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ABSTRACT
  Twelve novel derivatives (16-18, 21-23, 26, 27 and 31-34) of  azazerumbone and azazerumbone 

oxide with dihydroartemisinin (DHA), zidovudine (AZT), [4-(4-fluorophenyl)-6-isopropyl-2-(N-methyl-N-
methylsunfonylamino)pyrimidin-5-yl] methanol (PM), benzotriazole and piperazine derivatives were synthesized 
by N-alkylation, acylation and click triazole cyclisation. Their structures were confirmed by 1D-, 2D-NMR and 
HRMS spectra. Screening for cytotoxicity indicated that the conjugates 21-23 of azazerumbone and azazerumbone 
oxide with DHA showed potent cytotoxic activity to human cancer cell lines including HepG-2, LU-1, RD and 
FL. In addition, the anti-mutagenic activity role of azazerumbone (4, 5) in the improvemrnt of cytotoxicity was 
also discussed. 
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1. INTRODUCTION
Zerumbone or (E,E,E) -2,6,9,9-2,6,10-trien-

tetramethylcycloundeca-1-one is a promising 
cytotoxic sesquiterpene ketone abundantly 
occurring in the rhizomes of  Zingiber zerumbet, 
a wild plant in Vietnam [1]. This sesquiterpene 
contains an α,β-unsaturated ketone moiety that 
is reported to be the center of  bioactivity and 
as considered an active Michael acceptor with 
preferential activity towards thiol group in certain 
protein due to conjugate addition [2]. In 2009, 
Giang and colleagues [3] studied the inhibition 

of  NF-κB factor by zerumbone and also pointed 
out that the α,β-unsaturated ketone group is the 
key to the activity of  this compound. Zerumbone 
was also reported to inhibit several human 
cancer cell lines including HepG-2 (IC50=3.15μg/

ml) [4], Hela (IC50= 2.5 μg/ml) [5], HL60 [6] and 
P-338D1 [7]. Recently, chemical modification 
of  zerumbone has attracted significant attention 
of  chemists to find out the suitable structures 
for application in preventing and treatment of  
cancer. However, recent chemical interventions 
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have mainly concentrated on α,β-unsaturated 
ketone moiety leading to a significant reduction of  
anticancer activity. In 2013, Kumar and colleagues 
[8] recognized that azazerumbone, a derivative 
containing lactam moiety of  zerumbone showed 
anti-mutagenic activity, and it could be suitable 
to conjugate with other bioactive molecules. In 
our previous study [9], two series of  conjugates 
between azazerumbone with 2'-hydroxychalcones 
and 2', 4'-dihydroxychalcones were successfully 
synthesized and evaluated the anti-proliferative 
activity. The conjugate of  azazerumbone with 
3,4,5-trimethoxy-4-hydroxychalcone via trimethylene 
linker was found to be strongest activity against 
HepG-2, LU-1, MCF-7, P338 and SW480 cell lines 
with IC50 values of  1.01, 0.99, 0.58, 0.77 and 0.71 
µg/mL, respectively. The use of  azazerumbones 
as anti-mutagenic substrates for the conjugate 
with other active molecules can produce valuable 
derivatives in activity against cancer cell lines. 
Therefore, we present herein the synthesis of  
novel derivatives from azazerumbone and their 
in vitro anticancer activity evaluation.

2. MATERIAL AND METHODS
All chemicals and reaction solvents were 

purchased from Merck and Aldrich. Melting 
points were determined in open capillaries on a 
Shimazu Electrothermal IA 9200 apparatus and 
uncorrected. IR spectra were recorded on a FT-IR 
IMPACT-410 using KBr discs. 1D- and 2D-NMR 
Spectra were recorded on a Bruker AVANCE 
500 MHz spectrometer in CDCl3 and DMSO-d6. 
Optical rotations were measured with an A. KROSS 
OPTRONIC polarimeter. Chemical shifts (δ) are 
in ppm relative to TMS, multiplicities are shown 
as follows: s (singlet), d (doublet), t (triplet), m 
(multiplet) and coupling constants (J) are expressed 
in hertz (Hz). HRMS was recorded by using a 
FTICR MS and an ESI-TOF-MS Agilent 6230 
TOF-MS spectrophotometer (Varian). Progress 
of  the reaction was monitored by thin-layer 
chromatography (TLC) using precoated TLC 
sheets with ultraviolet (UV) fluorescent silica gel 

(Merck 60F254) and spots were visualized by UV 
lamp at 254 nm. Column chromatography was 
carried out using silica gel (40-230 mesh).

The cytotoxic activity evaluation was performed 
according to the described protocol [10, 11]. The 
IC50 value of  the assay was evaluated using four 
human cancer cell lines: HepG-2, RD, LU-1, FL 
and VERO-B4. The derivatives of  azazerumbones 
and azazerumbone oxide were judged to have no 
cytotoxicity when their IC50 values > 20 μg/mL.

2.1 Synthesis of  Azazerumbone 4 and 5
Azazerumbones 4, 5 were synthesized from 

zerumbone according to a known procedure [8].

2.2 Synthesis of  Zerumbone oxide 6
Zerumbone oxide was synthesized by 

epoxidation of  zerumbone with m-CPBA using 
procedure in reference [10].
1H-NMR (500 MHz, DMSO-d6, ppm) δ 6.11 (m, 
1H, H-3), 6.08 (s, 2H, H-10, H-11), 2.81 (dd, J1=1.5 
Hz, J2=11.5 Hz, 1H, H-7), 2.38 (m, 1H, H4a), 
2.30 (m, 1H, H5a), 2.12 (m, 1H, H-4b), 1.79 (d, 
J = 14.0 Hz, 1H, H-8a), 1.75 (s, 3H, H-12), 1.40 
(dd, J1=2.5 Hz, J2=14.0 Hz, 1H, H-8b), 1.30 (m, 
1H, H-5b), 1.27(s, 3H, H-14), 1.15(s, 3H, H-13), 
1.03(s, 3H, H-15). 13C-NMR (125 MHz, DMSO-d6, 
ppm) δ 202.1 (C-1), 159.2 (C-10), 147.8 (C-3), 
138.6 (C-2), 128.1 (C-11), 61,4 (C-7), 61.0 (C-6), 
42.1 (C-8), 37.4 (C-5), 35.7 (C-9), 29.4 (C-14), 
24.3 (C-4), 23.6 (C-15), 15.4 (C-13), 11.9 (C-12)

2.3 Synthesis of  Zerumbone oxide oxime 7, 8
To a solution of  zerumbone oxide (6) (1.38 

mmol) in absolute ethanol (10 mL), hydroxylamine 
hydrochloride (0.9 g, 13.76 mmol) and K2CO3 (1.9 g, 
13.76 mmol) were added at room temperature. 
The mixture was stirred and the progress of  the 
reaction was monitored by TLC using n-hexane 
: EtOAc = 4 : 1. After completion of  reaction, 
the mixture was filtered and washed with absolute 
ethanol. The solvent was removed under reduced 
pressure to afford an oil mass, which was then 
dissolved in dichloromethane (20 mL). The organic 
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solution was washed with water (10 mL × 3) and 
dried over anhydrous sodium sulfate. Solvent was 
evaporated under reduced pressure to obtain a 
couple of  diastereomers (zerumbone oxide oxime 
7 and 8) that were purified by chromatography 
on silica gel eluting with n-hexane:EtOAc = 4:1.

Zerumbone oxide oxime 7, 8: Yield 92.0 
%; White solid; mp: decomp. 1H-NMR (500 MHz, 
DMSO-d6, ppm) δ 1.01 (3H, s, H-15), 1.11 (3H, 
s, H-13), 1.20 (1H, m, H-5a), 1.25 (3H, s, H-14), 
1.37 (1H, dd, J1 = 13.5 Hz, J2 = 11.0 Hz, H-8a), 
1.73 (1H, d, J = 13.5 Hz, H-8b), 1.83 (3H, s, 
H-12), 2.06 (1H, m, H-5b), 2.19 (1H, m, H-4a), 
2.28 (1H, m, H-4b), 2.73 (1H, d, J = 10.5 Hz, 
H-7), 5.60 (1H, d, J = 9.5 Hz, H-3), 5.62 (1H, 
d, J = 16.5 Hz, H-10), 6.33 (1H, d, J = 16.5 Hz, 
H-11). 13C-NMR (125 MHz, DMSO-d6, ppm) δ 
15.1 (C-12), 15.4 (C-13), 23.7 (C-15), 24.0 (C-4), 
30.2 (C-14), 35.3 (C-9), 37.9 (C-5), 42.3 (C-8), 
61.0 (C-6), 61.6 (C-7), 121.7 (C-11), 134.6 (C-2), 
137.7 (C-3), 150.8 (C-10), 159.4 (C-1). ESI-HRMS 
calculated for C15H23NO2: [M+H]+ 250.18070, 
Found: 250.18053.

