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ABSTRACT

significant antitumor potency.

The esterification reaction of trimellitic anhydride chloride TMAC 1 with N-(hydroxymethyl) phthalimide NHMP 2, N-(2-hydroxyethyl)
phthalimide NHEP 3 or N-(hydroxymethyl) thalidomide NHMT 4 afforded novel cyclic imide-ester derivatives; phthaloyl-phthalic
anhydride methyl ester PPAME 5, phthaloyl-phthalic anhydride ethyl ester PPAEE 6 and thalidomide-phthalic anhydride methyl ester
TPAME 7, respectively. These novel derivatives appeared very useful to prepare number of new hybrid structure of substituted N, N-
bis-phthalimide and phthalimide-thalidomide moieties with different amino acids. The cytotoxicity of all synthesized compounds
were in vitro evaluated against Hep-G2 and MCF-7, which showed that phthalimide derivatives 6, 9b, 10d, 11 and 12 possess

Keywords: Amino acids, Antitumor, Phthalimide, Thalidomide, Cytotoxicity.

INTRODUCTION

ancer is a leading cause of death worldwide, so

treatment of cancer becomes a global challenge

and an urgent need, the use of chemotherapy
which targeting tumor progress is one of the most
common techniques. The need of highly effective drug
with low side effects, and inexpensive is vital and
important in order to protect millions of patients around
the world from certain death.

Manufacturing biologically active drugs is task expensive,
which forced the generic manufacturers for the discovery
of new drugs based on their economic value.
Thalidomide is a sedative simple teratogenic molecule
with a wide range of biological activities, it is considered
as a cornerstone for producing new biologically active
compounds.z'3 Thalidomide is used as racemic mixture
and its mechanism of action was recently described in
details. Thalidomide has a broad spectrum of bioactivity
i.e., anti-cachexia, anti-inflammatory, antitumor, antiviral,
inhibitor of TNF-a, NFkB regulator, anxiolytic,
anticonvulsant, against Whipple disease, treatment of
type 2 leprosy reactions, treatment of various
hematologic malignancies, solid tumors such as breast,
colon and brain, prostate cancer, remission of advanced
hepatocellular carcinoma in addition to autoimmune
diseases.>*?® Thalidomide has been used along with its
analogues for the treatment of various diseases such as
HIV-related ulcers, multiple myeloma, Kaposi’s sarcoma
etc.” The structure activity correlations of thalidomide
analogues and their metabolites suggested that
phthalimide is a fundamental pharmacophoric moiety.

Phthalimides are compounds with a wide range of
interesting applications, as it contains an imide ring [-CO-
N(R)-CO-], which possesses hydrophobic and neutral

characters, and helping it to cross the biological
membranes in  vivo.? Compounds containing the
phthalimide moiety have been examined for their
biological activity and proved to have anti-
inflammatory,”® antimicrobial,®’ antitumor,”® antivirus,?
angiogenesis inhibitor properties® and a-glucosidase
inhibitors.®® Moreover, various N-phenyl-phthalimides
were reported to possess enhanced activity over
thalidomide.’®**3* Interest in amino acids has increased
enormously during recent years, mainly because of the
application of these compounds in the nutritional and
medicinal fields. The suitable merging for simple
biologically active organic molecules together may results
in producing of new molecules more effective, cheaper
and safer for their use as a drug.****

In continuation of our strategic research program to
develop several antitumor heterocyclic compounds,®’*
based on our prior findings for the antitumor activity of
thalidomide derivatives,’* and following this line of our
research on a series of thalidomide and phthalimide ester
analogues linked to various biologically potent carboxylic
acids,” the presented work illustrated the synthesis of
novel thalidomide derivatives. Molecular modification via
hybridization was applied to produce novel cyclic imide-
ester hybrid structure of bis-phthalimide as well as
phthalimide-thalidomide moieties with different amino
acids which might be applicable as antitumor agents with
potent activity and low toxicity.

MATERIALS AND METHODS
Chemistry

The progress of all reactions and synthesized product
were monitored via analytical silica gel TLC plates 60 F254
(Merck), spots were located by UV light.1H- and 13C-
NMR spectra for all synthesized compounds were
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recorded on a JEOL JNM-AL-400MHzfor 1H- and 101 MHz
for 13C- NMR, with TMS as an internal standard, Chemical
shifts are reported in parts per million (ppm) relative to
the respective deuterated solvent peak DMSO-d6 (6 2.50
ppm) for 1H and (& 39. 51 ppm) for 13C. MALDI mass
spectral data of all compounds were obtained using JEOL
JMS-700N for electron ionization and/or on JEOL JMS-
T100TD for ESI using a-cyano- 4-hydroxy-cinnamic acid
(CHCA) as a matrix (m/z 189.17) (Nagasaki University-
Japan). Electrospray ionization high resolution mass
spectra (ESIHRMS) were performed on PE SCIEX API Q-
Star Pulsar Mass Spectrometer. For accurate ion mass
determinations, the [MH'] or [MNa] ion was peak
matched by calibration with Nal (University of Southern
Denmark-Denmark). IR spectra were recorded (KBr) on a
Pye-Unicam Sp-883 Perkins-Elmer spectrometer at Cairo
University. Melting points were determined on a Blchi
melting point apparatus and uncorrected. Solvents were
distilled prior to use, while reagents used as purchased.

General synthetic procedure for the preparation of
compounds 5, 6 and 7

A  mixture of 1,3-dioxo-1,3-dihydroisobenzofuran-5-
carbonyl chloride 1 (1.05 g, 5 mmol) and 2-
(hydroxymethyl) isoindoline-1,3-dione 2 (0.89 g, 5 mmol)
or 2-(2-hydroxyethyl)isoindoline-1,3-dione 3 (0.96 g, 5
mmol) or 3-(1,3-dioxo-2,3-dihydro-1H-inden-2-
yl)piperidine-2,6-dione 4 (1.06 g, 5 mmol) was dissolved
in 10 ml of dry pyridine and stirred for 10 h at room
temperature. The precipitated solid was filtered off,
washed with diethyl ether, dried and recrystallized from
toluene to yield the anhydride products [5-7] as white
powder.

(1,3-Dioxoisoindolin-2-yl)methyl-1,3-dioxo-1,3-
dihydroisobenzofuran-5-carboxylate (5)

Crystallized from Toluene as a White powder, m. p. 238-
240°C, yield 71%, 1.25 g. Analysis: IR (KBr, uma cm™):
3492 (C=Ogyertone), 1856, 1776 (C=Oannyarice), 1733
(C=Oester), 1600 (C=Cqry). 'H-NMR (400 MHz, DMSO-dg, &
ppm): 5.89 (s, 2H, NCH,0), 7.88-7.96 (m, 4H, aryl), 8.16
(d, 1H, J = 8 Hz, aryl), 8.42 (s, 1H, aryl), 8.44 (d, 1H,J =8
Hz, aryl). BC-NMR (101 MHz, DMSO-dg, 6 ppm): 61.62
(NCH,0), 123.87, 128.95, 129.54, 130.65, 131.53, 132.21,
132.43, 135.21, 138.19 (aryl), 163.65 (C=Oegster), 166.78 (2
X C=Opnthalimide), 167.50, 168.46 (2 X C=0annyaride)-

2-(1,3-Dioxoisoindolin-2-yl)ethyl1,3-dioxo-1,3-
dihydroisobenzofuran-5-carboxylate (6)

Crystallized from Toluene as a White powder, m. p. 228-
230 °C, yield 72%, 1.30 g. Analysis: IR (KBr, upa cm™ ):
3465 (C=Ogwertone), 1861, 1783 (C=Ognnyarice)y 1720
(C=Oester), 1612 (C=Cary); ‘H-NMR (400 MHz, DMSO-ds, &
ppm): 4.00 (t, 2H, NCH,CH,0), 4.51 (t, 2H, NCH,CH,0),
7.74 (d, 1H, J = 8 Hz, aryl), 7.81-7.88 (m, 4H, , aryl), 8.05
(d, 1H, J = 8 Hz, aryl), 8.16 (s, 1H, aryl). *C-NMR (101
MHz, DMSO-ds, & ppm): 36.72 (NCH,CH,0), 62.86
(NCH,CH,0), 123.25, 128.81, 129.47, 131.21, 131.69,
131.84, 132.31, 134.62, 137.93 (aryl), 164.59 (C=Oecster),
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167.52 (C=Oannyarige), 167.97 (2 x C=Opnthalimice), 168.51
(C=Oanhydride)- HR-MALDI-MS calcd for CioHNO;™ [M+ H]'
m/z 366.0614; found m\z 366.0610.

