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Synthesis of macrocyclic hosts having multiple cyclophanes for fluorescent
detecting of drug release
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Cysteine-linked cyclophane dimer having two rhodamine moieties (2% was
synthesized as a reduction-responsive host. Owing to self-quenching property of the two rhodamine
moieties, cyclophane dimer 2 showed weak fluorescence intensity relative to that of the rhodamine B
moiety itself. The cleavage of disulfide bond of 2 was performed by a treatment with reducing agents
such as dithiothreitol, to give the corresponding monomeric cyclophanes having a rhodamine moiety.
Such reductive degradation of 2 was detected by the increase on fluorescence intensity. As a host,
cyclophane dimer 2 was found to show a stronger guest-binding affinity than the monomeric
cyclophanes due to concentration effects of the macrocycles. In addition, reduction-responsive
release of entrapped guest molecules by 2 was also monitored by fluorescence spectroscopy.



B X C—19. F—19, Z—19 (Gt

1. HRFRLSIDER

HERIRA 2 NI, 0 FWNT ) ZBAOBERHNRETH L Z b, 20T 7 28I ax O
FANSTEEIRT D ENTES, LL, T A ZABRKEWVERAKEF A N T 58
BTIE, BERIRAR A R TR A MIRT 2N BA A+ ThH Z ENEThH -T2, ZivE
TIZF 2 I TEHE O HERIR AR A N &2 HERES Tl L7228 A R 2B IZBZ LT,
Bz X, 5 EEAE L7z 6 BRIRAR R e EA AR L, RN 2R /123 BB IR AR X M~
TR 100 fFIC BT 5 2 LW oI Lz, —F, HARKEY AT AT, b Eo3A#RS
TIRRODFZ HITF D701z, EAOKHIEGET & BHEEZ 35 2 EREETHD, OF
D, BRI, \Wo, FIT, El b0 EnanhEEar N T A MTRPUET D Z L3
WThDH, A TIE, FHITEERH LSRR A AR L, R 2Rz <MLy
TR EED, TO%, HIENICERVIAEND & HIRNOSRIER (55mtt, B, Eo
P 8) XD ZBRIRARA MBI AT “SHZEHT2” L Lbic Ry T &
Py T HAIF OB 2 B LTz,

2. AIEDEHW

AWFIETIE, FEWERRARTH D LEIRA A FOMANICEDiAENnD &, “HA(FA M) %
BT 57 LRIRHC “Ye0 M3 TN ERE T 5, £ BEEEOBEBRRA X N2 L
BB A N EAR L, EAIZMIE (1 7)) S5, R, lRNOSRERICEY £
BRRAR A RIS TANTIT R LT, EHIA T 2 L FRFICH 60 4 “MHiA” ZEed
%o HEIORHGITOBHERE 70 E 230 L, $EEIEE S 2T LAOELDO =D D51 Hili %
B35, /o, HAFEON AMIE CITMIENTIZ LTI NV Z F 4 ORENE R
BEILGEHRICH D, DI, EILSEMH T CH

Self-quenching
REDVANVT 4 FRERICER L, Y AF @ @ Reducton
. . Stronger
% }EH WT2o20DY 7 | =7 7 Vg % @;‘,ﬁ‘j: L f: NG mg‘?ggéence s—s —>Reagem 2 fluorescence

raT 2 BiEESTHMELE L, S5 o

2ODHNEEEANT H & TRIEIGEN Sy g psed Weaker gue i
fot /7‘: A ]\ jj& H:'[ & IEJ H%E L: :EE ﬁ[ﬁ@ lﬂ Z)‘S ﬂ‘ﬁg Cyclophane dimer Cyclophane monomer

IR A FOBEEREELE (B1) .
M1 ExnBZRoonrrr28Kic&diE
TISENLET R MR & RHLRE

3. MEDAHE

AF U TCHERE LTcw S s v T v 2 BIRO G IEA AL L, 7 A Ml & R & oA
T B0, LTFTOEBIZOWTHRH T/ -T2,
3-1. 8/

WHEEL LT —F I UM ABA LY AT & A=Y =L HNT 2 oDy 7 a7
7 URERE LTy oa T v 2 BIR2 B TREN L. ARERE LT,

HN— O 0),/— NH" Iy
VN%N NS GRS
O 4 CFyCO, NS
o N
NN 7035 @
e 0)_\—NH3‘
“HaN 1 2,6-ANS
NN
S
N L ( O NH,
H N’\j‘N/_/_/ O “ NK ONH o.

° OXNH O
0 N\n/\,NH
" HNojNiC" N/_/—’ o
) J/LO 6 CFCO,
HN
2 SN

2|
N
55
dl
El.
i3
HH
i3
o
HF
\'l
3
|
J
~

\l
N
i
St



3-2. ETRBA~ADIEE
VAFVCHERE LY e Ty 2 &EK2ODIT 2 ORI T A I e Ty L E
BIR~DBAZZEE) % MALDI-TOF MS 72 EMNDRHMI L7z, S 512, dtmEDE(LHBI L7,

3-3. FRAMEIREETRIERIC KD ZE)
a7y 2BK20D TNS R02,6-ANS 72 KO erEA A M3 D e 8 22 i e 3=
BRIC KD EH L7z, S BITDTT WINCEE D 7 A MR8 28 AT S VEENBRHE L 7=,

