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Abstract—Metabolites of the non-steroidal anti-inflammatory drug Sulindac inhibit cell proliferation by affecting several intracel-
lular signaling pathways including the tumorigenic Ras/Raf/MAPK pathway. Here, we report the synthesis of eight new indene
derivatives derived from the Sulindac structure, and present data on their anti-proliferative properties and their effects on the
p21ras protein. # 2002 Elsevier Science Ltd. All rights reserved.

Sulindac belongs to the chemically heterogeneous group
of non-steroidal anti-inflammatory drugs (NSAIDs).1

Many NSAIDs delay or inhibit the growth of malignant
tumors.2,3 However, unspecific side effects of Sulindac
still prevent its broad use in clinical cancer prevention
and therapy. The Sulindac molecule itself has no bio-
logical activity.4 Sulindac is metabolized into the metab-
olites Sulindac sulfide and Sulindac sulfone, which affect
several physiological functions including blood coagu-
lation (sulfide), inflammation (sulfide) or cell prolifer-
ation (sulfide, sulfone). Originally, the effects of these
metabolites were only ascribed to their inhibitory influ-
ence on cyclooxygenase (COX) 1, one of the two key
enzymes of the eicosanoid metabolism.5,6 Recent studies
revealed, however, that the effects of Sulindac metabo-
lites do not solely rely on COX inhibition. Sulindac
sulfone causes apoptosis and inhibits tumor growth
independently of COX.7�11 Other reports demonstrated
that Sulindac sulfone can inhibit the growth of tumors
harboring mutations in the Ras proto-oncogene more
effectively than the growth of tumors bearing the wild-
type Ras gene. In addition, the apoptosis inducing effect
of Sulindac was shown to be overcome by transfection
of the oncogenic Ras gene.12,13 Hence, it was suggested
that Sulindac metabolites negatively interfere with the
oncogenically activated p21ras protein and that they are

able to block the activation of p21ras downstream
effectors and p21ras dependent gene expression.14�16

These results demonstrated that Sulindac and its main
metabolites differ drastically in their biological activities
although they are structurally very similar. Therefore,
variations of the Sulindac structure could be a reason-
able strategy to search for new compounds with effects
on different important intracellular signaling pathways.

We synthesized a library of novel indene derivatives
using 5-fluoro-2-methylindene-3-acetic acid (FMIA) as
the starting component (Fig. 1).17 A one-step con-
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Figure 1. A schematic overview of the synthetic strategy. The library of
indene derivatives can be classified into two groups, I and II: the phenyl
substituents (I) and the five-membered heterocycle substituents (II).
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densation with the substituted aldehydes via the meth-
ylene moiety at position 1 of FMIA afforded in high
yield the new compounds. The first group of substances
is very similar to Sulindac (R1=H, R2=SOCH3). We
synthesized several isomers of (I), for example, R1=H,
R2=O–CH3, where R2 is localized either in the ortho-,
meta- or para-position of the aromatic system. The
second group of substances contains a five-membered
heterocyclic ring including the substituted thiophene
(X=S) or furane moieties (X=O). The substituents
(R3) in the heterocyclic rings include –CH2–OH, –SO3H
or –CH3 functionalities (Fig. 2).

First, we wished to test the influence of the newly syn-
thesized compounds on cell proliferation and compare
the effect of Sulindac and Sulindac sulfide and eight new
substances (1–8) on the growth of five different cell
types in a cell toxicity assay in a concentration depen-
dent manner.20 The IC50 values were determined for
each compound for five different cell lines (Table 1).
Whereas 3 showed no measurable effect up to 1 mM, all
other compounds showed a growth inhibitory effect at
concentrations similar to Sulindac and Sulindac sul-
fide.15 All compounds with the exception of 2 inhibited
the proliferation of REF cells at lower concentrations
than the proliferation of NIH3T3 and SW480 cells. This
can be explained by the fact that NIH3T3 and SW480
cells are immortalized by mutations in several different
proliferation activating pathways rendering these cells
less sensitive to the inhibitory influence of anti-pro-
liferative drugs compared to the primary REF cells that
bear no mutations. Most remarkably, the drugs 2, 6, 7a
and 8 inhibited the proliferation of MDCK-f3 cells,
which had been transformed with an oncogenically
activated H-Ras gene, at lower concentrations than the

corresponding untransformedMDCK cells. These results
provided a first indication for an inhibitory effect of
these drugs on the Ras/Raf/MAPK pathway. Therefore,
these four drugs were selected for further biochemical
analysis.

