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ABSTRACT. This work describes the synthesis of 1,2,3,44wuleoquinolinylphosphine
oxides, phosphanes and phosphine sulfides as weaha of quinolinylphosphine oxides and
phosphine sulfides, which were synthesized in gmotigh overall yield. The synthetic route
involves a multicomponent reaction of (2-phosphimede)-, 2-phosphine- or (2-phosphine-
sulfide)-aniline, aldehydes and olefins and allawe selective generation of two stereogenic
centres in a short, efficient and reliable synthe3ihe selective dehydrogenation of 1,2,3,4-
tetrahydroquinolinylphosphine oxides and phosphsdfides leads to the formation of
corresponding phosphorus substituted quinolinesneSof the products which were prepared
showed excellent activity as topoisomerase | (Taphibitors. In addition, prolonged effect of
the most potent compounds is maintained with tiheesiatensity even after three minutes of the
beginning of the enzymatic reaction. The cytotedfiect on cell lines derived from human lung
adenocarcinoma (A549), human ovarian carcinoma (BK) and human embryonic kidney
(HEK293) was also screened. 1,2,3,4-Tetrahydrodinylphosphine oxide6g with an 1G,
value of 0.25+0.03uM showed excellent activity against the A549 catlelin vitro, while
1,2,3,4-tetrahydroquinolinylphosphar®e with an 1G, value of 0.08+0.0luM and 1,2,3,4-
tetrahydroquinolinylphosphine sulfide derivati®¥@f with an IG, value of 0.03+0.04M are
more active against the A549 cell line. Moreovelgstivity towards cancer cell (A549) over
non-malignant cells (MRC5) has been observed. Atingrto their structure, they may be

excellent antiproliferative candidates.

1. Introduction

Currently some cancer chemotherapies focus on ingutamage to the DNA of cancer cells. In

this regard, it should be noted that human topogase (hTopl) has become an important target



in the discovery of anti-cancer drugs. This ubigust nuclear enzyme reduces superhelical stress
as well as other topological consequences genelatdtie separation of DNA strands in
metabolic processes such as replication, trangmmigind recombination [1]. Increased Topl
activity is observed in cancer cells compared & tibserved in healthy cells, which leads to a
higher rate of replication. In this sense, Toplibitbrs are usually the basis of some
chemotherapeutic combinations in the treatment lafoad spectrum of tumors [2]. Among the
most representative of Topl inhibitor drugs thesecamptothecin (CPT, Figure 1) and its
derivatives (CPTs) which are currently used in $ystemic treatment of colon, ovarian and
small-cell lung cancers [1b, 3]. However, when Pgeised in cancer therapy, these derivatives

carry certain drawbacks, such as lactone instgbilitblood plasma and cancer cell resistance

[4].
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Camptothecin

Figure 1. Structures of camptothecin and several novel @gwled antiproliferative
phosphorated (tetrahydro)quinolines |

Among other features, camptothecin and its defreatshow several fused heterocycles in their
structural analysis. Moreover, with regard to tleppsed inhibition mechanism of Top1l, the
presence of flat oguastflat polycyclic heterocycles seems to be relevarthe effectiveness of
the antiproliferative activity [5]. Nitrogenated igoline compounds show, in fact, an interesting

biological activity with this target [6]. Recent[ya], fluorescein hydrazones [7b], indeno[1,2-



b]pyridines derivatives [7c,d], benzofuro[3,2-b]mynes [7e], and benzimidazoles [7f] have
been reported as Topl inhibitors. In this sense, Rbvarov reaction [8] is a highly atom-
economic tool for the incorporation of nitrogenarthemical compounds, such as quinolines.
Furthermore, in the search of a methodology for pineparation of molecules with high
molecular diversity, multicomponent reactions (MERspresent a versatile alternative where
lower costs, shorter reaction time and less enargyneeded [9]. MCRs have been successfully
applied in medicinal chemistry [10], and thereftiie multicomponent version of the Povarov
reaction may interestingly be considered as a plowéool for the preparation of nitrogen

derivatives with excellent regioselectivity.

Organophosphorus derivatives are interesting comg®udrom a biological point of view,
since it is known that phosphorus substituents ri#gct the reactivity of heterocycles and
regulate important biological functions [11]. Ingltontext, antibiotics such as phosphinothricin,
fosfomycin, fosfidomycin or dehydrophos [12a] haveeen described. Thus, from
cyclophosphamide [12b] discovered in 1954 as ancamter drug [12c] and used to treat
leukemia and different cancers to brigatinib [12ahich contains a phosphine oxide substitute
attached to an aryl group, recently approved iniB& for the treatment of metastatic non-small
cell lung cancer (NSCLC) [12¢], a large humberahpounds containing phosphorus have been
described [11]. The development of new strategoesttie preparation of aminophosphonates
[13], phosphinated [14] or phosphorylated azaheisies [15] implies the incorporation of
organophosphorus functionalities in simple synthdfer example, the diphosphonylation of
quinolines leads to tetrahydroquinolines [16]. Sonmhosphorated derivatives of
fluoroquinolones (ciprofloxacin, norfloxacin, spaxacin) are characterized by a greater

biological activity than the original drugs/].



With these considerations in mind, we believe thatdevelopment of new hybrid molecules
[18] incorporating a phosphine, phosphine sulfidgloosphine oxide group in the heterocyclic
ring of a tetrahydroquinoline and/or a quinolineusture may be privileged scaffolds for
pharmaceuticals and may improve the antiprolifeeatiytotoxic properties with respect to other
biologically active structures. This fact could Hee to an improvement im-n* stacking

interactions with the DNA base pairs [1].

Bearing all this in mind, the development of highdglective methodologies to provide
efficient and fast access to phosphorous heteresycobntaining a skeleton of quinolines
(Figure 1) represents an interesting challengergamc chemistry, due to the potential interest

of these molecules not only in synthetic but altsmedicinal chemistry.

2. Results and Discussion

2.1 Chemistry

The phosphine-oxide substituted quinoline derivestiwere synthesized by a two-step Povarov
type [4+2]-cycloaddition reaction. Therefore, 2plaenylphosphine oxide)aldiminds prepared

in situ by reaction of 2-(diphenylphosphine oxide)anilihand aldehydeg, were reacted with
styrenes3 in the presence of 2 equivalents of ;B0 in refluxing chloroform (Scheme 1,
Route A). After reaction completion, the correspogd endel,2,3,4-
tetrahydroquinolinylphosphine oxidéswere selectively obtained with good yields in gioe
and stereospecific way (Chart 1). The formation12,3,4-tetrahydroquinolin-8-yl)phosphine
oxide 6 may be explained through a regio- and stereosete@d+2]-cycloaddition reaction
between aldimined, obtained from aminel, aldehydes2, and olefins3, followed by a

prototropic tautomerization of adduch. Subsequent dehydrogenation of 1,2,3,4-



tetrahydroquinoliness with 2 equivalents of DDQ in CHglproduced the corresponding
quinolinylphosphine oxides (Scheme 1, Chart 1). The formation of compoundsvas
determined by'H NMR spectroscopy where upfield signals correspupdo the protons of

tetrahydroquinoline ring of starting compoun@lslisappeared and only aromatic signals were

observed.
J : -
0 | _ Route 0 NI Q HN
Ph2P + thP ., E—— thP y,
1 BF3 Et,O ! R1 R1
(2 equiv)
CHCI, 5 6

T | R DDQ
-z (2 equiv)
R! BF3.Et,0 Q. N \
(2 equiv)

A Ph,P
" G
Route B CHCl;,

Scheme 1. Syntheses of 1,2,34-tetrahydroquinolinylphosphinexides 6 and
quinolinylphosphine oxides.

Alternatively, same compounéscan be directly obtained by a multicomponent (M@Rjtocol.
In this sense, the three components (phosphineeaauinel, aldehyde® and styrene8 were
reacted in the presence of the Lewis acid 3(BEO) and the correspondingndc
quinolinylphosphine oxidé were regio- and diastereoselectively obtained €8&h1, Route B,

Chart 1).

The methodology tolerates a wide range of elected@asing and electron-withdrawing aromatic
aldehydes, even fluorinated ones which allow theparation of fluoro containing compounds,

interesting substrates from a biological point adw [19]. As far as we know, this strategy



represents the first example for the preparationisfibstituted 1,2,3,4-tetrahydroquinoling@s

andquinolines?7 containing a phosphine oxide group.
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Chart 1. Structures of 1,2,3,4-tetrahydroquinolinylphosphixédes6 and quinolinylphosphine
oxides7 obtained Ysolated yield obtained Woute A."Isolated yield obtained Woute B.

Afterwards, with the aim of expanding the diversitysubstitution of quinoline derivatives, the
phosphino substituted quinolines were synthesizgdmolticomponent Povarov type [4+2]-
cycloaddition reaction as shown in Scheme 2. Firsthe endod, 2,3,4-
tetrahydroquinolinylphosphane8 were regioselectively obtained by reaction betwétn

(diphenylphosphino)aniling, aldehyde®a (R = GHs) and/or 2b (R = 4-CRCgH,4) and styrene



3a (R' = H) in the presence of 2 equivalents ofsE%0 in refluxing chloroform (Scheme 2,
Route A) and led to the formation of the correspogdetrahydroquinoline8a and9b (Chart 2)

in a regioselective fashion.

In a similar way to that reported in the case &3 4-tetrahydroquinolinylphosphine oxidés
(Scheme 1yvide suprg, the formation of 1,2,3,4-tetrahydroquinolinylgpihane9 may be
explained through a regio- and stereoselective J4y@oaddition reaction between aldimine,
obtained from aldehyd2 and amine3, and the corresponding olefgy followed by a prototropic

tautomerization.
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Scheme 2. Syntheses of 1,2,3,4-tetrahydroquinolinylphosphar@s 1,2,3,4-tetrahydro-
quinolinylphosphine sulfide$0 and quinolinylphosphine sulfidd<.

In order to increase the diversity of the procehs, reaction was extended to a substituted
styrene containing an electron-withdrawing substitu(fluorine) such ap-fluorostyrene3b (R

= 4-F), since several recently approved drugs @orftaorine in their structure [19], and a
substituted styrene containing an electron-donagimyip such ag-methylstyrene3c (R* =

Me). It is noteworthy that when substituted olefors the aromatic ring are used, more stable
1,2,3,4-tetrahydroquinolinylphosphangsould be obtained and isolated with better yi¢R{y.

When using p-fluorostyrene 3b and p-methylstyrene 3c corresponding 1,2,3,4-



tetrahydroquinolinylphosphan®s-f were obtained with good yields (Scheme 2, Rout€Rart

2).
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Chart 2. Structures of 1,2,3,4-tetrahydroquinolinylphosplsthebtained by Povarov reaction.

Due to the instability of 1,2,3,4-tetrahydroquimglphosphane® [21] and because phosphine
sulfides constitute an important class of organgphorus compounds with potential biological
activity [11], we explored whether these 1,2,3 #ateydroquinolinylphosphine sulfide) may
be directly obtained by using a phosphine sulfidena 11 through a multicomponent protocol.
In this case, the three components (phosphinedsudiminell, aldehydes2 and olefins3,
Scheme 2, Route B) were mixed in the presence ef lthwis acid (BEEtO), and
correspondingendod,2,3,4-tetrahydroquinolinylphosphine sulfidd® were regioselectively

obtained in refluxing chloroform during 48 hours.

As before, the formation of 1,2,3,4-tetrahydroqlimgphosphine sulfided40 may be explained
through a regio- and stereoselective [4+2]-cycld#mid reaction between aldimines, initially
generated by condensation reaction of phosphiriels@minell and aldehyde®, and olefins3

followed by a prototropic tautomerization. Aromatipn of 1,2,3,4-



tetrahydroquinolinylphosphine sulfidé®, which appeared in some cases as a minor component
in the sulfurization reaction of heterocycswas performed by treatment with 2 equivalents of
DDQ in toluene under microwave irradiation for luholn this manner, the corresponding

quinolinylphosphine sulfide$2 were obtained with good yields (Scheme 2, Chart 3)
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Chart . Structures of 1,2,3,4-tetrahydroquinolinylphosphineulfides 10 and
qumollngllphosphlne sulfide&2 obtained % small amount (9%) of aromatized compouth was also
obtained;’a small amount (5%) of aromatized compouritt was also obtainedjsolated yields obtained from
aminell; %obtained along with tetrahydroqueinolib@c).

