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Figure I-1. Helical structures seen in nature and in body. (a) Conch, (b) lady's tresse, (c) cactus, (d) duplex DNA

and (e) annexin.
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Figure 1-2. Molecular chirality of helix.
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Figure I-3. Example of static helical polymers.
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Figure I-4. Example of dynamic helical polymers.
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Figure 1-5. (a) “Sergeants and soldiers” effect. Circular dichroism of chiral/achiral copolymers at 254 nm as a

o
b
w

function of r, the fraction of chiral units. (b) Majority rule. Circular dichromism data for random copolymers of
enantiomers. Fit of the theory from the random field Ising model to the data points for the optical activity versus

the enantiomeric excess for random copolymers of enantiomers.
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Figure 1-6. (a) Schematic illustration of a preferred-handed helicity induction in PPA with carboxyl group upon
complexation with chiral amine and subsequent memory of the helicity after replacement by achiral amines. (b)

Chemical structures of poly(biphenylylacetylene), poly (phenyl isocyanide) and st-PMMA.
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Figure 1-7. (a) Crystal structure of PQX. (b) Solvent-dependent helical inversion of PQX with octyloxymethyl group.

(c) Stereocomplementary asymmetric cross-coupling with PQXphos(Ph/M12) utilizing an solvent effect.
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Figure I-8. Illustrations depicting the different types of foldamer secondary structures.
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Figure 1-9. Oligomers not classified as foldamers: (a) helicenes (b) oligo(naphthalene)s and (c) “geléander”

molecules.
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Figure 1-10. General peptide and peptoid backbone.
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Figure I-11. (a) Structure of «,a-disubstituted amino acid. (b) Aib homopaptide and its crystal structure. (c)

(R,R)-Ac,c®® homo-chiral peptide and its crystal structure.
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Figure I-12. Chemical structures of (a) trans-ACHC, (b) trans-ACPC and (c) f-triprptide from S-Pro. (d) Collection of

backbones that can be considered f-peptide analogues.
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Figure 1-13. (a) Comparison of helical conformations of - and y-peptides. (b) Collection of backbones that can be

considered j-peptide analogues.



SRTFRIANFT—IZIE, o704 )ITT—"0F rSEROISUA )T ENMBNT
LM (Figure 1-14 (a)(b))o FE 1= Akazome (&, 2-aminophenoxyacetic acid DD %574 1) T —H 2;-helix & &
B EERBBELYBELMNE LTLS *(Figure 1-14 (c)).

@ mﬂ—’z, ®)
H
N
H_L=Q7 0 2 et %
ol B B
) TR
0 7

sialooligomer

furanose-based carbopeptide

o §=2 L O
5.0 I

~o
-N .O- E—.>=0
L H-N
Figure 1-14. Chemical structures of (a) sialooligomer, (b) furanose-based carbopeptide and (c)

"
2-(2-aminophenoxy)alkanoic acid oligomer and its crystal structure
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Figure 1-15. (a) Cisoid-transoid equilibrium of 2,2’-bipyridine unit. Chemical structures of (b) pyridine—pyrimidines

oligomer and (c) pyridine-pyridazines oligomer.
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Figure 1-16. Chemical structure of aedamer and general schematic representation of a secondary structural

element based on donor-acceptor interactions.
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Figure 1-17. m-Phenylene Ethynylene oligomers. (a) Chemical structure of mPE-1, (b) transoid-cisoid equilibrium,
(c) Space-filling model showing the proposed folding reaction for mPE-1 (n = 18). Side chains have been omitted
for clarity. (d) Molar extinction coefficient € (303 nm) versus oligomer length n in CHCl; or CH3;CN (left). The

average chemical shift 6 versus chain length n for oligomer series in CHCl; or CH3CN (right).
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9



(b)

mPE-3

mPE-2

Figure 1-18. Chemical structures of (a) mPE-2 and (b) mPE-3.
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Figure 1-19. (a) Chemical structures of mPE-4. (b) CD and absorption spectra of (S)-mPE-4 in various solvents at
25°C. The spectra were normalized on the basis of the absorption maxima. (c) High-resolution AFM phase images

of (S)- and (R)-mPE-4.

F 1= Yamaguchi 5(&, mPE [ZA1) £ 2 Z#AIA AT Ethynylhelicene A1) I —MMAISEDEE (K Y., =
BOoBABBEERRT A LERELTLS ™, F MBI U FA LAY IX—EBBANV LV EEH
SEREDELB A IY)FREET HE. ATOZELBAFTHRT 52 &(Figure 1-120), Ef-ATOZE
LEHABEESKBICBCHEERICK D THEOCR DI ILGENDEREERERRT HIILERELTL
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1.9 nm

Figure 1-20. Structure of pseudoenantiomeric ethynylhelicene oligomers and CPK models of their
hetero-double-helix structure calculated by using MacroModel 8.6 in the MMFFs force field. The molecule is
presented with green (main chain) and light blue (side-chains) for (P)-bD-5, and red (main chain) and orange

(side-chains) for (M)-bD-4.

—7A. Hecht BlE, mPEIZ7 YR E A=y FEEAL, RBHICKYSHABEZFIHTE LAY
I —%AI8 L 1= * (Figure I-21),

Figure 1-21. mPE with meta-substituted trans-azobenzene chromophores and their photoresponsive behavior.

