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Abstract

Alkylation of the simple polyphenol model resorcinol with 10-chloroacetamidovindoline resulted in the corresponding O,O-

disubstituted derivative containing two elements of the Vinca alkaloid. The in vitro anticancer activity of the hybrid was 

investigated on the NCI-60 human tumor cell line panel, and the most important value was obtained on UO-31 renal cancer cells 

(50% growth inhibition GI50 = 0.893 µM).
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1 Introduction
The versatile chemical properties of resorcinol (1) allow it 
to be used in a wide range of industries. Its  two hydroxyl 
groups, aromatic ring, and reactive meta-positions make 
it indispensable in the pharmaceutical, cosmetic, polymer 
production, dye, and analytical chemistry industries [1‒4]. 
In terms of its biological effects, resorcinol is one of the oldest 
active ingredients applied in dermatology. It is used to treat a 
number of skin diseases due to its antiseptic, keratolytic, and 
antifungal properties. More importantly, however, its use as 
a building block for the preparation of anticancer derivatives 
containing, first of all, different heterocycles [5‒11].

Nevertheless, resorcinol (1) is the structural unit of the 
skeleton of important antioxidant compounds (Fig. 1) such 
as resveratrol  (2) or flavones, including one of the best-
known derivatives, chrysin (3).

On the other hand, several representatives of the Vinca 
alkaloids  (Fig.  2), such as vinblastine  (6) and vincris-
tine  (7), are used in anticancer therapy  [12‒20]. These 
dimeric alkaloids consist of two monomers, vindoline (4) 

and catharanthine (5). In addition, several derivatives and 
hybrids of vindoline (4), which are inactive on their own, 
are known as efficient anticancer molecules [21‒31].

Based on these data, it seemed worthwhile to investi-
gate the possibility of coupling vindoline  (4), the major 
alkaloid of  Catharanthus  roseus, with resorcinol  (1) 
to  identify potential new applications of vindoline and 
evaluate the anticancer activity of the resulting derivative.

2 Results and discussion
2.1 Chemistry
The coupling between resorcinol  (1) and vindoline  (4) 
was achieved via the O-alkylation of resorcinol  (1) with 

Fig. 1 Resorcinol (1) and its natural analogues: resveratrol (2) and 
chrysin (3)

Fig. 2 Anticancer Vinca alkaloid dimers (6 and 7) and their monomers: 
vindoline (4) and catharanthine (5)
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10-chloroacetamidovindoline  (9). The  latter is a previ-
ously described intermediate designed for the synthesis of 
vindoline hybrids [24].

First, vindoline (1) underwent nitrosation at the active 
C-10 position, followed by reduction with NaBH4 to afford 
10-aminovindoline (8)  [25]. Subsequently, the 8 com-
pound was N-acylated with chloroacetyl chloride. Finally, 
10-chloroacetamidovindoline  (9) was reacted with resor-
cinol (1) in acetonitrile in the presence of cesium carbon-
ate and a catalytic amount of potassium iodide (Scheme 1). 
The  reaction was initiated at room temperature, then 
the temperature was raised to 50 °C to increase the low 
conversion. After workup and purification by prepara-
tive thin-layer chromatography  (TLC), structural analy-
sis  (NMR),  high-resolution mass spectrometry (HRMS) 
revealed the formation of the desired bisalkylated 
hybrid (10), which was isolated in 38% yield.

2.2 Evaluation of the biological activities
The in vitro antiproliferative activities of vindoline (4) and 
the newly synthesized compound (10) were evaluated on a 
panel of 60 human tumor cell lines (NCI-60), comprising 
leukemia, non-small cell lung, colon, central nervous sys-
tem (CNS), ovarian, renal, prostate, and breast cancers, as 
well as melanoma. The experiments were performed at the 

National Cancer Institute (NCI, USA) in accordance with 
standard screening protocols [32‒37].

