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Abstract: Naphthoquinones are medicinally important molecules with a diverse array of biological
properties such as antimicrobial, antifungal, antiviral, anti-inflammatory, anti-artherosclerotic and
anticarcinogenic activities. In this study, we report the simple and direct preparation of a new group of
novel menadione-hydrazone conjugates by reaction of 2-methyl-1,4-naphthoquinones with several
aliphatic, aromatic and nucleobase hydrazides. The menadione-hydrazone conjugates were produced in
excellent yields and characterized by IR, NMR and HRMS. The menadione derivatives were tested for
their anticancer effects against human colon cancer HCT116 and human breast cancer MCF-7 cell
lines. Interestingly, the molecules displayed disparate activities against both cell lines; the menadione
hydrazones derived from the lipophilic myristic hydrazide and stearic hydrazide exhibited the most
potent activity against HCT116 cell lines with IC50 of 89 and 64 uM. The most effective compounds
against MCF-7 cells were the lauric hydrazide and benzoic hydrazide-derived menadione hydrazones
with IC50 of 56 uM.

Keywords: 2-methyl-1,4-naphthoquinone; menadione; acylhydrazone; pyrimidine nucleobase; purine
nucleobase. © 2017 ACG Publications. All rights reserved.

1. Introduction

Naphthoquinones are molecules isolated from plants and have been utilized in the
treatment of a multitude of illnesses and ailments." A multitude of naturally occurring
naphthoquinones reportedly exhibit a diverse array of biological activities including
fungicidal,2 antibacterial,3 antiviral,' antimalarial,’ anticancer,"*'* in addition to effects that
counter inflammation" and artherosclerosis.'*
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The naphthoquinone (NQ) core 1 possesses redox properties and generally serves as
key links in electron transport processes in the metabolic pathway and in multiple biological
oxidative reactions. Vitamin K, vitamin E, and coenzyme Q, for example, participate in
biological processes involving electron transport, blood clotting and oxidative
phosphorylation."
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Figure 1. Several quinone derivatives

Our interest in naphthoquinones was heightened by research we have conducted on a
related project involving the synthesis and activity of thymoquinone derivatives. The black
seed (NVigella Sativa) is the source of thymoquinone 2 (Figure 1) (TQ), an emerging natural
medicinal compound with powerful antiproliferative, antioxidant, cytotoxic and anti-
inflammatory activities.'®*' Recently, hydrazone derivatives of TQ were synthesized by the
reaction of TQ with long chain unsaturated hydrazides. The resultant hydrazones 3 also
showed anti-cancer activity.”> Furthermore, work done by Schobert et al. reported that the
inclusion of acylgydrazones derived from alkenyl groups of fatty acids at carbon-4 of the
2%uinone ring greatly enhanced the anticancer activity of TQ against resistant cancer cell lines.

In general, hydrazones represent an interesting class of organic compounds as
substrates for pyrazoles, triazoles, triazines, oxadiazoles and other heterocyclic compounds
and as biologically important molecules themselves. Hydrazones have been reported to
possess anti-inflammatory, analgesic, anticonvulsant, antituberculous, antitumor, anti-HIV
and antimicrobial activity.>>*

We aimed to prepare a series of NQ hydrazones derived from menadione (2-methyl-
1,4-naphthoquinone) 4 (Figure 1), based on the reaction of menadione with several saturated
and unsaturated hydrazides. Menadione acts as the central moiety of Vitamin K and is
essential for several biological processes including blood coagulation, bone metabolism and
cell growth.” The methyl group in the carbon-2 position of the quinone ring is reportedly
essential for in vitro and in vivo activity” and may enhance the lipophilicity and cell
permeability of this and related compounds. In this research, we postulated that the synthesis
of related hydrazones could also increase the biological activity of the parent naphthoquinone
molecule. We chose various short chain and long chain aliphatic hydrazides in addition to
aromatic and purine and pyrimidine-derived hydrazides. Many pyrimidine and purine
nucleobases such as clofarabine, vidaza, nelarabine, fludrabine, cladribine and gemcitabine
are employed for the clinical treatment of hematological cancers and solid tumors.”' ™
Although there have been significant advances in the design and development of anticancer
therapeutics, the synthesis of new nucleoside-based drugs for treating tumors continues to be
a cardinal and far-reaching research objective.
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2. Experimental