2.4 Synthesis of  Azazerumbone oxides 9, 10
To a solution of  zerumbone oxide oximes 

7, 8 (1.5 g, 6.02 mmol) in acetonitrile (20 mL), 
anhydrous ZnCl2 (0.17 g, 1.28 mmol) was added 
and the mixture was refluxed on water bath until 
TLC (n-hexane : EtOAc = 4 : 1) indicated that 
zerumbone oxime 7, 8 were absolutely disappeared 
(6 h). Solvent was removed under reduced pressure 
and residue was dissolved in dichloromethane (30 
mL). The organic solution was washed with water 
(3 × 20 mL) and dried over anhydrous sodium 
sulfate. Solvent was evaporated in vacuum to afford 
crude product that was purified by chromatography 
on silica gel eluting with n-hexane:EtOAc = 4:1. 
Azazerumbone oxides 9 and 10 obtained as white 
solids with the yields 9.1 and 39.1 %, respectively.

Azazerumbone oxide 9: Yield 9.1 %; White solid; 
mp: 174-176 oC. 1H-NMR (500 MHz, DMSO-d6, 
ppm) δ 0.96 (3H, s, H-16), 1.12 (3H, s, H-15), 1.16 
(3H, s, H-14), 1.26 (1H, m, H-6a), 1.36 (1H, d, J 

= 15.5 Hz, H-9a), 1.76 (3H, s, H-13), 1.80 (1H, 
dd, J1 = 7.0 Hz, J2 = 15.5 Hz, H-9b), 2.12 (2H, 
m, H-5a, H-6b), 2.38 (1H, m, H-5b), 2.62 (1H, d, 
J = 7.0 Hz, H-8), 4.87 (1H, d, J = 14.5Hz, H-11), 
5.48 (1H, d, J = 10.5 Hz; H-4), 6.08 (1H, dd, J1 
= 9.5 Hz, J2 = 14.5 Hz, H-12), 9.37 (1H, d, J = 
9.5 Hz, N-H). 13C-NMR (125 MHz, DMSO-d6, 
ppm) δ 13.3 (C-13), 15.9 (C-14), 24.0 (C-5), 26.9 
(C-15), 32.5 (C-16), 34.6 (C-10), 37.4 (C-6), 37.6 
(C-9), 60.0 (C-7), 61.2 (C-8), 117.9 (C-11), 126.2 
(C-12), 129.5 (C-3), 135.8 (C-4), 171.7 (C-2). 
ESI-HRMS calculated for C15H23NO2: [M+H]+ 
250.18070, Found: 250.17959.

Azazerumbone oxide (10): Yield 39.1 %; 
White solid; mp: 161-163 oC. Optical rotation:: 
(c.0.99 and c. 0.24, 0.00). 1H-NMR (500 MHz, 
DMSO-d6, ppm) δ 1.00 (3H, s, H-15), 1.18 (3H, 
s, H-14), 1.19 (3H, s, H-16), 1.27 (1H, m, H-9a), 
1.46 (1H, d, J = 15.0 Hz, H-6a), 1.73 (3H, s, 
H-13), 1.83 (1H, dd; J1 = 8.5 Hz, J2 = 15.5 Hz, 
H-6b), 2.06 (1H, m, H-9b), 2.14 (1H, m, H-10a), 
2.22 (1H, m, H-10b), 2.58 (1H; d, br, J = 7.0 Hz, 
H-7), 4.79 (1H, d, J = 11.0 Hz, H-11), 5.89 (1H, 
d, J = 15.75 Hz, H-3), 6.35 (1H, d, J = 15.75 Hz, 
H-4), 8.55 (1H, s, -N-H). 13C-NMR (125 MHz, 
DMSO-d6, ppm) δ 15.8 (C-14), 16.9 (C-13), 23.8 
(C-10), 25.8 (C-16), 30.6 (C-15), 36.2 (C-5), 37.5 
(C-6), 37.8 (C-9), 60.3 (C-8), 61.4 (C-7), 120.8 
(C-3), 123.9 (C-11), 131.7 (C-12), 148.5 (C-4), 
166.2 (C-2). ESI-HRMS calculated for C15H23NO2: 
[M+H]+ 250.18070, Found: 250.17964.

General procedure for the synthesis of  
propargylazazerumbones 12, 13 and propargyla-
zazerumbone oxide 15.

A stirred mixture of  each azazerumbone 4, 
5 or 10 (1 mmol) in THF (20 mL) at 0 oC was 
added sodium hydride (0.0288 g, 1.2 mmol), 
followed by propargyl bromide 11 (0.1368 g, 
1.15 mmol). The reaction was stirred at room 
temperature for overnight then cooled to 5 oC. 
The mixture was diluted with ice water (15 mL) 
and extracted with dichloromethane (3 × 15 mL). 
The combined organic layer was washed with 
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water (15 mL) and brine (15 mL), and dried over 
anhydrous sodium sulfate. Solvent was removed 
under reduced pressure to give crude of  each 12, 
13 or 14 respectively, that were purified by flash 
chromatography (5% MeOH in CHCl3).

N-propargylazazerumbone 12: Yield 76.1%; 
Colorless oil. 1H-NMR (500 MHz, DMSO-d6, ppm) 
δ 1.06 (6H, s, H-15, H-16), 1.53 (3H, s, H-14), 
1.75 (3H, s, H-13), 2.09 (2H, d, J = 6.5 Hz, H-9), 
2.23 (2H, t, J = 6.0 Hz, H-6), 2.32 (2H, m, H-5), 
3.08 (1H, t, J = 2.5 Hz, H-19), 4.30 (2H, d, J = 2.5 
Hz, H-17), 4.93 (1H, d, J = 15.0 Hz, H-11), 5.13 
(1H, t, J = 6.0 Hz, H-8), 5.33 (1H, t, J = 7.25 Hz, 
H-4), 6.41 (1H, d, J = 15.0 Hz, H-12). 13C-NMR 
(125 MHz, DMSO-d6, ppm) δ 13.5 (C-13), 14.8 
(C-14), 24.5 (C-5), 30.1 (C-15), 30.1 (C-16), 32.0 
(C-17), 34.8 (C-10), 38.0 (C-9), 38.4 (C-6), 73.4 
(C-19), 79.4 (C-18), 119.1 (C-11), 124.7 (C-8), 
128.6 (C-12), 128.8 (C-3), 133.7 (C-7), 136.4 (C-4), 
170.8 (C-2). ESI-HRMS calculated for C18H25NO: 
[M+H]+ 272.20143, Found: 272.20053.

N-propargylazazerumbone (13): Yield 87.0%; 
Colorless oil. 1H-NMR (500 MHz, DMSO-d6, ppm) 
δ 1.06 (6H, s, H-15, H-16), 1.56 (3H, s, H-14), 1.82 
(3H, s, H-13), 2.11 (2H, m, H-6), 2.19 (2H, m, 
H-9), 2.28 (2H, m, H-10), 3.02 (1H, t, J = 2.5 Hz, 
H-19), 4.16 (2H, s, H-17), 4.99 (1H, m, H-11), 5.01 
(1H, m, H-7), 5.81 (1H, d, J = 16.0 Hz, H-3), 6.21 
(1H, d, J = 16.0 Hz, H-4). 13C-NMR (125 MHz, 
DMSO-d6, ppm) δ 14.8 (C-14), 14.9 (C-13), 24.9 
(C-10), 33.0 (C-17), 36.0 (C-6), 38.1 (C-5), 39.3 
(C-9), 73.3 (C-19), 80.1 (C-18), 122.6 (C-3), 124.5 
(C-7), 132.1 (C-11), 133.5 (C-12),133.6 (C-8),148.1 
(C-4), 165.0 (C-2). ESI-HRMS calculated for 
C18H25NO: [M+H]+ 272.20143, Found: 272.20053.

