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Abstract

Herein we present and describe the design and esistlof novel phenantrene derivatives
substituted with either amino or amido side chaiasd their biological activity.
Antiproliferative activities were assessedvitro on a panel of human cancer cell lines.
Tested compounds showed moderate activity agasstec cells in comparison with 5-
fluorouracile. Among all tested compounds, some paunds substituted with cyano groups
showed a pronounced and selective activity in tr@omolar range of inhibitory
concentrations against HeLa and HepG2. The strorsgdsctive activity against HelLa cells
was observed for acrylonitrilésand11 and their cyclic analogud$ and17 substituted with
two cyano groups with a correspondingdG 0.33, 0.21, 0.65 and 0.48M, respectively.
Compounddl 1 showed the most pronounced selectivity being almos cytotoxic to normal
fibroblasts. Additionally, mode of biological actianalysis was performead silico andin

vitro by Western blot analysis of HIFdrelative expression for compounglandll.

Keywords: amines, amides, antiproliferative activity, pheaats, mode of action analysis,
naphtho[2,1b]thiophenes



1. Introduction

Natural products may serve as drugs or templateddsign of novel molecules and
thus, play a crucial role in the drug discovery aledelopment process. This fact is again
gaining interest among researchers in recent yearsexample, phenanthrene is a polycyclic
aromatic naturally occurring ring system of mangidgically active compounds that occur in
more than 10 plant famili€sHence, natural differently substituted phenantréegvatives
were isolated from Combretaceae, Orchidaceae, Dieaceae and Betulaceae families
possessing various biological activities includirmtitumor?® antibacterial or anti-
inflammatory activitie$. Most natural phenanthrenes occur in the mononfieria consisting
of more than 200 compounds substituted mainly Wittiroxy and methoxy groups placed at
different positions on the tetracyclic skeletonttiPest al.” have isolated and structurally
characterized a series of active phenanthrenesriresthe African willow tree€Combretum
caffrum. Their antitumor activity was confirmed on muriR888 lymphocytic leukaemia cell
(Fig. 1,1). Furthermorelusianthridin (Fig. 1,11') andDenbinobin which were isolated from
Dendrobium nobile were found to exert cytotoxic effects bathvitro andin vivo on several
cancer cell§. Phenantrenes isolated fro thyrsiflorum which has been used in Chinese
ethnomedicine, also showed antitumor activity orvesal cancer cefl. Additionally,
derivatives isolated fronbomohinea perrieri displayed significant activity towards cancer
cells with some cell-type selectivity (Fig. [1I,). Obtained results revealed that unsubstituted

methyl group placed at the C-7 position is veryam@nt for the antitumor activiti.
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Figure 1. Biologically active phenathrene derivatives

Phenantrene derivatives could be usually prepayaxkioative coupling of the aromatic rings
of stilbene precursors. Besides, due to the higblogically potential of substituted
phenantrene derivatives and the fact that the sgighof phenanthrenes is of highly

importance in medicinal chemistry, several synthetiethods were published for the
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preparation of suchlike compounds. The synthetateggies for their preparation thus include
benzynealkynebenzyne insertioi intramolecular cyclization¥, [4+2] benzannulation
reaction$®'*or Pd catalyzed insertion of alkynes into cycl@rgliodoniums®™

It is well known that heterocyclic derivatives, bahose of natural occurrence and
widely distributed in nature or those of synthetrgyin, are essential for many life processes
and have an important role in medicinal chemistug tb the large variety of their possible
chemical, pharmacological and biological propertfé€ A large number of biologically
important compounds belong to a major class of rbeyeles containing sulphur. For
example, thiophenes and its fused derivatives amdikeiophenes, naphthothiophenes ot
thienothiophenes have been classified as highlylpged structures and valuable building
blocks in organic and medicinal chemistfy? Thiophene nuclei could be found in the
structure of numerous medicinal agents includiafpxifene as selective estrogen receptor
modulator orZileuton for asthma treatment. Naphthothiophene derivatilisplay a wide
range of biological activities like antitum8tantibacteriaf* antifungal®? analgestit’ or anti-
inflammantory* and may be additionally exploited as photographiterial§® or for the
purpose of aqueous cold bleaching of texfifeat last, benzothiophenes have been recently
proposed also as MAO-B inhibitors with a potenitiefreatment of neurodegenerative disease
as well?’

Taking into account that both phenantrene and haptibphene derivatives are
promising and expanding groups of potentially bidally active compounds whose
potential has not yet been thoroughly investigasedficiently, we have designed and
synthesized their novel amino and amido substitudedvatives. As part of the initial
evaluation of their biological activity profileheir antiproliferative activity was determined.
Besides, the structure activity relationships asewssed in this work to correlate between the
substituent effects and the activities that aidmng design. Furthermore, mode of biological

action analysis was performed based on obtainedts@s silico andin vitro.

2. Results and Discussion

2.1. Chemistry

All newly prepared compounds were synthesized auegrto the main experimental

synthetic procedure presented in Schdme
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Scheme 1Synthesis of phenantrene and naphthofitfifophene derivatives



Acyclic precursor$—11were prepared in the reaction of aldol condensaifaorresponding
benzaldehydes3—-5 and benzylcyanidel or 2-(thiophen-2-yl)acetonitrile2 in absolute
methanol using sodium methoxide as a base. Cyelivatives of phenanthreri—-14 and
naphtho[2,1b]thiophene 15-17 were prepared by photochemical dehydrocyclization
ethanolic solution with the addition of small ambwf iodine, using 400 W high-pressure
mercury lamp and Pyrex filter for-37 hours. The photochemical dehydrocyclizationtteac
was monitored by UV/Vis spectroscopy. Targeted ansnbstituted phenanthren&8-20
and naphtho[2,bjthiophenes 21-23 were prepared from main precursors, namely 3-
fluorophenanthrene-9-carbonitril® or 8-fluoronaphtho[2, bjthiophene-4-carbonitrild5 by
uncatalyzed microwave assisted amination with ae®x of added corresponding amine. The
reaction was conducted in acetonitrile at 170 °Gth\WW the aqueous basic hydrolysis of
cyano substituted derivativdgl-15and 16—-17in 2N NaOH, the corresponding carboxylic
acids 24-26 were obtained. Carboxylic acids gave in the reactwvith thionyl-chloride
corresponding acyl-halogenid@3—29as the main precursors for the synthesis of dedign
amides. Amide substituted derivativeé8—34were obtained by reaction of acyl-halogenides
27-29and an excess amount of the corresponding amialesolute dichloromethane.

The structures of all prepared compounds were miéted by NMR spectroscopyH
and*®C) based on the analysis of H-H coupling constastsvell as chemical shifts and by
elemental analysis. Cyclization of acyclic precusg-11into phenantrene and naphtho[2,1-
b]thiophene derivatives resulted in the disappeaarficignals for two H protons confirming
thus the formation of tricycliskeleton. The NMR spectra of carboxylic acifs26 showed
one additional signal in comparison to spectrayaino substituted derivativdgl and16-17.
Introduction of amino substituents into the stroetaf derivativesl8—23has been confirmed
by appearance of the signals related to protoresroho side chains in the aliphatic part in
both 'H and **C NMR spectra. Additionally, the formation of amidkerivatives was
confirmed by signal related to the proton of thédegroup in théH NMR spectra as well as
signals related to the protons of amide side chaiadiphatic part of both spectra.

2.2. Antiproliferative activity in vitro

Antiproliferative activities of acrylonitril&-11, phenantrend 2-15, 18-2Gand 30 and
naphtho[2,1b]thiophenederivatives16-17, 21-23and 31-34 were assessed on five human
tumor cells in vitro; HelLa (cervical carcinoma), SW620 (colorectal amb@mcinoma,
metastatic), HepG2 (hepatocellular carcinoma), CERAductal pancreatic adenocarcinoma)
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and A549 (lung adenocarcinoma) as well as on noskial fibroblasts HFF. 5-Fluorouracil
was used as a standard drug.

