = 490 mM

DB24C8%Z 8 Y& WAH Z L TR Y v B 7 OB E XA £ L7=A, S00RFH %
B LI ZATT U=y MEOEENEITHIZ /> TV D, L, @BREE
DODB24C8IZ X » THROMIMEN LRV | PR RICHE TN b ThdEEZLND,
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DB24C8% 8 Y E AW T H#HE L <4-27a-Z-H' ™G ohnnwZ &b, iz
4-27a-Z-H' 2R 5 % 72 O I|ZI1XDB24C8 1L 2 M & 77 V. R OMENT & 40 fiF L
BRNWT CEZYLBENWDILEND D, £ T, p-7 /b aFx XU DN AR
T RDOVICATF L UEHEFF24-33-H' 2 H TR v B 7 2RFtT 52 EC LT,

4-33-H"XScheme 4-1512/" T K HICE K L7z, T/VT & RF4-34%4-35% OHorner-
Wadsworth-Emmons/5 iz CIRFBEZMHE L T4-36& Lz, KEBEIRMLE-%., &5z
4-37TD T AT )V E MK IRE L VRV FE4-38% 57-% ., HilbTF A= LTHral R
4-39L L7, 4-39%4-7CTT7 X/ UL AL T4-40%157-, 4-4007T I FZLIAIH, TT
RUNRIL LD, CozETIR#ET D 2 & TA-A1% T2, TNE IR U FEL-2T &
EDCHfi s L. 4-42% 157, 4-421FBockka iR L. X7 =F L MBPFe DT E=U
LHEA-33-H ~ L7z,

Scheme 4-15

H2 Pd/C

2 . EtO
THF " mon
o OEt 76% 84%

4-34

Cl— SCI

0 KOH, HZO Tats 0

E cl

10 EtOH 8%
95%
4-37 4-39
HO /><\
1) LiAIH,

4-7, Et3N % 2) CbzCl N
ether 3°/ Cbz
67%

4-27

EDC-HCI

_DVAP g Cbz
BOC \)&/
CH20I2

54%

) TsOH*H,0

N
NH4PF6 @H /\©\W \)&/Cb\z/\/©><
2

47°/
4 33-H*

Scheme 4-161Z77 3 K 912, DB24C8 L 4-51-H' DEEMEE 7 rnuk/Lhf, 40°C

THELTAY v 1:°:/7“‘7‘<®J>&1H-NMR;<«\7 NV CEIM L7 (Figure4-5), 100H %
RBLIZE AT, PHICEL, 7TrE=U MMEOHEKRERIZTZ% TH > 1=,
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Scheme 4-16

o4 e T Nen

N
DB24C8 4-33-H

[4-51-H*]p = 100 mM
[DB24C8]o = 200 mM

.
H (Ilbz
O

4-43-H*

80

60

50 |

Efficiency of slippage (%)
g 3

0 500 1000 1500 2000 2500 3000 3500
time (h)

Figure 4-5. The progress of slippage using 2 equiv of DB24C8 in CDCl; at 40 °C.
[4-33-H"]y = 100 mM, [DB24C8], = 200 mM

BOGIR G % 5y BGPC TR L 7= & 2 A, ILK32% T4-43-H &2 1572, B\ iR % 1
252 TV COIENRTELES OO, NMRILE & HEEIEN —SH Led o
2o 4-43-H'UNDER N ONRnoT2Z EnD, EDO XD RIS TH D NIEAR
B Cd 5 034-33-H B 2 W IF4-43-H O RN E TWDE b0 EEZ LD,

PLE®D X 912, DB24C8 moverd v 7 B ~F VLA V) Bl X T4-43-H & £k
HEIETIE, DR EATHI D DORERFMNEZRERTLERH D, Lo, v 7 raF
UNEEFRVBZ DAY v B TITIEE KRR PR 5T120, KISGEHEEZHET 5
ZEIHENICHETH D,
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B v ou XU FAEORY) v T NBIEE D B EIR

K@i L LTy m X F VA FF24-26b-Tr-H T— KM BB 2 RF LT,
Scheme 4-171Z78F & 912, 4-26b-Tr-H" 2 DB24C8 & $EE Ak X #4-27b-Tr-H* & L 7=,
I 7 2 Uk L TDB24C8 mover DREE i ik & it L7z, E 3. 4-27b-Tr-H D5
R TE K, & G T IO B T8 Kk, 36 L OV AR BE o B E Bk & SR D 7o, £ ORE R &2 % T
K 722-Tc-H DK, ky, kg & & B 1T Table 4-412787,

Scheme 4-17
T m AT ey
4-26b-Tr-H*
T Ka = Kalkyq
ks |k, DB24C8
(1.5 equiv.)
PFG-
+ O\/\ +
N Troc (0] N (6]
e o X e
2-7c-H*
(e}
4-27b-Tr-H*

BzCl (50 equiv.)
solvent EtsN (50 equiv.)
DMAP (1 equiv.)

Ty ﬁ@@xﬁ
Saa s Jos

4-45

e
e

Table 4-4. Association constants K, and rate constants of association (k,) and dissociation

(kq) of 4-27b-Tr-H"* and 2-7c-H™.

rotaxanene ke M 's™h ka (s Ko (M
2-7c-H* 50x 102 1.2x10* 420
4-27b-Tr-H* 2.4x107 49x10° 480

* At 23 °C and [ammonium salt], = [DB24C8], = 0.01 M in CD3;CN/CDCl; (1:3, v/v).

B OETHRRTELLIIC, BET VI MIC X AR A ER T A 0IiEn #

89



FUE BB ER A~ R

XU RRED O SRR B E kg /N S <, RERAEZ RO B VWD LR
PELWEEZDLND, 4-27b-Tr-H DkylE2-7c-H DkyD2.55 D1 TH 5, 2-7c-H'
IXEZ R CREEN S L= 2 & D, 4-27b-Tr-HYIZ X 0 R MICEETE T 5 b o &
5 L 7=, CD3CN/CDCls (1:3, v/v) DV T4-27b-Tr-H O A S Efic 3 5 £ T3
H2holed T, k%2 + R < LTEET v bz T o7z, #& % % Table 4-5
W,

Table 4-5. Rapid acylation of 4-27b-Tr-H™.

entry solvent stirring time before BzCl DB24CS8 yield of
acylation (equiv) (equiv) 4-44b-Tr-Bz (%)
1 CHCl, Till the system became 50 15 0
homogeneous
2 CHCI; 3h 50 1.5 ~1
3 toluene 3 days 50 1.5 ~1
4 CHCl; 5h 200 1.5 5
5 CHCl 3h° 200 3.0 ~2

2 A mixture of DB24C8 and 4-26b-Tr-H" was stirred at room temperature before the addition of BzCl, 1
equiv of DMAP, and 50 equiv of Et;N at 0 °C. The reaction was carried out for 60 min. ° Stirred at 60 °C

for 30 min of the 3 h.

