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Yang bertanda tangan di bawah ini, peserta Program Studi Doktor [Imu Farmasi, Fakultas
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Nama : Tri Widiandani, Apt., S.Si., Sp.FRS

NIM : 05137097308
Menyatakan dengan sesungguhnya bahwa Naskah Disertasi yang saya tulis dengan judul:

Modifikasi Struktur N-(Alilkarbameotioil)benzamida dan Hubungan Kuantitatif
Struktur-Aktivitas Sitotoksiknya Pada Sel Kanker Payudara MCF-7/HER-2

adalah benar-benar merupakan konsep pemikiran dan hasil karya ilmiah saya sendiri.
Apabila di kemudian hari diketahui bahwa isi Naskah Disertasi ini merupakan hasil
plagiat, maka saya bersedia menerima sanksi sesuai ketentuan peraturan perundang-
undangan.

Demikian surat pernyataan ini saya buat untuk dapat dipergunakan sebagaimana

mestinya.

Surabaya, 24 April 2017

Yang membuat pernyataan,

Tri Widiandani, Apt., S.Si., Sp.FRS
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RINGKASAN

Modifikasi Struktur N-(Alilkarbamotioil)benzamida dan Hubungan Kuantitatif
Struktur-Aktivitas Sitotoksiknya Pada Sel Kanker Payudara MCF-7/HER-2

Tri Widiandani

Kanker payudara menjadi salah satu penyebab kematian terbesar bagi kaum
wanita diseluruh dunia. Pada kasus tersebut, 30% kejadian disebabkan oleh ekspresi
berlebih protein HER-2 dengan prognosis yang tidak baik. Pada penelitian ini
dikembangkan senyawa turunan N-(alilkarbamotioil)benzamida melalui reaksi asilasi
pada gugus NH; dari aliltiourea terhadap benzoil klorida dan turunannya. Senyawa N-
(alilkarbamotioil)benzamida dan turunannya tersebut mengandung gugus farmakofor
tiourea yang diperlukan untuk aktivitas sitotoksik. Dibanding hidroksiurea, obat
antikanker yang secara klinis telah digunakan, turunan ini memiliki sifat kimia fisika yang
lebih baik. Hidroksiurea mempunyai nilai ClogP = -1.8, Ei = -43.39 dan CMR = 1.57;
aliltiourea mempunyai nilai ClogP = 0.08, Eix = -78.41 dan CMR = 3.63; sedang N-
(alilkarbamotioil)benzamida mempunyai nilai ClogP =2.04, E=-34.74 dan CMR= 6.64.

Perubahan struktur kimia suatu senyawa akan menyebabkan perubahan sifat
kimia fisika yaitu: sifat lipofilik, elektronik dan sterik. Sifat lipofilik diwakili oleh Clog
P terutama mempengaruhi kemampuan senyawa dalam menembus membran biologis,
sifat elektronik diwakili oleh Ei terutama mempengaruhi proses interaksi obat dengan
reseptor dan juga mempengaruhi penembusan membran biologis. Sedang sifat sterik
diwakili oleh CMR (molar refractivity coefficient) untuk menentukan keserasian interaksi
molekul senyawa dengan reseptor.