Table 1.In vitro antiproliferative activity1Csg) of tested derivatives

Comp. ICs0” (uM)
A549  CFPAC-1 Hela HepG2  SW620  HFF
6 45.76 46.92 3.44 7.73 38.45 52.70
7 64.60 88.19 48.88 81.51 >100 93.73
8 8.39 6.70 0.33 0.52 9.18  6.07
9 40.84 34.24 3.59 5.22 36.41 86.89
10 58.95 97.84 19.99 43.43 >100 84.33
11 47.70 52.35 0.21 0.30 61.39 >100
12 9.57 13.22 8.31 18.33 7.80  3.43
13 49.91 50.98 11.63 32.11 42.42 16.35
14 72.37 80.05 30.31 48.75 >100  >100
15 3.30 8.20 0.65 10.85 6.80  1.78
16 50.43 55.65 29.93 54.28 70.31 84.61
17 5.53 8.19 0.45 7.22 6.04  5.13
18 31.10 35.46 23.63 33.56 43.36 5291
19 58.91 >100 59.37 81.78 >100  >100
20 5.49 6.19 3.33 19.44 4.62  23.82
21 31.01 18.57 18.56 47.63 41.46  98.42
22 61.30 25.72 32.22 62.01 64.14 62.01
23 7.09 3.66 2.38 20.91 258  37.46
30 64.23 68.58 28.42 93.35 61.32 >100
31 63.90 97.52 39.59 75.40 >100  96.82
32 20.23 17.46 14.38 23.19 17.67 23.97
33 27.74 >100 10.76 86.08 090 0.74
34 5.57 6.59 4.21 16.23 440 583
5-FU 0.14 8.81 8.9 0.08 -

#|Cso values are the concentrations that cause 50%itiiomitof cancer cell growth (UM).



According to the obtained results presented inTable 1, it could be concluded that the
majority of tested derivatives showed moderatevagtiat micromolar range of inhibitory
concentrations with some selectivity among testtllmes. The strongest antiproliferative
activity was observed for dicyano substituted ammigtiles 8 and 11 and their cyclic
analogued5andl17. Thus, both acyclic derivatives showed the strehg#ibitory effect and
selectivity towards HelLa and HepG2 cell lines i ubmicromolar range of inhibitory
concentrations. Their cyclic analogues, dicyancsstuted phenantrent5 and naphtho[2,1-
b]thiophenel7 derivatives displayed selective activity againgl B cells in submicromolar
range of IGy concentrations (l6g 0.65 and 0.45uM, respectively). Also, obtained results
revealed that the thiophene nuclei in the structfracyclic 11 and cyclic17 derivatives
enhanced the antiproliferative activity in companigo phenyl analogue® and 15. Fluoro
substituted acrylonitrile6 and9 showed selective activity against HeLa and Hep@& n
comparison to other rested cells. Introduction ipiezine group on phenantrene skeleton
(20) caused enhancement of antiproliferative actieiynpared to other amino substituted
derivatives, namely compound8 and19 with similar results regarding the amino subsgitut
naphtho[2,1b]thiophenes21-23 Among amido substituted derivative¥)-34 the most
pronounced activity was observed withNIN-dimethylaminopropyl substituted naphtho[2,1-
bjthiophene34. Mono substituted derivative bearidgN-dimethylaminopropyl amide side
chain showed slightly improvement of activity inngparison taN-isobutyl substituted amide
derivatives30, 31 and33.

Regarding the results of non-cancer cell line Hélitained results revealed some selective
compounds. Thus, compoufd showed the most significant selectivity in compani to the
activity against HelLa (1§ 0.21uM) and HepG2 (I 0.230uM) cells being non cytotoxic
against normal skin fibroblasts @& 100uM).

2.3. Mode of action analysis
2.3.1. Target prediction analysis

PIDGIN analysis of all 23 phenanthrene derivatiagainst all 1651 potential targets,
resulted in 23x1651 = 37973 compound-target intemas. By applying the set threshold, 277
compound-target interactions between the 23 phbreme derivatives and 112 unique targets

were predicted.



Tested derivatives were found to be active on atduadf of the known targets (6 out of 13
known targets viz., Q99714, P00352, Q16236, O75P84509, and Q12809) of the original
phenanthrene (Compound ID: CHEMBL46730). As pre=enin Fig. 2, phenanthrene
derivativel4 has the largest number of predicted targets (dfets), followed by derivatives
20 and 7 (33 targets), which suggests that these derivatane less selective towards
biological targets. On the other hand, three déxigea 31, 33 and34) out of 23 are found to

be inactive with no predicted targets.

#Predicted targets

20

15

L i

: []

. - N =l.

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 30 31 32 33 34
Phenanthrene derivatives

Figure 2. The bar plot displays the number of targets (Yspthat is predicted for each
derivative (X-axis) when applying the specific thineld Pa > 0.9).

As presented in Figure 3, PIDGIN predicts target p&drogen receptor, Uniprot ID:
P10275) to interact with the largest number of \dgives (10, 43.48% of our input
compounds). The prediction of Androgen receptoa @®tential target for our Phenanthrene
derivative is also supported by literatd?eAR abnormalities have been identified in various
diseases such as androgen insensitivity syndropiealsbulbar muscular atrophy, benign
prostatic hyperplasia, and prostate caitér.recent study also demonstrates the association
of androgens with depressive symptoms and cognitigis in general populatioffsThus,

our results open a new insight to explore the fhewtic potential of these derivatives by

targeting Androgen receptors to produce anti-caandrfor anti-depressant activity.



L-ascorbic acid derivatives
»

uhNo_of Hits
= of Hits-

" }'redicted targets
Figure 3. The bar plot showing the number and percentagthehathrene derivatives (Y-

axis) found to be active for each predicted biatagtarget (X-axis).

To explore the mode of action of Phenanthrene deves on various target groups, we have

identified the protein classes of our predicteceptal targets (Fig. 4).

6%
12%

4%\ |
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12%‘ / ==
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= lon_Channel
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Figure 4. The pie chart shows the percentage distributiah@f/arious target classes for the

112 unique predicted targets of phenanthrene der@sm The result indicates the presence of

high percentage of kinase targets for phenanthderieatives compared to other target

classes.

The largest proportion of predicted targets belotmgrotein kinase target class (27%).

Protein kinases play a predominant regulatory irol@lmost every aspect of cell biology and

have ability to modify the function of a proteinaimost every conceivable way.
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Protein kinases are an important class of drugetday developing therapeutic agents against
Cancer, inflammatory diseases, autoimmune diseaseirodegenerative and mental
disorders® Interestingly, among the predicted protein kinasgets, NUAK1 (NUAK family
SNF1-like kinase 1, Uniprot ID: 060285) and MAP2K1ual specificity mitogen-activated
protein kinase kinase 1, Uniprot ID: Q02750), whigbts on the largest proportion of
phenanthrene derivatives (39.13% and 26.08% raspBgt were identified. Both have
important role in cancer progression and are piatetairgets for the treatment of non-small
cell lung cancer® In a previous study, Wang et al., has also exgltne anti-cancer activity

of a phenathrene derivative (T26) by inhibitingratpin kinase.

2.3.2. Functional analysis of the predicted targets

As presented in Figure 5, the functional analysiealed that predicted targets for
phenanthrene derivatives are significantly enricineseven GO-BP terms, ten GO-MF terms,
and five GO-CC terms, which could be categorize iite main terms for both GO-BP &

MF and two main terms for GO-CC ontology’s.

G-protein coupled serotonin receptor signaling pathway
serotonin receptor signaling pathway

negative regulation of cellular process

negative regulation of biological process

negative regulation of ATPase activity

brain development

cellular aromatic compound metabolic process

GO -BP

G-protein coupled serotonin receptor activity

G-protein coupled amine receptor activity

serotonin receptor activity

serotonin binding

sequence-specific DNA binding

DNA binding

DNA-binding transcription factor activity, RNA polymerase.
protein dimerization activity

troponin C binding

transcription factor binding

GO - MF

cytoskeletal part

cytoskeleton

intracellular non-membrane-bounded organelle
non-membrane-bounded organelle
nucleoplasm

GO -CC

0 10 20 30 40 50 60 70 80 90
No. of targets / term

Figure 5. Enriched Gene ontology - Biological Processes)(B®lecular Function (MF),
and Cellular Component (CC) terms for the preditéedets of Phenanthrene derivatives.
The vertical axis shows the GO (BP, MF, and COnterand the horizontal axis displays the
number of targets per term. The enriched GO temnpr@sented here with significance level
of < 5% after Bonferroni adjustment. The GO terms bgilog to same group (same color).

11



For GO-BP annotation, we find that a large numbkthe targets are enriched for the
negative regulation of biological process term (@@ets) followed by the cellular aromatic

compound metabolic process term (72 targets). fsagni number of targets is enriched for
the serotonin receptor signalling pathway term. G@-MF annotation, predicted targets of
phenanthrene derivatives are significantly enricivétl the serotonin receptor activity, DNA

binding activity as well as protein dimerizatiortiaity. In GO-CC annotation, the predicted

targets were found to be enriched with mainly icétlular non-membrane-bounded organelle
and nucleoplasm term. The KEGG pathway enrichmeatyais was also done and only
Serotonergic synapse pathway term was significaaniyched with the predicted targets of
tested phenanthrene derivatives (Table 1).