The screening data are summarized in Table 1, where 
cytotoxic effects were determined at a single concentra-
tion of 10 µM. The reported growth percentages reflect the 
proportion of viable tumor cells relative to untreated con-
trols, while negative values indicate a pronounced reduc-
tion in cell number. For example, a value of 100 means 
no growth inhibition. A value of 25 would mean 75% 
growth inhibition. A value of 0 means no net growth over 
the course of the experiment. A value of −25 would mean 
25% lethality. A value of −100 means all cells are dead. 
In line with previous findings, vindoline (4) displayed only 
marginal antiproliferative activity across the majority of 
tested cell lines. In contrast, the new hybrid (10) exhibited 
a markedly enhanced and broad-spectrum antiprolifera-
tive effect in the NCI-60 panel, demonstrating substantial 
growth inhibition in multiple tumor types.

Since compound 10 showed significant antiproliferative 
activity on several tumor cell lines during the one-dose 
test, it was subjected to a five-dose screening. The 50% 
growth inhibition (GI50) and their mean values are given 
in Table  2. Based on the results, hybrid (10) exhibited 
an uniform antiproliferative effect in the low micromo-
lar range across the entire NCI-60 panel. The mean GI50 

Scheme 1 Synthesis of hybrid 10: (a) (1) THF, 1M HCl, NaNO2, 0 °C, 30 min; (2) NaBH4, MeOH, Ar, room temperature, 92%, (b) chloroacetyl 
chloride, abs. DCM, K2CO3, Ar, room temperature, 7 h, 64%; (c) Cs2CO3, KI, CH3CN, 50 °C, 18 h, 38%.
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Table 2 GI50 values (µM) of compound 10 against 60 human cancer cell 
lines in vitro. Values where GI50 < 1.0 µM are highlighted in bold. n.d. 

means not determined

Panel Cell line
10

GI50 Mean

Leukemia

CCRF-CEM 1.86

1.60

HL-60(TB) 1.48

K-562 1.84

MOLT-4 1.52

RPMI-8226 1.25

SR 1.63

Non-small cell 
lung cancer

A549/ATCC 1.51

1.18

EKVX 1.33

HOP-62 1.09

HOP-92 0.968

NCI-H226 1.15

NCI-H23 1.12

NCI-H322M 1.25

NCI-H460 1.12

NCI-H522 1.17

Colon cancer

COLO 205 1.18

1.16

HCC-2998 1.13

HCT-116 1.33

HCT-15 1.22

HT29 1.12

KM12 1.09

SW-620 1.06

Table 1 Growth percent rates of vindoline (4), and compound 10 at the 
concentration of 10 μM against 60 human cancer cell lines in vitro. 
All data with greater than 50% loss of cells are highlighted in bold.

Panel Cell line 4 10

Leukemia

CCRF-CEM 96.54 14.92

HL-60(TB) 103.96 0.53

K-562 103.40 7.24

MOLT-4 103.19 11.93

RPMI-8226 100.94 −6.77

SR n.d. 5.63

Non-small cell 
lung cancer

A549/ATCC 93.52 −27.20

EKVX 101.77 −44.99

HOP-62 92.23 −42.83

HOP-92 84.21 n.d.

