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Supramolecular System of Alkoxyphenylporphyrin with Cyclodextrins
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Abstract Water-unsolvable alkoxyphenylporphyrins were synthesized, and their supramolecular systems
with cyclodextrins (CD) have been examined by means of UV-Vis, fluorescence spectrometry and *H NMR
technique. The formation ratio and binding constants of the supramolecular systems were determined by
fluorescence spectrometry and an elementary research on its mechanism was performed. The influence of
different substituent positions and different lengths of the alkoxy chain on the supramolecular systems of the
water-unsolvable alkoxyphenylporphyrin with CD of different cavity diameters was also discussed.
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BEY), A HAT B AR O HLYE 7K K47 AR R bk
TERE T AR migAe. B N IR TT 4G T8RN BRI
FIOTST, JFEh) T T RN HIESE. 2001 4F Yang
2% T B-CD KekidbAt B-CD 5 DY 2 n NIk (faf
TPPYIAL G, WAL T 23 b AE A Ell RRE it i R
IKVEPERNIBR K 77 1% 2007 4F Qiu %51 KK M BH 25 1
AInpik TPPOCsPy 5 B-CD Fll HP-A-CD /KW 1
B > T E, AN AR Hodk AT 1A Rk
fE. T Kong ZEEUHs A K HsPEIMK O-HTPP 235 15
a-CD, -CD, TM--CD, SBE-j-CD, HP-5-CD, y-CD #1%
GBS TRAY), JERSRIMRISOEIHT T RAE. 25 1T
R, U RFRIDR - Nk 2314 R B9 S I R
A KRR R R — g Y 4 . s S iR AE
B —PEREIIIF I, S TR R RGN, K
RO R T ) R G SR i B, 6 AR5 1 1 E
Mgt Ko 7E p-CD U it T %4443 1 bk
I AN R EARAT B A RV AR SE X Al K s b
WK 5 AN [F] 2% s B A2 1) A RIDRS 0, 45 1) 5 il PR E 5 R L S
BRARIE . ASCLATE ik RANAT WA 66 RE 2 TH
NMRZ2:% meso-PY (% 1E T e S 2R3 ) 1 gk . meso-PU (%
LA FERIE) IR meso-PU (45 1E T ke e 38 A 55 Nk
meso- Y (Rl 55 2R ) bk RT - meso- DY (1] 1F e 48 2k 2R
KLYk a-CD, LA A meso-PY (G} IE T feda B A5 3L n ik
5 B-CD H1y-CD W 7> AR RIEAT THESE. 450 T AN
WA AN R)REC AR e S T 7K s P e e R b
Wbk 55 AN [) 2 Jla AR IRV AR RS PR 20 1A R )5

1.1 UFE5iF

Ls-55 A1 5¢ Y6AX (3¢ [E PE /A 7]), Lambda25 #4284 ]
W6 EETE (3R PE 24 +]), Avance 400 MHz # Gt
PR (it -1 Bruker A 7). 5.09X 10° mol/L f#) meso-PU (%}
TE T e IR FE) N[ T (4-BOP)PH] (¥ 71 &y DMF)JE” 4%
Wi, 5.16X10°° mol/L [£) meso-PY (% £ de4a ik 2 JE ) n bk
[T(4-EOP)PH,] (%715 DMF)IF 443, 5.00X 10 > mol/L
(1) meso-PU (1] 1E e A R 38 K[ T (3-POP) PH ] (#5571l
4 DMPF)IF#4-3%, 5.11X 10> mol/L ) meso-PU (4B iE T 4t
AL IR L) N IRK [T(2-BOP)PH] (¥ 71 5 DMF) I 498,
503X 107 ° mol/L ] meso- P4 (A ¥ 3k 25 L) np bk
(THPP)(# /I DMF)IEZ#5 ¥, TRONUK AR G IR A7 25 H
pH=7.4 [f] KH,PO,-Na,HPO, Z&1#(0.1 mol/L), 1.0X
102 mol/L ] a-CD, y-CD(FLUKA X712 #]), p-CD( L
AL 2R R ) W% F L T AR R3S ok Tl 65 2 A
AR, A AT K PR A JEZE TR AR 2510

1.2 FEKAMEREERENKS FZEANKAY S K

meso- PY (% F5 5k KRR ) bk 2 IR SO R [12] & . B
0.02 mol X FEE8 H % T 40 mL NIRH, FHlL A 128
C, #EAE 128~132 C 2 [F3H I 1.45 mL(% 0.02 mol)
FAEIINE S, QRELInFARI | h, AEIE S, AL 40
mL oK L, FELIUKERIBAREAE 10 h, Hr it gk
fi. FHE, 101 (VD V)RR AN SRR G s 3
W, FLAEDYE 3k, . 758 80 ‘CEAE T 10 h.

