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TER. 5K, WA 3 W EUOEILIRAE B H AL SN S EL R A GIE BER) HCPT, b2t &2 1, 4567
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Synthesis of A Novel Calix[3]carbazole Derivative and Its
Recognition and Detection of 10-Hydroxycamptothecin

Zhang, Wenbo Su, Siming Yang, Peng*
(Wuya College of Innovation, Shenyang Pharmaceutical University, Shenyang 110016)

Abstract The fluorescent molecule capable of recognizing 10-hydroxycamptothecin (HCPT), a broad-spectrum anti-tumor
drug, is not only able to detect it, but also able to enhance its activity due to the improvement of the delivery. Therefore, the
construction of highly selective fluorescent hosts of HCPT is valuable, but remains challenging. In this work, an amphiphilic
carbazole macrocyclic molecule (3) was synthesized and the host-guest interaction between 3 and HCPT was studied by fluo-
rescence spectroscopy, NMR, scanning electron microscopy and transmission electron microscopy. The results showed that 3
could recognize HCPT with a stoichiometric ratio of 2 I 1 via the mechanism of fluorescence resonance energy transfer
(FRET) and a binding constant of 1.26 X 10'* (mol/L) 2. The detection of limit (LOD) is 11.7 nmoleL"!. In addition, the com-
plexation enhanced the activity of HCPT to inhibit the proliferation of MCF-7 (Michigan Cancer Foundation-7) cells in vitro,
and the ICso value decreased by two orders of magnitude, indicating that 3 possessed the dual function of both fluorescence
probe and molecular carrier, thus providing scientific basis for further research.

Keywords host-guest; fluorescent probe; calix[n]carbazole
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FOIEA, ASCAEM[BIEME “ EHT” SI NG IS5 M) o0
DASE S K E, AEAR[3]R MY FH B “ M7 o7 ki 5N
A2, S R A R TT DO B AL R 4 5 FL NI L,
M 3R S5 ARG G AN ). 26T BB &, A
BT ALEY 3.

(0]
= N
HO 4 / 0]
N N\
HO '-_\ (0]

B 1 (a) HCPT HI(b)FR[3]M: M [t 25 44 7%
Figure 1 Structural formula of (a) HCPT and (b) of calix[3]-
carbazole

1 &HR510R

1.1 &R
WE 2 frs, DAEMER 2-B AR 28 A R R, 455

AR, fEMRIE N 5] NBe2E, &R T L& B.
LAY B AIEY), & bR, FeCls AT,
52 B H &t Friedel-Crafts Ji3 b IA& B, KIh&
BT AR[3]HRPEE SR (). DAMEEY 1 FRARR RN 5
B, oK S HBEDCM) A 2,3- —8-5,6- ~FHER
FR(DDQ)NEMT, &RAREINEY 2. fEHEW 21 L
WAL R I NI PEEE A, RGN, & AT 2 &
3.

H O IR BRI G RN AT TR H
g, BTN 5 BTER Y R, BT A4 (a1
B R 1 g (1.0 equiv.), HEAFTI0.3 equiv.), &N 1.0
L & FkE, W 25 °C. dEiEek 5 Bk FeCls AT
B, BT DATE b H 0 2 2 1 — SRR = AR A YR
J PR =R AR AR R 1 SR T LUE H,
WE B 39.6%. SUREAH F I TAEM LS, ik
REEE TR DR e N R 7 A 2 R 2 (1) 25 (1]
A BRSO R 0 v i R R A D e e i B, A
HAT B AE RIS s e (R B, B658 T 3 ML 58k
(DB RS B s, MM AE— E R AR RE 7 AF[3]
R IR B = AR R, B T R,

WAL, 8T R 3 IS USRI o, 4% |

Reaction conditions: (a) 2-bromo-propanoicaciethylester, NaH, DMF; (b) (CH.O)n, FeCls;, DCE; (c) 1,2-benzenedimethanol, DDQ, DCM, 0 C;

(d) Monoethanolamine, DMF, 80 ‘C

B2 3 Ma R

Figure 2 Synthesis route of 3
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R RS E SSIE 5E
Table 1 Effects of catalysts on the yield of cyclozation