Ffo o PE I m HTEMHLEAYII—FEFTHL, o & p HTXKEISERLIAY T—
(oPE)-alt-(pPE): L EHABEEZ L UBD I EMNBALNEL > TUVS, Zhao Ik, BKMEDRETILFILE
FRIBEICEATHILICKY ., BRAEMBRICIY S BABEERRT S L%, UV BIEPREAAEICK
YFEBA L T3 “(Figure 1-22(a)). Yashima 5[, BIBHICHALRFSEDT I FEEZEAL, ¥ILT IV
AMZED5FADEZTAMAOHEETL., FMTE2FIILT7IVOHEICRLTOEANREET S
& &R L1 “(Figure 1-22 (b))

11



Cq2H250,  OCizHas5

N oG
—@5 P N
K~ ) ° ﬁ‘ JNO
T PR, ° gt - !
b o
Eoget @ — a o P -
) P >,
.pf B0 , ,_-;WH:,"\j
Helix induction Helix inversion

Figure 1-22. (a) Chemical structure of (oPE)-alt-(pPE) and space-filling model in a helical conformation (side chains
were omitted for clarity). (b) Chemical structure and schematic representation of a preferred-handed helicity

induction in an optically inactive oligomer with a small amount of (S,5)-diaminocyclohexane.

Ffz. P FRAKEHEETHERT 54 II—L T+ IWEII—%EBHILTEETH D, 9. FEEKSE
ZHRT S FOIMLAEREICDOWVTERAT 5, 1.3. 1IETHHL(BRBZN, 72 FEESEIHS» —EHEEHE
L5, EEARBIN, BELCBEMEZRELEZRNREAL-BERELLTHEE OGS, FEKSE
ZHRT S FEESIX—HBIC trans B THEET BHS. Figure 1123 (a)(e)IZRT £ DI, EERDFETRDES.
FER-7 I FMEEFEHLYIIEENAETH D, LHMrLGLR L, FEROAIL MIIZKREEFF—. £
LLIE7O T2 —IEETHLEE. FBR—T7 I FEAHMOEERIEHE LT, syn/anti EBED ES 5
h—HIZFEHRED

F9. 7 I FEESOHILARZILAIDEFIR(NHCO-Ar)DECEIZDINTE Z S, Figure 1-23 (b)D K 51,
FEROAI MMLIZA FFDENBEBLTOWBIFZEL, EUSY NAFOF F/YVEREBENTI R
HELERBLTLDGEE. TNoDATORFIET S FNH & 6 BIROKREESHEMNAIGEELGY . £D
R anti HECEEEELT 5, Figure 223 ()N K SICEY DUBRBNT S FEELERKLTWSIBEEX, 72
FNH EDKERFBEEF S BIREGY ., 6 BREDKFHELYEIREENMETITEHHLOD, EYD VDN
FBFETIRALRIILEDRED=OIZ, anti BREENBEIND, —FH. FRROAIL MLIZKFE
HWEFF—THDHOHE, NHENBBRLTLWAFEEPLE) DD LAT I MEELERLIZEE. ThH
CEDATORFICHEALEKZFEXTZI RALRZILEKFFEESEZRB L. syn B ZEEEK S S (Figure
1-23(d))o OH . NH ZE®D & (T anti HEE TELKREEHMRIIFRETHSHH. OH EDIFE (L syn TECE
DEEXY FF—, 7O TEZ—HEMNTEL., £ NHEDIGEIF anti B2 ETAKNICFREIZHE S =0,
syn BWNEBESIN D,
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7 2 F#EA®D NH BIDFEEIR(CONH-ANDEEIZDWNTHRFRIC, AL MIIZKAREST7 7€ T4 —T
HEIAIKRZJLEDL 2-EYDILE, FILaXD, FATZILAXDELGENERT HIHEEOEY OV N-F
FORET I FEENERLTLDEE. SERVLIIE 6 BIROKEHEEZHAL., anti EEBEXET D
(Figure 1-23 (f))o E1=E) DUIRMNEFRE L TWBIEEIZIE. NEFEHILARZIILBEORFED-OHIZ, anti
BNBREINDD, Figure 1223 ()DL SICTA L UEZERIFEY D=V ALICKDIEEYD=HLTO MY
ET7 S FALRDIILBROKEREEBED-OIZ syn BABEEN D,

N\

p
(a) Hopper d) syn form preference (e) .
0 ' N (d) sy : p o Oﬁ' H
Oy = @’8\0 . | of = P
" H = @{\Q 0
9 of
( (b) anti form preference A H Ho . f am‘r form preference
o} o) o) 2 v N N N o?
N7 Ry N N @KLH —_— 0 H H NH
Ho N H H o NH N
o~ =Nsg” N’ N—
I ) H o= ' X=0,8
(c) . o e g) syn form preference
9 N .
CI)LN" ‘ @Ao Gﬁiﬁ T @{%o NH — e
— . LN
o =g | O = G|t cs(o oy
A S A v L

Figure I-23. Conformational preferences of various aryl-amide linkages.