2.1. Materials and Apparatus

Melting points were determined on a DigiMelt apparatus and were uncorrected. NMR
spectra were determined in deuterated solvents with TMS as the internal standard on a Bruker
AM 500 NMR spectrometer. Chemical shifts are reported in ppm (6) downfield relative to
TMS. Coupling constants were reported in hertz (Hz). Infrared spectra were recorded as KBr
pellets using a Nicolet AVATAR 360 FTIR ESP spectrometer with a Hewlett Packard Desk
jet 840C plotter and Thermo Scientific iD5 Diamond ATR for Nicolet iS5 FT-IR
Spectrometer. The IR bands are reported as wave numbers (cm™). High-resolution mass
spectra (HRMS) were recorded on a Waters SYNAPT G2-Si high definition mass
spectrometer in positive electrospray ionization (ESI+) mode. Thin layer chromatography
(TLC) was performed on polygram Sil G/UV254 silica gel sheets (used directly as received).
Column chromatography employed ALDRICH silica gel (60A, 230-400 mesh). Reagents
used for synthesis were purchased from the Aldrich Chemical Company (Milwaukee, WI) and
ACROS Chemicals.'H and *C NMR, and HRMS spectra of compounds are provided in the
Supporting Information.

2.2. General Procedure for the Synthesis of 6a-m:

A solution of alkyl or aromatic hydrazide (5-100 mmol), 2-methyl-[1,4]-
naphthoquinone (1 equiv, 5-100 mmol) and a few drops of TFA was placed in a sealed tube in
ethanol (10-50 ml) and stirred for 24 (or 72) hours at 90°C. The reaction mixture was
subsequently cooled to room temperature and the precipitate was filtered and washed with
cold ethanol and dried in a vacuum oven at 50°C to afford the desired hydrazone as a solid.

N'-(3-methyl-4-oxonaphthalen-1(4H)-ylidene)pentanehydrazide (6a): Yellow solid, 76%
yield, m.p: 243~245°C. '"H NMR (500 MHz, CDCl;): & 0.98-1.01 (t, 3H, CHs); 1.48-1.5 (m,
2H, CH,); 1.62 (s, 3H, CH;); 1.78-1.8 (m, 2H, CH,); 2.94-2.97 (t, J = 7.5 Hz, 2H, CH,); 7.54-
8.28 (m, 5H, Hy,); 10.94 (s, 1H, NH). °C NMR (500 MHz, DMSO-dy): 8 13.9 (CH3-4);
17.18 (CH;-b); 22.51, 26.5, 30.9, 32.4 ([CH,]; 1-2-3); 122.2, 123.1, 126.3, 129.4, 1324
(5CHy, a-c-d-e-f); 134.8 (Ca,); 137.4 (C=N); 141.9 (Cay); 177.9 (C=0 amige); 185 (C-O ketone);
207.0 (Ca;) FTIR (cm™): 700m, 770s, 1171m, 1287m, 1398m, 1637s, 1668s, 3050w. HRMS
(ESI", MeOH): Found: m/z 271.1447 [(M+H) ], C,¢H,oN,O, requires 271.1445.

N'-(3-Methyl-4-oxonaphthalen- 1 (4H)-ylidene)octanehydrazide (6b): Yellow solid, 65% yield,
m.p. 209-212°C. "H NMR (500 MHz, CDCls): & 0.89 (t, J = 6.9 Hz, 3H), 1.30-1.83 (m, 10H),
2.27 (s, 3H), 2.94 (t, J = 7.5 Hz, 2H), 7.55 (t, J = 7.5 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.88
(s, 1H), 8.18 (d, J = 7.9 Hz, 1H), 8.27 (d, J = 8.0 Hz, 1H), 11.06 (s, 1H); °C NMR (125 MHz,
CDCl3-d6): 6 14.0; 17.0, 22.6, 24.4, 24.7, 31.6, 32.7, 32.9, 122.4, 122.5, 123.1, 126.4, 129.4,
132.4, 134.9, 137.6, 141.0, 178.0, 185.1; FTIR (cm™): 2849, 2926, 1670, 1641, 1560, 1542,
1466, 1399, 1376, 1332, 1288, 1242, 1203, 1171, 1078, 1017, 952, 889, 867, 773. Mass
spectrum (ESI-, C18 column, 50% MeOH / 50% DI): m/z calcd for Ci9H,3N,O, [(M-H)]
311.2, found 311.0. HRMS (ESI', MeOH): Found: m/z 313.1916 [(M+H)'], C;sH,sN,0,
requires 313.1915.

