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Interaction between Cucurbit[n]uril (n=7, 8) and Two Kinds of
Viologen Derivatives Containing Coumarin Unit

Cui, Yanting ~ Zhao, Guangkuan ~ Wang, Ruixin ~ Zhu, Weiguo®  Zou, Dapeng™
(Key Laboratory of Chemical Biology and Organic Chemistry of Henan Province, College of Chemistry and
Molecular Engineering, Zhengzhou University, Zhengzhou 450052)

Abstract Two kinds of viologen derivatives ([ XDS-3CMV] and [XDS-6CMV]) containing coumarin unit were synthesized
and characterized. Spectroscopic techniques such as '"H NMR, ESI-MS, UV-Vis and fluorescence spectroscopies were used to
investigate the interaction between CB[n] (=7, 8) and guest molecules. The results reveal that each of the two guest binds
with cucurbit[n]uril (n=7, 8) to form stable inclusion complexes. The length of the alkyl chain of the guests and the size of
cucurbit[z]uril (n=7, 8 ) can affect the binding models of the inclusion complexes. Cucurbit[7]uril primarily binds with the
viologen unit of the two guest molecules to form 1 : 1 inclusion complexes. [ XDS-6CMV] prefers to fold back to forma 1 © 1
U-shaped complex with cucurbit[8]uril. Whereas [XDS-3CMV] prefers to form supramolecular polymer with cucurbit[8]uril.

Keywords cucurbit[n]uril (n=7, 8); viologens; coumarin; inclusion complexes
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ZEWy e B R SLRIEN CBI8) 7S i, BiAk I gy >
TR A T SRR A AR — RV
FLED, WFICR I AR A PR 7 ARGy FAEIRE
BARKTIERS 101 BCAY), WK B A I nl JE By
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YIiE Ik, Bz N T2 SRR DL 43 BT R
AT AT A T PRI T R
2% BT I RS T 2R W [XDS-6CM V] HIT [XDS-3CMV]
(Scheme 1), Jfiliid 'TH NMR, ESI-MS, UV-Vis fl15¢
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1.1.1 [XDS-6CMV]Y CB[n] (n=7, 8)#8 ZA% A ¢4 'H
NMR F &% 41

WM AR e ARSI T TR R AR 4 A e g5
DR RTB. B 1 EER LG e (f[XDS-6CM V]
5 CB[7IMH BAE FH . AN 0.5 equiv. )
CB[7]i}, #%HEE 1B H BRI 25 AR 10, AT
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A 1.0 equiv.[f] CB[7]0), Kl 1C FOWE SR & %)
M1, 53 2 I [XDS-6CMVTIK 1A M LL, A5
Hl 1 H(al), H(e2)7 0l mda%sh 7 6 0.17, 0.10,
H(B1), HB2)¥In =A% 80 T 6 1.32, 55K AHIER H(9)
MRS T 6 0.11, BEHIERR BN T R 52
BT JRIR ) B MRS 52, TSRS E ) R A o JIRER
vy F1ANES . 5288 4 BB A0 2B A B AR A AN 2 AR
2, H(3), H(4), H(5), H(6), H(8)73 7 k7823 T 6 0.03,
0.11, 0.03, 0.06, 0.20, Ui IXLE 5T HAAL T TRIRFMIE,
T HL B RS, it ASZ IR [ s LA /s, b 4k T
(115t 14 H(a), H(b), H(c), H(d), H(e)¥J# ks, HAT
H(D 1] = 34 % 8y, 30 HH B 58 R, 5 o0 B0 (1) . R 1 1)
HOBENT N, RIS LR A W53 7R
A AN, M & CB[7])a, g L%
1224k, L RAIHERTXDS-6CMV] 5 CB[7]LL 1 & 111
RS LLTE I A, SR BRI SR S os 28—
MV R HE N TR B 7K 2 25 1 A 55 (Scheme 2).
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Bl 1 [XDS-6CMV]'5 CB[7MAHEAEHIN 'H NMR [&]il%(400
MHz, D,0)

Figure 1 'H NMR spectra of interaction between CB[7] and
[ XDS-6CMV] (400 MHz, D,0)