Table 1. Pathway enrichment analysis of the predicted targé phenanthrene derivatives

against the background data set.

Pathway term No.of — %of 5 e Bonferroni Fold

targets targets (Corrected P-value) Enrichment

Serotonergic synapse 15 13.39 6.59E-0.5 0.0118 3.31
Acute myeloid leukemia 8 7.14 8.57E-03 0.787 3.32
CAMP signaling pathway 15 13.39  1.73E-02 0.957 1.91
Cocaine addiction 6 5.35 2.30E-02 0.984 3.50
HIF-1 signaling pathway 9 8.03 3.75E-02 0.998 2.26
Prion diseases 4 3.57 4.23E-02 0.999 4.86
Chronic myeloid leukemia 7 6.25 4.84E-02 0.999 2.55

Disease enrichment analysis was also done by BA\JD v6.8 to explore the involvement
of the predicted targets of phenanthrene derivativevarious diseases. As presented in
Figure 6, predicted targets were significantly eimeid in five disease terms, which are mostly
related to mental illness. The bar chart showirgydignificantly enriched disease terms for
the predicted targets of phenanthrene derivatiVee. vertical axis represents the disease
terms, and the horizontal axis represents the nuinée color) & percentage (Blue color) of
targets per term.
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Fatigue | Chronic Fatigue Syndrome

Attenton dehcil hyperactivity disorder

Figure 6. Enricheddisease terms for the predicted targets of pheramghderivatives.

In summary, we have performed a target predictioalysis of 23 phenanthrene and
naphtho[2,1b]thiophene derivatives and predicted a total of 2dmpound-target interactions
between our derivatives and 112 potential bioldgmagets. Among the predicted targets, the
Androgen Receptor (AR) has predicted to intera¢harge number of phenanthrene and
naphtho[2,1b]thiophene derivatives, suggesting anti-cancer anti-depressant activity.
Additionally, the protein kinase target class arend to be the largest target group predicted
for our derivatives. Furthermore, the functionatigmment analysis of the predicted targets,
suggests the therapeutic role of our phenanthredenaphtho[2,b]thiophene derivatives in
mental disorders (suggesting Serotonin receptavigchs well as association of predicted
targets of our phenanthrene and naphthopltfiiophene derivatives in mental disorders).

The largest numbers of targets (31, 27.67% of tredipted targets) were enriched for
Schizophrenia disease followed by Attention defioitperactivity disorder and Suicide
disease terms (10, 8.92% of the predicted targetthe both terms) (Fig. 6). In a previous
study, Moreno et al., has suggested the role ahahé@rene type alkaloids in the treatment of

schizophrenia or Parkinson’s disedse.
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2.4. Western blot analysis of HIF-1e relative expression

As thein silico analysis suggested some of the pathways knowre tonportant in
tumor development as potential targets of the dedégivatives, we analysed HIFelrelative
expression in HeLa and HepG2 cells treated with prmmds8 and 11 due to observed
selective antiproliferative effects on these celé$. The hypoxia response indeed, proved to
be an important target for anticancer therdipy/estern blot analysis revealed significant up-
regulation (p<0.05) of the hydroxylated HIF-1 protein afteratirment of HelLa cells with
compounds and11 after 48h and 72h respectively (Fig. 7). A simti@nd was observed in
HepG2 cells treated with compoun8sand 11 but only after 72 h (Fig. 7B). This result is

indicative for increased levels of the protein Hle-form tagged for proteasomal

: 5
degradation:
HIF-1-a
A) | HelLa | ¢
25
48 h 72 h
§ 2| MEK12
HIF-1-a | _I | ._.._—| 120 kDa
MEK 12 [amm o] | o — | 44KDa E 1
2
a- tubulin |_—_| |—-.| 55 kDa 05 i]
c 8 11 c 0
48h  72h 48h  72h
B) HepG2 2
18
e MEK 172
HIF-1-a | -y | | - ..---.| 120 kDa § 12 .c
g '
MEK 1/2 |_ _.| |_. | 44 KDa g oo o
x 06
a-tubulin| | r—1 e o4
- - == | | "

c 8 M Cc 8 1 0
48h 72h  48h  72h

Figure 7. Representative Western blots and summary repesanof (A) HIF-Jo and (B)

MEK 1/2 relative expression levels in HeLa and H2@lls treated with compounésand

11 for 48h and 72h. Results are presented as aveskge expression values + standard
error of the mean (SEM) of chemiluminescent sigoalsined in three replicate experiments.

Statistically significant changes (Student's t;tpsD.05) are marked with an asterisk (*).
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Furthermore, significantly decreased activated MEKdrotein levels were observed in HeLa
cells treated with compourgifor 48 h (Fig. 7A) and compourid after 72 h-treatment, while
in HepG2 cells a significant downregulation of MEK2 was observed only after 72 h
treatment with both compounds (Fig. 7B). This ressl indicative for deregulation of
Ras/Raf/MEK/ERK signaling cascade involved in emteah dedifferentiation and
proliferation of tumor cells (U0126, a mitogen-aetied protein kinase kinase 1 and 2 (MEK1
and 2) inhibitor, selectively up-regulates mairfasms of CYP3A subfamily via a pregnane
X receptor (PXR) in HepG2 cells; Intrinsically aati MEK variants are differentially
regulated by proteinases and phosphatases) (Figarasd 7B).

3. Conclusion

Herein we described the design and synthesis oélm@venantrene and naphtho[2,1-
bJthiophene derivatives bearing either different monor amido side chains. In addition, their
antiproliferative activity and mode of biologicaiteon are presented and described.

Targeted cyclic derivatives were obtained by ugihgtochemical dehydrocyclization. Amino
substituted derivatives were prepared by uncatdlynecrowave assisted amination while
amide substituted derivatives obtained by reactbrcorresponding acyl-halogenides an
excess amount of the amine. The most prominenpratiferative activity was observed for
for dicyano substituted acrylonitrile8 and 11 and their cyclic analogue$5 and 17.
Additionally both acyclic derivatives showed thdes#ivity towards HeLa and HepG2 cell
lines and were chosen for further structure optatitn as a lead compounds for design of
more efficient antiproliferative agents. Furthersyocompoundll did not show cytotoxic
effect on normal cells compared to its activity iagaHeLa and HepG2 cells in hanomolar
range of concentrations. The antiproliferative \attés were assessed vitro on a several
human cancer cell lines as well as on normal skirolblasts. Tested compounds showed
moderate activity against cancer cells in comparisath 5-fluorouracile. Among the
predicted targetsn silico, the androgen receptor (AR) was predicted to aatewith large
number of phenanthrene derivatives, suggesting ploéential anti-cancer and anti-depressant
activity that should be studied separately. Addiiby, the protein kinase target class were
found to be the largest target group predictedifemew derivatives.

The functional enrichment analysis of the predictatgets, suggests a potential
therapeutic role of phenanthrene derivatives inauoells signalization, such as for example
hypoxia response that was validated in HelLa celistepG2 cells.
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4. Experimental part

4.1. Synthesis

4.1.1.General methods

All chemicals and solvents were purchased from ceroial suppliers Aldrich and
Acros. Melting points were recorded on SMP11 Bilaimgl Biichi 535 apparatus. All NMR
spectra were measured in DM$solutions using TMS as an internal standard. *Fhand
3C NMR spectra were recorded on a Varian Gemini @Warian Gemini 600 at 300, 600
and 150 and 75 MHz, respectively. Chemical shifesraported in ppmoj relative to TMS.
All compounds were routinely checked by TLC withreglesilica gel 60F-254 glass plates.

In preparative photochemical experiments, the iateah was performed at room temperature
with a water-cooled immersion well with “Origin Ham’, 400 W, high-pressure, mercury arc
lamp using Pyrex glass as a filter. Elemental aslfpor carbon, hydrogen and nitrogen were
performed on a Perkin-Elmer 2400 elemental analy&érere analyses are indicated only as

symbols of elements, analytical results obtainedwathin 0.4% of the theoretical value.

4.1.2. General method for the synthesis of compouad-11

Sodium was dissolved in 10 mL of absolute methamaol benzyl cyanide or 2-(thiophen-2-
yhacetonitrile was added. The mixture was stiratdoom temperature for 20 minutes, after
that the appropriate aldehyde was added and heatesflux. The cooled reaction mixture

was filtered and, if necessary, recrystallized fiitv appropriate solvent.

