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Abstract 

 

A new series of indole-based analogues were recently identified as potential anticancer agents. The Knoevenagel-type 

indoles herein presented were prepared via a one-pot condensation of iminium salts with active methylene reagents and 

were isolated as single geometric isomers. Biological evaluation in different cell-based assays revealed an 

antiproliferative activity for some analogues already in the nanomolar range against leukaemia, breast and renal cancer 

cell lines. To explain these effects, the most promising analogues of the series were engaged in further cell-based 

studies. Compounds 5e,l,p and 5a,b highlighted a pro-apoptotic potential being able to induce apoptosis in HL60, K562 

and MCF-7 cell lines in a dose and time-dependent manner. The ability of these compounds to arrest cell cycle at the 

G2/M phase inspired the immunofluorescence studies which allowed us to identify tubulin as a potential target for 

compounds 5l and 6b.  
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1. Introduction 

Indole is a privileged scaffold for drug discovery [1,2]. Indole derivatives have been described as useful 

chemical templates in different therapeutic areas, including the treatment of neurodegenerative diseases [3-5], 

psychiatric disorders [6] and inflammation [7,8]. Moreover, indole derivatives were found to be endowed with antiviral 

[9], antioxidant [10], antiplasmodial [11], antiproliferative and antitumor efficacy [12-20]. Recently induction of 

methuosis, which is one of the most recently acknowledged nonapoptotic cell death phenotype involving the 

accumulation of cytoplasmic vacuoles derived from macropinosomes, was identified as the mechanism of action of 

conjugated 3-vinyl indoles [21]. Interestingly, Knoevenagel-type indoles, such as 3-vinyl indoles bearing two electron-

withdrawing groups at the terminal exocyclic double bond carbon, showed promising properties in different research 

areas [22-27].  

In previous works, the chemical reactivity of N-methyleneiminium chlorides of cyclic (thio)ureas towards active 

methylene reagents (AMRs) was investigated. By reacting ethylenethiourea and ethyleneurea with benzoyl chloride in 

DMF, the corresponding iminium salts were isolated and directly condensed with a series of AMRs to obtain the 

stereoselective synthesis of α,β-unsaturated(thio)ureas [28]. A similar protocol was recently applied for the one-pot 

stereoselective preparation of Knoevenagel-type indoles [29].  

The chemical accessibility to Knoevenagel-type indoles and the above mentioned rich literature background on this 

heterocyclic scaffold prompted us to evaluate the antiproliferative activity of a series of indole derivatives 2-10 (Chart 1 

and Table 2).  

2a-g, R1 = R2 = R3 = H
3a,b, R1 = Me; R2 = R3 = H
4a-d, R2 = Me; R1 = R3 = H
5a-ac, R2 = Ph; R1 = R3 = H
6a,b, R2 = 4-MeO-C6H4; R1 = R3 = H
7a,b, R1 = H; R2 = Ph;  R3 = OMe
8a,b, R1 = H; R2 = 4-MeO-C6H4;  R3 = OMe
9a,b, R2 = R3 = H; R1 = CH2COC6H4-mOMe 
10a, R2 = R3 = H; R1 = CH2COC6H4-pC6H5

X, Y = EWGs as in Table 2 and Scheme 2 2-10, Title compounds 1, PBOX-15

O

O

O

N

X

N
Me

Y

R2

R1
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Chart 1. General structure of title compounds 2-10 and structure of reference PBOX-15 

 

2. Results and discussion 

2.1. Chemistry 

As previously described [29], iminium salts Im11-Im17 were obtained by reacting indoles 11-17 with the DMF-

benzoyl chloride complex and directly condensed with the active methylene reagents I-XXX  (Scheme 1, Table 1) in the 

presence of triethylamine to afford the desired indole derivatives 2-8 (Table 2). By this two-step one-pot procedure we 

were able to prepared 48 indole analogues; the series included previously described compounds (namely, 2a-e,g; 3a,b; 

4a-d; 5a,b,f,h-m,o,s-u,aa,ab,ac; 6a,b; 7a,b; 8a,b) [29-31] and 14 unreported derivatives (namely, 2f; 5c-e,g,n,p-r,v-z). 
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I-XXX

11, R1 = R2 = R3 = H
12, R1 = Me; R2 = R3 = H
13, R2 = Me; R1 = R3 = H
14, R2 = Ph; R1 = R3 = H
15, R2 = 4-MeO-C6H4; R1 = R3 = H
16, R1 = H ; R2 = Ph;  R3 = OMe
17, R1 = H ; R2 = 4-MeO-C6H4;  R3 = OMe

2-8Im11-Im17

DMF

C6H5COCl

DMF
Et3N
120°C

Cl–N+

N

X

Y

N
N

X Y

R3

R1

R2 R2

R1

R3R2

R1

R3

 

 

Scheme 1. Two-step one-pot procedure for the synthesis of antiproliferative indoles 2-8 
 

 
Table 1. The active methylene reagents employed in the synthesis. 

AMRs X Y AMRs X Y 
I CN CN XVI COMe COMe 
II CN COC(Me)3 XVII COMe SO2Me 
III CN COPh XVIII COMe SO2Ph 
IV CN CO-C6H4-pCl XIX COMe SO2-C6H4-pCl 
V CN 2-thenoyl XX COPh COMe 
VI CN COOEt XXI COPh COPh 
VII CN COOCH2CH2OCH3 XXII COPh COOEt 
VIII CN CONH2 XXIII COPh SO2Ph 
IX CN CON[(-CH2)5-] XXIV CO-C6H4-pCl COOEt 
X CN CO-NHC6H4-pCl XXV CO-C6H4-pNO2 COOEt 
XI CN PO(OEt)2 XXVI 2-furoyl COCF3 
XII CN PO(OiC3H7)2 XXVII COOMe SO2Me 
XIII CN SO2Me XXVIII COOMe SO2Ph 
XIV CN SO2Ph XXIX COOEt COMe 
XV CN SO2-C6H4-pCH3 XXX COOEt COOEt 

 

The condensation procedure resulted to be stereoselective in terms of E/Z isomerism at the exocyclic double bond. In 

fact, products 2-8 were obtained as single stereoisomers as demonstrated by the measurement of the 3JC,H and the 3JP,H 

coupling constants between the vinyl proton and the phosphorus (compounds 2b; 5k) or the X α-carbon (compounds 

2c,g; 4b,d; 5c,l,p,q,v,z,aa) or the X and Y α-carbons (compounds 2f; 5b,f,h,i,s,u,x,ab) [29]. The configurations of the 

remaining compounds have been attributed by comparison with the configurations of the analogues bearing the same X 

and Y groups. Most of the indole derivatives were isolated as E-isomers with the only exception of compounds 5s and 

5ab that were obtained as Z-isomers (Table 2). 
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Table 2. Yields, E/Z ratio and MT-4 cell-based cytotoxicity of Knoevenagel-type indoles 2-8. 

X

Y

N
R2

R1

R3

 

IDs R1 R2 R3 X Y Isomer Yield aEC50 µM 
2a H H H CN CN - 72 36±2 
2b H H H CN PO(OEt)2 E 28 80±3 
2c H H H CN SO2Me E 73 >100 
2d H H H CN SO2Ph E 78 >100 
2e H H H COPh COOEt E 50 >100 
2f H H H CO-C6H4-pNO2 COOEt E 32 100±5 
2g H H H COOMe SO2Ph E 53 >100 
3a Me H H CN SO2Me E 45 >100 
3b Me H H CN SO2Ph E 60 >100 
4a H Me H CN CN E 77 56±2 
4b H Me H CN SO2Me E 40 >100 
4c H Me H CN SO2Ph E 45 >100 
4d H Me H COOMe SO2Ph E 39 31±1.5 
5a H Ph H CN CN - 74 0.4±0.05 
5b H Ph H CN COCMe3 E 51 0.5±0.05 
5c H Ph H CN COPh E 72 0.5±0.02 
5d H Ph H CN CO-C6H4-pCl E 83 0.4±0.01 
5e H Ph H CN 2-thenoyl E 40 0.4±0.01 
5f H Ph H CN COOEt E 91 1.7±0.02 
5g H Ph H CN COOCH2CH2OMe E 89 1.2±0.05 
5h H Ph H CN CONH2 E 55 6.0±0.4 
5i H Ph H CN COPipb E 60 9.6±0.6 
5j H Ph H CN CO-NHC6H4-pCl E 62 1.7±0.08 
5k H Ph H CN PO(OiPr)2 E 36 11±0.4 
5l H Ph H CN SO2Me E 78 0.3±0.06 
5m H Ph H CN SO2Ph E 69 0.4±0.03 
5n H Ph H CN SO2-C6H4-pCH3 E 72 0.4±0.02 
5o H Ph H COMe COMe - 42 1.5±0.04 
5p H Ph H COMe SO2Me E 48 0.5±0.02 
5q H Ph H COMe SO2Ph E 4 0.4±0.03 
5r H Ph H COMe SO2-C6H4-pCl E 12 >100 
5s H Ph H COPh COMe Z 40 2.0±0.04 
5t H Ph H COPh COPh - 14 8.9±0.5 
5u H Ph H COPh COOEt E 36 7.0±0.9 
5v H Ph H COPh SO2Ph E 17 3.0±0.06 
5w H Ph H CO-C6H4-pCl COOEt E 47 9.0±0.5 
5x H Ph H CO-C6H4-pNO2 COOEt E 22 1.5±0.08 
5y H Ph H 2-furoyl COCF3 n.d. 10 0.8±0.01 
5z H Ph H COOMe SO2Me E 43 0.4±0.03 
5aa H Ph H COOMe SO2Ph E 42 1.0±0.03 
5ab H Ph H COOEt COMe Z 45 0.6±0.01 
5ac H Ph H COOEt COOEt - 13 2.3±0.07 
6a H 4-MeO-C6H4 H CN CN - 70 0.3±0.01 
6b H 4-MeO-C6H4 H CN SO2Ph E 62 0.2±0.06 
7a H Ph MeO CN CN - 58 1.0±0.05 
7b H Ph MeO CN SO2Ph E 78 1.3±0.02 
8a H 4-MeO-C6H4 MeO CN CN - 73 0.3±0.01 
8b H 4-MeO-C6H4 MeO CN SO2Ph E 53 0.2±0.04 
Doxorubicin      0.03±0.001 

aCompound concentration (µM) required to reduce the viability of mock-infected MT-4 cells by 50%, as determined by 
the MTT method, under conditions allowing untreated controls to undergo at least three consecutive rounds of 
multiplication. Data represent mean values (±SD) for three independent determinations. 
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Moreover, two of the obtained products (derivatives 2d and 2e) were N-alkylated to afford compounds 9a,b and 10a via 

deprotonation of the indole nitrogen with sodium hydride and subsequent reaction of the corresponding salts with 

different ω-bromoacetophenones (Scheme 2). 

 

9a, X = CN; Y = SO2Ph; R4 = 3-OMe
9b, X = COPh; Y = COOEt; R4 = 3-OMe
10a, X = CN; Y = SO2Ph; R4 = 4-Ph

NaH

dry DMF

2d,e

O

X

Y

N

Br
O

X

Y

N
H

R4

R4

 

 

Scheme 2. Synthesis of compounds 9a,b and 10a 

 

2.2. Biological evaluation 

Compounds 2-10 were preliminary tested in MT-4 cell-based assay in order to evaluate their cytotoxic activity (Table 

2). The antiproliferative activity was found to be affected by both the nature of the substituent of the indole scaffold and 

the X and Y groups (Table 2). Thus, all the compounds showing submicromolar EC50 values bear at position 2 of the 

indole nucleus either a phenyl (derivatives 5a-e,g,l-n,p,q,y,z,ab) or a p-anisyl (derivatives 6, 7 and 8) group. 

Conversely, the unsubstituted indole compounds 2 emerged to be poorly active or inactive. Similarly, N-alkylation led 

to inactive compounds (derivatives 3, 9 and 10) and also the introduction of a 2-methyl group was found to be 

detrimental for activity (derivatives 4 vs 5 and 6). The activity of Knoevenagel-type indoles  appears to be influenced 

also by the nature of the X and Y groups as highlighted by the different potencies of the 2-phenylindole derivatives 5 

(Table 2). Thus, when X is a cyano group and Y is a cyano, keto, ester, N-phenylamido or sulphonyl substituent we 

registered a good antiproliferative activity (EC50 value range: 0.4-1.7 µM, see derivatives 5a-g,j,l,m,n); conversely 

5h,i,k, sharing the X cyano group and characterized by an amide or a phosphonic ester as Y substituents were poorly 

active (EC50 value range: 6.0-11.0 µM). The presence of a benzoyl substructure as X substituent seemed to correlate 

with poor activity (see compounds 5t-v) even if derivative 5s emerged to be active at micromolar concentrations. 

Furthermore the introduction of a p-NO2 group at the benzoyl moiety led to a 5-fold increase in activity (5u vs 5x), 

while the p-Cl substitution caused a slight reduction in potency (5u vs 5w). Finally, derivatives 5y-ac bearing as X 

groups a 2-furoyl or an ester substituent showed EC50 values in the (sub)micromolar concentration range.  

 

In order to define the safety profile of the most interesting compounds, their cytotoxic activity for tumour cells 

(haematological and solid human tumour-derived cell lines) was compared to that for non-neoplastic cell lines (Tables 3 

and 4). Doxorubicin was used as reference drug. This analysis revealed a cytotoxic potential for compounds 6b and 8b 

against all the human leukaemia-lymphoma-derived cell lines evaluated. Notably, compounds 5g, 6b and 8b showed a 

good activity against lung squamous, prostate and hepatocellular human carcinoma accompanied by a favourable 

selectivity index. 
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Table 3. Cytotoxic activity of selected indole compounds against human leukaemia-lymphoma-derived (CCRF-CEM, 
WIL-2NS, CCRF-SB) cell lines 

 

 aEC50 (µµµµM)  

IDs bCCRF-CEM  cWIL-2NS dCCRF-SB 
5d 1.1±0.1 4.5±0.4 0.6±0.001 
5e 1.2±0.2 6.4±0.7 0.6±0.004 
5g 1.6±0.1 2.2±0.1 2.2±0.1 
5s 8.1±0.3 12±0.9 11±0.8 
5t 12±0.5 72±4 12±0.8 
5u 8±0.3 12±1 9.6±0.9 
5x 1.8±0.2 2.4±0.2 2.2±0.3 
5y 1.9±0.09 2.3±0.1 1.8±0.1 
5ab 1.4±0.1 2.7±0.1 1.6±0.1 
6b 0.3±0.1 0.4±0.008 0.3±0.005 
7b 1.5±0.2 2.8±0.2 1.9±0.09 
8b 0.3±0.001 0.5±0.003 0.3±0.003 
Doxorubicin 0.02±0.001 0.04±0.002 0.01±0.001 

 

aCompound concentration (µM) required to reduce cell proliferation by 50%, as determined by the MTT method, under 
conditions allowing untreated controls to undergo at least three consecutive rounds of multiplication. Data represent 
mean values (± SD) for three independent determinations. bCD4+ human acute T-lymphoblastic leukaemia. cHuman 
splenic B-lymphoblastoid cells. dHuman acute B-lymphoblastic leukaemia. 