N'-(3-Methyl-4-oxonaphthalen-1(4H)-ylidene)undec-10-enehydrazide (6¢): Yellow solid,
67% yield, m.p. 187-190°C. '"H NMR (500 MHz, CDCls): § 1.31-1.82 (m, 14H), 2.26 (s, 3H),
2.95 (t, J =7.5 Hz, 2H,), 4.96 (m, 2H), 5.80 (m, 1H), 7.55 (t, J =7.5Hz, 1H), 7.64 (t, J =
8.3Hz, 1H), 7.88 (s, 1H), 8.18 (d, J= 7.9 Hz, 1H), 8.26 (d, J = 8.0 Hz, 1H), 11.08 (s, 1H); °C
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NMR (125 MHz, CDCL): 6 14.1, 17.1, 22.6, 24.5, 24.9, 31.8, 31.9, 32.8, 33.8, 114.3,123.0
123.2, 126.5, 129.3, 130.7, 132.5, 134.7, 137.8, 139.2, 141.0, 176.5, 185.3; FTIR (cm™):
1679, 1643, 1601, 1546, 1442, 1391, 1288, 1242, 1078, 907, 892, 769, 740, 696. Mass
spectrum (ESI-, C18 column, 50% MeOH / 50% DI): m/z calcd for C,HyN,O, [(M-H)]
351.2, found 351.0. HRMS (ESI’, MeOH): Found: m/z 353.2229 [(M+H)], C»HN,0,
requires 353.2230.

N'-(3-Methyl-4-oxonaphthalen-1(4H)-ylidene)dodecanchydrazide (6d): Yellow solid, 64%
yield, m.p. 189-191°C. "H NMR (500 MHz, CDCL): § 0.87 (t, J = 6.9 Hz, 3H), 1.27 - 1.81
(m, 18H), 2.27 (s, 3H), 2.95 (t, J= 7.5 Hz, 2H), 7.55 (t, J= 7.5 Hz, 1H), 7.64 (t, J= 7.6 Hz,
1H), 7.89 (s, 1H), 8.18 (d, J= 7.9 Hz, 1H), 8.26 (d, J = 7.6 Hz, 1H), 11.12 (s, 1H); *C NMR
(125 MHz, CDCly): 6 14.1, 17.1 ,22.7, 24.5, 29.4 (x2), 29.5, 29.6 (x2), 29.7, 31.9, 32.8, 122.8,
123.1, 126.4, 129.4, 132.3, 134.9, 137.7, 130.7, 140.9, 178.4, 185.1; FTIR (cm™): 2988, 2918,
2851, 1682, 1643, 1387, 1252, 1235, 1171, 1078, 1066, 1057, 892, 767, 695. Mass spectrum
(ESI-, C18 column, 50% MeOH / 50% DI): m/z caled for C,3H;N,O, [(M-H)] 367.2, found
367.3. HRMS (ESI", MeOH): Found: m/z 369.2542 [(M+H)"], C,3H33N,0, requires 369.2540.

N'-(3-Methyl-4-oxonaphthalen-1(4H)-ylidene)tetradecanehydrazide (6e): Yellow solid, 60%
yield, m.p. 180-182°C. 'H NMR (500 MHz, CDCLy): & 0.87 (t, J = 6.8 Hz, 3H), 1.25-1.83 (m,
22H), 2.27 (s, 3H), 2.95 (t, J = 7.5 Hz, 2H), 7.55 (t, J= 7.5 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H),
7.89 (s, 1H), 8.18 (d, J= 7.9 Hz, 1H), 8.26 (d, J=7.9 Hz, 1H), 11.11 (s, 1H); *C NMR (125
MHz, CDCly): & 14.1, 17.1,22.7, 24.5, 29.4 (x2), 29.5, 29.6,29.7 (x3), 30.9, 31.9, 32.8, 122.7,
123.1, 126.4, 129.4, 132.4, 134.9, 137.6, 130.7, 140.9, 178.2, 185.1; FTIR (cm™): 2917, 2850,
1682, 1643, 1602, 1548, 1442, 1388, 1286, 1260, 1245, 1225, 1171, 1155, 1115, 1078, 1031,
952, 892, 767. HRMS (ESI", MeOH): Found: m/z 397.2855 [(M+H)'], C2sH3;N,0, requires
397.2852.

