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Figure 1. Binding constants of urea derivatives with receptor 1.
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Figure 2. Schematic representation of the structures of the complex calculated By MacroModel.
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Figure 3. '"H-NMR spectra a) in the absence of potassium picrate and b) ini the presence of 1eq. potassium picrate.
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Figure 4. Association constatns of 1 in the absence and presence of alkali metals in CDCl, at 27.C.
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Figure 5. Calculated structures of the complexes in the absence and in the presence of the alkali metal.
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e) BBra/ CH2Ch then LIOH/ MeOH-H20 80%.
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Figure 6. "H-NMR a) at R. T. b) ROE stectra of 992H,0 c) at —10.C.

Figure 7. Calculated (a) asymmetric and (b) symmetric structures of 992H,0 complex.
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Figure 8. Histry of the distances between the centroid of the 5-membered ring composed of five phenolic oxygens of 9
and C5 of the guest.
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Figure 9. Association constants of the DKPs with the receptor 9. All titrations were carried out in CDCl, at 25° C.
Every standard deviation is less than 10%.
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Table 1. The calculated volumes of the alkyl substituents (A’).

Me 23 MeS(CH2)2 77

i-Pr 54 PhCH, 93
t-Bu

Figure 10. The calculated structures of the complexes. Van der Waals surface of the inner alkyl substituents is

represented as dot surface.
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a) Ac,0, Py 82%; b) 3,5-diethynyltoluene , Cul, TEA, Pd(PPh),/ THF 55%; ¢) K,CO4/
MeOH-THF 58%; d)TMS—== , Pd(PPhy),, Cul, TEA/ THF 38%; e) KF/ MeOH 82%; f)
25, Pd(PPhy),, Cul, TEA/ THF 52%; K,CO4/ MeOH 61%; h) (AcO),Cu, Py 76%; i)
K,COy/ MeOH-THF 48%.
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Table 2. Association constants (dm*smol™") of the complexes of 21-23 with fullerenes.

solvents 21 22 23
Ceo (76x5)x10% - (83x2)x10°  (2721)x102
Toluene :
C;o (163216)x10° (85x13)x10% (55x2)x10?
Cep (47£2)x10°  (57%2)x10? (3021)x10?
Benzene
Cro (7227)x10°  (49%1)x10° (41%5)x10?
cs Ceo (54%8)x10%  (15x1)x102  (67x1)x10
2

Cs;o (9623)x10°  (66x2)x10? (10324)x10
Ceo (30x2)x10? (12£1)x10%  (44x5)x10
Cso (4121)x10% (19022)x10 (4922)x10

o-dichlorobenzene

¥, 6L Ty —lIcroicH L THEWEREERLE. LET4—2 113 163000
dm¥mol LD THENEREERE CTI0ICH L TRLE, 51T, Zh5DLE TS —1d 60
£ C70 I U TRBIREERLE, BT, LETHY—2 23RV T CI0 ITHLT
1 0fB0FEREZRLIZ. AUV RX [5] 7L 2A C60 ITERMICAHETHHEIIRL
NEICHELTNWBIENS, ZOLEVERLEZAUY I X [5] PV DE#KLE
L7y —21 -2 30 C70 ICBREZRLZZEEZEDTHEKENI ETHD, 25
12, N5 T =T C60 BLU C70 DLEITEL T, BWARERKEEZRL -,
MVZORRE D TREVWREERERLZOIIHR LT, ZRERFP7oaoR ¥
CHTRZOEEERIIMET LR, 75—V EOBRRER2EEBL, BRifLEEZA, 7
T—V VEOBEREDENVEEIEIEESVWREEREBAD L ENaho T,

RiIZ. RLZE CIOBEDEDIZEILRITEEINTNAENITDNWTRE L. C70 I3
FNZIEEMBR S DDODRFEEALTNWS, £ T, HEERFLEIT7bZ2CT70IZDWTH
ELz., LETH—2 1% CI0 DBEWKIZIA. 13C-NMR 2BIEL7ZETA, ETORE
DT FIVICEREES 7 MRBEI SN, ERES T FOREREEOREN DS LKA
EL, RELDORFENO > EBNENo7z, (a: 1.77, b: 1.55, ¢: 1.16, d: 0.81, e: 0.69 ppm)
P> T, C70 IXMBDXRFEZ DDAV I X [5] TV2OEAFELEAEINTNSZ
ENRDMo . RiT, BLIIOHEBEOEEICEKEZRD, RIFEBSNIEERFES
7 NOEEEICSEEOBEERFTHIEICILE.