BFONTISIREWIT S BHPLC TR Lz, £3, 7 r R L AR TRB/Y—IC
720 4-27b-Tr-H' R +3ER L7 & B2 b LA R > T BBzClE M A T3 e &
XY A4-44TED LSO NT, 445031 b7 (entry 1), £ 2T, RBH—IC
STHOLLESERT, SEMEER S ETHET Vb Lian, R0V 4-44131F &
o EFFBIRIN ST (entry 2) o 85BN Z I 5 7o OITIRMRMEEIEECTH D b > v
AW, BHEEEER S E T T b Leh, BikidZehr o7 (entry 3), T4 b
DFEMFIZ, ZETHERORVEEBEEN AL 255 E L TR LESRMETH S,

B2 F U DOIERT, e 2 X OAERRNRIZT T T O REENE RN R & T
b DOTHD, 4-27b-Tr-H X+ AR L TV D Z Eovn . 4-26b-Tr-H % W 72 FE

THEN LI XY U RGN N Tl Bl TUADOEEN 53T <
%%%L#ﬁw%mk%z%m5o%_T\Bm%ﬂmégﬁwtkzé\m&%#
VA-AADILFRIT5%IZ M E LT (entry4), £Z T, & HIZDB24C8& 3 mM\V, HiEn
2 XV U OEBIEOR ELRATZ, LoL, ¥ XV U 4-440F Iz > TKT
L7z, ZAEDB24C8 AP WD Lt n & T 427D AR ERPMME T+ 5720
EEZOND, INLOREREND, 4-26b-H" % FHW - R ICREBN IR A R & < HEF 7p
WX, TIUMEEENR S TIHARNWZ ENROEERBERTHD ZENEZLN,
IO TVEEEZ BT, r 2 XY 4440 NEL R ETHEBZZOND,

—J7. Scheme 4-181Z7" 7 K 91, SEMEHEEE &Sk, 7 E =0 AHH4-47-H
DIRBEETOEDOIK T HEERD T, 7= LAFA-AT-H 2P LI-%ICAEL S
4-AT* N OHRN S 7 m XU F T Y Bz T B E R, & BEHAIZRMR L 722V,
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Table 4-5D#ERIE. 4-470> BEm KT D B O 3B E Hks & 7 2 AV D 3 B E #k; D
Fks/ky /NS W EZR LTS, FH I EOREND, 7 VAL EERK LK
FNEEBEZLNDDT, k/ke DK TFIL, 4-47 TDKE2-2¢ TOK LV L3720 K
TNWZLERLTWDS, Thbb, TrE=UL O ] MOREEDEV D KIS K
SEEL, 1LY, DB2UCRKITRT < o TWNL T LEZRL TS,

Scheme 4-18
ka
H, e H,
) — [
kg K, = ka/kg
4-46-H* 4-47-H+
Ai Base
ko kq
[ | [ e—
H ke H ki H
O—N - N — O—N
4-46 4-47* 4-47
RCOX l ks ky RCOX ika
O o
RCO RCO
4-45 4-44

22 A4-27h-Tr* Tky/ky £ 72 13 ka/ky ME T L2 D 2MEH 5 23 TR W23, (1) 4-27b-Tr
DHFEEORES Q) 7orE=ULED TH] MO AH (3) ThH] flo
TroE=ZULREEREL TV DHTrock 4) 4] WiCHDF L7 a— 8 72
ENRBEBLIZZENEBE2 N, REF -HOKREEEE ZNIX, 44808577
FovAEERAVIIEY 7 o R FAEERIGERLE T2 L BEMENREIC e D &
WifF X % (Chart 4-2),

Chart 4-2

PFg
Ot
SRRy
o} Pl
4-48
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55NET R

ARBETIX, FHEREMORT vy D 2 KB ZEY M L74-15kkx e T 2 v
BAITT AL =T v A b U, (iR oo 3Rl 7038 A & i {47 T, DB24C8 mover
DL ZERF LTz, S OICHEYREMEAHRRT 52 & T, Mkx RIRGER DML G DY
TEEM72DB24C8 mover DI RITZ 5 b D EMFFL TWD, £/, 4-1M3track LT
NRUVNERAT ARG Z R T E, CozE e AEDLELRETHD &&
bbb,

Chart 4-3

PFg

4-20F-H" % BiTrocfb-Trocfb L, A ¥ 7 m U F > 3% X O X)) /AR D2
Tl LTRIAL, WEORW—FHEENETH DL ZLE2EIELE, ZOlfEICE
W, EERBEIINART v b BT, KU &by T ae )T o iEntert-7
FNELEFRBREOSEI THDHIZH 00D 5T, DB24C8 mover LN A Y 71
YT URERVBZ TCWD I ERHLNIRS T2, — T, 4-21FD & #E Trocfb Iz &
HREFELICRB W TCIX, 4 Y 7l 5 2 DB24C8 moverlZ Xt L THfi < 3 {R[E
LTl E ERENRRREIER A R Lo, ZORENS A Y 7 r YT o idtrack
L moverD BN HFICH AAER MBI TW AR W [/ & <)L B ERN 2 R 58
BTk TR&< ) BESERELETCHL Z LB LML 7257 (Scheme 4-19),

large

Scheme 4-19

4-51

lRCOX

4-50 4-52

A-VITEHBEMIE S AT L L L TCHRHEINTEBORMO 2KEAZRY H L TEY
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DToHDHDT, ﬂﬁi‘@fﬁ/ﬂﬁé@ﬁf?‘/VV/I/%%OBODLT“%“&ET“//MI:%#%'OLﬁ“_
Ltk s vz —F )bmover& JRERAYIZ — IZHE TE D 2 ERMEND BT,
vﬁmm#yw%&vyu&y%w%%km_%07/%:¢Aﬁ%%n%né
X L. DB24C8 mover® A U v B JIZ K HEAL LB~ HaBEhRA&2 Ml Lz, v
JanF VNI A DAY v ZIIERIZELS ) FHEIZET H E TI00H B B
MY ZORICtrack D ENIE Z D Z b, EFITIEIRTHH-T2, —FH, ¥ 71
NRUF N EEE RIS ERIL L9 54-27b-Tr-H 2 @i 7 2 L4k L CHEBhlG % %*ﬁd L

D3, REENER LS 1T = & 7o 72, 4-27b-Tr-H 1Tk S+ /b SV 2 & b JHERH I
AN ARETH D EHIFF SN D,

AR THRARFERIT, FHERFRYART oy v ETcoT7 i L5 — g
BOYDTOFITH L, EEDGTE—X —IFATPICL 2 Y VL THREI ST\ D
N, ZOWERICBNTY UL E T U ABIREM AR OSE TH D, ABFFEO LRI
KoFE—2—DOFHEBICRIERE 525D ThH D,
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FILE FEBRIE

Rotaxane 4-1Tr: Typical method

A suspension of 4-19 (604.6 mg, 1.45 mmol) and dibenzo-24-crown-8 (688.7 mg, 1.54
mmol) in chloroform (1.0 ml) was stirred until the system become homogeneous. After a
solution of 4-11Tr (948.1 mg, 1.51 mmol) in chloroform (2.0 ml) was added,
tributylphosphine (0.325 ml, 1.53 mmol) and dicyclohexylcarbodiimide (774.2 mg, 3.75
mmol) was added under argon atmosphere, and the reaction mixture was stirred for 3 days.
methanol (1.5 ml, 37.0 mmol) and acetic acid (1.5 ml, 26.2 mmol) were added. After
stirring for 11 h, brine was added, and the mixture was extracted with dichloromethane (5.0
ml x 5). The organic layer was washed with saturated aqueous ammonium
hexafluorophosfate solution, dried over magnesium sulfate, and evaporated in vacuo to
give a white solid (2.6795 g). A part (2.6142 g) of the crude product was purified by
preparative GPC to give a white solid (337.3 mg, 0.226 mmol, 16%). The crude product
was dissolved in chloroform, and the solution was poured into diethyl ether. The
precipitate (252.0 mg, 0.169 mmol, 12%) was chromatographed with silicagel (eluent:
dichloromethane/ethyl acetate, 9:1, v/v) to give 4-1Tr (246.0 mg, 0.165 mmol, 11%) as a

white solid.