(A) [XDS-6CMV], (B) n(CB[7])/n([XDS-6CMV])=0.5, (C) n(CB[7])/
n([XDS-6CMV])=1.0

K] 2 bR R LRI 2 i [XDS-6CM V] CB[8]4H H.
VR I RS, 24N 0.5 equiv.[f] CB[8]HY, K 2B
[) BN A7 6 Ui B AR AL S I R T8, MmN 1.0
equiv.[¥] CB[8]H, Kl 2C A HL e W42 21 6 45 W1 it 11
5K 2A B [XDS-6CMV ] T i AL 20 8
By s AR T AR RS 8, Hh 40 B H(al),
H(o2), H(B1), H(B2), 7rnlm Eidntssh 7 6 0.38, 0.77,
0.66, 0.87, 75 %0 EIY H(3), H(4), H(5), H(6), H(8)
SIS T 6 0.36, 0.28, 0.43, 0.73, 0.59, kikkiE
%) H(a), H(b), H(c), H(d), H(e), H(D¥ 1 mint 5,
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B 2 [XDS-6CMV]5 CBISIHILAEHI 'H NMR [&i(400
MHz, D,0)

Figure 2 'H NMR spectra of interaction between CB[8] and
[ XDS-6CMV] (400 MHz, D,0)

(A) [XDS-6CMV], (B) n(CB[8])/n([XDS-6CMV])=0.5, (C) n(CB[8])/
n([XDS-6CMV])=1.0
CB[8]5[XDS-6CMVIHEE/RLL KT 10 1 J&, b
WA, PEH A THERI [ XDS-6CMV] 5 CB[S1E T
11 S, AN KR Tl BRI U BT
S SR ABAE T )\ TG IR 75 i 3 55 (Scheme 2).
1.1.2 [XDS-3CMV]%& CB[n] (n=7, 8)48&EAEA 'H
NMR B g A7

N T RSB R K BT A TR 45 R R 5, i
AT 5—MH & Y[XDS-3CMV]. K 3 4
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[XDS-3CMV] 5 CB[7IM1 H AR 'H NMR &, 240
A 0.5 equiv.[f] CB[7]H, &l 3B A a] L [A] e W 42 3157 25
] [XDS-3CMV] A A &5 fic & 9 10 i+ 04, M nA 1.0
equiv.[f] CB[7]iF, B 3C v B S 260 45 W1 ot 1 0.
S 3A ML, 2R Roc BRI HBL), H(B2)3 M Ei37 % )
T 62.04, H(al), H(e2) W 1) =355y M0 T 6 0.11, 0.13.
58K B TCARIE M IR R T RS8N T 6 0.05. X
LW SRS FRLICREN T Lo IR 25, 8RGO
PR A, & SRR ITMET H3), H4), H(S),
H(6), H®) M k3nf s 7 6 0.03, 0.11, 0.10, 0.33,
0.41, MikeiEEE Er 7 &a 5, xR 1
P F R 1 248, MK T 10 equiv. [ CB[7]H,
Hzu s S E 3C JLF—30. W] 4k B [XDS-
3CMV] 5 CB[7] 45t 10 1. 5[XDS-6CMV]HI
CB[7] AL AT AN (1) )&, [XDS-3CMV]FI CB[7]£
SEIIEB RS T R B B AT N TR B I, B 4
FERE PR B A, A5 15 U — 5 I 2 W (Scheme 2).

Y CB[8IINAFI[XDS-3CMV] JTAC/KIER G, Wil
LT ORI S TR, A A TH NMR B ig AR
g1 Hob AR, W T CB[8]MMAJG, 5 XDS-
3CMVIJE R T R BRI AR B /N IR 2 T R B oK
rRIE R, BTLAA TH NMR 3% [ b e T i Hof, 2 4t
X, FTEAMED ESI-MS, UV-Vis PAK S K Skt
ITEEE T, EABE H5[XDS-6CMV] F1 CB[8]IHIAH H.
YERS B R RS 1 ML, AR 25 1,
BT &R T h A K R ) 2 S P BT L 2=
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B 3 [ XDS-3CMV]L CB7IHIELAEHIM ' H NMR (400
MHz, D,0)
Figure 3 'H NMR spectra of interaction between CB[7]and
[ XDS-3CMV] (400 MHz, D,0)

