
Communication
J. Braz. Chem. Soc., Vol. 28, No. 2, 203-207, 2017.

Printed in Brazil - ©2017  Sociedade Brasileira de Química
0103 - 5053  $6.00+0.00

http://dx.doi.org/10.21577/0103-5053.20160292

*e-mail: fzacconi@uc.cl

Microwave Assisted Synthesis of Novel Six-Membered 4-C, 4-O and 4-S Lactams 
Derivatives: Characterization and in vitro Biological Evaluation of Cytotoxicity and 

Anticoagulant Activity

Nicolás E. Núñez-Navarro,a Gerardine F. Segovia,a Renato A. Burgos,b Carlos F. 
Lagos,c,d Nataly Fuentes-Ibacache,c Mario A. Faúndezb and Flavia C. Zacconi*,a,e

aDepartamento de Química Orgánica and bDepartamento de Farmacia, Facultad de Química, 
Pontificia Universidad Católica de Chile, Avda. Vicuña Mackenna 4860, Macul, Santiago, Chile

cDepartamento de Endocrinología, Escuela de Medicina, Pontificia Universidad Católica de Chile, 
Lira 85, Piso 5, Santiago, Chile

dFacultad de Ciencia, Universidad San Sebastián, campus Los Leones, Lota 2465,  
Providencia 7510157, Santiago, Chile

eCentro de Investigación en Nanotecnología y Materiales Avanzados, CIEN-UC,  
Pontificia Universidad Católica de Chile, Santiago, Chile

A series of six-membered lactam derivatives containing C, O and S atoms in position 4 were 
synthesized using microwave methodology through coupling reactions. The novel compounds were 
synthesized following two step reaction to yield fifteen derivatives. The final derivative N-(4-(3-
oxotiomorpholin)phenyl) hexanamide was selectively toxic to the HCT-116 cell line over the HeLa 
cancerous and HEK-293 human non-malignant control cells with low inhibition Factor Xa (FXa) 
activity. The new products were characterized by spectral data including 1H and 13C nuclear magnetic 
resonance (NMR), infrared (IR) and high-resolution mass spectrometry (HRMS). Cytotoxicity 
of products on HCT-116, HeLa, HEK-293 cell lines and FXa activity assays are also reported.
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Introduction

According to statistics from the World Health 
Organization (WHO),1 the mortality rate associated with 
age-standardized cancer was 115.3 per 100,000 inhabitants 
in 2012. The analysis reported by the Department of Health 
Statistics and Information (DEIS), which is a department 
within the Chilean Health Ministry (MINSAL), reported 
that colon cancer was the cause of 1,410 deaths. This finding 
corresponds to a mortality rate of 8.2 per 1,000 people in 
2012.2 This epidemiologic data supports the pressing need 
for on-going research to find novel compounds for the 
treatment of colon cancer.

Indeed, existing data from basic cancer research shows 
that the haemostatic components and the cancer biology are 
interlinked in multiple ways.3 Nonetheless, it is noteworthy 
that while a group of cancer cells is capable of activating 

the clotting system, haemostatic factors play a role in 
tumor progression.4 Moreover, current antineoplastic drugs 
are useless due to their high toxicity, side effects and low 
selectivity. Thus, novel scaffolds for the development of 
antineoplastic drugs has become a rapidly growing field of 
scientific interest, and highlight the development of small 
molecules with activity involving lactam moieties.5

Usually, reported protocols for synthesizing these 
interesting kinds of structures require multiple-step 
synthesis, long reaction times and high temperatures which 
ultimately results in low yields of the desired products.6

In this context, our research group is focused on 
the synthesis of new 4-C, 4-O and 4-S lactams with an 
aromatic amide substituent by means of using microwave 
assisted methodologies in order to diminish reaction time 
and increase the yield of the product. In this research, a 
modified Ullmann type reaction, using microwave approach 
and peptide coupling methods7 was performed to provide 
a new group of interesting compounds with enhanced 
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selective cytotoxic activity for neoplastic cells HCT-116 
(human colon cancer).

The chemical structure of these newly synthesized 
molecules has a similar main core of Factor Xa (FXa) 
commercially available oral anticoagulant drug known as 
Rivaroxaban (Xarelto®) (Figure 1).8 This new oral inhibitor 
is specific for FXa, which has a critical role in the human 
coagulation cascade due to its central position, which links 
the extrinsic and intrinsic pathways to the final common 
coagulation pathway.9 Furthermore, it has been reported 
that FXa inhibitors have effect over migration of breast, 
lung and colon cancer cells.10

In the present work we report on a new group of 4-C, 
4-O and 4-S lactam derivatives with peptide aromatic 
moieties analogous to the commercial FXa inhibitor 
(Figure 1) that is synthesized through coupling reaction by 
using microwave assisted methodology, cytotoxic activity 
on cancerous HCT-116 and HeLa (human epithelial cervix 

carcinoma) cell lines and noncancerous HEK-293 (human 
embryonic kidney) cell line measured by a tetrazolium salt 
reduction assay (MTT-assay), and FXa inhibition assay of 
synthesized compounds.