The four compounds 2, 6, 7a and 8 were tested for their
ability to inhibit COX activity.24 The micromolar con-
centrations, which led to half-maximal inhibition of
COX activity, were determined and compared to the
value for Sulindac sulfide. We found that 6 and 8
inhibited COX activity at significantly lower concentra-
tions than Sulindac sulfide (Table 2). Since the COX
activity was measured in sheep seminal vesicles, where
the constitutively expressed isoform COX 1 pre-
dominates, we can not rule out the possibility that the
compounds tested here affect also the inducible isoform
COX 2.26 Assuming analogous biochemical mechanisms
for the new compounds and for Sulindac sulfide that is
ineffective on COX 2, an inhibitory effect of the new
agents on COX 2 appears unlikely. 6 and 8 were found
to inhibit COX activity at significantly lower con-
centrations than 2 and 7a. Nevertheless, all four
compounds inhibited cell proliferation at similar con-
centration ranges (Table 1).

Figure 2. Examples of substances of the library of synthesized mole-
cules.19 In addition to the depicted compounds, the sodium salts of 5
(5a) and 7 (7a) were included in the study.

Table 2. The micromolar concentrations of Sulindac, Sulindac sul-

fide and the four compounds 2, 6, 7a and 8 at which a half-maximal

inhibition of the COX activity or of the p21ras/Raf interaction was

achieved

Compd COX activity p21ras/Raf interaction

Sulindac na na
Sulfide 2.6 210
2 1.6 10
6 0.03 na
7a 570 45
8 0.24 30

Data for Sulindac and Sulindac sulfide were taken from recent pub-
lications.14,27 na, not active.

Table 1. The micromolar IC50 values of the compounds, which lead

to 50% decrease of the cell number of the corresponding cell line

compared to the untreated control

Compd NIH3T3 REF SW480 MDCK MDCK-f3

Sulindac 200 (�60) 100 (�30) 800 (�150) 300 (�50) 320 (�30)
Sulfide 350 (�50) 200 (�30) 200 (�110) 180 (�40) 200 (�60)
1 520 (�50) 200 (�100) 360 (�100) 275 (�60) 300 (�40)
2 480 (�50) 500 (�150) na 460 (�50) 310 (�100)
3 na na na na na
4 500 (�200) 200 (�70) 850 (�200) nd 360 (�60)
5 100 (�20) 20 (�10) 380 (�150) 250 (�60) 310 (�110)
5a 60 (�20) 10 (�3) 80 (�10) 60 (�10) 60 (�20)
6 400 (�100) 100 (�25) 320 (�120) 470 (�50) 80 (�20)
7 490 (�50) 80 (�30) 70 (�50) 50 (�20) 120 (�90)
7a 450 (�100) 90 (�10) 310 (�140) 250 (�10) 130 (�30)
8 170 (�70) 30 (�5) 400 (�200) 300 (�10) 50 (�10)