COEIICHEBRLEOEBREICL >TREZHREL., BREZROEAIIENTES-H. FEERT IR
BEEIBRALGHEESFOELT 27 TAY 2 ELT, T ILEFI—DBEIZLEAVLNTET:,

Nowick & [&Astrand MKEFKEIZEY 1L L Thsheet WA THLEERH LTS “(Figure
1-24(a)). Nowick 5D 7+ LA I —%FEE S T, BingGong SIFTILIAFXFLEEALILEEFTKRT S FA4Y
T —Thstrand S BADF VEEEL TULVS(Figure 124 (b)(c))o ZILAFIE[E, 7SI FIEAL S A
BB LLIE6 BIRKFBEESZHAL. 72 FEEOBEZEET H&EZH-TLVS,

\I(\©\ R R ’___O-CHa
\HL J,\II' () © % e _XHy

T TR o B e
) q% SONﬂ;:lﬁ*ﬁeq
H Rz O ., JL JJ\/ Hac-Q o] o N‘H"HO—R
50111 H-

\N N\r('\N N

C5H13 -H-N—=0 CHg
\ \ RO L0 ;
NC MR QB R h & o T :] HN_Q O’Q?
o Ry '7‘ 9 Ry N N e y N/\rr N CSH” R om0 O Gty NeH
kn’ N)\n’ @ HaC o %é-d‘
H o] R, H N’ CHj

@ @\)L 11)\ Gt

Figure 1-24. (a) B-sheet dimer by Nowick. (b) Homostrand duplex and (c) helical aryl oligomer.
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Hamilton 5(X7 > b5 ZILT7 2 FE26-E) D UHILARFTY 2 REHAAEHE = Figure 1-25 () DHDFMN
DHABEEMBT DI EEH/ELTIVS Y, £ Figure 125 ()DL S BREY oA )T7I FH2D
TaxsEfNghelix OF7 I/ BEELRAKOERNZLTWAZEICERL, AVIFI FITHILET
—MNE R B2 N BREERPPNERET S A RELTHERT S EEHLNAELTLS P,

0._0
(a) (b)
Z N
z I
NS
o Lo o
T N O Ny
W H,N
PXe] (OXS = IN
NS
yN N. o)
H OsN
[OXS PXo) 'H
OMe OMe z IN
NS
(o)
R H-2 and Bcl-xL
H-1 (R = NOy) H-1
H-2 (R = NH,)

Figure 1-25. (a) Anthranilamide derivative oligomer. (b) Chemical structure of pyridine oligoamides and the crystal

structure of H-1. (c) the molecular-docking studies of H-2 and Bcl-xL.

Ffz. lehn BIE, 4 HICEBREZLDOE) DAY IT7 I FN—ELFALZE L HFADFEIKEEIC
HEHZEENVMR KYBLHAICL, EBREARENCDBREET—EoFA. BEBREBENCOBERTT
BELHADEREEEZSBT " (Figure 1-126), EYVTUZEED2I0AY) Iv—I1E 70 k4EIZ& Y unfolding
REANEBELRERCTELHALIMELD>TNS ™,

(a) (c) (d)
Ra Ra
= o] O =
R3 > I N > l
H N™ "N = ' N™ °N
H ~ H
R4 n

Figure 1-26. (a) Chemical structure of pyridine oligoamide and (b) its intramolecular hydrogen bond formations. (c)

Crystal structure recrystallized from polar solvent and (d) from less polar solvents.

Huc BIEF/ Yoo+ IF S OREDHBABERBA VI TIRALRBHEL. 2E® 38" 4 &
SHA VEDHRALELEA T4 ILE T —(Figure 1-27 (a)(b)(c)) X Bsheet TAHILFT—%BIB L TIL3
(Figure I-27 (d)(e))e CNODZELHABEIIREA ) IT—LITTHL ., BELSBFRREHAEHET:
ATEAYII—TEHEREINDZIENRD>THEY ., ATAFYITY—ICTEHILTOLHANERE
FEL, W TELBEDOLEABELEBETSILELTES, TNIZOVTIF1.2.3BETHL GRS,
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(a) (d) %, COLEt
O,N HN NH
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O,N HN—Q—
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N
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BocN" NN _E? Nt
g M

Boc—N N
H

2 NO,
Figure 1-27 (a) Double, (b) triple, (c) quadruple helix, (d) S-sheet and (e) helix-sheet-helix of aromatic oligoamides.

FhoBAF)IX—% ) Uh—TEBETHIEIZKY 3 REBEZBEL, A IY—RHTLHFAD
HEEHRDGENREAEZHLAE LTS “Figure 1-28 (a))e E-DEBAZY) ITT—D1HAISEIZ OH
BRGEDKRFEEMHAEELGEREZBATILICKY., VNV EDLSLHERIEBEDEELIT-
T3 Y(Figure 1-28 (b))o

BuQ 8
7\
=N N
NO, TN 7
N%g N D—0(CH,),0 N
H -
=N N
W/, Y
L BuO Js8

®) =

AcT N

Crystal structure of trimeric bundles in CHCl3 Model of dimeric bundles in CH,Cl,

Figure 1-28. (a) Two covalently bound aromatic oligoamide single helices and (b) multimolecular helix bundles.