The methodology represents an easy and efficieattegly for the preparation of functionalized

quinoline derivatives containing phosphorus substits and tolerates a wide range of aromatic
aldehydes with electron-releasing and electrongvétving substituents. Regarding phosphorus
substitution, a wide variety of derivatives, suchpnosphine, phosphine oxide and phosphine
sulfide derivatives, can be prepared. The biolddieavior of prepared compounds as Topl

inhibitors and as antiproliferative agents was igd
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2.2 Biological results and discussion

2.2.1. Inhibition of topoisomerase The inhibitory effect of the synthesized derivatives on
human Topoisomerase type | (hTopl) was investigafedonventional supercoiled plasmid
relaxation assay was used to determine if the nesyhthesized phosphorous heterocycles,
namely 1,2,3,4-tetrahydroquinolinylphosphine oxid&sand quinolinylphosphine oxideg,
1,2,3,4-tetrahydroquinolinylphosphart®sl,2,3,4-tetrahydroquinolinylphosphine sulfidésand
quinolinylphosphine sulfided 2 inhibit hTopl activity and therefore the transfatron of
supercoiled plasmid DNA into the relaxed one (Tab)e In these experiments compound
samples were mixed with enzyme followed by additdrsupercoiled plasmid DNA substrate
and continued incubation for increasing time pesi¢ts seconds, 45 seconds, 1 minute and 3
minutes). The reaction was terminated by the amditif SDS. DNA relaxation products were
then resolved by gel electrophoresis in 1% agageeand visualized by gel red staining.
Camptothecin was used as a positive control (Figure

DMSO CPT Cpd 7e Cpd 9a Cpd 10a DNA
lape 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20

;“--“rln-u"-_ e —— -
- . . = O e e - e ——

-— . - e Pe—

-ddn------------- -

Time 157 173 1574571 3.15745" 1! 3 157451 3 1545”1 ¥ Contiol
Figure 2. Inhibition of Top1l activity along the time (1%45”, 1’ and 3’) by compoundge, 9a
and 10a and camptothecin at 8QuM: lanes 1-3, DNA+Topl+DMSO; lanes 4-7,
DNA+Topl+camptothecin §M; lanes 8-11, DNA+Topl#e 80uM; Ilanes 12-15,
DNA+Topl+9a 80uM; lanes 16-19, DNA+Topl1#0a 80uM; lane 20, control DNA. Reaction
samples were mixed with enzyme at 37 °C beforengdthie supercoiled DNA substrate and
separated by electrophoresis on a 1% agarose gdl, tleen stained with gel red, and
photographed under UV light as described in thelTopediated DNA relaxation assay; Sc,
supercoiled DNA.
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Table 1. Top1 inhibitory activity of quinolinylphosphine mes6 and7, quinolinylphosphane8
and quinolinylphosphine sulfidd® and12.

Top1 Inhibition®

Entry Compound R R 5s — —
1 Camptothecin (CPT) ++ ++ €]
2 6a Ph H ++ ++ o
3 6b 4-F-CgH, H ++ ++ C]
4 6C 4-CF3-CgH, H + + ©)
5 6d 2-pyridyl H +++ +++ +++
6 6e 2-MeO-CgH, H +++ +++ ++
7 6f 1-naphthyl H ++ ++ +
8 69 4-F-CgH, 4-F ++ ++ +
9 6h Ph 4-Me + + o
10 7a Ph H ++ ++ )
11 7b 4-F-CgH4 H + + +
12 7c 4-CF3-CgH4 H + + C]
13 7d 2-pyridyl H ++ ++ €]
14 7e 2-MeO-CgH, H +++ +++ ++
15 7f 1-naphthyl H +++ +H+ -+
16 79 4-F-C¢H, 4-F ++ ++ e
17 7h Ph 4-Me © ) )
18 9a Ph H +++ +++ +++
19 9b 4-CF4-CgH, H ++ ++ ++
20 9c 4-F-CgH, 4-F +++ +++ +++
21 9d Ph 4-Me +++ +++ +++
22 9e 4-F-CgH, 4-Me +++ +++ +++
23 of 4-MeO-CgH, 4-Me ++ ++ ++
24 10a Ph H +++ +++ +++
25 10b 4-CF3-CgH4 H ] ] C]
26 10c 4-F-CgH,4 H + + +
27 10d 3,4-F»,-CgHj3 H ++ ++ ++
28 10e 2-naphthyl H +++ +++ +++
29 10f 4-F-CgH, 4-F +++ +++ +++
30 12a Ph H +++ ++ o)
31 12b 4-CF3-CgH4 H +++ +++ +++
32 12f 4-F-CgH, 4-F + + +

* The activity of the compounds to inhibit Top1 redtien was expressed semiquantitatively as folldsno activity;
+, weak activity; ++ similar activity to camptothec+++ strong activity. See Supporting informatidor quantitative
values of % inhibition (Table 1.SI).
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Topl inhibitory activity was tested by detecting ttonversion of supercoiled DNA (Sc, Figure
2) to its relaxed form in the presence of the pedifenzyme and expressed in semiquantitative
fashion relative to the Top1l inhibitory activity cAmptothecin (Table 1). As shown in Figure 2,
Topl relaxes supercoiled DNA even in the preseh@MS0 (Figure 2, lanes 1-3). On the other
hand, CPT inhibits the relaxation, as indicated thg increased intensity of the band
corresponding to the supercoiled DNA (Figure 2etad-7). And on the basis of the results of
the relaxation assays (Figure 2, lanes 4-19, Tabplewe conclude that some of the tested
compounds inhibited Topl relaxation more potertignt camptothecin when added at the same
concentration. For instance, phosphine oxide devies with aromatic or electron-donating
substituents present higher inhibitory activitynth@PT (Table 1), such as tetrahydroquinolines
6d (R = 2-pyridyl, R=H, entry 5) ande (R = 2-MeOGH,, R' = H, entry 6) or quinolinede (R

= 2-MeOGH,, R' = H, entry 14) and7f (R = 2-naphthyl, R= H, entry 15). However, in
phosphine or phosphine sulfide derivatives eleewdhdrawing substituents present the highest
potency. Therefore, tetrahydroquinolinylphosph@agR = Ph, R = H, entry 18),9c (R = 4-
FCsHa, R'= 4-FGHa, entry 20) and phosphine sulfid&8a (R = Ph, R=H, entry 24)10e(R =
2-naphthyl, R= H, entry 28)10f (R = 4-FGHa, R* = 4-FGH,, entry 29),12a(R = Ph, R= H,
entry 30),12b (R = 4-CRC¢H,s, R' = H, entry 31) resulted to be more potent than QT
inhibiting Topl enzymatic activity. In addition,lagation assays of compoun@d, 9a, 9c, 9d,
10a 10e 10f and 12b after 3 minutes of enzymatic reaction have beetiopeed at lower
different concentrations as 60, 40, 20 andulD(see Supporting Information, Table 2.SlI). And
it is noteworthy that some of those potent compsusdch a$d, 9d, 9¢, 10g 10f and12b, are
able to inhibit Topl activity even at such a lowncentration as 20 and 10 a¥ (Table 2.Sl,

entries 2, 5, 6, 8, 9, 10).
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Remarkably, longer effect on those compounds ptiegegreater inhibition than that observed
for the natural inhibitor, CPT, must be pointed.duts well known that CPT binds reversibly to
Topl and that the cleavage complexes reverse withites as seen in lane 7 [6]. The quick
detachment from the topoisomerase I-cleaved DNAptexrepresents one of the disadvantages
of CPT based anticancer drugs which imposes lofigsions [22]. As it can be observed in
Table 1, the most potent compounds (Table 1, enkjeé, 14, 15, 18, 20, 21, 22, 24, 28, 29, 31)
the potent effect on inhibiting Topl activity is m@ined with the same intensity even after 3
minutes the enzymatic reaction starts. In otherdaothese compounds show their ability to
prevent relaxation of supercoiled DNA with high graty over prolonged period, representing an
advantage with respect to CPT as it may reduce am®unt and frequency of drug
administration. And it is noteworthy that these pounds are not only more potent than CPT
after 3 minutes of enzymatic reaction but are alsie of inhibiting the action of the Topl after

that time even at low concentrations.

2.2.2. In Vitro Cytotoxicity. The cytotoxicity of the newly synthesized 1,2,3,4-
tetrahydroquinolinylphosphine oxidésand quinolinylphosphine oxide derivativés 1,2,3,4-
tetrahydroquinolinylphosphane®, 1,2,3,4-tetrahydroquinolinylphosphine sulfidel) and
quinolinylphosphine sulfide$1 was evaluateth vitro by testing their antiproliferative activities
against several human cancer cell lines: A549 {jwangic human alveolar basal epithelial cell),
SKOV03 (human ovarian carcinoma) and HEK293 (huerabryonic kidney). Cell counting kit
(CCK-8) assay was employed to assess growth imbrbiand, cell proliferation inhibitory

activities of the compounds are listed in Tables 2@, values.
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Table 2. Antiproliferative activity of quinolinylphosphinexides6 and 7, quinolinylphosphanes
9, quinolinylphosphine sulfides0 and12.

Cytotoxicity 1Csq (UM)?

Entry Compound R R lung ovarian kidney
A549 SKOV03 HEK?293 MRC-5

1 camptothecin (1.0+0.06)-10°  (5.5+0.01)-10° (5.6+2.04)-10"

2 6a Ph H 1.72+0.20 >50 >50 >50
3 6b 4-F-CgH, H 2.69+0.31 24.09+2.02 26.50+4.52 >50
4 6c 4-CF3-CeH, H 0.50+0.06 >50 28.00+2.02 >50
5 6d 2-pyridyl H 3.80+1.21 19.07+3.56 14.83+2.56 >50
6 6e 2-MeO-CgH,4 H 0.21+0.03 >50 16.26+1.11 >50
7 6f 1-naphthyl H 3.574#0.31 >50 >50 >50
8 69 4-F-CgH, 4-F 0.25+0.03 17.7945.45 23.88+4.05 >50
9 6h Ph 4-Me 1.20+0.12 >50 28.0+2.26 >50
10 7a Ph H 1.21+0.68 14.46+2.27 13.77+1,47 >50
11 7b 4-F-CgHy H 2.26+0.21 8.16+1.99 17.17+2.98 >50
12 7c 4-CF3-CgHy H 1.03+0.16 15.19+0.81 19.37+1,08 >50
13 7d 2-pyridyl H 2.93+0.27 17.31+1.33 12.01+0.98 >50
14 e 2-MeO-CgH4 H 3.11+0.65 13.06+1.80 24.13+1.76 >50
15 7f 1-naphthyl H 6.32£1.09 >50 54.3716.46 >50
16 79 4-F-CgH4 4-F 3.8210.42 6.771£0.85 12.46+0.87 >50
17 7h Ph 4-Me 7.65+0.90 17.38+1.58 8.97+0.54 >50
18 9a Ph H 0.6+2.1 >50 >50 >50
19 9b 4-CF3-CgH4 H 16.17+4.9 >50 >50 >50
20 9c 4-F-CgH4 4-F 0.081£0.01 >50 >50 >50
21 9d Ph 4-Me 0.11+0.01 >50 >50 >50
22 9e 4-F-CgH, 4-Me 0.25+0.12 >50 >50 >50
23 of 4-MeO-CgH; 4-Me 2.4810.96 >50 >50 >50
24 10a Ph H 0.1610.01 >50 >50 >50
25 10b 4-CF3-CgH4 H 0.221+0.01 >50 >50 >50
26 10c 4-F-CgH, H 0.27+0.05 >50 >50 >50
27 10d 3,4-F»>-CgH3 H 0.08+0.03 >50 >50 >50
28 10e 2-naphthyl H 0.27+0.05 >50 >50 >50
29 10f 4-F-CgH4 4-F 0.03£0.02 >50 >50 >50
30 12a Ph H >50 >50 >50 >50
31 12b 4-CF3-CgH4 H >50 >50 >50 >50
32 12f 4-F-CgH, 4-F >50 >50 >50 >50

*The cytotoxicity G, values listed are the concentrations corresponifi§% growth inhibition.
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The tested compounds displayed a broad spectrantigiroliferative activity against the cancer
cell lines tested in culture. We first focused bose compounds containing a phosphine oxide
group such as 1,2,34-tetrahydroquinolinylphosphingides 6 and the aromatized

quinolinylphosphine oxide derivativ@sfor our studies.

Afterwards, the corresponding 1,2,3,4-tetrahydroglimylphosphanes9 were tested. And
finally the family of compounds containing a phosgh sulfide group such as 1,2,3,4-
tetrahydroquinolinylphosphine sulfidd® and the aromatized quinolinylphosphine sulfid@s

derivatives were studied.

According to the data presented in Table 2, in gdradl these phosphorated derivatives present
a higher selective cytotoxicity in the human lurdg@ocarcinoma cell line (A549) than in the
other two cell lines, human ovarian carcinoma ([BEOV03) and human embryonic kidney cell
line (HEK293). Moreover, MRC-5 non-malignant luniprbblasts were tested for studying
selective toxicity [23] and in contrast, none ofe tlynthesized phosphorated compounds
exhibited any toxicity toward MRC-5 cells (Table 2)

Concerning the new compounds containing a phosphiitee group against the A549 cell lime
vitro, 1,2,3,4-tetrahydroquinolinylphosphine oxidg@svith ICso values between 0.21+0.03 and
3.57+£0.31uM are more active than the corresponding quinglihngsphine oxided with 1Cs
values between 1.03+£0.16 and 7.65+Qu80 the most effective compounds being the derieativ
6e (R = 2-CHO-CgH4, R* = H) with an 1G, value of 0.21+0.03M, the compoundg (R = 4-
FCsHs, R* = 4-F) with an 1Go value of 0.25+£0.03M and the derivativéc (R = 4-CRCgHa, R

= H) with an IGo value of 0.50+0.0§:M; while the quinoline7c (R = 4-CRCsHa, R = H) with

an 1G, value of 1.03+0.66uM is the most active between quinolinylphosphingdes 7.

