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1. Introduction

Prostate cancer (PCa) represents the second raqeehtly diagnosed malignancy in men
and the sixth leading cause of cancer death wodell]. Many antitumor compounds
have been developed, but treatment options in rdatieith advanced stage of PCa have
limited efficacy and are associated with significanle effects and reduced quality of life.
Therefore, developing new alternatives for thisigrancy is of great importance. The
ability of indenoindoles as potential lipid peroaitbn inhibitors [2], potassium channel
openers [3], DNS intercalators and topoisomerasgghlbitors [4], estrogenic agents [5], or
inhibitors of proteins kinase CK2 [6,7], have beeported. They are considered as a novel
class of potent inhibitors of the human proteinsake CK2, which is a second-messenger
and phosphorylation independent constitutivelyvac®/T protein kinase. Up to date the
literature reports more than 400 potential phygmal targets, showing their important

roles in a variety of non cancer-related diseaseish( as neurodegenerative disorders,



inflammatory processes, angiogenesis-related diseasd viral infections), as well as in
different types of cancer ( prostate, colon, breastlung]8-11].

However, there are no data available about thetffethe indenoindoles structures on the
extracellular matrix (ECM). ECM proteins play impeamt roles during proliferation,
adhesion, migration and invasion of cancer cellsv@l as in angiogenesis in developing
tumors [12-14]. Each of these events is regulatgdthie proteolysis of the ECM
components and, thus, by matrix metalloproteingdb#dPs). MMP-9, which activity is
correlated with the progression and the degree aligmancy, contributes to the invasion
and metastatic spread of tumor celi®ing recognized as a potential target for the
development of new anti-cancer drugs [15,16]. Ga dther hand , special attention has
been focused on the indole structure as responsibtbe biological properties of some
heterocyclic compounds. Thus, isatin derivativesctvtcontain two carbonyl groups on
the indole core have been tested as potential Miktibitors; however, theses analogs did
not show important effects on the metalloproteinasivities with no significant
inhibitions reported [17].

Despite recent advances in molecular biology aedpttogress in combinatorial synthetic
methodology, the rate of introduction of new phasedical products has decreased
markedly over the past two decades. Structuralrgiiyein a focused collection of potential
therapeutics is believed to increase the positiveabte. Most pharmaceutical products in
use are still small synthetic organic moleculest thiien contain a heterocyclic ring.
However, the range of easily accessible and syitaictionalized heterocyclic building
blocks for the synthesis of structurally diverdwdries is rather limited. The development
of new, rapid, and clean synthetic routes towaihs$ed libraries of such compounds is

therefore of great importance to both medicinal agdthetic chemists. As part of our



general interest in the preparation of heterocycbmpounds with potential anticancer
activities [18-23], herein we report the synthesisndeno[1,2-blindole derivatives, and
their characterization by X-ray diffraction anab/isDocking simulation was performed
using X-ray crystallographic structure of MMP-9domplex with the most active inhibitor
to explore the binding mode of the compound atittere site.

2. Results and discussion

2.1. Synthesis

Among the existing procedures for the preparatidn ir@enoindoles, the Fischer
indolization starting with an indanone, via thepagive phenylhydrazones, serves as the
most common method [24,25]. Recently, two new sss#ls by transformation and
reduction of 2-nitrobenzylidenephtalide, generatétier by intramolecular cyclization of
2-(2-nitrophenylethyl)benzoic acid [26], or by réan of a phthalidyl-phosphonium
bromide with 2-nitrobenzaldehyde [27] and cycliaatiof the resulting amino compounds,
have been published. The formatiowiofdihydroxy-indenoindolones by the reaction
of ninhydrinel with aliphatic, and aromatic amines, or alicyciod cyclic enaminones has
been reported elsewhere [28-33].

The intermediated and 5 were achieved according to published proceduresethyxing
cyclohexane-1,3-dione with aromatic amine and algt amount op-toluensulfonic acid
in toluene and removal of water as an azeotropbh wiDean-Stark water trap [34]. To
prepare th&ic-dihydroxy-indenoindioléa-qand 7a-qderivatives, a solution of equimolar
amounts of the corresponding enamindrend5 and ninhydrinl in chloroform, stirred at
room temperature for 24 h. TLC (EtAc:Hx 1:1) showd#uat only one compound was

produced ¢f. Scheme). Spectroscopic daftd (and **C NMR) revealed that this was a



cyclization product with twdH resonances due to OH functionalities at 5 angm pnd
two **C resonances at 83 and 96 ppm approximately.

2.2. Biological
The effect of compound$p-g and 7p-g, on cell viability showed a dose-dependent

response in all the cancer cell lines tested witibition in viability from 5ug/ml onwards.
Compound7q showed the maximal cytotoxic effects. The struetactivity relationship
studies on these compounds revealed that the meesg#fna dimethyl at position 7 and
dichloro phenyl at position 5 are determinant fog tell viability since compounds which
lack these substitutions were less toxic to theotuoell lines. In addition, the anti-tumor
activity is also affected by the presence of thgrdup at position 7 and methoxy and
methyl phenyl groups at position 5. In this contexdmpound/g was selected for further
evaluations. This derivative was also active ineothuman and non-human tumor prostate
cell lines, such as LNCaP and MatLyLu (Table I,ufeg1l).

Insert Table | here

Insert Figure 1 here

To examine the effect of this compound on the ntignamotility properties of the tumor
cells, the wound-healing assay was used [35]. Compd@g-free cultures of PC-3 cells
(control vehicle) largely displayed wound recoveanghin 24 h and cells migrated to the
wound (Figure 2a, 2c). The ability to close theaperwound was significantly reduced by
compoundr/g treatment at its cytotoxic Kg (Figure 2b, 2d). On the other hand, the results
of cell invasion assay using the Boyden chambetecowith Matrigel revealed that this
compound also decreased the invasion in LNCaP ai#ls 18 h of incubation (Figure 3).

Insert Figure 2 here




Insert Figure 3 here

As shown in Figure 4, compoundy decreased MMP-9 activity in PC-3 cells at its
cytotoxic 1Gyp. The inhibition on this metalloprotease would sgjga consequent
inhibition on the ability of cells to migrate andvade surrounding areas. No MMP2
activity was reported for these cell lines, as resly shown [36].

Insert Figure 4 here

The anchorage-independent growth is considereth aitro test, which correlates with
tumorigenesisn vivo [37]. Thus, we examined the ability of PC-3, LNCa®d MatLyLu
cells to grow in a semisoft agar medium aitgrtreatment. Cell colonies significantly grew
in vehicle-treated agar on day 14 as previouslyntegd [38]. On the other hand, colonies
were either reduced in size and number or compleatisent in cells treated with
compound/q (Figure 5, Table II).

Insert Table Il here

Insert Figure 5 here

New tissue formation, invasion and tumor cell metsis all depend on cell motility and
migration [39]. Cell migration constitutes an attree target for the development of
potential antitumor compounds and our results skdowwt the analog’7q could be
considered as an inhibitor of cell migration af2dr hour-incubation, which could lead to
further decreases in cell invasion and metastasigeption. Indeed, the ability of this
structure to inhibit cell invasion was also conféan

The degree of tumor malignancy is related to thktyalef neoplastic cells to invade other
tissues and spreading to other organs. An importah¢ is made by different

metalloproteinases such as MMP-9 which degradegxtracellular matrix (ECM) that is



required for migration, invasion and metastasis|.[AMis secreted gelatinase is highly
expressed in cancer cells, making it valuable malifig patients who are at high risk of
tumor development [41], thus, compounds that itthibs protease could represent possible
structures against cancer. Our results showedctirapound7qg decreased the activity of
this gelatinase, suggesting that this enzyme cbeld molecular target of this structure and
proposing a possible mechanism for its antitumtoac

On the other hand, a specific feature of tumorsdslthat they are able to grow in soft agar.
This phenotypic transformation has been positivedyrelated with thein vivo tumor
growth and metastasis [42]. Our results indicateat & suspension of PC-3, LNCaP or
MatLyLu cells with vehicle successfully developedoi relatively large colonies, whereas
those cultured with the compouiid resulted in fewer and smaller-sized colonies @enex
complete abolishment in the development of colgnisdicating a loss of the transformed
phenotype and providing possible insights about bedavior of this compound on
metastasif vivo.

2.3. X-ray crystallography

To confirm the proposed molecular structures, X-sagle-crystal structure analyses of
one compound of each serigi. 6k and7k, were carried out. The molecular structures are
shown in Figure 6 and the relevant bond lengthsaaglles are given in Table IlI.

Insert Figure 6 here

Insert Table Il here

The two stereocenters (C1 and C2) have the sanfggerations in6k and7k. Since both
compounds crystallize in centrosymmetric space gdef. Table V), both crystals consist
of equimolar mixtures of the RR and SS diastereem@igure 6 shows the RR

configurations).



As expected, both compounds display very similatecudar geometries, which are also
closely related the methoxy derivative previousiparted by us [19]. Actually, 7k is
isostructural with the OMe derivative. Within expeental error i(e. three e.s.d.’s) bond
distances are equal in both compounds; the onlgmian being C5-C6 and C6-C7, which
are significantly longer infk due to the C6 methyl substituents.(Table 1V). The
tetracyclic systems are V-shaped, with the two Balmered rings making dihedral angles
of 113.75(7) (6k) and 114.91(7) (7k). The N-bonded phenyl rings are approximately
perpendicular to the heterocyclic rings [dihedrajlas: 74.85(7)(6k) and 78.52(7) (7k)].
The phenyl rings are quite planar (r.m.s. deviatioh0037- 0.0089 A) and the two 5-
membered rings are approximately planar (r.m.siatiens: 0.022-0.029 A). The C3-C4-
C5-C6-C7-C8 rings display a semi-sofa conformafiom intermediate between boat and
sofa), with distances from the C4, C5, C7, C8 nyaane of 0.166(2) A and 0.142(2) A for
the C3 atoms, and of 0.614(2) A and 0.599(2) A toe C6 atoms. The puckering
parameters [43] arex 6 0.4522(16) A, g=-0.1927(16) A, = 3.3(2), Q = 0.4915(17) A
for 6k, and g = 0.4310(146) A, g= 0.-1911(14) A, = 6.15(183, Q = 0.4715(15) A) for
7k.