(3-(1,3-Dioxoisoindolin-2-yl)-2,6-dioxopiperidin-1-
yl)methyl 1,3-dioxo-1,3-dihydroisobenzo  furan-5-
carboxylate (7)

Crystallized from Toluene as a White powder, m. p. 230-
232 °C, yield 91%, 1.12 g. Analysis: IR (KB, Uma cm™):
3494  (C=Ogyertone), 1860, 1788 (C=Oannyarice), 1750
(C=Oester), 1602 (C=Cary). 'H-NMR (400 MHz, DMSO-dg, &
ppm): 2.15-2.18 (m, 1H, H-4"), 2.59-2.67 (m, 1H, H-5"),
2.87-2.91 (m, 1H, H-4"), 3.06-3.12 (m, 1H, H-5'CO), 5.39-
5.44 (m, 1H, H-3", 5.94-6.01 (m, 2H, NCH,0), 7.88-7.94
(m, 4H, aryl), 8.11 (d, 1H, J = 8 Hz, aryl), 8.21 (s, 1H, aryl),
8.61 (d, 1H, J = 8 Hz, aryl). *C-NMR (101 MHz, DMSO-dg, &
ppm): 21.0 (C421.00 (C4), 31.10 (Cs), 49.52 (C3), 64.03
(NCH,0), 123.68, 124.43, 128.36, 130.70, 131.36, 132.01,
135.06, 135.13, 138.17 (aryl), 163.69 (C=Oecster), 167.26 (2
X C:Oanhydride)a 16761: 168.42 (2 X C:Ophthalimide)1 169.60
(Co), 171.42 (C¢). HR-ESI-MS calcd for CpsH14N,0OgNa’
[M+Na]" m\z 485.0597; found m\z 485.0579.

General synthetic procedure for synthesis of N-
substituted anhydrides of compounds 8(a-d), 9(a-d) and
10(a-d)

A mixture of phthalimide or thalidomide esters 5-7 (0.5
mmol) with different amino acids (0.5 mmol) in 7 ml dry
DMF was refluxed for 3-6 h. The reaction mixture was
poured onto dilute HClI (1%), the crude products were
filtered off and recrystallized from ethanol to yield the
products 8[a-d], 9[a-d] and 10[a-d].

2-(5-(((1,3-Dioxoisoindolin-2-yl)ymethoxy)carbonyl)-1,3-
dioxoisoindolin-2-yl)acetic acid (8a)

Crystallized from ethanol as a Pale yellow powder, m. p.
220-221 °C, yield 76%, 0.16 g. Analysis: IR (KB, Uma cm™):
3433(OHgeig), 1782 (C=Oimige), 1736 (C=Oester), 1727
(C=Oinmide), 1717(C=04ig), 1615 (C=Cay), 1403, 1375(C-N-
C). "H-NMR (400 MHz, DMSO-ds, & ppm): 4.28 (s, 2H,
NCH,COOH), 5.88 (s, 2H, NCH,0), 7.88-7.95 (m, 4H, aryl),
8.03 (d, 1H, J = 8 Hz, aryl), 8.28 (s, 1H, aryl), 8.38 (d, 1H, J
=8 Hz, aryl). BC-NMR (101 MHz, DMSO-dg, & ppm): 29.54
(NCH,COOH), 61.79 (NCH,0), 123.79, 123.84, 124.05,
131.59, 131.99, 134.65, 135.17, 135.36, 136.07 (aryl),
163.42 (C=Oester), 166.44, 166.52 (2 x C=Opntnalimide), 166.75
(2 X C:Ophthalimide)a 168.82 (C:Oacid)- HR-MALDI-MS calcd
for ChHN,0gNa™ [M+Na]” m/z 431.0491; found m\z
431.0483.

(1,3-Dioxoisoindolin-2-yl)methyl2-(2-ethoxy-2-oxoethyl)-
1,3-dioxoisoindoline-5-carboxylate (8b)

Crystallized from ethanol as a White powder, m. p. 181-
182 °C, yield 75%, 0.17 g. Analysis: IR (KBr, umax cm™):
1786 (C=Oimige), 1735 (C=Oester), 1730 (C=Oester), 1727
(C=Oimige), 1616 (C=Cay), 1410, 1380 (C-N-C). 'H-NMR
(400 MHz, DMSO-dg, 6 ppm): 1.19 (t, 3H, CHy), 4.12-4.17
(m, 2H, OCH,CH3), 4.44 (s, 2H, CH,CO), 5.91 (s, 2H,
NCH,0), 7.90-7.99 (m, 4H, aryl), 8.07 (d, 1H, J = 8 Hz, aryl),
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8.32 (s, 1H, aryl), 8.42 (d, 1H, J =8 Hz, aryl). BC-NMR (101
MHz, DMSO-ds, & ppm): 13.91 (CHy), 25.31 (NCH,CO),
61.54 (OCH,CH3), 61.78 (NCH,0), 123.83, 123.92, 124.15,
131.58, 131.88, 134.83, 135.17, 136.15 (aryl), 163.38
(C:Oester)a 166.37, 166.41 (2 X C:Ophthalimide)a 166.74 (2 X
C:Ophthalimide)a 167.48 (C:Oester)- HR-MALDI-MS calcd for
Ca2H17N;0g" [M+H]" m/z 437.0985; found m\z 437.0970.

2-(5-(((1,3-Dioxoisoindolin-2-yl)methoxy)carbonyl)-1,3-
dioxoisoindolin-2-yl)propanoic acid (8c)

Crystallized from ethanol as a White powder, m. p. 177-
179 °C, yield 72%, 0.16 g. Analysis: IR (KBF, umax cm™):
3450 (OHgga), 1781(C=Oimige), 1735 (C=Oester), 1727
(C=Oimige), 1718 (C=O4gig), 1615 (C=Cyryy), 1393, 1370 (C-N-
C). 'H-NMR (400 MHz, DMSO-ds, & ppm): 1.55 (d, 3H,
CH), 4.86-4.92 (m, 1H, NCHCOOH), 5.91 (s, 2H, NCH,0),
7.91-7.99 (m, 4H, aryl), 8.03 (d, 1H, J = 8 Hz, aryl), 8.29 (s,
1H, aryl), 8.40 (d, 1H, J = 8 Hz, aryl), 13.19 (br s, 1H,
COOH). *C-NMR (101 MHz, DMSO-dg, & ppm): 14.67
(CHg), 47.27 (NCHCOOH), 61.76 (NCH,0), 123.58, 123.70,
123.84, 131.43, 131.72, 134.44, 135.04, 135.12, 135.87
(aryl), 163.25 (C=Oester), 166.23, 166.30 (2 X C=Opninaiimide),
166.56 (2 x C=Opnthaiimige), 170.79 (C=Oqcig). HR-ESI-MS
calcd for CyH14N,OgNa™ [M+ Na]” m\z 445.0648; found
m\z 445.0652.