75—V ERLVETY IR AEHEEA TEREI N TWS D, EANTRE
REEINTIENWRNDDEEZEZ NS, EE, S FNFEFETHRONZLTEEBEITESE
NI F—HEAOFIIHZ OREFEEZZFATNW ., K1 1 ESNEREER
EERT. A DEERREEEETHD. CI0 DEFEHEL /Y —3FO=D0Hh) v
A [5] 7L o0ESEEEIFIEFITREEEZ THo 7z, EXEICIRNF—NERELEE
IARBOBENRNWEEN, ZO#BBIIZD0HY v 2 X [5] 7L 05 HEEHicxt
LT CI10 DEEHAETFEN DD TH o7z,

Figure 11. Assumed structures of supramolecular complex of 21 and C,, which are used in the calculation of chemical
shifts.
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Figure 12. Molecular dynamics simulation of the complex of 21 \;vith C,at 3OOK.
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Figure 13. Correlation between binding free energy and guest solubility (O: 27 R*=0.989, @: 28 R>=0.993, A: 31
R?*=0.921). The value of the mole fraction; benzene: 2.1x10%, toluene: 4.0x10%, tetralin: 31x10*, 1,2-dichlorobenzene:
53x10%.
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Table 3. Thermodymanic parameter of the complex formation for 27-34 with Cy, in toluene.

27 28 29 30 31 32 33 34

AH (kcalsmol-1) -3.8+0.1 -2.9:0.3 -1.8:0.4 .14+0.1 -2.7+0.1 -3.8¢0.2 -57+04 -7.4+0.1
AS (cal*K-1mol-1) 21104 47209 7.6:1.4 83104 4.7+0.1 5307 -2.7+14 -2.8:0.3

AH/ Kcal-mol!

-10 -5 0] 5 10
AS/ cal-mol 1K1

Figure 14. Plot of AH versus AS for the complexation of Cy, or 35 with the reseptors. (x: 28 and 35 in CHCl,, +: 28 and
35 in toluene.)

Ti-, BINSBLANDBEI, BOIIIINE—BININEZ FOTY hOE—Z
ERBRETEDI I E—BBRENSDOIITY hOE—EbBATHE I END,
MERICHEERS 2 EEDNT, T2T T2 hOE—BLET I E—ZEETOY
RL/Z&EZ 3, EBECEVESBEMARSNE, ZOZERIY  OE—BLETIFI
E—ZL OB HBRIARII L TWB T EERL TS, DED, C60 &L DL akT
LTI —IBNTRBR L - aBEESEOETNLDBRIFTBINS, 5T, L



TSy —& C60 DAEEETBWT, SEIZED C60 ODBBEEMEEHOEHEDERRS
NIEFICEERLIEH> TNSZ ENBESNTE- 2,

Table 4. Thermodynamic parameter of the complex formation between 28 and 35.

CHCIz;  Toluene

AH (kcalemol-1) -5.9+0.2° -2.4:0.3
AS (cal*K-1mol-1)  .6.8+0.6  6.0+1.0

RiZ, —ABEEEBEEF TOAEEEERFT 520, FFITFLEHEDHD C60
FEAE3S5IIDNT, LETHY—2 8 2HVWTEEZEFHZRHLE. MVZ O BXUY
OO7#4)VAZBEELTHNY, BEERET>7Z. MIZHFTEHEOI bOaE—%
RLEZE, IHESNAET—YRAIROEFRERE (K14) THBTEMNS. C60
DIBEEMNEERREZ L TVWSE I ENSND. —F. 700F)VLERANWZHEER
SDBENERANZET—FIREREDTMOE—%2RL., ZOF—F3RIROEIRE
BENSNITENZDHDTH o7, C60 27 0O0FRINAIIHLU TEDTHAETHB1ED,
C60 IZ7 O OFRIVAIEIT TS, B<EBEHEIMINBNWEEZE5NS, —F. C60 FEHA3
S5IRABIC/OOFRIVAIIERT S, ZOZEMNS, 7O0ORIVAFTIE C60 DL
CARWONEZFAF I IFL HOERONEBEREN. C60 BADITTNFERERNEIN
TWRWEEZ 55, o T, GBICHESHBEMOFENNSRD, A0 O
—ZRULIEEEETESD,