N'-(3-Methyl-4-oxonaphthalen-1(4H)-ylidene)stearohydrazide (6f): Yellow solid, 79% yield,
m.p. 166-169°C. "H NMR (500 MHz, CDCls): & 0.88 (t, J = 6.8 Hz, 3H), 1.25-1.81 (m, 30H),
2.26 (s, 3H), 2.95 (t, J = 7.5 Hz, 2H), 7.54 (t, J = 7.8 Hz, 1H), 7.65 (t, J = 7.3 Hz, 1H), 7.82
(s, 1H), 8.18 (d, J=7.8 Hz, 1H), 8.27 (d, J = 7.9 Hz, 1H), 10.88 (s, 1H); *C NMR (125 MHz,
CDCly): 6 14.1, 17.2, 22.6, 22.7 (x2), 24.4, 24.5 (x2), 29.4 (x2), 29.5 (x2), 29.7 (x2), 31.9
(x2), 32.8 (x2), 121.8, 123.1, 126.4, 129.5, 132.5, 137.3, 134.8, 130.6, 141.1, 177.5, 185.1;
FTIR (cm™): 2917, 2849, 1681, 1644, 1602, 1548, 1467, 1289, 1259, 1245, 1229, 1171, 1076,
767, 719, 695. Mass spectrum (ESI+, C18 column, 50% MeOH / 50% DI): m/z calcd for
CoHuN,0, [(M+Na)'] 475.3, found 475.3. HRMS (ESI', MeOH): Found: m/z 453.3481
[(M+H)"], CyH4sN,O, requires 453.3480. C,0H44N,O, caled C, 76.95; H, 9.80; N, 6.19%;
found C, 76.728; H, 9.776; N, 6.200%.

N'-(3-Methyl-4-oxonaphthalen-1(4H)-ylidene)benzohydrazide (6g): Yellow solid, 63% yield,
m.p. 244-247°C. "H NMR (500 MHz, DMSO-d,): & 2.13 (s, 3H), 7.56-8.24 (m, 9H), 8.24 (s,
1H,), 12.02 (s, 1H); "C NMR (125 MHz, DMSO-ds): & 17.0, 123.9, 125.2, 125.8, 126.1,
128.7, 129.2, 130.0, 130.5, 132.5, 133.1, 133.9, 135.2, 135.4, 139.3, 140.7, 165.5, 184.9;
FTIR (cm™): 2988, 2901, 1652, 1638, 1598, 1445, 1331, 1312, 1286, 1169, 1066, 950, 891,
769, 708, 698, 657. Mass spectrum (ESI-, C18 column, 50% MeOH / 50% DI): m/z calcd for
CisHisN,O,  [(M-H)T 289.1, found 288.9. HRMS (ESI', MeOH): Found: m/z 291.1134
[(M+H)"], CsH,sN,0, requires 291.1132. C;sH4N,O, caled C, 74.47; H, 4.86; N, 9.65%;
found C, 74.343; H, 4.878; N, 9.684%.

2-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-N'-(3-methyl-4-oxonaphthalen- 1 (4H)-

ylidene)acetohydrazide (6h): Yellow solid, 91% yield, m.p. >260°C. '"H NMR (500 MHz,
DMSO-dy): & 2.10 (s, 3H, CHs-b); 4.7, 5.12 (s, 2H, CH,); 5.60-5.65 (d, J = 6.5 Hz, 1H-1);
7.64-8.33 (m, 6H, Hy,); 11.40 (s, 1H, NH-5), 12.26 (s, 1H, NH-3). *C NMR (500 MHz,
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DMSO-dg): 6 17.1 (CH;-b), 49.6 (CH,-4), 101.3, 123.8, 124.4, 126.1, 130.1 ([CHa,]5), 130.4
(Cap); 133.2 (CHy,); 134.6, 137.5, 140.0 ([(Car)s]; 146.8 (CHy,), 151.6, 164.3, 170.7, 184.7
([C=0],). FTIR (neat): 534w, 1169w, 1268m, 1395m, 1409m, 1598m, 1638s, 1685s, 3191m,
3445s. HRMS (ESI', MeOH): Found: m/z 339.1093 [(M+H)'], C;sH;sN,O, requires
339.1094. LCMS (ESI', C18 column, 75% MeOH / 25% H20): m/z [M-H'] calcd for
C,7H5N40, 337.1, found 337.0. HRMS (ESI', MeOH): Found: m/z 339.1094 [(M+H)'],
Cy7H,5N,O4 requires 339.1093.