2-(5-(((1,3-Dioxoisoindolin-2-yl)methoxy)carbonyl)-1,3-
dioxoisoindolin-2-yl)-3 phenylpropanoic acid (8d)

Crystallized from ethanol as a Orange crystal, m. p. 126-
127 °C, yield 70%, 0.18 g. Analysis: IR (KBF, umax cm™):
3445 (OHgcg), 1783 (C=Oimige); 1736 (C=Ogster), 1727
(C=Oinmide), 1720 (C=0O4ig), 1610 (C=Cyyy), 1415, 1388 (C-N-
C). 'H-NMR (400 MHz, DMSO-ds, & ppm): 3.30-3.36 (m,
1H, CHHPh), 3.46-3.52 (m, 1H, CHHPh), 5.11-5.16 (m ,1H,
NCHCOOH), 5.89 (s, 1H, NCH,0), 7.09-7.15 (m, 5H, aryl),
7.90-7.98 (m, 4H, aryl), 8.08 (d, 1H, J = 8 Hz, aryl), 8.22 (s,
1H, aryl), 8.34 (d, 1H, J = 8 Hz, aryl). BC-NMR (101 MHz,
DMSO-ds, & ppm): 35.78 (CH,Ph), 53.30 (NCHCOOH),
61.67 (NCH,0), 123.69, 123.71, 123.90, 126.59, 128.33,
128.71, 131.23, 131.46, 134.32, 134.76, 135.01, 135.07,
137.23 (aryl), 162.31 (C=Oester), 166.18, 166.29 (2 x
C=Opnthalimide), 166.54 (2 x C=Opnthatimide), 169.86 (C=Ogcig).
HR-ESI-MS calcd for CyHigN,OgNa® [M+Na]® m\z
521.0961; found m\z 521.0962.

2-(5-((2-(1,3-Dioxoisoindolin-2-yl)ethoxy)carbonyl)-1,3-
dioxoisoindolin-2-yl)acetic acid (9a)

Crystallized from ethanol as a Pale yellow powder, m. p.
156-160 °C, yield 88%, 0.19 g. Analysis: IR (KBr, Umax cm'l):
3460 (OHacig), 1776 (C=Oimige), 1736 (C=Oester), 1725
(C=Oimige), 1718 (C=O4ig), 1610 (C=Cyyyy), 1394, 1375 (C-N-
C). "H-NMR (400 MHz, DMSO-ds, & ppm): 4.02 (t, 2H,
NCH,CH,0), 4.34 (s, 2H, NCH,COOH), 4.54 (t, 2H,
NCH,CH,0), 7.82-7.89 (m, 4H, aryl), 8.06 (d, 1H, J = 8 Hz,
aryl), 8.23 (s, 1H, aryl), 8.33 (d, 1H, I = 8 Hz, aryl). *C-NMR
(101 MHz, DMSO-dg, & ppm): 28.36 (NCH,COOH), 36.69
(NCH,CH,0), 63.34 (NCH,CH,0), 123.28, 123.53, 124.05,
131.74, 131.97, 134.65, 135.10, 135.31, 135.76 (aryl),
164.36 (C=Oester), 166.46 (2 x C=Oppthalimice), 168.05 (2 x
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C:Ophthalimide)a 168.87 (C:Oacid) ppm. HR-MALDI-MS calcd
for CH14N,0g" [M]" m/z 422.0750; found m\z 422.0740.

2-(1,3-Dioxoisoindolin-2-yl)ethyl2-(2-ethoxy-2-oxoethyl)-
1,3-dioxoiso indoline-5-carboxylate (9b)

Crystallized from ethanol as a White powder, m. p. 136-
138 °C, yield 74 %, 0.17 g. Analysis: IR (KBF, Uma cm™):
1779 (C=Oimige), 1743 (C=Ocster), 1733 (C=Ogster), 1720
(C=Oinide), 1605 (C=Cay), 1410, 1385 (C-N-C). 'H-NMR
(400 MHz, DMSO-dg, 6 ppm): 1.20 (t, 3H, CH3), 4.02 (t, 2H,
NCH,CH,0), 4.13-4.18 (m, 2H, OCH,CHs), 4.45 (s, 2H,
NCH,CO), 4.53 (t, 2H, NCH,CH,0), 7.82-7.85 (m, 4H, aryl),
8.05 (d, 1H, J = 8 Hz, aryl), 8.22 (s, 1H, aryl), 8.32 (d, 1H, J
=8 Hz, aryl). BC-NMR (101 MHz, DMSO-dg, & ppm): 13.94
(CH3), 23.94 (NCH,CO), 36.66 (NCH,CH,0),61.57
(OCH,CH3), 63.33 (NCH,CH,0), 123.24, 123.58, 124.09,
131.72, 131.87, 134.61, 135.02, 135.33, 135.78 (aryl),
164.30 (C=Oester), 166.32, 166.40 (2 x C=Opntnatimide), 167.52
(C:Oester)a 168.01 (2 X c:Ophthalimide)- HR-MALDI-MS calcd
for CyHigN,OgNa™ [M+Na]® m/473.0961; found m\z
473.0970.

2-(5-((2-(1,3-Dioxoisoindolin-2-yl)ethoxy)carbonyl)-1,3-
dioxoisoindolin-2-yl)propanoic acid (9c)

Crystallized from ethanol as a White powder, m. p. 136-
137 °C, yield 84 %, 0.19 g. Analysis: IR (KBF, Uma cm™):
3458 (OH), 1779 (C=Oimige), 1735 (C=Oester), 1726
(C=Oinide), 1716 (C=04q¢ig), 1610 (vC=Cqry), 1392, 1370 (C-N-
C). 'H NMR (400 MHz, DMSO-ds, 6 ppm): 1.56 (d, 3H,
CHa), 4.02 (t, 2H, NCH,CH,0), 4.54 (t, 2H, NCH,CH,0),
4.87-4.92 (m, 1H, NCHCOOH), 7.83-7.88 (m, 4H, aryl),
8.03 (d, 1H, J = 8 Hz, aryl), 8.21 (s, 1H, aryl), 8.32 (d, 1H, J
= 8 Hz, aryl), 13.17 (br s, 1H, COOH). **C NMR (101 MHz,
DMSO-dg , 6 ppm): 14.67 (CHz), 36.66 (NCH,CH;0), 47.23
(NCHCOOH), 63.24 (NCH,CH,0), 123.11, 123.27, 123.77,
131.59, 131.73, 134.47, 134.86, 135.06, 135.49 (aryl),
164.14 (C:Oester)a 166.17 (2 X c:Ophthalimide)a 167.82 (2 X
C:Ophthalimide)a 170.81 (C:Oacid)- HR-ESI-MS calcd for
CooHigNo0gNa™ [M+Na+2H]" m\z 461.0961; found m\z
461.0962.

2-(5-((2-(1,3-Dioxoisoindolin-2-yl)ethoxy)carbonyl)-1,3-
dioxoisoindolin-2-yl)-3-phenylpropanoic acid (9d)

Crystallized from ethanol as a Orange crystal, mp: 80-82
°C, yield 81%, 0.21 g. Analysis: IR (KBr, uma cm™): 3481
(OHacid)a 1780 (C:Oimide), 1736 (C:Oester)a 1727 (C:Oimide),
1715 (C=0xgig), 1610 (C=Cqy), 1394, 1371 (C-N-C). 'H-NMR
(400 MHz, DMSO-dg, & ppm): 3.29-3.36 (m, 1H, CHHPh),
3.47-3.52 (m, 1H, CHHPh), 4.00 (m, 2H, NCH,CH,0), 4.51
(m, 2H, NCH,CH,0), 5.12-5.16 (m, 1H, NCHCOOH), 7.09-
7.14 (m, 5H, aryl), 7.81-7.84 (m, 4H, aryl), 7.95 (d, 1H, J =
8 Hz, aryl), 8.13 (s, 1H, aryl), 8.26 (d, 1H, J = 8 Hz, aryl).
BC-NMR (101 MHz, DMSO-ds, & ppm): 33.95 (CH,Ph),
36.63 (NCH,CH,0), 53.34 (NCHCOOH), 63.33 (NCH,CH,0),
123.23, 123.62, 124.07, 126.74, 128.47, 128.84, 131.17,
131.72, 134.23, 134.59, 135.49, 135.94, 137.35 (aryl),
164.21 (C:Oester)a 166.27 (2 X c:Ophthalimide)a 168.01 (2 X
C:Ophthalimide)a 170.03 (C:Oacid)- HR-MALDI-MS calcd for
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CogHaiNo0gNa™ [M+Na+H]" m/z 536.1196; found m\z
536.1186.

