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ABSTRACT

A new benzo[c]phenanthrene ketone has been synthesized through Heck coupling and oxidative photocyclization. The
optical properties of the targettetracyclic system were also investigatedby UV-visible absorption and photoluminescence
spectroscopy and an emission in the visible region was observed. The tetracyclic ketone has been reacted with primary
amines in the presence of Lewis acid followed by NaBH4 reduction to provide new polyaromatic secondary aminesin good
yields and purity.All the synthesized new compounds were identified and characterized through a combination of nuclear
magnetic resonance spectroscopy and mass spectrometric methods. The cytotoxic activity of all pure
benzo[c]phenanthrene derivatives has been evaluated against Hep-2cell line using (MTT) colorimetric assay.
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INTRODUCTION

Small polyaromatic molecules are of large importance due to their rich chemistry,[1] physical
properties,[2,3]technological and industrial applications.[1]The benzo[c]phenanthreneskeletonis a versatile key building
block toward many large functionalized polycyclic aromatic hydrocarbons as well as helicenes.[4-8]The synthesis of the
benzo[c]phenanthrene derivatives is of great importance in organic chemistry. Indeed, the construction of an aryl-
heteroatom bond is an important study; in particular, the formations of the carbon-oxygen bonds have received vast
attention due to the occurrence of these bonds in many molecules such as 1-3 (Fig. 1) which are of biological interests.[9-
12]

1 2 3

Figure 1-Representative examples of benzo[c]phenanthrene derivatives.

For example, the ketones constitute a class of compounds that have various and important applications in
diastereoselective organic synthesis.[13]Ketones can interact highly with amines in acidic medium due to the presence of
labile hydrogen in these molecules which leads to the synthesis of imines. Thus the formation of carbon-nitrogen double
bond plays high role in asymmetric synthesis. The classical method for synthesis of imines was reported by Schiff[14]
which implicates condensation of primary amines with carbonyl compounds under azeotropic distillation.[15] The use of a
Lewis acid accelerates the nucleophilic attack of the carbonyl carbon by amines leading to prochiral imines.

Secondary amines form a category of compounds that find different and important applications in modern synthetic
chemistry. They are used as chiral derivatizing agents,[16-21] ligands[22-25] and chiral auxiliaries in asymmetric
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synthesis.[26-28] Useful syntheticapproaches have been reportedto produce chiralamines, and many transformations
have been developed, such astheaddition of Grignard reagents,[29] direct C-H amination,[30] Mannich reaction[31-33]
and hydrogenation of iminiums.[34-36]

In this paper, we describe a convenient procedure for the synthesis of a new benzo[c]phenanthrene ketone witch has
been used as a suitable key building block to provide new secondary amines. All obtained pure benzo[c]phenanthrene
derivatives have been evaluated as cytotoxic agents against Hep-2cell line. The optical properties of thetetracyclic ketone
have been also investigatedby UV-visible absorption spectroscopy and show an interesting behaviour.

RESULTS AND DISCUSSION
Oxidative photolysis

The synthesis of the chiral amines was performed as shown in schemes 1-3.p-bromoacetophenone4 undergo Heck
coupling with 2-vinylnaphtalene 5(1.5 equiv.) in the presence of Hermann’s catalyst (1mol%) and sodium acetate in DMA,
to produce alkene 6 in 73% vyield (Scheme 1).The latter was subjected to photocyclization using a 500 W Hg-vapor lamp,
on a 500 mg scale per 1 liter of toluene in the presence of a stoechiometric amount of iodine as an oxidizing agent and
excess of propylene oxide as a hydrogen iodide scavenger, to afford the 2-acetylbenzo[c]phenanthrene7in 84% vyield,
after purification by column chromatography.

Chemical shifts for H-1 and H-12 are characteristic of the benzo[c]phenanthrene pattern. Careful analysis of'H NMR
spectra evidenced the presence of a singlet resonating at 9.75 and a doublet at 9.06 ppm (J = 8.1 Hz) that account for
protons H-1 and H-12, respectively.
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Scheme 1-Synthetic procedure of the tetracyclic ring system 7.