However, against the SKOV03 and HEK293 cell limesitro, quinolines7 are more active than
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the corresponding 1,2,3,4-tetrahydroquinoline§, with the highest activity in
quinolinylphosphine oxid&g (R = 4-FGH.,, R' = 4-F) with an 1G, value of 6.77+0.8:iM in
the case of SKOV03 and in the derivati¥ie (R = GHs, R' = 4-CHs) with an IGy value of
8.97+0.54uM for HEK293 cell line, respectively.

Furthermore, very high selectivity was observedthia antiproliferative activity of the new
compounds containing a phosph@er a phosphine sulfide grod®® and12 against the A549
versus SKOV03 and HEK293 cell lines, and it can even liseoved that the fluorinated
derivatives  presented the highest cytotoxic effectfll]. Thus, 1,2,3,4-
tetrahydroquinolinylphosphan@&showedICs, values between 0.08+0.01 and 16.17+4u88
the 1,2,3,4-tetrahydroquinolinylphosphane derivafie (R = 4-FGH., R* = 4-F) with an I1G
value of 0.08+0.01uM and compound®d (R = GHs, R' = 4-CHs) with an 1G value of
0.11+0.01uM being the most effective.

Finally, excellent results were observed for 14£t&trahydroquinolinylphosphine sulfidd®
most effectively being the better ones agains®b49 cell linein vitro with ICso values between
0.03+0.02 and 0.27+0.0pM. Once again, the fluorinated derivatives were ri@st cytotoxic,
such as tetrahydroquinolid®f (R = 4-FGH,, R'= 4-F) with an 1G, value of 0.03+0.04M and
the tetrahydroquinolind0d (R = 3,4-5-C¢Ha, R' = H) with an 1Go value of 0.08+0.03:M.

However, no cytotoxic effect was observed for arerguinolinylphosphine sulfides2.

3. Conclusions

In summary, the preparation of novel 1,2,3,4-tgtdabquinolines and quinolines containing
phosphorus substituents such as phosphine oxidsppme and phosphine sulfide by using the

Povarov reaction and the development of a new fawiil Topl inhibitors are reported. The
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synthesis of 1,2,3,4-tetrahydroquinolinylphosphix@les6 involves either the Aza-Diels-Alder
reaction of functionalized imine$ obtained from phosphine oxide anilihevith aldehyde2,
and styrenes3 or by means of the multicomponent reaction of phos oxide anilinel,
aldehyde and styrene8 in a regio and stereoselective fashion. Subsecrentatization with
DDQ afforded the corresponding quinolinylphosphioedes 7. The synthesis of 1,2,3,4-
tetrahydroquinolinylphosphanésinvolves the multicomponent reaction of phosphinioaa 8,
aldehyde and styrene8. 1,2,3,4-Tetrahydroquinolinylphosphine sulfidescan be obtained
from anilines containing the phosphine sulfide graa, aldehyde® and styrene8. Subsequent
aromatization of 1,2,3,4-tetrahydroquinolind® with DDQ afforded the corresponding
quinolinylphosphine sulfides2.

This strategy contributes to the possibility ofraalucing structural diversity at different
positions of the resulting scaffold depending oa #iarting amines and commercial aromatic
aldehydes and olefins, and allows the preparatiaqumolines with a phosphorated substituent
in its structure that could be interesting in temhghe biological activity since this fragment is
present in compounds with very interesting biolagroperties.

Some of the newly synthesized compounds exhibiéditory effects against Topl mediated
relaxation comparable to those observed for tharahtnhibitor, camptothecin (CPT). To the
best of our knowledge, this is the first time thahosphino, phosphino sulfide and
quinolinylphosphine oxide derivatives have beetettas Topl inhibitors and may be considered
as new families of Topl inhibitors. The therapewdficacy of all the prepared derivatives was
evaluated against three different human canceline A549, SKOV03 and HEK293. The best
results were observed in A549 cell lines and vagdycytotoxic effects were observed for the

1,2,3,4-tetrahydroquinolinylphosphane deriva®eawith an 1G value of 0.08+0.01M as well
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as for 1,2,3,4-tetrahydroquinolinylphosphine s@fidf with an 1G, value of 0.03+0.04M and
the 1,2,3,4-tetrahydroquinolinylphosphine sulfitled with an 1G, value of 0.08+0.03uM.
These preliminary studies suggested that someeohéiwly synthesized compounds exhibited a

significant antiproliferative activity by inhibitopnthe growth of human tumor cell lines.

4. Experimental protocols

4.1 Chemistry

4.1.1. General experimental information

All reagents from commercial suppliers were useithovit further purification. All solvents were
freshly distilled before use from appropriate dgyagents. All other reagents were recrystallized
or distilled when necessary. Reactions were peddrmander a dry nitrogen atmosphere.
Analytical TLCs were performed with silica gel 6@fplates. Visualization was accomplished
by UV light. Column chromatography was carried osing silica gel 60 (230-400 mesh ASTM)
or neutral alumina (70-290 mesh ASTM). Melting psinwere determined with an
Electrothermal 1A9100 Digital Melting Point Appaust without correction. NMR spectra were
obtained on a Bruker Avance 400 MHz and a VariarRV300 MHz spectrometers and recorded
at 25 °C. Chemical shifts fotH NMR spectra are reported in ppm downfield from SM
chemical shifts for®C NMR spectra are recorded in ppm relative to irgkchloroform § =
77.2 ppm for**C), chemical shifts for'®r NMR are reported in ppm downfield from
fluorotrichloromethane (CFg). Coupling constantsl) are reported in Hertz. The terms m, s, d,
t, g refer to multiplet, singlet, doublet, triplefiartet.*C NMR, and"*F NMR were broadband
decoupled from hydrogen nuclei. High resolution snapectra (HRMS) was measured by El
method with a Agilent LC-Q-TOF-MS 6520 spectrome@ompound®ab, 9d-f, 10ab and

12ab were prepared as previously described [20].

4.1.2. Compounds Purity Analysis
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All synthesized compounds were analyzed by HPL@etermine their purity. The analyses were
performed on Agilent 1260 infinity HPLC system (8-tolumn, Hypersil, BDS, m, 0.4
mmx25 mm) at room temperature. All the tested camgs were dissolved in dichloromethane,
and uL of the sample was loaded onto the column. Ethandl heptane were used as mobile
phase, and the flow rate was set at 1.0 mL/min.rfeimal absorbance at the range of 190-400
nm was used as the detection wavelength. The pofriyl the tested compounds (compouBds

7,9, 10and12) is >95%, which meets the purity requirement kgydburnal.

4.1.3.1. (2-Aminophenyl)diphenylphosphine oxide (1). To a solution of (2-
nitrophenyl)diphenylphosphine oxif@4] (10 mmol, 3.233 g) in methanol (15 mlgne spoon
of RANEY® Nickel (approx. 5 g) was added. The r@acttvas stirred for 2 h a 80 psi with a H
containing balloon attached. The reaction mixtuees iiltered off through a pad of celite and
evaporated to dryness to obtain 2.903 g of (2-aptieayl)diphenylphosphine oxide(99%) as

a yellow solid; mp 167-168 °C (methandil NMR (300 MHz, CDC}J) &: 4.87 (ws, 2 H, N,
6.58-6.80 (M, 3 H), 7.22-7.27 (m 1 H), 7.46-7.67 ® H) ppm*C NMR (75 MHz, CDC}): &

: 111.7 (dJ;p= 105.8 Hz, C), 116.5 (d)¢p= 12.6 Hz, HC), 116.8 (dJ.,= 8.6 Hz, HC), 128.5-
133.4 (m, 12 HC and 2 C), 152.6 {dsp= 4.5 Hz, C) ppm>P NMR (120 MHz, CDGJ): &: 36.7
ppm. HRMS(EI): calculated for ggH1gNOP [M]" 293.0970; found 293.0984.

4.1.3.2. General procedure for the preparation of aldimines(4). To a solution of (2-
aminophenyl)diphenylphosphine oxidg(10 mmol, 2.933 g) in CHGI30 mL) was added the
corresponding aldehyde (10 mmol). The mixture wi#&sed under nitrogen at the opportune
temperature until consumption of starting maten@és checked byH NMR and/or*'P NMR
and/or **F NMR spectroscopy. The reaction product is unstalring distillation and/or

chromatography and was used without purificatiarttie following reactions.

4.1.3.2.1.2-(Benzylideneaminophenyl)diphenylphosphine oxide (4a). The general procedure
was followed using benzaldehyde (10 mmol, 1.016 amd heated to reflux for 24 fiH NMR
crude reaction mixture (300 MHz, CDLbB: 6.93-6.97(m, 1H), 7.22-7.61 (m, 14 H), 7.69-7.97
(m, 5 H), 8.03 (s, 1 H'P NMR crude reaction mixture (120 MHz, CDE5: 29.0 ppm.

4.1.3.2.2. 2-(4-Fluorobenzylideneaminophenyl)diphenylphosphine oxide (4b). The general

procedure was followed using 4-fluorobenzaldehyid® rimol, 1.079 mL) and heated to reflux
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for 12 h.'H NMR crude reaction mixture (300 MHz, CRB: 6.66-6.74 (m, 1 H), 6.87-7.87
(m, 17 H), 8.01 (s, 1 HP*P NMR crude reaction mixture (120 MHz, CDEB: 28.6 ppm;*F
NMR crude reaction mixture (282 MHz, CDLI16 = - 107.8 ppm.

4.1.3.2.3. 2-(4-Trifluoromethylbenzylideneaminophenyl)diphenylphosphine oxide (4c). The
general procedure was followed using 4-trifluoramyédenzaldehyde (10 mmol, 1.339 mL) and
heated to reflux for 12 iH NMR crude reaction mixture (300 MHz, CQL6: 7.06-7.08 (m, 1
H), 7.15-7.96 (m, 17 H), 8.02 (s, 1 H) ppftP NMR crude reaction mixture (120 MHz, CD{I
5: 28.6 ppm**F NMRcrude reaction mixture (282 MHz, CD{15 = - 63.3 ppm.

4.1.3.2.4. Diphenyl-2-(pyridin-2-ylmethylen)aminophenylphosphine oxide (4d). The general
procedure was followed using 2-pyridinecarboxaldhy10 mmol, 0.9512 mL) and heated to
reflux for 24 h.*H NMR crude reaction mixture (300 MHz, CR{b: 6.58-7.91 (m, 17 H), 8.29
(s, 1 H), , 8.57 (®Jun = 5.0 Hz, 1 H) ppm*P NMR crude reaction mixture (120 MHz, CD{|

0. 28.6 ppm.

4.1.3.3. Synthesis of 1,2,3,4-tetrahydroquinolinylphosphine oxides 6 and/or

quinolinylphosphine oxides 7 by Povarov reaction.

4.1.3.3.1.General procedure A. Reaction of imines 4 with stygnes 3 Styrene3 (12 mmol)
and 1 equivalent of BFELO (10 mmol, 1.230 mL) were added to a solutionhd ih situ
prepared aldiming (10 mmol) in CHC} (25 mL). The mixture was stirred at the appropriat
temperature until TLC3*P NMR and*H NMR spectroscopy indicated the disappearance of
aldimine. The reaction mixture was washed with 2M aqueoustisoi of NaOH (50 mL) and
water (50 mL), extracted with dichloromethane (25«mL), and dried over anhydrous MgsO
The removal of the solvent under vacuum afforded @ihthat was purified by silica gel flash
column chromatography using a gradient elution @70% ethyl acetate in hexane to afford
products6 and/or7.

4.1.3.3.2. General procedure B. Multicomponent reaction (MCR). A mixture of (2-
Aminophenyl)diphenylphosphanoxide (10 mmol, 2.933 g), freshly distilled aldehy@e(10
mmol) styrene3 (12 mmol) and 1 equivalent of BEELO (10 mmol, 1.230 mL) in CHEI(25

mL) and in the presence of molecular sieves (4ACHCEL (25 mL), was stirred and heated at
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reflux until TLC, P NMR and'H NMR analysis indicated the consumption of startin
materials. The molecular sieves were removed afiilbn and the resulting solution was diluted
with methylene chloride (50 mL), washed with a solu of NaOH 2M (50 mL) and water (50

mL), extracted with methylene chloride (2 x 20 mand dried over anhydrous Mgga®emoval

of solvent under vacuum led to an solid that wasfipd by flash column chromatography on
silica gel using a gradient of elution of 5-70%\thcetate in hexane to afford produGtand/or

7.