2-(5-(((3-(1,3-Dioxoisoindolin-2-yl)-2,6-dioxopiperidin-1-
yl)methoxy)carbonyl)-1,3-dioxoisoindolin-2-yl)acetic
acid (10a)

Crystallized from ethanol as a White powder, m. p. 208-
210 °C, yield 89%, 0.27 g. Analysis: IR (KB, Uma cm™):
3223 (OHggg), 1780 (C=Oimige), 1745 (C=Opster), 1728
(C:Oimide)a 1718 (C:Oacid)a 1615 (C:Cary|), 1401, 1375 (C-N-
C). 'H-NMR (400 MHz, DMSO-dg, 6 ppm): 2.15-2.18 (m,
1H, H-4"), 2.60-2.65 (m, 1H, H-5", 2.86-2.90 (m, 1H, H-4"),
3.05-3.11 (m, 1H, H-5'CO), 4.34 (s, 2H, NCH,COOH), 5.36-
5.40 (m, 1H, H-3", 5.94-6.03 (m, 2H, NCH,0), 7.86-7.94
(m, 4H, aryl), 8.09 (d, 1H, J = 8 Hz, aryl), 8.26 (s, 1H, aryl),
8.37 (d, 1H, J= 8 Hz, aryl). BC-NMR (101 MHz, DMSO-dg, &
ppm): 21.39 (C4), 31.49 (Cs), 34.63 (NCH,COOH), 49.87
(Cg), 64.56 (NCH,0), 123.94, 123.96, 124.49, 131.60,
132.35, 134.89, 135.42, 135.68, 136.26 (aryl), 163.61
(C:Oester)a 166.71, 166.77 (2 X C:Ophthalimide)a 167.49 (2 X
C=Opntnalimide), 169.09 (C2), 169.83 (C¢), 171.62 (C=Ogciq).
HR-ESI-MS calcd for CsHigN3O10" [M+H]" m\z 520.0992;
found m\z 520.0971.

(3-(1,3-Dioxoisoindolin-2-yl)-2,6-dioxopiperidin-1-
yl)methyl-2-(2-ethoxy-2-oxoethyl)-1,3-dioxoisoindoline-
5-carboxylate (10b)

Crystallized from ethanol as a White powder, m. p. 120-
122 °C, yield 95%, 0.26 g. Analysis: IR (KBr, uma cm™):
1778 (C=Oimice), 1750 (C=Oester), 1735(C=Oester), 1727
(C=Oinide), 1610 (C=Cay), 1394, 1365 (C-N-C). 'H-NMR
(400 MHz, DMSO-dg, 6 ppm): 1.18 (t, 3H, CHs), 2.14-2.16
(m, 1H, H-4%), 2.60-2.68 (m, 1H, H-5"), 2.85-2.89 (m, 1H, H-
4", 3.04-3.10 (m, 1H, H-5'CO), 4.14 (q, 2H, OCH,CH3), 4.45
(s, 2H, NCH,CO), 5.36-5.41 (m, 1H, H-3"), 5.94-6.02 (m, 2H,
NCH,0), 7.87-7.94 (m, 4H, aryl), 8.09 (d, 1H, J = 8 Hz, aryl),
8.26 (s, 1H, aryl), 8.37 (d, 1H, J = 8 Hz, aryl). BCNMR (101
MHz, DMSO-dg, & ppm): 13.97 (CHj3), 20.96 (C4), 24.02
(NCH,CO0), 31.07 (Cs?), 49.44 (Cg), 61.53 (OCH,CH3), 64.13
(NCH,0), 123.47, 123.53, 124.15, 131.2, 132.48, 134.54,
134.99, 135.29, 135.87 (aryl), 163.15 (C=Oester), 166.23,
167.05 (2 x C=Opnthaiimide), 167.12 (2 x C=Opntnalimide),
167.33 (C=Oester), 169.39 (C;), 171.17 (C¢) HR-ESI-MS
calcd for Cp7HzN3Oj0Na’™ [M+Na]™ m\z 570.1125; found
m\z 570.11009.

2-(5-(((3-(1,3-Dioxoisoindolin-2-yl)-2,6-dioxopiperidin-1-
yl)methoxy)carbonyl)-1,3- dioxoisoindolin-2-yl)
propanoic acid (10c)

Crystallized from ethanol as a White powder, m. p. 139-
141 °C, yield 83%, 0.22 g. Analysis: IR (KBr, uma cm™):
3235 (OHqcig), 1784 (C=Oimige), 1745 (C=Ogster), 1720
(C=Oinide), 1700 (C=0O4cig), 1600 (C=Cyry), 1395, 1367 (C-N-
C). 'H- NMR (400 MHz, DMSO-dg, & ppm): 1.54 (d, 3H,
CH,), 2.15-2.18 (m, 1H, H-4"), 2.59-2.67 (m, 1H, H-5"),
2.84-2.90 (m, 1H, H-4"), 3.04-3.13 (m, 1H, H-5'CO), 4.87-
4.92 (m, 1H, NCHCOOH), 5.36-5.40 (m, 1H, H-3"), 5.93-
6.02 (m, 2H, NCH,0), 7.86-7.94 (m, 4H, aryl), 8.05 (d, 1H, J
= 8 Hz, aryl), 8.23 (s, 1H, aryl), 8.35 (d, 1H, J = 8 Hz, aryl).
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BC-NMR (101 MHz, DMSO-dg, & ppm): 15.13 (CHs), 21.40
(C4), 3150 (Cs), 47.74 (CHCOOH), 49.88 (Cs), 64.56
(NCH;0), 123.86, 123.95, 124.37, 131.60, 132.25, 134.81,
135.41, 135.60, 136.17 (aryl), 163.63 (C=Oester), 166.63,
166.69 (2 x C=Opnthalimide), 167.48 (2 * C=Opnthaiimide);
169.82 (Cy), 171.27 (Cg), 171.6 (C=04¢q). HR-ESI-MS calcd
for CysHi1gNsOoNa’ [M+Na]” m\z 556.0968; found m\z
556.0948.

2-(5-(((3-(1,3-Dioxoisoindolin-2-yl)-2,6-dioxopiperidin-1-
yl)methoxy)carbonyl)-1,3-dioxoisoindolin-2-yl)-3-
phenylpropanoic acid (10d)

Crystallized from ethanol as a Pale orange crystal, m. p.
88-89 °C, yield 90%, 0.27g g. Analysis: IR (KB, Umax cm™):
3245 (OHacig), 1782 (C=Oimide), 1740 (C=Oester), 1728
(C=Oinmide), 1718 (C=04cig), 1600 (C=Cyyy), 1410, 1377 (C-N-
C). 'H- NMR (400 MHz, DMSO-dg, 6 ppm): 2.15-2.18 (m,
1H, H-4"), 2.59-2.66 (m, 1H, H-5'), 2.82-2.86 (m, 1H, H-4"),
3.04-3.13 (m, 1H, H-5'CO), 3.27-3.34 (m, 1H, CHHPh),
3.44-3.47 (m, 1H, CHHPh), 5.08-5.12 (m, 1H, NCHCOOH),
5.36-5.40 (m, 1H, H-3"), 5.90-5.96 (m, 2H, NCH,0), 7.06-
7.10 (m, 5H, aryl), 7.83-7.88 (m, 4H, aryl), 7.92 (d, 1H, J =
8 Hz, aryl), 8.11 (s, 1H, aryl), 8.26 (d, 1H, J = 8 Hz, aryl).
BC-NMR (101 MHz, DMSO-ds, 5 ppm): 20.97 (C4), 31.03
(Cs), 35.85 (CHyPh), 49.44 (Cs), 53.51 (NCHCOOH), 64.08
(NCH,0), 123.49, 123.61, 124.01, 126.61, 128.34, 128.65,
131.07, 131.12, 134.36, 134.60, 134.97, 135.97, 137.21
(aryl), 163.05 (C=Oester), 166.14, 166.19 (2 % C=Opntnaiimide),
167.07 (2 x C=Opnnalimide), 169.37 (C2), 169.89 (C¢), 171.19
(C=04cig). HR-ESI-MS calcd for CsHysNsOoNa™ [M+Na]
m\z 632.1281; found m\z 632.1268.

