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Development of New Methods for the Synthesis of Complex Interlocked Compounds
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Interlocked compounds are molecules which consist of two or more components,
which were connected by mechanical bonds. In this study we synthesized interlocked compounds
composted of three components by applying the synthetic methodologies we recently developed. For
example, we synthesized [3]rotaxanes which consist of two axle components and one ring component.
Rotacatenanes, which were composed of one axle component and two ring components, were efficiently
prepared. We also studied the properties of the interlocked compounds we synthesized.



¥ XL C—19, F—19—1, Z2—19,

1. WFIEBHAE SO 5

D2 EH LR TF IR EFEND A X
—u v J{bEMITa =— 7 i E L,
Ko IE—H =R AA TR E~DIS
HArWrrsn sty +cbsd, ZhET
A F—u vy I {LEMDOER,. HDHNIEED
WP B3 BRI EN TR, Bl E

DI N—7 WM F O TIE Sauvage, Stoddart,

Vogtle & @D 7 /L—7RNHLMIR D B S
T& e, ZNDHDILEMDERIZEBW TR,
A E—my J{LEMERBKT 2 a3 R—
XV M E—FRRICHE ST, £T0%F v o
YT EATIEVIFIENROASHNLAT

W5, —file LTITeRosTEakEEz I L.

RKEWRERBHEARZEHK LB T = R
—X v MIREhEBELZFELEIE vy
7)., FOREBERVERES ZLITXY
aAXYUEERT D, EWVDFIENRET D
nsd (&RErr 71— hME),
MFEREF IIRERE B EE R ST AKX
RNZE T Dt b U CHERE T D RTREME N B
HOTIE RV EEZTZ, b LRKRIREE
BEAR D 42 J@ AL S TS M 2 R, BRO
B 3 W TIPS B T A SO N AT
L, BEXHUPEETELIETTH D,
O LEFEICL A XY 08 ER
200 64T Leigh BHIZ X > THIOTH
HEENTA, MFEREE S IX T &3S
L7, IRIEREHICKER 7 = b
2 U o—@gE iR E W27 v v OBR{ERY
THEALRIGIC LD v X Y N EWILERC
TAERTEDLZEEHALNIZLTND
(Saito, S.; Nakazono, K.; Takahashi, E. Org.
Lett. 2006, 8,379-382) , AEFRIEIX I E T
ERREETH T v H— v TLEHD
AREAEETH2HDOTHY, A ¥ —n
v JALE W DOILFOHERIZKWICH R T 5
ZEMWIFF NG, £ TRV T
X ERICRLEa B R ERBESE, &
iAo —ay 7 {bEMOERKZFET LT
WeB X, UTICRTEOREMNEREL
77

2. WO EH®

AR TIILL TFDO LS 72 2 LI L
T X2,

(1) fikE b2 IEHT A2 L2k, =
VR—% b E 2O EEEKRA X XY
VEAKRTD

Gt 3O EOwEE. H AV iTEEED S
epbuxtr ThbbERke XXk
BB DR LD bIF 1 ODBRa LV R—
X hE2o0MiayR—32 "0 bR5
[3le 2P L TIE200 64289
DK HDOERBIBHRE S TWD, £ T,
HEEA OB Lo 2 X9 U AkiEaiE
HAT5Z ik, = R—rr&22D
Gl3luexY 2 EMRT5H, IHITLY
ZL DarvR—xr "nhbibaXxH
DERETTODL,

(2) Bl REIREG RN A BRE -Gk L, BT

CK—19 (Gtm)

HEREAF o2 XY 28815
INETA ¥ —ua v 7 {b&EWDERITH]
H SN TV D REIRGESEIR (ARELENE A FF
OEBEER) XFEAERET V. HBHW
X7 =y hu U UEsERALERAL & LT
HAnTnag, £ CIEFRERIZRFTIS i Tun
HN-EHRBEI N B BRIEEICE AT KR
K& R EREZBRNICE L RERIRE B K Z
AL, FOMBEEREARB LZo 2 $9
BREIT,

(3) ALz X4 OBFEHOX T
V7 4 —IZBL TG4 %

kB Z XY ACB N TIIN S E NN ER
Kz bolihiar RN—3 2 bR EA Z AL
THI LR, IMWEBCHFEL TS, 2
LT FIZBW T 2 >R — x> bR
DOHEAERIZE Y ZOEENHIR S5 A
BN D, T2 Tr XY BT HHo
VAR—R U NOBBFEEBEHONZT D, F
7= REWRERSEROMBLEEZFIHT 5 2
iz xonnusxh o aak L. FO
FINgTE LTOYHEEHENZT D,
3. WFFED kL