 

Table 4. Cytotoxic activity of selected indole compounds against solid tumour-derived (SK-MEL 28, SK-MES-1, DU-
145, Hep-G2, MCF-7) and normal control (MRC-5 and CRL 7065) cell lines. 

 aEC50 (µµµµM) 
IDs bMRC-5 cCRL-7065 dSK-MEL28 eSK-MES 1 fDU-145 gHep-G2 hMCF-7 
5d 14±1.5 7.4±2.4 15±2.5 19±4 11±2.2 37±14 28±3.5 
5e 20±2.1 45±6 28±6 4±0.5 11±0.8 25±1 29±1.2 
5g >100 76±3 9.3±2 5±0.05 4.2±1 85±3 12±0.7 
5s >100 >100 >100 >100 >100 79±2 >100 
5t >100 >100 >100 >100 >100 >100 >100 
5u >100 >100 >100 >100 68±2 31±3 43±5 
5x >100 >100 >100 19±1 11±0.9 28±3 40±2 
5y 12 8.1±0.7 33±5 27±1 9.2±0.6 16±3 10±2.6 
5ab 31±3 83±2 30±1.5 23±1 11±2 19±2 32±2.5 
6b 73±5 >100 >100 43±4 2±0.3 11±2.5 >100 
7b 14±2.8 11±0.1 10±0.3 12±1.3 10±0.2 9.6±1.9 12±0.5 
8b 22±2 >100 >100 >100 3±1 6.4±0.4 40±3 
Doxorubicin 0.3±0.01 0.9±0.02 0.7±0.01 0.1±0.009 0.2±0.03 0.3±0.01 0.3±0.02 

 

aCompound concentration (µM) required to reduce cell proliferation by 50%, as determined by the MTT method, under 
conditions allowing untreated controls to undergo at least three consecutive rounds of multiplication. Data represent 
mean values (±SD) for three independent determinations. bHuman normal lung fibroblasts. cHuman normal foreskin 
fibroblasts. dHuman skin melanoma. eHuman lung squamous carcinoma. fHuman prostate carcinoma.  gHuman 
hepatocellular carcinoma.  hHuman breast adenocarcinoma. 
 

Derivatives 2-8 were submitted to the NCI (Bethesda MA-USA) developmental therapeutics program for 

antiproliferative testing against different human tumour cell lines, organized into 9 disease-oriented panels; the fifteen 

derivatives reported in Tables 5-7 were selected and screened by NCI. The results are expressed as GI50 (measure the 

growth inhibitory power), TGI (measure of the cytostatic activity) and LC50 (measure of the cytocidal effect). Table 5 

summarizes the number of cell lines against which each compound was screened, the number of lines against which it 
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gave a positive (inferior to 100 µM) GI50, TGI or LC50 values and the corresponding concentration range. The GI50 

values of the fifteen molecules are reported in Tables 6 and 7.  

 

Table 5. GI50, TGI and LC50 values ranges of selected compounds from NCI’s in vitro screening. 

 GI50 (µM)a TGI (µM) b LC 50 (µM) c 
IDs No d Range No d Range No d Range 
4d 56 1.1-17.4 47 5.2-96.7 35 22.2-98.7 
5a 59 0.246-43.2 50 0.698-90.4 10 12.1-98.4 
5c 54 0.370-65.3 13 4.1-86.9 1 58.2 
5m 60 0.288-23.6 52 4.7-96.3 12 7.6-86.7 
5p 59 0.415-43.8 21 5.6-88.1 3 17.3-67.7 
5s 59 0.295-7.2 56 2.0-46.6 39 4.7-81.4 
5v 31 3.1-97.1 - - - - 
5z 58 0.671-19.6 46 4.0-98.5 16 8.2-69.8 
5ac 60 0.219-23.9 60 12.7-66.0 37 33.2-99.1 
6a 60 0.0173-2.8 50 3.2-80.7 5 1.9-23.9 
6b 60 <0.01-19.3 52 4.7-96.3 9 6.8-90.8 
7a 60 0.607-44.2 20 3.3-57.6 2 55.4-75.0 
7b 58 1.1-37.3 18 7.1-85.5 - - 
8a 47 0.075-23.0 21 5.6-88.1 - - 
8b 58 0.276-46.1 50 3.2-80.7 4 8.5-47.0 

aCompound concentration that gives 50% growth inhibition. bCompound concentration that gives total growth 
inhibition. c Compound concentration that produces 50% lethal (cytocidal) effect.  d The table shows the number of cell 
lines on which each compound gave a positive (i.e. lower than 100 µM) GI50 or TGI or LC50 value and the 
corresponding concentration ranges. 
 

With the exception of derivatives 4d, 5v and 7b, all the tested compounds showed submicromolar GI50 values against 

specific tumour cell lines. Derivatives 6a,b and 8a,b were endowed with a widespread submicromolar activity against 

the tested tumour panels and proved to be particularly effective against selected cell lines [6a: GI50 (leukaemia-SR) = 

17.3 nM; 6b: GI50 (breast cancer-MDA-MB-468) < 10 nM; 8a: GI50 (renal cancer-A498) = 75 nM].  
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Table 6. GI50 values for compounds 4d and 5a,c,m,p,q,v,z,ac. 

 Panel / cell line GI50 (µM)a 
4d 5a 5c 5m 5p 5q 5v 5z 5ac 

Leukaemia 

CCRF-CEM n.d.b 2.4 7.3 2.6 4.7 1.4  7.6 2.6 
HL-60 (TB) n.d.b 1.8 n.d.b 1.8 2.6 1.7 5.0 3.4 4.4 
K-562  0.478  0.348 0.679 0.442 6.5 n.t.c 3.6 
MOLT-4 1.9 43.2 n.d.b 2.2 4.4 1.6 n.d.b 4.7 3.9 
RPMI-8226 3.2 0.582 2.4 0.714 3.0 2.2 7.6 6.2 0.219 
SR 1.1  n.d.b 17.3 n.t.c n.tc 9.9 8.1 2.1 

Non-Small 

Cell 

Lung Cancer 

A549/ATCC 4.9 4.6 7.6 3.7 7.3 7.2 35.0 5.3 6.4 
EKVX 5.0 5.8 10.0 6.2 6.4 3.3 4.6 8.9 12.4 
HOP-62 7.7 11.3 16.3 9.3 12.1 1.2  10.7 5.5 
HOP-92 4.1 7.7 4.5 10.3 3.8 5.9 5.0 6.6 8.8 
NCI-H226 4.3 4.1 6.8 4.1 27.1 1.9  5.0 11.4 
NCI-H23 4.8 4.7 16.0 4.7 4.0 1.6 9.6 8.0 2.9 
NCI-H322M 8.8 11.4 3.8 9.2 9.6 6.1  7.4 12.7 
NCI-H460 3.0 2.1 4.5 2.7 2.8 1.1 5.9 3.5 3.8 
NCI-H522 3.2 9.6 4.0 4.6 3.6 1.3 91.8 3.1 3.4 

Colon Cancer 

COLO 205 7.5 1.8 5.0 1.4 3.0 1.7 7.8 4.4 4.9 
HCC-2998 4.9 10.4 14.5 10.9 8.0 1.4  8.8 10.1 
HCT-116 3.8 2.3 5.3 2.0 2.9 0.754 4.9 4.2 4.3 
HCT-15 3.1 0.971 3.5 1.1 2.0 0.836 n.d.b 2.4 4.1 
HT29 5.2 0.526 3.4 0.595 1.6 0.589  3.6 4.6 
KM12 2.4 0.684 2.0 0.652 2.1 1.0 5.1 1.5 3.5 
SW-620 5.2 0.539 3.0 0.570 2.1 0.778 n.d.b 2.9 5.6 

CNS Cancer 

SF-268 3.3 13.4 5.7 4.5 4.2 3.4  4.3 6.8 
SF-295 3.1 1.6 3.0 2.4 3.9 2.4 3.5 3.1 7.6 
SF-539 3.4 2.1 6.0 2.5 1.9 1.3  3.1 14.5 
SNB-19 7.6 5.7 16.8 8.3 3.4 6.1  8.7 23.9 
SNB-75 3.1 2.0 3.2 1.7 1.5 1.7 10.1 2.3 7.0 
U251 3.4 1.2 4.7 2.6 2.9 1.2 8.6 3.6 4.9 

Melanoma 

LOX IMVI  2.0 3.3 7.4 4.6 3.4 1.4 74.7 5.1 5.6 
MALME -3M 7.3 26.0 12.3 8.4 4.8 2.1  12.2 8.9 
M14 4.4 1.9 4.8 3.8 1.6 0.521 15.6 3.3 4.2 
MDA-MB-435 2.9 0.246 0.370 0.288 0.415 0.295 3.9 0.671 3.4 
SK-MEL-2 10.6 27.6 35.2 12.7 8.6 1.4  11.8 4.7 
SK-MEL-28 5.8 5.1 12.0 8.3 3.3 2.0  6.0 7.7 
SK-MEL-5 n.t.c 1.1 n.t.c 1.82 1.9 0.832 9.0 n.t c 3.8 
UACC-257 7.0 28.1 10.9 18.2 43.8 2.2  11.2 7.5 
UACC-62 2.8 2.6 3.6 2.6 3.2 1.0 9.0 3.3 4.6 

Ovarian 
Cancer 

IGROV1 1.5 0.757 2.5 3.3 8.3 1.5  1.7 5.7 
OVCAR-3 2.7 1.8 2.4 1.4 2.3 1.6  1.9 4.2 
OVCAR-4 5.7 5.2 65.3 5.5 3.8 3.7 6.6 6.2 10.5 
OVCAR-5 17.4 19.7  13.9 16.1 2.0  19.6 18.5 
OVCAR-8 3.9 6.0 2.2 6.0 5.2 2.5  6.3 4.1 
NCI/ADR-RES 4.2 0.826 3.1 1.1 2.1 0.520  3.3 2.9 
SK-OV-3 9.3 6.0 15.2 6.8 4.4 2.9 7.6 12.1 13.6 

Renal Cancer 

786-0 8.2 8.6 16.5 9.2 3.5 1.6  7.5 12.9 
A498 5.5 3.0 15.3 11.0 3.9 2.0 n.d.b 6.6 16.9 
ACHN 5.5 7.3 7.2 7.0 5.8 1.8 6.7 9.2 4.4 
CAKI-1 3.3 6.1 2.5 5.5 5.6 2.4 3.1 1.8 10.3 
RXF 393 3.6 3.3 9.6 3.6 2.6 1.3 97.1 7.2 3.7 
SN12C 2.6 6.8 5.7 5.2 6.9 1.9  3.1 5.1 
TK-10 8.1 5.3 11.1 5.6 13.5 3.8  7.7 13.6 
UO-31 4.4 11.1 30.5 6.7 5.8 1.6  5.5 4.0 

Prostate 
Cancer 

PC-3 5.6 3.0 3.5 3.4 4.5 2.5 5.0 4.2 3.3 
DU-145 2.9 3.3 5.2 2.9 3.5 3.0  2.5 9.7 

Breast Cancer 

MCF7 2.8 1.1 4.0 2.2 2.7 0.945 5.0 2.9 4.5 
MDA-MB- 2.7 1.8 13.2 3.8 5.5 1.7  2.4 5.8 
HS 578T 2.9 2.3 6.3 23.6 1.6 5.0 39.5 3.5 3.8 
BT-549 5.4 9.4 3.0 11.6 2.4 1.9  4.3 5.3 
T-47D 3.2 4.6 5.3 3.8 2.3 1.4 3.4 2.8 2.7 
MDA-MB-468 6.3 1.0 5.6 1.9 1.8 1.7 4.2 5.4 3.1 

aCompound concentration that gives 50% growth inhibition (Only the values < 100 µM are reported). bNot determined. 
cNot tested. GI50 values lower than 1.0 µM are reported in bold. 
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Table 7. GI50 values for compounds 6a,b, 7a,b and 8a,b. 