3-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-N'-(3-methyl-4-oxonaphthalen- 1 (4H)-
ylidene)propanehydrazide (6i): Yellow solid, 73% yield, m.p. >260°C. '"H NMR (500 MHz,
DMSO-dg): 6 2.09 (s, 3H, CH;-b); 3.32 (m, 2H, CH,); 4.02 (m, 2H, CH,-4); 5.53 (d, J = 8.0
Hz, 1H-2); 7.61-8.27 (m, 6H, H,,). °C NMR (500MHz, DMSO-d,): § 16.6 (CH;-b); 31.6
(CH,-5); 44.0 (CH,-4); 100.1, 100.5 (CHa, [1-2]); 123.1 (CHg,); 124.0 (CHp-a); 125.5,
129.3, 129.8 ([CHal5]; 132.6 (CHa, -1); 138.8 (Cay); 142.1 (Chyy); 146.3 (CHay); 150.8, 151.4,
163.7, 164.3, 184.2 ([C=0],).FTIR (cm™): 1167w, 1267m, 1388w, 1422w, 1551w, 1644m,
1686s, 3028m. HRMS (ESI', MeOH): Found: m/z 353.1250 [(M+H)"], CsH;,N4O; requires
353.1245. LCMS (ESI, C18 column, MeOH 75% / H,O 25%): m/z calcd for CisH;sN4O4
[(M-H)] 351.1 found 350.9. HRMS (ESI', MeOH): Found: m/z 353.1249 [(M+H)],
CsH7N4O4 requires 353.1250.

2-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-N'-(3-methyl-4-oxonaphthalen- 1 (4H)-
ylidene)acetohydrazide (6j): Yellow solid, 85% yield, m.p. > 260°C. '"H NMR (500 MHz,
DMSO-dg): 6 1.79 (s, 3H, CH;-1); 2.11 (s, 3H, CH;-b); 5.05 (s, 2H, CH,-4); 7.55-8.32 (m,
6H, Hy,); 11.43 (s, 1H, NH-5); 12.21 (s, 1H, NH-3). DEPT (500 MHz, DMSO-dy): & 12.3
(CH3-1); 17.1 (CH;3-b); 49.4 (CHy-4); 123.8, 124.3, 126.1, 130.2, 133.3, 142.7([CHa]s).
FTIR: 550w, 775w, 1280m, 1410m, 1595m, 1595m, 1680s, 3200m. HRMS (ESI", MeOH):
Found: m/z 353.1245 [(M+H)'], C,sH;;N4O4 requires 353.1250. C,sH,sN,O, calcd: C, 61.36;
H, 4.58; N, 15.90%; found C, 61.24; H, 4.63; N, 15.70%.

3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin- 1(2H)-yl)-N'-(3-methyl-4-oxonaphthalen-1(4H)-
ylidene)propanehydrazide (6k): Yellow solid, 82% yield, m.p. 252-255°C. '"H NMR (500
MHz, DMSO-d6): 6 1.71 (s, 3H, CHj3); 2.09 (s, 3H, CH3); 3.99 (m, 2H, CH,); 3.59 (m, 2H,
CH,) 7.55-8.26 (m, 6H, Hy,); 11.22 (s, 1H, NH-6); 11.90 (s, 1H, NH-3)."C NMR (500 MHz,
DMSO-d6): & 12.0 (CHs-1); 16.6 (CHs-b); 31.8 (CH,-5); 43.9 (CHy-4); 108.0 (Cyy); 122.2,
124.4 ([CHa.2);, 125.3 (CHp-a); 129.3 (CHy,); 129.8 (Cay); 132.6 (CHy,); 134.4 (Cyy); 136.1
(C=N); 138.9 (Car); 141.3 (CHar); 150.4 (C=Oxetone); 164.2 (C=Okeione); 173.9 (C=Oamige);
184.2 ([C=OJketone)- FTIR (cm™) 695m, 759m, 912m, 1163m, 1212m, 1283m, 1363m, 1478w,
1683s, 3000w, 3700w cm’'. HRMS (ESI', MeOH): Found: m/z 367.1406 [(M+H)],
CoH9N4O4 requires 367.1407. LCMS (ESI+, C18 column, 75% MeOH / 25% H,0): m/z
caled for CoH;;N,O4 [(M-H)] 365.1, found 364.9. HRMS (ESI+, MeOH): Found: m/z
367.1407 [(M+H)'], C,oH;sN4O, requires 367.1406.