N-propargylazazerumbone oxide (14): Yield 
77.2 %; Colorless oil. 1H-NMR (500 MHz, DMSO-d6, 
ppm) δ 1.01 (3H, s, H-15), 1.19 (3H, s, H-16), 1.20 
(1H, m, H-9a), 1.22 (3H, s, H-14), 1.42 (1H, d, J = 
15.5 Hz, H-6a); 1.89 (3H, s, H-13), 1.91 (1H, m, 
H-6b), 2.07 (1H, m, H-9b), 2.14 (1H, m, H-10a), 
2.35 (1H, m, H-10b), 2.53 (1H, d, J = 6.5 Hz, H-7), 
3.06 (1H, t, J = 2.5 Hz, H-19), 4.00 (1H, dd, J1 = 
2.5 Hz, J2 = 17.5 Hz, H-17a), 4.41 (1H, dd, J1 = 

2.5 Hz, J2 = 17.5 Hz, H-17b), 5.07 (dd, J = 2 Hz, 
J = 11 Hz, H-11), 5.90 (1H; d, J = 15.5 Hz; H-3), 
6.46 (1H, d, J = 15.5 Hz, H-4). 13C-NMR (125 
MHz, DMSO-d6, ppm) δ 15.0 (C-14), 16.3 (C-13), 
24.2 (C-10), 26.1 (C-16), 30.4 (C-15), 32.9 (C-17), 
36.2 (C-5), 37.5 (C-6), 37.6 (C-9), 60.0 (C-8), 61.2 
(C-7), 73.5 (C-19), 80.0 (C-18), 120.7 (C-3), 131.2 
(C-11), 133.9 (C-12), 149.5 (C-4), 164.6 (C-2). 
ESI-HRMS calculated for C18H25NO2: [M+H]+ 
288.19635, Found: 288.19532.

General procedure for the synthesis of  conju-
gates 16, 17 and 18 of  N-propargylazazerumbones 
and N-propargylazazerumbone oxide with AZT.

A catalytic amount of  CuI was added to a 
solution of  zidovudine AZT (15) (1 mmol) and 
appropriate 12, 13 or 14 (1mmol) in DMSO (5 mL). 
The reaction mixture was stirred for overnight at 
room temperature and then poured in ice water 
(80 mL). Solid was filtered and washed thoroughly 
with water and then dried in vacuum. Crude 16-
18 were purified by flash chromatography (50% 
CHCl3 in n-hexane).

Conjugate 16 of  azazerumbone 4 with AZT: 
Yield 58.0 %; White solid; mp: 114-116 oC. 1H-NMR 
(500 MHz, DMSO-d6, ppm) δ 0.99 (6H, s, H-15, 
H-16), 1.53 (3H, s, H-14), 1.78 (3H, s, H-13), 1.80 
(3H, s, H-7'"), 2.06 (2H, d, J = 6.0 Hz, H-9), 2.23 
(2H, m, H-5a, H-6a), 2.31 (2H, m, H-5b, H-6b), 
2.62 (1H, m, H-2"a), 2.69 (1H, m, H-2"b), 3.59 
(1H, m, H-5"a), 3.68 (1H, m, H-5"b), 4.17 (1H, m, 
H-4"), 4.77 (2H, s, H-17), 4.94 (1H, d, J = 15.0 Hz, 
H-11), 5.10 (1H, t, J = 5.75 Hz, H-8), 5.26 (1H, 
t, J = 5.0 Hz, 5"-OH), 5.34 (2H, m, H-3", H-4), 
6.42 (2H, m, Hz, H-1", H-12), 7.80 (1H, s, H-6"'), 
8.04 (1H, s, H-5'), 11.3 (1H, s, 3"'-NH). 13C-NMR 
(125 MHz, DMSO-d6, ppm) δ 12.2 (C-7"'), 13.6 
(C-13), 14.9 (C-14), 24.5 (C-5), 30.0 (C-15), 30.0 
(C-16), 34.8 (C-10), 37.1 (C-2"), 37.9 (C-9), 38.3 
(C-17), 38.4 (C-6), 59.0 (C-3"), 60.7 (C-5"), 83.9 
(C-1"), 84.4 (C-4"), 109.6 (C-5"'), 119.2 (C-11), 
122.8 (C-5'), 124.7 (C-8), 129.0 (C-3), 129.1 (C-
12), 133.6 (C-7), 136.1 (C-4), 136.2 (C-6"'), 143.6 
(C-4'), 150.4 (C-2"'), 163.7 (C-4"'), 171.3 (C-2). 
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ESI-HRMS calculated for C28H38N6O5: [M+H]+ 
539.29819, Found: 539.29783.

Conjugate 17 of  azazerumbone 5 with 
AZT: Yield 63.3 %; White solid; mp: 119-121 
oC. 1H-NMR (500 MHz, DMSO-d6, ppm) δ 1.05 
(6H, s, H-15, H-16), 1.55 (3H, s, H-14), 1.80 
(3H, s, H-5"'-CH3), 1.83 (3H, s, H-13), 2.15 (2H, 
s, brd, H-9), 2.15 (6H, s, brd, H-6, H-9, H-10), 
2.60 (1H, m, H-2"a), 2.70 (1H, m, H-2"b), 3.58 
(1H, m, H-5"a), 3.67 (1H, m, H-5"b), 4.16 (1H, 
m, H-4"), 4.60 (2H, s, H-17), 4.86 (1H, t, J = 7.25 
Hz, H-11), 4.97 (1H, t, J = 6.0 Hz, H-7), 5.25 (1H, 
t, J = 5.75 Hz, 5"-OH), 5.32 (1H, m, H-3"), 5.85 
(1H, d, J = 15.5 Hz, H-3), 6.21 (1H, d, J = 15.5 
Hz, H-4), 6.40 (1H, t, J = 6.5 Hz, H-1"), 7.80 (1H, 
s, H-6"'), 8.06 (1H, s, H-5'), 11.3 (1H, s, 3"'-NH). 
13C-NMR (125 MHz, DMSO-d6, ppm) δ 12.2 (C-
7"'), 14.9 (C-13), 15.0 (C-14), 25.0 (C-10), 36.1 
(C-5), 37.1 (C-2"), 38.1 (C-6), 38.9 (C-17), 39.0 
(C-9), 59.0 (C-3"), 60.7 (C-5"), 83.9 (C-1"), 84.4 
(C-4"), 109.6 (C-5"'), 122.9 (C-5'), 123.1 (C-3), 
124.5 (C-7), 131.9 (C-11), 133.7 (C-12), 134.0 (C-
8), 136.2 (C-6"'), 143.9 (C-4'), 147.8 (C-4), 150.4 
(C-2"'), 163.7 (C-4"'), 165,4 (C-2). ESI-HRMS 
calculated for C28H38N6O5: [M+H]+ 539.29819, 
Found: 539.29760.