"H-NMR (600MHz, CDCls): & 7.57 (br, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.8 Hz
2H), 6.92-6.77 (m, 15H), 5.03 (s, 2H), 4.80—4.76 (m, 2H), 4.64—4.60 (m, 2H), 4.55-4.50 (m,
2H),4.47- 4.44 (m, 2H), 4.30 (s, 4H), 4.14—4.09 (m, 8H), 3.91-3.88 (m, 2H), 3.81-3.73 (m,
8H) 3.46 (s, 8H), 3.24 (s, 2H), 2.75-2.65 (m, 4H), 2.15 (s, 6H), 1.29 (s, 9H), 1.02-0.95 (m,
6H) ppm; ESI-MS m/z Calcd for C7,HosC13N2016: 1347.5669 [M-PF¢]", Found: 1347.5637
[M-PF¢]".

Aldehyde 4-4

To a solution of 4-2 (4.1580 g, 34.0 mmol) and 4-3 (20 ml, 23.2 mmol) in tetrahydrofuran
(20 ml) was added potassium carbonate (6.4502 g, 46.7 mmol). After refluxing for 22 h,
potassium carbonate (2.8545 g, 20.7 mmol) was further added to the reaction mixture, and
was refluxed for additional 5.5 h. After removal of the solvent, the reaction mixture was
dissolved in diethyl ether, washed with hydrochloric acid (1 mol/l, 100 ml) and brine, dried
over magnesium sulfate, and evaporated in vacuo to give a yellow oil (6.8429 g), which was
chromatographed using silica gel (eluent: dichloromethane) to give 4-4 (4.4683 g, 19.5

mmol, 57%) as a white solid.

'H-NMR (300 MHz, CDCls): & 9.90 (s, 1H), 7.86 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 8.8 Hz,
2H), 3.38 (t, J = 6.0, 2H), 3.68 (t, J = 6.0 Hz, 2H) ppm.
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Aldehyde 4-6

To a solution of 4-4 (4.4683 g, 19.5 mmol) and 4-5 (3.4984 g, 23.3 mmol) in
tetrahydrofuran (15 ml) was added potassium carbonate (6.4502 g, 49.7 mmol), and the
mixture was refluxed for 42 h. After removal of the solvent, the reaction mixture was
dissolved in ethyl acetate, washed with hydrochloric acid (1 mol/l, 100 ml) dried over
magnesium sulfate, and evaporated in vacuo to give a yellow oil (8.8046 g). The crude
aldehyde was recrystallized from ethyl acetate-hexane to obtain 4-6 (3.5015 g, 11.7 mmol,

60%) as a colorless crystal.

'H-NMR (500 MHz, CDCls): & 9.90 (s, 1H), 7.85 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.7 Hz,
2H), 7.06 (d, J = 8.7 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 4.41-4.34 (m, 4H), 1.30 (s, 9H) ppm.

Alcohol 4-9: Typical method

To a solution of 4-6 (1.3291 g, 4.46 mmol) in methanol (10 ml) was added 4-7 (588.0 mg,
5.70 mmol). After stirring for 2.5 h, sodium tetrahydridoborate (730.8 mg, 19.3 mmol) was
added, and the reaction mixture was stirred for 30 min. After removal of the solvent, the
reaction mixture was dissolved in diethyl ether, washed with brine, dried over magnesium
sulfate, and evaporated in vacuo to obtain a white solid. The white solid was dissolved in
tetrahydrofuran (5.0 ml), 2,2,2-trichloroethoxycarbonyl chloride (1.1024 g, 5.20 mmol)
and triethylamine (1.0 ml, 7.2 mmol) were added at 0 °C. After stirring for 30 min, brine
was added, and the mixture was extracted with diethyl ether (10 ml x 5). The organic layer
was dried over magnesium sulfate, and evaporated in vacuo to give a yellow oil (2.3491 g),
which was chromatographed using silica gel (eluent: hexane/ethyl acetate, 4:1, v/v) to give

4-9Tr (1.3590 g, 2.42 mmol, 54%) as a white solid.

'H-NMR (600 MHz, CDCl;): § 7.31 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.92 (d,
J=8.5Hz, 2H), 6.90 (d, J = 8.5 Hz, 2H), 4.81 (s, 2H), 4.56 (s, 2H), 4.31 (s, 4H), 3.96-3.91
(m, 1H), 3.30-3.10 (m, 4H), 1.30 (s, 9H), 0.94 (s, 6H) ppm.

Alcohol 4-9A: Typical procedure

To a solution of 4-8 (1.4438 g, 5.22 mmol) in dichloromethane (3.0 ml) was added
trimethylsilyl chloride (0.70 ml. 5.5 mmol) under argon atmosphere. After stirring for 10.5
h, allyloxycarbonyl chloride (0.550 ml, 5.20 mmol) and triethylamine (1.5 ml, 10.8 mmol)
were added at -40 °C. After stirring for 1.5 h, hydrochloric acid (1 mol/I, 20 ml) was added,
and the mixture was extracted with dichloromethane (10 ml x 3). The organic layer was
dried over magnesium sulfate, and evaporated in vacuo to give a yellow oil (8.8345 g). The

crude amide was dissolved in tetrahydrofuran (2.5 ml), and tetrabutylammonium fluoride
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trihydrate (1.1019 g, 3.49 mmol) was added. After stirring for 1.5 h, the mixture was diluted
with diethyl ether (50 ml), washed with brine, dried over magnesium sulfate, and
evaporated in vacuo to give a yellow oil (1.5772 g), which was chromatographed using
silica gel (eluent: hexane/ethyl acetate, 4:1, v/v) to give 4-9A (1.2557 g, 2.67 mmol, 68%)

as a white solid.

"H-NMR (600 MHz, CDCl3): § 7.31 (d, 2H), 7.11-7.09 (m, 2H), 6.92 (m, 4H), 5.94-5.84
(m, 1H), 5.28-5.17 (m, 2H), 4.66-4.60 (m, 2H), 4.48 (s, 2H), 4.31 (s, 4H), 2.04 (s, 6H), 1.30
(s, 9H), 0.91 (s, 6H) ppm.