Pada penelitian ini, senyawa induk dibuat dengan mereaksikan aliltiourea dengan
benzoil klorida yang akan membentuk senyawa baru N-(alilkarbamotioil)benzamida.
Kemudian dibuat dua belas (12) senyawa turunannya dengan substituen pada posisi yang
berbeda pada inti benzena N-(alilkarbamotioil)benzamida. Gugus-gugus dan posisi
tersebut yaitu: (1) gugus —Cl pada posisi para; (2) gugus —Cl pada posisi ortho; (3) gugus
—Cl pada posisi meta; (4) dua gugus —ClI pada posisi ortho dan para; (5) dua gugus —Cl
pada posisi meta dan para. Gugus —Cl mempunyai sifat lipofilik sehingga diharapkan
lebih mudah menembus dinding sel. Demikian pula dengan sifat elektroniknya yang akan
memperkuat ikatan senyawa dengan reseptor; (6) gugus —Br pada posisi para, gugus ini
memiliki sifat lipofilik sehingga diharapkan akan meningkatkan penembusan dinding sel.
Gugus —Br memiliki sifat penarik elektron yang setara dibanding —CI; (7) gugus —F pada
posisi para. Gugus ini merupakan penarik elektron yang lebih rendah dibanding gugus -
Cl dan juga mempunyai sifat lipofilik yang lebih rendah dibanding gugus -CI; (8) gugus
—CH3 pada posisi para, penambahan gugus ini diharapkan akan terjadi peningkatan
penembusan membran karena —CH3 memiliki sifat lipofilik dan merupakan gugus
pendorong elektron yang dapat mempengaruhi kekuatan ikatan obat-reseptor; (9) gugus
—OCH3 pada posisi para. Gugus ini memiliki sifat lipofilik yang rendah dan merupakan
pendorong elektron yang besar; (10) gugus -4—#-C4Ho. Gugus ini memiliki sifat lipofilik
tinggi dan merupakan gugus pendorong elektron yang sedikit lebih tinggi dibanding
gugus metil; (11) gugus -NO; pada posisi para. Gugus ini menyebabkan penembusan
membran sel tidak terlalu besar karena memiliki sifat lipofilik yang rendah dan
merupakan penarik elektron yang sangat tinggi; (12) gugus —CF3 pada posisi para. Gugus
—CF; ini memiliki sifat lipofilik yang besar dan juga memiliki sifat penarik elektron yang
cukup tinggi. Penambahan gugus-gugus pada inti benzena pada N-
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(alilkarbamotioil)benzamida akan menyebabkan perubahan sifat lipofilik, elektronik
serta sterik, sehingga diharapkan aktivitas biologisnya akan meningkat.

Untuk memprediksi aktivitas senyawa yang akan disintesis dilakukan docking
secara komputasi dengan menggunakan program Molegro Virtual Docker. Uji in silico
antara N-(alilkarbamotioil)benzamida dan turunannya menggunakan human growth
factor receptor-2 (HER-2) kode pdb. 3PP0, yang mengandung ligan standar SYR127063.
Selanjutnya dibandingkan dengan hidroksiurea sebagai senyawa obat yang mengandung
gugus urea dan lapatinib sebagai obat antikaker payudara yang telah digunakan secara
klinis. Perhitungan energi ikatan yang diperoleh dari penelitian pendahuluan yang
ditunjukkan oleh rerank score (RS) didapatkan bahwa RS hidroksiurea = -35.5542, RS
aliltiourea = -53.2035, RS N-(alilkarbamotioil)benzamida = -93.3816 dan RS lapatinib =
-154.6920. Makin kecil harga energi ikatan menunjukkan bahwa ikatan yang dihasilkan
semakin stabil, sehingga diprediksi aktivitasnya juga semakin besar. Dari uji in silico
diketahui bahwa senyawa N-(alilkarbamotioil)benzamida diprediksi memiliki aktivitas
sitotoksik yang lebih besar dibanding senyawa awal aliltiourea dan senyawa pembanding
hidroksiurea. Dengan demikian senyawa N-(alilkarbamotioil)benzamida layak untuk
disintesis dan dikembangkan lebih lanjut sebagai senyawa induk.

Sintesis senyawa baru turunan N-(alilkarbamotioil)benzamida dilakukan melalui
reaksi asilasi benzoil klorida terhadap aliltiourea berdasarkan reaksi Schoten Baumann
yang dimodifikasi. Aliltiourea memiliki dua gugus nukleofil, yaitu amina primer (-NH>)
dan amina sekunder (-NH) yang kemungkinan dapat menyerang atom C yang bermuatan
positif pada gugus —C=0 pada turunan benzoil klorida. Atom N pada amina primer
(pKa=15.2) lebih bersifat nukleofilik dibanding amina sekunder (pKa=14.8), sehingga
atom N pada amina primer lebih mudah menyerang atau mensubstitusi benzoil klorida
yang menghasilkan senyawa turunan N-(alilkarbamotioil)benzamida. Setelah diperoleh
12 (dua belas) senyawa hasil modifikasi. kemudian dilakukan uji kemurnian, identifikasi
dan konfirmasi struktur senyawa turunan dengan spektrofotometer IR, spektrometer 'H-
NMR, "“C-NMR dan HRMS.