 Panel / cell line GI50 (µM)a 
6a 6b 7a 7b 8a 8b 

Leukaemia 

CCRF-CEM 0.352 1.3 3.4 6.5  1.3 
HL-60 (TB) 0.271 0.294 2.5 2.4 0.363 0.899 
K-562 0.343 0.535 2.1 1.4 0.345 0.508 
MOLT-4 0.578 0.871 3.7 4.7 0.369 0.765 
RPMI-8226 0.490 2.1 2.6 n.t.c 5.1 1.3 
SR 0.0173 0.350 0.865 2.2 0.152 0.305 

Non-Small Cell 

Lung Cancer 

A549/ATCC 0.700 0.803 7.0 6.0 3.8 2.8 
EKVX 0.656 1.3 4.1 6.9 n.d.b 3.3 
HOP-62 1.2 1.0 5.3 8.3 3.3 3.1 
HOP-92 1.2 2.3 2.4 6.1 23.0 0.698 
NCI-H226 1.1 2.8 3.5 9.4 1.5 3.7 
NCI-H23 0.600 0.932 4.1 8.0 2.0 0.946 
NCI-H322M 0.490 1.5 7.4 30.1 0.380 4.3 
NCI-H460 0.359 0.404 3.6 4.6 0.472 0.687 
NCI-H522 0.798 3.0 4.6 4.0  1.7 

Colon Cancer 

COLO 205 0.223 0.254 2.1 7.4 0.291 0.396 
HCC-2998 0.751 1.2 6.1 18.7 n.d.b 2.0 
HCT-116 0.411 0.399 4.4 3.7 0.487 0.539 
HCT-15 0.593 0.554 3.2 4.0 0.778 0.632 
HT29 0.354 0.314 3.1 3.5 0.407 0.435 
KM12 0.374 0.374 3.5 3.0 0.590 0.654 
SW-620 0.440 0.506 3.6 4.0 0.579 0.540 

CNS Cancer 

SF-268 0.709 1.1 8.3 13.3 1.7 1.6 
SF-295 0.336 0.500 4.2 2.8 0.306 0.760 
SF-539 0.263 0.299 2.9 5.5 0.774 0.510 
SNB-19 1.8 0.863 6.0 13.5 13.7 3.2 
SNB-75 0.418 0.379 2.8 5.9 0.593 0.612 
U251 0.483 0.473 3.5 4.6 0.635 0.563 

Melanoma 

LOX IMVI  1.8 1.3 4.9 7.4  1.2 
MALME -3M 0.874 1.2 4.4 19.4  3.2 
M14 0.295 0.383 2.3 3.7 0.308 0.500 
MDA-MB-435 0.128 0.203 0.607 1.1 0.122 0.276 
SK-MEL-2 0.763 18.1 5.9 3.7 5.9 9.0 
SK-MEL-28 1.2 1.8 4.4 6.1 1.7 0.787 
SK-MEL-5 0.350 0.344 2.9 3.1 0.324 0.319 
UACC-257 0.424 10.7 30.0 4.9  46.1 
UACC-62 0.357 0.597 2.5 3.8 0.357 0.660 

Ovarian Cancer 

IGROV1 1.4 19.3 8.4 4.8 5.8 10.6 
OVCAR-3 0.265 0.244 3.1 5.0 0.424 0.359 
OVCAR-4 0.798 0.578 5.4 8.3  2.1 
OVCAR-5 1.8 1.9 44.2 37.3  4.6 
OVCAR-8 1.2 1.3 7.7 7.8  3.1 
NCI/ADR-RES 0.343 0.428 2.8 3.8 0.403 0.494 
SK-OV-3 0.445 0.528 4.8 7.1 0.892 0.901 

Renal Cancer 

786-0 0.720 1.2 6.6 6.1 14.3 2.1 
A498 0.458 1.1 2.0 9.3 0.075 n.t.c 
ACHN 2.3 1.9 7.4 12.9  1.8 
CAKI-1 0.679 0.997 4.1 4.5 0.392 4.2 
RXF 393 0.518 1.0 9.8 n.t.c 5.5  
SN12C 1.2 1.5 4.7 7.8 15.9 2.3 
TK-10 0.925 4.8 5.1 17.5  5.0 
UO-31 2.8 4.7 6.4 4.0  3.1 

Prostate Cancer PC-3 0.547 0.557 5.4 8.3 0.342 0.534 
DU-145 0.484 0.450 6.5 10.1 0.917 0.875 

Breast Cancer 

MCF7 0.347 0.398 2.2 3.9 0.385 0.851 
MDA-MB-231/ATCC 0.562 0.649 3.8 7.5 1.3 1.4 
HS 578T 0.241 0.682 2.4 7.6 0.513 0.538 
BT-549 0.769 1.6 2.2 11.6  4.8 
T-47D 0.481 0.533 2.3 5.2 2.6 0.905 
MDA-MB-468 0.418 <0.01 2.1 4.2 0.503 1.3 

aCompound concentration that gives 50% growth inhibition (Only the values < 100 µM are reported). bNot determined. 
cNot tested. GI50 values lower than 1.0 µM are reported in bold. 
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With the aim of identifying the mechanism behind the Knoevenagel-type indoles antiproliferative activity and 

considering the recent literature on the pro-apoptotic properties of indole derivatives [32], the most promising 

compounds (5e,l,p and 5a,b) were selected for further cellular studies concerning their antimitotic and pro-apoptotic 

efficacy. Time-dependent G2/M cell cycle arrest and time-dependent apoptosis induction were evaluated on various 

cancer cell lines. MCF-7, a breast carcinoma cell line, K562, a chronic myeloid leukaemia cell line and HL-60, a 

promyelocytic leukaemia cell line, were thus used as representative solid and haematological malignancies to evaluate 

the antitumor properties of these novel compounds. The obtained results are shown in Figures 1 and 2 while Figure 3 

describes the immunofluorescence studies performed on MCF-7 cells. 

 

 

Figure 1. Compounds 5e,l,p and 6a,b potently reduce cell viability and induce apoptosis in HL-60, K562 and MCF-7 

cell lines. A. Cellular viability; aCompound concentration that gives 50% growth inhibition. Cells were analyzed for 

apoptotic cell death B. HL-60 cells, C. K562 cells and D. MCF-7 cells. Values represent the mean ± S.E.M. of three 

independent experiments performed in triplicate.  

 

Results showed that the five compounds tested were able to dose-dependently and significantly reduce cell viability in 

all three cell lines used following a 48 h treatment (Figure 1A). Further analysis showed the compounds to actively 

induce apoptosis in these cells in a time dependent manner (Figure 1B-D). Our results highlighted 5e and 6b as the most 

potent compounds in HL-60 cells, inducing 61.3 ± 4.2 and 65.5 ± 9.1% apoptosis, while 5l and 6a were most potent in 

K562 cells inducing 47.5 ± 4.8 and 44.4 ± 4.0% apoptosis, respectively. For MCF-7 cells, 5l and 5e induced 28.4 ± 6.0 

and 34.1 ± 7.9% apoptosis.  

 
These results prompted us to study cell cycle progression for the most potent pro-apoptotic agents identified. 

Accordingly, compounds 5l and 6b were chosen for further testing. Cell cycle analysis of cells treated with these two 

compounds showed apoptosis to be preceded by a G2/M arrest (Figure 2). 5l induced a G2/M arrest of 39.7 ± 5.0, 46.8 

± 0.9 and 41.3 ± 3.5% in HL-60, K562 and MCF-7 cells after 18 h (HL-60, MCF-7) or 24 h (K562), respectively. 

Similarly, 6b induced a G2/M arrest of 47.3 ± 3.0, 42.4 ± 7.6 and 40.4 ± 7.0% in the same cell lines.   



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

Figure 2. Apoptosis is preceded by a G2/M arrest following treatment with 5l and 6b. Values represent the mean ± 

S.E.M. of three independent experiments. 

 

In the majority of cell proliferation and apoptosis assays performed, compound 6b demonstrated the highest potency in 

terms of apoptosis and G2/M arrest, while 5e and 5p were somehow the less effective. Overall, the data so far acquired 

confirmed a pro-apoptotic character of the five indoles tested. 

As microtubule targeting agents (MTAs) are associated with eliciting a G2/M arrest [33], MCF-7 cells were stained for 

tubulin and DNA and subjected to immunofluorescence. Cells treated with paclitaxel, a tubulin polymeriser and PBOX-

15, a tubulin depolymeriser [34-36] were used as positive controls for highlighting the effect of MTAs on tubulin. In 

comparison to these MTAs, the tested analogues (5l and 6b) had, in analogy with PBOX-15, a partial depolymerising 

effect on tubulin suggesting that the molecular target of the 5l and 6b compounds might be tubulin (Figure 3).  

Tubulin Nuclei Merge

Vehicle

5l

6b

PBOX-15

Paclitaxel

 

Figure 3. Effect of 5l and 6b on tubulin. DNA is colored red and microtubules in green. Bar represents 20 µm. Results 

are representative of three independent experiments 
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As a further analysis we also explored the possibility that 5l could behave as a DNA intercalating agent. To this purpose 

we incubated saturating amounts of the inhibitor in the presence of double stranded plasmid DNA. Our experiments 

showed that 5l does not intercalate DNA since the electrophoretic mobility properties of the plasmid in the presence of 

5l are not different from those of the plasmid alone (see figure S1 of the Supplementary Information). 

 

 

3. Conclusions 

 

The synthesized indole derivatives showed an overall good antiproliferative activity, which was specifically dependent 

on the presence of aryl substituents at position 2. Some of the compounds resulted selective for tumor cells, ensuring a 

good level of safety for normal cells. Moreover, activity data generated by NCI further confirmed the anti-proliferative 

potential of different indole compounds, in particular 6a,b and 8a,b are able to inhibit proliferation at submicromolar 

concentrations in most of the cancer cell lines tested. Further studies on selected compounds demonstrated their 

pro-apoptotic efficacy and tubulin was identified as their potential biological target. 
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4. Experimental section 

4.1. Chemistry 

All reactions were carried out in dried glassware. The commercially available building blocks were purchased from 

Alfa Aesar and Aldrich Chemical (Milan, Italy) and were used without further purification. 2-(4-methoxyphenyl)indole 

15, 5-methoxy-2-phenyl-1H-indole 16, 5-methoxy-2-(4-methoxyphenyl)-1H-indole 17 were prepared according 

literature procedures [37]. 

Solvents were reagent grade. DMF was dried on molecular sieves (5Å 1/16" inch pellets). Organic solutions were dried 

over anhydrous sodium sulfate and evaporated using a rotatory evaporator operating at reduced pressure of about 10-20 

Torr. Thin layer chromatography system for routine monitoring the course of reactions and confirming the purity of 

analytical samples employed aluminium-backed silica gel plates (Merck DC-Alufolien Kieselgel 60 F254); chloroform 

and methanol were used as developing solvents and detection of spots was made by UV light and/or by iodine vapours. 

Melting points were determined on a Fisher-Johns apparatus and are uncorrected. IR spectra were recorded on a Perkin 

Elmer 398 spectrometer. 1H NMR spectra were collected on a BRUKER DPX-300 (300 MHz) or on a Varian Gemini 

200 (200 MHz) instrument. 13C NMR spectra were acquired on a BRUKER DPX-300 at 75.5 MHz. TMS was used as 

internal reference and DMSO-d6 or CDCl3 were used as solvents. 1H NMR spectra were assigned with the help of 

homo-decoupling, COSY and NOE-difference experiments. Coupling constant values were given in Hertz. Fully 

decoupled 13C NMR spectra are reported. For the determination of 3JCH, fully coupled 13C NMR spectra were acquired 

in the gated-decoupled mode with at least 0.5 Hz/pt digital resolution. Some selective proton-decoupling experiments 

were also needed. Chemical shifts were reported in δ (parts per million) units relative to the internal standard 

tetramethylsilane, and the splitting patterns were described as follows: s (singlet), d (doublet), t (triplet) and m 

(multiplet). Elemental analyses were performed by an EA1110 Analyser, Fison Instruments (Milan) and were within 

±0.4% of theoretical values. UV analysis was carried out by a Thermo Scientific Evolution 300 spectrophotometer. 

 

4.1.1. General one-pot procedure for the preparation of compounds 2-8. 

To a stirred solution of the suitable indole 11-17 (10 mmol) in dry DMF (5 mL), benzoyl chloride (1.41 g, 10 mmol) 

was added in a single portion. After stirring at rt for 1 h, the reaction mixture was allowed to stand at 0 °C for 18-48 h. 

Then, a solution of the suitable active methylene reagent (11 mmol) and triethylamine (1.21 g, 12 mmol) in dry DMF (8 

mL) pre-warmed at 80 °C, were added in a single portion. The reaction mixture was stirred for 45 min at 90 °C (for 5b 

and 5u: 1.5 h at 105 °C; for 5v: 1.5 h at 120 °C). After cooling to rt, Et3N·HCl precipitated and the resulting suspension 

was treated with water (50 mL). Then, work-ups 1-4 were carried out, as follows: 

Work-up 1 (for 2a,c-g, 3b, 4a,b, 5a-h,j,l-p,r,s,u,x,z, 6a,b, 7a,b, 8a,b): the precipitate obtained was filtered off, dried 

and crystallized from the suitable solvent or solvent mixture. 

Work-up 2 (for 4d, 5i,w,y): the precipitate was filtered off and dissolved in CH2Cl2. The organic layer was washed with 

water (3 × 20 mL), dried over anhydrous Na2SO4 and filtered through a pad of Florisil. After evaporation of the solvent, 

the crude product was purified by crystallization from ethanol.  

Work-up 3 (for 4c, 5k,q,t): the precipitate was filtered off, air dried, purified by chromatography (eluents: petroleum 

ether/ethyl acetate) and then crystallized from the suitable solvent or solvent mixture.  

Work-up 4 (for 2b, 3a, 5v,aa-ac): the reaction mixture was extracted with ethyl acetate (2b, 3a, 5ac) or CH2Cl2 

(5v,aa,ab) (3×35 mL). The combined organic extracts were washed with water (5×30 mL), dried over anhydrous 

Na2SO4 and filtered through a pad of Florisil. After evaporation of the filtrate, the crude products 3a and 5v,ac 

 were crystallized from the proper solvent(s). Conversely, the crude products of 2b and 5z,aa were purified by 

chromatography (eluent: petroleum ether/ethyl acetate) and then crystallized from the proper solvent mix. 
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4.1.1.1. 1H-(Indol-3-ylmethylene)malononitrile (2a) [29]. 

 

4.1.1.2. Diethyl (E)-1-cyano-2-(1H-indol-3-yl)vinylphosphonate (2b) [29]. 

 

4.1.1.3. (2E)-3-(1H-Indol-3-yl)-2-(methylsulfonyl)acrylonitrile (2c) [29]. 

 

4.1.1.4. (2E)-3-(1H-Indol-3-yl)-2-(phenylsulfonyl)acrylonitrile (2d) [29]. 

 

4.1.1.5. Ethyl (2E)-2-benzoyl-3-(1H-indol-3-yl)acrylate (2e) [29]. 

 

4.1.1.6. Ethyl (2E)-3-(1H-indol-3-yl)-2-(4-nitrobenzoyl)acrylate (2f). Yellow solid; Yield 32%; mp: 161-162°C; IR 

(KBr, υmax cm-1): 3228 (NH), 1698 (COOEt), 1675 (COAr), 1603 (C=C), 1523 (NO2), 1345 (NO2), 1249 (COOEt); 1H 

NMR (300 MHz, DMSO-d6): δ 1.07 (t, J = 7.0 Hz, 3H, CH3), 4.12 (q, J = 7.0 Hz, 2H, CH2), 7.14-7.18 (m, 2H, Ar-H), 

7.39-7.42 (m, 2H, Ar-H), 7.71-7.75 (m, 1H, Ar-H), 8.12 (d, J = 8.4 Hz, 2H, Ar-H), 8.25 (s, 1H, CH=C), 8.29 (d, J = 8.4 

Hz, 2H, Ar-H), 11.87 (br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): δ 13.95, 60.61, 108.90, 112.43, 118.18, 121.11, 

122.30, 122.83, 124.23, 124.23, 126.81, 129.75, 129.94, 129.94, 135.58, 136.02, 140.79, 150.25, 164.70, 195.16; 3JC,H  

= 10.2 Hz (CO); 7.5 Hz (COO); Anal. Calcd for C20H16N2O5: C, 65.93; H, 4.43; N, 7.69; Found: C, 65.84; H, 4.34; N, 

7.64. 