F7+ W FI—D02 NV E(E MixBEBKER)D) AV FELTHERAL. 235 L<CIE 221 &0V
HETEUNRIEEDEESHRERET A L& X BESEBEFRT L YBASME LTL S “P(Figure 1-29),

COH
NH, (o]
H\ OH ol b
0 @ N“CO,H "y
O/Bu z N NH ‘ - .
< 0 NH o A A 7%
2 i N Bilan
H,NO,S ; " N NH O iy
Vi T <
i d HCAchain B
N v J - J HCA,-foldamer;
HCA ligand linker

Figure 1-29. Chemical structure of the foldamer and the crystal structure of protein—aromatic foldamer complexes.
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1.2.3. BHARTFORMER LS FER

NHADAILE T2 —FRBRIEEYD & S GHEMEMEEZL L DILEMITR STV, LAL
HEEIE, BEREITEYRNBERMERAT 2BLFLIFHZLEHRIA M FELTERESATWS, TO—
DT INEI—THY ., KRR FEEET LI LICKYBEEZFRRIEILIELI LV EL D,
FEEIAINFI—ENBERMEL OO BABEERL. TOERICTSRA M FEEAETEHIENT
ELENOHRRABHAENITOATIND, -, 1.2 1 BTHERELSIZHFABELIZFOBERERICT

TNTA—5ELDTENDL, FIINWEBTRAMNYFEAETHILICLY., AESLEEZOLEART
ECTRATLAI—OBERICHEY., EL50—ADEETHARIZRED Z ELHFEIL S,

KRR MPFETRMRFFNFROBKICK > T ABRRITIRL ZFEHREICHD ., 6l Z (L. Figure
I-l30 QDL ST, XA MDFDEEIZE T, RRA F2FH unfold ITIKEEM S fold IKEENEFE SN D
BE., FEODESITHTFR MPFFAEDKRETE SEABENRETHDHIHE. FLTIREDRERZERM
ZRLETZTA MNP FOBEEMBEITECEZ D, — A (DK I ITT XA MFFREFURNLETHHIEE.
SHAEEILE—B unfold DIKEEZR T, BEEIT ZLICK YT R MR FERET S, Fd)D&LSIZH
FABEDKRIKIZHEDICONTHEENEL B D, SEANTEILOLSBBKRERX bSFHLEDIEE
+—B fold IRKEEN—EREE SN D120, BERRILEL LS,

)Z’Tomi ENEE

unfolded self-

organized
-
© E%
I slow
+ very slow —
self self
organized organized

Figure 1-30. Schematic representations of different recognition modes of a guest molecule by a helix: (a) Helical
folding induced by the guest. (b) Guest recognition in the cavity of a preformed helix. (c) Unfolding and refolding
of a preorganized helix around a dumbbell shaped guest. (d) Encapsulation of a substrate in a helix whose cavity is

closed at both ends.

LT, ZNZENDF/EICODVTHEZRNT D, 9. BEZTLEZHEWVWSRA N FEAETLHT74LE
Y—¢LT, lehn BIEFCTI/EYDUEECTIRA)IOT—D 2 HEQD—EBBRITXIVEASI Y
EHEMERAL., bBABEEZRRT I LEEREL TS ¥, COLEAEEIIKRREREFEERERS
YFUTIZK > TREIL SN B(Figure 1-31),
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OR, OR, OR,
H H H H H H H
RZOWH N NT(@‘,N N NT(@NN N Nf@(N N r\kn,OR2
ACRASACR AR AR ARG
0

H>NJLN-H Rq = CigHzy, R = CgHyg
Py | X=NCiottn
R1O,
O
RO L3 )
! NN NN
0 H o H Ot Ho
R20 (0] ‘(’ i H : “Heg.
‘H :_-( : H O-._ — S NIJ.
o7 N N-NH, NSO 0::{"1"‘\"\’I Hy=0 <\ ,N...,H,G::g‘rﬂi
Z N 0. N* X~ H..N, 0% 'N“b HN"q
H \ \ N-H----- fo 0
=/~N NTR O, M= o H N2
5 H L = H H L llor,
o] Ny 1
W b

Figure I-31. Helical structure of cyanurate-binding oligo(diaminopyridine)s.

Moore SIE mPEIZL 7/ HEZEBA L mPES (X THF R TIEO BABEZRE LA WLA Ag @i Lt
MRT LT, DBABEEMMT 52 &£E28|E L TULS(Figure 1-32)%,

04 0Tg
.
SiMes Ag'ion
CN
Et,Ng X Z
L !

0”7 "0Tg
mPE-5

Figure 1-32. Structure of mPE-5 and a space-filling model coordinated to two Ag+ ions. Side chains have been

omitted for clarity.

Inouye 5 (X Moore 5MBH LT= mPE DRV EUIREFE ) D VIRTEETH X 1= oligo(m-ethynylpyridine)s
NEMTESUALIMNIBEZLDIN., BRALGBLREL. BABERERRTHILERELT
W3 %, EYSUDONRFIIKREETIET2—ELTH R FOHED OH R L SRDKEREERM
L. bEABENGEEINDS, FLEOXFIVT14—I2&Y. bBADEETAMZEFIETLEIZENTE
A(Figure 1-33 (a))e £f=. EUSVEBOTO MU MEIZEY ., AUTT—DaV T+ A—2avBLUES
HEEEHHTESL I ELBHLMNE L > TS ) (Figure 1-33 (b)),
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(b)

Hsc\N/CaHn

7 + g » ~2 H*
® @ 05eqH", \\3\_// ELLN :3
TN - -
H CeH
+ n HiC-N
Ml G p
QH He™ . hexow\‘* H\‘E(:‘N <= "NT® / W H /
H O, HyrC « Hy7Ca-N—G= N g -
ﬂO OR %EZN =5 T _<v ,em,,mn_/‘ -
o < stable >> e
n stacking n stacking

Figure 1-33. (a) Structure of poly(m-ethynylpyridine) and its conformation change induced by complexation with a
saccharide guest (butoxy groups were omitted). (b) Influences of protonation on the local conformation and the

helical structure of basic poly(m-ethynylpyridine).