Entry Catalyst Yield/%
1 ZnCl2 0
2 FeCl3 39.6
3 AICl3 53
4 BF3+OEt, 15.2

“HFE(DCM). —HLHFE(DCE) A A (TCM) AT &
HAK(CCLy) 4 FHEFIMFEIGER 2). BV B #EHE 1 ¢
(1.0 equiv.), fE1L7] FeCls (0.3 equiv.), 7N 1.0 L, i
% 25 C. R AR, WEHERN DCE B, & ML
REG N 46.7%. HEWT DCE 1F Friedel-Crafts fid& b 3R &
NI AR BB A R T AT 1 A E, OSSP A BE T AR 3]
R A PR 2 . T ) 200 6o e (1) S W) e B 4 %2 A%
(19, ASCRREE— 20 ) B AL
F 2 AR RS I B

Table 2 Effects of solvents on yiled of cyclozation

Entry Solvent Yield/%
1 DCM 39.8
2 DCE 46.7
3 TCM 233
4 CCls 19.2

PR AE DR T AR I, FR[3]HRMEE H L “ 47
AL G NGS5, T Lhad it 67 FELAE FH PR ) e e et A e
TR B I AR, 898 TR AR R E M, AATAT 3 5
R, A SCik £ 7 A R O JEOREHEAT 48 B AL 15
U, AHECT DM B £ ZBEARIR AL 7= i, AR K
o, feoE PRt T Ly, MRS AT TR, @t 2
HOB IR ¢ BT VEEEAT AR [3]HR MY HH 3L M 7 A7 R ) AU,
e T —MiES. mANAERTE: EY 1 (1.0
equiv.). 47K " HIEE(4.0 equiv.), B, KMNIEE N
0 C. MR 30 min. ¥5FIEMJEK DCM. ik
A1 DDQ (10.0 equiv.)i ARG BT Z %M, W
21N 86.5%.

R TR TS S F I, KPR (3] M 0 B PR
AL EY. G 2 1 EEAE I KIE AL,
AT S REME. ASCRA T & R4S oo, i ER
—DRMAFBIBE LA =), RIMLED 3 1K AR
AT LT, WRIVEARE A 5.5 mmolsL ™!, KU ZIEREL
AR ] AN =T 7N K] [ N0 728 T i
1T TR B A D el .

1.2 &4 3 5 HCPT MEZFKIRFEHZ

MR AT AR S5 38 K A2 5 DI T R A B O T ) 2 40,
T BT 75 B BRI, 3 78— L I AR(DMSO) &
KT 1% PR, B3, 3 fEm R &
2] 340 nm, AR KL 380 nm; HCPT Hf MU
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WKL) 375 nm, KFHEKL 552 nm. 3 KK e eE
# / HCPT WIBUR K, R 3 5 HCPT A Al ge kA%
IR BE B LR (FRET)RE 3. AR S A 8 AR SOk 3
WHTEAIRE N 10 pmoleL ™!, %6 A& 61 Wik 4% 1
s WIAWRE A 10 pmolsL ™!, /=340 nm, Aen=350~
600 nm, $E5%%: £ 5 nm.

0.8 @) = Compound 3-UV
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B3 (a) 35 HCPT HPEANRIOEHE . (b) 3 5 HCPT K176
T (c) 3 MIZOLIGIE S HCPT M4
Figure 3 (a) UV-Vis of 3 and HCPT, (b) fluorescence of 3 and
HCPT, and (c) fluorescence of 3 and UV-Vis of HCPT
1.2.1 3 5 HCPT #9352 &A=

DA 3 PR NIERY), FHEK 340 nm WUk 3, FFmH
BWHE N HCPT, MR E &K R MZOOGIEE 4a i
7~. BE#E HCPT AN, 3 7 360 A1 380 nm K5 K AL
38 B U N B, T HCPT 7E 552 nm i K AL 58 g
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I EALE

W, WonH A FRET #250. X PL HCPT fE I
J&H, FHPAKN 300 nm B0k HCPT, Jf: 171 Hoz i i 3,
AR 6 IS 4b Fios. BEZE 3 (3R, HCPT ££ 552
nm & FHEKAL TR Z T TR, 3 7 400~500 nm Ab5ESE
TGN, 7E ca. 502 nm Ab W %3] — AN 1 R I AL
£t Job’s Plot MlNR( Sa), #fiwe HERMLE S LLEIN 2

Compound 3

0.05 equiv.