Optical Properties

The optical properties of the diarylethene6 and 2-acetylbenzo[c]phenanthrene7 were investigated using UV/vis
absorption studies in dilute (1.5 x 10° M) dichloromethane solutions (Fig. 2). The UV/vis spectra of these compounds
exhibited a strong absorption in the region of 250-400 nm. The absorption in the high energy region is well structured
containing four prominent bands at 282, 291, 340 and 367 nm for diarylethene6, and five prominent bands at 289, 326,
341, 371 and 389 nm for the tetracyclic system 7. These absorption bands are associated with -m* and n-r* electronic
transitions. No broad absorption band in the low energy region was observed. The optical band gaps (Eg) determined from
the absorption edge of the solution spectra are given in Table 1.
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Figure2- Normalized UV/vis absorption spectra of diarylethene6 and the tetracyclic system 7 in dilute
dichloromethane solutions (1.5 x 10°° M).

Tablel
Physical properties of diarylethene6 and the corresponding tetracyclic ketone 7.
Absorption Photoluminescence
Compound - . X A =
A (NM) Eg (eV) Aems (nm) FWHM (nm)
6 292 3.11 501 44
7 291 3.05 441 45

4Absorption maxima, measured in CH,Cl, solutions (1.5 x 10° M) at rt.
*The optical gap (Eg-0p) Was estimated from the onset point of the absorption spectra: Eg.qp = 1240/ Agnset -
“Emission maxima, measured in thin solid film at rt.

d Spectrum full width at half maximum.

The photoluminescent properties of compounds 6 and 7 were investigated at room temperature and the obtained
spectra were illustrated in Figure 3. Diarylethene6exhibit a green emission with a structured PL spectrum bearing a
maximum at 501 nm and five shoulder peaks at 459, 480, 516, 538 and 613 nm. Indeed, the film spectrum can be
Gaussian-divided into six subbands (peaked near 420, 448, 481, 509, 531 and 619 nm) as shown in Figure 4a.
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Figure 3- Normalized emission of compounds 6 and 7 inthin solid film.
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While, the tetracyclic system 7 showed a blue emission with a structured PL spectrum bearing a maxima at 441 nm, and a
shoulder peak at 493 nm. As shown in Figure 4b, two subbands in the film spectrum (440 and 497 nm) were observed.
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Figure 4-a) Gaussian fits for diarylethene6; b) Gaussian fits for 2-acetylbenzo[c]-phenanthrene?.

Synthesis of the secondary amines

The resulting benzo[c]phenanthreneketone 7 was reacted first with aniline 8in refluxing toluene, using a Dean-Stark
apparatusin the presence of p-toluenesulfonic acid (Scheme 2).[37-40]Indeed, the yield did not exceed 20% and this after
a reaction time of three days. The use of a Lewis acid appears to be critical for the success of the reaction and for this
reason anhydrous ZnCl; (10 mol%)[41,42]has been used as a catalyst during eight hours to give the desired imine 9 which
has been then used without purification because of its low stability.

The most common method for the synthesis of chiral amines belongs to the hydrogenation of prochiral imines.For
this, we proceeded to the reductive amination[43-45]as a direct method for the synthesis of amines. We used sodium
borohydride as a reducing agent, because it is inexpensive, safe to handle and an environmental friendly reagent. Thus,
imine 9 wasreduced with NaBH4in methanol to give racemic amine 10 in 68% vyield.

ZnCL,
. T R
Toluene, 110°C
8h
8

MeOH, 2h

NaBH,
68%

]

Scheme 2-Synthesis of the new racemic secondary amine 10.

In order to prepare optically active amines, we carried out the condensation the tetracyclic system7with (R)-(+)-a-
methylbenzylaminellin refluxing toluene, using a Dean-Stark apparatus,in the presence of ZnCl, (10mol%) which
provided the expected iminel2 (Scheme 3). Reduction of the latter using the same conditions as for imine 9 allowed the
formation of optically active amines 13a,b in 90% yield.
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Scheme 3-Synthetic pathway for the synthesis of the optically active amines 13a,b.