Conjugate 18 of  azazerumbone oxide 10 
with AZT: Yield 54.8 %; White solid; mp: 145-
147 oC. 1H-NMR (500 MHz, DMSO-d6, ppm) 
δ 1.01 (3H, s, H-15), 1.14 (1H, m, H-9a), 1.19 
(3H, s, H-16), 1.21 (3H, s, H-14), 1.42 (1H, d, J 
= 15.5 Hz, H-6a), 1.80 (3H, s, H-7"'), 1.89 (4H, 
m, H-6b, H-13), 2.06 (2H, m, H-9b, H-10a), 2.29 
(1H, m, H-10b), 2.50 (1H, m, H-7), 2.60 (1H, m, 
H-2"a), 2.70 (1H, m, H-2"b), 3.58 (1H, m, H-5"a), 
3.67 (1H, m, H-5"b), 4.17 (1H, m, H-4"+), 4.17 
(1H, m, H-17a), 4.82 (1H, m, H-17b), 4.95 (1H, 
d, brd, J = 11.0 Hz, H-11), 5.26 (1H, t, J = 5.5 
Hz, 5"-OH), 5.32 (1H, m, H-3"), 5.93 (1H, d, J 
= 16.0 Hz, H-3), 6.40 (1H, m, H-1"), 6.46 (1H, 
d, J = 16.0 Hz, H-4), 7.80 (1H, s, H-6"'), 8.09 
(1H, s, H-5'), 11.33 (1H, s, 3"'-NH). 13C-NMR 
(125 MHz, DMSO-d6, ppm) δ 12.2 (C-7"'), 15.2 
(C-14), 16.3 (C-13), 24.1 (C-10), 26.2 (C-16), 30.5 

(C-15), 36.2 (C-5), 37.1 (C-2"), 37.5 (C-6), 37.7 
(C-9), 40.4 (C-17), 59.0 (C-3"), 60.1 (C-8), 60.7 
(C-5"), 61.3 (C-7), 83.8 (C-1"), 84.4 (C-4"), 109.6 
(C-5"'), 121.0 (C-3), 123.2 (C-5'), 130.9 (C-11), 
134.4 (C-12), 136.2 (C-6"'), 143.8 (C-4'), 149.1 
(C-4), 150.4 (C-2"'), 163.7 (C-4"'), 164.8 (C-2). 
ESI-HRMS C28H38N6O6: [M+H]+ 555.29310, 
Found: 539.29243.

Synthesis of  conjugates 21-23 of  azazerum-
bones and azazerumbone oxide with dihydroxy-
arrtemisinin (DHA)

A mixture of  appropriate azazerumbones 
4, 5 and azazerumbone oxide 10 (1 mmol, 585 
mg), (1.5 mmol) 2-(10β-dihydroarteminoxy)ethyl 
bromide 20 (207 mg, 1.5 mmol), K2CO3 (16 mg 
, 10% mol) KI and (1-butyl)triethylammonium 
bromide (23.8 mg, 10% mol) in DMF (6 mL) was 
thoroughly stirred and subjected to microwave 
irradiation in a microwave oven operating at 
70 oC with maximum power output of  275 W 
for 25 minutes. The mixture was concentrated 
under reduced pressure and dissolved with EtOAc 
(30 mL), then extracted with distilled water (30 mL 
× 3). The organic phase was dried over anhydrous 
sodium sulfate, then concentrated under reduced 
pressure to afford crude 21-23, that were purified 
by flash chromatography eluting with n-hexane 
: EtOAc 3:1.

Conjugate 21 of  azazerumbone 4 with DHA: 
Yield 49.4 %; White solid; mp: 75-77 oC. 1H-NMR 
(500 MHz, DMSO-d6, ppm) δ 0.81 (3H, d, J = 
7.5 Hz, H-15'), 0.87 (1H, m, H1-7'), 0.91 (3H, d, 
J = 6.5 Hz, H-14'), 1.04 (3H, s, H-15), 1.06 (3H, 
s, H-16), 1.15 (1H, m, H-5'a), 1.28 (3H, s, H-13'), 
1.34 (3H, m, H-5', H-6', H-8'a), 1.53 (2H, m, H-7’, 
H-8’), 1.57 (3H, s, H-14), 1.72 (1H, m, H-8’), 1.80 
(3H, s, H-13), 1.83 (1H, m, H-5'), 1.99 (2H, m, 
H-4'), 2.18 (7H, m, H-6, H-9, H-10, H-17), 2.36 
(1H, m, H-17), 2.36 (1H, m, H-9'), 3.34 (1H, m, 
H-18), 3.69 (1H, s, brd, H-18), 4.64 (1H, d, J = 
3.5 Hz, H-10'), 4.96 (1H, t, J = 5.5 Hz, H-7), 5.02 
(1H, t, J = 7.0 Hz, H-11), 5.28 (1H, s, H-12'), 
5.83 (1H, d, J = 15.5 Hz, H-3), 6.15 (1H, d, J = 
15.5 Hz, H-4). 13C-NMR (125 MHz, DMSO-d6, 
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ppm) δ 12.7 (C-13'), 14.6 (C-13), 15.0 (C-14), 20.2 
(C-14'), 23.7 (C-8'), 24.3 (C-5'), 25.1 (C-10), 25.6 
(C-15'), 30.4 (C-9'), 34.2 (C-7'), 36.0 (C-5, C-17, 
C-4'), 36.6 (C-6'), 38.1 (C-6), 39.0 (C-9), 43.8 
(C-8a'), 52.0 (C-5a'), 65.0 (C-18), 80.4 (C-12a'), 
87.0 (C-12'), 100.8 (C-10'), 103.2 (C-3'), 123.3 
(C-3), 124.5 (C-7), 131.9 (C-11), 133.4 (C-12), 
133.7 (C-8), 147.1 (C-4), 165.5 (C-2). ESI-HRMS 
calculated for C32H49NO6: [M+H]+ 544.36381, 
Found: 544.36709.

Conjugate 22 of  azazerumbone 5 with DHA: 
Yield 46.5 %; White solid; mp: 78-80 oC. 1H-NMR 
(500 MHz, DMSO-d6, ppm) δ 0.83 (3H, d, J = 7 
Hz, H-15'), 0.90 (3H, d, J = 6.5 Hz, H-14'), 0.92 
(1H, m; H1-7'), 1.05 (6H, s, H-15, H-16), 1.16 
(1H, m, H-5'a), 1.27 (3H, s, H-13'), 1.35 (3H, m, 
H1-5', H-6', H-8'a), 1.52 (3H, s, H-14), 1.55 (1H, 
m, H1-8'), 1.63 (2H, m, H1-7', H2-8'), 1.74 (3H, 
s, H-13), 1.80 (1H, m, H2-5'), 2.00 (2H, m, H-4'), 
2.22 (6H, m, H-5, H-6, H-9), 2.37 (2H, m, H-9’, 
H1-17), 3.67 (1H, m, H2-17), 3.77 (1H, m, H1-
18), 3.88 (1H, m, H2-18), 4.66 (1H, d, J = 3.0 Hz, 
H-10'), 4,89 (1H, d, J = 14.5 Hz, H-11), 5.03 (1H, 
t, J = 6.0 Hz, H-8), 5.21 (1H, s, H-12'), 5.31 (1H, 
t, J = 7.0 Hz, H-4), 6.33 (d, J = 14.5 Hz, H-12). 
13C-NMR (125 MHz, DMSO-d6, ppm) δ 12.7 (C-
13'), 13.5 (C-13), 14.8 (C-14), 20.1 (C-14'), 24.1 
(C-8'), 24.3 (C-5), 24.5 (C-5'), 25.6 (C-15'), 29.6 
(C-9'), 30.4 (C-15), 30.6 (C-16), 34.2 (C-7'), 34.8 
(C-10), 36.0 (C-4'), 36.9 (C-6'), 38.0 (C-9), 38.5 
(C-6), 34.8 (C-17), 43.7 (C-8a'), 52.0 (C-5a'), 63.9 
(C-18), 80.3 (C-12a'), 86.8 (C-12'), 100.9 (C-10'), 
103.3 (C-3'), 119.3 (C-11), 124.7 (C-8), 129.6 (C-
12), 130.0 (C-3), 133.5 (C-7), 135.7 (C-4), 171.4 
(C-2). ESI-HRMS calculated for C32H49NO6: 
[M+H]+ 544.36399, Found: 544.36699.