0.10 equiv

0.20 equiv.

0.30 equiv.

0.40 equiv.

0.15 equiv.

0.25 equiv.

035 equiv.

0.45 equiv.

0.50 equiv. 0.60 equiv. ,‘.

= N W A O O
o O O O O o
?.2.2.2.2.°

Fluorescent intensity/a.u.

N

-100 T T T T T
350 400 450 500 550 600

Wavelength/nm

1, KH 112 HREBATIEL MR E &4 (B Sb), 15
FIHLEEHHON 126X 10 (mol/L) 2, RRIEYE RECH
0.9975.

B Fsao nm/F6a nm RGHEHE L] 1 ARG RS IE i 28
(Kl 6a), {7~ HCPT #ETE 0.5~10 pmolsL ™', Fssg nm/
Fi64 om F A RUIFMLRHER R, WeAERIEHTFER Fsaonm/

(b) —— HCPT

—— 0.25 equiv.
5 2004 —0.50 equiv.
© ——0.75 equiv.
> —— 1.00 equiv.
g —— 1.50 equiv.
Qo ~2.00 equiv.
£ ——— 3.00 equiv.
€ ——4.00 equiv. 5%
@ 5
o
17
<4
o
=
[T 0

300 350 400 450 500 550
Wavelength/nm

B4 (a)3 5 HCPT WIE M %61 6l fl(b) 3 5 HCPT WS ) %% 6 il 2 il

Figure 4 (a) Forward fluorescence titration spectra of 3 and HCPT, and (b) reverse fluorescence titration spectra of 3 and HCPT

(a) 60+
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B'5 (a)3 5 HCPT i Job’s Plot #iZk, VL& (b) 3 5 HCPT HIHEZeMEAR IE f 263U & i 2k
Figure 5 (a) Job’s Plot curve of 3 and HCPT, and (b) nonlinear fitting curve of 3 and HCPT

(A) 207 Fpo . JFoes = —1.9807+2.6245X10 ¢

0.0 5.0x10°° 1.0x10°® 1.5x10°8

¢( HCPT)/(molsL™")

(B) 87

F550 nm/F428 nm
N
L

abcdefghijkImnopgrstuvw

Bl 6 (A)Fsi9mm/Fieanm 5 HCPT ¥R 2 (8] FI 5T E e gL IE 2R, PLR(B) 3 5B T Fs49 n/ F364 nn X HEL ]

Figure 6 (A) Fluorescence titration spectrum calibration curve between F549 nm/F364 nm and the concentration of HCPT, and (B) compar-
ison of F's49 nm/F364 nm between guests and 3

(a) o-Phenanthroline, (b) 2,2"-bipyridine, (c) 4,4'-bipyridine, (d) (R)-naproxen, (e) (S)-naproxen, (f) acenaphthenequinone, (g) anthraquinone, (h) Ca?", (i)
Co**, (j) Mg®", (k) Pb**, (1) Fe*™, (m) podophyllotoxin, (n) matrine, (0) quinoline, (p) artemisinin, (q) santonin, (r) dihydroginghaosu, (s) ursolicacid, (t)
corydaline, (u) etoposide, (v) paclitaxel, (w) 10-hydroxycamptothecin.
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Figanm=—1.9807+2.6245X 10 "¢ (R*=0.9964), 45H %
B 3 BefE E B 45 & HCPT, FEIBR(Limit of detection,
LOD)s& 11.7 nmol-L!. £ A : LOD=30/S, 6 NZk
PERIEE, S A2 5 RS FURE AR U R b o 22

NT B IAIE 3 5 HCPT (4 A 5 % — 1k
ghify, W 3 FHEREESR KA FRET /AR,
TRHCEAK T T Fsa0 nm/ Fasa nm ROGEHE, 2238 %5 EE(E 6b),
3 F1HCPT 455 )5, Fssonm/Fas om W HCE B R, Ui 3 5
HCPT H A RE 1AL AR
1.2.2 3¢ NOESY # B