(2)-3-(4-fluorophenyl)-2-phenylacrylonitrile 6

The reaction of benzyl cyanide (0.98 mL, 8.50 mmol) and 4-fluorobenzaldehy&i€0.62
mL, 8.50 mmol) after refluxing for 4 hours and sestallization from ethanol gave 0.71 g
(37%) white powder product; Mp = 114-118 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.06 (s, 1H, kom), 8.04—-7.99 (m, 2H, kbn), 7.79—
7.74 (m, 2H, Hwon), 7.56-7.45 (m, 3H, k), 7.44-7.37 (M, 2H, Kbm); *C NMR (150
MHz, DMSO) ¢/ppm): 163.0 (dJ = 249.8 Hz), 141.7, 133.6, 131.6 {ds 8.8 Hz), 130.3 (d,
J=3.2 Hz), 129.3, 129.2 (2C), 125.7 (2C), 1178.1 (d,J = 21.9 Hz), 110.0; Found: C,
80.52; H, 4.70; N, 6.35. Calc. foré10FN: C, 80.70; H, 4.52; N, 6.27%.
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(2)-2,3-diphenylacrylonitrile 7

The reaction of benzyl cyanide(0.98 mL, 8.50 mmol) and benzaldehyt¢0.86 mL, 8.50
mmol) after refluxing for 2 hours and recrystaltipa from ethanol gave 1.69 g (97%) of
white crystalline product; Mp = 88-92 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.06 (s, 1H, Kom), 7.95 (d,J = 7.7 Hz 2H, Hawon),
7.78 (d,J = 7.1 Hz, 2H, Hron), 7.59—7.50 (M, 5H, o), 7.48-7.43 (m, 1H, Kn); °C NMR
(150 MHz, DMSO) §/ppm): 142.9, 133.7, 130.6, 129.3 (2C), 129.2 (22p.1 (2C), 128.9
(2C), 125.8, 117.9, 110.3; Found: C, 87.97; H, 5)06.82. Calc. for gH1iN: C, 87.77; H,
5.40; N, 6.82%.

(2)-4-(2-cyano-2-phenylvinyl)benzonitrile 8

The reaction of benzyl cyanide(0.98 mL, 8.50 mmol) and 4-cyanobenzaldehydé.12 g,
8.50 mmol) after refluxing for 1.5 hours and retajlization from ethanol gave 1.89 g (96%)
of white powder product; Mp = 174-178 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.16 (s, 1H, kbom), 8.08 (d,J = 8.4 Hz, 2H, Hron),
8.02 (d,J = 8.6 Hz, 2H, Hom), 7.81 (ddJ; = 8.2 Hz,J, = 1.4 Hz, 2H, Hyon), 7.59-7.46 (m,
3H, Haom); *C NMR (150 MHz, DMSO) §/ppm): 140.9, 138.1, 133.1, 132.8 (2C), 129.9,
129.6 (2C), 129.3 (2C), 126.1 (2C), 118.4, 11718.5, 112.3; Found: C, 83.26; H, 4.50; N,
12.24. Calc. for gHioNy: C, 83.46; H, 4.38; N, 12.17%.

(E)-3-(4-fluorophenyl)-2-(thiophen-2-yl)acrylonitte 9

The reaction of thiophene-2-acetonitrd€0.86 mL, 8.10 mmol) and 4-fluorobenzaldehyde
(0.87 mL, 8.10 mmol) after refluxing for 4 hoursdarecrystallization from methanol gave
1.51 g, 97%) of a yellow powder product; Mp = 8086

'H NMR (300 MHz, DMSO) §/ppm): 7.98 (ddJ; = 8.7 Hz,J; = 5.6 Hz, 2H, Hon), 7.82 (s,
1H, Harom), 7.70 (ddJ; = 5.0 Hz,J; = 0.9 Hz, 1H, Hony), 7.45 (ddJ; = 3.6 Hz,J, = 0.9 Hz,
1H, Harom), 7.39 (t,J = 8.9 Hz, 2H, Hon), 7.18 (ddJ; = 5.0 Hz,J, = 3.7 Hz, 1H, Hn); °C
NMR (150 MHz, DMSO) §/ppm):163.8 (d,J = 248.5 Hz), 139.0, 138.2, 131.4 (H= 8.7
Hz), 129.9 (dJ = 3.2 Hz), 128.4 (2C), 127.8, 126.7 (2C), 116.86.21(d,J = 21.9 Hz),
104.6; Found: C, 68.25; H, 3.43; N, 6.20. Calc.GgyHsFNS: C, 68.10; H, 3.52; N, 6.11%.

(E)-3-phenyl-2-(thiophen-2-yl)acrylonitrile 10
The reaction of thiophene-2-acetonitrilg(0.86 mL, 8.10 mmol) and benzaldehy@€0.83
mL, 8.10 mmol) after refluxing for 4 hours and nestallization from methanol gave 0.79 g

(46%) of a yellow powder product; Mp = 79-83 °C.
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'H NMR (300 MHz, DMSO) ¢§/ppm): 7.91 (dJ = 8.0 Hz, 2H, Hom), 7.82 (S, 1H, Hom),
7.70 (dd,J; = 5.1 Hz,J, = 1.0 Hz, 1H), 7.57-7.48 (m, 3H.afh), 7.47 (ddJ; = 3.6 Hz,J, =
1.0 Hz, 1H, Hion), 7.19 (ddJ; = 5.0 Hz,J; = 3.7 Hz, 1H, Hom); **C NMR (75 MHz, DMSO)
(6/ppm): 140.7, 138.8, 133.8, 131.1, 129.5 (2C), 42@C), 128.9, 128.4, 127.3, 117.4,
105.4; Found: C, 74.00; H, 4.10; N, 6.70. Calc.GpyHoNS: C, 73.90; H, 4.29; N, 6.63%.

(E)-4-(2-cyano-2-(thiophen-2-yl)vinyl)benzonitrilél

The reaction of thiophene-2-acetonitrd€0.86 mL, 8.10 mmol) and 4-cyanobenzaldeh§de
(1.06 g, 8.10 mmol) after refluxing for 4 hours aedrystallization from methanol gave 1.04
g, 53%) of a light green crystalline product; Mi62-165 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.05 (dJ = 8.5 Hz, 2H, Hrwon), 7.99 (d,J = 8.6 Hz,
2H, Haron), 7.91 (s, 1H, Hon), 7.77 (dd,J; = 5.0 Hz,J, = 0.9 Hz, 1H, B, 7.53 (dd,J; =
3.6 Hz,J, = 0.8 Hz, 1H, Hom), 7.21 (ddJ; = 5.0 Hz,J, = 3.8 Hz, 1H, Hom); °C NMR (150
MHz, DMSO) ¢/ppm): 137.8, 137.8, 137.7, 132.7 (2C), 129.4 (2C), 12928.6, 127.9,
118.4, 116.3, 112.2, 107.9; Found: C, 71.02; HQ;3N§ 11.60. Calc. for GHsN,S: C, 71.16;
H, 3.41; N, 11.86%.

4.1.3. General method for the synthesis of compousd2 - 17

Ethanolic solutions of acrylonitrile® — 11and small amount of iodine (5%) were irradiated at
room temperature with 400 W, high-pressure merdamyp using a Pyrex filter for 2—-37
hours, until the UV spectra showed that the reaatiopphotochemical dehydrocyclization was
completed. The air was bubbled through the solufldre solutions were concentrated under

reduced pressure and resulting product was filtefed

3-fluorophenanthrene-9-carbonitrile 12

Compoundl2 was prepared frore 0.30 g (1.30 mmol) in ethanol (400 mL) after iiedobn

for 4 hours to yield 0.14 (47%) of light yellow pder. Mp = 159-170 °C

'H NMR (300 MHz, DMSO) §/ppm): 8.96 (ddJ; = 7.1 Hz,J, = 2.1 Hz, 1H, Hron), 8.76 (dd,
J1 =11.4 Hz,J, = 2.3 Hz, 1H, Hon), 8.71 (S, 1H, Hon), 8.25 (ddJ; = 8.9 Hz,J,= 6.1 Hz,

1H, Hyon), 8.18 (ddJ, = 6.9 Hz,J, =2.3 Hz, 1H, Hion), 7.95-7.83 (m, 2H, Kb, 7.70 (td 1

= 8.6 Hz,J, = 2.5 Hz, 1H, Hion); *3C NMR (75 MHz, DMSO) §/ppm): 163.6 (d,) = 248.4
Hz), 136.2, 133.8 (d] = 9.5 Hz), 133.1 (d) = 9.7 Hz), 129.7, 129.6 (d,= 4.2 Hz), 128.9,
128.7, 126.9, 125.6, 124.9, 118.0, 117.6 )& 24.3 Hz), 109.3 (dJ = 23.2 Hz), 107.8;
Found: C, 81.14; H, 3.84; N, 6.39. Calc. fasldsFN: C, 81.44; H, 3.65; N, 6.33%.
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8-fluoronaphtho[2,1-b]thiophene-4-carbonitrile 13

Compoundl3 was prepared frorf 0.30 g (1.31 mmol) in ethanol (400 mL) after iiedobn
for 26 hours to yield 0.12 (37%) of brown powde; MA70-176 °C.