Acid 4-11Tr: Typical method

To a solution of 11 (1.3529 g, 5.82 mmol) in dichloromethane (4 ml) was added succinic
anhydride (973.5 mg, 9.73 mmol) and 4-dimethylaminopyridine (296.4 mg, 2.43 mmol),
and the mixture was stirred for 1 h in argon atmosphere. The reaction mixture was diluted
with diethyl ether, washed with hydrochloric acid (3 mol/l, 2 ml x 2), dried over magnesium
sulfate, and evaporated in vacuo to give colorless oil (1.5388 g)), which was
chromatographed using silica gel (eluent: hexane/ethyl acetate, 2:1, v/v) to give 4-11Tr
(1.1811 g, 1.77 mmol, 74%) as a white solid.

"H-NMR (600 MHz, CDCl3): § 7.31 (d, J = 8.8 Hz, 2H), 7.21-7.10 (m, 2H), 6.95-6.83 (m,
4H), 4.84-4.74 (m, 2H), 4.55 (s, 2H), 4.30 (s, 4H), 3.95-3.87 (m, 2H), 3.30-3.20 (m, 2H),
2.70-2.62 (m, 4H), 1.30 (s, 9H), 1.00 (s, 6H) ppm.

35-UVAF AR Al K 4-14

300 ml 7" A7 T A =aT 3,5-V A F /L BEFN 4-13(20.4659 g, 13.63 mmol)IZHgfbF
Z =/ (80ml, 1.13 mol) ZJNZ 42 Befili=ift L7z, @O FA=LEZRHEL, bk
NT o MA TR EOHETF A=V EREL, UNREMERIERREIC L ERS
HZ LT, 4-14 (18.0179 g, 10.69 mmol, 78%)% Meta 41 L & L THT-,

b.p.85-86 °C (120 Pa).
"H-NMR (300 MHz, CDCl;): § 7.73 (s, 2H), 7.31 (s, 1H), 2.40 (s, 6H) ppm. IR (KBr) 1754

-1
cm

3,5-VAF IR XTI K 4-15

300ml =7 5 22T 28% 7 > E=7/K(9 ml, 130 mmol)% /K 100 ml T#H®H, ==
|2 4-18 (4.3855 g, 26.0 mmol) DL A F L 20 mL)ARZ M LS LN 5 -
<Y EMA, SHIT 2K LTc, N Z 7 v a AL SITHR L. A RE 2 5Bt
%, KEBRIBEKONEIZ TG %, WA~ 73> U AT L, WEAZRE T
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BE+ 52 LT 4-15(3.3357 g, 22.4 mmol, 86 %)% HAEA L L TH7-,

'H-NMR (400 MHz, CDCl3): § 7.41 (s, 2H), 7.15 (s, 1H), 6.07 (br, 2H), 2.35 (s, 6H) ppm.

S-URAFNARUUNLT IV 4-16

100 ml 7 A7 T 2 a TERFMHSM, KFER) FULT LI =17 A5(2.0901 g, 55.08
mmol) % tetrahydrofuran(20 ml) T L, Z 42 4-15 (1.9267 g, 12.91 mmol) D
tetrahydrofuran(30 mL){&#& % 0°C T F L. 2 KFfEEW L7z, 0°C £ TH= Lafifit
BT RU DU LKERE D> D EAKRBENRFEELRL D ETIMAEDEE 30 45H#
%, KINREEYE V=T N —T )V CTlhiolz, HHEZ B, KL fafnfiKolE
(Ve KRR T~ R U 7 A TR U WA T FICHE A5 2 & T 4-16(1.3762
g, 10.18 mmol, 79 %)% MEfa 4 A )L & L CH7=,

'H-NMR (500 MHz, CDCl;): § 6.94 (s, 2H), 6.90 (s, 1H), 3.80 (s, 2H), 2.32 (s, 6H) ppm.

{3 4-18

100 ml 7> A7 5 2 21T 4-16 (1.3762 mg, 10.18 mmol)®D A & / —/1(20 mL)¥EHEIZ,
TLTZHLNT VT B RERAF /L 4-17(1.6729 g, 10.19 mmol)Z Il % 17 BERE#HRHE L 7=,
WL ZWE IS E L REME =Y ) — Vb HEREIT ) 2 L T, 4-18 (2.67% g,
9.523 mmol, 94 %) & AEAEK S L TRz,

'H-NMR (500 MHz, CDCls): & 8.42 (s, 1H) 8.08 (d, J = 10.0 Hz, 2H) 7.85 (d, J = 10.0 Hz,
2H), 6.95 (s, 2H), 6.92 (s, 1H), 4.78 (s, 2H), 3.93 (s, 3H), 2.31 (s, 6H) ppm.

7= L 4-19

100 ml A7 7 2a TEHRFMTIL, KFELY FULTILI =T L4975 g, 13.11
mmol) % tetrahydrofuran(10 ml) CH# L. Z 4LIZ 4-18 (1.2848 g, 4.567 mmol) D
tetrahydrofuran(10 mL){&#& % 0°C T F L. 3 KFfEW L7z, 0°C £ TH= LAafihit
e Y U LKERZ P> D ERENRFEBELRSRDLETMA, TDOFEE | KT
WL, RONREMEZ Y = TF Lo —T VTl To, AHEZ OBER. K& faf&iEKD
NEIZ P te ., HEAKMEET U UL THBE L, BIEZHETICHET 52 & THRERS
A (1.0669 g, 4.178 mmol, 91 %)% f%7-, = 9 b (883.2 mg, 3.45 mmol) % fEHk L 72
235 1 M HCL S5 ml Nz 70, A C7eibEn 3 X TEIT % £ T methanol 270 L3 2N
Z. I~ T A Y UBRT =T MK A7 < 72D ETINA T,
Whez AH L, Bz L, il 4-19 O AEAFER(1.5944 g, 3.83 mmol) & 157=, %
ethanol & /K DIRGTELED O FfES L, 4-19 (735.7 mg, 1.77 mmol, 51%) % #57-,

'"H-NMR (500 MHz, CDCl3): 8 7.32 (s, 4H), 6.94 (s, 2H), 6.89 (s, 1H), 4.67 (s, 2H), 3.80 (s,
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2H), 3.71 (s, 2H), 2.33 (s, 6H) ppm.

4-20-Bz (first rightward movement of DB24C8 mover): Typical method

To a solution of 4-1 (116.5 mg, 0.0780 mmol) and triphenylmethane (20.680 mg, 0.0864
mmol) in chloroform-d were sequentially added 4-dimethylamino pyridine (9.495 mg,
0.0777 mmol), benzoyl chloride (0.46 ml, 3.96 mmol), and triethylamine (0.55 ml, 3.96
mmol) at 0 °C, and the reaction mixture was stirred for 60 min. Hydrochloric acid (1 mol/l)
was added, and the mixture was extracted with chloroform (5.0 ml x 5). The organ layer
was dried over magnesium sulfate, and evaporated in vacuo to give a yellow oil (532.0 mg).
A part (473.5 mg) of the crude product was purified by preparative GPC to give 4-20-Bz as
a colorless oil (64.7 mg, 0.0456 mmol, 65%).

