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The ‘one pot’ condensation reaction for the synthesis and potent antiproliferative inhibition of a-
phthalimide based ketones is reported here. 2-Phthalimide-1-(4-fluoro-phenyl)ethanone (5) showed the
best growth inhibition on human MDAMB-231 breast carcinoma and SKHep-1 hepatoma cell lines.
Preliminary studies showed that the reported bioactivity may be due to the presence of strong elec-
tronegative fluorine group at the para-position of the aryl ring.

� 2008 Elsevier Masson SAS. All rights reserved.
1. Introduction

Phthalimide-containing compounds have attracted attention for
scientists [1–8], and reports showed that they possess anti-
inflammatory [2,3], histone deacetylase inhibitory [4], liver X
receptor (LXR) antagonistic [5], leukotriene D4 receptor antago-
nistic [6] and their angiogenesis inhibitor [7] activities. Ketones,
such as nitrogen-containing heterocyclyl ketones, are effective for
prophylaxis and treatment of HGF mediated diseases [9]. Zheng and
his coworkers reported that phthalimide ketones can potentially be
employed as substrates for producing chiral primary amino alco-
hols [10–12]; however, no biological activity was available for this
type of compounds. Our group previously reported that the
phthalimide substituted benzothiazole 1 (Fig. 1) [13,14] showed
important activity against CA46, K-562 and SKHep-1 human cancer
cells. Based on the design rationale of compound 1, we turn our
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focus in searching for more leads using phthalimide as a structural
basis for further studies. As part of our on-going work at the
synthesis and activity evaluation of anti-tumor candidates, we
herein firstly reported the biological activities of several easily
available phthalimide ketones, which have not been reported so far.

2. Chemistry

a-Phthalimide ketone 2 was synthesized by the condensation of a-
bromoketone and potassium phthalimide, where further purification
can be easily achieved by recrystallization in ethanol. All reagents, such
as a-bromoketone, potassium phthalimide, DMF and ethanol were
used directly without any purification or predrying, and the reaction
can proceed at room temperature. To confirm the chemical structures
of the a-phthalimide ketones, we have performed the 1H NMR spec-
trum, 13C NMR spectrum and mass spectrometry analysis.

3. Pharmacology

The human breast cancer cell line MDAMB-231 and the hepa-
toma SKHep-1 were initially selected for the purpose of preliminary
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Fig. 3. Dose response inhibitory activity of a-phthalimide ketones on MDAMB-231
human breast cancer cells after 48 h as investigated by quantification of the cellular
ATP levels. Concentrations of the compounds are expressed as mM. The results
represent the mean� standard deviation from triplicate tests. Student t-test was used
in data analysis where results were considered as statistically significant when p value
was smaller than 0.05 if compared with untreated control and indicated with an
asterisk (*). The figure shows a representative experiment taken from three inde-
pendent experiments giving similar results.

Fig. 1. Phthalimide derivatives: (a) naphthalimide benzothiazole 1; (b) a-phthalimide
ketone 2.
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anticancer screening of these compounds. As shown in Fig. 2, all of
our five a-phthalimide ketones at an initial testing concentration
from 176 mM to 179 mM showed growth inhibitory activity towards
the two human cancer cell lines tested.

Of those compounds tested, both compounds 4 (179 mM) and 5
(177 mM) showed a significant growth inhibitory and cytotoxicity
on MDAMB-231 and SKHep-1 human carcinoma cells. The
percentage of growth inhibition of both compounds on these
cancer cell lines was more than a mean value of 50%. When
considering MDAMB-231 breast cancer cells, their degree of growth
inhibition was comparable to cisplatinum (167 mM) while for
SKHep-1 hepatoma cells, cisplatinum showed a better cytotoxic
activity. Compound 3 (179 mM) showed a better cyototoxic poten-
tial than compound 6 (176 mM). Compound 7 (179 mM) was the
weakest among these series (Fig. 2). We also demonstrated that
compounds 4 and 5 exhibited a dose dependent antiproliferative
effect on both MDAMB-231 and SKHep-1 cancer cells (Figs. 3 and
4).