(1) fh=m>FAR—rx b &2 2ot [3]r X
X DHEK
HEHEOME s Vv—7Tioh Tz 1
DX IRKEIRT =F > bu U RS EN
TV v OERAILH T BAL RS B Tk
EEERTZEEFAL, [2]aXFH N
AT DI EERNVEL TS, T2 TID
HMRAETERAL, oy R—Fr h2omb 77
H03lm XV aiamkd 5, BARAICILEE
b —ElbbE 2RV RS Z &2k D,
(3] XV a2amlT 5, RGN EHE
TLARWVWE XICEIRKISEUEEEE TS, D
WITERIIEEM O K E S 2B LS, Ken
AT 2 X5 e flba g d,

(2) fbfEM: 2 F OB R BRI B S A D
Gl 2] &0 il B3 2 mEt
PEFe & 1T B T B AT & BR N IS KL A0 A A
ERERIEEMZRG. T 5, BRI
1T KRB NN -RT D0 MRS 24
Kt 5, ESICAKLIEALEME RN v
TV T RISIZOWTHRFTT 5, b ik
B D% X, RIS T D IEBR KA E A
Suzuki B v 7V 7 Mizoroki-Heck [IZJix
I W TEWEEE 2R3 2 & R8T
TIZHLNTWND I END, DIV EHR
EEBEAN LR gy 8o RER % H
WBZ Lk, RN XY AR E
T 5,

(3) ~Tu[3luxxV o ARLPIZER
02X DEEk

2 6HEEIIRFLIZI3]Ie XX DA
ERSE 2. 2 00RR DM R—F% b
LA l3]lungxt ., TpbAaTr[3]
02X DEREITO ., MRl 7Y
YIRS LA LT [2] mX YUl
L, 77— MEEZFIHL, 2FHD
o AR—R o NEEATHZ T~




Tul3laZxV o aE5/T 5,

(4) [3]e & XV ORI 2K
at

[3]mZ XY BN Tid, P22
MNIC K& RERE Ao - a v R—x
VEM2OFETH LR D, FDED.
SERBEICLVEI R — K FOEH N
T a2 A R[REMEN H 5, & Z CIRERE
NMREOREEITH>Z LIZELV a7+
A—va VEOEBEEZH LML, v ¥
P DKk a R -3 hOBIHZEE) %
LT B,

(5) ¥ &XH Ok EZ DY
XTNA X =0y TEEMIZOWVWTIZZ
NE THFIZEFI NI S TWDN, F0W
PEPHEREIC R L CIX £ 2RO ER LW, Z

T XTI A—a v I {bEWE AL,

ZOYEEALNCT 5, BRI BT
DIERNKEWR 7 =F > b U o—igkik% A
WTHBENIG R ED 720y 7 ) VI K
JEEITY, ZORISICEVELN DT X X
ViZiFEha AR =3 hOEEF I H kK
THEXTVT 4 —NELD, L7273
bl F o FA~—%SHLCD AR
J RN EIZLD ETDHFHIMEEZH S
\Z%+ %, E72. BINOL 72 & D Jfi+[H %8 A
LIEAREFTINRRERZ7 =T hr )~
~BASE IR 2 R E LTHWSD Z iz Xk
D REF TR AT OEMEITV,
EDIF I E EZ LN D, KER
RESABEIRG T V72051 Tldd 528, il
aVAR—3x MPNEBE L XXV A
i S NTZBE DN FEHIEE O AL 2 B 5 iz
T 5,

4. WFFEEk R

(1) @kuaXx%r, B h7F 08k
ZIER LT

W ERH SN LAk 2iE
Az Lizky, 2 ooBaryR—xr e 2
DD VR =X "B D [3] uXF
U ERILSARTDHZEICRIILE, &
HICHITEZ R L., 2 DOMAEbE o128
avR—3x2 b ([2] HTFv) TxL, &
Sizhh = AR —x > FANEER LR & E
oA vE—ay 7{bEYM. Thbbu X T
FrEARLEZ, £7-. Ba vy AR—xx hD
Bldl 2 AR 2 7= a &2 15 ) o BMEIK % 73
WHIZERTEDZZELHLMNIL, 0
PEIZOWT e L 72,