3-(4-amino-2-oxopyrimidin-1(2H)-yl)-N'-(3-methyl-4-oxonaphthalen-1(4H)-ylidene)-
propanehydrazide (61): Yellow solid, 70% yield, m.p. >260°C. '"H NMR (500 MHz, DMSO-
ds): 6 2.10 (s, 3H, CH;-b); 3.20 (m, 2H, CH,-5); 3.97 (m, 2H, CH,4); 5.63 (d, J = 7.0 Hz,
1H, Hy,); 7.02 (m, 2H, NH,-3); 7.60-8.24 (m, 6H, H,,); 11.66, 11.91 (s, 1H, NH-6). °C NMR
(500 MHz, DMSO-dg): 6 17.0 (CH;-b); 32.3 (CH,-5); 45.6 (CH,-4); 95.6 (CHy, -1); 123.6
(C=N); 123.8 (Cap); 124.5 (CHay); 126.6 (CHa- a); 129.8 (CHay); 130.3 (Cay); 133.2 (CHay);
134.3, 136.5, 139.3 ([Ca:l3); 147.3(CHy, -2); 156.1 (C=Oketone); 166.3 (C=Oymice); 184.7
([C=Olketone)- FTIR (cm™): 796m, 1220m, 1280w, 1300m, 1495s, 1610s, 1663s, 3100w.
HRMS (ESI', MeOH): Found: m/z 352.1410 [(M+H) "], C,sH,sN5O5 requires 352.1409.
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3-(6-amino-9H-purin-9-yl)-N'-(3-methyl-4-oxonaphthalen- 1 (4H)-ylidene)propanehydrazide
(6m):

Yellow solid, 65% yield, m.p. 253-255°C. "H NMR (500 MHz, DMSO-dy): & 2.08 (s, 3H,
CHs-b); 3.43 (m, 2H, CH,); 4.35, 4.51 (t, J= 6.5 Hz, 2H, CH,); 7.19 (bs, 2H, NH,-3); 7.61-
8.23 (m, 7H, Hy,); 11.63, 11.95 (s, 1H, NH-6). °C NMR (500MHz, DMSO-d;): § 16.5 (CH3);
32.5 (CHy); 66.2 (CHy); 118.6, 123.5, 124.9, 128.7, 132.0, 140.4 (C=N); 151.7, 155.3
([C=01,). FTIR (cm™): 642s, 1168s, 1253m, 1285s, 1394m, 1650s, 3171s. HRMS (ESI’,
MeOH): Found: m/z 376.1522 [(M+H)'], C;oHsN;O, requires 376.1523. LCMS (ESI’, C18
column, MeOH 75% / H,O 25%): m/z calcd for CoH;¢N-O, [(M-H)] 374.1, found 374.0.
HRMS (ESI', MeOH): Found: m/z 376.1523 [(M+H)'], C,0HsN;O, requires 376.1522.

2.2. Biologigal Assay

The biological assay was conducted according to the procedure described in the
literature.** and is presented below.

2.2.1. Cell Culture

HCT116 p53+/+ human colon cancer cells and MCF-7 (p53+/+, noninvasive) human
breast cancer cell lines were cultured in RPMI 1640 (Sigma-Aldrich, UK) with 20mM
HEPES and L-Glutamine at 37°C in a humidified atmosphere of 5% CO, and 95% air. Media
was supplemented with 1% Penicillin-Streptomycin (100 U/ml) and 10% heat-inactivated
FBS (Sigma-Aldrich, Germany), 1% non essential amino acids and 1% of Na pyruvate.