Further morphological investigations showed that both
compounds 4 and 5 could induce cell rounding and cell shrinkage
on both MDAMB-231 breast cancer cells and SKHep-1 hepatoma
cells (Fig. 5). These indicated that both compounds could readily
induce cancer cell death on these two cancer cell lines. The
significant inhibitory activity of compound 5 may due to the
presence of strong electronegative fluorine group at the para-
position of the aryl ring. The steric effect appears not significant to
account for the activity when we compared the activity of
compound 6 or 4 against the activity of compound 3. Further
Fig. 2. Growth inhibitory activity of a-phthalimide ketones on MDAMB-231 and
SKHep-1 human cancer cells after 48 h as investigated by quantification of the cellular
ATP levels. The concentrations tested were 179 mM (compound 3), 179 mM (compound
4), 177 mM (compound 5), 176 mM (compound 6), 179 mM (compound 7) and 167 mM
(cisplatinum). The control received complete cell culture medium. DMSO was equal to
0.1% by volume. The reported results represent the mean� standard deviation from
triplicate tests. Student t-test was used in data analysis where results were considered
as statistically significant when p value was smaller than 0.05 if compared with
untreated control and indicated with an asterisk (*). The figure shows a representative
experiment taken from three independent experiments giving similar results.
investigation revealed a significant decrease in biological activity
when the ‘‘X’’ residue changed from a methylene (CH2) to
–CH(CH3)– group (compound 7).

4. Conclusion

In conclusion, we have here described the simple preparation of
a group of a-phthalimide ketones which showed significant growth
inhibitory effect towards MDAMB-231 breast carcinoma and
SKHep-1 hepatoma human cancer cell lines tested. Two of these
compounds (compounds 4 and 5) showed biological activities
comparable with that exhibited by cisplatinum on MDAMB-231
breast cancer cells. The relative cytotoxic activity against SK-
Hep-1 hepatoma cells is concluded as cisplatinum> compound
1> compound 5> compound 4. Further experimental work is
Fig. 4. Dose response inhibitory activity of a-phthalimide ketones on SKHep-1 human
hepatoma cancer cells after 48 h as investigated by quantification of the cellular ATP
levels. Concentrations of the compounds are expressed as mM. The results represent
the mean� standard deviation from triplicate tests. Student t-test was used in data
analysis where results were considered as statistically significant when p value was
smaller than 0.05 if compared with untreated control and indicated with an asterisk
(*). The figure shows a representative experiment taken from three independent
experiments which gave similar results.



Fig. 5. Morphological investigation of the effect of a-phthalimide ketones on MDAMB-231 breast cancer cells (A–C) and SKHep-1 hepatoma cells (D–F). Cells in A and D were
incubated with 0.1% of DMSO. Cells in B and E were treated with compound 4 (179 mM) while cells in C and F were treated with compound 5 (177 mM) and Sulforhodamine B stained.
Details are reported in Section 5.
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on-going to test their anti-tumour activity on athymic nude mice
xenograft model systems.
Scheme 1. Condensation of a-bromoketone with potassium phthalimide.
5. Experimental protocols

5.1. Preparation of phthalimide ketones [10–12]

All reactions were monitored by thin layer chromatography
(TLC) on Merck aluminum-coated plates of silica gel 60 F 254 and
visualized under ultra-violet light (254 nm). NMR spectra were
recorded on a Varian Oxford AS 500 MHz Fourier transform spec-
trometer using CDCl3 as solvent. As internal reference for 1H NMR
and 13C NMR spectra, residual protic solvents in CDCl3 (dH 7.26 ppm,
s; dC 77.7 ppm, t) was used; a positive value of the chemical shift
denotes a resonance downfield from TMS. Coupling constants were
recorded in hertz (Hz). Multiplicities were recorded as the
following abbreviations: s, singlet; bs, broad singlet; d, doublet; t,
triplet; q, quartet; m, multiplet. Melting points were determined
using a BUCHI Melting Point B-545 machine in capillaries sealed
under atmosphere and the data were uncorrected. Mass analyses
were performed utilizing a Micromass Q-Tof-2 spectrometer.