F1=K S. Jeong HlE, 1V FAINY =B EDERRPCD I DIV LT EREIFIILEATER
LizA)dI—HhRT7F 0K FEEEL, DBARBEFHRT A L% X RiEREERITICK YEE
BAL. MY FOESEEZER L-FEET>TLS * (Figure 1-34),

(@) tBu t-Bu

(b) RO,C, OR

Cl ion

RO COzR R= (CHzCH20)2CH3

Figure 1-34. (a) Chemical structure of indolocarbazole-pyridine oligomers and crystal structures of heptamer.
Indolocarbazoles are shown in green and pyridines are shown in purple. (b) Oligoindole-based foldamers and the
energy-minimized structure (MacroModel 7.1, Amber* force field), where side chains were replaced by

hydrogens.
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2D0BIC, 7AWV ER—BERTEHELEABEZ LY., TORAINI-KEOABERMICT X M FE B
T 50| %8NT D, 2-T.L 5lE. P FRKERFESICEKYSBABEZLEDSERS D RA)IT—HY R+
NFELTEERHET S EERLTLS ®(Figure I-35),

CeHiz  CeHyy

Figure 1-35. Helical structure of suger-binding oligo(diaminopyridine)s.

F-HOEABEZE S mPE ITBHKMEF1—TRODEALEZEL S, TOY A XAOHIZEL=BKEDS
AR FEAET B, BIRIE. F5ILE()-apinene FRAW-IHE., BHEBEEDP T mPE-1 (E—AHEEZD

DEAEENIELT S *(Figure 1-36).
W%a-pinene

04,.0Tg
Figure 1-36. Space-filling model of mPE-1 and (-)-a-pinene determined by Monte Carlo search.

mPE-1

3DHIZ. FURNILVEBDHT R CRFEEETHHELTEH mPEDLEIT SN D, Figurel-37 [Z7RT mPE-1
DOEAZILDERE 87A, Ay FEYAY FOERSCUDERIEH 6.6A. FURILBEYHTUED
)T —=ILAFILBPOERIL102ALHESAEZN . ELLOBKDOV AL FEmPE-L LRE LT,
FEEEREFARNSILICKY., OV FRYAY FELSBAZIICEEBBAINSIDIZHL, 4N
WA RESEAN—BESUFLOMIILERY BTFELNEIDZA IV TaEIN LR
b &R ENT Y Figure 1-37),

04.0Tg S
v = S = =
S = S [ — =
T o, KO =i T BT E
mPEA rodlike ligand = = Sj.: :’?—f
OTg OTg N ?T _
IR e 511 8
TgO QOQ N_{J QOQ oTg E . E // }_g
= — )| = =
p J'_“A‘ \" :JF\
OTg OTg B @ & L %

dumbbell-shaped ligand

Figure 1-37. Schematic diagram illustrating the binding of rodlike ligand and dumbbell-shaped ligand.
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REIC. 4 DEBOHATEILBSBADFIZEEZT R FRFOEEIZDWNTIRAR S, Huc b (& Figure 1-38
[CRLEELGSZBHEOERRZHEAEDOELI LT, hTEILBEDSBARFERIEL. TORERERM
[Z H,0 5F.1,4-butanediol 7L EDINDFOF URIIVBEIDFNEAEINEZ L EBH LM E L TLS Y(Figure
1-39), FLBEABOELGLEDXIILGTA My FZAELEEAAZHETELIZEELERLTWVS
72(Figure 1-40),

QiBu QiBu OiBu
Q"x F Cl
OiBu O/Bu QiBu OiBu
N=N

“ 7

| W/,

H X d H

ASX X =Mr, F, H AX X =Me, F, H pyr-pyz-pyr pyr-pyl-pyr pyz-pyr-pyz

Figure 1-38. Formula of main chain units derived from diamine, diacid and amino acid monomers that constitute

helical capsules. Each monomer is associated with a letter and a color code.

a o p'p®p" P e p¢ et 0 o Ml 0 a 0 p" e p e la a o PPIIIIOC

OH

@ ok 1o pon 0 Loz
QQQP"NprpvpyNNp"ooo s %o DOOGOOOSTITOOOROOO ,oH
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Figure 1-40. (a) Sequence of capsule for the recognition of tartaric acid and the crystal structure of the complex.
Circular dichroism monitoring of the titration of capsule by D- (dark green) or L- (light green) tartaric acid. (b)

Sequence of capsule for the recognition of S-D-fructopyranose and the crystal structure of the complex. Circular

dichroism monitoring of the titration.