NCI-H226 104.40 −47.47

NCI-H23 103.04 −94.42

NCI-H322M 97.79 −72.63

NCI-H460 104.23 1.11

NCI-H522 88.55 −74.92

Colon cancer

COLO 205 n.d. −72.60

HCC-2998 117.70 −95.69

HCT-116 104.47 −22.86

HCT-15 99.02 −48.46

HT29 98.55 −69.79

KM12 102.15 −96.71

SW-620 103.73 −55.58

CNS cancer

SF-268 99.98 10.51

SF-295 99.51 −79.27

SF-539 103.67 −78.87

SNB-19 96.60 −39.72

SNB-75 73.08 −2.00

U251 99.44 −25.35

Melanoma

LOX IMVI 99.36 −95.20

MALME-3M 97.96 −75.70

M14 103.84 −57.20

MDA-MB-435 105.29 −76.33

SK-MEL-2 106.74 −60.01

SK-MEL-28 105.79 52.96

SK-MEL-5 102.00 −99.00

UACC-257 98.69 −61.26

UACC-62 94.73 −91.08

Ovarian cancer

IGROV1 98.42 −36.24

OVCAR-3 112.39 −91.10

OVCAR-4 98.82 −6.48

OVCAR-5 91.21 −55.13

OVCAR-8 99.84 −32.95

NCI/ADR-RES 110.49 28.86

SK-OV-3 107.57 −65.19

Table 1 Growth percent rates of vindoline (4), and compound 10 at the 
concentration of 10 μM against 60 human cancer cell lines in vitro. 
All data with greater than 50% loss of cells are highlighted in bold. 

(continued)

Panel Cell line 4 10

Renal cancer

786-0 104.33 1.47

A498 99.59 −86.06

ACHN 101.46 4.28

CAKI-1 97.50 −46.15

RXF 393 103.81 −94.59

SN12C 96.08 −82.73

TK-10 92.13 −29.79

UO-31 83.93 −78.13

Prostate cancer
PC-3 88.31 n.d.

DU-145 107.34 −23.58

Breast cancer

MCF7 99.03 −56.59

MDA-MB-231/ATCC 97.65 −92.82

HS 578T 113.32 −15.85

BT-549 114.27 −68.27

T-47D 95.68 −26.59

MDA-MB-468 101.69 −69.07

Mean 100.08 −47.20
Note: n.d. means not determined.
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value was 1.33 µM, which is consistent with and supports 
the broad-spectrum efficacy observed in the single-dose 

screening. Only moderate variations were observed among 
the different tumor types, indicating that compound 10 
does not exert a cell line-specific effect but rather displays 
a general antiproliferative profile. Notably, the compound 
achieved submicromolar GI50 values in five cell lines. 
The most pronounced activity was observed in the UO-31 
(renal cancer) cell line, with a GI50 value of 0.893 µM.

Overall, these results demonstrate that the investigated 
compound shows significant antiproliferative activity, 
supporting its potential suitability for further biological 
and mechanistic investigations.

3 Materials and methods
3.1 General
All chemicals were purchased from Sigma-Aldrich 
(Budapest, Hungary) and were used as received. Melting 
points were measured on a VEB Analytik Dresden PHMK-
77/1328 apparatus (Dresden, Germany) and are uncor-
rected. IR spectra were recorded on Zeiss IR 75 and 80 
instruments (Thornwood, NY, USA). NMR measurements 
were performed on a Bruker Avance III HDX 500 MHz 
NMR spectrometer equipped with a 1H{13C/15N} 5 mm TCI 
CryoProbe (Bruker Corporation, Billerica, MA,  USA). 
1H and 13C chemical shifts are given on the delta scale 
as parts per million (ppm) relative to tetramethyl silane. 
One-dimensional 1H, and 13C spectra and two-dimen-
sional 1H–1H  COSY, 1H–1H  NOESY, 1H–13C  HSQC, and 
1H–13C HMBC spectra were acquired using pulse sequences 
included in the standard spectrometer software package 
(Bruker TopSpin 3.5, Bruker Corporation). ESI-HRMS 
and MS-MS analyses were performed on a Thermo Velos 
Pro Orbitrap Elite (Thermo Fisher Scientific, Bremen, 
Germany) system. The ionization method was electrospray 
ionization (ESI), operated in positive ion mode. The proton-
ated molecular ion peaks were fragmented by collision-in-
duced dissociation (CID) at a normalized collision energy 
of 35–65%. For  the CID experiment, helium was used as 
the collision gas. The samples were dissolved in methanol. 
EI-HRMS analyses were performed on a Thermo Q Exactive 
GC Orbitrap (Thermo Fisher Scientific, Bremen, Germany) 
system. The ionization method was electron ionization (EI) 
and operated in positive ion mode. Electron energy was 
70 eV and the source temperature was set at 250 °C. Data 
acquisition and analysis were accomplished with Xcalibur 
software version 4.0 (Thermo Fisher Scientific). TLC was 
carried out using DC-Alufolien Kieselgel 60 F254 (Merck, 
Budapest, Hungary) plates. Preparative TLC analyses were 
performed on silica gel 60 PF254+366 (Merck) glass plates.