The molecules form O-H---O(keto) intramolecular rogegn bonds of Figure 6). In
addition, in the crystal structure there are int@eoular hydrogen bonds of the types O-
H---O(keto) and (possible) weaker C-H---O(hydroagll C-H---O(keto) (cf. Table 1V),
which link the molecules to form a three dimenslorework.

Insert Table 1V here

2.4. Molecular docking simulations



In order to seek the structure-activity relatiopshof these synthetic derivative, molecular
docking of the most potent inhibitdlg and the inactive compourk into the catalytic
domain of the MMP-9 enzyme PDB ID: 1GKC [48figure 7) was performed. The
catalytic centre of the active-site includes a Zorccoordinated by three histidine residues
(401, 405 and 411) and a glutamic acid residue)(4Di2e main differences between the
catalytic domains of various MMPs occur in the 8bste or selectivity pocket (residues
425- 431 in MMP-9). It has been found that chairs participating in the interactions.

Insert Figure 7 here

The highly active compound binds in the catalytic domain through three hye@rogond.
Carbonyl group of indene rings acts as receptah@fhydrogen bond formed with the NH
group of His 401 (distance 1.88 A). This interagtis the most important. Furthermore the
dichlorophenyl group is placed into the hinge regiesidues 420-431) (Figure 8). Also it
has a very small overall interaction energy (-12k&&l/mol). These indicate that this
compound binds to MMP-9 S1’ subsite.

Insert Figure 8 here

The binding energy of compourgk, which has lower activity, is also smaller (-8.93
kcal/mol). This compound forms several hydrogendsobut places the phenyl group
outside S1’ pocket.

Insert Figure 9 here

The docking results revealed that His 401 residgated in the catalytic centre of MMP-9
is important to your interaction withg, which were stabilized by two hydrogen bonds two
other residues and hydrophobic interactions toRfe 430 residue within the S1’ pocket.
The compoundq that binds in the S1’subsite can be a specifiditdr of MMP-9 mainly

through an indirect mechanism by interacting fanfrthe coordinating Zinc atom.



3. Conclusions

In conclusion, compounds were easily synthesizedvath highly regiospecificity. The X-
ray diffraction studies clearly confirmed the sture of the compounds. All tested
compounds proved to be moderately active and, éxdgpshowed cytotoxic effects in
different human and non-human prostate canceticel. The mechanism of the antitumor
activity of this structure seems to be relatedhte tlecrease of migration, invasion and
clonogenicity possibly by inhibition of MMP-9. Ofotice is the inhibition of the
clonogenic potential which might lead to a possiblevivo anticancer effect of this
compound. The structure-activity relationship ségdbn these compounds revealed that the
presence of a dimethyl at 7 positions and dichfgrenyl at 5 positions are determinant for
the cell viability since compounds which lack thesdstitutions were less toxic to the
tumor cell lines. Docking studies shows a set tdractions in specific sites that are import
for an inhibitory activity. Further studies will meeded to confirm this hypothesis.

4. Experimental

4.1. Chemistry

Melting points were determined on a Thomas micrd ktage apparatus and are
uncorrected. The IR spectra (in KBr pellets) weseorded on a Shimadzu model 470
spectrophotometer. THel NMR, **C NMR spectra were recorded using a Jeol EclipSe 27
(270 MHz/67.9 MHz) spectrometer using CROF DMSQy, and are reported in ppm
downfield from the residual CHgbr DMSO. Elemental analyses were obtained using a
Perkin Elmer 2400 CHN elemental analyzer, the tssulere within £ 0.4% of the
predicted values. Chemical reagents were obtaired Aldrich Chemical Co, USA. All
solvents were distilled and dried in the usual neaniThe intermediated and 5 were

achieved according to published procedures [34].



4.1.2. General procedure to obtain 5-(substitutesipt)-(4bRS,9bRS)-dihydroxy-
4b,5,6,7,8,9b-hexahydroindeno[1,2-b]indole-9,10ndi@erivativesba-q, 7a-q

Enaminones (1.35 mmol) add1.12 mmol) were dissolved in chloroform 5 mL atidred

at rt. (24 h). The solvent was evaporated to drynegler reduced pressure, the solid thus
obtained was collected by filtration, washed witietldyl ether and recrystallized from
ethanol to afford the title compound.

4.1.2.1. 5-(2-methoxyphenyl)-(4bRS,9bRS)-dihyddtn;6,7,8,9b-hexahydro-indeno[1,2-
b]-indole-9,10-dione6a

Yield: 68% , mp: 234-236C, IR cni’: 3504, 3120 (OH), 1718 (C=0); NM&4, ppms:
1.92 (m, 2H, H), 2.12 (m, 2H, ), 2.35 (m, 2H, K, 3.95 (s, 3H, OCH}, 5.74 (s, 1H,
OH), 6.64 (dd, 1H, & J: 7.9, 2.3Hz), 6.81(dd, 1H3HJ:7.8, 2.1HZ), 6.90(t, 1H,4H J:7.6,
2.1Hz), 7.12(t, 1H, H, J:7.8, 2.2Hz), 7.8 (m, 3H, OH, Ar), 7.51 (t, 1Hy, J:7.6, 1.8Hz),
7.83 (dd, 1H, H, J: 8.2, 2.1Hz). NMR3C, ppmé: 21.8, 24.1, 37.3, 55.9, 82.7, 96.8, 106.3,
114.7, 115.1, 124.7, 125.2, 127.0, 127.7, 129.8,313135.7, 135.4, 149.9, 150.0, 167.7,
193.1, 197.5. Anal. £H1gNOs: C, 70.02; H, 5.07; N, 3.71. Found: C, 69.92; H05 N,
3.80 %.

4.1.2.2. 5-(3-methoxyphenyl)-(4bRS,9bRS)-dihydddy;6,7,8,9b-hexahydro-indeno[1,2-
b]-indole-9,10-dione6b

Yield: 80%, mp: 128-136C, IR cm’: 3504, 3152 (OH), 1712 (C=0); NM®, ppms:
1.90 (m, 2H, H), 2.22 (m, 4H, K g), 3.83 (s, 3H, OCH), 5.52 (brs, 1H, OH), 6.79(d, 1H,
Hs, J: 7.9Hz), 6.90 (m, 2H, Ar), 7.03(d, 1HgHJ:7.9Hz), 7.13(m, 1H, H,), 7.45(m, 2H,
Hy 3, 7.81 (d, 1H, H, J: 7.6Hz). NMRYC, ppm$: 21.8, 23.8, 36.7, 55.6, 82.9, 96.3,

106.3, 114.5, 114.6, 124.6, 125.2, 126.4, 127.9,313131.0, 135.0, 135.3, 147.8, 159.8,



167.2, 193.1, 197.9. Anal.,8H;0NOs: C, 70.02; H, 5.07; N, 3.71. Found: C, 70.11; H,
5.18; N, 3.97 %.

4.1.2.3. 5-(4-methoxyphenyl)-(4bRS,9bRS)-dihyd4ddy;6,7,8,9b-hexahydro-indeno[1,2-
b]-indole-9,10-dione6c

Yield: 59% , mp: 204C, IR cm': 3632, 3232 (OH),1708 (C=0); NMA&4, ppms: 1.92
(m, 2H, H), 2.17 (m, 4H, H ¢), 3.86 (s, 3H, OCEJ, 5.60 (brs, 1H, OH), 6.90(dd, 1H,H
J:8.2, 2.1Hz), 6.94 (d, 2H, sH, J:8.2HZ), 7.16(d, 2H, He, J:78.2HzZ), 7.48(t, 1H, H
J:7.6Hz), 7.49(s, 1H, OH), 7.50 (t, 1Hg,H: 7.6Hz), 7.83(dd, 1H,J:8.4, 2.0Hz). NMR-
3¢, ppms: 21.8, 23.9, 36.8, 55.6, 82.9, 96.4, 106.3, 11451.6, 125.3, 127.9, 130.0,
135.0, 135.3, 147.8, 159.8, 167.3, 193.1, 197.AlAGH1gNOs: C, 70.02; H, 5.07; N,
3.71. Found: C, 70.04; H, 5.08; N, 3.75 %.

4.1.2.4. 5-(2,4-dimethoxyphenyl)-(4bRS,9bRS)-dd¥ydnb,5,6,7,8,9b-hexahydro-
indeno[1,2-b]-indole-9,10-dioné&d

Yield: 93%, mp: 188-196C, IR cm’: 3568, 2896 (OH), 1712 (C=0), NMR}, ppms:
1.94 (m, 2H, H), 2.17 (m, 4H, K ¢, 3.85 (s, 3H, OCHJ, 3.98 (s, 3H, OCH), 5.27 (brs,
1H, OH), 6.36(d, 1H, K, J:1.9Hz), 6.61 (dd, 1H,: J:7.9, 1.9Hz), 6.74 (m, 2H, Ar), 7.42
(s, 2H, OH, Ar), 7.58 (m, 1H, Ar), 7.81(dd, 1H,H:8.0, 2.1Hz). NMREC, ppms: 21.7,
23.5, 36.8, 55.2, 55.7, 81.5, 95.5, 99.3, 104.63.90116.9, 124.4, 124.6, 129.9, 132.0,
134.8, 135.0, 148.2, 157.0, 161.4, 193.4, 198.(al AG:3H21NOg: C, 67.80; H, 5.20; N,
3.44. Found: C, 67.83; H, 5.26; N, 3.63 %.