Values are means of three experiments, standard deviations are given
in parentheses. Na, not active; nd, not determined. The compounds 2,
6, 7a and 8 inhibited the proliferation of Ras transformed MDCK-f3
cells at lower concentrations than the proliferation of untransformed
MDCK cells, what indicates an inhibitory effect on the Ras pathway.
Data for Sulindac and Sulindac sulfide were taken from a recent pub-
lication.14
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The p21ras protein is activated by exchange of the
bound GDP with GTP. In the activated GTP-bound
state, p21ras interacts with the Raf kinase and activates
the kinase activity by translocating Raf to the cyto-
plasmic membrane. The association of p21ras with a
GTPase activating protein (GAP) leads to the activation
of the intrinsic GTPase activity and to the hydrolysis of
GTP to GDP. The inactivated GDP-bound p21ras dis-
sociates from Raf and the signal transduction process is
terminated. Sulindac sulfide inhibits the interaction
between the p21ras protein and its main effector Raf
kinase and thus the Ras/Raf/MAPK pathway.14 In
control experiments, none of the four new substances
showed any effect on the intrinsic GTPase activity of the
p21ras protein that is independent of the interaction
with GAP. In addition, none of the compounds affected
a spontaneous GDP/GTP exchange of p21ras up to a
concentration of 500 mM (not shown) excluding unspe-
cific effects of 2, 6, 7a or 8 on the p21ras protein. We
found that 2, 7a and 8 were able to inhibit the interac-
tion between p21ras and Raf, 7a and 8 even at lower
half-maximal concentrations than Sulindac sulfide.
Remarkably, 6 had no effect on the interaction between
p21ras and Raf, despite it was highly effective on
MDCK-f3 cells compared to MDCK cells. This dis-
crepancy between the effect on living cells and the bio-
chemical inhibitory property indicate that 6 might affect
the Ras pathway at a level that is different from the
interaction between p21ras and Raf.

Oncogenic mutations in the H-Ras gene lead to the
production of p21ras isoforms that possess a prolonged
half-life of the active GTP bound state. As a con-
sequence the activation of Raf and the downstream
MAP kinases is sustained and can not be switched off.24

Thus, a compound, which inhibits the p21ras–Raf
interaction represents a promising drug candidate with
inhibiting potential against tumor cells that bear muta-
tions in the H-Ras gene.28 We have analyzed different
properties of eight new derivatives of indenylacetic acid
structurally related to the anti-inflammatory and anti-
cancer drug Sulindac. Although Sulindac related mole-
cules have been described in other recent reports,27,29�31

this is the first study showing inhibitory effects on both
the COX activity and on the signaling activity of the
p21ras oncoprotein at lower concentrations than Sulin-
dac sulfide itself. Among the novel substances, 8
appeared to be the most promising since this compound
showed the lowest IC50 values in proliferation assays
with H-Ras transformed cells in comparison to control
cells that bear no oncogenic p21ras protein. In addition,
8 inhibited the interaction between p21ras and its main
effector kinase Raf at the lowest concentration com-
pared to the other drugs that were analyzed here and in
particular in comparison to Sulindac sulfide. Since the
interaction between p21ras and Raf is a key element in
the Ras/Raf/MAPK signal transduction cascade, 8 may
be most effective in blocking this pathway. Of the new
compounds, 8 is the only indenylacetic acid with an
unsubstituted furane substituent (Fig. 2). The unex-
pected biochemical effects of 6 showed that the sub-
stances might have yet unidentified effects on the Ras
pathway or on other proliferation controlling pathways.

Taken together, our results confirm that structurally
very similar compounds of the family of Sulindac-like
molecules can differ strongly in their biochemical and
biological activities. Future studies will show whether
these compounds might be suitable for application in
cancer therapy.
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with HCl and precipitated in ether. The filtrated crystals were
re-crystallized with ether/hexane. A typical reaction yielded in
fine yellow crystals (relative yield 70–95%). HPLC analysis
showed for some compounds two isomeric forms of con-
densation products. In analogy to Sulindac synthesis, the main
product was in all cases the Z-isomer.18 All compounds were
revealed at purities higher than 97%.
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CHCl3, ethanol) up to molar concentrations and in aqueous
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acteristic maximal wavelength revealed no hints of insolubility
or micelle formation in aqueous buffered solutions at the
applied concentrations. All compounds are stable at room
temperature as solid freeze-dried powder for at least 6 months
and solubilized in PBS at pH 7.5 for at least 24 h.
(Z)-5-Fluoro-2-methyl-1-(30-benzyliden-10-methoxy)-3-indenyl-