Conjugate 23 of  azazerumbone oxide 10 with 
DHA: Yield 48.6 %; White solid; mp: 80-82 oC. 
1H-NMR (500 MHz, DMSO-d6, ppm) δ 0.81 (3H, 
d, J = 7.5 Hz, H-15'), 0.87 (1H, m, H1-7'), 0.91 
(3H, d, J = 6.5 Hz, H-14'), 1.01 (3H, s, H-15), 
1.19 (3H, s, H-16), 1.23 (3H, s, H-14), 1.28 (3H, 
s, H-13'), 1.31 (4H, m, H-5'a, H-6', H-8’a, H1-9), 
1.43 (1H, d, J = 15.0 Hz, H1-6), 1.55 (1H, m, H2-

7', H1-8'), 1.77 (1H, m, H2-6, H2-5', H2-8'), 1.87 
(3H, s, H-13), 1.94 (4H, m, H2-9, H1-10, H-4'), 
2.17 (1H, m, H1-17), 2.17 (1H, m, H2-10), 2.37 
(2H, m, H2-17, H-9'), 2.46 (1H, d, J = 6.0 Hz, 
H-7), 3.38 (1H, m, H1-18), 4.16 (1H, m, H2-18), 
4.63 (1H, d, J = 3.0 Hz, H-10'), 5.12 (1H, d, J = 
10.5 Hz, H-11) , 5.21 (1H, s, H-12'), 5.93 (1H, d, 
J = 15.5 Hz, H-3), 6.40 (1H, d, J = 16.0 Hz, H-4). 
13C-NMR (125 MHz, DMSO-d6, ppm) δ 12.7 (C-
13'), 14.7 (C-14), 16.3 (C-13), 20.2 (C-14'), 23.7 
(C-8'), 24.2 (C-10), 24.3 (C-5'), 25.6 (C-15'), 26.4 
(C-16), 30.3 (C-9'), 30.5 (C-15), 34.2 (C-7'), 36.0 
(C-4', C-17), 36.1 (C-5), 36.7 (C-6'), 37.6 (C-6), 
37.9 (C-9), 43.7 (C-8'a), 51.9 (C-5'a), 59.9 (C-8), 
61.2 (C-7), 65.3 (C-18), 80.4 (C-12'a), 87.0 (C-12'), 
100.8 (C-10'), 103.2 (C-3'), 121.4 (C-3), 131.1 
(C-11), 133.8 (C-12), 148.4 (C-4), 164.8 (C-2). 
ESI-HRMS calculated for C32H49NO7: [M+H]+ 
560.35872, Found: 560.35796.

General procedure for the synthesis of  conju-
gates 26-27 of  azazerumbone and azazerumbone 
oxide with PM

A mixture of  appropriate azazerumbone 
5 or azazerumbone oxide 10 (1mmol), K2CO3 
(0.621 g, 4.5 mmol), PBr3 (1.25 g, 3 mmol) and 
(1-butyl)triethylammonium bromide (23.8 mg, 10 
% mmol) in dried DMF (15 mL) was stirred at 80 
oC for 24h. Solvent was removed under reduced 
pressure and the residue was suspended in water 
(20 mL), then extracted with EtOAc (20 mL × 
3). The combined EtOAc extract was dried over 
anhydrous sodium sulfate, then concentrated 
under reduced pressure to afford crude 26 or 
27, that were purified by flash chromatography 
eluting with n-hexane : EtOAc.

Conjugate 26 of  azazerumbone 5 with 
PM: Yield 43.5 %; White solid; mp: 142-144 oC. 
1H-NMR (500 MHz, DMSO-d6, ppm) δ 1.00 (6H; 
s; H-15, H-16), 1.09 (3H, s, H-14), 1.18 (6H, d, 
J = 7.0 Hz, H-8', H-9'), 1.45 (3H, s, H-13), 2.03 
(6H, s brd, H-6, H-9, H-10), 3.41 (3H, s, H-11'), 
3.52 (3H, s, 10'-SO2CH3), 3.58 (1H, m, H-7'), 
4.45 (1H, t, J = 6.75 Hz, H-7), 4.83 (1H, t, J = 
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5.75 Hz, H-11), 5.70 (1H, d, J = 16.0 Hz, H-3), 
6.09 (1H, d, J = 16.0 Hz, H-4), 7.32 (2H, t, J = 
8.5 Hz, H-3", H-5"), 7.53 (2H, dd; J1 = 5.5 Hz, 
J2 = 8.5 Hz, H-2", H-6"). 13C-NMR (125 MHz, 
DMSO-d6, ppm) δ 14.7 (C-13), 15.1 (C-14), 21.9 
(C-15), 21.9 (C-16), 24.9 (C-10), 30.6 (C-7'), 33.1 
(C-10'), 36.0 (C-5), 38.0 (C-6), 38.1 (C-17), 38.5 
(C-9), 41.6 (C-11'), 115.1 (C-3", C-5"), 119.1 (C-
5'), 122.4 (C-3), 124.4 (C-6), 131.6 (d; J = 8.4Hz; 
C-2", C-6"), 133.9 (C-8), 133.1 (C-11), 133.4 (C-12), 
134.6 (C-1"), 147.7 (C-4), 157.0 (C-2'), 162.4 (d; J 
= 245.4 Hz; C-4"), 164.9 (C-4'), 166.8 (C-2), 176.7 
(C-6'). ESI-HRMS calculated for C31H41FN4O3S: 
[M+H]+ 569.29618, Found: 569.29404.

Conjugate 27 of  azazerumbone 10 with 
PM: Yield 37.4 %; White solid; mp: 121-123 oC. 
1H-NMR (500 MHz, DMSO-d6, ppm) δ 0.96 (3H, 
m, H-15), 1.11 (3H, m, H-8'), 1.12 (3H, m, H-9'), 
1.16 (3H, m, H-16), 1.18 (3H, s, H-14), 1.22 (3H, 
s, H-13), 1.30 (1H, m, H-9a), 1.34 (1H, d, J1 = 
15.5 Hz; H-6a), 1.82 (1H, m, H-10a), 1.97 (1H, 
m, H-9b), 1.97 (1H, m, H-10b), 2.07 (1H, s brd, 
H-6b), 2.35 (1H, t, J = 6.0 Hz, H-7), 3.40 (3H, 
s, H-11'), 3.52 (3H, s, 10'-SO2CH3), 3.62 (1H, m, 
H-7'), 4.55 (2H, d, J = 14.5 Hz, H-17), 5.22 (1H, 
d, J = 15.0 Hz, H-11), 5.72 (1H, d, J = 15.75 Hz, 
H-3), 6.34 (1H, d, J = 15.75 Hz, H-4), 7.33 (2H, 
t, J = 9.0 Hz, H-3", H-5"), 7.56 (2H, dd, J1 = 8.5 
Hz, J2 = 5.5 Hz, H-2", H-6"). 13C-NMR (125 MHz, 
DMSO-d6, ppm) δ 14.8 (C-14), 16.4 (C-13), 21.6 
(C-9'), 22.2 (C-8'), 24.0 (C-10), 26.0 (C-16), 30.3 
(C-15), 30.7 (C-7'), 33.1 (C-10'), 36.2 (C-5), 37.5 
(C-6), 37.6 (C-17), 38.3 (C-9), 41.6 (C-11'), 59.7 
(C-8), 60.8 (C-7), 115.1 (C-3", C-5"),118.9 (C-5'), 
120.5 (C-3), 133.0 (C-11), 133.5 (C-12), 149.1 (C-
4), 131.6 (C-2", C-6"), 134.7 (C-1"), 157.0 (C-2'), 
162.4 (C-4"), 164.4 (C-4'), 170.3 (C-2), 176.7 (C-
6'). ). ESI-HRMS calculated for C31H41FN4O4S: 
[M+H]+ 585.29109, Found: 585.28975.

General procedure for the synthesis of  
azazerumbone derivatives 31-34
Synthesis of  intermediate 29

A solution of  azazerumbone 5 (108) (1 g, 

4.2 mmol) in dried THF (20 mL) was added tri-
ethylamine (TEA, 1.1 mL), followed by a solution 
of  4-choromethylbenzoyl chloride 28 (1.2 g, 6.4 
mmol) in THF (7 mL). The reaction was stirred 
at room temperature for overnight and diluted 
with water (80 mL). The reaction mixture was 
extracted with EtOAc (3×30 mL) and organic 
phase was dried over anhydrous sodium sulfate. 
Solvent was removed under reduced pressure to 
get crude 29 that was purified by flash column 
chromatography using n-hexane:EtOAC 5:1.