4.1.2.5. 5-(3,4-dimethoxyphenyl)-(4bRS,9bRS)-diwddb,5,6,7,8,9b-hexahydro-
indeno[1,2-b]-indole-9,10-dion&e

Yield: 87%, mp: 220-222C, IR cm’: 3536, 3105 (OH), 1715 (C=0); NM®4, ppms:

1.96 (m, 2H, H), 2.28 (m, 4H, Id ¢, 3.86 (s, 3H, OCH), 3.94 (s, 3H, OCH), 6.03 (brs,



1H, OH), 6.74(dd, 1H, K J:8.4, 2.1Hz), 6.90 (d, 1H,sHJ:8.6Hz), 7.01(s, 1H, H, 7.03
(dd, 1H, H6’, J3:8.4, 1.5Hz), 7.46 (t, 1H,H:7.5Hz), 7.48 (s, 1H, OH), 7.51 (t, 1Hp,H
J:7.5Hz), 7.83(dd, 1H, H J:8.3, 1.8Hz). NMRSC, ppms: 21.8, 23.9, 36.7, 56.1, 56.3,
83.1, 96.8, 106.2, 110.8, 113.5, 122.2, 124.4,5,2528.1, 130.3, 135.1, 147.9, 149.2,
149.3, 167.3, 193.0, 197.8. Analk:8,1NOg: C, 67.80; H, 5.20; N, 3.44. Found: C, 68.04;
H, 5.33; N, 3.57 %.

4.1.2.6. 5-(2,5-dimethoxyphenyl)-(4bRS,9bRS)-diwyddb,5,6,7,8,9b-hexahydro-
indeno[1,2-b]-indole-9,10-dione&f

Yield: 87%, mp: 142-144C, IR cni': 3504, 3104 (OH), 1712 (C=0); NM®R}, ppms:
1.93 (M, 2H, H), 2.15 (t, 2H, K J: 6.8Hz), 2.36 (t, 2H, H8, J: 6.7Hz), 3.10 (s, CHy),
3.86 (s, 3H, OCh), 4.32 (brs, 1H, OH), 6.72(d, 1H,4HJ:7.9Hz), 6.75 (d, 1H, H
J:8.9Hz), 6.96 (dd, 1H, H J: 8.9, 3.0Hz), 7.00(s, 1H, OH), 7.3 (d, 1K;,H: 3.0Hz), 7.45
(m, 2H, H4), 7.83(d, 1H, H, J:7.9Hz). NMR¥C, ppmé: 21.7, 23.6, 36.3, 55.6, 56.0, 82.8,
96.3, 106.5, 112.4, 116.0, 116.7, 124.6, 125.0,013084.9, 135.0, 148.1, 150.0, 154.0,
169.3, 192.9, 198.0. Anal.,¢H,1NOg: C, 67.80; H, 5.20; N, 3.44. Found: C, 67.81; H,
5.35; N, 3.59 %.

4.1.2.7. 5-(3,4,5-trimethoxyphenyl)-(4bRS,9bRSydibxy-4b,5,6,7,8,9b-hexahydro-
indeno[1,2-b]-indole-9,10-dion&g

Yield: 46%, mp: 140-148C, IR cm®: 3525, 2986 (OH), 1723 (C=0); NM, ppms:
1.78 (m, 2H, H), 2.10 (m, 4H, H ¢, 3.73 (s, 9H, OCH}, 5.95 (s, 1H, OH), 6.67(s, 2H,
Ho 6), 6.93 (d, 1H, K, J:7.7Hz), 7.13(s, 1H, OH), 7.55 (t, 1Hs,H:7.7Hz), 7.66 (t, 1H, H
J:7.7Hz), 7.73(d, 1H, H J:7.6Hz). NMRYC, ppmé: 22.1, 24.0, 37.6, 56.6, 60.7, 84.0,

97.0, 106.6, 108.2, 123.6, 125.8, 130.7, 131.7,3,3635.4, 137.7, 147.8, 153.1, 165.5,



190.2, 198.1. Anal. £H»3NO;: C, 65.90; H, 5.30; N, 3.20. Found: C, 66.08; 875 N,
3.47 %.

4.1.2.8. 5-[(2-methylphenyl)]-(4bRS,9bRS)-dihydrdkyb,6,7,8,9b-hexahydroindeno[1,2-
blindole-9,10-dione6h

Yield: 55%, mp: 219-222C, IR cm'; 3560, 3184 (OH), 1718 (C=0); NM®4, ppms:
1.15 (s, 3H, Ch), 1.78 (m, 2H, H), 1.98 (m, 2H, k), 2.16 (m, 2H, k), 5.91 (s, 1H, OH),
6.62 (d, 1H, H, J: 5.4), 7.27 (m, 2H, OH, Ar), 7.40 (m, 2H, AN56 (M, 2H, H2), 7.65
(m, 2H, Ar), 7.76 (d, 1H, i J: 8.9). NMRYC, ppms: 17.0, 21.6, 23.8, 36.0, 83.1, 97.2,
106.4, 124.9, 126.0, 126.2, 127.4, 129.5, 129.9,4,3131.0, 132.0, 135.2, 135.6, 148.0,
168.1, 192.4, 198.0. Anal.»H1gNO4: C, 73.12; H, 5.30; N, 3.88. Found: C, 73.17; H,
5.31; N, 4.07 %.

4.1.2.9. 5-[(3-methylphenyl)]-(4bRS,9bRS)-dihydrdkyb,6,7,8,9b-hexahydroindeno[1,2-
blindole-9,10-dione6i

Yield: 75%, mp: 211-212 °C, IR ¢fn 3424, 2992 (OH), 1708 (C=0); NM4, ppm :
1.79 (m, 2H, H), 2.01 (m, 2H, k), 2.11 (m, 2H, k), 2.34 (s, 3H, Ch), 5.95 (s, 1H, OH),
6.65 (d, 1H, H, J: 8.2), 7.08 (d, 1H, Ar, J: 7.7), 7.15 (s, 1H)A7.17 (s, 1H, OH), 7.27 (d,
1H, Ar, J: 7.7), 7.36 (t, 1H, ArJ: 7.7), 7.55 (m, 2H, H), 7.71 (dd, 1H, K J: 8.2, 1.7).).
NMR-C, ppmo: 18.5, 21.4, 24.0, 35.8, 83.5, 97.2, 107.5, 12424.3, 126.4, 129.1,
129.8, 130.0, 130.5, 134.9, 135.2, 135.4, 139.5/.714167.6, 191.7, 197.6. Anal.
C22H1gNOy: C, 73.12; H, 5.30; N, 3.88. Found: C, 73.15; B85 N, 4.12 %.

4.1.2.10. 5-[(4-methylphenyl)]-(4bRS,9bRS)-dihygrdk,5,6,7,8,9b-hexahydroindeno[1,2-
blindole-9,10-dione6;j

Yield: 73%, mp: 228-231 °C, IR ¢fn 3513, 3184 (OH), 1721 (C=0); NM4, ppm&:

1.78 (m, 2H, H), 1.93 (m, 2H, k), 2.0 (m, 2H, H), 2.38 (s, 3H, CH), 5.92 (s, 1H, OH),



6.66 (d, 1H, H, J: 6.9), 7.14 (s, 1H, OH), 7.18 (d, 2H,3ArJ: 8.2), 7.29 (d, 2H, Ak, J:
8.2), 7.55 (M, 2H, k), 7.71 (dd, 1H, K J: 7.6, 1.2); NMRSC, ppmé: 21.3, 22.3, 24.2,
37.7,84.1, 96.9, 107.0, 123.8, 125.5, 129.8, 13(80.7, 133.8, 135.3, 135.4, 138.0, 147.9,
165.4, 190.2, 198.2. Anal.,&1oNO,: C, 73.12; H, 5.30; N, 3.88. Found: C, 73.19; H,
5.32; N, 4.17 %.

4.1.2.11. 5-[(2,4-dimethylphenyl)]-(4bRS,9bRS)-dibyy-4b,5,6,7,8,9b-hexahydroindeno-
[1,2-b]indole- 9,10-dionegk

Yield: 88%, mp: 230-233 °C, IR ¢ 3567, 3184 (OH), 1715 (C=0); NM4, ppm&:
1.11 (s, 3H, Ch), 1.76 (m, 2H, H), 1.98 (m, 2H, ), 2.13 (m, 2H, i), 2.34 (s, 3H, Ch),
5.88 (s, 1H, OH), 6.67 (d, 1H,4HJ: 8.4), 7.05 (s, 1H, AY, 7.21 (m, 2H, OH, Ar), 7.52 (d,
1H, Ar, J: 7.9), 7.58 (m, 2H, H), 7.75 (dd, 1H, K J: 7.2). NMRY¥C, ppms: 17.0, 21.2,
21.6, 23.8, 36.0, 83.0, 97.1, 106.4, 124.9, 12628,1, 130.4, 130.7, 131.0, 135.1, 135.6,
136.5, 139.6, 148.0, 165.3, 191.8, 198.0. AnakH@NO,: C, 73.58; H, 5.64; N, 3.73.
Found: C, 73.63; H, 5.71; N, 3.97 %.