Uji aktivitas sitotoksik secara in vitro dilakukan dengan menggunakan metode
MTT atau 3-(4,5-dimetiltiazol-2-il)-2-5-difeniltetrazolium bromida pada sel line kanker
payudara manusia MCF-7 dan MCF-7 yang teroverekspresi HER-2 (MCF-7/HER-2),
serta diuji selektifitasnya terhadap sel normal Vero. Sebagai pembanding digunakan
hidroksiurea yang memiliki kesamaan struktur adanya gugus urea dan lapatinib yaitu
senyawa antikanker yang telah digunakan secara klinis untuk pengobatan kanker
payudara dengan HER-2 positif. Selanjutnya dilakukan uji western blot untuk
mengetahui pengaruh senyawa induk BATU terhadap ekspresi HER pada aktivitas
sitotoksik.

Dari hasil uji aktivitas sitotoksik diketahui bahwa senyawa induk BATU dan 12
senyawa turunannya menunjukkan nilai ICso pada sel MCF-7 yang lebih kecil dibanding
senyawa awal aliltiourea (ICso = 4305 uM) dan senyawa obat pembanding hidroksiurea
(ICs0=2793 uM). Artinya senyawa BATU dan turunannya memiliki aktivitas sitotoksik
pada sel MCF-7 lebih tinggi dibanding aliltiourea dan hidroksiurea. =~ Namun jika
dibanding dengan lapatinib (ICso = 160 pM) maka senyawa BATU dan turunannya
memiliki nilai ICso yang lebih besar, artinya aktivitas sitotoksiknya masih lebih rendah
dari lapatinib pada sel MCF-7. Demikian pula pada sel MCF-7/HER-2, senyawa induk
BATU dan 12 senyawa turunannya, menunjukkan nilai ICso yang lebih kecil dibanding
aliltiourea (ICso=3171 uM) dan hidroksiurea (ICso=2006 pM). Artinya senyawa BATU
dan turunannya memiliki aktivitas sitotoksik pada sel MCF-7/HER-2 lebih tinggi
dibanding aliltiourea dan hidroksiurea. Jika dibanding dengan lapatinib maka senyawa
BATU-11 vyaitu N-(alilkarbamotioil)-4-nitrobenzamida memiliki nilai ICso yang
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mendekati nilai ICso lapatinib, artinya aktivitas sitotoksik BATU-11 pada sel MCF-
7/HER-2 tidak jauh berbeda dari lapatinib.

Dari hasil uji aktivitas sitotoksik ini juga menunjukkan bahwa kedua belas
senyawa turunan BATU memiliki aktivitas sitotoksik yang lebih tinggi pada MCF-
7/HER-2 dibanding sel MCF-7. Hal ini berarti senyawa BATU dan turunannya bekerja
spesifik terhadap MCF-7 yang teroverekspresi oleh HER-2. Hal ini diperkuat dengan
hasil uji selektivitas pada sel normal Vero yang menunjukkan senyawa BATU dan
turunannya memiliki nilai selektifitas 10 kali hingga 8.990 kali bekerja lebih selektif
pada sel kanker payudara MCF-7, dan 24 kali hingga 20.001 kali bekerja lebih selektif
pada sel kanker payudara MCF-7/HER-2. Dengan demikian, senyawa BATU dan
turunannya bersifat selektif pada target sel kanker atau tidak toksik pada jaringan normal.

Berdasarkan hasil analisis ekspresi protein HER-2 dengan menggunakan metode
western blot, terbukti bahwa senyawa BATU bekerja dengan meningkatkan ekspresi
HER-2 dan menginaktivasi faktor transkripsi NF-kB dalam inti sel sehingga
mengakibatkan ekspresi protein yang berperan dalam proliferasi sel menjadi terhambat.