'H NMR (300 MHz, DMSO) §/ppm):8.64 (s, 1H, on), 8.47 (dd,J; = 10.51 HzJ, = 2.63
Hz, 1H, Hyom), 8.38 (d,J = 5.42 Hz, 1H, Hom), 8.27 (dd,J; = 9.01 Hz,J, = 5.93 Hz, 1H,
Harom), 8.16 (d,J = 5.42 Hz, 1H, Hon), 7.63 (td,J; = 8.83 Hz,J, = 2.64 Hz, 1H, Hon); °C
NMR (151 MHz, DMSO) §/ppm):163.4 (d,J = 247.8 Hz), 136.4 (dl = 6,5 Hz), 132.6 (d)
= 9,87 Hz), 132.2, 131.7 (d,= 10,3 Hz), 128.9, 126.6, 123.8, 117.2, 116.J(d,24,8 Hz),
108.9 (dJ = 22,3 Hz), 103.0;

Found: C, 68.51; H, 2.75; N, 6.20. Calc. fagsFNS: C, 68.71; H, 2.66; N, 6.16%.

Phenanthrene-9-carbonitrile 14

Compoundl4 was prepared frord 0.30 g (1.50 mmol) in ethanol (400 mL) after iiedtbn
for 2.5 hours to yield 0.12 (41%) of orange powdép; = 110-116 °C.

'H NMR (300 MHz, DMSO) §/ppm): 9.02—-8.96 (m, 1H, &), 8.94 (d,J = 8.4 Hz, 1H,
Harom), 8.70 (s, 1H, Hom), 8.23-8.13 (m, 2H, ), 7.95-7.85 (m, 3H, &), 7.80 (tJ=7.5
Hz, 1H, Hyom); °C NMR (75 MHz, DMSO) §/ppm): 136.7, 131.7, 130.8, 130.2, 130.0,
129.9, 129.1, 129.0, 128.5, 128.4, 125.6, 124.3.712118.1, 108.5; Found: C, 88.76; H,
4.35; N, 6.89. Calc. for fgHyN: C, 88.64; H, 4.46; N, 6.89%.

Phenanthrene-3,9-dicarbonitrile 15

Compoundl5 was prepared fror8 0.50 g (1.90 mmol) in ethanol (400 mL) after iiedobn
for 4 hours to yield 0.30 (69%) of yellow crystaldp = 279-284 °C.

'H NMR (300 MHz, DMSO) §/ppm): 9.52 (s, 1H, ko), 9.13-9.06 (m, 1H, k), 8.77 (s,
1H, Harom), 8.31 (d,J = 8.3 Hz, 1H, Hon), 8.25-8.18 (M, 1H, k), 8.12 (d,J = 8.3 Hz, 1H,
Haron), 7.99-7.90 (m, 2H, km); *C NMR (75 MHz, DMSO) §/ppm): 135.7, 132.6, 132.1,
131.4, 131.3, 130.8, 130.5, 130.0, 129.7, 129.8,412128.8, 128.5, 128.0, 125.8, 124.8,
119.2, 117.5, 112.9, 111.7; Found: C, 83.89; H5;3lV, 12.36. Calc. for {gHgN,: C, 84.17,
H, 3.53; N, 12.27%.

Naphtho[2,1-b]thiophene-4-carbonitrile 16

Compoundl6 was prepared frori0 0.50 g (2.37 mmol) in ethanol (800 mL) after iedobn
for 9 hours to yield 0.12 (23%) of brown powder; MA26-132 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.64-8.62 (m, 2H, d3n), 8.39 (d,J = 5.4 Hz, 1H,

Harom), 8.18 (d,J = 8.9 Hz, 1H, B, 8.16 (d,J = 5.5 Hz, 1H, B, 7.87 (t,J = 7.1 Hz, 1H,
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Harom), 7.73 (t,J = 7.6 Hz, 1H, Hom): *C NMR (75 MHz, DMSO) §/ppm): 137.2, 135.9,
132.9, 130.6, 130.5, 129.9, 129.9, 129.4, 127.4,7121.23.9, 117.8, 104.1; Found: C, 74.35;
H, 3.21; N, 6.60. Calc. for GH/NS: C, 74.16; H, 3.37; N, 6.69%.

Naphtho[2,1-b]thiophene-4,8-dicarbonitrile 17

Compoundl7 was prepared froril 0.30 g (1.27 mmol) in ethanol (400 mL) after inedtbn
for 2 hours to yield 0.26 (90%) of pink crystalsp™ >300 °C.

'H NMR (300 MHz, DMSO) §/ppm): 9.30 (s, 1H, Kom), 8.72 (S, 1H, Hon), 8.51 (s, 1H,
Haron), 8.39-8.23 (M, 2H, kbn), 8.02 (dJ = 7.0 Hz, 1H, Hom);

13C NMR (150 MHz, DMSO) §/ppm): 136.8, 131.8, 131.2, 130.7, 130.5, 130.8,2,2127.7,
123.8, 118.7, 116.8, 111.9, 106.6; Found: C, 71tK2.65; N, 12.01. Calc. for,gHsN.S: C,
71.78; H, 2.58; N, 11.96%.

4.1.4. General method for preparation of compound&8-23

Compoundsl8-23were prepared using microwave irradiation, at ot reaction time
with power 800 W and 40 bar pressure, from compdithar 15 in acetonitrile (10 mL) with
excess of added corresponding amine. After cootimg,resulting product was separated by

column chromatography on Si@Qsing dichloromethane/methanol as eluent.

3-(N-isobutylamino)phenanthrene-9-carbonitrile 18

Compoundl8 was prepared using above described method #209.10 g, 0.46 mmol) and
i-butylamine (1.50 mL, 15.80 mmol) after 29 hoursirchdiation to yield 0.06 g (45%) of
brown oil.

'H NMR (300 MHz, DMSO) §/ppm): 8.76 (dJ = 7.4 Hz, 1H, Hom), 8.34 (s, 1H, Hon),
8.03 (d,J= 7.2 Hz, 1H, Hon), 7.79 (d,J = 8.8 Hz, 1H, Hon), 7.76—7.69 (M, 2H, ko), 7.66
(d,J = 1.5 Hz, 1H, Hon), 7.14 (ddJ; = 8.8 Hz,J, = 2.0 Hz, 1H, Hom), 6.72 (t,J = 5.5 Hz,
1H, NH), 3.12 (tJ = 6.6 Hz, 2H, CH)), 1.96 (pJ= 6.7 Hz, 1H, CH), 1.02 (d} = 6.6 Hz, 6H,
CHs); *C NMR (75 MHz, DMSO) §/ppm): 151.6, 136.5, 134.3, 131.3, 129.6, 128.8.3,2
127.5,125.2,124.3, 121.3, 119.3, 117.4, 101.0,3,.%0.7, 27.9, 20.9 (2C); Found: C, 83.01;
H, 6.74; N, 10.25. Calc. forigH;gN,: C, 83.18; H, 6.61; N, 10.21%.

3-(N-piperidinyl)phenanthrene-9-carbonitrile 19

Compoundl9 was prepared using above described method #209.20 g, 0.92 mmol) and
piperidine (1.80 mL, 17.39 mmol) after 14 hoursraddiation to yield 0.07 g (8%) of brown
oil.
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'H NMR (300 MHz, DMSO) ¢/ppm): 8.94 (dJ; = 7.5 Hz, 1H, Hwon), 8.43 (s, 1H, Hom),
8.10-8.04 (m, 2H, Kom), 7.92 (d,J = 9.0 Hz, 1H, Hom), 7.82=7.70 (M, 2H, Kb, 7.49 (dd,
J1= 9.0 Hz,J, = 2.2 Hz, 1H, Hron), 3.54 (s, 4H, Ch), 1.66 (s, 6H, Ch); **C NMR (75 MHz,
DMSO) ©/ppm): 152.7, 136.3, 133.6, 131.3, 129.3, 128.7,8,2125.3, 124.6, 122.2, 119.0,
117.9, 105.2, 102.9, 48.9 (2C), 25.5 (2C), 24.5yrfeb C, 83.65; H, 6.50; N, 9.85. Calc. for
CooH1gN,: C, 83.88; H, 6.34; N, 9.78%.