N-(4-Chloromethylbenzoyl)azazerumbone 
(29): Yield 47.8 %; White solid; mp: 96-98 oC. 
1H-NMR (500 MHz, DMSO- d6, ppm); δ 1.11 
(6H, s, H-15, H-16), 1.57 (3H, s, H-14), 1.87 (3H, 
s, H-13), 2.14 (2H, d, brd, J = 5.5 Hz, H-6), 2.22 
(2H, t, J = 6.25Hz, H-9), 2.34 (2H, s, brd, H-10), 
4.79 (2H, s, 4'-CH2-), 4.97 (1H, t, J = 6.5 Hz, 
H-11), 5.12 (1H, t, J = 8.0 Hz, H-7), 5.91 (1H, d, 
J = 16.0 Hz, H-3), 5.93 (1H, d, J = 16.0 Hz, H-3), 
6.39 (1H, d, J = 16.0 Hz, H-4), 7.49 (2H, d, J = 
7.5 Hz, H-3', H-5'), 7.56 (2H, d, J = 7.5 Hz, H-2′, 
H-6′). 13C-NMR (125 MHz, DMSO-d6, ppm); δ 
15.1 (C-14), 15.3 (C-13), 24.7 (C-10), 28.0 (C-15, 
C-16), 36.8 (C-6), 38.6(C-5), 39.5 (C-9), 45.3 (4'-
CH2-), 123.9 (C-7), 124.0 (C-3), 128.2 (C-2', C-6'), 
128.7 (C-3', C-5'), 132.8 (C-11), 132.9 (C-1'), 134.0 
(C-12), 135.8 (C-8), 140.9 (C-4'), 168.7 (C-2), 171.5 
(C-7'). ESI-HRMS calculated for C23H28ClNO2: 
[M+H]+ 386.18868, Found: 386.18862.

General procedure for the synthesis of  azazerum-
bone derivatives 31-34

To a stirred solution of  each amines 33a-d 
(0.5 mmol), K2CO3 (200 mg, 1.44 mmol) in DMF 
(5 mL), intermediate 29 (195 mg, 0.5 mmol) and 
(1-butyl) triethyl ammonium bromide 12 mg (0.05 
mmol) was added. The mixture was stirred at 
room temperature for overnight then poured into 
water (50 mL) and extracted with CH2Cl2 (3×40 
mL). The combined dichloromethane extract was 
dried over anhydrous sodium sulfate and solvent 
was remove by rotary evaporation to obtain crude 
31-34 that were purified by flash chromatography 
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eluting with chloroform: MeOH 9:1.
4-[4-Methylpiperazylmethyl]benzo-

yl-N-azazerumbone (31): Yield 42.2 %; Pale yellow 
oil. 1H-NMR (500 MHz, DMSO-d6, ppm); δ 1.08 
(6H, s, H-15, H-16), 1.57 (3H, s, H-14), 1.85 (3H, 
s, H-13), 2.15 (3H, s, 4′′-CH3), 2.33 (8H, s, H-2", 
H-6", H-3", H-5"), 3.48 (2H, s, 4′-CH2-), 4.97 (1H, 
t, J = 5.75 Hz, H-11), 5.10 (1H, t, J = 7.25, H-7), 
5.93 (1H, d, J = 16.0 Hz, H-3), 6.39 (1H, d, J = 
16.0 Hz, H-4), 7.34 (2H, d, J = 8.0 Hz, H-3', H-5'), 
7.51 (2H, d, J = 8.0 Hz, H-2', H-6'). 13C-NMR 
(125 MHz, DMSO-d6, ppm); δ 15.1 (C-14), 15.3 
(C-13), 24.7 (C-10), 28.0 (C-15, C-16), 36.8 (C-6), 
38.7 (C-5), 39.5 (C-9), 45.6 (4′′-CH3), 52.5 (C-2′′, 
C-6′′), 54.6 (C-3′′, C-5′′), 61.6 (4′-CH2), 124.0 (C-3, 
C-7), 128.0 (C-3′, C-5′), 128.5 (C-2′, C-6′), 132.7 
(C-11), 132.9 (C-1′), 133.9 (C-12), 134.4 (C-8), 
142.4 (C-4′), 153.3 (C-4), 168.6 (C-2), 171.8 ( C-7'). 
ESI-HRMS calculated for C28H39N3O2: [M+H]+ 
450.31205, Found: 450.31253.

N-[4-(4-Ethylpiperazylmethyl)benzoyl]
azazerumbone (32). Yield 45.6 %; Pale yellow oil. 
1H-NMR (500 MHz, DMSO-d6, ppm); δ 0.97 (3H, 
t, J1 = 7.25 Hz, 4′′-CH2-CH3), 1.11 (6H, s, H-15, 
H-16), 1.57 (3H, s, H-14), 1.85 (3H, s, H-13), 2.13 
(2H, s, H-6), 2.22 (2H, d, J = 5.0 Hz, H-9), 2.32 
(10H, m, H-2", H-6", H-3", H-5", 4′′-CH2-CH3), 
3.48 (2H, s, 4′-CH2-), 4.95 (1H, t, J = 6.25 Hz, 
H-11), 5.10 (1H, t, J = 7.5 Hz, H-7), 5.93 (1H, d, 
J = 16.0 Hz, H-3), 6.39 (1H, d, J = 16.0 Hz, H-4), 
7.34 (2H, d, J = 8.0 Hz, H-3', H-5'), 7.50 (2H, 
d, J = 8.0 Hz, H-2', H-6'). 13C-NMR (125 MHz, 
DMSO-d6, ppm); δ 11.9 (C-4′′, -CH2-CH3), 15.1 
(C-14), 15.4 (C-13), 24.7 (C-10), 28.0 (C-15, C-16), 
36.8 (C-6), 38.7 (C-5), 39.5 (C-9), 51.5 (4′′-CH2-), 
52.3 (C-2′′, C-6′′), 52.6 (C-3′′, C-5′′), 61.6 (4′-CH2-), 
124.0 (C-3, C-7), 128.0 (C-3′, C-5′), 128.5 (C-2′, 
C-6′), 132.7 (C-11), 132.9 (C-1′), 133.9 (C-12), 134.4 
(C-8), 142.4 (C-4′), 153.3 (C-4), 168,6 (C-2), 171.8 
(C-7'). ESI-HRMS calculated for C29H41N3O2: 
[M+H]+ 464.32770, Found: 464.32775.

4-[4-(2-Hydroxyethyl)piperazinylmethyl]
benzoyl-N-azazerumbone (33). Yield 46.4 %; 
Yellow oil. 1H-NMR (500 MHz, DMSO-d6, ppm); 

1.11 (6H, s, H-15, H-16), 1.57 (3H, s, H-14), 1.85 
(3H, s, H-13), 2.14 (2H, d, J = 6.0 Hz, H-6), 2.21 
(2H, t, J = 6.0 Hz, H-9), 2.37 (10H, m, H-2′′, H-6′′, 
H-3′′, H-5′′, H-10), 3.47 (4H, s, 4′-CH2-, 4’’-CH2-
CH2-OH), 4.35 (1H, t, J = 5.5 Hz, -OH), 4.96 
(1H, t, J = 6.5 Hz, H-11), 5.10 (1H, t, J = 7.0 Hz, 
H-7), 5.93 (1H, d, J = 15.75 Hz, H-3), 6.38 (1H, 
d, J = 15.75 Hz, H-4), 7.34 (2H, d, J = 8.0 Hz, 
H-3', H-5'), 7.51 (d, J = 8.0 Hz, 2H, H-2', H-6'). 
13C-NMR (125 MHz, DMSO-d6, ppm); δ (ppm): 
15.2 (C-14), 15.5 (C-13), 24.8 (C-10), 28.1 (C-15, 
C-16), 36.9 (C-6), 38.8 (C-5), 39.5 (C-9), 52.7 (C-2′′, 
C-6′′), 53.2 (C-3′′, C-5′′), 58.5 (4′′-CH2-CH2-OH), 
60.2 (4′′-CH2-CH2-OH), 61.7(4′-CH2-), 124.1 (C-3, 
C-7), 128.1 (C-3′, C-5′), 128.7 (C-2′, C-6′), 132.9 
(C-11), 133.0 (C-1′), 134.1 (C-12), 134.5 (C-8), 
142.4 (C-4′), 153.3 (C-4), 168.8 (C-2), 172.0 (C-7'). 
ESI-HRMS calculated for C29H41N3O3: [M+H]+ 
480.32261, Found: 480.32275.