General synthetic procedure for the synthesis of N-
substituted anhydrides of compounds 11, 12 and 13

A mixture of phthalimide and thalidomide esters 5-7 (0.5
mmol) with tryptamine hydrochloride (0.5 mmol) in 10 ml
dry DMF in the presence of 0.07 ml of TEA was refluxed
for 5-10 h. The reaction mixture was poured onto dilute
HCl (1%), the crude products were filtered off and
recrystallized from ethanol to yield the products [11-13].

(1,3-Dioxoisoindolin-2-yl)methyl2-(2-(1H-indol-3-
yl)ethyl)-1,3-dioxoisoindoline-5-carboxylate (11)

Crystallized from ethanol as a Brownish yellow powder,
m. p. 225-226 °C, yield 74%, 0.19 g. Analysis: IR (KB, Upax
cm™): 3253 (NH), 1770 (C=Ojmige), 1735 (C=Oester), 1715
(C=Oimide), 1610 (C=C,y), 1402, 1373 (C-N-C), 1303 (C-
Nary)- 'H-NMR (400 MHz, DMSO-dg, & ppm): 3.04 (t, 2H, J
= 8 Hz, NCH,CH,-indole), 3.86 (t, 2H, J = 8 Hz, NCH,CH,-
indole), 5.91 (s, 2H, NCH;0), 6.97 (t, 1H, J = 8 Hz, aryl),
7.04 (t, 1H, J = 8 Hz, aryl), 7.19 (s, 1H, CHNH), 7.33 (d, 1H,
J=8Hz, aryl), 7.55 (d, 1H, J = 8 Hz, aryl), 7.92-7.98 (m, 4H,
aryl), 8.07 (d, 1H, J = 8 Hz, aryl), 8.21 (s, 1H, aryl), 8.34 (d,
1H, J = 8 Hz, aryl), 10.83 (br s, 1H, NH). *C-NMR (101
MHz, DMSO-dg, 6 ppm): 23.77 (NCH,CH,-indole), 38.49
(NCH,CH,-indole), 61.71 (NCH,0), 110.51, 111.44, 117.94,
118.35, 120.98, 123.00, 123.21, 123.32, 123.70, 127.01,
131.33, 131.44, 132.05, 134.12, 135.03, 135.20, 136.18
(aryl), 163.33 (C:Oester)a 166.56 (2 X c:OPhthaIimide)a 166-93,

E=

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.



Int. J. Pharm. Sci. Rev. Res., 33(2), July — August 2015; Article No. 32, Pages: 158-165

167.07 (2 x C=Opntnalimide): HR-MALDI-MS calcd for
CogH21N306" [M+2H]" m/z 495.1430; found m\z 495.1433.

2-(1,3-Dioxoisoindolin-2-yl)ethyl2-(2-(1H-indol-3-
yl)ethyl)-1,3-dioxoisoindoline-5-carboxylate (12)

Crystallized from ethanol as a Brownish yellow powder,
m. p. 66-68 °C, yield 88%, 0.22 g. Analysis: IR (KBr, Umax
cm™): 3412 (NH), 1778 (C=Oimige), 1735 (C=Oester), 1727
(C=Oimide), 1600 (C=C,y), 1397, 1380 (C-N-C), 1287 (C-
Nary)- 'H- NMR (400 MHz, DMSO-ds, & ppm): 3.02 (t, 2H, J
= 8 Hz, NCH,CH,-indole), 3.84 (t, 2H, J = 8 Hz, NCH,CH,-
indole), 4.02 (t, 2H, NCH,CH,0), 4.53 (t, 2H, NCH,CH,0),
6.96 (t, 1H, J = 8 Hz, aryl), 7.05 (t, 1H, J = 8 Hz, aryl), 7.18
(s, 1H, CHNH), 7.32 (d, 1H, J =8 Hz, aryl), 7.54 (d, 1H,J=8
Hz, aryl), 7.82-7.85 (m, 4H, aryl), 7.93 (d, 1H, J = 8 Hz,
aryl), 8.13 (s, 1H, aryl), 8.25 (d, 1H, J = 8 Hz, aryl), 10.84
(br s, 1H, NH). BC-NMR (101 MHz, DMSO-dg, 6 ppm):
23.76  (NCH,CHj-indole), 36.67 (NCH.CH,0), 38.54
(NCH,CHy-indole), 63.23 (NCH,CH,0), 110.62, 111.58,
118.05, 118.48, 121.13, 123.00, 123.11, 123.22, 123.48,
127.14, 131.69, 132.20, 134.60, 134.80, 135.30, 135.41,
136.43 (aryl), 164.43 (C=Oester), 167.06, 167.10 (2 x
C=Ophtnaiimice), 167.99 (2 % C=Opnthaiimige). HR-MALDI-MS
calcd for CpoH,N306Na™ [M+Na+H]" m/z 531.1406; found
m\z 531.1430.

(3-(1,3-Dioxoisoindolin-2-yl)-2,6-dioxopiperidin-1-
ylmethyl  2-(2-(3a,7a-dihydro-1H-indol-3-yl)ethyl)-1,3-
dioxoisoindoline-5-carboxylate (13)

Crystallized from ethanol as a Brownish yellow powder,
m. p. 134-136 °C, yield 92%, 0.28 g. Analysis: IR (KB, Umax
cm™): 3417 (NH), 1775 (C=Oimige), 1745 (C=Oester), 1726
(C=Oimide), 1612 (C=C4y), 1397, 1363 (C-N-C), 1285 (C-
Nary)- 'H- NMR (400 MHz, DMSO-dg, & ppm): 2.13-2.18 (m,
1H, H-4"), 2.59-2.67 (m, 1H, H-5"), 2.84-2.90 (m, 1H, H-4),
3.01 (t, 2H, J = 8 Hz, NCH,CH,-indole), 3.05-3.11 (m, 1H,
H-5'CO), 3.84 (t, 2H, J = 8 Hz, NCH,CH,-indole), 5.36-5.41
(m, 1H, H-3"), 5.94-6.02 (m, 2H, NCH,0), 6.95 (t, 1H, J =8
Hz, aryl), 7.04 (t, 1H, J = 8 Hz, aryl), 7.17 (s, 1H, CHNH),
7.31(d, 1H,J=8Hz, aryl), 7.53 (d, 1H, J = 8 Hz, aryl), 7.87-
7.96 (m, 4H, aryl), 8.00 (d, 1H, J = 8 Hz, aryl), 8.18 (s, 1H,
aryl), 8.32 (d, 1H, J = 8 Hz, aryl), 10.82 (br s, 1H, NH). .
NMR (101 MHz, DMSO-ds, 8§ ppm): 21.02 (C4), 24.23
(NCH,CHy-indole), 31.12 (Cs), 38.94 (NCH,CH,-indole),
49.88 (C3), 64.10 (NCH,0), 110.96, 111.92, 118.40,
118.82, 121.45, 123.40, 123.45, 123.79, 123.96, 127.46,
131.62, 132.49, 134.60, 135.35, 135.41, 135.67, 136.66
(aryl), 163.71 (C=Oester), 166.28, 167.47 (2 % C=Opntnaiimide),
167.49 (2 x C=Ophtnaiimice), 169.81 (Cz), 171.30 (Ce)HR-ESI-
MS calcd for CssHoyN,Og™ [M+H]" m\z 607.1829; found
m\z 607.1842.

