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A novel method of calculating the water-accessible molecular surface area from the number of points generated on
the molecular surface was developed. This method yielded a molecular surface area with high accuracy and speed. The
molecular surface area of lecithin shows an excellent linear correlation with the logarithm of the critical micelle concen-
tration for many lecithins having different acyl chains. The solution structure of oxyphenonium bromide estimated from
the molecular surface area approach was close to that obtained from NMR. Furthermore, the change of molecular sur-
face area, AS(HG), with docking of host and guest was defined and its calculation method was developed. Because both
the host and the guest generally consist of hydrophilic and hydrophobic atomic groups, AS(HG) was divided into such
four terms as 4Soo(HG), ASow(HG), ASwo(HG), and ASww(HG). For instance, 4S00(HG) is the decrease in surface
area with contact between the hydrophobic surfaces of the host and the guest. When the guest molecule was moved along
the symmetry axis of cyclodextrin (CyD), the structure of a complex having the maximum value of 4Soo(HG) cor-
responds with the crystal structure. The solution structures of several inclusion systems were predicted by this method.
For various systems including a-CyD, f-CyD, y-CyD, and aromatic and aliphatic guests, the maximum values of
AS00(HG) showed a good correlation with the logarithms of the binding constants. This relationship will be used for the

prediction of the binding constants for CyD and other host-guest systems.
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Fig. 2. (a) A Cross-Section of a Diatomic Molecule Cut by a
Plane Passing through the Points O,, O,, and P and (b) an
Expansion of Its Boundary Region

The points P, Q, R, and S are on the circle 1. The angle between the line

0,Q and the tangent to the circle 1 at the point Q is denoted by w and the

lengths of the arcs QR and QS are both 4//2.

FRECEH L REEICHFST 280 (ER)EDT
MICBE SN TERERME L TIFGLRWnEs
) 226N s. IS 2 EE OB RITER
HEOEES (HELTOP) ITE-> TIEHERS 2
DOERDORM Q ThHh DM, WgAl DKEI ZFFDOME
B (ABERELTOP) TES>TIRVEELER
Wz o, FITHRAFIZOERIC AIOWEZ
Fr-vr-.

Fig. 2b 135 Q Dl RQ=QS=A41/2 £ 72 5%
0, ZHLETDHEE R & rg DERT & FNFITH
T AXMHRESZEZMAZHDTHS. ZNHR
ESMQEZHDIDIITTELER O, LOHFEENIZ
W8 Al OEEERF PN A CTE-EEHEEN T
AMQITLoTakiansg., ZOHEMEEHRPR>
P>S) O fEIB RSN TOMEMN S HIEHEN P H
ODHEHHOEGZ P ORRPHEEEHL TER
5L

PS/RS=PS/A4l (8)

Eix%., ZZTPSIIZEMNOMEE SO ET

DHEEEE WS REJEN R E/R DT, RSIIEFITH
WHIPI TH D EWVWIEIET, R,SOMNEZAE w

TO, M5 DEREE L TERT &
rrR=r,tAlcos w/2 )
rs=r,—Alcos w/2 (10)
IS &P OMEr Z2HNTRXE)IZ
RS/PS=(rp—rs)/(rr—Rs) (11

CEIETIENTES,. 72, w DR¥IL Fig.
22 IZBWTE/A1 O,UO0, 5

(r1 cos w)*+ (r,+r; sin w)’=d? (12)

sin o= {d*—(r}+rd)} /2rr, (13)

cos w=A{Q2rr)>?—[d*—i+r)}V*/2rnrn,  (14)
DEIOIKDZZENTEZDT, X)), XAOIZ
FNENn

re=nr+AH{QrnrnY—[d*—i1+r)}V*/4rr, (15)
rs=r—Al{Qrrn)>?—[d*—Z+r)]}*/4rir, (16)
Elrb, ZNS5DOMEITHLUTP D O, 05 O rp
Mre<rs D& EMBEHRF PIIE< RERITITIFG
LiaWwl, rnp>2r O EHEZF P OEHEENF
53%, —F, rs<rp<rr &3 HoNcEF5T
&L, Z0HEIHFRIANKATEZA S, FHEOUEZE
O BRIEICH L THEFL TID2HEFHFDEM
BEHE%. £ o DRZEOBHBEETHTS S
o OIEFERA3)E 2 JHFOMERFROHEICS N
HZEMTES, RUNDsinw A1 LD KN
BRI E<EMLTVWARNL, sihwdt —1 &
DRENHFIITNSWHDFHEFNRRENHDIHTFIZ
TERICEEND. BIZZ0HEZ3IETULEOLE
FoFITHUTHIE#EA L, f4 QFEFN7 T
HICEH T 2HEEEZ RO TENSZMELZHON
SFREEERD. Z0&E, BUKEERT, skt
JHFDRNCERTIUL, BAKMES TREE Sw & B
KM TR IEAE So MIRETE .