Hasil uji in silico terhadap reseptor HER-2 (3PP0) dan uji in vitro dibuktikan
dengan melihat hubungan antara keduanya. Diperoleh hasil hubungan yang linier antara
uji in silico dan uji aktivitas sitotoksik in vitro menggunakan sel MCF-7/HER-2 (r =
0.799; sig.= 0.001; S =0.290 ; F = 10.263).

Analisis hubungan kuantitatif struktur-aktivitas (HKSA) dilakukan untuk
mengetahui parameter sifat kimia fisika senyawa yang berperan terhadap aktivitas
sitotoksik yang bekerja melalui reseptor HER-2. Persamaan HKSA ditentukan melalui
analisis regresi dengan program SPSS 19.0 untuk mengetahui hubungan antara parameter
sifat kimia fisik (Clog P, fPSA, BM, CMR, Ei dan Rerank Score) sebagai variabel bebas
dengan parameter aktivitas antikanker (log 1/ICsy sitotoksik) sebagai varibel tergantung.
Berdasarkan persamaan HKSA yang diperoleh dari satu, dua dan tiga parameter, baik
linier maupun non linier, dipilih satu persamaan terbaik untuk mendapatkan aktivitas
optimal berdasarkan harga koefisien korelasi (r) dan signifikansinya (sig.). Persamaan
terbaik yang terpilih adalah persamaan HKSA tiga parameter, yaitu: Log 1/ICso =-0.096
(Clog P)* +0.814 Clog P + 0.014 PSA - 0.007 Eo - 4.642 (r=0.891; F =8.671; sig. =
0.004; n = 14). Dari persamaan terpilih dapat dijelaskan bahwa yang berpengaruh
terhadap aktivitas sitotoksik dari senyawa N-(alilkarbamotioil)benzamida dan turunannya
adalah sifat lipofilik (Clog P dan /PSA) dan sifat elektronik (Et), dan sifat lipofilik lebih
besar peranannya dibanding sifat elektronik.

Saran dari penelitian yang telah dilakukan adalah berdasarkan persamaan terbaik
HKSA tersebut dirckomendasi untuk disintesis dan dikembangkan lebih lanjut senyawa
turunan N-(alilkarbamotioil)benzamida sebagai calon obat antikanker yang bekerja
terhadap reseptor HER-2. Dan juga perlu dilakukan penelitian lebih lanjut tentang
senyawa turunan N-(alilkarbamotioil)benzamida sebagai calon obat yang berpotensi
sebagai terapi kombinasi untuk mengurangi terjadinya resistensi pada obat antikanker
payudara dengan HER-2 positif.
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SUMMARY

Structure Modification of N-(allylcarbamothioyl)benzamide and Quantitative
Structure-Cytotoxic Activity Relationship in MCF-7/HER-2 Breast Cancer Cells

Tri Widiandani

Breast cancer becomes one of the biggest causes of death in women across the
world. In this case, 30 percent events are caused by overexpression of HER-2 with less
favorable prognosis. In this research, the derivatives of N-(allylcarbamothioyl)benzamide
through the acylation reaction in NH> group from allylthiourea on benzoyl chloride and
its derivatives were developed. The compound N-(allylcarbamothioyl)benzamide and its
derivatives contain thiourea group as a pharmacophore that is needed for cytotoxic
activity. Compared to hydroxyurea, an anti-cancer drug that has been used clinically, this
derivative has better physico-chemical properties. Hydroxyurea has ClogP = -1.8, Eq = -
43.39 and CMR = 1.57; allylthiourea has ClogP = 0.08, E = -78.41 and CMR = 3.63;
whereas N-(allylcarbamothioyl)benzamide has ClogP = 2.04, Ew: = -34.74 and CMR =
6.64.

Modification in the chemical structure will cause a change in the physico-
chemical properties, namely: lipophilic, electronic and steric properties. Lipophilic
property is represented by ClogP, which especially influences the ability of the compound
in penetrating biological membrane; electronic property is represented by Etr, which
especially influences the process of interaction between the drug and the receptor and
influences the compound in penetrating biological membrane; steric property is
represented by MR (molar refractivity coefficient), which determines the interaction
congeniality between the compound molecules and the receptor.

