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Chandrasekaran, et al.: Comparative Cytotoxicity Studies of Novel Bicyclo[3.3.1]nonanes

Novel bicyclo[3.3.1]nonane derivatives were synthesized by an efficient methodology from acetoacetanilide, 
2-methoxy and 4-methoxyacetoacetanilides, 1,3,5-trinitrobenzene and triethylamine. The structures of the 
compounds were characterized by UV/Visible, FTIR, 1H NMR and 2D-correlation spectroscopy analysis. The in 
vitro cytotoxic studies were performed using Ehrlich Ascites Carcinoma cell line by Trypan blue dye exclusion assay 
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide cell proliferation assay. The IC

50
 values of the 

8-(4′-/2′-methoxy/unsubstituted phenylcarbamoyl)bicyclo[3.3.1]nonanes were found to be 110.65 µg/ml, 148.23 
µg/ml and 151.71 µg/ml, respectively. Thus (4-methoxyphenylcarbomyl)bicyclo[3.3.1]nonane was more potent 
compared to other two bicyclic adducts.

Key words: Bicyclo[3.3.1]nonanes, Ehrlich Ascites Carcinoma cell line, trypan blue, MTT assay, methoxy group 
activity

Synthetic drugs are important in cancer research 
and chemotherapy[1] because of their purity and 
specificity. Bicyclic compounds[2-8] are versatile 
lead molecules for designing biologically active 
molecules which possess broad spectrum of 
activities. Bicyclo[3.3.1]nonane derivatives[9-12] 

possess remarkable anticancer activity. The 
cytotoxic activities of several compounds are 
greatly influenced by the presence of methoxy 

substituents[13,14].  It has been reported that 
methoxy substituted pyrimido[4,5-c]quinolin-
1(2H)-ones[15] and triazole-5-ones[16] possess 
enhanced anticancer activity compared to 
other derivatives. Since the methoxy group is 
known for increasing the potency of anticancer 
compounds, we thought it worthwhile to screen 
and compare the cytotoxicity of bicyclo[3.3.1]
nonanes possessing 2-methoxyphenylcarbomyl 
and 4-methoxyphenylcarbomyl substituents with 
the unsubstituted bicyclic adduct. Comparison of 
anticancer activities of the synthesized compounds 
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was performed by in vitro cytotoxicity study on 
EAC cell line by trypan blue dye exclusion assay 
and MTT cell profileration assay.

Synthetic and analytical studies were carried out using 
laboratory and analytical grade reagents. Melting points 
were determined using open-ended capillary tubes and 
were uncorrected. UV/Vis spectra were recorded on 
a Lambda-25 UV/Vis spectrophotometer in ethanol. 
The FTIR spectra were recorded as KBr pellets using 
Perkin-Elmer RXI Infrared spectrometer. The 1H NMR 
and 2D-correlation spectroscopy analysis (COSY)
spectra were obtained from Bruker RX-300MHz and 
AV III-500 MHz FT-NMR spectrometers with DMSO-d6 
as solvent and tetramethylsilane (TMS) as internal 
reference. The physical parameters and spectral results 
are presented in Tables 1 and 2. The synthetic route for 
the bicyclic adducts (1-3) is depicted in Scheme 1.

Acetoacetanilides were synthesized using 
transacetoacetylation method as given below. Aniline, 
2-methoxyaniline or 4-methoxyaniline (0.1 mol) 
was refluxed with t-butylacetoacetate (0.15 mol) 
in xylene (25 ml) for 15-30 min. The reaction 
mixture was distilled to remove excess xylene. 
The concentrated coloured solution was cooled in 
an ice bath with continuous stirring. Ether (20 ml) 
was added and the resulting amorphous solid was 
filtered. This method of using t-butylacetoacetate[17] 
resulted in high yield within a short time. Yield ~80-
85%, mp H-85°, 2-OCH3- 87°, 4-OCH3-114°. FT-IR 
(KBr) cm-1 of acetoacetanilide: 3338-3360 (N-H), 
2912-2926 (C-H), 1720 (C=O), 1683 (C=O of 
amide), 1620-1625 (C=C), 1490-1495 (C-C) 1100-
1120 (C-O). 