'H-NMR (600MHz, CDCl3): § 7.65-7.50 (m, 2H), 7.51-7.40 (m, 2H), 7.40-7.27 (m, 4H),
7.20-7.02 (m, 3H), 6.95-6.74 (m, 17H), 6.62-5.45 (m, 2H), 4.80-4.50 (m, 2H), 4.63-4.40 (m,
4H), 4.35-4.21 (m, 6H), 4.17- 4.04 (m, 8H), 3.84-3.64 (m, 10H), 3.52-3.40 (m, 4H),
3.34-3.10 (m, 6H), 3.00-2.86 (m, 2H), 2.73-2.62 (m, 2H), 2.34-2.26 (m, 6H), 1.31 (s, 9H),
0.94-0.87 (m, 6H) ppm.

4-20-Boc

"H-NMR (300MHz, CDCls) & 7.60-7.42 (m, 2H), 7.35-7.27 (m, 2H), 7.22-7.10 (m, 2H),
7.09-6.95 (m, 2H), 6.97-6.65 (m, 15H), 6.59-5.42 (m, 2H), 4.82-4.72 (m, 2H), 4.53-4.16 (m,
10H), 4.15- 4.02 (m, 8H), 3.87-3.64 (m, 10H), 3.54-3.40 (m, 4H), 3.36-3.22 (m, 4H),
3.20-3.12 (m, 2H), 3.04-2.90 (m, 2H), 2.84-2.62 (m, 2H), 2.28 (s, 6H), 1.55-1.44 (m, 9H),
1.30 (s, 9H), 0.94-0.84 (m, 6H) ppm; ESI-MS m/z Calcd for C77HooCI13N,NaO 5: 1467.5856
[M+Na]", Found: 1467.5902 [M+Na]".

4-20-TFA

"H-NMR (300MHz, CDCl3): & 7.67-7.53 (m, 2H), 7.34-7.28 (m, 2H), 7.20-7.09 (m, 2H),
7.01-6.65 (m, 17H), 5.65-5.48 (m, 2H), 4.83-4.72 (m, 2H), 4.52-4.38 (m, 6H), 4.35- 4.24 (m,
4H), 4.14-4.05 (m, 8H), 3.85-3.65 (m, 10H), 3.51-3.37 (m, 4H), 3.31-3.12 (m, 6H),
2.99-2.86 (m, 2H), 2.78-2.62 (m, 2H), 2.32-2.23 (m, 6H), 1.30 (s, 9H), 0.94-0.85 (m, 6H)
ppm; ESI-MS m/z Calcd for C74HooCl3F3NaN,0,7: 1463.5155 [M+Na]", Found: 1463.5160
[M+Na]".

4-21 (second rightward movement of DB24C8 mover): Typical method

To a solution of 4-20 in acetic acid (1.5 ml) was added Zn-Cu couple (338.4 mg, 98%,
5.04 mmol). After stirring for 11 h, precipitate was filtered off and washed with methanol.
The filtrate was added with ammonium hexafluorophosphate (3.9150 g, 24.0 mmol). After
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stirring for 11h, mixture was poured inethanol,O (100 ml). The precipitation was filtered as
a white solid ammonium hexafluorophosphate solution (150 ml). Precipitate was collected
by filtration, and dried in vacuo to obtain a white solid (186.3 mg). A part (97. 4 mg) of the
crude product was purified by preparative GPC to give 4-21 (70,9 mg, 0.0502 mmol, 99%)

as a white solid.

ESI-MS m/z Calcd for C7;HooF3N,0,5: 1267.6293 [M—PF4]", Found: 1267.6336 [M—PF,]".

4-23 (third rightward movement of DB24C8 mover): Typical method

To a solution of 4-21 (15.4 mg, 0.0109 mmol) in chloroform-d were sequentially added
trichloro chloride (120.4 mg, 0.568 mmol), 4-dimethylamino pyridine (1.367 mg, 0.0112
mmol), and triethylamine (43.8 ml, 0.433 mmol) at 0 °C, and the reaction mixture was
stirred for 60 min. The mixture was diluted with chloroform, and purified by preparative

GPC to give 4-23 (12.2 mg, 0.0846 mmol, 78%).

ESI-MS m/z Caled for C;4HgoCl3F3;N,NaO,7: 1463.5155 [M+Na]", Found: 1463.5172
[M+Na]".

Deslippage of 4-23
A solution 0f 4-23 (6.4 mg, 0.00687 mmol) in DMSO-dg in a sealed NMR sample tube was
heated at 60 °C. The progress of deslippage was monitored by "H-NMR spectra.

4-26a-Z-H"

To a solution of 4-31a-Z (243.0 mg, 0.286 mmol) in dichloromethane (1.0 ml) was added
p-toluenesulfonic acid monohydrate (111.6 mg, 0.587 mmol), and the reaction mixture was
stirred for 24 h. The evaporation of solvent in vacuo gave a colorless oil. The reaction
mixture was diluted with dichloromethane, washed three times with a saturated aqueous
ammonium hexafluorophosphate solution, dried over magnesium sulfate, and evaporated in
vacuo to obtain white solid. The crude product was recrystallized from chloroform-hexane

to obtain 4-26-Z-H" (156.0 mg, 0.177 mmol, 62%) as a white crystal.

4-26b-Tr-H*

To a solution of 4-31b (1.2859 g, 1.47 mmol) in chloroform (3.0 ml) was added
p-toluenesulfonic acid monohydrate (537.7 mg, 2.82 mmol), and the reaction mixture was
stirred for 10 h. The evaporation of solvent in vacuo gave a colorless oil. After the
addition of methanol (1.0 ml), the resulting solution was slowly poured into a saturated
aqueous ammonium hexafluorophosphate solution (150 ml). The white precipitate was

collected by filtration, dissolved in dichloromethane (3.0 ml), dried over magnesium
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sulfate, and evaporated in vacuo to give a white solid (1.2088 g). A part (1.0863 g) of the
crude product was purified by preparative GPC to give 4-26b-H" (388.4 mg, 0.423 mmol,
32%) as a white solid.

'H-NMR (600 MHz, CDCls): & 8.11-8.08 (m, 2H), 7.69 (br, 2H), 7.59 (d, 8.3 Hz, 2H), 7.30
(d, 8.8 Hz, 2H), 7.14-7.12 (m, 2H), 6.89-6.87 (m, 4H), 4.80-4.76 (m, 2H), 4.59-4.47 (m,
2H), 4.32-4.29 (m, 6H), 4.13 (s, 2H), 3.34 (s, 2H), 2.86-2.84 (m, 2H), 2.25-2.18 (m, 1H),
1.95-1.83 (m, 2H), 1.70-1.50 (m, 6H), 1.30 (s, 9H), 1.20-1.09 (m, 8H).

Active Transport on 4-26b-H": Typical method

A suspension of 4-26b-H" (54.0 mg, 0.0695 mmol) and dibenzo-24-crown-8 (36.7 mg,
0.0818 mmol) in CHCI; (0.6 ml) was stirred for 3 h to obtain clear solution. Benzoyl
chloride (410 pl, 3.53 mmol), 4-(dimethylamino)pyridine (8.503 mg, 0.0408 mmol), and
triethylamine (490 pul, 3.53 mmol) were sequentially added at 0 °C, and the reaction mixture
was stirred for 40 min. The reaction mixture was diluted with chloroform, washed with
hydrochloric acid (1 mol/l), dried over magnesium sulfate, and evaporated in vacuo to give
a white solid (524.7 mg). The residue was purified by preparative GPC to give
4-33b-Tr-Bz (1.0 mg, 7.53 x 10 mmol, 1%).

