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Inclusion Complex Formation of Benzylidene-type Derivatives
with Cyclodextrins

Yasuji IHARA and Akio NAKANO*

Summary

The inclusion complex formation of benzylidene-type derivatives having different side groups with f -, dimethyl- 3 -,
trimethyl- 3 -, and y -cyclodextrins(CDs) in aqueous solution was investigated by fluorescence measurements at different
temperatures. The binding constants were calculated for each system imposing a 1:1 stoichiometry. The increases of the side
chain length in the guest molecules increased the binding constant. The fitness of the guest to the cavity of CD was
suggested to affect the binding constant. Based on the temperature dependence of the binding constants at different
temperatures, the entropy and enthalpy changes were calculated for the complex formation and contribution of entropy to the
process was discussed. Molecular modeling studies were also performed by means of Monte Carlo Simulation on Molecular
Mechanics in order to determine the preferred complex formation of cyclodextrins and benzylidene molecules. The
formation of the complex involves the benzene rings of the guest molecules which mainly interact with the hydrophobic

cavity of the host by van der Waals forces.
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Figure 1  Structures of Berenil and Hoechst335258.
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Figure 2 Synthetic Pathway of Benzylidene-type
Derivatives.

4-( 4 Methylpiperazinyl) nitrobenzene (3) D&
AE7 I A Zp-7hF 0 bRy EY
(5.08¢). N-XFNERT Y U(3.61g),KEEKES b
)% A(14.6g). T % 7 — V(100 mI)& UK@0 m) % A
N, 120CDHMBEHTABRAE T o720 BBEA
BB, AEPOIY ) VEREZEL. Bol:
KEEZ7OOT7 3V ATHE (50mix3) L7 7
oo 7+ VABEAE (50mlx 2) %, KBRS
FUYLATERLL:, 7007+ )LARRERER,
Bon/EEPERIFVTEERL, FL Y
B F4.92g, 62%) k187, BE;95~97C.
'H-NMR (400MHz,CDCl;, TMS) & (ppm)
2.37(s, 3H, N-CH3),2.54 (t, 2H, ¥~ 5 ¥ 8), 345 (t,
2H, ¥RF U VIR), 6.82 (d, 2H, N ¥ ¥ V), 8.11 (d,
2H, N\ > ¥ ¥ &), PC-NMR(400MHz,CDCl3) & (ppm)
46.0, 46.9, 54.5, 112.6, 125.9, 138.3, 154.8
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4-( 4 “Methylpiperazinyl)aniline (4) DA

HETZ7I A2 (3) (10.1g)F AN, 95% L%
— V(50 mDIZERE L 72, HEBPG0 TORBET. 95%
Iy ) —MIZIEE L 75 %Pd-C(100 mg) % Mz .
WTHEAE FI72m)EWo < Wilz 7, Rk
DEfE (5 %Pd-CRUBIKE FZ T X DiFm % &
SIC3MmEEDRL7z, 1 PRMEBER,. 54 b
5454 5 A (20x100 mm) TPd-Ck BFE (%:8) L7,
AHEREREL. BonBEFa-~XT v LE
BIFLERVWTEEREITo7. BEROKR
(3.46g,39%) % 137-. B, 73~79TC.

'H-NMR (400MHz, CDCl;, TMS) § (ppm) 2.35
(s, 3H, N-CH3), 2.58 (1, 2H, ¥ X 7 ¥ VY BCH,). 3.05 (1,
2HERT T VB, 6.64 (d,2H, XV ¥ Y ]), 6.79 (d,
2H, X7 ¥ Y B&). P*C-NMR(400MHz, CDCls) & (ppm)
46.0, 50.7, 55.2, 116.1, 118.5, 140.0, 144.4