4.1.2.12. 5-[(2,5-dimethylphenyl)]-(4bRS,9bRS)-dibyxy-4b,5,6,7,8,9b-hexahydroindeno-
[1,2-bjindole- 9,10-dionedl

Yield: 79%, mp: 227-229 °C, IR c¢fn 3497, 3168 (OH), 1715 (C=0); NMR4, ppm :
1.09 (s, 3H, Ch), 1.76 (m, 2H, H), 1.97 (m, 2H, k), 2.13 (m, 2H, i), 2.36 (s, 3H, Ch),
5.89 (s, 1H, OH), 6.66 (M, 1H,,4 7.12 (d, 1H, Ag, J: 7.9), 7.21 (m, 2H, OH, Ar), 7.47 (s,
1H, Arg), 7.55 (m, 2H, H3), 7.75 (dd, 1H, K J: 8.6, 2.7). NMRC, ppms: 16.5, 21.0,
21.6, 23.8, 35.6, 83.1, 97.2, 100.2, 124.9, 12530,3, 130.4, 130.7, 131.3, 133.3, 135.0,
135.6, 137.2, 147.9, 165.4, 191.7, 198.0. AnakHgNO,: C, 73.58; H, 5.64; N, 3.73.

Found: C, 73.59; H, 5.67; N, 3.87 %.



4.1.2.13. 5-[(3,4-dimethylphenyl)]-(4bRS,9bRS)-drbyy-4b,5,6,7,8,9b-hexahydroindeno-
[1,2-b]indole-9,10-dionetm

Yield: 79%, mp: 233-236C, IR cni': 3562, 3184 (OH),1718 (C=0); NMR4, ppms:
1.77 (m, 2H, H), 2.01 (m, 2H, k), 2.10 (m, 2H, k), 2.23 (s, 3H, CH), 2.28 (s, 3H Ch),
5.92 (s, 1H, OH), 6.69 (d, 1H,4HJ: 6.7), 7.01 (m, 1H, Ay, 7.10 (s, 2H, OH, Ar), 7.23 (d,
1H, Ars, J: 8.2), 7.55 (m, 2H, H), 7.71 (dd, 1H, K J: 7.4, 1.2); NMRSC, ppms: 19.6,
19.9, 22.2, 24.1, 37.7, 84.0, 96.8, 106.8, 1232h.9, 127.2, 130.3, 130.6, 130.7, 134.0,
135.2, 135.3, 136.7, 137.3, 147.9, 165.4, 190.8,201Anal. GsH,1NO,: C, 73.58; H, 5.64;
N, 3.73. Found: C, 73.72; H, 5.69; N, 4.01 %.

4.1.2.14. 5-[(3,5-dimethylphenyl)]-(4bRS,9bRS)-dibyy-4b,5,6,7,8,9b-hexahydroindeno-
[1,2-b] indole- 9,10-dionebn

Yield: 60%, mp: 215-217 °C, IR ¢fn 3543, 3200 (OH), 1718 (C=0); NM&4, ppm $:
1.78 (m, 2H, H), 1.95 (m, 2H, k), 2.01 (m, 2H, k), 2.29 (s, 6H, Ch), 5.91 (s, 1H, OH),
6.69 (d, 1H, H, J: 6.9), 6.92 (s, 2H, A, 7.09 (s, 1H, Are), 7.10 (s, 1H, OH), 7.55 (m, 2H,
H,9), 7.71 (d, 1H, H, J: 6.4); NMRY¥C, ppmé: 21.4, 22.3, 24.3, 37.7, 84.1, 96.9, 107.1,
123.7, 125.6, 127.4, 129.9, 130.7, 135.3, 136.8,513147.9, 165.3, 190.3, 198.2. Anal.
C23H21NO4: C, 73.58; H, 5.64; N, 3.73. Found: C, 73.71; /5N, 3.91 %.

4.1.2.15. 5-[(4-bromophenyl)]-(4bRS,9bRS)-dihydrdkyb,6,7,8,9b-hexahydroindeno[1,2-
blindole-9,10-dione6o

Yield: 73%, mp: 200 °C, IR cth 3549, 3184 (OH),1721 (C=0); NMB4, ppms: 1.75 (m,
2H, Hy), 1.93 (m, 2H, k), 2.11 (m, 2H, k), 6.00 (s, 1H, OH), 6.67 (d, 1H4HI: 7.2Hz),
7.27 (m, 3H, H 5, OH), 7.53 (t, 1H, K, J: 7.2Hz), 7.68 (d, 2H, Hs, J: 8.7Hz), 7.72 (d,

1H, Hy J: 7.2Hz); NMR¥C, ppms: 22.2, 24.0, 37.7, 84.0, 97.0, 107.6, 121.6, 12128.3,



131.8, 132.5, 135.2, 135.6, 136.0, 147.6, 164.9.419198.0. Anal. &H1sBrNO,4: C,
59.17; H, 3.78; N, 3.29. Found: C, 59.23; H, 31833.47 %.

4.1.2.16. 5-[(4-chlorophenyl)]-(4bRS,9bRS)-dihygrdb,5,6,7,8,9b-hexahydroindeno[1,2-
blindole-9,10-dione6p

Yield: 73%, mp: 170-172 °C, IR cfn 3485, 3184 (OH), 1721 (C=0); NMi4, ppm&:
1.87 (m, 2H, H), 1.96 (m, 2H, k), 2.23 (m, 2H, H), 4.05 (brs, 1H, OH), 6.91 (d, 1H4H
J: 7.6Hz), 7.28 (d, 2H, Hs, J: 8.9Hz ), 7.44 (d, 1H, Hs, J: 8.9Hz), 7.49 (t, 1H,  J:
7.6Hz), 7.51 (s, 1H, OHY.54 (t, 1H, H, J: 7.5Hz), 7.82 (d, 1H, £1J: 7.6Hz) NMR-*°C,
ppmé: 21.7, 23.9, 35.3, 82.8, 97.6, 107.7, 119.5, 1242%.1, 129.7, 130.7, 133.8, 134.7,
135.2, 135.7, 147.6, 164.9, 192.7, 197.4H%CINO,: C, 66.06; H, 4.22; N, 3.67. Found:
C, 66.14; H, 4.29; N, 3.83 %.

4.1.2.17. 5-[(3,4-dichlorophenyl)]-(4bRS,9bRS)-ditoxy-4b,5,6,7,8,9b-hexahydroindeno-
[1,2-b]-indole-9,10-dione6q

Yield: 53%, mp: 160-162 °C, IR ¢f 3561, 3173 (OH), 1727 (C=0); NMB4, ppm $:
1.8-2.02 (m, 2H, H), 2.25-2.33 (m, 2H, k), 2.38-2.46 (m, 2H, b, 4.52 (brs, 1H, OH),
6.98 (d, 1H, H, J: 7.2Hz), 7.27 (dd, 1H,H J: 8.9, 2.2Hz ), 7.47 (d, 1H,,HJ: 2.2Hz),
7.51-7.60 (M, 4H, bks, OH), 7.84 (d, 1H, K J: 7.6Hz), NMR-1*C, ppmé: 21.6, 23.9,
35.9, 82.9, 97.4, 107.8, 124.9, 125.0, 129.0, 13ART.0, 131.3, 133.3, 133.5, 134.9, 135.0,
135.7, 147.4, 167.0, 192.6, 197.1,;1K;:CI,NO4: C, 60.59; H, 3.63; N, 3.36. Found: C,
60.62; H, 3.67; N, 3.61 %.

4.1.2.18. 7,7-dimethyl-5-[(2-methoxyphenyl)]-(4BRRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-bJindole-9,10-diorn&s

Yield: 81%, mp: 170-172 °C, IR ¢m3600, 3104 (OH), 1712 (C=0); NMf4, ppms: 0.8

(s, 3H, CH), 0.94 (s, 3H, Ch), 1.95 (d, 2H, K, J: 17Hz), 2.00 (d, 2H, HJ: 17 Hz), 3.16



(s, 3H, OCH), 5.81 (s, 1H, OH), 6.52 (dd, 1H,,HJ: 8.2, 2.1Hz), 7.05 (t, 1H,4H J:
7.9Hz), 7.07 (m, 3H, OH, Ar), 7.12 (t, 1HgH): 7.6Hz),7.48 (m, 3H, HAr), 7.62 (dd, 1H,
He, J: 8.8, 1.8Hz), 7.69(d, 1H,HJ: 8.1Hz); NMRY¥C, ppms: 28.5, 28.6, 33.7, 36.9, 52.0,
55.5, 83.8, 96.6, 105.0, 112.5, 121.1, 123.6, 12£3.0, 130.3, 130.8, 131.8, 134.9, 135.1,
148.4, 156.5, 165.6, 189.5, 198.5. Anal4H;3NOs: C, 71.10; H, 5.72; N, 3.45. Found: C,
71.19; H, 5.75; N, 3.68 %.

4.1.2.19. 7,7-dimethyl-5-[(3-methoxyphenyl)]-(4RRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-dioré&y

Yield: 95%, mp: 202-204 °C, IR ¢m 3552, 2992 (OH), 1715 (C=0); NM4, ppmé:
0.8 (s, 3H, CH), 0.94 (s, 3H, CH), 1.92 (d, 2H, K, J: 17Hz), 2.01 (d, 2H, HJ: 17 Hz),
3.16 (s, 3H, OCH), 5.82 (s, 1H, OH), 6.51 (dd, 1H4HJ: 8.3, 2.2Hz), 7.03 (dd, 1H 4HJ:
8.4, 2.1Hz), 7.08 (s, 1H, OH), 7.12 (t, 1Hs,H: 7.6Hz),7.48 (m, 3H, Ar), 7.63 (dd, 1H,
He, J: 8.0, 1.5Hz), 7.69(d, 1H,;HJ: 8.2Hz); NMRY¥C, ppms: 28.5, 28.6, 33.7, 36.7, 51.9,
55.5, 83.8, 96.5, 104.7, 112.5, 121.1, 123.5, 1243.0, 130.2, 130.7, 131.8, 134.9, 148.3,
156.4, 165.4, 189.3, 198.4. Anals8,3NOs: C, 71.10; H, 5.72; N, 3.45. Found: C, 71.16;
H, 5.81; N, 3.59 %.