 

4.1.1.7. Methyl (2E)-3-(1H-indol-3-yl)-2-(phenylsulfonyl)acrylate (2g) [29]. 

 

4.1.1.8. (2E)-3-(1-Methyl-1H-indol-3-yl)-2-(methylsulfonyl)acrylonitrile (3a) [29]. 

 

4.1.1.9. (2E)-3-(1-methyl-1H-indol-3-yl)-2-(phenylsulfonyl)acrylonitrile (3b) [29]. 

 

4.1.1.10. [(2-Methyl-1H-indol-3-yl)methylene]malononitrile (4a) [29]. 

 

4.1.1.11. (2E)-3-(2-Methyl-1H-indol-3-yl)-2-(methylsulfonyl)acrylonitrile (4b) [29]. 

 

4.1.1.12. (2E)-3-(2-Methyl-1H-indol-3-yl)-2-(phenylsulfonyl)acrylonitrile (4c) [29]. 

 

4.1.1.13. Methyl (2E)-3-(2-methyl-1H-indol-3-yl)-2-(phenylsulfonyl)acrylate (4d) [29]. 

 

4.1.1.14. [(2-Phenyl-1H-indol-3-y)lmethylene]malononitrile (5a) [29]. 

 

4.1.1.15. (2E)-2-(2,2-Dimethylpropanoyl)-3-(2-phenyl-1H-indol-3-yl)acrylonitrile (5b) [29]. 

 

4.1.1.16. (2E)-2-Benzoyl-3-(2-phenyl-1H-indol-3-y)acrylonitrile (5c). Yellow solid; Yield: 72%; mp: 254-256 °C; IR 

(KBr, υmax cm-1): 3323 (NH), 2209 (CN), 1622 (CO), 1549 (C=C); 1H NMR (300 MHz, DMSO-d6): δ 7.23-7.40 (m, 2H, 

Ar-H), 7.48-7.60 (m, 9H, Ar-H), 7.73-7.78 (m, 2H, Ar-H), 8.08 (s, 1H, CH=C), 8.22-8.31 (m, 1H, indole H-4), 12.97 

(br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): δ 103.25, 108.42, 112.65, 118.92, 121.78, 122.92, 123.95, 124.71, 

128.37, 128.37, 128.44, 128.44, 128.89, 128.89, 129.53, 130.01, 130.05, 130.05, 131.91, 137.13, 137.27, 149.32, 
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151,18, 190.89; 3JC,H = 13.5 Hz (CN); Anal. Calcd for C24H16N2O: C, 82.74; H, 4.63; N, 8.04; Found: C, 83.02; H, 4.94; 

N, 8.04. 

 

4.1.1.17. (E)-2-(4-Chlorobenzoyl)-3-(2-phenyl-1H-indol-3-yl)prop-2-enenitrile (5d). Yellow solid; Yield: 83%; mp: 

232-234 °C; IR (KBr, υmax cm-1): 3219 (NH), 2210 (CN), 1632 (CO), 1558 (C=C); 1H NMR (200 MHz, DMSO-d6): δ 

7.15-7.65 (m, 10H, Ar-H), 7.73-7.81 (m, 2H, Ar-H), 8.07 (s, 1H, CH=C), 8.28-8.33 (m, 1H, indole H-4), 13.01 (br s, 

1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 97.25, 102.41, 108.24, 112.37, 118.55, 121.56, 122.61, 123.73, 124.53, 

128.17, 128.59, 129.14, 129.77, 130.03, 135.65, 136.39, 136.95, 149.38, 150.99, 189.47; Anal. Calcd for C24H15ClN2O: 

C, 75.29; H, 3.95; N, 7.32; Found: C, 75.29; H, 4.18; N, 7.25. 

 

4.1.1.18. (2E)-3-(2-Phenyl-1H-indol-3-yl)-2-(thien-2-ylcarbonyl)acrylonitrile (5e). Orange solid; Yield: 40%; mp: 206-

207 °C; IR (KBr, υmax cm-1): 3232 (NH), 2206 (CN), 1587 (CO), 1561 (C=C); 1H NMR (200 MHz, DMSO-d6): δ 7.27-

7.42 (m, 3H, Ar-H), 7.58-7.66 (m, 6H, Ar-H), 8.06-8.29 (m, 3H, Ar-H), 8.40 (s, 1H, CH=C), 13.02 (br s, 1H, NH); 13C 

NMR (50.3 MHz, DMSO-d6): δ 100.83, 108.46, 112.34, 119.08, 121.48, 122.61, 123.66, 124.40, 128.28, 128.67, 

129.38, 129.79, 130.38, 135.02, 136.89, 141.68, 149.16, 150.51, 178.99; Anal. Calcd for C22H14N2OS: C, 74.55; H, 

3.98; N, 7.90; S, 9.05; Found: C, 74.64; H, 4.34; N, 7.90; S, 8.88. 

 

4.1.1.19. Ethyl (2E)-2-cyano-3-(2-phenyl-1H-indol-3-yl)acrylate (5f) [29]. 

 

4.1.1.20. 2-Methoxyethyl (2E)-2-cyano-3-(2-phenyl-1H-indol-3-yl)acrylate (5g). Yellow solid; Yield: 89%; mp: 198-

200 °C; IR (KBr, υmax cm-1): 3445 (NH), 2218 (CN), 1716 (CO), 1577 (C=C); 1H NMR (200 MHz, DMSO-d6): δ 3.28 

(s, 3H, CH3), 3.58-3.63 (m, 2H, CH2), 4.32-4.37 (m, 2H, CH2), 7.30-7.39 (m, 2H, Ar-H), 7.56-7.64 (m, 6H, Ar-H), 

8.21-8.25 (m, 1H, indole H-4), 8.30 (s, 1H, CH=C), 12.94 (br s, 1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 57.82, 

64.31, 69.30, 93.77, 107.57, 112.28, 117.31, 121.38, 122.20, 123.53, 124.44, 128.64, 129.38, 129.74, 136.78, 148.45, 

149.47, 163.43; Anal. Calcd for C21H18N2O3: C, 72.82; H, 5.24; N, 8.09; Found: C, 72.95; H, 5.54; N, 8.03. 

 

4.1.1.21. (2E)-2-Cyano-3-(2-phenyl-1H-indol-3-yl)acrylamide (5h) [29]. 

 

4.1.1.22. (2E)-3-(2-Phenyl-1H-indol-3-yl)-2-(piperidin-1-ylcarbonyl)acrylonitrile (5i) [29]. 

 

4.1.1.23. (E)-N-(4-Chlorophenyl)-2-cyano-3-(2-phenyl-1H-indol-3-yl)prop-2-enamide (5j) [29]. 

 

4.1.1.24. Diisopropyl (E)-1-cyano-2-(2-phenyl-1H-indol-3-yl)vinylphosphonate (5k) [29]. 

 

4.1.1.25. (2E)-2-(Methylsulfonyl)-3-(2-phenyl-1H-indol-3-yl)acrylonitrile (5l) [29]. 

 

4.1.1.26. (2E)-3-(2-Phenyl-1H-indol-3-yl)-2-(phenylsulfonyl)acrylonitrile (5m) [29]. 

 

4.1.1.27. (E)-3-(2-Phenyl-1H-indol-3-yl)-2-(p-tolylsulfonyl)prop-2-enenitrile (5n). Orange solid; Yield: 72%; mp: 234-

235 °C; IR (KBr, υmax cm-1): 3262 (NH), 2209 (CN), 1566 (C=C), 1327 (SO2), 1150 (SO2); 
1H NMR (200 MHz, 

DMSO-d6): δ 2.44 (s, 3H, CH3), 7.29-7.37 (m, 2H, Ar-H), 7.51-7.71 (m, 8H, Ar-H), 7.82-7.86 (m, 2H, Ar-H), 8.05 (s, 
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1H, CH=C), 8.11-8.16 (m, 1H, indole H-4), 13.09 (br s, 1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 20.74, 104.10, 

106.48, 112.58, 115.28, 121.65, 121.93, 123.91, 124.32, 127.03, 128.78, 128.95, 129.82, 130.04, 130.11, 136.17, 

136.89, 144.67, 146.14, 149.95; Anal. Calcd for C24H18N2O2S: C, 72.34; H, 4.55; N, 7.03; S, 8.05; Found: C, 72.39; H, 

4.68; N, 7.02; S, 7.84. 

 

4.1.1.28. 3-[(2-Phenyl-1H-indol-3-yl)methylene]pentane-2,4-dione (5o) [29]. 

 

4.1.1.29. (3E)-3-(Methylsulfonyl)-4-(2-phenyl-1H-indol-3-yl)but-3-en-2-one (5p). Orange solid; Yield: 48%; mp: 229-

230 °C; IR (KBr, υmax cm-1): 3248 (NH), 1666 (CO), 1579 (C=C), 1346 (SO2), 1131 (SO2); 
1H NMR (300 MHz, 

DMSO-d6): δ 2.17 (s, 3H, CH3), 3.25 (s, 3H, CH3), 7.12-7.32 (m, 4H, Ar-H), 7.51-7.63 (m, 5H, Ar-H), 8.01 (s, 1H, 

CH=C), 12.58 (br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): δ 30.85, 44.21, 105.70, 112.63, 118.96, 121.55, 

123.31, 126.18, 129.01, 129.01, 129.49, 129.49, 129.59, 130.13, 135.19, 136.77, 139.24, 144.12, 198.87; 3JC,H = 9.9 Hz 

(CO); Anal. Calcd for C19H17NO3S: C, 67.24; H, 5.05; N, 4.13; S, 9.45; Found: C, 67.34; H, 5.24; N, 3.77; S, 9.10. 

 

4.1.1.30. (3E)-4-(2-Phenyl-1H-indol-3-yl)-3-(phenylsulfonyl)but-3-en-2-one (5q). Yellow solid; Yield: 4%; mp: 172-

173 °C; IR (KBr, υmax cm-1): 3257 (NH), 1672 (CO), 1568 (C=C), 1347 (SO2), 1137 (SO2); 
1H NMR (300 MHz, 

DMSO-d6): δ 2.13 (s, 3H, CH3), 7.07-7.18 (m, 2H, Ar-H), 7.24-7.29 (m, 1H, Ar-H), 7.53-7.74 (m, 9H, Ar-H), 7.89-7.92 

(m, 2H, Ar-H), 8.23 (s, 1H, CH=C), 12.61 (br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): δ 30.86, 106.19, 112.66, 

118.98, 121.64, 123.35, 125.99, 127.46, 127.46, 129.02, 129.02, 129.22, 129.22, 129.59, 129.59, 129.67, 130.10, 

133.19, 134.71, 136.83, 139.97, 141.49, 144.74, 197.38; 3JC,H = 9.6 Hz (CO); Anal. Calcd for C24H19NO3S: C, 71.80; H, 

4.77; N, 3.49; S, 7.99; Found: C, 71.76; H, 4.48; N, 3.49; S, 7.63. 

 

4.1.1.31. (E)-3-(4-Chlorophenyl)sulfonyl-4-(2-phenyl-1H-indol-3-yl)but-3-en-2-one (5r). Yellow solid; Yield: 12%; mp: 

173-174 °C; IR (KBr, υmax cm-1): 3261 (NH), 1666 (CO), 1576 (C=C), 1346 (SO2), 1133 (SO2); 
1H NMR (200 MHz, 

DMSO-d6): δ 2.14 (s, 3H, CH3), 7.09-7.32 (m, 3H, Ar-H), 7.53-7.72 (m, 8H, Ar-H), 7.71-7.94 (m, 2H, Ar-H), 8.25 (s, 

1H, CH=C), 12.69 (br s, 1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 30.53, 105.85, 112.39, 118.60, 121.44, 123.12, 

125.65, 128.71, 129.04, 129.18, 129.33, 129.44, 129.68, 133.65, 136.50, 137.89, 140.10, 140.23, 144.74, 197.15; Anal. 

Calcd for C24H18ClNO3S: C, 66.13; H, 4.16; N, 3.21; S, 7.36; Found: C, 66.06; H, 4.23; N, 3.18; S, 7.52. 

 

4.1.1.32. (2Z)-1-Phenyl-2-[(2-phenyl-1H-indol-3-yl)methylene]butane-1,3-dione (5s) [29]. 

 

4.1.1.33. 1,3-Diphenyl-2-[(2-phenyl-1H-indol-3-yl)methylene]propane-1,3-dione (5t) [30]. Yellow solid; Yield: 14%; 

mp: 223-224 °C; IR (KBr, υmax cm-1): 3228 (NH), 1661 (CO), 1563 (C=C); 1H NMR (200 MHz, DMSO-d6): δ 6.88-

6.96 (m, 1H, Ar-H), 7.10-7.24 (m, 2H, Ar-H), 7.38-7.50 (m, 12H, Ar-H), 7.76-7.78 (m, 3H, Ar-H), 7.92-7.96 (m, 2H, 

Ar-H and CH=C), 12.32 (br s, 1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 107.75, 111.72, 120.29, 120.37, 122.50, 

124.91, 128.11, 128.28, 128.42, 128.48, 128.81, 129.09, 130.12, 131.52, 132.94, 133.25, 136.33, 137.06, 137.79, 

141.11, 143.82, 194.88, 196.63; Anal. Calcd for C30H21NO2: C, 84.29; H, 4.95; N, 3.28; Found: C, 84.01; H, 5.02; N, 

3.20. 

 

4.1.1.34. Ethyl (2E)-2-benzoyl-3-(2-phenyl-1H-indol-3-yl)acrylate (5u) [29]. 
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4.1.1.35. (2E)-1-Phenyl-3-(2-phenyl-1H-indol-3-yl)-2-(phenylsulfonyl)prop-2-en-1-one (5v). Yellow solid; Yield: 17%; 

mp: 212-214 °C; IR (KBr, υmax cm-1): 3325 (NH), 1655 (CO), 1575 (C=C), 1360 (SO2),
 1138 (SO2); 

1H NMR (300 

MHz, CDCl3): δ 6.95-7.27 (m, 6H, Ar-H), 7.38-7.71 (m, 11H, Ar-H), 7.98-8.01 (m, 2H, Ar-H), 8.53 (s, 1H, CH=C), 

8.59 (br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): δ 106.37, 112.11, 119.55, 120.95, 123.00, 125.55, 127.64, 

127.64, 128.39, 128.39, 128.88, 128.88, 129.04, 129.04, 129.22, 129.22, 129.58, 129.58, 130.10, 131.51, 133.25, 

133.76, 136.43, 136.43, 136.94, 139.45, 141.44, 144.47, 192.89; 3JC,H = 9.8 Hz (CO); Anal. Calcd for C29H21NO3S: C, 

75.14; H, 4.57; N, 3.02; S, 6.92; Found: C, 74.82; H, 4.98; N, 2.93; S, 6.60. 