PEDESIZ, BxWEHAVY I X [5] FULUBERE C60 OEEXEENCBAKMNIE
BICEERREZREZLTWA I EEHSMILE,

2 - 3KEHSEBHHICHNIECESBYFIS—LILESY—DEE

28: X= Me 36+Cq#36
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ZRWTHXY DREEZE I IBFFESEOMENEALIITONTNS, £I T, 41T
DVTEEZEITDBIHU IR [B] YL FEKRI 6 ZHANTISI— VL 2EETSHI
EDTEIBHTEEEROBEERAAD I EICLE. 3 6 IIEEHBETTKkERESE
BEAC_EILT DI ENTES. ZOBHTF_ERZIZDOHVY IR [5] 7L i
HXRTHIREREAZBELTNDED., ZORIZTS—V 2 EEAETDIIENTED L
EZT. BRIZATDORAF—LIZH> TiITo =,

a OH OH U:-H H x
Ho::? 7Y Y 39
saca NN &

OH OH Fﬁ OH OH
> OO ——» 36
R
c 941

a) xylene, A (19%); b) phenol, AICI3/ toluene (82%); ¢) p-aminobenzoicacid, NaNO2, 6N-HCI / H,0,
and then CHzCOONa/ MeOH-DMFd) NazS,04, 1% NaOHaq. (65%); €) n-Hexyl Isocyanate/ CHLCI, (25%).

T

Scheme 5

TJx /= VEFVIIT—D3 7E38%F LV HHBIEREETV,. AUV IR [5]
TV HEBER3 O ZEGR L. tTFINEEREL., 40%2KFB~, 7z /=)D %E
7L 412628 JLT7ECERLEMNOS T3 6 2aRLE.

a) d) I
| I
b) e)
| I

o) | f) "

1 1 T

1 T
144.0 142.0 140.0 144.0 142.0 140.0

Figure 15. Complexation induced shifts of Cg,. (a) C60 (9.2x10*M™) in CHCL;-CS,(2:1 v/v); (b) C60 (9.2X10*M™) in
CHCI,-CS,(2:1 v/v) with 4 equivalents of 36 added; (c) C60 (9.2X10*M™) in CHC1;-CS,(2:1 v/v) with 4 equivalents of
36 and 2 equvalents of TFA added; (d) C60 (4.6X10*M™) in CHCI,-CS,(2:1 v/v); (€) C60 (4.6 X 10*M™) in CHCI;-
CS,(2:1 v/v) with 5 equivalents of 28 added; (f) C60 (4.6X10*M™) in CHC1;-CS,(2:1 v/v) with 5 equivalents of 28 and
2 equivalents of TFA added.
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Bo5N~3 6 D70 NMRIZBEKRESEZRLEZ. 36 DEHCRXAEHERFT S
=0, BEFRLANS 7O NMREIEZ{TV, BEE2EERERE L. (Kdim:
32M1) —F. C60 & 9.4x10° M HEFEIHT. RFROEREZTVN., 2E8ERZEKDZEZ
A, (Kdim: 32M™") 3 ZI1I#IML~Z. T ENS. 36E60E DERINREI NI,
FI T, ZOBOFHEEDEREMERT B, C60 D 13C-NMR ZEIETHZ LTz,
FONREREZRSITRY . C60 D 13C 77V 143 ppm FHLICEBEI S Nz, OB
IKRZA RT3 6 #ABBMAZEDS, V7 FIVIE 0.82 ppm BRI T R LAz, &
51T, KERBEZEETS M 7N AOFEEZRMLEZEZAS, 7 MER 021-ppm 12
BALK. —H. 5FED2 8% C60 DIBKITIRIMLIZBEDI T MEWE3 6 Z2iMA /-
BEICHBLTHEL, BOBRMIEDE<EL LN o7. 2O ENS, BOTFHEE
36-C60-36 DERNELIZFHFINZ, BARIOELEEFOHEMIIBRZEZEZ720. C60
D 13C ART PIVERWT, HEERETOIIELC L, FEZ I MDELEBEEZ D
v hLU., EEEENEZRANT, 2EERERD,