2.2.2. Cell Viability Assays

The cells were seeded at 12x10° cells/well in 96-well plates and treated with different
concentrations of compounds 6a-j for 24 h. Control cells were treated with 6a-m such that the
concentration of DMSO was less than 0.3%. The inhibition of cell viability (expressed as
percentage of control) was measured by the Cell Titer 96 non-radioactive cell proliferation kit
(Promega Corp, Madison, Wisconsin, USA). This assay is an MTT based method that
measures the ability of metabolically active cells to convert tetrazolium salt into a blue
formazan product, and its absorbance is recorded at 595 nm. Each value is the mean =SD of
two separate experiments each done in triplicates. The ICs, represents the concentration at
which 50% of the cells are viable.

3. Results and Discussion

3.1. Chemistry

Menadione, 2-methyl-1,4-naphthoquinone 4, undergoes reaction with acylhydrazides
S5a-m via a nucleophilic addition reaction. Preparation of the desired menadione
acylhydrazone derivatives 6a-m was achieved by a condensation reaction between menadione
4 and several aliphatic, aromatic and pyrimidine and purine nucleobase hydrazides. The
reactant acylhydrazides were synthesized from the esters 7a-m by an established literature
procedure that involves the reaction of hydrazine hydrate in methanol with a catalytic amount
of trifluoroacetic acid.”>>’ The resultant hydrazides were then reacted with menadione in
ethanol with a few drops of trifuluoroacetic acid at reflux for 24 (or 72) hours (Figure 2)
using the conventional condensation method.*®*° The product hydrazones 6a-m were isolated
as pure crystalline solids in good to excellent yields.
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Figure 2. Scheme showing synthesis of acylhydrazones of menadione
Table 1. Synthesis of menadione acylhydrazone derivatives
Hydrazide Reaction m.p. (°C) Molecular
Product Yield
(RCONHNH,) Time Formula
O
6a 24h  76% = 243-245 Ci6H1sN,O,
\/\)J\NHNHZ
O
6b Ci9Hx4N,O
M NHNH, 24h 65% 209212 7
O
6 s 24h 67%  187-190  CypHyN,0,
> "NHNH,
O
6d 24h  64% 189-191 CyH;3;N,O
/H()\)J\NHNHQ ° 2H3:N20;
O
6e WJ\NHNHQ 24 h 60% 180-182 C25H36N202
0O
6f /H]\S)LNHNHQ 24h  79% 166-169 CyoH44N, O,
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Table I Continued...

6g NHNH2 24 h 63% 244-247 C18H14N202

— }NHNHz
6h O:(_\N 24 h 91% > 260 C17H14N404

(@)
ﬂo
6i O:(_\N NHNH> o4y 73% > 260 C,sHN4O,
i
(@)

0
— }NHNHZ
6j (@) N 72 h 85% > 260 CisHi¢N4O4

(0]
6k 0 N NﬂNHNHZ 24h 82% 252-255 CioHsN4Oy4
i
0

o)

61 HZNA(:\ ﬂNHNHZ 72 h 70% > 260 CgH7N503

\ _<\N
N
0
0
N=\
6m - NﬁN NHNH, 24 h 65% 253-255 Ci9oH7N50,
2
\
NN

The novel menadione hydrazones 6a-m were identified and fully characterized by IR,
'H NMR, "C NMR, 2D NMR spectroscopy and HRMS. The formation of the acylhydrazone
functional group was supported by characteristic IR stretching frequencies in the range of
1680-1699 and 1645-1650 cm™, which represent C=0 and C=N groups respectively.*

An interesting common detail of the NMR spectra of the acylhydrazones 6a-m is the
appearance of a single set of proton and carbon resonance signals, despite the possible
formation of regioisomers and the usual existence of isomers about the imine-like C=N bond.
The fact that hydrazones can exist as geometric E/Z-isomers about the C=N double bond and
as cis/trans-amide conformers means that overall, the acylhydrazone derivatives 6a-m can
exist in four possible forms: two rotameric forms for each geometrical isomer as shown in
Figure 3.*'™* The presence of a single set of NMR signals in de-DMSO indicates that only
one geometric isomer and rotameric form exists in solution.
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Figure 3. The possible isomeric and conformational structures of the product hydrazones

Structural elucidation was supported by a 2D NMR-NOESY spectrum of several
menadione hydrazone products. Here the spectrum for the benzoic derivative 6g shows a
spatial interaction between the hydrazone NH and the vinylic hydrogen of the
naphthoquinone moiety (Figure 4). Expectedly, a spatial interaction between the NH and the
methyl hydrogens was not observed.