acetic acid (1). 245 mg yellow crystals (76%), single isomer,
mp 118 �C; UV (methanol) lmax (log e)=224 (4.45), 263
(4.19), 279 (4.19), 325 (4.10); 1H NMR (500MHZ, DMSO-d6):
d 2.13 (s, 3H, CH3), 3.56 (s, 2H, CH2), 3.76 (s, 3H, CH3), 6.71
(s, 1H, olefin–H), 6.95 (m, 2H, ArH), 7.17 (m, 2H, ArH), 7.25
(m, 1H, ArH), 7.35 (s, 1H, ArH), 7.40 (s, m, 1H, ArH), 12.35
(s, 1H, OH); 13C NMR (500MHZ, DMSO-d6): d 10.21 (CH3),
31.06 (CH2), 55.13 (CH3), 105.75 (Ar–C), 110.32 (Ar–C),
114.48 (Ar–C), 121.29 (olefin–C), 123.22 (Ar–C), 129.55 (Ar–
C), 129.71 (Ar–C), 130.76 (Ar–C), 131.98 (Ar–C), 137.87 (Ar–
C), 139.54 (Ar–C), 146.84 (Ar–C), 146.92 (Ar–C), 159.22 (Ar–
C), 161.46 (olefin–C), 163.33 (olefin–C), 171.57 (carbonyl–C);
LRMS (CI, rel intensity) (324 (M+, 100), 264 (50), 263 (15));
HRMS (CI, m/z calcd for C20H17FO3) (M+, 324.116323,
found 324.116173); �0.5 ppm.
(Z)-5-Fluoro-2-methyl-1-(40-benzyliden-10-methoxy)-3-indenyl-

acetic acid (2). 280 mg yellow crystals (86%), single isomer,
mp 168 �C; UV (methanol) lmax (log e)=224 (4.45), 256
(4.19), 294 (4.07), 339 (4.22); 1H NMR (500MHZ, DMSO-d6):
d 2.13 (s, 3H, CH3), 3.55 (s, 2H, CH2), 3.79 (s, 3H, CH3), 6.71
(s, 1H, olefin–H), 6.95 (m, 1H, ArH), 7.18 (m, 2H, ArH), 7.29
(s, 1H, ArH), 7.35 (m, 1H, ArH), 7.50 (m, 2H, ArH), 12.32 (s,
1H, OH); 13C NMR (500MHZ, DMSO-d6): d 10.28 (CH3),
31.08 (CH2), 55.15 (CH3), 105.75 (Ar–C), 110.02 (Ar–C),
114.03 (Ar–C), 122.82 (olefin–C), 123.89 (Ar–C), 129.64 (Ar–
C), 129.99 (Ar–C), 130.95 (Ar–C), 131.19 (Ar–C), 138.07 (Ar–
C), 138.24 (Ar–C), 146.70 (Ar–C), 146,77 (Ar–C), 159.46 (Ar–
C), 161.24 (olefin–C), 163.17 (olefin–C), 171.65 (carbonyl–C);
LRMS (CI, rel intensity) (324 (M+, 100), 279 (45), 264 (25));
HRMS (CI, m/z calcd for C20H17FO3) (M+, 324.116547,
found 324.116173); �1.2 ppm.
(Z)-5-Fluoro-2-methyl-1-(20-furfuryliden-50-sulfonyl)-3-indenyl-