N-[4-(Benzotriazolyl-2)methylbenzoyl]
azazerumbone (34): Yield 43.2%; white solid; 
mp: 128-130 oC. 1H-NMR (500 MHz, DMSO-d6, 
ppm); 1.09 (6H, s, H-15, H-16), 1.55 (3H, s, 
H-14), 1.84 (3H, s, H-13), 2.12 (2H, s, brd, H-6), 
2.20 (2H, t, J = 5.75 Hz, H-9), 2.32 (2H, s, H-6), 
4.95 (1H, t, J = 6.25 Hz, H-11), 5.10 (1H, t, J = 
7.5 Hz, H-7), 5.91 (1H, d, J = 15.75 Hz, H-3), 
6.02 (2H, s, 4′-CH2-), 6.37 (1H, d, J = 15.75 Hz, 
H-4), 7.43 (m, 4H, H-4′′, H-5′′, H-3', H-5'), 7.54 
(2H, d, J = 8.0 Hz, H-2', H-6'), 7.92 (m, 2H, 
H-3′′, H-6′′). 13C-NMR (125 MHz, DMSO-d6, 
ppm); 15.1 (C-14), 15.3 (C-13), 24.7 (C-10), 27.9 
(C-15, C-16), 36.8 (C-6), 38.6 (C-5), 39.3 (C-9), 
59.0 (4′-CH2-), 117.8 (C-4′′, C-7′′), 123.9 (C-7), 
124.0 (C-3), 126.6 (C5′′, C-6′′), 128.1 (C-3′, C-5′), 
128.3 (C-2′, C-6′), 132.8 (C-11, C-12), 133.9 (C-
1′), 135.8 (C-8), 138.5 (C-4′), 143.9 (C-8′′, C-9′′), 
153.5 (C-4), 168.6 (C-2), 171.5 (C-7'). ESI-HRMS 
calculated for C29H32N4O2: [M+H]+ 479.26015, 
Found: 479.26039.

3. RESULTS AND DISCUSSION
3.1 Chemistry

The preparation of  key intermediates 4, 5 and 
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9, 10 was outlined in Scheme 1. Azazerumbones 
4 and 5 were synthesized from zerumbone (1) 
using a known procedure [8]. For the synthesis of  
azazerumbone oxide 9, 10, zerumbone was first 
reacted with m-chloroperbenzoic acid in CH2Cl2 
at -5 oC to give zerumbone oxide (6) in 73% 
yield according to a known procedure [12] and : 
(c.0.99, 0.00) [13]. In the next step, 6 was reacted 
with hydroxylamine hydrochloride in ethanol in 
the presence of  K2CO3 to afford a mixture of  
zerumbone oxide oxime diastereomers 7 and 8. 
In the reaction of  zerumbone and zerumbone 
oxide with hydroxylamine, 1,2-addition reaction of  
hydroxylamine with dienone moiety in zerumbone 
and zerumbone oxide occurred under the catalyst 
of  a weak base K2CO3 to form oximes 2,3 and 
7,8 instead of  1,4-addtion of  Michael reaction 
(Scheme 1) [8,14,15], followed by Beckman 
rearrangement in acetonitrile [8] to obtain designed 
azazereumbone oxides 9 and 10 in 9.9 and 39.1 
% yields, respectively. In addition to designed 
products, some unexpected by-products may be 
formed in Beckman rearrangement under the 
Lewis catalyst, ZnCl2 as described in reference 
[16]. However the yield of  products was too low 
to isolate. Structures of  azazerumbone oxides 9 
and 10 were determined by 1-D, 2D-NMR and 
HRMS spectra.

Reagents and conditions: (i) HO-NH2.HCl, 
K2CO3, EtOH, rt. 90.0 %; (ii) ZnCl2, CH3CN, 
reflux, 6 h, 13.1 and 39.0 %; (iii) HO-NH2.HCl, 
K2CO3, EtOH, rt, 92.0 %; (iv) ZnCl2, CH3CN, 
reflux, 6 h, 9.1 and 39.1 %.

The synthesis of  derivatives 16-18 was started 
from azazerumbone 4, 5 and azazeumbone oxide 
10 in two steps. In the first step, propargyl group 
was introduced into 4, 5 and 10 by N-alkylation 
with propargyl bromide 11 in THF catalyzed by a 
strong base NaH to give 12, 13 and 14 in 76.1, 87.0 
and 77.2 % yields, respectively (Scheme 2). The 
presence of  propargyl group in the intermediates 
12, 13 and 14 was characterized by the signals 
at 3.02-3.08 ppm of  protons H-19 and signals 
at 4.16-4.41 ppm of  protons H-17 in 1H-NMR 

spectra and signals at 32-33ppm for carbons: C-17, 
80.1-80.0 ppm for carbons C-18 and 73.30-73.5 
for carbons C-19 in 13C-NMR spectra. In the next 
step, the triazole click cyclization of  alkynes 12, 13 
and 14 with AZT 15 were performed in DMSO 
catalyzed by CuI to afford designed derivatives 
16-18 in 54.8-63.3 % yields.

Reagents and conditions: (i) propargyl bromide, 
NaH, THF, 0 oC-rt, 76.1-87.0 %; (ii) AZT, CuI, 
DMSO, rt, 54.8-63.3 %.

The structure of  16-18 was confirmed by 
1D, 2D and HRMS spectra. The similarity of  
the multiplicity and signal position of  AZT and 
triazole moieties was easily observed in 1H- and 
13C-NMR spectra of  compounds 16-18. The spectral 
signal distinction among derivatives was found 
due to the resonance of  protons and carbons in 
azazerumbones and azazerumbone oxide moieties. 
The presence of  4-methylene-1,2,3-triazole linker 
in 16, 17 and 18 was determined by singlet signals 
of  proton 4'-CH2- in the range of  4,60- 4.82 ppm 
and other singlet signals of  proton H-5’ from 
8.05-8.09 ppm. The signals of  the corresponding 
carbons were easily determined for example: 4'-
CH2- (38.3-40.4 ppm), C-4' (143.6-149.1 ppm) 
and C-5' (122.8-123.2 ppm). Compound 16 was 
selected to assign data of  structure by 1D- and 
2D-NMR spectra. The signals of  protons H-17 
and H-5’ appeared as singlets at 4.77 and 8.04 ppm, 
respectively, The correlations in HSQC spectrum 
indicated all carbons 4'-CH2- (38.3 ppm) and C-5' 
(122.8 ppm) attached to these protons. Finally, The 
key cross-picks of  4'-CH2-(4.77 ppm) with C-2 
(171.3 ppm), C-4' (143.6 ppm), C-5' (122.8 ppm) 
and C-12 (129.1 ppm) in HMBC spectrum proved 
the connection of  azazerumbone 4 with AZT.

For the synthesis of  conjugates 21-23, 
2-(10β-dihydroarteminoxy)ethyl bromide (20) was 
first formed in 46% yield by the etherification 
of  dihydroxyartemisinin (19) (DHA) with 
2-bromoethanol in CH2Cl2 in the presence of  BF3.
Et2O according to a known procedure [17]. Next, 
2-(10β-dihydroarteminoxy)ethyl bromide (20) was 
used for N-alkylation reaction of  azazerumbones 
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4, 5 and azazerumbone oxide 10 in DMF and 
catalyzed by a mixture of  K2CO3 and (1-butyl)
triethylammonium bromide in microwave oven at 
70 oC with maximum power output of  275 W for 
25 minutes to give 21-23 in 46.5, 49.4 and 48.6% 
yields, respectively (Scheme 3). Here, strong bases 
as NaOH or NaH were not used to avoid the 
removal of  endoperoxide bridge in DHA [18,19].

Reagents and conditions: (i) 2-bromoethanol, 
BF3. Et2O, CH2Cl2, 0 oC-rt, 46.0 %; (ii) azazermbones 
4, 5 and azazerumbone oxide 10, K2CO3, KI (10% 
mol), (1-butyl)triethylammonium bromide (10% 
mol), DMF, MW 250 W, 70 oC, 25 min. 46.5-49.4 %. 