Biological Evaluation
Cytotoxicity toward different cancer cell

The in vitro cytotoxic effect against Human hepatocellular
carcinoma cell line Hep-G2 and Human Caucasian breast
adenocarcinoma MCF-7 using MTT method was
performed based on the previously reported
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procedures.”*’

RESULTS AND DISCUSSION
Chemistry

The esterification reaction of commercially available
trimellitic anhydride chloride (TMAC) 1 with 2-
(hydroxymethyl)isoindoline-1,3-dione (NHMP) 2 2,2-
(hydroxyethyl)isoindoline-1,3-dione (NHEP) 3 and 2-(1-
(hydroxymethyl)-2,6-dioxopiperidin-3-yl)isoindoline-1,3-
dione (NHMT) 4 in dry pyridine at room temperature
afforded the ester products (1,3-dioxoisoindolin-2-
yl)methyl 1,3-dioxo-1,3-dihydroisobenzofuran-5-
carboxylate (PPAME) 5, (1,3-dioxoisoindolin-2-yl) ethyl
1,3-dioxo-1,3-dihydroisobenzofuran-5-carboxylate

(PPAEE) 6 and (3-(1,3-dioxoisindolin-2-yl)-2,6-
dioxopiperidin-1-yl)methyl 1,3-dioxo-1,3-dihydroiso-

benzofuran-5-carboxylate  (TPAME) 7, respectively
(Scheme 1).
o
AR
s R..E.r-- ..I--‘N boor?
§ 0, 9
pd Ba-d: n=1; R= phihaimidyl;
e 9a-d: n=2 R= phihalimidyl,
. o P ’ 10a-d: n=1; R= thalidomide.
a ) Lo +ryon i RuQy e e
Ol 50 . :
1 2:n=1; R= phthalimidyl; § n=1; R= phihalim dﬂ:\‘f"
3:n=2; R=phihalimidy 6:n=Z; R= phthalmidyl; \ s
4n=t;R=thaldomide.  7:n=". R= taidomice. ~ 7
[
R: .0 p P
n b

11: n=1; R= phthalimidy; R*= CH;CHy-Indole;

12:n=2; R= phihaiimidyl; R*= CH,CH;-Indale;

13: n=1; R= thalidomide; R*= CH,CH;-Indole.
Scheme 1: Synthesis of bis-phthalimide and thalidomide
ester derivatives linked to amino acids. Reagents and
conditions: (i) Dry Pyridine, room temperature. (ii)
Different amino acids, dry DMF, reflux. (iii) Tryptamine
hydrochloride, TEA, dry DMF, reflux.

The structures of the ester derivatives were elucidated
based on their spectral analysis; IR spectra revealed the
presence of two sets of absorption bands around 1856-
1861 and 1776-1788 cm™ resulting from the symmetrical
and asymmetrical stretching of C=0 anhydride functions.
Absorption band around 1720-1750 cm™ characteristics
for stretching C=0 ester function. Moreover, a weak
absorption overtone band for the C=O stretching
appeared around 3470 cm™. Furthermore, 1H-NMR
spectra illustrated a downfield shift of a singlet signal at &
5.89 ppm corresponding to the methylenic protons (N-
CH2 -0) of compound 5, as multiplet at 6 5.94-6.01 ppm
for compound 7 and (N-CH2CH2-0) as triplet at 6 4.00,
4.51 ppm for compound 6. The appearing of a multiplet
signal around 6 7.81-7.96 ppm characteristic for the four
aromatic protons of the isoindole-1,3-dione fragment,
and confirmed that it were not affected by esterification.
13C-NMR for the synthesized ester showed signals at 6
61.6, 64.0 ppm (N-CH2-O) for compounds 5, 7
respectively and & 36.7, 62.9 ppm (N-CH2CH2-O) for
compound 6. An ester C=0 signal appeared at 6 163.7
ppm for compounds 5, 7 and at 6 164.6 ppm for
compound 6, two anhydride signals appeared from
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166.3-168.5 ppm. Mass spectral fragmentation data of
thalidomide and phthalimide esters 5 6 and 7
respectively, revealed the presence of molecular ions
(M") which confirmed their molecular weights as shown
in the experimental part.

The newly cyclic imide-ester derivatives 5, 6 and 7
appeared very useful for preparation of new hybrid
structure  of  bis-N-substituted  phthalimide and
phthalimide-thalidomide moieties. Further reactions of
the resulted esters PPAME 5, PPAEE 6 or TPAME 7 with
different amino acids i.e., glycine for producing (8-10a)
derivatives, glycine ethyl ester gave (8-10b), alanine gave
(8-10c) and phenylalanine gave (8-10d) under reflux in
dry DMF vyielded the phthaloyl derivatives in more than
70% yield, phthaloylation by this method was found to
took place without racemization.*®

The reaction of tryptamine hydrochloride with
compounds 5, 6 or 7 in base catalyzed reaction using TEA
under reflux in dry DMF afforded N-tryptamino-bis
phthalimide methyl ester (NTPME) 11, N-tryptamino-bis
phthalimide ethyl ester (NTPEE) 12 and N-tryptamino-
phthalimide thalidomide methyl ester (NTPTME) 13
respectively. IR spectra for the above mentioned
derivatives 8a-d, 9a-d, 10a-d, 11, 12 and 13 illustrated the
disappearance of the two absorption bands of C=0
anhydride functions. Reagents and analytical data (IR, 'H-
NMR, ™C-NMR, HR-ESI/MS and MALDI mass
spectrometry) of all synthesized derivatives are
summarized in the Experimental part.

Biological Evaluation
Cytotoxic activity against Hep-G2 and MCF-7 cell lines

The in-vitro anti-tumor activity of all newly synthesized
compounds was examined against Hep-G2 and MCF-7 cell
lines using MTT (3-[4,5-Dimethylthiazol]-2,5-
Diphenyltetrazolium bromide) assay®. The assay depends
on the active mitochondrial dehydrogenase in vital cells
to cleave the MTT tetrazolium rings to form blue
insoluble formazan crystals. The anti-tumor activity of
compounds was measured and expressed as median
lethal concentration (LCso) (M), as mentioned before™®.
Doxorubicin was used as a positive control and a probit
analysis using SPSS 11 program was used to determine
LCso.

LCso was measured and only LCsg values of the most
potent compounds were shown in Table 1. Results
revealed that PPAEE 6 exhibited the highest anti-tumor
activity against MCF-7 and Hep-G2 cell lines with LCs
values of 45.3 and 38.3 uM, respectively compared to 9b,
10d, 11 and 12 as shown in Table 1. The activity might be
interpreted through the lack of amino acids as the
derivatives containing amino acids possess lower anti-
tumor activity than that without amino acids.
Consequently, the absence of amino acid in derivative
PPAEE 6 might be facilitate its hydrolysis to the
corresponding metabolites containing carboxylic group,
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which is an ionizable group leading to increase the
solubility and membrane permeability [49].

On the other hand, anti-tumor activity of derivatives
PPAEE 6, NTPEE 12, and 9b might be attributed to the
length of alkyl linker (CH,) and this was completely
compatible with the previously reported results which
stated that the increase in the length of alkyl chain
enhances the anti-tumor activity by modulating the
physicochemical properties and increasing the folding and
flexibility of the drug®>2.

Further investigations of novel thalidomide and
phthalimide analogs are now under considerations in
order to predict a proper structure-activity relationship.

Table 1: Median lethal concentration (LCsy) induced by
the most potent compounds.