Table 2 GI50 values (µM) of compound 10 against 60 human cancer 
cell lines in vitro. Values where GI50 < 1.0 µM are highlighted in bold. 

(continued)

Panel Cell line
10

GI50 Mean

CNS cancer

SF-268 1.31

1.27

SF-295 1.03

SF-539 1.16

SNB-19 1.97

SNB-75 0.992

U251 1.15

Melanoma

LOX IMVI 1.03

1.20

MALME-3M 0.991

M14 1.15

MDA-MB-435 1.13

SK-MEL-2 1.14

SK-MEL-28 1.66

SK-MEL-5 1.05

UACC-257 1.29

UACC-62 1.11

Ovarian cancer

IGROV1 1.45

1.57

OVCAR-3 1.13

OVCAR-4 1.28

OVCAR-5 1.29

OVCAR-8 1.22

NCI/ADR-RES 3.36

SK-OV-3 1.27

Renal cancer

786-0 1.71

1.37

A498 1.12

ACHN 2.20

CAKI-1 1.31

RXF 393 1.16

SN12C 1.17

TK-10 1.40

UO-31 0.893

Prostate cancer
PC-3 1.18

1.35
DU-145 1.51

Breast cancer

MCF7 1.89

1.39

MDA-MB231ATCC 0.949

HS 578T 1.66

BT-549 1.08

T-47D 1.35

MDA-MB-468 1.22

Mean 1.33
Note: n.d. means not determined.
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3.2 Chemistry
3.2.1 Preparation of 10-chloroacetamidovindoline (9)
This compound was prepared according to the recently pre-
sented results of Mayer et al. [24]. 1H NMR, melting point, 
and Rf data were in good agreement with the literature.

3.2.2 Reaction of 10-chloroacetamidovindoline (9) with 
resorcinol (1); preparation of 10
190 mg (0.347 mmol, 2.0 eq.) of 10-chloroacetamidovin-
doline  (9) was dissolved in 8  mL of acetonitrile. 19  mg 
(0.173 mmol, 1.0 eq.) of resorcinol (1), 113 mg (0.347 mmol, 
2.0  eq.) of cesium carbonate, and a catalytic amount of 
potassium iodide were added. The  reaction mixture was 
stirred at room temperature for 2  h. The  reaction was 
monitored using TLC. Starting vindoline derivative  (9) 
remained in the reaction mixture, so the external tempera-
ture was raised to 50 °C, and the reaction was continued 
for 18 h. The mixture was evaporated during the work-up. 
The resulting brown solid was dissolved in 30  mL of 
dichloromethane and washed with 25 mL of distilled water 
and 10 mL of saturated NaCl solution. After phase sepa-
ration, the aqueous phases were extracted with 10-10 mL 
of dichloromethane. The  combined organic phase was 
dried over magnesium sulfate. The  drying material was 
filtered off, and the solution was evaporated. The resulting 
solid was purified by thin-layer chromatography (eluent: 
DCM/MeOH  =  10/1). Based on structural stud-
ies, the hybrid (10) is a bisalkylated derivative, which 
was obtained in 38%  yield (75  mg). TLC: Rf (DCM/
MeOH = 15/1) = 0.49. Mp: 168-169  °C. IR  (KBr): 2879; 
2182; 1738; 1528; 1222; 1039 cm−1. 1H NMR  (Fig.  3): 
(499.9 MHz; DMSO-d6) δ (ppm): 0.43 (6H; t; J = 7.2 Hz; 
H3-18, H3-18'); 0.95  (2H;  dq; J  =  7.3, 14.0  Hz; Hx-19, 
Hx-19'); 1.47 (2H; dq; J  =  14.0, 7.3  Hz; Hy-19, Hy-19'); 
1.94 (6H; s; C(17)-OCOCH3, C(17')-OCOCH3); 
2.15-2.26 (4H; m; H2-6, H2-6'); 2.52-2.58 (2H; m; Hx-5, 
Hx-5'); 2.60 (6H; s; N(1)-CH3, N(1')-CH3); 2.62 (2H; s; 
H-21, H-21'); 2.82  (2H; br  d; J  =  16.2  Hz; Hx-3, Hx-3'); 
3.25-3.32 (2H; m; Hy-5, Hy-5'); 3.41 (2H; dd; J = 16.6, 4,7 Hz; 
Hy-3, Hy-3'); 3.54  (2H; s; H-2, H-2'); 3.66  (6H; s; C(16)-
COOCH3, C(16')-COOCH3); 3.82  (6H; s; C(11)-OCH3, 
C(11')-OCH3); 4.68  (4H; s; H2-2", H2-11"); 5.09  (2H; 
br d; J = 10.1 Hz; H-15, H-15'); 5.20 (2H; s; H-17, H-17'); 
5.82 (2H; br dd, J = 10.1, 4.7 Hz; H-14, H-14'); 6.43 (2H; 
s; H-12, H-12'); 6.62-6.67 (2H; m; H-7", H-9"); 6.67-6.70 
(1H; m; H-5"); 7.25 (1H; t; J = 8.2 Hz; H-8"); 7.69 (2H; s; 
H-9, H-9'); 8.78 (2H; s; C(16)-OH, C(16')-OH,); 9.02 (2H; 
s; C(10)-NH-C(1"), C(10')-NH-C(12")). 13C NMR: (125.7 