K,=450
36 + 36 + Cgp 36°Cgp + 36
“Kc=32 Kb=11oH
Ky4=1500
3636 + Cgg 36°Cg(*36

Figure 16. Schematic presentation of the association processes and association constants (dm*/mol).
/ONHKRERK]L 61T7RT, 36:C60-36 DEKICHBITS Ka & Kb 1ZTNTN 450, 110
dm*mol” L7207z, ITIT. HESEGRBIDLIREER Ke 1& 32 dm’mol” E3KE> T
50T, BAFEH 3636 & C60 DEREEEIT KA = 1500 dm’mol' EREH TNz, TD
EIILRTHE L TWAHERE TERBENLAY v A (5] 7V ZEERDO TR LR
FTOEEER 1500 dn’mol’ E—FK L TWBD T, ZOMMIIEETEZLEZ 3,
DEDESIT, REGKEREEEBNCANIEBLTFII—L 2 LETI—DERITHK
wlr. ' .

2 - ARNBEEERHAICHNZIECERBA T 7L 2 LTI —DHEE

RiT, BREAIIEBEBESBICEAEMEEEZAVWCHCERBL,FII—L LTSy —%iE
HBLEDEEZ-, TIT. REEAREZ DAYV I [5] 7V 4 2 %% LT=,
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AU HE. KEEZOREEZITW, HEE4 326k L. 5lEHRE. EEUD FEK
44L432NFVaVLERAVEATAIVRIETHY T TS E2IEICEKDEE

U2 DhUw 2R [5] PL>a2EmR L. TEFINVEZREELENY4 20
BRETT L.

C
ODH OH OH OH OH

O @ O O O 1) AICl,, phenol/ toluene 71%
t-Bu

2) BTMAICI,, CaCO4/ MeOH-CH,Cl, 74%
39 3) Ac,0, Py/ CH,Cl, 90%

~u
OAc OAc OAc OAc OA

— 44
1)@‘@‘50303 , (dppf),PACl/ DMF

O O O O 2) K;CO4/ MeOH 51% through 2 steps
43
Scheme 6
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145 140 (ppm)

Figure 17. >°C NMR spectra at 125 MHz of a) C60 (3.3 mmol/L) and b) C60 with 4.1 eq. of the complex 42-Ag*-42 in
CDCLCDCL,

P



TEBOA2CTHLTEEOE NI IV - EREASEREEZ A, 42.Ag742 OEEE
kBB oNz, ZOBEBEAKZET NS00I ICEMRL. JORNMREZRIEL
EZAH, ZOHEDI T FNIEAL 2DFNITHERETHATO-REBDTHo=. &
2o TOARY MIVIZBEKEEERLEZENS, BRFTZEA L EEADFEIRE
ZHDZENDMoTz, TIT, BEEZZEZXATTOMNNMRZEIEL. EOSEDFT
EFERD. (Kdim: 5700) KIZ. T ORBSTEER 42-Ag"42 D C60 IZMT B aFIEE R
HTBEMT. BEOHZHELENEST C60 O 13C-NMR #HELE, (M17) #
AZEED 42.Ag"42 2 C60 DF 700 DERICHEMLIZET A, C60 DT TV
3% 1.8 ppm BRHBICI T RLZ. ZOY T MERRICERLZHERATHEEL T
AV I X [5] ZPVZEEN C60 ITHELEZEZIRTHES 7 MNOEEIFIERIT
THolzZ M5, C60@42-Ag 42 DERNZREI NI,

o) [C7o@42-Ag*-42)
mM/z=2430

[Cep @42-Ag*-42]
m/z=2310
b)

[42:Ag*-42]
m/z=1590

B

i

— T )
1000 1500 2000 2500 miz
Figure 18. ESI mass spectra of CHGL,CHCI, solution of a) 42°Ag**42 (5.0 mmol/L), b) 42¢Ag**42 and C60 (10.0

mmol/L), c) 42°Ag**42 and C70 (10.0 mmol/L). The inset shows the calculated (straght lines) and experimental isotope
pattern (curve).
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RIZ, ZOBRICZEED C60 ZIHRMLU T, FROAEZT>ZET A, 2310 DT T
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BIREZRLIZZENS,. ZOBGFHEDC 6 01ax 9 2ZBREITIEFE ICHKFEND D
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L7z,