In a dried flask, a solution of a-bromoketone (6 mmol) in DMF
(10 mL) was added with potassium phthalimide (6 mmol) in one
portion with stirring (Scheme 1). The reaction was run at room
temperature and monitored by TLC. After the reaction was
complete, the reaction mixture was poured into water (100 mL).
The desired products were collected by filtration and recrystallized
in ethanol to give the pure products.

5.1.1. 2-Phthalimide-1-phenylethanone 3
Prepared according to the general procedure described above

from 2-bromoacetophenone (6 mmol, 2.0 g) and potassium phtha-
limide (6 mmol, 1.11 g) and isolated as a white solid, 1H NMR
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(500 MHz, CDCl3): d 5.13 (s, 2H), 7.51 (t, 2H, J¼ 8.0 Hz), 7.63 (t, 1H,
J¼ 7.5 Hz), 7.73–7.75 (m, 2H), 7.88–7.90 (m, 2H), 8.00 (d, 2H,
J¼ 7.5 Hz); 13C NMR (125 MHz, CDCl3): d 44.85, 124.20, 128.79,
129.55, 132.87, 134.59, 134.70, 134.79, 135.04, 168.55, 191.62; HRMS
(ESI): Calcd. for C16H11NO3Na [MþNa]þ, 288.0637; found 288.0641;
Melting Point¼ 168–169 �C; Yield¼ 68% (4.1 mmol., 1.1 g).

5.1.2. 2-Phthalimide-1-p-tolylethanone 4
Prepared according to the general procedure described above

from 2-bromo-40-methylacetophenone (6 mmol, 1.28 g) and
potassium phthalimide (6 mmol, 1.11 g) and isolated as a white
solid, 1H NMR (500 MHz, CDCl3): d 2.44 (s, 3H), 5.11 (s, 2H), 7.31 (d,
2H, J¼ 8.5 Hz), 7.74–7.76 (m, 2H), 7.89–7.92 (m, 4H); 13C NMR
(125 MHz, CDCl3): d 22.48, 44.79, 124.22, 128.93, 130.25, 132.64,
132.96, 134.78, 145.71, 168.64, 191.20; HRMS (ESI): Calcd. for
C17H13NO3Na [MþNa]þ, 302.0793; found 302.0779; Melting
Point¼ 177–177.5 �C; Yield¼ 66% (4.0 mmol., 1.1 g).

5.1.3. 2-Phthalimide-1-(4-fluoro-phenyl)ethanone 5
Prepared according to the general procedure described above

from 2-bromo-40-fluoroacetophenone (6 mmol, 1.30 g) and potas-
sium phthalimide (6 mmol, 1.11 g) and isolated as a white solid, 1H
NMR (500 MHz, CDCl3): d 5.09 (s, 2H), 7.15–7.19 (m, 2H), 7.73–7.75 (m,
2H), 7.87–7.88 (m, 2H), 8.01–8.04 (m, 2H); 13C NMR (125 MHz, CDCl3):
d 44.67, 116.69, 116.87, 124.20, 131.50, 132.79, 134.83, 165.84, 167.88,
168.48, 190.14; HRMS (ESI): Calcd. for C16H10NO3FNa [MþNa]þ,
306.0542; found 306.0540; Melting Point¼ 158–158.9 �C;
Yield¼ 45% (2.7 mmol., 0.77 g).

5.1.4. 2-Phthalimide-1-biphenyl-4-yl-ethanone 6
Prepared according to the general procedure described above

from 2-bromo-40-phenylacetophenone (6 mmol, 1.65 g) and
potassium phthalimide (6 mmol, 1.11 g) and isolated as a white
solid, 1H NMR (500 MHz, CDCl3): d 5.17 (s, 2H), 7.43–7.44 (m, 1H),
7.49–7.51 (m, 2H), 7.64–7.66 (m, 2H), 7.74–7.78 (m, 4H), 7.91–7.93
(m, 2H), 8.08–8.10 (m, 2H); 13C NMR (125 MHz, CDCl3): d 44.90,
124.25, 127.99, 128.19, 129.14, 129.42, 129.70, 132.95, 133.78, 134.81,
140.30, 147.40, 168.60, 191.24; HRMS (ESI): Calcd. for C22H15NO3Na
[MþNa]þ, 364.0950; found 364.0964; Melting Point¼ 198–199 �C;
Yield¼ 73% (4.4 mmol., 1.5 g).