 

4.1.1.36. Ethyl (E)-2-(4-chlorobenzoyl)-3-(2-phenyl-1H-indol-3-yl)prop-2-enoate (5w). Yellow solid; Yield: 47%; mp: 

154-156 °C; IR (KBr, υmax cm-1): 3299 (NH), 1659 (CO), 1569 (C=C); 1H NMR (200 MHz, DMSO-d6): δ 1.07 (s, 3H, 

CH3), 4.01-4.21 (m, 2H, CH2), 6.87-6.95 (m, 1H, Ar-H), 7.05-7.17 (m, 2H, Ar-H), 7.37-7.70 (m, 8H, Ar-H), 7.85-7.90 

(m, 2H, Ar-H), 8.08 (s, 1H, CH=C), 12.32 (br s, 1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 13.59, 60.20, 107.09, 

111.76, 120.09, 120.29, 122.44, 123.81, 124.76, 128.49, 128.56, 128.92, 129.33, 130.20, 130.27, 135.82, 136.21, 

136.55, 137.90, 138.64, 143.91, 165.25, 194.11; Anal. Calcd for C26H20ClNO3: C, 72.64; H, 4.69; N, 3.26; Found: C, 

72.43; H, 4.62; N, 3.27. 

 

4.1.1.37. Ethyl (2E)-2-(4-nitrobenzoyl)-3-(2-phenyl-1H-indol-3-yl)acrylate (5x). Red solid; Yield: 22%; mp: 175-177 

°C; IR (KBr, υmax cm-1): 3298 (NH), 1678 (COOEt), 1656 (COAr), 1570 (C=C), 1523 (NO2), 1346 (NO2), 1238 and 

1221 (COOEt);1H NMR (300 MHz, DMSO-d6): δ 0.99 (t, J = 7.0 Hz, 3H, CH3), 4.07 (q, J = 7.0 Hz, 2H, CH2), 6.93-

7.17 (m, 3H, Ar-H) 7.39 (d, J = 6.0 Hz. 1H, Ar-H), 7.53-7.59 (m, 5H, Ar-H), 7.97-8.03 (m, 3H, 2 Ar-H + CH=C), 8.24 

(d, J = 8.6 Hz, 2H, Ar-H), 12.40 (br s, 1H, NH); Anal. Calcd for C26H20N2O5: C, 70.90; H, 4.58; N, 6.36; Found: C, 

70.86; H, 4.91; N, 5.96. 

 

4.1.1.38. (2E)-4,4,4-Trifluoro-1-(2-furyl)-2-[(2-phenyl-1H-indol-3-yl)methylene]butane-1,3-dione (5y). Yellow Solid; 

Yield: 10%; mp: 192-194°C; IR (KBr, υmax cm-1): 3370 (NH), 1671 (COCF3), 1633 cm-1 (CO), 1556 (C=C); 1H NMR 

(200 MHz, DMSO-d6): δ 6.54-6.57 (m, 1H, furan H-4), 7.03-7.72 (m, 10H, Ar-H), 7.95 (s, 1H, furan H-5) 8.13 (s, 1H, 

CH=C), 12.87 (br s, 1H, NH); 13C NMR (50.3 MHz, DMSO-d6): δ 40.95, 58.07, 110.50, 112.46, 115.45, 118.70, 

122.12, 122.90, 126.98, 128.57, 128.92, 129.58, 130.72, 130.74, 132.58, 139.48, 147.17, 149.70, 150.55, 180.65, 

180.80; Anal. Calcd for C23H14F3NO3: C, 67.48; H, 3.45; N, 3.42; Found: C, 67.18; H, 3.78; N, 3.49. 

 

4.1.1.39. Methyl (2E)-2-(methylsulfonyl)-3-(2-phenyl-1H-indol-3-yl)acrylate (5z). Yellow solid; Yield: 43%; mp: 201-

202 °C; IR (KBr, υmax cm-1): 3247 (NH), 1693 (CO), 1578 (C=C), 1348 (SO2), 1291 and 1248 (COOMe), 1138 (SO2); 

1H NMR (300 MHz, DMSO-d6): δ 3.29 (s, 3H, CH3), 3.62 (s, 3H, CH3) 7.18-7.23 (m, 3H, Ar-H), 7.48-7.58 (m, 6H, Ar-

H), 7.95 (s, 1H, CH=C), 12.50 (br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): δ 43.58, 52.25, 106.09, 112.47, 

119.61, 121.36, 123.15, 125.62, 126.58, 128.99, 128.99, 129.45,129.45, 129.57, 130.18, 136.73, 140.53, 145.04, 

164.47; 3JC,H = 11.0 Hz (CO); Anal. Calcd for C19H17NO4S: C, 64.21; H, 4.82; N, 3.94; S, 9.02; Found: C, 64.15; H, 

4.89; N, 3.89; S, 8.80. 

 

4.1.1.40. Methyl (2E)-3-(2-phenyl-1H-indol-3-yl)-2-(phenylsulfonyl)acrylate (5aa) [29]. 

 

4.1.1.41. Ethyl (2Z)-2-acetyl-3-(2-phenyl-1H-indol-3-yl)acrylate (5ab) [29]. 
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4.1.1.42. Diethyl [(2-phenyl-1H-indol-3-yl)methylene]malonate (5ac) [31]. Yellow solid; Yield: 13%; mp: 148-150 °C; 

IR (KBr, υmax cm-1): 3262 (NH), 2980 (CH2CH3), 1722 (COOEt), 1599 (C=C), 1262 and 1242 (COOEt); 1H NMR (300 

MHz, DMSO-d6): δ 1.09 (t, J = 7.0 Hz, 3H, CH3), 1.23 (t, J = 7.0 Hz, 3H, CH3), 4.09-4.24 (m, 4H, 2CH2), 7.12-7.27 

(m, 3H, Ar-H), 7.39-7.64 (m, 6H, Ar-H), 7.84 (s, 1H, CH=C), 12.32 (br s, 1H, NH); 13C NMR (75.5 MHz, DMSO-d6): 

δ 13.63, 14.05, 60.67, 60.72, 107.29, 112.17, 119.64, 120.43, 122.87, 125.65, 128.90, 129.17, 129.36, 130.70, 136.54, 

138.40, 143.33, 164.85, 166.60; Anal. Calcd for C22H21NO4: C, 72.71; H, 5.82; N, 3.85; Found: C, 72.79; H, 6.18; N, 

3.90. 

 

4.1.1.43. {[2-(4-Methoxyphenyl)-1H-indol-3-yl]methylene}malononitrile (6a) [29]. 

 

4.1.1.44. (2E)-3-[2-(4-Methoxyphenyl)-1H-indol-3-yl]-2-(phenylsulfonyl)acrylonitrile (6b) [29]. 

 

4.1.1.45. [(5-Methoxy-2-phenyl-1H-indol-3-yl)methylene]malononitrile (7a) [29]. 

 

4.1.1.46. (2E)-3-[(5-Methoxy-2-phenyl-1H-indol-3-yl)-2-(phenylsulfonyl)acrylonitrile (7b) [29]. 

 

4.1.1.47. {[5-Methoxy-2-(4-methoxyphenyl)-1H-indol-3-yl]methylene}malononitrile (8a) [29]. 

 

4.1.1.48. (2E)-3-[5-Methoxy-2-(4-methoxyphenyl)-1H-indol-3-yl]-2-(phenylsulfonyl)acrylonitrile (8b) [29]. 

 

4.1.2. General procedure for the preparation of N-alkylindoles 9 and 10. 

A solution of 2d (0.771, 2.5 mmol) or 2e (0.798 g, 2.5 mmol) in dry DMF (5 mL) was added dropwise to a stirred 

suspension of sodium hydride (60% dispersion in mineral oil, 0.110 g, 2.75 mmol) in dry DMF (5 mL) at 0°C. After 

stirring at 0°C for 10 min and at rt for 20 min, the reaction mixture was cooled again to 0°C and a solution of the 

suitable ω-bromoacetophenone (2.5 mL) in dry DMF (2 mL) was added dropwise. After stirring at rt for 18 h, a 

saturated aqueous NH4Cl solution (15 mL) was added. For 9a and 9b, the mixture was extracted with CH2Cl2 (3×20 

mL); the combined extracts were washed with water (5×20 mL) and dried over anhydrous Na2SO4; after evaporation of 

the solvent, the crude product was purified by crystallization from ethanol. For 10a, the precipitate obtained was filtered 

off, dried and crystallized from ethyl acetate. 

 

4.1.2.1. (2E)-3-{1-[2-(3-Methoxyphenyl)-2-oxoethyl]-1H-indol-3-yl}-2-(phenylsulfonyl)acrylonitrile (9a). Yellow solid; 

Yield: 34%; mp: 212-213 °C; IR (KBr, υmax cm-1): 2206 (CN), 1688 (CO), 1571 (C=C), 1324 (SO2), 1152 (SO2); 
1H 

NMR (200 MHz, CDCl3): δ 3.85 (s, 3H, OCH3), 6.21 (s, 2H, CH2), 7.33-7.37 (m, 3H, Ar-H), 7.55-7.85 (m, 7H, Ar-H), 

8.03-8.08 (m, 3H, Ar-H), 8.63 (s, 1H, CH=C); 13C NMR (50.3 MHz, DMSO-d6): δ 53.28, 55.10, 102.73, 108.33, 

111.44, 112.47, 114.80, 118.68, 119.63, 120.28, 122.42, 123.63, 126.57, 127.09, 129.55, 129.72, 133.87, 135.35, 

136.83, 137.11, 139.22, 144.07, 159.11, 192.41; Anal. Calcd for C26H20N2O4S: C, 68.41; H, 4.42; N, 6.14; S, 7.02; 

Found: C, 68.20; H, 4.65; N, 6.20; S, 6.89. 

 

4.1.2.2. Ethyl (2E)-2-Benzoyl-3-{1-[2-(3-methoxyphenyl)-2-oxoethyl]-1H-indol-3-yl}acrylate (9b). Yellow solid; Yield: 

22%; mp: 123-125 °C; IR (KBr, υmax cm-1): 1700 (COOEt), 1692 (COAr), 1669 (COPh), 1582 (C=C); 1H NMR (300 

MHz, CDCl3): δ 1.10 (t, J = 7.1 Hz, 3H, CH3), 3.83 (s, 3H, OCH3), 4.16 (q, J = 7.1 Hz, 2H, CH2), 5.92 (s, 2H, NCH2), 

7.19-7.66 (m, 11H, Ar-H), 7.81-7.92 (m, 3H, Ar-H), 8.21 (s, 1H, CH=C); 13C NMR (75.5 MHz, DMSO-d6): δ 13.97, 
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52.95, 55.40, 60.45, 108.63, 110.96, 112.73, 118.16, 119.82, 120.50, 121.16, 122.75, 123.99, 127.38, 128.66, 128.87, 

129.95, 133.00, 133.36, 133.76, 135.80, 136.12, 159.41, 164.95, 193.33, 196.05; Anal. Calcd for C29H25NO5: C, 75.50; 

H, 5.39; N, 3.00; Found: C, 75.41; H, 5.71; N, 3.11. 

 

4.1.2.3. (2E)-3-{1-[2-(1,1'-Biphenyl-4-yl)-2-oxoethyl]-1H-indol-3-yl}-2-(phenylsulfonyl)acrylonitrile (10a). Yellow 

solid; Yield: 32%; mp: 222-223 °C; IR (KBr, υmax cm-1): 2212 (CN), 1701 (CO), 1574 (C=C), 1350 (SO2), 1156 (SO2); 
1H NMR (300 MHz, CDCl3): δ 6.24 (s, 2H, CH2), 7.31-7.82 and 7.92-8.18 (m, 19H, Ar-H), 8.62 (s, 1H, CH=C); 13C 

NMR (75.5 MHz, DMSO-d6): δ 53.55, 60.23, 103.01, 108.69, 111.84, 114.13, 115.16, 119.05, 122.79, 124.00, 126.93, 

126.97, 127.03, 127.43, 128.57, 128.94, 129.12, 129.91, 133.19, 134.23, 137.52, 138.68, 139.60, 145.34, 192.45; Anal. 

Calcd for C31H22N2O3S: C, 74.08; H, 4.41; N, 5.57; S, 6.38; Found: C, 74.17; H, 4.62; N, 5.56; S, 6.01. 

 

 

4.2. Biological studies 

 

4.2.1 Cytotoxicity assays  (MTT method). 

 

Compounds were dissolved in DMSO at 100 mM and then diluted in culture medium. Cell lines were purchased from 

American Type Culture Collection (ATCC). Haematological tumour-derived cells were grown in RPMI-1640 medium 

supplemented with 10% fetal calf serum (FCS), 100 units/mL penicillin G and 100 µg/mL streptomycin. Solid tumour-

derived cells were grown in their specific media supplemented with 10% FCS and antibiotics. Cell cultures were 

incubated at 37 °C in a humidified 5% CO2 atmosphere. The absence of mycoplasma contamination was checked 

periodically by the Hoechst staining method. Exponentially growing cells derived from human haematological tumours 

[CD4+ human T-cells containing an integrated HTLV-1 genome (MT-4)] were seeded at an initial density of 1x105 

cells/mL in 96 well plates in RPMI-1640 medium supplemented with 10% FCS, 100 units/mL penicillin G and 100 

µg/mL streptomycin. Cell cultures were then incubated at 37 °C in a humidified 5% CO2 atmosphere in the absence or 

presence of serial dilutions of test compounds. Cell viability was determined after 96 hrs at 37 °C by the by the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) method [37]. The compound concentrations resulting in 

50% cell growth inhibition in comparison with untreated controls and expressed as EC50 values were determined by 

linear regression analysis. The most cytotoxic derivatives were also evaluated against a panel of cell lines derived from 

human haematological [CD4+ acute T-lymphoblastic leukaemia (CCRF-CEM); splenic B-lymphoblastoid cells (WIL-

2NS) and acute B-lymphoblastic (CCRF-SB) and human solid tumours [skin melanoma (SKMEL-28); lung squamous 

carcinoma (SK-MES-1); prostate carcinoma (DU-145); hepatocellular carcinoma (Hep-G2) and breast adenocarcinoma 

(MCF-7)] and against normal tissues [lung fibroblasts (MRC-5) and foreskin fibroblasts (CRL-7065)]. Cell viability 

was determined after 96 hrs at 37 °C by the MTT method. 