ZIEFFE Uz PRI REIEZBEET 5729012
T DOREMEE RD TLEMEYE DL %175
o, ’ADHEICKDEREEIT Al Z/NE<LTW
JIE, FHEMEIZEOMIGED L. 1EFHTFIZDN
TR L E ZAFEMET Al O EEBIT En
SHOEIZEDWE, LM LERERTFASTFITBNTIX
COEDENSDTNOHFFILHERT 5. Her-
mann O 5 LN E D fi % 5 Z % n-octane(all-trans),
2,2-dimethylpropane, cyclohexane(chair) iZ D Y T
Al I LEHRE S /72 & & @ Hermann DOfE & D
It % Fig. 32 1Z/R 9. 4/<0.01 nm D FEIFIZHB N T
P4 Dl Hermann O H D EIFEAEZHEL WA,
AlOEME EBITOTNRIREZEME->TH LT D
AL TWS, ZO1EFHTFELET 7 FRIOM
MIDEWIE, BROZZH VI &L 2 HIBREEL O i K G
IERL TWa EBbNns. £z, FEROMHERAD M
DOESHIR, 2ER, BRIV RsNZ. L
FORERNSEICH S MWIR D AFFFETIE 4l=
0.0l nm Z2HRATH I &EICL HIZZDOLSR)



No. 1

51

(a)
1.00

Area Ratio
=)
)
®

(]
(=]
T

[y
<
T

Computing Time(s)

0
0.0 0.2 0.4 0.6 0.8 1.0

Al(A)

Fig. 3. (a) Ratio of Our Molecular Area to Hermann’s (b) the
Computing Time for Octane (1), 2,2-Dimethylpropane (O),
and Cyclohexane (A) as a Function of the Dividing width A/
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Chemical Structure of Lecithin and PAF

Lecithin: R;=C,Hj,+,CO, Ry=CnHyn+,CO, PAF: R,=C,H,,.,CO,

R,=CH;CO.

Fig. 5.

Water Accessible Surface and van der Waals Surface

for Two Conformations of Dimyristoylphosphatidylcholine

(DMPC)
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Dependence of Cmc Values and Molecular Surface Areas on the Total Number of Carbon Atoms in Acyl and Alkyl Chains

Lecithin Ether analogue
Type
Compd a A(nm2/CH,) Compd a
I C,Co(n=12, 14, 16, 18)? 0.506 0.2981 C,Co(n=16, 18)? 0.475
IIL C,Co(n=122D, 149, 169, 189) 0.485 0.2981 C,Cy(n=12, 16, 18)? 0.418
IIE C,C(n=6cde.N) Thcef) 8ee) 99 108), 16M) 0.378 0.2181
1S C1sCu(n=2, 3, 4, 6)9 0.191 0.1658 C1sCn(n=3, 4, 6)? 0.131

a) Ref. 54, b) Ref. 36, ¢) Ref. 35, d) Ref. 37, ) Ref. 38, f) Ref. 51, g) Ref. 52, h) Ref. 53.
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Fig. 6. Dependence of the Logarithm of cmc on the Total
Number of Carbon Atoms in the Acyl Chains for Lecithins
The types of lecithins: (J: I, l: IIL, A: IIE, A: IIS.

LIFoDHATTEICEKEREET DIVHBRE
BizhznoEfEzze Rl 7.

S=Anc+B (37)
Table 1 ITHIF2 A DEIEITDMPCOBDI> T +
N —Z I EONEEEICED2HDTHDA, D
RN R e SIFFRBIL TS, 2D A DfEIR
AFLHEIEYSZ0DOXRAEEEZERL TWDHRTH
DM, Y14 TIULDL > F > D A {# 0.2981 nm? |3
BRI OZKOEHIRT IV > D AfHE 0.318 nm?
ICHA/NE W, 23 C-CIETFRIDFEEE D& WIZ
EELTWS,

Fig. 713/KD¥FE ry # 0—-0.15nm E L& =D
SE&emecDHEHAMNEBEEDHBEZRLZSH DT,
WY rw OEBICKD, T2 TF LY
TOREIMBL F D cmc flEAME2 DD)INT A —
Hoa,fIlEoTHIDIENTEDILEEH]L
TWb,

log cmc=—aS+pf (38)