4.1.2.20. 7,7-dimethyl-5-[(4-methoxypheny))]-(4BRRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-bJindole-9,10-dioné&

Yield: 85%, mp: 120-122 °C, IR c¢fn 3440, 3100 (OH), 1715 (C=0); NM4, ppm&:
0.91 (s, 3H, Ch), 1.02 (s, 3H, Ch), 2.05 (d, 2H, K, J: 17Hz), 2.22 (dd, 2H, 41J: 16.1,
18Hz), 3.91 (s, 3H, OCH), 4.09 (brs, 1H, OH), 6.86 (dd, 1H4H: 8.3, 2.2Hz), 6.96 (d,
2H, Hy s, J: 8.7Hz), 7.12 (d, 2H, H2",6", J: 8.7Hz), 7.48 GH, OH, Ar), 7.87(d, 1H, H

J: 8.0Hz); NMRYC, ppms: 27.7, 29.5, 34.3, 37.6, 50.5, 55.6, 82.7, 960%.3, 114.6,



124.7, 125.2, 128.0, 130.3, 130.8, 135.0, 135.3,74159.9, 166.1, 191.5, 197.5. Anal.
Co4H23NOs: C, 71.10; H, 5.72; N, 3.45. Found: C, 71.27; H//5N, 3.70 %.

4.1.2.21.  7,7-dimethyl-5-[(2,4-dimethoxyphenypRS,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-dioie [19]

4.1.2.22. 7,7-dimethyl-5-[(3,4-dimethoxyphenyl)biE,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-dioiie

Yield: 72%, mp: 156-158 °C, IR ¢t 3456, 3088 (OH), 1715 (C=0); NM4, ppms:
0.87 (s, 3H, Ch), 0.95 (s, 3H, Ch), 1.77 (d, 1H, K, J: 17.6Hz), 1.88 (d, 1H, ¢1J:
15.6Hz), 2.10 (d, 1H, & J: 15.6Hz), 2.34 (d, 1H,d4J: 17.6Hz), 3.71 (s, 3H, OGH 3.82
(s, 3H, OCH), 5.95 (s, 1H, OH), 6.73 (dd, 1H,¢HJ: 8.3, 2.1Hz), 6.80 (d, 1H,4HJ:
7.2Hz), 6.96 (d, 1H, b, J: 2.1Hz), 7.03 (d, 1H, ¢ J:8.4Hz), 7.15 (s, 1H, OH), 7.53 (t,
1H, Hs, J: 7.2Hz), 7.61 (t, 1H, HJ: 7.2HZ), 7.71 (d, 1H, HJ: 7.7Hz); NMRY¥C, ppms:
28.4, 33.5, 36.7, 51.9, 55.4, 55.9, 83.7, 96.34,9804.6, 105.3, 117.2, 123.4, 125.0, 130.1,
132.3, 134.8, 135.0, 148.4, 157.3, 161.1, 165.9,218198.4. Anal. &H»:NOs: C, 68.95;
H, 5.79; N, 3.22. Found: C, 68.97; H, 5.81; N, 3%41

4.1.2.23.  7,7-dimethyl-5-[(2,5-dimethoxyphenypRS,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-bJindole-9,10-dion#,

Yield: 80%, mp: 210-212 °C, IR ¢fn 3488, 3056 (OH), 1712 (C=0); NMB4, ppm $:
0.80 (s, 3H, Ch), 0.94 (s, 3H, Ch), 1.92 (d, 2H, K, J: 17.5Hz), 2.00 (d, 2H, ¢4 J:
17,5Hz), 3.12 (s, 3H, OGH| 3.78 (s, 3H, OCH), 5.83 (s, 1H, OH), 6.60 (dd, 1H4HJ:
8.2, 1.5Hz), 6.97 (d, 1H,H J: 9.2Hz), 7.04 (dd, 1H,H J: 9.2, 2.9Hz), 7.09 (s, 1H, OH),
7.29 (d, 1H, K, J:2.9Hz), 7.49 (t, 1H, HJ:7.2Hz), 7.54 (t, 1H, HJ: 7.2Hz), 7.69 (d, 1H,

Hy, J: 8.1Hz); NMRYC, ppmé: 28.4, 28.6, 36.9, 52.0, 55.7, 56.1, 56.6, 83647,9105.0,



113.0, 114.9, 118.1, 123.5, 125.2, 130.3, 134.9,113148.3, 150.6, 153.4, 165.4, 189.5,
198.3. Anal. GsH2sNOs: C, 68.95; H, 5.79; N, 3.22. Found: C, 69.12; 65N, 3.30 %.
4.1.2.24. 7,7-dimethyl-5-[(3,4,5-trimethoxyphem{hpbRS,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-diorn&y

Yield: 90%, mp: 198 °C, IR cth 3600, 3136 (OH), 1715 (C=0); NM#4, ppmé: 0.89 (s,
3H, CHs), 0.96 (s, 3H, Ch), 1.84 (d, 2H, K, J: 17Hz), 1.89 (d, 1H, HJ: 15Hz), 2.12(d,
1H, H8, J: 15Hz), 3.73 (s, 6H, OGH3.74 (s, 3H, OCH), 6.10 (brs, 1H, OH), 6.90 (d, 1H,
Ha, J: 7.7Hz), 6.63 (s, 2H,4%), 7.17 (s, 1H, OH), 7.54 (t, 1H,3HJ:6.7Hz), 7.65 (t, 1H,
H,, J:6.7Hz), 7.71 (d, 1H, HJ: 7.4Hz); NMR¥C, ppmsé: 27.0, 30.0, 33.9, 37.4, 51.8,
56.7, 60.8, 84.0, 97.3, 105.6, 108.2, 123.6, 12639, 8, 131.8, 135.3, 135.4, 137.8, 147.7,
153.2, 164.4, 189.7, 198.2. Anaked:7NO7: C, 67.09; H, 5.85; N, 3.01. Found: C, 67.12;
H, 5.91; N, 3.17 %.

4.1.2.25. 7,7-dimethyl-5-[(2-methylphenyl)]-(4bRERS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno [1,2-b]indole-9,10-dioné)

Yield: 82%, mp: 231-234 °C, IR ¢fn 3424, 2996 (OH), 1712 (C=0); NM4, ppm :
0.89 (s, 3H, Ch), 0.95 (s, 3H, Ch), 1.18 (s, 3H, Ch), 1.86 (s, 2H, k), 2.04 (s, 2H, i),
5.88 (s, 1H, OH), 6.67 (d, 1H,sHJ: 6.2), 7.27 (m, 2H, OH, Ar), 7.37 (m, 2H,,4), 7.57
(m, 2H, H3), 7.62 (m, 1H, Ar), 7.76 (dd, 1H,HJ: 7.4); NMRYC, ppms: 17.3, 28.4,
28.6, 33.8, 36.9, 52.0, 84.1, 97.3, 104.7, 124252, 127.2, 129.4, 130.7, 131.3, 132.0,
134.6, 135.4, 135.7, 137.9, 148.7, 164.3, 189.8B,719GH3NO,: C, 74.02; H, 5.95; N,
3.60. Found: C, 74.11; H, 6.01; N, 3.92 %.

4.1.2.26. 7,7-dimethyl-5-[(3-methylphenyl)]-(4bR#R$)-dihydroxy-4b,5,6,7,8,9b-

hexahydroindeno [1,2-b]indole-9,10-dion&,



Yield: 56%, mp: 118-120 °C, IR c¢fn 3524, 3092 (OH), 1718 (C=0); NM&4, ppm :
0.88 (s, 3H, CH), 0.95 (s, 3H, Ch), 1.92 (s, 2H, k), 2.10 (s, 2H, ), 2.35 (s, 3H, Cbh),
5.96 (s, 1H, OH), 6.65 (d, 1H,4HJ: 7.9), 7.02 (d, 1H, ArJ: 7.7), 7.15 (s, 1H, Ay, 7.20
(s, 1H, OH), 7.27 (d, 1H, ArJ: 7.7), 7.36 (t, 1H, Ar J: 7.7), 7.54 (m, 2H, 4, 7.71 (dd,
1H, Hy, J: 8.1, 1.9); NMR¥C, ppms: 21.6, 27.1, 30.0, 34.1, 37.7, 51.8, 84.0, 9708.4,
123.8, 125.6, 127.0, 129.2, 129.3, 130.4, 130.8,313135.4, 136.6, 140.0, 147.8, 164.1,
189.8, 198.2. @H2NO,: C, 74.02; H, 5.95; N, 3.60. Found: C, 74.07; B85 N, 3.73 %.
4.1.2.27. 7,7-dimethyl-5-[(4-methylphenyl)]-(4bR#R$)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno [1,2-b]indole-9,10-diong,

Yield: 99%, mp: 206-207 °C, IR c¢fn 3602, 3214 (OH), 1721 (C=0); NMi4, ppm&:
0.95 (s, 3H, CH), 1.03 (s, 3H, CH), 1.98 (d, 1H, B J: 17Hz), 2.15 (d, 1H, & J: 17Hz),
2.20 (d, 1H, K, J: 16Hz), 2.28 (d, 1H, H8, J: 16Hz), 2.44 (s, 8Ht), 5.97 (s, 1H, OH),
6.86 (d, 1H, H, J: 8.7), 7.10 (d, 2H, Akls, J: 8.2Hz), 7.26 (d, 2H, +, J: 8.2), 7.48 (m,
3H, Hy5, OH), 7.86 (d, 1H, I J: 8.6Hz); NMR¥C, ppms: 21.3, 27.6, 30.5, 34.4, 37.6,
51.8, 82.7, 96.8, 105.6, 124.7, 125.2, 129.2, 13(8Q.9, 134.9, 135.3, 138.8, 147.7, 165.7,
191.7, 197.5. @H2NO,: C, 74.02; H, 5.95; N, 3.60. Found: C, 63.91; H;36 N, 3.85 %.
4.1.2.28. 7,7-dimethyl-5-[(2,4-dimethylphenyl)]-R®,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-dion&