4.1.3.3.4. (2,4-Diphenyl-1,2,3,4-tetrahydroquinolin-8-yl)diphenylphosphine oxide (6a). The
general procedure A was followed using aldimii@e(10 mmol) prepareah situ and styren&a
(12 mmol, 1.374 mL) for 2.5 h at room temperatai@ording 4.334 g (90%) of a white solid
identified as6a, mp 132-133 °C (ethyl acetate/hexane). When threergé procedure B was
followed using benzaldehyda (10 mmol, 1.016 mL) and styreBa (12 mmol, 1.374 mL) for 1
h at room temperature, 3.251 g (67%)pafwere obtained:H NMR (400 MHz, CDCY) &: 2.06
(ddd, 33y = 12.7 Hz,*Jup = 11.7 Hz,2Jun = 12.7 Hz, 1 H, Ch) 2.28-2.31 (m, 1 H, Ch), 4.29
(dd, “Jyn = 4.2 Hz,*Jupn = 12.5 Hz, 1 H, CH), 4.77 (d&Jn = 3.2 Hz,3Juy = 11.7 Hz, 1 H, CH),
6.33 (ddd>Jqn = 7.6 Hz,*Jyn = 7.5 Hz,"Jup= 2.9 Hz, 1 H), 6.63 (FJun = 7.6 Hz, 1 H), 6.66 (d,
3)4n = 7.5 Hz, 1 H), 7.08-7.86 (m, NH and 20 H) ppritC {*H} NMR (75 MHz, CDCE) &:
40.9 (CH), 44.7 (HC), 56.7 (HC), 110.3 (d)cp= 105.6 Hz, C), 114.6 (dJcp= 13.8 Hz, HC),
125.9-133.3 (m, 22 HC y 3 C), 143.8 (C), 144.1 @).0 (d,2Jcp= 4.6 Hz, C) ppm>'P NMR
(120 MHz, CDC}) &: 36.4 ppm. HRMS (EI) calculated fors$E,sNOP [M]" 485.1909; found
485.1914. Purity 95.94% (EtOH/Heptane = 10/90, Rt848 min).

4.1.3.3.5. (2-(4-Fluorophenyl)-4-phenyl-1,2,3,4-tetrahydroquinolin-8-yl)diphenyl phosphine
oxide (6b). The general procedure A was followed using aidédb (10 mmol) prepareth situ
and styrene8a (12 mmol, 1.374 mL) for 42 h. The mixture was ugéd affording compounds
6b (2.417 g, 48%) as a yellow oil {R 0.52, 50:50 hexane/EtOAc) aiit (0.400 g, 8%) as a
yellow solid mp 219-220 °C (ethyl acetate/hexal#)en the general procedure B was followed
using 4-fluorobenzaldehyde (10 mmol, 1.079 mL) atydene3a (12 mmol, 1.374 mL) for 24 h
heated to reflux only compourib (3.444 g, 69%) was obtained. Data @ *H NMR (300
MHz, CDCk) &: 1.85 (ddd 33y = 12.8 Hz,2Jun = 11.4 Hz,2Jyy = 12.7 Hz, 1 H, Ch), 2.08-2.12
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(m, 1 H, CH), 4.11 (dd Iy = 4.1 Hz,3Jyy = 12.8 Hz, 1 H, CH), 4.58 (ddJyn = 2.3 Hz,3Juy =
11.4 Hz, 1 H, CH), 6.23-6.29 (m, 1 H), 6.53 @l = 7.6 Hz, 1 H), 6.57 ()= 7.5 Hz, 1 H),
6.70-6.76 (m, 2H), 6.85-6.90 (m, 2 H), 7.08 (s, IN#), 7.11-7.23 (m, 5 H), 7.32-7.69 (m, 10
H) ppm;**C NMR {H} (75 MHz, CDCk) &: 41.1 (CH), 44.7 (CH), 56.2 (CH), 111.2 ({Jcp=
105.5 Hz, C), 114.8 (d)cp= 13.8 Hz, HC), 115.3 (dJce= 21.3 Hz, 2 HC), 126.1 (dJcp= 8.0
Hz, C),127.0 (HC), 128.7 (d)cp= 4.9 Hz, HC), 128.8-132.0 (m, 13 HC), 132.3'@»= 104.8
Hz, C), 132.6 (2 HC), 132.9 (HC), 133.1 tdsp= 104.8 Hz, C), 133.6 (HC), 139.6 (dcr= 2.5
Hz, C), 144.1 (C), 149.9 (Jcp= 3.5 Hz, C), 162.5 (dJcr= 244.6 Hz, C) ppm>'P NMR (120
MHz, CDCk) &: 36.4 ppm;"*F NMR (282 MHz, CDG)) &: -116.0 to -115.9 (m) ppm. HRMS
(El): calculated for gH>;FNOP [M]" 503.1814; found §&H23FNOP [-4H] 499.1500. Purity
97.83% (EtOH/Heptane = 10/90, Rt = 6.304 min). &&a for compoundb (vide infra)

4.1.3.3.6. (4-Phenyl-2-(4-trifluoromethyl phenyl)-1,2,3,4-tetrahydroquinolin-8-yl)
diphenylphosphine oxide (6¢). The general procedure A was followed using caummgiic (10
mmol) preparedn situ and styrene3a (12 mmol, 1.374 mL) for 1 h at room temperature,
affording 4.425 g (80%) oc as a white solid mp 199-201 °C (ethyl acetate/hexaH NMR
(400 MHz, CDC}) &: 1.97 (ddd 3y = 12.0 Hz,*34y = 12.4 Hz, 23y = 12.5 Hz, 1 H, Ch), 2.22-
2.27 (m, 1 H, Ch), 4.23 (dd Iy = 12.4 Hz 2y = 4.0 Hz, 1 H, CH), 4.78 (dd)u = 12.0 Hz,
Jun= 2.7 Hz, 1 H, CH), 6.36-6.42 (m, 1 H), 6.64 {@ = 7.6 Hz, 1 H), 6.69 (FJun = 7.5 Hz,

1 H), 7.11-7.79 (m, NH and 19 H) ppiC NMR {H} (75 MHz, CDCk) &: 40.8 (CH), 44.7
(HC), 56.5 (HC), 111.4 (dJcp= 105.2 Hz, C), 115.3 (dJcp= 13.6 Hz, HC), 124.3 (dJcr =
272.1 Hz, CE), 125.6 (d2Jcp= 3.5 Hz, HC), 126.1 (fJcp = 8.1 Hz, C), 126.5-128.8 (m, 13
HC), 129.6 (q2Jcr= 32.3 Hz, C), 131.9-132.4 (m, 6 HC and C) 132,9'Jeb= 105.2 Hz, C),
133.1 (HC), 143.9 (C), 148.1 (C), 149.7 dp= 4.5 Hz, C) ppm>'P NMR (120 MHz, CDG)

5. 36.5 ppm; F NMR (282 MHz, CDGJ)) & - 62.8 ppm. HRMS (El): calculated for
Cs4H27FNOP [M]" 553.1782; found 553.1802. Purity 97.84% (EtOH/Hept= 10/90, Rt =
3.709 min).

4.1.3.3.7.(4-Phenyl-2-(pyridin-2-yl)-1,2,3,4-tetrahydroquinolin-8-yl)diphenylphosphine oxide
(6d). The general procedure A was followed using aldédd (10 mmol) prepareth situ and
styrene3a (12 mmol, 1.374 mL) for 6.5 h at room temperatafferding 3.309 g (68%) ofd as
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a yellow solid, mp 110-112 °C (ethyl acetate/hexanghen the general procedure B was
followed using 2-pyridinecarboxaldehyde (10 mmo831 mL) and styren&a (12 mmol, 1.374
mL) for 24 h heated to reflux compousd (3.357 g, 69%) was obtaineti NMR (400 MHz,
CDCl) &: 1.97 (ddd3Jun = 12.5 Hz,*Jun = 11.4 Hz,2Jyu = 12.5 Hz, 1 H, Ch), 2.45-2.52 (m, 1
H, CHy), 4.27 (dd 33y = 12.5 Hz,Juy = 4.6 Hz, 1 H, CH), 4.84 (ddJn = 11.3 Hz*Jyy = 3.3
Hz, 1 H, CH), 6.38 (dddJuy = 7.6 Hz,3Jun = 7.6 Hz,*Jyp = 3.0 Hz, 1 H), 6.63-6.74 (m, 2 H),
6.96 (d,*Jy= 7.9 Hz, 1 H), 7.17-7.81 (m, NH and 18 H), 8.45%(, = 7.4 Hz, 1 H) ppm**C
NMR {H} (75 MHz, CDCls) &: 39.1 (CH), 44.6 (Ch), 57.9 (CH), 111.0 (dJcp= 105.6 Hz, C),
115.1 (d,*Jcp= 13.9 Hz, HC), 119.6 (HC), 122.2 (HC), 126.2 {@#p= 7.9 Hz, C), 126.8 (HC),
128.2-132.1 (m, 15H@nd C), 133.3 (d'Jcp = 104.8 Hz, C), 133.4 (2HC), 137.2 (HC), 144.3
(C), 148.9 (HC), 149.9 (dJcp= 4.5 Hz, C), 162.7 (C) ppm:P NMR (120 MHz, CDG) &:
37.0 ppm. HRMS (EI): calculated forzf,,N,OP [M]" 486.1861; found 486.1869. Purity
99.48% (EtOH/Heptane = 10/90, Rt = 6.045 min).

4.1.3.3.8. (2-(2-Methoxyphenyl)-4-phenyl-1,2,3,4-tetr ahydroquinolin-8-yl)diphenylphosphine
oxide (6€). The general procedure B was followed using cadehydg(10 mmol, 1.208 mL)
and styrenga (12 mmol, 1.374 mL) for 36 h heated to reflux affiag compounde (4.692 g,
91%) as a white solid, mp 233-235 °C (ethyl acétatene)’H NMR (400 MHz, CDCY) &:
1.75 (ddd 23y = 12.5 Hz, 2y = 11.1 Hz,2Jyy = 12.5 Hz, 1 H, Ch), 2.28-2.33 (m, 1 H, C}),
3.68 (s, 3 H, OCH), 4.15 (dd*Jyy = 4.2 Hz,%3yy = 12.5 Hz, 1 H, CH), 5.03 (d8Jn = 3.1 Hz,
334w = 11.1 Hz, 1 H, CH), 6.25 (dddu = 7.6 Hz,2Jun = 7.4 Hz,"Jyp= 2.9 Hz, 1 H), 6.51-6.75
(m, 5 H), 6.89 (s, NH) 7.03-7.73 (m, 16 H) ppi'C NMR {H} (75 MHz, CDCL) &: 38.0
(CH,), 44.8 (HC), 50.0 (OC}), 55.4 (HC), 110.2 (HC) 110.9 (ljcp= 105.6 Hz, C), 114.4 (d,
%Jcp= 13.8 Hz, HC), 121.0 (HC), 125.8-133.8 (m, 19 H@ & C), 144.5 (C), 150.5 (A)cp=
4.6 Hz, C), 156.5 (C) ppmi*P NMR (120 MHz, CDGQ) &: 36.3 ppm. HRMS (EI): calculated for
CasH3oNOLP [M]* 515.2014; found 515.2022. Purity 98.19% (EtOH/Hept = 10/90, Rt =
4.636 min).

4.1.3.3.9. (2-(Naphthalen-1-yl)-4-phenyl-1,2,3,4-tetrahydroquinolin-8-yl)diphenylphosphine
oxide (6f). The general procedure B was followed using lhttegddehydg10 mmol, 1.358 mL)
and and styren8a (12 mmol, 1.374 mL) heated to reflux for 48 h afioag compoundf (3.482
g, 65%) as a white solid, mp 267-269 °C (ethyl atedhexane):H NMR (400 MHz, CDC}) &:
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2.11 (ddd*Jun = 12.7 Hz,3Jhn = 11.3 Hz,%04n = 12.5 Hz, 1 H, Ch), 2.48-2.55 (m, 1 H, CH,
4.39 (dd,*Jyn = 12.7 Hz,*Jyy = 4.3 Hz, 1 H, CH), 5.56 (ddJun = 11.3 Hz,*Jyy =2.7 Hz, 1 H,
CH), 6.40 (dddJy = 7.6 Hz,%3uy = 7.5 Hz,*Jyp= 3.0 Hz, 1 H), 6.66-6.75 (m, 2 H), 7.16-7.99
(m, NH and 22 H) ppm:*C NMR {H} (75 MHz, CDCk) &: 39.3 (CH), 45.1 (HC), 52.9 (HC),
111.4 (d,%Jcp= 105.5 Hz, ), 114.8 (¢Jcp= 13.8 Hz, HC), 120,5 (C), 122.5 (HC), 122.8 (HC),
125.4 (HC), 125,9 (HC), 126.1 (HC), 126.3 {dsp= 7.8 Hz, C), 126.9 (HC), 127,8 (HC),
128.5-129.0 (m, 6 HC), 130.7 (C), 131.8-133.9 (thHC and 2 Caron), 139.3 (C), 144.3 (C),
150.3 (d,%Jcp = 4.6 Hz, C) ppm?'P NMR (120 MHz, CDG) &: 36.3 ppm. HRMS (El):
calculated for gH3NOP [M]" 535.2065; found 535.2076. Purity 98.32% (EtOH/ldapt =
10/90, Rt = 4.360 min).