UEDESIZ, ABZERZ L OO BADFIE. DFRBREEHT IMBEREIFELTRLECHARINT
Wb embd, FEEDESIAINSZ D,
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1.3. KBRS F

DFRBICEALTE, SEADFIEESNIENURIMNS . KBRS FHAFRODMGEREZEH-TE
o BHOESFRABRIEEYWTHSL/OTFX M) U PRRHEEAFDE, 1950 FRIZHBZ, &
78TEXR) (L, CO)E. D-TILA—AD 1,4-5) 3L FEENLHEDIRKA Y IHET, TOES
EBIZ&>T 6 EK%EaD, 7E2K%E[FCD, 8EKREY-CD & L\:)(Figure H-1(a))e WINILERDEKZEL
THY. BORAIEEKEZRL., SMITHEKEZRT, D&, FFRH. K FE. M, SH5F%E
EMRLEWAEFFICE W THEBKREUVMERE X RKIET 5D, IR 1L Harada 5IX. Figure II-1 (B)IZTRT LS. FE
TiRL1zaCD TEMENIZA—FSUERBBTRLUETZVEZLDORY 7V UILEESF M LI aCD
M trans- TV REFQET 5128, KBRPTEIFEFOSFILERRET S, LHL. UV BEIZKY cis-
TIEADOKERNR D E, a-CD EMRELVILIZHED EVWSAHHLERYT—ARIREIATNS 7Y,

Hydrophobic cavity

Hydrophilic interface

» o &
("C"- ;\(I)nm) “,{‘\%&Q
9

Vis
(A =430 nm) Py
+f; V;G' ) or Y R
| 9 . r"“.' Heating o? .

Supramolecular Hydrogel Sol

Figure 1ll-1. (a) Three types of cyclodextrins, (b) application to photoresponsive material using CD polymer.

COD NRHESINTHLHERD 1967 F. HFRHEH E%OAIE‘]UE%‘W&A'%& L T Pedersen IZ& Y
SS9 I—FINEREINET), %031111( L. HYVIRTZL—=2 AU GRLY LY F LY,
SHIEY UL voanRSTzZLyIFZLY P vsan5 7Ly ¥ ES—7L—
VR EHELORBROSFIAIR SN, SFRHELICEOVTHOMRZREZRE - L TE = (Figure

n-2)o o ®)

cr, X0
0 o) : X
Lo OH OHOH HO

Crown ether Calix[4]arene

a®
e

Cucurbit[n]uril Cycloparaphenylene ethynylene [8]Cycloparaphenylene Dimethoxypillar[5]arene

0 n

Figure IlI-2. Representative examples of host molecules.
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BEIC, AYT7 2 FORBRKDFITOVWTHEHRAGHABENTONTE Rz, £V ITT7 X FORKSF
EVRIE, FTRERTF VR EFOLND, FRFEERICEOTIE, "HHRTF F'd L F"HHIR
KRTF R IR, TRMURTF FEEROBRZRRTET L LTHHESIATWLWS, RLBALE
BEBRARTF KE LT, Figure I3 @Q)ITRT L2 ORRY UAKMISN TS ¥, oo aRRY UIEGRE
FINRERETIERTHY ., RTFFEREIEDT I FEZRD 7 HFILAFILESATE Y., EXA
BOAEEZET AT/ BELSL DAROTI/BAEFENDILE VWS HHRMARTF FEIFELGIHEEER
LTW3, CO&EIUEHRRTFRZAINICAIYET I LZBEME LT, BRRTF FOHAERINED
bNTEf, HIZIE, Ghadiri HIEDARE LADT S/ BEXEICHESERRRIF FEEEL. 7
S FESICHRT 20 FRIKFEEZMALTRITIFRF/Fa—TJ2RKTH5LZRELTLS
(Figure 111-3 (b))Sa)o
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Figure 11I-3. (a) Chemical structure of ciclosporin and (b) example of artificial cyclic peptide.

—A. BICHRARFZFEREZRT I FEED syn/anti BEEEBEEZFIAL T, HL2OFERRKA YT
7IRERIEINTES, Figure -4 [ZHIZETRT A, ChbldE, PETRTA MV EFFROBBRERMTK
REEAEHAL. TOFERBEZREILL TS, COLSICIARENTEEEICEE S NRKS
F(&. ”Shape-persistent macrocycles” &EFEIENTULVD, Bl Z (X, BingGong BIEX7 X K NH &7 J/LaF
BHOKEHEEMAT I ETERATYI FZARLTLS ¥, ThLIIBREELTVYET—%
BbH, ¥FvYETA—HTEEYSZVLAF U ERETDHEVSRITEVWT, V590 —TILEFEL
LTWS, BEolElnai=——oQ@BEERAL. BIAZXFHUOBEELIMEL TLVS, —A. Zhan-Ting Li
BlE. INARAEZLDRRATH Y28 L. A FER v XV JHEMERZAEL T/ AAKRILLA
F, 95— LU EERRERRTAZEEREL TV ®, £, HuagiangZeng BlE. BIREY R
VAT—M. OB A A VB EDERBAA U ERBET I LERELTLE Y, ChoBRAYITT7 =
FlX. BingGong b DIRIKAFH I —MN—EERICTERINTULADIIH L., ZDHMD 2 HlIXEXRL
MBERIGICE>TEREINATWS, —BRERIGIZCLKS2ZEHARIEEI. TOBESLHERHOEMED
FHOICBOTHRANGERAETHD, LML, ZLO—BERIGEIY FOE—MICFTRTHY . %A
BEIEBRMEEL, BIRETHLIZENZL, LDHICEBRYOLREEZRLEL. ERZRE. RS E
EINEETHY. TO-HERYMOBBELGERANVEFRARTH 5,
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Figure IlI-4. Representative example of aromatic oligoamides.