(A) [XDS-3CMV], (B) n(CB[7])/n([XDS-3CMV1])=0.5, (C) n(CB[7])/
n([XDS-3CMV])=1.0
FELEIX B PRI,
1.2 ESI-MS f&#7
1.2.1 [XDS-6CMV]5 CB[n] (n=7, 8)48 4 H 4%
ESI-MS i f# 47

¥ [XDS-6CMV]5 CB[7], CB[8]4% 4 5t It & Lt 4
12 MK AT ESI-MS ME, 133 m/z=796.7 1]
W (T 5AL: [XDS-6CMV+CB[7]—Br —I 17", 796.3) &%
m/z=879.9 M H(H: XDS-6CMV+CB[8]—Br —
1)*", 879.3). i8] CB[7], CB[8]5[XDS-6CMV ¥4
11 BB R T R B4 AY). el g L
= RUE T A% AT IR 25 L
122 [XDS-3CMV]5 CB[n](n =7, 8)48 ZA4F A ¢4
ESI-MS B &g 47

[R5 1F T 23 51 2 [XDS-3CM V] 5 CB[7], CBI[8]
L4858, 153 miz=17757 KW EAE: [XDS-
3CMV+CB[7]—Br —I'1%", 775.3) % m/z=858.8 [#)i
(WA [XDS-6CMV +CB[8]—Br —17] %", 858.3).
ESI-MS 4% 1% W] CB[7], CB[8]5[XDS-3CM V| /2 1% [
11 MAELERTREMNaLSicEY. CBR]Y
[XDS-3CMV] g5 R A ged ) 1 2 1 (1 gd, nf
e A T 0 A5 DUAE: ot 9 B2 LUAZ B AR IR ARG, T
H ESI-MS ¥R U 51, BRI B /K h it 1
11 B8RPG .
1.3 UV-Vis BEiL#EHT
1.3.1 [XDS-6CMV]%E CB[n] (n=7, 8)48ZAF A 4%
UV-Vis B g 47

JRIRTE KT 210 nm 1 DX 380358 A 5 A R W, 1
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[XDS-6CMV {EZKF T H ST 260, 320 nm 4b, JL
H 260 nm kSRS FIRFIE R UEE, 320 nm Aboh A 3RO
R AE W . &) 4A, 4B 43530 A B R L i il 5 1)
[XDS-6CMV] 5 CB[7], CB[SHHTLAETI AN A 0. A
Bl 4A rhIATT LA EER, BEE CBI7TIKREERESG N, 260
nm AL PSR FE P MW K I AT 2088, WO Bt S B
IS XK ARG ENT CB[7IHK
. K 4B HRrT LU B, B CB[SIHE 3N,
260, 320 nm ALRJEAMBWIEHRR A AT BT ILL RS, )
JERE D I R . BT R R TR
FICHRSZ ) T RIRI 52, AT e T AN TR E
T CB[8]IMZE 3, MM sZm T A TR R I 451
Mo A0, FECERIMROR A9 B AR, X i —2
CUE T A0 S 0 A 1 45 3. AR 9E Hildebrand-Benesi /7
FLih47153] XDS-6CMV 5 CB[7], CB[8]/1H 45 % e i
K359 k(2.17£0.40) X 10*, (7.1740.36) X 10* L/mol.

Abs.

T T T T T T )
250 300 350 400

Wavelength/nm

Abs.

T T T T T T T T T T I ! 1

—
225 250 275 300 325 350 375 40
Wavelength/nm

B4 [XDS-6CMV]5 CB[n] (n=7, 8)AH A H 14 4] WK
Wi

Figure 4 UV-Vis absorption spectra of interaction between
[XDS-6CMV] and CB[r] (n=7, 8)

(A) CB[7], (B) CB(8). n[CB[n] (n=17, 8))/n([ XDS-6CMV]): a, 0; b, 0.1;
c,02;d,0.3;¢e,04;10.5;20.6;h,0.7;1,0.8;j,0.9; k, 1.0; [, 1.1; m, 1.2
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1.32 [XDS-3CMV]5 CB[n] (n=7, 8)48 4 H 4%
UV-Vis B AT