T/, ZOZERLVIFIOOKRFTOE ) Y —HEE
DAEEEE EHELU L TNWS ENnS 22 XTS5
DTHD. ZDOry=015mm BT 3 afEild, 7
WA DOKBEWEDDR D IFL ) =) T —
TIVDFDE ) —)b /7K 53 B R 53 B OV5 T 16 14 41
DIV EIlC X 0 ES Nl & FEHEIT
MWEZRL TS,

BOYHEEKREZEZDEE, WSDODNDKT %
ZRICANDILENSD S, £9, B EMNS
SAE, BILVEBEIDERINGRERANEREEZA
TH5. 02DOHIFLOENBMEELOFEREICE>T
BHDHIBENDZETHD. DFEDHHEIED cme

log emc

500 700 900 1100 1300

Surface Area(A/molec.)

Fig. 7. Dependence of the Logarithm of cmc on the Molecu-
lar Surface Area for Lecithins
The molecular area: O: conformation B at r,=0.15 nm; @: conforma-
tion A at r,=0.0 nm.

NOFEMFOFIEIC I > TRIEHS>TLBDT, 7
SIVEHE Gy AR A STV TR IR A B D )
INRELZIATHSD. bBbAA, TOZERRERFT
EDOEMEZRDD I ETHRETH > 20, FEO
cme fEIZX U Tl FRE#EzE vz, WAL >
FEUJLIFOOMICASNS BHEDER,
TN —T OREREZT VO T+ X T 4+
U EBOXREED cme NDOFH G DEWZE KB /2
HEDOTHO, PRMEED cme ITHT 2EHH5DFE
BENRRIHICESLDHD EEBDbN 5.

B alZI IR IT B AF L R 1TEHZD
OEEHH I RILF — DM ITHEIL TS &R
IBUTESL, b3y R —TOREEIKEFEL T
W3, L>F>Dceme T HIIZH W T Marsh &
King’®% L T Tanford203[E £k DHEL D HH & 28 L
TWBM, JIZA7TIERLDODBDLVEHETH 5.
Table 1 IZRL7ZLDT T ATFITEZF K135
Blal ADHBIRERICENTNS, EWY 2L
Z2AREDLITF UIE25CITB W TR &L IRBEIZ
» 5. #lxIX dioctanoylphosphatidylcholine 1% 3
V&R Y 7%, dinonanoylphosphatidylcholine i
W ZEBRT 5. LIF oI aaiiImER
OHEME EBITHEML, IV OERERH I X
J)VF — T E % &I 7. 39 Dihexanoylphosphatidyl-
choline D I LIV RBEIFIBE L & HITHML 30 2L
LT, 0 I vV EERNKREL BRI EI I
EROEEHH T R F—IXFEAER LR
5. AFETERELRIVILDRDURY —LEHRT
LHEHOL OF O ROFEEREEITHE>TNED
T, S TFEIIFHEERO RN S RBRE RN L
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THIIFHDAN Y RT)—T OSSR R O EE
IR FBIIE LW EMHE I N 5, 202D

KSFDHEELT0.14 nm XiZ 0.15 nm 75—
AW SN TWS N, =8 scaled particle BGH 12 K
N, 25°CITBITDKDT 7 >FIV T — )L X ¥
12 0.145nm T3 0, Y Bondi I3 T—FI)VEEEH T D
BAEOAAEFELELTO0.152nm 252 TW5, 5
Fex X EMEMEE cme O % H K E O X B RIS
WTCLIF > OEEKRDTFOEENEDLDITE
BT LNERFNZ, Fox DHIDIRD K FOEED
WEBICET2RRMIMFTRITITZEAEEL YL VT
IO BHARICE L bEMTH D, LI F
CRUVLIFREBIITURO T F AT Y
CEEHFL TWDS., TN AZENS ecme BT EIC
TIINEIZE > TEEZZITTWS, Table2 D
DMPCOB I 7 #X—MHBICKBLIFUHD
oI L IFHD ol EWVEZRLTWVDS
A, ADI>T7 4+ —IZDO2WTIEELTNTY
2. TOZERINS T+ A7+ UE RRKBHEF
TIEBAY T —DIREBIZHD I EERET S
HEDTH5. FLTEDOBIY T+~ — DR
B 5B 2R 0 K0T 0L L TiE 0.14 nm
~0.15 nm VY EEBHn s,

PAF EZ OB 7 + 27 + U B RIiZIfiL/MROE
M L EBIER T, ZOWEMIF1079—10-2M T
BN, ZHidcme OfE 1076—10""M KD HM7R 0
VY, 39589 7= 1AL 7 )L )LHEIEEAT hexadecyl X
1% octadecyl D H DMNEBRARIEMEZFEDN, IHiEEF
DINHAMEICERT 2 H DO EHERENS. ™2 fif
OF IIIBEIZONTIXEDHFER I DB T F )L
BEERDOD ONRBIGENE <, T3 PAF Z%&
RANDOEFENEZ 515, 9