3-(N-piperazinyl)phenanthrene-9-carbonitrile 20

Compound20 was prepared using above described method #209.10 g, 0.46 mmol) and
piperazine (0.56 g, 7.28 mmol) after 14 hours @dration to yield 0.07 g (48%) of orange
oil. *H NMR (600 MHz, DMSO) §/ppm): 8.97 (d,) = 8.0 Hz, 1H, Hn), 8.47 (S, 1H, Hom),
8.11 (s, 1H, Hom, 7.96 (d,J = 9.0 Hz, 1H, Hoon), 7.83-7,74 (m, 2H, k), 7.55-7.49 (m,
1H, Haron), 3.54 (s, 4H, Ch), 3.04 (s, 4H, Ch); *C NMR (75 MHz, DMSO) §/ppm): 152.5,
136.3, 133.5, 131.3, 129.4, 128.8, 127.9, 125.3,7,222.8, 118.9, 117.9, 105.7, 103.6, 47.5
(2C), 44.9 (2C); Found: C, 79.71; H, 5.90; N, 14.@3alc. for GgH17N3: C, 79.41; H, 5.96; N,
14.62%.

8-(N-isobutylamino)naphtho[2,1-b]thiophene-4-carbdnle 21

Compound21 was prepared using above described method 1%9(0.10 g, 0.48 mmol) and
i-butylamine (1.18 mL, 11.95 mmol) after 37 hoursirohdiation to yield 0.04 g (36%) of
light brown powder. Mp = 136-138 °C

'H NMR (300 MHz, DMSO) ¢§/ppm): 8.23 (s, 1H, Kom), 8.18 (d,J = 5.4 Hz, 1H, Hwom),
7.94 (d,J = 5.4 Hz, 1H, Hom), 7.79 (dJ = 8.9 Hz, 1H, Hom), 7.28 (d,J = 1.8 Hz, 1H, Hom),
7.11 (dd,J1 = 8.9,J,= 2.1 Hz, 1H, Hyon), 6.72 (t,J = 5.5 Hz, 1H, NH), 3.12-3.04 4,= 5.9
Hz, 2H, CH), 1.99-1.90 (m, 1H, CH), 1.01 (d,= 6.6 Hz, 6H, Ch); **C NMR (75 MHz,
DMSO) (©/ppm): 151.2, 135.1, 133.5, 132.7, 130.8, 126.9,.0,2122.0, 118.9, 117.9, 99.6,
96.9, 50.7, 27.9, 20.9 (2C); Found: C, 72.96; 805N, 9.90. Calc. for GH1¢N,S: C, 72.82;
H, 5.75; N, 9.99%.

8-(N-piperidinyl)naphtho[2,1-b]thiophene-4-carbonite 22

Compound22 was prepared using above described method 1%9(0.10 g, 0.48 mmol) and
piperidine (0.94 mL, 9.56 mmol) after 31 hoursmédiation to yield 0.05 g (41%) of yellow
powder; Mp = 147-149 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.34 (dJ = 5,6 Hz, 1H, Hom), 8.32 (s, 1H, Hon),

7.98 (d,J = 5.4 Hz, 1H, Hrom), 7.93 (d,J = 9.2 Hz, 1H, Hron), 7.72 (dJ = 2.2 Hz, 1H, Hron),
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7.46 (ddJ; = 9.2 Hz,J, = 2.4 Hz, 1H, Hon), 3.51 (bs, 4H, Ch), 1.65 (bs, 6H, Ch);

3C NMR (75 MHz, DMSO) §/ppm): 152.3, 135.8, 132.8, 132.5, 130.9, 127.4,3,2122.8,
118.7, 117.8, 105.1, 104.7, 98.7, 48.8 (2C), 23®)(24.5; Found: C, 73.77; H, 5.38; N,
9.73. Calc. for GH1eN2S: C, 73.94; H, 5.52; N, 9.58%.

8-(N-piperazinyl)naphtho[2,1-b]thiophene-4-carbonie 23

Compound23 was prepared using above described method #%09.10 g, 0.48 mmol) and
piperazine (0.58 mg, 6.69 mmol) after 30 hoursridiation to yield 0.06 g (23%) of light
brown powder; Mp = 147-149 °C.

'H NMR (300 MHz, DMSO) ¢§/ppm): 8.41 (s, 1H, Kom), 8.39 (d,J = 5.5 Hz, 1H, Hwom),
8.05 (d,J =4.0 Hz, 1H, Hon), 8.03 (d,J = 7.8 Hz, 1H, Hon), 7.86 (dJ = 2.1 Hz, 1H, Hom),
7.53 (dd,J; = 9.1 Hz,J, = 2.4 Hz, 1H, Hon), 3.79-3.61 (m, 4H, CH), 3.33-3.27 (m, 4H,
CH,); **C NMR (75 MHz, DMSO) §/ppm): 151.1, 136.6, 136.0, 132.5, 132.4, 131.8.0,2
124.2, 123.8, 118.5, 118.0, 106.3, 100.0, 45.3,(28R (2C); Found: C, 69.79; H, 5.01; N,
14.50. Calc. for &H1sN3sS: C, 69.60; H, 5.15; N, 14.32%.

4.1.5. General method for the synthesis of compous®4-26
2 N aqueous solution of sodium hydroxide and comgds3, 16and17 were refluxed for 24

hours. Cooled reaction mixture was poured intoacel resulting product was filtered off.

Phenanthrene-9-carboxylic acid 24

Compound24 was prepared using above described method, frangrtthrene-9-carbonitrile
13(0.20 g, 0.98 mmol) and 2 N aqueaus solution disn hydroxide (19.0 mL) to yield 0.15

g (71%) of grey powder; Mp 208-216 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.87 (t,J = 8.8 Hz, 2H, Hom), 8.33 (dJ = 7.7 Hz, 1H,
Harom), 8.12 (s, 1H, COOH), 8.06 (d= 8.0 Hz, 1H, Hwom), 7.99 (s, 1H, Hom), 7.80-7.63 (M,
4H, Harom); *C NMR (75 MHz, DMSO) ¢/ppm): 171.1, 134.0, 130.6, 130.6, 130.4, 129.5,
128.8, 128.3, 127.7, 127.5, 127.5, 126.8, 126.3,6,223.3; Found: C, 81.33; H, 4.67. Calc.
for Cy5H1002: C, 81.07; H, 4.54%.

Naphtho[2,1-b]thiophene-4-carboxylic acid 25

Compound25 was prepared using above described method, frgghthe[2,1b]thiophene-4-
carbonitrile16 (0.14 g, 0.65 mmol) and 2 N aqueaus solution dfisn hydroxide (13.0 mL)
to yield 0.13 g (91%) of grey powder; Mp 283-286 °C
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'H NMR (300 MHz, DMSO) ¢/ppm): 8.56 (dJ = 8.2 Hz, 1H, Hom), 8.51 (S, 1H, Hom),
8.35 (s, 1H, COOH), 8.23 (d,= 5.6 Hz, 1H, Hon), 8.06 (d,J = 8.1 Hz, 1H, Hron), 7.96 (d,J
= 5.5 Hz, 1H, Hron), 7.75 (t,J = 7.6 Hz, 1H, Hron), 7.64 (t,J = 7.0 Hz, 1H, Hron); °C NMR
(75 MHz, DMSO) §/ppm): not enouht soluble; Found: C, 68.70; H, 3Q&lc. for GsHgO,S:
C, 68.40; H, 3.53%.

Naphtho[2,1-b]thiophene-4,8-dicarboxylic acid 26

Compound26 was prepared using above described method, frgghtha[2,1b]thiophene-
4,8-dicarbonitrile17 (0.30 g, 0.613 mmol) and 2 N aqueaus solutionoalitsn hydroxide
(20.0 mL) to yield 0.30 g (86%) of light yellow poler; Mp >300 °C.