Kl 5A, 5B 434l & CB[7], CB[8]5[XDS-3CMV 41 H.
YRR R UV-Vis K. LK 4 7T LIF S, CB[7]5
[XDS-3CMV]AH B 1F H J5 1 58 A0 ol 1% 1 ;AR 5
[XDS-6CMVIHI{EL, BiHA[XDS-3CMV]Y CB[7]45 & i
JERCT 101 ERC A, SR sotiE N T CBl[7]
48, AR 5] XDS-3CMV 5 CB[ 7]/ 45 Fa e i L
H(1.74£0.31) X 10* L/mol. 4 CB[8]5[XDS-3CMV]#H
HAEHIN, &G 2T R IuEZ 3 TR 5
W, 454 "H NMR %K, o LUEN 4 [XDS-3CMV] 5
CB[81fu&i I FZIE R AW, fEILR AW h & G &R
TCHIENRG e #RHEN T CB[8]1I 7 [ (Scheme 2).

Abs.

—
225 250 275 300 325 350 375 40
Wavelength/nm
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Wavelength/nm

Bl5 [ XDS-3CMV15 CB[n] (n=7, 8)AHHAE ¥4 h—n] I,
MR it P&
Figure 5 UV-Vis absorption spectra of interaction between
[ XDS-3CMV] and CB[#] (n=7, 8)
(A) CB[7], (B) CBI8]. n[CB[n] (1=1, 8)}/n([ XDS-6CMV]): a, 0; b, 0.1;
c,0.2;d,03;e,04;f,0.5; g 0.6;h,0.7;1,0.8;j,0.9; k, 1.0; 1, 1.1; m, 1.2
1.4 BB
1.4.1 [XDS-6CMV]5 CBn] (n =7, 8)48 ZAE A 64 5%
S AT

T HA TR R AL G, 206 T LI
I SCRLE IR 18] S k. TRIR AT 9, TR 061
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BRIV, YR AR R IO A 320 nm, K
FUR G (B 4% 56 FE 3 0 5 nm. [ 6A, 6B 43l Jy B
JREEI5E CB[7], CB[8]5[XDS-6CMV 4 H 15 f1%¢
Je P RE, T IR 2 KN AN TR, FRATTmT DLW 5% ]
6A F1 6B AFAEAR KX T, K 6A Fraf LI g2, Bl
#H CB7]HIMA DB EIRGG. XA 1 T-H 7L 4158
KW AL -CIT IR 8, 52 T 3N TR R T
A, NS T o FI2oetEm. WK 6B 1]
LRI, B CBISIIINAN, 2&)Gihs il Wi N i%, X
LW HEAN ARG TR T RIS . 25 LL b
'H NMR, ESI-MS, UV-Vis DA 56 I, a] DL
FEAY T UL U BIGE R N TR 5 . T 5 & )
NI T 50 52 20 T 56 m, 20 A A SR B e A2 A
b, FrLAor TP R AR T B0, X IUE T
AR [XDS-6CMV] L5 CB[7], CB[8]H#I1 Al A 2 i HE I
SEAELT.
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B 6 [XDS-6CMV]5 CB[n] (n=7, 8)AHE.{FF 115¢ ik K

Figure 6 Fluorescence spectra of interaction between [XDS-
6CMV] and CB[n] (n=17, 8)
(A) CB[7], (B) CB(8). n[CB[n] (1=7, 8)}/n([XDS-6CMV]): a, 0; b, 0.1;
¢, 0.2;d,0.3;¢e,04;10.5;,¢0.6;h,0.7;1,0.8;j,09; k, 1.0; 1, 1.1; m, 1.2
1.42 [XDS-3CMV]5 CB[n] (n =7, 8)48 ZAE A 645
S AT

K 7A, 7B 735 BE R LEIE I [XDS-3CMV]
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5 CB[7], CB[STHIE AR5 6. *4[XDS-3CMV]
5 CB[7IAHEAE N, [XDS-3CMV]i#7¢ % Bl itk A8 4 A
K. 2 CB[S]MIAFI[XDS-3CMV]HI KW, 390 nm
Ab (PR CB8IM N B350k 59, 11 HAE 450 nm 4bJE
BT AN BT, W [XDS-3CMV] 44 % o 18] Wi 1k 25+
SRy A R R A T R AR Ak, IR 3 809
AT B RAR Y. X H[XDS-6CMV A CB[8]AH L AE M
I 1) 5% 6 B ok AR Ak BT AN H], HE— 2D 3] CB[8]S
[XDS-3CMVIEEIA T 101 BBl &Pm