Figure 19. Stereoview of the complex structure C60@1°Ag**1 based on molecular mechanics calculation.
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BKMEABEERZFALEZAY IR [5] FVELANDAY U HZOHRE, B
DAY ) —)VOEBENHERNITEE, XOMRNOBRBRICBESTFIZR5EEXI5N5, 45
DEREEZLLTFIZRS (Scheme 7). 4513 AYUY IR [5] 7V IZZDODFT75 L
BE27IREETEALRZ46 EPoEOT VAT 4T DOBRTESEEX T, 46
AU IR [5] FL>PT7IARA8 &, F T VAR VETIVTER49 S
HEICKVBLONDEEZT.

Ph 47 49
Scheme 7. Retro Synthesis of 45
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S OH ) Br,, Fe, AcOH OO OH 11,0, 2,4,6-Collidine OO OTf
7 " 3)NaOH, EtOH * CH,Cly, 98%
51 52
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Br HO
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CO,Me M
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53 54

Scheme 8. Synthesis of Methyl 1-formyl-7-naphtoate (54)
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Scheme 9. Synthesis of 46
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Scheme 10. Synthesis of 13
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Table 5. Binding Energy - AG (kJ/mol) with
Porphyrin Derivatives and Pyridines in Toluene

R=H R=Me R=#+Bu R=Ph

58¢Zn 325 34.6 30.2. 22.0
59¢Zn 21.7 23.4 23.7 23.1
TPPezn | 21.1 23.1 23.9 23.4
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DIZHEBITESTH S, BERS. BRFTOBY THEHEDOERIZEL TIE. ThEno
RAOVEEEDOHRIZEVFES 7 FNERTON—BHTHD., TOFEIT7hEZHNT
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M. BEFITANOIEAIREEEO AN S FERENTREN, TITHRLR, FTFRICEE



TEHEILEER. SEFEOANTORTFEESDERERENS OFEERDRICXVILFES T
FNOEZERDDFEEZANTVS, HEETIIRNEVER, AIVEARZIVE =—FI)V, 7

v I LR EDEERIERDREORED DITHRIIL TNV
BRDERZF IV VBICHARLEFZRT,
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61
TRREVER

REITE D FERKERREZHET 57201213, TOEREEHMEIILTWS O
EDOEDEMFNEEL, TOBREICKBIET T MNELERDDIMLEND S,
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Table 6. 'H-NMR Chemical Shifts for Compound 60 and 61 together
with their Observed and Calculated SIS Values (ppm)

" Calc. Obs.
position 60 61 SIS SIS
lo 1.47 1.20 0.27 0.23
1B 1.76 1.67 0.09 0.11
40 1.59 1.39 0.20 0.21
4B 1.81 1.56 0.25 0.23
5 1.70 1.42 0.28 0.29
6B 1.33 1.26 0.07 0.09
To 1.07 0.99 0.08 0.10
8 1.61 1.53 0.08 0.07
9 0.90 0.77 0.13 0.15
1la 1.73 1.66 0.07 0.08
118 1.34 1.30 0.04 0.07
120 1.30 1.24 0.06 0.08
128 1.86 1.79 0.07 0.04
14 1.33 1.25 0.08 0.09
15a 196 193 0.03 Q.04
158 1.52 1.48 0.04 0.04
160 2.10 2.06 0.04 0.05
168 2.47 243 0.04 0.03
18 0.89 0.85 0.04 0.04
19 0.93 0.83 0.10 0.12
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temperatures, a) 25 °C, b) -40 °C, ¢) -60 °C, d) -90
°C, e) magnetizatton transfer experiment at -90 °C
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Figure 1. Supramolecular cavitands
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Figure 2. Schematic representation of the confomational change
through guest binding.
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Figure 3. Variable Concentration "H-NMR Spegtrum in Water.
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Figure 4. Variable Temperature *H-NMR in D,O and in CD,0D.
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Figure 6. Binding study of 4b in water.
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Figure 7. Molecular volume calculated by GRASP.
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