'H NMR (300 MHz, DMSO) §/ppm): 13.52 (s, 2H, COOH), 9.13 (s, 1HxdH), 8.69 (s, 1H,
Harom), 8.39 (d,J= 5.6 Hz, 1H, Hon), 8.36 (d,J = 8.7 Hz, 1H, Hion), 8.14-8.08 (m, 2H,
Harom); C NMR (150 MHz, DMSO) &/ppm): 167.3, 166.9, 137.7, 135.3, 132.3, 131.1,
130.7, 130.4, 129.8, 128.0, 125.7, 125.4, 124.9,8Found: C, 61.95; H, 2.72. Calc. for
C14Hs0,4S: C, 61.76; H, 2.96%.

4.1.6. General method for the synthesis of compous@® 729

A mixture of corresponding carboxylic aci@é-26 and thionyl chloride in absolute toluene
was refluxed for 19 hours. Toluene and excess mintth chloride was removed under
reduced pressure. The crude product was washede3 tivith absolute toluene to obtained

powdered product.

Phenanthrene-9-carbonyl chloride 27

Compound27 was prepared using above described method, frangrtthrene-9-carboxylic
acid24 (0.11 g, 0.51 mmol), absolute toluene (10 mL) &8 mL thionyl chloride to yield
0.11 g (91%) of yellow powder.

'H NMR (600 MHz, DMSO) §/ppm): 9.00-8.99 (m, 1H, ), 8.95 (d,J = 8.4 Hz, 1H,
Harom), 8.89 (d,J = 8.0 Hz, 1H, Hon), 8.72 (S, 1H, Honm), 8.20-8.19 (m, 1H, k), 8.17 (d J

= 7.9 Hz, 1H, Hion), 7.92 (tJ = 7.6 Hz, 1H, Hon), 7.80 (t,J = 7.4 Hz, 1H, Hion), 7.76-7.72
(m, 1H, Hyom); *C NMR (75 MHz, DMSO) §/ppm): not enouht soluble; Found: C, 74.70; H,
3.98. Calc. for @HoCIO: C, 74.85; H, 3.77%.

Naphtho[2,1-b]thiophene-4-carbonyl chloride 28
Compound28 was prepared using above described method, fragghthe[2,1b]thiophene-4-

carboxylic acid25 (0.10 g, 0.44 mmol), absolute toluene (10 mL) &87 mL thionyl
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chloride to yield 0.10 g (96%) of yellow powder.

'H NMR (600 MHz, DMSO) ¢/ppm): 8.63 (s, 1H, kbn), 8.58 (d,J = 8.3 Hz, 1H, Hion),
8.28 (d,J = 5.5 Hz, 1H, B, 8.23 (d,J = 8.0 Hz, 1H, Hion), 8.01 (d,J = 5.5 Hz, 1H, Hron),
7.80-7.76 (m, 1H, Kon), 7.66—7.62 (M, 1H, kbn); *C NMR (75 MHz, DMSO) §/ppm):
167.6, 137.5, 131.1, 130.5 (2C), 129.6, 129.2, 8,2624.4, 123.5, 122.3, 120.9; Found: C,
63.50; H, 2.75; N, 6.35. Calc. for4E,CIOS: C, 63.29; H, 2.86%.

Naphtho[2,1-b]thiophene-4,8-dicarbonyl dichlorided2

Compound29 was prepared using above described method, frapitho[2,1k]thiophene-
4,8-dicarboxylic acid26 (0.50 g, 1.83 mmol), absolute toluene (10 mL) &rg&2 mL thionyl
chloride to yield 0.49 g (86%) of yellow powder.

'H NMR (600 MHz, DMSO) ¢/ppm): 9.13 (s, 1H, Ko, 8.69 (s, 1H, Kom), 8.39 (dJ=5.5
Hz, 1H, Hyom), 8.36 (d,J = 8.5 Hz, 1H, Hom), 8.13-8.08 (M, 2H, kbm); 13C NMR (75 MHz,
DMSO) (©/ppm): 167.2, 166.8, 137.7, 135.3, 132.3, 131.0,7,3130.4, 129.8, 128.00, 125.7,
125.4, 124.9, 121.7; Found: C, 54.55; H, 2.06; I856Calc. for GHeCIl,0O.S: C, 54.39; H,
1.96%.

4.1.7. General method for the synthesis of compouadG-34

A mixture of carbonyl chloride27-29 and excess of corresponding amine in dry
dichloromethane was stirred at room temperature foours. The mixture was washed with
10 mL of 20% NaCO; and 10 mL water. After drying over MggChe organic layer was
concentrated at reduced pressure.

N-isobutylphenanthrene-9-carboxamide 30

Compound30 was prepared using above described method, froemgrtthrene-9-carbonyl
chloride27 (0.37 g, 1.52 mmol), dry dichloromethane (20 mhyl ®.91 mL (9.15 mmoli
butylamine to obtain 0.04 g (10%) of white powddp = 177-179 °C

'H NMR (300 MHz, DMSO) §/ppm):8.88 (t,J = 9.2 Hz, 2H, Hom), 8.68 (t,J = 5.7 Hz, 1H,
NH), 8.20 (d,J = 7.8 Hz, 1H, Hon), 8.08 (d,J = 7.6 Hz, 1H, Hron), 7.92 (s, 1H, Bon), 7.79—
7.65 (m, 4H, Hyon), 3.20 (t,J = 6.4 Hz, 2H, CH), 1.96-1.88 (m, 1H, CH), 0.98 (d,= 6.7
Hz, 6H, CH); **C NMR (75 MHz, DMSO) §/ppm): 169.1, 134.6, 130.7, 130.5, 130.4, 129.5,
128.9, 128.3, 127.7, 127.5, 127.5, 126.6, 126.3,71223.3, 47.0, 28.7, 20.7 (2C); Found: C,
82.36; H, 6.98; N, 4.87. Calc. forg1gNO: C, 82.28; H, 6.90; N, 5.05%.
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N-isobutylnaphtho[2,1-b]thiophene-4-carboxamide 31

Compound31 was prepared using above described method, frgghthe[2,1b]thiophene-4-
carbonyl chloride28 (0.10 g, 0.41 mmol), dry dichloromethane (10 mLyl &124 mL (2.43
mmol) i-butylamine to obtain 0.06 g (49%) of white powddp = 148-152 °C.

'H NMR (300 MHz, DMSO) §/ppm): 8.88 (tJ = 5.7 Hz, 1H, NH), 8.56 (d] = 8.2 Hz, 1H,
Harom), 8.47 (s, 1H, Hom), 8.24 (d,J = 5.6 Hz, 1H, Hon), 8.10 (d,J = 7.8 Hz, 1H, Bon),
7.97 (d,J=5.5Hz, 1H, Bon), 7.75 (tJ = 6.9 Hz, 1H, Hiom), 7.65 (tJ = 8.0 Hz, 1H, Hom),
3.20 (t,J=6.4 Hz, 2H, CH), 2.00-1.89 (m, 1H, CH), 0.96 (@= 6.7 Hz, 6H, CH);

3C NMR (75 MHz, DMSO) &/ppm): 166.5, 137.3, 135.1, 130.8, 130.5, 130.3,2,2128.6,
127.1, 126.5, 124.4, 124.3, 121.8, 47.3, 28.6, 22C); Found: C, 72.30; H, 6.35; N, 4.70.
Calc. for G/H17/NOS: C, 72.05; H, 6.05; N, 4.94%.

N-(3-(N',N'-dimethylamino)propyl)naphtho[2,1-b]thiphene-4-carboxamide 32
Compound32 was prepared using above described method, frgghthe[2,1b]thiophene-4-
carbonyl chloride28 (0.14 g, 0.55 mmol), dry dichloromethane (12 mLy &41 mL (3.28
mmol) N,N-dimethylaminopropyl-1-amine to obtain 0.07 g (416byellow oil.

'H NMR (600 MHz, DMSO) &/ppm): 8.95 (tJ = 5.4 Hz, 1H, NH), 8.57 (d] = 8.1 Hz, 1H,
Harom), 8.44 (s, 1H, Hom), 8.24 (d,J = 5.5 Hz, 1H, Hon), 8.09 (d,J = 8.0 Hz, 1H, Bon),
7.98 (d,J = 5.5 Hz, 1H, Hon), 7.76—-7.72 (M, 1H, kbn), 7.66—7.63 (M, 1H, k), 3.41 (q,J
= 6.6 Hz, 2H, CH), 2.43 (t,J = 7.0 Hz, 2H, CH), 2.25 (s, 6H, Ch), 1.80-1.75 (m, 2H, Ci};
3C NMR (150 MHz, DMSO) &/ppm): 165.9, 136.8, 134.5, 130.4, 130.0, 129.8,2,2128.2,
126.5, 126.0, 123.8, 123.7, 121.3, 56.6, 44.8 (3C)7, 26.8; Found: C, 69.01; H, 6.56; N,
8.25. Calc. for @H20N,OS: C, 69.20; H, 6.45; N, 8.97%.