4.1.3.3.10. (2,4-Bis(4-fluorophenyl)-1,2,3,4-tetrahydroquinolin-8-yl)diphenyl phosphine oxide
(69). The general procedure B was followed using 4+thbenzaldehyde (10 mmol, 1.079 mL)
and 4-fluorostyren8b (12 mmol, 1.437 mL), heated to reflux for 24 hoaffing compoundg
(2.295 g, 44%) as a whit solid, mp 183-185 °C (eduetate/hexane}H NMR (400 MHz,
CDCl) &: 1.90 (ddd 33y -12.4 HZ,*Jh = 11.3 Hz2Jyn =12.7 Hz, 1 H, Ch)), 2.14-2.20 (m, 1 H,
CHy), 4.22 (dd3Jyn = 12.4 Hz,3Juy = 4.3 Hz, 1 H, CH), 4.70 (ddJuy = 11.3 Hz, 234y =3.2 Hz,

1 H, CH), 6.37 (dddJqn = 7.6 Hz,*Jun = 7.4 Hz,*J4p= 3.0 Hz, 1 H), 6.62-7.19 (m, NH and 11
H), 7.44-7.78 (m, 9 H) ppm?’C NMR {H} (75 MHz, CDCk) &: 41.3 (CH), 44.0 (HC) 56.2
(HC), 111.3 (d}Jcp= 105.5 Hz, C), 114.9 (dJcp= 13.8 Hz, HC), 115.4 (dJcr= 21.3 Hz, 2
HC), 115.6 (d3Jcr= 21.3 Hz, 2 HC), 125.8 (dJcp= 8.0 Hz, C), 127.6-133.6 (m, 16 H@d 2 C
arom), 139.6 (d*Jce= 3.1 Hz, C), 139.8 (dJcr= 3.2 Hz, C), 149.9 (dJcp= 4.6 Hz, C), 161.8
(d, YJcg= 242.1 Hz, FC), 162.1 (dJcr= 245.0 Hz, FC) ppntP NMR (120 MHz, CDG)) &:
36.3 ppm; *F NMR (282 MHz, CDCJ) &: - 116.6 to -116.4 (m), -116.0 to -115.9 (m) ppm.
HRMS (EI): calculated forCssHeF2:NOP [M]" 521.172; found 521.1727. Purity 98.95%
(EtOH/Heptane = 10/90, Rt = 4.119min).

4.1.3.3.11(2-Phenyl-4-(p-tolyl)-1,2,3,4-tetrahydr oquinolin-8-yl)diphenyl phosphine oxide (6h).
The general procedure B was followed using benbsidie (10 mmol, 1.016 mL) and 1- methyl-
4-vinylbenzene3b (12 mmol, 1.575 mL), heated to reflux for 48 hoaffing compoundsh
(3.045 g, 61%) as a light orange solid, mp 223-225ethyl acetate/hexanéHd NMR (400
MHz, CDCk) &: 1.90-2.25 (m, 2 H, Ch), 2.33 (s, 3 H Ch), 4.19 (dd3Jun= 12.4 Hz3Jyy = 4.0
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Hz, 1 H, CH), 4.71 (dfJun = 11.4 Hz3J4 =3.4 Hz, 1 H, CH), 6.35 (ddtyy = 7.8 Hz,*Jun =
7.4 Hz,*34p= 2.8 Hz, 1 H), 6.57-6.68 (m, 2 H), 6.99-7.78 (niJ Bind 19 H) ppm**C NMR {H}
(75 MHz, CDC}) &: 21.2 (CH), 41.0 (CH), 44.4 (HC) 57.0 (HC), 111.0 (8)cp= 108.0 Hz, C),
114.8 (d,2Jcp= 11.7 Hz, HC), 126.1-133.6 (m, 21 H@d 3 Cyon), 136.4 (C), 141.2 (C), 143.9
(C), 150.0 (dJcp= 3.6 Hz, C) ppm?P NMR (120 MHz, CDG) &: 36.4 ppm. HRMS (EI):
calculated forCssHsgNOP [M]" 499.2065; found 499.2077. Purity 97.16% (EtOH/ldapt =
10/90, Rt = 4.326 min).

4.1.3.4. General Procedure for the Preparation of quinolinyphosphine oxides 7 by
Dehydrogenation with DDQ To a solution of the corresponding tetrahydroqline 6 (1
mmol) in CHC} (7 mL) was added DDQ (0.545 g, 2 mmol), and th&tune was heated to
reflux for 2 h. The removal of the solvent undecwam afforded and oil, diethyl ether was
added and the resulting solid was removed by fiiitna The filtrate was removed under vacuum

and the crude solid was purified by recrystallizaton ether.

4.1.3.4.1(2,4-Diphenylquinolin-8-yl)diphenyl phosphine oxide (7a). The general procedure was
employed with6a (0.485 g, 1 mmol) to afforda (0.419 g, 87% vyield) as a white solid; m.p.
178-180 °C (ethyl acetate/hexan#). NMR (300 MHz, CDC}) &: 7.16-7.57 (m, 17 H), 7.77 (s,
1 H), 7.91 (dd>Jnp= 12.3 Hz,*Jy = 7.8 Hz, 4 H), 8.09 (FJny = 8.4 Hz, 1 H), 8.61 (ddJnp=
13.7 Hz,%34y = 6.9 Hz, 1 H) ppm**C NMR {H} (75 MHz, CDCL) &: 119.2 (HC), 125.9 (C)
126.0 (d.2Jcp= 13.1 Hz, HC), 127.7-132.3 (m, 1 C and 21 HC),.03d, Jcp= 108.8 Hz, 2 C),
137.9 (d,2Jcp= 7.0 Hz, HC), 138.0 (C), 138.5 (C), 148.1 {dkp= 5.6 Hz C), 149.6 (C), 155.8
(C) ppm;*'P NMR (120 MHz, CDG) &: 29.4ppm. HRMS (EI): calculated faz3H24NOP [M]*
481.1596; found 481.1589. Purity 95.74% (EtOH/Hepta 10/90, Rt = 6.609 min).

4.1.3.4.2. (2-(4-Fluorophenyl)-4-phenylquinolin-8-yl)diphenylphosphine oxide (7b). The
general procedure was employed wth(0.504 g, 1 mmol) to affordb (0.375 g, 75% vyield) as
a white solid; m.p. 219-220 °C (ethyl acetate/heyaii NMR (300 MHz, CDC}) &: 6.84-6.88
(m, 2 H), 7.27-7.54 (m, 14 H), 7.65 (s, 1 H), 7885 (m, 4 H), 8.02 (FJu = 8.4 Hz, 1 H),
8.46 (ddd2Jup = 13.8 Hz,*Juy = 7.2 Hz,*Jun = 2.0 Hz, 1 H) ppm>C NMR {H} (75 MHz,
CDCl) &: 115.4 (d2Jcr= 22.1 Hz, 2 HC), 118.9 (HC), 125.8 fdcp= 7.6 Hz, C), 125.9 (dJcp
= 13.1 Hz, HC), 128.2-132.3 (m, 1 C and 18 HC),.13d, Jcp= 108.2 Hz, 2 C), 134.7 (&Jcr
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= 2.6 Hz, C), 137.9 (C), 137.9 (fllcp= 7.2 Hz, HC), 148.2 (fJcp= 5.7 Hz, C), 149.8 (C),
154.8 (C), 163.8 (dJce= 249.9 Hz, C-F) ppnt*P NMR (120 MHz, CDGJ) &:29.0 ppm; *°F
NMR (282 MHz, CDCY) &: -112.17 to -112.05 (m) ppm. HRMS (El): calculatéar
CaaH2sFNOP [M]" 499.1501; found 499.1511. Purity 96.54% (EtOH/lept= 10/90, Rt =
6.374 min).

4.1.3.4.3.(4-Phenyl-2-(4-(trifluoromethyl) phenyl)quinolin-8-yl)diphenyl phosphine oxide (7¢).
The general procedure was employed vdth(0.554 g, 1 mmol) to affordc (0.439 g, 80%
yield) as a yellow solid; m.p. 233-235 °C (ethyette/hexane)H NMR (300 MHz, CDC}) &:
7.28-7.45 (m, 16 H), 7.72 (s, 1 H), 7.82 (8#hp= 12.2 Hz,*Juy = 7.7 Hz, 4 H), 8.05 (FIyn =
8.2 Hz, 1 H), 8.47 (dd®Jup = 13.8 Hz,3Jyy = 7.0 Hz, 1 H) ppm}*C NMR {H} (75 MHz,
CDCly) & 119.3 (HC), 124.2 (dJcr= 272.4 Hz, CB), 125.6 (d,Jcp= 3.6 Hz, HC), 126.3-132.6
(m, 20 HC and 3 C), 134.0 (Wjcp= 108.4 Hz, 2 C), 137.8 (C), 138.1 fIcp= 7.3 Hz, HC),
141.9 (C), 148.2 (fJep= 5.2 Hz, C), 150.2 (C), 154.3 (C) ppiiP NMR (120 MHz, CDGJ)
5:28.0 ppm; *F NMR (282 MHz, CDG)) &: - 62.9 ppm. HRMS (EI): calculated for
CaH2sFsNOP [M]" 549.1469; found 549.1471. Purity 96.62% (EtOH/lept= 10/90, Rt =
5.792 min).

4.1.3.4.4.(4-Phenyl-2-(pyridin-2-yl)quinolin-8-yl)diphenylphosphine oxide (7d). The general
procedure was employed witsd (0.487 g, 1 mmol) to affordd (0.401 g, 83% vyield) as a
yellow solid; m.p. 114-115 °C (ethyl acetate/hejyatté NMR (300 MHz, CDCY) &: 7.13-7.18
(m, 2 H), 7.28-7.55 (m, 14 H), 7.80-7.86 (m, 3 BP9 (d,*Jy = 8.4 Hz, 1 H), 8.34 (ddJun =
7.0 Hz,3J4 = 7.0 Hz, 1 H), 8.43 (s, 1 H), 8.51 @y = 4.0 Hz, 1 H) ppm*C NMR {H} (75
MHz, CDCk) &:119.5 (HC), 122.5 (HC), 124.3 (HC), 126.6 {dp= 12.6 Hz, HC), 127.2 (d,
3Jcp= 7.0 Hz, C), 128.4-132.1 (m, C and 16 HC), 13411 cp = 108.3 Hz, 2C), 136.8 (HC),
137.7 (d,*Jcp= 8.6 Hz, HC), 138.0 (C), 148.1 (flcp= 5.5 Hz, C), 148.9 (HC), 149.9 (C), 154.9
(C), 155.5 (C) ppm?'P NMR (120 MHz, CDG) 5:29.1 ppm. HRMS (El): calculated for
CaH23N,OP [M]" 482.1548; found 482.1549. Purity 96.79% (EtOH/Hept = 10/90, Rt =
8.604 min).

4.1.3.4.5. (2-(2-Methoxyphenyl)-4-phenyl quinolin-8-yl)diphenylphosphine oxide (7€). The
general procedure was employed wi#(0.516 g, 1 mmol) to afforde (0.379 g, 74% vyield) as
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a white solid; m.p. 267-269 °C (ethyl acetate/he}a! NMR (300 MHz, CDCJ) &: 3.80 (s, 3

H, OCH), 6.52 (ddJ = 1.6 Hz,J = 7.6 Hz, 1 H), 6.69-6.75 (m, 1 H), 6.94 {&,s = 8.7 Hz, 1
H), 7.20-7.66 (m, 13 H), 7.89 (dtyp = 12.5 Hz,*Jyy = 7.0 Hz, 4 H), 7.96 (s, 1 H), 8.12 (d,
334n = 9.0 Hz, 1 H), 8.67 (ddd)up = 13.9 Hz,3uy = 7.1 Hz,*Jun = 1.6 Hz, 1 H), ppm*C
NMR {H} (75 MHz, CDCls) &: 55.7 (OCH}), 111.3 (HC), 120.9 (HC), 121.0-138.5 (m, 6 C, 21
HC), 147.7 (d2Jcp= 5.6 Hz C), 148.1 (C), 155.5 (C), 157.5 (C) pph® NMR (120 MHz,
CDCl) & 29.4 ppm?P NMR (120 MHz, CDG) &: 29.3 ppm. HRMS (EI): calculated for
CasH2eNOLP [M]* 511.1701; found 511.1719. Purity 96.29% (EtOH/lept= 10/90, Rt =
6.181 min).

