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Synthesis of stimuli-responsive cyclophane oligomers for controlled catch and
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In order to enhance guest-binding affinities, water-soluble cyclophane oligomers
was synthesized by click chemistry. The present cyclophane oligomers demonstrated enhanced guest-binding
affinities toward fluorescent guests such as 6-p-toluidinonaphthalene- 2-sulfonate, in comparison with
those of monomeric cyclophane, reflecting multivalency effects in macrocycles. In addition, water-soluble
anionic cyclophane having diphenyl disulfide moieties was also synthesized as a reduction-responsive
degradable host. The anionic cyclophane binds cationic anticancer drugs such as daunorubicin
hydrochloride (DNR). Reduction of disulfide bonds of the host by dithiothreitol gave its reduced form

having poor guest-binding affinity that led to release of the entrapped guest molecules to the bulk
aqueous phase.




¥ X Cco 19, FO 19,

1. WFIERE S DO 5
kfﬁkA%T%57ﬁ/7D77/ﬁ
BRI TE2I L CTHE & 7B EEMEIEH & 4y
AERIZ %AT%éTZF T TH D, it\
B MEZE m%ﬁbfwétw B VERR ALAE
HIZE Y K ToHNZERIC %Ltﬁm
FARNEBRHRTE D, Hxld, ZNETIZ
VA=A SNAY | k1 ﬁmi@ﬁ%%%
ANUTAKEMERA M ZERR L TWD 0, HER
MEOKBMEL 7077 o BNA 2 M LT
RTREAINI L T A+ ThoT, 2
NETICELITI FAX =W ROMEE K
A MO FERFHTERA L, 7 A Ml SO’
BETLRLTWD, T722bb, HEEOY 7
a7y UoNERLE-Y I n T SRR E
WHESTHZ LT, AANOF A MATEREZ T
Bz EsEsZ bicksh Lz, LavLz
NE, a7y LBIEOARKRICIIRS L
TWABMN, IERDT 2 REARICE D ARIET
XSS RN RO RN AN & ) [IEDN B -
oo BT, EYEEV AT LAERET DL

iE, FR LA MR EECKEET S Z
ELMETH B,

2. WMHEOHM

?Mﬁ Ty 7 a7y U SEEROEN

BRIEOHESLZHfE Lz, &L=y /7 u
77V%%¢@5xbﬁ% B & & F ) ik
WXV L, 7 7 22— REDFIBUIZHOWN
THRET 5, £/, IR REYEES AT
LT D0k, RSSO 3Kk
H AT EAREFEHTHD, 2T, 7T
=W IZESWTH A N () &<
ML, &6l MEmitgiss) oFx ok
SETTAX = REMHE L THF A &K
U C & 2 S EESD FV AT L&k
NTBHIEEBIELE, T4bb, AANE
LTYARNLT 4 KGR EOBMIEER A
Ty /a7y A HEWVCERKLEY I T
7 U EREZRE L, MIRNZR EOETHE
FHRlicBW Ty r7a 7y v L8&EKNRY 7 0
Ty CHEBRICREET S LT, VT AKX —
RO L & BT/ A MEIE S BB
BFLTCHFAMNEKRETD0F VAT L%
WETHZLEEZEMNE LT,

3. WMo Hik
Yrn Ty v ERIKOENRIRE R
fESL L, 7 A NMEE & = HET 5 721
PLTFOEBIZOW TR 21T > 12,
WD 7Yy I ROSERMMALIEY7a7 75
mIKOARK E A T
TIF L ET Y ROMMERILTH D
Huisgen It EHWHZ LT . v o/mr7 705
BIRORA R ERERFT LT, Bz
a7y S EIROS A NFERE & @ E
%%m M L 72
(2) Ry 7 a7 7 o DFEKEETTINE
WA b Jg
a7y D

ERFENIC Y ANV T 4 R

ZI 19 (3

1)