Jot S L AR SE IR 2 SR 13~ 15]) &5 K.

1 100 mL [# IR, ANA 0.02 mol fe 4 Bk 4 H
W (S M SCHR[16, 17]4)0), 40 mL AR, TR % 128 C,
HERAE 128~132 “CZ )N 1.45 mL(%y 0.02 mol)
BrEERIEE, s E R | h, A EIEER, A 40 mL
I, U B INORRCE T OKFE v VR, e B H K
() B CORE B [ ¢, e fiRE B nl B BR ey . ahik, I8
) BEGEG, A TERARY). HE A
CH,CL %R, ¥ ALOskE, F CHCL BERL, WA
—W Ay, BILLEK BRI, WA PR A,
F CHCL/A7 k(Y - V=1 D)EM, Wetkess—uktanty,
KU R BRI / HRER AR T 4
55 UK ER A K I () ¥4 VR V215 B 40 A, AR IR AR
[CHCL/ A Mk (V : V=1 1) Wit — 5 alifh 15 4l
Y. A 2k an Scheme 1 .

CHO CHO |
| X RBr | A H
/2 KCOy, DMF 5[~ "

R=C3Hs, n-C4Hg, n-CsH11

Scheme 1

1.3 BHFHRRRROZRTE

FEN 1 mL Bl SR BN (777 DMF)JE 4595 %2
10 mL A&, A 1 mL ) KH,PO,-Na,HPO, 22
(0.1 mol/L), 543 5 IMANAN [ b R R MRS 990, 2
B TOKRR B 2R, #2450, IO 15 min 5, (EERTY 5t
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2.1 KREREFEIMW-CD BH FARRRE
211 RAerEE

] T(4-EOP)PH, ¥ T B Wi ii A a-CD, 45865
AL 1a s, R 1anf W, B a-CD KA
Wr 3G 0, T(4-EOP)PH, 1) 7¢ )t U 5 Tl 35 14 ot 1) 45,
XK a-CD 175 1 R & ARy T(4-EOP)PH, #2477 —
AR INEE, 3 R ARG 5 BUINIER 2 7 1 e 34
5. T(3-POP)PH,, T(4-BOP)PH,, T(2-BOP)PH,, THPP &
a-CD, VL T(4-BOP)PH, 55 B-CD, y-CD 1 H )%t
Kbt CD IR o 39 i Bl vek 9 Bl ag, il T 2L b
MIBRS5 ERRRE 30 8 A T R g E R B b, 1c, 1d, 1e 53
i THPP, T(3-POP)PH,, T(2-BOP)PH, fll T(4-BOP)PH,
5 a-CD 5 ek 4.
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A/mm

Fluorescence spectra of T(4-EOP)PH, (5.03x 10 ® mol/L) containing
various concentration of a-CD. The concentration of a-CD: (1) 0; (2) 1.17X
10 % (3) 2.34X10°% (4) 351X 10 % (5) 4.68X10 % (6) 585X 105 (7)
7.02X10 % pH=7.4

120

801

40

600 700 800
‘A/nm
Fluorescence spectra of THPP (5X 10 °mol/L) containing various concen-

tration of a-CD. The concentration of a-CD: (1) 0; (2) 1.00X 105 (3) 2.00X
107% (4) 400X 1075 (5) 8.98%X 10°%; (6) 1.35X 10 > mol/L; pH=7.4
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Fluorescence spectra of T(3-POP)PH, (5.00X 10~ mol/L) containing various
concentration of a-CD. The concentration of a-CD: (1) 0; (2) 2.00X
1075 (3) 4.00x 10°% (4) 6.00X 10 %; (5) 7.97X 10" %; (6) 1.25X 10 ® mol/L;
pH=7.4
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Fluorescence spectra of T(2-BOP)PH; (5.11X 10 ® mol/L) containing various
concentration of a-CD. The concentration of a-CD: (1) 0; (2) 1.17X 10 %, (3)
234X 10 (4) 351X 10 % (5) 4.68X 10" (6) 585X 10 ® mol/L; pH=7.4
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Fluorescence spectra of T(4-BOP)PH; (5.09X 10 ® mol/L) containing various
concentration of a-CD. The concentration of a-CD: (1) 0; (2) 1.17X 10 %, (3)
2.34x10°% (4) 351X10°% (5) 4.68X10 % (6) 7.02x10 5 (7) 1.20X
10 ®mol/L; pH=7.4