4.1.3.4.6. (2-(Naphthalen-1-yl)-4-phenylquinolin-8-yl)diphenylphosphine oxide (7f). The
general procedure was employed wath(0.536 g, 1 mmol) to affordf (0.383 g, 72% vyield) as
a white solid; m.p. 263-265 °C (ethyl acetate/he}ait NMR (300 MHz, CDCY) &: 6.85-6.88
(m, 1H), 7.18-7.91 (m, 23 H), 8.23 {4 = 8.7 Hz, 1 H), 8.80 (dddJup= 13.7 Hz 33y = 7.2
Hz, “Jus = 1.5 Hz, 1 H), ppm**C NMR {H} (75 MHz, CDCk) &: 123.9 (HC), 125.4 (HC),
125.7-133.2 (m, 4 C, 23 HC), 133.8 (C), 134.3'0dp= 108.7 Hz, 2 C), 137.8 (dJcp= 9.8
Hz, C), 138.0 (d*Jcp= 6.7 Hz, HC), 148.3 (fJcp= 6.2 Hz C), 149.0 (C), 158.1 (C) ppiiP
NMR (120 MHz, CDC}) &: 29.7ppm. HRMS (EI): calculated foEs7H.gNOP [M]" 531.1752;
found 531.1763. Purity 99.34% (EtOH/Heptane = 10R0= 6.313 min).

4.1.3.4.7.(2,4-Bis(4-fluorophenyl)quinolin-8-yl)diphenylphosphine oxide (7g). The general
procedure was employed wiilg (0.522 g, 1 mmol) to affordg (0.497 g, 96% vyield) as a white
solid; m.p. 258-260 °C (ethyl acetate/hexarid) NMR (300 MHz, CDC}) &: 6.93-6.99 (m, 2
H), 7.23-7.66 (m, 13 H), 7.72 (s, 1 H), 7.88-7.94 & H), 8.07 (d,BJHH = 8.4 Hz, 1 H), 8.55
(ddd, ®34p= 13.9 Hz,*Jyn = 7.0 Hz,*Juy = 1.3 Hz, 1 H) ppm**C NMR {H} (75 MHz, CDCk)
5:115.6 (d,%Jce= 22.0 Hz, 2HC), 116.0 (dJce= 21.6 Hz, 2HC), 119.1(HC), 125.9 @cp=
7.2 Hz, C), 126.2 (fJcp= 12.9 Hz, HC), 128.2-132.3 (m, 15 HC), 134.0%¢= 3.2 Hz, C),
134.1 (d,"Jcp= 108.2 Hz, 2 C), 134.7 (8)ce= 3.0 Hz, C), 138.1 (dJcp= 7.2 Hz, HC), 148.2
(d, 2Jcp= 5.6 Hz, C), 148.8 (2C), 154.8 (C), 163.7 {@h== 248.9 Hz, C-F), 164.0 (dJcr=
250.0 Hz, C-F) ppm®P NMR (120 MHz, CDG) &: 28.8 ppm. HRMS (EI): calculated for
CasH2FNOP [M]* 517.1407; found 517.1417. Purity 97.22% (EtOH/ldept= 10/90, Rt =
6.489 min).
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4.1.3.4.8. (2-Phenyl-4-(p-tolyl)quinolin-8-yl)diphenylphosphine oxide (7h). The general
procedure was employed with (0.522 g, 1 mmol) to affordh (0.497 g, 96% yield) as a
white solid; m.p. 148-150 °C (ethyl acetate/hexaft¢)NMR (300 MHz, CDCJ) &: 2.49 (s, 3
H, CHy), 7.27-7.65 (m, 16 H), 7.78 (s, 1 H), 7.93 (8= 12.3 Hz*Jyy = 7.3 Hz, 4 H), 8.15
(d, ®Jun = 8.6 Hz, 1 H), 8.64 (ddJp= 13.7 Hz,*Jun = 6.9 Hz, 1 H) ppm**C NMR {H} (75
MHz, CDCk) &: 21.5 (CH), 119.3 (HC), 126.0 (dJcp= 13.2 Hz, HC), 126.2 (d)cp= 7.3 Hz,
C), 127.8-138.8 (m, 6 C, 21 HC), 148.2{dkp= 6 Hz, C), 149.7 (C), 155.8 (C) ppiiP NMR
(120 MHz, CDC}) &: 29.0 ppm. HRMS (EI): calculated f@s4H2eNOP [M]" 495.1752; found
495.1760. Purity 96.24% (EtOH/Heptane = 10/90, Rt724 min).

4.1.3.5. Preparation by Povarov reaction of (2,4-Bis-(4-fluorophenyl)-1,2,3,4-
tetrahydroquinolin-8-yl)diphenylphosphane (9¢). A mixture of 2-(diphenylphosphino)anilirg
(10 mmol, 2.773g) [18], freshly distilled, 4-fludrenzaldehyde (10 mmol, 1.072 mL), 4-
fluorostyrene (20 mmol, 2.385 mL) and three eq@mtd of B ELO (30 mmol, 3.691 mL) in
CHCl; (25 mL) in the presence of molecular sieves (4A%wstirred and heated to reflux for 48
h. The molecular sieves were removed by filtraton the resulting solution was diluted with
methylene chloride (50 ml), washed with a solutadMNaOH 2M (50ml) and with water (50ml),
extracted with methylene chloride (2x20ml), andedriMgSQ). Removal of solvent under
vacuum led to an oil that was purified by flashutoh chromatography on silica gel using a
gradient elution of 10 to 40% ethyl acetate in mex& afford 3.586 g (71%) &c as a white
solid, mp 118.3-118.7 °C (ethyl acetate/hexatt¢)NMR (300 MHz, CDCJ) &: 1.87 (ddd 2Juw

= 12.4 Hz, 20y = 12.4 Hz2Jyy = 12.4 Hz, 1H, Ch), 2.00-2.10 (m, 1H, CH), 3.69 (dd Iy =
3.2 Hz,%Jun = 12.4 Hz, 1H, HC), 3.97-4.03 (m, 1H, NH) 4.20 @&y = 4.2 Hz 3y = 12.6
Hz ,1H, HC), 6.48-7.09. (m, 13 H, H), 7.41-7.84 @H, H) ppm;**C NMR {H} (75 MHz,
CDCly) &: 44.4 (CH), 60.8(Ch) 61.5 (HC), 115.0-115.8 (m, 4 HC), 118.7 {dp = 12.0 Hz,
HC), 120.7 (d}Jcp= 98 Hz, C), 128,4-138.8 (m, 16 H@d 5Cyon), 153.6 (d2Jcp= 3.2 Hz, C),
162.2 (d,"Jce= 244.9 Hz, FC), 162.7 (dJce= 245.2 Hz, FC) ppmi{P NMR (120 MHz, CDG))

5: 30.6 ppm; *F NMR (282 MHz, CDG)) &: - 116.1 to -116.0 (m), -116.0 to -115.9 (m) ppm.
HRMS (El): calculated for &HysFoNP [M]+ 505.1771; found 505.1743. Purity 98.64%
(EtOH/Heptane = 10/90, Rt = 3.69 min).
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4.1.3.6. General procedure (Povarov reaction) for the prepaation of (1,2,3,4-

tetrahydroquinolin-8-yl)diphenylphosphine sulfides10.

A mixture of (2-aminophenyl)diphenylphosphine sidfill (10 mmol, 3.094 g) [18], freshly
distilled aldehyde2 (10 mmol), styrene (20 mmol) and three equivalents of BELO (30
mmol, 3.691 ml) in CHGI (25 mL), in the presence of molecular sieves (WA} stirred and
heated to reflux until TLC antH and*'P NMR analysis indicated the consumption of stgrtin
materials. The molecular sieves were removed afiilbn and the resulting solution was diluted
with methylene chloride (50 mL), washed with a $olu of NaOH 2M (50 mL) and with water
(50 mL), extracted with methylene chloride (2 xr@D), and dried (MgS). Removal of solvent
under vacuum led to an oil that was purified bglil@olumn chromatography on silica gel using
a gradient elution of 10 to 40% ethyl acetate ixame to afford compound<.

4.1.3.6.1. (2-(4-Fluorophenyl)-4-phenyl-1,2,3,4-tetrahydroquinolin-8-yl)diphenyl phosphine
sulfide (109. The general procedure was followed using 4-thbenzaldehyde (10 mmol, 1.072
mL) and styrene (20 mmol, 2.292 mL) for 48 h affogdcompoundlOc (4.516 g, 87%) as a
white solid, mp 173-175 °C (ethyl acetate/hexaft¢)NMR (400 MHz, CDC}) &: 1.9 (ddd 2Ju

= 12.4 Hz, 3y = 11.5 Hz, 23y = 11.5 Hz, 1 H, Ch), 2.16-2.21 (m, 1 H, CH, 4.25 (dd Iy =
12.4 Hz,*J4p = 5.7, 1 H, HC), 4.70 (dJun = 11.5 Hz, 1 H, HC), 6.38 (dddluy = 7.9 Hz,*Jun

= 7.8 Hz,*Jup= 2.9 Hz, 1 H), 6.38 (dddJun = 7.9 Hz,*Jy = 7.8 Hz,"Jup= 2.9 Hz, 1 H), 6.62-
7.19 (m, NH and 12 H), 7.44-7.78 (m, 10 H) ppi¢ NMR {H} (75 MHz, CDCk) &: 41.4
(CH,), 44.8 (CH), 56.2 (CH), 111.8 (dcp= 88.1 Hz, C), 115.3 (dJcr= 21.3 Hz, 2HC), 115.6
(d, 3Jcp= 13.5 Hz, HC), 123.9-133.2 (m, 19 H@d 3C), 139.4 (d'Jce= 2.9 Hz, C), 144.2 (C),
148.1 (d,2Jcp= 5.8 Hz, C), 161.9 (dJcr= 245.0 Hz, C) ppnt'P NMR (120 MHz, CDGJ)
40.2 ppm;*°F NMR (282 MHz, CDG)) &: -116.0 ppm. HRMS (El): calculated fos4El,,FNPS
[M]+ 519.1586; found 519.1583. Purity 99.62% (EtGldptane = 10/90, Rt = 3.24 min).

4.1.3.6.2. 2-(3,4-Difluorophenyl)-4-phenyl-1,2,3,4-tetr ahydr oquinolin-8-yl)diphenyl phosphine
sulfide (10d). The general procedure was followed using 3,4+dibbenzaldehyde (10 mmol,
1.072 mL) and styrene (20 mmol, 2.292 mL) for 4&flording compound.0d (3.491 g, 65%) as

30



a white solid, mp 156-158 °C (ethyl acetate/hexat€NMR (400 MHz, CDCJ) &: 1.75 (ddd,
2Jun = 12.6 Hz 23y = 12.3 HzJyw = 11.4 Hz, 1 H, Ch), 2.02-2.08 (m, 1 H, CH), 4.11 (dd,
33un = 12.3 Hz33uy = 4.5 Hz, 1 H, HC), 4.53 (ddJuy = 11.3 Hz 33y = 2.8 Hz ,1 H, HC),
6.27-7.84. (m, 22 H, NH and H) ppMC NMR {H} (75 MHz, CDCk) &:41.2 (CH), 44.6 (CH),
55.9 (CH), 112.3 (d‘Jcp= 87.8 Hz, C), 114.7 (dJcr= 17.9 Hz, HC), 115.9 (dJcp= 13.4 Hz,
HC), 117.0 (d2Jce= 17.0 Hz, HC), 121.9 (ddJcr= 6.5 Hz,2Jcr= 3.5 Hz, HC),125.3-133.2 (m,
17 HCand 2C), 140.8 (dd)ce= 5.9 Hz,"Jcr= 3.6 Hz, C), 143.9 (C), 145.9 (C), 147.8{dkp=
5.7 Hz, C), 149.6 (ddJcr= 247.0 Hz2Jcr= 12.8 Hz, C) 150.2 (ddcr= 248.0 Hz Jcr= 12.7
Hz, C)ppm?'P NMR (120 MHz, CDG)) &:40.21 ppm°F NMR (282 MHz, CDCJ) &: -140.5 to
-140.3 (m), -137.8 to -137.6 (m) ppm. HRMS (El)tccgated for GaHasFoNPS [M]+ 537.1492;
found 537.1495. Purity 98.39% (EtOH/Heptane = 10R0= 3.06 min).

4.1.3.6.3. (2-(Naphthalen-2-yl)-4-phenyl-1,2,3,4-tetrahydroquinolin-8-yl)diphenylphosphine
sulfide. (106. The general procedure was followed using 2-redgbhyde (10 mmol, 1.072 mL)
and styrene (20 mmol, 2.292 mL) for 48 h affordemgnpoundl0e (4.133 g, 75%) as a white
solid, mp 92-94 °C (ethyl acetate/hexarte).NMR (400 MHz, CDCJ) &: 1.63 (bs, NH) 1.95
(ddd, 2Jhn = 12.7 Hz,2Jhn = 12.5 Hz,3Jyu = 11.5 Hz, 1 H, Ch), 2.19-2.26 (m, 1 H, C}), 4.24
(dd, *Jnn =4.6 Hz,*Jup = 12.5 Hz, 1 H, HC), 4.79 (ddJny = 3.3 Hz,2Juy = 11.5 Hz ,1 H, HC),
6.32 (ddd 2Juy = 7.7 HZ,30un = 7.5 Hz,"Jyp = 3.6 Hz, 1 H), 6.41-6.48 (m 1 H), 6.65 {dy =
7.2 Hz, 1 H), 6.87 (ddJqn = 7.0 Hz,"Jy = 1.7 Hz), 6.93 (s 1 H), 7.10-7.89 (m, 20 H) ppre;
NMR {H} (75 MHz, CDCls) &: 41.2 (CH), 45.1 (CH), 57.0 (CH), 111.6 ({Jcp= 87.9 Hz, C),
115.6 (d2Jcp= 13.5 Hz, HC), 124.5-133.5 (m, 24 H@d 6 C), 141.0 144.4 (C), 148.41dp=
5.7 Hz, C), ppm®P NMR (120 MHz, CDG) &: 40.4 ppm; ppm. HRMS (El): calculated for
CaHzoNPS [M]+ 551.1837; found 551.1834. Purity 98.72%QH/Heptane = 10/90, Rt = 3.27

min).