FEAEMBSAATE Y 7 a7y 02 BIES, v
ra 7y B RNICY ALVT 0 A&
BN sa 7 7 U ESR LT, &
[ AN /A=A VALY S -3 R A
AT DWW CREf L 72,

4. WFFERRSE:
W) 7V IRINERALIZ a7 575
BAROAERE 7 A i
vomT7y oS BREKOEKIC. 7V v I K
EAWD Z LTk BN R A RRIE O
SNEBELE, TAXCET Y RoffnEt
T¥ 5 Huisgen M x WD Z LT, v7onm
775 BEROMEN GRS LTz, #E
DA R TITIER 60 BFEE TH o728 A
MEETIEZ Y v 7 RIGEHWAS Z LIk D
IR 87 % & IR THEKT H I N TER
(K1), AL N5, C5 BLXOIF A
e rnm 7y JHEEER (CPIZEBWT, AR
kA7 A NEAROMAIEZ RS 72 Job 7
0y MEEITHoTmEZA, TXTOFRARE
A A (INS, 2,6-ANS) DR A 7 A2 MEA
i 1:1 OMREETHD Z ERghoTz,
F-. WL EERIC LV AR MEEICE
J57 T AZ—WROFMEIT T2, A b
WKL TARA FERIML TN &, A A
KON EIFHE R L, TDOHIFEART ML
Bk, K 2R L, TOMRE, N5 X
P ITHA K DfED 40~50 7128 L, 1k
DHFF oM r7aT77 o 5BIKER%ED Y
T AR —INROFBIUR I LT~ FEEICHEY
FAKELTHNAAK (DNR, DOX) %
7= EOET EEBR H1T - 7=, DNR, DOX 1% 550
~600 nm fTEICHNERT HZ ENMLN
TWBFESH, FOENEALT NAEN D
K #HM L7, ZOfE%E, NS BXO C5 1%
P (ZH A TN 25~40 fFilc R L, 7
?x&w@%@%ﬁmﬁ%bko

5 3 %

1. 2 voRIGIZEYERLEYYOD
7 581K



(2) WM 7 a7 7 o DR EBITTIGE
2 b

D= dVE 4 UNES/A S Bt E St
Lo THF R MNEBHHIRT L2 OO, A b

iR D 2 HE 2 Z LITREETH D, £ 2T

A NHEENERET S E A ER LT, B
TFICEMEEREE THDH U ANLT 4 FEE
WK LR Ty r7n 7y o 5kE
KO EIT -T2, TDTDDIyFi%EHE L
T o7 7ua—F&xLolz, ITLBIZ, ¥
a7y OEEEHMNICY ALVT 4 iR
FHIALTE 70T 7 2 2 BIK S2 DB%E
EiTol=, WIZ, a7y EBERNICY A
NT 4 RIEBEMBIALTE ALY 7 v >
7V Nd DA BIT-72 (K2), ThEFhE
KLy rZua77o 00 A NMEREE L E T
MHTICR T D7 A b EE & dOE T T R
BIEICE 0 LTz, YANLT 4 REER
77y rOEEIT. BEEEAEY O Boc3 &
33-VF AT u A N DCC A
X v BTERAZ AR L, TFA THifR#EL T 7
a7y 28K S22 BEaR L, £, T4
— VT ANT 4 RIS LY 7 a7
7 VHEK S1 bHbETAR LT, i
a7y Nd ORI, 44-VF AT
=D 0T EE M MELERIZ, 14-
U7 maETH U EOBRAKISIZ LY K
HEMR LT, £0%, MIVEEZRIRGE L,
T A EOMNEE T L0 7 a7
7 N4 BB LTz, 7=, 7T=4 D C4
LbHbE TR Lz, £9°. 82, S1 & TNS.,
2.6-ANS 22572 B KR A N A NESRORAL
Bid1 : 1 CTHDHZENTob 7y MELXD
RENT-, £7-. TNS %%t HEPES FEME A
WRIZARA N 82 BLUS1 2RI B2,
FANHEOEIEIRENERT D LD
Mol BN EBRND K Z2FH LT
EZA .82 D TNS 2K 5 K i S1 AR i
LT FAZ 3RO DITH 8 f%IC
Ml Eda2 ERNbrot-, 512,82 & TNS
MR 5HHRARNT A NEAR%E ST HEPES
FEENATRIC DTT 22U Lz & Z A flift s
72 TNS H RO HETREE SR F I LT
STz, BT, 120 SRR I T 5 E il
FEEDWDRNSHK 90%D 7 A2 R En
EEZOND, £l2, 2,6-ANS OHAETH
FIRE 72 B RO bz, ZORENL, 12
TREICEYV Y s 2 BEKOY A LT
4 FEAMNBEZI LTy n 7 7y VHEER
NAEL, 77 RAE =3RRI > TT A
MyFRBEENTZbDEEZ NS,