4-( 4 -Methylpiperazinyl)-N-( 4”-cyanobenzylidene)

aniline(2c) D &1k

HET7T AT (4) (048 g)s p-¥ T/ RV AT
LT F0.33 o) R Up- MV ¥ ANV F »B—KkY
Q0 mg)EMA ., N ¥ (150 mDIZER L7, Bk
%8 (Dean Sterk# )% B Y 7. W&+ (100 C)
T 1K, MEABHELTo 7. PEOWHELEH
BAATERE L7, HHI%RTE L -EET R A
L7, E£BOFEE0.28 g, 37%) ML 210~214T.
'H-NMR (400MHz, CDCl;. TMS) & (ppm) 2.34 (s,
N-CHs, 3),2.60(t, 2H, J=5.1Hz, ¥ X7 ¥ Y B), 3.27( t,
2H, J=5.1Hz, €} 7 T V1), 6.96( d, 2H, J=8.8, N\ ¥
I8, 7.28 (d, 2H, J=8.8Hz, N\ ¥V 8),7.72 (d, 2H,
J=8.3Hz, N L), 7.97(d, 2H, J=8.3Hz, N ¥
B®), 8.53 (s, 1H =C-H) ."C-NMR(400MHz, CDClz) &
(ppm) 46.0, 48.7, 54.9, 113.6, 116.2, 118.6, 122.5, 132.5,
138.7, 140.5, 142.1, 150.1, 154.3

4-( 4 “Methylpiperazinyl)-N-benzylideneaniline(2d)D &

BHRIZQODARERBDOFETIT o7, (4)
0.48g), X ¥ X7 V7t F(0.28g),p- VL ¥ Ak ¥
B—AHMY (Q0mg), NrEAS0m)EHV, B
B OFER0.35 g, 46%), @E. ;145~146C.

'H-.NMR (400MHz, CDCl;. TMS) & (ppm) 2.38
(s, 3H, N-CH3),2.61 (t, 2H, J=4.9Hz, ¥ X5 ¥ L B]),
3.25 (t, 2H, 1=4.9Hz, ¥ %5 ¥ ). 6.94 (d, 2H,
J=8.8Hz, X~ ¥ ), 7.23 (d, 2H, J=8.8Hz, R ¥ ~
1®), 744 (m, 3H, X ¥ 8®), 7.88 (m, 2H, X H >~
), 8.50 (s, 1H, =C-H) . *C-NMR(400MHz, CDCl3) ¢
(ppm) 46.0, 49.1, 55.0, 116.5, 122.0, 128.5, 128.7,
130.9, 136.6, 143.7, 149.9, 157.7

4-( 4 Methylpiperazinyl)-N-( 4 "dimethylaminobenzylidene)
aniline(2a) D & B
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BERIEQODAR L AR FETIT -7z, (4)
096 g). p-TRAFLT I INYXTNLFE FO.75
2, p- MV ANE Y EE—KHIY (50 mg), V¥
V(300 mh%E A7z, REBHFKO.71 g, 44%). 5t
B, ;204~208C. 'H-.NMR (400MHz, CDCl;, TMS)
& (ppm) 2.39 (s, 3H, N-CHz), 2.59 (t, 2H, J=5.1Hz, ¥~
5T VB, 3.04 (s, 6H, N(CH3)z) ,3.22 (t, 2H, J=5.1Hz,
¥Rg U VR, 6.71 (d, 2H, J=8.5Hz, X\~ ¥ L B), 6.96
(d, 2H, J=8.8Hz, N\~ ¥ Y B), 7.19 (d, 2H, J=8.8Hz, X
¥ 8, 7.74 (d, 2H, J=8.5Hz, X > ¥ ), 8.35 (s,
1H, =C-H). “C-NMR(400MHz, CDCl3) & (ppm) 40.2,
46.1,49.4, 55.1, 111.6, 116.6, 121.7, 124.8, 130.1, 145.0,
149.1, 152.1, 158.0

4-( 4 “Methylpiperazinyl)benzaldehyde ) & 5%,

FAR TS AII24- 7NV F ORI AT VTR R
BAYN-AFNERT T (4.05g),REEAEF F 1) 7
L(15.0 g), =% / —)V(300 ml),K(120 m)) % Adr.
wE (120 C) T5 HEMmME. BR LA, KSER
rBEASEL, AHILIY - VEREEELL,
Bo/-kBHirruuxy Tl (100 ml x 3)
L. ¥Y70uxy yBrEKFEESF M) ATERL
oo BMEZRETET L. BEAHRAGIES
n7:, (1.02 g, 12.4%) .. ;49~51TC. 'H-NMR
(400MHz, CDCl;. TMS) & (ppm) 2.31 (s, 3H, N-
CHs), 2.53 (1, 2H, ¥ R Y V), 3.41 (1, 2H, ¥ RF ¥
V), 6.88 (d,2H, X ¥ L B]),7.78 (d, 2H, NV ¥ ¥
), 9.79 (s, 1H, -CHO). “C-NMR(400MHz, CDCl3) &
(ppm) 45.8, 46.8, 54.4,113.3, 126.8, 131.6, 154.8, 190.1