In this research, the parent compound was made by reacting the allylthiourea with
benzoyl  chloride, = which  would form a  target compound  N-
(allylcarbamothioyl)benzamida. Then, twelve (12) derivatives with substituents or groups
in different positions in the benzene core of N-(allylcarbamothioyl)benzamide were
made. The groups and the positions are as follows: (1) —Cl group in the para position; (2)
—Cl group in the ortho position; (3) —CI group in the meta position; (4) two —Cl groups in
the ortho and para positions; (5) two —CI groups in the meta and para positions. —C1
group has the lipophilic property, thus it is expected to be able to penetrate the cell
membrane more easily. Likewise, its electronic property will strengthen the bond between
the compound and the receptor; (6) —Br group in the para position. This cluster has a
lipophilic property, thus it is expected to be able to improve the penetration of the cell
membrane. Besides, -Br group has electron withdrawal property comparable to —CI
group; (7) —F group in the para position. This group has lower electron withdrawal
property compared to —Cl group, and it has lower lipophilic property compared to —ClI
group; (8) —CH3s group in the para position, which has the lipophilic property, and is an
electron donor group that can influence the strength of the drug-receptor bond; (9) —OCHj3
group in the para position. This cluster has low lipophilic property, and is a large electron
donor; (10) -4-t-C4Ho group. This group has a high lipophilic property and is an electron
donor group that is a little higher than methyl group; (11) -NO- group in the para position.
This group makes the penetration of the cell membrane less large due to its low lipophilic
property, and this cluster is a very high electron acceptor; (12) —CF3 group in the para
position. This —CF; group has a huge lipophilic property and fairly high electron
withdrawal property. The addition of groups into the benzene core of N-
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(allylcarbamothioyl)benzamide will increase the lipophilic, electronic and steric
properties, and it is expected that its biological activity will improve as well.

To predict the activity of the compounds that will be synthesized, docking was
carried out by computation using the Molegro Virtual Docker program. The in silico test
between N-(allylcarbamothioyl)benzamide and its derivatives used human growth factor
receptor-2 (pdb. 3PP0) contained standard ligand, SYR127063. Then, it was compared to
hydroxyurea that contained urea group and lapatinib as an anti-breast cancer having been
used clinically. According to the computation of the bond energy obtained from the
preliminary research, which is showed by rerank score (RS), it was found out that the
hydroxyurea had RS = -35.5542, allylthiourea had RS = -53.2035, N-
(allylcarbamothioyl)benzamide had RS = -93.3816 and lapatinib had RS = -154.6920.
Lower bond energy shows more stable bond resulted, so the activity is predicted to be
larger as well. Based on the results of in silico test, it was figured out that the N-
(allylcarbamothioyl)benzamide is predicted to have bigger cytotoxic activity than the
allylthiourea and hydroxyurea, so it is suitable to be synthesized and developed further as
a lead compound.

The synthesis of the new derivatives of N-(allylcarbamothioyl)benzamide was
carried out through the acylation reaction of benzoyl chloride on the allylthiourea based
on the modified Schoten Baumann reaction. Allylthiourea had two nucleophile groups,
namely primary amine (-NHz) and secondary amine (-NH), which possibly had the ability
to attack C atom with a positive charge in the —C=0 group in the derivatives of benzoyl
chloride. The N atom in the primary amine (pKa = 15.2) had higher nucleophilic property
compared to the secondary amine (pKa = 14.8), so the N atom in the primary amine could
attack or substitute benzoyl chloride that produced the N-(allylcarbamothioyl)benzamide
derivatives more easily. After 12 (twelve) derivatives resulted from the modification were
obtained, purity test, identification and confirmation of derivative structure were
conducted using spectrometer IR, 'H-NMR, '*C-NMR and HRMS.

The cytotoxic activity test was conducted using MTT methods or 3-(4,5-
dimethylthiazol-2-il)-2-5-diphenyltetrazolium bromide in the human breast cancer line
cell, MCF-7 and MCF-7/HER-2, and its selectivity was tested against the normal cell,
Vero. Then, western blot test was conducted to figure out the expression of HER-2 in the
parent compound.