RTHEN 3 RISLARE R, RAEE 7 SR, WEITE
H'(8% H), H? (B8R H7)¥) R H RS S, 56 B A% [
NOE #f2¢. [, H* (8% H3) A1 H'® (8% H7) A H LRSS,
WU P AZ 45 NOE AH2<. 16 B 3 2 8] 45 #4 A AR 0
S BRI SE, ES7E 40% D,O ¥ DMSO-ds 75 73815
W, 3 5 HCPT E &1 4 NOESY Bt i A 4h i 5. 2%
(RAH JGUEE, AT BE A 4 AT 25 A 8 1 F D35 i 2. gk
— P DO i, WE RAEILUTTE, Toigh i i
GAGARE

A

FH A% B AR X S A2 R SRz v 9 e g
MR, AE HCPT ¥ E, BERGEISTE S 40% DO
) DMSO-ds #FIFAIE R AT, 2 b SCHk[10] 7] %0
HCPT KJI&VHJE, K 3 A HCPT, 3 FIIA{E HCPT
) Ha Al Hy M R385 50, He MIMEIAREEN. %45 Rl etk
H I HCPT K580 3]0HE A ) o M35 5 oo SE R T 17
B iz
1.23 BREELSFEHCEF T

T EAU 3 5 HCPT K £ &R E AW 5 I
A, ¥ 3 5 HCPT LL2 1 1 (W) i L) 7E K Hh ) 4 B R
A 3-HCPT, RHHHi a7 BB 1S i o 7 B
WA T 3. HCPT KEMME GYITEMIKRE I
K

FEROKR T HER AL T (& 8 K 9), 3 HARIA
VP2 A ERTE SR AR, HCPT B & BRI S M
BURZS, 3 5 HCPT 4545 Jm S 7 B BRARURIORL, IR
AR LI, DLESS R R Y] 3 A HCPT Z [W)il
AR AR EAR R T R R AN

DR B

{(H*sR(H"), H%}

('R, HSSRET) . )

H'sHY), H}

N\ . X

B 7 3% NOESY EHE[D20/DMSO-ds (V : V=4 . 6)]
Figure 7 NOESY of 3 [D20/DMSO-ds (V : V=4 : 6)]

B8 (a)3. (b) HCPT. (c)3 5 HCPT E&WHaH i 7 2 ss &

Figure 8 Scanning electron microscope (SEM) images of (a) 3, (b) HCPT, (c) 3 and HCPT complexes
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(a)

(©

100 mm

Bl 9 (a)3,(b) HCPT, (c) 3 5 HCPT E&WIIIE S i1 B E:
Figure 9 Transmission electron mcroscope (TEM) images of (a) 3, (b) HCPT, (c) 3 and HCPT complexes

1.2.4 ARSMpH] MCF-7 o fi 38 78 3 M AT 50
T It DY A A S e e I e € R (MT T i 5 %o
MCF-7 4[] ICso fE R VT4 HoxH A f i ikl 1, R
PARINA 1Cso (B IR, H A5 RN 3 PR,
F3 PRI ICs H

Table 3 ICso values of samples

Sample ICso/(umol-L 1)
3 >50

HCPT 0.21£0.03
3-HCPT 0.0026+0.0005

“ICso: 50% inhibitory concentration, measured by standard MTT assay for
MCEF-7.

I ICso AR MK, &A% MCF-7 4H i ¥ 0 i)/
FASE 8 TR 2 MRS, Uil 3 MY AT LA A HCPT,
1M HL AT LA 58 HCPT % MCF-7 40 i3 4E . HEdm) 3
Perm T 4UHaxt HCPT 40 FIFHZE /g 71, $h5E T 25350R14H
HuEHCRE 71, 8 S G R 2 k.

2 %#ig

K TEA BT — PSR AR 3R KR (3), R 7T
T 3 5 HCPT Z [l EEMMEAEH, VPR T 5
S FEREFMERE. 3 BERSIRAIAISE A HCPT, JRLL 201
1S HCPT 454, 456 40N 1.26 X 10 (mol/L) 2.
3 BEWLIELL FRET HLHISZELX HCPT Y E R A5 itk %
PERGI, AR A 11.7 nmoleL ™. MERiFLIR K sl sk 4
BB, W ZEARE R EAEER, BRES>TRE
Y. WE M EAREE, $m T HCPT My iste, &3
AMEEA RCRENThRE, 0 HEA WE YR
71 A5G SRR T R — PR R O S R A T Rk
PERE.