4-( 4 “Methylpiperazinyl)-N-[( 4 ’-( 4 "methylpiperazinyl)
benzylidene]aniline(2b) D & B
ARIBZQDAKEBARDFETIHTo 2o (4)

(0.96 g). 4-(N-Methylpiperazinyl)benzaldehyde (1.02

g, p- MV I ¥ Ak Y EBE—KHY (40 mg), RV E

(300 m% AV 7z, 9 BRI OMBGRTE RO L7

LZh, HBEHEIBONT, (0.55g, 29 %). @

F. ;240~242°C.'"H-NMR (400MHz, CDCl3, TMS)

& (ppm) 2.35 (s, 6H, N-CHs), 2.58 (m, 4H, ¥ X7 T »

), 3.21 (1, 2H, J=4.9Hz, ¥ x5 ¥ ~B), 3.32 (1, 2H,

J=5.1Hz, ¥XF Y U B]), 6.92 (m, 4H, XV £V BR),

7.19 (d, 2H, J=8.8Hz, X\~ ¥ » 8), 7.76 (d, 2H,

J=8.5Hz, X~ ¥ 1)), 8.36 (s, 1H, -CHO). *C-

NMR(400MHz, CDCl3) & (ppm) 46.1, 47.9, 49.3, 54.8,

55.1, 114.7, 116.6, 121.8, 127.4, 144.6, 149.0, 152.9,

1575
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BIAABOEBANRY FVERERI R, =
DOEIZBWT, H#EiZCDEE [C] (mol/1), Htw
BEERICBITA2HELERILAFERT . TALD
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Figure 3 Plots of Fluorescene Changes of 2a,2b,2c,

and 2d on Complexation with CD Hosts at 25C

FIT, AETCREFNRFRLIOENLRTEEST
HLEZEBEAYRBTAILIILE, Thbb,
Benesi-Hildebrand®R1® (13X) @& L THEEER

PEH L,

CD + Guest = Complex
AF' = (a[Guest]Kb[CD])' + «[Guest]' (1)

CZTAFRYZ70FFA M) v & MA-LED
HIEARY MVOELTH Y, [Guest]it 7R M5 T
THENY VY 7o HFEEOMMRE, [CDIXY >
OF3A MY ViEE, « 3ERTH S, AFL[CD]
DHEBOERBEFR, OEEEHKE KD D Z &AM
E2H., AR BV TRERERPEREL AV
TKbEEH L7z,

F1ICUBEASBEROKEEH (Kb) 2R L7
T4, 25CICBITLECDENRY VY FUFEALD
VEEABORAER LRI OEETH L, — K
12, RMOERS TV EONNVF—HDLD, B
HEEROE BON:, EAEORL S a-, f-,
y -CDIZDWVWTHET 2L, BROBVEAERIR
bhizDid, y-CD T, RICA-CD THo%o a-
CDIZDWVTid, ®MEREICRtPBO N o7z
7m0, HAEBREZERTE L Lo, TDX 513
BEOCDRITHATRICENEL DX, ¥ -CDA'3
BONTHRLORELZHEKAILERD, EIAEHN
by T74 v bLizdEELZIONDE, —F, «-
CD Tik, WILOBEEOKRE I L THEL, £
Bx)IAMYRALI LN TELR P o2bDLER
bhd, SO Ehs, BARNENKEVIZEHEN
BEEBERTI LGN,

R, AFVEBORLR S, B-CD. DM-3-CD,
TM-3-CD IZDOWTHET 2L, BROBVWEEEHK
%R L72MDIiEDM- 3-CDT. RIZ 3-CD,TM-3-CD &
%57 DM-8-CD #°3-CD X Y b BV EEERE R
L7:Dix. DM-3-CD &. ZOHWENICAFVEE
20 S THBNEFDZH R-CD X H bBUKMAHESE
HArmEh, BRLLTRELEEGEEFBONL
borEZONL, $72. TM-R-CDIZHBIZZF DN
VX -—HDH, BEERIRBAI L, ThoDH
BIN, RUDYFUFERLEOBESERT
Did. DM-3-CDTH 5 Z L bh o,

Table 1 Binding Constants for Inclusion Complex
Formation of Benzylidene Derivatives with

Cyclodextrins in Aqueous Solution at 25C?