B 1 e oR IR bl 5 AN R BE a-CD 58 i
Figure 1 Fluorescence spectra of alkoxyphenyl porphyrin con-
taining various concentration of a-CD
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NMR %, 38 1 & FORIRE &L 5 fe S SR nploRH 4 2
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Figure 2 H NMR spectra of a-CD (a) and supramolecular
system of a-CD and T(4-EOP)PH, (b)

21.3 FIT I RLE =

7E pH=7.4 [1) KH,PO,-NaoHPO, ZZ i rfr, LA b4t
SRR NIRRT R FE NN IR R A, AEINNERRIRG S, 3L
SN U35 A AN [ R 2 (0 1 R B 55, 0 B LA Lk
SIS R A T B4EH. B 3 4 T(4-EOP)PH, 5

a-CD 1R EAMEIE .

0.25 A

0.20 1

Ala.u.

0.15 1

0.05 A
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A/mm

B 3 T(4-EOP)PH, (5.16 X 10 8 mol/L) 5 ARl & o-CD [1)%¢
SR 1
Figure 3 UV absorption spectra of T(4-EOP)PH, (5.16X 10 ®
mol/L) containing various concentration of a-CD
The concentration of a-CD: (1) 0; (2) 2.34X 10 %, (3) 400X 10 %, (4) 4.68X
10 % (5) 5.85X 10 ® mol/L; pH=7.4

2.2 BLELIMOEEHNHTE

PTG W SR WIRS 5 % 4 o 1 H B H
TFBZ—, —Bn AR sk 240 45 b R0 4, 45
i&[l&l&)].

11 1 1

AF  Ko[G] [CD]' oG]

o, AR CD e Sy Z2 A1 CD K 4 [CDY; I 9% ' 5t
JEZ 7, a fE—E4MF FREE, n HagiH(Cen/Crr),
[CDIA I RIRE R IR, [GIA NIRRT, K gl s
$. LL UAF %F V[CD]"  n BURRME I (2 Pk 72, ik
HUER VRS AP 10 n fH, A EEs T, LR SR
HI AR V5 A 2

LRI 2, & 3 4.

F 1 RIS RIS B A SR E NN 2y 7R R 1 TH NMR L2 R A1 (0)

Tablel Chemica shifts(d) of CDs and supramolecular system with alkoxyphenyl porphyrin

H-1 H-2 H-3 H-4 H-5 H-6
a-CD 5.519 3.346 3.770 3.275 3.409 3.638
a-CD 5 T(4-BOP)PH, HItL 454 5.518 3.353 3.780 3.271 3.414 3.638
a-CD Y T(4-EOP)PH, I f1.454) 5518 3344 3.778 3.284 3.418 3.631
a-CD 5 T(3-POP)PH, 1L 454 5518 3.326 3774 3.257 3.392 3.637
a-CD 5 T(2-BOP)PH, () fL.454) 5515 3.336 3.760 3.284 3.395 3.634
a-CD 5 THPP ()45 5515 3.345 3.776 3.277 3.411 3.641
S-CD 5.736 3.355 3.612 3.280 3.321 3.549
S-CD 5 T(4-BOP)PH, {140,454 5.747 3.380 3.618 3.307 3.357 3.554
»-CD 5.710 3.357 3.609 3.258 3.304 3.504
»-CD 5 T(4-BOP)PH, {1454 5.712 3.358 3.608 3.253 3.304 3.505
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231 BRARALEx QL 09%m
H9CIEREVET T o-CD 5 = RHUARIEA [H] 2l

I AE AR B AN [ £ Joe 4 R R R AT T ) B0 5 4

(k) AR B (ML Lh(n), 45 R WL 2.