MHz; DMSO-d6) δ (ppm): 7.5 (C-18, C-18'); 20.6 (C(17)-
OCOCH3, C(17')-OCOCH3,); 30.4  (C-19, C-19'); 
38.6 (N(1)-CH3, N(1')-CH3); 42.4 (C-20, C-20'); 43.6 (C-6, 
C-6'); 50.3 (C-3, C-3'); 51.0 (C-5, C-5'); 51.6 (C(16)-COOCH3, 
C(16')-COOCH3) 52.4  (C-7, C-7'); 55.9  (C-(11)-OCH3, 
C-(11')-OCH3); 66.1  (C-21, C-21'); 67.0 (C-2", C-11"); 
75.8  (C-17, C-17'); 78.6  (C-16, C-16'); 82.7  (C-2, C-2'); 
93.9  (C-12, C-12'); 101.9  (C-5"); 107.7  (C-7", C-9"); 
116.6  (C-9, C-9'); 118.2  (C-10, C-10'); 123.6  (C-8, C-8'); 
124.4  (C-14, C-14'); 129.8  (C-15, C-15'); 130.1  (C-8"); 
149.6  (C-13, C-13'); 150.9  (C-11, C-11'); 158.6  (C-4", 
C-6"); 165.5  (C-1", C-12"); 170.0  (C(17)-OCOCH3, 
C(17')-OCOCH3); 171.5 (C(16)-COOCH3, C(16)-COOCH3). 
HRMS:  (M+2H)/2  =  567.25737 (delta  =  −0.3  ppm; 
C60H74O16N6). HR-ESI-MS-MS (CID = 40%; rel. int. %): 
558(8); 537(100); 528(6); 507(18); 432(15); 403(5).

4 Conclusions
The synthesis of the bis-alkylated derivative obtained by 
the reaction of resorcinol and two moieties of vindoline 
was presented as an interesting example of a hybrid of a 
simple polyphenol model and a Vinca alkaloid. The anti-
cancer activity of the obtained product was investigated 
on 60 human cancer cell lines. The new compound showed 
submicromolar antiproliferative effect against several 
tested cell lines, including HOP-92 non-small lung can-
cer, SNB-75 CNS cancer, MALME-3M melanoma, and 
MDA-MB-231/ATCC breast cancer cells. The most potent 
activity was observed toward UO-31 renal cancer cells, 
with a GI50 value of 0.893 µM.

Fig. 3 The skeleton numbering of compound 10 used for 
NMR assignment
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