Shape-persistent persistent macrocycles D ZDMDHFI & L TIE, VAT =L VI F =L 2 (CMPE)
MEIF 50 B (Figure 1I-5), CMPE (&, ZDOTFEEED ZIZ. BRFT—REMIZEETDHEF1—THKD
RERZERAL, BARECTIRTMIZEINT HEF/ NNE—VFEBRT S, SHICERTHICESIT
L. SABEECRRELTEATHIENTES ¥, Moore 5IE CMPE DT ILF U A B L RARIGIZ
LKBHEEEERREL YY), —ED CMPEEEDLAEFHEMES M E LTET ¥ (Figure 11155 (3)), FDMIZE
lnouye HIZ& Y B O EHAAALTEBIRDF ¥ (Figure 11-5 (b))X° Yamaguchi HIZ& U FSILES AFIL
JxF U bLrEFEEKRI= Y FETBHRRST VY (Figure 5 () HRIBEh TS,

Figure llI-5. Various kinds of CMPE derivatives.
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1.4. EEE7 S FEAOIIFEYE

—H. BROHRITIL—TTIE, FERE=ZMT I FOILKFEERALE DA LFT—%2R8IRLT
Stz UT. 72 MEESOREASHRAT S,

1.4.1. 7= FEASDEH

7 = F#E&IE. Figure 141 ISR UZEIBKICK Y —RBMICEFERBEZ LY. TOCNFEENBH_ZE
EEMZL OO, EEAFREIN, EELREMHLEEZRELEHRRHBALEREL LTHE OO
5, ZEREREFLOBBRENELZBAIZIE s / trans BEENEET SH., N EADOEEREEN 20
kcal/mol F2EE L NMR BIED R A4 LRT—ILICH L THEELREFESITHDIEMD, TN DHRAIEMERK
(X "HNMR 2L ZBRE L VBTN ARETH D ¥,

R
Q\ ’R1 o} A (0] Ry 0 Ry

A
- = —_— -
£-N  e— C=N N &= N

R R, R R, R R, R R,

Figure I-41. Resonance structures and isomerization of amide bond.
1.4.2. FEENTZILFIET S FO cis BExH

FEEE_MT IR THEIN AT FIE, #E&ET trans BE L ST & A Kashino HIZK > THE S
nTW3 ¥, —h. FEMRZOREPMESIL—TTlE. RVX7ZY FREDFERE-RT = FiE
BOEHRRFLICAFIEZEATEIEICEST, csHEBETDHEVSISHEERHL TS ™, N-
AFIRVZATZ) FDcis 7 2 FEED CN #ESERIL 1.355ATHY . £, ZREFOAY O
AN sp2 DFEEAITEN EMND, trans BELEDZEZRT = MES LRk, BANG_ERENLZ D
STz, Flzo 72 FHEEDRLNAIL 135° LhTMRECNTLWSEETCTEEEZLE. —A.
FERRTIEH 60° ODZEA TRMULVE o TLU = (Figure 1-42),

0 r'\ cis
Q ,© N-methylation ©)1N,CH3
R
sallog
H @
\- trans
benzanilide N-methvlbenzanilide

Figure 1-42. Cis conformational preference of N-alkylated aromatic amide.

N-AFILRDXT =) RO cis HBEILBRPTHLEHASINTIVS, Figure M43 [TRUXTFT 1) K& N-A
FIRUZXF7 = FOCDC D 'HNMR ARY kL(FEEEER)ZRT,
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CHCl,

H3 H3'

H2'
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N-H |l|

> O
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4 @ > H2 1 HE' ya pge o'
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Figure 1-43. 'H NMR spectra (aromatic region) of benzanilide and N-methylbenzanilide in CDCl; at 293 K.

MEDARY FLIFRECERBY, NAFIARXTZY) FOFFRTOMDDEES T MERUXT
— ) FIZHEREHISAIZRY . RATH0.6ppm DEMNH Nz, COREIE. N-AFILRVXTZIY K
MNeisBHELDHILET2ODFEFTRIVIAEESBELLY . EVDRERMREZZTHILICSERT S
EEZOND, COBERIEELGDBEPICEVTHLRKRICE oMl N-AFILRVZXT7ZY FD cis B0
VIAA—V I VERICHELEEED T FOBEEEEOIEES T ERNKLHRHET R E. FHERKE
RO PCNMR AT 52 EMDE N-AFILRUXT Y RABRRPICEWNTE cs EBEBEL TL
ST EMNTEEINE T,

Ffze NAFIARZXT7Z FORERAENMRIZEY BRTTIEADvYy—a3>2 T+ <7 —(cis A)(Zh0
AT, XA FT—a0 T+ —(trans (K)HEAI S, TDHE(L 193K T 98.3:1.7 T#H > 1=(Figure I-44),
DEEMNS, IV T T—RD I RILEF—EAG® [ 1.6kcal /mol (198K)TH Y. Fi-. ;BETZE NMR
[C&DWMIVTAT—DRMERE?233 KE N-AFILEDT I ALY T FED S EEREBEAGTIE 13.3 keal
/mol(233K)E RIEL bhi-,

SN L JL

S —— me p— ..,,,....PE”‘
76 75 74 73 72 71 70 69 35 34 33 32

Figure 1-44. 'H NMR spectra (aromatic region) of N-methylbenzanilide in CD,Cl, at 193 K. M: major peak, m: minor

peak, s: B¢ satelite
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SIHIZ, FBEETIFTRONT - cis BMELXMEIE. FEEDLT7OFEFKRYT 7= 271 E Figure 1145 [Z
RTIEEYBRICBVNTEBELTHAONIBETHIENHELAE SN TINS ¥,

) trans
cis

v
@ X . ( X ) N.N"-Dimethylation @‘N o
N N-Methylation @A N NN =X cis
(" 3 " o
X=0 Amide ) X=0 Urea
S Thiocamide S Thiourea

NH  Amidine NH  Guanidine
NHz* Amidinium ion NH,* Guanidinium ion

trans

Figure 1-45. Cis-conformational preference of aromatic amides and related compounds cause by N-methylation.