acetic acid (3). 255 mg yellow crystals (70%), mixture of iso-
mers (Z/E=23:1, mp 190 �C (decomp); UV (methanol) lmax
(log e)=224 (4.43), 308 (3.84), 352 (4.27), 364 (4.27); 1H NMR
(500MHZ, DMSO-d6): d 2.11 (s, 3H, CH3), 3.50 (s, 2H, CH2),
6.62 (d, J=3.5 Hz, 1H, olefin–H), 6.79 (m, 1H, ArH), 6.91 (m,
1H, ArH), 6.94 (s, 1H, ArH), 7.02 (m, 1H, ArH), 8.60 (s, 1H,
ArH), 12.35 (s, 2H, OH); 13C NMR (500MHZ, DMSO-d6): d
10.50 (CH3), 31.92 (CH2), 105.53 (Ar–C), 110.30 (Ar–C),
115.38 (Ar–C), 117.62 (olefin–C), 125.69 (Ar–C), 129.01 (Ar–
C), 131.98 (Ar–C), 135.78 (Ar–C), 138.10 (Ar–C), 146.95 (Ar–
C), 150.14 (Ar–C, furane), 159.05 (Ar–C, furane), 161.41 (ole-
fin–C), 163.34 (olefin–C), 171.93 (carbonyl–C); LRMS (CI, rel
intensity) (364 (M+, 15), 324 (41), 159 (100)).
(Z)-5-Fluoro-2-methyl-1-(20-benzyliden-10-methoxy)-3-indenyl-

acetic acid (4). 278 mg yellow crystals (85%), mixture of iso-
mers (Z/E=11:1 mp 122–128 �C; UV (methanol) lmax (log
e)=223 (4.36), 259 (3.92), 328 (3.68). 1H NMR (500MHZ,
DMSO-d6): d 2.13 (s, 3H, CH3), 3.55 (s, 2H, CH2), 3.91 (s, 3H,
CH3), 6.71 (s, 1H, olefin–H), 6.99 (m, 2H, ArH), 7.08 (m, 2H,

ArH), 7.37 (m, 1H, ArH), 7.38 (s, 1H, ArH), 7.44 (s, m, 1H,
ArH), 12.30 (s, 1H, OH); 13C NMR (500MHZ, DMSO-d6): d
10.25 (CH3), 31.05 (CH2), 55.45 (CH3), 105.63 (Ar–C), 110.24
(Ar–C), 111.35 (Ar–C), 120.19 (olefin–C), 122.97 (Ar–C),
124.32 (Ar–C), 127.72 (Ar–C), 129.82 (Ar–C), 130.38 (Ar–C),
137.62 (Ar–C), 139.33 (Ar–C), 142.13 (Ar–C), 147.97 (Ar–C),
157.14 (Ar–C), 161.54 (olefin–C), 164.37 (olefin–C), 171.62
(carbonyl–C); LRMS (CI, rel intensity) (324 (M+, 10), 296
(50), 263 (15)).
(Z)-5-Fluoro-2-methyl-1-(20-furfuryliden-50-methyl)-3-indenyl-

acetic acid (5). 220 mg yellow crystals (73%), mixture of iso-
mers (Z/E=27:1, mp 181–183 �C; UV (methanol) lmax (log
e)=224 (4.41), 370 (4.35) 1H NMR (500MHZ, DMSO-d6): d
2.11 (s, 3H, CH3), 2.47 (s, 3H, CH3) 3.54 (s, 2H, CH2), 6.36 (d,
J=1.5 Hz, 1H, olefin–H), 6.90–7.01 (m, 3H, ArH), 6.91 (m,
1H, ArH), 8.45 (s, 1H, ArH), 12.38 (s, 2H, OH); 13C NMR
(500MHZ, DMSO-d6): d 10.47 (CH3), 13.82 (CH3), 31.19
(CH2), 105.54 (Ar–C), 110.11 (Ar–C), 115.88 (Ar–C), 119.62
(olefin–C), 124.74 (Ar–C), 129.29 (Ar–C), 130.33 (Ar–C),
133.58 (Ar–C), 138.62 (Ar–C), 146.33 (Ar–C), 149.93 (Ar–C,
furane), 155.39 (Ar–C, furane), 161.19 (olefin–C), 163.12
(olefin–C), 171.75 (carbonyl–C); LRMS (CI, rel intensity)
(298 (M+, 100), 253 (90), 209 (35)), HRMS (CI, m/z calcd
for C18H15FO3) (M+, 298.100693, found 298.100523); �0.6
ppm.
(Z)-5-Fluoro-2-methyl-1-(20-thiophenyliden)-3-indenyl-acetic