We also managed to separate the two diastereomeric amines13a and 13b by chromatography on a silica gel column
with cyclohexane-EtOAc (98:02 up to 80:20) aseluent. The fractions eluted were checked by TLC. The earlier eluting
fractions consisted of the diastereomer13a(R: = 0.25), which was obtained in 72% vyield.Later eluting fractions gave the
second diastereomer13b(R: = 0.23) in 18% vyield.

Cytotoxic Activity

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay[46,47]was used to screen
the cytotoxic activity of the benzo[c]phenanthrene derivatives.[48-51] Results were generated from three independent
experiments and each experiment was performed in triplicate. Percent cytotoxicity was calculated by using the following
equation:

% cytotoxicity = 100 - [(absorbance of treated sample) / (control absorbance)] x100

The stock solutions (5 mg/mL) of pure compounds were prepared in dimethylsulfoxide (DMSO) and the final
concentration of this solvent was kept constant at 0.25%. The serial dilutions with the culture media were prepared just
prior to addition to test (Table 2).The cytotoxic activity of the benzo[c]phenanthrene derivativesagainst Hep-2 cells which
have been treated with test compound at various concentrations (10, 5, 2.5, 1.25 pg/mL), are listed in table 2.All
compounds seem to be a potent cytotoxic agent at the highest concentration (10pg/mL).

Table 2

Cytotoxic activity of the benzo[c]phenanthrenederivatives.

Concentrations (ug/mL)

Compound
10 5 2.5 1.25
7 47.27 £3.58  30.05+1.24  25.88+2.71 11.01 £0.9
10 67.44+3.06 47.47+2.03 37.01+2.09 17.01+2.09
13a 78.69+1.91 55.35+2.55 45.03+2.07 36.44+2.06
13b 92.08+2.02 83.75+0.25 72.80+2.32 70.02+2.08
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As shown in figure 3, it was evident from the data that change of substituents on the benzo[c]phenanthrene
derivativeshad a significant influence on the cytotoxicity. We also noted that adding an amine function to the
benzo[c]phenanthrene moiety increases this activity. Therefore, the secondary amines 10, 13a and 13b showed higher
activity compared to benzo[c]phenanthrene ketone 7.
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Figure 3-Cytotoxic activity of benzo[c]phenanthrene derivatives against Hep-2 cell line

(Values were expressed as means + standard deviation of three experiments).
Experimental section

All reactions were performed under an argon atmosphere and were monitored by thin-layer chromatography (TLC)
Merck 60 F-254 silica-gel plates (layer thickness 0.25 mm). Column chromatography was performed on silica gel (70-230
mesh) using cyclohexane and ethyl acetate mixture as eluents. Melting points were determined on an Electrothermal 9002
apparatus and were reported uncorrected. NMR spectra were recorded on a Bruker AC-300 spectrometer [300MHz (lH)
and 75MHz (**C)]. All chemical shifts were reported as & values (ppm) relative to internal tetramethylsilane. Toluene and
methanol were distilled prior to use. Photocyclizationswere carried out in a 1.5-L water-cooled quartz photoreactor
equipped witha high-pressure mercury immersion lamp [Heraeus TQ 500]. Time-of-flight mass spectroscopy (TOF MS
ES") was carried out on a Micromass, UK and Manchester. Detection was performed at 254 nm and 365 nm.

Cell lines and culture medium

Theepidermoid carcinoma epithelial cell (Hep-2; ATCC CCL-23)was cultured in Dulbecco's modified Eagle medium
(DMEM) supplemented with 10% fetal bovine serum, 1% non-essential amino acids and 1% penicillin/streptomycin
(Invitrogen). At 85-90% confluence, cell was harvested using 0.25% trypsin/EDTA solution and sub-cultured onto 96-well
plates according to the experimental requirements.