2-3. OBDARBEDHE OB O W HIHEE
1% Insight II @ Builder €2 2 —JLIZ K D REEE L,
Discover £ 2 — )2 & U CVFF 13 % VBl
U729 Fig. 8 ICRT XIRXAFRFBICMHLS 7 =
ZIIVEONEEAE @ 7 OANF IV EOEEA &
0, LTEFERT D, kL 7= OB % 2nm D EIRDK
SF 9IS ETHE S TRERDOREILETo /2. D
KEETFTOREIIZED ¢ & 0, DT NITEAL

L, ZOWEZEw &Lk, 20L& EDEELIER
conjugate gradients method T, derivative 7% 0.001
kcal mol~! DA NiZ72% F£ T van der Waals’ cut off
distance=0.95 nm, electrostatic cut off distance=
0.95nm Tfro 7. HIZ, KHoFE2RDE> 7 Ew
T b UEZEHOME By & LTz,

AELZYMESIZDNT e & g, 2 360°12D
o TS AEOEILRIZ0°TLET, 7
MICHBERE M 10°T &I Lz, SEEITE LT
BT MRMEME Sw, So Z2HH U7z, [Hl#ziEFE TL2EHS
B L TWRWETFFR LA H O Bondi £ 2 ik
ACHEHRELUEBEIAREREEE /AL £
7=, ’-x®OEFY 77 T 7id, Bovey-Joh-
nson DHGHICEDWZRERIRICLDLLFET T
FMEbEEHT S2EEDALTHD, Z0REHHE
M ITH L CTfro 2. OB O&MEEICHIT 5 R
1 MNDO # &R 7 > > v )L & Ly MOPAC £
21—V CHEHL .

NMR O #H| € Ti, =E /K (Aldrich #) & R-, §-
OB (Sigma #) |3 FZ2ZDEEHW~Z. ZD OB
WA HPLC IZBWTH W I ADE -V Z2/;RT D
D Tdh 5. Tetramethylammonium chloride (TMA)
13 Nacalai Tesque D85 & W /=, NMR HlIEZT
NTHIERE 309.7+0.1K Tfro /2. ZOIREIR
OB OEHRDERICH VWS N2/ DEA L /=, 606D
1D #H5%E TIX OB O£ % 1 mM—60 mM O #i il T
2L EH T TMA 2 (6=3.176 ppm)®2 T 'H DAL
¥ T ME Q) ZRELE. HoNkTr—4FId
Nuts NMR data-processing software (Acorn NMR
Inc.) Z WAL, izl ZhsOHEILH
A% T (JEOL) % Lambda 500 7} Yt &5 2 i H L
500 MHz CTiro 7. BlESI N7 MEIFXRE
CEHROREBHRDEOTERICHNS N/, 2D HIET
12 OB 60 mmol dm 3 (mM) /KA I L T H-
'H shift correlated spectroscopy (H-H COSY) & 13C-
'H shift correlated spectroscopy (C-H COSY) 37
F1 delay times=93.0 us, 17.4 us & transients=16,
64 T, FRMERIR/NIVA S —2r 2 A& FWEIE L 7z
Phase-sensitive nuclear Overhauser effect spectro-
scopy (NOESY) % transients=8, data points=2048,

Table 2. Variation of the Constants (« and f) and the Correlation Coefficient (R) of Eq 38 with the Radius of the Water Molecule for

Conformations A and B of Lecithins

Fu Conformation A Conformation B
(nm) o (molec. nm~2) ) o (molec. nm~2) ) R
0.00 2.04 8.38 0.9469 1.98 8.47 0.9288
0.10 1.93 11.52 0.9964 1.90 11.29 0.9939
0.14 1.75 11.63 0.9961 1.72 11.24 0.9966
0.15 1.71 11.63 0.9955 1.67 11.23 0.9964
0.16 1.66 11.63 0.9947 1.63 11.23 0.9960




No. 1

55

Fig. 8.
around the Chiral Carbon Atom

Table 3.