R 2 JOOCHHEAT L a-CD 5 =P el A A SN b4 1€

SUHEK) S HRIE R E () M4 LE(n)

Table 2 Binding constants (k) and formation ratio (n) of a-CD

with three kinds of akoxyphenylporphyrin, correlation coeffi-
cient (r) by fluorescence spectrometry

T(4-BOP)PH, T(2-BOP)PH, T(3-POP)PH,
k 5.79%x 10* 9.13%x10% 2.16% 10
r 0.9988 0.9994 0.9936
n  1:1 1:2 1:1

B 2 AT, AR =PRI AT A A T (R A
AN e SR L bk, T(2-BOP)PH, 5 o-CD £ 45
WHURK, T(4-BOP)PH, K2, T(3-POP)PH, it/ JLJit
DRI RE AT, AR BRI (A7 B HE LT NGy 3R, I nb iy
P EREm, gk b Il o-CD 7= pH
T e AN e R F Rl A7 B 2, B BL T(2-BOP) PH, 5
o-CD (1A 45 5 Bt K. A AT R0 A bk B 411
PR 2R T A7, E A g5 i P o L Bl 0B 45 1 5 i A
EAZ ] &, BT LL T(4-BOP)PH, 5 o-CD 445 & ok
T T(3-POP)PH..

232 BARAERT AL A

PN CIEE LT a-CD 5 = FHACAL B AR [F)E
AR KA [i] P o A AR R bk A 2 R bk A 1)
BEHR(K) Ao R A () g t(n), 4550 W& 3.

3 VORI o-CD 5 =i AT NN A H 1) €
SPHEK) S HHRIE R E () M4 L (n)

Table 3 Binding constants (k) and formation ratio (n) of a-CD
with three kinds of akoxyphenylporphyrin, correlation coeffi-
cient (r) by fluorescence spectrometry

T(4-BOP)PH, T(4-EOP)PH, THPP
k 5.79% 10 1.24X10° 1.07x 10%
r 0.9988 0.9979 0.9903
n 1:1 1:1 1:2

HE 3 TI%, 8 =AU A FE BRI B
[l R e A L R bR S R dEn bbb, S o-CD [ Lgh
WO /NIT A THPP>T(4-EOP)PH,>T(4-BOP) PH,.
FLJF DA A S BRI R BN T a-CD 23 1 51k
IR (R 5ET, ATTXT G a-CD HIALEE 4 7 BASVEH,

H B FEAC AR R, XA BEASE TR BEZ pekss, Tt
G54 I Bt 2 3 5.
233 P TR DA QL0

MR AHELV T T(4-BOP)PH, 5 — R H Ky
VR )L 455 ()« A R & (r) ML g e (n), 4580
* 4.
£ 4 SOOEHEIE T(A-BOPPH, 5 =R SRR Rt
SR AR R ()4 L (n)
Table 4 Binding constants (k) and formation ratio (n) of

T(4-BOP)PH, with three kinds of CD, correlation coefficient (r)
by fluorescence spectrometry

a-CD B-CD y-CD
k 5.79X10* 1.46% 10* 1.97x10*
r 0.9988 0.9905 0.9953
n 1:1 1:1 1:1

H& AR5, 7 =FhFRMIR; T a-CD 55 T(4-BOP)PH,
AL ER K, nTREZA o-CD 173 I RERS T 4F Hh
WS RFRICHC, # B % 4k oy 7 1) B K M 5 [ K i
CD A e KFEE Befi. 17 p-CD F1 yp-CD 25 s
a-CD ZLKA3Z, Frllily T(4-BOP)PH, Ml 4f i £k
a-CD /)N,

3 #ig

ASCVAHEN . AN AT WA e AT H
NMR 5B T B S B AR TE R LS AN [R) DS 1 B ) e
DTAEER R, RS TH NMR (L2 0 B E 10281k, GiFW
TR IR NN 5 FORIRE 18 AR T AN R R FE A 45
[F] B LA A8 T L 20 06016 BE VR R S e 1 E B T A 4%
MIAFAE. LASOOGHA TSI T A4 L K A0 45 K, i
G HARIEA & R IR RIRG 2 I BARXTEE 7 TR &
RISEIR, R T EEREI IR, X A G LB AT T
WIS, A=A [F) sl A AL B AN R
ysaier o e Sl U A RSB iR RO NN A SR
QAT > XA > ()7 A = AL B AH R E AR K
ANTE R BE AR R AR TRk S R N bk, B I LA
WHOBDN. AR T(4-BOP)PH, 55 =Bl AR RS ) . 45 S
1, o-CD F A7 5 T(4-BOP)PH, 5 f UL I ) 2 )1 )~ i b
p-CD i1 y-CD H A B9 {45 fg
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