(2) FHIKREERAEY DGR A FEMR LT

ERIFTZENMEES 2, MR (A
) &AW TR LR IcB VT [2]
o & bl U CRRIC B R ZE B I 2L
RN oIz, —FH, [2] e&FH D
B AR — Rk M AR LRI L, B
OEE ZHIHT 5 Z Tk Lz, ALK
EHEORE SICX v RESEOBE (v b
V7)) HMENETHIZEEHLCL,
Yy MU TICBTDIERIE R L X — %
HH L,

Flo, BIBEEICFTILVTLEBEATL LI
X0 XTI NVRERRGEEARLZER L, S HIT
(2] aa¥H o ~LFHEHELE, CD 7
PRENTTHZ &Ik D AR X
FACBT A kA A THEINL TS
ZEEHLMNI LT,

5. ElRRIEmIE
(WFFRAREE . WFIT 0038 J OV HERTF 238 1
Y

Cdestam ) (R 1 41F)

(1) Y. Matsuoka, Y. Mutoh, I. Azumaya, S.
Kikkawa, T. Kasama, S. Saito, “Synthesis
and the Shuttling Behavior of [2]Rotaxanes
with Pyrrole Moiety”
J.  Org. Chem. 2016, &8I, 3479-3487
(Selected as TFeatured Article, ACS
Editors’ Choice, and cover art).
10. 1021/acs. joc. 5b02911 (&EFHH D)

(2) R. Hayashi, P. Slavik, Y. Mutoh, T.
Kasama, S. Saito, “Sequence-Selective
Synthesis of Rotacatenane Isomers”
J. Org. Chem. 2016, 81, 1175-1184.
10. 1021/acs. joc. 5b02697 (&FHH V)

(3) S. Saito, Y. Hirano, Y. Mutoh, T.
Kasama, ”“Synthesis of a Homochiral
[2]Rotaxane from a

BINOL—-derived
Macrocyclic Phenanthroline”
Chem. Lett. 2015, 44, 1509-1511.
10. 1246/c1. 150693 (& #FHH 0 )
(4) S. Saito, T. Ohkubo, Y. Yamazaki, T.
Yokoyama, Y. Mutoh, R. Yamasaki, T. Kasama,
"Macrocyclic Phenanthroline—Copper
Complex with Less Steric Hindrance:
Synthesis, Structure, and Application to
the Synthesis of a [2]Rotaxane.”
Bull. Chem. Soc. Jpn. 2015, 88, 1323-1330
10. 1246/bes j. 20150168 (FEmtd V)
(5) R. Hayashi, Y. Mutoh, T. Kasama, S.
Saito, “Synthesis of [3]Rotaxanes by the

N-EFRER I LR ZBREGEICE AT RKEIR
SRR OERIZEI L, v & P BmD
FREPEIZ O W THFET LT, & HICHM OB T
EREIEICE L RERILEHOEEHKIZ oW
THRFT DT,

(3) B LI X4 OBFEHOX T
V74 —= 5L

(3] 2 W AsB W TIE, iy 22 i
WIC K& REREEZF >l R —%
232 DIFAET D126, Z OEWEEENC R

Combination of Copper—-Mediated Coupling
Reaction and Metal-Template Approach”

J. Org. Chem. 2015, 80, 7536-7546

10. 1021/acs. joc. 5b01120 (&EFHH D)

(6) S. Saito, “Synthesis of interlocked
compounds utilizing the catalytic
activity of macrocyclic phenanthroline-Cu
complexes”

J. Incl. Phenom. Macrocycl. Chem. 2015, 82,
437-451.



10. 1007/510847-015-0511-1 (£FHH V)

(7) Y. Yamashita, Y. Mutoh, R. Yamasaki,
T. Kasama, S. Saito, “Synthesis of
[3]Rotaxanes that Utilize the Catalytic
Activity of a Macrocyclic
Phenanthroline-Cu Complex: Remarkable
Effect of the Length of the Axle
Precursor”

Chem. Eur. J. 2015, 21, 2139-2145

10. 1002/chem. 201405090 (&FEdH V)

(Fa%R] Grd 61F)

(1) |y BER, R M0, gk E
—, b AWMEEFE T 7=F el v
FHEAROGKR, BAREFEREIT BEFER
2017 4E 3 H 17 H, BEEZZAK
(2) ®©H MR mpy s, R RS,
ARt mAE -, mAFRIrXF
Y oEREFDTE I, BARILESE
97 FFEFL, 20174 3 A 16 H, BERR
k#