According to the results of the cytotoxic activity, it was found out that the BATU
and its 12 derivatives showed ICso value in the cell MCF-7 smaller than the starting
compound, allylthiourea, (ICso = 4305 uM) and hydroxyurea (ICso = 2793 uM). This
means that the BATU compound and its derivatives have cytotoxic activity in cell MCF-
7 higher than that of allylthiourea and hydroxyurea. However, when being compared to
the lapatinib (ICso = 160 uM), the BATU compound and its derivatives had higher ICso
value, meaning that the cytotoxic activity was still lower than lapatinib in MCF-7 cell.
Similarly, in the MCF-7/HER-2 cell, the BATU and its 12 derivative compounds showed
lower 1Cso value compared to the allylthiourea (ICso = 3171 uM) and hydroxyurea (ICso
= 2006 uM). This means that the BATU and its derivatives had cytotoxic activity in the
MCF-7/HER-2 cell higher than that of allylthiourea and hydroxyurea. If it is compared to
the lapatinib, the BATU-11 namely N-(allylcarbamothioyl)-4-nitrobenzamide had 1Cso
values in MCF-7/HER-2 is close to the ICso value of lapatinib.

According to the results of cytotoxic activity, it was found out that the twelve
derivatives of BATU showed cytotoxic activity in MCF-7/HER-2 higher than that in
MCF-7. This means that the compound BATU and its derivatives work specifically to
MCF-7 which is overexpressed by HER-2.
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From the results of the selectivity test on the normal cell, Vero, the BATU
compound and its derivatives showed selectivity value 10 times to 8.990 times more
selective in the MCF-7 cell and 24 times to 20.001 times more selective in the MCF-
7/HER-2 cell. Thus, according to the results of selectivity test on Vero cell, it was figured
out that the BATU ad its derivatives is more selective in the cancer cell target or non-
toxic in normal tissues.

Based on the results of the analysis of the expression of HER-2 using the western
blot methods, it was proven that the BATU compound works by improving the expression
of HER-2 and inactivating the transcription factor NF-kB in the nucleus. Thus, the
expression of proteins that play a role in cell proliferation becomes inhibited.

According to the relationship between in silico test on the receptor HER-2 (3PP0)
and cytotoxic activity using MCF-7 and MCF-7/HER-2 cells, it was figured out that there
is a linear correlation in the in vitro cytotoxic activity test using MCF-7/HER-2 cell with
r value closer to one (r = 0.799; sig.= 0.001; S = 0.290; F = 10.263) compared to the
cytotoxic activity test using MCF-7 cell (r = 0.679; sig.= 0.008; S = 0.252; F = 21.0202).

The analysis of quantitative structure-activity relationship was conducted to figure
out the parameters of the physico-chemical properties of the compounds playing a role in
the cytotoxic activity by working through the HER-2. The equation of the quantitative
structure-activity relationship was determined through regression analysis using program
SPSS 19.0 to figure out the relationship between the parameters of physico-chemical
properties (ClogP, /PSA, BM, CMR, E and Rerank Score) as the independent variables
and the parameters of anti-cancer activity (cytotoxic log 1/ICso) as the dependent
variables. Based on the quantitative structure-activity relationship equation obtained from
one, two and three parameter(s), both linear and non-linear, the best equation was selected
to get the optimum activity based on the correlation coefficient value (r) and significance
value (sig.). The best equation selected was the three-parameter quantitative structure-
activity relationship equation, namely Log 1/ICsp = -0.096 (ClogP)* + 0.814 ClogP +
0.014 /PSA - 0.007 Etor - 4.642 (r=0.891; F = 8.671; sig. = 0.004; n = 14). According
to the selected equation, it can be explained that the ones influencing the cytotoxic activity
of the N-(allylcarbamothioyl)benzamide and its derivatives are the lipophilic property
(ClogP and rPSA) and the electronic property (E:), and the lipophilic property had bigger
role than the electronic property.