Yield: 59%), mp: 215-218 °C, IR ¢t 3583, 3184 (OH), 1718 (C=0); NM®4, ppms:
0.82 (s, 3H, CH), 0.94 (s, 3H, Ch), 1.13 (s, 3H, CH), 1.83 (s, 2H, k), 2.03 (s, 2H, i),
2.33 (s, 3H, Ch), 5.86 (s, 1H, OH), 6.71 (d, 1H,4HJ: 8.2), 7.05 (d, 1H, ArJ: 1), 7.17
(dd, 1H, Ak, J: 8.2, 1.2), 7.22 (s, 1H, OH), 7.47 (d, 1HgAL 7.9), 7.57 (m, 2H, H),

7.75 (dd, 1H, K, J: 8.9, 1.2). NMRSC, ppmé: 17.1, 21.2, 28.7, 34.1, 37.1, 50.9, 82.9,



97.0, 104.7, 124.9, 128.0, 130.3, 131.0, 131.6,1138B35.2, 135.5, 139.5, 148.2, 166.5,
191.7, 197.8. @H2sNO4: C, 74.42; H, 6.25; N, 3.47. Found: C, 74.56; BO6 N, 3.75 %.
4.1.2.29. 7,7-dimethyl-5-[(2,5-dimethylphenyl)]-R®,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-bJindole-9,10-dion4,

Yield: 98%, mp: 173-175 °C, IR c¢fn 3595, 3296 (OH), 1721 (C=0); NMi4, ppm&:
0.82 (s, 3H, Ch), 0.94 (s, 3H, Ch), 1.11 (s, 3H, Ch), 1.94 (m, 4H, Kg), 2.35 (s, 3H,
CHs), 5.86 (s, 1H, OH), 6.69 (m, 1H, 7.12 (d, 1H, Ag, J: 7.9), 7.20 (m, 3H, OH, 2Ar),
7.42 (s, 1H, Ag), 7.56 (m, 2H, H23), 7.74 (m, 1H, H). NMR-C, ppms: 16.7, 21.0, 28.7,
34.1, 37.2, 50.2, 82.8, 97.1, 105.0, 124.9, 13030,7, 131.6, 133.4, 133.7, 135.1, 135.5,
137.3, 148.1, 167.0, 191.6, 198.063sNO4: C, 74.42; H, 6.25; N, 3.47. Found: C, 74.61;
H, 6.39; N, 3.79 %.

4.1.2.30. 7,7-dimethyl-5-[(3,4-dimethylphenyl)]-R®,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-dionén

Yield: 58%, mp: 185-188 °C, IR ¢fn 3520, 3168 (OH), 1718 (C=0); NMB4, ppm $:
0.82 (s, 3H, Ch), 0.90 (s, 3H, Ch), 1.93 (s, 2H, k), 2.06 (s, 2H, i), 2.21 (s, 3H, Ch),
2.25 (s, 3H, Ch), 5.95 (s, 1H, OH), 6.69 (d, 1HHJ: 6.7), 6.86 (d, 1H, ArJ: 8.2), 7.04
(s, 1H, Ap), 7.17 (s, 1H, OH), 7.21 (d, 1H, A: 8.2), 7.53 (M, 2H, H), 7.7 (d, 1H, H,

J: 7.2); NMR¥C, ppms: 19.57, 19.95, 27.16, 29.55, 33.86, 37.54, 5183775, 97.15,
105.31, 123.81, 125.53, 127.24, 130.43, 130.64,9830L33.65, 134.99, 135.54, 137.11,
137.64, 147.73, 165.08, 190.59, 198.36HzsNO,: C, 74.42; H, 6.25; N, 3.47. Found: C,
74.43; H, 6.27; N, 3.59 %.

4.1.2.31. 7,7-dimethyl-5-[(3,5-dimethylphenyl)]-R®,9bRS)-dihydroxy-4b,5,6,7,8,9b-

hexahydroindeno[1,2-b]indole-9,10-dion&



Yield: 64%), mp: 143-145 °C, IR ¢ 3561, 3168 (OH), 1705 (C=0); NM&4, ppm:
0.84 (s, 3H, CH), 0.91 (s, 3H, Ch), 1.94 (s, 2H, k), 2.07 (s, 2H, i), 2.26 (s, 6H, Ch),
5.95 (s, 1H, OH), 6.67 (d, 1H,4HJ: 6.7), 6.81 (s, 1H, AY, 7.08 (s, 2H, Are), 7.19 (s, 1H,
OH), 7.54 (m, 2H, ki3, 7.70 (dd, 1H, K J: 7.4, 2.2); NMR=C, ppmé: 21.3, 27.5, 29.6,
34.5, 37.7, 50.7, 82.7, 96.7, 105.6, 124.7, 12528,9, 130.4, 130.5, 134.9, 135.2, 135.4,
139.1, 147.7, 165.6, 191.7, 197.65MsNO,: C, 74.42; H, 6.25; N, 3.47. Found: C, 74.47;
H, 6.28; N, 3.62 %.

4.1.2.32. 7,7-dimethyl-5-[(4-bromophenyl)]-(4bRRH-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno-[1,2-b]indole-9,10-diorn&

Yield: 75%, mp: 140-142 °C, IR c¢fn 3644, 3008 (OH), 1718 (C=0); NM4, ppm&:
0.93 (s, 3H, Ch), 1.00 (s, 3H, CH), 1.96 (d, 1H, K, J:17Hz), 2.05 (d, 1H, K J:17 Hz),
2.20 (d, 1H, K, J:15 Hz), 2.29 (d, 1H, ¢J: 15Hz), 3.60 (brs, 1H, OH), 6.86 (d, 1H,, H
J:6.7 Hz), 7.16 (d, 2H, 5 J:8.2 Hz), 7.49 (m, 3H, 44 OH), 7.60 (d, 2H, k¢, J: 8.2
Hz), 7.83 (d, 1H, K J: 7.6 Hz); NMRYC, ppmé: 27.7, 29.4, 34.4, 37.7, 50.0, 82.8, 123.0,
124.9, 125.1, 128.8, 130.6, 131.0, 132.7, 134.8,613134.8, 135.7, 147.5, 191.4, 197.3.
CoaH20BrNOg: C, 60.81; H, 4.44; N, 3.08. Found: C, 60.93; K524 N, 3.27 %.

4.1.2.33. 7,7-dimethyl-5-[(4-chlorophenyl)]-(4bRISR5)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno-[1,2-b]indole-9,10-diofie

Yield: 67%, mp: 147-148 °C, IR c¢fn 3637, 3018 (OH), 1714 (C=0); NMi4, ppm&:
0.90 (s, 3H, Ch), 1.03 (s, 3H, CH), 1.98 (d, 1H, K, J:15Hz), 2.05 (d, 1H, Kl J:15 Hz),
2.23 (d, 1H, K, J3:17 Hz), 2.31 (d, 1H, §J: 17Hz), 3.67 (brs, 1H, OH), 6.81 (d, 1H,, H
J:6.8 Hz), 7.14 (d, 2H, 45, J:8.0 Hz), 7.47 (m, 3H, + OH), 7.62 (d, 2H, ht¢, J: 8.0

Hz), 7.83 (d, 1H, K J: 7.6 Hz); NMRYC, ppms: 28.0, 30.1, 34.7, 36.9, 51.0, 81.7, 122.8,



125.3, 125.9, 128.3, 131.1, 131.7, 132.0, 133.4,713135.2, 135.9, 147.7, 191.3, 197.2.
C23H20CINOy: C, 67.40; H, 4.92; N, 3.42. Found: C, 67.44; 1994 N, 3.63 %.

4.1.2.34. 7,7-dimethyl-5-[(3,4-dichlorophenyl)]-®8,9bRS)-dihydroxy-4b,5,6,7,8,9b-
hexahydroindeno[1,2-b]indole-9,10-dioiig

Yield: 47%, mp: 180-182 °C, IR c¢fn 3568, 2647 (OH), 1724 (C=0); NMi4, ppm&:
0.96 (s, 3H, Ch), 1.00 (s, 3H, Ch), 2.00 (d, 1H, K J: 17Hz), 2.17 (d, 1H, & J: 17Hz),
2.20 (d, 1H, K, J: 15Hz), 2.26 (d, 1H, HJ: 15Hz), 3.7 (brs, 1H, OH), 6.93 (d, 1H,, H:
7.2Hz), 7.19 (dd, 1H, ¥ J: 8.9, 2.2Hz ), 7.48-7.56 (M, 5Hyl 3 ,0H), 7.84 (d, 1H, K

J: 7.6Hz), NMR-*C, ppmé: 27.5, 29.5, 37.7, 50.1, 82.6, 97.4, 106.7, 12428.8, 130.7,
131.1, 131.2, 133.4, 134.8, 135.1, 135.7, 147.8,616168.9, 191.9, 197.1,41:oCI,NO4:

C, 62.17; H, 4.31; N, 3.15. Found: C, 62.23; H5418, 3.41 %.

4.2. Anticancer assays

4.2.1. Cell Culture

Human and non-human prostate tumor cell lines PAN&aP and MatLyLu were obtained
from the German Collection of Microorganisms andl Celtures (DSMZ, Braunschweig,
Germany). Cells were grown in culture RPMI mediuapemented with fetal bovine
serum (FBS, 10%), penicillin (50 units/ml) and ptaanycin (50ug/ml), in a humidified
atmosphere (95% air, 5% GO37°C). Culture medium was purchased from Gibco-In
Vitrogen, Karlsruhe, Germany and PAA Laboratorassching, Austria.