Structure of  conjugates 21-23 was confirmed by 
NMR and HRMS spectra. Among the synthesized 

conjugates, compound 22 was selected to assign the 
proton and carbon signals by support of  HSQC and 
HMBC spectra. In 1H-NMR spectrum of  21, the 
assignment of  signals in DHA and azazerumbone 
moieties based on 1H- and 13C-NMR data of  
azazerumbone 5 and 2-(10β-dihydroarteminoxy)ethyl 
bromide (20), dimethylene bridge was interpreted 
by multiplet signals of  H-17 at 2.18 and 2.36 ppm, 
other multiplet signals at 3.34 and 3.69 ppm arose 
H-18. Correlations in HSQC spectrum indicated 
the corresponding carbons: C-17 (36.0 ppm) and 
C-18 (65.0 ppm). The connection of  azazerumbone 
5 and 2-(10β-dihydroarteminoxy)ethyl bromide 
(20) by dimethylene bride was confirmed by the 
presence of  signals from protons and carbons of  
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moieties 5 and 20 in 1H-NMR and 13C-NMR and 
HRMS of  conjugate 22.

The synthesis of  conjugates 26 and 27 was 
outlined in Scheme 4 and started from PM 24, a 
starting material for the synthesis of  rosuvastatin that 
was used to treat several types of  high cholesterol 
and prevent heart disease. Firstly, PM 24 was reacted 
with PBr3 in acetonitrile to yield N-(5-(bromomethyl)-

4-(4-fluorophenyl)-6-isopropylpyrimidin-2-yl)-
N-methylmethanesulfonamide (PBr) 25 by a 
known procedure [20]. Next, N-alkylation of  
azazerumbone 5 and azazerumbone oxide 10 
with PBr was carried out at 80 oC in DMF and 
catalyzed by a mixture of  K2CO3 and (1-butyl)
triethylammonium bromide to give conjugates 26 
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and 27 in 43.5 and 37.4 %, respectively. Obtained 
NMR data agreed well with their structures. 

Reagents and conditions: (i) PBr3, MeCN, 
10-15 oC, %; (ii) azazerumbone 5, 10, K2CO3, 
(1-butyl)triethylammonium bromide (10% mol), 
DMF , 80 oC, 24h, 43.5 and 37.4 %. 

In last series 31-34, two steps for the 
synthesis of  31-34 were outlined in Scheme 
5. Firstly, N-acylation of  azazerumbone 5 by 
4-chloromethylbenzoyl chloride 28 was carried 
out in THF to afford intermediate 29 in 47.8 
% yield. The acyl chlorides of  rotudic and 
asiatic acids were also used for the acylation of  
azazerumbone 5. However, the low conversion and 
by-products prevented the isolation of  designed 
products. Next, several N-alkylations of  29 with 
various heterocyclic amines: N-methylpiperzine 

30a, N-ethylpiperazine 30b, N-(2-hydroxyethyl)
piperazine 30c and benzotriazole 30d were 
performed in DMF at room temperature to give 
31-34 in 42.2-46.4 % yields.

Reagents and conditions: (i) p-chloromethylbenzoyl 
chloride, THF, TEA, rt, 24 h, 47.8 %; (ii) amines 
30a-d, DMF, rt, 42.2-46.4 %.

1H- and 13C-NMR spectra of  series 31-34 
indicated the similarity of  the multiplicity and signal 
position of  protons and carbons in structural part 
of  the intermediate 29. Spectral signal distinction 
in 1H- and 13C-NMR spectra among derivatives 
31-34 arose from protons and carbons in the 
attached amines. The assignment of  protons 
and carbons in amine moieties of  31-34 based 
on reference [21].

Table 1. In vitro cytotoxic activity of  target compounds.

No Compounds IC50 (μg/mL)
HepG2 LU-1 RD FL VERO-B4

1 16 - - 23.70 - -
2 17 - - 21.16 - -
3 18 - - - - -
4 21 0.86 2.82 0.67 0.90 9.56
5 22 0.82 3.81 0.69 0.20 10.02
6 23 1.96 12.46 1.90 4.07 -
7 26 3.94 - 2.70 5.61 -
8 27 11.78 - 10.23 - -
9 29 15.89 16.25 18.69 - -
10 31 18.34 19.94 - - -
11 32 18.50 17.68 17.36 - -
12 33 19.92 - - - -
13 34 19.44 - 16.72 11.07 -
14 Azazerumbone 4 - - - - -
15 Azazerumbone 5 - 17.82 - - -
16 Azazerumbone oxide 10 - - - - -

Ellipticine 0.46 0.42 0.46 0.44 2.23

Note: The reference substance, ellipticine, exhibited cytotoxic activity against HepG-2 (ATCC-HB-8065), LU-1 (ATCC-
HTB-57), RD (ATCC-CCL-136), FL (ATCC-CCL2) and African green monkey kidney cell VERO-B4 (ATCC-CCL-81) 
cells with IC50 values of  0.46, 0.42, 0.46, 0.44 and 0.39 μg/mL, respectively. The values shown for these compounds are the 
average of  three determinations.
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3.2. Bioactivity
The synthesized derivatives were evaluated 

cytotoxicity with human cancer cell lines HepG-2, 
LU-1, RD, FL and nomal cell VERO-B4 together 
with azazerumbones 4, 5 and azazerumbone oxide 
10 using ellipticin as a positive control.

The results in Table 1 showed that azazerumbone 
(4, 5) and azazerumbone oxide 10 expressed weak 
or no activity against the tested cancer cell lines 
except weak activity of  azazerumbone 5 against 
LU-1 cell line with IC50 value of  17.82 µg/mL. 
Triazoles 16-18 of  azazerumbones, azazerumbone 
oxide with AZT were also determined to have 
no activity. The derivatives of  azazerumbone 
connected to heterocyclic amines 31-34 including 
4-methyl-, 4-ethyl-, 4-(2-hydroxyethyl)piperazine 
and benzotriazole by p-methylbenzoyl linker had 
no improvement for their cytotoxicity. In particular, 
the conjugates 21-23, 26-27 of  azazerumbones 
and azazerumbone oxide with DHA and PM 
exhibited prominent cytotoxicity. Among 
those, conjugates 21-23 of  azazerumbones and 
azazerumbone oxide with DHA via dimethylene 
linker had strong activity against HepG-2, LU-1, 
RD and FL cancer cell lines with the IC50 values 
ranging from 0.2-3.81 µg/mL and much stronger 
than that of  zerumbone. Dihydroartemisinin was 
also reported to have activity against HepG2 and 
LU with the IC50 values of  21µM and 21.94 µg/
mL [22, 23]. Despite exhibiting weak cytotoxicity, 
azazerumbones could be suitable anti-mutagenic 
substrates to carry active compounds and expression 
of  their activities. In addition, comparing IC50 of  
conjugates 22 and 23 with all four cancer cell lines 
tested also showed negligible contribution to activity 
of  isolated double bond in azazerumbones. Next, 
all the derivatives were evaluated cytotoxic activity 
with normal cell VERO-B4. Among synthesized 
compounds, two conjugates of  azazerumbone and 
azazerumbone oxide with DHA 22, 23 expressed 
the activity with the IC50 values of  9.56 and 10.52 
µg/mL, the remaining derivatives had no activity 
against this cell line. Finally, two derivatives of  
azazerumbone with PM also exhibited cytotoxic 

activity and selectivity to HepG-2, RD and FL in 
which compound 26 showed stronger cytotoxicity 
with the IC50 values of  3.94, 2.7 and 5.61 µg/mL, 
respectively.

4. CONCLUSIONS
Structural diversity synthesis based on azazerumbones 

and azazerumbone oxide was carried out to obtain 12 
novel derivatives for cytotoxicity screening on four 
human cancer cell lines: HepG-2, LU-1, RD and FL. 
Effective and selective characteristic for cytotoxicity 
of novel derrivatives were found from the conjugates 
of  azazerumbones and azazerumbone oxide with 
DHA and PM. The results of cytotoxic evaluation of  
derivatives also indicated that the isolated double bond 
in azazerumbones skeleton had a little influence in their 
cytotoxicity. Bioactive data could be useful suggesion 
for the use of azazerumbones as effective substrates 
to carry drugs without side effects.
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