Cytotoxicity screening assay

Briefly, the Hep-2 cell line (1 x 10°cell/well) was grown overnight on 96-well flat bottom cell culture plates, incubated
24 h. When a partial monolayer had formed, the supernatant was flicked off, the monolayer washed once with medium
and 100 pL of different concentrations (10, 5, 2.5 and 1.25 pg/mL) of pure benzo[c]phenanthrene derivatives were added
to the cell in the microtitre plates. After 24 h, the cell were washed and treated with 0.01 mL MTT reagent (Invtrogen)
prepared in 5.0 mg/mL phosphate buffered saline (PBS) per well. Plates were incubated at 37 °C in a 5% CO; atmosphere
for 4 h, and 0.1 mL dimethylsulfoxide (DMSO) was added. After an overnight incubation at 37 °C, the absorbance was
measured at 550 nm using an ELISA reader (Thermo scientific Multiskan FC) and was compared with the control cultures
without compounds.
(E)-1-(p-(2-naphth-2-yl)vinylphenylethanone(6)

A solution of p-bromoacetophenone4 (0.5 g, 2.51 mmol) and dry NaOAc (226 mg, 2.76 mmol) in N,N-
dimethylacetamide (3mL) was placed in a Schlenk tube and repeatedly degassed and purged with argon fivetimes. 2-
vinylnaphtalene 5 (0.55 g, 3.57 mmol) was added and the mixture was heated t0100 °C. Next, a solution of Herrmann’s
catalyst (23 mg, 1 mol %) in N,N-dimethylacetamide(2 mL) was added and the mixture was heated to 140 °C. Heating
wasmaintained for about 48 h. The product was worked up by addition of H,O and extractionof the organic phase with
EtOAc (3x30 mL). The combined organic phases were driedover MgSO,. After removal of the solvent, the residue was
purified by a silica gel columnchromatography with cyclohexane/EtOAc (98/02) as the eluent. 73% vyield; yellow solid; Ry =
0.22; mp = 164-166 °C; "H NMR (300 MHz, CDCl3): & (ppm):2.60 (s, 3H, CHs), 7.24 (d, J = 15 Hz, 1H, Hyiny), 7.38 (d, J =
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18 Hz, 1H, H\,iny%, 7.44-7.51 (m, 2H), 7.62 (d, J = 9 Hz, 2H), 7.73 (dd, J1 = 9 Hz, J> = 3 Hz, 1H), 7.80-7.88 (m, 4H), 7.96 (d,
J = 6 Hz, 2H); BC RMN (75 MHz, CDCl3): & (ppm): 26.05 (CHs), 122.92 (CH), 125.80 (CH), 126.02 (2CH), 126.88 (CH),
127.25 (CH), 127.27 (CH), 127.63 (CH), 127.99 (CH), 128.41 (2CH), 131.07 (2CH), 132.86 (C), 133.15 (C), 133.73 (C),
135.53 (C), 141.56 (C), 196.92 (CO); IR: (vco) = 1672.87 cm™: HRMS (MALDI-TOF) Calcd for CaoH170 [M]* : 273.1279.
Found: 273.1207.

2-acetylbenzo[c]phenanthrene(7)

To a solution of the diarylethylene6 (0.55 g, 2.03 mmol) in toluene (1 L) was added a catalytic amount of iodine.
Irradiation was performed using a falling-film photoreactor and a high-pressure Hg-vapor lamp (500 W, Hanovia). The
reaction was monitored by TLC. Following completion, the solvent was removed under reduced pressure and the crude
residue was purified by a silica gel column chromatography with cyclohexane/EtOAc (98/02) as the eluent. 84% yield,
white solid; Rt = 0.45; mp = 94-96 °C; 'H NMR (300 MHz, CDClIs): & (ppm): 2.81 (s, 3H, CH3), 7.72 (td, J1 =9 Hz, J, =3
Hz, 1H), 7.78 (id, J1 = 9 Hz, J, = 3 Hz, 1H), 7.87 (d, J= 9 Hz, 1H), 7.91-7.99 (m, 3H), 8.07 (d, J = 9 Hz, 2H), 8.19 (dd, J; =
9 Hz, J, = 3 Hz, 1H, H-3), 9.06 (d, J = 9 Hz, 1H, H-12), 9.76 (s, 1H, H-1); *C RMN:(75 MHz, CDCls): & (ppm): 26.45
(CHjs), 123.86 (CH), 125.89 (CH), 126.19 (CH), 126.28 (CH), 126.40 (CH), 127.16 (CH), 127.64 (CH), 128.30 (CH), 128.38
(CH) 129.06 (CH), 129.24 (CH), 129.48 (C), 130.77 (2C), 133.22 (C), 133.92 (2C), 135.50 (C), 197.89 (CO);IR: (vco) =
1728.09 cm™; HRMS (MALDI-TOF) Calcd for C2oH1s0 [M]" : 271.1123. Found: 271.2480.