 

4.2.2. Evaluation of anticancer activity at NCI 

The NCI high-flux anticancer drug screen [39-41] utilized a panel of 60 human tumor cell lines in culture derived from 

nine cancer types (lung, colon, CNS, ovarian, renal, prostate and breast cancer, leukemia and melanoma). The 

compound were tested at 10-fold dilutions of five concentrations ranging from 10-4 to 10-8 M. According to the NCI 

protocol, cell lines were exposed to test agents in 96-well plates for the last 48 of a 72 h incubation and a 

sulforhodamine B (SRB) protein assay was used to estimate cell viability or growth. For each compound, the drug 

concentration required to produce 50% (GI50) and total (TGI) growth inhibition, and 50% cytocidal effect (LC50) were 
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obtained for up to 60 cell lines. Values were calculated for each of these parameters if the level activity was reached; if 

the effect was not reached or was exceeded, the value is expressed as greater or lesser than the maximum or minimum 

concentration tested. 

 

4.2.3. Evaluation of antiproliferative activity in HL-60, K562 and MCF-7 cells (Alamar blue method). 

Antiproliferative of HL-60, K562 and MCF-7 was determined [cells from European Cell Culture Collection (Salisbury, 

UK). grown in RPMI 1640 (HL-60, K562) or DMEM (MCF-7) containing 10% foetal calf serum (FCS), 100 UI/mL 

penicillin G and 100 µg/mL streptomycin]. Briefly, 200 µL of 4x104 (HL-60, K562) or 2x104 (MCF-7) cells were added 

to each well of flat-bottomed microtiter trays and serial dilutions of test compounds. After a 3 day incubation at 3 7°C 

the number of viable cells was determined by the Alamar blue method. Alamar blue (20 µL) was added to each well and 

plates were incubated at 37°C in the dark for 3 h. Plates were then read on a fluorescent plate reader (SpectraMax 

Gemini, Molecular Devices) with excitement and emission wavelengths of 544 nm and 590 nm respectively. The 

compound concentrations resulting in 50% cell growth inhibition in comparison with untreated controls and expressed 

as IC50 values were determined by linear regression analysis. 

 

4.2.4. Flow cytometry. 

Following treatment with the desired compound/s, cells were harvested by centrifugation and resuspended in 100µL 

ice-cold phosphate buffered saline (PBS) and fixed in ice-cold 70% ethanol (1 mL) at 4°C. Samples were then 

centrifuged at 800xg for 10 mins and resuspended in 200 µL PBS containing 10µg/mL RNase A and 100 µg/mL 

propidium iodide. Samples were incubated for 30 min at 37 °C in the dark. Following sample preparation, cell cycle 

analysis was performed at 488 nm using a Becton Dickinson fluorescent activated cell sorting analysis (FACS) Calibur 

flow cytometer (Becton Dickinson, California, U.S). The Macintosh-based application CellQuest was then used to 

analyze the data of 10,000 gated cells once cell debris had been excluded. The data was stored as frequency histograms. 

 

4.2.5. Immunofluorescence. 

MCF-7 cells were grown and treated on chamber well slides. Cells were then fixed in 100% ice-cold methanol, washed 

in PBS-T (0.1% (v/v) Triton X-100 in PBS) and blocked for 30 min in 5% (w/v) BSA in PBS-T. Cells were then 

incubated with a mouse anti-tubulin antibody for 1 h, washed 3 times with PBS-T and incubated for a further 1 h in the 

secondary antibody Alexa 488. Cells were again washed 3 times in PBS-T, after which the DNA was stained with 0.2 

µg/mL propidium iodide in blocking buffer for 2 min. Slides were mounted with phenylene diamine (2 µL/mL) in 50:50 

PBS/glycerol. Projected images from a z-series of images were captured using the OLYMPUS 1X81 microscope 

coupled with Olympus Fluoview Ver 1.5 software. All images were collected on the same day using identical 

parameters. 

 

4.2.6. Electrophoretic mobility assay.  

The compound to be tested was dissolved in MetOH and incubated with a commercial double strand plasmid DNA 

vector (pQE-30, Qiagen) for 10 min at 37 °C. Gel loading buffer (0.04% bromophenol blue, 0.04% xylene cyanol, 10% 

sucrose) was added and the samples were run onto a 0.7% Agarose gel to separate the closed circular (CC) and 

supercolied (SC) forms. The gel was stained with EtBr to visualize the corresponding DNA bands. 
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• Synthesis of Knoevenagel-type indoles via one-pot procedure 

• Selected compounds showed antiproliferative activities in cell-based assays 

• Some derivatives caused apoptosis and partially depolymerised tubulin  
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1H NMR (300 MHz, DMSO) of compound 2f.  

 

 

 

 
1H NMR (300 MHz, DMSO) of compound 5c.  
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1H NMR (200 MHz, DMSO) of compound 5d.  

 

 

 
1H NMR (200 MHz, DMSO) of compound 5e.  
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1H NMR (200 MHz, DMSO) of compound 5g.  

 

 
1H NMR (200 MHz, DMSO) of compound 5n.  
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1H NMR (300 MHz, DMSO) of compound 5p.  

 

 

 

 
1H NMR (300 MHz, DMSO) of compound 5q.  
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1H NMR (200 MHz, DMSO) of compound 5r.  

 

 

  
1H NMR (200 MHz, DMSO) of compound 5t.  
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1H NMR (300 MHz, DMSO) of compound 5v.  

 

 

 
1H NMR (200 MHz, DMSO) of compound 5w.  
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1H NMR (300 MHz, DMSO) of compound 5x.  

 

 
1H NMR (200 MHz, DMSO) of compound 5y.  
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1H NMR (300 MHz, DMSO) of compound 5z.  

 
1H NMR (300 MHz, DMSO) of compound 5ac.  
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1H NMR (200 MHz, DMSO) of compound 9a.  

 
 
1H NMR (300 MHz, DMSO) of compound 9b.  
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1H NMR (300 MHz, DMSO) of compound 10a.  
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Table. S1 Raw flow cytometry data of a representative cell line, HL-60. 5e (1577), 5l (1575), 5p (1578), 6a (1579), 6b 
(1576); Gates: M5 (Pre-G1), M6 (G1), M7 (S), M8 (G2/M), M10 (Polyploidy cells). 
 

#1 #2 #3 

   

Plot 4: A01 HL60 2h vehicle: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A01 HL60 2h vehicle no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A01 HL60 2h vehicle no.3: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.01% M5 (0.0 / 357,583.0) 4.45% M5 (0.0 / 363,147.0) 3.82% 

M7 (365,536.0 / 510,627.0) 54.22% M7 (357,501.0 / 598,126.0) 55.44% M7 (362,827.0 / 556,486.0) 49.29% 

M8 (508,479.0 / 688,797.0) 15.92% M8 (599,335.0 / 811,252.0) 19.37% M8 (553,312.0 / 764,141.0) 21.60% 

M9 (688,798.0 / 949,604.0) 22.63% M9 (811,089.0 / 1,079,378.0) 19.06% M9 (760,833.0 / 1,013,875.0) 24.52% 

M10 (942,917.0 / 1,156,912.0) 1.83% M10 (1,072,504.0 / 1,285,544.0) 0.56% M10 (1,010,064.0 / 1,285,544.0) 0.77% 

  
  

  
  

  
  

Plot 4: A02 HL60 2h 2.5uM 1575: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A02 HL60 2h 2.5uM 1575 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A02 HL60 2h 2.5uM 1575 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.46% M5 (0.0 / 357,583.0) 4.94% M5 (0.0 / 363,147.0) 3.76% 

M7 (365,536.0 / 510,627.0) 53.85% M7 (357,501.0 / 598,126.0) 53.80% M7 (362,827.0 / 556,486.0) 45.19% 

M8 (508,479.0 / 688,797.0) 17.20% M8 (599,335.0 / 811,252.0) 19.36% M8 (553,312.0 / 764,141.0) 19.58% 

M9 (688,798.0 / 949,604.0) 23.00% M9 (811,089.0 / 1,079,378.0) 18.96% M9 (760,833.0 / 1,013,875.0) 25.29% 

M10 (942,917.0 / 1,156,912.0) 0.43% M10 (1,072,504.0 / 1,285,544.0) 1.17% M10 (1,010,064.0 / 1,285,544.0) 2.66% 

 

      

Plot 4: A03 HL60 2h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A03 HL60 2h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A03 HL60 2h 2.5uM 1576 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 
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M5 (0.0 / 368,760.0) 7.65% M5 (0.0 / 357,583.0) 6.35% M5 (0.0 / 363,147.0) 4.79% 

M7 (365,536.0 / 510,627.0) 53.99% M7 (357,501.0 / 598,126.0) 57.59% M7 (362,827.0 / 556,486.0) 49.55% 

M8 (508,479.0 / 688,797.0) 15.41% M8 (599,335.0 / 811,252.0) 19.04% M8 (553,312.0 / 764,141.0) 20.90% 

M9 (688,798.0 / 949,604.0) 22.38% M9 (811,089.0 / 1,079,378.0) 14.48% M9 (760,833.0 / 1,013,875.0) 22.31% 

M10 (942,917.0 / 1,156,912.0) 0.35% M10 (1,072,504.0 / 1,285,544.0) 1.13% M10 (1,010,064.0 / 1,285,544.0) 1.51% 

  

  
      

Plot 4: A04 HL60 2h 2.5uM 1577: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A04 HL60 2h 2.5uM 1577 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A04 HL60 2h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.68% M5 (0.0 / 357,583.0) 5.45% M5 (0.0 / 363,147.0) 7.02% 

M7 (365,536.0 / 510,627.0) 54.38% M7 (357,501.0 / 598,126.0) 56.17% M7 (362,827.0 / 556,486.0) 53.68% 

M8 (508,479.0 / 688,797.0) 15.91% M8 (599,335.0 / 811,252.0) 18.59% M8 (553,312.0 / 764,141.0) 20.46% 

M9 (688,798.0 / 949,604.0) 23.51% M9 (811,089.0 / 1,079,378.0) 16.84% M9 (760,833.0 / 1,013,875.0) 18.69% 

M10 (942,917.0 / 1,156,912.0) 1.00% M10 (1,072,504.0 / 1,285,544.0) 1.27% M10 (1,010,064.0 / 1,285,544.0) 0.51% 

  

  
      

Plot 4: A05 HL60 2h 2.5uM 1578: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A05 HL60 2h 2.5uM 1578 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A05 HL60 2h 2.5uM 1578 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.90% M5 (0.0 / 357,583.0) 3.37% M5 (0.0 / 363,147.0) 5.71% 

M7 (365,536.0 / 510,627.0) 60.08% M7 (357,501.0 / 598,126.0) 56.06% M7 (362,827.0 / 556,486.0) 53.20% 

M8 (508,479.0 / 688,797.0) 14.66% M8 (599,335.0 / 811,252.0) 18.99% M8 (553,312.0 / 764,141.0) 19.59% 

M9 (688,798.0 / 949,604.0) 17.59% M9 (811,089.0 / 1,079,378.0) 18.37% M9 (760,833.0 / 1,013,875.0) 18.22% 

M10 (942,917.0 / 1,156,912.0) 1.22% M10 (1,072,504.0 / 1,285,544.0) 1.87% M10 (1,010,064.0 / 1,285,544.0) 2.01% 

         

Plot 4: A06 HL60 2h 2.5uM 1579: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A06 HL60 2h 2.5uM 1579 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: A06 HL60 2h 2.5uM 1579 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 6.10% M5 (0.0 / 357,583.0) 3.53% M5 (0.0 / 363,147.0) 8.87% 

M7 (365,536.0 / 510,627.0) 55.76% M7 (357,501.0 / 598,126.0) 49.97% M7 (362,827.0 / 556,486.0) 51.42% 
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M8 (508,479.0 / 688,797.0) 15.79% M8 (599,335.0 / 811,252.0) 18.67% M8 (553,312.0 / 764,141.0) 18.97% 

M9 (688,798.0 / 949,604.0) 21.65% M9 (811,089.0 / 1,079,378.0) 26.71% M9 (760,833.0 / 1,013,875.0) 20.32% 

M10 (942,917.0 / 1,156,912.0) 0.53% M10 (1,072,504.0 / 1,285,544.0) 1.11% M10 (1,010,064.0 / 1,285,544.0) 0.58% 

  

  
      

Plot 4: B01 HL60 4h vehicle: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B01 HL60 4h vehicle no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B01 HL60 4h vehicle no.3: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.42% M5 (0.0 / 357,583.0) 5.93% M5 (0.0 / 363,147.0) 5.41% 

M7 (365,536.0 / 510,627.0) 53.46% M7 (357,501.0 / 598,126.0) 50.48% M7 (362,827.0 / 556,486.0) 43.03% 

M8 (508,479.0 / 688,797.0) 15.68% M8 (599,335.0 / 811,252.0) 22.46% M8 (553,312.0 / 764,141.0) 22.02% 

M9 (688,798.0 / 949,604.0) 23.89% M9 (811,089.0 / 1,079,378.0) 16.15% M9 (760,833.0 / 1,013,875.0) 22.04% 

M10 (942,917.0 / 1,156,912.0) 1.73% M10 (1,072,504.0 / 1,285,544.0) 2.74% M10 (1,010,064.0 / 1,285,544.0) 3.92% 

         

Plot 4: B02 HL60 4h 2.5uM 1575: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B02 HL60 4h 2.5uM 1575 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B02 HL60 4h 2.5uM 1575 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of 
This Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.35% M5 (0.0 / 357,583.0) 3.96% M5 (0.0 / 363,147.0) 4.64% 

M7 (365,536.0 / 510,627.0) 54.37% M7 (357,501.0 / 598,126.0) 47.72% M7 (362,827.0 / 556,486.0) 39.48% 

M8 (508,479.0 / 688,797.0) 15.01% M8 (599,335.0 / 811,252.0) 21.59% M8 (553,312.0 / 764,141.0) 23.47% 

M9 (688,798.0 / 949,604.0) 24.07% M9 (811,089.0 / 1,079,378.0) 22.25% M9 (760,833.0 / 1,013,875.0) 21.47% 

M10 (942,917.0 / 1,156,912.0) 0.70% M10 (1,072,504.0 / 1,285,544.0) 2.22% M10 (1,010,064.0 / 1,285,544.0) 5.75% 

      
 