0, 5 = Néo
s oSty
S1
NHz* NHg
Nfo o™y
i j 2/_\}
HeN\/\OrN NAOK/\S—S i it Njo(\/NHa
() v, '))
o N N_o
; s2 «
HaN NHg
HaN S-S NH,*
o gy s Mo
é 4 CF4C00"
o N N’
g oWl v O
N4

i00g: coo
L}\NH s-s HN’(OJ
DWW

4Na*

Lo, o
= Tl

-00C Cc4 too-

M2. PRI« FEEEEARAAEL YD
27

LZAT, a7y ROV A ANLD
KZ=72 N4 & C4 13 TNS O#HICITE LTV
W R Drol, FOREH, FAREL
T Bis-ANS, v L UHEEE(PA), LU AT L
7 IV (PMAERFT LTz, Job 71w RED
5 N4, C4 & Bis-ANS, PA, PMA & DK A
N2 MESIRIZL : 1 THDH I ENREN.
Kx#HH L& Z A Bis-ANS T6.7X10° M,
PA T45X10*M', PMA T 15X10°M"' &\
AT ENbhotz, T2, MIBAKITHD
DOX 72 %7 A & LTHWESEAE, N4 &
DY Ce BB AAIE L VRIS L
Nomnot-, HEBETHD DOX X, 7 =4
PED C4 L LIRS EEBHEAEHNL, Mg
ENZlHEEZLND, I HIT N4, C4 1T,
BILEF T THRRX MERERIHISND Z &
Dorol, FNPx, VANVT 4 RiEGD
R/ A= i SN NN 1 D A~ Sl N
SENBRHENTEZbDEEZND, —F.
HHFEON AMEIT M I T o
BT ORENE L R E T FAR
THHZERMBNTWD, Thwz, 4l
BRLIEZVANVT 4 REEZAT D KENME
a7y %, BDAKIENZ: E ORI
[ THEST A N () T 587
RERMEEL AT L E LTI SN D,



5.

E AR

(MesEam ) (G 9 )

@

Osamu Hayashida and Keiko Kojima,
“Entrapment and Release of Guest
Molecules by Reduction-Responsive
Cyclophane Dimers Based on Disulfide
Linkage”, Bull. Chem. Soc. Jpn., FHIRIH.
BHAH

Osamu Hayashida, Yuki Nakamura, and
Takuya Sato, “Synthesis and Guest-Binding
Behavior of Water-Soluble Cyclophanes
Bearing PEG Residues”, Adv. Chem. Eng.
Sci., Vol. 4,No. 4,409-416 (2014). 2t
Osamu Hayashida and Yu Kaku, “Synthesis
of A Rhodamine-Appended Cyclophane as
A Fluorescence Host in Water”, Adv. Chem.
Eng.Sci., Vol. 4,No. 4, 401-408 (2014). %