General procedure for the investigated amines

A 50 mL round-bottom flask equipped with a magnetic stirring bar and a Dean-Stark apparatus was charged with
100 mg of benzo[c]phenanthrene ketone 7 (3.7 mmol), (1.25 equiv.) of the appropriate primary amine, 9 mg of zinc
chloride (10 mol%) and 50 mL of toluene. The reaction mixture was refluxed for 8 hours (until collection of water stopped),
then it was cooled and the solvent was removed under reduced pressure. The resulting imine was dissolved in 5 mL of
methanol, stirred under nitrogen atmosphere and cooled to 0 °C, then sodium borohydride (7.4 mmol) was added and the
mixture was stirred at room temperature for 2 hours. 6 mL of HCI (6M) was then added dropwise to the reaction mixture
until hydrogen production ceased. The organic phase was then extracted with CH,Cl, (3x30 mL), dried with anhydrous
Na,SO., then filtered and concentrated. Chromatographic separation was performed, on the obtained crude oil, with
cyclohexane/EtOAc (98/02 up to 80/20) and afforded the chiral secondary amines.

Spectroscopic data forN-[1-(benzo[c]phenanthren-2-yl)ethyl]-N-phenylamine (10)

68% yield, yellow oil; R = 0.45 (cyclohexane/EtOAc: 95/05);1H NMR (300 MHz, CDCl3): & (ppm): 1.66 (d, J = 9 Hz,
3H, -CHj), 4.36 (s, 1H, NH), 4.86 (q, J = 6 Hz, 1H), 6.67-6.79 (m, 3H), 7.18-7.23 (m, 2H), 7.40-7.48 (m, 1H), 7.57-7.67 (m,
2H), 7.81 (d, J = 9 Hz, 1H), 7.82 (d, J = 9 Hz, 1H), 7.90 (d, J = 9 Hz, 2H), 8.02 (t, J = 9 Hz, 2H, H-10 and H-11), 8.70 (d, J
= 9 Hz, 1H, H-12), 9.09 (s, 1H, H-1); **C RMN(75 MHz, CDCls): & (ppm): 24.54 (CHs), 53.23 (CH), 113.35 (2CH), 117.13
(CH), 123.92 (CH), 124.08 (CH), 125.21 (CH), 125.72 (CH), 125.97 (CH), 126.22 (CH), 126.57 (CH), 126.88 (C), 126.95
(CH), 127.36 (CH), 127.89 (CH), 128.12 (C), 128.42 (CH), 128.72 (2CH), 129.82 (C), 129.93 (C), 130.68 (C), 132.21 (C),
132.98 (C), 141.86 (C); ESI-MS: m/z = 347 [M]".
Spectroscopic data fordiastereoisomer (13a)