  

Plot 4: B03 HL60 4h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B03 HL60 4h 2.5uM 1576 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B03 HL60 4h 2.5uM 1576 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of 
This Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.46% M5 (0.0 / 357,583.0) 3.74% M5 (0.0 / 363,147.0) 5.44% 

M7 (365,536.0 / 510,627.0) 53.65% M7 (357,501.0 / 598,126.0) 43.34% M7 (362,827.0 / 556,486.0) 39.26% 

M8 (508,479.0 / 688,797.0) 16.54% M8 (599,335.0 / 811,252.0) 22.45% M8 (553,312.0 / 764,141.0) 20.06% 

M9 (688,798.0 / 949,604.0) 24.06% M9 (811,089.0 / 1,079,378.0) 23.90% M9 (760,833.0 / 1,013,875.0) 24.93% 

M10 (942,917.0 / 1,156,912.0) 0.29% M10 (1,072,504.0 / 1,285,544.0) 3.92% M10 (1,010,064.0 / 1,285,544.0) 5.16% 
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Plot 4: B04 HL60 4h 2.5uM 1577: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B04 HL60 4h 2.5uM 1577 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B04 HL60 4h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of 
This Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.04% M5 (0.0 / 357,583.0) 4.28% M5 (0.0 / 363,147.0) 5.68% 

M7 (365,536.0 / 510,627.0) 54.62% M7 (357,501.0 / 598,126.0) 53.07% M7 (362,827.0 / 556,486.0) 40.60% 

M8 (508,479.0 / 688,797.0) 15.45% M8 (599,335.0 / 811,252.0) 21.81% M8 (553,312.0 / 764,141.0) 20.28% 

M9 (688,798.0 / 949,604.0) 23.63% M9 (811,089.0 / 1,079,378.0) 17.12% M9 (760,833.0 / 1,013,875.0) 21.91% 

M10 (942,917.0 / 1,156,912.0) 1.34% M10 (1,072,504.0 / 1,285,544.0) 1.49% M10 (1,010,064.0 / 1,285,544.0) 5.69% 

  

  
      

Plot 4: B05 HL60 4h 2.5uM 1578: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B05 HL60 4h 2.5uM 1578 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B05 HL60 4h 2.5uM 1578 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of 
This Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.78% M5 (0.0 / 357,583.0) 4.14% M5 (0.0 / 363,147.0) 5.36% 

M7 (365,536.0 / 510,627.0) 55.48% M7 (357,501.0 / 598,126.0) 55.33% M7 (362,827.0 / 556,486.0) 48.53% 

M8 (508,479.0 / 688,797.0) 15.86% M8 (599,335.0 / 811,252.0) 19.45% M8 (553,312.0 / 764,141.0) 19.13% 

M9 (688,798.0 / 949,604.0) 21.10% M9 (811,089.0 / 1,079,378.0) 18.51% M9 (760,833.0 / 1,013,875.0) 20.88% 

M10 (942,917.0 / 1,156,912.0) 1.45% M10 (1,072,504.0 / 1,285,544.0) 1.06% M10 (1,010,064.0 / 1,285,544.0) 3.36% 

         

Plot 4: B06 HL60 4h 2.5uM 1579: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B06 HL60 4h 2.5uM 1579 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: B06 HL60 4h 2.5uM 1579 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of 
This Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.96% M5 (0.0 / 357,583.0) 3.31% M5 (0.0 / 363,147.0) 6.12% 

M7 (365,536.0 / 510,627.0) 53.00% M7 (357,501.0 / 598,126.0) 52.53% M7 (362,827.0 / 556,486.0) 49.28% 

M8 (508,479.0 / 688,797.0) 17.40% M8 (599,335.0 / 811,252.0) 19.73% M8 (553,312.0 / 764,141.0) 19.63% 

M9 (688,798.0 / 949,604.0) 20.51% M9 (811,089.0 / 1,079,378.0) 21.11% M9 (760,833.0 / 1,013,875.0) 21.83% 

M10 (942,917.0 / 1,156,912.0) 2.68% M10 (1,072,504.0 / 1,285,544.0) 1.43% M10 (1,010,064.0 / 1,285,544.0) 1.61% 
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Plot 4: C01 HL60 8h vehicle: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C01 HL60 8h vehicle no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C01 HL60 8h vehicle no.3: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.94% M5 (0.0 / 357,583.0) 6.91% M5 (0.0 / 363,147.0) 4.45% 

M7 (365,536.0 / 510,627.0) 51.39% M7 (357,501.0 / 598,126.0) 40.30% M7 (362,827.0 / 556,486.0) 39.80% 

M8 (508,479.0 / 688,797.0) 16.87% M8 (599,335.0 / 811,252.0) 25.23% M8 (553,312.0 / 764,141.0) 21.74% 

M9 (688,798.0 / 949,604.0) 24.52% M9 (811,089.0 / 1,079,378.0) 18.18% M9 (760,833.0 / 1,013,875.0) 28.36% 

M10 (942,917.0 / 1,156,912.0) 1.85% M10 (1,072,504.0 / 1,285,544.0) 5.52% M10 (1,010,064.0 / 1,285,544.0) 3.27% 

  

        

Plot 4: C02 HL60 4h 2.5uM 1575: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C02 HL60 8h 2.5uM 1575 
no.2: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

Plot 4: C02 HL60 8h 2.5uM 1575 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.59% M5 (0.0 / 357,583.0) 4.89% M5 (0.0 / 363,147.0) 9.07% 

M7 (365,536.0 / 510,627.0) 44.70% M7 (357,501.0 / 598,126.0) 45.15% M7 (362,827.0 / 556,486.0) 37.71% 

M8 (508,479.0 / 688,797.0) 17.64% M8 (599,335.0 / 811,252.0) 21.08% M8 (553,312.0 / 764,141.0) 20.70% 

M9 (688,798.0 / 949,604.0) 31.62% M9 (811,089.0 / 1,079,378.0) 24.25% M9 (760,833.0 / 1,013,875.0) 25.87% 

M10 (942,917.0 / 1,156,912.0) 1.05% M10 (1,072,504.0 / 1,285,544.0) 2.39% M10 (1,010,064.0 / 1,285,544.0) 3.70% 

  

  
      

Plot 4: C03 HL60 4h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C03 HL60 8h 2.5uM 1576 
no.2: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

Plot 4: C03 HL60 8h 2.5uM 1576 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 6.39% M5 (0.0 / 357,583.0) 5.91% M5 (0.0 / 363,147.0) 8.20% 

M7 (365,536.0 / 510,627.0) 30.01% M7 (357,501.0 / 598,126.0) 38.77% M7 (362,827.0 / 556,486.0) 28.92% 

M8 (508,479.0 / 688,797.0) 19.90% M8 (599,335.0 / 811,252.0) 22.59% M8 (553,312.0 / 764,141.0) 20.67% 

M9 (688,798.0 / 949,604.0) 35.36% M9 (811,089.0 / 1,079,378.0) 29.34% M9 (760,833.0 / 1,013,875.0) 32.56% 

M10 (942,917.0 / 1,156,912.0) 4.22% M10 (1,072,504.0 / 1,285,544.0) 2.06% M10 (1,010,064.0 / 1,285,544.0) 4.54% 
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Plot 4: C04 HL60 4h 2.5uM 1577: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C04 HL60 8h 2.5uM 1577 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C04 HL60 8h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.52% M5 (0.0 / 357,583.0) 4.83% M5 (0.0 / 363,147.0) 6.72% 

M7 (365,536.0 / 510,627.0) 43.86% M7 (357,501.0 / 598,126.0) 48.52% M7 (362,827.0 / 556,486.0) 40.75% 

M8 (508,479.0 / 688,797.0) 18.49% M8 (599,335.0 / 811,252.0) 21.19% M8 (553,312.0 / 764,141.0) 21.23% 

M9 (688,798.0 / 949,604.0) 28.63% M9 (811,089.0 / 1,079,378.0) 21.71% M9 (760,833.0 / 1,013,875.0) 28.09% 

M10 (942,917.0 / 1,156,912.0) 3.30% M10 (1,072,504.0 / 1,285,544.0) 1.70% M10 (1,010,064.0 / 1,285,544.0) 1.95% 

      
 
  

Plot 4: C05 HL60 4h 2.5uM 1578: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C05 HL60 8h 2.5uM 1578 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C05 HL60 8h 2.5uM 1578 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.67% M5 (0.0 / 357,583.0) 4.24% M5 (0.0 / 363,147.0) 5.48% 

M7 (365,536.0 / 510,627.0) 49.58% M7 (357,501.0 / 598,126.0) 45.93% M7 (362,827.0 / 556,486.0) 41.03% 

M8 (508,479.0 / 688,797.0) 20.03% M8 (599,335.0 / 811,252.0) 20.38% M8 (553,312.0 / 764,141.0) 19.47% 

M9 (688,798.0 / 949,604.0) 22.65% M9 (811,089.0 / 1,079,378.0) 22.45% M9 (760,833.0 / 1,013,875.0) 27.98% 

M10 (942,917.0 / 1,156,912.0) 3.01% M10 (1,072,504.0 / 1,285,544.0) 3.09% M10 (1,010,064.0 / 1,285,544.0) 2.81% 

      
 
  

Plot 4: C06 HL60 4h 2.5uM 1579: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C06 HL60 8h 2.5uM 1579 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: C06 HL60 8h 2.5uM 1579 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.55% M5 (0.0 / 357,583.0) 5.46% M5 (0.0 / 363,147.0) 6.40% 

M7 (365,536.0 / 510,627.0) 42.79% M7 (357,501.0 / 598,126.0) 47.89% M7 (362,827.0 / 556,486.0) 36.21% 

M8 (508,479.0 / 688,797.0) 17.24% M8 (599,335.0 / 811,252.0) 20.98% M8 (553,312.0 / 764,141.0) 20.65% 

M9 (688,798.0 / 949,604.0) 30.48% M9 (811,089.0 / 1,079,378.0) 23.06% M9 (760,833.0 / 1,013,875.0) 25.51% 

M10 (942,917.0 / 1,156,912.0) 2.15% M10 (1,072,504.0 / 1,285,544.0) 1.34% M10 (1,010,064.0 / 1,285,544.0) 6.36% 
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Plot 4: D01 HL60 16h vehicle: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D01 HL60 16h vehicle no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D01 HL60 16h vehicle no.3: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 3.35% M5 (0.0 / 371,525.0) 5.41% M5 (0.0 / 363,147.0) 2.51% 

M7 (365,536.0 / 510,627.0) 49.55% M7 (371,251.0 / 537,848.0) 50.72% M7 (362,827.0 / 556,486.0) 53.01% 

M8 (508,479.0 / 688,797.0) 18.43% M8 (537,460.0 / 714,389.0) 17.39% M8 (553,312.0 / 764,141.0) 22.88% 

M9 (688,798.0 / 949,604.0) 23.75% M9 (714,267.0 / 941,877.0) 23.02% M9 (760,833.0 / 1,013,875.0) 19.89% 

M10 (942,917.0 / 1,156,912.0) 3.08% M10 (941,470.0 / 1,285,544.0) 2.51% M10 (1,010,064.0 / 1,285,544.0) 1.75% 

  

  
      

Plot 4: D02 HL60 16h 2.5uM 1575: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D02 HL60 16h 2.5uM 1575 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D02 HL60 16h 2.5uM 1575 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 19.47% M5 (0.0 / 371,525.0) 22.73% M5 (0.0 / 363,147.0) 20.37% 

M7 (365,536.0 / 510,627.0) 13.65% M7 (371,251.0 / 537,848.0) 14.83% M7 (362,827.0 / 556,486.0) 17.29% 

M8 (508,479.0 / 688,797.0) 14.00% M8 (537,460.0 / 714,389.0) 17.08% M8 (553,312.0 / 764,141.0) 14.43% 

M9 (688,798.0 / 949,604.0) 49.24% M9 (714,267.0 / 941,877.0) 32.22% M9 (760,833.0 / 1,013,875.0) 37.50% 

M10 (942,917.0 / 1,156,912.0) 2.66% M10 (941,470.0 / 1,285,544.0) 8.64% M10 (1,010,064.0 / 1,285,544.0) 4.69% 

  

  

  

  
  

Plot 4: D03 HL60 16h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D03 HL60 16h 2.5uM 1576 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D03 HL60 16h 2.5uM 1576 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 22.44% M5 (0.0 / 371,525.0) 29.17% M5 (0.0 / 363,147.0) 26.94% 

M7 (365,536.0 / 510,627.0) 9.53% M7 (371,251.0 / 537,848.0) 10.05% M7 (362,827.0 / 556,486.0) 7.17% 

M8 (508,479.0 / 688,797.0) 11.75% M8 (537,460.0 / 714,389.0) 15.87% M8 (553,312.0 / 764,141.0) 11.78% 

M9 (688,798.0 / 949,604.0) 52.53% M9 (714,267.0 / 941,877.0) 42.21% M9 (760,833.0 / 1,013,875.0) 47.11% 

M10 (942,917.0 / 1,156,912.0) 2.98% M10 (941,470.0 / 1,285,544.0) 1.31% M10 (1,010,064.0 / 1,285,544.0) 3.94% 
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Plot 4: D04 HL60 16h 2.5uM 1577: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D04 HL60 16h 2.5uM 1577 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D04 HL60 16h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 19.59% M5 (0.0 / 371,525.0) 21.33% M5 (0.0 / 363,147.0) 25.40% 

M7 (365,536.0 / 510,627.0) 19.34% M7 (371,251.0 / 537,848.0) 14.67% M7 (362,827.0 / 556,486.0) 17.45% 

M8 (508,479.0 / 688,797.0) 15.36% M8 (537,460.0 / 714,389.0) 17.35% M8 (553,312.0 / 764,141.0) 15.32% 

M9 (688,798.0 / 949,604.0) 43.62% M9 (714,267.0 / 941,877.0) 32.74% M9 (760,833.0 / 1,013,875.0) 31.46% 

M10 (942,917.0 / 1,156,912.0) 1.50% M10 (941,470.0 / 1,285,544.0) 8.81% M10 (1,010,064.0 / 1,285,544.0) 5.57% 

  

  
      

Plot 4: D05 HL60 16h 2.5uM 1578: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D05 HL60 16h 2.5uM 1578 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D05 HL60 16h 2.5uM 1578 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 7.85% M5 (0.0 / 371,525.0) 15.06% M5 (0.0 / 363,147.0) 10.27% 