=
AL

Osamu Hayashida® and Daisuke Sato,
“Degradation Properties and pH-Responsive
Guest-Release of Cyclophanes Having Four
Ester Side Chains with Terminal Choline
Residues”, Chem. Lett., Vol. 43, No. 3,
322-324 (2014). i

Osamu Hayashida” and Yu Kaku, “Synthesis
of Dabsyl-Appended Cyclophanes and Their
Heterodimer Formation with Pyrene-
Appended Cyclophanes”, J. Org. Chem., Vol.
78, No. 20, 10437-10442 (2013). #Fc
Osamu Hayashida, Kazuaki Ichimura,
Daisuke Sato, and Terutaka Yasunaga,
“Synthesis, Guest-Binding, and
Reduction-Responsive Degradation
Properties of Water-Soluble Cyclophanes
Having Disulfide Moieties”, J. Org. Chem.,
Vol 78, No. 11, 5463-5469 (2013). # i
Osamu Hayashida, Tomomi Nakashima, and
Yu Kaku, “Synthesis and Enhanced
Guest-Binding Affinities of
Dendrimer-Based Cyclophane Tetramer and
Octamer”, Adv. Chem. Eng. Sci., Vol. 3, No.
3A, 33-37 (2013). &3t

Osamu Hayashida and Yuki Nakamura,
“Synthesis of Water-Soluble Cyclophane
Pentamers Using Click Chemistry as A
Multivalent Host for Daunorubicin and
Doxorubicin”, Bull. Chem. Soc. Jpn., Vol. 86,
No. 2,223-229 (2013). & #Ht

Osamu Hayashida and Kazuaki Ichimura,
“Synthesis and Characterization of
Reduction-Responsive Cyclophane Dimer
Based on Disulfide Linkage”, Chem. Lett.,
Vol. 41, No. 12, 1650-1651 (2012). &#t

(K] GE 241F)

@

AT . NS BT MHE B UX
VT 4 RfEETCER LIy 77705
BIEROAGK EME., HALFERE 05 F
ZAEL 0 (201643 H 26-29 A, AKX

¥R )

K R, BT =&, AH &, #19
HHEEEERT KB a7 7
LEAEOERRE 7 A METREEOHIME, &
8 [BINA A B LT AR T T A (2014
9 A 11-13 A, ks (W) )
WNE BT PR B HE B R
FrCHEE LY e Ty 2 BROA
% & RITIN BN, 5F 8 [F A A BEAL T
SURT T A, (201449 A 11-13 H.
i |l (R (L vfs) )

AT JE. NE L MRHE . v
07y EEROARKE 7 A NfEEE
OlE, F 8 FAA AR by AR Y
v, (201449 A 11-13 A, LK%
(R i) )
KR, HWH &, BINEaEE20
TLHKEMEY 707 70 2 BIKOERK
LA NEEE. 5 51 BB S
AFFUM KRS, (201446 A 28 H., it
JUNERS =Y (ABJu) )
INEEA. ARE B, VRV T 4 RiES
THEfE LIy a7 7y 2 BROAR L
BRA T A MEF, 51 BYRBEE S
AL KRE, (201446 H 28 H,
LTUNERSR =S (EJui) )

NS R MRHE &, VAL T 4 R
fEA CHfE LIoKEEY 77 7 02 &
ROERE A A MEREOFHN, AL
D94 FFAES . (2014 4E 3 A 27-30
H., A &EKRY GHEH )

AR JE. KB B, PALT 4 RS
THEfE LY 7 a7 7 b BEDOAR L
MWE, BRI FEEE 04 FEFES, (2014
3 H 27-30 H A RKRFEHEET))
K R, MKHEH &, 7ore FTY
VR EATAKEMY I e Ty 2 &
KOER &7 A MERIZEBIT D7 T A
2= K., BRILFEEH 94 BFEFER,
(2014 4 3 H 27-30 B, & HE K% (&
wEM) )

KB mEth, (EE KA. ARHE &, 8
A RAECEE LY /e 77 %
BIEROERK., BT EAL FREE LY
RN, (201349 A 27-28 A, 4y
BRY (aEm) )