C6

CO

Labeling of the Hydrogen Atoms of S-OB and Definitions of the Rotational Angles of the Cyclohexyl and Phenyl Groups

Chemical Shift Differences between the Paired Protons of the Cyclohexyl Group, Heats of Formation, and Hydrophobic

and Hydrophilic Molecular Surface Areas for Six Probable Conformations

— 0 0, 46 (ppm) SS AH; So Sw
(degree) 6e-2e 6a-2a 5e-3e S5a-3a (kJ/mol) (nm?/molec)
Obsd —0.152 —0.378 —0.026 —0.140 — — — —
Ew —44 68 —0.234 —0.120 —0.013 —0.083 0.0767 412.5 5.848 0.538
Ev —52 62 —0.756 —0.191 —0.112 —0.167 0.4074 412.2 6.123 0.479
N —64 102 —0.150 —0.350 —0.021 —0.122 0.0011 444.3 5.857 0.548
Dw —44 59 —0.255 —0.086 —0.024 —0.079 0.0993 415.6 5.858 0.529
Sc 0 120 0.283 0.466 0.012 0.080 0.9512 731.1 5.636 0.641
Sn —60 100 —0.099 —0.325 —0.013 —0.110 0.0070 443.0 5.854 0.551

mixing time=400 ms T [l kk 2 FEHE) 72 1] E fe DAL
HzLZ s OHlEX Lambda 500 TT7o 7z
F 7=, NOESY HIEIZDWTIE /A AL NIV KE
KNSBIOAE =T 2R ONRETH -7,
Varian @ Inova 400 73 Jt#8 2 FH W T 400 MHz T %
o /=. Transients=8, data points=1024, mixing
time=500ms CHIE L /=& T A, /1 XL X))
Mzen, NS7OAE—=V 2 ETHIENT
X/ INGsOfERIZIzaAFUIEOTO R >
DlpfEKR Y, > aNFIINHE—TZ)VET O N
CEROEBHERICHW S N,

NMR IC X2 ERECBN TR BEFEHLEZD
W, AkIEEAEMFENTIISEMTHDIETD 2
OoNFIINED4DDT O >t (Fig. 8:  6e-2e,

6a-2a, 5e-3¢, 5a-3a) THD. ZHNHLDL¥T T D
7= A0 (Table 3) NEICHET L2 72V EDRE
FHHRICERT S ELT, TOMHRNEEMI—F
W & o, DIEZFFOMEZ N (Fig. 9) & L7

COBENIZODW T 7z D)VEE > 70AF )L
Eo7o s MR - - &2 A, TORNIE
HIEZN/ZNOE ORI —F L. Uk &
NS, OBOT7 xZ)VEKDI 7ONFIIVEDK
T T4 A= a3 z2HEL TWSHESER
NTHD, ZOWEIIHNTHFNITKRD -G &
SrBEIBEERD. LhLigss, 1D0a>7
F A= arhHHIEMERATSRICHITEE RS
DI, FTOAL T A= a > OEEETHD, W
<DOHDIALT 4 A= 3 DFERE OHER THEE
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(©

Fig. 9. Structures (a) Ew, (b) N, (¢) Dw, and (d) Sc of S-OB, Where the View of the Hydroxyacetyloxy-N,N-Diethyl-N-

Methylethanaminium Group is Kept Unchanged

Hydrophilic surfaces are shown in white and hydrophobic surfaces are in gray.

95, DFED, EEZELTLES> TWAH LD TII,
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C(phenyl) & C*-C1 O #EEHE[E D DEIERIZ N7/ D
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COREMPDERESIZIHHICEEEL TNDH I EMN
Ginofz. ZOZ &, KOHEREEZEIZHDT
BB, BTV T UG E Dw & LT Ta-
ble 3 & Fig. 91Z/r9. Dw HRIIHE N LD &
& Ew 12T\,

H3&G Sc1d So /N, Sw B KIZTE D DN E 15 O
RBEHL TWD D ERBMNNT 0D K E S FIEMR
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SIZE KRS Sw & B /K PE TS So 20 & R pk & 11
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ETF AR T (G) DEHEEIESIK (HG) 1I2HHT
WE2. #HKOTFREMEIT, SHG)=SwHG)
+So(HG) Th 5. #HHEKDHTEHBIIRZA D
o ET A RO TD I ENTE, SHG)
=S(Hc)+S(Ge) THD. &5IZ, So(HG)=So(Hc)
+8S0(Ge) TH 5.

KIZ, Fig. 10IZBTFB2HRANETZAMD Ry F
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DEIICETSD. AL T, 450(Ge), ASw(Hc)
SO ASw(Ge) MEFETE 5.