M7 (365,536.0 / 510,627.0) 36.44% M7 (371,251.0 / 537,848.0) 25.52% M7 (362,827.0 / 556,486.0) 34.27% 

M8 (508,479.0 / 688,797.0) 17.33% M8 (537,460.0 / 714,389.0) 16.33% M8 (553,312.0 / 764,141.0) 18.06% 

M9 (688,798.0 / 949,604.0) 34.33% M9 (714,267.0 / 941,877.0) 32.84% M9 (760,833.0 / 1,013,875.0) 31.73% 

M10 (942,917.0 / 1,156,912.0) 2.94% M10 (941,470.0 / 1,285,544.0) 7.02% M10 (1,010,064.0 / 1,285,544.0) 2.29% 

         

Plot 4: D06 HL60 16h 2.5uM 1579: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D06 HL60 16h 2.5uM 1579 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: D06 HL60 16h 2.5uM 1579 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 23.92% M5 (0.0 / 371,525.0) 20.16% M5 (0.0 / 363,147.0) 21.57% 

M7 (365,536.0 / 510,627.0) 13.35% M7 (371,251.0 / 537,848.0) 15.94% M7 (362,827.0 / 556,486.0) 15.06% 

M8 (508,479.0 / 688,797.0) 15.55% M8 (537,460.0 / 714,389.0) 19.82% M8 (553,312.0 / 764,141.0) 17.00% 

M9 (688,798.0 / 949,604.0) 45.85% M9 (714,267.0 / 941,877.0) 36.97% M9 (760,833.0 / 1,013,875.0) 39.96% 

M10 (942,917.0 / 1,156,912.0) 0.58% M10 (941,470.0 / 1,285,544.0) 4.11% M10 (1,010,064.0 / 1,285,544.0) 2.84% 
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Plot 4: E01 HL60 24h vehicle: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E01 HL60 24h vehicle no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E01 HL60 24h vehicle no.3: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 5.74% M5 (0.0 / 371,525.0) 5.91% M5 (0.0 / 363,147.0) 2.82% 

M7 (365,536.0 / 510,627.0) 48.62% M7 (371,251.0 / 537,848.0) 44.87% M7 (362,827.0 / 556,486.0) 47.69% 

M8 (508,479.0 / 688,797.0) 18.50% M8 (537,460.0 / 714,389.0) 18.71% M8 (553,312.0 / 764,141.0) 18.82% 

M9 (688,798.0 / 949,604.0) 23.38% M9 (714,267.0 / 941,877.0) 20.89% M9 (760,833.0 / 1,013,875.0) 22.31% 

M10 (942,917.0 / 1,156,912.0) 2.26% M10 (941,470.0 / 1,285,544.0) 6.73% M10 (1,010,064.0 / 1,285,544.0) 3.95% 

  

        

Plot 4: E02 HL60 24h 2.5uM 1575: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E02 HL60 24h 2.5uM 1575 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E02 HL60 24h 2.5uM 1575 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 32.08% M5 (0.0 / 371,525.0) 35.13% M5 (0.0 / 363,147.0) 32.86% 

M7 (365,536.0 / 510,627.0) 20.75% M7 (371,251.0 / 537,848.0) 18.64% M7 (362,827.0 / 556,486.0) 23.15% 

M8 (508,479.0 / 688,797.0) 9.97% M8 (537,460.0 / 714,389.0) 8.87% M8 (553,312.0 / 764,141.0) 10.14% 

M9 (688,798.0 / 949,604.0) 36.07% M9 (714,267.0 / 941,877.0) 29.87% M9 (760,833.0 / 1,013,875.0) 32.34% 

M10 (942,917.0 / 1,156,912.0) 0.69% M10 (941,470.0 / 1,285,544.0) 6.10% M10 (1,010,064.0 / 1,285,544.0) 0.93% 

  

  
      

Plot 4: E03 HL60 24h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E03 HL60 24h 2.5uM 1576 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E03 HL60 24h 2.5uM 1576 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 50.69% M5 (0.0 / 371,525.0) 32.99% M5 (0.0 / 363,147.0) 52.79% 

M7 (365,536.0 / 510,627.0) 9.91% M7 (371,251.0 / 537,848.0) 17.96% M7 (362,827.0 / 556,486.0) 7.08% 

M8 (508,479.0 / 688,797.0) 5.91% M8 (537,460.0 / 714,389.0) 9.51% M8 (553,312.0 / 764,141.0) 4.97% 

M9 (688,798.0 / 949,604.0) 31.39% M9 (714,267.0 / 941,877.0) 36.64% M9 (760,833.0 / 1,013,875.0) 29.50% 

M10 (942,917.0 / 1,156,912.0) 1.46% M10 (941,470.0 / 1,285,544.0) 2.14% M10 (1,010,064.0 / 1,285,544.0) 2.94% 
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Plot 4: E04 HL60 24h 2.5uM 1577: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E04 HL60 24h 2.5uM 1577 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E04 HL60 24h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 31.07% M5 (0.0 / 371,525.0) 37.46% M5 (0.0 / 363,147.0) 43.47% 

M7 (365,536.0 / 510,627.0) 16.79% M7 (371,251.0 / 537,848.0) 16.80% M7 (362,827.0 / 556,486.0) 19.61% 

M8 (508,479.0 / 688,797.0) 10.46% M8 (537,460.0 / 714,389.0) 9.48% M8 (553,312.0 / 764,141.0) 9.68% 

M9 (688,798.0 / 949,604.0) 37.52% M9 (714,267.0 / 941,877.0) 25.48% M9 (760,833.0 / 1,013,875.0) 24.36% 

M10 (942,917.0 / 1,156,912.0) 3.48% M10 (941,470.0 / 1,285,544.0) 9.09% M10 (1,010,064.0 / 1,285,544.0) 1.79% 

      

 

  

Plot 4: E05 HL60 24h 2.5uM 1578: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E05 HL60 24h 2.5uM 1578 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E04 HL60 24h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 12.00% M5 (0.0 / 371,525.0) 26.90% M5 (0.0 / 363,147.0) 43.47% 

M7 (365,536.0 / 510,627.0) 34.82% M7 (371,251.0 / 537,848.0) 26.86% M7 (362,827.0 / 556,486.0) 19.61% 

M8 (508,479.0 / 688,797.0) 16.54% M8 (537,460.0 / 714,389.0) 12.46% M8 (553,312.0 / 764,141.0) 9.68% 

M9 (688,798.0 / 949,604.0) 26.60% M9 (714,267.0 / 941,877.0) 26.08% M9 (760,833.0 / 1,013,875.0) 24.36% 

M10 (942,917.0 / 1,156,912.0) 7.21% M10 (941,470.0 / 1,285,544.0) 6.01% M10 (1,010,064.0 / 1,285,544.0) 1.79% 

         

Plot 4: E06 HL60 24h 2.5uM 1579: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E06 HL60 24h 2.5uM 1579 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: E04 HL60 24h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 41.34% M5 (0.0 / 371,525.0) 37.17% M5 (0.0 / 363,147.0) 43.47% 

M7 (365,536.0 / 510,627.0) 7.91% M7 (371,251.0 / 537,848.0) 15.05% M7 (362,827.0 / 556,486.0) 19.61% 

M8 (508,479.0 / 688,797.0) 5.98% M8 (537,460.0 / 714,389.0) 10.06% M8 (553,312.0 / 764,141.0) 9.68% 

M9 (688,798.0 / 949,604.0) 42.06% M9 (714,267.0 / 941,877.0) 34.12% M9 (760,833.0 / 1,013,875.0) 24.36% 

M10 (942,917.0 / 1,156,912.0) 1.81% M10 (941,470.0 / 1,285,544.0) 1.96% M10 (1,010,064.0 / 1,285,544.0) 1.79% 
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Plot 4: F01 HL60 48h vehicle: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F01 HL60 48h vehicle no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F01 HL60 48h vehicle no.3: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 4.95% M5 (0.0 / 323,126.0) 4.77% M5 (0.0 / 363,147.0) 2.10% 

M7 (365,536.0 / 510,627.0) 49.95% M7 (323,126.0 / 537,848.0) 53.86% M7 (362,827.0 / 556,486.0) 54.06% 

M8 (508,479.0 / 688,797.0) 16.88% M8 (537,460.0 / 714,389.0) 18.37% M8 (553,312.0 / 764,141.0) 18.29% 

M9 (688,798.0 / 949,604.0) 25.55% M9 (714,267.0 / 941,877.0) 18.62% M9 (760,833.0 / 1,013,875.0) 21.02% 

M10 (942,917.0 / 1,156,912.0) 1.91% M10 (941,470.0 / 1,285,544.0) 3.33% M10 (1,010,064.0 / 1,285,544.0) 1.90% 

       
  

Plot 4: F02 HL60 48h 2.5uM 1575: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F02 HL60 48h 2.5uM 1575 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F02 HL60 48h 2.5uM 1575 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 58.68% M5 (0.0 / 323,126.0) 63.59% M5 (0.0 / 363,147.0) 56.05% 

M7 (365,536.0 / 510,627.0) 9.62% M7 (323,126.0 / 537,848.0) 15.99% M7 (362,827.0 / 556,486.0) 21.32% 

M8 (508,479.0 / 688,797.0) 5.39% M8 (537,460.0 / 714,389.0) 9.35% M8 (553,312.0 / 764,141.0) 10.06% 

M9 (688,798.0 / 949,604.0) 16.77% M9 (714,267.0 / 941,877.0) 5.00% M9 (760,833.0 / 1,013,875.0) 7.78% 

M10 (942,917.0 / 1,156,912.0) 2.97% M10 (941,470.0 / 1,285,544.0) 2.92% M10 (1,010,064.0 / 1,285,544.0) 1.93% 

  

  
   

 
  

Plot 4: F03 HL60 48h 2.5uM 1576: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F03 HL60 48h 2.5uM 1576 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F03 HL60 48h 2.5uM 1576 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 82.83% M5 (0.0 / 323,126.0) 61.43% M5 (0.0 / 363,147.0) 52.29% 

M7 (365,536.0 / 510,627.0) 8.31% M7 (323,126.0 / 537,848.0) 14.71% M7 (362,827.0 / 556,486.0) 19.95% 

M8 (508,479.0 / 688,797.0) 4.81% M8 (537,460.0 / 714,389.0) 10.85% M8 (553,312.0 / 764,141.0) 20.30% 

M9 (688,798.0 / 949,604.0) 2.85% M9 (714,267.0 / 941,877.0) 6.36% M9 (760,833.0 / 1,013,875.0) 4.55% 

M10 (942,917.0 / 1,156,912.0) 0.87% M10 (941,470.0 / 1,285,544.0) 3.37% M10 (1,010,064.0 / 1,285,544.0) 2.08% 
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Plot 4: F04 HL60 48h 2.5uM 1577: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F04 HL60 48h 2.5uM 1577 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F04 HL60 48h 2.5uM 1577 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 66.38% M5 (0.0 / 323,126.0) 52.99% M5 (0.0 / 363,147.0) 64.44% 

M7 (365,536.0 / 510,627.0) 8.82% M7 (323,126.0 / 537,848.0) 17.46% M7 (362,827.0 / 556,486.0) 12.22% 

M8 (508,479.0 / 688,797.0) 5.10% M8 (537,460.0 / 714,389.0) 10.72% M8 (553,312.0 / 764,141.0) 9.63% 

M9 (688,798.0 / 949,604.0) 11.63% M9 (714,267.0 / 941,877.0) 9.67% M9 (760,833.0 / 1,013,875.0) 6.95% 

M10 (942,917.0 / 1,156,912.0) 2.66% M10 (941,470.0 / 1,285,544.0) 4.87% M10 (1,010,064.0 / 1,285,544.0) 2.61% 

  

        

Plot 4: F05 HL60 48h 2.5uM 1578: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F05 HL60 48h 2.5uM 1578 
no.2: Gated on intersection of ((Cells 
in P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F05 HL60 48h 2.5uM 1578 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 45.88% M5 (0.0 / 323,126.0) 37.80% M5 (0.0 / 363,147.0) 43.94% 

M7 (365,536.0 / 510,627.0) 14.14% M7 (323,126.0 / 537,848.0) 27.50% M7 (362,827.0 / 556,486.0) 15.96% 

M8 (508,479.0 / 688,797.0) 10.85% M8 (537,460.0 / 714,389.0) 13.23% M8 (553,312.0 / 764,141.0) 11.22% 

M9 (688,798.0 / 949,604.0) 24.36% M9 (714,267.0 / 941,877.0) 14.77% M9 (760,833.0 / 1,013,875.0) 21.51% 

M10 (942,917.0 / 1,156,912.0) 2.15% M10 (941,470.0 / 1,285,544.0) 3.74% M10 (1,010,064.0 / 1,285,544.0) 3.34% 

  

        

Plot 4: F06 HL60 48h 2.5uM 79: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F06 HL60 48h 2.5uM 79 no.2: 
Gated on intersection of ((Cells in 
P1), (Singlets in (Cells in all))) 

% of This 
Plot 

Plot 4: F06 HL60 48h 2.5uM 79 
no.3: Gated on intersection of 
((Cells in P1), (Singlets in (Cells in 
all))) 

% of This 
Plot 

This Plot 100.00% This Plot 100.00% This Plot 100.00% 

M5 (0.0 / 368,760.0) 35.21% M5 (0.0 / 323,126.0) 45.22% M5 (0.0 / 363,147.0) 69.70% 

M7 (365,536.0 / 510,627.0) 17.35% M7 (323,126.0 / 537,848.0) 23.66% M7 (362,827.0 / 556,486.0) 11.35% 

M8 (508,479.0 / 688,797.0) 28.34% M8 (537,460.0 / 714,389.0) 21.33% M8 (553,312.0 / 764,141.0) 9.74% 

M9 (688,798.0 / 949,604.0) 12.10% M9 (714,267.0 / 941,877.0) 6.44% M9 (760,833.0 / 1,013,875.0) 4.56% 

M10 (942,917.0 / 1,156,912.0) 3.30% M10 (941,470.0 / 1,285,544.0) 2.22% M10 (1,010,064.0 / 1,285,544.0) 1.84% 
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Figure S1. Increasing amounts of the inhibitor 5l were incubated with plasmid DNA (pQE-30) at reltive ratios (M/M) 

of inhibitor to plasmid of 1250/1 (lane 1), 12500 (lane 2) and 125000 (lane 3). Lane 4, control reaction in the absence of 

inhibitor. MWM, molecuar weight markers. CC, closed circular; SC, supercoiled. 

 

 

 

 