acid (6). 190 mg yellow crystals (63%) mp 171 �C; UV
(methanol) lmax (log e)=223 (4.41), 352 (4.24); 1H NMR
(500MHZ, DMSO-d6): d 2.12 (s, 3H, CH3), 3.33 (s, 2H, CH2),
6.85 (m, 1H, olefin–H), 7.04 (m, 1H, ArH), 7.21 (m, 1H, ArH),
7.35 (s, 1H, ArH), 7.49 (m, 1H, ArH), 7.79 (s, 1H, ArH), 7.90
(s, 1H, ArH), 12.50 (s, 1H, OH); 13C NMR (500MHZ,
DMSO-d6): d 10.31 (CH3), 31.07 (CH2), 105.69 (Ar–C), 110.41
(Ar–C), 122.79 (Ar–C), 123.34 (Ar–C), 128.24 (Ar–C), 129.15
(Ar–C), 131.09 (Ar–C), 131.70 (Ar–C), 137.91 (Ar–C), 138.32
(Ar–C), 138.68 (Ar–C), 146.72 (olefin–C), 161.41 (olefin–C),
163.35 (olefin–C), 171.56 (carbonyl–C); LRMS (CI, rel inten-
sity) (300 (M+, 100), 255 (80), 239 (45), 97 (40)); HRMS
(CI, m/z calcd for C17H13FO2S) (M+, 300.061734, found
300.062030); �1.0 ppm.
(Z)-5-Fluoro-2-methyl-1-(20-furfuryliden-50-hydroxy-methyl)-3-

indenyl-acetic acid (7). 140 mg yellow crystals (44.5%), mixture
of isomers (Z/E=9:1, mp 82 �C (decomp); UV (methanol)
lmax (log e)=224 (4.44), 361 (4.35) 1H NMR (500MHZ,
DMSO-d6): d 2.12 (s, 3H, CH3), 2.21 (s, 1H, OH), 3.54 (m, 4H,
CH2), 6.36 (m, 1H, olefin–H), 6.90–7.20 (m, 4H, ArH), 8.48
(m, 1H, ArH), 12.43 (s, 2H, OH); 13C NMR (500MHZ,
DMSO-d6): d 10.38 (CH3), 31.82 (CH2), 31.19 (CH2), 103.14
(Ar–C), 111.01 (Ar–C), 117.98 (Ar–C), 120.32 (olefin–C),
125.81 (Ar–C), 129.41 (Ar–C), 132.13 (Ar–C), 133.19 (Ar–C),
138.14 (Ar–C), 147.13 (Ar–C), 149.51 (Ar–C, furane), 157.28
(Ar–C, furane), 162.78 (olefin–C), 164.59 (olefin–C), 172.75
(carbonyl–C); LRMS (CI, rel intensity) (314 (M+, 38)),
HRMS (CI, m/z calcd for C18H15FO4) (M+, 314.095945,
found 314.095437); �1.6 ppm.
(Z)-5-Fluoro-2-methyl-1-(30-furfuryliden)-3-indenyl-acetic acid

(8). 210 mg yellow crystals (74%), mixture of isomers (Z/
E=30:1, mp 150–153 �C; UV (methanol) lmax (log e)=223
(4.31), 264 (4.11), 327 (4.00); 1H NMR (500MHZ, DMSO-d6):
d 2.08 (s, 3H, CH3), 3.51 (s, 2H, CH2), 6.74 (s, 1H, olefin–H),
6.78 (m, 1H, ArH), 6.95 (m, 1H, ArH), 7.02 (s, 1H, ArH), 7.65
(m, 1H, ArH), 7.80 (s, 1H, ArH), 8.00 (s, 1H, ArH), 12.35 (s,
1H, OH); 13C NMR (500MHZ, DMSO-d6): d 10.19 (CH3),
31.13 (CH2), 105.67 (Ar–C), 110.35 (Ar–C), 111.48 (Ar–C),
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