RA S OBKMEEFE D> ASo(He) 13 ASoo(He)
& ASow(Hc) 7 5 k5. ASoo(He) 1347 A b DB
KR EHM L TWDBUKEREEZ <L THO,
ASow(He) 137 A M DEIKMEFEF LML Thb
BKEEREIZWIE L TS, BHIZIRA MET R MZ
DT 4500(Ge), 4Sow(Ge), 4Swo(Ge), 4Sww(Ge),
ASwo(He) X ASmww(He) 72 EMNEFEFAGET H
5. NS OHEERBUKEMERESIERZ EE
ERAY

Fig. 10 ® K WHEITBK MK EZEMET 2R L T
BO, VBT EAMEDO T 7 >FIIV T —)V AH %
AT AN TIREKERT, BAEERERT1DOT
OMGERD, WA NFTFIE2 DOEAMRTFE 1D
OHAME TN SR INTWS, #lzE, 79—
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WHZ &L D., ZOTF AN TNRA N TEHE
BIRZEIERT % &, il AB(GS) 13791 AG(Gc), GI(Ge),
IK(Ge) R TXKB(Ge) IZmiad. 22T, KWl
AG(Gce) X So(Ge) DHERLERE 720D, A MTXD
fRENBNWESTHS. il IK(Ge) 1 EHRZA N FD
BRKPEERMICED A ENTH D, A4S00(Ge) DHERL
s &7 %, 3l GI(Ge) & KB(Ge) (& ASow D HERL
o &ias,. —HBAMIT, #Will EFH 1350
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D

Fig. 10. Definitions of Hydrophilic and Hydrophobic Surface Areas for Free Guest (Gf), Free Host (Hf), and Complex (HG)

The hydrophilic surface is shown in thin lines and the hydrophobic surface in thick lines. The dashed lines denote the van der Waals surface and the solid lines
depict the water accessible surface. For the complex, each arc constitutes part of the following area: arc AG: So(Gc), arc AH: Sw(Gc), arcs BK and GI: 4Sow(Gc),
arc IK: 4500(Gc), arc BH: 4Sww(Gc), arc DF: So(Hc), arcs DG and FH: Sw(Hc), arc CE: 4Soo(Hc), arcs CG and EJ: 4Swo(Hc), arc HJ: 4Sww(Hc).

EJ(Hc), JHHc) X O'HFMHc) &7 0, ZNFh
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N5 2DODOMEIAB & ICD 3@ D TES T 2 £
5, Fig. 11b OFEHEKIICBWTIE 2 DOMBE =4
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Fig. 11c i3 P EZE L TEHABDEZRLEZDHD
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DO ZDEIERTOEIE p XA THEA SN S.
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Fig. 11. Boundary between Different Water-Accessible Surfaces of the Host Molecule Composed of Two Hydrophilic and Hydropho-
bic Atoms, Where Its Hydrophilic Atom is in the van der Waals Contact with the Hydrophobic Atom of the Guest

(a) A three-dimensional view of the complex molecule composed of three atoms whose centers (Opo, Onw, and Og) are located on the z axis, (b) a cross-section

of Fig. 4a by a plane passing the z axis, and (c) a partial expansion of the overlapping region in Fig. 4b. Here d=distance between the atomic centers of the host

molecule, r,=van der Waals radius of the hydrophobic atom of the host, r,=r, +r, r;=van der Waals radius of the hydrophilic atom, and r,=r; +r,,. The Cartesi-

an coordinate centered at the hydrophobic atom of the host is based on the intramolecular coordinate for the host molecule. In Fig. 4b points E and F are the inter-

sections of line AB and the water-accessible surface of the guest molecule. In Fig. 4c point I is defined as the intersection of line AC and the z axis, and point P can

move on the water-accessible surface of the guest molecule.
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a-CyD-propanol & &5 K D L EEYD H D L L
W& L, propanol O DIz E &Elk L7247 2
kN &EE L 7=, B-CyD, y-CyD O RIZDWT Bk
MEENE S NN 125 DI T NZFN DKM D
i i 6869 D CyD R 1E 7 5 Rl RR I8 & R R i 2 1
L7z,

CyD A KDL AAHEEL CyD OELZFHEEL
FEZEER FTET. CyDA T xEiicoONnT
PR s &2 D, 1 HUKEE AT A D x D
EEFHSE, 2HKBEMIED x DEZRFD. 7R
My IS Rl x 12> TREISE /. &D Ax i
WEAEREREE L D B A ST A CyD O 1 fok g
MINBEL /-2 &2, EQOHEIZZFDHEDHI~BE)
LizZ&%RY. RyF L PTICKBHRAMT, 7
A R FORERLIZRNDHDET S,