4-27a

100 ml7~ A 7 Z A =2 CT4-30a (1.8408 g, 5.09 mmol)Dmethanol (40 ml) & H,O (20 ml)
DIRBERICKERIL A Y 7 & (4.0259 g, 75.0 mmol) & 1z . 3 W& L 7=,
diethyletherZ 12, 3M HCIT 3 [EIVEH L, Wi~ 7 %> U A TG L, BUE T CFE
AL, 4-27a0 AGEMAK(1.7258 g, 4.97 mmol, 98%) % #57-,

'H-NMR (400 MHz, CDCl;): & 8.06 (d, J = 8.2 Hz, 2H), 7.31 (m, 2H), 4.53-4.47 (m, 2H),
3.12-3.01 (m, 2H), 1.70-0.92 (m, 20H) ppm.

Acid 4-27b

To a solution of 4-30b (2.0206 g, 5.82 mmol) in methanol/H,O (1:1, v/v, 20 ml) was
added potassium hydroxide (2.1089 g, 37.6 mmol), and the mixture was refluxed for 30 min.
After removal of the solvent, the reaction mixture was dissolved in diethyl ether, washed
with hydrochloric acid (1 mol/l, 100 ml), dried over magnesium sulfate, and evaporated in

vacuo to give 4-27b (1.7317 g, 5.19 mmol, 89%) as a white solid.

'H-NMR (500 MHz, CDCls): & 8.07-8.04 (m, 2H), 7.35-7.27 (m, 2H), 4.55, 4.49 (two, br,
2H), 3.23, 3.10 (two, br, 2H), 2.25-2.06 (m, 1H), 1.73-1.33 (m, 15H), 1.29-1.13 (m, 2H).
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4-30a

100 mlF A 7 Z X 22 C4-28a (2.3 ml, 17.68 mmol)® methanol (10 ml)¥&#Z (Z4-29
(2.9079 g, 17.71 mmol) Z /il %, == C—WF#E#: L 72, sodium tetrahydridoborate (943.7
mg, 24.95 mmol) &> L2 x| — M #R L7, BE T T % B % L | ethyl acetate
A, KT3MEPEFL, Mg~ 72 v AT L, BETFTCHEELZEELLE, 5
V7 I A A L Ddichloromethane (10 ml) ¥ % 12 di-t-butyl dicarbonate ( 5 ml, 4.75 g,
21.76 mmol) Z Nz, IR C0REMHIL LTz, CNE VBTSNV TLhra~ T T 7
+ —(hexane : ethyl acetate = 30 : 1) KL L. 4-30ad [ A [E14(5.7371 g, 15.87 mmol,
90%) % 1572

'H-NMR (500 MHz, CDCls): & 7.99 (d, J = 8.3 Hz, 2H), 7.28-7.25 (m, 2H), 4.50-4.44 (m,
2H), 3.91 (s, 3H), 3.10-3.98 (m, 2H), 1.72-0.87 (m, 20H) ppm.

4-30b

To a solution of 4-28b (954.7 g, 9.63 mmol) in methanol (10 ml) was added 4-29 (2.4418
g, 14.9 mmol). After stirring for 1 h, sodium tetrahydridoborate (1.1625 g, 30.5 mmol) was
added, and the reaction mixture was stirred for 3 h. After removal of the solvent, the
reaction mixture was diluted with diethyl ether, washed with brine, dried over magnesium
sulfate, and evaporated in vacuo to obtain a colorless oil. Di-tert-butyl dicarbonate (3.5 ml,
16.2 mmol) was added to the crude amine. After stirring for 3 h, ammonia solution (25 %,
w/w) was added, and the reaction mixture was extract with dichloromethane (30 ml). The
organic layer was dried over magnesium sulfate, and evaporated in vacuo to give a colorless
0il (2.4814¢g). The crude product was chromatographed with silicagel (eluent: hexane/ethyl
acetate, 9:1, v/v) to give 4-30b (1.7499 g, 5.04 mmol, 47%) as a colorless oil.

"H-NMR (500 MHz, CDCl3): § 7.99 (d, J = 8.2 Hz, 2H), 7.28-7.24 (m, 2H), 4.53, 4.47 (two,
br, 2H), 3.91 (s, 3H), 3.22, 3.10 (two, br, 2H), 2.16 (br, 1H), 1.70-1.24 (m, 15H), 1.30-1.23
(m, 2H).

4-31a-Z

100 ml7F~ A7 7 A =2T4-27a (1.2542 g, 3.61 mmol) & 4-9Z (1.2530 g, 2.41 mmol)D
dichloromethane (6 ml) % #& & 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (1.3895 g, 7.29 mmol) & 4-dimethylaminopyridine (318.5 mg, 2.61 mmol)
N IR C2OREMIMREE Lz, b A F Loz, B THE L, /KT2REIVES
L. Wi~ 7 323U LCTHREL, BET CHEEZEEL, EAT AL /1(2.3306 g, 2.74
mmol, 114%) %1572, Z® 5 ©1.7458 g% /77 HFRHPLC THEHL L | 4-31a-Z (736.8 mg, 0.868
mmol, 48%) % HEE K E L TR,
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"H-NMR (400 MHz, CDCls): 8 7.96 (m, 2H), 7.33-6.83 (m, 15H), 5.13 (m, 2H), 4.50-4.46
(m, 4H), 4.29 (s, 4H), 4.10-4.07 (m, 2H), 3.31-3.00 (m, 4H), 1.68-0.88 (m, 35H) ppm.
ESI-MS m/z 749.45 [M+H]"

4-31b-Tr

To a solution of 4-27b (902.5 mg, 2.71 mmol) and 4-9Tr (999.6 mg, 1.66 mmol) in
dichloromethane (3.0 ml) were added 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (749.9 mg, 3.91 mmol) and 4-dimethylaminopyridine (339.4 mg, 2.78 mmol)
under argon atmosphere, and the reaction mixture was stirred for 26 h. Hydrochloric acid (1
mol/l), was added, and the mixture was extracted with dichloromethane (10 ml x 5). The
organic layer was dried over magnesium sulfate, and evaporated in vacuo to give a yellow
oil (1.6791 g), which was chromatographed with silicagel (eluent: hexane/ethyl acetate,
9:1, v/v) to give 4-31b (1.2860 g, 1.47 mmol, 54%) as a white solid.

'H-NMR (600 MHz, CDCl3): & 8.00-7.95 (m, 2H), 7.35-7.27 (m, 4H), 7.20-7.05 (m, 2H),
6.90-6.80 (m, 4H), 4.82-4.75 (m, 2H), 4.59-4.47 (m, 4H), 4.29 (s, 4H), 4.12 (s, 2H), 3.35 (s,
2H), 3.22-3.00 (m, 2H), 2.20-2.06 (m, 1H), 1.70-1.33 (m, 15H), 1.30 (s, 9H), 1.25-1.09 (m,
8H).