4.1.3.6.4. (2,4-Bis(4-fluorophenyl)-1,2,3,4-tetrahydroquinolin-8-yl)diphenyl phosphine sulfide
(10f). The general procedure was followed using 4-fibenzaldehyde (10 mmol, 1.072 mL)
and 4-fluorostyrene (20 mmol, 2.385 mL) for 48 foading compoundL.Of (4.189 g, 78%) as a
white solid, mp 114-115 °C (ethyl acetate/hexalt¢)NMR (400 MHz, CDC}) &: *H NMR (400
MHz, CDCk) &: 1.90 (ddd?Jun = 12.9 Hz 33y = 12.4 Hz 2y = 11.4 Hz, 1 H, Ch), 2.14-2.21
(m, 1 H, CH), 4.21 (dd Iy = 12.4 Hz2Juy = 4.0 Hz, 1 H, CH), 4.69 (ddJn = 11.4 Hz2Juy
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=3.3 Hz, 1 H, CH), 6.37 (dddJuy = 7.6 Hz,%Ju = 7.6 Hz,*Jup= 2.9 Hz, 1 H), 6.61-7.19 (m,
NH and 10 H), 7.45-7.78 (m, 10 H) ppMC NMR {H} (75 MHz, CDCL) &: 41.5 (CH), 44.1
(HC) 56.2 (HC), 111.9 (d\Jcp= 105.5 Hz, C), 114.9-115.7 (m, 5 HC), 126.2-1331) 16 HC
and 3 Cyon), 139.2 (dJce= 3.1 Hz, C), 139.9 (dJcr= 3.2 Hz, C), 148.1 (dJcp= 4.5 Hz, C),
161.8 (d,"Jcr= 249.6 Hz, FC), 162.0 (d)cr= 245.4 Hz, FC) ppni'P NMR (120 MHz, CDG)

5: 40.2ppm;**F NMR (282 MHz, CDGCJ) &: - 116.5 to -116.4 (m), -115.9 to -115.8 (m) ppm.
HRMS (EI): calculated for @HysFNPS [M]+ 537.1492; found 537.1496. Purity 99.84%
(EtOH/Heptane = 10/90, Rt = 3.20 min).

4.1.3.7.General procedure for the preparation of quinolinyphosphine sulfides 12 by
dehydrogenation with DDQ.

To a solution of the corresponding tetrahydroquimeLlO (1 mmol) in toluene (20 mL) was

added DDQ (1.2 mmol, 0.3269 g) and the mixture wasliated with microwave at 150 W at 40
°C for 1 h. The solid formed was filtered off aru tsolvent of the resulting solution removed
under vacuum leading to an oil that was purifiedcbljumn chromatography on silica gel (ethyl

acetate / hexane 1:20) to afford compoub®s

4.1.3.7.1. (2-(Naphthalen-2-yl)-4-phenylquinolin-8-yl)diphenylphosphine sulfide (128. The
general procedure was followed using tetrahydramjine 10e (1 mmol, 0,551 g) affording
compound12e (0.541 g, 99%) as a white solid, mp 98-99 °C (ettvetate/hexanefH NMR
(400 MHz, CDC}) &: 7.34-7.63 (m, 15 H), 7.73 (@un = 7.6 Hz, 1 H), 7.76-7.84 (m, 2 H), 7.95
(s, 1 H), 8.01-8.08 (m, 6 H), ), 8.12-8.15 (m, 1 8158 (ddd>J. = 8.5 Hz,2un = 7.3 Hz,*Jpp=
1.3 Hz, 1 H), 1 H), ppn-3C NMR {H} (75 MHz, CDCk) &: 119.68 (HC), 125.2-140.0 (m, 6 C
and 25 HC), 138.2 (C), 139.0 {cp= 11.4 Hz, C), 147.7 (dJ)cp= 4.2 Hz C), 149.8 (C), 155.5
(C) ppm;*’P NMR (120 MHz, CDGJ) &:29.7 ppm.HRMS (EI): calculated fors,gNPS [M]+
547.1524; found 547.1519. Purity 97.00% (EtOH/Hepta 10/90, Rt = 3.50 min).

4.1.3.7.2.(2,4-Bis(4-fluorophenyl)quinolin-8-yl)diphenylphosphine sulfide (12f). The general
procedure was followed using tetrahydroquinoli® (1 mmol, 0,537 g) affording compound
12f (0.527 g, 99%) as a white solid, mp 115-116 °Byfeicetate/hexane}H NMR (400 MHz,
CDCly) &: 6.843-6.89 (m, 3 H), 7.14-7.50 (m, 13 H), 7.631(81), 7.80-7.99 (m, 4 H), 8.38 (ddd,
33un = 8.4 Hz,3)un = 7.2 Hz,*Jyp = 1.4 Hz, 1 H), ppm**C NMR {H} (75 MHz, CDCk) &:
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115.6 (d,2Jce= 21.6 Hz, 2 HC), 115.9 (dJcr= 21.6 Hz, 2 HC), 119.0 (HC), 126.0-134.8 (m, 5
Cand 16 HC), 138.5 (dJcp= 11.2 Hz, HC), 147.6 (dJcp= 4.3 Hz, C), 148.8 (2 C), 154.5 (C),
163.2 (d,"Jcr = 249.0 Hz, C-F), 164.0 (dJcr = 250.0 Hz, C-F) ppm3'P NMR (120 MHz,
CDCl3) o&: 28.8 ppm. HRMS (El): calculated for 38,,F,NPS [M]+ 533.1179; found
533.1183.Purity 97.58% (EtOH/Heptane = 10/90, Rt42 min).

4.2 Biology

4.2.1. Materials

Reagents and solvents were used as purchased withihwer purification. Camptothecin was
purchased from Sigma-Aldrich. All stock solutiorfslre investigated compounds were prepared
by dissolving the powered materials in approprat@unts of DMSO. The final concentration
of DMSO never exceeded 10% (v/v) in reactions. Wnldese conditions DMSO was also used
in the controls and was not seen to affect TopVigt The stock solution was stored at 5°C until

it was used.
4.2.2. Expression and purification of Human Topoisoase IB.

The yeastSacCyces cerevisiagopl null strain RS190, which was used for expression o
recombinant human Topl was a kind gift from R. Bg¢anz (State University of New York, Stony
Brook, NY). Plasmid pHT143, for expression of redmnant Topl under the control of an inducible
GAL promoter was described [25]. The plasmids pk#3lwere transformed into the yeast
S. cerevisiaestrain RS190. The proteins were expressed andiguuy affinity chromatography
essentially as described [26]. The protein conediotis were estimated from Coomassie blue-

stained SDS/polyacrylamide gels by comparison tialseilutions of bovine serum albumin (BSA).
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4.2.3. DNA relaxation assays.

Topl activity was assayed using a DNA relaxatiosagsby incubating 110 ngl of Topl
with 0.5 g of negatively supercoiled pUC18 in fDof reaction buffer (20 mM Tris—HCI, 0.1
mM N&EDTA, 10 mM MgC}, 50 pg/mL acetylated BSA and 150 mM KCI, pH 7.5). The
effect of the synthesized tetracyctic7, 9, 10 and12 derivatives on topoisomerase activity was
measured by adding different concentrations of ¢cbmpounds, at different time points as
indicated in the text. Either relaxation was asdayghout any preincubation or DNA or enzyme
were preincubated with the drugs at 37 °C for 1%, nprrior to the addition of the missing
component i.e. DNA (in case of preincubation ofgdand enzyme) or enzyme (in the case of
preincubation of drug and DNA). The reactions waeeformed at 37°C stopped by the addition
of 0.5% SDS after indicated time intervals. The gles were protease digested, electrophoresed
in a horizontal 1% agarose gel in 1XTBE (50 mM T4 mM boric acid, 1 mM EDTA) at 25V
during 18 hours. The gel was stained with gel BIDTIUM, 5 ug/mL), destained with water

and photographed under UV illumination.

Since all drugs were dissolved in dimethyl sulfeéxi(DMSO), a positive control sample
containing the same DMSO concentration as the ssmptubated with the drugs was included
in all experiments. As a control for drug inhibiiiocthe well know Topl specific drug

camptothecin was included.
4.2.4. Cytotoxicity assays.

Cells were cultured according to the supplier dritdions. Cells were seeded in 96-well

plates at a density of 2-4 x %6ells per well and incubated overnight in 0.1 mLroédia
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supplied with 10% Fetal Bovine Serum (Lonza) in 8%, incubator at 37 °C. On day 2, drugs
were added and samples were incubated for 48 hafies.treatment, 10 uL of cell counting kit-

8 was added into each well for additional 2 houibation at 37 °C. The absorbance of each
well was determined by an Automatic Elisa Readest&y at 450 nm wavelength. Camptothecin

was purchased from Sigma-Aldrich and used as pesitintrol.

Acknowledgements

Financial support from th®ireccion General de Investigacion del Ministerie &conomia,
Ciencia e InnovacioriMICINN, Madrid DGI, CTQ2015-67871-R) and bgobierno Vasco,
Universidad del Pais Vasa@V, IT 992-16; UPV) is gratefully acknowledgedechnical and
human support provided by 1ZO-SGI, SGlker (UPV/EHNUCINN, GV/EJ, ERDF and ESF) is

gratefully acknowledged.

Corresponding Author

*Phone: +34 945 013103; fax: +34 945 013049; e-nfrahcisco.palacios@ehu.eus

*Phone: +34 945 013087; fax: +34 945 013049; e-ngaihcepcion.alonso@ehu.eus

References

[1] (a) Y. Pommier, C. Marchand, Interfacial inHdis: targeting macromolecular complexes, Nat. Remug
Discov. 11 (2012) 25-36 and references thereirdci(e) J. J. Champoux, DNA Topoisomerases: Strectur
Function, and Mechanism. Annu. Rev. Biochem. 703369-413.

[2] S. Salerno, F. Da Settimo, S. Taliani, F. SimioiIC. La Motta, G. Fornaciari, G. A. M. Marini,eRent advances
in the development of dual Topoisomerase | andHlhitors as anticancer drugs. Curr. Med. Chem(202.0)
4270-4290.

[3] (@) M. Ikeguchi, Y. Arai, Y. Maeta, K. Ashid&. Katano, T. Wakatsuki, Topoisomerase | expresgianmmors
as a biological marker for CPT-11 chemosensitiuitypatients with colorectal cancer. Surg. Today(2011)
1196-1199. (b) S. L. Wethington, J. D. Wright, T.Hkrzog, Key role of topoisomerase | inhibitorstire
treatment of recurrent and refractory epitheliahrian carcinoma. Expert Rev. Anticancer Ther. 8@®B19—
831.

[4] S. Antony, M. Jayaraman, G. Laco, G. Kohlhag&n,W. Kohn, M. Cushman, Y. Pommier, Differential
induction of Topoisomerase |-DNA cleavage complexgshe indenoisoquinoline MJ-111-65 (NSC 706744pa

35



Camptothecin: base sequence analysis and actigainst Camptothecin-resistant Topoisomerases |cé&an
Res. 63 (2003) 7428-7435.

[5] (@) C. Alonso, M. Fuertes, M. Gonzalez, G. Ruds, F. Palacios, Synthesis and biological evialoabf
indeno[1,5]naphthyridines as topoisomerase | (Taphibitors with antiproliferative activity. Eur.. Med.
Chem. 115 (2016) 179-190. (b) F. Palacios, C. AdorMd. Fuertes, J. M. Ezpeleta, G. Rubiales, Glyatel
derived aldimines in cycloaddition reactions witefms. Eur. J. Org. Chem. (2011) 4318-4326. (dp&acios,
C. Alonso, A. Arrieta, F. P. Cossio, J. M. Ezpeléth Fuertes, G. Rubiales, Lewis acid activated-Rigds—
Alder reaction ofN-(3-Pyridyl)aldimines: an experimental and compotadl Study. Eur. J. Org. Chem. (2010)
2091-2099.

[6] Y. Pommier, DNA Topoisomerases and Cancer.rigjen, New York, 2012.