Experimental

Synthesis procedures

We initially investigated the microwave-promoted 
Ullmann type coupling reaction of 4-C, 4-O and 4-S 
lactams (1.2 equiv.) using CuI (0.05 equiv.) as catalyst with 
4-iodoaniline (or 4-bromoaniline) (1 equiv.) in dry toluene 
(PhMe) in the presence of N,N’-dimethlyethylenediamine 
(DMEN) (0.1 equiv.) as ligand, and K3PO4 (2 equiv.) as 
the base and irradiated with power (4-6 bar, 850 watts) 
at 110 °C for 2 hours (2 h). This new microwave (MW) 
assisted approach decreased the reaction time from 16-72 
to 2 h to produce the precursors of interest 6-8. The second 
step of the synthesis was carried out through a modified 
peptide coupling reaction at room temperature between 
lactams 6-8, which have different heteroatoms at position 
4, and fatty acids with varying chain lengths (n = 4-7) in 
order to modify the lipophilicity characteristics of the novel 
compounds (Scheme 1).

This second reaction was carried out using the 
precursors with fatty acids in peptide coupling conditions: 
a mixture of 1-hydroxybenzotriazole (HOBt) (2 equiv.) 
and N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (EDAC.HCl) (2 equiv.), as carboxylic 
acid activating agents, and arylamines (1 equiv.) were 
weighed and transferred into a dried reaction tube. The 
tube was evacuated and back filled with dry N2. Fatty 
acids (1.2 equiv.), N,N-diisopropylethylamine (2.5 equiv.), 
pyridine (Py) (0.01 equiv.) and dry dichlorometane (DCM) 
(5 mL) were injected into the tube and stirred at room 
temperature (r.t.) for 6 h. After this time, all compounds 
were isolated using flash chromatography techniques (for 

Scheme 1. (a) CuI (0.05 equiv.), K3PO4 (2 equiv.), DMEN (0.1 equiv.), PhMe, MW (4-6 bar, 850 W), 110 °C, 2 h (60-75%); (b) HOOC(CH2)nCH3 (n = 4-7) 
(1.2 equiv.), HOBt (2 equiv.), EDAC.HCl (2 equiv.), DiPEA (2.5 equiv.), Py (0.01 equiv.), r.t., 6 h (95-98%).

Figure 1. Rivaroxaban (1) chemical structure and synthesized lactam 
derivatives (6-8, 9a-11d) (X = C, O, S; n = 4-7).
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complete methodology description see Supplementary 
Information).

Cell culture and in vitro cytotoxicity assays

HCT-116 (human colorectal carcinoma, ATCC number 
CCL- 247), HeLa (human epithelial cervix carcinoma, 
ATCC number CCL-2) and HEK-293 (human embryonic 
kidney, ATCC number CRL-1573) cells were cultured 
in an RPMI 1640 medium supplemented with 5% fetal 
bovine serum (FBS) in humidified air with 5% CO2 at 
37 °C. Cytotoxicity assays were performed using the MTT 
reduction method.11 Ten thousand cells were seeded in 
0.2 mL of culture medium using a flat-bottom 96-well plate. 
All synthesized compounds (6-11), Rivaroxaban (1) and 
Etoposide (positive control) were assayed at concentrations 
of 50 nM, 500 nM, 5 µM and 50 µM on HCT-116, HeLa 
and HEK-293cells lines. MTT was added at a final 
concentration of 0.5 mg mL-1, incubated for 4 h, and then 
solubilized with 10% sodium dodecyl sulfate/0.1 mM 
HCl and incubated overnight. Formazan production was 
measured at 570 nm in a multiwell reader (Synergy Neo, 
Biotek Inc.).

Results and Discussion

The first synthesis step using this new microwave (MW) 
assisted approach decreased the reaction time from 16-72 
to 2 h to produce the precursors of interest 6-8. This first 
step was performed in 2 hours to produce derivatives 6-8 
in good yields (60-75%) of purified products.

Moreover, the addition of pyridine in catalytic 
amounts increased the yield of the peptide coupling 
products by 10‑15%. Derivatives 9-11 were obtained 
in excellent yields (95-98%) of isolated compounds 
by using the peptide coupling variation methodology 
performed at room temperature. In order to confirm the 
corresponding structures, all novel small molecules were 
fully characterized by available spectroscopic techniques. 
For more information see Supplementary information (SI).

With the aim to evaluate the cytotoxicity effect all 
synthesized compounds (6-11), Rivaroxaban (1) and 
Etoposide (positive control) were assayed using MTT 
methodology at concentrations of 50 nM, 500 nM, 5 µM 
and 50 µM on HCT-116, HeLa and HEK-293cells lines.