4.2.2. Cell Viability Test

5x10 PC-3, 1.2x1HLNCaP or 1x1HMatLyLu cells were seeded in a 96-well microtiter
plate containing 100 pl of culture growth RPMI mediwell. After 24 h of culture, cells
were exposed to the compounds previously dissalvddMSO (72h, 5-10Qug/ml ). The

final concentration of this solvent in the cultureedia was always lower than 0.2%, a



concentration that has neither a cytotoxic effeot nauses any interference with the
colorimetric detection method. The dose-dependéfects of each compound on were
assessed using the XTT test (Roche Applied Scigvlaanheim, Germany). After 72 h of
exposure with the compounds, cells were incubatidu X T (4h, 37°C) and the formazan
was recorded at 492 nm (Microplate reader HT llfh&s, Salzburg, Austria). The €
value was defined as the concentration of testegpoand resulting in a 50% reduction in
cell viability compared to vehicle-treated cellaurther evaluations of the best compound
were performed using this dgvalue [36,45].

4.2.3. Cell Migration and Motility Evaluation

Cell migration and motility was tested using theape wound repair assay. 8x104 PC-3
cells were grown to confluence on 24-well platesRRMI medium (48 h, 37°C). A
sterilized micropipette tip was used to introduogaund across the entire cell monolayer,
and the medium was removed. After washing gentljh WRBS, the most cytotoxic
compound on the XTT assay was addedd)léh fresh medium and incubated for 24 h in
the presence of endothelial growth factor (1 pg/@bver slips were mounted onto a light
microscope and images of the wounds were capturesd @mputer system using a digital
camera immediately following wounding (0 h) andeaf24 h of compound or vehicle
incubation. The wound area in each image was medsusing the ImageJ program for

Windows (http://rsb.info.nih.gov/ij/) and quantifidoy following the change in wound area

over time compared with the original wound areae Thsults were expressed as the
percentage of wound closure [35].

4.2.4. Invasion Assay.

Human tumor LNCaP cells (1x16ells/ml) were pretreated with the compound (cytiato

ICs0, 24h). Cells then were seeded into the upper gfagt Boyden chamber membrane



coated with Matrigel (Becton Dickinson Bioscienceleidelberg, Germany) in 50L of
serum-free medium and incubated (18 h, 37°C).dtom of the chamber contained 0.5
mL of standard medium (20% FBS). Invaded cellshatlower surface of the chamber
were reacted with calcein (dg/ml) in Hank’s Buffered Salt Solution (1 h, 37°Qhe
fluorescence of invaded cells was read at 485/580 (Rluoroskan Ascent, Thermo
Labsystems Oy, Helsinki, Finlan@2,36].

4.2.5. Measurement of Clonogenic Potential

The ability of cells to grow in an anchorage-indegent manner was tested in cells grown
in agar (0.6%). In short, 1 mL of a mixture of 1.2%ble agar (Gibco-In Vitrogen,
Karlsruhe, Germany) and RPMI medium (1:1) was addexleach well of a six-well plate.
PC3, LNCaP and MatLyLu cells (1x105) suspendedammeted RPMI medium (FBS
20%) containing Noble agar (0.3%) were overlaidlensemisolid bottom layer. The plates
were kept at room temperature for 15 min and inted#or 24 h (37°C, 95% H5% CQ).
The following day, 1 mL of medium with the compouatlits IG, concentrations was
added to each well. After 2 weeks of incubationiscelere stained with crystal violet
(0.01%) for 18 h at 37°C. Pictures were taken umight microscopy, and the total number
of colonies and the relative colony size were deteed [22,46].

4.2.6. MMP Zymography

To measure MMP-2 and MMP-9 activities, PC-3 and aRCells (80% confluent in six-
well plates) were washed twice with PBS and treatéd the compound at its respective
ICs0 concentration in serum-free medium (2.5 mL, 28#C) in a humidified atmosphere
(95% Q, 5% CQ). 22 ul of a mixture composed of the conditioned mediumd aample
buffer (without mercaptoethanol, 0.75:0.25) werdjscted to electrophoresis on 10%

SDS-polyacrylamide gels gelatin-copolymerized (1 /mig. MMP-2 and MMP-9



gelatinolytic activity in the conditioned culture esium was assayed as previously
described [22,47]. Bands quantification was perfninby using ImageJ Software for
Windows. Pure human MMP-9 and MMP-2 protein wereduss a positive control.

4.3. X-ray crystallography

Crystals of6ek and7k suitable for X-ray diffraction were obtained bypwl evaporation of a
solution in ethanol. Crystal data, intensity datdlection parameters and final refinement
results are summarised in Table V. Diffraction da&re measured on a Bruker Smart-
Apex diffractometer using graphite-monochromatedK#oradiation { = 0.71070 A). The
structure was solved by direct methods and refore& by full-matrix least-squares, using
all reflections and weights w ©f(F,?) + (a P} + b PJ}, with P = (& + 2 R?)/3. The C-
bonded H atoms were placed in calculated positmasrefined using a riding atom model
with fixed C-H distances (0.93 A for CH, 0.97 A 16H,, 0.96 A for CH), and with U, =

p Uefparent atom) (p = 1.2 for CH and gH..5 for CH). The O-bonded H atoms were
placed at idealized tetrahedral geometries, witbdiO-H distances (0.82 A) anddk 1.5
Ue{parent atom).

The following computer programs were used: datkectbn, SMART [48]; cell refinement
and data reduction, SAINT [49]; absorption corractiSADABS [50]; structure solution
and refinement, SHELXL-97 [51]; molecular graphic®®RTEP-3 [52]; geometrical
calculations, PLATON [53]; The structure solutidhe refinement and the drawings were
carried out with the aid of the WIinGX [54] suite gfrograms. Comprehensive
crystallographic data (excluding structure factdos)the structural analysis &k and 7k
have been deposited with the Cambridge CrystalpfdgcaData Centre. Copies of the data

(CIF files) can be obtained, free of charge, onliapfion to CCDC, 12 Union Road,



Cambridge CB2 1EZ, UK, fax: +44-(0)1223-336033, or from
www.ccdc.cam.ac.uk/data_request/cif, quoting dejmmsiNo. CCDC 10226416k) and
CCDC 10228197K).

4.4. Molecular docking methodology
The three dimensional structure of MMP-9 was doad&n from the Protein Data Bank

(http://www.rscb.org/pdb) server with PDB code: 1GKlInternal ligands and the

crystallographic water molecules were removed ftbm protein and missing Hydrogens
were added. Ligands were built with the moleculditoe of CAChe 6.0 [55] using the
crystallographic data structurék and6k as reference. They were geometrically optimized
by using MM3 [56] force field by CAChe 6.0 and PM8the Arguslab 4.0.1 [57] with
RMSD 0.0001. The active site of the enzyme wasndefiand the ligand was placed in a
box with dimensions of X = 20 A, Y = 20 A, Z = 20 dnd a resolution of the grid of
0.4000 A. Docking was performed using Arguslab ¥ethploying genetic algorithm to
generate the poses of the ligands at the bindieg aiowing flexibility of the ligand. The
results of docking were quantifies in terms of slsere and minimized energy.
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Table 1. Selected bond lengths (A) and angles (°foand7k.

C1-C2
Cl-C11
C1-N1
C2-C3
C2-C9
C3-C4
C3-C8
C4-C5
C5-C6
C6-C7
C7-C8
C9-C10
N1-C8
N1-C16
01-C1
02-C2
03-C4
04-C9

C2-C1-C11
C2-C1-N1
C2-C1-01
C11-C1-N1
C1l1-C1-011
N1-C1-O1
C1-C2-C3
C1-C2-C9
C1-C2-02
C3-C2-C9
C3-C2-02
C9-C2-02
C2-C3-C4
C2-C3-C8
C4-C3-C8
C3-C4-C5
C3-C4-03
C5-C4-03
C4-C5-C6
C5-C6-C7
C6-C7-C8

6k

1.5796(16)
1.5032(17)
1.5011(16)
1.5009(17)
1.5462(17)
1.4108(17)
1.3710(17)
1.5082(19)
1.516(2)

1.532(2)

1.4861(18)
1.4765(18)
1.3427(16)
1.4341(15)
1.3788(14)
1.4126(15)
1.2524(16)
1.2081(15)

105.29(9)

102.20(9)

117.03(10)
109.24(10)
110.52(10)
111.97(10)
103.62(9)

103.84(9)

112.31(9)

111.91(10)
114.39(10)
110.12(10)
126.45(11)
109.72(10)
121.58(12)
116.97(12)
122.59(12)
120.31(11)
113.58(11)
111.84(12)
108.88(12)

7K

1.5765(15)
1.5060(17)
1.4994(14)
1.4978(16)
1.5440(18)
1.4117(16)
1.3657(16)
1.5099(19)
1.535(2)

1.5440(18)
1.4870(16)
1.4753(19)
1.3443(14)
1.4310(14)
1.3803(14)
1.4118(14)
1.2500(16)
1.2043(17)

105.19(10)
102.21(8)
117.00(9)
110.02(9)
110.24(9)
111.70(10)
103.66(9)
104.10(9)
112.04(9)
112.27(10)
114.27(10)
109.92(10)
126.84(11)
109.91(10)
121.38(11)
116.93(11)
122.61(12)
120.31(11)
116.39(10)
109.31(11)
111.12(11)