Kb (L/mol)
2a 2b 2c 2d
1b 75.7 124 75.5 62.3
1c 506 528 159 69.4
1d 15.3 46.3 28.4 1.2
1e 543 84.5 118

a) AtpH 7.0, 0.05 M phosphate buffer.
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K2, BCDIZ2WT, 20CH»540CE T, 5CY
OREEAELESYE, EEMELRLLREL. SRE
B AESERE RO, FOESERIL., 7
7Y bRy 7OREFHACTESGL Y ¥ VY —(AH),
BEA&Trhnt— (AS), HEIANVF—(AGZEHE
BL, BHFENBE»OEE L, BEEERDA
HE ASIRBE2 (s FOREER T ROBLZ L
ZEhEOoNE, M4I1RT £ 912, RTInKA1/TO
TJrrikvy Ty MIERERERL. ZORF
RTHWZEESHBEICBVTAHE ASIZEEHOE
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2Rl EOBEIRARIEY ., BOERRRIIET
HBHIEERT, RIZ, ASIZCDEF AP EDES
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EAREEZRLTWE, 8512, AGRAEHESHA
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Figure 4 Van't Hoff's Plot of Binding Constants for
Complex Formation.
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SELEYOERE—RICZ I VE-WILE
FIT, T R E—WICBAF 288 THY, &
DEFEZZ I NVE~FOZBERIZ, (1) B
KEHEER. (2) EE&EOKM. (3) CDZE
FAROREELARGFOBRE., (4) CDOF T/
DOTAIRANF—-DOBRTHLLEEINRTWE,
RIOEEEBROREELLL., 77 bhy 7
DORXEHAVTAH, ASHELNRD, THHLOERS
EF—F -2 R2IIR LA, SSTHWERDE
BERAITRTCRARCTHH., F0OH) XU}
DY —-HRCI MM EREEE). T
yiue-#nts. ZHEHAOKOKEB. 7V
FNVEOR Y OBBENENTKOBEFEE S L
5, R2ILAOGhIZBEGZ VI —DOKELRE
B, IZOEFNOREIEASICEREAL. AH
IANVF— (AG) ELTRZFOMRBICEY, B
FErBEECHEIREILBBEICIVEEENIDT
Hr9. BAMHEERINENZEOZ Y b1
¥ —Z(S>0) L bFrRIEDLT Y ¥ V¥ —2%1L
H>0) %29, L2LENFS, RERTOEE,
DEABRBEIEDL Y o —Z{tEh bt LAE
DIV NVE—FICE-THBEATVE, T
YINE-DREARRSY A VN FFRAMBED X
DNEVIRALF R CHBHES,

Table 2 Themodynamic Quantities for Complex
Formation

AH (kcalfmol) . AS (calfmol K) AG (kcal/mol)

2a 1b 0.670 -52.0 14.8
ic -22.8 -122 13.7
2b 1b -6.43 -70.8 147
1c -20.3- -115 12.8
2c 1b 0.862 -47.2 149
1c 0.517 -47.2 14.6
2d 1b -3.61 -62.2 15.0
ic 5.27 -32.7 15.0

—MRICBBEERBZ VS VE—BICERITH -
T, 25C Tt 2ipBCD-2a% Tl AH=
0.670kcal/mol. TA S=-14.2kcal/mol T 3 CD-2b%
Tl AH=-6.43kcal/mol. T A S=-19.35kcal/mol T
HbH, CNEWMYAAREEL LTIV LE -
TH5PMEOBKENETIConTHEMLTB
D, SEBAEHEEAFBESLTwEbDEE
bbb, FLRSIZSEHELNI-EF— YD
Yho¥—tz sy MY —E{bOBRERL,
H5CRT I ThEDRMTREKDOED
IOV — -9 Y- itHEERETHL
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Figure 5 Entropy-enthalpy Compensation for Complex
Formation.
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2bx 7z,