The general procedure for the synthesis of bicyclic 
adducts triethylammonium {[7-hydroxy-4,9-dinitro-
8-(4′-/2′-methoxy/unsubstitutedphenylcarbamoyl)
bicyclo[3.3.1]nona-3,7-dien-2-ylidene](oxido)-λ5–
azanyl}oxidanides were elaborated below. The 
bicyclic adducts (1-3) were synthesized[9,18] from 
1,3,5-trinitrobenzene and acetoacetanilide, 2-methoxy 
and 4-methoxy acetoacetanilides. A mixture of 
acetoacetanilide (0.01 mol) and 1,3,5-trinitrobenzene 
(0.01 mol) was warmed in absolute alcohol to 
dissolve the compounds. After cooling, a two to 
three fold excess of triethylamine was added and 
then mechanically stirred for 2-4 h. The intensely 
coloured residual liquid was kept overnight at 
30-40° till bright orange solid or oily liquid separated 
out. The product was filtered or triturated with 
ether and the mother liquor was further treated with 
copious amounts of anhydrous ether and stirred in an 
ultrasonic bath for 15 min. The separated solid was 
combined with the filtered crystals, powdered well, 
washed with ethanol-ether solution and recrystallised 
from absolute alcohol. FT-IR (KBr) cm-1 of 1: 
3310-3320 (N-H), 2915-2920 (C-H), 1656-1648 
(C=O), 1620-1623 (C=C), 1493-1496 (C-C), 1545-
1549 (NO2 asymm), 1400-1405 (NO2 symm), 1085-
1055 (C-O).

The three bicyclic adducts (1-3) were screened for 
in vitro cytotoxic studies against EAC cell line using 

TABLE 1: PHYSICAL PARAMETERS OF BICYCLIC 
ADDUCTS (1‑3)
Bicyclic adduct Molecular formula Yield (%) M.P. (°) λmax (nm)

H C22H29N5O8 93 177 480
2‑OCH3 C23H31N5O9 90 146 485
4‑OCH3 C23H31N5O9 91 186 480

TABLE 2: 1H NMR DATA OF BICYCLIC ADDUCTS (1‑3)
Bicyclic 
adduct

δ values in ppm
Triethylammonium 

Cation
Bicyclic oxidanide anion

CH3 
(t, 9H)

CH2 
(q, 6H)

Bridge head 
(m, 1H), (m, 1H)

Bridging 
(m, 1H)

C6H5 Propenide 
(s, 1H)

N‑H 
(s, 1H)

O‑H 
(s, 1H)

OCH3 
(S,3H)

H 1.25 3.11 4.31, 4.79 5.1 7.0‑7.7 (m, 5H)  8.40 10.96 14.9 ‑
2‑OCH3 1.17 3.10 4.18, 5.03 5.4 6.8‑7.8 (m, 4H) 8.32 10.42 14.3 3.88
4‑OCH3 1.19 3.12 4.17, 5.05 5.2 6.93, 7.57 (dd, 4H) 8.30 10.56 14.2 3.76

Scheme 1: Synthesis of bicyclic adducts (1-3) R=H, 2-OCH3, 4-OCH3.
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Trypan blue dye exclusion assay and MTT assay. 
EAC cell lines obtained from a recognized centre was 
maintained and used for experiments.Trypan blue dye 
exclusion assay[19] was performed by incubating EAC 
cells (1×106) in 1 ml phosphate buffer saline at 37º for 
3 h in CO2 atmosphere with varying concentrations of 
the adducts (1-3) in DMSO. Then 25 μl of trypan blue 
solution was added to differentiate dead (stained) and 
viable (unstained) cells using haemocytometer and the 
results are expressed as % dead cells.

In MTT assay, cell suspension (100 μl of 1×106 cells 
per ml) was cultured in 96 well flat bottom micro 
plate with growth medium RPMI 1640 and 10% (v/v) 
fetal calf serum (FCS). Increasing concentrations of 
the adducts (1-3) were added separately to the cells 
and incubated at 37º for 14 h in CO2 incubator with 
5% CO2. A fresh growth medium along with 20 µl of, 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) was added to each well and incubated 
for 4 h at 37° repeatedly. The purple precipitate of 
MTT-formazan clearly visible under the inverted 
microscope was dissolved in 200 ml of 0.1% acidic 
isopropyl alcohol (0.1N) after the removal of growth 
medium. Then the covered plates were kept in the 
dark at 18-24° for 24 h and the optical density 
was measured at 570 nm. The experiments were 
repeated thrice and mean (σ±0.03) of the three results 
were compared with the control test samples. The 
percentage growth inhibition was calculated using 
theformula[20] percent growth inhibition=(control OD-
treated OD/control OD)×100.

The formation of adducts (Scheme 1) from 
acetoacetanilide, 2- or 4-methoxy acetoacetanilides, 
1,3,5-trinitrobenzene and triethylamine is evidenced 
by the absorbance (λmax ~480 nm, ethanol) of 
nitropropene nitronate moiety in the UV/Vis spectra 
(Table 1). In the carbonyl region of the FTIR 
spectra there is no peak at 1720 cm-1, although in 
acetoacetanilides sharp peaks are observed. This 
can be explained by the enolisation of the diketo 
moiety during adduct formation. The absorptions in 
the region 1500-1445 cm-1 are due to anionic NO2 
asymmetric and symmetric stretching modes[18,21]. 
The presence of bridgehead and bridging HCNO2 
are confirmed by the 1H NMR spectral results 
(Table 2) in which two multiplets occur in the 
regionδ 4-5 ppm. Multiplets around 7.0-7.7 ppm, 
6.8-7.8 ppm and double doublets at 6.93, 7.57 