3 SCISER4Y
31 BR5RH

Bruker-micrOTOF-Q /i #{X (36 [ Agilent A #]), ¥
JE BT R (22 BU M 5 40 2 B IR A W] ), FA-1004

1400 http://sioc-journal.cn/
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B i R (EIERSPAXER T), SN-MS-H280D Y% g
Wk it peas (i AR A IR A F]), RE-52AA e 7%
RAX(EHE T ZRBH A PR 2 7)), TU-1810 2501 W70k
JEFETHAE BT A PR A ), S AU (i 5E ]
H2E A BB R A 7)), BrukerAvance-IIT Y% fs 3R 4347
A% (f [ Bruker 2> ), CT-5000h 474 B G4 N K38 T 52 4
B2 ).

(R BON 98%, b ifE3 se AkAE AL R AT R
AF)), 2-IRNER LBROR 7 ECN 98%, RN 75 b2
BARBR AT, 2,3- 5-5,6- F KRBT RS BN
99%, LR H A FHEAGIRA A, 402K = R
B HUN 98%, R H W EAGRAA), =5k
BRORE T HON 98%, i &4 FHARH R A A),
CIENE (R EON 98%, LS AR ARG TR A A)).
N,N-— F B F B i (DMF) S L A R8T 4.
3.2 XWHE
3.2.1  2-(9H-"Fr& &) 7 BR TER(B) &Y A &

B 30.0 g (0.1796 mol)HEMejiiF 500 mL & JEHEH,
BN 200 mL /] DMF, A8 A%, FOK SRR B
AENZE0~5 C, AL 10.7 g (0.2695 mol)EALHA,
VKB R 30 min, A KR AGEENTE, BEE LS
T, 218N 39.0 g (0.2155 mol) 2-IRIGIR 218, N
A 60 min, 72 EIS(TLO) MM e Mt FE, B2 Rk
RIHR. RBEEHRG, RN REZE A 20 mL 41,
HHTHR. 500 mL 2R B80S SR T B, 43 3
HEHK AT B, IFT pH A 7.0 24, BdEHF&IF
HHAH, JkEBEZ, 83O amRBEE, Re=05
[TLC: V(FEE) - (& E)=3 : 1], 452 g, W%
94.6%. m.p. 51~52 °C; '"H NMR (600 MHz, DMSO-ds)
5: 8.17 (d, J=17.7 Hz, 2H), 7.50 (d, J=8.2 Hz, 2H), 7.43
(t, J=17.7, 8.2 Hz, 2H), 7.22 (t, J=7.4, 7.7 Hz, 2H), 5.89
(q, J=7.1 Hz, 1H), 4.13 (qq, J=7.1, 3.9 Hz, 2H), 1.70 (d,
J=7.1 Hz, 3H), 1.06 (t, J=7.1 Hz, 3H); HRMS (ESI)
caled for C;7H;;NNaO, [M + Na]" 290.1157, found
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290.1161).
322 ZR[-TAK-2-3,6-—LF H)Fre X -ABt
HER R = BAR) 4G A A%

1. 20.0 g (0.0749 mol)tb &4 B, Ji-T 2000 mL [F )i
eI, TN 1000 mL —& 4%, HFEEIEA 3.6 ¢
(0.0225 mol) =G ALEk, 4RELMFE 60 min, NI H P IH
AR AR, AR NI I 11.2 g (0.3745 mol) )£
WIS, k828 3 h, TLC Waill, B 25k AWk, &
MEER R, DI 5 mL ZUKHTEK, HidE 10 min, M
AR NP CIB VL. Tl 5 4 SOSI o HE FZK ZE L
3 3, AIFAPUAH, JE AT B, R R Al
M H K © VR i) =4 @ NERIAGREIE 1, R=
0.5 [TLC: V(fik) @ & HkE)=10 1 1], 9.6 g, I
F 46.5%. m.p. 266~267 ‘C; 'H NMR (600 MHz,
DMSO-ds) d: 8.35 (d, J=1.7 Hz, 6H), 7.41 (dd, J=8.3,
1.7 Hz, 6H), 7.29 (d, J=8.3 Hz, 6H), 5.70 (q, J=7.1 Hz,
3H), 4.19 (s, 6H), 4.11~3.99 (m, 6H), 1.55 (d, J=7.1 Hz,
9H), 1.00 (t, J=7.1, 9H); HRMS (ESI) calcd for
Cs4Hs1N306 (M) 837.3778, found 837.3745.