72% yield, yellow oil; R = 0.25 (cyclohexane/EtOAc: 98/02); *H NMR (300 MHz, CDCls): & (ppm): 1.44 (d, J = 6 Hz,
3H, -CHs), 1.46 (d, J = 6 Hz, 3H, CHs), 1.98 (s, 1H, NH), 3.83 (g, J = 6 Hz, 1H, CH), 3.93 (g, J = 6 Hz, 1H, CH), 7.30-7.42
(m, 5H, Hyenz), 7.62-7.69 (M, 3H, H-3 and 2Harom), 7.84 (d, J = 9 Hz, 1H, H-10), 7.85 (d, J= 9 Hz, 1H, Harom), 7.92 (d, J =9
Hz, 1H, H-11), 7.94 (d, J = 9 Hz, 1H, H-4), 8.04 (d, J = 9 Hz, 2H, 2Harom), 8.99 (s, 1H, H-1), 9.10 (dd, J1 =9 Hz, J> = 1.2
Hz, 1H, H-12); **C RMN(75 MHz, CDCls): & (ppm): 25.12 (CHs), 25.20 (CHs), 55.51 (CH), 55.77 (CH), 124.65 (CH),
125.73 (CH), 125.93 (C1), 126.06 (Cs), 126.40 (CH), 126.75 (2CHbenz), 126.87 (CHbenz), 126.92 (C10), 127.29 (C4), 127.40
(C11), 127.85 (C12), 128.41 (C), 128.55 (2CHbenz), 128.57 (CH), 128.90 (Co), 130.45 (C), 130.51 (C), 131.28 (C), 132.90
(C), 133.62 (C), 143.67 (C), 145.88 (C); HRMS (MALDI-TOF) Calcd for CsH2sN [M]" : 376.2065. Found: 376.2068.

Spectroscopic data for diastereoisomer (13b)

18% yield, yellow oil; Rf = 0.23 (cyclohexane/EtOAc: 98/02); *H NMR (300 MHz, CDCls): & (ppm): 1.45 (d, J = 6 Hz,
3H, -CHa), 1.54 (d, J = 6 Hz, 3H, CHs), 2.08 (s, 1H, NH), 3.95 (q, J = 6 Hz, 1H, CH), 4.15 (g, J = 6 Hz, 1H, CH), 7.25-7.38
(M, 5H, Hpenz), 7.60-7.63 (M, 3H, H-3 and 2Harom), 7.81 (d, J = 9 Hz, 1H, H-10), 7.82 (d, J= 9 Hz, 1H, Hawom), 7.88 (d, J =9
Hz, 1H, H-11), 7.90 (d, J = 9 Hz, 1H, H-4), 7.97-8.04 (M, 2H, 2Harom), 9.04 (s, 1H, H-1), 9.07 (d, J = 9 Hz, 1H, H-12); *C
RMN(75 MHz, CDCls): & (ppm): 22.65 (CHs), 22.99 (CHs), 54.75 (CH), 55.20 (CH), 124.30 (CH), 125.22 (C; and CH),
125.56 (Cs), 125.93 (C1o), 126.15 (CHpenz), 126.35 (CHupenz), 126.69 (CH), 126.87 (C11), 127.33 (C4), 127.86 (C), 127.93
(C12), 128.02 (2CHarom), 128.25 (CH), 129.91 (C), 129.95 (C), 130.72 (C), 132.29 (C), 133.07 (C), 143.08 (C), 145.40 (C).

Conclusion

In summary, we have developed a simple and efficient synthetic approach leading to 2-acetylbenzo[c]phenanthrene in
61% overall yield. The present resultmay be evidence for the potential of this class of frameworks inthe search and
development of new chiral amines which could serve as ligands in asymmetric synthesis. In the other hand, the cytotoxic
activity of the new benzo[c]phenanthrene derivatives has been evaluated against Hep-2cell line using (MTT) colorimetric
assay and showed interesting results.
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Figures captions
Figure 1- Representative examples of benzo[c]phenanthrene derivatives.
Scheme 1- Synthetic procedure of the tetracyclic ring system 7.

Figure2- Normalized UV/vis absorption spectra of diarylethene6 and the tetracyclic system 7 in dilute dichloromethane
solutions (1.5 x 10°® M).

Figure 3- Normalized emission of compounds 6 and 7 inthin solid film.

Figure 4- a) Gaussian fits for diarylethene6; b) Gaussian fits for 2-acetylbenzo[c]-phenanthrene?.
Scheme 2-Synthesis of the new racemic secondary amine 10.

Scheme 3-Synthetic pathway for the synthesis of the optically active amines 13a,b.

Figure 3-Cytotoxic activity of benzo[c]phenanthrene derivatives against Hep-2 cell line

(Values were expressed as means + standard deviation of three experiments).
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