Fig. 1212, 3 DD CyD G KRBT % Ax fi
29 % ASoo(HG) D&t Z/RY. ASoo(HG) 1
HRA b= Z MET OB R TR 1 O Bl D ok &
IERLTVDLDT, TOMEIRKERDZTAND
L& Ax I ZERP OE GG SN T 5 2 &N T
HaInbd, ZOREHMEEG A5 Ax & SR
% Table 4 IZ/RT . Ax DHEFEAI/NST W T &M
5, ZOHEMENEREEITENZ ENGN 5.
Ax DELIZHEW, Ax=0 {131 T So(HG) 73H/IMH,
ASo(HG) N ARMEZRT. TIN5 DORMMEIIIEIR
HOLREMED TR A 5. KEMMEmETHEIC
AWK TOEBEDEVTIDTNENS HKRD 5
NHHRWHESREEICEEEL 525, r,=0.10 &
0V 0.14nm T Ax D fi % Table 4 12779, Fig. 13
WEEREENES NN ST 6 DDRITDWNTHE
EMEZRTH, DI NRHEEZL TIX 4S00(HG)
MRELILBILLIBENEDIC, EfE CyD E&kD
ARG IS IRE T ER W,

3-3. 2/70FFX MY EFRXNOREEHD

33t
a
T 291
£
325- b
o
§ D,D—ID\D\D
21
c ¢
1.7 L L L 1

-0.3 -02 -0.1 0.0 0.1 0.2 03

Ax (nm)

Fig. 12. Molecular Surface Area Changes at r,=0.14 nm,
AS00(HG), with the Penetrating Depth of Guest into the
CyD Cavity for (a) a—CyD-Propanol System, (b) f-CyD-
Benzyl Alcohol System, and (c¢) f-CyD-4-tert-Butylbenzyl
Alcohol System Where the Penetrating Depth is Shown as
the Displacement from Their Crystal Structures.

#E CyYDEAKRDEEINMEEGERK, & ASoo0
HG) HREOROMHEZAS720I1Z, 110%%
SCHRY BT0T058 A, 77 (Table 5). 2T HIX5DD
a-CyD &, 4D® B-CyD &, 2D®D y-CyD % T,
ADDHEEDFETOORKEEFETANEL
TEE. 1 DORT2 DU LOXEMEN D BHAEMN
HBM, TOLOIBMEIREZTFTANDZ0NHOD
T, KEZIHHEHES. #lZ1E, sodium dodecyl
sulfate & B-CyD O Z TIZ3HiLL L DB ENH 5.
LU, RETIEZYRMEMEEHINTY
6'77)

Table 4 FIZ/R L7 11 DR TOHEEHEZEZ 5 2

Table 4. Various Water-Accessible Molecular Surface Areas for Three CyD Complexes Whose Structures Have Maximum 4S,,(HG)

Values

o-CyD + C;0H p-CyD + BzIOH B-CyD +4-t-C,-BzIOH
ry(nm) 0.10 0.14 0.10 0.14 0.10 0.14
Ax(nm) -0.20 -0.15 0.02 -0.01 0.00 0.05
S(HG)(nm?) 9.321 9.887 10.931 11.465 11.342 12.059
Sy(HG)(nm?) 5.806 6.463 6.793 7.501 7.118 8.061
So(HG)(nm?) 3.516 3.424 4.138 3.964 4.223 3.998
AS(HG)(nm?) 2.210 2.693 2.659 3.507 3.165 3.784
A8, (HG)(nm?) 0.325 0.427 0.163 0.361 0.105 0.057
AS,(HG)(nm?) 1.885 2.266 2.496 3.147 3.060 3.727
ASw(HG)(nm?) 0.203 0.238 0.054 0.149 0.000 0.000
A8 o(HG)(nm?) 0.123 0.186 0.109 0.145 0.105 0.057
AS,w(HG)(nm?) 0.268 0.427 0.406 0.624 0.332 0.426
AS,,(HG)(nm?) 1.599 1.839 2.090 2.428 2.729 3.301
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Fig. 13.

\

Predicted Solution Structures of Complexes of (a) a-CyD-Hexanol, (b) a-CyD-Octanol, (¢) a-CyD-Phenol, (d) f-CyD-4-

Methyl-2-Pentanol, (e) y-CyD-Benzene, and (f) y-CyD-Naphthalene, Where a Water Radius of 0.14 nm is Used.