(3) Bk fE, Mn . REE RS,
R E—, SRS R T T L —
FMEEZFBLEZBITFroa, BARL
SN QT FRAMES 2017T4E 3 H 16 A, BB
E@;ﬁ%ﬁjﬁ%L

(4) Akihiro Shibuya, Yuichiro Mutoh,

Shinichi Saito, Synthesis of
Functionalized Homochiral [2]Rotaxanes
from BINOL-derived Macrocyclic

Phenanthroline, 15th Symposium on
Chemical Approaches to Chirality, 2016 4F
MHBOE HORERLR T, B

(5) ik M, RERME—EC. AR B
FHNEBERKIGEERT 7L — MNMEEZM
LELEEBIATTFOEK, % 63 [H
AR FRtime, 201649 A 14 H, B
mmk%

(6) LARER, WpawmZ, sERE—E, 2R
B HAFEzATIIRIe XV DEK
oW, & 27 RIEEAERILFEHRES,
201649 A 1 H, ﬁ% N RS

(7) Z9hkE 18— f@ M. sUER HE—RR.
ﬁigi oy, H EE%L\ i R, e —u
fEcHY s [2] v H bk s
FOvy b7, & 14 BIHRA R« A b
B2 RO A, 2016 4E6 H 4 H, a0,
B AR —

(8) (Lly HFHE, B MR, B E
—, BERXRZ7=zF v rul rFHEKROEK,

AARLEESE 9 6 HZ4ES, 2016 4£ 3 H 26

H, &b SR

(9) Rk M, AR ME—ER. TR 1E—

SFNEEBKISEZRWEZRIDT o
ik, BAARFERE9 6 BEFE, 2016 43 H
24 B, AL [REKRT
(10) 1UF =W, KRR HE—RR, (LK fE.
R e, AR -, [2]e 2 R4

ERDOERBIO N EHW-~T a2 [3]
&%#y®éﬁ,ﬁﬁk$%%96%§$

2, 2016423 A 24 A, HHP [AEHEKRE
(11) $t A, SLAVIK Petr, mpE I —
M flE, mEE M, m AT
i MZIK@@?RE!’JAEJZ, ARILFRHEI 6 F
R, 2016423 A 24 B, Ul RISHER
=2
(12) S. Saito, K. Tkeyatsu, Y. Matsuoka,
Y. Mutoh, Synthesis of functionalized
[2]rotaxanes from macrocyclic
phenanthroline—Cu complexes, 2015
International Chemical Congress of
Pacific Basin Societies, 2015 4% 12 A 20
H, Honolulu, Hawaii
(13) Y. Yamazaki, T. Ohkubo, T. Yokoyama,
Y. Mutoh, R. Yamasaki, T. Kasama, S. Saito,
Synthesis of a [2]rotaxane from a less

sterically hindered
phenanthroline—copper complex, 2015
International  Chemical Congress of

Pacific Basin Societies, 2015 4 12 A 19
H, Honolulu, Hawaii

(14) R. Hayashi, K. Wakatsuki, P. Slavik,
R. Yamasaki, Y. Mutoh, T. Kasama, S. Saito,

Synthesis of rotacatenanes using
transition metal catalysis and
metal-template approach, 2015
International  Chemical Congress of

Pacific Basin Societies, 2015 4% 12 H 18
H, Honolulu, Hawaii

(15) Y. Yamashita, Y. Mutoh, R. Yamasaki,
T. Kasama, S. Saito, Synthesis of
[3]rotaxanes which consist of one ring and
two axles, 2015 International Chemical
Congress of Pacific Basin Societies, 2015
412 H 18 H, Honolulu, Hawaii

(16) Yoshihiro Hirano, Yuichiro Mutoh,
Takeshi Kasama, Shinichi Saito, Synthesis
and the Optical Properties of a Homochiral
Rotaxane, 14th Symposium on Chemical
Approaches to Chirality, 2015 4% 11 H 18
A, FFo&tE, Hn

(17) RAPARES . REERE—BR, B2 Zh, &)
fa -, ST, R - Yrn— L EH
RilmxHroEeEDT Y MY T2
B, % 26 RIEERARILFRERS, 20156 4 9
H 25 H, i, BERY

(18) [LMRF 2B, LIl s, sEERE— AR,
Mg -, TRV TESR S R
TX LR EORIGICES[2]n
XY OEM, F 62 B AHARILFERR
2, 201564F9 A 7T H, BAWRFETRLF v
INA

(19) N, SRR, LIRFEE, A%
i, Ak P, KEWRZ7=F el r
— SRR E W2 [3] v X U DA,
62 [l AREEJEILSRme, 20164E9 H 7T H,
BATERFETHILF v /3R