1.4.3. FEE7 I FOMABEEERWN-74+IL5T—

N-A FILEEERT 2 FD cis HEEDEFED 1 D, FEHEEILDODIETHD, TORKE. HWIEFDIL
REFERITEBTEDFERETLHIIENTES, BIZIE RUEVIRD para fiLd N-A FILT = FHEE
TERELEAVII—EOBABEE LS EMALAESNTING ™, Figurel46 [T YR —, TS5
T—. RUAT—DEREEETT, PII—(EX2DDN-AFILT I FEEN s B THEELTEY. @
KFEDRUEVEPFRORNVEVEROBEICH L TRLCAICERELTWS syn O3V T+A—3 Y
H#EOTW =, TFIT—, RUAT—ZHAFIC, syn BT A= 3 UAEGMICEHES ZEITE-
T. bEBABIZTA—ILT4 T LTWBI LMoz, bEABEE. 3/ Y—21=2y +T1HE
WAL TV,

Figure 1-46. Crystal structure of trimer, tetramer and pentamer. Terminal O-phenyl groups and hydrogen atoms are

omitted for clarity.

BHRICR) T— L D BAEBEZ E D EABLMEL DTS ), N-Alkylated Poly(p -benzamide)s @ N
FRFLEICHZFHAIEZEAT S LICKY ., —AREZICR/ o BAR) I—HBIE S = (Figure
1-47), SR T —ILREKRFHIC CD REAEL L, HRIEEE COBEOMICERBUENLR SN
Ehs, BMLBARFTHLIZENTEINTz, LRI I—EHRED DD VITFILEERZ, BEF
Ny T UTEICKY(S)TEG QIEEZ AT HR I—DBEEES(Pheli b BABET LD EIRBEINT-, F
1= CHCl;, CH3CN, CH;OH B2 EDRIETIE b B ABEEMM L T EHA ., LM EBREKREFEER o high

>71=,
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Figure 1-47. Chemical structure of N-alkylated poly(p-benzamide)s and CD and UV spectra in CHCl; at various

temperatures.

ZTTCRUEVRET IALVRICEELIZE A, CHOHIZH,O ML TULS &, 7R T —D CD 5%
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Figure 1-48. Chemical structure of N-alkylated poly(2,6-naphthalenecarboxamide)s and CD and UV spectra in

methanol-water of various ratios at 25 °C.

FRUEVIREEO—IIIREXRE(ICELE LT Figure 1149 DAY I —H 5 BABEERRT A&
NBEIhTWS ¥, SBARBIEEZET S FO ds BEEMEICE->TIIERI Sh. N-alkylated
poly(p-benzamide)s 42 poly(N-alkylated 2,6-naphthalenecarboxamide)s & (X275 Y (CH;0H 42 CHsCN Tl €D
BMEMNF Y, HO TIXC FREIGMN = en b, 2K ELGLIHNEFETRT CENHALNELE S

Zo

ONO\ x 104
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NO 0 O’r OIO ll e
[=]
Jog e & ke 10
OEt o} o oy =
HN O.N Y % / & €
'y 2 y/ I o 0 — -
T OEt
. N N g — 405
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Figure 1-49. Chemical structure of N-alkylated pyrrole-benzene hybrid oligomers T-1 - T-8 and CD and UV spectra
in CH3CN at 20°C.
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1.5. AHMREDEM

CNETEERE=ZMRT 2 FOLFFHEZEN LT LASHICHBALEZLEATH LTI —HEIR
SNTEEN., TNSEABEMAEH TR, BFEOHRALGLBADFOELSIZ. FFRHEBORFS
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F A2 2BTHRNLEEARAREZED Hic I EF /DoAY T7 I FOLEBATA LI I—FRIZL.
ZTORFRBICATIEHZHREL TS, TO—AT. BRKF/ VoA )I72 FICEAL T, BK
FIR—. TESX—DAPBESNTEY ., E_HRT7 I FESOHDLLREZAF)ITT—MBIE &Y
RELBRIEEMEBDICLEIIRETH o=, 2T, LBARDF /YA )ITF7ZI FIZEERT S
FREZEATSHC LT, FHRRREEDZRIMNI S L2BFE Lz, CNETICOEAKRSFEAL
TR FHRIHEN-|WEFITLG L. AARETOERBENS LTHRTH S, BIRLERKT/
)4 1) I7 2 RIE. NMR O X SRERBERBTICLY . TOIAIRBEZHAONET S,

(EBE3FE: KRKF/ VT FAUTT—)

UE. FEREZRT I MESDILARFHEEZFAT S ET, HBROEARBEIVRERR I A LT —
ZRIEL., ARBEEMITT S LZBMET B,
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