Compounds LCooluM)
MCF-7 HeP-G2
6 45.3 38.3
9b 63.9 73.1
10d - 77.4
11 67.4 -
12 54.9 67.9
Doxorubicin 45.0 37.8
CONCLUSION

In this study, the newly cyclic imide-ester derivatives 5-7
seems to be effective starting materials for preparing
novel three series of phthalimide and thalidomide
moieties as a core and skeleton linked to different amino
acids 8a-d, 9a-d and 10a-d. These new hybrid derivatives
were biologically investigated for their antitumor activity
against MCF-7 and Hep-G2 cells. The obtained results
indicated that, these derivatives 6, 11, 12, 9b and 10d
possessed significant antitumor activity. Phthalimide
derivatives have antitumor activity higher than that of
thalidomide derivatives, which supported the concept
that phthalimide moiety is an essential pharmacophoric
fragment in thalidomide structure.

Acknowledgement: The authors would like to thank
Professor Nobuyuki Kobayashi from the Faculty of
Pharmaceutical Sciences, Graduate School of Biomedical
Sciences, Nagasaki University, Japan for supporting this
research. We would also like to express our sincere
thanks to Dr. Khaled Mahmoud Mohamed from the
Bioassay-Cell Culture Laboratory, National Research
Centre, El-Tahrir St., Dokki, Cairo, Egypt for his effort
regarding the in vitro anticancer activity.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

163



Int. J. Pharm. Sci. Rev. Res., 33(2), July — August 2015; Article No. 32, Pages: 158-165

REFERENCES

1.

10.

11.

12.

13.

Meunier B, Hybrid Molecules with a Dual Mode of Action:
Dream or Reality, Acc. Chem. Res., 41, 2008, 69-77.

Hashimoto Y, Thalidomide as a Multi-Template for
Development of Biologically Active Compounds, Arch.
Pharm., 341, 2008, 536-547.

Hui jY, Hoffmann M, Kumar G, Embryo—fetal exposure and
developmental outcome of thalidomide following oral and
intravaginal administration to pregnant rabbits, Reprod.
Toxicol., 48, 2014, 115-123.

Fischer ES, Bohm K, Lydeard JR, Yang H, Stadler MB, Cavadini
S, NagelJ, Serluca F, Acker V, Lingaraju GM, Tichkule RB,
Schebesta M, Forrester WC, Schirle M, Hassiepen U, Ottl J.
Hild M, Beckwith REJ, Harper JW, Jenkins JL, Thom& NH,
Structure of the DDB1 CRBN E3 ubiquitin ligase in complex
with thalidomide, Nature, 512, 2014, 49-53.

Payandemehra B, Rahimiana R, Gooshea M, Bahremandd A,
Gholizadeha R, Berijania S, Ahmadi-Dastgerdia M,
Aminizadea M, Sarreshte-Daria A, Dianatie V, Amanloue M,
Dehpoura AR, Epilepsy. Behav., 34, Nitric oxide mediates the
anticonvulsant effects of thalidomide on pentylenetetrazole-
induced clonic seizures in mice 2014, 99-104.

Chien CH, Chien RN, Thalidomide induces complete
remission of advanced hepatocellular carcinoma, Adv. Dig.
Med., 1, 2014, 64-67.

Souzaa CM, Silvab ACA, Ferraciollia CJ, Moreiraa GV,
Camposa LC, Reisa DC, Lopesb MTP, Ferreiraa MAND,
Andradec SP, Cassali GD, Combination therapy with
carboplatin and thalidomide suppresses tumor growth and
metastasis in 4T1 murine breast cancer model, Biomed.
Pharmacother., 68, 2014, 51-57.

Souzaa CM, Carvalhoa LF, Vieiraa TS, Silvac ACA, Lopesb
MTP, Ferreiraa MAND, Andradeb SP, Cassali D, Thalidomide
attenuates mammary cancer associated-inflammation,
angiogenesis and tumor growth in mice, Biomed.
Pharmacother., 66, 2012, 491-498.

Lv P, Li HY, Ji SS, Li W, Fan LJ, Thalidomide alleviates acute
pancreatitis-associated lung injury via down-regulation of
NFkB induced TNF-a, Patho. Res. Pract., 210, 2014, 558-564.

Huang H, Zhou L, Peng L, Fu W, Zhang C, Hou J, Bortezomib-
thalidomide-based regimens improved clinical outcomes
without increasing toxicity as induction treatment for
untreated multiple myeloma: A meta-analysis of phase IlI
randomized controlled trials Leuk. Res., 38, 2014, 1048-
1054.

Slawinska-Brycha A, Zdzisinskab B, Mizerska-Dudkab M,
Kandefer-Szerszenb M, Induction of apoptosis in multiple
myeloma cells by a statin—thalidomide combination can be
enhanced by p38 MAPK inhibition, Leuk. Res., 37, 2013, 586-
594.

Yamasakia PR, Nascimentob DC, Cheluccia RC, Beloneb AFF,
Rosabv PS, Diériob SM, Meloa TRF, Barbieria KP, Placeresa
MCP, Carlosa 1Z, Chunga MC, Santosa JL, Synthesis and
evaluation of novel dapsone-thalidomide hybrids for the
treatment of type 2 leprosy reactions, Bioorg. Med. Chem.
Lett., 24, 2014, 3084-3087.

Cao C, Liu T, Zhu H, Wang L, Kai S, Xiang B, Both bortezomib-
contained chemotherapy and thalidomide combined with

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ISSN 0976 — 044X

cyclophosphamide, doxorubicin, vincristine, and prednisone
play promising roles in plasmablastic lymphoma: A case
report and literature review, Clin. Lymphoma. Myeloma.
Leuk., 14, 2014, 145-150.

Amirshahrokhi K, Anti-inflammatory effect of thalidomide in
paraguat-induced pulmonary injury in mice, Int.
Immunopharmacol., 17, 2013, 210-215.

Watanabea TKN, Yokoyamaam M, Araic K, Oanad S,
Harayamaa S, Yasuif K, Oh-ishig T, Onoderaa M, Thalidomide
attenuates excessive inflammation without interrupting
lipopolysaccharide-driven inflammatory cytokine production
in chronic granulomatous disease, Clin. Immunol., 147, 2013,
122-128.

Blaya PL, Rakotonirainya H, Lagierb JC, Raoultb D, Puechalc
X, Persa YM, A severe Whipple disease with an immune
reconstitution inflammatory syndrome: An additional case
of thalidomide efficiency, Jt. Bone. Spine., 81, 2014, 260-
262.

Bartlett JB, Dredge K, Dalgleish AG, The evolution of
thalidomide and its IMID derivatives as anticancer agents,
Nat. Rev. Cancer., 4, 2004, 314-322.

Hashimoto Y, Structural development of biological response
modifiers based on thalidomide, Bioorg. Med. Chem., 10,
2002, 461-479.

Hashimoto Y, Structural Development of Biological Response
Modifiers Based on Retinoids and Thalidomide, Mini. Rev.
Med. Chem., 2, 2002, 543-551.

Leonard C, Fleischer AB, Thalidomide: current and potential
clinical applications, Am. J. Med., 108, 2000, 487-495.

Man HW, Corral LG, Stirling DI, Muller GW, a-Fluoro-
substituted thalidomide analogues, Bioorg. Med. Chem.
Lett., 13, 2003, 3415-3417.

Dixon SC, Kruger EA, Bauer KS, Figg WD, Thalidomide up-
regulates prostate-specific antigen secretion from LNCaP
cells, Cancer. Chemother. Pharmacol., 43, 1999, 78-84.

Patil CR, Bhise SB, Bhatia MS, Effect of single dose
thalidomide on stress induced rise of plasma corticosterone
in rats, Indian. J. Pharmacol., 38, 2006, 283-284.

Ali I, Wani WA, Saleem K, Haque A, Thalidomide: A Banned
Drug Resurged into Future Anticancer, Curr. Drug. Ther., 7,
2012, 13-23.