The suggestion of the research having been conducted is that based on the best
quantitative structure-activity relationship equation, it is recommended that the N-
(allylcarbamothioyl)benzamide derivatives are synthesized and developed further as a
prospective anti-cancer drug that works on the HER-2 receptor. A further study on the N-
(allylcarbamothioyl)benzamide derivatives as a prospective drugs that has the potential
to be used as the combined therapy for reducing the resistance toward anti-cancer drug
for breast cancer with HER-2 overexpression should be conducted.
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ABSTRACT

Structure Modification of N-(allylcarbamothioyl)benzamide and Quantitative
Structure-Cytotoxic Activity Relationship in MCF-7/HER-2 Breast Cancer Cells

Tri Widiandani

Breast cancer with HER-2 overexpression is sensitive to drug targeting the
receptor or its kinase activity, although anti-HER-2 therapies have improved patient
outcome, but resistance ultimately occurs. In this present study, we investigated a
modification of the chemical structure of allylthiourea in order to enhance the cytotoxicity
effect on human breast cancer cell lines and its protein expression in HER-2.

The aims of this study are to modify allylthiourea and evaluate their activity by
using in silico and in vitro method. The thirteen (13) compounds: N-
(allylcarbamothioyl)benzamide; N-(allylcarbamothioyl)-4-chlorobenzamide; N-
(allylcarbamothioyl)-3-chlorobenzamide;  N-(allylcarbamothioyl)-2-chlorobenzamide;
N-(allylcarbamothioyl)-3,4-dichlorobenzamide; N-(allylcarbamothioyl)-2,4-dichloro
benzamide;  N-(allylcarbamothioyl)-4-bromobenzamide = N-(allylcarbamothioyl)-4-
fluorobenzamide N-(allylcarbamothioyl)-4-methylbenzamide; N-(allylcarbamothioyl)-4-
methoxybenzamide; N-(allylcarbamothioyl)-4-tert-buthylbenzamide; N-
(allylcarbamothioyl)-4-nitrobenzamide; N-(allylcarbamothioyl)-trifluoromethyl
benzamide were synthesized by Schotten-Baumann reaction with benzoyl chloride
derivatives. The structures of the compounds were confirmed by using IR, 'H-NMR, '*C-
NMR and MS spectroscopic methods.

The virtual screening was carried out through docking of the compounds into the
binding site of human growth factor receptor (HER-2), with PBD code: 3PPO0 to predict
their’s activity as anticancer. /n silico study was performed by using MVD ver. 5.5. All
the synthesized compounds have a smaller Rerank Score than lead compound and also a
commercially available anticancer drug, hydroxyurea. The small RS value implied a
molecular bond that was stable and predicted had high biological activity.

Biological evaluations were conducted on MCF-7 and MCF-7 cells with
overexpressing HER-2 is using MTT assay and western blot. The result showed the
BATU performed cytotoxicity effects on MCF-7/HER-2 cell line higher than on MCF-7
cell lines. In addition, all derivatives also performed cytotoxicity effects on MCF-7 and
MCF-7/HER-2 higher than allylthiourea as a lead compound. This finding also confirmed
that The N-(allylcarbamothioyl)benzamides can effectively enhance the cytotoxicity
effect against MCF-7/HER-2 through enhanced HER-2 expression and inhibition of NF-
kB activation.

Based on the QSAR, it can be concluded that there is a linear relationship
between in silico (RS) and in vitro cytotoxic activity against cell line MCF-7/HER-2.
And as the best QSAR equation is an equation with three parameters: Log 1/ICsy = -0.096
(Clog P)*+ 0.814 Clog P + 0.014 fPSA - 0.007 Eq - 4.642. From the selected equation can be
explained that the effect on the cytotoxic activity of the N-(allylcarbamothioyl)benzamide
and its derivatives are lipophilic (Clog P and rPSA) and electronic (Ew:) properties.

Keywords: N-(allylcarbamothioyl)benzamide derivatives, cytotoxicity, in silico,
synthesis, MCF-7, HER-2, QSAR
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