AN sk &L HE B R
FrTCHE LR s e T 2
EIROAR & HRE, 55 7 851 A Bk
HURTY T A (201349 A 27-28 H
AR RYE (BHET) )

KB mEth, (EE KA. ARHE &, 8
A RAECEE LY 7 e o774
BIROER., & 50 [B{b5- B E S ERA A
JuMRe, (201347 A 6 B, dbJulE
BraaEys (b)) )

N sk &L RHE B R
FoTHE LY/ e T 7 2 BEKD
Ak L ERE. 25 50 [Efk B E A [
JUMRe, (201347 A 6 B, dbJulE



Breits (AbJuim) )
AT, AR B, AL T 4 RS
EHTDKENY 20T 7 DK E
BITISEICL D A Mg, AR bFS
593 BEFAES, (2013423 A 22-25 H |
AR RS (R )

N A A B sk &L AR
H &, YAF U CHfE Loy Lk
Aoy rn7yr “BIEDAEKEH
SRR, A AL 25 93 B, (2013
3 H 22-25 H, SanfERT (T )
0. Hayashida, K. Ichimura, K. Kimura, Y.
Nakamura, T. Nakashima, SPR and
Fluorescence Study on Host-guest
Interactions of Cyclophane Oligomers
Having Multivalently Enhanced
Guest-binding Affinity, Label-Free
Technologies: Advances and Applications
(2012. 11. 1-3, NH Grand Hotel
Krasnapolsky (Amsterdam))

iRy FIB, ARH & YAV T 1 FRES
EHTDKENY 70T 7 DK E
ffE L7227 2 b O, 2012 4 H AR L
ST HARS, (201245 11 A 10-11 H,
TR (EEH)

HATB R, ARHE {E. Huisgen Rt% H
Wiy rm 7y oA ) Iv—DR/E
AN L OREEBAE, 2012 £ B AT
ST HARS, (201245 11 A 10-11 H,
TERY: (EEH) )

AR =—BA, W =4 AE E, ®
vy ook EZS KA
M= A2 LD A MERE, F6FAA
TR VAR Y T A (2012 4R 9 H
6-7 H, dbiEE R (FLIRT) )

iR FIB, AKH &, YAV T 1 FES
BEREIHRIANTE 7 a7 7 D
B EBTTIGEIZ L D7 A MO
L5 6 [ NA AEE T AR YT A
(2012 4E 9 A 6-7 H ., dtifpE Ry (FLIR
i) )

A B R KA, ME B 2V
v 7 K nE RWeKEEy 7 a7 7 v
ZEROER &7 A MEHR T DA
PO, & 6 [N A FRE T R
UL, (201249 A 6-7 H, dLEEK
5 (L) )

A, RE &, PAVT 0 REMAL
EHTDKEN Y 70T 7 DK E
Gy, B 49 ek B S A R L
JNRZ:, (201246 H 30 A, AbJuME
Breats (AbJui) )
ARE—, HEE, v rnT7r %
BERE W7 =AM A b D HepG2
HIRIPNER D A Z- . 55 49 [RI{b 77 BE 3
ARIJUNKRE, (201246 H 30 A,
JUMER S ARu ) )
AR, MRE B, 7 X Milifdse L FF
DV m Ty LR huisgen Sk %
MW= E R, 5 49 Bk BE 3L

WaFUNIR=, (201246 7 30 H,
M EER =S eI )

(XF) Gt 1)
© M &, dirs A, AR £ PR

BR. e AL 7722 —Rick-
THsBRL STk Y 7 7 7 VD
BIEL L 7 A NHYERE ] f@ b KPR R
2013, 43,87-95. HHiE

6. WFITRAGE

(D AFgefz=E

MHE & (HAYASHIDA, Osamu)
R - BLEAES - i
WFgeE &5 1 20231532