4. AERER
4-1. B

PmT7r V28K 2 EAF—L LI THEK Lz, B —K I VEREKL  ZuTr Y 2
BiA% DMF Gl &2, HikA%2 572, X OIC TFA IC X ZWifRiE%ZITH> 2L T2 DA%
7o 72, FI%E 1% 'H-NMR, *C-NMR, MALDI-TOF-MS, JCHE/HTICTIT - 72,

o§(0

N( & \N‘
NH \/’ r O // 3
oﬁ/( Dﬁ,o o
o N. O u"cooH

EDC, NHS,

“:Nﬁf
q:'l PJFJWAV ,7)\,Vxxr/4 ":L HoiLF

nlft /—/_/ >_\NH ‘ﬁ
& . TR
oo
-
Og-d NS
o NH 0 N

N . NH O O
wa N or O /_/_/ >_\MM
At
S
SN A

AX—L1l. BRWERSIOI7V2EHDER

4-2. BB~ DEE

vru7 7y 28K OKERIZDIT 2Ny 25 ¢ 1@
CRBCy a7y VHER 6 ~HZT LN L
MALDI-TOF MS HIZEMN B -T2 (K3), F7=, DIT
WHNZE->T 2 ovr—# I U HEOENTRE DN o] 1373

2746

eIl ER L, BLZ 120 HB%IITEFICET D 2
Libimot (M4, 2 2opa—FIvesL 7 h
N A 11—
FRET IZ Lo TSN TWEESERS, 777y 1b) e
WK 6 ~BHZIF 5 2 & T FRET OFEIEAERZ 72 . B NN
FHLEZ LD, g O LD

] T Q9 wk

3 St
" IDAEEL
i

1200 1400 1600 1800 2000 2200 2400 2600 2800

3. DTTAREQ@BLVEETB)IZHEITS 2
@ MALDI-TOF MS RA~RZKJL



W
o
o

-
(o]
o

Fluorescence Intensity (/)

575 625 675
Wavelength / nm

X 4. DTT &M0ET(a)& 120 2 (a) D 2 O HFEARIMILEFDRELEE

4-3. TAMEREETRIHIC K DM EE)

WHTHEFERE B LICy 7077 28K 2D INS R0 2, 6-ANS (26T DT (L M)
% Benesi-Hildebrand T OHRHII L7 (X15), ZDfEHR, £ 7.7 x 10* & 8.3 x 10
M Thot-, 2T 7 a7 7 HEERGE OF—F A MNMIKTE K OBLF5ETH-T-,
FHPZ, 2 1337077 OEFBED 7 T AZ—RICLVF A MBI TE D Z &N
o Tz,

1000

500

10 20
21/ um

Fluorescemce Intensity (/)

350 450 550
Wavelength / nm

5.2 MHEMIZEED TNS DEERRINLEL

EHIZ, 2 & INS ZETe/KIRIBIC DIT 23N L= & 2 A, INS HSkDH LI E O BLS SEH &
N (Xe), +72hbb. DITIZL -T2 (v 27uz7 v 28K 7256 (7ua7r7  HER)
PR L7272 7 A b R D2ME T L, 2 1T STV A R L 7 Kk~ &
- EEIEND,

.
o...
Coeee,

05

171, (440 nm)

0 20 40 60 80
Time / min.

5.2 FZFET.DTT MRMIZHED TNS DEXARINLEIL

FLHb LT, AFERIZBNW T AF U CHlf LTttty 7n 77 281K 2 OERRITH
WL, BRLE2IEBTEHOEMCE Y 7 a7 7> VEERA~DORRZL L, FOmEIRENRK
L ER L, &5, 2 1B TAIOTIC L 0HIR LA A My FE R TE S 225
M L7,



5 5 1 1

Osamu Hayashida, Chihiro Nada, Shuhei Kusano

Synthesis of Branch-Type Cyclophane Tetramers Having a Multivalently Enhanced Guest-Binding 2019

Ability

Adv. Chem. Eng. Sci. 76-86
DOl

10.4236/aces.2019.91006

0. Hayashida, K. Nishino, S. Kusano 87

Synthesis of a cysteine-linked cyclophane dimer having two rhodamine moieties and its 2017

reduction-responsive degradation as studied by fluorescence spectroscopy

J. Incl. Phenom. Macrocycl. Chem. 267-274
DOl

10.1007/s10847-017-0696-6

K. Nakamura, S. Kusano, and 0. Hayashida 85

Synthesis of a water-soluble macrocyclic anthracenophane and its size-selective molecular 2016

Recognition

J. Incl. Phenom. Macrocycl. Chem 121-126
DOl

DOI: 10.1007/s10847-017-0696-6

0. Hayashida, T. Matsuo, K. Nakamura, and S. Kusano 81

Synthesis of water-soluble cyclophane hexamers having a triphenylene core and their enhanced 2016

guest-binding behavior

J. Org. Chem 4196-4201
DOl

DOI: 10.1021/acs.joc.6b00558




0. Hayashida, K. Matsushita, and S. Kusano 84

Synthesis and effect of linker length on guest-binding affinity of water-soluble 2016
tetraazacyclophane dimers

J. Incl. Phenom. Macrocycl. Chem 237-243

DOl
DOI: 10.1007/s10847-016-0602-7

15 1 1
2018
(PNIPAM)
99 2019
2019
99 2019

2019




99 2019

2019

98 2018
2018

98 2018
2018

Osamu Hayashida, Chihiro Nada, Tadahiro Sueoka, Shuhei Kusano

Syntheses and host-guest properties of functionalized cyclophanes

2017 GLOBAL RESEARCH EFFORTS ON ENERGY AND NANOMATERIALS

2017




28

2017

28

2017

53

2017

97 2017

2017




97

2017

2017

28

2016

53

2016

53

2016




(Kusano Shukei)

(80759291)

(82401)