Figure 2 shows the dose-response curve for compound 11a 
(N-(4-(3-oxotiomorpholin)phenyl) hexanamide), Etoposide 
(positive control) and Rivaroxaban (1) in HCT‑116 cells. 
The treatment with compound 11a significantly reduced 
(over the 50% of reduction in the cell grown) the survival 
of HCT-116 cells with the corresponding IC50 value of 

1.89  µM. Compound 11a had IC50 value on the same 
order of magnitude as the control drug. Additionally, there 
were no significant differences in cell viability between 
compounds 6-10d, 11b-11d, and the cell control group. 
For more details see Table S1, Supplementary Information 
(SI). Although, all tested compounds did not show cytotoxic 
effects on cancerous HeLa and noncancerous HEK‑293 
cell lines, these results showed us the specificity of 
compound 11a on HCT-116. Compound 11a was the most 
active of the synthesized groups of novel molecules and 
it exhibited a single-digit micromolar IC50 value, which 
accords with the National Cancer Institute (NCI) protocols 
where compounds that exhibit IC50 values < 10 or 15 µM 
are considered active.12

Due to the relationship between cancer pathology and 
coagulation consequences in vitro FXa inhibition assays 
were performed. Newly synthesized derivatives have been 
shown to display very low (10-25%) or to have no activity 
as a direct FXa inhibitors (for more details see SI, Table S2). 
As shown in Figure 3, compound 11a produced a low 16% 
of FXa inhibition activity in contrast to the commercially 
available FXa inhibitor (1) which displayed a 95% FXa 
inhibitory activity.

In the first step, structurally related compounds were 
synthesized from lactams with different atom in position 4, 
and the second steps considered the coupling reaction using 
distinct fatty acids. Interestingly, all novel synthesized small 
molecules were obtained in order to evaluate the possible 
correlation between the lipophilicity of compounds (6-8, 
9a-11d) and their cytotoxic effects. The lipophilicity was 
able to be estimated by using the logarithm form (log P) as 
the octanol-water partition coefficient (see SI, Table S3), 
and it is related with the membrane permeability. However, 

Figure 2. Cytotoxicity effect of compound 11a, Etoposide and 
Rivaroxaban (1) in HCT-116 cells. Tested concentrations of 50 nM, 
500 nM, 5 µM and 50 µM. Dose-response curves of:  compound 11a, 
IC50: 1.89 µM, r2: 0.83;  Etoposide, IC50: 2.80 µM, r2: 0.93; and 
 Rivaroxaban (1). The values are presented as mean ± SD of at least 
triplicates. *: p < 0.1 and ****: p < 0.0001 for 11a in comparison with 
Etoposide control by two-way ANOVA test.

Figure 2. Cytotoxicity effect of compound 11a, Etoposide and 
Rivaroxaban (1) in HCT-116 cells. Tested concentrations of 50 nM, 
500 nM, 5 µM and 50 µM. Dose-response curves of:  compound 11a, 
IC50: 1.89 µM, r2: 0.83;   Etoposide, IC50: 2.80 µM, r2: 0.93; and 
 Rivaroxaban (1). The values are presented as mean ± SD of at least 
triplicates. *: p < 0.1 and ****: p < 0.0001 for 11a in comparison with 
Etoposide control by two-way ANOVA test.
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no correlation was observed between the compound’s 
cytotoxicity and its log P values for the evaluated cell 
lines. Although of little significance, compounds with 
moderate or low lipophilicity (log P > 3) tend to exhibit 
the best antitumor activity. In our study, compound 11a has 
demonstrated itself to be selective cytotoxic for HCT-116 
over the HeLa cell line with an estimated low lipophilicity 
(log P = 2.53). The lack of correlation between lipophilicity 
and antitumor activity suggests that cell permeability is not 
critical for the cytotoxic effect. Moreover, compound 11a 
display no relevant inhibitory effect on FXa (Figure 3).

This interesting results turns 11a into a leading potential 
compound for the development of new oral anti-cancer 
drugs that exhibit low lipophilicity, and that also do not 
affect the coagulation cascade factor Xa. Furthermore, 
it is noteworthy that this present first-time synthetic and 
biological approach has resulted in the development of 
a simple, fast and efficient synthetic methodology for 
developing these kinds of interestingly novel compounds.

Conclusions

In conclusion, we have described a simple, fast and 
efficient synthetic route to obtain a new group of 4-C, 
4-O and 4-S lactams with aromatic peptide moieties that 
produces excellent yields of isolated products. In addition, 
novel compound 11a was selectively toxic to the HCT-116 
cell line over the HeLa cancerous and HEK-293 human 
non-malignant control cells, which showed low inhibition 
FXa activity. Thus, these preliminary results showed that 
compound 11a is a promising leader for the development 
of new antitumor drugs that do not inhibit FXa activity.

Supplementary Information

Complete synthesis methodologies, cell culture, 
cytotoxicity assay, inhibition FXa assay, and NMR spectra 
data of compounds 6-11 are available free of charge at 
http://jbcs.sbq.org.br, as PDF file.
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