N* N&-diisobutylnaphtho[2,1-b]thiophene-4,8-dicarboxan&®3

Compound33 was prepared using above described method, frgghtha[2,1b]thiophene-
4,8-dicarbonyl dichlorid&9 (0.23 g, 0.72 mmol), dry dichloromethane (20 mLyl 43 mL
(4.31 mmol)i-butylamine to obtain 0.02 g (4%) of white powddp = 187-190 °C.

'H NMR (600 MHz, DMSO) &/ppm): 9.03 (s, 1H, kon), 8.95 (t,J = 5.6 Hz, 1H, NH), 8.78
(t, J=5.6 Hz, 1H, NH), 8.49 (s, 1H), 8.29 = 5.6 Hz, 1H, Hon), 8.16 (d,J = 8.5 Hz, 1H,
Harom), 8.08-8.04 (m, 2H, kb)), 3.21-3.18 (m, 4H, C}), 1.94-1.90 (m, 2H, CH), 0.96 (d,

= 6.0 Hz, 6H, CH), 0.95 (d,J = 6.0 Hz, 6H, Ch); *C NMR (150 MHz, DMSO) §/ppm):
166.0, 165.9, 137.4, 135.0, 133.7, 131.3, 131.0,312128.9, 127.9, 124.5, 123.2, 122.7,
121.4, 46.9, 46.8, 28.2, 28.1, 20.3, 20.3; Found:6@€19; H, 6.70; N, 7.15. Calc. for
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szHzeNzOzSZ C, 69.08; H, 6.85; N, 7.32%.

N* N&-bis(3-(N',N'-dimethylamino)propyl)naphtho[2,1-b]iophene-4,8-dicarboxamide 34
Compound34 was prepared using above described method, frgghtha[2,1b]thiophene-
4,8-dicarbonyl dichlorid&9 (0.23 g, 0.72 mmol), dry dichloromethane (20 mL{l &54 mL
(4.31 mmol) 3N,N-dimethylaminopropyl-1-amine to obtain 0.11 g (2366)white powder;
Mp = 170-172 °C.

'H NMR (600 MHz, DMSO) §/ppm): 9.03 (s, 1H, Hon), 9.00 (t,J = 5.4 Hz, 1H, NH), 8.82
(t, J=5.4 Hz, 1H, NH), 8.45 (s, 1H,:H), 8.28 (d,J = 5.5 Hz, 1H, Hyn), 8.16 (d,J = 8.5
Hz, 1H, Hyom), 8.7-8.05 (M, 2H, ko), 3.42-3.34 (m, 4H, CHl, 2.32 (q,J = 7.1 Hz, 4H,
CH,), 2.17 (dJ = 3.3 Hz, 12H, Ch), 1.76-1.71 (m, 4H, CH *C NMR (75 MHz, DMSO)
(8/ppm): 166.4, 166.3, 137.9, 135.4, 134.1, 131.8,4,3129.9, 129.5, 128.3, 124.9, 123.7,
123.2, 121.8, 57.4, 45.6 (2C), 38.4, 27.6, 27.%yrdo C, 65.21; H, 7.50; N, 12.51. Calc. for
Co4H32N4O,S: C, 65.42; H, 7.32; N, 12.72%.

4.2. Antiproliferative activity in vitro

4.2.1. Cell culturing

The newly prepared compounds were tested on fiwean cell lines HelLa (cervical
carcinoma), SW620 (colorectal adenocarcinoma, rates HepG2 (hepatocellular
carcinoma), CFPAC-1 (ductal pancreatic adenocama)cand A549 (lung adenocarcinoma)
cells cultured as monolayers. The cell lines weeentained in Dulbecco's modified Eagle
medium (DMEM) supplemented with 10% fetal bovineuse (FBS), 2mM L-glutamine, 100
U/mL penicillin and 10Qug/mL streptomycin in a humidified atmosphere with £0, at 37
°C.

4.2.2. Proliferation assays

The experiments were implemented according tostaadard previously published
experimental procedure. Commercial drug 5-fluoroileawas chosen as a control substance
for comparison of tested effects. The calculatibmGgo and LGy values for each compound

was performed using mathematical analysis descebéder.
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4.2.3. Western blot analysis

The HelLa and HepG2 cells were seeded in six watepBx18 cells/well, and treated
with compounds8 and 11 at concentration of 2xKg value for 48h and 72h respectively.
Protein lysates were prepared using a buffer coimigi50 mM Tris HCI (pH 8), 150 mM
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% S&1%l a protease and phosphatase
inhibitor cocktail (Roche, Switzerland). A total 60 ug of proteins were resolved on 12%
SDS polyacrylamide gels using the Mini-protean (®ib-Rad, USA).

The membranes were incubated with primary antiodased against hydroxy-HIFel
(Pro564) (HIF-& ,1:1000, rabbit mAb, Cell Signaling Technology, )Nand phospho-
MEKZ1/2 (Ser271/221) (MEK1/2, 1:1000, rabbit mAb,lIC&gnaling Technology, NL) at 4°C
overnight. Secondary antibody linked to anti-mof{is&000, Dako, USA) was used.

The signal was visualized by Western Lightening @ih@ninescence Reagent Plus Kit
(Perkin Elmer, USA) on the ImageQuant LAS500 (GEaltteare, USA). The signal was
visualized by Western Lightening ChemiluminesceReagent Plus Kit (Perkin Elmer, USA)
on the ImageQuant LAS500 (GE Healthcare, USA) andubulin (1:1000, mouse mAD,
Sigma, USA) was used as a loading control. Theasigriensities of particular bands were
normalized with the intensity of the loading cohtaad compared in Quantity One software
(Bio-Rad, USA). The values are expressed as theagget SEM. Differences in protein
relative expression status obtained by Western &alysis were analyzed by two-tailed
paired t-test (p<0.05 ) in Statistica software @aek(v.12.0).

4.3. Mode of action analysis

4.3.1. Dataset and pre-processing

A target/functional analysis was performed on theranthrene and naphtho[2,1-
bJthiophene derivatives. Before performing our targeediction analysis, the SMILES of
these derivatives were standardized using ChemAxdu.16.5.2.0, 2016,
http://www.chemaxon.com) with options “Remove Fragti (keep largest), “Neutralize”,

“RemoveExplicitH”, *“Clean2D”, “Mesomerize”, and ‘t@omerize” for structure

normalization.

4.3.2. Target prediction analysis

To predict the potential biological targets of adrivatives, PIDGIN target prediction

algorithm was used. It is a Bernoulli Naive BayBbIB) based method that returns, for each
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input compound and for each of 1,651 potential hupratein targets, the probability that the
compound will have an activity on the given targptobability of activity, Pa). These
potential human protein targets used for PIDGIN ebottaining were extracted from
ChEMBL database and because of its BNB trainingcgge PIDGIN only considered the
1651 proteins having 10 or more compounds thaetaigem. PIDGIN was applied on of all
23 derivatives against all 1,651 potential targegsulting in 23x1,651 = 37,973 compound-
target interactions. To only consider the most pbd® compound-target interactions, a
probability of activity Pa) threshold of 0.9 (90% confidence) was chosenherstudy. By
using this threshold, 277 compound-target inteoastibetween the 23 derivatives and 112
unique targets were predicted.

4.3.3. Functional analysis of the predicted targets

Further, to understand the biological role of pcestl targets of our phenanthrene and
naphtho[2,1b]thiophene derivatives,ClueGO tool was used (to perform functional
enrichment analysis against the background set,8511 human targets from PIDGIN
model)®” ClueGO is a plug-in of Cytoscape, which extracts represere functional
information for a list of genes/proteins based be latest publically available data from
multiple annotation and ontology resouréesiere, ClueGO was used for Gene ontology
(GO) Biological Process (BP), Molecular Function fM Cellular Component (CC) and
pathway enrichment analysis. It was considered ttiatpredicted targets are enriched in a
given annotation term if the corresponding enrichinevalue (after Bonferroni correction

for multiple hypothesis testing) #0.05.
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Resear ch Highlights

» substituted phenantrene and naphtho[ 2,1-b]thiophene derivatives
» antiproliferative activity on a panel of human cancer cell lines

» cyano derivatives with a pronounced and selective activity against HeLa and HepG2
cells

* mode of biological action analysis for the most active compounds performed in silico
and invitro

» Western blot analysis of HIF-1-a relative expression for most active compounds
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