5.1.5. 2-Phthalimide-1-phenylpropanone 7
Prepared according to the general procedure described above

from 2-bromopropiophenone (6 mmol, 896 ml) and potassium
phthalimide (6 mmol, 1.11 g) and isolated as a white solid, 1H NMR
(500 MHz, CDCl3): d 1.73 (d, 3H, J¼ 7.5 Hz), 5.66 (q, 1H, J¼ 7.0 Hz),
7.39 (t, 2H, J¼ 7.5 Hz), 7.48 (t,1H, J¼ 7.5 Hz), 7.68–7.71 (m, 2H), 7.79–
7.83 (m, 4H); 13C NMR (125 MHz, CDCl3): d 15.59, 51.62, 124.18,
128.70, 129.38, 132.47, 133.71, 134.84, 135.94, 168.13, 196.79; HRMS
(ESI): Calcd. for C17H13NO3Na [MþNa]þ, 302.0793; found 302.0801;
Melting Point¼ 85.7–86.4 �C; Yield¼ 65% (3.9 mmol, 1.1 g).

5.2. Cell lines and cell culture

Human breast cancer MDAMB-231 and hepatoma SKHep-1 cell
lines were used for preliminary anti-cancer screening of these
compounds. Both cancer cell lines were routinely maintained in
RPMI cell culture medium supplemented with 5% heat inactivated
fetal bovine serum and penicillin/streptomycin antibiotics
(complete cell culture medium). The cells were incubated in
a humidified cell culture incubator at 37 �C with 5% CO2.

5.3. Antiproliferative assay of a-phthalimide ketones

Cancer cells were removed from 75 cm3 sterile cell culture flasks
with 1 fold trypsin and neutralized with fetal bovine serum. After
washing with phosphate buffered saline and centrifugation, cancer
cells were re-suspended in complete cell culture medium at
a concentration of approximately 1�105/mL and counted manually
using a haematocytometer under an inverted microscope. Cancer
cells seeded in the 96 wells microtitre plates for 24 h were prepared
for the a-phthalimide ketones screening. The a-phthalimide
ketones were dissolved in molecular biology grade dimethylsulf-
oxide (DMSO). Cisplatinum was used as the positive reference and
added at a starting concentration of 167 mM. Compounds were
added at a starting concentration of 176 mM–179 mM and followed
by a serial of two-fold dilutions and incubated for a further 48 h.
The effective concentration of DMSO in each case was approxi-
mately 0.1% by volume. Untreated control received either total
complete cell culture medium or 0.1% DMSO. Afterwards, the
evaluation of possible antiproliferative potential of our synthesized
compounds was evaluated by the One Step ATP lite assay cell
proliferation kit purchased from PerkinElmer (Netherlands). The
one step ATP lite assay is a homogeneous experiment of deter-
mining the number of viable cells in culture based on quantitation
of the ATP present, which is an indicator of metabolically active
cells. The homogeneous assay procedure involves adding the single
reagent directly to cells cultured in serum-supplemented medium.
This results in cell lysis and generation of a luminescent signal
proportional to the amount of ATP present. The amount of ATP is
directly proportional to the number of cells present in culture.

5.4. Morphological investigation of cancer cells

MDAMB-231 and SKHep-1 human carcinoma cells were seeded
at a concentration of 1�105/mL. After 24 h, a-phthalimide ketones
were added (compound 4 at 179 mM and compound 5 at 177 mM)
and incubated for 48 h. Cells were then fixed with trichloroacetic
acids, washed and Sulforhodamine B stained. Any morphological
changes were compared with the vehicle control under the inver-
ted microscope.
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