[7] (&) G. Capranico, J. Marinello, G. Chillemi, @g/| DNA Topoisomerased. Med. Chem. 60 (2017) 2169-2192.
(b) M. S. Islam, S. Park, C. Song, A. A. Kadi, Yw&n, A.F.M. M. Rahman, Fluorescein hydrazones: Aese
of novel non-intercalative topoisomerase Hatalytic inhibitors induce G1 arrest and apoystasi breast and
colon cancer cells. Eur. J. Med. Chem. 125 (2019/p4. (c) T. M. Kadayat, T. B. T. Magar, G. Bist, A
Shrestha, S. Park, K-Y. Jun, Y Na, Y. Kwon, E-SeEffect of chlorine substituent on cytotoxic wittes:
Design and synthesis of systematically modifieddphenyl-5H-indeno[1,2-b]pyridines. Bioorg. Medhé&m.
Lett. 26 (2016) 1726-31. (d) K. H. Jeon, C. ParkMl Kadayat, A. Shrestha, E. S. Lee, Y Kwon, A elov
indeno[1,2-b]pyridinone derivative, a DNA interd@@ human topoisomeraseultatalytic inhibitor, for caspase
3-independent anticancer activity Chem. Commun(283.7), 6864-6867. (e) M. Thapa, B. Til, T. M. Kgdg
H-J. Lee, S. Park, G. Bist, A. Shrestha, Y. KwonS.ELee, 2-Chlorophenyl-substituted benzofuro[3,2-
b]pyridines with enhanced topoisomerase inhibitactivity: The role of the chlorine substituent. Big. Med.
Chem. Lett. 27 (2017) 3279-3283) N. Ranjan, S. Story, G. Fulcrand, F. Leng, M.nddd, Ad. King, S. Sur,
W. Wang, Y-C. Tse-Dinh, D. P. Arya, Selective Intidn of Escherichia colRNA and DNA Topoisomerase |
by Hoechst 33258 Derived Mono- and BisbenzimidazaleMed. Chem. 60 (2017) 4904-4922.

[8] For reviews see: (a) L. G. Voskressensky, AFAsta, [4+2] Cycloaddition in Multicomponent Reaws; T. J.
J. Milller (Ed.) Science of Synthesis. Vols 1 andt@eme: Stuttgart, 2014, pp 303-343. (b) M. Cicll D. H.
Jones, Multicomponent Reactions with [4+2] Cycladdds as the key step, in Multicomponent Reactidns).
J. Miiller (Ed.) Science of Synthesis. Vols 1 and Bieme: Stuttgart, 2014, pp 243-286. (c) H. Du,Dfag,
Diels-Alder and Hetero-Diels-Alder Reactions in Meomponent Reactions; T. J. J. Muller (Ed.) Sceen¢
Synthesis. Vols 1 and 2; Thieme: Stuttgart, 20p41p31-1162. (d) E. Vicente-Garcia, R. Ramon, Riillza
New heterocyclic inputs for the Povarov multicomgoh reaction. Synthesis (2011) 2237-2246. (e) V. V.
Kouznetsov, Recent synthetic developments in a goWwémino Diels—Alder reaction (Povarov reaction):
application to the synthesis of N-polyheterocydesl related alkaloids. Tetrahedron 65 (2009) 272562(f)

L. S. Povarovg,B-Unsaturated ethers and their analogues in reactbadiene synthesis. Russ. Chem. Rev. 36
(1967) 656—670.

[9] For books and reviews see: (a) Multicomponeaadions in Organic Synthesis; J. Zhu, Q. WangWéng
(Eds.); Wiley: Chichester, 2014. (b) Multicompon&sactions; T. J. J. Miller (Ed.) Science of SysiheVols
1 and 2; Thieme: Stuttgart, 2014. (c) Q. Wang,hli,Zn Multicomponent Domino Process: Rational Desand
Serendipity, L.F. Tietze (Ed.); Willey: Chichest&014; pp 579-610. (d) S. Brauch, S. S. van BerBkel,
Westermann Higher-order multicomponent reactioeyohbd four reactants Chem. Soc. Rev. 42 (2013)-4948
4962.

[10] (&) R. Goel, V. Luxami, K. Paul, Synthetic apaches and functionalizations of imidazo[1,2-almdines: an
overview of the decade. RSC Adv. 5 (2015) 81608381€b) T. Zarganes—Tzitzikas, A. Doemling, Modern
multicomponent reactions for better drug synthe®eg. Chem. Frontier 1 (2014) 834-837. (c) J. hn$8. A.
Granger, S. F. Martin Evolution of a strategy foregaring bioactive small molecules by sequential
multicomponent assembly processes, cyclizationd, diversification. Org. Biomol. Chem. 12 (2014) 865
7672. (d) W. Zhao, F-E. Chen, One-pot Synthesisitarféractical Application in Pharmaceutical InaysCurr.
Org. Synt. 9 (2012) 873-897. (e) P. Slobbe, E.tByiR. V. A. Orru Recent applications of multicoomgnt
reactions in medicinal chemistry. Med. Chem. Cor8r{2012) 1189-1218.

[11] For reviews see: (a) A. Mucha, P. Kafarski, |Berlicki Remarkable Potential of the
Aminophosphonate/Phosphinate Structural Motif indMimal Chemistry. J. Med. Chem. 54 (2011) 5955698
(b) R. Engel in Handbook of Organophosphorus Chigynld. Dekker Inc., New York, 1992. (c) P. KafarsBi.
Lejezak, Biological Activity of Aminophosphonic Ads. Phosphorus Sulfur 63 (1991) 193-215. (d) R. E.
Hoagland in Biologically Active Natural Productsd(EH. G. Culter) ACS Symposium Series 380, Amarica
Chemical Society, Washington DC, 1988, p. 182.

36



[12] (8 J. R. Chekan, D. P. Cogan, S. K. Nair, Moleculasidéor resistance against phosphonate antibiatick

herbicides. Med. Chem. Commun., 7 (2016) 28-36. () M. Friedman, A. M. Seligman. Preparation of N-
Phosphorylated Derivatives of Bsehloroethylaminela. J. Am. Chem. Soc. 76 (1954-658.(c) A. Emadi,

R. J. Jones, R. A. Brodsky. Cyclophosphamide amd¢eara golden anniversary. Nat Rev Clin Oncol. 60@0
638-647. (d) A. Markham. Brigatinib: First Globapgroval. Drugs 77 (2017) 1131-1135. (e) W.S. Hu&hg,
Liu, D. Zou, M. Thomas, Y. Wang, T. Zhou, J. RomekoKohlmann, F. Li, J. Qi, L. Cai, T.A. Dwight,.¥Xu,

R. Xu, R. Dodd, A. Toms, L. Parillon, X. Lu, R. Amp, S. Zhang, F. Wang, J. Keats, S.D. WardwellNig,

Q. Xu, L.E. Moran, Q.K. Mohemmad, H.G. Jang, T.dRkon, N.l. Narasimhan, V.M. Rivera, X. Zhu, D.
Dalgarno, W.C. Shakespeare, Discovery of Brigat{AiB26113), a Phosphine Oxide-Containing, PoteraI(D
Active Inhibitor of Anaplastic Lymphoma Kinase.Med. Chem. 59 (2016) 4948-4964.

[13] F. Palacios, C. Alonso, J. M. de los Santgsitisesis of3-Aminophosphonates and —Phosphinates. Chem. Rev.
105 (2005) 899-931.

[14] (a) D. Virieux, J. N. Volle, N. Bakalara, J. Rirat, Synthesis and Biological Applications ¢foBphinates and
Derivatives. Top. Curr. Chem. 360 (2015) 39-114. @b Virieux, N. Sevrain, T. Ayad, J. L. Pirat. H=l
Phosphorus Derivatives. Adv. Heterocycl. Chem. (PI8.5) 37-83.

[15] For reviews see: (a) K. Van der Jeught, CStévens, Direct Phosphonylation of Aromatic Azaloatgcles.
Chem. Rev. 109 (2009) 2672-2702. (b) K. Moneenldureyn, C. V. Stevens, Synthetic Methods for
Azaheterocyclic Phosphonates and Their Biologiaahvity. Chem. Rev. 104 (2004) 6177—-6215.

[16] (a) A. De Blieck, K. G. R. Masschelein, F. @m&, E. Rozycka-Sokolowska, B. Marciniak, J. DraicanC. V.
Stevens, One-pot tandem 1,4-1,2-addition of phtspld quinolines. Chem. Comm. 46 (2010) 258-260F(

E. A. Van Waes, W. Debrouwer, T. S. A. Heugeba@rtV. Stevens, On the discovery and development of
tandem 1,4- and 1,2-addition of phosphites to Diazrees. Arkivoc i (2014) 386—427.

[17] A. Bykowska, R. Starosta, J. Jezierska, Modeska-Bojczuk, Coordination versatility of phosphitlerivatives
of fluoroquinolones. New Cul and Cull complexes #meir interactions with DNA. RSC Adv. 5 (2015) &218
80815.

[18] S. M. Shaveta, S. Palvinder. Hybrid Molecul&be Privileged Scaffolds for Various Pharmacelsicgur. J.
Med. Chem. 124 (2016) 500-536.

[19] C. Alonso, E. Martinez de Marigorta, G. Rubml F. Palacios, Carbon Trifluoromethylation Reaxdi of
Hydrocarbon Derivatives and Heteroarenes. Chem. Rev(2015) 1847-1935.

[20] C. Alonso, E. Martin-Encinas, G. Rubiales, Halacios, Reliable Synthesis of Phosphino- and ftios
Sulfide-1,2,3,4-Tetrahydroquinolines and Phospl@nbide Quinolines. Eur. J. Org. Chem. 2017, 29524

[21] Oxidation of 1,2,3,4-tetrahydroquinolinylphdemes9 was also explored, but unfortunately the formatién
the corresponding 1,2,3,4-tetrahydroquinolinylphosg oxides was unsuccessful.

[22] Y. Pommier, DNA Topoisomerase | Inhibitor: ChemjsBiology and Interfacial InhibitionChem. Rev.
109 (2009) 2894-2902.

[23] R. Recio, E. Vengut-Climent, B. Mouillac, H. Orcéll. Lépez-Lazaro, J. M. Calderén-Montafio, E.
Alvarez, N. Khiar, |. Fernandezur. J. Med. Chem. 138 (2017) 644-660.

[24] J. I. G. Cadogan, D. J. Sears, D. M. Smitl¢lem. Soc (1969) 1314-1318.

[25] M. Lisby, B.O. Krogh, F. Boege, O. WesterggaBIR. Knudsen, Camptothecins inhibit the utilinatiof
hydrogen peroxide in the ligation step of topoiscame | catalysis, Biochemistry 37 (1998) 10815-7082

[26] B. R. Knudsen, T. Straub, F. Boege, Separadioth functional analysis of eukaryotic DNA topoisrases by
chromatography and electrophoresis, J. ChromaBdiomed. Appl. 684 (1996) 307-321.

List of Captions

Figure 1. Structures of camptothecin and several novel sgiled antiproliferative
phosphorated (tetrahydro)quinolines |

Scheme 1. Syntheses of 1,2,34-tetrahydroquinolinylphosphinexides 6 and
quinolinylphosphine oxides.

Chart 1. Structures of 1,2,3,4-tetrahydroquinolinylphosphixédes6 and quinolinylphosphine
oxides7 obtained Jsolated yield obtained Woute A."Isolated yield obtained Woute B.

37



Scheme 2. Syntheses of 1,2,3,4-tetrahydroquinolinylphosphar@s 1,2,3,4-tetrahydro-
quinolinylphosphine sulfide$0 and quinolinylphosphine sulfidd<.

Chart 2. Structures of 1,2,3,4-tetrahydroquinolinylphosplshebtained by Povarov reaction.

Chart 3. Structures of 1,2,3,4-tetrahydroquinolinylphosphinsulfides 10 and

quinolingllphosphine sulfide42 obtained % small amount (9%) of aromatized compouiih was also
obtained;’a small amount (5%) of aromatized compouritt was also obtainedjsolated yields obtained from

aminell; %obtained along with tetrahydroqueinolib@c).

Figure 2. Inhibition of Top1l activity along the time (1545”, 1’ and 3’) by compoundse 9a
and 10a and camptothecin at 8QM: lanes 1-3, DNA+Topl+DMSO; lanes 4-7,
DNA+Topl+camptothecin &§M; lanes 8-11, DNA+Topl#e 80uM; lanes 12-15,
DNA+Topl+9a 80uM; lanes 16-19, DNA+Topl1#)a 80uM; lane 20, control DNA. Reaction
samples were mixed with enzyme at 37 °C beforengdthe supercoiled DNA substrate and
separated by electrophoresis on a 1% agarose gdl, tlzen stained with gel red, and
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HIGHLIGHTS.

1. Novel 1,2,3,4-tetrahydroquinolinyl- and quinolingipsphine oxide, phosphane and
phosphine sulfides were synthesized.

2. Prepared compounds show inhibitory effects agaiepl mediated relaxation
comparable to those observed for the natural itdripcamptothecin (CPT).

3. Cytotoxicity of new compounds has been tested agaeveral cell lines and some of
them present excellent antiproliferative activity?A®49 human lung cancer cell line.

4. Toxicity of all new compounds has been tested ag&iealthy lung cell line MRCS5.