ppm are due to phenyl, 2-methoxy or 4-methoxy 
phenyl rings, respectively. The 2- and 4-methoxy 
group in the two bicyclic adducts appear at 3.88 
and 3.76 ppm, respectively. The propenide protons 
in the bicyclic adducts (1-3) at 8.40, 8.32 and 8.30 
ppm indicate the presence of nitropropene nitronate 
moiety[9,18,21-24] in all the compounds. The highly 
deshielded amide N-H protons are found at 10.96, 
10.42 and 10.56 ppm. The signals around 14 ppm 
are due to enolic hydrogens[18]. It is interesting to 
find that methoxy substituents (Table 2) exhibit 
shielding effects on both NH (2-OCH3, 0.54 ppm; 
4-OCH3, 0.4 ppm) and OH (2-OCH3, 0.6 ppm; 
4-OCH3, 0.7 ppm) signals[25]. Inorder to determine 
whether methoxy protons interact with the protons 
present in the bicyclic ring, a COSY spectrum 
(fig. 1) is recorded. The signal at 3.76 ppm due 
to 4-methoxyprotons do not exhibit coupling with 
NH and OH protons in the region 10-14 ppm. 
Hence, it can be inferred that the adduct possess 
a free methoxy group. The twin effect of electron 
donation and the isolated methoxy group devoid 
of interactions within the bicyclic ring may be the 
reason for enhanced cytotoxicty.

A comparative assessment on the cytotoxic activity of 
the three adducts revealed that, 4-methoxy substituted 
adduct exhibited significant increment in dead cells 
(fig. 2) in trypan blue cell viability assay[26] at all 
test concentrations. Cytotoxic activity of all the three 
adducts are also compared through MTT assay (fig. 3). 
The mitochondrial dehydrogenase enzymes present in 
the metabolic active cells reduce the yellow tetrazolium 
salt to purple MTT-formazan which could be followed 
spectrophotometrically since there is a large change 

Fig. 1: COSY spectrum of 4-methoxy substituted bicyclic adduct 3.
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in the colour of the solution during reduction[27]. 
Hence, this assay is used widely to examine cell 
proliferation. In this apoptosis pathway, the test drug 
under study causes death of the cells due to the loss 
of mitochondria.The drug concentrations (Table 3) 
required to cause 50% cytotoxicity for unsubstituted 
and methoxy substituted phenylcarbomyl bicyclo[3.3.1]
nonanes (1-3) are H (151.71 µg/ml), 2-methoxy 
(148.23 µg/ml) and 4-methoxy (110.65 μg/ml). It 

has been reported by earlier workers that methoxy 
substitutents in pyrimido quinolinones[15] and triazol-
5-ones[16] caused enhanced cytotoxicity. Similarly in 
this research work, it is also observed that the electron 
donating 2- and 4-methoxy substituents at the phenyl 
functionality of the bicyclic adducts cause increased 
cytotoxic activities. The electron donating ability of the 
4-methoxy substituent is greater than the 2-methoxy 
substituent. This may be the reason for the increased 
cytotoxicity of the 4-methoxy substituted bicyclo[3.3.1]
nonane compared to 2-methoxy and unsubstituted 
bicyclo[3.3.1] nonanes.

The present paper highlights the following 
salient features. The methodology adopted for 
transacetoacetylation in the synthesis of 
acetoacetanilides resulted in high yield at a very 
short duration. The synthesis of bicyclic adducts 
occur at ambient conditions. Among the three test 
drugs, the adduct bearing 4-methoxy substituent 
in the phenylcarbamoyl moiety possesses higher 
cytotoxic potency compared to 2-methoxy and 
unsubstituted phenylcarbamoyl bicyclo[3.3.1]nonane 
derivatives. 
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Evaluation of Skin Colouring Properties of Curcuma 
Longa Extract
J. ARCT, ANNA RATZ-ŁYKO*, M. MIELOCH AND M. WITULSKA
Department of Cosmetics Chemistry, Academy of Cosmetics and Health Care, Warsaw, Podwale 13, 00-252, Poland

Arct, et al.: Skin Colouring Properties of Curcuma Longa Extract

The aim of this study was to evaluate the skin colouring properties of curcuma extract in cosmetic formulations. 
Objective measurements of the skin colour changes were done by Chromameter using the CIE L*a*b* colour space 
parameters. These measurements were correlated with the results of the sensory analysis. The observations showed 
permanent, visible and statistically significant changing of b* component after one application of emulsions containing 
12% and 25% of turmeric extract. The change of skin color remained also after removing the emulsion. Sensory 
analysis indicated that the tested emulsions with curcuma extract have a significant impact on skin smoothness, 
spreadability, cosmetic absorption and pillow effect.

Key words: Curcuma (turmeric) extract, cosmetic formulation, skin colour changes, chromameter measurements, 
sensory analysis
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