C3-C8-C7
C3-C8-N1
C7-C8-N1
C2-C9-C10
C2-C9-04
C10-C9-04
C9-C10-C11
C1-C11-C10
C1-N1-C8

123.23(11)
112.47(11)
124.18(12)
108.37(10)
124.33(12)
127.24(12)
110.23(11)
111.82(10)
111.55(10)

123.57(11)
112.39(10)
123.85(10)
108.15(10)
124.40(13)
127.42(13)
110.57(11)
111.72(11)
111.48(9)



Table 2. Crystal data, intensity data collection paranseterd final refinement results for

6k and7k

Compound
CCDC deposit No.
Crystal Data

Formula

MW

Color

Morphology
Specimen size (mm)
T (K)

a(A)

b (A)

c (A)

B ()

V (A3

Crystal system
Space group (No.)
z

D (g cni)

F(000)

u(Mo-Ka) (mm)
0 range (°) for cell
No. refls. for cell

Data Collection

0 range (°)
h range
k range
| range

MeanAl for checks (%)

No. refls. measured
No. refls. unique
No. refls. 1>2(1)
Abs. correction

Trans. coeff. (Fin, Tmax

Rint

6k
CCDC 1022641

G3H21NO4

375.31
pale yellow
prism
0.55x0.52x0.16
296(2)
10.5702(6)
14.0438(7)
13.4084(7)
110.1540(10)
1868.55(17)
monoclinic
RZ (No. 14)
4
1.334
792
0.091
2.57-25.69
5024

2.05-28.77
-14, 13
-18, 18
-17, 15
-0.3
9865

4447
3582
multi-scan
0.937-0.969
0.0140

7K
CCDC 1022819

CosH25NO4

403.46
pale yellow
prism
0.50x0.48x0.43
296(2)
9.6597(4)
18.0974(8)
12.2889(5)
93.7970(10)
2143.57(16)
monoclinic
P2n (No. 14)
4
1.250
856
0.084
2.25-28.67
7826

2.01-28.82
-13, 13
-23, 24
-15, 16
-0.1
17049
5250
4287
multi-scan
0.951-0.973
0.0161



Refinement (last cycle)

Weighting scheme (a,b)
No. params. refined

R1 [I>20(1)]

R1 (all data)

wWR2 [I>20(1)]

wR2 (all data)

S (g.o.f.) (all data)

Alo max.

Alo mean

Ap; (Min., max.) (e &)

0.0638, 0.3320
257
0.0437
0.0.538
0.1156
0.1231
1.032
0.001
<0.0005
-0.18, 0.30

0.0822, @324
277
0.0471
0.0572
0.1299
0.1388
1.027
0.001
<0.0005
-0.18, 0.31



Table 3. Possible hydrogen bonds %k and7k (A and °).

D-H---A
O1-H1---073
02-H2---03
Cl12-H12.--0Ol
C15-H15.--O%

D-H---A
O1-H1---O%

02-H2---03
C5-H5B- - - OY

D-H
0.82
0.82
0.93
0.93

D-H

0.82
0.82

0.97

6k
H---A
1.96
2.18
2.52
2.54

7K
H---A
1.97
2.22
2.57

D---A
2.7715(13)
2.8528(14)
3.4039(16)
3.3893(17)

D---A

2.7839(14)
2.8811(14)

3.2341(17)

DHA
173.3
139.4
158.5
151.2

DHA

175.2
138.5

125.8

Symmetry codes: i) 1-x, 2-y, 1-z; ii) -x,2-y,1-8) iL-X, 2-y, 2-Z; V) -X, -y, 1-z



Table 4. Cytotoxic effects of compounds on human and namdwtumor cells.

Compound | R,R; | Rs | PC-3 | LNCaP | MatlLylLu
6p H ACl 67.91 +4.37 79.17 +2.73 >100
7p H 3,4-Cl 76.59 +5.41 66.25 + 2.16 >100
60 CH3 AC| 47.77 +3.11 53.92+3.88 75.17 +2.35
7q CHs;  34-Cl 10.70 + 0.0% 9.57 +0.55%  5.96+0.28
DQ 24.60 + 2.22 4.94+0.66 10.33+2.17

6a-0, 7a-0: > 100 pg/mL

Results are expressed as the mean + SEM of theirtialfitory concentration or 1§
(ug/mL). Each experiment was performed three timefsve different wells. DQ: control

dequalinium. *p<0.01 compared to DQ.



Table5. Inhibition of clonogenic potential by compoungl

Colony formation (% of control) | Relative colony size
Cdl line Control 7q Control 79
PC-3 100+17.6 0 1+0.3 0
LNCaP 100+18.3 0 1+0.3 0
MatLyL u 100£17.6 6.35+1.98 1+0.05 0.16+0.04*

Colony growth relative to vehicle-treated contrBIS-3, LNCaP and MatLyLu cells were
guantified by light microscopy. The results are egivas means = SEM. of three
independent experiments.g& 0.01 and ***p<0.001compared to control vehicle.



Figure Captions
Scheme. The general reaction protocols leading to compo@aets and7a-q.

Figure 1. Molecular structures of compounds @) and (b) 7k showing the atomic
numbering. The displacement ellipsoids are drawrb@¥ probability. Dashed lines
indicate intramolecular hydrogen bonds.

Figure 2. Effect of compoundq on PC-3, LNCaP and MatLyLu cell viability. Resuétre
expressed as the mean + SEM of three differentrempats. <0.05, ** p<0.01 and
*** p<0.001 compared to the previous concentrationeaséme cell line.

Figure 3. Effect of compound’q on PC-3 wound closur¢a) Representative images of
PC-3 cells were captured at the time of woundingfa (b), and 24 h following the wound
(c) and (d), to illustrate recovery from scrape wibue) The percentage of wound area
closed at 24 hours post-treatment is plotted fdir menolayer with or withou7q. Data
shown in (a), (b), (c) and (d) are from a represtdrg experiment carried out independently
three times. Data in (e) represents the mean = SEpM0.01 compared to control vehicle.

Figure 4. Effect of compound/q in the invasion of LNCaP cells. Cells treated wtle
compound or vehicle were seeded onto a Matrigeledo@.8 pum porous membrane for 18
h, and the inhibition of invasion relative to thentrol vehicle treated cells was determined.
The results represent the mean = SEM of three mmldgnt experiments. p0.01
compared to control vehicle.

Figure 5. Activity of MMP-9 metalloproteinase by gelatin zggraphy in PC-3 cells when
exposed to compoundq for 24h. (a) Conditioned medium prepared from suficent
cultures were collected, resolved in non-reduciets gontaining gelatin (1 mg/ml) and
processed for zones of gel degradation activity.Results were quantified in relation to
control vehicle and are presented as the mean + S8Epkrcentage of activity in three
different experiments. **$<0.001 compared to control vehicle.

Figure 6. Effect of compoundq on the formation of tumor colonies in soft agat-® (a),
LNCaP cells (b) and MatLyLu cells (c) were plataeioa semi-solid layer of soft agar and
treated with the compoundt or vehicle (control) and incubated for 14 dayse Tasults
represent standard images of three different exyserts.

Figure7. Catalytic centre and S1'subsite of the enzyme MMR#han (PDB ID: 1GKC).

Figure 8. Binding mode ofhighly active compoundrq at the catalytic centre and
S1’subsite of the enzyme MMP-9 human.



Figure 9. Binding mode o6k at the catalytic centre and S1’subsite of the erzifiviP-9
human.
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Figure 1.

(@) (b)

The displacement ellipsoids are drawn at 50% pntibabDashed lines indicate
intramolecular hydrogen bonds.



Figure 2.

100 —— PC3
—&— LNCaP
—&— MatLyLu

Cell viability (% of control)

0 20 40 60 80 100
7q (ng/mL)

Results are expressed as the mean + SEM of thfesredit experiments. p<0.05, **
p<0.01 and **¥p<0.001 compared to the previous concentrationeas#tmme cell line.



Figure 3.

Control vehicle 7q

100 H

80 -

60 -

*k

40 A

Wound closure (%)

——

20 H

Control 7q
Experimental group

(a) Representative images of PC-3 cells were captairéiae time of wounding (a) and (b),
and 24 h following the wound (c) and (d), to ilkate recovery from scrape wourfd) The

percentage of wound area closed at 24 hours peEstitent is plotted for cell monolayer
with or without7q. Data shown in (a), (b), (c) and (d) are from @resentative experiment



carried out independently three times. Data inrépyesents the mean + SEM.p&0.01
compared to control vehicle.



Figure4.
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Control 7q

Experimental group

Cells treated with the compound or vehicle werededeonto a Matrigel coated 0.8 um
porous membrane for 18 h, and the inhibition ofasign relative to the control vehicle
treated cells was determined. The results reprébentnean £+ SEM of three independent
experiments. *p<0.01 compared to control vehicle.



Figureb5.
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MMP9 Activity (% of contro
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b)

(a) Conditioned medium prepared from subconfluentuces were collected, resolved in
non-reducing gels containing gelatin (1 mg/ml) @ndcessed for zones of gel degradation
activity. (b) Results were quantified in relatiam dontrol vehicle and are presented as the
mean + SEM of percentage of activity in three dédfeé experiments. **Pp<0.001
compared to control vehicle.



Figure®6.

Control 79

(a) PC-3, (b) LNCaP and (c) MatLyLu cells were pthover a semi-solid layer of soft agar
and treated with the compourfd or vehicle (control) and incubated for 14 dayseTh
results represent standard images of three differgueriments.
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Figure8.
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Figure9.

Catalytic Centre




Compounds were easily synthesized and with highly regiospecificity.
Crystals consist of equimolar mixtures of the RR and SS diastereomers.
All tested compounds proved to be moderately active, except one.

The antitumor activity seems to be related with inhibition of MM P-9.
Docking studies shows a set of interactionsin specific sites.
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