Table 5. Maximum A4Soo Values at r,=0.10 and 0.14 nm and Binding Constants for 11 CyD Inclusion Systems
ASoo(HG)(nm?) Ax(nm)
Host Guest log K, Ref
0.10 0.14 0.10 0.14

a-CyD Methanol 0.865 1.046 0.25 0.31 —0.05 76
Propanol 1.599 1.839 —-0.20 —0.15 1.37 76

Hexanol 2.393 2.651 —a) —a) 2.94 71

Octanol 2.613 2.962 —a) —a) 3.80 70

Phenol 1.701 1.868 —a —a 1.57 72

S-CyD 4-methyl-2-pentanol 1.943 2.170 —a) —a 2.04 70
Ethylene glycol 0.870 1.012 0.08 0.06 —0.15 73

Glycerol 1.047 1.087 —0.18 —0.05 -0.30 73

Benzyl alcohol 2.083 2.428 0.02 —0.01 2.33 74

y-CyD Benzene 1.358 2.235 —a) —a) 1.08 75
Naphthalene 2.296 2.805 —4) —a) 2.11 76

a) No crystal structure is available.

% ASoo(HG) D KAEIZ 6 U Tkl & & 5 Dot Bl
70w hLEDOMNFig. 14 THD (2B, ry=
0.10 nm). & E DO I ASoo(HG) DK
EEEMREARERL .

log K1=1.0744S00(HG)—2.016 (R=0.9741)

(39)
rv=0.14nm OHE, ZOMHBENIIEL 15,
log K;=1.8034S00(HG)—2.023 (R=0.9087)
(40)

IZTHEHTAREZ, Fig. U THARTY A K
(monohydroxy, dihydroxy } OX trihydroxy 7 )l O —
WHERMBER O FEBRILEY) RO KA b
(a-CyD, B-CyD KU y-CyD) 25 A TWNWSH I & T

H5., TOHBEFIMOCYDAEAFZERICIBWVTH
ASoo(HG) DfEim b & & Z T T & 5 gtk
ZRLTWS,

4. &HHYIC

TR R BE R FEIT 0 TR KFI AT RE7R K D &
ERLTWSED, AT TR F—2(sr i
BODDICHANREBETHDHEEAD. £, HTH
BOELEDERICERRH S, TP ZIiZ, OB
DAY T F A= 3 0RLIFUDHTFHNEE®R
E, P THNOEGICETAMEZ S T<HHATEZ
ERbND. T VIFIUHTFREOMERITE
N EBZTITBIKERT BRI R L, Bk BT Bk I
R EBAREWATESTSIIVERTIE, £/
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log K1

_1 L 1 L 1
0.5 1 1.5 2 25 3

ASoo(HG) (nnf)

Fig. 14. Correlation between the Logarithm of the Binding
Constant and A4Soo(HG) at r,=0.10nm () for the 11
Host-Guest Systems Shown in Table 4. The Line Shows eq
39.

X —DHTEEEZHND Z LT, &8Ik 5/KmM
B8 ERED, FOcomec 2HATEXA. ®HEIZ—
WD TRIEATHEEARN—ZAFDRIZDN
T, KHNEOZ(LZRAEREOMHE T LITHITFT
5 2 EITKVFHHTER) AL Tl 4S00(HG)
DIEDARITHER 2R 72, BHL 2D AS O
WCOWTHREME ST ERDIREICT G T 50
BEMEDID . FWFEE HHEIRILF -2 & DOFHES
RENIF MR R R 1172 & O Wy 7s R R
BWTEKZRD, ZOMBERKOKREIESTE
HOMWEIZX S, FIZE, FEBRRILKZIIBITS
FEAREBUI IR R L KR ICB T 52N LD /ha <
BAHTHAD.DZOMEIZONWTIENS DD
BIRED N R I N TN D I1216808D 73 B /2 2 fff 4%
NRETH S, £z, KOERITOTA KL
T 0.14 nm ik < W61, 6812 (K T &M
St LU TI130.10 % T00.15nm A Il W 5 1 T W
%, 13420 0.10 nm |IKF R T OLRITHIET 5. L
MUIRDE, 26056 ENDEHEDFEHIFEE &
BT BMERZEEE > TR,

AWFFEIC BT 5 HiEZ MmO CyD @i RvEHY
— U RRIZBHIGHTE S, HTRIORyF27
MIREIC BT B A BN 33 59 T30 p R e O
AR EICPBWTEEREKZEFD., 2 1FEm
MG DA ZHNZETILTIE, KICKERRICH
WTHEEERE 2 RIBICHITE 5. £, 0
EOBEFINBEAEOH D BICET 2580 H
WTKREREREZ DT TNS.

HEE AU, SRR RSB

BIZBWTIHONZHDTHD, &g, ey,
Wi 0 £ U= FHERCIBESZICE < #ALHE L B
£, /-, AMIEZEHEETZICHZ0 TH W
EEEULBEZBERE, 077 ARBICY
DE DHEEEERL-MEEINAEITHEK
#HnzUFET.
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