FPRDIC, BEH2aR 20 EEWETHFERE L,
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Foar 7+ A—a YEBEOEREIEL TS,
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Tabb, FTHAOMPREEIOEMBTEES
., FLEOBRRESINESPRB L FELHE
A L7 2ad¥E225B . 20D 355 169BLHEE A 5 D
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EHELH6 IR L, WoTF L b IZIZESHEER
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Table 3 Total Energies of 2a and 2b Obtained by Monte
Carlo Simulation.

2a 2b

E (kcal/mol) rel.E (kcal/mol) E (kcal/mol) rel.E (kcal/mol)

1 188.9816 0.0000 115.1461 0.0000

2 189.0957 0.1141 115.2822 0.1361

3 189.1154 0.1338 120.3169 5.1709

4 189.2344 0.2529 120.4101 5.2640
5 191.6747 2.6931
6 191.7851 2.8036
7 191.9547 29732
8 192.0790 3.0974
9 194.1521 5.1705
10 194.2031 5.2215
1 194.2493 5.2677
12 194.2675 5.2860
13 194.2787 5.2971
14 194.3378 5.3562
15 194.3638 5.3823
16 194.4164 5.4348

2b

Figure 6 Optimized Molecular Structures of Benzylidene-
type Derivatives.
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Figure 7 Sketch of the Different Topologies for the
Entry of the Guest Molecule into the Cavity of
the CD host.

Table 4 Total Energies of DM 3 CD(1c)-2a Complexes
Obtained by Monte Carlo Simulation.
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BERFREA IRV EVBREAELTVRLONE
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BCD(1b)-2b DMBCD(1¢)-2b

Figure 8 Computer-generated Molecular Models of Six
Complexes Detected for the CD Hosts and
Benzylidene-type Derivatives.
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1 849.7066 0.0000  849.0524 0.0000  842.4567 A
2 850.4353 07286 8499520 08996  846.0003 3.5436
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d e f
E (kealfmol) relE (kealfmol) E (kcalimol) rel.E (keal/mol) E (kcalimol) rel.E (kcal/mol)
1 844.6755 0.0000 8521774 0.0000  844.6338 0.0000
2 8458687 11881 8537718 15944  844.8326 0.1988
3 8475160 28404 8586484 64711 8493212 46874

-17-

TMBCD(1d)-2b



TR K2 eV B B Ao By

#5277% (2001)

Table 5 Change in the Energies and Their Components on Complex Formation of

Benzylidene Derivatives with CD Host **!

BCD(1b)-2a DMBCD(1c)-2a TMBCD(1d)-2a BCD(1b)-2b DMBCD(1c)-2b TMECD(1d)-2b

Totals -28.4840 -25.8967 -24.6453 -22.5742 -20.5136 -265.9564
Stretching 0.8177 -0.3171 -0.7904 -0.0323 -0.2962 -0.6267
Bending 1.9766 1.7936 -1.8735 -0.9878 0.3030 -0.7517
Stretch-Bend 0.2980 -0.2717 -0.0429 0.2613 0.0000 0.1202
Out-Of-Plane -0.0404 0.0704 -0.0200 -0.2147 -0.0519 0.0641
Tors. -2.2899 -0.6215 4.8885 2.3490 -0.6875 -0.0455
Elect.
1-4 Interactions 0.6989 2.2788 -2.6719 -0.7131 -0.2404 50.0961
Nonbonded -16.6574 -7.5501 -2.0186 -8.8506 -3.9235 -48.0061
Vdw
1-4 Interactions 1.7459 1.0089 3.4958 0.9508 1.1297 -2.1252
Nonbonded -15.0344 -22.3879 -26.6123 -15.3265 -16.7468 -24.6806
a Based on MM(MMFF94 force field) calculation
b kcal/mol

¢ Change in the total energy [total energy of the inclusion compound(Host-Guest)]-{(total energy of Guest)

+(total energy of Host)]
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