4-33-H"

4-42 (1.1207 g, 1.51 mmol) Dk A F L > (2 ml)IAHZIZ /K (0.1 ml) & p-toluenesulfonic
acid monohydrate (581.2 mg, 3.06 mmol)& 1 2, =il CI12FMIHHE L7z, T2 B+t
MEL, KEZMA, 512, methanolZ LN AT 2 £ TMA -, Tz faFi~F 4
TNABY VT =T AKEIRICIEWTE LA v L AL A T L IR L
KTEHGE L, i~ 7 R0 N CHR L, BRIEEZER £ L, TsOHME 2 & o 1 A E A
(1.1680 g) & 1372, T aiAF LML, A~y 7 Al VBT o F =
U LR T L g~ 72 v U A TR L 2 BIEREE L, AEAEIIR(1.0069
g, 1.28 mmol) & f37-, Z® 5 HD845.6 mgk /yENHPLC TR L, 4-33-H™ % A [E K
(466.9 mg, 0.593 mmol, 47%) & L TH7=,

4-36

4-35 (50 ml, 250 mmol)IZNaH 60% in mineral oil (15.2 g, 380 mmol) & tetrahydrofuran
(150 m)Z0 ‘C T 300 L TH 5, 4-34 (35 ml, 33.95 g, 209 mmol) % iz CT3HF
MR L 7o, KZ2A, Bifg— F L C3muht Lz, AL, Bk~ 720
ATHREL, IWEEZ TR E LT, BoNREATA (62 )& U BT ND T A
7 v~ K277 7 4 —(eluent : hexane : ethyl acetate =2 : 1) CHEHL L, 4-36 %K E A4 A
JL(41.6908 g, 179 mmol, 76%) & L Tz,
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"H-NMR (500 MHz, CDCl;): § 7.67 (d, J = 16.0 Hz, 1H), 7.47 (d, J = 8.7 Hz, 2H), 7.40 (d,
J=28.7 Hz, 2H), 6.40 (d, J=16.0 Hz, 2H), 4.26 (q, J = 6.9 Hz, 2H), 1.34 (t, J = 6.9 Hz, 3H),
1.33 (s, 9H) ppm.

4-37

4-36 (5.6520 g, 24.3 mmol)Dethyl acetate (100 mL)AIRIZ. 10%/37 ¥ 7 h-fR 3
(2.6314 g,2.47 mmol-Pd)Z Il %, /KFEFRFHK N C2RF MBI L7, REHITET A &
FWTIER] U, JEHR IR 2 W58 5 L4-37% (a4 1 /L(4.7796 g, 20.4 mmol, 84%)
E LT,

"H-NMR (300 MHz, CDCls): 8 7.36 (d, J = 8.5 Hz, 1H), 7.19 (d, J = 8.5 Hz, 2H), 4.18 (q,
J=7.2 Hz, 2H), 2.98 (t, J = 7.4 Hz, 2H), 2.66 (t,J = 7.4 Hz, 2H), 1.36 (s, 9H), 1.28 (t,J =
7.2 Hz, 3H) ppm,

4-38

4-37 (4.7796 g, 20.4 mmol)? Eethanol (20 ml) & H,O (20 ml)DIEA AR KER (LB V)
v L (4.5401 g, 80.9 mmol) & AN %, 2WFfEIEVE L7, 3MHCIZ0CTMA, AR LIk
BeAPEE Ui, TNEAFIB= T VICEM L, KEEEYRE . AHEZ ik
WL, Bilg~ 27 3> U ATHMEL, BE T CRELZ L L., 4-38% AAEK4.0114
g, 19.4 mmol, 95%) & L T,

'H-NMR (500 MHz, CDCls): § 7.32 (d, J = 8.3 Hz, 1H), 7.15 (d, J = 8.3 Hz, 2H), 2.94 (t, J
= 8.3 Hz, 2H), 2.68 (t, J = 8.3 Hz, 2H), 1.31 (s, 9H) ppm.

4-39

4-38 (4.0114 g, 19.4 mmol)(Z¥i{t T 4 =/1(30 ml, 421 mmol) % Il z 2485 & L 7=,
WRIOEATF A=V EEEL, EBIT MV 22 TRIFEDOHELTF A= 128 %
L. 4-39 (19.0 mmol, 98%) & b /L (12.16 mmol) % & T ik 8 (A A4 A /1(5.4033 g) & 15
72

'H-NMR (300 MHz, CDCl;): & 7.33 (d, J = 8.3 Hz, 1H), 7.12 (d, J = 8.3 Hz, 2H), 3.20 (q,
J=17.7Hz, 2H), 2.98 (t, = 7.7 Hz, 2H), 1.31 (s, 9H) ppm

4-40

4-7 (1.7787 g, 17.2 mmol)IZ ¥ = F )L =—F L (30 mDIFHIZ b UV =F L7 2 (10 ml,
72.1 mmol)Z N %, 38 (3.8154 g, 17.0 mmol) ® YT F /LT —F /L(10 m)iFK % 0°C T
Mz CTISKEMBEFE L7z, K, 1 M HCL, BaffRfgEKEF N U 7 LKEHK, fafnf K
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THEIC WA L, KRR~ 7 R0 LTl L, BRIEZBIERE Lz, BN ikE
A [E{K(4.3004 g, 14.8 mmol, 87%) % FEfg = F /L &~ DIR G T b FH i fh L.
4-40% 555 (3.3004 g, 11.3 mmol, 67%) & L Tz,

"H-NMR (500 MHz, DMSO-d¢) 8 7.78 (t, J = 6.4 Hz, 1H), 7.27 (d, J = 8.3 Hz, 1H), 7.12 (d,
J=8.3 Hz, 2H), 4.46 (t, J = 6.0 Hz, 1H), 2.93 (d, J = 6.0 Hz, 2H), 2.88 (d, J = 6.4 Hz, 2H),
2.77 (t, 3= 7.3 Hz, 2H), 2.41 (t, = 7.3 Hz, 2H), 1.25 (s, 9H), 0.68 (t, J = 7.2 Hz, 6H) ppm

4-41

KFEY F 7 LT VI =7 A5(1.3747 g, 46.9 mmol) % tetrahydrofuran (20 ml)|Z %% L |
Z 1U1Z4-40 (0.8200 g, 2.81 mmol)Dtetrahydrofuran (10 ml)#&#K 20 °CTHi F L. 6B
B L7z, 0 CCTHRIMBREET Y 7 L KEKZ P> D EARFENFHAELRSRDET
Mz, £OF F1IRMEHRE., OSEEHZIE Lz, WERILZY=F Lo —7 )L Tk
ST, TR Z K & BRI K CIEIC i U, BEKELER T U 7 A THR L, W52
JE IS8 2 LR A E45(0.7485 g, 2.71 mmol, 98 %) & 5 7=, Nz A F 1 > (3 ml)
(2P L CbzCl1 (0.5 ml, 3.55 mmol) & Triethylamine (278.6 mg, 2.75 mmo)Z 2, —H
fEER Uiz, b AF Lo &2 MAx, 1M HCITHE L, B~ 73 7 LA THEL,
T T ClE 2 E LT, BohmikE A A /1(976.5mg, 2.37 mmol, 84%)% > U 7
TN T 7 v~ b7 7 7 ¢ —(eluent : hexane : ethyl acetate = 9 : 1) CHEHRI L, 4-41
WA A A V(7274 g, 1.77 mmol, 63%) & L CTHE7-,