323 FZR[I-TAKE-2-[3,6-[1,5-= AR [e][1,3]=
AR = F A ofed A B A IRR Z R AR(Q)
EORESHY

1.5 g (1.8 mmol)fb &4 1, BT 200 mL [A i)k

R, A 100 mL JozK —SH e, DB —HIEE 2.5 g
(18.1 mmol), EAMRY", FEUKIBEM THHE 10 min,
I 4.1 g (18.1 mmol)ff) 2,3- —54-5,6- ~FN AR, Wi
PiHE 1 h, TLC M. RIS, H4 S Rl — & b/
IKAHAEEL 7~10 IRBKZE T, B IR A T
AN, FEEMTIRA( & T ) - V(FED)=500 : 1], 13
FIAEE K 2, Re=0.4 [TLC: V(FTEY) @ M~ & T k)=
1:20], 1.7 g, Y% 76.5%. m.p. 310~311 C; 'H NMR
(600 MHz, DMSO-ds) 0: 8.94 (s, 6H), 7.71 (t, J=6.8 Hz,
6H), 7.37 (dd, J=6.8, 2.2 Hz, 7TH), 7.22 (s, 12H), 5.75 (d,
J=7.2 Hz, 3H), 5.03 (d, J=14.1 Hz, 12H), 4.11~3.92 (m,
6H), 1.54 (dd, J=7.2, 2.2 Hz, 9H), 1.03~0.92 (m, 9H);
HRMS (ESI) caled for C;sHeN3;NaOj;, [M + Na] *
1262.4779, found 1262.4772).
324 HR[1-TRAIKE-2-[3,6-[1,5-= 2K H[e][1,3]=
BRI M) = I F HeF e - BRI R =R AK(B)
9 &%,

Y 100.0 mg (0.025 mmol){L &4 2 F 25 mL [HJK )%
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L, I 5 mL DMF, #ii#EZE% AR, A 1 mL (4 mmol)
CWEREZ, W 120 C, $HiFE 8 h, TLC Malll. ¢kl B
SE4, BRMREIN 10 mL KH, AR B AT, i
JE, /K FEEADIE e o mlbels 2 6, BT, [28IaE
B4k 3, Re=0.4 [TLC: V(& H %) @ V(FEE)=20: 1],
88.0 mg, K 85.3%. m.p. 351~352 C; 'H NMR (600
MHz, DMSO-ds) 6: 8.93 (s, 6H), 7.84 (dq, J=9.0, 5.2 Hz,
3H), 7.70 (dd, J=12.5, 8.7 Hz, 6H), 7.48~7.41 (m, 6H),
7.23 (s, 12H), 5.40 (q, J=7.5 Hz, 3H), 5.03 (dd, J=22.0,
4.0 Hz, 12H), 4.41 (s, 3H), 3.26 (dd, J=8.9, 6.3, 3.1 Hz,
3H), 3.19 (dt, J=11.0, 5.8 Hz, 3H), 3.10 (dt, J=12.7, 6.0
Hz, 3H), 2.95 (dq, J=12.7, 6.0 Hz, 3H), 1.41 (d, J=7.3
Hz, 9H); 3C NMR (150 MHz, DMSO-d;) J: 169.9, 139.7,
139.4, 138.4, 138.2, 135.3, 127.1, 126.6, 123.8, 118.9,
110.2, 107.2, 66.5, 59.7, 52.9, 42.1, 15.3; HRMS (ESI)
caled for C;sH7NgNaO;, [M + Na] ' 1307.5106, found
1307.5105).

4 Bh# 8L (Supporting Information) L5471 B.1~3 [
WHEILIREE | Bl Ay 7 R, DA R AR S T 45
R Je 5 e 5 v 1L IX L Rk AT BL A 9 A T IR il
(http://sioc-journal.cn/) I N #k.
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