HA18/DMSO

ja— @ ]
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P
—
cH = 5

C%- [}
T T T T T T T T T T
13 12 1 10 92 8 T ] 5 4

Figure 4. NOESY spectrum of 6g

We postulated that the hydrazide coupled to the less hindered carbonyl carbon and
has a conformation similar to 1a. This is consistent with the electronic effect whereby
protonation of the menadione from the less hindered carbonyl carbon leads to a more stable
tertiary allylic carbocation. However, protonation from the more hindered side leads to a less

stable secondary allylic carbocation (Figure 5).
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Figure 5. Structures of protonated menadione

The NOESY spectrum, which showed a spatial interaction between the hydrazone
NH and the vinylic hydrogen and aromatic hydrogen, supported formation of the E-
geometrical isomer and trans-conformer. This is consistent with multiple literature reports
which state that the E-isomer is the predominant form in solution due to hindered rotation
about the imine bond.*'*

Table 2. ICs5, Values (uM) of acylhydrazones 6a-m

Compounds HCT116 MCF-7
6a 300+2.5 71£2.5
6b 119+3.6 269 +9.4
6¢ 294+9.5 90+2.6
6d 75+6.4 56+6.4
6e 89+3.1 100+1.2
6f 64+8.1 62+3.4
6g 179+5.6 56+2.6
6h 438 £5.6 250+4.8
6i 179+4.5 100+4.2
6j 186+4.9 265 +5.9
6k 478+£1.6 225+9.4
61 100+8.4 73+1.8
6m 208+7.2 104+3.2

3.2. Biological Assay

The cytotoxic activities of naphthoquinone and its derivatives are well documented in
the literature.®'* Thus, the naphthoquinone acylhydrazones 6a-m were assessed for their
anticancer effects against MCF-7 and HCT116 cell lines using MTT viability assay. The
results of the compounds after 24 h of treatment are summarized in Figure 6. Most
compounds showed dose-dependent inhibitory effects on the two cancer cell lines and were
active at concentrations higher than 100 pM. The most effective compounds on HCT116 was
6e and 6f, with ICsy of 89 and 64 pM. Interestingly, these two acylhydrazones, 6e and 6f,
contain the longest hydrocarbon chains which may have contributed to increased cell
permeability and therefore elevated biological activity compared to the other hydrazones. On
the other hand, the most biologically active molecules on MCF-7 were 6a, 6c, 6d, 6f, 6g and
61 with ICs, of 70, 90, 56, 62, 56 and 73 uM, respectively (Table 2). There appears to be no
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apparent connection between potency and structural features though the most active
molecules on MCF-7 cells are lauric-menadione 6d, benzoic hydrazone 6g. Notably, the
stearic hydrazone 6f also greatly decreased viability in MCF-7 cell lines (ICsy 62 uM) which
may be attributed to its lipophilicity. In general, the activity of the compounds varied
depending on cell type indicating cell type specificity, implying that the molecules interact
differently with the different cancer cells.
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Figure 6. Cell viability of HCT116 and MCF-7 cells upon treatment with 6a-m as determined
by MTT assay.

4. Conclusion

The simple and direct preparation of a novel library of 2-methyl-1,4-naphthoquinone
acylhydrazone derivatives is described. The hydrazone products were synthesized in good to
excellent yields by an acid-catalyzed condensation of numerous alkyl and aromatic
hydrazides with menadione in refluxing ethanol. Various spectroscopic methods confirmed
formation of the product hydrazones and these included '"H NMR, "*C NMR, 2D NMR IR,
LC-MS and HRMS. Biological assays indicated that the menadione acylhydrazones exhibited
significant anticancer activity, since colon and breast cancer cell viability was greatly reduced
after treatment with these novel molecules. Specifically, the hydrazones containing highly
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lipophilic hydrocarbon chains — those derived from myristic and stearic hydrazide — proved to
be the most cytotoxic against HCT116 cancer cells.
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