'H-NMR (500 MHz, DMSO-dg) & 7.36-7.24 (m, 7H), 7.11-7.03 (m, 2H), 5.05 (s, 2H), 3.25
(br, 2H), 3.09 — 3.06 (m, 4H), 2.45 (br, 2H), 1.77 (br, 2H), 1.24 (s, 9H), 0.76 (br, 6H) ppm

4-42

4-41 (1.6296 g, 3.96 mmol) & 4-27 (1.1943 g, 3.44 mmol)Ddichloromethane (3 ml)¥& &
(1Z1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.0039 g, 5.24 mmol)
& 4-dimethylaminopyridine (536.6 mg, 4.39 mmol)Z Il X £ HEFRF X F T2 HBHREH L 7=,
HEfe = F V2N A, 1 MHCLE fafi K, JRIRAKZET b U 7 SOKERHE TR DA L
g~ 72U A THZEE L, JBUE T T2 8 5 UEAA A 1(1.9643 g, 2.65 mmol,
67%)& 31, >V BTN T LV a~ K277 7 4 —(eluent : toluene : ethyl acetate = 14 :
TR L, 4-42D 8 A 1 )L (1.5755 g, 2.13 mmol, 54%) % 157-,
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RIKD Gy — X —OFFE = x L F—& L TIXATPIZC L 2 U VLR HW ST
W5, Kimix, 7 MERIGEATPICR D D2 = Rx v F—Ji L L THWE ALy
— X —OBRARIZONWTIRRT, YR V24-7 T 7 -8-=—F /L (DB24C8) mover
ETRT =y Atrack) b u XX ECT v E= U AEOEET vk
WX AREE A EZFA Lz, v F ke RiEREE L THWD Z & T
WA SR LT, S HIT, tert-7 F A K@ B IZ W5 2 & Ttrack~D
moverDF AL JFMS1F L, S RESEE L T 52 & CRERABNRT v
¥ EO—FmBEhAZaREIC Lz, KRETIX, KX THLNLERERIET S & &
HiZ, SHROBEIZONTH L, KX ofo< < &35,

BE T, RS TE—F—CR o T Vb =T 2 vkl X % GEdhi s %
. WL TCAL—FRBERICERT 22020 Cia Uiz, R, FUETEEN
7eART v Vi EOmoverd — HHEgE A N LIICEEH T2 E TR TXE 8%
L. KimXOBEBZBHOMNZI Lz, # 2 TlX, v ¥ %W strack®D K& fLic v 7
BRCTFNUVEERHNDZET, 27X FAEBRRY v BT LTSV E
Brl LT, @Ml vz L CidmmWEREL L L TIR2 BV, ERh RO REB
ENEHTEDLZLZWALMNT LT, 5B = Tld, v ¥ 53 track D Rl B # k(T tert-
TFNVEEF-E 52 & T, DB24C8 mover®E A% J7[A]-31F L, DB24C8 mover® ¥/
7aXF RPN EDORAY v BT THRED , tert-7 FNAVREMA~DT A v T
T~ HFRBE%R %2 %8 L=, DB24C8 mover/® — HFAIZBEI L TW 1%
'"H-NMR A7 MV TBII L7z, $MNETIE, 1Y 7ot )5 v Eatrackd XG0 &
LTHWSZ & T, FHETEHBMNZRART > v % /L TODB24CS8 mover® — 7[5 8) %
FBLL 7=, track & moverDFH HAEH 2372 WV IKAE Tl DB24C8 moverld A VY 7 m vy 7
VEEFRVBZ T, TR U LR BICRESNE, £, A YR T URET
VEZULEOEET VLSRG T TN RREE & L TE & EEN 2GR A 5
B L 7-, & %IZDB24C8 moverditert-7 F ATV Mz T Z LT, —HBEIN
TR LT, SHIT, RMEHELL LTy 7 uaXrFLERLy 7 a~Fo L B2V
LT, BB MBEBRNERTLI I EERGILE, Ll YA uLik
V2 CTmoverMtrack EIZE Y R SN D DIZIIFEM B0 X, £/2, Huik
track ClE s 7 B XU FOVEZ SRR E &5 D RBEN L D2 RN IEF IR . ZBE—F
MBEORBIIZES ehotz, LL, Y7 uaXrF i Hvi-aeEdhims s 1
Tu vl T U EERY Y /NAREE & U 5 BRI R E A 1 h SR RSy 5
HIENTELZ &G, RIFBEICOE 2EEREBART v v L ETOREO X
WEEBENER TE B2 OND, ©OMARX % Scheme 5-112789, DB24C8
moverl L& 7 ¥ MLIC L DREBERE D%, P OBLT vk —P' O @E#E T >k —P?
DT L AL =P D@ T AL 2RV IR Z Lok, FHETEHBKARRT vy
NV EEEEIN TS EHIfETE D,
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Figure 5-1. An artificial molecular pump.
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FCTE D, AERNOSTHPER CTIXATPIC L 2{bF= 3 X — 721 ©a | BE
FW) & 72 HADPE ATPIC AT 5 2 & CHlRMICEBI ST\ 5, [AER 7228 7o
THRNAFX =D R E N L—FRBERICHAAT Z E N TENE, S HICREMT
HGER S FRER — HMBEN L AIRBICR D L EZX BN D, £, ;@ioﬁAI >
E—H—THITXTO0F_XT YV 728 T 52 LR TEIIR, PB4
EHARRICR DA THA A, KL a2 E U TAEKRRIZILET 5 AT APEE I
HZEEHMBLTABRORBELT D,

1) C. Cheng, P. R. McGonigal, S. T. Schneebeli, H. Li, N. A. Vermeulen, C. Ke, J. F.
Stoddart, Nature Nanotech. 2015, 10, 547-553.
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7T = kU, DMF, hLVZ A3KkFlAN T GARE L CTHW=, THF I1Z/kE
TN I =AY FIOANLIEE L THW -,
R 3
Ry A nral) R, A VEEBR7a) K, 7F Lol R N-ZF LAY Ta L7
SUEBKBILI NV T LD EREE L CTHWE, BKEEEE, bV 704 o BEEE B MK Y1378
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Z O OFREE-FRFITHI DO — L LD b D% & RS V=

{0 7 A

NMR spectrometer: JOEL JNM-ECP300, JOEL INM-ECS400, JEOL JNMECA-400, JOEL
JNM-ECP500, and JOEL JNM-ECZ600

IR spectrometer: JASCO FT/IR 4100.

MS spectrometer: JEOL JMS-AX-505H mass spectrometer.

Preparative GPC:  JAI LC-908 equipped with two M egapack GEL 201F columns.

X R A AT

W 7E: Rigaku Saturn724 diffractometer with Mo Ko radiation (A = 0.71073 A)
FRAT: Canbrige Crystalic Data Centre (CCDC)

Mercury ver. 3.3
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