R A W)(Scheme 2).
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Figure 7 Fluorescence spectra of interaction between [XDS-
3CMV] and CB[n] (n=7, 8)

(A) CB[7], (B) CB(8). n[CB[n] (n=17, 8)]/n([XDS-6CMV]): a, 0; b, 0.1;
¢,0.2;d,0.3;e,04;10.5;2,0.6;h,0.7;1,0.8;j,0.9; k, 1.0; I, 1.1; m, 1.2

2 #ig

254 "H NMR, ESI-MS, UV-Vis DL & 2661854 #r
BT 49 31 1 45 5, Ui W [XDS-3CMV], [XDS-6CMV] 4
CB[7VMIHAE I ERIERE 1 2 1 AL S, IhEks
BIGA T RIS g N, X AE T [XDS-3CMV]-
CB[7] #& & ¢ K& 8 #0 4b T 25 B 19 40 3, i 78
[XDS-6CMV]-CB[ 711k Z 1, 152K 50 70 AH % 1 37 FY 2
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AT CBI7TIHI 2 s N3, 4[XDS-6CM V]S CB[8]H .
YERII, SORE B oot S Mk A 5 & ot —id 2 U A4
FIEN CBSIMMIBL/K T AL T AR E M 10 1 AEihd
&Y. [XDS-3CMV1Yj CBISAHELAE A, H T K 5
A SEEAARD TR U BEERIER 1 0 1 BERAEY
ANy, DRI 43 ) 1R 25 RS B0 G 2 3 R e 3k M) gk N
CB[BIZ LR T H 7 TR AW, XU &y 7 h
REIE K ORI RS 22 57, R S8Rk 75
IR BN AL H A& SR AT A5 TR AR B
YERTE B A S5 LA WA G, AR SCHRGE T 40 1 ek
I F 1A (75 525 B 00 SRS B o0 mT DL TR gk N ICER (1)
I, WESCRT DU ICH  # 3 R AT A2
2927 DA R 43 W VR A5 AT P 255 A 0 B s A .
AL & 1 EE SR

3 ZWERs
31 E5IRA

I BT RIRFI[XDS-3CMV], [XDS-6CMV] 4 4
S 28 145 2521 Bruker AVANCE 111 400 MHz i# 5:4%
filf JC YR A (3 £ Bruker 2\ &]); Agilent 1100 Series
LC/MSD - AL (GE[E Agilent 24 F]); UV-2550 %%
A= WA e FETH(H A Shimadzu 23 7); F-4500 96
439696 1 (H A Hitcichi High-Technologie 23 7); AD-4
Autobalance H, T K P (Perkin-Elmer A #]). SZ5H KA
TRFEREK. HoAth 2 B AR A R T S H 4l
32 XWAHE
3.2.1 MEEEIRIEE M

[i] 52 B R ik DO A7, CLAFRIE e bs, [
AR H L S [XDS-C,,MV] (m=3, 6)[{1IKJE, EWiE
A CB[n] (n=17, 8), 25 “C N33 & A [R5 (o
EEAPE (10, 1005, 1 DERKAMAEARN 'H
NMR &3,

3.2.2 ESI-MS %A ¢ %

FERL 2 ) LB RR I [XDS-C,,MV](m =3,
6)F1 CB[n] (n=7, 8), IREHWIEE, BAUKEE, D)
%, e 2L ESI-MS 1% 1A,

3.2.3  CEINIT ILBOMORE AR 52 kg 6 )

FH 20 BT R RS 6 FR U [XDS-C,,MV] (m=3, 6)& A\
50 mL 7T, Haike sy, EEEE, Bofk
JEH(3X 10" mol/L) /KA . S — i =A%
T 10 mL a0, P55 ) OR (R FEAN [ AR AR 1)
CB[n] (n=17, 8 YABUMAR T, maliAe sy, bl
TR RN 150,101, 1:02,1:0.3,
1:04,1:05,1:06,1:0.7,1:08,1:09,1:1.0,
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