(20) #kEE A, SLAVIK Petr, wjléME—ER, 4%
Wi, MR (H—, BEBRSREMELLE T
YU — MNEEMHAEDE e X DTS



BYEROBINER, & 13 BIARA L - 7R
MEF R A, 20156466 A6 H, i

HAEKEE
(21) HAYASHI, Ryuto; MUTOH, Yuichiro;
KASAMA, Takeshi; SAITO, Shinichi,

Synthesis of  [3]Rotaxanes by the
Combination of Transition Metal-catalyzed

Coupling Reaction and Metal-template
Method, HALFRH 9 5 RFER, 2016 4F
3H26H, THE RBRAKRY

(22) YAMASHITA, Yoshiaki; MUTOH,

Yuichiro; YAMASAKI, Ryu; KASAMA, Takeshi;
SAITO, Shinichi, Synthesis of [3]

rotaxanes from the [2]rotaxane—Cu Complex,

AAR(LFSE 9 5 FEFL, 2016 4 3 H 26
A, T¥ BAKX?

(23) AR HEST - oRAER O ME—AR - ZEAE IE
— <SR i, te— g fae XXt
BRSO/, AREFESE 9 5 RFE
%,mw&ﬂﬂ26a THE BAKT
(24) ¥B FZz - KR MR - FAE OH
—, BINOL B#Z2HTHRER 7 =F v b
VoZEHWEREXI L 2laZxHh oo
Bk, AALFEEH 9 5 BFES, 201543
H26H, T¥E BAKY

(25) AR ESY, RAERME—RR, R fH—, ¥
o—EHu XXt DAEREFEDOBIHZE
), % 68 RIAWE L FIHSBE RS v
R A, 2014 4E 11 H 29 B, Hrif K
(26) Yoshihiro Hirano, Yuichiro Mutoh,
Shinichi Saito, Synthesis of a Homochiral
Rotaxane from a BINOL-derived Macrocyclic
Phenanthroline, 13th Symposium on
Chemical Approaches to Chirality, 2014 4¢
11 A 12 3, ZOXEEE, B

27) ZhE P, KRERREAEE MR o filt ShEE
FRRALEERA 2 —ua vy 7{E5m DAl
o FEI5E VT Fa—T YIRS
VURY T L, 20144510 A 28 H, BT
KF, HOL

(28) M Wz, ik MERR. ZEER IE
*,Aﬁﬁﬁﬁm%%wtmm&%%/m
BIZBTDRERZ7=F > bl o510
YA XRFIZHOWT, F15E VT - Fa
— BT AR A, 2014 4E 10
A 21 H, KRTERE, HK

(29) A, REE KEAR, AR
Wi H—, ERSRAMERIEESRT
TL— MNEEHAGDEDZ LITL B3]
XY DERK, F15E VT« Fa—T
BB THFIEa T AR w A, 20144510 A 27
H, HERLHEKRT, FT

(30) (LiiRr A B - pARRE—BD - 2R P,
TOFNETEBRINZRmE T VX &2 H
WhHBZ X DGR, B4R CSTbFET =
A A, 2014410 A 16 B, HAT

(31) A wZ., g BE. R HE—AR,
R R, R E—, PARBRYAALRT
VFra—%2HFT5 [2] exxHroipke
DN E, 825 LA ERER S,

201449 A 8 H, flH

(32) Shinichi Saito, Ryuto HAYASHI,
Yoshiaki YAMASHITA, Ryu YAMASAKI, and
Yuichiro MUTOH, Application of the
Metal-Mediated Reactions for the
Synthesis of Complex Interlocked
Compounds, XXVI International Conference
on Organometallic Chemistry (ICOMC 2014),
2014427 A 18 H, FLIE

(33) MR P, MK EA. HA AKX, WL
Wy HE. mRER ME—BER. AR MR, &8 Al
it &RT 7 v —hEZFIA LR X
T FrBLOL3]Ia xS DERK, F
12[FIR A R« FA M URT T L, 2014
6 H1H, Bl HIRLEKRT

(34) N, ILWRFHE. SUFRRE R, AT
i, ZAE P, v X Y-SR O fil
BEEERIA LIe~TrBlr X of
i, % 12 BIFRA K« FRAMEFEVURY Y
L, 201446 A 1 H, HE AR LEKRT

6. BFIERARE
() BFgef R
R E— (SATITO Shinichi)

FORBRAR} R - B — L2 B

JEH &5+ 80283076