Haergreaves MK, Pritchard JG, Dave H, Cyclic carboxylic
monoimides, Chem. Rev., 70, 1970, 439-469.

Godina AM, Aradjob DP, Menezesa RR, Britoa AMS, Meloa
ISF, Couraa GME, Soaresa DG, Bastosd LFS, Amarald FA,
Ribeirod LS, Boffd D, Santosc JRA, Santosc DA, Teixeirad
MM, Fatimab A, Machadoa RR, Coelhoa MM, Activities of 2-
phthalimidethanol and 2-phthalimidethyl nitrate,
phthalimide analogs devoid of the glutarimide moiety, in
experimental models of inflammatory pain and edema,
Pharmacol. Biochem. Behav., 122, 2014, 291-298.

Akglina H, Karamelekoglua i, Berka B, Kurnazb |, Saribiyikb G,
Oktemc S, Kocagdzc T, Synthesis and anti-mycrobacterial
activity of some phthalimide derivatives, Bioorg. Med.
Chem., 20, 2012, 4149-4154.

Wanga F, Yina H, Yuea C, Chengc S, Hong M, Syntheses,
structural characterization, in vitro cytotoxicities and DNA-

&

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.



Int. J. Pharm. Sci. Rev. Res., 33(2), July — August 2015; Article No. 32, Pages: 158-165

binding  properties of triphenylantimony  di(N-oxy
phthalimide) and di(N-oxy succinimide) complexes, J.
Organomet. Chem., 738, 2013, 35-40.

29. Yang YJ, Zhao JH, Pan XD, Zhang PC, Synthesis and Antiviral
Activity of Phthiobuzone Analogues, Chem. Pharm. Bull., 58,
2010, 208-211.

30. Nagarajana S, Majumdera S, Sharmab U, Rajendrana S,
Kumarb N, Chatterjeea S, Singhb B, Synthesis and anti-
angiogenic activity of benzothiazole, benzimidazole
containing phthalimide derivatives, Bioorg. Med. Chem.
Lett., 23, 2013, 287-290.

31. Biana X, Wangb Q, Kea C, Zhaoa G, Li Y, A new series of N2-
substituted-5-(p-toluenesulfonylamino)phthalimide
analogues as a-glucosidase inhibitors, Bioorg. Med. Chem.
Lett., 23, 2013, 2022-2026.

32.Noguchi T, Shimazawa R, Nagasawaa K, Hashimoto Y,
Thalidomide and its analogues as cyclooxygenase inhibitors,
Bioorg. Med. Chem. Lett., 12, 2002, 1043-1046.

33.Lima LM, Castro P, Machado AL, Fraga CAM, Lugnier C,
Moraes VLG, Barreiro E, Synthesis and anti-inflammatory
activity of phthalimide derivatives, designed as new
thalidomide analogues, Bioorg. Med. Chem., 10, 2002, 3067-
3073.

34. Shinji C, Nakamura T, Maeda S, Design and synthesis of
phthalimide-type histone deacetylase inhibitors, Bioorg.
Med. Chem., 15, 2005, 4427-4431.

35. Mehta G, Singh V Hybrid, Hybrid systems through natural
product leads: An approach towards new molecular entities,
Chem. Soc. Rev., 31, 2002, 324-334.

36. Morphy R, Rankovic Z J, Designed multiple ligands. An
emerging drug discovery paradigm, J. Med. Chem., 48, 2005,
6523-6543.

37.Zahran M, Abdin Y, Salama H, Eco-friendly and efficient
synthesis of bis(indolyl)methanes under microwave
irradiation, ARKIVOC, xi, 2008, 256-265.

38. Zahran M, Salama HF, Abdin YG, Gamal-Eldeen AM, Efficient
microwave irradiation enhanced stereoselective synthesis
and antitumor activity of indolylchalcones and their
pyrazoline analogs, J. Chem. Sci., 122, 2010, 587-595.

39. Zahran MA, Salem TA, Samaka RM, Agwa HS, Awad AR,
synthesis and antitumor evaluation of novel thalidomide
dithiocarbamate and dithioate analogs against Ehrlich
ascites carcinoma-induced solid tumor in Swiss albino mice,
Bioorg. Med. Chem., 16, 2008, 9708-9718.

40. Guirgis AA, Zahran MA, Mohamed AS, Talaat RM, Abdou BY,
Agwa HS, Effect of thalidomide dithiocarbamate analogs on
the intercellular adhesion molecule-1 expression, Int.
Immunopharmacol., 10, 2010, 806-811.

41. Talaat R, El-Sayed W, Agwa H, Gamal-Eldeen AM, Moawia S,
Zahran M, Novel thalidomide analogs: Anti-angiogenic and

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

ISSN 0976 — 044X

apoptotic effects on Hep-G2 and MCF-7 cancer cell lines,
Biomed. Aging. Pathol., 4, 2014, 179-189.

Zahran M, Gamal-Eldeen AM, El-Hussieny EA, Agwa H,
Thalidomide dithiocarbamate and dithioate derivatives
induce apoptosis through inhibition of histone deacetylases
and induction of caspases, J. Genet. Eng. Biotechnol., 12,
2014, 65-70.

El-Aarag BYA, Kasai T, Zahran MAH, Zakhary NI, Shigehiro T,
Sekhar SC, Agwa HS, Mizutani A, Murakami H, Kakuta H,
Seno M, In vitro anti-proliferative and anti-angiogenic
activities of thalidomide dithiocarbamate analogs, Int.
Immunopharmacol., 21, 2014, 283-292.

Zahran MH, Abdin YG, Osman AMA, Gamal-Eldeen AM,
Talaat RM, Pedersen EB, Synthesis and evaluation of
thalidomide and phthalimide esters as antitumor agents,
Arch. Pharm., 347, 2014, 642-649.

Mosmann T, Rapid colorimetric assays for cellular growth
and survival: Application to proliferation and cytotoxicity
assays, J. Immunol. Methods., 65, 1983, 55-63.

El-Menshawi BS, Fayad W, Mahmoud K, El-Hallouty SM, El-
Manawaty M, Olofsson M H, Linder S, Screening of natural
products for therapeutic activity against solid tumors,
Indian. J. Exp. Biol., 48, 2010, 258-264.

Thabrew MI, Hughes RD, McFarlane IG, Screening of
hepatoprotective plant components using a HepG2 cell
cytotoxicity assay, J. Pharm. Pharmacol., 49, 1997, 1132-
1135.

Baker BR, Joseph JP, Schaub RE, Synthetic Studies. XIV. Use
of the N-Phthalyl blocking group for synthesis of
aminonucleosides, J. Am. Chem. Soc., 77, 1955, 5905-5910.

Hess S, Akermann MA, Wnendt S, Zwingenberger K, Eger K,
Synthesis and immunological activity of water-soluble
thalidomide prodrugs, Bioorg. Med. Chem., 9, 2001, 1279-
1291.

Krier M, Aradjo-Janior JX, Schmitt M, Duranton J, Justiano-
Basaran H, Lugnier C, Bourguignon JJ, Rognan D, Design of
small-sized libraries by combinatorial assembly of linkers
and functional groups to a given scaffold: Application to the
structure-based optimization of a phosphodiesterase 4
inhibitor, J. Med. Chem., 48, 2005, 3816-3822.

Kamal A, Ramu R, Tekumalla V, Khanna G B, Barkume MS,
Juvekar AS, Zingde SM, Remarkable DNA binding affinity and
potential  anticancer  activity of pyrrolo  [2,1-
c][1,4]benzodiazepine-naphthalimide  conjugates  linked
through piperazine side-armed alkane spacers, Bioorg. Med.
Chem., 16, 2008, 7218-7224.

Wang XL, Wan K, Zhou CH, Synthesis of novel sulfanilamide-
derived 1,2,3-triazoles and their evaluation for antibacterial
and antifungal activities, Eur. J. Med. Chem., 45, 2010, 4631-
4639.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

165



